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npeJIMOlOBMe 
Hay~Horo penaK1opa 

YaamaeMbIH 4HTaTeJJb! 

nepe.n. BaMH KHHra, nocaHmeHHaH JJaMnOBblM ay.n.HOYCHJIHTeJJHM nOBblllleHHOro Ka4eCTBa, 

ttanHCaHHaH H3BeCTHblM aHrJJHHCKHM cneu,HaJIHCTOM B 3TOH o6JJaCTH, pa3pa60TaBlllHM H 

H3roTOBHBlllHM CBOHMH pyKaMH HHMaJJO BblCOKOKJJaCcHOH 3BYKOBOCnpOH3BOJJ.Hmeti H 3By

KOYCHJIHTeJlbHOH annaparypb1. KHHra npe.n.Ha3Ha4eHa a nepayio 04epe.n.b .ll.JIH pa.n.HOJJI06H

TeJJeti, meJJaiomHx Hay4HTbCH HcKyccrny pa3pa6oTKH H H3roTOBJJeHHH BbICOKOKa4ecrneH

HbIX ycHJJHTeJJeti 3ByKoaoti 4aCTOTbl Ha 3JJeKTpOHHbIX JJaMnax. TaK>Ke KHHra MO>KeT 6bITb 

noJJe3Ha pa.n.HOHH>KeHepaM, cry.n.eHTaM pa.a.Ho H 3JJeKTpoTeXHH4eCKHX ay3oa, pa3pa60T4H

KaM ay.n.HOTeXHHKH. 

Ha cero.n.HHWHHH .n.eHb Ha noJJHOM cepbe3e MO>KHO CKa3aTb, 4TO J1aMnOBb1e ycHJ1HTem1 

3BYKOBOH 4aCTOTbl nOBblllleHHOrO Ka4eCTBa (4aCTO Ha3bIBaeMble rpoMKOH a66pea11aTypoti 

High-End) HBJJHIOTCH o4eHb nonyJJHpHbIMH H, .n.ame He no6oHBlllHCb rpoMKHX CJJOB, -

MO,!l.HblMH y ay.n.HocpHJJOB. 

K comaJJeHHIO, no.n.aaJJmomee 60JJblllHHCTBO roTOBbIX JJaMnOBbIX ycHJJHTeJJeti, npe)l,Jla

raeMbIX Ha pbIHKe, HBJJHIOTCH 3KCKJJI03HBHOH py4HOH pa6ornti, H HX u,eHa .ll.JIH no.n.aaJJHIO

ll.J.ero 6oJJbWHHCTBa noTpe6HTeJJeti HBJJHeTcH 3ao6J1a4HOH. TeM He MeHee, noTeHu.HaJJa 

MHOrHX pa.n.HOJII06HTeJJeH, HMeIOmHx onblT caMOCTOHTeJlbHOro H3rOTOBJJeHHH 3JleKTpOH

HOH annapaTypb1 c naHJJbHHKOM B pyKax, 3a4acTyio OKa3bIBaeTcH .n.ocTaT04HO .ll.JIH caMo

CTOHTeJJbHOH pa3pa60TKH H H3rOTOBJJeHHH JJaMnoaoro ay.n.HOYCHJIHTeJIH, ce6ecTOH

MOCTb KOTOporo 6y.n.eT Ha nopH,!l.OK HH>Ke roTOBblX H3,!l.eJJHH, npe)l,JlaraeMblX Ha pbIHKe. 

Ope)l,JlaraeMaH yaamaeM,OMY 4HTaTeJllO KHHra CTaBHT CBOeH 3a,!l.a4eH 3aKpblTb 6peWb 

B He,!l.OCTaTKe JIHTeparypbl, n03BOJIHIOmeti B ,!l.OCTynHOH cf>opMe Hay4HTb J11061neJ1H HC

eyccrny C03,!l.aHHH JJaMnOBblX ay.n.HoycHJIHTeJJeH nOBblWeHHOro Ka4eCTBa. JlaMnOBblM yc11-

JIHTeJ1HM 3BYKOBOH 4aCTOTbl nOCBHmeHO HHMaJIO KHHr, mypHaJlbHblX CTaTeH H .n.pyrnx HC-

19 



JlaMnaab1e yc11m11em1 

TO'IHHKOB. TeM He MeHee, Bee 3TH H3)1,3HHH 06bll!HO CBO)J,HTCH K 0)1,HOH H3 .II.Byx KpaHHOCTeH 

- JIH6o «cyxaH» TeOpHH (3al!aCTYIO conpoBO>K)J,aIOW.3HCH CJIO)!(Hb!MH )J,JIH nOHHMaHHH 

«npOCTbIX CMepTHbIX» MaTeMaTHl!eCKHMH BbIKJia)J,KaMH ), JIH6o onHC3HHe roTOBbIX pa3pa-

60TOK, r)J,e 3aqacTyIO He XBaTaeT KaK pa3 3JJeMeHTapHOH TeopHH, OnHCbIBarow.eli npHHUHn 

HX pa60Tbl. 

B OTJIH'IHe OT 6oJibWHHCTBa no.1I.06HbIX H3.II.3HHH, npe)J,JlaraeMaH KH11ra co,11.ep.>KHT KaK 

no)J,p06HbIH TeopeTHl!eCKHH MaTepHaJI ( Hal!HHaH c 6aHaJibHOro 33KOHa 0Ma H 3aKaH'IHBaH 

TeopHeH pa60Tbl CJJO.>KHbIX K3CK3)1,0B YCHJJeHHH H npo6JieMaTHKOH HeJIHHeHHblX HCKa.>Ke

HHH ), TaK H 60JibWOe KOJIHl!eCTBO npaKTHlleCKHX peKOMeH,ll.3LlHH no CaMOCTOHTeJibHOMY 

npoeKTHpOBaHHIO ay)J,HOYCHJIHTeJieH, BKJIIOl!aH KaK HH.>KeHepHbie pacl!eTbl, TaK H 3JieMeH

Tbl KOHCTpyHposaHHH. CTpH 3TOM TeopernqecKHe pa3)1,eJibI He neperpy.>KeHbI MaTeMaTHl!e

CKHMH BbIKJJa)J,KaMH H He Tpe6yroT OT l!HTaTeJIH BJJa)J,eHHH BbICWeH MaTeMaTHKOH. HeKOTO

pblM He)J,OCTaTKOM npe)J,JlaraeMOH KHHrH HBJJHeTCH OTCYTCTBHe no.npo6Hb!X peKOMeH)J,allHH 

no npaKTHlleCKOMY H3fOTOBJieHHIO TpaHccpopMaTOpOB (.II.aIOTCH JJHWb MeTO)J,HKH onpe)J,eJie

HHH HX He06XO)J,HMbIX napaMeTpOB ), HO, KaK rosopHTbCH - HeJib3H 06bHTb He06bHTHOe 

B paMKax 0)1,HOH KHHrH. 

B npouecce Hayl!Horo pe)J,aKTHpoBaHHH nepeso)J,a 3TOH KHHrH, pe.1I.aKTOp no3BOJIHJI 

ce6e He3H3l!HTeJibHbie OTCTynJieHHH OT OpHrnHaJibHOro TeKCTa B nJiaHe yJiyqweHHH )1,0-

crynHOCTH TeopernqecKOH qacrn )J,JIH He.II.OCTaTOl!HO no)J,roTOBJieHHbIX JJI06HTeJieH. TaKHM 

o6pa30M, npH paCCMOTpeHHH npHHUHnOB pa60Tbl OT)J,eJJbHbIX ueneli, ycHJIHTeJibHblX npH-

6opoB H KaCKa)J,OB yc11JieHHH, nOHCHHTeJibHblH MaTepHaJJ B OT)J,eJibHbIX pa3)1,eJiax 6bIJI He

CKOJibKO pacwHpeH. c 3TOH .>Ke ueJiblO HayqHbIM pe)J,aKTOpOM HeCKOJibKO H3MeHeH nopH)J,OK 

H3JIO.>KeHHH MaTepHaJJa B TeopeTHlleCKOH qacrn KHHrH, a TaK.>Ke )1,0nOJIHHTeJibHO HanHC3Hbl 

naparpacpbI 1.4, 1.6, l. 7 ( KpOMe nocJie)J,Hero pa3)1,eJia o JiyqeBbIX TpHo,nax) H I.I I. 7, oT

cyTcrnyrow.He B opHrnHaJibHOM aBTOpCKOM TeKCTe, HO cyw.ecTBeHHO o6Jierqarow.He nOHH

M3HHe npHHUHnOB pa6oTbI H xapaKTepHCTHK ycHJIHTeJibHbIX npH6opos ( B qacTHOCTH 3JieK

TpOHHbIX JJaMn - HBJIHIOW.HXCH 0)1,HHM H3 rnaBHblX o6beKTOB BHHMaHHH HaCTOHW.eH KHHrH ). 

KpaTKaH HHcpopMaUHH o Hayl!HOM pe.1I.aKrnpe: I1saHIOWKHH PoMaH IOpbeBHll - KaH.1I.H

.1I.aT TeXHHl!eCKHX HayK, .II.OlleHT Kacpe.1I.pb1 PMHOnepe.1I.aIOW.HX ycTpolicTB MocKOBCKoro 

TexHHl!ecKoro YHHBepcHTeTa CBH3H H HHcpopMaTHKH (MTYCI1 ). Hayl!Hbre HHTepecbr: npo-

6JJeMbI nOBbIWeHHH 3HepreTHl!eCKOH 3cpcpeKTHBHOCTH MOUJ.HbIX pa)J,HOnepe)J,aTl!HKOB )J,JIH 

pa.1I.Hosew.aHHH H TeJieBH)J,eHHH. TaK.>Ke y pe.1I.aKTopa HMeeTcH )1,aBHHH onbIT pecrnspauHH 

6bITOBOH JiaMnOBOH pa)J,HOannaparypbl npOWJiblX JleT BbmycKa, l[TO H nOCJIY.>KHJIO npHl!H

HOH oco6oro BHHM3HHH K annapaType Ha 3JieKTpOHHblX JiaMnax, BKJIIOl!aH KaK pa)J,HOnepe

)1,aT'IHKH, TaK H JiaMnOBble ycHJIHTeJJH 3BYKOBOH qacTOTbl, KOTOpbIM H noCBHW.eHa npe)J,Jla

raeMaH KHHra. 

I1saHIOWKHH P. IO., KaH.1I.H.1I.aT TeXHHlleCKHx HayK, .II.OUeHT Kacpe.1I.pb1 

Pa.1I.Honepe.1I.aIOW.HX ycTpolicTB MocKOBCKoro TeXHHl!eCKoro 

YHHBepCHTeTa CBH3H H HHcpOpMaTHKH (MTYCH) 



npeAMOlOBMe OBTOpa 

CTpOllJJIO y>Ke 6oJiee TpH,ll,I.~aTH JieT C TeX nop, KOr,ll.a aBTOp 3TOH KHHrH KynHJI CBOH nep
BbIH JiaMnOBbIH ycHJIHTeJib. OH CTOHJI TpH cpyHTa, H 3TO 6bIJIH KapMaHHbJe ,ll.eHbrH, KO
nHBWHeCH MHOro He,ll.eJib. Oo Mepe pOCTB KOJ!HlJeCTBa KapMaHHblX ,ll.eHer pOCJIH ero 
ycTpeMJieHHH, H pO,ll.HJIOCb >KeJiaHHe caMOMY C,ll.eJiaTb xopOWHH ay,ll.HOYCHJIHTeJib. 

Xorn HMeJIOCb MHOro HCTOlJHHKOB HHcpOpMaUHH no rrpoeKrnpoBaHHJO TaKHX ycHJIHTe
JieH, B KHHrax no 3JieKTpOHHKe y,ll.eJIHJIOCb MaJIO BHHMaHHH paapa6oTKe 3BYKOBOH annapa
TYPbI, a B KHHrax no BbICOKOKatJecTBeHHOH asyK0Bocnpo11aso,ll.H1UeH arrrraparype (Hi-Fi) 
He,ll.ocTaBaJio Teop1111. CTo3TOMY aBTOp MHoro speMeHH npoBO.ll.HJI B 6116JI110TeKax, cTapaHCb 
YBH3aTb 3TY HHcpOpMaUHJO H ccpopMHpOBaTb OCHOBbl npoeKrnpoBaHHH 3BYKOBOH arrnapa
TYPbl. 3Ta KHi-1ra - peayJibTaT MHoroJieTHHX ycHJIHH. Otta ttaueJieHa Ha TO, lJT06b1 npe.n.
CTaBHTb CJIO>KHYJO TeopHIO B ,ll.OCTynHOH cpopMe, He HCnOJib3YH 3aTPY.ll.HHTeJibHblX ,ll.JIH 110-
HHMaHHH ypaBHeHHH BbICllJeH MaTeMaTHKH. B OCHOBHOM 3Ta KHHra rrpe,ll.Ha3HalJeHa ,ll.JIH 
yMeJibUeB, soopy>KeHHbIX rrpoCTblM HH>KeHepHbIM KaJibKYJIHTOpOM, 3JieKTPO.ll.peJibJO H na
HJ!bHHKOM c TepMoperyJIHTOpOM. 

AsTOp - 6aKaJiaBp ecTecrneHHbIX ttayK - HatJaJI Kapbepy B KOMnaHHH Acoustical 
Engineering, HO qepea ro,ll. noKHHYJI ee 11 nocTynHJI B BBC Engineering B KatJecrne rexHH
qecKoro acc11cTeHTa. TaM OH np1106peJI aaMetJaTeJibHYJO no.ll.roTOBKY B ·o6Jiacrn 3JieKTpo
HHKH H Bblpoc .ll.0 CT8pwero HH>KeHepa, aaTeM ero YBOJIHJIH no COKpameHHJO WTBTOB. 
3aTeM OH pa6oTBJI B ccpepe Bb!Clllero o6paaosaHHH, r,ll.e paapa6oTBJI rrepBbIH s BeJI11Ko-
6p11Tatt1111 eypc .ll.JIH 6aKaJiaspos no TexttoJiorn11 cpe.n.crn MaccosoA 11ttcpopMau1111. TaM OH 
pa.n.osaJicH ycnexaM cso11x 6bIBllIHX cTy.ll.eHTOB, lJTO np11ttoc11JI0 6oJibwoe Y.ll.OBJiernopettHe. 
Pa6oTaH TaM, OH He TOJ!bKO aace,ll.aJI B MeTO,ll.HlJeCKHX COBeTax, HO H noaHaKOMHJICH 
c KJiaCCHbIMH cneu.11aJIHCT8MH. 

BcKope asTop CTBJI lJJieHOM o6mecrna HH>Kettepos-crreu11aJI11CTOB no asyKosoA anna
paType (Audio Engineering Society), paapa6oTaJI 11 co6paJI MHoro JiaMnOBbIX rrpe,ll.Bap11-
TeJibHbIX ycHJIHTeJieH, ycHJIHTeJieH )VIOJUHOCTH, aeyCTHlJeCKHX CHCTeM, TOHapMOB ,ll.JIH npo
HrpbIBaTeJieH BHHHJIOBbIX rpaMrrJiaCTHHOK, 3JieKTpOCT8THlJeCKHX roJIOBHb!X TeJiecpoHOB 
( HaywHHKOB ). 
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flaMnoeb1e ycHnMTenH 

CTpOWJIO 6oJiee .ll.B8.ll.U.8TH JieT C H848JI8 pa60Tbl H8.ll. rrepBblM H3.ll.8HHeM «JlaMITOBbIX 

YCHJIHTeJieH» - C TeX 110p MHOroe H3MeHHJIOCb, B TOM "IHCJie ycrnpeBWlte TeXHOJIOrHH. CTo

HBHBWHeCH B .ll.OMax KOMl1bl0Tepbl 1103BOJIHJIH y.n.eweBHTb rrpou.ecCbl TeCTHpOBaHHH H H3-

MepeHHH, TaK KaK cerO.D.HH HCI10Jlb3yeTCH MOW.H8H KOMl1blOTepHaH o6pa6oTKa peayJibTa

TOB, H 3Ta o6pa6oTKa rrpo.D.HKTOBaHa Tpe6oBaHHHMH cospeMeHHbIX TexHOJIOrHH. TaKHM 

o6pa30M, 6bICTpoe rrpeo6pa30BaHHe <t>ypbe, rrpe)KJl.e HBJIHBweecH HHCTpyMeHTOM JIHWb 

rrpHKJla,ll.HblX MaTeMaTHKOB, CT8JIO HHCTpyMeHTOM ITOBCeMecrnoro HCl10Jlb301jl8HHH, H )l.JIH 

rrpocpecCHOHaJibHblX paapa60T"IHKOB rrpOMblWJieHHOH arrrrapaTypbl, H .ll.JIH yBJie'leHHblX JII0-

6HTeJieH, 1103BOJIHH rrpOBO.D.HTb crreKTpaJibHblH aHaJIH3 - "ITO 6bIJIO rrpHBHJierneH KOMrra

HHH MHpOBOro KJiacca Bcero JIHWb 15 JleT Haaa.n.. 3TH 6JiarorrpHHTHbie B03MO>KHOCTH 6bIJIH 

HCI10Jlb30BaHbl aBTOpOM B 3TOM H3.D.aHHH - OH Bbll10JIHHJI pa3JIH4Hble H3MepeHHH, qero pa

Hee He Mor ocyw.ecTBJIHTb H3-3a He.D.OCTaTKa BpeMeHH H cpe.n.cTB. 

PacnpocTpaHeHHe TOproBJIH qepea sceMHPHYIO ceTb J.1HTepHeT c.n.eJiaJio pbIHOK 3JieKT

poHHblX JiaMn noHCTHHe rno6aJibHblM. Pe.n.KHe JiaMnb1, TaKHe KaK, HarrpHMep, Loctails, es

poneticKHe «cneu.HaJibHOfO Kal!eCTBa »' nocJie.n.Hee ITOKOJieHHe COBeTCKHX HHTerpaJibHblX 

JiaMrr, JierKo .n.ocryrrHbI J11060My JII06HTeJIIO. HeMHoro TeprreHHH, J.1HTepHeT - H Mbl He 

orpaHHl.JeHbl B BbI6ope 3JieKTpOHHblX JiaMn, KaK 6bIJIO paHee. 

napa.D.OKCaJibHO - COBpeMeHHaH U.HcppoBaH 3JieKTpOHHKa YJIYtJWHJia ITOJJJl.ep>KKY 3JieK

TpOHHblX JiaMn, HO OHa aKTHBHO BbITeCHHeT c pbIHKa 3JieMeHTHOH 6a3bl .n.pyrne aHaJIOfOBble 

KOMnoHeHTbI. B nepsyIO oqepe.D.b 3TO KacaeTcH KOH.D.eHcaTOpoB. KoH.n.eHcaTOpbI H3 noce

pe6peHHOH CJllO.ll.bl HCl!e3alOT, ITOJIHCTHpOJIOBble CTaHOBHTCH 60JibWOH pe.D.KOCTblO. 3Jie

MeHTbl ynpaBJieHHH ITOBCIO.ll.Y BbITeCHHIOTCH U.HcppOBbIMH KO.D.epaMH, 1103TOMY HCl!e3alOT 

MexaHHl!eCKHe nepeKJIIOl!aTeJIH .D.HarraaoHOB, H, B COOTBeTCTBHH c TeopHeH .llapBHHa, Bbl

MHpalOT nepeMeHHble pe3HCTOpbl - noTeHU.HOMeTpbI. 

HecMoTpH Ha 3TH npo6JieMbI, a MO>KeT 6bITb 6Jiaro.n.apH HM, 3JieKTpOHHble JiaMnbl H 

BHHHJIOBble rpaMnJiaCTHHKH CTaJIH npe.D.MeTaMH ITOKJIOHeHHH. B 2002 fO)J.Y OHH ITOHBJIH

JIHCb B peKJiaMe BeJIHKo6pHTaHHH 845 paa npH peKJiaMHposaHHH npo)J.YKTOB, He HMeIOw.Hx 

K HHM HHKaKoro OTHOWeHHH. 

CTpHMel!aHHe )l.JIH ITOKOJieHHH KOMITaKT-.D.HCKOB: TOHapM - 3TO H3HW.HOe MexaHHl!eCKOe 

ycTpOHCTBO, c KopyH.D.OBOH HJIH 8JIM83HOH HfJIOH Ha l<OHU.e .n.ep>KaTeJIH, KOTopaH )l.BH>KeTCH 

no H3BHJIHCTOH .ll.OpO>KKe ITJIOCKOro BHHHJIOBOro )l.HCKa )l.HaMeTpOM 300 MM, Ha3blBaeMoro 

)l.OJiroHrpalOW.eH rpaMITJI8CTHHKOH. CToJiyqaeMbIH B peayJibTaTe 3BYK 38l!aCTYIO Ol!eHb XO

pOWHH. 



nocBSlllleHMe 

Asrop nocssm.1.aer 3ry KH11ry KOMaH.ll.e 11H>Kettepos 511-611-CH, oco6eHHO 113 r. CayrreMnro
Ha, a raK>Ke 113 By.LI. Hoprotta, o KoropoM y Hero coxpatt11JI11cb O'!eHb HpK11e sne'laTJieH11H. 



6noroAOpHOCTM 

DepBoe H3)1.aHHe KHHrH Hee aBTOp no.ny4HJIH Heou,eHHMYIO noMep)!{KY OT MHOrHX JllO)l.eH. 
Oco6aH 6Jiaro)l.apHocTb DoJiy JleKJiepKy (Paul Leclereq), KOTOpb1H B3HJI Ha ce6H TPY.ll

HYIO 3a)l.a4y no pe)l.aKTHpOBaHHIO. 5e3 ero 30pKoro rna3a OCTaJIOCb 6bl MHOfO OWH60K 
B rJiaroJiax H oi<a3aJIOCb 6b1 MeHhwe npoTeCTHpoBaHHblX Ha HCKa)!{eHHH JiaMn (CM. r JiaBy 4 ). 

MHorne JllO)l.H nOMOrJIH MaTepHaJiaMH HCCJie)l.OBaHHH, HO HaH60Jiee 3Ha4HTeJibHblH 
BKJIM C.ll.eJiaJIH: .Ll.3HB M3HCeJI (Dave Mansell), DoJI JleKJiepK (Paul Leclercq ), f3pH JloH
rpH (Gary Longrie ), PO.ll)!{ep JioyHc6opoy (Roger Lownsborough) H 5pHaH TeppeJI (Brian 
Terrell). 

TaK)!{e noMoraJIH MHorne KOMMep4eCKHe npe.llnpHHTHH, npe.n.ocrnBJIHH MaTepHaJibl 
H o6opy.noBaHHe, HX Ha3BaHHH ynoMHHalOTCH B TeKCTe, HO OC06b1H BKJia)I. C,ll,eJiaJI 5pHaH 
CoyTep (Brian Sowter) H3 KOMnaHHH «Sowter Transfomers», TepneJIHBO BblCJIYWHBaB
WHH 3Kcu,eHTpH4Hble 3anpoch1 aBTopa. 

YI, HaKOHeu,, aBTOp XOTeJI 6bl no6Jiaro.n.apHTb Tex 4HTaTeJieH, KOTOpb1e HaWJIH BpeMH Ha 
HanHcaHHe 04eHb noJie3HblX .zvrn aBTOpa OT3blBOB. 



0CHOBbl neMCTBMJI yrnnMTeflbHblX 

npM6opoe 

1.1. 061.1.1"10 30M0"10HMSI 

l 

B 3TOH rnase no.L1.po6Ho paccMaTpHBaJOTCH npHHUHnbI .L1.eHCTBHH ycHJIHTeJibHbIX npH6opoB -

3JJeKTpoHHbIX naMn H TpaH3HCTopos. Oo.L1.aBJ1HJOU.taH 1-JaCTb rnaBbI nocsmu,eHa 3JJeKTpoH

HbIM JJaMnaM, noCKOJibKy HMeHHO JJaMFIOBblM ycHJIHTeJIHM noCBHI.UeHa HaCTOHI.UaH KHHra. 

TeM He MeHee, B KoHue rnaBbI KpaTKO paccMoTpeHbI H nonynpoB0.!1.HHKOBbie npH6opb1 H 

.L1.a>1<e onepauHoHHbie ycHJIHTeJJH, HecMoTpH Ha TO, '-ITO Hx npHMeHeHHe B JiaMnOBbIX ycHJJH

TeJJHx CHJibHO orpaHH'-JeHo. TaK>Ke paccMoTpeH pH.LI. KOHCTpyKTHBHbIX oco6eHHOCTeH npH

eMo-ycHJJHTeJibHbIX JJaMn H MeTO.ll.HKa onpe.L1.eJieHHH HX 3KBHBaJieHTHblX napaMeTpOB no 

peaJibHbIM CTaTH'-JeCKHM xapaKTepHCTHKaM. 

1.2. Kpo1Kost MnopH"leCKOSI cnpoeKo 06 1neK1poHHblX noMnox 

3neKTpOHHaH naMna c TepM03JieKTpOHHOH 3MHCCHeli He HBHJiacb nJJO.ll.OM 01.JeHb y>K cepb

e3HbIX TeopeTH'-JeCKHX HCCJle.ll.OBaHHH, nepe.ll. TeM, KaK 6bIJla OTKpbITa H o6HapO.ll.OBaHa ee 

KoHuenuHH. 0Ha 6b1J1a OTKpbITa 6Jiaro.L1.apH onbITaM, npoBO.ll.HMbIX ToMacoM 3.ll.HCOHOM, no 

H3y'-JeHHJO .ll.OJiroBelJHOCTH HHTH HaKaJJHBaHHH o6bI'-JHbIX naMn ocsemeHHH. B pe3yJJbTaTe 

3THX onbITOB 6bIJIO ycraHOBJieHO, '-ITO nepe.ll. TeM, KaK OCBeTHTeJibHaH JiaMna 3aKOHlIHT 

csoe cymecTBoBaHHe, cTeKJJHHHaH Kon6a naMnbI TeMHeeT H 06ecuse1.JHBaeTCH. 3TOT ::icp

cpeKT O'-JeHb pe.ll.KO Ha6JIJO.L1.aeTCH Ha 06bI'-JHbIX 3JleKTPH'-JeCKHX JiaMnax, HO OH OT'-JeTJIHBO 

npOHBJIHeTCH Ha ranoreHHbIX OCBeTHTeJJbHbIX JJaMnax, 6aJJJIOHbl KOTOpbIX H3roTOBJleHbl He 

H3 KBapuesoro cTeKJia, a TaK>Ke Ha TeaTpaJJbHbIX ocseTHTeJibHbIX JiaMnax. OpH'-IHHOH no

TeMHeHHH KOJI6bl HBJIHJIOCb HCnapeHHe BOJibcppaMOBOH cnHpaJJH JiaMnbI H OCa>K.ll.eHHe na

poB MeTaJJJia Ha BHyrpeHHeH nosepxHOCTH CTeKJIHHHOH KOJI6bl. c ueJiblO onpe.L1.eJIHTb na-
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paMeTpbl npouecca HcnapeHHH MaTepHaJJa HHTH HaKaJJa, B CTeKJIHHHblH BaKyyMHblH 6aJJ

JIOH JJaMnbI 6b1J1a sse.neHa cneu.HaJJhHaH MeTaJJJJH4ecKaH rrJJaCTHHa. B xo.ne onhITOB 6b1J10 

o6Hapy)f(eHO, 4TO eCJIH K 3TOMY 3JleKTpo.ny, BnOCJle.Ll.CTBHH Ha3BaHHblM aHO.ll.OM, npHJJO

)f(HTb noJJO)f(HTeJlbHblH OTHOCHTeJlbHO HHTH HaKaJJHBaHHH JJaMITbl noTeHU.HaJI, TO B BaKyyMe 

npoTeKaJJ 3JleKTpH4eCKHH TOK. 803.nyx H3 KOJl6 JJaMn HaKaJJHBaHHH OTKa4HBaJICH noTOMy, 

4TO pacKaJJeHHaH BOJJbcppaMOBaH HHTb Ha 803.ll.)'Xe HeMe.ll.JleHHO OKHCJIHJJaCb H cropaJJa. 

noTeMHeHHe CTeKJJa OT4eTJJHBO SH.LI.HO Ha HMelOW.eHCH y asTOpa JJaMne, TaK Ha3bJBaeMOfO 

R-THna (pHc. I. I). 
B I 904 r. ,ll)f(OH 3M6poy3 <t>JJeMHHr noweJJ ew.e .naJJhwe H H3o6peJJ HOBbIH npH6op, 

KOTOpblH OH Ha3BaJI 3JleKTpOHHOH JJaMnOH (HJIH 3JleKTpOHHblM BeHTHJleM, TaK KaK OHa no-

3BOJIHJJa TOKY npoTeKaTb TOJJbKO B O.ll.HOM HanpasJJeHHH). Bero ycTpoiicrne HcnOJJb30Ba

JJHCb .LI.Be yrnepO.Ll.Hble HHTH, OJI.Ha H3 KOTOpblX HarpesaJJaCb «.no paCKaJJeHHOro .ll.0 6eJJa 

COCTOHHHH H 60JlbWeii. no cpaBHeHHIO c 06bl4HblMH OCBeTHTCJlbHbJMH JJaMnaMH, CTeneHH 

CBe4eHHH», XOTH snocJJe.Ll.CTBHH B noJJy4eHHOM naTeHTe 3TO COCTOHHHe xapaKTepH30Ba

JIOCb TeMneparypoii npHMepHo 2000 K (BOJJbcppaMOBbie cnHpaJJH cospeMeHHbIX ocseTH

TeJJbHbIX JJaMn HMelOT pa6o4yl0 TeMneparypy npHMepHo 2900 K). BTOpaH yrnepo.nHaH 

HHTb, HJIH 3JleKTpo.n, OCTaBaJJaCb XOJIO.ll.HOH, a nocJJe Toro, KaK Me)f(.ll.)' .Ll.BYMH 3THMH 3JleKT

po.naMH BKJll04aJJCH HCT04HHK rrepeMeHHOro HanpH)f(eHHH, TO o6Hapy)f(HBaJIOCb, 4TO TOK 

B JJaMne Mor npoTeKaTb TOJlbKO B OJI.HOM HanpaBJJeHHH. 3TOT HOBblH npH6op HBHJICH Tep

M03JleKTpOHHblM .LI.HO.LI.OM, nOTOMY 4TO .Ll.JIH npoTeKaHHH HOHHOro TOKa He06XO.ll.HMO 6bIJIO 

3aTpa4HBaTb ropa3.ll.O 60JJbWYIO 3Heprnl0. 

PHc. 1.1 JlaMna R-muna, auihtbt c1teiJbt nomeMHeHttfl Ha Ko1t6e. 
(81Jtmpaa1teHHafl Haanucb ymaep11Caaem, •tmo Jma AaMna flBARemCR 
«TunoM, oao6peHHblM e/taBHblM no•tmMeucmepOM Su-6u-cu») 

CTporo rosopH, TOJlbKO .ll.JISI JJaMn c HeBblCOKOH CTeneHblO BaKyyMa B KOJJ6e (JJH60 .Ll.JIH 

ra30HanoJJHeHHblX JJaMn HH3KOro .nasJJeHHH) npoTeKaHHe TOKa B03MO)f(H0 3a C4eT HOHOB 

ra3a, TOr.na KaK .ll.JIH JJaMn c BblCOKHM BaKYYMOM B03MO)f(eH JIHWb 3JleKTpOHHblH TOK. 

Xorn saKyyMHbie .LI.HO.LI.bl npe.ncTaBJJHJJH H3 ce6H s TO speMH cTpaHHYIO .Ll.HKOBHHKy, <l>JJe

MHHr npe.L1.nOJIO)f(HJI, 4TO OHH CMOryT 6b1Tb npHMeHeHbl .Ll.JIH AeTeKTHposaHHH BOJIH fepua 
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( p8,11.HOBOJIH ). 0.ll.HBKO OHH He H8lllJIH lllHpOKOro pacnpocTpaHeHHH no .ll.BYM OCHOBHbIM npH

lJHH8M. 0epB8H 38KJIIOlJ8JI8Cb B TOM, lJTO yr JiepO.ll. 3MHTHpOB8JI 3JieKTpOHbl BeCbM8 CJI860, 8 

BTOpaH 38KJIIOlJ8JI8Cb B TOM, lJTO 3MHCCHH 3JieKTpOHOB B CHJ!bHOH CTeneHH 38BHCeJia OT TeM

nepaTypbl, KOTopaH .ll.OJl.>KH8 6bIJI8 6bITb H3 coo6pa.>KeHHH yseJIHlJeHHH cpoKa CJiy.>K6bI yr Jie

PO.ll.HOH HHTH noMep.>KHBBTbCH cpaBHHTeJibHO HeBbICOKoti. 3TH .!I.Ba cpaKTopa 03HalJaJIH, lJTO 

yrnepO.ll.HBH HHTb HMeJia 3cpcpeKTHBHOCTb, COCTaBJIHJOrn.yJO scero npHMepHO 0,003 % no 

cpaBHeHHIO c 3MHCCHOHHOH cnoco6HOCTblO BOJibcppaMOBOH HHTH, HarpeTOH .ll.0 TeMnepary

pbl 2900 K (MH onpe.ll.eJieHHH 3MHCCHOHHOH cnoco6HocTH noHaJ1.06HJICH oco6o qyscrnH

TeJibHbIH 3epKaJibHbIH raJibB8HOMeTp ). 

B naTeHTe 1908 r., BbI.!1.BHHOM JlH .ll.e ct>opecry (Lee de Forest), B 3JieKTpOHHYJO JiaMny, 

nOJiy'!HBWYIO Ha3BaHHe ay.ll.HOH, BBO.ll.HJl8Cb nJI8THHOB8H npoBOJIOKa, BbinOJIHeHH8H B BH.ll.e 

KOJIOCHHKOBOH peweTKH, KOTopaH pacnoJiaraJiaCb Me.>KJl.Y HarpeTOH HHTblO H 8HO.ll.OM. 3Kc

nepHMeHTaJ!bHO HM 6bIJIO noKa38HO, lJTO B T8KOH JiaMne B03MO.>KHO .ll.OCTHlJb yCHJieHHH CJia-

6bIX KOJie68HHH. Xorn naTeHT H noK83bIBaJI co BCeH OlJeBHJl.HOCTblO, lJTO 8BTOp TaK H He 

noHHJI, KaKHM o6pa30M see 3TO .ll.eticrnyeT, HOBbIH npH6op OKa3aJICH BeCbMa noJie3HbIM H 

BCKope npHBeJI K po.>KJ1.eHmo KOMMepqecKoro pa.ll.HOBern.aHHH. Pa36poc B xapaKTepHCTHKax 

ycHJieHHH ay.ll.HOHa, B KOJI6e KOTOporo HCnOJib30B8JICH HH3KHH BaKYyM, 6bIJI OlJeHb BeJIHK, 

0.ll.HaKO, OlJeHb CKopo Ha aB8HCU,eHy BbIWeJI ropa3.ll.O 6oJiee KalJeCTBeHHbIH BbICOKOBaKyyM

HbIH TpHO.ll.. 

1.3. T epM01neK1poHHaS1 lMHCCHSI 

Bee MeTaJIJibI HMe10T KpHcTaJIJIHlJeCKYJO cTpyKTYPY H xapaKTepH3YJOTCH HaJIHlJHeM cso6o.ll.

HbIX 3JieKTpOHOB, yqacTBYIOlll.HX B 3JieKTponpoBo.ll.HOCTH. EcTecrneHHO, lJTO lJaCTb 3THX 

3JieKTpOHOB 6yJ1.eT H8XO.ll.HTbCH Ha nosepXHOCTH MeT8JIJI8, HO OHH OCTalOTCH CBH3aHHbIMH 

Me.>KaTOMHbIMH CHJiaMH B3aHMO.ll.eticTBHH c coce.n.HHMH aToMaMH s CTPYKType MeTBJIJia. 

0.n.HaKO 8TOMbl 38 ClJeT TenJIOBOH 3HeprnH coseprnaJOT xaoTHlJeCKHe (5poyHOBCKOe) KOJie-

6aTeJibHbie .ll.BH.>KeHHH OTHOCHTeJibHO TOlJeK paBHOBeCHH, 3JieKTpOHbl HaXO.ll.flTCH Ha CBOHX 

3JieKTpOHHbIX op6HTax, 3HeprnH KOTOpbIX TBK.>Ke 3aBHCHT OT TeMnepaTypb1. CTpH 3HalJH

TeJibHOM yseJIHlJeHHH TeMneparypbl MeTaJIJia, lJaCTb 3JieKTpOHOB MO.>KeT npHo6peCTH .ll.0-

CTaTOlJHYIO KHHeTHlJeCKYIO 3Heprn!O, lJT06bI npeO.ll.OJieTb CHJIY npHTH.>KeHHH aTOMa H noKH

HYTb nosepxHOCTb MeTaJIJia. 

Pa3orpeTbIH MeTBJIJI s 3JieKTpOHHOH JiaMne noJiylJHJI Ha3BaHHe KaTO.ll.a. Kor.ll.a OH pa-

3orpesaeTcH .n.o TeMnepaTypbI, KOTopaH onpeJ1.eJIHeTcH oco6oti KOHCTaHTOH MaTepHaJia, H3 

KOTOporo KaTO.ll. H3roTOBJieH, H Ha3bIBaeMOH pa6oTOH Bb!XO.ll.a, KHHeTHLieCKaH 3HeprnH He

KOTOpbIX 3JieKTpOHOB npeBbllll8eT .ll.eHCTBHe 8TOMHbIX CHJI, H TOr.ll.a BOKpyr KaTO.ll.a 06pa-

3yeTCH 3JieKTpOHHOe o6JiaKO HJIH npocTpaHCTBeHHbIH 38pH.ll., ccpopMHpOB8HHb!H nOKH

HYBWHMH MeTaJIJI 3JieKTpoHaMH. TaK KaK O)l.HOHMeHHbie 3apHJ1.bI OTTBJIKHBBJOTCH, To 

B 3JieKTpOHHOM o6JiaKe BOKpyr KaTO.ll.8 C03.ll.aeTCH .ll.OCT8TOlJHbIH OTpHU.aTeJibHbIH 3apH.ll., 

npenHTCTBYIOlll.HH .ll.aJibHetirneti 3MHCCHH 3JieKTpOHOB H3 MeTaJIJI8, npH B03HHKHOBeHHH 

KOToporo HacTynaeT CTaTHlJeCKOe paBHOBeCHe. 
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EeJIH no.uKJIJOYHTb K .upyroMy3JieKrpo.ny (a Hoey) nonmKHTeJibHbIH BbIBO.ll or 6arapeH (a 
orpHuareJibHbIH eoe.UHHHTb e KaTO.UOM ). Ha 3JieKTpOHbl o6JiaKa eraHeT .ueAeTBOBaTb 3JieKT
pHYeeKoe noJie, KOTOpoe Bbl30BeT HX yeKopeHHOe .llBH)!(eHHe B BaKyyMe B eropoHy nOJIO
)!(HTeJibHO 3apH)!(eHHoro aHo.ua. TaK KaK KOHUeHrpau1rn 3JieKrpoHOB B o6JiaKe, H seJIHYHHa 
o6beMHOfO npoerpaHeTBeHHOfO 3ap51.ua, npH 3TOM 6y.uer eHH)!(aTbe51, .ueiieTBHe eHJibl, 
npenHTeTByJOLUeH 3MHeeHH 3JieKTpOHOB H3 Karo.ua, yMeHbwaeTC51, no3TOMY npouecc 
3MHeCHH 3JieKTpOHOB H3 MeTaJIJia B0306HOBJI51eTC51, soenoJIH5151 3JieKTpOHHOe o6JiaKO H 
soeeraHaBJIHBa51.UHH8MHYeCKOe paBHOBeCHe. 

1.4. npMHLU·m AeMCTBMS1 M CTCTMlfeCKMe xapaKTepMCTMKM 

BaKyyMHOro AMOAC 

Tenepb caMoe speMH no.useern HeKoropbIH Hror BhiweeKa3aHHOMY H paeeMorperb npHH
UHn .ueiieTBHH npocreAwero 3JieKrposaKYYMHoro npH6opa - .UHO.Ua. B oeHose pa6orhI 
JIJ06bIX 3JieKTpOHHbIX JiaMn, 3JieKTpOHHO-JiyYeBbIX rpy6oK ( oeIJ.HJIJIOeKOnOB, KHHeeKonoB, 
BH.UHKOHOB) H p51.ll8 .upyrnx npH6opoB, Jie)!(HT 3cpcpeKT nporeKaHH51 3JieKrpHYeCKoro TOKa 
B saryyMe. Ka3aJIOCb 6b1 saKyyM, 3anoJIHHJOLUHH 6aJIJIOH JIJ06oro 3JieKrposaKyyMHOro 
npH6opa ( K KOTOpbIM OTHOe51Te51 H 3JieKrpoHHble JiaMnbI) 51BJI51eTe51 11.ueaJibHbIM .UH3JieKT
pHKOM, H 3JieKrpHYeeKHH TOK Yepe3 Hero nporeKaTb HHKaK He MO)!(eT. 0.uHaKO, B peaJibHOH 
)!(H3HH see 6brnaer no .upyroMy. OpHpo.ua eyiueernosaHHH TOKa B saKyyMe o6yenosJieHa 
B nepsyJO OYepe.Ub cpH3HYeCKHM 51BJieHHeM, H83bIBaeMbIM repM03JieKTpOHHOH 3MHeeHei1, 
Koropoe 6bIJIO paecMorpeHo B npe.Ubl.llYLUeM naparpacpe. I1raK, eyrh HBJieHHH repM03JieK
rpoHHOH 3MHeeHH COCTOHT B TOM, '!TO npH pa3orpese MeTaJIJIHYeeKOH nnaeTHHbl, Haxo.ufi
iuei1C51 BHYTPH 6aJIJIOHa H3 KOTOporo OTKaYaH B03.nyx, npoHeXO.UHT OTpbIB 3JleKTpOHOB OT 
nosepxHoern nnaeTHHbl. OpH Harpese, KaK H3Beerno, KHHernYeeKaH 3HeprnH xaornYeCKH 

.UBH*YLUHXeH Yaernu B03paeraer, H npH onpe.ueJieHHOH reMneparype pa3orpesa nnaern
Hhl, 3HeprnH 3JieKTpOHOB OKa3bIBaeTe51 .uoeTaTOYHO, .UJI51 roro, YT06bi npeo.uoJieTb .ueAer
BHe eHJI, y.uep)!(HB8JOLUHX CB060.UHble 3JieKTpOHbl B MeTaJIJie. 00KH.Ua51 nosepxHOCTb Me
raJIJia, 3JieKrpoH cosepwaeT pa6ory, H83bIBaeMyJO pa6oroi1 Bb1xo.ua. J.lJIH CHH)!(eHHH 
seJIHYHHbl 3TOH pa6oTbl, nJiaeTHHY '!aero noKpbIBaJOT cneuHaJibHbIMH npHMeC51MH - eOJI51-
MH 6apH51, ropH51, pa3JIH'!Hb!MH OKCH.U8MH. 

0.uHaKo, .UJl51 cyiueeTBOBaHH51 TOKa B saryyMe HaJIHYHe TOJlbKO O.UHOH JIHWb 3MHeeHH 
3JieKTpOHOB He.uoeTaTOYHO. Ope.ueraBHM ee6e JiaMnOYKY OT KapMaHHOrO cpoHapHKa, K KO
TOpOH no.uKJIJOYeHa 6aTapei1Ka (pHc. 1.2). OpH nporeKaHHH no 3TOH uenH 3JieKTPH~ecKoro 
TOKa, HHTb JiaMnOYKH CHJibHO pa3orpesaere51, H 3JieKrpOHbl, npeo.uoneBa51 pa6ory BbIXO.Ua, 
BbipbIBaJOTCH H3 Hee B oKpy)j(aJOiuee npoerpaHeTBo BHYTPH 6aJIJioHa. 0.uHaKo, 3TH 3JieKT
pOHbI HHKy.ua OT HHTH He pa3JieTaJOTe51, noeKOJlbKY Her eHJibl, KOTOpa51 3aCTaBHJia 6bi HX 
.llBHraTbC51 B K8KOM-JIH6o HanpaBJieHHH B eropoHy OT HHTH. CaMa )!(e HHTb YaeTHYHO npHT51-
rnsaer 3JieKTpOHhI o6parno Ha ee651, noeKOJihKy, repHH orpHuareJibHhIH 3apH.U 
B BH.Ue BblpBaBWHXe51 H3 Hee 3JieKTpOHOB, HHTb 3ap51)!(8eTC51 noJIO)!(HTeJibHO. TaKHM o6pa-
30M, O.UHH 3JieKrpoHbI noKH.UaJOT HHTb, npeo.uonesaH pa6ory Bhixo.ua, a .upyrne npHrnrnsa-
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1-0TCH K HeH o6paTHO, o6paayH HeKHH 6aJiaHC. CT pH 3TOM BOKpyr HHTH o6paayeTCH o6JialJKO 

CB060JJ.HbIX 3JieKTpOHOB, KaK 3TO ycJIOBHO noKaaaHO Ha pHC. 1.3. 

H14Tb 
HSKalll4BSHl4fl 

PHc. 1.2 Humb 1-taKG.Auoanu.R. npocmeiiw.ett AaMnOllKU 

PHc. 1.3 3AeKmponnoe 06Aa1Co BOKpyz 
numu naKa.AUBanuR 

oSJIJIOH 

.ll.JIH cyw.ecTBOBaHHH 3JieKTpH4eCKOro TOKa B JII-060H cpeJJ.e Heo6XOJJ.HMO BbinOJIHeHHe 

.ll.BYX 06H3aTeJibHblX ycJIOBHH - 3TO HaJIH4He HOCHTeJieH TOKa H HaJIHlJHe CHJlbl, KOTopaH 

3aCTaBJIHJia 6bI HX JJ.BHraTbCH . .ll.JIH TOro, 4T06bI 4epea BaKyyM noTeK 3JieKTpH4eCKHH TOK, 

HOCHTeJIHMH KOTOporo HBJIHJIHCb 6bI BblpBaBrnHeCH H3 pacKaJieHHOH HHTH 3JieKTpOHbl, He

o6XOJJ.HMO npHJIO.>KHTb K KaKOH-JIH60 BCnOMOraTeJibHOH nJiaCTHHe nOJIO.>KHTeJibHbIH aapHJJ. 

OTHOCHTeJibHO HHTH, 1.JTO C03JJ.aCT He06XOJJ.HMYI-O 3JieKTpH4eCKyI-O CHJiy, 3aCTaBJIHI-OlllYI-O 

:ineKTpOHbI JJ.BHraTbCH B onpeJJ.eJieHHOM HanpasJieHHH. TaKaH KOHCTPYKU.HH, noKaaaHHaH 

Ha pHC. 1.4, HBJIHeTCH npocTeHllIHM BaKyyMHbIM JJ.HOJJ.OM. 3JJ.eCb B 6aJIJIOH, H3 KOTOporo 

npeJJ.BapHTeJibHO OTKalJaH B03JJ.YX, nOMHMO HHTH HaKaJia, paaorpesaeMOH aa CtieT TOKa, 

npoTeKa1-0mero 1.Jepea Hee OT HCT04HHKa nocTOHHHoro HanpH.>KeHHH EH, noMern.eHa TaK.>Ke 

MeTaJIJIHl.JeCKaH nJiaCTHHa, Ha3bIBaeMaH aHO.ll.OM (A). K 3TOH nJiaCTHHe noJJ.I<JII-01.JeH noJio-
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.>KHTeJibHbIH noJIJOc HCTOlJHHKa nocTOHHHoro HanpH.>KeHHH Ea, a oTpHUaTeJibHbIH noJIJOC 

3TOro HCTOlJHHKa coe)l)rneH c OJJ.HHM H3 BblBOJJ.OB HHTH HaKaJia. TaKHM o6pa30M, aHOJJ.3apa

.>KeH noJIO.>KHTeJibHO, a 3JieKTpo.n co3.u.a1011.1.Hii HOCHTeJIH, Ha3bIBaeMbIH KaT0.11.0M ( K) - OT

PHUaTeJibHO. PoJib KaTo.u.a B npocTeiiweM eaeyyMHOM .U.HO.U.e, H3o6pa.>KeHHOM Ha pHc. 1.4, 
BbinOJIHHeT Henocpe.u.crneHHO HHTb, Ha3bIBaeMaH B 3JieKTpoeaKyyMHbIX npH6opax HHTblO 

HaKaJia HJIH no.u.orpeeaTeJieM. 

A 

-==-- v. 

K 

PHc. 1.4 Koncmpy10.{UR npocmeuuteeo BaKyyMH020 ouooa 

CT pH nHTaHHH HHTH HaKaJia ( no.u.orpeeaTeJIH) He nOCTOHHHblM, a nepeMeHHblM TOKOM 

(e annapaType pa6oTaIOlll.eH OT 3JieKTpocern nepeMeHHOro TOKa), eo H36e.>KaHHe napa-

3HTHOH MOJJ.YJIHUHH aH0.11.HOro TOKa cpOHOM lJaCTOTbl cern, lJaCTO KaTO,lI.bl JiaMn .u.eJiaIOT no

.u.orpeBHblMH, Kor.u.a pOJib KaTo.u.a BbinOJIHHeT He CaM HHTb HaKaJia, a BCnOMOraTeJibHaH 

nJiaCTHHa, pacnOJIO.>KeHHaH 6JIH3KO K HeH, H HarpeeaeMaH 3a ClJeT H3Jiy4aeMoro HHTblO 

TenJia. ::hy KaTO.U.HYIO nJiaCTHHYTaK.>Ke noKpbIBaIOT ee11.1.ecTBaMH c MaJIOH pa60TOH BblXO,lI.a 

( COJIHMH, OKCH,lI.aMH H T. n. ). Ta KOH KaT0.11., noKa3aHHblH Ha pHC. l.5, Ha3bIBaIOT KaT0.11.0M 

KOCBeHHOro HaKaJia, a KOfJJ.a pOJib KaTO,lI.a BbinOJIHHeT caMa HHTb, TaK KaK noKa3aHO Ha 

pHC. 1.4, ee Ha3bIBaIOT KaTO,lI.OM npHMOro HaKaJia. 

PHc. 1.5 Kamoo Koceennoeo naKaJla 
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B CJiyttae, KOf.Ll.8 8HO.LI. 38pH>KeH nOJIO)!(HTeJibHO OTHOCHTeJibHO K8TO.LI.8, 3JieKTpOHbl, Ha 

BbIJieTeBWHe H3 K8TO.LI.8 ( HHTH H8K8JI8 ), .LI.eiicrnyeT 3JieKTPH'·IeCK8ff CHJl8, C03.Ll.8BaeMaff ilOJIO

)!(HTeJibHblM noJieM aHO.LI.a. flo.LI..LI.eHCTBHeM 3TOH CHJlbl, 3JieKTp0Hbl Ha4HHalOT npHTHrHBaTb

Cff K aHOJlY, C03.LI.aBaff B u,enH, BKJll04al0w.eii B ce6ff HCT04HHK Ea, aHO.LI., BaKYYMHblH npoMe

*YTOK H KaTO.Ll., 3JieKTpH4eCKHH TOK. CTpOTeKalOW.HH B HanpaBJieHHH, npOTHBOilOJIO)!(HOM 

.Ll.BH)!(eHHIO 3JieKTpOHOB ( K8K npHHffTO B cpH3HKe H 3JieKTpoTeXHHKe ), TO eCTb OT CTJllOCa HC

T04HHK8 K ero MHHycy qepe3 aHO.LI., saeyyMHbIH npoMe*YTOK H KaTO.Ll.. EcJIH )!(e H3MeHHTb 

noJiffpHOCTb BKJII04eHHff HCT04HHKa Ea, npHJIO)!(HB MHHyc K aHo.uy, a nJIJOC K KBTOJlY, oTpHu,a

TeJibHOe noJie aHO.LI.8 6y.LI.eT OTT8JIKHB8Tb 3JieKTpOHbl, npH)!(HMaff HX K KaTOJlY, H 3JieKTpH4e

CKHH TOK B u,enH 6aTapeiiKa - BaeyyMHbIH .LI.HO.LI. cyw.ecTBOBaTb He 6y.LI.eT. TaKHM o6pa30M, 

.LI.JIH npoTeKaHHH 3JieKTpH4eCKOfO TOKa B BaKYYMe He06XO.LI.HMO BbinOJIHHTb .LI.BB ycJIOBHff: 

o6ecne4HTb 3MHCCHIO 3JieKTpOHOB H3 KaTO.LI.8 (.LI.Jiff qero Heo6XO.LI.HMO K8TO.Ll. pa3orpeTb), 

a TaK*e o6ecne4HTb ilOJIO)!(HTeJibHblH 38pH.LI. Ha aHO.LI.e OTHOCHTeJibHO KaTO.LI.a. 

J.13 BblWeCKa38HHOro CJie.uyeT, t.:(TQ BBKYYMHblH .LI.HO.LI. o6Jia.LI.aeT O.LI.HOCTOpOHHeH npOBO

.LI.HMOCTblO - 3JieKTpH4eCKHH TOK 4epe3 Hero npoTeKaeT TOJlbKO TOf.Ll.8, KOf.LI.8 Ha 8HO.LI.e Ha

npff)!(eHHe noJIO)!(HTeJibHO. CT pH no.LI.a4e oTpHu,aTeJibHOro Hanpff)!(eHHff Ha aHO.LI., TOK qepe3 

.LI.HO.LI. He Te4eT. B cJiyqae ecJIH K TaKOMY BaKYYMHOMY .LI.HOJlY npHJIO)!(HTb nepeMeHHOe Ha

npH)!(eHHe rapMOHH4eCKOH ( CHHYCOH.LI.8JibHOH) cpopMbl, TO TOK qepe3 .LI.HO.LI. 6y.LI.eT cyw.ecT

BOBaTb TOJibKO B Te4eHHH noJIO)!(HTeJibHblX noJiynepHO.Ll.OB. 3TO HBJieHHe WHpOKO HCilOJlb3y

eTCff Ha npaKTHKe. B qacTHOCTH, B BeK JiaMnoBoii TexHHKH, BaeyyMHble .LI.HO.LI.bl npHMeHHJili 

.LI.Jiff BbmpffMJieHHH nepeMeHHOro TOKa, a TaK)!(e .LI.Jiff .LI.eTeKTHpOB8HH51 MOJlYJIHpOBaHHblX 

KOJie6aHHH. BaKYYMHble .LI.HO.LI.bl, npe.LI.Ha3Ha4eHHble .LI.Jiff BbmpffMJieHHH nepeMeHHoro TOKa, 

Ha3blBalOTC51 KeHOTpoHaMH. 

Ha pHc. 1.6 noKa3aHa rpacpH4eCKaff 3aBHCHMOCTb aHO.LI.HOro TOKa BaKYYMHoro .LI.HO.LI.a, OT 

BeJIH4HHbl noJIO)!(HTeJibHOfO Hanpff)!(eHHff Ha aHO.LI.e OTHOCHTeJibHO KaTO.LI.a. 3Ta 3aBHCH

MOCTb Ha3bIBaeTcff CT8TH4eCKOH BOJibT-aMnepHOH aHO.LI.HOH xapaKTepHCTHKOH. KaK BH.LI.HO 

H3 rpacpHKa, npH yseJIH4eHHH aHO.LI.HOro Hanpff)!(eHHff, aHO.LI.HblH TOK B03pacTaeT, npH4eM 

B o6JiaCTH M8JlblX aHO.Ll.HbIX Hanpff)!(eHHH 3TOT pocT ,D.OCT8T04HO Me.LI.JieHHblH, 4TO o6yCJIOB

JieHo MaJIOH BeJIH4HHOH CHJlbl, npHTHrHBaJOW.eH 3JieKTpOHbl, a npH 6oJiee BblCOKHX HanpH

)!(eHHffX Ha aHo.LI.e, TOK HapacrneT npaKTH4eCKH JIHHeiiHo. HaKJIOH JIHHeHHoro yttacTKa 

Ea 

0 

PHc. t .6 CmamuttecKafl BOAbm-a.M.nepH.afl 
xapaKmepucmuKa aaKyyMH.OeO iJuoiJa 

/a 
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OcHOBbl 11eMCTBM.R ycMnMTenbHblX npM6opos 

BOJibT-aMnepHoii xapaKTepHCTHKH itHo.na xapaKTepH3yeTCH ero BHYTpeHHHM conpoTHBJie

HHeM ra, KOTOpoe MO)!(HO onpe.neJIHTb 4epe3 3aKOH 0Ma, OTC4HTaB npHpaw.eHHH HanpH)!(e

HHH H TOKOB Ha 3TOM Y4aCTKe Henocpe.ncrneHHO no rpaqrnKy. HaKOHeu,, npH 04eHb 60Jib

WHX aHOJlHbIX HanpH)!(eHHHX, TOK nepecTaeT B03paCTaTb, nocKOJ!bKY 3MHCCHOHHaH 

cnoco6HOCTb KaTO.na (TO eCTb MaKCHMaJibHOe KOJIH4eCTBO 3JieKTpOHOB, MOryW.HX noKHHYTb 

nosepXHOCTb KaTO.na) scer.na orpaHH4eHa. 3TO HBJieHHe H83bIBalOT HaCbIW.eHHeM. 

OoMHMO seJIH4HHbI BHYTpeHHero conpoTHBJieHHH, BaKYYMHbie JtHOJlbI TaK*e xapaKTe

pH3YIOTCH MaKCHMaJibHOH BeJIH4HHOH aHOJlHOro TOKa, npe.neJibHblM aHOJlHbIM HanpH)!(eHH

eM H MaKCHMaJibHOH MOW.HOCTblO TenJia, pacceHsaeMoro Ha aHo.ne. 9TH napaMeTpbl HBJlH

IOTCH npe.neJibHO .nonyCTHMbIMH, H HX npeBbIWeHHe MO)!(eT npHBeCTH K ¢H3H4eCKOMY 

pa3pyweHHIO npH6opa. 

B 3asepweHHe .naHHoro 3KCKYpca B ¢H3HKY pa6oTbI saKyyMHoro itHo.na, npHse.neM HX 

H3o6pa*eHHH Ha npHHU,HnHaJibHbIX cxeMax. Ha pHc. 1. 7 H 1.8 noKa3aHbI o6o3Ha4eHHH JlH

o.nos c KaTOJlaMH npHMOro H KOCBeHHOro HaKaJia. 

PHC. 1. 7 06o3Ha'leHue Ha cxeMax BaKyyMH020 ouooa 
c npRMoHaKMbHbtM. KamoooM 

PHC. 1.8 06o3Ha'leHue Ha cxeMax BaKyyMH020 ouooa 
c KamoooM KocaeHH020 HaKMa 
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CKopocrb 11s11>KeH1111 rneKTpOHOB 

1.5. (KopocTb ABM>KemtSI lfleKrpoHOB 

Ope:>K,ll_e YeM paccMaTpHBaTb pa60Ty 3JieKTpOHHOH JiaMnbI Tp110,11.a, a TaK)!{e 6oJiee CJIO)!{

HbIX JiaMn, cnoco6HbIX yc11J111BaTb pa3JIH4Hbie c11rnaJ1hI, 6y,11.eT noJie3HO pa3o6paTbCH 

B CBOHCTBax 3JieKTpOHHOro noToKa, noKH,11.aJOw,ero KaT0,11.HblH y3eJI JiaMnbI. 

Y)!{e ynoMHHaJioch, '-!TO 3JieKTpOHbI ,11.BH)!{YTCH s ttanpasJieHHH atto,11.a ycKopettHo, 11 

3TO 6e3 BCHKHX npeyseJIWieHHH COOTBeTCTByeT ,11.eHCTBHTeJibHOCTH. B TOT MOMeHT, KOr,11.a 

3JieKTpOH nOKH,11.aeT o6JiaCTb KaTo,11.a, ero CKOpOCTb TeopeTH4eCKH npHHHMaeTCH paBHOH 

HYJIJO, 0,11.HaKo, OH, Haxo,11.Hcb B nocTOHHHOM 3.neKTpttYeCKOM noJie aHo,11.a, Ha4HHaeT ,11.BH

raTbCH yCKopeHHO, 11 np1106perneT 3HeprnJO, nponopu110HaJ1bHYJO yCKopHJOW.eMy HanpH

)!{eH11JO: 

B KornpoM E - 3HeprnH; 

1 E = eV=-m u2 
2 e ' 

e - 3ap5l,ll. 3JieKTpOHa, npHHHMaeTCH paBHbIM"" 1,602 x I o-l!J KyJI; 

V - yCKopH101uee HanpH)!{eH11e; 

me - Macca 3JieKTpoHa, npHHHMaeTCH paBHOH ""9, 11 x I o-:ll Kr; 

u - CKOpOCTb 3JieKTpoHa. 

PewaH 3To ypasHeHHe ornornTeJibHO cKopocrn 3JieKTpoHa u, noJiy4HM cJ1eey10w.ee 

Bb1pa)!{eH11e: 

U= 

l-(1+~· ~)2. 
me c 

B HayKe c1acrn 11cnoJ1b3yeTCH OTHoweHHe 3apH,11.a 3JieKTpoHa Kero Macce, e/me, KOTO

poe ttMeeT np116J111)!{eHHoe 3HaLJeH11e I, 7588 x I 011 KyJI/Kr. Optt npHJIO}KeHHH K aHo,11.y 

ornornTeJibHO KaTo,11.a HanpH)!{eHHH I 00 B 3JieKTpoH ,11.ocrnrneT nosepxHocrn aHo,11.a, HMeH 

cKopocTb nopH,11.Ka 6 x I Ofi M/ c. 

EcJIH 11cnoJ1b30BaTb npe,11.br,11.yw.ee Bb1pa)!{eH11e 11 no,11.cTaBHTb B Hero ycKopHJOw,ee Ha

npH)!{eHHe 512 KB, ( BeJIH4HHa, COOTBeTCTByJOw,aH, HanpHMep, HanpH)!{eHHIO B ,11.aJibHHX 

JIHHHHX 3J1eKTponepe,11.a'I ), TO nOJIY4HTC5l, 4TO CKOpOCTb 3JieKTpoHa MO)!{eT npeBbICHTb CKO

poCTb CBeTa, 4TO, ecTeCTBeHHO, 5lBJI5leTC5l HeB03MO)!{Hb!M. 0pH4HHa 38KJll04aeTC5l B TOM, 

4TO np11se,11.eHHOe ynpow,eHHOe Bbipa)!{eHHe cnpase,11.JIHBO TOJlbKO ,11.JIH MaCCbl noKOH 3JleKT

poHa, 0,11.HaKO, np11 ,11.BH)!{eHHH c OKOJIOCBeTOBb!MH CKOpOCTHMH Macca 3JieKTpoHa B03pac

TaeT, Tpe6yH 6ecKOHe4HO 60JibWOro 3Ha4eHH5l HanpH)!{eHH5l ,ll.J15l ycKopeHHH 3JieKTpOHa ,11.0 

OKOJIOCBeTOBbIX CKopocTeti. c yYeTOM 3THX ycJIOBHH Heo6XO,ll.HMO HcnOJib30BaTb 6oJiee 

CJIO)!{HOe ypasHeHHe, npe,11.JIO)!{eHHOe 3JIJIH (Alley) H 3rny,11.0M (Atwood): . 
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OcHOBbl AeiicTBHJI yCHnHrenbHblX npH6opoe 

CKOpOCTb = C • 

1-(1+~· ~)2.· 
m. c 

B KOTOpOM c - CKOpOCTb CBeTa B BaK)'YMe, npHMCpllO paBHa 2,998 x 108 M/c. 

B Ka"!eCTBe .11.0MalUHero npHMepa .11.eHCTBHe npHHU.Hna OTHOCHTeJibHOCTH MO>KHO npo

.11.eMOHCTpHpOBaTb Ha U.BeTHOM TeJieBH30pe . .[lJIH HCnpaBHOro u.sernoro KHHeCKona HanpH

>KeHHe Ha BTOpOM aHo.11.e COCTaBJIHeT nopH.11.Ka 25 KB, n03TOMY CKOpOCTb 3JieKTpoHa B MO

MeHT y.11.apa 0 nosepXHOCTb KHHeCKOna COCTaBJIHeT 60J1ee 300 MJIH KM/"laC, 0.11.HaKO 6oJiee 

npocrne ypasHeHHe npe.11.cKa3bIBaeT cKopocTb, Ha 3,5% 6oJiee BblCOKylO. 

B peHTreHOBCKHX Me.11.HU.HHCKHX ycTaHOBKax MHWeHb 60M6ap.11.11pyeTCH 3JieKTpoHaMH, 

HMelOlll.HMH O"leHb BblCOKYIO CKOpOCTb, TaK KaK.ll.JIH B03HHKHOBeHHH peHTreHOBCKOro H3Jiy

"leHHH CKOpOCTb 3JieKTpOHa npH coy.11.apeHHH Jl.OJl>KHa 3Ha"IHTeJibHO npeBbllliaTb 300 MJIH 

KM B "lac. Do3TOMY B KHHeCKonax .11.0MalliHHX TeJieBH30pOB H MOHHTOpOB (.ll.JIH CHH>KeHHH 

HHTeHCHBHOCTH peHTreHOBCKOro H3Jiy"leHHH) He HCnOJib3yeTCH ycKOpHIOlll.ee HanpH>KeHHe, 

npeBbIWalOlll.ee 25 KB, xorn np11 3TOM MO>KHO 6blJIO 6b1 o6ecne"IHTb 6oJiee BbICOKYIO "!eT

KOCTb H cpoKyCHpOBKY H306pa>KeHHH. 

Heo6XO.ll.HMO yqeCTb, "!TO paCCTOHHHe Me>KJl.Y a HO.II.OM H KaTO.ll.OM He BXOJl.HT B Ka>K.11.0e H3 

ypaBHeHHH, XOTH TeopeTH"!eCKH 6ecKoHe"IHOe paCCTOHHHe no3BOJIHJIO 6bl 6ecKOHe"IHO 

B03pacrn speMeHH, BO BpeMH KOTOporo npOHCXOJl.HT yCKopeHHe .11.BH>KeHHH, H .11.a>Ke npH 

cpaBHHTeJibHO He60JiblUHX ycKopeHHHX CKOpOCTb npH y.11.ape MOrJia 6bl OKa3aTbCH 3Ha"!H

TeJibHOH. 

0"1eHb MHorne HBJieHHH, npoHCX0.11.Hlll.He BHyrp11 3JieKTpoHHbIX JiaMn, MoryT 6bITb no

HHTbI npH nOHHMaHHH npou.eccoB, npOHCX0.11.Hlll.HX npH ycKopeHHOM .11.BH>KeHHH 3JieKTpOHa 

B 3JieKTpH"leCKOM noJie aHo.11.a, np1106peTeHHH HM KHHeTH"leCKOH 3HeprHH H npou.eccax ne

pe.11.a"IH 3HeprnH 3JieKTpoHa npH y.11.ape, Kor.11.a OH .11.ocrnraeT aHo.11.a. 

Bee CKa3aHHOe Bblllie B 3TOM naparpacpe BnOJIHe cnpaBe.11.JIHBO .11.JIH 06cy>K.11.eHHH CKOpo

CTH .11.BH>KeHHH ycKopeHHblX noJIO>KHTeJibHblM noJieM 3JieKTpOHOB, nO.ll.JleTalOlll.HX K aHo.ny. 

0.11.HaKO B o6JJaCTH KaT0.11.a KapTHHa COBCeM HHaH • .[leJio B TOM, "!TO KHHeTH"!eCKaH 3HeprHH 

3JieKTpOHOB, npeo.11.oJieBWHX pa6oTy BbIXOJl.a 113 MeTaJIJia H nOKHHYBWHX KaT0.11., OKa3bIBa

eTCH pa3JIH"IHOH. TaKHM o6pa3oM, oTpbrnaHCb OT Karn.11.a, 3JieKTpOHbl Ha"IHHalOT .11.BH>KeHHe 

K aHo.ny c pa3JIH"IHblMH Ha"laJibHblMH CKOpOCTHMH. 0HH HeBeJIHKH, HO npH .11.eTaJibHOM pac

CMOTpeHHH HX HeJib3H C"IHTaTb 0.11.HHaKOBblMH, KaK 3TO npe.11.noJiaraJIOCb BbIWe, Kor.11.a pac

CMaTpHBaJICH ycKopeHHbIH noTOK 3JieKTpOHOB, no.ll.JleTalOlll.HX K aHo.ny. KaK 6y.11.eT noKa3a

HO HH>Ke, ynpaBJieHHe 3JieKTpOHHblM nOTOKOM B Tp110.11.ax H 6oJiee CJIO>KHblX 3JieKTpOHHbIX 

JiaMnax ocylll.eCTBJIHeTCH KaK pa3 B6JIH3H KaT0.11.a. I-fa cpH3H"!eCKOH CTaTHCTHKH H3BeCTHO, 

"!TO H3-3a pa3JIH"IHbIX KHHeTH"!eCKHX 3HeprHH, CKOpOCTH 3JieKTpOHOB, BbIJieTalOlll.HX H3 Ka

rn.11.a pacnpe.11.eJieHbl no TaK Ha3brnaeMoMy 3aKoHy pacnpe.11.eJieHHH MaKcBeJIJia. 0.11.HaKo, 

.ll.JIH .11.aJibHeHWHX paccy>K.11.eHHH Ha1160J1ee Ba>KHblM cpaKTOM HBJIHeTCH TOT cpaKT, "!TO 3JieK

TpOHbl, BbIJieTalOlll.He H3 Karn.11.a, 06J1a.11.a10T pa3JIH"IHblMH KHHeTH"!eCKHMH 3HeprnHMH. 
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np11Hljl1n 11eiiCTBltll 11 CTOTl1'leCKl1e xapaKrep11CT11Kl1 BOKYYMHOro Tp110J10 

1.6. npMHL.1~1" AeHCTBMSI M CTOTM"ieCKMe xapaKTepMCTMKM 

eaKyyMHoro TPMOJ:IO 

BaKyyMHbIH .UHO.ll, paccMoTpeHHbIH B naparpacj:Je 2.4, MomeT npHMeHHTbCH TOJJbKO .UJJH 

BbmpHMJJeHHH H .ueTeKrnposaHHH rnrnaJJoB. ,LlJJH yrnJJeHHH cHrnaJJoB npHMeHHIOTCH 6oJJee 

CJJO}l{Jfole npH60pbl. flpocTeHWHM H3 HHX 51BJJ51eTC51 BaKyyMHblH TPHO.U, K pacCMOTpeHHIO 

pa60Tbl KOTOporo Mbl H npHcTynaeM. 

JlaMna TPHO.U noMHMO Karn.ua H aHo.ua co.uepmHT Tperni1 3JJeKTpo.u - ynpaBJJHIOI.UYIO 

ceTKy. YcJIOBHoe H3o6pameHHe saeyyMHoro TpHo.ua noKa3aHo Ha pHc. 1.9, a Ha pHc. I. I 0 
npHseneHa ero ynpow.eHHaH KOHCTpyKu,HH. PaccMoTpHM no.upo6Hee pHc. 1.11. KaK BHL(HO, 

KaTO.U H aHOL( JJaMn TeXHOJJorw1eCKH BbinOJlH51IOTC51 B BHL(e BepTHKaJlbHO pacnoJJO}KeHHblX 

IJ,HJJHHL(pos. HapymHaH nosepxHOCTb KaTo.ua noKpbrnaeTrn cneu,HaJJbHbIM CJJOHM sew.ecT

sa c MaJJOH pa6oTOI1 BblXO.Ua, 4TO yseJJHYHBaeT ero 3MHCCHOHHYIO cnoco6HOCTb (TO eCTb 

yseJJH4HBaer YHCJJo BbIJJeTalOI.UHX c ero nosepxHocrn 3JJeKTpOHOB ). TaKHMH sew.ecrnaMH 

51BJ15llOTC51 pa3JJH4Hble OKCHL(bl, COJJH 6apH51, TOpH51 HT. n. AHOL(HbIH U,HJJHHL(p BbinOJJH51eTC51 

H3 .UOCTaTOl.fHO TOJJCTOH MeTaJJJJHl.feCKOH nJJaCTHHbl. ,LleJJaeTC51 3TO TaK noToMy, l.fTO BO spe

M51 pa60Tbl JJaMnbI, Ha aHo.ue KaK npaBHJlO BbIL(eJ15leTC51 3HaLJHTeJJbHa51 renJJOBa51 3Heprn51. 

Me}KL(y KaTo.UHbIM H aHOL(HbIM u,HJJHHnpaMH pacnoJJaraeTCH ynpaBJJHIOI.UaH ceTKa. 0Ha 

Yaw.e scero npencTaBJJ51eT co6oi1 npoBOJ104HYIO cnHpaJJb, HaMOTaHHYIO Ha HeKOTOpOM pac

CT051HHH OT KaTona. HaKoHeu, BHYTPH Karo.uHoro IJ,HJJHHL(pa pacnoJJaraeTCH HHTb HaKaJJH

BaHHH, 4aw.e Ha3bIBaeMaH no.uorpesaTeJJeM. Pa3orperaH 3a CYeT npOTeKa10w.ero ToKa HHTb 

nepe.uaeT renJJosy10 3Heprn10 Karney, KOTOpbIH rnKme B npou,ecce pa6oTbI JJaMnbI pa3o

rpesaeTC51 no ~OCTOHHHH cse4eHHH. Brn paccMoTpeHHaH KOHCTPYKUHH noMew.aeTCH 

BHYTPb cTeKJJHHHoro, KepaMH4ecKoro HJJH MeTaJJJJH4eCKoro 6aJJJJOHa, H3 KOToporo cne

u,HaJJbHbIM HaCOCOM OTKal.fHBaeTC51 B03JlYX. Lfepe3 cneu,HaJJbHbie WTblpbKH, BnJJaBJJ51eMble 

B CTeKJJO B 11,0KOJlbHOH 4acrn JJaMnbI, ee 3JleKTPOJlbl coeL(HH51IOTC51 c BHeWHHMH u,enHMH. 

Lfaw.e scero 3To .ueJJaeTCH npH noMOI.UH cneu,HaJJbHbIX JJaMnoBbIX naHeJJeK. 

A 

C(g) 

K 

P11c. 1.9 06031-tattet-tUe 1-ta cxeMax eaKyyM1-toco mpuooa 
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OcHOBbl Aeiicre1t11 yc1tn1trenbHblX np1t6opoe 

KaTOA 
CeTKa 

6annoH 

Hl!ITb H8K8Jlf/IB8HlllR 

P11c. 1.1 O llpocmeutuaR tconcmpytcUiUR eatcyyMnoeo mpuoaa 

Ec(Vg) 

+ 

~ 
lao 

R 

+ 

Ea(Va) 

P11c. 1.11 /Jeu:HCenue 31tetcmponoe npu ompuUiame1tbHOM 3apRae Ha cemtce 

OcHOBHoe HaaHa4eHHe ynpaBJIHIOW.eiil ceTKH - peryJIHposaTb KOJIH4eCTBO 3JieKTpOHOB, 

.U.OJieTa!OW.HX OT Karn.a.a K aHOJIY, H3MeHHH TeM CaMblM npOBO.llHMOCTb y4aCTKa KaTO.ll -

aHO.U., a, CJie.U.OBaTeJibHO - ynpaBJIHTb aHO.U.HblM TOKOM. B CJiyqae, Kor.a.a K ynpaBJIHIOW.eH 

ceTKe He npHJJO>KeHO HHKaKoro HanpH>KeHHH, a Ha aHo.n.e HMeeTCH .U.OCTaT04HblH nOJIO>KH

TeJJbHblH noTeHU.H8JI OTHOCHTeJJbHO Karn.a.a, 3JleKTpOHbl .U.BH>KyTCH OT Karn.a.a K 8HOJIY TaK

>Ke KaK H B saKyyMHOM .n.Ho.n.e, paccMoTpeHHOM BblUJe. B cJiyqae Kor.a.a K ynpaBJIHIOW.eiil 

ceTKe npHJIO>KeH OTHOCHTeJJbHO Karn.a.a oTpHU.aTeJJbHbIH aapM (pHc. I. I I), coa.n.asaeMbIH 
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np1tHl11tn AeiiCTBltll It CTOTlt'feCKMe xapaKTepHCTltKlt BOKYYMHOro rp1ti>AO 

HCTO'IHHKOM HanpsnKeHHH Ee, ee oTpHuaTeJibHoe none Ha'IHHaeT npenHTCTBoBaTb .ll.BH)!{e

HHIO 3JieKTpOHOB OT KaTO.lla K aHO.lly. 

KaK H3Becrno H3 cpH3HKH, 3apM 3JieKTpoHoB oTpHuaTeJibHbIH. 0TpHUaTeJihHO 3apH

>1<eHHble 3JieKTpOHbl, npHTHrHBaHCb K IlOJIO)!{HTeJibHO 3apH)!{eHHOMY aHoey, C03.lla!OT aHO.ll

HblH TOK, npoTeKa!OW.HH OT HCTO'IHHKa IlHTaHHH Ea, 'Iepe3 BaKyyMHbIH npoMe)!{YTOK, B Ha

npasJieHHH BCTpe4HOM HanpasJieHHIO ABH)!{eHHH 3JieKTpOHOB, IlOCKOJibKY B cpH3HKe H 

3JieKTpOTeXHHKe IlO.ll HanpaBJieHHeM TOKa npHHHTO BCTpe'IHOe .llBH)!{eHHIO 3JieKTpOHOB Ha

npaBJieHHe. 0TpHU8TeJibHO 3apH)!{eHHaH ceTKa C03t1.aeT 3JieKTpH'IeCKOe IlOJie 0.llHOro 3Ha

Ka co 3HaKOM 3apHt1.a 3JieKTpOHOB, BbIJieTaIOW.HX H3 pa3orpeTOro KaTOt1.a. 113 )!{HTeHCKOro 

OilblTa H3BeCTHO (Ha npHMepe XOTH 6hI npocTbIX MarHHTHKOB), 'ITO 0.llHOHMeHHbie 3apH.llbl 

orraJIKHBaIOTCH t1.pyr OT t1.pyra. TaKHM o6pa3oM, H ceTKa npH oTpHuaTeJibHOM 3~pHt1.e Ha 

HeH, OTTa,IIKHBaeT OT ce6H 3JieKTpOHbl o6paTHO K KaTOey. CTOCKOJibKY CeTKa He CilJIOlIJHaH, 

'IaCTb 3JieKTpOHOB IlO.ll .lleHCTBHeM CHJibHOrO IlOJIO)!{HTeJibHOro aHot1.a, npeot1.0JieBa!OT OT

PHUaTeJibHhIH noTeHuHaJihHhJH 6apbep ceTKH H t1.oJieTa10T .ll.O aHot1.a. CBH3aHo 3To c TeM, 

'ITO KaK y>Ke 06cy>Kt1.aJIOCb B npet1.bI.llYW.eM naparpacpe, KHHeTH'IeCKHe 3HeprnH y 3JieKTpo

HOB, BbIJieTa!OW,HX H3 KaTO.ll.8, OKa3hJBa!OTCH pa3HblMH. 11MeHHO no 3TOMY, 'IaCTb 3JieKTpO

HOB npeot1.0JieBaeT OTTaJIKHBa10w.ee none ceTKH, a 'IaCTb OTTaJIKHBaeTCH Ha3a.ll K Karney. 

CTpH 3TOM aHO.ll.HhIH TOK cTaHOBHTCH MeHhllle, He>KeJIH npH HynesoM ceTO'IHOM HanpH)!{e

HHH. lleM 6oJibllle BeJIH'IHHa IlOJIO)!{HTeJibHOro HanpH)!{eHHH Ha aHO.lle H 'IeM MeHblIJe BeJIH

'IHHa OTPHUaTeJibHOro HanpH)!{eHHH Ha ceTKe, TeM 6oJiblIJee KOJIH'IeCTBO 3JieKTpOHOB CMO

>KeT .llOJieTeTb OT Karnt1.a K attot1.y. K caMoli )!{e ceTKe, s CJIY'Iae ee oTpHUaTeJihHoro 3apHt1.a, 

HH O.ll.HH 3JieKTpOH npHTHHYTbCH He MO)!{eT ( OHH Bee OTTaJIKHBa!OTCH OT ceTKH ), H TOK ceTKH 

B 3TOM CJIY4ae oTCYTCTByeT (TO ecTb paseH ttyn10 ). 

B cny'Iae, Koma K ynpaBJIHIOw,eli ceTKe npHJIO)!{eHo noJIO)!{HTeJihHOe HanpH)!{eHHe ( pttc. 

1.12 ), KapTHHa pe3Ko MeHHeTCH. Tenepb y>1<e ceTKa He TOpM03HT .llBH)!{eHHe 3JieKTpOHOB, a 

Hao6opoT ycKopHeT HX, 0.llHOBpeMeHHO cnoco6crnyH 6oJie HHTeHCHBHOMY Bblpb!BaHHIO HX c 

nosepxHOCTH KaTOt1.a. CTpH He60JiblIJOM nOJIO>KHTeJibHOM 3apHt1.e Ha ceTKe, aHO.ll.HblH TOK 

HeCKOJlbKO B03pacTaeT no cpasHeHHIO c TOKMO npH HyJieBbIM 3apHt1.0M Ha HeH. Ot1.HOBpe

MeHHO noHBJIHeTCH TOK caMOH ceTKH, noCKOJlbKY Tenepb ee noJIO>KHTeJibHOe IlOJie cnoco6-

HO npHrnrnsaTb 'laCTb 3JieKTpoHoB, BhIJieTaIOW.HX H3 KaTot1.a. EcJIH noJIO>KHTeJihHOe HanpH

>KeHHe Ha ceTKe yseJIH'IHTb, TO ceTO'IHblH TOK Ha'IHeT B03pacTaTb. c t1.aJibHeHll1HM 

yseJIH'IeHHeM noJIO)!{HTeJihHoro HanpH>KeHHH Ee, ceTO'IHbIH TOK 6yt1.eT ttapacTaTh see 

CHJihHee, H O.llHOBpeMeHHO c 3THM Ha'IHeT yMeHhlllaTbCH TOK aHot1.a. CBH3aHo 3TO c TeM,'ITO 

3MHCCHOHHaH cnoco6HOCTb KaTO.lla orpaHH'IeHa, a· 'IaCTb noKHt1.a!OW,HX ero 3JieKTpOHOB 

npHTHrHBaeTCH K noJIO)!{HTeJibHO 3apH)!{eHHOH ceTl<e, a CJiet1.0BaTeJibHO He .llOJieTaeT .ll.0 

aHot1.a. lleM 6JIH)!{e HanpH)!{eHHe Ee 6yt1.eT no seJIH'IHHe K HanpH)!{eHHIO Ea, TeM 3aMernee 

6yt1.eT cTaHOBHTb<>:H 3TO HBJieHHe. TaKHM o6pa30M, 3JieKTpOHhl, BblpBaBlIJHecH H3 ~aTot1.a 

6yeyT pacnpet1.eJIHTbCH Me>Key aHO.llOM H ynpaBJIHIOW,eH ceTKOH, a, CJiet1.0BaTeJibHO, 3MHC

CHOHHblH TOK (TO eCTb TOK KaTO.lla) scert1.a 6yt1.eT paseH cyMMe aHO.llHOro IaO H ceTO'IHOro 

IcO TOKOB (HyJieBbie HH.lleKCbl B o603Ha'IeHHH TOKOB rosopHT 0 TOM, 'ITO 3TH TOKH nOCTOHH

Hble - HeH3MeHHbie BO BpeMeHM ). 

PaccMoTpeHHhie Bhillle npouecchI ttarnHt1.Ho HJIJIIOCTpHpy10T rpacpH'IeCKHe 3aBHCHMOC

TH aHO.llHOro H ceTO'IHOro TOKOB OT HanpH)!{eHHH Ha CeTKe, noKa3aHHbie B BH.lle >KHpHblX 

KpHBblX Ha pHC. 1.13. 3rn 3aBHCHMOCTH 'Iaw.e scero Ha3b1Ba!OT CTaTH1!eCKHMH BOJlbT-aM-

37 



OcHOBbl 11ei1nBMll ycMnMrenbHblX npM6opoe 
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PHc. 1. 12 /J.Bu31Cenue 3JteKmponoB npu no1toJ1Cume1tbHOM aapR.oe na cemKe 

la, ic(ig) 

0 

PHc. 1. 13 Cemottnble ( BxooHble) u anoono-cemottnble ( npoxoonble) 
cnnjbxtcrbt xapa1<:mepucmu1<:u BaKyyMnozo mpuooa 

ec(Vg) 

nepHbIMH xapaKTepHCTHKaMH. KaK BH,nHo H3 pHc. 1.13, aHo,nHhIH TOK cyw.ecrnyeT KaK npH 
nono>KHTeJihHOM, TaK H npH oTpHUaTeJihHOM ttanpH>KeHHH Ha ynpaBJIHJOW.eH ceTKe. OpH 
01:pm1.aTeJibHOM Hanpsi>KeHHH Ha ceTKe aHO,nHbIH TOK yMeHblIJaeTCSI H, HaKOHeu., npH ce
TO'IHOM Hanpsi>KeHHH E'c, Kor.na HH o,nHH 3JieKTpoH He MO>KeT npeo.noneTb noTeHu,HaJibHO

ro 6apbepa OTPHU.aTeJibHO 3apsi>KeHHOH ceTKH, aHO,nHblH TOK npeKpaw.aeTCSI BOBCe. 3TO 
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np1tH!llfn AeMCTBlfll If CTOTll'leCKlte xapaKTep11cT1tK1t BOKYYMHOfO TpllOJIO 

ceTO'IHOe HanpH.>Kemi:e Ha3bIBa!OT ·HanpH.>KeH11eM C.U.BHra, JJH6o HanpH.>KeHHeM OTCe'IKH. 

DpH noJIO.>KHTeJibHOM HanpH.>KeHHH Ha ynpaBJIHIOI.J.J.eH ceTKe, aHO.U.HbIH TOK cnepsa Ha'!H

HaeT B03pacTaTb. 0.U.HOBpeMeHHO noHBJIHeTCH TOK ynpaBJIHIOI.J.J.eH ceTKH. DpH 60JibUJHX 

noJIO.>KHTeJibHblX HanpH.>KeHHHX Ha ceTKe, TOK ynpaBJIHIOI.J.J.eH ceTKH pe3KO B03pacTaeT, 

a aHO)l.HblH Hao6opoT nepecrneT pacTH, a 3aTeM Ha'!HHaeT yMeHbUJaTbCH. 

CTaTH'!eCKHe xapaKTepHCTHKH, noKa3aHHbie Ha pHC. 1.13 .>KHpHblMH JIHHHHMH, CHHTbl 

npH ycnoBHH, 'ITO HanpH.>t<eHHe Ha aHo.ne cj>HKCHposaHo (HeH3MeHHO ). B cnyqae eCJIH, 3To 

HanpH.>KeHHe H3MeHHTb, H3MeHHTCH H 3aBHCHMOCTH aHO.U.HOro H ceTO'IHOro TOKOB OT Ha

npH.>KeHl~H Ha ceTKe. CHTyau.HH, Kor.na aHo.nHoe HanpH.>t<eHHe 6b1J10 HecKOJibKO yseJIH'leHo, 

no cpaBHeHHIO c paCCMOTpeHHbIM BblUJe cnyqaeM, noKa3aHa Ha T6M .>Ke pHC. 1.13 nyHKTHp

HblMH, KpHBblMH. 0'1eBH)l.HO, '!TO npH yseJIH'leHHH HanpH.>KeHHH Ha aHo.ne, )l.JIH nOJIHOro 

npeKpaI.J.J.eHHH npoTeKaHHH aHO.U.Horo TOKa noTpe6yeTCH 6onee oTpHU.aTeJibHoe HanpH.>Ke

HHe Ha ceTKe, a caM aHO)l.HblH TOK CTaHeT HeCKOJlbKO 60JibUJHM. CeTO'IHblH .>Ke TOK Hao6o

poT CTaHeT MeHbUJe, nOCKOJibKY 60JibUJHH nOJIO.>KHTeJibHbIH aapH.n aHO)l.a npHrnHeT K ce6e 

60JibUJee KOJIH'!eCTBO 3JieKTpOHOB, He.>KeJIH TOT .>Ke He6oJibUJOH noJIO.>KHTeJibHblH aapH.D. 

CeTKH. Do 3TOH .>Ke npH'IHHe H HaCbII.J.J.eHHe aHO)l.HOfO TOKa HacrynHT npH 60JibUJeH BeJIH'IH

He ceTO'IHOro HanpH.>KeHHH. 

DpH nocTpoeHHH pa3JIH'IHbIX yCHJIHTeJibHbIX ycTpoHcTB Ha TpHo.nax, .nosoJibHO qacTo 

JiaMnbI BKJllO'la!OT no cxeMe c 3a3eMJieHHbIM KaTO)l.OM, no.naBaH BXO)l.HOe 803)1.eHCTBHe Ha 

ynpaBJIH!Olll.YIO ceTey, a none3HbIH :icj>cj>eKT CHHMaH c aHo.na. TaKOH cnoco6 BKJIIO'leHHH 

JiaMnbI Ha3b1Ba!OT cxeMOH c 06I.J.J.HM KaTO)l.OM, nocKOJlbKY OTHOCHTeJibHO KaTO.na npHKJia)l.bl

BaeTCH H sxo.u.Hoe H BblXO.U.Hoe HanpH.>t<eHHH. TaKHM o6pa30M, ceTO'!HaH u.enb HBJIHeTCH 

BX0.!1.HOH, a aHO.U.HaH BblXO.U.HOH. 

3aBHCHMOCTb TOKa ynpaBJIH!Olli.eA ceTKH OT HanpH.>KeHHH Ha 3TOH ceTKe, noKa3aHHaH 

Ha pHC. 1.13, Ha3bIBaeTCH BXO)l.HOH CTaTH'!eCKOH BOJibT-aMnepHOH xapaKTepHCTHKOH. Ha 

pHC. 1.14 noKa3aHa COBOKynHOCTb BXO.U.HblX CTaTH'!eCKHX xapaKTepHCTHK TpHo.na, CHHTbIX 

npH pa3HbIX 3Ha'!eHHHx cj>HKCHposaHHoro HanpH.>t<eHHH Ha aHo.ne. HanpasneHHe so3pacrn

HHH aHO.U.Horo HanpH.>t<eHHH o6o3Ha4eHo CTpeJIKOH. CosoeynHOCTb KpHBbIX, npHse.neHHbIX 

Ha pHc. 1.14, Ha3bIBa!OT ceMeHCTBOM BXO.U.HbIX CTaTH'lecKHX xapaKTepHCTHK. TepMHH 

«BXO.U.Hble» CBH3aH c TeM, 4TO 3TH rpacj>H4eCKHe 3aBHCHMOCTH noKa3blBa!OT B3aHMOCBH3b 

Me>l<JIY TOKMO H HanpH.>KeHHeM B ceT04HOH, TO eCTb BO BXO)l.HOH u.enH. 3TH xapaKTepHCTHKH 

TaK.>Ke Ha3b1Ba!OT npocTO ceT04HbIMH. 

Ha pHc. 1.15, npHse.neHo ceMeHCTBO npoxo.nHbIX CTaTH'leCKHX xapaKTepHCTHK TpHo.na. 

Ka>K.D.aH H3 3THX xapaKTepHCTHK ·noKa3bIBaeT B3aHMOCBH3b Me>l<JIY aHO.!l.HblM TOKOM H ce

T04HblM HanpH.>t<eHHeM npH cj>HKCHposaHHOM HanpH.>t<eHHH H<! aHo.ne. CTpeJIKOH noKa3aHo 

HanpasneHHe so3pacTaHHH aHO.U.Horo HanpH.>t<eHHH. Xo.n 3THX 3aBHCHMOCTel1 y.>t<e 6b1JI 

no.npo6HO paCCMOTpeH BblUJe. 3TO ceMeHCTBO xapaKTepHCTHK Ha3b1Ba!OT npoX0.!1.HblMH noTO

M'j, '!TO OHH noKa3bIBa!OT B3aHMOCBH3b Me>l<JIY BbIX0.!1.HblM (aHO)l.HbIM) TOKOM H BXO)l.HblM ( ce

TO'!HblM) HanpH.>KeHHeM. 11Ha4e 3TH xapaKTepHCTHKH eI.J.J.e Ha3b1Ba!OT aHO)l.HO-CeT04HbIMH. 

c TO'IKH 3peHHH ycHJIHTeJibHblX CBOHCTB 3JieKTpOHHblX JiaMn, 04eHb Ba.>KHbIM HBJIHeTCH 

HaKJioH, HJIH, HHa4e rosopH, Kpyn13Ha npoxo.nHbIX xapaKTepHCTHK. KpyTH3Ha noKa3bIBaeT 

HaCKOJibKO CHJibHO H3MeHHeTCH aHO)l.HblH TOK npH H3MeHeHHH ceTO'IHOro HanpH.>KeHHH Ha 

0.!1.HH BOJibT npH cj>HKCHposaHHOM aHO.U.HOM HanpH.>t<eHHH. KPYTH3HY npoxo.nHoH xapaKTe

pHCTHKH o603Ha'la!OT ?YKBOH s HJIH gm ( B .naHHOH KHHre npHHHTO BTOpoe o6o3Ha'leHHe) H 
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OrnoBbl AeMCTBHR ycHnHrenbHblX np116opos 

H3MepmoT B aMnepax (HJIH MHJIJIHaMnepax) .ll.eJieHHbIX Ha BOJibT. BeJIH4HHa Kpyrn3HbI so 

MHOroM 3aBHCHT OT KOHCTPYKU.HH JiaMnbI. CBH3aHa 3Ta BeJIH4HHa c ynpaBJIHeMOCTbIO JiaM

nbI. 4eM 6JimKe ynpaBJIHIOIUaH ceTKa pacnoJimKeHa K KaTOny, TeM pe34e 6y.ll.eT 3aBHCeTb 

aHO.ll.HbIH TOK OT HanpmKeHHH Ha Hett. CBH3aHO 3TO c TeM, 4TO TOpM03HTb HJIH ycKopHTb 

pa30rHaHHbIH noJieM aHO.ll.a noTOK 3JieKTpOHOB HaMHOro CJIO)!{Hee, He)!(eJIH 3JieKTpOHbl 

TOJ!bKO noKHHYBWHe KaTO.ll., KHHeTH'-leCKaH 3HeprnH KOTOpblX HeBeJIHKa. 

0 

P11c. 1. 14 CeMeucmeo exoiJHbtx ( cemoitHbtX) cmamuitecKux xapaKmepucmuK 
eaKyyMHoco mpuoaa 

ia 

'ea(Va) 

0 ec(V9 ) 

P11c. 1. 15 CeMeucmeo npoxoiJHbtx ( aHoiJHo-cemo<tHbtx) cmamuitecKux 
xapaKmepucmuK eaKyyMHoco mpuoaa 

CTeneHb BJIHHHHH aHO.ll.HOro HanpH)!{eHHH Ha crnrn4eCKHe xapaKTep11crnKH JiaMnbI TaK)!{e 

3aBHCHT OT KOHCTPYKU.HH JiaMnbI. 3aBHCHT oHa OT rycTOTbI ynpaBJISllOIUeH ceTKH. 4eM ryme 

ceTKa, TeM MeHee 3aMeTHO BJIHHHHe aHO.ll.HOro HanpH)!{eHHff Ha aH0.!1.HbIH H ceT04HblH TOKH. 

CTeneHb 3Toro BJIHHHHH xapaKTep113yeTcH 6e3pa3MepHOH BeJIH4HHOH, H33b!BaeMoI1 npOHH· 

u.aeMOCTbIO, KOTopaH o6o3Ha4aeTCH 6yKBoI1 D. CTpoHHU.aeMOCTb onpe.ll.eJJHeTCH no .ll.BYM crn

rn4ecKHM xapaKTepHCTHKaM, CHHTbIM npH pa3HblX cpHKCHpOBaHHbIX aH0.!1.HblX HanpH>KeHHHX. 

CTpH HeKOTOpOM cpHKCHpOBaHHOM aH0.!1.HOM TOKe, npoHHU.aeMOCTblO H33b!BaeTCH OTHOUieHHe 
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npHHllHR A9MCTBHA H CTOTH'l9CKHe xapaKTepHCTHKH BOKYYMHOro rpHOAO 

pa3HOCTH ceTO"IHblX HanpH>KeHHH ( COOTBeTCTBYIOW.HX 3TOMY 3H8"1eHHIO TOKa) AByx npoXOA

HblX xapaKTepHCTHK, K pa3HOCTH aHO.ll.HblX HanpH>KeHHH, npH KOTOpb!X 3TH ABe xapaKTepHCTH

KH CHffTbl. 4eM ryw.e 6yAeT ceTKa, TeM MeHbWe 6yAeT BeJIH"IHHa npoHHuaeMOCTH, H TeM 6J1H

>1<e Apyr K Apyry 6yp;yT pacnoJJaraTbCff COCeAHHe npOXOJ.l.Hble H BXOJ.l.Hble CTaTH"leCKHe 

xapaKTepHCTHKH, CHHTbie npH pa3HblX aHOJ.l.HbIX HanpH>1<eHHHX. B cnpaBO"IHHKax qacTo BMe

cro npoHHU,aeMOCTH npHBO.ll.ffT BeJJH"IHHy, 0603Hal.faeMYIO 6yKBOH m. 3TO TaK Ha3bIBaeMblH 

cTaTH"leCKHH BHYTpeHHHH Koslj>lj>HUHeHT ycHJJeHHH. B JJeeol1 qacTH npoxoAHbIX xapaKTepHc

THK (TO eCTb KOrAa HanpH>KeHHe Ha ceTKe OTPHUaTeJlbHOe H ceTO"IHblH TOK OTCYTCTByeT i, 3Ta 

eeJJH"IHHa HBJJHeTCH o6parnol1 K eeJJH"IHHe npoHHUaeMOCTH. TaK>Ke J1aMnb1 xapaKTepH3YIOTCH 

CTBTH"leCKHM BHYTpeHHHM 3KBHBaJJeHTHblM conpoTHBJJeHHeM ra. 

Ha pHc. 1.16 H 1.17 npHBeAeHbl ceMel1cTBa BblXOJ.l.HblX cTaTH"leCKHX xapaKTepHCTHK ea

KYYMHblX TpHOAOB. BblXOAHblMH 3TH xapaKTepHCTHKH Ha3b1Ba10T noToMy, "ITO oHH noKa-

3b!BalOT 3aBHCHMOCTb BblXOJ.l.HOro ( aHOJ.l.HOro) TOKB OT BblXOJ.l.HOro >Ke ( aHOJ.l.HOro) HanpH>Ke

HHff. HHa"le 3TH xapaKTepHCTHK Ha3bIBalOT aHOJ.l.HblMH. Ka>KAaH H3 xapaKTepHCTHK 3THX 

CeMeikTB CHHMaeTCff npH CBOeM lj>HKCHpoeaHHOM HanpH>KeHHH Ha CeTKe. HanpaeJJeHHe 

eo3pacTaHHH ceTO"IHoro HanpH>1<eHHH ycJJOBHO noKa3aHo cTpeJJKaMH. TpHOJ.l.bl, BblXOJ.l.Hb1e 

xapaKTepHCTHKH KOTOpblX npeACTBBJJeHbl Ha pHC. 1.16 H 1.17' OTJIH"lalOTCff Apyr OT Apyra 

pa3HOH BeJJH"IHHOH npOHHUaeMOCTH. y TpHOAa, BblXOJ.l.Hble xapaKTepHCTHKH KOTOporo 

npeACTaBJJeHbl Ha pHC. 1.17, aHOJ.l.HblH TOK CHJlbHee 3aBHCHT OT HanpH>KeHHH Ha aHOAe, He

>KeJIH 1.feM y TpHOAa, BbIXOAHble xapaKTepHCTHKH KOToporo npHBeAeHbI Ha pwc. 1.16. CooT

eeTCTBeHHO H npoHHUaeMOCTb y nepeoro 60JlbWe, He>KeJIH 1.feM y BTOporo, a BHyTpeHHHH 

CTBTH"leCKHH K031j>lj>HUHeHT ycHJJeHHff - Hao6opoT MeHbWe. 

ia 

0 ea(Va) 

Puc. 1.16 CeMeucmeo BbtXOOHblX ( aHOOHblX) cmamuttectcux xapatcmepucmutc 
BatcyyMHOZO mpuooa c 60AbUlOU npOHUL{ll8MOCmblO 

npolj>HJlb aHO,ll,HblX KpHBblX, CTOK83aHHblX Ha pHC. 1.16 HaH60JJee xapaKTepeH )J,TIH MaJJO

MOllJ.HblX npHeMo-yCHJIHTeJJbHblX TpHOJ.l.OB. 3aBHCHMOCTb HX aHOJ.l.HOro TOKB OT aHOJ.l.HOro Ha

npH>KeHHff Jl.OBOJlbHO TO"IHO onHCblB8eTCff TaK Ha3blBaeMblM «3aKOHOM Tpex BTOpblX», cornac

~o KOTOPOMY aHOJ.l.HblH TOK paeeH aHO.ll.HOMY HanpH>KeHHIO, B03BeAeHHOMY B cTeneHb 3/2. 
HaKoHeu, Ha pHc. 1.18 npHBeAeHbI TaK Ha3b1eaeMwe ceTOL1Ho-aHoAHb1e cTaTH"leCKHe 

xapaKTepHCTHKH TpHOJ.l.a. Ka>KABH xapaKTepHCTHKa 3Toro ceMeiicTea CHHTB npH lj>HKCHpo

BaHHOM HanpH>1<eHHH Ha ceTKe (HanpaeneHHe ero eo3pacTaHHH ycnoeHo noKa3aHo cTpen

KOH ), noKa3blBaeT 3aBHCHMOCTb ceTO"IHOro TOKa OT aHo.u.Horo HanpH>KeHHH. 
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OcHOBbl Aeifcra1111 yc11n11renbHblX np116opoa 

ia 

0 ea(Va) 

PHc. 1. 17 Ce.Meucmoo ObtXOOHbtX ( aHOOHblX) cmamuttecKux xapaKmepucmuK 
oaKyyMHoeo mpuoiJa c MaAou npoHUl{ae.MocmblO 

0 e.(Va) 

PHc. 1.18 Ce.Meucmoo cemottHO-aHoiJHblX cmamuttecKux xapaKmepucmuK 
BllKYYMHOeo mpuoiJa 

B 3aKJIIOlfeHHe cne.n:yeT o6paTH'rb BHHMaHHe lfHTaTeJIH eme Ha OJlHH <t>aKTOp, HMelOll.lHH 

samHoe 3HalfeHHe npH HcnoJib30BaHHH 3JieKTpOHHbIX naMn B Ka4ecrne ycHJIHTeneA. KaK 

BH,11,Ho H3 pHc. 1.18, KOHCTPYKTHBHO naMna npeJlCTaBJIHeT co6ol1 Ha6op I.I.HJIHHJlpH4eCKHX 

3JieKTPOJlOB, pacnono>KeHHbIX BHYTPH JlPYf Jlpyra. ¥fa <PH3HKH H3Becrno, 4TO TaKaH KOHCT

PYKI.I.HH.o6JIMaeT 6oJibWOH co6crneHHOH eMKOCTblO. 3To 3Ha4HT, 4TO Me>K.n:y Ka>KJI.OH na

poit 3JieKTPOJlOB TpHo,11,a BKJll04eHa napa3HTHaH eMKOCTb, TaK KaK 3TO noKa3aHO Ha pHC. 1.19. 
no aHaJIOrHH co CTaTH4eCKHMH xapaKTepHCTHKaMH, eMKOCTb, o6pa30BaHHYIO ceTKOH H Ka

TOJlOM CcK Ha3bIBalOT BXOJlHOH; eMKOCTb, o6pa3oBaHHYIO aHOJlOM H ceTKOH Cac - npoxo,11,

Hoif; a eMKOCTb, o6pa30BaHHYIO aHOJlOM H KaT0,11,0M - COOTBeTCTBeHHO BbIXOJlHOH. BbIWe 

yme rosopHJIOCb, 4TO npH6JIH>KaH ceTKY K KaTOJJY MO>KHO .no6HTbCH yseJIHlfeHHH KpyTH3Hbl 

npoXOJlHblX xapaKTepHCTHK, a CJie,11,0BaTeJibHO H ynylfweHHH ycHJIHTeJibHbIX CBOHCTB JiaM

nbl. OJLHaKO, npH 3TOM HeH36e>KHO 6yJleT B03pacTaTb BeJIH4HHa BX0,11,HOH eMKOCTH, a CJie

JlOBaTeJibHO 6y.n:yT yxy,11,waTbCH 4aCTOTHble CBOHCTBa JiaMnbl, noCKOJlbKY Ha Bb!COKHX qac

TOTax conpOTHBJieHHe eMKOCTH CTaHOBHTCH MaJieHbKHM, H BX0,11,HOe HanpH>KeHHe 6yJleT 

3aKopa4HBaTbCH 3TOH eMKOCTblO. 

EcTb y TpHOJla H ,11,pyroA He,11,ocTaTOK, CHJibHO npoHBJIHIOll.lHHCH Ha BbICOKHX 4aCTOTax. 

06 3TOM, a TaK>Ke o 6onee CJIO>KHbIX naMnax - TeTpo.n.ax, neHToJJ.ax HT. n., 6y,11,eT noJLpo6-

HO paccKa3aHo 8 cne.n:y10meM naparpa<t>e. 
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npHHQHn AeMCTBHll H CTOTH'letKMe XOpDKTepHtTHKH MHOrOteTO'IHblX naMn 

c .... = c.. 

PHc. 1.19 CmamuttecKue napa3UmHbte e.MKocmu oaKyyMHoeo mpuoaa 

1.7. npHH1.4Hn J18MCTBHJI H CTOTH"l8CKHe XOpOKTepHCTHKH 

MHOroceTO"IHblX naMn 

y TpHO,!J,OB, npHHLUm ,!J,eHCTBHSI KOTOpbIX 6bIJI paCCMOTpeH Bblllle, eCTb cymecTBeHHblH He

)1.0CTaTOK - 60JiblllaS1 senwrnHa 3JieKTpocTaTHlJecKofl npoxo,!J,HOH eMKOCTH. Ha pHc. 1.19 
noKa3aHbI see napa3HTHbie Me>K.ey3JieKTpOJJ.Hbie eMKOCTH TpHOJJ.a. KoRCTPYKl..lHSI naMnbI 

TaKOBa (pHc. 1.18), lJTO ee 3JieKTPOJJ.bl o6pa3yJOT co6ofl l..lHJIHH)l.pHlJeCKHH KOH,!J,eHCaTop. 

Bxo)l.Hasi eMKOCTb naMnbI Csx ca Masi 6onblllasi ( coTHH nHKocpapaJJ.), nocKOJibKY 

ynpaBJISIJOlllaSI ceTKa, c ueJiblO nOBblllleHHSI KpyTH3Hbl npOXO,!J,HOH xapaKTepHCTHKH naMnbI, 

pacnonmKeHa 6JIH3KO K KaTo.ny. Ha BbICOKHX qacToTax lJaCTb BXOJJ.Horo Hanpsi>1<eHHS1, no,!J,

ne>1<amero ycHJieHHIO, 3aKopalJHBaeTCSI 3TOH eMKOCTblO, lJTO npHBO)l.HT K CHH>KeHHIO K0-

3cpcpHUHeHTa ycHJieHHSI. K TaKHM >Ke nocneJJ.CTBHSIM npHBOJJ.HT H speJJ.HOe BJIHSIHHe BbIXOJJ.

HOH eMKOCTH CsbIX. 3Ta eMKOCTb cymecTBeHHO MeHbllle ( eJJ.HHHl..lbI - pe>Ke JJ.eCSITKH 

nHKOcpapa,ll,), He>KeJIH l}XO)l.HaSI, nOCKOJibKY aHO)I. pacnOJIO>KeH HaMHOrO )l.aJibllle OT KaTO)l.a, 

He>KeJIH ynpaBJIS110ll.laS1 ceTKa. TeM He MeHee, 6naro,1J,apsi 6oJiblllOMY BbIXOJJ.HOMY conpo

THBJieHHJO JiaMnbI ( CBH3aHHoro c BblCOKHMH nHTalOUlHMH HanpmKeHHHMH ), BJIHHHHe Bbl

XO,!J,HOH eMKOCTH Ha K03cpcpHUHeHT ycHJieHHH B o6JiaCTH BblCOKHX lJaCTOT OlJeHb cymecT

BeHHO. B TO >Ke BpeMSI, spe)l.HOe BJIHSIHHe BXO)l.HOH H BblXO,!J,HOH eMKOCTeH Ha BblCOKHX 

43CTOTax MO>KHO CKOMneHCHpOBaTb (HeHTpaJIH30BaTb) pa3JIH4HblMH cxeMOTeXHHlJeCKHMH 

pellleHHSIMH, HanpHMep pe3oHaHCHblM nocTpoeHHeM yCHJIHTeJibHoro KaCKa,!J,a. 

B OTJIHlJHe OT BXOJJ.HOH H BblXOJJ.HOH eMKOCTefl, speJJ.HOe BJIHS11rne npoxOJJ.HOH eMKOCTH 

Cnpox HeflTpanH30BaTb ropa3.ll.o cno>KHee. 3rn eMKOCTbJJ.OCTaTOlJHO seJIHKa - oHa 3HalJH

TeJibHO 60Jibllle BblXO,!J,HOH, HO MeHbllle BXO)l.HOH. Bpe)I. npOXO,!J,HOH eMKOCTH 3aKJIJOlJaeTCSI 

npe>K,!J,e scero B TOM, lJTO 3a ClJeT Hee o6pa3yeTCSI napa3HTHaH CBSl3b Me>K.ey BXO,!J,HOH ( ce

TOlJHOH) H Bb!XO,!J,HOH (aHO,!J,HOH) uenHMH. CTpS!MOe npOXO>K,!J,eHHe BXO)l.HOrO TOKa B BblXO,!J,

HYJO uenb npHBO,!J,HT K H3MeHeHHIO BXO,!J,HOro conpoTHBJieHHH H noTepH lJaCTH BXO,!J,HOH 

3HeprnH (rnK Ha3brsaeMbIH 3cpcpeKT MHnnepa, 6onee no,!J,po6im paccMoTpeHHbIH B rnase 2). 
CTapa3HTH3SI o6paTHaSI CBSl3b lJepea npOXO.ll.HYIO eMKOCTb OK33blBaeT eme 6onee HeraTHBHOe 

BJIHHHHe Ha CBOHCTBa yCHJIHTeJISI. 3Ta o6parnasi GBSl3b lJaCTOT03aBHCHMaSI (noCKOJibKY 06-
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OcHOBbl AeMCTBHR yOtnHrenbHblll npHliopoa 

paaoBaHa eMKOCTblO) H npoHBJJHeTCH npe)KJl.e Bcero Ha BblCOKHX pa,n.HO'lacTOTax. HaJJH'IHe 

napa3HTHOH o6paTHOH CBH3H MO.>KeT npHBO,ll.HTb K H3MeHeHHIO K03cf>cf>HuHeHTa ycHJJeHHH, 

o.u.HaKo caMoe spe.u.Hoe ee cne.u.cTBHe - caMoBoa6y)KJl.eHHe (aBToreHepau»H). B CJJ)"lae 

ecJJH napa3HTHaH o6paTHaH CBH3b OKa3bIBaeTCH nOJJO.>KHTeJJbHOH, npH ,ll.OCTaTO'IHOM K03cf>

ct>HuHeHTe ycHJJeHHH naMnb1 ycHJJHTeJJbHbIH KacKa.n. npeBpamaeTCH B asToreHepaTOp. 3TO 

OCHOBHOH He,ll.OCTaTOK rpHO,ll.OB, CHJlbHO ycJJO>KHHBWHH HX npHMeHeHHe Ha pa.u.H04aCTOTax. 

Bpe.u.Hoe BJJHHHHe npoxo.u.Hol1 eMKOCTH, cBOHCTBeHHoe naMnaM-TpHo,ll.aM, npHBeno 

K Heo6xo,ll.HMOCTH ycno.>1<HeHHH KOHCTPYKUHH 3JJeKTpOHHOH naMnbI, HanpaBJJeHHoro Ha ee 

yMeHbWeHHe. 3JJeKTpOHHaH JJaMna-TeTpo.u., o603Ha4eHHe KOTOpOH Ha cxeMaX npHBe,ll.eHo 

Ha pHc. 1.20, cBo6o.u.Ha OT 3TOro He.u.ocTaTKa. B TeTpo.u.e Me>K.ll.Y aHO.U.OM H ynpaBJJH10meI1 

ceTKOH pacnoJJO.>KeHa BCnOMoraTe.nbHaH BTOpaH CeTKa, Ha3bIBaeMaH 3KpaHHpyIOmeI1. 3Ta 

ceTKa no nepeMeHHOMY TOKY .U.OJJ>KHa 6bITb aaaeMJJeHa, TO ecTb coe.u.wHeHa c o6mHM 3JJeK

Tpo.u.oM - KaTO.U.OM. DpH 3TOM ynpaBJJHIOW:aH ceTKa oKaabrnaeTCH 0Kpy.>1<eHHoi1 HyJJeBblM 

noTeHuHaJJOM H 3a3KpaHHpOBaHHOH OT BHeWHHX noJJeH. 3JJeKTpOCTaTH'leCKYIO npOXO.U.HYIO 

eMKOCTb Me>K,ll)' aHO,ll.OM H ynpaBJJHIOW:eH CeTKOH MO.>KHO ycJJOBHO H306pa3HTb B BH,ll.e KOH

.u.eHCaTopa, Me>K,ll)' o6Kna.u.KaMH KOToporo noMemeHa eme o.u.Ha nnacrnHa - 3KpaHHpyIO

maH ceTKa (pHc. 1.21 ). B CJJy4ae ecJJH 3Ta cpe.u.HHH nnacrnHa aaaeMJJeHa, KaK noKaaaHo Ha 

pHc. 1.21, TO OHa CBOHM HyJJeBblM noTeHuHaJJOM pa3pbrnaeT CHJJOBbie JJHHHH noJJH, ».u.yme

ro OT aHO,ll.a K ynpaBJJHIOmeii ceTKe, yMeHbWaH TeM caMbIM CBH3b Me>K,ll)' 3THMH 3JJeKTpo.u.a

MH, a, cne.u.oBaTeJJbHO, H npoxo.u.HyIO eMKOCTb. Optt 3TOM ynpaBJJHIOW:aH ceTKa co Bcex cTo

poH 0Kpy.>1<eHa HyJJeBbIM noTeHUHaJJoM. A cne.u.osaTeJJbHO aa3KpaHHpoBaHa OT BHeWHHX 

Boa.u.elicTBm':i. BTOpyIO ceTKYTeTpo.u.a H Ha3bIBalOT 3KpaHttpyIOmeA, nocKOJJbKY oHa 3KpaHH

pyeT ( npe)KJl.e Bcero OT aHo.u.a) ynpaBJJHIOI..UYIO ceTKY. EcnH 6b1 3KpaHHpyIOw,ast ceTKa 6b1JJa 

cnJJOWHOH, TO see CHJJOBble JJHHHH 3TOro noJJH 6bIJJH 6b! npepBaHbl, O,ll.HaKO B 3TOM CJJy'lae 

HapyWHJJCH 6b! npHHUHn pa60Tbl JJaMnbI - 3JJeKTpOHbl OT KaTO.u.a nepeCTaJJH 6b! JJeTeTb K 

aHo.u.y, H aHO,ll.HblH TOK npeKpaTHJJCH 6bI. 1fro6bI 3Toro He npOHCXO,ll.HJJO, 3KpaHHPYIOI..UYIO 

ceTKY .u.enaIOT .u.ocTaTO'IHO pe.u.KoH. TeM He MeHee, ee BBe.u.eHHe no3BOJJHeTyMeHbWHTb npo

XO.U.HYIO eMKOCTb B HeCKOJlbKO pa3. 

CymecTByeT ourn6o4Hoe MHeHHe, CYTb KOToporo B TOM, 4TO npoxo,n.HaH eMKOCTb B TeT

po.n.e Mana H3-3a nocne.u.osaTeJJbHoro BKJJI04eHHH ABYX · CTaTH'leCKHX eMK0CTeI1: aHOA -

·A 

3.C.(g2) 

Y.C.(g1) 

K 

PHc. t .20 06o3HatteHue Ha cxeMax JtaMnbt-mempoiJa 
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3Kp8HHPYIOIU8SI ceTKa H 3Kp8HHPYIOIU8Sl·CeTK8 - ynpaBJISllOIU8ff ceTKa . .lleHCTBHTeJibHO, 

npH nocne.nosaTeJibHOM BKJIJO"leHHH KOH,lleHC8TOpOB, o6masi eMKOCTb OK83bIB8eTCSI MeHb

rne, "leM eMKOCTb JIIOOOfO H3 HHX. 0,nHaKO, npH sse,neHHH 3Kp8HHPYJOIUeH ceTKH, o6masi 

eMKOCTb HHK8K He MO>KeT yMeHblllHTCSI, nOCKOJibKY onpe.nensieTCSI nJIOlll8Jl.b!O 8HO.ll8 H 

ynpasnsiJOmeii ceTKH. A TaK>Ke paccTOSIHHeM Me)l(Jl}' HHMH. CTpH coxpaHeHHH 3THX napa

MeTpos HeH3MeHHblMH, sse,neHHe Me>K,Dy o6KJia,nKaMH .nononHHTeJibHOH nnacTHHhI He 

TOJibKO He yMeHblllHT eMKOCTb, a .na>Ke HeMHOro yseJIH"IHT ee, noCKOJlbKY 3T8 .nonoJIHH

TeJibH8SI nnaCTHH8 HMeeT HeKoTopy!O KOHe"IHYIO TOJllllHHy. 

Y.C.(91) 

Jf l 
~ I • ~ K 13.C.(g.) 

PHc. 1.21 31CpaH.upy1014aa cem1Ca 
u aAe1Cmpocmamu1tec1Coe a1CpaHupoBaHue 

~T8K, 3Kp8HHPY!Oll.l8SI ceTKa MO>KeT BbtnOJIHHTb CBOH 3Kp8HHpy!OIUHe cpyHKU.HH JIHlllb B 

TOM cnyqae, ecnH OHa 3a3eMneHa. TonhKO np11 3TOM ynpasnsiJOmasi ceTKa oKa>KeTcsi 383K

paHHposaHHOH, nOCKOJibKY 6y.neT co scex CTOpOH OKpy>KeHa HyJieBblM noTeHU.H8JIOM 38 

C"leT K8TO,ll8 H 3Kp8HHPYJOIUeH ceTKH. 0.nHaKO, Henocpe,ncTBeHHO 383eMJIHTb 3Ty ceTKY 

HeJib3SI, nocKOJibKY 3TO C03,ll8CT npenSITCTBHe Jl.JJSI 3JieKTpOHOB, ,llBH>KYll.lHXCSI K aHo.ny, 

KHHeTH"leCK8SI 3HeprHS1 KOTOpb!X BOJIH3H ynpaBJISIJOIUeH ceTKH HTaK He BeJIHKa H3-38 ee 

TOpM03HIUero 0Tp11u.aTeJibHoro nonsi . .llnsi TOro, 'IT06b1 3KpaH11py10masi ceTKa ycKopsina 

3JieKTpOHbl, ,llBH>KyIUHeCSI OT K8TO,ll8 K aHo.ny, Ha Hee no,naJOT OT HCTO'IHHK8 nHT8HHSI nono
.>KHTeJibHOe OTHOCHTeJibHO KaTo,na Hanpsi>KeHHe, MeHblllee no BeJIH'IHHe, '!eM Hanpsi.>KeHHe 

Ha aHo.n.e. 6naro.n.apsi nOJIO>KHTeJibHOMY 3apsi.ny. 3KpaHHPYIOlllaSI CeTKa nepexsaTbIBaeT 

'laCTb 3JieKTpOHOB, neTSIIUHX OT KaTO}la K aHo.ny, 38 C'leT KOTOpblX cymecTByeT TOK 3TOH 

ceTKH. TOK 3Kp8HHPY!Oll.leH ceTKH, Ta~e K8K 8HO.llHblH TOK H TOK ynpaBJISllOIUeH ceTKH 

SIBJISleTCSI COCTaBHOH '18CTb!O 3MHCCHOHHOfO KaTO,llHOfO TOK8. l!TOObl npH 3TOM 3Kp8HHpy

IOlllaSI ceTKa BbinOJIHSIJia CBOH cpyHKU.HH 3JieKTpOCT8TH'leCKOro 3KpaHa, He06XO.llHMO ee 38-

3eMJIHTb no nepeMeHHOMY TOKY. C 3TOH u.enbJO Me)l(Jl}' 3KpaHHpyiomeii ceTKOH H 3eMneii 

BKJIJO'laJOT 6noK11poso'!HblH KOH,neHcaTop .nocTaTO'IHO 6oJibUJOH eMKOCTH, o6JI8Jf.8IOlllHH 

O'leHb ManeHbKHM conpornsneHHeM nepeMeHHOMY TOKY. CTp11 3TOM nepeMeHHOe Hanpsi~ 
>KeHHe Ha 3KpaH11py10IUeH ceTKe OKa3bIBaeTcsi 6JIH3KHM K HynJO, '!TO 3KBHsaneHTHo coe.nH

HeHHIO ee c KaTo.noM no nepeMeHHOMY TOKY. CTpaKTH'le'CKasi cxeMa BKJIJO'leHHSI 3KpaH11py10-

mei1 ceTKH np11se.neHa Ha p11c. t .22. 3.necb KpoMe HCTO'IHHKa n11TaHHS1 11 6noK11poso'IHOro 

KOH.lleHCaTopa, 383eMJISllOlllero 3Ty ceTKY no nepeMeHHOMY TOKY, TaK>Ke BKJIJO'leH T8K Ha-

3b!BaeMblH racsim11i1 pe3HCTop. Ha 3TOM pe3HCTope 3a C'leT npoTeKaHHSI nocTOSIHHoro TOKa 

3KpaHHPYJOIUeH ceTKH na,naeT 'laCTb Hanpsi>KeHHSI OT HCTO'IHHKa nHT8HHSI, '!TO '18CTO no-
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OcHOBbl 11ericra1tsr yc11n11renbHblX np116opoa 

3BOJJffeT HCnOJib30BaTb 06W.HH HCTOl!HHKJl,JIH nHTaHHSI KaK aHO,IJ.HOH, TaK H 3KpaHHOH u.eneH. 

llaCTO 3TOT pe3HCTOp BbinOJIHS!eT TaK>Ke 3aW.HTH)'IO cf>yHKU.HJO - npe.u.oxpaHSieT 3KpaHHpyJO

lllYIO ceTKy OT neperopaHHSI B CJIYl!ae npona.u.aHHSI aHOJI.HOrO Hanpsi>KeHHSI . .LJ.eHCTBHTeJibHO, 

ecnH no KaKHM-n1160 npHl!HHaM aHOJJ.Hoe Hanpsi>KeHHe npona.u.aeT (HanpHMep, o6pbrn 

B aHO,!J,HOH u.enH), e,!J,HHCTBeHHblM noJIO>KHTeJibHO 3apsi>KeHHbIM 3JieKTpO,ll,OM OCTaeTCSI 3K

paH11py10w.aH ceTKa, K KOTopoif ycTpeMJIHeTCH 60JibWHHCTBO 3JleKTpOHOB, BbIJieTeBWHX H3 

KaTOJJ.a. Op11 3TOM TOK 3KpaHHpyJOw.eA ceTKH oKa3bIBaeTcsi 3Hal!HTeJibHO 3asb1weH no 

cpasHeHHIO c HOMHHaJibHbIM pe>KHMOM pa60Tbl, l!TO MO»<eT npHBeCTH K ee neperopaHHIO. 

0,!J,HaKO, npH 3TOM 3a Cl!eT 60JibWOro TOKa CHJlbHO npeBbIWaeTCH MOll.l,HOCTb Tenna, BbI,!J,e

JISIJOll.l,aHCSI Ha racsiw.eM pe3HCTOpe. c u.eJiblO 3all.l,HTbl JiaMnbI, raCHll.l,HH pe3HCTOp BbI6Hpa

IOT Ha npe.u.ene pacceHsaeMOH MOll.l,HOCTH, 6naro,ll,apH l!eMy npH asapHH B aHO,!J,HOH u.enH OH 

neperopaeT 6bICTpee, l!eM ycnesaeT BbIHTH H3 cTposi naMna. -

:3.C.(92) Ar 

PHc. 1.22 Btuuottenue 3KpanupytoUfetl cemKu 

He CMOTpH Ha ol!eBHJJ.HOe npe11Myw.ecrno nepe.u. TpHO.U.OM, npocTeHWHM TeTpo.u.aM, pac

CMoTpeHHbIM BbIWe, np11cyw. Ol!eHb cepbe3HbIH He.u.ocTaTOK, Ha3bIBaeMbIH JI.HHaTpOHHbIM 

3cpcpeKTOM. CYTb 3Toro 3cpcpeKTa 3aKJIJOllaeTcsi s cne.nyJOW.eM. 3neKTpOHbI, pa3ornaHHbie 

nOJIO>KHTeJibHbIMH nOJIHMH 3KpaHHpyJOll.l,eH ceTKH H aHo.u.a, noneTaJOT K nocJie,!J,HeMY Ha 

3Hal!HTeJibHOH CKOpOCTH H o6na.u.aJOT cyw.ecTBeHHOH KHHeTHlleCKOH 3HeprneH. OpH y.u.ape 

TaKHX 3JieKTpOHOB 0 nosepxHOCTb aHO,!J,a, npOHCXOJI.HT BbI6HBaHHe H3 Hero .u.pyrHx 3JleKTpO

HOB, Ha3bIBaeMbIX BTOpHl!HbIMH. 3TO SIBJieHHe nOJIYl!HJIO Ha3BaHHe BTOpH''IHOH 3MHCCHH. 

BTOpHl!Hbie 3JieKTpOHbI, BbIJieTeB c aHOJJ.a, nona.u.aJOT s 30HY .u.e1'.fcTBHS1 .u.syx np11rnmsa10-

w.11x CHJI - nOJIO»<HTeJibHOro nOJIH aHo.u.a H nOJIO»<HTeJibHOro nOJIH 3KpaHHpyJOw.eA ceTKH. 

B cnyqae, KOr,!J,a HanpH»<eHHH Ha aHO,!J,e H 3KpaHHPYJOW.eH ceTKH COH3MepHMbl, 60JibWOe 

KOJIHl!eCTBO BTOpHl!HbIX 3JieKTpOHOB'3axsaTbIBaeTCSI 3KpaHHpyJOw.eA ceTKOH (pHC. l.23). 
OpH 3TOM TOK 3KpaHHPYJOW.eH ceTKH Hal!HHaeT B03paCTaTb, a aHOJI.HbIH TOK - Hao6opOT 

yMeHbWaTbCSI, l!TO npHBOJl.HT K HCKpHBJieHHIO CTaTHl!eCKHX xapaKTepHCTHK JiaMnbI (CM. 

HH>Ke ). y JiaMn-TpHO.U.OB TaK>Ke B03MO»<HO nOHBJieHHe BTOpHl!HOH 3MHCCHH, OJI.Ha KO ,!J,HHaT

poHHOro 3cf>cf>eKTa TaM He B03HHKaeT B npHHU.Hne, nOCKOJlbKY see BTOpHl!Hbie 3JieKTp0Hbl 
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npHHQMn 11eiiCTBMll M CTOTM'leCKMe xapaKTepHCTMKM MHOfOCeTO'IHblX naMn 

B03Bpaw.aJOTCH K aHOJIY H3·3a OTC)'TCTB.HH aJibTepHaTHBHOro CHJ!bHOfO rIOJIO>KHTeJibHOro 

3JieKTpH4eCKOro rIOJIH co CTOpOHbl JI.pyrHX 3JieKTPOJI.OB. 

nepBM'"IHbl0 
sneKTpOHbl 

K 

+ 
BTOpM'"IHble 
sneKTpOHbl 

1-----N+ 

PHc. 1.23 JJ.unampoHHbltl a<fx/JeKm B KJtaccuttecKOM mempoae 

)lJIH 6oph6h1 CJI.HHaTpoHHhIM a<t><PeKTOM npHMeHHJOTCH pa3J!Hl!Hbie cnoco6b1. HaH6onee 

npOCTOH - 3aCTaBHTb nepBHl!Hbie ( OCHOBHbie) 3JieKTpOHbl JI.BHraTbCH CtPOK)'CHpOBaHHbIMH 

JJY4aMH. TorJI.a BTOpHl!Hbie 3JieKTpOHhI 6yJIYT orraJIKHBaThCH Ha3aJI. K aHo.ny OTpm.1,aTeJib

HhIM no.neM BCTpel!HOro n.nOTHOro rIOTOKa nepBHl!HblX 3JieKTpOHOB. )lJIH peaJIH3aU,HH 3TOH 

H,ll.eH Me>K.ny 3KpaHHPYIOU.I,eH ceTKOH H aHOJI.OM, a TaK>Ke Me>K.ny ynpaB.nHJOW.eH H 3KpaHHpy

IOW.eH ceTKaMH ycTaHaB.nHBalOT cneu,HaJibHhie JIY4e06pa3yJOW.He nJiaCTHHbl, Ha KOTOpble 

no.u.a10T Hy.nesoA H.nH He6o.nbUJOH oTpHu,aTeJibHbIH 3apHJI.. OrpHU.aTeJibHOe none nnacTHH 

3aCTaBJIHeT 3.neKTpOHbl OTTaJIKHBaTbCH OT HHX K u,eHTPY npoMe>KyrKa Me>K.ny coce,ll.HHMH 

nnacTHHaMH. CTOJI.JI.eHCTBHeM 6oJibUJOro no.no>KHTe.nbHOro 3apHJI.a aHo.u.a, 3.neKrpoHbI npo

JI.O.n>KaJOT .ll.BH>KeHHe K HeMy, HO Tenepb y>Ke nJIOTHblMH CtPOK)'CHpOBaHHblMH noTOKaMH (Jiy

l!aMH) - 3TO noKa3aHo Ha pHc. 1.24. TaKHe JiaMnhI Ha3hIBaIOT JIY4eBbIMH TeTpo.u.aMH, npH-

4eM ny4eo6pa3y10m11e n.nacTHHbI 'lame scero coeJI.HHHIOTCff c KaTOJI.OM • .llnsi o6ecne4eHHH 

Jl.BH>KeHHH 3JieKTpOHOB CtPOK)'CHpoBaHHlolMH .ny4aMH .u.onoJIHHTeJibHO crapaIOTCH BblpOB

HHTb rycTory HaMOTKH ynpaBJIHIOW.eH H 3KpaHHpy10w.eA ceTOK. Ha npHHU.HnHaJibHhIX cxe

Max J!Yl!eBbie TeTpO.U.bl o603Hat:falOT yc.nOBHb!M 3Ha41<0M ( pHC. 1.25 ) . 
.llpyrnM cnoco60M 6opb6b! c JI.HHaTpOHHb!M 3<P<PeKTOM HBJIHeTCH BBeJI.e1rne TpeTbeH 

'ceTKH Me>K.ny 3KpaHHpy10meH CeTKOH H aHO.U.OM. 3ra CeTKa ,ll.eJiaeTCH Ot:feHb pe,ll.KOH, H Ha 

Hee no.u.aeTCH He60JibUJOH oTpHu.areJibHhIH, .nH6o HynesoH noTeHu,Ha.n. TaK KaK ceTKa 3Ta 

He ryCTaff, H ee OTpHU,aTeJibHb!H noTeHu,Ha.n He seJIHK, TO OHa npaKTHt:feCKH He OKa3bIBaeT 

'rnpM03HU.I,ero JI.eHCTBHH Ha OCHOBHbie 3JieKTpOHbl, ycKopeHHble 60.nbUJHMH nOJIO>KHTeJib

HblMH nOJIHMH aHO,ll.a H 3KpaHHpy10w.eH ceTKH. J(HHeTHt:feCKaH 3Heprnsi BTOpH4Hb!X 3JieKT

pOHOB Hao6opoT OlleHb MaJia, H OHH OTTa.nKHBaIOTCH Ha3a,ll. K aHOJIY noJieM TpeTbeH ceTKH 

(pHC. 1.26 ), TeM CaMb!M ycTpaHHH .U.HHaTpOHHb!H 3tPtPeKT. OJiarO,ll.apH 3TOMy, rpeTh!O CeTK)' 

Ha3hIBaIOT aHTH.U.HHaTpOHHOH HJIH 3all.J.HTHOH. JlaMny c TpeMH ceTKaMH Ha3bIBalOT neHTO

.ll.OM, H 0603Hat:faIOT Ha npHHLl,HrIHaJibHb!X CXeMaX3Hat:fKOM, nOKa3aHHOM Ha pHC. 1.27. CTeHTO· 

JI.bl HaXOJI.HJIH o4eHb UJHpoKoe npHMeHeHHe B Ma.noMOll.J.HOH paJI.Hoannaparype, Kor.a.a OHa 
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OcHOBbl Aeiicrs1111 yc11m1TenbHbtX np116opos 

cTpOHJJacb Ha JJaMn1;1x. B MOW:HOH }Ke TeXHHKe (s nepsyIO o4epe,nb B pa,nHonepe.naT4HKax) 

neHTO.llbl WHpOKOro npHMeHeHH51 He HaWJJH H3-3a TOro, 4TO npH 3TOM cyw:eCTBeHHO ycJJO}K

HHeTC51 KOHCTPYKU.HH MOW:HOH JJaMnbI. KpoMe Toro, B MOW:HbIX JJaMnax eCTb .npyrne nyrn 

6opb6bI c .llHHaTpOHHblM 3cpcpeKTOM - HanpHMep, npHMeHeHHe aHO.llOB CJJO}KHOH cpopMbl 

HT. n. 

A 
C4>0Kyc11poeaHHb1e 
3Jl9KTpOHHbl9 llY41'1 

C1(g1) 

K 

P11c. 1.24 K01-1cmpyKl{UR Ayl{,eaoeo mempoiJa 

A 

06parnMCH K cTaTH'leCKHM xapaKTepHCTHKaM JJaMn TeTpo.nos H neHTO.llOB. Bee 3TH xa

paKTepHCTHKH CTp051TC51 npH cj:>HKCHpOBaHHblX 3Ha4eHH51X HanpH}KeHHH Ha 3KpaHHpyIOw:eI1 

H 3aW:HTHOH cernax. Ha pHc. 1.28 noKa3aHbl 3 ceMeI1crna CTaTH'leCKHX BOJJbT-aMnepHbIX 

xapaKTepHCTHK ,ll.Jl51 TaKHX JJaMn. 3TO aHO.llHO-CeT04Hbie ( npOXO.lf.Hble) xapaKTepHCTHKH, 

noKa3bJBaIOw:He 3aBHCHMOCTb aHO.llHOro TOKa, OT HanpH}KeHH51 Ha ynpaBJJH!OW:eH ceTKe 

npH cpHKCHposaHHOM HanpH}KeHHH Im aHo.11.e; ceTo4Hbie xapaKTepHCTHKH no cerne BTopoI1, 

noKa3bJBa!OW:He 3aBHCHMOCTb TOKa 3KpaH11py10w:eI1 ceTKH OT Hanp51}KeHH51 Ha ynpaBJJ51!0-

w:eI1 ceTKe npH cj:>HKCHpOBaHHOM HanpH}KeHHH Ha aHo.11.e; CeT04Hbie xapaKTepHCTHKH no 

ceTKe nepBOH, noKa3bJB3!0W:He 3aBHCHMOCTb TOKa ynpaBJJH!OW:eH ceTKH OT Hanp51}KeHH51 
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npHHQMn ,qeikTBMJI M CTOTM'leCKHe xapaKTepHCTHKH MHOroCeTO'IHblX nOMn 

Ha HeH np11 <f>11Kc11posaHHOM HanpH>KeHHH Ha aHo.ne. Ha scex xapaKTep11crnKax, 11306pa

>1<eHHh1x Ha pHC. l .28, 60JibI.UeMy 3HalJeHHIO aHO,ll.HOro HanpH>KeHHH COOTBeTCTByeT HanpH

>KeHHe c HH.D.eKcoM «2», a MeHhI.UeMy - c HH.D.eKcoM «I». CTpoxo.D.Hhie 11 sxo.D.Hhie crn

TH'leCKHe xapaKTepHCTHKH TeTpO,ll.OB H neHTO,ll.OB OlJeHb nOXO>KH Ha aHaJIOrHlJHbie 

xapaKTepHCTHKH TpHO,ll.OB (CM. BhII.Ue ). B TO >Ke speMH, HanpH>KeHHH OTCelJKH npoXO,ll.HbIX 

xapaKTepHCTHK y MHOroCeTOlJHblX JiaMn Jie>KaT HeCKOJlhKO JieBee, 'leM y TpHO,ll.OB, TO eCTb 

B o6nacrn 6onee 0Tp11u,aTeJihHh1x HanpH>KeHHH ynpasJIHIOw,eii ceTKH. TaK>Ke y MHoroce

TO'IHhIX JiaMn, B CHJIY H8JIH'IHH HeCKOJlbKHX ceTOK, 3aMeTHO HH>Ke npOHHU,aeMOCTb (CM. 

BhII.Ue ), 6Jiaro.napH lJeMy BJIHHHHe aHO,ll.HOro HanpH>KeHHH Ha aHO,ll.HblH H ceTOlJHbie TOKH 

CHH>KeHO. CTo cpaBHeHHIO C TpHO,ll.aMH, y TeTpO,ll.OB H neHTO,ll.OB CTaTHlJeCKHe xapaKTepHC· 

THKH, CHHTbie npH pa3Hb!X aHO,ll.HblX HanpH>KeHHHX, npaKTHlJeCKH CJIHBaIOTCH B 0.D.HY JIH

HHIO. XapaKTepHCTHKH TOKa 3KpaHHpyIOw,eH ceTKH HalJHHaIOTCH (TaK>Ke KaK H npoxO,ll.Hbie) 

B o6JI8CTH OTpHU,aTeJibHbIX HanpH>KeHHH Ha ynpaBJIHIOW,eH ceTKe, 0)1.HaKO HX HanpH>KeHHe 

OTCelJKH Jie>KHT HeCKOJibKO npasee COOTBeTCTByIOw,ero HanpH>KeHHH Jl.IJH aHO,ll.HOro TOKa, 

nOCKOJibKY nOJIO>KHTeJibHOe HanpH>KeHHe Ha 3KpaHHpyIOw,eH ceTKe B 60Jibl.UHHCTBe CJiy

'laeB MeHbI.Ue aHO.D.Horo. 

A 8TOplll'-IHbl0 

n / 3Jl0KTpOHbl 
epe111L1Hble 

3Jl0M0HTbl~f (-) 

C1(g1) 

- - - C3(Q3) 

1. 
C2(g2) 

(+) 

P1tc. 1.26 flpUHlfUn aeucmauR anmuaunampoHHOU cemKu nenmoaa 

A 

P1tc. 1.27 0603Hat.tenue Ha cxe.Max nenmoaa 

49 



OcHOBbl Aeicra11.11 yc11n11renbHblX npit6opoa 

Ec2 = canst 
(Vg2 = canst) 

0 Ec,(Vg,) 

Ptrc. t .28 Ce.MeCtcmBa BxoaHblX ( cemottHblX), npoxoaH!JlX ( a1toano - cemottHblX) u 
cemottHblX no cemKe Bmopou cmamuttecKux xapaKmepucmuK 
mempoaoo u neHmoaoB 

06paTHMCH Tenepb K BbIXO)l.HbIM CTaTH'·leCKHM xapaKTepHCTHKaM TeTp0.11.0B H neHT0.11.0B, 

noKa3blBaIOill.HM 3aBHCHMOCTH aH0.11.HOrO TOKa OT aHO)l.Horo Hanps1>KeHHH npH <t>HKCHpOBaH

HbIX HanpH)l{eHHHX Ha ynpaBJIHIOW.ef:i ceTKe. Pa3yMeeTCH, KaK H B npe.11.blJJYW.eM cnyqae, see 

xapaKTepHCTHKH CHHMaIOTCH npH 0)1.HHaKOBOM HanpH)l{eHHH Ha 3KpaHHpy10w.ef:i ceTKe, 

a TaJOKe Ha 3aW.HTHOH (y neHT0.11.0B), npw-ieM HanpH)l{eHHe nocne.11.Hef:i KaK npaBHJIO Hyne

soe. Ha pHc. 1.29 npHse.11.eHhI BbIX0.11.Hhie xapaKTepHCTHKH TeTpo.11.a, Ha pHc. 1.30 - Bb1xo.11.

Hb1e xapaKTepHCTHKH JI)"leBoro TeTpo.11.a, a Ha pHC. 1.31 - neHTO)l.a. napaMeTpOM 3THX xa

paKTepHCTHK HBJIHeTCH HanpH)l{eHwe Ha ynpaBJIHIOW.ef:i ceTKe. Kornpoe so3pacrneT 

cornacHo cTpenKe. XapaKTepHCTHKH scex 3THX naMn H.DYT npaKTH'leCKH napanneJibHO ro

pH30HTaJihHOH OCH, TO eCTb aH0.11.HblH TOK npaKTH'leCKH He 3aBHCHT OT aH0.11.HOrO HanpH

)l{eHH51, •:no o6oHCHHeTCH Manof:i npomn.1.aeMOCTbIO scex 3THX JiaMn. Pa3yMeeTCH, JiaMnbI 

c MaJIOH npOHHU.aeMOCTbIO 6y.nyr o6JI8)1.aTb 60JibillHM CTaTH'leCKHM BHyTpeHHHM K03<t><t>H

U.HeHToM ycHJieHHH µ, BeJIH'IHHa KOTOporo npHMepHO o6parna BeJIH'lHHe npOHHU.aeMOCTH 

(CM. Bblille ). HMeHHO 3TOT <t>aKTOp H HBHJICH H3Ha'laJibHOH npH'lHHOH pa3pa60TKH 3KpaHH

poBaHHblX JiaMn, a 3<t><t>eKT CHH)l{eHHH npOX0.11.HOH eMKOCTH 6bIJI 3aMe'leH HaMHOro n03)1{e. 

y JiaMn - TeTp0.11.0B npH MaJiblX aHO)l.HblX HanpH)l{eHHHX Ha6JIIO)l.aeTCH nposaJI aHO)l.HOro 

TOKa, CBH3aHHblH c .11.HHaTpOHHblM 3<t><t>eKTOM. y Jiy'leBblX TeTp0.11.0B HCKpHBJieHHe CTaTH

'leCKHX xapaKTepHqHK Bblpa)l{eHO ropa3)1.0 MeHee 3Ha'lHTeJibHO, a y neHT0.11.0B ero npaKTH

'leCKH HeT BOBCe. 

KpoMe TeTpo.11.os H neHT0.11.0B TaJOKe cyw.ecTByIOT naMnbI H c 6oJibillHM KOJIH'leCTBOM 

ceTOK. Ope)f()l.e scero, K TaKOBblM OTHOCHTCH TaK Ha3b!BaeMble 'laCTOTOnpeo6pa30BaTeJib

Hble naMnh1, npHMeHHBWHeCH B CTapbIX naMnOBbIX PMHOnpHeMHHKax. 4aw.e scero npe

o6pa30BaTeJIH 'laCTOTbl TaKHX npHeMHHKOB CTpOHJIHCb Ha naMnax - remo.11.ax, ycnOBHblH 

3Ha'IOK KOTOporo noKa3aH Ha pHC. pHC. 1.32. y 3TOH JiaMnbI )I.Be ynpaBJIHIOll.l,HX CeTKH ( 1-H 

H 3-H), .11.se 3KpaHHpy10w.Hx (2-H H 4-H) H 0.11.Ha 3aIUHTHaH (5-H). Ha 0.11.HY ynpasnHIOIUyIO 

ceTKY no.11.asanoch HanpH)l{eHHe PMHO'lacTOTHoro cHrnana, no,11,11e)l{amero npeo6pa3osa

HHIO, a Ha .11.pyry10 - Kone6aHHe OT reTepo.11.HHa. femo.11. - naMna c .11.BOHHbIM ynpasne

HHeM. Cero.11.HH HX 3aMeHHJIH .11.syx3aTBopHbie nonesb1e TpaH3HCTOpbI. 
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np11HQllR AeiiCTBll.11 II CTOTH'teCKKe xapaKTepMCTKKll MHOroceTOllHblX naMn 

la Ee,= const (Vg2 = const) 

0 E.(Va) 

PHc. t .29 Ce.MeiicmBo BbtxoonblX ( anoiJHblX) cmamuttecKux xapaKmepucmuK 
KJtaccuttecK020 mempooa 

0 E.(Va) 

PHc. t .30 Ce.MeiicmBo BbtxoonbtX ( anoonblX) cmamuttecKux xapaKmepucmuK 
AytteB020 mempooa 

la Ee,= const (Vg2 = const) 

------i 5jV,,) 

0 Ea(Va) 

PHc. t .3 t Ce.MeiicmBo BbtxoonbtX ( anoonbtx) cmamuttecKux xapaKmepucmuK 
nenmooa 

S1 



OcHOBbl AeifcreHll ycHn11renbHblX np116opoe 

A 

A.C. 

Cy2 a.c. 

K 

PHc. t .32 06o3HatteHue Ha cxe.M.ax MH020cemottHOU Jla.M.nbl - eenmooa 

f OBOpH 0 MHoroceTO'IHbIX JI8Mnax ( TeTpo.u.ax H neHTO,!l.8X) He0,!1.HOKp8THO ynOMHH8JIOCb 0 

TOM, 'ITO rJiaBHoe HX H83Ha'leHHe - CHH3HTb npoxo.u.Hy10 eMKOCTb aH0.!1. - ceTKa Cac. 0.u.Ha

KO, HeKOTOporo CHH>KeHHH npoX0,!1.HOH eMKOCTH y.u.aeTCH ,!1.06HTbCH H B T8K H83bIBaeMblXAy

l/,eBblX mpuooax, XOTb OHH H He nOJIY'IHJIH CTOJlb WHpOKOro pacnpocTpaHeHHH. 

KoHcTpyKTHBHO ynpaBJIHIOW.BH ceTKa Bcex JiaMn noM.ep>KHBaeTCH >KeCTKHMH BepT11-

1<aJibHhIMH MeT8JIJIHl(eCKHMH npyTK8MH, KOTOpble ,!1.0Jl>KHbl HMeTb H8MHOro 60JibWHH ,!l.H8-

MeTp, 'leM npoBo.u.a ceTKH, 'IT06b1 TO'IHO ycTaHaBJIHBBTb paccTOHHHe KaTo.u.-ceTKa. HanpH

Mep, npOB0,!1. ceTKH TpH0,!1.8 THna 4 I 7 A HMeeT 7 ,4 MKM B ,!l.H8MeTpe, H H8MOT8H c waroM 

0,065 MM Me>KJIY BHTK8MH. B pa3o6paHHOH JiaMne H8C'IHT8JIH 80 ceTO'IHblX npOBO,!l.OB, HC

noJib3YH nepeHOCHOH MHKpOCKon. lliHpHHa 8HO,!l.8 OKOJIO CeTKH? 3 MM, T8KHM o6pa30M 

o6w.aH nJIOW.8,!1.b o6JiaCTH npoBOJI.OB ceTKH COCT8BJIHeT 80 x 3 x 0,007 4 = I, 78 MM2• 

CTOM.ep>KHB8IOW.He npYTKH 6hIJIH 0,875 MM JI.H8MeTpOM, .Zl.JIHH8 8HOJI.8 OKOJIO CTep>KHeH 

COCT8BJIHeT 5 MM, HMeIOTCH ,!I.Ba CTep>KHH, TaK l(TO o6w.aH nJIOW.8.ll.b CTep>KHeH COCTaBJIHeT 

2 x 0,875 x 5 = 8, 75 MM2• KapKac ceTKH HMeeT nJIOW.8.!1.b noBepxHOCTH B nHTh pa3 60Jihwe, 

'leM npoBOJI.8 ceTKH, H, CJie.n.oBaTeJibHO, B nHTb pa3 60JibWYIO eMKOCTb c nJIOCKHM SHOJI.OM. 

no.n.po6Hee 0 KOHCTPYKU.HH 9JieKTpOHHbIX JiaMn H HX ynpaBJIHIOW.HX ceTOK· B l(8CTHOCTH, 

6y.n.eT paccKa3aHo HH>Ke B pa3.n.eJie I. I 0. 

3JieKTpOHHble JiaMnbI JI.Jiff HCnOJib30B8HHH Ha BbICOKHX '18CTOT8XJI.OJI>KHbl HMeTb MHHH

MaJibHYIO eMKOCTb Me>KJIY SHOJI.OM H noM.ep>KHB8IOW.HMH npYTK8MH, OTCIO.ll.8 U-o6pa3HblH 

SHOJI. B 4 I 7 A, KOTOpblH npH6JIH3HJI SHOJI. K npOBOJI.8M ceTKH H HCKJIJOl(HJI CTep>KHH, HO 9TO 

Bee ew.e 03Ha'laeT, 'ITO 3Ha'IHTeJibHaH 'IBCTb Cac noHBJIHeTcH H3-3a 9JieMeHTOB KOHCTpyK

U.HH, KOTOpbie He BJIHHIOT Ha npOXO>KJI.eHHe 9JieKTpOHOB, H MOfYT 6bITb 9Kp8HHpOB8Hbl OT 

8HOJI.8 6e3 OTpHU,8TeJibHblX nocJie,!l.CTBHH (pHC. I .33 H I .34 ). 
3JieKTpoHHbie JiaMnhI THnoB PC97, PC900, 6GK5 H HeK0Topb1e .n.pyrne HMeIOT BHYT

peHHHe 9KpaHhI noM.ep>KHBaIOW.HX npYTKOB H U-o6pa3Hhie aHOJI.bI, Bbl3hIBa10w.He yMeHb

weHHe npoxo.n.ttol1 eMKOCTH Cac.n.o <0,5 n<l> - o'leHh cToHw.ee YJIY'IWeHHe no cpaBHeHHIO 

c KJiaCCH'leCKHMH TpHO.D.aMH. K co>KaJieHHIO, 6oJihWHHCTBO H3 9THX 9JieKTpOHHhIX JiaMn 

YJibTpaBblCOKOH 'laCTOTbI (YBY:) 6hIJIH pa3pa6oTBHhI, 'IT06hl 6hITb JiaMnaMH c H3MeHHe

MbIM 3Ha'leHHeM M, 'ITO no3BOJIHeT HcnoJib30B8Tb aBTOMBTH'leCKYIO peryJIHpOBKY ycHJie

HHH ( APY), H no3>Ke ( B nocJie.uy10w.Hx rJiaBax) MbI yBHJI.HM, 'ITO 9TO Bbl3bIBaeT HCKa>KeHHH. 
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3KBllBOneHTHble napaMeTpbl 1neKTpOHHblX naMn M MX onpeAeneHMe 

PHc. 1 .33 Pa306pa1-t1taR AaMna muna 417 A: o6pamume lJHttMaHue Ha pa3Mep 
u npocjJUAb ocmaaw.ei'tcR KOHcmpyKl{UU aHoiJa omHocumeAbHO 
aKmulJrtou o6Aacmu cemKu 

PHc. 1 .34 . Pa3o6paHHaR AaMna muna 417 A: o6pamume artuMaHue 
rta om1-tocumeAbHbtt1 pa3Mep KapKaca ynpaaARIOll{ei't cemKu 
no cpaaHeHulO c npoaoiJaMu cemKu 

1.8. 3KBMBOfl0HTHbl0 nopoMeTpbl 1neKTpOHHblX noMn 

M ux onpeneneHMe 

DpH 06cy>1<J1.eHHH craTH4eCKHx xapaKrepHCTHK JJaMn B npeJI.blJlYW.HX pa3JI.eJJax 6b1JJ0 o6pa

w.etto BHHMaHHe Ha 3KBHBaJJeHTHble KOJIH4eCTBeHHble napaMeTpbl, xapaKrepH3YIOW.He re 

HJJH HHbie CBOHCTBa 3THX xapaKrepHCTHK ( OTCe4Ky, HaKJJOH HT. n . ) . Ha npaKTHKe npH HH· 
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OcHOBbl AeticrBHll ycHnHrenbHblX npH6opoe 

>KeHepHblX pact.teTax t.tame scero OK83bIB8eTCH .ll.OCTaTO'IHblM onepHpOB8Tb 3KBHBaJieHTHbl

MH napaMeTpaMH, HCKJIIO'l8H yt.teT HeJIHHeHHOCTH peaJibHblX CT8THt.teCKHX xapaKTepHCTHK. 

no CYTH, npH 3TOM peaJibHbie CT8THt.teCKHe xapaKTepHCTHKH JiaMn 38MeHHIOTCH 0Tpe3K8MH 

npHMblX. TaKOe ynpomeHHe XOTb H BHOCHT HeKOTopyio norpeWHOCTb, HO npH npaBHJibHOM 

onpe.u.eJieHHH 3KBHBaJieHTHblX napaMeTpOB no peaJibHblM CTaTHt.teCKHM xapaKTepHCTHK8M, 

3Ta norpewHOCTb BflOJIHe npHeMJieMa, H Bcer.u.a ycTpaHHMa npH OTJI8)l.Ke cnpoeKTHpOBaH

HOH annaparypbI. 6oJiee Toro, norpewHOCTb npH npoeKrnpoBaHHH scer)l.a HeH36e>KHa, no

CKOJibKY HHKor.u.a HeB03MO>KHO TO'IHO yt.teCTb pa36poc xapaKTepHCTHK peaJibHblX JiaMn, 

a TaIOKe psi.na Apyrnx KOHCTPYKTHBHbIX <f>aKTopos. 

PaccMoTpHM no,!l.po6Hee 3KBHBaneHTHbie napaMeTpb1 cTarnt.tecKHX xapaKTepHCTHK 

JiaMn, a TaK>Ke MeTO)l.bl HX rpa<f>Ht.teCKOfO H8XO>K)l.eHHH no peaJibHblM CT8TH4eCKHM xapaKTe

pHCTHKaM naMnbI. YTO KacaeTcH nocJieJJ.HHX, 3.necb Heo6xo)l.HMO }'T04HHTb, t.tTo cyw.ecTByeT 

.u.se MeTOAHKH rpa<f>Ht.tecKoro onpe,!l.eJieHHH 3THX napaMeTpos: KJiaccH4ecKaH H yT04HeH

HaH. ABTOpOM 3TOH KHHrH Be3)l.e npHHHTa KJI8CCH'!eCK851 MeTOJJ.HKa, noCKOJlbKY BblCOKO

Ka4eCTBeHHble JiaMnOBbie ay.u.HoycHJIHTeJIH B no.naBJIHIOUleM 60JibWHHCTBe CJiy4aeB pa6o

T8IOT Ha JIHHeHHOM y4acTKe cTaTHt.tecKHX xapaKTepHCTHK naMn. YTOt.tHeHHaH >Ke MeTOJJ.HKa 

n03BOJIHeT annpOKCHMHpOB8Tb KpHBH3HY peaJibHblX CTaTHt.teCKHX xapaKrepHCTHK c yt.teTOM 

HeJIHHeHHbIX y4acTKOB, 4TO Ba>KHO npH pa6ore JiaMn B HeJIHHeiiHbIX pe>KHMax ( HanpHMep, 

c OTCet.tKOH BblXOJJ.HOfO TO Ka), HaH60Jiee THflH4HblX .!I.Jiff MOUlHbIX K8CK8.ll.OB pa.nHonepe.u.aT-

4HKOB. 

OcH.OBH.bte a1Ceuea1te11.mH.bte napa.Mempbt 1ta.Mnbt: 
D - npoHHuaeMOCTb ceTOK JiaMnbI ( 6e3pa3MepHaH seJIH4HHa ); 

µ (MIO) - K03<f>cf>Hl.lHeHT ycHJieHHH ( 6e3p83MepHaH BeJIH'IHHa ); 

gm - KPYTH3Ha npoxo.u.Hoii xapaKTepHCTHKH ( 06b1t.tHo MA/ B ); 

ra - BH}'TpeHHee conpoTHBJieHHe JiaMnbI (KOM, OM). 

Bse.u.eM onpe.u.eneHHe BH}'TpeHHero CTaTHt.tecKoro K03<f>cf>Hl.lHeHra ycHJieHHH: 

l1HblMH CJIOB8MH - 3TO M8KCHM8JlbHO B03MO>KHblH K03<f>cf>HUHeHT ycHJil'lll151 no HanpH

>KeHHIO 3JieKTpOHHOH JiaMnbI, H OH MO>KeT 6bITb ,!lOCTHfH}'T TOJibKO Ha HH3KHX pa604HX 48-

CTOTaX npH conpOTHBJieHHH Harpy3KH KaCKa.u.a YCHJieHHH (no.u.po6Hee CM. rnasy 2) crpe

MHUleMCH K 6ecKoHe4HOCTH RH = oo. Ha npaKTHKe peAKO .u.ocrnraeTcH TaKoii 6oJibWOH 

Ko3<f><f>HuHeHT yCHJieHHH. 
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3KBHBGneHTHble napaMerpbl JneKTpOHHblX naMn H HX onpeAeneHHe 

3.11.etcmpoHHbte .11.aM.nbt 11.acmo 1'.ll.accuf/Ju"1upy10mcJL no ee.11.u11.une µ. c.11.eiJy10-
U!UM o6pasoM: 

MaJible µ: <8 (HanpHMep, THn 6080 = 2, THnl284A = 6,5); 

Cpe.U.HHe µ: 8-30 (lrnnp11Mep, THn 76 = 13,8; THn ECC82 = 18,6; THn SN7 = 20); 

8bICOKHe µ: >30 (HanpHMep, THn ECC81 = 65,6; THn SL7 = 70; THn ECC83 = 100; 

ECC807 = 150; THn WE416 = 250; THn PD500 = 1050). 

Mo»<Ho rpacpH4eCKH ou.eHHTb µ B pa6o4efl T04Ke no peaJihHbIM cTaTH4eCKHM xapaKTepH

CTHKaM JJaMnbI, Ha4epTHB ropH30HTaJJbHYJO JIHHHJO 4epe3 pa604YJO T04KY (T04KY noKOH), 

KOTOpaH cpHKCHpyeT aHO~blH TOK. Pa6o4aH T04Ka - 9TO CTaTH4eCKaH T04Ka noKOH, KOTOpaH 

ycrnHaBJJHBaeTCH npH OTCyrCTBHH Ha 9JJeKTpo.u.ax JJaMnbI nepeMeHHbIX HanpH>KeHHH, TO ecTb 

rnr.u.a, KOr,ll.a K ee aHo.ny H ceTKaM npHJJO>KeHbl JIHWb noCTOHHHbie HanpH>KeHHH OT HCT04HH -

KOB nHTaHHH. 3Ta pa6o4aH T04Ka, xapaKTepH3yJOw,aHCH HOMHHaJJbHbIMH nOCTOHHHbIMH Ha

npH>KeHHHMH Ha aHO,ll.e H Ha ceTKe, BbI6HpaeTCH HCXO,ll.H H3 onpe.u.eneHHbIX yCJIOBHH H KOMn

pOMHCCOB npH pa3pa60TKe ycHJJHTeJJbHOrO KaCKa.u.a . .LlJJH pac4eT pe>KHMOB KaCKa,ll.a ycHJJeHHH 

4epe3 pa6oqyJO T04KY CTpOHTCH,Harpy304HaH JJHHHH, xapaKTepH3YJOII.J.aH peaJJbHOe conpo

THBJJeHHe Harpy3KH. 0o.u.po6Hble peKOMeH,ll.aU.HH no BbI6opy pa604eH T04KH ,ll,IIH KOHKpeTHblX 

CJ1Y4aeB npoeKTHpOBaHHH ycHJJHTeJJbHblX KaCKa,ll.OB co.u.ep>KaTCH B rnase 3. 3KBHBaJJeHTHble 

napaMeTpbI JJaMnbI Hy»<Ho onpe.u.eJJHTb KaK pa3 rnr.u.a, Kor.u.a pa6o4aH T04Ka BbI6paHa. YlrnK, 

JI.JJH Bbl4HCJJeHHH M Heo6XO,ll.HMO OTJIO)!{HTb Ha OCH aHO,ll.HblX HanpH>KeHHH BbIXO,ll.HbIX CTaTH-

4eCKHX xapaKTepHCTHK HanpH>KeHHH nHTaHHH, a 3aTeM BbI6paTb HJJH ,ll.OCTpOHTb CTaTH4eCKYJO 

xapaKTepHCTHKY, COOTBeTCTBYJOII.J.YJO ceT04HOMY HanpH)!{eHHJO, paBHOMY nOCTOHHHOMy Ha

npH>KeHHJO ( Hanpsi>KeHHJO) cMemeHHH Ha ynpaBJJHJOII.J.efl ceTKe ). Ha 9TOH CTaTH4ecKoH xa

paKTepHCTHKe OTC4HTbIBaeTCH aHO,ll.HbIH, TOK COOTBeTCTBYIOII.J.HH 0603Ha4eHHOMy aHO,ll.HOMY 

nHTaJOII.J.eMY HanpH>KeHHJO. l.Jepe3 nonyqeHttyJO T04KY noKOH npOBO,ll.HTCH npHMaH, napan

JJeJJbHBH ropH30HTaJJbHOH OCH, cpHKCHPYJOII.J.aH TOK nOKOH. 3aTeM no ropH30HT3JlbHOH OCH OT

C4HTblBaJOTCH 3Ha4eHHH aHO,ll.HbIX HanpH>KeHHH, COOTBeTCTBYJOII.J.HX T04KaM nepece4eHHH 

9TOH npHMOH c coce,ll.HHMH ( BJJeBO H snpaso) CTaTH4eCKHMH xapaKTepHCTHKaMH, npH4eM 

cpHKCHPYJOTCH H COOTBeTCTBYtOII.J.He 9THM.ll.BYM CTaTH4eCKHM xapaKTepHCTHKaM ceT04Hbie Ha

npH)!{eHHH. Tor.u.a HCKOMaH BeJJH4HHa µ 6y.u.eT onpe.u.eJJHTbCH KaK OTHOWeHHH pa3HOCTH JJ.Byx 

OTC4HTaHHblX 3Ha4eHHH aHO,ll.HbIX HanpH>KeHHH K pa3HOCTH CeT04HbIX HanpH)!{eHHH, COOTBeT

CTBYJOII.J.He 9THM .u.syM cTaTH4eCKHM xapaKTepHCTHKaM. 

OpHMep rpacp114ecKoro onpe.u.eneHHH µno BbIXO.U.HbIM (aHO.U.HbIM} craTH4eCKHM xapaK

TepHCTHKaM naMnb1 TpHo.u.a THna ECC83 noKa3aH Ha pHc. 1.35, r.u.e TaIOKe npHse.u.eH np11-

Mep Harpy304HOH JIHHHH ( no.u.po6Hee CM. rnasy 3 ). 3.u.ecb T04Ka nOKOH COOTBeTCTByeT CTa

TH4eCKOH xapaKTepHCTHKe, CHHTOH npH ceT04HOM HanpH)!{eHHH -1,5 B. Coce.U.HHe 

CTaTH4eCKHe xapaKTepHCTHKH, no KOTOpblM 13e,ll.eTCH OTC4eT pa3HOCTeH aHO,ll.HblX H ce

T04HbIX HanpH>KeHHH, COOTBeTCTBYJOT HanpH>KeHHHM Ha ynpaBJJHJOII.J.eH ceTKe -1,0 B H 

-2,0 B. AHOJJ.Hbie HanpH>KeHHH B T04Kax nepece4eHHH scnoMoraTeJJbHOH ropH30HTaJibHOH 

npHMOH cpHKCHpOBaHHOro TOKa, npoxo.u.simeA 4epe3 T04KY nOKOH, COOTBeTCTBeHHO paBHbl 

133 B H 233 B. Tor.u.a HCKOMoe 3Ha4eHHe BHyrpeHttero CTaTH4ecKoro K09cpcpHU.HeHTa ycH

JieHHH µ 6y.u.eT onpe.u.enHTbCH cne.nyJOW.HM o6pa3oM: 

233-133 

µ= 2-1 
100. 
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OcHOBbl AeiicTBHll ycHnHrenbHblX npH6opoe 

0TMeTHM, qTQ OH o6bJqHO npeHe6peraIOT 3HaKaMH HanpH)l{eHHH B TaKHX ypaBHeHHHX. 

3HaH BeJrnqHHY µ, a TaK*e BH¥fpeHHe conpoTHBJieHHe JiaMnbI ra (no,11.po6Hee CM. 

HH)l{e) H conpoTHBJieHHe aHOJI.HOH Harpy3KH Rn, MO)l{HO HcnoJib30BaTb cj>opMyny, qrn6b1 

onpe,11.eJIHTh K03cj>cj>HU.HeHT ycwneHHH ycHJIHTeJihHoro KacKa,11.a no HanpH)l{eHHIO Av (no.11.

po6Hee cM. rnaBy 2): 
R 175 

Av=µ H =100 =73. 
RH +R0 175+65 

3To xoporno cornacyeTCH co 3HaqeHHeM, nonyqeHHblM B rnaBe 3 MeTo,11.oM Harpy3oqHoii 

JIHHHH (Av= 72 ). BHYTpeHHHH crnrnqecKHH K03cj>cj>wu.HeHT ycHJieHHH µ HBJIHeTCH 0,11.HHM H3 

HaH6onee ycrniiqHBbIX napaMeTpOB 3JieKTpOHHOH JiaMnbl, XOTH OH HeMHOro H3MeHHeTCH 

npH H3MeHeHHH TOKa aH0,11.a. 

4 
V9=0V 

-0.5V ECC83 
3 -1 ov 

-1.5V 
-2.0V 

-2.5V 
-3.0V 

-3.5V 
-4.0V 

-4.5V 
-5.0V 

0 100 200 300 400 500 

Va(V) 

PHc. 1.35 rpa¢uttecKoe onpeiJe1tenue µ 

PaccMoTpeHHbIM MeT0.11. rpacj>wqecKoro onpe.11.eneHHH µ He HBJIHeTCH H,11.eaJibHbIM, no

CKOJibKY norpernHOCTb KOHeqHoro pe3yJibTaTa 3aBHCHT OT Toro, KaK TOqHO y.11.aeTCH OTCqH

TaTb HanpH)l{eHHH Ha rpacj>HKe cTarnqecKHX xapaKTepHCTHK. TeM He MeHee, ero rnqHocTH 

Ha npaKTHKe OKa3bIBaeTCH BCTOJIHe ,!l.OCTaT01.fHO. 

B naparpacpe 1.6 npH o6cY*,!l.eHHH CTarnqecKHX xapaKTepHCTHK TpHo,11.a BB0.11.HJIOCb no

HHTHe npoHHU.aeMOCTH ceToK naMnb1 D. BeJIHqHHa npoHwu.aeMOCTH xapaKTepH3yeT cTe

neHb BJIHHHHH aH0,11.HOro HanpH)l{eHHH Ha aH0,11.HbIH TOK. 3TOT napaMeTp BeCbMa npo3paqeH 

cpH3HqecKH, noCKOJlbKY HanpHMYIO 3aBHCHT OT KOJIHqecTBa ceTOK B JiaMne H HX rycTOTbl. 

B nepBOM npH6JJH)l{eHHH, npOHHU.aeMOCTb HBJIHeTCH BeJJHqHHOH o6paTHOH BHYTpeHHeMy 

crnrnqecKOMY K03cj>cj>HU.HeHry ycHJieHHH µ (a npH OTCYTCTBHH TOKa ynpaBJIHIOW.ei:i ceTKH 

BhinOJIHHeTCH He npH6JIH)l{eHHOe, a cTporo paBeHCTBO D = l/µ). B cooTBeTCTBHH c 3THM, 

B pacqernx MO)l{HO wcnOJih30BaTh JII06ol1 H3 3KBHBaJieHTHblx napaMeTpOB D HJIH µ. TeM He 

MeHee, B TeOpHH H pacqernx yCHJIHTeJJei:i 3BYKOBOH qacTOTbl HCTOpHqeCKH npHHHTO HC

nOJib30BaHHe napaMeTpa µ ( qero Mbl H 6y,11.eM npw.11.ep)l{HBaTbCH B HaCTOHw.eif KHHre ), a npH 

npoeKrnpoBaHHH pa.11.wonepe,11.aTqHKOB, Hao6opoT npHHHTO nOJib30BaTbCH napaMeTpoM D. 
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3KBHBOneHTHble napaMeTpbl JneKTpOHHblX naMn H HX onpe11eneHMe 

)lpyrofl sa>KHbtH 3KBHBaJieHTHbtH napaMeTp :iJieKTpOHHOH JiaMnbt - Kpyrn3Ha npoxo.11.

HOH xapaKTepHCTHKH gm, xapaKTepH3ytow.aH HaKJioH 3TOH xapaKTepHCTHKH, H noKa3hl 

eatow.aH HaCKOJibKO pe3KO H3MeHHeTCH aH0.11.HblH TOK npH H3MeHeHHHX HanpH>KeHHH Ha 

ynpaBJIHtow.efl ceTKe. TaKHM o6pa30M, KPYTH3Ha xapaKTepH3yeT CTeneHb ynpasJIHeMOCTH 

JiaMnbl, H, B KOHelJHOM HTOre,' onpe.11.eJIHeT ee K03cpcpHU.HeHT yc11J1eHHH. 

4 

3 ECC83 

-20V 
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PHc. 1.36 OnpeoeAeHue Kpymu3Hbt gm 

TeopeTHlJeCKH , lJT06b1 Hai1rn rpacpH4eCKH KPYTH3HY gm, HY>KHO Ha aHOJl.HblX (eb1xo.11.

Hb1x) xapaKTepHCTHKax HalJepTHTb sepTHKaJibHYIO JIHHHIO 4epe3 pa6olJyto TOlJKY (Ty >Ke, 

'!TOH npH onpe.11.eJieHHH µ),TO ecTb coxpaHHH aH0.11.HOe HanpH>KeHHe Va nocTOHHHblM. 3a

TeM OTClJHTblBaIOTCH 3HalJeHHH aH0.11.HOro TOKa npH nepecelJeHHH 3TOH npHMOH c coce.11.HH

MH cTaTHlJeCKHMH xapaKTepHCTHKaMH . Ha pHc. 1.36 noKa3aH npHMep onpe.11.eJieHHH Kpy

TH3Hbl TpHo.11.a rnna ECC83. 0TclJeT npe.u.eJioB H3MeHeHHH aHO.U.Horo TOKa se.u.eTcH B TOlJKax 

nepecelJeHHH eeprnKaJibHOH npHMOH , npose.u.eHHOH 4epe3 pa6olJyto TOlJKY, c .!l.BYMH CTaTH

'!eCKHMH xapaKTepHCTHKaMH, cooTBeTCTBYIOW.HMH ceTOlJHbIM HanpH>KeHHHM - I B H -2 B. 
Yl3MeHeHHe aH0.11.Horo TOKa npH 3TOM cocTaBJIHeT OT 0,3 MA .u.o 1,72 MA KpyTH3Ha gm 
onpe.u.eJIHeTCH KaK OTHOWeHHe H3MeHeHHH aHO.U.HOro TOKa K pa3HOCTH HanpH>KeHHH Ha ceT

Ke, COOTBeTCTBYIOlUHX Bb16paHHblM CTaTHlJeCKHM xapaKTepHCTHKaM: 

gm= 1·72 - 0•3 =142 MA/B. 
1- 2 ' 
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OcHOBbt Aei1ne11A yc11mnenbHbtX np116opoe 

HaKOHeu MO>KHO Jl.aTb onpeJ1.eJieHHe BHyrpeHHero conpOTHBJieHH51 JiaMnbl ra: 

11MeeTc51 olfeHb noJie3ttoe ypaatteHHe, KOTopoe CB513blBaeT KPYTH3Hy, attyrpeHHHH crn

THlfeCKHH K03cp<jlHUHeHT ycHJieHH51 H CTaTHlfeCKOe BHyrpeHHe conpOTHBJieHHe: 

gm=E:.. 

'· 
0lfeBHJl.HO, MO>KHO TpattccpopMHpOBaTb 3TO ypaBHeHHe KaK Heo6XOJl.HMO, lfT06bl HaHTH 

HeJl,OCTalOW.HH TpeTHH napaMeTp. 3TO ypaaHeHHe lfaCTO Ha3blBaJOT cpopMyJIOH 5apKray-

3eHa. 

CT pH pa3pa6oTKe ycHJIHTeJieH MOW.HOCTH HHOrJl,a nepeXOJl.51T K pa6oTe c OTCelfKOH TOKa, 

)1,/151 lfero aa>1<Ho 3HaTb aeJIHlfHHY HanpH>KeHHH OTCelfKH npoXOJl.HblX xapaKTepHCTHK. CTpH -

6JIH>KeHHO ero MO>KHO onpeJ1.eJIHTb, eCJIH Ha ceMeHcTBe npOXOJl.HblX CTaTHlfeCKHX xapaKTe

pHCTHK OTMeTHTb pa604y10 TOlfKY, Bbt6paB CTaTHlfeCKYIO xapaKTepHCTHKY, COOTBeTCTBYIO

UJ.YIO HOMHHaJibHOMY aHOJl.HOMY ttanpH>KeHHIO. Ha 3TOH xapaKTepHCTHKe HY>KHO o603HalfHTb 

TOlfKY, COOTBeTCTBYIOUJ.YIO BeJIHlfHHe aHOJl.HOro TOKa paBHOro OTHOWeHHIO 5P/V,,. rJl,e p - Tpe-

6yeMa51 noJie3Ha51 MOW.HOCTb, OTJl,aBaeMa51 JiaMnOH B Harpy3KY, a Va - HOMHHaJibHOe aHOJl.

HOe HanpH>KeHHe. '4epe3 3TY TOlfKY HY>KHO npoaecrn KaCaTeJibHYIO K Jl,aHHOH CTaTHlfeCKOH 

xapaKTepHCTHKe, a TaK>Ke CeKYUJ.YIO - npHMylO, npOXOJ1.51UJ.YIO B «XBOCT» CTaTHlfeCKOH xa

paKTepHCTHKH, rJl,e aHOJl.HblH TOK o6paw.aeTC51 B J:WJib. 11CKOMOe HanpH>KeHHe OTCelfKH 

aHOJl.HOro TOKa 6yJ1.eT paBHO cpeJ1.HeMy apHcpMeTHlfeCKOMY Me>KJJY HanpH>KeHH51MH TOlfeK 

nepecelfeHH51 Jl.Byx BblWeHa3BaHHblX acnoMoraTeJibHblX np51MblX c OCblO a6CUHC ( OCblO ce

TOlfHblX HanpH>KeHHH ) . 
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Oco6eHHocr11 np11MeHeH1111 rerpoAOB 11 neHTOAOB e yc11n11ren11x JeyKoeoii lfOCTOTbl 

CTpaKrnqecKoe 3HaqeHHe nepseaHca (nocTOHHHOH npocTpaHcTBeHHoro 3apH,!I.a) -

3JJeKTpOHHaH JJaMna c 60JJbWHM nepseaHCOM Tpe6yeT MeHbWee aHOll,HOe HanpsuKeHHe ,ll,JIH 

ll.OCTH}!(eHHH 3all,aHHoro TOKa aHOll,a. KpoMe Toro, 6onbwol1 nepseaHc 3JJeKTpOHlml1 naM
nb1, no3BOJJSleT pa6oTaTb c ll,OCTaTOqHO HH3KHMH aHOll,HblMH HanpH}!(eHHSIMH, qTQ 6b1BaeT 

secbMa none3HO. 

1.9. Oco6eHHOCTM npMMeHeHMSI TeTponoe M neHTonoe 

B ycMnMT0flSIX 3BYKOBOM llOCTOTbl 

KaK Y*e 6bIJJO CKa3aHo Bb1we, 3KpaHHpy10w.asi ceTKa TeTpOll.OB H neHTOlJ.OB, cny*aw.asi 

,ll,JISI yMeHbWeHHSI CTaTHqecKOH npOXOll,HOH eMKOCTH (spell, KOTOpOH 6yll.eT noll,p06HO pac

CMOTpeH B rnaee 2) ll,OJJ}!(Ha 6b!Tb COell,HHeHa c 3eMJJeH no nepeMeHHOMY TOKY c nOMOW.blO 

6JIOKHposoqHoro KOHll.eHcaTopa. TaK}!(e Ha 3TY ceTKY ll.OJI}!(HO noll,aBaTbCH noJIO}!(HTeJib

Hoe HanpH}!(eHHe, HO 06bJqHO MeHbWee, qeM Ha aHOll,. 8 60JibWHHCTBe MaJIOMOW.HblX ycT

poHCTB ,ll,JISI nHTaHHSI aHOll,OB H 3KpaHHpyIOW.HX ceTOK HCnOJib3yeTCSI KaK npaBHJIO 06W.HH 

HCTOqHHK nHTaHHSI. 8 3TOM cnyqae, pa3HOCTb Me>KJlY Hanpsi}!(eHHSIMH nHTaHHH 3KpaHHpyIO

meH ceTKH H aHOll,a raCHTCSI Ha pe3HCTope 3a cqeT npoTeKaHHSI nOCTOHHHOrO TOKa 3KpaHH

py10w.eH ceTKH. TaKHM o6pa30M, u.enb nHTaHHH 3KpaHHPYIOW.el1 ceTKH scerll,a coll,ep}!(HT 

pa3BH3bIBalOW.HH (6JIOKHposoqHbIH) KOHll.eHcaTOp Cg2 H racsiw.HH pe3HCTOp Rg2, KaK, Ha

npHMep, B cxeMe ycHJJHTeJibHoro KacKa,u.a, npell,cTaeneHHoro Ha pHc. 1.37. Ha3HaqeHHe 

OCTaJibHblX 3JieMeHTOB cxeMbl TaKoe }Ke, KaK B YCHJIHTeJibHblX KaCKall,aX Ha TpHOll,aX, KOTO

pble 6yJJYT noll,po6Ho paccMOTpeHbI e rnase 3. 

+Ea 

- - - 1------1 

~-~--1 -- -- -- g2 

Vout 

ov 

Pnc. 1.37 YcUJtumeJtbHbtt1 1wcKaa na mempoae 
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OcHOBbl AeiicrBHll ycHnHrenbHblX npH6opoa 

B pa3JI.eJJe l. 7 TaJOKe o6cy)!(Jl.aJJocb, 4TO KJJaccH4eCKHM TeTpoJI.aM csoikrneHHO HC

KpHBJJeHHe aHOJI.HhIX CTaTH4eCKHX xapaKTepHCTHK B o6JJaCTH MaJJhlX aHOJI.HblX Hanp5DKe

HHH. npHMep TaKHX xapaKTepHCTHK npeJI.CTaBJJeH Ha pHC. 1.38. 

PHc. 1.38 Af.wiJHbte xapaKmepucmwcu mempoaa 

neperH6bI Ha KpHBhlX Bbl3BaHbl amopurmot13.MUCCueU C aHOJI.a H nepeXBaTOM BTOpH4-

HblX 3JJeKTpOHOB 3KpaHHPYJOW.eH ceTKOH. 3TO HBJJeHHe 6bIJIO noJI.p06HO paCCMOTpeHO 

B pa3JI.eJJ l. 7 H Ha3bIBaeTCH 8uHampOHHblM 3cpcpeKmOM. 
nepern6 KpHBblX aHOJI.HblX CTaTH4eCKHX xapaKTepHCTHK TeTpOJI.a, BCJJeJI.CTBHe .ll.HHaT

pOHHOro 3cpcpeKTa, Bhl3bIBaeT He TOJJbKO HCKa>KeHHe CHrHaJJa, OH TaJOKe HBJJHeTCH npH4H

HOH OTPHU.aTeJJhHOro BHYTpeHHero conpoTHBJJeHHH naMnbI, KOTOpoe MO>KeT BbI3bIBaTb 

npo6JJeMbl c ycTOH4HBOCTblO ( CKJJOHHOCTblO K asTOreHepaU.HH ), no 3TOH npH4HHe 4HCTbie 

TeTPO.ll.hl 6blJIH BCKOpe BhITeCHeHbl H3 npHeMo-yCHJJHTeJJbHOH TeXHHKH. TeM He MeHee, OHH 

JI.O cwx nop HaXOJI.HT urnpoKoe npHMeHeHHe B MOW.HbIX paJI.HonepeJI.aT4HKax. YTO >Ke Kaca

eTCH npHeMo-ycHJJTeJJbHOH TeXHHKH, TO 3.ll.eCb np04HOe MeCTO 3aHHJIH JJY4eBble TeTpOJI.bl H 

neHTOJl.bl, He o6JJaJI.aJOW.He HeJI.OCTaTKOM KJiaCCH4eCKOro TeTpOJI.a. 

JlY4eBOH TeTpOJI. TaK>Ke npeJI.nonaraeT HeKOTOpbie JI.OnOJJHHTeJJbHbie HHTepeCHbie 803-

MO>KHOCTH. HanpHMep, ecJJH y JJaMnb1 HMeJOTCH JI.Ba aHO.ll.8, H HH.ll.HBHJIYaJJbHble JIY4eo6pa-

3YJOW.He nJJaCTHHbl JJ.JJH Ka)!(Jl.oro H3 HHX, TO MO>KHO MOJIYJJHpOBaTb HanpH>KeHHe Me}!(,!ly 3TH

MH nJJaCTHHaMH, 4T06hI ynpaBJJHTb OTHOWeHHeM TOKOB, pa3JI.eJJHeMbIX Me}!(,!ly .ll.BYMH 

aHOJI.aMH. npHMep TaKOH JJaMnbI: 6AR8 - 3TO 3JJeKTpOHHaH JJaMna, pa3pa60TaHHaH rJiaB

HbIM o6pa30M npeHMYW.eCTBeHHO JJ.JJH JI.eKOJI.HposaHHH u.seTa B TeJJeBH30pax, HO OHa, TaK>Ke 

HCnOJJb30BaJJaCb B ayJI.HO TJOHepax, B KaCKaJI.e CMeCHTeJJ~ H B CTepeocpoHH4eCKOM JI.eKOJI.epe. 

06paTHMCH Tenepb K CBOHCTBaM CTaTH4eCKHX xapaKTepHCTHK neHTOJI.a H JJY4eBoro TeT

poJI.a. B JI.aJJbHeliwwx paccy)!(Jl.eHHHX ( B 3TOH H nocne,nyJOW.HX rnasax) MhI He 6yJI.eM JI.eJJaTh 

pa3JI.eJJeHHH Me}!(,!ly 3THMH pa3HOBH.ll.HOCTHMH 3KpaHHpOBaHHbIX JJaMn. l1x CTaTH4eCKHe 

xapaKTepHCTHKH HMeJOT npHMepHO OJI.HHaKOBblH BHJI., a BCnOMOraTeJJbHblH 3JJeKTPO.ll. (aH

THJI.HHaTpOHHaH ceTKa neHTOJI.a H JJY4eo6pa3yJOW.He nJJaCTHHbl ny4eBoro TeTpOJI.a) B 60JJb

llIHHCTBe cny4aes npocTO COeJI.HHHeTCH c KaTOJI.OM HJIH c 06W.HM npOBOJI.OM - 3eMJJeH. 

KorJI.a MbI Hccne,nyeM aHOJI.Hbie xapaKTepHCTHKH neHTOJI.a cna6hIX CHrHaJJOB, HanpHMep 

rnna EF86, CHHThIX npH HanpH>KeHHH Ha 3KpaHHPYJOW.eli ceTKe VC2 = l 00 B BHJI.HO, 'ITO 
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Oco6eHHOCTH npHMeHeHHll rerpOAOB H neHTOAOB e ycHnHTen11x JByKoeoii 11acrorbl 

aHOJJ.Hbie KpHBbie 6JJH3KH K ropH30HTaJ!bHblM JJHHHffM. J.fa 9TOro cpaKTa MO>KHO CJJ.eJJaTb 

HH>Kecne.ny10w.He noJJe3Hbie BbIBOJJ.bI. 

Bo-nepsbIX, xapaKTepHCTHKa neHTOJJ.a olleHb noxo>Ka Ha xapaKTepHCTHJ<Y 6HnOJJffpHo

ro TpaH3HCTOpa (CM. HH>Ke B pa3JJ.eJJe 1.11 ), H CBHJJ.eTeJJbCTByeT 0 TOM, 'ITO BHYTpeHHee 

conpOTHBJJeHHe JJaMnbI Jl.OCTaTOl!HO BblCOKO: JI.Jiff 60JibllJHHCTBO npaKTH'leCKHX npHMeHe

HHH - ero MO>KHO Cl!HTaTb cTpeMffW.HMCff K 6ecKoHel!HOMy. CneJJ.OBaTeJJbHO, BbIXOJJ.HOe 

conpOTHBJJeHHe neHTOJJ.HOro KaCK8JJ.a ycHJJeHHff npHMepHO paBHO conpOTHBJJeHHIO aHOJJ.

HOH Harpy3KH =RH ( noJJ.po6Hee CM. rnasy 2 ). 

Bo-BTOpbIX, aHOJJ. cnoco6eH pa6oTaTb npH Hanpff>KeHHffx HaMHoro 6JJH>Ke K 0 B, lleM 

TpHOJI. - n09TOMY MO>KHO noJiyqHTb 60JJbllJHH pa3Max BbIXOJJ.HOro Hanpff>KeHHff. 3TO HMeeT 

sa>KHbie nocneJJ.CTBHff JI.Jiff Ko::1cpcpHu.HeHTa none3Horo JJ.eHCTBHH, H JJ.enaeT neHTOJJ. xopo

lllHH BbI6opoM JI.Jiff KacKaJJ.OB BblCOKOro Hanpff>KeHHff H 60JJbllJOH MOW.HOCTH. 

B-TpeTbHX, npocpHJJb KpHBbIX Va, la neHTOJJ.a ( H nonynpoBOJJ.HHKosoro TpaH3HCTopa) 

ffBJiffeTCff 9KCnoHeHU.HaJibHblM, no9TOMy: 

la = cc ( 1 - exp-kVa). 
3To COOTHOilleHHe noKa3bIBaeT, 'ITO B neHTOJJ.e cpopMHPYJOTCff 3Hal!HTeJibHbie HelleT

Hble rapMOHHl!eCKHe HCKa>KeHHH no cpasHeHHJO c TpHOJJ.OM. HanpHMep, paccMoTpHM ycH

JIHTeJJb Ha neHTOJJ.e THna E55L npH aHOJJ.HOM TOKe la = 50 MA, c aHOJJ.HOH Harpy3KOH 

4,7 KOM H HCTOl!HHKOM aHOJJ.HOro nHTaHHff 410 B. KacKM pa3BHBaeT = 73 B JJ.eiicTBy10rn.e

ro 3Hal!eHHff BbIXOJJ.HOro nepeMeHHoro Hanpff>KeHHff Ha aHOJJ.e, no 9TOH npHl!HHe OH 6b!JI 

onpo6osaH Ha HCKa>KeHHff (noJJ.po6Hee CM. rnasy 3) npH BbIXOJJ.e = 50 B JJ.eiicTBy10w.ero 

JHal!eHHff. BcneJJ.CTBHe qero KaCK8JJ. HMen 1,3 % cyMMapHoro 3HalleHHff K09cpcpHu.HeHTa 

tteJIHHeHHbIX HCKa>KeHHH (Total Harmonic Distortion - THO), Ho oTMeTHM, 'ITO s cneKTpe 

3THX HCKa>KeHHH COJJ.ep>KaTCff MHOfOl!HCJieHHbie rapMOHHKH - BnJJOTb Jl.0 JJ.BeHaJJ.u.aTOH 

(pHC. 1.39). 
B OTJJHl!He OT neHTOJJ.a, npocf>HJJb aHOJJ.HOH KpHBOH TpHoJJ.a onpeJJ.eJJffeTCff cTeneHHOH 

38BHCHMOCTbJO: 

3TO ypasHeHHe MO>KeT 6b!Tb annpoKCHMHposaHO, HCnOJJb3Yff 6HHOMHHaJibHYIO nocne

tlOBaTeJibHOCTb, H XOTH OHa COJJ.ep>KHT KaK Hel!eTHbie (x3, x5, ... ) TaK H l!eTHble (x2, x4, ... ) 

'IJieHbl, yKa3b!Ba!Orn.He Ha l!eTHble H Hel!eTHbie rapMOHHKH, qJJeHbl yMeHbillalOTCff OlleHb 

6bICTpo ( 06bll!HO aBTOp He HMeeT Heo6XOJJ.HMOCTH paccMaTpHBaTb HX 3a npeJJ.eJiaMH illeC

TOM rapMOHHKH npH TeCTHposaHHH TpHOJJ.OB ). Mo>KHO snonHe o6ocHosaHo o>KHJJ.aTb, 'ITO 

TpHOJJ.bl npeHMyrn.ecTBeHHO reHepHpy!OT HeJIHHeHHbie HCKa>KeHHff no BTOpoii rapMOHHKe, 

KOTOpb!e B PffJJ.e cJiyqaes MOryT soo6w.e 6bITb HeHTpaJJH30BaHbl cxeMOTeXHHl!eCKHMH npH

eMaMH ( HanpHMep, B JJ.ByxTaKTHblX cxe_Max ycHJieHHff MOW.HOCTH, CM. rnasy 5 ). 

Tim C03JJ.aBaeMbIX KaCKaJJ.aMH ycHJJeHHff HCKa>KeHHH ffBJJffeTCff Ba>KHbIM, TaK KaK yxo 

6onee TepnHMO K lleTHbIM rapMOHHl!eCKHM HCKa>KeHHffM, lleM K Hel!eTHb!M, llaCTHl!HO noTO

MY 'ITO caMo yxo nopo>KJJ.aeT lleTHble rapMOHHl!eCKHe HCKa>KeHHff, a TaK>Ke, noTOMY 'ITO 
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OcHOBbl Aei:icre1111 yrnn11renbHblX np116opoe 

6oJiee BbICOKHe HelleTHbie rapMOHHKH He SlBJISllOTCSl MeJIOJJ.HllHO CBSl38HHbIMH c OCHOBHbIM 

MY3bIK8JlbHbIM TOH OM H 3BY48T KaK JJ.HCCOHHPYIOW.He. 

Tek Run ! Tri 'd ~~ . ..:.:. ~. :.!,.....j..,.""'l"'l.....,~::;;;;:;;:;:;;:;;~~;;:;;;;;;;;;;:;;;;;;;:;: ..... "M".....;~~~ 8: 54.6 db 
1 

• L\: 9.00 kHz : . 

··r·································· M • ' . -· .1.: ........................... . 
. n : 

. ll : ~ .... 1·: 1 .. : ... : .... :. 
n · ~l :··l:l·: ... : ... 

c:~::·······::~::1§:<r~1:c.::::::I?Ii5F~J B c·'ff~CJ.% ... J 

Pwc. 1.39 fleHmoo E55l, cneKmp ucKa:J/Cemu1 

1.10. HeK01opb1e eonpocb1 KOHCTPYKl.lMM 
M 1KcnnyaTal.lMM npueMo-yrnnu1enbHblX naMn 

llO.l Karon 

@: -73.0 dB 
@: 11.0kHz 

13 Jun 2002 
15:48:38. 

CaMbie nepsb1e 3JieKTpoHHbie JiaMnbI He CTbI.U.HJIHCb csoero npo11cxo)!{)J.eHHSJ, 6epyw.ero 

H8l(8JIO OT OCBeTHTeJibHbIX JiaMn HaKaJIHB8HHSl, H HMeJIH npSIMOH no)J.orpeB, npH KOTOpOM 

HCnOJib30BaJiaCb BOJibcj:>paMOB8Sl HHTb, CJIY)!{HBW8Sl OJJ.HOBpeMeHHO H K8TOJJ.OM. 80Jibcj:>paM 

HCnOJib30B8JICSl paHee H HCnOJib3YeTCSl cetillaC no TOH npHllHHe, llTO OH HMeeT caMylO Bbl

COKYIO TeMneparypy nJiaBJieHHSJ 113 scex tt3BeCTHbIX MeTaJIJIOB ( 3695 K HJIH 3422 ·c) H 

MO>KeT BbIJJ.epmHBaTb Harpes JJ.O TeMneparyp npHMepHo 3000 K. Heo6XOJJ.HMOH JJ.JISl H3Jiy

lleHHSJ B BHJJ.HMOM JJ.Hana3oHe cneKTpa. Xorn OT 3JieKTpoHHbIX JiaMn He Tpe6osaJIOCb ocse

w.aTb CBOHMH ornsiMH 60JibWOH ropoJJ., 6bIJIO 3KCnep11MeHTaJibHO o6Hapy>KeHo, llTO CHH

meHHe TeMnepaTypbl K8TOJJ.a 3HallHTeJibHO CHH>KaeT 3JieKTpOHHYIO 3MHCCHIO, n03TOMY 

nepBbie JiaMnb1 nOJIY4HJIH H3BeCTHOCTb KaK JiaMnbI sipKo ropsiw.11e. ToK 3MHCCHH KaTOJJ.a 

c e)J.HHHllHOH nJIOW.MH B ynpow.eHHOM BHJJ.e MO:>KeT 6bITb Bbipa>KeH: 
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HeKoropb1e eonpocbl KOHCTPYKllltM M 3Kcnnyara111111 np1teMo-yc11n11renbHb1X naMn 

_!!. 
I cx:T 2 exp kl, 

B KOTopoM, T - a6comornaH TeMneparypa Karn.11.a, T = ( +273, l 6"C); 
e - 3apH.ll. 3JieKTpOHa, 1,602 x l 0-19 KyJI; 

<I> - pa6oTa BhIX0.11.a 3JieKTpOHa c nosepXHOCTH KaT0.11.a B 3JieKTpOH-BOJihTax 

(== 4,5 38 .ll.JISI BOJib<f>paMa); 

k - nocTOHHHaH ooJihU,MaHa, 1,381 x l 0-23 ,ll)K/K; 

exp - ocHosaHHe HarypaJihHoro JiorapmpMa, == 2, 718. 
(CToJIHOCThlO ypasHeHHe TepM03JieKTpOHHOH 3MHCCHH Pwrnp.11.coHa-JlywMaHa 

npHB0.11.HTCH s CTpHJIO)KeHHH). 

3cpcpeKTHBHOCTh TepM03JieKTPOHHOH 3MHCCHH KaT0.11.a HBJ!ffeTCH OlJeHb Ba)!{HOH xapaK

repHCTHKOH, TaK KaK OHa He TOJlhKO onpe.11.eJIHeT noTepH Ha TenJIOBOe pacceSIHHe H onpe

.neJISieT 3HepronoTpe6JieHHe 06opy.11.osaHHH, HO ew.e H noToMy, lJTO Tenno, Bh1.11.eJIH10W.eecH 

npH Harpese .11.0JI)KHO pacceHsaThCH B oKpy)!{aiow.yio cpeey, He npHB0.11.ff K pa3pyweHH10 

JJ.pyrHX KOMnOHeHTOB CXeMhl. 0o3TOMY CTOHJia 3a.ll.alJa .ll.06HThCH MaKCHMaJibHOH 3MHCCHH 

JlJIH 3a.11.aHHOH MOW.HOCTH Ha KaT0.11.e, n03TOMY BCH HCTOpHH pa3BHTHH KaT0.11.a TeCHo CBH3aHa 

c .11.0CTH)!{eHHHMH XHMHlJeCKOH HayKH H npHJIO)!{eHHeM 3THX .11.0CTH)!{eHHH K 3MHTHpyiow.eA 

nosepxHocrn Karn.11.a. 

nepsoe 3HalJHTeJibHOe YJIYt.JllieHHe xapaKTepHCTHK Kamna 6bIJIO nOJIYt.JeHO nocJie Ha

HeceHHH TOpHH Ha nosepxHOCTb BOJibcppaMOBoro KaT0.11.a, KOTOpblH no3BOJIHJI He TOJlbKO 

ynyt.JUJHTh 3MHCCHIO, HO H CHH3HTb pa6ot.Jyio TeMneparypy Karn.11.a .11.0 1950-2000 K, lJTO 

OblJIO cyw.ecTBeHHO HH)!{e paHee HcnoJib30saswHxcH TeMneparyp, .11.oXO.ll.fflil.HX .11.0 3000 K. 
3TO CHH)!{eHHe TeMneparyphl 6blJIO OlJeHb Ba)!{HbIM, TaK KaK 3JieKTpOHHbie JiaMnbI pacceH

B3JIH Tenno 3a ClJeT H3Jiyt.JeHHH, a s cooTBeTCTBHH c 3aKOHOM CTecpaHa BbI.11.eJIHIOW.aHcH 

MOl.llHOCTb paBHa: 

E = crT\ 

rJJ.e E - MOlll.HOCTb, BbI.11.eJIHIOW.aHcH Ha e.11.HHHlJHOH nnow.a.11.H; 

cr - nocTOHHHaH CTecpaHa, 5,67 x 10-s 8T/K4M2; 

T - a6conioTHaH TeMneparypa. 

TaKHM o6pa3oM, .ll.JIH noMep)!{aHHH TeMneparypbI 1975 K Tpe6yeTCH TOJibKO 0.11.Ha nH

raH TOH MOW.HOCTH, KOTopaH He06X0.11.HMa .ll.JIH KOMI1eHCaU,HH noTeph, Bhl3BaHflhlX TenJIO

BblM H3JIYt.JeHHeM, no cpaBHeHHIO c MOW.HOCTbIO, Heo6X0.11.HMOH .ll.JIH nO.ll.Jl.ep)!{aHHH TeMne

paryphl 3000 K. TaKOH THn JiaMn HHor.11.a BCTpet.JaeTCH no.11. Ha3BaHHeM MaTOBhlH (TYCKJiblH) 

3MHTTep. Xorn 3MHCCHH B03pOCJia scero B.11.BOe, CHH)!{eHHe MOW.HOCTH HarpesaTeJIH B nHTb 

pa3 03HalJaJIO, lJTO o6w.aH 3cpcpeKTHBHOCTb HOBOro KaT0.11.a yseJIHlJHJiaCb B .11.eCSITb pa3. 

PeaJibHoe ynyt.JrneHHe xapaKTepHCTHK KaTo.11.a npHwJio c Hcnonb30BaHHeM OKCH.11.HblX 

noKpbITHH Karn.11.os, pa6ot.JaH TeMnepazypa KOTOpbIX cocTaBJIHJia scero npHMepHo 1100 K, 

a o6w.aH 3cpcpeKTHBHOCTh no cpaBHeHHIO c lJHCTO BOJibcppaMOBbIM KaT0.11.0M B03pOCJia 

B l 00 pa3. HanpHMep, y)!{e B 1929 ro.11.y 6arnpeI1HaH naMna P2 l 5 HMeJia Karn.11. npHMoro 
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OcHOBbl Aeiina11R yc11n11renbHblX np116opoa 

HaKaJJHBaHHff c noKpbITHeM H3 OKCH.na 6apHff, .!I.Jiff KOTOporo Tpe6osaJJOCb Hanpff>KeHHe 

scero 2B npli TO Ke 150 MA, ( pHc. I . 40 ). 

TipOH3B0.!1.HTeJJH JJaMn 4aCTO o6JJa,!1.aJJH npaBOM co6cTBeHHOCTH Ha COCTaBbl, HCnOJJb3Y

IO!UHeCff .!I.Jiff KaT0.!1.HblX noKpbITHH, TaK, HanpHMep, KOMnaHHff J. T. Baker Company BbI

nyCKaJJa pOCKOWHO Ha3BaHHbie «Pa.nHOCMeCH N2 3», KOTOpble COCTOffJIH H3 57,3% Kap6o

HaTa 6apHff, 42,2% Kap6oHaTa cTpOHU.Hff H 0,5% Kap6oHaTa KaJJbU.Hff. K seJJH4atiweMy 

CO)!{aJJeHHIO, 3Ta CTp~mm1 T04HO He HMeJJa HHKaKoro OTHOWeHHff K anoKpH4>H4eCKOMY ( l:O

MHHTeJJbHOMY) «.D106osH0My HanHTKy N2 9». 

Xorn KaTO.n H3roTOBJieH H3 4HCToro BOJJbcppaMa, aKTHBHbJH 3MHCCHOHHblH cJJoti Ha no

sepxHOCTH KaTO.na HMeeT 04eHb MaJJeHbKylO TOJl!UHHY H, CJJe.nosaTeJibHO, 04eHb HeCTOH

KHH . BaKyyM s KOJJ6e J1aMnb1 HHKor.na He 6b1saeT H.neaJJbHbIM, no3TOMY B npocTpaHCTBe 

Me>K.LIY KaT0,!1.0M H aHO,!l.OM JJaMnbl scer.na HaXO,!l.HTCH MOJJeKyJJbl nocTOpOHHHX ra30B. TioKa 

KaTO.n He pa3orpeT, aH0.!1.HblH TOK OTCYTCTByeT, no3TOMY Ha aH0.!1.HOH Harpy3Ke na.neHHe 

HanpH>KeHHff OTCYTCTByeT, s CHJJY 4ero aH0.!1.HOe Hanpm1<e1me Va .nocTHraeT 3Ha4eHHff, pas

HOro nOJJHOMy HanpH>KeHHIO BblCOKOBO.hbTHOfO HCT04HHKa nHTaHHff. 

PHc. 1 .40 Jla.Mna P2 I 5 c 1wmoiJoM npRMOCO naKaAa, 
u.Me10u{eeo oKcuiJHoe noKpbtmue 

TI pH HarpesaHHH KaTO.na 3MHTHposaHHble 3JleKTpOHbl ycTpeMJlfflOTCff K aHo.ny, Ha CBOeM 

nyTH 4aCTb 3JJeKTpOHOB cTaJJKHsaeTcH c MOJJeKyJJaMli ocTaTo4HblX ra3os H, o6JJa.naff Bb1co

KOH 3Heprneti, npOH3BO.!l.ffT HOHH3aU.HIO 3THX ra30B (aH0.!1.HOe Hanpff>KeHHe npH 3TOM H3Me

HffeTCff npeHe6pe>KHMO MaJJO ). TioJJO)({HTeJJbHble HOH bl MOJJeKyJI ra3a ycTpeMJJfflOTCff KOT

PHU.aTeJJbHO 3apH)({eHHOMY KaTO.ny, H, o6JJa.naff .nocTaT04HOH cKopocTblO, 60M6ap.nHpy10T 

ero, pa3pywaff nosepxHOCTHbIH cJJoti . EcJJH 3TOT npou.ecc pa3pyweHHH noKpblTHH KaTO.na 

npO.!l.OJl)({aeTCff .!l.OCTaT04HO .!l.OJlfO, TO 3MHCCHOHHOe noKpblTHe KaTO.na MO)({eT 6b1Tb 

B 3Ha4HTeJlbHOH CTeneHH nospe)({.!l.eHO, npH 3TOM KaTO.!l.bl c OKCH.!1.HblM noKpblTHeM MOryT 

nospe)({.!l.aTbCH JJer4e, 4eM BOJJbcppaMOBb1e·KaTo.nb1 c noKpblTHeM H3 TOpHH. Tio3TOMy, ecJJH 

aMnJJHTY.!l.HOe 3Ha4eHHe Va npeBblW~eT 2 KB, npe.nno4THTeJJbHee HcnoJJb30BaTb J1aMnb1 

c TOpHpOBaHHblMH KaTO,!l.aMH. TIOCKOJlbKY KaT0,!1.bl H3 4HCTOfO BOJJbcppaMa He 3aBHCHT OT 

CBOHCTB MOHOMOJleKyJJHpHoro 3MHTHpy1omero noKpblTHH, HOHHaH 6oM6ap.nHpOBKa Ha HHX 

npaKTH4eCKH He BJ!HffeT. 
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HeKoropb1e eonpocb1 Ko11crpyK111111 11 JKCnnyara111111 np11eMo-yc11n11renbHblX naMn 

Cnoco6oM, H36aBJIHIOI.I.J.HM KaTOJI. OT HOHHOH 6oM6apJI.HpOBKH, HBJIHeTcH C03JI,aHHe KaK 

MO.>KHO 6onee rny6oKoro saeyyMa s 6aJIJIOHe JiaMnbI. )l.nH JI.OCTH.>KeHHH 3TOro cymecTByIOT 

pa3JIH'-1Hble TeXHH'leCKHe npHeMbl. 

BTOpOH npo6JieMOH KaTOJI,OB c OKCHJl,HblMH noKpblTHHMH HBJIHeTCH, TaK Ha3bIBaeMOe, 

OTpaBJieH1'1e KaTOJl,OB. flpH BblCOKOH pa6o'-leH Te'MnepaType KaTOJI,a, HO npH OTCYTCTBHH 

TOKa JiaMnbl HJIH ero O'-leHb MaJieHbKHX 3Ha'-leHHHX, Ha nosepXHOCTH paaJI,eJia Me.>KJJY OKCH· 

JI.OM 6apHH H HHKeJieM, H3 KOTOporo H3rOTOBJieH caM KaTOJI., o6paayeTCH BblCOKOOMHblH 

npoMe.>KYTO'-IHbIH CJIOH opTOCHJIHKaTa 6apHH. ConpornsneHHe npoMe.>KYTO'-IHoro CJIOH 

CHJ!bHO CHH.>KaeT 3MHCCHOHHYIO cnoco6HOCTb noKpblTHH, HO 6onee cepbe3HblM HeJI,OCTaT

KOM HBJIHeTCH TO, '-ITO OH yseJIH'-IHBaeT UJYMbl, reHepwpyeMble JiaMnOH. 

0TpaBJieHHble KaTOJI,bl MOfYT 6b1Tb nocTeneHHO BOCCTaHOBJieHbl npH pa6oTe JiaMnbl 

c BblCOKHMH 3Ha'-leHHHMH aHOJI,Horo TOKa . .lI.pyrnM MeTOJl,OM, '-laCTO HCnOJibayeMb!M .ll.JIH 

:;>JieKTpOHHblX nyweK o6bI'-IHblX TeJieBH3HOHHblX KHHeCKOnOB, HBJIHeTCH MeTOJI. «OMOJIO.>Ke

HHH »' KOTOpblH aaKJIIO'-laeTCH BO BpeMeHHOM nOBblUJeHHH HanpH.>KeHHH HaKaJia KaTOJI,a JI.Jiff 

yBeJ!lt'-leHHH ero TeMnepaTypbl Harpesa H OJI,HOBpeMeHHOM yseJIH'-leHHH aHOJI.HOro TOKa. 

Dpw wcnoJib30BaHHH 3Toro MeToJI,a cne.nyeT yqHTbIBaTb pwcK wcnapeHHH '-laCTH 3MHCCHOH· 

Horo noKpblTHH H aarpHaHeHHH npo.nyKTaMH wcnapeHHH pacnono.>1<eHHOH pHJI.OM ynpaB

JIHIOI.I.J.eH ceTKH. 

)l.nH npeJI.OTBpameHHH TaKHX HBJieHHH, KaK o6Ha.>KeHHe KaTOJI,a, TaK H ero OTpaBJieHHe, 

MO.>KHO noCTOHHHO noJI.JI.ep.>KHBaTb HanpH.>KeHHe nHTaHHH noJI,orpeBaTeJieH KaTOJI,a Ha ypos

He, KOTOpblH 6yJI.eT COCTaBJIHTb npHMepHO 63 % OT nOJIHoro 3Ha'-leHHH, a noJIHOe HanpH.>Ke

HHe nHTaHHH noJI,orpesaTeJieH noJI,aBaTb TOJibKO B pe.>KHMe noJIHOH Harpy3KH. BeJIH'-IHHa 

63% He HBJIHeTCH KaKOH-TO MHCTH'-leCKOH umppoii, npocTO 3TO TO 3Ha'-leHHe, KOTopoe 

6b1JI0 onpe.neJieHo B xo.ne 3KcnepwMeHTOB no npoJI.JJeHHIO cpoKa cny.>1<6b1 JiaMn, H KOTopoe 

CHH.>KaeT BpeMH nporpeBa JiaMn Plumbicon c OKCHJl.HpOBaHHblMH KaTOJl.aMH, KOTOpble npH

MeHHJIHCb B nocne.nHeM noKOJieHHH useTHblX TeJieBH3HOHHblX KaMep, HCnOJib3Y!OI.I.J.HX JiaM-

nOBble npHeMHHKH H306pa.>KeHHH. ' 

HenpHHTHblM no6o'-IHbIM 3cpcpeKTOM JI.JJH rnpHposaHHbIX BOJibcppaMOBbIX KaTO.nos HB

m1eTCH TO, '-ITO OHH OKa3blBa!OTCH O'-leHb JIOMKHMH, no3TOMY TaKHe THnbl JiaMn, KaK, HanpH

Mep, 211, 3008, 813 H 845 Tpe6yIOT '-Ipe3Bbl'-laHHO aKeyparnoro o6pameHHH H He Jl,OJI.>KHbl 

no.nsepraTbCH HHKaKHM MexaHH'-lecKHM y.napaM. TopwposaHHaH BOJibcppaMoBaH HHTb npH

MOHaKaJibHOro KaTo.na npeJI.cTaBJIHeT TOHKYIO nposoJioey, '-lacTo HMe10my10 W-o6pa3HYIO 

<f>opMy, KOTopaH CJierKa HarnrnsaeTCH npy>KHHaMH (pHC. 1.41 ). 
K co.>KaJieHHIO, Tennosoi'.i yJI.ap TaK>Ke nospe>l<,ll.aeT naMnb1 c TOpHposaHHbIMH BOJibcp

paMOBbIMH HHTHMH. Hay'-leHHe cpoKa cny>1<6b1 JiaMn MOI.I.J.HblX paJI,HonepeJI,aT'-IHKOB, Bbl

nonHeHHbie B 1994 r. noKa38JIH, '-ITO K8>1<,ll.blH UHKJI HX BKJIIO'-leHHH-BblKJI!Ol[eHHH COKpa

w.aeT cpoK CJiy>K6bl npHMepHO Ha 0,2% OTHOCHTeJibHO MaKCHM8JlbHO B03MO>KHOrO cpoKa 

cJiy.>K6bI, COCTaBJIHIOI.I.J.ero 30 TblC. '-laCOB. 3Ta uHcppa noHa'-laJiy He BbffJIHJl.HT O'-leHb 

ycTpawa10meH, OJI,H8KO, 500 UHKJIOB BKJIIO'-leHHH-BblKJllO'-leHHH BblBeJI,eT HHTb H3 CTpOH, 

no3TOMY eCJIH JiaMna 6yJI,eT BKJII0'-18TbCH H BblKJIIO'-laTbCH Ka>l<,ll.blH JI,eHb, TO cne.nyeT 

O>KHJl.aTb '-ITO MeHee, '-le_M '-Iepe3 17 MeCHUeB, OHa BblHJl.eT H3 CTpOH. HeyJI,HBHTeJibHO, '-ITO 

JIHU8, 3aHHM8!0I.I.J.HeCH paJI,HOBemaHHeM, neCCHMHCTH'-leCKH oueHHJIH pe3yJihTaTbl 3THX 

HCCJieJI,OB8HHH H aaHHTepeCOB8JIHCb, K8KHM o6pa30M cpOK CJiy.>K6bl JiaMn Mor 6bl 6bITb 

yseJIH'-leH. 
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. i 

,J 
PHc. 1.41 HamR.JICeftue W-o6pa3ftOU liumu npR.MOftaKaAbliOCO BOAb</JpaMoeoco 

Kamooa, uMe10U{e20 noKpbtmue u3 mopuR., c ucnoAb30BaftueM 
n1tacmuftttambtX npyJ1Cuft 

Cyw.ecTByeT .!I.Be OCHOBHble npH'-IHHbl, no KOTOpblM UHKJI BKnl04eHHH-BbIKnl04eHHff Ha-

HOCHT Bpe.n TOpHpOBaHHOH BOJlbcppaMOBOH HHTH: 

KaK TOJlbKO TeMneparypa HHTH .nocrnraeT npHMepHO 900 K, B pe3yJlbTaTe nei1CTBHfl 

3cpcpeKTa MHnnepa-JlapcoHa (Miller-Larson) npoHCXOllHT nepeopHeHTaUHH 3epeH 

MeTanna , ·B pe3ynbTaTe 4ero HHTb cTaHOBHTCH MHHHee H TOHbwe . K co>KaneHHIO, 

eCJIH KaKOH-HH6Yllb yqacTOK HHTH CT3HOBHTCH 4YTb TOHbWe, yseJIH4HBWaHCff nnoT
HOCTb TOKa Ha 3TOM yqacTKe Bbl30BeT ero JIOK3JlbHblH neperpeB, KOTOpblH ycyry6-

JlffeT nei1CTBHe 3cpcpeKTa MHnnepa-J1apcotta H BbI3bIBaeT nanbHei1wee yMeHbWeHHe 

nonepe4HOro ce4eHHH HHTH. TaKHM o6pa3oM, noKaJibHOe yMeHbWeHHe nonepe4Horo 

Ce4eHHff npHBOJlHT K o6pa30B3HHIO ll0CT3T04HO 60JlbWHX yrny6neHHH, B pe3yJibTa

Te 4ero coxpaHHIOW.HHCH ll0CT3T04HO 60JlbWHM TOK, npoTeKalOW.HH no npOBOJlffW.e

MY MaTepHany, HMeeT TaKHe BbICOKHe 3Ha4eHHH noKaJibHOH nnoTHocrn, KOTOpb1e 

npHBOllffT K JIOK3JlbHOMY pa3orpesy, Jl0CT3T04HOMY Jlnff HCnapeHHff MaTepHana H 

o6pbrna HHTH HaKana ; 

• conpOTHBJleHHe XOJIOJlHOH HHTH HaKana COCT3BJIHeT scero OllHY necHTYIO 3Ha4eHHff, 

xapaKTepHoro Jlnff HarpeTOH HHTH, cnenosaTeJlbHO, Ha4aJlbHblH TOK XOJIOllHOH HHTH 

B l 0 pa3 npeBbIWaeT 3Ha4eHHe HOMHHaJlbHOro pa6o4ero TOKa. Pe3KHH 6pocoK Ha-

43JlbHOro TOKa, npoxonm.1.1,ero no HHTH, B3aHMOJleHCTBYH c MarHHTHblM noneM 3eM

JIH, BbI3bIBaeT cna6oe OTKnOHHIOW.ee B03MyW.eHHe. CosMeCTHO c nei1cTBHeM 3cp

cpeKTa MHnnepa -J1apcoHa . 3TOT 3cpcpeKT ew.e 6onhwe ysenH4HBaeT HeposHocrn Ha 

nosepxHoCTH xpynKoi1 HHTH. BbI3BaHHbie nospe.>KlleHHH nponopuHoHaJJbHbI Tpe

Tbei1 CTeneHH H34aJlbHOro TOKa, no3TOMY .!I.Jiff naMn peKOMeH.nyeTCff HCnOJlb30BaTb 

pe.>KHM « nnaBHOrO BKnl04eHHH » HaKaJlbHOro HanpH>KeHHff . 

B TOM cnyqae, ecnH 4HTaTenb npHo6pen KBapTeT nocTaT04HO noporocTOHW.HX naMn , 

HanpHMep rnna NOS 845, OH 6y.ner 3aHHTepecosaH ycTpaHHTb nocne.ncTBHH OT nei1cTBHH 

3cpcpeKTa MHnnepa-J1apcoHa H, B03MO.>KHO, 3aX04eT noCTOHHHO nHTaTb HHTH HaKana Ha 

npH>KeHHeM, COCTaBJIHIOW.HM 60-80% OT HOMHHaJlbHOro 3Ha4eHHff, H yseJIH4HBaTb Ha

npH>KeHHe no nonHoro 3Ha4eHHHTOJlbKO npH nonHoM BKnl04eHHH. OnHaKo, cne.nyeT 3aMe-
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THTb, lJTO 3TOT np11eM COKpamaeT (TpaTHT) JI,1111TeJibHOCTb 3Ml1CCl10HHOH cnoco6HOCTH 

c 11HTeHCl1BHOCTblO, COCTaBJISllOl.l.J.eH I % OT 3HalJeHl1H, xapaKTepHoro JI,llSI 3KCnJiyaTau1111 

c HOMl1HaJibHbJM 3HalJeHHeM HanpH>KeHHSI. 

B caMblX nepsbIX JiaMnax JI,llH no.u.orpesa npHMOHaKaJibHbIX KaTo,u.os 11cnoJib30BaJI11Cb 

6arnpeH CB11HUOBbIX aKKYMYJIHTOpOB, n03TOMY 11cnOJib30BaJIHCb HanpH>KeHHH, KpaTHbie 

3Ha'leHHIO 2 B. Heo6xo,u.HMOCTb nep110,u.11qecK11 c.u.asaTb rnmeJieHHYIO aKKYMYJIHTOPHYIO 

6arnpel0 B MeCTHbIH pa,U.HOMara311H JI,llSI no,u.3apH,ll.KH 6bJJIO ,ll.OCa,ll.HOH HenpHHTHOCTblO, 

no3TOMY B 6oJiee no3.U.HHX KOHCTPYKUHHX JiaMn MH n11TaHHH uenei'.i HaKaJia 11cnoJib30-

saJIHcb noHH>KeHHble Hanpsi>1<eH11si nepeMeHHoro TOKa npoMbilllJieHHOH lJaCTOTbI. K co

)KaJieHHIO, 11CnOJib30BaH11e JI,llSI no.u.orpesa KaTO,ll.OB nepeMeHHOro TOKa npHBeJIO K no

HBJieH1110 socnp11Hl1MaeMoro Ha CJiyx cpoHa nepeMeHHOro TOKa, o6SI3aHHOro CBOl1M 

npo11cxo)K,ll.eHHeM TpeM OCHOBHbIM MexaHl13MaM, KOTOpbie nepe1.!11CJieHbl HH>Ke B nopsi.u.

Ke 11X 3Hal.!11MOCTl1. 

ll0.2. flpo6neMbl, CBR:JOHHble c HOKOROM naMn 

1.10.2.l. 061.qHe 3DMe"IDHHH 

H11Tb HaKaJia .U.OJI)l{Ha 113r-0TaBJI11saTbCH 113 otJeHb TOHKOH nposonoK11, 06ecnelJ11sa10mei'.i 

BblCOKOe conpOTl1BJieH11e 11 no3BOJISllOl.l..leH np0113BO,ll.11Tb ee Harpes cpaBHHTeJibHO He60Jib

llll1Ml1 TOKaM11, KOTOpbie He noTpe6ylOT 11CnOJib30BaHHSI OlJeHb TOJICTbIX npOBO,ll.OB B o6MOT

Kax HaKaJibHoro TpaHccpopMaTopa. TaK KaK 11cnoJib3yeMbIH nposo.u. OlJeHb TOHKl1H, Macca 

Hl1Tl1 6y.u.eT OlJeHb MaJia (KaK 11 ee TenJIOBaH l1Hepu110HHOCTb), no3TOMY TeMneparypa Hl1Tl1 

6y.u.eT B ·coCTOHHHH lJaCTl1lJHO OTCJie>KHBaTb H3MeHeHl1SI no,U.BO,ll.11MOH MOl.l.l.HOCTl1 • .LI.aHHblH 

3<flcpeKT MO>KeT 6bITb 6oJiee SICHO npe,u.CTaBJieH, eCJIH npocJie,ll.11Tb 3a CBeTOM cpap aBTO

M0611JIH: nocJie BblKJllOlJeHHSI ,u.aJibHero CBeTa TOJICTbie cnHpaJIH JiaMnO'leK nocTeneHHO 

Me)l,lleHHO raCHYT, Tor.u.a KaK 06bilJHbie ,ll.OMallJHHe JiaMnbI HaKaJI11BaHHSI TO'IHO TaKOH >Ke 

MOl.l.J.HOCTl1 c TOHeHbKl1M BOJIOCKOM nepecTalOT CBeTl1TbCSI ropa3,U.O 6bJCTpee. TaK KaK 3M11C

Cl:IOHHaSI cnoco6HOCTb KaTO,ll.8 3JieKTpOHHOH JianbI MOJJ.YJI11pyeTCSI MOl.l.J.HOCTblO Harpesa, 

KOTOpasi nponopuHOHaJibHa KBa.u.pary TOKa p 11JIH KBa,u.pary HanpH>KeHHSI V2, nepHO,ll.11lJe

CKl1 MeHHIOl.l.J.aHCH BeJil1lJl1Ha HanpH>KeHl1SI (np11 nHT8Hl1H Hl1TeH HaKaJia nepeMeHHbIM TO

KOM) Bbl3bJBaeT B03H11KHOBeHl1e cpoHOBoro lllyMa c lJaCTOTOH, paBHOH y.u.soeHHOMY 3HalJe

Hl:llO lJaCTOTbl nepeMeHHOro TOKa ceTH nHTaHl1SI. 

1.10.2.2. npo6neMbl JneKTpOCTOTHKH 

Oa,u.eH11e HanpH>KeHHH, B03HHKalOl.l..lee B,ll.OJlb HHTl1 HaKaJia, BJil1HeT Ha BeJil1lJl1HY HanpH>Ke

Hl:ISI Me>KJJ.Y ceTKOH 11 KaTO,ll.OM vgk" 3TO npOHCXO.U.HT noTOMy, lJTO eCJIH paCCMOTpeTb KaKylO

Hl:l6y.LI.b TOlJKy, nO.LI.KJIIOlJeHHYIO K TOlJKe-HyJieBoro noTeHuHaJia BbICOKOBOJibTHOro 11CTOlJHl1 • 

Ka, TO .u.pyrne TOlJKl1 HHTH HaKaJia 6yJJ.YT HMeTb Y*e OTJll1lJHble OT Hee (H H3MeHHIOl.l.J.HeCH) 

noreHuHaJibI. EcJI11 K TOl.!Ke HyJiesoro noTeHu11ana BbICOKOBOJibTHoro HCTOlJHHKa n11TaH11H 

RO)lKJllOlJHTb ueHTpaJibHYIO TOlJKy HHTH HaKaJia, TO Ha ee KOHUaX 6yJJ.YT paBHbie, HO npo-
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THBOnOnO>KHbie no 3HaKy, noTeHUHanbI. no9TOMy, O,!lHa qaeTb HHTH 6y.ner 9MHTHpOBaTb 
60nbWe 9neKTpOHOB, qeM .npyraH. npH 9TOM 3aBHeHMOeTb aHO,!lHOrO TOKa OT HanpH>KeHHH 
Vgk Bbipa>KaeTeH: 

Ba>KHoerb 9Toro 3aKoHa, Ha3bIBaeMoro «3aKOHOM ereneHH rpex sropbIX» 3aKJJIOqaereH 
\ 

B TOM, qro H36bITOqHaH qaeTb 9neKTpOHOB, 9MHTHpoBaHHbIX H3 tfonee nono>KHTenbHOH qaerH 
HHTH HaKana, B roqHoeTH He KOMneHeHpyer He,noeraTOK 9neKTpOHOB, 9MHTHpyeMbIX H3 .npy
rotl qaeTH. 3ror ,llHe6anaHe npOHBnHeTeH HaH6onee HBeTBeHHO, Kor.na HanpH>KeHHe Heroq
HHKa nHTaHHH HHTH eoorserersyer MaKeHMaJJbHOMY HnH MHHHManbHOMY aMnnHry,llHOMY 3Ha
qeHHIO, TO eeTb 9TOT MexaHH3M TaK>Ke reHep11pyer cpOHOBbIH wyM HeroqHHKa n11raHHH, qaerora 
Koroporo raK>Ke 6y.ner paBHa y,llBoeHHOMY 3HaqeHHIO qaeroTbI eeresoro HanpH>KeHHH. 

trpo6neMbl rennoBOH HHepUHOHHOeTH H 9neKrpoeraTHKH B03HHKaIOT npH nHTaHHH ue
neH no.norpeBaTeneH HanpH>KeHHeM eHHyeoH,nanbHOH cpopMbl. npH Henonb30BaHHH He
roqH!.fKa nHTaHHH e KOne6aHHHMH npHMoyronbHOH cpopMbl ,naHHbie npo6neMbl npoHBnHTb
eH He 6y,nyr, xorn H36asneHHe OT noHBneHHH BbieWHX rapMOHHK B uenH 3BYKOBOro rpaKra, 
eBH3aHHblX e Han11q11eM napa3HTHOH eMKOeTH no,norpesarenb·KaTO,ll Cilk' OKa>KeTeH B 9TOM 
enyqae ,llOBOnbHO eno>KHOH 3a,naqeA. . 

. 1.10.2.3. 3neKTpOMOrHHTHble npo6neMbl H KOTOAbl KOCBeHHOro HOKOna 

MarHHTHOe none, B03HHKaIOill.ee BOKpyr HHTH HaKana npH npoxo>K,lleHHH TOKa, HeKpHBnHeT 
rpaeKTOpHIO ,!lBH>KeHHH 9neKTpOHOB, B e11ny qero HeKoropaH HX qaeTb He .noer11raer aHo.na. 
Kor.na B uen11 HaKanHBaHHH nporeKaer nepeMeHHbIH TOK, BeKrop e11nb1, .netleTByIOill.eH Ha 
9neKTpOHbl, H3MeHHeTeH e H3MeHeHHeM nepeMeHHOro TOKa, no9TOMY 9TOT MeXaHH3M OT
BeTeTBeHeH 3a cpoHOBbIH wyM, qaerora Koroporo eosna.naer e qae-'rorotl nepeMeHH?ro 
TOKa 11eroqH11Ka nHTaHHH. 

Xorn 11encinb30Ban11eb pa3JJHqHbie no.nxo,nbI K peweHHIO .naHHbIX npo6neM, HaHnyqUIHM.1 

peUieHHeM Bee >Ke OKa3anoeb npHMeHeHHe Karo.nae KOeBeHHbIM no.norpeBOM, KOr,na MarepH
an, 06eeneq11BaIOill.HH BbleOKYIO 9MHeeHIO 9neKTpOHOB, HaHoeHneH Ha rpy6qaTblH Marep11an, 
paenono>KeHHbIH BoKpyr HHTH, KoropaH nonyq11na Ha3BaHHe no.norpesarenb Karo.na. Xorn 
oeHOBHaH H,lleH nareHTa H He 6b1na B esoe BpeMH oqeHb qerKO ecpopMyn11poBaHa, OHa 3aKJJIO
qanaeb B TOM, qro eCJJH Karon rpy6qaroA KOHcrpyKUHH HMeer .noeraroqHyIO rennosy10 HHep
UHOHHOeTb, TO OH He 6y.ner B eoeTOHHHH 6b1erpo OTeJie>KHBaTb see H3MeHeHHHMH TeMnepary- . 
pbI .noeraroqHo roHKoro nposo.na HarpesarenH. TaK KaK TOK HarpesarenH He npoxo.n11n no 
rpy6qaTOMY Karo.ny, TO Bee ero roqKH nosepXHOeTH HMenH O,llHHaKOBblH noreHuHan, B e11ny 
qero OH nonyq11n Ha3BaHHe 9KBHnoreHUHaJJbHoro Karo,na. TaK 6b1n11 peweHbI npo6neMbI 
9neKrpoerarHKH. Een11 .zvm rpy6qaroro Marep11ana raKoro no.norpesHoro Karo.na 11enonb30-
saneH MaI;HHTHblH Marep11an, HanpHMep, HHKenb, TO OH 9KpaHHpOBan MarHHTHOe none HHTH 
Ha Kana, 3Haq11renbHO eHH>KaH 9neKTpoMarHHTHbie npo6neMbl. 

TaK KaK oeHOBHOH 3a,naqetl Karo.na e KOeBeHHblM no.norpeBOM HBnHnoeb eHH>KeHHe cpo
HOBOro UiyMa, TO 9neKrp11qeeKoe HanpH>KeHHe HeroqHHKa nHTaHHH, Henonb3YIOill.eeeH .ll.JIH 
no.norpesa Karo,na, .non>KHO 6b1no 6bITb 9neKrp11qeeKH H3oni1poBaHO OT nosepxHoerH rpy6-
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'!aToro Karo.n.a, c KOTopot'.i 3MHntpoBaJIHCb 3JieKTpOHbI. K co.>KaJieHHIO, xopourne JJ.H-

3JJeKTpH'!eCKHe MaTepHaJibl 06na.11.a10T OJJ.HOBpeMeHHO H xopOllIHMH TenJIOH30JISIU.HOHHblMH 

csot'.icTBaMH. HanpHMep, Tennosoe conpontBJieHHe raKoro JJ.H3JieKTpHKa, KaK .n.syoKHCb 

an10MHHHS1, Tpe6yeT, '!T06b1 no.n.orpesaTeJib HMeJI pa6oqy10 TeMneparypy I 650 K. JJ.JJSI 

Toro, '!T06bt TeMneparypa KaTo.n.a cocraansina I I 00 K. CTo3TOMY KaTOJJ.bI KOCBeHHOro no

.n.orpesa n0Tpe6JIS110T 6oJibllle 3HeprnH no cpasHeHHIO c npsiMoHaKaJibHblMH Karo.n.aMH. 

TaK.>Ke JJ.JJSI HHX Tpe6yeTcsi 6oJibllle speMeHH, '!T06bt .n.ocnt% pa6oqet'.i TeMneparypbt, o.n.Ha

Ko Jl.JJSI MaJIOCHrHaJibHblX npHeMo-yCHJIHTeJibHblX JiaMn CHH.>KeHHe cpOHOBOro llJYMa SIBJISl

eTCSI HaCTOJlbKO Heou.eHHMbIM npeHMYlll.eCTBOM, 11TO MeJJ.JJeHHblH nporpeB H yseJIH11eHHe 

TIOTpe6nsieMOH MOlll.HOCTH u.enH HaKaJia CTaHOBSITCSI He CTOJ!b cymecTBeHHbIMH. 

MaTepHaJI, 06ecne11HBa10lll.HH Bbtcoey10· 3MHCCHIO 3JieKT130HOB, HaHOCHTCSI Ha BHe

IllHIOIO nosepxHOCTb HHKeJieBOH Tpy6KH Mero.n.aMH pacnbIJieHHSI B B8KYYMe, a Jl.JJSI H3roTOB

JJeHHSI no.n.orpeBaTeJISI BepHyJIHCb K 11HCTOMY BOJibcppaMy. 0.n.HaKO .n.a.>Ke npH 3THX nOHH

>KeHHblX TeMne.parypax 11HCTbIH BOJibcppaM no.n.orpesaTeJisi cnoco6eH K orpaHH11eHHOH 

TepM03JieKTpOHHOH 3MHCCHH, npH11eM poJib aHo.n.a JJ.JJSI Hero BbtnOJIHSleT Tpy611aTbIH KaTOJJ.. 

EcJIH .n.onycntTb npoTeKaHHe TOKa c no.n.orpeBaTeJISI Ha KaT0.11., TO OH BHeCeT CBOIO .11.0JllO 

B TIOJie3HbIH TOK CHrHaJia, npoTeKa!Olll.ero Me>K.D.y KaT0.11.0M H aH0.11.0M JiaMnbI, npHBOJJ.SI 

onsiTb, TaKHM o6paaoM, K B03HHKHOBeHHIO cpoHosoro lllyMa. K c11acTb10 3Ta npo6neMa 

6blJJa cpaBHHTeJibHO nerKO pellleHa nyTeM HaJio.>KeHHSI He6oJibllJOro TIOCTOSIHHOro CMeme

HHSI ( Hanpsi.>KeHHSI +I 0 B oKa3bIBaeTCSI .n.ocraTO'!HbIM) Ha HCT011HHK nHTaHHSI no.n.orpesa

rensi, KOTopoe, TaKHM o6pa30M, aanHpaeT BaKYYMHblH JI.HO.II., B03HHKa!Olll.HH Me>l<JIY HHTblO 

no.n.orpesaTensi H Karo.n.oM. AMepHKaHcKasi pa.n.HoKopnopaU.HSI, RCA, paapa6aTbIBa10masi H 

BbtnYCKa!Omasi 3JieKTpOHHble JiaMnbI, peKOMeH,uyeT HCnOJib30B8Tb BeJIH'!HHY noJIO.>KHTeJib

HOro cMemeHHSI Me>l<JIY no.n.orpeBaTeneM H KaTOJJ.OM OT+ I 5 B .n.o +40 B .n.nsi 6oJibllIHHCTBa 

cxeM, KOTOpbte npHB0.11.SITCSI B HX ny6JIHK8U.HSIX. 

BonpeKH sceM ycHJIHSIM, aaTpa'!eHHbIM Ha 6opb6y c cpoHOBbIM llIYMOM, HHTb no.n.orpe

BaTensi KaTo.n.a see eme MO.>KeT HH.!iYU.HposaTb CHrHaJJ lllyMa B u.enH cxeMbt JIH6o aa cqer 

TOKOB yTelJKH, JIH6o H3-3a HecosepllleHCTBa 3KpaHHPYIOlll.HX CBOHCTB Tpy611aToro HHKeJie

BOro KaTo.n.a. B .n.anbHeHllIHX nonbITKax yMeHbllIHTb cpoHOBbIH llIYM, HHTb no.n.orpesaTensi 

naMnbI rnna EF86 HaMaTbIBanacb B s11Jie cn11pan11, '!T06b1 B3aHMHO KOMneHc11poBaTb Mar

HHTHbie nonsi, BbI3bIBaeMbie npoTeKaHHeM TOKa no.n.orpesaTensi KaTo.n.a. 

E.n.HHCTBeHHbIM cnoco6oM 11a6aBHTbCS1 OT cpoHosor6 lllyMa, o6siaaHHoro CBOHM npo

HCXO>KJJ.eHHeM no.n.orpeBaTeJISIM, SIBJISleTCSI HCnOJib30BaHHe B u.ensix no.n.orpeBaTeJiet'.i HC

TO'!HHKOB TIOCTOSIHHoro TOKa 6e3 K8KHX-JIH60 °COCTaBJISllOlll.HX nepeMeHHOro TOKa. A 3TO 

rpe6yeT HCnOJib30BaHHSI CTa6HJIH3HpOBaHHbIX HCTO'!HHKOB nHTaHHSI, KOTOpble o6ecne

'IHBalOT K TOMY .>Ke 11 psi.n. .n.pyrnx npe11MymecTB. TaK KaK 3MHCCHSI KaTo.n.a ot.teHb CHJibHO 

3aBHCHT OT ero TeMneparypbl, TO cymecTBeHHblM cpaKTOpOM CTaHOBHTCSI TOl!HOe no.n..n.ep

>KaHHe TOKa no.n.orpeBaTeJISI, n03TOMy· KOMnaHHSI MaJIJI3P.ll. (Mullard) orpaHHl!HJia MaK

CHMaJibHO .n.onycntMbte H3MeHeHHSI Hanpsi.>KeHHSI nHTaHHSI no.n.orpeBaTeJieH 3Hat.teHHeM 

±5%, t.tTo npeBbilllaeT ocp11u.HaJibHO .n.onycKaeMbie cymecrny10m11M11 npaBHJiaM11 H3Me

tteHHSI Hanpsi.>KeHHSI B cernx TIHTaHHH' BenHKo6pHTaHHH (OT+ I 0% .n.o -6% ). Cra611n11-

3HposaHHblH HCTOl!HHK nHTaHHSI u.enet'.i no.n.orpeBaTeJiet'.i o6ecne11HBaeT CTa6HJibHOCTb 

xapaKrepHCTHK JiaMnbI, a HCKJII011eHHe TepMOU.HKJIHpOBaHHSI nosepXHOCTH KaTO.n.a CHH

>KaeT HH3KOt.taCTOTHbie llIYMbl. 
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H ttanoCJJenoK, Korna asTOp KHHrH ycTaHOBHJJ asroMaTH4eCKHH cra6HJJH3arop ttanpH>Ke

HHH (AVR) Ha JJa6oparopHblH CTOJJ, nHTaJOll.lHH ero JJaMnOBblH recrep AVO VCM 163, 4T06b1 

6opoTbCH c cj:>JJYKryaUHHMH ceresoro ttanpH>KeHHH, asroMaTH4eCKHH cra6HJJH3arop pa6oraJJ 

ttaH6oJJee HHTeHCHBHO B npoMemyroK speMeHH or 16 no 23 4acos. H He :>ro JJH HBJJHercH 

JJ.OKa3aTeJJbCTBOM roro 3MnHpH4eCKOro cj:>aKTa, 4TO Ka4eCTBO 3BY4aHH51 BblCOKOKJlaCCHblX 

Hi-Fi ~HcreM Ka>KercH 3Ha4HTeJJbHO 6oJJee BblCOKHM nocJJe ttacrynJJeHHH noJJYH04H ~ 

Bo scex np1<1eMo-ycHJ1HTeJ1bHb1x JJaMnax nocJJenttero noKoJJeHHH HcnoJJb3YJOTCH Karo

JJ.bl c KOCBeHHblM nonorpeBOM, a npHMOHaKaJlbHble, 4HCTO BOJlbcj:>paMOBble KaTOJl.bl B HaCTOH

mee BpeMH HCnOJlb3YIOTC51 B OCHOBHOM TOJlbKO B MOlll,HblX retteparopHblX JJaMnax panHo

nepenar4HKOB. 

1.10.2.4. H1om1qHsi KOT01i-no1iorpeearenb 

Karon c KOCBett'HblM nonorpesoM cocroHr H3 HHTH nonorpesareJJH, H30JJHposaHHOH cJJoeM 

JJ.BYOKHCH aJJIOMHHHH, CBepttyroH B cnHpaJJb H BCTaBJJeHHOH B nJJOTHO 3aKpb1Ba!Oll.lHHC51 

rpy64arb1H Karon(pHc. 1.42). · 

PHc. 1 .42 Humb ftaKa.Aa AaMnbt 6K7, £JbtHymaR. U3 Kamooa. 
H30Aupyt0UfUii. cAoii oayoKucu a.AIOMUHUR. 6blA yiJMeH Ha £JeputuHe 
u3eu6a, l./.mo6bt npoiJeM01-tcmpupo£Jamb HaM.Hoeo 6oAee moHKy10 
BOAb<jJpaM.O£JylO np080AOKY 

HHKaKHe H30J1HTOpb1 He HBJJHJOTCH HneaJJbHblMH, no:>roMy OHH 6b1crpee yrpa4HBaJOT 

CBOH CBOHCTBa npH yseJJH4eHHblX reMneparypax, a 3TO 51BJIHeTC51 He 04eHb xopOUJHM HX 

CBOHCTBOM, TaK KaK HCnOJlb3yeMblH B Karonax KOHKpeTHblH JJ.H3JleKTpHK pacKaJl51eTC51 no

KpacHa. KaK npaBHJJO, yneJJbttoe conporHBJJeHHe nsyoKHCH aJJJOMHHHH npH pa6o4eH reM

neparype COCTaBJJHeT Mettee OJI.HOH MHJIJIHOHHOH 4aCTH Toro, 3Ha4eHH51, KOTOpoe xapaK

repHO )1/151 KOMHaTOH TeMneparypbl. B CHJIY 3TOro JJJ06a51 3JleKTpH4eCKa51 H30Jl51UH51, 

ycraHOBJJeHHaH Me>KJIY KaronoM H nonorpesareJJeM, 6yner xapaKrepH3osarbCH yseJJH4eH

HblMH TOKaMH yre4KH Me>KJIY KaTOJJ.OM H nonorpesareJJeM. XyJJ.lllHM CJ1y4aeM 51BJJ51eTC51 TOT, 

Korna MarepHaJJ H30Jl51UHH 3arp513HeH nocropOHHHMH npHMeCHMH, TaK K8K. 3Ta HeHneaJJb

HOCTb npHBOJJ.HT K B03HHKHOBeHHIO myMa BHJJ.8 1/f 04eHb pa3npa>Kaer TOT cj:>aKT, 4TO OJI.

HOH H3 caMblX xynwHx npencrasHreJJbHHU HeKa4ecrneHHOH H30JJHUHH Karon-nonorpesa

reJJb 51BJIHeTC51 npocro npeBOCXOJJ.HaH BO Bcex HHblX OTHOWeHHHX JJaMna rnna 1284-A. 
no3TOMY JJ.aHHble Jl8Mnbl nepen HX HCnOJlb30BaHHeM Jl.OJl>KHbl BHHMaTeJlbHO COpTHpOB8Tb-
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CS!, 'IT06bI HCKJUO'IHTb o6pa3U.bl c HeKa'!eCTBeHHOH ( B HarpeTOM COCTOSIHHH) H30JJSIU.HeH, 

eCJJH npo6JJeMa wyMa HOCHT KpHTH'leCKHH xapaKTep. 

Molll.HOCTb, noTpe6nsieMasi noJI.orpesaTeJJSIMH KaTOJI.OB, MO>KeT 6bITb CHH>KeHa, a KO.Ll 
JJaMnbI TaKHM o6pa30M B03paCTH, eCJJH yMeHbUJHTb TOJII..lJ.HHY H30JJHPYIOUJ.ero CJJOSI Me>KJI.Y 

KaToJI.oM H HarpesaTeJieM. HMeHHO 3To 6b1JJ0 ocymecTBJJeHo so speMsi nepexoJI.a oT no-

1<oneHHS1 JJaMn, COOTBeTCTBYIOlll.HX Me>KJI.YHapOJI.HOMY CTaHJI.apry, c OKTaJJbHbIM BOCbMH

WTblpbKOBblM U.OKOJJeM, K cne,eylOlll.eMy noKOJJeHHIO JJaMn, 6a3HPYIOlll.HXCSI Ha U.OKOJISIX 

THna B9A ( «naJJb'IHKOBbIM» ), HO OJI.HospeMeHHo c 3THM noJI.Beprnacb cepbe3HOMY pHCKY 

3JJeKTPH'leCKaSI npO'IHOCTb H30JISIU.HH K8TOJI.·HarpeBaTeJJb. 

BoapacTaHHe Hanpsi>KeHHOCTH 3JJe1<TpH'lec1<oro nonsi npH yMeHbUJeHHH TOJJI..lJ.HHbI H3o

JIHU.HH KaTOJI.-nOJI.OrpesaTeJJb yseJIH'IHBaeT TOKH yTe'IKH. Xorn seJIHlIHHa MaKCHMaJibHoro 

HanpH>KeHHSI K8TOJI. nOJI.OrpeBaTeJJb Vg-h(mar) B nacnopTHbIX Jl.8HHbIX yKa3bIBaeTCSI B npeJI.e

JiaX OT 90 JI.O 150 B (aa HCKJJIO'leHHeM psiJI.a ycHJieHHbIX H 6onee MOlll.HbIX JiaMn, ornocsi

lll.HXCSI K cepHH TeJJeBH3HOHHblX), 3TOT npeJI.eJI JI.OJJ>KeH C'IHT8TbCSI SIBHO 3aBbIUJeHHbIM, TaK 

OH npHBOJI.HTCSI, KaK npaBHJJO, JI.JISI ycpeJI.HeHHbIX 3Ha'leHHH TOKOB yTe'IKH, XOTSI, 6ea BCSIKHX 

COMHeHHH, npH 6onee BbICOKHX Hanpsi>KeHHSIX 6onee BbICOKHe TOKH yTe'IKH npHBe,eyT 

K cpopMHpOBaHHIO KaHaJIOB npOBOJI.HMOCTH H npo6ol0 H30JJSIU.HH. 0TKa3 JiaMn BCJieJI.CTBHe 

npo6osi H30JISIU.HH KaTOJI.-HarpeBaTeJib BCTpeqaeTCSI JI.OCTaTO'IHO peJI.KO, HO sepOS!THOCTb 

TaKoro npo6osi B03pacTaeT B KaTOJI.HblX noBTOpHTeJISIX, xapaKTepH3YIOUJ.HXCSI BbICOKHMH 

Hanpsi>KeHHSIMH CHrHaJJa B u.enH KaTOJI.a, HJIH B BblXOJI.HblX KaCKaJI.aX c pacnpe.neneHHOH Ha

rpyaKOH, TaKHx, Hanp11Mep, KaK cxeMa MaKHHTowa (Mcintosh). 

1.10.2.5. Tennoeoif pe>KMM KOTOAO 

B cooTBeTCTBHH c ypasHeHHeM TepMo3JJeKTpoHHOH 3MHCCHH PH'lap.ncoHa-.LlywMaHa, 3cp

cpeKTHBHOCTb 3MHCCHH 3JJeKTpOHOB, a, CJJeJI.OBaTeJJbHO, H aHOJlHbie xapaKTepHCTHKH JJaM

nbl, B aHa'IHTeJJbHOH cTeneHH onpe.n.ensi10TCS1 TeMneparypow KaTO,na. EcnH npeHe6pe'lb 

BKJJa]lOM pacceSIHHSI Ha aHo.n.e B TenJJOBbie npou.ecCbl, KOTOpble npoHCXOJl.SIT Ha KaTOJle 

naMnb1, TO TeMneparypa KaTO,na T 6y,neT nponopuHoHaJJbHa no.n.BOJl.HMOH K no.n.orpesaTeJJIO 

3JieKTpH'leCKOH MOI..lJ.HOCTH pH Bbipa>KaTbCSI B cne,eylOlll.eM BH.n.e: 

Tex: 4ZJP. 

Wene3H (Szepesi) ycTaHOBHJJ, 4TO KaTOJl.bl c OKCHJl.HblM noKpbITHeM B JJaMnax THna 

HL4G KOMnaHHH TaHrcp3M (Tungsram) reHepHpylOT MHHHMaJJbHbie wyMbl, Kor.na pa6o-

4asi TeMneparypa KaTO.n.a cocTasnsieT npHMepHo 1200 K. a CHH>KeHHe TeMnepaTypb1 Ha 

60 K. Bbl3BaHHoe yMeHbUJeHHeM Hanpsi>KeHHSI no.n.orpesaTensi Ha 25%, y.n.saHsano MOll.1.

HOCTb ruyMa JJaMnbI. 

Pa6oTa naMn c OKCHJl.HbIMH KaTo.n.aMH np11 noBbIUJeHHbIX Hanpsi>KeHHSIX no.n.orpesaTe

neii pe3KO COKpamaeT cpoK HX cny>K6bl, TaK KaK npH 3TOM pe3KO B03pacTaeT HHTeHCHB

HOCTb HCnapeHHSI 3MHCCHOHHOro MaTepHaJJa, no3TOMY Hanpsi>KeHHe no.n.orpeBaTeJJeH He 

JlOJJ>KHO npeBblUJaTb HOMHHaJJbHoe aHa'leHHe 6onee, 4eM Ha 5%. TaKHM o6paaoM, JI.JIH

TeJJbHbIH cpoK CJJy>K6bl, HH3KHH ypoBeHb UJYMOB H CTa6HJJbHble aHOJl.Hbie xapaKTepHCTHKH 

Tpe6y10T npHMeHeHHSI CTa(iHJJH3HpOB8HHOro HCTO'IHHKa nHTaHHSI JI.JISI u.eneii no.LI.orpeBaTe

JieH KaTOJI.OB, o6ecne'IHBalOlll.ero TO'IHOe noMep>KaHHe He06XOJI.HMOro Hanpsi>KeHHSI. 
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1.10.2.6. noAOrpeeoremt KOTOAOB M MX MCTOllHMKH nMTOHM.A 

KaK npaBHJIO, noJJ.orpesaTeJIH KaTo.nos naMn noJJ.KJIIOYalOTCH napanneJibHO K HCTOYHHKY 

HanpH>!<eHHH ( Ya!Ue scero, 3TO HanpH>1<eHHe 6,3 B ), JIH6o nHTalOTCH OT HCTOYHHKa TO Ka 

npH nocneJJ.oBaTeJibHOM BKJIIOYeHHH (HanpHMep, TOKOM 300 MA). CTpH OTKJIOHeHHH napa

MeTpOB JII06oro H3 HCTOllHHKOB OT HOMHHaJibHOro 3HaYeHHH aHO,!lHble xapaKTepHCTHKH 

naMnb1 npeTepnesaioT He>1<eJiaTeJibHb1e H3MetteHHH. Xorn H3roTOBJieHHe cTa6HJIH3aTopos 

c HanpH>1<eHHeM 6,3 B He npe.n.cTaBJIHeT oco6oro TpyJJ.a, 3<f><f>eKTHBHOCTb JJ.eHCTBHH JIHHeH

HbIX HenpepblBHbIX CTa6HJIH3aTOpOB CHH>l<aeTCH see CHJibHee c yseJIHYeHHeM TOKa Harpy3-

KH, rnr.n.a KaK HMnyJibCHbie CTa6HJIH3aTopbl, HeCMOTpH JJ.a>1<e Ha TOllHblH pacYeT H TW.aTeJib

HOe HCnOJIHeHHe, xapaKTepH3YIOTCH nOBbIUleHHbIMH ypOBHHMH WYMOB. CTo cpaBHeHHIO CO 

BCeMH 3THMH CJIO>l<HOCTHMH CTa6HJIH3HpoBaHHblH HCTOYHHK TOKa Ha 300 MA, nHTalO!UHH 

TOJlbKO nocJieJJ.OBaTeJibHO BKJIIOYeHHble uenH HaKaJia JioaMn, MO>l<eT 6bITb OYeHb 3<f><f>eK-

THBHblM H H3rOTOBJieH 6e3 OC06blX CJIO>l<HOCTeH. . 

vfarOTOBHTeJIH JiaMn .11.0CTaTOYHO YaCTO perJiaMeHrnpylOT B TeXHHlleCKOH .11.0KYMeHTa

UHH BapHaHT nocne.n.osaTeJibHOro, HJIH napaJIJieJibHOrO BKJIIOYeHHH noJJ.orpeBaTeJieH KaTO

.ll.OB naMn, YTO Ya!lle scero onpe.nenHeTCH npHHUHnHaJibHOH pa3HHUeH B KOHCTPYKUHH HH

TeH HaKaJia 3THX THITOB JiaMn. CT03TOMY B03HHKaeT BOnpoc, MO>l<HO JIH HCnOJib30BaTb JVIH 

no.norpesaTeJieH, paccYHTaHHbIX Ha HanpH>KeHHe nHTaHHH 6,3 B (HJIH Ha ycnoBHe paseH

CTBa TOKOB B HHX), HCTOllHHKH nHTaHHH co CT86HJIH3HpOBaHHbIM 3HalleHHeM TOKa? 

5b1Jia BbmontteHa nposepKa psi.na rnnos naMn, paccYHTaHHbIX Ha nHTaHHe no.norpesa

Tenef! KaTo.nos ttanpHmeHHeM 6,3 B, c u~nb.IO m1pe.neJIHTb pa3JIHYHH B HX nose.neHHH npH 

nHTaHHH OT pa3JIHYHbIX no xapaKTepy HCTOYHHKOB nHTaHHH. 5blJIH T!UaTeJibHO ol-o6paHbl 

JiaMnbI, OTJIHYalO!UHeCH KaK MO>l<HO CHJibHee no CBOHM xapaJ<TepHCTHKaM, 4T06bl no.nYep

KHYTb nio6oe OTJIHYHe, CBH3aHHoe c rnnoM HX no.norpesaTenef!. HanpHMep, naMna rnna 

l2AT7 6bIJia BbI6patta KaK o.nHa H3 JiaMn, YeH noJJ.orpeBaTeJib BCnbIXHBaJI HpKOH BCnbIW

KOH npH ee BKJllOYeHHH (Ta6JI. l. l ). 

Ta6fl"11"8 1. 1. npMBe,O,eHHblVl TOK HarpeaaTenR ( B np01-'eHTBX) 8 388"1C"1MOCT"1 

OT HanpR>KeHMR n"1TBH"1R no,o,orpeBaTenR KBT0,11,8 ,11,flR napannenbHO 

BKnlO'leHHbtX no,o,orpeaareneVI (HOMMHanbHOe HanpR>KeHMe 6,3 B) 

HanpA- CV4024 Mullard Raytheon GE Mullard Mullard B SD 
>K8HM8 12AT7 ECC83 5842 6BX7 EL84 EL34 cpeA- a 
Hauna (V) (0,30 A) (0,29A) (0,30A) (1,45 A) (0,79A) (1,475A) H&M 

6,30 100 100 100 100 100 100 100. 0 
6,00 97 97 100 97 96 97 97,3 1,37 
5,50 92 93 93 93 92 93 92,7 0,52 
5,00 87 90 90 88 87 87 88,2 1,47 
4,50 83 83 83 83 82 85 83,2 0,98 
4,00 77 78 80 78 77 78 78,0 1, 10 
3,50 70 66 73 72 72 73 71,0 2,68 
3,00 67 60 67 66 67 67 65,7 2,80 
2,50 58 62 60- 61 60 60 60,2 1,33 
2,00 52 55 53 54 51 53 53,0 1,41 
1,50 42 45 47 45 43 44 44,3 1,75 
1,00 30 34 37 37 32 34 34,0 2,76 
0,50 20 21 20 26 19 20 21,0 2,53 
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B npeJt,enax sKcnepHMeHTaJibHOH norpewHocrn ( KOTopaH 3Ha'-IHTeJibHO B03pacrnna npH 

CHH)KeHHH HanpH)KeHHH nHTaHHH noJt,orpeBaTeJieH Jl,0 3Ha'-leHHH l B ), TOKH no.norpeBaTeJieH 

naMnb1 HaxoJt,HJIHCb Me.uy co6ot'I B o'-leHh xopoweM cornacHH, no.nTBep)K,!laH npe.nnoJIO)Ke

HHe, '-ITO JiaMnbl c napaJIJieJibHblM BKJIIO'-leHHeM noJt,orpeBaTeJieH HMeJIH O'-leHb 6JIH3KHe no 

CBOHM xapaKTepHCTHKaM HHTH HaKaJia. 3TOT BblBO,!l, CKOpee BCero, 1'40)KeT 6bITb pacnpocT

paHeH H Ha Jt.pyrne THnbl JiaMn, TaK KaK Ha npaKTHKe HCnOJib3yeTCH TOJibKO eJt,HHCTBeHHblH 

MaTepHaJI, BOJibcppaM, Jl,JIH H3fOTOBJieHHH HHTeH HaKaJia. 

3aTeM 6b1Jia BblnOJIHeHa cepHH HCCJieJt,oBaHHH JiaMn rnna PL508 npw nHTaHHH HX no

.norpesaTeneii HOMHHaJibHblM (300 MA) TOKOM (Ta6JI. l .2). VfaMepHJIHCb HanpH)KeHHH npH 

3TOM 3Ha'-leHHH TOKa, KOTOpble noTOM npHBO,!lHJIHCb K 3Ha'-leHHIO HanpH)KeHHH 6,3 B H cpaB

HHBaJIHCb co cpe.nHHM 3Ha'-leHHeM TOKa, B3HTbJM H3 Ta6JI. l. l. 

Ta6nuua 1. 2. CpaaHeHue ,aaHHbtX ,anR naMnbl PL508, paccl./UTBHHOH 
Ha nuTBHVte no,aorpeBaTenei1 OT UCTOl./HUKB TOKa, c ycpe,aHeHHb/MU ,aaHHb/MU 
,o,nR naMn, paGCl./UTBHHbtX Ha nuTaHue no,aorpeaaTenei1 OT MCTOl./HUKa 
HanpR>KeHUR ( B npoueHTBX) 

HanpR· 6.3 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 
lK8HM8 

Av. 100 97 93 88 82 78 71 66 60 53 44 34 21 

PL508 100 97 93 88 82 78 71 66 60 54 45 35 23 

HecKOJlbKO HHaH, H yny4weHt1aH MeTO,!lHKa H3MepeHHH npHMeHHJiaCb BO BpeMH TeCTH· 

poBaHHH naMn rnna PL508, TeM HH Me Hee, KoppeJIHU.HIO .naHHbIX, nonyqeHHbIX Jl.JIH cny4aH 

c napanneJibHbIM H nocne.nosaTeJibHbIM sapHaHTaMH BKJIJ04eHHH noJt,orpeBaTeJieH Ka_To.nos 

naMn, cne.uyeT npH3HaTb npocrn 3aMe4aTeJibHOH. YcTaHOBJieHo, 4To He cymecTByeT 3Ha

'IHTeJibHhIX OTJIH4HH Me>KJJ.Y HHTHMH HaKaJia B JiaMnax, npeJt,H83Ha'-leHHblX KaK ;ll,llH nocJie

.noBaTeJibHOro, TaK H Jl,JIH napaJIJieJibHOro BKJII04eHHH HarpeBaTeJieH KaTO,!lOB, npH ycJIO· 

BHH, 4TO Ha Ka)K,!lblH no.norpeBaTeJib nocTynaeT COOTBeTCTBYJOUI.aH nacnopTHblM Jt,aHHblM 

MOll.l,HOCTb. nosToMy, aBTOp nonaraeT, 4TO He cymecTByeT o6beKTHBHblX npH4HH, no KO· 

TOpblM HeJib3H 6blJIO 6bl npH )KeJiaHHH HCnOJib30B8Tb COBMeCTHO o6a rnna JiaMn, HCnOJib· 

3YH BapHaHT HX CMewaHHOro no,!lKJII04eHHH. 3TOT npHeM 6blJI HCnOJib30BaH B cxeMe 

m-n,9BTOpHTeJIH 6noKa 48CTOTHOH KoppeKLJ.HH RIAA, onHcaHHOM B rnase 8 . 
.Uanee Hccne.nosanach JI_aMna rnna EL34, Jl,JIH KOTOpoii TOK HaKaJia no.norpeBaTeJieii 

H3MeHHJICH c HHTepsaJIOM 0,5% B rpaHHU.aX,!lHana30H8 H3MeHeHHH ±5% OT HOMHHaJibHO· 

ro 3Ha4eHHH. 0oJiy4eHHblH pe3yJibT8T H306pa)KaJICH B rpacpH4eCKOM BHJt,e. 0oJiy4eHHaH 

3KCnepHMeHTaJibHaH 38BHCHMOCTb HaH60Jiee 6JIH3KO COBna.nana c npHMOH JIHHHeH, yKa3bl· 

Baff, 4TO noJt,orpeBaTeJib BeJI ce6H noJt,06HO pe3HCTopy c nOCTOHHHblM conpOTHBJieHHeM 

s 3TOM o'-leHb orpaHH4eHHOM.nHana3oHe H3MeHeHHH HanpH)KeHHH. TaK KaK, BblJt,eJIHJOll.l,aH

cH MOUI.HOCTb P = V2/R, HJIH P =PR, MO)KHO c.nenaTb .nsa BblBo.na. 

CTepBblH . .llJIH nHTaHHH u.enei{ noJt,orpeBaTeJieH KaTOJl,OB, BKJII04aeMblX napaJIJieJibHO, 

rpe6yeTCH cTa6HJIH3HpoBaHHoe HanpH)KeHHe (HCT04HHK HanpH)KeHHH TeseHHHa), a Jl,JIH 

~eneli nHTaHHH noJt,orpesaTeJieti, BKJIJ04aeMbIX nocne.nosineJihHO, Heo6XOJl.HMO HcnoJib30· 

B8Tb CTa6HJIH3HpoBaHHblH TOK ( HCT04HHK TO Ka HopTOHa ). 
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8TOpOM. He CJleJIYeT COBMelll,aTb B CXeMe )l.Ba THOa HCTOl{HHKOB: CMeWaHHblM BapHaHT 
oocne)l.oBaTeJlbHoro H oapannenbttoro BKJl!Ol{eHHS! u.eoew oo)l.orpesaTenew KaTo)l.a opHBe
)l.eT K B03HHKHOBeHHIO OWH60K, TaK KaK B 3TOM CJlyl{ae .iI.nsi Ka>K,U.oro THOa 00)1.0rpeBaTeJleM 
HCKJl!Ol{aercsi sapHaHT Hcoonb30BaHHH H)l.eanhttoro HCTOl{HHKa TeseHHHa, nH6o H)l.eanbHO
ro HCTOl{HHKa HopToHa. HaopHMep, TaK KaK)l.BOMHOM TpHO.ll. rnoa 6SN7 HMeeT BttyrpeHHe 
coemrneHHe no)l.orpesarenew KaTO.ll.OB, paccl{HTaHHbIX Ha oapanneJlbHOe BKJllOl{eHHe, To 
OH )l.OJl>KeH OHTaTbCH TOJlbKO OT HCTOl{HHKa HaopH>KeHHSI TeBeHHHa, paCCl{HTaHHOro Ha Ha
O~>KeHHe 6,3 B, TOr)l.a KaK u.eow OO)l.orpesaTenew naMObI rnoa 12SN7 (BKJl!Ol{eHHbie oo
cne)l.oBaTeJlbHO) )l.OJl>KHbl B H)l.eaJlbHOM CJl~ae· OHTaTbCSI OT HCTOl{HHKa TOKa HopToHa, 
paCCl{HTaHHOro Ha TOK 300 MA. 

Mo>KHO opwsecrn 6onee HaompeHHbIM opHMep . .ll.BOMHOM TpHO.ll., KOTOpbIM oepsoHa
l{aJlbHO oposepswcH Ha naMOOBOM TecTepe· c oapannenbHO BKJl!Ol{eHHbIMH oo)l.orpesaTensi
MH c Haopsi>KeHHeM 6,3 B H opo.1I.eM0HcTpHposan 6necrnmee cosoa)l.eHHe aHO.ll.HbIX xapaK
TepHCTHK Me>K.ll.y ceKU.HHMH, Mor 6bITb paccornacoBaH opw oocne)l.oBaTeJlbHOM BKJl!Ol{eHHH 
oo)l.orpesaTeneli, H·ecMoTpS! )l.a>Ke Ha H)l.eanhHoe cornacosa'tme xapaKTepHCTHK oo)l.orpe
BaTenew. CornacosaHwe .ll.OJl>KHo 6b1no 6b1 TOl{HO socopoHasecrn o>KH)l.aeMbie ycnoBHS! pa-
60TbI naMObl. 

1.10.2.7. HanpsDKOHMe M TOK nOAOrpeearensi KOTOAO 

THOHl{Hbie naMObI c KOCBeHHbIM oo)l.orpeBoM Tpe6y10T opw6nH3HTeJlbHO O.ll.HOM· MHHYTbI MS! 
)l.OCTH>KeHHS! TeMoepaTypbl OT ypoBHSI KOMHaTHOM )l.0 TeMoeparypbl 00)1.0rpeBaTeJlS!, co
CTaBJlS!IOlll,eM 99% OT HOMHHanbHOro 3Hal{eHHS!, HJlH >Ke 40 ceK, eCJlH OHH 6bIJlH ope)l.BapH
TeJlbHO HarpeTbl TOKOM, COCTaBJlSllOlll,HM 80% OT HOMHHaJlbHOro 3Hal{eHHS! (l{TO 3KBHBa
JleHTHO 63 % Haopsi>KeHHS! HaKana ). OpH OHTaHHH OT HCTO'IHHKa c oocToSIHHbIM 3Hal{eHHeM 
TOKa, HaopSI>KeHHe Ha BbIBO)l.aX 00)1.0rpeBaTeJleM JlaMObl S!BJlS!eTCSI Ol{eHb l{YBCTBHTeJlbHOM 
xapaKTepHCTHKOM TeMoeparypbl, )l.O KOTOpoM HarpeJlCS! KaTO)l. (H, COOTBeTCTBeHHO, caM 
oo)l.orpesaTenb). JlaMoa rnoa 14N7 KoMnaHHH International Servicemaster(ToK oo)l.orpe
BaTenSI lh = 300 MA), oosepSinacb c HCOOJlb30BaHHeM 41/2 pa3pS!.ll.Horo u.mf>posoro yHH
sepcaJlbHoro BOJlbTMeTpa, aaoporpaMMHpoBaHHoro Ha H3MepeHHe Haopsi>KeHHH oo.1I.orpe
BaTensi c opoMe>KyrKOM B 5 HHTepsanos speMeHH. Bee oonyi.ieHHb1e peaynhTaTbI 6b1nH 
opHBe)l.eHbI K oocne)l.HeMy 3Hal{eHHIO Haopsi>KeHHS! oo)l.orpesaTensi, opHHS!Toro aa 100%, H 
ope)l.CTaBJleHbl B Ta6n. 2.3. 

Ha ra6n. 1.3 cneJIYeT, l{TO xorn naMoa Hal{HHaeT pa6oTaTb B HopMaJibHOM pe>KHMe l{e
pea 60 c, )l.JIS! .ll.OCTH>KeHHS! Teonosoro paBHOBeCHSI Me>K.ll.y KaTO.ll.OM H oo)l.orpesaTeneM Tpe-
6yeTCS! 3Hal{HTeJlbHO 6onbwee speMSI. TaK KaK 3MHCCHS!, a, cne)l.oBaTeJlbHO, H pa6ol{He xa
paKTepHCTHKH JlaMnbI, 3aBHCSIT OT TeMneparypbl KaTO)l.a, He cne,n.yeT O>KH)l.8Tb cra6HJlbHOH 
pa60Tbl B oepBble OS!Tb MHHYT OOCJle BKJl!Ol{eHHSI HaKaJla. 

HaH6onee HpKo Bb1pa>KeHHb1e H3MeHeHHSI npowcxo)l.SIT Ha oporn>KeHHH oepsow MHiiyTbI 
pa6oTbI, oo3TOMY oposepSinocb H3MeHeHHe Haopsi>KeHHS! oo)l.orpesaTeneli B Tel{elrne oep
BbIX 50 c pa60TbI MS! paanw1HbIX moos naMn c HcnonbaosaHHeM ocu.Hnnorpacf>a HP546008 
(seprnKaJlbHaSI paasepTKa cocTaBJISIJla 20% V/.1I.eJleHHe, a ropH30HTaJlbHaSI - 5 c/)l.ene
HHe ). Otto ooKa3aHo Ha pHc. 1.43. 
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Ta6nllf'-'a 1.3. 3aBllfCllfMOCTb HanpR>KeH/lfR Ha Bbtso.aax no.aorpesaTenR 

OT speMeH/11 npllf nllfTBH/11/11 OT /lfCTOl../HllfKB TOKa 

BpeMR (CeK) vh (%) 

0 22,62 
5 36,28 
10 4~60 

15 5~93 

20 78,75 
25 89,29 
30 93, 14 
35 95,24 
40 96,87 
45 98,06 

~ -~ 
55 99, 19 

00 -~ 90 99,54 
120 99,70 
150 99,80 
180 99A7 
210 99,93 

~ -~ 
270 100 

KaK cne.nyeT H3 npHBe.D.eHHOH ocu.HnnorpaMMbI, paanwrnbie rnnbl naMn nporpesaJOTCH 
c pa3nH'-IHOH CKOpOCTblO, cne.n.oBaTenbHO, npeeynpe)KJl.eHHe npOH3BO.D.HTensi 0 He06XO.D.H
MOCTH nocne.n.osaTenbHoro BKnJO"lemrn u.eneti no.n.orpesaTeneti npHo6peTaeT ew.e 6onb
rnyJO aKryanbHOCTb. 0.n.HaKo, ecnH nocne.n.osaTenbHO BKnJO"leHHbie u.enH no.n.orpesaTeneA 
nHTBIOTCSI OT HCTO"IHHKa HeH3MeHHOro TOKa, pa3JIH"!He B CKOpOCTSIX Harpesa He S!BnHeTCSI 
cyw.ecTBeHHbIM. 

Ee3 H3MeHeHHH HacTpoeK ocu.Hnnorpacpa Ha HeM nposepsinacb .D.HHaMHKa H3MeHeHHH 
Hanpsi>KeHHH Ha BblBo.n.ax no.n.orpesaTensi .lVIH naMnb1 rnna ECC88 KoMnaHHH EpHM3p 
(Brimar), KOTopasi 6b1na npe.n.sapHTenbHO nporpeTa TOKOM, COCTaBnHJOill.HM 80% OT HO
MHHanbHOro 3Ha"leHHH TOKa no.n.orpeBaTens:1, a TaK>Ke nposepsinacb naMna, KaTo.D. KoTopoli 
Ha MOMeHT Ha"lana H3MepeHHH 6bIJI xonOJI.HbIM (pHC. 1.44 ). 

YcTaHOBHB nonHyJO 11.n.eHTH"IHOCTb no.n.orpeBaTeJJeH KBTO.D.OB naMn, Heo6xo.n.HMO orne
THTb Ha Bonpoc, KBKOH THn HX BKnlO"leHHSI, nocne.n.osaTenbHblA HnH napannenbHblA, SIBJUl
eTCH Ha11nyqllIHM c TO"IKH 3peHHH cTa6HnH38U.HH MOill.HOCTH no.n.orpesaTensi? lfacTO HHTY
HTHBHO Ka>KeTCSI, "ITO napanneJibHOe BKnJO"leHHe no.n.orpeBaTeneA c HCnonb30B8HHeM 
cxeMbI cTa611n11311posattHoro HCTO"IHHKa ttanpsi>KeHHH TeseHHHa, oKa>KeTcsi nyqllle c TO"IKH 
3peHHSI KOHTponsi 38 MOW.HOCTblO H TeMneparypHblM yxo.n.oM. 0.n.ttaKO Bee >Ke 6onee npe.n.
n04THTenbHblM OK83bIBaeTcsi TO"IHO ynpasnHeMoe nocne.n.osaTeJibHoe coe.n.11tteHHe c HC
noJib30BBHHeM cxeMbI cTa6HnH3Hpo.BaHttoro HCT04HHKa TOKa HopTOHa, KoTopasi, K TOMY 
>Ke, OK83bIB8eTCSI 6onee 3cpcpeKTHBHOA ( o6ecne4HB8SI MeHbWHA ypoBeHb noTepb B CTa6H
JIH3aTope ), a TaK>Ke HMeeT .n.ononHHTenbHbie npeHMyw.ecrna, K0Topb1e 6y.nyT no.n.o6tto pac-
CMOTpeHbI B rnaBe 4. . 
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OcHOBbl AeirineMJI ycMnMrenbHblX npMllopoe 

+- O.OOs 5.00s/ .J.1 RUN 

Pnc. 1.43 OCl{UAAOi!paMMa aaoucUMocmu nanpRJICenuR noooep{!BameJteu 
Kamoooo om ope.Menu OAR paaJtU'lHbtX munoo Jta.Mn, numae.MbtX 
om cma6uJtuaupooannoeo ucmo'lnut<:a moKa 

+-0.00s 5.00s/ Jt RUN 

············--r-············j············ .. j··············[············t············'-··•""•······-:--···········<-·············: ............ . 

.............. , .............. ; .............. ~ .............. !..... : ; 

............................ 1 .............. i····· .. ·· .. ••(•······ .. + .. ·········:···· ......... ! .............. !··········· .. +············· 

·l·l·l·l·f·t·l·l··l··l··l·l·l·+·l·+·l·i·l· '·i·i·l·l+l·l·l·l·f·f·f·l·+·i··l··l··l·i·J·i·i·l·l·i·l·l·l·I· 

t1.1i1·1t 
!---__, L,·+··+· 

Pnc. 1.44 OCl{llJtJtOi!paMMa aaoucu.Mocmu Hanp.RJICenUR noooepeoameJteti Kamoooo 
om ope.Menu, nµ.mae.Mb!X om cma6uJtuaupooannoeo ucmottHUKa moKa. 
Bepxn.RR ocl{ttJtJtoepaMMa: c npeooapumeJtbnbt.M npoepeoo.M Kamooa. 
HuJ1CnRR OCl{UAAOepaMMa: npoepee na'tunaemc.R om Ko.Mnamnou 
me.Mnepamypbt 
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ll0.3. YnpasnRJOUJOR cerKa 

1.10.3.l. 061QH8 30M8"10HH.R 

YnpaBJISllOI.Uast ceTKa o6hil!HO HaMaTbIBaeTCSI B BHJJ.e cn11paJIH, pacnoJIO>KeHHOH BoKpyr Ka

rona, 113 TOHKOro H >KeCTKOro nposona ( OlleHb 1.1acTO JJ.JISI 3THX u.eJieH HCnOJib3yeTCSI BOJibQ:i· 

paM). CT pH 3TOM JlJISI yseJIHlleHHSI 3Q:iQ:ieKTHBHOCTH B03JJ.eHCTBHSI CeTOl!H,Oro HanpH>KeHHSI Ha 

8HOJJ.HblH TOK ee CTapalOTCSI pacnoJiaraTb KaK MO>KHO 6JIH>Ke K nosepXHOCTH KaTOJJ.a, rne 

CKOpOCTbJl.BH>KeHHSI 3JieKTpOHOB eme Mana, a He pH,ll.OM c aHO,U.OM, npH noJJ.JieTe K KOTOpOMY 

3JleKTpOHbl np1106peTa10T y>Ke 3Hal!HTeJibHbIH MOMeHT KOJIHl!eCTBa JJ.BH>KeHHSI H He MOryT 

6bITb TaK JierKo oTianKHBaTbCH noJieM ceTKH. CnenosaTeJibHO, na>Ke eCJIH s naMne HMeeTcsi 

HeCKOJlbKO ceTOK, ynpaBJIHIOI.UeH CeTKOH scerna 6yneT TaKOBaSI, KOTOpast pacnono>KeHHaH 

6JIH>Ke scero K KaTOny. War HaMOTKH cn11paJIH ynpaBJISllOI.UeH CeTKH H ee pacnono>KeHHe 

ornoc11TeJibHO KaTona H aHona BJIHSIIOT Ha KPYTH3HY JiaMnbI gm H KosQ:iQ:i11u.HeHT yCHneHHSI µ 
(pHC. 1.45 ). 

YMeHbWett11e 

KPYTl13Hbl gm 

np11 eoapacTaH1111 

paCCTORHl1R 

M0lKAY ceTKOH 

11 K8TOAOM 

(ME 1400) 

o~o . 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

CpeAHecTaT11CT11· 

"lecKaR naMna 

(ECC82) 

YM0HbW0Hl10 µ u np11 yMeHbwett1111 0 0 

0 0 
"laCTOTbl C0TK11 

0 0 
(6080) 0 0 

o~o 0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

u 0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Yeenw1eH11e 

KPYTl13Hbl gm 

np11 eoapacTaH1111 

AJ111Hbl y"laCTKa 

ceTK11 

(12BH7) 

YB0Jll1"10Hl10 µ 
np11 yeen11"1ett1111 

paCCTORHl1R 

M0JKAY ceTKOH 

11 aHOAOM 

(PD500) 

PHc. 1 .4~ B1tURHUe eeoM.empuu u pacno1toJ1CeHUR ynpa81tRt0Ufet1 cemKu 
Ha KpymU3flY AaM.nbt gm u K03</J<PUL{Ueftm ycUJteftUR µ 

np11Mep npaKTHl!e~Koro JJ.H3al1Ha JiaMn, nonTBep>KJJ.alOLUHH naHHYIO K0Hu.enu.1110, np11-

seneH Ha pHCYHKe, Ha KOTOpOM H306pa>KeHo nonepel!Hoe cel!eHHe JJ.Byx JIB Mn, HCCJieJJ.OBaH. 

HblX c npHMeHeHHeM nopTaTHBHOro MHKpocKona . .LlnH JiaMnbI THna 6080 ( BHYTpeHHHH CTa· 

THlfeCKHH K09Q:iQ:iHU.HeHT ycHJieHHSI µ = 2) mar BHTKOB cnHpanH ceTKH COCTaBJISleT 

~pHMepHo 1,64 MM, Tor.n.a KaKJJ.JIH JiaMnbI THna 417 A (J.'.l = 43) mar cocrnsm1eT np116JIH3H· 

TeJibHO 0,065 MM. 
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OcHOBbl AeifcraH11 yc1tn1trenbHblX npH6opoa 

B Ka'iecrne HaH6onee xapaKTepHoro npHMepa BJJHHHHH paccTOHHHH aHo.11.-KaTo.11. Ha Ko-

9cpcpHU.HeHT yCHJJeHHH MO>KHo paccMoTpeTb Bb1coK0Ka11ecrneHHbie JJaMnOBbte TeJJeBH3o

pbt, B KOTOpbIX Heo6X0.11.HMO CTa6HJJH3HpOBaTb HanpH>KeHHe HCTO'iHHKOB csepXBblCOKOro 

ycKOpH!OI.J.J.ero HanpmKeHHH, 'IT06bl npe.noTBpaTHTb H3MeHeHHe pa3MepoB H3o6pa>KeHHH 

npH H:'~MeHeHHH HpKOCTH. TaK KaK BeJJH'IHHa CBepXBbICOKOfO HanpH>KeHHH COCTaBJJffeT, 

KaK npaBHJJO, 15-30 KB, nocne.nosaTe.nbHbI~ cTa6H.nH3aTopbI wcnonbaosaTb 6b1no HCJJb3SI 

(H3-3a npo6JJeM, CBH3aHHblX c H30JJHLJ.HeH KaTo.11.-no.11.orpeBaTeJJb H c 9cpcpeKTHBHOCTblO pa-

60Tbl JJaMnbI), no9TOMY Heo6X0.11.HMO 6bIJJO HCnOJJb30BaTb napaJJJJeJJbHYIO cxeMy CTa6HJJH-

3aU.HH. TaK KaK saeyyM BHYTPH JJaMn scer.na .naneK OT 11.11.eaJJbHOro, so H36e>KaHHe B03HHK

HoseHHH .nyrosoro pa3pH.na Heo6X0.11.HMO 6bIJIO yseJJH'IHTb paCCTOHHHe aHOJl.·Karn.n, 'ITO 

Bbipa3HJIOCb B yseJIH'leHHOM 3Ha'leHHH BHYTpeHHero cTaTH'lecKoro Ko9cpcpHU.HeHTa ycHJie

HHH m (JVIH JJaMnbI THna PD500 OH COCTaBHJI 1050). 

YseJIH'leHHe 3Ha11eHHH KPYTH3HhI npoxo.11.Hofi xapaKTepwcTHKH gm Tpe6yeT, 'IT06b1 ceT

Ka 6bIJia pacnOJIO>KeHa 6JJH>Ke K KaTOJJY, 0.11.HaKo, eCJIH npH 9TOM TaK>Ke Heo6XO.ll.HMO BbICO

KOe 3Ha'leHHe BHYTpeHHero CTaTH11ecKoro Ko9cpcpHLJ.HeHTa ycHJieHHH m, TO war HaMOTKH 

cnwpaJIH ceTKH .11.0JJ>KeH 6bITb O'leHb MeJIKHM, Tpe6y10I.J.J.HM HCnOJlb30BaHHH O'leHb TOHKoro 

nposo.na .II.Jiff 06ecne11eHHH paBHOMepHoCTH co3.11.asaeMoro nonH. TaK, wrn J1aMnb1 THna 

WE416C (gm= 65 MA/B, µ = 250) B TexHH11ecKHX xapaKTepHCTHKax yKa3bIBanocb, 11To 

JI,llff ynpaBJIHIOI.J.J.eH ceTKH war crrnpaJIH COCTaBJIHJI 1000 BHTKOB Ha 0.11.HH .11.IOHM (HJIH 

0,0254 MM), JI,llff Hee HCnOJib30BaJICH npoB0.11., HMelOI.J.J.HH .11.HaMeTp 12 MKM, a paCCTOHHHe 

.no KaTO.na COCTaBJIHJIO 20 MKM. 

TaK KaK ynpaBJJHIOI.J.J.aH ceTKa pacnonaraeTcH 011eHb 6JIH3Ko K KaTo.ny, MeJib'laifwHe ee 

KOJie6aHHH MOMeHTaJibHO OKa3bIBalOT BJIHHHHe Ha pacnpe.11.eJieHHe noTOKa 9JleKTpOHOB, 

'ITO npHB0.11.HT K B03HHKHOBeHHIO MHKpocpoHHOfO 9cpcpeKTa B JiaMnax. 

1.10.3.2. (eTOl!HblM TOK 

B 3aBHCHMOCTH OT npHJIO>KeHHoro K ynpasJIHIOI.J.J.efi ceTKe HanpH>KeHHH, 11epe3 Hee MO>KeT 

npoTeKaTb noJIO>KHTeJibHblH HJJH HHor.na .na>Ke H OTPHU.aTeJibHblH CeTO'IHblH TOK. 

EcJIH OTHOCHTeJibHO Karn.na Ha ceTKe 38.11.aTb noJIO>KHTeJibHblH noTeHU.HaJJ, JIH6o OTHO

CHTeJibHO oTpHU.aTeJibHoro nocToHHHoro cMeI.J.J.eHHH npHJIO>KHTh nepeMeHHOe HanpH>KeHHe 

CHrHaJia 60JibWOH aMnJIHTY.11.bl, nOJJO>KHTeJibHO 3apH>KeHHaH ceTKa yMeHbWHT OTTaJJKHBa

IOI.J.J.HH 9cpcpeKT JI,llff o6beMHOfO 9JleKTpOHHOfO 3apH.na, o6pa3oBaHHoro o6JiaKOM 9JJeKTpo

HOB, 9MHTHpoBaHHblX c nosepXHOCTH KaTo:zt.a·, H 6oJJee rnro, 6y.neT cnoco6CTBOBaTb yse

JJH'leHHIO 9MHCCHH. AH0.11.HblH TOK npH 9TOM 3Ha'IHTeJJbHo Bo3pacTeT, 0.11.HaKo, 1.iaCTb 

9JleKTpOHOB npH 9TOM 6y.neT 3axsa11eHa ceTKOH H o6pa3yeT TOK, npoTeKalOI.J.J.HH B u.enH ceT

KH, TaK Ha3bIBaeMblH nOJIO>KHTeJibHblH ceTO'IHblH TOK. 3TOT ceTO'IHblH TOK pe3KO CHH3HT 

sxo.11.Hoe conpoTHBJie.HHe JiaMnbI. HMeHHo no 9TOH npH'IHHe B BbICOK0Ka11ecTBeHHbIX ycH

JJHTeJIHX CTapa!OTCH pa6oTaTb 6e3 ceTO'IHblX TOKOB, B cny11ae 11ero npH JII060M ypoBHe 

BX0.11.HOro CHrHaJia BX0.11.HOe conpoTHBJieHHe 6y.neT OCTaBaTbCH HeH3MeHHO 60JJbWHM. 

1.10.3.3. T eMneparypHblM Ape Mel>, Bbl3btBaeMblH cerol!HblM TOKOM 

EcJIH .nonycTHTb.lI.JIH ceTKH B03MO>KHOCTb 9MHCCHH 9JieKTpOHOB ('ITO Mo>KeT CTaTb snonHe 

sepoHTHblM npH CHJlbHOM pa3orpese CeTKH), TO B03HHKHeT OTPHU.aTeJibHblH ceTO'IHblH TOK. 
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B aaBHCHMOCTH OT BeJIHqHHbl pe3HCTOpa CMeUJ,eHHH B u.enH ceTKH H aan.asaeMoro HM Han pH -

>KeHHH CMeUJ,eHHH, noTeHu.HaJI ceTKH MO)l{eT 803pacTH (yMeHbll!aH BeJIHt.[HHY HanpH)l{eHHH 

Me>KJlY CeTKOH H Vgk), qTQ npHBe,D.eT K yseJIHqeHHIO aHO,Zl.HOfO TO Ka H eUJ,e 60JibllleMy Harpe

BY naMnbI. Bcne.n.cTBHe 3Toro 3MHCCHOHHoe noKpbITHe KaTo.n.a HaqHeT HcnapHTbCH ( soaHH

KaeT 3cpipeKT «06Ha)l{eHHH KaTO,ll.8» ), oca>K,D.aTbCH Ha ceTKe H Bbl3bIBaTb nocne 3TOro yse

JIHqeHHe 3MHCCHH ceTKH. B HaHxy.ll.llleM cnyqae ceTKa MO)l{eT paaorpeTbCH HaCTOJibKO, qrn 

OHa npOBHCHeT H. KOCHeTCH KaTo.n.a, aasepll!HB paapyllleHHe JiaMnbI. 0.n.HaKo yseJIHqeHHblH 

WYM JiaMnbI HeMHHyeM, ,D.a)l{e TOr.n.a, KOr.n.a JiaMna eUJ,e B .n.eHCTBHTeJibHOCTH He paapyll!H

nacb. 

1.10.3.4. Ce10L1HaJ1 JMHCCHJI H 6opb6a c Heit 

Pa Hee ynoMHHanocb 06 3cpcpeKTe « o6Ha)l{eHHH KaTo.n.a » HJIH paapyllleHHH ero 3MHCCHOHHO

ro noKpblTHH, O,D.HaKO MaTepHaJI, HcnapHIOlll,HHCH npH paapyllleHHH KaTO,ll.HOro noKpbITHH, 

JJ,OJI)l{eH r.n.e-To oca)f(,ll.8TbCH B aaMKHYTOM npocTpaHcTse naMnb1. YnpaBJIHIOUJ,aH ceTKa pac

nono)l{eHa 6JIH)l{e scero K KaTOJJY, no3TOMY oHa s peayJibTaTe npou.eccos HcnapeHHH 

aarpH3HHeTCH 3MHCCHOHHO-cnoco6HblMH MaTepHaJiaMH, qTQ 3HaqHTeJibHO yseJIHqHsaeT 

aepoHTHOCTb ceTOqHoH 3MHCCHH. 

YpasHeHHe ,ll,IIH TepM03JieKTpOHHOH 3MHCCHH onpe.n.enHeT .n.sa Mern.n.a, KOTOpbIMH Mo

>KeT 6b1Tb yMeHbllleHa ceTOqHaH 3MHCCHH, eCJIH OHa He aarpH3HeHa 3MHCCHOHHblMH MaTe

pHaJiaMH KaTo.n.a: 

CHH3HTb TeMnepary!Jy ceTKH. B MOlll.HblX 3JieKTpOHHbIX naMnax ynpaBJIHIOUJ,He ceT

KH OXJia)f(,ll.8IOTCH aa cqeT HX HaMOTKH Ha KOaKCHaJibHO pacnOJIO)l{eHHbie MaCCHBHbie 

Me,D.Hble .n.ep)l{aTeJIH, KOTOpbie OTBO,Zl.HT Tenno K pan.HaJibHO pacnoJIO)l{eHHblM Ha HX 

KoHu.ax TennooTBO.D.Hlll.HM pan.HaTopaM. Cne,nyeT OTMeTHTb, qrn ropHqHJ1 aHo.n. TaK-

)l{e ysenHqHsaeT TeMnepaTypy ynpaBJIHIOUJ,eH ceTKH; . 

HCnOJib30BaTb,ll,IIH H3fOTOBJieHHH ceTKH MaTepHaJibl c 6onee BblCOKOH pa60TOH Bbl

xo.n.a. 3MHCCHH 3JieKTpOHOB o6paTHO nponopU.HOHaJibHa pa6oTe BblXO,Zl.a, n03TOMY 

no.n.6opoM COOTBeTCTBYIOUJ,ero MaTepHaJia, HMeIOUJ,ero 6onee BbICOKyIO pa6ory Bbl

xo.n.a, MO>KHO CHH3HTb ceToqHyIO 3MHCCHIO. 

Ta611111L(a 1. 4. CpaBHeHvte sM111cc1110HHOill cnoco6Hocrn pa311w1HblX Marep111a11os, 

111cnof1b3YIOl1.flllXCR npvt 1113rOTOB11eHvtlll ceTOK 

MeTan 

Tungsten 
3onoTo 
nnaniHa 

cp 

4,55 
5,28 
5,63 

0THOCMT&nbHaA 3MMCCMA npM 11 OOK 

100% 
0,045% 
0,0011% 

KaK MO)l{HO BH.D.eTb, .n.a>Ke HeaHaqHTeJibHOe yseJIHqeHHe pa6oTbI Bb1xo.n.a npHBO.ll.HT 

K 3HaqHTeJibHblM H3MeHeHHHM B 3MHCCHOHHOH cnoco6HOCTH. fIJiaTHHa HMeeT caMble nyq
WHe xapaKTepHCTHKH, HO npHMeHeirne nJiaTHHbl B qHCTOM BH,D.e CHJibHO y.n.opo)l{aeT JiaMllbl, 

KpOMe 3TOro, nJiaTHHa nJiaCTHqHa H He o6nan.aeT Heo6XO,ll.HMOH )l{eCTKOCTbIO. 0.n.HHM H3 

BbIXO,Zl.08 OKa3aJIOCb HCnOJib30BaHHe MOJIH6,D.eHOBOro nposo.n.a, noKp&J.TOro CJIOeM nJiaTHHbl 

(25 % nJiaTHHbl no secy), O,D.HaKO H 3TO OKaaaJIOCb CJIHlllKOM .n.oporHM MeTO,Zl.OM ,ll,IIH Macco-
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OcHOBbl Aeiticra1u1 ycHmtrenbHblX npH6opoa 

eoro npHMeHeHHH. fopa3)1,0 )l,eWeBJJe OKa3aJIOCb HCnOJJb30BaHHe 30JIOlfeHHH ceTKH, 3TOT 

npHeM IlOJJYlfHJI JJ.OCTaTOlfHO WHpOKOe pacnpocTpaHeHHe ( npHMep: JJaMnbI THilOB. 6080, 

6C45n). 

l.10.3.5. JlaMnbl c paMO'"IHblMM ceTKOMM 

EcJJH oT eepxHero H HH>KHero KOHU.OB eepTHKaJJbHO pacnoJJo>KeHHOH onopHoH CTOHKH yn

paBJJHIOW.eH ceTKH JJ.O TaKHX >Ke KOHU.OB JJ.pyroH CTOHKH npOJ1YCTHTb ropH30HT3JlbHbie nJJa

CTHHbl H npHBapHTb HX, TO 06pa3yeTCH paMOlfHaH KOH°CTPYKU.HH, onpeJJ.eJJHBWaH HX H33Ba

HHe: JJaMnbI c pa~OlfHOH KOHCTPYKU.HeH ynpaBJIHIOW.eH ceTKH. npeHMyw.ecTBOM )l,aHHOH 

KOHCTPYKU.HH HBJJHeTCH TO, lfTO npoBOJJ. ceTKH Mo>KeT 6bITb HaTHHyT Ha paMKe, lfTO 3HalfH

TeJJbHO yMeHbrnaeT ero npoBHCaHHe, B03HHKaIOw.ee B pe3yJJbTaTe TepMHlfecKoro YJJ.JJHHe

HHH H )l,eJJaeT B03MO>KHbIM 6oJJee 6JJH3KOe pacnOJJO>KeHHe npOBOJJ.a ynpaBJJHIOW,eH ceTKH 

OTHOCHTeJJbHO KaTO)l,a, KOTopoe He06XOJJ.HMO ,LI,TIH IlOJJYlfeHHH 6oJJee BbICOKoro 3HalfeHHH Kpy

TH3Hbl npoxoJJ.HOH xapaKTepHCTHKH. TaK, HanpHMep, ,LI,TIH J1aMnb1 c paMOlfHOH KOHCTPYKU.HH 

ceTKH rnna E88CC, JJ.OCTaTOlfHO npocTO JJ.OCTHraeTCH 3HalfeHHe KpyTH3HbI gm = l 0 MA/B, 

TOr)l,a KaK ,LI,TIH JJaMnbI c TpaJJ.HU.HOHHOH KOHCTPYKU.HeH ceTKH, HO co BCeMH OCTaJlbHbIMH 

aHaJJOrHlfHhIMH napaMeTpaMH rnna ECC82, JJylfwee Jl.JIH Hee 3HalfeHHe KpyTH3HbI gm = 
= 2 MA/B JJ.OC'rnraeTCH c eeCbMa 6oJJhWHMH yxHw.peHHHMH. 

1.10.3.6. (eTKM, onpeAenRIOlqMe nepeMeHHOe 3H0'"10HMe ycMneHMR µ, 
M CBR3b C MCKO>K0HMRMM 

JlaMnbl c nepeMeHHblM 3HalfeHHeM ycHJJeHHH ( OHH TaK>Ke H3BeCTHbl IlOJJ. Ha3BaHHeM JJaMnbI 

«BapH-MIO» H JJaMnbI c nepeMeHHOH KpyTH3HOH), 3TO JJaMnbI, KOTOpbie xapaKTepH3YIOTCH 

CHJlbHO Bblpa>K~HHOH IlOJIOfOCTbIO npOXOJJ.HblX xapaKTepHCTHK, Tpe6yIOW.HX HeHOpMaJJbHO 

BbICOKHX 3HalfeHHH oTpHu.aTeJJbHoro ceTOlfHoro HanpH>KeHHH, Heo6xoJJ.HMoro ,LI,TIH yMeHb

weHHH aHOJJ.Horo ToKa JJ.O HyJJeeoro 3HalfeHHH. PaJJ.HonpHeMHbie ycTpoHcTBa JJ.OJJ>KHbI o6-

pa6aTbIBaTb BY: CHrHaJJbl, HMeIOW.He 60JJbWOH JJ.HHaMHlfeCKHH JJ.Hana30H, HanpHMep, OHH 

JJ.OJl>KHbl HMeTb B03MO>KHOCTb HaCTpaHBaTbCH KaK Ha ,MOW.HblH CHrHaJJ pacnoJJo>KeHHOH 

pHJJ.OM paJJ.HOCTaHU.HH TaK H, HacTpaHBaTbCH Ha CJ1a661H CHrHaJJ yJJ.aJJeHHhIX HJIH MaJJOMOW.

HbIX nepe)l,aIOW.HX CTaHU.HH . .ll.nH o6ecn·elfeHHH Heo6XOJJ.HMOro YCHJJeHHH CJJa6oro CHrHaJJa, 

HO npeJJ.OTBpaw.eHHH B03HHKHOBeHHH neperpy3KH npH nocrynJJeHHH CHJlbHOro CHrHaJJa 

BbICOKOlfaCTOTHOe ycHJJeHHe npHeMHHKa )l,eJJaeTCH nepeMeHHbIM. )lJJH 3TOro HCilOJlb3yeTCH 

cHcTeMa aeToMarnlfecKoti peryJJHpoBKH ycHJJeHHH (APY). KaK npaeHJJo, JJ.aHHaH CHCTeMa 

B03JJ.eticTByeT Ha K03<pcf>HU.HeHT ycHJJeHHH JJ.Byx HJJH Tpex KacKaJJ.OB paJJ.HOlfaCTOTHoro ycH

JJeHHH OJJ.HOBpeMeHHO, a TaK KaK cyMMapHbIH Ko3<P<PHU.HeHT ycHJJeHHH paeeH npoH3BeJJ.e

HHIO K03<P<PHu.HeHTOB ycHJJeHHH OT)l,eJJbHbIX KaCKa)l,OB, TO Heo6XOJJ.HMO He3H8lfHTeJJbHO CHH-

3HTb ycHJJeHHe Ka>K)l,OH HHJJ.HBHJIYBJlbHOH JIBMilbl, lfT06bI noJJylfHTb B HTOre Tpe6yeMblH 

pe3yJJbTaT. YnpaBJJHIOW.aH ceTKa JJaMn, npeJJ.Ha3HalfaBrnHxcH ,LI,TIH paJJ.HOlfaCTOTHoro ycHJJe

HHH B paJJ.HOnpHeMHHKax coeeprneHHO C03HaTeJJbHO HaMaTbIB8eTCH c HepaBHOMepHblM wa

roM ( lfTO npHBOJJ.HT K 38BHCHMOCTH 3HalfeHHH BHyTpeHHero CTBTHlfeCKOro K03<P<PHu.HeHTa µ 
H KpyTH3Hbl npOXOJJ.HOH xapaKTepHCTHKH gm OT BeJJHlfHHbl BHOJJ.HOfO HanpH>KeHHH V.), no-
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HeKoropb1e sonpocb1 KOHCTPYKllMM M mnnyoro11MM npMeMo-ycMnMrenbHblX noMn 

3TOMY TaKHe JJaMnbI nOJJY4HJIH Ha3BaHHe TpHO.ll.OB HJIH neHTO.ll.OB c nepeMeHHblM K03cpcjrn

UHeHTOM ycHJJeHHH . 

Xorn J1aMnb1 c nepeMeHHbIM K03cpcpHUHeHTOM ycHJJeHHH pa3pa6oTaHbI B TOM 4HCJJe .ll.JIH 

HCnOJJb30BaHHH B cxeMax, KOr.n.a He06XO.ll.HMO MeHHTb K03cpcpHUHeHT YCHJJeHHH npH H3Me- · 

HeHHH aHO.ll.HOro HanpH>KeHHH Va, OHH xapaKTepH3YIOTC51 04eHb BblCOKHMH HCKa>KeHHHMH. 

flpas.n.a, B cJJy•rne ycHJJeHHH 8'4 CHrttaJJa 3TO He npe.n.crnsmieT cepbe3ttoii npo6J1eMb1, TaK 

KaK CHrHaJJ, KaK npaBHJIO, MaJJ, a HCKa>KeHHH nponopUHOHaJJbHbl aMnJJH.TY.ll.e CHrttaJJa. 

B TpHo.n.ax, HCnOJJb3yeMbIX B HH3K04aCTOTHblX 3BYKOBblX TpaKTax, HCKa>KeHHH Bbl3b1Ba

IOTCH, npe)!<,!le scero, H3MetteHHeM BHYTpeHttero conpornsJJeHHH J1aMnb1 ra c H3MettettHeM 

aHo.n.ttoro TOKa la. O.n.ttaKo, ecJJH ttarpy304HaH xapaKTepHCTHKa CTaHOBHTCH 6oJJee nJJOCKOH 

( B cJJy4aHx, Kor.n.a conpornBJJeHHe ttarpy3KH R,. >> r"), TO .lf.JIH CHH>KeHHH HCKa>KeHHH tteo6 -

XO.ll.HMO HMeTb HeH3MeHHblM 3Ha4eHHe K03cpcpHUHeHTa ycHJJeHHH, no3TOMY nOCTOHHCTBO 

wara ttaMOTKH ceTKH npHo6perneT 04eHb sa>Kttoe 3Ha4eHHe. MexaHH4eCKH no BbinOJJHH

eTcH TaKHM o6pa3oM, 4TO npH ttaMoTKe nposo.n.a ceTKH OH pacnoJJaraeTcH B cneu1-1aJJbHb1e 

npope3H Ha .n.ep>KaTeJJHX CeTKH, nOJIO>KeHHe KOTOpbIX T04HO 3a.n.aeTC51 c HCflOJJb30BaHHeM 

MHKpOMeTpH4eCKoro ( no.n.aiow.ero) BHHTa ( pHC. 1.46 ). 

PHc. 1.46 YnpaeAR.TOW,afl cem1ea neHmoiJa muna 6K7, uM.e10w,eco nepeM.eHHbtii. 
1eoacjxpu1.fueHm ycuAeHuR. Heo6xoiJuM.o omM.emumb, 'lmo 3Ha'lumeAbHOe 
omKAOHeHue uiaia HaM.om1eu cem1eu om paeHoM.epHoco Ha6A1oiJaemCR. 
8 lf€Hmpe u Ha paccmOJl.HUU, pacnoAOJ/CeHHOM. npuM.epHO Ha OdHOll 
'lemeepmou om 1ea:J1CiJoco KOHi.fa iJep:JicameAeii. 

flo Mepe H3HOCa pe3b6bI MHKpOMeTpH4eCKOrO BHHTa B HeM B03HHK8IOT JJIOcpTbl H nOJJO

>KeHHe npope3eH CTaHOBHTCH Mettee T04HbIM, 4TO npHBO.ll.HT K HepaBHOMepHOCTH wara Ha

MOTKH ceTKH. B03HHKalOlll,He JJIOcpTbl ropa3.ll.0 CHJlbHee npOHBJJHIOTCH B JJaMnax c 6oJJee 

MeJJKHM waroM HaMOTKH ceTKH (TO eCTb, .ll.JIH JiaMn c Bb!COKHM K03cpcpHUHeHTOM ycHJie

HHH ), n03TOMY ropa3.ll.0 CJIO>KHee H3roTOBHTb JiaMny; xapaKTepH3YIOllJ.YIOC51 HH3KHM ypoB

HeM HCKa>KeHHH, KOTopaH HMeJia 6bI BbICOKOe 3Ha4eHHe K03cpcpHuHeHTa YCHJJeHHH m, ·4eM 

JJaMny c HH3KHM 3Ha4eHHeM m . 

CttH>KeHHe .n.onycKOB Ha JIIOcj>TbI H CHJJY ttarn>KeHHH nposo.n.a ceTKH npH npoH3BO.ll.CTBe 

JJaMn c ueJiblO yMettbWHTb pa36poc B seJJH4HHe K03cj>cj>HUHeHTa yCHJieHHH He HBJIHeTcH 

TaKoif y>K JJerKo npeo.n.oJIHMoif npo6JJeMoif - ee pewettHe CTOHT 04ettb.ll.Oporo, no3TOMY ee 

peweHHe 6y.n.eT 3aBHCeTb B OCHOBHOM OT KOHe4HOro noTpe6HTeJJH. CosepweHHO HeO>KH

,11,aHHO, HO JJaMna rnna CVI 988 (rn >Ke caMaH JiaMna rnna 6SN7, HO BbmycKaeMaH .ll.JJH 

apMeHCKOro npHMeHeHHH) Tpe6osaJJa MaJlbIX BapHaum1 K03cj>cj>HUHeHTa ycHJJeHHH, no3TO-
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OcHOBbl Aei1craM11 ycMnMrenbHblX npM6opoa 

MY HMeJJa 3Ha4HTeJlbHO MeHbWHe HCKa>KeHHH no cpaBHeHHIO co CBOHM KOMMep4eCKHM aHa

JIOfOM THna 6SN7. 

ll0.4. Rpyr11e BHRbl ceroK s naMnax 
TeTpOJJ.bI H neHTOJJ.bt HMelOT 3KpaHHpy10wy10 cnHpaJJbHO HaBHTYIO ceTKy (g2), KOHU.eHTpH4-

HO pacnOJIO>KeHHYIO B npOCTpaHCTBe Me>K,ey ynpaBJIHIOW.eH CeTKOH H aHOJJ.OM. 003TOMY 

"laCTb TOKa, npoxoJJ.Hw.ero B naMne, OTBeTBJIHeTcH s uenb 3KpaHHpy10w.el1 ceTKH. OpH 3TOM 

ycKopeHHO Jl.BHralOW.HeCH 3JleKTpOHbl npH CTOJIKHOBeHHH c npHTHrHBa10w.el1 HX 3KpaHHpy

IOW.eH ceTKOH Bbt3btBaJOT ee JJ.OnonHHTenbHbtH pa3orpes. EcnH MaTepHan ceTKH HMeeT no

KpbITHe H3 UHpKOHHH, TO 3TO He TOJlbKO cnoco6cTByeT JIYLfWeM}' oxna>l<,ll.eHHIO 3KpaHHpylO

w.el1 ceTKH 3a C"leT yseJJH"leHHOro TenJJOH3JJYLfeHHH, HO TaK>Ke npHBOJJ.HT K nornow.eHHIO 

OCTaTO"IHblX ra30B, no3TOMY 3KpaHHPYIOW.aH ceTKa "laCTO BbtnOJIHHeT pOJJb reTTepa (no

rnOTHTeJJH ), yny4wa10w.ero OCTaTO"IHblH BaKYYM B 6anJJOHe JJaMnbt. 

B neHTOJJ.e cyw.ecrnyeT TaK>Ke peJJ.KaH aHTHJJ.HHaTpOHHaH (3aW.HTHaH) ceTKa, HMe10w.aH 

Hynesoii HJJH cnerKa oTpHUaTenbHbtH 3apHJJ.. 3neKTpOHbI npaKTH"leCKH He npHrnrnsalOTCH 

K aHTHJl.HHaTpOHHOH (3aW.HTHOH) ceTKe (g3), fl03TOMY J].aHHaH ceTKa He flOJJ.Bep>KeHa ca

MOpa3orpesy. 

Jly4eBOH TeTPOJJ. BMeCTO HaBHTOH B BHJJ.e cnHpaJJH aHTHJ].HHaTpOHHOH ceTKH HMeeT cj>op

MHPYIOW.He noTOK 3neKTpoHoB nnacTHHbI (pHc. 1.47). 

PHc. 1 .47 llAacmuHbt, ¢opMupy10Ufue nomoK 3AeKmpoHoe, 
u KOHcmpyK4uR Kamo<J-cemKa CBI./ c<JeoeHHOCO 
Aytteeoco mempo<Ja muna QQV07 -50 

ll0.5. AHOR 

AHOJJ. nocTOHHHO 6oM6apJJ.HpyeTcH sneKTpoHaMH, HMelOW.HMH Bbtc0Ky10 cKopocTb Jl.BH>Ke

HHH. Xorn Macca 3JJeKTpOHOB O"leHb Mana, HX BblCOKaH CKOpOCTb 03Ha4aeT, l.fTO OHH npH-
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HeKoropb1e aonpocbl KOHcrpyKqMM 1t mnnyaroq1t1t np1teMo-yc1tn1trenbHblX noMn 

PHC. 1.48 BH.euuwtl aua (( nAemeH.OCO aH.oaa» AaMnbt Philco 37 

06pera10T BblCOK}'IO KHHeTH'leCt<ylO 3HeprHIO, KOTopaH npeo6pa3yeTC5! B TenJJOBYIO npH 
y.nape sJJeKTpoHa 06 aHo.n. Ba>1<HOH xapaKTepHCTHKOH JVJH J1aMnh1, TaKHM o6pa30M, HBJ151eT
cH MOW.HOCTb pacceHsaeMaH B BH,ne Tenna Ha aHo.ne, HJJH Tennosoe pacceHHHe. Ba>1<Ho, 
lfT06bl pacceHHHe Ha aHo.ne He 6blJIO 4pe3MepHblM, lfTO MO>KeT npHBeC_TH K <PH3HlfeCKOMY 
pa3pywe1Hll0 aHO,D.a - ero pacnnaBJJeHHIO. 00CKOJlbKY neperpeTblH aHO,D. 6y,neT HarpeBaTb 
H ceTKH, 3TO MO>Ker npHBecrn K cerolfHOH 3MHCCHH. TaK>Ke HeJJb3H He YlfHTbIBaTb, lfTO 
cHJJbHO HarpeTbJH MeTann a Ho.a.a HalfHHaeT Bb1,nenHTb ra3 ( s<PcjleKT, H3BeCTHhIH no.n Ha3Ba • 
HHeM ra30Bbl,D.eJJeHHe ), KOTOpblH 3HalfHTeJlbHO yxy.nwaeT Bat<yYM BHyrpH naMnbl. 

B pH,ne cJJylfaeB B HeKoTopblX H3 naMn, BhmycKaeMhlX Ha 3ape pa.nHosneKTpOHHKH, HC· 
nOJlb30BaJIHCb aHO,D.bl, rpy6o cnneTeHHble H3 npOBOJIOKH, KOTOpble, KaK ror.na 3aHBJl51JIOCb, 
«npe.noTBpaw.a10T Harpes ceToK 3a clfeT 0Tpa>1<eHHoro OT aHo.na TenJJoBoro noToKa» (pHc. 
l.48). 

11.neH nneTeHoro aHo.na He,naBHO BOCKpecna, xorn «nJJeTeHbJH aHo,n», pacclfHTaHHbJH Ha 
pa6otfee HanpH>1<eHHe 300 B, B .nel1cTBHTeJJhHocrn npe.ncTaBnHer MeTaJ1J1Hlfect<y10 nJJacrn -
Hy, B KOTOpOH Ha WTaMne Bblpy6neHbl npHMoyroJJbHbie OTBepCTHH (pHC. 1.49). 

AHo,n pacceHsaeT Bb1,neJ1H10W.eecH Tenno 3a ClfeT TenJJosoro H3JJYtfeHHH, nosToMy JVJH 
ysenHlfeHHH nnow.a.nH H3JJylfeHHH aHo,n H3roTaBJJHBaeTcH c pe6paMH . .llpyrnM cnoco6oM 
YCHJIHTb OTBO,D. Tenna 3a ClfeT H3JJylfeHH51 51BJl51eTC51 4epHeHHe ero HHKeneBOH noBepXHOC· 
TH rpa<PHTOM (pHc. 1.50). 5onee Toro, B MOW.HOM nepe,na10w.eM TeTpo.ne cepHH 813 H 
.D.BOHHOM TpHo,ne rnna 6528, npe.nHa3HalfeHHOM JVJH cxeMhJ nocJJ~BaTeJJbHoro cTa6HJJH· 
3aTopa, HCnOJlb3YIOTC51 cnJJOWHble rpa<PHTOBbie aHO,D.bl, noCKOJlbKY rpa<PHT He .ne<PopMH· 
pyeTCH npH BblCOKHX TeMneparypax, .no KOTOpbIX HarpesaeTCH aHO,D.. 0pOH3BO,D.HTeJIH 
naMnbI rnna 6528 HCnOJJb30B3JIH ,D.OTIOJIHHTeJlbHOe npeHMyw.eCTBO CHJlbHO pa3orpeToro 
rpa<PHTOBOro aHo.na, noKpbIB ero nosepXHOCTb U.HPKOHHeM, KOTOpblH HMeeT BbICOKYIO 
CTOHKOCTb K so.nopo.ny, a3ory H KHcnopo.ny npH Harpese .no TeMnepaTyp BbIWe 800 K (ca
Moe HalfaJJo KpacHoro cselfeHHH ). 
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0cHOBbl 11eiiCTBMl1 ycMnMTenbHblX npH6opoB 

PHc. 1.49 flAacmun11,amblu nep¢opupooa1t1tblu anoa muna 
« nAemenoeo aHoda» AaMnbt 3008 

PHc. 1.50 Tpal/Jumoebte aHOdHble nAacmu1tbt mempoaa QV08- I 00 

0Kpy>1<a10w,He naMny KOHCTPYKU.HOHHbie 3JJeMeHTbI JJ.OJJ>KHbI 6bITb XOJJOJJ.HblMH, •no6b1_ 

HMeTb B03MO>KHOCTb aKTHBHO nornow.aTb Tenno, H3J1y1rneMoe aHOJJ.OM. B npoTHBHOM cny-
1.fae, OHH 6yJzyT JJH60 caMH BbIJJ.eJJSITb TenJIO, JIH60 OTpa>KaTb TenJJOBOH noTOK o6paTHO 

K aHOJIY. EcJJH YlfHTbIBaTb HaJIHlfHe cneu.HaJJbHOro noKpb1TH51 Ha aHOJJ.e, KOTopoe HMeeT Bbl· 

COKHH K03cpcpHU.HeHT TenJJOBbIJJ.eJJeHlrn , HO OJJ.HOBpeMeHHO c 3THM TaKOe noKpbITHe xapaK

TepH3yeTCSI nOBbIUJeHHOH cnoco6HOCTb!O Tennonornow.eHHSI, TO OTpa>KeHHbIH OT .n.pyrnx 

3JJeMeHTOB JJaMnbI TenJJOBOH nOTOK 6y.n.eT nornow,aTbC51 H yseJJHlfHBaTb TeMneparypy a HO· 

.a.a . HanpHMep, xpoM11posaHHb1e KO>KyxH BbIXOJJ.HbIX TpaHccpopMaTopos ycHJJHTeJJeH 3BYKO-
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HeKoropb1e eonpocb1 KOHcrpyK111111 11 mnnyara111111 np11eMo-yc11n11TenbHblX naMn 

BOH lJaCTOTbl BHeurne BbirJIH,ll.SIT OlJeHb npHBJieKaTeJibHO, HO OHH MOryT npHBeCTH K OOBbl

weHHIO TeMnepaTypb1 aHo.u.a 3a clJeT xopowero OTpa>KeHHH. HaH60JibWHH spe.u. H3 scex 

OKpy>KaI01UHX JiaMny KOHCTPYKUHOHHblX 9JieMeHTOB Mor 6bl HaHeCTH xpOMHpOBaHHblH UH

JIHH.U.p, pacnOJIO>KeHHbIH BOKpyr Hee, TaK KaK OH nOJIHOCTbIO 6bl OTpa>KaJI TenJIOBOH nOTOK, 

H3JiylJaeMbIH aHO.U.OM, o6paTHO B CTOpOHY JiaMnbI. 

ManowyMHW.HH neHTO.U. rnna EF86 HMeeT 9JieKTpocTaTH4eCKHH 9KpaH, 0Kpy>1<a10ru,Hii 

aHO.U. H npe.u.Ha3HalJeHHblH ,ll.JIH CHH>KeHHH <t>oHOBoro wyMa, a B pH.u.e o6pa3UOB JiaMnbI OH 

H3fOTOBJieH H3 6Jiecrnmefl MeTaJIJIH'leCKOH nJiaCTHHbl, O.U.HaKO, 9TO He .U.OJI>KHO C6HBaTb 

c TOJIKY, eCJIH paccMOTpeTb CHTyaUHIO no OTHOWeHHIO K aHo.u.y. 3TOT 9KpaH KOHelJHO >Ke 

3Ha4HTeJibHO orpaHH'IHBaeT npouecc oXJia>K.11.eHHe aHo.u.a, a TaK KaK KPYTH3Ha xapaKTepHc

THKH neHTO.U.a gm HMeeT BeCbMa He60JibWOe 3HalJeHHe, TO pa6oTa JiaMnbI npH BbICOKHX 

3Ha4eHHHX TOKa (KOTOpblH npHse.u.eT K yseJIHlJeHHIO KpyTH3Hbl gm, HO O.U.HOBpeMeHHO 

c 9THM H K yseJIH'leHHIO MOIUHOCTH Ha aHo.u.e Pa) oKa3aJiacb 6b1 .u.aneKo lie 6e36oJie3HeH

HbIM HBJieHHeM. Ho, KaK npaBHJIO, neHTO.U. rnna EF86 pa6oTaeT c MaJibIMH CHrHaJiaMH npH 

OlJeHb HE~60JibWHX 3HalJeHHHX aHO.U.HOrO TOKa H MOIUHOCTH, pacceHsa'eMOH Ha aHo.u.e, no-

9TOMY 9JieKTpOCTaTHlJeCKHH 9KpaH He Bbl3bIBaeT OCJIO>KHeHHH c npo6JieMaMH OXJia>K.11.eHHH 

aHo.u.a. 

TaK KaK 9JieKTpOHhI 60M6ap.u.Hpy10T aHo.u., o6na.u.aH olJeHb BbICOKHMH cKopocrnMH, cy

w.ecTByeT BepOHTHOCTb BbI6HBaHHH BTOpH4HblX 9JieKTpOHOB c nosepxHOCTH atto.u.a, npH

lJeM npH Ka>K.11.0M aKTe coy.u.apeHHH MO>KeT BbI6HBaTbCH HeCKOJlbKO 9JieKTpOHOB (9<P<PeKT, 

H3BeCTHbIH no.u. Ha3BaHHeM BTOpH4HaH 9MHCCHH 9JieKTpOHOB). EcJIH BTOpH4Hbie 3JieKTpo

Hbl Hetta.u.onro noKH.U.aIOT nosepx~Tb aHo.u.a H npaKTH'leCKH cpa3y >Ke B03Bpaw.aIOTCH 06-

parno, TO cepbe3HblX OCJIO>KHeHH~He B03HHKaeT. 0.u.HaKo ecJIH BTOpH4Hbie 9JieKTpOHbl 

npHo6peTaIOT .U.OCTaTO'IHYIO 9HeprHIO H pa3JieTaIOTCH OT aHo.u.a Ha HeKOTopoe paCCTOHHHe, 

TO OHH BHOCHT HCKa>KeHHH B 9JieKTpH4eCKOe none Me>K.u.y KaTO.U.OM H aHO.U.OM, '!TO npHBO.U.HT 

K B03HHKHoBeHHIO HCKa>KeHHH H B ycHJIHBaeMbIX cHrnanax. Pa3yMeeTCH, rnaBHbI_H spe.u. 

BTOpH4HOH 9MHCCHH B03HHKaeT B KJiaCCHlJeCKHX TeTpo.u.ax H3-3a .U.HHaTpOHHOro 9<P<PeKTa. 

3To HBJieHHe H cnoco6b1 6opb6b1 c HHM y~e paccMaTpHsanocb Bb1we. 

0THOCHTeJibHblH yposeHb BTOpH4HOH 9MHCCHH onpe.u.eJIHeTCH KO=><t><PHUHeHTOM BTO

pH4HOH 3MHCCHH MaTepH~Jia, KOTOpblH 6oM6ap.u.HpyeTCH nepBHlJHblMH 9JieKTpOHaMH. )l.nsi 
HHKeJIH K09<l><PHUHeHT BTOpH4HOH 9MHCCHH .U.OCTaTOlJHO MaJI ( npHMepHO 1,3 ), a c y'leTOM 

ero BblCOKOH nJiaCTHlJHOCTH CTaHOBHTCH nOHHTHblM, nolJeMy OH HBJIHeTCH HaH60Jiee 'laCTO 

npHMeHHeMblM MaTepHaJIOM ,ll.JIH H3rOTOBJieHtt.H aHO.U.OB, a Tal{>Ke H .u.pyrnx npeccosaHHbIX 

9JieKTPO.U.OB JiaMn. 

Ko9<P<PHuHeHT BTOpH4HOH 9MHCCHH MaTepHana aHo.u.a MO>KeT 6bITb 3HalJHTeJibHO CHH

>KeH 3a C'leT HaHeceHHH Ha ero nosepXHOCTb UHpKOHHH, JIH60 CJIOH KOJIJIOH.U.HOro yrnepo.u.a 

(npouecc rpa<t>HTH3aU.HH 9JieKTpo.u.a). \ 

)lJIH rpa<t>HTa K09<l><PHUHeHT BTOpH4HOH 9MHCCHH OlJeHb MaJI, HO OH OTJIHlJaeTCH OlJeHb 

BbICOKOH xpynKOCTbIO, fl09TOMY rpa<t>HT MO>KHO npHMeHHTb TOJibKO B BH.U.e cpaBHHTeJibHO 

TOJICTbIX ( 6onee l MM) cnoes. DoKpbITbIH rpa<i>HTOM aHo.U. o6na.u.aeT nosb1weHHoil Tenno

sofl HHepTHOCTbIO, '!TO npHBO.U.HT K TOMy, '!TO nHKOBaH MOIUHOCTb pacceHHHH Ha aHo.u.e 

3HalJHTeJibHO npeBbIWaeT MOW.HOCTb pacceHHHH, xapaKTepHoro ,ll.JIH CTai.i.HoHapHoro npo

uecca, no9TOMY .u.aHHaH oco6eHHOCTb .u.enaeT oco6eHHO nonyn5ipHbIM ero npHMeHeHHe 

B MOW.HbIX nepe.u.aIOW.HX JiaMnax, TaKHX, KaK THn 813, 211, 845 H HM no.u.o6Hble. JlaMna 
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rnna QV08- l 00 KOMnaHHH MaJJJJ3P.!l HMeeT MaccHBHblH atto.n., o6pa3oBaHHblH .D.BYMH rpa

cpHTOBblMH nJJaCTHHaMH TOJllllHHOH OKOJIO 8 MM, l.JTO .n.eJJaeT aHO.!l O'leHb ycTOH'lHBblM K He

npO.!lOJl>l<HTeJibHblM neperpy3KaM (pHC. 1.51 ). 

PHc. 1.51 Bneuutuu Bua JtaMnbt muna KT88 KOMnanuu GEK, 
cAeiJyem o6pamumb BHUManue, ttmo pa3.Atepbt Bbt6paHbt 
U3 coo6paJ1CeHUU OHUJICeHUR mOKOB ymettlCU 

ll0.6. BaKyyM H HOHHJOIJHOHHbte myMbl 
CTeneHb OCTaTO'lHOro BaKYYMa B KOJJ6e 3JleKTpOHHOH JJaMnbl HMeeT O'leHb 6oJJbWOe 3Ha'le

HHe, TaK KaK npH nOHH:>KeHHblX .n.asJJeHHSIX H3Ha'laJJbHO HeHOHH3HpOBaHHblH ra3 B JJaMne 

.!lOCTaTO'lHO JJerKO MO)l(eT 6b1Tb HOHH3HposaH , Kor.n.a 6blCTpo JleTSlll.lHe 3JleKTpOHbl Ha CBO 

eM nyTH K aHOJlY CTaJJKHBalOTCSI C MOJleKyJJaMH ra30B H HOHH3Hpy10T HX. noJJO)l(HTeJlbHO 

3apH)l(eHHble HOHbl ra30B OTTaJJKHBalOTCSI noJJeM aHo.n.a H npHrnrnsalQTCSI OTpHU.aTeJJbHblM 

noTeHu.HaJJoM cTpyKTYPbl KaTo.n.- ceTKa , nocJJe 1.Jero OHH HeMe.D.JJeHHO Heii'rpaJJH3YIOTCH co

orseTCTBYIOlllHM KOJIH'leCTBOM 3JleKTpOHOB, npoTeKalOutHX H3 BHewHeH u.enH Ha 3eMJJIO. 

TaK KaK npou.ecc o6pa30BaHHSI HOHOB H HX nOCJJe.n.yiomasi HeHTpaJJH3aU.HH Ha ceTKe H Karo

.n.e HOCHT CJJy'laHHblH xapaKTep, 3TOT npou.ecc Bbl3blBaeT cJJy'laHHblH TOKOBblH wyM, npHBO

.D.HlllHH K TaK Ha3blBaeMOMY HOHH3aU.HOHHOMY wyMy. 

WyMOBble HOHH3aU.HOHHble TOKH TOJlbKO Tor.n.a C03,D.alOT npo6JJeMbl, Kor.n.a OHH npoTe· 

KalOT no pe3HCTOpaM BHeWHHX u.eneii, TaKHX, HanpHMep, KaK pe3HCT0pb1 ceTOl.JHOro CMe 

uteHHSI . npH CBOeM npOXO)l(,D.eHHH OHH B COOTBeTCTBHH C 3aKOHOM 0Ma Bbl3b1BalOT na.n.eHHe 

HanpH)l(eHHSI Ha pe3HCTOpe, a TaK KaK JJaMna SIBJJHeTCSI npH60pOM, ynpaBJJHeMblM Han pH· 

)l(eHHeM ( aHO.!lHblH TOK la H aHO.!lHOe HanpH>KeHHe Va nponopU.HOHaJlbHbl HanpH>KeHHIO 

Me>KJlY CeTKOH H KaTO.!lOM Vgk), HanpH>KeHHe HOHH3aU.HOHHOro wyMa YCHJIHBaeTCSI JJaMnOH. 

EcJJH 6b1 conpoTHBJJeHHe ceTO'lHoro pe3HCTopa paBHHJJOCb 6b1 HyJJesoMy 3HatJeHHIO, TO 

HOHH3aU.HOHHblH TOK He CMOr 6bl C03,D.aTb Ha HeM na.n.eHHSI HanpH>KeHHSI. 
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Bo BXO.U.HhIX KacKa.u.ax, xapaKTepH3YIOlllHXCH HH3KHM yposHeM rnyMoB, HcnoJib3YIOTCH 

JiaMnbI c BbICOKHM 3Ha'leHHeM BHyTpeHHero CTaTH'leCKoro K09cf>cf>HU.HeHTa ycHJieHHSI µ, no-

9TOMY CJie~HH KaCKa)J. He yxy.u.waeT xapaKTepHCTHKH rnyMa, 0)1.HaKO, JiaMna c BblCOKHM 

3Ha'leHHeM K09cf>cf>HU.HeHTa ycHJieHHSI m BbinOJIHSleTCSI c O'leHb MeJIKHM rnaroM HaMOTKH 

cnHpaJIH ynpaBJIHIOll.leii ceTKH ( c u.eJibIO yMeHbllleHHH ee npoHHu.aeMOCTH D), t.(TO 3Ha'lH

TeJibHO yseJIH'lHBaeT sepoHTHOCTh 6oM6aP,.u.HpOBKH HOHaMH He KaToJJ.a, a ceTKH. TaK KaK 

conpoTHBJieHHe pe3HCTOpa ceTO'lHOrO CMemeHHSI BCer.u.a HMeeT JJ.OCTaTO'lHO 60JibWOe 3Ha

'leHHe, Ha HeM B03HHKaeT 3Ha'lHTeJibHOe na.u.eHHe HanpH»<eHHSI rnyMa, KOTOpoe 3aTeM ycH

JIHBaeTCSI. TaK KaK CeTKa 9cf>cf>eKTHBHO 9KpaHHpyeT KaTO)J., )1.0JISI HOHOB, 6oM6ap.u.HpyIOll.lHX 

KaTO)J., O'leHh MaJia, no9TOMY HOHH3aU.HOHHbie TOKH KaTOJJ.a O'leHb CHJibHO CHH»<aIOTCSI. 

11 Tai KaK KaTO.U.HbIH pe3HCTop Rk HMeeT ornocHTeJibHO 3eMJIH MeHblllee conpoTHBJieHHe 

no cpaBHeHHIO c pe3HCTopoM ceTO'IHoro cMemeHHH (no.u.po6Hee o cnoco6ax BKJIIO'leHHH 

JiaMn B cxeMy ycHJIHTeJISI CM. B rJiaBe 3 ), 9TO eme CHJlbHee CHH»<aeT JII06oe HanpH»<eHHe 

WyMa, B03HHkaIOll.lee B u.enH KaTO)J.a. TaKHM o6pa30M, JJ.JISI KaCKa)J.OB, B KOTOpbIX HCnOJib-

3YIOTCSI JiaMnI>r c BblCOKHM 3Ha'leHHeM ycHJieHHSI m, OCHOBHblMH SIBJISIIOTCSI HOHH3aU.HOH

Hbie llIYMhl, o6pa30BaHHbie HOHH3aU.HOHHblMH TOKaMH B u.enH CeTKH. 0HH MOryT 6bITb CBe

JJ.eHbl K MHHHMYMY 3a C'leT HH3KOro 3Ha'leHHeM HMne.u.aHca u.enH CeTKH OTHOCHTeJibHO 3eMJIH 

Ha BblCOKHX 'laCTOTax, no9TOMY TpaHccf>op~aTOpHaSI CBSl3b Ha BXOJJ.e CHH»<aeT BJIHS!lrne 

HOHH3aU.HOHHblX WYMOBblX TOKOB Ha HH3KHX 'laCTOTax no cpaBHeH,HIO c eMKOCTHOH CBSl3bl0. 

B o6nacTH HH3KHX qacTOT KOMnJieKcHoe conpoTHBJie1tHe BTopH'IHOH o6MOTKH TpaHccf>op

MaTOpa Zsec MO»<HO npHHSITb npH6JIH3HTeJibHO paBHblM aKTHBHOMY COnpOTHBJieHHIO BTO

pH'lHOH o6MOTKH no nocTOSIHHOMY TOKY Rvccsec)' KOTopoe 6y.u.eT HMeTb .U.OCTaTO'IHO HH3KOe 

3Ha'leHHe, TOr)J.a KaK eMKOCTHOe COnpOTHBJieHHe Xi: MO»<HO npHHSITb CTpeMSlll.lHMCSI K 6ec

KOHe'IHO 60JibllIOMY 3Ha'leHHIO, x,."" oo, n09TOMY eMKOCTHaSI CBSl3b npHBOJl.HT K 6onee BbICO

KOMy ypOBHIO wyMOB BH)J.a l/f. 
B BbIXO.U.HbIX KacKa.u.ax cTpeMHTCH HCnOJib30BaTb naMnbI c HH3KHM 3Ha'leHHeM BeyTpeH

Hero CTaTH'leCKoro K09cf>cf>Hu.HeHTa ycHJieHHSI m, 'lT06bI CBeCTH K MHHHMY¥)' napa3HTHYIO 

eMKOCTh MHJIJiepa H coxpaHHTb WHpHHY noJIOCbI nponycKaHHH, o.u.HaKo, JiaMnhI c HH3KHM 

3Ha'leHHSI K09cf>cf>Hu.HeHTa ycHJieHHSI µ xapaKTepH3YIOTCSI 6onee KpynHhIM rnaroM HaMOTKH 

cnHpaJIH ceTKH, 'ITO yseJIH'IHBaeT BepOS!THOCTb HOHHOH 6oM6ap.u.HpOBKH KaTOJJ.a. JlaMnbI 

c HH3KHM 3Ha'leHHeM K09cf>cf>Hu.HeHTa ycHJieHHSI m pa6oTaIOT npH 6oJiee BblCOKHX 3Ha'leHHSIX 

HanpH»<eHHSI CMell.leHHSI CeTKH Vgk' 'ITO Tpe6yeT yBeJIH'leHHSI 3Ha'leHHSI conpOTHBJieHHSI KaTOJJ.

HOFO pe3HCTopa Rk. CyMMapHoe B03.U.eiicTBHe .u.syx cf>aKTopos, To ecTb yseJIH'leHHH .u.onH HOH

Horo To Ka H 6onee BbICOKoro conpoTHBJieHHH Rk' 03HaiiaeT, 'lTO JJ.JISI naMn c HH3KHM 3Ha'leHHeM 

K09cf>cf>HU.HeHTa ycHJieHHSI m He 6yJJYf JJ.eHCTBOBaTb yCJIOBHSI pa3BSl3KH KaTO)J.a B TOM CJIY'lae, 

Kor.u.a He06XO)J.HMO 6yJJ.eT CBeCTH K MHHHMyMY BJIHSIHHe HOHH3aU.HOHHbIX rnyMOBbIX TOKOB. 

Jl.JIH xapaKTepHCTHKH BbICOKOro saeyyMa HHor.u.a HCnOJib3yeTCSI TepMHH «hard - »<eCT

KHH», TOrJJ.a KaK Jl.JISI HeBblCOKOro saeyyMa HCnOJib3yeTCSI TepMHH «soft - yMepeHHbIH». 

f1o9TOMY B pS!JJ.e CJiyqaeB 9JieKTpOHHbie JiaMnbI xapaKTepH3YIOTCSI KaK «06JiaJJ.aIOmHe yMe

peHHbIM saeyyMoM». Bo speMH npoH3BOJJ.CTBa JiaMn B03.lfYX H3 6aJIJIOHOB JiaMn Tll.laTeJibHO 

OTKa'IHBaeTCSI, HO KaKaSl-TO ero 'laCTb BCe-TaKH He MO»<eT 6bITb y.u.aJieHa OTKa'lHBaIOll.lHMH 

BaKyyMHbIMH HacocaMH, no9TOMY Jl.JISI yJJ.aJieHHSI OCTaIOll.lerocSI B03.nyxa HCnOJib3YIOT cne

U.HaJibHble nornoma10mHe semecTBa - reTTephI. 
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llO.l. r errepbl 
feTTepbl, HJIH ra3onorJJOTHTeJIH, H3fOTaBJIHB3JOTCH B BHJI.e MeTaJIJIH'leCKOro 3JieMeHTa KOH

CTPYKU.HH, JI.OCTaTO'IHO 11acTo pacnonaraeMoro OKOJIO seplllHHbI KOJI6b1 naMnbI, KOTOpblH 

noKpblT BbICOKO JJeTyqHM nopolllK006pa3HblM COCTaBOM ('lau.r.e scero, Ha OCHOBe coeJI,HHe

HHH 6apHH, ttano.n.o6He COCTaBa, HCnOJJb3yeMoro B Ka'lecrne 3MlWCHOHHOro noKpblTHH He· 

KOTOpblX pa3HOBHJI.HOCTeH KaTOJI.OB). CTocJJe TOro, KaK-KOJJ6a JJaMnbI 6blJJa OTKa'!aHa BaKY

YMHblM HacocoM JI.O MaKCHMaJibHO B03MO)!{HOro BaKyyMa H 3anaHHa, reTTep pe3KO 

HarpesaeTcH H nopollloK B3pbrnaeTcH, nornou.r.aH ocTaTO'lHbIH ra3. C11na B3pb1BHoro Hc

napeHHH pa36pachrnaeT pacnJJasJJeHHbIH 6apHH Ha BHYTpeHHJOJO noBepxHocTb 6aJJJJoHa, 

o6pa3yJO xopOlllO H3BeCTHOe 3epKaJJbHOe noKpblTHe B BepxHeH '!aCTH JJaMnbl. 83pb1B 

HHHU.HHpyeTCH 3JJeKTpH'!eCKHM cnoco6oM JJH60 npHMblM nponycKaHHeM HarpeBaJOu.r.ero 

TOKa no noJJ.ZJ.ep:>KHBaJOUI.HM KOHCTPYKU.HJO reTTepa MeTaJJJJH'!eCKHM JI.ep)!{aTeJJHM (JJaMnbl 

c MeTaJJJJH4eCKHM 6aJJJJOHOM), JJH6o H3fOTOBJJeHHeM reTTepa B BHJI.e KOpOTK03aMKHyTOro 

BHTKa H HCnOJJb30BaHHeM BHelllHero 81..J HHJI.YKTOpa ( c pa6o4eH 'laCTOTOH npHMepHO 

450 Kfu.), KOTOpblH Bbl3bIBaeT npoTeKaHHe 60JJblllHX no BeJJH'IHHe HHJI.YKU.HOHHblX TOKOB 

Harpesa no reTTepy (JJaMnbI co CTeKJJHHHblM 6aJJJJOHOM). 

Xorn YaCTb MaTep11aJJa reTTepa TepHeTcH Bo BpeMH B3pbIBHoro 11cnapeHHH, MaTepHaJJ 

reTTepa o6JJaJI.aeT cnoco6HOCTbJO nornou.r.aTb MOJJeKYJJbI ra3a Ha npornmeHHH scero cpoKa 

CJJY:>K6bl JJaMnbI. 

3TO HMeeT 60JJblllOe 3Ha4eHHe, TaK KC!K ra3 JJH6o nocTOHHHO HaTeKaeT B KOJJ6y JJaMnbI 

4epe3 HerepMeTH'IHOCTH B ynJJOTHHTeJJe, 4epe3 KOTOpble npoXOJI.HT ee BHelIJHHe BbIBOJI.bI, 

JJH6o BblJI.eJJHeTCH B pe3yJJbTaTe o6e3ra:>KHBaHHH 3JJeMeHTOB KOHCTPYKU.HH JJaMnbI. CKo

pocTb XHMHYecKoli peaKU.HH YJI.BaHsaeTcH c yBeJJH'leHHeM TeMnepaTypbI Ha Ka>KJI.bie I 0 ·c, 
no3TOMY BO MHOrHX JJaMnax aHOJI. COeJI.HHHeTCH c reTTepoM MaCCHBHblM, xopOlllO npOBOJI.H

llJ.HM TenJJo, npoBOJI.HHKOM. TaK KaK TeMnepaTypa no noBepxHocTH aHOJI.a He pacnpeJI.eJJeHa 

paBHOMepHO, a npoBOJI.HHK o6JJaJI,aeT onpeJI.eJJeHHblM TenJJOBblM conpoTHBJJeHHeM, B HeKO

TOpbIX THnax JJaMn reTTepbI MOHTHPYJOTCH c HcnoJJb30BaHHeM cneu.11aJJbHbIX nJJaCTHH B ca

MbIX ropH'IHX T04Kax aHOJI.a. EcJJH reTTep MOHTHpyeTCH c HCnOJJb30BaHHeM TOJJbKO OJI.HOH 

nJJaCTHHbl, TO Macca 3TOH nJJaCTHHbl BMeCTe c noJJ.ZJ.ep)!{HBaJOu.r.eI1 npy)!{HHOH MOryT o6pa-

30BaTb MexaHH'!eCKYJO pe30HaHCHYJO CHCTeMy, HMeJOu.r.yJO 04eHb BblCOKOe 3Ha'!eHHe JI.06-

pOTHOCTH Q, no3TOMY B pHJI.e cneu.11aJJbHbIX BbICOKOKaYecTBeHHbIX JJaMn KpenJJeHHe reTTe

pa BbinOJJHHeTCH c npHMeHeHHeM JI.BYX nJJaCTHH, npeJI.Ha3Ha'leHHblX CHH3HTb JI.06poTHOCTb 

CHCTeMbl H, CJJeJI.OBaTeJJbHO, yMeHblllHTb BJJHHHHe MHKpo<t>oHHOro :i<t><t>eKTa 3a C'leT napa-

3HTHbJX MeXaHH'!eCKHX KOJJe6aHHH. 

)lJJH Toro, 4T06bl 6bITb nornou.r.eHHblMH reTTepoM, MOJJeKYJJbl ra3a JI.OJJ)!{Hbl BCTynHTb 

c HHMH B HenocpeJI.CTBeHHbJH KOHTaKT, KOTOpblH o6ecne'!HBaeTCH 3a C4eT fipoyHOBCKOro 

JI.BH)!{eHHH MOJJeKYJJ ra3a (npH 3TOM He06XOJI.HMO, 4T06bl noJI,orpeBaTeJJb KaTOJI.a JI.OCTHr 

pa6o4eH TeMnepaTypbl, a BblCOKOBOJJbTHOe aHOJI.HOe HanpH)!{eHHe He 6bIJJO eu.r.e npH

JIO)!{eHO ). 

8 JJaMnax c OTHOCHTeJJbHO HeBI:>ICOKHM, «MHfKHM», BaKyyMOM '13CTO MOrYT Ha6JJJOJI.aTb

CH CJJeJI.bl CJJa6oro roJJy6oBaTOro pa3pHJI.a PHJI.OM co CTeKJJOM 6aJJJJOHa, KOTOpbIH Bbl3bIBa

IOTCH CTOJJKHOBeHHeM HOHH3HpOBaHHblX MOJJeKyJJ ra3a co CTeKJJHHHbIMH CTeHKaMH. 3TOT 

:i<t><t>eKT He CJJe.nyeT nYTaTb c roJJy6oBaTblM <t>JJyopecu.eHTHblM CBe'leHHeM, KOTOpoe Ha-
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6JitoJJ.aeTcff Ha BH)'TpeHHei-i noBepxHocrn aHoJJ.a B pffJJ.e naMn, HanpHMep, THO EL84, H ffBJiff· 

eTCff HOpMaJibHblM ffBJieHHeM. 

JlaMOhl, KOTOpbie )J.eCSITHJieTHSIMH xpaHHJIHCh npH noHmKeHHhlX TeMneparypax, MOl)'T 

HMeTb 04eHb OJIOXOH BaKyyM, TaK KaK npH HH3KHX TeMnepaTypax 3Q>tj>eKTHBHOCTb norno

w.eHHSI reTTepa pe3KO OOHH»<aeTCSI. 0JJ.HaKO, nporpeB JI8MO B 6bITOBOH JI.YXOBKe npH TeM

neparype I 00 ·c B Te4eHHe 24 4aCOB nporpesaeT reTTep, KOTOpblH npH OOBblllleHHOH TeM

neparype nor JIOlll.aeT 004TH Beeb OCTaT04HhIH ra3, npH 3TOM CJieJI.YeT TOJihKO OOMHHTh, 4TO 

U.OKOJIH JiaMn, BhmycKaeMblX tj>HpMOH Octal, H3rOTaBJIHBalOTCSI H3 Q>eHoJIQ>opMaJib)J.erH)J.

HblX CMOJI H MoryT nerKo nospeJI.HTbCSI npH 6onee BhICOKHX TeMnepaTypax. CTpH nepBoM 

BKJll04eHHH, B TOM 4HCJie H HOBOH Jl8MOhl, 6bIJIO 6bl Hennoxo nepeJJ. TeM, KaK BKJII04HTb 

Bb!COKOBOJlhTHOe aHOJJ.HOe HanpSI»<eHHe, JI.aTb ej.j nopa6oTaTb c BKJII04eHHblMH 00)1.0rpeBa

TeJISIMH KaTOJI.OB, no KpaliHeH Mepe, OKOJIO nonyqaca. Xorn B Te4eHHe HeCKOJlbKHX 4aCOB 

pa6oThl B naMne npoH3oH)J.eT nornomeHHe ocrnT04HbIX ra30B rerrepoM, MeTOJJ.hI npeJI.BapH

reJihHoro nporpeBa, OOHCaHHble Bblllle, npeJJ.OTBparnT HeraTHBHOe BJIHSIHHe Ha KaTOJI. HOH

HOH 6oM6apJI.HpOBKH JJ.O Toro, KaK OCHOBH8Sl Macca MOJieKyJI OOrJIOTHTCSI. 

llaB. /lepJKaren11 111 cn10nbl 11 reMneparypa oannoHa 
CHcTeMa 3JieKTpoJJ.oB naMnhI, 3JieMeHThI KOHCTPYKU.HH TennooTBOJI.OB H reTTepa HaJJ.e»<Ho 

cpHKCHpytoTCSI B ycTOH4HBOM nono»<eHHH H30JIHpytolll.HMH nnacTHHKaMH H3 CJIIOJI.bI B Bepx

Hei-i H HH»<HeH T04Kax KpenJieHHSI aHOJl,a. EcJIH Ka4eCTBO CJllO)J.bl, KaK H30JISIU.HOHHOro Ma

rep11ana, OKa»<eTCff HeH)J.eaJibHbIM, TO OHa C03JI.8CT O)'Tb Jl.JISI npoTeKaHHSI TOKOB )'Te4KH, 

HanpHMep, c aHOJI.a Ha ynpaBJISllOllJ.YIO ceTKy, Bbl3b!Bal0lll.HX OOBblllleHHble lllYMbl B MaJIO· 

MOlll.HhIX npHeMo-ycHJIHTeJihHblX JiaMnax, H cnoco6HbIX Bhl3BaTb cepbe3Hble OOBpe)f{)J.eHHSI 

B MOlll.HblX ycHJIHTeJibHblX H nepeJI.810llJ.HX ( reHepaTOpHbIX} JiaMnax. 

CTpH B3pbIBHOM HcnapeHHH reTTepa 4aCTh napoB MeTanna MO»<eT ocecTh Ha nnacTHHax 

CJllOJI.hl, 4TO npHBe)J.eT K yBeJIH4eHHOH OOBepXHOCTHOH npoBOJI.HMOCTH CJllOJI.hl. ,llJISI TOro, 

lfT06hl yBeJIH4HTh Jl.JIHHY O)'TH JI.Jiff npoxo)f{)J.eHHSI TOKOB )'Te4KH H, TaKHM o6pa30M, yBeJIH· 

'IHTb conpOTHBJieHHe Jl.JISI ero npoTeKaHHff, B CJllO)J.HHblXJJ.ep»<aTeJISIX Me*JI.Y ynpaBJISllOllJ.eH 

CeTKOH H aHO)J.OM npope3alOTCff cneu.HaJlbHble meJIH. 

c JJ.pyroi-i CTOpOHbl, napbl reTTepa MOl)'T pacnpeJI.eJIHTbCff TaKHM o6pa30M, 4TO OHH 

c MeHbllleH BepOSITHOCTblO 6yJI.YT oceJ1,aTb Ha CJllO)J.SIHhlX JJ.ep»<aTeJISIX, OOMep»<HBatollJ.HX 

CHCTeMy 3JleKTpOJI.OB JiaMnhI, KOTOpble K TOMY »<e MOl)'T OK838TbCSI 3alll.HllJ.eHHhlMH JJ.OOOJI

HHTeJibHblMH nnacTHHKaMH cJitoJI.hI HJIH MeTaJIJIH4eCKHMH 3KpaHaMH. Pa3pa60T4HKH tj>Hp

MbI GEK B cBoei-i naMne THna KT88 He TOJibKO HCOOJlb30BaJIH Bee BbIUJeyKa3aHHbie npHeMbl 

.!Vlff CHH»<eHHSI TOKOB )'Te4KH, HO TaK»<e npeJI.YCMOTpeJIH yBeJIH4eHHblH pa3Mep JI.Jiff OOMep

>KHBalOlll.HX 3JleKTPOJI.bl H30JIHpytolllHX nnaCTHH, 4TO npHBeJIO K TOMY, 4TO OHH He KacatoTCff 

( ClfHTalOlll.HXCSI 3arpff3HeHHhIMH) CTeHOK 6aJIJIOH8 JiaMObl, CM. pHC. 1.52. 
)la»<e B TOM cnyqae, KOrJJ.a CJitoJJ.a He 3arpS13HffeTCff npoBOJI.fflll.HM MaTepuanoM reTTepa, 

OHa see paBHO He SIBJISieTCff HJl,eaJibHbIM H30JIHpytollJ.HM MaTepHaJIOM H, OOJJ.06Ho. BCeM 

H30JiffTopaM, ee yJJ.eJibHoe conpoTHBJieHHe MeHSieTcff c yBeJIH'leHHeM TeMneparyph1. B cry
JJ.HHHOM KOHJI.eHcepHoM MHKpotj>oHe C-800G KoMnaHHH CoHH (Sony) 11cnonh3yeTcSI xono
JJ.HJJhHHK, pa60T810lll.HH Ha 3<f><f>eKTe Oenrbe, Jl.JISI OXJla)f{)J.eHHff 6aJIJIOHa JiaMObl npeJI.YCH· 
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JJHTeJJbHoro KacKa.u.a . TaK KaK cTeHK11 6aJJJJOHa JJaMnbI KacalOTCH CJJI0.!1.HHbIX .u.ep>KaTeJJeii, 

TO OHH TaK>Ke OXJJa>K.!l,alOTCH, 4TO, BeCbMa sepOHTHO, np11BO.!l,HT K CHH>KeHHIO TOKOB yre4KH, 

npoTeKalOW.HX no nosepxHocrn CJJIO.!l.bI. Hapsmy co CHH>KeHHeM TeMnepa-rypbI aHo.u.a H no

HH>KeHHbIM BCJJe.!l,CTBHe 3TOro ra30Bbl)l.eJJeHHeM, 3TOT npHeM TaK>Ke np11BO.!l.HT K CHH>Ke 

HHIO ypoBHH wyMOB B JJaMne. 

Cm1*eHHe TeMnepaTypbl CTeHOK 6aJJJJOHa He TOJlbKO cnoco6cTByeT CHl1>KeHHIO ypoBHH 

wyMos, HO TaK>Ke yseJJl14HBaeT cpoK cJJy>K6b1 JJaMnbI. B Ka4ecTBe npHMOH ccbIJJKH MO>KHO 

npHBeCTl1 Bbl.!l,ep>Key 113 npocneKTa nepe.u.s11>KHOH BbICTaBK11, npOBO.!l.11MOH no.u.pa3.!l,eJJe

Hl1eM KOMnoHeHTOB KOMnaHHH op11M3p 83JJB3 ( Brimar Valves) s HOH6pe 1959 ro.u.a 

«vknOJJb30BaH11e nJJOTHO ycTaHOBJJeHHbIX 3KpaHHpylOW.HX KO>KYXOB, HMelOW.HX BblCOKYIO 

TenJJonpOBO.!l.HOCTb 11 Henocpe.u.cTBeHHblH TenJJOBOH KOHTaKT 60JJbWOH nJJow.a.u.11 c nosepx

HOCTblO 6aJJJJOHa np11 0)1.HOBpeMeHHOM 11cnOJJb30BaHl111 COOTBeTCTBYIOW.11X renJJOOTBO)l.H

W.11X pa.u.11aTOpOB Moryr .u.eHCTBl1TeJJbHO CHH311Tb pa604YIO TeMnepaTypy 6aJJJJOHa 11 3Ha-

411TeJJbHO yseJJl1411Tb cpoK cJJy>K6b1 JJaMnbI» . Ew.e 6oJJee no.u.4epKHsaer 3TOT BbIBO.!l. 

.u.aJJbHeHWl1H KOMMeHTapH11113 TOro >Ke caMoro HCT04HHKa: «HCnOJJb30BaH11e 3KpaH11py10-

w.11x KO>KYXOB, KOTOpbie He HaXO.!l,HTCH B renJJOBOM KOHTaKTe c JJaMnOH, MO>KeT 3Ha4HTeJJbHO 

nOBJJl1HTb Ha ycJJOBl1H OXJJa>K.!l,eHl1H JJaMnbl». 

PHc. 1.52. 11JapuK mep.Monapbt, 3aKpeMe1t1tbtu na KOA6e Jta.Mnbt 
c ucnoAb30Banue.M monK020 .Meano20 npoaoaa 

BbICOKaH TeMnepa-rypa 6aJJJJOHa JJaMnb1 no.u.pa3yMesaeT BbICOKYIO TeMnepa-rypy ee aHo

.u.a, a TaK KaK aH0.!1. fiOMep>K11BalOT H30JJHPYIOW.He nJJaCTHHKH, H3rOTOBJJeHHbie H3 CJllO.!l.bl, 

TO TenJJo OT aHO.!l,a Henocpe.u.cTBeHHO nepe.u.aeTCH K ero .u.ep>KaTeJJHM. AHO)l., HMelOW.HH 

CJIHWKOM BblCOKYIO TeMnepaTypy, MOmeT HarpeTb .u.ep>KaTeJJH .!l.0 TeMnepa-rypbl, npH KOTO· 

poli Ha4HeT HCnapHTbCH CBH3aHHaH so.u.a (B COCTaB CJllO.!l.bl BX0.!1.HT XHMH4eCKH CBH3aHHaH 

KpHCTaJJJJl14eCKaH so.u.a), npHCYTCTBHe napos KOTOpOH npHBe)l.eT K HeMe.!l.JleHHOMY OTpas

JJeHHIO ( noTepH 3MHCCHOHHOH cnoco6HOCTH) KaTO.!l,OB c OKCH.!1.HbIM noKpbITHeM. 
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HeK01opb1e eonpotbl KOHc1pyKq1111 11 mnnya1aq1111 np11eMo-yc11n11TenbHblX naMn 

3aW.HTHbie KO>f<)'XH H3 CJllOJl.bl TaIOKe MOryT SIBJISITbCSI npH'1HHOH nospeN<JJ.eHirn K8TOJJ.8, 

Bbl3B8HHbIX BH6pauHeH 3JieKTPOJJ.OB. 8H6pHpy10w.He 3JleKTPOJJ.bl yBeJIHl{HB8IOT CBOH noca

Jl.O'IHbie OTBepCTHSI 38 Cl{eT HCTHpaHHSI MaTepHaJJa CJllO)l.bl, npHBOJJ.Sl K o6pa30B8HHIO MeJJb

'18HWeH CJIIOJJ.SIHOH nbIJIH. TaK KaK o6w.ast nJJOW.8,/U> nosepxHOCTH pe3KO yseJJH'1HBaeTcst 

npH MeJIKOarperaTHOM COCTOSIHHH sew.ecTBa no cpaBHeHHIO c MOHOJIHTHblM, TO 3TOT cf>aK

TOp TaIOKe 6y)l.eT cnoco6cTBOB8Tb npoueccaM HCnapeHHSI KpHCT8JIJIHl{eCKOH BOJJ.bl H3 

CJJIO)l.bl. 

KepaMH'1eCKHe .D.ep>KaTeJIH HBJIHIOTCH nonynstpHbIMH B nepeJ1.a10w.Hx ( reI-iepaTOpHbIX 

naMnax) JI8Mnax, T8KHX K8K THn 845, a TaK>Ke B MOJJ.Hcf>HI.i,HpOB8HHblX MOJJ.eJISIX JiaMn, Ta

KHX, HanpHMep, K8K THn 6384, TaK K8K HCnOJib30B8HHe KepaMHKH HCKJllOl{8eT B03HHKHO

BeHHe npo6JieM, CBSI38HHblX c napaMH BOJJ.bl. 

ll0.9. H1MepeH11e reMneparypb16annoHa11 oxn0)/(/18HHe naMn 
MHorHe THnbI 1.1,Hcf>poBbIX BOJibTMeTpOB HMeIOT B03MO>KHOCTb npoH3BOJl.HTb H3MepeHHSI 

TeMneparypbl c HCfiOJlb30B8HHeM TepMonapbl THna «K» (xpoM-HHKeJieBbIH cnJiaB - 8JIIO

MHHHH). TepMonapbI Jl.JlH T0'1HbIX H BbICOKOTeMnepaTypHbIX H3MepeHHH 0'1eHb JJ.OporH, TaK 

K8K B HHX HCnOJJb3YIOTCSI MeTaJIJibl nJiaTHHOBOH rpynnbI, O.D.H8KO TepMonapbl H3 TOHKHX 

npOBOJIOl{eK, KOHI.1,bl KOTOpblX CnJiaBJieHbl B He60JibWOH wapHK, 0'1eHb HeJI.oporH H o6ec

ne'IHB8IOT JJ.OCT8T0'1HYIO T0'1HOCTb • .Ll,nst H3MepeHHSI TeMneparypbl 6aJIJIOH8 Jl8Mfibl Heo6-

XOJl.HMO B3SITb He60JlblllOH KYCOK roJioro MeJJ.HOro npoBOJl.8 c Jl.H8MeTpOM MeHee 0,7 MM, 

KOTOpbIH H8.D.O nJIOTHO o6epHYTb BOKpyr CTeKJJSIHHOfO 6aJJJIOHa, a KOHI.1,bl 8KKYP8THO CKpy

THTb, '1T06bI neTJISI nJJOTHO OXB8THJl8 6aJJJJOH, o6ecne'1HB8Sl xopornHH KOHT8KT H HH3KOe 

rennosoe conpoTHBJJeHHe; HO noMHH npH 3TOM, '1TO H3JIHllIHHe ycHJJHH Moiyr nospeJJ.HTb 

6aJJJIOH ( sce-TaKH, OH H3roTOBJieH H3 cTeKJJa ). WapHKosast TepMonapa 3aKpenJisteTcst Ha 

3TOH npoBOJIOl{HOH nerne ( pHC. 1.52 ). 
Cne.nyeT OTMeTHTb, '1TO TeMnepaTypa He pacnpe.D.eJieHa paBHOMepHo no nosepxHoCTH 

6aJIJIOH8 Jl8Mnbl H '{TO HaH60Jiee BblCOKaSI TeMnepaTypa 6y.D.eT, CKOpee Bcero, HanpoTHB 

cepeJJ.HHbI nnocKoro aHOJl.a, JIH6o B T0'1Ke, rJI.e aHOJI. Kopo6'1aToro THna pacnono>KeH 6JJH>Ke 

scero K cTeKJJy 6aJIJJOHa. 

KonH'qecTBo Tenna, H3JiyqaeMoro nosepxHoCTbIO, nponopuHoHaJJbHO nJJOW.8.Zl.H H3JJyqe

HHH H onpe.D.eJJsteTcst nJIOlll.8JJ.bIO nonepe'1Horo ce'1eHHH npocTpaHCTBa, qepe3 KOTopoe npo

XOJl.HT HOpM8JlbHO HanpaBJieHHblH noTOK H3JJyqeHHSI, no3TOMY 8HOJl.bl UHJIHHJJ.pH'1eCKOH 

cf>opMbl H3JIY'18IOT CBOe TenJIO JJ.OCT8TOl{H0 paBHOMepHO B npocTpaHCTBO BOKpyr JiaMnbI. 

0JJ.H8KO TOHKHe, nJIOCKHe 8HOJl.bl H 8HOJl.bl KOp06'1aToro THna HMeIOT npette6pe>KHMO 

MaJiylO nosepxHOCTb H3JJY'1eHHSI B OJI.HOM H3 HanpaBJieHHH, no3TOMY B03HHK8IOT HanpasJie

HHH 6oJJee HHTeHCHBHOro TenJIOH3JJyl{eHHSI, KOTOpble MO>KHO HCnOJib30B8Tb ,ll.JISI 6oJie 3cf>-

cf>eKTHBHOro OTBOJl.8 TenJia OT JI8MnbI. . 

6aJIJIOH JiaMnbI MO>KeT OXJI8>1<)1.8TbCH HCnOJib30B8HHeM OTBOJl.HW.ero TenJio pe6pHCToro 

paJJ.H8TOpa, OJl,.H8KO npH 3TOM pe3KO'yBeJIH'1HB8eTCSI CTOHMOCTb o6opyJJ.OB8HHSI, n03TOMY 

raKast KOHCTPYKUHH HcnoJib3yeTcst TOJibKO B o'1eHb CJIO>KHbIX H3JI.eJIHHX, Ha6JIIOJJ.aeTcst TeH

JJ.eHUHH HCfiOJlb30B8Tb HX, HanpHMep, B OCI.1,HJIJIOrpacf>ax HJIH MOpCKHX P8.D.HOnepeJJ.8T'1HK8X. 

4HCTblH H HH'1eM He 38KpblTbIH 6aJIJIOH JiaMnbI OTBOJl.HT 60JibrnyIO '18CTb TenJia, BbIJJ.eJISie-
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OcHOBbl A8MCTBMR yc1tn1trenbHblX np1t6opoa 

Moro B JlaMne, 3a C'1eT Tennosoro H3Jlyl{eHHff, O)lHaKO, pe6pHCTbIH TenJIOOTBOJlfflllHH pa)lH

aTOp, HaXOJlfflllHHCff B xopoweM TenJIOBOM KOHTaKTe c 6aJJJIOHOM naMnbI, CTpeMHTCff npe

o6pa30BaTb see TenJJOBble noTepH B noTepH KOHBeKUHOHHOro THna . .Lla.me npH HenO)lBH»<

HOM B03JlYXe 3TOT MeTO)l OKa3bIB'aeTCff 6onee 3<t>cf>eKTHBHbtM MeTOJlOM OXJJa)!{,ll.eHHff ( XOTH OH 

B COCTOffHHH o6ecne'1HTb CHH»<eHHe TeMnepa1ypbl npHMepHO TOJlbKO Ha IO °C), O)lHaKO 

npHHYJlHTeJlbHOe OXJla)!{,ll.eHHe c HCnOJJb30Bam-1eM 3JleKTpOBeHTHJJffTOpa 3Ha'1HTeJJbHO no

BbJWaeT =>cf>cf>eKTHBHOCTb npouecca. 

TennooTBOJlHillHe pe6pHCTbie panHaTOpb1 B HacToffmee speMff Hcnonb3YtOTCff nocrn

TO"IHO OXOTHO H, B H)leanbHOM cny"!ae, JlOJl}f{Hbl KpenHTbCff c HCnOJlb30BaHHeM l{HCTbIX 

KpeMHHH-OpraHH"!eCKHX HJIH MOJIH6)leHCOJlepmamHx CMa30K, ynyqwat0mHx HX Tennonpo

BOJlHOCTb no ornoweHHtO K aHOJlY. Cne;:iyeT yqecTb, "!TO 6enaff KpeMHHilopraHH"!ecKaff 

cMa3Ka 6yneT oTpamaTb Tennosoe H3ny"leHHe o6parno K aHony! 

lT0.10. DaMnOBble lJOKORH cepHii oaAL H LOaAL -
BRHRHHe HO norepH H IDfMbl 

0T)leJI o6opynosaHHff KopnopaUHH DH-6H-CH KJJaCcHcf>HUHPOBaJI UOKOJIH naMn B COOTBeT

CTBHH c JlBYMff OCHOBHblMH THnaMH. B UOKOJlffX JlaMri nepsoro rnna HCnOJlb3yeTCff nOJIH

TeTpacf>TOp3THJleHOBaff (H3 cjnoponnacTa 4), HJIH KepaMH"leCKaff H30JlffUHff, a B UOKOJlffX 

BTOporo rnna HCnOJlb3yeTCff nnaCTMacca Ha OCHOBe cf>eHoncf>opMaJlb)lerH)lHbIX CMOJJ. 

UoKOJIH BToporo rnna He peKoMeHJlYtOTCff JI.Jiff Hcnonb30BaHHff Ha panHo"laCTOTax CBbIWe 

l 00 Mru. BenH"IHHa 3KBHBaneHrnoro conpornsneHHff Me»<;:iy coce)lHHMH BbIBOJlaMH non- · 
»<Ha, KaK 6b1J10 ycTaHOBJleHo, cocTaBJlffTb, He MeHee 750 KOM JI.Jiff uoKoneil THna l H He 

MeHee l 00 KOM JlJlff uoKoneH THna 2. 
I-fa "IHCTOfO Jlt060nbITCTBa aBTOpOM 6bIJIO npOH3Be)leHO H3MepeHHe eMKOCTH Me>KJIY co

ce)lHHMH BblBO)laMH JI.Jiff naMn, npHo6peTeHHblX B Mara3HHe H HMetOillHX 8-WTblpbKOBbJe uo

KOJIH, COOTBeTCTByt0mHe Me>KJlYHapOJlHOMY CTaH)lapry Octal ( OKTaJlbHble BOCbMHWTblpbKO

Bbie uoKonH c KJJt0"!eM). DpH 6anaHcHpoBKe H3MepHTenbHoro MOCTa onpenenffeTcff He 

TOJlbKO BeJIH"IHHa eMKOCTH, a TaK»<e BeJIH"IHHa TaHreHca JlH3JleKTpH4eCKHX noTepb, tgo JlH3-

neKTpHKa, KOTOpbIH o6parno nponopuHoHaneH conpoTHBJ1eHHt0YTe"IKH, no3TOMY Ha npaKTH

Ke Bcerna He06XO)lHMO KaK MO»<HO MeHbWee 3.Ha"leHHe tgo, CM. Ta6n. 1.5. 

XoTff KepaMH"leCKHe -UOKOJIH HMetOT cnerKa MeHbWee 3Ha"!eHHe eMKOCTH, OCHOBHOe 

OTJIH"!He 3aKJltO"!aeTCff B TOM, "!TO UOKOJIH H3 cf>eHoncf>opMaJlb)lefH)lHbIX nnaCTMacc HMetOT 

Ha nopffJlOK 6onee BbI_coKoe 3Ha"leHHe napaMeTpa, xapaKTepH3yt0mero conpornsneHHe 

YTe"IKH, "!TO B CBOtO 04epeJlb npHBe)leT K yseJIH"leHHtO wyMOBblX TOKOB, npoTeKatOillHX H3 

aHo)la B uenb ceTKH. Xorn OHH H He cpaBHHBanHCb HenocpencrneHHO npH nposeneHHH 

HMeHHO 3THX HCnbITaHHH' cf>rnponnaCTOBbJe UOKOJIH, KaK cne;:iyeT O»<H)laTb, JlOJJ}!(Hbl o6na
)laTb ropa3)l0 6onee HH3KHMH 3Ha"!eHHffMH TOKOB YTe'1K'H no cpaBHeHHtO c KepaMHKOH, H no 

3TOH npH4HHe ffBJlfftOTCff HaCTOffTeJfbHO peKOMeH;:iyeMbIMH. 

BonpeKH csoeMy TeXHH'1ecKoMy npesocxoncrny Han wHpoKo pacnpocTpaHeHHbIMH 

8-WTbipbKOBbIMH uoKOJlffMH rnna Oct.al, UOKOJIH rnna Loktalct> (BOCbMHWTbipbKOBbie uo

KOJIH c KJJtO"leM H 3aMKOM), pa3pa6oTaHHbie KOMnaHHeH CHJ!bBaHHff (Sylvania) B 1938 ro;:iy, 
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OKa3aJJHCb Henonym1pHblM OTKJJOHeHHeM OT reHepaJJbHOH JIHHHH H 3BOJJIOU.HOHHO rynHKO· 

BblM BapHaHTOM, TaK KaK B HTore JJaMnbl OKa3aJJHCb HeHaMHOro MeHbWe, 'IeM JJaMnbl 

c u.oKoJJeM THna Octal. .llJJH Toro, 'IT06h1 co3,ll8Tb JJaMny, pacc'IHTaHHYIO JVJH pa6oThl B qac

TOTHOM nuana3oHe 225 Mru. ( sepcHH JJaMnh1 T·una 7 A4, B ocTaJibHOM »<e noJJHOCTblO 3KBH· 

BaJieHTHaH JJaMne THna 6J5), OKa3aJJOCb He06XOJlHMblM 3Ha'IHTeJJbHO CHH3HTb ee co6CT· 

BeHHble eMKOCTH, HHJlYKTHBHOCTH H TOKH yre'IKH. VkKJJIOL!eHHe cy»<aIOLL1.eHCH l!aCTH 

CTeKJJa Ha 6aJJJJOHe JJaMnbl H BblBe)leHHe nOMep»<HBalOLLl.HX 3JJeKTPOJlbl npOBOJlHHKOB He

nocpencrneHHO K BblBO)laM, 3Hal!HTeJJbHO YKOpOTHJIO JJaMny, 'ITO, B CBOIO OL!epe)lb, 3Hal!H

TeJibHO CHH3HJJO 3Hal!eHHH co6cTBeHHblX napa3HTHblX eMKOCTeH H HH,!IJ'KTHBHOCTeH BblBO• 

JI.OB JiaMnbI. HcKJJIOL!eHHe U.OKOJIH H3 cf>eHOJJcf>OpMaJJb)lerH)lHOH nJiaCTMaCCbl CHH3HJIO TOKH 

yrel!KH Me»<ey BblBO)laMH, a no6aBJieHHe 3a3eMJieHHOro MeTaJIJIHL!eCKoro OCHOBaHHH, qepe3 

KOTOpoe npOXOJlHJIH BblBOJlbl, KaK 3KpaHHpOBaJJO, TaK H 3alll,HW.aJIO 3JieKTpHL!eCKH OT)leJib

Hble BblBOJlbl. UeHTpHpyIOUJ.HH MeTaJIJJHL!ecKHH BhlBOJl He TOJihKO BhmOJJHHJI poJJh KJJIOL!a, 

06ecne'IHBa10w.ero npaBHJlbHYIO oplieHTaU.HIO JJaMnbl npH ycTaHOBKe, HO TaK»<e H HMeJJ 

KOJibU.O, KOTopoe cf>HKCHpOBaJJO ( 3alll,eJIKHBaJJo) JJaMny Ha OCHOBaHHH nocJie ee ycTaHOBKH. 

)lJIH TOro, 'IT06b1 He nonycTHTh HapyweHHH npas·Ha ToproBbIH 3HaK, KOHKYPHPYIOW.He KOM

naHHH H3MeHHJJH Ha3BaHHe HOMeHKJJarypbl CBOHX H3)leJIHH Ha « Loctal »' JJH6o »<e OTHeCJJH HX 

K THny «3aill,eJJKHBaIOUJ.HXCH» JJaMn (Lock-in), a Hx U.OKOJJh o6o3Hal!HJIH KaK B8G. 

Ta6nn~a 1. 5. CpaaHeHne 3Hal.feHHR tg8 p,nR pa3nHl.fHbtX rnnoa 
naMnoabtX ~oKonew 

5enaR KepaM11Ka 

nnaCTMacca 

HecTeKnRHHSR 

KOHCTPYKL\11R 

CTeKJlRHHaR 

KOHCTPYKL\11R 

Kop11~Heeb11ii 

C(pF) 

1,3 
1,2 
1,4 
1,3 
1.~ 
1,4 
1,4 . 
1,3 
1,7 
1,6 
1,6 
1,8 
1,6 
1,7 . 
1,6 
1,9 

tg~ 

=0,01 

0,08 
0,09 
0,095 
>0,1 
0,06 
>0,1 
>0,1 
>0,1 

)l.nH ayJlHOCHCTeM BbICOKoro Kal!ecrna npHMeHeHHe JJaMn THna Loctal HBJJHIOTCH npe

socxo)lHblM BapHaHTOM, TeM 6oJJee, 'ITO KOHCTpyKU.HH HX 3JieKTPOJlOB (a COOTBeTCTBeHHO H 

HCKa>KeHHH) nOJJHOCTblO COOTBeTCTByeT JJaMnaM THna Octal, O)lHaKO, OHH HMelOT HBHOe 

TeXHHL!eCKOe npeHMyW.eCTBO, 3aKJJIO'IaIOw.eecH B BbIWeonHCaHHblX npeHMyw.ecrnax U.OKO

Jl!I Loctal. TaK KaKJJaMnhl c u.oKoJieM Loctal pa3pa6aTb1BaJIHCbJVJH npHMeHeHHH B tJacTOT· 

HOM )lHana3oHe CB bl We l 00 Mru. (Ha KOTOpblX norepH, CBH3aHHble c U.OKOJJeM )laMnbl, 

npHo6peTalOT cyw.ecTBeHHOe 3Hal!eHHe ), 3TH JJaMilbl H3roTaBJIHBaJIHCb c H30JIHU.HeH H3 cf>TO

ponnacTa, no3TOMY JJaMnb1 c U.OKOJJHMH THna NOS CTBJJH B HacToHw.ee speMH nocrynHhIMH. 
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OtHOBbl 11ei1na11J1 yc11n11renbHblX npK6opoa 

B 11HcTpyKu.1111 1939 ro.na KOMnaH11H C11nBaHHH ,ne3HHcf>0pM11pyIOIUe yKa3aJia, 'ITO Ha

npmKeHHe nHTaHHH u.enei-i no.norpeBaTenei-i naMn c U.OKOJIHMH Loktal<I>, cocTaBJIHeT 7 HJIH 

14 B npH 11cnoJib30BaHHH annapaTypbI B cernx n11TaH11H c Hanpm1<eHHeM 130 B, 'ITO no-

3BOJIHJIO HM HCfiOJib30BaTb 'IHCJia «7» H « 14» .llJIH 0603Ha'leHl1H THnOB CBOeH cep11H JiaMn. 

0.nHaKo cne.nyeT YlfHTbIBaTb, 'ITO 9TH 3Ha'leHHH HanpH>KeHHH HaKaJia 6y.nyT COBeprneHHO 

9KBl1BaJieHTHbI HanpH>1<eH11HM 6,3 B H 12,6 B npH HcnoJib30BaHHH 06opy.no0aHHH B cernx 

nHTaHHH c HanpH>KeHHeM 117 B. TaKHM o6pa3oM, ,naHHbie naMnbI B .n.ei-icTBHTeJibHOCTH 

HMeIOT CTaH,napTHble HanpH>KeHHH nHTaHHH u.enei-i HarpeBaTeJieH. 11CKYCHO npH.nyMaHHble 

npecpHKCbl npOCTO notta.n.o6HJIHCb KOMnaHHH B Ka'leCTBe MapKeTl1HfOBOro xo.n.a, Heo!Sxo.n.11-

MOfO .llJIH xapaKTepHCTHKH HOBOfO rnna U.OKOJIH. 

l 10. ll c reKRRHHblH 6onnoH H Bb/80/lbl ROMflbl 

oaJIJIOH coxpaHHeT BaKYYM BHYTPH JiaMnbl, HeaKKYparnoe o6pameHHe MO>KeT noBpe.n.HTb 

cTeKJIHHHbIH 6annoH, B pe3ynbTaTe 'lero BffYTpb npoHHKHeT B03.nyx. CaMhIH npocTOH cno

co6 noBp,e.n.HTb CTeKJIHHHblH 6aJIJIOH, 9TO fibITaTbCH no,nOrHYTb JiaMnOBble BblBO,llbl np11 ee 

ycTaHOBKe B HOBYIO naMnoByIO naHeJibKy. Oco6eHHO 9TO KacaeTcH 6ecu.oKOJibHbIX naMn, 

HanpHMep, naJib'IHKOBOH KOHCTPYKU.HH. no9TOMY Bcer.n.a 11Cfi0Jlb3YeTCH cne.nyIOIUHH npH

eM: npe>K,ll.e, 'leM 6y.n.eT ycTaHOBJieHa HOBaH H .n.oporoCTOHIUaH JiaMna, 'B HOBYIO naHeJib 

TOJibKO 'ITO co6paHHoro yc11n11TeJIH CHa'!aJia ycrnHaHmrnaeTCH crnpaH naMna, nocne 'lero 

npoBepHeTCH pa6orn ycHJIHTeJIH co crnpol1 naMnoi-i. C:-apaH naMna cnerKa pa30}l<MeT 3a

>KHMbl B HOBOH naHe.nbKe, nocne 9Toro HoBaH naMna MO>KeT 6hITh ycTaHoBneHa 6e3 onace

HHH noBpe,ll.HTb ee. ]laJieKO HeO'leBl1,ll.HaH npo6neMa 3aKJIIO'laeTCH TaK>Ke B TOM, 'ITO noBTO

pHIOIUaHCH HeCKOJibKO pa3 ycTaHOBKa JiaMnbl H ee H3BJie'leHHe H3 rHe3,na MO>KeT npHBeCTH 

K o6pa3oBaHl1IO M11KpOTpeIUHH B CTeKJie B o6nacrn BblBO,ll.OB JiaMnbl. MHKpoTpelll,HHbl MO

fYT np11BeCTH K HaTeKaHHIO HeKOTOporo KOJIH'leCTBa B03.nyxa B 6aJIJIOH JiaMnbl, .D.OCTaTO'l

HOro, 'IT06bl yxy.n.rnHTb B HeH BaKyyM H npHBeCTl1 K cymecTBeHHOMY B03pacTaHHIO HOHH3a

U.HOHHblX TOKOB (HMeHHO no 9TOH npH'IHHe 6pHTaHCKHH 11HCTHTYT CTaH.n.aprn3alJ,HH, 

British Standards Institute HacTOHTeJibHO BhICKa3bIBaeTcH npoTHB BhmonHeHHH nep110.n.11-

'leCKHX npoBepOK pH,ll.a BblCOKOKa'leCTBeHHblX JiaMn cneu.HaJibHOfO Ha3Ha'leHHH ). oaJIJIOH, 

y KOToporo HMeIOTCH noBpe>K,ll.eHHH B pai-ioHe BblBO.llOB JiaMnbI, O'leHb nerKO onpe.n.eJIHTb, 

TaK KaK 3epKaJibHOe noKpbITHe B o6JiaCTH reTTepa CTaHOBl1TCH MOJIO'IHblM. 

EcnH Ha noBepxHOCTl1 naMnbI HaKanJIHBaeTcH nbIJib, TO nocne.n.HHH 6y.n.eT C03.D.aBaTh 

TenJIOH30JIHPYIOIUHH CJIOH, yxy.n.rnaIOIU11H ycnOBl1H Tennonepe.n.a'IH, B pe3yJibTaTe 'lero 

-· JiaMna 6y.n.eT CHJibHee HarpeBaTbCH, TO ecTb ee TeMr1eparypa B03pacTeT co BCeMl1 BblTeKaIO

IUHMH H3 9TOro cpaKTa nocne.n.CTBHHMH. JlaMna Bcer.na .D.OJI>KHa 6bITb 'IHCTOH H 6necTeTb, 
Tor.n.a ei-i 6y.n.eT o6ecne'leH .llJIHTeJibHbIH cpoK cny>1<6b1. 

TaK KaK He Bce 9JieKTpOHbI, ycKopHeMhie :.1neKTp11'1ecK11M noneM aHo,na, .nocr11raIOT ero, TO 

Ha BHYTpeHHeH noBepXHOCTH CTeKJIHHHOfO 6aJIJIOHa JiaMnbI (Ha H30JIHTOpe) MO>KeT HaKanJil1-

BaTbCH 0Tp11u.aTeJibHbIH 9JieKTpOHHbIH 3apH,n. D0Kpb1rne BHYTpeHHei-i noBepXHOCTH CTeKJIHH

Horo 6aJIJIOHa rpacp11TOM yBeJIH'IHBaeT npoBO,ll.HMOCTb BffYTpeHHeH noBepXHOCTl1 JiaMnbl, a co

e,ll.HHeH11e 9TOfO npoBOJJ,HI.lJ,ero CJIOH c KaTO,ll.OM n03BOJIHeT 3apH.ny CTeKaTb Ha 3eMJIIO. 

BbIBO.D.bI naMn H3fOTaBJIHBaIOTtH H3 cneu.11aJibHoro MaTep11ana, nony'IHBlllero Ha3Ba

Hl1e KOBap, KOTOpblH COCTOHT 113 cnnaBa >KeJie3a, Hl1KeJIH H K06aJibTa. Oco6eHHOCTb cnna-

94 



nonynpOBOllHHKOBbl8 OKTHBHbl8 npH60pb1 (lpOH3HCTOpb1) 

sa 3BKJllO'l8eTCH B TOM, 'ITO K03cpcpHUHeHT TepMH'leCKOro pacurnpeHHH KOBapa B TO'IHOCTH 

COOTBeTCTByeT K03cpcpHuHeHry TepMH'leCKOfO pacurnpeHHH CTeKJla, n03TOMY npH Harpese 

JIBMnbl H BblBO,llOB B MeCTe KOHTaKTa KOBapa H CTeKJJa He B03HHKaeT MexaHH'leCKHX HanpH

>KeHHH, KOTOpble MOfJIH 6bl Bbl3BaTb o6pa30BaHHe MHKpOTpelll.HH H HapyrueHHe repMe.

TH3aUHH 6aJIJIOHa. DpH xpaHeHHH B ycJIOBHHX nOBbillleHHOH BJia>KHOCTH KOBap MO>KeT 

no.nseprHytbCH Kopp03HH, n03TOMy, ·B 11.neane, JiaMnbl ,llOJl>KHbl xpaHHTbCH B BaKyyMHpo

BBHHblX nJiaCTHKOBblX naKeTax. CaMblMH nepBblMH JiaMnaMH, B KOTOpbIX HCnOJib30BaJIHCb 

Bb!BO,llbl H3 KOBapa, 6bIJIH JiaMnbI THna Loctal, a HX HenonynsipHOCTb B TO speMH 03Ha'laeT, 

'!To 50-neTHHH naMna THna NOS He HBJIHeTCH s Harne speMH TaKoii Y>K HCKJIIO'IHTeJibHOH 

pe,nKOCTblO, n03TOMY cne.nyeT OCTeperaTbCH nOJl)"IHTb JiaMny, xpaHHBlllYIOCH B HeHa,n.ne

>Kalll.HX ycJIOBHHX. EcnH HMeeTCH .nocTaTO'IHbIH ,3anac naMn, TO xpaHHTb HX cne.nyeT B cyxoM 

H TennoM MecTe, a He B no.nsane HJIH rapa>Ke. 

l1Hor.na BCTpe'lalOTCH JiaMnbI, y KOTOpb!X BblBO,llbl 6blBalOT no30JIO'leHHblMH, O,llHBKO, 

TOHKHH CJIOH n030JIOTbl HCTHpaeTCH nocJie HeCKOJ!bKHX UHKJIOB ee ycTBHOBKH H BbITBCKH

BBHijH 113 naHeJIH. Do30JIO'leHHbie BbIBO.D.bl naMnbI ,noJI>KHbl 6b!JIH cny>KHTb xapaKTepHblM 

npH3HaKOM BblCOKOfO Ka'leCTBB (XOTH, HBnpHMep, KOMnaHHH opHM3p BOBCe He 03a6o'leHa 

npo6JieMOH 30JIO'lemrn BblB0,11.0B CBOeH .neiiCTBHTeJibHO BeJIHKOJienHOH JIBMnbI THna 

E88CC), 0,11.HaKo psi.n cospeMeHHbIX npoH3BO.llH1:eneii naMn c qpe3BbI'laiiHoii nerKOCTblO 

30JIOTHT BblBO,llbl HeKOTOpbIX o6pa3UOB JiaMn, OT06paHHblX nocne H3fOTOBJieHHH Ha o6bl'l

HOH npoH3BO.llCTBeHHOH JIHHHH, Tor.n.a KaK TPB.llHUHOHHb1e naMnbI, BXO.llHlUHe B cepwio Cne

U.HBJibHoro Ka'leCTBa (BbmycKaeMbie KoMnaHHH Mannap.n), HJIH s cepHIO Oco6o Ha,ne>KHblX 

( KOMnBHHH opHM3p }, BCer,11.a 6blJIH C03HaTeJibHO cnpoeKTHpOBBHbl H H3fOTOBJieHbl TBKHM 

o6pa30M, 'IT06bl 6b1Tb no CBOHM xapaKTepHCTHKaM sce-TaKH nyqrue, 'leM npOCTO OT06paH

Hble o6pa3Ubl c o6bi'IHOH npOMbllllJieHHOH JIHHHH. 

Xorn 30JIOTO nyqrue npoTHBOCTOHT Koppo3HH H noMoraeT ycTaHOBHTb xoporuHii KOH

raKT c JiaMnOBOH naHeJiblO, cepe6po o6na.naeT CB MOH BblCOKOH y,neJibHOH npoBO,llHMOCTblO. 

flpH yseJIH'leHHH 'IBCTOTbl B pe3yJibTBTe CKHH-3cpcpeKTa JIHHHH TOKa OTTeCHHIOTCH H3 06be

Ma nposo,11.HHKa Kero nosepxHOCTH, no3TOMY BH,11.eOKOHHeKTop MUSA pa3pa6oTaHHblH Ha 

u.eHTpaJibHOH TeJiecpOHHOH CTaHUHH MHHHCTepcTBa nO'IT B .noH,llOHe ( H nOJl)"IHBlllHH CBOe 

Ha3BaHHe KaK a66pes11arypa OT MUSeum A), HMeJI .D.JIH y.ll)"lrueHHH nposo,nHMOCTH cepe6-

p~rnoe noKpblTHe. AHaJIOrH'IHO 3ToMy, MOlll.Hb1e nepe,naiow.11e naMnbI, npe,nHa3Ha'leHHble 

.llJIH HCnOJib30BaHHH B CBY: .n11ana3oHe, TaK>Ke HHor.na HMelOT BblB0,11.bI; noKpbITble TOHKHM 

CJIOeM cepe6pa. E.n.HHCTBeHHblM, HO BeCbMa cepbe3Hb!M He,11.0CTaTKOM cepe6pa, HBJIHeTCH 

TO, 'ITO 6e3 Ha,n.ne>Kaw.ero yxo.na OHO O'leHb CHJ!bHO OKHCJIHeTCH. . 

1.11. nonynpOBOJIHMKOBble OKTMBHble npM60pb1 ( lpOH3MCTOpb1) 

llll 06U11te JOMe'IOHHR 

Mb! 3aseprnHM 3TY rnasy KopoTKHM 063opoM nonynposo,11.HHKOBblX np116opos. Mo>KeT no

Ka3aTbCH CTpaHHblM, 'ITO Mbl soo6w.e y,neJIHeM BHHMaHHe nonynpoBO,llHHKBM, HO cospe

MeHHble JiaMnOBbie ycHJIHTeJIH o6bl'IHO co.n.ep>KaT 60Jibllle nonynpoBO,llHHKOB, 'leM 3JieKT-

95 



OcHOBbt neiiCTBHJt ycHnHrenbHblX npH6opoe 

pOHHblX JiaMn. no 3TOH npH'UfHe Heo6XOJJ:HMO 3HaHHe 3THX ycTpOHCTB, 'ITO nOMO>KeT KOH CT· 

pyHpoBaTb JiaMnOBble ycHJIHTeJIH. 

. nepe.n paCCMOTpeHHeM Henocpe.ncTBeHHO noJiynpOBO.llHHKOBblX npH60pOB, IlOJie3HO 

c.nenaTb o.nHo sa>KHoe HanoMHHaHHe. Kor.na snepsbre HCCJie.nosaJIH 3JieKTpH'lecTBo, 3JieKT

poH He 6bIJI OTKpblT' H no3TOMY npHHSlJIH npoH3BOJibHOe HanpasJieHHe .llJISl noTOKa 3JieKT

pH'leCTBa. Eibina B03MO>KHOCTb 50/50 cnyqaiiHoro npaBHJJbHoro npe.nnono>KeHHR, HO nep

Bb!M Hccne.nosateJISJM He nose3JIO. Ko speMeHH o6Hapy>KeHHSl ourn6KH H ocoaHaHHSl, 'ITO 

3JieKTpOHbl HJIYT B npoTHBOnOJIO>KHOM XOJIY 3JieKTpH'leCTBa HanpasJieHHH, 6bIJIO .llOBOJlbHO 

n03.llHO H3MeHSlTb npHHSlTOe npaBHJIO. 

Cne.nosaTeJibHO, Mbl HMeeM .neno c ycJIOBHblM TOKOM, KOTOpblH HJJ:eT B HanpaBJieHHH 

npOTHBOilOJIO)KHOM nOTOKy 3JieKTpOHOB. no 60Jibll1eH 'laCTH 3TO He Bbl3bIBaeT noCJie,UCT

BHH, Ho Kor.n.a Mb! paccMaTpHsaeM BHYTpeHHIOIO pa6ory TpaH3HCTopa H JiaMnbr, HY>KHO 

HMeTb BBHJJ:Y 3TO OTJIH'IHe. 

lll2. 61monRpHb/e nnoCKOCTHble rpaHJHCTOpbl {6nT) 11 npHHl/Hfl HX pa6oTb/ 

DHilOJISlpHble TpaH3HCTOpbl onT SlBJISllOTCSl HaH6onee pacnpocTpaHeHHblM THilOM TpaH3HC

TOpOB. 0HH coa.n.alOTCSl Ha OCHOBe .n.syx B3aHMOCBSl3aHHblX p-n-nepexo.nos (no.npo6Hee 

CMOTpH B rnase l paa.neJI «,lJ.HO,llbl») H 6b1Ba10T n-p-n H p-n-p THilOB. TpaH3HCTOpbl MOfYT 

HCnOJib30BaTbCSl .llJISl ycHJieHHSl CHrHaJIOB, a TaK>Ke ,ll../!Sl nocTpoeHHSl pa3JIH'IHblX KJllO'leBblX 

H norn'leCKHX cxeM. HaasaHHe TpaH3HCTopa npoHcxo.nHT OT THn·a nepexo.n.a. 

B Ka'lecTBe caMoro npHMHTHBHoro paccy>1<.11.eHHSl o pa6oTe 6HnOJISlpHoro TpaH3HCTopa, 

ero MO>KHO npe.ncTaBHTb n-p-n TpaH3HCTOp, KaK 6YTep6po.n H3 .nsyx TOJICTblX nnaCTHH 

n-THna, paa.n.eneHHblX TOHKHM CJIOeM p-THna. MaTepHaJI p-THna Ha3bIBaeTCSl 6a30H, a OJJ:HH 

H3 CJIOeB n-THna 6y.neT 3MHTTepoM, OH 6y.neT HcnycKaTb (HH>KeKTHpOBaTb) 3JieKTpOHbl, 

KOTOpble 3aTeM co6HpalOTCSl .n.pyrnM CJIOeM n-THna, KOTOpblH Ha3b!BaeTCSl KOJIJieKTOpOM. 

EcnH npocrn coe.nHHHTb KOJIJieKTop c nono>KHTeJibHOH KJieMMOH aKKYMYJISlTOpa, a 3MHT

Tep c OTpHuaTeJibHOH, TOK He noTe'leT, TaK KaK 6aaa npeo6peTaeT OTpHUaTeJibHblH aapsi.n H 

oTTaJIKHBaeT 3JieKTpOHbI. ECJIH Tenepb no,uaTb noJIO>KHTeJibHOe Hanpsi>KeHHe Ha 6aay, 'IT0-

6b1 HeHTpaJIH30BaTb 3apSl,ll, TO 3JleKTpOHbl 60Jibll1e He 6y.nyT OTTaJIKHBaTbCSl. Ho TaK' KaK 

6aaa O'leHb TOHKaSl, npHTSl>KeHHe noJIO>KHTeJibHO aapsi>KeHHOro KOJIJieKTOpa aaxBaTbIBaeT 

60Jibll1HHCTBO 3JieKTpOHOB c 6a3bl Ha KOJIJieK'rop, H no KOJIJieKTOPY npoxo.n.HT TOK. 

OrnepTbIH nJIIOCOM Ha 6aae nepexo.n. 6a3a/ 3MHTTep Tenepb npe.ncTaBJISleT co6ol1 JJ:H0.11. c 

npsiMbIM cMern.eHHeM, no3TOMY He y,uHBHTeJibHO, 'ITO Ha nepexo.ne 6a3a/ 3MHTTep Tpe6yeTCSl 

nono>KHTeJibHoe Hanpsi>KeHHe He MeHee 0, 7 B, 'IT06bI TpaH3HCTop OTKpbIBaJicsi H nponyc

KaJI 3JieKTpOHbl OT 3MHTTepa K KOJIJieKTOpy. TaK KaK 6aaa O'leHb TOHKaSl, a npHTSl>KeHHe 

KOJIJieKTOpa O'leHb 60Jibll10e no cpaBHeHHIO c 6a30BbIM, O'leHb Mano 3JleKTpOHOB aaxBaTbl

BaeTCSl 6aaot'r H coa.naeT TOK 6a3bl, no3TOMY OTHOllleHHe TOKa KOJIJieKTOpa K TOKY 6a3bl 6y

.n.eT 6oJibll1HM. CJie.nosaTeJibHO, TpaH3HCTOp HMeeT K03cpcpm . .tHeHT ycHJieHHSl no rney, KOTO

pbIH o6bI'IHO Ha3bIBalOT b {6ern), Ho 6onee 'lacrn hFE - K03cpcpHuHeHT ycHJieHHSl 

nOCTOSlHHOro TOKa HJIH hfe - K03cpcpHUHeHT YCHJieHHSl nepeMeHHOro TOKa, KOTOpblH Ha 3By

KOBblX 4aCTOTaX npaKTH'leCKH TaKOH >Ke, KaK H Ha noCTOSlHHOM TOKe, a Ha pa.nH04aCTQTaX 
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nonynpOBOllHHKOBble OKTHBHble npH60pb1 (rpaH3HCTOpb1) 

cy1UeCTBeHHO MeHbUJe. )l.nH scex npaKTH'leCKHX ueneti h,·c' napaMeTp HMeeT TaKoH UIHpo

KHH npOH3BOJJ.CTBeHHblH JJ.OnycK, 'ITO CHJJbHblH pa36poc no 3TOMY napaMeTpy B napTHH 0)1.

HOTHnHblX 'rpaH3HCTopos HBJJHeTCH TpHBHaJJbHbIM. CMbICJJ a66pesHarypb1 hfc cneJJ.yIO!UHH: 

«h» 03Hal!aeT - rn6pHJJ.HaH cxeMa, «f» K03cj:>cj:>HUHeHT yCHneHHH no TOKY B npHMOM Ha

npasneHHH, «E» TO, 'ITO 3MHTTep HBJIHeTCH 061UHM BblB0.11.0M. 

HaMHoro 6onee Ba>KHhIM H npeJJ.CKa3yeMbIM napaMeTpoM HBJJHeTCH KPYTH3Ha npoxo)J.

HOH xapaKTepHCTHKH npHMOH nepe)J.al!H, gm, KOTOpaH HBJIHeTCH H3MeHeHHeM TOKa KOJl

JJeKTOpa, Bbl3B8HHOe H3MeHeHHeM HanpH>KeHHH 6a3a/3MHTTep: 

Af gm=-c-. 
AVBE 

KorJJ.a Mbl paccMaTpHsaJJH 3JJeKTpOHHbie naMnhl, TO rosopHJJH, 'ITO scer)J,a MO>KHO Bbl-

4HCJJHTb KPYTH3HY gm B pa6oqefl TOl!Ke, socnoJJb30BaBUJHCb CTaTH'leCKHMH xapaKTepHc

THKaMH JJaMnbl. )l.nH TpaH3HCTOpOB CTaTH'leCKHe xapaKTepHCTHKH B cnpaB01lHHKax npHBO

.llHTCH peJJ.KO, O)J,H8KO KpyTH3Ha xapaKTepHCTHKH npHMOH nepeJJ.a'IH JJerKO onpeJJ.eJJHeTCH 

ypaBHeHHeM 36epca-Mona (Ebers/Moll), H JJ.JIH He60JlbllIHX TOKOB (MeHbUJe - 100 MA), 

gm Mo>KeT 6bITb Bbl'IHCJJeHa JJ.JIH J1106oro BOT, HcnoJJb3YH cJ1eJJ.y101UY10 cj:>opMyny ( rJJ.e r8 -

conpoTHBJleHHe CJIOH 6a3bl, a 'r: - conpOTHBJJeHHe CJIOH 3MHTTepa: 

l 1l3. flpocreiiw11ii yc11n11renb c 06ut11M 1M11rrepoM 
HD 611non11pHOM rapHJHCTope 

Tenepb, KOr)J.a HMeeTCH cpeJJ.CTBO nporH03HposaHHH H3MeHeHHH TOKa KOJIJJeKTOpa, B 3a

BHCHMOCTH OT H3MeHeHHH HanpH>KeHHH Me>KJJ.Y 6a30H H 3MHTTepoM VBJ:, HeTpyJJ.H00 npeo6-

pa30B8Tb H3MeHHIO!UHHCH no 38KOHY BXO)J.HOro HanpH>KeHHH KOJJJJeKTOpHblH TOK ( npH 

ycJJOBHH, 'ITO Me>K,!l.y 6a30H H KOJIJleKTOpOM npHJJO>KeHO HeKOTopoe nepeMeHHOe HarrpH

>KeHHe) B nepeMeHHOe HanpH>KeHHe, KOTOj:>oe MO>KHO nO)J.BeCTH K noJJe3HOH Harpy3Ke. 

3To HanpH>KeHHe 6yJJ.eT 3aBe)J,OMO 60JJbUJe BXO)J,HOro HanpH>KeHHH Me>K,!l.y 6a30H H 

3MHTTepoM, nOCKOJlbKY OHO B03HHKaeT 3a Cl!eT 3HeprnH 60J!blll0f0 KOJJJJeKTOpHoro 

TOKa, nopo>K,!1.aeMoro 3Heprneti HCTO'IHHKa nHTaHHH. TaKHM o6pa3oM, none3HbIH 3cj:>

cj:>E:KT ycHJJHTeJJH cj:>opMHPY~TCH 3a Cl!eT 3HeprnH HCTO'IHHKa nHTaHHH . .LI.nH npeo6pa3osa

HHH nepeMeHHOro KOJIJleKTOpHoro TOKa B nepeMeHHOe HanpH>KeHHe npo!Ue scero BKJlf9-

l(HTb pe3HCTop R, nocJJeJJ.OBaTeJJbHO c KOJJJJeKTopoM H HCTO'IHHKOM nHTaHHH: CMOTpH 

pHc. 1.54. PaccMaTpHsaeMoe ycTp.oHcTBo HBJJHeTcH HaHnpHMHTHBHeHUIHM ycHJJHTeJJeM c 

061UHM 3MHTTepoM ( nocKOJlbKY BXO)J,HOe ynpaBJJHIO!Uee HanpH>KeHHe npHJJO>KeHO Me>K,!l.y 

6a30H H 3MHTTepoM, a BblXOJJ.HOe noJJe3HOe HanpH>KeHHe CHHMaeTCH Me>KJJ.Y KOJIJleKTO

poM H 3MHTTepoM, - 3MHTTep HBJJHeTcH 061UHM 3JJeKTPOJJ.OM no BXOJJ.Y H BbIXOJJ.y). TorJJ.a 
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H3MeHeHHe BblXO.D:HOfO HanpH>KeHHSI Me)K,lly KOJIJieKTOpOM H 3MHTTepOM V<J: 6y,n:eT onpe

,n:eJIHTbCH KaK: 

Tenepb MO>KHO HaHTH Ko3<flq>HU.HeHT yCHJiemrn no Hanpsi>KeHHIO 3TOH cxeMbl Av (KaK 

OTHOI.IJeHHe BblXO,n:Horo HanpH>KeHHH K BXO.D:HOMy), KOTopylO Ha3bIBalOT yCHJIJiTeJieM c 06-

ll.lHM 3MHTTepoM, nOTOMy 11TO 3MHTTep HBJIHeTCH o6mHM )J,JIH BXOJlHOfO H BblXO.llHOfO CHrHa

JIOB cxeMbl. 0TMeTHM, 'ITO BblXO.D:HOH CHrHaJI 'ycHJIHTeJIH HBJIHeTCH UHBepmupooaHHbt.M 
(TO eCTb nepesepHYT no <fla3e Ha 180°) no OTHOI.IJeHHIO K BXOJlHOMY CHrHaJiy. 

B TaKOM BH,n:e, KaK npe.n:cTaBJieHO Ha pHC. 1.53, CXeMa He O'ieHb noJie3Ha, noTOMY 'ITO 

JIJ06oe sxo,n:Hoe HanpH>KeH11e HH>Ke +0,7 B He 6y,n:eT ycHJieHo, nocKOJibKY He 6y,n:eT o6ec

ne'IHBaTbCH orn11paH11e p-n nepexo.n:a 6a3a-3MHTTep. Tio 3TOH npH'IHHe no.n:o6HbIH npo

CTeHI.IJHH YCHJIHTeJib C03,n:aeT 3Ha'IHTeJibHbie HCKa>KeHHH ycHJIHBaeMoro CHrHaJia. 

~----v+ 

c 

b 

e 

ov 

PHc. 1.53 Tpanaucmop1tbtt1 ycUAume.Ab c 0614u.M 3.Mummepo.M -
ynpo14en1taJt cxe.Ma 

Tenepb ca Moe speMH paccMoTpeTb peaJibHYIO cxeMy npocTeHI.IJero yc11JIHTeJIH H a611no

JIHpHoM TpaH3HCTope. lfro >Ke KacaeTCH cxeM KacKa,n:oB ycHJieHHH Ha JiaMnax, TO HM 6y.n:eT 

nOCBHll.leHa BCH CJie.n:yJOmaH rJiaBa 2. 
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Ifro6bl peurnTb npo6JieM)' HCKa.>KeHHH ycHJIHsaeMoro cHrHaJia B npocTewweM ycHJIHTe

ne Ha BnT, npe.n:noJIO.>KHM, 'lTO cpe.n:Hee Hanpff>KeHHe KOJIJieKTopaycTaHosneHo B nonosH

HY Hanpff.>KeHHff HCTO'lHHKa nHTaHHff, noTOM)' 'lTO 3TO noaBOJIHT nepeMeHHOMY Hanpff>Ke

HHIO KOJIJJeKTopa ( B03HHKa10meMY aa ctJ:eT na,neHHff Ha peaHcrope Ru npH npoTeKaHHH 

'!epe3 Hero MeHfflOll.lerocff KOJIJieKTOpHoro TOKa) MeHffTbCff paBHblM o6pa30M, KaK B noJIO

>KHTeJJbHYIO o6JiaCTb, TaK H B oTpHU.aTeJJbHYIO. TaK KaK H3BeCTHO Hanpff.>KeHHe Ha KOJJJJeK

ropHoH HarpyaKe Ru H ero conpoTHBJieHHe, MO>KHO HcnOJib30BaTb aaKOH 0Ma JI.Jiff onpe.n:e

JieHHff TOKa, KOTOpblH 6y.n:eT paBHbIM KOJIJieKTOpHOM)' TOKY TpaH3HCTOpa. 3aTeM MO.>KHO 

HCnOJJb30BaTb COOTHOWeHHe Me>KJIY 18 H IC, 'lTOObl ycTaHOBHTb OnTHMaJibHblH KOJIJieKTOp

HblH TOK. K co>KaJieHHJO, aHa'leHHe hFr. TpaH3HCTopa He ffBJiffeTcff rapaHTHposaHHbIM, H 

CHJlbHO MeHffeTCff Me>KJIY HX OT,neJibHblMH 3K3eMnJiffpaMH .n:a>Ke B paMKax 0.ll:HOfO THna 

rpaH3HCTOpOB. ,ll.nff MaJIOMOll.lHblX TpaH3HCTOpOB OH MO>KeT MeHffTbCff OT 50 .no 6onee 'leM 

400. 4T06bl o60HTH 3TO npenffTCTBHe B u.enb 3MHTTepa .n:o6aBJiffeTCff pe3HCTOp, H ycra

H8BJJHBaeTCff Hanp».31Cet-tue C.MeU{.eHUR 6a3bl (pHC. 1.54 ). 

-~--~--~-~--~- ov 

PHc. t .54 Cma6UAtt3upoBaHHbtti ycUAttmeAb c o6U{U.M 3Mttmmepo.M 

PaccMoTpHM nono.n.po6Hee cxeMy ycHJIHTeJibHoro KacKa,na, npe.n:cTasneHHoro Ha 

pHc. 1.38. Tenepb yCHJIHTeJib HMeeT sxo.n:Hol1 H BbIXO.U.HOH paa,neJIHTeJibHbie KOH,neHcaTopb1 

H pa3Bff3bIB810ll.lHH KOH,neHcaTop 3MHTTepa. Pa3,nenHTeJibHb1e KOH,neHcaTOpbI o6ecne'lHBa

ior pa3Bff3KY no noCTOffHHOMY TOKY. Bxo,nHOH npenffTCTByeT nona.n:aHHIO B u.enb 6a3bl no

CTOffHHblX Hanpff>KeHHH co CTOpOHbl HCTO'lHHKa CHfHaJJa. Bb!XO.ll:HOH He .n.onycKaeT npoTe

K8HHff TOKa OT HCTO'lHHKa nHraHHff 4epe3 Harpy3KY. ConpOTHBJieHHff, H306pa>KeHHbie no 

BXOJIY H BblXOJIY ffBJlfflOTCff BHpryaJibHbIMH - OHH CHMBOJIH3HPYIOT 3KBHBaJJeHTHbie conpo

THBJJeHHff HCTO'lHHKa cHrHaJia H Harpy3KH. KoH.n:eHcaTop, BKJiip'leHHbIH napannenbHO pe-

3HcTopy B u.enH 3MHTTepa, coa.n:aeT nyrb JI.Jiff nepeMeHHOfO TOKa B o6xo.n. 3TOfO pe3HCTOpa 

(nocKOJibKY npaBHJJbHO no.n.o6paHHbIH KOH,neHcaTop xopowo nponycKaeT nepeMeHHblH 

roK) H o6ecne'lHBaer HyJiesoA noTeH1.1,HaJI 3MHTTepa no nepeMeHHOMY TOKY. PeaHCTOp 

B uenH 3MHTTepa COBMeCTHO c peaHCTHBHbIM ,n.eJIHTeJJeM Hanpff>KeHHff B u.enH 6a3bl o6ec

ne'lHl3alOT Heo6xo,nHMYIO H CTa6HJibHYIO pa3HOCTb noTeHu.HaJIOB Me>KJIY 6a30H H 3MHTTe

poM, o6ecnetJ:HBaff ornHpaHHe TpaH3HCTopa npH JJ1060M yposHe sxo.n:Horo cHrnana. 3Ta 

cxeMa ffBJlffeTCff OCHOBOH 60JiblliHHCTBa JIHHeHHblX TpaH3HCTOpHblX ycHJJHTeJibHblX cxeM. 
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npH aHaJIH3e paCCMaTpHBaeMOH CXeMbl He06XOJJ.MMO npHHHTb BO BHHMaHHe CJieJJYIOlll.He 

ycJIOBHH .ll.JIH noCTOSIHHOro TO Ka: qepe3 u.enO'IKY 6a30Boro .u.eJIHTeJIH HanpH»<eHHH npOXO.U.HT 

TOK, KOTOpblH BbI6HpaeTCH, no Kpai1Hei1 Mepe, B I 0 pa3 60JibWe O»<H.u.aeMoro TOKa 6a3bl, H, 

cne.u.osaTeJibHO, ycTaHaBJIHBaeTCH <f>HKCHpOBaHHOe HanpH»<eHHe Ha 6a3e TpaH3HCTOpa He-

3aBHCHMOe OTTOKa 6a3bl. yfa-3a na.u.eHHH HanpH»<eHHH Ha nepexo.u.e, HanpH»<eHHe Ha 3MHT

Tepe CHH»<aeTCH Ha 0,7 B. Ha pe3HCTope B ~enu 3MHTTepa HMeeTCH cpHKCHpOBaHHOe Ha

npH»<eHHe, H, CJie,nosaTeJibHO, qepe3 3MHTTep ,D:OJI»<eH npOXOJJ.MTb <f>HKCHpOBBHHblH TOK. 

IE= le -18 , HO nocKOJibKYTOK 6a3bI 18 He60J1bWOH, IF.-lc H, eCJIH HMeIOTCH <f>11Kc11posaHHbIH 

TOK 3MHTTepa, TO TOK KOJIJieKTOpa TaK»<e 3a<f>HKCHpOBaH. 

3MHTTep pa3BH3aH KOH,D:eHCaTOpOM, 'IT06b! npe,noTBpaTHTb OTpHU,aTeJibHYIO o6paTHYIO 

CBH3b, OT yMeHbllJeHHH K03<f>lf>111.1,HeHTa YCHJleHHH CXeMbl no nepeMeHHOMY TOKY. no3»<e, 

B 3TOH rnase, Mbl pacCMOTpHM OTpHU,aTeJlbHYIO o6paTHyIO CBH3b. 

KopoTKO, ecn11 pe3HCTop B 1.1,en11 3MHTTepa 6b1J1 6b1 He pa3BH3aH KOH,neHcarnpoM no 

nepeMeHHOMY TOKy, TO JII06oe H3MeHeHHe TOKa KOJIJieKTOpa (KOTOpblH npHMepHO TaKOH 

»<e, KaK TOK 3MHTTepa), Bbl30BeT H3MeHeHHe HanpH»<eHHH B u.enH 3MHTTepa npH npoxo»<

.neHHH nepeMeHHoro TOKa. HanpH»<eHHe 3MHTTepa H3MeHHJIOCb 6b1, 11 pa3HOCTb noTeHu,H

anos Mem.ny 6a3oi1 11 3MHTTepoM V8e 3Ha'IHTeJibHO yMeHblllHJIOCb, BbJ3bJBaH yMeHbllleHHe 

K03<f><f>111.1,11eHTa yCHJleHHH cxeMbI no nepeMeHHOMY TOKY. Pa3BH3b1sa10m11i1 KoH,neHcaTOp 

HBJIHeTCH KOpOTKHM 3aMblKBHHeM ,D:JIH nepeMeHHOro TOKa, H, CJie,nosaTeJibHO, npe,noTBpa-, 

maeT 3TO yMeHbllleHHe K03<f><f>111.1,11eHTa yCHneHHH. 3TOT npHHU.Hn 6y,neT paccMaTpHBaTbCH 

H B CJ1e.ny10mei1 rnase 4, Kor.na 6y,neM paccMaTpHBaTb pa3BH3bJBaIOlll.HH KOH,neHCBTOp Ka

TOJJ.a B JiaMnOBOH cxeMe. 

lll4. Bxo11Hoe 11 Bb1xo11Hoe conpor11sneHHR 
It CTOTH'leCKHe xapaKrep1tCTHKH 611nonnpHoro rpaH3HCTOpa 

B JIBMnOBblX ycHJIHTeJIHX, B u.eno'IKBX CMellJ.eHHH HJIH HCTO'IHHKe nHTaHHH, 'laCTO HCnOJib-

3YIOTCH TpaH3HCTOpbl, H TaK KaK OHM onpe,neJIHIOT BXO,D:HOe H Bb!XOJJ.Hoe conpOTHBJleHHH, TO 

HBJIHIOTCH sa»<HblMH 3JJeMeHTaMH cxeMbI. ConpoTHBJ1eH11e TpaH3HCTopa nepeMeHHOMY 

TOKY He y'IHTbJBaeT BHellJHHe napannenbHb1e conpoTHBJJeHHH Mem.ny paccMaTp11saeMoi1 

TO'IKOH H 3eMJieH. 

BblXO,n:Hoe conpOTHBJJeHHe co CTOpOHbl KOJIJieKTopa - I/hoe - BblCOKoe (hoe: nonHaH 

BblXO,n:HaH npOBO,D:HMOCTb, npH BKJllO'leHHH c 06lll.HM 3MHTTepoM. ), 06bl'IHO ,neCHTKH K0M 

np11 le== I MA. TaKHM MO»<Ho npe.u.noJJO»<HTb, 'ITO TpaH3HCTop co3,nacT xopolllHH HCTO'IHHK 

cra6HJIH3HpOBaHHOro TOKa, 6JIH3KHH K 11.neaJJbHOM HCTO'IHHKY TO Ka HopTOHa. 

AHaJ1or1111Ho naMne, 611nonHpHbJH TpaH3HCTop Hennoxo on11cb1saeTCH H3blKOM cTaTH-

11ecK11x xapaKTepHCTHK. TaK, Hanp11Mep, Ha p11c. 1.55 np11se.neHo ceMeticTBo BblXO.U:HblX 

CTaTH'leCKHX xapaKTepHCTHK 611nOJ1HpHoro TpaH3HCTOpa. no aHaJIOrHH c nanaMH, Bb!XO,D:

Hble xapaKTepHCTHKH noKa3bJBalOT 3aBHCHMOCTb BblXO,D:Horo ( KOJIJieKTOpHoro) TOKa OT Bbl

XO.QHOro HanpH»<eHHH (HanpH»<eHHe Me)l(Jly KOJIJleKTOpOM H 3MHTTepOM). napaMeTpOM 

ceMeHCTBa xapaKTepHCTHK HBJIHeTCH BXO,D:HOH 6a30BblH TOK. TeopeTH'leCKH, eCJIH see KpH

Bble CeMeticTBa BblXO,D:HblX (KOJIJieKTOpHblX) xapaKTepHCTHK 611nOJ1HpHoro nJIOCKOCTHoro 
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rpaH3HCTOpa npO,D.JIHTb B o6JiaCTb orpm1.areJibHbIX HanpmKeHHH, TO OHM nepeCeKYJ'Cff npH 

HanpmKeHHH, Ha3bIBaeMoM HanpmKeHHeM 3pna. K comaneHHJO, peanbHbIH MHp He HBJIHeT

csi TaKHM aKK)'paTHbIM, KaK reopHH, H He,zJ.aBHHe nonbITKH a,Bropa rpacj:mqeCKH onpe)l.eJIHTb 

HanpmKeHHe 3pna)l.aJIH B pe3yJihTaTe rpacpHKH, noxo>1rne Ha pacchmaHHbie no 6yMare Hesa

peHbie cnarerr11. TeM He MeHee, noHHTHe :>cpcpeKra 3pna noJie3HO, TaK KaK noKa3hIBaeT, 

4TO 1/hae nOHH>I<aeTCff, KOr)l.a KOJIJieKTOpHbIH TOK le HapacraeT. 

- Pmai< = .5 Watt ' lb/step= 5 uA No of steps= 10 
A1oad = 10 Ohm -

20 ]""": .... ; .. ··:·· .. :··· .· ··: ···:·· ·:····~: 

2 l .. ::~:: .. :::.lJ;-~~ 
mA/div I : :--: ;_~ ~__...;.......-:- : 
l~~~:·· ... :"'"··· ·:··· :··: 

lb=30uA if~·:····: ... :. :····:······· ···:~ 
1199V '· · .. _... -~ .. 

12:2mA ji ·:::···; .. ·:~.;;~t= 
~ '1~a JO uA i ..... : : .. ·~~----::~ 

9.04 mA 1 · .. · : · .. · ~ · .. · : · .... · : --: ' 
i . . . . . . . . . . . 

o I : Tek; 

0 20 
2V/div 

hFe =405 

PHc. 1 .55 KoMeKmopHble cmamuttecKue xapaKmepucmttKU p-n~p mpaHattcmopa 
munaBC558B 

ConpoTHl3JieHHe co cTopoHbl 3MHTTepa Mano, '• = l/gm, TaKHM o6pa3oM seJIH'IHHa 

- 20 OM HBJIHeTCH snonHe npe)l.cKa3yeMbIM 11 THnHtIHbIM conpoTHBJieHHeM. Ecn11 6a3a He 
ynpaBJIHeTCff HeH)l.eaJibHblM HCTO'IHHKOM c HeHyJieBblM conpOTHBJieHHeM (Rb*' 0), TO'· Ha

XO)l.HTCff H3 ypaBHeHHH: 

I Rb r.=-+-. 
gm R1• 

Rh HBJIHeTCH =>KBHBaJieHTHbIM BHyrpeHHHM conpoTHBJieHHeM scex ueneti cxeMbI c He

H)l.eaJibHbIM HCTO'IHHKOM HanpH>I<eHHH OTHOCHTeJibHO 6a3bl 0 TpaH3HCTOpa. 0TMeTHM, 'ITO 

XOTH caM HCT04HHK nHTaRHff ( aKK)'MYJIHTOp) Mbl y>1<e paccMaTpHBaeM KaK COCTOfflll.HH He 

TOJlbKO H3 H)l.ea"JibHOro HCTO'IHHKa HanpH>I<eHHff, HOH 113 BHyrpeHHero conpOTHBJieHHff, ,D.Jlff 

noCTOHHHOro TOKa H HeBblCOKHX qacTOT qalll.e BCero npHHHMaeTCff, 4TO HCTO'IHHK IlHT8HHff 

HMeeT HyJiesoe BblXO)l.HOe conpoTHBJieHHe. 



0cHOBbl Aeiine1111 yc11n11renbHblX np116opoe 

Co cTopoHbI 6a3bI u.enb 11.0 3eMJIH cocToHT H3 nepexo11.a 6a3a/9MHTTep c nocJie11.osa

TeJibHbIM pe3HCTopoM B u.enH 9MHTTepa. EcJIH pe3HCTop B u.en11 9MHITepa He pa3BH3aH 

KOH!l.eHCaTOpOM no nepeMeHHOM)' TOK}', TO conpOTHBJieHHe 6y11.eT: 

ECJIH pe3HCTop B u.enH 3MHTTepa pa3BH3aH KOH!l.eHcaTOpoM, TO R. = 0, 11 ypasHeHHe 

ynpow.aeTCH 11.0 cJie,11;y_10w.ero Bb1pa>1<eH11si: 

Bxo11.Hoe conpoTHBJieHHe nepeMeHHOMY TOKY H3-3a HCKJIIO'IHTeJibHoro BJIHHHHH nepe

xo11.a 6a3a/3MHTTep, qacTO o6o3Ha'laeMoe, KaK napaMeTp h;e• (h;.: noJIHasi Bb1xo11.Hasi npo

BO!l.HMOCTb, B cxeMe c 06w.11M 3MHTTepoM) o6bI'IHO 11.osoJibHO Mano, < 10 KOM. 

EcJIH Tenepb paccMaTpHBaTb BJIHHHHe BHeruHHX pe3HCTopos 6a3osoro 11.eJIHTeJIH (npH 

9TOM HY>KHO yi-1ecTb, '!TO no nepeMeHHOMy TOKY pe311cTopb1 11.eJIHTeJIH BKJIIO'leHbl napan

JieJibHO Me.>KJlY BXO!l.OM H 3eMJieH - sepXHHH qepe3 HyJieBoe conpoTHBJieHHe HCTO'IHHKa 

nHTaHHH, a HH>KHHH Henocpe11.cTBeHHO ), TO YBH/l.HM, '!TO BXO/l.HOe conpoTHBJieHHe ycHJIHTe

JIH MaJio, o6bI'IHO < 5 K0M. BbIXO/l.HOe conpoTHBJieHHe co cTopoHbI 3MHTTepa MaJio, o6bI'l

HO < 100 OM, H BbJXO/l.HOe conpoTHBJieHHe co CTOpOHbl KOJIJieKTOpa npHMepHO paBHO KOJI

JieKTOpHOMY pe3HCTopy R,_. 

l 11.5. 3M11rrepHblii nosrop11renb 

3MHTTepHbIH noBTOpHTeJib HHal!e Ha3bJB8IOT ycHJIHTeJieM c 06lll.HM KOJIJieKTOpOM, no

CKOJibKY KOJIJieKTOp OKa3bIBaeTCH COell.HHeH no nepeMeHHOM)' TOKY ( qepe3 MaJioe BHY'fpeH

Hee conpOTHBJieHHe HCTO'IHHKa nHT8HHH) C 06lll.HM npOBO!l.OM. npH 9TOM, BbIXOAHOe Ha

npsi>KeHHe CHHMaeTCH c pe3HCTopa, BKJIIO'laeMoro Me.>KJJY 3MHTTepoM H 3eMJieH. ,llJIH Toro, 

l!T06 nepeMeHHOe HanpH>KeHHe, na,na.10w.ee Ha 3TOM pe3HCTOpe, He 3aKopal!HBaJIOCb Ha 

3eMJIIO, 6JIOKHPYIOlll.HH KOH!l.eHcaTOp, lll.YHTHPYIOlll.HH 3TOT pe3HCTOp no nepeMeHHOMY 

TOKy, HX CX~Mbl HCKJIIO'laeTCH. 

,ll.nsi nepexo11.a K cxeMe 9MHITepHoro nosTOpHTeJIH HY>KHO yMeHblllHTb Harpy3ey B u.enH 

KOJIJieKTopa 11.0 HYJIH (TO ecTb HCKJIIO'IHTb pe3HCTop R1) H nO!l.K!llO'IHTb BblXO!l. K 9MHITepy. 

B pe3yJibTaTe noJiy'IHM ycHJIHTeJib c K09cpcpHU.HeHTOM ycHJieHHHAv = 1. Ko9cpcp11u.11eHTyc11-

Jiemrn no HanpH>KeHHIO ll.OJI>KeH 6b!Tb - 1, nOTOM)'·l!TO vi!= VB - 0, 7 B; 3MHTTepHoe Bbl

XO/l.HOe HanpH>KeHHe ( naMIOW.ee Ha 3MHTTepHOM pe3HCTope) noemopRem c TO'IHOCTblO ll.0 
cpa3bJ ttanpsi>KeHHe Ha 6a3e, H TaKoii "yCHJIHTeJib HBJIHeTCH HeUHBepmupy10w,uµ. Xorn 

Av = 1, K03.cpcp11u.HeHT yc11JieHHH no TOKY y 9MHITepHoro noBTOpHTeJIH 3Ha'IHTeJibHbIH, no

TOMY ero qacTo Ha3bIBalOT ycHJJHTeJieM TOKa. Mo>KHO no11.cl!HTaTb BXO!l.HOe H BbIXO/l.HOe co-
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nonynpoBOAHHKOBb18 OKTHBHble npH60pb1 (rpaHJHCTOpb1) 

npoTHBJieHHff 9MHrrepHoro nosropHrenH, HcnoJib3Yff ypasHeHHH ,ll,llff ycHJIHTeJIH c o6mHM 

9MHTTepoM, npHse.neHHbie BbIWe (pHC. 1.56). 
TaK KaK 9MHTrepHbIH nosropHrenb HMeer Manoe BbIXOJJ.HOe corrporHBJieHHe H .nosonb

HO BblCOKOe BXOJJ.HOe corrpOTHBJieHHe, TaKOH KacKa.n ycHJieHHff LiaCTO HCI10Jlb3yeTCff KaK 

6gr/Jep1tbtt1 JJ.,Tlff cornacoBaHHff cxeM, o6na.naIOlUHX Bb!COKHM HMrre.naHCOM, c MaJiblM co

npOTHBJieHHeM Harpy3KH. 

PHc. 1.56 3.Mummep1tbtt1 noomopumeAb 

lll6. (OCTOBHOH rpaHJllCTOp 

rfHor.na, .name 9MHTTepHbIH ITOBTOpHTeJib MO>KeT He HMeTb .ll.OCTaTOLIHOfO K09cpcpHUHeHTa 

ycHJieHHH no roKy, H peweHHeM HBJIHercH Hcrronb3oBaHHe raK Ha3bIBaeMoro cocmaenoeo 
mpan3ucmopa. 3ro .n.eiicTBHTeJibHO 9cpcpeKTHBHO HMeTb .nsa rpaH3Hcropa B rrneLie, r.ne 

O)lHH CJIY>KHT 9MHTTepHOH Harpy3KOH .npyroro ( pHC. 1.57). 

c 

b 

e 

PHc. 1.57 Cocmaenot1 mpanaucmop 

.Ilsa rpaH3Hcropa 06pa3y10r cocmaonot1 rpaH3Hcrop c HarrpH»<eHHeM ornHpaHHH Me»<

JJY 6a30H H 9MHTTepoM V8£ = 1,4 B, H c hm.o<nn> = hl'l:i x h,m· CocraBHOH rpaH3HCTop Mo»<er 

3aMeHHTb O.ll.HHOLIHblH rpaH3HCTOp B JII060H KOHcpHrypau.HH, eCJIH 9TO Ka>KeTCff ITOJie3HblM. 

06bl4HO OH HCITOJlb3yeTCff B BblXO,ll.HOM KacKa.ne rpaH3HCTOpHblX ycHJIHTeJieH MOlUHOCTH H B 
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OcHOBbl AeiicreM11 ycMnMrenbHblX npM6opoe 

MOll.l,HbIX JIHHeHHbIX HCTO'IHHKax nHTamrn. CocrnBHbie TpaH3HCTOpbI MO>KHO eynHTb B BH.U.e 

OT)l.eJibHOro KOMnaKTHOro ycTpOHCTBa, HO c.11.enaHHbIH caMHM H3 .11.BYX OT)l.eJibHblX TpaH3HC

TOpOB 'lacTO .11.ewesne H nyqwe. 

l lll. 0611/He JOMe'IOHHR o csoiicrsax 611nonRpHb1X rpaH111ropos 
MbI ynoMHHaJIH pattee, '!TO BnT MO>KeT 6bITb paccMoTpeH KaK ycnoBHblH 6yTep6po.11. -

c 6a30H, pa3.11.ens11ometi KOJIJieKTOp H 3MHTTep. Tenepb MO>KHO pa3BHTb 3TY MO)l.eJib H HC

nOJib30BaTb ee ,ll.JJH C03)1.aHHH HeCKOJibKHX noJie3HbIX o6o6meHHH. 

EcnH 6a3a CTaHOBHTCH ToJime, TO HMeeTcH see 6onbrue sepoHTHOCTH, '!TO 3JieKTpoH, 

npoXO)l.Hll.l,HH OT 3MHTTepa .11.0 KOJIJieKTOpa, 6y.11.eT 3aXBa'leH 6a30H, H BOJibeTCH B TOK 6a3bl. 

Cne.u.osaTeJibHO, napaMeTp h1e o6paTHO nponopu.HoHaJieH TOJill.l,HHe 6a3bl. 

Kor.11.a 4epe3 TpaH3HCTop npoxo.11.HT 6oJibWOH KOJIJieKTOpHb!H TOK, ero TOK 6a3bI .11.on>KeH 

6bITb nponopu.HoHaJibHO 6onbrue. lfro6bl 6a3oBaH o6nacTb He neperpenacb H He BbIWJia H3 

cTpoH H3-3a 3Toro TOKa, oHa .11.on>1<Ha 6bITb yTOnmeHa. YTonmem1e 6a3bI yMeHbruaeT K03Ql

cpHu.HeHT h1e H Tor.u.a Heo6xo.11.HMblH TOK 6a3bI .U.OJI>KeH B03pacTaTb. Ko3cpcpHU.HeHT h1e 06-

parno nponopu.HoHaJieH KBa.11.pary MaKCHMaJibHO .11.onyCTHMOro TOKa KOJIJieKTopa. TpaH3H

CTOpbl c 60JibWHM pa60'IHM TOKOM HMelOT MaJiblH hi• 
8b1coK0BoJibTHbie TpaH3HCTOpbI .11.0JI>KHbI HMeTb TOJICTYIO 6a3y, 'IT06b1 6a3y He npo6HJio 

HanpH>KeHHeM Me>KJJY KOJIJieKTOpOM H 3MHTTepoM. 8blCOKOBOJibTHbie TpaH3HCTOpbl HMelOT 

MaJiblH K03cpcpHU.HeHT hfe' 
TpaH3HCTOpbI c 6oJibWHM pa6o'!HM TOKOM .11.on>KHbI HMeTb 6onbruyl0 nJIOll.l,a)l.b npHcoe

.11.HHeHHH KOJIJieKTOpHOro BblBO)l.a ( coe.11.HHHeMoro c KopnycoM) K KpHCTaJIJiy KpeMHHH .. 'IT0-

6bI KOJIJieKTOp He pacnnaBHJICH OT neperpesa - 3Ta 6oJibWaH o6nacTb yseJIH'IHBaeT napa-

3HTHYIO eMKOCTb KOJIJieKTOp-6a3a .. 3Ha'!eHHe napa3HTHblX eMKOCTeH B ycHJIHTeJibHbIX 

ycTpOHCTBaX 6y.11.eT HCHee, KOr)l.a Mb! BCTpeTHMCH C 3cpcpeKTOM MHJIJiepa B rnase 3, HO noKa 

MO>KHO npocTO CKa3aTb, '!TO OHH 3a4acry10 .11.0BOJibHO spe)l.Hbl. 

l llB. KparK11e cse11eH11R o nonesblx rpaH111cropax 
B COBpeMeHHOH TeXHHKe KpoMe 6HnOJIHpHblX TpaH3HCTOpOB TaK>Ke BeCbMa WHpOKOe npH

MeHeHHe HaX0.11.HT TpaH3HCTOpbI noneBbie. CTpHHU.Hn Hx.11.etiCifBHH secbMa npocT. B ocHoBe 

nonesoro TpaH3HCTOpa Jie>KHT TaK Ha3bIBaeMbIH KllHa.Jl, C03)1.aBaeMblH o6orameHHOH CB0-

60)1.HblMH 3JieKTpoHaMH o6nacTblO B K)'CO'!Ke nonynpoB0.11.HHKa o6bI'IHO n-THna. K npoTH

sonoJIO>KHbIM KOHU.aM KaHaJibHOH o6naCTH 3TOro nonynpoB0.11.HHKa nO)l.KJIIO'lalOTCH )I.Ba 

BbIBo.11.a nonesoro TpaH3HCTopa, Ha3bIBaeMbie ucmoKOM H cmoKoM. 
YnpasneHHe seJIH'IHHOH TOKa B KaHaJie ocymecTBJIHeTcH cnoco6oM, secbMa noxo.11.HM 

Ha ynpaBJieHHe aH0.11.HblM TOKOM B JiaMne-TpHO)l.e, r.u.e H3MeHHH BeJIH'IHHY OTPHU.aTeJibHOrO 

HanpH>KeHHH Ha ynpaBJIHIOll.l,eH CeTKe, MO>KHO .11.061rnaTbCH H3MeHeHHH BeJIH'IHHbl TOKa, 

perynHpyH KOJIH'!eCTBO 3JieKTpOHOB, .11.0CTHralOll.l,HX aHo.11.a. 

Jl,nH ynpaBJieHHH BeJIH'IHHOH TOKa B KaHaJie nonesoro TpaH3H!Topa, B Henocpe.11.CTBeH

HO 6JIH30CTH OT KaHaJia pacnonaralOT ynpaBJIHIOl.Ll.YIO nnacTHHy, Ha3bIBaeMylO 3amoopo.M. 



06paTHOJI CBJl3b B OKTllBHblX ynpoMCTBOX. YpaaHeHHe o6paTHOM CBJIJH 

3Ta nnacnrna oT.nem1eTcH OT Kattana TOHKHM cnoeM He nposo.nmuero OKHcna, JJH6o 3aTBop 

o6pa3yeTcsi 3anepTbIM (o6paTHo-cMemeHHbIM) p-n nepexo.noM HJJH nepexo,noM Merann -
nonynposo.nHHK (TaK Ha3hrnaeMbIM 6apbepoM llioTTKH). TaKHM o6pa30M. npoTeKaHHe no

CTOHHHoro TOKa c 3aTBOpa B KaHaJI npHHUHTIHaJlbHO HeB03MO>KHO B JU06bIX noJJeBblX TpaH-

3HCTOpax! EcJJH Me>KJlY 3aTsopoM H KaHaJJoM npHJJO>KHTb noJJO>KHTeJJbHOe HanpsimeHHe, TO 

BCe CB060.ll.Hble &JleKTpOHbl, HMelOU\MeCSI B nonynpOBO.llHHKOBOH CTpyKrype, 6y.nyr npHrn

rHBaTbCff B TIO,ll.3aTBOpHyIO 06JJaCTb, Bbl3bIBaff yseJJH'-leHHff TOKa HCTOK - CTOK. npH 3TOM 

rosopsiT, 'ITO Kattan o6oram.aeTcH. EcnH me Me>KJJ.Y 3aTsopoM H KaHaJJoM npHKJJa,ll.bIBaTb 

OTPHUaTeJlbHOe HanpH>KeHHe, TO cso6o,nHble 3JleKTpOHbl 6y.ll.yr BbITaJIKHBaTbCff H3 TIO)l.3aT

BOpHOH o6JJaCTH (aHanorwrno TOMy, KaK' OHH OTTaJIKHBaIOTCH OT OTPHUaTeJlbHO 3apH.>KeH

HOH ceTKH B naMne) s ocHOBHYIO 'laCTb nonynposo,nHHKOBOH cTpyKrypbI (raK Ha3bIBaeMoH 

no}l,llO>KKH), a npoBO.ll.HMOCTb HCOK-CTOK 6y.ll.eT yMeHbWaTbCH. Op11 3TOM rosopHT, 'ITO Ka

HaJJ o6e,nHffeTCH. 

TaKHM o6pa3oM, nonesoH TpaH3HCTop HBJJHeTCH OT,ll.aJJeHHbIM attanoroM JJaMnbI - TpH

OJI.a, r,ll.e pOJJb y'laCTKa KaTo.n - atto.n BblTIOJIHffeT nonynpoBO,nHHKOBblH KaHaJJ HCTOK -

CTOK, a pOJJb ynpaBJlffIOll.l.eH ceTKH - 3aTBOp. ToJJbKO, B OTJIH'!He OT naMTibl, CB060.ll.Hble 

3JieKTpOHbl He 3MHTHPYIOTCff KaTo,noM, a yme HMeIOTCff B nonynpoBO,ll.HHKOBOH CTpyKrype. 

1.12. 06paTHOSI CBSl3b B OKTMBHblX ynpoMCTBOX. 

YpaeHeHMe o6paTHOM CBSl3M 

l12.l 0611111e JQM8'10HHR. Onpe11eneH11e ooparHoii CBRJH 

Ope>K,ll.e 'leM nepeHTH K paCCMOTpeHHIO pa60Tbl yCHJIHTeJJeH Ha 3JleKTpOHHblX JJaMnax, 6y

)l.eT BeCbMa noJJe3HO paCCMOTpeTb TaKOe WHpOKO HCTIOJlb3yeMoe B TeXHHKe ffBJleHHe, KaK 

o6paTHaH CBff3b. 06paTHaH CBff3b npHMeHHeTCff B KaCKa.n.ax ycHJJeHHff, TIOCTpOeHHblX Ha 

J1106b1x aKTHBHbIX np116opax - H Ha JJaMnax, H Ha TpaH3HCTopax. PaccMoTpeHHe o6paTHOH 

CBH3H uenecoo6pa3HO nposecTH HMeHHO s 3TOH, a He B cneJIYIOll.leH rnase 2 (r.ll.e paccMaT

pHBatoTCH ycHJIHTeJJbHbie K8CK8,ll.bl Ha 3JleKTpOHHblXJlaMnax), TIOCKOJJbKY 3TO .nacT Bo3MO>K

HOCTb noHHTb pa6ory eme o.nttoro sa>KHoro nonynposo,nHHKosoro ycTpoHcTso, npHMeHHIO

merocsi so scnoMoraTeJJhHbIX uensix naMnOBbIX ycHJJHTe.aeI1 - onepau110Httoro yc11J111TeJ1si, 

Koropb!H 6y,neT paccMoTpeH B pa3.n.ene 1.13. 
06pamnaR COR3b - 3TO npouecc, nocpe.n.cTBOM KOToporo 6epeTcsi qacTb c11rnana 

c BhlXO.ll.a ycHJJHTensi, no.n.so,ll.HTCH Kero BXOJIY H cyMMHpyeTcsi c sxo,ll.HbIM cHrnanoM. B 3a

BHCHMOCTH OT pa3HOCTH cpa3 BXO,ll.HOro HanpH>KeHHff YCHJIHTeJJH H Hanpsi>KeHHff o6paTHOH 

CBH3H MO>KeT npoHCXO,ll.HTb KaK CJIO.>KeHHe, TaK H Bbl'IHTaHHe. EcJJH, npH cyMMHpOBaHHH 

HanpH>KeHHff o6paTHOH CBff3H c BXO,ll.Hb!M CHrH8JIOM, K03cpcf>HUHeHT YCHJJeHHff yseJJH'IHBa

eTCH, TO OHa HBJlffeTCff noAo:JK:umeAbHOU o6paTHOH CBff3blO - Ha HeH OCHOBaHa pa6ora 

aeTorettepaTopos. EcJJH K03cpcp11u11eHT yc11neHHH na,naeT, TO otta HBJJHeTcH omputfa
meAbHOU o6paTHOH CBH3bl0 - 3TOT MeT0,11. WHpOKO HCTIOJlb3yeTCH .II.Jiff pa3JIH'IHblX ueneH 

B ay,11.110 ycHJJHTensix. 
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Omoebl 11eitcre1111 yc11n11renbHblX np116opoe 

l 12.2. YposHeHHe ooporHoii tBRJH. 
OnpeJJ.eJieHHe o6paTHOH CBH3H (OC) 6bIJIOJJ.aHo npeJJ.HaMepeHHOJJ.OBOJibHO o6w.ee, noToMy 

•no HMeeTCH MHOro cnoco6oB ee npHJIO)f(eHHH, H see OHH HMelOT pa3JIH4HOe B03,U.eHCTBHe. 

CTepeJJ. paCCMOTpeHHeM 9THX B03,U.eHCTBHH, He06X0,!1.HMO BBeCTH HeCKOJlbKO onpeJJ.eJieHHH H 

npOCTOe ypaBHCHHe: 

A=~. 
l+~Au 

9TO o6w.ee ypaBHeHHe o6paTHOH CBH3H, KOTopoe onpe,U.eJIHeT H3MeHeHHe K09cpcpH

U.HeHTa ycHJieHHH ycHJIHTeJIH c HcnoJib30BaHHeM o6paTHOH CBH3H. Ko9cpcpHU.HeHT f3 - 9TO 

K09cpcpHU.HeHT o6paTHOH CBH3H, xapaKTepH3YIOUJ.HH 4aCTb 9HeprHH, nepeJJ.aBaeMOH no 

u.enH o6paTHOH cBH3H c BbIXOJJ.a Ha BXOJJ.. Ko9cpcpHU.HeHT A0 - Ko9cpcpHu.HeHT ycHJieHHH 

ycHJIHTeJIH npH OTKJllO'leHHOH o6paTHOH CBH3H. 

EcJIH npoH3Be,U.eHHe f3Au 04eHb 6oJibUJoe H noJIO)f(HTeJibHO ( Bbl3b!BaH oTpHU.aTeJibHYIO 

o6paTHYIO CBH3b H yMeHbllieHHe K09cpcpHU.HeHTa ycHJieHHH), TO f3Ao - f3Ao + 1, H K09cpcpH~ 
U.HeHT ycHJieHHH ycHJIHTeJIH CTaHOBHTCH npHMepHo paBHblM: 

1 
A=-. 

~ 

TaKHM o6pa3oM, npH r.ny6oKoH o6paTHOH CBH3H co6cTBeHHblH K09cpcpHU.HeHT yCHJie

HHH ycHJIH'!:eJIH A0 6oJibUJe npaKTH4eCKH He BJIHHeT Ha o6~HH K09cpcpHu.HeHT ycHJieHHH A, H 

3aMKHYTblH KOHTYP K09cpcpHU.HeHTa ycHJieHHH ycHJIHTeml onpe.u.eJIHeTCH TOJibKO cxeMoH, 

KOTOpaH o6ecne'IHBaeT CHrHaJl o6paTHOH CBSl3H. 9TOT pe3yJibTaT HBJIHeTCH 04eHb Ba)f(

HblM, nOTOMY OH onpeJJ.eJIHeT MHOrHe sew.H: 

HCKa)f(eHHe CQ3,U.aBaeMble OTKJIOHeHHHMH B K09cpcpHU.HeHTaXYCHJieHHfl npH pa3HblXypOB

HHX HanpH)f(eHHH; eCJIH K09cpcpHUHeHT ycHJieHHH ycHJIHTeJIH c pa30MKHJ'Tb1M KOH'JYPOM 

oc 60JibllJe He HBJIHeTCSI 4aCTblO ypaBHeHHH, TO He6oJibllJHe OTKJIOHeHHH K09cpcpH1:1-HeHTa 

ycHJieHHH HBJIHIOTCSI Hecyw.ecrBeHHblMH, H ycHJIHTeJib He BHOCHT HCKa)f(eHHH; 

~CJIH o6paTHaH CBH3b JJ.eHCTByeT, 1ff06bI no.u.u.ep)f(HBaTb Tpe6yeMblH K09cpcpHU.HeHT 

ycHJieHHH 8 /U06blX o6cmoJtme.AbCmBax, TO OHa JJ.OJI)f(Ha H3MeHHTb Kamyw.HeCH 

sxo.u.Hoe H BblXOJJ.HOe conpoTHBJieHHH ycHJIHTeJm; 

eCJIH K09cpcpHU.HeHT o6paTHOH CBH3H B o6ecne4HBaeTCH 'IHCTbIMH pe3HCTHBHblMH 

conpoTHBJieHHHMH, To ypasHeHHe .ll.JIH 3aMKHYTOro KOHTypa K09cpcpHU.HeHra ycHne

HHH He COJJ.ep)f(HT 9JieMeHTbl, BKJll04a!OUJ.He 4aCTOTy; npH 9TOM TeopeTH'leCKH, Bbl

XO,U.Hafl aMnmny.u.a ycHJIHTeJIH He3aBHCHMa OT 'laCTOTbl. 

B KOHU.e 1970-x roJJ.OB, KOrJJ.a JJ.eUJeBbie TpaH3HCTOpHbie ycHJIHTeJIH cTaJIH JierKo JJ.O

crynHbIMH, pa3pa60T'IHKH O'leHb BOO.IJYllieBHJIHCb B03MO)f(HOCTHMH ypaBHeHHSI o6paTHOH 

CBH3H, H HaMepesaJIHCb HCnonb30BaTb ero npl'I npoeK1'HpOBaHHH ycHJIHTeJieH, B KOTOpblX 

npeJJ.nonaraJIOCb npHMeHHTb 6oJibUJHe 3Ha4eHHH o6paTHOH CBH3H. Ha npaKTHKe 9TH ycH

JIHTeJIH He HMelOT BblCOKoro ypoBHH o6pa,THOH CBH3H Ha scex 'laCTOTax H ypoBHHX MOW.HO-
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06pOTHOJI CBJIJb B OKTltBHblX ycrpoifCTBOX. YpaBHeH1te o6parHOH CBJIJlt 

CTH, H o6paTHaH CBSl3b He CMOrJia JIHHeapH30BaTb 3TH no cyw.ecTBy ,D.ecpeKTHble cxeMbl, '!TO 

Bbl3hIBano nnoxoe Ka'leCTBO 3ByKa. 

nepe,D. HCCJie,D.OBaHHeM O>KH,D.aeMOH nOJib3bl o6paTHOH CBSl3H, HY>KHO, CJie,D.oBaTeJibHO, 

HCCJie,D.OBaTb orpaHH'leHHSI ypaBHeHHSI o6paTHOH CBSl3H. 

ll2.3. flpaKTH'leCKHe orpOHH'l6HHR ypasHeHHR o6paTHoii CBR3H 

YpaeHeHHe o6paTHoli· CBH3H npet1.nonaraeT ynyqweHHe HeK0Topb1x xapaKTepHCTHK ycHJIH

TeJIH npH ycnoBHH, 'ITO fi40 > I. ECJIH, no J1106oli npH'IHHe, K03cpcpm.1,HeHT ycHJieHHH ycH

JIHTeJIH c pa30MKffYTbIM KOHrypoM oc He SIBJISleTCSI O'leHb 60JibillHM, TO npOH3Be,D.eHHe l3Ao 
He 6y,D.eT HaMHOro 60JibWe l, H ynpow.eHHe ypaeHeHHSI 60JibWe He 6y.neT KOppeKTHblM. 

PeaJihHhie ycHJIHTeJIH ecer,D.a HMelOT KOHe'IHbIH Ko3cpcpHU.HeHT ycHJieHHH, KpoMe TOro, 

3TOT K03cpcpHU.HeHT ycHJieHHH noHH>KaeTcsi c qacTOTOH. PeaJihHh1e ycHJIHTeJIH ecert1.a 6yJJYT 

HCKa>KaTb BXO,Ll.HOH CHrHaJI, H TaK KaK Hc_Ka>KeHHe yMeHbWaeT B03MO>KHQCTb OTPHU.aTeJib

HOli o6paTHOH CBSl3H noHH>KaTbCH "c 'laCTOTOH, TO HCKa>KeHHSI 3aMKHYTOro KOHTypa iJOA31C
H.bl B03pacTaTb c '18CTOTOH. I 

l1cKa»<eHHH THna «cryneHbKa» B .D.BYXTaKTHbIX ycHJIHTensix MOW.HOCTH KJiacca B ( not1.

po6Hee CM. rnaey 5) MOfYT paCCMaTpHBaTbCSI KaK yMeHbWeHHe K03cpcpHl.l,HeHTa ycHJieHHSI 

npH nepexo,D.e ycHJIHTeJIH qepe3 TO'IKY nepeKJIIO'leHHSI TpaH3HCTOpOB HJIH 3JieKTpOHHbIX 

JiaMn .• J13-3a 3Ha'IHTeJibHO yMeHbWeHHSI B 3TOH o6JiaCTH K03cpcpHl.l,HeHTa ycHJieHHSI ycHJIH

TeJIH c pa3oMKHYTblM KoHrypoM OC, oTpHU.aTeJibHaH o6paTHaH CBH3b He o'!eHb 3cpcpeKTHB

Ha Jl,IISI yMeHbWeHHSI HCKa>KeHHSI THna «cryneHbKa». 

Xorn 3TO anre6paH'!ecKH H He onpet1.eneHo B ypaeHeHHH o6paTHOH CBH3H, cpa3a cHrnana 

o6paTHOH CBSl3H SIBJISleTCSI KpHTH'leCKH Ba:>t<HOH. EcJIH cpa3a CHrHaJia o6paTHOli CBSl3H H3Me

HHTCSI Ha 180°, TO o6paTHaH CBH3b 6yt1.eT He oT(rnu.aTeJibHOH, a nono»<HTeJibHOH, H ycHJIH

reJib MO»<eT npeepaTHTbCSI B aBTOreHepaTOp. 

Mb! no,D.po6Ho npoaHaJIH3HpyeM npaKTH'leCKHe orpaHH'leHHH o6paTHOH CBH3H B rnaee 5, 
Ho ecer,D.a HY>KHo noMHHTb, 'ITO «npu ne6pe31CH.OM o6paufenuu c AI06bt.M opy31CueM, 
M031CH.o npocmpeAumb ceo10 no2y ... » 

ll2.4. TepMHHODOfHR o6parHOU CBR3H, nonHble BXORHOe 

11 Bb/XORHoe conpor11sneHHR 

Cnoco6 cnamua cHrnana o6paTHOH CBH3H B BbIXO.D.HOH u.enH ycHJIHTeJIH BJIHHeT Ha noJIHoe 

BblXO,Ll.HOe conpOTHBJieHHe, TOr,D.a KaK cnoco6 npUJW:JICeH.UJl· ( BBeiJeHUJl) CHrHaJia o6paT

HOH CBSIJH BO BXO.D.HYIO u.enb 6y,D.eT BJIHS!Tb Ha BXO,Ll.HOH HMne,D.aHC ( noJIHOe conpoTHBJie

HHe ): EcJIH B ycliJIHTeJIH peaJIH3oBaHo napaAAeAbHOe, HJIH tuynmupy10Ufee cnamue cHr

HaJia o6paTHOli CBH3H, T~ HMeeM ii.eno c o6pamnou CBJl3blO no 1-1anpR3ICenu10, a npH 

nocAeiJooameAbH.OM cnamuu, MbI HMeeM t1.eno c o6pamnou coaab10 no moKy. 06paT

HaH CBSl3~ orpaHH'leHHaH O,Ll.HHM KaCKa,D.OM Ha3bIBaeTCSI - 3TO Mecmnaa o6pamnaa 
CBR.3b, a o6paTHaSI CBSl3b HeCKOJibKHX KaCKa,D.OB Ha3bIBaeTCSI - 2A06aAbHOU o6pamnot1 
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OcHOBbl 11eiicraM11 ycMnMTenbHblx npMliopoa 

C0Jl3bl0. Mo>KHO HMeTb 60JibWe O,U.HOro KOH'rypa (neTeJlb) rno6aJibHOH o6paTHOH CBH3H, 

c O.U.HHM KOHT)'pOM, BKJl!Ol!eHHbIM B .u.pyroH, B 3TOM cnyqae KOHT)'pbl o6paTHOH CBH3H Ha3bl

Ba!OT OA03/CeH.H.bt.M.U. 

nocJie Toro KaK Mbl onpe,u.eJIHJlH, KaK OCyIUeCTBJIHeTCH CHHTHe CHrHaJia o6paTHOH CBH-

3H, MO>KHO yTBep>K,Ll.aTb, "!TO OTpHuaTeJibHaSI o6parnaSI CBH3b no HanpSI>KeHH!O, yM.eH.btua

em nonHoe Bb1xo,u.Hoe conpornsneHHe yc11n11TeJISI, a oTpHuaTeJibHaH o6paTHaH CBH3b no 

TOKY yoeAuttuoaem nonHoe BbIXo,u.Hoe conpornsneHHe ycHJIHTeJIH. 

AHaJIOrH"IHoe BJIHHHHe Ha nonHoe sxo,u.Hoe conponrnneHHe oKa3b!BaeT napannenbHblH 

H nocne.u.osaTeJibHblH cnoco6bl npHJIO>KeHHH CHrHaJia o6paTHOH CBH3H BO BXO.U.HY!O uenb 

ycHJIHTeJIH. 

Tenepb MO>KHO o6'be,U.HHHTb BBe,U.eHHbie TepMHHbl, l!T06bl onHCaTb KOHT)'p (neTJI!O) 

rno6aJibHOH OTpHuaTeJibHOH o6parnoft CBH3H ycHJIHTeJISI MOIUHOCTH. 06bll!HO 3TO 6b1saeT 

KOHT)'p BblnOJIHeHHblH B BHJle napaJIJleJibHO CHHMaeMOH H nocJie,U.OBaTeJibHO npHJIO>KeH

HOH o6parnol1 CBH3H. Ho paBHO xopowo MO>KHO on11caTb·3TY nern10, onep11pySI CHHMae

MblM HanpSI>KeHHeM, H npHJIO>KeHHblM TOKOM. no"ITH BO BCeX YCHJIHTeJIHX MOIUHOCTH HC

nOJib3yeTCH HMeHHO 3TO COl!eTaHHe cnoco6os CHHTHH H npHJIO>KeHHH o6paTHOH CBH3H, 

nOTOMy "!TO OHO rapaHrnpyeT: 

MaJioe noJIHOe BblXO,U.HOe conpOTHBJieHHe '(Heo6XOJlHMOe JlJIH npaBHJlbHOro ,u.eMn

<lrnpoBaHHH 3JleKTpOMarHHTHblX rpOMKOrOBOpHTeJieft ); 

60JibWOe noJIHOe BXO.zi.Hoe conpOTHBJieHHe (l!T06bl npe,u.oTBpaTHTb llpe3MepHyJO Ha

rpy3KY npe.nycHJIHTeneH ); 

HeHHBeprnpy!OIUHH K03cpcpHIJ.HeHT ycHJieHHH. 

EcJIH B cxeMe HMeeTCH noAo31CumeAbH.aR o6parnaSI CBH3b, see ,u.eftcTByeT Hao6opoT, H 

TaKHM o6pa30M, o6paTHaSI CBH3b no HanpSI>KeHH!O yseJIH"IHBaeT nOJIHble conpOTHBJieHHH, 

a o6parnaSI CBH3b no TOKY yMeHbwaeT nOJIHbie conpoTHBJieHHH. JtlcnoJib3YH KOM6HHaUHIO 

n~JIO>KHTeJibHOH H OTpHIJ.aTeJibHOH o6paTHOH CBH3H, B03MO>KHO C03,U.aTb YCHJIHTeJib MOIU

HOCTH HyJieBblM, HJIH tta>Ke c OTpHuaTeJibHblM, nOJIHblM BblXO,U.HblM conpOTHBJieHHeM. 

K Hecl!aCTbJO, ycHJIHTeJIH c oTpHuaTeJibHbIM noJJHbIM BbIXO.U.HbIM conpoTHBJieHHeM (TO ecTb 

OXBal!eHHbie KOHT)'pOM noJIO>KHTeJibHOH o6paTHOH CBH3H) CKJIOHHbl reHepHpOBaTb aBTOKOJie-

6aHHH, H nOTOMY npHMeHeHHe nOJIO>KHTeJibHOH o6paTHOH CBH3H B ycHJIHTeJlHX KpaHHe He>KeJia

TeJibHO. TeM He MeHee, HeKOTOpb1e paHHHe JiaMnosb1e ycHJIHTeJIH MOUl,HOCTH HMeJIH cpettcrno 

perynHpOBKH noJIHoro BbIXO,Ll.HOro conpornsneHHH OT ffYJIH .u.o oTpHuaTeJibHoro 3Hal!eHHH. 3TO 

6b1Jla nonbITKa yJiyl!WHTb xapaKTepHCTHKY rpoMKorosopHTeJJH B o6nacTH HH3KHX 3BYKOBblX l!a

CTOT ( 6acos ). J.1Hor.u.a, 3TO H,u.eH BCnJibIBaeT BHOB.b, HO OHa .u.eikTBHTeJibHa TOJlbKO JlJIH HCnOJib-

30BaHHH B aeyCTHl!eCKOH CHCTeMe OT,U.eJibHblXYCHJIHTeJieft c aKTHBHblM pa3,u.eJJHTeJieM cneKTpa 

CHrHaJia (KpoccosepoM). AKTHBHbie, HJIH HH3Koro ypoBHH, Kpoccosepbl HCnOJib3YIOTCH nepe.u. 

ycHJIHTeJJeM MOUl,HOCTH, TaK "!TO Ka»mbIH BbIXO.U.HOH y3en HMeeT Bbl,ll,eJieHHbift ycHJIHTeJib MOIU

HOCTH. Xorn 3Ta cxeMa MO>KeT KaaaTbCH He3KOHOMHOH c.u.oporoCTOHUl,HMH ycHJIHTeJISIMH MOlll.

HOCTH, HMeeTCH MHOro npHl!HH peKOMeH,Ll.OBaTb ee JlJIH npaKTHKH. 

XoTSI MO>KHO CKOJibKO yrottHo onHCb!BaTb pa3Hoo6pa3Hbie pe>KHMbl o6parnol1 CBH3H, 11 

HX BJIHHHHe Ha nOJIHble BXO,U.Hble H BbIXO.U.Hble conpOTHBJieHHH, He06XO,U.HMO onpetteJIHTb 

3TO BJIHHHHe KOJIHl!eCTBeHHO. noJlHl.Ie COnpOTHBJleHHH H3MeHHIOTCH nponOpUHOHaJibHO 

K03cpcpHuHeH1)' o6paTHOH CBH3H: . 

K03cpcpHuHeHT o6paTHOH CBH3H = ( 1 + l3Ao>· 
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Onepaq110HHble yc11n11ren11 

3TO TaK»<e HBJJHeTcH npwrnHoH, noqeMY Ko3cpcpHu,HeHT yCHJJeHHH ycHJJHTem1 6y,neT 
yMeHbllleH, H qacTo Bbipa»<aeTCH e .neu,H6enax. HanpHMep, yCHJJHTeJJb c rno6aJJbHOH 06-
paTHOH CBff3blO rny6HHOH 20 .nE HMeeT o61l.1,HH K03cpcpHU,HeHT yc1rneHHff, yMeHbllleHHblH Ha 
BeJJH4HHY K03cpcpHu,HeHTa o6paTHOH CBH3H 20 .nE, H ecnH 3TO 6bIJJ ycJJOBHblH ycHJJHTeJJb 
MOll.l,HOCTH c lllYHTHpy10meH o6paTHOH CBSl3bl0, ero nonHoe BblXO,nHOe conpOTHBJJeHHe 6y
,neT yMeHbllleHO Ha K03cpcpHU,HeHT 10. 

1.13. OnepottHOHHble yc11n111en11 

l 13. l 06UJHe cseneH1111 
Onepau,HoHHbIH ycHJJHTenh sienff"eTcH o,nHHM H3 xapaKTepHbIX HHTerpanbHbIX nonynpoeo.n
HHKOBblx ycTpOHCTB H co.nep»<HT HeCKOJJbKO KaCKa.noe ycHJJeHHH Ha TpaH3HCTopax. H3 B~e
ro lllHpoKoro accopTHMeHTa nonynpoeo,nHHKOBblX HHTerpanbHbIX cxeM, onepau,HOHHbie 
ycHJJHTenH ecer.na Bb1,nensinHcb oco6o, 6naro.napsi HX yHHBepcaJJbHOCTH H HeKoTopbIM oco-
6bIM ceoHcteaM, KOTOpb1e 6yp.yT paccMoTpeHbI HH»<e. B naMnoeb1x ycHJJHTensix seyKoeoH 
qacTOTbl onepaU,HOHHbie ycHJJHTeJJH HaXO.nffT lllHpOKOe npHMeHeHHe B ycTpOHCTBaX nHTa
HHff H ynpaeneHHH, a TaIOKe e .npymx ecnoMoraTeJJbHbIX u,ensix. 

Onepau,HOHHbie ycHJJHTeJJH o6si3aHbI CBOHM po>KJJ.eHHeM .nonoTonHbIM ana.1tozoabtM 
KOMnb10mepaM' KOTOpbie npHMeHHJJHCb JVIH Mo,nenHpoeaHHH CJJO)f(HblX ,nHcpcpepeHU,HaJJb
HblX ypaeHeHHH, - HanpHMep'. JVISI Bbl4HCJJeHHH 6aJJJJHCTHKH CHapSI,nOB. 3TH aHaJJOfOBbie 
KOMnblOTepbl KaK pa3 H CTpOHJJHCb 6JJOKOB, KOTOpbie CTaJJH H3BeCTHbl KaK onepau,HOHHble 
ycHJJHTeJJH. nepeble onepau,HoHHbie ycHJJHTeJJH 6bIJJH eechMa rpoMo3,nKH (pa3MepoM npH
MepHo c KHpnH4), H B HHX HCnOJJb30BaJJHCb naMnOBbJe cxeMbl, KOTOpbie pa6oTaJJH OT HC
T04HHKOB .u.eynonsipHoro nHTaHHH ±300 B. B coqeTaHHH c onpe.u.eneHHbIMH BHelllHHMH 
KOMilOHeHTaMH, 3TH onepaU,HOHHble ycHJJHTeJJH MOfJJH BbinOJIHHTb MaTeMaTH4eCKHe .u.eHCT
BHff - HHBepcHJO, cylV!MHpoeaHHe, yMHO»<eHHe, HHTerpHpoeaHHe H .U.HcpcpepeHU.HpoeaHHe. 
CToHT oTMeTHTb, 4TO pa3Mepb1 aHanoroeoro KoMnbJOTepa 6hIJJH eecbMa cymecTBeHHbI -
OH 3aHHMaJJ He60JJbllJOH 3aJJ. 

K cqacTblO, naMnoebIH aHanoroBbIH KOMnbJOTep 6onhwe He npHMeHHeTCH, HO TepMHH 
«onepau,HoHHbIH ycHJJHTeJJb», (e sapy6emHoH nHTepazype o6bI4HO yKopo4eHHbIH .u.o 
«op-amp»), .ll.0 CHX nop aKzyaneH, XOTb cero,nHH 3TH ycTpOHCTBa npe,ncTaBJJfflOT co6oH MH-
Hl<laT!OpHbie HHTerpanhHbie nonynpoeo,nHHKOBbie cxeMbI. . 

)lnSI nonyqeHHff Tpe6yeMblX OT onepaU,HOHHOfO ycHJJHTeJJH xapaKTepHCTHK, qame ecero 
OH oxeaTbIBaeTCH KoHzypoM o6paTHOH CBH3H. )lnsi Toro, 4T06bI ceoHCTBa onepau,HOHHoro 
ycHJJHTeJJH nerKo perynHpoeanHcb napaMeTpaMH o6paTHOH CBH3H H 3aeHCHJJH npe>KJJ.e 
ecero OT Hee, cornacHo BbilllenpHee.u.eHHbIM paccy>KJJ.eHHHM onepau,HoHHbIH ycHJJHTeJJb 
.non»<eH HMeTb orpoMHbIH K03cpcpHu,HeHT yCHneHHH. Ko3cpcpHu,HeHT ycHJJeHHH no nocTOHH
HoMy :foKY 120 .u.E - 3TO He pe.U.KOCTb JVISI onepaU,HOHHOro ycHJJHTeJJH, XOTSI K03cpcpHu,HeHT 
ycHJJeHHH no nepeMeHHOMY TOKY HeH3MeHHO noHH»<aeTCH c qacToToH. 

B nocnep.y!Oll.l,eM o6cy>KJJ.eHHH npaKTH4eCKHX cxeM TPMHU.HOHHO npe.u.nono»<HM .nea 
<j>yH,naMeHTaJJbHblX .u.onyll.l,eHHff, KaCalOll.l,HXCff onepau,HOHHbIX ycHJJHTeJJeH: 
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OcHOBbl AeifcraHl1 ycHnHTenbHblX npHliopoa 

K03cpcjmu.HeHT ycHJJeHHH onepaU.HOHHOro YCHJJHTeJJH He OXBa4eHHOro KOHzypoM 06-
paTHOH CBH3H CTpeMHTCH K 6eCKOHeL[HOCTH; 
sxo.u.Hoe conpoTHBJJeHHe onepau.HoHHoro ycHJJHTeJJH npH attaJJOrH4HbJX ycnoBHHX 
TaJOKe CTpeMHTCH K 6eCKOHe4HOCTH. 

3TH .u.onyrn.eHHH xapaKTepH3YIOT H.u.eaJJbHbie onepau.HoHHble ycHJJHTeJJH. PeaJJbHble one
pau,HOHHbie yct1JI11TeJJH HMeJOT orpaHH4eHH51, H He OyJJYT JlOCTHraTb ~Toro H,ll,eana Ha scex 
qacToTax, ypoBHHX HanpSI>KeHHSI HT. n. Bcer.u.a Heo6xo.u.HMO noMHHTb 3TY sa>KHYIO orosopJ<Y! 

06bl4HO Ha qepTe>Kax npHHU.HnHaJJbHbIX cxeM c onepau.HOHHbIMH ycHJJHTeJJHMH onyc
KalOT HCT04HHK nHTaHHH ( qarn.e scero 3TO .u.syxnonSipHoe nHTaHHe ± 15 B) onepaU.HOHHoro 
ycHJJHTeJJH, 4T06bI He neperpy>KaTb qepTe>K, TeM He Mettee, onepau.HoHHOMY ycHJJHT~JJIO 
He06XO,ll,HMO IlHTaHHe! 

Ha cxeMax onepau.HoHHbIH ycHJJHTeJJb o6bI4HO o6o3Ha4alOT TpeyronbHHKOM, seplllHHa 
KOToporo HBJJHeTCH BbIXO,ll,HOH KJJeMMOH, a Ha npoTHBOilOJJO>KHOM pe6pe pacnonaralOTCH 
,ll,Ba BXO,ll,a - npHMOH H HHBeprnpy!OW.HH (TO eCTb o6ecne4HBalOW.HH cpa30BbIH C,ll,BHr ycH

JJHBaeMoro cHrnana Ha 180 ·c ). HHsepTHPYIOW.Hii sxo.u. Ha cxeMax o6o3Ha4aeTcH KPY>KKOM 
HJJH 3HaKOM « - ». 

ll3.2. HHseprop 11 «BHpryanbHOR» JeMnR 
HttsepTOp Ha onepau.HoHHOM ycHnHTene cpopMHpyeTcH c noMoW.bIO napannenbHO CHHMae
MOii H napanneJJbHO npHJJO>KeHHOii o6paTHoii CBH3H (pHC. 1.58), H, IlOCKOJJbK)', K03cj>cj>HU.H
eHT ycHneHHH onepaU.HOHHOro ycHJJHTeJJH CTpeMHTCH K 6eCKOHeL[HOCTH, TO TO"IKH BbIBO,ll.a H 
BBO,ll,a ,ll,OJJ>KHbl HMeTb Hynesoe conpoTHBJJeHHe. CT pH 3TOM ycHJJHTeJJb HMeeT Hynesoe Bbl
XO,ll,Hoe conpoTHBneHHe. . 

HttsepTHPYIOW.HH sxo.u. onepau.HoHHoro ycHnHTenH TaK>Ke HMeeT Hynesoe conpoTHB

neHHe no oTHollleHHIO K 3eMne ( o6rn.eMy nposo.ny c noTeHu.HaJJoM 0 B) 'H3-3a o6paTHoii 

CBH3H. CTOCKOJJbK)' K03cpcj>HU.HeHT ycHJJeHHH onepaU.HOHHOrO YCHJJHTeJJSI CTpeMHTCH K 6eC
KOHe4HOCTH, TO ecnH HeHHBeprnpylOlll,HH BXO,ll, HMeeT IlOTeHu.HaJJ 3eMJJH, TO H HHBepTHpy

KlW.Hii sxo.u..u.on>KeH TaJOKe HMeTb noTeHU.Han 3eMnH. Cne.u.osaTeJJbHO, B 3Toii KoHcj>Hrypa

U.HH HHBepTHPYIOW.Hii BXO,ll, HBJJHeTCH TaK Ha3blBaeMoii «BupmyaJtbflOtl» 3e.M.Jtett. 

RF 

PHc. 1.58 l1HBepmupy10UfUU ycUAumeAb 
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Onepa11110HHble yc11n11ren11 · 

Xon1 HHBepTHpytow.HA BXOJJ. onepau.HoHHoro ycHJIHTem1 H ffBm1eTCff BHpTyaJibHOH 3eM

neA 3a C'leT o6paTHOH CBff3H, OH caM HMeeT npaKTH'leCKH 6eCKOHe•rnoe BXOJJ.HOe conpOTHB

JieHHe, H moK cuenaAa ne npomeKaem ttepe3 onepal{uonnbla ycUAumeAb. ToK BXOJJ.HQ

ro cHrHaJia, nocTynaJOw.ero t.tepe3 pe3HCTop Rs (pHc. 1.59) MO*eT, cJieJJ.oBarem:.Ho, 

npoTeKaTb TOJibKO Ha 3eMJIJO t.tepe3 pe3HCTop o6paTHOH CBff3H R,.. H Hynesoe BblXOJJ.Hoe co

npoTHBJieHHe onepau.HoHHoro ycHJJHTeJJff. TaKHM o6pa30M cHrnaJ1bHb1e TOKH 11epea peaHc

ropb1 Rs HR,.. paBHbI, H, HcnoJJb3Yff 3aKOH 0Ma: 

nocKOJlbKY HHBeprnpyJOW.HH BXOJJ. ffBJIHeTCff BHpTyaJJbHOH 3eMJJeH, V, = V:ix' V,.. = - V:, ... 
( onepaU.HOHHbIH yCHJJHTeJJb HHBeprnpyeT ycHJJHBaeMblH CHrHaJJ ), TO K03<f><f>HU.HeHT ycHJJe

HHff no Hanpff>KeHHIO ycHJIHTeJIH 6yJJ.eT paBeH: 

0TMeTHM, 'ITO 3TOT ycHJIHTeJib Mo>KeT o6ecne'IHBaTb H Ko3<f><f>HU.HeHT ycHneHHff Av< l, 
TO eCTb MO)l{eT He ycHJIHBaTb, a OCAa6ARmb BXOJJ.HOH CHrHaJJ. 3To noJie3HO, noToMy 'ITO OH 

o6ecne'IHBaeT yMeHbllleHHbIH BblXOJJ. H3 no'ITH Hynesoro conpOTHBJieHHff HCTO'IHHKa nHTa

HHff, TOrJJ.a KaK pe3HCTHBHblii JJ.eJIHTeJlb Hanpff)l{eHHff, 'lame Bcero npHMeHffeMblii JI.Jiff Ta

KHX )l{e u.eneii, 6yJJ.eT HMeTb 3Ha'IHTeJibHOe BbIXOJJ.HOe conpoTHBJieHHe. 3HaK MHHYC B <f>op

Myne HanoMHHaeT, 'ITO ycHJIHTeJib ffBJJffeTCff HHBepTHpytoW.HM. 

TaK KaK HHBeprnpyJOw.aff TO'IKa ycHJIHTeJiff ffBJiffeTCff «BHpryaJibHOii» 3eMJieH, BXOJJ.HOe 

conpoTHBJieHHe sceA cxeMbl paBHO Rs· 
KorJJ.a MbI aHaJIH3HposanH 3TOT ycHJIHTeJJb, TO paccMaTpHBaJJH TOK BXOJJ.Horo cHrnana. 

HeT npHt.tHHbl, not.teMy 3TOT BXOJJ.HOii TOK JJ.OJI)l{eH npHXOJJ.HTb TOJibKO H3 OJJ.HOro HCTO'IHHKa 

4epe3 OJJ.HH pe3HCTOp, n03TOMY MO>KHO cyMMHpOBaTb TOKH OT pa3HhlX HCTO'IHHKOB, npMXO

JJ.HW.HX Ha HHBeprnpyJOW.HH BXOJJ. onepaU.HOHHOro YCHJIHTeJiff .B COOTBeTCTBHH c 3aKOHOM 

KHpxro<f>a (pHc. 1.59). 
3Ta cxeMa Ha3hIBaeTCff BHpTyanbHaH 3eMJiff, H HaH6onee none3Ha so scnoMoraTeJib

HbIX u.enHx cMew.eHHH, rJJ.e Heo6xOJJ.HMO JJ.06aBJIHTb HeCKOJibKO cHrnanos KoppeKU.HH. Ko-

3<f><f>Hu.HeHT YCHJieHHH no Hanpff>KeHHIO JI.Jiff Ka>K,ll.oro BXOJJ.HOro CHrHaJia MO>KeT 6bITb on

peJJ.eJieH, HCnOJib3Yff paCCMOTpeHHOe ypaBHeHHe HHBepTOpa. 

KorJJ.a HMeJOTCH MHoro'IHCJieHHble BXOJJ.Hhle CHrHaJibI, 'lacTO JIY'lllle scero onpeJJ.eJIHTb BbI

xoJJ.Hoe Hanpff)l{eHHe, cyMMHpyH TOKH CHrHaJIOB, HcnoJib3)'ff 3aKoH KHpxro<f>a, HaxOJJ.H pe3yJib

rnpytow.Hii TOK BR,.., H HcnoJih3Yff 3aKoH 0Ma, 'IT06b1 onpeJJ.eJIHTb BblXOJJ.Hoe HanpH*eHHe. 

l13.3. He11Hsepr11py10U111ii yc11n11renb 11 nosrop11renb Hanp11)1(eH1111 
Ha npaKTHKe 'laCTo MO)l{eT nOf!8.ll.06HTbCff H HeHHBeprnpytoW.HH yCHJJHTeJJb, KOTOpbIH TaK

>Ke nerKO nocTpOHTb HCnOJJh3Yff onepaU.HOHHblH ycHJIHTeJib (pHC. l .60). 
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OcHOBbl 11eiine1111 yc11n11renbHb1x np116opoa 

PHc. 1.59 «Bupmya.1tbHaJt» 3eM1tJt 

Rs 

PHc. 1.60 Heu_noepmupy10U{UU ycU1tume1tb 

8 3TOH cxeMe no-npe:>t<HeM)' HMelOTCH pe3HCTOpbI R,. H Rs, HO TononornH cxeMbI BKJIIO

t{eHHH onepaUHOHHoro ycHJIHTeJIH H3MeHeHa, H BTopol1 BbIBO.U. pe3HCTopa Rs Tenepb coe,u.H
HeH Henocpe,u.cTBeHHO c 3eMnel1. OnepaUHOHHblH ycHnHTeJib oxsat{eH KoHrypoM napan

.nenbHO CHHMaeMOH H nocne.u.osaTeJibHO npHJIO:>KeHHOH o6paTHOH CBH3H. BbIXO,U.HOe 
conpOTHBJieHHe 6y,u.eT HyJiesoe, ecnH BXO,U.HOe conpOTHBJieHHe 6eCKOHet{H0. 

Pe3HCTOpb1 R, .. H Rs Tenepb o6pa3ylOT ,u.eJIHTeJib HanpH:>KeHHH Ha Bb1xo.u.e ycHJIHTeJIH, H 

:ianpH:>KeHHe Ha HHBepTHPYIOlll.eM sxo.u.e 6y,u.eT onpe,u.eJIHTbCH H3 Bb!pa:>KeHHH: 

Rs 
11< llllllCJITllpylOlllertl .!""1111) = R . R v ..... 

S + F 

nocKOJibKY onepaUHOHHblH YCHJIHTeJib HMeeT CTpeMHlll.HHCH K 6eCKOHet{HOCTH K03cp

t\HL{HeHT ycHJieHHH, HanpH:>KeHHe Ha HHBepTHPYIOlll.eM sxo.u.e paBHO HanpH:>KeHHIO Ha He-
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OnepaqHOHHbJe ycHnHrenH 

HHBepTHpylOUJ,eM BXO,D.e, KOTOpoe SIBnHeTCH V0,, n03TOMY K03cpcpH1.J,HeHT ycHneHHH ycHnH

TenH 6yt1.eT paaett: 

V,,"', Rs +RF --=-'""--
v.. Rs 

EcnH Tenepb yMeHblll8Tb aenHl!HHY conpoTHBJieHHH pe3HCTopa Rrll.O HYJIH, oT6pocHTb 

R5, To K03cpcpHIJ.HeHT ycHJieHHH yMeHblllaeTCH Jl.O 1, 11 onepaIJ.HOHHbIH ycHJIHTeJib npeapa

w.aeTCH B n0Bmopume1tb t1.anpR:J1Cet1.wi (pHc. 1.61 ). 

PHc. 1.61 fl0Bmopume1tb 1tanpR:J1CeH.UR 

flOBTOpHTeJib Hanpmt<eHHH HBnHeTCH npeBOCXOJl.HblM 6y</Jep1tblM KaCKa,D.OM Jl.JIH pa3-

.n;eneHHH cxeM c BblCOKHM HMne,D.aHCOM OT Harpy3KH c ManbIM HMne,D.aHCOM, H H8MHOfO 

npeBOCXO,Ll.HT OT,D.enbHblH TpaH3HCTOpHblH 3MHTTepHblH noBTOpHTeJib, KOTOpblH Mbl pac

CMaTpHB8JIH paHee. EcnH He06XOJl.HM cyw.ecrneHHO 60JibllIHH TOK, l!eM MO)f(eT o6ecne-

411Tb onepaIJ.HOHHblH ycHnHTeJib, MO»<HO Jl.06aBHTb 3MHTTepHblH noBTOpHTeJib HnH ,D.a»<e 

COCTaBHOH Tp8H3HCTOp, K BblXOJl.Y, H BKJIIO"IHTb ero B KOHTYP o6paTHOH CBH3H (pHC. 1.62). 

l 13. 4. HHrerparop 
CxeMa HHTerpaTOpa Ha onepaIJ.HOHHOM ycHnHTene HBm1eTcH no cyw.ecrny cxeMoii HHBep

Topa c Rr napannenbHbIM CF, HO ecJIH R,..H3bHTb, TO OHa cTaHOBMTCH uH.meepamopoM. 
CxeMa HHTerpaTOpa MO»<eT 6bITb paccMoTpeHa KaK RC cpHJibTp HH»<HHX l!aCTOT, B 3TOM 

cnyqae qacToTa cpe3a cpHnbTpa 6yt1.eT onpet1.eJIHTbCH cne.ny10UJ.HM o6pa3oM: 

l 
1-3dB = 2 CR 7t r ,.. 

Tenepb MO»<Ho BHJl.eTb, l!TO ecnH R,.. = oo (To ecTb pe3HCTop H3bHT H3 cxeMbI), qacToTa 

OTCel!KH = 0, 11 ycHnHTenb HMeeT 6eCKOHe4HbIH Ko3Q:>cpHIJ.HeHT yc11neHHH no noCTOHHHOMY 

TOKy. J1106oe CMeUJ,eHHe noCTOHHHOfO TOKa 6y.D.eT nocTeneHHO HaKanJIHB8Tb Jl.OCTaTOl!HblH 
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OcHOBbl AeiicTBHll ycHnHTenbHblX npHliopoa 

PHc. 1.62 JJ.06ao1teHue aMummep1wzo noomopumeAR 
OAR yee1tutteHUR BblXOOHozo moKa 

3apff,ll. Ha KOH,ll.eHCaTope, Bbl3blBaH nOBbIWeHHe BblXO,ll.HOro CHrttana onepau.HOHHOrO ycHnH

TenH .ll.0 MaKCHManbHOro BblXO,ll.HOro HanpH>KeHHH (HanpH)l{eHHH HCTOt{HHKa nHTaHHH), H 

3aTeM onepaU.HOHHbIH yCHnHTenb HaCblU{aemCR. no 3TOH npH'rnHe peanbHbie HHTerpaTO

pbl o6bit{HO HMelOT KOHTYP aBTOMaTHt{eCKoro perynHpoeaHHH. CHrHan paccornacoeaHHH 

3apH)l{aeT c,., HO KOHTYP cTpeMHTCH MHHHMH3HpoeaTb paccornacoeaHHe, H no3TOMY HanpH

)l{eHHe Ha c,.. CTpeMHTCH K HynlO. 

OnHTb, npH )l{enaHHH, MO)l{HO cyMMHpoBaTb HeCKOnbKO BXO,ll.Hb!X TOKOB, H OJl.HH H3 803· 

MO)l{HblX eapHaHTOB HCnOnb30BaHHH 3TOH cxeMbl 6yJ1.eT cne)l{eHHe 3a HanpH)l{eHHeM Ha Ka

TOJl.HbIX pe3HCTopax HeCKOnhKHX BblXOJl.HblX 3neKTpOHHblX naMn, nOTOMY t{TO HHTerpHpylO

W,aH cpyHKU.HH y6epeT nl060H ay,ll.HO CHrttan H Bhl,Zl.aCT BblXO,ll.HOe HanpH)l{eHHe noCTOHHHOro 

TOKa, nponopu.HoHanbHoe o6U{eMy BhlXOJl.HOMY TOKY naMnbI. 

l13.5. (MeUJeHHe nocTOHHHOfO TOKO 8 onepOl/HOHHOM yc11n11rene 

Mb1 KopoTKO ynoMHHanH o cMeW,eHHH nocTOHHHoro ToKa, KOr.ll.a Bb1me paccMaTpHeanH HH

TerpaTOp. OnepaU.HOHHbie ycHnHTenH He HBnHIOTCH H,ll.eanbHblMH, OHH CO,ll.ep)l{aT peanbHble 

TpaH3HCTOpbl H ecer,ll.a 6a30Bble TOKH HnH TOKH YTet{KH, Ha3biaaeMble mOKaMU CMeU{eHUfl, 
6yJl.YT no.naeaTbCH Ha BXOJl.bl. TOKH CMeW,eHHH He 6yJl.YT nonHOCTblO cornacoeaHHblMH, H 3Ta 

HeycTOHt{HBOCTb ( pa36anaHc) Ha3b!BaeTcH moKoM paa6a1tanca. Bxo,ll.Hhie TpaH3HCTOpbI 

He 6yJl.YT nonHOCTblO cornacoBaHHblMH no HanpH)l{eHHIO, no 3TOH npHt{HHe Me>KJJY BXOJl,aMH 

6yJ1.eT HanpR:HCenue paa6a1tanca. 3rn HecoeepmeHCTBO noJ1.po6Ho onHcaHo B cneu.HcpH

KaU.HHX H3roTOBHTenel1, H J1.0n)l{HO 6bITh YlfTeHo npH pa3pa6oTKe cxeMhI, co.nep*aw.ew one

pau.HoHHhie ycHnHTenH. 
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2 
OcHOBbl cxeMoTeXHMKM 

v 

naMnOBblX ycMnMTeneM 

8 3TOH rnase Mbl paCCMOTpHM, rnaBHbIM o6pa30M, KacKa)l.bl ycHneHHH Ha naMriax-TpHo.11.ax, 

y.11.enHH oco6oe BHHMaHHe TOMy, KaK cne.eyeT BbI6HpaTb pe>KHMbl pa60Tbl H KaKoe snHHHHe 

OKa>KYT OHH Ha xapaKTepHCTHKH KaCKB,Aa. CTpH aHanH3e 6y.AeT Hcnonb30BaTbCH KOM6HHa

IlHH rpaq>H"leCKHX H aHanHTH"leCKHX MeTO)l.OB pac"leTa, "ITO .11.aeT npeHMyw.ecTBO 6blCTp0Tbl 

H npocTOTbl pac"leTOB, a TaK>Ke pe3ynhTaTbI TeopHH xoporno cornacy10TcH c npaKTHKOH. 

3TOT nocne,AHHH nyHKT MO>KeT noKa3aTbCH O"leBH)l.HbIM, HO eMy He scer.11.a npH)l.alOT .11.on>K
Horo 3Ha"leHHH. 

2.2. Y cMnMrenb Ha rpHo.Qe c o6~MM KOTo.QoM 

QqesH)l.HO, "ITO ocHOBHOe Ha3Ha"leHHe naMnbI - aTo ycHneHHe cna6blx CHrttanos. Cne,Aosa

TenhHO, Heo6XO)l.HMO 3HaTb, KaK CKOHCTpyHposaTb ycHnHTenbHbIH KaCKa)I., no.11.aTb HanpH

>KeHHe HnH TOK CMeW.eHHH Ha naMny TaKHM o6pa30M, "IT06bI C03,AaTb ycHnHTenb c nHHeH

HOH xapaKTepHCTHKOH H MHHHMH3HposaTb HCKa>KeHHH. Mbl Ha"IHeM Harn aHanH3 

c anoiJHblX xapa1emepucmwc Ha npHMepe naMnb1ECC83/l2AX7 (pHc. 2.1 ). 

AHOJl.Hble xapaKTepHCTHK"! - HaH6onee y.Ao6Hoe JJ.llH aHanH3a H pac"leTa ycHnHTensi 

ceMeHcTBo KpHBhlX aneKTpOHHOH naMnhI. HanoMHHM, "ITO am rpacpHKH noKa3blBaJOT 3a

BHCHMOCTH TOKa aHo.11.a Ia B 3aBHCHMOCTH OT aH0.11.HOro HanpH>KeHHH Va, JJ.llH pa3nH"IHblX 

3Ha"leHHH HanpH>KeHHH Me>K.ey ceTKOH H KaTO)l.OM ( VCK). nepsoe Ha '{TO cne.eyeT o6paTHTb 

BHHMaHHe - aneKTpOHHble naMnhI pa6oTaJOT npH BbICOKHX HanpH>KeHHHX ( o6bl"IHO 3Ha

"IHTenbHO 6onblliHX, "leM B Tp8H3HCTOpHblX cxeMax) H npH OTHOCHTenbHO ManblX TOKax. 

BTOpoe - npH oTCYTCTBHH Hanpsi>1<eHHH cMew.eHHH Ha ceTKe ( VcK = 0), TOK aHo.n.a O"leHb 
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YcHnHrenb HO rpHone c o6~HM KOTOAOM 

ae.nHK H orpaHHqHsaeTCH TO.flbKO KO.flHqecTBOM 3.neKTpOHOB, KOTOpbie MO>KeT HcnycKaTh 

KaTo.11.. )l.nsi yMeHbUiemrn aHo)l.Horo TOKa, naMny HY>KHO 3anepeTb oTpHU.aTeJibHhIM cMeme

HHeM Ha ceTKe, B OT.nHqHe OT 6HnOnHpHoro n.nOCKOCTHOrO TpaH3HCTopa, KOTOpbIH fia06o

poT OTnHpalOT nYTeM no.11.aqH HanpH>KeHHH CMemeHHH. 

4 
Vg=OV 
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PHc. 2.1 AnoiJHbte xapa1cmepucmwcu mpuooa 

IlpocTeHUIHH KacKa,ll, ycHneHH~ KaK npaBHnO co.11.ep>KHT pe3HCTOP llHOOHOU naepy3KU 
R •• CTOHUlHM Me»<Ji.Y aHo.n.oM H HcToqijHKOM nHTaHHH BH (3TO HcTOpHqecKoe coKpameHHe, 

11 o6o3HaqaeT BhICOKoe Hanpsi>KeHHe ). TaKOH KacKa.n. qacTo TaK H Ha3bIBalOT - pe3HcTop

HbIH KaCKa.11.(pHC. 2.2). 

ECC83 

.----I -- -- --g 

k 

+350V 
BH 

ov 

PHc. 2.2 YcUJtumeJtb c o6UfUM Kamooo.M c pe3ucmuonot1 naepy3Koii 

Ilpe.11.nono>KHM, qrn HcrnqHHK nHTaHHH BH HMeeT ,Hynesoe Bhixo.n.Hoe conpoTHB.neHHe 

Ha Bcex qacTOTaX OT nocTOS!HHOro TOKa .11.0 CBeTOBbIX qacTOT ( B peanbHblX ycTpOHCTBaX co

nponrnneHHe HCTOqHHKOB nHTaHHS! TaK>Ke 6.nH3KO K Hy.nlO ). IlpHKna)l.bIBaSI BXO,ll,HOe Ha-
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OcHOBbl cxeMorexH1tK1t naMnOBblX yc11n11reneii 

npsi>KeHHe Me»<,ny ceTKOH H KaTO.U.OM, Mbl MOJIYJIHpyeM pa3HOCTb noreHUHaJIOB cerKa-Karo.u. 

v 3aKOHOM BXO.U.HOro CHrHaJia, H, TaKHM ot5pa30M, ynpaBJIS!eM TOKOM aHo.u.a. Ha CTaTHl!e-w . 
CKHX xapaKrepHCTHK ( ocot5eHHO npoXO.ll.HblX) JiaMnbl BH.ll.HO, 4TO aHO.U.HblH TOK Ol!eHb CHJ!b-

HO 3aBHCHT OT aHO.U.HOro Hanpsi>KeHHSl,H l!eM pe34e 3Ta 3aBHCHMOCTb (TO ecTb l!eM 60JibWe 

KpyrHaHa JiaMnbI ), reM peal!e aaeHeHMOCTb aHO.U.HOro To Ka or eerol!Horo Hanpsi>KeHHH. 8or 

nol!eMy 3Ta eerKa l!aero Ha3bIBaeresi ynpaBltRIOU{eU cemKOU. 
8 .u.aJibHeHWHX paeey>K,ll,eHHSIX 4T06bl eBSl3aTb exeMY yeHJIHTeJISI e aHO.ll.HblMH xapaKre

pHeTHKaMH JiaMnbl H H3BJie4b H3 HH~ MaKeHMYM noJie3HOH HHcpOpMaU.HH BoenOJib3yeMeSI 

rpacpo-aHaJIHTHl!eeKHM MeTO.U.OM Harpy304HblX JIHHHH, KOTOpblH Ol!eHb WHpOKO HCnOJib3Y

eTCSI B paellerax JiaMnOBbIX exeM. 

fJISl.ll.SI Ha ypaBHeHHe 3aKQHa 0Ma, SIBJIS!eTCSI OlleBH.U.HblM, 4TO eCJIH HeT TOKa, TeK)'w.ero 

4epea conpOTHBJieHHe (H, CJie.u.oeareJibHO, 4epea 3JieKTpOHHYJO JiaMny), TO He .ll.OJI>KHO 

6bITb H na.u.eHHH Hanpsi>KeHHH Ha eonpoTHBJieHHH. EeJIH Her na.u.eHHH Hanpsi>KeHHH Me»<,ny 

BbIBO.U.aMH eonpOTHBJieHHH, ro see 8H .U.OJI>KHO 6bITb npHJIO>KeHo Me»<,ny aHO.U.OM H Karo

.U.OM 3JieKrpoHHOH JiaMnb1. TaKHM ot5paaoM MO>KHO o6oaHa4HTb 3Ty T04KY Ha rpacpHKe 

aHO.U.HbIX xapaKrepHeTHK KaK Va = 8H = 350 8, /" = I,= 0. AHaJIOrH4HO MO>KHO .u.oKaaarb, 

4TO eCJIH Her na.u.eHHH Hanpsi>KeHHH Ha 3JieKTpOHHOH JiaMne, ro see 8H .U.OJI>KHO ynaerb Ha 

KOHuax peaHeropa. Mo>KHO no.u.e4HTaTb TOK l!epea peaHerop, H, ene.u.oeareJibHO, 4epea 

3JieKrpoHHYJO JiaMny. 8 HarneM npHMepe RH = 175 KOM, 8H = 350 8, raKHM ot5paaoM TOK 

aHO.U.a la = 2 MA, H MO>KHO o6oaHa4HTb Ha rpacpHKe H 3Ty T04Ky. 

TaK KaK aaKoH 0Ma siensieresi JIHHeHHbIM ypaeHeHH~M, Koropoe onHebrnaer npsiMy10 

JIHHHIO, TO eeJIH Mbl 3HaeM .u.se T04KH, Mbl nOJIHOeTblO onpe.u.eJIHJIH 3TY npsiMyIO. 3ro 03Ha-

4aer, 4TO renepb MO>KHO Hal!epTHTb npHMYIO JIHHHIO Me»<,ny .ll.BYMH HaHeeeHHblMH TOl!KaMH, 

KaK noKaaaHO Ha rpacpHKe (pHe. 2.3). 
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PHc. 2.3 Hazpy30l.f,HaJl1tUHUR 

HraK, MbI nocrpoHJIH Ha2py301.(,Hy10 1tuHu10 UAU OUHCUtUl.f,eCKYIO xapatcmepucmuKy. 
0Ha noKa3bIBaer KaK H3MeHHeTeSI aHO.ll.ffblH TOK npH O.U.HOBpeMeHHOM H3MeHeHHH aHO.U.HOro H 

cerol!Horo Hanpsi>KeHHH. Mb1 onpe.u.eJIHJIH TOK aHo.u.a JVJH n106oro aHO.ll.ffOro HanpH>KeHHH, 

HenoJibaysi 8H 350 8 H aHO.U.HYIO HarpyaK)' 175 KOM. ECJIH Hy>KHO H3MeHHTb aHo.u.ey10 Ha-
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OrpaH1t'leH1tJI no Bbl6opy pa6o'leH TO'IKlt. np11Hq1tn1tanbHOJI cxeMa npocreifwero pe31tcropuoro KOCKOAO 

rpy3J<Y HJIH 8H, Mht .u.on.>KHhI nepec'IHTaTb H nepeqepTHTh Harpy3o'IHYIO JIHHHIO. MeTo.11. Ha

rpy3o'IHhtx JIHHHH SIBJiffeTCSI 0.11.HHM H3 HaH6onee HafJiff.11.HblX BH.ll.OB aHaJIH3a, KOTOpblH MO.>KHO 

BbinOJIHHTb Ha KaCK8)1.e c 3JieKTpOHHOH JiaMnOH H OlfeHh WHpOKO HCnOJib3yeTCSI npH paclfeTax. 

EcnH paccMaTpHBaTb Harpy3olfttyl0 JIHHHIO, TO MO.>KHO YBH.ll.eTh, 'ITO oHa nepeceKaeTcsi 

B pa3HhIX TO'IKax c KpHBhlMH BhD}OJl.HhIX xapaKTepHCTHK naMnht I (Va) JI.Jiff pa3JIH'IHhIX 3Ha-

1JeHHH Ve•' 3To 03Ha'-laeT, '-ITO 3Hasi npe.11.enht H3MeHeHHH sxo.11.Horo Hanpsi.>KeHHH Ve• MO.>KHO 

oueHHTb COOTBeT<:TBYIOll.l,He HM H3MeHeHHSI aH0.11.HOro Hanpsi.>KeHHSI, H 3aTeM nO)l.C'IHTaTb 

K03cpqmu.HeHT yCHJieHHSI KaCK8)1.a no HanpSl.>KeHHIO. 

CTpe.11.noJIO.>KHM, 'ITO Mbl nO)l.8)1.HM Ha BX0.11. KaCK8)1.a ycHJieHHSI CHH}'COH)l.aJibHOe KOJie6a

HHe pa3MaXOM 8 8 (TO ecTb aMnJIHTY.11.0H 4 8), KOTopoe npHJIO>KeHO OTHOCHTeJibHO HyJieBO

ro Hanpm1<eHHSI CMell.l,eHHSI ( B cxeMe Ha pHC. 2.3 HHKaKoro nOCTOSIHHOro Hanpsi.>KeHHSI Ha 

ceTKY He no.u.aeTCSI ). EcJIH HalfaTb OTC'leT c xapaKTepHCTHKH, COOTBeTCTBYIOll.l,eH HyJieBOMY 

CeTO'IHOMY Hanpsi.>KeHHIO, TO YBHJl.HM 'ITO JIHHHSI CTaTH'leCKOH xapaKTepHCTHI~H nepeceKaeT 

uarpy30'IHasi JIHHHIO npH Va = 72 8. 3aTeM paccMoTpHM HaH6onee OTPHU.aTeJibHOe 3Halfe

HHe CHHycoH.11.aJibHoro Kone6aHHH - 4 8, H yBH.11.HM, 'ITO npH nepeceqeHHH c Harpy30'IHOH 

JIHHHeH OHO .11.acT B pe3yJibTaTe Va = 332 8. ,ll..nSI npHJIO.>KeHHOro Ha BXO)l.e HanpH.>KeHHSI -

4 B, nony'IHM nono.>KHTeJibttoe H3MeHeHHe Hanpsi>KeHHSI Ha atto.11.e 260 8. TaKHM o6pa30M, 

ycHJIHTeJib c 06ll.l,HM KaTO)l.OM HHBepTHpyeT BXO)l.HOH KOJie6aHHe, Kor.u.a OTPHU.aTeJibHOH 

noJiyBOJIHe BXO)l.HOrO KOJie6aHHSI COOTBeTCTByeT noJIO.>KHTeJibHaSI nonyBOJIHa BblXO)l.HOfO H 

Ha060pOT. 00CKOJlhKY K03cpcpHL1,HeHT YCHJieHHSI no Hanpsi.>KeHHIO Onpe.11.eJIHeTCSI KaK OTHO

llleHHe BbIXO)l.HOfO HanpH>KeHHSI K BXO)l.HOMY HanpSl>KeHHIO, TO HMeeTCSI ycHJIHTeJib c K03cp

<j>HUHeHTOM ycHJieHHSI 65 (HJIH - 65, r.11.e 3HaK MHttyC JIHWb HanOMHHaeT HaM, 'ITO 3TO HH

BepTHPYIOll.l,HH ycHJIHTeJib ). 

K co.>KaJieHHIO, paccMoTpeHHhlH Bhtwe ycHJIHTeJih He OlfeHb JIHHeHHhlH. EcnH Tenepb 

paCCMOTpeTh noJIO.>KHTeJibHblH nonynepHOJI. CHHYCOH)l.aJibHOfO KOJie6aHHSI npO)l.OJI.>KHTb 

nOBbIWeHHe ceTO'IHOro HanpS!.>KeHHSI Bblllle 0 8, o6Hapy.>KHTCSI, 'ITO aHOJI,HOe Hanpsi.>KeHHe 

Hecnoco6Ho nOHH.>KaTbCSI B TaKHX .>Ke npe.u.enax, KaK OHO nOBbIWaJIOCb npH .11.eHCTBHH OTpH

uaTeJibHOH nOJIYBOJIHbl BXO)l.HOfO KOJie6aHHSI. Oo 3TOH npH'-IHHe BblX0.11.HOH CHrHaJI 60Jibllle 

He no.u.o6eH BX0.11.HOMY CHrHaJiy, TO eCTb OH CHJlbHO HCKa>KeH B 06JiaCTH OTpHu.aTeJihHOH 

nonyBOJIHbl BbIXO)l.HOro KOJie6aHHSI. 

,ll..nSI C03)1.aHHSI ycHJIHTeJISI, B KOTOpOM OTCYTCTBYIOT no.11.06Hbte HCKa.>KeHHfl, CJieJ.IYeT 

Bbt6paTb HanpH.>KeHHe CMell.l,eHHSI Ha ceTKe HJIH, HHalfe rosopsi, pa60'IYIO TO'IJ<Y, B KOTOpOH 

ycraHOBHTCSI TaKOH CTaTH'leCKHH (TO eCTb npH OTCYTCTBHH CHrHaJia Ha BXO)l.e) pe.>KHM, np11 

KOTOpOM KaCKa.11. MO.>KeT ycHJIHBaTb KaK OTPHU.aTeJibHbie, TaK H noJIO.>KHTeJihHbie nonysoJI

Hbl BXO)l.HOro CHrHaJia 6e3 3aMeTHbIX HCKa>KeHHH. 

2.3. Orpom111eHMS1 no Bb16opy po6011eit TOllKM. 

npMHl,tMnMOilbHOSI CXeMO nponeitwero pe3MCTOpHOro KOCKOJIO 

PacCMOTpeHHblH Bblllle ycHJIHTeJib He TOJlbKO HCKa.>KaJI ycHJIHBaeMbie KOJie6aHHSI, HO Ha ero 

BblX0.11. KpOMe noJie3HOro nepeMeHHOfO KOJie6aHHSI 6hlJIO npHJIO.>KeHO nocTOSIHHOe aHO)l.HOe 

HanpH>KeHHe. ,llJISI 6JIOKHposaHHSI noCTOSIHHOfO TOKa B Harpy30'-IHOH u.enH, BblXO)l.Hbie 
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OcHOBbl cxeMorexH1tK1t naMnOBblX yc1tn1tTeneii 

KJieMMbI no.ll,KJ110'Ia10T K aHo.ny naMnhI qepea paaJJ.eJIHTeJibHblH KOHJJ.eHcarnp. 8b1we TaK>Ke 

fOBOpHJIOCb 0 TOM, 'ITO Jl.Jlff HCKJIIO'IeHHff 3Ha'IHTeJibHbIX HCKmKeHHH ycHJIHBaeMoro CHfHa

Jia, Ha ceTKY He06XOJJ.HMO rlOJ].aTb HeKOTOpoe HanpHmeHHe CMeW.eHHff. TaKHM o6pa30M, cxe

MY ycHJIHTeJIH HymHo HeCKOJihKO ycnomHHTb ( pHc. 2 .4 ) . 

.----~~........,ti+350V 
BH 

.__ __ .._ ____ ..__~--u OV 

PHc. 2.4 Pe3ucmopHblU ycwiumeAb c aKKYMYARmopoM 
e l{enu cMeUfeHUR 

3JJ.eCb cne.uyeT o6H3aTeJibHO o6paTHTb BHHMaHHe 'IHTaTeJiff Ha TO, 'ITO npHCyTCTBYIOW.HH 

B 3TOH H nocne.nyIOW.HX cxeMax pe3HCTOp, BKJllO'IeHHblH napaJIJieJibHO BbIXOJJ.HblM KJieMMaM 

KaCKaJ].a, He 'ITO HHOe - KaK 3KBHBaJieHTHblH 3Ha'IOK Harpy3KH, conpOTHBJieHHe KOToporo 

paBHO BXOJJ.HOMY conpOTHBJieHHff cne.uy10w.ero KaCKaJ].a ycHJieHHff, JIH60 rpOMKOfOBOpHTe

Jlff ( roJIOBHoro TenecpoHa )! B peaJJbHbIX KacKa.u.ax 3Toro peaHcTopa HeT! AHaJIOrH'IHO, B pe

aJibHhIX K~CKa.n.ax OTCyTCTByeT H pe3HCTOp, BKJllO'IeHHblH Ha pHc. 2.4 nOCJieJJ.OBaTeJibHO c 

reHeparnpoM BXOJ].HOfO HanpHmeHHff. 3TOT 3Ha'IOK CHMBOJIH3HpyeT BblXOJJ.HOe conpOTHBJie

HHe npeJJ.blJlYW.ero KaCKa,n.a ycHJieHHff, JIH60 HCTO'IHHKa BXO)l.HOfO CHrHaJia. 

HrnK, Ha ceTKY 3JieKTpOHHOH naMnhI no)l.aHo HanpHmeHHe cMew,eHHH OT aKKYMYJIHTopa 

qepe3 pe3HCTOp Rg, KOTOpblH npe)l.OTBpaw.aeT aKKYMYJIHTOp KOpOTKot aaMbIKaHHe HCTO'I

HHKa CHrHaJJa (reHeparnpa nepeMeHHOfO TOKa) qepea aKKYMYJIHTOp, nOCKOJibKY conpo

THBJieHHe aKKYMYJIHTopa nepeMeHHOMY TOKY 6JIH3KO K HYJIIO. Cg - paa)l.eJIHTeJihHbIH 

KOH)l.eHcaTOp, KOTOpblH npeJJ.OTBpaw.aeT KOpOTKOe 3aMbIKaHHe aKKYMYJIHTOpa qepe3 reHe

parnp, '· - BHyTpeHHe ( BblXOJJ.HOe) conpOTHBJleHHe reHeparnpa. 

Boaspaw.aHcb K BblXOJl.HblM cTaTHLieCKHM xapaKTepHCTHKaM naMnb1 H HarpyaoLIHOH JJH

HHH, o6paTHM BHHMaHHe, 'ITO npH CHJlbHOM yseJJH'IeHHH Va, CTaTH'IeCKHe xapaKTepHCTHK, 

COOTBeTCTBYIOW.He pa3Hb!M ceTO'IHblM HanpHmeHHffM CTaHOBffTCff cyw.ecTBeHHO HeJIHHeH

HblMH. HeJIHHeHHOCTb CTaHOBHTCH oco6eHHO 60JibllIOH, KOr)l.a Va npH6JIHmaeTcH K HanpH

meHHIO BH. 3rn o6nacTb HaabrnaeTcH o6nacTblO oTceLIKH (nocKOJihKY npH npH6JIHmeHHH 

Va K BH aHO)l.HblH TOK npeKpaw.aeTCff,..... OTCeKaeTCff). npH nocTpOeHHH JIHHeHHblX ycHJIH

TeJieH, pa6oTa 6JJH3KO K o6JJaCTH OTCe'IKH He peKOMeH.nyeTCff, XOTff noame 6yJJ.eT paCCMOT

peH H pemHM pa60Tbl c OTCe'IKOH TOKa, npHMeHHTeJibHO K HeKOTOpblM pa3HOBH)l.HOCTffM 

KaCKaJJ.OB ycHJieHHff MOW.HOCTH. 

120 



OrpaHlt'l8HltA no Bbl6opy pa60'1eii TO'IKlt. np1tHQ1tn1tanbHOA cxeMa npocreiiwero penteropHoro KOCKOAO 

OepeMeIUaffeb 8.11.0Jlb Harpy30t:fHOH JIHHHH 8 npOTH80nOJIO>KHOM Hanpa8JieHHH, Mbl OT· 

KpbI8aeM 9JieKTpOHHYIO JiaMny 60Jibllle H 60JibUie (y8eJIHt:fH8aff aH0.11.HblH TOK H yMeHblllaff 

na.11.eHHe Hanpff>KeHHff Ha naMne ), .11.0 Tex nop, noKa Ha Heii He Het:te3HeT na.11.eHHe Hanp5!>1<e

HHff. OpH 9TOM HeJib3ff He o6paTHTh 8HHMaHHe Ha eme 0.11.HH 8a>KHbIH MOMeHT. Kor.u.a no

TeHU.HaJI eeTKH eTaH08HTeff noJIO>KHTeJibHbIM, t:taeTb 9JieKTpOHOB, OTOp8a8UIHXeff OT KaTO

JJ.a, 60Jibllle He OTTaJIKH8aIOTeff eeTKOH, a npHTHrH8aIOTeff K HeH, 8bl3b1Baff eeTOt:fHbIH TOK. 

3TO yMeHbUiaeT 8X0.11.HOe eonpOTH8JieHHe 9JieKTpOHHOH JiaMnbI, KOTOpoe npH OTeyTeT8HH 

eeTOt:fHOro TOKa eTpeMHTeff K 6eeKOHet:tH0-60JibllIOMY (noeKOJibKY eonpOTH8JieHHe 8X0.11.

HOH eMKOeTH eeTKa-KaT0.11. Ha 38YK08blX t:taeTOTax Ot:teHh 8eJIHKO ), H reHepaTOp e HeHyJie-

8bIM 8blX0.11.HbIM eonpOTH8JieHHeM Hat:tHHaeT HarpymaTbeff (TO eeTb t:taeTb 8XOJi.HOro Hanpff

>KeHHff Hat:tHHaeT na.11.aTb Ha 8ttyTpeHHeM eonpOTH8JieHHH ero HeTOt:tHHKa). OpH 9TOM 

ocna6JifflOTeff noJIO>KHTeJibHbie flOJIY80JIHbl 8XOJ1.HOro eHrttaJia, t:fTO 8bl3bIBaeT HeKa>KeHHff 

exo.11.Horo eHrHaJia, .11.a>Ke eenH 9JieKTpoHHaff naMna pa6oraeT 8 JIHHeHHOM pe>KHMe. Tot:t

Hoe 3Hat:teHHe eeTOt:fHOrO Hanpff>KeHHff, npH KOTOpOM flOff8JiffeTeff eeTOt:fHbIA TOK, 8apbH

pyeT y pa3HblX THno8 9JieKTpOHHblX naMn ( G6bit:tHO OKOJIO l B) H o6bit:tHo o603Hat:taeTeff 

B eneu.mjrnKaU.HffX 9JieKTpOHHOH JiaMnbl. Jl,nff y8epeHHOeTH 8 nOJIHOM OTeYTeT8HH eeTOt:fHO

ro TOKa, noJie3HO 8bI6HpaTb Hanpff>KeHHe eMeIUeHHff TaKHM o6pa30M, t:fT06bl MaKeHMaJib

HOe Hanpff>KeHHe Ha eeTKe (npH 803.11.eHeT8HH Ha Hee yeHJIH8aeMoro KOJie6aHHff) He npe

BblUiaJia -1 B. 

EeJIH K 9JieKTpOHHOH JiaMne npHJIO>KeHO Hanpff>KeHHe H t:tepe3 Hee npoTeKaeT TOK, TO 

Ha HeH 6y.11.eT paeeeH8aTbeff MOlll.HOeTb, 8bl3bI8aff pa3orpe8 aHo.11.a. l1MeeTeff npe.11.eJibHO

JJ.OnyeTHMaff MOIUHOeTb, npeBblllleHHe KOTOpOH 8bl3bI8aeT paenJia8JieHHe 8HYTpeHHHX 9Jie

MeHTOB KoHeTpyKU.HH 9JieKTpoHHOii naMnbI. Otta Ha3brnaeTeff MaKeHMaJibHaff MOIUHOeTb 

paeeeffHHff Ha aHo.11.e H npH80JJ.HTeff e eneu.mjmKaU.HH naMnb1, JI.Jiff ECC83 oHa pa8Ha l BT . 

.llnff MOIUHblX 9JieKTpOHHblX JiaMn KpH8aff, eOOTBeTeT8YIOIUaff npe.11.eJibHOH MOIUHOeTH t:tae

TO Hat:tept:teHa Ha aH0.11.HbIX xapaKTepHeTHKax, HO, npH >KeJiaHHH, MO>KHO JierKO noeTpOHTb 

ee eaMHM. Bee, t:tTO Heo6xo.11.HMO JI.Jiff 9Toro e.11.enaTb - 9TO noJJ.et:tHTaTb TOK, Heo6xo.11.HMhlH 

J.Vlff .11.oeTH>KeHHff npe.11.eJibHOH MOIUHOeTH JI.Jiff pa3HblX 3Hat:teHHH aHOJl.HOrO Hanpff>KeHHff. 

IToeTpOHM 9TH pe3ynhTaTbI Ha rpacpHKe, ttat:tepTH8 KpH8YIO t:tepe3 paeet:tHTaHHb1e TOt:tKH, 

o6pa3yIOmyIO rnnep6ony. 

Cneu.HcpHKaU.Hff 9JieKTpOHHOH naMnbt TaK>Ke onpe.11.enffeT eme J1.8a 83aHMoe8ff3aHHbIX 

orpaHHt:teHHff no 8bl6opy TOt:fKH eMeIUeHHff, 9TO npe.11.eJibH0-.11.onyeTHMble Hanpff>KeHHff Ha 

atto.11.e. 3.11.eeb MOfYT HOpMHp08aTbeff J1.8e 8eJIHt:fHHbl - MaKeHMaJibHO-JJ.onyeTHMOe noeTO

HHHOe nHTaIOmee Hanpff>KeHHe, a TaK>Ke MaKeHMaJibHOe MrH08eHHOe Hanpff>KeHHe Ha 

atto.11.e B pe>KHMe yeHJieHHff eHrHaJia. l1rnopHp08aHHe 9THX npe.11.enoe o6blt:fHO 8bl3bl8aeT 

6bieTpoe pa3pyUieHHe 9JieKTpOHHOH JiaMnhl, eonp080>K,lI.8eMoe rony6bIMH 8enbIUIKaMH H 

XJIOnKaMH, TaK KaK oeTaTOt:tHblH ra3 B 9JieKTpOHHOH JiaMne HOHH3HpyeTeff H pa3pyUiaer ee. 

CaMo no ee6e HaJIHt:tHe n08blUieHHoro Hanpff>KeHHff Me>KJJY aHo.11.oM H KaTOJi.OM MO>KeT H He 

Bbl3bl8aTb Heo6paTHMOro no8pe>K,ll,eHHff, HO eeJIH npH 9TOM '1epe3 JiaMny Te'!eT 60JibllIOH 

8HOJJ.HbIH TOK, TO OHa MO>KeT 6bITb pa3pyUieHa! Bae npe.nynpe.11.HJIH! 

Ooene.11.Hee orpaHH'leHHe - 'MaKeHMaJibHO JJ.OnyeTHMbIH TOK KaT0.11.a /K(m••J' 06bit:fHO 

CHa'!aJia 8ezynaeT 8 .11.eiieTBHe OJI.HO H3 JJ.PYrHX orpaHHt:teHHH, HO HHor.11.a BX0.11.Hhle KaeKa

Jlbl MOryT pa6oTaTb npH MHHHMaJibHblX Va H MaKeHM8JlbHblX fa, t:fT06bl MaKeHMH3Hp08aTb 

KPYTH3HY naMnhI H MHHHMH3Hpo8aTb UiyM. B 9TOM enyi:1ae o6ff3aTeJibHO Hy>KHO eJJ.enaTb 
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npose'pK}' no npeJI,eJibHOMY TOK}', ecJIH TaKHe JI,aHHbie npHBeJI,eHhl B cneu.H<f>HKaU.HH 

JiaMnhI. 

Tenepb MO>KHO Ha11epTHTh 3TH orpaHH'leHHH Ha aHOJI.HhIX xapaKTepHCTHKax H BhI6paTb 

pa6011y10 TO'IK}' B «'IHCTOH» o6JiaCTH (pHC. 2.5). 

0 100 200 300 400 500 
Va(V) 

PHc. 2.5 02panutte_HUR na Bbl6op pa6ottet1061tacmu 

2.4. Pe>KHM e pa601.1eM TO"IKe 

Xorn Bh16op pa6011ei'i TO'IKH Tenepb 3Ha'IHTeJibHO orpaHH'leH, no-npe>KHeMy MO>KHO pac

CY>KJI.aTb 06 OnTHMH3allHH pa3JIH'IHbIX noKa3aTeJieH YCHJIHTeJIH nyTeM Toro HJIH HHOro ee 

Bhl6opa. 

KaK npaBHJIO npH Bb16ope pa6011ei'i TO'IKH, HMeIOTCH JI.Ba ocHOBHhIX ( H o6hI'IHO npoTH

sope11HBh1x) <f>aKTOpa: MaKCHMaJibHOe HCnOJib30BaHHe JiaMnhI no HanpH>KeHHIO H JIHHeH

HOCTb. EcJIH, HanpHMep, BbI6HpaTb CMel!leHHe ,ll,JIH JI.OCTH>KeHHH MaKCHMaJibHOro pa3Maxa 

aHOJI.HOro HanpH>KeHHH, TO ycTaHOBHM nocTOHHHOe HanpH>KeHHe Ha aHOJI.e V1 = 225 B, 
11To6h1 JI.06HThCH H3MeHeHHH aHOJl.HOro HanpH>KeHHH B npeJI.eJiax OT 300 B JI.O 150 B. 3TO 

6yJI.eT BhinOJIHHThCH npH no.u.a4e Ha ceTKY HanpH>KeHHH cMel!leHHH -2, 1 B. 
0JI.HaKo, Kor.a.a pe'lh HJI.eT o pa3p1J.60TKe ycHJIHTeJIH c noBhillleHHhtM Ka11ecTBOM, Ha 

nepBOM MecTe OKa3hIBaeTCH Tpe6oBaHHe K JIHHeHHOCTH ero xapaKTepHCTHKH, a MaKCH· 

MaJibHOe HCnOJib30BaHHe no HanpH>KeHHIO OTXOJI.HT Ha BTOpOH nJiaH. y JiaMn-TpHOJI.OB, 

cpeJI.H scex HeJIHHeHHbIX npOJIYKTOB npeo6JiaJI,aeT BTOpaH rapMOHHKa. 0CHOBHOH npH'IH

HOH HcKa>KeHHH HBJIHeTCH HeOJI.HHaKosocTb ycHJieHHH Ha noJIO>KHTeJibHOM H OTPHllaTeJib

HOM noJiynepHOJI,ax ycHJIHBaeMoro KOJie6aHHH. 3TOT 3<f><f>eKT HanpHMYIO CBH3aH c HeJIH

HeHHOCTblO CTaTH'leCKHX xapaKTepHCTHK JiaMnbl H npOHBJIHeTCH TeM CHJlbHee, l!eM 60Jibllle 

aMnJIHryJI.a CHrHaJia. lfro6hI MaKCHMH3HpOBaTb JIHHeHHOCTb, noMeCTHM pa6011y10 TO'IK}' 

B o6JiaCTb, rJI,e no HarpY30'IHOH npHMOH (no B03MO>KHOCTH HaHMeHblllHe) B o6e CTOpOHbl OT 

xapaKTepHCTHKH COOTBeTCTBYIOllleH HanpH>KeHHIO CMellleHHH paBHbl. B 3TOM CJ1y11ae no-
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PeJKHM e pa6o'leit TO'IKe 

Tpe6yeTCH no.nsecrn nono>KHTeJJhHOe HanpH>KeHHe Ha aHo.n 182 B, o.nHospeMeHHO npHK.na

JlblBaH - 1,5 B Ha ceTKy. 

npe.nnoJJO>KHM, lJTO Mbl Bb16paJIH JIHHeHHblH nOJJ.XOJl, H Tenepb HY>KHO onpe.neJJHTb.UH

HaMH'leCKHH pe>KHM HJIH pe>KHM nepeMeHHOrO KacKa.na no nepeMeHHOMYTOKy, 4T06bl npo

sepHTb, COOTBeTcTByeT JIH OH HaWHM noTpe6HOCTHM. 

nepBblH, H HaH60J1ee OlJeBH.llHblH, onpe.nenHeMblH napaMeTp - K03cpcpHUHeHT yc1rne

HHH no HanpH>KeHHIO (Av) HJIH npocTo K03cpqrn1.1,HeHTYCHJieHHH KacKa.na . Ero nerKo BbllfHC

JIHTb, no Harpy30lJHOH npHMOH, Hatt.UH ee TOlfKH nepece'leHHH c JlBYMH CTaTH'leCKHMH 

xapaKTepHCTHKaMH, pacnOJIO>KeHHblMH Ha paBHOM paCCTOHHHH BJleBO H Bnpaso OT xapaK

TepHCTHKH, COOTBeTCTBYIOUJ.eH HanpH>KeHHIO CMew.eHHH. Heo6XOJlHMO HaHTH aHOJlHble Ha 

npH>KeHHH, COOTBeTCTBYIOUJ.He 3THM JlBYM TOlfKaM nepecelfeHHH, a TalOKe 3anHCaTb KaKHM 

ceTOlfHblM HanpH>KeHHHM COOTBeTCTBYIOT 3TH .use CTaTHlfeCKHe xapaKTepHCTHKH. Mb! CJle

JiaeM 3TO, Hatt.UH paBHble paccTOHHHH no o6e CTOpOHbl OT pa6olfeH TOlfKH c nepBblM nepe

CelfeHHeM ceTOlfHOH KpHBOH, OTMeTHB aHO.UHoe HanpH>KeHHe. CornacHo pHc. 2.3, ecJIH.UBH

raTbCH no Harpy30lfHOH npHMOH OT pa60lfeH TOlfKH Bnpaso, BCTpeTHTCH nepecelfeHHe 

c xapaKTepHCTHKOH, CHHTOH npH ceTOlfHOM HanpH>KeHHH -2 B, npH aHO.UHOM HanpH>KeHHH 

220 8. no.no6HblM o6pa30M npH JlBH>KeHHH BJleBO OT pa6olfeH TOlfKH, KpHBaH, COOTBeTCT· 

sy10w.aH ceTOlfHOMY HanpH>KeHHIO - I B nepeceKaeTcs:i c Harpy30lfHOH JIHHHeH npH 148 B 

Ha aHo.ne . 

3HaK MHHyc HanoMHHaeT, lfTO ycHJIHTeJih HBJIHeTcH HHBeprnpyIOUJ.HM, HO o6bl'IHO .ll,llH 

npoCTOTbl OH onycKaeTCH, nOCKOJibKY HHBeprnpylOT 60JibWHHCTBO KaCKBJlOB, H a6COJllOT

Ha51 nOJIHpHOCTb JII06oro KOHKpernoro KaCKa.na MaJIO BJIHHeT Ha 4TO-JIH60. 

Cne.nyIOW.HH Ba>KHbIH cj>aKTop - MaKCHMaJlbHO HeHCKa>KeHHblH pa3Max Hanps:i>KeHHH, 

HJIH, HHalfe rosopH, aunaMU'l.eCKUU auana30H. Tenepb Tpe6yeTCSl, JlBHraHCb no Harpy-

304HOH JIHHHH BJJeBO H Bnpaso OT pa60lfeH TOlfKH, onpe.neJIHTb 6JIH>KaHWHe orpaHHlfeHHSl. 

B paccMaTpHsaeMoM npHMepe ( pttc. 2.3, 2.5 ), .UBHraHCb sneso OT pa6olfeH TOlfKH, o6parnM 

BHHMaHHe, '!TO npH 148 B HanpH>KeHHe Ha ceTKe npH6JIH>KaeMCH K TOlfKe noHBJieHHH ce

TOlfHOro TOKa . KaK y>Ke paccMaTpHBanocb Bb1we, B cne.ncTBHe Toro, lfTO HCTOlfHHK sxo.n

Horo HanpH>KeHHH HMeeT HeHyJieBoe conpOTHBJieHHe, HaJIHlJHe ceTOlfHOro TOKa npHBe.neT 

K pocry HCKa>KeHHH, lfTO HBJIHeTCH orpaHHlfeHHeM. B TO>Ke BpeMH npH JlBH>KeHHH no Harpy-

304HOH npHMOH snpaso, oco6b1x -orpaHHlfeHHH Her .no Va = BH. K co>1<aneHHIO, 9TO 03Ha

lfaeT, lfTO orpaHHlfeHHe no OTpHl.l,aTeJlbHOH nonyBOJIHe aHOJlHOro HanpH>KeHHH HacrynaeT 

ropa3.no paHbWe, lfeM no nono>KHTeJlbHOH. 3To nepsoe sa>KHOe orpaHHlfeHHe. Tenepb 

MO>KHO BH.UeTb, '!TO MaKCHMaJibHO HeHCKa>KeHHbIH pa3Max BblXOJlHOro HanpH>KeHHH paBeH 
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OcHOBbl cxeMorexHHKll naMnOBblX yc11n11reneii 

y.n.eoeHHOMY paccTOHHHIO OT T04KH cMemeHHH .no nepeoro orpaHHl!eHHH. 8 9TOM npHMepe 

9TO COOTBeTCTByeT 72 8, HJJH aMnJJHTy,ll.e 36 8, HJJH Bbll(HCJIHH .n.eHCTBYIOIUee 3Ha4eHHe 

CHHYCOH,ll.aJJbHOro KOJJe6aHHH (TO eCTb pa3,ll.eJJHB aMnJJHTY.ll.HOe 9TO 3Ha4eHHe Ha K09<jlcpH

U.HeHT v2), nOJJY4HM BeJJH4HHY 25 8 ,ll.eHCTBYIOIUero 3Ha4eHHH HanpmKeHHH. 00JJY4eHHOe 

3Hal!eHHe HBJJHeTCH MaKCHMaJJbHblM HeHCKa>KeHHbIM CHHYCOH,ll.aJJbHbIM HanpH>KeHHeM, no

JJ)"laeMblM Ha Bb!XO,ll.e B paCCMaTpHeaeMOM pe>KHMe. 

8 CJJY4ae, eCJJH noJJylleHHaH BeJJH4HHa MaKCHMaJJbHOro BbIXO,ll.HOro HanpH>KeHHH He.n.o

CTaTOl!Ha, MO>KHO nonpo6oBaTb H3MeHHTb pa6o4yl0 T04ey, a B CJJY4ae, eCJJH 9TO HeB03-

MO>KHO, TOH 3Ha4eHHe conporneJJeHHH B aHo.n.Hoii u.enH, eeJJH4HHY 8H. nocKOJJbKY, onrn

MaJJbHbIH pe>KHM JJaMnbI HaXO,ll.HTCH nyreM no.n.6opa BbIUJenepe4HCJJeHHblX napaMeTpOB, 

JJ.llH y.n.o6cTBa paclleTOB JJaMnOBblX KacKa,ll.OB Tpe6yeTCH KapaH,ll.aUJ, npo3pa4HaH JIHHeHKa, 

JJaCTHK H MHoro cpOTOKOnHH aHO,ll.HbIX xapaKTepHCTHK. 3a4aCTylO JJ.llH nOHCKa TaKoro pe>KH

Ma, npH KOTOpOM JJaMna o6ecne4HT MaKCHMaJJbHOe BbIXO,ll.HOe HanpH>KeHHe npH .n.onycrn

MbIX HCKa>KeHHHX, Tpe6yeTCH nocTpOeHHe 3-5 Harpy304HbIX JJHHHH JJ.llH pa3HbIX conpo

THBJJeHHH Harpy3KH H 8H. 

Ope.n.nOJJO>KHM, 4TO BbIXO,ll.HOe HanpH>KeHHe, flOJJyl!eHHOH B npe,ll.blJlYIUeM npHMepe, 

cooTeeTcTByeT Tpe6oeaHHHM, npe.n.'hHBJJHeMbIM K KacKa.ey H npo.n.oJJ>KHM ero attaJJH3. CJJe

JlYIO!UHH Ol!eHb Ba>KHblH napaMeTp, KOTOpblH Heo6XO,ll.HMO paCCMOTpeTb - 9TO BbtXOOHOe 
conpomUBlteHue. 06paTHMCH K pHC. 2.6, r.n.e H306pa>KeHa O,ll.Ha H3 B03MO>KHbIX 9KBHBa

JJeHTHbIX cxeM 3aMemeHHH TpHO,ll.a. 3.n.ecb OH npe.n.cTaBJJeH 9KBHBaJJeHTHbIM HCT04HHKOM 

HanpmKeHHH c nocJJe,ll.OBaTeJJbHO BKJll04eHHblM BHyTpeHHHM conpOTHBJJeHHeM JJaMnbI ra. 

Harpy3KOH HBJJHeTCH BHeurnee Harpy3o4Hoe conpoTHBJJeHHe RL (RH). Bee 9KBHBaJJeHTHbie 

napaMeTpbl no nepeMeHHOMYTOKY Mb! 3,ll.eCb H B .n.aJJbHeHllleM 6y.n.eM o603Ha4aTb cTp04Hbl

MH 6yKBaMH. )lHHaMHl!eCKOe BHyTpeHHee conpOTHBJJeHHe JJaMnbI BKJll04eHO napaJJJJeJJbHO 

aHOJJ.HOH Harpy3Ke H BMeCTe c HeH 06pa3yeT 9KBHBaJJeHTHOe BblXO,ll.HOe conpOTHBJJeHH-e r.,,,,, 

PHc. 2.6 31<BttBa1tenmnaR cxe.Ma mpuooa 
c ucmottHUKO.M nanpR:ncenuR 

Hy>KHO OTMeTHTb, 4TO 3Ha4eHHe K09cpcpHu.HeHTa ycHJJeHHH, paccl!HTaHHoe JJ.llH KaCKa.n.a 

no Harpy304HOH JJHHHH y:nce Y4HTbIBaeT yMeHbllleHHe HanpH>KeHHH, Bbl3BaHHOe .n.eJJHTe

JJeM HanpH>KeHHH, o6pa3oBaHHbIM r; H RH. 
lJT06bI HaHTH 'a• BepHeMCH K aHO,ll.HbIM xapaKTepHCTHKaM H Hal!epTHM KacaTeJJbHYIO 

K CTaTHl!eCKOH xapaKTepHCTHKe, CHHTOH npH ceT04HOM HanpH>KeHHH, paBHO HanpH>KeHHIO 

cMeIUeHHH (pHc. 2. 7). HaM HY>KHO H3MepHTb yroJJ HaKJJOHa KpHBOH B 9TOH T04Ke. 3TO MO>K

HO C,ll.eJJaTb H 6e3 cneu.HaJJbHbIX HHCTpyMeHTOB - C rlOMO!UblO npOCTOH JJHHeHKH. OpoBe,ll.H 
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KaTOAHoe cMellleHMe 

KaCaTeJibHYIO, oueHHM no HeH )l.Hana30H H3MeHeHHH aH0.11.HOro HanpmKeHHH, H COOTBeT

CTBYIOlllHH eMY )l.Hana30H H3MeHeHHH aHO)l.HOrO TOKa, He BbIXO)l.ff 33 npe.11.eJibl IlOJIH CTaTH

'!eCKHX xapaKTepHCTHK. Tor.11.a BHyTpeHHee conpoTHBJieHHe JiaMnb1 ra MO>KeT 6bITb BbI'IHC

JieHo cne.nylOUlHM o6paaoM: 

0TMeTHM, '!TO npH Il0)1.CT3HOBKe B 3TO ypaBHeHHe BeJIHLJHHbl TOKa B MHJIJIHaMnepax 

(MA), peayJibTaT Bbl"IHCJieHHH conpOTHBJieHHH nonyqaeTCH B KHJIOOMaX(KOM)- 3TO HBJIH

eTCH cTaH.11.aprnoA npaKTHKOH, H 3KOHOMHT speMH. BbIX0.11.HOe conpoTHBJieHHe r.,.. - 3To 

conpoTHBJieHHe napanJieJibHoro BKJIIOLJeHHH ra H RH, 3HaLJeHHe KOToporo paBHO 47 KOM. 

3To .11.0BOJibHO BblCOKOe 3HaLJeHHe BbIXO)l.HOro conpOTHBJieHHH, KOTOpoe 33BHCHT OT BH.ll.3 

CTaTHLJecKHX xapaKTepHCTHK JiaMnbI H ee 3KBHBaJieHTHbIX napaMeTpos. B LJaCTHOCTH, npH 

HCil0Jlb30BaHHH 3JieKTpOHHOH JI3Milbl c 60JibWHM CTaTHLJeCKHM K03cpcpHUHeHTOM ycHJieHHH 

µ (MIO), KaK npaBHJIO, noJiy'lalOTCH 60JibWHe 3HaLJeHHH 'a· 

0 100 200 200 400 500 
V3 {V) 

PHc. 2. 7 Onpeoe1tenue ounaMuttecKoeo enympenneeo 
conpomue1teHUR 1taMnbl ra 

2.5. KoTO.QHoe cMelQeHHe 

00CJie BbI6opa pa6oLJeH TO"IKH H OUeHKH )l.HH3MH"leCKHX xapaKTepHCTHK K3CK3)1.3 yCHJieHHH, 

Heo6xo.11.HMO paccMoTpeTb cnoco6b1 ero npaKTHLJeCKOH peaJIH3aUHH. CaMbIM Tpy.u.oeMKHM 

HBJIHeTCH nocTpoeHHe uenH CMelll.eHHH. 

OepBblH BapHaHT - HCilOJib30B3Tb B KaLJeCTBe HCTO"IHHKa CMeUleHHH 3KKYMYJIHTOp, 

KaK H 6b1JI0 c.11.enaHo B BbillleonHcaHHOM npHM.epe. 0.11.HaKo BPff.11. JIH y.11.06Ho paa6HpaTb 

ycHJIHTeJib B npo!lecce 3KcnnyaTaUHH, LJT06b1 3TOT aKKYMYJIHTop MeHHTb. TeM He MeHee, 
< 

JIHTHeBbl~ 3KKYMYJIHTOpbl, HMe!OmHe cpoK rO)l.HOCTH npH xpaHeHHH .u.ecHTb JleT, Tenepb 
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OcHOBbl cxeMorexH1tK11 naMnoablx yc11n11Tenei1 

JierKO .u.ocrynHbl, n03TOMY 3aMeHa aKJ<YMYJIHTOpa MOmeT 6bITb MeHee lJaCTOH, lJeM 3aMeHa 

3JieKTpOHHOH JiaMnbI. YtJHTbIBaH, lJTO npH pa6oTe c HyJieBhIM TOKOM ceTKe ( lJTO, KaK yme 

o6cym.n:aJIOCb BbIUJe, HBJIHeTCH He06XO.U.HMbIM ycJIOBHeM xopollleH JIHHeHHOCTH) '1epe3 

3TOT aKJ<YMYJIHTOp TOK He TelJeT, ,ero 3apH.U. 6y.n.eT coxpaHHTbCH HeH3MeHHblM B Te'leHHe 

.lVIHTeJibHOro speMeHH. 

,ll.pyroii cnoco6 no.n.atJH c~mo'lH020 c.M.et.qeHuR. - npHMeHHTb scnoMoraTeJibHbIH HC

TOlJHHK nHT3HHH OTPHU.aTeJibHOH (no OTHOUJeHHIO K aHO.D.HOMy) nOJIHpHOCTH, H HCnOJib3YH 

.n.eJIHTeJIH HanpHmeHHH, no.n.asaTb HanpHmeHHH CMemeHHH Ha OT,D,eJibHbie 3JieKTpOHHble 

JiaMnbI. 3TOT cnoco6 lJaCTO npHMeHHeTCH B KaCKa.n.ax YCHJieHHH MOUlHOCTH, HO MO)l{eT npH

BO.D.HTb K yxy.n.UJeHHIO ycTOHlJHBOH pa60Tbl MaJIOCHrHaJibHbIX KaCKa){OB, B CJie.U.CTBHe B03-

HHKHOBeHHH o6paTHblX CBH3eH qepe3 o6mHe u.enH CMemeHHH. 

A.nbTepHaTHBHblM MeTO.U.OM HBJIHeTCH KamoOHOe aemoc.M.e14eHue - ycTaHOBKa pe3H

CTOpa KaTO.U.HOro CMeUJ.eHHH Me)K,11.y KaTO,D,OM H 3e~JieH, H coe.n.HHeHHe ceTKH c 3eMJieH lJe

pe3 conpornsJieHHe B u.enH ceTKH. Tenepb, 3a ctJeT npoTeKaHHH KaTo.D.Horo TOKa, n0Tem1,H

an KaTo.n.a CTaHOBHTCH nOJIO)KHTeJibHbIM, a ceTKa npoCTO coe.n.HHHeTCH c 3eMJieH 1.fepe3 

pe3HCTOp (no npemHeMy npenHTCTBYIOlllHH 3aKopalJHBaHHIO Ha 3eMJIIO HCTO'IHHKa CHrHa

Jia). Y.n.o6Ho, lJTO Tenepb Ha ceTKe Hynesoi-i noTeHu.HaJI, no3TOMY 6oJibUJe HeT Heo6xo.n.H

MOCTH BO BXO.U.HOM pa3.U.eJIHTeJibHOM KOH,D,eHcarnpe (pHC. 2.8). 

175k 

ECC83 182V 

ov 
~-~-'--l -- -- --

r0 • 223k 
Zou! =98k 

ov 

PHc. 2.8 HanpR31CeHue c.M.e14eHuR B 14enu Kamoaa ( KamoaHoe c.M.e14eHue) 

npoaHaJIH3HpyeM pa60T)' KaCKa.n.a C KaTO.U.HblM aBT~CMeUJ.eHHeM no.n.po6Hee, npe.n.no

JiaraH, lJTO ceTOlJHbie TOKH OTCYTCTBYJOT. 

nepBOHalJaJibHO, nOKa TOK tJepe3 3JieKTpOHHYJO JiaMny He TelJeT, He 6y.n.eT H na,neHHH 

HanpHmeHHH Ha pe3HCTOpe KaTO.U.HOro CMemeHHH, TO eCTb Ha KaTO.U.e 6y.n.eT HyJiesoe Ha

npHmeHHe. nocTOHHHO HanpHmeHHe Ha CeTKe TaKme HyJieBOe.H npH OTCYTCTBHH BXO.Ll.HOrO 

CHrHaJia, MrHOBeHHOe HanpHmeHHe Me)K,11.y ceTKOH H KaTO.U.OM Ve• .n.onmHo 6bITb TaKme Hy-
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KaTOAHOe cMeU1eH1te 

JieBblM. npH no,na4e aHO,llHOfO nHTaHHH 3TO Bbl30BeT 60JiblllOH TOK qepe3 3JleKTpOHHYIO 

JiaMny. 3TO TOK~ TOK aHo,na (KOTOpbIH B TpHo,ne npH OTCYTCTBHH TOKa ceTKH paseH KaTO,ll

HOMY TOK}'), KOTOpb!H npoA,neT qepe3 pe3HCTOP KaTO,llHOfO CMeLUeHHH, Bbl3blBaH na.neHHe 

HanpmKeHHH Ha HeM. 3TO na,neHHe HanpH>KeHHSI Bb13blBaeT nOBblllleHHe KaTO,llHOro HanpH

>KeHHH, Ve. noHH>KaeTCH, H TOKa aHo.na yMeHblllaeTcH. EcnH Ha KaTo,ne OTHOCHTeJibHO 3eM

JIH na,naeT nOJIO>KHTeJibHOe HanpH>KeHHe, a Ha ceTKe OTHOCHTeJibHO 3eMJIH HanpH>KeHHe 

HyJiesoe, 3TO paBHOCHJlbHO TOMy, 4TO Ha ceTKe OTHOCHTeJibHO KaTo,na HanpH>KeHHe OTpH

u.aTeJibHOe. 

11TaK, Mb! 3HaeM pa604YIO T04Ky, cne.nosaTeJibHO, 3HaeM TOK aHo.na, H OTCIO,lla - TOK 

KaTo,na (paBHbtH aHO.llHOMy, nocKOJibKY ceTOl!HblH TOK OTCYTCTByeT). Mb! 3HaeM Heo6xo

,ll,HMYIO seJIH'IHHY HanpH>KeHHH CMeLUeHHH VcK. BbIHCHHJIH H TO, '!TO ecJIH Ha ceTKe HY

nesoe HanpH>KeHHe, TO Ha KaTo,ne HY>KHO o6ecnel!HTb noJIO>KHTeJibHoe HanpH>KeHHe, 

paBHOe + V<•" ECJIH H3BeCTHO HanpH>KeHHe Ha KOHU.aX HeH3BeCTHOf0 pe3HCTOpa H TOK 

'lepe3 Hero, TO npOCTbIM HCnOJib30BaHHeM 3aKOHa 0Ma HaI1,neM BeJIH'lHHY pe3HCTOpa. 

B paccMaTpHsaeMOM npHMepe Bb16paHHOH pa6o'leH TO'lKe COOTBeTcTByeT aHO,llHOe Ha

npH>KeHHe 182 B. Tenepb MO>KHO Henocpe.ncrneHHO HaHTH TO'lHoe 3Hal!eHHe TOKa aHo,na, 

HCnOJib3YH 3aKOH 0Ma. 

J = BH -V0 = 350-182 =O 96 MA. 
a R l 75 ' 

H 

Mb1 3HaeM, '!TO KaTO.llHOe HanpH>KeHHe pasHo no MOJIYJIIO Tpe6yeMOMY HanpH>KeHHIO 

cMeLUeHHH 1,5 B, no3TOMY conpOTHBJieHHe pe3HCTopa KaTO.llHOro CMeW.eHHH 6y,neT pasHo: 

R =~=156 KOM 
K 0,96 ' • 

CHOBa OTMeTHM, '!TO B 3TY QJOPMYJIY 3Hal!eHHe TOKa no.ncTaBJISllOTCH B MHJIJIHaMnepax 

(MA), a pe3yJibTaT pac':leTa conpOTHBJieHHH nonyqaeTCH B KHJIOOMaX (KOM). 

Tenepb paccMOTpHM KaKoe BJIHHHHe Ha pe>KHM pa60Tbl naMnbI no nepeMeHHOMY TOK}' 

OKa3b!BaeT pe3HCTOpa KaTO,llHOfO aBTOCMemeHHH. 

j;fa paCCMOTpeHHOfO Bblllle npHHU.Hna KaTO,llHOro aBTOCMemeHHH O'leBH,llHO, '!TO 'leM 

60Jibllle 6y.neT BeJIH'lHHa aHO,llHOfO ( H COOTBeTCTBeHHO KaTO,llHOfO) TOKa qepe3 JiaMny' TeM 

K 60JibWeMy na.neHHIO HanpH>KeHHH Ha KaTO,llHOM pe3HCTOpe 3TO npHBe,neT' H TeM 60JiblllaH 

eeJIH'lHHa oTpHU.aTeJibHOro CMemeHHH 6y,11.eT npHJIO>KeHa Me>KJIY ceTKOH H KaTo,noM naMnbI. 

fJISl.llff Ha CTaTH'leCKHe xapaKTepHCTHKH JiaMnbI (BbIXO,llHble, JIH6o npOXO,llHbie ), JierKO 3a

MeTHTb, '!TO 'leM 6onee OTPHU.aTeJibHOe Hal1pH>KeHHe CMeI1J,eHHH Ha ceTKe, TeM MeHbllle 

6y,11,eT BeJIH'lHHa aHO,llHOro TOKa. TaKHM o6pa30M, H3Ha4aJibHblH pOCT aHO,llHOfO TOKa, 3a 

C'leT KaTO,llHOro pe3HCTopa B pe3yJibTaTe npHBeJI K yMeHhllJeHHIO 3TOro >Ke TO Ka. 3TO HBJie

HHe Ha3bIBaeTCH ompul{ameAbHOU .o6pamnot1 C(JJl3blO no m01cy, KOTOpaH B03HHKJia 

HMeHHO 6naro.napH BKJIIOl!eHHIO KaTo.nttoro pe3HCTopa. Ho nocKOJibK}' s HallleM yc11n11-

reJibHOM KacKa.ne B03HHKJia o6paTHaH CBH3b, TO ee HaJIH'me He MO>KeT He CKa3aTbCH Ha 

pe>KHM pa60Tbf K8CK8,ll8 no nepeMeHHOMY TOKY - Ha K03QJQJ11U.HeHT ycHJieHHSI H BblXO,llHOe 
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OcHOBbl cxeMorexH1tK11 naMnOBblX yc1tn11reneii 

conpornsneHHe. Y.no6Ho npHMeHHTb yH1rnepcanbHoe ypasHeHHe o6parnoit CBH3H, qT06b1 
onpe,neJIHTb BJIHHHHe, KOTopoe OKa)l{eT KaTO,nHbIH pe3HCTOp Ha KaCKa,n: 

3TO ypastteHHe 003BOJIHeT BbfqHCJIHTb K03<f>cjrnu.HeHT ycHJieHHH ycHJIHTeJIH c o6p8THOH 
CBH3bl0, eCJIH H3BeCTeH ero K03<f><f>Hu.HeHT ycHJieHHH 6e3 o6paTHOH CBH3H Au, a TaK)l{e KO
::i<f><f>HU.HeHT nepe.niNH u.enH o6paTHOH CBH3H. Ko3<f><f>Hu.HeHT o6parnoit CBH3H ~ s 3TOM 
cnyi:iae paseH ornoweHHIO RK/RH, no3TOMY: 

72 
A,,, = 1 56 = 44. 

l+-'-·72 
1,75 

l1TaK, nocne sse.neHHH KaTo,nHoro pe3HCTopa, Ko3<f><f>m.~HeHT yCHJieHHH KacKa,na 6yJJ.eT 
3HaqHTeJibHO yMeHbllleH. PaccMoTpHM ero BJIHHHHe Ha sxo.nttoe H BbIXO,nHoe conpoTHBJie
HHe. PaccMaTpHBaeMblH pe3HCTOp BKJIIOqeH nocne.nosaTeJibHO B u.enb KaTo,na, HBJIHIOW.e
rocH o6W.HM 3JieKTpo.noM H )J)IH sxo,nHoit, H )J)IH Bb1xo.nHoii u.enH. TaKHM o6pa30M, o6parnaH 
CBH3b HBJIHeTCH nocne.nosaTeJibHO CHHMaeMOH H nocne.nosaTeJibHO npHJIO)l{eHHOH, 003TO
MY oHa yseJIHqHsaeT sxo.nHoe H BbIXo,nHoe conpoTHBJieHHH. nocKOJibKY sxo,nHoe conpo
THBJieHHe naMnbl <f>aKTHqecKH 6ecKoHeqHo ( scne.ncrnHe OTCYTCTBHH ceToqHoro TOKa, TP 
OHO TaKOBblM H OCTaHeTCH, a BHYTpeHHee conpOTHBJieHHe JiaMObl ra B03pacTeT, qw·uptise
.neT K pocry BbIXO,nHoro conpOTHBJieHHH ycHJIHTeJIH. 

CTpHse,neHHoe Bblllle ypasHeHHe o6paTHOH CBH3H oqeHb y.no6Ho )J)IH onepaTHBHoro Ha
xo)KJl.eHHH Hosoro Ko3<f><f>HU.HeHTa yCHJieHHH, o,nHaKo ero He TaK nerKo HCnOJib30BaTb MH 
BbJqHcJieHHH HOBOro '·· 

CTOCKOJlbKY BblXO,nHaH 11.enb KaCKa,na ,nOBOJibHO npOCTa, TO OOMHH CBOHCTBa CTaTHqe
CKOro K03<f><f>Hu.HeHTa ycHJieHHH JiaMObl, HeTpy,nHo BbfqHCJIHTb H 3KBHBaJieHTHOe 3HaqeHHe 
BHYTpeHHero conpoTHBJieHHH u.enH aHo.n - Kopnyc (3eMJIH) c yqeToM BJIHHHHH KaTo.nHoro 
pe3HCTOpa no CJie.nyIOW.eH <f>OPMYJie: 

r.=r.+(µ+ l)R.=65+(100+ l)l,56=223K0M. 

l1TaK, 3HaqeHHe ra noBbIWaeTcH OT 65 KOM .no 223 KOM. C yqeToM napanneJibHoro 
BKJIIOqeHHH naMnbI c R,, 3TO .naeT HOBoe BblXO,nHoe conpoTHBJieHHe B 98 KOM, npoTHB 
47 KOM Hcxo,nHbIX. HeTpy.nHo 3aMeTHTb, qTQ MO)l{HO cnepsa BbJqHCJIHTb Hosoe 3HaLieHHe '•' 
a 3aTeM no,ncTaBHTb ero s crntt,naprnyIO <f>opMyny )J)IH pacqern K03<f><f>Hu.HeHTa ycHJieHHH, 
LfT06bl onpe,neJIHTb ero HOBOe 3HaqeHHe, OOJIY4HB TOT >Ke caMblH pe3yJibTaT, qTQ H qepe3 
ypaBHeHHe o6paTHOH CBH3H: 

r~ 175 A =µ·--=100· 44. 
" Rn +r0 175+223 
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Karo11Hoe cMe111eH1te 

Ba)i<HO noHHTh, 'ITO o6paTHaH csH3h 3a c'leT KaTo.zi:Horo pe3HCTopa 003.zi:e1krnyeT TOJJbKO 

Ha BHyTpeHHe conpOTHBJJeHHe ra 3JJeKTpOHHOH JJaMnb1. ConpoTHBJJeHHe aHOMOH Harpy3KH 

R,, Ha o6paTHyJO CBH3b HHKaKoro BJJHHHHH He HMeeT, noc1<,oJJbKY HB:JJHeTCH )J.JIH u.enH o6paT

HOH CBH3H BHeWHHM. 

Ou.eHHBaH HOBoe 3Ha'leHHe K03cpq:rnu.HeHTa ycHJJeHHH H Bbixo.zi:Hoe conpoTHBJJeHHe 

KaCKa.zi:a, HeTpy.zi:Ho 3aMeTHTb, 'ITO c BBe){eHHeM K8TO){Horo pe3HCTOpa noKa3aTeJJH KaCKa,u,a 

yxy.zi:wHJJHCb. EcJJH 3TO He y.zi:osnernopHeT Tpe6osaHHH pa3pa6oT'IHKa, TO MO>KHO JJH6o 

Bb16paTb Hosoe 3Ha'leHHe R11 H no.zi:o6paTb HOBYJO pa601.Jy10 TO'IKY, JJH6o Bb16paTh HOBYJO 

3JJeKTpOHHYIO JJaMny, JJH6o OTKa3aTbCH OT KaTO){Horo CMelll,eHHH H HCnOJJb30BaTb .zi:pyrne 

cnoco6h1 ero no.zi:a'IH. Ho ropa3.zi:o nyqwe npHMeHHTb 6onee npaKTH'IHbIH cnoco6 - HC

KJJJO'IHTb BJJHHHHe OTPHU.aTeJJbHOH o6paTHOH CBH3H no nepeMeHHOMY TOKy, Bbl3bJBaeMOH 

KaTO){HblM pe3HCTOpOM, coxpaHHH npH 3TOM ca.MO KaTO){HOe aBTOCMeW,eHHe. c 3TOH ueJJblO 

KaTO){HbIH pe3HCTOp wyHTHpyeTCH 6JLOICUp080'lftbl.M (pa38Jl30'lftbt.M) ICOHiJencamopo.M. 

MexaHH3M BJJHHHHH KaTO){HOro pe3Hcrnpa Ha K03cpcp11u11eHT ycHJJeHHH KaCKa.zi:a no CYTH 

33KJIJO'laeTCH B TOM, 'ITO Ha HeM na.zi:aeT nepeMeHHoro HanpH>KeHHH 3a C'leT npoTeKaHHH 

nepeMeHHblX COCTaBJJHIOlll,HX aHO){HOro TOKa (HanoMHHM, 'ITO aHO){HblH TOK CTaHOBHTCH 

nepeMeHHblM B pe3yJJhTaTe 803.l{eHCTBHH nepeMeHHOro BXO){HOrO HanpH>KeHHH Me>KtI.Y ceT

KOH H KaTo.zi:oM ). 3To nepeMeHHoe HanpH>KeHHe cyw,ecrneHHo yMeHbwaeT BJJHHHHe Ha 

aHO){HblH TOK BXO){HOro nepeMeHHOro HanpH>KeHHH, noCKOJJbKY Bbl'IHTaeTCH H3 Hero. 

TaKHM o6pa3oM, 4T06hI H36e>KaTb yMeHbWeHHH K03cpcpHUHeHTa yc11neHHH KacKa.zi:a, 

HY>KHO HCKJJIO'IHTb na.zi:em1e nepeMeHHOro HanpH>KeHHH Ha uenH Karn.zi:Horo aBTOCMew.e

HHH, Heo6XO){HMO napaJJJJe.f\bHO K8TO){HOMY pe3HCTopy BKJJIO'IHTb 6JJOKHpOBO'IHbJH KOH

.neHC8TOp c MaJJblM peaKTHBHbJM conpoTHBJJeHHeM Ha '18CTOTaX noJJe3HOro CHrHaJJa, 06ec

ne1.JHBaH npoTeKaHHe nepeMeHHoro TOKa B o6xo.zi: KaTO){Horo pe3HCTopa Ha 3eMJJlo. BMecTe 

c KaTO){HbIM conpOTHBJJeHHeM, 3TOT KOH){eHCaTop o6pa3yeT JJOKaJJbHblH cpHJJbTp HH>KHHX 

'18CTOT, 3aKopa'IHBaH nepeMeHHbie TOKH. TaKHM o6pa30M, oTpHUaTeJJbHaH o6paTHaH CBS;I3b 

OCTaeTCH TOJJbKO no nOCTOHHHOMY TOKy, a no nepeMeHHOMY HC'le3aeT (pHC. 2.9 ). 
Pa3yMeeTCH, peaKTHBHoe conpoTHBJJeHHe pa3.zi:eJJHTeJJbHoro KOH){eHcaTopa·Ma 1.JacT01:ax 

noJJe3HOro CHrHaJJa ){OJl>KHO 6bITb BO MHOro pa3 MeHbWe, 'leM BeJJH'IHHa KaTO){HOro pe3HCTO

pa, O){HaKO HenJJOXO y'leCTb H TO, 'ITO napaJJJJeJJbHO 3TOMY pe3HCTopy BKJllO'leija ew,e H aHO){

HaH u.enb JJaMnbI, o6pa3oBaHHaH ee BHYTpeHHHM conpoTHBJJeHHeM H napaJJJJeJJbHO BKJJJO'leH

HbIMH conpOTHBJJeHHHMH aHO.lJ:HOH Harpy3KH R. H R,,. nocKOJJbKY BHYTpeHHe conpoTHBJJeHHe 

HCTO'IHHKa BH 6JJH3KO K HyJJJo, no nepeMeHHOMY TOKY sepxHHH Bb!BO.ll: pe3HCTopa R. coe.zi:11-

HeH c 3eMJJeH. B 3TOM cnyqae, conpoTHBJJeHHe Bb1xo.zi:ttoli uenH naMnbI (HJJH, HHa'le rosopH, 

Ka)!{}'w.eecH conpoTHBJJeHHe co crnpOHbI Karn.zi:a), BKJJJO'leHHoe no nepeMeHHOMY TOKY na

panneJJbHO KaTO){HOMY pe3HCTOpy, MO>KHO Bbl'IHCJJHTb no CJJe.nyJOw,e!i cpOPMYJJe: 

Y!JJH, no){CTaBJJHH KOHKpeTHbie 3,.Ha'leHHH B 3TY cpopMyJJy, TO nOJJY'IHM: 

175+65 r = 2,38K0M. 
K 100+1 
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OcHOBbl cxeMorexHMKH naMnOBblX ycMnMTeneii 

-0+350V 
.------------· BH · 

175k 
r8 =65k 

Zou1=47k 

i-----. L---~----r---1 
ECC83 182 V .----

ov 
.------.----; -- -- --

ov 

Puc. 2.9 KamoanaR pa3BR3t<:a 

HaxoJJ.H napaJIJieJibHOe BKJllO'IeHHe pacc'IHTaHHOH senH'IHHbI c pe3HCTopoM KaTo,AHoro 

cMew,eHHH 1,56 KOM, no.nyt1HM o6w,ee conpornsneHHe uenH, no.u.KJ1101.JaeMoi-i napannenb

HO KaTO.AHOMy 6no1<Hposo'IHOMY KOH.U.eHcaTopy r~ = 946 OM. Tenepb Heo6xo.U.HMO onpe.u.e

JJHTbCH C BeJIH'IHHOH CaMOro 6JIOKHpOBO'IHOf0 KOH,ll.eHCaTOpa. noMHH, 'ITO peaKTHBHOe 

conpOTHBJieHHe KOH,ll.eHCaTopa B03pacTaeT npH yMeHbWeHHH '!aCTOTbl, CTaHOBHTCH O'Ie

BH,ll.HbIM, 'ITO MHHHMaJibHO He06XO,ll.HMOe peaKTHBHOe conpOTHBJleHHe 3Toro KOH,ll.eHCaTopa 

HY>KHO o6ecne'IHTb Ha MHHHMaJibHOH '!aCTOTe noJie3HOro CHrHaJJa. 

B 3BYK03anncbma10w,ei-i H 3sy1<osocnpon3so.u.siw,eii annapazype BbICOKoro KJiacca Ka

qecrna, o6bI'IHO HH>KHSI~ rpaHHUa ,ll.Hana30Ha 3cpcpeKTHBHO socnpOH3BO,!J.HMbIX '!aCTOT co

CTBBJISleT 20 fu (XOTH, HanpHMep, 32-<PYTOBblH opraH npOH3BO,ll.HT H 6oJiee HH3KHe '!aCTO

Tbl - BnJIOTb ,ll.O 16 fu) - COBpeMeHHble UH<t>pOBbie HCTO'IHHKH 3BYKOBblX CHrHaJIOB, 

6e3yCJJOBHO, cnoco6Hbl Bbl,ll.aBaTb 3TH 'IaCTOTbl, a 6oJJbWHe rpOMKOrOBOpHTeJIH MOfYT HX 

BOCil,POH3BeCTH. TaKHM o6pa30M, Heo6XO,ll.HMO o6ecne'IHTb OTHOCHTeJlbHO MaJJoe conpo

THBJleHHe KaTO,ll.HOfO 6JJOKHpOBO'IHOro KOH,ll.eHCaTOpa Ha '!aCTOTe 20 fU, TaK KaK B npOTHB

HOM CJiy<lae, K03<P<PnuneHT ycHJJeHHH KacKa,ll.a Ha HH3KHX '!aCTOTax (6acax) 6y.u.eT nOHH

>KeH. He cne.u.yeT 3a6b1BaTb H 0 TOM, 'ITO ycHJJHTeJJH KaK npaBHJIO MHOroKaCKB,!J.Hbie, H Ha 

06uzy10 ALIX ycHJJHTensi oKa3bIBaIOT BJJHHHHe see 1<acKB,ll.bI, no3TOMY Tpe6osaHHSI K Ka>K

.ll.OMY H3 HHx o6bI'IHO HeCKOJJbKO Bblwe, 1.JeM KO see My ycnnnTensi s uenoM. TaK>Ke .u.oKa3a

Ho, 'ITO xopowee ycnneHHe B o6JJaCTH HH3KHX Tpe6yeTCH He TOJlbKO ,ll.JIH o6ecne'!eHHH Tpe-

6yeMOH HepaBHOMepHocrn ALIX scero ycHJJHTensi, HO H MHHHMH3HposaTb BJJHSIHHe 

6JIOKHpOBO'IHblX H pa3,ll.eJJHTeJJbHblX KOH,ll.eHCaTopoB Ha <Pa30'IaCTOTHYIO H nepexo.u.HyIO 
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8b16op eem11111Hbl conpor11eneH1111 pemropa e qen11 cerK11 

xapaKrep11cr11K11 yc11JJ11rem1. HaKoHeu, He HY)l{HO 3a6hrnarh, YTO Ha croJJh HH3KHx Yacrorax 

eMKOCTh 6JJOKHpOBO'lHOro KOH)l.eHcaropa KaK npaBHJJO OKa3bIBaercH O'leHb 60JJhWOH,- H B 

Ka"leCTBe 3TOro KOH,!I.eHcaropa npHX0.11.HTCH ycraHaBJJHBaTh 3JJeKTpOJJHTH"leCKHe, y KOTOpbIX 

o6b!"IHO pa36poc eMKOCTH .11.0CTHraer 20-60%. 11cXO.ll.H 113 BhIWenepe'lHCJJeHHhlX cpaKTO

pOB, cpHJJbTp., o6pa30BaHHhlH KaTO,!I.HhlM pe3HCTOpOM H KaT0.11.HblM 6JJOKHpOBO'lHh!M KOH,!I.eH

caropoM "lame scero pa3pa6arhrnaerrn c 6oJJhWHM 3anacoM no Yacrore cpe3a. TaK, B Ha11-

60JJee Ka"leCTBeHHhlX YCHJJHTeJJHX "!acrory cpe3a 3TOro cpHJJbTpa Bh1611pa10T OKOJJO 1 ru. 

11cXO.ll.H HX 3TOro, Heo6XO.ll.HMYIO eMKOCTh KaT0.11.HOro 6JJOKHpOBOlJHOfQ KOH)l.eHcaropa MO)l{

HO BhllJHCJJHTh CJJe)l.yIOlll,HM o6pa30M: 

1 
CK=--= =170 MK<P. 

21tffK 2X3,14X1X2380 

OrMeTHM, "ITO 3)1.ech seJJH"IHHa Karo.11.Horo conpor11sJJeHHH no,!I.CTaBJJHer B oMax, a se

JIH"IHHa eMKOCTH KaTO.ll.Horo KOH.11.eHcaropa noJiyYaercsi B cpapa,!I.ax. DJJH)l{atirnee craH.11.apr

Hoe 3Ha'leHHe KOH.ll.eHcaropa K eMKOCTH 170 MK<P - 3TO 220 MK<P. Ew.e pa3 3aMeTHM, lJTO 

Heo6xo.11.11Ma ,!I.OBOJ!hHO 60JibWaH eMKOCTh. 11Hor,!I.a BCTpeYaIOTCH 3JJeKTpOHHhie JiaMnhI H 

c 6oJJee HH3KHM conpOTHBJJeHHeM r .. B 3TOM CJiyYae Tpe6yeTCH, COOTBeTCTBeHHO, KOH)l.eH

carop ew.e 60JJbWeH eMKOCTH. 

2.6. Bb16op eenH4HHbl conporHeneHH$1 pe3Hcropa e uenH cerKH 

Ha scex cxeMax, paccMorpeHHhIX BhIWe, noKa3aH pe311crop s uen11 ceTKH JiaMnhI, 0.11.HaKo 

BeJIHlfHHa ero conpOTHBJieHHH noKa He onpe,!I.eJieHa. B CHJIY OTCYTCTBHH ceTO'lHOro TOKa, 

nocTOHHHhIH TOK 4epe3 3TOT pe3HCTOp TaK)l{e OTCyrcrsyeT, HO yepe3 Hero 3aKopa4HBaeTCH 

He3H3"1HTeJJhHaH "laCTh nepeMeHHOro TOKa OT HCTOlJHHKa CHrHaJia, Bhl3hl83H ero yre'ley. 

Y!cropH'leCKH CJIO)KHJIOCb, lJTO BeJJH'lHHa conpOTHBJieHHH 3TOro pe3HCTOpa ,!I.JIH npe.11.sap11-

TeJibHhlX MaJJornrnaJJhHh!X KaCKa,!I.OB Bh1611paJJach OKOJJo 1 MOM, a .lJ.J!H KacKa.11.os yc11JJe

HHH MOUJ.HOCTH HeCKOJJhKO MeHhWe. PaccMorpHM 6oJiee no,!I.po6Ho Kp11rep1111 Bh16opa co

npoTHBJJeHHH 3TOro pe3HCTopa. 

Pe311crop B uen11 ceTKH o6pa3yeT .11.eJJ11TeJJh HanpH)l{eHHH BMecre c BhIX0.11.Hh!M conpo

THBJJeHHeM npe,!I.rnecrny10w.ero KaCKa,!I.a ( HCTO'lHHKa CHrHaJJa ), H' CJJe,!I.OBaTeJJhHO, Bhl3hl

Baer yMeHbWeHHe K03cpcpHUHeHTa yc11JJeHHH, nOCKOJ!hKY ynpaBJJHIOlll,ee nepeMeHHOe Ha

npH)l{eHHe, npHKJJa.11.hIBaeMoe Me)K)l.y ceTKOH H KaTO,!I.OM JJ3Mnhl, OK33bIBaeTCH HH)l{e 

Bb!X0.11.HOro HanpH)l{eHHH npe,!I.bl)l.ylll,ero K3CKa,!I.a. 3TH noTepH o6h!lJHO He60JJhWHe, HO OHH 

HaKanJIHBaIOTCH npH MHOroKaCKa.11.HOM nocTpOeHHH ycHJJHTeJJH TaKHM o6pa30M, lJTO K03cp

qmu11eHT yc11JJeH11H MO)l{eT 6hITh cyw.ecrneHHO MeHhwe, YeM nporno311pyeMhIH, ecJJH 3TH 

noTepH He npHHHMaTb BO BHHM3HHe. TaKHM o6pa30M, )l{eJJaTeJJhHO CTpeMHThCH K yseJJH

'leHHIO conpOTHBJJeH!rn 3TOro pe3MCTopa. 

Bropasi npH"IHHa crpeMHThCH yseJJH'lHBaTh 3TO conpor11sJJeH11e 3aKJJIOYaercsi s TOM, 

'!TO 60JJhWOe ero 3Ha"leHHe n03BOJJHeT ycraHaBJJHB3Tb pa3)1.eJIHTeJJhHhlH KOH,!I.eHcarop 

Me)!()l.y KaCKa.11.aMH MeHhWeH BeJJHlJHHhl npH coxpaHeHHH rpe6yeMOH HepaBHOMepHOCTH 
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OcHOBbl cxeMorexH1tK1t naMnOBblX yc1tn1treneii 

A l:JX s o6nacrn HH3KHX 'laCTOT ( noJJ:p06Hee o BbI6ope pa3JJ:eJIHTeJibHbIX KOHJJ:eHcaTOpos 

CM. HH>Ke). KoHJJ:eHcaTOpb1 c MeHbweA eMKOCTblO, KaK npaBHJIO, 6onee crn6HJibHbI. 

HanOMHHM, 'ITO COBCeM OTKa3aTbCSl OT ycTaHOBKH 3TOro pe3HCTOpa HeJib3Sl, TaK KaK OH 

o6ecne'IHBaeT HynesoA noTeHu.HaJI ceTKH no nocTOHHHOMY TOK}', OJJ:HaKo HY>KHO CTpeMHTb

CH K yseJIH'leHHIO ero conpOTHBJieHHSl. 

EcnH BHHMaTeJibHO nocMoTpeTb cneu.HcPHKaU.HIO 60JibWHHCTBa ~JieKTpOHHbIX naMn, 

HeTpyJJ:HO 3aMeTHTb, 'ITO HMeeTCSl orpaHH'leHHe Ha npeJJ:eJibHOe 3HalJeHHe conpOTHBJieHHSl 

B u.enH ceTKH. 06bl'IHO JJ:aeTCSl JJ:Ba npeAeJibHb!X 3Ha'leHHSl - OJJ:HO .ll.JISl KaTOAHOrO CMew.e

HHSl H OAHO )l,JISl ceTO'IHOro CMew.eHHSl.' 3Ha'leHHe )l,JISl CJIYlJaSl ceTO'IHOro CMeW.eHHSl 06bI'IH0-

3Ha4HTeJibHO OTJIH'lalOTCSl, OTHOCHTeJibHO cny'laSJ KaTOAHOro aBTOCMeW.eHHSl. CBH3aHO 3TO 

c TeM, 'ITO npH KaTOAffOM CMew.eHHH, HOMHHaJibHOe HanpH>KeHHe CMeW.eHHSl ycTaHaBJIHBa

eTCSl He MrHOBeHHO (HMeeiCSl nepeXOJl:HblH npou.ecc), TOrJJ:a KaK npH ceTO'IHOM CMeW.eHHH, 

ero BeJIH'IHHa 3aJJ:aeTCH BHeWHHM HCTO'IHHKOM, H HalJaJibHblH aHOJl:HblH TOK ycTaHaBJIHBa

eTCSl npaKTH'leCKH MrHOBeHHO. 

0AHaKo, HeJib3Sl 3a6b1BaTb H 0 TOM, 'ITO '1epe3 ceTO'IHblH pe3HCTOP npoTeKaeT He TOJ!b

KO lJaCTb nepeMeHHOro TOKa OT npeAblJlYW.ero KaCKaJJ:a, HO H He60JibWOH TOKa yTe'IKH 

caMOH ceTKH, cyw.ecrnylOUJ,HH JJ:a>Ke npH OTCYTCTBHH CeTO'IHOro TOKa. y 3Toro SlBJieHHSl 

cyw.ecrny10T ABe npH'IHHbl. Bo-pepBbIX,. scerJJ:a 6brnaeT He6onbwoe TexHonornlJecKoe 3ar

pH3HeHHe ceTKH OKCHAHbIM noKpbITHeM, HCnOJib3yeMblM )l,JIH cj>opMHpOBaHHSl 3MHCCHOHHOH 

noaepxHOCTH KaTOAa, 'ITO Bbl3b!BaeT He3HalJHTeJibHYIO 3MHCCHIO 3JieKTpOHOB c nosepXHOC

TH ceTKH. BTOpoA, 6onee cyw.ecrneHHOH npH'IHHOH, HBJIHeTCH HaJIH'IHe TaK Ha3bIBaeMoro 

TOKa HOHHOro pa3pMa. PacCMOTpHM noJJ:p06Hee 3TO HBJieHHe. 

ToK HOHHOro pa3pHAa BCerJJ:a HMeeT MeCTO, nOTOMy 'ITO B 3JieKTpOHHOH JiaMne BCerAa 

HMeeTCSl OCTaTO'IHblH ra3 ( HJJ:eaJibHblH BaKYYM o6ecnelJHTb HeB03MO>KHO ). MoneKyJibl OCTa

TO'IHOro ra3a HaXOAHTCSl B noCTOHHHOM xaOTH'leCKOM ABH>KeHHH, Ha3b!BaeMOM 6poyHOB

CKHM Jl:BH>KeHHeM, KOTOpoe onpeAeJIHeT paBHQMepHoe pacnpeJJ:eJieHHe OTJJ:eJibHblX MOJieK}'JI 

ra3a BHYTPH o6'heMa 6annoHa ::ineKTpOHHOH naMnbl. TaKHM o6pa30M, AOBOJibHO BeJIHKa 

sepoHTHOCTb HaXO>KJJ:eHHSl OTAeJibHbIX MOJieK}'JI ra3a Ha nyTH ABH>KeHHSl 3JieKTpOHOB OT Ka

TOJJ:a K aHOJlY JiaMnbl. l13Ha"laJibHO MOJieKyJibl ra3a HBJISllOTCSl 3JieKTpH'leCKH HeHTpaJibHbl

MH, TO ecTb He 3apH>KeHbI. KorJJ:a Ha 6oJibWOH cKopocTH npoHCXOJl:HT yAap ::ineKTpoHa no 

MOJieK}'Jie ra3a, ero 60JibWaH KHHeTH,lJeCKaSl 3HeprnH npHBOAHT K Bb!6HBaHHIO 3JieKTpOHOB 

c BHewHeH op6HTbl MOJieKyJibI ra3a. OTOpsaswHecH OT MOJieK}'Jibl ::ineKTpOHbl npoAOJI>Ka

IOT CBOH nyTb K aHOJlY BMeCTe c OCHOBHblMH, a MOJieK}'Jibl ra3a, Tenepb nOJIO>KHTeJibHO 3a

pH>KeHHbie (noTOMY 'ITO OHM noTepHJIH 3JieKTp0Hbl), OTTaJIKHBalOTCH aHOAOM H ABHralOTCSl 

BCTpe'IHO no HanpasneHHIO K ceTKe/KaTOey. KorAa 3apH>KeHHaH MOJieKyna, Ha3b!BaeMaH 

HOHOM, yAapHeTCSl 0 ceTKy, npoHCXOJJ:HT HeHTpaJIH3aU.HSl 3THX 3apHAOB, BCJieACTBHH 'lero 

B03HHKaeT He60JibWOH CeTO'IHblH TOK yT€'1KH, TaK>Ke Ha3b!BaeMblH HOHHblM TOKOM. 

ToK yTe'IKH ceTKH Bbl3b!BaeT HeKoTopoe naJJ:eHHe HanpH>KeHHH Ha ceTO'IHOM pe3HCTO

pe, a CJieAOBaTeJibHO, ceTKa HaXOAHTCSl nOA nOJIO>KHTeJibHbIM noTeHU,HaJIOM. 3TO noJIO>KH

TeJibHOe HanpH>KeHHe TeM 60JibWe, lJeM 60JibWe conpoTHBJieHHe CeTO'IHOro pe3HCTOpa. 

OHO Bbl'IHTaeTCSl H3 Hanpsi>KeHHSl CeTO'IHOro CMew.eHHSl vc.• H TOK aHOAa HapacTaeT. Yse

JIH'leHHe TOKa aHOJJ:a nOJJ:HHMaeT BttyTpeHHIOIO TeMnepaTypy 3JieKTpOHHOH JiaMnbI, OCB0-

6o>K,ll.aSl ew.e 60Jibwe ocTaTO'IHoro ra3a H3 ropH'IHX ::ineMeHTOB KOHCTPYKU.HH, ew.e 6onee 

yseJIH'IHBaH HOHHbIH TOK. npH 3TOM VCK noHH>KaeTCSl AaJiee, KaTOA 3MHTHpyeT 60JibWe 

3JieKTpOHOB, H npou.ecc CTaHOBHTCSl caMOHapacTalOW.HM AO Tex nop, noKa He HaCTynHT 
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Bb16op een11111tHbl conpor11eneH1tH peJ1tcropo e qen11 ceTKlt 

HaCbluteHHe, m160 3JJeKTpOHHaH naMna He pa3pyrnHTCH. CTaTHCTHLieCKH, npH yseJJHLieHHH 

nOTOKa 3JleKTpOHOB c KaTOJJ. Ha aHOJJ., Me>KJJ.y 3JleKTpOHaMH H MOJJeKyJJaMH ra3a CTaHOBHTb

CH 60J!bllle CJJYLiaHHblX CTOJIKHOBeHHH, H no 3TOH npHLIHHe noJJo:>KHTeJlbHblH HOHHblH TOK 

ceTKH yseJJHLIHBaeTCH c TOKOM aHOJJ.a. TaKHM o6pa30M, Bbl6HpaTb conpornsneHHe cernLI

Horo pe3HCTOpa OLieHb 60JJblllHM HeJJb3H, HHaLie n8)J.eHHe HanpmKeHHH Ha HeM 3a CLieT HOH

HOro TOKa CTaHeT cymecTBeHHblM c TO'IKH 3pemrn 113MeHeHHH HanpmKCHHfl CMCutemm Ve•' 
'ITO MO>KeT npHBeCTH K TeM Heo6paTHMblM npou.eccaM, 0 KOTOpblX TOJlbKO 'ITO lllJla pe'lb. 

c TO'IKH 3peHHH paCCMaTpHBaeMOH 0npo6J1eMbl, cne.nyeT 3aMeTHTb, 'ITO npH HCnOJJb30-

BaHHH KaTOJJ.HOro aBTOCMeuteHHH, oTpHu.aTeJJbHaH o6parnaH CBH3b no nocTOHHHOMY rney, 

C03JJ.asa,eMaH KaTOJJ.HbIM pe3HCTopaM, He no3BOJJHeT aHOJJ.HOMY TOKY HapacTaTb, nocKOJJbKY 

LieM 6oJJbllle aHO,ll.HblH TOK, TeM 6oJJblllaH BeJJH'IHHa 3anHpa10mero HanpH>KeHHH n8)J.aeT Ha 

KaTOJJ.HOM pe3HCTOpe. 

KoMnaHHH MHnnapJJ. ony6nHKosana MeTOJJ. onpeJJ.eneHHH MaKCHMaJJbHO JJ.onycTHMoro 

3HaLieHHH conpOTHBJJeHHe B u.enH ceTKH B npaKTHLieCKHX pe>KHMaX pa60Tbl. '-ho6bl onpe

)l.eJIHTb MaKCHMaJJbHO JJ.onycTHMOe conpornsJteHHe YTeLIKH ceTKH naMnosoro ycHJJHTeJJH, 

HY>KHO 3HaTb BeJJHLIHHY KaTOJJ.HOro pe3HCTopa RK H KPYTH3HY naMnb1 gm (s paccMaTpHsae

MOM npHMepe R. = 1,56 KOM, gm = 1,54 MA/B ) . .ll.nH HaLiana HY>KHO BbILIHCJJHTb, JJ.eii

CTBY!Outee KaTOJJ.HOe conpornsneHHe cxeMbI nocne.ny10uteH cj>opMyne: 

1 1 
RK(JU!ncr•YKJ111••l ~R. +--=l,56+--=2,21 KOM. 

gm 1,54 

3HaH R. (JJ.eiicrny10mee) H KPYTH3HY naMnbl gm, o6parnMcH K rpacj>Hey, pa3pa6oTaH

HoMy Ha3BaHHOH cj>HpMOH, 'IT06bl HaHTH K03cj>cj>Hu.HeHT, Ha KOTOpblH cne.nyeT yMHO>KHTb 

3HaLieHHe MaKCHMaJJbHoro ycTaHOBJJeHHoro cneu.Hcj>HKau.HeH naMnbI conpornsneHHH yTeLI

KH ceTKH (pHC. 2.10 ). 
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PHc. 2 .10 flpeiJeJtbHOe 3HatteHue conpomuBJteHUR B l{enu cemtcu 
(no iJaHHbl.M tco.MnaHuu MaJtJtapiJ) 

3mA/V 

1 mA/V 

0.3mA/V 

10k 
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OcHoebl cxeMorexH1tK1t n0Mnoeb1x yc1tn1trenei 

11HTepnoJISHJ.Hff KpHBblX npe.n.nonaraeT, l!TO B KOHKpeTHblX cxeMax MO>KeT HCT10Jlb30-

BaTbCff COilpOTHBJieHHe yre'-IKH CeTKH B l!eTbipe pa3a 60Jibllle, lleM MaKCHMaJibHO ycTaHOB· 

neHHOe conpornsneHHe yre'-IKH ceTKH (2,2 MOM)= 8,8 MOM. 

TeM He MeHee, Ha npaKTHKe HHor.n.a ycTaHaBJIHBaIOT .n.a>Ke 6oJibllIHe conpornsneHHH 

yrel!KH ceTKH s HeKOTOpblX KOHCTPYKl.l.HHX. 

2.7. 8b16op BblXOJIHOro pa3nemnenbHoro KOHJleHcaropa 

BbIXO.D.HOH pa3.n.eJIHTeJibHbIH KOH.D.eHcaTop npe.n.ornpamaeT KopoTKoe 3aMhIKaHHe HCTO'-IHH

Ka BH Ha Harpy3Ky (cne.n.yIOll.l.HH KacKa.n.ycHJieHHH). OH o.n.HospeMeHHO HBJIHeTcH Bb1xo.n.

HbIM .!Vlff .D.aHHOro KaCKa.n.a, a TaK>Ke BXO)J.HblM .!Vlff CJie.D.yIOll.l.ero, npe.n.oxpaHHff KaK HCTO'-IHHK 

BH, TaK H sxo.n.Hbie 1.1.enH cne.n.yIOll.l.ero KacKa.n.a. 

0pe>K,l1.e BCero, CJie.n.yeT OTMeTHTb, l!TO 3TOT KOH,ll,eHCaTOp )J.OJI>KeH BbI,nep>KHBaTb aH0,11.· 

Hoe HanpH>KeHHe, npHJIO>KeHHOe K HeMY. 0.11.HaKo, pa6oqee HanpH>KeHHe 3Toro KOH,ll,eH

CaTOpa CJie.11.YeT BbI6HpaTb c 3anacoM. CospeMeHHb1e ycHJIHTeJIH qacTo nocTpOeHbI c Hc

noJib3oBaHHeM nonynposo,11.HHKOBblX KpeMHHeBhix BbmpHMHTeneii BH. 3TO 03Hal!aeT, l!TO 

B MOMeHT BKJIIOl!eHHff, KaTO,ll,bl 3JieKTpOHHblX JJaMn XOJI0,11.Hble, l!TO ffBJIHeTCff npHl!HHOH Hy

nesoro TOKa aHo.11.a. TaK KaK noJJynposo,11.HHKOBblH HCTO'-IHHK BH B nporpese He Hy>K.D.aeT

CH, npaKTH'-leCKH MrHOBeHHO BbI)J.aeT MaKCHMaJJbHOe HanpH>KeHHe H npH 3TOM OK33blBaeT

Cff 6e3 Harpy3KH, HanpH>KeHHe 1{3 aHo.n.ax JiaMn HapacTaeT .n.o MaKCHMaJibHO B03MO>KHoro 

3HalleHHH BH, H HMeHHO 3TO HanpH>KeHHe 6y.n.eT npHno>KeHo Henocpe.n.cTBeHHO K Bbrno.11.aM 

pa3.n.eJIHTeJibHb1x KOH.D.eHcaTopos. EcnH npH 3TOM pa3.n.eJIHTeJ1bHble KOH.11.eHcaTOpbI 6y.llYT 

npo6HTbl, TO 3JieKTpOHHble JlaMTlbl Ha'-IHHaIOT neperpeBaTbCH, IlOCKOJibKY 60JibllIOe TlOJIO

>KHTeJibHOe HanpH>KeHHe, 6Y.l1Y'-1!1 TlO.D.aHHblM Ha HX ceTKH, Bbl3blBaeT aHO)J.HblH TOK, npeBbl

lllaIOll.l.HH HOMHHaJlbHblH B .n.ecHTKH pa3. 3JieKTpOHHbie JiaMTlbl npH 3TOM nonpocry pa3py

lllaIOTCff. 

11cnoJib30BaHHe KOH,11.eHCaTopos, paCC'-IHTaHHblX Ha 6onee BblCOKOe HanpH>KeHHe, MO

>KeT 6b1Tb 6onee ,11.oporocTOHll.l.HM, HO npHo6peTeHHe 6onee .11.opornx KOH,ll,eHcaTOpos scer,11.a 

.n.ellleBJie, lleM He06XO,ll,HMOCTb 3aMeHbl ,11.oporOCTOffll.l.HX 3JieKTpOHHbIX JlaMn ( HJIH rpoMKO

rosopHTeJieH ). 

B npHHl.l.Hne, scer.11.a eCTb B03MO>KHOCTb CHH3HTb Tpe6osaHHH K pa6olleMy HanpH>Ke

HHIO pa3.11.enHTeJibHb1x KOH,11.eHcaTopos, - 3TO HCKJIIO'-IHTb no,11.aqy BH.11.0 nonHoro nporpesa 

HHTeii HaKana naMn. TaKHM o6pa3oM, Heo6xo,11.HMa 3a.n.ep>1<Ka BKJIIO'-leHHH nonynposo,11.HH

Kosoro sbmpHMHTeJIH BH, J1H60 npHMeHeHHe naMnosoro, nocKOJlbKY HHTH HaKana saKy

YMHblX.D.Ho.n.os (KeHoTpOHOB) nporpesa!OTCH .11.ocTaTO'-IHO .n.onro. Bonee Toro, Ha HHTH HaKa

na MaJIOMOll.l.HblX JiaMn ( KaCKa)J.OB npe.n.sapHTeJibHOrO ycHJieHHff) HaKaJlbHOe HanpH>KeHHe 

3aqacryIO no.11.aeTCH cpa3y nocne BKJ110l!eHHH llIHypa nHTaHHH YC1'f:JIHTeJIH s ceTb, He3aBHCH

MO OT TlOJIO>KeHHff BbIKJIIO'-laTeJIH TlHTaHHH. 

Tenepb HY>KHO Bb16paTb seJIH'-IHHy-eMKOCTH pa3,ll,eJIHTeJibHoro KOH,11.eHcaTOpa. OT seJIH

l!HHbl TOH eMKOCTH 3aBHCHT peaKTHBHOe conpOTHBJieHHe KOH,ll,eHCaTOpa, KOTOpoe. eme pa3 

HanoMHHM, MaKCHMaJihHo s o6nacrn HH3KHX qacTOT. TaKHM o6pa3oM, 3TOT KOH.11.eHcaTop 

6y.n.eT onpe.n.eJIHTb A LJX ycHJIHTeJIH s o6Jiacrn HH3KHX qacToT. Pa3yMeeTCH, Ha caMoii HH>K-
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BpeAHOe emtsiH11e npoxoAHOii eMKOCTll noMnbl 11 nyr11 ero yMeHbWeH11si. 31f>lf>eKr M11nnepo 

HeH pa6oqefl qaCTOTe ycHJIHTeJUI, peaKTHBHOe conpOTHBJieHHe 3Toro KOHJJ:eHCaTOpa .ll.OJl>K

HO 6b!Tb B .n:eCSITKH (25-50) pa3 MeHbUJe, qeM BbIXO.ll.HOe conpOTHBJieHHe npeJJ:bI.ll.YUJ.ero 

KacKa.n:a H sxo.n:Hoe conpornsneHHe nocne.n:y10mero KacKa.n:a. B Kaqecrne pa3.n:enHTeJibHbIX 

KOHJJ:eHCaTOpOB B YCHJIHTeJISIX 3BYKOBblX qacTOT 06b1qHo HCnOJib3YIOTCSI JIH60 nOJIHMepHbie, 

JIH60 6yMa>KHble KOH.n:eHCaTOpbl, BeJIHqHHbl eMKOCTeH KOTOpblX .ll.OCTaTQqHo ycTOflqHBbl. 

LfaCTO BeJIHqHHY eMKOCTH pa3.n:eJIHTeJibHOro KOHJJ:eHCaTOpa 6epyr npHMepHO paBHOH se

JIHqHHe' 6noKHposoqHoro KOHJJ:eHcaTOpa s u.enH KaTO.ll.Horo asTocMeUJ.eHHH. TaK>Ke HeJib3SI 

He OTMeTHTb, q10 paccMaTp11saeMblH paJ.n:enHTeJibHblH KOHJJ:eHcaTOp 06pa3yeT RC cpHJibTp 

c pe3HCTopoM, ycTaHOBJieHHbIM a u.enH c·eTKH cne.n:y10mero KacKa.n:a. KaK Ha u.enH KaTo.n:

Horo aBTOCMeUJ.eHHSI, qacTOTa cpe3a 3TOfO cpHJibTpa .ll.OJI>KHB BbI6HpaeTCSI c 3anacoM - TO 

eCTb OKOJIO 2 ru.. KcTaTH, cymecTByIOT H «TpMHU.HOHHble» 3HaqeHHSI 3THX 3JieMeHTOB: 

pe3HCTop B u.enH ceTKH cne.n:y10mero KacKa.n:a conpornsneHHeM 1 MOM H paJ.n:enHTeJibHblH 

KOH.n:eHCaTOp eMKOCTbIO 0, 1 MK<I> o6pa3yIOT cpHJibTp, B KOTOpOM qacTOTa cpe3a no ypoBHIO 

-3 .n:B paBHB 1,6 ru.. B HeKOTOpbIX cospeMeHHbIX paapa6oTKax HCnOJib3YIOTCSI H .n:pyrne 

peUJeHHSI, KOTOpble 6y.ll.YT paCCMOTpeHbl noa>Ke. 

2.8. BpenHoe enMSIHMe npoxonHoi1 eMKOCTM n0Mnb1 
M nyn1 ero yMeHbWeHMSI. 3clJCl>eKT MMnnepa 

.LJ:o CHX nop Mb! paCCMaTpHBBJIH He06XO)l.HMbie BHeUJHHe KOMilOHeHTbl KacKa.n:a yciweHHSI. 

Tenepb paccMoTpHM o.n:HH oqeHb sa>KHbIH HemenaTeJibHblH KOMnoHeHT, B03HHKBIOUJ.HH H3-

3a KOHCTPYKTHBHbIX oco6eHHOCTeii naMnbl - npoxoi:hty10 eMtcocmb. 
Me>KJJ:Y BHO.ll.OM H ynpaBJISIIOUJ.eH CeTKOH JIBMilbl scer.n:a HMeeTCSI HeKOTOpasi 3JieKTpo

CTaTHqecKaSI eMKOCTb, nocKOJibKY 3TH 3JieKTPO.llbl KOHCTpyKTHBHO o6paayIOT U.HJIHHJJ:pH

'leCKHH KOH)leHCaTOp. 3Ta eMKOCTb HMeeTCH B JII060H JiaMne, 0)1.HBKO B TeTpo.n:e H neHTO)le, 

6Jiaro.n:apsi 3cpcpeKTY 3JieKTpOCTarnqecKoro 3KpBHHpOBBHHSI (CM. npe)lblJl.Ylll.YIO rnasy ), OH a 

3HaqHTeJibHO MeHbUJe, qeM B TpHo.n:e. 3Ta eMKOCTb CKa3b!BaeTCSI KaK Ha pa6oTe BHO)l.HOH 

u.enH, TaK H Ha pa6oTe ceToqHoH, o6paaysi B u.enH CeTKH cpHJibTp HH>KHHX qacTOT BMeCTe 

c BbIXOJJ:HblM conpOTHBJieHHeM npe.n:UJeCTBYIOUJ.ero KaCKaJI.B, paa.n:eJIHTeJibHblM KOHJJ:eHca

TOpOM H ceTOqHbIM pe3HCTOpOM. 06masi napa3HTHBH eMKOCTb Me>KJJ:Y BHO)l.HOH H ceToqHoH 

u.enHMH o6paaosaHa He TOJibKO npoxo.n:Hoii eMKOCTbIO JiaMnb1 Cac, HOH napaaHTHOH eMKO

CTbIO MOHTa>Ka, npHCYTCTBYIOUJ.eH B JII060H cxeMe (pHC. 2.11 ). 
11TaK, nycTb HMeeTCSI .ll.BYXKBCKMHblH ycHJIHTeJib, o6a KBCKa)la KOToporo HJJ:eHTHqHbl H 

nocTpoeHbI Ha o.n:11ttaKOBb1x JiaMnax ECC83. 

PaccMOTpHM speJJ:Hoe BJIHHHHe BbIXOJJ:HOH eMKOCTH. B npou.ecce pa60TbI BTopofl 3JieK

TpOHHOH JiaMnbl, TOK qepe3 Hee MeHHeTCSI, qTQ npHBO)l.HT H K H3MeHeHHIO Hanpsi>KeHHSI Bee 

8HOJJ:HOH u.enH. 3TH H3MeHeHHSI aHO)l.HOro Hanpsi>KeHHSI BTOpOH JiaMnbl 03HaqaIOT H H3Me

HeHHSI Hanpsi>KeHHSI Ha eMKOCTH, BK.llIOqeHHOH Me>KJJ:Y aHOJJ:HOH H ceTOqHoH u.enSIMH, Bbl3bl

BBSI npou.eccb1 aapsi.n:a H paapsi.n:a ecex ee cocTaBJISIIOUJ.HX, aKJI10qasi eMKOCTb aHo.n:-ceTKa 

C•c' 00CKOJibKY COilpOTHBJleHHe CeTQqHOH u.enH JiaMilbl ( OC06eHHO npH OTC'.YTCTBHH CeTOq

HOfO TOKa) orpOMHO, TOKH 3apsi.n:a H paapsi.n:a paccMaTpHBBeMOH eMKOCTH B03HHKaIOT 
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OcHOBbl cxeMorexH11K11 naMnOBblX ye11n11reneil 

BH 

ov 

P1-1c. 2. t t BAuRnue npoxoanou eMKocmuJtaMnbt 

B aHO.ll.HOH u,enH npe.n.wecrny10mero KacKa.n.a. Tipe.n.noJJO)l(HM, '!TO .ll.JJH ys~JJHlJeHHH HanpH· 

)l(eHHH Ha eMKOCTH C•c Ha l 8, Tpe6yeTCH TOK HeKOTOpaH BeJJHlJHHa TOKa 3apH.ll,a i. Tio.n.a· 

.ll.HM Ha sxo.n. ycHJJHTeJJH HanpH)l(eHHe l B. 5JJaro.n.apH HHBeprnpy10mHM csoiicrnaM ycHJJH· 

TeJJH, nOJJO)l(HTeJJbHafl nOJJYBOJJHa ceTOlJHOro HarrpH)l(eHHH Bbl30BeT OTpHU,aTeJJbHYIO 

noJJysoJJHY aHO.ll,Horo, seJJHlJHHOH l B, YMHO)l(eHHoe Ha K03cpcpHu,HeHT ycHJJeHHH KacKa.n.a, 

TO ecTb B HaweM rrpHMepe - 72 B. 06mee H3MeHeHHe HarrpH)l(eHHH Ha BbIBo.n.ax KOH.ll,eH· 

caTopa COCTaBHT (A + l) B = 73 B. 
06mm1 TOK 3apH.n.a, HCXO.ll.fllllHH H3 rrpe.n.wecrny10mero KacKa.n.a paseH - (A + l) xi, 

HJJH 73i. 06cy)l(.ll,aH BJJHflHHe npoXO.ll,HOH eMKOCTH Ha pa6ory rrpe.ll,bIJIYUlero KaCKa.n.a (OT 

KOTOporo 3aTpa'IHBaeTCfl TOK Ha ee 3apH.ll.), MO)l(HO ClJHTaTb, 4TO HeKOTopaH 3KBHBaJJeHT· 

Haff eMKOCTb ( Ha3bIBaeMaH eMKocmb10 MUAAepa) BKJJI04eHa Me)l(JIY ceTKoii cJJe.n.y10mero 

KacKa.n.a H 3eMJJeii. TaKHM o6pa3oM, HaJJH4He rrpoxo.n.Hoii eMKOCTH npHBO.ll.HT K yseJJHlJe· 

HHIO sxo.n.Hoii eMKocrn KacKa.n.a (3rjxjJeKmy MuMepa). Ee seJJHlJHHa MO)l(eT Haii.n.eHa H3 

cpopMyJJbI MHJJJJepa: 

l13 cpopMyJJbl MHJJJJepa 04eBH.ll,HO, lJTO .ll,a)l(e OTHOCHTeJJbHO He60JJbW3fl seJJH4HHa 

eMKOCTH aHO.ll,-CeTKa MO)l(eT OKa3aTb cymecTBeHHOe BJJHHHHe Ha BblCOKOlJ3CTOTHYIO 06-

JJaCTb A l..J:X ycHJJHTeJJH. B HaweM KOHKpernoM cJJy4ae eMKOCTb MHJJJJepa pas Ha 115 rr¢ 
(Cac = 1,6 rr¢ .ll.Jlfl JJaMrrbI ECC83). ¢HJJbTp HH)l(HHX lJaCTOT o6pa3osaHHbIH npoxo.n.Hoii 

eMKOCTblO H BbIXO.ll,HblM corrpOTHBJJeHHeM rrpe.ll,bIJIYUlero KaCKa.n.a HMeeT 4aCTOTY cpe3a !10 

yposHIO 3.n.5 paBHYIO 29 Kfu,. EcJJH )l(e Tenepb YlJeCTb eme H napa3HTHYIO eMKOCTb MOHTa· 

)!(a, TO 3Ta 4aCTOTa OKa)l(eTCfl eme HH)l(e. 

CymecrnyeT H .n.pyroii spe.n. OT rrpoxo.n.Hoii eMKOCTH. 3ra eMKOCTb 06pa3yeT 4aCTOT03a· 

BHCHMYIO 06parny10 CBfl3b, Bbl3bIBafl rrorra.n.aHHe lJaCTH 3HeprnH H3 Bb!XO.ll,HOH ( aHO.ll,HOH) 

u,enH BO BXO.ll.HYIO ( ceT04HYIO) u,errb. HaJJH4He TaKOH o6paTHOH CBH3H MO)l(eT rrpHBeCTH 

K o6pa30BaHHIO rrapa3HTHOro aBTOreHepaTopa H, KaK CJJe.ll,CTBHe, K caMOB036y)l(.ll,eHHIO 

ycHJJHTeJJH. 0.n.HaKo, 3TO HBJJeHHe, KaK npaBHJJO, B03HHKaeT Ha .n.ocraT04HO BbICOKHx lJac-
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np11MeHeH1te 3KpOH11pOBOHHblX naMn 

TOTax, a npH ycHJieHHH 3BYKOBblX qacTOT npaKTH'leCKH He CKa3blBaeTCSI. 

HMeIOTCH pa3Hoo6pa3Hbie cnoco6b1 CHH>KeHHH spe,nHoro BJIHHHHH npoxo.nHoti: eMKocrn: 

• yMeHblllaTb BblXO)l.HOe conpOTHBJieHHe npe.nllleCTBYIOW.ero KaCKa.na; 

npHMeHSITb TpHO)l.bl c 'laCTH'IHOH 9KpaHHpOBKOH KOHCTpyKU.HH CeTKH (JIY'leBbie 

TpHO)l.bI); 

npHMeHSITb 9KpaHHpoBaHHbie JJaMnbI (TeTpOJJ.bl HJIH neHTO,ll.bI); 

npHMeHSITb KaCKO)l.Hbie cxeMbl HJIH KaTO)l.Hbie nOBTOpHTeJJH. 

OocKoJJhKY Tpe6oBaHHH K A 4X ycHJIHTeneti: noBbillleHHoro Ka'lecTBa o'leHb >KecTKHe, 

o6cy.nHM no.npo6HO BCe 9TH MeTO)l.bl yny'lllleHHSI napaMeTpOB 06bI'IHOro pe3HCTOpHoro 

KaCK8)1.8 ycHJieHHSI no cxeMe c 06lll.HM KaTO)l.OM. 3.necb no.npo6HO OCTaHOBHMCSI Ha nepBOM 

cnoco6e, a ocraJibHbie 6yJJYT paccMoTpeHbI B cne~IOW.HX pa3.neJiax. 

HTaK, BbIXOJI.HOe conpoTHBJieHHe KacKa.na, KaK y>Ke paccMaTpHBanoch Bbillle, 3aBHCHT 

KaK OT BbI6paHHOro pe>KHMa, TaK H (B O'leHb 3Ha'IHTeJibHOH CTeneHH) OT napaMeTpOB npH

MeHHeMOH B HeM naMnbI. TaK, HanpHMep, BbI6op JiaMnbI E88CC H rpaMOTHbiti: no.n6op ee 

pe>KHMa n03BOJISleT yMeHblllHTb BblXO,nHOe conpOTHBJJeHHe KaCKa.na npHMepHO .no 3Ha'le

HHSI l 0 OM. EcJIH TaK>Ke 3aMeHHTb JiaMny BO BTopoM KacKa.ne Ha E88CC, TO eMKOCTb 

MHJIJiepa CHH>KaeTcSI, o6bI'IHO .no 50 n<l> ( 6Jiaro.napH na.neHHIO K09cpcpHU.HeHTa ycHJieHHH 

JJ.O 30), nOBbilllaSI B pe3yJibTaTe qacrory cpe3a no ypOBHIO 3 .nE npHMepHO Ha 300 Kfu.. 

0.nHaKO, npH 9TOM cyw.ecTBeHHO yMeHblllaeTCSI 06W.HH K09cpcpHU.HeHT ycHJieHHSI JI.ByxKaC

Ka,l{HOro YCHJIHTeJISI c 5184 ( 722) 900 ( 302 ), 'ITO SIBJISieTCSI cyw.ecTBeHHbIM He)l.OCTaTKOM 

no.no6Horo pellleHHSI. 

KaK aJibTepHarnsy, MO>KHO noMecTHTb Me.>KJl.y JI.BYMH KacKa.naMH KaTOJI.HbIH nosropH

TeJJb ( KOTOpbIH 6y.neT pacCMOTpeH HeMHOro no3>Ke ). c KaTO)l.HbIM nOBTOp,HTeJJeM JJerKO 

JI.OCTHraeTcH '"""'::: l KOM, no9TOMY .na>1<e c eMKOCTbIO MHJIJiepa B 115 n<l>, nonyqaeM qac-

rory cpe3a 1,4 Mfu.. · 

2.9. npr,tMeHeHr,te lKpOHr,tpOBOHHblX noMn 

Pa3yMeeTcSI, KPYTH3Ha JiaMnhI gm H cTaTH'leCKHH BHyrpeHHHti: K09cpcpHU.HeHT ycHJieHHH M 

!IBJJSIIOTCH HaHBa>KHeHlllHMH napaMeTpaMH, onpe.neJJSllOl.lJ.HMH ycHJieHHe JiaMnbI. 0,nHaKO, 

)I.Jiff yBeJIH'leHHSI M, paCCTOSIHHe Me:>KJJ.Y aHO)l.OM H CeTKOH )l.OJl>KHO 6bITb yMeHbllleHO, Bbl3bl

BaH B03pacTaHHe npOXO)l.HOH eMKOCTH c.c• a CJie)l.OBaTeJibHO H 9cpcpeKT MHJJJiepa, B pe-

3YJJbTaTe KOToporo ycHJIHTeJibHblH KaCK8)1. HMeeT 60JiblllYIO BXO,nHYIO eMKOCTb. Pa3yMeeT

C!I, BblCOKaSI KPYTH3Ha gm .nocrnraeTcSI nyreM npH6JIH>KeHHSI ceTKH K KaTo~. 'ITO caMo 

co6oti: npHBOJI.HT K 3Ha'IHTeJibHOMY pocry sxo.nHoti: eMKOCTH. HeKoroporo CHH>KeHHH npo

xoJJ,Hoti: eMKOCTH c.c y.naeTCH .no6HTbCH B TaK Ha3blBaeMblX AytteBblX mpuoiJax. 
DpHHU.Hn pa6oThI TaKoti: naMrlbI 6bIJI paccMoTpeH B npeJI.bmyw.eti: rnaee. TaKHe 9JJeKT

poHHble JiaMnbl PC97, PC900 H 6GK5 HMeIOT BHyrpeHHHe 9KpaHbI ceTO'IHbIX .nep>KaTeneti: 

H U-o6pa3Hbie aHOJI.bI, 'ITO npHBOJl.HT K yMeHbllleHHIO c.c .no <0,5 n<l>, 'ITO .naeT o'leHb cy

w.ecTBeHHoe yMeHbllleHHe 9cpcpeKTa MHJJJiepa. K co>1<aJJeHHIO, 6oJJblllHHCTBO H3 9THX 
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OcHOBbl cxeMorexH1tK1t naMnoablx yc1tn1treneit 

9JJeKTpOHHblX JJaMn 6bIJJH pa3pa6oTaHbl,!1,JUI ycMJJeHHH pa,u.HOlfaCTOTHblX KOJJe6aHHH H HBJJH
IOTCH JJaMnaMH c nepeMeHHblM K09<P<PHU.HeHTOM ycM.JJeHHH M, '-!TO 06JJerL1aeT nocTpOeHMe 
asTOMaTH'-!ecKoH perynMposey ycHneHHH (APY) pa,u.HonpMeMHOH annaparypbr. CTo3»<e 6y
.n.eT noKa3aHO, '-!TO npHMeHeHHe JJaMn c nepeMeHHblM M Bbl3bIB8eTyBeJJMlfeHHe HCKa»<eHHH 

ycMJJMTeJJH. 
Tenepb o6paTHMCH K npHMeHeHHIO naMn c 3KpaHHPY'°~eii ceTKoii - TeTpOAOB H 

· neHTo.n.os. B npe.ll;bUJ.Y~er1 rnase 6blJJH no.n.po6Ho paccMoTpeHbI oco6eHHOCTH naMn c 9K
paHMpy10w,er1 ceTKOH - TeTpo.n.os, ny'-leBbrx TeTpo.n.os, neHTO.Ll.OB. HanoMHHM, '-!TO ecnH 
o6ecne'-IMTb Ha.n.e»<Hoe 3a3eMJJeHHe 9KpaHMpy10w.er1 ceTKH no nepeMeHHoMy rney, '-!TO 
.n.ocrnraeTCH ycTaHOBKOH 6JJOKHpOBO'-IHOro KOH.D.eHcarnpa,' npoxo.n.Haff eMKOCTb yMeHb
waeTCH s I 0 H 6onee pa3. 1--fa scex 9KpaHMposaHHbIX naMn s ycMJJMTeJJbHOH TeXHMKe HaH

()OJJblllee npHMeHeHHe HaXO.D.HT neHTO.Ll.bl H JJy'-leBbie TeTpOJI.bl, noCKOJJbKY 9TH JJaMilbl 
npaKTH'-leCKH JJHllleHbl JI.HHaTpOHHOro 9cpcpeKTa H Bbl3blBaeMbIX HM HCKpHBJJeHHH CTaTH-
0lfeCKHX xapaKTepHCTHK. 06bI'-IHbie »<e TeTpo.n.br HaM60JJblllee pacnpocTpaHeHMe nony'-IM
JJH npH nocTpoeHHH MOW,Hb!X pa.n.Honepe.n.aT'-IHKOB. 

YCHJJMTeJJbHbieKacKa,u.bI Ha 3KpaHMposaHHbIX naMnax 06na.n.a10T pff.Ll.OM .n.ocToMHCTB H 
He.n.ocTaTKOB, no cpasHeHMIO c KacKa,u.aMM, nocTpoeHHblMH Ha TpMo.n.ax. OcTaHOBHMCH Ha 
HHX 6onee no.n.po6uo . 

.ll.nH Ha'-!aJJa, o6paTMMCH K BbIXOJl.HblM ( aHOJI.HblM) xapaKTepHCTHKH MaJJOMOW.HOro (Ma
JJOCHrHaJJbHOro) neHTo.n.a. B Ka'-!ecrne npHMepa, Ha pMc. 2.12 npMse.n.eHo ceMer1crno aHo.n.
HbIX xapaKTepHCTHK naMnbI EF86, CHHTbIX npM HanpH»<eHMH Ha 9KpaHMpy10w,efl ceTKe oT
HOCMTeJJbHO KaTo.n.a VC2 = 100 B. 1--fa pHCYHKa BM.LI.HO, '-!TO aHOJI.Hbie xapaKTepHCTHKH 
6JJH3KH K ropH30HTaJJbHblM JJHHHHM ( KpoMe o6JJaCTH MaJJbIX aHOJI.HblX HanpH»<eHHH ). 

B npe.n.b1,uyw.er1 rnase H3 9Toro cpaKTa 6bIJJ c.n.enaH pH.LI. sa»<HbIX Bbiso.n.os. KpaTKo paccMoT
pHM HX ew.e pa3. 

Bo-nepsb1x, xapaKTepMCTHKH neHTo.n.a o'-leHb noxo»<H Ha xapaKTepMCTHKH TpaH3HCTo
pos, '-!TO rosopHT o TOM, '-!TO BHYTpeHHee co,npoTHBJJeHHe naMnbI .n.ocTaTO'-IHO BbICOKO -

0 50 '100 150 

Va(V) 

PHc. 2. 12 BblXOOHbte xapaKmepucmuKu nenmoaa 
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RpHMeHeHHe lKpOHHpoeaHHblX naMn 

,IJ,IIH 6oJiblllHHCTBO npaKTH'leCKHX npHMeHeHHH ero MO>KHO C'IHTaTb 6ecKoHe'IHbIM. Cne.u.o
saTeJibHO, BbIXO.ll.HOe conpOTHBJieHHe ycHJIHTeJibHOro KacKaJI.a, nocTpOeHHOro Ha neHTOJI.e 

npHMepHO paBHO R11 • 

Bo-BTOpbIX, aHO.ll.HbIH TOK B o6nacrn MaJibIX aHOJI.HbIX HanpH>KeHHH pe3Ko yMeHblllaeT

CH npH ropa3JI.O MeHbllleH BeJIH'IHHe aHO,B.HOro HanpH>KeHHH, 'leM y TpHOJI.a, a CJieJI.OBaTeJib

HO MO>KHO IlOJIY"IHTb 60JibllJHH pa3Max BblXO.ll.HOro HanpH>KeHHH. 3TO n03BOJIHeT cymecT

BeHHO yseJIH·"IHTb K03cpcpm.~HeHT noJie3HOro .u.eifCTBHH KaCKa.o.a, 'ITO JI.eJiaeT npHMeHeHHe 

. neHTO.ll.OB (H Jiy'leBbIX TeTpO.ll.OB) oco6eHHO u.eJiecoo6pa3HblM npH nocTpoeHHH KaCKMOB 

MOUI.HOro ycHJieHHH. 

8-TpeTbHX, BH.ll. KpHBblX CTaTH'leCKHX xapaKTepHCTHK neHTOJI.a (KaK H TpaH3HCTOpa) 

6JIH:~OK K 3KCnOHeHU.HaJibHOMy: . 

yfa TeopHH H3BeCTHO, 'ITO HeJIHHeHHOCTb BOJlbT-aMnepHblX xapaKTepHCTHK ycHJIHTeJib

HOro np116opa npHBOJI.HT K HaJIHlJHIO B cneKTpe BblXOJI.HOfO CHrHaJia He TOJibKO ycHJIHBaeMoro 

KOJie6aHHH, HOH ero rapMOHHK (cocTaBJIHIOUI.HX Ha 'laCTOTax KpaTHblX OCHOBHOH). HanoM

HHM, 'ITO HCKa>KeHHH ycHJIHBaeMoro CHrHaJia, npHBOJI.HUI.He K o6orameHHIO ero cneKTpa, Ha-

3bIBalOT He.AuHeUHbt.MU ucKa31CeHUJLMU. MaTeMaTH'leCKoe pa3JIO>KeHHe 3KcnoHeHu.11aJibHOH 

3aBHCHMOCTH B CTeneHHOH PH.ll. noKa3blBaeT, 'ITO HHTeHCHBHOCTb rapMOHHK c pOCTOM HX HO

Mepa y6bJBaeT .ll.OBOJibHO Me,IJ,lleHHO, 'ITO n03BOJIHeT CJI.eJiaTb BblBO.ll. 0 TOM, 'ITO JiaMnb1-neH

TO.ll.bl H TpaH3HCTOpbl o6JI8JI.alOT cymecTBel:tHblMH HeJIHHeHHbIMH HCKa>KeHHHMH. B Ka'leCTBe 

npHMepa MO>KHO np11aecT11 KaCKM Ha neHTOJI.e E55L c TOKOM noKOH 1. = 50 MA, c aHOJI.HOH 

Harpy3KOH 4, 7 KOM ( 4k7) 11 HCTO'IHHKOM aHOJI.Horo nHTaHHH 410 B. MaKCHMaJibHOe HeHcKa

>KeHHoe nepeMeHHOe HanpH>KeHHe Ha aHo.u.e s 3THX yCJIOBHHX cocTaBJIHeT = 73 B a .u.eifcr

BYIOUI.eM 3Ha'leHHH, no 3TOH npH'IHHe HeJIHHeifHbie HcKa>KeHHH 3Toro KacKa.u.a H3MepHJIHCb 

npH BbIXOJI.HOM HanpH>KeHHH = 50 B s.u.eiicTByIOUI.eM 3Ha'leHHH. Pe3yJibTaT H3MepeHHH noKa-

3aJI 1,3 % cyMMapHoro 3Ha'leHHH Ko3cpcp11u.11eHTa HeJIHHeHHblX HCKa>KeHHH (Total Harmonic 

Distortion - THD ), npH'leM, '!TO B cneKTpe 3THX HCKa>KeHHH co.u.ep>KaTcH MHoro'IHCJieHHbie 

rapMOHHKH - .ll.OJI.BeHa.u.U.aTOH (pHC. 2.13). 

B ro >Ke speMH, HanoMHHM, cpyHKU.HOHaJibHbIH BHJI. KpHBOH aHOJI.HOH xapaKTepHCTHKH 

TpHOJI.a 6JIH30K K CTeneHHOH 3aBHCHMOCTH: 

AHaJiorH'IHoe MaTeMaTH'lecKoe npe.u.cTaBJieHHe 3TO ypasHeHHH B BHJI.e CTeneHHoro 

pHJI.a XOTb H co.o.ep>KHT KaK He'leTHbie (x3, x5, ••. ) TaK H 'leTHbie (x2, x4, ... ) 'IJieHbI, yKa3bIBa

IOUI.He Ha 'leTHbie H He'leTHbie rapMOHHKH, HX HHTeHCHBHOCTb yMeHblllaIOTCH O'leHb 6blCTpo 

(Ha npaKTHKe 'lame scero He HMeeT Heo6XO.ll.HMOCTH paccMaTpHBaTb HX 3a npe.u.eJiaMH llJe

CTOH rapMOHHKH npH TecTHposaHHH Tp110.u.os). Mo>KHO C'IHTaTb, 'ITO TpHOJI.bI npeHMyme

cTBeHHO npOH3BOJI.HT HeJIHHeHHble HCKa>KeHHH no BTOpOH rapMOHHKe. 

THn C03JI.aBaeMblX HCKa>KeHHH HBJIHeTCH Ba>KHblM, TaK KaK yxo 6oJiee TepnHMO K 'leT

HbIM rapMOHH"leCKHM HCK3>KeHHHM, 'leM K He'leTHbIM, qaCTH'IHO nOTOMY 'ITO caMO yxo 
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OcHOBbl cxeMorexHHKH naMnOBblX yc1tnHTeneii 

T 1~ek~R~u~n~"""'!"'l"'P..,.;.;t+;;;;;;:;=;:;;;;;;t;~;;;;;;;;~;;;;~!"!"'!'"l""'~~T~ri~'gd, 
• • o I • • A: 54.6 db 

' . Jl: 9.00 kHz 

PHc. 2.13 flenmoo E55l, cneKmp ucKa:J1Cenuu 

@: -73.0dB 
@: 11.0 kHz 

13 Jun 2002 
U>:48:38 

nopo:>K,!I.aeT HMeHHO '!eTHble rapMOHH'!eCKHe HCKa>KeHHH, a TaK>Ke, noTOMY '!TO 6onee BblCO

KHe He'!eTHble rapMOHHKH He HBJIHIOTCH MeJIOJI.H'IHO CBH3aHHblMH c OCHOBHblM MY3blKaJib

. HblM TOHOM H 3By'!aT KaK JI.HCCOHHpy10mHe. 

HcxoJI.H H3 TOro, '!TO HeJIHHeHHble HCKa>KeHHH ycHJIHTeJIH Ha neHTOJI.e ( HJIH TpaH3HCTO

pbl) COJI.ep>KaT HenpHHTHble yxy He'leTHble rapMOHHKH, )l,llH ,l(OCTH>KemiH OJI.HHaKOBoro 

cy6beKTHBHOro Ka'leCTBa HiMepeHHble HCKB>KeHHH ycHJIHTeJIH Ha neHTOJI.e JI.OJI>KHbl 6b!Tb 

HaMHOro HH>Ke, qeM H3MepeHHble HCKa>KeHHH ycHJIHTeJIH Ha TpHOJI.e . .lI.nH CHH>KeHHH HeJIH

HeHHblX HCKa>KeHHH B TBKHX ycHJIHTeJIHX o6bl'IHO HCnOJib3yeTCH rny6oKaH OTpHU,aTeJihHaH 

o6paTHaH CBH3b. ' 

Tenepb MO>KHO paccMoTpeTb npHMep nocTpoeHHH pe3HCTOpHoro ycHJIHTeJIH Ha neHTO

JI.e H Bb16op pe>KHMa ero pa6oTbl. CJI.enaeM 3TO Ha npHMepe naMnbI THna EF86. B 3TOM 

npHMepe R11 = 47 KOM (BbI6paHo o6hI'IHbIM Bh1weonHcaHHhIM cnoco6oM, HcnoJib3YH 

Harpy30'IHbie JIHHHH) H TO'!Ka noKOH 108 B, npH HanpH>KeHHH HCTO'IHHKa BH 210 B 

(pHC. 2.14 ). 
AHanorH'IHO, KaK MH cnyqaH c TpHOJI.OM, onpeJI.eJIHM Ko3cf>¢Hu,HeHT ycHJieHHH TaKoro 

KaCKaJI.a, BOCnOJib30BaBWHCb MeTOJI.OM Harpy30'IHOH ./IHHHH (pHC. 2.15 ). J13 pHCYHKa BHJI.HO, 

'!TO aHOJI.Hble xapaKTepHCTHK JiaMnbl H3rH6alOTCH 

npH nepece'!eHHH c Harpy30'IHOH JIHHHeH. Heo6xoJI.HMaH TO'IHOCTb HH>KeHepHbIX pac

'!eTOB BnOJIHe n03BOJIHeT npeHe6pe'lb KpHBH3HOH xapaKTepHCTHK, 3aMeHHB HX HJI.eaJIH3H

poBaHHblMH oTpe3KaMH npHMbIX JIHHHH. Cnpoeu.Hposas TaKYIO HJI.eaJIH3HposaHHYIO xapaK

TepHCTHKY Ha Harpy30'IHYIO JIHHHIO, nerKO Bhl'IHCJIHTb K03$cf>HU.HeHT ycHJieHHH KaCKaJI.a 

onHcaHHbIM BhIWe MeTO,n:oM. B paccMaTpHBaeMoM npHMepe OH paseH 90. 
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1M 

PHc. 2.14 MaJtOCU2HaJtbH.btU ycUJZumeAb Ha nenmooe 

np1tM8H8H1te JKpOHKpOBOHHblX fiOMn 

3u3 

+210V 
BH 

ov 

06paTHMCst Tenepb K Bb16opy 3JJeMeHTOB paccMaTpHeaeMoro ycHJJHTeJJbHOro KaCKa)J,a 

Ha neHTOJJ.e e cooTBeTcTBHH co cxeMo~ Ha pHc. 2.15. Pe3HCTop e u.enH ynpae"nst10w,ei'.i ceTKH 

H BbJXO)J,HOH pa3)J,eJJHTeJJbHblH Bb16Hpa!OTCst H3 Tex >Ke coo6pa>KeHHH, 'ITO H B ycHJJHTeJJstX Ha 

TpHOJJ.ax (CM. npeJJ.blJIYW.He pa3JJ.eJJbl ). OcTaHOBHMCst noJJ.p06Ho K 3JJeMeHTaM u.enH 3KpaHH

py10w,ei'.i ceTKH. Kor.n.a e rnaee 1 paccMaTpHeanacb pa6orn 3KpaHHpoeaHHblX naMn, 6b1no 

OTMelfeHo, 'ITO Ha 3KpaHHpy10w.y10 ceTKY )J,OJl>KHO 6b1Tb no)J,aHO IlOJJO>KHTeJJbHOe Hanpst>Ke

HHe, eeJJH'IHHa·KoToporo COH3MepHMa c aHOJJ.HblM BH, a no nepeMeHHOMy TOKY 3KpaHHpy-

10w,ast ceTKa )J,OJl>KHa 6b!Tb 3a3eMJJeHa npH IlOMOW.H pa3)J,eJJHTeJJbHOro KOH)J,eHCaTopa. 

y MaJJOMOW,HblX neHTO)J,OB eeJJH'IHHa IlOJJO>KHTeJJbHOro Hanpst>KeHHst Ha 3KpaHHpy10w,eH 

ceTKe KaK npaeHJJ 6JJH3Ka, JJH6o coena.n.aeT c eeJJH'IHHOH aHOJJ.HOro BH, a y MOILI.HbJX TeT

poJJ.oB H neHTOJJ.OB MO)!(eT 6b1Tb H 3HalfHTeJJbHo MeHbUie BH. TeM He MeHee, noJJO)!(HTeJJbHO 

3apst>KeHHast 3KpaHHpy10w,ast CeTKa npHTstrHBaeT 3HalfHTeJJbHOe KOJJHlfeCTBO 3JJeKTpOHOB, 

Bbl3blBalOW,HX TOK B ee u.enH. BeJJH'IHHa TOKa 3KpaJ-!Hpy10w,eH ceTKH OKa3blBaeT cyw.ecT

BeHHOe BJJHstHHe Ha eeJJH'IHHY aHO)J,HOro TOKa (nOCKOJJbKY Me>KJIY aHO)J,OM H 3TOH ceTKOH 

ocyw.ecTBJJsteTcst nepepacnpeJJ.eJJeHHe 3JJeKTpOHHoro noToKa, HcnycKaeMoro KaTOJJ.OM), 

'ITO cKa3bJeaeTcst Ha pe)!(HM pa60Tb1 KacKaJJ.a. B 6oJJbUIHHCTee naMnoeb1x KacKaJJ.OB (3a 

HCKJJIOlfeHHeM oco6bJX pe)!(HMOB pa60Tbl MOW,HblX JJaMn paJJ.HOnepe)J,aT'IHKOB) B HOpMaJJb

HOM pe)!(HMe pa60Tbl eeJJH'IHHa TOKa 3KpaHHpy10w,eH ceTKH )J,OJJ)!(Ha COCTaBJJstTb OKOJJO 

lfeTeepTH OT eeJJH'IHHbJ aHOJJ.Horo TOKa. Pe3HCTop RC2' BKJJIOlfaeTcst JJ.JJst Toro, 'IT06b1 eoc

npenstTCTeoeaTb yeeJJHlfeHHIO TOKa 3KpaHHpy10w,eH ceTKH, npH HapaCTaHHH KOTOporo, 6y

)J,eT paCTH H na)J,eHHe Hanpst)!(eHHst Ha 3TOM pe3HCTOpe, 'ITO npHBe)J,eT K CHH)!(eHHIO noTeH

U.HaJJa 3KpaHHpy10w.eH ceTKH.' Hcxo)J,st H3 COOTHOIIJeHHst TOKOB 1 :4, JJ.JJst cnyqast eCJJH 

aHOJJ.HOe Hanpst>KeHHe H Hanpst)!(eHHe c2 paeHbJ, To conpoTHBJJeHHe pe3HCTopa RC2 JJ.OJi>KHO 

6bJTb paBHO 4R .. (JJ.JJst paccMaTpHeaeMoro KOHKpernoro npHMepa BilOJJHe IlO)J,OHJJ.eT CTaH

~aprnoe 180 KOM). OJJ.HaKo, npH pa3pa6oTKe KacKaJJ.oB Ha MOW.HblXJJaMnaxcneJIYeT noJJ.-
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0CHOBbl cxeMOTeXHHKH naMnOBblX ycHnHreneii 

XOJI.HTb K 3TOMY BOnpocy 60J1ee OCTOpO»<HO H o6SI3aTeJlbHO o6paw.aTbCSI K cnpaBO'l{HbIM na

paMeTpaM JJaMnbl, nocKOJJbKY TaM B pSIJI.e cny•rneB npHBOJI.SITCSI orpaHH'leHHSI Ha BbI6op 

BeJIH'l{HHbl 3TOrO pe3HCTOpa. 

7 EF86 Vg2 = 100 V 

6 Vg=OV 

5 
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PHc. 2.15 Anoanbte xapatcmepucmwcu u onpeaeAenue tco3</J¢uu,uenma 
ycUAeHUR nenmoaa 

nocKOJl!>KY 3KpaHHpy10w.aS1 ceTKa npHTSlfHBaeT K ce6e 3JleKTpOHbl, TO eCTb BeJI.eT ce6SI 

KaK aHO.ll., To H BHYTpeHHe conpoTHBJJeHHe eaeyyMHoro yqacTKa 3KpaHHpy10w.aS1 ceTKa -

KaTOJI. .ll.OCTaTO'IHO BeJIHKO H 6JJH3Ko K BeJJH'IHHe BHYTpeHHero conpoTHBJJeHHSI naMnbl r •. 
DpH BbI'IHCJJeHHH eMKOCTH 6J10KHpo0ol!Horo KOHJI.eHcarnpa, co3.na10w.ero HyJ1e0of! noTeH

U.HaJJ 3KpaHHpy10w.efl ceTKH no OTHOIIJeHHIO K KaTOJJY no nepeMeHHOMY TOKy, He06XO.ll.HMO 

YlIHTbIBaTb 3TO conporneneHHe. K comaneHHIO, B cnpaBOl!HbIX napaMeTpoB neHTO.ll.OB no

l!TH HHKor.na He npHBO.ll.SITCSI .ll.8HHbie o KPYTH3He, BffYTpeHHeM K03cpcp11u.11eHTe yc11neHHS1 H 

BHYTpeHHeM conpoTHBJleHHH naMnhI no u.enH 3KpaHHpy10w.eu ceTKH (Mel -c2, gmc2 H 

rc2), HO OHH MOfYT 6bITb nonyqeHbl H3 napaMeTpOB 3TOro me neHTO.ll.a B TpHO.ll.HOM BKJIIOl!e

HHH (Kor.na 3KpaHHpy10w.aS1 ceTKa coe.ll.HHeHa c aHO.ll.OM). B 3TOM CJ1yqae BHYTpeHHHH K0-

3cpcp11u.HeHT ycHJJeHHSI no 3KpaHHpy10w.ef! ceTKe: 

HanoMHHM, 'lTO KPYTH3Ha naMnbI gm SIBJJSieTCSI Mepof! ou.eHKH ynpaBJISIIOW.ero BJJHSI

HHe BXOJI.Horo HanpSI»<eHHSI Ve• Ha aHO.ll.HbIH TOK (a KPYTH3Ha gmc2 cooTBeTCTBeHHO Ha TOK 

3KpaHHpy10w.ef! CeTKH ). 00CKOJJbKY MaKCHMaJlbHOe l!HCJIO 3JleKTpOHOB, nOKH.ll.aIOW.HX yqa

CTOK o6JJaCTb ynpaBJJSIIOW.eH ceTKH - KaTo.na, cpHKCHpOBaHO, a npOHHu.aeMOCTb 3KpaHHpy

IOW.eH ceTKH H BeJIH'l{HHbl noJto»<HTeJlbHblX noTeHU.HaJJOB Ha HeH H Ha aHO.ll.e BCero J!Hlllb 
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np11MeHeHHe JKpOHHpOBOHHblX fiOMfi 

onpe.11.em1eT, B K8KOH nponopU,HH TOK K8T0.11.8 pa3.11.enHeTCH Me>K,ll,)' 8H0.11.0M H 9KpaHHpy!O

w.el1 CeTKOH, senHqHHbl gmc2 H 'c2 MO>KHO ou,eHHTb cne.n.y!Oll.l,HM o6pa30M: 

I 
gmc2= J2 ·gm, 

a 

.ll.nH p8CCM8TpHsaeMoro npHMepa, HCnOnb3YH 8H0.1J.Hble xap8KTepHCTHKH neHT0.11.8 

EF86 B TpH0.11.HOM BKn!OqeHHH (!!,!), npH v. = 108 B, Ve= 1,5 B, r."" 14 KOM, HaX0.11.H 

8H0.1J.HblH TOK H TOK 9Kp8HHPYIOW.eH ceTKH, MO>KHO paccqHT8Tb senHqHHY rc2 "" 70 KOM. 

3ro conpoTHsneHHe 70 KOM, BKn!Oq8eMoe no nepeMeHHOMY TOKY nap8JIJieJibHO pe3HCTO

py R,2 ( 180 KOM ), .11.aeT HTOrosoe conpoTHBJieHHe Me»qlY 9Kp8HHPYIOW.eH ceTKOH H o6ll.l,HM 

noso.11.oM"" 50 KOM. AH8norHqHo TOMy, K8K MbI sbl6Hp8JIH KOH.11.eHC8Top KaT0.11.HOH pa3BH3-

KH ,ZI,11H TpH0.11.HOro ycHnHTenbHoro K8CKa.11.a, qacTOry cpe3a RC - u.enoqKH, o6p830BaHHOH 

paccqHTaHHblM conpOTHBJleHHeM H HCKOMbIM 6nOKHposoqHblM KOH.11.eHC8TOpOM B u.enH 

9KpaHHPYIOW.eH CeTKH ,ZI,11H ycHnHTeJieH nOBblllieHHOro KaqecTBa u.enecoo6p83HO npHHHTb 

1 ru., qTQ o6ecneqHT HyJieBOH noTeHU,H8JI 9Kp8HHPYIOW.eH CeTKH BO BCeM .11.H8n830He 3By

KOBblX qacTOT. B 9TOM cnyqae, pacqeT seJIHqHHbI 6noKHposoqHoro KOH.11.eHC8Topa (Heo

.1J.HOKp8THO OnHC8HHblM paHe cnoco6oM) .11.8CT C.2. = 3,3 MKcf>. 

T8K>Ke oTMeTHM oco6eHHOCTH p3cqern u,enH KaTo.11.Horo asTocMew.eHHH ycHJIHTenbHoro 

K8CK8.11.8 Ha neHT0.11.e. rnaBHOe OTnHqHe OT TpH0.11.HOfO YCHJIHTenH COCTOHT B TOM, qTQ K8T0.11.

HblH TOK He p8BeH 8H0.11.HOMy. 3TO oqeBH.11.HO, noCKOJibKY B neHT0.11.e npoHCX0.11.HT pacnpe.11.e

neHHe 9JleKTpOHHOro nOTOKa, C03.11.8B8eMoro K8T0.1J.OM, Me>K,ll,)' .11.BYMH nonO>KHTeJlbHO 38pH

>KeHHblMH 9J1eKTpo.11.aMH - aHo.11.oM H 9Kp8HHpy10w.el1 ceTKOH. CTpH pacqeTe TOKa KaTo.11.a 

Heo6X0.11.HMO cyMMHpOB8Tb TOKH 1. (2, 17 MA), H (2 (0,54 MA), B pe3yJibT8Te qero, B .1J.8HHOM 

npHMepe 1. = 2, 71 MA. npH HanpH>KeHHH CMell.l,eHHH VCK = 1,5 B, senHqHHa pe3HCTOpa 

K8T0.1J.HOro cMew.eHHH .11.on>1<Ha 6bITb pasHa 560 OM . 

.ll.nH neHT0.11.8 KaT0.11.Hoe conpoTHBneHHe '• = I/gm. Haxo.11.H gm rp8qJHqecKHM nYTeM no 

8H0.11.HbIM xapaKTepHCTHKaM neHT0.11.8 (CM. rn3sy 1 ), nonyqHM seJIHqHHY oKoJio 1,95 MA/ B. 
CTpHHHMaH Rk = 560 OM, noTpe6yeTCH pa3BH3bIB8IOW.HH KOH.1J.eHC8TOp 680 MK<l>, HCX0.11.H 

H3 p8Hee orosopeHHOH qacTOTbl cpe3a RC - u.enH K8T0.1J.HOro 8BTOCMell.l,eHHH 1 ru.. 

Mo>1<Ho T8K>Ke Hcnonb~osaTb H8H.1J.eHHoe 3HaqeHHe KPYTH3Hbl gm ,ZI,11H 8JibTepHaTHBHo

ro MeTo.11.a BblqHcneHHH K09cf>cf>Hu,HeHTa ycHneHHH, KOTOpblH MO>KeT 6b!Tb HaH.11.eH H3 CJ!e

.11.YIOW.ero ypasHeHHH: 

Av= gm·R .. = 1,95·47 = 92. 

PaHee paccqHTaHHbIH no Harpy3oqHoH JIHHHH K09cf>cf>Hu,HeHT ycHneHHH 6b1J1 p8BeH 90, 
'ITO xopollIO cornacyeTCH c pacqeTOM no 9TOMY ypaBHeHHIO. 38MeTHM, 'ITO OHO He nO.ll.X0-

.11.HT ,ZI,11H TpH0.11.0B, nOTOMY qTQ npe.11.nonar8eT 6eCKOHeqHo 6onbllIOe BHyTpeHHe conpOTHB

neHHe r •. 
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OtHOBbl cxeMorexHHKH naMnOBblX ymnHreneii 

vhaK, npHMeHeHHe neHTOJlOB )leHCTBHTeJJbHO paJlHKaJJbHbIM o6pa30M pewaeT npo6JJe

MY speitHOro BJIHSIHHSI npoXOJlHOH eMKOCTH c.c· TaK, HanpHMep, Jl.llSI paccMaTpHsaeMoro 

neHTOJla THna EF86, e cnpaeo'"IHbIX naHHbIX npHBOJlHTCH 3Ha'"!eHHe c.c < 50 mpF ( Mnct> ), 

'"!TO SIBJJSieTCSI JlOBOJ!bHO He06bI'"IHblM cnoco6oM HanHCaHHSI 50cpct> ( cpeMTOcpapana - 10-15 

cpapaJtbI). B KOMnaHHH MHnnapn H3MepHJJH seJJH'"IHHY eMKOCTH 3Toro npH6opa e 1955 ro.ny. 

KcraTH, HanoMHHM, ttTO npoxonHaH eMKOCTh rerponos H neHTOJlOB H3MepHercH npH 3a3eM

JJeHHOH 3KpaHHpy10meH ceTKe. 8bllJHCJJSISI Tenepb paHee onHcaHHblM cnoco60M eMKOCTb 

MHnnepa, nonyqHM: ' 

C = (90 + 1) · 50 · 10-15 = 4 6 nK<l>. 
MHJUICpd ' 

9TO 3HalJHTeJJbHO MeHblliaSI BeJJHlJHHa no cpasHeHHIO c TpHOJlOM, HO TaK KaK OHa He-

60JJbl1JaH, Tenepb He06XOJlHMO YtJHTbIBaTb TaK)!{e H see napa3HTHble eMKOCTH, KOTOpble 

npe)!(Jle 6bIJJH He3HalJHTeJJbHblMH. 

HanoMHHM, 'ITO nocKOJJbKY ynpaeJJSIIOUJ,aH ceTKa c 1 HaXOJlHTCSI 6JJH3KO K Karo.ny, seJJH -

lJHHa BXOJlHOH eMKOCTH (TO eCTb eMKOCTH Mem.ny ynpaBJJSllOUJ,eH CeTKOH H KaTOJlOM, KOTO

pblH HMeeT noTeHIJ,HaJJ 3eMJJH, noCKOJJbKY OH 3arnyHTHpOBaH KOH)leHCaTOpOM) )l.OCTaTO'"IHO 

seJJHKa. B cnpasotJHbIX napaMerpax JJaMn npHBOJlHTCSI seJJH'"IHHa BXOJlHOH eMKOCTH c ... 
B KatJecTBe KOTOpOH )l.llH 60JJbl1JHHCTBa MaJJOMOll.J,HblX JJaMn npHBOJlHTCSI o6UJ,aSI eMKOCTb 

Mem.ny ynpaBJJHIOUJ,eH ceTKOH H sceMH npyrwMH 3JJeKrponaMH, 3a HCKJJIOtJeHHeM aHoita (To 

eCTb o6maH BeJJH'"IHHa BXOJlHOH napa3HTHOH eMKOCTH 3JJeKTpOHHOH JJaMnbI). JlnSI neHTO)la 

EF86 cnpasotJHaSI seJJHlJHHa c., pas Ha 3,8 net>, '"!TO naeT 06wy10 BXOJlHYIO eMKOCTb (co

BMecrno c eMKOCTbIO MHnnepa) 8,4 net>. Tenepb HeCKOJJbKO net>, YtJHTbIBaH napa3HTHYIO 

eMKOCTb MOHTa)!{HblX npOBOJlOB, H, TaKHM o6pa30M, COBOKynHaH BeJJH'"IHHa BXOJlHOH eMKO

CTH 6yiteT B paccMarpHsaeMOM npHMepe nopHitKa 11,5 net>. 

Jl.nH cpasHeHHSI: npHMeHeHHe rpHona ECC83 naeT cosoKynHyIO seJJHlJHHY BXOJlHOH 

eMKOCTH 115 net> - B 3TOM OTHOWeHHH npHMeHeHHe neHTO)la JJ.aeT B )leCHTb pa3 JJYLJWHH 

pe3yJJhTaT. nonseneM HTOr - no cpasHeHHIO c TpHOJlOM neHTOJl HMeeT 60JJbl1JHH K03cpcpH

l.l,HeHT ycHJJeHHSI, 60JJbl1JHH pa3Max BbIXOJlHOro HanpSI)!{eHHSI, 3H8'-IHTeJJbHO MeHblliYIO co

BOKYnHyIO BXOJlHYIO eMKOCTb. 

HraK, notJeMy )!{e B naMnOBbIX ycHJJHTeJJH 3ByKosol1 tJaCTOTbI nosbIWeHHoro KatJecTBa 

npennolJTHTeJJbHee HCnOJJb30BaTb TpHOJlbl, He>KeJJH neHTOJlbl, He CMOTPH Ha BbIWenepe

'"IHCJJeHHble npeHMymecTBa nocJJe)lHHX? BbIWe Mbl y>Ke o6pamaJJH BHHMaHHe lJHTaTeJJH Ha 

He6naronpHSITHOe pacnpeneneHHe rapMOHHK ( npHBOJlSlll.J,HX K HeJJHHeHHbIM HCKa>KeHHSIM) 

B BbIXOJlHOM cneKTpe ycHJJHTeJJH Ha neHTOJle. KpoMe 3Toro, cymecTByeT eme peaJJbHoe 

orpaHHlJeHHe )l.llH HCnOJJb30BaHHH MaJJOCHrHaJJbHblX neHTOJlOB H3-3a OTHOCHTeJJbHO 60JJb

woro ypoBHSI WYMOB B HHX. 

nosb111JeHHbIH yposeHb wyMos 3KpaHHposaHHhIX naMn, no cpasHeHHIO c rpHoitaMH, 

BbI3BaH ToKopacnpeneneHHeM Mem.ny aHOJlOM H 3KpaHHpy10mel1 ceTKOH. Ero seJJHlJHHa 3a

BHCHT OT COOTHOWeHHSI Me)!(JIY TOKOB 3THX 3JJeKTPOJlOB, a TaK>Ke OT KpyTH3Hbl JJaMnbl no 

TOKY 3KpaHHpy10mel1 ceTKH. Eme OJlHe>H HenpHHTHOH oco6eHHocTbIO 3Toro wyMa HBJJHeTcH 

TO, lJTO ero HHTeHCHBHOCTb pacTeT c yMeHbWeHHeM tJaCTOTbl ycHJJHBaeMoro CHrHaJJa. 

Cy6oeKTHBHO ycraHosneHo, tJTo 3TOT wyM socnpHHHMaercSI qenosetJeCKHM yxoM JlOBOJJb

Ho HeraTHBHO. 
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KacKOA (KOCKOAHOR cxeMa} 

CymecTByJOT H cneuHaJJbHO pa3pa6oTaHHbie ManoIJ:IyMHIUHe neHTO.ll.hI, HanpHMep, 

EF86, o6JJ8.ll.aJOIUHe 3Hal[HTeJJbHO MeHbUJHMH wyMaMH no cpasHeHHJO C.ll.PYrHMH neHTO.ll.a

MH. 0)1.HaKO, )l.a>Ke y TaKHX neHTOJl.OB, ypoBeHb WYMOB .ll.OCT8T0l[H0 BeJJHK no cpaBHeHHIO 

CTpHO)l.aMH. 

2.10. KacKon (KaCKOJtHOJI cxeMa) 

VITaK, npHMeHeHHe 3KpaHHpoBaHHbIX JJaMn ( neHTO.ll.OB) no3BOJJHeT csecTH Ha HeT npo6ne

MY spe.ll.HOro BJJHHHHH npoXO.ll.HOH eMKOCTH, O.ll.HaKo yxyJ1.waeT noKa3aTeJJH Kal[eCTBa ycH

JIHTeJIH no HeJIHHeHHb!M HCKa>KeHHflM H wyMaM. 3To npOTHBopel[He ycneUJHO pa3pewaeTCfl 

npHMeHeHHeM COCT8BHOH, TaK Ha3bIBaeMOH KaCKO.ll.HOH, cxeMbl, 06JJa)l.aJOIUeH npeHMYIUeCT

BOM neHTO.ll.OB, HO JJHUJeHHOH ero He)l.OCTaTKOB ( pHC. 2.16 ). 

~----~----<) + 285 v 

ov 

330n 

PHc. 2.16 KacKao (KacKoonaR cxeMa) 

KacKOJl.HaH cxeMa HMeeT 3Hal[HTeJibHOe CXOJl.CTBO c paccMoTpeHHhIM BbIUJe ycHJJHTeJieM 

Ha neHTO)l.e B pacnoJJO>KeHHH KOMnOHeHTOB (RI' R2' cl), l[TO no KOHcf>HrypauHH )l.a>Ke He

CKOJJbKO HanoMHHaeT uenb nHTaHHH 9KpaHHpy10meA ceTKH. B J1.eHCTBHTeJibHOCTH, KacKa.ll.

HaH cxeMa, KaK H naMna neHTO.ll. 06naJ1.aeT Ol[eHh 6oJJhUJHM BHYTpeHHHM conponrnneHHeM 

ra, npHMepHo paBHhIM ra HH>KHeif 9JJeKTpoHHOH naMnhI, YMHO>KeHHOe Ha (µ + 1) sepxHeH 

9JieKTpOHHOH JiaMnbI. 

PaccMoTpHM pa6ory KacKOJl.HOH cxeMhI. BepxHHH 9JJeKTpoHHaH naMna pa6orneT Ha 

o6hil[HYJO pe3HCTHBHYJO aHOJl.HYJO Harpy3KY RH, OJl.HaKo ynpasneHHe ( Mo.uynHposaHHe) 

BXOJl.HOro HanpH>KeHHH ceTKa-KaTO.ll. Ve• ocymecTBJIHeTcH He H3MeHeHHeM HanpH>Kemrn 

ynpaBJiflJOIUeH ceTKH npH cf>HKCHpoBaHHOM noTeH!.(HaJJe KaTO)l.a, a Hao6opoT: noTeH!.(H8JI 

ynpaBJiflJOIUeH ceTKH OCTaeTCfl HeH3MeHHblM ( OHa no nepeMeHHOMy TOKY coe)l.HHeHa c 3eM-
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OcHOBbl cxeMorexH1tK1t naMnoablx yc1tn1tTeneii 

JJeH KOH)l.eHCaTOpOM), a H3Mem1eTCfl HanpH>KeHHe Ha KaTO)l.e. nocKOJlbKy, ynpaBJJSllOW.afl 

ceTKa sepxHeH naMnhI aaaeMJJeHa no nepeMeHHOM)' TOK)', oHa BbinOJJHHeT ponh 9JJeKTpo

cTaTH'leCKoro 9KpaHa Me)K,lly KaTO)l.OM H aHO)l.OM sepxHeH JJaMnbl, aHaJIOrH'IHO TOMy, KaK 

9KpaHHPYIOW.afl ceTKa B neHTO)l.e flBJlfleTCfl 9KpaHOM Me)K,lly ynpaBJlflIOW.eH CeTKOH H aHO

)l.OM. TaKHM o6paaoM, npoxo)l.HaH eMKOCTh KaCKO)l.HOH cxeMbI, TO ecTh eMKOCTh Me)K,llyyn

pasnHIOW.eli ceTKOH HH>KHefl JJaMnbI,H aHO)l.OM sepxHeH JIBMnbl OK83bl8aeTCfl O'leHb MBJJOA, 

'ITO CBO)l.HT Ha HeT H 9cf>cf>eKT MHJJJJepa, a BHyTpeHHe conpOTHBJleHHe '· OKa3bIBaeTCfl 

60JJbllIHM. B KOHe'IHOM HTOre, 9JleKTpOCTaTH'leCKOe 9KpaHHposaHHe BXO)l.HOfi u.enH OT Bbl

XO)l.HOH, KaK B neHTO)l.e ( nyTeM aaaeMJJeHHfl no nepeMeHHOMY TOKy 9KpaHHPYIOW.eH ceTKH ), 

TaK H B KaCKO)l.HOH cxeMe ( nyTeM aaaeMJJeHHfl no nepeMeHHOMY TOKY ynpaBJJflIOW.eH ceTKH 

sepxHeH JJaMnbI), 3Ha'IHTeJJbHO yMeHblllaeT CTeneHb BJIHSIHHSI ynpaBJISIIOW.eH u.enH Ha Ha

npsi>KeHHe, na)l.aIOw.ero Ha BHO)l.HOfi HarpyaKe R11 • 

nocTOSIHHOe Hanpsi>KeHHe Ha ynpaBJJSIIOW.eH cerKe sepxHeH JJaMnbl npH nOMOW.H pe3H

CTHBHOrO )l.eJIHTeJISI Hanpsi>KeHHfl ycTaHaBJIHBaeTCSI TaKHM, 'IT06bl ee pa60lJaSI TO'!Ka Haxo

)l.HJIOCb Ha cepe)l.HHe JIHHeHHoro YlJaCTKa CTaTH'leCKHX xapaKTepHCTHK. 3To Hanpsi>KeHHe 

nOJJO>KHTeJlbHOe OTHOCHTeJlbHO 3eMJIH, O)l.HBKO, OTpHU.aTeJJbHOe OTHOCHTeJlbHO KaTO)l.a 

sepxHeH JJaMnbI, noTeHu.HaJI KOToporo Bblllle, He>KeJIH noTeHu.HaJJ ceTKH. 3TO 03Ha'!aer, 

'ITO TOK ynpaBJJHIOW.eH ceTKH sepxHeH naMnbI OTCyTCTByeT, B OT JJH'IHe OT TO Ka 9KpaHHpyIO

w.eli ceTKH neHTO)l.a, 'ITO CBO)l.HT Ha HeT H npo6JJeMy llIYMOB, B03HHKaIOW.HX aa C'leT TOKO

pacnpe)l.eJIHHSI B ne,HTO)l.e. HaKOHeu., OTMeTHM, 'ITO sepxHSISI JJaMna, B OTJIH'!He OT HH>KHeH, 

He SIBJIS!eTCSI cf>a30HHBepTHPYIOW.efl, nOCKOJlbKy no nepeMeHHOMY TOKY 3a3eMJJeH He KaTO)l., 

a ynpasnsiIOw.asi ceTKa. TaKyIO cxeMy BKJJIO'leHHS! Ha3bIBaIOT «0614aR cemKa», s OTJJH'!He 

OT paHee paCCMOTpeHHblX HaMH cxeM, Ha3blBaeMbIX «0614uu KamoiJ». 
lJTO >Ke KacaeTCfl HH>KHeH 9JleKTpOHHOH naMnhI, TO OHa pa6oTaeT KBK 06bI'IHblH KBCKB)l. 

Ha TPHO)l.e c 06W.HM KaTO)l.OM, O)l.HaKO, B OTJIH'!He OT paHee paCCMOTpeHHbIX cxeM, poJJb ee 

aHO.ll.HOH HarpyaKH BbmonHsieT u.enb KaTo,na sepxHeli naMnhl. TaK KaK )l.HHaMH'lecKoe co

npoTHBJJeHHe co CTOpOHbl KaTO)l.a sepxHeH JJaMnbl KaK npaBHJIO He60JJbllIOe, K09cf>cf>H

U.HeHT YCHJJeHHfl HH>KHeH 9JleKTpOHHOH JIBMnbI He60JlbllIOH, no 9TOH npH'IHHe ero eMKOCTb 

MHnnepa TaK>Ke 6y)l.eT HeaHa'IHTeJJbHOH. 

TaK KaK sepxHsisi naMna npe)l.CTaBJJHeT co6oli )l.JIH HH>KHeH naMnbI aHO.ll.HYIO HarpyaKy 

c HeBbICOKOH BeJIH'IHHOH conpOTHBJleHHSI, TO HH>KHSISI JJaMna He MO>KeT pa60TaTb c 60JJb

llIHM paaMaxoM BbIXO)l.HOro Hanpsi>KeHHSI. B npOTHBHOM CJJYlJae 9TO npHBe)l.eT K 3Ha'IHTeJJb

HbIM HeJJHHeHHbIM HCKa>KeHHHM. K C'laCThIO, OCHOBHOH BKJJa)l. s K09cf>cf>HU.HeHTa ycHJJeHHSI 

KBCKO)l.HOH cxeMbl o6ecne'IHBaeTCSI sepxHeH JJaMnOH, 'ITO B 3Ha'IHTeJlbHOH CTeneHH pellla-. 

eT 9TY npo6neMy. 

Ba>KHO OTMeTHTb, 'ITO B KBCKO)l.HOH cxeMe O'leHb >KeJJaTeJibHO npHMeHHTb cneu.HaJibHO 

paapa6oTaHHble HMeHHO )l.Jlfl TaKHX cxeM 9JleKTpOHHble JJaMnbl, a He CJIYlJBHHble. 3TO )l.BCT 

rapaHTHIO BbICOKHX noKa3aTeJJeH Ka'leCTBa cnpoeKTHposaHHoro YCHJIHTeJISI. npHMepaMH 

naMn )l.Jlfl KaCKO)l.HOH cxeMbI MOryT cny>KHTb co'leTBHHH cne.ZiyIOW.HX THnos: ECC88 H 6DJ8 
HJJH ECC88 H 6922 ( cepHsi naMn nOBbillleHHoro Ka'lecrsa ). 

06paTHMCSI Tenepb K npHMepy paapa60TKH KaCKO)l.HOH cxeMbl. 06bl'IHO, BeJIH'IHHa no

CTOflHHOro Hanpsi>KeHHSI Ha aHO)l.e HH>KHeH JIBMnbI Bbl6HpaeTCSI He 6onee O)l.HOH TpeTH H He 

MeHee O.ll.HOH 'leTBepTH OT o6w.eli semt'IHHbI BH, npHJIO>KeHHoro Me)K,lly aHO.ll.OM sepxHeli 

JiaMnbl H 3eMJJeH. nycTb Hanpsi>KeHHe aHO)l.HOro nHTaHHSI KBCKa)l.a BH paBHO 285 B, a Be-
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KacKOA (KaCKOAHOll cxeMa) 

JrnlfHHa nocTOHHHoro ttanpmKeHHH Ha atto,ZI.e HH>KHeH naMnhI cocrnsnHeT 75 B. Tor,ZI.a na
,ZI.eHHe noCTOHHHOro Hanpst>KeHHH Me»my KaTO,ZI.OM H aHO,Zl.OM sepxHeH naMnbl COCTaBHT 210 B 
·(pHC. 2.16 ). 

BenHlfHHhI aHO,ZI.HOH Harpy3KH H HanpH>KeHHH CMeUJ.eHHH Me»my ynpasnH10lli.eJ'.i ceTKOH H 
KaTO,Zl.OM sepxHeH naMnhI Bbl6HpaIOTCH 06bllfHblM Bb!WeonHCaHHblM cnoco6oM - npH no
MOUJ.H HarpyaolfHOH nHHHH (pHC. 2.17). B paccMaTpHsaeMOM npHMepe R11 = 100 KOM, 
Ve•= -2.5 B. PaaMax nepeMeHHoro HanpH>KeHHH Ha aHO,ZI.e npH 3TOM cocrnsnHeT v. = 76,5 B, 
lfTO ,ZI.aeT oco6eHHO nHHeHHyIO pa6oqy10 TOlfK}'. B 3TOM cnyqae aHO.D.HhIH TOK noKOH 6y,ZI.eT 
paseH 1,34 MA 

0 50 100 150 
Va(V) 

200 250 

PHc. 2 .17 Bbt6op pa6o'tet1 mo'lKU eepxneu aJteKmponnou JtaMnbl 
KllCKOOHOU cxeMbl 

300 

nocKOnbKY aHO,ZI. HH>KHeH 3neKTpOHHOH naMnhI, a, cne,ZI.OBaTenhHO, H KaTO,Zl. aepxHeH 
naMnhI, Haxo,ZI.HTCH no,ZI. nono>KHTenhHhIM noTeHI.J.HanoM B 75 B, a Ha ynpasnHIOUJ.eH ceTKe 
sepxHeH 3neKTpOHHOH naMnhI Tpe6yeTCH o6ecnelfHTh HanpH>KeHHe cMeUJ.eHHH Ve• -2,5 B 
OTHOCHTenbHO KaTO,ZI.a, 3TO 03HalfaeT, lfTO Ha ynpaBnH10wy10 ceTKY BepxHeH 3neKTpOHHOH 
naMnhl Tpe6yeTCH no,ZI.aTh nocTOHHHOe ttanpH>KeHHe 72,5 B OTHOCHTenhHO o6w.ero nposo
,ZI.a (aeMnH). nocKonhKY qepea ceTKY sepxHeH 3neKTpOHHOH naMnbl TOK He TelfeT (s cHny 
TOrO, lfTO ee noTeHJJ.Han OTHOCHTenhHO KaTO,ZI.a OTPHJJ.aTenhHbIH), He06XO,ZI.HMOe nOCTOHH
HOe HanpH>KeHHe Ha HeH OTHOCHTenbHO 3eMnH ycrnfiasnHBaeTCH ,ZI.enHTeneM HanpH>KeHHH, 
H nonHOCThIO onpe,ZI.enHeT pe>KHM sepxHero KacKa,ZI.a, BKnIOlfeHHoro no cxeMe c o6w.eH ceT
KOH. npH paClfeTe ConpOTHBneHHH pe3HCTOpOB 3TOfO,ZI.enHTenH HY>KHO 6bITb OlfeHb BHHMa
TenbHblM, lfT06bl He npeBbICHTh MaKCHManbHO ,ZI.onycTHMOe conpOTHBneHHe YTet.tKH CeTKH 
aepxHeH 3neKTpOHHOH naMnbI, 'KOTopoe .ll.JIH E88CC/6922 paaHo l MOM. B paccMaTpH
saeMOM npHMepe o6m.ee conpoTHBneHHe cxeMbI ,ZI.enHTenH HanpH>KeHHH paBHO 560 KOM, 
lfTOyKna,ZI.bIBaeTCH BJI.OnycTHMble npe,ZI.enbl. npH pact.teTe,ZI.enHTenH, paayMeeTCH, npe,ZI.nO
naranOCb, lfTO BHYTpeHHe conpoTHBneHHe HCTOlfHHKa nHTaHHH nocTOHHHoro TOKa BH pas-
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OcHOBbl cxeMorexHHKH naMnOBblX yc11n11renei4 

HO HYJIIO. BeJIH'rnHa 6JIOKHposo•rnoro KOH.ZI.eHcaTOpa, o6ecne'IHBaIOw.ero aaaeMJieHHe yn

paBJiflIOW.efl ceTKH sepxHefl naMnbI no nepeMeHHOMY TOKY, pacc'IHTbrnaeTCfl TaK>Ke, KaK H 

JVlfl paccMOTpeHHOrO Bblllle npHMepa c neHTO.ZI.OM ( c yqeTOM o6w.ero conpOTHBJieHHfl .ZI.eJIH. 

TeJIH HanpHmeHHH) H no TOMY me KpHTepHIO: 'laCTOTa cpeaa RC u.enH .ZI.OJimHa cocTaBJIHTb 

1 flJ.. no peayJibTaTaM paC'leTa HaM HymeH KOH.ZI.eHCaTOp 0,33 MK<l>, 'ITO 3Ha'IHTeJibHO 

MeHbllle no cpaeHeHHIO c KOH.ZI.eHCaTOpOM 3,3 MK<l> J],Jlfl 6JIOKHpOBKH 3Kpam1pyI01UeR ceTKH 

neHTO.ZI.a EF86 s npe.ZI.bIJIYW.eM npHMepe. 

npH paC'leTe pemHMa HHmHeft JiaMnbI 6y.ZI.eTy.ZI.06Hee BOCnOJib30Ba1bCfl He BblXOJI.HblMH 

(aHO.ZI.HblMH) CTaTH'leCKHMH xapaKTepHCTHKaMH JiaMnbI, a npoXOJI.HblMH (aHO.ZI.HO·CeTO'IHbl· 

MH), noKa3blBalOW.HMH 38BHCHMOCTb aHOJI.HOrO TOKa OT HanpHmeHHH Ha ynpaBJIHIOW.eH 

CeTKe npH <f>HKCHpOBaHHOM aHO.ZI.HOM HanpSimeHHH (no.ZI.p06Hee CM. rnasy 1 ). npoXO.ll.Hbie 

xapaKTepHCTHKH paccMaTpHsaeMOH JiaMn,bl npHBe.ZI.eHbl Ha pHC. 2.18. 

25 

20 

15 

10 

5 

0 
-3 -2 -1 

Vgk(V) 
0 

PHc. 2.18 Cemo11,Ho-aHodHble xapaKmepucmuKu mpuoaa 

Bbillle Mbl C.ZI.eJiaJIH BblBO.ll. 0 TOM, 'ITO TOK ynpaBJIHIOW.efl ceTKH sepxHeH JiaMnbl OT· 

cyrcTByeT. ::ho aHa'IHT, 'ITO ee TOK aHo.ZI.a paseH TOKY KaToJI.a. B TO me speMH, rJIH.ZI.fl Ha 

cxeMY, O'leBH.ZI.HO, 'ITO TOK KaTo.ZI.B sepxHefl naMnbI paseH TOKY aHO.ZI.a HHmHeii naMnb1. Ta

KHM o6pa30M, TOKH aHO.ll.OB o6eHX JiaMn paBHbl. Bbillle Mbl 3a.ZI.aJIHCb.3HatfeHHeM nocTOflH· 

Horo HanpHmeHHH Ha aHo.ZI.e HHmHefl J{aMnbI paBHbIM 75 B. Tenepb Ha ceMeflcTse npoxo.ZI.· 

HbIX xapaKTepHCTHK JiaMnbI (CM. pHC. 2.18) HaXOJI.HM ( HJIH .ZI.OCTpaHBaeM .ZI.OnOJIHHTeJibHO) 

CTaTH'leCKYIO xapaKTepHCTHKY, CHHTYIO npH <f>HKCHposaHHOM aHO.ll.HOM HanpHmeHHH, pas

HblM 75 B, H HaXO.ZI.HM Ha Heft TO'IKY, COOTBeTCTBYIOlll.YIO HaH.ZI.eHHOH Bblllle BeJIH'IHHe aHO.ll.· 
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KacKOA (KaCKOAHOR cxeMa) 

HOfO TO Ka ( o.n.1rnaKOBOH ,ll.JIH o6eHx JJaMn) paBHOH /d = 1,34 MA ( TOKH BepxHero If Hlf)l<Hero 

aHO.ll.OB paBHbI). Hati.n.eHHaH TOl.!Ka H ecTb pa6ol!aH TOl.!Ka HH)KHeti 3JJeKTpOHHOH JiaMnb1, 

COOTBeTCTBYIOUJ.aH (no OH )Ke CTaTHl!eCKOH xapaKTepHCTHKe) HanpH)KeHHIO Ha ynpaBJJHIO

meti ceTKe Ve• oKono 2,6 B. Tenepb Ha ceMeticrne aHO.ll.HbIX cTarnlleCKHX xapaKTepHCTHK 

HaXO.ll.HM TOl.!Ky, cooTBeTCTBYIOUJ.YIO aHO.ll.HOMy HanpH)KeHHIO v. = 75 B H aHO.ll.HOMY TOKY 

1. = 1,34 MA. '-Iepe3 HaH,D,eHHYIO TOllKY 6y.n.eT noXO,ll.HTb aHO,D,HaH xapa1frepHCTHKa, COOT

BeTCTBYIOUJ.aH HanpH)KeHHIO Ha ynpaBJJHIOUJ.eii ceTKe paBHOMY Ve•= 2,4 B. HecoBna.n.eHHe 

HaH.n.eHHblX rpacpHl!eCKH HanpH)KeHHH CMelll,eHHH o6bHCHHeTCH npocTO: rpacpHlleCKHH Me

TO,ll. pac'leTa npe.n.nonaraeT JJHHeHHOCTb pa6olleii o6nacrn CTarnl!eCKHX xapaKTepHCTHK, 

OJJ.HaKo, 3Ta He60JJbWaH norpewHOCTb BnonHe .n.onycTHMa. Ha npaKTHKe .n.ocTaTO'lHO JJHWb 

ycpe.n.HHTb Haii.n.eHHbie 3Hal!eHHH: TaKHM o6pa30M, Ve•= 2,5 B. Tenepb MO)KHO paccMOT

peHHbIM B npe,!1.bIJIYlll,HX npHMepax cnoco60M nO,ll.C'lHTaTb He06XO,ll.HMYIO BeJJH'lHHY pe3HCTO

pa KaTO,ll.HOro aBTOCMelll,eHHH ,ll.JIH Hlf)KHeA JJaMnbI. no pe3yJJbTaTaM paclJeTa R. = 1,8 KOM. 

CTOCKOJJbKY KaCKO,ll.HaH CXeMa C0,!1.ep)KHT HH>KHIOIO JJaMny, BKJJIO'leHHYIO C 06lll,HM KaTO

)l.OM, If BepXHIOIO JJaMny, BKJJIOl!eHHYIO c o6meti ceTKOH, TO TaKOH KaCKa,ll. HBJJHeTCH HHBep

THPYIOUJ.HM, KaK H O.ll.HHOl!HbIH KacKa.n. Ha TpHo.n.e HJJH neHTO.n.e c o6UJ.HM KaTO,ll.OM. 06bHC

HHeTCH 3TO npocTO - Hlf)KHHH JJaMna c 06W.HM KaTO,ll.OM HHBeprnpyeT ycHJJHBaeMbIH CHrHaJJ, 

a BepXHHH c o6w.eli CeTKOH - HeT. 

Ko3cpcpHU.HeHT ycHJJeHHH KaCKO,ll.HOH cxeMbI MO)KHO pacc'lHTaTb no cne.n.yIOUJ.eH cpopMy

Jie (HH,!1.eKCbl « l » COOTBeTCTBYIOT Hlf)KHeH 3JJeKTpOHHOH JJaMne, a HH,ll.eKCbl «2» - BepxHeH 

3JieKTpOHHOH JJaMne). Pa3yMeeTCH, paclleT Be,ll.eTCH B npe.n.noJJO>KeHHH paBHblX TOKOB 8HO

)l.OB JJaMn. 

HTaK, Heo6xo.n.HMo Haiirn KPYTH3HY gm HH>KHeii 3JJeKTpoHHOH naMnb1. 3TO nerKo .n.e

JiaeTCH, HCnOJlb3YH npOXO,ll.Hbie xapaKTepHCTHKH JlaMnbI, H3MepemreM yrna H8KJIOHa B pa-

6o'leH TOl.!Ke, HanpHMep, MeTO.ll.OM npHpameHHA ( no.n.po6Hee CM. ma By l ). 

gm= Ma = 8•35 =2,7 MA/B. 
AV. 3,08 

TaK*e Heo6xo.n.HMO ttatirn CTaTH'leCKoe BHYTpeHHe conpo'rHBJleHHe ra BepxHeti naMnbl 

( no.n.po6Hee o rpacpHl!eCKOH MeTO,ll.HKe ero onpe.n.eneHHH CM. rnaBy l ), HO 3TO He TaK nerKo, 

TaK K8K OTCYTCTByeT Heo6XO,ll.HM8H CTaTHl!eCKaH xapaKTepHCTHKa, COOTBeTCTBYIOUJ.aH 

Ve = -2,5V. 3.n.ecb B03MO)KHO ,!I.Ba BapHaHTa: JIH6o .n.ocTpOHTb HY>KHYIO CTaTH'leCKYIO xa

paKTepHcrney, BOCnOJlb30B8BlllHCb CeMe,HCTBOM npOXO,ll.HblX xapaKTepHCTHK, JJH60 HHTep

nonHpOB8Tb no coce.n.HHM xap,aKTepHCTHKaM. Bocnonb3yeMcH BTOpbIM cnoco6oM, B3HB 

CT8THl!eCKHe xapaKTepHCTHKH no o6e CTOpOHbl OT pa6ol!eH TO'-IKH (TeM 6onee, l!TO B pac

CMaTpHBaeMOM npHMepe OHH CHMMeTpHl!Hbl OTHOCHTeJJbHO Hee). HrnK, 6epeM ,!I.Be xapaK

Te'pHCTHKH, COOTBeTCTBYIOUJ.He Ve= -2V If Ve = -3V (pHC. 2.19). 
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PHc. 2. l 9 HaxoJtCiJenue ra OAR iJeyx ana11,enuii v. 

fa(Vc __ 2V) = 5,5 KOM, 

200 

'.i1.vc--JVJ = 6,45 KOM. 

250 300 

CJie,ZI.OBaTeJibHO, MO)f(HO ct.tHTBTh, t.tTo npH Ve = 2,5 B, '• = 6 KOM. HaKOHeU., rpacjmt.te

CKOe HBXO>l<,ll.eHHe CTaTHt.tecKoro BH}'TpeHHero K03cp<f>Hu.HeHTa ycHJieHHH M ( no,ZI.po6Hee CM. 

rJiaBy 1) B pa6ot.teH TOt.tKe o6eHX 3JieKTpOHHblX JiaMn ,ZI.aeT O,ZI.HHBKOBOe 3HB'IeHHe: µ = 32,5. 
no,ZI.CTBBHB BCe 3TH 3Hat.teHHH B cpopMyJiy, HaH,ZI.eM K03cpcpHI.~HeHT YCHJieHHH KBCKO,ZI.HOH 

cxeMbI paBHhIH 214. 11Hor.na pact.teT ee.nyr no CHJibHO ynpow,eHHOH <f>OPMYJie Av= gm l x R,,, 
B pe3yJibTaTe qero 6y,ZI.eM HMeTb K03<f><f>Hu.HeHTYCHJieHHH paBHbIH 270, KOTOpbIH 38BbIWeH 

Ha 2 .D.6 no cpaeHeHHJO c pac1.JeTOM no TOt.tHOH cpopMyJie. TeM He MeHee, npH6JIH)f(eHHbIH 

pact.teT 6brnaeT noJIC3Ha, - B Ka'IeCTBe npe,ZI.BapHTeJibHOH ou.eHKH K03cpcpHU.HeHTa yCHne

HHH Ha npHeMJieMOCTb. 

Tenepb MO)f(HO no,ZI.C'IHTaTb K03cpcpHU.HeHTbl yc1rneHHH HH)f(HeH H BepxHeH JiaMn B OT

,ZI.eJibHOCTH. 3TO no3BOJifleT HaHTH pa3Max aHO,ZI.Horo HanpmKeHHH Ha HH)f(HeH JiaMne, '!TO 

no3BOJIHT ou.eHHTb JIHHeHHOCTb ( 06bl'IHblM cnoco60M no CTaTH'IeCKHM xapaKTepHCTHKaM) 

H eMKOCTb MHJIJiepa. Ko3<f>cpHU.HeHT ycHJieHHH eepxtteA naMnb1 nerKo onpe,ZI.enHeTCH no 

Harpy3ot.tHOH JIHHHH (KaK H B npe,ZI.bI.n;)'W.HX np11Mepax). B pe3yJihT8Te nonyqaeM K03cp<f>H

U.HeHT yc11neHHH 30. Ko3cpcpHU.HeHT ycHJieHHH HH)f(Hefi JiaMnhI B TaKoM cnyqae (Hcxo,ZI.H H3 

o6w.ero K03<f>cpHu.HeHTa ycHJieHHH H K03cpcpHU.HeHTa ycHJieHHH BepxHeH JiaMnbl) ,ZI.OJI)f(eH 

6hITb paBeH 7' l. Tenepb Bbl'IHCJIHM eMKOCTb MHJIJiepa ,ZI.Jlfl HH>KHeH JiaMnbI: npoxo,ZI.Hafl 

eMKOCTb JiaMnhI THna E88CC paBHa c.c = 1,4 net>, TaKHM o6pa30M, eMKOCTb MHJIJiepa: 

CMHJUlepa = (7, l + l) x 1,4 net>= 11,3 net>. 

TaK KaK 3Ta BeJIH'IHHa He6oJibWaH, TO HY*HoyqecTb H napa3HTHbie eMKOCTH - 3,3 net> -

BXOJJ.Hafl eMKOCTb JiaMnbI, H OpHeHTHpOBO'IHO 3 net> BHeWHHe ( MOHTa)f(Hble) napa3HTHbie eM-
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KacKOA (KaCKOAHDll cxeMa) 

Kocrn, 1no .n.aeT o6mee 3Hal!eHHe 18 net>. 3TO He TaK xopowo, KaK B c.rryqae npHMeHeHHH 

neHTO.ll.a, KOTOpblH Mbl paccMaTpHBa.TIH paHee, HO eCJIH 6bI KaCKM Ha neHTO)l.e MOr 6bI pa6o

TaTb npH TaKOH )!{e aHO.ll.HOH Harpy3Ke B l 00 KOM, TO ero K03cpqmu.HeHT ycH.rreHHH H eMKOCTb 

MH.rr.rrepa 6bIJIH 6b1 npHMepHo s.n.aoe 60.rrbrue, 'ITO .n.acT COH3MepHMbIH pe3y.rrbTaT. )la H npH 

JII060M pacKJia.n.e KaCKO)l.HaH cxeMa JIHllieHa OCHOBHbIX He)l.OCTaTKOB ycHJIHTe.rreH Ha neHTO)l.aX. 

Be.rrH'lHHbI pe3HCTOpa KaTo.n.Horo aBTOCMemeHiu1 HH:>KHeH JJaMnhI H ero pa3BH3bIBalO

mero KOH)l.eHcarnpa Bbll!HCJIHIOTCH 06bI'lHblM ,ll,lIH TpHo.n.a cnoco6oM (CM. Bblllie ). 

Bbillie Y*e o6pama.rrOCb BHHMaHHe Ha TO, 'ITO HH)!{HHH JJana pa6oTaeT c He60JiblliHM K0-

3cpcpHU,HeHTOM ycH.rreHHH npH Ma.TIOM pa3Maxe aHO)l.HOro HanpH)!{eHHH, 'ITO HeraTHBHO CKa-

3bIBaeTCH Ha JIHHeHHOCTH KaCKa.n.a. HcnpaBHTh 3TY cHryaU.HJO MO)!{HO nYTeM yseJJH'leHHH 

aHO.ll.HOro TOKa HH)l{HeH JiaMnhI, 'ITO .rrerKO o6ecnel!HBaeTCH, nYTeM BKJIIO'leHHH Me»<.ay ee 

aHo.n.oM H HCTO'lHHKOM aHO.ll.Horo nHTaHHH BH .n.ono.rrHHTe.TibHOro pe3HCTopa (pHc. 2.20). Pa-

3yMeeTcH, B 3TOM cJJyqae, aHO.ll.Hbie TOKH HH)!{HeH H sepxHeH JJaMn nepecTaJOT 6bITb paBHbI

MH, KaK 3TO 6bIJIO B npe.n.wiymeM npHMepe. 

R 

Vout 

r~~~~~~~~~~~~~~~~~~~1ov 

P11c. 2.20 Yae1tu'lenue 1. HU:JtCHeii a1teKmponnoii 1taMnbt B KacKaiJe 

KaK KpaHHHH npHMep - MO)!{eT noHa.n.o6HThCH KacKO.ll. c MaJJbIMH rnyMaMH H HH3KHM 

HCKa)!{eHHeM. l1cnoJib3yeM noJJOBHHY C)l.BOeHHOfO TpHo.n.a 6SN7 KaK BepXHIOIO 3.TieKTpOH

HYIO .rraMny, TaKHM o6pa30M MO)!{HO ycrnHOBHTh TOK aHo.n.a paBHbIH 8 MA (npH 3TOM ToKe 

xopowaH JIHHeHHOCTb ). TeM He Me Hee, ec.rrH HH)!{HHH 3.TieKTpOHHaH .rraMna 6y.n.eT coe.n.HHeH

HhIH no cxeMe TpHo.n.a neHTO.ll. E8 l, nponycKaJOmHH 45 MA, TO noTpe6y10TcH .n.ono.rrHHTeJib

Hbie 37 MA. Ec.rrH v. = l 00 B .ll.JIH E8 l OF H BH = 400 B, rn: 

R = ~ = 400-100 8 l 0 , K M. 
I 37 
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Bee cxeMbI, KOTOpbie 8KJIJ01.Ja10T 0 ce6si pa601.JHe KaTO.ll.bl npH Hanpsi>KeHHH 3HalJHTeJibHO 

8blllle HyJie0oro HMeJOT npo6JieMbl H3-3a TOK08 YTelJKH HHTH HaKaJia/KaTO.ll.a H MaKCHMaJib

HOe JJ.OnycrnMoe HanpH>KeHHe Me>l<JlY HHTb!O HaKaJia H KaTO.ll.OM v,,. (CM. rna0y 3 ). 3TO He 

peJJ.KOCTb, lJTO KaTO.lJ. JiaMnbI He lllyHrnpyeTCH H, CJie.ll.08aTeJibHO, HMeeT Ha ce6e HanpH>Ke

HHe CHrHaJia. EcJIH, KaK 0 KaCKOJJ.e, K03cpqmu.HeHT ycHJieHHH KaToJJ.a 0epxHeii 3JieKTpOHHOii 

JiaMnbl HH3KHH, H Mbl HCnOJib3yeM npH6op, noTOMY lJTO y Hero xopolllaH lllYM08aH xapaKTe

pHCTHKa, TO 0epoHTHO, lJTO Hanpsi>KeHHe CHrHaJia Ha 3TOM KaTOJJ.e OlJeHb He60JiblllOe, 803-

MO>KHO TOJibKO HeCKOJibKO MHJIJIH80JlbT. TOKH YTelJKH '!epe3 H30JIHU.HIO HHTH HaKaJia/KaTOJJ.a 

CTaH08HTbCH 6oJibllle npH no0blweHHH ~"'' TaKHM o6pa30M, KOM6HHaU.HH ~ •• = 75 B co CJia-

6blM HanpH>KeHHeM-cHrnaJia, 03Ha1.JaeT, '!TO 8JIHHHHe MO>KeT 6h1Tb 3Ha'IHTeJihHO. A0rnp O.ll.

Ha>K.ll.bI CJJ.eJiaJI cxeMy, HCnOJib3YH 3JieKTpOHHbie JiaMnbI, KOTOpble 6bIJIH paCClJHTaHbl Ha 

~•K(M••cJ = 150 B. 3JieKTpOHHble JiaMnhI pa6oTaJIH npH ~ •• = 120 B H HMeJIH HH3KO'laCTOT

HblH lllYM, KOTOpblH ycTpaHHJICH TOJibKO nOJJ.KJIJOlJeHHeM COOT8eTCT8YIOW.HX HHTeii HaKaJia K 

HCTO'IHHKY nHTaHHH 150 B nocTOHHHOro TOKa. HMeeTCH nOHHTHOe He>KeJiaHHe JJ.eJiaTb 3TO, 

nOTOMY 1.JTO 3TO 03Ha1.JaeT' lJTO Heo6XO.ll.HMbl JJ.8a HJIH 6oJiee HCTOlJHHKa nHTaHHH HHTeii HaKa

Jia, 0.ll.HH nOJJ.KJIJOl.JeH K 3eMJie, KaK o6bllJHO, a JJ.pyroii nOJJ.KJilO'leH K 8blCOKOMy HanpH>KeHHIO. 

Mbl 0epHeMCH K 3TOii npaKTH'lecKoii npo6JieMe no3>Ke. 

2.11. KaTOAHblM noeropurenb 

CxeMbl, KOTOpble Mbl paccMaTpH8aJIH .ll.0 CHX nop, KacaJIHCb HCKJIIOl.JHTeJibHO ycHJieHHH no 

HanpmKeHHIO. YIHOrJJ.a He06XO.lJ.HM 6y¢epHblU KacKaJJ., KOTOpblH o6ecne'IH8aeT 8blCOKOe 

8XO.ll.HOe H HH3Koe 8bIXOJJ.HOe conpoTH8JieHHe. KaTOJJ.HblH no0rnpHTeJib HMeeT K03cpcpH

U.HeHT ycHJieHHH no Hanpsi>KeHHJO HeMHoro MeHbllle eJJ.HHHU.bI ( 1 ) H 3Ha1.JHTeJibHblH K03cp

cpHU.HeHT ycHJieHHH no rney. Y Hero HH3Koe 8blXO.ll.HOe conporn0JieHHe, o6hl'IHO < 1 KOM, 

0b1c0Koe 8XO.ll.HOe conpoTH8JieHHe (HanpHMep, = 500 MOM 0 JiaMn08bIX MHKpocpoHHblX 

ycHJIHTeJIHX). KpoMe Toro, 0 OTJIH'!He OT ycHJIHTeJibHoro KacKaJJ.a no cxeMe c o6W.HM KaTO

.ll.OM (pacCMOTpeHHbIH paHee pe3HCTOpHblH ycHJIHTeJib), rJJ.e 8blXO.lJ.HOe HanpH>KeHHe npo

TH80cpa3HO 8XO.ll.HOMY, KaTO.ll.HbIH no0TOpHTeJib He HH8epTHpyeT' TO eCTb 3aKOH H3MeHeHHfl 

8blXO.ll.HOro HanpH>KeHHH no0TOpHeT 3aKOH H3MeHeHHH 8XOJJ.HOrO c TOl.JHOCTb!O .ll.0 cpa3bl. 

0TCIO.ll.a H Ha38aHHe « no0TOpHTeJib»' TOrJJ.a KaK, ycHJIHTeJibHblH KacKaJJ. no cxeMe c 06W.HM 

KaTO.ll.OM .lJ.080JibHO lJaCTO Ha3bl8a!OT «HH8epTOpOM». 

Ha'!HeM paccMOTpeHHe KaTO.ll.HbIX no0TOpHTeJieii c npocTeiillleii cxeMbI c cpHKCHpo0aH

HblM CMell.l,eHHeM, npH8eJJ.eHHOH Ha pHC. 2.21. f JIH.ll.ff Ha 3TY cxeMy. HeTPY.ll.HO 3aMeTHTb, lJTO 

3.ll.eCb H3MeHHJIOCb noJIO>KeHHe Harpy30lJHOro pe3HCTOpa (OH Tenepb ycTaH08JieH He 

8 aHO.ll.HYIO u.enb, a 8 KaTO.lJ.HYIO ), TaKHM o6pa30M, lJT06bI 8blXO.ll.HOH CHrHaJI CHHMaJICH Me>K

llY KaTO.lJ.OM H o6W.HM np080JJ.OM. 0JJ.HaKO. pa6oTa TaKoro KacKaJJ.a MO>KeT 6bITb paCCMOTpe

Ha TaKHM >Ke o6pa30M KaK H paHee, HCnOJib3YH Harpy30lJHble JIHHHH (pHC. 2.22). 
HTaK, nycTb Harpy301.JHOe conpoTHBJieHHe 8b16paHo pa8HbIM R,, = 100 KOM. Ha 

pHc. 2.22 8bllJepqeHa COOT8eTCT8YIOl.UJ'IO 3TOMY conpOTH8JieHHIO Harpy30lJHaH JIHHHH. 

8h16epeM 0eJIH1.JHHY ceTO'!Horo HanpH>KeHHH CMew.eHHH Ve= -2,5 8, a TaK>Ke 0eJIH1.JHHY 

nOCTOJIHHOfO HanpH>KeHHH Me>l<JlY KaTO.ll.OM H aHO.ll.OM JiaMnbI v. = -81 8, noJiyqaff MaK-
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KaroAHblii noaropMrenb 

CHM8JlbHYIO JIHHeHHOCTb B o6JiaCTH pa6o4eH T04KH. B 9TOM CJiy4ae KaTO.D. OTHOCHTeJibHO 

o6mero npOBO,Zl.a HaXO,Zl.HTCH no,Zl. HanpH>KeHHeM v •. onpe,Zl.eJIHeMbIM pa3HOCTblO Me>K.D.Y 

HanpH>KeHHeM HCT04HHKa nHTaHHH BH (285 B) 11 HanpH>KeHHeM Me>K.D.y aHO.D.OM H KaTo

.D.OM v.: v. = 285 B - 81 B = 204 B. B 9TOM CJIY4ae, .Zl.JIH oro, 4T06bI o6ecne4HTb Me>K.D.Y 

ceTKOH H KaTO.ll.OM Heo6XO.D.HMOe HanpSI>KeHHe cMell.leHHSI Ve• = -2,5 B. K ceTKe .D.OJI>KHO 

6blTb npHJIO>KeHO HanpS1>1<em1e OT BHeurnero HCT04HHKa CMemeHHH paBHOe 201,5 B. 3TO 
HanpSI>KeHHe o6ecne4HBaeTCH .D.eJJHTeJieM HanpH>KeHHH R 1, R2 3a clieT o6mero HCT04HH

Ka nHTaHHH BH. 

E88CC 

PHc. 2.21 KamooHbttl noemopumeAb c<jJwccupoeaHHblM 
HanpR31CeHUe.M C.MetJteHUR 

0 50 , 100 150 

Va(V) 

200 

PHc. 2.22 Pa6o'laR mo'ltca tcamoonoeo noemopumeAR 
c </JutccupoeaHHblM nanpR:J1Cenue.M c.MetJteHUR 

250 300 
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06paTHM BHHMaHHe, '!TO KaTO.ZI.Haff u.enb, BKJIJO'laff Harpy30'IHblH pe3HCTOp. ffBJiffeTCff 

o6w.eli KaK JI.Jiff nYTH npoTeKaHHff BXO.ZI.HOro ( ceTO'IHOro) TOKa. TaK H BbIXOJJ.HOrO ( aHOJJ.HO

ro ). Bonee Toro, OT BeJIH'IHRbl BblXOJJ.HOro ( aHO.ZI.HOrO) TOKa 3aBHCHT Hanpff>KeHHe, nMalO

w.ee Ha KaTO.ZI.HOM peaHcTope, a 3Ha'IHT H Hanpff>KeHHe V0• Me>KJlY ceTKOH H KaTO.ZI.OM (no

CKOJibKY noTeHU.HaJI ceTKH OTHOCHTeJibHO aHo.n.a O.ZI.H03Ha'IHO onpe.ZI.eJiffeTCff pe3HCTHBHblM 

.ZI.eJIHTeJieM). DoTeHl.1,HaJI >Ke KaTO.n.a OTHOCHTeJJbHO 3eMJIH TeM Bblllle, 'leM 60Jibllle aHOJJ.

HbIH TOK. PocT noTeHu.HaJia KaTo.n.a npHBO.ZI.HT K 3anHpaHHIO JiaMnhl H yMeHbllleHHIO Ko:><P

<PHu.HeHTa ycHJJeHHff, aHaJiorH'IHO cJiyqaJO KaTO.ZI.Horo aaTocMemeHHff a pe3HCTOpHOM 

KaCKa.ZI.e c o6UI,HM, paCCMOTpeHHOMY Bb!llle. TaKHM o6pa30M, Mbl CHOBa HMeeM .ZI.eJIO c OT

pHu.aTeJJbHOH o6paTffloli CBff3blO no TOKY. OJJ.HaKo, ecJIH B pe3HCTOpHoM KaCK8JJ.e c o6w.HM 

KaTO.ZI.OM (nYTeM lllYHTHpOBaHHff KaTOJl.HOro pe3HCTOpa 6JIOKHpOBO'IHblM KOH.ZI.eHCaTOpOM ) 

Mb! pa3pbIBaJIH o6parnyJO CBff3b no nepeMeHHOMY TOKY, OCTaBJiffff ee JIHlllb no nocTOffHHO

My, TO B cnyqae KaTOJJ.HOro noBTOpHTeJiff, Ha KaTO.ZI.HOM pe3HCTOpe nMaeT noJJe3HOe Bbl

XO.ZI.HOe Hanpff>KeHHe; 3aKopa'IHBaTb KOTOpoe eMKOCTblO HH B KOeM CJiyqae He.ZI.onycTHMO. 

TaKHM ~6pa30M, KaTOJJ.HbIH noBTOPHTeJib ffBJJffeTCff ycHJIHTeJibHbIM KaCK8Ji.OM, oxaa"!eHHOM 

100% OTPHU.aTeJibHOH o6paTHOH CBff3bJO no TOKY. TaK>Ke TaKYJO cxeMy BKJIJO"leHHff JiaMnbI 

qacTo Ha3bIBaJOT cxeMoli c o6UI,HM aHOJJ.OM, KOTOpbIH no nepeMeHHOMY TOKY coe.ZI.HHeH 

c o6W.HM npoBO.ZI.OM qepe3 Hyneaoe BHYTpeHHee conpoTHBJieHHe HCTO'IHHKa nHTaHHff BH. 

)lnff Toro, 'IT06bl HaHTH KO:>cp<PHu.HeHT YCHJieHHff KaCKa.ZI.a c o6paTHOH CBff3b!O, K8KO

BbIM H ffBJiffeTCff KaTOJJ.HblH nOBTOpHTeJib, BOCnOJib3yeMCff (KaK H B npe.ZI.b!.ZI.YW.HX npH

Mepax) o6bI'IHOH MeTO)J.HKOH ou.eHKH Ko:><P<PHU.HeHTa ycHJieHHff H3 Harpy30'IHOH JIHHHH 

(6e3 yqern o6paTHOH CBff3H OH nonyqaeTCff paBHbIM Av= 28,5), H ripHMeHHM ypaaHeHHe 

o6paTHOH CBff3H: 

A = Ao 
or l+J3·Ao 

OoKOJlbKY HMeeTCff 100% o6paTHaff CBff3b, p = 1 H pe3yJibTHPY!Oll.lHH Ko:><P<PHU.HeHT 

ycHJieHHff no Hanpff>KeHHIO B HallJeM npHMepe CTaHOBHTCff paBHbIM 28,5/29,5 = 0,97. 
MbI paccMaTpHBaJIH paHee (npHMeHHTeJibHO K pe3HCTOpHOMY KacKa.ny c o6w.HM KaTO

.ZI.OM), '!To :>KBHBaJieHTHoe conpoTHBJieHHe KaTO.ZI.HOH u.enH no nepeMeHHOMy TOKY onpe.ZI.e

JiffJIOCb CJie.nyJOUI,HM COOTHOllleHHeM: 

R11 +r. r.=---. 
µ+l 

3.ZI.ecb no.ZI. R11 noHHMaeTCff pe3HCTop, BKJIJO'!aeMblH Me>KJlY aHO.ZI.OM JiaMnbI H HCTO'IHH

KOM nHTaHHff BH. Ho JI.Jiff KaTO.ZI.HOro noaTOpHTeJiff, R11 Me>KJlY aHO.ZI.OM H BH = 0, TaKHM 

o6pa3oM, :>To ypaaHeHHe CBO.ZI.HTCff K 6onee npocTOMY: r. = I/gm. J.fa aHo.ZI.HbIX xapaKTe

pHCTHK JiaMnb1 MO>KHO rpa<PH"leCKH onpe.ZI.eJIHTb, '!TO KPYTH3Ha gm == 5 MA/B - :>To ,Zl.aeT 

BbIXO.ZI.Hoe conpoTHBJieHHe paaHoe == 200 OM. 3TO He oco6o TO"IHOe BbI'IHCJieHHe, no

CKOJibKY rpa<PH'leCKHH MeTO.ZI. onpe.ZI.eJieHHff KPYTH3HbI gm 06J1a,Zl.aer 3Ha'IHTeJibHOH no

rpelllHOCTbJO, HO 9TO He HMeeT cyw.ecTBeHHOro 3Ha'!eHHff, nocKOJJbKY o6bl'IHO B ay.ZI.HO 
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Karo,qHblii noarop11Tenb 

KaTO,llHOM nosTOplnene, nocJie)l.OBaTeJibHO c ero BbIXO)l.OM, BKJIIO'lalOT pe3HCTOp BeJIHl!H

HOH:::::: l KOM, l!T06b1 rapaHrnposaTb ycTOHl!HBYIO pa6ory ycHJIHTeJIH. TeM He MeHee, )l.a>Ke 

pe3yJibTHpy10mee BbIXO,llHOe conpOTHBJieHHe ( c yqeTOM 3TOro )l.06aB04HOro pe3HCTopa) 

pasHoe 1,2 KOM HBJIHeTcH )l.OCTaTOl!HO HH3KHM BhIXO)l.HhIM conpornsJieHHeM KaCKa)l.a Ha 

3JieKTpOHHOH JiaMne. 

PaccMoTpeHHhtA KaCKa)l., O)l.HaKo, He o6na)l.aeT 6oJibllIHM sxo)l.HhIM conpornsneHHeM, 

l!TO He O'leHh >KeJiaTeJibHO )l.JIH ycHJIHTeJieH ( nocKOJibKY 3aTPY.ll.HHeT cor nacosaHHe c 60Jib

llIHM BblXO)l.HblM conponrnJieHHeM npe)l.blJIYIUero KaCKa)l.a), XOTH KacKa)l.bl c HH3KHM BXO)l.

HblM conpornsneHHeM Y.ll.06Hbt .ll.JIH C03)l.aHHH aKTHBHbIX QJHJibTpos (HanpHMep, pa3pa6o

TaHHbIX KaMnaHHeH Sallen & Key - CM. s npHJIO>KeHHH) • .lI.nH nonyqeHHH s KaTO.ll.HOM 

nosTOpHTeJie BbICOKOe BXO)l.HOe conpoTHBJieHHe, l!aCTO npHMeHHIOT cxeMy c aBTOMaTH'le

CKHM KaTO)l.HbIM CMemeHHeM (pHC. 2.23). 

PHc. 2.23 HanpRJ1Cenue c.Metl{enuR B Lfenu Kamoaa 
B Kamoano.M. noBmopumeAe 

+285V 

ov 

Tenepb HMeeTCH KaTO.ll.HOe HJIH aBmo.MamuttecKoe c.Metl{enue, o6ecnet.teHHoe pe3HC

ropoM 1,3 KOM, seJIH'IHHa KOToporo BbI'IHCJIHeTcH o6bt'IHhIM cnoco6oM (CM. Bhillle ). 

3aMeTHM, '!TO, )l.06asHB 3TOT pe3HCTop, Mbt cnerKa yseJIH'lHJIH seJIH'IHHY R11 , t.tTO .ll.OJI>KHO 

CKa3aTbCH Ha pa6ory ycHJIHTem:i, HO Ha npaKTHKe 3TO yseJIH'leHHe Ha :::::: l % HMeeT He3Ha

IJHTeJibHOe BJIHHHHe Ha pe>KHM KaCKa)l.a. 

3rn cxeMa HeCKOJihKO npome npe.ll.hIJJYIUeH, nocKOJihKY )l.eJIHTeJib HanpH>KeHHH Tenepb 

CTOHT s MeHee BhtCOKOBOJihTHOH - KaTO.ll.HOH uenH, a He s uenH HCTOl!HHKa nHTaHHH BH. 
TaK>Ke cne.eyeT OTMeTHTh, '!TO s 3TOH cxeMe HeCKOJibKO 6oJibllle rny6HHa OTPHl.laTeJibHOH 

o6paTHOH CBH3H no TOKY, Bht3b!BaeMoH pe3HCTopaMH, ycTaHOBJieHHhIMH s uenH KaTo)l.a. 

PaccMoTpHM pe>KHM pa6oTbt 3TOH cxeMhI • .lJ.nH npe)l.bIJIYIUero npHMepa HaMH y>Ke 6btJI 

BbI'IHCJieH K03QJQJHl.lHeHT ycHJieHHH no HanpH>KeHHIO Av, paBHbIH 0, 97. Mo>KHO no)l.c'IHTaTb 

K03<PQJHl.lHeHT ocna6JieHHH )l.eJIHTeJIH HanpH>KeHHH, o6pa30B8HHO~O KaTO)l.HbIM pe3HCTO-
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OcHOBbl cxeMorexH1tK1t naMnoeblx yc11mnenei1 

poM aBTOCMew.emrn H KaTO,llHbIM Harpy30'IHbIM pe3HCTOpoM R11 • OH cocTaBJJHeT -0,987, 

CJJe,llOBaTeJJbHO, HanpH>KeHHe CHrHaJJa o6paTHOH CBH3H Ha HH>KHeM BbIBO,lle pe3HCTOpa, 

CMeW.eHHH CeTKH paBHO 0,96 Vex" CTOCKOJJbKY BbIXO,llHOH CHrHaJJ KaTO,llHOfO IlOBTOpHTeJJH 

He HHBepTHpOBaH, TO 3TO 03Ha'laeT' 'ITO Me>K,lly ceTKOH H KaTO,llOM HMeeTCH TOJlbKO 0,04 v ... 
CTepeMeHHblH TOK 3a C'leT BXO,llHOro CHrHaJJa '1epe3 pe3HCTOp CeTO'IHOro CMeW.eHHH 6y.neT, 

CJJe,llOBaTeJJbHO, TOJlbKO 4 % OT Toro, 'ITO 6bIJI 6bI npH Henocpe.D.CTBeHHOM coe.n.1rneHMM 

3TOro pe3HCTOpa c 3eMJJeH. 3TO .naeT BXO,llHOe conpOTHBJleHHe KaCKa,lla 3KBHBaJJeHTHOe 

1 MOM/0,04 = 25 MOM. MaTeMaTH'leCKH 3TO Bb1pa>1<aeTCH H3 cJJe.nyIOw.ero cooTHO

weHHH: 

r .... = R 
1-A· II 

RH+RK 

3aMeTHM, 'ITO A - 3TO Koscpqrnu.HeHT ycHJJeHHH KaTO.llHOro noBTOpHTeJJH, a He nepBo

Ha'laJJbHbIH K03cpcpHU.HeHT ycHJJeHHH .no Harpy30'IHOH JIHHHH. 

Paccy>K,lleHHH, no.no6Hbie npHBe.neHHbIM Bb1we, MO>KHO HCilOJJb30BaTb, 'IT06b1 onpe.ne

JJHTb 3KBHBaJJeHTHYIO BXO.llHYIO eMKOCTb KaTO,llHOro IlOBTOpHTeJJH: 

3aMeTHM, 'ITO 3TO npH6JJH3HTeJJbHaH BeJJH'IHHa, noToMy 'ITO He Y'IHTbIBaeT cyw.ecTBeH

Hbie napa3HTHbie eMKOCTH MOHTa>Ka. 11cnoJJb3YH npHMep c JJaMnol1 E88CC: 

== 1,4 n<t> + ( 1 - 0,96)·3,3 n<t> = 1,5 n<t>. 

Hy>KHO .no6aBHTb HeCKOJJbKO n<t> Ha napa3HTHbie eMKOCTH MOHTa>Ka, KaK MbI .n.eJJaJJH 

npe>K,lle, 'ITO .naeT B03MO>KHOe 3Ha'leHHe BXO,llHOH eMKOCTH KaTO.D.HOro IlOBTOpHTeJIH npH

MepHO paBHOe 4,5 n<t>, l.(TO HaMHOfO MeHbWe IlOJIOBHHbl 3Ha'leHHH eMKOCTH KaCKO.D.HOH 

cxeMbl HJIH ycHJJHTeJIH Ha neHTO.D.e. 

CTpe,llllOJIO>KHM, 'ITO JIHHeHHOCTH CilpOeKTHpOBaHHOfO KaTO.D.HOro IlOBTOpHTeJIH OKa-

3aJJOCb He.nocTaTO'IHO. Boo6w.e roBopH, JJHHel1HocTb KaTO.llHbIH onoBTOpHTeJJb Bcer.na 

oKa3bIBaeTCH Bbiille JJHHeHHOCTH ycHJJHTeJJbHOro KacKa.na no cxeMe c o6w.HM KaTO.llOM,\ 

CBH3aHo 3TO c TeM, 'ITO KaTO.llHbIH noBTOpHTeJJb oxBa'leH 100 %-011 oTpHu.aTeJJbHOH 06:1 

parnoH CBH3bl0. 3TO 03Ha'laeT, 'ITO JJI06aH HeJIHHeHHOCTb 6y.neT yMeHbWeHa nponopu.H

OHaJlbHO K03cpcpHU.HeHTY o6paTHOH CBH3H ( 1 + ~Ao), KOTOpbIH B HaweM npliMepe .naeT 

yMeHbweHHe 30: 1. EcJJH pa6o'laH TO'IKa KacKa.na Bb16paHa npaBHJJbHO, JJHHeHHOCTb 

06bI'IHO OKa3bIBaeTCH BllOJJHe npHeMJJeMOH. 

TeM He MeHee, B03MO>KHO c.neJJaTb JJHHeHHOCTb KaTO,llHOro noBTOpHTeJJH ew.e JJyqwe. 

PaHee MbI ynoMHHaJJH, 'ITO H3 Bcex 3KBHBaJJeHTHbIX napaMeTpOB JJaMnbI, BHYTPeHHHH CTa

TH'leCKHH K03cpcp!iu.HeHT ycHJ1eH1rn M 6bIJI O.D.HHM H3 HaH60JJee ycTOH'IHBbIX, TOf,lla KaK 

BHYTpeHHee CTaTH'lecKoe conpoTHBJJeHHe ~ 3Ha'IHTeJJbHO 3aBHCHT OT H3MeHeHKH ToKa 

aHO,lla. 3TO HBJJHeTCH cyw.ecTBeHHbIM, IlOTOMY 'ITO o6bI'IHO H3MeHeHHH '· Bbl3bIBaIOT HCKa-
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IAcro11H1tK1t 1t norpe61tren1t (np1teMHHKH) JHeprHH: onpeneneHHll 

>KeHHe, CBH3aHHhie c HecTa611JibHOCTbIO K03cpcpm.i;HeHTa ycHJieHHH s cxeMe ycHJIHTeJihHoro 

KaCK8,!la c 06ll.l,HM KaTO.II.OM: 

ECJIH CJI.eJiaTh conpornsJieHHe Harpy3KH R,, o'leHh 6oJiblllHM, s HJJ.eaJie - 6ecKoHe'IHbIM, 

'· 6yJI.eT no cpaBHeHHIO c HHM He3Ha'IHTeJibHO H 60Jibllle He CMO>KeT Bbl3b!BaTb aaBHCHMOCTb 

K03cpcpHl.{HeHTa YCHJieHHH OT BeJIH'IHHbl aHOJI.HOro TOKa, H. CJieJI.OBaTeJibHO, - HCKa>KeHHff 

CHrHaJia. fl pH ycJIOBHH, 'ITO Mb! BbI6paJIH nO,llXO.II.ffI.UYIO pa6o'lyIO TO'IKY, rJI.e µ H3MeHHeTCH 

He3Ha'IHTeJibHO, TO noJiyqHM KaCKaJI.- 6ycpep c o'leHb HH3KHMH HCKa>KeHHHMH. K co>KaJie

HHIO, eCJIH npocTo CJI.eJiaTb R11 o'leHb 6oJiblllHM, TO noJiy'IHTCH, 'ITO Ha HeM JI.OJI>KHo naJI.aTb 

CJJHlllKOM 60JiblllOe HanpH>KeHHe, H 'ITO npH 3TOM Heo6XOJI.HMO HMeTb HCTO'IHHK BH 60Jibllle 

2 KB (pHC. 2.24)! 

~------0+285 v 

Vout 
200V t RL 100k i 

o-'-----~2"""-m_A..__ __ ~ 0v 

~-----o+2085V 

2kV RL 1M 
o-'------'~2_m_A_._ __ _._~ 0 v 

PHc. 2.24 BAuanue yeeJLuttenua R,. na Kamoonblil noemopumeAb 

Jl.nH pellleHHH 3Toro npornsope'IHH Me>K.!IY JIHHeHHOCTbIO H seJIH'IHHOH n11Ta10mero Ha

npmKeHHH BH, npHMeHHIOT KaTO.II.Hbie nosTopHTeJIH c aKTHBHOH Harpy3KOH H pH.II. JI.pyrnx 

cxeM, KOTOpble 6yJIYT pacCMOTpeHbl HH>Ke. 

2.~. Mno11HMKM M no1pe6M1enH (npHeMHMKH) 1HeprHM: 
onpeAeneHMSI 

JJ.,nff TOro, 'IT06b! nOHffTb npHHl.{Hn pa60Tbl KaCKaJI.OB-nOBTOpHTeJieH c aKTHBHOH Harpy3KOH 

(KOTOpble 6yJIYT paccMOTpeHbl HH>Ke), He06XOJI.HMO BBeCTH onpeJI.eJieHHff HCTO'IHHKOB H 

npHeMHHKOB 3HeprHH. 

YfcTO'IHHK HanpH>KeHHH HJIH TOKa (HanpHMep, aKKYMYJIHTOp) cnoco6eH o6ecne'IHTb 

3Heprnel1 Harpy3ey, BTOpOH Bb!BO.II. KOTOpOH nOJI.COeJI.HHeH K 3eMJie, TOrJI.a KaK noTpe6HTeJib 

(npHeMHHK) 3HeprHH MO>KeT ynpaBJiffTb xapaKTepHCTHKaMH JII06oro BHelllHero HCTO'IHHKa 
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OcHOBbl cxeMorexHMKM naMnoablx ycMnMreneii 

3Heprnw, Ho caM He ee npoH3BO.ll.HT. B ay.n.1103JieKTpoHHKe LJacTo Heo6xo.n.HMbl np116nm1<e

HHH K peaJibHblM ycJIOBHHM 3THX rnnoTeTHLJeCKHX ycTpoHCTB }l.Jlff Toro, LJT06b1 yJIYLJWHTb 

xapaKTepHCTHKH BHeUJHHX ueneH KaCKa,!la no nepeMeHHOMY TOey. ¥1TaK, HH>KeCJie.!l}'IOLUHe 

onpe.n.eJieHHff H,!leaJibHblX HCTOLJHHKOB H noTpe611TeJieH :=meprnH ccpopMYJIHpoBaffbl HCXO,ll.ff 

H3 HX 803.D.eHCTBHH Ha CBOHCTBa ueneH nepeMeHHOro TOKa, 0,!lHaKO OHH 6y.!l}'T eepHbl H }l,Jlff 

onpe.neJieHHff pe:iKHMOB 9THX ycTpOHCTB no nocTOHHHOMY TOKy. 

Vl.n.eaJibHblM HCTOLJHHKOM/npHeMHHKOM HeH3MeHHeMoro HanpH>KeHHH ffBJIHeTCff KOpOT

KOe 3aMbIKaHHe (HyJieeoe conporneJieHHe).ll.JIH nepeMeHHoro ToKa. CJie.n.oeaTeJibHO, no 3a

KOHy-OMa, .!la>Ke 6ecKoHeLJHblH nepeMeHHblH TOK, npOXO.ll.ffLUHH qepe3 Hero, Bbl3bIBaeT Ha 

HeM HyJieeoe na.n.eHHe HanpH>KeHHH. XoTH aKTHBHble ycTpOHCTBa, TaKHe KaK peryJIHTOp Ha

npH>KeHHH 3aqacry10 JiyqUJe COOTBeTCTBYIOT 3TOMY onpe.n.eJieHHIO, HO COOTBeTCTBYIOLUHM o6-

pa30M no,!lo6paHHble KOH.D.eHcaTopbl LJaCTO HeH36e>KHO HCnOJib3yeTCff KaK peaJIH3aI.J;Hff no 

nepeMeHHOMY TOKY HCTOLJHHKa/npHeMHHKa HeH3MeHHeMoro HanpH>KeHHH. PacnpocTpaHeH

HbIM npHMepoM CJIY>KHT HaKOnHTeJibHblH KOH.D.eHCaTop B KOH.D.eHCaTOpHblX HCTOLJHHKax nHTa -

HHff (HCTOLJHHK) HJIH pa3Bff3bIBalOLUHH KOH.D.eHCaTop KaTO,!lHOH uenH (npHeMHHK). 

VI Hao6opoT, 11.n.eaJibHblH HCTOLJHHK/npHeMHHK HeH3MeHHeMoro TOKa - 3TO pa30MKHy

TaH uenb ( 6ecKoHeLJHoe conpoTHBJieHHe) no nepeMeHHoMy TOKY, 11 .n.a>1<e 6ecKoHeLJHoe Ha

npH>1<eH11e nepeMeHHoro TOKa Ha HeM Hecnoco6Ho BbI3bIBaTb TOK qepe3 Hero. Ha1160Jiee 

pacnpOCTpaHeHbl aKTHBHble HCTOLJHHKH/npHeMHHKH nocTOffHHOro TOKa, HO TaK>Ke B KaLJe

CTBe npOCTeHUJeH peaJIH3aUHH no nepeMeHHOMY HCnOJib3YIOTCff H KaryUJKH HH.!l}'KTHBHOC

TH. OcHOBHbie np11Mepb1 - .n.pocceJib B .n.pocceJibm1,,1 HCTOLJHHKe nHTaHHH (HCTOLJHHK) HJIH 

nepBHLJHaff 06MOTKa JII06oro BblXO.!l.HOro TpaHccpopMa1.:ipa (npHeMHHK). 

Xorn H c.n.eJiaHO npe.n.noJIO>KeHHe, LJTO KOH,!leHCaTOpbl H KaTyUJKH HH.!lYKTHBHOCTH 

MOryT HCnOJib30BaTbCff B KaLJeCTBe npH6JIH>KeHHff H.D.eaJibHblX HCTOLJHHKOB HJIH noTpe-

6HTeJieH 3HepmH, TeH,!leHUHH TaKOBbl, LJTO B cxeMaX, r.n.e OHH Tpa.n.HUHOHHO HCnOJib3YIOTCff, 

HX Bee LJame 3aMeHHIOT Ha aKTHBHble ycTpOHCTBa, KOTOpble 6oJiee 6JIH3KH K H,!leaJibHblM. 

BepoHTHO, He,!laJieKO OT HCTHHbl TO, LJTO OCHOBHOe pa3JIHLJHe Me>K.!l}' JiaMnOBblMH ycHJIHTe

JiffMH, pa3pa60TaHHblMH B «30JIOTOM BeKe» H coepeMeHHblMH pa3pa60TKaMH - 3TO 803-

MO>KHOCTb 3aMeHbl nacCHBHblX KOMnOHeHTOB Ha aKTHBHble ycTpOHCTBa, LJT06bl 6oJiee TOLJ

HO npH6JIH3HTb 3KBHBaJieHTHbie HCTOLJHHKH H npHeMHHKH 3HeprHH K H,!leaJibHblM. 

2.13. KacKan c 06111HM KaronoM KOK npHeMHHK 

H0H3M0HSll08'eroCSI TOKO 

Mb1 paccMaTpweaJIH paHee, LJTO e ycHJIHTeJie c o6LUHM KaTO.D.OM, c HewyHTwpoeaHHbIM R •• 
'· nOBblUJaeTCff H3-3a OTpHUaTeJibHOH o6paTHOH CBH3H. Mo>KHO HCnOJib30BaTb 3TOT 3cp

cpeKT }l,JIH C03,!laHHH npHeMHHKa HeH3MeHHIOLUerocH TOKa (pHC. 2.25 ). 
npe,!lnOJIO>KHM, LJTO HY>f<HO c.n.eJiaTb npHeMHHK TOKa 2 MA, HCilOJib3Yff 3JieKTpOHHYIO 

JiaMny E88CC, H LJTO .ll.JIH npweMHHKa HMeeTCH HCTOLJHHK nHTaHHH 204 B. TaKoH KacKa.n.

npweMHHK npe,!lCTaBJIHeT co6oH xopowyIO aHO.!lHYIO Harpy3ey }l,Jlff npocTeHWHX ycHJIHTeJib

HblX KacKa.ll.OB, paccMOTpeHHblX BblWe. 
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KacKOA c 06U1MM KOTOAOM KOK npHeMHMK HeMJMeH11io111eroc11 TOKa 

+285V 2mA · 

270k 

121.5V --- E88CC 

124V 

62k 

2mA 

PHc. 2.25 flpue.MHUK HeU3MeHRIOU{eeocR moKa 

OpH onpe.u.eneHHH pe>KHMa naMnhI - npHeMHHKa MO>KHo HHTepnpernposarh TO'IKY 

v. = 204 B, I.= 0 MA KaK O.ll.HH KOHeI.I. Harpy3o4HOH nHHHH, H HaHecrn .3TY T04KY Ha rpacpHK 

BbIXO,!J.HblX CTaTH'!eCKHX xapaKrepHCTHK naMnbI ( pHC. 2.26 ). 

0 50 100 150 
Va(V) 

200 250 

PHc. 2.26 Pe:JtCUMbt pa6ombt npueMHUKa HeU3MeHRIOU{eeocR moKa 

300 

HaHeceHHe Ha rpacpHK TO'IKH .Va = 204 B, 1. = 0 MA nerKo, HO MhI He 3HaeM r.u.e 6y.u.er 

ApyroA KOHeLI. Harpy304HOH nHHHH. Mhl 3HaeM, '!TO B pa6o4eH TO'!Ke 1. = 2 MA, xorH He 

JHaeM HanpH>KeHHH. Bb16epeM HanpH>KeHHe, V. = -81 B 4TO HBnHercH xopowHM Bhl6o

poM c TO'IKH 3peHHH nHHeHHOCTH. JlHHeHHOCTb see TaK>Ke Ba>KHa H B npHeMHHKe HeH3Me-
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OcHOBbl cxeMorexHMKM naMnOBblX ycMnMTeneii 

HflIOI.U.efOCfl TOKa, noTOMY l.(TO Ha npaKTHKe 3TOT KaCKa,ll, sepOHTHO, 6y.neT MOJJ.YJIHpoBaTb 

aflo.nHoe HanpmKeHHe ay.LlHOCHrHaJioM. EcJIH JIHHeH:HOCTb 6y.neT nJioxoH:, 3TO npHse.neT 

K HenoCTOflHCTBY '-· l.(TO flBJifleTCfl COCTaBJiflIOI.U.eH ycJIOllHH, KOTOpbie onpe.ne.!TfllOT BbIXO,ll

HbIM conpoTHBJieHHeM npHeMHHKa. EcJIH BbIXO.LlHOe conpoTHBJieHHe H3~1L'BfleTcfl npH 

no.naqe HanpmKeHHfl, TO npH HCnOJib30BaHHH TaKOro KaCKa.na-npHeMHHKa B Kaqecrne aK

THBHOH Harpy3KH ,llJlfl .npyroH: 3JieKTpOHHOH JiaMnbI, OHO 6y.neT Bbl3bIBaTb HCKa)l{eHHfl ycH

JIHBaeMoro 3Toli 3JieKTpOHHoH: JiaMnoH: cHrnana. EcJIH HaqepTHTb Harpy3oqHyIO JIHHHIO, TO 

MO)l{HO HaH:rn TOK, HJJ.YI.U.HH qepe3 R,,. npH v. = 0. 0TcIO,n.a MO)l{HO Bbll.(HCJIHTb BeJIHl.(HHy R,,. 
KOTopaH paBHa 60 KOM. nJIH)l{aH:wee 3Hal.(eHHe cTaH,n.aprnoro pe3HCTopa paBHO 62 KOM, H 

ero Mbl 6y,n.eM HCnOJib30BaTb. 

nocKOJibKY '· = 2 MA, Mbl 3HaeM, l.(TO Ha Karo.ne 3JieKTpOHHOH JiaMnbI 6y.neT 124 B. 

Ve•= 2,5 B, TaKHM o6pa3oM, Ha ceTKe ,n.OJI)l{HO 6hITb 121,5 B. 3To HanpH)l{eHHe ycTaHaB

JIHBaeTCH o6bll.(HbIM cnoco6oM, HCnOJib3Yfl .neJIHTeJib HanpH)l{eHHfl B COl.(eTaHHH c 6JIOKH

pOB0l.(HbIM KOH.LleHcaTopoM. Ha3Hal.(eHHe scex 3THX 3JieMeHTOB y)l{e Heo,n.HoKpaTHO pac

CMaTpHBaJiocb BbIWe. 

ConpoTHBJieHHe nepeMeHHOMY TOKY, co cTopoH~I aHo,n.a 3TOH uenH pasHo: 

r = r + (µ + l)R 
npHeMUHKd a K 

B paccMaTpHBaeMOM npHMepe 3TO .n.aeT BeJIHl.(HHY HeMHOro 60JibWe 2 MOM. no~e
HHe 3Toro pe3yJibT8Ta B JiaMnOBOM KacKa.n.e c l.(HCTblM pe3HCTHBHblM conpoTHBJieHHeM 

B aHO.LlHOH uenH noTpe6osaJio 6b1 HCTOl.(HHK nHTaHHH 4 KB. ConpoTHBJieHHe nepeMeHHoMy 

TOl<V napaJIJieJibHO C , H C BbI3bIBaeT na.neHHe K03r1.,,i...HuHeHTa ycHJieHHfl npHeMHHKa, 
.... J HhlX ac lf''i' 

TaKHM o6pa30M nOJIHOe conpOTHBJieHHe npHeMHHKa noHH)l{aeTCfl npH nOBbIWeHHH qacTO-

Tbl. ( HanoMHHM, l.(TO c .... - 3TO eMKOCTb Me)KJJ.Y aHO,llOM H BCeMH .LlPYrHMH 3JieKTpo.naMH 3a 

HCKJIIOl.(eHHeM ceTKH.) 

2.14. neHTOJlbl B KOlf0CTB0 npHeMHMKOB H0M3M0HJ1IOIJ.l0roCJ1 TOKO 

Ew.e JiyqwHe pe3yJihTaTbI .naeT npHMeHeHHe neHTOAOB B Kaqecrne npHeMHHKOB HeH3Me

HHIOI.U.erocH TOKa, noToMy l.(TO y HHX 60JibWOH M, H HX npHMeHeHHe oco6eHHO noJie3HO, 

eCJIH .nonyCTHMOe na,n.eHHe HanpH)l{eHHfl Ha npHeMHHKe AOBOJibHO HH3KOe. 

EcJIH Tpe6yeTcfl npHeMHHK HeH3MeHHIOI.U.erocH TOKa Ha 10 MA, a .nonycTHMoe HanpH

)l{eHHe Ha HeM TOJibKO 100 B, KacKa,n.-npHeMHHK Ha paccMoTpeHHOM Bhiwe TpHo.n.e E88CC 

MO)l{eT .n.ocTH% BbIXOAHOro conpOTHBJieHHfl TOJibKO = 100 KOM, l.(TO see paBHO flBJIHeTCfl 

.n.ecHrnKpaTHbIM yJiyqweHHeM Bbixo,n.Horo conpoTHBJieHHfl l 0 KOM o6bil.(HOro pe3HCTopHo

ro KaCKa,n.a, O,llHaKo KaCKa.n.-npHeMHHK Ha neHTO,lle cnoco6eH o6ecnel.(HTb ropa3,D.O JIYl.(WHH 

pe3yJihTaT (pHC. 2.27). 
EcJIH B KacKa.n.e Ha neHTo,n.e ocTaBHTb KaTO.LlHbIH pe3HCTop 2 KOM He 3awyHTHposaH

HbIM eMKOCTbIO, TaKOH KacKa.n-npHeMHHK MO)l{eT yBeJIHl.(HTb BbIXO,llHOe conpOTHBJiem1e 

.no > 10 MOM. 3To noTpHcaIOw.e xopowHH: npHeMHHK HeH3MeHHIOI.U.erocH TOKa, HO scer.n.a 

HY)l{HO nOMHHTb, l.(TO neHTO.Llbl reHepHpyIOT 60JibWe WYMOB, l.(eM TpHOAbl. no 3TOH npHl.(H-
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neHTOAbl B KCPleCTBt np118MHl1KOB H8MJMeHlllOlqerotll TOKO 

He KacKa.rt-npHeMHHK Ha neHTO.rte He caMbIH xopoWHH Bbl6opoM .ll./lfl nepaoro (BXOJlHOro) 

KaCKa.rta 'IYBCTBHTeJJbHOfO npeJJYCHJIHTeJl5I. 

+285V 

3M9 

23V ECF80 

470n 

Puc. 2.27 neHTO.ll. B KalfeCTBe npHeMHHKa HeH3MeHHIOW.erocfl TOKa 

npH HCnOJJb30BaHI<IH neHTO.rta B KalfeCTBe npHeMHHKa HeH3MeHHIOW.erOCH TOKa, KpaHHe 

aa.>KHO noMHHTb, 'ITO KaTOJlHbIH pe3HCTOp nponycKaeT He TOJlbKO )KeJJaeMbIH He H3MeHHIO

W.HHCH aHOJlHbIH TOK, HO TaK.>Ke nepeMeHHbIH TOK 3KpaHHPYIOW.eH CeTKH c2. 3aMeTHM TaK

)l{e, 'ITO pa3BH3hIBalOW.HH KOH.rteHCaTOp i u.enw 3TOH ceTKH c2 .llOJJ)KeH 6h1Tb no.rtKJJIOlfeH 

K KaTO.ny, a He K 3eMJJe. 3To CBH3aHO c TeM, lfTO Mbl .ll06HBaeMCfl B TaKOM KaCKa.rte OTpHu.a

TeJlbHOH o6paTHOH CBfl3H KaTO.rtHbIM pe3HCTOpOM JlJISl yaeJJH'leHHfl ra, HO He XOTHM, lfT06bI 

MeHHJIOCb HanpSI)l{eHHe Me)KJJY 3KpaHHPYIOW.eH ceTKOH c2 H KaTO.llOM, TaK KaK 3TO Bbl3bIBa

eT noJJO)KHTeJJbHYIO o6paTHYIO CBfl3b, KOTOpaH 6y.rteT yMeHbWaTb '·· 

HeKOTOpbre neHTOJlbl npe.rtCTaBJJHIOT co6ot't Haw6oJJee nylfwHe npHeMHHKH HeH3MeHH-

10w.erocH TOKa, 'leM .rtpyrwe, noTOMY lfTO HX aHO.llHbie xapaKTepHCTHKH 6oJJee noJJorne, 'ITO 

cnoco6cTByeT yseJJH'leHHIO BblXOJlHOfO conpOTHBJleHHfl HJIH noToMy, 'ITO JIHHeHHafl o6-

Jl8CTb al:lo.rtHOH xapaKTepHCTHKH no.n.xo.rtHT 6JJH)Ke K 0 B. B rn6n. 2.1 npwse.rteHbl HeKoTO

pbre neHTO.llhI, KOTOphre oco6eHHO xopowo-no.n.xo.11.HT .ll./lfl npHeMHHKOB HeH3MeHHIOW.erocH 

TOK8. 

Ta6nM1.4a 2. 1 

TMn OnTMMan1tH1t1A TOK c .... 
EF91/6AM6 ?6MA 3, 1 nCI> 2,58T 
EF184/6EJ7 8MA-15MA 3 nCI> 2,58T 
EL83/6CK6 15 MA-30 MA 6,6 nCI> 9W 
EL822 20MA-45MA 6 nCI> 128T 
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OcHOBbl cxeMorexHMKH noMnOBblX ycHnHreneii 

B Ta6JJHU,e ITpHBeJJ,eHbl OITTHMaJJbHbie JJ,JlH KaCKa}1.a-ITpHel'V!HHKa TOKH, KOTOpb!e HaMHO

ro HH)l{e, '!eM MaKCHMa·JJbHbie JJ,JJH 3THX JJaMIT '•(MdKcr 9ToT 3arrnc ITO TOKY JJ,eJJaeTcH 'laCTH4-

HO ITOTOMy, '!TO ITPH 60JlbWHX TOKax peaJJbHbie aHOJJ,HbJe xapaKTepHCTHKH CTaHOBHTCH 

Mettee ITOJJOrHMH, ITPHBOJJ,H K yMeHbWeHHIO Rd, HO rnaBHblM o6pa30M IT OTO My, '!TO OCHOBHOe 

B\JJHHHHe Ha BblXOJJ,HOe COITpOTHBJJeHHe B JJ,eHCTBHTeJlbHOCTH OKa3bIBaeT He wyHTHpOBaH

HOe R", seJJH'IHHa KoToporo yMHo>KaeTCH Ha KO::>cpcpHU.HeHT gm l x r.( M ). 5oJJee CHJJbHbie 

TbKH Tpe6y10T Mettbwero HanpH)l{eHHH aBTOCMemeHHH, a yMeHbWaH BeJJH'IHHY R", yMeHb

waeM H BblXOJJ,HOe conpOTHBJJeHHe. )lJJH MaKCHMaJJbHOro BblXOJJ,HOro COITpOTHBJJeHHH JJY'l

we HCITOJlb30BaTb 3JleKTpOHHYIO JJaMITy c 3anacoM ITO MOIUHOCTH paccettsaeMOH aHOJJ,OM 

P •• '!TO Tpe6yeT 6oJJbwero R", '!eM np11 HOMHHaJJbHOH MOIUHOCTH. K co>KaJJeHHIO, HeJJ,ocrn

TOK ITpHeMHHKa HeH3MeHHIOW.eroCH TOKa, pa60Ta10mero npH OlJeHb HH3KOM '· B TOM, '!TO 

TOK 3KpaHHpy10mef'.i ceTKH IC2 6yJJ,eT JJ,OBOJJbHO BeJJHK Hero JJ,OJJH crnHOBHTCH 3Ha'IHTeJJb

HOH cpe.ll,H Bcex COCTaBJJHIOIUHX KaTOJJ,Horo ( 3MHCCHOHHOro) TOKa, '!TO JJ,eJJaeT cxeMy He-

3cpcj.JeKTHBHOH. 

HanpHMep, MO)l{eT ITOTpe6osaTbCH np11eMHHK HeH3MeHHIOW.erocH TOKa Ha 8 MA, KOTO

pbIH MO>KHO peaJJH30BaTb, HaITpHMep, Ha ITeHTOJJ,e EF 184. TeM He MeHee, y TaKoro KacKaJJ,a 

6yJJ,eT HH3KHM K03cpcj.JHU.HeHT noJJe3Horo JJ,eHCTBHH. yfa CTaTH'leCKHX xapaKTepHCTHK ITeH

TOJJ,a EF 184 BHJJ,HO, '!To B TaKOM KacKaJJ,e sepoHTHo TOK aKpaHHpy10mef'.i ceTKH cocTaBHT 

IC2:::: 3 MA - 3TO 03Ha'!aeT, '!TO 06m11f'.i TOK, noTpe6JJHeMbIH OT HCTO'IHHKa rrHTaHHH yse

JJH'IHTCH Ha:::: 38%. EcJJH B ycHJJHTeJJe HMeeTCH TOJlbKO OJJ,HH TaKOH HH3K03cj.lcj.JeKTHBHbIH 

KaCKaJJ,-np11eMHHK, TO 3TO He npo6JJeMa, HO ecJJH TaKHX noTpe6HTeJJeH 3HeprnH 6yJJ,eT 

MHOro, TO 3TO MO>KeT 3Ha'IHTeJJbHO yseJJH'IHTb CTOHMOCTb HCTO'IHHKa ITHTaHHH H ycJJO)l{

HHTb ero. EcJJH, HaITpHMep, MbI HaMepeHbI yMeHbWHTb TOK ITpHeMHHKa JJ,O 6 MA, TO 3TO 

ITepeBeJJ,eT EF91 B pe)l{HM, npH KOTOpoM, B 3TOM cJJy'lae, Tpe6yeTcH TOK 3KpaHHpy10mef'.i 

ceTKH cocTaBHT ( 2 = 1,55 MA, yMeHbWaH TOK HCTO'IHHKa nHTaHHH c 11 MA JJ,o 7 ,55 MA. 

Xorn ITeHTOJJ, EF9 l He HMeeT TaKHX npHBJJeKaTeJJbHblX xapaKTepHCTHK KaK, ttanpttMep. 

EFI84, OH HaMHOro JJ,eweBJJe, H ecJJH TOK HCTO'IHHKa nHTaHHH orpaHH'leH, TO u.eJJecoo6-

pa3Ho .ll,Opa6oTaTb KOHCTpyKU.HIO ycHJJHTeJJH, lJT06bI HCITOJlb30BaTb HMeHHO ero. 

DpH OITTHMaJlbHOM ITOJJ,6ope HanpH)l{eHHH CMeW.eHHH, 60JlbWHHCTBO MaJJOCHrHaJlbHbIX 

( npHeMo-yCHJlHTeJlbHbIX) neHTOJJ,OB o6ecITelJHBaIOT COOTHOWeHHe Me>I<.llY aHOJJ,HbIM TOKOM 

Ia 11 TOKOM 3KpaH11py10mef'.i ceTKH /r2 npHMepHO :::: 4: 1. TaKHM o6pa30M, np11 TOKe aHoJJ,a 

1. = 8 MA, o6bI'IHO Tpe6yeTCH TOK 3KpaHHpy10meii ceTKH ( 2 = 2 MA. 0'1eHb Ba)l{HO scerJJ,a 

nposepHTb, '!TO attoJJ,HbIH TOK Ia, MOIUHOCTb, pacceHBaeMaH Ha aHoJJ,e Pd, H oco6eHHO Mom

HOCTb, pacceHsaeMaH Ha 3KpaH11py10mef'.i ceTKe Pc2 B neHTOJJ,ax He ITpeBbIWaer npeJJ,eJJbHbIX 

cITpaBO'IHbIX 3Ha'leHHH. YcnewttaH pa3pa6oTKa np11eMHHKOB HeH3MeHHIOmerorn TOKa Ha 

ITeHTOJJ,ax Tpe6yeT Ha.flH'IHH ITOJlHbIX CITeu,HcpHKaU.HH co BCeMH ceMeHCTBaMH CTaTHlJeCKHX 

xapaKTepHCTHK HJJH cneu.Ha.nbHOH ycraHOBKH JJ,JlH nposepKH 3JleKTpOHHbIX .naMn H CHHTHH 

HX CTaTHlJeCKHX xapaKTepHCTHK ( 'IT06bI BblCTaBJlHTb Hy)l{Hble HaITpH>KeHHH Ha 3.neKTpO.ll,bl H 

3KCnep11MeHTaJlbHO onpeJJ,e.nHTb TOKH, '!TO 6oJJee HaJJ,e>KHO ). 

Ec.nH np11eMHHK HeH3MeHHIOW.eroCH TOKa HCITOJlb3yeTCH B KaCKaJJ,e c HH3KHM ypoBHeM 

CHrHaJJa, CTOHT ITpHHHTb BO BHHMamre ITOMeXH H npHMeHHTb 3KpaHHpoBaHHe. HeKOTOpbie 

.naMITbl csoefl KOHCTPYKU.Hefl noJJ,pa3yMeBaIOT 3KpattHposatt11e. HaITpHMep, EF 184 HMeeT 

u.e.nbHbIH Mera.n.nH'leCKHH 3KpaH, EF9 l 11MeeT 3Kpatt 113 npoBOJJ,HW.eii KpacKH BHYTPH Ko.n6b1 

JJaMnbI, EL83 11 EL822 - MOW.Hbie 3.neKTpoHHbre JJaMITbI - cosepweHHO He 3KpattttposaHbI. 
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KaTOAHblM noe1op1nenb c OKTllBHOM Harpy3Koi1 

2.15. KoTO.QHblH nop1opi11enb c OKTMBHOH Harpy3KOH 

Oco6o nbITJJHBbIH 'IHTaTeJib, sepoHTHO, 3aMeTHJI, !.!TO ccj:>opMyJIHpoBaHHbie Bbiille Tpe6osa

HH5l K TpHO,!I.HOMY K3CKa.ny-npHeMHHKY HeH3MeH5lJOlll.eroc5l TOKa 6bIJIH ccj:>opMyJIHpOBaHI:~I 
,l:(Jlfl ero npHMeHe}fH5l B Kal.!ecrne aHO,!I.HOH Harpy3KH KaTO,!l.HOrO nOBTOpHTeJIH, pa3pa60TaH1 

HOro paHee. TaKHM o6pa30M, Tenepb MO>KHO o6ne.LI.HHHTb 9TH .n.sa KacKa.u.a, lJT06bI pa3pa,1 

60TaTb KaTO,!I.HblH nOBTOpHTeJib c aKTHBHOH Harpy3KOH, HanpHMep, TaKOro, KaK noKa3aH Ha 

pHc. 2.28. TaK KaK seJI111.1HHa Harpy3KH R11 KaTO,!I.Horo ycHJIHTeJIH o'leHb 6oJibWaH, Ko9cj:>cj:>H

u.HeHT ycHJieHH5l 6y.n.eT: 

10n 

Av=-µ-. 
µ+l 

~----~---------{ l+285V 

121.5V 
t--------1- - - EBBCC 

62k 

2mA 

PHc. 2.28 KamoiJl.tbtu noemopumeAb c aKmUBHou HazpyaKou 

Ko9cj:lcj:>HU.HeHT ycHJieHHH paseH 0,97, !.!TO HeHaMHoro 6oJibille npe.n.bl.nylll.ero, HO 3aTo 

Tenepb peaJibHO noJiyqHTb ropa3,!I.0 MeHbWHe HeJIHHeHHbie HCKa>KeHH5l ycHJIHBaeMoro 

ay.n.11oc11rHaJia. 8o3MO>KHO c.n.eJiaTb nportt03bl 9THX HCKa>KeHHH, HO 9TO 01.!eHb COMHHTeJib

Hbie H 33Be,!I.OMO HeTOlJHbie BbllJHCJieHH5l, nocKOJibKY peaJibHble 9JieKTpOHHbie JiaMnbI He 

pa6oTaJOT B TOlJHOM COOTBeTCTBHH c MaTeMaTHlJeCKHMH ypaBHeHHHMH. 

KaK H B o6bil.!HOM pe3HcTopHOM KacKa.u.e yrnJieHHH, TOK ynpaBJIHJOlll.eti ceTKH Mo>KeT 

BbI3bIBaTb B KaTO.LI.HOM noBTOpHTeJie HaMHoro 6oJibillHe wcKa)!{eHHH, lJeM O)!{H,!I.aeMoe. Ha

npHMep, aBTOp HCnbITbIB3JI KaTO,!I.HbIH noBTOpHTeJib c aBTOM3THl.!eCKHM CMemeHHeM, HC

noJib3YH 6C45D B npweMHHKe HeH3MeHHJOlll.eroCH To Ka 11 EF 184 B Ka"lecrne ycHJIHTeJIH. 

L(JIH 9Toro nOBTOpHTeJI5l 6bIJIO onpe.n.eJieHO ero BXO,!I.HOe conpoTHBJieHHe, H ero OTHOCH-
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0CHOBbl cxeMOTeXHlfKM naMnOBblX yc11n11reneii 

TenbHOe yMeHbWeHHe npH nonKnIOYeHHH HCTOYHHKa c BHyTpeHHHM conpOTHBneHHeM 
l MOM, BMeCTO 5 OM. K cm1<aneHHIO, sxonHoe conpornsnem1e He 6b1no TaKHM 6onbWHM, 
KaK nporno3Hposanocb. l-13MeHeHHe senHYHHbI pe3Hcropa CMew,eHHH ceTKH OT 150 KOM 
no l MOM He TOnbKO H3MeHHno sxonHoe conpornsneHHe H HeMHoro H3MeHHno Ia (YTO 
yKa3bJBaeT Ha cyw,eCTBOBaBWHH TOK yrrpasnHIOW,eH ceTKH), HO TaIOKe yMeHbWIWO HCKa
meHHe npH +20 .a.EH c 0,23 % .u.o 0,052 %. YMeHhWeHHe corrpornsneH1rn HCTOYHHKa ITHT8-
HHH oT l MOM no 24 KOM nanee yMeHhWHno cyMMapHoe 3HaYeHHe Ko3<f><f>HuJleHTa HenH
HeHHbIX HCKameHHH OT 0,052% no 0,02%. 

KaronHh1e nosTopHTenH yacTo Hcnonb3yeTCH KaK 6y<f>epHh1e KacKanh1 nocne perynHTo
pos rpOMKOCTH, TaK KaK yYBCTBHTenhHOCTb K corrpornsneHHIO HCTOYHHKa llHTaHHH MO)KeT 
6b!Tb cyw,ecrneHHOH, B oco6eHHOCTH ( KaK Mb! YBMHM B rnase 5) B CHny Toro, 4TO HeKOTOphle 
perynHTOphI rpoMKocrn HMeIOT 3HaYHTenhHO 6onhwee BhixonHoe corrpornsneHHe, YeMnpyrne. 

flonseneM He6onhWOH HTOr - Tlll,aTenhHO pa3pa6oTaHHblH KaTonHhlH llOBTOpHTenh 
c pe3HCTHBHOH Harpy3KOH naeT Mano HCKameHHH. 3aMeHa ee aKTHBHOH Harpy3KOH nonon
HHTenhHO ynyYwaeT ero, nenaH HcKameHHH HacronhKO ManhIMH, YTO Hx He scerna name 
ynaeTCH H3MepHTb HMelOlll,HMCH B pacnopHmeHHH nI06HTenH TeCTOBhlM o6opynosaHHeM. 
OnttaKo nnH OITTHMH3aU.HH HCKameHHif 3neKTpOHHaH naMrra nonmHa 6hITh TW.aTenhHO oTo-
6paHa/nposepeHa c yYeTOM BnHHHHH scex CeT04HblX TOKOB. 

2.16. Karo.QHblH noeropMrenb Yaura 

Ha3BaHHhIH no HMeHH H3o6peTaTenH, KaTonHhIH noBTOpHTenb Yaifra HBnHeTCH octtosoif 
Bcex BblXOnHhlX 6ecTpaHc<f>opMaTOpHblX ycHnHTeneif MOlll,HOCTH, llOTOMY YTO OH HMeeT 
HH3Koe BhJxonHoe conpornsneHHe. CxeMa HMeeT nsa sapttaHTa - onHH H~3aBHCHMbJH, 
sropoif Tpe6yeT BHewHero cpa3opacw.enHTenH. 

HaYHeM o6cymneHHe rrosTopHTeneif Yaifra c He3aBHCHMOH cxeMhI (pHc. 2.29). Ha HHm
HIOIO naMrry CHrHan nonaeTCH c sepxHeif naMllbl, KOTOpaH, B CBOIO OYepenh, CBH3aHa c u.e
llblO KaTo.n/ceTKa sepxHeif 3neKTpoHHOH naMITbI. Ha sxone HHmHeif 3neKTpOHHOH naMnhI 
cxeMa MO)KeT paccMaTpHBaTbCH KaK KaCKOnHhlH ycHnHTenb. 

fl pH ycnoBHH, 4TO M nocTaTOYHO 6onhWOH H KaTonHhIH pe3HCTOp xopowo 3awyHrnpo
BaH eMKOCThlO: 

A0 =gmxR. 

3TOT K03cpqmu.HeHT ycttneHHH 6yneT HCITOnb30BaH .llllff yMeHbWeHHH BbIXonHoro CO· 
npornsneHHH Ha KaTone sepxHeif ::ineKTpOHHOH naMrrh1: 
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R+r. 
rk=--, 

µ+l 

1 
'·""' = r.k ~ 2 .• gm ·R 



06be.D.HHHB 3TH ypasHeHHH, noJty'IHM: 

R+r. 
r.ki::i-----

(µ+l)gm·R 

KaroAH~M noaropMrenb YaMra 

µ o6hI'IHO HaMHoro 6oJJbllle l, .n.a>Ke .D.TIH MOl.lJ.HblX TpHo.n.os, H ecnH MbI no.n.cTaBHM µ = gm x; r. 
(HCXOJI.H H3 naMnosoro ypastteHHH EapKray3eHa): 

HJJH 

..-------.-------------1.J+285V 

2M7 

220n 
>---~-- -----8-2v _ ____, ~ - - EBBCC 

4.7u 

1M E88CC 
- - -f------1 

1 M Vout 

1M 

220u 

ov 
PHc. 2.29 He3aBHCHMbIH KaTOJI.HbIH nosTOp1nenb Yalirn 

Tenepb MO>KHO npe.n.crnsHTb conpornsneHHe, B BH.D.e HHBeprnposattHoro napanneJJbHO
ro coe.n.HHeHHH RH ra. 3To HB.nHeTCH Ba>KHbIM, noTOMY '!TO noKa3b!BaeT, '!TO HMeeTCH TO'!Ka 
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0CHOBbl cxeMorexH1tK1t naMnOBblX yc1tn1treneM 

3a npe.n.eJiaMH KOTopoA yseJIH'leHHe R He BJIHHeT Ha KOHe'!HOe Bh1xo.n.ttoe conpoTHBJieHHe, H 
' 

Av= µ1(µ2R + r.2) 
'a2(µ1 +l)+r.1 +R[µ2(µ 1 +l)+l] 

f.n.e: 

. R·r R =--a-. 
R+r0 

Hy»<Ho OTMeTHTb, •no ,ll,JIH noJiyqettHH 3Toro pe3yJibTaTa 6bIJIH c.n.eJiaHHbie .n.sa .n.oBOJib
HO COMHHTeJibHblX npH6JIH»<eHHSI, o6a OCHOBaHbl Ha 60JibllIOM M. OpHMep Ha pHC. 2.29 6bIJI 
OnTHMH3HposaH ,ll,JIH HH3Koro Bb1xo.n.ttoro conpoTHBJieHHH r"" l Ora - 3a npe.n.eJiaMH 3TOH 
rpaHHI.1,bl HeT npaKTH'leCKH onpas.n.aHHblX npHMeHeHHH 3TOro sapHaHTa. 

OpH BHe11IHeM pa3JIH'IHH, He3aBHCHMblH KaTO.D.HbIH nosrnpHTeJih YaArn H .n.syxnaMno
BhIH KacKa.n. SRPP, onHcaHHbIH no3»<e B 3TOH rnase, HBJIHJOTCH napaJIJieJihHO ynpas
JISieMbIMH ycHJIHTeJISIMH, nOTOMY '!TO ,ll,Be 3JieKTpOHHbie JiaMnbl BHOCSIT CBOH BKJI8,ll, B ne
peMeHHblH TOK ttarpy3KH. To'!Hble ypastteHHH ~03cpcpH1.1,HeHTa ycHJieHHH H BblXO,ll.Horo 
conpoTHBJieHHH KaTo.n.ttoro noBTOpHTeJIH Yal1Ta, Bb1se.n.eHHb1e AMocoM H BpHK11Ioy: 

r.n.e µI - 3TO Bepxmrn (ycHJIHBa1011I.aS1) 3JieKTpOHHaH JiaMna, a µ2 - HH»<HSISI (ynpaBJISllO
w.aSI) 3JieKTpOHHaSI JiaMna. 

l1cnOJih3YH, B Ka'!eCTBe npHMepa, JiaMny E88CC c gm"" 5 MA/B H µ"" 32, npH6JIH3H
TeJibHOe ypastteHHe .n.aeT r.,.."" 6,9 OM, a TO'IHOe ypastteHHe nporH03HpyeT r.,.. = 6, 7 OM. 
3KcnepHMeHTHpOBaHHe co cne1.1,HcpHKaI.1,HSIMH noKa3b!BaeT, '!TO 3TOT sapHaHT KaTO,ll,HOro 
nosTopHTeJISI YaArn ttero.n.ett ,ll,JIH JiaMnbI c MaJibIM M, nocKOJibKy, ttanpHMep, JiaMna 6080 
(µ = 2) .n.aeT '•"'• ""35 OM;'ITO xy»<e, '!eM npH HcnoJib30BaHHH cTatt.n.aprnoro KaTo,ll.Horo 
noBTOpHTeJISI (r•wx"" 15 OM). TeM He Mettee, coe.n.HtteHHhlH no cxeMe TpHo.n.a nettTO.ll. E55L 
(µ = 30).u.aeT '•b•• < 2 OM, a coe.n.HHeHHbIH no cxeMe TpHo.n.a neHTO.ll. D3A (µ = 80) MO.>KeT 
.n.ocTH'lb rBbIX < l OM. Jlemo soo.n.y11IeBHTbCS1 HH3KHM nporH03HpyeMhlM BblXO.D.HbIM 

· conpoTHBJieHHeM, Ho scer.n.a HY»<HO noMHHTb, '!TO see pac'!eTHh1e ypastteHHH co.n.ep»<aT 
no.n.pa3yMesaeMoe .n.ony11I.eHHe, '!TO BblXO,ll,HOe conpOTHBJieHHe HCTO'IHHKa nHTaHHSI paBHO 
0 OM, '!TO Ha npaKTHKe o6hl'IHO .n.ocTHraeTCH npHMeHeHHeM ynpaBJISieMoro HCTO'IHHKa nH-
TaHHH. , 

nocKOJihKy B naTeHTe Yal1Ta cKa3atto, '!TO cxeMa oco6eHHO xopo11Io no.n.xo.D.HT ,ll,JIH 
ynpaBJieHHSI aHaJIOfOBblMH BH,ll.eOKa6eJIHMH ( JIHHHH nepe.n.a'I, KOTOpbie o6bl'!HO HMelOT 
BOJIHOBoe conpoTHBJieHHe 75 OM), To He Y.ll.HBHTeJihHO, '!TO KacKM npesocxo.n.tto no.n.xo.D.HT 
H ,ll,JISI BblXO,ll,HOfO Ka6eJISI npe.n.ycHJIHTeJIH. 

166 



KaTOAHblM noarop11renb Yai1ra B KO'lecrae BblXOAHOro KDCKOAD 

3aMeTHM, 4TO H3-3a o6paTHOH CBH3H no nepeMeHHOMY TOK}', KOTOpaH CHH>K:aeT Bbl

XO,/l.HOe conpOTHBJieHHe, BblXO)l.HOe conpOTHBJieHHe nOBbllllaeTCH Ha HH3KHX t.taCTOTaX He 

.ll.O l/gm, a .ll.O: · 

B 3TOM npHMepe, rBhIX nosb1rnaeTcH .ll.O 1,5 KOM, BMecrn 200 OM, °KOTOpb1e nony11a10T

CH B ot'5bI4HOM KaTO.ll.HOM nosrnpHTene. DpaKTH4ecKoe 3Ha4eHHe 3Toro HBJieHHH- KaCKM 

He 6y)l.eT TaKHM 3cpcpeKTHBHblM KOpOTKHM 38MblK8HHeM HH)J.yl.{HpOBaHHOMY lllYMY B BblXO)l.

HOM Ka6ene (HanpHMep, noMexa OT ceTH 3JieKTpOCHa6>K:eHHH), KaK KaCKa)I. c BblXO)l.HblM 

conpoTHBJieHHeM 6 OM OT nocTOHHHoro TOKa .ll.O cseTOBhlX 11acToT. 

06hl4HO HeT Heo6xo)l.HMOCTH T04HO Bhl4HCJIHTh ·K03cpcpHl.{HeHT ycHJieHHH Av, H o6lll,ee 

npH6JIH>K:eHHe .ll.JIH KaTO)l.Horo noBTOpHTeJIH A0 = µ/(µ + l ) B .ll.OCTaT04HOH Mepe T04HO, HO 

B pH.ll.e cny11aes ( HanpHMep, ecJIH ycHJIHTeJib HcnoJib3yercH KaK ocHosa cpHJibTpa Sallen & 
Key) 6bIBaeT Heo6xo)l.HM H T04HhlH pac11eT K03cpcpHl.{HeHTa ycHJieHHH. 

2.17. KmoitHblH noe1opu1enb YCIM10 e KOlleCTee BblXOitHoro KOCKOJtO 

OcHOBHOe HcnoJib30BaHHe KaTO.ll.HOro nosTopHTeJIH YaHTa - 3TO BhIXOJJ.HOH KaCKM 6ecTpaH

ccpopMaTopHblX ycHJIHTeJieH. DocJie)l.OBaTeJihHO BKJII04eHHblH pe3HCT0p B 8HO)l.HOH l.{enH (no 

cyTH B l.{enH nHTaHHH) HBJIHeTCH cepbe3HOH npH4HHOH noTepH MOllI.HOCTH, no3TOMY paCCMOT

peHHhle Bblllle BapHaHTbl ycHJIHTeJibHbIX KaCKa)l.OB (B TOM liHCJie H He3aBHCHMblH noBTOpH

TeJib Yal1Ta) B Ka4eCTBe OKOHelJHblX KaCKa)l.OB He npHMeHHeTCH . .llm1 ycHJIHTeJIH MOllJ,HOCTH 

ropa3.ll.O 6onee npHro)l.eH sapHaHT KaTOJJ.Horo noBTOpHTeJIH Yalirn c npe)l.rnecTByIOllJ,HM cpa30-

pacllJ,enHTeJieM (pHC. 2.30). 3)1.eCb (aHaJIOrH'IHO .ll.BYXTaKTHblM ycHJIHTeJibHblM KaCKa)l.aM -

CM. nocJie)l.ylOUJ,He rJiaBbl), BXO)l.Hhle HanpH>K:eHHH, nocrynalOllJ,He Ha )I.Be JiaMnhI, C)l.BHHYTbI 

OTHOCHTeJihHO .ll.pyr .ll.pyra no cpa3e Ha 180 ·c (TO ecTb Ha nonnepHo)l.a ). 

Dpe.ll.nOJiaraH, 'ITO o6e naMnhI ornepTbl npH JI1060M yposHe BXO)l.Horo cHrHana, K03cp

cpHl.{HeHT ycHJieHHH HH>K:f!eH 3JieKTpOHHOH JiaMni?I paBeH: 

A µ·Rn 
V(mu1a1e1') =-R--. 

If +r. 

B l.{enH aHO.ll.8 sepxHeH 3JieKTpOHHOH naMnh1 6onhrne HeT pe3HcTopa, no3TOMY rK = 1/ gm, 
H 3TO 6y)l.eT aHO,/l.HaH Harpy3Ka HH>K:HeH 3JieKTpOHHOH JiaMnhI. 3aMeHHeM: 

1 
µ·

gm 
1 

-+r gm a 
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0cHOBbl cxeMOTeXHllKll naMnOBblX yc11n11TeneM 

~-~-n +82.SV 

100n 
<r----1 m-----..-----; - - - E88CC 

OV c J--------.-~------t-------u OV 

'-------------n -Vb1as 

PHc. 2.30 Cu.M.Mempuru-tblt1Bxoo1camo0Hoeo noBmopumeAR Yauma 

YMHO>KaeM Ha gm H ynpow.aeM: 

µ 
AV(lllllKIJCll) = µ + 1. 

Totrno TaKoH >Ke Ko3$QJHl.(HeHT ycHJieHHH 6y.u.eT o6ecne'IHBaTb KaTO.U.HhIH nosTOpHTeJib 

npH ycJIOBHH RIC = oo. nocKOJibKY BblXO.U.HOH CHrHaJI HH>KHeH JI3Milbl TO'IHO TaKOH >Ke, KaK 

y o6bI'IHOro KaTO.U.Horo nosTOpHTeJIH H ecJIH .zvrn Hee R" = oo, TO MO>KHO noJIO>KHTh HanpH

>KeHHHX o6eHx JiaMn O.U.HHaKOBhIMH. TaKHM o6pa30M, H JI.Jiff sepxHeH JiaMnhI R" = oo. TeM He 

MeHee, CJie,uyeT HanOMHHTb, 'ffO BXO)l.HOH CHrHaJJ HH>KHeH JiaMnhl .ll.OJI>KeH 6bITb HHBepTH

poBaH ( C)l.BHHYT no Q>a3e Ha 180 ·~ OTHOCHTeJibHO BXO.U.HOfO CHrHaJia sepxHeH naMnhl ), l{TO 

Tpe6yeT npHMeHeHHH BHewHero Q>a3opacw.enHTeJIH ( Q>a30HHBepTOpa ). 

HH>KHHH JiaMna 6oJihwe He yMeHbwaeT BhIXO.U.HOe conpoTHBJieHHe eepxHeH 3JieKTpoH

Hoi1 JiaMnhI, nOCKOJihKY c K03Q>Q>Hl.(HeHTOM yCHJieHHH paBHblM 1 OHa He MO>KeT C03,llaTh 

06parny10 CBH3b c BepxHeH JiaMnOH, BOT no':leMy BblXO)I. 6ecTpaHc<t>opMaTOpHblX ycHJIHTe-
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µ-nOBTOpHTenb 

JieH rpe6yer CHJibHOH rno6aJibHOH o6paTHOH CBfl3H, 4T06bt CHH3HTb BblXO,ll.HOe conpOTHB

JieHHe IJ.0 nOIJ.XOIJ.flW.eH BeJIH4HHbl, H 4T06bl 1J.eMmjrnposaTh nOIJ.BH>KHhie KaryrnKH rpOMKO

rosopHTeJieH. 

2.18. µ-nOBTOpMTenb 

3ra KOHcrpyKU.HH Bht3BaJia 3Ha4HTeJibHhIH HHrepec, c rex nop KaK 6htJia nosropHo orKphtra 

HeCKOJibKO JieT Ha3alJ.. (Her HH4ero HOBOrO nOIJ. COJIHU.eM.) Oo cyw.ecTBY - 3TO YCHJIHTeJib 

c 06W.HM KaTOIJ.OM H aKTHBHOH Harpy3KOH. B OTJIH4He OT KaTOIJ.HOro nosropHTeJIH, M-nOBTO

pHTeJib o6JIMaer BblCOKHM K03cpcpHU.HeHTOM ycHJieHHfl, 4TO 6eaycJIOBHO 04eHh noJie3HO. 

OpHMep npHHU.HnHaJihHOH cxeMht raKoro nosropHreJIH npHBe1J.eH Ha pHc. 2.31. 

+285V 

.------.---1 -- -- --

1M 

10n 

J----.-----1 -- -- --

PHc. 2.31 µ-noemopumeAb, 

BepxHHH 3JieKrpoHHaH JiaMna - KaTOIJ.HhIH nosropHreJib c asroMaTH4eCKHM cMew.eHH

eM, BXOIJ. KOTOporo CBff3aH 4epe3 eMKOCTb c aHOIJ.OM HH>KHeH JiaMnht, BKJll04eHHOH c 06W.HM 
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OcHOBbl cxeMorexHHKH n0Mnoab1x ycHnHreneii 

K8TOJJ.OM. 00CKOJibK}' K8TOJJ.HbIH nOBTOpHTeJib HMeeT A 0 "' l H He HHBeprnpyeT Hanps1>1<e

HHSI, TO BbIXOJJ.HOH CHrHaJI, CHHMaeMblH c ero K8TOJJ.8, 6yJJ.eT nO'ITH paBeH nepeMeHHOMY 

HanpH>KeHHIO Ha aHo.D.e HH>KHeif 3JieKTpoHHOH naMnbt. PaayMeeTCH, t.taCTh HanpH>KeHHH 

ynaJJ.eT Ha pe3HCTOpax, BKJIIO'leHHblX B K8TOJl.HYIO u.enb sepxHeH JiaMnbI. 3TO HanpH>KeHHe 

HeBeJIHKO, nOCKOJibKY sepXHSISI JiaMna npe.D.CT8BJIHeT co6oif 8KTHBHYIO Harpy3J<Y c Bb!CO

KHM conpOTHBJieHHeM, a 3H8'1HT, H TOK 6yJJ.eT HeBeJIHK. HH>KHSISI JiaMna JJ.OCTHraeT K03$

cpHU.HeHTa ycHJJeHHSI no Hanpsi>KeHHIO A0 "'µ ('!TOH nocny>KHJIO Bbl6opoM HaasaHHH TaKoro 

nOBTOpHTeJJH ), H OH a JJ.BeT M8JIO HCKa>KeHHH ('a Tenepb y>Ke He SIBJISleTCSI COCT8BHbIM 3Jie

MeHTOM ). 0.D.HHM H3 JJ.OCTOHHCTB TaKoro K8CK8JJ.8 SIBJJSleTCSI TO '!TO, HMeIOTCSI JI.BB BbIXOJJ.HbIX 

HanpSI>KeHHSI, JJH60 npHMOH BbIXOJJ. c HH>KHero 8HOJJ.8, JIH60 HH3KOOMHbIH BblXOJJ. K8TOJJ.HOro 

nosTOpHTeJIH. TeM He MeHee, HY>KHO OTMeTHTb, '!TO 60JJhlllOe conpoTHBJieHHe aKTHBHOH 

Harpy3KH <t>aKTHlJ:eCKH HMeeTCSI TOJlbKO no nepeMeHHOMY TOJ<Y, nOCKOJlbK}' KOHJJ.eHC8TOp 

CBSl3H B u.enH ceTKH BepxHeif JiaMnbI o6paayeT $HJibTp sepXHHX lJ:8CTOT BMeCTe c BXOJJ.Hb!M 

conpOTHBJleHHeM (KaK H3BeCTHO BbICOKHM) K8TO,ll.HOro nOBTOpHTeJISI. 

HcxOJJ.SI H3 BbillleCK838HHOro, Bepxmrn .naMna SIBJISleTCSI 3KBHB8JleHTHbIM HCTO'IHHKOM 

HeH3MeHHeMoro TOKa (no KpaifHeH Mepe no nepeMeHHOMY TOKy). Tor.D.a MO>KHO c noJIHblM 

Ha TO OCHOB8HHeM Hat.tepTHTb HarpyaotJ:HYIO JIHHHIO .II.Jiff HH>KHeH JiaMnbl B BHJJ.e ropH30H

T8JlbHOH npHMOH (pHC. 2.32). 

20 

15 

la(mA) 10 

5 

0 50 100 200 250 300 

PHc. 2.32 Ha2py3011.naR np1uwR OAR nu:J1Cnet1AaMnbt µ-noamopumeAR 

3TO npHMep Harpy30lJ:HOH JIHHHH no nepeMeHHOMY TOJ<Y, r.D.e ee H8KJIOH He CBSl38H 

c pe>KHMOM no nOCTOSIHHOMY TOKa, XOTSI OHa Jl.OJl>KHa npHXOJJ.HTb qepe3 pa60lJ:yIO TO'IKY 

(TO'IJ<Y noKOH) no nocTOSIHHOMY TOK)' Mo>KHO nepeMemaTb 3TY JIHHHIO B JII06yIO pa6o'lyIO 

TO'IKY - KOTOpaSI 6y.D.eT HaH6onee u.enecoo6pa3HOH. EcnH, HanpHMep, Bb16paTb TOK aHOJJ.8 

2 MA, H senHt.tHHy nocTOSIHHoro HanpH>KeHHH Ha aHOJJ.e HH>KHeif JiaMnb1 80 B, TO 3TO ,u.acT 

µ = 32,5, H no3TOMY MO>KHO O>KH,u.aTb, '!TO K03<f><f>m.i.HeHT YCHJleHHSI 6yJJ.eT"' 32. 
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µ-nosrop11renb 

Tenepb HY>KHO onpe,ll,eJIHTb pa6011yio T04KY )l.1151 BepxHeH JiaMnbl. nycTb, HanpHMep, Ta

KOH cocTaBHOH KaCK8.ll. nHTaeTc51 OT HCT04HHKa BbICOKoro Hanpsi>KeHH51 285 B. KortJ.a Mbl 

6ytJ.eM o6ey>K.ll.8Tb nHTa10w.He Hanp51>KeHHH, TO YBH.!1.HM no11eMy 285 B 51BJI51eTcsi 011eHb 

Y.ll.06HOH seJIH4HHOH. Hcxo,ll,H H3 TOro, 4TO K aHo.ny HH>KHeti naMnb1 .ll.OJI>KHO 6b1Tb npHJIO>Ke

HO 80 B, TO Me}!{Jly aHO,ll,OM H KaTO,ll,OM BepxHeH JiaMnbl ,ll,OJI>KHO ynaCTb 205. CToCKOJibKY 

TOKH aHO,ll,OB o6eHX JiaMn paBHbl, TO H aHO,ll,HblH TOK sepxHeH JiaMi'Ibl TaK>Ke ,ll,OJI>KeH 6blTb 

2 MA. EcJIH Tenepb OTMeTHTb Ha cTaTH4eCKHX xapaKTepHCTHKax HY>KHoe aH0.!1.HOe Hanpsi

>KeHHe )l.1151 sepxHeH JiaMnbl, TO MO>KHO Ha4epTHTb Harpy304HYIO JIHHHIO. B T04Ke v<I = 0 
6ytJ.eT TOK 3,25 MA, KOTOpbIH cooTBeTcTsyeT 63 KOM o6meii: KaTO.ll.HOH Harpy3KH Jl.1151 sepx

Heii: JiaMnb1. Hanp51>KeHHe CMemeHH51 Ve• sepxHeii: naMnb1 pasHo 2,5 B, B CHJIY 11ero Jl.IJH 

la = 2 MA He06XO.lJ.HM pe3HCTop KaTO.ll.Horo cMemeHH51 1,25 KOM. TaKHM o6pa30M,_ pe>KHM 

KaCK8,ll,a no nocT051HHOMY TOKY ycTaHosneH. 

TaK KaK K03cpcpHI.J.HeHT ycHJieHHH KaTOtJ.Horo nosTOpHTeJI51, H3BecTeH, MO>KHO onpe.L1.e

JIHTb BeJIH4HHY aKTHBHOH Harpy3KH, KOTOpaH eMy COOTBeTCTByeT, H H8HTH ero BXO,ll,HOe co

npOTHBJieHHe, 4TO no3BOJIHT BbI6paTb nO,!l.XO,ll,Hll.lee 3H84eHHe eMKOCTH pa3,!l.eJIHTeJibHOro 

KOH.!1.eHcarnpa. 

113 Harpy304HOH JIHHHH BH.ll.HO, 4TO K03cpcpHU.HeHT ycHJieHH51 6e3 YlfeTa npHMeHeHHH 

o6paTHOH CB513H paseH 29. TaKHM o6pa30M K03cpcpHU.HeHT ycHJieHHH KaT0.!1.HOro nosrnpH

TeJIH 6ytJ.eT 29/30, 4TO paBHO 0,97. JI..n51 HH>KHeH 3JieKTpOHHOH JiaMnbl aHO,ll,Ha51 Harpy3Ka 

COCTaBJI51eT: 

3TO tJ.aeT seJIH4HHY "' 2 MOM, TaK 4TO HawH paHee BblCKa3aHHb1e npetJ.nOJIO>KeHHH o 

K03cpcpHU.HeHTe ycHJieHH51 H JIHHeHHOCTH HH>KHero KaCK8,ll,a 6bIJIH BnOJIHe onpaB,ll,8Hbl. 

Mo>KHO HCnOJib30BaTb paHee npHBe,ll,eHHy10 cpopMyny, 4T06b1 onpetJ.eJIHTb BX0.!1.HOe co'npo

THBJieHHe Ha cerKe KaT0,!1.HOro noBTOpHTeJI51: 

RH+Rk 
fH=-~-~-

1-A-R_.H,__ 
Ru +RK 

0Ha ,ll,aeT BXO.ll.HOe conpoTHBJieHHe"' 19 MOM. EcJIH OT cpHJibTpa HH>KHHX 11acTOT, 06-

pa3yeMoro pa3,ll,eJIHTeJibHblM KOH,!l.eHCaTOpOM Tpe6yeTC51 4aCTOTa cpe3a 1 fIJ., TO 3Ha4eHHe 

pa3Jl,eJIHTeJibHOH eMKOCTH B 10 Hct> 51BJIHeTC51 BnOJIHe COOTBeTCTBYIOlllHM. BeJIH4HHa Heo6-

XOJl,HMOro conpOTHBJieHHH pe3HCTOpa K8TOJl,HOro CMemeHH51 HH>KHeH JiaMnbI 6bJJia Bbl4HC

JieHa o6bl4Hb!M cnoco60M (CM. H84aJIO rJI8Bbl ). 

oOJibWoe 3Ha4eHHe conpoTHBJieHH51 Harpy3KH HH>KHeii: JiaMnbitJ.enaeT B HacTOJibKO Ma

JlblM, 4TO yMeHbWeHHe K03cpcpHU.HeHTa YCHJieHH51 H3-38 OTpHU.aTeJibHOH o6paTHOH CBH3H 

RBJIHeTc51 He3Ha4HTeJibHbIM. TeM He MeHee, see pasHo HY>KHO HcnOJib30BaTb pa3BH3b!Ba10-

w.11ti KOHJl,eHCaTop, HHa4e nOBbIWaeTC51 aHO.ll.HOe conpOTHBJieHHe HH>KHeH JiaMnbl. YBeJIH

lfeHHe 3KBHBaJieHTHOro aHO,ll,Horo conpOTHBJieHH51 JiaMnbI 51BJI51eTCH He>KeJiaTeJibHblM, no-
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OcHOBbl cxeMorexHHKll naMnOBblX yc11m1rene£i 

CKOJJbKY B 3TOM cnyqae yseJJH':IHBaeTCH wyHTHPYIOlllHH 3cf:>cf:>eKT Bb!XO,D.HOH napa3HTHOH eM

KOCTH, a TaIOKe yseJJH':IHBalOTCH lllYMbl, TaKHe KaK HHJJYU,HpoBaHHbie noMeXH OT HCTO'l· 

HHKa npOMblllJJJeHHOH 'laCTOTbl H co6cTBeHHbie wyMbl pe3HCTOpOB. 

Llpe3BbI':laHHO noJJe3HO TaKoe npeHMymecTBo M-nOBTOPHTeJJH - ero ,D.OCTaTO':IHO Bbl· 

CQKaH 3alllHW.eHHOCTb OT wyMa HCTO':IMHKa nHTaHHH, xapaKTepHayeMaH TaK Ha3blBaeMbIM 

Ko3cf:>cf:>Hu,HeHTOM peaKU.HH nHTa!Oll.lero HanpH>KeHHH (Power Supply Rejection Ratio -

PSRR). Ha Bb1xo.n.e n106oro yCHJJHTeJJH c o6mHM KaTO.D.OM ero MO>KHO HaHTH H3 cne,ey10me

ro Bbipa>KeHHH: 

PSRR =Rn +r •. 
fa 

3T? cf:>opMyJJa BnOJJHe npoapal!Ha, nOCKOJJbKY 'ITO 'a o6paayeT .n.eJJHTeJJb HanpH>KeHHH 

c R,.. ,ll.JJH MaKCHMaJJbHOro no.n.asneHHH wyMa HCTO'lHHKa nHTaHHH H nynbcau,Hii, RH .n.on>KHO 

6b1Tb KaK MO>KHO 60JJbllle no cpaBHeHHIO c 'a· neHTO.D. HMeeT 'a > RH H, CJJe,D.OBaTeJJbHO, He 

no.n.aBJJHeT wyM HCTO':IHHKa nHTaHHH. 

KaTo,n.HaH OTpHu,aTeJJbHaH o6paTHaH CBH3b no nepeMeHHOMY TOKY (B03HHKa10maH 

npH OTCYTCTBHH paaBH3b1Ba10mero KOH.D.eHcarnpa) aHa':IHTeJJbHO yseJJH':IHBaeT ra, HO He 

yMeHblllaeT 06W.HH K03cf:>cf:>Hu,HeHT ycHJJeHHH Ha nponopU,HOHaJJbHYIO BeJJH':IHHy, H, CJJe

.D.OBaTeJJbHO, HapywaeT no.n.asneHHe wyMa HCTO':IHHKa nHTaHHH. B paccMaTpHsaeMoM 

npHMepe, ra HH>KHeii naMnbI = 6 KOM, aKTHBHaH HarpyaKa = 2 ,MOM, 'ITO .n.a~T 50 .n.5 

no.n.aBJJeHHH wyMa HCTO':IHHKa nHTaHHH, HO ycTpaHeHHe wyHTHpOBaHHH pa3BH3bIBalO

lllHM KOH,n.eHcarnpoM no,n.HHMeT ra HH>KHeii naMnbt .n.o 4 7 KOM, H yMeHblllHT no.n.asneHHe 

noMex OT HCTO'lHHKa nHTaHHH .n.o 33 .n.5, HeCMOTpH Ha TO, 'ITO K03cf:>cf:>Hu,HeHT ycHJJeHHH 

no':ITH He H3MeHHeTCH. 

CTporo rosopH, ffY>KHO BKJJIO':laTb niKHe noTepH Karn.n.Horo nosrnpHTeJJH B n106oii pac'leT 

Ko3cf:>cf:>Hu,HeHTa ycHneHHH npH HH3KOM BbIXO.D.HOM conpoTHBJJeHHH (A00"' = µ x A..,,Q/U,Olllno"'"""'"'"'), 
'ITO .n.acT K03cf:>cf:>Hu,HeHT ycHJJeHHH paBHblH 31,5 B paccMaTpHBaeMOM npHMepe. 

2.19. YlleT · lKBMBaneHTHblX conporMeneHMM npenweney10utero 
\ 

M nocneAYIOutero KOCKOAOB 

)lo 3Toro MOMeHTa Mbl scer.n.a HeHBHo npe.n.nonaraJJH, 'ITO sxo,n.Hoe conponrnneHHe cne
JIY!Oll.lero KacKa.n.a no':ITH He HMeeT BJJHHHHH Ha xapaKTepHCTHKY npe.n.wecTBy10mero Kac

Ka,n.a. 3rnro BJJHHHHH 6bl H He 6blJJO, eCJJH 6bl HCnOJJb30BaJJCH aHO,D.HblH BblXO.D. HH>Ke JJaM

nbl µ-nOBTOpHTeJJH, nOTOMY 'ITO BeJJH':IHHa conpOTHBJJeHHH B u,enH ceTKH CJJeJJYIOll.lero 

KacKa.n.a ( o6bt':IHO = l MOM) HecpaBHHMa c seJJH'lHHoH R . Cl>aKrn':lecKH oHa MeHbllle, 'leM 
' H 

R,., H, cne.n.osaTeJJbHO, CHH>KaeT .11:eiicTBy10mee aHa':leHHe R,., = 2 MOM npH6JJH3HTeJJbHO .n.o 

650 KOM. 3To HeaHa':IHTeJJbHO BJJHHeT Ha K03cf:>cf:>Hu,HeHT ycHJJeHHH, HO yrpaHsaeT HcKa>Ke

HHH, n03TOMY He peKOMeH,eyeTCH HCnOJJb30BaTb aHO,D.HblH BblXO,D.. 
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8b16op eepxHeM 11aMnb1 AllH µ-noerop1He11J1 

noKa BXO.ll.HOe conpoTHBJieHHe R, npeBblwaeT 1 ORH npe.uwecTBy10mero K3CKa.ua, MO)!(

HO npeHe6pe4b ero B03)1.eHCTBHeM Ha npe.uweCTBYIOUJ.HH KacKa.u, HO Kor.ua OHO CTaHOBHTCH 

MeHbwe, HY)!(HO no.u.po6HO HCCJie.UOBaTb Harpy30l.IHYIO JIHHHIO no nepeMeHHOMY TOKy, l.IT0-

6bl ycTaHOBHTb - He Bbl30BeT JIH 3TO npo6neMbl. PaccMaTpHBaH KacKa.Ubl c aKTHBHOH Ha

rpy3KOH, TaKme HY)!(HO npHHHMaTb BO BHHMaHHe BXOJl.HOe conpoTHBJ1em1e cneey10mero 

KacKa.n.a. 

nocTpOHTb TOl.IHYIO Harpy30l.IHYIO JIHHHIO no nepeMeHHOMY TOKY HeCJIO)!(HO. CHa1.1ana, 

Heo6XO)l.HMO HaHTH YTOl.!HeHHYIO Harpy3ey KacKa.ua no nepeMeHHOMY TOKy, KOTopaH 06b!l.l

HO pasHa napanJleJlbHOMY BKJllOl.leHHIO conpOTHBJleHHH aHO)l.HOH Harpy3KH HCCJleeyeMoro 

KacKaJJ.a H conpoTHBJleHHH B u.enH ynpaBJIHIOUJ.eH ceTKH nocneey10mero KacKa.ua. Mbr 3Ha· 

eM, I.ITO Harpy301.1HaH JIHHHH no nepeMeHHOMY TOKY .UOJl)!(Ha npoxo.nHTb 1.1epe3 pa601.1y10 

TOl.IKY no noCTOHHHOMy TOKY (TOl.IKY nOKOH), n03TOMY He06XO.UHMO HaHTH TOJlbKO ee BTO· 

py10 TOl.ley. npocTeHlUHH cnoco6 c.uenaTb 3TO - nepeMeCTHTbCH Ha HeCKOJlbKO KJleTOK no 

ropH30HTaJIH (H3MeHHTb HanpH)!(eHHe, cKa)!(eM, Ha 100 B) H no.uc1.1HTaTb yBeJIH'-leHHe HJIH 

yMeHbweHHe TOKa 1.1epea Harpy3KY no nepeMeHHOMy TOKY - noJlyYHM BTopy10 T01.1Ky. JlH

HHH, npoBeJJ.eHHaH 4epe3 3TH T04KH - H eCTb Harpy304HaH JIHHHH no nepeMeHHOMy rney. 

Hccne.uoBaHHe 3TOH JIHHHH n03BOJIHeT onpeJJ.eJIHTb K03¢¢Hu.HeHT ycHneHHH H JIHHeHHOCTb 

KaCKa.ua, BKJllO'-laH BJIHHHHe BXO.UHOro conpOTHBJleHH51 cneey10mero KacKa.ua. 

2.20. 8b16op eepxHeH naMnb1 11m1 µ-noe1opH1ensi 

06bl4HO BepxHHH JlaMna B µ-nOBTOpHTeJle BbI6HpaeTCH HCXOJJ.H HX HeCKOJlbKO HHblX coo6-

pa)!(eHHH, l.leM HH)!(HHH 3JieKTpOHHaH JlaMna TaKOro KacKa.ua. 

Jl.nH Ha1.1ana He06XOJJ.HMO ou.eHHTb He06XO)l.HMOe conpoTHBJleHHe 3KBHBaJleHTHOH Ha

rpy3KH no nepeMeHHOMY TOKY )l.JJH HM)!(Hett naMnbr: 

MaKCHMH3HpoBaHHe RH MHHHMH3Hpy10T HCKa)!(eHHH, BHOCHMbre HH)!(HeH naMnol1, HO 

onbJT noKa3brsaeT, I.ITO npH RH> 50ra HeT .uonoJ1HHTeJ1bHoro Bb1Hrpb1wa no 3THM HCKa)!(eHH

HM, H 6onee none3HO y1.1HTb1BaTb HCKa)!(eHHH, BHOCHMble Bepxttett JiaMnoA. TaK KaK Karn.u

HblH noBTOpHTeJib pa6oTaeT co 100%-ott o6paTHOH CBH3bl0, yBeJIH'-leHHe µ yBeJIHl.IHBaeT 

06parny10 CBH3b H yMeHbwaeT HCKa)!(eHHH. TeM He MeHee, 3JieKTpoHHbIM naMnaM 

c 6onbwHM µ Tpe6yeTcH 6onee BbICOKoe 3Ha1.1eHHe Va, BO H36e)!(aHHe noHBJieHHH TOKa 

ynpaBJIHIOUJ.eH ceTKH. TaKHM o6pa30M, Bbr6op naMnbr c oYeHb 6oJiblliHM µ yMeHbwaeT pe

aJibHO .UOCTH)!(HMOe nOCTOHHHOe HanpH)!(eHHe Va HH)!(HeH JiaMnbl' H nOHH)!(aeT MaKCHMaJib

HOe 3Ha1.1eH11e pa3Maxa ee aHO.UHOro HanpH)!(eHHH. 

5onbwaH Kpyrn3Ha gm TaKme none3Ha B BepxHeH naMne, oco6eHHO ecnH Harpy3KOH 

KaCKa.LI.a HBJIHeTCH naCCHBHaH KOMneHCaU.HOHHaH cxeMy, nOCKOJlbKY pe3yJ1bTHpy10mee 

HH3KOe (HO H3MeHHIOUJ.eecH) conpOTHBJleHHe rBblX COCTaBJIHeT MeHblliYIO 1.1aCTb B u.enH 

nocne.uoBaTeJlbHO BKJllO'-leHHblX conpOTHBJleHHH. 
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0cHOBbl cxeMoTeXHltKH nQMnOBblX ycHnHTeneii 

0.n.HHO'IHbJH TpH0.11., HanpHMep, THna 6C45n HMeeT µ = 52 H gm= 20 MA/B npH aH0.11.

HOM TOKe ( COOTBeTCTBYJOll.leM npHMepHO cepe.n.HHe pa6oqero yqacTKa npOX0.11.HOH xapaKTe

pHCTHKH), HO ero OCHOBHblM npeHMYll.leCTBOM B KaqecTBe BepxHeH JiaMnbJ SIBJlSleTCSI TO, 

'ITO OH .n.onycKaeT pa3Max BXO.D.Horo HanpSI>KeHHH Ve. 6JJH3KO K 0 B 6e3 3aMeTHhJX HCKa>Ke

HHSI, .n.onycKafl 60JJbWOH nepena.n. BbIX0.11.HOfO HanpSI>KeHHSI npH 3a)l.aHHOM HanpSI>KeHHH 

HCTO'IHHKa nHTaHHSI. 

YacTo neHT0.11.hI BKJIJO'laJOT no cxeMe TpHo.n.a ( coe.n.HHSISI ero ceTKH c2 H c3 c a HO.II.OM). 

OpH TaKoM BKJIJO'leHHH, HanpHMep, neHT0.11. THna D3A TaK>Ke 6y.n.eT xopowHM Bb16opoM, 

TaK KaK µ,,;:,, 80, H gm= 20 MA/ B JierKO .11.0CTH>KHMbl .n.ame npH .11.0BOJibHO HH3KHX TOKax, HO 

3Ha'IHTeJJbHhlH ceTO'IHhIH TOK Ha'IHHaeTCSI npH HanpSI>KeHHH cMemeHHSI Ve• = - l, l B. 

CTeHT0.11. D3A HMeeT rI030JIO'leHHbie WTblpbKH H 6bJJI H3fOTOBJieH B 3py, KOf)l.a MeTaJJJIH3a

U.HSI 30JJOTOM 03HaqaJia oco6oe Ka'leCTBO. OH He TOJibKO COOTBeTCTByeT 3aB0.11.CKOMY OrIH -

caHHJO, HO H HMeeT CTa6HJJbHbie napaMeTpbl B cepHH. 11 Hao6opoT, poCCHHCKHH TpH0.11. 

THna 6C45f1 06bl'IHO TOJlbKO e.n.sa COOTBeTcTByeT HH>KHHM npe.n.eJiaM cneu.HqmKaU.HH H 

HMeeT .11.0BOJibHO HerIOCTOSIHHbie napaMeTpbl, XOTSI ero aH0.11.Hhle xapaKTepHCTHKH SIBJISIJOT

CSI qpe3BbI'laHHO JIHHeHHblMH. 

2.21. OrpaHM'·l0HM.H µ-noeropHren.H 

Xorn µ-noBTOpHTeJih SIBJJSieTcSI KacKa.11.0M ycHJieHHSI, 06na.11.a10rn.HM MHOrHMH npeHMY· 

mecTBaMH, OH TO>Ke HMeeT CBOH orpaHH'leHHSI. BbJWe 6hinO IlOKa3aHO, 'ITO OH HMeeT HH3-

KOe BblX0.11.HOe conpOTHBJieHHe H BHOCHT Mano HCKa>KeHHH, a, CJJe)l.OBaTeJibHO, ero xoporno 

HCnOJJb30BaTb KaK JIHHeHHblH KaCKa)I. c Il0.11.KJlJOt{eHHeM B Ka'lecTBe Harpy3KH, HanpHMep, 

)l.JlHHHblX npOBO)l.OB HJIH TpaH3HCTOpHoro ycHJIHTeJISI c HH3KHM BX0.11.Hb!M conpOTHBJieHHeM. 

TeM He MeHee, HH3Koe nonHoe conpoTHBJJeHHe Harpy3KH .n.enaeT 6onee KpyrnA Harpy-

30'IHYJO JIHHHJO no nepeMeHHOMY TOKY .ll.JISI KaTOJJ.Horo nosrnpHTeJIH, o6paaosaHHoro sepx

HeH: JiaMnoH:. XoTSI 3Ta 3JieKTpOHHaSI naMna oxsa'leHa 100%-oH: o6parnoH: CBSl3hJO, O'leHh 

60JihWaSI KPYTH3Ha Harpy30'IHaSI JIHHHH enema yMeHbwaeT Ko3cpqmu.HeHT ycHJJeHHSI H Ka

T0.11.HhJH rIOBTOpHTeJib MO>KeT 60JibWe He Bb!HTH Ha HOMHHaJibHbIH pe>KHM KaCKa.n.a c HH3-

KHM R npH TaKOH me 3cpcpeKTHBHOCTH, KaK paHee. TaKHM o6pa30M, HH>KHSISI 3JJeKTpOHHaSI 
H I 

JiaMna 6y.n.eT pa60TaTb Ha yMeHhWeHHOe 3KBHBaJieHTHOe conpOTHBJJeHHe Harpy3KH, 'ITO 

npHBe)l.eT K pocry HCKa>KeHHH, BHOCHMbIX eH:. CTpHCOe)l.HHeHHe peaJihHOH BHeWHeH H8rpy3-

KOH scer.n.a HecKOJihKO yseJIH'IHBaeT HcKa>KeHHSI, BHOCHMhJe µ-nosTopHTeJieM. KaK xapaK

TepHbJH npHMep, MO>KHO pac;cMOTpeTb rBblX µ-nOBTOpHTeJISI, IlOCTpOeHHOro Ha .D.Byx JiaM

nax THna 6J5/6J5, ou.eHeHHOe npH ypoBHe BX0.11.HOro CHrH8Jia npH 0 .II.DH. CTpH ypoBHe 

CHrHaJia +28 .II.DH 3TOT KaCKa)I. BHOCHJI 0,29% HeJIHHeHHblX HCKa>KeHHH, n03TOMY npH 

0 .II.DH O>KH.D.aJICSI Ko3cpcpHu;HeHT HeJIHHeHHhJX HCKameHHH paBHhIH 0,0 l %. TeM He Me

Hee, Kor.n.a ero BbIXO)l.HOe conpOTHBJl<;?HHe 6hJJIO H3MepeHO (.n.o6HBaSICb Ha BblXO)l.e noHH

>KeHHe ypOBHSI CHrHaJia OT 0 .II.DH .11.0 6 .II.DH), lfarpy>Kafl KaCKa.n. pe3HCTOpOM conpOTHBJie

HHeM 720 OM, cyMMapHoe 3Ha'leHHe Ko3cpcpHu;HeHTa HeJIHHeHHhJX HCKa>KeHHH B03pocno 

.11.0 0,85%. 
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OrpoHM~eHHH µ.-nosropMrenH 

EcnH µ-noeTOpHTeJJIO Heo6xoJI.HMO o6ecnelfHTb HH3Koe conporneneHHe Harpy3KH He

o6xo.n.HMO npH MHHHMaJJbHO BHOCHMblX HCKa>KeHHHX, TO Me>KJI.Y µ-nOBTOpHTeJJb H nocne

JJYIOWHM KaCKa.D.OM u.enecoo6pa3HO BKJJIOlfeHHe pa3Bff3bIBaIOwero KaCKa.n.a-6ycf>epa, B Ka

lfeCTBe KOTOporo BnOJJHe npHro.11.eH o6btlfHblH KaT0.11.HblH nOBTOpHTeJJb. )lJJH Toro, lfT06bt 

nOBblCHTb 3cf>cf>eKTHBHOCTb pa60Tbl Ha no.11.06Hy10 Harpy3Ky, KaT0.11.HbIH nOBTOpHTeJJb .II.OJI- . 

>KeH o6ecnelfHBaTb aH0.11.HblH TOK> 10 MA, H 3JJeKTpOHHaH naMna .11.on>1<Ha 6bITb c paMOlf

HOH ceTKOH, c 60JJbWOH gm H BblCOKOM µ. ;lLnst 3TOH u.enH 6yJJY OlfeHb xopowH paCCMOT

peHHble B npe.D.blJJYWHX npHMepax TpH0.11. THna 6C45n HJJH coe.11.HHeHHblH no cxeMe TpH0.11.8 

neHT0.11. rnna D3A. KaT0.11.HblH noBTOpHTeJJb npe.ncras.nsteT co6or1 Harpy3Ky c BblCOKHM 3K

BHsaneHTHbtM conpOTHBJJeHHeM, no3TOMY OH MO>KeT 6b1Tb HanpHMYIO n0.11.KJllOlfeH K HH3KO

OMHOMY BblX0.11.Y µ-nOBTOpHTeJJH, CHH>Kaff TeM caMblM HCKa>KeHHff, BHOCHMble sepxHeH 

JJ8MnOH µ-nOBTOpHTeJIH. )lJIH ewe 60JibWero CHH>KeHHff HCKa>KeHHff, KaTO,!lHblH nOBTOpH 

TeJJb .11.0JI>KeH 6b1Tb Harpy>KeH Ha KaCKa.11.- npHeMHHK HeH3MeHHIOWerocst TOK8. 

Xopowo pa3pa60TaHHbIH µ-noBTOpHTeJib sso.11.11T neperpy3Ky OlfeHb BHe3anHo. 6J5/6J5 

µ-nOBTOpHTeJib, ynpaBJIHeMblH OT HCTOlfHHKa 51 KOM, ynpaBJIHJICff ceTOlfHblM TOKOM, .11.a

s.ast BblX0.11.HOH CHrHaJI +38, 1 .n.5H (.11.eHCTBYIOWee 3HalfeHHe Hanpst>KeHHH 61,6 B) npH HC

Ka>KeHHH 0,87%. BbrcoKoe conpoTHBJieHHe HCTOlfHHKa Bbl3brsaeT >KecTKoe oTCelfeHHe ce

TOlfHOro TOK8 B HalfaJie CHrHaJia, no3TOMY HY>KHO O>KH.ll.8Tb 3aTyxa1owy10 cepHIO HelfeTHblX 

rapMOHHK. TaK KaK ceTOlfHbtH TOK cpe3aeTcH TOJibKO Ha OJI.HOM nonynepHo.11.e, H acHM

MeTpHlfHO Bbl3bIB8eT lfeTHble rapMOHHKH, MO>KHO ,O>KH.D.aTb see B03MO>KHble rapMOHHKH 

( DHC. 2 .33 ) . 

PHc. 2.33 CneK.mp ucK.a:HCenut1 µ-noamopumeAJ? 6JS/6JS 
no axoiJnoMy cemoitnoMy moK.y 

CTOHH>KeHHe ypOBHH OT 1 .11.6 .11.0 +37, l .n.5H yMeHbWaeT HCKa>KeHHff .11.0 0,54 %. H BblC

WHe rapMOHHKH nOJIHOCTblO HClfe38IOT (pHC. 2.34 ). 
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....... (-················ 
•fl I :··q· 

PHc. 2.34 CneKmp ucKa:HCeHuii µ-noBmopumeAfl 615/615 
c cemottHbt.M moKo.M HUJ/Ce Ha I iJE 

2.22. noponnenbHO ynpoem1eMblM .QByxnoMnOBblM 
ycunurenb (SRPP) 

KacKaJJ. rnna SRPP 6b1JI pa3pa6oraH B Ha4aJie 1950-x ronos .lVIH HcnOJib30BaHHH B Ka4e

CTBe ycHJIHTeJIH MOLl.(HOCTH HJIH MOJJ.YJIHTOpa B TeJieBH3HOHHblX nepenaT4HKax, rne Tpe6o

BaJIOCb pa3BHBaTb Ha BblXOJ].e c MaJiblMH HCKa>KeHHHMH OKOJIO 1100 B nepeMeHHOro Ha

npH>KeHHH Ha Harpy3Ke 400 OM napaJIJieJibHO c eMKOCTblO 500 n<l>. B TeJieBHJJ.eHHH 

nonycTHMbl HaMHOfO 60JibWHe HCKa>KeHHH, He*eJIH 4eM B 3BYK03anHCb1Ba10meli H 3BYKO· 

BocnpOH3BOJJ.HLl.(eH annapaType , H CTaHnapTbl BHJ].eOCHrHaJia B TO speMH 6biJIH cpaBHH

TeJibHO He>KeCTKHMH, TaK 4TO «MaJIO HCKa>KeHHH» 03Ha4aJio == 2%, H «He3Ha4HTeJibHble 

HCKameHHH» 03Ha4aJIH < l %. 
Xorn MaJiosepoHTHO, 4TO Mbl 6yneM HCnOJib30BaTb napaJIJieJibHO ynpaBJIHeMblH nsyx

TaKTHblH ( SRPP) ycHJIHTeJib no ero ocHOBHOMY Ha3Ha4eHHIO, noJie3HO noHHTb npo6JieMbl 

c KOTOpblMH craJIKHBaJIHCb ero pa3pa60T4HKH, H KaK OHH 6b1JIH peweHbl. CToJiy4eHHe 1100 B 
aMnJIHTyJJ.HOro 3Hal.(eHHH Ha Harpy3Ke 400 OM B nelicTBHTeJibHOCTH He npo6JieMa - npo

CTO Tpe6yeTCH MOLl.(HaH 3JieKTpOHHaH JiaMna, HO 6blJia npo6JieMa nOMepmaHHH 3TOfO Ha

npH>KeHHH BO BCeM JJ.Hana30He MO.llj'JIHPYIOLl.(HX 4aCTOT c ~eTOM wyHrnpoBaHHH Harpy3KH 

napaJIJieJibHOH eMKOCTblO 500 n<l> . CaMaH BblCOKaH 4acT0Ta, cneKTpa BHJJ.eOCHrHaJia rnr

nawHeli CHCTeMoli «Bb1c0Koli l.(eTKOCTli» cepHH 405, 6b1J1a 3 Mru., H Ha 3TOH 4acT0Te 

B eMKOCTHOe conpoTHBJieHHe X, == l 00 OM orneTBJIHJICH 3Hal.(HTeJibHO 6oJibWHH TOK, 4eM 

B conpoTHBJieHHe noJie3HOH Harpy3KH 400 OM. 04eBHJJ.HblM peweHHeM 6b1J10 yseJIH4HTb 

TOK noKOH B KaCKaJ].e, HO 3TO 6yneT pacTOl.(HTeJibHblM HCnOJib30BaHHeM 3JieKTpH4eCTBa -
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napannenbHO ynpaenJleMblM ABYXflOMnOBblM yc11nMTenb (SRPP) 

f!OTOM)' l.fTO B peaJJbHblX H306pa>KeHHHX MaKCHMaJJbHaH aMf!JJHTYAa Bb!COKOl.faCTOTHOfO 

CHrHaJJa flOHBJJHeTCH Ol.feHb pe,nKO (B OTJJHl.fHe OT HCflbITaTeJJbHblX CHrHaJJOB) . 

.LI.syx.naMnOBblH ycHJJHTeJJbHbIH KacKa,n SRPP KaK pa3 H pewaeT npo6JJeMY spe,nHoro 

wyHTHPYIOll.lero ,neHCTBHH eMKOCTHOH COCTaBJJHIOll.leH Harpy3KH (BKJJIOl.faH Bb!XOAHYIO eM

KOCTb caMOH JJaMflbl, eMKOCTb MOHTa>Ka HT. fl.) 6e3 Heo6XO,nHMOCTH yseJJHl.feHHH TOKa f!OKOH, 

JJH6o BbIXO.nHOH MOll.lHOCTH Ynpou~eHHaH cxeMa TaKoro KacKa.na noKa3aHa Ha pHc. 2.35. 
HH>KHHH JJaMna HBJJHeTcH ocHOBHblM ycHJJHTeJJeM, a sepXHflH naMna peryJIHTopoM. Bbrwe 

6b1JJO flOKa3aHO, lJTO H3-3a Bpe,nHoro BJIHHHHH eMKOCTHOH COCTaBJIHIOll.leH Harpy3KH, Ha 

BblCOKHX l.faCTOTax Tpe6yeTCH 60JibWHH BbIXOAHOH TOK, He>KeJIH Ha HH3KHX. 3rn npouec

COM KaK pa3 H ynpaBJIHeT sepXHHH JiaMna, pe>KHM KOTOpOH 3aBHCHT B TOM l.fHCJie H OT BeJIH

lJHHbl nepeMeHHOfO TOKa,OT,naBaMOfO KaCKB,nOM B Harpy3K}'. 00CJie,nOBaTeJibHO BKJllOl.feH

HbIH pe3HCTOP B aHOAHOH uenH HH»<HeH JiaMflbl nponycKaeT B TOM lJHCJJe H TOK Harpy3KH. 

HanpH>KeHMe, na,na10mee Ha HeM, KaK pa3 H HcnoJib3yeTcH, l.fT06br ynpasJIHTb perynHTo

poM - sepxHeti JJaMnoti. TaK KaK peryJIHTOpHaH JiaMna o6b!l.fHo MO>KeT Yl.feTBepMTb 06my10 

MOll.lHOCTb KacKa,na, He Tpe6yH ,nononHHTeJibHOro TOKa noKOH, 9TO ynosKa n03BOJJHJia pa3-

pa6oTl.fHKaM TeJieBH3HOHHOfO MOJIYJIHTOpa 3Hal.fHTeJJbHO yseJJHl.fHTb K09cj>cj>HUHeHT noJJe3-

HOfO ,neHCTBHH - Ol.feHb Ba>KHOe coo6pa>KeHHe )l,IJH YCHJIHTeJJeH, pacceMBalOll.lHX KHJIOBaT

Tbl Tenna. 

.----------<rlBH 

( J---ir--1 -- -- --

ov 

PHc. 2.35 napaA.AeAbHO ynpaBAJleMblU ooyxmaKmHblU (SRPP) ycUAumeAb 

CTpM nocTpoeHHH SRPP KaC!Ka,nos 3al.faciyl0 H sepxHHH H HH>KHHH naMnbI Bb16Mpa10TCH 

OAHHaKOBOfO THfla. 

PacCMOTpHM pe>KHM pa60Tbl SRPP KaCKa,na. nocKOJlbK}', flOCTOHHHblH TOK, npoTeKalO

lll.HH l.fepe3 06~ 9JJeKTpOHHble JJaMflbl KaCKB,na O,nHHaKOB H caMH JJaf!Mbl OAHHaKOBbl, HX 
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OcHOBbl cxeMorexHHKM naMnOBblX ycMnMreneii 

peaHcToph1 KaTO.D.Horo CMew,eHHSI RK TaJOKe paBHhI. )lnH nocTOHHHoro TOKa, eepxHsiH 
H HH>KHHH qacTH cxeMbl HBnHIOTCH H.D.eHTHt{HblMH, no3TOMY Ha Ka>K,ll.OH H3 HHX na.u.aeT no
noBHHa HanpH>KeHHH nHTaHHH. EcnH HaLiepTHTh eepTHKanhHbie nHHHH Ha aHO.D.HhIX xa
paKTepHCTHKax - 285 B/2 = 142,5 B, H Bh16paTb TOK aHo.u.a, nerno onpe.u.enHTh Tpe6ye
Moe HanpH>KeHHe cMew,eHHSI. XapaKTepHCTHKa, CHHTasi npH ceToqHoM HanpH>KeHHH -4 B 
nepeceKaeT 142,5 B np1c1 TOKe 4,5 MA, TaKHM o6paaoM 4 B/4,5 MA = 889 OM. CTaH
.u.apTHhIH peaHcTop 910 OM npeKpacHo no.u.ott.u.eT e KaqecTBe KaTo.u.Horo aeTocMew,eHHSI 
(pHC. 2.36 ). 

20 

15 

la(mA) 10 

5 

0 50 100 150 200 250 300 
Va(V) 

PHc. 2.36 Bbt6op pa6011,et1 mottteu SRPP 

TaK>Ke e TaKHX KacKa,lJ.ax B03MO>KHO Hcnonh30BaTh paanHt{Hbie 3neKTpOHHb1e naMnhl H 
paanHLIHbie pe>KHMhI nocTOHHHoro TOKa .lI.llH eepxHeH (V2) H HHmHeH (V1) naMn. B 3TOM 
cnyqae, nonHoe ypaeHeHHe, nonyqeHHOe AMocaM (Amos> H fiHpKHHllJaY (Birkinshaw) ,lJ.aeT 
B03MO>KHOCTb BblLIHCnHTb K03QJQJHU,HeHT ycHneHHSI KaCKa)l.a: 

Av= µ,(µ2Rk +r.2) 
'•' +r.2 +Rk(µ2 +I) 

BbIXO)l.HOe conpoTHeneHHe KacKa.u.a MO>KHO HaHTH H3 cne~IOLUero COOTHOWeHHH: , 

KacKa.D. SRPP aaHHMaeT npoMe>K}'TOt{HOe nono>KeHHe Me>KJJY pe3HCTopHbIM ycHnHTe
neM c o6w,HM KaTOJJ.OM, H µ-noernpHTeneM c aKTHBHOH HarpyaKoH. B TO >Ke epeMsi HH3Koe 
3HaqeHHe conpoTHeneHHH eepxHero KaTOJJ.Horo peaHcTopa RK oaHaqaeT, qTo eenHLIHHa RH 
OTHOCHTenbHO HH>KHeH naMnbl HeMHHyeMO 6y)l.eT )l.OBOnbHO HH3KOH, 03Haqaff, t{TO KaCKa)I. 

178 



napannenbHO ynpaBIUl&Mblii AByxnaMnOBblii yc1m11renb (SRPP) 

SRPP 6y,neT HMeTb Ko3<f><f>Hu.HeHTycHneHHH AV<µ, H cyw.ecTBeHHO 6onbluHe HCKa.>KeHHH 
no cpaBHeHHIO c µ-nOBTOpHTeneM. 

PaccMoTpHM npHMep nocTpoeHHH KaCKBJI.8 SRPP Ha .neyx TpHo.nax THna 6J5GT. Hx 3K
BHBaneHTHbie .AHHaMHlleCKHe napaMeTpbl 6binH 3apaHee onpe.neneHbI: gm = 2,95 MA/M, 
ra = 7, 11 KOM, µ = 70. 

PaclleTHbie ypaeHeHHH nporno3Hpy10T A/IH :iToro SRPP KacKa*1 K03cpcpHU.HeHT yrnne
HHH Av= 14,3 H BblXO.AHOe conpoTHBneHHeJ.blX = 2,3 KOM. CpaBHHM TaKOH KacKa.n SRPP 
c µ-nOBTOpHTeneM, nocTpOeHHOM Ha .neyx TaKHX .>Ke 3neKTpOHHblX naMnax B H c H,AeHTHl[
HblM pe.>KHMOM no nocToHHHOMY TOKY A/IH o6eHx naMn (pHc. 2.37). Hey,nHBHTenbHO, llTO 
KBCKB.A SRPP HMeeT 3HallHTenbHO 6onee BbICOKHH nepena.n BblXO.AHOro HanpH.>KeHHH, lleM 
µ-nOBTOpHTenb. µ-nOBTOpHTenlO TaK.>Ke Tpe6yeTCH 6onee BblCOKOe HanpH.>KeHHe nHTaHHH, 
nOTOMY llTO ero llaCTb TpaTHTCH enycrylO, Bbl3b!B8H na.neHHe HanpH.>KeHHH Ha .nononHHTenb
HOM conpoTHBneHHH RK l 0 KOM. 

All valves 6J5 ..---------0 +395 v 
@BmA 

..---------o +315V 
@BmA 

1000u 
10V 

Puc. 2.37 Cxe.Mbt cpaenueae.MblX KacKaiJoe SRPP u µ -noemopumeAJl 

DpH BbIXO.AHOM CHrHane +28 ,nBH (.neiicTByIOw,ee 3HalleHHe HanpH.>KeHHH 19,5 B ), 
µ-nOBTOpHTenb C03,naeT npHMepHO 0,24% cyMMapHoro 3HalleHHff K03<f><f>HU.HeHTa HenH
HeHHblX HCKa.>KeHHH, a KacKa.n SRPP .naeT 1,32 % npH 15 .nB. KaK H nporH03Hpoeanocb, 
KacKa.A SRPP .naeT cymec:reeHHbie HcKa.>KeHHH, H xorn OHH na,nalOT c noHH.>KeHHeM ypoBHH 
CHrHana, OHH see .>Ke .AOBOnbHO 6onbWHe A/IH ucnonb30BaHHH ero B KalleCTBe KaCKa,na npe
JJ.YCHnHTenH. TaK.>Ke 6blno Hccne.noeaHo enHHHHe HanpH.>KeHHH nuTaHHH Ha Ko3<f><f>Hu.ueHT 
HenHHeHHbIX HCKa.>KeHHH npH ypoeHe BblXO.AHOro CHrHana +28 .nBH. Pe3ynbTaTbl npHee.ne
Hbl Ha pHC. 2.38. 

Xorn KBCKB.A SRPP o6ecnel1HeaeT xy.nwHe noKB3aTenH KallecTBa no cpaeHeHHIO c µ-no
eropHTeneM, HO OH HMeeT npeHMyW.eCTBO B TOM, l[TO OH He Tpe6yeT ranbBBHHlleCKOi!I pa3-
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OcHOBbl cxeMorexH11K1t naMnOBblX yc11n11reneii 

Bff3KH no nocTOffHHOMY TOJ<Y ( B µ-nOBTOpHTene Heo6XOJJ.HM pa3JJ,enHTenbHblH KOHJJ,eHCaTop 
K sepxHeH naMne ), H oH, cne.11.osaTenbHO, HesocnpHHMl!HB K 6noKHposKe. PaayMeeTcH, Ma
naH llYBCTBHTenbHOCTb K WYHTHpy10meMy BnHHHHIO eMKOCTHOH COCTaBnHIOW.eH·Harpy3KH, 
TalOKe HBnHeTCH npeHMymecTBOM SRPP KaCKaJJ.a. 

lilCKUeHlllR 

-32 ....-------------.. 
-33 1--"-------------t 
-34 t----'------------1 
-35 1----------------1 

~ -36 .,._ ___ _....,,...---------1 
~ -37 1--------------1 
I- -38 1--------~-----1 

-39 1----------------1 
-40 1-------------.,--1 
-41 ...__ __________ __. 

240 270 300 330 360 
255 285 315 345 375 

HT(V) 

PHc. 2.38 ,CyMMapnoe 3Hattenue Ko3<fx/Juttuenma neAuneunbvc ucKa:JtCenuu 
B 3aaucUM.ocmu om nanpR:JtCeHuR numanuR OAR 615/615 SRPP 
npu +28 oBn 

2.23. J3-noeropi1Tenb 
YcHnHTenbHblH KaCK8JJ., HaabrnaeMbIH f3-nosTOpHTeneM noasonHeT o6oeJJ.HHHTb npeHMy
mecTBa µ-nOBTOpHTenH ( c ero xopoWHM K03QJQJHl..J.HeHTOM none3HOro JJ,eHCTBHff) H KaCKaJJ,a 
SRPP ( c HenocpeJJ.CTBeHHOH CBH3bl0 Me>KJI.Y HH>KHeH H sepxHeH naMnoA no nocTOHHHOMY 
TOJ<Y). CTpHHU.HnHanbHaH cxeMa s-nosTOpHTenH npHBeJJ,eHa Ha pHc. 2.39. 

3aMeHa pe3HCTOpa KaTOJl,HOro CMelll,eHHff Ha 6HnonHpHblH TpaH3HCTOp no3BOnffeT He 
HcnonbaosaTb 6onbwoe ( B03MO>KHO 10 KOM) R , yMeHbWaH noTepH no nHTaHHIO, ti o.zr.Ho-

• H 

speMeHHO noasonHH JJ.BYM naMnaM no npe>KHeMy 6b1Tb Henocpe.11.cTBeHHO CBH3aHHblMH no 
nocTOffHHOMY TOJ<Y. 

BbIXOJl.Hble cTaTHl!ecKHe xapaKTepHCTHKH 6HnonHpHbIX TpaH3HCTopos crpoHTCH npH 
cjJHKCHpOBaHHOM 6a30BOM TOKe, l!TO npeJJ,nonaraeT ropH30HTanbHble KpHBbie, HO xapaKTe
pHCTJiKH peanbHblX TpaH3HCTOpOB 06bll!HO npe.11.cTaBnfflOT co60H KpHBble c He6onbWHM 
HaKnOHOM. B Kal!ecTBe npHMepa, Ha pHc. 2.40 npHBeJJ.eHo ceMeHcTBo BblXOJJ.HblX cTaTHl!e
CKHX xapaKTepHCTHK )l,llH 6HnonHpHoro 'TpaHaHcTOpa THna BC549. 

3KBHBaneHTHOe conpOTHBneHHe n?Mnbl co CTOpOHbl aHo.11.a onpeJJ,enHeTCff KaK npoH3· 
seJJ,eHHe RK Ha µ, TO ecTb naMna KaK 6b1 yMHO>KaeT RK Ha µ. AHanorHl!HO, 6HnonHpHb1H 
TpaH3HCTOp yMHo>KaeT n106oe conpoTHBneHHe B u.enH 3MHTTepa Ha B HnH h21e. TaKHM 06-
paaoM, BblXOJJ,Hble xapaKTepHCTHKH TpaH3HCTopa MOryT 6bITb BblpOBHeHbl .11.06asneHHeM 
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.---------u +300V 

--- 6J5 

( J----1- - - 6J5 

3.4V 

f red 
f LED 

c r-------"----~---u OV 

PHc. 2.39 ~-noemopumeAb 

al Pmax='5watt 
Rioad = .25 Ohm 

lb/step= 5 uA No of steps= 1 O 

~.: jp--~·-::=:: 
:;.~ua i.8F. =========-~ 
10.4 A . ___,..;...: ..... ~.---"~--···-:--'-· • • 

lb=25 ua 
I 720mV 

9.52tnA 

. . ' . . 
1 ··.~~:~--uff~···~···.,····~ 
. . 
'l ~··:oAoAoM••M:-•••M•-•••:·-· ... --:---....... ~ . ..;...,-,.._,.~....,..,,._,--
i. 1 ......... .,y, ..... ~ •• ., •••••••••••••••• -~ ..... ~-~~~,..:,.~ • -~·""'"· .,..,..,...,..,_,..,._.' 

' ·Ir----~~~--~:~ . ...,...,.~..,..,..., 
: Tek. 0 --· .. -·-,--....,--.,.....-,..--,--..,.---,---,---r-----, 

0 10 
hre = 381 1 V/div 

PHc. 2.40 CeMeii.cmeo BbtXOOflblX cmamul/.ec1wx xapaKmepucmwc 
n-p-n mpaH3ucmopa muna BC549 

'3-noeropMrenb 
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0CHOBbl cxeMOTeXHltKlt naMnOBblX yc1tn1trenei1 

pe3HCTOpa B u.enb 3MHTTepa. CTOCKOJlbK)' h21 e MaJIOMOW.HOfO TpaH3HCTOpa npHMepHO paBeH:::: 

400, pe3HCTop 100 OM B u.enH 3MHTTepa )l,aeT BbIXO.ll.HOe conpoTHBJieHHe:::: 40 KOM. KaTO.ll.

HbIH noBTOpHTeJib yMHO)l{aeT 3TO conpornsJieHHe Ha ero µ, HanpHMep 20. B pe3yJibTaTe no

.nyqaeM R,,::::: 8 MOM, 'ITO )l,a)l{e Jiyqwe, 'leM MO)l{HO .ll.OCTH'lb B o6bI'IHOM µ-noBTOpHTeJie. 

13-nOBTOpHTeJib JierKO MO)l{eT o6ecne'IHTb 3KBHBaJieHTHOe BbIXO)l.HOe conpOTHBJieHHe 

R. > 50ra, )l,a)l{e c HH3KHM µ sepxHeii JiaMnbI. TaKHM o6pa30M, sepxmrn 3JieKTpOHHa51 JiaM

na MO)l{eT H .n.o.n>l<Ha 6hITb Bh!6paHa c yqeTOM MHHHMaJibHblX HCKa)l{eHHH, HHa'le OHa CBe)l.eT 

Ha HeT )l,a)l{e caMyIO JIHHeHHYIO xapaKTepHCTHKY HH)l{HeH 3JieKTpOHHOH JiaMl1bl. 

B-nOBTOpHTeJib 51BJI51eTC51 3aMe'laTeJibHbIM HCl1blTaTeJibHblM CTeH)l,OM )l.Jl51 npoBepKH 

JiaMn Ha BHOCHMbJe HMH HCKa)l{eHH51. EcJIH conpoTHBJieHHe HCTO'IHHKa HH)l{HeH JiaMnbI 

r"::::: 0 H conpoTHBJieHHe Harpy3KH R,,::::: oo, TO ocrnswHeCH HCKa)l{eHHH noHBJIHIOTCH H3-3a 

TeXHOJIOrH'leCKHX norpewHOCTeH B reoMeTpHH JiaMl1bl, TaKHX KaK HepaBHOMepHaH Ha

MOTKa ceTKH HT. n., B-nOBTOpHTeJib Ha )l.Byx JiaMnax rnna 6J5/6J5, H306pa)l{eHHblH Ha pHC. 

2.39 )l.aeT MHHHMYM HCKa)l{eHHH, KOTOpblH y)l.aeTCH 3acpHKCHposaTb )l.aJieKO He Ha Ka)l{)l,OM 

H3MepHTeJibHOM o6opy.ll.oBaHHH. CT pH ypoBHe BbIXO.ll.HOro cHrnaJia + 28 )].DH y)l.aercH 3acpHK

cHposaTb TOJibKO 2-yIO rapMOHHKa, ypoBeHb KOTOpOH COCTaBJIHeT -55 )l.D, OTHOCHTeJibHO 

ypoBHH nepsoii rapMOHHKH. YpoBHH scex.ll.pyrnx rapMOHHK MeHbWe -100 )l.5! 

Pa3pa6aTbIBaH B-noBTOpHTeJib, MO)l{HO 3aMeHHTb 6HnOJI51pHbIH TpaH3Hcrop 11 CBH3aH

Hbie c HHM 3JleMeHTbl c6opKOH Ha 110JieBbIX TpaH3HCTopax (JFET - junction field-effect 

transistor). EcJIH 3aTBop no)l,coe)l.HHeH Henocpe.ll.CTBeHHO K HCTOKY (pHc. 2.41 ), noJiesoii 

,.----------~ +300V 

--- 6J5GT 

2SK147 

9mA 

150V 

c i--~-----i - - - 6J5GT 

red 

LED 

P11c. 2.4 t µ-noamopumeAb c ucmottHUKOM HeU3MeHR10UfeCOCR moKa 
Ha 2SKI 47 JFET 
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TpaH3HCTOp CTaHOBHTCff HCTO'IHHKOM HeH3MeHfflOW,erocff TOKa. TeM He MeHee, 9KBHBaJieH

THOe BblXO)lHOe conpOTHBJieHHe CO CTOpOHbl CTOKa 06bl'tHO < 10 K0M. no 9TOH npH'tHHe 

nOBTOpHTeJib c noJieBblM TpaH3HCTOpOM He TaK 9cp<f>eKTHBHO yMeHblllaeT HCKa:>KeHHff, KaK 

B-nOBTOpHTeJib c 6HnOJiffpHbIM TpaH3HCTOpOM. 

2.24. n~uflcl>epeHl.IHOflbHOJI napa (.qHcl>cl>epeHl.IMOflbHblH KOCKO.Q) 

Bee cxeMbI ycHJIHTeJibHbIX KacKa.nos, KOTOpble Mbl paccMaTpHBaJIH .no CHX nop, 6bIJIH He

CHMMeTpH'tHbIMH, TO eCTb, .npyrHMH CJIOBaMH, OHH HMelOT TOJlbKO O.D.HH BbIXO.lJ.. THnOBbie 

cxeMbl µ-nOBTOpHTeJieH, He CMOTpH Ha TO, l{TO qacTo HMelOT .nea BbIXO.D.a, TaK:>Ke ffBJlffl-OTCff 

HeCHMMeTpH'tHbIMH, nOCKOJibKY HanpH:>KeHHff Ha o60HX BblXO.D.aX O.D.HHaKOBOH nonHpHOCTH 

(TO eCTb roeopH ff3bIKOM nepeMeHHbIX TOKOB - CHHcpa3Hbl). 

B OTJIH'tHe OT .npyrnx ycHJIHTeJibHbIX KacKa.noe, .nHcpcpepeHu.HaJibHaff napa HMeeT .n,ea 

Bxo.na H ycHJIHBaeT pa3HOCTHbIH CHrHaJI (pa3HOCTHOe HanpH:>KeHHe) Me)l(Jl.y HHMH. 0Ha 

HMeeT .!I.Ba BblXO.D.a, HHBepTHpOBaHHble (TO eCTb npoTHBOcpa3Hble) O.D.HH no OTHOllleHHIO 

K .npyroMy - 9TO .nenaeT .D.HcpcpepeHu.HaJibHYIO napy HJIH cpa30HHBepTOp c KaTO.lJ.HOH CBff3blO 

O'teHb noJie3HblM KaCKa.D.OM. 

' ,llHcpcpepeHU.HaJibHaff napa MO:>KeT 6bITb BbinOJIHeHa, OCHOBe ycHJIHTeJibHbIX KacKa.nax 

Ha TpHo.ne c o6W,HM KaTO.D.OM HJIH KaCKO.D.HOH cxeMbl. µ-noBTOpHTeJib HenpHro.neH, nOTOMY 

l{TO B .D.HcpcpepeHU.HaJibHOH nape o6bI'tHO CTpeMffTCff HCnOJib30BaTb 60Jibll!Oe OTHOll!eHHe 

Me)l(,lly RH H RK.) ,llnH ynpow,eHHff 6y.neM paccMaTpHBaTb .nHcpcpepeHU.HaJibHYIO napy, no

cTpoeHHYIO Ha OCHOBe ycHJIHTeJibHOro KaCKaJI.8 Ha TpHo.ne c o6W,HM KaTO.D.OM. Ynpow,eHHaff 

npHHU.HnHaJibHaff cxeMa TaKOH .D.HcpcpepeHu.HaJibHOH napbl npHBe.n,eHa Ha pHC. 2.42. 

BH 

v, 

[ >---.--1-- -- -- -- -- --1--~-r) 

Pnc. 2.42 JJ.u<fxjJepeH/iUaAbHaR napa UAU</Ja3ouHeepmop 
c KamoOHOU CBJl3blO ' 
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OcHOBbl cxeMorexH1tK11 naMnOBblX yc11n11Tenei4 

,llmpcpepeHIJ,HaJibHblH KaeKBJJ, eTpOHTeSI Ha JJ.Byx H)l.eHTH'-IHblX TpHo,nax, 3a'laery10 SbinOJIHeH

HblX s 0,11.HOM 6aJIJIOHe, e eoeJ.1,HHeltHblMH KaTO.ll.BMH, nponyeKBIOll.l,HMH o6ll.l,HH TOK K 3eMJie '1epe3 

npHeMHHK HeH3MeHSIIOll.l,eroeSI TOKB (Ha cxeMe o6o3Ha'leH yCJiosHbIM 3Ha'IKOM). Ka~ii H3 

TpHO.l.l,OS pa6oTaeT Ha paSHble no seJIH'IHHe pe3HeTOpbl s Ka'leeTse aH0,11.HOH Harpy3KH. 

npe.!.1,nOJIO)KHM, 'ITO SX0,11.HOH eHrHaJI no.naeTeH TaKHM o6pa30M, 'IT06bl HanpSI.>KeHHe Ha 

aHo.ne TpHo,na v, nosb1eHnoeb Ha l 8. ToK '1epe3 V, ,non>KeH, ene.nosaTeJibHO, noHH3HTeH, 

HO noeKOJlbKY TOKH o6eHX JiaMn npoTeKalOT 'lepe3 o6ll.l,HH npHeMHHK HeH3MeHSI.IOll.l,eroeff 

TOKa, 3TO H3MeHeHHe MO>KeT npOH30HTH TOJlbKO eeJIH TOK '1epe3 STOpOH TpHO.l.l, V2 nOSbleHT

eSI Ha paBeylO seJIH'IHHy. noeKOJibKY pe3HeTOpbl aHO.l.l,HOH Harpy3KH paSHbl, TO eJie.nyeT, 

'ITO HanpH>KeHHe Ha 8HO,ZJ.e TpHO.l.1,8 V2 npH 3TOM ,11.0Jl>KHO nOHH3HTbeSI Ha 1 8. 
TaKHM o6pa30M, sb1xo,11.Hb1e aH0,11.Hble HanpSI>KeHHH .nsyx JiaMn pasHbl no eeJIH'IHHe, HO 

0,11.HO H3 HHX HSJIHeTeH HHSepTHposaHHblM (c,nSHHYTblM no cpa3e Ha nonnepHO,na) no OTHO

weHHIO K .npyroMy. 

06paTHMeH Tenepb K sxo,naM: eeJIH 3aKOpOTHTb eeTKY STOpOH JiaMnbl gV2 Ha 3eMJIIO, H 

no,naTb eHeyeOH.ll.BJibHblH eHrHaJI Ha eeTKY nepsof! JiaMnbl g VI' TO 06ll.l,HH KaTO.l.l,HblH TOK 6y.neT 

nosTopHTb 3TOT eHrHaJI, H KaeKa.l.I, 6y.neT pa60T8Tb aHaJIOrH'IHO KaT0,11.HOMY nosTOpHTeJllO. 

npH 38KOpO'leHHOH eeTKe TpHO.l.l,a V2, 3Ta JiaMna no eYTH ynpaSJIHeTeSI ee KaT0,11.HblM TOKOM. 

no,n,neiieTSHeM eHeyeoH,ZJ.aJibHOfO aHO.l.l,HOro TOKa, yeHJieHHOe eHHyeOH,ZJ.aJJbHOe HanpH>KeHHe 

nOHSHTeH Ha ee aHO.l.l,e, H, ene.noeaTeJibHO, pasHOe H npornsonoJIO>KHOe eMY no cpa3e HanpH

>KeHHe nOHSHTeSI H Ha aHo,ne nepsof! JiaMnbl v,. :'.:ho ey>1q1.eHHe sepHO H ,ll,/ISI eJIY'laSI, Kor.na 

SX0,11.HOH eHrHaJI npHJIO>KeH K eeTKe STOpoii JiaMnbl gV2, a eeTKa nepsoH JiaMnbl 3a3eMJieHa. 

2.25. Ko1cf>clnt~HeHT yomeHHSI AHcf>cf>epeH~HanbHOH napb1 

8 eJiy'lae, Kor.na ynpasJIHIOll.l,HH (sXO.l.l,HOH) eHrHaJI npHJIO>KeH Me>KJIY .!J.SYMH eeTKaMH, TO 

K03cpcpm.1,HeHT yeHJieHHSI ,11.HcpcpepeHIJ,HaJibHOH napbl paseH K03cpcpH!.1,HeHry o6bl'IHOro Kae

KB.ll.8 e 06ll.l,HM KaT0,11.0M. npH 3TOM, SblX0,11.HOe HanpH>KeHHe eHHMaeTeSI Me>KJIY .!J.SYMH aHO

,naMH KacKa,na. Cne.nosaTeJibHO, eeJIH paeeMoTpeTb oT.nenhHO HanpH>KeHHe Me>KJIY o,nHHM 

H3 aHO.l.l,OS KaeKa,na'H 3eMJieH, TO OHO eoeTaSHT TOJlbKO noJIOSHHY SblXO.l.l,HOro HanpH>KeHHH, 

H K03cpcpH1.1,HeHT yeHJieHHH 6y.neT S.l.l,SOe MeHbllJe. 

EeJIH HenoJib3osaTb ,11.HcpcpepeH1.1,HaJibHy10 napy KaK cpa3opaell.l,enHTeJih ( cpa30HHsep

Top ), TO eeTb O.!J.HY H3 eeTOK 3a3eMJIHTb, a Ha .npyry10 no,naTb see SX0,11.HOe HanpH>KeHHe, 

SMeeTO ioro, 'IT06bl no.nasaTb Ha Ka>KJIYIO eeTKY noJIOSHHY SX0,11.HOro HanpH>KeHHH, TO Ha 

0.l.l,HOH eeTKe 6y,neT see SX0,11.HOe HanpH>KeHHe, a Ha ,npyroH HHKaKoro. TaK KaK pa3HOeTb 

HanpSI>KeHHH Me>KJIY .!J.SYMH eeTKaMH 6y.neT TaKOH >Ke, KaK H s npe,11.bIJzyll.l,eM eJiy'lae, TO H 

K03cpcpH!.1,HeHT yeHJieHH_ff ,11.HcpcpepeHl.l,HaJibHOH napbl oeTaeTeSI 6e3 H3MeHeHHSI. 

2.26. 8b1xonHoe conporHBneHHe itHcf>cf>epeH~HanbHOH napb1 

npH yeJIOSHH, 'ITO SblX0,11.HOH eHrHaJI ,11.HcpcpepeHl.l,HaJibHOH napbl e6aJiaHeHposaH, 3KSHSa

JieHTHbie eonpOTHSJieHHH r.,.ix• npHse,neHHble K Ka>K,ZJ.OMY SblBO.D.)' HSJISllOTeH H,ZJ.eHTH'IHblMH H 
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8blXOAHOe conpon1eneH1te AHcl>cl>epeHqHanbHOii napbl 

paBHbl aHaJIOrH'IHOMY 3KBHBaJieHTHOMY BbIXO,ll,HOMY conpoTHBJieHHIO 06bI'IHOro ycHJIHTeJIH 

c OOlllHM KaTO,ll,OM, KOTopoe MO>KeT 6hITb Haft.n.eHo, KaK napanJieJibHOe BKJllO'leHHe (ra llRJ. 
TeM He MeHee, eCJIH 3arpy>KeH TOJibKO O,ll,HH H3 BbIXO,ll,OB, BbIXO,ll,HOe conponmJieHHe 

3Hal!HTeJibHO nOBbIWaeTCff. 3KBHBaJieHTHOe conpoTHBJieHHe, npHee.n.eHHOe B Hanpaene

HHH 3eMJIH (Hanpst>KeHHH nHTaHHH) qepe3 conpoTHBJieHHe R11 nepeoii .naMnbI, MO>KHO HaH

TH CJieJJYIOlllHM o6pa3oM: 

RH +ra l'.=---
k µ+1 . 

B TO>Ke speMst, u.enb, o6pa3oBaHHaH RK nonepeMeHHoMy TOKY BKJIIO'leHa KoTopoe na

panneJibHO rK: 

YMHO>KaeM Ha (µ + 1 ): 

Co cTopoHbI BToporo aHo.n.a nocne.n.oeaTeJibHO npHee.n.eHo conpoTHBJieHHe 'a• YMHO

>KeHHoe Ha K09cpcpHU.HeHT (µ + 1 ): 

EcnH Tenepb pa3.n.enHTh Ha RK (µ + 1 ), TO nonyqaeM: 

_ RH +r. 
"• -r. + R 

R H +fa +--
k (µ+ 1) 

TaK KaK RK CTpeMHTCH K co, npaeoe Bh1pamem1e e 3HaMeHaTene yMeHbwaeTCH .n.o HYJIH, 

.u.aeaH MaKCHMaJibHOe 3Hal!eHHe r. : 
a 

3TO BblCOKOe 3Ha'leHHe 'a CTBHOBHTCH cymecTBeHHbIM, Kor.n.a paccMaTpHeaeTCff K09cp

tf>HU.HeHT peaKU.HH nHTaIOmero HanpH>KeHHff .D.HcpcpepeHU.HaJibHOH napbl. 
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EcJIH RH >> 'a• TO BbIXOJI.HOe conpoTHBJieHHe (npH ycnoBHH, 'ITO TOJibKO OJI.HH BblXOJI. 

Harpy>KeH) paBHO: 

2.27. Ko1clJ<lnt1.1HeHT ocna6neHHH CHHciJa3Horo cHrHana (CMRR) 
B JIHciJclJepeHL1HOflbHOH nape 

EcnH noJI.aTb OJI.HHaKOBbie HanpSI>KeHHH (HanpHMep, + 1 B) Ha o6e ceTKH JI.HcpcpepeHLI.H

anbHOH napbl, TO KaTOJI.HOe HanpSI)f{eHHe TaK>Ke nOBbICHTCSl. Ha 1 B, TOK KaTOJI.a OCTaeTCSl. 

HeH3MeHHblM, a 3Ha'IHT aHOJl.Hbie TOK H HanpSI)f{eHHe He H3MeHSl.TCSl., noTOMy 'ITO He H3Me

HSl.eTCSl. BeJIH'IHHa HanpH>KeHHH, npHno>KeHHoro Me>KJI.Y ceTKoii H KaTOJI.OM Ve• mo6oi% M3 

JiaMn. )lHcpcpepeHLI.HaJlbHblH ycHJIHTeJib pearnpyeT TOJlbKO Ha pa3HOCTb Me>KJI.Y BXOJl.Hbl

MH HanpSI>KeHHSl.MH HJJH Ha JI.HcpcpepeHIJ.HaJlbHbie CHrHaJJbl. noJI.a'la OJI.HHaKOBOfO CHrHaJla 

Ha o6e ceTKH Ha3bIBaeTCSl. CHHcpa3HbIM CHrHaJIOM H He Bbl3bl8aeT OTKJIHKa Ha BbIXOJI.e ycH-

JIHTeJISl.. 

3ro CBOHCTBO noJI.aBJleHHSl. CHHcpa3HOro CHrHaJia Sl.BJISl.eTCSl. cyw.ecTBeHHbIM, nOCKOJlbKY 

OHO TaK>Ke npeJI.nonaraeT, 'ITO JI.HcpcpepeHI.J.flanbHblH ycHJIHTenb ,cnoco6eH noJI.aBHTb noMe

xy OT HCTO'IHHKa npOMbIWJieHHOH 'laCTOTbl, HCTO'IHHKa nHTaHHSl. HJIH CHHcpa3ffYIO noMexy 

BO BXOJI.HOM CHrHane. 06paTHMCSl. K 3T0My CBOHCTBY noJI.p06Hee. 

BbIXOJI.Hoe Ha'npH>KeHHe Ha Ka>K,!l.oM H3 BhIXOJI.OB JI.HcpcpepeHIJ,HaJlbHOH napbl B03HHKaer 

nyTeM nBJI.eHHSl. Ha Harpy3Ke 3a C'leT aHOJI.HblX TOKOB JiaMn. I(a>K,!l.Oe H3 3THX HanpSI>KeHHH 

nerKo MO>KeT 6bITb HaiiJI.eHO '1epe3 aHOJl.Hbie TOKH, HCnOJlb3YSl. 3aKOH 0Ma: 

I(a>K,!l.blH BblXOJI.HOH CHrHaJJ ( BblXOJI.HOe HanpSI>KeHHe) 6yJI.er TO'IHOH HHBepTHpoBaHHOH 

( CJI.BHHYTOH no cpa3e Ha nonnepHOJI.a) KOnHeH JI.pyroro eCJIH i I = i2' npH ycnOBHH, 'ITO JI.Ba 

Harpy30'IHbIX pe3HCTopa paBHbl. Cyw.ecTBYIOT JI.Be ocHoBHbie npH'IHHbI no KOTopbIMH 3ra 

HJI.eaJlbHOCTb MO>KeT 6b1Tb HapyweHa. 

nepBaSl. npH'IHHa CBSl.3aHa C OTBeTBJJeHHeM TOKa Ha 3eMJllO. ToK i 1 TeKYW.HH B KaKOJl.HOH 

u.enH naMnbl V1 pa3BeTBJISiercSI: 'laCTb TOKa oTBeTBJJHeTcH BR", a ocTaBrnaSicSI 'laCTb Te'leT 

Ha KaTOJI. JJaMnbI V2, C03JI.aBaSI TOK i2• TeM He MeHee, ecJJH R" ycTpeMHTb K 6ecKoHe'IHOCTH, 

TO TOKH Bb1paBHS110TCS1: i 1 = i2• EcnH µ1 = µ2 HRJ1) = RJ2) TO K03cpcpHU.HeHT ocna6neHHH 

CHHcpa3HOro CHrHaJia 6yJI.eT paBeH:' 
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KoJil>il>1tqKeHT peaKQKK nKTaio111ero HanpsDKeHHll (PSRR) AHil>il>epeHQHanbHOif napbl 

J.13 3TOfO Bbtpa>KeHHSI CJieJJYeT, 'ITO H}'>KHO HCnOJib30BaTb 3JieKTpOHHbie JiaMnbI c 60Jib

WHM µ, H MaKCHMH3HpoeaTb ornollleHI1e RK K RH. HanpHMep, BTopaSI cTynet-ib c6aJiaHCHpo

saHHoro npe.nycHJI~TeJISI, paapa6oTaHHaSI B AMepHKaHCKOH Accou.Ha.U.HH aeyKoaanHcH 

(RIM) (CM. rJiaBy 6) HCil0Jlb3yeT HCTO'IHHK HeH3MeHSIJOUJ.efOCSI TOKa Ha JiaMnax Efl 84 

(r npHeMHHKa = RK = l MOM), .nmf>cpepeHU.HaJibHYJO napy Ha E88CC (µ = 32), R11 = 47 
KOM, TaK 'ITO K03cpcpHu.HeHT OCJia6JieHHSI CHHcpa3HOfO CHrHaJia = 57 .no. 

Ko::icp<f>Hu.HeHT ocJia6JieHHSI CHH<f>aaHoro cHrHaJia 6y.neT aaMeTHo xyme, ecJIH 

µ1= µ2 HJIH RH( l) = RH(2). JlerKo.nocTynHbte, He.noporne, TO'IHbie U.H<f>poewe MYJib

THMeTpbt, n03BOJISllOT H36e>KaTb HepaBeHCTBa Harpyao'IHblX pe3HCTOpOB, HO TO'IHO 

nOJl06paTb 3Jie.KTpOHHbIH JiaMnbl c O.LI.HHaKOBbIMH napaMeTpaMH HaMHOfO CJIO>KHee. 

ECJIH µI = µ2, TO: 

CMRRrx:. µ 1 ·µ~. 
µ, -µ2 

3TO ypaBHeHHe noKa3bIBaeT, 'ITO 60JiblllOH µ JiaMnbI no-npe>KHeMy >KeJiaTeJieH. HOH H3 

paseHCTBO SIBJIHeTCSI Ba>KHbIM. 

TaK KaK B JIHHeHHOM ypaBHeHHH K03<f><f>HU.HeHTa OCJia6JieHHSI CHH<f>a3HOfO CHfHaJia He 

j'1lTeHa B03MO>KHaH HeOJI.HHaKOBOCTb µ JiaMn, pa3JIH'IHe pe3HCTOpOB Harpy3KH H napa3HT

H8SI eMKOCTb, TO JIJ06oii TeopeTH'leCKHH pactieT K03<f><f>HU.HeHTa OCJia6JieHHSI CHH<f>a3H0f0 

CHfHaJia, .ll.BBlllHf!·3Ha'leHHe >60 .ll.D JI.OJI>KeH paccMaTpHBatbCSI c JI.OCTaTO'IHOH JI.OJieH CKen

THUH3Ma. TeM He MeHee, noJieaHo npoeepHTb, 'ITO conpoTHBJieHHe RKJI.OCTaTO'IHO BbICOKoe 

JJ,IJSI ysepeHH~CTH, 'ITO npor1;1oaHpyeMblH K03<f><f>HU.HeHT OCJia6JieHHSI CHH<f>a3HOfO CHfHaJia 

>40 JI.D. 40 .ll.D - JierKO JI.OCTH>KHMblH Ha npaKTHKe K03<f><f>HU.HeHT OCJia6JieHHSI CHH<f>a3HO

ro CHfHaJia ,11.H<f><f>epeHU.HaJibHOH napbl. 

2.28. Ko1cl>cfnt1.tMeHT peaKttMM n111010111ero Hanps1>KeHMS1 (PSRR) 
n11cl>cl>epeH1.tMonbHOH napb1 

r10CKOJibKY noMeXH H lllYMbl OT u.enH nHTaHHSI SIBJISIJOTCSI CHH<f>a3HblM CHfHaJIOM, no

CKOJibKY OJI.HHaKOBO B03JI.eikTByJO Ha o6a BXOJI.a KaCKa,na. CJieJI.OBaTeJibHO, OHH TaK>Ke 

6yeyT yMeHbllleHbl B JI.H<f><f>epeHu.HaJibHOM KaCKa.ne aa C'leT K03<f><f>Hu.HeHTa OCJia6JieHHSI 

CHH<f>aaHoro cHrnaJia ( CMRR). TaK>Ke MO>KHO O>KHJI.aTb, 'ITO JI.eJIHTeJib Hanpsi>KeHHSI, 06-

paaoeaHHbIH Ra H RH • .D.acT cymecT~eHHoe .nonoJIHHTeJibHoe aaryxaHHe. TeM He MeHee, 

Jl.JISI JIJ06oro H3 BblX0,11.0B KaCKaJI.a eJI.HHCTB~HHO B03MO>KHblM nYTeM JI.Jiff nepeMeHHOfO 

TOKa K aeMJie HIJJISieTcSI u.enb 'le pea .npyroii aHo.n, RH H HCTO'IHHKa nHTaHHH, 'ITO 3KBHBa

JJeHTHO CJIY'!aJO, KOTOpbtH o6cy>KJI.aJiacb eeJIH'IHHa R.bl. c OJI.HHM HarpymeHHbIM BbIXOJI.OM. 

CneJlOBaTeJibHO: 
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3aryxaHHe wyMOB HCTO'IHHKa nHTaHJrn ( HCKJllO'IHTeJJbHO 3a C'leT ,ll.eikTBHSI ,ll.eJJHTeJJSI 

HanpH>KeHHH) COCTaBHT: 

EcJJH R,, >> ra, TO .D.OCTHraeTCH MaKCHMaJJbHOe 3Ha'!eHHe 3aryxaHHH - 6.D.5! B npe

.ll.bl.ll.YW.eM npHMepe (R,. = 47 KOM, ra = 4,95 KOM) K03QlQlHU.HeHT peaKU.HH paseH 

5,2 .D.5, BMecTe c 57 .D.E 3a C'ler CMRR, K03QlQlHU.HeHT peaKU.HH nHTa10w.ero Hanpsi>KeHHH 

= 62.D.5. 

Dpe.D.CTaBJJHeT HHTepec cpasHHTb K03QlQlHU.HeHTbI peaKU.HH nHTaJOw.ero Hanpsi>KeHHH 

o6bI'!Horo ycHJJHTeJJbHOro KacKa.D.a, µ-noBTOPHTeJJH H .D.HQ>Q>epeHu.HaJJbHOH napbI (c O.D.H

HaKOBbIM pe>KHMOM no nocTOHHHOMY TOKY .ll.JlH ycHJJHTeJJbHOH JJaMnbI ). 

Ta6n1111.4a2.2 
KacKaA PSRR 

C o6~HM KBTOAOM (R" = 47 K0M) 

µ-noeTOpHTenb (r. = 740 KOM) 

A11cpcpepeH1.111anbHBS1 napa (r!il'_.., .. = 1 MOM) 

.llHQ>Q>epeHu.HaJJbHaH napa SIBJJHeTCSI CaMOH JJ)"!WeH, H OCTaHeTCSI .hy11weH, B TOM 'IHCJJe 

H nOTOMy, YJJYlJWeHHblH HCTO'IHHK HeH3MeHSllOW.erOCSI TOKa .ll.JlSI µ-nOBTOpHTeJJH MO>KeT 

6bITb a,ll.anrnposaH H CTaTb yJJy11w~HHblM npHeMHHKOM HeH3MeHHJOW.erocsi TOKa .ll.JlH .D.HQl

Q>epeHu.HaJJbHOH napbI. 

3HaHHe K03QlQlHU.HeHTa peaKU.HH nHTaJOw.ero HanpH>KeHHSI ,ll.aeT B03MO>KHOCTb npa

BHJlbHO pa3pa6aTbIBaTb HCTO'IHHKH nHTaHHSI, nOTOMY '!TO OH n03BOJJSleT ou.eHHTb Tpe6osa

HHSI Ha ,ll.OnycTHMblH yposeHb noMex HanpH>KeHHSI nHTaHHSI. 

HanpHMep, BTopoI1 KacKa.D. c6anaHcHposaHHOro npe.D.YCHJJHTeJJsi (CM. rnasy 6) Tpe6y

eT, 'IT06bI nOMeXH HCTO'IHHKa nHTaHHSI B BH,ll.e QlOHa l 00 fU. 6bIJIH Ha l 00 ,ll.D HH>Ke, 'leM 

MaKCH'MaJJbHOe 3Ha'!eHHe O>KH,ll.aeMoro ay,ll.HOCHrHaJJa. B 3TOH TO'!Ke, CHrHaJJ He HMeeT 

KoppeKU.HH ( coorseTCTBeHHO .D.aHHbIM pa3pa60T11HKa - AMepHKaHCKOH Accou,HaU.HH 3sy

K03anHCH) 3180 MKC/318 MKC, H TaKHM 06pa30M, yposeHb CHrHaJJa Ha 'laCTOTe l 00 fU. Ha 

13.D.5 HH>Ke, '!eM Ha 'laCTOTe l KfU,. DHKOBb!e ypOBHH ay.D.HOCHrHaJJa OT ,ll.OJJroHrpa10w.eI1 

BHHHJJOBOH nJJaCTHHKH COCTaBJJSllOT + 12 ,ll.D no cpaBHeHHIO c ypoBHeM HaCTpOHKH 5 CM/ c, 

TaKHM o6pa30M, MaKCHMaJJbHOe 3Ha'!eHHe ay,ll.HOCHrHaJJa Ha 11aCTOTe I 00 ru. Ha 

l .D.D HH>Ke, 11eM Bbl'IHCJJeHHblH yposeHb aHO.D.HOro Hanpsi>KeHHH Ha '!aCTOTe l Kfu, (2,2 B 
.D.el1crsy10w.ero 3Ha'leHHH Hanpsi>KeHHH) = 2 B. HraK, H3Ha'!aJJbHO Tpe6yeTCH yposeHb 

OTHOWeHHSI CHrHaJJ/noMexa l 00 ,ll.D, HO TaK KaK 62 .ll.D 3Toro OTHOWeHHSI o6ecne4H

BaJOTCSI K03QlQlHU.HeHTOM peaKr{HH nHTa10w.ero Hanpsi>KeHHSI .D.HQ>Q>epeHU.HaJJbHOH napb!, 

HY>KHO, 'IT06bI noMexa OT HCTO'IHHKa nHTaHHSI 6blJJa scero JlHWb Ha 38 .ll.D HH>Ke, '!eM 

2 B. Do3TOMY snoJJHe .D.OnycrnMa noMexa OT HCTO'IHHKa nHTaHHH 25 MB, '!TO JJerno 

,ll.OCTH>KHMO. 
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nonynpOBOAHMKOBble np11eMHl1Kl1 Helt3MeHRIOlllerocR TOKO AflR 1111cPcPepeHijl10flbHOM nopbl 

2.29. nonynpOBOAHMKOBble npMeMHMKM HeM3MeHSllOIJlefOCSI TOKO 

AnSI AMcl>cl>epeHl . .IMOnbHOM nopbl 

).lmpcpepem.111aJibHOH nape He06XO,ll.HMbl npHeMHHKH HeH3MeHHIOW.erocH TOKa, HO xopOWHH 

npHeMHHK HeH3MeHHIOW.erocH TOKa Ha neHTO,ll.e HBJIHeTCH He3KOHOMHblM no 3HepronoTpe6-

JieHHIO. 5onee Toro, .n.H<f><j:>epeHµHaJihHOH nape c ceTKaMH, HMeIOW.HMH ttynesol1 noTeHUHaJI 

OTHOCHTeJibHO 3eMJIH, noTpe6oBaJICH 6bI ,ll.OnOJIHHTeJibHbIH HCTO'lHHK OTPHUaTeJibHOro CMe

W.e[fHH ,ll.JIH npHeMHHKa HeH3MeHHIOW.erocH TOKa - l 00 B. 3To 3a4acTy10 He)KeJiaTeJibHoe, 

no3TOMY )KeJiaTeJieH no11cK .n.pyrnx peweHHH. 

B OTJIHIJHe OT nepsbIX pa3pa60TIJHKOB, HCITOJib3YIOW.HX HCKJIIO'lHTeJibHO 3JieKTpOHHbie 

JiaMnbI, cospeMeHHbie pa3pa60T411KH HaXO,ll.HTCH B 6oJiee Bblr0,ll.HOM JlOJIO)KeHHH TaK KaK 

ecTb B03MO)l{HOCTb HCnOJib30BaTb TpaH3HCTOpbl, 11,ll.a)l{e onepaUHOHHbie ycHJIHTeJIH, eCJIH 

B 3TOM B03HHKaeT Heo6XO,ll.HMOCTb. PaccMaTpHBaeMblH CJiy'laH KaK pa3 HBJIHe~CH HarJIH,ll.

HblM npHMepoM, r.n.e TpaH3HCTOpbl MOryT 6bITb O'leHb TlOJie3Hbl. 

OpocTeiiwaH <f>opMa np11eMH11Ka HeH3MeHHIOW.eroCH ToKa Ha TpaH3HCTope (CM. nesyIO 

cxeMy Ha p11c. 2.43) oIJeHb rroxo)l{a Ha aHanornIJHbIH KacKa.n. Ha naMrre Tp110.n.e. KpacHbIH 

cseTo.n.110.n.ycraHaBJIHBaeT HeH3MeHHeMbIH noTeHuHaJI == 1,7 B Ha 6a3e TpaH3HCTopa. Ha

npH)l{eHHe Me)l{,ll.y 6a30J1 H 3MHTTepoM TpaH3HCTopa V0., paBeH == 0, 7 B, TaKHM o6pa3oM, Ha 

pe3HCTope B uenH 3MHTTepa rra.n.aeT I B. Ecn11 Hy)l{eH npHeMHHK HeH3MeHHIOW.eroCH TOKa 

Ha 5 MA, cne.n.yeT 11cnoJih30BaTb pe3HCTop-.n.aTIJHK Ha 200 OM. 3KBHBaJiettrnoe conpoTHB

JieHHe no nepeMeHHOMY TOKY B KOJIJieKTopHoH uenH 6y.n.eT paBHo: 

r = R + x h'e+ /hoe. Bbl"< 'i ':JI 

OpH 11cnoJih3yeMOM B 3TOM rrpHMepe TpaH3HCTope THna BC549 (hfe == 400, l/hoe.,, 
12 KOM) pacIJeT .n.aeT '•hlx == 92 KOM. 3aMeTHM, IJTO Jl.JJH no.n.aIJH CMew.eHHH Ha cBeToJ(Ho.n. 

Tpe6yeTCH .n.oporocTOHW.HH pe3HCTOp c .n.orrycrnMoii MOW.HOCTblO paccesrnHH 2 BT Tpe6yeTCH. 

ov 

5mA 
J511 

5mA 5mA 
+285V ov 

MJE340 
10k 5mA 

1k2 -84V -124V 

BC549 
-14V ·144V -14 3V 

200R red>'. 
LED)" 200R 1k2 120R 

ov -15V -15V -150V -15V 

PHc. 2.43 floAynpoeoaHuKOB~te npue.MHUKU 1teu3.ue1tR.10uwcocR. mo1w 

OpocTaH cxeMa MO)l{eT 6bITb nerno ynyIJweHa, nyTeM yseJIHIJeHHH 'lHCJia TpaH3HCTopoB. 

nocKOJibKY HbIHe KpeMHHeBbie TpaH3HCTOpbl OTHOCHTeJibHO ,ll.eWeBbl, TaKOe ycJIO)KHeHHe 
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snOJIHe onpas.naHo. Hy>KHO peUIHTb .nee npo6neMw. Bo-nepBbIX, TpaH3HCTopy Tpe6yeTCH 

HanpH>KeHHe VK3 > 0,5 B, 'IT06bI OH pa6ornn KaK npHeMHHK HeH3MeHHIOUI,erocH TOKa, 'ITO 

COBCeM y.no6HO, nOCKOJibKY 6JIH3KO no BeJIH'IHHe K HanpH>KeHHIO CMeUI,eHHH ,LI,IIH 3JieKTpOH

HblX JiaMn c BbICOKHM µ, HanpHMep, ECC83. Bo-BTOpbIX, BbIXO.!l.HOe conpoTHBJieHHe 92 KOM 

He oco6eHHO 6oJibUIOe, Hero MO>KHO c.nenaTb HaMHOro nyqUie. 

0.nHHM H3 sapHaHTOB HBJrneTcH KaCKO.U.HaH cxeMa. TpaH3HCTOpHaH KaCKO.!l.HaH cxeMa 

(CM. BTOPY'° cnesa cxeMy Ha pHc. 2.43) B o6UI,HX qeprnx aHaJIOrH'IHa neHTO.!l.HOH, HO Ha 

npaKTHKe TaKaH cxeMa Tpe6yeT oTpHu.aTeJihHoro nHTaHHH, 'ITO Hey)lo6Ho. TeM He MeHee, 

3Ta npo6JieMa MO>KeT 6bITb JierKO pa3peUIHM8, nocKOJibKy ,!l.JIH nHT8HHH KacKa,!l.OB ycHJIH

TeJIH MOUI,HOCTH, 'laCTO HMeeTCH OTPHU.aTeJibHOe nHTaHHe CMeUI,eHHH ,!l.JIH BbIXO,!l.HblX 

naMn, nonyqaeMoe OT cneu.HaJibHOH o6MOTKH CHJiosoro TpaHccpopMaTOpa H .nonoJIHH

TeJibHoro BbmpHMHTeJIH. Xorn o6MOTKa cMeUI,eHHH CHJIOBbIX TpaHccpopMaTOpos o6bI'IHO 

o6ecne'IHBaeT TOK < 1 MA, nposo.n, paCC'IHTaHHblH Ha TOK 1 MA, O'leHb xpynKHH no 

3TOH npH'IHHe H3fOTOBHTeJIM TpaHccpopMaTOpOB o6bI'IHO HCnOJib3YIOT 6oJiee TOJICTblH 

nposo.n, c .nonycKaeMbIM TOKOM 10 MA, H yseJIM'leHHe o6UI,eii Harpy3KH TpaHccpopMaTOpa 

npH HCnOJib30BaHHH 3TOH o6MOTKH ,!l.JIH nHTaHHH .nonOJIHHTeJibHbIX ycTpOHCTB o6bll!HO 

He3Ha'IHTeJibHO. 

KacKO,!l.HaH cxeMa npHeMHHKa HeH3MeHHIOUI,erocH TOKa HMeeT 6onee BbICOKOe Bb1xo.n

Hoe conpOTHBJieHHe, 'leM npHeMHHK HeH3MeHHIOUI,eroCH TOKa c OJI.HMM TpaH3HCTopoM: 

r = R3xh'e xh'e + l/hoe ... 
HblX '-JC (RepXllHH) ':JC (HlllKlllUIJ (eepXHHH) 

BbIXO.!l.HOe conpOTHBJieHHe nepeMeHHOMY TOKy HCXO.!l.HOH cxeMhI YMHO>KaeTCH Ha hfe 
BT~poro TpaH3HCTopa, YTO ynyYUiaeT ero c = 92 KOM .no= 32 MOM, TaKHM o6pa3oM, seJIH

YHHa H3 l/hoe HBJIHeTCH He3Ha'IHTeJibHOH H He npHHHMaeTCH B paCl!eT. TeM He MeHee, 

6oJibUIHM npaKTHYeCKHM npeHMyUI,eCTBOM HBJIHeTCH TO, YTO OTPHU.aTeJibHoe nHTaHHe no-

3BOJIHeT CHH>KaTb BbIXO.!l.HOH CHrHaJI snJIOTb .no 0 B 6e3 npo6neM c JIHHeiiHOCTblO. YcTOii

l!HBOCTb KaCKa.na HBJIHeTCH npeBOCXO,!l.HOH, B TOM l!HCJie H Ha BbICOKHX l!aCTOTax. 

KaK noKa3aHo, KaCKO.!l.HBH cxeMa HCTOYHHKa TOKa HBJIHeTCH cpaBHHTeJib.HO qyscTBH

TeJibHOH K noMexaM OT HCTOllHHKa npOMblUIJieHHOH llaCTOTbl H UiyMaM OTpHU,aTeJibHOro 

nHTaHHH, nOTOMY l!TO TOK MeHHCTCH H3-3a H3MeHeHHH l-lanpH>KeHHH HCTOl!HHKa onopHoro 

HanpH>KeHHH. 3Ta llYBCTBHTeJibHOCTb MO>KeT 6bITb 3HallHTeJibHO yMeHbWeHa nYTeM MO,!l.H

cpHKall,HH cxeMbl - BKJllO'"IHB ,!l.HO,!l., perynHpylOUI,HH TOK, B u.enb, KOTOpaH nHTaeT HCTO'"IHH

KM onopHbIX HanpH>KeHHH (pHC. 2.43). 
KacKOJI.HbIH npHeMHHK HeH3MeHHIOUI,eroCH TOKa MO>KeT 6bITb a.namHposaH Ha 60Jib

Uiee HanpH>KeHHe npoCTOH 3aMeHOH Toro H3 TpaH3HCTOpOB, KOTOpblH nHTaeT Harpy3Ky, Ha 

TpaH3HCTOp, npe.nHa3Ha'leHHblH ,!l.JIH BbICOKOBOJlbTHblX ycTpOHCTB. 3TO HeMHOro CHH>KaeT 

rBbIX, noTOMY l!TO TaKOH TpaH3HCTOp o6bll!HO HMeeT 6onee HH3KHH hfe, HO TaK KaK Tenepb 

HMeeTCH 3anac no HanpH>KeHHIO, 60JibUia51 l!aCTb 3TOro CHH>KeHHH MO>KeT 6bITb BOCCTa

HOBJieHa ycTaHOBKOH 6onee BbICOKOfO 3Hal!eHHH HanpmKeHHH HCTOl!HHKa onopHoro Ha

npH>KeHHH, no3BOJIHH HMeTb 60JibWYIO BeJIHYHHY R3. K co>1<aJieHH10, ecJIH Tpe6yeTCH 

MOUI,HblH TpaH3HCTOp, ero 60JibUia51 BblXO,!l.HaH eMKOCTb yxy.nUiaeT xapaKTepHCTHKH KacKa

.na Ha BbICOKHX YacTOrnx. TaKoii KaCKa.n noKa3aH Ha BTopoii cnpasa cxeMe pHc. 2.43 . .llHo.n 
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McnonbJOBDHMe rpDHJMCTOpoa B KO'lecrae aKTMBHoii HarpyJKM Anll JneKTpOHHblX naMn 

1N4l48 B 9TOM npHMepe KOMneHcHpyeT TeM\leparypHyJO HecTa6HJJbHOCTb ynpaBJJHJOIUero 

HanpH>KeHHSI V6 , HH>KHero Tp8H3HCTOpa, HO ero ycTaHOBKa Tpe6yeT nepepaCl!eTa 3Hal!eHHH 

scex 9JJeMeHTOB cxeMbl • 

. TaK Ha3bIBaeMoe «.u.soiiHoe KOJlbl..(O» Ha TpaH3HCTopax (npasaH cxeMa Ha pHc. 2.43) 

no.n.n.ep>KHBaeT HanpH>KeHHe 0, 7 B, HcnoJib3YH pe3HCTop-.ll.8Tl!HK 120 OM. EcnH 9TO HanpH

>KeHMe nOBbilIJaeTCH, H3-3a yseJIH\feHMSI TOKa \fepe3 pe3MCTOp, TO TpaH3HCTOp T 1 OTKpblBa

eTCSI CMJJbHee, l!TO BbI3bIBaeT noHH>KeHHe HanpH>KeHHH Ha 6a3e. TpaH3MCTop T2 Hal!HHaeT 

3aKpb!BaTbCSI H TOK \fepe3 pe-3HCTOP 120 OM na.11.aeT, H, CJle.D.OBaTeJlbHO, TOK TaKoro KaCKa

.11.a - npHeMHMKa, no.n.n.ep>KHBaeTcsi HeM3MeHHbIM. TaK KaK s 9TOH cxeMe HcnOJib3YeTCH 06-

paTHaH CBSl3b npHJJO>KeHHaH K.11.BYM TpaH3HCTOpaM, TO He HCKJllOl!eHa B03MO>KHOCTb caMO

B036y>K.D.eHMSI Ha BblCOKHX l!aCTOTaX H3-3a HaJIHl!MSI napa3MTHOH eMKOCTM. 

2.30. Mcnonb30BOHMe TPOH3MCTOPOB B KO~ecree OKTMBHOH 
Harpy1KM .qnR 1neKrpoHHblX naMn 

Bo scex paccMoTpeHHbIX Bbillle cxeMax npHeMHHKOB HeM3MeHHJOIUerocH TOKa MO>KHO 

M3MeHMTb noJJHpHOCTb HanpH>KeHHSI Ha npoTMBOilOJIO>KHYIO c 0.11.HOBpeMeHHOH 3aMeHOH 

p-n-p TpaH3MCTOpOB Ha n-p-n.'EcJJM 9TH KaCK8JJ.bI-npMeMHHK IlO.ll.KJllO\fHTb B u:enb HanpH

>KeHHSI nMTaHMSI B Kal!eCTBe aKTMBHOH Harpy3KH JlaMnbl, OHM CTaHOBMTbCSI MCTOl!HMKaMH 

HeH3MeHHIOIUerocH TOKa, no3BOJISISI ycHJIHTeJlbHOMY KaCKaJI.Y Ha TpMO)l.e .ll.OCTMl!b K09cpqm

L(HeHTa ycMJieHMH Av = µ. OtieHb sa>KHbIM csoiicTBOM ycHJ1MTeJ1bHoro KacKa.u.a c nonynpo

B0.11.HMKosoii aKTMBHOH Harpy3KOH SIBJIHeTCSI TO, l!TO B03MO>KHO .11.0CTMl!b HM3Koro ypoBHSI HC

Ka>KeHMH npH HM3KOM HanpH>KeHMM nHTaHMSI. 

HanpMMep, JI,llH KacKa.u.a Ha TpMo.11.e TMna ECC83 Tpe6yeTCH .u.ocTaTOl!HO BbICOKoe nMTa-

10mee HanpH>KeHHe VA, JI,JISI o6ecne\feHHSI pe>KHMa c HyJleBblM ceTOl!HblM TOKOM . .lLnH MaJJO

MOIUHblX 9JleKTpOHHblX JJaMn c 60JlblllMM µ, HanpH>KeHMe Me>K.D.y aH0.11.0M H KaTO.D.OM 

B HOMMHaJlbHOM pe>KHMe \facTo Bhl6Hpa10T paBHbIM 150 B . .llnH Bb16opa RH TaK>Ke cy

w.ecrnyeT 06IJ.J.ee npaKTHlleCKOe np~!JHJIO - R,, > 2ra, M TaK KaK JI,llSI ECC83 ra = 75 KOM, 

MO>KHO McnoJJb30BaTb R,. = 150 KOM. EcJJH la = 0, 7 MA, nonytIMM na.u.eHHe HanpH>KeHMH 

105 B Ha RH, no9TOMY noTpe6yeTCH HanpH>KeHMe nMTaHHH 255 B. Ho MaJ10MOIUHb1e KacKa

Abl 3aqacry10 npe.u.Ha3Ha\feHbl JI,llH ycHJieHHff MaJlbIX CMrHaJJOB, HanpMMep, JI,llH o6ecnetieHHH 

Ha Bb1xo.u.e aMnJIHl)'.11.bI HanpH>KeHHH 5 B, no9ToMy Ko9cpcf>MU:MeHT HcnoJJb30BaHMH no nHTa

iow.eMY HanpH>KeHMJO M KD.ll TaKoro KacKa.u.a OKa3bIBaJOTCH otieHb HH3KHMM. ECJIH 3aMe

HMTb pe3MCTOP 150 KOM HCTOl!HHKOM HeH3MeHHIOIUerocH TOKa, TO 9JleKTpOHHaH JJaMna 

o6ecnetIMBaeT HaMHoro 6onee BbICOKoe 3Ha\feHMe R,., M MO>KHO ycTaHOBHTb HanpH>KeHMe 

nHTaHHSI He3aBHCHMO, \fT06bi o6ecne\fHBaTb MaKCHMaJlbHOe 3Hal!eHHe Tpe6yeMoro pa3Maxa 

BblXO.D.HOro HanpH>KeHHSI. 

Ha pHc. 2.44 npe.11.cTasJ1eH o\feHb HarJIH.11.HbIH npHMep McnoJJb30BaHMH 9JleKTpOHHOH 

naMnhl c 6oJJblllMM µ c HH3KHM HanpH>KeHMeM nHTaHHH. B 9TOM npHMepe Tpe6osaJ1cH 6oJJb

LUOH K09cpcf>Hu:HeHT ycHJieHHH .D.Hcf>cf>epem.1.HaJJbHOH napbI Ha JiaMne ECC83 c µ = 100, npH 

noHM>KeHHOM HanpH>KeHHH aH0.11.Horo nMTaHHH 150 B. 3aMeTMM, \fTO JI,llH cxeM aKTHBHOH 
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OcHOBbl cxeMorexH1tK1t noMnOBblX yc1tn1treneii 

Harpy3KH JJaMn He06XO)l.HMbl BblCOKOBOJJbTHble TpaH3HCTOpbl, cnoco6Hble BbI)l.epmaTb He

o6XO)l.HMblH pa3MaX aHO)l.HOro HanpH»<eHHff. 

DpHCYTCTBYIOUJ,He s cxeMe cTa6HJJHTpoHbl o6bilJHO wyHTHPYIOT, lJT06bI yMeHbWHTb 

wyM. 0)1.HaKO wyM, C03)1.aBaeMblH .ll.BYMH CTa6HJIHTpOHaMH, ffBJJffeTCff CHHcf>a3HblM, H, CJie

)1.0BaTeJJbHO, MO»<eT 6b!Tb no)l.aBJieH CJieJIYIOlll,HM .ll.H<ficf>epeH1 . .I.HaJ1bHblM KacKa)l.OM. 

+150V 

0/P 

ECC83 

10k 10k 

PHc. 2.44 /l.tu/xpepeHL{UMbHaR napa c noAynpoaooHUKOBou a1-too1-tou 1-ta2py3Kou 

Dp11 TeCTHposaHHH B 3TOH cxeMe 6b1J1 )l.OCTHrHYT Tpe6yeMbIH .ll.Hcf>cf>epeH1.1.11aJ1bHblH pa3-

Max 7 B aMnJJHTy)l.bI BblXO)l.HOro HanpH»<eHHH Ha lJaCTOTe l Kf!J., c HeJIHHeHHblMH HCKame

HHffMH scero 0,04 %. 
8b1we yme 06cy)f{)l.aJ1ocb, '-!TO KaCKO)l.Haff cxeMa 3HalJHTeJibHO yseJIH'-IHBaeT '•••" crna

»<HBaeT Harpy304HYIO JIHHHIO, H yMeHbWaeT HCKa»<eHHff, B03HHK8IOUJ,He B 3JleKTpOHHOH 

JJaMne. EcJIH Tpe6yeTCff M8KCHMH3HpOB8Tb BblXO)l.HOe HanpH»<eHHe H MHHHMH3HposaTb 
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McnonbJOBOHHe 1paHJHcropoe B KDlfecree aKTHBHoii Harpy3KH nn11 JneK!POHHblX naMn 

HCKa>KeHHH, MO>KHO HCnOJih30BaTb, HanpHMep, JiaMnOBO-nonynpoBO,ll.HHKOBbIH KaCKaJJ. Ha 

TpHo.n.e 7N7 (aHaJior 6SN7)c KaCKO,ll.HOH Harpy3KOH, npHHU,HnHaJibHaH cxeMa KOTOporo 

npHse.n.eHa Ha pHc. 2.51. KacKa.n. >KeJiaTeJibHO pacc1rnTaTb Ha aHO.ll.HbIH TOK la = 8 MA, 

nocKOJibKY BHyTpeHHHH Ko:i<f><f>Hu,HeHT YCHJieHHH µ )IJIH 3THX naMn 6onee CTa6HJieH npH 

la> 6 MA. Ope.n.nonaraH, lJTO KaCKO.ll.HaH cxeMa 6y.n.eT o6ecnetJHBaTb ropH30HTBJibHYIO Ha

rpy304HYIO JIHHHIO, HatJeprnM ee Ha ypoBHe aHO.ll.Horo TOKa 8 MA (pHc. 2.45 ). 

30 

20 

18 (mA) 

1oa,__~.,._..,.___,.~.__,.._.,.__,,,__.,..._.,,._,........,,.........,..22v 
-24V 
-26V 

o__J.,:'.'.'.~..c:::;.~:::'.L:::~~~:::;;;:::~~::::::, 

0 100 400 500 

PHc. 2.45 Haepysol.{,HaR AUHUR Jta.unbt 7 N7 npu pa6ome c neus.MeHRIOU{UMCR 
mo1co.M 8MA 

06hilJHO npH B03pacTaHHH Va MbI .n.on>KHbI ytJHTbIBaTb orpaHHlJeHHe cTaTHlJeCKHX xapaK

repHCTHK B 06JiaCTH OTCelJKH aHO,ll.HOro TOKa. 00CKOJlbKY TOKI B paCCMaTpHBaeMOM KaCKa-
' ti 

JJ.e HeH3MeHHbIH, e.n.HHCTBeHHOe, lJTO BJIMHeT Ha pa3Max BblXO.ll.HOro HanpH>KeHHH - 3TO TO, 

lJTO KaCKO,ll.HaH cxeMa Tpe6yeT .ll.OCTaTOlJHOro HanpH>KeHMH nHTaHHH )IJIH npaBMJibHOH pa6o

Tbl. B KaCKO.ll.HOH cxeMe snonHe peaJibHO .n.o6HtbCH naJJ.eHHH HanpH>KeHHH 15, no:iToMy Ha

npH>KeHHe nHTaHHH 400 B no3BOJIHT o6ecnetJHTb pa3Max BbIXO.ll.HOro HanpH>KeHHH BnJIOTb 

JJ.O 385 B . .lls11raHcb B npoTHBonono>KHOM HanpasneHHH B.ll.OJib Harpy30'IHOH JIHHHH 8 MA, 

OTMeTHM TOlJKY ee nepecelJeHHH c xapaKTepHCTHKOH, COOTBeTCTBy10meu HyJieBOMY ceTOlJ

HOMY Hanpsi>KeHHIO. Jlesee 3TOH TOlJKH npH = l 00 B nOHBHTCH ceTOlJHbIH TOK H 6yPYT B03pa

CTBTb HCKa>KeHHH. c YlleTOM 3TOro, MaKCHMaJibHOe 3Hal.JeHHe B03MO>KHOro pa3Maxa BblXO,ll.

HOro HanpH>KeHHH paBHO 385 B - l 00 B = 285 B B aMnJIHTY.ll.HbIX 3HalJeHHHX, '!TO 

3KBHBaJieHTHO = l 00 B .n.eucTBy10mero 3Hal.JeHHH HanpH>KeHHH. 

XoTH TOK aHo.n.a KacKO.ll.HOH cxeMbI BbICTBBJieH Ha la = 8 MA, Tpe6yeTcH o6H3aTeJihHO 

OTperynHpOBaTb CMemeHHe JiaMnbI, lJT06bI .n.o6HTbCH Tpe6yeMoro v,, lfro6bI o6ecnelJHTb 

MaKCHMaJihHbIH HeHCKa>KeHHbIH pa3Max BbIXO.ll.HOro HanpH>KeHHH, HY>KHO HH npH noJIO>KH

TeJihHOM, HH npH OTpHU,aTeJibHOM nonynepHo.n.e ycHJIHBaeMoro KOJie6aHHH He nona.n.aTb 

B o6nacTh HCKa>KeHHH. TaKHM o6pa30M, pa604y10 TOlJKY HY>KHO ycTaHOBHTb nocepe.n.HHe 

Me>l<.ll.Y MHHHMaJibHbIM H MaKCHMaJibHbIM aHO.ll.HbIMH HanpH>KeHHHMH, 3a npe.n.eJiaMH KOTO

pbIX 6yJJYT nOHBJIHTbCH 3HalJHTeJibHbl~ HCKa>KeHHH: 

v = VMHKl +VMllll = 385+100 =24258. 
a 2 2 ' 
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0CHOBbl cxeMOTeXHllKll naMnOBblX yc11n11reneii 

3HaH BeJIH4HHY aHO,ll.HOro HanpmKeHHH B T04Ke nOKOH, no CTaTH4eCKHM xapaKTepHCTH

KaM JierKo onpe.n.eJIHTb Tpe6yeMoe HanpmKeHHH cMeW.eHHH Ve•== 8 B, KOTopoe JierKo MO

)!{eT 6h1Tb o6ecne4eHo, HanpHMep ycTaHOBKOH B KaTO.llHYIO uenh crn6HJIHTpoHa Ha 8,2 B 

(pHC. 2.46 ). 00CKOJibKY KaCKa,lI., paCCMaTpHBaeMbIH B ,lI.aHHOM npHMepe, npe.n.Ha3Ha4eH .llJIH 

pa60Tbl c 60JibWKM pa3MaXOM BbIXO,lI.HOro HanpH)!{eHH51, WYMbl CTa6HJIHTpOHa He HBJIHeTCH 

3Ha4HTeJibHOH npo6JieMOH, n03TOMY B 3TOH cxeMe He o6H38TeJibHO wyHTHpOB8Tb CTa6H

JIHTpOH KOH,ll.eHcarnpoM. 

EcJIH Ha 3JieKTpOHHOH JiaMne na.naeT 242,5 B, TO Ha HH)!{HeM TpaH3HCTope yna.neT 

147,5 a. TaKHM o6pa30M OH,lI.OJI)!{eH pacceHB8Tb 1,18 BT B pe)!{HMe nOKOH npH 3a,ll.aHHOM 

TOKe. Kor.na pa3Max aHO.llHOro HanpH)!{eHHH V0 .n.ocrnraeT 100 B, TpaH3HCTop ,ll.OJI)!{eH BbI

.nep)!{aTb HanpH)!{eHHH 285 B npH TOKe 8 MA, pacceHBaH B 3TOT MoMeHT speMeHH 2,28 BT 

MOW.HOCTH. Ha npaKTHKe, TpaH3HCTOpbI cJie.n.y10T BbI6HpaTb c He6oJibWHM 3anacoM no 

MOW.HOCTH, 4T06b1 H36e)!{aTb HX npo6oH B cJie,ll.CTBHe KpaTKospeMeHHbIX neperpy3oK. DpH 

3TOM, Ha BTOpOM TpaH3HCTOpe na.naeT cyw.ecTBeHHO MeHbWee HanpH)!{eHHe, H OH MO)!{eT 

6b!Tb BbI6paH MeHee MOW,HblH, He)!{eJIH nepBbIH. 

2k2 

100k 
5W 

ov 

120R 

l----r--1 -- -- -- 1/2 
7N7 

BZX79 
C8V2 

+400V 

ov 

P11c. 2.46 lloAynpoBoiJHUK.OBafl K.acK.oiJHafl aHoiJHafl Hazpy3K.a 

06paTHMCH Tenepb K KpHTepHHM BbI6opa TpaH3HCTOpOB c T04KH 3peHHH B03MO)!{HOH 

OnTHMH3all,HH r ... ,, B Ta6JIHue 2.3 cp_aBHHBalOTCH TpaH3HCTOpbl, KOTOpbie MOryT 6bITb no

Jie3Hbl BO scnoMoraTeJibHbIX cxeMaX ycHJIHTeJibHbIX KaCK8,ll.OB Ha 3JieKTPOHHblX JiaMnax. 

Bb1xo.nHoe conpornBJieHHe Ha HH3KHX 4acTornx 48CTH4HO onpe.neJIHeTCH napaMeTpoM 

I/hoe, HO onpe.neJIHIOW,HH BKJl8,ll. BHOCHT napaMeTp hfe' noCKOJibKY JII06oe conpoTHBJieHHe 
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11cnonb3080Hlte rpaH311CTopoe B KOl.fecree OKTltBHOii Horpy3Kl1 Aflll JneKTpOHHblX naMn 

B u.enH 3MHTTepa YMHo:»<aeTCH Ha h10. -BbIXOJI.HOe conpoTHBJJeHHe Ha BbICOKHX l!aCTOTaX 

wyHrnpyeTCH napa3HTHOH eMKOCTblO Me>kuy KOJJJJeKTOpOM H 3MHTTepoM TpaH3HCTOpa, KO

TopaH lJaCTHlJHO onpeJI.eJIHeTCH napa3HTHbIMH eMKOCTHMH MOHTa:»<a, a TaK:»<e eMKOCTHMH 

caMoro TpaH3HCTopa. 06bilJHO see MOill.Hbie BblCOKOBOJ!bTHbie TpaH3HCTOpbl HMelOT JI.OCTa

TOlJHO 60JJbWYIO nJJOill.aJI.b KpeMHHeBoro KpHCTaJJJJa, H OTHOCHTeJJbHO 60JJbWHe napa3HT

Hble eMKOCTH, lJTO oTpa:»<aeTCH Ha HX rpaHHl!HOH lJacTOTefr· KpoMe Toro.fr cylll.eCTBeHHO 

H3MeHHeTcH c H3MeHeHHeM KOJJJJeKTOpHoro TOKa IK, H HCnOJJb30BaHHe TpaH3HCTopa c IK 
HH:»<e peKoMeH.uyeMoro HOMHH3JlbHOfO 3Hal!eHHH MO:»<eT yMeHbWHTb fr BnJJOTb JI.O He

CKOJ!bKHX pa3. 

KaK cJJeJI.CTBHe H3 3THX coo6pa:»<eHHH, B KacKOJI.HOM npHeMHHKe HeH3MeHHIOill.erocH 

TOKa MaJJOMOill.HOro KaCKaJI.a u.eJJecoo6pa3HblM 6bIJJO 6bI HCnOJJb30BaHHe JI.BYX TpaH3HCTO

poB rnna BC549 HJJH, ecJJH Tpe6yeTCH HH3KaH BbIXOJI.HaH eMKOCTb ("" 0,5 n<P, HCKJJIO'laH 

napa3HTHbie eMKOCTH) H JI.OCTaTOl!HO BbICOKOe HanpH:»<eHHe, TO, HanpHMep, Tpex TpaH3HC

TOpOB rnna BFR90. 

Ta6n111L(a 2. 3 

VK3!MAKC! /K!MAKC! PMAKC fT h~MMH! 1/hoe(T•n! 

BFR90 n-p-n 15 B 25MA 300 MBT 5 rr1..1 40 5K0M 

BC549 n-p-n 30 B 100 MA 500 MBT 300 Mr1..1 200 12 KOM 

BC5588 p-n-p 200 Mr1..1 220 6K0M 

2N3904 n-p-n 40 B 200 MA 500 MBT 250 Mr1..1 100 15K0M 

2N3906 p-n-p 625 MBT 5K0M 

MPSA42 n-p-n 300 B 500 MA 625 MBT 50 Mr1..1 40 50 KOM 

MPSA92 p-n-p 35 KOM 

MJE340 n-p-n 300 B 500 MA 20 BT 10 Mfl..I 30 150 KOM 

MJE350 p-n-p 4Mfl..I 50K0M 

)lJJH noJJy'leHHH nOJJHOro nepelJHH TeXHHlJeCKHX xapaKTepHCTHK TpaH3HCTOpOB Ol!eHb 

yJI.o6Ho socnoJJh3osaTbCH 11HTepHeToM - npaKTH'leCKH see H3roTOBHTeJJH noJJynpoBOJI.HH -

KOB HMeIOT npesocxOJI.Hbie Web-caiiTbI. 

HH:»<e npHBeJI.eH nepel!eHb HaH6oJJee sa:»<HbIX napaMeTpos TpaH3HCTOpa, KOTOpb1e He

o6xoJI.HMO yYHTbIBaTb npH ero BbI6ope. 

v K3(MAKC): MaKCHMaJJbHOe JI.OnycTHMOe HanpH:»<eHHe Me>KJIY KOJJJJeKTOpOM H 3MHTTepoM. 

(l1MeIOTCH pa3Hoo6pa3Hb1e cnoco6h1 onpeJI.eJJeHHH 3TOro npeJI.eJJa, HO noKa Bbl He 3HaeTe 

TOlJHbIX pe:»<HMOB cxeMbI, pa3yMHO He npeBbIWaTb 2/3 peKoMeH.uyeMoro VK9.) 

/K(MAKCJ MaKCHMaJJbHO JI.OnycTHMbIH TOK KOJJJJeKTOpa. 

PMAKC MaKcHMaJJbHOe 3HaqeHHe JI.onycTHMOH MOill.HOCTH pacceHHHH npH6opa 

(P = IK x VK9). 

IT rpaHHlJHaH 'laCTOTa, npH KOTopoii K03<f>cjmu.HeHT ycHJJeHHH no nepeMeHHOMY TOKY 

paBeH eJI.HHHU.e. Ha 3TOH H 6oJJee BblCOKHX lJaCTOTaX, TpaH3HCTOp TepHeT CBOH ycHJJHTeJJb

Hble CBOHCTBa. 

hFE(Ml1H) MHHHMaJJbHblH K03<f><f>HU.HeHT ycHJJeHHH no nOCTOHHHOMY TOKY B cxeMe 

BKJJIOlJeHHH TpaH3HCTopa c o6Ill.HM 3MHTTepoM. OnbITHbIM nyTeM asTopoM 3TOH KHHrH 

ycrnHOBJJeHo, lJTO Heo6XOJI.HMbIH h1e TpaH3HCTopa o6bllJHO Tpe6yeTCH paBHbIM yJI.BOeHHOMy 

MHHHMaJJbHOMY TOKY JJaMnbI, B u.enH KOTOpOH 6yJI.eT ycTaHOBJJeH TpaH3HCTOp. 
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OcHOBbl cxeMorexH1tK1t naMnOBblX yc11n11reneli 

l/hoe(THll): 3TO THnOBOe 3Ha'IeHHH BblXO,LUIOro conpOTMBJieHHe TpaH3MCTOpa no nepeMeH

HOMY TOKY (3KBHBaJieHT Ra) B cxeMe c o6mHM 3MHTTepoM (TO ecTb BbIXO.LlHOe KOJIJieKTOp

HOe conpoTHBJieHHe ). OHO pe.U.KO yKa3bIBaeTcH M3rOTOBHTeJIHMH, noTOMy Ha npaKTHKe ero 

qacTo npHXO.LlHTCH H3MepHTb xapaKTep11orpacj>oM. KaK npaBHJIO p-n-p TpaH3HCTOpb1 HMe

IOT HanpmKe0HHe 3pna HH>Ke, 'IeM n-p-n TpaH3HCTOpb1, no 3TOH npM'IHHe HX l/hne HH>Ke H 

6bICTpee nOHH>KaeTCH npH yBeJIH'IeHHH TOKa . 

.n106oi% 611nOJ1HpHbIH TpaH3HCTOp .LlOJI>KeH HMeTb MHHHMaJibHOe HanpH>KeHHe Me~ 

KOJIJieKTopoM H 3MHTTepoM VK3, 'IT06b1 pa6oTaTb B JIHHeliHoli o6nacTH. )lJIH TpaH3MCTO

pos HH3Koro HanpH>KeHHH npH TOKax < 30 MA, HanpH>KeHHe = 1 B HBJIHeTCH .nocTaTO'IHbIM, 

HO npH 6oJiee BblCOKMX TOKaX MO>KeT noTpe6oBaTbCH H OKOJIO 2 B (pHC. 2.47) . 

.. Pmax=.5Watt 
R1oad = .25 Ohm 

lb/step = 1 O uA No of steps= 10 

,""·11 .. f ' .... -·· ............ ~ q~ 
mA/dlV . ··:·~·:····;····;·········:···; 

;.£,~·····=•···················· lb= 100 ua 
3.24V 
18.3mA 

I lb= 100ua 
9 76V .1 
19mA 1 

J 
i 

if;~ .... : .... : ... : .... : .. : .... : 
'//7 ; ~ ~ . ~ ~ ~ 

~~-.. ~~-: :; :-. :: : . ::: . : : . ; : . : :; . :~.L,: . . . ... 
/: : : : : : 

...... ····:··~~----
. . 

.~------......_-.......,~~--..... i.....u. .... 1'11,----

oi ~ --.---.----...--.-~-.-~·.....-~-.-~ ....... ~ ....... -T-e_,k: 
10 0 

1 V/div hie= 190 

PHc. 2.47 IKB aaeucu.uocmu om VK.• 011.H. mpanaucmopa 2N3904, 
noK.a3btaaem MUHUMa/l.bHOe mpe6yeMoe nanpH.31Cenue V K3 

BbICOKOBOJibTHbIM TpaH3HCTopaM, TaKHM KaK MPSA42 HJIH MJE340 MO>KeT noTpe6o

BaTbCH VK3 > 2 B. npHeMHHK HeH3MeHHIO!UerocH TOKa B .U.Hcj>cj>epeHll,HaJibHOH nape, pa-

6orn10meli B Ka'IeCTBe cj>a3opacmenHTeJIH, npoca>KHBaeT Ha ce6e noJIOBHHY sxo.u.Horo 

CHrHaJia, no3TOMY 3TOT nyHKT MO>KeT oKa3aTbCH cymecTBeHHbIM. B KaCKO.LlHOH cxeMe 

npHeMHHKa HeH3MeHHIO!UerocH TOKa Ha HH>KHHH TpaH3HCTOp He nocryna10T CHrH8Jlbl ne

peMeHHOro TOKa, n03TOMY OH MO>KeT 6b1Tb Bb16paH HCXO.Llfl H3 na.neHHH HanpH>KeHHH OKOJIO 

2 B nocTOHHHOro roKa. Ha sepxHeM TpaH3HCTope npH 3TOM 6y.neT na.naTb 6onee BblCOKoe 

HanpH>KeHHe. 
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np1teMHMK H&MJMilHlllOIJlerOCll TOKO HO ltHTerponbHOM CXeMe 

2.31. npMeMHMK H0M3M0HSllOUl0roCSI TOKO HO· MHTerponbHOH CXeMe 

KpoMe np11eMHHKOB HeH3MeHHIOll.J,erocH roKa Ha JiaMnax HJIH rpaH311cropax, ecrh 11 .u.pyraH 
B03MO>KHOCTb - npHMeHeHJfe .U.JISI npHeMHHKa HeH3MeHHIOll.J,erocH TOKa cneu,HaJihHO pa3-
pa6oTaHHOH HHTerpaJibHOH cxeMbI: nporpaMMHpyeMoro npHeMHHKa HeH3MeHHIOll.J,erocH 
TOKa, HanpHMep, LM334Z. 3roMy np116opy He rpe6y10TCH .u.onoJIHHTeJibHbie HCTOllHHKH 
n11raHHH. TaKaH MHKpocxeMa HenJioxo pa6oraer TOJibKO np11 na.u.emrn Ha Hett 1,2 B 11 npH 
TOKe /<M••c> = l 0 MA. T11n0Boe np11MeHeH11e 9TOro np116opa - Karo.ll,HaH u.enb.u,11cf>cf>epeHu,11-
aJibHOH napbl. B TO >Ke BpeMH B o6JiaCTH BblCOKHX l!aCTOT MOryT B03HHKaTb npo6JieMbl 
c ycTOHl!HBOCTblO H3-3a caMOB036y)KJ.l.eHHH BHyrpeHHero onepau,HOHHOro ycHJIHTeJIH HH
rerpaJibHOH cxeMbt. 
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McKo>KeHM.H e ycum11en.Hx, 
MX M3MepeHMe, Mepbl 

no CHM>K0HMIO MCKO>K0HMM 

3.1. 061q"1e 30MellOHf,fSI 

3 

B 9TOH rnaae paccMaTpHBalOTCH pa3JIH'IHble BH,ll.bl HCKa>KeHHH CHrHana, B03HHKalOW.He 

B ycHJIHTeJIHX, cnoco6bI HX H3MepeHHH, a TaK>Ke cnoco6bI CHH>KeHHH HCKa>KeHHH IJPH npoeK

THpoBaHHH ,ycHnHTeJibHbIX KacKa.n.os. PaccMOTpeHHe HCKa>KeHHH 1.1,enecoo6pa3Ho HallaTb 

c HX KnaccHQ:>HKal.l,HH, BJIHHHHH Ha YCHJIHBaeMblH CHrHaJI, H npHHl.l,HnOB H3MepeHHH c pac

CMOTpeHHH OCHOBHblX npHHl.l,HnOB H3MepeHHH HCKa>KeHHH . .name pa3pa60T'IHKH noaepOll

HOH annaparypbl, aepoHTHO, npH3HaioT, 'ITO H3MepeHHe HCKa>KeHHH - t1.aneKo He caMaH npo

CTaff 38,II.alla, HO ecnH He pa3o6paTbCH, KaK H KaKHe OUJH6KH MOryT npoHHKttyTb B H3MepeHHH, 

TO He 6y.n.eT yaepeHHOCTH B COOTBeTCTBHH pe3yJibTaTOB O.ZI.HOrO H3MepeHHH .ZI.PYrDMY, 'ITO JIHlIJa

eT B03MO>KHOCTH npoaepHTb H ynylllllaTb KOHCTpyKl.l,HH pa3pa6aTbIBaeMblX ycHJIHTeJieH. 

CTpoeKTHpOBaHHe H KOHCTpyHpOBaHHe yCHJIHTeJieH C MaJiblMH HCKa>KeHHHMH - TaK>Ke 

HenpocTaH 38,II.alla. B cHny :>Toro, B HaCTOHW.eH rnaae npHBO.ZI.ffTCH pa3JIH'IHbie npHeMbI, 

KaK cxeMOTeXHH'leCKHe, TaK H CBH3aHHble c BbI60pOM naMn H pe>KHMOB HX pa60Tbl, n03BO

JIHIOW.He CHH>KaTb HCKa>KeHHH ycHJIHTenbHbIX KacKa.ZI.OB. HeKOTOpb1e paccMoTpeHHbie pa

Hee B rnase 3 cnoco6bl C03.ZI.aHHH HanpH>KeHHH CMeIUeHHH H 1..1,eneA Me)l{,lfy'KaCKa.ZI.HOH CBH3H 

nepecMaTpHBalOTCH BHOBb, - Tenepb yme c TO'IKH 3peHHH MHHHMH3al.l,HH HCKa>KeHHH. 

3.2. KnaccHcf>HKO~MH HCKa>KeHHH. 

np"1H~"1nbl O~eHKM nHHeHHblX "1CKO>KeH"1H 

BbIXO.ZI.HOH CHrHan n106oro peanbHoro ycHJIHTeJIH acer.n.a HeCKOJibKO OTJIH'laeTCH OT ycH

JIHaaeMoro opHrHHana. CaH3aHo :>To c HeHt1.eanbHOCTb10 ycHJIHTenH, H KOHKperno -
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HcKa>KeH1tll e yc1tn1t1en11x, 1tx 1t3MepeH1te, Mepb1 no cH11>KeH1110 1tcKa>KeH1tii 

c HaJJH4HeM B HeM HCKa)l{eHHH. Bee cyIJ.J,ecTBy1-011me B ycHJJHTeJJHX HCKa)l{eHHH ycHJJHBae

MOro CHfHaJJa MO)l{HO pa3,lleJJHTb Ha Jl,Be 60JlbWHe rpynnhl - AUfteUftbte H fteAUfteUftbte 
HCKa)l{eHHH. 

JlttHeltftbte HCKa)l{eHHH He Hapywal-OT aMnJIHTY.llHblX COOTHOWeHHH B YCHJIHBaeMOM 

cHrnane. Ha pHc. 3.1 a noKa3aHhI aMnJJHTY.llHbie xapaKTepHCTHKH (TO eCTh 3aBHCHMOCTH 

BbJXO,L\HOro HanpmKeHHH OT BX011HOrO) H11eaJJbHblX ycHJJHTeJJeH c paaJIH4HblMH Koacpcjmu,H. 

eHTaMH yCHneHHH. CT pH HaJJH4HH B ycHJJHTeJJe JJHHeHHhIX HCKa)l{eHHH CHrnana, aMnJJHTY.ll· 

HaH xapaKTepHCTHKa He npeTepnesaeT HHKaKHX HCKa)l{eHHH. TeM He Mettee, JIHHeHHhie 

HCKa)l{eHHH, pa3yMeeTCH, HCKa)l{al-OT YCHJIHBaeMhlH CHrHaJJ. 3TH HCKa)l{eHHH CBH3aHbl 

c HepaBHOMepHOCTbl-0 aMnJIHTY.llH0·4aCTOTHOH xapaKTepHCTHKH ycHJIHTeJIH H HeJJHHeHHOC· 

TH ero cpa30·4aCTOTHOH xapaKTepHCTHKH. B CBH3H c aTHM, JJHHeHHbie HCKa)l{eHHH 4acTO 

Ha3blB81-0T 4aCTOTHblMH. fJJaBHbIM npH3HaKOM JIHHeHHblX HCKa)l{eHHH HBJIHeTCH TO, 4TO OHH 

He Bbl3bIBal-OT nOHBJJeHHH B cneKTpe BbIXO,llHOro CHrHaJJa HOBbIX COCTaBJIHl-Oll.l,HX. B pe3yJJh· 

TaTe BJIHHHHH JIHHeHHblX HCKa)l{eHHH, MOryT JIHWb H3MeHHTbCH ypOBHH ero OT,lleJJbHblX 

cneKTpaJJhHblX ( 4aCTOTHbIX) COCTaBJIHl-Oll.l,HX. 

a 6 

I Koa<1><1>11L1110HT 
"'-.. yc11neH11R - yron 

HaKnOHa nl1Hl111 

~---:::;,,,.,,,'"-----:V:-:-"'H113K00 
in yc11neH11e 

8 

You! 

P11c. 3.1 nepeiJamO'lftbte xapaKmepucmww u npOU380dU.Mbte UMU UCKa;}f(;eftUJl 

CTOCKOJlhKY JIHHeHHhie HCKa)l{eHHH 06hI4HO Bbl3bIBal-OT HapyweHHH aMnJJHTY.ll.H0·4aC· 

TOTHOH xapaKTepHCTHKH - KaK npaBHJIO, HX BeJIH4HHa onpe,lleJJHeTCH HMeHHO cnoco6o('.1 

Hccne.uosaHHH 3TOH xapaKTepHCTHKH ycHJJHTeJJH. TeM He Mettee, KaK y)l{e 6bIJJO cKa3aHo 

BbIWe, JIHHeHHbie HCKa)l{eHHH MOryT Bbl3bIBaTbCH H HapyweHHeM JII1HeHHOCTH cpa30· 

4aCTOTHOH xapaKTepHCTHKH ycHJJHTeJJH, 4TO npoHBJJHeTCH B HeO,llHHaKosocTH speMeHH 

pacnpocTpaHeHHH pa3JJH4HhIX 4aCTOTHhIX cocTaBJJHl-OIJ.J,HX ycHJJHBaeMoro cHrnana. fpoM· 

KOrOBOpHTeJJb c CHCTeMOH pa3,ll.eJJeHHH cneKTpa 3BYKOBOro CHrHaJJa H aHaJJOrOBbie MarHH· 

TOcpOHbl xopowo ,lleMOHCTPHPYl-OT 3TO HBJleHHe. 
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npHHllHnbl HJMepeHHR HenHHeMHblX llCKO>KeHHM 

HennoxHM cnoco6oM BhIHBJieHHH 3aMeTHhIXJIHHeiiHhIX HCKa>KeHHii B ycHJIHTene, HBJIH

eTcH no.naqa Ha ero BXOJl HMnyJihCOB npHMoyroJibHOii <t>opMbl H Ha6JIIO]leHHe <t>opMbl Bbl

XO.U.HOro CHrHaJia npH nOMOLUH OCU.HJIJJOrpa<t>a. nepe.U.HHii cppOHT CHrHaJJa npHMOyroJibHOii 

cpopMbl O'leHb 'IYBCTBHTeJJeH KaK K HapyweHHHM paBHOMepHOCTH aMnJIHTY.U.HO-'laCTOTHOii 

xapaKTepHCTHKH, TaK H K HapyweHHHM JIHHeiiHOCTH cpa30-'laCTOTHOii xapaKTepHCTHKH. 

B cnyqae 3aMeTHhIX JJHHeiiHhIX HCKa.>KeHHii, <t>opMa npHMoyronhHbIX HMnyJihCOB Ha Bhrxo.ne 

YCHJIHTeJIH 6y.neT cymecTBeHHO HapyweHa, 'ITO nerKO BH,11.HO Ha 3KpaHe OCU.HJIJIOrpa<t>a. 

TaKoii npocrnii TeCT B KaKoii-TO CTeneHH HBJIHeTCH aJibTepHaTHBOii He06XOJlHMOCTH HC

CJie]lOBaHHH aMnJIHTYJlHO-'laCTOTHOii H <Pa30-qacTOTHoii xapaKTepHCTHK ycHJJHTeJIH. 

B OTJIH'IHe OT AUHeUHblX, HeAttHeUHble HCKa>KeHHH Bbl3bIBalOT HapyweHHe JIHHeiiHOC

TH aMnJIHTY.U.HOii xapaKTepHCTHKH YCHJIHTeJJH. npHMepbl HeJIHHeiiHhlX aMnJIHTY.U.HbIX 

xapaKTepHCTHKYCHJIHTeneii noKa3aHhI Ha pHc. 3.16, B, r. HcKa>KeHHH aMnJIHTY.ll.HOii xapaK

TepHCTHKH YCHJIHTeJJH npHBOJlHT K cymecTBeHHbIM HCKa>KeHHHM aMnJIHTY.U.HblX COOTHOWe

HHii B ycHJIHBaeMOM CHrHaJie H MOryT Bbl3bIBaTb 3Ha'IHTeJlhHbie H3MeHeHHH ero cpopMbl. 

B OTJIH'IHe OT JIHHeiiHhIX HCKa>KeHHii, HeJJHHeiiHhie HCKa>KeHHH Beer.a.a npHBO.U.HT K nOHBJle

HHIO B BbIXOJlHOM CHrHaJJe JlOnOJIHHTeJibHblX cneKTpaJibHblX ( 'laCTOTHbIX) COCTaBJJHIOLUHX, 

OTCYTCTBYIOLUHX BO BXOJlHOM CHrHaJJe. EcJIH mrneiiHbie HCKa.>KeHHH H3MeHHIOT OCHOBHOM 

OKpaCKY 3ByKa, TO npOHBJieHHe HeJIHHeiiHhIX HCKa>KeHHii eme 6oJJee nary6Ho, nOCKOJlbKY 

OHH npHBOJlHT K cymecTBeHHbIM H3MeHeHHHM ycHJIHBaeMoro CHrHaJJa. 

nocKOJJhKY, HeJIHHeiiHhie HCKa>KeHHH npOHBJIHIOTCH B nOHBJleHHH B Bb!XO.ll.HOM CHrHaJJe 

HOBbIX cneKTpaJibHhlX COCTaBJIHIOLUHX, MHOrHe MeTOJlHKH ou.eHKH 3THX HCKa>KeHHii 3aKJll0-

'1810TCH B ou.eHKH yposHeii 3THX cocTaBJJHIOLUHX. TaK>Ke cymecTsyroT MeTOJlHKH H3Mepe

HHii, OCHOBaHHhie Ha ou.eHKe KpHBH3Hbl aMnJJHTYJlHOii xapaKTepHCTHKH YCHJIHTeJIH. 

3.3., npMHl.IMnbl M3MepeHMSI H0flMH0MHblX MCKO>K0HMM 

Ou.eHKa ypoBHH HeJIHHeiiHhIX HcKa.>KeHHii, c03JlaBaeMhIX ycTpoiicTBOM, MO>KeT 6hITh ocy

w.ecTBneHa JlBYMH OCHOBHblMH cnoco6aMH: 

l) Bbl'IHCJieHHe no cneu.HaJlhHbIM <t>opMyJJaM, nOJib3YHCb 3KcnepHMeHTaJihHO nony

'leHHbIM rpa<t>HKOM nepeJlaTO'IHOii xapaKTepHCTHKH ycTpoiicTBa. Cnoco6 ocHoBaH 

Ha TOM. 'ITO y n106oro HeJJHHeiiHoro ycTpoiicTBa rpa<t>HK nepe.naTO'IHOii xapaKTepH

CTHKH OTJIH'leH OT npHMOii JIHHHH. 0.ll.HaKo, c npaKTH'lecI<oii TO'IKH 3peHHH - 3TO He 

JIY'IWHii cnoco6, noCKOJJhKY OH o6na.naeT 3Ha'IHTeJJhHOii norpewHOCTblO, 'ITO MO

>KeT OKa3aTbCH KpHTH'IHbIM npH HCnhITaHHHX BhlCOKOKalJeCTBeHHOii annaparyph1; 

2) ropa3.no 6oJJee TO'IHhiii cnoco6 3aKJJro'laeTCH B Haxo»<JJ.eHHH yposHeii .ll.OnOJJHH

TeJJhHhIX cneKTpaJibHbIX COCTaBJJHIOLUHX, B03HHKalOLUHX Ha Bb!XO.ll.e HeJIHHeiiHoro 

ycTpoiicTBa H OTCYTCTBYIOLUHX Ha ero sxo.ne. KaK yme ynoMHHaJJOCh BhIWe, npH 

npOXO»<JJ.eHHH CHrHaJia '1epe3 HeJIHHeiiHOe ycTpOiiCTBO, Ha Bb!XO.U.e B03HHKalOT .no

nOJJHHTeJibHhie cneKTpanhHhie COCTaBJJHIOLUHe,, 'ITO H o6ycnaBJJHBaeT 3<P<PeKTHB

HOCTb paccMaTpHBaeMoro cnoco6a H3MepeHHii. 

HaH6oJJee npocTaH pa3HOBH,ll.HOCTh BToporo cnoco6a HcnhITaHHH - 3TO no,11,aTh Ha 

HCCJie,nyeMoe ycTpOHCTBO npocry10 CHHyCOH.U.aJihHOe KOJJe6aHHe. Ha Bb!XO.U.e JIHHeHHOro 
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McKa>KeHHll B ycHnHTen11x, HX HJMepeHHe, Mepbl no CHH>KeHHIO HCKO>KeHHM 

ycTpOHCTBa, npH 3TOM TaK>Ke .D.OJl>KHO Ha6JIIO.D.aThCH e.D.HHCTBeHHOe CHHYCOH.D.aJibHOe KOJie-

6aHHe. 0.D.HaKO, eCJIH ycTpOHCTBO HeJIHHefrnoe, (TO eCTb C03.D.aeT HeJIHHeHHble HCKa>Ke

HHH), Ha BblXO.D.e 6yJJYT B03HHKaTb TaK>Ke KOJie6aHHH Ha '!aCTOTax, KpaTHbIX HCXO.D.HOMY 

CHHYCOH.D.aJibHOMY KOJie6aHHIO, - TO eCTb BhIC!lIHe rapMOHHKH. 3Ta pa3HOBH.D.HOCTb H3Me

peHHH O'!eHb llJHpOKO pacnpOCTpaHeHa, noCKOJibKy .D.OBOJibHO nerKO pa3.D.eJIHTb Ha Bb!XO.D.e 

ycTpOHCTBa HCXO,nHoe CHHyCOH,naJihHOe Kone6aHHe H BbICUJHe rapMOHHKH, KOTOpbie MOryT 

6bITb H3MepeHbl HH.D.HBH.lJYaJlbHO HJIH Bee BMeCTe KaK cyMMapHbIH K03<f>cfrnu,HeHT rapMOHHK 

(CKf). 
Bonee CJIO>KHaH pa3HOBH.D.HOCTh cneKTpanhHOro cnoco6a ou,eHKH HeJIHHeHHhix HCKa

>KeHHH 3aKJIIO'!aeTCH B TOM, '!TO Ha ycTpOHCTBO no,na!OTCH .nsa CHHyco11.naJibHhlX KOJie6aHHH 

Ha 6JIH3KHX qacToTax. Ha BhIXO.D.e JIHHefiHoro ycTpOHCTBa, KaK H s npe.U.hI.lJYllleM cnyqae, Ha 

BbIXO)J.e )J.OJl>KHbl Ha6JIIO.D.aTbCH TOJlbKO HCXO)J.Hble KOJie6aHHH, nocryna!OW.He Ha BXO.D.. Ha 

BXO.D.e >Ke HeJIHHeHHOro ycTpOHCTBa, KpOMe paccMOTpeHHbIX Bblllle BblClllHX rapMOHHK (co

CTaBJIH!Olll,HX Ha '!aCTOTax KpaTHbIX HCXO.D.HhIM KOJie6aHHHM), TaK>Ke 6yJJYT B03HHKaTb npo

JlYKTbl HHTepMO.lJYJIHU,HH Ha KOM6HHaU,HOHHbIX l!aCTOTax. He3aBHCHMO OT CTeneHH HeJIH

HeHHOCTH ycTpOHCTBa, Ha ero BbIXO)J.e scer.u.a 6yJJYT npHCyTCTBOBaTb KOM6HHaU,HOHHhie 

COCTaBJIH!Olll,He BTOporo nopH.z:r.Ka. l.JacTOT,bl 3THX KOJie6aHHH paBHhl cyMe H pa3HOCTH l!ac

TOT HCXO.D.HbIX KOJie6aHHH. TaK>Ke, npH onpe.u.eneHHbIX BH)I.8X HeJIHHeHHOCTH, Ha BbIXO)J.e 

ycTpOHCTBa MOryT B03HHKaTb KOM6HHaU,HOHHbie COCTaBJIH!Oll.l,He TpeTbero H 6onee BbICO

KHX nopH.z:r.KOB. KoM6HHau,HOHHble cocTaBJIHIOlllHe TpeThero nopH.U.Ka B03HHKa!OT Ha l!aCTO

Tax, OTCTOHlll,HX OT l!aCTOT HCXO)J.HbIX KOJie6aHHH Ha BeJIHL!HHY pa3HOCTH l!aCTOT 3THX HC

XO.D.HbIX KOJie6aHHH. HanpHMep, eCJIH l!aCTOTbl HCXO.D.HbIX rapMOHH4eCKHX KOJiet5aHHH 

COCTaBJIHIOT 3 Kfu. H 5 Kfu,, TO KOMt5HHaU,HOHHhie COCTaBJIH!Olll,He BTOporo nopH.U.Ka 803-

HHKHyT Ha 4aCTOTax 2 Kfu, (pa3HOCTHaH) H 8 Kfu, ( cyMMapHaH ), KOMt5HHaU,HOHHbie COCTaB

JIH!Olll,He TpeThero nopH.D.Ka B03HHKHyT Ha 4aCTOTax 1 Kfu, H 7 Kfu,, a BhIClllHe rapMOHHKH 

Ha 4acT0Tax 6 Kfu,, 9 Kfu,, IO Kfu,, 12 Kfu;, 15 Kfu,. CTpH TaKOM H3MepeHHH no.nne>KaT 

OU,eHKe ypOBHH scex Hepa60'IHX COCTaBJIH!Olll,HX (KaK KOMt5HHaU,HOHHbIX, TaK H BbIClllHX 

rapMOHHK). 

PaccMOTpeHHhIH MeTb.U. H3MepeHHH 4aCTO·Ha3hIBaeTCH .u.syxTOHOBhIM MeTO.U.OM H Ha1160-

nee pacnpocTpaHeH B p8.u.110L1acTOTHOH TeXHHKe. B TeXHHKe 3BYKOBhIX 4aCTOT 4acTo orpa

HHL!HBaIOTCH JIHlllb H3MepeHHeM ypOBHeH BblClllHX rapMOHHK, nOCKOJibKy HX nerlle Bbl

.D.eJIHTb npH H3MepeHHHX. l.JTO >Ke KacaTeJibHO pa.u.HOL!aCTOTHOH annaparypbl, 'TO TaM 

H3MepeHHH ynpoma!OTCH, BCJie.D.CTBHe B03MO>KHOCTH nocTpoeHHH BblCOKO.D.Ot5poTHb!X KO

net5aTeJibHbIX CHCTeM, HCnOJih3YIOlllHXCH )l,IIH pa3)1.eJieHHH COCTaBJIH!Olll,HX a t5JIH3KOpacno

JIO>KeHHbIX 'lacTOTax. B 3TOM CMhICJie 3Ha4HTeJihHO ot5ner'laeT H3MepeHHH npHMeHeHHe 

cneKTpOaHaJIH3aTopos, '!TO .u.enaeT nerKO ocymecTBHMOH ou,eHKy pa3JIH4HbIX KOMt5HHaU,H

OHHbIX COCTaBJIH!Oll.l,HX Ha JI!Ot5bIX l!aCTOTax, 0)1.HaKO xopOlllHH aHaJIH3aTop cneKTpa -

OlleHh .D.OporocTOHlll,HH npH6op 

TaK>Ke ecer.D.a sa>KHO noMHHTb, l!TO H3MepeHHe TOJihKO ypoeHeH BhIClllHx rapMOHHK 

He HBJIHeTCH MeHee T04HbIM, l!eM H3MepeHHe TOJibKO ypoBHeH KOMt5HHaU,HOHHbIX COCTaB

JIH!Olll,HX HJIH Haot5opoT. Ot5e pa3HOBH,nH
0

0CTH H3MepeHHH npocTo pa3JJH4HO 0Tot5pa>Ka10T 

0)1.HH H TOT >Ke BH)J. HeJIHHeHHOCTH nepe.u.aTOL!HOH xapaKTepHCTHKH ycTpOHCTBa. l.JTO RBAR

emcR paBHO Ba>KHbIM - 3TO KaK BbinOJIHHIOTCH H3MepeHHH H KaK HHTepnpernpy!OTCH 

pe3yJibTaTbl. 
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MJMepeHHe H HHTepnperaqHR HCKO>KeHHM 

3.4. M1MepeHHe H HHTepnpeTOUH~ HCKO>KeHHM 

B H.u,eaJibHOM cnyqae, see H seer.a.a MOrJIH t5bI SbinOJIHS!Tb H3MepeHHSI HeJIHHeHHbIX HCKa>Ke

HHH O.u,HHaKOSblM ot5pa30M, HCnOJib3YSI O,ll,HHaKosy10 annaparypy, H H,ll,eHTH'IHO HHTepnpe

THposaTb pe3yJihTaThI. Bee pe3ynhTaTbI t5bIJIH t5b1 conocTaSHMhI, no3soJIS1S1 yTBep>K.u,aTb, 

lfTO, HanpHMep, ycTpOHCTSO «A» Jl}"!Wee, l!eM ycTpOHCTSO «B» 0 KpHTepH!O HeJIHHeHHblX 

HCKa>KeHHH. 

flpaKTH'leCKH cyw.ecTByeT MHoro pa3JIH'IHblX MeTO.u,os H3MepeHHH. HanpHMep, H3Me

peHHe yposHeH KOMt5HHaU,HOHHblX ( HHTepMO.llYJISII..l,HOHHbIX) COCTaSJISllOlll,HX Tpet5yeT no.u.a

lfH Ha sxo.u. HCnb1ryeMoro ycTpOHCTSa .u.syx (HJIH t50JibWe) rapMOHHlfeCKHX KOJiet5aHHH Ha 

pa3JIH'IHbIX qacTornx (CM. npe.nb!JI,YW.HH naparpacp ). KaKHe qacTOTbI .u.on>KHhI t5b1Th sh16pa

Hb1, H KaKOSbl .U,OJI>KHbl t5b!Tb HX OTHOCHTeJibHble aMnJIHTY.U.bl? Ha npaKTHKe cyw.ecTBylOT, 

no KpaAHeH Mepe, TPH pa3HOSH.U.HOCTH 3Toro H3MepeHHSI. To'IHO TaK >Ke, KaKaSI qacTOTa 

rapMOHH'lecKoro KOJJet5aHHSI )J.OJl>KHa t5b!Tb HCnOJib30SaHa ,ll,JISI H3MepeHHSI HeJIHHeHHblX 

HCKa>KeHHH MeTO.U,OM onpe.u,eJJeHHSI yposHeH SblCWHX rapMOHHK? .lI.OJJ>KHbl JIH npOH3SO

,llHTbCSI H3MepeHHSI t5onee qe~ Ha o.u,Hoii qacToTe? KaKHe pe3ynhTaTbl H3MepeHHH HY>KHO 

YlfHTblSaTb, a KaKHe HCKJllO'IHTb? OTBeTbl Ha 3TH sonpOCbl nb1Ta10TCSI .u,aTb CTaH.u,apTbl Ha 

pa3JIH'IHYIO annaparypy H MeTO,ll,bl H3MepeHHH, '!TO n03SOJIS!eT cpasHHSaTb pe3yJibTaTbl. 

fl pH pa3pat5oTKe ot5opy.u.osaHHS1, qaw,e scero 3apaHee H3secrno, r.u.e sepoS!THee scero 

6ypYT S03HHKaTb npot5JieMbl, n03TOMY nJiaHHpy!OTCSI HCnbIT8HHSI ,ll,JISI HX HCKJllO'leHHSI. 3TO 

n03SOJIS!eT H3MepHTb OWH6KH, SHeCTH H3MeHeHHSI s pa3pat5oTKy, H s .u,aJibHeHweM ysH

,lleTb, npMseno JIH 3TO K yJJyqrneHHIO pe3yJibTaTos. 

flpeJJ.bI.llYW.HH naparpacp noKa3brnaeT CYTb npot5neM H3MepeHHH HeJIHHeHHblX HCKa>Ke-

HHH, a Tenepb caMoe speMSI 3aOCTpHTb SHHMaHHe Ha HeKOTOpblX 6onee TOHKHX MOMeHTax: 

Heot5xo.u,HMo 3HaTb orpaHH'leHHSI nosepol!HOH annaparypb1. HeT HHKaKoro CMhICJia 

B nonhlTKe H3MepHTb HCKa>KeHHe ycHJJHTeJISI, ecJIH HX ypqseHb MeHbllle cot5cTBeH

HblX HCKa>KeHHH, C03.U,asaeMbIX H3MepHTeJibHblM o6opy.u,o8aHHeM; 

• seer.a.a ey>KHO 'leTKO npe.u,cTaBJISITb yMecTHOCTb Tex HJJH HHblX H3MepeHHH. HanpHMep, 

H3MepeHHe K03cpcpHu,HeHTa .u,eTOHaU,HH s aHanorosoM M8rHHTOcpOHe HJIH npoHrpbISaTe

JJe SHHHJIOSblX rpaMnJJaCTHHOK noJie3HO, noTOMY '!TO 3TO H3MepeHHe SbISIBJIS!eT H3sec

THbie norpernHOCTH s MexaHH'lecKoii qacTH 1-aKoro ot5opy.nosaHHSI. l13MepeHHe >Ke K0-

3cpcpHu,HeHT .u,eTOHaI..l,HH Ha nJJeepax KOMnaKT-.U,HCKOS 6eCCMblCJieHHO, nOTOM}' '!TO OHH, 

SCJie.U,CTSHe I..1,Hcpposoro cnocot5a 3anHCH ,ll,8HHbIX, He crpa.u,a!OT OT 3TOH npot5JieMbl; 

• npoeKTHposw,HK, cTpeMS1W.HHCS1 ynylfrnHTb noKa3aTeJIH pa3pat5aTb1saeMoro 06opy

.u.osaHHS1, seer.a.a nposo.u._1:1.:r KpHTH'!eCKHe HCnb1TaHHS1. MapKeTHHroShlH >Ke OT.a.en 

Haot5opoT, npOSO,ll,HT HCnblTaHHSI, KOTOpbie ycTpOHCTSO npoA.u,eT 3ase.U,OMO xoporno; 

• npH npose.u,eHHH H3MepeHHH seer.a.a npe.u.nonaraeTCSI, lfTO npoeKTHpOSlll.HK KaK 

HHKTO .u.pyroA pa36HpaeTCSI s pa3pa60T8HHOM HM o6opy.u.osaHHH H nyqrne scex MO

>KeT pernHTb, KaKHe HCnblTaHHSI .U,OJI>KHbl t5bITb c.u.enaHbl s Ot5Sl3aTeJibHOM nOpfl.ll.Ke; 

• s t50JiblllHHCTSe cnyqaes H3MepeHHSI npOSO,ll,SIT C8MH npoeKTHpOSlll,HKH. flo 3THM 

npHlfHHaM, H3MepeHHSI yKa3aHHbie .u.pyrnMH H3rOTOSHTeJISIMH HJIH cepTHcpHKau,HoH

HblMH u,eHTpaMH )J.aJieKo He seer.a.a Ot5Sl3aTeJibHbl - 3TO 0.U,Ha H3 npHl!HH cy6beKTHS

Horo S3rJISl.U,a . .lI.pyraSI npHL!HHa OTKJIOHeHHSI OT Tpet5osaHHH CTaH.u,apTOs Ha H3Mepe-
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HHS! Tex HJIH HHblX nOKa3aTeJieH B JII06HTeJJhCKHX ycJJOBHSIX - xopowee HcnhITaTeJib

HOe o6opy.LJ,OBaHHe CJIHllIKOM .LJ,oporo. 0.LJ,HaKO TlUaTeJihHO BbI6paHHbie }[3MepeHHSI Ha 

He.LJ,oporoM HCnbITaTeJibHOM o6opy.LJ,oBaHHH H HX TlUaTeJihHaH HHTepnpeTaUHSI MOryT 

6bITb 04eHb noJJe3Hbl, npH npoeKTHpoBaHHH H C03.LJ,aHHH B 4aCTHOCTH JiaMnOBblX 

ycHJIHTeJieH, SIBJJSllOlUHXCSI OCHOBHblM 06beKTOM BHHMaHHSI .LJ,aHHOH KHHrH. 

3.5. 8b16op H3MepeHHH 
B OTJIH4He 0 0l' JiaMnOBbIX, TpaH3HCTOpHbie ycHJIHTeJIH o6bI4HO HMelOT MHOro rny60KHX OT

PHUaTeJibHblX o6paTHhIX cssiael1, 4T06h1 yMeHbwaTb HCKa>KeHHH. TaK KaK npHMeHeHHe 

o6paTHOH CBSl3H MO>KeT JJerKo npespaTHTh ycHJIHTeJJb B reHepaTOp, ycHJIHTeJib, nepe.n 

npHMeHeHHeM o6paTHOH CBSl3H, npe.LJ,HaMepeHHO ,neJialOT c HepaeH0114epHOH aMnJIHTY.LJ.H0-

4aCTOTHOH xapaKTepHCTHKOH, J<OTOpasi HMeeT 3aBaJI B 06JiaCTH BepXHHX 4aCTOT. nocKOJib

KY OTPHUaTeJibHasi o6parnasi cssiah yMeHhwaeT JJHHeHHb1e H HeJIHHeHHbie HCKa>KeHHH, TO 

4aCTOTHaH xapaKTepHCTHKa BbinpHMJISleTCSI, H HeJIHHeHHbie HCKa>KeHHSI yMeHblllalOTCSI. 

TaK KaK 4acTOTHasi xapaKTepHcTHKa ycHJJHTeJIH na.LJ,aJia c 4aCTOTOH nepe.n npHMeHeHH~M 
o6paTHOH CBSl3H, TO Ha Bb!COKHX 4aCTOTpX B03MO>KHa MeHhlllaH OTpHua'TeJibHaSI o6paTHaSI 

CBSl3b, 4T06bI CKoppeKTHpOBaTb HeJIHHeHHbie HCKa>KeHHSI. 9TO 03Ha4aeT, 4TO ycHJIHTeJJH 

C rny60KOH o6paTHOH CBSl3bl0 80A:JICHbt HMeTb HepaBHOMepHblH no 4aCTOTe cyMMapHbIH 

K03cpcpHUHeHT rapMOHHK ( CKf), KOTopbIH nOBhIWaeTcsi c <1acTOTOH, scne,ncTBHe 4ero, H3-

MepeHHe CKf Ha o,nHOH OT.LJ.eJibHO B3HTOH 4aCTOTe HBJIHeTcsi HeyMeCTHhIM, H Tpe6yeTcsi 

npose,neHHe HeCKOJibKHX H3MepeHHH Ha pa3HblX 4aCTOTaX. 

EcJIH >Ke HCnhlTbIBaeTcH ycHJIHTeJib, He oxsa4eHHhIH rny6oKoI1 OTPHUaTeJibHOH o6paT

HOH CBH3hl0 ( HanpHMep, naMnoBbIH ycHJJHTeJib ), TO H3MepeHHe CKf Ha O.LJ.HOH 4acToTe 

BnOJIHe MO>KeT OKa3aTbCSI npHeMJJeMblM. 

9JieKTpOHHaSI JiaMna SIBJJSleTCSI HeJIHHeHHbIM 3JJeMeHTaM H BHOCHT HeJJHHeHHbie HCKa

>KeHHSI, nocKOJibKY ee npoxo,nHaSI xapaKTepHCTHKa HeJJHHeHHa. 9ry HeJIHHeHHOCTb MO>KHO 

C4HTaTb O.LJ,HHaKOBOH Ha scex 3BYKOBblX 4aCTOTax, noCKOJibKY y no.LJ,aBJISllOlUero 60JibWHH

CTBa 3JJeKTpOHHbIX JiaMn 48CTOTHaSI aaBHCHMOCTb HX xapaKTepHCTHK HacrynaeT JJHWb 

B o6nacTH .LJ.OCTaTO<rno BhICOKHx PMH04aCTOT. Hcxo.nsi H3 3Toro csoI1cTsa naMn, .ll.JIH oueH

KH HeJJHHeHHblX HCKa>KeHHH ycHJJHTeJISI MeTO.D.OM H3MepeHHSI ypOBHSI BblCWHX rapMOHHK 

npH HCnbITaHHH rapMOHH4eCKHM KOJie6amteM, B nepBOM npH6JJH>KeHHH .LJ,OCTaT04HO O.D.HO

ro H3MepeHHSI Ha npOH3BOJlbHOH 4aCTOTe HCnbITaTeJJbHOrO rapMOHH4eCKoro KOJie6aHHSI, 

He aa6b1BaS1, KOHe4HO, 0 TOM, 4T06bl no KpaHHeH Mepe TpeTbSI rapMOHHKa 3TOro KOJJe6aHHSI 

yKJia.LJ,htBanacb B npe,neJibI sepxHeH 4acTOThI socnpoHaBO.D.HMoro ycHJIHTeJieM .LJ,HanaaoHa. 

Kaaanocb 6h1 y.LJ.o6Ho Bh16paTh .ll.JIH HcnhITaHHH, HanpHMep cosceM HeBbICOKyio 4acrory 

50 fU HJIH 60 fu, HCXO.D.SI H3 y,no6CTBa H3MepeHHH, nOCKOJibKY Ha 3TH «npOMbIWJJeHHbie» 

4aCTOTbl HMelOTCSI U.HcppOBbie BOJlbTMeTpbl c T04HOCTblO H3MepeHHH 0, l .n.5. 0.n.HaKO, Ha 

3THX 4aCTOTaX B HCCJie.nyeMblH ycHJIHTeJJb nocrynaeT MHO>KeCTBO noMex 4epea nHTaIOw.ylO 

3JJeKTpoceTb, 4TO BhI30BeT JJO>KHbte noKaaaHHH H3MepHTeJibHhIX npH6opos. TaK>Ke soa

MO>KHhI 6HeHHSI Me>KJJ.Y 4aCTOTOH nHTa!OlUeH ceTH H 4aCTOTOH H3MepHTeJihHOro reHepaTO

pa. Cne.n.osaTeJibHO, Heo6xo.n.HMO yseJIH4HBaTb nosepo4HYIO 4acToTy .ll.JIH Toro, 4T06b1 

ycTpaHHTb noMeXH OT 4aCTOTbl CeTH 3JJeKTpOCHa6>KeHHSI H ee rapMOHHK. 
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KaK yme rosopHJJOCb BbJllle, He cne.eyeT HcnOJJb30BaTb H BbJCOKHe qacTOTbI, HHaqe 

BbJCllJHe rapMOHHKH, yposeHb KOTOpblX KaK pa3 H xapaKTepHayeT HCKOMbie HeJJHHeHHbie 

HCKa>KeHHSI, nona.nYT Ha o6nacTb cna.na aMnJJHTY.!J.HO-qacTOTHOH xapaKTepHCTHKH ycHJJH -

TeJJSI, qTQ .nacT aase.noMO JJO.>KHbIH H3JJHllJHe xopOlllHH peayJJbTaT H3MepeHHSI. 

HeKOTOpbIM 06menpHHS1TbIM KOMnpOMHccoM Mem.ey 3THMH .nsyMsi npoTHBopeqHSJMH 

SIBJJS!eTCSI qacTOTa 1 Kfu.. B e.nHHHU.aX OKTaB l KfU. HaXO.!J.HTCSI B cepe.nHHe .ll.HanaaoHa 3By

KOBblX qacTOT. 3Ta qacTOTa OTHeceHa .nocTaTOLfHO .naneKO OT noMeXH npOMblllJJJeHHOH qac

TOTbl nepeMeHHOro TOKa, H B TO .>Ke BpeMSI, ee BbICllJHe rapMOHHKH YKJJ8.ll.bIBaJOTCSI B .!J.Hana-

30H qacTOT, BOcnpOH3BO.!J.HMblH 60JJblllHHCTBOM ycHJJHTeJJeH 3BYKOBOH qacTOTbl, qTQ 

n03BOJJS!eT H36e.>KaTb OlllH60K B H3MepeHHSIX. 

3.6. CoeepweHneoeaHMe M3MepeHMM HenMHeMHblX 

rapMOHM"leCKMX MCKO>KeHMM 

3.6.l 06U/H8 JOM81/0HHR 

Ha aape paaBHTHSI TeXHHKH JJaMnOBbJX ycHJJHTeneif, KJJaccHqecKHe H3MepeHHSI HeJJHHeHHbIX 

rapMOHHqecKHX HCKa>KeHHH npOBO.!J.HJIHCb nYTeM no.naqH Ha BXO.ll. rapMOHHLfeCKOro KOJJe6a

HHSI Ha qacTOTe l KfU., no.nasJJeHHSI OCHOBHOro TOHa l KfU. Ha BbIXO.!J.e ycHJJHTeJJSI, H H3Mepe

HHSI aMnJJHTY.D.)' OCTaBlllerocsi, TaK Ha3bJBaeMoro «OcTaToqHoro» CHrHaJJa (TO eCTb BbJClllHX 

rapMOHHK). )J,JJSI JJaMnOBbJX ycHJJHTeJJeif Toro speMeHH 3TH H3MepeHHSI 6bIJJH BnOJJHe .!J.OCTa

TOqHblMH. noa.nHee, oco6eHHO no Mepe BHe.npeHHSI TpaH3HCTOpHbIX ycHJJHTeJJeH, 3TH H3Me

peHHSI cnpaseJVJHBO KpHTHKOBaJJHCb, TaK KaK OHM He YLfHTbJBaJOT BeCOBOH BKJJa.n OT.!J.eJJbHbIX 

rapMOHHK B 06I.UYJO KapTHHY HeJJHHeHHOro npo.eyKTa, HX cy6beKTHBHOe B03.ll.eHCTBRe H psi.n 

JJ.pyrnx cpaKTOpOB. 

3.6.2. BecOBOJI 01J8HKO rapMOHHK 

B paanHqHoe speMsi BbIJl.BHraJJHCb paaHbie npeJVJO>KeHHSI JVJSI secosoif ou.eHKH y.posHeif OT

JI.eJJbHbIX rapMOHHK, qTQ6bJ KOppeKTHO cyMMHposaTb MOU{HOCTH rapMOHHK H .naTb e.nHHYJO 

KaPTHHY H3MepeHHSI cy6'beKTHBHblX HCKa.>KeHHH. TaKaSI ou.eHKa yqHTbJBaeT TOT cpaKT, qTQ 

'leJJoseqecKoe yxo no paaHOMy pearnpyeT Ha pa3Hbie rapMOHHKH, B03HHKaJOmHe s cne.n

CTBHe HeJJHHet!HblX HCKa.>KeHHt! ycHJJHBaeMoro CHrHaJJa. 

B 1950 ro.ey WopTep (Shorter) npeJVJO>KHJJ, qT06b1 secosasi ou.eHKa ypoBHSI rapMOHHK 

npOH3BO.!J.HJJaCb nYTeM HX .ll.OMHO.>KeHHSI Ha K03cpcpHU.HeHT n 2/4 (r.ne «n» paBHO HOMepy 

rapMOHHKH), TO eCTb B OTHOCHTeJJbHblX e.nHHHu.ax: 

V. n2 n 
1JJ.6=201og.....!.. = 201og- = 401og-. 

V2 4 4 
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00CK0Jlbl<)', qacTOTHbIH HHTepBaJI OT n JJ.O 2n paBeH OJJ.HOH OKTaBe, TaKHM 06pa30M, rpa

JJ.HeHT JJ.6/0KTaBa 6yJJ.eT paseH: 

TaKHM o6pa30M, BMeCTO Toro, qTQ6bl H3MepHTb aMnJIHTYJJ.bl OTJJ.eJibHbIX rapMOHHK H Bbl

'IHCJIS!Tb CKf, MO.>KHO npHMeHHTb npocieflurnfl H3MepHTeJib HeJIHHeHHbIX HcKa.>KeHHH, no 

KpHTepH!O nOBbIWeHHSI ypOBHSI OTKJIHKa Ha 12 JJ.6/oKTaBa. 1ho6bI 3TH H3MepeHHSI 6bIJIH 

conocTaBHMbl c H3MepeHHSIMH, BbinOJIHeHHbIMH CTaHJJ.apTHbIM H3MepHTeJibHbIM npH6o

pOM, H3MepH!Olll.HM BTOpy10 rapMOHHKY npH nOJJ.aqe Ha BXOJJ. rapMOHHqecKoro KOJie6aHHSI 

c 'IBCTOTOH l Kfu, 6yJJ.eT He06XOJJ.HM <f>HJibTp c K03<f><f>HuHeHTOM nepeJJ.aqH 0 JJ.6 Ha 2 Kfu. 

0TMeTHM, '!TO yKa3aHHbie Tpe6osaHHSI K nonoce nponycKaHHSI <f>HJibTpa Hero K03<f><f>HUH

CHTY nepeJJ.aqH KpHTH'IHbl, H 03Haqa10T, qTQ BeCOBbie H3MepeHHSI HCKa.>KeHHH SIBJISllOTCSI 

sepHblMH TOJibKO JJ.JISI o603HaqeHHOH OCHOBHOH qacTOTbl l Kfu. 

TeM He Me Hee, y MeTOJJ.a secosofl oueHKH rapMOHHK c K03<f><f>11uHeHTOM n2 I 4 ecTb aa

MeTHbIH HeJJ.ocTaTOK. B paccMoTpeHHOM Bblwe npHMepe H3MepeH1rn Ha qacTOTe l Kf u 

c <f>HJibTpOM, o6ecneqHBa!OW.HM K03<f>qmuHeHT nepeJJ.aqH Ha qacTOTe 2 Kfu, 6yJJ.eT B03HH

KaTb 3HaqHTeJibHaSI OWH6Ka B ypOBHSIX BblCWHX rapMOHHK, B CJieJJ.CTBHe HepaBHOMepHOCTH 

A'-IX <f>HJibTpa. nocKOJibKY uenb10 secosofl oueHKH rapMOHHK sisnsieTcsi cornacosaHHe pe

aynbTaToB H3MepeHHSI c cy6beKTHBHblM BOcnpHHTHeM HCKa.>KeHHH, TO qalll.e scero JJ.JISI 

npoBeJJ.eHHSI nOJJ.06HbIX H3MepeHHH Tpe6yeTCSI cylll.eCTBeHHOe yc.no.>KHeHHe <f>HJibTpOB, no

CKOJibKY see rapMOHHKH Ha qacTOTaX BnJIOTb JJ.O 20 Kfu H 6onee nonaJJ.a!OT B JJ.Hana30H 

CJibIWHMOCTH qenoseqecKoro yxa. 

Xorn peKoMeHJJ.auHsi lllopTepa ycnewHo paH.>t<HpyeT H3MepeHHbie HcKa.>KeHHH B aasHcH

MOCTH OT HX cy6beKTHBHOro BOcnpHHTHSI, 3TOT TeCT Tpe6yeT onpeJJ.eJieHHblX KOppeKTHB. 

B nepsy10 oqepeJJ.b 3TO KacaeTcsi ynoMHHyTOro BbIWe <f>HJibTpa rapMOHHK, A '-IX KOToporo JJ.OJI

.>KHa KaK pa3 y'!HTbIBaTb cy6beKTHBffYIO qyBCTBHTeJibHOCTb yxa K pa3JIH'IHblM rapMOHHKaM. 

0HTep CKHpos (Peter Skirrow) H3 KOMnaHHH Lindos Electronics npHBOJJ.HT JJ.OBOJJ.bI, 

qTQ HeJIHHeHHbie HCKa.>KeHHSI JJ.OJI.>KHbl H3MepHTbCSI Ha OCHOBHOH qacTOTe l Kf u, c HCnOJib-

30BaHHeM sasew11sa10ll.J.HH <f>HJibTp THna CCIR468-2, TaK KaK qacTOTHasi xapaKTepHCTHKa 

3TOro <f>HJibTpa 6bIJia onpeJJ.eJieHa no cy6beKTHBHOMY BocnpHHTHIO rapMOHHK Ha pa3JIHq

HblX qacTOTax. B o6lll.HX qeprnx, CCIR468-2 coaJJ.aeT nOJJ.beM A'-IX no aaKoHy 6 JJ.6/oKTa

sa, HMeeT K03<f><f>HuHeHT nepeJJ.a'IH 0 JJ.6 Ha l Kfu, H nHK 12 JJ.B Ha 6,3 Kfu, nocne KOToporo 

'lOCTaToqHo peaKo naJJ.aeT. A'-IX TaKoro <f>HJibTpa npHBeJJ.eHa Ha pHc. 3.2. 

:<.6.3. Oco6eHHOCTH 11ereKTHposaHHJ1 rapMoHHK 

,haK, HCXOJJ.HblH rapMOHHqecKHH CHrHaJI npH npOXO.>KJJ.eHHH qepe3 ycHJIHTeJib. BHOCS!ll.J.HH 

1eJIHHeHHbie HCKa.>KeHHSI, o6oralll.aeTCSI BbICWHMH rapMQHHKaMH. 3HaqHT, ecJIH H3 BblXOJJ.-

1oro CHrHaJia HCnbITYeMoro ycHJIHTeJIH yJJ.aJIHTb ( OT<f>HJibTpPB8Tb) OCHOBHOH TOH (TO eCTb 
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CoeepweHcreoeaHHe HJMepeHHii HenHHeiiHblX ropMOHH'leCKHX HCKO>KeHHii 
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PHc. 3.2 l/acmomnaR xapa1cmepucmwca B3Bemuaa10U{eeo </Ju1tbmpa CCIR468-2 

nepsy10 rapMOHHK}'), Ha Sb!XO,ll,e <f>HJibTpa OeTaHeTeSI TOJ!bKO npo.n.yKT HeJIHHeHHblX HeKa
>KeHHH - sb1ew11e rapMOHHKH wexo.n.Horo rapMOHH'leeKoro KOJie6aHHSI. KaK H3MepHTb aM
nJiwry.u.y 3TOro OeTaTKa? 3TO He TaKOH JierKHH sonpoe, KaK KameTeSI H3Ha4aJibHO, HO eeJIH 
H3MepeHHe npOH3seeTH KOppeKTHO. TO Ha ero oeHose 6y.n.eT JierKO oueHHTb HeJIHHeHHbie 
HeKameHHSI yeHJIHTeJisi. Bo3MOmHo HymHo H3MepHTb pa3Max 3Toro oeTaTO'lHOro Hanpsime
HHSI ( v )? 0.n.HaKO, He see TaK npoeTO! 06paTHMeSI K pHe. 3.3, r.u.e npwse.n.eHbl speMeH-

HHK•llHK 

Hble ,ll,HarpaMMbl .u.syx nOJIHrapMOHH'leeKHX npoueeeos, SKJllO'la!OW.HX see He'leTHb!e rap-
MOHHKH e nepsoii no ee,ll,bMYIO. 

~v 
3 

PHc. 3.3 811tURHUe </Ja3bt Ha ¢op.My CU2HMa 
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HcKa>1<eH1111 a yc11n11ren11x, 11x 1tJMepeH1te, Mepbl no cH1t>KeHHIO 1tcKa>KeH1ti1 

0.n.HaKO, 'iaCTOTa OCHOBHOro TOHa (nepBaH rapMOHHKa) BTOporo npou.ecca (HH.>KHHH 

rpact>HK), c,nBHHyra no ct>aae Ha 90" OTHOCHTeJJhHO ocHOBHoro TO Ha nepsoro npou.ecca ( sep

XHHH rpact>HK). KaK HeTpy.n.Ho aaMeTHTh H3 npHse.n.eHHhlX rpact>HKOB, y 3THx.n.syx npou.eccos, 

HMelOW.HX O.D.HHaKOBblH K03ct>ct>Hu.HeHT rapMOHHK, cyw.ecTBeHHO pa3JJH4Hhle aMnJJHry,na H 

pa3Ma'X ( Vn••·n••). }lJJH KOppeKTHOrO ,neTeKTHpOBaHHH Bb!CWHX rapMOHHK. Ha npaKTHKe npH

MeHHeTCH cpeJl,HeKBa,n.paTH'ieCKHH MeTO.D. Bbl'iHCJleHHH MOW.HOCTH npou.ecca c nocJ1e.ny10-

1UHM Bhl'iHCJJeHHeM ero)l.eHcTBy10w.ero HanpH.>KeHHH. TaKHM o6paaoM;Tpa,D.HU.HOHHhle H3-

MepeHHH HCKa.>KeHHH BblnOJJHHIOTCH H3MepHTeJlbHblM npH60pOM c Jl.OporocTOHW.HM 

.n.eTeKTOpOM HCTHHHOro cpe.n.HeKsa.n.paTH'iHOro 3Ha'ieHHH, H B peayJJbTaTaX H3MepeHHH 3TO 

o6cTOHTeJJbCTBO OTpa.>KaeTcH ynoMHHaHHeM CKf B % .n.ei'.icTBYIOW.ero 3Ha'leHHH. 

113MepeHHe HeJJHHeHHblX HCKa.>KeHHH c ynOMHHaBWHMCH paHee B3BeWHBalOW.HM ct>HJJbT

poM rnna CCIR468-2 o6h!4HO npe.n.noJJaraeT, 'ITO .n.eTeKTOp .n.oJJ.>KeH o6H3aTeJJhHO perncT

pHposaTh nHKOBhle 3Ha'leHHH. TaKOH .n.eTeKTop 6y.n.eT xopowo oTcJJe.>KHBaTh aMnJJHTY.D.hl 

wyMOBhlX scnJJecKOB. HcKa.>KeHHe rnna «cryneHhKa» nopo.>K.D.aeT KOpOTKHe scnJJeCKH 

(Bb16pocbl) B ycHJJHBaeMOM CHrHaJJe, KOTOpble npaKTH'ieCKH He CKa3h!BalOTCH Ha BeJJH'iHHe 

.n.eHCTBYIOW.ero HanpH.>KeHHH CHrHaJJa, HO HBJJHIOTCH KpaHHe paa.n.pa.>Ka!OW.HMH JJ,llH-cy6o

eKTHBHOro BOcnpHHTHH. no 3TOH npH4HHe H3MepHTeJJb nHKOBblX 3Ha'leHHH CCIR468-2 

6h1JJ 6h1 H,D.eaJJhHhlM.D.JJH o6Hapy.>KeHHH 3THX scnJJecKOB. 0.n.HaKo, CCIR468-2 He HBJJHeTcH 

,D.OCTaTO'iHO H,D.eaJJbHblM, TaK KaK OH Tpe6yeT ynOMHHaeMOH Bb!We KOppeKU.HH K03ct>ct>HU.H

eHTa ycHJJeHHH, no3TOMY CCIR/ ARM peKOMeH.nyeT CHH3HTh K03ct>ct>HU.HeHT ycHJJeHHH 

CCIR468-2 Ha 6 ,[J.6, 4T06bl o6ecne'iHTh 0 ,[J.6 ycHJJeHHH Ha 'iaCTOTe 2 KfU., 'ITO noasoJJHeT 

HCnOJlb30BaTb ero JJ,llfl BeCOBOH ou.eHKH HCKa.>KeHHH Ha 'laCTOTe OCHOBHOrO TOHa 1 Kfu.. 

60JJbWaH 'iaCTb COBpeMeHHblX nosep04Hb!X KOMnJJeKTOB n03BOJJHIOT HCnOJJb30BaHHe pa3-

JJH4Hb!X .n.eTeKTOpos H sasewHBalOW.HX ct>HJJbTpos, HO Bh16op «CCIR/ ARM» o6ecne4HBa

eT KOppeKTHOe npose.n.eHHe cy6oeKTHBHO B3BeWeHHblX H3MepeHHH HeJJHHeHHblX HCKa.>Ke

HHH JJHWb Ha 'iaCTOTe OCHOBHOro TO Ha 1 Kfu.. 

3.6. 4. Y'leT UlfMOBOH COCTOBRJllOll/8H npH HJMepeHHH HeRHHBHHblX HCKOJKeHHH 

Xorn BhlweonHcaHHhlH MeTO.D. H3MepeHHH HCKa.>KeHHH CCIR/ ARM .n.ewes H :ict><jleKTHBeH, 

HO H OH o6JJa,n.aeT He,n.ocTaTKaMH. Ka'iecTBeHHO paapa6oTaHHhlH ycHJJHTeJJh coa.n.aeT o'leHb 

MaJIO HCKa.>KeHHH. y TaKHX BblCOKOKa'leCTBeHHblX ycHJIHTeJJeH yposeHb rapMOHHK, B03HH

Ka!OW.HX B CJJe.n.cnrne HeJJHHeHHblX HCKa.>KeHHH 3a4acry10 COH3MepHM c ypOBHeM co6cTBeH

HblX wyMOB ycHJJHTeJJH, cosoeynHO reHepHpyeMblX BCeMH ero 3JJeKTpOHHblMH KOMno

HeHTaMH. Kor.n.a BhlnOJIHHeTCH H3MepeHHe CKf, HCnOJJb3YH H3MepHTeJJbHhlH npH6op, 

.n.eTeKTHPYIOIUHH nHKOBOe HJJH cpe.n.HeB3BeWeHHOe 3Ha'leHHe pa3Maxa OCTaTO'iHOro CHrHa

JJa Bb!CWHX rapMOHHK, scer.n.a eCTb onaceHHe, 'ITO H3MepeHHe 6y.n.eT HesepHblM, TaK KaK 

OHO He Y4HTb1BaeT ypOBHH wyMOB, COH3MepHMblX c HeJJHHeHHblM npo.nyKTOM. 

Cyw.ecTByeT .n.ocTaTO'iHO npocTOH cnoco6 nposepKH, HacKOJJhKO H3MepHeMblH ocrn

TO'iHhlH CHrHaJJ rapMOHHK (Bb!XO.ri.HOH CHrHaJJ, B KOTOpOM no.n.asJJeH OCHOBHOH TOH) CB0-

60.n.eH OT wyMOB - nOCMOTpeTb H3MepHeMblH OCTaTO'iHblH CHrHaJI rapMOHHK Ha OCU.HJJ

JJOrpact>e. EcJJH B Ha6J110,D.aeMOM CHrttaJJe Bh!CWHX rapMOHHK 'ieTKO npocJJe.>KHsaeTCH 

nepHO,D.H'ieCKaH nocJJe,D.OBaTeJJbHOCTb, TO co6cTBeHHblMH wyMaMH MO.>KHO B nepBOM npH-
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CneKrpanbHb1e aHamnaropb1 

6Jrn>KeHHH npeHe6pe4h, H C4HT8Tb M3MepeHHbIH CKf AOCTBT04HO JJ.OCTosepHbIM. EcJJH me 
B ~6JllO,IJ,8eMOM Ha 9KpaHe OCUHJIJ!Orpacpa OCT8T04HOM CHrHaJJe nepHO,ll,H4eCKH nosTOpH!O

lll.YIOCH nocJ1e,1J,osaTeJ1bHOCTb oTcJJe,ll,HTb TPYJJ.HO, TO MO>KHO C4HTBTb, 4TO wyMosaH 

cocTasJJHIOIUBH npeo6J1a,1J,aeT, H H3MepeHHH CKf 6ylJYT 3ase,1J,OMO owH604HbIMH. TaKHM 

o6pa30M, see npaKTM4eCKHe H3MepeHHH HeJIHHeHHblX HCKa>KeHHH, SbinOJJHeHHbie H3MepM

TeJJbHblM np116opoM, Ha caMOM ,1J,eJ1e H3MepHIOT CKf + W ( cyMMapHbIH KoscpcpHu11eHT 

rapMOHHK + wy!VI), H scer,1J,a Hy»cHO yJJ.OCTOsepHTbCH, 4TO HHTeHCHSHOCTb wyMos He,ll,OCTa

T04HO 60JJbW8H, 4T06bl HM MO>KHO 6bIJIO npeHe6pe%. TOJJbKO s 9TOM CJIY48e H3MepeHHH 

6yJJYr KOppeKTHblMH. 

60JJbWHHCTSO wyMOS HMelOT paSHOMepHOe HHTeHCHSHOCTb Ha scex 48CTOT8X, TOr,IJ,a 

K8K rapMOHHKH, S03HHK810lll.He SCJle,IJ,CTSHe HeJIHHeHHbIX HCKa>KeHHH S03HHK8IOT Ha snoJJ

He KOHKpeTHblX l{8CTOT8X. l13MepHTeJlbHblH npM6op, ,IJ,eTeKTHPYIOW.HH OCT8T04HblH CHr

H8JI, - 9TO WHpOKOnOJJOCHOe ycTpOHCTSO, 4TO 03H848eT, 4TO OH 4YSCTSHTeJJeH KO sceM 

'18CTOT8M 3SYKOSOro ,IJ,Hana30H8. TaKHM o6pa30M, XOTH HHTeHCHSHOCTb wyMa Ha KOHKpeT

HOH l{8CTOTe MO>KeT 6bITb,ll,OSOJlbHO HH3KOH, H, S03MO>KHO, 3H84HTeJlbHO MeHbWe, 4eM BM-

' nJIHTYJJ.8 6JIH>K8HWHX rapMOHHK, npH cpe,1J,Hes3seweHHOH oueHKe MOIUHOCTb wyMOS MO

meT JJerKo no.ri.asHTb MOW.HOCTb rapMOHHK. B TO me speMH, 3HBTb CKr Heo6xOJJ.HMO, 

nOCKOJlbKy 4eJJOSe4eCKOe socnpHHTHe 3SyKa T8KOSO, l{TO KOM6HH8UHH yxo/M03r 04eHb 

'!eTKO pearnpyeT HMeHHO Ha rapMOHHKH socnpHHHMaeMblX 3SyKOB, SbI,ll,eJIHH HX H3 WHpO

KOnOJJOCHOro wyMa. 

3.7. CneK1panbHb1e aHam13a1opb1 

CneKTpaJJbHbIH aHaJJH3aTop ( cneKTpo-aHaJIH3aTop, aHaJIH3aTop cneKTpa) - CJIO>KHblH H3-

MepHTeJJbHbIH npH60p, KOTOpbIH HCCJie.nyeT 38SHCHMOCTb pacnpe,ll,eJJeHHH aMnJIHTYJJ. co

CT8SJIHIOIUHX H3MepHeMoro CHrH8Jl8 OT l{8CTOTbl H crpOHT rpacpHK 9TOH 38SHCHMOCTH Ha oc

U.HJIJIOrpacpH4eCKOM 9KpaHe. KapTHHKB Ha 9KpaHe cneKTpo-aHaJIH3aTopa no3sOJIHeT 4eTKO 

pa3JIHl{8Tb SH3Y8JJbHO wyMOSble COCT8SJIHIOIUHe H rapMOHHKH OCHOSHOro TOHa, Sbl3bIB8e

Mbie HeJIHHeHHbIMH HCK8>KeHHHMH. Tenepb MO}KHO p83,IJ,eJlbHO H3MepHTb aMnJJHTY,ll,bI pa3-

JIHl{HblX rapMOHHK, H 38TeM npOH3SeCTH Sbll{HCJleHHH, HCnOJJb3yH, paCCMOTpeHHbie s npe,ll,bl

.nymeM pa3,1J,eJ1e cy6beKTHSHb1e secosb1e KoscpcpHuHeHTbI, HanpMMep, KaK CCIR/ ARM. 

A~aJiorosb1e 3syKosb1e cneKTpaJJbHbie aHaJJH38TOpbI 6bIJIH TPBJJ.HUHOHHO 04eHb JJ.Opo

rocTOHIUHMH npH6opaMH, HO cospeMeHHbie UMcppOSbie 8H8JIH38T0pbl, OCHOS8HHbie Ha Sbl

'IHCJleHHH MOIUHOCTH cneKTp8JJbHbIX COCT8SJIHIOIUHX, Ha cero,IJ,HHWHHH ,IJ,eHb ,IJ,ewesJJe. 

MHorne cospeMeHHbie UHcppOSbie OCU.HJIJ!Orpacpbl HMelOT S03MO>KHOCTH HX npeo6pa3osa

HHH s cneKTpaJJbHbie aHaJJH3aTopw. B Ka4ecTBe aJJbTepHaTHSbI so3MO>KHO TaK>Ke 11cnoJib-

3osaHHe nK CO 3SYKOSOH KapTOH XOpowero K84eCTBa; Tpe6yeTCH TOJlbKO nOJJXOJJ.HIUee 

nporpaMMHOe o6ecne4eHMe, 4T06bl SbinOJIHHTb see He06XO,IJ,HMbie cpyHKU.HH H3MepeHHH 

HCKa>KeHMH H JJ.pyrnx napaMeTpos ay,IJ,HOCHrH8Jl8. MHorne cospeMeHHbie HCnbITaTeJlbHble 

ay,IJ,HO yCT8HOSKH - 9TO npOCTO nK C XOpOWHMH 3SYKOSblMH KapT8MH, HMelOIUHe OnTH

M8JlbHOe 8H8JIOrosoe M8CWTa611posaH11e H cneu.11aJ1H3HpOB8HHOe 8H8JIH3HPYIOIUee ay,IJ,HO 

nporpaMMHOe o6ecne4eHHe. 
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McKaJKeHHll B ycHnHTenllX, HX HJMepeHHe, Mepbl no CHHlKeHHIO HCKOlKeHHH 

TeM He MeHee, npou.ecc aHaJioro-u.mpposoro npeo6paaosaHHH H nocne.nyIOIUHH U.Hcppo
soli aHaJJH3 TaK>Ke HMelOT CBOH OrpaHH'-!eHHff. CTo 3TOH npH'IHHe O'-!eHb Ba>KHO pa3o6paTbCH 
B cyrn U.HcppOBbIX MeTOJI.OB. 

3.8. UHcl>poeast 06pa601Ka CMrHanoe 

3.8.l 06UJH8 CB8J18HHR 0 llHc/JpoBOM npe11c1asneHHH CHfHODOB 
H OHanoro-11Hc/JpoBOM npeo6pa30BOHHH 

AHaJJoroBbIH cHrnan HBJJHeTcH HenpepbIBHO H3MeHHIOlUHMCH so speMeHH npou.eccoM, npH

'-!eM BeJJH'IHHa ero Hanpsi>KeHHff HJJH TOKa MO>KeT nnaBHO H3MeHHTbCff, npHHHMaff JJI06bie 
npoMe»<yTO'-IHb!e 3Ha'leHHff B HHTepsane OT MHHHMaJJbHOro JI.O MaKCHM8JlbHOro. B OTJJH'-!He 

OT aHanorosoro, U.HcppoBOH CHrHaJJ HeceT HHcpOpMaU.HIO 0 BeJJH'-IHHe ( HanpH>KeHHH, TOKe) 
HCXOJI.HOro coo6meHHff JJHlllb B cpHKCHpOBaHHbie MOMeHTbl epeMeHH, a caMH ero 3Ha'-!eHHff 
TaK>Ke MOryT npHHHMaTb TOJJbKO CTporo cpHKCHpOBaHHble JI.HCKpeTHble 3Ha'-!eHHff, KOTOpble 
06b1'-IHO npeJI.cTaBJJHIOTCH B BHJI.e JI.BOH'-IHbIX '-!Hcen. B Ka'-lecTBe HeKoTopoli HarnHJI.HOH Mo.n.e
JJH, MO>KHO o6paTHTbCff K npou.eccy H3MepeHHff KaKOH-JJH60 3aBHCHMOCTH. flocTpOeHHe rpa
cpHKa no HeCKOJJbKHM TO'-!KaM H3MepeHHH - rpy6asi MO,D.eJJb aHanoroBO-U.HcppoBoro npeo6-

pa30BaHHH, nOCKOJJbKy OT,D.eJJbHble H3MepeHHff HBJJHIOTCH cpHKCHpoBaHHblMH 3Ha'leHHHMH. 
CTpe.n.cTaBJJeHHe aHaJJorOBbIX CHrHaJJoB B U.HcppoBOM BHJI.e (aHanoro-u.Hcpposoe npeo6paao
BaHHe ), Kor.n.a cpHKCHpOBaHHble 3Ha'-!eHHff HCXO,D.Horo CHrHana, B3ffTble 11epe3 onpe.n.eJJeHHble 
npoMe>K}'TKH BpeMeHH, npe.n.cTaBJJHIOTCff B BHJI.e JI.BOH'-!HblX '-!Hcen O'leHb y.n.o6HO, nOCKOJJbKy 
n03BOJJHeT npHMeHHTb K TaKOMY CHrHany MaTeMaTH'-!eCKylO o6pa60TKy CHJJaMH COBpeMeH
HOH BbI'-IHCJJHTeJJbHOH TeXHHKH, onepHpy10meli KaK paa JI.BOH'-!HblMH '-IHCJJaMH. 

AHanoroso-u.Hcpposoe npeo6pa30BaHHe (AUCT) HBJJHeTcH CJJO>KHbIM npou.eccoM, co

CTOHlUHM H3 JI.Byx qacTeH. CTepBaH npou.e.nypa - cpHKC8U.HSI npou.ecca qepe3 onpe,n.eJJeH

Hble npoMe>KYTKH speMeHH, Ha3bIBaeMaH oucKpemuaatfueu. BTOpaH npou.e.nypa - npH

se.n.eHHe 3Ha'-!eHHH aacpHKCHpOBaHHOro napaMeTpa K OJI.HO MY H3 paape111eHHblX JI.HCKpeTHblX 
ypoBHeli, Ha3bIBaeMaH KBa1tmoea1tueM. Ha npaKTHKe cy111.ecTBY10T pa3JJH'-IHbie anropHT
MbI :irnx npou.e.nyp, npoBOJI.HMbIX B TOH HJJH.HHOH nocne.n.osaTeJJbHOCTH. nocne npeo6pa
aosaHHH, JI.HCKpeTHble 3Ha'-!eHHH 3aMeHHIOTCH onpe.n.eJJeHHblM JI.BOH'-!HblM '-IHCJJOM (Baa

BHCHMOCTH OT KOHKpernoro 3Ha'-leHHH JI.HCKpernoro ypoBHH ). 3TOT npou.ecc Ha3bIBaeTCH 
KOOttpoeattueM. 

npou.ecc aHanoro-u.HcppoBoro npeo6pa30BaHHH TaK>Ke qacTO H83bIBalOT HMnynbCHO
KO,D.OBOH Mo.nynHU.HeH (HKM HJJH PCM - Pulse Code Modulation). 

3.B.2. /IHcKperHJOflHR. TeopeMa KorenhHHKosa - HaiiKs11cra 

npou.ecc cpHKCaU.HH napaMeTpOB HCX'O,D.HOro aHanorosoro CHrHana ( no.n.sepraeMoro AUn) 

qepea onpe.n.eneHHbie paBHbie HHTepsanb1 speMeHH Ha3bIBaeTCH oucKpemuaalfueu. Ha 
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U1t1ppoea11 o6pa6oTKa c1uHanoe 

npaKTHKe Ol!eHb Ba)!(HO 3HaTb, Ka KO Ba Tpe6yeTeH qaeTOTa noBTOpeHirn BbI60pKH ( cjrnKea

UHl:i napaMeTpoB ). Eha qaeTorn Ha3hIBaeTeH 'lacmomou iJucKpemu3alfUU. Hanp11Mep, 

eeJlH }l,eJiaTb 96000 BbI60pOK B eeKyH.lJY, TO 4aeTOTa }l,HeKpeTH3aUHH paBHHeTeH 96 T'bre. 

Bhr6opoK/e HJIH 96 Kfu. )l.nH rnro, 4T06hI HenpepbIBHbIH aHaJioroBhIH e11rnaJ1 3aMeHHTb 

noeJie}l,OBaTeJibHOeTblO ero OT}l,eJibHbIX 3Hal!eHHH ( OTe4eTOB ), B351Tb!X ( 3acjl11KeHpOBaHHbIX) 

4epe3 onpe}l,eJieHHbie paBHbie npoMe)!(yTKH BpeMeHH, 6e3 nOTepH noJie3HOH HHQlOpMa·UHH, 

Heo6xo}l,HMO BbinOJIHHTb Tpe6osaHHH TeopeMbI KoTeJibHHKOBa - HatiKBHeTa. 3rn Teope

Ma rnaeHT, l!TO }l,JIH 6e30llJH604HOrO BOeeTaHOBJieHHH aHaJiorosoro eHrHaJia H3 ero }l,HeK

peTHbTX OTel!eTOB, 4aeTOTa }l,HeKpeTH3aU.HH }l,OJI)!(Ha 6b!Tb KaK MHHHMYM B}l,BOe 60JibWe 

BepxHeti ( HaH60JibWeti) qaeTOTbl HeXO}l,HOro aHaJioroBoro e11rnaJ1a. TaKHM o6pa30M, Ha 

JII06oti H3 48eTOT HeXO}l,HOro eHrHaJia, BbI60pKa OTe4eTa }l,OJl)!(Ha npOH3BO}l,HTbe51 He Me Hee, 

'leM J],Ba)!(}l,bI 3a nepHO.ll.. Pa6orn seex yCTpotieTB, 11enOJ1b3YIOLLI.HX u.11cjlposoe npe}l,eTaBJie

HHe aHaJIOrOBbIX eHrHaJIOB ( HanpHMep, npo11rpb1BaTeJ1eH KOMnaKT-}l,HeKOB) 6a311pyeTeH Ha 

3TOH cjlyH}l,aMeHTaJlbHOH TeopeMe. 

EeJIH yeJIOBHH TeopeMbI KOTeJibHHKOBa - HatiKBHeTa He 6y.nyT BbinOJIHeHbI, aHaJioro

BbIH e11rnaJ1 He eMO)!(eT 6b!Tb TO'IHO BOeeTaHOBJieH H3 U.Hcjlposoro. B HTOre, ay}l,HOeHrHaJI, 

noeryna!OLLI.HH B rpOMKOrOBOpHTeJib, OKa)!(eTeH o6oraLLI.eHHblM HOBblMH eneKTpaJibHblMH 

coeTaBJIHIOLLI.HMH, 51BJIHIOLLI.HMHC51 npOJl.YKTOM eneU,HQlHl!eeKHX HeJIHHeHHblX HeKa)!(eHHH. 

HapyweHHe KpHTepHH HatiKBHeTa nopo)!(}l,aeT no6o4Hhre HH3KOl!aeTOTHbie eoeTaBJIH

IOLLI.He, KOTOpbIX He 6b!JIO B nepBOHal!aJibHOM e11rnaJie. lfro6bl npe}l,OTBpaTHTb ITOHBJieHHe 

3THX }l,OITOJIHHTeJibHbIX cneKTpaJibHblX coeTaBJIHIOLLI.HX, nepe}l, aHaJIOrOBO-U.HQlpOBbIM npe

o6pa30BaTeJieM HY)!(HO yernHaBJIHBaTb cjlHJibTp HH)!(HHX 4aeTOT, 3a}l,ep)!(HBalOLLI.HH see eo

CTaBJIHIOLLI.He HeXO}l,HOro eHrHaJia e llaeTOTaMH B}l,BOe HH)!(e 4aeTOTbl }l,HeKpern3aU.HH 

( o6bI4HO e He6oJibWHM 3anaeoM) H 6oJiee BbieOKHMH. HanpHMep, KOMITblOTepHaH 3BYKO

saH Kaprn, pa60Ta10LLI.aH Ha qaeTOTe }l,HeKpern3aU.HH 44, I KfU. Jl.OJI)!(Ha 6bITb yKoMnneKTO

saHa cjlHJibTpoM HH)!(HHX 4aeTOT, 06J1a}l,a10LLI.HM 4aeT0Toti epe3a ""20 Kfu.. TaKHM o6pa30M, 

eeJIH HenOJib30BaTb KOMilblOTepHylO 3ByKOBYIO KapTy J.l.JIH H3MepeHH51 HeJJHHeHHblX HCKa

)l{eHHH, HY)!(HO no}l,aBJIHTb see 4aCTOTbI ay}l,11oe11rnaJ1a Bbillle 20 Kfu.. EeJIH )!(e Tpe6yeTeH 

TO'lHO BOenpOH3BeeTH e11rnaJJbl, eOJ],ep)!(aLLI.He eneKTpaJibHbie coeTaBJIHIOLLI.He Ha 6oJiee 

BhieOKHX 4aeTornx, Tpe6yeTeH 6oJiee BhieoKaH 4aeT0Ta }l,HeKpeTH3aU.HH. B TO)!(e speMH, 

pa60TalO e U.HQlpOBblMH OeU,HJIJIOrpacjlaMH, npHMeHeHHe ITO}l,06Hb!X QlHJ!bTpOB He)!(eJia

reJibHO, noeKOJ!bKY HX qaeTOTa }l,HeKpeTH3aU.HH B npou.eeee H3MepeHH51 MeHHeTeH B w11po

KOM }l,Hana30He. B TO)!(e BpeMH, Beer}l,a MO)!(HO yeTaHOBHTb a TaKOM oeU,HJIJIOrpacjle 38Be

.U.OMO BbieOKYIO 4aeTOTY }l,HeKpeTH3aU,HH, l!TO eHHMaeT npo6JieMy. 

3.8.3. Macmra611posam1e, KBOHTOBOHHe, KO/IHpOBOHHe 

Op11 noeTpoeHHH rpacjlHKa Ha pa3rpacjlJJeHHOH 6yMare B8)!(HO npaBHJibHO Bb16paTb Maew

ra6, KOTOpbIH y.ll.o6eH J.l.JIH noCTpoeHHH. HanpHMep, eeJIH MHJIJIHMeTposaH 6yMara HMeeT 

.u.eeHTb KpynHbIX KBa}l,paTOB, Ka)!(}l,b!H H3 KOTOpblX eoeTOHT H3 }l,eeHTH MaJJeHbKHX KBaJ],pa

TOB, a H3MepHeMbIH TOK Haxo}l,HTCH B }l,Hana3oHe OT 0 .ll.O 8 MA, TO HY)!(HO yeTaHOBHTb Maew

ra6 OJl.HOro 6oJJbworo KBa.ll.parn = I MA 3TO MO)!(eT rroKa3aTbeH Ol!eBHJl.HbIM, HO l!TO 6y

,11.eT, eeJIH MbI BhI6epeM Macwra6 OJl.HOro 6oJiblllOro KBaJ],parn = 0, I MA HJIH I 0 MA? 
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McKQlKeH1tA a yc11n1t1enAx, 1tx 1tJMepeH1te, Mepb1 no CH1tJKeH1110 1tCKOJKeH1tii 

B nepBOM c.nyqae, HallIH JJ.aHHbie BbIA.nyr aa npeJJ.eJJbl MHJIJIHMeTpOBOA 6yMarH, a BO BTOpOM 

cJJyqae rpaqrnK 6yJJ.eT TPY.ll.HO paarnHJJ.eTb. HaaHa'!eHHe MacuJTa6HpOBaHHH - npHBecTH B 

cooTBeTCTBHe JJ.HanaaoH napaMeTpa JJ.HanaaoHy CHCTeMbI H3MepeHHH. 

OOJJ.OOHbIM o6pa30M, KOrJJ.a npeo6paayJOT aHanorOBbIA CHrHaJJ B U.H<l>POBOA, TO CHa'!a

JJa onpeJJ.eJJHJOT Mac1ma6 <l>HKCHpyeMoro napaMeTpa (ToKa, HanpH>KeHHH), a aaTeM ocy

wecTBJifUOT npou,e.u.ypy KBaHTOBaHHH. KcrnTH - HMeHHO no ~TOH npH'IHHe, B 60JJbWHH

ciBe U.Hcl>pOBbIX BOJlbTMeTpOB yKa3blBaeTCH HX 6a30BaJt noepetuHOCmb B JJ.HanaaoHe 

0-5 B. Hx cHcTeMa H3MepeHHH ct>aKTH'leCKH H3MepHeT TOJJbKO B JJ.HanaaoHe OT 0 JJ.O 5 B, 

a nepeKJJJO'!aTeJJb JJ.HanaaoHOB JJHWb nepeKJ110'laeT aTTeH10aTOpb1 HJJH ycHJJHTenH, '!TOObI 

npHBeCTH Macuna6 BHeWHero HanpH>KeHHH HJJH TOKa K 3TOMY OCHOBHOMY JJ.HanaaoHy. 

B npaKTH'leCKHX aaJJ.atJax 3TO oaHa'!aeT, 'ITO Macwrn6HpoBaHHe He MO>KeT ObITb TO'!HblM, 

CJJeJJ.OBaTeJJbHO OHO yBeJIH'!HBaeT OWHOKH BO Bcex JJ.HanaaoHaX. 

KaK y>Ke roBopHJJOCb BbIWe, KBaHTOBaHHeM Ha3blBaJOT npouecc npMBeJJ.eHHH ypoBHeA 

JJ.HCKpeTHbIX OTc'!eTOB K <l>HKCHpoBaHHblM aHa'!eHHHM. OpH 3TOM, npoH3BOJJbHOe aHa'!eHHe 

OTC'!eTa cpaBHHBaeTCH c Ha6opoM <l>HKCHpoBaHHbIX ypoeHeU KBaHmoBaHUJl, a 3aTeM aa

MeHHeTCH Ha 6nH>KaAwee Ha HHX. BenH'!HHa HanpH>KeHHH (ToKa.) HCXOJJ.HOro a.HanoroBoro 

CHrana MO>KeT npHHHMaTb TeopeTH'!eCKH 6ecKOHe'!HOe KOJJH'leCTBO npOH3BOJlbHbIX 3Ha'!e

HHA ( B npeJJ.enax JJ.HHaMH'!ecKoro JJ.HanaaoHa cHrnana ), TaKHM o6paaoM, yposeHb JJ.HCKpeT

Horo OTC'!eTa nocne KBaHTOBaHHH HeTO'!HO COOTBeTcTByeT npOH3BOJlbHOMY 3Ha'!eHHIO OT

C'leTa HCXOJJ.HOro aHanoroBoro cHrnaJJa. Ehy norpewHOCTb npHHHTO Haab1BaTb tuy.MaMU 
KBa1tmoea1tuJt. '4eM 6onbwe Ha6op JJ.OnycTHMbIX JJ.HcKpeTHbIX yposHeA KBaHTOBaHHH, TeM 

MeHbWe 6yJzyT wyMbI KBaHToBaHHH. Ha npaKTHKe, npH o6pa6oTKe ayJJ.HocHrHaJJOB qacTO 

npHMeHHeTcH 256 yposHeA KBaHTOBaHHH H 6oJJee. · 

nocne KBaHTOBaHHH cneJzyeT npou.ecc KOJJ.HpoBaHHH. OpH 3TOM, B aaBHCHMOCTH OT 

JJ.HCKpeTHOro ypoBHH KBaHTOBaHHH, KBaHTOBaHHbIH OTC'!eT 3aMeHHeTCH JJ.BOH'!HbIM '!HCJIOM, 

HHa'le Ha3blBaeMOM tfu¢po8bl.M CAOBO.M KOTOpoe HBJJHeTCH KOJJ.OM HCXOJJ.HOro aHanoroeoro 

CHrHana B <l>HKCHpOBaHHbIH MOMeHT B,PeMeHH. TaKHM o6pa30M, U.H<l>poBOH CHrHaJJ npeJJ.

CTaBJJHeT co6oif nocneJJ.OBaTeJJbHOCTb U.H<l>poBblX CJIOB, aanHCb1BaeMbIX qepea paBHbie HH

TepBaJJbl B U.Hct>posyJO naMHTb. 

3.8.4. (HCTeMbl C'IHCReHHJI H KOROBble cnosa 

CeroJJ.HH npaKTH'!eCKH BceM Hasecrno, '!TO B cospeMeHHoif U.H<l>posoif H BhI'!HCJJHTeJJbHOif 

TeXHHKe HcnOJJbayeTcH oeouttHaJt cucme.Ma cttucAeHuJt, onepHpyJOmaH aHaKaMH (0, I), 
a He B npHBbl'!HaH OeCJtmUttHaJt (0-9) CHCTeMa, HCnOJJb3yeMaH 'leJJOBeKOM. 3TO MO>KeT 

noKa3aTbCH JJ.OBOJJbHO orpaHH'!eHHblM, nOTOMY 'ITO 03Ha'laeT, 'ITO qeJJOBeK npHBbIK BeCTH 

C'leT B Ka>KJJ.OM pa3pHJJ.e C'!HTaTbJJ.0 JJ.eBHTH, B TO BpeMH, KaK KOMnbJOTep C'!HTaeT TOJlbKO Jl.O 

OJJ.HOro. PeweHHeM B o6oHx cnyqaHx HBJJHeTcH MacwTa6HpoBaHHe CHCTeMbl C'leTa. Ka>K

JJ.bIH paa npH JJ.OCTH>KeHHH 9 JJ.JIH JJ.OOaBneHHH I, Mbl aanHCbIBaeM B '!Hcno HOBbIA paapHJJ., 

KaK MaCWTaOHpOBaHHYIO eJJ.HHHu.y; HO 3TO HeyJJ.OOHbIH TepMHH, n03TOMY Mbl Ha3bIBaeM ero 

«JJ.eCHTb». HeT npH'IHH no KOTopbIM 6b1J10 Obi HeJJb3H MacwTa6HpoBaTb t1.ecHTKH: «coTHH, 

JJ.eCHTKH, H eJJ.HHHU.bI», - KaKy'!aT B Ha'!aJJbHOif wKone. Macwrn6HpoBaHHe noKaaaHo 60-

nee cpopMaJJbHO B rn6n. 3.1. 
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U111ppoeo11 o6pa6oTKa cMrnanoe 

Ta6n111'-'a 3. 1 

TblCRlflll COTHlll A9CRTKlll 9AlllHllll..lbl AeCRTb1e COTble TblCRlfHbl8 

1000 100 10 1/10 1/100 1/1000 
103 102 101 10° 10-• 10-2 10-• 

TepMHHbI «cOTHH, .n.ecHTbJe}>, HT. n. HBJIHIOTCH npocTo cTeneHblO OCH.OBaHUR cucme
Mbt, B 3TOM CJiyqae · 10 . .fl.soHqHaH CHCTeMa cq11cJieHHH CTpOHTCH TOqHo T8K >Ke, HO TaK K8K 

B HeH BMeCTO OCHOB8HHH « 1 O» HCnOJib3yeTCH OCHOBaHHe «2», ee M8CllITa6HaH Ta6JIHU8 

BbirJIH)l.HT HHaqe (CM. Ta6JI. 3.2). 

Ta6n111'-'a3.2 
32 16 8 4 2 1/2 1/4 1/8 1/16 1/32 
2s 2• 2• 22 2'. 

TaKHM o6pa30M, HeC~OTpH Ha TO, qTQ B .D.BOHqHOH CHCTeMe HCnOJib3yeTCH TOJ)bKO 0 H 1, 

c nOMOUlblO KOM6HH8UHH MHOropa3pH.D.Hbl?' q11ceJI ( 1w80BbtX CJWB ), co.n.ep>K8UlHX TOJibKO 

3TH CHMBOJibl, MO>KHO Bblp83HTb JII06oe .n.ecHTHqHoe q11cJIO. B UH<ppoBOH H BbJqHCJIHTeJib

HOH TeXHHKe, K8°>KJJ.bIH pa3pH.D. KO.D.OBOro CJIOBa npHHHTO H83bIB8Tb 6umoM HHcpOpM8UHH. 

TaKHM. o6pa30M, eCJIH .D.BOHqHoe q11cJIO (KOl(OBOe CJIOBO) COCTOHT H3 qeTblpex pa3pH.D.OB, TO 

fOBOpHT, qTQ OHO co.n.ep>KHT qeTbipe 6HT8 HHcpOpM8UHH, HJIH HBJIHeTCH qeTbipex6HTHblM. 

DpH aHaJioro-u11cpposoM npeo6pa3oBaHHH, pa3pH.D.HOCTb u11cpposoro Ko.n.a (TO ecrb 

qHCJIO 6HT B KO.D.OBbIX CJIOBax) HanpHMYIO 38BHCHT OT q11cJia ypoBHeH KB8HTOB8HHH. Yame 

ecero, pa3pH.D.HOCTb KO.ll.OBbIX CJIOB 6epeTCH KpaTHbIM BOCbMH. l1cnOJib3YIOTCH 8-6HTOBbie, 

16-6HTOBbie, 24-6HTOBbie, 32-6HTOBbie Hr. n. KO.D.OBbie cJiosa. B uH<pposoi:i 11 Bb1q11cJI11-

TeJibHOH TeXHI-!Ke 8 6HT HHcpOpM8UHH H83blB8IOT 0)1.HHM 6atlmOM. 00CKOJibey, .D.JIH K8>K)l.O

ro 6HT8 HHcpOpM8UHH B03MO>KHO )I.Ba COCTOHHHH - I H 0, Herpy.D.HO no.n.cqHTaTb, K8KOe 

KOJIHqecTBO .ll.HCKpeTHbIX KB8HTOB8HHbIX ypoBHeH CHrttaJia MO>KeT 6bITb on11caHO 0)1.H06ai:i

THblM, .n.syx6aHTHblM HT. n. l1TaK, o~mee q11cJIO pa3JIHqHblX ypoaHeii, KOTOpble MOryT ObITb 

onHC8Hbl 8-pa3pH.D.HbIM (BOCbMH6HTHblM HJIH O)l.H06ai:iTHbIM) KO)l.OBbIM CJIOBOM, paBHO 

28 = 256, a l 6-pa3pH.D.HbIM CJIOBOM, - 2 16 = 65536. no.n.o6HbIM o6pa30M, 24-6HTH8H CH

CTeMa .n.onycKaeT 2 24 = 16 777216 pa3JIHqHblX ypOBHeH, HO Tpe6yeTCH B nOJITOpa pa3a 

6oJibUJe naMHTH .D.JIH coxpaHeHHH Ka>K.D.oro cJiosa (24/ 16 = IS), qeM B l 6-611rnoti. 

KaK npaBHJIO (11rnop11pysi scnoMoraTeJibHb~e .n,o6asoqHbie nces.n.ocJiyqai:iHbie c11rnaJibI, 

Heo6XO)l.HMble, KaK .D.JIH nOBbIUieHHH noMeX038UlHUleHHOCTH, TaK H .D.JIH .n.pyrnx ueJieH ), .D.H

H8MHqecKHH .D.Hana30H (,Ll,ll) u,11cppoBOH CHCTeMbl onpe.n.eJIHeTCH CJie.nyIOUlHM o6pa30M: 

" r.n.e n = KOJIHqecTBO 6HT. 

' 
TaKHM o6pa30M, TeopeT11qecKHH .11.HHaMHqecKHH .n.11ana30H l 6-pa3pH.D.HOH CHCTeMbI pa-

eeH 6 x 16 = 96 .n.5. 

foBOpH 0 u11cppOBOH TeXHHKe, Bcer.n.a B8>KHO noMHHTb, qTQ c yBeJI11qeHHeM q11cJia ypoB

Heii KB8HTOB8HHH, a TaK>Ke c nOBbIIl1em1eM qacTOTbl .D.HCKpeTH38UHH, TOqHOCTb U:Hcpposoro 
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McKa>KeHHll e ycHnHTen11x, HX HJMepeHHe, Mepbl no CHHlKeHHIO HCKalKeHHM 

npe,ncTaBJieHHH CHrHaJia B03pacTaeT, HO npH 3TOM ,Tpe6y!OT~H cyiuecTBeHHO 60JiblUHe pe

cypcbl umj:>pOBOH CHCTeMbl ( 6blCTpo.neticTBHe, naMHTb ), nOCKOJibt<y HeH36e)KH0 pacTeT 

p33pH.llHOCTb KO,llOBblX CJIOB. 

3.8.5. oblcrpoe npeo6pa:1osaHHe f/Jypbe {6flf/J) 
Y*e Heo,nHOKpaTHO o6cy)KJlaJiocb, 11To J1106oti npouecc MO)KHO npe,ncTaBHTb .llBOHKO - BO 

BpeMeHHOH HJIH B qacTOTHOH o6nacrn. Ha 3KpaHe OCUHJIJiorpacpa Mbt BH.llHM rpacpw1eceyto 

3aBHCHMOCTb ypoBHH HCCJie,nyeMoro npouecca OT BpeMeHH - 3TO ecTb BpeMeHHOe npe.n

CTaBJieHHe. Ha 3KpaHe aHaJIH3aTopa cneKTpa, Mbl BH.llHM 3aBHCHMOCTb ypoBHH Toro )Ke 

npouecca OT qacTOTbl - 3TO eCTb qacTOTHOe npe,ncTaBJieHHe. 

npH oueHKe HeJIHHeHHblX HCK8)KeHHH O'leHb noJie3HO HMeTb cneKTP HCCJie,nyeMoro 

CHrHaJia, O,llHaKo. KaK y)Ke fOBOpHJIOCb Bblille, aHaJIH3aTop cneKTpa npH6op .noporoH H 

CJIO)KHblH. 0,nHaKO, npH noM01UH 3BYKOBOH KapTbl H HeCJIO)KHOro nporpaMMHOro o6ecne

qeHHH, B aHaJIH3aTop cneKTpa (KOHe'IHO, .naneKO He caMblH xopOillHH, HO BnOJIHe npHeMJie

MblH) HeTpy,nHo npeBpaTHTb o6bt'IHbtH nepcoHaJibHbtH KOMnb!OTep. OcHOBHOe npeHMyme

CTBO UHct>poBOro npe,ncTaBJieHHH CHrHaJIOB, - 3TO B03MO)KHOCTb npHMeHeHHH .ll.Jlff HX 

o6pa6oTKH cJIO)KHbtx MaTeMarnqecKHX anropHTMOB. AHaJIHTH'lecKaH B3aHMOCBH3b Me>KJlY 

BpeMeHHblM H qacTOTHblM npe,ncTaBJieHHeM npoueccOB 6btJia ycTaHOBJieHa Bbl.ll.8!01UHMCH 

MaTeMBTHKOM ct>ypbe, H TaKoe npeo6pa30BaHHe HOCHT ero HMH. 

Bbt'IHCJIHTeJibHbtH anropHTM, Jie)KalUHH B ocHOBe pa6oTbt nporpaMMHbIX cpe,ncTB no 

o6pa60TKe OUHct>poBaHHblX 3BYKOBblX CHrH8JIOB, ocymecTBJIH!OlU~"H HX npeo6pa30BaHHe 

H3 BpeMeHHOH cpopMbl npe,ncTaBJieHHH B qacTOTHylO, HOCHT Ha3BaHHe 6blcmpo20 npeo6-
pa308aHUJl c/Jypbe (Enct>). 

AnropHTM Enct>, He CMOTpH Ha ero KpaHHe illHpOKOe npHMeHeHHe, TO)Ke HMeeT CBOH 

oco6eHHOCTH H orpaHH'leHHH. B qacTHOCTH, BCH MaTeMaTHKa Enct> nocrpoeHa Ha npe.nno

JIO)KeHHH, 'ITO 06pa6aTb1BaeMblH CHrHaJI HBJIHeTCH nepHO,llH'leCKH nOBTOpHIOlUHMCH npo

uecCOM. 3TO npe,n:nOJIO)KeHHe MO)KeT noKa38TbCH TpHBHaJibHblM, HO OHO HMeeT BllJ/Cltble 
nocJie,llCTBHH. 

Jlt06b1e peaJibHbte CHrHaJibt Bcer.na cnyqatiHbl H .naneKo He Bcer.na nepHO.llH'IHbI. B pe

aJibHOM cHrnane oqeHb TPY.llHO Bbt,neJIHTb OJlHH nepHo.n c .nocTaTO'IHOH TO'IHOCTbIO, 'ITO Bbl· 

30BeT cymecrneHHYIO norpewHOCTb npH o6pa6oTKH c noMOlUb!O Enct> . .llnH yMeHbilleHHH 

3TOH OWH6KH, o6pa60TKY npOH3BO,llHT He no O,llHOMY nepHOJlY, a no 3Ha'IHTeJibHO 60Jibille

MY HX KOJIH'lecrny. UpH 3TOM TO'IHOCTb o6pa6oTKH cymecrneHHO noBbtwaeTcH, HO oHa 

Tpe6yeT cepbe3HblX annapaTHblX pecypcOB, nocKOJibt<y Tpe6yeTCH O,llHOBpeMeHHaH 3anHCb 

B naMHTb 60JibillOro KOJIH'lecrna KO,llOBblX CJIOB, nponopUHOHaJibHOro KOJIH'leCTBY 0,llHO

BpeMeHHO 06pa6aTb1BaeMbIX nepHO,llOB • 

.llpyrnM cnoco6oM yMeHbilleHHH KOJIH'lecrna waroB HBJIHeTcH 1Caopupooa1tue - HC

KyccTBeHHOe Bbl,lleJieHHe nepHO,llH'IHOCTH, npHMeHHH TaK H83bIBaeMble OIClta K 3anHCHM 

cpopM CHrH8JIOB. B 3TOM KOHTeKCTe, OICHO HBJIHeTCH nepeMeHHbIM BeCOBblM Ko3cpcpm.1.HeH

TOM. CTpH 3TOM 3Ha'leHHH Bb16opoK B KOHuax 3anHceti cpopM cHrnanoB yMHO)Ka!OTCH Ha 

ttyJib, a K npoMe)KYTO'IHblM 3Ha'leHHHM B cepe,nHHe Bbt6opoK npHMeHHeTCH 60JibillHH Beco

BOH K03<P<PHUHeHT (.:5. I). nocKOJibt<y JII06oe l{HCJIO YMHO)KeHHOe Ha HYJib paBHO HYJIIO, 3TO 
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UH4>poea11 o6pa6orKa c1nHanoe 

Jl,eJiaeT KOHUbl BbJ6opoK HyJieBblMH, - 3TO n03BOJIS!eT 3anHCH cpopMbl CHrHaJia nOBTOpHTb 

6e3 c6oes (pHc. 3.4.) 

J 
0 10k 

npsiMoyronbHOe OKHO 

1 .r-----------·--~-·-----------1 

I 
! I 
I I 

0 i i 
0 10k 

lllCKYCCTB0HHOe OKHO 

PHc. 3.4 KaopupoBaHue, Bbl3btaa10Ufee nepuoourmocmb 

TaK KaK K8J1.pHposaHHe BHOCHT onpe.neneHHbie HcKa>KeHHH B 3anHcb cpopMbI cHrnana, 

ero npHMeHeHHe 6y.neT TaK>Ke HcKamaTb H pe3ynbTaTbI BD<I>. B npouecce K8Jl.pHposaHHH 

JJH60 npOHCXO.IJ,HT «c6poc» 3HeprHH 3JieMeHTOB JJ,HCKpeTH3aUHH c BblCOKHMH aMnJIHTY.ZJ,a

MH B CMe>KHbie 3JieMeHTbl .ZJ,HCKpeTH3aUHH, lJTO nopo)K,ll.aeT BH.IJ,HMYIO «KaHMy» B OKpecTHO

CTflX.ZJ,HCKpeTHblX cneKTpaJibHblX COCTaBJifllOW,HX, HMelOW,HX BblCOKHe aMnJIHTYJl.bl Ha 3Kpa

He aHaJIH3aTopa, HJIH H3Me!lfl!OTCfl aMnJIHTYJJ.bl OT.ZJ,eJibHbIX COCTaBJJfl!Olll,HX. TaK KaK 

npouecc .IJ,HCKpeTH3aUHfl npeo6pa3yeT HenpepbIBHOe BpeMfl B .IJ,HCKpeTJibie OTClJeTbl, TO H 

pe3yJJbTaTOM Bn <I> .noJI>KHbI 6bITb .ZJ,HcKpeTHbie qacTOTHbie ( cneKTpaJJbHble) cocTaBJIHIO

mHe, Ha3brnaeMbIX 3AeMettmaMu oucKpemu3atJiuu. CJieJ1,0BaTeJibHO, see «KaJJ.pb1» H 

«OKHa» scero JIHWb n03BOJ!fllOT HaXO.ZJ,HTb KOMnpOMHCC Me)!{,[I,Y pa3pewa10w,ei1 cnoco6HOC

Tbl0 no lJaCTOTe H aMnJJHTy.ne. 

Ka.np, B KOTopoM Bb16opKa npaKTHlJeCKH He npeTepnesaeT H3MeHeHHH (nocKOJibKY 3a

nHCb cpopMbl CHrHaJia scero K8)1,pa YMHO>KaeTCfl Ha nOCTOflHHOe 3HalJeHHe - l ), Ha3btBaeT

Cfl npHMoyroJibHbIM K8J1.pOM. TaK KaK npHMoyroJJbHbIH K8Jl.P npaKTHlJeCKH He H3MeHHeT 

3HalJeHHfl Bbl60p0K, OH He Bbl3bIBaeT pa36poc Me)!{,[I,Y 3JJeMeHTaMH .ZJ,HCKpeTH3aUHH H npe)l,

JJaraeT nyqwy10 pa3pewa10w,y10 cnoco6HocTb no ~acToTe. K comaJieHHIO, aMnJJHTYJJ.bl oT

AeJJbHbIX COCTaBJifl!Olll,HX MOryT 6bITb HHTepnpeTHpOBaHbl c OWH6KaMH, nOTOMY lJTO npH 

K8)1,pHposaHHH HCKYCCTBeHHO H3MeHHeTCfl nepHO.ZJ,HlJHOCTb. 11 Hao6opOT' TaK Ha3bIBaeMblH 

Ka.np BJI3KMaHa-XappHoa (Blackman-Harris) H3MeHHeT KOHUbl 3anHCH cpopMbl CHrHaJia, 

lJT06bl npe.noTBpaTHTb HapyweHHe nepHOJl,HlJHOCTH, lJTO Bbl3bIBaeT pa36poc Me)!{,[I,Y 3Jie

MeHTaMH .IJ,HCKpeTH3aUHH, HO ynyqwaeT pa3pewa10w,y10 cnoco6HOCTb no aMnJIHTYJl.e. 

HaHnyqw11e pe3yJibTaTbI H3MepeHHH HcKa>KeHHH c HcnoJib30BaHHeM anropHTMa BD<I> 

nonyqalOTCfl npH CHHXpOHH3aUHH reHepaTOpa c CHCTeMOH Bn<I>, JI.Jiff Toro lJT06bI MOrJJH 

3anHCb1BaTbCfl TOJibKO nOJIHble UHKJibl 6e3 cpa30BblX OWH60K, no3BOJiflfl HCnOJJb30BaTb 

npHMOyroJibHblH Ka.np. EcJIH HCTHHHOe CUHXpOHHOe fjfl</J He B03MO>KHO, TO noJie3HblH 

KOMnpoMHCC - 3TO HaCTpoi1Ka aHaJJH3aTop Ha OCHOBHOH qacTOTe H no.nroHKa lJaCTOTbl H3-

MepHTeJJbHOro reHepaTOpa Jl,Jlfl nonyqeHHfl MHHHMaJibHOH «KaHMbl» B OKpecTHOCTflX co

CTaBJJfllOW,eH c caMOH BblCOKOH aMnJIHTYJJ.OH. 

EcJJH 3anHCH cpopMbl CHrHaJJa 3acpHKCHpOBaHbl MHOrOKparno, TO MO>KHO HX ycpe.ZJ,HHTb, 

lJT06bl yMeHbWHTb OWH6KH. Eho OlJeHb MOlll,Hafl MeTO.IJ,HKa, HeCMOTpH Ha TO, lJTO OHa 3a

MeJl,JlfleT CKOpOCTb H3MepeHHH. 
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McKaJKeHllll e yc1m1trenllX, 11x 111MepeH1te, Mepb1 na cH1tJKeH1t10 1tcKalKeH1tit 

3. 9. KoK oe1op npoeo.QMT M3MepeHMH MCKO>KeHMH 

B H3MepHTeJlbHOM KOMnJJeKCe aBTOpa 3TOH KHHrH HCnOJJb3YIOTCSI aHaJJOroBbIH ay,ZI.HO nose

pO'IHblH K,OMnJJeKT rnna MJS40 l DH OCUHJIJ!Orpa¢ Tektronix TDS3032 c onuHeH on<I>. 

l13MepeHHSI tieJIHHeHHbIX HCKa>KeHHH BblnOJIHSllOTCSI c npHMeHeHHeM cpHJJbTpOB Bepx

HHX 'laCTOT C '!aCTOTaMH cpe3a l KfU, a TaK>Ke 400 fu, 'IT06bl no,ZI.aBHTb noMeXH OT HCTO'I· 

HHKa npOMblllJJieHHOH '!aCTOTbl. l13MepHJ:eJibHbIH np1i;16op c ,ZI.eTeKTOpOM ,ZI.eHCTBYIOW.ero 

( cpe,ZI.HeKBa,ZI.paTH'leCKOro) 3Ha'!eHHSI, 'IT06bl KoppeKTHO cyMMHpOBaTb aMnJIHTY.ZI.bl rapMO

HHK. Ero lllHpHHa noJJOCbI orpaHH'leHa cneKTpoM CJJbilllHMbIX qacTOT npH noMOW.H cpHJibT

poM Ha 22 ru-22 Kfu. OcTaTO'IHbIH CHrHaJJ HCKa>KeHHSI (TO ecTb BbICllJHe rapMOHHKH) 

nocrynalOT Ha cneKTpaJibHbIH aHaJJH3aTop. 

9-pa3pSI,ZI.HblH OCUHJIJIOrpa¢/ cneKTpaJJbHblH aHaJJH38TOp, HCnOJJb3YIOW.HH 'laCTOTY 

.ZI.HCKpeTH3aUHH 50 KBb16opoK/c, 'IT06b1 yseJJH'IHTb KOJJH'!ecTBo 3acpHKCHposaHHblX UHK

JJOB, H cpHJibTp c 'laCTOTOH cpe3a 22 Kfu B nosepo'IHOM KOMnJJeKT rnna MJS40 l D, ¢op

MHPYIOW.HH cpHJJbTp 3alll,HTbI OT HaJJo>KeHHSI cneKTpoB. OH nepeKJJIO'!aeTCSI Ha l KfU 

OCHOBHOH 'laCTOTbl, H HCnOJlb3YeTCSI npSIMOyroJJbHOe Ka,ZI.pHpOBaHHe. feHepaTOp noBepOL!

HOro KOMnJJeKTa MJS40 l D HaCTpoeH Ha MHHHMaJlbHYIO KaHMy, 'IT06bI o6ecne'IHTb KBa3H

CHHXpOHH3aUHIO on<J> . .llJIH noJJyqeHHSI 60JJee TO'IHbIX pe3yJJbTaTOB, on<J> ycpe,ZI.HSieT 

16 3anHcefl, J1,IIHHOH l 0 KHJI06HT Ka>K,ZI.aSI, 'ITO ,ZI.aeT ysepeHHbIH ,ZI.HHaMH'leCKHH ,ZI.Hana30H 

cneKTpaJibHOro aHaJIH3aTopa >50 ,ZI.D. 

TaK KBK B nosepO'IHOM KOMnJJeKTe HCnOJJb3yeTCSI ay,ZI.HO ,ZI.HHaMH'leCKHH ,ZI.Hana30H 

cneKTpaJJbHOro aHaJIH38TOpa, OCHOBHblM orpaHH'leHHeM SIBJISleTCSI OCTaTO'IHbIH CHrHaJJ HC

Ka>KeHHSI nosepO'IHOrO KOMnJieKTa. no 3TOH npH'IHHe pe3yJJbT8Tbl H3MepeHHH C ypoBHSIMH 

HH>Ke - 90 ,ZI.D ,ZI.OJl>KHbl paccMaTpHBaTbCSI c OCTOpO>KHOCTblO. 

Tenepb, KOr,ZI.a ycsoeH MeTO,ZI. H3MepeHHSI HCKa>KeHHH, MO>KHO HCnOJib30B8Tb ero npH 

He06XO,ZI.HMOCTH nposepHTb H cpaBHHTb JJaMnOBbie cxeMbl c MaJJbIMH HCKa>K~HHSIMH. 

3.10. Oco6eHHOCTM npoeKTMpoeoHMH ycMnMTeneu 

C MOflblMM MCKO>K0HMSIMM 

3.10. l Knam1c/JHKOIJHJI cnoco6os CHHJKBHHJI HBRHHBHHblX HCKOJKBHHii 

Cyw.ecTBylOT MHOro cnoco6oB yMeHblllHTb HCKa>KeHHSI H C,ZI.eJJaTb HX ypoaeHb npHeMJie

MbIM . .llJIH ynpow.eHHSI, 6y,ZI.eM paccMaTpHBaTb HCKa>KeHHSI, Bbl3bIB8eMbie KB>K,ZI.bIM OT,ZI.eJib

HblM K8CK8,ZI.OM, nepe,ZI. o6cy>K,ZI.eHHeM MHOrOKacKa,ZI.HOH cxeMbl. 

HH>Ke 6yJJYT paCCMOTpeHbl npaKTH'leCKH Bee OCHOBHbie cnoco6bI CHH>KeHHSI HeJIHHeH-

HblX HCKa>KeHHH: 

• no,ZI.6op pa6oqefl TO'IKH no nepeMeHHOMY TOKY; 

• no,ZI.6op pa6o'leH TO'IKH no noCTOSIHHOMY TOKy; 

• yMeHbllleHHe HCKa>KeHHH orpaHH'leHHeM onpe,ZI.eJJeRHOro napaMeTpa; 
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Oco6eHHOCT1t npoeKrttpoeaH1tll yc11n11reneil c MOnb1M1t 1tCKa>KeH1tllMll 

• yMeHbWeHHe HCKa)f{eHHH no)l.aBneHHeM onpeJ].eneHHblX COCTaBnHIOW.HX; 
' • OnTHMH3aU.HH cxeM cMew.eHHH no nocTOHHHOMY TOKY; 

• noJJ.6op onpe]leneHHblX 3neKTpOHHbIX naMn; 
• conpH)f{eHHe OTJJ.enhHbIX KacKaJJ.OB co nocne.eyIOW.HMH. 

3.10.2. BnHRHHe pa6o'lei TO'IKH no nepeMeHHOMY roKy 
TeopeTH'·IeCKH TpHOJJ.bI reHepHpyIOT HenHHeifHhie npOJJ.YKThl npeHMyw.ecTBeHHO Ha 2-11 rap
MOHHKe. 3TO O'leHb Ba)f{HOe npeHMYW.eCTBO. B rnase 6 6yJJ.eT noKa3aHO, '!TO BJJ.ByxTaKTHblX 
ycHnHTenHx MOW.HOCTH, '!eTHble rapMOHHKH npaKTH'leCKH nonHOCTblO KOMneHCHpylOTCH, 
'!TO cyw.ecTBeHHO CHH)f{aeT HCKa>KeHHH . 

.l:Vrn nposepKH ycHnHTenei1 Ha TpHOJ].aX Ha npeJJ.MeT HenHHeHHblX HCKa)f{eHHH, paCCMOT
pHM ycHnHTenb c o6w,HM KaTOJJ.OM, c naMnOH THna 41 7 /5842 ( pHC. 3.5 ). 

l/P 

6k8 

120u 

400Vx 

22R 

15mA 

10k5% 
WH25 

126V 

417A 

20H 

3u3 
400V 

1 7V 

cheap 
red 
LED 

47k 

PHc. 3.5 CxeMa nposepHeMoro ycHnHTenH c o6ll{UM Kamooo.M 

+276V 

O/P 

ov 

DbinH onpo6osaHbIJJ.BaJJ.1.1,aTbJJ.Be naMnb1rnna417 /5842 npH yposHe BblXOJJ.HOro cHrna-
11a + 18 JI.DH ( 6, 16 B JJ.eHcTBYIOW.ero 3Ha'leHHH ), 3TH pe3ynhT8Thl 6hinH ycpeJJ.HeHbl 
H npe.11.cTasneHbI B Ta6n. 3.3: 
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McKO>KeHMJI B ycMnMTenJIX, MX MJMepeHMe, Mepbl no CHM>KeHMIO MCKO>KeHMH 

Ta6nML.{a3.3 

rapMOHlllK8 YpoaeHb 

1-R ( OCHOBHBR) 

2-R -41 A6 
3-R -100A6 
4-R -95A6 

Cpe,11,11 HenHHeHHbIX npo)lj'KTOB, reHep11pyeMbIX naMnaMH rnna 417 /5842 HBHO npeo6-
na.u.aeT 2-si: rapMOHHKa. JlaHHblH rnna naMnbI 417 A/5842 HBnHeTcH xopollIHM npHMepoM. 
JlaX<e caMbIH nnoxoH 9K3eMnnHp :ineKTpOHHOH naMnbI ,11,aHHOro THna, reHepHpyeT HCKa)l{e
HHH Ha 2-H rapMOHHKe, c ypOBHeM Ha 20 ,11,D 6onbllle, lJeM Ha .u.pyrnx BblCllIHX rapMOHHKaX. 
3TO BeCbMa none3HOe o6CTOHTenbCTBO ll03BOnHeT HCnOnb30BaTb HH)l{ecne)lj'IOlllYIO cpop
Myny, ,11,JIH paclJeTa K09cpcpHI.J.HeHTa HenHHeHHblX HCKa)l{eHHH, nonb3YHCb ,11,aHHblMH, nony
lJeHHbIMH npH nocTpOeHHH rpacpHKa Harpy30lJHbIX nHHHH: 

v - VMdKC + VMllH 
TlllUHllbl 2 

%HCK2-nrapMOHllKll ~ --v---v~--
MOKC - Mllll 

B nepsoM np116nHX<eHHH, nepe,11,aTOlJHOH xapaKTep11ctHKH Tp110,11,a - 9TO npocTaH CTe
neHHaH <f>yHKIJ.HH BH,11,a / := Vqk 312 ( TaK Ha3bIBaeMblH «3aKOH Tpex BTOpbIX» ). 3Ta KpHBaH XOTb 
H He HBnHeTCH nHHeHHOH, HO H He co.u.ep)l{HT HenHHeHHOCTeH Bb!CllIHX nopH,11,KOB, a KpOMe 
Toro HBnHeTCH ,11,0CTaTOlJHO rna,11,KOH, lJTO ,11,0n)l{HO o6ycnaBnHBaTb HeBbICOKHH ypoBeHb He
nHHeHHbIX HCKa)l{eHHH. 3Ta rHnOTe3a 6b1na nposepeHa Ha cxeMe µ-nOBTOpHTenH c naMnOH 
7N7 /D3a (pHc. 3.6). 

JlnH Toro, lJT06b1 :irn nposepHeMaH cxeMa He noKa3ana no*HO xopollIHH pe3ynbTaT np11 
noHBneHHH ceTOlJHOro TOKa, OHa B036y)!{,11,aeTCH OT HCTOlJHHKa c conpornsneHHeM 64 KOM, 
HMHTHpyH TaKHM o6pa30M KOnHpyH peanbHble ycnOBHH pa60Tbl B COCTaBe ycHnHTenH. 
BepXHHH npe.u.en H3MepeHHH 6bin ycTaHOBneH Ha MOMeHT nOHBneHHH ceTOlJHOro TOKa npH 
sblxo,11,HoM c11rnane + 34 ,11,nH ( CKr + ill = -43 .u.5 ). 

HH)l{HHH npe,11,en H3Mepef1HH 6bin ycrnHosneH cnoco6HOCTblO aHanorosoro aHanH3aTo
pa cpHKCHpOBaTb HCKa.>KeHHH cpopMbl cna6oro CHrHana, KOTopaH HalJHHaeT yxy,11,lllaTbCH 
npH Bb!X0,11,HOM CHrHane +14 ,11,DH (CKr +ill= -63,5 .u.5). Me.>K)lj' 9THMH npe.u.enaMH 
yposeHb BbIXO.U.Horo c11rnana H3MeHHncH c llJaroM 1 .u.5. nbin nocTpoeH rpacpHK CKf + ill 
B 3aBHCHMOCTH OT ypOBHH BblX0,11,HOro CHrnana (pHC. 3.7). 

fpacpHK HCHO noKa3bIBaeT, lJTO 3HalJeHHe CKf + ill ( cyMMapHoe 3HalJeHHe Ko:icpcp11-
11.11eHTa HenHHeHHblX HCKa)l{eHHH nn!OC llJYM) npHMO nponopIJ.HOHanbHO ypoBHIO BblX0,11,HO
ro cHrnana. TaKHM o6pa30M, H3MepeHHbIH yposeHb HCKaX<eHHH 1 % npH 15 B ,11,eHcTByIO
mero 3HalJeHHH HanpH*eHHH npe.u.nonaraeT HCKa)l{eHHH 0, 1 % np1-1 1,5 B ,11,eHcTByIOlll.ero 
3HalJeHHH. 3TO o6CTOHTenbCTBO KpaHHe none3HO, ecnH He06X0,11,HMO 011.eHHTb HCKaX<eHHH 
TpHo,11,a, npH pa6oTe co cna6bIMH CHrHanaMH - HanpHMep, KaK B cnYlJae KacKa.u.a c lJac
TOTHOH KoppeKIJ.HeH AMepHKaHCKOH Acco11.11a11.1-11-1 3BYK03anHcH (RIM), Hcnonb3yeMbIH 
,11,JIH cornacosaHHH yc11n11TenH c npo11rpb1BaTeneM BHHHnOBbIX rpaMnnacTHHOK ( no.u.po6Hee 
CM. rnasy 6 ). 
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1k 

l/P 

100n I 1kV 
D3a 

cheap 
red 
LED 

PHc. 3.6 CxeMa npoBepKu AUHeuHocmu µ-noBmopumeAJl 

-40 

-45 

-50 

THD+N(dB) 

-55 

-60 

-65 
0 

10-

THD + N vs ypoeeHb 

0 
0 

0 
0 -0 

0 
0 

0 -0 
0 

0 
0 

0 
0 

0 

15 20 25 30 
YpoeeHb (dB) 

+390V 

0/P 

0 
0 

. 

35 

PHc. 3. 7 rparjJuK UCKaJICeHUU 8 3a8UCUMOCmu om yp08flJl CUcflaAa npoBepJleMOU 
cxeMbt µ-noBmopumeAJl 
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McKaJKeHHll B ycHnHrem1x, HX HJMepeHHe, Mepb1 no cH11JKeH1110 11cKoJKeH11ii 

CTpe,11,nonoX<eHHe, 'ITO HCKaX<emrn KacKa.u.a ycwneHHH Ha Tpwo.u.e nopoX<,11,aJOT npewMy

mecrneHHo 2-JO rapMOHHKY H npom,pu.woHanhHhI ypoBHJO cwrnana, cnpaBeMHBO MH Bcex 

Tp110,11,0B np11 wcnonh30BaHHH c peanhHhlMH pe3HCTHBHhlMH aHO.U.HhlMH Harpy3K8MH. BnHH

HHe aKTHBHOH Harpy3KH (R = > 00) no.u.aBnHeT 2-JO rapMOHHKY, HO Mano MeHHeT ypoBeHb 
n ' 

BblCWHX rapMOHHKH. nocne no.u.aBneHHH 2-11 rapMOHHKH, BnHHHHe BblCWHX rapMOHHK CTa-

HOBHTbCH 6onee cymecTBeHHblM, 13bl3blBaH y HeKOTOpblX TpHO)lOB HCKaX<eHHH, KOTOpble ne 
nponopu.110HanbHhI ypoBHJO. CTp11 11cnonb30BaHHH aKTHBHOH Harpy3KH MOX<eT noTpe6o

BaTbCH npoBepKa - OCT8IOTCH nH HCKaX<eHHH 3neKTpOHHOH naMnbl KOHKpernoro THna 

nponopu.110HanbHb1 ypoBHJO cwrnana. 

3.10.3. BnHRHHe pa6o'feii TO'IKH no nocroRHHOMY roKy 

3aBHCHMOCTH ypoBHeH HCKaX<eHHH OT H3MeHeHHH HanpHX<eHHH aHo,11,1;10ro nHT8HHH 6y!J.YT 

11ccne.u.0BaHb1 no3,11,Hee. OT BenH'IHHhI aHO.U.HOro BhICOKOBOnhTHoro HanpHX<eHHH c11nbHO 

38BHCHT ManocHrHanbHble napaMeTpbl CTaTH'leCKHX xapaKTepHCTHK naMnbl, TaKHe KaK 

CT8TH4eCKHH BHyTpeHHHH K03Q>Q>Hu,HeHT yc11neHHH µ, CTaTH'leCKOe BHyTpeHHe conpoTHB

neHHe ra 11 KpyTH3Ha gm, KOTOpb1e o6bI4HO npe,11,nonaraJOTCH HeH3MeHHeMbIMH. TaKHM o6-

pa30M, noKa He HYX<HO M8KCHMH3HpOB8Tb pa3Max HanpHX<eHHH, BbI6op pa6o4eH TO'IKH 

u.enecoo6pa3HO ocymecrnnHTh TOnhKO no.u.6opoM HanpmKeHHH cMemeHHH no Kp11Tep1110 

OTCyTCTBHH ceTOllHOro TOKa Ii OTCe4Ke aHO)lHOro TOKa. CTpo6neMbl OTCe'IKH O'leBH)lHbI: Bbl

COKOKa4eCTBeHHblH ycHnHTenb .u.onX<eH pa60TaTb 6e3 OTCe4KH aH0,11,HOro TOKa BO BCeM ,11,H

ana30He H3MeHeHHH yc11n11BaeMoro ay,11,11oc11rnana, TO ecTb B peX<HMe Knacca. CeT04HbIH 

TOK Bbl3bJBaeT HaMHOro 6onbwe npo6neM, nOCKOnbKY MOX<eT nOHBnHTbCH TOnbKO npH 

6onbWHX aMnn11Ty,11,ax yc11n11BaeMoro c11rnana, co3.u.aBaH Hen11HeHHYJO Harpy3KY npe,11,bmy

meMy KacKa.u.y yCHneHHH (no.u.po6Hee CM. B rnaBe 3). Pa3yMeeTCH, MH CHHX<eHHH Henw

HeHHhIX HCKaX<eHHH, Bcer.u.a HYX<HO CTpeMHTbCH K nonHoMy OTCyTCTBHIO CeTO'IHOro TOKa BO 

BCeM .u.11ana30He H3MeHeHHH BX0,11,HOro CHrHana. 

3.10.4. HcKa)f(eHHR 111-10 ceroYHoro roKa 

Kor.u.a HanpHX<eH11e Mem.u.y ceTKOH H KaT0,11,0M ( o6bI4HO oTpwu,aTenbHOe) npw6n11.>1<aeTCH 

K 0 B, H84HHaeT H,11,TH ceT04HblH TOK, H BX0,11,HOe conpornBneHHe 3neKTpOHHOH naMnbl 3Ha-

4HTenbHO CHHX<aeTcH. Ecnw naMna HMeeT npaKTH'leCKH HyneBoe BbIXO.U.Hoe conpornBne

HHe r.,., = 0, npo6neMbI He 6y,11,eT, HOB X<H3HH oHa KaK npaB11no Hao6opor, HMeeT 3Ha4H

TenbHoe BblX0,11,HOe conpornBneHHe. 06pa3yl01..l.{HHCH .u.enHTenb HanpHX<eHHH, MOMeHTanbHO 

cQ>opMHpyeT B MOMeHTbl cymecTBOBaHHH ceTO'IHOro TOKa, nonOX<HTenbHble nHKH CHrHana, 

Ii orpaHH4HBaeT BXO)lHOH CHrHan. CHMMeTpH4H8H OTCe4Ka CBepxy, nopoX<,11,aeT pocT He-

4eTHblX rapMOHHK, HO nOCKOnbKy ceT04HblH TOK '18CTO OTCeKaeTCH aCCHMeTpH4HO, n03TO

My MOX<HO OX<H,11,8Tb TaKX<e Ii pOCT t.ieTHblX rapMOHHK. 

J.ikKaX<eHHH, Bbl3B8HHble ceT04HblM TOKOM, HBnHJOTCH O'leHb Bpe,11,HblMH, nOTOMY 'ITO 

OHH nopoX<,11,aJOT rapMOHHKH BblCOKOro nopH,11,Ka. 3KcnepHMeHTanbHble KpHBbie, npe,11,CTaB-

220 



Oco6eHHocr11 npoeKT1tpoeaHM11 yc11n11reneii c MDnblMM MCKO>KeH1tllMM 

neHHbie Ha pHC. 3.8, 6bIJIH rtOJiy'leHbl npH pa6oTe c ceTO'IHblM TOKOM HH>KHeH paCCMOTpeH

HOro BbIWe JiaMnbI µ-nosTOpHTeJIH npH conpornsJieHHH HCTOlJHHKa CHrHaJia 47 KOM. CT pH 

H3MepeHHH ypoBeHb BXO.D.HOro CHrHaJia ysemilJHBaJICH .n.o Tex nop, noKa HCKa>KeHHH cpop

Mbl BbIXO.D.HOro CHrHaJia Ha CTaHOBHJIHCb OTl.JeTJIHBO 3aMeTHbl Ha 3KpaHe aHaJiorosoro 

ocuHJIJiorpacpa. l13MepeHHoe 3HatJeHHe CKf +ill 6b1J10 2%, H ocTaTotJHbIH cHrnaJI HCKa

>KeHHH (TO eCTb BbIXO.D.HOH CHrHaJI, c no.n.asJJeHHOH nepBOH rapMOHHKOH) HMeJI 01.JeHb xa

paKTepHyIO cpOPMY BOJ!Hbl (pHC. 3.8). 

Tek Run Tng'd 

0 I I I 

·-··""·······--···-'····--'·-----· 0 I I I I ·····:····-. . . 

...................... .!... .• ...... • ....... • .... . 
I I f I • I I 

I 0 I 0 0 I I 

0 I I I 0 I . . . . . 
: : : : . . . 

.. • • • - • ~. - •• - ~ ••• - • ~ •••• - .J 

o I I O I 

....................................... .J ............. .J.,, •• .J ••••• 
I I I I 0 I o 0 I . . . 

~--~Ch21 50.0V BwlM~ Al Ch2 J 159V 

DI 21.80% 
22Jul 2000 
18:59:53 

PHc. 3.8 BepxHRR KpuBaR: xapaKmepnaR </JopMa cuena.Jta uc1Ca~eHUR, 
Bbt3Bannoeo cemo'lHbtM mo/COM. Hu~HRR KpuBaR: MRe1CaR omce'l/Ca 
( ynAOUfeHue CHU3Y)' Bbl3BllHHllfl cemO'lHblM mo/COM 

Ha pHc. 3.9 npe.n.crns~eH cneKTp ocTaTOlJHOro CHrHaJJa HCKa>KeHHH.113 pHCYHKa 1.JeTKO 

BHll.HO, 'ITO OH 6oraT, KaK tfeTHbIMH, TaK H HelJeTHblMH rapMOHHKaMH. 

Xorn ceTOl!HbIH TOK cymecTByeT TOJibKO npH noJIO>KHTeJibHOM HanpH>KeHHH Ha ceTKe 

OTHOCHTeJJbHO KaTo.n.a, peaJibHble 3JieKTpOHHbie JiaMnbI HalJHHaIOT npoB0,11.HTb ceTO'IHblH 

TOK npH HeMHOro 6oJiee OTpH~aTeJJbHbIX HanpH>KeHHHX Ha ceTKe H3-3a 3cpcpeKTa TepMona-
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~1cKa>1<eH1tJ1 a yc11mnenJ1x, 11x 1tJMepeH11e, i.tepb1 no cH11>1<eH1110 HCKa>1<eH11ii 

TekRun 
,, 

Tng'd 

t ' 0 I 

• • • • '• • • • I • • • •' • • • • '. • • • : • • • •' • • • • '• • • • : • • • •' • • • • . . 

. r. :· ... : ... -:· ... :· ... ·: ... ·:· ... : ... ·: .... 

i . . ' . . . 
• 1 •••• • ••••••••••• - ••• ·,· •• ·,· ••••••• ••• ••• 

·• I 10.0dB 

•••'••••I••"•,••••,••••••••••,•••• 

. . . 
. . ·.· .. ·.- ... '• ... ·.· --·. 

·:·.· lr1.········ 
11~ 

M 10.0ms A Ch2 J 159V 

2.50KHz IOI 21.80% I 
Pnc. 3.9 CneKmp ucKa:J1Cenut1, B03HUKalOUfUX npu HMU'lUU cemo'lt-toeo moKa, npu 

cunycouiJMbHOM cuenMe I KI'l{. Mactuma6 no BepmuKMU: 
JO iJE/iJeJL. Mactuma6 no eopu3oHmMu: 2,5 KI'l{/iJeJL. (0-25 KI'l{) 

pbl B coe,QHHeHHH Me»<JJ.Y pa3JIH'IHblMH HarpesaeMbIMH MeTaJIJI8MH B JiaMne H 3JieKTpOHHblM 

o6JiaKOM Ha,l( nosepXHOCTblO KaTO,l(a. y MaJIOMOUJ.HblX npHeMo-ycHJIHTeJibHbIX JiaMn o6bI'l

HO, ceTO'IHblH TOK nOHBJIHeTCH npH HanpmKeHHH Me>K,lly ceTKOH H K8TO,l(OM ::::: -1 B, npH 

3TOM scer.Qa HY>KHO noMHHTb, 'ITO 3TO HanpHX<eHHe cKJiaJI.bIBaeTCH, KaK H3 HanpH>KeHHH 

CMeUJ.eHHH Vgk' TaK H H3 aMnJIHTY.Qbl BXO.l(HOrO CHrHaJia. . 

3.10.5. HcKO)f(eHHH HJ-30 CeTO'IHOfO TOKO H perynHpOBKH rpOMKOCTH 

00CKOJlbKy, perynHpOBKa rpOMKOCTH K8K npaBHJIO ocyrn.ecTBJIHeTCH nyTeM H3MeHeHHH Ha

npH>KeHHH CHrHaJia, nO,l(BO.l(HMOrO K ceTO'IHOH u.enH, TO OHa TaK>Ke MOX<eT HrpaTb onpe

Jl,eJieHHYIO poJib B B03HHKHOBeHHH ceTO'IHOrO TOKa H, COilyTCTBYIOlllHX eMy HeJIHHeHHblX 
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Oco6eHHOCTM npoeKTMpoeaH1111 ycMn11renei1 c ManblMM MCKOlKeHMJIMM 

HCKa»<eHHH. HaH6onee pacnpocTpaHeHHbIH rnn perynHpOBKH rpoMKOCTH - 3TO pe3HCTop 
c nepeMeHHbIMH OTBO,naMH JJH60 no.nBH>f<HbIH KOHTaKT, nepeMew.aJOW.HHCH no pe3HCTHB
HOH no.nno»<Ke, JJH60 nepeKJJJOl!aTeJJb, nepeMeW.aJOW.HHCH no OTBO,naM u.enOl!KH nOCTOHH
HblX pe3HCTopos: CMOTpH pHc. 3.1 Oa. Bonee no.n.po6Ho, paaJJHl!Hbie oco6eHHOCTH cxeM pe
ry;rnpoBKH rpOMKOCTH 6ypYT paCCMOTpeHbl B rnase 8. 

B Kal!eCTBe aJJbTepHaTHBbl MO>KHO HCnOJJb30BaTb nocTOHHHblH nocJJe,noBaTeJJbHblH .no-
6aBOl!HblH pe3HCTOP BMeCTe c nepeMeHHb!M wyHrnpy!OW.HM peaHCTOpOM, CM. pHC. 3.106. 

A 

6) 

PHc. 3.10 flpocmeuutue BapuaHmbt peeyAupoBoK epoMKocmu 

Cne.nyeT aaMeTHTb, l!TO cxeMa Ha pHc. 3.10 6 HMeer HaMHoro 6onee BbICOKoe BbIXO.ll.HOe 
conpOTHBJJeHHe, l!eM cxeMa Ha pHC. 3.10 a. l13MepElHHe HCKa>KeHHH npH pa6oTe c BblCOKHM 
conpOTHBJJeHHeM HCTOl!HHKa HBJJHeTCH,naJJeKo He caMOH npOCTOH npou,e.nypoH, nocKOJJbK}' 
HY>KHO cpHKCHpOBaTb CJJa6bIH HeJJH,HeHHblH TOK, Bbl3bIBaJOW.HH na,neHHe HanpH»<eHHH Ha 
3KBHBaJJeHTHOM BHYTpeHHeM conpOTHBJJeHHH HCTOl!HHKa CHrHaJJa, KOTopoe BKJIJOl!eHO 
nocne.n.osaTeJJbHO cHrHaJJy. PeayJJbTar O*H.naeTCH snonHe nporH03HpyeMbIM: ecJJH conpo
THBJieHHe HCTOl!HHKa nOBbICHTCH, TOyBeJJHl!aTCH H HCKa)!{eHHH, nOCKOJJbKyyseJJHl!HTCH na
.u,eHHe HanpH)!{eHHH B CeTOl{HOH u.enH B MOMeHTbl npoTeKaHHH ceTOl!HOrO TOKa. 

B Kal!eCTBe npHMepa, KaTO,nHbIH nosTOpHTeJJb Ha JJaMne rnna 6C450; CMern.eHHe KOTO
poro aa.nasanocb npHeMHHKOM HeH3MeHHJOW.erocH ToKa Ha naMne THna EFl 84, 6hIJJ 
onpo6osaH npH yposHe sxo.nHoro CHrHaJJa + 20 ,n5H (7,75 B .n.eiicTByiow.ero 3HalleHHH). 
YpoeeHh HcKa)!{eHHH KacKa.na npH BHYTpeHHeM conpoTHBJJeHHH HCTOl!HHKa cHrnana 5 OM, 
cocraBHJJ 0,02%. PerynHposKa rpoMKOCTH THna (a) c noTeHu,HoMeTpoM 100 KOM HMeer 
MaKcHMaJJbHOe Bbixo.nHoe conpoTHBJJeHHe 25 KOM, no3TOMY HcKa)!{eHHH TaK>Ke 6b1JJH H3-
MepeHhI c conpOTHBJJeHHeM HCTOl!HHKa CHrHaJJa 25 K0M. DblJJO ycTaHOBJJeHO, l!TO OHH TaK
>Ke COCTaBJJHIOT OKOJJO 0,02%. TeM He MeHee, KOr.na conpOTHBJJeHHe HCTOl!HHKa CHrHaJJa 
6b1JI0 yseJJHlleHo .n.o 1 MOM, HCKa)!{eHHH Bo3pocmt .no 0,2%. TaKHM o6paaoM, npHMeHe
HHe TaKOH cxeMbl perynHpOBKH rpOMKOCTH Ha pHC. 3.106, npHBO,nHT K pocry HeJJHHeHHblX 
HCKa»<eHHH. )lo 1 MOM sxo.nHoe conpoTHBJJeHHe 3TOH cxeMhI Ha npaKTHKe o6hll!HO He .no
XO.ll.HT, HO 100 - 200 KOM - aHalleHHe snoJJHe sepoHTHoe. 

3.10.6. Pa6ora c ceTOl/Hb/M TOKOM 11HeRHHeHHble11CKOJK8Hl1JI 

oOJibWHHCTBO ycHJJHTeJJeH KJJacca A l>a6oTaJOT npH noJJHOM OTCYTCTBHH ceTOl!HOro TOK~, 
nOTOMY l!TO 3TO .naeT MaJJbie HCKa)!{eHHH H BblCOKOe conpOTHBJJeHHe ceTOl!HOH u.enH, KOTO
poe nerKo ynpaBJJHeMo. Kor.na HanpH*eHHe Me)!{.llY ceTKOH H KaTo,noM CTaHOBHTCH noJJO)!{H-
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11cKa>KeHMll B yc1m11ren11x, 11X 113MepeHMe, Mepbl no CHM>KeHMIO MCKa>KeHMii 

TeJTbHbIM, TO, BMecTo Toro, 1no6b1 OTTaJTKHBaTb 3JieKTpOHbI, ynpaBJI51IOW.a51 ceTKa HalJHHaeT 

HX npHT51rHBaTb. 6oJibWa51 4aCTb 3JieKTpOHOB nptt 3TOM 3aXBaTbIBaeTC51 aHO,ll.OM, KOTOpblH 

HMeeT HaMHOro 6oJiee Bb!COKHH noTeHuttaJI, HO lJaCTb 3JieKTpOHOB Bee >Ke npttT51rHBalOTC51 

ceTKOH, C03,UaBa51 ceTOlJHblH TOK. HaJIHlJHe ceTOlJHOro TOKa HMeeT Ba>KHble nocJie,UCTBH51: 

noTOK 3JieKTpOHOB c KaTo,Ua pa3,UeJI51eTC51 Me>K,Uy ceTKOH H aHO,ll.OM, Bbl3b1Ba51 wyM 

TOKOpacnpe,UeJieHH51. TeM He MeHee, HaH6oJTee Bep051THO HCnOJib30BaHHe pe>KHMa 

c ceTOlJHbIMH TOKaMH ( pe>KHMa KJTacca A2) B BbIXO,UHOM KacKaJJ.e ycHJIHTeJIH MOW.HO

CTH, fJJ.e Hanp51>KeHHe CHrHaJTa BeJIHKO, H no 3TOH nptt4HH€ MaJToBepo51THO, lJTO 3TOT 

co6crneHHbIH wyM JTaMnb1 6yJJ.eT npo6JieMoA; 

nocKOJlbKY HMeeTC51 pa3HOCTb noTeHUHaJI'OB Me>KJJ.Y ceTKOH H KaTOJJ.OM, H cyw.ecT

ByeT ceTOlJHblH TOK, no 3TOH npH4HHe Ha ceTKe ,ll.OJI>KHa paccettBaTbC51 TenJIOBa51 

MOW.HOCTb TaK >Ke, KaK H Ha aHO,Ue. ECJTH ceTKa He paCClJHTaHa JJ.JI51 pacceHBaHH51 Ha 

HeH MOW,HOCTH, OHa 6bICTpo neperpeeTC51, ee KOHCTPYKUH51 JJ.ecpopMHpyeTC51 H B03-

MO>KHO pa3pyweHHe 3JieKTpOHHOH JiaMnbI; 

TaK KaK BXO,ll.HOe conpOTHBJieHHe ceTOlJHOH uenH npH HaJIHlJHH ceTOlJHOro TOKa CTa

HOBHTC51 HH3KHM, npttJIO>KeHHe Tpe6yeMoro Hanp51>KeHH51 CHrHaJTa Ha ceTKy Tpe6yeT 

cyw.ecrneHHOH MOW.Hocrn (P = \12/ R), KOTopa51 JJ.OJI>KHa pa3BHBaTbC51 npeJJ.WeCT

ByIOu~ttM KaCKa)J.OM ycHJIHTeJI51, lJTO rpe6yeT nOBbIWeHH51 ero MOW,HOCTH no cpaBHe

HHIO c pa60TOH nocJie.nyIOw.ero KaCKaJJ.a 6e3 ceTOlJHOrO TOKa; 

3a ClJeT Toro, lJTO npH HaJIHlJHH ceTOlJHOro TOKa, Hanp51>KeHHe Me>KJJ.Y ceTKOH H KaTO

JJ.OM no 6oJibweH. 4aCTH neptto)J.a nOJTO>KHTeJibHOe, TO MO>KeT 6b!Tb CJierKa yMeHb

weHO HanpH>KeHtte Ha aHOJJ.e, TaK KaK noTpe6yeTC51 MeHbwee yCKopHIOW,ee noJie, 

He>KeJitt lJeM npH OTpttuaTeJibHOM HanpH>KeHtttt Ha ceTKe, TOpM0351W,eM 3JieKTpoH

HbIH noTOK. Ko3cpcfrnutteHT noJie3Horo JJ.eHCTBH51 KacKaJJ.a, TaKHM o6pa30M, yBeJIH-

4HBaeTC51, B CHJIY CHH>KeHH51 MOW,HOCTH, noTpe6.rmeMOH aHOJJ.HOH uenb!O OT HCTOlJ

HHKa BblCOKOBOJlbTHOro nHTaHH51. 

npeJJ.OKOHelJHble KaCKa)J.bl ycHJIHTeJI51 MOW,HOCTH, pa60TalOW,He B pe>KttMe KJTacca Al 
51BJI5llOTC51 ycttJIHTeJI51Ml1 Hanp51>KeHH51, KOTOpblM Heo6XOJJ.HM TOJibKO ,ll.OCTaTOlJHblH TOK, 

4T06bI 3apH>KaTb H pa3p51>KaTb eMKOCTb MHJTJiepa BbIXOJJ.HOro KaCKaJJ.a, HO npeJJ.OKOHelJHbIH 

KacKa,U ycHJIHTeJI51 MOW.HOCTH, pa6ornIOW.HH B pe>KHMe KJiacca A2 JJ.OJI>KeH o6ecne4HBaTb 

3HalJHTeJibHYIO MOW.HOCTb B036y>K,UeHH51 MOW.HOCTb. Cyw.ecTByIOT JJ.Ba cnoco6a o6ecne4e

HH51 3TOH MOW.HOCTH. 

0JJ.HHM H3 B03MO>KHblX Baptt3HTOB Bbl60p3 Jl3Mn JJ.JJ51 T3KOro KaCK3JJ.3 51BJI51eTC51 CJJ.BOeH

HblH TpHOJJ. THn3 6N7 c 06W,HM K3TOJJ.OM, KOTOpblH MO>KeT p360TaTb KaK JJ.BYXTaKTHblH HJIH 

K3K HeCHMMeTpH4HbIH, - c JJ.BYMH TpHOJJ.3MH B n3p3JTJieJib, 4T06bI YJJ.BOHTb noJie3HYIO MOW.

HOCTb. TpaHccpopM3TOp nepeClJHTbIB3eT nOJIHOe conpOTHBJieHHe H3rpy3KH, c K03cpcpHUHeH

TOM n2 pa3, no3TOMY noHH>K3IOl.1lHH Tp3HccpopMarnp c K03cpcpHUHeHTOM Tp3HccpopM3.UHH 2: I 
6yJJ.eT yBeJTH4HB3Tb nOJIHOe conpOTHBJieHHe H3rpy3KH OTHOCHTeJibHO npeJJ.blJJ.YW.ero KaCK3-

JJ.3 B 4eTbipe pa3a. T3K K3K Tp3HccpopMarnp B uentt 3HOJJ.a JiaMnbI TeopeTttlJecKH no3BOJI51eT 

JJ.OcrnraTb YJJ.BOeHHoro 3H34eHtt51 BbICOKOBOJibTHoro nHTaIOW,ero H3npmKeHH51 B uentt 3HO

JJ.3 JiaMnbl, Heo6XOJJ.HMO COOTBeTCTBYIOW.e BbinOJIH51Tb 3JieMeHTbl uem1 H C3M Tp3HccpopM3-

TOp. KpoMe rnro, HH3Koe conpornBJTeHtte BTOpH4HOH o6MOTKH no nocT051HHOMY TOKY ycy

ry6JIHeT npo6JieMy OTBOJJ.3 TenJTa B ceTOlJHOH uenH BblXOJJ.HOro KaCKaJJ.3, BCJie)J.CTBHe 

B03MO>KHbIX 6oJibWHX TOKOB npH onpeJJ.eJieHHbIX cxeMoTexHHlJeCKHX peweHH51X. K co>K3Jie-
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OcolieHHOCTM npoeK11tpoeaH1tJ1 yc11n111eneii c Manb1M1t 1tCKOlKeH1tJ1M1t 

HHIO, xopowHe 38.ll.alOUlHe ( Me>KKacKa.ll.Hble) rpaHccpopMaTOpbl 3a4acry10 6oJiee CJIO>KHO 
pa3pa6aTbIBaTb, 4eM BblXO.ll.Hbie rpaHccjlopMaTOpbl, TaK KaK OHH pa60T8IOT npH 6oJiee Bbl
COKHX 3KBHBaJieHTHblX conpOTHBJieHHHX. 

B Ka4ecree aJihrepHaTHBhI, KacKa.n KJiacca A2 MO>Ker 6bITh no.L1.KJ1104eH K u.enH conpH
>KeHHH no nocroHHHOMY TOKY Karo.n.Horo noeropHreJIH. MomHaH JiaMna npH 3TOM no-npe
l!<HeMY rpe6yeTCH, HO OHa 60Jibllle He JJ.OJI.>KHa o6ecne4.HB8Tb CTOJib BblCOKOe BblXOJJ.HOe 
HanpH>KeHHe, KaK B npe.nhIJJ.YllleM npHMepe. MOlllHble JiaMnhl c paM04HOH ceTKOH, KOTO
pble HMeior 6oJihwyio KPYTH3HY xapaKrepHCTHK, HO HH3KOe npe.neJihHo-.nonycTHMoe Ha
npmKeHHe Ha aHo.ne, HanpHMep, THn 6C45n H THn E55L, HBJIHIOTCH H.neaJibHblMH B Ka4e
crne MOlUHhlX KaTO.ll.HhlX noeropHreJieJ'.i. K co>1<aJieHH10, 3JieKrpoHHhre JiaMnhI c paM04HOH 
ceTKOH HMelOT coepeMeHHbie, 3cjlcjleKTHBHble HHTH HaKaJia, na.neHHe HanpH>KeHHH Ha KOTO
pblX HeeeJIHKO, 'ITO MO>KeT BhI3hIBaTh onpe.neJieHHhie rpy.n.HocTH, ecJIH KaCK8JJ.Y KJiacca A2 
rpe6yercH 3Ha4HTeJihHhIH pa3Max ceT04Horo HanpH>KeH.HH. Yro6b1 KoppeKTHO cornacoearh 
KacKa.n KJiacca A2, Karo.n.Karo.n.Horo noeropHTeJIH .noJI>KeH HaXO.ll.HThCH no.n. He6oJibWHM no
JJO>KHTeJibHhIM noreHU,HaJIOM, HO Heo.6XO.ll.H,MO.ll.OBOJibHO 60JibWOe 3Ha4eHHe conpOTHBJieHHH 
Harpy3KH R11, 4T06br rapaHrnpoearh JIHHeHHOCTh Karo.n.Horo noeropHreJIH. B 3TOM cJiy4ae 
O'leHb u,eJiecoo6pa3HO OTpHu,aTeJibHOe nHTaiow.ee HanpH>KeHHe ( pHC. 1.11 ). 

EoJiee no.npo6Ho eonpocb1 nocrpoeHHH BblXO.ll.Hhix H npe.noK0He1rnb1x KacKa.noe ycHJIH
reneJ'.i MOlUHOCTH, 6ypYT paCCMOTpeHbl B rnaee 5. 

6C45n 
BblXOAHru:! 

naMna, 
pa6oraiolJ.laR 
e 1<11acce A2 

,__ __ __, _ - -
+30V 

30mA 

10k 
WH25 

+270V 
@30mA 

ov 

-270V 
@30mA 

Puc. 3. t t HcnoAb3oeanue cea3annoeo no nocmoR.HHOMY moKy MOUfHOeo 
Kamoonoeo noemopumeAR. OAR 8036y:HCiJenuR. KacKaiJa, 
pa6oma10Ufeeo B pe:HCuMe KAacca A2 
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11cKO>KeHKH B YCKJlHTenHX, HX H3MepeHHe, Mepbl no CHH>KeHHIO HCKIJ>KeHHii 

06a npe.nwi:yw.11x peweHH51 npe.nnoJJaraIOT HH3KOe BblXO.UHOe conpOTHBJJeHHe, HO OHO 

He HBJJHeTCH 6JJH3KHM K Hymo. TaK KaK 3KBHBaJJeHrnoe BblX0.!1.HOe conpoTHBJJeHHe r ••• ~::::: 0, 
OHO 06pa3yeT .neJJHTeJlb HanpH:>KeHliH c BXO.ll.Hb!M conpornsJJeHHeM KacKa.na KJJacca A2, 

.Bbl3b!Ba51 3aTyxaHHe BXO)l.HOro CHrHaJJa. BcJJe)l.CTBHe HH3KOro BblXO)l.HOro conpOTHBJJeHH51, 

Ha.no6HOCTb B' npHMeHeHHH npHeMHHKa HeH3MeHHIOW.eroc51 TOKa ( CTa6HJJbHOH TOKOBOH 

Harpy3KH) B KaTO.ll.HOM noBTOpHTeJJe OTCYTCTByeT. EcJJH B onpe.neJJeHHblH MoMeHT speMeHH 

HanpmKeHHe Me:>KJlY ceTKOH H KaTO)l.OM CTaHOBHTCff OTPHU.8TeJJhHblM, TO CeT04HblH TOK 

npeKpaw.aeTCH H noJJHoe sxo.nHoe conpornBJJeHHe KacKa.na KJJacca A2 CTaHOBHTCH 6ecKo

He4HO 6oJJblllHM. IlpH 3TOM 3aryxaHHe sxo.nHoro CHrHaJJa npeKpaw.aeTcH. B 3TOM cJJy'lae 

qy.nyT HMeTb MecTo cyw.ecrneHHb1e HeJJHHeHHble HCKa:>KeHHSI. CJJe.uyeT no.nsecrn HeKoTo

pb!H HTOr: B TO BpeMSI, KaK npH pa6oTe B pe:>KHMe KJJacca Al ceTOlJHblH TOK )1.0JJ:>KeH OT

CYTCTBOBaTb npH mo6oH aMnJJHry.ne BXO)l.HOro CHrHaJJa, TO npH pa6oTe B pe:>KHMe KJJacca 

A2, ceTOlJHblH TOK .noJJ:>KeH cyw.ecTBoBaTb B npH JJI06ol1 aMnJJHry.ne sxo.nHoro CHrHaJJa. He 

C06JJIO)l.eHHe 3TOH peKOMeH.naU.HH, 4peBaTO cyw.ecTBeHHblMH HeJJHHeHHblMH HCKa:>KeHHSIMH 

B ycHJJHTeJJe. 

3.10.7. YMeHbllleHHe HCKO)f(eHHii orpaHHl.feHHeM JKBHBaneHrHoii HarpyJKH 

He CMOTp51 Ha TO, 4TO TpHO)l.bl reHepHpyIOT, rnaBHblM o6pa30M, HeJJHHeHHble HCKa:>KeHHff no 

2-H rapMOHHKe, - JJI06bie HCKa:>KeHH51 Bpe)l.Hbl no CBOeH npHpo.ne. l1cKa:>KeHHff ycHJJHTeJJSI 

Ha TpHo.ne onpe.neJJHIOTC51 npe11Myw.ecTBeHHO HeCHMMeTpHeH noJJO:>KHTeJJbHOro H OTpHu.a

TeJJbHOro nepHO)l.OB YCHJIHBaeMoro CHrHaJJa, Bbl3b!BaeMoro HeJJHHeHHOCTblO CTaTH'leCKHX 

xapaKTepHCTHK JJaMnbl. TaK KaK BHyTpeHHe conpornBJJeH11e JJaMnbI ra MeHHetcH c H3MeHe

HHeM TOKa, npoTeKaIOw.ero 4epe3 JJaMny, K03cf>cf>Hu.HeHT OCJJa6JJeHHSI .neJJHTeJJSI Hanpsime

HHH o6pa3osaHHOro r 11 11 aHO.ll.HOH Harpy3KOH R11 H3MeHsieTcSI, BbI3bIBaH Heo.nHHaKosoe ycH

JJeHHe noJJO:>KHTeJJbHOro H oTpHu.aTeJJbHOro noJJynep110.nos CHrHaJJa. TeM H.e MeHee, 

HMelOTC51 cnoco6bl yMeHbllleHHff TaKHX HCKa:>KeHHH: 

yseJJH4eHHe 3Ha4eHHSI pe3HCTOpa aHO)l.HOH Harpy3KH RH' EcJJH R11 >> ra, TO H3MeHe

HHe 3aTyxaHHSI, C03)1.aBaeMoro 06pa3yeMbIM 3THMH conpOTHBJJeHHHMH .neJJHTeJJH 

Hanp5!:>KeHHSI CTaHOBHTC51 Hecyw.ecTBeHHblM, nOTOMY lJTO caMO 3aryxaHHe CTaHO

BHTCSI He60JJblllHM; 

no.n.nep:>KaHHe aHO)l.HOro TOKa /Cl nOCTOSIHHbIM, TaKHM o6pa30M, BHyTpeHHe conpo

THBJJeHHe JJaMnbI ra He CMO:>KeT H3MeHSITbCSI. ::ho 03HalJaeT, 4TO OlJeHb nOJJe3HblM 

f!BJJHeTCff npHMeHeHHe aKTHBHOH Harpy3KH, HanpHMep, HCTOlJHHKa HeH3MeHHIOW.e

rocsi TOKa, lJTO SIBJJHeTC51 OCHOBOH µ-nOBTOpHTeJJH. 

3rn )I.Ba MeTO.na Ha caMOM .neJJe 04eHb noXO:>KH, TaK KaK o6a CTpeMHTCff o6ecnelJHTb 

BbinOJJHem1e ycJJOBHSI RI/ >> ra (MSI H)l.eaJJbHOro HCTOlJHHKa HeH3MeH51IOW.efOC51 TOKa, 

r""YTP0111100 = 00 ). B cpe.nHeM, ,!l,TIH 3MaHHOro Hanpsi:>KeHHSI nHTaHHSI H cpe.nHero aHo,nHoro TOKa la, 
npHMeHeHHe aKTHBHOH Harpy3KH B BH,ne HCTOlJHHKa HeH3MeHHIOW.erocH TOKa BbinOJJHeHHOro 

Ha 0)1.HOH 3JJeKTpOHHOH JJaMne, n03BOJif!eT yMeHblllHTb HCKa:>KeHHSI Ha K03cf>cf>HU.HeHT::::: 7. 
Kor.na 11cnoJJb3yeTCH paccMoTpeHHb!e MeTO.ll.bI yMeHbllleHHH HCKa:>KeHHH, Harpy30lJHaH 

JJHHHH no nepeMeHHOMy TOKY yc11JJ11TeJJbHOH JJaMnbI cTaHOBHTCSI 6JJH3KOH K ropH30HTaJJb-
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·Oco6ellHOCTH npoeKTHPOBOHHJI ycHnHTeneii c MOnblMH HCKOJKeHHJIMH 

HOH npHMOH. Kor.na aHo.nHaH Harpy·3Ka (pe3HCTOp HJJH aKTHBHaH Harpy3Ka) seJJHKa r,, > 
50r •• TO BeJJH4HHa aHO.ZJ.HOro HanpHX<eHHH v •. na.naIOmero Ha JJaMne, .ZJ.OBOJlbHO BeJJHKa, H 

BHyrpeHHHH cTaTH4eCKHH KO=>cp<Pm~HeHT ycHJJeHHH naMnhI µ npaKTH4eCKH nocTOHHeH. He

JIHHeI1HaH 3aBHCHMOCTb µ H v. OT aHO.ZJ.HOro TOKa Bbl3BaHa HeJJHHeHHOCTblO CTaTH4eCKHX 

xapaKTepHCTHK JJaMnbI H Bbl3bIBaeT HeJJHHeHHhie HCKaX<eHHH. 3TO BJIHHHHe MOX<eT 6b1Tb 

yMeHbWeHo 8 KacKa.nax c aKTHBHOH Harpy3KOH, npe.noTBpameHHeM pa6oTbI npH HH3KHX 

3HO.ZJ.Hb!X TOKax 1 •• Kor.na aHO.ZJ.Hble CTaTH4eCKHe xapaKTepHCTHKH JJaMnbI Ha4HHaIOT «CXO

Jl.llTbCH» H cTaHOBHTCH cymecTBeHHO HeJJHHeHHhIMH. TaKX<e none3HO BhI6HpaTh TaKHe naM
nhI, y KOTOpb!X HeJJHHeHHOCTb 3TOH o6nacTH CTaTH4eCKHX xapaKTepHCTHK MHHHMaJJbHa, CM. 

pHC. 3.12. 
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PHc. 3.12 Cmamuttec1Cue xapa1Cmepucmu1Cu Aa.Mn c pa3AUttH.ot1 cmeneH.blO 
H.eAuH.etlH.ocmu B o6Aacmu .MaAbtX aH.oiJH.btX mo1wo 

«CXO)K.ZJ.eHHe» H cymecTBeHHaH HeJJHHeHHOCTb aHO.ZJ.HblX CTaTH4eCKHX xapaKTepHCTHK 

B o6JiaCTH MaJJblX aHO.ZJ.HblX TOKOB Bbl3BaHO HeMHHyeMOH HeO.ZJ.HOpO.ZJ.HOCTblO 3JieKTpH4e

CKoro nOJJH Me)l(JJ.y BHTKaMH ceTKH H B o6JJaCTH ceTKa-KaTO.ZJ.. BH.ZJ. CTaTH4eCKHX xapaKTe

pHCTHK naMnbI cymecTBeHHO 3aBHCHT OT KOHCTPYKUHH ee ynpaBJJHIOllleH ceTKH. C T04KH 

3peHHH JIHHeHHOCTH, ropa3.ZJ.0 ny4e JJaMnhI, y KOTOpbIX ceTKa HaMOTaHa 60JJbWHM KOJIH4e

CTBOM TOHKHX BHTKOB (nyHKTHpHble KpHBble Ha pHC. 3.12), HeX<eJJH He60JJbWHM KOJIH4e

CTBOM TOJICTbIX ( cnJJOWHhie KpHBhie Ha pHC. 3.12 ). 
K comaneHHJO, Kor.na nposo.n, o6pa3yIOlUHH BHTKH ceTKH craHOBHTCH 6onee TOHKHM, 

OH CTaHOBHTCH 6onee CKJIOHeH K .necpopMaUHHM H BH6pauHHM. 8 3TOM CJ1Y4ae 04eHb no

MoraeT cneuHaJJbHbIH KapKac .ZJ.JIH ceTKH, KOTOpb!H n03BOJIHeT HCnOJib30BaTb .ZJ.JIH e HaMOT-

'117 



McKaJKeHMH B ycMnMTenHX, MX MJMepeHMe, Mepbl no CHMlK&HMIO MCKOlK&HMM 

KH nposo.n. npoH3BOJlbHOH TOJllUHHbl, - BOT no'ieM}' 3JieKTpOHHbie JiaMnbI, HanpHMep, Ta

KHe KaK E88CC, H, s oco6eHHOCTH, 6C45n, 06J1a.n,a10T .n.ocTaTo'iHo JIHHeHHblMH cTaTH'ie

CKHMH xapaKTepHCTHKaMH H MaJibIMH HCKa>KeHHHMH. 

B Ka'iecTBe aJibTepHaTHBbI no.n.u.epmaHHIO HeH3MeHHbIM aHo.n,Horo ToKa, TeopeTH'ieCKH 

B03MO>KHbIM no.n.u.ep>KHBaTh nocTOHHHbIM HanpH>KeHwe Me>KJIY aHo.n,oM H KaTo.n,oM Va. 5kHo, 

'iTO 3TO H~ MO>KeT 6b!Tb peaJIHaosaHo, ecJIH KacKa.n. o6Jia.n,aeT ycHJieHHeM no HanpHmeHHIO, 

HO KaTO.ll,HbIH noBTOpHTeJib (pwc. 3.13) MO>KeT O.ll,HOBpeMeHHO o6ecne'iHBaTb HeH3MeHHblMH 

KaK aHO.ll.HbIH TOK la, TaK H aHO.D.HOe HanpH>KeHHe Va. 

l>-...... ~-'-~~~-'-~~~~~~--'~-<JOV 

PHc. 3. t 3 Kamo8H.btii noBmopumeJtb o6ecnet.tuBaem H.eU3MeH.ReMble la u Va 

Ha cxeMe, npe.n,cTaBJieHHoii Ha pHc. 3.13, cpe.n,HHH 3JieKTpOHHaH JiaMna HBJIHeTcH Ka

TO.ll.HhIM nosTOpHTeJieM. HH>KHHH 3JJeKTpOHHaH JiaMna HBJIHeTCH TP8.ll.HU.HOHHhIM npHeMHH

KOM HeH3MeHHI01UefOCH TOKa Ha neHTo.n,e, KOTOpbIH o6ecne'iHBaeT no~TOHHHblH la B KaTo.n.

HOM nosTOpHTeJie. BepXHHH JiaMna TaK>Ke KaTO.ll,HblH noBTOpHTeJJb, H .ll.OJl>KHa HMeTb 

BhICOKHe aHa'ieHHH cTaTH'ieCKoro BHYTpeHHero Ko3Q>Q>wu.HeHTa ycHJieHHH µ H KpyTH3Hbl 

gm. TaKHM o6paaoM, JiaMna THna 6C45n (µ = 52) HBJIHeTcH o'ieHb no.n.xo.n.Hmel1. BepXHHH 

3Jle~TpOHHaH JJaMna HMeeT BbICOKOe nOJIHOe conpOTHBJieHHe Harpy3KH, n03TOMy ee K03Q>

Q>HU.HeHT ycHJieHHH paseH: 
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Oco6eHHocr11 npoeKr11poeaH1111 yc11n11reneif c ManblMll 11cKaJKeH1111M11 

CeTKa sepxHero KaTo.n.Horo nosTOpHTeJISI CBH3aHa no nepeMeHHOM)' TOKY c BbIXOJlOM 

cpe.n.Hero KaTO.ll.Horo nosTOpHTeJISI, H TaK KaK ero K03cpcpHU.HeHT ycHJieHHH no'ITH e.n.HHHU.a, 

Ha ero KaTo.n.e 06ecne1rnsaeTcS1 npaKTH'leCKH TaKOH .>Ke noTeHu.HaJI no nepeMeHHOMY TOJ<Y, 

KaK H Ha ero ceTKe. TaKHM o6paaoM, .n.a>Ke KOr.ll.8 Ha KaTo.n.e cpe.n.Hero KaTo.n.Horo nosTOpH

reJISI H3MeHHeTCSI HanpH>KeHHe, sepXHHH KaTO)l.HblH noBTOpHTeJ!b no6y>K,naeT ero aHO.ll. 

noJl,!l.ep>KHBaTb npaKTH'·leCKH HeH3MeHHOe HanpSI.>KeHHe, npH'leM, HeH3MeHHeMoe aHO)l.HOe 

HanpH>KeHHe Va 6y.n.eT noMep>KHB8TbCSI 0)1.HOBpeMeHHO c HeH3MeHSieMblM aHO)l.HblM TOKOM 'a· 
K co.>KaJieHHIO, no.n.o6Hoe ycosepweHCTBOBaHHe conposo>K,naeTcH cyw.ecrneHHbIMH 

H3)1.ep>KKaMH: 

• B03pacTaeT Tpe6yeMoe HanpH.>KeHHe BblCOKOBOJibTHOro nHTaHHSI sepxHero KaTO)l.HO

ro nosTOpHTeJIH; 

Heo6xo,nHM TpeTHH HCTO'IHHK nHTaHHSI HHTH HaKaJia (.ll.JISI sepxHero KaTO)l.HOro no

BTbpHTeJISI), HaXO)l.Slll.(HHCSI no.n. BbICOKHM nOCTOSIHHblM noreHl.(HaJioM; 

KaTO)l.Hbie noBTOpHTeJIH y>Ke caMH no ce6e CKJIOHHbl K HeyCTOH'IHBOCTH, H KOMneH

cal.(HOHHaSI o6paTHaSI CBSl3b 0)1.HOro aHO)l.a c BblXO)l.OM .n.pyroro Bbl3bIBaeT .n.onoJIHH

TeJibHbie npo6JieMbl c ycTOH'IHBOH pa60TOH KaCK8)1.8 H ycHJIHTeJISI B u.eJIOM. 

Ysa>KaeMblH 'IHTaTeJib MO.>KeT HMeTb HHOe MHeHHe, HO aBTOp ysepeH, 'ITO Tll.(aTeJibHO 

paapa60T8HHblH KaTO)l.HblH noBTOpHTeJib, c neHTO)l.HOH cxeMOH CTa6HJibHOro TOKa, 6eay

CJIOBHO CJIO>KeH B OTJIB)l.Ke H TeCTHpOBaHHH. 

3.10.8. YMeHbUJeH11e 11cKO)f(eH11ii nonasneHHeM (KpMneHcOLJHeii} 

KaK H3Becrno (CM. rnasy 2 ), KacKa.n.ycHJieHHSI, nocTpoeHHblH no cxeMe c 0611.(HM KaTO.ll.OM, 

HHBepTHpyeT ycHJIHBaeMbIH CHrHaJI. B npe,nb1.nymeM naparpacpe y>1<e o6pamaJiocb BHHMa

HHe, 'ITO B YCHJIHTeJISIX Ha JiaMnax-TpHO)l.8X, onpe,neJISIIOll.(HM cpaKTOpOM B HCKa>KeHHSIX SIB

JISleTCSI acHMMeTpH4Hoe ycHJieHHe noJIO>KHTeJibHbIX H oTpHU.aTeJibHbIX noJiysoJIH ay,nHo

cHrHaJia, B cJie.ll.CTBHe HeJIHHeHHOCTli xapaKTepHCTHK JiaMn. TeopeTH'leCKH, ecJIH .nsa 

YCHJIHTeJISI c 0611.(HM KaTOAOM Ha 0)1..HHaKOBblX TpHO)l.aX pa6oTalOT B KaCK8)1..e, H Ka>K,nblH 

K8CKa)I. HHBepTHpyeT CHrHaJI, HCKa.>KeHHSI BTOporo TpHO)l.a SIBJISllOTCSI HHBepTHposaHHblMH 

no OTHOllleHHIO K HCKa>KeHHSIM, nepsoro TpHO)l.8, H )l.OJl>KHO npoHCXOAHTb HX no.n.asJieHHe aa 

C'leT KOMneHcau.HH. TeM He MeHee; MaJiosepoHTHo, 'ITO 3TO npoHcxo,nHT B aHa'IHTeJJbHOM 

,!l,Hana30He. YfcKa>KeHHSI nponOpl.(HOHaJibHbl ypoBHIO CHrHaJia, H, nOTOMY 'ITO o6e JiaMnbl 

06J18)1..a10T ycHJieHHeM, BTopofl KacKa.n. pa6orneT c cymecrneHHO 6oJiee Bb!COKHM yposHeM 

CHrHaJia, H, CJie,nosaTeJibHO, reHepHpyer 60JiblllHe HCKa.>KeHHSI, 'leM nepBblH KaCKa,n. Ta

KHM o6pa30M. XOTb H npoHCXOAHT He6oJiblllOe nO)l.8BJieHHe HCKa.>KeHHH B CJie)l.CTBHe KOM

neHCal.(HH, HO BbIHrpblw scero JIHlllb nponopu.HoHaJieH - l/A2, r.ne A2 - K03cpcpHU.HeHT 

ycHJieHHSI no HanpSI>KeHHIO BTOporo KaCKa,na. HanpHMep, eCJIH BTOpOH KaCK8)1.. nocTpoeH 

Ha rpHo.n.e THna 76 (µ = 13 ), H Ko3cpcpHU.HeHT ero ycHJJeHHH Av = l 0, TO MO>KHO yMeHb

lllHTb HCKa.>KeHHSI OT l % .no 0,9o/o, 'ITO sepOSITHee scero MeHbllle, 'leM paa6poc ypoBHSI 

HCKa>KeHHH B pa3HblX 3K3eMnJISipax JII06blX 3JieKrpOHHblX JiaMn. 

YicXO)l.SI H3 BblllleH3JIO>KeHHOro, B03HHKaeT sonpoc B03MO>KHO JIH, Bb16pas JiaMny BTO

poro KacKa,na HaMHOro OoJiee JIHHeiiHyJO, 'leM JiaMna nepsoro KacKa.n.a, ,no6HTbCSI Toro, 
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McKaJKeHllll B yc11n11renllX, llX llJMepeHHe, Mepbl no CHllJKeHlllO llCKOlKeHllH 

'IT06bl HX HCKa»<eHHSI nOJIHOCTblO KOMneHCHposaJIH,lI.pyr JJ;pyra, 6y.uyi:iH paBHbIMH H npOTH

socpa3HblMH? JlaMnbl c HH3KHM 3Ha'!eHHeM BHyrpeHHero CTaTH'leCKOfO K03cpcpHU.HeHTa 

ycHJieHHH µ HBJIHIOTCH HaH6oJiee JIHHeHHbIMH. B 3TOM'CMblCJie, s Ka'!ecTBe JiaMnb1 srnporo 

KacKa,Aa HenJIOXO no,AoweJI 6bi THn 845 (µ = 5,3); KOTOpbIH MO»<eT o6ecne'IHTb K03cpcpH

U.HeHT ycHJieHHH Av = 4. )l.nsi KoMneHcau.HH HCKa»<eHHH, nepsbIH KaCKa.A ,nOJI»<eH reHepH

posaTb HeJIHHeHHbIH npo.nyKT B 'leTb!pe paaa HHTeHCHBHee, '!eM BTOpOH. 3rnr9 Y.A06Hee 

scero JJ;OCTH% perynHpOBKOH Hanpsi»<eHHSI CMew.eHHSI nepBOH .naMnbl, TO ecTb nOJJ;60pOM 

ee pa6o'leH TO'IKH. TeM He MeHee, KOMneHcaU.HH HCKa»<eHHH TaKHM cnoco6oM KpHTH'leCKH 

3aBHCHMa OT K03cpcpHU.HeHTOB YCHJieHHSI JiaMn, H BO MHOfOM onpe,AeJIHeTCSI 3Ha'leHHeM 

conpoTHBJieHHH Harpy3KH R,,. TaK»<e sa»<HbIH BKJia.A BHOCHT H rpoMKorosopHTeJib, HBJIHIO

W.HHCH Harpy3KOH ycHJIHTeJISI, nocKOJibKy ero noJJHOe conpoTHBJieHHe MeHHeTCSI c '!aCTO

TOH. Ha npaKTHKe paccMoTpeHHbIM cnoco6oM MO»<HO .AOCTH'lb CHH»<eHHH ypoBHH HeJIH

HeHHblX HCKa»<eHHH no 2-H rapMOHHKe Ha 6 ,AD. 

0o,AaBJieHHe HCKa»<eHHH MeTO.QOM KOMneHCaU.HH Ha,Ae»<HO JJ;OCTHraeTCSI TOJibKO B TOM 

CJiyqae, eCJIH 3JieKTpOHHble JiaMnbI JJ;Byx KacKa,AOB SIBJISllOTCSI H,AeHTH'IHblMH H HMelOT OJJ;H

H8KOBbie pe»<HMbl H HarpyaKH. 

3.lll9. flonasneHHe HCKOJKeHHH B RBYXTOKTHOM. KOCKane 

JlsyxTaKTHble KaCKa,Abl O'leHb WHpOKO npHMeHSleTCSI B Ka'leCTBe OKOHe'!HblX cryneHeH ycH

JIHTeJieH MOW.HOCTH H 6yJJ.YT no.Apo6Ho paccMoTpeHbI s rnase 5. Oco6eHHOCThlO pa6oTbI 

.ABYXTaKTHoro KaCKa.na SIBJIHeTCSI TO, '!TO npH YCJIOBHH CHMMeTpHH cxeMbl, Ha BTOpH'IHOH 

o6MOTKe BbIXOJl;HOro TpaHccpopMaTopa HaBOJl.HTCSI Hanpsi»<eHHe TOJlbKO Ha He'!eTHblX rap

MOHHKax, a see 'leTHbie rapMOHHKH no,AaBJIHIOTCH. ECJIH JiaMnbI, 06paay10W.He .n.syxTaKT

HbIH KaCKa.n., 6yJJ.YT reHepHposaTb HeJIHHeHHblH npO.llYKT npeHMyw.ecTBeHHO Ha BTOpOH 

rapMOHHKe, '!TO CBOHCTBeHHO TpHo,AaM, yposeHb HeJIHHeHHbIX HCKa»<eHHH .n.syxTaKTHoro 

KaCKa.na TeopeTH'leCKH OKa»<eTCSI O'leHb HH3KHM. 

TaKHM o6paaoM, .n.syXTaKTHblH BblXO.AHOH KaCKa.A ycHJIHTeJIH, nocTpoeHHbIH Ha TpHo

.nax, pa60Ta10W.HX s pe»<HMe KJiacca A c TpaHccpopMaTopHbIM Bb1xo.n.0M y.AOBJieTBopsieT 

npaKTH'leCKH sceM ycJIOBHHM JI.JIH no,nasJieHHH HeJIHHeHHbIX HCKa»<eHHH. OpH pa6oTe 

s pe»<HMax KJiacca AB HJIH B HeHa6e»<HO 6y.nyr soaHHKaTb cneu.HcpH'leCKHe HCKa»<eHHH, 

BCJie,D.CTBHe HeJIHHeHHOCTH CTaTH_'leCKHX xapaKTepHCTHK JiaMn B o6nacTH OTCe'IKH aHOJl;HO

ro TOKa (no.n.po6Hee CM. B rnase.5), a nOTOMy, eCJIH Tpe6yeTCSI HH3KHH yposeHb HeJIHHeH

HbIX HcKa»<eHHH, scer.n.a HY»<Ho oT.nasaTb npe.n.no'!TeHHe pe»<HMY KJiacca A. 
fosopsi o xopoweM no.nasJieHHH HeJIHHeiiHoro npo.nyKTa Ha 'leTHbIX rapMOHHKax 

B JJ;ByxTaKTHOM ycHJIHTeJie, HeJib3SI He aa6b!BaTb 0 TOM, '!TO noKa JJ;Be 3JieKTpOHHble JiaMnbl 

.n.syxTaKTHoro KacKa,Aa He 6yJJ.YT TO'IHO cornacosaHbI .Apyr c .npyroM no Ko3cpcpHu.HeHry ycH

JieHHH H He 6y.n.eT o6ecne'!eH 6anaHC no noCTOSIHHOMY TOKy, TO no.n.asJieHHe '!eTHblX rap

MOHHK He 6y.n.eT noJIHbIM s cne.n.cTBHe acHMMeTpHH cxeMbl. Ha npaKTHKe s .ABYXTaKTHOM 

KaCKa,Ae o6bl'IHO, y.naeTCSI ,D.OCTH'lb no.n.asJieHHSI '!eTHbIX rapMOHHK npHMepHO Ha 14 ,AD, 

noTOMY 'ITO CHJibHaH CBSl3b Me»<tIY .D.BYMH nepBH'IHblMH nonyo6MOTKaMH BblXOJJ;HOfO TpaHC

~opMaTopa o6Jier'!aeT aa,n.a'ly ycTaHOBHTb 6aJiaHc no nepeMeHHOMY TOKy. 
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npooneMbl CM8U18Hltll no nOCTOllHHOMy TOKY 

3. Ta Ta nonasneH11e 11cKaJKeH11ii s n11r/Jr/JepeH1111anhHoii nape 
.LlHcpcpepeHI.(HaJJbHaff napa c npHeMHHKOM HeH3MeHfflOW.erocff ( CTa6HJJbHOro) TOKa Teope

THlleCKH o6ecnellHBaeT onrnMaJJbHble ycJJOBHff JI.Jiff no.u.asJJeHHff HeJJHHeHHblX HCKa>KeHHH, 

IlOTOMY llTO TOK noJJe3HOro CHrHaJJa BblHY>!<)l.eH npoXO)l.HTb Me>KJJY .ll.BYMff 9JJeKTpOHHblMH 

JiaMnaMH 6e3 noTepb. flpH ycnosHH, llTO 9KBHsaneHTHhie conpornsneHHff Harpy3oK o6eHx 

JiaMn cornacosaHbl, pa3Max Hanpff>KeHHff Ha Ka>K,ll.OM aHo)l.e )l.OJJ>KeH 6bITb 0)1.HHaKOBblM, 

a caMH aHO)l.Hbie Hanpff>KeHHff nponrnocpa3HbIMH, TeopernlleCKH o6ecnellHBaff H)l.eaJJbHOe 

no.u.asneHHe HeJJHHeiiHoro npo.u.yKTa Ha 2-ii rapMOHHKe. Pe3HCTopbI aHo)l.HOH Harpy3KH 

MOryT 6bITb JJerKO cornacosaHbl c TOllHOCTblO )1.0 0,2% IlYTeM H3MepeHHff na.u.aJOIUHX Ha 

HHX Hanpff>KeHHH no 1.1,HcpposoMY BOJJbTl\:'leTpy. EcJJH K Ka>K,ll.OMy aHo.u.y .U.HcpcpepeHiJ.HaJJbHOH 

napbl IlO)l.KJIJOl[eH B KalleCTBe Harpy3KH KaTO)l.HblH IlOBTOpHTeJJb, TO napa3HTHaff eMKOCTb 

CTaHOBHTCff He6oJJblllOH, TaK llTO Ha 3BYKOBblX llaCTOTax JJI060H pa36aJJaHC ffBJJffeTCff 

He3HallHTeJJbHbIM . .LI.a>Ke npH qacToTe none3Horo CHrHana 20 KfU., peaKTHBHoe· conporns

JieHHe Xe= 1,6 MOM JI.Jiff BXO)l.HOH eMKOCTH seJIHllHHOH 5 n<l> o6billHoro KaTo)l.Horo nosTo

pHTeJiff, cyw.ecTBeHHO 6oJibllle, lleM conpOTHBJieHHe pe3HCTopos aHO)l.HOH Harpy3KH, KO

ropoe llaCTO BbI6HpaeTCff paBHblM 47 K0M. 

B KatJecTBe npHMepa, JiaMna .u.soiiHoii TpHO.ll. rnna 6SN7GT KOMnaHHH ManJiap.u. c xo

powo cornacosaHHblMH IlOJJOBHHaMH cpaBHHBaJiaCb B pa3JIHl[HblX cxeMaX (KJiaCCHlleCKHH 

ycHJJHTeJib c o6W.HM KaTo)l.oM, .u.mpcf>epeH1.1,HaJibHaff napa H µ-nosTopHTenb) npH seJIH'IHHe 

aHo)l.Horo TOKa / 0 = 7 ,5 MA, aHO.U.HOM Hanpff>KeHHH 230 B, H pa3MaxoM CHrHaJia + 14 )I.DH 

Ha aHo.u.e. DbIJJH BbinOJJHeHbI H3MepeHHff Me>KJJY aHo.u.aMH .u.mpcf>epeH1.1,HaJJbHoii napb1 Ha 

yposHe +20 )I.DH, COOTBeTCTBYIOW.HM + 14 )I.DH Ha Ka>K,ll.OM aHO)l.e (pHC. 3.14 ). 

B rn6JI. 3.4 MO>KHO BH.U.eTb, 'ITO .U.HcpcpepeH1.1,HaJibHaff napa no.u.asnffeT lleTHbie HeJJHHeii

Hbie rapMOHH'leCKHe HCKa>KeHHff Ha 26 )l.D, HO cyMMHpyeT He'leTHbie rapMOHHKH. Xorn ypo

BeHb 0,0035% 3-H rapMOHHKH He npe)l.CTaBJiffeT npo6JieMbl, 9TO noKa3bIBaeT, 'ITO H)l.eaJJb

Haff .u.mpcpepeHI.1,HaJibHaff )l.OJl>KHa CTpOHTbCff Ha JJaMnax, KOTOpble C03)1.alOT He60JiblllOe 

KOJIH'leCTBO HCKa>KeHHH Ha He'leTHbIX rapMOHHKaX. 11 Hao6opoT, µ-nosrnpHTeJib He TaK 

3cpcpeKTHBHO yMeHbIIIaeT 2-yio rapMOHHKY, HO yposeHb scex .u.pyrnx rapMOHHK 6b!JI HH>Ke 

npe.u.eJJOB Ha)l.e>KHOro H3MepeHHff H3MepHTeJiff HCKa>KeHHH. 

Ta6ni-rl.{a3.4 

rapMOHlllKB C o6~111M KBTOAOM A111c1>c1>epeH'-'111anbH&R napa ~-nOBTOPlllTenb 

2-R -51 A6 -77A6 -68A6 
3-R -93A6 -89A6 

(-106A6) 

3.11. npo6neMbl CMelqeHHSI no noCTOSIHHOMY TOKY 

3.lll 06UJHe JOMe'IOHHJI 

06paTHMCff Tenepb K pa3JIH'IHblM cnoco6aM C03)1.8HHff Hanpff>KeHHff CMew.eHHff H cpaBHHM 

HX c TO'IKH 3peHHff HeJII-IHeHHblX HCKa>KeHHH, B03HHKalOW.HX B ycHJIHTeJibHblX KaCKa.u.ax B 
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npo6neMbl CM81118HllH no noCTOHHHOMY TOKJ 

CJJe)J,CTBHe HeH)J,eaJJbHOCTH u.enew CMelll,eHHH. l1TaK, BbI6pae c 6oJibllIOH Tlll,aTeJibHOCTblO 

H8HJIY'llllYIO TOnOJIOrHIO K8CKaJ],a, BhI6HpaeM pa6oqy10 TQqKy, KOTopaH HCKYCHO M8KCHMH-

3HpyeT pa3M8X BblXOJJ.HOro HanpH.>KeHHH, MHHHMH3HpyeT HCKa.>KeHHH, HCnOJJh3yeT CTaH

.u.apTHble 3HaqeHHH KOMnoHeHTOB, H, pa3yMeeTCH pe.>KHM KacKa)J,a npH 9TOM TaKOB, qTQ 

JJerKo o6ecneqHeaeTcH peaJJhHhIM HCToqHHKOM nHTaHHH ( noJJ.po6Hee CM. rnaey 4 ). Tenepb 

He06XOJ],HMO Bb16paTb cnoco6 C03JJ.8HHH HanpH.>KeHHH CMelll,eHHH KaCKa)J,a, qTo MO.>KeT 6b1Tb 

ocymecTBJJeHO HeCKOJibKHMH cnoco6aMH: 

• c noMOlll,blO KaTOJJ.HOro pe3HCTopa aBTOCMelll,eHHH; 

• BHellIHee ceToqHoe cMelll,eHHe; 

KaTOJJ.HOe cMelll,eHHe c nepe3apH.>KaeMbIM aKKyMYJJHTOpoM; 

K8TOJ],HOe CMelll,eHHe c )UIOJJ.OM; 

• KaTO)J,HOe CMelll,eHHe c npHeMHHKOM HeH3MeHHIOlll,erocH TOKa. 

3.ll2. ABTOCMeUJeHHe KOTO/IHhlM pe111c1opoM 

04eHb 48CTO B ycHJJHTeJJbHblX K8CKa,ll.ax He60JJbllIOH MOlll,HOCTH lrnnpH.>KeHHe CMelll,eHHH 

noJJyqa10TycTaHOBKOH pe3HCTopa Ii u.enb KaTOJJ.a (rnK.>Ke CM. rnaey 2). CxeMa TaKoro KacKa

.u.a ycHJJeHHH npHBeJJ.eHa Ha pHc. 3.15. 

ov 
---r--1 -- -- --

PHc. 3.15 Kamoihwe c.MeUfenue c ucnoAbaooanue.M peaucmopa 

CT pH OTcyTCTBHH TOKa ynpaBJJHIOlll,eH ceTKH, ee noTeHU.HaJJ no nocTOHHHoMy TOKy paeeH 

HYJJIO. EcJJH aHOJJ.HbIH TOK JJaMnbI yeenHqHeaeTCH, TO KaTOJJ.HblH TOK, npoTeKaIOlll,HH 4epe3 

pe3HCTop aBTOCMelll,eHHH RK, TaK.>Ke noeb1waeTcH, JJ.eJJaH noTeHu.HaJJ KaToJJ.a 6onee nono
)KHTeJJbHbtM no OTHOWeHHJO K ceTKe, noCKOJlbKY Ha KaTOJ],HOM pe3HCTOpe npH npoTeKaHHH 

roKa ecerJJ.a 6y.n.eT na)J,aTb onpe.n.eneHHoe HanpH.>KeHHe cornacHo 3aKotty 0Ma. TaKHM o6pa-

30M, npH B03p8CT8HHH aH0.11.HOro TO Ka 6yJJ.eT yseJJHqHB8TbCH noTeHu.HaJI KaTOJ],a, a noCKOJJb

KY noTeHU.H8JJ CeTKH noCTOHHHblH H HyJJeBOH, TO HyJJeeoe CeT01'1HOe HanpH.>KeHHe OTHOCH

reJJbHO nOJJO.>KHTeJJbHOro K8TOJl.HO~O OK83bIBaeTCH cymecTBeHHO HH.>Ke. 3To 9KBHBaJJeHTHO 

oTpHU.aTeJJbHOMY 3anHpa10meMY HanpH.>KeHHIO cMemettHH Ha ceTKe, 6naro,ll.apH "leMy naMna 

6yJJ.eT 38KpbIB8TbCH, H aHOJJ.HblH TOK CHH.>K8TbCH. TaKHM o6pa30M, c poCTOM TOKa, na.n.eHHe 

HanpH.>KeHHH Ha K8TOJl.HOM pe3HCTope 6y.n.eT B03paCTaTb, noTeHu.HaJJ ceTKH OTHOCHTeJJbHO 

noTeHu.HaJJa KaTo.n.a 6y.n.eT yMeHbWaTbCH, JJaMna 6y.n.eT 3anHpaTbCH, qTQ npHse.n.eT K naJJ.e-
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McKa>KeHMJI B yCMnMrenH, MX MJMepeHMe, Mepbl no CHM>K9HMIO MCKO>K9HMM 

HHIO aHO)J,HOro TOKa. 3TO 3H8'IHT, 'ITO BKJllO'IeHHe K8TO)J,HOro pe3HCTOpa npHBO)J,HT K 803-

HHKHOBeHHIO OTPHU.aTeJibHOH o6paTHOH CBH3H no TOKY. 3TOT MeTO)J, aBTOMaTH'IeCKoro CMe

lll,eHHH HMeeT H8HMeHbllIYIO 'IYBCTBHTeJibHOCTb K pa36pocy Me>K,Uy JiaMnaMH, 'ITO JJ,eJiaeT 

ero HaH6onee nonynHpHbIM. 3HaH seJIH'IHHY aH0.1I.Horo TOKa la H Tpe6yeMoe HanpmKeHHe 

cMemeHHH Ve•' npHMeHHH 3aKOH 01\'Ja, ner1<0 onpeJJ,eJIHTh Tpe6yeMbIH KaT0.1I.HbIH pe3HCTop, 

nOCKOJibJ<Y CeTO'IHblH TOK KaK npaBHJIO OTCYTCTByeT. 

TeM He MeHee, sseJJ,eHHe conpoTliBJJeHHH s u.enb KaTOM ycHJJHTeJJH c o6lll,HM 1<aT0.1I.OM 

C03JJ,aeT OTpHu.aTeJJbHYIO o6paTHylO CBH3b H no nepeMeHHOMy TOKy, KOTOpaH yMeHblllaeT 

Ko3cpcpHU.HeHT ycHJJeHHH, 'ITO MO)KeT 6b!Tb HenpHeMJJeMo. TpaJJ,HU.HOHHoe pellleHHe -

llIYHTHpOB8Tb K8TO)J,HbIH pe3HCTOP KOHJJ,eHCaTOpOM 6oJibllIOH eMKOCTH, KOTOpblH HBJIHeTCH 

KOpOTKHM 3aMbIKaHHeM Ha 3BYKOBbIX 11aCTOT8X. TorJJ,a K8T0.1I. OKa)KeTCH coeJJ,HHeH c o6lll,HM 

npOBO)J,OM no nepeMeHHOMY TOJ<Y H OTpHU.aTeJJbHaH o6paTHaH CBH3b no nepeMeHHOMY TOJ<Y 

npeJJ,OTBpamaeTCH. 06bl'IHO npHBO)J,HTCH JI.OB0.11.bl, 'ITO 3BYKOBOH .11.Hana30H 'laCTOT Jie)KHT 

B npe.11.eJJaX OT 20 fu. .11.0 20 KfU., H 'ITO ay.11.HO 3JleKTpOHHK8 .11.0Jl)!(Ha 6bITb 6JJH3Ka K COBep

WeHCTBY B npe.11.enax 3TOH noJIOCbl. 3JJeKTpOJJHTH'leCKHH pa3BH3bIBalOlll,HH KOH.11.eHCaTop 

60JJbllIOH eMKOCTH, wyHnipylOlll,HH KBT0.11.HblH pe3HCTOp aBTOCMelll.eHHH He .11.0.ri)KeH OK83bl

BaTb cpHJibTpyiomee .11.eiiCTBHe B 3BYKOBOM .ll.Hana30He, no 3TOH npH'IHHe ero 3Ha'leHHe 

o6bI'IHO BbI6HpaeTCH, 'I1:~6bI o6ecne'IHTb 'laCTOTY cpe3a RC u.enHf_31di = 1 ru.. -

CT pH pac11eTe aBTOCMelll,eHHH KacKa.11.a, MbI .11.enaeM npe.11.noJJO)KeHHe, 'ITO HanpH)KeHHe 

CHrHaJJa .11.0CTaTO'IHO He60JlbWOe, 'IT06bI OHO He BJIHHJIO Ha pe)KHM KaCKa.11.a nOCTOHHHOro 

TOKa. TeM He MeHee, npH npH6JIH)KeHHH K OTCe'IKe, nHK-nHKOBOe HanpH)KeHHe CHrHaJia Ha 

aHo.11.e TpHo.11.a MO)KeT 6hITb COTHH BOJlbT, H HCKa)KeHHH (.11.eJJalOIUHe cpopMy aH0.11.HOro Ha

npH)KeHHH HeCHMMeTpH'IHOH) npHB0.11.HT K CHH)KeHHIO cpe.11.Hero 3Ha'leHHH aH0.11.HOrO Ha

npH)KeHHH Va. l13MeHeHHe cpe.11.Hero 3Ha'leHHH aHoJJ,Horo HanpH*eHHH, HeH36e*HO npHBe

.11.eT H K H~MeHeHHIO noCTOHHHOH COCTaBJIHIOlll,eH aH0.11.HOro TOKa. 

B Ka'lcl.'.rne npttMepa, 6bIJI ttcnbITaH ycttJJHTeJJb Ha TpttoJJ,e c o6lll.HM KaT0.11.0M. Kor.11.a 

CHrHaJI Ha sxo.11.e OTCYTCTBOBaJI, cpe.11.Hee 3HatieHHe aH0.11.HOro HanpH)KeHHH, H3MepHeMoro 

BOJlbTMeTpOM noCTOHHHoro HanpH)KeHHH, n0.11.KJllO'leHHbIM K aH0.11.Y JJaMnbI, COCTaBJIHJIO 

Va = 117, 1 B, HO Kor.11.a Ha KaCKa.11. no.11.asancH tipe3MepHo 60JJbWOH yposeHb BX0.11.HOro 

cHrnana, BbI3bIBaswttii HeJJHHeiiHhie ttcKa*eHHH 5% CKf + ill, cpe.11.Hee 3Ha'IeHtte aHo.11.

Horo HanpH)KeHHH na.11.ano .11.0 114,2 B, H H3MeHHJIOCb cpe.11.Hee 3Ha11eHtte TOKa aHoJJ,a. 113-

MeHeHtte cpe.11.Hero 3Ha'leHHH TOKa aH0.11.8 TaK)Ke 'laCTH'IHO Bbl3bIBaeTCH H wyHTHPYIOlll,HM 

KaT0.11.HblM KOH.11.eHCaTOpOM. nocKOJJbJ<Y'I8CT01'a cpe3a KaT0.11.HOH RC-u.enttf_ami == l ru., 3TO 

o3Ha11aeT nocToHHHyio speMeHH 't == 160 MC. KorJJ,a npottcxo.11.ttT neperpy3Ka ycHJJHTeJIH, 

KOH.11.eHCaTopy Tpe6yeTCH speMH 5't == I c ,11.JIH BOCCTaHOBJleHHH npeJJ,bl.11.YIUero 3Ha'leHHH (TO 

ecTh.11.0 neperpy3KH}TO'IKH cMelll,eHHH c TO'IHOCThlO 99%. 3a 3To speMH BHYTpeHHe conpo

THBJJeHHe JJaMnbI 'a (KOTOpoe 38BHCHT OT la) H3MeHHTCH, HeMHoro H3MeHHH H 3KBHBaJJeHT

HOe BbIX0.11.HOe conpOTHBJJeHHe KaCKa)J,a '····· ECJJH KaCKa.11. Harpy)KeH Ha nacCHBHYIO KOM

neHcau.HoHHYIO CXeMY, TO H3MeHeHHe BbIXO)J,HOro 3KBHBaJieHTHOro conpoTHBJieHHH ' .... 

Bbl3b!BaeT TaK)Ke H OWH6J<Y B 11aCTOTJiOH xapaKTepHCTHKe (TO eCTb JIHHeHHbie HCKa)KeHHH ). 

XoTH He3Ha'IHTeJibHoe HCKa*eHHe 11acTOTHOii xapaKTepHcTHKH MO)KeT C'IHTaTbCH Hecyme

CTBeHHbIM, Kor.11.a yCHJJHTeJJb co3.11.aeT 5% CKf +ill, ,11.JIHTeJJbHaH owH6Ka 'IaCTOTHOH xa

paKTepHCTHKH, KOTOpaH BOCCTaHaBJIHBaeTCH TOJlbKO cnycrn I c nocne·neperpy3KH, MO)KeT 

6hITb HenpHeMJieMOH. ' 
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npooneMbl CMe111eH1tll no noC,TOllHHOMY TOKY 

M0>1<Ho Ha6J110.ll.8Tb 3cf>cf>eKT c.u.sHra cMern.eHHH npH neperpyaKe ycHJIHTeJIH, H3MepHH 

nOCTOHHHOe HanpH.>KeHHe Ha u.enH K8TO.!J.HOro aBTOCMew.eHHH npH 60JiblllOM H M8JIOM 

ypOBHHX YCHJIHB8eMoro CHrH8JI8. 3TOT MeTO.U. H3MepeHHH y.u.o6eH, noCKOJibKY MO.>KeT HC

noJJb3088TbCH 06b1qHblH BOJibTMeTp, rnr.u.a K8K,ll,llH H3MepeHHH 8HO.!J.Hb!X HanpH.>KeHHH Tpe-

6yeTCH xopolllHH u.mppOBOH BOJlbTMeTp, KOTOpbIH MO.>KeTTOqHo H3MepHTb nocTOHHHOe Ha

npH.>KeHHe B npHCYTCTBHH nepeMeHHOro Hanp~.>KeHHH H TOKa 3HaqHTeJibHOH seJIHqHHbl. 

B H.u.eanbHOM cnyqae, HHKor.u.a He .u.on.>KHO 6bITb c.u.sHra pa6oqeif rnqKH (HanpH.>KeHHH 

CMeW.eHHH) JiaMnbI, K8KOH 6bl HH 6bin yposeHb CHrH8JI8. J1I06ble H3MeHeHHH HanpH.>KeHHH 

CMew.eHHH 1<ac1<a.u.a, soaHHKaIOW.He s npou.ecce ero pa6oTbI KpaiiHe He.>KenaTeJibHbI, no

CKOJJbKY npHBO.!J.SIT K H3MeHeHHIO noJJo.>KeHHH pa6oqeif TQqKH, qTQ npH 60JiblllHX ypoBHHX 

CHrHaJia scer.u.a onacHO noHBJieHHeM .u.onoJIHHTeJibHblX HeJIHHeHHblX HCKa.>KeHHH H3-38 ne

pexo.u.a B pe.>KHM c OTCeqKoH BbIXO.U.HOro TOKa H T. n. CTpH ycJIOBHH, qTQ JiaMna pa6oTaeT 

B BblCOKOKaqecTBeHHOM YCHJIHTene, HeJIHHeHHbie HCKa.>KeHHH KOTOporo HHKor.u.a He npe

Bhllll810T 1 % Cl(f, coa.u.aHHe HanpH.>KeHHe cMew.eHHH s u.enH KaTo.u.a HBJIHeTCH snonHe 

)l.OCTaTOqHbIM, HO eCJIH CHJibH8H neperpy3K8 ycHJIHTeJIH c OTceqKoH aHO.!I.HOro HanpH.>KeHHH 

B03MO.>KHa, TO .ll.OJl.>KHbl 6b!Tb pacCMOTpeHbl 8JlbTepHaTHBHbie sapHaHTbl cxeM CMew.eHHH. 

3. ll3. Cero'IHoe cMeUJeH11e 

EcnH CMew.eHHe 1<ac1<a.u.a ocyw.ecTBJIHeTcH He aa cqeT KBTO.!J.HOro pe3HCTopa, To H3MeHeHHH 

nOCTOHHHOH COCT8BJIHIOW.eH 8HO.!J.HOrO TOKa, B CJie.U.CTBHe HeJIHHeHHh!X HCKa.>KeHHH, no

po»<,naeMbIX neperpyaKaMH ycHJIHTeJIH, He MOryT BbI3b!BaTb c.u.sHr HanpH.>KeHHH cMew.e

HHH, HeraTHBHble nocne.u.cTBHH KOToporo pacCMOTpeHbl Bblllle. 

BHelllHee cernqHoe cMeI.UeHHe, opraHHayeMoe c noMoW.bIO scnoMoraTeJibHOro HCToq

HHKa cna6ornqHoro nHTaHHH oTpHU.aTeJibHOH nonHpHocrn HBJIHeTcH xapaKTepHbIM s BbI

XO.U.HbIX K8CK8.!J.8X ycHJIHTeJieH MOW.HOCTH, rnr.u.a K8K BHelllHee cernqHoe CMern.eHHe, no

nyqaeMOe npH noMOW.H JIHTHeBblX aKKYMYJIHTopos J!Hlllb orpaHHqeHHO npHMeHHIOTCH 

B npe.u.yCHJIHTeJJHX (pHC. 3.16 ). 

470n 100n 

--1~--- -1--3...-.6V--I - - -

470k 

hth1um 

ov 

-45V 

PHc. 3.16 Bnewnee cemottnoe cMe14enue c ucnoJtbaooanueM ocnoMoeameAbHoeo 
ucmottHUKa numanwi UJtU Jtumueooeo aKKYMYARmopa 
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HcKalKeHHll B ycHnHTenllX, HX HJMepeHHe,, Mepbl no CHHlK8HHIO HCKOlK8HHH 

flOCKOJJbKY npH BHeWHeM CeTO'IHOM CMew,eHHH Hanps1>1<eHHe Me>KJJY ceTKOH HBJJHeTCH 

<f>HKCHpOBaHHbIM H TOK JJaMnbI onpe.11.eJISleTCSI HCKJIIO'IHTeJJbHO BH.ll.OM CTaTH'leCKHX xapaK

TepHCTHK caMOH JiaMnbI, TO TaKaSI CHCTeMa CMelll,eHHH HHKaK He pearnpyeT Ha neperpy3KH 

HJIH H3MeHeHHH xapaKTepHCTHK JiaMnbI npH ee crnpeHHH. 

3aw,HTa OT nOBbIWeHHOro TOKa npH neperpyaKax O'leHb Ba)l{Ha B BblXO,ll.HblX KacKa.u.ax, 

noTOMY 'lTO conpon!BJieHHe o6MOTOK BbIXO.ll.HblX TpaHccpopMaTopos He3Ha'IHTeJibHO H 

BblXO,ll.Hbie 3JJeKTpOHHbie JiaMnbl nO'ITH scer.u.a pa6oTaIOT c MaKCHMaJibHOH MOlll,HOCTbIO 

pacceSIHHH Ha aHo.11.e. ToK HCTO'IHHKa nHTaHHH no'ITH He orpaHH'leH H Henona.u.Ka 6hICTpo 

npHBe.n,eT K nospe)l{,ll.eHHIO .n.oporOCTOHW,eH 3JJeKTpOHHOH JiaMnbl. fl pH KaTO,ll.HOM aBTOCMe

w,eHHH c poCTOM aHO.ll,HOfO TOKa yseJIH'IHBaeTCH H aanHpa10w.ee CMew.eHHe, 'ITO 1.JaCTH'IHO 

pewaeT npo6JieMy. fl pH BHewHeM ceTO'IHOM CMew,eHHH scer.11.a Heo6XO.ll.HMO OT.1I,eJibHO no-

6ecnoKOHTbCSI o cnoco6ax orpaHH'leHHH TOKa npH neperpyaKax. 

11 Hao6opoT, B KaCKa.11.ax npe.n.ycHJIHTeJISI HJJH npe.1I,OKOHe'IHblX KacKa.u.ax ycHJIHTeJIH 

MOlll,HOCTH, 3JieKTpOHHaSI JiaMna pe.11.Ko pa6oTaeT c 6oJJee, 'leM noJIOBHHOH MaKCHMaJibHOH 

MOW,HOCTH pacceSIHHH Ha aHo.11.e, H poJib aH0.1I,HaSI Harpy3KH o6bI'IHO BbinOJIHSleT pe3HCTOp, 

KOTOpblH 3Ha'IHTeJibHO orpaHH'IHBaeT aHO.ll.HblH TOK npH ero nonhITKaX pe3KO B03pacTH B 

CJie.1I,CTBHe neperpyaoK HJIH HenOJI8.1I,KH. 

3.ll4. KaronHoe cMeUJeH11e c noMOUJblO nepe1apR)f(OeMoro OKKfMynnropa 
KaK aJibTepHarnsa KaTo.n,HoMy aBTOCMew,eHHIO, coa.11.asaeMOMY KaTO.ll.HhIM peawcTopoM aa 

C'leT KaT0.1I,HOfO TOKa, MO)l{eT 6h1Tb HCnOJJb30BaH aKKYMYJIHTOp, BKJIIO'laeMblH B KaTO.ll.HYIO 

u.enb. B cne.11.cTBHe OTCYTCTBHH Karn.11.Horo peaHcTopa, npH 3TOM cnoco6e cMemeHHH TaK

*e CHHMaeTCH npo6JieMa C.ll.BHra HanpH)l{eHHH CMew,eHHH npH neperpy3Kax KaCKa.11.a. 

B TO )l{e BpeMH, KaT0.1I,HblH TOK, npoTeKaIOW,HH qepe3 aKKYMYJIHTOp CMeW,eHHH BCTpe'l

HO, 6y.11.eT ero 3apSl)l{aTb. flepeaapSl)l{aeMble 3JieMeHTbl HMeIOT KpaHHe HH3KOe BHyTpeH

He conpoTHBJieHHe, TaKHM o6pa30M, eCJJH OHH BKJIIO'leHbl B u.enb KaTo.11.a (pHC. 3.17), 
TO OHH He Bbl3bIBaIOT na.n,eHHH nepeMeHHOfO HanpH)l{eHHH H B03HHKHOBeHHH o6paTHOH 

CBH3H. 

-~---<------

1M 

PHc. 3.17 Kamoanoe c.ueUfenue c no.MOUfblO nepeaapR:J1Cae.uo20 aKKy.uy1mmopa, 
pa6oma10Ufe20 na Mll.llOM moKe 
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npo6neMbl CM8U18HHR no nOCTORHHOMy TOKy 

Xorn Ha cxeMe noKaaaH TOJibKO o.n.wH 8KJ<YMYJIHTopHhlH 3JieMeHT, HeCKOJibKo ( lfJI.eHTHll

HhIX) 3JieMeHTOB MOl)'T ()blTb coeJurneHbl nocJie)l.OBaTeJibHO, l!T06bl ycTaHOBHTb Tpe6yeMoe 

HanpH>KeHHe, xorn 3TO 6btJio 6bl Jl.OBOJibHO rpoM03Jl.KO. CT pH yCJioBHH, l!To KaTOJl.HhlH, Teey

IUHH 11epea aKJ<YMYJIHTop IK .:s. C/ l 0 ( r)l.e C - eMKOCTb aKJ<YMYJIHTOpHoro 3JieMeHTa B 8M

nep-11acax), caMoHarpes, Bht3B2HHhIH HenpephlBHOH 38PHJl.KOH He paapywHT 3JleMeHT. TeM 

He MeHee, nocKoJibJ<Y 3JieMeHT ycTaHosneH B naMnOBhtX ycHJIHTenHx, B03MO>KeH ero H8-

rpes )l.0 6onee BblCOKOH TeMnep8rypbl, 'leM npe)l.nonaraJIOCb H3roTOBHTeJieM 8KKYMYJIHTO

pa, no 3TOH npH'IHHe MO>KeT 6htTh paayMHo orpaHH'leHHe TOKa Jl.O C/20. HHKeJieBbtH Me

raJIJIOrHJl.PHJl.HhtH 3JieMeHT (NiMh) THnopaaMep8 M )l.aeT HanpHmeHHe = 1,38 B KorJJ.a 

HenpepbtBHo aapHmaeTCH aapHJl.HhtM TOKOM 15 MA. 

3. H.5. /lHO/IHO·KOTO/IH08 CM8U/8HHe 

AJihTepHaTHBOH npHMeHeHHIO pe3HCTOp8 K8TO)l.HOro 8BTOCMern.eHHH HBJIHeTCH HCnOJib30-

B8HHe nonynpoBO)l.HHKOBoro Jl.HO)l.a ( pHC. 3.188 ). 

OpeHM}'W.eCTBO TaKOrO peUleHHH 38KJIIO'laeTCH B TOM, 'ITO BHyrpeHHe COnpOTHBJieHHe 

Jl.HOJJ.a H8MHoro HH>Ke, 11eM TP8Jl.HUHOHHhtX KaTOJl.Hhtx peaHcrnpos, no3ToMy 6oJibWe He 

HY>KHO myHTHposaTb ero KOH)l.eHC8TOpoM, 'ITO CHHMaeT npo6JieMy nepexo)l.Hhtx npoueccos 

B HeM npH soccrnHOBJieHHH K8CK8Jl.8 nocne neperpyaoK. Xorn BHyrpeHHe conpoTHBJieHHe 

Jl.HO)l.8 Ha nepeMeHHOM TOKe HeBeJIHKO, He06XO,ll.HMO yqecTb ero BKJia,ll. BO BHyrpeHHee co

npoTHBJieHHe aHO.U.HOH uenH 'a· B Ta6n. 3.5 noKa3aHO npHMoe na)l.eHHe HanpH>KeHHH H 

BHyrpeHHe conpoTHBJieHHe ( 'JIHOJUI) Jl,llH pa3JIHl!HblX THnOB nonynpoBO)l.HHKOBblX Jl.HO)l.OB. 

Ta6nm.,4a 3. 5 

TMnAMOAa 

KpeMHM8Bbli'i AMOA cnaCSblX CMrHanOB (1 N4148) 
repM8HM8Bbli'i AMOA cnaCSblX CMrHanOB (OA91) 
illH4>P8KP8CHbli'i CB8TOAMOA (950 HM) 
Aeweebli'i KPSCHbli'i ceeTOAMOA 
Aeweebli'i lKSnTbli'i, lKenT0/3eneHbli'i ceeTOAMOA 
EZ81 
MCTMHHO 3eneHbli'i CB8TOAMOA (525 HM) 
ronyCSoi'i CB8TOAMOA (426 HM) 
EZSO 

npRMOe n&AeHMe 
Hanpsi>KeHMR npM 10 MA 

0,758 
1,0 8 
1,28 
1,7 8 
2,08 
2,38 
3,68 
3,78 
5,58 

TMnoaoe r ,,,.""'. 
npM 10MA 

6,00M 
590M 
5,40M 
4,30M 
100M 
1950M 
300M 
260M 
4850M 

B OTJIH'lHe OT o6hI'lHhtX BhmpHMHTeJihHhIX H .u.eTeKTopHbtX nonynpoBO.U.HHKOBbtX .ll.HO

Jl.OB, CBeTOH3Jiyq8IOW.He AHOAbl (C11.Il) 06ecne11HBalOT 6oJihl1lee npHMOe na)l.eHH~ HanpH

>KeHHH 38 C'leT 6onee BblCOKOfO BHyrpeHHero conpoTHBJieHHH, n03TOM}' nyqwe HCnOJib30-

BaTb napy )l.eWeBblX Kp8CHblX CJ1)l; COe)l.HHeHHblX nocJie)l.OBaTeJibHO, 'leM AOpOrOCTOHW.HH 

MOHOXpOMHblH aeneHblH HJIH rony6ofl CBeTOAHOA. MaJJOBepOHTHO, 'ITO 6yAeT HCnOJib30-

BaTbCH repMaHHeBblH AHO)l., nOTOMy 'ITO npH nol!TH paBHOM na)l.eHHH HanpH>KeHHH, HH<f>pa

Kp8CHblH CBeTOAHOA HMeeT OJI.HY AeCHTYIO BHyrpeHHero conpoTHBJieHHH no cpasHeHHIO 

237 



MtKO>KeHHll B ycHnHTenRX, HX HJMepeHHe, Mepbl na CHH>KeHHIO HCKO>KeHHii 

c 06b1qHbIM .11.110.11.oM. TepMOHOHHbie .ll.H0.11.bI spsi.11. JJH YJifHIJaT noKa3aTeJJb BHyTpeHHero co

npoTHBJJeHHH, no 3TOH np11q11He 11x TaK>Ke BPM JJH u.enecoo6pa3HO HcnoJJb30BaTb. 

06paTHoe CM~IUeHHe nopo)l{,ll.aeT 60JlbWe rnyMOB B )l.HO)l.e, qeM npHMOe CMeIUeHHe, HO 

,naeT B03MO>KHOCTb HMeTb 6onee BbICOKHH noTeHu.HaJI HCTOqHHKa onopHoro HanpsimeHHff, 

qTQ .11.enaeT u.enecoo6pa3HbIM HCnOJJb30BaHHe CTa6HJIHTpOHOB ( pHC. 3.186 ). 

a) 6) 

-~---1 -- -- -- --~--1 -- -- --

1M 

P11c. 3.18 Kamoihwe C.M.eUfenue c ouooo.M. 

1M 

Zener 
diode 

B CTa6HJIHTpoHax HH3KOro HanpsimeHHff HCnOJJb3yeTCff HCTHHHblH 3<j:><j:>eKT 3ettepa, HO 

Jl.H0.11.bI BbICOKoro HanpsimeHHH s .11.etiCTBHTeJJbHOCTH HcnoJJb3YIOT naBHHHbIH 3<j:><j:>eKT. Dp11 

ttanpsimeHHH nopsi.11.Ka 6,2 B, npHCYTCTBYIOT o6a 3<j:><j:>eKTa, HX ,npoTHBOnono>KHbIH TeMne

parypHbIH K03<j:><j:>11u.11eHT no.11.asnsieTCH, BHYTpettttee conpoTHBJJeHHe r11.0Jlll npH '3TOM MHHH

MaJJbHOe, wyM TO>Ke MHHHMaJlbHblH, n03TOMYY.ll.06Hee scero CTa6HJIHTpOHbl Ha Hanpsime

HHe 6,2 B. Ecn11 Tpe6yeTCH H)l.eanbHblH HCTOqHHK BbICOKoro, onopHoro HanpsimeHHH, TO 

nyqwe BKJJJOqHTb nocne.11.osaTeJJbHO HeCKOJJbKO CTa6HJJHTpoHos Ha 6,2 B H cseTo.11.110.11.os, 

qeM O)l.HH CTa6HJIHTpOH BblCOKOro HanpsimeHHff . 

.ilHO)l.HOe CMeIUeHHe ffBJIHeTCff 11.11.eaJJbHblM )l.Jlff CMemeHHH HH}f{HeH JJaMnbI µ-nOBTOpH

TeJJH (CM. rnasy 2) HJJH napanneJJbHO ynpasnsieMoro SRPP ycHJJHTensi (CM. rnasy 2 ), noTO

MY qTO aHO)l.HblH TOK 3THX JJaMn la CTa6HJIH3HposaH pa6oTOH u.eneti CMemeHHff sepxHeH 

3JleKTpOHHOH JJaMnbI. 

TaK KaK BHYTpeHHe conpoTHBJJeHHe r JlHona -::1; 0, H3MeHeHHe TOKa c11rnana Bbl3b1BaeT H3Me

HeHHe Hanpsi>KeHHH Ha .11.110.11.e. ToK c11rnana TaK>Ke nopo)l{,ll.aeT n8)l.eH11e HanpsimeHHH Ha Ha

rpy3Ke KacKa.11.a Rlf' no3ToMy: 

nonyqaeM: 
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npo6neMbl CMe111eHMR no nOCTORHHOMY TOKY 

CMbICJI 3Toro ypasHeHHH e TOM, LJTO BHYTpeHHe conpoTHsneHHe ,nHoJJ.a ~rnona MeHHeTcH 

npH H3MeHeHHH TOKa: BOJibT-aMnepHaH xapaKTepHCTHKa ,nHo,na npHse,neHa Ha pHC. 3.19. 

li1@il Pmax = .1 Watt 
Rload = 10 ohm 

10 

1 
mA/div 

1.73V 
10mA 

I 1.66V 
2.4mA 

0 
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0 200mV/div 
2000 

PHc. 3.19 H3.M.enenue motca B 3aoucU.M.ocmu om npUAo3/CeHnoeo 
HanpR31CeHUJl OAR oew.eeo20 tcpaCH020 ceemoouooa 
( BOJtbm-a.M.nepHaR xapatcmepucmutca OUOOa) 

TaK KaK BHYTpe.HHee conpoTHBJieHHe ,nHo,na r 11.0Jl/l He nocTOHHHO, HanpH>KeHHe cHrnana 

Ha HeM HCKa>KaeTCH. TaK KaK HaJIHLJHe conpoTHBJieHHH B KaTO,llHOH u.enH, KaK 6bIJIO noKa-

3aHO Bbillle, npHso,nHT K eoaHHKHOBeHHIO oTpHU.aTeJibHOH o6paTHOH cssiaH no TOK}', To HC

Ka>KeHHoe HeJIHHeHHOH BOJibT-aMnepHOH xapaKTepHCTHKOH ,llHO,ll, na,naJOrn.ee Ha HeM Ha

npH>KeHHe OKa3bJBaeTCH npHJIO>KeHo nocne.nosaTeJibHO c CHrHaJIOM BO BXO,nHyJO u.enb. 3TO 

HJIJllOCTpHpyeTCH npocTeHllleH 3KBHBaJieHTf~OH cxeMOH (pHC. 3.20). 
TeM He MeHee, npHse.neHHbie Bblllle ypasHeHHH H BOJibT-aMnepHaH xapaKTepHCTHKa 

.llHO,na .ll.BIOT OCHOBaHHH ClJHTaTb, lJTO HCKa>KeHHH, BHOCHMble aa CLJeT ,llHO.ll.8 KaTO,llHOro CMe

w.eHHH MOfYT 6b1Tb yMeHbllleHbl cne.nylOW.HMH cnoco6aMH: 

HCKJIIOLJaH ,nHO,llHOe CMern.eHHe KaK TaKosoe ,ll.JIH KaCKa.nos c MaJiblMH aHO,llHblMH TO

KaMH Ia< 10 MA, noCKOJibKY BHYTpeHHee conpoTHBJieHHe r11.0JllJ oco6eHHO HeJIHHeH-

HO npH MaJiblX TOKax; . 

MaKCHMH3HPYH HarpyaoLJHoe conpoTHsneHHe KaCKa,na R,,; 
• yMeHblllaH HanpH>KeHHe Bb!Xo,nHoro cHrnana VRI,. 

3TH yCJIOBHH no,npaayMesaJOT, LJTO ,nHO,nHoe cMern.eHHe no.n.xo.nHT HaHJIYlllllHM o6paaoM ,ll.JIH: 

sxo,nHbIX KaCKMOB npe.nycHJIHTenel1 11 KoppeKTopos ALIX rpaMMOcpOHHbIX nnacTH

HOK no CTaH,napry RIM (CM. rnasy 6 ):y 3THX KacKa,nos KaK npaBHJIO aHO.llHbIH TOK Ia 
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McKOlKeHHR B ycHnHrenRx, HX HJMepeHHe, Mepbl no CHHlKeHHIO HCKOlKeHHii 

~--~--< -- -- --
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PHC. 3.20 Bnympenne conpomuaJtenue HeAunetlnoeo ouooa oo6aBJtR.em 
uctca3/Cenufl nocJteooeameAbftO c ucmottnutco.M 

6onblllOH H yposeHb cHrnana HH3KHH. KpoMe Toro, KaCKM Mo>KeT HeMe,ll/leHHO soc

CTaHaBJJHBaTbCfl B c~ae neperpyaKH H3-3a HHTeHCHBHblX noMeX, Ha BblCOKHX 'laC

TOTax, Bbl3BaHHblX nblJlblO HT. n. Ha nJJaCTHHKe; 

KacKa.11.os µ-nosi-opHTenel1 (CM. rnasy 2 ): aKTHBHafl HarpyaKa MaKCHMH3HpyeT R,,, H 

aHO,ll.HblH TOK f. npH 3TOM ,ll.OCTaTO'IHO 60JlblllOH. 

3.ll6. [MeUJBHHe c nOMOUJblO npHeMHHKQ H8HJM8HRIOUJ8TOCJI TOKQ 

)lnfl no.Mep>KaHHfl BeJIH'IHHbl KaTO,ll.Horo TOKa JJaMnbl HeH3MeHHblM npH 803,ll.eHCTBHH nepe

rpyaoK, HeHcnpaBHOCTeH HT. n., HenJJOXHM pellleHHeM flBJlfleTCfl HCnOJlb30BaHHe KaCKa

.11.a - npHeMHHKa HeH3MeHHOro ( CTa6HJJbHOro) TOKa B Ka'leCTBe ycTpOHCTBa KaTO,ll.HOro 

CMern.eHHfl ( pHC. 3.21 ). 

-~---< -- -- --

1M 

l 10mA 

PHc. 3.21 Kamoonoe c.MeU{enue, ucnoJtb3Yfl npue.Mnutc neua.MeftRIOU{eeocR motca 
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8b16op JneKTpOHHOH naMnbl no KpM1ep1uo HHJKHX MCKOlK8Hl1H 

TaK KaK npHeMHHK HeH3Memuow:erocH TOKa HBJIHeTCH paaoMKHyrol1 u.enblO no nepe

MeHHOMY TOKy, OH Bbl3bIBaeT 100% OTPHU.aTeJibHYIO 06parny10 CBH3b B HeCHMMeTpHl!HOM 

K8CKa.ne' HO OH HBJIHeTCH HenpeB30H)leHHbIM .ZI.JJH CMeW:eHHH .nmpcpepeHU,HaJihHOH nap bl. 

3.12. 8b16op 1neKTpOHHOM naMnbl no KpHTepHIO 
v 

HH3KHX HCKO>KeHHH 

3.12. l 06ume JOMe'IOHHR 

HeMaJIOBa»<HblH BKJia.ZI. B HeJIHHeHHble HCKa»<eHHH BHOCHT caMH YCHJIHTeJibHble np116opbl -

3JieKTpOHHhie naMnh1. Kaaanoch 6b1, Ha nepBhIH B3rJIH.ZI. 06 HCKa»<eHHHX naMnbI MO»<HO cy

AHTb no ceMel1cTBy ee cTaTH'leCKHX xapaKTepHCTHK. HanpHMep, ceMeHCTBO BbJXO.ZI.HbIX 

(aHO.llHbIX) CTaTH'leCKHX xapaKTepHCTHK JiaMnbl, HMelOW:He 3aMeTHO pa3JIHlJHble npoMe

.lK}'TKH Me)l(Jly KpHBbIMH, CHHTblMH npH pa3HOM CeTOlJHOM HanpH»<eHHH (npH ycJIOBHH ero 

H3MeHeHHH c cpHKCHposaHHbIM waroM), yKaabrnaeT Ha HCKa»<eHHH. B TO »<e speMH, naMna, 

06Jia.na10w:aH 6onee paBHOMepHblMH xapaKTepHCTHKaMH .naneKo He o6H3aTeJibHO 6y.neT 

reHepHpOBaTb MaJIO HCKa»<eHHH. B KOHelJHOM ClJeTe, paapa60TlJHKY OCTaeTCH JIH6o HC

nOJJb30BaTh 3JieKTpOHHble JiaMnhI, cnea.HaJihHO paapa6oTaHHbie .ll.JIH JIHHeHHOro yc1rneHHH 

c MaJib!MH HCKa»<eHHHMH, JIH6o caMoMy nposepHTb JiaMnbI Ha npe.nMeT HCKa»<eHHH. 

3.12.2. Cne11nanbHb1e pa1pa6orKH naMn c Manb/MH HCKO)f(eHHRMH 

M1rnHMH3HposaHHe HCKa»<eHHH npHBO.ZI.HT K y.nopo»<aHHIO npoH3BOJlCTBa 3JieKTpOHHbIX 

JJaMn, no3TOMY Kor.na paapa6aTblBaJIHCb 3JieKTpOHHble JiaMnhl c MaJiblMH HCKa»<eHHHMH, 

OHH 6b!JIH npe.nHa3HalJeHbl cneu.HaJibHO .ZI.JJH C03JlaHHH BblCOKOKalJeCTBeHHOH ay.n11oanna

parypbl, KOTopaH BKJIIO'laeT KaK npocpeccHOHaJibHOe CTYJlHHHOe H 3BYK03anHCblBalOw:ee 

o6opy.noBaHHe, TaK H 6blTOBYIO ay.ZI.HOTeXHHKy nOBb!LIJeHHOro KalJeCTBa. 

B 1930-x ro.nax, npH paapa6oTKe naMn so rnasy yrna CTaBHJICH K03cpcpHU.HeHT yCHne

HHH, KOTOpblH B Te BpeMeHa y 60JibLIJHHCTBa JiaMn 6hlJI .llOCTaTOlJHO HH3KHM. Bee OCTaJib

Hble noKaaaTeJIH npHHOCHJIHCb B »<epTBy B yro!JY K03cpcpHU.HeHry ycHJieHHH. HanpHMep, 

H.lleH OTpHU.aTeJibHOH o6paTHOH CBH3H, HMelOW:aH B KalJeCTBe nocne.ncTBHH CHH»<eHHe K0-

3cpcpHU.HeHTa ycHJieHHH, paccMaTpHsanacb B Te speMeHa KaK epecb. Do3TOMY TeXHHtJe

CKHe npe.ZI.JJO»<eHHH fapOJibJla 6JI3Ka (Harold Black) Ha ceH ClJeT, XOTb H 6bIJIH 3aBepeHbl 

18-ro asrycTa 1927, HO naTeHT ClJJA He 6b1JI BbI.ZI.aH .no 21-ro .neKa6pH 1937. 

TeM He Mettee, y»<e B Te speMetta cneu.HaJihHO paapa6athIBaJIHCb naMnhI oco6ol1 KOH

CTPYKU.HH, noasonHIOW:He nonytJaT_b MaJibie HeJIHHeHHhie HcKa»<eHHH B ycHJIHTenHx. 0.llHOM 

H3 nepBblX JiaMn, cneu.HaJibHO npe.nHa3HalJeHHbIX .ll.JIH ycHJIHTeJieH c MaJiblMH HCKa»<eHHH

MH, MO)f{HO Ha3BaTb aMepHKaHCKHH TpHO.ll THna 76. 

B nocne.ncTBHH, Kor.na oTpHU.aTeJibHaH o6parnaH CBH3h CTaJia rnHpoKo pacnpocTpatteH

HOH, CTaJIO BblrQJlHee yMeHbLIJaTb HCKa»<eHHH, »<epTByH K03cpcpHU.HeHTOM yCHJieHHH, HO, 
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McKOlKe~Hll B ycHnHTenllx, HX H3M~peHHe, Mepbl no CHHlK8HHIO HCKOlKeHHM 

nOBHHYIOCb, crapbIM .u.o6pb1M rpa.u.HU.HHM, paapa6oT'IHKH Ha 3TO WJIH .u.aneKo He scer.u.a. 

Oo3TOMY nocne.u.Hee noKoJieHHe JiaMn (HanpHMep cepHH ECC83/12AX7, Hr. n.) HMeeT 

6onee BblCOKHH' K03<f><f>HU.HeHT YCHJieHHH, HO 60JibWe HCKa)l{eHHH. 

3JieKTpOHHble JiaMnbl c MaJiblMH HCKa)l{eHHHMH TaK*e Tpe6osaJIHCb H TeJieKOMMYHH

KaU,HOHHblM KOMnaHHHM, HO He noToMy, '!TO OHH 6bIJIH CHJlbHO oaa6o'leHbl TO'IHOCTblO BOC

npOM3Be,ll.eHHH peqesb1x cHrHaJios. Dpo6neMa JIHHeHHocrn soaHHKJia Tor.u.a, Kor.u.a 6blno 

npHHHTO pe_weHHe 0 BHe.u.peHHH MHOroKaHaJibHblX CHCTeM nepe.u.a'IH TeJie<f>oHHblX KaHa

JIOB. EcnH HY)l{HO o6ecne'IHTb TbICH'IY Tene<f>oHHbIX KaHanos Me>K.D.Y .u.syMH ropo.u.aMH Ha 

paCCTOHHHH .u.ecHTH M0HJlb, MO)l{HO npoJIO)l{HTb 1000 BHTbIX nap, HO Ka6eJib, co.u.ep)l{aw.HA 

TaKoe KOJIH'leCTBO nposo.u.os, .u.oporoCTOHW.HH H ero rpy.u.Ho npoKJia,U.bIBaTb. PeweHHe, 

npHHHTOe KOMnaHHHMH 3JieKTpOCBH3H 6bIJIO opHrHHaJibHblM, HO e,U.HHCTBeHHO npaBHJib

HblM - MO.lJYJIHpOBaTb Ha Ka)l{,ll.OM TeJie<f>oHHOM KaHaJie Hecyw.y10 qacTOTy pa,U.HO,ll.Hanaao

Ha, KaK 3TO .u.enaeTCH s pa.u.HoCBH3H H pa.u.Hosew.aHHH. DpH'leM, Ka>K,lloMy TeJie<f>oHHOMy 

KaHaJiy npH 3TOM BbI.U.eJIHeTCH CBOH qacToTa. CTOHT aaMeTHTb, '!TO TaKoH npHHU.Hn qacToT

Horo ynJIOTHeHHH KaHaJIOB cerO,ll.HH, B BeK U.H<f>poBOH TeXHHKH, C'IHTaeTCH ycrapeBWHM, HO 

B Te,U.aJieKHe rO,ll.bl OH 6bIJI e,ll.HHCTBeHHO B03MO)l{HbIM. fpynnoBOH pa,ll.HOCHrHaJI, co.u.ep)l{a

W.HH 1000 MO.lJYJIHpOBaHHblX HeCyW.HX MO)l{HO nepe.u.aTb npH nOMOW.H 0.ll.HOro e,ll.HHCTBeH

Horo KOaKCHaJibHOro Ka6eJIH, KOTOpb!H ,ll.OCTaTO'IHO .u.ewes H JierKo npOKJia,ll.bIBaJICH. 0.u.Ha

KO, see Ka6eJIH BHOCHT norepH. DpH peaJibHblX paCCTOHHHHX Me)l{.!IY ropo.u.aMH (a B oco6o. 

KpynHbIX ropo.u.ax H Me)l{,ll.y paH'oHaMH B npe.u.enax ropo.u.a) noTepH CTaHOBHTCH cyw.ecTBeH

HbIMH, no3TOMY sceM TaKHM Ka6eJibHbIM JIHHHHM CBH3H Heo6XO,ll.HMbl npoMe*YTO'IHbie 

ycHJIHTeJIH, KOTOpble o6bl'IHO ycTaHaBJIHBaJOTCH qepea paBHbie paCCTOHHHH. 0.u.Ho H3 MHO

rHX npeHMyw.eCTB MHOroKaHaJibHOH nepe.u.a'IH TeJie<f>OHHblX KaHaJIOB - KaK TblCH'la TeJie

<f>oHHblX KaHaJIOB B O,ll.HOM Ka6eJie ,!I.JIH paccMaTpHsaeMoro npHMepa· - TaK*e HBJIHeTCH TO, 

'!TO Heo6XO,ll.HM TOJibKO O,ll.HH npoMe*YTO'IHblH YCHJIHTeJib rpynnosoro CHrHaJia, BMeCTO 

TbICH'IH paa.u.enbHbIX. Ho 3TOT ycHJIHTeJib o6HaaTeJibHO .U.OJI)l{eH 6bITb csepXJIHHeHHbIM! 

HHa'le HeJIHHeHHble COCTaBJIHIOW.He OT O,ll.HOro TeJie<f>oHHOro KaHaJia 6y.nyr HeHa6e)l{HO 

nona.u.aTb s nonocy coce.u.Hero. TaKHM o6paaoM, JIJ06b1e HeJIHHeHHbre HCKa)l{eHHH HcKa)l{e

HHe s ycHJIHTene rpynnosoro CHrnana Bbl3bIBaer HaJio>KeHHe o,U.Horo Tene<f>oHHoro paaro

sopa Ha .u.pyroH. 3JieKTpOHHbie JiaMnbI, paapa6otaHHble ,!I.JIH HCnOJib30BaHHH B npoMe*Y

TO'IHbIX ycHJIHTeJIHX WHpOKOnOJIOCHO~ MHOrOKaHaJibHOH TeJie<f>oHHH, TaKHM o6pa30M, 

npocTo .U.OJI>KHbI reHepHposarb MHHHMYM HeJIHHeHHbIX'HcKa)l{eHHH. · 

Bo MHOrHX 3JieKTpOHHbIX JiaMnax noCJie,U.Hero- noKOJieHHH npHMeHHeTCH ceTKa Ha Kap

Kace. HeKoropbre, HanpHMep, JiaMnb1 cepHH 417 /5842, 6bIJIH paapa6oTaHbI .ll.JIH MaJibIX 

HCKa.>KeHHH, .u.pyrne, HanpHMep, ECC88/ E88CC, npocTo H3BJieKJIH noJib3Y OT ynyqweH

HOH TexHoJIOrHH npoHaso.u.cTsa H coa.u.a10T Mano HCKa)l{eHHH. HeKoTopbre 3JleKrpoHHbre 

JiaMnb1, HanpHMep, THn El 82CC H THn 6350 6blJIH paapa6oTaHbI .ll.JIH HCnOJib30BaHHH 

B nepBbIX U.H<f>poBblX KOMnbJOTepax, r.u.e HaH6onee Ba>KHa ,ll.OJirOBe'IHOCTb ,ll.a)l{e c nOJIHbIM 

HarpeBOM H OTCyrCTBHeM TOKa aHo.u.a, KOTOpbIH Bbl3blBaeT pocT conpOTHBJleHHH nepexo.u.

Horo CJIOH KaTo.u.a . .Llpyrne 3JieKTpOHHbl~ JiaMnbl 6b!JIH paapa6oTaHbl H H3rOTOBJieHbl 6e3 

yqeTa HCKa)l{eHHH. 

0po6JieMa BblXO,ll.HOH CTyneHH reHepaTopa Ka,U.pOBOH paasepTKH B CTapbIX JiaMnOBblX 

renesHaopax o'leHb noxo>Ka Ha npo6JieMy ay.u.HoycHJIHTeJIH, HMe10w.ero s Ka'lecTBe Ha

rpyaKH rpOMKOrOBOpHTeJib. 06a ycTpOHCTBa HCnOJib3YIOT BblXO,ll.Hbie TpaHc<f>opMaropbl 
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8b16op JneKTpOHHOii naMnbl no KpMrepltlO HM3KMX MCKOlKeHMii 

JI.Jiff cornacosaHHff 3JieKTpOH}IOH Jl8Milbl c Harpy3KOH H pa6oTalOT B 3BYKOBOM lJ8CTOTHOM 

,u.Hana3oHe. TeM He MeHee, TeneBH3HOHHb1e OTKJIOHfflOW.He KaryllIKH pa3sepTKH npHBO,ll.SIT

Cff B .n.eHCTBHe ynpaBJifflOW.HM TOKOM, a He HanpmKeHHeM K8K B CTaH.n.apTHblX rpOMKoroso

pHreJiffX. K co>KaJieHHIO, orpaHHlJeHHaff HH.llYKTHBHOCTb nep8HlJHOH o6MOTKH l 11 Bb1xo.n.Ho

ro r.paHccpopMaTopa cpopMHpyeT TOK caMOHHJI.YKUHH B .n.onOJIHeHHe K TOKY OTKJIOHff!OW.eH 

KaryllIKH pa3BepTKH, H 3TO 03HalJaeT, lJTO OQW.HA TOK He06XO)l.HMblA OT JiaMnbl reHepaTOpa 

Ka.n.posoA pa3sepTKH HCKa>KeH no cpasHeHHIO c H)l.eaJibHblM TOKOM, Tpe6yeMblM OTKJIOHff

IOll.l,HMH K8TYllIK8MH. Ha npaKTHKe HCnOJib30B8JIHCb MHOrHe cnoco6bl )l.OCTH>KeHHff Tpe6y

eMoA KpHBH3Hbl cpopMbl OTKJIOHfflOW.ero TOKa pa3sepTKH - HanpHMep, HCnOJib30B8HHe 

KpHBH3Hbl BbIXOJI.HbIX xapaKTepHCTHK TpHo.n.a. TaK KaK HH.llYKTHBHOCTb nepBHlJHOH o6MOTKH 

L11 Bbtxo.n.Horo TpaHccpopMaTopa Ka.!l.pos He perynHpyeTCff, Tpe6yeMaff KpHBH3Ha pa3sep

Tbrna10w.ero TOKa )l.0Jl>KH8 6b!Tb ynpaBJiffeMOH, n03TOMY B uenb K8TO)l.8 3JieKTpOHHOA JiaM

nbl BblXO)l.HOro KaCKa.n.a Ka.n.poBOH pa3sepTKH lJ8CTO BKJllOlJ8JICff nepeMeHHblA pe3HCTOp, 

'IT06bl KoppeKTHpOB8Tb JIHHeAHOCTb H306pa>KeHMff no sepTHK8JIH. 

0CHOBH8ff npo6JieMa HCnOJib30B8HHH B ay.n.Ho ycHJIHTeJiffX JiaMn, npe.n.Ha3HalJeHHblX 

JI.Jiff pa60Tbl B reHepaTOpax Ka.n.poBOH pa3BepTKH TeJieBH30pOB, - OTCyTCTBHe K8KHX-JIH6o 

cepbe3HblX Tpe6osaHHH pa3pa60TlJHK8X K HX HCKa>KeHHffM. CBH38HO 3TO c TeM, lJTO, K8K 

ynoMHH8JIOCb Bblllle, )I.Jiff o6ecnelJeHHff rpe6yeMOH JIHHeHHOCTH pa3BepTKH, )l.0CT8TOlJHO 

ycraHOBHTb KaTOJI.HbIH noTeHUHOMeTp - peryJiffTOp. PaHHHe pa3pa6oTKH naMn )I.Jiff Ka.n.po

soii pa3BepTKH, HanpHMep, c.n.soeHHblH TpHO.ll. 6BX7, )l.8IOT llIHpOKHe OTKJIOHeHHff no HCKa

>KeHHffM, no3TOMY T8KHe Jl8Milbl )l.OJl>KHbl OT6Hp8TbCff HH)l.HBH.llY8JlbHO npM HCilOJlb30B8HHff 

B ayJJ.HoTeXHHKe. BepoHTHOCTb o6Hapy>KeHHff napbt naMn c MaJibIMH HCKa>KeHHffMM s OJI.HOH 

KOJI6e HH3Ka, n03TOMY OT6op napbl c M8JlblMH HCKa>KeHHHMH cpe.n.H 0)1.HHOlJHhlX TpHO)l.OB 

6AH4 8H8JIOrHlJHOrO H83H8lJeHHff 6bIJIO 6bl H8MHOro 6onee .n.ellleBOH 8JlbTepHaTHBOH. fio

Jiee no3.n.Hee noKOJieHHe naMn, HanpHMep, ECC82 ( TaK>Ke npe.n.Ha3HatJeHHbIX )I.Jiff HCnOJib-

30BaHHH B reHepaTopax Ka.n.poBOH pa3BepTKH TeJieBH30pOB) H3BJieKJio noJib3Y H3 ynylJ

rneHHOH TeXHOJIOrHH npOH3BO)l.CTBa H HCKa>KeHHff KpatiHe YHHcpHUHPOB8Hbl OT 3K3eMnJIHpa 

K 3K3eMnJIHpy: OHH e)l.HH006pa3HO nJIOXHe. 

3.12.3. flpo6neMO Kap60HHpOBOHHJI 60RROHOB ROMO 

Ell.l,e .ll.eKeT ( Deketh) no.n.qepKHBaJI, lJTO He see 3JieKTpOHbI, JI.BHra10w.HeCff K aHo.ny naMnbl 

npHTHrHB8IOTCH - HeKOTOpbie «npOM8XHB810TCff» H CT8JIKHB810TCH c 6aJIJIOHOM Jl8Milbl 

(KOJI6oA), nopo>K,!1,aH BTOpH'IHYIO 3MHCCHIO. 8TopH'IH8ff 3MHCCHH HBJiffeTCff B8>KHOH, noro

MY lJTO OHa 03HalJaer. lJTO KOJI6a, IlOTepffBlllaH 3TH C8Mble BTOpHl!Hble 3JieKTpOHbl, npH06-

peraeT OTPHUaTeJibHblH 38pH.n., KOTOpblH HCKpHBJiffeT nyTb 3JieKTpOHOB OT KaTo.n.a K aHo.ny, 

'!TO npHBO)l.HT H yxy.n.llleHHIO JIHHeHHOCTH JiaMnbl. .LI.eKeT paccMaTpHB8JI HCKa>KeHHH npH 

BblCOKHX aMnJIHTYJI.8X B MOW.HblX JiaMnax H IlOK838JI, lJTO Kap60HH3HpOB8HHe BHyTpeHHeH 

nosepxHocrH KOJ16b1 ffBJIHeTCff seCbMa none3HbIM, noToMy LJTO yMeHblllaeT BTOpHtJHy10 

3MHCCHIO. B TO speMff HHKOro He BOJIHOB8JIH ay.n.Ho HCKa>KeHHff < l %. H .LI.eKeT He MOr 

HMeTb .n.ocryna K 3BYKOBOMY cneKTpaJibHOMy 8H8JIH38TOpy, n03TOMy OH He ny6JIHKOB8JI 

pe3yJibT8Tbl HCKa>KeHHH 6onee HH3Koro ypoBHff. TeM He MeHee, H3MepeHHff aBTOpa npH 

yposHe CHrHaJia +28 .n.fiH (= 19,5 B .n.eiicTBy10w.ero 3HalJeHHff HanpH>KeHHH) noKa3bIBaIOT 
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McKOlK9HMJI B ycMnMTenJIX, MX MJMepeHMe, Mepbl no CHMlK9HMIO MCKOlK9HMM 

cymecTBeHHO yMeHbllJeHHbie (:::: -6 .n.B) HCKa>KeHHff JI.Jiff naMn THna 6SN7' HMeIOI.UHX Kap-

60HH3HposaHHYIO Kon6y, no cpasHeHHIO c HenoKpblTbIMH KOn6aMH. 

3.12.4. flpo6neMa paJMQfHH'IHBOHHR naMn 

HanpasneHHe 3neKTpoHHoro nornKa s naMnax onpe.n.enffeTCff npe>KJI.e' scero 3neKTpH11e

CKHM noneM aHo.n.a, HO scer.11.a Hy>KHO noMHHTb, 11To 3neKTpOHbI TaK>Ke MOryT 6bITb OTKJIO

HeHbl MarHHTHbIMH nonffMH. MarHHTnoe none aeMnH .n.osonbHO cna6oe, TaK 11To Mano

sepoffTHO, 11TO opHeHTHpOBKa naMnbI B n1060M KOHKpeTHOM HanpasneHHH nosnHffeT Ha 

HCKa>KeHHff, HO MHorne 3neKTPO.ll.bl naMn 11acrn.11.enaIOTCff H3 HHKenff, KOTOpblH MO>KeT ner
KO HaMarHHTHTbCff. EcnH KOHCTPYKU.Hff naMnbI BbmonHeHa H3 KOHU.eHTpH11ecKHX U.HnHHJI.

pH11ecKHX 3neKTPO.ll.OB, MarHHTHbie OTKJIOHeHHff He HMeIOT 3Ha11eHHff, paase TOnbKO OHH 

aacTaBffT 11acTb 3neKTpoHos nponeTaTb MHMO aHo.n.a, Ho Kopo611aTaff KOHCTPYKU.Hff He HMe

eT pa.n.HanbHOH CHMMeTpHH, n03TOMy ropH30HTanbHOe MarHHTHOe OTKJIOHeHHe MO>KeT 

BnHHTb Ha TOK aHo.11.a. • 

Jiy11eBbie TeTpOJI.bl c COBMemeHHblMH ceTKaMH HaH6onee qysCTBHTenbHbl K MarHHT

HblM nonffM, nOTOMY 11TO sepTHKanbHOe MarHHTHOe OTKnoHeHHe Bbl3bIBaeT nepexsaT 3K-

1paHHpy10meii ceTKOH nnoCKHX 3neKTpOHHblX ny4KOB BMeCTO Toro, 11T06bl nponycKaTb HX 

Me>KJI.Y sepTHKanbHO BblpOBHeHHblMH BHTKaMH. TaKHM o6pa30M, MarHHTHOe none MO>KeT 

H3MeHHTb COOTHOllJeHHe aH0.11.HOro H 3KpaHHOro TOKOB t/!C2, H 6b1no 6bl aa6ny>KJI.eHHeM 

npe.n.nono>KHTb, 11TO 3TO He BnHffeT Ha HCKa>KeHHff. HecKonbKO neT Haaa.11., HCnOJib3Yff 

KarylllKy, npe.11.uaaHa11eHHYIO JI.Jiff pa3MarHH4HBaHHff TeneBH3HOHHblX KHHeCKOnos, asTOp 

s lllYTKY paaMarHHTHn naMny THna KT88 (nyqesoii TeTpo.n. c cosMemeHHbIMH ceTKaMH) 

ycHnHTenff MOI.UHOCTH, H see ycJibllllanH He6onbll10e OTnH11He B Ka4eCTBe 3sy11aHHff ycH

nHTeJiff! 

Hy>KHO npHHffTb BO BHHMaHHe, 4TO paaMarHH'IHBaHHe Tpe6yeT, 4T06bl MarHHTHblH Ma

TepHaJI 6bin .11.ose.11.eH .11.0 HaCbII.UeHHff B ·o60HX HanpasneHHffX, a 3aTeM nnaBHO CHH>KaTb 

paaMarHH4HBa10mee none, yMeHblllaff neTnH rncTepeaHca .n.o Tex nop, noKa ocTaT011HbIH 

MarHeTH3M He 6y.n.eT paseH Hyn10. TaKHM o6paaoM, HaMarHH'IHBaHHe, H paaMarHH'IHBaHHe 

.n.ocTHrHYTO pellleHHeM s no6 - KaryllJKa paaMarHH4HBaHHff 6b1J1a LO» (250 MM) s JI.HaMeT

pe, noTpe6Jiffff 750 BA, H pacc4HTaHa TOnbKO JI.Jiff nepHOJI.H11ecKoro HcnonbaosaHHff. 

3.12.5. Heo6xo1111Mocrb recr11posaHHR 11/IJI or6opa Jne«rpoHHb/X naMn 
C MQDb/MH HCKOJKeHHRMH 

OpH npoeKTHposaHHH KaCKa.n.os ycHneHHff MOI.UHOCTH aa11acry10 so rnasy yrna CTaBHTCff 

npo6JieMa nony4eHHff MaKCHManbHOH MOI.UHOCTH, a 0 Heo6XOJI.HMOCTH MHHHMH3aU.HH HCK8-

>KeHHH scnoMHHBIOT nHlllb so BTopy10 otfepe.n.b, 4TO HenpaBHJibHO. Xorn, npH 6onbllJHX 

ypOBHffX CHrHana, tfTO H HMeeT MeCTO 6b1Tb B KacKa.11.ax ycHneHHff MOI.UHOCTH, Tpe60B8HHff K 

HCKa>KeHHffM 6oJiee MffrKHe, He>KenH, 11eM B KacKa.n.ax npe.11.sapHTenbHOro YCHJieHHff, paoo-
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8b16op lneKTpOHHOM naMnbl no Kp1uepM10 HIHlCMX MCKOlK8HMM 

ra10m11x npw MaJJbIX c11rnanax. B caMbIX nepBbIX KacKa.n.ax npeJlsapHTeJJbHOro ycwneHHSI 

Ha,11. npo6JJeMOH HCKa>KeHHH npeB8JlbHpyeT npo6JJeMa HH3KOfO ypOBHSI co6cTBeHHblX wy

MOB H BblCOKoro K03<f:>qmu.HeHTa YCHJleHHSI, l.fTO ycneWHO pewaeTCSI npHMeHem1eM cne-. 

l.\HaJibHbIX ManowyMsim11x naMfl c BbICOKOH KPYTH3HOH. TeM He Mettee, npHMeHeHHe s Kac

Ka}lax yc11neHHS1 naMn, 06J1a}la10m11x HH3KHMH HCKa>KeHHSIMH, .scer,u.a cnoco6cTByeT 

ynyl.fweHHIO Kal.fecrsa 3BYl.f8HHSI yc11n11rensi. 

IloCKOJlbKY, Ha116onee >KeCTKHe rpe60B8HHSI no HCKa>KeHHSIM npe,11.'bSIBJISllOTCSI K npo

Me>KyTOl.fHblM K8CKa,U.aM YCHJIHTeJJSI, OT KOTOpblX He Tpe6yeTCSI HH nOBbIWeHHOH MOll.\

HOCTH, HH oco6o HH3KOro ypoBHSI wyMOB, TO OT JIHHeHHblX JJaMn He Tpe6yercsi H oco6o 

BbICOKOH Kpyrn3Hbl. Bb1COKHH sHyTpeHHHH crarnl.feCKHH Ko3<f:><f:>11u,weHT ycwneHHH µ 
naMnb1 MO>KeT 6bITb raK>Ke He)f<eJJareneH, nocKOJJbKY B ycHJJHTensix l.facro npe,11.nonara

eTCSI HCnOJJb30B8HHe Herny6oKOH OTPHU.8TeJlbHOH o6paTHOH CBSl3H, l.fT06bl yMeHbWHTb 

HCKa>KeHHH. K co)f{aJieHHIO, OoJJbWHHcrso naMn c HH3KHM µ 6b!JJH pa3pa6oraHb1 JI.JISI 

reneBH3HOHHOH Ka,11.pOBOH pa3BepTKH, n03TOMY HX HCKa>KeHHSI He BHyrnaIOT .u.osepHS!, 

noKa He npose,11.eH HH,ll.HBHJlY8JlbHblH or6op. 50JJbWHHCTBO >Ke 3JleKTpOHHblX JJaMn, 

npHro,11.HblX ,11.JISI ycHJJeHHSI 3BYKOBOH l.faCTOTbl, HMeIOT cpe,11.HHH µ, H noJie3HYIO MOll.\

HOCTb Pa(M-•cl < 5 Br. 
JlaMnbI cepHH SN7 w11p0Ko pacnpocTpatteHbI, KaK naMnb1 c MaJibIMH HCKa)f{eHHHMH, HO 

HaCKOJlbKO xopowo OHH onpaB,U.blB8IOT CBOIO penyrau,HIO? YIMeSI BBHJlY, l.fTO 3JleKTpOHHble 

JiaMnbl 3TOH cepHH co6wpaJIHCb spy'IHYIO H Hl\ieIOT 60JibWOH npOH3B0,11.CTBeHHblH .u.onycK, 

HMeeTCSI JJH «nyqwasi» naMna HJJH H3fOTOBHTeJib co cpe,11.HHMH µ? B nocJJe.u.yIOll.\HX pa3,11.e

nax HIU.YTCSI OTBeTbl Ha 3TH BonpOCbl, npHB0,11.SI OTl.feTbl 0 npoeepKe Bb16paHHblX JiaMn co 

cpe,11.HHMH µ B H,11.eHTHl.fHblX pe>KHMaX. 

3.12.6. CxeMa nposepKH 
EcJJH rpe6yeTCSI yCHJIHTeJibHblH KacKa,11. c MaJiblMH HCKa>KeHHSIMH, TO B Kal.feCTBe T8KOBOfO 

u.enecoo6pa3HO npHMeHHTb HeCHMMeTpHl.fHblH K8CK8,ll. c aKTHBHOH Harpy3KOH HJIH ,11.11<f:><f:>e

peHU,H8JlbHYIO napa c pe3HCTHBHOH Harpy3KOH H npweMHHKOM HeH3MeHSIIOlll.erocSI TOKa 

B u.enw KaTo,11.a. KaK y>Ke rosop11nocb Bbiwe, cxeMorexHHl.feCKHMH npHeMaMH MO>KHO 

yMeHbWHTb HCK8)f{eHHSI, HO MHOroe 33BHCHT H OT caMOH JJaMnbI. 11o,u.6op JJaMn c M3JlblMH 

HCKa>KeHHSIMH scer.u.a rpy,11.HaSI 3a,11.al.fa, 'rpe6yIOmasi H3MepeHHSI HCKa>KeHHH B KaCKa,11.e 

npe,11.HaMepeHHO pa3pa6oraHHOro c M8Jlb1MH HCKa>KeHHSIMH, npHl.feM JI.JISI o6'beKTHBHOH 

ou,eHKH Ha116onee none3Hbl pa3Hble yCJioswsi npoeepKH. 

EcJIH n03>Ke, HCnOJJb30B8Tb ronOJJOrHIO cxeMbl, KOropasi He MHHHMH3HpyeT HCKa>Ke

HHSI, H BblSICHHTCSI, '-ITO JiaMna «A» npH 3TOM 3BYl.fHT nyqwe, LieM JJaMna «B »,TO 3TO noro

My, LITO 3JieKrpoHHasi naMna «A» no,u.xo,11.11r JI.JIH 3TOH rononorHH cxeMbl nyqwe, LieM naMna 

«B», a He noroMy, l.fTO naMna «A» «nyqwe », l.feM naMna «B». 

KaK ynoMHHanocb pa Hee, 11c1<a>1<eHHS1 ycwn11renS1 Ha rp110,11.e B ocHOBHOM 06ycnaen11ea

IOTCS1 H3MeHeHHeM BHyrpeHHero conpornsJJeHHSI JJaMnbl 'a c H3MeHeHHeM 8HO,ll.HOro TOKa 

la. Ilpw ycnOBHH, l.fTO conporweneHHe Harpy3KH KaCKa,u.a R,, >> ra, H3MeHeHHe H3 r" He3Ha

LIHTeJJbHO, raKHM o6pa30M HCKa>KeHHH Moryr 6bITb yMeHbWeHbl MaKCHMH3au,11el1 R,,. Kpo

Me Toro, 3JieKrpoHHasi naMna .u.on>KHa nponycKaTb .u.ocraro:HbIH TOK atto,11.a JI.JIH ycTaHOBKH 
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l1cKa>KeHHl1 B yc11n11ren11x, ltX llJMepeHHe, Mepbl no CHlllK8HlllO llCKOlK8HHii 

ee pa6ol!eH TO'-IKH BHe TO'-IKH 06bll!HOro cxo>K.ii.eHHH aHO,ll.HbIX CT8TH'-leCKHX xapaKTepHCTHK 

npH MaJibIX TOKax. B COOTBeTCTBHH c BbIWeCKa3aHHblM, 3JieKTpOHHbie JiaMnbI 6binH onpo-

60B8Hbl B µ-nOBTOpHTeJie (pHC. 3.22), nponycKaJOmeM TOK aHo.n.a = 8 MA. Ha HHTH HaKaJia 

no.n.asaJicH cra6HJIH3HposaHHbIH nocTOHHHbIH TOK. B 3TOH cxeMe, aKTHBHaH HarpyaKa Tec

THpyeMoA JiaMnbI 3KBHBaJieHTHa R,, = 800 KOM. 3To .n.aneKo He caMaH 6oJibWaH BeJIH'-IHHa, 

0,ll.H8KO 38Be,ll.OMO 60JibWe, l!eM o~ecnel!HBaeTCH B o6bll!HOM pe3HCTOpHOM K8CKa,ll.e ycHJie

HHH, r.n.e npH Tex >Ke 800 KOM pea11cTHBHoA Harpy3KH norpe6osaJJocb 6b1 BbICOKoe HanpH

>KeHHe nHTaHHH 6,4 KB. 

1k 

1M 

.-----...------u+390V 

cheap 
red 
LED 

P11c. 3.22 Cxe.Ma npoBeptw Aa.Mnbl co cpea1ttt.M µ 

3.12.1. YposHH H 'lacrorbl nposepo'IHoii cxeMhl 

00CKOJibKY O>KH,ll.aeTCH HH3KHH ypoBeHb HCKa.>KeHHH, TO JiaMnbI ,ll.OJl>KHbl 6bITb onpo60B8Hbl 

npH .ll.OCTaTO'-IHO BbICOKOM ypoBHe BblXO,ll.HQrO CHrHaJia, l!T06bI HCKa.>KeHHH 6bIJIH nerKO H3-

MepHeMbl, HO HH>Ke ypoBHH orpaHHl!eHHH. YposeHb +28 .n.BH ( = 19,5 B .11.eiicTBy10mero 3Ha

lleHHH HanpH>KeHHH) OK838JICH xopoWHM KOMnpoMHCCOM, no3TOMY BCe 3JieKTpOHHbie JiaM

nbI HCnbITbIBaJIHCb npH q:mKCHpOBBHHOM ypOBHe BXO,ll.HOro CHrHaJia, l!T06bl BbJ,ll.aBaTb TO'-IHO 

+28 .n.BH Ha BbIXO,lle. 11cKa>KeHHH BO Bcex nposepeHHblX JiaMnax npHMO nponopUHOHaJibHO 

ypoBHIO, n03TOMY HCKa)l{eHHH npH 6onee HH3KHX ypoBHHX MOryT 6b1Tb 3KCTpanOJIHpOB8Hbl 

H3 peayJibTaTOB y>Ke npoBe,lleHHblX HCnbIT8HHH. 
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8b16op JneKTpOHHOii naMnbl no KpHTep1tlO HltlKltX ltCKOlK8Hltii 

Xorn nepBOH8'18JlbHO JiaMnbl nposepHJIHeb npH t.taeTOT8X BXO,ll.HOrO eHrH8JI8 120 ru., 

I Kfu. H 10 KfU., HeKa>KeHHH nposepHeMOH exeMbl eoseprneHHO He 38BHeHJIH OT t.taeTOTbl, 

n03TOMY snoene,lleTBHH 3neKTpOHHhie naMnhI TeeTHposanHeh TOJibKO npH I Kfu. . .llnH 

60JiblllHHeTB8 JiaMn, rapMOH0HKH Bblllle 6-ti 6bIJIH cnHllJKOM cna6bl JlJIH H8,lle>KHOro H3Me

peHHH, no3TOMY H3MepeHHH BbinOJIHHJIH,eb TOJibKO ,ll.O 6-H rapMOHHKH BKnIO'IHTeJibHO. 

3.12.8. Pe1ynh rarbl HCnh1raHHii 
Bee onpo6osaHHhie 3JieKTpottHhie naMnhI 6binH H3 eTapbIX aanaeos asTopa 3Toti KHHrH, rn

KHM o6p830M, eaMbie HOBbie JiaMnbI xpaHHJJHeb no KpatiHeH Mepe 20 noJJHblX JJeT' a eaMble 

eTapbie 50. DoeKOJJbKY MHOrHe JJ8Mnbl eHHTbl e npOH3BO,lleTB8 ,lleeHTHJieTHH H838,ll, HeKOTO

pbie THnbI HMeJIHeb B H8JIH'IHH TOJlbKO B HeeKOJibKHX 3K3eMnJIHpax. 

Heo6pa6oTaHHbie .lJ.8HHbie H3MepeHHH 6bIJJH npoattaJJH3HposaHbI B 3JieKTpOHHbIX rn6-

JJHU.ax, H paa6HTbl Ha pa3JIH'IHbie rpynnbI, 3H8'1HTeJibHO OTJIH'-181-0lll.HeeH ,llpyr OT ,llpyra no 

peaynbTaTaM. 

B eneJJYIOlll.eti rn6nHu.e (rn6n. 3.6) npHBe,lleHbI peayJJbT8TbI TeeTHposaHHH naMn eepHti 

6SN7GT/ 12SN7GT H HX npHMbIX.3KBHBaneHTOB. KonHt.teeTBo 3K3eMnnHpos oaHat.taeT t.tHeno 

HH,ll.HBHJJY8JJbHbIX nposepeHHbIX TpHO,ll.OB, a He 6aJIJJOHOB (y JiaMn 3TOH eepHH B O,ll.HOM 6aJJJIOHe 

CMOHTHpOB8HO no ,ll88 TpHO,ll.8 ). µ Ta6JJHU.e npHBe,lleHbl yepe,ll.HeHHbie peayJJbT8Tbl H3MepeHHH 

HeKa>KeHHH no 2-ti, 3-eti H 4-ti rapMOHHK8M JlJIH Ka)K,ll.oro THna JJaMn, a TaK>Ke npHBe,lleHbl 

cpe,ll.HeKB8,llp8THt.teeKHe OTKnOHeHHH 3THX BenH'IHH y JlJIH rpynnhl JI8Mn O,ll.HOro THna. 

Ta6nM1.4a 3. 6 

TMn Kon1o111ecTao 2-R (J 3-R (J 4-R d 

6SN7GT /12SN7GT 44 -50 3,6 -85 8,4 -96 5,9 
7N7 82 -52 3,3 -85 8,6 -97 6,7 
14N7 62 -52 3,3 -85 8,6 -97 6,7 
'iepHeHHble 6SN7GT 6 -54 1,8 -94 5,6 
'iepHeHHb1e CV1988 12 -57 2,6 -85 7,2 -93 4,2 
12SX7GT 12 -50 1,9 -83 3.2 -94 6,0 
GEC/Marconi 836 6 -51 2,0 -90 8, 1 -88 2,0 
6J5GT (pa31111~Hble) 6 -50 4, 1 -82 12,7 -97 3, 1 
Pinnacle 6J5GT 138 -52 2,6 -90 6,7 -96 3,9 
RCA6J5 15 -47 4,8 -84 8,3 -89 7,7 
GEC L63 5 -50 1,6 -86 4,4 -89 4,4 
7A4 3 -48 0,2 -73 1,6 -93 1,2 

B eneJJYIOlll.eti rn6JIHU.e (rn6n. 3.7) ttopMaJIH30B8HbI peaynbT8TbI HenbIT8HHH HeKa>Ke

HHH naMn eepHti 6SN7GT / l 2SN7GT, npe,llernsnettttble B BH.lle, yAo6ttoM JlJIH epasHeHHH. 

3.12. 9. HHrepnpera1.1Hn HJMepeHHii 
11aroTOBHTeJIH yTBep»<JI.81-0T, '!TO Bee O,ll.HOTHnHble 3JJeKTpOHHbie JJaMnbI HBJIHIOTeH 3JJeKT

pH''.!eeKH 3KBHBaJieHTHbIMH H HMeIOT tteattat.tHTeJibHbIH paa6poe napaMeTpos. TeM He Me-

247 



McKoJKeHMJI a ycMnMrenJ1x, MX MJMepeHMe, Mepb1 no CHMJKeHMIO MCKOJKeHMii 

Hee, HMeJOTCH cyw,ecTBeHHhie pa3nH'IHH Me>f<.UY naMnaMH, H none3Hbie 3aKJI10lleHHH Moryr 
6b1Tb BbIBe)l.eHbl H3 cne.ny10w,eH BTOpOH Ta6nHUbl (Ta6n. 3.7): 

Ta6n111L(a 3. 7 

Ti.tn KonM'leCTBO 2-R 3-R 4-R 

A6 OTHOW8- A6 OTHOWe- A6 OTHOW8-

HMe HM& HM& 

6SN7GT /12SN7GT 44 0 0 0 1 
7N7 82 -2 0,79 0 -1 0,89 
14N7 62 -2 0,79 0 -1 0,89 
Kap6oHH3HpoaaHH~e 6 -4 0,63 -9 0,35 -14 0,2 
6SN7GT 
Kap6oHH3HpoaaHH~e 12 -7 0,45 0 +3 1,4 
CVl988 
12SX7GT 12 0 +2 1,26 +2 1,26 
GEC/Marcom 636 6 0 -5 0,56 +8 2,5 
6J5GT (pa3nWIH~e) 6 0 +3 1,4 -1 0,89 
Pinnacle 6J5GT 138 -2 0,79 -5 0,56 0 1 
RCA6J5 15 +3 1,41 +1 1, 12 +7 2,2 
GECL63 5 0 1 -1 0,89 -3 0,71 
7A4 
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3 +2 1,26 +12 4 +3 1,4 

• ::ineKTpOHHble naMnbl c Kap60HH3HpoBaHHblMH CTeKJIHHHblMH Kon6aMH reHepHpy10T 
MeHbWe HCKameHHH. )leKeT nHcan, 'ITO Kap6oHH3HpOBaHHbie KOn6bl yMeHbWalOT 
HCKameHHff npH MaKCHManbHOH MOll.l,HOCTH, HO 3Ta cepHH HCnbITaHHH noKa3blBaeT, 
'ITO ynY'IWeHHe nponopuHoHanbHO ypoBHIO, H 'ITO Kap60HH3HpoBaHHble Kon6bl cy
w.ecTBeHHO yMeHbWalOT HCKameHHff Ha ManbIX aMnnHry)l.ax; 

• naMnhI THna RCA 6J5 HMeJOT 3HalIHTenbHO 6onee BbICOKHe HCKameHHH, lleM THn 
6J5GT, B03MO»<HO H3-3a ysenH'leHHOro KOnH'lecTBa HOHOB, nopo)f{)l.aeMbIX BbJ)l.e
neHHeM ra3a MeTannH'leCKHMH KOn6aMH, 'ITO Bbl3bIBaeT ysenH'leHHe ceTO'IHOro 
TOKa; 
HecMoTpH Ha' HanH'IHe npo3palIHOH Kon6bl, naMna 6J5GT ( C)l.enaHa B CCCP 
B 1930-e rO)l.bl) reHepHpyeT OlleHb HH3KHe HCKameHHff - cyw,ecTBeHHO nyllwe, lleM 
n106h1e J!.pyrne npe)l.cTaBHTenH naMn cepHH 6J5GT; 
uoKonh naMn rpynnhI Loktal TM 6h1n cneuHanbHO pa3pa6oTaH, 'IT06h1 yMeHhWHTb 
napa3HTHYIO eMKOCTb H HHJl.YKTHBHOCTb, y)l.aneHHeM CTeKnffHHOH rpe6eWKOBOH 
HO»<KH, Tpe6yeMOH JJ.JJH uoKoneA Octal, cne)l.oBaTenbHO, naMnhI cepHH 6SN7GT/ 
12SN7GT HMelOT napa3HTHYIO eMKOCTb c.c = 4 n<t>, TOr)l.a KaK naMna THna 7N7 
HMeeT napa3HTHYIO eMKOCTb c.c = 3 n<t>; 
HeKOTOpbie ::ineKTpOHHble naMnbI 6hlnH OT06paHbl )l.Jlff TecrnpoBaHHff H3 CTaH)l.apT
HOH npOH3BO)l.CTBeHHOH nHHHH HX H3roTOBHTenHMH. 3TOT TeCT He noKa3an 3HalIH
TenbHOro OTnH'IHff B HCKameHHffX )l.Jlff naMn THna l 2SX7 ( pa3HOBH)l.HOCTb naMn ce
pHH l 2SN7GT, orn6paHHbIX no KPYTH3He xapaKTepHcTHKH npHMOH nepe)l.a'IH npH 
Va= 28 B) no cpasHeHHIO c o6bllIHblMH naMnaMH cepHH 6SN7GT/12SN7GT; 

• HenHHeHHble rapMOHH'leCKHe HCKameHHff no 3-H rapMOHHKe 0)1.HHO'IHOro TpHO)l.8 
THna 7 A4 c uoKoJieM Loktal ™ srnnHJOTCH olleHh HeYTeWHTeJibHbIMH, HO TaK KaK 



8&16op 3neKrpOHHOM naMnbl no Kp1nepM10 HM3KMX llCKO>KeHMM 

TOJlbKO TpH o6pa3U8 6h!JIH .11.0CTynHbl .ll.JIH HCCTblT8HHH, TO pe3yJJbT8Tbl CTaTHCTH'·!eCKH 

He 6e3ycJJOBHbl. 

CeMeHCTBO JJaMn *SN7GT H3roTaBJJHBaJJHCb c 4eTblpbMH pa3JJH4HbJMH KOHCTPYKUHH

MH HHTH H8K8Jla H Ha pa3Hble H8K8JlbHble Hanpff>KeHHH, no3TOMY B CJ1e.11.y10meii Ta6JIHUe 

(ra6JJ. 3.8) cpaBHHB8IOTCH pa3JIH4Hble THCTbl. 

Ta6n1111..{a3.8 

HanpRJKeHHe TOK MOLL(HOCTb HHTH HaKana 

6SN7GT 6,3 B 600MA 3,78 BT 
8SN7GT 8,4 B 450MA 3,78 BT 
12SN7GT 12,6 B 300 MA 3,78 BT 
25SN7GT 25 B 150MA 3,75 BT 

KaK MO>KHO 3aMeTHTb H3 rn6JJHUhl, MOI..UHOCTb HHTH HaKaJJa HBJJHeTCH no4TH H.ll.eHTH4-

HOH ,Ll,TIH K8}!{.ll.Oro rnna. <l>H3Hl!eCKH, JJaMna rnna 6SN7GT HMeeT HHTH H8K8Jl8, BMOHTHpo

B8HHble BHYTPH napaJJJJeJlbHO, TOf.11.8 K8K JJaMna rnna l 2SN7GT HMeeT Te >Ke HHTH, BMOHTH

posaHHbie nocJJe.11.osaTeJJhHO, npH4eM KOHCTPYKUHH no.11.orpesaTeJJH H.11.eHTHl!HaH, no3TOMY 

HcKa>KeHHH .11.oJJ>KHhI 6h1Th no.11.06Hh1e. B cJ1e.ny10meii rn6JJHUe (rn6JJ. 3.9) 6oJJee no.11.po6Ho 

cpaBHHB8IOTCH HCKa>KeHHH JJaMn THCTOB 6SN7GT H 12SN7GT. 

Ta6n1111..{a3.9 

Konff'1ecTso 2-R a 3-R a 4-R a 
6SN7GT 28 -50 3,5 -83 8,9 -96 5,7 
12SN7GT 16 -51 3,8 -87 7,3 -97 6,5 

.Use JJaMnhI no.11.06HbI - pa3HOCTb Haxo.11.HTCH B npe.11.eJJax norpeurnocrn. 

CTo.11.06HblM o6pa30M, MO>KHO cpaBHHTb H Jl8MCTbl THCTOB 7N7 C l 4N7 (rn6JJ. 3.10). 

Ta6n1111..{a 3. 10 

HanpRJKeHHe TOK MOLL(HOCTb HHTH HaKana 

7N7 6,3 B 600MA 3,788T 
14N7 12,6B 300MA 3,78 BT 

CHoBa MO>KHO O>KH.11.8Tb, 4TO HCKa>KeHHH y 3THX .11.syx rnnos JJaMn 6y.nyT no.11.06Hbl (pe-

3YJJbTaTbl H3MepeHHH npHse.11.eHbl B Ta6JJ. 3.11 ). 

Ta6n1111..{a 3. 11 

KonH'lec"fso 2-R a 3-R a 4-R a 
7N7 82 -52 3,3 -85 8,6 -97 6,7 
14N7 62 -52 2,4 -88 7,8 -95 6,4 

00.11.se.11.eHHe HTOfOB: - pa3JIH4HH Me>K.ny Jl8MCT8MH, HMelOLl.J,HMH pa3JIH4Hble HanpH>Ke

HHH HHTH HaKaJJa npH 0.11.HH8KOBOH HX KOHCTPYKUHH, JJe>KaT B npe.11.eJJaX norpeWHOCTH. 3TO 

xopowaH HOBOCTb, nOTOMY lJTO 3TO 03H84aeT, 4TO Mbl He 06H38TeJJbHO .11.0Jl>KHbl HCCTOJlb30-

249 



McKOJKeHHll B ycHnHren11x, HX HJMepeHHe, Mepbl no CHHJKeHHIO HCKOJKeHHM 

BaTb 6onee noporocTOHW.He 3neKTpOHHble naMnbl c HHTblO HaKana 6,3 B, a MO>KeM Hcnonb-
30BaTb neweBbie H 6onee pacnpocTpatteHHbie 3neKTpOHHb1e naMnb1 c HHTblO HaKana 12,6 
B, H Hacna>KJ{aTbCH yMeHbWeHHeM HHJlYl..lHpOBaHHbIX noMex OT HCTO'-IHHKa npOMbilllneHHOH 
'-18CTOTbl, Bbl3B8HHOe yMeHbWeHHeM TOKa HHTH HaKana. 

B nanbtteflweM H3no>KeHHH aBTOP npHHHn onpeneneHHYIO ycnoBHOCTb, KOTOpaH 6y
JleT Hcnonb30BaTbCH B 3TOH KHHre. YcTaHOBHB, '-!TO naMnbl THnoB 6J5GT, 6SN7GT, 
12SN7GT, 7N7' l 4N7 HBnHIOTCH 3neKTpH'-1eCKH nO'-ITH HJ{eHTH'-IHblMH, H '-!TO naMnbl THnOB 
8SN7GT H 25SN7GT TaK>Ke nono6HbI, B uenHx H36e>KaHHH JlJIHTenbHblX nepe'-!HcneHHH, 
3TO ceMeHCTBO 6yneT H83bIB8TbCH *SN7 /*N7. 0JlH8KO, He cne.nyeT nYT8Tb 3TY rpynny 
c naMnaMH THna 6N7' napaMeTpbl KOTOpbIX HHbie. 

3.12.la Anb repHOTHBHble JR8KTpDHHble naMnbl co cpeRHHM µ 
B cne.ny10w.el1 rn6n11ue ( Ta6n. 3.12) noKa3aHbl B03MO>KHbie anbTepHaTHBbI JlJIH 3aMeHbI 
naMn ceMel1eTBa *SN7 /*N7. TaK>Ke, KaK H B npeJ{b1.nyru11x cnY'-laHx, B rn6n11ue npHseneHbl 
ycpenHeHHble ypoBHH 2-H, 3-H, 4-H rapMOHHK H cpenHeKB8Jlp8TH'-leCKHe OTKnOHeHHH HX 
3H8'-leHHH )1,JIH BbI6opKH naMn. 

Ta6nvrl(a 3. 12 

TMn ~ KonM'lecTao 2-R a 3·R a 4-R a 5·R a 6-R a 
7AF7 16 4 -38 0,3 -62 1,5 -74 0,6 -89 4,2 -91 5,7 
ECC82/12AU7 / 18 28 -37 -56 1,4 -73 3,9 -86 6,6 -96 3,1 
8329 
E182CC/7199 18 30 -45 1,7 -70 1,5 -92 3,7 
E288CC 20 14 -49 1,3 -69 0,9 -89 5,4 -95 7,2 -96 4,9 
37 9 9 -45 0,6 -69 4,9 -87 5,7 -88 10,1 -86 14,2 
5687 (pa3n111'1Hble) 16 22 -49 1, 1 -72 1,7 -91 3;'9 
Phillps 5687WB 16 14 -42 2,5 -68 2,8 -92. 2,4 
6350 20 26 -44 1,4 -65 2,4 -84 2,4 -98 6,2 

JI.nH Ka>KJ{OH naMnb1, cTaTH'-!ecKHH BHYTpeHHHH K03cj:>cj:>HUHeHT yc11neHHH µ 6bin onpe
neneH no 8HOJlHblM CT8TH'-leCKHM xapaKTepHCTHKaM )1,JIH pa6o'-leH TO'-IKH c aHOJ{HbIM TO
KOM 8 MA. 

Cne.ny10w.aH Ta6nm.1.a ( Ta6n. 3.13) no3BOnHeT 6bICTpo cpaBHHTb 3TH anbTepHaTHBHble 
sapHaHTbI, HOpMHPYH Hx HcKa>KeHHH, no cpastteHHIO c naMnaMH cepHH 6SN7GT / l 2SN7GT. 

Pe3ynbTaTbI rosopHT caMH 3a ce6H. Bee anbTepHaTHBHbie sapHaHTbI HBnHIOTCH xy>Ke 
ceMeHCTBa *SN7 /*N7, H npoH3BO.ll.HT cyw.ecTBeHHO 6onbllle HCKa>KeHHH Ha caMOH HenpH
HTHOH JlJIH '-lenose'-!ecKoro socnpHHTHH 3-11 rapMOHHKe. 

Qi.soeHHbIH TpHOJl c uoKoneM Loctal THna 7 AF7 H cnsoeHHblH TpHOJl THna B9A ECC82 
HBnHIOTCH npaKTH'-leCKH HenpHeMneMJ>IMH )1,JIH npHMeHeHHH B BbICOKOKa'-!eCTBeHHblX ycH
nHTenHX. BecbMa B03MO>KHO, '-!TO 3TH 3neKTpoHHbie naMnb1 HMelOT KOHCTPYKl..lHIO 3neKTpo
JlOB, KOTOpaH cymecTBeHHO yMeHbllJaeT napa3HTHYIO eMKOCTb c.c no cpaBHeHHIO c Cli.MeH-
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8bl6op JneKTpOHHOM naMnbl no KpKrepKIO HKJKKX KCKOlKeHKM 

CTBOM naMn *SN7 /*N7 (2,3 net> H 1,6 net> no cpasHeHHIO c 4,0 net>). 3TH HCnbITaHHSI no
K83bIBaJOT' 'ITO Heo6xo,ZI.HMble Mepbl no yMeHbllleHHIO eMKOCTH c.c B crpyKrype sneKTPO.ZI.OB 
MOryT He6naronpHHTHO BnHHTb Ha HCKa>KeHHSI. 

Ta6nHL1a 3. 13 

TMn KOllM'l8CT80 2-R 3-R 4•R 

A6 OTHOWe• A6 OTHOWB· A6 OTHO We• 

HM& Hiiie HM& 

6SN7GT /12SN7GT 44 0 0 0 1 

7AF7 4 +12 4 +23 14 +23 14 

ECC82/12AU7 /B329 28 +13 4,5 +29 28 +23 14 

E182CC/7199 30 +5 1,78 +15 5,6 +4 1,58 

E288CC 14 +1 1,12 +16 6,3 +7 2,2 
37 9 +5 1,78 +16 6,3 +9 2,82 

5687 (p83nl1'-1Hble) 22 +1 1, 12 +13 4,5 +5 1,78 

Philips 5687WB 14 +8 2,5 +17 7,1 +4 1,58 

6350 26 +6 2 +20 10 +12 4 

oblJIH cymecrseHHbie pa3JIH'IHH Me>K.ey naMnoil. Philips 5687WB H o6pa3U.aMH .ZI.py
rnx H3rDTOBHTeneil., no sroil. npH'IHHe sror THn 6b1n BbI.ZI.eneH or,ZI.enhHO. Xorn y Philips 
ypoBHH 2-11 H 3-11 rapMOHHK cymecrseHHO 6onbme, 'leM y KOHKypHpy10mHx H3roTOBHTe
nel1, 2-H no 6onbUJeH tiaCTH CBO.ZI.HTCSI K Hyn10, ecnH naMna HCnOnb3yercfl B .ZI.HcpcpepeH-
1..lHaJibHOH nape. 

3.12. ll 8JB8UJ8HHb/8 pe:1ynb TOTbl HCK0)1(8ff!AH 

8 HatiaJie 3TOH rnaBbl 6hinH npe.LVIO>KeHbl secOBbie K03cpcpHu.HeHTbl HCKa>KeHHH, KaK none3-
H8SI MeTO,ZI.HKa, no3TOMY .ZI.aHHble B cne.ny10meil. ra6nHu.e ( ra6n. 3.14) HBnHIOTCSI B3BeUJeHHbl
MH B COOTBeTCTBHH C.ZI.OK}'MeHTaU.HeH Me)K,llyHapO.ZI.HOro KOHcynbTaTHBHoro KOMHTera no pa
)lHOBemaHHIO MKKP/ ARM. TaK KaK 3TH KOHKpeTHbie HCnhITaHHH 6b1nH orpaH~eHbIJl.O 6-11 
rapMOHHKH (6,3 Kfu.sisnsiercsi ocHOBHOH tiacroroif.LVIH MKKP/ ARM), a HCKa>KeHHH npeo6-
na,nanH no 2-H. rapMOHHKe, paaHOCTb Me)K,lly MKKP/ ARM H peKoMeHJI.aU.HHMH Wopra co
crasHJia ronbKO == 0, l .ZI.fi. 

Ta6nHL1a 3. 14 

Tim 

Kap60H1113111poaaHHble CV 1988 

Kap60Hlll3111POBaHHble 6SN7GT 
Pinnacle 6J5GT 

7N7/14N7 
GEC/Marconi 836 

6SN7GT /12SN7GT 
12SX7GT 
6J5GT (He Pinnacle) 

Ko11111'leCTBO 06pa31.4oa 

12 

6 

138 J 
144 

6 

44 J ' 
12 

6 

83B8W8HHbl8 MCK8>K8HMR (A6) 

-58 
-55 

-52 

-51 

-50 
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·McKa>KeHltA B yc1tn1trenAX, ltX ltJMepeHHe, Mepbl no CHM>KeHHIO MCKa>KeHHii 

Ta6n111L(a 3. 14 ( npo11.on)f(eH111e) 

TMn 
L63 
E288CC 
5687 (He Phillps) 
7A4 
RCA6J5 
E182CC/7199 
6350 
Phillps 5687WB 
7AF7 
ECC82, 12AU7,B329 

3.12.12. 06UJH8 Bb/80/lbl 

KonM'lecTao 06pa314oa 

~4 J 
22 

30 
26 
14 
4 
28 

83B8W8HHbl8 MCK8>K8HM'R (A6) 

-49 

-48 

-45 
-44 
-42 
-38 
-36 

11TaK, B COOTBeTCTBHH c onHCaHHOH BbIWe MeTOJI.HKOH, acero 6bIJIO, npoaepeHO 529 3JieKT

pOHHblX JiaMn, H pe3yJJbT8Tbl noKa3bIBaJOT, lffO xopowasi penyTaU.HH JJaMn ceMeHCTBa 

*SN7 /*N7 nOJI.TBep>KJI.eHa. 11cKa>KeHHH CJI.BOeHHbIX TpHOJI.OB pa3JJH4Hbl B pa3HblX 3K3eMn

JJHpax, c HeKOTOpblMH 3Ha4HTeJJbHbIMH TeHJI.eHU.HHMH, 3aMeTHbIMH Me>KJIY pa3HbIMH H3fO

TOBHTeJJHMH. EcJJH HHJI.HBHJI.YaJJbHble H3MepeHHH H OT6op JJaMn c MaJJblMH HCKa>KeHHHMH 

HeB03MO>KeH, TO CJJe,eyeT noMHHTb, 4TO 3JJeKTpOHHbie JJaMnbI c Kap60HH3HpOBaHHOH KOJJ-

6ow ceMeHCTBa *SN7 /*N7 npOH3BOJI.HT caMble HH3KHe HCKa>KeHHH. EcJJH OHH He JI.Ocryn

Hbl, TO JJaMnbI THnOB 7N7, 14N7 HJJH Pinnacle 6J5GT 6yJI.YT xopoWHM BbI60pOM. 3JJeKT

pOHHbie JJaMnbI c octtoBaHHeM B9A 3Ha4HTeJJbHO xy>Ke. 

3.13. npo6neMo conps1>1<eHMJ1 onHoro 1<oc1<ono co cneny10utMM 

3.13. l 06UJH~ 30M8'10HHR 

HaH6oJJee pacnpocTpaHeHHbIM BHJI.OM conpsi>KeHHH OJI.Horo KacKaJI.a co cJJe.nyJOW.HM HBJJH

eTCH conpsi>KeHHe 4epe3 KOHJI.eHCaTop - TaK Ha3bIBaeMaH eMKOCTHaH CBH3b. 11JI.eaJJbHbIH 

KOHJI.ettcaTOp He r.ettepHpyeT HcKa>KeHHH. K co>KaJJeHHJO, JI.a>Ke HJI.eaJJbHbIH KOHJI.eHcaTop 

MO>KeT yaeJJH4HBaTb HCKa>KeHHH creHepHpOBaHHbie JJaMnaMH HJJH TpaH3HCTOpaMH. 

3.T3.2. flpo6neMa 6nOKHpOBKH p03/18RHT8RbHb/M KOH/18HCOTOpOM 

6JJOKHpOBKa - KpaHHe HenpHHTHOe HBJJeHHe, B CJJeJI.CTBHe KOToporo ycHJJHTeJJb noJI.aBJJH

eTCH Ha KOpOTKOe apeMH noCJJe KpaTKOBpeMeHHOH neperpy3KH. 04eHb 4aCTO 6JJOKHpOBKa 

Bbl3bIBaeTCH KOHJI.eHCaTOpOM, KOTOpblH COeJI.HHHeT neperpY>KeHHbIH KacKaJI. c coce)l.HHM 

(pHC. 3.23). 
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PHc. 3.23 EM1wcm1-taR CBR3b .Me'JICoy tcactcaoa.Mu 

EMKOCTHaH CBSl3b Me>KJJY .ll.BYMH KaCKa.11.aMH COBMeCTHO c pe3HCTOpaMH BXO.IJ.HOH uenH 
cne.nyIOLI.J.ero KaCKa,ll.a cpopMHpyeT cpHJJbTp sepxHHX 'laCTOT . .LLnsi Toro, 'IT06bl He BJJHS!Tb Ha 
ay.11.HocHrrnaJI, scer.11.a crnpaIOTCH, 'IT06b1 'lacTOTbI cpeaa scex RC cpHJibTpos, 06paay10-

LUHXCH 3a C'leT ueneH CBSl3H H nHTaHHSI no ypoBHIO 1-3/lf> COCTaBJIHJIH OKOJIO 1 ru, no.11.6Hpasi 
HOMHHaJibl .11.ernJieH H3 COOTHOllJeHHH: 

TaKHM o6pa30M, ycTaHOBKa 'laCTOTbl cpeaa 1-3JJ.b = 1 ru 03Ha'laeT, 'ITO nocTOSIHHaH 
speMeHH uenH t = 160 Mc. 

KaK cne.nyeT H3 aaKOHa KHpxrocpa .IJ.JIH HanpsimeHHH, B paccMaTpHBaeMoH uenH .11.oJI»<Ho 
BblCTOJIHS!TbCSI CJie.nyIOIUee ycJIOBHe .IJ.JISI Hanpsi>KeHHH, npHJIO>KeHHOro K paa.11.eJIHTeJibHOMY 
KOH.11.eHCaTopy: 

B HallJeM npHMepe, nocTOHHHoe aHO.IJ.HOe HanpsimeHHe npe.11.llJecrny10mero KacKa.11.a 

Va(VI I= 100 8, a CeTKa CJie.nyIOIUero KaCKB.ll.a CBH3aHa C 3eMJieH '1epe3 pe3HCTOp CMeIUeHHSI 
ceTKH, CT03TOMY v,IV2I = 0 B, Bbl3bIBaH Ve = 100 B. 

EcJIH no.11.aTb Ha sxo.11. nepsoro KacKa.11.a scnnecK cHrnana .IJ.JIH Toro, 'IT06b1 noJiy'IHTb Ha 
aHo.11.e 20 B nono>KHTeJibHOH nonysoJIHbI nepeMeHHoro Hanpsi»<eHHH cHrnana, Hanpsime
HHe CeTKH BTOpOrO KaCKB.ll.a V2 fibITaeTCSI B03paCTH TaK>Ke Ha 20 8, HO peaJibHO B .IJ.aHHOM 
npHMepe OHO .ll.OCTHrHeT JIHllJb + 10 B, B CJie.IJ.CTBHe KOHe'lHOH npOBO.ll.HMOCTH yqaCTKa CeT
Ka - KaTo.11.. B 3TOM CJiy'lae npe.11.b1.nymee ypaBHeHHe no npe»<HeMy .11.on»<Ho 6bITb sepHbIM, 
n03TOMy: 

VK = 120 B - + 10 B = 110 B. 

HanpsimeHHe Ha paa.11.enHTeJibHOM KoH.11.eHcaTope B 3TOM cnyqae cnoco6Ho H3MeHHTbCH 
O'leHb 6bICTpo, noCKOJibKY Tenepb OH aapsimaeTCSI '1epe3 HH3KOe nOJIHOe conpOTHBJieHHe 
uenH neperpy»<eHHOH ceTKH. 
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McKa>KeHMll e yc11nHren11x, MX MJMepeHHe, Mepb1 no tHH>KeHHIO MCKa>KeHMM 

Oo OKOHqaHHH HMnynca MO)l{HO HaHTH HanpH)l{eHHe Ha CeTKe BTOpOH JiaMnbl, npeo6pa-

3YH ypaBHeHHe: 

V = 100 B - 110 B = -10 B. 
dV2) 

HrnK, Hanpsi)l{eHHe Ha ceTKe - 10 B, Ho npH 9TOM Ha KaTo}le KaTO.llHblM pa3BH3b1Ba10-

W.HM KOH}leHcaTOpoM u.enH aBTOCMew.eHHH no.u.u.ep)l{HBaeTcsi + 10 B, no:iToMy cyMMapHoe 

Hanpsi)l{eHHe Me>KJIY CeTKOH H I<aTO.llOM Ve•= -20 B, H u.enb ceTKH B03Bpaw.aeTcsi K sb1co

KOMY nonHOMY conpoTHBJieHHIO. QqeHb sa)l{HO, qTQ :ineKTpOHHasi naMna npu amoM 3a
Kpbtaaemc.fl u OCTaeTCH 3aKpblTOH }lO Tex nop, noKa ceTKa He BepHeTCH B HCXO}lHOe co

CTOHHHe c HyJieBblM HanpH)l{eHHeM. E.nHHCTBeHHaH u.enb Jl.llSI TOKOB 3apsi}la H pa3pH.ll8 

KOH}leHCaTOpa, 9TO nyTb qepe3 pe3HCTOP CMew.eHHH ceTKH, HO, KaK y)l{e 6bIJIO paCCMOTpe

HO paHee, 9Ta u.enb HMeeT nOCTOHHHYIO BpeMeHH 160 MC. 00CKOJibKY Jl.llH H3MeHeHHH 3apsi

}la KOH}leHcaTOpa Ha 99% OT MaKCHMaJibHOfO Tpe6yeTCH speMH, paBHOe St, - HCXO,ll.HOe 

COCTOHHHe Ha ceTKe (Hynesoe Hanpsi)l{eHHe), He 6y}leT BOCCTaHOBJieHO, noKa He npOH}leT 

0,8 c nocne KpaTKospeMeHHOH neperpy3KH. 

BoccTaHOBJieHHe pe)l{HMa KacKa}la nocne neperpy3KH ycJIO)l{HHeTCH TeM o6cTOHTeJib

cTBOM, qTQ npH 3anepTOH JiaMne OTCyTCTByeT KaTO}lHblH TOK, qTQ B CBOIO 04epe}lb ycJIO)l{

HHeT pa3pHJl pa3BH3b1Ba10w.ero KOH}leHCaTOpa qepe3 pe3HCTOp KaTO}lHOro CMew.eHHH. 

CaMa :ineKTpOHHasi naMna TaK*e Tpe6yeT HeKOTO! ·'ro speMeHH Ha soccTaHoBJieHHe no

cne neperpy3KH H Bbl3blBaeMoii eii 6noKHpOBKH. TaKH. · o6pa30M, KpaTKOBpeMeHHasi nepe

rpy3Ka Bbl3bIBaeT 6JIOKHpoBaHHe ycHJIHTeJIH npHMepHO Ha OJlHY CeKYHJlY. 

Mo)l{HO no.nyMaTb, qTO CHJibHasi neperpy3Ka, Bbl3b1sa10w.asi 6JIOKHpOBKY ManoseposiT

Ha, HO B Tex ycHJIHTeJIHX, r}le npHMeHHeTCH rny6oKaH o6paTHaH CBH3b B ycHJIHTeJie MOW.

HOCTH c eMKOCTHOH CBH3bl0 c npe}lblJlYW.HM KaCK8}lOM, 6JIOKHpOBKa BeCbMa BepOHTHa }la)l{e 

npH cna6b1x neperpy3Kax. npe}lnOJIO)KHM, qrn nepexo}lHbIH npou.ecc Bbl3bIBaeT orpaHH4e

HHe B BblXO}lHOM KaCKa}le. 06paTHaH CBH3b nblTaeTCH CKOppeKTHposaTb 9TO HCKa)l{eHHe 

<t>opMbl CHrHaJia, 3HaqHTeJibHO yseJIHqHBaH CHrHaJI BblXO}lHOfO KaCK8}la, C03}laBaH TeM ca

MblM 6naronpHHTHble ycJIOBHH Jl.llS! 6JIOKHpOBKH. 

KaK y)l{e 6b1JI0 noKa3aHo, 6no,mposKa npoHCXOJlHT noToMy qTO pa3}leJIHTeJibHblH KOH

}leHcaTOp 3HaqHTeJibHO H3MeHsieT csoii 3apsi.1l so speMH neperpy3KH. EcJIH KOHJJ.eHcaTOp 

y}laJIHTb HJIH nepeMeCTHTb, TO ecTb H3MeHHTb cxeMoTeXHHKY Me>KJIYKaCK8JlHOH u.enH, :iry 
npo6JieMy MO)l{HO cyw.ecTBeHHO yMeHblllHTb HJIH BOBCe HCKJIIOqHTb. B rnase 5, npH pac

CMOTpeHHH pa3JIH4Hb!X KaCKa}lOB ycHJieHHH MOW.HOCTH, 6y}leT paccMOTpeH H sapHaHT 

Me>KKaCK8}lHOfO cornacoBaHHH, HCKJll04a!OW.HH npo6JieMy 6JIOKHpOBKH. 

3.13.3. TpaHcc/JopMaropHOR CBR3b M8JKJJY KOCKOJIOMH 

KaqecTBeHHbie TpaHc<t>opMaTopb1 3BYKOBblX qacToT HBJIHIOTCH }loporocTOHW.HMH KOMno

HeHTaMH, HO OHH HBJIHIOTCH OCHOBOH Jl.llH pellleHHH 38}laq cornacosaHHH rpOMKOfOBOpHTe

JieH c naMnOBblMH ycHJIHTeJIHMH. TaK*e npHMeHHIOTCH H Me)l{KacKa}lHb1e TpaHc<t>opMaTo

pb11 npHMeHeHHe KOTOpb1X }laeT HeCKOJibKO yHHKaJibHbIX npeHMyw.ecTB. 
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npo6neMO conpl1>KeHHll OAHOrO KOCKOAO CO cnejlflOlllHM 

EcJIH TpattccpopMafop HcnoJib3yeTcH KaK aHOJJ.HaH ttarpy3Ka KaCKBJJ.a, TO 3.neKTpottttaH 

JI8Mna MO)l{eT JJ.OCTH'lb HaMHOro 60.nbwero pa3Maxa CHrHaJia, noTOMY lfTO aHOJJ.HOe HanpH

>KeHHe TeopeTHlfeCKH MO)l{eT HMeTb pa3Max JJ.O YJJ.BOeHHOro 3Ha'!eHHH BblCOKoro HanpH)l{e

HHH nHTaHHH. TaK KaK TpaHccpopMaTop 3cpcpeKTHBHO YJJ.BaHsaeT attOJJ.HOe ttanpH>KeHHe, 

a HCTHHHblH pa3Max CHrHaJia nponopuHoHaJibHO MeHbWe, 3TO yMeHbwaeT HCKa>KeHHH no 

cpastteHHIO c aHaJIOrHlfHblM KaCKa)l.OM Ha TaKOH >Ke JiaMne, HMe10meH: pe3HCTHBHYIO aHOJJ.

HYIO Harpy3KY npH O.D.HHaKOBOM HanpH>KeHHH nHTaHHH . .lI.syXTaKTHbIH KaCKBJJ. JJ.OnOJIHH

TeJibHO no3BOJIHeT noJJ.aBHTb '!eTHbie rapMOHHKH HCKa*eHHH. K co)KaJieHHIO, ttecHMMeT

pH'IHbIH ( O.ll.HOT8KTHblH) TpattccpopMaTopHblH KaCKBJJ., B OTJIH'!He OT JJ.ByxTaKTHOro, r)l.e 

nOCTOHHHble TOKH JiaMn TeKYT '1epe3 nonyo6MOTKH TpaHccpopMaTopa BCTpe'IHO, pa6oTaeT 

npH nocTOHHHOM TOKe, npoTeKa10meM '1epe3 nepBH'IHYIO o6MOTKy, '!TO qpesaTO HaCblll.le

HHeM cepJJ.e'IHHKa. PewaeTcH 3Ta rrpo6neMa npHMetteHHeM 6poHesoro cep.D.e'IHHKa c 3a3o

poM, '!To yMeHhwaeT WHpHHY nonocbI. EcnH TpaHccpopMaTop nottH>KaeT HanpH>KeHHe 

B OTHOWeHHH 2: 1, K8CK8)1. MO>KeT C03)1.aBaTb 0)1.HHaKOBblH pa3Max BblXOJl.HOro HanpH>KeHHH 

no cpasHeHHIO c attanorH'IHblM KacKa)l.OM c pe3HCTHBHOH Harpy3!<0H, HO npH 3TOM BblXOJJ.

HOe conpOTHBJieHHe OKa3blBaeTCH B lfeTblpe pa3a HH)l{e. 

c TOlfKH 3peHHH BTOpH'IHOH o6MOTKH, o6MOTKa c ueHTpaJibHblM BblBO)l.OM o6ecne'IHBa

eT HJJ.eaJibHoe pacmenneHHe cpa3hI, lfTO JJ.enaeT TaKHe TpaHccpopMaTopb1 secbMa npHsneKa

TeJibHbIMH c s Ka'lecTBe cpa3oHHsepTOpos. MomHbIM naMnaM Heo6xo.D.HMO HH3Koe conpo

THBJieHHe YTe'IKH ceTKH H3-38 HX ceTO'IHOro TOKa, no3TOMY O'leHb HH3Koe conpoTHBJieHHe 

no nocTOHHHOMY TOKY H.D.eaJibHO JI.Jiff BTopH'IHOH o6MOTKH. 

npoTHB 3THX npeHMymecTB scer)l.a HY)l{HO B3BeWHBaTb HeH36e>KHblH cpaKT, '!TO Me>K

KaCKBJJ.Hble TpaHccpopMaTOpbl HMelOT He)l.OCTaTOK - OHH pa6oTalOT c BblCOKHM nOJIHblM 

conpOTHBJieHHeM. 

3.13.3. (MeUJBHHe ypoBHJI H CBJIJH no nOCTOJIHHOMY TOKY 

KpoMe pe3HCTOpHO-eMKOCTHoH: H TpaHccpopMaTopHoH, TaK>Ke cymecTByeT H HenocpeJJ.

crseHHaH CBH3b Me>KJIY KaCKa)l.aMH, KOr)l.a cornacosaHHe yposHeH COCe.D.HHX K8CK8)1.0B no 

nOCTOHHHOMY HanpH)l{eHHIO o6ecne'IHBaeTCH pe3HCTHBHblMH .D.eJIHTeJIHMH, scnoMoraTeJib

HblMH' HCTO'IHHKaMH H cneuHaJibHblMH cxeMaMH C)l.BHra ypoBHH (pHC. 3.24). 

Ha pwc. 3.24a, npHBeJJ.eH npocTOH: pe3HCTHBHoH: JJ.eJIHTeJib HanpH)l{eHHH c JJ.onoJIHH

TeJihHbIM HCTO'IHHKOM nHTaHHH OTPHUaTeJibHOH. nycTb Hy)l{HO noJiy'IHTb yposeHb - 10 B 

Ha BblXO)l.e )l.eJIHTeJIH HanpH)l{eHHH, 'ITO 6yJJ.eT COOTBeTCTBOBaTb Tpe6yeMoMy noCTOHHHOMY 

HanpH)l{eHHIO Ha ceTKe CJie.u,y10mero K8CKa)l.a. BMeCTO T-Oro, lfT06bl HCnOJib30B8Tb ypasHe

HHe )l.eJIHTeJIH HanpH)l{eHHH, ner'!e ycTaHOBHTb HeKOTopylO uenecoo6pa3HYIO BeJIH'IHHY 

TOKa '1epe3 )l.eJIHTeJib HanpH)l{eHHH H npHMeHHTb 3aKOH 0Ma, 'IT06bl H8HTH Tpe6yeMble co

npOTHBJieHHH qepe3 Heo6XO)l.HMble n8)1.eHHH HanpH)l{eHHH Ha HHX. 

PaccMaTpHsaeMbIH s JJ.aHHOM npHMepe JJ.eJIHTeJib HanpH)l{eHHH 6yJJ.eT oTBeTBJIHTb Ha ce6H 

'!aCTb TOKa 8HOJJ.8 3JieKTpOHHOH JiaMnbI npeJJ.WeCTBYIOll.lero KaCK8)1.a, no3TOMY HY*HO MHHH

MH3HposaTb 3TOT TOK. EcJIH ycTaHOBHTb TOKJJ.eJIHTeJIH HanpH)l{eHHH seJIH'IHHOH 100 MKA, TO 

npH HanpH*eHHH 100 B Ha aHo.D.e npeJJ.wecrsy10meH: naMnb1, HanpH>KeHHH -100 B scno-
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McKalKeHHll e yc1tn1trem1x, 1tx 1t1MepeH1te, Mept»I no CH1tlKBH1t10 1tCKOlKBH11ii 

a)+100V- 6>+10ov~- B) +100V 

; 110V 
--'-

-10V 

--'-- -100V 

PHC. 3.24 Tpu cnoco6a HenocpeocmeeHHOU C8fl3U oayx KaCIWOO(J 
no nocmoRHHOMY moKy 

MoraTeJlbHoro BbmpHMHTens1 H Tpe6yeMOM HanpH>KeHHH -10 B Ha ceTKe nocne.ny10u.r.el1 

JlaMnbI, HeTpyJJ.HO HaHTH conpoTHBJleHHe sepxHero pe3HCTopa: 

R = V/I = ( 100 B'- -10 B)/100 MKA = 1,1 MOM. 

00JJ.06HbIM o6pa30M, conpoTHBJleHHe HH>KHero pe3HCTOpa )1.0Jl>KHO 6bITb: 

R = V/I = (-10 B - -100 B)/100 MKA = 900 KOM. 

5nH>Kai1lllee cTaHJJ.apTHoe 3Hal.JeHHe pasHoe 910 K0M - npeKpacHo noJJ.OHJJ.eT. K co
>1<aneHHIO, Mbl HMeeM He TOJlbKO COOUHymbtU ypoaeHb CHrHaJla no nOCTOHHHOMy HanpH
>KeHHIO Ha Tpe6yeMylO BeJIHl.JHHy, HO TaK>Ke ero OCJia6J1eHHe. Oo nepeMeHHOfO TOKa HMe
eM cne.nylOW.HH K03cpcpHu.HeHT nepe)l.al.JH )1.eJIHTeJIH HanpH>KeHHH: 

v0,,Jv11x = 910 KOM/(910 KOM + 1, l MoM) = 0,453 = -6,9 )1.D. 

lJHcTble pe3HCTHBHbie cxeMbl CJJ.BHra ypoBHH HeH36e>KHO ocna6JIHIOT noJle3HblH CHrHaJI, 

H 3TO Ta u.eHa, KOTopylO Mbl JJ.OJl>KHbI nnaTHTb 3a npoCTbie CBH3H no noCTOHHHOMY TOKY. 
B Ka1.Jecrne aJ1bTepHaTHsb1, MO>KHO 3aMeHHTb sepxHHH pe3HCTop aKKYMYiIHTopoM, 1.JT0-

6h1 CJi.eJlaTb cxeMy CJJ.BHra ypoBHH c HCTOl.JHHKOM HanpH>KeHHH: CMOTpH pHC. 3.246. 
TaK KaK aKKYMYJIHTOp HBJIHeTCH H)l.eaJlbHblM HCTOl.JHHKOM HanpH>KeHHH, OH HBJIHeTCH 

KOpOTKHM 3aMbIKaHHeM no nepeMeHHOMy TOKy, no3TOMY 3Ta cxeMa C)l.BHra ypoBHH He oc
J1a6J1HeT nepeMeHHbIH TOK. TaK KaK aKKYMYJ1HTOpb1 Ha 110 B HeyJJ.o6Ho 6onbwHe, 3aMeHHM 

aKKYMYJIHTOp CTa6HJIHTpOHOM HJIH HeOHOBOH JlaMnOH - HCTOl.JHHKOM onopHoro CHrHana. 
K co>1<aJ1eHH10 o6a ycTpol1crna JJ.OJl>KHbI nponycKaTb 3Ha1.JHTeJ1bHbIH TOK noKoH ( 06b11.JHO 

nopHJJ.Ka 5 MA), 1.JTO 3aTpyJJ.HHeT Hx Hcnonb3osaHHe. Xy>1<e scero - OHH o6a wyMHT. 
Cyw.ecrnyeT H eu.r.e OJJ.Ha B03MO>KHOCTb HcnpaBHTb nono>1<eHHe - 3aMeHHTb HH>KHHH 

pe3HCTOP npHeMHHKOM HeH3MeHHIOiu.erocH TOKa, JJ.JIH C03)1.aHHH cxeMbl C)l.BHra ypoBHH 
c HCTO'IHHKOM TOKa (pHc. 3.24s). HeT npenHTCTBHH JJ.JIH Toro, 1.JT06b1 CJJ.enaTb npHeMHHK 
HeH3MeHHIOW.erocH TOKa Ha 6HnonH.pl-lbIX TpaH3HCTopos HJIH neHTo.n.e. OpH ycnoBHH, 1.JTO 
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npHeMHHK HMeeT r >> R , cxeMa CJlBHra ypoBHH c HCTO'lHHKOM TOKa He ocna6nsieT 
BblX eepx1tem 

noneaHbIH nepeMeHHbIH TOK. TeM He MeHee, HMeeTCH npo6neMa wyMa. DeHTOJlbI H HeK0To-

pb1e TpaH3HCTOpbl HBJIHIOTCH ycUJtumeAJUtU mor<.a, ynpaBAfleMble HanpR.31CeHueM, 3TO 

03Ha'laeT, 'ITO OHH npeo6pa3y!OT BXO,llHOe HanpH>KeHHe B BblXO,llHOH TOK. DpHeMHHK TOKa 

ycHJIHBaeT CBOH HCTO'lHHK onopHoro HanpH>KeHHH nocTOHHHOro TOKa, H HY>KHO npeo6paao

BaTb ero BblXO,llHOH TOK B HanpH>KeHHe, HCnOJib3YH pe3HCTOP c Bbl"COKHM conpoTHBJieHHeM. 

B cymHoCTH, MbI CKOHcTpyHposan1:1ycHJIHTeJibc6oJiblllHM Ko3cpcpH1.1,HeHTOM ycHneHHH, Ko

TOpbIH YCHJIHBaeT wyMOBOe Hanpsi>KeHHe nocTOHHHOro TOKa HCTO'lHHKa onopHoro CHrHaJia. 

XOTH cxeMbl C,llBHra ypoBHH c HCTO'lHHKOM TOKa npHrO,llHbl ,llJIH HCnOJib30BaHHH, HX oc

HOBHaH npo6neMa - wyM, H no'lTH see ycHJIHH paapa60TKH ,llOJl>KHbl cocpe,llOTa'lHBaTbCH Ha 

yMeHbllleHHH HX wyMa JlO ,llonycTHMoro ypoBHH-. DpHeMHHK HeHaMeHHIOUJ,erocsi TQKa, 

BKJllO'laeMblH B KaTOJlHYIO 1.1,enb JlHct>ct>epeHLl,HaJibHOH nap bl ( no,llpo6Hee CM. ma By 3) He ,ll0-

6aBJIHeT cymecTBeHHblH wyM, noToMy 'ITO pa6oTaeT Ha HH3Koe nonHoe conpoTHBJieHHe 

Harpy3KH rK, Hero wyM HBJIHeTCH CHHct>a3HOH noMeXOH, no3TOMY OH o6bl'lHO no,llaBJIHeTCH. 

K comaneHHIO, see paccM0TpeHHb1e MeTOJlbl Henocpe,llcTBeHHOH CBH3H Me>KJJY KacKa,lla

MH 3JieKTpH'leCKH coe,llHHHIOT CHrHaJI c BcnoMoraTeJibHblM OTpHLl,aTeJibHbIM HCTO'lHHKOM 

nHTaHHH, KOTOpblH TaK>Ke cnoco6eH ,ll06aBJIHTb noMeXH OT HCT04HHKa npOMblllJJieHHOH qac

TOTbl ( ct>oH) H wyM· K none3HOMY CHrHany. 

3.13. 4. YcHnHrenb Knacca ~ 11na JneKrpoMOf'!,HTHblX ronoBHblX renet/JoHos 
c Henocpe11crBeHHOH Me)l(JlyKDCKD/IHOH CBR1b/O 

KaK Hy scex ycHJIHTeneif, pa60Ta10IJlHX Ha npo6neMHYIO HarpyaKY, 3Ta cxeMa 6b1J1a paapa6o

TaHa B o6paTHOM Har;ipasneHHH, OT BblXO,lla K BXOJJY. DpHMHTe BO BHHMaHHe, 4TO cxeMa npe,ll

CTaBJIHeT co6oif MO,lleJib JlJIH peweHHH npo6neM conpsimeHHH no nocTOHHflOMY TOKY -

a He no,llpo6HbIH 06paae1.1, KOHCTPYKUHH ycHJIHTensi JlJIH ronoBHblX TenecpoHoB ( HaywHHKOB ). 

B paccMaTpHBaeMOM ycHJIHTeJie Heo6xo,llHM KaTOJlHbIH noBTOpHTeJib, 'lT06b1 o6ecne-

4HTb HH3KOe BblXO,llHOe conpOTHBJieHHe. JlaMnbI c BblCOKHMH BHYTpeHHHM CTaTH'leCKHM 

Ko3cpcpH1.1,HeHTOM ycHneHHH m, BbICOKOH KPYTH3HOH npoxo,llHOH xapaKTepHcTHKH gm no,ll

XOJlSIT HaHnyqwHM o6pa30M, TaK KaK KaTOJlHbie nosTOpHTenH c BblCOKOH KPYTH3HOH gm ra

paHTHpy!OT HH3KOe BblXO,llHOe coripoTHBJleHHe r .... H BblCOKOe m, 'ITO n03BOJIHeT HCnOJlb30-

BaTb CHJlbHYIO o6paTHYIO CBH3b, 4T06bl yMeHblllHTb H.CKa>KeHHH. J.13 3THX coo6pa>KeHHH, 

-JlaMna THna 6C450 HBJIHeTcsi H,lleanbHOH JlJIH JlaHHOH aa,lla'IH. B cxeMe ycHnHTensi ( pHc. 3.25) 
KaTOJl no,llcoe,llHHeH K 0TpH1.1,aTeJibHOMy HCTO'lHHKY nHTaHHH 4epea CTaH,llapTHblH npHeMHHK 

HeHaMeHHIOIJlerocsi TOKa, nocTpoeHHbIH Ha neHTOJle THna EL822. 
B paccMaTpHsaeMOM ycHJIHTene Heo6xo,llHMO coa,llaTb 0TpH1.1,aTeJibHY10 o6paTHYIO 

CBH3b no noCTOHHHOMYTOKY, 'lT06bl CTa6HJIH3HpOBaTb H CHMMeTpHpOBaTb BblXOJlYCHJIHTe

JIH Ha 0 B, H TaK>Ke He06XO,llHMO, •no6bl ycHJIJ:!TeJib HMeJI BblCOKOe BXO,llHOe conpoTHBJie

HHe ,llJIH TOro, 'lT06bI OH He Harpy»<aTb cxeMy perynHpOBKH rpoMKOCTH. J.1,lleaJibHblMH BXO,ll

HblMH KaCKa,llaMH, CJie,llOBaTeJibHO, HBJIHIOTCH JlHct>ct>epeH1.1,HaJibHbie napbl (no,llp06Hee CM. 

rnasy 3 ), H TaK KaK Mbl yme HMeeM HCTO'lHHK nHT8HHH OTpHLl,aTeJibHOH nonHpHOCTH, Ka-
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McKaJKeHllH B yCMJunenHx, 11x 11JMepeH1te, Mepbl no CH1tlKeH1t10 11cKaJKeH11ii 

>KeTCSI HeJIOfH''IHbIM He HCilOJib30BaTb BTOpOH neHTO.U. B Ka4eCTBe npHeMHHKa HeH3Mem110-

merocsi TOKa ,!I.Jiff ,u.HcpcpepeHuHaJibHOH napbI. 

7 6C45n 
27k 

680k 470R 

470R 

7 

47k 

4.3mA 

8 

250k 

PHc. 3.25 YcUJtume.1tb, co CBR.3bl0 no nocmoR.HHOMY moKy 
OAR eo.1toB1tbtX me.1te¢01toe · 

1 3,6,9 

34mA 

9 ---

+135V 
@39mA 

ov 

3JieKTpOMarHHTHbie fOJIOBHbie TenecpOHbl ( HayllJHHKH) ffBJISllOTCSI ycTpOHCTBaMH c HH3-

KHM nonHbIM conpoTHj!JleH~eM. TaK KaK nepeHocHoe o6opy.u.osaHHe .u.on>KHO npe~cMaTpH

saTb B03MO>KHOCTb pa60TbI OT aKKYM)'JiffTOpa Hanpff>KeHHeM 3 B ( B03MO>KHO, TOJibKO 1,5 B ), 

TO THilOBble HaylllHHKH, pa3pa6oTaHHbie ,!I.Jiff nopTaTHBHOfO HCllOJib30BaHHff, 06bl4HO HMe

IOT conpoTHBJieHHe 32 OM, a 6onee BblCOKoro Ka4ecTBa cooTBeTCTBeHHO .u.o 200 OM . 

. B JIJ060M cny4ae OHH Tpe6yJOT 3Ha4HTeJibHOf0 TOKa, H ffBJlfflOTCff KpaHHe He6naronpHffTHOH 

Harpy3KOH ,!I.Jiff 3JieKTpOHHOH naMnbl. TaK Ka!< Mb! npH ysenH4eHHH aHo,u.Horo TOKa la, pacce

HsaeMaff Ha aHO.U.e TenJIOBaff MOll.lHOCTb pa TaK>Ke yseJIH4HBaeTCff, BO H36e>KaHHe neperpe

sa naMnbI Tpe6yeTCff yMeHblllaTb Harpes, noHH>Kaff aHO.U.HOe Hanpff>KeHHe Va, He 3a6bIBaff 

npH 3TOM Y4HTbIBaTb Heo6xo,u.HMOCTb pa6oTaTb 6e3 ceT04Horo TOKa. YcTaHOBKa aHo,u.Horo 

Hanpff>KeHHff Va = 135 B cooTBeTCTsyeT pa60Te 6e3 ceTO'IHoro TOKa. BenH4HHa npe.u.enb

Ho-.u.onycTHMoro 3Ha4eHHff MOll.lHOCTH, pacceHsaeMOH Ha aHo,u.e JiaMnbI THna 6C45n co

CTaBJiffeT scero Pa(M••c> = 7,8 BT, TeM He MeHee see .u.pyrne TeXHH4eCKHe xapaKTepHCTHKH 

3TOH naMnb1 ffBJiffJOTCff .u.osoJibHO omHMHCTH'IHbIMH. Pa3yMeeTcff, pa3yMHO pa6oTaTb He JJ.O

CTHraff npe,u.eJibHO-JJ.onycTHMOH pacceHsaeMOH MOll.lHOCTH. EcnH ycTaHOBHTb aHOJJ.HbIH TOK la 
= 34 MA, TO MOll.lHOCTb, pacceHsaeMaff Ha aHo,u.e COCTaBHT pa= 4,6 BT. 

Tenepb Heo6xo,u.HMO paccMOTpeTb sxo.u.Hy10 JJ.HcpcpepeHuHaJibHYJO napy. TaK KaK HMeeT

Cff HCT04HHK nHTaHHff TO.nbKO Ha 135 B, TO He06XOJJ.HMa 3JieKTpOHHaff JiaMna, HMeJOll.l8ff 
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npo6neMQ conplllK8HMll OllHOfO KQCKQllO CO cne11y10U1HM 

xopowy10 JIHHeiiHOCTb npH HH3KOM aHO.D.HOM Hanpsrn<eHHH. JlaMnbl THna ECC86 6bIJIH 6b1 
H.n.eaJJbHblMH, HO Ha MOMeHT pa3pa60TKH aBTOpy 6blJIH .n.ocTynHbl JIHWb ECC88. nocTpoe

HHe Harpy30'IHblX JIHHHH, HMeBWHX He60JiblliOH HaKnOH n03BOJIHJIO npe.n.noJIO>KHTb, '!TO 

pe3HCTOpbI iiarpy3KH 27 KOM 6yJJYT xopowo o6ecne'IHBaTb pe>KHM c auo.n.HblM HanpH>Ke
HHeM 68 B, c TOK9M KaTo.n.a 5 MA npH HanpH>KeHHH cMew.eHHH Me>K.LIY ceTKOii H KaTO.D.OM 

VCK = 2 B. no.n.po6Hee 0 pac'leTe pe>KHMOB pa6oTbl YCHJIHTeJibHblX Kac1<a.n.os CM. rnasy 3. 

HaKoHeu., aHaJIH3HpyH HMeHHO paccMaTpHBaeMy10 npaKTH'leCJ<YIO cxeMY ycHJIHTeJIH, 
noHBJIHeTCff B03MO>KHOCTb paCCMOTpeTb 6onee cyw.ecTBeHHble npo6JieMbl Me>K,L1y1<ac1<a.n.

HOH CBff3H no nOCTOffHHOMYTOKy, HCnOJib3Yff 'IHCTble .n.enHTeJIH HanpH>KeHHff, He>KeJIH onH

caHHbie BbIWe. 
VlTaK, Ha Ka>K.D.oM aHo.n.e naMnb1 ECC88 HanpH>KeHHe 68 B. Ha ceTKe naMnb1 6C450, 

KaTO.D.HOro nOBTOpHTeJIH, = -1,5 B (He cne.nyeT 3a6b1BaTb, '!TO Heo6XO.D.HMO HMeTb Ha Ka

TO.D.e 0 B), no3TOMY Mbl .n.oJI>KHbI HMeTb na.n.eHHe HanpH>KeHHH 69,5 B. EcnH ycTaHOBHTb 

TOK 100 MKA B u.eno'IKe .n.enHTeJIH HanpH>KeHHH, TO norpe6yeTcH sepxHHH pe3HCTop co

npoTHBJieHHeM 695 KOM, '!TO HBJIHeTCH Hey.n.oClHblM 3Ha'leHHeM. EcnH Bb16paTb 6nH>1<aii

wee K paC'leTHOMY CTaH.D.apTHoe 3Ha'!eHHe 680 K0M, TO TOK.D.eJIHTeJIH HanpH>KeHHff CTaHO

BHTCff 69,5 B/680 KOM = 102,2 MKA. 
Ha HH>KHeM pe3HCTope .n.on>1<t10 na.n.aTb HanpH>KeHHe -1,5 B - - 135 B = 133,5 B. 

TaKHM o6pa3oM, .D.JIH 102,2 MKA Tpe6yeTcH pe3HcTop 1,3 MOM, 'ITO ner1<0 Ha6HpaeTcH H3 

cTaH.n.apTHblX H 6JIH3KO K peKOMeH.uyeMoMy .D.JIH TaKHX cxeM 3Ha'!eHHJO. TeM He MeHee, HY>K

HO Y'IHTbIBaTb H .n.pyrott c!JaKTOp. flpH pac'!eTHOM aHO.D.HOM HanpH>KeHHH, '1epe3 u.eno'!Ky 
.n.eJIHTeJIH HanpH>KeHHH npoxo.n.HT TOK..._ 100 MKA, 3a c'!eT TOKa aHo.n.a 2,5 MA. 2,5 MA HBJIH

eTCH HH3KHM TOKOM .D.Jlff 3TOH JiaMnbI, no3TOMY OTKnOHeHHff Me>K,Lly 3K3eMnm1paMH JiaMn 

3Ha'IHTeJibHO ycHJIHBaJOTCff, H He60JibWOH OTBeTBJIHeMblH B .n.eJIHTeJib TOK He npHHHMaeTCff 

B pac'leT npH cpaBHeHHH. Vl3MeHeHHff OTBeTBJIHeMoro OT JiaMnbl TOKa MOryT Bbl3BaTb .D.HC-

6anaHC HyJiesoro noTeH!J.HaJia no noCTOffHHOMY HanpH>KeHHIO Ha BblXO.D.HbIX KneMMax ycH

JIHTeJIH. Bo3HHKaeT snoJJHe pe30HHbIH sonpoc: no'leMY 6b1 He c.n.enaT1> u.eno'IKY .n.enHTeJIH 

perynHpyeMoii .D.JIH KOMheHcau.HH H3MeHeHHH xapa1<TepHCTHK JiaMn? Hcnonb30BaHHe no

CTOHHHoro pe3McTOpa Ha 1,2 MOM, ycTaHOBneHHoro nocne.n.osaTeJibHO c nepeMeHHbIM 

pe3HCTopoM Ha 250 KOM no3BOJIHeT MeHHTb conpoTHBnem1e Ha ± 10 %. Mo>KHO ycTaHo

BHTb nepeMeHHblH pe3HCTOp H 60JibWeH BeJIH'IHHbl, HO 3TO c.n.enaeT 6onee CJIO>KHOH pery

JIHpOBKy BblXO.D.a no noCTOffHHOMy TOKy._ 

.lla>Ke eCJIH BblXO.D. no noCTOffHHOMY TOKY TW.aTeJibHO OTperyJIHpOBaH ( CHMMeTpHpOBaH) 

.no 0 B, OH 6y,!l.eT .n.peiic!JosaTb. Heo6xo.n.HMO cpe.n.cTBO cTa6HJIH3aU.HH Bbixo.n.a no nocTOHH

HoMy TOKy Ha 0 B, H JIY'IWHH BblXO.D. - npHMeHHTb OTpHU.aTeJibHYIO o6paTHylO CBff3b. flo.n.

KnlO'IHM neTJIIO o6paTHOH CBff3H napa.AAeAbftO BblXO.llY ycHJIHTeJIH, HO TaK KaK BblXO.D. .n.e

JIHTeJIH HanpH>KeHHff o6paTHOH CBff3H no.n.coe.n.HHeH K .n.pyroii ceTKe .D.Hc!>c!JepeHl.l,HaJibHOH 

napbl, a .D.Hc!>c!JepeHl.l,HaJibHaff napa ycHJIHBaeT pa3ftOCmb Me>K,Lly BXO.D.HblMH CHrHaJiaMH, TO 
o6paTHaff CBH3b npH 3TOM ffBJIHeTCff nocAeaoeameAbftOU BXO.D.HOMY CHrHany. 06paTHaff 

CBH3b, cne.n.osaTeJibHO, HBJIHetcH napan.rieJibHO CHHMaeMoii H nocne.n.osaTeJibHO npHKna

.D.blBaeMOH (BBO.D.HMOH), n03TOMY OHa yMeHbWaeT BblXO.D.HOe conpoTHBJieHHe H yseJIH'IHBa

eT sxo.n.Hoe conpoTHBJieHHe. YMeHbllleHHe BblXO.D.Horo conpoTHBJieHHH HBJIHeTCH sa>KHbIM, 

noToMy '!TO see cospeMeHHble 3ne1<TpoMarHHTHb1e npeo6pa3oBaTeJIH pacc'IHTaHbI Ha Hy-
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MtKOlKeHHll B ycHnHTem1x, HX HJMepeHHe, Mepbl no CHHlKeHHIO HCKOlKeHHH 

nesoe BHyrpeHHee conpOTHBJieHHe HCTO<JHHKa CHfHaJia, 4T06bl HMeTb HX onTHM8JlbHYIO ne-
peXOAHYIO xapaKTepHCTHK}'. 

CT pH npoeKTHposaHHH ueneii o6parnoii CBff3H, seer.a.a Tpe6yeTCff 3H8Tb Ko3cpcf>HUHeHT 
ycHJieHHff. BenH4HHa 27 KOM - AOBOJibHO HH3Koe conpoTHBJieHHe aHOAHOii HarpyaKH .llJiff 
n106oii H3 naMn ECC88, H nocTpoeHHe ttarpyao<JHoii JIHHHH (CM. rnasy 2) npornoaHpyeT 
K03<jl<jlHUHeHT ycHJieHHff 26, 75. BXOAHble KBCKMbl pa6oTalOT K8K AHcf>cpepeHUH8JlbH8fl 
napa, HO TaK K8K HCnOJib3yeTCff TOJlbKO OAHH BblXOA, TO Hy>KHO pa3AeJIHTb nononaM K03<P· 
<PuuueHT ycuneHHfl, nony4aff 3Ha4eHHe 13,375. KaK y>Ke o6cy>K,ll.8JIOcb BbIWe, Me>KJI.YKac
KaAHbiii AeJIHTeJib cxeMbl CABHra ypoBHff BHOCHT noTepH no none3HOMY CHrHaJiy, o6JI8.ll.8ff 
K03cf>cf>HuHeHTOM nepeAa4H no HanpH>KeHHJO 0,657, <JTO yMeHbwaeT Ko3<P<PHuHeHT ycHne
HHff AO 8, 78. DpHHHM8ff BO BHHM8HHe, <JTO B JiaMnax THna 6C45n npH 8HOAHOM TOKe 
la = 34 MA, AOCTHraeTCff 3KBHBaJieHTHoe conpoTHBJieHHe rK = 25 OM, HarpyaKa 32 OM 
BHOCHT AOnOJIHHTeJibHbie noTepH nopHAKa 0,56, yMeHbWaff o6mHii Ko3<P<PHUHeHT yCHne
HHff AO - 5. TaKHM o6pa30M, Aa>Ke rny6oKaff 100% o6parnasi CBH3b MO>KeT o6ecne4HTb 
ynyqweHHe TOJibKO ( 1 + 13A0 ) = 5, HJIH 14 AD. 

CxeMa 6b1na onpo6osatta co 100% oTpHuaTeJibHOii o6paTHOH CBH3bl0 noToMy 4TO 3TO 
H8H60Jiee B8>KHOe ycJIOBHe ycToiiiiHBOCTH. CTOA8B8JICff o6p83l.l0Bblii npffMOYfOJibHblii CHf· 
Han - 48CTOTHaff xapaKTepHCTHKa npt1 10 Kfu H HarpyaKa 200 OM (puc. 3.26). CxeMa 
6bIJia onpo6osaHa c pa3JIH4HblMH conpOTHBJieHHSIMH Harpy3KH. 

Tek Run ! Trig'd 
. . 
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•f"5~J<l'%! 

Ch1 Freq 
10.02 kHz 

Ch1 PK-PK 
7.068V 

Ch1 Rise 
1.490 IJS 

Ch1 fall. 
1.532 µs 

13 Oct 2002 
19:57:16 

PHc. 3.26 MCl.llbte ucKa:JK:eHUJt na npJLMoy201tbHOM. ucnblmanuu 
coomeemcmey10m iJocmamottno paenoM.epnou 
aM.nAumyiJno- ttacmomnou xapaKmepucmuKe 

B rn6n. 3.15 npHBOAffTCH ypoBHH BbIXOAHblx CHrttanos npH pa3JIH4HblX conpoTHBJieHHHX 
ttarpyaKH, coorneTcrsy10mue pa3JIH4HblM ypoBHffM CKf + ll1 ( coBOK}'nHb1ii Ko3<P<PHuHeHT 
rapMOHHK nn10c wyM ). HeyAHBHTeJihHO, 4TO HeMHorne JiaMnbI cnoco6HbI BblJlaBaTb Bb1co-
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npo6neMO CORplllK8ffllll O,llHOrO KOCK0,110 CO cne,11y10ll1llM 

KHH HeHCKa>KeHHbIH BbIXOJJ.HOH yposeHb npH Harpy3Ke 32 OM, H qTO pa3pa60TaHHaS1 cxeMa 

(KOTOpOH H COOTBeTcTByeT Ta6JIHU.a) MO>KeT Bbl.ll.8BaTb TOJlbKO 8 MBT npH 0,5% CKr +ill 
H Harpy3Ke 32 OM. 

Ta6nHL(a 3. 15 

BbtXOAHPA cMrHan a A&H AllR onpeAeneHHwx CKr + W 
0,5% 0,2% O, 1 % 

100K0M +20 
2000M + 16,7 + 12,8 +7,8 
320M -3,7 

CHTyau.Hsi 3aMeTHO ynyqUJaeTCSI npH Harpy3Ke 200 OM, scneJJ.CTBHe qero cxeMa YJJ.BaH

saeT none3HYIO MOlUHOCTb npH CKf + ill < 0, l %. lfro 6onee sa>KHO - cneKTp rapMOHHK 

HCKa>KeHHH CTaHOBHTCSI npHeMJieMbIM: 2-SI = -60 Jl.O, 3-SI = -82 .ll.D, 4-SI = -100 Jl.O. 

YJJ.HBHTeJihHO, HO y asTopa HeT co6cTBeHHbIX 3JieKTpoMarHHTHbIX HayUJHHKOB npHeMJieMo

ro KaqecTBa, n03TOMY OH He CMOr nposepHTb 3TOT ycHJIHTeJib cy6beKTHBHO. 

Ha6J110JJ.aTeJibHblH qHTaTeJib, HMelOlUHH nepeqeHb TexHH'leCKHX xapaKTepHCTHK nanb1 

THna 6C45n, 3aMeTHT, qTQ s 3TOH cxeMe conpoTHBJieHHe yTeqKH ceTKH 150 KOM HaMHoro 

npeBbJUJaeT MaKCHMaJibHOe peKOMeH.nyeMoe. CTOMHHTe, qTQ OCHOBHOe Ha3HaqeHHe pe3HC

TOpa CMelUeHHSI ceTKH - yJJ.ep>KaHHe Tpe6yeMoro HanpH>KeHHSI Ha CeTKe npH JII060M ce

ToqHOM TOKe. EcJIH pe3HCTOp SIBJISleTCSI CJIHUJKOM 60JiblllHM, ceTOqHblH TOK nOJJ.HHMaeT Ha

npH>KeHHe Ha ceTKe, yMeHbUJaeT HanpH>KeHHe cMelUeHHSI Me>KJIY ceTKOH H KaTOJJ.OM Ve•' 
yseJIHqHsaeT aHOJl.HblH TOK 'a• yseJJHqHBaSI ceTOqHblH TOK .ll.0 Tex nop, noKa JiaMna He BblH

JJ.eT H3 CTpOSI. B 3TOH cxeMe aHOJJ.HblH TOK la JiaMnbl 6C45n ycrnHaBJIHBaeTCSI HCKJIIQqH

TeJibHO npHeMHHKOM HeH3MeHSll01UerocSI TOKa, n03TOMY paCCMOTpeHHe OTSOJJ.a TenJia, 

Bbl3BaHHOro qpe3MepHbIM conpoTHBJieHHeM yTe'JKH ceTKH He Tpe6yeTCSI. 

EcJIH Heo6xOJJ.HMO peaJIH30BaTb cxeMy paccMOTpeHHoro THna, caMoe npocTOe pa36HTb 

ee Ha JI.Be qacTH nepeJJ. npHMeHeHHeM o6paTHOH CBSl3H. CHat1aJia MOHTHpyeTCSI H HaJia>KH

saeTCSI BblXOJJ.HOH KaCKaJJ., 3aKopaqHsaeTCSI sepXHSISI ceTKy Ha 3eMJIIO, H peryJIHpyeTCSI 3a

JJ.810lUHH pe3HCT0p cxeMbl HCTOqHHKa HeH3MeHSIIOlUerocSI TOKa (noJJ.p06HO pa3JIH'IHble cxe

Mbl TaKHX HCTOqHHKOB paCCMOTpeHbl B rnase 2), qTQ6bl ycTaHOBHTb npaBHJlbHblH TOK 

KaTOJJ.HOro nOBTOpHTeJISI. 3aTeM MOHTHpyeTCSI JJ.Hcf>cf>epeHU.H8JlbHaSI napa H CBSl3aHHbIH 

c HeH HCTOqHHK HeH3MeHSllOlUerocSI TOKa, H peryJIHpyeTCSI 38.ll.alOlUHH pe3HCTOp TOKa HC

TOqHHKa HeH3MeHSllOlll.erocSI TOKa, qT06bl ycTaHOBH"fb Tpe6yeMblH pe>KHM aHOJJ.HOH u.enH. 

3aTeM JI.Ba KaCKaJJ.a coeJJ.HHSllOTCSI,' H HaCTpaHsaeTCSI JJ.eJIHTeJib cxeMbl CJJ.BHra ypOBHSI, qTo-

6bl nonyqHTb 0 B nocTOSIHHoro HanpH>KeHHSI Ha Bb!XOJJ.e. HaKoHeu., 3aMb1KaeTcS1 neTJISI oT

pHU.aTeJibHOH o6paTHOH CBSl3H. 

3.13.5. Hmonb1osaH1te ~eMbl ci1111trf1 yposHR c HCTO'IHHKOM ro1<a 
KaK y>Ke 6blJIO ynoMSIHyTO pa Hee, cxeMa CJJ.BHra c HCToi:iHHKOM T0!<8 cymecTBeHHO ycHJIHBa

eT UJYM H cpoH ero HCTOqHHKa onopHOfO HanpH>KeHHSI. 0p06JJeMa 3TOfO UJyM8 MO>KeT 61>ITb 

perµeHa pa3JIHqHbIMH cnoco6aMH: 
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McKO>KeH1111 a yc11n11ren11x, 11x 111MepeH11e, Mepbl no cH11>KeH11ro 11cKo>KeH11if 

• yMeHbWHTb wyM, C03)1.aBaeMblH HCTO'IHHKOM onopHoro CHrHaJia. ,llHO)l.bl c npHMblM 

CMemeHHeM C03)1.alOT Mano wyMOB, no 9TOH npH'IHHe )l.eweBble KpaCHble CBeTO,ll.HO

Jlbl SIBJISllOTCSI H)l.eaJibHblMH. ECJIH )l.OJI>KeH HCnOJib30BaTbCSI CTB6HJIHTpOH, TO wyM 

JlOJI>KeH cpHJibTpOBaTbCH; 

wyM He SIBJIHeTCSI npo6JieMOH caM HO ce6e, OH CTaHOBHTCSI npo6JieMOH, Kor.n.a 

Hanpsi>KeHHe cHrHana .n.ocTaTO'IHO HH3Koe; H ornoweHHe cHrnan / wyM cTaHOBHTCH 

KpHrn'!ecKHM. PeweHHe: He 11cnonb30BaTb cxeMbl CJl.BHra ypoBHH c HCTO'IHHKOM 

TOKa B npe,eycHJIHTeJIHX; \ 

eCJIH wyM MO>KeT 6b!Tb ase.n.eH B cxeMy TaKHM o6pa30M, 'IT06bl CTaTb CHHcpa3HblM, 

TO OH MO>KeT 6b1Tb KOMneHCHposaH .ll.HcpcpepeHU.HaJibHOH napoA. 3TO HaH6onee 

)l.eHCTBeHHaHMeTO)l.HKa. 

HecKOJibKO neT Ha38.ll., asTop npHo6pen B Mara3HHe noJlep>KaHHblX semeA 40 noneBbIX 

MOCT-TpaH3HCTOpos cepHH IRF c n·KaHaJioM H p-KaHaJIOM, H nocne nposepKH Ha xa~ 
paKTepHorpacpe, y.D.anocb no.D.o6paTb .D.Be npHeMJieMbIX KOMnJieMeHTapHbIX napbI. Cpa3y 

BCnJibIJia H)l.eH C03.D.aHHSI rn6pH)l.HOro YCHJIHTeJIH, CBH3aHHaH c >KeJiaHHeM HCnOJib30BaTb 

HeK0Topb1e .ll.aBHO nbIJIHlllHecsi Ha nonKe naMnbI. AsTOp npe>KAe 6b1JI Hecnoco6eH Hatirn 

npHMeHeHHe TaKHM 3aMe'!aTeJibHbIM naMnaM, KaK E55L, c BbICOKHM 3Ha'!eHHe KPYTH3HbI 

npoxo)l.HOH xapaKTepHCTHKH gm ( 55 MA/B ), HO Tenepb noHHJI, '!TO MO>KHO c.n.enaTb xopo

UIHH KaTO.lf.HbIH nosTopHTeJib, HCnOJib3YH nonesb1e MOCT-TpaH3HCTOpb1 c BbICOKoA eM

KOCTblO 3aTBOpa. He60JibUIOe HCCJie.D.OBaHHe 9CKH3HOro npe.ll.CTaBJieHHSI npHBeJIO K cxeMe, 

Tpe6y10meA cxeMy C.lf.BHra c HCTO'IHHKOM TOKa (pHC. 3.27). 

noneBOH MOCT-TpaH3HCTOp c n-KaHaJIOM Tpe6yeT HanpH>KeHHSI + 5 B Ha 3aTBope, 

'IT06b1 nponycKaTb Tpe6yeMbIH TOK 1, 7 A, a nonesoA MOn -TpaH3HCTop c p-KaHanoM Tpe-

6yeT Hanpsi>KeHHH -6 B, .ll/IH Toro 'IT06b1 ycTaHOBHTb Tpe6yeMbIH TOK BbIXO.ll.Horo KaCK8)1.a. 

KaTO.ll.HbIH nosTOpHTeJib Ha naMne THna E55L HMeeT MOlllHblH KaCKOJl.HbIH npHeMHHK He

H3MeHHIOlllerocsi TOKa, BbinOJIHeHHblH Ha TpaH3HCTOpe THna MJE340 H .TpaH3HCTOp THna 

BC549 B Ka'!ecTBe aKTHBHOH Harpy3KH. ,lJ.HcpcpepeHu.HaJibHaH napa Ha .ll.BOHHOM TpHo.D.e 

rnna 7N7 HMeeT KaCKO)l.HblH npHeMHHK HeH3MeHHIOlllerocsi TOKa B u.enH KaTO)l.a, KOTOpbIH 

COBMeCTHO HCnOJJb3yeT HCTO'IHHK onopHoro Hanpsi>KeHHSI npHeMHHKa c K8CKa)l.OM Ha Jl8M· 

ne E55L. ,lJ.nsi Toro, 'IT06b1 c6anaHcHposaTb aHO.D.Hbie Harpy3KH, HeHcnoJib3yeMbIH BbIXO.D. 

naMnbI 7N7 co)l.ep>KHT RC- u.eno'IKY, BKJ110'!aeMy10 Ha 3eMJIIO ( waccH) .ll/IH MO.D.eJIHposaHHH 

nonHoro BXOJl.HOro conpoTHBJieHHe KaTO.D.Horo noBTOpHTeJIH Ha JiaMne rnna E55L. ,lJ.Hcp

cpepeHU.HaJibHbIH BXO.ll. KacKa.n.a Ha naMne rnna ECC808 .n.oBOJibHO crnH.n.apTHbIH 3a HCKJIIO· 

'leHHeM Toro, '!TO OH HMeeT HCTO'IHHK HeH3MeHHIOUlerocsi TOKa B Ka'!eCTBe aHO,ll.HOH Ha

rpy3KH, 'IT06bl ynyqwHTb ero JIHHeHHOCTb npH pa6oTe OT noJJO>KHTeJibHOrO HCTO'IHHKa 

nHTaHHH c HeBbICOKHM Hanpsi>KeHHeM + 150 B ( ero KaTO.lf.HbIH HCTO'IHHK HeH3MeHHIOlllero

csi TOKa MO>KeT noTpe60B8Tb TOHKOH H8CTpOHKH, 'IT06bl ycTaHOBHTb HY>KHOe aHO.ll.HOe Ha

npH>KeHHe Va). 
TaK KaK JlHcpcpepeHU.HaJibHasi napa Ha naMe 7N7 HappsiMyIO CBH3aHa c KaTO.ll.HbIM no

sropHTeJieM Ha JiaMne E55L, ee ceTKl'I .lf.OJl>KHbl 6bJTb no)l. Hanpsi>KeHHeM OTpHU.aTeJlbHOrO 

HCTO'IHHKa nHTaHHH HJJH 6JIH3KO K HeMy, O.D.HaKo Ha aHo)l.ax naMnb1 ECC808 npHJIO>KeHo 

Hanpsi>KeHHe + 123 B. TaKHM o6pa30M, npo6neMa cocTOHT B TOM, 'IT06b1 coe)l.HHHTb JI.Ba 

KaCK8)1.a no nocTOHHHOMY TOKY c MHHHMYMOM wyMOB. 
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McKalKeHHR a ycHnHrenRx, HX HJMepeHHe, Mepbl no ClllllKeHMIO HCKOlKeH~ 

3Ha'!eHHe l MOM conpoTHsneHHH sepxHero pe3HCTopa cxeMbI CJJ.BHra ypoBHH 6blno 
BbI6paHo npOH3BOnbHO, npeJJ.nonO>KHB, '!TO TOK, npoXO.ll.ffll.lHH '1epe3 Hero 6yJJ.eT »250 MKA. 

Hy>KHO 3HaTb 3TOT TOK, nOTOMY '!TO OH HBnHeTCH pac'!eTHblM TOKOM npHeMHHKa HeH3Me

HHIOll.lerocH TOKa. EcnH Bb16paTb HCTO'IHHK onopHoro HanpH>KeHHH 6,2 B, TO Tpe6yeTcH 

pe3HCTOp conpoTHeneHHeM 24 KOM. EcnH paccMaTpHBaTb cxeMY C,ll,BHra ypoBHH KaK ycH

nHTenb c 06ll.lHM 3MHTTepoM, MO>KHO HaHTH ero K03cpcpm..1.HeHT ycHneHHH. 

flOCKOnbKY KOnneKTOpHbIH TOK/"= 250 MKA, TO KpYfH3Ha gm = 35 /" = 35 X 0,25 = = 

8, 75 MA/B. Ko3cpcpHuHeHT ycHneHHH paeeH Av= gm x Rn - 8, 75 x l 000 = 8750. TeM He 

MeHee, ycHnHTenb HMeeT 3Ha'IHTenbHYIO o6paTHYIO CBH3b, TaK KaK HewyHTHposaHHbJH pe-

3HCTOp B uenH 3MHTTepa HMeeT conpoTHBneHHe 24 KOM. TaKHM o6pa3oM MO>KHO Hcnonb3o

eaTb ypaBHeHHe o6paTHOH CBH3H: 

A = Ao 415 
u R ' . 

l+-• ·A R o 
" 

B Ka'lecrne anbTepHaTHBbI, 3HaH, '!TO K03cpcpm.1.HeHT ycHneHHH nepeJJ. rtpHMeHeHHeM 06-

paTHOH CBH;3H >KenaTenbHO HMeTb 6onbWHM, MO>KHO npocTO HCnOnb30BaTb npH6nH>KeHHe: 

R A0 =-' =41,7. 
R" 

3Ha'leHHeM 3Toro ynpa}f<HeHHff HBnHeTCH TO, '!TO 6onbwee HanpH>KeHHe HCTO'IHHKa 

onopHoro HanpH>KeHHH yMeHbwaeT K03cpcpwuHeHT ycHneHHH, TaK KaK 3Ha'leHHe R, 6onb
woe. Xorn BapHaHT cxeMbl co CBeTOJJ.HO)l.aMH 6bin 6bl HeCKOnbKO xy>Ke, B 3TOM cny'lae K0-

3cpcpm.1.HeHT ycHneHHH 6yJJ.eT == 250. 
EcnH cxeMbI C.ll.BHra ypoBHH COBMeCTHO wcnonb3YIOT o6mHH ( WYMHll.lHH) HCTO'IHHK 

onopHoro CHrHana noCTOHHHOro TOKa, wyM ycHnHBaeTCH H)l.eHTH'IHO, T8KHM o6pa30M OH 

npeJJ.CTaBnHeTCH B JJ.HcpcpepeHuHanhHOH nape, KaK CHHcpa3HblH wyM, KOTOpbIH OHa MO.>KeT 

no)l.aBHTb . .LlnH rapaHTHH Toro, '!TO wyM OCTaeTCH CHHcpa3HOH noMeXOH, pe3HCTOp B u.enH 

3MHTTepa H conpoTHsneHHe JJ.enHTenH l MOM Heo6XOJJ.HMO cornacoBhIBaTb, no3TOMY JJ.O

nycK 0, 1 % HBnHIOTCH HJJ.eanbHbIM. Ha BbJCOKHx '!acToTax, C.HHcpa3HOe no)l.asneHHe JJ.Hcpcpe

pem.1.HanbHOH napbI yxyJJ.WaeTcH. EcnH 3awyHT11poeaTb pe3HCTOpbI l MOM KOHJJ.eHcaTopa

MH, K03cpcpHu.HeHT ycwneHHH cxeMbl CJJ.BHra ypoBHff 6yJJ.eT na)l.aTb c '!aCTOTOH, n03TOMY 3TO 

)l.aeT MeHbWe wyMa Ha JJ.HcpcpepeHU.HanbHYIO napy, KOTOpaH KOMneHCHpyeT na)l.eHHe K03cp

cpHU.HeHTa ocna6neHHH CHHcpa3HOro CHrHana JJ.HcpcpepeHU.HanbHOH napbl. 
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4 
Mc104HMKH nHTOHM~ 

4.1. 06111Me CBe.QeHHSI 

HcTO'lHHK ( 6JIOK) 3JieKTponHTaHHff npeJJ.cTaBJiffeT co6ol1 ycTpOHCTBO, Koropoe npeo6pa3y

er HanpmKeHHe 0)1.Horo BH)l.a ( o6bllJHO nepeMeHHOe Hanpff>KeHHe OCBeTHTeJibHOH ceTH) 

B JJ.pyroe, 6onee noJI,XO.ll.fflll.ee no CBOHM napaMerpaM )I.Jiff cHa6>1<eHH11 3JieKTp03Heprnel1 

KaKoro-TO KOHKpeTHoro 6JIOKa HJIH 'laCTH ycTpOHCTBa . 

. )lnff JiaMnOBbIX ycHJIHTeJieH ffBJifflOTCff Heo6XO)l.HMbIMH, KaK HCTO'!HHKH noCTOffHHoro 

BbICOKOBOJibTHOro Hanpff>KeHHH, TaK H 0)1.HH, JIH6o )l.a>Ke HeCKOJlbKO 6JIOKOB, ocymecTBJiff

IOlll.HX nHTBHHe ueneH HaKaJia JiaMn, B KOTOpblX MOryT HCilOJib30BaThCff Hanpff>KeHHff KaK 

llOCTOffHHOrO, TaK H nepeMeHHOrO TOKa • .LJ.OCTBTO'!HO '!BCTO )I.Jiff IlHTaHHff KaK npeJIYCHJIH

TeJibHbIX KaCKa)l.OB, TaK H ycHJIHTeJiff MOlll.HOCTH HCilOJib3yeTCff e)l.HHblH 6JIOK nHTBHHff, KO

TOpblH lJaCTO BXO)l.HT B COCTBB ycHJIHTeJiff MOllJ.HOCTH, 0)1.HaKO TaKOH MpHaHT BOBCe He ffB

JiffeTCff 06ff3aTeJibHbIM. 

B 3TOH rJtaBe 6y.nyr pacCMOTpeHbl OCHOBHble 6JIOKH, BXO)l.fflll.He B COCTaB HCTOlJHHKa 

nHTaHHff, npHMepbl pac'leTa TaKHX. 6JIOKOB, 3aTeM 6y)l.eT pacCMOTpeH npHMep npoeKTHpo

BaHHff cxeM .ll.BYX 6JIOKOB nHTaHHff, HCil0Jlb3yeMbIX Ha npaKTHKe. 

4.2. OcHOBHble BH.Qbl MCTO"IHHKOB mnoHWI 

CymecTByeT JJ.Ba npHHUHnHaJibHbIX noJI,XOJJ.a K npoeKTHpoBaHHJO cxeM HCTO'!HHKOB nHra

HHff, B COOTBeTCTBHH c KOTOpblM HX MO>KHO pa3)l.eJIHTb Ha )I.Ba OCHOBHblX KJiacca: JIHHeHHble 

(HenpepbIBHbie) H HMilYJibCHbie (pHC. 4.1 ). 
B HMnyJibCHOM HCTO'lHHKe nHTaHHff nepeMeHHoe Hanpff>KeHHe ceTH, npe>K,Ae Bcero, 

BbinpffMJiffeTCff, 3aTeM npeo6pa3yeTCff B BbICOKO'laCTOTHOe Hanpff>KeHHe, HMelOmee 'lac

TOTY' KaK npaBHJIO, npeBbIUlalOllJ.YIO, 50 Kfu, nocJie 3Toro OHO nOBbIUlaeTCff HJIH IlOHH>Ka

eTCff )l.0 He06XO)l.HMOro 3HalJeHHff c HCilOJlb30BaHHeM rpaHc¢opMaTopoB, IlOTOM OHO 

BbinpffMJiffeTcff H crna>KHBaeTcff. Cra6HJIH3aUHff 3Ha'leHHff Hanpff>KeHHff ffBJiffercff cyme

cTBeHHOH 'laCTblO JII060H cxeMbl HMnyJibCHOrO npeo6pa30BaHHff. l1MnyJibCHbie 6JIOKH nH-
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OcHOBHb1e Bllllbl 11no11H11Koe n11raH1tR 

BXOAHOe 
nepeMeHHoe 
HanpR)l(eH111e 

BXOAHOe 
nepeMeHHoe 
HanpR)l(eH111e 

lllMny/lbCHbl~ lllCTO'IHlllK nlllTaHlllR 

BblXOAHOe 
nOCTORHHOe 
HanpR)l(0Hllle 

PHc. 4.1 Cpaonenue 6AoK-cxeM.Auneu1weo u UM.nyAbcnoeo 
ucmottHUKOB numanwi 

8b1XOAHOe 
noCTORHHOe 
HanpR)l(eH111e 

TaHHff xapaKTepH3YIOTCff He60JibllJHMH ra6apHTaMH (nocKOJibKy TpaHccpopMaU.Hff HanpH

>KeHHff npOHCXOJ.1.HT Ha BblCOKHX 11aCTOTaX, a He Ha 50 ru.), MaJiblM BeCOM H BblCOKHM KO.LI.. 

Hx pa3pa6oTKa HBJIHeTCSI 011eHb cneu.HcpH11Hol1, paHHHe MOJJ.eJIH HMnyJibCHblX HCTO'IHHKOB 

nHTaHHSI xapaKTepH30BaJIHCb O'leHb BblCOKHM 3Ha'leHHeM BblCOKO'laCTOTHblX llIYMOB. OJJ.

HaKO nocJieJJ.HHe pa3pa60TKH, YJ.1.0BJieTBopS110lll,He Tpe6osaHHSIM cospeMeHHblX cTaHJJ.aprns 

no ypoBHIO 3JieKTpoMarHHTHblX p8,ll,HonoMex, EMI, xapaKTepH3YIOTCSI Ha YJJ.HBJieHHe HH3-

KHM ypoBHeM llIYMOB H MOryT 6b1Tb c ycnexOM HCnOJib30BaHbl B 6JIOKax nHTaHHSI, npHMeHH

eMblX JJ.a>Ke s u.enHx noJJ.orpesaTeneA naMn. 

B npoTHBonono>KHOCTb HMr'IYJihCHblM HCTO'IHHKaM nHTaHHH s JIHHeliHbJX 6noKax ceTe

soe HanpSI>KeHHe npOMblllJJieHHOJ1 'laCTOTbl, 'lalll,e BCero 50 fl.J., C HCnOJib30BaHHeM MaC

CHBHOrO CHJIOBoro TpaHccpopMaTopa, npe>K,ll,e scero nOHH>KaeTCff HJIH nOBblllI8eTCff J.1.0 

He06XOJ.1.HMOro 3Ha'leHHSI. 3aTeM 13KJIIO'laeTCff JiaMnOBblA HJIH nonynpOBOJ.1.HHKOBOro Bbm

pHMHTeJib, COBMeCTHO c KOTOpblM HCnOJib3YIOTCSI crna>KHBalOlll,He KOH)leHCaTOpbl 60JibllJOH 

eMKOCTH, JIH6o elll,e 6oJibllIHe no ra6apHTaM JJ.poccenH, crna>KHBalOlll,He nynbcau.HH, Ha

KOHeu., BbinpHMJieHHOe H crJia>KeHHOe HanpH>KeHHe nocrynaeT Ha He06XO)lHMble cxeMbl 

CTa6HJIH3aTopOB. J1HHel1Hble 6JIOKH nHTaHHSI O'leHb MaCCHBHble, y HHX O'leHb MaJieHbKHA 

Kn.LI., HO npH npoeKTHposaHHH OHM Tpe6y10T BbinOJIHeHHSI 011eHb HeCJIO>KHbIX pac11eros H 

OTJIH11a10TCS1 011eHb HH3KHM yposHeM lliy~os. B naMnOBhlX ycHJIHTeJISIX HCnOJib3yeTCH rpo

Ma)lHOe KOJIH'leCTBO TaKHX 6JIOKOB nHTaHHSI, n03TOMY He06XO)lHMO npe,ll,CTaBJIHTb OCHOB

HbJe npo6JieMbl H HIOaHCbl, B03HHKalOlll,He npH HX npoeKTHposaHHH. 

KaK npaBHJIO, npou.ecc npoeKTHpOBaHHSI HCTO'IHHKa nHTaHHff Be,ll,eTCff OT o6parnoro, 

TO eCTb HCXO)lSIT H3 Tpe6osaHHH, npe)lbffBJIHeMblX K BblXOJ.1.HblX xapaKrepHCTHKaM H napa

MeTpaM OT,ll,eJibHblX 3JieMeHTOB H u.eneA. TaK KaK HCTO'IHHK nHTaHHff npoeKTHpyeTCff, 'lalll,e 

scero, nocne 3asepllieHHS1 pac11eTa ycHJIHTeJibHbIX KaCK8JJ.OB, To cylll,ecTByeT npesparnoe 

npeJJ.CTasneHHe .uyMaTb o HHX, KaK ocTasneHHbIX, KaK 6b1 «Ha noTOM». Eonee Toro, HeKo

TOpb1e npoMblllJJieHHO H3rOTOBJieHHble o6pa3U.bl TaK H HeCyT Ha ce6e ne11aTb 3TOro CJIO

>KHBllierocH B MaccOBOM C03HaHHH CTepeOTHna. 0,ll,HaKO npH 'Ha'laJie npoeKTHposaHHff 

6noKa nHTaHHH Heo6xo)lHMO 011eHb 'leTKO npeJtcTaBHTb ce6e, 11ro ycHJIHTeJib, no CyTH JJ.eJia, 

npe,ll,CTaBJIHeT co6oH MO,llyJI~TOp, KOTOpblH ynpaBJIHeT noTOKOM 3HeprHH, nepe).l.asaeMOH 

OT HCTO'IHHKa nHTaHHSI B Harpy3Ky. EcJIH Ka'leCTBO HCTO'IHHKa nHTaHHSI 6yJJ.eT Hey)lOBJieT

BOpHTeJibHblM, TO ,ll,a>Ke caMbIA Tlll,aTeJibHO cnpoeKTHpOBaHHblH YCHJIHTeJib npespaTHTCSI 

s HHKOMY He HY>KHhlli yTHJib. 
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Mcro~HHKH nHTDHHH 

4.3. 8bmpS1MfleHMe nepeMeHHOro TOKO 

4.3. l 06UJHe cseneHHR 0 BblnpRMHTeRRX 

npeo6pa30BaTeJJH, CT86HJJH3aTOpbi HanpsnKeHHSI H PSIJJ. JJ.PYrHX 3JJeMeHTOB He SIBJISllOTCSI 

06Sl3aTeJJbHblMH JJ.JISI Bcex HCTOl{HHKOB nHT8HHSI. B 38BHCHMOCTH OT Tpe6oBaHHH, npeJJ.'bSIB

JJSleMbIX K HCTOl{HHKaM nHTaHHIO, 3TH Y3Jlbl MOryT npHCYTCTBOBaTb B cxeMe, a MOl)'T H 

OTCYTCTBOBaTb. 0JJ.HaKO npou,ecc BblnpSIMJJeHHSI nepeMeHHOro HanpSl>KeHHSI 6yJJ.eT npH

CYTCTBOBaTb Bcer}J.8, a 3HattHT 6y!JYT npHCYTCTBOBaTb H CBSl3aHHbie c HHM npo6JJeMbl crna

>KHBaHHSI nyJJbCaU,HH HanpSl>KeHHSI. 3rn JJ.Be onepau.HH Hepa3pbIBHO CBSl3aHbl JJ.pyr c JJ.pyroM 

H B KOHettHOM HTOre onpeJJ.eJJHIOT Tpe6osaHHSI, npeJJ.'bSIBJJSleMble K CHJIOBOMY TpaHc<f:>opMa

TOpy, a Il03TOMY OHH SIBJJSllOTCSI OCHOBOilOJJaraJOW.HMH JJ.JISI scero JJ.8JlbHeI1wero npou,ecca 

npoeKTHposaHHSI 6J101<a nHTaHHSI. TaK KaK B 6J101<e nwTaHHSI Tpe6yeTCSI BbmpS1MJJS1Tb CHHY

COHJJ.aJJbHOe HanpSl>KeHHe, C03JJ.8BaeMoe Ha BTOpHttHbIX o6MOTKaX CHJIOBOfO TpaHc<f:>op

MaTopa, Heo6XOJJ.HMO CTpeMHTbCSI K MaKCHMaJJbHOH ~3<f:><f:>eKTHBHOCTH HCilOJlb30BaHHSI 

TpaHc<f:>opMaTopa, no3TOMY CJJe.nyeT paCCMaTpHBaTb sapHaHT TOJlbKO JJ.ByxnoJJynepHOJJ.HO

ro Bb!IlpS!MJJeHHSI. 0JJ.HOnoJJynepHOJJ.HOe BbinpSIMJJeHHe He TOJlbKO MeHee 3cp<f:>eKTHBHO (TaK 

KaK npH 3TOM HCilOJlb3yeTCSI TOJlbKO OJJ.Ha noJJyBOJJHa H3 nOJJHOro nepHOJJ.a CHHYCOHJ].aJJbHO

ro CHrHaJJa ), HO TaK>Ke B03HHKaeT nOCTOSIHHaSI COCTaBJJSllOW.aSI TO Ka, npoTeKaJOw.ero 

B TpaHc<f:>opMaTope, a JJ.a>Ke He60JJbWHe BeJJHttHHbl nOCTOSIHHOro TOKa, npoTeKarow.ero 

B o6MOTKax TpaHc<f:>opMaTOpa, MOl)'T npHBeCTH K HaM.arHH'lHBaHHIO H J].a>Ke K HaCblW.eHHIO 

ero cepJJ.ettHHKa. Opw Hacb11..U.eHHH MaTepHaJJa cepJJ.ettHHKa B03HHKaJOT JJ.OnoJJHHTeJJbHble 

noTepH H nOTOK pacceSIHHSI, KOTOpblH MO>KeT HHJJ.Yll,HpOBaTb TOKH <f:>oHOBblX noMeX B 6JJH

>KaHWHX K TpaHc<f:>opMaTopy u,enflx cxeMbl. Eonee Toro, npH Hacb1w.eHHH cepJJ.ettHHKa, Hff 

3JJeMeHTax TpaHc<f:>opMaTopa MO>KeT BbIJ].eJJSITbCSI nOBbllIJeHHaSI TenJJOBaSI 3HeprHS1, BnJJOTb 

JJ.O paapyweHHSI ero KOHCTPYKU.HH. 

4.3.2. 8bl6op naMnOBb/X lfRlf nonynpOBORHlfKOBb/X BblnpRMHTeRbHb/X RlfOROB 

Cyw.ecrnyeT JJ.Be ocHOBHbie paaHOBHJJ.HOCTH cxeM JJ.ByxnoJJynepHOJJ.Horo BbmpS1MJJeHHS1: 

BblnpSIMHTeJJb, HCilOJlb3YIOW.HH OTBOJJ. OT cpeJJ.HeH TO'IKH o6MOTKH TpaHc<f:>opMaTopa, H MOC

TOBaSI cxeMa BbinpSIMJJeHHSI ( pHC. 4.2 ). 
MocTosaSI cxeMa (ttacTo Haab1saeMaS1 cxeMOH fpeu,a) BbmpS1MJJeHHS1 npeJJ.CTaBJJSleT 

CTaHJJ.apTHylO cospeMeHHYIO TOnOJJOrHIO, TaK KaK OHa Il03BOJISleT 3KOHOMHTb Ha 06MOTKe 

TpaHc<f:>opMaTopa (Tpe6yeTCSI BJJ.BOe MeHblIJe BHTKOB BTOpHttHOH o6MOTKH). CxeMa Bbl

npSIMJJeHHSI, B KOTOpOH HCilOJlb3yeTCSI o6MOTKa TpaHc<f:>opMaTopa c OTBOJJ.OM OT cpeJJ.Hero 

BHTKa, CttHTaeTCSI TP8JJ.Hll,HOHHOH B cxeMaX JJaMnOBblX BblnpSIMHTeJJeH, TaK KaK OHa Il03BO

JJHeT 3KOHOMHTb Ha KOnHttecrne BblnpSIMJISllOW.HX 3JJeMeHTOB (KOTOpble scer}J.a CTOHJIH He

JJ.eweso). 

CTpH paCCMOTpeHHH cxeMbl BbICOKOBOJlbTHOro HCTO'lHHKa nHTaHHSI, JJ.JISI KOToporo Ha

npSl>KeHHe nocTOSIHHoro TOKa Vvc He npeBbllllaeT I KB, Heo6XOJJ.HMO CJJ.eJJaTb Bb16op Me>KJJ.Y 

HCil0Jlb30BaHHeM KpeMHHeBoro noJJynpOBOJJ.HHKOBOfO JJ.HOJJ.8 HJIH BaKYYMHOro TepM03JJeK-
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Jiii 
Jiii' 

PHc. 4.2 Cxe.Mbl 0Byxno1tynepuoonoeo BblnpR.M.llenua 

rpoHHoro JJ.HOM (KeHorpoHa), HanpHMep, raKoro, KaK GZ34. JlaMnOBbIH BbmpHMHTeJib

HbIH JJ.HOJJ. He OT JIHttaeTCH BbICOKOH ::1Q>Q>eKTHBHOCTbl-O pa60Tbl. ,ll.eJIO 38KJII-OttaeTCH He TOJib

KO B TOM, 'ITO JJ.JJH Hero Tpe6yeTCH HCTOttHHK nHT8HHH nOJJ.OrpeeaTeJieH, HOH B TOM, ttTO Ha 

JiaMnOBblX BbinpHMHTeJIHX na,neHHe BbICOKOBOJlbTHOfO HanpH>KeHHH COCT8BJIHeT JJ.eCHTKH 

BOJlbT, KpOMe 3TOro B03p8CT8eT BbIXOJJ.HOe conpOTHBJieHHe HCTOttHHKa nHT8HHH. 0HH 

otteHb ttyBCTBHTeJibHbl B OTHOllleHHH nyJibCHpyIOIUeH COCT8BJIHIOIUeH nocTOHHHOro TOK8 

(KoTopaH 6yJJ.eT paccMoTpeHa HH>Ke), H, cneJJ.OBaTeJibHO, c HHMH Tpe6yeTcH npHMeHHTb 

CrJI8>KHB81-0IUHe KOHJJ.eHC8TOpbl c M8KCHM8JlbHOH eMKOCTbl-0, KOTOpbie 6yJJYT nOJJ.KJII-Ott8Tb

CH napaJIJieJibHO HX BbIBOJJ.aM. Bonee rnro, noJIHoe conpoTHBJieHHe, noJJ.KJII-OttaeMoe no

cneJJ.oBaTeJibHO B l.(enH K8>KJJ.Oro 8HOJJ.8, JJ.OJl>KHO npeBOCXOJJ.HTb MHHHM8JlbHOe 3HatteHHe, 

KOTOpoe onpeJJ.eJIHeTCH CJieJJ.YIOIUHM Bblpa>KeHHeM: 

R >R + n2R senes - ~ p' 

B KOTopofl R. - conpoTHBJie1rne sTOpHttHOH o6MOTKH TpaHcQ>opMarnpa; 

RP - conpoTHBJieHHe nepsHttHOH o6MOTKH TpaHcQ>opMaTopa; 

n - K03cpQJHI.(HeHT TpaHCQJOpM8l.(HH, HJIH OTHOllleHHe KOJIHttecTBa BHTKOB 

BTOpHttHOH o6MOTKH K KOJIHtteCTBY BHTKOB B nepBHttHOH. 

XoTH npHBOJJ.HMbie HH>Ke s Ta6JI. 4.1 .n.aHHbie noasoJIHIOT npoH3BOJJ.HTb 6blcTpoe cpas

HeHHe xapaKTepHCTHK HaH6oJiee pacnpocTpaHeHHblX JJ.BOHHblX BbinpHMHTeJibHbIX JiaMno

BblX JJ.HOJJ.OB (JJ.syxnonynepHOJJ.HblX KeHOTpOHOB), 38 nonyiieHHeM 6onee noJJ.p06HOH HH

Q>opMal.(HH He06XOJJ.HMO 6yJJ.eT o6paTHTbCH K nacnopTHblM JJ.8HHbIM, npeJJ.CT8BJIHeMblX 

npOH3BOJJ.HTeJIHMH JiaMn. 

Ta6n111L.(a4.1 

TMnnaMnw IDC(nwtl• MA R .. ,.,..,OM C(mu}• MKCI> lhuten MA 
<Vout = 300 B) 

EZ90/6X4 70 520 16 0,6 
EZ80/6V4 90 215 50 0,6 
EZ81/6CA4 150 190 50 
GZ34/5AR4 250 75 60 1,9 
GZ37 250 75 60 * 2,8 
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Hpu.Me'laH.ue. KoMnaHHSI MaJIJJ3p.n.(Mullard) He YK838JJa 3H84eHHe cfmax) JJ.JISI JJ8MnO

aoro .n.Ho.n.a GZ37, HOB CHJJY Toro, 4TO KaK JJ.JJH GZ34, TaK H JJ.JJH GZ37 aMnJIHTY.D.Hbie 3Ha-

4eHHH TOKOB 0.ll.HH8KOBbl, ia(pk) = 750 MA, TO MO>KHO 6y.n.eT npHHffTb, 4TO JJ.Jlff .D.HO.D.8 

GZ37BeJIHlfHH8 c(ma.r) = 60 MKCI>. 

JlaMnOBbie .D.HO.D.bI GZ34, BXO.ll.Hll.lHe B cepHIO NOS H BbmycKaeMbie KoMnaHHeH Man
JJ3P.D. (Mullard), npe.D.CT8BJISllOT B H8CT0ffll.lee BpeMH nOlfTH My3eHttylO pe.ll.KOCTb H Il03TOMy 

04eHb .u.opome, xorn HeKOTOpbie H3 coepeMeHHbIX .n.aMnoBbIX .ll.HO.U.OB GZ34, KaK coo6ma

JJOCb B nelfaTH, HMelOT OlfeHb HeycTOH4HBbie napaMeTpbl npH Bb!COKHX HanpH>KeHHflX, Il03TO

My .D.OCT8T04HO nonynHpHOH 38MeHOH JJ.Jlff MHHOro JJaMnoeoro .D.HO)J.8 ffBJlffeTCff BeCbM8 « npo

>KOpJJHB8ff » B ornoweHHH noTpe6nHeMblX TOKOB naMna NOS GZ37. JlaMnOBbie .D.HO.ll.bI 

c KoceeHHbIM no.u.orpeeoM EZ80 H EZ8 l .u.eweene H 3HalfHTeJibHO .n.ocrynHee, OHH HBJJHIOTCH 

H.n.e8JibHblMH JJ.Jlff npHMeHeHHff B cxeMax npe.nycHJIHTeJJeH HJIH He60JibllIHX MOHO<f>OHHLfeCKHX 

ycHJIHTeJleH MOI.U.HOCTH. )l.nH He olfeHb nonynHpHoro naMnoeoro .D.Ho.n.a EZ90 npHBO.ll.HMbie 

nacnopTHbie xapaKTepHCTHKH He ffBJlfflOTCff T8KHMH no.n.po6HbIMH, KaK 3TO c.u.enaHO JJ.Jlff .ll.HO

,r1.a EZ80, HO enonHe B03MO>KHO npe.u.nono>KHTb, lfTO OH oKa>KeTcH .n.a>Ke .u.eweene. 

Bb!npHMHTeJibHb1e .D.HO.D.bI c KoceeHHbIM f!O.n.orpeeoM pa3pa6oTaHbI JJ.JJH nHT8HHH 

OT CTaH.u.aprnoro 6JIOK8 nHTaHHff no.u.orpeBaTeJieH K8TO.D.OB, KOTOpb!H HMeeT HanpH>KeHHe 

6,3 B H npe.n.Ha3HalfeH JJ.JJH npHej\10-ycHJIHTeJibHblX naMn, o.u.HaKo, HX oco6eHHOCTblO HBJIH

eTcH TO, lfTO HanpH>KeHHe Me>K,Dy no.n.orpeBaTeJieM H K8TO.U.OM Vgh MO>KeT .D.OCTHf8Tb 3H8lfe

HHff npHMepHo 300 B. 3To npe.n.'hHBJIHer nOBblllieHHble Tpe6oeaHHH K Kalfecrny H30JIHU.HH 

Me>KJIY K8TO.D.OM H no.u.orpeBaTeJieM, npH 3TOM wyMOBbie TOKH c K8TO.D.a BbmpHMHTeJibHOro 

.n.Ho.n.a nocryna10T B o6rn.HH 3a3eMneHHbIH HCTOlfHHK nHTaHHH no.n.orpeeaTeneA. EcnH ycno
BHe HH3Koro ypoBHff llIYMOB ffBJiffeTCff onpe.n.eJIHIOll.lHM, TO MO>KHO K8K 6bI nepeJIO>KHTb 

B03HHK810lll.He CJIO>KHOCTH co CTOJib lfYBCTBHTeJibHOH H30JlffU.HeH K8TO.D.·no.u.orpeeaTeJib Ha 

6onee BbIHOCJIHBbIH CHJIOBOH TpaHc<f>opMaTOp, nyreM HCnOJib30B8HHff OT.D.eJibHOH o6MOT

KH, npe.u.Ha3H8lfeHHOH JJ.Jlff u.enH no.n.orpeBaTeJieH K8TO.D.OB JiaMnOBbIX BbinpHMHTeJibHblX 

.D.HO.D.OB H raJibB8HHlfeCKH CBff38HHOH c K8TO.U.8MH. 

Bb~COKOB8J<YYMHbie naMnOBbie BbmpHMHTeJIH 06na.u.a10T O.D.HHM e.n.HHCTBeHHbIM HBHbIM 

npeHMymecTBOM nepe.u. KpeMHHeBbIMH .D.HO.ll.8MH, HO 3TO npeHMyll.leCTBO MO>KeT OKa38TbCff 

H8CTOJibKO B8>KHbIM, lfTO n03BOJIHT CTepneTb BCe HX He.D.OCT8TKH. BpeMH HapaCT8HHff BblXOJJ.

HOro HanpH>KeHHff ( speMH, Heo6XO.D.l'IMOe JJ.Jlff H3MeHeHHff HanpH>KeHHff OT 3Ha4eHHff I 0% .u.o 
3Ha4eHHff, COCT8BJIHIOll.lero 90% HOMHH8JlbHOro) npH ycJIOBHH noJIHOH Harpy3KH COCT8BJlff

eT npHMepHO 5 c, lfTO CHJlbHO CHH>Kaer BeJIHlfHH}' npOTHBOTOKa 3JieKTpOJIHTHlfeCKHX KOH.D.eH

caropoB no cpaBHeHHIO c nonynpoBO.D.HHKOBblMH BbinpHMHTeJIHMH (pHC. 4.3). 

51pble npHeep>KeHU.bI BbICOKOB8J<YYMHbIX naMnOBbIX .D.HO.D.OB yKa3blB8IOT, lfTO JiaMna 

BKJll048eTCff H BbIKJIIOlfaeTCff 6onee lfHCTO no cpaBHeHHIO c KpeMHHeBbIM .D.HO.U.OM, H 3TO 

B HTOre npHBO.D.HT K MeHee Bblpa>KeHHbIM pe30H8HCHbIM HMeHHffM B HCTOlfHHKe nHT8HHff. 

0.n.HaKO, no MHeHKIO 8BTOpa, o6a Tlma BbinpHMHTeJieH xapaKTepH3yeTCff nHK8MH (Bb16poca

MH) npH nepeKJIIOlfeHHH, H, B CHJJy 3TOro, oco6oe 3HalfeHHe npHo6peTaeT He06XOJJ.HMOCTb 

HcnoJib30BaHHH crna>KHB810lll.HX H ,neMn<f>HPYIOlllHX 3JieMeHTOB. EcJIH H Ha6n10.u.a10TcH HeKo

TOpb1e npeHMymecTBa npH HCnOJib30B8HHH JiaMnOBbIX BblnpHMHTeJibHbIX .ll.HO.D.OB, TO OHH, 

CKOpee BCero, o6H38Hbl CBOHM npOHCXO>K,ll.eHHeM yMeHbWeHHbIM nyJibCHPYlOlll.HM COCT8Mff

IOlllHM nepeMeHHoro TOKa ( no.npo6Hee 3Ta npo6neMa 6y.n.eT paccMoTpeHa HH>Ke ). 
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PHc. 4.3 flAaBHoe HapacmaHue Bbtco1weoAbmH020 HanpR:m:eHUR, numae.Mo20 
om Aa.MnoB020 BblnpR.MumeAR EZ8 / c moKo.M Ha2py3KU 120 MA 

KaKaH 6b1 TononornqecKaH cxeMa BbmpHMHTenH HH 6b1na 6b1 BbI6paHa, Heo6xoJJ.HMa 

yeepeHHOCTb, 'ITO OHa 6yJJ.eT B COCTOHHHH OKa3b!BaTb npOTHBOJJ.eiicTBHe B03MylUeHHHM, 

oKaabrnaeMblM Ha Hee 0Kp)l)Ka10UJ.HMH u.enHMH. CTpH paccMoTpeHHH cxeMbl BbmpHMHTenH, 

nHTalOUJ.erocH OT ceTH nepeMeHHOro TOKa npOMblllJJ!eHHOH 'laCTOTbl, Heo6XOJJ.HMO TO'IHO 

aa.n.aBaTb MaKCHMaJ!bHO .n.onycTHMbie 3Ha'leHHH HanpH>KeHHH H TOKOB. 0JJ.HaKO, BeJIH'IHHa 

HH Toro, HH Jtpyroro napaMeTpa He HBJ!HeTCH CTporo OJJ.H03Ha'IHOH, KaK 3TO MO>KeT noKa

aaTbCH Ha nepBblH B3rJIHJJ. (pHC. 4.4). 
Ha pHc. 4.4 np11BeJJ.eHa cxeMa BbmpHMHTenH, B KOTopoI1 11cnonbaoeaHbI JJ.Ba KpeMHHe

BbIX JJ.HOJJ.a, BKJJIO'leHHblX B nne'IH BTOpH'IHOH o6MOTKH TpaHCQlOpMaTopa, HMe10w.eI1 OTBOJJ. 

OT cpeJJ.HeH TO'IKH ( o6MOTKH 300-0-300 B ). HanpH>KeHHe xonocrnro XOJJ.a Ha HaKonHTenb

HOM KOHJJ.eHcarnpe COCTaBHT 424 B nOCTOHHHOrO TOKa (He06XOJJ.HMO o6paTHTb BHHMaHHe, 

'ITO 3TO HanpH>KeHHe 3Ha'IHTeJ!bHO npeBbIUJaeT TO 3Ha'leHHe, KOTOpoe 6b!JJO 6bl, ecnH 6bl 

BMeCTO KpeMHHeBbIX JJ.HOJJ.OB HCnOJ!b30BaJIHCb naMnOBble JJ.HOJJ.bl: npHMaH aaMeHa KpeMHH

eBblX JJ.HOJ].OB Ha naMnOBble HeJ].onyCTHMa). CTpeJJ.eJJbHO JJ.OnycTHMOe HanpH>KeHHe JJ.H0.11.8, 

yJJ.0BneTBopH10w.ee Tpe6oeaHHHM cxeMbl, npeJJ.cTaBnHeT MaKCHMaJ!bHO JJ.OnycTHMoe 06-

paTHoe Hanps!:>KeHHe, KOTOpoe MO>KeT 6b!Tb MHOfOKpaTHO npHJIO>KeHO K HeMy, VRRM" 11Hor

JJ.a OHO yKa3b!BaeTCH KaK pa6oqee HanpH>KeHHe JJ.HOJJ.a, ( HJJH, KaK CJJO>KHJJOCb HCTOpH'leCKH, 

MaKCHMaJJbHOe HJIH aMnJIH'l"y,JJ.HOe o6paTHoe HanpH>KeHHe ). 

B ra6n. 4.2 cpaBHHBalOTCH Heo6XOJJ.HMbie pa60'IHe HanpH>KeHHH KpeMHHeeb1x JJ.HOJJ.OB 

JJ.JJH MOCTOBOH cxeMbl BbmpHMJ!eHHH H cxeMbl c OTBOJJ.OM OT cpeJJ.HeH TO'IKH BTOpH'IHOH 06-

MOTKH TpaHcQ>opMaTopa. 
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300V 424VDC 

300V 

PHc. 4.4 BAuJutue Kondencamopa na oeAuttuny OblnpaMAennoeo nanpa;m;enua 

Ta6nffl-'B 4.2 
CxeMa a1o1npRMneHMR 

c OTBOAOM OT 1.1eHTpanbHOro 

BKTKB 06MOTKl1 TPBHC<!>OPMBTOpa 

MOCTOBBSI 

0THOW8HM8 AOnyCTMMOro 

o6paTHOro HanpRlK8HMR AMOA& 

KCP8AH8KB8AP8TM~ecKOMy 

3H&~&HMIO H&npRlK8HMR, VRR11/VR11s 

2../2 

../2 

Kon111~eCTBO AMOAOB, 

BKn10~aeM1o1x nocn&Ao

B&Teni.Ho B KBlK,AOM 

nne~e cxeM1o1 

2 

CTpH BbinpffMJieHHH BblCOKHX Hanpff>KeHHH cxeMa c OTBO.!J.OM OT ~eHTpaJibHOro BHTKa 

BTOpH'IHOH o6MOTKH TpaHccpopMaTopa HMeeT TOT He.!1.0CTaTOK, 'ITO JI.Jiff Hee Tpe6yeTCff HC

nOJib30BaTb nonynpoB0.!1.HHKOBbie .!1.HO.!J.bI, pacC'IHTaHHb1e Ha Y.ll.BOeHHbie 3Ha'leHHff Hanpff

>KeHHff VRRM' nosTOMY B cxeMe BbinpffMHTeJI~, B KOTOpoii HCnOJib3ye:rcff BTOpH'IHaff 06-

MOTKa TpaHccpopMaTopa c OTBO.ll.OM OT cpe.!J.HeH TO'IKH H Hanpff>KeHHff 300-0-300 B 
Heo6XO.!J.HMO 6yJ1.eT HcnoJib30BaTb.!1.HO.!J.bI, y KOTOpblX VRRM > 849 B. 0.!1.HaKo a i:ibmpffMHTe

ne, B KOTopoM 6yJ1.eT HcnoJib30BaTbCff TOJibKO OJI.Ha sTOpH'IHaff o6MOTKa, pacc'IHTaHHaff Ha 

Hanpff>KeHHe 300 B H MOCTOBaff cxeMa BbinpffMJieHHff, MO>KeT 6bITb o6ecne'leHO TO'IHO Ta

KOe >Ke 3Ha'leHHe BblXO.!J.HOrO Hanpff>KeHHff, npH 3TOM Heo6X0.!1.HMO HCnOJib30BaTb .!1.H0.!1.bl, 

JI.Jiff KOTOpblx Hanpff>KeHHe VRRM > 424 B. HecMOTPff Ha 3TO, O'leHb Y.ll.06HblMH JI.Jiff npHMe

HeHHff OKa3blBalOTCff BbinpffMHTeJIH, B KOTOpblX HCnOJib3YIOTCff nonynpOB0.!1.HHKOBble .!J.HO

.!J.bl H TpaHccpopMaTOpbl c OTBO.!J.OM OT cpe.ll.Heii TO'IKH BTOpH'IHOH o6MOTKH TpaHccpopMaTO

pa, npeJ1.Ha3Ha'leHHble JI.Jiff pa60Tbl c HH3KHMH Hanpff>KeHHffMH H BblCOKHMH 3Ha'leHHffMH 

TOKOB, TaK KaK B 3TOH cxeMe npffMOe n8.!J.eHHe Hanpff>KeHHff Ha .!J.H0.!1.aX cxeMbl, VJ' 6yJ1.eT 

B JI.Ba pa3a HH>Ke aHaJIOrH'IHOrO napaMeTpa, xapaKTepHoro JI.Jiff MOCTOBOH cxeMbl BblnpHM

JieHHff, noCKOJibKY 38 Ka>K.!J.blH nonynepH0.!1. BbinpffMJiffeMoro CHHYCOH.ll.8JlbHOro Hanpff>Ke

HHff, TOK npoTeKaeT TOJibKO qepe3 0.!1.HH .!1.HO.!J., a He qepe3 JI.Ba, KaK B MOCTOBOH cxeMe. 

TaKHe nanoBbie .!J.HO.!J.bt, ~aK GZ34, EZ8 l, EZ80 HT. JI.. npeJ1.Ha3Ha'la10TCff JI.Jiff Hcnonb3o

saHHff B cxeMax BbtnpffMJieHJrn c OTBO.!J.OM OT cpe.ll.Heii TO'IKH, 'ITO noJ1.pa3yMesaeT HCnOJib30-
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BbmpJ1MneH11e nepeMeHHOro TOKa 

BaHHe TpaHc<f>opMaTopa, BTOpH4H8SI o6MOTK8 KOTOporo H3rOTOBJleHa c OTBO.zt:OM OT cpe,ri:Hero 

BHTK8. 0.zt:H8KO COBMeCTHOe HCnOJJb30B8HHe naMnosoro H nonynpOBO.zt:HHKOBOro BbinpSIMH

TeJJbHblX .zt:HO.zt:OB noasonHeT o6oliTH .zt:aHHYIO npo6neMY, a TalOKe coxpaHHTb npeHMymecTBO 

nepBbIX, CBSl38HHOe c nnaBHblM HapaCT8HHeM BbinpSIMJleHHOro TOK8 ( pHC. 4.5 ). 

] 

PHc. 4.5 CxeMa ObtnpRMumeAfl c KOM6unupooaHHblM ucnoJtb3ooanueM 
JtaMnooo20 u noAynpoooonuKooblX BblnpRMumeJtbHblX ouoooo 

Kor.zi:a BbmpHMneHHoe HanpH>t<eHHe c,ri:Ho,ri:os nocrynaeT Ha HaKonHTeJJbHbili KOH,ri:eHcaTop, 

HMnynbCHbie TOKH B HeCKOJlbKO paa npeBblW8IOT BeJJHL[HHY nOCTOSIHHoro TOKa, npoTeKalOw.ero 

B HarpyaKe. K C48CTblO, cospeMeHHbie KpeMHHeBbie .zt:HO,ri:bl paapa6aTblB8IOTCSI T8KHM oopa30M, 

4T06bl yqecTb 3TO npeBbIWeJ.fHe nHKOBblX 3H84eHHli TOKa, n03TOMY AfISI .zi:syxnonynepHO.zt:HOli 

cxeMbl BbinpHMJJeHHSI OK83bIB8eTCSI .zt:OCT8TOL[Hb!M Bbi6paTb K8)f(Jl.blli .zt:HO.zt: c HOMHH8JlbHblM 3Ha-

4eHHeM pa604ero TOKa, paBHblM nOJJOBHHe nOCTOSIHHoro TOKa, npoTeKaiomero B HarpyaKe. 

( 3TO CT8HOBHTCSI B03MO>KHbIM nOTOMY, L[TO 4epea Ka)f(Jl.blli .zt:HO.lt: B cxeMe .zi:syxnonynepHO,ri:Horo 

BbinpSIMJJeHHSI TOK npoTeKaeT TOJlbKO B TelleHHe O,ri:HO!i noJJOBHHbl nepHo,ri:a.) 

4.3.3. PryTHble BblnpRM11ren11 

PryTHbie BbinpHMHTenli nocne,ri:Hee BpeMSI CTaHOBSITCSI Bee 6onee MO.lt:Hb!MH, a HX MSlrKHli 

rony60B8Tblli paapM, B03HHK810ll.lHli B napax pryTH, BHernHe BbirJISl.zt:HT OlleHb npHBJleKa

TeJlbHO. PTYTHbie BbmpHMHTenH olleHb xpynKHe, a HX napbI MOBHTbI, no3TOMY OHH Tpe6y

IOT K ce6e OlleHb BHHM8TeJlbHOrO OTHOWeHHSI, He .zi:onycKa10w.ero KaK MexaHH'IeCKHX no

Bpe)f(Jl.eHHli 08JIJIOH8 naMnbI, T8K H npeBb!WeHHSI HOMHH8JlbHblX 3JleKTpH4eCKHX HarpyaoK. 

TaK KaK npH pa6oTe TaKoro BblnpHMHTenH HcnonbayioTcH napbI pryTH, TO KannH »<H.zt:Koro 

MeTanna .zi:ocTaT04HO 6bICTpo eca>t<,ri:alOTCH Ha BHYTpeHHHX cTeHKax 6annoHa naMnbI, no-

3TOMY npH BKJJI04emrn no.zi:orpesaTenb ,ri:on>KeH, npe)f(Jl.e scero, HcnapHTb HeKoTopoe KO

JJHlleCTBa MeTanna, L[TO Tpe6yeT B o6Sl38TeJlbHOM nopH.zt:Ke BepTHK8JlbHOro noJIO>KeHHSI 

6annoHa pryTHoro BbmpHMHTenH. BpeMH, KOTopoe Heo6xo.zt:HMO ATIH npe,ri:sapHTeJJbHoro 

273 



Mcro~HMKM nHTOHMR 

nporpesa K8TOJI.8 nepeJI. TeM' KaK 6yJI.eT npHnmKeHO BbICOKOBOnbTHOe Hanpsr>KeHHe' npHBe

JI.eHO B Ta6n. 4.3. 

Ta6nnl.(a 4.3 

Heo6XOAlllMOe apeMR 
npeAaap111TenbHoro nporpeaa 
naMnbl 

nocne AJlMTenbHoro xpaHeHMA 11n11 
MeXBHM'leCKMX B03Aei1CTBMl1 

naMnbl npOlll3BOACTB8 
KOMnaH111111 Ediswan (2) 

He MeHee 15 MMH 

He MeHee60c 

naMnbl npOlll3BOACTB8 
KOMOBHllllll Mullard [3] 

He MeHee 30 MMH 

HeMeHee60 c 

Ll.nff npeJI.OTBpaw,eHHff o6paTHOif scnbilllKH pa6oTa PTYTHbIX BbmpffMHTeneif orpaHwrn

saeTCff JI.Hana30HOM TeMneparyp OT 20 JI.O 60 ·c, xorn JI.Jiff PffJI.a PTYTHbIX BbmpffMHTeneif 

BepXHHH npeJI.en TeMnepaTypbl orpaHH4HB8eTCff 3H84eHHeM 50 °C. D03TOMY JI.Jiff T8KHX 

BbinpffMHTeneif MO>KeT OK838TbCff He06XOJI.HMbIM HCnOnb30B8Tb 3neKTpH4eCKHH BeHTHnff

TOp, o6ecne4HB810lll.HH JI.OnonHHTenbHbIH OTBOJI. ropff4ero B03JI.YX8 OT 6nH3KOpacnono>KeH

HbIX HarpeTbIX 3neMeHTOB cxeMbl. B JI.OnonHeHHe .Ko eceMy, BbmpffMHTenb THna 866 
Tpe6yeT -CJpHMeHeHHff COBMeCTHO c HHM CT86HnH3Hpy10w,ero Harpy304HOro pe3HCTOpa, 

nOJI.KnI04eHHOro napannenbHO BbIXOJI.HbIM KneMM8M BbmpffMHTenff H OTBOJI.HW,ero npHMep

HO 10% OT o6mero TOKa Harpy3KH. 

PTyrHbie BbinpffMHTenH xapaKTepH3YIOTCff MeHblllHM n8.ll.eHHeM npffMOro Hanpff>KeHHff 

( npHMepHo 15 B) H 3Ha4HTenbHO MeHblllHM 3Ha4eHHeM co6crneHHoro conpoTHBneHHff no 

cpaBHeHHIO c BbJCOKOB8KYYMHbIMH naMnOBblMH .ll.H0Jl8MH H MOryT npHMeHffTbCff npH 6onee 
BblCOKHX 3H84eHHffX pa604HX Hanpff)KeHHH H TOKOB. 0JI.H8KO npou.ecc HX BKnI04eHHff H BblK

n104eHHff npoHCXOJlHT 3H84HTeJlbHO 6onee pe3KO no cpaBHeHHIO c .ll.PYrHMH THnaMH naMno

BbIX BbinpffMHTenbHbIX JI.HOJlOB, n03TOMY OHH CKnOHHbl Bbl3blB8Tb JI.OnonHHTenbHbie OCU.Hn

nffU.HH (napa3HTHbie Kone6aTenbHb1e npou.eccb1), ecnH HX aHOJI.HblH npoBOJl He cHa6meH 

nornow.arow,HMH cpeppHTOBbIMH lllaif6aMH Hnlf BY JlpocceneM, a e Pff.ll.e cnyqaee MO)KeT no

Tpe6osaTbCff 38KJJI04eHHe JI.8Mnb1 B MernnnH4eCKHH 3KpaHHpy10w,Hli KO>f<YX. HaH6onee npo

CTblM cnoco6oM, n03BOnffIOllJ,HM BbIHBHTb BnHffHHe reHepaU.HH, OK83bIBaeTCff HCnonb30Ba

HHe He ocu.Hnnorpacpa, a o6bI4HOro p8.ll.HonpHeMHHKa, pa6orn10w.ero BJI.Hana3oHe YKB-l..JM, 
KOTOpb1H Heo6xo,ll.HMO nepeMew,aTb pHJI.OM co cxeMoji H npoCJiylllHBaTb «>f<Y)K>KaHHe» npH 

ero npH6nH>KeHHH K naMnOBblM'JlHOJI.8M. B pryTHblX BbinpffMHTenffx KaK 6b1 coeJI.HHffIOTCff 

HejlOCTaTKH nonynpOBOJI.HHKOBbIX H naMnOBbIX BbinpffMnffIOlll.HXJI.HOJI.OB, KOf.ll.8 o6oeJI.HHfflOTCff 

Tpe6oeaHMff, 38CT8BnffIOlll.He MCnonb30B8Tb HCT04HHK nHT8HHff JI.Jiff u.enH noJI.orpeeaTeneli, 

u.enb 38.ll.ep>KKH BKnI04eHHff BbICOKOBQnbTHOro Hanpff>KeHMff H JI.eMncj:lHpy10w,He ycTpOHCTBa, 

4T06bI Jl06HTbCff 3neKTpM4eCKMX xapaKTepHCTHK HeHaMHOro nylllllHX, 4eM JI.Jiff KpeMHHeBbIX 

JI.HOJI.OB. OJI.HaKo, cneJIYeT OTMeTHTb, 'ITO B pryTHbIX BbmpffMHTenffx OTcyTcrnyeT npou.ecc Ha

KonneHHff 38Pff.ll.8, KOTOpbIH Bbl3bIBaeT npeBblllleHHe 3H84eHHff, HnH 6pocoK, TOKa. 

" 

4.3.4. B'I wyMbl BblnpRMHTene# 

DpH pa6oTe BbinpffMHTenff nocTOffHHO npoHCXOJI.HT nepeKnI04eHHff BbmpffMnffIOW.HX 3ne
MeH1'0B cxeMbI c OJI.Hora Ha JI.pyroli. CneJIYeT yqecTb, 'ITO xorn HH>KenpHBeJI.eHHbie paccym-
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(rnO>KllBOHHe 11en11 (cf>llJlbTpbl) BbmpAMHTeneM 

,neHHff OTHOCffTCff K CJI)"lalO t:fHCTO OMHt:teCKOA Harpy3KH BblnpHMHTeJIH, nOJI)"leHHbie 

pe3yJibTaTbl TaK>Ke 6ypYT cnpaBe,ll.JIHBbl H ,ll.Jlff CJI)"laff Harpy3KH, npeJJ.CTaBJieHHOH HaKOnH

TeJibHbIM KOHJJ.eHCaTopoM. 

KaK TOJibKO aMnJIHTYJJ.HOe 3Hat:teHHe nepeMeHHoro BXOJJ.Horo HanpH}l(eHHH npH CBOeM 

yeeJIHt:feHHH npoRJJ.eT t:tepe3 HyJieBoe 3Hat:teHHe, OJJ.HH HJIH HeCKOJlbKO BbinpHMJIHIOIUHX JJ.H

OJJ,OB nepeii.nyr BO BKJIIOt:teHHOe COCTOffHHe H 6y.nyr OCTaBaTbCff BKJIIOt:teHHbIMH BO BpeMH 

JJ,eliCTBHff nOJIO>KHTeJibHOH nOJIYBOJIHbl, TO eCTb noKa aMnJIHTYJJ.a HanpH>KeHHff He CHH3HTCff 

o6paTHO JJ.O HyJieBOro 3Hat:teHHff. nocJie npOXO>KJJ.eHHff aMnJIHTY.ll.bl t:tepe3 HyJieBOe 3Hat:te

HHe BO BpeMH JJ.eRCTBHff OTPHU.aTeJibHOR noJiyBOJIHbl HanpH>KeHHff BKJIIOt:fHTCff BTOpOH 

JI.HO.LI., HJIH HeCKOJlbKO .LI.HO.LI.OB, o6paayromHe BTOpoe nnet:to cxeMbl BbinpHMHTeJIH . .lJ.,nH Ka>K

JJ,Oro JJ.HOJJ.a Heo6XOJJ.HMO MHHHMaJibHOe 3Hat:teHHe npHMOro HanpH}l(eHHff, npH KOTOpOM 6y

JJ,eT npoHCXOJJ.HTb ero BKJIIOt:teHHe (JJ.a}l(e eCJIH BeJII.NHHa TaKoro HanpH*eHHff COCTaBJiffeT 

ecero 0, 7 B, Tpe6yeMoro .ll.JIH BKJIIOt:teHHH KpeMHHeBoro .LI.HO.LI.a). 3TO oaHat:taer, t:tTO cyw.e

creyeT CBoero po.LI.a MepTBaff 30Ha, CHMMeTpHt:tHO pacnOJIO>KeHHaff OTHOCHTeJibHO HyneBO

ro 3Hat:teHHff HanpH}l(-eHJrn, Kor.LI.a HH OJJ.HH .LI.HO.LI. H3 o60HX nJiet:teR He 6yJJ.eT npOBOJJ.HTb TOK. 

TpaHc<f>opMaTop, 06JiaJJ.810IUeH co6cTBeHHOH HH)lyKTHBHOCTblO, B TaKHe MOMeHTbl BpeMe

HH OKa}l(eTC~ OTKJIIOt:teHHblM H 6yJJ.eT nblTaTbCff IlOMep>KHBaTb npoTeKaHHe TOKa no u.enH, 

OJJ,HaKO 3TO npHBeJJ.eT K B03HHKHOBeHHIO 3.JJ..C. caMOHH)lyKU.HH, BeJIHt:fHHa KOTopoR onpeJJ.e

JiffeTCff Bbipa}l(eHHeM: 

di 
V=--. 

dt 

K ct:taCTblO, B caMOM TpaHc<f>opMaTope cymecTByeT CJIHlllKOM 6oJiblllOe KOJIHt:teCTBO 

napa3HTHblX eMKOCTeR, npeJJ.OTBpall.laIOIUHX B03pacTaHHe HanpH>KeHHff JJ.O CJIHllJKOM BblCO

KHX 3Hat:teHHR. 0.LI.HaKO, 6bIBalOT H CJI)"laH, Kor.LI.a H36blTOt:fHOe HanpH}l(eHHe, npHJIO}l(eHHOe 

K CHCTeMe, MO}l(eT B036YJJ.HTb KOJie6aTeJibHbIH npou.ecc, npHBOJJ.ffIUHH K IlOffBJieHHIO no

CJieJJ.OBaTeJibHOCTH aaryxaIOIUHX HMnyJibCOB. HcnoJib3YH H3MepHTeJ1bHY10 Karyllley, aBTOp 

KHlffH OJJ.Ha>KJJ.bl aa<f>HKCHpoBaJI BbI6poc HMnyJibCOB c qacTOTOR 200 KfU., B03HHKaIOIUHX 

B CHJIOBOM TpaHc<f>opMaTope HMeHHO no yKaaaHHOH Bblllle npHt:tHHe. K ct:taCTbIO, yKaaaH

HaH npo6JieMa pelllaeTCff JJ.OCTaTOt:fHO npOCTblM llJYHTHpOBaHHeM Ka)l(Jl.oro OTJJ.eJibHOro .LI.H
O.LI.a nJieHOt:fHblM KOHJJ.eHCaTOpOM c eMKOCTblO 10 H<l>, pa6ot:tee HanpH}l(eHHe KOTOporo paB

HffeTCff pa6ot:teMy HanpH>KeHHIO VRRM .LI.HO.LI.a. 

4.4. Crna>KHBOIOLQHe qenH (cjlHnbTpb1) BbmpHMHreneu 

4. 4. l HaJHO'leHHe crnaJKHBOIOU/HX 1neMeHros 

BHe 3aBHCHMOCTH OT TOro, HCilOJib3yeTCff JIH MOCTOBaff cxeMa BbmpHMJieHHff HJIH cxeMa 

c OTBOJJ.OM OT u.eHTpaJibHOH TOt:fKH BO BTOpHt:tHOH 06MOTKe, <f>opMa HanpH}l(eHHff, KOTOpaH 

6yJJ.eT nocrynaTb B nocne.eyrolll.He u.enH cxeMbI, 6yJJ.eT OJJ.HHaKoBa. Xorn HanpH}l(eHHe noc

ne BbinpHMJieHHff H HMeet O.ll.HY nonHpHOCTb, 3TO HanpH}l(eHHe He ffBJiffeTCff nOCTOffHHblM 
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crnameHHbIM. Ha3Ha<JeHHe crJJa>KHBalOill.HX 3JJeMeHTOB ( O.ll.HHOl.JHbIX, JJH6o u.eneii cpHJJbT

pau.HH ), BKJllOl.JaeMbIM Ha BbIXOJl BbinpHMHTeJJH, 3aKJIIOl.JaeTCH B TOM, l.JT06bI CHH3HTb nyJJb

cau.HH HanpH>KeHHH JlO TaKoro ypOBHH, KOTOpb!H HBJJHeTCH JJH6o npHeMJJeMblM .ll.JIH nHTa

HHH ycHJJHTeJJH, JJH6o TaKOBbIM, l.JT06bI OCTaTOK nyJJbCaU.HH MOr no.u.aBHTb CTa6HJJH3aTop 

HanpH>KeHHH. 

4. 4.2. DRHHO'IHblii HOKOnHT8RbHblii KOH/l8HCOTOp B ponH crnaJKHBOIOU/8fO 

1neMeHTO 

CaMbIH npocToii cnoco6 crna.U.HTb nyJJhCaU.HH BbJ.XOJlHOro HanpH>KeHHH, nocrynaIOmero 

c BblXO}la 6JJOKa BbinpHMJJeHHH, 3TO no}lKJJIOlJHTb HaKOnHTeJJbHbIH KOH}leHCaTop napaJJ

JJeJJbHO BbIXO.ll.Y H nHTaTb Harpy3Ky OT 0.ll.HOro HaKOnHTeJJbHOro KOH}leHcaTopa (pHC. 4.6 ). 

230VAC 

]Ill 325VDC 

68u 
385V 

PHc. 4.6 Hcmo"lHUK numaHUR, B KomopoM ucnoAb3yemcR HaKonumeAbftbtii 
Ko1toe1tcamop 

npH ycJJOBHH OTCYTCTBHH TOKa B Harpy3Ke (npH XOJJOCTOM XO}le) KOH}leHCaTop 3apH,ll.HT

CH .ll.0 HanpH>KeHHH, paBHOro nOJJHOMY aMnJJHTY.ll.HOMY 3Hal.JeHHIO nepeMeHHOro HanpH>Ke

HHH, HMeIOmerocH Ha BbIXO,ll.HbIX KJJeMMaX BTOPHl.JHOH o6MOTKH TpaHccpopMaTopa, TO eCTb 

3Hal.JeHHH ( ~<ec X ..../2) 
BeJJHl.JHHa 3apH.u.a Ha KOH}leHCaTope B Tel.JeHHe Ka)K,ll.oro nepHO}la H3MeHeHHH HanpH>Ke

HHH 6y.u.eT nponopu.HoHaJJbHa BblXO}lHOMY HanpH>KeHHIO TpaHccpopMaTopa, npH<JeM, B MO

MeHT npoxo)K,ll.eHHH HanpH>KeHHH <Jepe3 MaKCHMaJJbHOe 3Hal.JeHHe aapHJl Ha KOH,!l.eHCaTope 

.u.ocTHraeT csoero MaKCHMaJJbHOro 3Ha<JeHHH. HanpH>KeHHe Ha Bb1xo.u.e TpaHccpopMarnpa 

3aTeM CHH>KaeTCH .ll.OCTaTOlJHO 6bICTpo, a npH JlOCTH>KeHHH HyJJeBoro aMnJJHTY.U.HOro 3Hal.Je

HHH BbinpHMHTeJJbHbie .!l.HO.ll.bl nepecraIOT npoBO.ll.HTb TOK. ToK B Harpy3Ke npH 3TOM o6ec

ne<JHBaeTcH aa Cl.JeT HaKonJJeHHOro aapH.u.a B KOH}leHcarnpe, KOTOpbIH pa3pHmaeTCH, npH 

pe3HCTHBHOH Harpy3Ke HanpH>KeH!:fe Ha HeM CHH>KaeTCH no 3KCnOHeHU.H8JlbHOMy 3aKOHY 

.u.o Tex nop, noKa HanpH>KeHHe Ha Bblxo.u.e TpaHccpopMaTopa BHOBb He B03pacTeT .u.o 3Ha<Je

HHH, }lOCT8TOlJHOrO .ll.JIH 38pHJl8 KOH,!l.eHCaTOpa. nocJJe 3TOrO U.HKJI 3apH,!l.8-p83pH,ll.a KOH,!l.eH

CaTOpa noBTOpHeTCH (pHC. 4.7). 
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i AMnm1IT)'AB 
Hanp~>KeHH~X 

nyflbCBl.1111111 

----- ------

PHc. 4. 7 HanpR31CeHue nyAbCllt{UU, B03HUIWIOUfiee Ha Ha1wnumeAbHOM 1wHiJeHca
mope B metteHue eeo t{UKAa 3apRiJa-pa3pRiJa 

XOTfl TeopeTH'·leCKH CHH>KeHHe HanpH>KeHHSI Ha KOH.LI.eHcaTope 'so speMSI pa3pS1.LI.a npo

HCXO.LI.HT no 3KcnoHeHu.HaJibHOM)' 3aKoHy, c Ji.ocTaTOlfHOH ,ll.IJH npaKTHlfeCKHX ueJiefi TOlfHO

CTblO MO>KHO annpOKCHMHposaTb 3KCnoHeHry, no KOTOpOH npOHCXO.LI.HT yMeHbllleHHe 

HanpH>KeHHSI, npHMOH JIHHHefi. B CJIYtfae, Kor.u.a B K8lfeCTBe Harpy3K0H HCnOJib3yeTCSI no

CJie.LI.OBaTeJibHO BKJIIOlfeHHblH CTa6HJIH38TOp, KpHB8SI CHH>KeHHSI HanpSI>KeHHSI B .LI.eHCTBH· 

TeJibHOCTH SIBJISleTCSI npHMOH JIHHH,efl. l1cnOJib30BaHHe TaKoro ynpow,eHHSI no3BOJISleT Jier

KO paCClfHTaTb BeJIHlfHHY HanpH>KeHHSI OCT8TOlfHbIX nyJibCaUHH. 

3apH.ll., HaKanJIHsaeMblH Ha KOH.LI.eHcaTope, onpe.LI.eJISieTcH Bb1pa>1<eHHeM: 

Q=CV. 

Ot5w.aH seJIHlfHHa 3apMa, Bb1pa>1<eHHaS1 lfepe3 seJIHlfHHY TOKa /, npo:reKa10w,ero 3a 

speMSI t, MO>KHO Bb1pa3HTb CJle.11.YIOW.HM o6pa30M: 

Q =It. 

CTpHpaBHHBaSI npaBble lfaCTH ypaBHeHHH, MO>KHO HanHcaTb: 

CV= It. 

113 3TOro Bblpa>KeHHSI onpe.LI.eJIHeTCSI BeJIHlfHHa HanpH>KeHHSI Ha KOH.LI.eHCaTope: 

It 
V=-· 

c 

;lJ.aHHOe ypasHeHHe nOK83blB8eT H3MeHeHHe HanpH>KeHHSI Ha KOH.LI.eHC8TOpe, KOTOpoe 

Bbl3blBaeTCSI TOKOM /, npoTeKalOLll,HM lfepe3 KOH.LI.eHCaTop B TelfeHHe speMeHH t. ECJIH lf8C

TOTa nepeMeHHOrO TOKa B CeTH nHTaHHSI p8BHa 50 ru, TO BpeMSI 0.ll.HOrO noJiynepHO.LI.a CO

CTaBHT 0,0 l c. EcJIH npHHHTb ew.e O.ll.HO .LI.onyw,eHHe, t1To TOK npoTeKaeT no KOHt1.eHcaTopy 

B TelfeHHe scero noJiynepHot1,a, TO TOr.LI.a B npHBet1,eHHOH q>0pMyJie speMH t = 0,01 c. OoCJie 

not1,CT8HOBKH t noJiylfHTCSI OlfeHb noJie3HOe Bb1pa>1<eHHe ,ll.IJSI onpe.LI.eJieHHSI BeJIHlfHHbl tl,BOH

Horo aMnJIHTY.LI.HOro (TO eCTI".. nHK-nHKOBOro) 3HalfeHHSI HanpH>KeHHSI nyJibcauwfl: 

\ 0,01/ 
U,;ppte(pk-pkl =c· 
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Ha nepBbIH B3rmm MO>KeT noKa3aTbCff, ttTo 3TO-Bbipa>KeHHe 6y.u.eT MaJionpHMeHHMbIM, 

TaK KaK 'npH ero nOJI}"leHHH 6bIJIH HCnOJib30BaHbl JI.Ba otteHb cymecTBeHHblX npH6JIH>Ke

HHff, O.U.HaKO, c ytteTOM Toro, '!TO B KattecTBe HaKOnHTeJibHblX KOH.U.eHCaTopos BbinpffMHTe

Jlff, KaK npaBHJIO, HCnOJib3YJOTCff 3JieKTpOJIHTH'leCKHe KOH.U.eHCaTOpbl, TOl!l-IOCTb H3rOTOB

JieHHff KOTOpbIX COCTaBJiffeT ± 20%, TO Tpe6osaHHe BbICOKOH TOl!HOCTH npH BbIBO.U.e 3TOrO 

Bbipa>KeHHff ( c ytteTOM OUIH6KH, BHOCHMOH pa36pOCOM napaMeTpOB KOH.U.eHCaTopa H .u.py

rnx 3JieMeHTOB cxeMbl), He npe11.cTaBJlffeTCff TaKHM y>K Heo6xo.u.HMblM. 

HcnOJib3Yff .u.aHHOe Bbipa>KeHHe, MO)KHO paccttHTaTb HanpH>KeHHe nyJibCaU.HH Ha BbIXO

.u.e cxeMbl, npHse.u.eHHOH Ha pHC. 4.6 B KatteCTBe npHMepa, Kor11.a eMKOCTb KOH.U.eHcaTopa 

cocTasnffeT 68 n<I>, a TOK Harpy3KH paseH 120 MA. 

O,Olx0,12 18 
unpp/e = 68x10-b B (JI.B. aMnJI. 3H.). 

CToJiytteHHoe 3HatteHHe HanpH>KeHHff nyJibcau.HA cocTaBJiffeT npHMepHo 5 % OT nonHoro 

3HatteHHff Hanpff>KeHHff nHTaHHff, •no MO>KHO ou.eHHBaTb KaK snOJIHe HenJIOXOH pe3yJibT8T 

J].Jlff BbI6paHHOH cxeMbl. 

Pe3yJibTaTbI pacttern no BbiiIIenpHse.u.eHHOH MeT0.11.HKe MO>KHO CttHTaTb snonHe pa3yM

HbIMH c npaKTHtteCKOH TO'IKH 3peHHff, npH ycJIOBHH, '!TO Hanpff>KeHHff OCTaTOl!HblX nyJibCa

U.HH 06blttHO YKJiaJ].bIBaeTCff B npe.u.eJibl OT 5 Jl.0 20 % OT 3HatteHHff o6mero HanpH>KeHHff (Ha 

npaKTHKe, KaK npaBHJIO, npOCTO He .u.onycKaJOTCff HanpH>KeHHff nyJibCBU.HH, npeBb!WaJO

mHe yKa3aHHbie 3HatteHHff ). 

4. 4.3. Bn11n11He HanpnJKeHllR nynbcaq11ii Ha Bb/XORHoe HanpnJKeH11e 
HaKonHTeJibHblH KOH.U.eHcaTop 3apH>KaeTCff .u.o aMnJIHTy.11.Horo 3HatteHHff BblXO.U.HOro HanpH

>KeHHff BbinpffMHTeJiff, HanpH>KeHHe nynbCaU.HH Bbll!HTaeTCff H3 Hero H, TaKHM o6pa30M, 

CHH>KaeT BbIXOJ].HOe Hanpff>KeHHe. BbIXO.U.HOe Hanpff>KeHHe vou/ MO>KHO npe.U.CTaBHTb KaK 6bI 

COCTOffll.\HM H3 .u.syx COCTaBJifflOll.\HX: COCTaBJiffJOll.\eH Hanpff>KeHHff noCTOffHHOro T<;>Ka, 

npe.U.CTaBJieHHOH KaK 6bI B H.11.eaJibHOM BH.U.e, VIJC' H HaJIO>KeHHOH Ha Hero nepeMeHHOH co

CTaBJifflOll.\eH HanpH>KeHHff ocTaTottHblX nyJibCaU.HH, v,,ppte· Y.u.o6cTBO TaKoro no.u.xo.u.a npo

ffBJiffeTCff B TOM, '!TO nocJieJI.}'JOll.\HH <t>HJibTp OTCeKaeT nepeMeHHYJO COCTaBJJfflOlJ..\YIO TOKa 

nyJJbCaU.HH, OCTaBJJffff TOJibKO l!HCTO noCTOffHHYJO COCTaBJJfflOlJ..\YIO. 

CTepeMeHHOe HanpH>KeHHe nyJibCaU.HH paBHOMepHO KOJJe6JJeTCff OTHOCHTeJJbHO JIHHHH 

V0 c H npH nOJIO)KHTeJibHOH nOJJYBOJIHe .U.OCTHraeT aMnJIHTYJl.HOrO 3HatteHHff Vpeak' CJle.U.OBa

TeJJbHO, 

v v unpple 
/JC= peak --2-. 
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CrnalKHBOHHe qenH (<l>HnbTpbt) BblnpRMHTeneii 

EcnH o6paTHTbCH K paHee paCCMOTpeHHOMy npHMepy, ,ll,JIH KOToporo vnpple = 18 8, 
a aMnnHTY.U.HOe 3Ha'!eHHe HanpmKeHHH vpeak = 325 8, TO HanpH>KeHHe noCTOHHHOro TOKa, 

KoTopoe 6y.u.eT nony'leHo nocne H.u.eanbHOH nocne.n:y10meli cjmnbTpaU.HH nepeMeHHOH co

CTaBnHIOll.\eA, COCTaBHT: 

188 
VDC =3258--=3168. 

2 

8 3aKnIO'leHHe cne.n:yeT OTMeTHTb, '!TO BO Bcex cnY'laHx BenH'IHHa nocTOHHHoro Ha-npH

>KeHHH Bcer.u.a 6yneT yMeHbWaTbCH Ha nonoBHHy 3Ha'!eHHH HanpH>KeHHH nynbCaU.HH. 

4. 4. 4. flynhc1tpy101110R COCTOBRRIOllJOR noCTORHHOfO TOKO ,, yron npoBORllMOCTll 

flocne paCCMOTpeHHH npo6neM c HanpH>KeHHeM OCTaTO'IHblX nynbCaU.HH HeOOXO,ll.HMO pac

CMOTpeTb TOK nynbcHpy10w.eA COCTaBnHIOW.eH. flocne,ll.HHH cj:>aKTH'leCKH COCTaBnHeT TOK, 

He06XO,ll.HMbIA ,ll,JIH nonHoro BOCCTaHOBneHHH 3apH.u.a Ha KOH,ll.eHCaTOpe BO BpeMH Ka>K,ll.oro 

nonynepHO,ll.a. 1fro6bl onpe.u.enHTb BenH'IHHY 3TOro TOKa, HeOOXO,ll.HMO HaHTH 3Ha'!eHHe 

yrna npOBO,ll.HMOCTH, KOTOpblH npe,ll.CTaBnHeT BpeMH, B Te'!eHHe KOTOporo ,ll.HO,ll.bl OCTalOTCH 

BO BKnlO'leHHOM COCTOHHHH H O,ll.HOBpeMeHHO 3apH>KaeTCH KOH,ll.eHCaTOp ( pHC. 4.8 ). 

j AMnm1-ryAa 
HanpRX<eHHblX _ _ _ _ _ _:y:ca~: _ ~ _ -~..---

1 I 

---1 
I 
I 
I 

.,.I 

I 
I 

PHc. 4.8 Onpeoe.11,enue ye1ta npoeoou.Mocmu no ee1tuttwte nanpR:JtCeHUR 
nyltbClll{UU 

)lnH onpe.u.eneHHH 9TOA BenH'IHHbl Ha.ll.O Ha'laTb OTC'leT c MOMeHTa BpeMeHH, Kor.u.a KOH

)l.eHCaTOp nonHOCTbIO 3apH>KeH. TaK KaK H3BeCTHO 3Ha'lemrn HanpH>KeHHH nynbcau.HA, TO 

MO>KHO Onpe,ll.e,TIHTb aoconIOTHOe 3Ha'leHHe HanpH>KeHHH Ha KOH,ll.eHCaTOpe B TOT MOMeHT 

BpeMeHH, Kor.u.a ,ll.HO,ll. npOBO)l.HT TOK. Tor.u.a HanpH>KeHHe Ha BbIXO,ll.e BblnpHMHTenH ( ecnH 

,ll,JIH npOCTOTbl H3nO>KeHHH npelieope'lb nonHpHOCTblO HanpH>KeHHH) COCTaBnHeT: 

'l/9 



Mcro11H1tK1t n1tTOH1tH 

B TOT MOMeHT BpeMem1, KOf.ll.8 JJ.HOJJ. H84HHaeT npOBOJJ.HTb TOK, HanpmKeHHe Ha KOHJJ.eH

caTOpe JJ.OJDKHO COCTaBJIHTb: 

V - v = V cos rot. 
peak Kw:mly peak 

CTocJJe npeo6pa30B8HH51 ypaBHeHHH nOJJYlJHM CJJeJJ.YIOW.He Bbipa>KeHHH: 

v -l) 
peak fl~ple =cos( rot), 

vpeuk 

v -u t -I ( peak r1p1•le ) 
(J) =cos ' 

vpeak 

t 1 -I ( Vpeak - l) Tipple ) 
=--·COS . 

2rc/ vpeak 

EcJJH s 3TO ypasHeHHe noJJ.CTaBHTb 3Ha4eHHH, B3HTbie H3 paHee paccMoTpeHHoro npH

Mepa (pHC. 4.6) H y4eCTb, 4TO 3H84eHH51 yrnos Bblpa>Ka!OTCH B paJJ.H8HHOH Mepe, a He 

B rpaJJ.YCHOH, TO speMH t 6yJJ.eT pastto: 

1 -1(340-18) 
f = 2rc x 50 . cos 340 =I MC. 

TaKHM o6pa30M, TOK, noTpe6JJHeMbIH KOHJJ.eHCaTOpOM OT CHJJOBoro TpaHccpopMaTopa, npo

TeKaeT TOJ!bKO 1 MC B TelJeHHe Ka~IX 10 MC, paBHblX)l.llHTeJJbHOCTH nonynepHOJJ.8, 4TO COCTa

BHT scero 10% OT o6w.ero speMeHH. CT03TOMY CJJeJJ.YeT O>KHJJ.8Tb, 4TO TOK nyJJbC8U.HH 6yJJ.eT 

npe.ucTaBJJHTb 04eHb OCTpbie H BblCOKHe HMnyJJbCbl KOCHttyCOHJl.CIJJbHOH cpopMbl ( pHC. 4.9). 
TaK>Ke MO>KHO onpeJJ.eJJHTb BeJJH4HHY TOKa, eCJJH BOCnOJJb30B8TbC51 CJJeJJ.YIOW.HM COOT

HOWeHHeM: 

i=CdV. 
dt 

PHc. 4.9 c/JopMa uMny1tbcoo mo1w ny1tbcaquu 
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Crna>1<1taaH1te 1.1en1t (rt>1tnbTpb1) BbmpsiM1t1eneii 

0.11,HaKO)l,IJH 3TOro Heo6XO.ll,HMO npe>KJI.e nOJiylJHTh Bhlpa>KeHHe, OTHa>KaIOLUee CKOpOCTh 

H3MeHeHHH HanpH>KeHHH BO speMeHH, n03TOMY He06XO.D.HMO HCnOJJb30BaTb HCXO,ll.HOe Bhl

pa>KeHHe 

v = vpeak cos( rot). 

DOCJ!e ero .11,HCpcpepeHL!,HpOBaHHH nOJIYl.JHM: 

~~ =-co vpeak sin( cot), 

a, no.11,cTaBHB CTOJIYl.feHHOe Bhlpa>KeHHe B <POPMYJIY Jl,JIH TOKa, CTOJIYl.JHM B OKOHl.JaTeJlhHOM BH,lJ.e: 

i,,pp/e = -(!) cvpeaksin(rot). 

EcJIH s 3TO Bh1pa>1<eHHe no.11,cTaBHTh pH.D.3Hal.JeHHH, HcnoJJh30BaBWHXCH s paHee npHse

.n.eHHOM npHMepe, TO Jl,JIH TOKa nyJihCaU.HH noJ1y1.JHM: 

i = 21t . 50 . 68 . 1 o-6 • 340 . sin (21t . 50 . 1 · 10-3) = 2 2 A. Tipple , 

TaKHM o6pa30M, noJ1y1.JeHHoe 3Hal.JeHHe TOKa nyJihcau,Hii 3Ha1rnTeJ1hHO npe0b1waeT TOK, 

npoTeKalOLUHM s Harpy3Ke H paBHhlH 120 MA! 

Mo>KHO raK>Ke nonhITaThCH c.n.eJiaTb npH6JIH>KeHHYIO ou.eHKy. 3apH.D. paBHHeTCH npoH3-

se.n.eHHIO BeJIHl.JHHhl TOKa Ha speMH, l.JTO 3KBHBaJleHTHO nJIOLUa.11,H, 01.Jep1.JeHHOH KpHBOH 

TOKa no OCH speMeHH. EcJIH KOH.11,eHcaTop ,ll.OJl>KeH 3apH>KaThCH B Tel.JeHHe O,ll.HOM .n.ecHTOH 

speMeHH, He06XO,ll.HMOro JJ.JJH ero pa3pH.11,a, TO MO>KHO .n.onyCTHTh, l.JTO JJ.JJH 3Toro noHa,D.0-

6HTCH .n.ecHTHKpaTHoe 3Ha'!eHHe TOKa (raK KaK Q =It). 3To onpe.11,eJIHeT 3Hffl.JeHHe ToKa, 

pasHoe 1,2 A. 0.11,HaKo, paHee 6h1JJ0 ycTaHosJJeHo, "l.JTO cpopMa HMnyJJhCHoro TOKa 3apH.D.a 

OT.IiHl.JaeTCH OT npHMoyroJihHOH cpopMhl, n03TOMY, CTJIOLUa,D.h, 3aHHMaeMaH TaKHM HMnyJih

COM 6y.11,eT MeHbWe, 1.JeM CTJIOLUa.11,h npHMoyrOJlhHHKa c 3KBHBaJleHTHhlMH 3Ha"l.JeHHHMH Bhl

COThl H WHpHHhl, l.JTO H o6bHCHHeT noJJy"l.JeHHYIO pa3HHU.Y B ou.eHKaX. 

B 3aKJllO"l.JeHHe MO>KHO 3aMeTHTh, "l.JTO nony'!eHHhlH pe3ynhTaT xorn H HBJIHeTCH Heo>KH

.n.aHHO 60JlhWHM, 0.11,HaKO OH BOBCe He HBJIHeTCH HepeaJlhHhlM. 

PaccMOTpeHHaH Mo.n.enh npe.n.cKa3h!BaeT MaKCHMaJibHO B03MO>KHOe 3Ha"l.JeHHe TOKa 

nyJibCaU.HH, no3TOMY CTOHT nposepHTh, "l.JTO BhlnpHMHTeJlh H KOH,D.eHCaTop CMOryT Bhl.11,ep

>KaTh TaKHe HMCTYJlhChl TOKOB, a 3TO MO>KHO C,D.eJiaTh, cpaBHHBaH BeJIHl.JHHhl aMnJIHry.11,HhlX 

3Hal.JeHHH TOKOB. Ha npaKTHKe aMnJIHTY.D.HOe 3Ha"l.JeHHe TOKa nyJihCaU.HH CHH>KaeTCH 3a 

c"l.JeT cne.n.yIOLUHX <t>aKTopos: 

nocJJe.11,osaTeJihHO BKJ1101.JeHHoro conpoTHBJleHHH, KOTopoe 06pa3yeTcH 3a c1.JeT: 

npHMoro conpoTHBJleHHH .n.110.11,a, nocne.n.osaTeJlbHoro 3KBHBaJieHTHoro conpoTHB

JieHHH KOHJJ.eHCaTopa, conp6THBJleHHH nOJJ.BOJJ.HLUHX npoao.n.os, conpOTHBJleHlrn 06-

MOTOK Tpattc¢opMaTopa (sTopHl.JHOH c y1.JeroM 3KBHsaneHTHoro npHse.n.eHHoro co

npoTHBJ1em1H nepSH"l.JHOH o6MOTKH); 

Hach1U1,eHHH cep.11,e"l.JHHKa TpattccpopMaTopa. 
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McroqHHKH nHTDHHR 

B pe3yJJbTaTe neikTBHff 3THX cpaKTopos aMnJJHTYJlHOe 3Ha'leHHe TOKa nyJ1bca1.1,Hii Haxo

JlHTCH, KaK npaBHJIO, B JlHana30He OT '!eTbipex- no weCTHKparnoro 3Ha4eHHSI nocTOSIHHOfO 

TOKa Harpy3KH. MmKHO paccMOTpeTb cJJe~IOll.lHH npHMep, B3HTbIH H3 npaKTHKH. B TpaHc

cpopMaTope, pa60TaIOll.leM Ha Bb!npHMHTeJJb, KOTOpbIH 6bIJI co6paH H3 KpeMHHeBbIX ,llHO

JlOB, BKJIIO'!eHHblX no MOCTOBOH cxeMe, HMeJJ Ha BblXO,lle eMKOCTHOH cpHJJbTp H o6ecne4H

BaJJ nocTOHHHOe Hanpsi>KeHHe 108 B c nocTOHHHblM TOKOM Harpy3KH 35 MA, seJJH'IHHa 

aMnJJHTY.llHOfO 3Ha4eHHSI TOKa nyJJbCal.l,HH COCTaBJISIJJa lrlpple(pk) = 160 MA, TO eCTb OTHOIIJe

HHe TOKOB COCT8BJISIJIO 4,6: l. 
JlaMnOBbie ,llHOJlbl 06J1ana19T 3Ha4HTeJJbHO 6oJJee BbICOKHM co6CTBeHHbIM conpOTHB

JJeHHeM no cpaBHeHHIO c KpeMHHeBbIMH, a B psi,ne CJJY'!aes Tpe6y10T HCnOJJb30BaHHSI JlO

nOJIHHTeJJbHOfO nocne.nosaTeJJbHO BKJIIO'leHHOfO conpOTHBJJeHHSI B CBSl3H c orpaHH'leHHbl

MH B03MO>KHOCTSIM no OTHOWeHHIO K 60JlblllHM 3Ha'leHHSIM TOKOB nyJJbC81.1,HH, no3TOMY 

BeJJH'IHHa OTHOWeHHSI TOKOB nyJJbCal.l,HH K aeJJH'IHHe BbinpS!MJJeHHOfO nOCTOSIHHOfO TOKa 

lrlppl/IDC CKopee scero 6y,neT eme MeHbWe. )l.nsi Hccne.nosaHHSI BbICOKOBOJlbTHOfO HCT04-

HHKa nHTaHHSI c Hanpsi>KeHHeM 300 B, B KOTOpOM npHMeHSIJIHCb BblnpHMHTeJJbHaff JJaMna 

GZ34, H noJJHnponHJJeHOBbIH HaKonHTeJJbHbIH KOH,neHcaTop c eMKOCTbIO 47 MK<l>, HcnOJ1b-

3osaJ1csi H3MepHTeJJb TO Ka Tektronix TCP202 c pa6o'leii 48CToioii 50 Mfo ( pHc. 4.10). 

11MnyJJbCbl TOKa nyJJbCal.l,HH co,nep»<aT rapMOHHKH 'laCTOTbl nyJJbCal.l,HH l 00 ru., KOTO

pble TeopeTH'leCKH nonanaIOT He TOJlbKO B nonocy 3BYKOBblX 'laCTOT, npH'leM He TOJlbKO 

B 06JJaCTb HH3KHX 'laCTOT, HOH B HH»<HIOIO '!aCTb 06JJaCTH BblCOKHX 3ByKOBblX '!aCTOT. npH

Mep cneKTporpaMMbl TOKOB nyJJbCal.l,HH, npoTeKaIOll.lHX B HaKOnHTeJJbHOM KOH,lleHcaTOpe 

npHBe,neH Ha pHc. 4.11. 3Ta cneKTporpaMMa 6blJJa noJJy'!eHa Ha OCl.l,HJIJIOfpacpe, B KOTOpOM 

npe~CMOTpeH pe»<HM 6bICTporo npeo6pa3oBaHHSI <I:!ypbe (FFT). nonY4eHHblH cneKTp 3a

HHMaeT ,nHana30H OT noCTOSIHHOfO TO Ka (JJeBaff rpaHHl.1,8) .no 'laCTOTbl 1,25 Kfl.I, ( npasasi rpa

HHl.1,8 ). Ha cneKTporpaMMe SIBHO BHJlH8 nepsasi ( OCHOBHaff) rapMOHHKa Ha '!aCTOTe 100 fl.I,, 

a TaK>Ke BbICrnHe rapMOHHKH Ha KpaTHblX nepsoii 4aCTOTax. Xorn JJHHeiiHbIH sepTHKanbHbIH 

MaCWTa6 HCil0Jlb30BaHHOfO 6bICTporo <I>ypbe-npeo6pa30BaHHSI npe,nnoJJaraJJ, '!TO rapMO

HHKH 3aryxa10T ,llOCTaTO'IHO 6blCTpo, npOCMOTp cneKTporpaMMbl B JJOrapHcpMH'leCKOM Mac

WTa6e no3BOJIS!eT o6HapY>KHTb, '!TO yposeHb rapMOHHK c 'laCTOTOH 2,5 Kfl.I, scero JIHWb Ha 

45 ,llD HH>Ke ypOBHSI OCHOBHOH rapMOHHKH C 4aCTOTOH 100 f1.1,. 

4. 4.5. HacMUJeHHe cepne'IHHKO rpaHct/JopMaropa 
TpaHccpopMaTopbl c TOppoHnaJJbHbIMH cep,ne'IHHKaMH ropa3,no 6onee qyscTBHTeJJbHbI 

K HaCblll.leHHIO MaTepHaJJa cep,ne'!HHKa, '!TO SIBJJffeTCSI npS!MbIM pe3yJJbTaTOM HX KOHCTpyK-

1.1,HH, 6oJJee npHOJIH>KaIOmeiicsi K H)leaJJbHOH. BHe 3aBHCHMOCTH OT Toro, SIBJIS!eTCSI JIH 

TpaHccpopMaTop CHJIOBblM HJIH HH3K048CTOTHblM, HCnOJJb3yeMbIM B 3BYKOBOM TpaKTe, cep

)le'!HHKH MOll.lHblX TpaHccpopMaTOpOB o6bl4HO H3fOTaBJIHBaIOTCSI H3 KpeMHHCTOH 3JleKTpO

TeXHH4eCKOH CTaJIH c opHeHTHpOQaHHblMH 3epHaMH (GOSS), KOTOp,asi 06JJa,naeT TeM npe

HMymecTBOM, '!TO B HanpasneHHH, cosna,na10meM c nJJOCKOCTbIO 3epeH, nnOTHOCTb 

MarHHTHoro noToKa MO>KeT HMeTb 6onee BbICOKHe 3Ha4eHHH. TpanHU.HOHHbie TpaHccpop

MaTOpbl, B K_oTOpb1x cep.ll.e'IHHKH HaopaHbI H3 o6bI4HbIX W-o6pa3HbIX nnacTHH, JJHWeHbl 

3Toro npeHMymecTBa, TaK B TaKHX cep,ne'IHHKax scer.na cymecTByIOT o6JJaCTH, a KOTOpbIX 
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CrnO>K11BaH11e qen11 (<!>11nbrpb1) BbmpHM11reneii 

TekRun Tng'd 

100 mAO Bw Ch2 5.00 V "\.400V 

DI 100.0% I 

Li·200mA 
@ -88 OmA 

Li:364ms 
@· -6 72ms 

Ch1 Pk-Pk 
340 3mA 

Ch2Freq 
99 31Hz 

Ch2 Pk-Pk 
13.03V 

14Jun 2002 
18:33:58 

P11c. 4.10 Ocu,UJtJtoepa.MMbt mo1ca u HanpR:J1CeHUR Ha HatconumeAbHOM 
tcoHoeHcamope npu moKe Haepy3KU 88 MA. BepxHRR ocu,UA1toepa.MM.a 

~:~~~~ ~~::~:~~c:(~~~s~=~~;:~:~:~e:fl~~c~:iaMA). 
( OBOUHOe aMnAumyoHoe 3HatteHue HanpR:JICeHUR vpk pk= 13 B) 

BeKTOp M8rHHTHOro nOTOKa HanpaBJJeH nepneHJJ.HK}'JJffpHO nJJOCKOCTH 3epHa . .lLnff ToppoH

,ll,8JlbHblX cep.n.e'IHHKOB BeKTOp M8rHHTHOro noTOKa Bcer.n.a napaJJJJeJJeH nJJOCKOCTH 3epHa, 

no3TOMY 3TH cep.n.e'IHHKH MOryT pa60T8Tb npH TaKHX 3Ha'leHHffX nJJOTHOCTH nOTOKa, KOTO

pble 3H84HTeJJbHO 6JJH>Ke no CBOeH seJJH'IHHe K H8Cblll{eHHIO. A 3TO, B CBOIO 011epe.n.h, no-

3BOJJffeT yMeHbW8Tb pa3Mepbl TpaHccpopMaTopa, T8K KaK pa6oTa npH 6onee BbICOKHX 3H8-

'leHHHX MarHHTHoro nOTOKa n03BOJJHeT HCnOJJb30B8Tb cep.n.e'IHHK MeHbWero pa3Mepa. 

CooTBeTCTBeHHO, npo~ecc H8CbIW.eHHH ToppoHJJ.aJJbHhIX cep.n.e11HHKOB npoHCXOJJ.HT 6onee 

pe3KO, Tor.n.a KaK no.n.o6HhlH nepexo.n. JJ.llH 06hI'IHh1x W-o6pa3Hh!X cep.n.e11HHKOB npoHcxo

JJ.HT 6onee nnasHo. 

HachIW.eHHe cep.n.e11HHKa TpaHccpopMaTopa Kpafrne He>KeJJaTeJJhHO, TaK KaK npH 3TOM 

npoHCXOJJ.HT HHTeHCHBHOe pacceHHHe M8rHHTHOro nOTOKa BHe cep.n.e'IHHKa, 'ITO Bbl3bIBa-
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~CTO~HHKH OHTOHHR 

eT HaBe.nem1e TOKOB HHJIYKUJIH B 6JIH3KO pacnOJIO>KeHHbIX uem1x. Ew.e xy>Ke TO, 4TO Ha

CbIW.eHHe B03HHKaeT nepHO.LI.H4eCKH ( c YaCTOTOH I 00 HJ!H 120 ru), n03TOMY Bbl3bIBaeT 

BCnJieCKH noMeX, 4qCTOTbl KOTOpblX pacnpocTpaHHIOTCH H Ha 3BYKOBblX 4aCTOTaX H B pa

.LJ.H04aCTOTHbIH .LJ.Hana30H. 5oJiee pe3KHH nepeXOJl. B pe>KHM HaCbIW,eHHH cnoco6crnyeT 

noHBJieHHIO 6oJibwel1 Jl.OJIH BbICWHX rapMOHHK B. Pa3yMeeTCH, HeJib3H 3a6bIBaTb Ho TOM, 

4TO HaCbIW.eHHe cep.neYHHKa npHBO.LJ.HT K ero neperpesy, BnJIOTb ll.0 ero cpH3H4eCKOro 

pa3pyweHHH. · 

Tek Run 
i .. 

. ' 

ITrig"d 

M 20.0 ms A [ _____ ~i'.1.~ ..... ::1o ... ~.~: . .O..O.Y. 

a:46.4mA 
@: 63.2mA 

a: 100Hz 
@: 200 Hz 

14Jun 2002 
21:00:04 

PHc. 4.11 CneKmpMbHbtii cocmaB moKa ny1tbca11ruii HaKonume1tbHoeo 
KOHiJeHcamopa 

11 3TO He npocTo cOMHHTeJibHbie po·ccKa3HH o rnnoTeTHYeCKHX HecYacrnHx. Asrnp 

«BblpBaJI n04TH Bee BOJ!OCbl Ha CBOeH rQJ!OBe», pa3bICKHBaH HCT04HHK BHll.eonoMex Ha 

MOHHTOpe ll.J!H BblBOll.a rpacpH4eCKHX ll.aHHblX, npe>Kll.e YeM o6Hapy>KHJ!, 4TO npH4l1HOH OKa-

3aJIOCb HaCbIW.eHHe rnppOH.LI.aJibHOro cepll.e4HHKa CHJIOBOro TpaHccpopMaTopa, KOTOpbIH 

HHJIYUHpOBaJI noMexH Henocpell.CTBeHHO B ropJJOBHHe KHHeCj<Ona MOHHTOpa. 
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Crna>K11BaH11e qen11 (cli1tnbrpb1) 1blnp11M11renei 

4.4.6. KpHrepHH Bhl6opa CHROBOfO rpaHct/JopMaropa H HDKOnHTBRbHOfO 

(crnQ}l(HBDIOUJBfO) KOHRBHCDTOpa 

Ecmf B pe3yJlbTaTe pac11eTa HCT011HHKa nHTaHHff OKa3aJIOCb, 11TO OH JlOn>KeH HMeTb Hanpsi

>KeHHe nynbC8UHH, COCT8BJISllOW.ee TOnbKO 5% OT eenH11HHbl Hanpsi>KeHHff nHT8HHff, TO 3TO 

03Ha11aeT, 11TO 90% epeMeHH TpaHccpopMaTop 6y}leT cpaKTH11eCKH OTKJIJ011eH OT cxeMbl, 

a BblXOJlHOe conpOTHBJJeHHe HCT011HHKa nHT8HHff 6y}leT onpe}leJIS!TbCff TOJlbKO 3KBHBaneH

THblM nocne}lOBaTeJlbHblM conpOTHBJleHHeM KOH}leHcaTopa H conpOTHBJleHHeM BblXO}lHblX 

npoBOJlOB. HMeHHO no 3TOH npH11HHe 3aMeHa HaKonHTenbHOro KOHJleHcaTopa 06b111Horo 

rnna Ha THn, paCC11HTaHHblH Ha BblCOKHe 3Ha11eHHff TOKOB nynbCaUHH, OKa3b!BaeT 011eHb 

3aMeTHOe BJIHffHHe Ha Ka11ecTBO 3ByqaHHff YCHJJHTeJJff, TaK KaK Jlnff HHX BeJIH11HHa 3KBHBa

neHTHoro nocne}loBaTenbHoro conporneneHHff, ESR, 3Ha11HTenbHO HH>Ke (npae]la Bbiille 

npH 3TOM OKa3b!BaeTCff HX CTOHMOCTb). 

KoM6HHaUHH KOMnoHeHTOB H3 o6MOTKH TpaHccpopMaTopa, BblnpHMHTensi H KOHJleHca

rnpa 06pa3yeT cyry6o HeJIHHeHHYIO CHCTeMy. noaTOMY HX noBe}leHHe CTaHOBHTCff ropa3}l0 

cno>KHee, 11eM npeJlCKa3blBaeT cxeMa H}leanbHoro HCT011HHKa Hanpsi>KeHHff TeBeHHHa, 

B CHJJY 11ero aHaJIH3 H~06XOJlHMO npOBOJlHTb c yqeTOM noee}leHHff peaJJbHOH cxeMbl B pa3-

JIH11Hble MOMeHTbl epeMeHH. 

Ha nporn>KeHm.f' 011eHb KopoTKoro Ha11anbHoro nepHo.na epeMeHH ( MeHee epeMeHH 

3apsi.na KOHJleHCaTopa) BbJXOJlHOe conporneneHHe HCT01IHH1<a nHTBHHff onpeJtensieTcsi CYM

MOH 3KBHBaneHTHoro nocne}loBaTenbHOro conporneneHHff KOHJleHcaTopa H conpornene

HHH npoeo.noe. 3TO 6yJleT ocTaBaTbCH cnpaBeJtnHBblM }la>Ke e cnyqae npoTeKaHHH nepe

XOJlHbIX TOKOB c 011eHb BblCOKHMH 3Ha11eHHffMH, KOTOpble MOryT B03HHKaTb npH nepBOM H 

nocneJlY!Olll.HX U~Knax 3apS!}la npH ycnOBHH, 11TO OHH npH 3TOM He 011eHb 3Ha11HTenbHO Me

HfflOT eenH11HHY 3apMa KOHJleHCaTopa. EJtHHCTBeHHoe ycnoeHe, KOTopoe JlOJl>KHO co6nio
Jl8TbCH, 3TO TO, 11T06bl KOH}leHCaTop 6bIJI 6bl B COCTOffHHH BblJlep>KaTb 3TOT 3Ha11HTeJJbHblH 

no BeJJH11HHe TOK. )lnsi Toro, 11T06bl co6nlOCTH 3TO ycnOBHe, y KOH}leHCaTopa JlOJl>KHO 6b1Tb 

He6onb11Joe 3Ha11eHHe 3KBHBaneHTHoro nocne}loeaTenbHOro conpoTHBneHHff, ESR, H He 

TOnbKO Ha 11acTOTax ceTeBoro nHTaHHff, HO B .nHana30He 11aCTOT, no KpaMHeH Mepe, JlO 

40 Kru. 3TO CBff3aHO c TeM, 11TO BblXOJlHOH YCHJIHTenb MOW.HOCTH, 11aCTO pa60TalOllJ.HH 

B Knacce B ( c OTCe11KOH BblXO}lHOro TOKa JJaMn ), Bbl3bIBaeT nOffBJJeHHe BbmpHMJJeHHOH co

CT8BJJSllOW.eH 3Byi<oeoro CHrHaJJa, a TaK>Ke ero BTOpOH rapMOHHKH (TO eCTb YJlBOeHHOH 3BY

KOBOH 11aCTOTbl) Ha llJHHax HCT011HHKa nHTaHHff. ( 06'bSICHeHHe pa60Tbl ycHJJHTeJJff B KJJacce 

B npHBOJlHTCff B rnaee 5.) )lnsi BbmonHeHHff Tpe6oeaHHM 3Toro ycnoeHH MO>KHO Hcnonb30-

eaTb 3JJeKTpOJJHTH11eCKHH KOH}leHCBTOP,· npe}lHa3Ha11eHHblH JlnSI npHMeHeHHff B HMnyJJbC

HblX HCT011HHKax nHTaHHff B Ka11ecTBe HBKOnHTeJJbHOro KOH}leHCaTOpa, 3aillyHTHpOBaB ero 

KOH}leHCBTOpOM MeHbllJeM eMKOCTH ( pHC. 4.12 ). 
YcHJIHTeJJb MOLUHOCTH npH pa6oTe MO>KeT pe3KO yMeHbllJHTb BeJJH11HHY 3apsi}la Ha Ha

KOnHTeJJbHOM KOH}leHCaTope, 11TO npHBe}leT K CHH>KeHHIO BblXOJlHOro Hanpsi>KeHHSI, JJH60 3a 

C11eT npOJlOJJ>KHTeJlbHOro npOTeKaHHff TOKa c 60JJbllJHM 3Ha11eHHeM, KOTOpblH B03MO>KeH, 

HanpHMep, npH JlnHTeJlbHOM HCnbITaHHH YCHJIHTeJJff Ha nOJJHOH BblXO}lHOH MOLUHOCTH c HC

nOJJb30BaHHeM CHrHana CHttyCOH}laJlbHOH cpopMbl, JJH6o npH eocnpOH3Be}leHHH HenpOJlOJJ

>KHTeJJbHblX, HO 011eHb CHJJbHblX 3BYKOB, HanpHMep, 011eHb HH3KHX no TOHY 3BYKOB 6apa6aHa. 
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Mcro~HMKH nMTDHHA 

I, 
I 

PHc. 4.12 11cnoJtb30Banue mynmupy1014e20 Konoencamopa OAR MooeJtupoBanuR 
cBoucmB «uoeaJtbHOeo»· Konoencamopa 

nHTaHHe noeTOSIHHOH no seJIH'IHHe Harpy3KH 06bI'IHO He npe.neTaSJISleT Tpy.na, TaK KaK 

3apaHee TO'IHO H3SeeTHO, TOK KaKOH seJIH'IHHbl '1epe3 Hee 6y.neT npOTeKaTb. no3TOMY pae

'leT se.u.eTesi npoeTo JJ.JISI 3TOro atta'leHHSI TOKa. EeJIH Hanpsi>KeHHe nyJibea~HH )r.Jlsi paayM

Horo 3Ha'leHHSI TOKa OKa>KeTeSI SbIWe, 'leM XOTeJIOeb 6bI, TO He06XO.U.HMO .u.o6aSHTb s 6JIOK 

nHTaHHSI eT86HJIH3aTOp, 'IT06bl H36aSHTbeSI OT HHX. 

Tpy.u.HoeTH soaHHKalOT Tor.u.a, Kor.u.a Heo6xo.D.HMO nHTaTb H3MeHS110llly10esi no seJIH'IHHe 

Harpyaey. HeKoTopb!M MO>KeT noKaaaTbesi, 'ITO eeJIH yeHJIHTeJib MOW:HOCTH paee'IHTaH no

eTOSIHHO oT.nasaTb s HarpyaKy 8 OM MOW:HOeTb, pasttylO 100 BT, TO see, 'ITO Heo6xo.u.HMO 

e.u.enaTb, TaK 9TO paee'IHTaTb TOK, npoTeKalOW:HH s f(arpy3Ke 6JIOKa nHTaHHSI np'H aa.u.aHHOH 

noJie3HOH MOW:HOeTH, H seem pae'leT, HeXOJl.SI H3 noJiy'leHHOro 3Ha'leHHSI TOKa. Bee H3'bSl

Hbl TaKoro no.u.xo.u.a nerKo SH.U.HbI Ha npHMepe TpaH3HeTopHoro yeHJIHTeJisi, s KOTopoM Ha

rpyaKa no.u.KJIIO'leHa Henoepe.neTBeHHO K SblXO.U.HOMY KaeKa.u.y H MOW:HOeTb onpe.u.eJISleTeSI 

Sbipa>KeHHeM: 

P=PR. 

CJie.nosaTeJibHO, Jl.JISI eJiyqasi eHHyeoH.naJibHOro Hanpsi>1<eHHS1 seJIH'IHHa TOKa eoeTaSHT: 

0.D.HaKO eJie.eyeT yqeeTb, 'ITO He06XO.U.HMO npH pae'leTe HenOJib30SaTb aMnJIHTY.U.HOe 

3Ha'leHHe' KOTopoe 6y.u.eT 60JibWe Ha seJIH'IHHY -./2, TO eeTb eoeTaSHT 3Ha'leHHe 5 A. .LI.Ha

na30H H3MeHeHHSI Hanpsi>1<eHHS1 yeHJIHTeJisi MO>KeT eoernsJISITb ±50 B, eJie.nosaTeJibHO, 

Heo6xo.u.HM HeTO'IHHK nHTaHHSI, enoeo6HbIH o6eeneqHsaTb Hanpsi>KeHHe ±50 B npH TOKe 

5 A. TaKHM o6paaoM, MomttoeTb HeTO'IHHKa nHTaHHSI .U.OJI>KHa eoeTaSJISITh 500 BT, H sTo 

Jl.JISI Toro, 'IT06bI nHTaTb MOHOcpOHH'leeKHH yeHJIHTeJib MOlllHOeTblO 100 BT! 

TaKOH HeTO'IHHK nHT8HHSI OKa3bIBaeTeSI eJIHWKOM MOW:Hb!M H eJIHWKOM .u.oporHM H Jl.JISI 

Toro, 'IT06bi ero HenOJib30SaTb.U.eHeTSHTeJibHO MOryT noHa.u.o6HTbeSI O'leHb seeKHe npH'IHHbl. 

KnlO'I peweHHSI soaHHKweA npo6neMbI aaKJIIO'laeTesi s pe>KHMe (KJiaeee) pa6oTbI sbI

xo.u.Horo KaCKMa. no.u.po6HO KJiaeebl pa60Tbl yeHJIHTeJieH 6y.u.yT paeeMOTpeHa S rJiase 5. 
ECJIH shIXO.U.HOH KaeKa.u.a pa6orneT TOJibKO s Knaeee A, TO TOK s pa6oqefl TO'IKe BAX yeH

JIHTeJibHoro npH6opa paseH aMnJIHTY.U.HOMY 3Ha'leHHIO TOKa, KOTOpblH He06XO.U.HM npH 

ypoBHe MaKeHMaJibHOH SblXO.U.HOH MOW:HOeTH, KOTOpasi s paeeMaTpHsaeMOM npHMepe eo

eTaSJISleT 5 A. EeJIH .u.eAeTSHTeJibHO OT HeTO'IHHKa nHTaHHSI noTpe6JISleTeSI TOK HeH3MeH-
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CrnalK1tBaH1te 11en11 (<f>1tnbTpb1) Bblnp11M1treneli 

HOH seJIH4HHbl 5 A, To B 3TOM CJIY4ae JJ.eHCTBHTeJibHO noHaJJ.o6HTCR HCT04HHK nHTaHHR, 

HMelOW.HH MOW.HOCTb 500 BT (pHC. 4.13 ). 

+50V 

22 OOOu 

) 
ov 

22 OOOu 

-50V 

PHc. 4.13 Cma1-iaapm1-taR cxeMa ucmo1mwca numaHUR mpaHaucmopHoco 
ycUAumeAR 

BenwrnHa eMKOCTH HaKom1reJibHoro KOHJJ.eHcaTOpa )l,TIH 3TOH cxeMbI o4eHb nerno MO)KeT 

6b1Tb onpeJJ.eJieHa, eCJIH BOCnOJib30BaTbCH paHee npHBe}l.eHHbIMH COOTHOWeHHRMH H KpHTe

p11eM, B COOTBeTCTBHH c KOTOpblM BeJIH4HHa HanpR)KeHHR nyJibCaU.HH COCTaBJIReT 5% OT 

HanpH)KeHHR nHTaHHH. OJJ.HaKo c TpaHccpopMaTopoM JJ.eno o6cTOHT HHa4e. HecoMHeHHO, 

MO)l<HO 6yJJ.eT BOCnOJib30BaTbCR )l,TIR HenocpeJJ.CTBeHHOro onpeJJ.eJiemrn napaMeTpOB TpaHC

<jlopMaTopa HOMOrpaMMaMH, nepBOHa4aJibHO npe)l,TIO)KeHHbIMH 0. r. WeH}l.OM (0. H. Scha

de) [ 4 ]. 0JJ.HaKO Ha npaKTHKe He06XO.ll.HMble )l,TIR pac4eTa napaMeTpOB TpaHccpopMaTopa }l.aH

Hble MOryT OKa3aTbCH npOCTO HeH3BeCTHblMH, Il03TOMY Jl.0CTaT04HO 4aCTO Ha npaKTHKe 

HCnOJib3YIOT npaBHJIO, B COOTBeTCTBHH c KOTOpblM peaKTHBHaR MOW.HOCTb CHJIOBOrO TpaHC

<jlopMaTOpa Jl.OJl)KHa 6bITb, no KpaHHeH Mepe, paBHOH He06XOJl.HMOH BbIXOJl.HOH MOW.HOCTH. 

EcJIH BbIXOJJ.HOH KaCK8Jl. ycHJIHTeJIR npeJJ.Ha3Ha4eH )l,TIR pa60TbI B KJiacce B, TO OH npOJJ.OJI

>KaeT nHTaTb Harpy3KY TOKOM 5 AB MOMeHT Jl.OCTH)KeHHH CHHYCOH}l.8JlbHblM CHrHaJIOM MaKCH

MaJibHblX (aMnJIHTYJl.HbIX) 3Ha4eHHH, O}l.HaKO, B JJ.pyrnx T04Kax CHHYCOH}l.bl BeJIH4HHa TOKa, He

o6XOJl.HMaH OT HCT04HHKa nHTaHHH, 6yJJ.eT 3Ha4HTeJibHO MeHbille. 3TO n03BOJIHeT yMeHbillHTb 

3HepronoTpe6JieHHe, H cooTBeTCTBeHHO nOJIHHTb Kll.LI.ycHJIHTeJIR. BJIHHHHe HaKonHTeJibHOro 

KOH}l.eHcaTOpa 3aKJII04aeTCR B ycpe}l.HeHHH cpnyKryaU.HH noTpe6JIHeMoro TOKa, no3TOMY B cJiy

'lae CHrHaJia CHHYCOH}l.aJibHOH cpopMbl ycpeJJ.HeHHOe 3Ha4eHHe TO Ka I average COCTaBliT" 

/auerage = 0,637 /peak' 
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McroqHHKH nHTOHHH 

TaK KaK ycpeJJ.HeHHoe aHa4eHHe ToKa B paccMaTpHeaeMoM npHMepe cocTaBHT 3,2 A, To 

6yJJ.eT Bb16patt TpaHccpopMaTop, paCC4HTaHHblii Ha MOW.HOCTb 350 BA. 
.LI.anee cneJJ.YeT YlJeCTb, 'ITO yc1rnHTenb HHKOrJJ.a He 6yJJ.eT pa60TaTb Ha nonHoii BbIXOJJ.

Hoii MOW.HOCTH see epeMH, H 'ITO KpaTKOBpeMeHHble MY3bIKaJJbHble nHKH, )lJIH KOTOpbIX 

Tpe6yeTCH MaKCHMaJJbHaH BblXOJJ.HaH MOW.HOCTb, He 6yJJ.YT HMeTb 60JJbWYIO no BpeMeHH 

npoJJ.On>KHTeJJbHOCTb. CneJJ.oBaTeJJhHO, MO)l<HO 6bino qb1 HcnoJJb30BaTb TpaHccpopMarnp, 

pacC'-IHTaHHblii Ha MeHbWYIO MOW.HOCTb, TaK K8K HaKOnHTeJJbHblii KOHJJ.eHCaTOp Mor 6bl 

o6ecne4HTb Heo6XOJJ.HMhie 3Ha4eHHH nHKoeoro TOKa. TaKoii apryMeHT HBJJHeTcH eecbMa 

co6JJa3HHTeJJbHblM, H MHOrHe npOJ.!3BOJJ.HTeJJH KOMMep4eCKHX ycHJJHTeneii CKnOHHJIHCb 

K HeMy, TaK rrnK Ka)KJl.blii JJ.OnOJJHHTeJJbHblii cpyHT CTepJJHHfOB K CTOHMOCTH 9JJeKTpOHHblX 

KOMOOHeHTOB .l(o6aBJJHeT, KaK npaBHJIO, OT 4 JJ.O 5 cpyHTOB CTepJJHHroB K p03HH4HOH ueHe. 

TaK i<aK Ta1<oro poJJ.a KOMMep4eCKHe coo6pa)l<eHHH, orpaHH4HBaIOW.He paMKH TBop4e

CTBa, He JJ.{jJI')l<Hbl noBJJHHTb Ha OKOH48TeJJbHOe npHHHTHe peweHHH, TO npHHl..lHn, B COOT

BeTCTBHH c KOTOpblM, 4eM 6onee MOW.HblH CHJIOBOii TpaHccpopMaTop (B npeJJ.enax paayMHO

ro, ecTeCTBeHI-I'O ), TeM JIYlJWe, JJ.OJJ.>KeH 6bITb npeBaJJHPYIOW.HM. 

4. 4.1. Hcro'IHHK nHTOHHJI co crnaJKHBOIOUJHM npocceneM 

11CT04HHKH nHTaHHH co crna>KHB810W.HMH JJ.POCCeJJHMH 6bIJIH 04eHb nonynHpHbl B nepHOJJ. 

pacueeTa naMnOBbIX ycHJJHTeneii no OP.HOH npocTeiiweii npH4HHe, a HMeHHO Ha-aa OT

cyTCTBHH KOHJJ.eHcaTOpoe c o4eHh 6onhwoii eMKOCTblO. Do9TOMY JlJJH crna.>KHBaHHH nynh

cauHA nocne BbinpHMHTeJJH ,ll.OJl.>KHbl 6bIJIH HCnOJJb30BaTbCH JJ.POCCeJJH ( pHC. 4.14 ). 

500VAC 

] 450VDC 

Bu 

PHc. 4.14 /1cmot.tnwc numanuJt co c2Aa3ICUBatoU{UM iJpocceAe.M. 

EcnH 6b1 npeJJ.cTaBHnacb B03MO.>KHOCTb HaroTOBHTb HCT04HHK nHT8HHH co crna.>KHBaIO

W.HM JJ.POCCeJJeM, B KOTOpOM BeJJH4HH8 HHJJ.YKTHBHOCTH ,ll.poccenH HMeJJa clbl 6ecKOHe4HO 

60JJbWOe 3Ha4eHHe, TO TOK B CHJJOBOM TpaHccpopMaTope 6bIJJ 6bl noJJHOCTblO HJJ.eHTH4eH 

noCTOHHHOMy TOKy, npoTeKalOW.eMy B HarpyaKe. 
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CrnaiKHBDHHe 11enH (cl>HnbTpbl) Bbrnp11MHTeneif 

Ha npaKTHKe HCTOl!HHKH nHTaHHH HHKOrJJ.a He JJ.OCTHfalOT 9TOfOMJ).eaJia, n09TOMY TOK 

BTOpHl!HOH o6MOTKH TpaHccpopMaTopa npe)lCTaBJIHeT co6oH KOM6HH8U.HIO nOCTOHHHOfO 

TOKa Harpy3KH H MeHbWero no BeJIHl!HHe H npH6JIH)Ka10merocH no cpopMe K CHHYCOHJJ.aJib

HOMy, TOKa JJ.poccem1. TeM HH MeHee, HCTOl!HHK nHTaHHH co crnamHBalOUlHM JJ.pocceJieM 

HMeeT orpOMHOe npeHMymecTBO, 3aKJIIOllalOUleecH B TOM, l!TO OH 06ecne1.1HeaeT nOl!TH He

H3MeHHblH no BeJIHl!HHe TOK, npoTeKalOUlHH B u.enH OT CHJIOBOrO TpaHccpopMaTopa, a He 

noCJieJJ.OBaTeJibHOCTb KOpOTKHX HMnyJibCOB c BbICOKHMH 3Hal!eHHHMH pa3Maxa TOKa, KaK 

npH pa6oTe BbmpHMHTeJIH Ha HaKOnHTeJibHblH KOHJJ.eHcaTop (CM. BbIWe ). ,ll.nSI Toro, l!T06bI 

nOHHTb, nolleMy 9TO npoHCXOJJ.HT, Heo6XOJJ.HMO OlleHb BHHMaTeJibHO pacCMOTpeTb cpopMy 

HanpHmeHHH Ha BbIXOJJ.e BblnpHMHTeJIH (pHC. 4.15 ). 

PHc. 4.15 <Pop.Ma 1-tanp11.:JH:eHUR noc;ie iJeyxno1tynepuoiJ1-tozo BblnpRMAeHUR 

Ilocne JJ.ByxnonynepHOJJ.HOro BblnpHMJieHHH, BbIXOJJ.HOe HanpHmeHHe HMeeT BHJJ., npHBe

)leHHblH Ha JJ.8HHOM pHcyHKe, OJI.Ha KO, TaK KaK OT npeTepnesaeT HeJIHHeHHblH npou.ecc Bbln

pHMJieHHH, Ha6op 1.1acTOT, o6pa3yIOUlHX 9TOT cHrHaJI, OTJIH1.1aeTCH OT Ha6opa 1.1acToT ( cpaK

TH'leCKH OJlHOro KOJie6aHHH c 1.1acTOTOH 50 fu.), nocrynalOUlHX Ha BXOJJ. BbmpHMHTeJIH. 

AHaJIH3 Cl>ypbe noKa3blBaeT, l!TO pe3yJibTaT BblnpHMJieHHH l!HCTo CHHycoHJJ.aJibHoro cHrHa

Jia MO)KHO npeJJ.CTaBHTb B BHJJ.e cyMMbl BblCWHX rapMOHHK: 

2./2.u " n+I 2 f V = in( RMS) • (l + ~)- l) COS 2 1tCO ). 

1t n=I 41t -1 

Heo6xoJJ.HMO yqecTb, l!TO 'IJieH um<RMSJ s cpopMyne HBJIHeTCH HanpHmeHHeM CHrHana JJ.O 

ero BblnpHMJieHHH. 

IlpHBeJ).eHHOe BbIWe ypasHeHHe HBJIHeTCH MaTeMaTHl!eCKOH cpopMOH npeJJ.CT8BJieHHH ne

pHOJl.HlleCKOfO CHrHaJia HeCHHYCOHJ).aJlbHOH cpopMbl B BHJJ.e TeopeTHl!eCKH 6eCKOHel!HOfO 

PHJJ.a CHHYCOHJJ.aJibHblX Kone6aHHH ( rapMOHHK) Ha 1.1acr0Tax, KpaTHbIX 1.1acT0Te noernpeHHH 

cHrnana. Ha npaKTHKe, rosopSI o rapMOHHKax HenepHOJl.Hl!ecKoro cHrnana, ecerJJ.a orpaHH

'IHBaIOTCH HX KOHel!HblM l!HCJIOM, nocKOJibKY HHTeHCHBHOCTb rapMOHHK y6bIBaer c pOCTOM HX 

. HOMepa. YllHTblBa!OT TOJlbKO Te rapMOHHKH, KOTOpble o6pa3ylOT npHMepHO 95% o6meA 

9HeprnH cHrHana. Pe3yJibTaT Bbll!HCJieHHH Ko9<P<PHU.HeHTOB Cl>ypbe (TO ecTb aMnJIHTYJJ. rap

MOHHK) JlJ)H Hawero llaCTHOro cnyqaH Jl.ByxnOJiynepHOJJ.HOfO CHrHaJia J).aeT CJie;:ty!OUlee: 

V= u,,l(RMSJ[0,90 +0,6(2J)- 0,12(41) + 0,05(61)- 0,003(81) + ... ). 

IlocneJJ.Hee BbipameHHe noKa3bIBaeT, l!TO cHrHaJI CHHycoH)laJibHOH cpopMbl nocne 

Jl.ByxnonynepHOJ).HOfO BblnpSIMJieHHH MO)KHO npe)lCTaBHTb Ha6opoM ( HJIH cynepn03HU.HeH ), 
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Hcro~HMKH nHraHMA 

COCTOHW.HM H3 nOCTOHHHOH COCTaBJIHIOW.eH ( nocTOHHHOro HanpmKeHHH ), paBHOro 

0,90um(RMS)' H nocne.n.oBaTeJJbHOCTH yMeHbWalOW.HXCH no aMnJJHTy.n.e lJeTHbIX rapMOHHK, 

KpaTHbIX lJaCTOTe (f) HCXO.ll,HOrO CHHYCOH.ll,aJJbHOro CHrHaJJa. 

TaKHM o6pa30M, .lJ.JJH cj:JHJJbTpaU.HH nepeMeHHbIX COCTaBJJHIOUJ.HX BbmpHMJJeHHOro TOKa, 

u.enecoo6pa3HO HCnOJJb30BaTb .n.pocceJJb HMelOW.HH OlJeHb BbICOKOe peaKTHBHOe conpo

THBJJeHHe .lJ.JJH Ha 4aCTOTax 9THX nepeMeHHbIX COCTaBJJHIOW.HX, n09TOMY TOJJbKO nOCTOHH

HaH COCTaBJJHIOW.aH BbmpHMJJeHHOro TOKa 6y.n.eT npOTeKaTb B HarpyaKe BbinpHMHTeJJH co 

crna>KHBaIOW.HM .n.pocceJJbHbIM cj:JHJJbTpoM. 8b1xo.n.Hoe HanpH>KeHHe HCTOlJHHKa nHTaHHH co 

crna>KHBalOW.HM .n.pocceJJeM, TaKHM o6pa30M, 6y.n.eT COCTaBJJHTb 0,9um(RMS)' lJTO 3HalJH

TeJJbHO OTJJH4aeTCH OT 3Ha4eHHH '12um(RMS)' xapaKTepHoro .ll,JIH HCTOlJHHKa nHTaHHH c HaKo

nHTeJJbHbIM KOH.ll,eHCaTopoM. 

4.4.8. MHHHMORbHb/H TOK HarpyJKH /IRR HCTO'IHHKO nHTOHHR 

co CfRO)l(HBOIOUJHM 11pocceneM 

K co>KaJJeHHIO, .lJ.JJH npaaHJJbHOH pa6oThI HCT04HHKa nHTaHHH co crna>KHBaIOW.HM .n.pocce

JJeM Tpe6yeTCH HaJJHlJHe HeKoToporo MHHHMaJJbHoro TOKa, npoTeKaIOw.ero B HarpyaKe. 

EcJJH seJJHlJHHa noTpe6JJHeMoro HarpyaKoH TOKa MeHbWe 9Toro MHHHMaJJbHO .n.onycrnMor<? 

3Ha4eHHH, BbinpHMHTeJJb B03Bpaw.aeTCH K COCTOHHHIO, Kor.n.a npoHCXO.lJ.HT aapH.ll. KOH.ll,eH

carnpa ( Tenepb y>Ke pe4b H.D.eT o crna>KHBaIOW.eM KoH.n.eiicarnpe, BKJJI04eHHOM nocne 

.n.pocceJJH) HMnyJJbCaMH HanpH>KeHHH H BbIXO.ll,HOe HanpHmeHHe B03pacrneT .ll.0 MaKCH

MaJJbHOro 3Ha4eHHH, pasHoto '12umUiMS>" MHHHMaJJbHoe aHalJeHHe noTpe6JJHeMoro TOKa 

onpe.n.enHeTcH cne.n.yIOW.HM Bbipa>KeHHeM: 

2~2um(RMSl 
I =---""---

""" 61t2 fl 

TaK KaK Ha npaKTHKe HH.lJ.YKTHBHOCTb.lJ.pocceJJH 4aCTH4HO aaBHCHT OT seJJH4HHbI npoTe

KaIOw.ero no He My TOKa (CM. KpHBYIO HaMarHHlJeHHOCTH HJJH B-H 3aBHCHMOCTb ), TO CJJe.n.y

eT HeCKOJJbKO yseJJHlJHTb noJJylJaeMoe no paclJeTaM 3HalJeHHe. Jl.JJH 9TOro MO>KHO BOCilOJJb-

30BaTbCH ynpow.eHHOH cj:JopMyJJoH, Y4HTbIBaIOw.efi Ta Koe yaeJJHlJeHHe ( KOTopaH 6y.n.eT 

cnpaBe.lJ.JJHBa .lJ.JJH CeTeH IlHTaHHH nepeMeHHOfO TOKa C lJaCTOTaMH 50 H 60 fu.): 

i1CT04HHK nHTaHHH co CrJJa>KHBalOW.HM .n.pocceJJeM scer.n.a pa6oTaeT Ha .n.onOJJHHTeJJb

HblH crna>KHBaIOW.HH KOH.ll,eHcarnp, B CHJJY 4ero Tpe6oaaHHe K MHHHMaJJhHOMY 3Ha4eHHIO 

TOKa Harpy3KH npHo6perneT oco6oe 3Ha4eHHe, TaK KaK HeBbinOJJHeHHe 9TOro ycJJOBHH 

MO>KeT Bbl3BaTb yseJJHlJeHHe HanpH>KeHHH Ha KOH.ll,eHCaTope .no 3HalJeHHH, COCTaBJJHIOW.ero 

npHMepHO 157% OT ero HOMHHaJJbHOro 3Ha4eHHH, H KOTopoe MO>KeT npHBeCTH K Bb!XO.ll.Y 
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Crna>KHBOHMe 11en11 (cl>1tnbTpb1) Bblnp11M1treneii 

KOHJJ.eHcaTopa H3 cTpoH. Tp8JJ.HUHOHHbIM nyreM peweHHH JJ.aHHOJi npo6neMbI HsnHeTCH 

Hcnonb30BaHHe nepeKJllOlfaeMoro JJ.poccenH, HH.zlYKTHBHOCTb Kornporo pea1<0 soapacTa

er npH ManbIX TOKax, H xorn TaKoii cnoco6 npaKTH'!eCKH nepecTan npHMeHHTbCSI nocne 

1960-x rOJJ.OB, B HaCTOSJlll,ee speMSJ OH BHOBb nonyqHn npH3H8HHe. 

Oocne ysenHlfeHHSJ TOKa CBepx MHHHManbHOrO 3HalfeHHSJ, nynbCaUHH BbIXOJl.HOrO Ha

npmKeHHSJ 6y.nyT nOCTOSJHHblMH no BenHlfHHe npH H3MeHeHHH TOKa Harpy3KH, a nepeMeH

Hble COCTaBnHIOlll,He BbmpHMneHHOrO CHHYCOHJJ.anbHOro CHrHana 6y.nyT ocna6neHbl B COOT

BeTCTBHH c Bblpa>KeHHeM: 

Uripplo(RMS) _ } 

, Voe - 6./2·ro 2LC' 

B KOTOpOM 00 = 27tf 

EcnH npHHSJTb, '!TO TOnbKO aMnnHTyJJ.8 BTOpoii rapMOHHKH BbinpHMneHHOro TOKa BHO

CHT cyw.ecTBeHHblH BKJ18)1. B o6pa30B8HHe nynbCaUHH, TO yKa3aHHOe Bb!pa>KeHHe MO>KeT 

6b1Tb npeJJ.CTaBneHO B cne.nyIOW.eM BHJJ.e: 

U1n(RMS) 

Um(RMSl (60 f ) 
Unpple(RMSl ~ 5 41 C U ' 

' '-'(TH) (nit>) 

B KOTOpblX HH.zlYKTHBHOCTb l Bb!pa>KeHa B reHpH, a eMKOCTb c B MHKpocf>apaJJ.aX, a BenH'IH

Ha \}m(RMS)HBnHeTCSJ HanpSJ>KeHHeM Ha BTOpH'IHOH o6MOTKe CHnosoro TpaHccf>opMaTopa. 

4. 4. 9. HoMHHanhHoe JHaYeHHe roKa 11pocce1111 
HecMoTp~ Ha To, '!TO 6ec1<0He'IHO 6onbwoe 3HalfeHHe HH.zlYKTHBHOCTH o6ecnelfHBano 6b1 

rpaHccf>opMaTopy H JJ.poccenl-0 HOMHHanbHYIO senHlfHHY TOKa, paBHYIO M8KCHManbHOMy 

3H8'1eHHIO nocTOSJHROro TOKa Harpy3KH, B peanbHOCTH OHH JJ.On>KHbl o6ecne'IHB8Tb He

CKOnbKO 6onbwee 3Ha'leHHe TOKa, npH 3TOM oco6oe 3Ha'!eHHe npHo6peTaeT npasHnb

HOCTb BbJ6opa HOMHHanbHOro 3Ha'leHHH HH.zlYKTHBHOCTH JJ.poccenH. TaK KaK MarHHTHbll'i 

noToK cepJJ.e'IHHKa JJ.poccenH nponopuHoHaneH TOKy, npoTeKaIOW.eMY B ero o6MOTKe, TO 

npH cnHlllKOM BblCOKHX 3HalfeHHSJX TOKa cepJJ.e'IHHK HaCbilll,aeTCSJ Hero HH.zlYKTHBHOCTb na

.a:aeT nO'ITH JJ.O HynSJ. 

TaK KaK B Bb!XOJJ.HOM HanpH>KeHHH BbinpHMHTenSJ MO>KHO BblJJ.enHTb COCTaBnHIOlllYIO 

nOCTOHHHOro TOKa H COCTaBnHIOlll,He BblClllHX rapMOHHK ( nepeMeHHbie COCTaBnHIOlll,He ), TO 

B senH'IHHe HOMHHanbHOro TOKa JJ.poccenH He06XOJJ.HMO Y'IHTblBaTb see 3TH COCTaBnHIO-
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MtTO~HMKM RMTOHHR 

IUHe. CocTaBJJffJOIUaff nocTOffHHoro TOKa npeJJ.CTaBJJffeT co6oA npocTo TOK HarpyaKH, OJJ.Ha-

Ko nepeMeHHaff COCTaBJJffJOl.llaff Tpe6yeT 6onee BHHMaTeJJbHOro aHaJJH3a. ' 

TaK KaK B cxeMe nocJJe JJ.POCCeJJff BKJIJO'leH KOHJ).eHCaTOp, npeJJ.CTaBJJfflOIUHA KOpOTKOe 

3aMbIKaHHe no nepeMeHHOA COCTaBJlfflOIUeA, TO co6cTBeHHO nepeMeHHaff COCTaBJJffJOIUaff 

BblXOJJ.HOro Hanpff>KeHHff BbinpffMHTeJJff nBJ).aeT TOJlbKO Ha peaKTHBHOM conpoTHBJJeHHH 

JJ.pocceJJff npH npoTeKaHHH nepeMeHHoro TOKa. EcJJH HaeecTHa eeJJH'IHHa nepeMeHHoro 

Hanpff>KeHHff Ha JJ.pocceJJe, TO MO>KHO paccqHTaTb BeJJH'IHHY TOKa. 

KaK y>Ke yKa3bIBanocb paHee, ocHoBHYJO poJJb B nepeMeHHoA cocTaBJJfflOIUeA HrpaeT 

BTOpaff rapMOHHKa ( KaK caMaff HHTeHCHBHaff H3 cymecTByJOIUHX), n03TOMY Bbl'IHCJleHHff 

MOryT 6bITb ynpomeHbl, eCJJH npH pact:feTax Yt:fHTbIBaTb TOJlbKO 3TY COCTaBJlffJOIUYJO. 

MrHoBeHHoe 3Hat:feHHe nepeMeHHoro Hanpff>l{eHHff Ha JJ.poccene Bbipa>KaeTcff: 

u = 0,6 uintRMS> cos(2~). 

B KOTOpOM/ npeJJ.CTaBJiffeT 'laCJOTY BTopoA rapMOHHKH Hanpff>KeHHff nHTaHHff ceTH. 

PeaKTHBHoe conpoTHBJJeHHe JJ.poccenff onpeJJ.eJJffeTCff Bblpa>KeHHeM: 

XL= 21Cfl. 

EcJJH Tenepb BOCnOJJb30BaTbCff 3aKOHOM 0Ma, TO MrHOBeHHOe 3Ha'leHHe TOKa, np0Te

Ka10mero qepe3 JJ.POCCeJJb, COCTaBHT: 

TaK KaK npeJJ.CTaBJJffeT HHTepec MaKCHMaJibHOe 3Hat:feHHe TOKa, TO 'IJieH cos(27Cj), BXO

Jl.SIIUHA B Bblpa>KeHHe JI.Jiff MrHoBeHHoro 3Ha'leHHff TOKa, 6yJJ.eT HMeTb MaKCHMaJibHOe 3Ha

t:feHHe, paBHOe eJ).HHHUe, n03TOMY Bblpa>KeHHe MO>KeT 6b!Tb HeCKOJlbKO ynpomeHo: 

· 0,6\)tn(RMSI 
l llC(peakl = 2rcfl 

PaHee 6b1J10 BbICKaaaHo yTBep>K,lleHHe, 'ITO qcHOBHoA BKJJBJJ. B nepeMeHHyJO cocTaBJJff

IOIUYIO JJ.aeT BTopaff rapMOHHKa, OJJ.HaKo 3TO yTBep>K,lleHHe Tpe6yeT YTO'IHeHHff. EcnH eep

HYTbCff K paano>KeHHJOJJ.ByxnonynepHOJJ.HoA noCJJeJJ.OBaTeJibHOCTH B pMe Cl>ypbe, TO BHJJ.Ho, 

'ITO BKJlaJ). 'leTBepTOA rapMOHHKH COCTaBJJffeT 20% OTHOCHTeJlbHO Hanpff>KeHHff BTopoA 

rapMOHHKH ( 0, 12/0,6 ). TaK KaK c yeeJJH'leHHeM qacTOTbI HHJIYKTHBHoe conpoTHBJJeHHe 

JJ.pocceJJff (JI.Jiff 'leTBepTOA rapMOHHKH) B03pacTeT BJ).BOe, TO BeJJH'IHHa TOKa Ha 'leTBepTOA 

rapMOHHKH B JJ.poccene CHH3HTCff B JI.Ba paaa. TaKHM o6pa30M" Jl.OJ!ff TOKa 'leTBepTOA rap

MOHHKH OTHOCHTeJJbHO BeJJH'IHHbl TOKa BTOpOA rapMOHHKH COCTaBHT TOJibKO 10%. no3TO

MY HcnoJtb30BaHHoe JJ.onymeHHe oKa3bIBaeTCff enonHe cnpaBeJJ.JJHBbIM, H K TOMY >Ke ocTaB

JJffeT MecTO JJ.JJff JJ.aJJbHeAwero ynyqrneHHff xapaKTepHCTHK. 
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CrnO>KH'eaHlffl qenH (cl>HnbTpbr) Bblnp11MHreneii 

CyMMa nepeMeHHblX TOKOB, onpe.n.em1eMbIX KB»<.!f.blM H3 mnH nepBblX 4JieHoe pa3JIO>Ke

HHH <l>ypbe, BKJII04BSI COCTaBJISllOlllYIO BOCbMOH rapMOHHKH, 6blJia npoaHaJIH3HpoeaHa rpa

Q>H4eCKH c HCnOJJb30BBHHeM KOMnblOTepa c ueJiblO onpe.n.eJJHTb HaH60JibWHH noJIO>KH

TeJJbHblH nHK. 0TpHUBTeJibHble nHKH He npe,ll.CTaBJISllOT 3Ha4eHHSI, TaK KaK npH CJIO>KeHHH 

c nocTOSIHHOH COCTBBJISllOlll,eH OHH TOJibKO CHH>KBIOT MaKCHMBJlbHOe 3HB4eHHe TOKa .n.poc

CeJJSJ. Pe3yJibTBTbl rpacpH4eCKoro HCCJJe,ll.OBBHHSI no3BOJIHJIH H3MeHHTb BH,ll. ypaBHeHHSI H 

ceecTH ero K c;ne.ny10W.eMy: 

. 0,544u,.(RMS) uin(RMS) 
tl1C(ptml1vepcak) = 21C{l =-l-15_5_l_ (.MH 4BCTOTbl 50 f U), 

i = Um(RMSJ (.MSI 4BCTOTbl 50 fu). 
1IC(posll1ve11cak) l 386l 

0,ll.HaI<o, 06W.HH MBKCHMBJlbHblH TOK i10141 peak '"rrent' npoTeK810lll.HH 4epe3 .n.pocceJib, 

CKJIB,ll.blBaeTCSI H3 MBKCHMBJlbHOro 3Ha4eHHSI nepeMeHHOH COCTBBJISllOUleH TOKa iAC(peak) H 

nOCTOSIHHOH COCTBBJJSllOUleH TOKa !DC, npoTeKa101.Uero B Harpy3Ke: 

. =I +. 
t total pet1k curnml /)C t AC( peak)" 

B Ka4eCTBe npHMepa MO>KHO paccMoTpeTb ycHJJHTeJib MOl.UHOCTH Knacca A, e KoropoM 

HCnOJib3yeTCSI napa JJaMn-KeHOTpOHOB THna 845 .MSI cxeMbl .ll.BYXTaKTHOro BblnpSIMJJeHHSI, 

H e KOTopoM HcnOJJb3yeTCSI He oTcpHJibTpoeaHHoe Bb1coKoeoJJbTHoe HanpH>KeHHe 1100 B 
npH BeJJH4HHe TOKa 218 MA. B cxeMe BbmpSIMHTeJJSJ ycHJJHTeJJSJ HCnOJib3yeTCSI .n.pocceJJb 

C HHJlYKTHBHOCTblO 10 fH H HOMHHBJlbHblM TOKOM 350 MA, HO MO>KHO JIH C4HTBTb TBKOH 

eapHaHT OnTHMBJJbHblM? TpaHccpopMaTop, nHTalOl.UHH BXO.D.HOH .n.poccenb cpHJJbTpa, HMeeT 

BblXO.D.HOe HanpH>KeHHe u,,,CRMS> = 1224 B. HcnOJJb3YH paHee npHee.n.eHHble Bb1pa>1<eHHS1 H 

C4HTBSI, 4TO 4BCTOT8 CeTeBOrO HanpH>KeHHSI nHTBHHSI COCTBBJJSJeT 50 fl(, nOJIY4HM CJie.nylO

lll,He ,Zl,BHHbre: 

. u111<RMs1 1224 106 A 
t =--= M, 
AC(po"ltve(lcak) l l 55l 1155X10 

ilotal peak rur1"nl = f DC + i AC (peak) = 218 MA + I 06 MA = 324 MA. 

TaK KBK 06W.HH MBKCHMBJlbHblH TOK COCTBBJISleT 324 MA, TO HOMHHBJlbHOe 3HB4eHHe 

roKa .MH .Z1.poccenS1, paeHoe 350 MA, oKa3b1eaeTCS1 enonHe .D.OCTaT04HbIM. 0.n.HaKo npHee

.D.eHHbIH npHMep ,Zl,eMOHCTpHpyeT, 4TO nepeMeHHBSI COCTBBJISllOlll,BSI TOKa .D.pocceJJSI MO>KeT 

OKa3aTbCSI Ha ,Zl,OCTBTO'IHO 60JJbWOH BeJIH4HHOH, oco6eHHO B TOM cny4ae, Kor.n.a npe.n.noJ1a

raeTCSI HCnOJJb30BBHHe BblCOKHX HanpH>KeHHH. 

J1y4WHM cnoco6oM no.D.o6paTb COOTBeTCTBYIOW.HH no CBO,HM napaMeTpaM .n.pocceJJb 

.MH HCT04HHKa nHTaHHSI - 3To enHcaTb e wHpoKocpopMaTHbI~ Ta6JJHUhl pa3JJH4Hbie cooT-
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Mcro~HMKM nHTOHMR 

HOllleHHSI ,ll..llSI .n.pocce.11efl, a 38TeM aH8.llH3HpOB8Tb HX B OTHOllleHHH npHrO,ll.HOCTH no MHO

>Kecrny napaMeTpOB. yfa 06UJ,HX ~oo6pa>KeHHH Cr.118>KHB8IOUJ.HH .n.pocce.llb ,ll..llSI BblCOKO

BO.llbTHOrO HCTO'-IHHKa nHTaHHSI ,ll.0.Jl>KeH HMeTb, KaK npaBH.110, HHJIYKTHBHOCTb 60.11ee 15 fH, 

TaK KaK B npOTHBHOM c.11y'-lae Be.llH'-IHHa nepeMeHHblX COCTaB.llSIIOUJ.HX BblXO,ll.HOro TOKa HC

TO'-IHHKa nHTaHHSI CTaHOBHTCSI HMeHHO TeM cpaKTOpoM, KOTOpbIH 6y.n.eT BHOCHTb HaH60.llb

llIHH BK.lla.n. s noTep!O Ka'-lecrna ycH.11HTe.11SI .. 

4.4.10. HoMHHOflbHb/H TOK rpaHapopMaropa, HCHOflbJyeMOfO 

8 HCTO'IHHKe nHTOHHR CO CfflQ)f(HBOIOU/HM /lpOcceneM 

MaKCHM8.llbHblH TOK, npoTeKalOUJ.HH s.n.pocce.11e, TaK>Ke npoTeKaeT H no o6MOTK8M CH.11080-

ro TpaHccfiopMarnpa, no3TOMY noc.11e,D.HHH TaK>Ke .n.o.11>1<eH y.n.os.11ernopHTb paccMaTpHsae

MOMY KpHTepHIO. 0.n.HaKO 'raK KaK npH onpe.n.e.11eHHH HOMHHa.llbHblX napaMeTpOB TpaHccfiop

MaTopa npe.n.no.11araeTCSI, '-!TO TOK HMeeT CHHYCOH,ll.8.llbHYIO cpopMy H HMeeTCSI '-IHCTO 

pe3HCTHBH8SI Harpy3Ka, TO 3H8'-JeHHSI HOMHH8.llbHblX TOKOB c.11e.nyeT Y4HTbIB8Tb KaK cpe.n.He

KBa.n.paTHLieCKHe 3HaLieHHSI CHHYCOH,ll.8.llbHOro CHrHa.11a, TO eCTb M8KCHM8.llbHbie (H.llH nHKO

Bbie, aMn.llHTy.D.Hbie) 3HaLieHHSI TOKOB MOrYT npeBbilllaTb 3TH 3HaLieHHH B U2 pa3. CTo9ToMy 

.n..11H paccMoTpeHHoro B Ka'-!ecrne noc.11e.n.Hero npHMepa C.11Yl.J8H n0Ha.n.06H.11CH 6bI TpaHc

cpopMaTop c HOMHH8.llbHblM cpe.n.HeKsa.n.paTH'-!eCKHM 3H8'-!eHHeM CHHYCOH,ll.8JlbHOro TOKa, 

paBHblM 229 MA ('-!TO cocrns.11SieT 324 MA aMn.llHTY.D.HOro H.llH MaKCHMa.llbHOro 3Ha'-!eHHH). 

3TOT pe3y.llbTaT ,ll.OCTaTO'-IHO xopollIO ( B npe.n.e.11ax norpellIHOCTH 5 % ) COBna.n.aeT co 3H8'-!e

HHeM nocTOSIHHOH COCTaB.llSIIOUJ.eH TOKa Harpy3KH, paBHOH 218 MA. CT09TOMY B Ka'-lecrne 

CTI!H,D.aprnoro npH6JIH>KeHHSI npH pacqernx O'-leHb 48CTO npHHHMaeTCSI, '-ITO)l.JISI TpaHccfiop

MaTopa ,ll.OCT8TO'-IHbIM SIBJIHeTCSI HOMHH8.llbHblH TOK, Bbipa>K~HHblH B BH,ll.e cpe.n.HeKBa,D.paTH

LieCKOro 3H,a'-leHHSI CHHYCOH,ll.8.llbHOro TOKa, Be.llH'-IHHa KOToporo paBHSI.118Cb 6bI seJIH'-IHHe 

noCTOSIHHOH COCTaB.llSIIOUJ.eH TOKa Harpy3KH. 

4.4.ll 8b16pOCbl TOKO H 11eMnc/JHPYIOUJHe JneMeHTbl 

J1CT04HHKH nHTaHHSI co Cr.118>KHB8IOUJ.HM .n.pocce.11eM BOBCe He SIB.llSIIOTCSI H,D.ea.llbHbIMH 9.lle

MeHTaMH H HMelOT )I.Be OCHOBHbie npo6.11eMbl, KOTOpb!e CBSI38Hbl c BbI6pocaMH TOKOB npH 

nepeK.lllO'-leHHH H MexaHH'-!eCKHMH BH6paU.HSIMH. 

Xorn paHee yKa3b1Ba.11ocb, '-!TO HCTOLIHHK nHTaHHH co cr.11a>KHB810UJ.HM .n.pocce.11eM no

Tpe6.11SieT OT CH.llOBOro TpaHccfiopMaTopa nO'-ITH HeH3MeHHblH no Be.llH'-IHHe TOK, 9TO He co

BCeM COOTBeTCTByeT .n.eHCTBHTe.llbHOCTH. TaK KaK .ll..JISI BK.JllO'-leHHSI BbinpSIMHTe.llbHOro ,ll.HO,ll.8 

HanpH>KeHHe Ha HeM ,ll.0.ll>KHO npeBbICHTb HeKOTopoe 3H84eHHe ( BHe 38BHCHMOCTH OT Toro, 

HCnO.llb3YIOTCSI JIM no.11ynpoBO,ll.HHKOBbie BbinpSIMHTe.JIH, H.JIH TepM03.lleKTpOHHbie .11aMnb1), TO 

3TO 03H8'-JaeT, '-!TO Heo6XO,ll.HM HeKOTOpblH npoMe>KYTOK speMeHH, )l.JISI TOro, 4T06bI 3H8'-leHHe 

CHHYCOH,ll.8.llbHOro HanpSI>KeHHSI B03pOC.llO OT Hy.11esoro 3Ha'-leHHSI .n.o TaKOro, KOTopoe 6bi.llO 

6b1 pasHo HanpSI>KeHHIO BK.lllOLieHHH .11106oro H3 BbinpHM.llHIOUJ.HX .D.Ho.n.os. C.11e.n.osaTe.J1bHO, 
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Crna>K1tBOH1te qen1t (<!>1tnbrpb1) Bbmp11M1treneit 

TOK, npoTeKalOIUHH B TpaHcq>0pMaTOpe, He 6y,ueT COBeprneHHO HeH3MeHHblM no BeJJWIHHe, 

a B HeKOTOpble MOMeHTbl BpeMe1rn OH MomeT CHH}KaTbCH .uame .uo HyJJeBoro 3HalJeHHH . .llpoc

ceJJb 6y,ueT nbITaTbCH nOJl.ll.epmaTb HeH3MeHHOe 3Ha'leHHe TOKa, n03TOMY Ha HeM B03HHKHeT 

HanpHmeHHe caMOHHJlYKUHH, KOTOpoe onpe,ueJJHeTCH BbipameHHeM: 

V =-L di. 
dt 

B JJI06ol1 cxeMe ,usyxnoJJynepHo,uHoro BbmpHMJJeHHH )I.HO.Ubl BbIKJJIO'lalOTCH c 1.JaCTOTOH, 

paBHOH y,usoeHHOMY 3HalJeHHIO •rncTOTbI TOKa ceTH mnaHHH, H B 3TOT MoMeHT BpeMeHH 

H3MeHeHHe TOKa BO BpeMeHH, di/ dt = oo, n03TOMYC 'laCTOTOH, paBHOH Y.UBOeHHOH 1.JaCTOTe 

TOKa ceTH nHTaHHH, B ,upocceJJe B03HHKalOT BbI6poCbl HanpHmeHHH, pa3Max KOTOpblX Teo

peTHlJeCKH CTpeMHTCH K 6eCKOHelJHOCTH ( pHc. 4.16 ). 

TekRun M2.00ms Tng"d 

' . . . ······1·-----r------,·······.· . . . . . . . 

. . . . . . . . . . ...... , ...... ,. ...... , .. . ........... ,, ...... , ...... , ............. . . . . . . . ' . . . . . . . ' . . . . . ' . . ' . . . . . . . ' . . . ' ' ' 
•••••• 1 •••••• 1. .......... ----·-- • - - J. - - - - • J - - - - - - • - - - •• - " - - •• - ·'-. - - - -. . . . I I I I I . . . . I I I I • . . . . I I I I I 

0 o t I . . . ' . 
' . ' . . . . ' 

· ·---· -· --· -f-- --- ·:· --· · -r -·- -:-· ----:----· ·: ·1·· -- ·r-- · -· ·r-- --· 
. ----. ~ ... -. -~. --. -·:·. --. -·:· .... ~. -. --. ~ ... --. : ----. -~ .. -. - ·. 

o o 0 I 0 o I 

o o 0 I 0 o ' . . . . . ' ' 
t 0 0 ' I I I 

Ill 150V Z OOsµ A Line f O.OOV 

irTI 6.65600 ms I 
PHc. 4. I 6 MaKcu.ua.llbHO Bbtpa:J1CeHHbte nepexoiJHbte npolfeCcbt 

LI.: 168V 
@: 918V 

LI.: 89_3 Hz 
@: 156 Hz 

5May2001 
16.56:56 

e iJpocceAe ( « 3BOH»), Bbt3BaHHbte nepeK.1L10Ltenue.u 
BbtnpRM.llRIOUfUX Me.uenmoe npu omcymcmeuu moKa nazpy3KU 
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Mcro~HMKH IHITOHMR 

Xorn npOTeKam1e 3Ha1n1Te.nbHoro no ae.nHl.fHHe ToKa 3aMeTHO oc.na6m1eT nepeXOJl.Hble 
npou,eCCbl ( H.nH TaK Ha3bIBaeMblH «3BOH » B Jl.pocce.ne) Ha OCU,H.n.norpaMMe TO Ka ace paBHO 
Ha6.nJOJl,aJOTCSI Bb16pocb1 ( pHC. 4.17). 

Tek Run 

Line "\. -4.00V 

1110.20% I 

Ch2 Freq 
99.94Hz 

Ch2Pk-Pk 
916.3 v 

14Jun2002 
22:34:20 

PHc. 4.17 Ocl{UAAOepaMMbt m01w u nanpR:J1CeHUJl 6ea npuMenenuR cxeMbt 
iJeMmjJupoaaHUJl. BepxHJlJl OCl{UMOepaMMa ( KanM I) -
moK naepyaKu mpanccpopMamopa. Hu:JICHJlJl OCl{UAAOepaMM.a 
( KanM 2) - nanpR:J1Cenue na exoiJe BbtnpRMUmeAJl 

,ll.nsi 3al..l.l.HTbl Me>KBHTKOBOH H30.nSIU,HH CH.noeoro TpaHcct>opMaTOpa OT B03HHKaJOl..l.l.HX 
nepeHanpsi:>KeHHH l.faCTO HCnO.nb3YeTCSI Tpa)l.HU,HOHH8ff cxeMa Jl,eMmjmpyJOl..l.l.eH (TO eCTb 
yMeHbWaJOl..l.l.eH KO.ne6aHHS1) u.enH, COCTOSil..l.l.eH H3 pe3HCTopa H KOHJl.eHCaTopa H BK.nJOl.feli
liOH napa.n.ne.nbHO BblBOJl,aM Jl.pOcce.nsi ( pHC. 4. l 8a ). 

XoTsi ycTaHoaKa napa.n.ne.nbHO Jl.pocce.n10 TPMHU.HOHHO Hcno.nb3yeMoA·ueno1.1KH H3 
KOJ:IJl.eHcaTOpa c eMKOCTblO I 0 HCI> H pe3HCTOpa c conpOTHB.nemrnM 10 KOM H CHH>KaeT 
onaCHOCTb nHKOB nepeHanpSI>KeHHSI. oHa- 3Hal.fHTe.nbHO yxy)l.waeT yc.nOBHff cp1-t.nbTpau.HH Ha 
BbICOKoil 1.1acroie H yee.nf11.11rnaer Bb16poch1 Ha ocu.H.n.norpaMMe ro15a (pHc. 4.19). 
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a) 

20H 
120mA 

6) 

Crna>KHBUH1te 1&en1t (tl>1tnbrp111) Bblnp11M1treneit 

f = 2.8 kHz 

,------2;;-H--I 

I 120mA I 
I 265R ==== I 

C1 
220n 
1 kV 

C2 
220n 
1 kV 

PHc. 4.18 TpaOUfiUOHHaJt u euiJou3.M.eHeHHaJt fienu iJe.MrujJupoeaHua iJpocceAJt 

TekRun Trlg'd 

Line \. -4.00V 

II 10.20% I 

Ch2Freq 
99.88 Hz 

Ch2Pk-Pk 
916.1 v 

14 Jun 2002 
22:32:53 

PHc. 4.19 11cmo'lHUIC numaHUJt c iJpocceAbHbt.M exoiJo.M u cxe.Mou iJe.MrujJupoBaHUJt 
( KOHOeHcamop I 0 Hc/J u pe3ucmop I 0 1'0.M). BepxHJtR OCfiUM02pa.M.Ma 
( KaHaA I) - moK Ha2py31CU mpaHc</Jop.Mamopa. Hu:HCHRR 
OCfiUM02pa.M.Ma (KaHaA 2) - HanpR:HCeHue Ha BXOOe BblnpR.MumeAR. 
CJteiJyem o6pamumb BHU.MaHue Ha yxyotueHue </Jop.Mbt Kpueou mo Ka 
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Mcro~HMKM nMTOHMH 

MeTO.n .neMnqrnposaHHH, KoropblH 3Ha•mreJibHO yJI}"IWaer Ka'lecrso cj>HJibrpaU.HH Ha 

BblCOKOH 'laCTOTe, 3aKJIJO'laeTCH B ycraHOBKe napaJJJieJibHO .npocceJIIO BCTpe'IHO BKJllO'leH

HblX KOH,ll.eHcaropoB, cpe,ll.HHH TO'IKa KOTOpblX nO,ll.KJIIO'laeTCH K TO'IKe c HyJJeBblM noreHU.H

aJJOM, HCnOJib3YH npH 3TOM co6CTBeHHOe conpOTHBJieHHe JJ.pocceJIH B Ka'leCTBe ,ll.eMncj>Hpy

IOlUero conpOTHBJieHHH. OnTHMaJJbHOe 3Ha'leHHe cj>HJlbTpaU.HH MO>KHO nOJI}"IHTb, ecJIH 

no.ll.o6paTb .u.nsi KOH.ll.eHcaropa Cl raKoe aHa'leHHe eMKOCTH, 'IT06bI 'lacToTa peaoHaHca 

KOHrypa, o6paaosaHHoro c HH,ll.}'KTHBHOCTDIO yrel.!KH CHJIOBoro TpaHccj>opMaTopa, paBHH

JiaCb 6bl 'laCTOTe co6CTBeHHOro peaoHaHca JJ.poccem1; O,ll.HaKO 3TO ycJIOBHe He Ka>KeTCH 

TaKHM Y>K H o6ff3aTeJibHblM. npH 3TOM BeCbMa CTpaHHblM npe,ll.CTaBJIHeTCH TO, 'ITO Ha npaK

THKe .ztocraTO'IHO 'laCTO HCnOJib3yeTCH KOH,ll.eHCaTop c eMKOCTblO 220 H<I> KaK ,ll.JIH BblCOKO

BOJlbTHblX, TaK H ,ll,IIH HH3KOBOJibTHblX HCTO'IHHKOB nHTaHHH ( pHC. 4.186 ). 

YJiy'lweHHaH cxeMa JJ.eMncj>HposaHHH no3soJ1sier Ha6aBHTbCH OT Bb16pocos Hanpsi>Ke

HHH, npH 3TOM He 0Kaab1saercsi BJIHHHHH Ha B'4 cj>HJJbrpau,HJO H He npoHCXOJJ.HT ,ll.OnoJIHH

TeJJbHbIX Bb!6pocos TOKa (pHC. 4.20). 

KaK y>1<e ynoMHHaJIOCb paHee, co6cTseHHasi nepeMeHHaH cocTaBJ1si10w.asi BblXOJJ.Horo 

Hanpsi>KeHHH BbmpHMHTeJIH npHKJJaJJ.bIBaercsi K JJ.pocceJ110. B rnase 5 ynoMHHaJIOCb, 'ITO 

BbIXO,ll.HOH rpaHccj>opMaTop- cnoco6eH «neTb» aa C'leT OCJJa6JJeHHH CTH>KKH nJJaCTHH, JIH60 

aa C'leT HBJieHHH MarHHTOCTpHKU.HH. 8ro >Ke HBJleHHe BnOJIHe MO>KeT Ha6JIIO,ll.8TbCH H 

B paccMaTpHBaeMOM CJl}"lae, TO eCTb ,ll,IIH CrJia>KHBalOlUero .ll.POCCeJIH. )J.pocceJib MO>KeT 

ryJJ.eTb (>KY>K>KaTb) c 'laCTOTOH, paBHOH y.nsoeHHOMY 3Ha'leHHIO 'laCTOTbl TOKa ceTH nHTa

HHH, a eCJIH y Hero eCTb KaKaH-HH6yJJ.b ,ll.eTaJib c OCJJa6eBWHM KpenJJeHHeM, HanpHMep, 

ocJia6eswee KpenJJeHHe 3KpaHHpyIOlUero KO>KYXa, TO TaKoH .ll.pocceJib 6y.ll.eT ,ll.pe6e3>KaTb, 

npH'leM ,ll.OCTaTO'IHO rpoMKO. 11JIH >Ke, B xyJJ.WeM CJI}"lae: ,ll.pocceJib KpenHTCH K peaOHHpy

IOlUeH nJiare (HanpHMep, waccH), Koropasi eme 6oJJbWe ycHJJHsaeT ero ry.ll.eHHe. 

AsTop KHHrH npoHaseJJ TeCTHposaHHe HeCKOJlbKHX Hcto'IHHKOB nHTaHHH co crJia>KHBa

IOlUHM .npocceJJeM. fy.nsimHe ,ll.pocceJJH HeHBHO HaMeKaJIH Ha HaCbllUeHHe cep,ll.e'IHHKa. 

BecbMa rpycTHO, HO no peayJJbTaraM 3KcnepHMeHTa soaHHKaeT MbICJJb, 'ITO y 3JieKTporex

HH'leCKOH CTaJil-t, H3 KOTOpOH H3roraBJIHBalOTCH cep,ll.e'IHHKH, no npowecTBHH HeCKOJibKHX 

JieT MOryr O'leHb CHJibHO ,ll.erpa,ll.HpOBaTb CBOHCTBa, 'ITO npHBO,ll.HT K CHH>KeHHIO 3Ha'leHHH 

HHJI.YKTHBHOCTH. A 3TO, B CBOIO ottepe,ll.b, npHBOJJ.HT K soapacTaHHIO nepeMeHHOH COCTaBJIH

IOlUeH TOKa, B03MO>KHO, ,ll.a>Ke ,ll.O 3Ha'leHHH, npHBO.ll.HlUHX K HaCbllUeHHIO, 'ITO B CBOIO O'le

peJJ.b BbI3blBaer ryJJ.eHHe JJ.pocceJIH. EcJIH B03HHKaeT Heo6xo.dHMocTb HcnoJJb30BaTb crapb1e 

.ll.pOcceJJH, TO cJJeJI.YeT npe,ll.sapHTeJibHO nposepHTb HX Ha ry.ll.eHHe no.n ttarpy3KOH, npe>K,ll.e, 

'leM csepJIHTb OTBepCTHH ,ll,IIH HX KpenJieHHH Ha nJJaTe. 

4. 4.12. HcnonbJOBOHHS HOKOn_lfT8DbHOfO KOHReHcaropa /lllR CHlf)f(8HlfR 

Bb/COKOBODb TH~ro HanpR)f(efflfJI 

)J.JJH 3a,ll.aHHOro 3Ha'leHHH BXOJJ.HOro HanpH>KeHHH HCTO'IHHK nHTaHHH co CrJia>KHBalOl!lHM 

JJ.pocceJieM o6ecne'IHBaeT caMOe HH3KOe BbIXO,ll.HOe Hanpsi>KeHHe (0,9u(RMS)), TaK KaK TOJlb

KO nOCTOHHHaH COCTaBJIHIOlUaH nocne BbinpHMHTeJIH nonaaaeT B HarpyaKy. c JJ.pyroH CTO

pOHbl, HCTO'IHHK nHTaHHH c BXOJJ.HOH HaKOOHTeJlbHOH eMKOCTblO npH 3Ha'leHHH eMKOCTH 

HaKOnHTeJibHOrO KOH,ll.eHCaTopa C111servo1T = oo o6ecne'IHBaeT MaKCHMaJibHOe 3Ha'leHHe Ha-

298 



CrnaJK11BaH11e 11emt (q11tnb rpb1) Bblnp11M11renei1 

Ch2 200V Bw Lme 1 -4.00V 

DI 10.20% I 

Ch2 Freq 
99 91 Hz 

Ch2Pk-Pk 
918.8 v 

14Jun 2002 
22:36:22 

PHc. 4.20 Ocl{UJl./l.OepaM.Mbt OA.R cAyLtaR ucnoAb30BaHttR l{enu oeMru/JUpoBaHUR 
c BcmpeLtHO B1Ut10LteHHbtMU KOHOeHcamopaMu eMKocmb10 220 H<P. 
BepxHRR OCl{UAAoepaM.Ma ( KaHaA I) - moK Haepy3KU 
mpaHcrjJopMamopa. Hu'JICHRR OCl{UAAoepaMMa ( KaHaA 2) -
HanpR'JICeHue Ha Bxooe BbtnpRMumeAR. CAeoyem o6pamumb 
BHUMaHue Ha noAHoe omcymcmBue Bbt6pocoB 

npH>KeHHH (paBHOe, '12 x 'l)(RMS,> 38 ClleT nepeMeHHOH COCTBBJIHIOllJ,eH. A.nbrepHaTHBHblH 

sapHaHT .nonOJJHHTeJibHO ou.eHHTb CBOHCTBa HCTOllHHKa nHTBHHH co crna>KHB8IOW.HM .npoc

ceJJeM, 3TO npe,ncTaBHTb ero B BH,lle HCTOllHHKa nHTBHHH c eMKOCTHbIM BXO,llOM, y KOTOporo 

eMKOCTb C,.seroDtr = 0. ,D.anee B KHHre 6y,neT npo,!1.eMOHCTpHpOBBHO, 4TO H3MeHeAHe 3H84e

HHH eMKOCTH H8KOnHTeJibHOro KOH,ll.eHcaropa MO>KeT OK838TbCH Y.ll.06HblM cnoco6oM H3Me

HeHHH 3H8lleHHH BbIXO,ll.HOro HanpH>KeHHH B npe,!1.eJiax OT 3H8t{eHHH, paBHOro 0,9u(RMS)' ,ll.O 

3H84eHHH '12 x 'l)(RMS)' llTO no3BOJIHT HCnOJib30B8Tb He ~OBCeM no.nxO.ll.Hlll.YIO pa Hee no CBO

HM napaMeTpaM BTOpHllHYIO o6MOTKY TpaHccpopMaTopa JI.Jiff nonyqeHHH He06XO,ll.HMOro 

aHalleHHH HanpH>KeHHH 6ea noTepb Ha 6aJJnacrHoM conpoTHBJieHHH. BropbIM npeHMy

w.ecTBOM ,ll.8HHOro no.nxo,ll.a HBJIHeTCH TO, llTO OlleHb M8Jlble 3HalleHHH TOKOB nyJibCBU.HH, 

Bb13B8HHbie He60Jibll1HM 3HalleHHeM eMKOCTH HBKOnHTeJibHOro KOH,ll.eHcaTopa, 3H84HTeJJb

HO CHH3HT reHepaU.HIO BbICOK048CTOTHblX wyMOB. 
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McroqHMKH RHTDHHR 

c .npyroH CTOpOHbl, Kor.na .D.JIH no.nyqeHHH nOJIO>KHTeJibHOro BbICOKOBOJlbTHOro HanpH>Ke

HHH HCnOJib3yeTCH CTaH,napTHblH JiaMnOBblH BbinpHMHTe.nb, OK83bIBaeTCH He06XO.D.HMblM HC

noJib30BaTb TpaHccpopMaTOp, HMelOW.HH OTBO.D. OT cpe.D.HeH TO'IKH, O.D.HaKO, 3TH >Ke caMble 

06MOTKH B03MO>KHO TaK>Ke HCnOJib30BaTb .!J.JIH C03,ll8HHH WHHbl OTpHu.aTe.nbHOro Hanpsi>Ke

HHH, HanpHMep, .!J.JIH aa,naHHH ceTO'IHOro CMew.eHHH BblXO.!J.HblX JiaMn, HJIH .D.JIH 06W.HX 3.ne

MeHTOB u.eneli nHTaHHH, aa.na10W.HX nocTOHHffYIO TOKOBYIO Harpy3KY. Hcno.nb30BaHHe naM
nOBbIX BbinpHMHTe.neH .D.JIH WHH OTPHU.aTe.nbHblX HanpH>KeHHH He COBCeM onpaB,naHO, TaK 

KaK npH 3TOM Tpe6y10TCH napa OT.ne.nbHblX BbinpHMHTeJlbHbIX.D.HO.D.OB (KeHOTpOHOB), HanpH

Mep EY84, a .D.JIH Toro, 'IT06b1 H36e>KaTb npeBbIWeHHH .nonycTHMoro aHa'leHHH Hanpsi>KeHHH 

Me>KJIY KaTO.!J.OM H no.norpeBaTe.neM Vhk(max)' .!J.JIH HHX Tpe6yeTCH CBOH C06CTBeHHblH HCTO'IHHK 

nHTaHHH no.norpeeaTe.neli. KpeMHMeBbie .D.H0.!1.bl 60.nee ecero no)l)CO.!J.HT Ha 31)' ponb, H xorn 

ypoBeHb wyMOB y HHX BbIWe no cpaeHeHHIO c .naMnOBblMH BbmpHMHTeJibHbIMH .!J.HO.D.aMH THna 

EY81, HeBbICOKHe aHa'leHHH TOKOB ny.nbcau.11A, 06ycnoe.neHHb1e HeBbICOKOH ee.nH'IHHOH eM

KOCTH HaKOnHTeJibHOro KOH.D.eHcaTopa, CHH>KaeT ee.nH'IHHY HX wyMOB. 

6b1.no 6bl COBCeM Hen.noxo HMeTb npOC'I)'IO pac'leTHYIO cpopMy.ny, n03BO.nHIOUJYIO onpe.ne

.nHTb TO'IHOe 3Ha'leHHe BblCOKOBOJlbTHOro HanpH>KeHHH B 3aBHCHMOCTH OT ee.nH'IHHbl eMKOC

TH HaKOnHTe.nbHOro KOH.D.eHcaTopa, O.D.HaKO, 3TO 6y.neT npOTHBOpe'IHTb cpyH,naMeHTa.nbHOMY 

np116.n11>KeHHIO, c.nenaHHOMY .!J.JIH c.nyqasi cr.na>KHBaHHH ny.nbCaU.HH npH HCnOJib30BaHHH 

crna>KHBaJOw.ero KOH.D.eHcaTOpa, H He 6y.neT COBepweHHO yqHTbIBaTb nocTOHHHYIO COCTaBJIH

IOUJYIO BbmpHMHTeJIH. Hcnon~aoeaHHe ypasHeHMH .D.JIH cxeMbI cr.na>KHBaHHH nynbcau.11A 

c BXO.!l.HbIM KOH.D.eHCaTOpOM HB.nHeTCff Hen.noxoH HCXO.!l.HOH TO'IKOH, o.nHaKo, 6onee TO'IHOe 3Ha

'leHHe eMKOCTH HaKonHTeJibHOro KOH.D.eHcaTopa cneiiyeT onpe.nenHTb 3KCnepHMeHTaJibHO. 

4.4.13. 'lacrorHhle xapaKrepHCTHKH HcnonhJfeMhlX Ha npaKTHKe LC-c/JHnhrpos 
}lo HaCTOHLU.ero BpeMeHH HCCJie.D.OBaHHe BbmpHMJIHIOW.HX CBOHCTB H cpHJibTpaU.HH nepe

MeHHblX COCTaB.nHJOW.HX B HCTO'IHHKax nHTaHHH orpaHH'IHBaJIOCb aHaJIH30M noee.neHHH 

cxeMbl B 06JiaCTH HH3KHX 'laCTOT, O.D.HaKo, HacrynHJI MOMeHT, Kor.na Heo6XO.!J.HMO pacWH

pHTb Hccne.noBaHHe noee.neHHe cxeMbl B .D.HanaaoHe OT TIOCTOHHHOro TOKa .no 06.naCTH 60-

nee BblCOKHX 'laCTOT. JlnH Toro, 'IT06bI 3Ha'IHTe.nbHO OCJia6HTb HH3KHe (nopH.D.Ka 100 fU.) 

qacTOTbI, Heo6xo.nHM LC-qJH.nbTp, 06.na.naJOW.HH 60.nbwoli HHJlYKTHBHOCTbJO, o.nl-laKo oH 

He11a6e>KHO 6y.neT 06.na.naTb BHYTpeHHeli napanneJibHOH eMKOCTbJO. C .npyroli cTopoHbI, 

KOH.D.eHCaTop 06.na.naeT nocne.noeaTe.nbHO BKJIJO'leHHOH napa3HTHOH HHJlYKTHBHOCTblO. 

HaJIH'IHe 3THX napa3HTHbie 3.neMeHTbI cxeMbI oaHa'!aeT, 'ITO JIJ06oli Hcno.nbayeMbIH Ha 

npaKTHK& LC-cj>HJibTp HMeeT cno>KHYJO qacTOTHyJO xapaKTepHCTHKy, KoTopyJO MO>KHO no.n

paa.ne.nMTb Ha 'leTbipe OCHOBHble 06JiaCTH. npHMep TaKOH xapaKTepHCTHKH npHBe.D.eH Ha 

pHc. 4.21. HecMoTpH Ha HennoxyJO paeHoMepHOCTb 3TOH aaBHCHMOCTH, xapaKTepHCTHKa 

6b1Jia CHHTa Ha pea.nbHO cyw.ecTByJOw.eM o6paau.e LC-cpH.nbTpa. 

061tacm& 1 
3Ta o6JiaCTb xapaKTepHCTHKH HB.nHeTCH e.D.HHCTBeHHOH, KOTOpOH B03MO>KHO ynpaBJIHTb 

Henocpe.ncTBeHHO, no 3TOH np11q11He oHa aac.ny>1<11eaeT oco6eHHoro BHHMaHHH. 0TBJieKa

HCb OT noTepb, o6H3aHHblX CBOHM npoHCXO>K.D.eHHeM Ha.nH'IHIO c9npOTHB.neHHff nOCTOHH-
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CrnalKMBOHMe qenM (cl>Hnbrpb1) Bbmp11MMreneM 
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PHc. 4.21 3Kcnepw.teHmaAbHO noAytteHHaR ttacmomHaR xapaKmepucmuKa 
LC-c/JUA.bmpa ( iJpocceA.b c UftiJyKmU8HOCmblO 20 rH u HO.MUHaA.bHbl.M 
moKo.M 50 .MA, noAunponUA.eHOBbtu KOftiJeHcamop c e.M1Cocmb10 
120 .MKcfJ u pa6ottu.M HanpR:J1CeHue.M 400 B) 

HOH COCTaBJIHIOlUeH TOKa, CJie.nyer nOMHHTb, '!TO cj>HJibTp HH.>KHHX '!aCTOT, ct>HY, He OCJia6-

JlffeT CHrHaJI Ha 'laCTOTaX, Jie.>Kall..{HX HH.>Ke '!aCTOTbl HH3KO'!acrornoro pe30HaHcaf,,,s(/J"): 

l 
f ,.s(U'l = 21tJTE • 

UeJihlO HBmleTcH 3a,u.aTb '!aCTOTY raKoro «,u.03syKosoro» (HH'1Jpa3syKosoro) pe3oHaH

ca KaK TOJlbKO B03MO.>KHO 6oJiee HH3KOH nyreM Bbl6opa 3Ha'!eHHH eMKOCTH H HHJJYKTHBHO

CTH MaKCHMaJibHO 60JibWHMH, TaK KaK Ka>K,LJ:aH OKTaBa aeyCTH'!eCKOro ,U.Hana30Ha, B npe

,11.enax KOTOpOH MO.>KHO CHH3HTb /,,,s(/_/')'o6ecne'!HBaer .u.onoJIHHTeJibHbie 12 .u.E '1JHJibTpau,HH 

(ocna6JieHHH). EcJIH Ha '!acroTe HY pe3oHaHca ,u.06poTHOCTb '1JHJibTpa Q > 0,707, ro Ha 

'18CTOTHOH xapaKrepHCTHKe <PHJlbrpa 6y,u.eT Ha6JIIO,ll.aTbCH Bbl6poc, ·no3TOMY ,ll.OCTaTO'IHO 

y,11.06HbIM npHeMOM HBJIHeTCH KOHTpOJib BeJIH'IHHbl .u.o6poTHOCTH Q: 

B KOTOpoi1, l - HHJJYKTHBHOCTb .u.pocceJIH; 

Roe - pe3HCTHBHOe conporHBJieHHe o6MOTKH .u.poccem1; 

c - eMKOCTb CrJia.>KHBaIOmero KOH,ll.eHcaropa. 
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Mcro~HMKM nMraHMR 

B HJJ.eanhHOM cnyqae pe30HaHc .u.on>KeH 6hITb noJJ.asneH ( Q = 0,5 ), 1:iTo MO>KeT 6bITb 
JJ.OCTHfeyTO BKJIJOtieHHeM nocneJJ.OBaTenbHO JJ.poccenIO BHewHero pe3HCTOpa. Ecnli 6b!Tb 
TO<iHbIM, TO conpornsneHHe Harpy3KH, BKJIJOtieHHOe napannenbHO KOHJJ.eHCaTopy, TCIK>Ke 
noJJ.asns1eT pe3oHaHc, a 3TO MO>KeT 6bITb npeJJ.crasneHo KaK 6b1 B BHJJ.e yMo3pHrenbHoro 
nocne.u.osaTenbHO BKnJO<IeHHoro c .u.pocceneM JJ.OnonHHTenbHoro pe3HCTopa r notional' senH
'IHHY KOTOporo MO:IKHO onpeJJ.enHTb, HCnOnb3yH COOTHowem1e: 

l 
rnotional = ~· 

total 

0JJ.HaKO, no.nasnHJOI.UHH (JJ.eMnqmpyJOI.UHH) 3tf>tf>eKT, Bbl3bIBaeMb!H pe3HCTOpOM Ha
rpy3KH, 06b1<1Ho 6b1saer He3HatIHTenbHbIM. HanpHMep, cra6HnH3arop c nocneJJ.osarenb
Hb!M perynHpOBaHHeM, HnH nocne.u.osaTenbHblH cra6HnH3aTop, o6ecnetIHBaeT nOCTOHH
HOe 3Ha'leHHe TOKa HnH HBnHeTCH 6ecKOHe'IHO 6onbWHM conpOTHBneHHeM no nepeMeHHOH 
COCTaBnHJOI.UeH JI.Jiff u.emi crna>KHBaHHH, no 3TOH npH<iHHe OH BOBCe He BHOCHT BKna.u.a 
B no.u.asneHHe pe3oHaHca crna>KHBaJOmero tf>HnbTpa. · 

B Ka<1ecTBe TPB.lJ.HU.HOHHoro Ha npaKTHKe 11acro Hcnonh3yercsi cne.u.yJOI.UHH npHMep: 
B tf>HnbTpe ycraHaBnHBaeTCH .npoccenb, HMeJOI.UHH HH.lJ.YKTHBHOCTb 15 fH H BHyrpeHHee co
npOTHBneHHe o6MOTKH 220 OM, no.U.KJIIO'leHHbIH K 6yMa>KHOMY c MacnHHOH nponHTKoii 
KOH.zteHcaTopy c eMKOCTbJO 8 MK<I>. ,llnsi 3Toro tf>HnbTpa qacToTa H4 pe3oHaHca f"'s(IJ"J = 

14,5 fU., a 3Ha'leHHe .U.06pOTHOCTH Q = 5,27. nonyqeHHOe 3HatieHHe Q HBnHeTCH C.IIHlllKOM 
6onblllHM, 3HatieHHef!fls(U) HaXO.!lHTCH cnHWKOM 6nH3KO K rpaHHU.e 3BYKOBOro .ztHana30Ha, 
OJJ.HaKO Hcnonb30BaHHe .u.ononHHTenbHOfO nocneJJ.OBaTenbHO BKJIJOtieHHOro pe3HCTOpa 
c conpoTHsneHHeM 2,48 KOM, Heo6xoJJ.HMoro no ycnoBHJO .u.ocTH.>KeHHH KpHTH<IeCKoro 
.neMntf>HposaHHH, npHBeno 6bI K HeHY>KHbIM norepHM BblCOKoro Hanpsi.>KeHHH H 3HatIHTenb
HO ysenH<IKnO 6bI BbIXO.!lHOe conpOTHBneHHe HCTO<iHHKa nHTaHHH. f opa3JJ.O nyqWHM BblXO· 
.U.OM 6b1no 6bl 3aMeHHTb KOH.U.eHcarop 8 MK<I> Ha nonHnponHneHOBblH KOH,U.eHcarop c eMKO
CTblO 120 MK<I>, TaK KaK 3TO 06ecne<1HnO 6bl 3HatieHl1H qacTOTblf"'s(ll'J == 3, 75 fu., Q = 1,36, 
Koropoe oKa3anoch 6hI ropa3.no 6onee no.nxo.ti.HI.UHM. 11cnonb30BaHHe .nononHHTenhHoro 
nocneJJ.osarenhHO BKJIJO<IeHHoro pe3Hcropa c conpoTHBneHHeM 447 OM no3sonHno 6bl 
CHH3HTb 3HatieHHe .no6poTHOCTH JJ.O senH<IHHbl Q = 0,5. 

06Aacmb2 
PeaKTHBHoe conpqrnsneHHe .npoccensi yJJ.BaHsaeTCH npH Ka)f(,11,0M ysenH<IeHHH <1aCTOTbl 

Ha OJI.HY OKTaBy, TOr,ll.8 KaK peaKTHBHOe conpOTHBneHHe KOHJJ.eHcaropa yMeHbWaeTCH 
BJJ.BOe, 11To.naer 3HaKOMblH yron HaKnoHa At.IX, paBHblH 12 .nE/oKrasy. 

06Jtacmb3 
3.necb HatIHHaeT OKa3bIBaTb BnHHHHe lllYHTHpylomasi napa3HTHaH eMKOCTb JJ.poccenH. 

Ha TOH <1acr0Te, Kor.na peaKTHBHoe conpornsneHHe lllYHTHpy10meii eMKocrn craHOBHTCH 
paBHblM HH.lJ.YKTHBHOMY conpOTHBneHHIO .ztpoccenH, B KOHrype HacrynaeT pe30HaHC. no-
3TOMY 3Ta qacrora MO>KeT 6bITb onpe.neneHa, KaK lia<IaJlo o6nacTH BblCOKO<iaCTOTHOrO pe-

30HaHca f lflS(Hl'J' 
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Crn1DKHBOH1te qen11 (<l>1tnbTpbl) Bbmp11M1treneif 

Ha 1.JacToTax, npeBblLIIaJOll.lHX 3T}'l.JaCTOTY co6cTseHHoro pe3oHaHca (.u . .1rn 06b11.JHblX BbI

coKoeo.11bTHbIXJJ.pocce.11eii OHa KOJie6JieTCff OT 3 n.o 15 Kfu.), napa.11.11eJibHaff eMKOCTb COBMe

CTHO co cr.11a)KHBaJOW.HM KOH)l.eHCaTopoM o6pa3yJOT n.e.111ne.1Ib HanpH)KeHHff, noTepH B KO

TOpOM OCTaJOTCSI nOCTOffHHblMH c H3MeHeHHeM 1.JaCTOTbl: 

06Jtacmb4 

c 
noTepH (JJ.fi) i=:s 201og( ~ ). 

ccr11a>K 

noCJie)l.OB8TeJibHOe HHtJYKTHBHOe conpOTHBJieHHe H8KOnHTeJibHOro KOH)l.eHCaTOpa CTa

HOBHTCff 3HalJHTeJibHblM no BeJIHl.JHHe, •ITO npHBO)l.HT COBMeCTHO c napa.11.11eJ1bHblM conpo

THBJieHHeM JJ.pocceJIH K t>6pa30BaHHIO napa3HTHOro cpH.llbTpa sepxHHX 1.JaCTOT, <l>BY, no3TO

My BbIXO)l.HOH cpoH HCnOJib3yeMoro Ha npaKTHKe cpH.llbTpa B03pacTaeT Ha 12 JJ.fi/oKTaBy. 

3TH o6w.He npeJJ.CTaBJieHHff 0 cpH.llbTpau.HH MOryT 6bITb paCCMOTpeHbl B ynpow.eHHOM 

BMJJ.e JJ/lff MJJ.ea.11H3HposaHHOH 1.JaCTOTHOH xapaKTepMCTHKH LC-cpMJibTpa, o6pa3osaHHOH H3 

Tpex npHMblX JIHHHH,-KOTOpbie MO)KHO nepeMemaTb KaK B sepTHKa.llbHOM, TaK H ropH30H

T8JlbHOM HanpaBJieHHffX (pHC. 4.22). 

Cna)I. JIHHHH Ac yse.11M1.JeHMeM 1.JaCTOTbI cocTaBJIHeT 12 JJ.°6/ OKTasy, oHa cMemaeTcH 

ropH30HTa.llbHO BJieBO npH yseJIHl.JeHHH HHtJYKTHBHOro conpOTHBJieHHff JJ.pocceJIH H 

BeJIHl.JHHbl eMKOCTH CrJI8)KHBa10mero KOH)l.eHCaTopa. 

OdB 

3aTYXaH11e 
(dB) 

Logf 

PHc. 4.22 06U{aR MoiJeAb y1tuBepCaAbH020 LC-rjJUAbmpa 

• JIHHHH B CHH)KaeTcH sepTMKBJibHO no Mepe CHH)KeHMH napa3HTHOH eMKOCTH JJ.pocce

JIH. EMKOCTb Me>KJJY coce.iiHHMH c.110HMH o6MOTKH n.pocce.11H MO)KeT 6bITb yMeHbWeHa 

3a Cl.JeT pa3MemeHHff Me>KJJY HHMH 3a3eMJieHHbJX 3.lleKTpOCTaTHl.JeCKHX 3KpaHOB. 

no)l.'heM JIHHHH CC yseJIHl.JeHMeM lJ8CTOTbl COCTaBJiffeT 12 JJ.D/OKTaBy, JIHHHff CMe

maeTCff ropH30HT~JlbHO snpaso, KOr)l.a noc.11e)l.OBaTeJibHOe HH.!lyKTHBHOe conpoTHB-
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Mcro~HHKM nMTOHMR 

JJem1e CrJJ8}!<HB8IOW.ero KOHJJ,eHCaTopa CHH»<aeTCH. Heo6XOJl,HMO o6ecrre'lHTb MHHH

MaJJbHYIO JI.JIHHY rrpoBOJl,HHKa OT cj>OJJbfOBbIX o6KJJaJJ,OK KOHJJ,eHCaTop~ Jl,0 TO'leK ITOJJ.

KJJIO'leHHH K JJ.pocceJJIO H Harpy3Ke . 

.ll.JJH cj>H..tbTpa c OITTHMaJJbHblMH rrapaMeTpaMH 3aWTpHXOBaHHaH ITJJOW.aJJ,bJl,OJJ»<Ha 6bITb 

MaKCHMaJJbHOH. Cyw.ecTByeT TOlJKa, ITOCJJe KOTOpOH JJ,aJJbHeHwee CHH»<eHHe rrapa3HTHOH 

eMKOCTH .npocceJJH HeB03MO>KHO, raK KaK JJHHHH B JJ.OXOJJ.HT JJ.O TO'lKH rrepece'leHHH rrpHMOH 

AH rrpHMOH C 

4.4.14. IUHpoKononocHaR. r/J11nbrpa1111n 
JlHHHH A H C Ha paccMOTpeHHOH Bb!We HJJ,eaJJH3HposaHHOH MOJJ.eJJH ,neMOHcTp11py10T, 'lTO 

JJI-06011 LC-cj>HJJbTp Mo»<eT pa6oraTb 3cpcpeKTHBHO TOJJbKO s orpaHH'leHHOM .n11arra3oHe 

lJaCTOT ( HJIH OKTaB) H lJTO KalJeCTBO cj>HJJbTpaU,HH JJ,OJJ>KHO yxy,nwaTbCH Ha BbICOKHX lJaCTO

rax. TaKHM o6pa3oM, JI.JIH co3,naHHH w11poK0110JJocttoro cpHJJbTpa Heo6xoJJ,HMO KacKaJJ,Hoe 

BKJJIO'leHHe HeCKOJJbKHX cpHJJbTpOB, pacC'lHTaHHblX Ha pa3JJH'lHbie JJ,Harra30Hbl lJaCTOT. 

CttalJaJJa cj>HJJbTpyIOTCH HH3K1te 1.JaCTOTbI, rroToMy 'lTO: 

' 
BblXOJl,HOe HarrpH>KeHHe Bbll1pHMHTeJJH COJJ,ep>KHT HH3KO'laCTOTHble ITOMeXH, xapaK-

TepH3YIOW.HeCH 60JJbWOH aMITJJHtyJl,OH, JI.JIH cpHJJbTpaU,HH KOTOpblX, co6CTBeHHO ro

BOpH, H HCITOJJb3yeTcH HY JJ.pocceJJb, HO KOTOpbre rrp11se.nyT K HacbrW.eHHIO BY 

,npocceJJH; 

110 Mepe yseJJH'leHHH lJaCTOTbl, BJJHHHHe rrapa3HTHbIX eMKOCTH H HH.DYKTHBHOCTH 

cj>HJJbTPYIOll.J.HX 3JJeMeHTOB CTaHOBHTCH see 6oJJee 3HalJHTeJJbHbIM. 3To 03HalJaeT, 

lJTO JJ,a:>Ke rrpoBOJl,HHK Jl.JIHHOH l 00 MM 06JJaJJ,aeT HeKOTOpOH HH.nyKTHBHOCTbl-0 H MO

>KeT 6bITb HCITOJJb30BaH B KalJecTBe JJ.pocceJJH B CBY JJ,Harra3oHe, HO B TO >Ke speMH 

OH rrpeJJ,CTaBJJHe\ H aHTeHHy, JI.JIHHa KOTOpOH Jl,OJl)l{Ha 6bITb MHHHMaJJbHOH B o6JJaCTH 

rrpocTpaHCTBa, pacrrOJJO>KeHHOro B HerrocpeJJ,CTBeHHOH 6JJH30CTH c Harpy3KOH. 

B KalJecTBe o6bI'lHoro rrpHMepa MO>KHO Ha'laTb paccMoTpeHHe c HCTO'lHHKa ITHTaHHH 

c JJ.pocceJJeM, HMeIOW.HM HH.llYKTHBHOCTb 15 fH H cpHJJbTPYIOW.HH KOHJJ,eHcarop c eMKOCTblO 

120 MK<P, rrpe,nHa3HalJeHHbie yMeHbWHTb HarrpH>KeHHH rryJJbC8U,HH Jl,O 3Ha'leHHH, MeHbWe 

o,nttoro BOJJbTa. CTaH,napTHhIH .npocceJJb c HHJJ.YKTHBHOCTblO 15 fH HMeeT, KaK rrpaBHJIO, 

co6cTBeHHYIO 'lacTory BY pe30Hattca/111,u1n= 3 Kfu,. CTo3TOMy, ecnH Heo6xo,nHMO rrpoJJ.OJl

)l{HTb OCJJa6JleHHe cpHJJbTpa, paBHOe 3aKOHY OCJJa6JJeHHH 12 JJ.5/oKrasy, JJ.O HeorpaHH'leH

HO BbICOKHX lJaCTOT, TO He06XOJl,HMO 6yJJ,eT rrpHHHTb Mepbl JI.JIH Toro, 'lT06bI JI.JIH cne.nyIOw.ero 

HCITOJJb3yeMoro LC-cpHJlbTpa 'lacTora co6cTBeHHoro HY pe3oHaHca/,.,_,(LFl' orrpeJJ.eJ1HeMaS1 

KaK TO'lKa rrepece'leHHH rrpHMbIX AH B, paBHHnacb 6br rrpHMeptto 3 Kfu,. YacTOTa HY pe-

30Hattca orrpeJJ.eJJHeTcH: 

' l 
/,,,,(II) = 2rt../LC. 

CTo3TOMy, rrocTOHHHaH speMeHH LC 6yJJ.eT pasHa: 
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Crna>KMBGHMe 11enM (cl>MnbTp111) a111np1M11reneii 

LC =-1-= l =28·10-9• 

(27t/)2 (2 x 3,14 x 3000)2 ' 

Tru<oe 3Hal.feHHe npoH3Be,ll.eHHH LC MO>KeT 6b!Tb nonyl.feHo npH HCnOJib30BaHHH J1.poc

censi c HH.DYKTHBHOCTblO l 00 MfH, HaMOTaHHOM Ha Q>eppHTOBOM cep)l.el.fHHKe, COBMeCTHO 

c KOH,11,eHCaTopoM, HMelOll{HM eMKOCTb 33 H<I>, H nO)l.KJllOl.feHHbIM co CTOpOHbl HarpYJKH. 

CTOCJie yCTaHOBKH BTOporo KaCKa,11,a (3BeHa) cpHJibTpaU.HH MO>KeT 6bITb nO)l.KJllOl.feH Jll0-

6oH crn6HJIH3aTop, TaK KaK BJIHHHHe Ha Hero BY noMex 6bino 6b1 MHHHMaJibHbIM. B ol.feHb 

KpHTH'leCKHX CH1)'aU.HHX Mor 6bi HCnOJib30BaTbCH TpeTHH KacKa)I. <f>HJibTpau.1:rn, COCTOHUJ.HH 

HX Q>eppHTOBOH waH6bl, npe,11,Ha3Hal.feHHOH ,ll,IIH ,11,Hana30Ha 01.feHb Bb!COKHX l.f8CTOT (OBY), 

H n0,11,KJIIOl.feHHOH K pe3HCTopy aH0,11,HOH Harpy3KH '1epe3 npOXO)l.HOH KOH)l.eHCaTop, npHna

ffHHblH K 3KpaHHpyiow.eMy KO>KyXy cxeMbl' B TO'!Ke, pacnoJIO>KeHHOH Henocpe)l.CTBeHHO 

c aH0,11,HOH ttarpy3KOH, rapaHTHpysi, TaKHM o6pa30M, '!TO OKOHl.faTeJibHaH BblCOKO'laCTOT

Haff <f>HJibTpau.HH npOHCX0,11,HT B o6JiaCTH, KaK MO>KHO 6JIH>Ke pacnoJIO>KeHHOH K Harpy3Ke H 

'!TO npH 3TOM 6y,11,eT MHHHMaJibHaH ,ll,IIHHa H3JIY1.faIOW.HX npOBO)l.HHKOB. 

4. 4.15. CeKL1HOH1tposaHHblii peJHCTHBHO-eMKOCTHblii (RC) t/J1tnh rp 

Mo>KHO 6b1JI0 Ol.feHb TW.aTeJibHO paccl.fHTaTb BbICOKOBOJibTHbIH HCTO'IHHK nHTaHHH ( c eM

KOCTHbIM HJIH .ll.POCCeJibHbIM BbIX0,11,0M), ,ll,IIH H3rOTOBJieHHH KOToporo noHa)l.06HJIHCb 6bl 

TaKHe 3JieM.eHTbl cxeMbl, KOTOpble OKa3aJIHCb 6bi BnOJIHe ,11,0CTynHbIMH, Hy KOTOporo Ha

npH>KeHHH n¥Jibcau.HA cocTaBJIHJIO 6b1 2 B ,11,eoiiHoro aMnJIHTy,11,ttoro ( nHK-nHKoeoro) 

3Hal.feHHH. 0,11,HaKO MO>KeT B03HHKHyTb CHryau.HH, Kor.11.a HanpH>KeHHe nyJibCaU.HH He .ll.OJl

>KHO npeeb1WaTb l MB .11.soAHoro aMnJIHTY.ll.Horo 3Hal.feHHH, HO 3To, ecTecTBeHHO, noeJie-

11er 3a co6oA HeKoTopyio n0Tep10 BbIXO.ll.HOro Hanpsi>KeHHH. ,D.nsi peweHHH npo6JieMbI no

tta,11,06HTCH <f>HJibTp c K03cpcpHU.HeHTOM ocna6neHHH, npeBbilllalOW.HM 3Hal.feHHe 2000. 

TaK KaK RC-Q>HJibTp npe,11,cTaBJIHeT ,11,eJIHTeJib Hanpsi>KeHHH, ero ocna6JieHHe 6y,11,eT pae

HO BeJIH'IHHe OTHOllleHHH aKTHBHoro ( pe3HCTHBHOro) conpoTHBJieHHH K peaKTHBHOMY 

(eMKOCTHoMy) conpoTHBJieHHIO, R/X, (npH ycnoBHH, '!TO 3TO OTHoweHHe 6yJ1.eT .n.ocTa

TO'IHO 60JiblllHM). Mo>KHO npe.11.noJIO>KHTb ,ll,IIH paccMaTpHeaeMoro npHMepa, '!TO eeJIH

'IHHa pe3HCTopa cocTaBHT 2 KOM, Tor.11.a 3Hal.feHHe eMKOCTHoro conpoTHBJieHHH cocTa

BHT: x. = 2 KOM/2000 = l OM. TaK KaK l.faCTOTa HanpH>KeHHH nyJibCaU.HH paeHa l 00 ru., 

TO BeJIH'IHHY Heo6X0,11,HMOH eMKOCTH KOH)l.eHCaTopa MO>KHO onpe)l.eJIHTb, HCnOJib3YH CJie

JIYIOW.ee Bb1pa>1<eHHe: 

l 
C=--= =1590MK<I>. 

27t/Xc 2xTCxlOOxl 

CToJiy'leHHOe 3Hal.feHHe eMKOCTH npe)l.CTaBJIHeTCH Ol.feHb 60JiblllHM C npaKTHl.feCKOH 

TO'IKH 3peHHH H HBJIHeTcH qepecqyp rpy6bIM peweHHeM npo6JieMbl. Eonee H3HlllHOe pewe

HHe 3aKJIIOl.faeTCH B TOM, 'IT06bl HCnOJib30BaTb cpHJibTp, COCT8BJieHHbIH H3 KaCKa,11,HO BKJllO-

305 



Mcr0-~HMKH nMTDHHH 

l.feHHbIX ceKU.HH (3BeHbeB), B K8>K,!I.OH H3 KOTOpbIX HCnOJib3yeTCH pe3HCTOp H KOHJI.eHCaTop 

c MeHbWHMH 3Hal.fe\rnHMH eMKOCTH H conpOTHBJieHHH (pHC. 4.23). 

R -=r 
I TC/4 

PHc. 4.23 Ceteu,uoHupoeaHqe RC-</Jwtbmpa ocmao.1t11,em o6~ee 3Hat.teHue 
eMICOCmu u conpomUB.lteHUR HeU3MeHHbtM, HO yBe.ltUt.tUBaem 
OKOHt.tame.1tbHbtU Ko3ljx/Juu,ueHm oc.1ta6.1teHUR co 3Hat.teHUR 
6 oB/otemaey oo 24 iJS/otemaoy 

flpo6JieMa 38KJIIOl.f8eTCH B TOM, 'IT06i;>I onpe.11.eJIHTb OnTHM8JlbHOe KOJIH'leCTBO CeKU.HH 

QlHJibTpa. K cl.faCTblO, CKpOJJ.>KH (Scroggie) [5] (B pa6oTe, HanHcaHHOH noJI. H83B8HHeM 

« KaTOJJ.HbIH JIY1.f » ), Y*e HCc.ne.11.osan .11.aHHYIO npo6.neMy H npHBeJI ol.feHb y.11.06Hyt0 Ta6Jrnu.y: 

Ta6nM1..1a4.4 

KonM11ecTao 2nfCR (Rtoto1!Xa) Ocna6neHMe 3H8'18HMenpOM3B8A8HMR 
ceK14Mi.l cl»MnbTpa conpoTManeHMR R (KOM) Ha 

eMKOCTb C (MKCI>) 

1oor"' 12or"' 
1 16 16 25,5 21,2 
2 45,6 130 18, 1 15, 1 
3 90 997 15,9 13,3 
4 149 7520 14,8 12,4 
5 223 56400 14,2 11,8 
6 311 420000 13,8 11,5 

HpuMe11.auue. 3Hal.feHHH, npHBeJI.eHHbie B Ta6JIHU.e, HeCKOJibKO OTJIH'IBIOTCH OT npH

se.11.eHHbIX B opHrHHa.ne, TaK KaK CKpOJJ.>KH He Mor Hcno.nb30B8Tb urnpoKocpopMaTHbie Ta6-
JIHU.bI, Kor.11.a npOH3BOJI.HJI CBOH Bbll.fHCJieHHH. 

)J..nH TOro, l.fT06bI noHHTb, K8K noJib30B8TbCH T86JIHU.8MH, CJieJIYeT o6paTHTbCH K paHee 

HCnOJib30B8BWeMyCH npHMepy: nyCTb Heo6XOJJ.HMO nOJIYl.fHTb oc.na6.neHHe, npeBbIW8IO

w.ee 3H8l.feHHe 2000, no3TOMY CJieJIYeT onpe.11.eJIHTb CTpOKy c KOJIHl.feCTBOM ceKU.HH, JJ.JIH 

Koropoiil B rpacpe Oc.na6.neHHe 6y.11.eT 6JIH)Kaiifwee 60J1bWee '!He.no. B npHMepe KOJIH'leCT

BO ceKU.HH n = 4. Ec.nH o6w.ee conpoTHBJieHHe JJ.OJI)KHO cocTaBJIHTb 2 KOM, TO conpoTHB

.neHHe Ka>K,D.oiil ceKU.HH cocraBHT: 2 KOM/ 4 = 500 OM. )J..nH onpe.11.eneHHH HHJJ.HBff.lIYBJibHO

ro He06XOJJ.HMOro 3H8l.feHHH eMKOCTH CJieJIYeT BOCnOJib30B8TbCH KOJIOHKOH c '18CTOTOH 

I 00 ru.. Heo6XOJJ.HMOe 3H8l.feHHe eMKOCTH noJIYLfaeTCH, K8K '18CTHOe OT .11.e.neHHH 14,8/0,5 = 
= 29,6 (nOJIYLfeHHoe 3Hal.feHHe Bbipa*eHo B MHKpocpapaJI.ax). Ha npaKTHKe, cKopee scero, 

6y.DYT HcnoJib30B8HbI pe3Hcropbr c conpoTHs.neHHeM 4 70 OM H KOH.11.eHcaTOpbI c eMKOCTblO 
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Bb1np11M1tren1t c yMHO>KeH1teM (yMHO>K1tren1t) Hanp11>KeH1t11 

33 MK<l>. CaMoe OCHOBHOe npeHMyw.ecTBO MHOf03BeHHOro cf>HJibTpa 3aKJII04aeTCH He 

B TOM, 4TO 4eTbipe KOH,U.eHCaTopa c eMKOCTHMH 33 MK<l> OKamyTCH HaMHOro .u.ewesJie 

( H MeHbllle no pa3MepaM ), 4eM O.U.HH KOH.U.eHCaTop, HMelOW.HH eMKOCTb 1590 MK<l>' a B TOM, 

'!TO ceKU.HOHHposaHHblH cf>HJibTp o6ecne4HBaeT n04TH 4eTbipexKpaTHOe yseJIH4eHHe oc

Jia6JieHHH. 

c .u.pyroii CTOpOHbl, npe.u.noJIO>KHM, 4TO HMeeTCH n04TH HeorpaHH4eHHbIH 3anac KOH

)leHCaTopos c eMKOCTblO 22 MK<l> H .U.OCTaT04HOe MeCTO ,ll,llH ycTaHOBKH 4eTbipex TaKHX KOH

)leHcaTopos, o.u.HaKO B nocJie.u.osaTeJibHbIX nJie4aX cf>HJibTpa Ha.u.o 6y.u.eT HCnOJib30BaTb pe-

3HCTOpbl c conpoTHBJieHHeM 2,5 KOM. Bo3HHKaeT cJie.u.ylOW.HH sonpoc, KaKoif cnoco6 

6y.u.eT HBJIHTbCH HaHJIY'llllHM .ll.JISI caMoro pau.HoHaJibHOro HCnOJib30BaHHH KOH.U.eHCaTOpOB 

npH OCJia6JieHHH nyJibCaU.HH c 4aCTOTOH 100 ru.? napaJIJieJibHOe BKJII04eHHe 4eTbipex Ta

KHX KOH.U.eHCaTopos no3BOJIHeT IlOJIY4HTb 06I.UYIO eMKOCTb 88 MK<l>, npH 3TOM OTHOllleHHe 

R,/X, = 138. 3ai;eM, o6paTHBWHCb K KOJIOHKe R,/X, Ta6JI. 4.4, 4T06b1 onpe.u.eJIHTb .ll.JIH 

KaKoro KOJIH4eCTBa ceKU.HH 3TOT noKa3aTeJib 6y.u.eT npeBOCXO.U.HTb 110, JierKO HaHTH, 4TO 

MO>KHO 6b1J10 6b1 HcnoJib30B8Tb TpH ceKU.HH cf>HJibTpa. BeJIH4HHa conpoTHBJieHHH Ka>KJJ.oro 

pe3HCTopa, TaKHM o6paMM, cocTasHT: 2,5 KOM/3 = 833 OM. EcJIH 6yJIYT HcnoJib3osaHbI 

TOJibKO TpH ceKU.HH, TO o6w.ee 3Ha4eHHe oTHoweHHH R/X, yMeHblllHTCH .u.o 3Ha4eHHH, 

COCTaBJIHIOLUero s OT nepsoHa4aJibHOro, TO .eCTb yMeHblllHTCH .u.o 104, HO 6y.u.eT OCTa

BaTbCH see ew.e OnTHMaJibHbIM .ll.JIH TpexceKU.HOHHOro cf>HJibTpa H o6ecne4HT OCJia6JieHHe, 

pasHoe 997. Tor.u.a KaK HcnoJib30BaHHe 4eTb1pex napaJIJieJibHO BKJII04eHHbIX KOH.U.eHcaTo

pos c eMKOCTblO 22 MK<l> H nocJie.u.osaTeJibHO BKJII04eHHOro pe3HCTopa c conpoTHBJieHHH

MH 2,5 KOM cMorno 6b1 o6ecne4HTb 3Ha4eHHe ocna6JieHHH, pasHoe 138. Ko3cf>cf>HU.HeHT 

ynyqweHHH OCJia6JieHHH paBHHeTCH ceMH, npH 3TOM ew.e HCnOJib3yeTCH Ha O.U.HH KOH.U.eHca

TOp MeHbllle. 

4.5. Bbmp.HMMTenM c yMHO>KeHMeM (yMHO>KMTenM} Hanp.H>KeHH.H 

.llo CHX nop paccMaTpHBaJIHCb npou.ecCbl BbinpHMJieHHH H CrJia>KHBaHHH HanpH>KeHHH 

c u.eJiblO nOJIY'IHTb HCTO'IHHK BbinpHMJieHHOro HanpH>KeHHH, cnoco6HblH o6ecne4HBaTb 

nHTaHHe noTpe6HTeJieH 3Ha4HTeJibHbIMH no BeJIH'IHHe TOKaMH c MHHHMaJibHbIMH ypoBHH

MH lllYMOB. 

c .u.pyroii CTOpOHbl, HHor.u.a Heo6XO,U.HMO B onpe.u.eJieHHOH T04Ke cxeMbl HMeTb BbICOKO

BOJibTHOe nOCTOHHHOe HanpH>KeHHe, npH 3TOM BeJIH4HHa TOKa noTpe6JieHHH MO>KeT no

Tpe6osaTbCH 04eHb MaJIOH, HJIH yposeHb lllYMOB He 6y.u.eT HMeTb oco6oro 3Ha4eHHH. 

THnH4HbIMH npHMepaMH MOryT CJJY>KHTb OKOHe4Hbie KacKa,U.bl cf>opMHposaHHH csepXBbICO

KOro HanpH>KeHHH, HCnOJJb3yeMbie B KHHecKonax TeJJeBH30pOB ( Hanpsi>KeHHH nopff.lI.Ka 10 

- 25 KB), aHanoroBbIX ocu.Hnnorpacf>os ( nopff.lI.Ka 10 KB), JIH6o Hanpsi>KeHHH cMew.eHHH 

nonsipH3aU.HH, HcnoJib3yeMbie s 3JieKTpocTaTH4eCKHX rpoMKorosopHTeJIHX (nopff.lI.Ka 5 KB). 

Bnepsb1e YMHO>KHTeJJH Hanpsi>KeHHH noHa.u.o6HJIHCb cf>H3HKaM .ll.JIH coJ.u.aHHH ycKopmo

w.ero Hanpsi>KeHHH 800 KB, MH nposepKH rnnoTe3bl, 4TO CTOJIKHOBeHHe ycKopeHHbIX 

HOHOB so.u.opo.u.a c MHllleHblO cnoco6HO Ha npaKTHKe reHepHposaTb MHrKoe peHTreHOBCKOe 

H3JJyqeHHe. M1:toro3seHHaH cxeMa BbmpsiMJieHHH KoKKpocf>Ta-YoJJTOHa (Cockcroft-

307 



McTOlfHllKll nllTGHllA 

Walton)[ 6 ], HJJH cxeMa yMHO>KHTeJJst Hanpst>KeHHst ( pHc. 4.24 ), MOrJJa 6b1Tb npo.noJJ>KeHa .no 

6eCKOHeqHOCTH, npH 3TOM Ka>K,!l,8H CTyneHb TeopeTHqecKH .no6aBJJHJJa K BbJXOJ].HOMY 

Hanpst>KeHHIO BeJJHq!IHy, paBHYIO ..J2v,n(RMS). OJ].HaKO CTa6HJJH3aU.HH BbJXOJ].HOro Hanpst>Ke

HHSI ocTaBnstna >KeJJaTb nyqwero. Ka>KJJ.blA JJ.HOJJ. .non>KeH 6bln HMeTb pa6oqee Hanpst>Ke

HHe, npeeb1waiow.ee aHaqeHHe ..J~Vm<RMS>' K co>KaneHHIO, see KOHJJ.eHCaTopbl, aa HCKJJioqe

HHeM caMoro HH>KHefO, J].OJJ>KHbl HMeTb pa6oqHe HanpmtceHHH, npeBblWalOW.He 3HaqeHHe 

2..J2v m(RMS)' .llonOJJHHTeJJbHO K 3TOMY cyw.ecTByeT ew.e OJ].Ha npo6neMa: TaK K8K noCJJe,nyIO

UJ.He KOHJ].eHCaTOpbl aapH>KalOTCH nepeKJJJOqeHHeM BblnpHMHTeJJH, qTo npHBOJ].HT K qacTHq

HOMY paapH,ny CaMOro HH>KHero KOHJ].eHCaTopa, TO eeJJHqHH8 eMKOCTH 3Toro KOHJ].eHCaTopa 

J].OJl>KHa 6b1Tb yeeJIHqeHa, qT06bl KOMneHcHpOBaTb na.neHHe Hanpst>KeHHH. 

] 
PHc. 4.24 Cxe.Ma yMH031CUme.Mt HanpR31CeHua. 

HecMOTpH Ha TO, qTO yMHO>KHTenH Hanpst>KeHHH 6blJJH paapa6oTaHbl Jl.JIH nonyqeHHH 

ceepXBblCOKHX HanpH>KeHHA, OHH MOryT c ycnexoM HCnOJJb30BaTbCSI, HanpHMep, J].Jlff co-

3J].8HHH OTpHUaTeJibHOro CMew.eHHH Ha CeTKaX, a, HanpHMep, B cxeMe CTepeoct>oHHqecKoro 

ycHJJHTenH MOW.HOCTH Roger Cadet-c HOMHHaJJbHoA MOW.HOCTblO 6 BT HcnonhayeTCH cxeMa 

y.neoHTeJJH Hanpst>KeHHH Jl.JIH noJJyqeHHH ocHOBHoro BblCOKOBOJibTHoro Hanpst>KeHHH. Cy

w.ecTeyeT J].Ba OCHOBHblX eapHaHTa cxeMbl BblnpHMJJeHHH c YJJ.BOeHHeM Hanpst>KeHHH, noKa

aaHHblX Ha pHC. 4.25. 
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PHc. 4.25 Pa3noouiJnocmu BblnpRMumeAeu c yiJeoenue.M nanpR31CeHUR 

CTaHJJ.apTHaH cxeMa y.11.soHTeJJH HanpH>KeHHH npe.11.cTaBJJHeTyce'leHHblH sapHaHT cxeMbl 

necTHH'lHOro THna KoKKpo<jna-YoJJTOHa (pHc. 4.24). 0Ha MO>KeT no.11.KJ110'laTbCH napan

nenbHO K caMOH 06bl'lHOH cxeMe BbtnpHMHTeJJH c TpaHc<f>opMaTopOM, HMelOW.HM OTB0.11. OT 

cpe.11.HeH TO'lKH, H n03BOJJffeT nonyqHTb .11.onoJJHHTeJJbHOe (6onee BblCOKOe no 3H3'leHHIO) 

BblCOKOBOJJbTHOe HanpH>KeHHe, HanpHMep, )l,llff nOJIHpH33Ll,HH cneU,H3JJH3HpOBaHHOfO Bbl

COKO'l3CTOTHOro 3JJeKTpOCT3TH'leCKOro rpOMKOrOBOpHTeJJH. 

DpeHM)'W.ecTBo TaK Ha3bIBaeMoro «nnasa10w.ero» y.11.soHTenH HanpH>KeHHH 3aKn10'laeT

cS1 B TOM, 'ITO B cxeMe HCnOnb3ylOTCff Jl.83 cosepweHHO H.11.eHTH'lHblX KOH.11.eHCaTopa, HOMH

HaJJbHOe HanpH>KeHHe KOTOpblX paCC'IHT8HO Ha noJJOBHHY BblX0.11.HOro HanpH>KeHHff, 0.ll.H8KO, 

pa60'!He HanpH>KeHHffJl.HOJl.OBJl.OJJ>KHbl HMeTb3Ha'leHHff, npeBblW310W.He 2"2V m(RMS)'TaK K8K 

Ka>l<,ll.blH H3 KOHJl.eHCaTopoB 3apH>K8eTCSI nonepeMeHHO TOJJbKO B Te'leHHe 0.11.HOro nony

nepH0.11.3, Hanpsi>KeHHe nynbC8U,HH B.11.BOe npeBbIWaeT 3Ha'leHHe COOTBeTCTBy10w.ero Bbl

npHMJJeHHOro HanpH>KeHHff. TaK KaK Hanpsi>KeHHff nynbC3U,HH .11.BYX KOH.11.eHCaTOpOB OK8-

3blB3IOTCSI BKJJIO'leHHblMH nocne.11.osaTenbHO, npoHCX0.11.HT cyMMHposaHHe H y.11.soeHHe 

uanpH>KeHHH nynbcau,HA. TaKHM o6pa3oM, JVIH .11.aHHoro 3Ha'leHHH HanpH>KeHHH nynbca-

1..\HH, B nnasa10w.eii cxeMe Y.11.BOeHHff HanpH>KeHHff Heo6XOJl.HMO, 'IT06bl K3>K,QblH H3 KOHJl.eH

CaTopoB HMen B'leTBepo 6onbwee 3H3'leHHe eMKOCTH no cpaBHeHHIO co CTaH.11.apTHOH cxe

MOH .11.ByxnonynepHO.ll.HOro BblnpHMJJeHHH. 

4.6. C ra6Mmt3aropb1 

4.6.l 06UJH8 CBBRBHHR 0 nocnenosarenbHb/X H napannenbHb/X CT06HRHJOTOpax 

HanpRJKBHHR 

CaMblH Kap.11.HHaJJbHbIH cnoco6 ynyqwHTb xaJpaKTepHCTHKH HCTO'IHHKa nHTaHHH, 3To Hc

noJib30BaTb cTa6HnH3aTop HanpH>KeHHH. Crn6HJJH3aTop HanpH>KeHHH npe.11.cTaBJJHeT pea-
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' 
JIH30BaHHOe Ha npaKTHKe npH6JIH>KeHHe K HJl,eaJibHOH cxeMe HCTO'IHHKa HanpH>KeHHfl Tese-

HHHa, TO eCTb CTa6HJIH3aTOp xapaio:epH3yeTCfl <j>HKCHPOBpHHblM 3Ha'leHHeM BblXOJl,HOfO Ha

npH>KeHHfl, a TaK>Ke 3Ha'leHHeM BblXOJJ.HOfO conpoTHBJieHHfl, KOTOpoe B HJl,eaJie Jl.OJI>KHO 

KaK MO>KHO 6JIH>Ke npH6JIH>KaTbCfl K HyJieBOMy 3Ha'leHHIO. 11.u.eaJibHblH HCTO'IHHK TeBeHH

Ha HMeeT cnoco6HOCTb OTJJ.aBaTb B Harpy3KY TOK 6ecKOHe'IHO 60JJbWOH BeJIH'IHHbl, TOfJl.8 

KaK HCTO'IHHK,nHTaHHfl, HarpY3KOH KOTOporo flBJifleTCfl CTa6HJIH3aTOp, HMeeT B peaJibHOC

TH orpaHH'leHHfl no seJIH'IHHe csoero TOKa. CJieJJ.oBaTeJibHO, scerJJ.a Heo6xoJJ.HMO noMHHTb, 

'!TO peaJibHblH CTa6HJIH3aTOp MO>KeT TOJlbKO HMHTHposaTb xapaKTepHCTHKH HJl,eaJibHOro 

HCTO'IHHKa TeseHHHa s orpaHH'leHHOM pa6o'!eM JJ.Hana3oHe, no3TOMY scerJJ.a Heo6xoJJ.HMO 

6b1Tb ysepeHHbIM, '!TO pa6oTa CTa6HJJH3aTOpa He BblXOJJ.HT 3a 9TH npeJJ.eJibl rpaHHU. 3TOfO 

JJ.Hana3oHa. 

flpHHU.Hn pa60Tbl scex CTa6HJIH3aTOpOB HanpH>KeHHfl 6a3HpyeTCfl Ha CBOHCTBax cxeMbl 

JJ.emnenfl HanpH>KeHHfl. ECJIH KaKoe-HH6yJJ.b H3 nJie'I JJ.eJIHTeJIH, Hesa>1<uo, 6yJJ.eT JIH 9TO 

sepxHee, JIH6o HH>KHee nJie'IO, CJJ.eJiaHO perynHpyeMblM TeM HJIH HHblM o6pa30M, TO 

BbIXOJJ.HOe HanpH>KeHHe MO>KeT H3MeHflTbCfl nyTeM 803)1.eHCTBHfl Ha perynHpyeMoe nJie'IO 

(pHC. 4.26). 

AemtTeJlb 
HanpR)l(eHlllR 

nocneAoearenbHbllil 
perynRTOp 

napanneJlbHbllil 
(WYHTOBOlil) peryJlRTOp 

PHc. 4.26 BaaUMocBR3b Me31CiJy iJe1tume1teM t-tanpR31Cet-tuR u cma6U1tuaamopaMu 
t-tanpR31Cet-tuR 

EcJIH sepxHHH 9JieMeHT J(EWHTeJIH HanpH>KeHHfl H3rOTOBJieH TaKHM o6pa3oM, '!TO MO>KHO 

H3MeHflTb ero xapaKTepHCTHKH, TO TaKOH CTa6HJIH3aTop noJiy'IHJI Ha3BaHHe nocneJl,O

BaTeJibHOro CTa6HJIH3aTOpa ( cxeMbl nocneJl,OBaTeJibHOH CTa6HJIH3aU.HH ), TaK KaK pery

JIHPYIOW.HH 9JieMeHT BKJIIO'leH noCJieJJ.OBaTeJibHO c Harpy3KOH. EcJIH >Ke peryJIHPYIOTCfl na

paMeTpb1 HH>KHero nJie'la JJ.eJIHTeJifl HanpH>KeHHfl, TO TaKOH CTa6HJIH3aTOp H3BecTeH nOJJ. 

Ha3BaHHeM napaJIJieJibHOro CTa6HJIH3aTOpa ( cxeMOH napanJieJibHOH CTa6HJIH3aU.HH ), TaK 

KaK peryJIHPYIOW.HH 3JieMeHT oKa3b1saeTCfl BKJIIO'leHHblM napaJIJieJibHO Harpy3Ke. CxeMbl 

napaJIJieJibHOH CTa6HJIH3aU.HH MeHee 3<j><j>eKTHBHbl no cpaBHeHHIO co cxeMaMH noCJieJJ.OBa

TeJibHOH CTa6HJIH3aU.HH H HX napaMeTpbl JJ.OJI>KHbl 6b1Tb 6onee TO'IHO cornacoBaHbl c Ha

rpy3KOH, 0)1.HaKO OHH 06naJ1,a10T TeM npeuMyw.ecTBOM, 'ITO OHH MOfyT BblnOJIHflTb pOJib KaK 

HCTO'IHHKa TOKa, TaK H pOJib ero noTpe6HTeJifl. 

4.6.2. Knote1111ecKoR cxeMo n001enosorenbHoro cro611n11Jaropo 
K.nacCH'leCKafl npHHU.HnHaJibHafl cxeMa noCJieJl,OBaTeJibHOfO CTa6HJIH3aTOpa HanpH>KeHHfl 

npHBeJJ.eHa Ha pHC. 4.27. 
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PHc. 4.27 Cxe.Ma nocJLeaooameAbH020 cma6wtuaamopa HanpR31CeHUR 

B npH8e.n.eHHOH cxeMe Hcnonb308aHbl nonynpo80JJ.HHK08ble 3JieMeHTbl, OJJ.HaKo, 803-

MomeH H naMn08blH 8apHaHT peanH3aU.HH 3Toii cxeMbI, 06na)J.a10meii aHanorwrnblMH 

C80HCT8aMH. Yc1.fJIHTeJib paccornaco8aHHH (norpewHocTeii) ycHJIH8aeT pa3HOCTHblH cHr

Han Me>KJIY onopHblM HanpH>KeHHeM H 'laCTblO 8blXO,ll.HOro HanpH>KeHHH H ynpa8JIHeT pa6o

TOH nocne)J.08aTeJibHO 8KJllO'leHHOro npOXO)J.HOro TpaH3HCTopa TaKHM o6pa30M, 'ITO 8bl

XO,ll.HOe HanpH>KeHHe He H3MeHHeT C8oero 3Ha'leHHH. 

Pa6oTbI cxeMbI 3a8HCHT OT .zieiiCT8HH u.enH OTPHU.aTeJibHOH o6paTHoii C8H3H. B 3aKJIIO

lfHTeJibHbIX pa3.11.enax rna8bI 2 y>Ke paccMaTpH8anacb cHryau.Hsi, 'ITO 8 ycno8HHX, KOrJJ.a 

.u.eiicTByeT o6paTHaH C8H3b, 8XO)J.HOe H BbIXO)J.HOe conpOTH8JieHHH H3MeHHIOTCH 8 COOT8eT

CT8HH c 8eJIH'IHHOH K03QJ<f>HU.HeHTa C8H3H (I + j3A0 ). Pa6oTa CTa6HJIH3aTopa HanpH>KeHHH 

CTpOHTCH Ha yMeHbWeHHH 8blXO)J.HOro HanpH>KeHHH CHCTeMbl Ha 8eJIH'IHHy, pa8HYIO K03<f>

cpHU,HeHry o6paTHOH C8H3H. 

0ep80Ha'laJibHO CJieJl.YeT npe,ll.nOJIO>KHTb, 'ITO CXeMa CTa6HJIH3aTOpa 8KJllO'leHa H Ha 

ero 8bIXOJJ.e ecTb HanpH>KeHHe, .ll.JIH npocTOTbI aHaJIH3a ero MO>KHO npHHHTb pa8HblM I 0 B. 
B pe3yJibTaTe 803JJ.eiicT8HH .n.enHTeJIH HanpH>KeHHH, Ha HH8eprnpy10meM 8XOJJ.e onepau.u

OHHoro ycHJIHTensi JJ.OJI>KHO 6bITb HanpH>KeHHe, pa8Hoe 5 B. 11cTO'IHHK onopHoro Hanpsi

>KeHHH no.DJI.ep>KH8aeT Ha HeHH8eprnpy10meM 8XO)J.e HeH3MeHHOe (3a C'leT C80HCT8 CTa-

6HJIHipoHa) HanpH>KeHHe 5 B. noq1e)J.08aTeJ1bHO 8KJllO'leHHblH npOXO)J.HOH TpaH3HCTOp 

npe.ncTa8JIHeT co6oii 3MHTTepHblH n08TOpHTe,llb, OTnHpaeMblH TOKOM OT yCHJIHTeJIH pac

cornaco8aHHH. HanpH>KeHHe Ha ero 3MHTTepe TpaH3HCTopa cocTa8JIHeT IO B, cneJJ.08a

reJ1bHO, Ha 6a3e orneprnro KpeMHHe8oro TpaH3HCTopa HanpH>KeHHe cocTa8HT I 0, 7 B. 
JI.anee cneJl.YeT npe.nnOJIQ;)KHTb; 'ITO no KaKOH-HH6Y.ll.b npH'IHHe 8blXO)J.HOe HanpH>KeHHe 

CHH3HJI0Cb. HanpH>KeHHe 8 cpeLI:HeH TOlfKe )J.eJIHTeJIH HanpH>KeHHH TalOKe yMeHbWaeTCH, 

o.nHaKO, 8eJIH'IHHa onopHoro HanpH>KeHHH OCTaeTCH 6e3 H3MeHeHHH H no-npe>KHeMy pa8-

HHeTCH 5 B. Hanpsi>KeHHe Ha HeHH8eprnpy10meM 8XO.ll.e onepau.HoHHoro ycHJIHTeJIH pac-
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cornacoeaHHH 6yJleT 60JlbWe no cpaBHeHHIO c eeJIH'.JHHOA HanpH>KeHHH Ha HHBepTHpyio

w.eM BXOJle, no3TOMY ero BblXOJlHOe HanpH>KeHHe JlOJl>KHO yeeJIH'IHTbCH. 0JlHaKO, eCJIH Ha

npR>KeHHe Ha 6a3e TpaH3HCTOpa yeeJIH'IHBaeTCH, na}leHHe HanpH>KeHHH Me>f<AY KOJIJleKTO· 

poM H 3MHTTepoM TpaH3HCTopa yMeHbWHTCH (B CHJIY yMeHbWeHHH conpoTHBJleHHH 3TOro 

yqacTKa c pocToM omHpaiow.ero 6a3oeoro Hanpsi>KeHH"fl), a cne}loeaTeJibHO, ero 3MHtTep

Hoe HanpH>KeHHe TaJOKe .non>KHO eo3pacTH. B pe3ynbTaTe, TaKaH cxeMa cTa6Hm13au,1n1 

npenHTCTByeT yMeHbWeHHIO BblXOJlHOro HanpH>KeHHH. 

TaK KaK coeepweHHO aHanorH'IHble apryMeHTbl MOryT 6b1Tb Hcnonb3oBaHbl Jl.JIH onHca

HHH pa60Tbl cxeMbl npH yeenHlfeHHH BblXOJlHOro HanpH>KeHHH, TO MO>KHO 38KJllO'IHTb, 'ITO 

pa60Tbl cxeMbl 6yJleTyCTOI'.ilfHBOA, a BeJIH'IHHa BblXO}lHOro HanpH>KeHHH onpe}lenHeTCH na

paMeTpaMH cxeMbl JleJIHTeJIH HanpH>KeHHH H HCTO'IHHKa onopHoro HanpH>KeHHff (cTa6H

JIHTpOHa). EcnH nepepHCOBaTb cxeMy CTa6HJIH3aTOpa B HeCKOJlbKO HHOM BH}le, TO nerKO 

MO>KHO BH}leTb, 'ITO OHa npeJlCTaBJIHeT co6oA o6bllfHblA yCHJIHTenb, K03cpcpHUHeHT ycHne

HHH KoToporo 3a,u.aeTCH JleJIHTeneM HanpH>KeHHH, H 'ITO ,u.aHHblA ycHJIHTeJib ycHJIHBaeT 

onopHoe HanpH>KeHHe (pHc. 4.28). 

x 

Vre1 y 

fN 

PHc. 4.28 BuoouaMeHeHHaR cxeMa nocAeooeameAbH020 cma6UAuaamopa, 
npuaoaHHaR npooeMoHcmpupoeamb eeo cxoocmoo 
c HeuHeepmupy10t1.1iUM ycUAumeAeM 

flocne paCCMOTpeHHH npeo6pa3oBaHHOA CXeMbl BeJIH'IHHY BblXOJlHOrD HanpH>KeHHH 

MO>KHO npeJlCTaBHTb B BH}le: 

TaK KaK ycHnHTenb paccornacoeaHHH B 3TOA cxeMe npocTO ycHJIHBaeT onopHoe HanpH· 

>KeHHe, TO Jll06aH COCTaBJIHIOllJ,aH CHrHana wyMa B onopHOM HanpH>KeHHH TaK>Ke 6yJleT 

YCHJIHBaTbCH, U03TOMY He06XOJlHMblM CTaHOBHTCH ycnoeHe nHTEIHHff OT HaCTOJlbKO Mano
WYMHW,ero HCTO'IHHKa, HaCKOJibKO 3TO B03MO>KHblM. XoTH npHBOJlHMblA apryMeHT H MO>KeT 

6b1Tb yno}lo6neH JIHCe, npecne.eyiomeA CBOA co6cTBeHHblA XBOCT, HO eCJIH JlOnycTHTb, 'ITO 

HanpH>KeHHe nHTaHHH Ha HCTO'IHHK onopHoro HanpH>KeHHH no.n.aeTCH c BblX0.!1.8 3TOro >Ke 
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HCTO'lHHKa nHTaHHH ( KOTOpbIH He HMeeT wyMOB ), TO H on op Hoe HanpH>KeHHe- He 6y.ll.eT 
HMeTb wyMoB. OJ(HaKo s 3TOM cnyqae cne.nyeT, 'lTO BblXO.ll.HOe HanpH>KeHHe .ll.aHHoro Hc
TO'lttHKa nHTaHHH TaK>Ke He .ll.On>KHO HMeTb wyMOB. 

Ha nepBblH sarnff.ll. Morno 6bl noKaaaTbCH, 'lTQ ecnH onopuoe HanpH>KeHHe HBnHeTCH 
11aCTblO BblXO.ll.HOro uanpH>KeHHH, TO pe>KHM pa60Tbl TaKOH CHCTeMbl OKa>KeTCH, sepOHTHee 
ecero, HeycTOH'IHBblM, O.ll.HaKO Ha npaKTHKe 3TO see He TaK. 

Ope>K.ll.e ecero, cne.nyeT OTMeTHTb, 'lTO ao scex cxeMax cTa6HnHaaTopos HX BXO.ll.HOe 
ttanpH>KeHHe npesb1waeT Bl?IXOJl.HOe. MHHHManbHO • .ll.onycTHMaH paauocTb Me>K.ny 3THMH 
ttanpH>KeHHHMH, nocne yxo.na aa KoTopylO cTa6HJIH3aTop nepecTaeT ycTOH'IHBO pa6otaTb, 
H3BeCTHa no.ll. Ha3B8HHeM «HanpH>KeHHeM Bblna,llaHHH» (TaK KaK CTa6HJIH3aTop KaK 6bl 
Bbma.ll.aeT H3 pe>KHMa CTa6HJIH3aUHH) . .lJ.nH npHBe.lleHHOH KOHKpeTHOH CXeMbl 3Ta BeJIHlfH
Ha cocTasnHeT scero HeCKOnbKO BOnbT (MHHHM8JlbHOe OCTaTOlfHOe na.ll.eHHe HanpH>KeHHH 
Me>KJl.Y KOJineKTOpOM H 3MHTTepoM ynpaBJIHIOI.Uero TpaH3HCTOpa), 0.ll.H8KO, HanpH>KeHHH 
Bblna.ll.aHHH JI.Jiff JiaMnOBOH peanH38UHH CTa6HJIH38TOpa MO>KeT COCTaBJIHTb nopff.ll.Ka 40 B, 
JIH6o npHHHM8Tb B HeKOTOpbIX dlyqaHX H eI.Ue 60JibWee 3Hat:feHHe. 

4.6.3. RsyxrpaHJHcropHOR aeMa 11001e/lOBDTeRhHoro cra6HRHJaropa 
CxeMa .ll.ByxTpaH3HCTopHoro nocJie.ll.OBaTeJibHoro CTa6HnHaaTopa HBnHeTcH ot:feHb pacnpo
crpaHeHHOH H ycnewuo npHMeHHeMoA Ha npaKTHKe (pHc. 4.29). 

BC558B 47u 
63V 

5k6 3u3 
27k 63V 

12k 
02 

-60V 
80136 

PHc. 4.29 flpUHijUnUa.AbHaR cxeMa cma6UA.uaaqu.u ompuqame.A&Hoeo 
HanpR31CBHUR CMB1'48HUR Ha aeyx mpaH3UCmopax 

ov 

-39V 

3ra cxeMa no.nyqHna wHpoKoe pacnpocrpaueuHe Ha-aa csoeA HH3KoA CTOHMOCTH, 
0,!lHSKO, sonpeKH 9TOMY <f>aKTy ee pa(iora .ll.eltcTBHTeJibHO OT JIH'laeTCH Ot:feffb xopOWHM Ka-
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qecTBOM. HanpH>KeHHe Ha nocJieJlOBaTeJibHO BKJitolleHHbIH npoXOJlHOH TpaH3HCTop Q2 no

aaeTCH c KOJIJieKTopa TpaH3Hcropa Q l, BKJitolleHHoro no cxeMe c o6w.HM 3MHTTepoM. Ha

npH>KeHHe Ha 3MHTTepe TpaH3HCTopa Q l 3a}laeTCH noCTOHHHblM OT HCTO'IHHKa onopHoro 

HanpH>KeHHH ( cra6HJIHTpOHa ), Toraa KaK Ha 6a3y 3TOro >Ke TpaH3HCTOpa noaaeTCH llaCTb 

BbIXOJlHOro HanpH>KeHHH c Hcnonh30BaHHeM cxeMhl }leJIHTeJIH HanpmKeHHH. EcJIH BXOJlHOe 

HanpHmeHHe 803pacTaeT' TO JlJlff BKJllOlleHHH TpaH3HCTOpa Q l 6yJleT Heo6XOJlHM 6oJibWHH 

no BeJIH'IHHe TOK, ero KOJIJieKTOpHoe HanpH>KeHHe ( npH 3TOM He06XOJlHMO nOMHHTb, 'ITO 

KOJIJieKTOp coe}lHHeH c 6a30BbIM BblBOJlOM TpaH3HCTOpa Q2) CHH>KaeTCH, 'ITO Bbl3bIBaeT 

CHH>KeHHe 3MHTTepHoro HanpH>KeHHH Ha TpaH3HCTOpe Q2 (a OHO OJlHOBpeMeHHO HBJIHeTCH 

H BbIXO.D.HbIM HanpHmeHHeM CTa6HJIH3arnpa). TaKHM o6pa30M, ocyw.ecTBJIHeTcH npoTHBO

JleAcTBHe HallaJibHOMy OTKJIOHeHHIO. 3ra cxeMa ffj;IJiffeTCH H}leaJibHOH JlJIH HCnOJib30BaHHH 

B KalleCTBe CTa6HJIH3aTOpa HanpH>KeHHH CMemeHHH JlJlff ycHJIHTeJIH MOll.l,HOCTH, TaK KaK 

OlleHb llaCTO 6hIBaeT He06X0,!1.HMblM noJl,ll.ep>KHBaTb CTa6HJibHOCTb HanpH>KeHHH npH 6oJiee 

BbICOKHX 3HalleHHHX CKallKOB HanpH>KeHHH, lleM 3TO Mor 6bi C}leJiaTb CTa6HJIH3aTOp HanpH

>KeHHH, H3rOTOBJieHHbIH B BH}le HHTerpaJibHOH MHKpocxeMbl • 

.LI.aHHaH cxeMa CTa6HJIH3aU.HH MO>KeT o6ecnellHTb 3HalleHHe BblXOJlHOro TOKa scero 

B 50 MA, TaK KaK 6a30BbIH TOK JlJIH TpaH3HCTOpa Q2 OT6HpaeTCH OT KOJIJieKTOpHoro TOKa 

TpaH3HCTOpa Q l. 
ECJIH yseJIH'IHTb KOJIJieKTOpHblH TOK TpaH3HCTopa Q l, TO JlOJIH TOKa TpaH3HCTOpa Q 1 

Morna 6bl B03paCTH eme 60JibWe, 'ITO n03BOJIHJIO 6bl yseJIH'IHTb BblXOJlHOH TOK. 0}lHaKO 

6onee pa3yMHbIM peweHHeM 6bIJIO 6bI 3aMeHHTb TpaH3HCTOp Q2 TaK Ha3bIBaeMOH napoA 

.LI.apJIHHrTOHa ( COCTaBHblM TpaH3HCTOpOM c 06be}lHHeHHblMH KOJIJieKTopaMH ), JlJIH KOTO

pOH noHa,!l.06HJICH 6bl MeHbWHH TOK 6a3bl . .ll.pyrnM sapHaHTOM Morna 6bl HBHTbCH 3aMeHa 

TpaH3HCTopa Q2 MOll.lHhIM Mon noJieBbIM TpaH3HCTopoM, OJlHaKo, s 3TOM cJiyqae no

Tpe6osanocb 6bl HCnOJib30BaTb orpaHH'IHTeJibHblH pe3HCTOp Ha 3aTBOpe TpaH3HCTOpa, 

HMetow.HA conpoTHBJieHHe nopHJlKa l 00 OM H npHnaHHHbIH 1-1enocpeJlCTBeHHO K BblBOJlY 

3aTeopa. 

nonynpOBOJlHHKOBblH CTa6HJIHTpOH nponycKaeT TOK 12 MA, 'ITO OKa3bIBaeTCH BnOJIHe 

JlOCTaTO'IHblM JlJlff ero HOpMaJibHOH pa60Tbl H o6ecnelleHHH CTa6HJIH3HposaHHOro BblX0,!1.

HOro HanpH>KeHHH c MHHHMaJibHbIM yposHeM wyMOB. OoJiynpoBoJlHHKOBbIH cra6HJIHTpou, 

paccl!HTaHHbIH Ha HanpH>KeHHe 6,2 B, 6hIJI Bb16pau H3-3a caMoro HH3Koro 3HalleHHH TeM

neparypHoro K03cj>cj>Hu.HeHTa HanpH>KeHHH H 6onee HH3Koro 3HalleHHH JlHcj>Q>epeHU.HaJih

Horo conpOTHBJieHHH, O}lHaKO, TaK KaK OH sce-TaKH reuepHpyeT HeKOTOpblH CHrHaJI wyMa, 

TO OH 3awyHTHpOBaH KOH}leueaTOpOM c eMKOCTblO 47 MK<P. 

4.6.4. YcKopRIOU/Hii KO.HReHcarop 
YcKopHtoW.HH KOHJleHcarnp [7] s cxeMax nocJieJloBaTeJibHbIX cTa6HJIH3aTOpos noJlKJltolla

eTcH napanJieJibHO sepxHeMy pe3HCTopy B u.enH JleJIHTeJIH HanpH>KeHHH. Ero 3a}lalla 3a

KJitollaeTcH B TOM, 'IT06bi yseJIH'IHTb K03cpcpHu.HeHT OTPHU.aTeJibflOH o6paTHOH CBH3H no 

nepeMeHHOH COCTaBJIHIOll.l,eH, H, CJie}loBaTeJibHO, CHH3HTb yposeHb cpOHOBblX noMeX H wy

MOB. TaK KaK JII060H JIHHeHHbIH CTa6HJIH3aTOp MO>KeT paccMaTpHBaTbCH KaK COCTaBJieH-
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( T061tnMJOTOpb1 

HblH H3 onepau.HOHHOro YCHJIHTeJISI, oxsa'leHHOro neTJieH o6paTHOH CSSI3H, TO MO)KeT 6b1Tb 

HCnOJib30SaHa CJieJJYIOW,aSI HCXOJJ.HaSI JJ.HarpaMMa ( pHc. 4.30a ). 

a) 

neTJ10B00 
yc111neH111e, 6 dB/oct 

(DC) '4 cnQA yc111neH111si 
(AC) 

201o~t 
vref. 

OdB~~~~~~~~~ 
Logf 

Yc111neH111e 
onepau,1110HHoro 

YClllJ1111T0J1H 
(dB) 

6) 

v 
201o~1 

Vre1 

PHc. 4.30 BAUR.flue ycKopRIOUfeeo Konoencamopa na cnuJ1Cenue ypoBHR nyAbCatfuil. 

OonHoe ycwneHHe onepau.woHHoro ycHJIHTeJISI MO)KHO npeJJ.CTasHTh s SHJJ.e cyMMhI Ko

scpcpHU.HeHTa yCHJieHHSI no nocTOSIHHOH COCTaSJISIIOUJ.eH c pa30MKHYTOH u.enblO o6paTHOii 

CSSI3H H K03cpcpHI.I.HeHTa ycHJieHHSI no nepeMeHHOMY TOKy, KOTopoe CHH)KaeTCSI co CKopoc

TblO 6 JJ.o/OKTasy c H3MeHeHHeM 'laCTOTbl. YcHJieHHe, KOTopoe COOTBeTCTByeT Ha JJ.HarpaM

Me 3aWTpHXOBaHHOMy yqaCTKY, MO)KeT SJIHSITb Ha CTeneHb yMeHbWeHHSI nocrynaJOW.HX 

nyJibcau.Hii, cne.11.osaTeJihHO, CHH)KeHHe nyJibcau.Hii MO)KeT JJ.OCTH% M8KCHMaJihHOro ypoB

HSI s cnyqae, ecnw: 

MaKCHMaJihHO ysenH'IHTh KoscpcpHU.HeHT ycHJieHHSI no nocTOSIHHOMY TOKY npw pa-

30MKHyrnii u.enH o6paTHOH CSSI3H; 

MaKCHMaJibHO yseJIH'IHTb sepXHIOIO 'laCTOTY H3JIOMa ( COnpSI)KeHHSI) fwrner (7 41: 

horner= 20 rU, 5534: !.omer = l Kfu,); 

• MaKCHMaJibHO yseJIH'IHTb 3Ha'leHHe OTHOWeHHSI noCTOSIHHOro ShIXOJJ.HOro HanpSI)Ke

HHSI K seJIH'IHHe onopHoro. 

Xorn Heo6XOJJ.HMO, 4T06hI onepau,HOHHhiii ycHJIHTeJih HMeJI HeKoe Tpe6yeMoe 3Ha'leHHe 

K03cpcp1m.HeHTa yCHJieHHSI no nOCTOSIHHOH COCTaSJISIIOW.eH Jl.JISI no.11.ll.ep)KaHHSI He06XOJJ.HMO

ro 3Ha'leHHSI SblXOJJ.HOro HanpSI>KeHHSI, see 3Ha'leHHSI K03cpcpHu,HeHTa ycHJieHHSI, pacnono

>KeHHble HH)Ke 3awTpHxosaHHOH o6nacTH, SISJISIJOTCSI HenpHrOJJ.HhlMH. OcttosHoe H83Ha'le

HHe ycKOpHIOW.ero KOHJJ.eHcarnpa 38KJll048eTCSI s TOM, 4T06bI MO>KHO 6bIJIO HCnOJib30S8Tb 

9TH, paHee He HCnOJib3yeMble 3Ha'!eHHSI K03cpcpHU.HeHT8 ycHJieHHSI (pHC. 4.306). 

c nepsoro S3rJISIJJ.8 MOrJIO 6bI noKa3aTbCSI, 'ITO l{8CTOTaf3116 Morna 6bI HMeTh 6onee HH3-

KOe 3Ha'leHHe, l{T06bl see paHee HeJJ.ocrynHbie 3Ha4eHHSI K03cpcpHu,HeHT8 ycHJieHHSI MOrJIH 

6bI 6b1Tb HCnOJib30SaHbl. 0J].HaKO 11pe3MepHOe yseJIH'leHHe eMKOCTH ycKOpSIIOW.ero KOH

,ll.eHCaTopa CMeCTHJIO 6bI xapaKTepHCTHKY CT86HJIH3aTQpa s o6JiaCTb, npHSOJl.Sllll.YIO K H3-

MeHeHHSIM s BeJIH'IHHe TOKa Harpy3KH. 

MaKCHM8JibHoe 3Ha11eHHe eMKOCTH 3Toro KOHJJ.eHcaTopa MO>KHO onpeJJ.eJIHTh, npe>1q1.e sce

ro, pac11eTOM 3KBHsaneHTHoro conpoTHBJieHHSI TeseHHHa no nepeMeHHoii cocTaBJISIJOW.eii: 

'rev= l l 1· 
-+-+
h,. x y 

315 



IAcro~HHKH nHTOHHR 

Y'IHTbIBaH, 'ITO, 

h,. 
h,. =--, 

gm 

a TaJOKe TO, 'ITO: 

gm= 35/c, 

MO>KHO 6y.11.eT ,a.nH paccMOTpeHHOH Bbillle cxeMbl (npH ycJJOBHH, 'ITO h1• = 200, I, = 12 MA) 

onpe.11.enHTb, 'ITO 3Ha11eHHe h,. cocTaBHT npH6JJH3HTeJJbHO 500 OM. Cne.11.oeaTeJJbHO, eeJlH

'IHHa 9KBH~aJJel-ITHoro conporneneHHH e cxeMe TeeeHHHa co cTopoHbl KOH.11.eHcaTopa co

CTaBHT npHMepHo 450 OM. 

O'leHb 6bIJJO 6b1 >KeJJaTeJJbHO HMeTb TaKOH KOH.11.eHCaTOp, KOTOpblM OKa3bIBaJJ 6bI MaK

CHMaJibHOe BJIHSIHHe Ha ocna6neHHe nyJibCaJ.J,HH, xapaKTepH3YJOlUHXCH caMOH HH3KOH 11ac

TOTOH, H KOTOpaH COCT8BJJHeT 100 fu. (.ll.JJH CTpaH C 'laCTOTOH nepeMeHHOrO TOKa B CeTHX 

nHTaHHH 6Q ru.. B TOM 'IHCJJe CWA, .11.aHHaH 'laCTO'ra 6y.11.eT paBHa 120 ru.). Uenb .11.eJIHTeJJH 

HanpH>KeHHH H KOH.11.eHcaTop npe.11.cTaBJJHJOT cryneH'laTbIH 3KBanaH3ep, 'lbe BJJHHHHe Ha 

pa6ory CTa6HJJH3aTopa MO>KHO cpaBHHTb c TeM BJJHHHHeM, KOTOpoe OKa3bIBaeTCH Ha CBH-

3aHHble noCTOHHHble epeMeHH 3180 MKC H 318 MKC B cxeMe 6JIOKa 'laCTOTHOH KoppeKU.HH 

RIAA, KOTOpbIH onHcaH B rnaee 5. Mo>KHO .11.06HTbCH Toro, 11ro6bl peaKTHBHaH cocTaBJIHJO

maH conpOTHBJJeHHSI KOH.11.eHCaTopa Ha caMOH HH3KOH 'laCTOTe HanpH>KeHHH nyJibCaU.HH 

paBHHJiacb 6b1 conporneneHHJO TeeeHHHa e cpe.11.Heii TO'IKe .11.enHTeJJH HanpH>KeHHH, 'ITO, 

B CBOJO 011epe.11.b, 03Ha'laJIO 6bl, 'ITO KOH.11.eHCaTop c 6eCKOHe'IHO 60JJbllJHM 3Ha'leHHeM eM

KOCTH CMOr 6bl TOJlbKO CHH3HTb ypoeeHb nynbCaU.HH Ha .11.onOJJHHTeJJbHble 3 .11.6: 

1 
C= =3,5MK<P. 

21tX 100x450 

6JIH>KaHllJee K pac'leTHOMy CTaHJl.8pTHOe 3H8'1eHHe eMKOCTH COCTaBJJHeT 3,3 MK<I>. 3Ta 

BeJIH'IHHa HBJJHeTCH O'leHb He60JibllJOH, XOTSI aBTopy KHHrH .ll.OB0.11.HJIOCb BH.11.eTb 60JJbllJOe 

KOJJH'leCTBO no.11.06HblX cxeM, B KOTOpblX HCnOJJb30BaJJHCb KOHJl.eHCaTOpbl c yeeJIH'leHHblM 

3Ha'leHHeM eMKOCTH. 6onee Toro, OH caM, ecTeCTBeHHO, 0.11.Ha>KJJ.bl TaK>Ke co6pan no.11.06-

ttyJO. 4HCTO cy6'beKTHBHO, HO 9cj>cj>eKT, CBH3aHHblH c HCnOJJb30BaHHeM KOH.11.eHCaTopa 

c yeeJJH'leHHOH ceepx HOpMaJJbHOro 3Ha'leHHH eMKOCTblO, npOHBJJHJJCH B HH3KO'laCTOTHOM 

pOKOTe ( ryne ), KOTOpblH, KaK TOr.ll.8 HeeepHO C'IHTaJIOCb, 6blJI HK06bl CBH3aH c KOMHaTHOH 

aK)'CTHKOM. 

B .11.pyroM KpaiiHeM cnyqae MO>KHO B3HTb peaKTHBHOe conpoTHBJJeHHe KOH.11.eHcaropa, 

KOTOpoe 6bIJJO 6bl cpaBHHMblM c 061UHM conponiBJJeHHeM u.enH .11.enHTeJJSI HanpH>KeHHSI. 

KoH.11.eHcarop c MeHblllHM 3Ha'l'eHHeM CMor 6b1 06ecne11HTb ynyqrneH}fe .ll.JJH cj>oHoeoro 

lllyMa B 3 .11.6 no cpaeHel-IHJO c u.enbJO 6e3 KOH.11.eHCaTOpa eoo6rue. 0.11.HaKO ee HH3KO'laCTOT

Hble nepeX0.11.Hbie xapaKrepHCTHKH 6bIJIH 6bl JIYlJllle no cpaBHeHHJO co cxeMOH CTa6HJIH3a

Topa, B KOTOpoiii HCnOJib30BaJJCH 6bl KOHJl.eHCaTOp 60JJbllleiii eMKOCTH. 
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BenH'rnHa eMKOCTH ycKopRIOW.ero KOHJJ.eHcaTopa npe.11.cTaBJIReT H3BeCTHblH KOMnpo

MHcc Me>K,lly nonblTKaMH CHH>KeHHR cj>OHOBOro wyMa H HH3KO"laCTOTHblMH nepeXO,llHblMH 

xapaKTepHCTHKaMH CTa6HJIH3aTopa, U03TOMY .llOCTaTO"IHO KOppeKTHOro OTBeTa Ha sonpoc 

0 ee BeJIH"IHHe He cymecTsyeT, 3a HCKJIIO"leHHeM Toro, lfTO eMKOCTb KOHJJ.eHCaTOpa .llOJl>KHa 

Cibl CiblTb He6oJibWOH. Mo>t<HO .11.a>1<e nonblTaTbCR onpe.nenHTb ee OKOH"laTeJibHOe 3Ha"leHHe 

Ha cnyx npH npocnyWHBaHHH, TaK KaK pa3JIH"IHble rpOMKOrOBOpHTeJIH ( o6na.naiomHe pa3-

JIH"IHblMH HH3KOlfaCTOTHblMH xapaKTepHCTHKaMH .neMncj>HpOBaHHR) MOryT 3ByqaTb nyqwe 

npH pa3JIH"IHblX 3Ha"leHHRX eMKOC'fH 3TOro KOH,lleHCaTopa. 

4.6.5. KoMneHca111111 BhlXORHDTO Hll/lfKTHBHoro conporHsneHHR cra611nH1aropa 

y CTa6HJIH3aTopa TaK>Ke HMeeTCR nO.D.KJIIO"leHHblH napanJieJibHO BblXO,llHblM KJieMMaM KOH· 

JleHcaTop. KaK H3o6pa>KeHo HS pHc. 4.30, ycHJieHHe ycHJIHTeJIR paccornacoeaHHR c ysenH

tteHHeM ttaCTOTbl CHH>KaeTCR. CBR3aHo 3To c HaJIHttHeM 3cj>cj>eKTa MHnnepa H BJIHRHHR 

napa3HTHblX eMKOCTeH. no3TOMY BeJIHlfHHa K~cj>cj>HUHeHTa YCHJieHHR, .llOCTyUHOrO .MR 

CHH>KeHHR BblXO.D.Horo HMne.D.aHCa, TaK>Ke CHH>KaeTCR. EcnH senH"IHHa ( 1 + p,40 ) CHH3H· 

JiaCb, TO BblXO,llHOe KOMnJieKCHOe conpOTHBJieHHe .11.0Jl>KHO 803paCTH H 3cj>cj>eKT npOffBHTCR 

B TOM, "ITO BblXO,llHOH HMUe.D.aHC 803pacTeT c lfaCTOTOH. 11.neaJibHblH HCTOlfHHK TeseHHHa 

c nocne.11.osaTeJibHO BKJIIO"leHHOH HHJlYKTHBHOCTblO BblrJIR.lleJI 6bl cosepweHHO aHaJIOrH"I· 

HO, H TOJibKO no 3TOH npH"IHHe BblXO.ll CTa6HJIH3aTopos lfaCTO C"IHTaeTCR Ha BblCOKHX qac

TOTax, KaK HHJlYKTHBHblH. lliyHTHpylOIUHA >Ke KOHJJ.eHCaTOp o6ecne"IHBaeT HH3Koe BblXO,ll· 

Hoe KOMnJieKCHOe conpOTHBJieHHe B o6JiaCTH BblCOKHX lfaCTOT. 

4.6.6. c Ta611RHJ010p 11enH C~TOl/HOTO CMB/llBHllR c peryn11pyeMh/M 

Bb/XORHhlM HanpRJKBHltBM 

.llocTaTO"IHO lfaCTO Heo6XO,llHMO HMeTb CTa6HJIH3aTop, seJIHlfHHa HanpR>KeHHR Ha BblXO.D.e 

KOToporo MO>KeT ycTaHaBJIHBaTbCR s 38,llaHHblX npe.nenax. B npHBO.llHMOM HH>Ke npHMepe 

Ciy.neT paccMOTpeH cra6HJIH3aTop HanpR>KeHHR, npe,llHa3HalfeHHblH Jl./IR 38,llaHHR ceTOlfHO· 

ro cMememrn npRMOHaKaJibHoro naMnosoro TpHo.na THna 845. BHHMaTeJibHoe H3yqeHHe 

, aHO.llHblX xapaKrepHCTHK 3Toro rpHo.11.a, npHBO.llHMblX AMepHKaHCKoA pa.nHoKopnopauHeA 

RCA (.naTHposaHHblX npHMepHo 1933 r.) noKa3ano, "ITO 3HalfeHHe ceTO"IHOro cMemeHHR 

JlOJl>KHO COCTaBJIRTb -125 B, O,llHaKo, cospeMeHHble JiaMnbl He noJIHOCTblO COOTBeTCT· 

eyior npHBOJJ.HMblM s rexHHlfeCKOH .llOKYMeHTaUHH nepsoHalfaJibHblM xapaKTepHCTHKaM. 

Cne.nosaTeJibHO, oKa3blBaeTCR Heo6xo.nHMblM TO"IHO cornacosblsaTb 3Ha"leHHR aHO.llHblX 

TOKOB B BblXO.D.HOM KaCKa.ne, co6paHHOM no JJ.ByxTaJ<THOA cxeMe, .MR Toro, "IT06bl npeJJ.OTB· 

paTHTb HaCblW.eHHe BblXO,llHOro TpaHccj>opMaTopa 3a ClfeT npoTeKalOIUHX HeypaBHOBeweH

HblX UOCTORHHblX TOKOB, KOTOpOe Bbl3blBaeT 3Ha"IHTeJibHOe yseJIHlfeHHe HCKa>KeHHfl. npe· 

JleJibl H3MeHeHHR HanpR>t<eHHR ± 25 B OTHOCHTeJibHO 6a3osoro 3Ha"leHHR -125 B KamyrcR 

en OJI He ,llOCTaTO"IHblMH. 0.llHaKO B03HHKaeT sonpoc, KaKHM o6pa30M JJ.OJI>KeH pa6oTaTb CTa. 

6HJIH3arop HanpR>KeHHR, lfT06bl y.11.osneTBopRTb 3THM rpe6osaHHRM? 
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BecbMa y.11.06HbIM o6CTOHTenbCTBOM HBnHeTCff TO, '!TO TaK KaK CTa6HnH3aTOp HanpH>Ke

HHff nHTaeT 'laCTb cxeMbI ycHnHTenbHOfO KaCKMa, B KOTOpoA nepeMeHHOe HanpH>KeHHe 
cHrnana o'leHb aenHKO (annoTb.ll.O HanpH>KeHHA 90 B cpe.u.HeKsa.u.paTH'lecKoro 3Hal!eHHH), 
K CTa6HnH3aTOpy Moryr He npe}l.bffBJiffTbCff Ol!eHb >KeCTKHe Tpe6oBaHHff no ypoBHIO wy· 
MOB, no3TOMY nonynpOBO}l.HHKOBbJe CTa6HJIHTp0Hbl ffBJIHIOTCff HennoXHMH KaH}l.H}l.aTaMH 
~a HCnOnb30B8HHe B 3TOM Kal!eCTBe (pHC. 4.31 ). 

121V 4xBYD33J 

-Jiii 

-180V 

10u 
100V 

4u7 
250V 

MPSA92 

PHc. 4.31 Cma6UJtuaamop c peeyAupyeMblM BbtXOOftbtM 1tanpR:J1Ce1tueM, 
npeo1taa1taLte1tHbtU OAR numa1tuR Lfenett cM.etJ.{eHuRAaM.n 

-125V 

CTa6HJIHTpOHbI, paccl!HTaHHbie Ha 6onee BbICOKHe pa60l!He HanpH>KeHHff, noJBOJIHIOT 
.u.o6HTbCff B cxeMe nyqweA CTa6HnH3aU.HH HanpH>KeHHff, O}l.HaKO no-npe>KHeMy OCTaeTCff 
B CHne Tpe6oBaHHe coxpaHffTb Me.>KJJY KOJIJieKTOpOM H 3MHTTepoM ynpaBnfflOW.ero TpaH3H
CTopa npHeMJieMbie ypoBHH HanpH>KeHHA. Ha npaKTHKe, Bb16op cTa6HnHTpoHa, paccl!H
TaHHoro Ha HanpH>KeHHe, paBHOe npHMepHO nonOBHHe MaKCHMaJibHOro 3Hal!eHHff BblXO}l.
HOfO HanpH>KeHHff, C'IHTaeTCH BnonHe pa3yMHblM, K TOMY >Ke, CTa6HnHTp0Hbl Ha pa6o'lee 
HanpH>KeHHe 75 B HMelOT .u.ocTaTol!Hoe wHpoKoe pacnpocTpaHeHHe. 

CTa6HnHTpoH noMep>KHaaeT HanpH>KeHHe - 75 B Ha ::>MHrrepe TpaHJHCTopa, omHpalO
w.ee HanpH>KeHHe 6a3a-::>MHTiep paaHo 0,7 B, cne.u.oaaTenbHO, Ha 6a3e TpaH3HCTopa 6y.u.eT 
cpHKCHpoaaHHoe 3Ha'leHHe HanpH>KeHHff - 75, 7 B. TaK KaK 6a3a TpaH3HCTopa no.u.KnIO'leHa K 

.ll.BH>KKY pe3HCTopa .u.enHTeJiff HanpH>KeHHff, TO HanpH>KeHHe Ha }l.BH>KKe noTeHU.HOMeTpa xaK
>Ke 6y.u.eT paaHo -75,5 B. CT pH ::>TOM, BHe JaBHCHMOCTH OT Toro, KaKoe 3Ha'leHHe BbIXO.D.Horo 
HanpH>KeHHff ycTaHOBJieHo. Mo>KHO Tenepb paccl!HTaTb 3Hal!eHHff Heo6xo.u.HMoro ocna6ne
HHH .u.enHTeJiff HanpH>KeHHff )l,/lff .D.Byx KpaAHHX cnyqaea HCCTOJlb30BaHHff cxeMbI: 
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( Ta6HnH30TOpb1 

OyreM Bb16opa no.n.xo.Z1.snu.ero 3Hall'eHHH nepeMeHHoro pe3HcTopa, ycTaHosneHHoro 

B cepeJlHHe u.enH neJJHTeJJSI Hanpsi>KeHHSI, MO>KHO nanee paCC'IHTaTb sepXHHH H HH>KHHH 

3JJeMeHTbI cxeMbI JJ.eJJHTeJJsi Hanpsi>KeHHH. HH3Koe 3Hal!eHHe conpoTHBJJeHHH nepeMeHHO

ro pe3HCTopa Bb13BaJJo 6bl npoTeKaHHe 60JJbllIHX no BeJJH'IHHe TOKOB B u.enH neJJHTeJJSI Ha

npsi>KeHHSI, TOr,ll.a KaK CJJHllIKOM 60JJbllIHe '3Hal!eHHSI conpOTHBJJeHHSI npHBO,ll.HJJO 6bI K no

rpellIHOCTSIM, Bbl3BaHHblX CJJHllIKOM MaJJblMH TOKaMH, npoTeKalOil.J,HMH B 6a3y TpaH3HCTOpa. 

06bll!HblH HH>KeHepHbIH no.u.xon3aKJJIO'laeTCSI B TOM, 'IT06bI B u.enH neJJHTeJJSI HanpH>KeHHSI 

npoTeKaJJ TOK, npHMepHO JI.eCHTHKpaTHO npeBbillJaIOil.J,HH O>KH,ll.aeMblH TOK 6a3bl. 003TOMY 

aHal!eHHe conpoTHBJJeHHH 50 KOM JlJIH nepeMeHHoro pe3HCTopa npeJJ.CTasnsieT JlJIH pac

CMaTpHsaeMoro npHMepa Jl.OCTaTO'IHO pa3yMHYIO seJJH'IHHy. 

Kor,ll.a JI.BH>KOK nepeMeHHoro pe3HCTopa ycTaHasnHsaeTcsi s nono>KeHHe, 06ecnel!HBa-

10lll.ee MaKCHMaJJbHOe 3Hal!eHHe Hanpsi>KeHHSI Ha BbIXO,ll.e CTa6HJJH3aTOpa, TO OH 6yJI.eT 

Henocpe.ACTBeHHO nO.ll.KJIID'leH K 3a3eMJ1S110lll.eMy pe3HCTopy ( o6o3Hal!eH Ha cxeMe qepe3 

«X» ), JlJJSI MHHHMaJlbHOro 3Hal!eHHSI BblXO.ll.HOfO HanpH>KeHHSI .ll.BH>KOKJI.OJJ>KeH 6yJI.eT C.ll.BHHyr 

JJ.O OTKa3a s npoTHsonono>KeHHOM HanpasneHHH. HcnoJJb3YH cTaHJJ.apTHoe ypasHeHHe JVJH 

u.enH JI.eJJHTensi Hanpsi>KeHHH H 3Hal!eHHe Hanpsi>KeHHH -150 B, MO>KHO onpeJI.eJJHTb, '!To: 

x+y+ 50 =l,9815. 
x 

AHaJJOrH'IHO JVJH Hanpsi>KeHHH ( -100 B) nonyqHM: 

x+ y+ 50 1,323. 
x+50 

Oonyl!eHa CHCTeMa H3 JI.Byx ypaBHeHHH )lJISI JlByx'HeH3BeCTHblX, pellieHHe KOTOpOH MO· 

>KeT 6bITb ocymecTBJJeiiO pa3JJH'IHb!MH cnoco6aMH JVJH onpeJI.eJJeHHH 3Hal!eHHH «X» H «y», 
.LJ..nsi KOHKpeTHOro paccMaTpHsaeMoro cnyqasi pellieHHe nonyqaeTcH Ol!eHb yJJ.o6HbIM, ecnH 

JJ.JJH «x» 3aJJ.aTb 3Ha'leHHe 100 KOM, TOrJI.a 3Hal!eHHe «y» 6yJI.eT pasHo 47 KOM. OpH 3TOM 

«X» - 3TO sepxHHH pe3HCTOp ,ll.eJJHTeJJSI Hanpsi>KeHHSI, a «y» - HH>KHHH. 

4.6.7. c T06HllHJOTOP HanpRJK8HHJI HO HHTerpanbHoH MHKpoaeMe 317 cepHH 

Xorn cxeMa CTa6HJJH3aTOpa HanpH>KeHHSI, B KOTOpOH HCnOJJb3YlOTCSI ,ll.Ba TpaH3HCTOpa, 

npeJJ.CTaBJJSleTCSI H,ll.eaJJbHOH JVJSI ee npHMeHeHHSI B u.ensix ceTO'IHOro CMelll.eHHSI, TaK K8K 

oHa cnoco6Ha o6ecnel!HTb BbICOKHH nepenaJI. s 3Hal!eHHHX perynHpyeMoro Hanpsi>1<eHHS1, 

B pSIJl.e CJJyqaes 6bIBaeT He06XO,ll.HMO HMeTb 6onee Bb!COKHe 3H8l!eHHSI TOKOB npH MeHbllieM 

JJ.Hana3oHe perynHposaHHH Hanpsi>KeHJrn, '!TO Ha~aJI.bIBaeT onpeJJ.eJJeHHbie orpaHH'leHHH 

Ha B03MO>KHOCTb npHMeHeHHSI paCCMOTpeHHOH cxeMbl. 

Ha npaKTHKe scer,ll.a o'leHh >KeJiaTeJibHO C03.ll.aTb no.n.xoJJ.HUJ.YID cxeMy crn6HJJH3aTOpa 

Hanpsi>1<e~HSI, HCnOJib3YSI JVJSI 3Toro He6~JibllIOe KOJJH'leCTBO OTHOCHTeJibHO He,ll.oporHX 

KOMnoHeHTOBt BKJJIO'laSI onepaUHOHHblH ycHJIHTeJib, HCTO'IHHK onopHoro Hanpsi~eHHSI, 
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HeCKOnbKO pe3HCTOpOB, KOH)l,eHCaTOpOB H TpaH3HCTOpOB. EcnH OlleHb TUJ.aTeJibHO nO)l.0-

6paTb 3neMeHTbl H He MeHee Tll.laTeJibHO co6paTb HX B e)l,HHYJO cxeMy, TO nonyqeHHbIH pe-

3YJibTaT 6y)l.eT Mano OTJIHllaTbCSI OT roTOsoro CTa6HJIH3aTopa HanpmKeHHSI, BbinOJIHeHHOrO 

Ha HHTerpaJibHOH MHKpocxeMe, npaB)l,a H 6y)l.eT npH 3TOM CTOHTb npHMepHO B TPH pa3a 

6onbrne, He>KeJIH TaKosaSI MHKpocxeMa. CTo3TOMY He cne.nyeT npeHe6peraTb B03MO>KHOC

Tbl0 npHMeHSITb B KalleCTBe CTa6HJIH3aTOpa HanpSI>KeHHSI HHTerpaJibHble MHKpocxeMbl, TaM 

r)l.e 3TO uenecoo6pa3HO. 

HanpHMep, HHTerpanbHaSI MHKpocxeMa 317 cepHH SIBJISieTcSI cTaH)l.apTHbIM npH6opoM, 

KOTOpblH Bb1nyc1<aeTCSI npaKTHlleCKH BCeMH npoH3BO)l.HTeJISIMH HHTerpaJibHblX MHKpocxeM 

[8]. KoMnaHHSI Linear Technology [9] BbmycKaeT ycoseprneHCTsosaHHYJO sepcHJO 317 HH

TerpanbHOH MHKpocxeMbI, KOTOpaSI H3BeCTHa KaK LT3 l 7' e)l,HHCTBeHHOe OTJIHllHe KOTOpOH 

3aKJIJOllaeTCSI B TOM, llTO rapaHTHpOBaHHblH )l.OnycK Ha BeJIHllHHY onopHoro HanpSI>KeHHSI 

JI.IJSI Hee 3MaH 6onee >KeCTKHM. KoMMepqecKHH sap~aHT cxeMbI no3BOJISieT, TaKHM o6pa-

30M, ycTaHaBJIHBaTb BblXO)l.HOe HanpSI>KeHHe, HCnOJib3YSI nocTOSIHHble pe3HCTOpb1 B3aMeH 

nepeMeHHblX, llTO n03BOJISleT 3KOHOMHTb He TOJibKO He60JiblllYJO cyMMy, TaK KaK nepeMeH

Hble pe3HCTOpbl He TOJibKO CTOSIT HeCKOJlbKO 60JibWe, HO OHH TaK>Ke )l,OJI>KHbl HacTpaHB8Tb

CSI B cxeMe (llTO TO>Ke CTOHT )l,OnOJIHHTeJibHblX 3aTpaT no speMeHH). TaK KaK B n106HTeJib

CKOH npaKTHKe 3TOT apryMeHT HeJib3SI npH3HaTb B KalleCTBe onpe)l.eJISIJOUJ.ero, TO MO>KHO 

BnOJIHe OCT8HOBHTbCSI Ha sapHaHTe CT8H)l.apTHOH 31 7 MHKpocxeMbl. / 

HHTerpaJibHaSI MHKpocxeMa 317 cepHH BKJIJOllaeT see OCHOBHble 3JieMeHTbl, o6pa3yl0-

UJ.He nocJie)l,OBaTeJibHblH CTa6HnH3aTOp, H npe)l.CT8BJISieT e)l,HHbiH Kopnyc c TpeMSI BbIBO)l.8-

MH, K K9TOpblM Heo6XO)l,HMO TOJibKO no)l,KJIIOllHTb BHelllHHH )l,eJIHTenb HanpSI>KeHHSI, llT06bl 

nonyqHTb 3aKOHlleHHYIO cxeMy Tpe6yeMOf0 CTa6HJIH3aTOpa ( pHC. 4.32 ). 

In 
317 

Out 
+6.3V 

AdJ. 
150R 

600R 

ov 
PHc. 4.32 flpuHtfunuOJtbHaR. cxe.Ma cma6wiuaamopa Ha unmezpaJtbHoii. 

MUKpocxe.Me 3 I 7 cepuu 

B 3TOH MHKpocxeMe O)l,HH Bb!BO)l, HCTOllHHKa onopHoro HanpSI>KeHHSI nO)l,KJIIOlleH K Bbl

so.ny BbIXO.ll., TOr)l,a KaK .ll.pyroii no)l.KJIJOlleH K sxo.ny ycHJIHTeJISI paccornacosaHHSI. BTOpol1 

BXO.ll. ycHJIHTenSI paccornacosaHHH coe)l.HHeH c BblBO.ll.OM HacTpoiiKa MHKpocxeMbl. TaKHM 

o6pa30M, CTa6HJIH38TOp HanpSI>KeHHSI 317 cepHH CTpeMHTCSI no.n.nep>KHBaTb HanpSI>KeHHe, 

pasHoe co6cTBeHHOMY onopHoMy HanpSI>KeHHIO ( 1,25 B ) 1 Me>K.ny BbIBO.ll.aMH Bwxo)l. H Ha

cTpoAKa. Bee, llTO Heo6xo)l.HMO C)l.enaTb, TaK 3To 38.ll.BTb napaMeTpbI )l.enHTene HanpSI>KeHHSI 
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raKHM o6paaoM, 11T06b1 HanpH>KeHHe Ha oTBeTs.neHHH cocrns.nH.no ( V0111 - 1,25 B ), a MHK

pocxeMa - crn6H.nH3aTOp c.ne.naeT see ocTa.nbHOe. 

B TeXHH'leCKOH .u.oeyMeHTaU.HH .!J.Jlff HHTerpa.nbHOH MHKpocxeMbI 317 cepHH MO>KHO 6y

JleT nO'ITH HasepHHKa o6Hapy>KHTb, 'ITO se.nH'IHHa sepxHero pe3HCTopa peKOMeHJIYeTCff 

240 OM. OpH'IHHa 3Toro aaK.nIO'laeTcH s TOM, cTa6H.nH3aTOp HanpH>KeHHH 317 cepHH .u.o.n
>KeH (.!J.JJH Toro, 'IT06bI cTa6H.nH3aU.HH ocyw.ecTB.nH.nacb Ha.u.emHo) nponycKaTb TOK He Me

Hee 5 MA. Ec.nH .u.e.nHTe.nb HanpH>KeHHH nponycKaeT TOK 5 MA, TO 3To rapaHTHpyeT, 'ITO 

npH6op 6y.u.eT B COCTOHHHH CTa6H.nH3HposaTb HanpH>KeHHe .u.ame B C.nY'lae OTCYTCTBHff 

etteurneR HarpyaKH. 

CTa6H.nH3aTOp HanpH>KeHHH 317 cepHH no}l.Jlep>KHsaeT TOK cMew.eHHH se.nH'IHHOH 

npHMepHo 50 MKA, npoTeKaIOW.HH OT Bbiso.u.a HacTpol1Ka K npoTHsono.nmKHOH WHHe, Ko

ropb!H, c.ne.u.osaTe.nbHO, npoTeKaeT BHH3 '1epea HH>KHee n.ne'lo.u.e.nHTe.nH ttanpH>KeHHH. KaK 

npasH.no, o6b!'IHO 3THM 3Ha'leHHeM MO>KHO npeHe6pe'lb, O}l.HaKO, npH npoeKTHpoBaHHH 

cxeMbl BblCOKOBO.nbTHOro CTa6H.nH3aTOpa H BbI6ope TOKa, npoTeKalOw,ero '1epe3 HH>KHee 

n.ne'IO .u.e.nHTe.nff, 3TO 3Ha'leHHe TOKa }l.0.n>KHO 6b!Tb npHHHTO BO BHHMaHHe. 

B TeXHH'leCKHx .u.aHHblX npoH3BO.!J.HTe.nel1 o6bI'IHO npHBO.U.HTCH cxeMa cTa6H.nHaaTOpa, 

B KOTOpOH BblBO.ll. HacTpOHKa aauiyHTHposaH Ha 3eM.nlO 3.neKTpo.nHTH'leCKHM KOH}l.eHCaTO

poM c eMKOCTblO 10 MK<I>, KOTOpb!H 3Ha'IHTe.nbHO CHH>KaeT se.nH'IHHY ny.nbCaU.HH c ypoBHff 

60 .u.5 .ll.0 3Ha'leHHff 80 .u.5 Ha 'laCTOTe 100 ru.. TaKOH npHeM no CBOeMY .u.eHCTBHIO cosep

weHHO aHa.norH'leH BBe}l.eHHIO B CXeMY ycKOpHIOW,ero KOH}l.eHcaTOpa, KOTOpbIH npHMeHH.nCH 

e JlBYXTpaH3HCTOpHOM crn6H.nHaaTOpe HanpH>KeHHH. O.u.ttaKo, TaK KaK onopHoe HanpH>Ke

HHe «npHBH3aHO» K BblXO}l.HOMY HanpH>KeHHIO V:,,.,. a He K noTeHU.Ha.ny 3eM.nH, ,TO B 3TOM 

CJIY'lae «ycKOpHIOlll,HH KOH}l.eHCaTOp» npHCOe}l.HHeH K 3eM.nHHOH WHHe, a He K TO'IKe c Bbl

XO}l.HblM HanpH>KeHHeM Voul' 

B cH.ny 3Toro o6cTOHTe.nbcTsa MO>KHO Hcno.nb3osaTb MeTO.u., HcnonbaosaswHHCH pa

ttee, }l.Jlff nposepKH TOro, ffB.nffeTCff .nH HCnO.nb3yeMoe 3Ha'leHHe eMKOCTH KOH}l.eHCaTOpa 

OnTHMa.nbHbIM. Bb1so.u. HacTpoAKa npe.u.cTas.nHeT co6oR sxo.u. onepaU.HOHHoro ycH.nHTe.nH, 

CJie}l.OBaTe.nbHO, ero MO>KHO paccMaTpHBaTb, KaK HMelOW,HH 6eCKOHe'IHO BbICOKOe conpo

THB.neHHe, 'ITO noasom1eT y'IHTbIBaTb TO.nbKO 3Ha'leHHH conpoTHB.neHHH BHeWHHX peaHcTo

pos. Ec.nH me.naTe.nbHO Hcno.nhaosaTb sepxHHH peaHcTop c conpoTHs.neHHeM 240 OM, TO 

JlJIH no}l.Jlep>KaHHH BblXO.D.Horo HaripH>KeHHH 22 B tteo6xo.u.HMoe conpoTHB.nettHe HH>KHero 

peaHcropa cocrns.nHeT 3,9 KOM. OpH 3THX 3Ha'leHHHx onTHMa.nbHOe atta'leHHe eMKOCTH 

COCTaBHT 7 MK<I>, 'ITO n03BO.nffeT C'IHTaTb BbI6op 3.neKTpo.nliTH'leCKOro KOH}l.eHCaTopa, 

HMelOw,ero eMKOCTb 10 MK<I>, no.nttOCTblO onpas.u.aHHbIM, xoTH c.neJIYeT aaMeTHTb, 'ITO as

rop CKopee BCero npe.u.no'le.n 6b! KOH}l.eHcaTOp, HMelOW,HH eMKOCTb 6,6 MK<I>, ec.nH 6bl OH 

HMe.n B aanace XOTH 6bl O.!J.HH TaKOH. 

To'IHO TaK >Ke, KaK H B c.nY'lae .D.ByxTpattaHcTOpttoro cTa6H.nHaaTOpa ttanpH>KeHHH, xa

paKTep BblXO.ll.HOrO conpOTHB.neHHff CTa6H.nH3aTOpa 317 cepHH ffB.nffeTCff HHJIYKTHBHblM. 

3aBHCHMOCTH BbIXO}l.HOro KOMn.neKCHOrO conpOTHB.neHHH, npHBO.ll.HMble npOH3BO}l.HTe.nH

MH, }l.alOT OCHOBaHHe npe.u.no.no>KHTb, 'ITO Bb!XO}l.HOH HMne,11.aHC MO>KeT 6b!Tb npe.u.cTas.neH 

B BH}l.e 3KBHBa.neHTHOH HHJIYKTHBHOCTH nopff.ll.Ka 2,2 MKfH H noc.ne.u.osaTe.nbHO BK.nlO'leH

HOro peaHCTHBHoro conpoTHs.neHHH, pasHoro 2,7 MKOM. Oo3TOMY npoH3BO.ll.HTe.nH peKo

MeHJIYIOT HCnO.nb30BaTb B Ka'leCTBe WYHTHpy10w,ero BHeWHHH TaHTa.nOBbIH .ll.HCKOBblH 
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KOHJJ.eHCaTOp, HMeJOW.HH eMKOCTb I MK<l>, KOTOpbIH H306pa)l{eH Ha 3KBHBaJieHTHOH cxeMe 

(pHC. 4.33). 

2.7u 

I- -1 
I -r- I 
I : I 317 liJ 

2.2u 

PHc. 4.33. 3Kouea.1te1tmnaR cxe.Ma Teaenuna no nepeMennou cocmaBARJOUfetl 
OAR cma6UAuaamopa cept,tu 3 I 7 c tuynmupy10UfUM KonoencamopoM 
e.MKocmbJO I MKc/J 

EcnH npHHffTb, 11To TaHTanosb1if JJ.HCKOBbIH KOHJJ.eHcaTOp HMeeT HJJ.eaJibHbie xapaKTepH

CTHKH (!),TO MO)l{HO C'IJ.ITaTb, 'ITO B HaJIH'IHH HMeeTCff KOJie6aTeJlbHblH KOHTYP CJJ.OKpHTH

'leCKHM 3aryxaHHeM, Jl.JISI KOTOporo JJ.06poTHOCTb Q onpeJJ.eJiffeTCff CJIWJOW.HM o6pa30M: 

Q=..!_ fl= I . 2,2xl0~; =550000. 
RVC 2,7xl0-b lxlO-b 

CTapa3HTHOe conpOTHBJieHHe 6yJJ.eT 3Ha'!HTeJibHO CHHmaTbJJ.06pOTHOCTb Q, HO He CMO

meT yMeHbllJHTb ee JJ.O 3Ha'leHHff Q = 05, KOTopoe MOrJIO 6bl 6b1Tb KpHTH'leCKHM JI.Jiff 3ary
xaHHff. 3TO He 6yJJ.eT HMeTb 60JibWOro 3Ha'leHHff, TaK KaK u.enb He CMO)l{eT B036y)KJl.aTbCff 

co CTOpOHbl BblXOJJ.a (JI.Jiff JIJ06oro CHrHaJia BHewHero B03JJ.eHCTBHff KOHJJ.eHCaTOp 6yJJ.eT 

npeJJ.cTasnsiTb KopoTK03aMKHY'fYJO u.enb). ECJIH me npHHffTb, 'ITO KOHJJ.eHcaTOp sosce He 

ffBJlffeTCff HJJ.eanbHbIM, TO, K HecqaCTblO, npHJJ.eTCff npH3HaTb, 'ITO B036y)KJl.eHHe KOJie6aHHH 

H3-3a pe30HaHCa B KOH-rype sce-TaKH B03MOmHO, H cxeMa MOmeT OKa3aTbCff HeycTOi%'1H

BOH. CTpHMeHHB npeJJ.blJIYUJ.ee cooTHoweHHe, MOmHo onpeJJ.eJIHTb, 'ITO conpoTHsneHHe se

nH'IHHOH 3 OM KpHTH'leCKH JJ.eMnqmpyeT pe3oHaHc, no3TOMY npoH3BOJJ.HTeJIH peKoMeH

JIYIOT nocneJJ.OBaTeJibHO c Jl.HCKOBblM TaHTaJIOBbIM KOHJJ.eHCaTOpOM BKJllO'!aTb pe3HCTOp 

c conpoTHs.neHHeM 2, 7 OM. 

4.6.8. Hcro'IHHKH nHTOHHR HH3Koro HanpRJKeHHR 11 CHHc/Ja3HhlH wyM 

K.naccH'!ecKaff cxeMa npebycH.nHTeJibHoro KaCKaJJ.a npe.uycMaTpHsaeT HcnoJib3osaHHe Hc

TO'IHHKos nepeMeHHOfO TOKa .rviff u.eneA nOJJ.OrpesaTe.neA KaTOJJ.OB, 'ITO Bbl3bJBaeT CBff3aH

HYIO c 3THM npo6neMy cf>oHa nepeMeHHoro TOKa. B cxeMax cospeMeHHblX npe.uycHnHTe.nb

HbIX KaCKaJJ.OB HCnOJlb3YJOTCff u.enH nHTaHHff HaKa.na JiaMn Ha nOCTOffHHOM TOKe, O,llHaKO, 

s CHny BbICOKHX 3Ha'!eHHH TOKOB (JJ.OCTHraJOW.HX 3Ha'!eHHSI I - 2 A), KOTOpb1e K TOMY me 
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ot:teHb TPY.ll.HO crna.nJtTb .n.o npHeMneMoro ypoBHH naccHBHblMH MeTo.n.aMH, so scex cxeMax 

npaKTHLfeCKH 6e3orosopot:tHO Hcnonb3YIOTCH CTa6HnH38TOpbl HanpH>KeHHH, n03BOnHIO

W.He CHH3HTb yposeHb cpOHOBOfO HanpH>KeHHH .n.o ypoBHH HeCKOnbKHX l\:rnnnHBOnbT. 11c

nonb30BaHHe CTa6HnH3HpOBaHHbJX HCTOLfHHKOBJI,/IH nHTaHHH ueneii no.n.orpesaTeneii naMn 

B HaCTOHIUee speMH .n.aeT 3aMeTHOe npeHMyw.ecTBO. 

npaKTH11eCKH nto6aH nonblTKa, npe.n.npHHHTaH Ha :lT~ne npoeKTHpOBaHHH cxeM ay.n.Ho

annaparypbl, npH3BaHHaH ysenHLfHTb ee HesocnpHHMLfHBOCTb K rnyMaM, Bbl3BaHHblM HC

TOLfHHKaMH BblCOKOBOnbTHOro HanpH>KeHHH, ysenHLfHBaeT t:tyBCTBHTenbHOCTb 3THX cxeM 

K wyMaM, o6yCJIOBneHHbIM HCTOLfHHKaMH HH3KOBOnbTHOro HanpH>KeHHH, TaK KaK OHa He

H3MeHHO npHBO,ll.HT K ysenHt:tef(HIO 3HaLfeHHH conpornsneHHH rk (CM. rnasy 3). 0,ll.HaKO HC

TOLfHHKH Jl,/IH ueneii nHTaHHH no.n.orpeBaTeneii JiaMn OTnHLfalOTCH no CBOHM xapaKTepHCTH

KaM OT HCTOLfHHKOB BblCOKOBOJlbTHOro HanpH>KeHHH, a 3TO npHBO,ll.HT K 3Hat:tHTenbHOH 

Hepa36epHXe. CTynbCaUHH HanpH>KeHHH HH3KOBOnbTHOf0 HCTOLfHHKa nHT8HHH MOryT 6bITb 

onpe.n.eneHbl B BH,ll.e pa3HOCTHOfO (.n.HcpcpepeHuHanbHOro) wyMa, TaK KaK OHH npeJJ.CTaBJIH

IOT pa3HOCTb HanpSI>KeHHH Me>KJIY O,ll.HHM BbJBO,ll.OM no.n.orpesaTenH KaTO,ll.a H BTOpblM BblBO

JI.OM. DpH ycnoBHH, t:tTO pa3HOCTHbIH wyM HBJIHeTCH ot:teHb He60JiblllHM no senHLfHHe, 3Ha

LfHTenhHaH TennosaH HHepuHOHHOCTb KBTO,ll.OB c KOCBeHHblM no.n.orpeBOM nOJIHOCTblO 

HCKnlOt:taeT TaKOro po,ll.8 rnyM, B CHny t:tero pa3HOCTHblH BblCOKOLfaCTOTHblH lllYM OKa3blBa

eTCH npocTO He OTHOCSllll.HMCH K,ll.eny. 
0.n.HaKO see >Ke npe,ll.npHHHManHCb nonbJTKH HCnOnb30BaTb 3K30THLfeCKHe ( H no3TOMY 

.11.ocTaT011Ho .n.oporne) cxeMbl cTa6HnH3aTopos .ll..IIH nHTaHHH ueneii no.n.orpesaTeneii B Ha

.11.e>K.ll.e, LfTO OHH n03BOnHT nOJIYllHTb OT OKOHeLfHblX KaCK8,ll.OB 3HaLfHTenbHOe ynyqrneHHe 

Kat:tecTBa 3Byt:taHHH. ECJIH uenH no.n.orpesaTeneii naMn 6bIJIH cnpoeKTHposaHbl .lVIH nHTa

HHH HanpH>KeHHeM 6,3 B cpe.n.HeKs8,ll.paTHt:tecKoro 3Hat:teHHH nynbcHpy10w.ero nepeMeHHO

ro TOKa, TO c TPY.ll.OM MO>KHO npHHHTb npe.n.nono>KeHHe, LfTO Ha HHX MOryT OKa3aTb KaKoe

HH6y.n.b 3aMeTHOe BJIHHHH~ MHHHManbHbie KOne6aHHH CTa6HnH3HpOBaHHOf0 HCTOLfHHKa 

nHTaHHH ueneii nOJJ.OrpesaTeneii KaTO,ll.OB, .ll.JJH KOTOpblX HanpH>KeHHe nyJibCaUHH CKOpee 

scero He npeBbICHT 3Hat:teHHH 10 MB y.n.soeHHoro aMnJIHTY.ll.HOro ( nHK-nHKosoro) 3Hat:te

HHH, H KOTopoe MO>KHO paccMaTpHBaTb nOLfTH H.n.eanbHblM pe3ynbTaTOM. EcTeCTBeHHO B03-

HHKaeT sonpoc, OTKY.ll.8 6epyTCH see 06Ha.n.e>KHBa10rn.He coo6rn.eHHH 06 ynyqrneHHH Ka

llecTBa 3Byt:taHHH annaparypbl npH 3aMeHe CTa6HnH3aTopoB HanpH>KeHHH, HCnOnb3yeMblX 

B uenHx no.n.orpesaTeneii KaTo.n.os naMn? 

JlaMnbl MOfyT He 6bITb oco6eHHO 1IYBCTBHTenbHbIMH K pa3HOCTHOMY lllYM,Y, C03.n.asae

MOMY AH3KOBOJlbTHblMH HCTOLfHHKaMH nHTaHHH, 0,ll.HaKO, OHH, 6e3 BCHKHX COMHeHHH, t:tyBCT

BHTenbHbl K CHHcpa3HOMy lllYMY· c TOLfKH 3peHHH HH3KOBOJlbTHOfO HCTOLfHHKa nHTBHHH, 

npH CHHcpa3HOM lliyMe pa3HOCTb noTeHuHanoB Me>K.lJ.Y KOHUaMH no.n.orpesaTeJIH OCTaeTCH 

HeH3MeHHOH, O,ll.HaKO o6a HanpH.>KeHHH Ha KOHuax no.n.orpesaTeJIH MeHHIOTCH ssepx H BHH3 

CHHXpOHHO, H ecnH paccMaTpHBaTb no.n.orpeBaTeJib, KaK e,ll.HHblH npOBO,ll.HHK, TO ero Ha

npH>KeHHe OTHOCHTenbHO KaTo.n.a H3MeHHeTCH, npe.n.cTaBJIHH eMy, TaKHM o6pa30M, npe

KpacHyIO B03MO.>KHOCTb ,ll.JIH HaBO,ll.KH CHrHaJia wyMa B KaTO.ll.HYIO uenb naMnbI. 

CHHcpa3Hbie rnyMbI no.n.orpesl:nenH KaTo.n.a npe.n.cTaBJIHIOT npo6neMy s MaJIOMOlll.HbJX 

npHeMo-ycHJIHTenbHblX naMnax, TaK KaK lllYMOBOH TOK 3a CLfeT eMKOCTHOH CBH3H no.n.orpe

BaTenH H KaTO,ll.a non8,ll.aeT Henocpe.n.cTBeHHO Ha OKpy>KaIOW.HH ero KaTO,ll.. B cnyt:tae OT

CyTCTBHH pa3Bff3bIBaIOw.ero KOH,ll.eHCaTopa Ha KaTO,ll.e, lllYMOBOA TOK npHBO,ll.HT K B03HHK-

323 



Mcro~HHKH nHTQHHH 

Hoeemuo Ha KaTOJJ.e wy'Moeoro Hanpff)KellHff, onpeJJ.enffeMoro, npe)KJl.e ecero, eenH'IHHOH 

rk, KOTopoe 3aTeM JJ.06aenffeTcff K none3HOMY cRrnany H ycHnHeaeTCff naMnoA. B cxeMe 

KaTO)l.HOro nOBTOpHTenff eenH'IHHa rk MeH?We, ( 0)1.HaKo;ece-TaKH He paeHaff eynlO ), Tor.na 

KaK e cxeMe JJ.HcpcpepeHU.HanbHOro ycHnHTenff eenH'!HHa conpoTHBneHHff rk .nocTaTO'!HO ee

nHKa, n03TOMY CTaHOBHTCff O'leBHJl.HblM, '!TO He06XO.ll.HMO npeJJ.npHHffTb see He06XO)l.HMble 

Mepbl JI.Jiff HCKnlO'leHHff nona.naHHR B ycHnHTenh CHrHana CHHcpa3HOro wyMa c HCTO'IHHKa 

nHTaHHff noJJ.orpeeaTeneA KaToJJ.a. 

B CHny Toro, '!TO CTa6HnH3aTOpbl HanpaeneHHO npo'eKTHPYIOTCff npOTHB pa3HOCTHoro 

rnyMa, OHH, KaK npaBHno, OKa3bIBalOTCff Mano3cpcpeKTHBHblMH npOTHB CHHcpa3HOro rnyMa, 

xoTff HX ecnoMoraTenhHhie u.enH MOryT coeeprneHHO HenpeJJ.HaMepeHHO cnoco6cTBOBaTb 

cHH)KeHHIO ypoBHff CHHcpaaHoro rnyMa. O'!eHb 3cpcpeKTHBHaff q>HnbTpaU.Hff CHHcpa3Horo 

rnyMa TOnbKO ycI1nHeaeTCff 3a c'!eT Hcnonb30BaHHff BY cocTaBnfflOil.lHX cxeMbI, BKnlO'laff 

nocne.noeaTenbHhIH BY .npoccenb H rnyHTHpyt0mHe KOHJJ.eHcaTOpbI, coeJJ.HHeHHble c waccH 

(pHC. 4.34). 

PHc. 4.34 <PUAbmpal{UJl cuHljJa3Hoeo my.Mau HaKaJtbHoii l{enu 

TaK KaK Me)KJ!y KaTOJJ.OM H noJJ.orpeeaTeneM cymecTByeT eMKOCTHaff CBff3b, a eenH'IHHa 

eMKOCTHOro COnpOTHBneHHff Ch-k Ha BblCOKOH '!aCTOTe Mana, TO KaTO.ll. MO)KeT OKa3aTbCff 

oco6eHHO '!YBCTBHTeneH K B03JJ.eI1cTBHIO BY CHrHana no JJ.BYM npH'IHHaM: 
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B KacKa)l.e c HeCHMMeTpH'!HblM BbIXO)l.OM KaTO.n 6yJJ.eT (TO'!Hee, )l.On)KeH) HMeTb pa3-

Bff3KY Ha 3eMnlO c HCnOnb30BaHHeM.KOH)l.eHcaTOpa 6onbWOH eMKOCTH. 0.nHaKO KOH

)1.eHCaTOp He nO)l,KnlO'leH Henocpe)l.CTBeHHO K 3MHTHpylOil.leMy noKpblTHIO KaTO.na, 

n03TOMY HHJJ.YKTHBHOCTb nO)l.80)1.ffll.lHX npOBO)l.08 CHH)KaeT ero 3$cpeKTHBHOCTb Ha 

BbICOKHX '!aCTOTaX • .llononHHTenbHO K 3TOMY. KOH)l.eHCaTOp ( npH'!eM, HeMHHyeMO 

3neKTponHTH'!eCKHH) caM no ce6e o6na.naeT HeKOTOpOH co6cTBeHHOH HHJlYKTHBHO

CTblO H nocne.noeaTenbHbIM 3KBHBaneHTHblM pe3HCTHBHbIM conpOTHBneHHeM; 

B cxeMe JJ.HcpcpepeHu.HanbHOro ycHnHTenff KaJ'OJJ. HeOTBpaTHMO HMeeT O'!eHb BbICO

KOe conpOTHBneHHe OTHOCHTenbHO 3eMnH (3a C'leT conpOTHBneHHff aHO)l.HOH Ha

rpy3KH, a He 3a C'leT KaTO.l(HOro conpOTHBneHHff ), no3TOMY OH He MO)KeT o6pa30Bbl

BaTb COBMeCTHO c eMKOCTblO chk COOTBeTCTBYIOillHH CR q>HnbTp. B CHny 3Toro, JI.Jiff 

no)l.aeneHHff BblCOKO'!aCTOTHOH COCTaBnfflOil.leH npH pa6oTe cxeMbl npHXO)l.HTCff no

naraTbCff TOnbKO Ha, 06bl'IHO He O'!eHb xopOWHH, 6anaHC JJ.H<t><t>epeHU.HanbHOro 



( T06HnHJOTOpb1 

YCHJIHTeJISI no BblCOKOH l!aCTOTe, B CHJIY l!ero cxeMa, B KOTOpOH HCnOJlb3yeTCff JJ.HCp

cpepem~HaJlbHblH ycHJIHTeJ11>, OKa3bIBaeTCff 6onee nOJJ.Bep)l{eHHOH Bbl3BaHHblM no

JJ.OrpeBaTeJleM BY rnyMaM no cpasHeHHIO c KaCK8JJ.OM c HecHMMeTpHl!HblM BblXOJJ.OM. 

4.6.9. HcTO'IHHKH CHHt/xlJHOTO U/fMO 8 HHJKOBORbTHOM HCTO'IHHKe nHTOHHR 

TOKH CHHcpa3HOro wyMa Moryr HMeTb"eMKOCTHYIO CBff3b c HH3KOBOJlbTHblMH o6MOTKaMH CH

JIOBOro TpaHccpopMaTopa 3a Cl!eT Jll06blX COCeJJ.HHX o6MOTOK, npHl!eM B CaMOM xyJJ.WeM 

cnyl!ae 3TO MO>KeT npoHCXOJJ.HTb 3a Cl!eT BblCOKOBOJlbTHblX o6MOTOK. HecMOTPff Ha TO, l!TO 

B 60JlbWHHCTBe CJIYl!aes HCnOJlb3yeTCff 3JleKTpocTaTHl!eCKHH 3KpaH Me>KJIY nepBHl!HOH ce

reBOH 06MOTKOH TpaHccpopMaTopa H 6nH>Kaiiweii BTOpHl!HOH o6MOTKOH, npaKTHl!eCKH He

B03MO>KHO HaHTH nOJJ.06Hble 3KpaHbl, OTJJ.eJlfflOmHH JJ.pyr OT JJ.pyra BTOpHl!Hble o6MOTKH. 

A 9TOT cpaKTop npHo6peTaeT ol!eHb 6onhwoe 3HalleHHe, TaK KaK BblCOKOBOJ1bTHb1e Bbmpff

MHTeJ1bHb1e JJ.HOJJ.bI reHepHpy10T secbMa HHTeHCHBHb1e no yposHIO BY wyMbl npH csoeM 

nepeKJ110l!eHHH, KOTOpble B CBOIO Ol!epeJJ.b nerKO HaBOJJ.ffTCff B JJ.pyrne o6MOTKH 3a Cl!eT 

Me>KBHTKOBOH H Me>K06MOTOl!HOH eMKOCTeH. B KalleCTBe npHMepa MO>KHO paCCMOTpeTb 

OJI.HY H3 sepcHA ycHJ1HTeJ1ff Bevois Valley ( 6onee noJJ.po6Ho onHcaHHOVO s rnase 5 ), s KOTo

poM s Kal!ecTBe JJ.ononHHTeJlbHoro HcnoJlb30Banocb waccH OT ycHJ1HTeJ1ff Leak Stereo 20 
(BKJ110l!a10mee, s OCHOBHOM, BbmpffMHTenbHblH 3neMeHT THna GZ34 H TpaHccpopMaTOpb1). 

OpH nepsoM >Ke Hcnonb3osaHHH 3Toro rn6pHJJ.Horo BblnpffMHTenff s HH3KosonbTHOM Hc

TOl!HHKe nHTaHHff nepeMeHHOro TOKa c Hanpff>KeHHeM 6,3 B 6blJIH HeMe.ll.JleHHO OTMel!eHbl 

BblCOKOl!aCTOTHble Bb16ppCbl 3a Cl!eT nepeKJ110l!eHHH BblnpffMHTeJlff. 

THnHl!HblH cHnosoA TpaHccpopMaTop xapaKTepH3yeTCff senHl!HHOH napa3HTHOH eMKOc

TH Me>KJIYCOCeJJ.HHMH o6MOTKaMH nopff.ll.Ka 1 Hel>, n03TOMY JI.Jiff BblCOKOBOJlbTHOro HCTOl!HH

Ka nHTaHHff HJJ.eaJlbHO IlOJJ.OW~JI 6bI OTJJ.eJlbHblH TpaHccpopMaTop. 0JJ.HaKO npo6J1eMy MO>K

HO HeCKOJlbKO CMffrl!HTb, eCJIH TaKOH sapHaHT HeB03MO>KHO ocymeCTBHTb no KaKHM-TO 

npHl!HHaM. B Kal!eCTBe nepsoro wara JI.Jiff peweHHff npo6neMbl cne.nyeT noJJ.KJ110l!HTb, Hc

noJib3Yff Ol!eHb KOpOTKHe npoBOJJ.a: He60JlbWOH KOHJJ.eHCaTop ( eMKOCTb nopff.ll.Ka 10 Hel> 

o6bll!HO OKa3blBaeTCff JJ.OCTaTOl!HOH) Me>K.ny Ka>KJJ.b!M BblBOJJ.OM HCTOl!HHKa nHTaHHff nOJJ.0-

rpesaTeneii H waccH. ,ilea KOHJJ.eHcaTopa OKa>KYTCff BKJllOl!eHHblMH napannenbHO, no3TO

My, KaK TOJlbKO B03HHKaeT CHrHaJI CHHcpa3HOro wyMa, HX cyMMapHaff eMKOCTb 20 Hel> o6-

pa3yeT JJ.eJIHTeJlb Hanpff>KeHHff COBMeCTHO c Me>KBHTKOBOH eMKOCTblO 1 Hel> (pHC. 4.35). 
TaK KaK senHl!HHa eMKOCTHoro peaKTHBHoro conpoTHBJleHHff KOHJJ.eHcaTopa o6paTHO 

nponopUHOHaJlbHa ero eMKOCTH, TO B cpopMyny JI.Jiff noTepb ( ocna6neHHff), HCnOJlb3YeMYIO 

JI.Jiff Jl.8HHOro JJ.emnenff Hanpff)l{eHHH, B l!HCJIHTene 38nHCblBaeTCff BTOpoe 3Hal!eHHe senH

'IHHbl eMKOCTH: 

vout = 1 Hel> = 0 048 = -26 B. 
V.n 20 Hel> + 1 Hel> ' JI. 

Cne.nyeT OTMeTHTb, l!TO JJ.eJ1HTeJ1b Hanpff>KeHHff, 06pa3osaHHb!H OJl.HOTHnHbIMH 3ne

MeHTaMH (pe3HCTopaMH, KOHJJ.eHCaTopaMH HJIH ijarywKaMH HHJJYKTHBHOCTH) HMeeT OJl.HHa-
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11cTO~HHKH nHTOHHH 

KOBblH JI.JUI ecero \18CTOTHOro JVl8na30Ha K03cj>cj>HUHeHT OCJia6JieHHH. no3TOMY BY WYM Ha 

ecex '18CTOTax OCJia6JIHeTCH Ha 26 .no, OJJ.HaKO, MO>KHO BCe-TaKH .no6HTbCH JIY4Wero pe-

3YJibTaTa. E~JIH 6bl OKa3aJIOCb B03¥0>KHbJM .no6aBHTb B Ka>KJJ.Oe nJie40 HCTO'IHHKa nHTaHHH 

no.norpeeaTeJieA no OJJ.HHaKOBOH HfiJJYKTHBHOCTH, TO nony4HBWHHCH B HTore LC-cj>HJibTp 

ew.e CHJibHee yeeJIH4HJI 6bl OCJia6JieHHe. TaK KaK CTOHT 3aJJ.a4a OTcj>HJibTpOBaTb CHHcj>a3-

Hble, a He pa3HOCTHble WyMbl, TO MO>KHO HaMOTaTb Ha He60JibWOM cj>eppHTOBOM cep.ne4HH

Ke .npocceJib, HMeJOW.HH 6Hcj>HJIHPHYIO 06MOTKy, npH 3TOM He CTOHT 6ecnOKOHTbCH OTHOCH

TeJibHO B03MO>KHOro HaCblW.eHHH cepJJ.e4HHl<a, TaK KaK TOKH B 6Hcj>HJIHpHO HaMOTaHHblX 

o6MOTKax o6pa3ylOT paBHble H npoTHBonono>KeHo HanpaeJieHHbte noJIH, B3aHMHO yHH4TO

>KaJOw.He .npyr .npyra, B CHJIY 4ero pe3yJibTHPYIOW.aH HaMarHH4eHHOCTb 6y.neT paeHa ffYJIIO. 

~----~ Me~yo6MoTO'IHasi 

eMKOCTb D 
c1---:J -1nF 1---r1 r1 

I I I I u LJ 
20nF chk 

PHc. 4.35 /J.eAumeAb 1-tanpaJ1Ce1-tua, o6paaoeaHHblU MeJ1CeumKoeou eMKocmb10 
u KOHOeHcamopaMu, tuy1-tmupy10Uftte ucmot.tHUK numaHUR 
noiJoepeeameAeu 

4.6.10. Hcnonb1osaH11e HHrerpanbHoi MHKpocxeMbl 317 cepHH 

8 KO'IBCTBe cra6HRH30TOpa Bb/COKOBORb THOfO HCTO'IHHKO flHTOHHJI 

TaK KaK HHTerpaJibHaH MHKpocxeMa 317 cepHH npe.nCTaBJIHeT « nJiaBalOl.l.l,HH» ( OTHOCH

TeJibHO o6w.ero npOBOJJ.a) CTa6HJIH3aTOp, TO OTCYTCTBYIOT ripH4HHbl, no KOTOpblM ero 

HeJib3SI 6blJIO 6bl HCnOJib30BaTb B Ka4eCTBe CT86HJIH3aTOpa B BblCOKOBOJlbTHOM HCT04HHKe 

c HanpH>KeHHeM 400 B. 0.nHaKO, TaK KaK nepena.n Me:>KJzy BXOJl.HblM H BblXOJl.HblM HanpH>Ke

HHHMH JI.llH HHTerpaJibHOH MHKpocxeMbl 317 cepHH MO>KeT COCTaBJIHTb He 6onee 37 B, TO 

Heo6xOJJ.HMO HcnoJib30BaTb ecnoMoraTeJibHYJO cxeMy 3aW.HTbl [ 1 O] ( pHc. 4.36 ). 
Oepe.n HHTerpaJibHOH MHKpOCXeMOH 317 cepHH B CXeMe CTOHT BblCOKOBOJibTHblH CO

CTaBHOH TpaH3HCTOp (BblCOKOBOJibTHaH napa ,LI.apJIHHITOHa}, OCHOBHaH H eJJ.HHCTBeHHaH 

3aJJ.a4a KOToporo 3aKJII04aeTCH B no.ll.ll.ep>KaHHH HeH3MeHHoro HanpH>KeHHH 6,2 B Me:>KJlY 

BXOJJ.HblMH H BblXOJl.HblMH BblBOJJ.aMH.HHTerpaJibHOH MHKpocxeMbl 317 cepHH, rapaHTHpyH, 

TaKHM o6pa30M, ee Jl.JJHTeJibHblH cpoK CJI}?K6b1. CocTaBHOH TpaH3HCTOp MO>KeT nerKo 

cnpaBJIHTbCH c H3MeHeHHHMH HanpH>KeHHH B uenH nHTaHHH, OJJ.HaKO, He CTOHT JJYMaTb, 4TO 

3Ta cxeMa o6ecne4HT 3aW.HTY OT KOpOTKOro 3aMblKaHHH, eCJIH ee HCnOJib30BaTb npH TH

nH4HblX 3Ha4eHHHX pa6o<rnx HanpH>KeHHH 3JieKTpOHHblX JJaMn. 
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C ra61m11Jaropb1 

100k 1N47336V2 

100R · t 
'---'--' '----~-c::::i-::'"~LM317H 1-0-u~-+----.----<D +Vout 

NSD134 (1.2Vto 160V 
(yCT8H8BnlllB89TCR adj. I N4001 @ 25 mA max.) 

HS P8Alll8T0p} 

1u 
630V 

PHc. 4.36 flpUHl{UnUaJlbHaR cxeMa BblCOKOBOJtbmHoeo cma6UJtuaamopa 
( npueooumca c A106eanoeo paapetuenua KOMnanuu National 
Semiconductors) 

Cny<1aAHoe 3aKopa<iHB8HHe cTa6HJIH3~Topa HanpH:>KeHHH no.no6Horo THna H3MepH

reJibHhIM wynoM OCUHJIJIOrpacj>a npHBeJIO K >K)'TKOMY x.nonKY H Bb!XO.ey H3 CTpOH nonynpo

BO,llHHKOBOro npH6opa. AsTOp Hcn1>1Tan :>To Ha co6cTBeHHOM onhlTe. 

HH>KHee nne<io .nenHTenH HanpH.lKeHHH 3arnyHTHposaHo, o.nHaKo, nocne.nosaTenhHO 

c llJYHTHPYIOIUHM KOH,ne'HcaTopoM BKJIIQ<IeH pe3HCTOp ,lVIH yny<1rneHHH nepeXO,llHbIX xapaK

repHCTHK B o6JiaCTH HH>KHHX <iaCTOT 3a c<ieT ao.noeMa HH.lf<HeH <I8CTOTbl/_311B cryneH<iaToro 

3Ksanal13epa. TaK>Ke s cxeMy 6hIJI .no6asneH ,nHo,n, HK06h1 npe.nHa3Ha<ieHHhIH pa3pH.lKaTb 

KOH,lleHCaTOp npH CJI}"laHHOM 3aKopa<iHBaHHH BbIXO,lla (xorn co6CTBeHHblH onbIT asTopa 

noKa3an, <ITO Ha ca MOM .nene :>To He cnacaeT nono.lf<eHHe ) . 

.llaHHaff HCXOAHaff cxeMa 6y,neT B ,naJibHeHllJeM npoaHaJIH3HpOB8Ha 6onee no.npo6HO, 

KOr.na 6y.neT paccMaTpHBaTbCff pac<ieT BbICOKOBOJibTHOro H HH3KOBOJibTHOro HCTO<IHHKOB 

IlHT8HHSI. 

4.6.ll RaMnOBblii cra6HRHJarop HanpRJKBHHR 
JlaMnOBble CTa6HJIH38TOpb1 HanpH>KeHHH scer.na .llOBOJibHO pe.nKo HCnOJib30BaJIHCb ,lVIff 

npaKTH<IeCKOro npHMeHeHHff, npH<IHH8 3T0f0 CTaHeT HCHOH H3 HH.lf<ecne.eyIOIUero H3JIO

>KeHHff. 

OpHse,neHHaff Ha pHC. 4.37 cxeMa O"leHb HanOMHHaeT cxeMy .nsyxrpaH3HCTOpHOro CTa-

6HJIH3aTopa HanpSl.lKeHHH H OTnH"laeTCSI TOnbKO npHMeHeHHeM :>neKTpOHHbIX naMn H 6onee 
BbICOKHX HanpH>KeHHH. OonynpOBO,llHHKOBbJH CTa6HnHTpOH 3aMeHeH B CXeMe HeOHOBblM 

ra3opa3pff.llHbIM CTa6HJIHTpOHOM; KOTOpblH 3aropaeTCH npH HanpH.lKeHHH 85 8, <ITO no.n

.n.ep.lKHBaeT HanpmKeHHe Ha KaTo.ne naMnhl EF86 nocTOHHHbIM. HanpH>KeHHe Ha ceTKe 

Jl8Milbl 38,ll8eTCff C HCnOJib30BaHHeM ,neJIHTeJIH HanpH.lKeHHH. 00CJie,llOBaTeJibHO BKJIIO"leH

HblM npoXOAffbIM 9JieMeHTOM HBJIHeTCH ,llBOHHOH TpHO.ll THna 6080 ( MaKCHM8JlbHaSI pacceH

saeM8H MOIUHOCTb Ha aHo.ne pa(max) = 13 BT), KOTOpblH cneuHanbHO pa3p868TbIB8JICH .lVIH 
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380V 

100k 
300V cra6111nbHoe 

22n 
630V 47k 

82V 

470n 
630V 

100k 

470n 
630V 

PHc. 4.37 flpUt-ttfunuaAbt-taR cxeMa AaMnoBoeo cma6UAu3amopa t-tanpR'JfCet-tua 

npHMeHemrn e nocJie,u.oeaTeJibHbIX cTa6HJIH3aTOpax H cnoco6eH nponycKaTb 3Ha"IHTeJib
Hbie TOKH npH HH3KHX 3Ha"leHHSIX aHO,ll.HblX Hanpsi>KeHHit 

B cxeMe HcnoJib3yeTcsi naMnOBbIH ebmpHMHTeJib, H e npoTHBoeec ero 011eHb cna6oii cno
co6HocTH orpaHH"IHBaTb TOKH nyJibCaUHH B Ka"leCTBe HaKOilHTeJibHOro KOH,ll.eHCaTOpa HC
nOJib3yeTCff 6yMa>KHO-QlOJibrOBblH KOH,ll.eHCaTOp c eMKOCTbIO 8 MK<I>, XOTff HCilOJib30BaHHe 
nOJIHnponHJieHOBOro KOH,ll.eHCaTOpa ( c eMKOCTbIO nopSl,ll.Ka 60 MK<I> Jl,llff .D.aHHOro KOHKpeTHO
ro THna BblnpHMHTeJIH) 6b1JIO 6bI ropa3,ll.O uenecoo6pa3Hee c TO"IKH 3peHHSI npOHCXO.ll.fflllHX 
QlH3H11ecKHX npoueccoe. B pe3yJibTaTe, HcnoJib30BaHHe ynoMHHyTOro 6yMa>KHoro KOH.D.eH
caTOpa npHBO.ll.HT K 3Ha"IHTeJibHbIM Hanpsi>KeHHSIM nyJibCHPYIOlllHX TOKOB, KOTOpbte ,ll.OJl>KHbl 
OTQlHJibTpoebIBaTbCH c HcnoJib3oeanHeM cJie.uyIOmero 3a BblnpHMHTeJieM LC-Q>HJibTpa. 

EcnH TOJibKO eeJIH"IHHa pe3HCTopoe uenH nHTaHHH uenH 9KpaHHPYIOllleH ceTKH He no
,u.o6paHa caMblM TlllaTeJibHbIM o6pa30M, pa6oTa CTa6HJIH3aTOpa MO>KeT OKa3bIBaTbCSI B He
KOTOpOH cTeneHH 3aBHCHill.eH OT HanpsimeHHH Ha 9TOH ceTKe naMnbt EF86 (e CJIYlfae ee 
nHTaHHff OT HecoeeprneHHOro HCTO"IHHKa), O,ll.HaKo, B CJIYlfae ee IlHTaHHSI OT CTa6HJIH3Hpo
BaHHOro HCTO"IHHKa nHTaHHSI (TO eCTb c BbIXO.D.a CTa6HJIH3aTOpa) 6yJI.eT cymecTBOBaTb 
onacHOCTb, "ITO cxeMa crn6HJIH3aUHH npocTO He 6y,u.eT BKJIIO"laTbCH. Ko9Q>QlHUHeHTycHne
HHH JiaMnbI EF86 paeeH npHMepHO 100, a Jl,llff o6JiaCTH "laCTOT, npeBbilllaIOmeA 100 ru. 
9TOro ycHJieHHSI OKa3blBaeTCSI JI.OCTaTO"IHblM Jl,IISI CHH>KeHHff BbIXO,ll.HOro conpOTHBJieHHSI 
naMnbt THna 6080, Jl,IIH KoTopoA 3Ha11eHHe KPYTH3Hbt gm = 7 MA/B. B cHny 9Toro eeJIH"IHHa 
conpoTHBJieHHH rk oKa3bIBaeTcsi paBHOH npHMepHo 200 OM, c YlfeToM 9Q>Q>eKTa, KOTOpbIH 
BHOCHT BHernHee conpoTHBJieHHe R , paeHoe 100 OM. Bb1xo,ll.Hoe conpoTHBJieHHe crn6HJIH-

a ' 
3aTOpa HanpH>KeHHH cocTaBHT npH 9TOM eenwmHy nopH,ll.Ka 2 OM. JlaMna EF86 HBJIHeTcH 

.u.ocTaTO"IHO ManornyMsimeli ( HanpsimeHHe rnyMa nopff.ll.K8 2 MKB ), o,u.HaKo, 9TO 3Ha11eHHe ne
peKpbteaeTCSJ I.Uy,MOM naMnb1-crn6unHTpoHa 85A2, KOTopoe cocTaensieT 60 MKB. 

fa3opa3pff.ll.Hble JiaMnbl-CTa6HJIHTpOHbl, TaKHe, HanpHMep, KaK 85A2, noJJb3YIOTCff 
.uypHOH CJiaBOH 3a npHCYill.He HM CKa"IKH HanpH>KeHHff, 9Q>Q>eKTa, Kor.u.a 9TaJIQHttOe nocTO
SIHHOe HanpSJ>KeHHe H3MeHHeTCH CKa"IKOM e npe.u.enax xapaKrepnoro 3Ha11en11si 5 MB nptt 
H3MeHeliHH eeJIH"IHiibI pa6011ero TOKa. MaKCHMaJibHaff ycTOH"IHBOCTb naMnbt .u.ocTHraercsi 

328 



( T06HnHJOTOpb1 

nyreM ee CTa6HnH3aUHH npH TOM 3HatfeHHH pa6011ero TOKa, KOTOpoe yKa38HO ee npOH380-
JlHTeneM, O,ll.HaKO 8 cny<lae, ecnH 0enH'IHHa TOKa H3MemleTCH, .n.a>Ke npH 8038paw.eHHH Kee 
HCXO.llHOMY 3Ha'leHHIO, ,!l,llH naMnbI noHa.n.o6HTCH HeKOTOpoe 8peMH ,ll.JIH 80CCTaH08neHHH 
HCXO.llHOro CTa6HnbHOro COCTOHHHH. 6onee Toro, 9TH naMnbl co 0peMeHeM «npH8b!KalOT» 
K 0enH'IHHe npoTeKaJOw.ero 11epe3 HHx TOKa, a nOTOMY He>KenaTenbHO nepecrn0nHTb 6b10-
wHe 0 ynoTpe6neHHH ra3opa3pH.ll.Hbie naMnb1-cTa6HnHTpOHbl H3 O.ll.HOA annaparypbI 0 .n.py
ryJO. 3a 9TO C80eiCTBO HHor.n.a TaKHe naMnbl Ha3bI8alOT npH6opaMH «O,ll.HOKpaTHOro HC
nonb308aHHH». K c11acTb10 0 Mara3HHax cyw.ecTByeT orpoMHb1i1·3anac naMn 85A2 cepHH 
NOS, no:>TOMY He 003HHKaeT HHKaKHX npo6neM ,ll.JIH Hcnonb300aHHH Ka>K,ll.bIH pa3 Ho0oi1 
naMnbl ,ll.JIH Ka>K,ll.oA H080H cxeMbl. 

TaK KaK Ka>K,ll.aH naMna HMeeT C80H co6cTBeHHblH ana0a10W.HA OTHOCHTenbHO 3eMnH 
KaTO,ll., He06XO.llHMbl TpH OT.n.enbHblX HCTO'IHHKa nHTaHHH no.n.orpesaTeneA KaTO,ll.08 ( ra30-
pa3pH,ll.HblH cTa6HnHTpOH 85A2 HMeeT xono,ll.HbIH KaTO.n.). JlaMna EF86 MO>KeT nHTaTbCH OT 
3a3eMneHHOro HCTO'IHHKa nHTaHHH no.n.orpe0aTeneA, O,ll.HaKo, 8 TaKOM cnyqae 803HHKalOT 
.n.ononHHTenbHbie Tpe6osaHHH Ha H3onHUHJO Me>KJIY KaTO.ll.OM H no.n.orpesaTeneM. B nac
nopTHbIX .n.aHHblX Ha naMny 6080 yKa3bIBaeTCff '!TO MaKCHManbHOe 3Ha11e1rne HanpH>KeHHH 
Me>KJIY KaTO,ll.OM H no.n.orpesaTeneM Vhk(m'xJCOCTasnHeT 300 8, n09TOMY 8 TeX c.ny'laHX, KOr
,ll.a cTa6HnH3Hpo0aHHoe HanpH>KeHHe He npe0b1waeT 3Ha11eHHH 300 B, no.n.orpe0aTe.nH Ka
To.n.a naMnbI 6080 TaK>Ke MOryT nHTaTbCH OT 3a3eMneHHoro HCTO'IHHKa nHTaHHH. npe.n.enb
Hble HanpH>KeHHOCTH nonH, 803,ll.eHCTBYJOW.ero Ha H30nHUHIO KaTo.n.-no.n.orpe0aTenb, 
CHH>Ka!OT O>KH,ll.aeMblH cpoK cny>K6bl naMnbl H y0enH'IH8a10T HanpH>KeHHH lllYM08, no:>TOMY 
OHH He MOryT 6b!Tb peKOMeH,ll.08aHbl npH ee 9KCnnyaTaUHH. 

O.n.Ha>K,ll.b1 a0TOpy Jt.Osenocb co6paTb ropa3.n.o 6onee cno>KHYJO cxeMY naMno0oro cTa6H
nM3aTopa c pa60'IHM HanpH>KeHHeM 420 B, 8 KOTOpoii HCnonb308anHCb nna0a10w.He HCTO'l
HHKH nHTaHHH ueneA no.n.orpesaTeneii, a TaK>Ke ycMnHTenb paccornaco0aHHH, nocTpoeHHbIA 
Iia .n.0yx KaCKB.ll.HO 8KnJO'leHHbIX .llH<f><f>epeHUManbHbIX ycMnHTe.nHx c Mcnonb300aHMeM naMn 
THna ECC8l. CxeMa o6na.n.ana nponopuMoHanbHO HH3KHM 8bIXO.ll.HbIM conpoTM0neHHeM, a 
H3MepHeMblH ypo8eHb wyMOB H noMex COCTa8nHn 400 MKB .ll.80HHOro aMnnHry,ll.Horo (nHK
nHK080ro) 3Ha11eHHH. HcTOl{HHK nMTaHHH 6bln orpoMeH. OH 6b1n 011eHb MaccM8HbIH H rn>Ke
nblii. OH. K TOMY >Ke ew,e oKa3ancH HecTa6HneH. Hccne.n.00aHHH Ha ocuMnnorpa<f>e, no,ll.KJIJ0-
11eHHOM c HCnonb308aHHeM eMKOC'l'HOH C8H3H no nepeMeHHOH COCTa8nHJOW.eH, noKa3anH, 
'!TO 8blXO,ll.HOe HanpH>KeHHe Me,ll.JleHHO .n.peii<f>o0ano 838.ll. H 0nepe.n. OTHOCHTenbHO 3Hal{eHHH 
420 B H3-3a H3MeHeHHH HanpH>KeHHH nMTaHHH ueneii no.n.orpesaTeneA KaTo.n.00 (.n.nH HaKana 
HCnOnb300ancH HeCTa6HnH3Hp08aHHbIA HH3K080nbTHblA HCTO'IHHK nepeMeHHOro TOKa - TO 
eCTb HaKan ocyw.ecTBnHncH Henocpe.n.cTBeHHO OT o6MOTKH cMno0oro TpaHc<f>opMaTopa ). 
CTa6MnH3aTop >Ke Ha HHTerpanbHoA MHKpocxeMe 317 cepHH (paccMoTpeHHbIH s npe.ll.bl.ll.Y
w.eM naparpa<f>e) oKa3ancH nenoKone6HMbIM, KaK cKana. 

4.6.12. flyr11 cosepmeHCTBOBOHlfl! aeMbl DDMnOBoro CTo6HJIH30TOpo HonpRJKeHHJI 

HM>Kecne.nyJOW.aH H.D.eH ynyqweHHH CTa6HnM3aTopa 6bina 3aHMCT000aHa H3 ocuMnnorpa
<f>a. B cxeMax OCUHnnorpa<f>o0 npHCYTCTByeT 6onblllOe KOnH'leCTBO HHTepeCHblX HaXO,ll.OK. 
3TO C8H3aHO co MHOrHMH npH'IHHaMH, HanpHMep c TeM, '!TO TaK .lVIH HHX Tpe6yeTCH lllHpH-
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Ha noJIOCbl nponycKaHHSI, npocTHpa!Oll.UlffCff OT nOCTOffHHOro TOKa JJ.O l!aCTOT, no KpaAHeA 

Mepe, B 20 Mru.. Jl,JIH OCU.HJIJIOrpacpos Tpe6y!OTCff BblCOKOCTa6HJibHbie H MaJIOillYMffll.l,He 

HCTOl!HHKH BblCOKOBOJlbTHOro HanpH>KeHHH, B CHJIY l!ero CTa6HJIH3aTOpbl HanpH>KeHHH no

Tpe6oBaJIH oco6o Tll.l,aTeJibHOA pa3pa60TKH H OnTHMH3aU.HH xapaKTepHCTHK npHMeHHeMblX 

cxeM [7). Oco6oe BHHMaHHe 6b1J10 yJJ.eJieHo cTa6HJJH3aU.HH Hanpsi>1<eHHA nHTaHHH noJJ.orpe

saTeneA KaTOJJ.OB, oco6eHHO 3Bll.l,HTe OT HeCTa6HJibHOCTH HanpH>KeHHH CeTesoro nHTaHHH 

c HCilOJib30BaHHeM u.eneA ynpasJieHirn, B KOTOpblX npHMeHSllOTCff HHJJ.YKTHBHbie KaTYWKH 

c HaCbill.l,eHHeM, BKJl!Ol!eHHbie nocJieJJ.OBaTeJibHO c ceTesoA o6MOTKOA HaKaJlbHOro TpaHc

cpopMaTOpa [ 11 ). 
XapaKTepHCTHKH n106oro crn6HJIH3aTOpa Hanpsi>1<eHHS1 MOryT 6bITb ynyl!weHbI 3a ClleT 

yseJIHlleHHH KO:>cpcpHu.HeHTa ycHJJeHHH Hcnonb3yeMoro s cxeMe ycHJJHTensi paccornacosa

HHSI. HaHMeHhWHM KO:>cpcpHU.HeHTOM ycHneHHff xapaKTepH3yeTCff cxeMa Ha O.llHHOl!HOM 

TpHOJJ.e, O.llHaKo, cxeMa Ha neHTOJJ.e (HJJH KaCKOJJ.e) HMeeT t;>onee BblCOKoe ycHneHHe. B cny
l!affx, KOrJJ.a Tpe6yeTCff ell.l,e 6onee BblCOKOe 3HalleHHe K09cpcpHU.HeHTa ycHJJeHHH, NlO>KeT 

HCil0Jlb30BaTbCff nocneJJ.OBaTeJlbHOe BKJl!Ol!eHHe nap bl YCHJIHTeJibHblX KacKa.l{OB ( HCil0Jlb-

30BaHHe 6onee, l!eM JJ.Byx KacKaJJ.OB ycHneHHH Heu.enecoo6pa3HO c npaKTH'leCKOA TO'-IKH 

3peHHff, TaK KaK B03HHKa!Oll.l,He B Ka>KJJ.OM H3 HHX napa3HTHbie CJJ.BHrH ct>a3bl npaKTHl!eCKH 

HeMHHyeMo nepesenH 6b1 cTa6HJIH3aTOp s pe>KHM asrnreHepaU.HH). TaK KaK s ycHJJHTene 

paccornacosaHHH ycHnHsaeTcH cHrHan nocTOHHHoro TOKa, JJ.peAcp ycHJJHTensi JJ.OJJ>KeH 

6bITb CBeJJ.eH K MRHHMYMY. Il09TOMY B Kal!eCTBe nepsoro KaCKa.n.a CTa6HJIH3aTOpa HanpH

>KeHI-IH c BbICOKHM K09cpcpHU.HeHTOM ycHJJeHHff 06H3aTeJlbHO JJ.OJl>KeH 6b!Tb .U.HcpcpepeH

U.HaJlbHbIA ycHJJHTeJJb, .u.nsi l!ero HaH6onee scero nO.llXO.ll.HT .u.soAHoA rpHOJl. Ko BTOPOMY 

KaCKaJJ.Y npeJJ.'hHBJIHIOTCH MeHee >KeCTKHe Tpe6osaHHff, H B HeM MO>KeT HCilOJlb30BaTbCH 

JJ.pyroA TpHO.llHbIA .llHcpcpepeHu.HaJJbHbIA ycHJJHTeJJb, nH6o KaCKaJJ. c HeCHMMeTpHl!HbIM BbI

XO.llOM, B KOTOpOM MOryT npHMeHHTbCH JIH60 TpHO.ll, JIH60 neHTOJJ.. 

4.6.13. flpHMeHeHlte cxeMbl c BXORHOH JKpOH1tpy10UJ8H ceTKOH 

/IRR HeirpanltJOl/Hlt c/JoHOBOfO UJfMO nepeMeHHOfO TOKO 

B Tex CJIYl!aSIX, KOrJJ.a BO BTOpOM KaCKaJJ.e HCil0Jlb3yeTCH neHTOJJ., ero 9KpaHHPYIOll.Ulff ceTKa 

g2 MO>KeT paccMaTpHBaTbCff B Kal!eCTBe HHBepTHpy!Oll.l,ero BXOJJ.a. EcnH B 9TY TO'IKY cxeMbl 

no.u.aTb onpeJJ.eJJeHHYIO 'laCTb Hecrna>KeHHOro ( Heo6pa6oTaHHOro) BbICOKOBOJlhTHOrO 

nyJJbCHPY!Oll.l,ero CHrHana, TO OH 6yJJ.eT HeATpanH30BaH B aHOJlHOA u.enH, B pe3yJJbTaTe l!ero 

6y.lleT peaJJH30BaHa cxeMa CTa6HJIH38Topa HanpSI>KeHHH, Ha BhIXOJJ.e KOTOpoA IlOJIHOCTblO 

OTCYTCTByeT cpOHOBblA IDyM. 0JJ.H8KO Ha npaKTHKe peaJJH3aU.Hff TaKoro no.l{XOJJ.a HMeeT CBOH 

co6cTBeHHble IlO.U.BOJlHbie KaMHH: 
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• JJ.Tlff HOpMaJibHOro pe>KHMa pa60Tbl neHTO.U.a Ha ero 9KpaHHpy!Oll.l,eA ceTKe .U.OJl>KHO 

6bITb 3aJJ.aHo cooTBeTCTBYIOll.l,ee nocTOHHHOe CMell.l,eHHe. OHO o6bil!HO 6epeTcH 

c .u.enHTeJISI HanpH>KeHHSI, n_O.llKJl!Ol!eHHOro napannenbHO BblXOJJ.Y HCTOl!HHKa m!Ta

HHff ( 06ff3aTeJlbHOe Tpe6osaHHe, l!T06hI HCTO'-IHHK nHTaHHff 6b!JI 6e3 wyMa ). 3aTeM, 

npH noMOll.l,H pe3HCTopa c BbICOKHM 3Hal!eHHeM conpoTHsneHHH, Ha Hee HY>KHO no

.n.asaTb Heo6pa60TaHHbIA CHrHana BblCOKOBOJlbTHOro HCTOl!HHKa, npHl!eM no.u.6op 
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3H8'1eHHH conpOTHBJieHHH Be,ll.eTCH .u.o Tex nop, noKa He 6y.u.eT Hei1Tp8JIH30B8H cf>oH 

nepeMeHHoro TOKa; 

OCHOBH8H npo6JieMa 38KJJI0'18eTCH B TOM, '!TO 3Ha'leHHe conpoTHBJieHHH .3TOro pe-

3HCTopa paCC'IHT8Tb npaKTH'ieCKH HeB03MO>KHO, TaK KBK COBepweHHO HeH3BeCTH8 

BeJIH'IHH8 CT8TH'leCKOro YCHJieHHH no ceTKe BTOpOH Jlig2 _a). n09TOMY BeJIH'IHHY CO

npOTHBJieHHH npHXO,ll.HTCH no.u.6Hp8Tb 9KCnepHMeHT8JlbHO. 3Ha'leHHe conpOTHBJie

HHH MO>KeT eapbHpoBaTbCH OT 150 KOM .u.o 1,5 MOM; 

HeCMOTpH Ha TO, '!TO npOH3BO,ll.HTeJIH naMn yKa3blB8!0T HX napaMeTpbl .U.OCT8TO'IHO 

TO'IHO, B H8CTOHW:HH MOMeHT npHXO,ll.HTCH HMeTb .u.eno c napaMeTpOM, He BXOMll.lHM 

B cne1.1,Hcf>HK81.l,HIO Jl8Mnhl. 009TOMY HeT HHK8KOH yeepeHHOCTH, '!TO JJ.JIH Jl8MTI, H3-

roTOBJieHHblX pa3JIH'IHblMH npOH3BO.U.HTeJIHMH H JJ.JIH KOTOpblX TO"IHO coena.u.a10T BCe 

napaMeTphr, yKa3aHHbie B nacnopTHhIX .u.aHHhlX, TO'IHO TaK>Ke 6ypYT coena.u.aTb H 

napaMeTpbl, KOTOpble He BXOMT Bee cneu.Hcf>HK8U.HIO. B K8'ieCTBe npHMepa B03HH

K8!0lUeH npo6JieMbl MO>KHO npHBeCTH naMnOBblH cf>ornnpHeMHHK U.eernoro H306-

pa>KeHHH EMI2001, B KoTopoM TOK :ineKTpOHHoro JIYL!a ynpaenHncH :>KpaHHpy10mei1 

ceTKoii g 2• Kor.n.a 6h1J1a aaKa3aHa HOBaH JlaMna (ecero-Haecero KaKHX-TO 1500 cf>yH

TOB CTepJIHHfOB, no Kypcy 1986 r. ), OK838JIOCb He06XO,ll.HMblM npoeeCTH .u.onOJIHH

TeJibHble HCCJle,ll.OB8HHH c u.enh!O TO'IHO BOCCT8HOBHTb He06XO.U.HMblH pe»<HM pa6o

Tbl yKaaaHHOH JiaMnhr B .u.aHHOM cf>oTonpHeMHHKe. AHaJIOrH'IHO :>ToMy KoMnaHHH 

Tektronix npo.u.aeT orpaHH'leHHYIO HOMeHKJiarypy cne1.1,HaJihHh1x :ineKTpOHHhIX naMn 

He TIOTOMy, '!TO HX xapaKTepHCTHKH nyqwe no cpaBHeHHIO c JiaMnaMH .u.pyrnx npOH3-

BO,ll.HTeJieH, a TOJlbKO 38TeM, 'IT06bl rapaHTHpOB8Tb HX 6eaynpe'IHYIO pa6ory B co

CTaBe CBOHX co6cTBeHHblX cxeM; 

p83JIH'IHH B xapaKTepHCTHK8X JiaMn 03H8'18IOT, '!TO Hei1TpaJIH38U.HH cf>oHa nepeMeH

HOfO TOKa He OKa>KeTCH H,ll.e8JibHOH, O,ll.H8KO, OT Bcex OCT810ll.lHXCH nyJihC8U.HH MO>K

HO .U.OCT8TO'IHO npOCTO H368BHTbCH 38 C'leT KO:>cf>cf>Hu.HeHTa ycHJieHHH 38MKHyTOH 

nernH ycHJIHTeJIH paccornacoeaHHH. 

4.6.14. Cnoco6bl ysenH'leHHJI Bb/XO/IHOro roKa cra6HnH1aropa 
60JibW8H '18CTb ycHJIHTeJibHblX cxeM, KOTOpble npHMeHHIOTCH B OCU.HJIJIOrpacf>ax H ay.u.Hoan

naparype, OTHOCHTCH K KJJaccy A (no.u.po6Hee CM. fJl8BY 5), n09TOMY OHH xapaKTepH3YIOTCH 

nO'ITH HeH3MeHHOH BeJIH'IHHOH noTpe6JIHeMoro TOKa. 0.U.HOH H3 cf>YHKU.HH CT86HJIH38TOpa 

HanpH>KeHHH HBJIHeTCH no,ll,!l.ep>KaHHe TIOCTOHHHOro 3H8'!eHHH BbIXO,ll.HOfO HanpH>KeHHH 

npH H3MeHeHHHX TOKa Harpy3KH, O,ll.H8KO, ecnH TOK Harpy3KH MeHHeTCH O'ieHh He3H8'1H

TeJihHO, TO Tor.u.a 60JibW8H '18CTb 38Tp8'1HBaeMOH CT86HJIH38TOpOM 9HeprHH TpaTHTCH He

npOH3BO.U.HTeJibHO. HanpHMep, cTa6HJIH3aTop npe.u.HaaHa'leH JJ.JIH Harpy3KH c TOKOM B pa-

6o'lei1 TO'!Ke, cocTaBJIH!Oll.lHM 100 MA, o.u.HaKo, npH onpe.u.eneHHhIX o6cTOHTeJibCTBax TOK 

MO>KeT eoapacTH .u.o 150 MA, JIH6o ynacTb .u.o 50 MA. Mo>KHO pacc'!HTBTh cxeMy cTa6HJIH3a

Topa, npe,ll.H83H8'ieHHOro JJ.JISI TOKa B 150 MA, O,ll.H8KO, 9TO, CKOpee Bcero, noTpe60B8JIO 6bI 

HCTIOJib30B8Tb 6onee MOll.lHYIO npoXO.U.HYIO JiaMny. BMeCTO 9TOro MO>KHO aawyHTHpOB8Tb 

nocJie.U.OBaTeJibHO BKJIIO'leHHYIO npoXO,ll.Hy!O JiaMny CT86HJIH38TOpa pe3HCTOpOM, KOTOpblH 
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no3BOJJHT npoTeKaTb JJHlllHHM 50 MA TOKa Henocpe.ncrneHHO s Harpy3i<y. B 9TOM CJJY'lae 

npH nOJJHOH Harpy3Ke npoxo.nHaH JJaMna ,llOJl>KHa 6y.neT nponycKaTb TOK BeJJH'-IHHOH scero 

l 00 MA. 0.nHaKo, Kor.na TOK Harpy3KH 6y.neT cocTasnHTb 50 MA, TO Tpe6yeMoe 3Ha1.1eHHe 

TOKa 6y.neT o6ecnel!HBaTbCH TOJJbKO 3a Cl!eT lllYHTHPYIOUJ.ero pe3HCTOpa, HO npH 9TOM MO

>KeT B03HHKHYTb onaCHOCTb ,llJIH CTa6HJJH3aTOpa BbinaCTb H3 pe>KHMa CTa6HJJH3aU.HH. flo-

9TOMy, nocne.nHee ycJJOBHe HaKJJa,llbIBaeT orpaHHLleHHe Ha MaKCHMaJJbHOe 3Hal!eHHe TOKa, 

KOTOpbIH MO>KeT 6bITb nponylll,eH L1epe3 llJYHTHPYIOUJ.HH pe3HCTOp. 

Bse.neHHe s cxeMy lllYHTHpyIOUJ.ero pe3HCTopa HeCKOJJbKO yseJJHLIHBaeT yposeHb 

nyJJbCaU.HH, TaK 3a ero CLleT npOHCXO,llHT BBO.ll L!aCTH Hecrna>KeHHoro BbICOKOBOJJbTHOrO 

HanpH>KeHHH B cxeMy, O,llHaKO, B CHJJyToro, LITO BbIXO,llHOe conpOTHBJJeHHe CTa6HJJH3aTo

pa uanpH»<eHHH He npesb1lllaeT, KaK npasHno, seJJHLIHHbI l OM, .neAcTBHe .nenHTeJJH Ha

npH>t<eHHH 3HaLIHTeJJbHO ocna6JJHeT .no6aBJJHeMylO l!aCTb nyJJbCaU.HH. 

B KaLiecTBe npHMepa Ha pHC. 4.38 npHBO,llHTCH cxeMa, B KOTOpOH HCnOJJb30BaHbl ,llBa 

cnoco6a MO.llH¢HK8U.HH cxeMbl CTa6HJJH3aTopa. 

0.nHaKO ,llJIH CTa6HJJH3aTopa HanpH>KeHHH xapaKTepHbl H HeKoTOpble .npyrne oco6eHHO

CTH, no3soJJH10ll.lHe ynylllllHTb ero pa60L1He xapaKTepH~THKH. 

l(aK yKa3bIBaJJOCb paHee, npHMeHeHHe HeOHOBOH ra3opa3pH,llHOH JJaMnbI B KalleCTBe , I 
HCTOLIHHKa onopHoro HanpH>KeHHH xapaKTepH3yeTCH Ol!eHb BbICOKHM yposHeM lllYMOB, O.ll-
HaKO, TaK KaK BbI6op 6blJJ OCTaHOBJJeH Ha HCnOJJb30BaHHH .llH¢¢epe1;1u.HaJJbHOro ycHJJHTe

JJH, HeOHOBaH JJaMna 6y.neT pa6oTaTb Ha BXO.ll c Bb!COKHM 3H8LleHHeM conpOTHBJJeHHH, no-

9TOMY ,llJIH CHH>KeHHH lllyMa MO>KHO BBeCTH B cxeMy <f>HJJbTp. l(OH,lleHCaTop, KOTOpblH 

npe>K,lle BKJJIOl[aJJCH napaJJJJeJJbHO HCTOLIHHKY onopHoro HanpH>KeHHH, 6bIJJ y.naneH H3 cxe

Mbl H3-3a onaCHOCTH, LITO OH Bbl30BeT reHepaU.HIO npH B036y>K,lleHHH BbI6pocaMH ( CKaLIKa

MH) HanpH>KeHHH (paHee OHH no.nasJJHJIHCb 3a Cl!eT pe3HCTOpa rk caMOH JlaMnbI). Eonee 

Toro, TOK, npoTeKalOll.lHH no HeOHOB~H naMne-cTa6HJJHTpOHy, cny»<ameA HCTOLIHHKOM 

onopHoro HanpH>KeHHH, 6bIJJ y»<e CTa6HJJH3HpOBaH .no npe.nnOLITHTeJJbHOro 3HalleHHH pa-

6ollero TOKa, B CHJJY Llero CKaLIKH OKa>KyTCH MHHHMaJJbHbIMH. 

AHO.llHbie HanpH>KeHHH naMn rnna ECC83, HCnOJJb3yeMblX s cxeMe .nH¢¢epeHu.HaJJb

Horo ycHJJHTeJJH, COCTaBJJHIOT 209 B, H, XOTH Ka3aJJOCb 6bl, l[TO BnOJJHe B03MO>KHO 6blJIO 

6b1 no.naTb 9TH HanpH»<eHHH Henocpe.ncrneHHO Ha ceTKY neHTo.na EF9 l, npH 9TOM OKa3a

JJOCb 6bl, LITO He06XO,llHMble HanpH>KeHHH Ha Karn.ne COCTaBHJJH 6bl npHMepHO 213 B. 3To 

He TOJJbKO Bbl3BaJJO 6bl npo6JJeMbl, CBH3aHHble c 60JlblllHM 3Hal!eHHeM HanpH>KeHHH Me>KJIY 

KaTO,llOM H no.norpeBaTeJJeM Vhk' HO TaK>Ke CHH3HJJO 6bl K09<f><f>HU.HeHT YCHJJeHHH 3a CLleT 

Heo6XO.llHMOCTH HMeTb BbICOKoe 3HalleHHe conpornsneHHH .llJIH pe3HCTopa Rk. tfro6bt 

yMeHbllJHTb BJIHHHHe ,llaHHOH np06JJeMbl, 3Hal!eHHe K8TO,llHOrO HanpH>KeHHff Vk 6b!JJO 

yMeHbllleHO JlO TOLIHO TaKoro >Ke 3HalleHHH, KOTopoe HCnOJJb30BaJJOCb ,llJIH nHTaHHH KaTO

.llOB naMnbI ECC83, LITO no3BOJJHJJO TaK>Ke Hcnonb3osaTb.llJIH HHX o6mHA HCTOLIHHK nHTa

HHH. Mo>KHO 6btJJo 6bl npocrn nOJlKJllOLIHTb KaTOJlHbIH pe3HCTop Ha 3eMJJIO, o.nHaKo, JleJJH

TeJib HanpH>KeHHH, BKJllOl[eHHbIH napanneJJbHO CT86HJJH3HpOBaHHOMY BbIXOJlY, MO>KeT 

ycTaHaBJJHBaTb He06XO,llHMOe 3Hal!eHHe HanpH>KeHHH H o6ecnel!HBaTb 3Hal!HTeJJbHO MeHb

llJee 3Hal!eHHe BbIXO.llHoro conpo:rnsneHHH 9KBHBaneHTHOH cxeMbI 3aMemeHHH TeseHHHa 

( 15 KOM no cpasHeHHIO c conpornsneHHeM 800 KOM ). flpHHU.HnHaJJbHaH pOJJb .naHHoro 

pe3HCTOpa 3aKJllOl[aeTCH B TOM, LITO OH CHH>KaeT o6mee YCHJJeHHe KaCKa,lla, n09TOMY Heo6-

XO,llHMO KaK MO>KHO MeHblllee 3Hal!eHHe conpoTHBJJeHHH ,llJIH Toro, LIT06bl o6ecneLIHTb 
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Mcro~HHKM nuraHMR 

MaKCHMaJJbHOe 3Ha4eHHe ycttJJeHHH c pa30MKHYTOH neTJJeH o6paTHOH CBH3H B CTa6HJJH3a

TOpe HanpH>KeHHH • 

.llJJH CBH3H aHo.na JJaMnbI ECC83 c JJaMnoli EF9 l Heo0xo.nHMO ttcnoJJb30BaTb .neJJHTeJJb 

HanpH>KeHHH, 4T06b1 CHH3HTb HanpH>KeHHe c 209 B .no 3Ha4eHHH 90 B, TaKHM o6pa30M 

npHHOCHTCH B >KepTBY npttMepHo 7 .no yettJJeHHH no nocTOHHHOMY TOK)' neTJJH c pa30MKHY

roii o6paTHOH CBH3b!O. 0,llHBKO }1.BHHaH >Keprsa 51BJIHeTC51 noJJHOCTblO onpaB}J.aHHOH, TaK 

KaK K03cpcj:>HU.HeHT ycHJJeHHH BOCCTaHaBJJHBaeTCH 6bICTpee 3a C4eT CHH>KeHHH HanpH>Ke

HHH vk ( H CHH>KeHH51 JJOKaJJbHOH o6paTHOH CBH3H) Ha JJaMne EF91 no cpaBHeHHIO c TOH 

noTepeli, KOTopaH BbI3BaHa .neJJHTeJJeM HanpH>KeHHH. B KOHU.e KOHU.OB, Bb16op seJJH4HHbI 

HanpH>KeHHH Vk 06bl4HO onpe,lleJJHeTCH BeJJH4HHOH npe,lleJJbHOrO HanpH>KeHH51 Me>Key Ka

TO}J.OM H nO,lJ.OrpeBaTeJJeM, V,,k. TeM HH MeHee, MO>KHO BOCCTaHOBHTb ycHJJeHHe no nocTO

HHHOMY TOK)', ecJJH napaJJJJeJJbHO BepxHeMy pe3HCTopy BKJJI04HTb KOH,lleHCaTop. 

Y JJaMnbI ECC83 .nttcj:>cj:>epeHu.HaJJbHOro ycttJJHTeJJH HMeeTCH BbIBO.ll, 4epe3 KOTOpbIH 3a

.naeTCH nOCTOHHHaH no BeJJH4HHe TOKOBaH Harpy3Ka. EcJJH 6bl HCnOJJb30B8JICH HCT04HHK 

nHTaHHH c CHMMeTpH4HO pacnpe)l.eJJeHHblMH WHHaMH, TO MO~HO 6b!JJO 6bl npOCTO HCnOJJb

.:lOB8Tb 0611.J.HH pe3HCTOp u.enH nHTaHHH .nmj:>cj:>epeHU.HaJJbHOro ycHJJHTeJJH, HMe!OII.J.HH 60JJb

woe 3Ha4eHHe conpOTHBJJeHHH, nO)l.KJJI04eHHblH K npoTHBOnQJJO>KeHHOMy HCT04HHK)' nH

TaHH51, 0Jl.H8KO B CJJyqae o6mero HCT04HHKa nHTaiiHH Heo6XO)l.HMO HCnOJJb30BaTb 3JJeMeHT, 

3a.na10II.J.HH nocTOHHHYIO TOKOBYIO Harpy3K)'. 

B Hrore, H3-3a CHJJbHO B03pocwero K03cpcpttu.HeHTa yettJJeHHH pa30MKHyrol1 neTJJH 06-

parnoli CB513H CTa6HJJH3aTop HanpH>KeHHH HMeeT HaMHOro MeHbWee 3Ha4eHHe BblXO)l.HOro 

conpoTHBJJeHHH no nocTOHHHOH cocTaBJJHJOII.J.eH, 4eM 3TO 6b1JJ0 paHbWe (MeHee l 0 MOM), 

n03TOMY OH ,llOJJ>KeH HMeTb COOTBeTCTBYIOII.J.e 60JJbWOe 3Ha4eHHe wyHrnpy!Omero KOH,lleH

caTopa, 4T06bI o6ecne4HTb HH3Koe 3Ha4eHHe BbIXO.llHOro HMne)l.aHca Ha BbICOKHX LJaCTOTax. 

3JJeKTpOJJHTH4eCKHH KOH,lleHcarop c HH3KHM 3Ha4eHHeM 3KBHBaJJeHTHOro nocJJe)l.OBaTeJJb

HOro conpOTHBJJeHHH, npe)l.Ha3Ha4eHHblH ,llJJ51 HcnOJJb30B8HHH B HMnyJJbCHblX HCT04HHKaX 

nHTaHHH, HBJl5leTC51 H,lleaJJbHblM sap11aHTOM. 

KaK MO>KHO BHJl.eT? H3 H3JJo>KeHHoro MaTepttaJJa, o4eHb MHoroe MO>KeT 6bITb CJl.eJJaHo 

.llJJH yJJy4weHH51 pa6ofb1 cxeMbI JJaMnosoro cTa6HJJH3aTopa HanpH>KeHHH, o.nHaKo see 3TO 

,llOCTHraeTCH 3a C4eT 3Ha4HTeJJbHOro ycJJO>KHeHHH HCXO)l.HOH cxeMbl. 

4.6.15. Ko1c/Jc/J111111eHr pe)f(eK111111 11cro'IH11Ka n11raHHJ1 np11MeH11renbHO 

K or11enbHb/M KOCKOIJOM 11 ycTOH'llfBOCTb cXeMbl 

Xorn .llJJH co3,llaHHH 3ByKosocnpott3BO.llHmel1 cttcTeMbl MO>KHO nolirn no·;"";yrn npoe1<rnposa

HHH OT,lleJJbHblX KaCKa,llOB H nocJJe.nyJOmero HX o6be)l.HHeHHH B e,llHHOe u.eJJoe, O,llHaKO ,llJJ51 

Ka>K)l.Oro KaCKa)l.a 6y.neT Heo6XO)l.HMO BblCOKOBOJJbTHOe HanpH>KeHHe, KOTOpoe 6b!JJO 6bl pa-

3YMHblM 6paTb OT e,llHHOro ,llJJ51 Bcex KaCKa,llOB HCT04HHKa nHTaHHH. HH O)l.HH HCT04HHK nH

TaHHH He o6JJa)l.aer Ha npaKTHKe HyneBblM BblXOJl.HblM conpoTHBJJeHHeM, xorn CeTH nHT8HH51 

nepeMeHHOro TOKa MO>KHO paccMarpHB8Tb TaKOBblMH B Ka4eCTBe Jl.OCTaT04HO xopowero 

npH6JJH>KeHHH. 
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( T06HnHJOTOpb1 

Co3,naHHe o6I.IJ.ero HCTO'IHHKa nHTaHHH c HeHyneBbIM 3Ha'leHHeM Bbixo.nHoro conpoTHBJie

HHH HMeeT KpHTH'leCKH Ba>KHOe 3Ha'leHHe, TaK KaK 3TO no.npa3yMeBaeT, 'ITO eCJIH KOHKpeTHblH 

KaCKB,n 3BYKOBocnpOH3BOMI.IJ.eH CHCTeMbl/ noTpe6JIHeT He nOCTOHHHblH no BeJIH'IHHe TOK 

(B COOTBeTCTBHe c H3MeHeHHeM 3BYKOBOro CHrHana), Ha BHYTpeHHeM conpOTHBJieHHH HC

TO'IHHKa nHTaHHH 6y.neT B03HHKaTb na.nem1e nepeMeHHoro HanpmKeHHH. Xorn 3TO HanpH

>KeHHe H 6y,neTyMeHbllleHO 3a C'leT K03cj>cf>HUHeHTa pe>KeKUHH HCTO'IHHKa nHTaHHH HH,nHBH

.cyaJibHOro KaCKa,na (CM. rnasy 2), 3TO HanpH>KeHHe scer.n.a 6y.neT npHCYTCTBOBaTb Ha sxo.ne 

Ka>K,noro H3 scex OCTaJibHblX KaCKB,nOB, a B cnyqae, eCJIH K03cf>cf>Hl.lHeHT ycHJieHHH Me>K,Dy 

KaCKB,naMH HMeeT 3Ha'IHTeJibHYIO BeJIH'IHHY ( KaK 3TO, HanpHMep, Ha6nt0.naeTCH ,nJIH KaCKa

.na qacTOTHOH KoppeKl.lHH RIM) noKa K03cj>cf>HUHeHT pe>KeKUHH HCTO'IHHi<a nHiaHHH Man, To 

3aTeM K03cf>cf>Hl.lHeHTYCH.lleHHH neTJIH, 3aMKHYTOH qepe3 HCTO'IHHK nHTaHHH, MO>KeT B03pa

CTH .no 3Ha'leHHH, npeBbJ!llalOI.IJ.ero e,nHHHuy, 'ITO npHBe,neT K pe>KHMy caMOB036y>1<,neHHH 

( aBTOreHepal.lHH ). 

)l.rIH 06ecne1.JeHHH ycTOH'IHBOH pa60Tbl ycHJIHTeJIH, Heo6xo.nHMO HCKJIIO'IHTb nona.na

HHH BblXO,nHoro CHrHaJI JII06oro KaCKa.na ycHJI_eHHH B uenH nHTaHHH .npyrnx ycHmffeJibHblX 

KBCKB,nOB . .llJIH 3TOH ueJIH B cxeMbl KaCKB,nOB BBOMTCH .nonoJIHHTeJibHble 6JIOKHpOBO'IHble 

3JieMeHTbl H pa3BH3bIBalOI.IJ.He (.neMncf>Hpyt0I.IJ.He) uenH. 3rn no3BOJIHeT yny'llllHTb K03cf>

cf>HUHeHT peaKUHH HCTO'IHHKa nHTaHHH (no.npo6Hee 06 3TOM K03cf>cf>Hl.lHeHTe CM. rnasy 2). 
B TPB.nHU.HOHHOH cxeMe Me>KKacKa,nHoro cf>HJibTpa HcnoJib3yeTcH lllYHTHpyt0I.IJ.HH KOH

AeHcaTop ,nJIH Toro, 'IT06bl corJiaCOBaTb conpoTHBJieHHe HCTO'IHHKa (TO'IHee rosopH, ero 

KOMnneKCHOe conpOTHBJieHHe - HMne.naHC ), 'ITO npHB~JlHT K yseJIH'leHHIO HMne.naHca HC

TO'IHHKa Ha HH>KHHX 'laCTOTaX B COOTBeTCTBHe c Bblpa>KeHHeM: 

1 
z.,011n:e = 27t{C 

EcnH nocTOHHHaH speMe~H RC-uenH .nocTaTO'IHO seJIHKa, TO oHa coBMecTHo c RC

u.enbt0 KaTo,nHoro CMeI.IJ.eHHHMO>KeT nepeBeCTH ycHJIHTeJib B pe>KHM pa60Tbl 6JIOKHHr-re

HepaTOpa ( 12). 3TO HH3KO'laCTOTHOe (npHMepHO 1 fU.) HBJieHHe, 6b!JIO .ll.BBHO H3BeCTHO 

B KJiaCCH'leCKOH Hay'IHOH JlHTeparype KaJ< poKOT (HJIH HH3KO'laCTOtHoe C8MOB036y>1<,neHHe 

pa.nHonpHeMHHKa HJIH ycHJIHTeJIH), o.nHaKo 3anac ycTOH'IHBOCTH 60JiblllYIO qacTb BpeMeHH 

OCTaBaJICH He onpe.neneHHblM, CKOpee scero, no TOH npH'IHHe, 'ITO rpOMKOfOBOpHTeJIH 

TOro speMeHH o6Jia.ll.8JIH O'leHb >KeCTKOH {He3JiaCTH'IHOH) no.nBeCKOH KOHyca, H3-3a 'lero 

MOfJIH OTcf>HJibTpOBblBaTb 3TH HemenaTeJibHble 1.JaCTOTbl. 

B COBpeMeHHblX cxeMax HCnOJib3YIOTCH CTa6HJIH3aTOpbl HanpH>KeHHH, ,nJIH KOTOpblX 

KOMnJieKCHOe conpOTHBJieHHe HCTOl!HHKa nHTaHHH Zsource HMeeT OnTHMaJibHOe 3Ha4eHHe 

Ha HH3KHX 4aCTOTaX BnJIOTb .no nOCTOHHHOro TOKa, o.nHaKO, TaK KaK YCHJIHTeJib paccorJia

COBaHHH .non>KeH HMeTb xapaKTepHCTHKY, HMelOl.llYIO cna.n 6 .n5/0KTaBy ,nJIH Toro, 4T06bl 

o6ecne4HTb CBOIO C06CTBeHHYIO YCTOH'IHBOCTb, BeJIH'IHHa Zso1tn:e HMeeT HH.cyKTHBHblH xa

paKTep H B03pacTaeT c yseJIH4eHHeM 4aCTOTbl, '!TO He HCKJII04aeT B03MO>KHOCTb B03HHK

HOBeHHH HeCT86HJibHOCTH Ha BblCOKOH 4aCTOTe. 

EcnH cyMMHposaTb see cKa3aHHoe, TO J1t06aH npaKTH4ecKaH cxeMa o6lll,ero HCTOtiHHKa 

nHTaHHH HMeeT OTJIH4_Hoe OT HyJIH 3Ha4eHHe BblXO)lHOfO KOMnJieKCHOro conpOTHBJieHHH, H 
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061.1urn ycTOHtfHBOCTb CHCTeMbl MO>KeT 6bITb o6ecnetteHa JIHWb TOJlbKO B TOM CJiyttae, KOr)la 

Ka>K)lblH HH)lHBH.lzyaJibHblH KaCKa)l o6Jia)laeT )lOCTaTOtfHblM 3HatteHHeM K09cpcpHuHeHTa pe

aKUHH HCTOtfHHKa nHT8HHSI OTHOCHTeJibHO 9TOro o6mero HCTOtfHHKa nHT8HHSI. l1Hb1MH CJIO

BaMH, KaCK8)l ycHJieHHSI )lOJI>KeH 6b1Tb pa3BSl3aH 'no nHTaHHIO c JlPYrHMH KaCKa)laMH. 

)lJisi Toro, 'IT06bl BHeCTH )lOnOJIHHTeJibHYIO SICHOCTb, He06XO.ll.HMO .n,aTb onpe.n,eJieHHe 

.ll.BYM HOBblM TepMHHaM: 

• co6CTBeHHblH K09cpcpHUHeHT peaKUHH HCTO'IHHKa nHTaHHSI - 9TO K09cpcpHUHeHT pe-

8KUHH HCTO'IHHKa nHTaHHSI, KOTOpblH onpe)leJISieTCSI co6CTBeHHOH TOnOJIOrHeH HH

.lJ.HBH.lfy'8JlbHOro KaCKa)la; 

K09cpcpHUHeHT peaKUHH c 061.llHM HCTO'IHHKOM nHT8HHSI - 9TO cyMMa co6CTBeHHOro 

K09cpcpHUHeHT8 peaKUHH HCTO'IHHKa nHT8HHSI H K09cpcpHUHeHTOB peaKUHH HCTO'IHH

Ka nHT8HHSI .n.pyrnx ycTpOHCTB ( BHe 3aBHCHMOCTH OT npOHCXO>K)leHHSI ), nO)lKJllOtfeH

HOro K o6meA TOttKe nHT8HHSI. 

KacKa.n, yCHJieHHSI c 061.llHM KaTOJlOM (CM. rnasy 3) o6na.n.aeT co6cTBeHHbIM Ko:>cpcpHUH

eHTOM peaKUHH HCTO'IHHKa nHTaHHSI Ha OCHOBaHHH )leHCTBHSI .n,eJIHTeJISI Hanpsi>KeHHSI, o6-

pa30B8HHOro peaHcTopaMH rk H RI." 0.n,HaKo pe>KHM pa6oTbl naMnbI E88CC (s paccMaTpH

saeMOM B rnase 3 npHMepe) aa.n,aH TaK, 'ITO ra = 6 KOM, a R,_ = 100 KOM, 11ro B HTore 

npHBO.lJ.HT K BeJIHtfHHe co6CTBeHHOro K09cpcpHUHeHTa peaKUHH HCTOtfHHKa nHT8HHSI, pas

Horo 24 .n.E ( OTHOCHTeJibHO BblXO.ll.8 ). 11cnOJib30BaHHe 9TOH >Ke ca MOH JiaMnbl B cxeMe 

µ-nOBTOpHTeJISI (CM. rnasy 2) CMOrJIO 6bI yJiyttWHTb 9TOT peayJibT8T .n.o 50 JlE, a B cxeMe 

.n,HcpcpepeHUH8JlbHOro ycHJIHTeJISI .n,aJIO 6bl 70 )lE, o.n,HaKO, HCnOJib30BaHHe B cxeMe K8CK8)l8 

aacTaBHJIO 6bI 3HatteHHe 24 .u.E yMeHbWHTbCSI npaKTHtteCKH )lO Hynesoro 3HatteHHS1 ( TaK KaK 

ra "'00 ). 

)lJisi Jll06oro KaCKa.n,a ycHJieHHSI K09cpcpHuHeHT peaKuHH c 061ll.HM HCTO'IHHKOM nHTaHf.ISI 

MO>KeT 6bITb yseJIH'leH Ha HeKOTOpyio BeJIHtfHHY npH HCnOJib30BaHHH HH.ll.HBH.lfy'8JlbHOH 

cpHJibTpauHH, HJIH peryJIHpOSaHf{SI ( CTa6HJIH3aUHH ), H, eCJIH cosepweHHO HCKJllOtfHTb H3 

paCCMOTp"eHHSI ueHOBOH cpaKTOp, He 6y.n,eT HMeTb 3HatteHHSI, 6y.n.er JIH B K09cpcpHUHeHT pe

aKUHH c 061.llHM HCTO'IHHKOM nHTaHHSI OCHOBHOH BKJl8)l )l8B8Tb co6CTBeHHblH K09cpcpHuH

eHT peaKUHH HCTOtfHHKa nHTaHHSI, JIH6o >Ke 9TO 6y.n,eT .n.o6asJieHHaSI .n.pyrHMH KaCKa.n,aMH 

'18CTb K09cpcpHuHeHTa peaKUHH c 061.llHM HCTO'IHHKOM nHTaHHSI 38 C'leT cpHJibTpauHH HJIH 

asToMaTHttecKoro perynHposaHHSI. B oco6o HaompeHHbIX MeTo.n,ax Moryr 6bITb )la>Ke HC

noJib30BaHbI HH)lHBH.lfy'8JlbHbie CHJIOBble TpaHccpopMaTOpbl H HCTO'IHHKH nHTaHHSI .ll.JIS! Ka>K

.n.oro K8CK8)la, c ueJiblO yseJIHtfHTb K09cpcpHuH~HT peaKUHH c 061ll.HM HCTO'IHHKOM nHT8HHSI 

.n.o 3HattelJHSI, xapaKTepHoro .ll.JISI cereH nHTaHHSI (TOttKa c 061.llHM nHT8HHeM), ror.n.a KaK 

HCnOJib30BaHHe Bbl.lJ.eJieHHOH o.TBeTBJieHHOH JIHHHH OT M8rHCTp8JibHOro Ka6eJISI 9JieKTpo

CHa6>Kal01UeH KOMnaHHH T8K>Ke MO>KeT nOCJIY>f<HTb MeTO.ll.OM CHH>KeHHSI HMne.n,aHCa lso1trce" 

C JlpyroA CTopoHbl, noTpsicaJOlUHM no npocToTe peweHHeM MOrno 6b1 OK838TbCSI HcnoJib

aosaHHe HH.lJ.HBH.lfy'aJibHOH 8KKYMYJISIT0p~OH 6aTapeH .ll.JISI Ka>K)loro KaCK8)la • 

.llpyrHM MeTO.ll.OM yseJIH'leHHSI K09cpcpHuHeHTa peaKUHH HCTO'IHHKa nHT8HHSI Ka>K)loro 

K8CKa.n,a MOrJIO 6bl OKa3aTbCSI npHMeHeHHe I:IHJlHBH.lfy'aJibHOro CT86HJIH38TOpa Hanpsi>KeHHSI 

.ll.JISI Ka>K)loro KaCKa.n,a, o.n,HaKO, B CHJIY )lOCTBTOtfHO BblCOKOH CTOHMOCTH nonynposo.n,HHKO

soro cra6HJIH3aTopa Hanpsi>KeHHSI ( HanpHMep, 317 cepHH ), cne.n.osano 6b1 orpaHHttHTbCH · 

TOJlbKO KpaHHe He06XO.ll.HMblM HX KOJIHtfeCTBOM. MeHee JlOporOCTOS!lUHM cnoco6oM OKa3a

JIOCb 6bi npoeKTHp,osaHHe TaKoro MaKCHMaJibHO B03MO>KHOro KOJIH'leCTBa KaCKa.n,os, KOTO-
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pble nHTanHCb 6bI OJJ.HHM H TeM >Ke no senH'IHHe BblCOKOBOnbTHbIM HanpH>KeHHeM. 3aTeM 
CJieJJ.OBano 6bl pa3BS!3aTb KaCKMbI no nHTaHHIO nyreM .11.06asneHHH K co6cTBeHHOM)' K09cp
cpHu.HeH1y peaKU.HH KaCKBJJ.a BblCOKoro 3Ha'!eHHH co6CTBeHHOro K09cpcpHU.HeHTa ocna6neHHH 
tteMncpHpyIOw.ero onepau.HoHHoro ycHnHTenH npH nHTaHHH Ka>KJJ.oro KacKBJJ.a qepe3 onepa
UHOHHblH ycHnHTenb, pa6oTaIOW.HH no cxeMe noBTOpHTenH HanpH>KeHHH (pHC. 4.39).-

BH +15V 

1M 

470n 

T630V 

ov~ 
PHc. 4.39 11cnoAb3oBanue ae.MrujJupy1014ux onepaftUOHHblX ycUAumeAeu 

B BblCOICOBOAbmHOM UCmO'lHUKe numaHUJl aAJl U30AUpOBQHUJl ICQCKaaoB 

.llaHHaH HJ].eH 3aKnIO'laeTCH B TOM, '!TO JJ.JIH Ka>K,Zl.oro .11.eMncpepa ero co6cTBeHHblH BXOJJ. 
npe.11.cTasneH s BHJJ.e HCTO'IHHKa nHTaHHH c RC-cpHnbTpoM, a BbICOKoe 3Ha'leHHe ycHneHHH 
.11.eMncpepa no TOKY no3sonHeT pa6oTaTb Ha Harpy3Ky c He6onblllHM 3Ha'!eHHeM BblXOJJ.HOro 
conpoTHBneHHH, Tor.11.a KaK BbICOKOe 3Ha'!eHHe BXOJ].HOro conpOTHBneHHH o6ecne'IHBaeT 
He3Ha'IHTenhHYIO Harpy3Ky Ha RC cpHnbTp. MOO nonesol1 TpaH3HcTop c p-n nepexo.11.oM 
OKa3ancH 6bl HJ].eanbHbIM 9neMeHTOM JJ.JIH Hcnonh30BaHHH B Ka'!eCTBe BXOJ].HOro J].eMncpepa 
H3-3a csoero qpe3BbI'laHHo Bb1c0Koro sxo.11.Horo conpoTHsneHHH. K co>«.aneHHIO, MOO 
noneBhie rpaH3HCTOpbl c p-n nepeXOJJ.01\1 -o6naJ].aIOT TaK>Ke H BbICOKHM BbIXOJJ.HblM conpo
THBneHHeM, 3aBHCHW.HM OT KOHKpeTHO Hcnonh3yeMoro THna npH6opa, no9TOMY B cxeMy 
JlOn>KeH 6bITb .11.06asneH 9MHTiepHbIH noBTOpHTenb Ha 6HnonHpHblX rpaH3HCTOpax, cxeMa, 
KOTopaH .11.ocTaTO'IHO qacTo H3_Becrna, KaK KOM6HHHposaHHaH cxeMa Ha MOO CTPYKTYpe 
H KOM6HHHpoBaHHOM TpaH3HCTope, HnH KOM6HHHposaHHaH cxeMa MOO CTPYKTYpa -
napa ,llapnHHrTOHa. Hcnonh30BaHHe nonynpoBOJJ.HHKOBbIX aKTHBHbIX KOMnoHeHTOB Tpe-
6yer TaK>Ke npHMeHeHHH cxeMbl, 3BJ].aIOw.eI1 HX pa60'!He pe>KHMbl, '!TO cpa3y >Ke npHBOJJ.HT 
K 3Ha'IHTenbHOMY ycno>«.HeHHIO o6w.el1 cxeMbl ycHnHTenH' n09TOMy B03HHKaeT ecTeCTBeH
HblH sonpoc, a Henb3H nH Hcnonh30BaTb onepau.HOHHbIH ycHnHTenb c MOO noneBbIM 
Tp8H3HCTOpOM c p-n nepexOJ].OM Ha BXOJ].e B Ka'leCTBe nOBTOpHTenH 'HanpH>KeHHH? 

l1HTerpanbHaH MHKpocxeMa OPA2134 npoH3BOJJ.CTBa KOMnaHHH Burr-Brown HMeeT 
B csoeM cocTaBe BXOJJ.HYIO u.enb Ha MOO nonesoM TpaH3HCTope c p-n nepexo.11.oM, BbIXOJJ.-
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HOH KacKa.n: Ha 6HnonHpHOM TpaH3HCTope, c.u.soeHHbIH onepau,HOHHbIH ycHJIHTeJib, cno

co6HbIH o6ecne<tHTb no.n:aqy s HarpyaKy TOKa .no 40 MA. E.n:HHCTBeHHbIH He.n:ocTaToK HHTe

rpaJibHOH MHKpocxeMbl Jl.J!Sl HCnOJib30BaHHSl B paccMaTpHsaeMOM cnyqae 3aKJIIO'laeTCSI 

B TOM, 'ITO Jl.J!Sl .ll.OCTH)!{eHHSl ee .n:eHCTBHTeJibHO 3aMet.JaTeJibHblX nacnopTHblX xapaKTepHC

THK Heo6XO.ll.HMO Jl.JISI nHTaHHSI Ka>K,D.oro onepau,HOHHOro ycHJIHTeJISI TpaTHTb 4 MA TOKa. 

3TO He COCTaBJISIJIO 6b! npo6JieMbl, eCJIH 6bl nHTaHHe MHKpocxeMbl ocymecTBJISIJIOCb 6bl 

c HCnOJib30BaHHeM OT.ll.eJibHOro HCTO'lHHKa nHTaHHSI c HanpH)!{eHHSIMH ± 15 8, OJJ:HaKO 

B paccMaTpHsaeMOM CJiyqae HaH60Jiee sepoSITHblM Ka)!{eTCSI sapHaHT nHTaHHSI OT Bb!COKO

BOJibTHOro HCTO'lHHKa. 

EcnH npoHasecrn ou,eHKY wyMa Jl.JIH qacTOTbI, npesb1wa10mel1 3Ha'leHHe WHpHHbl no

nocb1 nponycKaHHSl ay.n:HoycTpOHCTB 20 Kfu,, TO OK83bIBaeTCSI, 'ITO npH HCOOJ!b30B8HHH Ha 

sxo.n:e onepau,HOHHoro ycHJIHTensi H Mon nonesoro TpaHaHcTopa c p-n nepexo.n:oM wyM 

cTaHOBHTCSI cpasHHMbIM c yposHeM wyMa neHTo.n:a EF86. no cpasHeHHIO co cxeMOH, 

B KOTOpOH HCnOJib3yeTC~ onepau,HOHHblH ycHJIHTeJib c BXO.ll.HblM 6HnOJISlpHblM TpaH3HCTO

pOM, s cxeMe c onepau,HoHHbIM ycHJIHTeJieM H sxoJJ:HbIM Mon noneBbIM TpaHaHcTopoM 

c p-n nepexo.n:oM Ha6n10.n:aeTcsi 6onee BbICOKoe 3Ha'lefiHe qacTOTbI conpsi)!{eHHSI l/J, 'ITO 

03Ha'laeT, 'ITO yposeHb wyMa B03pacTaeT co CKOpOCTblO 6 .n:E/ OKTasy Jl.JISI 'laCTOT, npeBbl

waIOIUHX 1 Kfu,. Onepau,HOHHblH ycHJIHTeJib c BXO.ll.HbIM MOn noneBbIM TpaHaHcTopoM 

xapaKTepHayeTCSI eme 6oJiee Bb!COKHM 3Hat.JeHHeM qacTOTbl conpH)!{eHHSI l/f H He MO)!{eT 

paccMaTpHBaTbCH Jl.JIH HcnoJib30BaHHSI s HH3KoqacTOTHbIX TpaKTax. HecMoTpSI Ha TO, 'ITO 

3TOT wyM 6y.n:eT OCJia6JieH aa C'leT BJIHSIHHSI aHO.ll.HOro conpOTHBJieHHSl JiaMnbl, OH see pas

HO 6y.n:eT .n:asaTb BKJIM B wyM, KOTOpblH coa.n:aeT cneu,HaJibHO OT06paHHblH MaJIOWYMHIUHH 

TPHOJJ:. )lnsi ycHJIHTeJISI MOIUHOCTH .11.aHHbIH BH.ll. wyMa He npe.n:cTaBJISieT npo6neMbI soo6me, 

HO Jl.JIH oqeHb qyscTBHTeJibHOro npe.nycHJIHTebHOro KacKa.n:a OH .ll.OJI)!{eH Y'lHTbIBaThCSI. Ca

MbIH JiyqWHH cnoco6 cnpaBHTbCSI c HHM B npe.nycHJIHTeJibHOM KaCKa.n:e - TaK 3TO c.n:enaTb 

npe.nycHJIHTeJibHbIH KacKa.n: He qyscTBHTeJibHbIM K wyMy HCTO'lHHKa nHTaHHSI. TaKoii no.11.

xo.n: npe.n:nonaraeT HH3KOe 3Ha'leHHe conpoTHBJieHHSI r" H BbICOKoe 3Ha'leHHe conpoTHBJie

HHSI HarpyaKH Rl' t.JTO noasoJISieT nony'lHTb MaKCHMaJibHOe ocna6JieHHe BbICoKOBOJibTHb!X 

wyMOB, oco6eHHO B o6JiaCTH HH3KHX 'laCTOT, TO eCTb HMeHHO TaM, r.n:e 3TH npo6JieMbl SIB

JISllOTCSI HaH6onee cymecrneHHbIMH. TaKoii no.D.Xo.n:6y.n:eT npHMeHeH Ha npaKTHKe s npHMe

pe, paCCMOTpeHHOM B rnase 5. 

4.6.16. «fleHHe» CT06HllHJOTOpa Hanp11)1(8HHJI 

Yc.HJIHTeJIH c HeCHMMeTpH'IHbIM Bh1xo.n:oM ( 6eapaaJIH'lHO, KacKaJJ:bl npe.nyCHneHHH HJIH ycH

JIHTensi MOIUHOCTH), nHTaHHe KOTOpblX ocymecTBJIHeTCSl OT CTa6HJIH3aTopa H80p5'1)!{eHHSI 

HJIH .n:eMncf>epa, · BbIHy>K,D.aIOT ycHJIHTeJib paccornacosaHHSI a.n:eKBaTHO pearnposaTb (OT

cJie)!{HBaTb) Ha H3MeHeHHH s seJIH'lHHe MY3bIKaJibHOro ay.n:11oc11rHaJia. 3TO npo11cxo.n:HT 

noTOMy, 'ITO ycHJIHTeJib noTpe6JIHeT TOK, KOTOpblH nponopu,HOHaJieH 3TOMY MY3bIKaJibHO

MY CHrHany, a cTa6HJIH3aTop HJIH ,11.eMncf>ep npHJiaraeT ycHJIHSI noJl,ll.ep)!{HBaTb HeH3MeH

HbIM 3Ha'leHHe BblXOJJ:HOro HanpSI)!{eHHSI, He CMOTpSI Ha npoHCXO.ll.SllUHe H3MeHeHHSI B BeJIH

'lHHe TOKa. Ha BblCOKHX qacTOTax BblXOJJ:HOH wyHTHpyIOIUHH KOH.ll.eHCaTop npe.n:cTaBJISleT 

KOpOTK03aMKHYTylO u,enb ij noJl,ll.ep)!{HBaeT HH3KOe 3Hat.JeHHe BblXOJJ:HOro HMne.n:aHCa. 0.n:-
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np1tM8HA8Mble HD npDKTMKe CX8Mbl ltCTO'IHltKOB nltTDHltA 

HaKO B JJ:Hana30He HH3KHX 'laCTOT CTa6HJiH3aTOp HBJIHeTCH TeM 3JJeMeHTOM, KOTOpblii o6H-

38H pa6oTaTb H BbIJJ:ep>KHBaTb 60pb6y c H3MeHeHHHMH TOKa, H3MeHHIOlll.HMCH CHHXpOHHO 

co 3BYKOBblM cHrHanoM. TaKHM o6pa30M, Ka'lecrso cTa6HJJH3aTopa npOHBJJHercH, KaK ro

eopHTbCH, «Ha CJJyx». TeM HH MeHee, BJJHHHHe .n:ecpeKTOB cra6HJJH3aTopa HanpH>KeHHH 

OCTalOTCH Ha nopHJJ:OK,BeJJH'lHHbl MeHbWe, 'leM AecpeKTOB naCCHBHblX 3JJeMeHTOB HCTO'lHH

Ka nHTaHHH. 

4.7. npMMeHSleMbte HO npaKTMKe CXeMbl MCTOlfHMKOB nMTOHMSI 

4.7.l 06UJHe CBeReHHJI 

HaKoHeU.-TO HacrynaeT MOMeHT, Kor.n:a MO>KHO npHcTynHTb K paccMoTpeHHIO 3aKOH'leHHbIX 

H HMelOUJ.HX npaKTH'leCKOe npHMeHeHHe cxeM 6JJOKOB BbICOKOBOJJbTHOro H HH3KOBOJlbTHO

ro HCTO'lHHKOB nHTaHHH. TaK KaK K cxeMe npe.nycHJJHTeJJH scer.n:a npe.n:'bHBJJHIOTCH 6onee 

>KeCTKHe Tpe6osaHHH (CM. rnasy 6 ), He06XOJJ:HMO paCCMOTpeHHe Ha'laTb co cxeMbl HCTO'lHH

Ka nHTaHHH, npe.n:Ha3Ha'leHHOro JJ:JJH npe.nycHJJHTeJJbHbtx KacKa.n:os. CToCJJe 3Toro MO>KHO 

6y.n:eT npocTO HCnOJJb30BaTb y>Ke paCCMOTpeHHble B .n:eTaJJHX 6JJOKH ,ll.JIH npHMeHeHHH 

B .n:pyrnx HH3K04aCTOTHbIX-KacKa.n:ax. 

0.n:HaKO, npe>K,D.e 'leM H?'laTb paCCMOTpeHHe KOHKpeTHblX cxeM, Heo6XOJJ:HMO pa306-

p8TbCH c TeXHH4eCKHMH 1'pe6oBaHHHMH K HCTO'lHHKaM nHTaHHH H HX pa3yMHOMy Bbt6opy. 

4.7.2. 8bl6op BhlCOKOBORh THOTO HOnpRJKeHHJI 

Xorn napaMeTpbI HCTO'lHHKa rtHTaHHH .n:on>KHbI 3a.n:asaTbCH TaKHM o6pa3oM, 'lT06bt cooT

BeTcrsosaTb rpe6osaHHHM Harpy3KH (TO ecTb B HaweM cnyqae ay.n:HoycHJJHTeJJH), npe.n:

eapHTeJJbHbIH pac4eT HCTO'lHHKa nHT8HHH .n:aeT Hennoxy10 B03MO>KHOCTb ou.eHHTb, KaK 

HMeHHO He06XOJJ:HMO ero cnpoeKTHposaTb, 'lT06bI o6ecne'lHTb He06XOJJ:HMylO BeJJH'lHHY 

nHTalOUI.ero HanpH>KeHHH H npH 3TOM H36e>KaTb CHTyaU.HH, Kor.n:a npeJJ:'bHBJJHeMbie K Tex

HH'leCKHM xapaKTepHCTHKaM 6JJOKa nHTaHHH qpe3MepHble rpe6oBaHHH npHBe.nyT K CJJHW

KOM 60JJbWHM,PaCXOJJ:aM Ha 3Tane npaKTH'leCKoro BOnJJOUI.eHHH ero cxeMbl. 

B COBpeMeHHOii annapazype, BKJJIO'laH KaK 6blTOBYIO TeXHHKY, TaK H KOMnblOTepbl, 

c u.eJJblO CHH>KeHHH ce6ecTOHMOCTH, yMeHbWeHHH Macco-ra6apHTHblX noKa3aTeJJeH, Ha 

cerOJJ:HHWHHii .n:eHb HaH60JJee 4acro HCnOJtb3YIOTCH He JIHHeHHble, a HMnyJJbCHble HCTO'lHH

KH nHTaHHH (CM. § 4.2). B HMnyJJbCHblX HCT04HHKax nHTaHHH ceTesoe HanpH>KeHHe Bbm

pHMJJHeTCH Henocpe.n:cTBeHHO ( 6e3 TpaHccpopMaU.HH ), Ha BblXO.n:e BbtnpHMHTeJJH HCnOJJb3yeT

CH HaKonHTeJJbHbIH KOHJJ:eHcaTop. B Espone HanpH>KeHHe ceresoro nHTaHHH sapbHpyeTCH OT 

220 .no 240 B, 'ITO npHBOJJ:HT K 3Ha'leHHIO HanpH>KeHHH Ha ab1xo.n:e BbmpHMHTeJJH nopH.n:Ka 

325 B nocTOHHHoro TOKa. B CHJJY 3Toro KOHJJ:eHcaTopbI, pacc'lHTaHHbte Ha pa6oqee HanpH

>KeHJie 385 B H HMelOl.I.Uie He60JJbWYIO co6CTBeHHYIO HHJJ:YKTHBHOCTb, OKa3bIBalOTCH BnOJJ

He JJ:OCTynHbIMH KaK no HX HOMeHKJJaType, TaK H no CTOHMOCTH, 'ITO .n:enaeT HX npHMeHeHHe 
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onpaB)l.8HHblM. DJl8f0)1.8pff 9TOH npH'IHHe, KOH)l.eHC8TOpb1, paCC'IHTaHHble HMeHHO Ha pa6o'lee 

Hanps:r>KeHHe 385 B ffBJlfflOTCff HaH60Jiee XO)l.OBblMH H3 OTHOCHTeJlbHO BblCOKOBOJlbTHbIX. 

HTaK, HMeHHO BbI6op pa6o'lero Hanps:r>KeHHff CfJ18>KHB810W.ero H8KOnHTeJlbHOfO KOH

)1.eHcaTOpa aaqacry10 onpe)l.eJis:reT eepxHHH nopor eb16opa nHTa10w.ero aHOJl.HOro HanpH>Ke

HHff ycHJIHTeJis:r. Hcxo,ll.ff H3 Bbill!ecKaaaHHoro, Ha Ha'laJibHOM 9Tane npoeKTHposaHHff MO>KHO 

C'IHT8Tb, '!TO B H8JIH'IHH eCTb BbmpHMJleHHOe Hanps:r>KeHHe 230 B Ha BTOpH'-IHOH o6MOTKe 

TpaHc<fmpMaTopa H 9JieKTpOJIHTH'lecKHH KOH)l.eHcaTop Ha patfoqee Hanps:r>KeHHe 385 B (KBK 

H8H60Jiee )l.OCT}'nHblH) nOCTOffHHOfO TOK8 B KB'leCTBe H8KOnHTeJlbHOfO. npH T8KOM Bb160pe 

nHT8JOW.ero HanpH>KeHHff, enoJIHe peaJIH3yeMa npOCTeAlllaff cxeMa MOCTOBOfO BbinpHMJle

HHff, Harpy>KeHH8ff Ha 0)1.HH H3 CfJl8>KHB8IOW.HX $HJlbTpOB, paCCMOTpeHHblX Bblllle. c yqeTOM 

n8)1.eHHff Hanps:r>KeHHff Ha CT86HJIH38Topax Hanps:r>KeHHff H pa3Bff3bl8810W.HX )l.eMn$epax, 

ycTaHOBJleHHblX Me>KJIY OT)l.eJlbHblMH K8CK8)1.8MH, MO>KHO npe)l.nOJIO>KHTb, '!TO OKOH'l8TeJlb· 

Hoe 3H8'1eHHe BblCOKOBOJlbTHOfO Hanpff)l(eHHff Ha JlaMnax K8>KJl.Of0 K8CK8)1.8 MO)l(HO npHHffTb 

pasHbIM nplfMepHo 285 B. HMeHHO no 9TOH npH'IHHe 6oJiblllHHCTBO cxeM, paccMoTpeHHblX 

e rnase 2, pacc'IHTblBaJIHCb HCXO,ll.ff H3 3Ha'leHHff BblCOKoro Hanps:r)l(eHHff 285 B. 

BpeMs:r OT speMeHH npH npoeKTHpoeaHHH ycHJIHTeJieif B03HHKaeT noTpe6HOCTb npHMe

HffTb 60J1ee BblCOKHe 3H8'1eHHff nHTa10w.ero Hanps:r)l(eHHff, 0)1.HBKO, 9TO Bbl3blBaeT )l.Oporoc

TOffW.He nocJie)l.CTBHff, '!TO CTaHeT enoJIHe O'leBH.!1.HbIM H3 CJie.eyiow.ero p83)1.eJla. 

4.1.3. BKntO'leHHe crnoJKHBOIOU/HX KOHReHcoropos npH nosh/UJeHHOM 

Bh/COKOM HonpRJKeHHH 

B CJiyqas:rx, Kor)l.a Heo6xo)l.HMO Hcnonb3osaTb 60J1ee BblCOKoe aHa'leHHe BbICOKoro Hanps:r

>KeHHff, HanpHMep Hanps:r)l(eHHff 430 B )I.Jiff napbl JiaMn EL34, TO CfJIB)l(HBaJOUJ.HH KoH)l.eH

caTOp, pacc'IHTaHHbIH Ha pa6o'lee Hanps:r)l(eHHe 450 B (TaKHe KOH)l.eHcaTopbI TaK>Ke )l.O

crynHbI B npo)l.a)l(e ), 38'18C'fYIO 6y)l.eT OK83bl88TbCff no)!. 60J1ee BbICOKHM Hanps:r)l(eHHeM 

e CJiy'lae, ecJIH ceTeeoe Hanps:r*eHHe BJl.pyr eo3pacTeT Ha I 0% ( aHa'leHHe, KOTopoe )l.onyc

KaeTcs:r cyw.ecTeyiow.HMH HOpMaMH Ha 9JieKTpoceTH). Cyw.ecTByeT JJ.Ba sapHaHTa H36e

)1(8Tb npo6os:r KOH)l.eHcaTopa: JIH60 HCnOJib3088Tb KOHJJ.eHCaTOp, paCC'IHT8HHblA Ha 60J1ee 
BbICOKHe 3Ha'leHHff pa6o'lero Hanps:r)l(eHHff, KOTOpbIH, KaK npaBHJIO, 6y)l.eT 6yMa>KHblM HJIH 

nJieHO'IHblM nJiaCTHKOBblM THnOM KOH)l.eHC8TOpOB, HMelOW.HX HeBblCOKOe 3Ha'leHHe eMKOC

TH, JIH6o HCnOJib3088Tb nocJieJJ.OB8TeJibHOe BKJllO'leHHe 0)1.HHBKOBblX no eMKOCTH 9JieKTpO

JIHTH'leCKHX KOHJJ.eHC8TOpoe, 'IT06bl nOJiy'!HTb He06XOJJ.HMOe 3Ha'leHHe pe3yJlbTHpyiow.ero 

pa6o'!ero Hanps:r>KeHHff TaKoA KOHJJ.eHCaTOpHOH 6arnpeH. 

B CJiyqae, KOfJJ.a JJ.88 KOHJJ.eHCaTopa BKJllO'leHbl noCJieJJ.OBaTeJibHO, TOK, npoTeKalOW.HH 

no HHM, 6yJJ.eT 0)1.HHaKOBblM, a 38pff.ll.bl, HaKOnJieHHble Ha HX o6KJl8)1.K8X, TaK>Ke 6y.eyT pas

Hbl (TaK KaK Q =It). ECJJH aHa'leHHff eMKOCTH KOH)l.eHcaTopos 6y.eyT paeHbl, TO 6y.eyT pae

Hbl H Hanps:r)l(eHHff Ha HHX ( Q = CV). 
K co)l(aJieHHJO, )l.a)l(e ecJIH eMKOCT-H KOH)l.eHcaTopoe 6y.eyT paeHbI, MaJiosepos:rTHO, '-ITO 

3Ha'leHHff TOKOB YTe'IKH OTJJ.eJibHO B3ffTblX 9JleKTpOJIHTH'leCKHX KOH)l.eHCaTOpOB OKa*YTCff 

paBHblMH, n09TOMY n8)1.eHHff HanpH)l(eHHff Ha KOH)l.eHC8Topax TaK>Ke OK8*YTCff He paBHbl

MH Jl.pyr JJ.pyry. c ueJiblO BblpOBHffTb n8)1.eHHff HanpH)l(eHHH H npe.noxpaHHTb Ka>KJI.blA KOH-
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.11.eHcaTop OT npesb1weHHff .nonycTHMoro pa6011ero HanpH>KeHHff Ha HeM, napannenbHO 

Ka>K,noMy KOH,lJ,eHCaTopy He06XO,lJ,HMO 6yt1.eT BKJJIO'IHTb pe3HCTOp (pHC. 4.40), no9TOMY 06-

pa3y10maffCff u.enb,lJ,eJJHTeJJff Hanpff>KeHHff 3aCT8BHT n8,ll,eHHff HanpmKeHHff Ha KOH,lJ,eHCaTO

pax 6b1Tb paBHblMH. 

680u 
250V 

680u 
250V 

220k 
2W 

220k 
2W 

PHC. 4.40 Cma6wtu3upy10w,ue pe3ucmopbl BbtpaBHUBatom naoeHUR 1tanpR:J1CeHU1l 
na Konoencamopax 

)l.nff Toro, 11To6b1 rapaHTHposaTb npasHJJbHYIO pa6oTy, no u.enH .nenHTenff Hanpff>KeHHff 

,ll,OJJ>KeH 6y,neT npoTeKaTb TOK, BeJJH'IHHa KOTOporo ,lJ,OJJ>KHa, no KpaiiHeii Mepe, B ,lJ,eCffTb 

pa3 npesb1waTb O>KHt1.aeMoe 3Ha11eHHe TOKOB YTe'IKH KOHtJ.eHcarnpos. )1.nff 9THX u.eneii 
11aw.e scero Hcnonb3YIOTCff pe3HCTOpb1 c conpoTHBneHHeM 220 KOM. 11cxo,lJ,ff H3 9Toro, 

a TaK>Ke H3 Tpe6yeMoro TOKa .nenHTeJJff, He06XO,lJ,HMO paCC'IHTaTb Tpe6yeMy10 MOll.lHOCTb 

pacceffHHff pe3HcTopos. PaayMeeTCff, - pacceffHHe 9THX pe3Hcropos ffBJJffeTcff 6ecnone3-

HblMH noTepffMH 9HeprHH. 

fopaa.no 6onee pau.HoHaJJbHbIM cnoco6oM ffBJJffeTCff HCnOJJb30BaHHe .ll.BYX pa3,lJ,eJJbHblX 

BblCOKOBOJlbTHblX o6MOTOK TpaHc<j>opMaTopa c COOTBeTCTBYIOll.lHMH u.enffMH BbinpffMJJe

HHff H crna>KHBaHHff nynbC8U.HH, H nocne,lJ,OBaTeJJbHblM BKJJIO'leHHeM p~3YJJbTHPYIOlllHX 

nnasa!Oll.l,HX BblXO,lJ,HblX Hanpff>KeHHH )l,llff nonyqeHHff He06XO,lJ,HMOrO 3Ha11eHHff BblCOKO

BOJJbTHOro Hanpff>KeHHff (pHC. 4.41 ). 3TOT cnoco6 rapaHTHpyeT, 'ITO Hanpff>KeHHe Ha Ka>K

,ll,OM H3 KOH,neHCaTopoB He npeBblCHT .nonycTHMOro pa6011ero 3Ha11eHHff, 0,lJ,HaKO, KOHCTpyK

U.Hff CHJIOBoro TpaHc<j>opMaTopa npH 9TOM 3ase,nOMO ycno>KHHTCff. 

4.7.4. Heo6XORHMOCTb pmpana BblCOKosonb THblX KOHReHcaropos 

B o6eHx npe,nbI.DYlllHX cxeMax, HcnonbayeMbIX)l,llff nonyqeHHff cocTaBHoro BblCOKOBOJJbTHO

ro KOH,neHCaTopa, npe.nHa3Ha11eHHOfO)l,llff pa60Tbl npH HanpH>KeHHffX, npeBbIWa!Oll.lHX3H8-
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152VAC 

] 
152VAC 

220k 
2W 

220k 
2W 

+430VDC 

ov 

Pnc. 4.41 CxeM.a tJbtCOKOtJ01tbm1toeo, npeBblWlllOU{eeo a1tatte1tue 340 B, ucmottHutca 
BbtnpRM..11.e1t1to20 nanpa:HCeHWt c 31te1Cmpo1tumuttec1CUM.U KonaencamopaM.u 

lJeHHH pa60lJHX Hanpmt<eHHA Ka)f{Jl.oro H3 OT.ll.eJibHbIX KOHJl.eHC8TOpOB, OK838JIOCb, 'ITO 

y 0.ll.HOro H3 KOH.ll.eHC8TOpOB ero OTPHU.8TeJibHbIA BbIBO.ll. 6yJ1.eT OTCOe.ll.HHeH OT UIHHbl c no

TeHU.H8JIOM 3eMJIH. 3To o6CTQf!TeJibCTBO HMeeT OlJeHb 60JibUIOe 3H8lJeHHe, T8K K8K noTeH

U.H8JI MeTBJIJIHlJeCKOro Kopnyca 3JieKTpOJIHTHlJeCKOro KOH.ll.eHcaTopa nOlJTH He OTJIH'laeTCH 

OT noTeHu.Hana ero MHHycoeoro BbIBO.ll.a. TaKHM o6pa3oM, Kopnyca npH noBbIUieHHbIX Ha

npH>1<eHHHX .ll.OJl>KHbl 6hITb He TOJibKO H30JIHpOB8Hbl OT 3eMJIHHOA UIHHbl ( HJIH lll8CCH ), HO 

T8K >Ke .ll.OJl>t<Hbl 6hITb H30JIHpOB8Hbl COOTBeTCTBYIOW.HM o6pa30M, lJT06bI He .ll.OnycTHTb 

nopa>t<eHHH 3JieKTpH'!eCKHM TOKOM npH CJIY'18iiHOM npHKOCHOBeHHH K HHM. 

BbICOKOBOJibTHbIA HCTOlJHHK nHTBHHH npeJl.CTBBJIHeT co6oA HCTOlJHHK nOBbIUieHHOA 

3JieKTpH'!eCKOA onaCHOCTH, n03TOMY HeOOXO.ll.HMO, lJT06bI ecerJ1.a npeJ1.npHHHM8JIHCb Mepbl 

JI.Jiff nOJIHOro pa3pHJl.8 H8KOnHTeJibHOro H .ll.PYrHX CrJI8>KHB8!0W.HX'KOH.ll.eHC8TOpOB nocne 

BbIKJIIO'leHHH nHTBHHH 06opyJ1.0BaHHH. Cne.ll.OBaTeJibHO, B Ka)f{Jl.OM BbICOKOBOJibTHOM Hc

TOlJHHKe nHT8HHH .ll.OJl>t<Ha 6b!Tb npeJl.YCMOTpeHa u.enb c lJHCTO OMHlJeCKHM conpOTHBJieHH

eM, nO.ll.KJl!OlJeHH8H K TOlJKe c HyJieBbIM noTeHU.H8JIOM H o6ecnelJHB8!0ll.l8H CTeKaHHe 38pH

.ll.8 c KOH.ll.eHcaTopoe. HaH6onee npocTbIM cnoco6oM ocyw.ecTBHTb 3ry u.enb HBJIHeTcH 

noJ1.KJI10'leHHe pe3HCTopa c conpoTHBJieHHeM 220 OM H MO!l.lHOCTb!O pacceHHHH 2 BT na

panneJibHO BblBOJl.8M H8KOnHTeJibHOro 3JieKTpOJIHTHlJeCKOro KOH.ll.eHC8TOpa ( K8K 3TO 6bIJIO 

CJl.eJiaHo B npeJ1.blJl.Yll.leM CJIY'lae ), KOTOpb!A He TOJibKO pa3pH>t<aeT 3TOT KOHJl.eHC8TOp, HO 

TBK>Ke pa3pH>t<aeT nocJie}l.OBaTeJibHO BKJI!OlJeHHb!e Bb!COKOBOJibTHb!e KOH,ll.eHC8TOpb!. 
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4.7.5. flepeHanpR)f(eHltR, BOJHlfKOIOU/lfB np1t BKR/O'IBHlflf CXBMhl 

B CJlyilaffX, KOr)l.a He HCOOJib3yeTCff naMnOBbIA BbinpffMHTeJib, a npHMeHeH nonynpOBOJJ.HH

KOBbIA, BblCOKOBOJlbTHOe Hanpff)KeHHe npH BKnlOlJeHHH no)l.aeTCff B u.enH cxeMbl MrHOBeH

HO, H eCJIH 3TO npoHCXOJJ.HT Jl.0 Toro, KaK npHeMo-ycHJIHTeJibHble JiaMilbl ew.e He nporpeTbl, 

3TO Hanpff)KeHHe MO)KeT cokpaTHTb cpoK cnY*6bI HX KaTOJJ.OB. Pe3KHA CKa'lOK Hanpff)Ke

HHff JJ.O HOMHHaJibHOr'O 3HalJeHHff Ha 3JleKTpOJIHTH'leCKHX KOH)l.eHCaTopax TaK>Ke ffBJiffeTCff 

KpaAHe He»<enaTenbHbIM H3-3a, npe>KJJ.e scero, BbICOKHx npoTeKalOW.HX TOKOB 3apS1JJ.a, no-

3TOMY CTaHOBHTCff KpaAHe He06XOJJ.HMblM paccMOTpeTb B03M0)KHbie nyTH perueHHff )l.aHHOA 

npo6neMbI. 

EcnH noJJ.orpeBaTenH KaTO.ll.OB 6ylJYT nocTOffHHO HaXOJJ.HTbCff no.11. Hanpff)KeHHeM, TO 

BbICOKOBOJlbTHOe Hanpff)KeHHe MOrJIO 6bl no)l.aBaTbCff HeMeJl..lleHHO, 6e3 onacHOCTH no)l.

BeprHyTb KaTOJJ.bl pa3pyrueHHIO 3MHCCHOHHOrO noKpb!THff (HX 06Ha)KeHHff). 0o.ll,ll.ep)KaHHe 

JiaMn npeJJ.BapHTeJibHO nporpeTblMH TaK>Ke yMeHbllJaeT BpeMff, He06XOJJ.HMOe Jl..llSI JJ.OCTH

>KeHHff ycHJIHTeJibHblMH KaCKaJJ.aMH HOMHHaJibHOro pe)KHMa pa60Tbl c MaKCHMaJibHOH 

MOlll,HOCTblO. 0JJ.HaKO, no.ll,ll.ep)KaHHe pa6o'leA TeMneparypbI KaTOJJ.a 6e3 npoTeKaHHff aHOJJ.

HOro TOKa HeH36e)KH0 Bbl3bIBaeT OTpaBJieHHe KaTO)l.a, 'ITO npHBOJJ.HT K yBeJIH'leHHIO ruyMOB 

JiaMnbI. KoMnpoMHCCHOe perueHHe 3aKJIIO'laeTCff B TOM, lJT06bI npeJJ.BapHTeJibHO noJJ.orpe

BaTeJIH KaTOJJ.OB pa6oramt B pe)Kf!Me noHH)KeHHoro 3HepronoTpe6neHHff (JJ.e*YPHOM pe

>KHMe, 3KOHOMHH) npH BeJIHlJHHe Hanpff)KeHHff, COCTaBJifflOW,eH 60% OT HOMHHaJibHoro 

3Ha'leHHff, a nOJIHOe 3HalJeHHe Hanpff)KeHHff npHKJla)l.b!BaJIOCb K IlOJJ.OrpeBaTeJiffM TOJibKO 

nocne nonHoro BKJllO'leHHff annaparypbl. 

3neKTpOJIHTH'leCKHe KOHJJ.eHCaTOpbI HCTOlJHHKa IlHT8HHff Tpe6y10T 3alll,HTbl OT CKa'lKa 

Hanpff*eHHff. EcnH pe3KO no)l.aTb BbmpffMJleHHoe Hanpst)KeHHe Ha HaKonHTeJihHbIA KOH

)leHcaTop, TO BnOJIHe BepOffTHO, 'ITO BKnlO'leHHe 6yJJ.eT npOH3BeJJ.eHO HMeHHO B TO MrHOBe

HHe, KOr)l.a BeJIH'lHHa CHHYCOH)l.aJibHOro Hanpff)KeHHff B ceTH nHTaHHff 6y.11.eT paBHa HMeHHO 

aMnnHryJI.HOMy, TO ecTh MaKCHMaJibHOMy, 3HatJeHHIO. MrnoBeHHOe yseJIH'leHHe Hanpff)Ke

HHff OT 3HatJeHHff 0 B JJ.O 3HatJeHHff 325 B ( nepsaff npoH3BOJI.Haff no BpeMeHH, HJIH cKopocTb 

HapaCTaHHff Hanpff)KeHHff dV/dt = oo) Ha BblBOJI.aX KOH)l.eHCaTopa Bbl30BeT 6eCKOHelJHO 

60JibllJOA ( c TeopeTHlJeCKOA TOlJKH 3peHHff) npoTeKalOW,HH TOK 3apffJJ.a, KOTOpblH onpeJJ.e

JiffeTCff Bblpa)KeHHeM: 

l=CdV. 
dt 

0JI.HaKO, ecJIH BKnlOlJeHHe npoH30H)l.eT B MOMeHT BpeMeHH, KOrJI.a Hanpff)KeHHe CHHyco

HJJ.aJibHOro CHrHaJia 6yJJ.eT paBHO He aMnJIHryJJ.HOMY 3HatJeHHIO, a HyJieBoMy, TO HeCMOTpff 

Ha TO, 'ITO 3HalJeHHe dV/dt JI.Jiff CHHYCOHJJ.bl 6yJJ.eT MaKCHMaJibHblM JI.Jiff 3TOH TOlJKH, OHO ece 

>Ke 6yJI.eT HMeTb KaKOe-TO KOHelJHOe 3HalJeHHe, 'ITO npHBe)l.eT K HeKOTOPOMY CHH)KeHHIO 

npoTeKa10w.ero B KOHJJ.eHcaTope 3apffJJ.Horo TOKa. 

HMeHHO no paccMoTpeHHbI~ Bblrue npH'IHHaM, noJJ.aBaTb BbICOKoe Hanpff)KeHHe cne
eyeT Ha naMnbI c 3apaHee nporpeTbIMH KaToJJ.aMH. HaJIH'lHe aHOJJ.HbIX TOKOB yMeHbllJHT 

6pocoK TOKa B KOHJI.eHCaTopax, a TaK)Ke npeJJ.OTBpaTHT nOBblllJeHHblA H3HOC KaTOJJ.OB 

naMn. 
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npH60pbl, cnoco6Hble ycneWHO npOTHBOCTOffTb 3THM npou,ecCaM BK.11101.JeHHff, y>Ke H3-

BeCTHbl, 1.Jaw.e Bcero no.n Ha3BaHHeM «BKJIIOl.JalOW.He pene c HyJJeBblM HanpH>KeHHeM», H He 

npe.ncTaBJJfflOT TaKoA y>K 6oJJbWOH pe.n1<ocTH • .Llnff nHTaHHff TaKHX pene Tpe6yeTcff TOJJbKO 

HH3KOBOJJbTHOe OOCTOffHHOe HanpH>KeHHe, l.JTO 003BOJJffeT .D.HCTaHU,HOHHO BKJJIOl.JaTb HC

TOl.JHHK OHTaHHff aHO.LJ.HblX u.eneH, HCOOJJb3Yff noCTOffHHO BKJllOl.JeHHblH HCTOl.JHHK OHTaHHff 

no.norpeBaTeneA KaTO.D.OB . .Llnff ynyqweHHff 3KcnnyaTaU.HOHHbIX CBOHCTB annaparypbl, 

cne.nyeT, KOHel.JHO, npe.nyCMOTpeTb e.nHHblH BblKJllOl.JaTeJJb, a npH noMOlll.H pene H HeCJJO>K

HOH 3JieKTpOHHOH cxeMbl 06ecne1.JHTb BKJJ101.JeHHe atto.nttoro HanpH>KeHHff c 3a.nep>KKOH, 

Heo6xo.nHMOH JI.Jiff pa3orpeBa KaTO.LJ.OB JJaMn. ' 

4.1.6. fflfJKOBORb THble lfCTO'IHlfKlf fllfTOHlfR 

c Ol.JeHb Bb!COKOH BepOHTHOCTblO B ay.nHoycHJJHTeJJe MOryT noHa.no6HTbCff .LJ.Ba HCTOlfHHKa 

HH3KOBOJlbTHOro HanpH>KeHHff, a, B03MO>KHO, .na>Ke H TpH, TaK KaK 3al.JaCrylO cxeMbl npe.ny

CHJJHTeJJbHblX KaCKa.LJ.OB BKJJIOl.JaeT B ce6ff JJaMnbl, Ha KaTo.nax KOTOpblX HCnOJJb3yeTCff no

BblWeHHOe HanpH>KeHHe (HanpHMep, JJaMnbl aKTHBHOH Harpy3KH H T. n. - CM. rJJaBy 2). 
11cTOl.JHHKH HH3KOBOJJbTHOro HanpH>KeHHff He Tpe6ylOT Ol.JeHb 60JJbWHX 3aTpaT npH HX 

H3rOTOBJJeHHH, oco6eHHO, eCJJH HX HCnOJJb30BaHHe npe.nyCMOTpeHO ew.e Ha CT8.D.HH npoeK

THpoBaHHff KacKa.na • .llo6aBJJeHHe >Ke no.no6Horo HCTOl.JHHKa nHTaHHff n03.LJ.Hee B y>i<e H3rO• 

TOBJJeHHYIO cxeMy npHBe.neT K cepbe3HOH rOJJOBHOH 60JJH, TaK KaK noTpe6yeT H3fOTOBJJe

HHff .nonoJIHHTeJJbHOH o6MOTKH CHJJOBoro TpaHccpopMaTopa. 

Cne.nyeT 3aMeTHTb, "ITO Bee u,enH, no.nKJJt01.JeHHb1e K HCTOl.JHHKY nHTaHHff c noBbIWeH

HbIM 3Hal.JeHHeM HanpH>KeHHff, caMH HaXO.LJ.ffTCff no.n nOBblWeHHblM HanpH>KeHHeM, n03TO

MY OHH MoryT Bbl3BaTb nopa>KeHHe 3J1eKTpH1.JeCKHM TOKOM npH npHKOCHOBeHHH K HHM. Ta

KHM o6pa30M, ecJJH HaKaJJbHaff u.enb JJaMnbl HaXO.LJ.HTCff no.n nOBblWeHHblM HanpH>KetlHeM, 

noTeHU,HaJJ JJI06oro BblBO.LJ.a no.norpeBaTeJJff H ero HaKaJJbHOH 06MOTKH OTHOCHTeJJbHO KOp

nyca 6y.neT BbICOKHM. HecMoTpff Ha To, 1.JTo TaKHe u,enH co.nep>KaT TOJJbKO 3JJeMeHTbl, pac

Cl.JHTaHHbie Ha HeBblCOKHe pa601.JHe HanpH>KeHHff, TaKHe HaKaJJbHble HCTOl.JHHKH nHTaHHff 

.D.OJJ>KHbl paccMaTpHBaTbCff H Tpe6oBaTb TOl.J~O TaKoro >Ke aKeypaTHOro o6paw.eHHff c TOl.J

KH 3peHHff 3JJeKTpo6e3onacHOCTH, "ITO H BblCOKOBOJJbTHble HCTOl.JHHKH nHTaHHff. 

4.1.1. Pan11on0Mex11 or BHeUJH11x 11cro'IHHKOB 

Pa.nHonoMexH, BbI3bIBalOTCff B03.LJ.eHCTBHeM BHewHero 3JJeKTpoMarHHTHoro H3JlyqeHHff. 

B CBOeM CaMOM xy.nweM npoHBJJeHHH OHH MOryT 6b1Tb pe3yJJbTaTOM pa60Tbl pa3JJHl.JHblX 

pa.nHonepe.naTl.JHKOB, oco6eHHO npHH3J1.J1e>KaW.HX TaKCOMOTOpHblM cpHpMaM, TaK KaK Ha 

npaKTHKe OtlH MOryT B HeCKOJJbKO npeBblWaTb.LJ.OnycTHMble ypoBHH noJJe3HOH MOlll.HOCTH H 

Hepa60l.JHX H3JIYl.JeHHit nonblTKH H36aBHTbCff OT P8.l1.HOnOMeX nOCJJe Toro,_ KaK OHH 6b!JJH 

06Hapy>1<eHbl H 6blJIO ycTaHOBJJeHO HX npOHCXO>K,l\eHHe, 06bll.JHO npe.ncTaBJJfflOT co60H 

01.JeHb CJJO>KHYIO 3a.D.alfy. no3TOMy, JIYl.JWe BCero HCXO.LJ.HTb H3 Toro, "ITO .D.8HHaff npo6JJeMa 

Bee paBHO B03HHKHeT paHo HJJH n03.D.HO H npe.nnpHHffTb Mepbl no ee HeHTpaJJH381.J,HH ew.e Ha 
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CTBJUiH paapa6oTKH o6opy.u.oeaHHff. ooJibillaff 11acTb npe.u.npHHHMaeMbIX npe.u.ocTopo>KHoc

TeA HOCHT 'IHCTO KOHCTPYKTOpCKHA xapaKTep H nOJlP06HO onHCaHa B COOTBeTCTBYIOllleA 

KHHre KoHcTpylipoeaHHe JiaMnOBblX ycHJIHTeJieH, o.u.HaKo, o.u.HoA H3 'IHCTO npeeeHTHBHblX 

Mep ffBJlffeTCff o6si3aTeJlbHOe HCnOJlb30BaHHe ceTeBoro <j>HJlbTpa. 

Xorn MOlllHOCTb, noTpe6JiffeMaff 9JieKTpOHHblM o6opy.u.oeaHHeM, MO>KeT oKaaaTbCff oT

HOCHTeJibHO He60JlbillOA, TOKH nyJibcauHA (KaK y>Ke 6blJIO ycTaHOBJleHO paHee) MOryT 

B pff)le CJIY11aeB npeBblillaTb TOK Harpy3KH. CTap011Ka MOlllHblX YCHJIHTeJieA, B KOTOpblX HC

nOJib3YIOTCff 60JlbillHe, no eMKOCTH HaKOnHTeJlbHble KOH)leHCaTOpbl, c 11pe3Bbl11aHHOH Jler

KOCTblO MOfJla 6bl norJIOTHTb HMnyJ1bCHbli1 TOK BeJIH'IHHOH 60 A, nocTynHBillHH no ceTH 

nHTaHHff, .u.a>Ke B TOM CJ1y11ae, eCJIH 6bl MOlUHOCTb, noTpe6JlffeMaff o6opy.u.oeaHHeM OT CeTH 

cocTaBJ1ffJ1a 6b1 ecero 600 BT. (ECJIH >Ke aHa11eHHe noTpe6JiffeMoA MOlllHOCTH B 600 BT 

Ka>KeTcff Heo6ocHoBaHHO 6oJibillHM Jl.llff noTpe6J1eHHff napoA HH3Ko11acTOTHblX ycHJIHTe

JieA, TO CTOHT OTMeTHTb, 'ITO .u.eyxTaKTHblH, co6paHHblH no TpHO.U.HOH cxeMe H pa6oTalOlUHH 

B KJ1acce A, cTepeo<j>oHH11ecKHH ycHJIHTeJib «Crystal Palace» noTpe6J1ffeT npH6JIH3HTeJlb

HO 400 BT OT BblCOKOBOJlbTHOfO HCTO'IHHKa nHTaHHff, no.u.orpeeaTeJIH BblXO.U.HblXJlaMn Tpe-

6y10T .u.onoJIHHTeJibHO OKOJIO 135 BT, H npH6JIH3HTeJibHO 72 BT noTpe6JiffeTcff B ocTaJib

HbIX uenffX HCTO'IHHKOB nHTaHHff HaKaJla H CTa6HJIH3aTopoB.) 

Bonhruaff 11acTb KOMMep11ecKHX o6paauoe <j>HJlbTpoe pBJUionoMex pacc11HTaHb1 Ha TOKH 

16 A, J1H60 eme MeHbWHe 3Ha11eHHff, 'ITO 0Kaab1eaeTCff ffBHO He.u.ocTaTO'IHblM Jl.llff ay.u.Hoan

naparypb1. no 3TOH npH11HHe, eCJIH nona.u.o6HTCff <j>HJlbTp pa.u.HonoMex, TO ero He06XO.U.HMO 

6y.u.eT H3fOTOBHTb caMOCTOffTeJlbHO. 

4.7.8. CocrasneHHe npensapHrenhHoii aeMbl 6noKa nHTOHHR 
Hcxo,!l.ff H3 ecero Bb1ruecKaaaHHoro, MO>KHO npHHffTb, 11To ocHOBHOH 6JIOK nHTaHHff 6y.u.eT 

BKJ11011aTb <j>HJlbTp pBJUionoMex, napy CHJIOBblX Tpanc<j>opMaTopoe (JVIff 06ecne11eHHff paa

.u.eJibHoro BKJllO'leHHff HaKaJlbHblX H 8HO.U.HblX ueneA JI a Mn c aa.u.ep>KKOH BO BpeMeHH ), nony

npOBO)lHHKOBblH 6JIOK BblCOKOBOJlbTHOfO BblnpffMHTeJlff-CTa6HJIH3aTopa Hanpff>KeHHff, no 

KpaAHeH Mepe .u.ea HH3KOBOJlbTHblX CTa6HJIH3HpoBaHHblX HCTO'IHHKa nHTaHHff, a TaK>Ke He

CKOJlbKO BblKJ11011aTeJ1ei1 ceTeeoro nHTaHHff. TaKHM o6paaoM, MO>KHO Ha11epTHTb npHMep

HYIO cxeMy 6J10Ka nHTaHHff. 0Ha noKaaaHa Ha pHc. 4.42. 

CTpH Bbl6ope KOHKpeTHOH npHHUHnHaJibHOH cxeMbl HCTO'IHHKa nHTaHHff paccMaTpHea

eTCff, KaK npaBHJIO, 60J1bruoe KOJ1H11ecTBo eapHaHTOB. KpHTepHH oT6opa 60J1bruei1 11acTb10 

OCHOBblBalOTCff Ha TOM npOCTOM <t>aKTe, KaKaff HMeHHO 9JleMeHTHaff 6aaa OK83b!BaeTCff .u.o

CTynHOH, n09TOMy BbI6op KOHKpeTHOH cxeMbl 3811aCTylO He ffBJlffeTCff orpaHH'leHHblM 011eHb 

>KeCTKHMH Tpe6oBaHHffMH K TeXHH'leCKHM xapaKTepHCTHKaM H .U.OCTaTO'IHO CB060.U.HO npH

Bff3aH K rpe6oBaHHffM, npe;J.'bffBJlffeMbIM K HCTO'IHHKY nHT8HHff 6J10Ka npe.uyCHJleHHff, KO

TOpb!H 60J1ee no.u.po6no 6y.u.eT onHcaH B rnaee 6. 

CTpe>KJJ.e acero, npe.U.CTaBJlffeTCff He06XO.U.HMblM 'leTKO H3JIO>KHTb H 330HCaTb OCHOBHble 

rpe60B8HHff K TeXHH'leCKHM xapaKTepHCTHKaM, TaK K8K B npoTHBHOM CJiyqae HeB03MO>KHO 

6y.u.eT pacC'IHTaTb napaMeTpbI cra6HJIH3aTopoe Hanpff>t<ettHff ( ra6JI.4.5 ). CTpHee.u.eHHbie 

HH>Ke no TeKCTy 3Ha11eHHff pff.u.a BeJUt'IHH n0380JlfflOT BnocJ1e.u.cTBHH BBO.llHTb B cxeMy .u.o-
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nOJIHHTeJlbHble JlaMnbI 6e3 He06XO)J.HMOCTH nOJIHOCTblO nepe.n.eJ1blB8Tb 6JIOK nHTaHHH. 

Mo>KHO .n.a>Ke cqHTaTh, qrn npe.n.crnsJieHHhlff sap Ha HT cxeMbl HBJIHeTcH HCToqHHKOM nHTa • 

HHH WHpOKoro H83HaqeHHH, OT KOTOporo MO>KHO 6y.n.eT nHT8Tb JIH6o J1106y10 3KCnepHMeH

T8JlbHO co6paHHYIO cxeMy, JIH6o >Ke nocTOHHHO HCnOJlb30B8Tb ero B KaqecTBe HCTOqHHKa 

nHTaHHH npe.uyCHJIHTeJlbHOro 6JIOKa (qTO, co6cTBeHHO, asTop KHHrH H c.n.eJ1aJ1). 

Ta6nHL(a 4. 5. Tpe6oaaHHR K napaMerpaM HCTO'IHHKOB nHTBHHR 

8blCOKOBOnbTHbllii lllCTO'IHlllK nlllTBHlllR 

H1113KoeonbTHble 111CTO'IHlllK111 n111TaH111R 

(ABB 111A8HTlll'IHblX) 

nocToRHHoe HanpRlKeH111e: 30Q B 

MaKClllMBnbHblH TOK: 100 MA 

HanpRlKBHlllB nynbca1.1111lii: 1 MB ABOHHOro BMnnlllTYAHOro 3H8'1BHlllR 

(Knill M8HbWB) 

nocToRHHoe HanpRlKeH111e: 6,3 B 

MaKClllMBnbHblH TOK: 1,5 A 
- HanpRlKeH111e nynbca1.1111lii: MlllH111ManbHoe 3HB'leH111e 

PelKlllM noArOTOBKlll: HanpRlKBHlll& 4 B 

4.7.9. Pac'leT HHJKOBORb THb/X HCTO'IHHKOB nHTOHHR 

PacqeT HH3KOBOJlbTHhlX HCToqHHKOB nHTaHHH npe.n.crnsJIHeT caMylO npocrylO qacTh aa.n.aqH, 

no3TOMy He06XO)J.HMO HaqaTb HMeHHO c HHX. 3HaqeHHe TOK& 1,5 AB paccMaTpHsaeMOM HH>Ke 

npHMepe, 6binO Bb16paHO noToMy, qTQ 3TO M8KCHM8JlbH8H BeJIHqHHa TOKa, KOTOpblH MO>KeT 

o6ecneqHTb CTa6HJIH38TOp HanpH>KeHHH, BblnOJIHeHHblH Ha HHTerpaJibHOH MHKpocxeMe 

317 cepHH (CM. npHMepb1 TaKHX cTa6HJIH3aTopos Bhrwe ). Cyw.ecTBYIOT cTa6HJ1H3aTopb1 Ha-
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np11MeHJ1eMble HO npOKTltKe CXeMbl llCTO'IHllKOB RltTOHllll 

npmKeHHH, pacclJHTaHHhie Ha 6onee BhICOKHe 3Ha4el'IHH TOKa, HanpHMep cepHH LT 1085, 

pacclJHTaHHhie Ha TOKH 3 A, cepHH LM338 Ha TOK 5 A, H cepHH LT 1084, pacc4HTaHHbie Ha 

TOK 5 AH xapaKTepH3YIOW.Hecsi: HH3KHM 3Ha1.JeHHeM HanpmKeHHH Bhma,u.eHHH H3 pe»<HMa cTa-

6HJIH3aU.HH. 0.u.HaKO JIHHeHHbie HCTOl(HHKH nHTaHHH, paCClJHTaHHbie Ha Hanpsi:»<eHHSI 6,3 8 H 

BbICOKHe 3Ha4eHHH TOKa, OKa3blBaIOTCSI B COCTOHHHH pacceHBaTb B caMOM CTa6HJI1'13aTope 

npaKTH4eCKH TaKylO MOUJ.HOCTb, KOTOpaSJ OKa3hIBaeTCH cpaBHHMOH no BeJIHl(HHe c MOW.HOC

TblO, OT.u.asaeMOH B Harpy3Ky. 8 u.ensi:x yseJIH4eHHSI 9cpcpeKTHBHOCTH CJieJIYeT o6paTHTbCSI 

K sapHaHry nocne.u.osaTeJibHOro BKJII04eHHH u.eneii no.u.orpesaTeneii, nHTaeMbIX cTa6HJIH3H

posaHHbIM TOKOM, KOTOpbIH 6y.u.eT 6onee no.u.po6HO paCCMOTpeH B KOHU.e rnaBbl. 8 cnyqae 

Heo6XOJI.HMOCTH, MO)l{HO npHMeHHTb B 6JioKe nHTaHHH If HeCKOJibKO CTa6HJIH3aTopoB H .u.a»<e 

HeCKOJibKO OTJI.eJibHbIX HaKaJibHhIX o6MOTOK, pa3.u.enHB HaKaJibHbie u.enH naMn ycHJIHTeJIH Ha 

rpynnbI, noTpe6JIS!eMbIH TOK Ka)f(JI.OH H3 KOTOpbIX He npeBbiwaeT yKa3aHHOro. 

PaclJeT cxeMbl HCTOlJHHKa nHTaHHSI, BKJII04al0w.ero CTaOHJIH3aTOp Hanpsi:»<eHHH, HalJHHa

eTCSI c onpe.u.eneHHH Hanpsi:»<eHHH Bbma.u.eHHH H3 pe»<HMa CTa6HJIH3aU.HH. ,lI.JIH HHTerpaJibHO

ro crn6HJIH3aTopa 317 cepHH Tpe6yeTcsi: no.DJ.1.ep»<HBaTb, no KpaiiHe Mepe, Hanpsi:»<eHHe 2,5 

8 Me>KJI.Y ero BblBOJI.aMH, 4T06bl H36e»<aTb Bbma.u.eHHH H3 pe»<HMa CTa6HJIH3aU.HH npH Be

JIHl(HHe TOKa 1,5 A. Cne.u.osaTeJlbHO, Ha sxo.u.e cxeMbI CTa6HJJH3aU.HH HanpH»<eHHH Heo6xo

JI.HMO HMeTb, no KRaHHeH Mepe, HanpH»<eHHe 8,8 8, 4T06bl o6ecne4HTb Ha BbIXOJI.e Heo6xo

JI.HMbie .llJIH HaKana\naMn 6,3 8. 

8TOpH4Hbie o6MOTKH TpaHccpopMaTopoB HMelOT TeH.u.eHU.HIO HMeTb Ha CBOHX BblBOJI.aX 

CTaHJI.apTHbie 3Ha4eHHH Hanpsi:»<eHHH, HanpHMep 6 8 HJIH 9 8 cpe.u.HeKsa.u.paTHlJeCKOro 

3Ha1.JeHHH. EcnH yqecTb, 4To 6y.u.eT HcnoJJb30SaTbCH eMKOCTHoii sxo.u.Hoii <PHJlbTp ( <PHJibT

PYIOW.HH .u.poccenh, B03MO»<Ho, noTpe6osan 6b1 BhmOJIHeHHH HaMOTKH no cneu.HaJibHOMY 

3aKa3y), TO HanpH»<eHHe COCTaBHT (6 8 x .../2 ) = 8,5 8, 1.JTO OKa3bIBaeTCSI HBHO He.u.ocTa

TOlJHbIM. rlo3TOMY He06XOJI.HMO 6y.u.eT HCnOJib30BaTb BTOpH4HYIO o6MOTKY c HanpH»<eHHeM 

9 8, KOTOpaH o6ecne4HT o6w.ee HanpH»<eHHe 12,7 8. 8 HCTOl(HHKe nHTaHHH 6y.u.eT HC

nOJib30BaHa MOCTOBaSI cxeMa BbmpHMJleHHSI, B KOTOpoii scer.u.a JI.Ba nonynpOBOJI.HHKOBbIX 

JI.HOJI.a OKa3bIBalOTCSI BKJIIOlJeHHbIMH nocne.u.osaTeJlbHO, no3TOMY na,u.eHHe HanpH»<eHHSI Ha 

HHX COCTaBHT 1,4 8, l(TO noHH3HT o6w.ee Hanpsi:»<eHHe .u.o 3Ha4eHHH 11,3 8. 

EcnH Ha Bbixo.u.e BbmpHMHTenH HMeeTcH BbmpHMJJeHHoe HanpH»<eHHe CHHycoH.u.anhHOH 

<t>opMbl c aMnJJHTYJI.HbIM 3Ha4eHHeM 11,3 8, TO 3TO HanpH»<eHHe 6y.u.eT npe.u.cTa'BJlS!Tb TO 

MaKCHMaJibHOe 3Ha1.JeHHe, JI.O KOTOporo HaKOnHTeJlbHblH KOHJI.eHCaTop, HMelOUJ.HH TeopeTH-

4eCKH 6ecKOHelJHYIO BeJIW:tHHY csoeii eMKOCTH, Mor 6b1 3apHJI.HTbCH. KoH.u.eHcarop »<e 

c KOHe4HblM 3Ha4eHHeM eMKOCTH 6y.u.eT JI.OCTHraTb 3TOrO MaKCHMaJlbHOrO 3Ha1.JeHHH HanpH

>KeHHSI TOJlbKO B MOMeHT .u.eiiCTBHSI aMnJJHTYJI.HOrO 3Ha1.JeHHH HanpH»<eHHH, HO 6y.u.eT pa3pS!

)l{aTbCH .u.o HeKOTOporo NIHHHMaJlbHOro 3Ha1.JeHHSI, onpe.u.eJIHeMOro Hanpsi»<eHHeM nyJibCa

LlHH. MHHHMaJibHO .u.onycTHMoe 3Ha4eHHH Hanpsi:»<eHHH cocTaBnHeT 8,8 8, no3ToMy, 

MaKCHMaJibHOe 3Ha4eHHe HanpH»<eHHH rlyJJhCal.lHH, KOTOpoe MO>KHO .u.onycTHTb, 6y.u.eT co

CTaBJIS!Tb 2,5 8 Jl.BOHHOro aMnJJHTYJI.HOro (nHK-nHKOBOro) 3Ha4eHHH. 

ECJIH BOCnOJlb30BaTbCSI paHee npHse.u.eHHbIM COOTHOWeHHeM, CBSl3bIBalOUJ.HM BeJ!Hl(H

HY HanpH>KeHHSI nynhcaU,HH H TOKa, TO: 

C= It. 
v 
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14croqHHKH nHTOHH~ 

BbinOJIHeHHble pac1.1eTbl noKa3bIBaIOT, 'ITO Heo6xo,nHMO HcnoJib30BaTb KOH,neHcaTop 

c eMKOCTblO 6000 MK<I>, CJie,llOBaTeJibHO, MO>KHO 6blJIO 6bl HCilOJib30BaTb KOH,lleHcaTop 

c eMKOCTblO 6800 MK<I>, o.nHaKo, BPff.llJIH y.noBJieTBopHn 6b1 Tpe6yeMblM .nonycKaM Ha BeJIH-

4HHY eMKOCTH, HJIH ,nonycTHMblM CKa4KaM HanpH>KeHHff B CeTH nHTaHHff. no3TOMY Bbl60p 

KOH,neHcaTOpa c eMKOCTblO l 0 000 MK<I> o6ecne4HJI 6bl 6onee BbICOKYIO CTeneHb cpHJlbTpa-

1.lHH, npH 3TOM HanpH>KeHHff nynhcaU.HH cocTaBJiffJIH 6bl 1,5 B. 

KoH,neHcaTop c eMKOCTblO 10 000 MK<I> H HH3KHM 3Ha4eHHeM 3KBHBaJieHTHOfO nocne.no

BaTeJibHoro conpOTHBJieHHff cnoco6eH OTJ].8BaTb O'leHb 60JiblllOH TOK B Harpy3KY c MaJiblM 

conpoTHBJieHHeM. CJ1Y4al1Hoe KopoTKoe 3aMbIKaHHe npHBe,neT K O'leHb 6b1cTpOMY pa3pHJIY 

KOH,lleHCaTopa. Bo3HHKalOl.l.Ulff B MOMeHT pa3pffJJ.8 .uyr:a B COCTOffHHH pacnJiaBHTb MeT~JlJl, 

KOTOpblH B BH,lle KaneJib 6pb13HeT BO BCe CTOpOHbl. no3TOMY HaCTOffTeJibHO He peKOMeHJIYeT

Cff HOCHTb Ha pyKax rosenHpHble yKparneHHff npH perynHpOBKax no.no6HblX cxeM! 

HanpR>KeHHe nynbcau.HH 1,5 B cocTaBJiffeT 13 % OT 3Ha4eHHff 11,3 B H ecnH 6b1 3TO 

3Ha4eHHe xapaKTepH30BaJIO 6bl Hecrna>KeHHOe HanpH>KeHHe HCTOl.!HHKa nHTaHHff }lJiff HH3-

K04aCTOTHOro ycHJIHTeJiff, TO TaKOH ypoBeHb nyJibCaU.HH OKa3aJICff 6bl npocTO HenpHeMJie

MblM. 0,nHaKO TaK KaK B cxeMe 6y.neT HCnOJib30BaTbCff CT86HJIH3aTop HanpH>KeHHff, TO 

MO>KHO .nonycTHTb CTOJib BblCOKHe 3Ha4eHHff HanpH>KeHHff nyJibCaU.HH H H3BJie4b BblfO.llbl OT 

HH3Koro 3Ha4eHHff TOKOB nyJibCaU.HH. 

YMeHbllleHHbie 3Ha4eHHff TOKOB nynbcau.HH HecKOJibKO CHH>Karor Tpe6oBaHHff K TOKY 

BbinpffMHTeJiff, HO npH 3TOM 6onee cepbe3HblMH CTaHOBffTCff Tpe6oBaHHff, npe.noffBJiffeMble 

K TenJIOBblM xapaKTepHCTHKaM. EcnH Ha MOCTOBOH cxeMe BbmpHMHTeJiff na.naeT 1,4 B, 

a npoXO.llfflll.HH TOK paBeH 1,5 A, TO BeJIH4HHa pacceHBaeMOH MOlll.HOCTH COCTaBHT npHMep

HO 2, 1 BT ( 3TO npH6JIH>KeHHblH pac'leT OKa3b1BaeTcff o'leHb rpy6h1M, TaK KaK cpe.nHee 3Ha-

4eHHe TOKa /average He 6y.neT paBHO cpe,llHeKB8,llpaTH4eCKOMY 3Ha4eHHIO TOKa I RMs>· 3TO 
3Ha4HTeJibHaff no BeJIH4HHe MOlll.HOCTb.llOJl>KHa OTBO,llHTbCff OT CTaH,llapTHOH c6opKH MOCTO

Boro BblnpHMHTeJiff, paCC4HTaHHOH Ha TOK 1,5 A, H KOTOpaH OKa>KeTCff, 6e3 BCffKHX COMHe

HHH, HarpeTOH .llO .llOCTaT04HO BblCOKOH TeMneparypbl. noTOMY CJie,llOBaJIO 6bl HCnOJib30-

BaTb .llHCKpeTHble .llHO.llbl, TaKHe, HanpHMep, KaK BXO.llfflll.He B cepHro IN54** H 

paCC4HTaHHble Ha TOKH 3 A, JIH6o CTaH,llapTHyro c6opKY BbinpffMHTeJibHOro MOCTa, pacc4H

TaHHOro Ha BbinpffMJieHHblH TOK 4 A. 
JiyqrnHM perneHHeM npo6JieMbl 6blJIO 6bl HCnOJib30BaHHe B cxeMe MOCTOBoro Bbinpff

MHTeJiff Ha OCHOBe ,llHO,llOB lliOTTKH, HanpHMep, BXO.llfflll.HX B cepHIO 3 lDQ**. OHM HMelOT 

6onee HH3KOe 3Ha4eHHe npHMOl"O na.neHHff HanpH>KeHHff, 'ITO yMeHbWaeT Bbl,!l,eJiffeMyro Ha 

HHX MOlll.HOCTb, O,llHaKO, OCHOBHblM apryMeHTOM B nOJib3Y HX HCnOJib30BaHHff ffBJiffeTCff HX 

ropa3,no 6onee «4HCTOe» BblKJll04eHHe, 6e3 6poCKOB TOKa, xapaKTepHblX}lJiff .llHO)l.OB c p-n 

nepexo.11.oM. KaK y>1<e yKa3blBanocb pat1ee, 6pocoK TOKa npe.11.cTasnsieT co6ol1 HMnynbc, 

KOTOpblH po36y>l<)l.8eT pe30HaHCHbl.e ffBJieHHff B CHCTeMe, o6pa30BaHHOH TpaHccpopMaTO

poM, BbinpffMHTeJieM H HaKOnHTeJibHblM KOH,lleHCaTopoM. 

BeJIH4HHa HanpH>KeHHff Ha Bblxo.11.~ BbmpHMHTeJiff cocTaBnffeT 11,3 B, no3TOMY BeJIH· 

. 4HHa fleo6XO.llHMOrO HanpH>KeHHff v RRM ( MaKCHMaJibHoro 3Ha4eHHff o6paTHoro HanpH>Ke

HHff ).IVlff Ka>K.noro ,nHo,na cocTasHT Bcero 12 B. TaK KaK 3Ha4eHHe HanpH>KeHHff 50 B npe.11.

cTaBJiffeT, KaK npaBHJIO, HaHMeHbWee 3Ha4eHHe CTal:f.napTHoro pa6o4ero Hanpsr>KeHHff .IVlff 

nonynpoB0.11.HHKOBblX .llHO.llOB, TO .11.a>Ke c yqeTOM B03MO>KHblX KpaTKOBpeMeHHbIX Bb16pocoB 
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npHM8Hll8Mbl8 HO npaKTHK8 CX8Mbl HCTO'IHHKOB PHTOHHR 

ceTeBoro HanpSl>KeHHSI 3TOro 3Ha'leHHSI npH Bbl6ope Heo6XO,ZUIMblX JI.HOJI.OB OKa»<.eTCSI BnOJJ -
He Jl,OCTaTO'IHO. 

Ka>KJI.bIH JI.HOJI. B MOCTOBOH cxeMe 6yJI.eT myHTHposaTbCSI nneHO'IHblM KOHJI.eHcaTOpoM. 
11cnoJJb30BaHHe .ll.JISI 3THX ueneft KOHJl,eHcaTOpOB c eMKOCTblO 100 H<l> H pa6o'IHM nOCTOSIH
HblM Hanpsi»<.eHHeM 63 B, npeJI.&asnsieTcsi snonHe onpaBJI.aHHbIM, a npH ycnoBHH, 'ITO pa-
6o'lee Hanpsi»<.eHHe 6yJI.eT npeBbIWaTb 3Ha'leHHe Hanpsi»<.eHHSI VRRM .ll.JISI Ka>KJI.oro JI.HO.II.a, 
HHKaKHX Jl,OnOJJHHTeJJbHblX ycJJO>K.HeHHH He nOHaJl,06HTCSI . 

.llanee Heo6XOJI.HMO 6yJI.eT onpeJI.eJJHTb, KaKoe MaKCHMaJJbHOe 3Ha'leHHe MOlUHOCTH He
o6xO,ZUIMO 6yJI.eT pacceHBaTbCSI Ha HHTerpaJJbHOM CTa6HJJH3aTOpe Hanpsi»<.eHHSI 317 cepHH, 
ecnH Harpy30'IHbJe uenH 6yJzyT noTpe6nsiTb MaKCHManbHblH TOK 1,5 A. Ecnu He yqHTblBaTb 
nanpsi»<.eHHSI nyJJbCaUHH, TO Hanpsi»<.eHHe, npHJJO>K.eHHOe K CTa6HJJH3aTOpy, 6yJI.eT COCTaB
nSITb 11,3 B, cneJI.oBaTeJJbHO, naJl,eHHe Hanpsi»<.eHHSI Ha cTa6HJJH3aTOpe cocTaBHT 5 B, TO 
ecTb Ha crn6HJJH3aTOpe 6yJI.eT BbIJI.eJJS1TbCS1 7,5 BT. I-fa 3Toro 3Ha'leHHSI Heo6xoJI.HMO 6b1no 
6bl Bbl'leCTb He60JJblUYIO BeJJH'IHHy, o6ycJJOBJJeHHYIO nyJJbCaUHSIMH Hanpsi»<.eHHSI, HO npH 
n106blx pac'lernx Tennosoro 6anaHca scerJI.a nyqme 6bITb HeMHoro KOHcepBaTHBHblM T JI.e
naTb Janae ssepx. 

3Ha'leHHe 7,5 BT He npe.n:cTasnsieT cnHWKOM BblCOKoro 3Ha'leHHSI MOlUHOCTH, KOTopoe 
Heo6xoJI.HMO paccesiTb, .ll.JISI cTaHJI.apTHOH c6opKH T0-220 (JI.onycTHMasi MOlUHOCTb paccesi
HHSI COCTaBnSleT 20 BT) HHTerpaJJbHOro CTa6HnH3aTOpa Hanpsi»<.eHHSI c-epHH 317T' ( ecrecT
BeHHO, npH HCnOJJb30BaHHH aJl,eKB8THOrO 3TOH MOlUHOCTH TenJJOOTBOJl,SllUero pa.n:HaTOpa). 
Tl03TOMy MO>K.HO C'IHTaTb TaKOH pe»<.HM Jl,OnyCTHMblM H npOJI.OJJ>K.aTb pac'leT 6JJOKa nHTa
HHSI. HHJI.eKc «T» o6o3Ha•rneT Hcnonb30BaHHe B crn6HJJH3aTope c6opKH T0-220, TOrJI.a 
KaK HHJl,eKc «K» o603Ha'laeT paHee BbmycKaeMylO MHKpoc60pKY T0-3 B MeTaJJJJH'leCKOM 
Kopnyce c «cHnOBblMH TpaH3HCTOpaMH»-, TO eCTJ:> npeJI.cTaBnSleT co6oft rH6pHJI.HYIO HHTer
panbHYIO cxeMy. 

CneJlYIOlUHM waroM 6yJI.eT onpeJI.eJJeHHe conpornsneHHH pe3HCTopoB, ucnonb3yeMbIX 
B cxeMe JI.enHTensi Hanpsi»<.eHHSI. OnbIT noKa3brnaeT, 'ITO JI.onycK Ha seJJH'IHHY onopHoro 
Hanpsi>KeHHSI HHTerpanbHOro CTa6HJJH3aTOpa 317 cepHH B JI.eHCTBHTeJJbHOCTH O'leHb TO'l
HblH H 'ITO Ha npaKTHKe HeT Heo6XOJI.HMOCTH BKnlOLiaTb B CXeMy nepeMeHHblH pe3HCTOp, 
'IT06bl noJI.cTpausaTb aHa'leHHe BbIXOJI.Horo Hanpsi»<.eHHSI. Mo»<.eT cymecTBoBaTb pa3JJHLI
Hasi TO'IKa apeHHSI no 3TOMY nOBOJlY, HO .ll.JISI Hanpsi»<.eHHSI 6,3 B aBTOp KHHfH npocTO HC
nonb30BaJJ .ll.JISI sepxHero nne'la peaHcTop c conpornsneHHeM 150 OM, a .ll.JISI HH»<.Hero -
peancTop c conpornsneHHeM 600 OM. · 

ConpornsneHHe B-3KBHBaneHTHOH cxeMe aaMelUeHHSI TeseHHHa, cocTOHlUeH H3 peauc
Topos c conpornsneHHSIMH 150 H 600 OM, 6yJI.eT cocTaBJJSITb 120 OM. TeopeTH'leCKH 
MO>K.HO 6blJIO 6bl HCnOJJb30BaTb KOHJl,eHcaTOp c eMKOCTblO 13 MK<l> .ll.JISI lliYHTHpoBaHHSI Bbl
BOJl,a HacTpOHKa (AGJ) Ha aeMJJIO, OJl,HaKo KOHJl,eHCaTOpbl co CTaHJI.apTHblMH 3Ha'leHHSIMH 
eMKOCTH 10 HJJH 15 MK<l> noJI.OHJJYT O,nHHaKoBo xopowo. B peKoMeHJI.aUHffX no npHMeHeHHIO 
npOH3BO,nHTeJJSI peKOMeHJlYeTCSI, 'IT06bl BblXOJI. HHTerpaJJbHOfO CTa6HJJH3aTOpa 317 cepHH 
wyHTHposaJJCSI Ha 3eMnIO TaHTaJJOBblM KOHJl,eHcaTOpOM c eMKOCTblO 1 MK<l> Liepea pe3HCTOp 
c conpornsneHHeM 2,7 OM. -

TaKHM o6paaoM, cj>aKTH'leCKH y»<.e HMeeTcsi cj>yHKUHOHaJJbHO aaKOH'leHHasi cxeMa cTa-
6HJJH3aTOpa c Hanpsi»<.eHHeM 6,3 B. 0JI.HaKo Tpe6yeTcsi cxeMHoe peweHHe .ll.JISI nepesoJI.a 
KaCKaJl,a npeeycHJJHTeJJSI B pe»<.HM nOHH>K.eHHOro 3HepronoTpe6neHHSI ( HJJH pe»<.HM O>K.HJl,a-
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HHH) H CHH>KeHHH Hanpsi>KeHHH ueneli no.norpeeaTeneA .no 3Ha'leHHH, paeHoro npHMepHo 

4 B, 1.1To6b1 H36e>KaTb npouecca oTpae.neHMH KaTo.noe. CaMbili npocTOA cnoco6 .nocTH% 

3Toro, 3TO no.nKJIIO'laTb napanneJibHO c pe3HCTopoM HH>KHero ,nne1.1a .neJIHTeJIH Hanpsi>Ke

HHH .nonoJIHHTeJibHblli pe3HCTOp, HCnOJib3YH JVIH 3TOro HOpMaJibHO 3aMKHYTbje KOHTaKTbl 

pene. no.nKJIIO'leHHblli TaKHM o6pa30M pe3HCTOP c conpoTHBJieHHeM 750 OM yMeHblllHT 

BblXO.llHOe Hanpsi>KeHHe .no 3Ha'leHHH 4,04 B. 
Tenepb MO>KHO HapHCOBaTb OKOH'lljTeJibHYIO npHHUHnHaJibHYIO CXeMY HCTO'IHHKa nHTa

HHH ueneli no.norpeeaTeneA. B o6meli cxeMe 6yJzyT HcnoJJb3oeaTbCH .nsa no.no6HbIX HCTO'IHH

Ka, nHTalOUJ.HXCH OT OT,lleJibHOli o6MOTKH HH3KOBOJibTHOro TpaHc<f>opMaTopa, o6ecne'IHBalO

UJ.eli HanpH>KeHHe 9 B ( pHC. 4.43 ). npe.nnO'ITHTeJibHee 6bIJIO 6bl HCnOJib30BaTb CTaH.ziapTHblli 

W-o6pa3Hblli THn CHJIOBOl'O TpaHc<f>opMaropa c 3JieKTpOCT8TH'leCKHM 3KpaHOM, B KOTOpOM 

.llByxCeKUHOHHaH K3TYUJKa Ha cep.ne'IHHKe npHMoyrOJibHOro cetieHHH OKa3aJiaCb 6bl BnOJIHe 

npHeMJieMblM eapHaHTOM, TaK KaK HeB03MO>KHO H3rDTOBHTb 3JieKTpOCTaTH'leCKHli 3KpaH JVIH 

TpaHc<f>opMaTopa c TOppoH.naJibHblM cep.ne'IHHKOM H H3MOTaHHblMH Ha Hero o6MOTKaMH, KO

TOpblli HMeJI 6bl TOppOH,llaJibHYIO <f>OPMY H He HMeJI 6bl YTe'leK. 

9VAC 
4x100n63V 
4x 310006 (Schottky) 

JI~ 1----;1--r-----r-u +6.3V (OCHOBHOH pe)l(MM) 
+4V (~YU41'1H pe)l(MM) 

150R 
2R7 

~-----~---~---~~,~--~--c10V 

81<1110'laTe11b ~yl!4ero pe)l(MMa 

PHc. 4.43 /1cno1tb3yeMaR na npaKmwce cxeMa cma6u1tu3upooannozo ucmo£tHUKa 
numanuR l{eneu naKa1ta c nanpR:JtCenueM 6,3 B 

4.7.10. 8blCOKOBORb THblii BblnpRMHTBRb H cra611n11:1arop 

B OTJIH'IHe OT HH3KOBOJlbTHblX HCTOL(HHKOB nHTaHHH HanpH>KeHHe BTOpH'IHOJi o6MOTKH 

TpaHc<f>opMaropa Y>f<e H3BecrHo (230 B ), no3TOMY pacqeT cxeMbI cTa6HJIH3aTopa Hanpsi

>KeHHH .llOJI>KeH 6y.neT npOH3BO.llHTbCH, HCXO.llH H3 3TOro 3Ha'leHHH HecrJia>KeHHOro BblCOKO

BOJlbTHOro HanpH>KeHHH, a He B o6paTHOM nopH,llKe. 

MocToeoA BbmpHMHTeJib 6y.neT 3apsi>1<aTb HaKonHTeJibHbili KOH.lleHcarnp .no Hanpsi>Ke

HHH 325 B. Xorn cymecTBylOT repMeTH3HpoeaHHbie cxeMb1-c6opKH MOCTOBblX BblnpHMH

TeJieli, npe.nHa3Ha'leHHbie .n.nsi ~aKHX Hanpsi>KeHHli, ece-TaKH 6e3onacHee 6y.neT HCnOJib-

30BaTb .llHCKpeTHble nonynpoBO.llHHKOBble .llHO.llbl, TaK KaK 3TO n03BOJIHT HCnOJib30BaTb 

yeeJIH'leHHble paccTOHHHH Me>f<.llY BblBO.!lBMH H yMeHblllHT pHCK CJiy'laliHO 3aKOpOTHTb Bbl-

80.ll.bl BbmpHMHTeJIH. EcnH npHHHTO perneHHe HcnoJib30BaTb .!1.HCKpeTHbie .llHO.llbl, TO CJieJlY

eT HCnOJib30B8Tb 6bICTpo.n.elicTBylOUJ.He .llHO.ll.bl c M8JlblM speMeHeM BOCCTaHOBJieHHH, Ta-
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KHe, HanpHMep, KaK RHRD4120 HJIH STTA512D (npe.11.enbHoe 3Har.ieHHe o6parnoro Ha

npmKeHHH VRRM cocTaBJIHeT 1200 B ). 3TH .zi.Ho.11.b1 xapaKTepH3YIOTCH KaK MeHbUJHMH 3Har.ie

HHHMH TOKOB BbI6poca, TaK H MeHbUJeH HX,ll.JlHTeJibHOCTbIO no cpaBHeHHIO co CTaHJI.apTHbl

MH JI.HOJI.aMH c p-n nepexo.11.aMH H, CJie.11.oBaTeJibHO, MeHbWHM ypoBHeM UJYMOB. Eme nyr.iwe 

6bIJIO 6bl HCnOJib30BaTb .11.HO)l.bl lliOTTKH, H3fOTOBJieHHble H3 Kap6H.11.a KpeMHHH, ,ll.JlH KOTO

pblX 3Har.ieHHe VRRAI cocTaBJIHeT 600 B, H KOTopble cTanH .11.oczynHbIMH .11.JlH npHMeHeHHH 

B nocne)l.Hee speMH ( HanpHMep SDO 1060 ). ECJIH Heo6xo.11.HMO HcnoJib30BaTb JI.HO.ll.bl c Ha

npH>KeHHeM VRRM > 1500 B, HO co 3Har.ieHHeM TOKa /De < 500 MA, TO MOryT oKa3aTbCH 

none3HbIMH He6oJibWHe .11.HOJI.bl, HanpHMep BY228, KOTOpb1e nepBoHar.iaJibHO npe.11.Ha3Ha

r.iaJIHCb ,ll.JlH HCnOJib30BaHHH B Kar.iecTBe .11.eMnqmpy!Olll.HX JI.HO.II.OB ( HJIH raCHlll.HX .II.HO.II.OB no 

HOMeHKnazype H3JI.eJIHH CWA) B cxeMax CTpor.iHoH pa3BepTKH TeneBH3opoB. B paccMaT

p1maeMblX cxeMax, KaK npaBHJIO, He06X0.11.HMbl He or.ieHb BblCOKHe 3Har.ieHHH HenpepbIBHO 

noTpe6JrneMoro TOKa ( OKOJIO 100 MA), no3TOMY Bbl6op 6y.11.eT OCTaHOBJieH Ha 3JieMeHTaX 

c HaH6onee HH3KHMH 3Har.ieHHHMH pa60lfHX TOKOB, HO npeBb!WalOllJ.HX yKa3aHHOe 3Har.ie

HHe, TaK KaKJI.H0.11.bl, KOTOpble paCClfHT8Hbl Ha 6onee BblCOKHe 3HalfeHHH TOKOB BCef)l.a HMe

IOT MeHbWee 6b!CTpo.11.eikTBHe H 6onee BblCOKHH ypoBeHb wyMOB. 

MaKCHMaJibHoe pa6or.iee ttanpH>KeHHe pa3pa6aTbIBaeMoro cTa6HJIH3aTopa HanpH>Ke

HHH .11.0Jl>KHO COCTaBJIHTb 300 B, Tor.11.a KaK MaKCHMaJibHOe HanpH>KeHHe Ha HaKOnHTeJibHOM 

KOHJI.eHcaTope BbmpHMHTeJIH cocTaBHT 325 B. Cne.11.oBaTeJibHO MO>KHO .11.onycTHTh cyMMap

HOe na)l.eHHe HanpH>KeHHH 25 B, Bbl3BaHHoe oa.11.emmMH HanpH>KeHHH Ha caMoM crn6HJIH-

3aTope, nonynpoB0.11.HHKOBblX .11.Ho.11.ax H nyJibCaU.HH HanpH>KeHHH Ha KOHJI.eHcaTope. EcJIH 

npHMeHHTb BHOBb paHee y>Ke HCnOJib30BaBWHHCH KpHTepHH, B COOTBeTCTBHH c KOTOpblM 

.11.JlH HanpH>KeHHH nyJibCaU.HH npHHHMaJIOCb 3HalfeHHe 5%, TO BeJIHlfHHa HanpH>KeHHH 

nyJibCaU.HH COCTaBHT npHMepHo 17 B. 0.11.HaKO, na.11.eHHe HanpH>KeHHH B 17 B 3a cr.ieT nynh

cau.HH 6y.11.eT ropa3.11.o 6onbUJe i-oro 3Har.ieHHH OT o6meti seJIHlfHHbl B 25 B, r.iTo MO>KHO 

6hIJIO 6bl .11.onycTHTb c yr.ieTOM .11.onOJIHHTeJibHblX na.11.eHHH HanpH>KeHHH Ha .11.pyrnx 3JieMeH

rax. Do3TOMY 6b1J10 6b1 coBceM Hennoxo yMeHbUJHTb 3TO 3Har.ieHHe .11.0 10 B, nH6o eme 

MeHbWe. B CHJIY 3TOro, H.11.eaJibHblM ,ll.JlH HCnOJib30BaHHH OKa3aJICH 6hl HaKonHTeJibHblH 

KOH)l.eHCaTOp c eMKOCTblO 220 MK<I> H HH3KHM 3HalfeHHeM 3KBHBaJieHTHOro nocne.11.oBa

TeJibHOro conpoTHBJieHHH. CneJlYeT OTMeTHTb, '!TO TaKoH KOHJI.eHcaTOp, 3apH>KeHHbIH .11.0 

325 B 3anaceT Ha CBOHX o6KJia)l.Kax 3HalfHTeJihHYJO 3HeprHIO, no3TOMY npH nposepKe u.e

neti cxeMbl c TaKHM KOH)l.eHCaTOpOM Ha)l.O npOHBJIHTb oco6o BbICOKYIO OCTOpO>KHOCTb. 

nocne BbIWeH3JIO>KeHHblX paccy>KJI.eHHH MO>KHO npHCTynHTb K paccMOTpeHHIO cxeMbl 

CTa6HJIH3aTopa, HalfHHaH co cxeMbl .11.eJIHTeJISI HanpSl>KeHHSI ( pHC. 4.44 ). 

EcJIH no u.enH .11.eJIHTeJIH nponycTHTb TOK seJIHlfHHOH 5 MA, TO Ha HH>KHeM pe3HCTope 

na.11.eHHe HanpH>KeHHSI .11.on>KKo cocTaBHTb npHMepHo 300 B, no3TOMY n0Ha.11.06HTCS1 pe3HC

TOp c conpoTHBJieHHeM 60 KOM H MOllJ.HOCThIO pacceHHHH 1,5 BT. Ecmf BMecTO 3TOro pe-

3HCTopa HCnOJib30BaTh .11.pyroil:, HanpHMep, HMelOlll.HH conpOTHBJieHHe 220 KOM H MOlll.

HOCTb pacceHHHSI 2 BT, TO Ha 3TOM pe3HcTope 6y.11.eT Bb1.11.enHTbCH MOlll.HOCTb Bcero 0,4 BT, 

KOTopaSI OKa3hIBaeTCSI BnOJIHe .11.onyCTHMOH . .Uanee, TaKaSI 3aMeHa .11.aeT H .11.pyroe npeHMY

mecTBO, 3aKJIIOlfaIOmeecH B TOM,-lfTO H3-3a Toro, lfTO conpornsneHHe pe3HCTopa sepxHero 

nnelfa .11.enHTeJISI .11.on>KHO B03pacrn, TO 3KBHBaneHTHoe conpoTHBJieHHe TeseHHHa TaK>Ke 

yBeJIHlfHTCSI, no3TOMY n0Ha.11.06HTCSI KOH)l.eHcarop, KOTOpbIH UJYHTHpyeT BblB0.11. HacTpOHKa 

(ADJ) Ha 3eMJIIO, c MeHbWHM 3HalfeHHeM eMKOCTH. TaK KaK u.enbcMemeHHH He noTpe6nHeT 
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240VAC 

339VDC 

220u 
385V 

3k 

470n 
400V 

BZX79C15 

PHc. 4.44 flpaKmu'lecKaR cxeMa ucmo'lH.UKa cma6UJtu3upoaa1t1to20 
1tanpR:J1Ce1tux H.a 300 B 

TOK 5 MA ( MHHHManbHOe 3Ha'leHHe TOKa HarpyaKH, 06ecne'lHBa10w.ee npaBHnbHOe <f>YHKU.H· 
OHHpOBaHHe HHTerpanbHPrO CT86HnHaaTopa HanpH>KeHHH 317 cepHH ), OTCYTCTBHe Harpya
KH Ha BblXOJJ.e CTa6HnH3aTopa HanpH>KeHHH Bbl30BeTyaenH'leHHe BblXOJl.HOro HanpH>KeHHH. 
0.11.HaKO naMnbl, ,11,Tlff KOTOpblX ocyw.ecTBnHeTCH npe.naapHTenbHblH no.norpea KaTOJ(OB B pe
>KHMe noHH>KeHHoro 3HepronoTpe6neHHH, 6yJJYT acer,n.a o6ecne'lHBaTb Heo6xo.11.HMy10 Ha
rpyaKy CTa6HnHaarnpa, a n03TOMy .naHHaff npo6neMa He OKa>KeTCH cyw.ecTBeHHOH. 

HpUM.e'l.aHue. KaK TpaHaHcTop MJE340, TaK H HHTerpanbHblH cTa6HnHaaTop HanpH· 
>KeHHH 3 l 7T cepHH .non>KHbl MOHTHpOBaTbCff c npHMeHeHHeM TW.aTenbHO BbinOnHeHHpH 
aneKTpH'leCKOH H30nffU.HH Ha COOTBeTCTBYIOW.HX TennOOTBOJ(ffW.HX pa.n.HaTopax. B Ka'leCT· 
Be pa.n.HaTOpOB MO>KHO Hcnonb30BaTb anlOMHHHeBblH yronoK c TOnUJ.HHOH CTeHKH 3 MM. 

no HH>KHeMy peaHCTopy c conpOTHBneHHeM 220 KOM npoTeKaeT TOK senH'lHHOH 
1,358 MA, npH'leM TOK 50 MKA HBJJHeTcH TOKOM CMew.eHHH, npoTeKalOW.HM qepea BblBO.ll 
HacTpOHKa HHTerpanbHOro CTa6HnHaaTopa HanpH>KeHHff 317 cepHH. no peaHCTopy Bepx
Hero nneqa 6y.neT npoTeKaTb, cne.nosaTenbHO, TOK 1,308 MA, KOTOpb!H .non>KeH BbI3BaTb Ha 
HeM na.neHHe HanpH>KeHHH 1,25 B. TaKHM o6paaoM, senH'lHHa conpoTHBneHHH sepxHero 
peaHCTopa .non>1<Ha 6y.neT cocTaBHTb 955, 7 OM. 0.n.HaKo TO'lHOCTb aa,n.aHHH senH'lHHbl 
onopHoro HanpH>KeHHH HHTerpanbHOro CTa6HnHaaTopa 317 cepHH COCTaBnffeT 4 %. no3TO· 
My ecTb He6onbWOH .nonycK Ha senH'lHHY conpoTHBneHHH yKaaaHHoro peaHcTopa. Mo>KHO 
6blno 6bl Hcnonb30BaTb ,11,Tlff no.11.roHKH nepeMeHHblH pe3HCTOp, OJ(HaKO, HX HaJ(e>KHOCTb ro
paa.no MeHbWe, 'leM y nocTOffHHblX pe3HCTOpOB, a OTKa3 OJJ.HOro H3 KOMnOHeHTOB cxeMbl 
c BblCOKOBOnbTHblMH KpeMHHeBblMH npH6opaMH MO>KeT npHBecni npaKTH'leCKH K KaTaCT· 
po<tJH'leCKHM nocne.11.cTBHHM. Bone-e 6eaonacHblM sapHaHTOM oKa>KeTCH HcnonbaosaHHe 
nocTOHHHoro peaHcTopa co cTaHJJ.apTHblM aHa'leHHeM conpoTHBneHHH 1 KOM, HO npH 3TOM 
HaJ(O npeJJ.YCMOTpeTb MeCTO ,11,Tlff ycTaHOBKH .11.onOJIHHTenbHOro napannenbHO BKnlO'laeMoro 
pe3HCTOpa, TO'lHaff BenH'lHHa KOToporo 6y.11.eT no.n.6HpaTbCff npH HacTpOHKe BCeH cxeMbl, 
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TaK Ha3bIBaeMbIH HacTpaHBaeMbIH npH perynHpOBKe 9neMeHT (B 3ana.l(HOH nHTeparype Lla
CTO o6o3Ha4aeTcH, KaK AOT). 

flepe.n TeM, KaK co6HpaTb cxeMy, Heo6XO.l(HMO 3aMepHTb H 3anHCaTb T04HOe 3Ha4eHHe 
conpoTHBneHHH pe3HCTopa, o6o3Ha4eHHoro a cxeMe, KaK 220 KOM, MOIUHOCTb 2 BT (TaK 
KaK snonHe B03MO>KHO, LITO ero .neHCTBHTenbHaH senHLIHHa 6y.neT HeMHOro OTnH4aTbCH OT 
nacnopTHOH H COCTaBHT, HanpHMep, 221 OM). flocne c6opKH cxeMbl MO>KeT OKa3aTbCH, 
'ITO BblXO.llHOe Hanpsi>KeHHe 6y.neT cocTaBnHTb, HanpHMep, 290 B. Bnaro.napsi l.lenH .nenH
Tensi Hanpsi>KeHHH na.neHHe Hanpsi>1<eHHH Ha pe3HcTope 220 KOM .non>KHO cocraBnHTb 
288, 75 B, no9TOMY senH4HHa npoTeKaIOruero no HeMy TOKa COCTaBHT 1,307 MA. )lnsi on
pe.neneHHff senHLIHHbl TOKa B sepxHeM pe3HCTOpe Heo6XO.l(HMO H3 9TOro 3Ha4eHHff TOKa 
Bbl'leCTb co6crseHHbIH TOK c'MerueHHH cTa6HnH3aTopa Hanpsi>1<eHHH, paBHbIH 50 MKA (no
cne qero senHLIHHa roKa sepxHero pe3Hcropa cocTaBHT 1,257 MA). YMHo>KeHHe nonyqeH
ttoro 3Ha4eHHH ToKa Ha conpoTHBneHHe 1 KOM sepxHero pe3HCTopa .nacT senHLIHHY onop
Horo Hanpsi>KeHHH ( 1,257 B ). 

flocne 9Toro MO>KHO npo.non>KHTb pa6ory no HaCTpoiiKe cxeMbI. EcnH pa3.nenHTb Ha
npH>KeHHe 298, 7 4 B Ha conpoTHBneHHe 221 KOM, TO nonyqHTCH TOK, paBHblH 1,352 MA. 
nocne 9TOro Ha.no BbI4eCTb TOK CMeIUeHHH, paBHblH 50 MKA, LITO .l(BCT 3Ha4eHHe 1,302 MA 
H pa3.nenHTb Ha Hero senH4HHY onopHoro Hanpsi>KeHHH 1,257 B. Pe3ynhTaT .neneHHH .nacT 
rpe6yeMy10 senH4HHY conpoTHBneHHH,, paBHYIO 965,6 OM. BKnl04eHHe pe3HCTopa c co
npoTHBneHHeM 27 KOM napannenbHO c yme HMelOIUHMCH pe3HCTopoM 1 KOM .nacT T04Hoe 
3tta'leHHe BbICOKosonbTHoro Hanpsi>KeHHH 300 B. Xorn onHcaHHbIH MeTO.ll H Ka>KeTcH 
O'leHb ycno>KHeHHbIM H HY.llHbIM, OH rapaHTHpyeT ropa3.l(O 6onee BblCOKYIO CTeneHb 6eao
nacHOCTH no cpasHeHHIO c HcnonbaosaHHeM no.ncTpoe'IHoro nepeMeHHoro peaHcTopa. 

3KBHsaneHTHOe conpoTHBneHHe TeseHHHa OTHOCHTenbHO BbIBO.lla HacTpoifKa c~a6H
JIH3aTopa COCTaBnHeT npHMepHO 950 OM, LITO Tpe6yeT Hcnonb30BaHHff lllYHTHPYIOIUero Ha 
3eMnlO KOH.l(eHcaTOpa c eMKOCTblO 1,5 MK<l>. Ta Ko if KOH.l(eHcaTOp oqeHb .nopor H aaHHMaeT 
6onbUJOH o6beM (pa60L1ee HanpH>KeHHe 400 B), n09TOMY senHLIHHa eMKOCTH o6bl4HO 
yMeHblllaeTCff .llO 470 n<l> H HCnonb3yeTCff COOTBeTCTBYIOIUHH no THny CTaH.napTHblH KOH
.neHcaTop. 

B peKOMeH.Ual.lHHX no npHMeHeHHIO, KOTOpbie aanonOHHnH TeXHH4eCKHe nacnopTa 9TOH 
rpynnbI CTa6HnH3aTopoB HanpH>KeHHH, Tpe6yeTCff ycTaHaBnHBaTb pe3HCTOp Me>KJlY 9MHT
repoM nocne.11.osaTenbHO BKnl04eHHOro TpaH3HCTOpa H HHTerpanbHblM CTa6HnH3aTopoM 
317 cepHH, 4T06bI orpaHH4HTb TOK KOpOTKOro 3aMb1KaHHH. B .11.pyrnx cxeMax, B qacTHOCTH, 
npe.Mo>KeHHOH, )].>K. ,Ll>K. Kypl.lHO (J. J. Curcio) [ 13) TaK>Ke coxpaHHeTcH .11.aHHbIH peaHc
rop no l.lenoMy psi.u,y npH4HH, XOTH ero senHLIHHa 'laCTO yMeHbllleHa .ll.Tlff CHH>KeHHff na.11.eHHff 
HanpH>KeHHff Ha HeM. Bse.11.eHHe nO.l(Knl04eHHOro K 3eMne KOH,l(eHcaTopa Ha BbIXO.l(e CTa6H
JIH3aTopa o6ecne4HsaeT Bl..! cjlHnbTpal.lHIO, 'ITO ynY'lrnaeT ycTOH'IHBOCTb pa6oTbI cra6HnH-
3aTopa HanpH>KeHHH. HeKOTOpbIM He.11.ocTaTKOM TaKoro sapHaHTa MO>KHO CLIHTaTb, LITO 
B 9TOM CnY4ae 6y.ueT OTCYTCTBOBaTb B03MO>KHOCTb cnaCHTenbHOro .ll.Tlff CTa6HnH3aTopa 3a
KOpa4HBaHHff Ha 3eMnlO B03MO>KHbIX TOKOB KOpOTKOro 3aMbIKaHHH. 

PeaHcTop c conpoTHBneHHeM 31 KOM, BKnl04eHHbIH nocne.11.osaTenbHO co cTa6HnHTpo
HOM c pa604HM Hanpsi>KeHHeM 15 B, aa.uaeT TOK CTa6HnHTpOHa. )lJIH CHH>KeHHff rnyMOB H 
MaKCHManbHoii ycTOH4HBOCTH TOK cTa6HnHTpoHa .11.on>KeH npeBbilllaTb 3Ha4eHHe 5 MA. 
H3BeCTHO, LITO Ha BbIXO.Ue cta6HnH3aTopa HanpH>KeHHe COCTaBnHeT 300 B, no9TOMY Ha-
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npH>KeHHe Ha sepxHeH TO'IKe cTaOHJIHTpoHa JI.OJI>KHO 6yJI.eT COCTaBJIHTb 315 B. npH BeJIH

lJHHe TOKa cTa6HJIH3aTopa 100 MA, Ha HaKonHTeJibHOM KOHJI.eHcaTOpe HanpH>KeHHe nynb

cau,Hli cocTaBHT npHMepHo 5 B JI.BOHHoro aMnninyJI.Horo ( nHK-nHKosoro) 3Ha'leHHH, nmno

MY cpeJI.Hee aHa'leHHe nocTOHHHoro HanpH>KeHHH cocTaBHT: (339 - 2,5) B = 336,5 B. 
CneJI.OBaTeJibHO, HanpH>KeHHe Ha peaHcTope c conpoTHsneHHeM 31 KOM cocTaBHT 

(336,5 B - 315 B), a TOK, npoTeKaJOUlHH 4epe3 CTaOHJIHTpOH, COCTaBHT 7,2 MA. no9TOMy, 

eCJIH B03HHKHeT HeOOXOJI.HMOCTb H3MeHHTb HanpH>KeHHe, nocTynaromee Ha CTaOHJIH3aTop 

HanpH>KeHHH, TO senH'IHHa conpoTHBJieHHH 9TOro pe3HCTopa .non>1<Ha ObITb nepec'IHTaHa 

3aHOBO, lJTOObl ooecnelJHTb HeOOXOJl.HMOe 3Ha'leHHe TOKa CTaOHJIHTpOHa. 

4.7. ll Oco6eHHocr11 11cro'IHHKOB cMeUJeHHR nonorpesareneii naMn, 

HOXOJlllU/HXCR non nOBbl/JJ8HHblM noreHl/HOROM OTHOCHTenbHO Kopnyca 

HH3KOBOJlbTHblH HCTO'IHHK nHTaHHH c noBbillJeHHblM noTeHLJ,HaJIOM OTHOCHTeJibHO Kopnyca 

HeOOXOJI.HM ,ll,TIH npMMeHeHHH B JIIOOblX u,enHX; B KOTOpblX HanpH>KeHHe KaTO)l.a 3HalJHTeJibHO 

OTnHlJaeTCH OT Hynesoro 3HalJeHHH. 11CTO'IHHK nHTai-IHH c nOBbillleHHbJM noTeHLJ,HaJIOM Heo6-

XOJl.HM noTOMY, 'ITO TOKH YTe'IKH reHepHpyIOT HanpH>KeHHe wyMa Ha conpoTHBJieHHH Me>KJJY 

KaTOJl.OM H no.norpesaTeneM naMn Rhkllwt> )1.JIH yMeHbllleHHH seJIH'IHHbI HanpH>KeHHH wyMoB 

cymecTByeT .nsa cnocooa: 

• cne.ayeT H36eraTb npHMeHeHHH JiaMn, xapaKTepH3YIOlllHXCt) HH3KHM 3HalJeHHeM co

npOTHBJieHHH Rhk(iiot>. B pHJI.e cnyqaes 9TO TPY.llHO .nocTH>KHMO, o.nHaKo, Heooxo.nHMO 

HCnOJib30BaTb H3MepHTeJib xapaKTepHCTHK JiaMn, HJIH cneu,HaJibHO H3rOTOBJieHHbJH 

TecTep ,ll,TIH oTopaKOBKH Hero.nHbIX 9K3eMnnHpos. TaK KaK HaHoonee qacTOH npH4H

HOH HH3KOro 3HalJeHHH Rhk(hol) HBJIHeTCH nbIJieBHJl.Hbie HJIH HHbie 48CTH'IKH, oopaay

IOllJ,HeCH B KOJIOe B npou,ecce H3rOTOBJieHHH JiaMn, TO OHH qaCTO MOfYT Bbl>KHraTbCH 

npH yseJIHlJeHHH HanpH>KeHHH HaKaJia naMn npHMepHO Ha OJI.HY TpeTb If KOHTponeM 

aa H3MeHeHHeM senH'IHHbl Rhk(iiot> 6e3 nponycKaHHH l!epe3 naMny atto.nttoro ToKa. 

ConpoTHBJieHHe HalJHeT na.naTb H s MOMeHT, Kor.na H3MeHeHHe conpoTHBJieHHH 

npeKpaTHTCH, HeOOXOJl.HMO oy.neT BblKJllO'IHTb nOJI.OrpeB KaTO.llOB, nocne lJero HHTb 

no.norpesaTeJIH .non>KHa OCTblTb. EcnH noseaeT, TO npH nosTOpHOM H3MepeHHH 

RhkUiot> oKa>KeTcH, 'ITO ero senH'IHHa 3HalJHTeJibHO ynyqWHTCH. Cne.ayeT noMHHTb, 

'ITO yseJIHlJeHHe HanpH>KeHHH nHTaHHH no.norpesaTeneA KaTO.llOB MO>KeT nerKO no

spe.nHTb KaTo.n c OKCHJl.HblM noKpbITHeM, o.nHaKo, ecnH y naMnbl ObIJIH nnoxHe xa

paKTepHCTHKH, TO TepHTb ocooo HelJero; 

• eCJIH BeJIH'IHHa nOCTOHHHOro HanpH>KeHHH, npHJIO>KeHHoro K H30Jlffll,HH KaTo.n-no

.norpesaTeJib, KOTOpblH HMeeT BblCOKHe TOKH YTe'IKH, oy.neT MHHHMaJibHOH, TO H 

TOKH YTe'IKH CTaHYT MHHHMaJibHbIMH, a c HHMH yMeHbllJaTCH H lllYMbl. 

HanpHMep, soaMo>KeH cnyqafl, Kor.na Heooxo.nHMO npHMeHeHHe .nsyx HH3KOBOJibTHblX 

HCTOlfHHKOB nHTaHHH ,ll,TIH u.enefl no.norpesaTenefl: OJl.HH npe.nHa3Ha'leH ,ll,TIH KaTOJl.OB, Ha

npH>KeHHe Ha KOTOpOM paBHO npHOJIH3HTeJibHO ttyJieBOMY 3Ha'leHHIO, a BTOpOH HCTO'IHHK 

npeJJ.HaattalJeH .lVIH naMn, HanpH>KeHHe Ha KaTo.n.ax KOTOpbIX cocTasnHeT npHMeptto 130 B. 
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B 0.11.HOM H3 TaKHX ycHJJHTeneli, pa3pa6oTaHHOM AMepHKaHcKOH pa.11.HoKopnopau.Heli 

RCA, Tpe6yeTcff no.11.asaTb Ha no.11.orpesaTeJJH pa3HhIX naMn (Ha o6a BhIBOJI.8) .11.onoJJHHTeJJb

Hoe nocTOHHHoe cMern.eHHe OTHOCHTeJJhHO Kopnyca Ha +40 B H + 170 B ( pHc. 4.45 ). TaK KaK 

OT 3THX HCTO'IHHKOB CMern.eHHff npaKTH'leCKH He 6y.11.eT noTpe6JJffTbCff HHKaKOH TOK, .ll.Jlff HHX 

He06X0.11.HM nepBH'IHblH HCTO'IHHK nepeMeHHOfO TOKa c HH3KHM conpOTHBJJeHHeM H COOT

BeTCTBYIOW.eH cf>HJJbTpau.HeH. 

+390VDCin 

+170VDCout 

+40V DC out 

ov 

PHc. 4.45 CxeMa THINGY, 06ecne'luBa10UfaJl 1ta.tto:J1Ce1tue C2Aa:J1Ce1t1to20 
nocmoR1t1to20 1tanpR:J1Ce1tuR Ha Lfenu noiJ02peoameAet1 AaMn 

CxeMa, npHse.11.eHHaff Ha pHc. 4.45 no.11.KJI10l.faeTcff napannenhHO Bb1xo.ny BbICOKOBOJJbT

ttoro HCTO'IHHKa nHTaHHff H npe.11.cTaBJJHeT co6oli .11.sa 3MHTTepHbIX noBTOpHTeJJff, BblX0.11.

Hble HanpmKeHHff KOTOpbIX 38JI.8IOTCff .11.eJJHTeJJeM HanpH»<eHHff c OTB0.11.aMH. CxeMa 01.feHb 

HeKpHTH'IHa K BeJJH'IHHaM HCnOJJb3yeMblX KOMnoHeHTOB, 01.feHb JJerKO paCC'IHTbIBaeTCff H 

BH.!lOH3MeHffeTCff. TaK KaK npHX0.11.HTCff HMeTb .11.eno c OTHOCHTeJJbHO BblCOKHMH HanpH»<e

HHffMH, TO MO»<HO npette6pe% na.11.eHHeM HanpH»<eHHff Me>KJIY 6830H H 3MHTTepoM Vbe OT

KpblTblX TpaH3HCTOpOB H C'IHTaTl>, 'ITO BblXO.!lHble HanpH»<eHHff COBn8Jl.8IOT c HanpH»<eHHff

MH B TO'!Kax OTB0.11.0B .11.eJJHTeJJff HanpH»<eHHff. EcnH npeHe6pe'lb BeJJH'IHHOH 6a3oeoro TOKa 

H npH6JJH3HTeJJbHO C'IHT8Tb, '!TO TOK npoTeKBIOlll.HH no u.enH .11.eJJHTeJJff HanpH»<eHHff 6y.11.eT 
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paseH I ~A. To Ha Ka»<JJ.hie I KOM conpoTHBJieHHSI peaHcTopos 6y.n.eT npHXO.U.HTbCH na.u.e

HHe HanpH.>KeHHSI, pasHoe I B. TaKHM o6paaoM, ec.nH Heo6xo.U.HMO 3Ha'leHHe HanpSI>KeHHSI 

40 B Ha HH>KHeM BbIXO,ll.e cxeMbl, TO }lJISI BeJIH'IHHbl HH.>KHero pe3HCTOpa OKa>KeTCSI BnOJIHe 

.u.ocTaTO'IHbIM seJIH'IHHa conpoTHB.neHHSI 39 KOM. EcJIH HanpH>KeHHe Ha sepxHeM Bblxo.u.e 

cxeMbl .u.o.n>KHO COCTaBJISITb 170 B, TO na.n.eHHe HanpSI.>KeHHSI Ha cpe,ll.HeM pe3HCTope COCTa

sm:: ( l 70 B - 40 B) = 130 B H seJIH'IHHa conpoTHBJJeHHH 130 KOM oKa>KeTcH snonHe 

.u.ocTaTO'IHblM. EcJIH BblCOKOBOJJhTHoe HanpH>KeHHe cocTaBJrneT, HanpHMep, 390 B, TO Ha 

sepxHeM peaHCTope na.u.eHHe HanpH.>KeHHSI .u.oJI>KHO cocTaBJISITb: ( 390 B - 170 B) = 220 B, 

'ITO noTpe6yeT HcnoJib30BaHHSI pe3HCTopa c conpoTHBJieHHel\l 220 KOM. 

HecMoTpH Ha TO, qro cxeMa ct>aKTH'leCKH TOJibKO aa.u.aeT Tpe6yeMhii1 noJIO>KHTe.nbHhIH 

noTeHO.HaJI Ha BHernHeii u.enH H 3Ta BHeWHSISI u.enb cosepweHHO He noTpe6JISieT Ha Hee 

TOK, B Ka»<JJ,OM TpaH3HCTope ,ll.OJI>KeH npoTeKaTb He3Ha'IHTeJibHbIH no BeJIH'IHHe KO.nJieK

TOpHblH TOK. 0.n.HaKO BeJIH'IHHa 3Toro TOKa 6y.u.eT O'leHb MaJia, no3TOMY 3HatJeHHSI, HaXO,ll.Sl

ll.lHeCSI Me»<JJ.y l - 2 MA oKa>f<YTcH snoJIHe npHeMJieMbIMH. EcJIH ycTaHOBHTh 3Ha'leHHe 

KOJIJieKTOpHoro TOKa le = 2 MA, TO seJIH'IHHa conpoTHBJiemrn 3MHTTepHoro peaHcTopa 

HH>KHero TpaHaHcTopa .ll.OJI>KHa 6y.n.eT paBHSITbCSI tJaCTHoMy OT .n.eJieHHSI HanpH>KeHHSI 40 B 

Ha TOK 2 Ma, TO ecTh 20 KOM. 

MmKHO 6bIJio 6bl coe.n.HHHTb KOJIJieKTop 3TOro TpaH3HCTopa Henocpe.n.cTBeHHO c 3MHT

TepoM sepxHero TpaH3HCTOpa, O,ll.HaKO, BBe,ll.eHHe pe3HCTOpa KOJIJieKTOpHOH Harpy3KH 

ynyqrnHT no.u.asJieHHe wyMa B u.enH H yMeHbWHT Bbl)J.e.nSieMyIO B TpaH3HCTOpe MOIUHOCTb. 

BeJIH'IHHa conpoTHBJieHHH He rpaeT cosepweHHO HHKaKoH poJIH, HO ecJIH JlJlSI HH.>KHero 

TpaH3HCTOpa 3a,ll.aTb 3Ha'leHHe HanpSI>KeHHSI Me)K,ll.}' KOJIJieKTOpOM H 3MHTTepOM V,e• paB

HblM 15 B, TO HanpH>KeHHe Ha ero KOJIJieKTope cocTaBHT ( 40 B + 15 B) = 55 B. HanpH>Ke

HHe Ha 3MHTTepe sepxHero TpaH3HCTOpa COCTaBJISieT 170 B, no3TOMY HanpSI.>KeHHe Ha peaH

CTOpe KOJI.neKTOpHoH HarpyaKH .u.o.n.>KHO cocrnBJISITb: ( 170 B - 55 B) = 115 B. TaK KaK TOK 

qepea TpaHaHcTop paseH 2 MA.· To ero conpoTHB.neHHe cocTaBHT ( 115 B : 2 MA) = 57 ,5 KOM. 

6JIH>Kaftwee cTaH.u.apTHoe 3Ha'leHHe conpoTHBJieHHSI 56 KOM oKa>KeTcSI snoJIHe no.u.xo.ll.Sl

IUHM }lJISI 3TOH u.eJIH. CTpeHMymecTBO OT BBe,ll.eHHSI B cxeMy pe3HCTOpa KOJIJieKTOpHOH Ha

rpyaKH COCTOHT B TOM, 'ITO OH c'HH>KaeT HanpH>KeHHe Vee ('ITO TaK>Ke npHBO,ll.HT K CHH>KeHHIO 

Bbl,ll.eJISIIOIUeHCSI MOll.lHOCTH Ha TpaH3HCTOpe ), H yJiyqwaeT $HJibTpaU.HIO . 

.LJ.,nSI sepxHero TpaH3HCTOpa TaK>Ke Heo6XO,ll.HM pe3HCTOp KOJIJieKTOpHOH Harpy3KH. 

ECJIH onSITb npHHSITb 3Ha'leHHe v,e paBHbIM 15 B, TO HanpH>KeHHe Ha KOJIJieKTOpe sepxHero 

TpaH3HCTopa .U.OJI>KHO cocTaBHTh ( 170 B + 15 B) = 185 B. BhlCOKOBOJibTHoe HanpSI>KeHHe 

COCTaBJISleT 390 B, CJie.u.osaTeJibHO na.n.eHHe HanpSI>KeHHSI Ha sepxHeM pe3HCTOpe KOJJJieK

TOpHOH HarpyaKH cocTaBHT (390 B - 185 B) = 205 B. ToK qepea peaHcTop cocTaBJISieT 

2 MA, no3TOMY seJIH'IHHa ero conpoTHBJieHHSI cocTaBHT: (205 B : 2 MA) = 202,5 KOM. 

To ecTb peaHCTop c conpoTHBJieHHeM 100 KOM snoJIHe no.u.oH.u.eT. na.u.eHHe HanpH>KeHHSI 

206 B Ha conpoTHBJieHHH 100 KOM npHse.n.eT K 3HatJeHHIO MOIUHOCTH 0,42 BT, pacceHsae

MOH Ha 3TOM peaHcTope, no3TOMY noTpe6yeTcSI Hcno.nbaosaTb peaHcTop, pacctJHTaHHhIH 

Ha MOIUHOCTb pacceSIHHSI 2 BT. 

<l>HJibTpaU.HSI ocymecTBJJSleTCH3a C'leT HCnOJib30BaHHSI $HJibTpyIOmero KOH,ll.eHCaTOpa, 

HO ycTaHOBJieHHOro He Mem.u.y 6a30H H 3eM.neH 'ITO noTpe6osaJIO 6hI npHMeHeHHSI KOMno

HeHTa, paCC'IHTaHHOro Ha BbICOKOe pa6oqee HanpSI>KeHHe, a Mem.u.y 6a30H H KOJI.neKTOpOM 

TpaH3HCTOpa. ,llJISI HH>KHero no cxeMe TpaH3HCTOpa ycH.neHHe B u.enH KOJIJieKTOpa COCTaB-
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JIHeT: Av= -R/Rr. = - (56 KOM: 20 KOM) = - 2,8. To eCTb 9cpcpeKT MHJIJiepa npHBO.ll.HT 

K yeeJIH'leHHIO eeJIH'IHHbl eMKOCTH KOH.l(eHCaTopa B 3,8 pa3a, no9TOMY 9cpQ>eKTHBHOe 3Ha

'leHHe eMKOCTH KOH.l(eHCaTopa COCTaBHT 3,8 MK<l>. Bxo.l(Hoe conpoTHBJieHHe co CTOpOHbl 

6a30BOH u.enH TpaH3HCTOpa npHMepHo paBHHeTCH BblXO.ll.HOMY conpOTHBJieHHIO 9KBHBa

JieHTHOH cxeMbl TeeeHHHa ,lt/IH pe3HCTOpHoii u.enH, no9TOMY 'lacToTa cpe3a cjJHJibTpa cocTa

BHT 1,5 flJ.. Jl.,nH HH>KHero 9MHTiepHOf0 nOBTOpHTeJIH .l(Ba QlHJlbTpa C 'laCTOTaMH cpe3a 1,5 fu. 

OK83bJBalOTCH BKJllO'leHHblMH KaCK8.l(HO, 'ITO npHBO.l(HT K eme 60JibllleMY OCJia6JieHHIO ypoB

HH WYMa. BeJIH'IHHa eMKOCTH KOH.l(eHCaTopa coeepweHHO He HBJIHeTCH KpHTH'IHOH. 

ECJIH B 9TOM ecTb ueo6XO.ll.HMOCTh, MO>KHO He orpaHH'IHBaTbCH .ll.BYMH paccMoTpeHHhl

MH BblXO.l(aMH, noCKOJlbKY .l(OnOJIHHTeJibHble BblXO.l(Hble HanpH>KeHHH MOryT 6hITb JierKO 

o6pa3oBaHbl nyTeM nocJie.l(OBaTeJibHOro BKJllO'leHHH eme HeCKOJlbKHX aHaJIOrH'IHblX ceK

UHH. Ka>KJl.8H H3 .ll.06asnsieMblX ceKU.HH BHOCHT ceoio .ll.OJIIO e o6wyio cjlHJibTpau11io cxeMhl, 

no9TOMY MO>KHO npocTO yeeJIH'IHTb KOJIH'leCTBO ceKUHH ,lt/IH yeeJIH'leHHH K09cpcpHUHeHTa 

OCJia6JieHHH wyMa. 8hIXO.l(HOe conpOTHBJieHHe cxeMbl COCTaBJIHeT MeHee 2 KOM, XOTH .ll.0-

nOJIHeHHe O.l(Horo TpaH3HCTopa .ll.PYrHM, c o6pa3oBaHHeM COCT8BHOro TpaH3HCTopa, MOrJIO 

6bl eme CHJibHee CHH3HTb BblXO.ll.HOe conpOTHBJieHHe paCCMOTpeHHOH cxeMbl. 

AeTOp KHHrH HeKoTopoe epeMH npe6hrnan e 3aMewaTeJibCTBe, pa3MbilllJIHH, KaK 6hI 

eMy no.l(o6paTb noTO'IHee H83B8HHe ,lt/IH 9TOH cxeMbl, 0.l(H8KO, no 3.ll.p8BOMY pa3MbllllJie

HHIO, OH BCKope pewHJI, 'ITO oHa npe.ll.cTaensieT co6oii TpaH3HCTopuyio Pa3eeTBJieHHyio 

cxeMy nHTaHHH no.l(orpeBaTeJieH c 3aI.J.J.HTOH OT lliyMOB. AMpeBHarypa Ha3BaHHH B aHr

JIHHCKOH op11rnHaJibHOH TpaHcKpHnU.HH 6y.ll.eT BhirJIH.ll.eTh npocTO ycTpawaiome: THINGY, 

HO OHa OTpa>KaeT HMeHHO TO, 'ITO 03Ha'laeT. 

4.1.12. CocrasneHHe OKOHl/OTBRbHOii CXBMbl 6noKa flHTOHHR 

CTOCJie TOfO, K8K 6bIJIH paCC'IHTaHbl OT.l(eJibHble 6JIOKH HH3KOBOJlbTHOfO H BblCOKOBOJlbTHO

ro HCTO'IHHKOB nHTaHHH, HacrynHJI MOMeHT HX o6'be.l(HHeHHH B e.l(HHYIO cxeMy c HCnOJib30-

B8HHeM HeCKOJibKHX pene H TpaHccpopMaTOpOB. ,LI..nsi BblCOKOBOJlbTHOro 6JIOKa nHTaHHH ' 

nOH8.l(06HTCH TpauccpopMaTop c HanpH>KeHHeM BTOpH'IHOH o6MOTKH 240 B, a ,lt/IH HH3KO

BOJibTHblX 6JIOKOB noH8.ll.06HTCH noHH>KalOI.J.J.HH TpauccpopMaTop c .ll.BYMH BTOpH'IHblMH 66-

MOTK8MH Ha Hanpsi>KeHHH no 9 B Ka>K,ll.aH. B 3aBHCHMOCTH OT B03MO>KHOCTeii HcnoJib30BaTb 

pa3JIH'IHble MO.l(HcjJHKaU.HH CHJIOBblX TpaHccpopMaropoe KOHKpernasi cxeMa HCTO'IHHKa nH

TaHHH MO>KeT 6bITb pa3JIH'IHOH. npHMep CXeMbl 6JIOKa nHTaHHH (pHC. 4.46). 
Ha BXO.l(e CHJIOBblX TpaHccpopMaTopoe (TO eCTb co CTOpOHbl ceTH) cne.nyeT .ll.06aBHTb 

cpHJibTp pa.11.HonoMex, KOTOpblH o6pa30BaH MeTaJIJIO-OKCH.ll.HblM eapHCTOpOM (HeJIHHeHHbJM 

pe3HCTOpOM) Ha 130 .ll.>K • .11.eyx 84 .11.pocceneii, HaMOTaHHbIX Ha 0.11.HOM cpeppHTOBOM cep

)1.e'IHHKe, H .11.eyx KOH.11.eHcaTOpoe KJiacca X2. KoH.11.eHcaTopb1 KJiacca X2 HBJIHIOTCH e.11.HH

crseH!fbIMH THnaMH KOH,ll.eHCaTOpOB, KOTOpble MOryT ocpHU.HaJibHO HCnOJib3088TbCH A/IH 

BKJllOl{eHHH Me>K.ny cpa3HblM npOBO)J.OM H npoBO,ll.OM HeiiTpaJIH B cernx nttTaHttH ( OCHOBHOH 

npH'IHHOH 9TOfO HBJiffeTCH oco6asi KOHCTPYKUHH KOlf.l(eHcaTopoe, o6ecne'IHB8IOI.J.J.8H a6co

JllOTHYJO 9JieKTpo6e3onacHoCTh HX npHMeHeHHH). EcnH ttcnoJib3YIOTCH CHJIOBble Tpauc

cpopMaTOpbI, HMeJOI.J.J.He 9JieKTPOCT8TH'leCKHe 9KpaHbl, TO·~blBO.l(bl 9KpaHoB .11.0JI>KHbl 6bITb 

no.ll.KJllO'leHbr Henocpe.11.cTBeHHO K waccH annaparyphl. 
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CxeMa yny11weHHOfO HCTO'IHHKO RHTOHIUI 

nepe1u110'1a10w.ee pe.ne O.llHOspeMeHHO not1.aeT Hanps>KeHHe ceTeeoro nHTaHHH Ha Bb1-

coKosonbTHb1A TpaHc<t>opMaTop H scnoMoraTenbHoe o6opy.D.oBaHHe. BTopoe, scnoMora

renbHOe, pene Cny>KHT )l.llSI nepeKJIJO'leHHSI HH3KOBOJlbTHbIX CTa6HJIH3aTopoe Hanpsi>KeHHSI 

H3 pe>KHMa noHH>KeHHoro 3HepronoTpe6neHHH e ocH01,rnoA pa6o'IHA pe>KHM. obinO 6bl co

eceM HenJIOXO HCnOJib30BaTb .D.JIH 3THX u.eneA 'leTblpexnOJIJOCHOe peJie, .D.a>Ke B TOM CJIYlJae, 

KOr.D.a B HanH'IHH HMeJOTCH ecero .D.Ba HH3KOBOJlbTHbIX HCTOLIHHKa mnaHHH, TaK KaK, eCJIH 

B o6o3pHMOM 6yJIYW.eM B03HHKHeT He06XO.lJ.HMOCTb 406aBHTb B cxeMy ell.le O.D.HH HCTOLIHHK 

nHTaHHH, TO KOHTaKTbl peJie .D.JIH Hero 6yJIYT y>Ke HarOTOBe. nepeKJIJO'leHHe HCTOLIHHKOB 

nHTaHHSI H3 pe>KHMa nOHH>KeHHOro 3HepronoTpe6neHHH B CTaH.D.apTHblA pe>KHM 3Hepro

CHa6>KeHHH ocyll.leCTBnHeTCH nO.D.KJIJOlleHHeM K 3eMJie HH>KHero nJie'la KaTyWKH Ka.>K,lloro 

peJie ( XOTH MHOrHe nepeKJIJO'laIOw.ee pene HBJIHJOTCH B .D.eiiCTBHTeJibHOCTH noJiynpOBO.D.HH

KOBblMH npH6opaMH, KOTOpb!e He HMeJOT KaryweK). 3TO 03Ha'laeT, LITO Hecrna>KeHHOe 

HH3KOBOJlbTHOe HanpH>KeHHe He nocrynaeT B COCTaBHOH Ka6enb, KOTOpblH coe.D.HHHeT npe

JlYCHJIHTeJib c ero HCTO'IHHKOM nHTaHHH H HCKJIJO'laeT HaBO.D.KY wyMOB. 

4.8. CxeMo yny1.1weHHoro MCTO"IHMKO mtTOHMSI 

4.8.l 06UJH8 JOMB'IOHllR 

PaCCMOTpeHHaH BblWe cxeMa HCTO'IHHKa nHTaHHH paCCLIHTblBaJiaCb, KOr.D.a OCHOBHbIMH 

KpHTepHHMH, B OCHOBHOM, HBJISIJIHCb MHHHMaJibHbie CTOHMOCTHble noKa3aTenH, TOr.D.a KaK 

npe.D.CTaBJieHHblA HH>Ke HCTO'IHHK nHTaHHH paapa6aTb1BaJICH .D.JIH Toro, 'IT06bl HMeTb MHHH

MaJibHblA ypoBeHb wyMOB, Il031:lOJIHIOll.lHA HCnOJib30BaTb ero .D.JIH nHTaHHH BbICOKOKa

lleCTBeHHOro npe.eyCHJIHTeJIH c 6nOKOM 'laCTOTHOH KoppeKU.HH, COOTBeTCTBYIOll.lHM CTaH

MPTY RIAA. 
CaMoA ea>KHOH xapaKTepHCTHKOH HCTO'IHHKa nHTaHHH .D.JIH npeJIYCHJIHTeJibHoro KaCKa

.D.a HBJIS!eTCH MaKCHManbHO HH3KHH ypoBeHb wyMOB. 3TO He 03Ha'laeT, 'ITO He06XO.D.HMO 

o6ecnellHTb TOJlbKO O'leHb BblCOKYJO HelJYBCtBHTenbHOCTb cxeMbl K BHeWHHM HCTO'IHHKaM 

WYMOB (TaKHX, HanpHMep, KaK pa.D.HOnOMeXH CeTesoro nHTaHHH), HO He06XO.D.HMO TaK>Ke 

06ecneL1HTb HeaHa'IHTeJibHbIH ypoeeHb co6cTBeHHblX wyMoB cxeMbl. 

CaMblM rnaBHblMH npH'IHHaMH, KOTOpble npHBO.D.HT K reHepau.HH co6cTeeHHbtx wyMoe, 

HBnHJOTCH npou.eccbl, npoHCXO.D.Hll.lHe npH BbmpHMJieHHH H crna>KHBaHHH ceTeeoro Hanpsi

>KeHHH, oco6eHHO, eCJIH Ha Bb!XO.D.e BbinpS!MHTenH HCnOJib3YJOTCH KOH.D.eHCaTopHaH cxeMa 

<f>HJibTpaU.HH. B CHJIY 3TOro, cxeMbl HCTOLIHHKOB nHTaHHff, Ha BblXO.D.e BbmpHMHTeJieA KOTO

pb!X HCnOJib3YJOTCH <t>HnbTpy10w.He .D.pocceJIH, B no.D.aBJISIJOll.leM 60JibWHHCTBe CnYlJaee 

OKa3btBaJOTCH npe.!J.nOLITHTeJibHee. BbtcoKoeoJibTHble HCTO'IHHKH nHTaHHH c .D.pocceJibHbJM 

<f>HJibTpOM HBJIHJOTCfl o6w.enpHHHTbIMH, O.D.HaKO, HCnOJib30BaHHe TaKHX cxeM .D.JIH HH3KO

BOJlbTHbIX HCTOLIHHKOB nHTaHHH He noJiyllHJIO WHpOKoro pacnpocTpaHeHHH, n03TOMy OHH 

Tpe6yJOT .D.OnOJIHHTeJibHOrO paCCMOTpeHHH OTHOCHTeJibHO HX npHMeHeHHH. npH 3TOM cne
.nyeT YlJHTbJBaTb, 'ITO HCTO'IHHK nHTaHHH .D.OJI>KeH paccMaTpHBaTbCH H KOHCTpyHposaTbCSI, 

KaK e.D.HHoe u.enoe. 
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McroqHHKH nHTDHHR 

HpUMertaHue. KaK TpaH3HCTop MJE340, TaK H HHTerpaJJbHbIA cra6HJJH3aTop HanpH>Ke

HHff 3 l 7T cepHH .D.OJI>KHbl MOHTHpoeaTbCff Ha COOTBeTCTBYIOUJ)iX TenJIOOTBO.D.ffW.HX pa.D.HaTopax 

c co6JIJo.D.eHHeM TIJ.J.aTeJibHO BbinOJIHeHHOH 3JieKTpHqecKoA H30JIHIJ.HH. B Kaqecree pa.D.HaTopoe 

MO>KHO HCnOJib30BaTb, HanpHMep, aJIJOMHHHeBbIH yrOJIOK c TOJIW.HHOA CTeHKH 3 MM. 

4.8.2. HHJKosonh THOR 'IOCTb yn}"IUJBHHoro 6noKa nHTOHHR 

m-nOBTOpHTeJib, BXO.D.ffIJ.J.HH B COCT8B 60JibllJHHCTBa npe.nyCHJIHTeJieH (HanpHMep, 6JIOK8 

qacTOTHOH KoppeKU.HH cj>HpMbl RIAA), .D.OJI>KeH, 6e3 BCHKHX coMHeHHH, nHTaTbCff OT HH3KO

BOJJbTHoro HCTOqHHKa nHTaHHff c .D.OnOJIHHTeJibHblM BHeUJHHM CMew.eHHeM, KOTOpoe .D.OJI

>KeH 6bITb eee.D.eH e cxeMy .D.OnOJJHHTeJibHO K HH3KOBOJibTHOMy HanpH>KeHHJO HaKaJia. Ta

Kaff He06XO.D.HMOCTb Bbl3BaHa TeM, qTQ KaTO.D. O.D.HOH H3 JiaMn m-nOBTOpHTeJiff HaXO.D.HTCff 

no.A nOBbIUJeHHbIM noTeHu.HaJIOM OTHOCHTeJJbHO 3eMJIH. 3TO npHBO.D.HT K Heo6XO.D.HMOCTH 

HMeTb .D.Ba pa3JIHqHbIX HH3KOBOJlbTHblX HCToqHHKa nHTaHHff H HCnOJib30BaTb B KaqecTBe 

HH>KHHX (no cxeMe) JiaMn m-nOBTOpHTeJiff THnbI JiaMn, npHBe.D.eHHbie B Ta6JJ. 4.6. 

Ta6nnl..(a4.6 

TMnnaMm11 TOK noAorpeaaTensi, #,,,,.,.,., MA 

EC8010 280 
6J5-GT 300 
1284-A 300 

Pe3Hcrop c conpOTHBJieHHeM 315 OM, no.D.KJJJOqeHHblH napanneJJbHO BbIBO.D.OM no

.D.orpeeaTeJIH naMnb1 EC8010, ycTaHaBJIHeaeT 3HaqeHHe TOKa no.D.orpeeaTeJIH paBHblM 

300 !'..A. 3TO npe.D.nOJiaraeT, qTQ 6y.D.eT B03MO>KHO HCnOJib30B8Tb eapHaHT nocJie.D.OBaTeJib

Horo BKJJJOqeHHff u.eneA no.D.orpeeaTeneA JiaMn. BapHaHT HcnoJib30BaHHff cTa6HJIH3aTopa 

TOKa }l.Tlff nHTaHHff nO.D.OrpeeaTeJieH JiaMn npH HX nocJie.D.OBaTeJibHOM BKJJJOqeHHH, HMeeT 

pH.A npeHMyw.ecTB no cpaBHeHHIO c 06b1qHblM eapHaHTOM CTa6HJIH3HpoeaHHOro HCTOqHHKa 

IJHTaHHff, HCnOJib3YJOW.HMCff }l.Tlff nHTaHHff no.D.orpeeaTeJieA JiaMn CTaH.D.apTHbIM nOCTOffH

HbIM HanpH>KeHHeM HaKaJJa 6,3 B: 
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CTa6HJIH38TOp TOKa HMeeT 6onee BbICOKYJO 3cpcpeKTHBHOCTb pa60TbI; 

CTa6HJJH38TOpbl TOKa ropa3.D.O JJyqUJe 38W.HW.eHbl npOTHB cnyqaHHO B03HHKaIOW.HX 

pe>KHMOB KOpOTKOro 3aMbIKaHHff HJIH XOJJOCTOfO XO.D.a; 

HCKJIJOqaeTCff TepMHqecKHA y.D.ap nO.D.OrpeeaTeJieH JiaMn npH HX BKJIJOqeHHH; 

OT.D.eJibHbie pe3HCTOpbl u.eneA nO.D.OrpeeaTeJieH MOryT HCnOJib30B8TbCff KaK COCTaB

JlffIOW.He 3JieMeHTbl cjlHJibTpOB pa.AH On OM ex }l.Tlff OT.D.eJibHblX KacKa.D.OB; 

napa3HTHb1e conpoTHBJieHHff npoBO.D.OB u.eneA no.D.orpeeaTeneA nepecTaJOT BJIHHTb 

Ha p_a6ory JiaMn (e cxeMe CJJO>KHOfO npe.nyCHJJHTeJibHOro KaCKa.D.a, B KQTOpOM HC

nOJJb3YIOTCff JiaMnbl cpHpMbl Qctal, noTpe6JlfJJOW.He TOK 6onee 5 A npH Hanpf!>KeHffH 

HaKaJia 6,3 B, notpe6yJOTCfl npoeo.D.a, HMe10w.He .D.OCTaT04Ho 6oJibUJOe ceqeuHe); 

uanpH>KeHHe Ha no.D.orpeearene Ka>K.D.OH JiaMnbl .D.OJI>KHO CJierKa npeBbIUJaTb HanpH

>KettHe Ha ee KaTO.D.e, qT06bI npe.D.OTBpaTHTb B03HHKHOBeHHe napa3HTHOf0 .D.HO.D.HOrO 

3cpcpeKTa Me>KJl.Y BOJibcppaMOBbJM nO.D.OrpeeaTeJieM H KBTO.D.OM Jial\Wbl. 



(xeMO ynr1weHHOra MCTO'!HMKO nMTOHMJI 

HeJJ.OCTaTKaMH noCJie)l.oBaTeJibHOH cxeMbI nHTaHHH u.enefl no.n.orpeeaTenefl naMn siensi

IOTCH: 

• o6pb!B HHTH HaKaJia no.n.orpeBaTeJIH JII060H H3 JiaMn 6y.n.eT HOCHTb KaTaCTpoqmqe

CKHH xapaKTep, TaK KaK npeKpaTHTbCH HaKaJI ecex JiaMn H CTa6HJIH3aTop TOKa OKa

>KeTCH Ha XOJIOCTOM XOJIY. HanHCaB 3TO, aBTOp HeMe)l,lleHHO no.nyMaJI 0 TOM, 'ITO 

Bero npaKTHKe 3a 30 JieT Ha6JIIO)l.aJIHCb ecero )I.Ba cnyqaH, CBH3aHHblX c HeHcnpaB

HOCTblO u.enH HaKaJia, (npH'leM, npH'IHHOH 0)1.HOro H3 HHX 6bIJI caM aBTOp, .n.onyc

THBllIHH npeBbillleHHe npe)l.eJlbHOro 3HalJeHHH HanpH>KeHHH Me>KJJY KaTO)l.OM H no.n.o

rpeBaTeJieM vhk(max) ). K CO>KaJieHHIO, BTopofl cnyqafl 6bIJI CBH3aH c noCJie)l.OBaTeJibHO 

BKJllO'leHHblMH u.enHMH no.n.orpeBaTeJieH JiaMn H nocJie)l.CTBHH Bbl3BaHHbIX HM no

Bpe)KJJ.eHHH 6b1JIH npocTO ymaCHbIMH; 

• TeopeTH'leCKH He HCKJllOlJaeTCH TeMneparypHblH .n.peflcp. CT pH Harpeee HHTH HaKaJia 

eonbcppaMoeoro no.n.orpeeaTensi ee conpoTHBJieHHe B03pacTaeT (3TOT 3aKoH cnpa

BeMHB )I.Jiff ecex MeTaJIJIOB) TaK KaK BbI)l.eJIHIOll.l,aHcH MOll.l,HOCTb P =PR, TO yeeJIH

'IHBaIOrn.eecH conpOTHBJieHHe Bbl3bIBaeT yeeJIH'leHHe Bbl)l.eJIHIOll.l,eHCH MOll.l,HOCTH 

B npoeo.n.HHKe. Ha npaKTHKe, H3MeHeHHe conpoTHBJieHHH c TeMnepaTypofl He CTOJib 

y>K BeJIHKO H BbI)l.eJIHIOll.l,aHCH MOll.l,HOCTb B 60JlbllleH Mepe 38BHCHT OT BTOpofl CTe

neHH npoTeKaIOrn.ero TOKa, 12, CJie)l.OBaTeJibHO, CTa6HJIH3HpOBaHHbIH no TOKY HC

TO'IHHK nHTaHHH HMeeT 6onee CTa6HJibHbie TeMneparypHbie xapaKTepHCTHKH. 

4.8.3. CxeMa c1a6HnH1a1opa TOKa 
KaK H B npe.11.b1.nymeM cnyqae, TaK>Ke xoTenocb 6bl HMeTb B03MO>KHOCTb 3a.n.aeaTb)l,llH no.11.0-

rpeeaTenefl naMn pe>KHM noHH>KeHHoro 3HepronoTpe6neHHH, o.n.HaKo, TaK KaK )l,llH 

no.n.orpeeaTenefl naMn 3aTpy.n.HeHo npHMeHeHHe 3aKoHa 0Ma (H3-3a TeMnepaTypHoro H3-

MeHeHHH HX conpoTHBJieHHH npH pa6ore JlaMnbl), TO HeB03MO>KHO Henocpe.n.cTBeHHO pac

ClJHTaTb Heo6XO)l.HMYIO BeJIH'IHHY TOKa, HeCMOTpH )l.8>Ke Ha TO, 'ITO H3BeCTHO HanpH>KeHHe, 

npHJIO>KeHHOe K HHTH HaKaJia KaTO)l.a, )l.OJl>KHO 6y.n.eT COCTaBJIHTb 63%'oT 3HalJeHHH HOMH

HaJlbHOro pa6oqero Hanpsi>KeHHH. CT0Ha.n.06HJIOCb BbinOJIHHTb u.enyIO cepHIO 3Kcnep11MeH

TOB, 'IT06bl ycTaHOBHTb, 'ITO pa6oTa u.enH HaKaJia npH BeJIH'IHHe TOKa, COCTaBJIHIOll.l,ero 

78% OT HOMHHaJibHOro 3HalJeHHH, 6y.n.eT 3KBHBaJieHTHa pe.>KHMy, npH KOTOpOM K u.enH Ha

KaJia JiaMnbt c KOCBeHHbIM no.n.orpeBOM npHJIO>KeHO 63 % HOMHH8JlbHOro 3Ha'leHHH HanpH-

>KeHHH. 

np11 nocne.n.oeaTeJibHOM BKJIIO'leHHH u.enefl no.n.orpeeaTenel1 naMn nonHOCTblO HCKJIIO

qaeTCH eapHaHT napanneJibHoro COeJJ.HHeHHH no.n.orpeeaTenefl oT.n.enbHbIX rpynn naMn, 

n03TOMY Tpe6yeTCH 0)1.HH CTa6HJIH3HpOBaHHbll1 HCTO'IHHK TO Ka Ha 300 MA, n11Ta10ll.l,HJ1 0.11.HY 

0611.lYIO u.enb HaKana naMn. MHorou.eneeol1 HHTerpanbHbIH cTa6HJIH3aTop 317 cepHH H)l.e

aJibHO no.n.xo.n.HT )l,llH 3Tol1 u.en11. ToJibKO BMeCTO Toro, 'IT06bI no,!1,!I.ep>KHBaTb nocTOHHHbIM 

HanpH>KeHHe 1,25 B Ha qacTH napanneJibHO BKJIIO'leHHoro .n.eJIHTeJIH HanpH>KeHHH, OH Te

nepb .n.on>KeH 6opoTbCH 3a no,!1,!I.ep>KaHHe eeJIH'IHHbI 3Toro HanpH>KeHHH Ha nocne.n.oea

reJibHO BKJllO'leHHOM TOKO'IYBCTBHTeJlbHOM pe3HCTope (pHC. 4.47a). 

)J..nH Toro, 'IT06bI CTa6HJIH3aTop pa60TaJI npaBHJlbHO, na.n.eHHe HanpH>KeHHH Ha TOKO

'IYBCTBHTeJibHOM pe3HCTope )l.OJl>KHO COCTaBJIHTb 1,25 B .n.a>Ke B TOM cnyqae, Kor.n.a no u.e-
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Mcro~HMKM nMTGHMH 
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PHc. 4.4 7 HcnoAbsoeanue unme2pa.Abnotl MUKpocxeMbl 317 cepuu e Kattecmee 
cma6u..n,usamopa moKa 

m1M noJJ,orpeBaTen~H naMn npoXOJlHT 78% HOMHHanbHOrO TOKa B pe>KHMe IlOHH>KeHHOro 

:>HepronoTpe6neHHff. CneJJ.OBaTenbHO, conpoTHBneHHe TOK038Jl8JOW.ero :ineMettTa R.,,,,,,. 
JJ.On>KHO COCTaBnffTb: 

v 1,25 1,25 
R .. nc• =7= I .. ,.6 x0,78.= 0,3x0,78 

5,3420M. 

HeT HH'·1ero YJlHBHTenbttoro B TOM, qTQ no.nyqeHHoe 3HaqeHHe He cosna.a.aeT c senHqHHOH 

conpoTHBneHHff, BXO,lI,SIW.ero B CTaHJJ,apTHble cepHH HOMHHanoB, 0JlH8KO, 38 cqeT ysenHqeff

HOro HanpH>KeHHff BbmaJJ,eHHff H3 pe>KHMa CT86HnH38U.HH H CHH>KeHHff =><l><l>eKTHBHOCTH pa-

60Tbl, MO>KHO HCnonb30B8Tb 6onee BblCOKOe 3HaqeHHe conpOTHBneHHff. 6onblllee 3HaqeHHe 

conpoTHBneHHe Bbl30BeT ysenHqeHHoe no cpastteHHJO c HanpH>KeHHeM 1,25 B naJJ,eHHe tta

npH>KeHJ-lff npH TOM >Ke Tpe6yeMOM' 3HaqeHHH TOKa. 0,llHaKO OHO MO>KeT 6b!Tb yMeHbllieHO 

o6paTHO .no 3HaqeHHH 1,25 B 38 C'leT pe3HCTOpa, BKnJO'lettttoro napannenhHO c TOK038Jl8!0-

lll.HM pe3HCTopoM. B cHny BbllliecKa3aHHoro MO>KHO Hcnonb3oBaTb 6nH>KaHlliee no senHqHHe 

conpoTHBneHHe H3 PffJJ.8 ctaHJJ,apTHOH cepHH, KOTopoe 6y.neT pastto 5,6 OM. 
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CxeMa yny11weHHoro 11tTO'IH1tKa n11raH1111 

B pe>KHMe noHH>KeHHoro 3HepronoTpe6neHHH Ha pe3HCTope c conpoTHBJJeHHeM 
5,6 OM nBJJ.eHHe lianpH>KeHHH cocTaBHT 1,31 B, a npH HOMHHaJJhHOM pa6o'ieM pe>KHMe 
(ToKe 300 MA) nBJJ.eHHe ttanpH>KeHHH cocTaBHT 1,68 B. Heo6xoJJ.HMO HcnOJJh30BaTb JJ.eJJH
TeJJh HanpH>KeHHff, KOTOpblH npe}J.CTaBJJffJJ 6bi KOMnpOMHCCHOe peweHHe )l,llff JJ.Byx pac
CMaTpHBaeMblX pe>KHMOB (pHC. 4.476). 

ll.JJH Toro, 'iT06bl paCC'iHTaTb napaMeTpbl uenH }1,eJJHteJJH, He06XO}J.HMO CJJerKa BH,llOH3· 
MeHHTb cxeMY H npeJJ.nOJJO>KHTh, 'iTO HanpH>KeHHe Ha BhIBOJJ.e BbIXOJJ.(OUT) cocTaBJJHeT 0 B 
(pHC. 4.47B). 

npH pa6oTe HHTerpaJJbHOrO CTa6HJJH3aTOpa HanpH>KeHHe Ha ero BhlBO}J.e HacTpOHKa 
(ADJ)JJ.OJJ>KHO 6hITh paBHO -1,25 B. EcJJH npeJJ.nOJJO>KHTb, 'iTO B uenH }1.eJJHTeJJSI npoTeKa
eT TOK, paBHhIH 1 MA, TO eeJJH'iHHa eepxHero pe3HCTopa JJ.OJJ>KHa cocTaBJJHTh 1,25 KOM. 
0JJ.HaKo 3To 3HatfeHl1'e conpoTHBJJeHHSI He BXOJlHT B pHJJ. CTaHJJ.apTHhlX 3Ha'ieHHH cepHH, no-
3TOMY BhI6op orpaHH'iHBaeTCSI 3Ha'ieHHeM 1,2 KOM, 'iTO, B CBOIO oqepe}J.b, onpeJJ.eJJHeT HO· 
eoe 3Ha'ieHHe TOKa I.11mn' npoTeKalOlll,ero B }1,eJJHTeJJe, KOTOpoe MO>KeT 6b!Th paCC'iHTaHO 
B COOTBeTCTBHH c Bblpa>KeHHeM: 

v 1,25 
I =-=-=104167MA. 

tham R l,2 ' 

B uenh}J.emnensi c BhIBOJJ.a HacTpOHKa (ADJ) nocrynaeT TOK, paBHhlH 50 MKA, cJJeJJ.O· 
eaTeJJbHO, no HH>KHeMY pe3HcTopy npoTel<aeT TOK, paBHhlH ( 1,04167 MA + 50 MKA) = 
= 1,019167 MA. TOK uem1 cyMMHpyeTCff c TOKOM Harpy3KH, CJJe}J,OBaTeJJbHO, BeJJH'iHHa He-
06XO}J.HMOro TOKa, npoTeKalOlll,ero no TOK038}1,alOlll,eMy pe3HCTopy, yMeHhwaeTCSI }1,0 3Ha'ie
HHSI, KOTopoe onpeJJ.eJJS1eTCH pa3HOCThlO: (300 MA - 1,09167 MA)= 298,908 MA 

4.8.4. Pe)l(HM noHH)l(BHHoro JHepronorpe6neHHR 
Pe>KHM noHH>KeHHoro 3HepronoTpe6JJeHHH 38}1,aeTcH npH 3aKopa'iHBaHHH HH>KHero pe3HC· 
TOpa uenH C HCnOJJb30BaHHeM KOHTaKTOB peJJe. n8)J.eHHe HanpSI>KeHHff Ha TOK038)J.alOW.eM 
pe3HCTOpe B 3TOM pe>KHMe onpe}J.eJJSieTCSI Bblpa>KeHHeM: 

Vsencecstandbul = 0, 78 IR = 0, 78 x 0,298906 x 5,6 = 1,31056 B. 

B pe3yJJbTaTe JJ.eHCTBHH CTB6HJJH3aTopa Ha eepxHeM pe3HCTope uenH }1.eJJHTeJJSI nBJJ.e
HHe HanpH>KeHHSI ecer.u.a paQHO 1,25 B. no3TOM)' n8)J.eHHe HanpH>KeHHff Ha Cpe}J.HeM pe3H· 
CTOpe }1,0JJ>KHO COCTaBJJHTb: ( 1,31056 B - 1,25 B) = 55,63 MB. 3Haff na}J,eHHe HanpH>Ke
HHSI Ha pe3HCTOpe H BeJJH'iHHY npoTeKalOw.ero no HeMy TOKa, MO>KHO HaHTH BeJJH'iHHY ero 
conpOTHBJJeHHH: 

v 0,05563 
Rm1ddle =1= 000104167 53,40M. 

' 
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To'rnoe 3HatJemte TOKa, 3a)l.a10w,ero pe>KHM rroHH>KeHHoro 3HeprorroTpe6JJeHHSJ, He SJB

JJSJeTCSJ cyw.ecTBeHHblM, IT03TOMY MO>KH_O HCITOJlb30BaTb 6JJH>Kaflrnee 3HalJeHHe conpOTHB

JJeHHSl H3 pH)l.a HOMHHaJJOB, o6pa3y10w,Hx cepmo E24, TO ecTb 3TO 6y)l.eT 51 OM. 

4.8.5. Paoocmii peJKHM 
/ 

CTocJJe TOfO, KaK KOHTaKTbl pene pa30MKHYTCH, ITO TOK03a)l.alOW,eMy pe3HCTOpy HalJHeT rrpO

TeKaTb flOJJHblM TOK, paBHbIM 0,298908 A. CTa)l.eHHe HarrpH>KeHHH npH 3TOM TOKe COCT8BHT 

1,6739 B. na)l.eHHe HarrpH>KeHHSl Ha )l.BYX HH>KHHX pe3HCTOpax B 3TOM cJJytJae )l.OJl>KHO co

CTaBJJHTb: ( 1,6739 B - 1,25 B) = 0,4239 B, lJTO no3BOJJHeT ttaflrn BeJJHlJHHY HX cyMMapHo

ro corrpornsneHHsi: 

R ::::~:::: 0,4239 ::::406 90M 
middle+/ower / 0,00 l 04167 ' . 

BKJJa)l. cpe)l.Hero pe3HCTopa u.errH )l.eJJHTeJJSJ B 3TO 3HatJeHHe cocTaBJJSJeT 56 OM, cne)l.oBa

TeJJbHO, conpornBJJeHHe HH>KHero pe3HCTopa cocrnBHT: ( 406,9 OM - 51 OM)= 355,9 OM. 

oJJH>Kaflrnee 3HatJeHHe corrpornsJJeHHSJ, BXO)l.Slw,ero B cepHIO E24 H paBHoe 360 OM, 3a)l.a

eT 3HalJeHHe TOKa, npeBbtlIJalOw,ee HOMHHaJlbHOe Ha 0,2%, 0)1.HaKO, 3Ha'IeHHe conpOTHB

JJeHHSl 357 OM, BXO)l.Hw,ero s cepHIO E96 yMeHbWHT OTKJJOHeHHe OT pactJernoro 3HatJeHHH 

TOKa)l.O +0,05%. 

4.8.6. florpewHOCTH H He11cnpaBHOCTH 
Ha rrpaKTHKe, OCHOBHbIM HCTOlJHHKOM ropa3)l.O rrorpernHOCTH SlBJJHeTCSl TOK03a)l.alOW,HM pe-

3HCTOp c corrpornsnettHeM 5,6 OM. B paccMaTpHsaeMOM cxeMe Ha 3TOM pe3HCTope BbI

)l.eJJHeTCSJ MOW.HOCTb, pasttasi 0,5 BT. )la>Ke Haxo)l.Slcb s a6con10rno cso6o)l.HOM so3.nyrnttoM 

npocTpaHCTBe, He orpaHH'!eHHbIM HHKaKHMH 6JJH3KopacnoJJo>KeHHbIMH )l.eTaJJHMH, y3JJaMH 

H KoprrycoM, pe3HCT0p, paCClJHTaHHbIM Ha MOW.HOCTb pacceHHHH 0,6 BT, H Ha KOTOpOM 

<f>aKTHlJeCKH BbI)l.eJJHeTCH 0,5 BT MOW.HOCTH, ttarpencsi 6b1 )l.O )l.OCTaTOlJHO BbICOKOM TeMrre

parypbI, 'ITO rrpHBeno 6b1 K OTKJJOHeHHIO ero corrpornsneHHH OT HOMHHaJJa. Do3TOMy, cne

.nyeT HCflOJlb30BaTb pe3HCTOp, paCClJHT8HHblM Ha 6oJJee Bb!COKYIO MOW,HOCTb pacceSJHHH. 

OtieBH)l.HbIM KaH)l.H)l.aToM )l.JJH TaKoro Bb16opa SJBJJSJeTC51 nnaKHposaHHbIM aJJIOMHHHeM pe-

3HCTop, 3aKperrJJeHHbIM BHHT8MH Ha OXJla>K)l.alOW,eM pa)l.HaTope, 0)1.HaKo, HaMTH pe3HCTOP 

no)l.06Horo THna, HMeIOW,HM )l.OITYCK Ha T04HOCTb H3fOTOBJleHHH Mettee 5%, OKa3b!BaeTCSl 

BeCbMa 3aTpy)l.HHTeJJbHbIM. Bonee rrpocTbtM (H 06ecrretiHsa10w,HM tteo6xo)l.HMy10 T04-

1-1ocTb) perneHHeM HBJJSleTCSl HCfl0Jlb30BaHHe )l.eCSJTH 6onee )l.erneBbIX pe3HCTOpOB c conpo

THBJJeHHeM 56 OM, HMelOw,Hx )l.OrrycK Ha T04HOCTb H3roTOBJJeHHSJ l % H pacctiHTaHHbtX Ha 

MOW.HOCTb paccesiHHSJ 0,6 BT, KOTOpbie coe)l.HHSJIOTCSJ napanJJeJJbHO, 06pa3ysi, TaKHM o6-

pa30M, KOMITOHeHT cxeMbl, HMelOW,HM corrpoTHBJleHHe 5,6 OM c BeJJH4HHOM OTKJlOHeHHH 

± l % H crroco6HhIM pacceHBBTb 6 BT Mow,Hocrn. 
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)lnff Toro, 1ff06bl CKOMneHCHpOBaTb BnHffHHe norpeWHOCTeH, BHOCHMblX npH pac1.1eTe 
cxeMbl, a TaK >Ke B03HHKaJOW.HX 3a ClleT cyw.ecTBYIOW.HXJJ.OnycKOB Ha TO"IHOCTb H3fOTOBne
HHff KOMnOHeHTOB cxeMbl, MO>KHO 6b1no 6bl 3aMeHHTb HH>KHHH pe3HCTOp u.enbJO, COCTaB
JieHHOH H3 nocne.11.osaTenbHO BKn!OlleHHOrO nocTOffHHOrO pe3HCTOpa c conpOTHBneHHeM 
330 OM H nepeMettttoro pe3HCTopa c conpoTHBnettHeM 50 OM. 3To He TOnbKO no3sonHno 
l'ibl TO"IHO 3a.11.asaTb senH"IHHY TOKa no.11.orpeBaTeneii npH Han8.ll.Ke cxeMbl, HO TaK>Ke n03BO
JIHno 6b1 ynpocTHTb pac1.1eT cxeMbI, no3sonHH npette6peraTb BKna.D.OM TOKa ynpasnHJOw.eii 

u.enH B o6w.HH TOK Harpy3KH. 0.11.HaKO, sonpeKH TaKoMy, Ha nepBblH B3rnff,D. OlleBHJl.HOMY 

ROJI.XOJJ.Y, HCnOnb30BaHHe nepeMeHHOfO pe3HCTOpa KaTeropHlleCKH He peKOMeHJl.YeTCff. 
nepeMeHHble pe3HCT0pbl, KaK npaBHnO, OTKa3blBaJOT, KOrJJ.a KOHTaKTbl erOJJ.BH>KKa OKa3bl

BaIOTCff pa30MKHYTblMH, a B .11.aHHOH cxeMe 3TO npHBeno 6bl K TOMy, "ITO CTa6HnH3aTop 
BKnIO"IHncff 6b1 nonttocTbIO, s pe3ynbTaTe 1.1ero nonHoe ttanpH>KeHHe, HMe10w.eecH nepe.11. 
BXOJJ.OM CTa6HnH3aTopa, OKa3anocb 6bl npHno>KeHHblM K u.enffM no.11.orpeBaTeJieH, "ITO Bbl3-
eano 6bl B CBOIO 01.1epeJ1.b KaTaCTpoQ>Hl!eCKoe ysenH"leHHe aHOJJ.HblX TOKOB Bcex naMn ycH
JIHTenff. 

KottTaKTbl pene nepeKnJO"leHHff pe>KHMOB H3 HOMHHaJibHoro pa601.1ero e pe>KHM noHH
>KeHHoro 3HepronoTpe6neHHff cneu.HanbHO pa3pa()aTblBanHCb TaK, "IT06bl HX B03MO>KHblH 
BblX0.11. H3 CTpOH OKa3a.ncff 6e3onaCHblM ,ll,llff cxeMbl. 0HH ycTpoeHbl TaKHM o6pa30M, "IT06bl 
npH B03MO>KHOH HeHcnpaBHOCTH KOHTaKTbl OKa3anHCb 6bl pa30MKHYTblMH, "ITO o6ecnel!H
JIO 6bl .11.anbHeiiwy10 pa6ory no.11.orpeBaTeneii KaTOJJ.OB npH HX HOMHHanbHOH pa601.1eii TeM
neparype. 11 ttao6opoT, ecnH 6bI HOMHHanbHblH pa601.1Hii TOK no.11.orpesaTeneii 06ecne1.1H

eancH npH 3aMKHYTblX KOHTal<Tax pene, TO HeHcnpaBHOCTb, npHB0.11.ffW.aff K pa3MblKaHHIO 
KOHTaKTOB, Bbl3Bana 6b1 1.1pe3MepttblH neperpes no.11.orpesaTeneii KaTo.11.os npH npHno>Ke
HHH 6onee BbICOKoro HanpH>KeHHH, "ITO Bbl3Bano 6b1 HX nocneJJ.YIOW.ee nospe>KJJ.eHHe. 

l13-3a cpaBHHTenbHO 6onee BblCOKOH no.11.sep>KeHHOCTH OTKa3aM c KaTaCTpOQ>HlleCKH
MH nocne.D.CTBHffMH naMnOBblX cxeM, B KOTOpblX HCnOnb3yeTCff nocne.11.oBaTenbHaff cxeMa 

BKnIOlleHHff u.eneii no.11.orpeBaTeneii KaTOJJ.OB, CT86HnH3aTOpbl TO Ka B TaKHX u.enffX .11.on>KHbl 
pacC"IHTblBaTbCff H co6HpaTbCff c B03MO>KHO 6onbweii TUJ.aTenbHOCTbIO H aKeypaTHOCTblO. 

4.8.7. 8bl6op ClfROBOfO rpaHcc/JopMoropo ,, npoccenR HlfJKOBORb THOfO 

lfCTOl/HlfKO nHTOHllR JlllJI cxeM c nocnenosorenbHblM HOKOROM noMn 

npH paClleTe napaMeTpOB CHJIOBOfO TpaHC<f>OpMaTopa YJJ.06Hee paCCMaTpHBaTb CXeMy, "ITO 
Ha3blBaeTCff, c ee BblXOJJ.a, HnH c ee Harpy3KH, HanpH>KeHHe Ha KOTOpoii npHMeM paBHblM, 

uanpHMep 25,2 B. Ha npaKTHKe, 3TO ttanpH>KeHHe onpe.11.enffeTCff cyMMOH ttanpH>KeHHH 
HaKana scex naMn npH nocne.11.osaTenbHOM cnoco6e nHTaHHff noJI,orpesaTeneii. ,llanee cne

Jl.YeT y...eCTb, "ITO Ha TOK038JJ.aJOw.eM pe3HCTOpe u.enH CTa6HnH3aTopa TOKa naJI,aeT HanpH
>KeHHe 2 B, TaK>Ke tteo6XOJ1.HMO y1.1eCTb JI,ononHHTenbttoe n8Jl.eHHe ttanpH>KeHHff 3 B Ha HH
TerpanbHOM CTa6HnH3aTope 317 cepHH, TO eCTb MHHHManbHOe 3Hal!eHHe HanpH>KeHHe Ha 

BXOJl.e cxeMbl CTa6HnH3aTopa Jl.On>KHO 6b1Tb He Mettee 30 B. 8b16paHHbIH .LVIH cxeMbl JI.poc
cenb HMeeT BHYTpeHttee conpoTHBnettHe 1,2 OM H pacc"IHTaH Ha TOK 0,6 A ( HCXOJlff H3 
Tpe6yeMoro nHTaHHff Jl.Byx napannenbHbIX u.eneii nocneJI,oBaTenbHO BKnJO"leHHblX noJI,orpe· 
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BaTeJJeH KaTOJlOB JJaMn ). 0a]leHHe Hanpff>KeHHSI Ha JlpOCCeJJe COCTaBHT 0, 72 B, qTO B HTOre 

noTpe6yeT Ha BblXO}le BbinpffMHTeJJff BeJJHqHHbl nO'CTOffHHOH COCTaBJJfflOll.leH Hanpff>KeHHff 

nopffJlKa 31 B. MocToeaff cxeMa BbmpffMJJeHHff Jl06aBHT na}leHHff Hanpff>KeHHff Ha .11.eyx 

nonynpoBOJJ.HHKv!JblX JlHO]laX, XOTff HCnOJJb30BaHHe JI.HO.II.OB illoTTKH JI.Jiff 9THX ueJJeH CHH-

3HJJO 6b1 o6mee n8.ll.eHHe Hanpsi>KeHHff Ha HHX JlO aHaqeHHSI npHMepHo l B, qTo B HTore 

npHBOJJ.HT K aHa'leHHIO Heo6xoJlHMoro Hanpff>KeHHff 32 B. YqHTblBaff, qTo nocTOffHHaff co

CTaBJJffIOll.laff BblnpHMJJeHHOro CHHyCOHJl8JlbHOro Hanpff>KeHHff COCTaBJJffeT TOJJbKO 0,9 OT 

cpe.11.HeKB8.ll.paTHqecKoro 3HaqeHHff BXOJJ.Horo Hanpsr>KeHHff, v;n(RMS)'. Ha BblXOJl.HblX KJJeMMax 

TpaHc<f>opMaTopa Heo6XOJlHMO 6yJleT HMeTb Hanpff>KeHHe 36 B cpe.nHeKB8.ll.paTH"leCKoro 

3HaqeHHff. 0JlHaKO, 9TO 3HaqeHHe He 6y.11.eT yqHTblBaTb B03MO>KHble KOJJe6aHHff Hanpsr>Ke

HHff._B ceTH nHTaHHff, a TaK>Ke B03MO>KHble H3MeHeHHff Hanpsr>1.<eHHff nHTaHHff ueneH nO}lO

rpeeaTeJJeH JJaMn, no9TOMY 6blJJO 6b1 nyqrne ocTaHOBHTbCH Ha eeJJHqHHe Hanpff>KeHHff 40 B 

cpe.11.HeKBaJlPaTHqecKoro 3HaqeHHH. 

f opaa.11.0 npome npoeepHTb npHrO.ll.HOCTb TeXHHqeCKHX napaMeTpOB noTeHuHaJJbHOro 

KaHAHJlaTa Ha pOJJb .n.pocceJJff, qeM aa.u.aeaTbCH TeXHHqecKHMH xapaKTepHCTHKaMH Jlpocce

JJff, KOTOpblH, B03MO>KHO, TaK H He 6y}leT HHKOr.n.a HaH.n.eH, a noTpe6yeT HHJlHBHJlYaJJbHOH 

paapa6oTKH. HanpHMep, .n.pocceJJb c oepeMeHHOH HHJlYKTHBHOCTblO cepHH NOS HMeeT 

cne.nyIOll.lHe napaMeTpbl: 

L = 180 MfH, nocTOffHHbIH TOK 200 MA, 

L = 90 MfH, nocTOffHHbIH TOK 1,5 A. 

DOJJbllleH eeJJHqHHe nocTOHHHoro ToKa .n.pocceJJff cooTBeTcTByeT MeHbruee aHaqeHHe 

ero HH.nyKTHBHOCTH, CJJeJlOBaTeJJbHO, BeJJHqHHa nOCTOffHHOro TOKa iAC COCTaBHT: 

i - V.n(RMSl - 40 385 MA. 
M:(posllioepeakl - l 155l - l 155x0,09 

.UonycKaff, qTo He6oJJblllOH no BeJJHqHHe TOK 6y}leT noTpe6JJHTbCff .n.pyrHMH 9JJeMeHTa

MH cxeMbl HH3KOBOJJbTHOrO HCTOqHHKa nHTaHHff, MaKCHMaJJbHOe 3HaqeHHe o6mero TOKa 

/total peak tunent COCTaBHT: 

J totalpeakcurtenl =JDC+ iDC(peak) = (=600 MA)+ 385 MA= 1 A. 

3TO 3HaqeHHe 3HaqHTeJJbHO MeHbllle, qeM MaKCHMaJJbHO .n.onyCTHMOe no nacnopTy 

JlpocceJJff aHaqeHHe 1,5 A, no9TOMY npeJJ.JJaraeMbIH .n.pocceJJb y.n.oeneTBopSleT Tpe6oea

HHHM cxeMbl. 

BeJJHqHHa TOKa B COOTBeTCTBHH c TeXHHqeCKHMH xapaKTepHCTHKaMH CHJJOBoro TpaHC

cf>opMaTOpa OTHOCHTCff K cpe}lHeKBa]lpaTHqecKoMy 3HaqeHHIO TOKa (JI.Jiff Hanpff>KeHHff CH

HYCOH.u.aJJbHOH cf>opMbl ), no9TOMY MO>KHO pa3JleJJHTb aMnJJHTY.ll.HOe ( HJJH MaKCHMaJJbHOe) 

3HaqeHHe TOKa Ha BeJJHqffHY v2, qTo }laeT 3HaqeHHe 0,71 A. B CHJJY 9TOro HCnOJJb30BaHHe 

TpaHc<jlopMarnpa, paccqHTaHHOro Ha MOll.lHOCTb 30 BT, MOrJJO 6bl OK83aTbCff BnOJJHe .n.o

CTaTOlIHblM, OJJ.HaKO, aBTOp OCTaHOBHJJ CBOH Bbl6op Ha TpattcqmpMaTope c MOll.lHOCTblO 

50 BT, Tak KaK IlOCJJeJlHHH HMeJJ npaKTHqeCKH TaKYIO >Ke CTOHMOCTb, HO npH 9TOM o6ecneqH

BaJJ MeHblllYIO IlJJOTHOCTb MarHHTHOro nOTOKa B cep.n.eqHHKe H MeHblllHH nOTOK pacceffHHff, 

qTo B CBOIO oqepe,nb, CHH>KaJJO HaBe]leHHble rnyMbl B pacnoJJO>KeHHblX Pff.ll.OM uenffX cxeMbl. 
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4.8.8. T pe6osaHHR K rpaHcc/JopMaropy H npoccen10 Bbl~oKosonb rHoro 

HCTO'IHIU(O OHTOHHR 

Jl.1u1 nHTaHHff cxeMbI m-nosTopHTeJIH 6.110Ka l.faCTOTHOH KoppeKUHH RIM (HanoMHHM, lfTO 

B KatteCTBe npHMepa paccMaTpHsaeTCff 6JIOK nHTaHHff HMeHHO 9TOH annaparypbl) 6bIJIO He-

06XO}J.HMO HanpH>KeHHe 390 B H TOK, npHMepHo paBHblH 80 MA. ,Il,nH 9THX ue.11ei1 sno.11He 

nOJ].XO,ll.H.11 TpaHc<t>opMaTop, HMeIOUlHH BTOpHllHYIO o6MOTKY co cpe.n.HeH TOlfKOH H HanpH

>KeHHffMH 525 - 0 - 525 B (MH .n.syxno.11ynepHO,ll.HOH cxeMbl BbmpHMJieHHff co cpe.n.Heii 

TOl.fKoii), paccl.fHTaHHYIO Ha TOKH 250 MA, a TaK>Ke .n.pocce.11b c HHJIYKTHBHOCTbIO 20 fH, 

KOTOpb1e Kor.n.a-ro HCnOJib30BaJIHCb s cxeMe ycHJIHTeJIH Solatron Varipak. TaK KaK cxeMa 

ycHJIHTe.11H Varipak xapaKrepH3osa.11acb HOMHHaJibHblM 3Hal.feHHeM TOKa l 00 MA, TO He 

6bl.IIO HHKaKOH He06XO,ll.HMOCTH nposepHTb npHrO,ll.HOCTb .n.pocceJiff no BeJIHlfHHe HOMH

HaJJbHOro TOKa. 

4.8.9. 8blCOKOBORb THb/H cra6HRH30TOp 

B o.n.Hoii H3 paHHHX pa3pa6oToK asropoM l{HHrH Hcno.11baosa.11acb cxeMa'napa.11.11eJibHOH CTa-

6HJIH3aUHH BblCOKOBOJlbTHOro HanpH>KeHHff, KOTopaH 6bIJia 01.feHb noxo>Ka Ha ry, KOTOpaH 

6b1.11a HCnOJib30BaHa An.lleHoM PaiiTOM (Allen Wright) [ 14] s ero cxeMe npeJJ..YCHJIHTeJIH, HO 
I 

KOTOpaH 6b1.1Ia npaKTHl.feCKH noJIHOCTbIO yHHlfTO>KeHa B pe3yJibTaTe BblXO,ll.a H3 CTpOH no.n.o-

rpeBaTeJiff JiaMnbl (H. BCJle,ll.CTBHe 9TOro, npeKpameHHff aHO,ll.HOro TOKa), co sceii 01.feBH,ll.~ 

HOCTbIO no.n.lfepKHYB Ba>KHOCTb paccMorpeHHff ueJIHKOM sceii cxeMbl npH npoeKTHpOBaHHH 

Ka>K,ll.Oro OT,ll.eJibHOro 6.110Ka. 

napa.11.lleJibHble CXeMbl CTa6HJIH3aUHH ffBJiffIOTCff 3alllHllleHHblMH OT KOpOTKHX 3aMbIKa

HHH, o,ll.HaKo, OHH oKa3blBaIOTCff YH3BHMbl K pe>KHMy xo.11ocroro xo.n.a. B cnyqae orcoe.n.HHe

HHff Harpy3KH napa.11.11eJibHO BKJIIOl.feHHblH 9.lleMeHT CTa6HJIH3aTopa BblHY>KJJ.eH nponycKaTb 

no CBOHM uenffM BeCb,ll.OnOJIHHTeJibHblH K CBOeMy o6bllfHOMY 3Hal.feHHIO TOK Harpy3KH, npH 

3TOM OH ,ll.OJI>KeH 6bITb cnoco6eH pacceHBaTb SCIO Bbl,ll.eJIHIOwyIOCff Ha HeM 3HalfHTeJJbHYIO 

MOlllHOCTb. 0TKa3 ( o6pbl8) HHTH HaKaJia O,ll.HOH H3 JiaMn, no.n.orpesaTeJIH KOTOpblX BKJII0-

1.feHbl no cxeMe noc.11e.n.osaTe.11bHoro nHTaHHff, npeKpamaeT no.n.alfy nHTaHHff Ha 'see oc

raJibHble JiaMnbl, npHBO,ll.ff K HX BblKJIIOlfeHHIO H nOJIHOMy OTKJIIOlfeHHIO Harpy3KH BbICOK0-

80.llbTHOro HCTOlfHHKa nHTaHHff. TaKHM o6pa3oM, napa.11.11e.11bHaff cxeMa CTa6HJIH3aUHH H 

noCJie.n.osaTeJibHaH cxeMa BKJIIOl.feHHff ueneii no.n.orpesaTe.11ei1 .11aMn He npe.n.cras.11HIOT 

npHeMJieMoe COlfeTaHHe TeXHHlfeCKHX perneHHH, oco6eHHO B Tex cnyttaffX, Kor.n.a Heo6xo

,ltHMblH TOK BblCOKOBOJibTHoro HCTOIJHHKa nHTaHHff npesb1rnaeT 20 MA. 

npH H3fOTOBJieHHH JiaMnOBbIX CTa6HJIH3aTOpOB rpe6yIOTCff 01.feHb BblCOKHe 3aTpaTbl. 

0HH Moryr 06.11a.n.aTb 01.feHb HH3KHM ypoBHeM lllYMOB, O,ll.HaKO B HX cxeMax Tpe6yeTCff npH

MeHeHHe HeCKOJlbKHX HCTOlfHHKOB nHTaHHff no.n.orpesaTeJieH, a ,ll.Jlff ycHJIHTeJiff paccor.11a

COBaHHff B H,ll.ea.11e Tpe6yeTCff OT,ll.e.llbHblH' CTa6HJIH3HpoBaHHbIH HCTOlfHHK nHTaHHff ,ll.Jlff 

yMeHbllleHHff .n.peii<Pa nOCTOffHHOH COCTaBJiffIOUleH, lfTO eme 60.llbllle ycJIO>KHffeT SCIO cxe

My. TeM HH Me Hee, pH.n. pa3pa6oTl.fHKOB npHCHrHYJIH Ha sepHOCTb .11aMnOBbIM cTa6HJIH3aTo

paM, HO 9TO - .n.e.110 HX npo<t>ecCHOHaJibHOro Bb16opa. 
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B HaCTOffw.ee speMff aBTOp KHHrH see ew.e npe.nnO'IHTaeT CTa6HJIH3aTOp KOMnaHHH, 

paapa60T'IHKa lV\aida Ha HHTerpaJibHOH cxeMe 317T (HeO,llHOKpaTHO paCCMOTpeHHWH 

Bblllle ). XOTff B Hero H MOl)'T 6h1Tb BHeceHbl He3Ha'IHTeJibHble YJIY'lllleHHff B u.enb .neJIHTeJiff 

HanpH>KeHHH. PaHee s 9TOH u.enu peKoMeH.nosancff ,llJlff ucnonbaosaHHff MeTaJIJIH3HposaH

HWH nneHO'IHhIH peaHCTop c conpoTHBJieHHeM 220 KOM, TaK KaK 9TO 3Ha'!eHHe o6ecne'IH

saJio MHHHMH3aU.HIO TOKa BblCOKoro HanpH>KeHHff H BbI,!I.eJiffIOLUYIOCff Ha peaucrqpe MOlll,

HOCTb. B HaCTOffW.ee speMff, KOr.na Tpe6yIOTCff 6onee BbICOKHe 3Ha'!eHHff TOKa, MO>KeT 

ucnonhaoaaTbCff nposono'!HhIH peaHcTop c conpoTHsneHHeM 4 7 KOM ( KaK H c.nenaHo 

B cxeMe paccMaTpHsaeMoro 6JIOKa nHTaHHff, pHC. 4.48), npH TOM .11.onOJIHHTeJibHOM npe

HMylll,eCTBe, '!TO y Hero OTCYTCTBYIOT H36blTO'IHble TOKH. 

4.8.Ta YsenH'l6HHe MOKCHMORbHO 11onyCTHMOTO o6paTHOfO HanpRJKeHHR 

VRRM npH nocne11osa1enhHOM BKn1011eHHH BbmpRMHTenbHblX JIHOJIOB 

TaK KaK JJ.H0.11.hI, pacc'!HTaHHhre Ha BhICOKOe o6paTHOe HanpH>KeHHe (KoTopoe MO>KeT .no

CTHraTb 1700 B npH npHMeHeHHH CHJiosoro TpaHc<f>opMaTopa, ucnOJihayeMoro s paccMaT

pusaeMoM npHMepe) He ffBJlfflOTCff llIHpOKO pacnpocTpaHeHHWMH KOMnOHeHTaMH, TO 

B BblCOKOBOJlbTHOM HCTO'IHHKe nHTaHHff c .npocceJibHblM crna>KHBaIOlll,HM <f>HJibTpOM HC

nOJib3YIOTCff TPH nocne.11.osaTeJihHO BKJIIO'!eHHhIX BhmpHMHTeJibHhIX .11.uo.na, noasonHIOlll,He 

TpOeKpaTHO yseJIH'IHTb 3Ha'!eHHe MaKCHMaJibHO .11.onycTHMOro o6paTHOro HanpH>KeHHff 

VRRM Ka)l(Jloro H3 HHX. 0.n.HaKO, npH 9TOM He06XO,!I.HMO HCnOJib30BaTb BblpasHHBaIOlll,He 

HanpH>KeHHff KOHJJ.eHCaTOpbl, BKJIIO'leHHble napanneJibHO Ka)KJlOMy ,!I.HOJIY, ,llJlff Toro, 'IT06w 

o6ecne'IHTh npHJIO>KeHHe K HHM paBHhIX no eeJIH'IHHe o6paTHhIX HanpH>KeHHff. ApryMeHThl 

,llJlff TaKoro no.n.xo.na cosepllleHHO aHaJIOrH'IHW TeM, KOTOpble HCnOJib30BaJIHCb npH pac

CMOTpeHHH ,!I.eHCTBHff BblpaBHHBaIOW.HX HanpH>KeHHff pe3HCTOpOB npH nocJie.11.osaTeJihHOM 

BKJIIO'leHHH 9JieKTPOJIHTH'lecKHX KOHJJ.eHcaTopos ( cM. Bhlllle ). BhmpHMHTeJibHhie JJ.HO.ll.hl 

BKJllO'leHbl nocne.nosaTeJibHO, CJieJJ.OBaTeJibHO, no HHM npoTeKaeT OJJ.HHaKOBblH no BeJIH'IH

He TOK, n09TOMY MO>KHO npHHffTb, '!TO O,llHHaKOBblH TOK o6ecne'IHT O,!I.HHaKOBble no BeJIH

'IHHe aapHJJ.bl (Q =It). 06paTHOe HanpH>KeHHe, KOTOpoe 6y.11.eT npHJIO>KeHHOe K Ka)KJlOMy 

H3 JJ.HO,ll.OB, BO MHOrOM onpe.11.enffeTCff BeJIH'IHHOH 6apbepHOH eMKOCTH ero nepexo.na B MO

MeHT BhIKJIIO'leHHff ( Q = CV), a TaK>Ke y.n.eJibHhlM conpOTHBneHHeM ca Moro nepexo.na ( BJIH

ffIOlll.HM Ha paccaCblBaHHe HeOCHOBHblX HOCHTeJieH B nepexo.11.e npH BblKJIIO'leHHH JJ.HO,ll.8), 

OJJ.HaKO 9TH 3Ha'!eHHff MOl)'T H3MeHffTbCff OT 9JieMeHTa K 9JieMeHTy, '!TO 6y.neT npHBO,llHTb 

K H3MeHeHHffM B seJIH'IHHe o6paTHoro HanpH>KeHHff. AsTOp npouaeen aaMepbr eMKOCTH 

c,.,.etre' ,llJlff ,ll.HOJJ.OB cepHH STTA5 l 2D, KOTOpoe COCTaBHJIO nopHJJ.Ka 600 MK<l>. c u.eJiblO 

no.11.aBHTb BJIHffHHe OT B03MO>KHOro paa6poca 9TOH seJIH'IHHbl HCnOJib3YIOTCff nneHO'IHble 

nJiaCTHKOBble llIYHTHpyiomue KOHJJ.eHcaTopbr c eMKOCTbIO IO H<l>, KOTOpb1e .11.on>KHhl rapaH

THposaTb, '!TO HH Ha OJI.HOM H3 BbmpHMHTeJibHblX ,ll.HOJJ.OB BeJIH'IHHa o6paTHOro HanpH>Ke

HHff He npeshICHT 3Ha'leHHff MaKCHManhHO .11.onycTHMoro o6paTHoro HanpH>KeHHff VRRM' 

0pH BblKJIIO'leHHH ,!I.HO.II.OB '!epe3 HHX npOXO,!I.HT TOK YTe'IKH ( o6paTHblH TOK .11.HO,!I.a ), OU.e

HHBaeMhlH 3Ha'!eHHeM B HeCKOJibKO MHJIJIHaMnep. c .npyroii CTOpOHbl, 9TO ffBJieHHe MO>KHO 

6hIJIO 6bI paCCMaTpHBaTb, KaK cxeMy na~aJIJieJibHOro BKJIIO'leHHff H,!I.eaJibHOro no CBOHM 
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Hcro'IH1tK1t n11raH1tJ1 

xapaKTepHCTlifKaM ,!J,HO,!J,a C conpOTHBJTeHHeM yrel.fKH. CTOCJJe TOrO, KaK ,!J,HO,!J,bl OKa3aJJHCb 

BKJIJOl.feHHbIMH nocJJe,ll.oBaTeJJbHO, npHHU.Hn ,!l,eHCTBHH .u.eJJHTeJJH HanpH>KeHHH Mor 6bl Bbl3-

saTb nOHBJJeHHe Ha HeypasHoseweHHblX no BeJJH'IHHe conpOTHBJJeHHHX yTe'IKH na.u.eHHH 

HanpH>KeHHH, KOTopb1e MOrJJH 6bl npesbICHTb no seJJH'IHHe MaKcHMaJJbHO .u.onycTHMbie 

3Hal.feHHH o6paTHoro HanpH>KeHHH VRllM.ll.H0,!1,0B. npo6JJeMa MO>KeT 6bITb peweHa JJH60 ny

TeM cornacosaHHH no seJJH'IHHe TOKOB yre'IKH HCnOJJb3yeMblX B cxeMe ,!J,HO,!J,OB, JJH60 BKJllO

l.feHHeM pe3HCTOpa napaJJJJeJJbHO Ka>K,!J,OMY ,!l,HO.ll.}', KOTOpblH nponycKaJl 6bl TOK, B HeCKOJJb

KO pa3 npeBbIWaJOW.HH O>KH,!J,aeMblH TOK yTe'IKH. B paccMaTpHsaeMOH cxeMe K Ka>K,!J,OMY H3 

,!J,HO,!J,OB B 3aKpbITOM COCTOHHHH npHJJO>KeHO HanpH>KeHHe 589 B, n03TOMy '1epe3 pe3HCTOp 

c conpornsJJeHHeM 1 MOM npoTeKaeT TOK seJJH'IHHOH 589 MKA, KoTopbIH HaMHoro npe

socxo.u.HT TOK yTel.fKH ,!l,HO.ll.a. K co>1<aJJeHHJO, Ka>K,!J,bIH peaHCTOp ,!J,OJJ>KeH HMeTb MOW.HOCTb 

pacceHHHH 2 BT, 6ecnoJJe3HO sb1,!J,eJJHH ee s BH.ll.e TenJJa. 

4.8.ll KoMneHCOflHR pa16anaHca conpor11sneH11i nonyo6MoroK 
rpaHapopMaropa, HMBIOUJHX OTBO/l OT cpe11Hei TO'IKH 

TpaHCcf>OpMaTop, 06MOTKH KOTOporo HMeJOT OTBO.ll. OT cpe.u.HeH TO'IKH, n03BOJJHJOT 3KOHO

MHTb Ha KOJJHl.feCTBe .ll.HO.ll.OB H wyHTHpy10w.Hx KOH.ll.eHcaropax .ll.JIH BbmpHMHTeJJH, HO .u.o-
6asJJHJOT HOBble npo6JJeMbl. 06MOTKH TpaHccf>opMaTopos, B KOTOpbIX BblnOJJHeH OTB0,!1, OT 

cpe,!1,HeH TO'IKH, HaMaTb!BaJOTCH Ha KapKace O,!J,lia Ha .u.pyry10, n03TOMY ,!J,HaMeTp BHeWHeH 

noJJyo6MOTKH scer.u.a HeCKOJJbKO 60JJbWe, l.feM pacnOJJO>KeHHOH BHyTpH, '!TO npHB0,!1,HT 

K HeCKOJJbKO 60JJbWeMy 3Hal.feHHIO conpoTHBJJeHHH 3TOH noJJyo6MOTKH H3-3a 6oJJee .ll.JIHH

HOto nposo.u.a. EcJJ11 He yYeCTb pa3HHu.y B seJJH'IHHax conpornsJJeHHH noJJyo6MOTOK H He 

KOMneHCHpOBaTb ee BBe,!l,eHHeM BHeWHero .u.o6aBO'IHOro conpOTHBJJeHHH K BHyrpeHHeH 

noJJy06MOTKe rpaHccf>opMaTopa, TO Ha BblXO,!J,e BbmpHMHTeJJH nOHBHTCH COCTaBJJHJOl.lJ,BH 

nyJJbCaU,HH, HMeJOW.aH l.facrory ceresoro nHTaHHH, KOTOpaH npH 3TOM He 6y.u.eT ,!J,OCTaTO'IHO 

xopowo OCJJa6JJHTbCH nocJJe.ll.}'JOlll.HM crna>KHBaJOW.HM cpHJJbTpoM, paCC'IHTaHHblM Ha 

cpHJJbrpau,HJO cocrasJJHJOW.eH c y.u.soeHHOH l.faCTOTOH cern. 3ToT cf>aKT HBJJHeTcH .u.ocraro'l

HO HenpHHTHblM, O,!J,HaKo, .u.o6asJJeHHe B cxeMy He.u.opororo pe3HCTOpa, BblpaBHHBaJOw.ero 

3Hal.feHHH conpOTHBJJeHHH 06MOTOK, ycrpaHHeT 3TOT .u.ecpeKT. 

Hpu.MettaHue J. 3a.u.ep>KKa BKJJJOl.feHHH BbICOKoro HanpH>KeHHH ( HOpMaJJbHO paaOMK

HYTbie KOHTaKTbl peJJe) COCTaBJJHeT: 41 c, npH l.faCTOTe ceresoro nHTaHHH 50 ru., 34 c npH 

l.facroTe ceresoro nHTaHHH 60 ru.. 

3a.n.ep>KKa BpeMeHH BKJIJOl.feHirn u.eneH npoxo>K,!J,eHHH 3BYKOBOro CHrHaJJa ( HOpMaJJbH0-

3aMKHYTble KOHTaKTbl peJJe ): ,!1,0nOJJHHTeJJbHO 2 c KO speMeliH 38,!1,ep>KKH no,!J,al.fH BblCOKO

BOJlbTHOro HanpH>KeHHH. 

Hpu.MettaHue 2. KaK rpaH3HCTOp MJE340, raK H HHTerpaJJbHbIH cTa6HJJH3aTop Ha

npH>KeHHH 3 l 7T cepHH .ll.OJJ>KHbI MOHrnposaTbCH c co6JJJO.U.eHHeM TW.aTeJJbHOH 3JJeKTpH

l.feCKOH H30JJHU,HH Ha COOTBeTCTBYIOlll.HX TenJJOOTB0,!1,Hlll.HX pa,!1,HaTopax. B Kal.feCTBe 

pa.u.HaTopos MO>KHO, HanpHMep, HCnOJJb30BaTb aJJJOMHHHeBbIH yrOJJOK c TOJJW.HHOH CTeH

KH 3 MM. 
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CxeMa yny11weHHara MCTO'IHHKD nMTOHHJI 

HpUMe'l.aH.ue 3. ToK no.norpesaTeneA KaTO.ll.OB B pe>KHMe noHH>KeHHoro 3HepronoT
pe6neHHSI: 234 MA; conpoTHBJieHHe xono.nHoli HHTH HaKaJJa: 24 OM; HanpSI>KeHHe xono.n
HOH HHTH HaKana: 5,6 B; MOmHOCTb, Bbl,ll.eJISIIOmaSICSI B HHTerpaJibHOH MHKpocxeMe 3 l 7T 
cepHH: 6,9 BT. 

HpUMe'l.aH.ue 4. HanpH>KeHHe HaKana B pe>KHMe noHH>KeHHoro 3HepronoTpe6neHHSI: 
16 B; MOmHOCTb, BbI.ll.eJIHIOW.aSICSI B HHTerpaJibHOH MHKpocxeMe 3 l 7T cepHH: 4,4 BT. ToK 

pa3orpeTbIX HHTeH HaKana: 300 MA; HanpSI>KeHHe HaKana npH pa3orpeTbIX KaTo.nax: 
25,2 B; MOW.HOCTb, BbI,ll.eJISIIOW.aSicSI B HHTerpanbHOH MHKpocxeMe 3 l 7T cepHH: 2,9 BT 

HpUM.e'l.aH.ue 5 • .lI.nH o6eHx norw-1eCKHX HHTerpanbHbIX MHKpocxeM o6SI3aTeJibHO no.n
KJifOqeHHe KepaMHqecKHX KOH.neHcaTopos 100 H<l> Me>KJIY BbIBO.ll.aMH 0 B H +5 B. 

4.8.12. CxeMa JDR8p)l(KH BKRJO'leHHR Bb/COKosonhrHoro HanpR)l(BHHJI 

B caMoM Haqane 3TOH rnasbI naMnosble BbmpHMHTeJIH paccMaTpHBaJIHCb B KaqecTBe npH
Mepa nnaBHOro BKJifOqeHHSI JiaMnOBbIX 3JieKTpOHHbIX cxeM (nOCKOJibKY pa3orpeB BaKyyM
HbIX ,ll.HO,ll.OB - KeHTOpOHOB Tpe6yeT onpe.neneHHOro BpeMeHH). 0.nHaKO naMnOBbie Bbl
npSIMHTeJIH SIBJISllOTCSI .noporOCTOSimHMH. B OTnHqHe OT HHX cxeMbl c HCnOJib30BaHHeM 
nonynpOBO,ll.HHKOBbIX BbinpSIMHTeneli npow.e, HO OHH 06b1qHo no.nalOT BblCOKOBOJlbTHOe 
HanpSI>KeHHe B JiaMnOBYIO cxeMy .ll.0 Toro, KaK nocJie,ll.HSISI OKa3bIBaeTCSI no.nroTOBJieHHOH 
K pa6oTe. 

KaK H npe>K,ll.e, JJ.JISI Toro, qT06b1 nnasHo no.naTb HanpSI>KeHHe nHTaHHSI Ha BbICOKOBOJib
THbIH TpaHccpopMaTOp (qTO aBTOMaTHqecKH o6ecneqHT H nnaBHYIO no.naqy BbmpSIMJieHHO
ro BbJCOKoro HanpSI>KeHHSI B aHO,ll.HbJe u.enH naMn nHTaeMOro ycHJIHTeJISI ), HCnOJib3yeTCSI 
Tsep.noTeJibHoe nepeKJI10qa10mee pene . .LI.aHHoe pene o6ecneqHsaeT 3a.nep>KKY BKJifOqe
HHSI nOpSl,ll.Ka.41 C, KOTOpaSI no3BOJISieT K8TO,ll.8M nporpeTbCSI OT TeMneparypbl, xapaKTep
HOH JJ.JISI pe>KHMa noHH>KeHHoro 3HepronoTpe6neHHSI, .no ee pa6oqero 3HaqeHHSI . 

.LI.onOJIHHTeJibHO K 3TOMY o6ecneqHsaeTCSI BhIXO,ll.HOH CHrHaJI JJ.JISI ynpasneHHSI pene, 
y KOTOporo HOpM8JlbHO 38MKHYTbie KOHT8KTbl BKJifOqeHbl napanJieJibHO sxo.ny COOTBeT
CTBYIDmero npe.nycHJIHTeJISI. HanpSI>KeHHe Ha pene no.naeTCSI npHMeplio qepe3 2 c nocne 
Toro, KaK no.naHo BbICOKOBOJibTHoe HanpH>KeHHe. CTpH BbIKJIIOqeHHH nHTaHHSI, 9TO pene 
38MbIKaeT KOHTaKTbI s caMOM Haqane na.neHHSI nHTaIDmero HanpSI>KeHHSI. TaKHM o6pa3oM, 
npe,ll.OTBpaw.aeTCSI nOSIBJieHHe HH3KoqacTOTHblX HMnyJibCHblX noMex npH BKJifOqeHHH H 
BbIKJIIOqeHHH, KOTOpble MOrJIH 6bl nospe,ll.HTb Tp8H3HCTOpbl, eCJIH T8KOBbie HMelOTCSI BO 
scnoMoraTeJJbHbIX u.enHx ycHJIHTeJISI (CM. rnasy 3 ), a TaK>Ke npoSIBHJIHCb 6b1 B BH.ne w.enq
KOB B rpoMKOrOBOpHTeJISIX [ 15 ]. 

PaccMOTpHM pa6oTa cxeMbl 38.ll.ep>KKH. HanpSI>KeHHe HH3KOBOJibTHOro TpaHccpopMaTo
pa BblnpSIMJISieTCSI no npocTeHrneli O,ll.HOnonynepHO,ll.HOH cxeMe ( HCnOJJb3YSI O,ll.HH H3·.ll.HO,ll.OB 
MOCTa HH3KOBOJibTHOro BbmpSIMHTeJJSI) H qepe3 pe3HCTOP c conpOTHBJJeHHeM 30 KOM 
(qT06bI CHH3HTb nOCTOSIHHYIO CDCTaBJISIIOI.UYIO BbmpSIMJJeHHOro 9TOH cxeMOH TOK8, np0Te
K810mero no o6MOTKe TpaHccpopMaTopa) no.naeTcSI Ha nomqecKylO cxeMy. 11MnynhcHoe 
HanpH>KeHHe, HMelOW.ee qaCTOTY 50 ru,, orp8HHqHB8eTCSI no 8MnJJHTy,ll.e ,ll.O 3HaqeHHSI npH

MepHO 5 B c Hcnonb30B8HHeM cTa6HJJHTpoHa, HMeIDmero pa6oqee HanpSI>KeHHe 4,7 B. 
KoH.neHcaTop, HMeIDmHli eMKOCTb 10 H<l>, cpHJJbTpyeT BbICOKoqacToTHhie rn}'Mbl, KOTOpb1e 
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IAcro~HHKM nMTOHHR 

B npOTHBHOM CJiyqae aacTaBJIHJIH 6bl JIO>KHO aanycKaTbCst C"le1'1HK HMnyJibCOB, BblJ,lOJIHeH
HblH Ha JIOrHt!eCKOH HHTerpaJibHOH MHKpocxeMe cepHH 4040. CocTOHHHe BblXO,na Q, C"leT
t!HKa 4040 HaMeHsteTcst OT ypoBHst JIOrHt1ecKoro ttyJist ( HH3KHH yposeHb 0 B) JJ.O yposHst 
JIOrHt1ecKoH eJJ.HHHU.bl (BbICOKHH yposeHb 5 B) nocJie Ka>KJJ..bIX 2048 HMnyJibCOB (nepHOJJ. 
KOJie6aHHH HMnyJibCHOro CHrHaJia paseH nepHOJJ..Y KOJie6aHHH CHHYCOHJJ.aJibHOro Hanpst>Ke
HHH ceTesoro nHTaHHst, nocKOJibKY cxeMa BbmpstMJieHHst OJJ.HOOOJiynepHo,n,Hast ). Hapac
TalOW.HH cppOHT nOJIO>KHTeJibHOro HMnyJibCa HHHU.HHpyeT BO BKJllOt!eHHOA aa HHM HHTer
paJibHOH MHKpocxeMe 7 4 D-THna noJJ.a"ly JIOrH'leCKOH eJJ.HHHU.bl c ee sxo.na D Ha BbIXOJJ. Q, 
'!TO, B CBOIO O'lepeJJ.b, o6ecne"IHBaeT noJJ.a'ly Hanpst>KeHHst Ha peJie BblCOKOBOJlbTHOro Ha
npst>KeHHst. 

0JJ.HOBpeMeHHO c 3THM CHrHaJI c BblXO,na Q BbICOKOBOJlbTHOro peJie nocrynaeT Ha BXO!J. 
D BTOpOH nOJIOBHHbl HHTerpaJibHOH MHKpocxeMbl 74 D-THna. 0JJ.HaKo, OHO HO He nocrynHT 
Ha BblXO!J. 3TOH MHKpocxeMbl JJ.O Tex nop, no Ka COCTOHHHe BblXOJJ.a Q H Ct!eTt!HKa 4040 onstTb 
He H3MeHHTCst c yposHst norHt1ecKoro Hynst JJ.O yposHst JIOrHt!eCKOH eJJ.HHHU.bI, 4To npoHaoA
JJ.eT TOJlbKO no HCTet!eHHH speMeHH, paBHOMY 128 nepHOJJ.aM KOJie6aHHH ceTesoro Hanpst
>KeHHst. HHBepTHPYIOW.HH BblXOJJ. Q HCnOJibayeTCst .D.JIH BKJllOl(eHHst TpaH3HCTopa THna 
BC558B, nHTa10w.ero peJie ( OJJ.Horo HJIH HecKOJibKHx), aaKopa4HBalOw.Hx u.enH npoxo)f(,D.e
HHst asyKosoro CHrHaJJa Ha BXOJJ.e ycHJIHTeJist. PeJie JJ.OJI>KHbI wyHTHposaTbCst JJ.HOJJ.aMH, 
'IT06bl npeJJ.OTBpaTHTb nostBJieHHe npOTHBOJJ.eHCTBYIOW.HX ( o6paTHO-HHJJ..YU.HpOBaHHbIX) 
Bb16pocos, cnoco6HbIX nospeJJ.HTb 38!J.a10w.He TpaH3HCTOpb1. 
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5 
KacKOAbl ycuneHHSt MOl.QHOCTH 

5.1 T pe6oeOHMSI K ycMnM1ent0 MOUlHOCTM 

y CHnlfTenb MOW,HOCTH .n.on>KeH o6ecne'IHB8Tb nOBbillleHHe MOW.HOCTH nocryna10w.ero Ha ero 

BXOJl. CHrHana c <f>HKCHpoeaHHblM K09<f><f>HI.~HeHTOM ycHneHHH H nepe.u.aqy ero c Tpe6yeMOH 

none3HOH MOW.HOCTbIO B Harpy3K}', HanpHMepr B rpoMKoroeopHTenH. DpH. 9TOM B rnHpOKOM 

,!l,Hana30He H3MeHeHHH Harpy3KH ycHnHTenb He tt.On>KeH BHOCHTb ( ceepx tt.onycTHMOro TeX· 

HH'IeCKHMH rpe6oeaHHHMH H CTaH,!1,aPTaMH) noMex H HCKa>KeHHH, TaKHX KaK <f>oH, lllYMbl, napa-

3HTHbte aetoKone6aHHH ( ocuHnnHUHH }, nHHeHHbie H HenHHeHHbte HCKa>KeHHH ycHnHBaeMoro 

aytt.HOCH.rHana . .JJ.ononHHTenbHO K 9TOMY ycHJIHTenb MOW,HOCTH Jl.On>KeH 6b1Tb He'IyBCTBH· 

TenbHblM K TaKHM HapyrneHHHM pe>KHMa CBOeH pa60Tbl, KaK KOpOTKoe 3aMblKaHHe HJIH xono

CTOH xo.n. ( o6pbtB) Harpy3KH. HH>Ke 6y.u.eT noKaaaHo, 'ITO BbtnOnHeHHe 9THX Tpe6oeaHHH HB· 

nHeTCH .n.aneKO HenpOCTOH aa,u,aqeif H .ll.llH ee Jl.OCTH>KeHHH Tpe6yeTCH KaK TUJ.aTenbHOCTb 

KOHCTpyKTOpCKOH npopa60TKH, TaK H TO'IHOCTb ee eonnow,eHHH Ha npaKTHKe. 

Onpe.u.enHIOW.HM aeeHOM ecero ycHnHTeJIH HBnHeTCH ero BblX0.11.HOH ( oKoHe'IHblH) Kac

Ka.u.. DpHMeHHeMb1e B HeM perneHHH aaqacry10 aa.u.a10T TononornIO ecex ocTanbHblX ueneif 

ycHnHTenH, n09TOMY aHanH3 ycHJIHTenH HatIHeTCH c BbIXO)l.HOro KaCKa,u,a. 

5.2. BbtXOJIHOH KOCKOJI 

5.2. l 06UJHe JOMB'IOHHJI 

DpoMbirnneHHbie npHeMo-ycHnHTenbHbte 9neKTpOHHb1e JiaMnb1, npett.HaaHa'IeHHbie .ll.llH pa· 

60Tbl B )l.HanaaoHe 3BYKOBblX 'I8CTOT, HBnHIOTCH npH6opaMH c BblCOKHM HMne.n.aHCOM (Bbl· 

COKHMH 3Ha'IeHHHMH BXOJl.HOro H BbIX0,!1,HOro conpOTHBneHHH ), npH 9TOM aMnnHrytt.a BblXO)I.· 

Horo HanpH>KeHHH ycHnHTenbHblX KaCKa,!l,OB MO>KeT COCTaBnHTb HeCKOnbKO COTeH BOnbT' HO 

3HatieHHe TOKa He 6y.u.eT npeBbllllaTb HeCKOnbKOtt.eCHTKOB MHnnHaMnep. 0tt.H8KO npHMeHH· 

eMblH B Ka'IeCTBe Harp)'3KH rpOMKOrOBOpHTenb, HMeIOW.HH, KaK npaeHno, HOMHH8JlbHOe 

aHa'IeHHe exott.Horo conpoTHBneHHH nopHJ1.Ka 4-8 OM, Tpe6yeT HanpH>KeHHH nHTaHHH B 
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BblXOAHOM KOCKOA 

HeCKOJlbKO .11.ecsnKOB BOJlbT, HO 3HalJeHHS1 TOKOB npH 3TOM .11.0CTHraIOT HeCKOJlbKHX aMnep. 

TaKHM o6pa30M, Heo6xo.11.HMO cornacosaHHe BblX0.11.HOro KacKa.11.a JJaMnosoro ycHJJHTeJJH 

c rpOMKorosopHTeJJHMH, KaK no conpoTHBJJeHHIO, TaK H no TOK)' H HanpH)KeHHIO. B npoTHB

HOM CJJyqae, B03MO)KeH BblX0.11. H3 CTpOS1 KaK rpOMKOrOBOpHTeJJeH, TaK H JJaMn. OtJeBH.11.HbIM 

peweHHeM Jl.8HHOH npo6JJeMbl S1BJJS1eTCS1 npHMeHeHHe BbIXO)l.HOro TpaHccpopMaTopa; corna

cy10w.ero HarpyaK)' B BH)l.e rpOMKOrOBOpHTeJJS1 c BblXO)l.HblMH xapaKTepHCTHKaMH 3JleKTpOH

HOH JJaMnbI HJIH COBOK)'nHOCTH JJaMn BbIXO)l.HOro K8CK8.11.a ( B CJJyqae, Kor.11.a KaCK8.ll. o6pa30-

BaH He OJI.HOH a HeCKOJlbKHMH JJaMnaMH ). 

Heo6xo.11.HMOCTb npHMeHeHHS1 BblX0.11.Horo TpaHccpopMaTopa S1BJJS1eTcS1 ompaBHbIM MO

MeHTOM npH peweHHH npo6JJeMbI pa3pa6oTKH JJaMnosoro Bb1xo.11.Horo KaCK8.IJ.a. PaHee y)Ke 

yKa3bIBaJJOcb, 'ITO xapaKrepHCTHKH TpaHccpopMaTopos CJIHllIKOM .11.aJJeKH OT H.11.eaJJbHbIX H, 

B HTOre, KalJeCTBO HJIH 3cpcpeKTHBHOCTb pa60Tbl JlaMnosoro YCHJIHTeJlfI BO MHOrOM onpe.11.e

JISleTCH KatJeCTBOM ero .11.aJJeKo He H.11.eaJJbHoro Bblxo.11.Horo TpaHccpopMaTopa. Bee )Ke, so

npeKH .11.aHHOMY cpaKry BblXO)l.HOH KaCKa)I. c TpaHccpopMaTOpHOH CBS13bl0 0Ka3aJICS1 npesoc

XO)l.HblM HH)KeHepHbIM pellleHHeM H HCnOJJb3yeTCS1 B 60JJbllIHHCTBe JJaMnOBblX ycHJJHTeJJeH, 

aa HCKJJIO'leHHeM pH.11.8 cneu.HcpH'leCKHX (CM • .ll.8JJee pa3.11.eJ1: Paapa60TKa 6ecTpaHccpopMa

TOpHbIX BblX0.11.HbIX KaCK8.ll.OB ). 

3J1eKTpOHHb1e JJaMnbI, paapa6oTaHHbie cneu.HaJJbHO .11.Jlfl pa6oTbI B KaCK8.11.ax ycHJJeHHS1 

MOIJJ.HOCTH 3BYKOBOH 'laCTOTbl, 06J18.ll.a10T OnTHMH3HpOBaHHbIMH napaMeTpaMH, KOTOpbie 

npHBO.ll.S1TCH B TeXHH'leCKHX nacnopTax npoH3B0.11.HTeJJeH. Paapa6oTKa BbIX0.11.HOro JJaMno

soro KaCK8.IJ.8, eCJJH HCXO)l.HTb JIHlllb H3 caMbIX 06W.HX H OCHOBOnOJJaraIOW.HX npHHU.HnOB 

no.11.06Ha nonbITKaM 3aHOBO H306peCTH BeJJOCHne.11., no3TOMY o630p HCnOJJb3yeMbIX Ha 

npaKTHKe npoMbillIJieHHbIX sapHaHTOB npe.11.cTaBJJSleT HeCOMHeHHYIO noJih3y. B CHJJY 3Toro 

OKa3bIBaeTCH BeCbMa noJJe3HblM KpaTKHH aHaJIH3 HaH60JJee lJaCTO HCnOJib3yeMblX B HaCTOSl

w.ee speMS1 TOnOJJOrH'leCKHX cxeM. 

5.2.2. BhlXORHOH KOCKOR Knacca A c HecHMMerpH'IHhlM Bh/XOROM 

THnOBOH BblX0.11.HOH KaCK8.11. ycHJieHHS1 MOW.HOCTH c TpaHccpopMaTOpHOH CBS13bl0 c Harpya

KOH npe.11.cTaBJJSleT co6oA xopOllIO H3BeCTHbIH TpH0.11.HblH YCHJIHTeJib, B KOTOpOM HCnOJJb30-

BaHa cxeMa BKJIIOlJeHHS1 JiaMnbI c 06W.HM KaTO)l.OM, a CMern.eHHe 38.11.aeTCSl Ha KaTo.11.e pe3HC

TOpOM aBTOCMern.eHHH (pHC. 5.1 ). 
OpH aHaJJH3e ycHJIHTeJI.SI HanpH)KeHHS1 ~e HCnOJib30BaJicS1 MeT0.11. Harpy3olJHOH (.11.HHa

MHtJecKOH) npS1MOH .11.JlSl BbI6opa 3HalJeHHH a HO.II.HOH Harpy3KH, npH'leM BHHMaHHe o6paw.a

Jl0Cb Ha OnTHMH3aU.HIO napaMeTpOB c TOlJKH 3peHHS1 nony'leHHS1 JIHHeHHOH xapaKTepHCTH

KH, a He no 3Ha'leHHIO pa3Maxa aMnJIHTY.11.bI aH0.11.Horo HanpS1)KeHHS1. B paccMaTpHsaeMoM 

)Ke CJiyqae He06XOJl.HMO OnTHMH3HpoBaTb 3HalJeHHe BbIX0.11.HOH MOW.HOCTH (CM. pHC. 5.2 ). 
B npHB0.11.HMOM HH)Ke npHMepe HCnOJJb30BaH .11.BOHHOH TpH0.11. El 82CC, KOTOpbIH TaK)Ke 

MO)KeT 6b1Tb HCnoJJb30BaH B ycHJJHTeJJe .11.Jlfl roJIOBHbIX TenecpoHOB. EcTecTBeHHO 6bino 6b1 

3a.IJ.8Tb pa60lJYIO TOlJKY nepece'leHHeM JIHHHH MaKCHMaJibHOro 3Ha'leHHS1 HeH3MeHHOro 

aH0.11.HOro HanpS1)KeHHS1 (Va = 300 B) H npe.11.eJibHO .11.onycTHMOH MOW.HOCTH pacceHHHS1 Ha 

aHo.11.e (P0 = 4,5 BT). Ha npaKTHKe Jiyqllle He .11.onycKaTb .11.ocTH)KeHHSl npe.11.eJibHblX napa

MeTpos, B,TOM lJHCJie npe.11.eJibHOro 3Ha'leHHS1 pacceHsaeMOH MOW.HOCTH, a o6ecnelJHBaTb 
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KotKOAbl ycMneHMll MOUIHOCTM 

c >----.---! ---- --

PHc. 5.1 BblXoiJnou KacKaiJ c necUMMempUt-tnblM eblXoiJo.M 

HeKOTOpbIH 3anac no 3THM napaMeTpaM ,!I,llfl o6ecne'!eHHSJ HaJJ.e>KHOH pa60TbI JiaMn. O.zu.iaKo, 

OKOHe'!Hbie KacKa,ll.bI ycHJieHHfl, pa60TalOlllHe c 60JiblllHMH pa3MaxaMH BblXO)J)iOro HanpH>Ke

HHfl, 3a'!aCrylO ,ll,OnycKalOT HeKOTOpoe Q>opcHpOBaHHe JiaMn no MOlll.HOCTH (CM. HH>Ke ). Bep

HeMCfl K ,ll,HHaMH'!eCKOH xapaKTepHCTHKe. nocKOJibKY nepece'leHHe nocJie)l.HeH c 0)1.HOH H3 

npHBe,ll,eHHbIX CTaTH'leCKHX xapaKTepHCTHK .ll.OCTHraeTCfl npH 3Ha'!eHHH V0 = 295 B, TO, H3 

coo6pa>KeHHH Y.ll.06CTBa nocTpoeHHH, pa6o'lafl TO'!Ka 6b1Jia HeCKOJibKO cMemeHa. ¥13 ycJio

BHfl MaKCHMaJibHOH BblXO.ll.HOH MOll.lHOCTH OnTHMaJibH~e 3Ha'!eHHe Harpy3KH TpHO.ll.a R,. 
pasHo Y.ll.BOeHHOMY 3Ha'leHHIO r0 • B paccMaTpHsaeMoM npHMepe '" cocTaBJIHeT 3,57 KOM. 

TaKHM o6pa30M, conpoTHBJieHHe Harpy3KH RL = 2 x r0 = 7, 14 KOM. 

35 

30 

25 

20 

18 (mA) 

15 

10 

5 

0..j.....l~~L..-?-.L....,.C:.....,,:=,,...::::::...i:;::;..::::~;::;:,.:::..:.:.,.....,::.e:.,;;::__~ 

0 50 100 150 200 250 300 350 400 450 
Va(V) 

PHc. 5.2 Jiuna.MuttecKaR naepy3ottHaJl xapaKmepucmuKa iJAJt KacKaiJa 
c mpanccf>op.M.amopnou ceJt3blO 

376 



Bb1XOAHOM KOCKOA 

3HatJeHHe HanpH>KeHHH Me>KJIY ceTKOA H KaTO)J.OM vgk = - l B, HBJIHeTCH npe)J.eJlbHblM 

MaKCHMaJlbHblM 3Ha'!eHHeM OTHOCHTeJlbHO TO'IKH CMeW.eHHH V11k = -13 B no KpHrepHIO OT

cyTCTBHH TO Ka ynpaBJIHIOI.UeA ceTKH (CM. r naBy 3 ). Cne)J.OBaTeJlbHO, npe)J.eJlbHOe MHHHMaJib

HOe 3Ha'leHHe 9TOro HanpH>KeHHH Jl,IIH CHMMeTpH'IHOrO 3Ha'leHHH BXO)J.HOrO HanpH>KeHHH Vgk 

cocraBHT -25 B. 3rH 3HatJeHHH no3BOJIHIOT rpacpH'leCKH ou.eHHTb pa3Max aMnJIHTyJJ.HbIX 

3Ha'leHHA BbIXO)J.HOro HanpH>KeHHH: ( 430-85) B = 345 B. nepec'leT B cpe)J.HeKBa)J.paTH'leC

KOe HJIH )J.eACTBYIOI.Uee ( 9cpcpeKTHBHOe) 3Ha'!eHHe .naer BeJIH'IHHY HanpH>KeHHH 122 B, KOTO

poe 6yJJ.eT cooTBeTCTBOBaTb 3Ha'leHHIO MOI.UHOCTH 2, l Br, pacceHBaeMoA B Harpy3Ke. fl pH 

ycnoBHH, '!TO MOW.HOCTb, pacceHBaeMaH B naMne, paBHa 4,5 Br, 9HepreTH'leCKaH 9cpcpeK

THBHOCTb, HJIH Kn.Il KacKa.n,a, no aHOJJ.HOA u.enH cocraBHT 32%. 
Mo>KHO C)J.enarb HeCKOJibKO npHHU.HnHaJibHblX 3aMe'laHHA OTHOCHTeJibHO pa601b1 )J.aH-

Horo KaCKMa: 

KaK BH)J.HO H3 pHC. 5.2, JI.HHaMH'leCKaH uarpy30'!HaH JIHHHH 3aXO)J.HT B o6naCTb, 

B KOTopoA Pa;;:::: 4,5 Br, TO eCTb HeCKOJibKO npeBblllJaercH npeJJ.eJibHO .nonycTHMOe 

3HatJeHHe pacceHBaeMoA Ha aHOJJ.e rennoBoA MOW.HOCTH. Ho, nocKOJibKY KaCKM pa-

6oraer c 6onbUIHM pa3MaxoM BblXOJJ.Horo nepeMeHHoro HanpH>KeHHH, )J.aHHOe ycno

BHe He HBJIHeTCH KpHTH'IHblM. 310 06'bHCHHeTCH TeM, '!TO XOTH 3a 0)1.HH nonynepHO)J. 

ycHJIHBaeMoro KOJie6aHHH pacceHBaeMaH MOI.UHOCTb Ha aHoJJ.e npeBbJllJaer JJ.onyc

THMbie 4,5 Barra, TO BO BTOpOH nonynepHO)J. OHa 6yJJ.eT 3Ha'IHTeJlbHO MeHbllJe, 

a rennoBaH HHepU.HOHHOCTb aHO)J.a npHBe)J.eT K ycpe)J.HeHHIO BbIJJ.eJIHeMOA MOI.UHOCTH 

OKono 3HatJeHHH, MeHblllero 4,5 Barra. TaKHM o6pa3oM, ecnH cpeJJ.HHH rennoBaH 

MOI.UHOCTb 3a nepHOJJ. peanbHoro cHrnana He npeBblllJaer npeJJ.eJibHoro 3HatJeHHH, 

KparKOBpeMeHHbte ee npeBblllleHHH He npHBe.nyr K pa3pyllleHHIO naMnbl. TaKHM 

o6pa30M, naMTibl (B OTJIH'!He OT TpaH3HCTOpOB, He Bbl)J.ep>KHBaIOI.UHX )J.a>Ke Kpar

KOBpeMeHHbte neperpy3KH) )J.OnycKaIOT cpopcHpoBaHHe no MOW.HOCTH; 

• pa6otJaH TO'!Ka 9JleKTpOHHOH naMnbI 3aJJ,aHa (B paccMaTpHBaeMOM npHMepe) npH 

3HatJeHHH aHOJJ.Horo HanpH>KeHHH 300 B. B cnyqae HJJ.eanbHoro rpaHccpopMaropa 

B nepBH'IHOH o6MOTKe rpaHccpopMaropa He )J.OJl>KHO 6bITb na)J.eHHH HanpH>KeHHH Ha 

nocTOHHHOM TOKe H, cne)J.OBaTeJlbHO, BbICOKOe HanpH>KeHHe Ha aHO)J.e naMnbI )J.OJl>K

HO COCTaBJIHTb 300 B, OT)J.aBaeMbte HCTO'IHHKOM nHTaHHH. 0)1.HaKO OKa3bIBaeTCH 

B03MO>KHbIM nOJJ.HHTb 3Ha'leHHe aHOJJ.HOro HanpH>KeHHH JJ.O npHMepHo 430 B, 4TO 

3Ha'IHTeJlbHO npeBblllJaeT 3Ha'leHHe HanpH>KeHHH nHTaHHH. 310 CTaHOBHTCH B03-

MO>KHbIM 6naro.napH roMy, '!TO rpaHccpopMarop 3anacae1 9HeprHIO MarHHTHoro no

TOKa B CBOeM cep)J.e'IHHKe, Bbl3bIBaH 3JlC caMOHHJlYKU.HH. TeopeTH'leCKH Jl,IIH H)J.e

aJibHOH 9JieKrpoHHOH naMnbI JJ.OnycTHMblA pa3Max aMnnHry.n Va MO>Ker cocraBJIHTb 

or HYJIH BOJibT JJ.O Y.ll.BOeHHoro 3HatJeHHH BblCOKoro HanpH.>KeHHH, '!TO HBJIHeTCH 

O'leHb npHBJleKaTeJlbHOH qepTOH Jl,IIH HX npHMeHeHHH B ycHJIHTeJIHX MOI.UHOCTH; 

• c HeKOTOpbtM npH6JIH>KeHHeM, 3HatJeHHe conpOTHBJleHHH Harpy3KH no )J.HHaMH'le

CKOH xapaKrepHCTMKH MO>KHO npHHHTb paBHblM 7, 14 KOM, HO 9TO cnpaBeJl,IIHBO 

TOJlbKO B TOM cnyqae, eCJIH rp_OMKOroeopHTeJib npeJJ.cTaBJIHeT 'IHCTO aKTHBHYIO (pe-

3HCTHBHYIO) Harpy3K}'. Ho ua npaKTHKe conpoTHaneHHe rpoMKoroBopHrenH He 

HBJIHeTCH 'IHCTO pe3HCTHBHbIM, a rpaHccpopMaTOp He HBJJHeTCH H)J.eaJibHblM ycTpOH

CTBOM. CneJJ.oBaTeJJbffO, peanbHaH HarpysKa naMnb1 He 6yJJ.eT 'IHCTO aKTHBHoA, 

a HBJIHeTcH KOMnJieKCHOH, K TOMY >Ke nepeMeHHOH Benk'IHHOH. Omi:paHCb Ha Bbl-



KacKOAbl ycHneHHH MOlllHOCTH 

weCKa3aHHOe, tlHHaMH4eCKa5l Harpy30lJHafl KpHBafl )lJ!fl 3Jle!<TpOHHOH JlaMnbI npe.n

CTaBJlfleT co6ofl 3JIJ!Hnc, rnaBHaH ocb Koroporo npHMepHo coBna.naer c reope

TH'leCKOH JIHHHeH lJHCTO pe3HCTHBHOH Harpy3KH. fpa.nHeHT ( HaKJIOH) rnaBHOH OCH 

npe.ncraBJlfleT aKTHBHYIO COCTaBJIHIOI.UYIO, a BeJIHlJHHa MaJIOH OCH 3JIJ!Hnca nponop

U.HOHaJlbHa 3HalJeHHIO peaKTHBHOH COCTaBJ!fllOW.eH KOMnJleKCHOfO conpOTHBJleHHfl. 

3ro 03HalJaeT, lJTO 60JlbWaH lJaCTb paclJeTOB, KOTOpbie MO>KHO BbinOJIHMTb )lJ!l'I Bbl· 

XOtlHOfO KaCKa.na, HOCHT B JIYlJWeM CJ!y'lae op11eHTHpOBOlJHO-MH<PopMaIJ.110HHblH xa

paKrep H BKJllO'laer HeKOTOpylO tlOJllO Heonpe.neJieHHOCTH OTHOCHTeJlbHO TOlJHbIX 

3HalJeHHH; 

TaK KaK >KeJlaHHOH u.eJlblO flBJlfleTCfl MaKCHMaJlbHOe yBeJ!AlJeHHe MOW.HOCTH B Harpy3-

Ke, TO Heo6xo.nHMbIM CTaHOBHTCfl MaKCHMaJlbHOe yBeJIH'leHHe pa3Maxa aMnJIHTYtl 

aHOtlHOro HanpH>KeHHfl, lJTO npHBOtlHT K yBeJIHlJeHHIO HeJIHHeHHOCTH aMnJIHTYtlHOH 

xapaKTepHCTHKH ycHJIHTeJlfl. y JIY'IWHTb JIHHeHHOCTb MO)l{HO 38 ClJeT yBeJIH'IeHHfl 

3Ha4eHHfl aHO,[lHOH Harpy3KH H nocTpOeHHfl .npyrofl Harpy30'IHOH xapaKrepHCTHKH, 

HO 3TO npHBe.ner K cHH)l{eHHIO OTttaBaeMOH BbIXOttHOH MOW.HOCTH. TaKHM o6pa30M, 

3TH .nBa noKa3aTeJIH npornBope'lar .npyr .npyry. 

KaK y>Ke ynoMHHaJIOCb paHee, BO BHOCHMblX HeJIHHeHHblX HCKa>KeHHflX HaH60J1ee HH

TeHCHBHOH flBJlfleTCfl COCTaBJlfllOW.afl BTOpOH rapMOHHKH, KOTOpaH, KaK y>Ke TaK>Ke yKa3bl

BaJIOCb paHee, He flBJlfleTCfl OlJeHb y>K HenpHHTHOH )lJ!fl BOcnpHHTHfl CJIYXOM (no cpaBHe

HHIO, HanpHMep, c rpeTbeH rapMOHHKOH). OpHeHrnpoBO'IHaH ou.eHKa cocraBJ1fl10W.eH 

HCKa>KeHHH BTOpOH rapMOHHKH D B npou.eHTaX MO>KeT 6bITb npOH3BetteHa no CJ1etty10w,efl 

<t>opMyJie: 

Vi V111111t-V mm 

q1tl.~ 2 
D( % ) :: ----"=---x 100 % . 

V1m1x-Vm1n 

B paccMarpHBaeMOM npHMepe V = 430 B, V 1 = 85 B, a V 1 = 295 B (HanpH-max m n qmescen 
>KeHHe nOKOfl). )lOJlfl HCKa>KeHHH BTOpOH rapMOHHKH B o6w.eM BblXO,[lHOM CHrHaJle B pac-

CMaTpHBaeMOM npHMepe _COCTaBJlfleT 11 %. 04eBH,[lHO, lJTO HCKa>KeHHfl, npeBbIWalOUJ,He 

10%, He n03BOJ!fllOT OTHeCTH .naHHblH ycHJIHTeJlb K KJ!accy BbICOKOKa'leCTBeHHOH 3BYKO

BocnpOH3BOtlflW.eH annapaTypbI, KJiaccy Hi-Fi, HO npHBJ1eKareJ1bHOCTb ycHJ1HTeJ1ef1 c He

CHMMerpH'IHbIM BblXO,[lOM 3aKJll04aeTCfl B TOM, lJTO HX HCKa>KeHHfl Bcer.na npHMO npo

nOpU.HOHaJlbHbl ypoBHIO CHrHa.na, H 'ITO B CJIYlJae pa60Tbl c O,[lHOH .necf!TOH BbIXO,[lHOH 

MOUJ,HOCTH, ypoBeHb HCKa>KeHHH 6y.ner COCTaBJlflTb npHMepHO l %. TaKafl 3aBHCHMOCTb 

coxpaHHeTCfl H ttaJiee. c YlJeTOM Toro, lJTO 60JJbWYIO lJaCTb BpeMeHH tlJlfl BOcnpOH3BetteHHfl 

MY3bIKH rpe6yercH cpaBHHTeJlbHO He60J1bW8fl BhIXOttHaH MOW.HOCTb, TO O'leHb 'lacro Bbitl

BHraercH apryMeHT (KaK 3TO HH crpaHHO, 3HTY3HaCTaMH YCHJIHTeJleH c HeCHMMeTpH4HblM 

BbIXOtlOM), '!TO HMeHHO Ka'leCTBo nepBoro Barra HBJIHeTCH )lJ!fl ycHJIHTeJIH onpe.nem110-

W.HM, a BOBCe He OCTaJlbHbIX, KOTOpble pe.nKO tlOCTHralOTCfl. HcKa>KeHHfl TaK>Ke MOryT 6b1Tb 

CHH>KeHbl 3a ClJeT BBe.neHHfl OTPHU.aTeJlbHOH o6paTHOH CBfl3H, HO 3TOT npHeM npaKTH'leCKH 

nOBCeMeCTHO OTBepraeTCfl nocJ1e.noBaTeJ1f1MH HCnOJlb30BaHHfl YCHJIHTeJleH c HeCHMMeT

pH'IHblM Bbixo.noM. Oo3TOMY ycHJ1HTeJ1H c HecHMMerpH4HbIM BbIXOttOM xapaKTepH3YIOTCfl 
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BblXOJIHOM KOCKOll 

He TOnbKO BbICOKHM yposHeM HCKa>KeHHH, HO TaK>Ke HMeIOT TeH)J.eHU.HIO HMeTb BbIXOJI.HOe 

COnponmneHHe ( 3alfaCryIO KaK pa3 H onpeJJ.enHeMOe o6paTHOH CBH3bl0 ), paBHOe nonOBHHe 

He06XOJJ.HMOro OnTHManbHOro conpOTHBJleHHH Harpy3KH. 

5.2.3. Oco6eHHOCTH 0Kycr1t'leCKHX cHcreM 

fpoMa)J.HOe 6onblIJHHCTBO cospeMeHHblX rpOMKOrOBOpHTeneA Hcnonb3YIOTCH B COCTaBe 

8K)'CTHlfeCKHX CHCTeM c nOJJ.BH>KHOH 3BYKOBOH KarylIJKOH B Kopnycax 3aKpbIToro HnH OT

pa>KaTenbHOro rnna. TeopHH s3aHMOJJ.eHCTBHH Me>KJJY rpoMKorosopHTenHMH JJ.HtPtPY30p

Horo rnna H Hx KopnycaMH npHBOJJ.HTCH s ocHosononaraiomeA cepHH CTaTeH A. H. TaAna 

(A. N. Thiele) HP. CMonna (R. Small), ony6nHKOBaHHblX s Halfane 70-x roJJ.OB npolllnoro 

seKa s >t<ypHane Journal of the Audio Engineering Society. Kopnyc aeycTHlfeCKOH cHcTe

Mbl 3aKpblTOro THna HBnHeTCH <PHnbTpOM BblCOKHX lfaCTOT BTOporo nopHJJ.Ka, TOr)J.a KaK 

KOpnyc OTpa>KaTenbHOro rnna HBnHeTCH <PHnbTpOM lfeTBepTOro nopHJJ.Ka, XOTH nocneJJ.HHH 

MO>KeT 6b1Tb CKOHCTpyHposaH TaKHM o6pa30M, lfT06bl BblnOnHHn tPYHKU.HH <PHnbTpa Tpe

Tbero nopHJJ.Ka. PelllaIOill.HM MOMeHTOM HBnHeTCH TO, lfTO TaAn H CMonn noKa3anH, lfTO 

.11.06pOTHOCTb Q (He nyTaTb c 3neKTPHlfeCKHM 3apHJJ.OM, o6o3HalfaeMbIM TOH >Ke 6yKsoA) 

cj>HnbTpa BblCOKHX lfaCTOT MO>KeT 6b1Tb TOlfHO nOJJ.CTpoeHa nyreM nocneJJ.OBaTenbHOro no)J.

KnIOlfeHHH K 3BYKOBOH KaTYlIJKH conpOTHBneHHH, nH6o 00)1.KnIOlfeHHeM conpornsneHHH • 

Kpoccosepa, H YtfeTa BblXOJJ.HOro conpoTHBneHHH ycHnHTensi (KoTopoe, KaK npasHno, 

nonaranOCb npH paclfeTaX paBHblM Hynio). 06bllfHble ycHnHTenH c HeCHMMeTpHlfHblM Bbl

XOJJ.OM )J.eMOHCTPHPYIOT HBHYIO Hea)J.eKBaTHOCTb HyneBOMY npH6m1>1<eHHIO senHlfHHbl Bbl

XO)J.HOro conpornsneHHH H 3acTaBnHIOT rpoMKorosopHTenb rnnepTpo<PHposaHHO socnpo

H3BOJJ.HTb HH3KHe lfaCTOTbl, Ha lfTO pa3pa60TlfHKH rpOMKOrOBOpHTeneA, ecTeCTBeHHO, He 

paCClfHTbIBanH. 

B rpoMKorosopHTensix oTpa>KaTenhHoro rnna, pa3pa60TaHHblX JJ.O Tatina H CMonna, 
nonaranHCb Ha MexaHHlfeCKOe )J.eMn<t>HpOBaHHe, npOH3BOJJ.HMOe nO)J.BeCKOH rpOMKOrOBO

pHTenH H onpeJJ.enHIOill,ee HX xapaKTepHCTHKH B o6nacTH HH3KHX lfaCTOT, Tor.11.a >Ke 6blnH 

c.11.enaHbl HeKOTOpble 3aKnIOlfeHHH OTHOCHTenbHO senHlfHHbl BblXO)J.HOro conpoTHBneHHH 

ycHnHTensi. B rpoMKorosop1nensix pynopHoro THna nonaranHcb Ha Heo6xOJJ.HMoe .11.nsi JJ.eM

ncjmposaHHH nOJJ.BH>KHOH CHCTeMbl H3MeHHeMoe conpornsneHHe B03)lylIJHOH cpe)J.bl, no-

3TOMY OHH TaK>Ke 6blnH TepnHMbl K BblCOKOMY 3HalfeHHIO senHlfHHbl BblXOJJ.HOrO conpOTHB

JleHHH ycHnHTenH. )lononHHTenbHblM npeHMylIJ,eCTBOM o60HX THnOB rpOMKOrosopHTeneA 

HBHnacb HX BblCOKaH lfYBCTBHTenbHOCTb, lfTO nocny>t<Hno JJ.OnonHHTenbHblM apryMeHTOM 

)1,11S1 anonoreTOB ycHnHTeneH c HeCHMMeTpHlfHblM BblXOJJ.OM. 

HH3KOlfaCTOTHble aeycTHlfeCKHe Kone6aHHH npoH3BOJJ.SlTCH JJ.BH>KeHHeM 6onblllHX Mace 

B03)lyXa, ,ll,TISl lfero Heo6X0,11.HM 6onblIJOH, rpy6blH H cpaBHHTenbHO TH>KenblH JI.HtPtPY30p. 

Bb1coKOlfaCTOTHb1e aKyCTHlfeCKHe Kone6aHHH npoH3BOJJ.SITCH ycKopeHHeM H 3aMe)J.JleHHeM 

JJ.BH>KeHHH JJ.HtPtPY30pa HnH o6TeKaTenH c lfaCTOTOH JJ.O 10-15 TblCSllf KOne6aHHH B CeK)'H)ly, 

.IVIH lfero Heo6xOJJ.HMa ero cpaBHHTenbHO He6onblllaH Macca. Tpe6osaHHH JJ.JIH socnpoH3-

se.11.eHHH HH3KHX H BblCOKHX lf8CTOT npornsopelfHBbl, n03TOMy 6onblIJHHCTBO pa3pa60TlfH

KOB aK)'CTHlfeCKHX CHCTeM npeJJ.nOlfHTaIOT Hcnonb30BaTb OT)J.enbHble rpOMKOrosopHTenH, 
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KocKOAbl ycHneH1111 MOll(HOCTH 

onTHMH3HpOBaHHble ,11,/IH Ka>K,ll,Oro KOHKpeTHoro l!aCTOTHOrO ,llHana30Ha, CHrHaJI Ha KOTopyio 

nocrynaeT qepe3 3JleKTpHlleCKHH <f>HJ!bTp, H3BeCTHbIH no)J. TepMHHOM «Kpoccosep». 0)1.Ha

KO pHJJ. pa3pa6oTl!HKOB noHHMaeT, '!TO npaKTHKa npHMeHeHHH HeCKOJJbKHX rpoMKOrosopH

TeJJeH H COOTBeTCTBYIOlll.HX KpoccosepoB B BH)J.e OT)J.eJlbHbIX ( o6oco6JJeHHblX) aKYCTHl!eCKHX 

CHCTeM TaK>Ke HeCKOJlbKO HeKoppeKTHa, n03TOMY OHH CTapaiOTCH pa3pa60TaTb nOJJH0)1.Ha

na30HHble aKYCTHl!eCKHe CHCTeMbl. Ha npaKTHKe BOCnpOH3Be)J.eHHe Bb!COKHX l!BCTOT orpa

HH'IHBaeTCH 3Hal!eHHeM, HeCKOJlbKO npeBb!WalOI..l.l,HM 15-20 KfU, a HH3KOl!aCTOTHblH pe30-

HaHC orpaHH'IHBaeT HH>KHHH npe,neJJ ,llHana30Ha l!aCTOTOH npHMepHO 25-30 fu;, '!TO nO'ITH 

nOJJHOCTblO COBna.n.aeT c WHpHHOH aKyCTH'leCKOro ,llHana30Ha. 6oJJee Toro, .llBH>KeHHe .nH<t>

<l>Y30pa nOJIHO,llHana30HHOH aKYCTHl!eCKOH CHCTeMbl, HMelOI..l.l,ero He60JlbWYIO Macey, OlleHb 

JJerKO .neMn<f>HpyeTCH H B CJJyqae ero ycTaHOBKH Ha OTKpblTOH OTpa>KaTeJlbHOH ,llOCKe Mexa

HHl!eCKOro .neMnq>HpoBaHHH 3a clleT no.nsecKH oKa3bIBaeTcH 3aqacTy10 .llOCTaTOl!HbIM. Ta

KHM o6pa30M, nOJIHO,llHana30HHaH aKyCTHl!eCKaH CHCTeMa, CMOHTHposaHHaH Ha OTKpblTOH 

OTpa>KaTeJJbHOH ,llOCKe MO>KeT OKa3aTbCH H,neaJJbHblM BapHaHTOM ,11,/IH YCHJIHTeJJH c HeCHM

MeTpHl!HblM BblXO)J.OM. 

5.2. 4. He11neanhHoc111 rpaHct/JopMaropos 
npH npose,neHHH Harpy30l!HOH JIHHHH KaCKa,na C HeCHMMeTpHl!HbIM BbIXO,llOM npe,nnoJJara

JIOCb, '!TO BblXO)J.HOH TpaHc<f>opMaTop HBJJHeTCH H,neaJJbHbIM. TaK KaK 3TO He COOTBeTcTByeT 

peaJJbHOH )1.eHCTBHTeJlbHOCTH, He06XO,llHMO paccMOTpeTb, KaKHM o6pa30M HeH,lleaJJbHOCTH 

TpaHc<f>opMaTopa BJJHHIOT Ha pa6ory KacKa.n.a. K co>1<aJ1eHH10, no nepBH'IHOH o6MoTKe Bbl

xo,nHoro TpaHc<f>opMaTopa npoTeKaeT nOCTOHHHbIH TOK noKOH (lqtuesient). TO eCTb nOCTOHH

HaH COCTaBJJHIOI..l.l,aH aHO,llHOro TOKa. )l.rIH Toro, l!T06bl cep,ne'IHHK TpaHc<f>opMaTopa He Ha

Cbllll,aJJCH, '!TO Bbl3BaJIO 6bI HCKa>KeHHH 3a ClleT HelleTHbIX rapMOHHK, .na H neperpeB caMOro 

cep)J.e'IHHKa, He06XO,llHMO HCnOJJb30BaTb 60JlbWOH cep)J.e'IHHK c 3a3opoM . .llpyrHM MeTO

,llOM H36e>KaTb HaCbllll,eHHH MarHHTOnposo.na TpaHc<f>opMaTopa HBJJffeTCH yMeHbWeHHe KO

JIHl!eCTBa BHTKOB nepBH'IHOH 06MOTKH, '!TO yMeHbWHT 3<f><f>eKT HaMarHH'IHBaHHH TOKOM 

nOKOH, HO 3TO TaK>Ke yMeHbWHT BeJJH'IHHy HHJlYKTHBHOCTH nepBH'IHOH 06MOTKH. 

06bll!HO,llOJl>KHbl HCOOJlb30BaTbCH o6a MeTO.n.a, KOTOpble Ha npaKTHKe npHBO,llflT KyBe

JIHl!eHHbIM reoMeTpHl!eCKHM pa3MepaM TpaHc<f>opMaTopa H HH3KOMY 3Hal!eHHIO HHJlYKTHB

HOCTH nepBH'IHOH 06MOTKH B pa6ol!eH TO'IKe. 6JJaro.n.apsi CBOHM 60JJbWHM pa3MepaM 

TpaHc<f>opMaTop TaK>Ke HMeeT 60JlbWYIO BeJIH'IHHY napa3HTHOH eMKOCTH, '!TO CHH>KaeT 

3<f>cf>eKTHBHOCTb pa6oTbI Ha BbICOKHX qacTornx. KaK npaBHJJO, HcnoJJb3yeMbie B no.no6Hb!X 

cxeMax TpaHccf>opMaTOpbl 06J1a,na10T 60JlbWHMH pa3MepaMH, OHH .noporne H HMelOT TaKylO 

noJiocy nponycKaHHSI, KOTopyiO MO>KHO Cl!HTaTb KOMnpOMHCCOM no cpaBHeHHIO c npHMe

HeHHeM JJ.ByxTaKTHbIX TpaHc<f>opMaTOpHblX KaCKa,llOB. 

TaKHM o6pa30M, MO>KHO 6bIJIO 6bI npHHTH K 3aKJJIOl!eHHIO, '!TO KaCKa.llYCHJJeHlrn MOI..l.1,

HOCTH c HeCHMMeTpHl!HblM TpaHccf>opMaTOpHhlM BhIXO,llOM npH Bb!COKHX Tpe6oBaHHHX K Ka

lleCTBY HBJJHeTCH Tpy.nHopeaJJH3yeMblM Ha npaKTHKe, o,nHaKo, 'ITO J1106onb!THO, 3To He co

sceM TaK. EcJJH paccMOTpeTb KpHBYIO HallaJJhHoro HaMarHH'IHBaHHH rpaHccf>opMaTopHoro 

>KeJJe3a (pHC. 5.3), TO MO>KHO noHHTb npHl!HHy He,ll.aBHero B03pO>K,ll,eHHH HHTepeca 

K ,naHHblM cxeMaM. 
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8b1XOAHOM KOCKOA 

B 

H 

PHc. 5.3 runep601tuaupoBaHHaJl OAJl HaeAROHOCmu aaBUCUMOCmb MaeHUmHOU 
UHOYKl.fUU B om HanpR:JtCeHHocmu BHeutHeeo MaeHumHoeo noAR H 
mpaHa/JopMamopHoeo :J1Ce1teaa 

B c.nyqae TpaHc<l>opMaTopa Kp1:rnyt0 HaMarnHqeHHOCTH MO»<HO paccMaTpHBaTb s KaqecTBe 

nepe.naTOt{HOH xapaKTepHCTHKH, noKa3bIBalOUl,eH 38BHCHMOCTb Me>KJIY BXO,Zl.HblM V:n H BblXO,Zl.

HblM v out HanpH»<eHHSIMH. ECJIH 6bl OTCYTCTBOBana COCT8BJISllOUl,8SI nOCTOSIHHOro TOKa, npo

TeKalOUl,ero qepea TpaHc<l>opMaTop, TO paaMax aMnJIHTY.ll. cHrnana nepeMeHHoro TOKa 6b1n 6bl 

CHMMeTpHqeH OTHOCHTenbHO Haqana KOOp,Zl.HHaT. B c.nyqae MaJIOCHrHanbHOro npH6JIH:>KeHHSI 

Ha xapaKTepHCTHKe OKOno Haqana KOOp,Z1.HH8T HMeeTCSI nepem6, Ha KOTOpOM H8KnOH KpHBOH 

yMeHbllleH. TaK KaK MarHHTHasi npoHHu,aeMOCTb cep.neqHHKa nponopuHoHanbHa HaKnOHY 

KpHsoft, TO npH MaJibIX aHaqeHHHX H HHJJYKTHBHOCTb nepBHt{HOH o6MOTKH TpaHc<l>opMaropa 

(LP) 6y.neT He6onbrnoft. Ha HH3KHX qacToTaxyMeHbllleHHOe aHaqeHHe HH.lJYKTHBHOCTH LP CHH

>KaeT ycHJieHHe H yseJIHt{HBaeT HCKa:>KeHHSI BblXO,Zl.HOro KacKa.na. 

OTBeTCTBeHHblMH aa noHsneHHe nepem6a Ha xapaKTepHCTHKe sisnHIOTCH OT,Zl.eJihHbie 

MarHHTHble ,Zl.OMeHbl, H3 l<OTOpbIX COCTOHT MaTepHaJI cep.neqHHKa, H KOTOpble o6Jia,nalOT 

HeKOTOpOH HHepuHOHHOCTblO npH H3MeHeHHH HanpasneHHSI HX BeKTOpa HaMarHHt{eHHOC

TH. (ToqHo T8KOH :>Ke 3<l><l>eKT Ha6nt0.naeTCSI B 3neKTpOcTaTHKe, Kor.na Ha6nt0,naeTCSI T8KOe 

>Ke aana3,Zl.blB8HHe B H3MeHeHHH npocTpaHCTBeHHOH OpHeHT8UHH (.nHnOJibHOH nonHpH38-

LlHH) 3JieKTpocTaTHqecKHX aapSl,Zl.OB nOJISlpHblX MaTepHanos, T8KHX K8K nonHCTHpon H no

JIHKap6oHaT.) B' He.naBHO CT8BllleM nonynsipHblM TeXHHt{eCKOM perneHHH, H3BeCTHOM no.n 

H83BaHHeM «nHHCTpaftnHHr - H3fOTOBneHHblH H3 noJIOCOK» ,Zl.JISI H3fOTOBJieHHSI M8rHHTHO

ro cep.net{HHKa HCnOnbayeTCSI CMeCb T0Ht{8HllIHX nonocoK H3 CTanH H MIO-MeTanna. Mar

HHTHblH cnnas, nonyqHBllIHH H8388HHe MIO-MeTann, HMeeT 3H8t{HTeJibHO 6onee BblCOKYIO 

Ha'!aJibHYIO MarHHTHYIO npOHHuaeMOCTb, B CHny qero o6ecneqHsaeTCSI BblCOKOe 3H8t{eHHe 

LP npH HH3KHX yposHsix H, npH 3TOM 3TOT MaTepHan O'leHb 6b1cTpo Hacb1maeTcS1. Ho 

B TOt{Ke H8Cblll.l,eHHSI MIO· MeTanna OCHOBHYIO ponb H8t{HHalOT HrpaTb y:>t<e qacTHUbl :>Keneaa; 

TaKHM o6pa30M, nHHCTpaftnHHr MO)l(eT 3H8t{HTenbHO ynyqllIHTb HaqanbHYIO M8rHHTHYIO 

npottHuaeMOCTb cep.neqHHKa. K co:>KaneHHIO MIO·MeTann sisnsieTcsi xpynKHM H 6onee .nopo

rHM MaTepHaJIOM, no cpaBHeHHIO c 3JieKTpOTeXHHt{eCKOH CTaJiblO, H3 KOTOpoft .nenalOTCSI 

60JibWHHCTBO TpaHc<l>opMaTopos ,Zl.JISI ycHnHTeJieft 3BYKOBOH qacTOTbl. 
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KacKIQlbl yuineHHll MOUIHOCTH 

c .u.pyroA CTOpOHbl, B cnyqae npoxo>K)J.eHHfl TOKa nOKOfl JJaMnbl qepe3 nepBH'IHYIO 06· 

MOTKY TpaHc<t>opMaTOpa y.u.aeTCfl o60HTH npo6JJeMy HH3KOH HaqaJJbHOH MarHHTHOH npOHH· 

uaeMOCTH H yny'IWHTb JJHHeHHOCTb nepe.n.aTO'IHOH xapaKTepHCTHKH. 3TO, B03MO>KHO, 

o6bHCHHeT pH.ll. 3aHBJJeHHH o npeKpacHblX xapaKTepHcTHKax TaKHX ycHJJHTeneA B cepe.D.HHe 

aKYCTH'lecKoro .n.Hana3oHa. 

Xorn TpaHc<t>opMaTOp HMeeT HH3KOe 3Ha'leHHe HH.ZIYKTHBHOCTH nepBH'IHOH o6MOTKH, 

'ITO npe.n.nonaraeT nnoxylO OT.D.a'ly Ha HH3KHX 'laCTOTax, xopowo cnpoeKTHposaHHbtH H H3· 

fOTOBJJeHHblH cep.n.e'IHHK v.eHee CKJJOHeH HaCblIUaTbCfl Ha HH3KHX '!aCTOTaX, TaK KaK OH 

o6H3aH HMeTb yseJJHl{eHHbie pa3Mepbl H HMeTb 3a3op, 'IT06bl y.n.osJJeTBOpHTb ycJJOBHflM, 

onpe.n.enHeMbtM HaJJH'IHeM TOKa noKOH. onaro.n.apH 9TOMY 3Ha'leHHe LP no'ITH nocTOHHHO 

npH H3MeHeHHH BblXO,ll.HOA MOIUHOCTH no nepeMeHHOMy TOKY OT HyJJesoro .ll.0 HOMHHaJJbHO

ro 3Ha'leHHH. npH ycJJOBHH TIUaTeJJbHOro no.n.6opa H cornacosaHHfl rpOMKOfOBOpHTeJJfl 

MO>KHO noJJy'IHTb BblCOKOKa'lecTBeHHOe socnpOH3Be)J.eHHe HH3KHX 'laCTOT, TaK KaK HH.ZIYK· 

THBHOCTb npaKTH'leCKH He H3MeHHeTCfl c H3MeHeHHeM ypoBHfl BbIXO,ll.HOA MOIUHOCTH. 

K co>KaJJeHHIO, 9Toro HeJJb3H cKaaaTb o socnpoH3Be.n.eHHH BbtCOKHX qacTOT. 6on1:>woii, 

He9<P<PeKTHBHblH Bl:>IXO,ll.HOH TpaHc<t>opMaTOp coa.n.aeT CJJHWKOM 60JJl:>WHe noTepH B BblCO· 

KO'laCTOTHOM .n.HanaaoHe, xoTH pH.n. KOHCTPYKllHH noMoraeT peweHHIO H 9TOH npo6neM1:>1. 

c ueJJl:>IO CHH>KeHHfl HCKa>KeHHH B YCHJJHTeJJHX c HeCHMMeTpH'IHl:>IM BblXO,ll.OM Hcnonb3y

IOTCH, KaK npaBHJJO, HaH6onee JJHHeHHbte TPHO.ll.bt c npHMbtM HaKaJJOM KaTo.n.os, TaKHe, Ha

npHMep, KaK 2A3, 3000, 211 H 845, a He nyqeBble TeTpO,ll.bl, JJH60 neHTO,ll.bl, nO,llKJllOl{ae

Mbte no cxeMe TpHOJl.a. K co:>KaJJeHHIO, npHMOHaKaJJbHbIM KaTO.n.aM csoAcTseHHO HaJJH'IHe 

<t>oHa nepeMeHHOro TOKa B cnyqae HX nHT8HHfl nepeMeHHblM TOKOM OT HaKaJJbHOH o6MOTKH 

CHJJOBOro TpaHc<t>opMaTOpa. 

KpaTKO pe3IOMHPYH H3JJO>KeHHoe, Heo6xo.n.HMO OTMeTHTb, 'ITO nocrpoeHHble Ha naM
nosbtX TpHo.n.ax ycHJJHTeJJH c HeCHMMeTpH'IHblM BblXO,ll.OM xapaKrepH3YIOTCfl xopowHM 

socnpOH3Be.n.eHHeM npH HH3KHX ypOBHflX BblXO,ll.HOH MOIUHOCTH, 06na.n.a10T xopoWHMH 

xapaKrepHCTHKaMH B cpe.n.He'laCTOTHOM ,ll.Hana30He, HO rpe6ylOT caMoro TIUaTeJJbHOrO 

cornacosaHHfl rpOMKOrOBOpHTeJJfl B cJJy'laflX, Kor.n.a rpe6yeTCfl nOJJY'IHTb MaKCHM8JlbHO 

9<P<PeKTHBHYIO OT,ll.a'ly Ha HH3KHX qacrorax H MaJJblX ypoBHflX MOW.HOCTH (KaK npaBHJJO, 

He npesh1wa10W.HX 10 Br) . .llon'onHHTenbHO K 9TOMY OHH qpe3MepHo .n.oporn H3·3a Bblco

KOH CTOHMOCTH BblXO,ll.HOro rpaHc<t>opMaropa H HCnOJJb30BaHHfl .ll.OBOJlbHO .n.opornx TpHO· 

,ll.OB. neHTO,ll.Hbte ycHJJHTeJJH C HeCHMMeTpH'IHblM BblXO,ll.OM, HCnOJJb3yeMbte B 60-x fO,ll.aX 

npownoro seKa B 6btTOBOH annaparype (pa.n.Honax, MarHHTO<t>oHax, TeneBH3opax), He 06-

na.n.anH HH O,ll.HOH H3 9THX xapaKTepHCTHK, 3a HCKJJIO'leHHeM HH3KOH BblXO,ll.HOH MOIUHOCTH. 

5.3. Pe>KHMbl pa6oTbl ycHnHrenbHblX npH6opoe. 
Knaccb1 ycHnMreneK 

noHHTHe pe:>KHMa pa60Tbl HJIH KJJaCC8 yCHJJHTeJJfl onpe.n.enHeTCfl COOTHOWeHHeM aHO,ll.HOfO 

TOKa nOKOfl K BeJJH'IHHe TOKa CHrHaJJa H <t>opMOH aHO,ll.HOro TOKa • .llo CHX nop BO scex npH

Mepax paccMarpHsanHcb ycHnHrenH KJJacca A, xorH .n.aHHbtH <PaKT Jl.O CHX nop HHKaK He 
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PelKHMbl pa6oTbl yCHnHTenbHblX npH6opoe. Knam1 ycHnHTeneM 

aKueHTHposancsi • .llnsi HcnpasneHHH yKa3aHHoro ynymeHHH Heo6XO.ll.HMO ssecrn HeKoTo

pble onpe.ll.eJieHHH. 

5.3.l PeJKHM Knacca A 
npH 3TOM pe>KHMe BeJIH'-IHHa aHO,ll,HOrO TOKa nOKOH BCer,na 3a,ll,aeTCH TaKOH, 1ff06bl ,ll,a>Ke 

npH MHHHMaJibHO B03MO>KHOM 3Ha'leHHH BXO,ll,HOro CHrHaJia (a TaJOKe H npH ero OTCYT· 

CTBHH) aHO,ll,HblH TOK He CHH>KaJICH ,ll,O eynesoro 3Ha'leHHH. l1HblMH CJIOBaMH, JiaMna, pa6o

Tal011.laH s KJiacce A, HHKor.na He 3anwpaeTcH. EcnH Ha BXO.ll. (ynpasJIHIOll.lYIO ceTKY) TaKoro 

KaCK8,ll,8 ycHJieHHH 6y.ll.eT no,ll,8HO CHHYCOH,ll,aJibHOe HanpH>KeHHe, cpopMa aHO,ll,HOro TOKa 

raK>Ke 6y.ll.eT CHHycoH,ll,aJibHOH. Pe>KHM Knacca A xapaKTepH3yercsi HaHny11wej:j .llHHeHHOC· 

TblO ycwneHHH, O.ll.HaKo no 3Heprern11ecKOH 3cpcpeKTHBHOCTH OH caMbIH nnoxoA. Teopern

'!ecKoe 3Ha11eHHe MaKCHMaJibHOro KD.Ll npH cHflycoH,ll,aJibHOA cpopMe BbIXO.lJ.HOro curnana 

B pe>KHMe Knacca A paBHO 50%. HaH6onee npocToe TOMY o6bHCHeHHe - 6onbwoA TOK 

noKosi, cymecTByiomHA ,ll,a>Ke npH nonHOM OTCYTCTBHH BXO.ll.HOro cHrHana. HH3KHA KD.Ll 

KpOMe O'leBH,ll,HOro BblCOKoro 3HepronoTpe6JieHHH, Hey,ll,o6eH TeM, 'ITO Ha aHO,ll,8X JiaMn 

pacceHsaeTCH nOBbIWeHHaH TennosaH MOll.lHOCTb, 'ITO yMeHbWaeT MaKCHMaJibHO ,ll,OCTH· 

>KHMYIO none3HYIO MOl.l\HOCTb, OT,ll,aBaeMyJO HMH. 

5.3.2. PeJKHM 1<nacco B 
B 3TOM pe>KHMe TOK noKOH paseH Hynio, a caM aHO,ll,HbIH TOK npoTeKaeT TOJibKO npH .ll.eA

CTBHH nOJIO>KHTeJibHOA nonysoJIHbl BXO,ll,HOro CHrHaJia. TaKHM o6pa30M, naMna 3anepTa B 

nepHO,ll,,ll,eAcTBHH OTpHL\aTeJibHOA nonyBOJIHbl BXO,ll,Horo CHrHaJia. TaK KaK BXO,ll,HOH CHrHaJI 

lf>aKTH'leCKH npeTepnesaeT O,ll,HOTionynepHO,ll,HOe BbmpHMJieHHe, B CHrHaJie B03HHKalOT cy

~ecTBeHHble HCKa>KeHHH B BH,ll,e rapMOHHK. )lnH peweHHH ,ll,aHHOA npo6neMbl npHXO,ll,HTCH 

npHHHMaTb ,ll,OnOJIHHTeJibHbie Mepbl ( npHMeHeHHe .ll.ByxTaKTHblX cxeM ycHJieHHH ). 0,ll,HaKO, 

B pe>KHMe Knacca B aHO,ll,HblH TOK cymecTByeT npH JII060M 3Ha'leHHH aMnJIHTY.ll.bl BXO,ll,HOro 

CHrHaJia, 'ITO He HapywaeT JIHHeAHOCTH aM.nJIHTY.ll.HO-aMnJIHTY.ll.HOH xapaKTepHCTHKH ycH

JIHTeJIH. TeopeTH'lecKoe 3Ha'leHHe MaKCHMaJibHoro Kn.LI (npH nonHOM HcnOJib30BaHHH 

JiaMnbI no HanpH>KeHHIO H TOKy, 'ITO Ha npaKTHKe He,ll,OCTH>KHMO) npH CHHYCOH,ll,8JlbHOA 

lf>opMe BblXO,ll,HOro CHrHaJia B cnyqae .ll.ByXTaKTHOro ycHJIHTeJIH KJiacca B COCT8BJIHeT 

78,5%. 3TO HanpHMYIO CBH3aHO c O'FCYTCTBHeM TOKa nOKOH. 

5.3.3. PeJKHM Knacca C 
B pe>KHMe Knacca C speMH npOTE:KaHHH aHO.lJ.HOro TOKa MeHbWe speMeHH ,ll,eAcTBHH nono

>KHTeJibHOA nonysoJIHbl BXO,ll,Horo CHrttana • .LlaHHbIA MeTO.ll. HcnoJib3yeTcH TOJibKO s BY 
ycHJIHTeJIHX Pa.ll.HOnepe,naT'IHKOB, B KOTOpbIX MOfYT HCnOJib30BaTbCH pe30HaHCHble MeTO,ll,bl 

BOCCTaHOBJieHHH OCHOBHOH rapMOHHKH CHrHana. 3TO pe>KHM xapaKTepH3yeTCH ropa3,ll,O 
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KatKCQlbl YCHll8KMll MOIQHOCTH 

6onee BblCOKHMH 3Ha'leHHffMH KnJJ. H yposHeM HcKa>KeHHH no cpastteHHIO c npHMeHHeMbIM 
s ycHnHT.enHx pe>KHMOM Knacca B. · 

5.3. 4. Yron orceYKll. Pe)l(llM Knocco AB 
]J.nff xapaKTepHCTHKH ,ll.JlHTenbHOCTH TOH qacrn nonynepHO)la, B Te'leHHe KOTOpOH npoTeKaeT 
aHO,llHblH TOK, paJl.HOHH>Kettepbl Hcnonb3y10T TepMHHbl yrno·saH ,ll.JlHTenbHOCTb HMnynhca H 
yron OTCe'IKH. flOJl yrnOBOH ,ll.JlHTenbHOCTblO HMnynbCa TOK8 nOHHMaeTCSI lfaCTb nepHOJl8 
( Bblpa>KeHHaff B pa)lHaHaX }, B Te'leHHe KOTOpOH cyw.ecTByeT aHOJlHblH TOK. flOJl yr nOM OTCe'I • 
KH ( HaH6onee 'laCTO npHMeHffeMOM ,ll.Jlff KOnH'leCTBeHHOfO onHcaHHff pe>KHMa pa60Tbl ycHnH. 
TenhHbIX npH6opos) noHHMaeTcff nonosHHHOe 3Ha'leHHe 3TOH ,ll.JlHTenbHOCTH. Hcnonb3yff 
)laHHblH TepMHHbl, H yqHTblBaff, 'ITO nonHblH nepHOJl rapMOHH'leCKHX KOne6aHHH paseH 360°, 
MO>KHO cKa3aTb, 'ITO ,ll.Jlff ycHnHTenej:j Knacca A ,ll.JlHTenbHOCTb HMnynbca TOK8 pas Ha uenoMY 
nepHOJJY (TOK ttenpepblsett}, a yron OTCe'IKH paseH 180°. ]J.nH ycHnHTenej:j Knacca Byron 
OTCe'IKH COCTaBHT go·, a ,ll.Jlff ycHnHTenej:j Knacca c OH COCTaBnffeT Mettee go·. 

TaK KaK nepexo)lttasi o6nacTb Me.>KJl.Y KnaccoM AH KnaccoM B s HX 'IHCTOM BHJle JlOC· 
TaTO'IHO o6urnptta, TO ssenH npoMe>KyTO'IHbIA Knacc ycHnHTeneA, H3BeCTHbIA KaK pe· 
>KHM Knacca AB, r)le aHOJlHbIA TOK cyw.ecTByeT 6onee nonynepHOJla, a yron OTCe'IKH npe
BbtwaeT go·, HO He JlOCTHraeT 180°. 

Ha pHc. 5.4 npHBeJleHa H)leanH3HposaHHaff npoXOJlHaff xapaKTepHCTHKa naMnbt ( C'IH • 
Taff npoHHUaeMOCTb pasttoH ttynlO ). KaK BHJlHO H3 pHcyttKa, pe>KHM pa6oTbI ycHnHTenH 
( onpe)lenffeMbIH q>0pMOA aHOJlHOro TO Ka) 3aBHCHT OT HanpH>KeHHfl CMew.eHHff Ha ceTKe 
naMnbt. B pe>KHMe Knacca A cMew.ettHe Bbt6HpaeTcff Ha cepeJlHHe nHHeHttoro yqacTKa 
npOXO)lHOH xapaKTepHCTHKH, 6naro)lapH 'leMy aHOJlHblA TOK cyw.ecTByeT secb nepHOJl 
)leHCTBHff BXOJlHOro ( ceTO'IHoro) ttanpH>KeHHff. B ycHnHTenHx Knacca B ttanpH>KeHHe cMe· 
w.eHHff BbI6HpaeTCff paBHblM HanpH>KeHHIO OTCe'IKH npOXO)lHOA xapaKTepHCTHKH naMnbI, 
'ITO 3anHpaeT ee npH scex 6onee OTP.HUaTenbHbIX HanpH>KeHHffX. no3TOMY TOnbKO" BO 
speMff )leHCTBHff nonO>KHTenbHOfO nonynepHO)la BXO)lHOfO CHrttana o6ecne'IHBalOTCff yc
nOBHff ,ll.Jlff cyw.ecTBosaHHff aHOJlHOro TOKa. B pe>KHMe Knacca C ttanpH>KeHHe cMew.eHHff 

. BbI6HpaeTCff 6onee OTpHuaTenbHblM, 'leM HanpH>KeHHe OTCe'IKH naMnbI. lleM 6onee OT· 
pHuaTenbHOe CMeW.eHHe Bb16paHO, - TeM MeHbWe 6yJl~T yron OTCe'IKH. ]J.nff nonyqeHHff 
pe>KHMa Knacca AB, Hao6opoT, cMew.ettHe Bbt6HpaeTcff Mettee OTpHuaTenbttoe, 'leM Ha· 
npH>KeHHe OTce'IKH. B 3TOM cnyqae, 'leM MeHee OTPHI..laTenbHOe cMeW.eHHe Bbt6patto, TeM 
6onhwe 6yJleT yron OTCe'IKH. 

5.3.5. Pe)l(HMbl Knoccos ABT 11 AB2 
B ayJlHOTeXHHKe, KaK npasHno, BBOJlSIT )lononHHTenbHYIO KnaccmpHKaUHIO pe>KHMOB AB, 
onHpaHCb Ha HanH'IHe HnH OTCYTCTBHe TOKa ynpasnfflOW.eH ceTKH. 

Pe>KHMOM AB 1 C'IHTaeTcff pe>KHM Knacca AB, npH KOTopoM TOK ynpasnHIOW.eA ceTKH 
He cyw.ecTsyer. Eonhwaa qacTb MOW.HbIX ( csblwe 50 BT) KDiaccH'lecKHx ycHnHTenej:j npeJl • 
cTaBnHIOT co6oj:j JlByXTaKTHbte yCHnHTenH Knacca AB 1. 
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PeJKHMbl pa6orbl ycHnHrenbHblX npH6opoe. KnaCCb1 ycHnHTeneii 

KnaccA 

KnaccB 

KnaccC 

Vout 

~ 1\760" 
Vm---

V1r1as 

Vout 

~ 
Yron OTce1.1K111180' 

~~-

Vout 

~ 
Yron OTCe"IKlll 60' 

v .. ----

PHc. 5.4 Coomnowenue Me:HCay ¢op.Mou oxoanoeo cuenaAa u anoanblM moKoM 
a.Ml ycUAume.Aeu K/l.llCCOB A, B u c 

Pe>KHMOM AB2 cqHTaeTcH pe>KHM, npH KOTopoM BXO.llHOH cHrHaJI c03JtaeT noJIO>KHTeJib

HblH OTHOCHTeJibHO KaTO)la noTeHUHaJI Ha ceTKe, qTQ C03)laeT ycJIOBHH JlJIH npoTeKaHHH ce

roqHoro TOKa. 3TO yseJIHqHsaeT 3<P4JeKTHBHOCTb pa60Tbl, TaK KaK npH 9TOM ycJIOBHH OCTa

TQqHoe aHO.llHOe HanpmKeHHe MO>KeT B 60JibllleH CTeneHH npH6JIH>KaTbCH K HyneBOMY 

3HaqeHMIO, qTQ oco6eHHO Ba>KHO npM pa6oTe TpHOJlOB. c HaqaJIOM npoTeKaHHH ceTOqHoro 

TOKa BXOJlHOe conpOTHBJieHMe BblXOJlHOro KaCKa)la KaTaCTpo<t>HqecKM 03.llaeT ( B COOT-
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KacKOAbl yc11neu1111 MOlllHOCTll 

BeTCTBHH c COOTHOUJeHHeM I/ gm) H B 3THX ycJIOBHffX JI.Jiff 38)la!Olll,ero KacKa,na .nomKHO Bbl

nOJIHffTbCff Tpe6osaHHe HMeTb O'leHb HH3KOe BbIXO,nHoe conpOTHBJieHHe, 'IT06bl o6ecne

'IHTb nepe.naqy o6pa60TaHHOrO CHrHaJia B 3T}' HCKJllO'IHTeJibHO HeJIHHeHHYIO Harpy3K)I 6e3 

HCKa>KeHHH. E,nHHCTBeHHbIM cnoco6oM CHH3HTb BJIHffHHe 3TOro .nonOJIHHTeJibHO B03HHKa

IOUJ.ero HCTO'IHHKa HCKa>KeHHH ffBJiffeTCff npHMeHeHHe ceTO'IHOro pe3HCTOpa YTe'IKH c HH3-

KHM 3Ha'leHHeM conpoTHBJieHHff, KOTOpblH nponycKaJI 6bI 60JibUJHJ'.i no BeJIH'IHHe TOK CHr

HaJia no cpaBHeHHIO c O>KH,naeMblM ceTO'IHblM TOKOM; TaKHM o6pa30M, B MOMeHT, Kor.n.a 

npoTeKaeT ceTO'IHbIA TOK, OTHOCHTeJibHOe H3MeHeHHe TO Ka Harpy3KH (a, cne.nosaTeJibHO, H 

Bbl3bIBaeMbie ero HaJIH'IHeM HeJIHHeHHbie HCKa>KeHHff) 6yJJYT He60JibllJHMH • .llnff HeKOTO

pblX cospeMeHHblX ycHJIHTeJieA c HeCHMMeTpH'IHbIM BbIXO,nOM pa3pa60T'IHKaMH TaK>Ke 3a

ffBJieH KJiacc pa60TbI A2. 
)lanee 6y,neT nOKa3aHO, 'ITO 3<P<PeKTHBHOCTb pa60Tbl ycHJIHTeJiff MO>KeT 6bITb nOBblllle

Ha TOJibKO 3a C'leT ynyqUJeHHff JIHHeAHOCTH ero xapaKrepHCTHKH. 

5.4. n11yXTOKTHblH BblXOJIHOH KOCKOJI 

KaK 6bIJIO noKa3aHo, pa6orn O.AHOTaKTHoro KaCKaita s pe>KHMe KJiacca B BHOCHT 3Ha'IH

TeJibHbie HCKa>KeHHff 3a C'leT O,AHOnonynepHO.AHOrO YCHJieHHff BXO,nHoro CHrHaJia, '!TO npH

BO,nHT K nm1BJieHHJO BblCUJHX rapMOHHK. EcTecTBeHHO, 3TO ffBJiffeTcff secbMa cymecTBeH

HblM He.nocTaTKOM JI.Jiff BbICOKOKa'lecTseHHblx ycHJIHTeneA Hi-Fi, JI.Jiff KOTOpbIX Tpe6yeTcff 

BbICOKaff JIHHeHHOCTb xapaKTepHCTHK. 

Tenepb npe,nnOJIO>KHM, 'ITO HMeeTCff .nse JiaMnbI, pa6oTaJOUJ.He a pe>KHMe KJiacca B, Ha 

o.n:Hy H3 HHX no.naeTCff Henocpe.ncTBeHHO BXO.ll:HOH CHrHaJI, a Ha .npyryJO no.n.aeTCff HHBepTH

posaHHbIA (TO eCTb npOTHBOcjla3Hbie eMy) CHrHaJI. Bo speMff HHTepsaJia t, npOBOJlHT TOK 

sepXHffff JiaMna, TOr.n.a KaK BTOpaff 3anepTa. Bo speMff HHTepsaJia t2 CHT}'8U.Hff MeHffeTCff Ha 

o6paTHYIO (pHC. 5.5). 
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PHc. 5.5 C!to:JICeHue CU2flaJlOB oeyx IWCIWOOB K/lacca BB BblXOOHOM 
mpancrjJopMamope 
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AeyxraKTHblM BblXOAHOM KDCKDA 

TaKHM o6pa3oM, nonmKHTeJibHbie H oTpHUaTeJibHbie nonysoJIHbI BXOJlHOro cHrHana Bbl-

3bIBalOT aHOJlHblH TOK nonepeMeHHO B pa3HblX JiaMnax, B pe3yJibTaTe qero, B JII060H 

MOMeHT BpeMeHH B KaKOH-JIH60 H3 JlBYX JiaMn aHOJlHblH TOK 6yJleT cyw,eCTBOBaTb. nYTeM 

HHBepTHpOBaHHff OJlHOrO H3 BblXOJlHblX CHrH8JIOB H CJIO>KeHHeM ero c JlPYrHM CHrHaJIOM 

B BblXOJlHOM TpaHccpopMaTope MO>KHO BOCCTaHOBHTb HCXOJlHYIO cpopMy BXOJlHOro CHrHaJia. 

11HsepTHpOBaHHe BbinOJIHffeTCff nYTeM H3MeHeHHff HanpaBJieHHff npoTeKaHHff TOKa B OJl

HOH H3 o6MOTOK, TO eCTb H3MeHeHHeM OOJIHpHOCTH nOJlKJllO"leHHff 9TOH 06MOTKH TpaHC

cpopMaTopa. Ha JlHarpaMMe OHH o603Ha"leHbl COOTBeTCTBYIOW.HMH 3Ha"IKaMH « + » H « - ». 
Ha npHHUHnHaJibHblX cxeMax JlJJH o6o3Ha"leHHff HanpasneHHe HaMOTKH 3aqacryio Ha"laJib

Hbie BHTKH 06MOTOK TpaHc<t>opMaTOpa 0603Ha"lalOTCff TO"IKaMH. 

BHe 3aBHCHMOCTH OT Toro, JlOCTHraeTcH :>TOT pe3yJibTaT Hcnonb3oBaHHeM TpaHccpop

MaTopa, JIH60 HenocpeJlCTBeHHblM nocJieJlOBaTeJlbHblM BKJllO"leHHeM JiaMn ycHJIHTeJiff, Ta

Koro, HanpHMep, J<aK KaTOJlHbIH noBTOpHTeJib YaATa ( cM. rnasy 3 ), JlaHHaH cxeMa noJlKJIIO

qeHHff nonyqHJia o6w.ee Ha3BaHHe - JlByxTaKTHaff cxeMa, H OHa ffBJiffeTCff e)lHHCTBeHHblM 

nYTeM JlJlff JlOCTH>KeHHff xoporneA JIHHeHHOCTH xapaKTepHCTHKH B ycHJIHTeJIHX KJiacca B, 

o6ecne"IHsaiow.Hx ropa3JlO 6onee Bb!COKHH Kn)l, He>KeJIH B KJiacce A. 
HeyJlHBHTeJibHO, "ITO'TaKoe p83JleJieHHe CHrHaJia H 3aTeM ero noCJie.ayiow.ee BOCCTa

HOBJieHHe B HCXOJlHOM BHJle He ffBJiffeTCff BnOJIHe 6e360Jie3HeHHOH onepauHeH H n09TOMY 

ycHJIHTeJIH Knacca B B "IHCTOM BHJle HcnoJib3YIOTCff JlOCTaTO"IHO peJlKO H3-3a HCKa>KeHHH, 

B03HHKaiomHx so epeMH nepeXOJlHOro npouecca B uenHx Kpoccosepa ( <t>a3oHHBepTOpa }, 

KOr)la ycHJieHHe CHfH8Jla nepe)laeTCff OT OJlHOH JiaMnbl K JlpyroA. Ha npaKTHKe JlOnycKaeT

Cff npoTeKaHHe He60JlbllIOrO TOKa noKOff JiaMnbl c ueJiblO yMeHbllIHTb BJIHffHHe nepeXOJlHO

ro npouecca, "ITO npHBOJlHT K pe>KHMY pa60TbI B KJJacce AB. TeopeTH"lecKoe 3Ha"leHHe 

omHMaJJbHoro HanpH>KeHHff cMew,eHHH JlJlff ycHJJHTeJJH KJJacca AB HaXOJlffT nYTeM 9KCTpa

noJJHUHH JJHHeHHOH "18CTH nepeJl8TO"IHOH xapaKTepHCTHKH JlO ee nepece"leHHff c OCblO 

:~~~:~:=:~::;:~~:, ~t~ ~:=~~OH~~~~~::~~: ~:~::~;~H~~~~~~;eH::~b=~~H;:~~~ 
CJJeJlOBaTeJJbHO, HHJlHBHJJYaJJbHble oco6eHHOCTH xapaKTepHCTHKH Ka>KJI.OH JJaMnbl npHBO

JlffT K TOMY, "ITO H)leaJJbHaff TO"IKa CMeW,eHHff He ffBJJffeTCff COOTBeTCTBYIOW.eH peaJJbHOMY 

nOJIO>KeHHIO )leJJ H HCKa>KeHHff, B03HHK810W,He B Kpoccosepe, He ycTpaHfflOTCff . 

.ll.ByXT8KTHble BblXOJlHble KaCKa}lbl TaK>Ke MOfYT HCnOJJb30B8TbCff H B ycHJJHTeJJHX KJl8C

ca A, o6ecne"IHBaH JlOnOJJHHTeJJbHble, paccMOTpeHHbie HH>Ke npeHMyw.ecTBa. 

B pe3yJJbTaTe pesepcHBHoro nO.llKJJIO'leHHff OJlHOH H3 o6MOTOK TpaHccpopMaTopa Mar

HHTHbie nOTOKH, Bbl3bIB8eMble 8HOJlHblMH TOKaMH noKOff, B3aHMHO ypaBHOBellIHB8IOT Jlpyr 

Jlpyra (npH ycnoBHH, ecrecTBeHHO, 'ITO OHH paBHbl). l-fa-3a Toro, 1.JTO cepJle"IHHK TpaHc

cpopMaTopa JlOJJ>KeH nepeJlaBaTb MarHHTHblH nOTOK, o6pa30BaHHblH TOJJbKO TOKOM CHrHa

JJa, ero pa3Mep MO>KeT 6b!Tb 3Ha"IHTeJJhHO yMeHbllleH npH 38)laHHOM ypoBHe MOW.HOCTH. 

3Ta npH"IHHa ffBJJffeTCff OCHOBHOH JlJlff HCnOJtb30BaHHff JlByxTaKTHOro BblXOJlHOro K8CK8Jla 

B ycHJJHTeJJHX KJiacca A, rJle TOKH noKoH seJJHKH, HB OJlHOTaKTHOH cxeMe MOfYT npHBOJlHTb 

K HaCblll.l,eHHIO cepJle"IHHKa, eCJIH ero pa3Mepbl He JlOCT8TO"IHO BeJJHKH. 

TaK KaK pa3Mepbl cepJle"IHHKa yMeHblllalOTCH, cTaHOBHTCH cyw.ecTBeHHbIM, '-IT06b1 

aHOJlHble TOKH nOKOff Ka>KJI.OH JJaMnbl KaCKa)la 6blJIH a6COJJIOTHO HJleHTH"IHblMH, B npOTHB

HOM cnyqae nOJlM8rHH"IHBaHHe cepJle"IHHKa nOCTOffHHOH COCTaBJJfflOW.eH 6yJleT Bbl3bIB8eT 

HCKa>KeHHff Ha He"leTHblX rapMOHHKaX. 3a,n.aqa pernaeTCff BBe)leHHeM nOJlCTpOHKH 6anaHca 
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KacKOAbl yc1meHH11 MOlllHOCTH 

(paBHOBeCHH) no nOCTOHHHOMY TOKy B u.enH CMell.leHHff (pHC. 5.6), nH60 nyTeM Hcnonb30-
BaHHff napbl naMn c TO'IHO no.n.o6paHHblMH 3Ha'leHHHMH aHOJJ.HbIX TOKOB. 

-1--...----t 

Puc. 5.6 CxeMa noacmpouKu 6a.ttaHca no nocmoaHHOMy moKy 

B cxeMe Ha pHc. 5.6. nepeMeHHbIH peaHcTOp R2 ycTaHaBnHsaeT oOll.lHH aHO.D.HbIA TOK, 
Tor.n.a KaK nepeMeHHblH peaHcTop Rl no.n.cTpaHsaeT OanaHc no nocTOHHHOMY TOKy, aa.n.a
sasi CMeW.eHHIO OJI.HOA H3 ceTOK 6onee noJIO>KHTeJibHOe, JIHOo MeHee nOJIO>KHTenbHOe 3Ha
'leHHe no OTHOWeQHIO K CMemeHHIO Ha .n.pyroH JiaMne. 

EcnH >Ke cep.n.e'IHHK Oy.n.eT nocTOHHHO no.D.MarHH'IHBaTbCH (HanpHMep, Ha-aa HeHcn
paeHoCTH OJI.HOH Ha naMn), ero Heo6xo.n.HMO Oy.n.er paaMarHHTHTb; e npoTHBHOM cnyqae oH 
6y.n.eT .~CTO'IHHKOM .n.ononHHTenbHblX (H COBCeM HeHy>KHbIX) HCKa>KeHHH, JIH60 Boo6me 
BbIH.D.eT H3 CTpOSI B cne.n.cTBHe neperpesa. 3Ta onepaU.Hff BblnOJIHHeTCff B03JleHCTBHeM Ha 
cep.n.e'IHHK cpaBHHTeJibHO 6onbworo nepeMeHHoro MarHHTHoro nonH, snnoTbJlO.ll.OCTHme
HHH 06JiaCTH HaCblll.leHHff KaK npH noJIO>KHTeJibHOM, TaK H OTpHu.aTeJibHOM 3Ha'leHHHX, 
a aaTeM nocne HCTe'leHHH epeMeHH Bb!JJ.ep>KKH 10 c nocTeneHHblM cHH>KeHHeM nonsi .no 
Hynsi. Ha npaKTHKe HH3KOe 3Ha'leHHe OCTaTO'IHOH MarHHTHOH HHJlYKU.HH MaTepHaJIOB, HC
nOJibayeMbIX e cep.n.e'IHHKax o6bl'IHblX TpaHccpopMaTOpax, .n.enaeT HeoOxo.n.HMOCTb npoee
.n.eHHH .n.aHHOH onepaU,HH ManosepOHTHOH. 

fionee noneaHblM peaynbTaTOM yMeHbWeHHH paaMepbs TpaHccpopMaTOpa siensiercH 
ynyqweHHe BlJ xapaKTepHCTHK aa c'leT CHH>KeHHH napaaHTHOH eMKOCTH. 

OpH 3TOM B TpaHccP,opMaTOpe OTCYTCTByeT He TOnbKO aHOJJ.HblA TOK noKOSI, HO TaK>Ke 
npona.D.a!OT cpoHOBble WYMbl HCTO'IHHKa nHTaHHff, TaK KaK OHH HaXO.ll.SITCH B npoTHBOcpaae 
B Ka>K.D.oH o6MoTKe TpaHccpopMaTOpa. YnyqweHHe xapaKTepHcTHK no cpoHoBOMY wyMy HC
TO'IHHKa nHTaHHff noasonsieT HCnOJib30BaTb HX MeHee .n.oporHe MOJJ.eJIH . 

.Llpyroj.j noJie3HOH oco6eHHOCTblO .n.syxraKTHbIX cxeM ffBJIHeTCff TO, 'ITO COCTaBJiff!Oll.lHe 
'leTHblX rapMOHHK aHOJJ.HbIX TOKOB JI.aMn ecer.n.a npoTeKalOT BCTpe'IHO .n.pyr .n.pyry, a noTOMY 
KoMneHcHpy!OTCH e nepBH'IHOH oOMoTKe BbIXO.D.Horo TpaHccpopMaTOpa. OpH O.D.HHaKOBblX 
TOKax naMn, Ha Bb!XO.D.e .D.ByxTaKTHOro ycHnHTeJISI 'leTHble rapMOHHKH TeopeTH'leCKH OT
CYTCTBYIOT. 
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8blXOllHOii KOCKOll no ynb rponMHeiiHOii cxeMe 

0.llHaKO, HCKa>KeHHSI, Bbl3bIBaeMble He'leTHblMH rapMOHHKaMH 6yJJYT cyMMHpoeaTbCSI 

BblXOJlHblM TpaHccf>opMaTOpOM BMecTe c noJJe3HblM CHrHaJJOM. B CJJy'lae TpHOJlOB, KOTOpble 

C03)lalOT npeHMylll.eCTBeHHO HCKa>KeHHSI Ha 'leTHblX rapMOHHKaX, CHryaum:i c HeJJHHeHHbl

MH HCKa>KeHHSIMH noJJyqaeTCSI npHeMJJeMOH, HOB YCHJJHTeJJSIX Ha neHTO)laX, KOTOpble re

HepHpylOT' npeHMyw.ecTBeHHO He'leTHble rapMOHHKH, noTpe6yeTCSI BBe)leHHe CHJlbHOH 

( 6oJJee 20 Jl6) 01'pHUaTeJJbHOH o6paTHOH CBSl3H JlJISI CHH>KeHHSI ypoBHSI HCKa>KeHHH JlO npH

eMJJeMoro 3Ha'leHHSI. 3Ha'IHTeJJbHOe CHH>KeHHe ypoBHSI HCKa>KeHHH 'leTHblX rapMOHHK MO

>KeT 6b1Tb JlOCTHrHyTO TOJJbKO B TOM cJJyqae, ecJJH Ka>K,llaSI H3 JJaMn o6ecne'IHBaeT a6co

JJIOTHO OJlHHaKOBblH no eeJJH'IHHe nepeMeHHbIH aHO.llHblH TOK. B cuJJy 9Toro HeKoTopble 

ycHJJHTeJJH HMelOT nO)lCTpOHKY 6aJJaHca no nepeMeHHOMY TOK}' ( pHc. 5. 7 ), TOr)la KaK 

B JlpyrHX HCnOJJb3yeTCSI napa 9JJeKTpOHHblX JJaMn, TO'IHO no)lo6paHHblX no K09cpcf>HuHeH

TaM ycHJJeHHsi. 

PHc. 5. 7 CxeMa noocmpoii.1eu 6a.ttaHca no nepeMeHHOMY mo1ey 

S.S. 8b1xonHoH KacKan no ynb 1pamtHeHHOH cxeMe 

.llo CHX nop B OCHOBHOM paccMaTpHBaJJOCb HCnOJJb30BaHHe TpHO)lOB, neHTOJl.CIM >Ke 6blJJO 

yJleJJeHO HeaHa'IHTeJJbHOe BHHMaHHe H3-3a orpOMHOro KOJJH'leCTBa HCKa>KeHHH, C03)laBae

MblX 9THMH JJaMnaMH Ha He'leTHblX rapMOHHKax. 0)lHaKo, eCJJH npe)lcTaBHTb ce6e nepBH'l

HYIO o6MOTKY BblXOJlHOro TpaHccf>0pMaTOpa KaK o6MOTKY c Ha6opoM OTBOJlOB, 'npH'leM 

OTBOJl OT ee BHTKOB MO>KeT 6b1Tb C)leJJaH Ha JJI060M BHTKe, TO MO>KHO JlOCTH'lb cxeMbl BKJllO

qeHHSI npoMe>KyTO'IHOH ~e>K,ll)' TpHOJlHOH (KOr)la 9KpaHHpy10w.asi ceTKa coe)lHHeHa c aHO

JlOM), H neHTOJlHOH, KOr)la 9KpaHHPYIOW.aSI ceTKa nO)lKJllO'laeTCSI Henocpe)lCTBeHHO K HC

TO'IHHKY nHTaHHSI BH. MeHsisi TO'IKY OTBOJl.CI (pHc. 5.8), MO>KHO JlOCTH% JJH6o noJJHOCTblO 

TpHOJlHOro BKJllO'leHHSI ( 100%). JJH6o noJJHOCTblO neHTOJlHOro (0%). 
lfro 6bl npoH30WJJO, ecJJH 6bl MO>KHO 6b!JJQ no)lKJJIO'IHTbCSI K BblBOJJY o6MOTKH B npoMe

>KYTO'IHOH TO'IKe? 3THM eonpocoM aa)laJJHCb e 1951 r. )leaHJlXacf>JJep nTep6epT H. Kepo

ec [ l ), a ycHJJHTeJJb npeJlJ)o>KeHHbIH HMH, no4yqHJJ HaHMeHoeaHHe YJJbTpaJJHHeHHblH Ha-aa 

ceoero rlOJJHOro CXOJJ.CTBa c BblXOJJ.HblM KaCKaJl,OM, H3o6peTeHHb!M 3JJaHOM 6JJIOMJJeHHOM 
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KacKOAbl yc1meHH11 MOUIHOCTH 

100% 

(q"oA)l 

0% 1 
(neHTOA) BH 

PHc. 5.8 YAbmpaAUHeUHbl.U BblXOOHOU K.aCKao UAU BblXO_OHOU KaCKao DAIO.MAeUt:ta 

(Alan Blumlein) [2] B 1937 r. HaH6onee 4aCTO .Ll,Jlff BblnOJIHeHHff OTBO,llOB HCnOJib3YIOTCff 

T04KH, pacnoJio>KeHHe KOTOpbIX COOTBeTcTByeT 43% (MHHHMaJibHble HCKa>KeHHH) H 20% 
(MaKCHMaJibHaff MOll.lHOCTb) OT o6w.ero l(HCJia BHTKOB . .ll.aHHblH MeTO,n B nocne,nHHe ,llHH 

9noxH 6eapaa,neJibHoro rocno,ncTBa 9JieKTpOHHhIX naMn npespaTHJICH no4TH B yHHBep

caJibHbIH, TaK KaK OH coe,nHHSIJI 9cpcpeKTHBHOCTb H npoCTOTY ynpaBJleHHff neHTO,llOM c Ta

KHM HeMaJIOBa>KHblM o6CTOHTeJibCTBOM, KaK ynyqweHHaff JIHHeHHOCTb xapaKTepHCTHKH 

TpHo,na. Heo6XO,llHMO OTMeTHTb, l(TO aHO,llHblH TOK CBH3aH c Hanpsi>KeHHeM Ha JII060H ceTKH 

3aKOHOM «Tpex BTOpbIX», a CJie,noBaTeJibHO: 

I oc:va12. 
a g, 

11, KaK cne.ncTBHe, oTpHl.laTeJibHasi o6paTHasi CBH3h, npHno>KeHHasi B ynbTpaJIHHeHHOH 

cxeMe K 9KpaHHPYIOll.leA ceTKe g2, He SIBJIS!eTCSI JIHHeHHOH, KaK 9TOro XOTeJIOCb 6bl. TeM HH 

MeHee, n04TH BO Bcex MOll.lHblX ycHJIHTeJIHX, HCnOJlb3YIOlllHX B BblXO,llHOM KacKa.ne neHTO· 

,llbl, npHMeHHeTCff .naHHaff cxeMa, nOTOMY l(TO OHa SIBJIS!eTCff caMOH nyqweii .Ll,Jlff neHTO,llHblX 

ycHJIHTeJieH. 

5.6. T paHccl>0pMa1opHblH KOTOJIHblH noe1opH1enb 

B KOlleCTBe BblXOJIHOro KOCKOJIO 

.ll.o cHx nop BhIXO.llHOH TpaHccpopMaTop pacnonarancsi B uenH aHo,na, HO se,nb MO>KHO ycTa

HOBHTb 9TOT >Ke caMblH TpaHccpopMaTop B uenH KaTO.na .Ll,Jlff C03,llaHHff cxeMbl KaTO,llHOro 

nOBTOpHTeJIH, l(TO no3BOJIHeT nonyqHTb 9KCTpeMaJibHO HH3Koe BblXO,llHOe conpoTHBJieHHe 

JJaMnosoro KacKa.na. HanpHMep, napa JiaMn EL34, BKJJI04eHHblX no TpHO.llHOH cxeMe, HMe

JJH 6b1 9KBHBaJieHTHoe swxo,nHoe conpoTHBJieHHe B aHO.llHOH uenH no 900 OM Ka>K.nasi, HO 

npH BKJllOL(eHHH HX no cxeMe KaTO,llHOro noBTOpHTeJIH BblXO,llHOe conpOTHBJieHHe COCTaBH· 

no 6b1 o,nHy .necsizy10 oT yKaaaHHOH BeJIH4HHbl, TO ecTb no 90 OM. Bb1xo.nHoe conpoTHBJie· 

HHe co CTOpOHbl rpOMKOrOBOpHTeJIH COCTaBJISJJIO 6bl npH 3TOM ,llOJIH 0Ma .na>Ke 6ea BBe,ne

HHff Me>KKaCKa,llHOH ( rno6aJibHOH, ,neHCTBYIOll.leH B npe.nenax HeCKOJibKHX KaCKBJJ.OB) 

OTPHl.laTeJJhHOH o6paTHOH cssiaH. 
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TpDHccjJopMaropHblM KOTOAHblii noeropMTenb B KO'lenee BblXOAHOro KOCKOAO 

K co>KaJJeHHIO, .n.1rn .z:taHHoA Tononornn cymecTBy10T JI.Ba secbMa HeraTHBHblX o6cTOff

TeJJbCTBa. nepsoe 3aKJllOl(aTCff B TOM, l(TO BblXOJl.HOA KaCK8JI. OKa3aJICff npeBOCXO,ll.HblM, HO 

ueHoA cyw.ecTBeHHoro ycno>KHeHHff npe.nycHJIHTeJJbHoro KacKa.na ycnnnTeJJff MOW.HOCTH. 

Jl.nff Ka>K,D.oA BblXO,ll.HOA JJaMnbl pa3Max aMnJIHTY.D.HOro 3Hal(eHHff Hanpff>KeHHff Ha KaTO.n.e 

cocTaBnffeT npnMepHo 150 B cpe.n.HeKB8Jl.paTHl(ecKoro HJJH 9cpcpeKTHBHoro 3HaqeHHff H 

npH 3Hal(eHHH K09cpcpHU.HeHTa ycnneHHff Me Hee e,ll.HHHU.bl JI.Jiff ynpaBJJeHHff HM Heo6XO,ll.HMO 

HMeTb Hanpff>KeHHe nopff.D.Ka 500 B .n.soAHoro aMnJJHTYJJ.HOro 3Hal(eHHff. B npHHU.Hne 9To 

ocymecrBHMO, O,ll.HaKO pa3pa6oTKa npe.nyCHJIHTeJibHOro KaCKa.n.a He 6y.n.eT ffBJlffeTCff TpH

BH8JlbHOA 3aJl,aqeA, TaK KaK He06XOJlHMO HCnOJib30BaTb JIH6o TpaHccpopMaTopHylO CBff3b 

Me>KJJ.Y K8CKa.n.aMH, JIH6o pe3HCTHBffYIO aHO.D.HYIO HarpY3KY, paCC'IHT8HHYIO Ha pa6ory npH 

Bb1coKHX Hanpff>KeHHffx. Ha npaKTHKe JI.Jiff KOMMepqecKHx o6pa3u.os npo6neMa BblCOKoro 

Hanpff>KeHHff pa3pernaeTCff nYTeM pa3Bff3blBaHHff u.eneA npe.nyCHJIHTeJlff H BblXO,ll.HOro Kac

K8Jl,a 3a C'leT HCnOJlb30BaHHff KaTO,ll.HOro noBTOpHTeJiff; HO 9TOT npHeM HapywaeT CTaOHJlb

HOCTb BblCGKOro Hanpff>KeHHff. 

Brnpaff npH'IHHa 3aKJ110qaeTcff B TOM, l(TO BbICOKoe Hanpff>KeHne Ha KaTo.n.ax BbIXOJl.HbIX 

naMn 3Ha'IHTeJlbHO yseJJHl(HBaeT Tennosy10 Harpy3Ky Ha H30Jlffll.HIO Me>KJJ.Y KaTOJlOM H ero 

no.n.orpesareneM, '!TO MO>KeT npnsecrn K npe>K,D.espeMeHHOMy swxo.ny no.n.orpesarenff H3 

crpoff. 3neKTpH'!ecKoe o6'be,ll.HHeHHe u.eneA no.n.orpesareJJff H KaTo.na pernaer 9TY npo6ne

My, HO rpe6yer H3rOTOBJleHHff HH,ll.HBH.nyaJlbHOA o6MOTKH u.enH no.n.orpesarenff K8TO}la JI.Jiff 

Ka>K,ll.oro nneqa BblXO,ll.HOro KaCK8Jl,a ( 'IT06bl H36e>KaTb KOpOTKOro 3aMb1KaHHff Me>K.ny 

HHMH) H 3aCTaBJJffeT Ka>K.nylO Jl8Ml1Y pa6oTaTb Ha .n.onoJIHHTeJJbHYIO Harpy3Ky B BH,ll.e Me>K

BHTKOBOA eMKOCTH (nopff,ll.Ka 1 H<l>) cnnosoro TpaHccpopMaTopa. Hcro'IHHK 84 Harpesa 

c HCnOJlb30BaHHeM Manora6apHTHoro TpaHccpopMaTopa, HMe10mero OT,ll.eJlbHble o6MOTKH, 

Mor 6bl pelllHTb nocJieJl,HIOIO 38Jl,al(y, HO TOJlbKO 3a cqeT B03MO>KHOA npo6neMbl B03HHKHO-

BeHHff p8,ll.HonoMex H yseJIHl(eHHff CTOHMOCTH. . 

TeM HH MeHee, cyUJ,,eCTBYIOT THnbl JiaMn, H30Jlffll.Hff KOTOpbIX Me>K.ny K8TO,ll.OM H no.n.orpe

eareneM pacc'IHTaHa Ha Hanpff>KeHHff .no 300 B, 9TO, HanpnMep, 6080/6A57G. Ho raK KBK 

9Ta naMna HMeer O'leHb MaJJoe 3Ha'leHHe aHOJl,HOro conpOTHBJJeHHff 'a• TO 3Ha'!eHHe OnTH

MaJlbHOro conpoTHBJleHHff Harpy3KH 6y.n.eT BeCbM8 Mano H BblXO,ll.Hoe Hanpff>KeHHe B pe>KHMe 

OT}lal(H noJIHOA MOUJ.HOCTH TaK>Ke Ol(eHb HeBeJIHKO, '!TO yMeHblllaeT TenJJOByIO Harpy3Ky Ha 

H30JJffI.I.HIO Me»<ny KaTOJlOM H no.n.orpesaTeJieM. K co>KaneHHIO, napaMeTp µ y 9THX naMn raK

>Ke Ql(eHb Man, l(TO npHBO,ll.HT K 3Hal(eHHIO K09cpq>HU.HeHTa ycHJieHHff BblXO,ll.Horo KaCKB}la 

3Ha'IHTeJlbHO MeHbllle e)lHHHU.bl, a 9TO npe,ll.'bffBJlffeT BeCbMa cneu.ncpnqecKHe Tpe6osaHHff 

K KOHCTPYKUHH npe.nycnnnrenbHoro KacKa.na ycnnnreJiff MOll.lHOCTH ( pnc. 5.9 ). 
)l.nff TaKoro ycHJIHTeJlff, ,ll.OJl>KeH HCnOJJb30BaTbCff ,ll.OCTaTO'IHO CJIO>KHblA HCTO'IHHK nHTa

HHff, XOTff none3Haff MOll.lHOCTb YCHJIHTE!Jlff COCT8BJlffeT ·BCero 6 Br. npe.n.nono>KHTeJlbHO, 

npe.nycHJIHTeJlb CMor 6b! HOpMaJlbHO cnpaBJJffTbCff c napanneJJbHOA pa6oTOA JiaMn 6080, HO 

9TO KaK pa3 TOT cnyqaA, Kor.na JJe'!eHHe MO>KeT OK83aTbCff xy>Ke caMoro He.nyra. E.n.HHCTBeH

HOA npHl(HHOA, no KOTopoA }laHHaff cxeMa npo,ll.OJJ>KaeT cymecTBOBaTb Ha 6yMare, ffBJJffeTCff 

TO, '!TO BblXOJJ.HOA K8CK8JI. npOCTO .n.onycKaeT HCnOJlb30BaHHe BblXOJl.HblX TpaHccpopMaTopoB 

BeCbMa nocpeJJ.CTBeHHOro KalJeCTsa; H HanpOTHB, BblXO,ll.Hble TpaHccpopMaropbI BblCOKOro 

Ka'lecrsa no3BOJJHJJH 6h1 Jl.OCTH% otJeHb xopownx xapaKTepHCTHK. B ycHJIHTene nosceMecr

HO HCnOJJb3YIOTCff TpHO,ll.bl, JI.Jiff KOTOpblX OCHOBHblM THnOM HCKa>KeHHA ffBJlff!OTCff BTOpb!e 

rapMOHHKH, HO 9TOT HeJJ.OCTaTOK KOMneHcnpyercff npnMeHeHHeM .n.syxTaKTHOH cxeMbl. Ta-
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YCHn11ren11 6eJ BblXOAHoro rpoHal>opMaropo 

KHM o6pa30M, ,ll,llff }'MeHbUJeHHSI HCKa>KeHHH B YCHJIHTeJJe peaJIHayeTCSI MeTO,ll. no,11,ll.ep>KaHHSI 

TOt.tHoro 6anaHCa nnet.t .ll.BYXTaKTHOH cxeMbl, a He Me>KKaCKa.D.Hasi o6paTHasi casiab . 

.LlpyroA B03MO>KHOCTblO SIBJISleTCSI HCCTOJib30BaHHe npHHUHna pacnpe,ll.eJieHHSI Harpya

KH, KOr,ll.a O,ll.Ha t.taCTb HarpyaKH ,ll.eHCTByeT Ha KaTO,ll.e, a .D.pyrasi - Ha aHo,ll.e. 3Ta H,ll.eff 6bJJia 

nJIO.D.OTBOpHo HcnoJib30BaHa KOMnaHHHMH Kso.D. (Quad) B BeJIHKo6pHTaHHH H MaKHHTOUJ 

B CWA. 0Ha .D.eJiaeT Tpe6osaHHH K npe,uycHJIHTeJJbHOMY KacKa,ay MeHee cTporHMH, ocTaB

nsisi, TeM HH MeHee HeKOTOph1e npeHMyI.J.J.eCTBa JIOKaJibHOH (TO eCTb OXB8TblB810I.J.J.eH TOJibKO 

O.ll.HH KaCKB.ll. ycHJieHHH) o6paTHOH CBH3H. BbIXO.D.Hasi uenb TaKoro KacKa.D.a c KOM6HHHpo

saHHOH aHO.D.HO-KaTO.ll.HOH HarpyaKOH Hao6pa>KeHa Ha pHc. 5.10. 
~--BH 

--- c 
PHc. 5. to BblXoOHoii 1eac1eaa Quad II 

(ma1C:J1Ce U3<JecmHblU noa Ha3BaHUe.M «CXe.Ma MalCUHmowa») 

11HTepeCHblH sapHaHT npHMelteHHSI pacnpe,ll.eJieHHSI Harpy3KH ocyI.J.J.eCTBJieH B MO,ll.eJIH 

MHKa9JibCOHa H OcTHHa TVAlO, B KoTopoA aHo.D.Hasi H KaTO.D.Hasi HarpyaKH 6bIJIH paBHbl. 

00CKOJlbKy 8HO,ll.Hble H KaTO,ll.Hble 06MOTKH ,ll,/lff Ka)K,11.0H H3 JiaMn H8M8TblBalOTCSI B npOTH

BOcl>aae {t.tTO B JII060M cnyqae CHJibHO CHH>KaeT HaMarHH'IHBaHHe cep,ll.e'IHHKa), a CKOJibKO

JIH6o OUJYl'HMble aHO,ll.Hble TOKH nOKOSI '181.1.J.e Bcero OTCYTCTByIDT, CJie,ll.OBaTeJibHO, HeT Heo6xo

JJ.HMOCTH TOt.tHo no.D.6HpaTb napbl JJaMn no seJIHt.tHHaM aHo,ll.Horo TOKa. CTpHMep KOMMYTaUHH 

o6MOTOK, HCKJIIO'IBIOIUeH HaMarHH'IHBaHHe cep,ll.e'IHHKa H3o6pa>KeH Ha pHC. 5.11, r,ll.e Hat.taJIO 

HaMoTKH Ka)KJl.OH H3 nepBHlfHblX o6MOTOK o6oaHat.teHo TO'IKOH. K co>1<aneHH10, Tpe6osaHHH 

K KaCKa,uy npe,ll.BapHTeJibHOro ycHJieHHSI OCTalOTCSI npaKTHt.teCKH TeMH >Ke, '!TOH ,ll,llff KaTO,ll.Horo 

nOBTOpHTeJISI. Oo 9TOH npHt.tHHe CXeMa He CTOJIY'IHJia WHpOKOrO pacnpOCTpaHeHHSI. 

S.7. YcMnHrenM 6e1 BblXOJIHOro rpaHccf>opMaropa 
00t.tTH Bee H3 orpOMHOro MHOro06pa3Hff CXeM BblXO,ll.HblX KBCKa,ll.OB C03,ll.aBaJIHCb C UeJJblO 

CHH3HTb He6naronpHSITHblH 9cl>cl>eKT, Bbl3B8HHblH npHMeHeHHeM BblXO,ll.HOro TpaHccl>op-
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MaTopa, no3ToMy HeT HH"lero y,nHBHTeJibHoro, "!TO 6bJJI co3,naH Pff.ll cxeM, B KOTOpblx nblTB

JIHCb o6oI1THCb 6e3 noc.ne,nHero. TaKHe cxeMbl H3BeCTHbl, KaK ycHJIHTeJIH <l>YTTepMaHa [ 3] 
(no HMeHH aernpa, KOTOpbIA 3anaTeHToean ceoe H3o6peTeHHe). B 3ana,nHoI1 JIHTeparype 

,llJiff T8KHX 6ecTpaHccpopM8TOpHblX BblXO,llHblX K8CK8,llOB "18CTO HCnOJib3yeTCff a66peBH8-

TYP8 OTL. 

BH 

• 
n:1 

--- c 
n:1 

• 
ov 

PHc. 5.11 Bapuanm noAnoeo uc1CA10tte1tu!l m01ca nocmoRnnou cocmaBA!ltOIJ.fetl 
B BblxoanoM mpa1tc¢opMamope npu ucnoAbaoeanuu moAbKO 
oanou 3AeKmpOHHOU AaMnbl 

Henocpe,ncTBeHHoe ynpaeneHHe Harpy3K8MH, HMelOW.HMH MBJiblH HMne,naHc, He sie

nsieTcH xapaKTepHbJM ,llJiff JiaMnOBblX cxeM, cne,noBaTeJibHO, 6blJIH He06XO,llHMbl HeTpa,nH

J.tHOHHble peweHHH. HanpHMep, .nomKHbl npHMeHHTbCH naMnbl cne1.tHBJibHblX THnoe, Ko

TOpble HJH8"18JlbHO He npe.nHa3H8"18JIHCb .llJIH HCnOJib30B8HHff B ay,nHoannaparype H, 

cne.noeaTeJibHO, no TaKHM napaMeTpaM, KaK JIHHeHHOCTb Bpff.ll JIH Mor JIH C"IHTaTbCH npH

ro,nHblMH .llJIH HcnoJib30BaHHH. B Ka"leCTBe npHMepa MO)f(HO npHBecTH .neoHHOH TpHo.n 

6080/6AS 7G, nocne.noeaTeJibHO no.nJ<Ji10"leHHbIH 3JieKTpoeaKyyMHbIH cTa6HJIHTpoH, 

H BblXO,llHble JI8Mnbl TeJieBH3HOHHblX 6JIOKOB CTpO"IHOH pa3BepTKH, HanpHMep, neHTO,llbl 

PL504 H L5 l 9. 3cpcpeKTHBHOCTb HX pa60TbI 6onee, l.feM nnoxasi. B e~xo,nHblX KacKa.nax 

HeH3MeHHO HcnoJib3YIOTCH KBTO.llHble noernpHTeJIH Yal1Ta (CM. rnaey 2) c napanneJib

HblM BKJIIO"leHHeM H 60JibWHM KOJIH"leCTBOM Me)f(K8CK8,llHblX CBH3eH, npHMeHHeMblX,llJiff 

CHH>KeHHH BblXO,ll.Horo conpoTHBJieHHH. CTpHMep cxeMbl TaKoro KacKa.n.a npHBeJleH Ha 

pHC. 5.12. 
TaKHe ycHJIHTeJIH HBJIHIOTCH B'Bb1cweA cTeneHH npH"IY.llJIHBblMH, xotsi psi.n pa3pa6oT"IH

KOB noJiaraeT, "!TO T8K KaK npo6JieMbl BblXO,llHblX TpaHccpopMaTOpOB H8CTOJlbKO Tff)f(eJIO

BeCHbl, TO OHH rOTOBbl H8CTOH"IHBO npo,D,OJl)f(8Tb pa3pa60TKY cxeM 6ecTpaHccpopM8TOpHblX 

ycun11Tenel1, KOTopb1e ece-TaKH OK8)f(YTCH ycneWHblMH. 
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Cocraen11to111Me 6noKa ycMnMTelUI MOlllHOCTM 

PHc. 5.12 Becmpanc</Jop.Mamopnbtu BblXoiJnou KacKaiJ 
(KamoiJHbtU nonmopumeAb Yauma c napaAAeAbHbl.M BIC./llOttenue.M) 

5.8. Cocroens1101.qMe 6noKa ycHnMrerut MOLQHOCTH 

PaccMOTpeB OCHOBHble npo6JJeMbl BbIXO.ZUiOro KaCKa,Zla, MO>l<HO o6paTHtbCff K BcnoMora

TeJlbHblM KaCKa.ztaM H uenHM. BbtXO.llHOH KaCK8.llHBJJHeTcH He}locraTO'IHO 'IYBCTBHTeJJbHbIM, 

'IT06bl B036Y>KJUITbCff Henocpe}lCTBeHHO OT npeJIYCHJll:'ITeJIH, no3TOMY OH JlOJl>KeH HMeTb 

,ll,onoJJHHTeJJbHbIH KaCK8.ll ycHJJeHHH. B CJJYlfae HcnoJJb30BaHHH .llByxTaKTHOH cxeMbI noHa

.ll06HTCH KacKa.ll - cpaaospaI.U.aTeJJb ( cpaaOHHBepTOp, cpaaopacI.U.enHTeJJb ). TaK KaK snoJrne 

sepOHTHO, 'ITO JIHHeHHOCTb ycHJIHTeJIH MOI.U.HOCTH OKa>KeTCH He}lOCT8TO'IHOH, B03MO>KHO 

nOH8}l06HTCff Me>KKaCKa}lHaff OTpHuaTeJlbHaH o6paTHaH CBff3b, KOTopaH eI.U.e 3Ha'IHTeJlb

Hee yMeHblllHT ycHneHHe. Ho npH 3TOM see B03HHKaIOI.U.He noTepH JlOJJ>KHbI 6btTb o6H3a

reJJbHO KOMneHCHpOB8Hbl. B HTOre CTpyKTypHaff cxeMa 6JJOKa ycHJIHTeJJH MOI.U.HOCTH '-taI.U.e 

scero JlOJI>l<Ha CO}lep>KaTb BXOJlHOH KaCKa}l, cpa30HHBepTOp, npe}lOKOHe'IHbIH K8CK8.ll yCH

JJeHHH H BbIXOJlHOH KaCK8Jl ( pHC. 5.13 ). 
Tpe6oBaHHH K npe}lOKOHe'IHOMY KacKaJIY BO MHOrOM onpe}leJJHIOTCH pe>KHMOM OKOHe'l

HOro ( BbIXO.llHOro) KacKa}la. BbtXO.llHOH KaCK8Jl KJJacca A Ha TpHO.lle npeJlCTaBJJHeT co6oii 

.llJIH npe.llOKOHe'IHoro KacKa}la HeH3MeHHyIO no semt'IHHe pe3HCTHBHYIO Harpy3Ky. B To >Ke 

speMH, BblXO.llHOH K8CK8Jl KJJacca AB2 CHJJbHO Harpy>1<aeT npe.llOKOHe'IHbIH KaCK8.ll 3a C'leT 

ceTO'IHOro TOKa, no3TOMY ero npeJIYCHJIHTeJlbHbIH KaCK8Jl.llOJJ>KeH 06JJ8}laTb O'leHb HH3KHM 

BblXOJlHblM conpoTHBJleHHeM H o6ecne'IHB8Tb BbICOKHe TOKH JlJIH B036y>K,D.eHHff Harpy3KH 

6e3 3aMeTHbIX HCKa>KeHHH. B ~pOTHBOnOJJO>KHOCTb eMy, K8CKa}lbl, pa6oTaIOI.U.He 6e3 TOKOB 

ynpaBJJHIOI.U.HX ceTOK, npaKTH'leCKH He HarpymaIOT npe.llOKOHe'IHbIH KaCKa}l. 

B OTJIH'IHe OT BbIXOJlHOro KaCKa}la H npe}lOKOHe'IHOro KaCKa}la, OCT8JlbHbie KaCKa}lbl 

ycHJJHTeJJH MOI.U.HOCTH 6yJIYT Harpy>KeHbI Ha 3apaHee npe.llCKa3yeMbte peaHCTHBHbte Ha

rpyaKH. no3TOMY CT8HOBHTCH He TOJlbKO >KeJJaTeJlbHblM, HO H npOCTO He06XOJlHMblM npo-
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KacKOAbl yc1meHM11 MOUIHOCTll 

Cl>a30KHBBPCHb1"1 npBAOKOHB'IHbliol OKOHB'IHbliol 
KaCKB.Q K8CKB.Q K8CK8,Q 

+ 

( 

CMeHa nonRpHOCTK yKa3aaer Ha nepeaopor <l>83b1 c11rHana 

PHc. 5.13 floAnaa 6Ao1C-cxeMa ycUJtumeAa MOUfHOcmu 

eKTHpoBaTb 3TH KaCKa,nbl c oco6oH rw.areJJbHOCTblO, 'IT06bl OHH 3aBeAOMO He yxy.n.waJJH xa
paKrepHCTHKH ycHJIHTeJISI, KaK eAHHOro ycrpOHCTBa. 

B HH>KecJieJIYIOll.l,eM H3JIO>KeHHH OCHOBHOe BHHMaHHe 6y.u.er y.u.eneHO .u.syxraKTHblM ycH
JIHTeJISIM, raK KaK OHH cocraBJISllOT OCHOBHYIO Macey KOHCrpyKropcKHX paapa60TOK, XOTSI 
OCHOBHbie npHHU.HnbI KOHCrpyHpOBaHHSI MOryT 6bITb BnOJJHe ycnewHo npHMeHeHbl H 
K ycHJIHTeJISIM c HeCHMMerpH'IHbIM BbIXOAOM. 

5.9. npeROKOHelfHblH KOCKOR 6nOKO YCMllMTens. MOIQHOCTM 

HecMorpsi Ha ro, '!TO MO!llHOCTb ycHJJHrensi HeBeJJHKa, oH rpe6yer npe.u.Ha3Ha'leHHoro 
HMeHHO JJ.JISI Hero npe.nycHnHrenbHoro KacKa,na. TaKHM o6paaoM, Heo6xot1.HM KaCKBA c Bbl
coKoli JIHHeHHOCTblO aMnJJHTYAHOH xapaKrepHCTHKH, HH3KHM BblXO)J.HblM conpOTHBJleHHeM 
H )J.OCTaTO'IHblM pa3MaXOM aMnnHryJl BbIXOJlHOro Hanpsi>KeHHSI. 

1-iAeaJibHOH ,ll,JISI BbI6opa npet1.craBJ1SleTCSI napa JJaMnOBbIX rpHOAOB, HCnonb3yeMblX 
B Ka'lecrse AH<P<f>epeHU.HanbHOH napbI B AH<P<f>epeHu.HaJJbHOM ycHJIHrene. B BbIXOJl.HOM 
KacKat1.e, cKopee scero, ,ZJ,JISI Ka>KJI,oli ceTKH norpe6yercsi Hanpsi>KeHHe nopsiJlKa 25 B cpeJl
HeKBBAparH'lecKoro 3<f><f>eKTHBHOro 3Ha'leHHSI, BXOAHaSI >Ke eMKOCTb BblXOAHOro KaCKBAa 
MO>Ker HMeTb 3Ha'leHHe nopS1JJ.Ka 40 n<l>, nH6o 6oJJbWe. BbIXOJl.HOH pe3Hcrop c conporHB
neHHeM I 0 KOM, not1.KJ110'leHHbIH K sxo.u.HoMy KOHAeHcaropy 40 n<l>, o6pa3yl0r <f>Hnbrp Bbl
coKHx 'lacror, 06J1aJJ.810lllHH YA06Holi B paccMarpHsaeMoM npHMepe 'lacroroli cpeaa 
400 Kfu.. TaK KaK aHOAHOe conporHsneHHe r0 npHMepHo paBHo BblXOJlHOMY conpoTHBne
HHIO Rout• rpe6osaHHe BblCOKHX 3Ha'leHHH m ,ll,JISI 3neKrpoHHblX JJaMn (,ZJ,JISI KOTOpblX K TOMY 
>Ke He06XO)J.HMO BblnOJIHeHHe rpe6oBaHHSI BblCOKHX 3Ha'leHHH r.), y>Ke He SIBJISllOTCSI o6si-
3aTeJlbHblM. 

B npaBHJlbHO paCC'IHTaHHOM ycHJIHTene MO!llHOCTH orpaHH'IHBalO!llHM <f>aKropoM SIB
JIS!eTCSI BblXOAffOH KaCKBA, cne.u.osar'enbHO, npH pac'lere npe.u.oKoHe'IHoro KacKBAa u.eneco
o6pa3HO 3aJIO>KHTb pe3epB no neperpy3Ke c MHHHMaJibHO .u.onycTHMblM 3Ha'leHHeM, no 
KpaiiHeli Mepe, B 6 t1.B. 3ro rpe6osaHHe, B03MO>KHO, HCKJJIO'laer H3 cnHcKa npereHAeHTOB 
n106HMY10 asropoM KHHrH naMny E88CC, HO psi.u. ApyrHx, snonHe t1.ocrynHblX naMn y.u.os-
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$aJOHHaepCHblM KOCKOA 

neTBOpSllOT .U.aHHOM}' Tpe6oBaHHIO. nepetteHb .ll.BOHHbIX TpHO.ll.OB, l:ICnOnb30BaHHe KOTOpbIX 
B03MO>KHO B npe.u.oKOHe'IHOM KacKa.u.e, npHBe.n.eH B Ta6n. 5.1. 

Ta6nH1..4a 5. 1 
TMn11aMn111 r.,KOM npMM8'18HMR 

*SN7 /*N7 J10 M11H11M&nbHble 11cK8lKeH11R 
ECC82 J 10 YpoaeHb llCKBlK8Hllil Ha 13 A6 BblWe no cpaeHeHlllO c *SN7 f*N7 
E182CC JS Xopow11e xapaKTepMCTllKll Ha 15yMare, Ha npaKTllKe MOlK8T 3By>laTb CKp11ny>1e 
6BL7 J3 YpoA1111ao BblCOKoe aHa'leH11e c., 
6BX7 J2 Cnocol5HOCTb pal50Tbl Ha Robust 84S 

CeMeAcTBO TpHo.n.os SN7 /N7 o6na.n.aeT, 6ea coMHeHHH, HaH6onee nHHeHHbIMH xa
paKTepHCTHKaMH no cpaBHeHHIO c paHee ynoMHHaBUJHMHCH, a ecnH Hcnonb3YIOTCH naMnbl 
THna *SN7GTA, nH6o *SN7GTB, TO MaKCHManbHOe 3Ha'!eHHe aHO.U.HOro HanpH>KeHHH 
Va(lllRX)MO>KeT COCTaBnHTb 450 8. JlaMnbI 68X7 H 68L7 6hinH paapa6oTaHbl JI.llSI HCnOnb30-
BaHHH B Ka'!eCTBe ycHnHTeneA reHepaTOpOB Ka,lI.pOBOH paasepTKH B TeneBH.U.eHHH, HO Kac
K8,lI.bl Ka,lI.pOBOH paasepTKH .ll.0.ll>KHbl o6na,naTb cyry6o HenHHeHHOH xapaKTepHCTHKOH, no-
3TOMY HX HCnOnb30BaHHe B ay.U.HOTeXHHKe CTaBHTCH no.n. COMHeHHe. npH npoBe.U.eHHH 
1:1cnb1TaHHH TPH.ll.U.aTH TpHo.n.os 6BX7 aBTop·KHHrH o6HapY>f<Hn, '!TO 3HatteHHe KP3<j><j>Hu.H
eHTa HenHHeHHblX HCKa>KeHHH H3MeHHnOCb OT naMnbl K naMne B 'leTbipe paaa, H TOnbKO 
HeCKOnbKO ynaKOBOK co.n.ep>KanH no nape TpHO,lI.OB c ManbIM ypoBHeM HCKa>KeHHH. 

nepetteHb 0.ll.HHapHbIX neHTO.ll.OB, HCnOnb30BaHHe KOTOpblX B03MO>KHO B npe.U.OKOHe'l
HOM KaCKa.n.e, npHBe.n.eH B Ta6n. 5.2. 

Ta6nH1..4a 5. 2 

TMn11aMn111 

EF184 
N78 
A2134, ELS4 

r.,KOM 

JS 
J3 
J2 

npMM8'18HMR 

AeweeaR 11 AeilcTBMT&nbHO npeKpacHble xapaKTep11cT11K11, m = 60 
ManopacnpocTpaHeHHaR, HO AeweeaR 
YcTapeawaR, HO ace eute np11MeHR10LJ.taRCR NOS EL84, npOAYKl.lllR K11TailcK11x 
npOll3BOAMTeneil npOCTO npeaOCXOAHB 

Eme MeHbwee Bb1xo.u.Hoe conpoTHBneHHe KacKa.na MO>KeT 6bITb o6ecne'leHo .u.ononHH
renhHblM, Henocpe.n.cTBeHHO BKnlO'leHHbIM KaCKa,lI.OM KaTO.U.HOro noBTOpHTenH, KOTOpblH 
K TOMY >Ke o6ecnettHBaeT JI.OnonHHTenbHoe npeHMymecTBo 6y<j>epH3aU.HH .n.H<j><j>epeH
UHanhHoro ycHnHTenH OT BnHHHHSI 3<j><j>eKTa ceTO'IHbIX TOKOB, CM. pHC. 5.14. 

5.10. <l>aJOMHBepcHblH KQCKan 

5.Ta l 06UJH8 JOMB'IOHHR 

KacKa.ny npeJI.oKoHettHoro ycHneHHH ecerJJ.a npeJI.wecTByeT <j>aaoHHBepTOp. 3a'!acryio 3TH 
)I.Ba KaCKa)J.a o6'he,lI.HHHIOTCH, XOTH, K8K 6yJI.eT noKa3aHO HH>Ke, 3TO )l.aneKO He scer.na npH
HOCHT xopowHe peaynhTaTbI. XapaKTepHCTHKH, aano>KeHHbie npH npoeKTHposaHHH <j>aao-
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------.----.-----,----- 350V 

----1---

-~--1---

Pnc. 5.14 flpeaoKonettnbltl KacKaa, e KomopoM ucnoAb3oean 
aUifxPepeHLfUa/tbHblU YCU/tUme/tb, nenocpeacmeenno C8Jt3aHHblU 
c KamoanblM noemopumeAeM 

HHBepTopa, HBnHIOTCH onpe.nenHIOW.HMH J],JIH 9<j:><j:>eKTHBHOH pa60Tbl .nsyxTaKTHOro ycHnH
TenH, n09TOMY He06XO.ll,HM8 .neTanbH8H npopa60TK8 9TOro KaCK8.ll,8. 

<t>aaoHHBepTop ( <j:>aaopacw.enHTenb) npeo6paayeT HeCHMMeTpHqHbIH CHrHan s .nsa CHr
Hana, KOTOpbie HMeJOT paBHbie, HO npOTHBOnonO>KHO HanpaMeHHble (TO eCTb npOTHBO
<j:>a3Hble) OTHOCHTenbHO OCH speMeHH aMnnHry.ll,bl (HMeJOT B K8>K,ll.bIH MOMeHT speMeHH 
npoTHsonono>KeyJO nonHpHOCTb). 3a.naqa nocTpoeHHH <j:>aaoHHBepTopa pernaeTCH TpeMH 
OCHOBHblMH cnoco6aMH: 
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• s KaqecTse <j:>aaoHHBepTopa HcnonbayeTCH TpaHc<j:>opMaTop c OTBO.ll.OM OT cpe.ll,Heii 
TOqKH BTOpHqHOH 06MOTKH (pHC. 5. l 5a). npH COe.ll,HHeHHH 9TOrO OTBO.ll,8 C 06W.HM 
nposo.naM, Ha KOHU.8X o6MOTKH OTHOCHTenbHO o6w.ero nposo.na 6yJzyT H8BO.ll,HTbCff 
.nsa o.nHHaKOBbie no aMnnHry.ne, HO npoTHso<j:>aaHbie HanpH>KeHHH. TaKHM o6pa-
30M, HCnonb30B8H npHeM, aHanorHqHblH TOMy, KOTOpbIH npHMeHHnCH B BbIXO.ll,HOM 
TpaHc<j:>opMaTope .nsyxraKTHOro K8CKa.na npH cyMMHpOB8HHH HHBepTHpOB8HHOro H 
HeHHBepTHpoeaHHoro cHrHanos. Bee paccMoTpeHHble paHee oco6eHHOCTH Hc
nonb3oBaHHH TpaHc<j:>opMaropos npHMeHHMbl 6e3 KaKHX-nH6o orpaHH4eHHH, o.n
H8KO, .naHHblH Mero.n He nonyqHn lllHpOKOro pacnpocTpaHeltHff, HeCMOTpff .name H8 
TO, qTo 6anaHc Me>KJzy CHrHanaMH noqTH H)J.eanbHbIH npH scex pe>KHMax. CBH3aHo 



CllaJOMHBeptHblH KOCKOA 

3TO npe~e acero c He,ll.OCTaTKaMH TpaHc<t>opMaTOpOB H Tpy.n.oeMKOCTblO HX H3rO

TOBJieHHSI; 

B KalJecrne <Pa30HHBeprnpa HCnOJib3yeTCSI cneu,HaJibHOe HHBepTHpyJOw.ee ycTpoii

CTBO (HanpHMep, HHBepTHpylOW.HH KaCK8J1.). B KalJeCTBe BbIXO,ll.HbIX CHrHaJIOB, 6e

PYTCSI CHrHaJibl c axo.n.a H Bb!XO.ll.8 HHBepTHpyJOw.ero ycTpOHCTBa (pHC. 5.156) . .lJ.,nSI 

CHMMeTpHH Tpe6yeTCSI, lJT06bI y HHBeprnpa 6bIJI K034>4>HU.HeHT ycHJieHHSI, paBHbIH 

e.n.HHHu,e; 

a) ](;~ B) 

+ 

+ + + 

6) 

PHc. 5.15 OcnoBHble cxeMbl nocmpoeHUR <jJa30UH8epmopa 

HCnOJib3yeTCSI aKTHBHblH 3JieMeHT (JiaMna, TpaH3HCTOp), KOTOpblH ynpaBJISieT TO

KOM, npoTeKalOll.l,HM B .ll.BYX pe3HCTOpax, O,ll.HH H3 KOTOpbIX coe,ll.HHeH c 3eMJiei1, 

a BTOpOH - c TOlJKOH BblCOKOro HanpSI>KeHHSI ( pHC. 5. l 5B ). YBeJIHlJeHHe TO Ka Bbl3bl-. 

aaeT HeMe.MeHHOe yaeJIHlJeHHe na.n.eHHSI HanpSI>KeHHSI Ha Ka~OM H3 pe3HCTOpOB, 

CJie.n.oaaTeJibHO, B Ka~b!H MOMeHT apeMeHH HanpSI>KeHHe OTHOCHTeJibHO 3eMJIH 

CHH>K~eTCSI Ha aepxHeM BbIXO,ll.e, Tor.n.a KaK Ha HH>KHe_M BbIXO,ll.e OHO B03pacTaeT. 

Pa6oTa acex <Pa30HHBepTOpOB, OCHOBaHHblX Ha BTOpOM MeTO.n.e, 6a3HpyeTCSI Ha HCnOJib-

30BaHHH 3JieMeHTOB .ll.H<P<PepeHI.J,HaJibHOH napbl, TOr.n.a KaK TpeTHH MeTO.n. SIBJISieTCSI OCHOBOH 

.ll.JISI <Pa30HHaepcHblX KacKa.n.oa c <Pa3oapaw.aTeJISIMH. CxeMbI TpHO.ll.HbIX <Pa30HHBeprnpoa c 

HH3KHM BblXO,ll.HblM conpOTHBJieHHeM OlfeHb llYBCTBHTeJibHbl K BeJIHlJHHe HX Harpy3KH. 0HH 

xapaKTepH3YIOTCSI pa3.riHlJHblMH 3HalJeHHSIMH BblXO,ll.HOro conpOTHBJleHHSI npH paBHOH Ha

rpy3Ke Ha Ka~OM H3 BbIXO,ll.OB no cpaBHeHHIO c 3THM >Ke napaMeTpOM B TOM CJIYlfae, Kor.n.a 

HarpymeH J!Hlllb O,ll.HH BbIXO,ll.. <1>a30HHBepTOp c Bb!COKHM 3HalfeHHeM aHO.ll.HOro conpOTHB

neHHSI 'a HMeeT BblXO.ll.HOe conpOTHBJieHHe, BeJIHlJHHa KOToporo onpe.n.enSieTCSI aHO.ll.HOH Ha

rpy3KOH RL' cne.noaaTenbHO, <Pa3oapaw.aTeJIH, a KOTOpbIX Hcnonb3YJOTCSI neHTO.ll.bl HJIH Kac

K8.ll.bl.( KoM6HHHpoaaHHbie 3JieKTpoBaKYYMHble npH60pb1), HeaocnpHHMlJHBbl K npo6neMaM 

H3MeHeHHSI Harpy3KH. . 

• 1..JyBCTBHTeJibHOCTb K BeJIHlJHHe Harpy3KH 03HalJaeT, lJTO .MSI cxeMbl TpHO,ll.HOro <Pa30HH

aeprnpa B KalJecrne Harpy3KH MO>KeT HCnOJib30BaTbCSI KaCKa.zt, KOTOpblH rapaHTHpOBaHHO 

MO>KeT ClJHTaTbCSI OTHOCSlll.l,HMCSI K KJiaccy A, JIH60 K.ll.PYrHM pe>KHMa npH nOJIHOM OTCYTCT

BHH ceTOlJHblX TOKOB. 
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KacKOAbl yc11neH1tJ1 MOIQHOCTM 

5.10.2. l/11t/N/JepeHllllORbHh/H yc11n111enb llRll napa c KOTORHOH CBRJb/O 
B KO'IBCTBe t/JaJOllHBepropa 

DOJlblllaSI 'laCTb KJiaCCH'leCKHX cxeM lf>a30HHBepTOpOB OCHOBbJBaeTCSI Ha HCnOJib30BaHHH 

cxeM .n.Hlf>lf>epeHU.HaJibHoro ycHJIHTensi H, ,ll,JIH ynyqllleHHH HX napaMeTpoa 6b1Jia nposianeHa 

He.ll.IO>KHHHaSI H306peTaTeJibHOCTb pa3pa60T'IHKOB. 

H.n.eaJibHYIO .ll.Hlf>lf>epeHu.HaJibHYIO napy ycHJIHTeJISI ( no.n.po6Hee CMOTpH Br JiaBe 2) o6pa-

3YIOT .ll.Ba YCHJIHTeJibHbIX npH6opa (Ka>K.ll.bJH H3 HHX HMeeT CBOe Harpy30'IHOe conpOTHBJie

HHe ), BKJIIO'leHHbIX TaKHM o6pa30M, 'IT06bl no3BOJIHTb TOKY c1-irHaJia nepepacnpe.n.ensiTbCH 

Me>KJJY Harpy30'IHbIMH conpOTHBJieHHHMH 6e3 KaKHX 6b1 TO HH 6b1JI0 noTepb. Pa6oTa .n.Hlf>

lf>epeHU.HMbHoro KacKa.n.a 6blJia no.n.po6Ho paccMoTpeHa a rnaae 3. YTe'IKa TOKa cHrnana c 

KaTo.n.a Ha seMJIIO 3Ha'IHTeJibHO CHH>KaeT 3lf>lf>eKTHBHOCTb TaKOro ycHJIHTeJISI, n03TOMY ae

JIH'IHHa conpornaneHHH o6UJ.ero pe3HCTopa a u.enH nHTaHHH .AHlf>lf>epeHU.HaJibHOro ycHJIH

TeJisi SIBJISleTCSI KpHTH'IHOH H, B H,Aeane, .ll.OJI>KHa npH6JIH>KaTbCSI K 6ecKOHe'IHOCTH. 

CxeMomexttuitectcoe pewettue R,, > > RL 
Pa6oTa .ll.Hlf>lf>epeHU.HaJibHoro ycHJIHTensi MO>KeT 6bITb onTHMH3HpoaaHa npHMeHeHHeM 

JIH60 neHTO,Aa, JIH60 KaCKO,AHOH cxeMbl ,ll,JISI CTa6HJIH3aU.HH (no.n.u.ep>KaHHSI HeH3MeHHeMoro 

3Ha'leHHSI) TOKa (pHc. 5.16). BeJIH'IHHa conpornaneHHH o6lll,ero pe3HCTopa nHTaHHH neH

T0.11.8 EFI84 MO.>KeT .n.ocTHraTb 3Ha'leHHH, npeBbilllalOUJ.ero IO MOM,~ .n.a>Ke 6onee MOUJ.

Hble neHTO.AbI, HanpHMep, EL83, MOryT o6ecne'IHBaTb 6e3 .n.onoJIHHTeJibHbIX ycno>KHeHHH 

conpornaneHHe nopS1,AKa I MOM. 9lf>lf>eKTHBHOCTb pa6oTbI Ha HH3KHX 'laCTOTax MO>KeT 

6b1Tb ynyqllleHa BBe,AeHHeM .n.onOJIHHTeJibHOro TpaH3HCTOpa c u.eJiblO C03,AaHHSI rn6pH,AHOro 

KacKa.n.a, o.n.HaKO acer,Aa 6y,AeT cylll,eCTaoBaTb orpaHH'leHHe no BblCOKHM 'laCTOTaM co CTOpo

Hbl KOH,AeHCaTOpa B Ckh B KaTO,AHOH u.enH .11.Hlf>lf>epeHU.HaJibHOro YCHJIHTeJISI (CM. pHC. 5.16 ), 
.na>Ke B TOM cnyqae, ecJIH CTa6HJIH3aU.HSI SIBJISleTCSI H,AeaJibHOH. 

HTaK, elll,e pa3 o6paTHMCH K no.Ap06HoMy aHaJIH3 pa60TbI .AHlf>lf>epeHu.HaJibHoro ycHJIH

Tensi 6bIJI npoae,AeHHOMY B rnaae 2. npH co6JIIO,AeHHH npH6JIH>KeHHSI, 'ITO Rk = oo, 6anaHC 

Ha BblXO,Ae 6y.AeT Ha6JIIO,AaTbCSI npH ycnOBHH, ecJIH paBHbl Harpy30'IHble conpOTHBJieHHSI 

o6oHx nne'I R1_1 = R1_2• BbIXO.AHOe conpornaneHHe ,ll,JIH o6oHx Bbixo.n.oa TaK>Ke .AOJI>KHO 6bITb 

H,AeHTH'IHblM H KaK paHee, COCTaBJISITb BeJIH'IHHy, onpe.n.eJISleMyio' napaJIJieJibHbIM BKJIIO'le

HHeM pe3HCTOpoa: rout = 'a II R1.· 
0,AHaKO eCJIH Harpy>KeH TOJibKO O,AHH BblXO,A, TO BeJIH'IHHa BblXO,AHOro conpOTHBJieHHSI 

onpe,AensieTcsi Bb1pa>KeHHeM: 

TaKHM o6pa30M, Harpy3KOH .AHlf>lf>epeHU.HaJibHoro lf>a30HHaepTOpa so acex cnyqasix 

6y,AeT KaCKa.n., KOTOpb!H HH npH KaKHX YCJIOBHSIX He BblXO.ll.HT 3a paMKH pe>KHMa pa60Tbl 

KJiacca Al. 
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CltaJOHHBeptHblM KOCKOA 

-....----1--- ---1-----. 

PHc. 5.16 f!.UlfxPepen14ua.1tbnblt1 gcUAumeAb, ucnoAb3UIOUfaR mpuoiJnbltl MeMenm 
cma6UAuaa14uu moKa B Kattecmse <fJaaospaUfameAR 

CxeMomexHu'l.ecteoe teo.MnencupoBaHHoe peute11.ue R. = RL 
Mo>KHO 6blJIO 6b1 npHHHTb KaK ,n.aHHOe, 'ITO npocTbIM cnoco6oM HeB03MO>KHO o6ecne'IHTb 

BblCOKOe 3Ha'leHHff conpOTHBJieHHff o6w.ero pe3HCTOpa uenH nHT8HHff, H He CJie.ll,OB8JIO 

.na>Ke nbIT8TbCH c.nenaTb 3TO. BMeCTO 3Toro s Ka'leCTBe o6w.ero pe3HCTopa uenu nHTaHHH 

MO>KHO ucnoJib30BaTb pe3HCTOpb1 co cTaH.LI.apTHblMH 3Ha'leHHHMH OT 22 .no 82 KOM, pacc'IH

TaTb B03HHK8IOUJ.YIO npH 3TOM OllIH6Ky H nonbITaTbCff CKOMneHCHpOB8Tb ee. TaKOH no.nxo.n 

H3BeCTeH KaK <f>a30HHBepTOp c K8TO.ll,HOH CBH3bl0 HJIH <f>a30Bpaw.aTeJib lliMHTTa (Schmitt) 

[4](pHC. 5.17). 
JlaMny v2 ( npaBylO) B 3TOH cxeMe MO>KHO paccMaTpHB8Tb KaK YCHJIHTeJib c 383eMJieH

HOH ceTKOH, nHTalOlll.HHCH OT KaTO.LI.HOH uenu naMnbl V1 (nesoA). 3TO HBJIHeTCH cnyqaeM 

HCnOJib30B8HHff nepBOH 3JieKTpOHHOH JiaMnbl B Ka'leCTBe KaTO.ll,HOro,nOBTOpHTeJIH .ll.Jlff nH

T8HHff BTOpOH 3JieKTpOHHOH JiaMnbl, 'ITO npHBO.ll.HT K O'leBH.ll.HOMY na.neHHIO K03<f><f>HUHeHTa 

ycHJieHHff BTOpOH JiaMnbI, TaK K8K.ll.Jlff K8TO.ll,HOro nOBTOpHTeJIH ycHJieHHe no HanpH>KeHHIO 

A. < I. npu aHaJIH3e pa60Tbl BH.ll,HO, 'ITO .ll.Jlff B036y>KJI.eHHff K8CK8,ll.8 Tpe6yeTCff 3Ha'leHHe 

HanpH>KeHHH, pasHoe y.nsoeHHOMY HanpH>KeHHIO ceTKa-KaTo.n 2vgk' cne.nosaTeJibHO, ycu

JieHHe COCT8BHOro KaCKa.na Ha Ka)f(.ll,OM H3 BblXO.ll,OB 6y.neT COCT8BJIHTb nOJIOBHHY Toro 3Ha

'leHHff, KOTopoe MO>KHO 6bJJIO 6bl OOKH,ll.8Tb OT K8)f(.ll,OH OT.ll,eJibHOH JiaMnbI. 

Ecnu BbIXO.ll.bI c6anaHcuposaHbl, TO HanpH>KeHHH B aHO.ll.HbIX uenHx o6eux naMn paBHbl 

{V1 = V2) H TOr.na: 
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KatKOllbl ycHneHHll MOUIHOCTH 

-.....---1--- ---

P1tc. 5.17 c/Ja3oapaUfameJL1J c 1wmoonou CBfl31Jto 

EcnH A2 HBJJSleTCSl ycHJJeHHeM JJaMnbI V2, TO KaTo.n.ttoe HanpH>KeHHe 

TOK CHrHaJJa, npoTeKalOUJ,HH B KBTOJl,HOM pe3HCTOpe, SlBJISleTCSl Hec6aJI.aHCHpOB8HHblM 

BbIXOJI.HblM TOKOM CHrHaJJa: 

HanpSl>KeHHe BbIXOJI.HOro CHrHaJJa Ha JJaMne v2 Jl,OJl>KHO onpeJI.eJIHTbCH Bbipa>KeHHeM: 

OocJJe pacKpbITHSl CK060K H rpynnHpOBBHHH flOJI.06HblX '-IJJeHOB Bbipa>KeHHe npHMeT BHJI,: 

OocJJe BbinOJIHeHHH 38MeHbl i 1R1 = i2R2 H npHBeJl,eHHSl fl-OJI.06HblX '-IJleHOB Bblpa>l<eHHe 

npHMeT BHJI,: 
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Cl>aJOllHB8p<HblH KaCKGA 

.llaHHoe eb1pa)KeHHe noKa3bleaeT, 11To mt)Ke ecnH HH ycHneHHe, HH eenH'IHHa conpo
rneneHHSl o6w.ero pe3HCTopa u.enH nHTaHHSl He HBnHIOTCSl 6ecKOHe'IHOro 6onhlllHMH eenH
l.JHHaMH, no)J.60pOM COOTHOllleHHSl aHOJJ.HblX Harpy30K MO)KHO JJ.06HTbCS1 BbtnOnHeHHSl 
ycnoeHSl 6anaHca. Cne.nyeT 0 0TMeTHTb, '!TO eenH'IHHa A2 HBnHeTcSl HHJJ.HBH.nyanhHblM, 6e3 
Harpy3KH, 3Hal!emteM ycHneHHSl no HanpH)KeHHIO naMnbl V2, a He Ko9<t><t>HU.HeHTOM ycHne
HHeM ecero KacKaJJ.a. 

B Ka'leCTBe npHMepa HccneJJ.oeanHCb xapaKTepHCTHirn <t>a3oHHeepTopa H BXOJJ.Horo 
KaCKa)J.a ycHnHTenSl Leak TL 12 +. B HeM HCnonb3yeTCS1 naMna ECC8 l . J.l.nH naMnbI v2 3a
tj>HKCHpoeaHO ycHneHHe, paBHOe 42 ( K09<t><t>m,\HeHT ycHneHHSl µ = 53, aHO)J.HOe conpOTHB
neHHe ra = 26,5 KOM). 3Hal!eHHe conporneneHHSl pe3HCTopa R1 JJ.JISl nony'leHHblX napa
MeTpoe JJ.On)KHO cocTaBHTb 91 KOM, '!TO nonHoCTblO coenano co 3Hal.feHHeM pe3HCTopa, 
HcnonbaoeaHHoro e ycHnHTene Leak TL 12 + ( pHc. 5.18 ). 

-~-<--- ---1--~-~ 

3M3 

3M3 

100n 
630V 

PHc. 5.18 </Ja3ouHeepmop c KamoiJHot1 CBR3bto, ucnOAb3ye.Mblt1 
B yct1,AumeAe leak Tll 2+ 

BbIXOJJ.HOe conpOTHBneHHe y Ka>KJJ.OH nonoeHHbl KaCKaJJ.a 6yJJ.eT HeCKOnbKO ornl1'1aTbCS1 
no CBOeMy 3Ha'leHHIO, TaK KaK OHH aKnlO'leHbl napannenbHO c HeCKOnbKO OTnHl.falOW.HMHCSl 
no eenH'IHHaM aHOJJ.HbIMH HarpyaKaMH, HO HcnpaeneHHe 9Toro HeJJ.OCTaTKa c u.enblO coxpa
HHTb BLJ: 6anaHc cMeCTHT 6anaHc Ha HH3KHX qacTOTax. E;:urncTBeHHbIM cnoco6oM pellleHHSl 
npo6neMbl SlBnSleTCSl BKnlO'leHHe pe3HCTOpa ceTO'IHOro CMew.eHHSl B Ka'leCTBe aHOJJ.HOH 
Harpy3KH npH pacl!eTe Heo6XOJJ.HM,blX H3MeHeHHH B cxeMe. 

ConpoTHBneHHSl cooTBeTCTBYIOlll.HX ceTO'IHbIX pe3HCTOpoe CMew.eHHSl paBHbI 4 70 KOM. 
B cooTBeTCTBHH c 9THM 3Ha'leHHe pe3HCTopa Ri.2 npH napannenbHOM BKnlO'leHHH peaHcTo
poe 100 H 470 KOM onpeJJ.enHeTcH, Kai< Ri.2 = 10011470 (KOM) = 82,46 KOM. OpH 9TOM 
3Hal!eHHe ycHneHHSl naMnbl v2 CHH)KaeTCSl JJ.O 40. Heo6XOJJ.HMOe 3Hal!eHHe conpOTHBneHHSl 
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KacKDAW yclllHtHllR MOUIHOCTll 

o6meA Harpy3KH ,IJ,llff JJaMnbl v. (Y"fHTblBaSI pe3HCTOp ceTO•rnoro CMemeHHSI c HOMHHaJIOM 

470 KOM) cocTaBHT 75,7 KOM, a 3Ha1teHHe R,.2 6y,11.eT paeHo 90,2 KOM. 

BaJJaHc Ha HH3KHX qacToTax onpe,11.eJJsieTcsi nocTOHHHoA epeMemt uenH, o6pa3oeaHHoA 

pa3BSl3blBalOlllHM KOH,lleHC8TOpOM ceTKH H noCJte,11.oeaTeJJbHO BKJllO'teHHblM c HHM pe3HCTO

poM, TaK KaK OT,ll,eJlbHO OH He B COCTOSIHHH noJJ,llep>KHBaTb Ha O'teHb HH3KHX qacTOTaX no

TeHUHaJJ ceTKH JJaMnbl v2 OTHOCHTeJJbHO 3eMJIH no nepeMeHHOMY TOKy. 

B npOTHBOBec nonblTKaM XOTb KaK-TO peWHTb npo6JJeMy c HCnOJlb30BaHHeM pe3HCTO

pa, pac1teT 3Ha1teHHS1 KoToporo eo MHoroM onpe,11.eJJHeTCH napaMeTpaMH caMoA JJaMnbl, ae

TOp KHHrH SIBJISleTCSI CTOpOHHHKOM eee,11.eHHSI B cxeMy KacKa.a.a 3.lleMeHTOB CTa6HJIH3aUHH 

TOKa KaT0,11.a, lfT06bl ycTaHOBHTb Tpe6yeMblA 6aJJaHC ,IJ,llff KaCKa.a,a. 

CxeMomexHuriectcoe peweHde R1r < < RL, eAg6otcu o6pamHu csasb 
KpoMe paCCMOTpeHHblX BblWe cnoco6oe ,11.0CTH>KeHHSI 6aJJaHca B lj>a30HHBepCHOM KaCKa,11.e 

Ha OCHOBe ,11.Hlj>lj>epeHUHaJlbHOA napbl, cymecreyeT eme B03MO>KHOCTb BBe,11.eHHSI CHJlbHOA 

my6oKoA o6paTHoA CBH3H, BJJHHIOllleA Ha 9KBHBaJJeHTHble conpoTHBJJeHHH KacKa.a.a. Cxe

Ma ,11.Hlj>lj>epeHUHaJlbHOro lj>a30HHBepcHoro KaCKa.a,a c my6oKoA OTpHUaTeJJbHOA o6paTHOA 

CBSl3bl0 nOJIY"fHJla Ha3BaHHe nJJaBalOlllHA napalj>a3Hb1A lj>a3opacmenHTeJ1b HJIH HHBepTH

PYIOlllHA lj>a3oepamaTeJ1&. KaK npaeHJJO, e TaKHX cxeMax HcnoJJb3YIOTCH JJaMnbl, 06J1a,11.a10-

1llHe BblCOKHM 3H8lfeHHeM ycHJJeHHSI m, HanpHMep, ECC83. npHMep npHHUHnHaJJbHOA 

cxeMbl TaKoro lj>a30HHBepTOpa npHee,11.eH Ha pHc. 5.19. · 

~---------------- 350V 

220k 220k 

47n 

ECC83 
1M 680k 

47n 
--1-----1--- - --t--•1"------1 

1M 680k 

47n ____ _._ _ _._ _____________ __. ___ ~ov 

PHc. 5.19 flJtasatOUfUU napa<fJa3HblU <fJasopacUfenumeJtb UJtU uHsepmupy10Ufuu 
</JasospaUfamen.b ( socnpou3soaumca 6Jtaeoaapa Jtt06eaHOMU 
paspeute1tu10</JupMbl Philips Components ltd) 
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IJlaJOllHBepCHblM KOCKOA 

EcnH HecKOnbKO nepeqepTHTb '3T'f cxeMy B .11.pyroii BHJJ., TO CTaHOBHTCH BH.11.HO, 'ITO naMna 
V2 npe.11.CTaBnHeT npOCTO HHBepTOp, K03cpcj>HU.HeHT ycHneHHff KOTOporo paBeH e.11.HHHU.e, H 
ycHneHHe KOToporo onpe.11.enHeTCH pe3HCTopaMH R1 H R2 (pHc. 5.20). 

680k 

680k 

PHc. 5.20 flAaoat01UiUU napcujJaaHblu cjJaaoopaU'iameAb 
( cxeMa ouaouaMeHeHa c tfBAblO BbtaeAumb uHBepmop) 

TaK KaK ycHneHHe c pa30MKHYTOH nerneH o6paTHOH CBH3H naMnbI v2 He paBHO 6ecKO
He'IHO 6onblllOH BenH'IHHe, 3TH 3neMeHTbl Tpe6yro no.11.cTpOHKH, 'IT06bl o6ecne'IHTb ycHne
HHe, pasHoe -1. K co>KaneHHJO, npose.11.eHHe Heo6xo.11.HMbIX pacqeTOB secbMa ycno>KHH
IOTCH TeM, 'ITO senH'IHHa pe3HCTOpa R2 BnHHeT Ha senH'IHHY HarpyiKH KacKa.11.a, a TaK>Ke Ha 
3Ha'leHHe ycHneHHff c pa30MKHYTOH nerneii o6paTHOH CBH3H KaCKa)ijl. J.J.nsi naMnbl v2 TaK
>Ke Tpe6yeTCff HCnOnb30BaTb nOHH>KaJOIJ.J.HH (6annaCTHblH) pe3HCTOp AIIH Toro, 'IT06bl 
ypaBHOBeCHTb ee BblX0.11.HOe conpOTHBneHHe, KOTOpoe 6b1no 3Ha'IHTenbHO yMeHbllleHO 
.LteHCTBHeM OTpHI.~aTenbHOH o6paTHOH CBH3H. nocne BBe,ll.eHHff yKa3aHHOH KOppeKU.HH, 6a
naHC TaKOro cj>a30HHBepTOpa OKa3bIBaJOTCff O'leHb xopOlllHM, TaK KaK pe>KHM pa60Tbl naM
nbl v2 CTa6HnH3HpyeTCff OTPHU.aTenbHOH o6paTHOH CBH3bl0. 

Ha nepsoM 3Tane aHanH3a pa60Tbl TaKOH cxeMbI npoBO.llHTCH nHHHH CTaTH'leCKOH Ha
rpy3KH, KOTopasi cooTBeTcTByeT aHO.llHOH Harpy3Ke 220 KOM. Pa6oqasi TO'IKa M3nnop.1ta 
(Mullard) COOTBeTCTByeT aHOJlHOMY HanpH>KeHHIO Va= 163 B:Pe3HCTOp o6paTHOH CBH3H 
c conpOTHBneHHeM 1 MOM BKnJO'leH napannenbHO, no3TOMY MO>KHO nposecTH CTaTH'le
CKYJO nHHHIO Harpy3KH qepe3 pa6oqyro TO'IKY, cooTBeTCTBYIOl.llYIO conpoTHBneHHJO 180 KOM. 
0TCJO.Lta cne.nyeT, 'ITO ycHneHHe naMnbl paBHO 67 . 

.D.anee Heo6xo.1tHMO onpe.1tenHTb 3Ha'leHHe napaMeTpa 13, KOTopoe o6ecne'IHT Tpe6ye
Moe 3Ha'leHHe ycHneHHff, paBHOe e.1tHHHU.e. 113 Bblpa>KeHHH: 

1 1 13=---. 
A A0 
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KotKOllbl YCMJ\BHHll MOUIHOCTH 

cneJIYeT' qTQ HCKOMOe 3Ha'teHHe '3 COCTaBJISleT 0,985. CaMblH npoCTOH cnoco6 JJ.OCTH% He-

06XOJJ.HMOf0 peayJibTaTa - 3TO yseJIHqHTb BeJIHqHHY pe3HCTOpa o6paTHOH CBS13H: 

PacqeT JJ.aeT 3HaqeHHe conpoTHBJieHHH, pasHoe 1015 KOM., cneJJ.OBaTeJibHO, MO>KHO 

JJ.06aBHTb peaHcTop 15 KOM, BKJIIOqeHHbIH nocneJJ.oBaTeJibHO c HMelOW.HMCH 1 MOM. 

JJ.o 3Toro MOMeHTa 6bIJia BblHBJieHa norpelllHOCTb, COCTaBJIHIOW.aSl 1,5%, H cqHTalOW.aH-
1 

CH BnOJIHe }J.OnycTHMOH, OJJ.HaKO npH pacCMOTpeHHH BJIHS1HHH BbIXOJJ.HblX conpOTHBJieHHH 

seJrnqHHa norpewHOCTH 3HaqHTeJibHO soapacraeT. Bb!XOJJ.HOe conpOTHBJieHHe naMnbl 

V1 CKJla}J.b!BaeTCH H3 napaJIJieJibHO BKJIIOqeHHblX conpOTHBJieHHH, COCTaBJIHIOW.HX CO

npOTHBJieHHe 'a H conpoTHBJieHHe HarpyaKH RI.' KOTOpble B cyMMe JJ.alOT 3HaqeHH,e, npH

MepHo paBHOe 53 KOM. 0JJ.HaKO BblXOJJ.HOe conpOTHBJieHHe JiaMnbl v2 6b!JIO yMeHbllleHO 

B ( 1 + f3,4 0 ) paa, TO eCTb OT 3HaqeHHH 53 KOM, JJ.O 3HaqeHHH npHMepHo 790 OM. CneJJ.o
BaTeJibHO, 3HaqeHHe conpOTHBJieHHH nOHH>KalOw.ero pe3HCTOpa }J.OJl>KHO COCTaBJIHTb 

52,3 KOM, HO BnOJIHe ycnewHO MO>KeT 6b!Tb npHMeHeH CTaHJJ.apTHblH H 6JIH>KaHlllHH no 

HOMHHaJibHOMY 3HaqeHHIO peaHcTop 51 KOM. ConpOTHBJieHHe HarpyaKH JJ.JIH Ka>KJJ.oro 

BblXO}J.a, TaKHM o6pa30M, COCTaBHT no 680 KOM. B cnyqae, ecJIH He npOBOJJ.HTb KOppeK

U.HIO, BblXOJJ.HOe conpOTHBJieHHe nan bl v2 6yJJ.eT npH 3TOM npHMepHO Ha 6 % Bblllle Tpe-

6yeMoro. 

Ha npaKTHKe nOJJ.06Hble KOppeKU,HH HHKOf}J.a He HCnOJib3YIOTCH, qTQ B03MO>KHO H HBJIH

eTCH npHqHHOH coo6w.eHHH o tteJJ.OCTaTOqHoli 3cf>cf>eKTHBHOCTH pa60Tbl KaCKBJJ.a. Mo>KHO 

6bIJIO 6bl nOJIYMaTb, qTO nO}J.KJIIOqeHHe KaTOJJ.OB K o6w.eA TOqKe HcnpaBHJIO 6bl 6anaHC, HO 

JiaMna v2 oxsaqeHa TaKOH rny6oKOH o6paTHOH CBS13bl0, qTQ MO>KeT nerKO npeOJJ.OJieTb Jll0-

6yl0 nonblTKY BOCCTaHOBJieHHH 6aJiaHca Ha KaTOJJ.e. 

5.10.3. «(ornacosaHHhlii» t/Ja10HHseprop 

.LleHCTBHe scex paCCMOTpeHHblX cxeM cf>a30HHBepTOpOB, OCHOBaHHblX Ha HCnOJib30BaHHH 

JJ.Hcf>cf>epeHU,HaJibHOro ycHJIHTeJIH, npHBO}J.RJIO K yseJIHqeHHIO o6w.ero ycHJieHHH, HO 3TO 
' B03}J.eHCTBHe npOH3BOJJ.HJIOCb 3a cqeT BblXOJJ.HOro 6aJiaHca, KOTOpb!H B CBOIO oqepeJJ.b onpe-

}J.eJIHJICH cornacosaHHeM K03cf>cf>HU,HeHTOB ycHJieHHSl m HCnOJib3yeMblX JiaMn. 

XoTH «cornacoeaHHblH» cf>aaoHHBepTOp He npHBOJJ.HT K ycHJieHHH cHrnana, ero Bb!XOJJ.

HOH 6aJiaHc noqTH nonHOCTblO onpeJJ.eJIHeTCH TOJibKO naccHBHbIMH 3JieMeHTaMH, a xapaK

TepHCTHKH 3JieKTpOHHOH naMnb1 npaKTHqecKH He BJIHHIOT Ha 06wy10 KapTHHy. OpHHU.Hn 

ero pa6oTbI oqeHb npocT. MOJIYJIHU.HH ceTOqHoro Hanpsi>KeHHH BbI3bIBaeT npoxo>KJJ.eHHe 

nepeMeHHoro TOKa qepea JiaMny. EcnH 3HaqeHHH aHOJJ.HOH H KaTOJJ.HOH HarpyaoK paBHbl, TO 

3HaqeHHH TOKOB, npoTeKalOW.HX no HHM, 6yJIYT TaK>Ke paBHbl H na}J.eHHH HanpH>KeHHH npH 

npOXO>K}J.eHHH TOKa CHrHaJia, 6yJIYT TaK>Ke paBHbl, o6ecneqHeasi, TeM caMblM npeBOCXOJJ.

HblH 6anaHC ( pHC. 5.21 ). 
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Cllmo11HBepcHblM KOCKOA 

.-----HT 

-----'~-ov 

Puc. 5.21 «Co21tacoeanHblt1» <fiaaouHeepmop 

5.10. 4. YcHneHHe «cornocosoHHOro» </JoJOHHsepropo 

YcHJJeHHe «cornacoeaHHOro» <t>aaoepaw,aTeJIH MO>KeT 6b!Tb onpe.11.eneHo Ha ocHoee 06b1q
Hb1x <t>opMyn pacqeTa ycHJieHHH .zt.nH TpH0.11.8 npH ycnoeHH, qTo 3HaqeHHH ecex conpoTHBJieHHH 
pe3HCTOpOB, He yqacTBYIOlll.HX B opraHH38llHH pa3Bff3KH Ha 3eMJIIO qepe3 8H0.1J.HOe conpOTHB
JieHHe, .11.0JI>KHbl 6bITb yeenHqeHbl Ha Ko3cp<t>HuHeHT, paBHblH (µ + 1 ). TaKHM o6paaoM, 

< = (µ + 1 )Rk +'a• 

A= µRI. 
ra +(µ+l)Rk+R1 

Ho ,11,.1rn cnyqaH «cornacoeaHHoro» cpaaoHHeepTopa R1_ = Rk' no3TOMY 

B cHny Toro, qTo 3HaqeHHe ycHJieHHH c"Hrnana noqTH He OTJIHqaeTcH OT e.11.HHHI.lbl, eenH
'IHHa eMKOCTH MHnnepa TaK>Ke 6y.11.eT oqeHb MaJieHbKOH, a KaCK8.11. 6y.11.eT HMeTb urnpoKYIO 
nonocy nponycKaHHH. 

s.1as. 861XORH08 conpOT!ABReHHe «COfROCOIJOHHOTO» </JoJOHHBepropo 

npH poBHblX (c6anOHCHpoBOHHblX ) HorpyJKOX 

Cny11aii «cornacoeaHHoro» <t>aaoHHBepTopa HBJJHeTcH oco6b1M cnyqaeM (e CHJiyToro, 'ITO 
R, = Rk) HewyHTHpoeaHHoro ycHJIHTeJJH c o6W.HM KaT0.11.0M, e KoTopoM Bb1xo.11.aMH HBJIH-
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KaCKaAw yameHH MOllllfOCTll 

IOTCSI KaK aHO.IUlaH, TaK H KaTO.ztHaH uenH. OcHOBHOe ypaBHeHHe .ll.JISI o6paTHOA CBSl3H 

HMeeT BH.zt: 

A= Aii 
(I+PAo> 

3HaMeHaTeJib B ypaeHeHHH o6paTHOA CBSl3H npe.ztCTaBJIHeT MHO>KHTeJib, Ha BeJIHlfHHy 

KOTOporo H3MeHHIOTCH 3HalfeHHSI conpOTHBJieHHA. 3HaH ycHJieHHe «corJiaCOBaHHOro» cj>a-

30HHBepTopa H ycHJieHHe 06bllfHOro TpHO.IUIOfO ycHJIHTeJIH, MO>KHO no.ztCTaBHTb 3TH 3Halfe

HHSI B ypaBHeHHe .ll..llSI neTJIH o6paTHOA CBH3H Bblp83HTb lfepea 3TO ypaBHeHHe K03cj>cj>H

UHeHT nepe.ztalfH o6paTHoA CBH3H K, KOTOpblA 6y.zteT HMeTb BH.zt: 

µR. 
µR. R.+r. 

R.(µ + 2) + r. = -K-. 

Ko3cj>cj>uuueHT nepe,n.alfH o6paTHoA CBH3H K nocne ynpow,eHHH 6y.zteT HMeTb BH.zt 

K = R.(µ+2)+r •. 
R.+r. 

8b1xo.1U1oe conpOTHBJieHHe uenu aHo.zta npu OTCyTCTBHH o6paTHoA ceS!aH Bblpa>KaeTcH 

CJie.lJYIOlll,HM o6pa30M: 

R.r. 
r ... =--. 

R1+r • 

.lleACTBHe o6paTHOA CBSl3H npOHBJIHeTCSI B CHH>KeHHH conpoTHBJieHHSI aHO.IUIOA uenH, 

CJie.ztOBaTeJibHO, nOJIYlfeHHOe 3HalleHHe JlOJl>KHO 6b1Tb no.zteJieHO Ha eeJIHllHHY K03cj>cj>H

UHeHT8 nepe,n.al!H o6paTHOA CBSl3H: 

1 R1r. R, +r. 
r =--·-----: 

0 R.+r. R,(µ+2)+r. 

flocJie COKpalll,eHHH llJieHOB (RL + r0 ) Bblpa>KeHHe npHMeT BH.zt: 

,1 = __ R_u._. __ 
0 R.(µ+2)+r. 

npe>K,l.le ecero, HaH(SoJiee Y.!UfBHTeJibHblM peayJibT8TOM npe.ztCTaBJIHeTcH TO, llTO noCJie

.llOBaTeJibHaH o6paTHaH CBH3b (nocKOJibKy R,, = R0 ), <5y.zteT yMeHbWaTb BblXO.IUIOe conpo

THBJieHHe 8HOJtHOA uenH TaKHM o6pa30M, llTO OHO 6y.zteT Bblpa>KaTbCSI npH6JIH3HTeJibHblM 

COOTHOWeHHeM r oaJ = I/ gm. ,llaHHblA cj>aKT nerqe nOHSITb npH paCCMOTpeHHH BHewHeA eM

KOCTHOA HarpyaKH Ha Ka>K,IJ.oM BbIXOJl.e. Tol!HO TaK >Ke, KaK paeeHcTeo aKTHBHbIX conpOTHB· 
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. CllaJOMllBBptHblH KDCKDA 

JJeHHA Rk = Ra onpe.ztenHeT ycHJieHMe CHrHana 3HalfeHHeM, paeHblM Ha HH3KHX qacToTax 

eJlHHMUe, paeeHCTBO eMKOCTHblX conpoTHBJieHHA Xc 1111 = Xciai onpe.ztenHeT eeJIH'IHHY ycHne

HHH TaKHM >Ke, e.ztHHHlfHblM, 3Ha'!eHHeM Ha Bb!COKHX '!aCTOTax. l13MeHeHHe COOTHOWeHHA 

eMKOCTHblx conpoTHBJieHMA HeoTepaTHMO Bbl3eano 6bI H3MeHeHHe ycMJieHHH, JIH6o 'laCTOT· 

HOA xapaKTepHCTHKH Ha BbICOKHX 'laCTOTax, npOCTO B CHJIYTOrO, '!TO OHO Bbl3BaJio 6bl H3Me

HeHHe 3Ha'leHHH napaMeTpa (3JJ.11H o6paTHOA CBH3H. 

TaK KaK KOMnJieKCHble conpOTHBJieHHH paBHbl, z. == za 'laCTOTHaH 3aBHCHMOCTb Ka>K

J.I.Oro Bb!XO.zta BblHY>K.zteHa OCTaBaTbCH HeH3MeHHOA, B CHJIY 'lero BblXOJtHble conpoTHBJieHHH 

J.I.OJl>KHbl TaK>Ke OCTaBaTbCH paBHblMH, TO eCTb r Olll(k) = r Olll(a)' 

5.10.6. BhlXORHoe conporHsneHHe •cornacosaHHoro» t/Ja10HHsepropa 
npH HBClfMMeTpH'IHOii Harpy1Ke 

CTpH pa6oTe BblXO.ztHblX KaCKa.llOB ycHJIHTeJIH e pe>KMMe KJiacca AB HJIH B c ceTO'IHbIMH TO· 

KaMH, Harpy3Ka B KaTO.ztHOA H aHO.ztHOA uenHX 6y.zteT pe3HCTHBH6A B pa3Hble MOMeHTbl epe-

MetlH H TOJlbKO 'laCTb nepHO.zta. ' 

BttHMaTeJibHO paccMorpee OT.zteJibHO cxeMy uenH Karo.zta, MO>KHO yeH.zteTb, 11ro BKJIIO· 

qeHHe pe3HCTopa R,, Ha JeMJIIO o6pa3yeT napannenbHOe c BblXO.ztHoA uenbio naMnb1 ( BKJIIO· 

qaH ee BHyrpeHHe conpoTHBJieHMe r0 ) coe.ztMHeHHe Ha JeMJiio: 

R.+r. r.=--. 
µ+l 

nocne BblnOJIHeHHH nO.ztCTaHOBKH: 

Ra R.+r,,,. 
µ+1 

r =------au11-1 R..+r. · 
R·+-

µ+l 

nocne ynpomeHHH H c yqeTOM BbinOJIHeHHH COOTHOWeHHA Rk = Ra = Rl paeeHCTBO 

npeo6pa3yercH K Bff.!IY: 

noc.ite COJ<PlllUeHHH no.zt06HblX lfJleHOB Bblp~>KeHHe npMMeT BH,ll: 



KacKa,qbl yc11neHHR MOlllHOCTll 

OpH npaKTH'leCKOM Hcnonb30BaHHH cpopMynb1 cne.DYeT yqecTb, 'ITO 'lneH ( µ + 2) 3Ha'IH
TenbHO 6onbwe no eenH'IHHe, 'leM oTHoweHHe r /R1_, cne.u.oeaTenbHO, MO.>«Ho Hcnonb30-
eaTb npH6nH.>«eHHoe Bb1pa.>«eHHe: 

R.+r. r l:::l--
0111<"'."> µ+2. 

Xorn )l/lff conpOTHBneHHff BblXO.U.HOii: KaTO.U.HOii: u.enH MO.>KeT 6b!Tb pacC'IHTaHO H TO'IHOe 
3Ha'leHHe, HCnOnb30BaHHe npH6nH.>KeHHOro COOTHOWeHHe ffBnffeTCff enbnHe npHeMne
MblM H .n.aeT 3Ha'leHHe conpOTHBneHHff nopsi.n.Ka O.U.HOii: TblCff'IH OM. 

AHanorH'IHO, paccMOTpee oT.u.enbHO aHO.U.HYIO u.enb, MO.>KHO yeH.u.eTb, 'ITO no u.enH nH
TaHHH BbICOKHM Hanpsi.>«eHHeM, BKnlO'leHHe pe3Hcropa Ra 06pa3yeT no nepeMeHHOii: co
cTaensiww.eH: no.u.KnIO'leHHe Ha 3eMnlO H TaK .>«e 06pa3yeT napannenbHOe coeJl.HHeHHe Ha 
3eMnlO c u.en&IO Karo.n.a: 

Oocne npoee.u.eHHff nO.U.CTaHOBKH Bblpa.>«eHHe npHMeT BH.u.: 

R.CR.(µ + 1) + r.1 r =~~"""----'~~ 

o111(a11Q11) R1(µ+l)+r.+R.· 

nocne pacKpbITHH cKo6oK H npHee.u.eHHH no.u.o6HblX 'lneHoe: 

Rf(µ+ l)+ R,. ·r. 
r = 

0111(a11Q11) R.(µ + 2) + r. 

113 Bbipa.>«eHHH cne.LIYeT, 'ITO onpe.u.enHIOW.HMH siensiIOrcsi 'lnettbl, co.u.ep.>«aw.He m; npH 
6onbWHX 3Ha'leHHHX m MO.>KHO C'IHTaTb, 'ITO(µ+ 1) == (µ + 2), ror.u.a rout== R1_. 

EcnH cyw.ecreyeT eeposirHocrb, 'ITO pe3HCTHBHasi HarpyaKa e KaTO.U.HOii: H aHOJl.HOii: u.ensix 
6y.n.er cyw.ecreoeaTb nonepeMeHHO ( npH pa6ore naMn nocne.LIYIOW.ero KacKa.n.a c orce'IKOH 
TOKa), TO e cxeMe «cornacoeaHHoro» cjla30,HHBepTOpa nyqwe 6blno 6bI Hcnonb3oearb naMny 
c ManbIM 3Ha'leHHeM µ, TaK KaK 3TO CHH.>«aer r mit(anode> H, cne.u.oeaTenbHO pa36anaHc. 11cnonb-
30BaHHe naMn THna ECC88 H El82CC .n.aer Hennoxoii: pe3ynbTar, HO npHMetteHHe naMn 
THna 6AH4 HnH 1284-A OKa3bleaercsi ew.e nyqwe. KaK npaeHno, TO'IKOii: no.U.KnlO'leHHff cpa-
30HHeepcHoro K8CKa.11,a HBnffeTCff 8HO.U. BXO.U.HOro K8CKa.n.a; 3THM 06bl'IHO H 38.11.BIOTCff .U.HH8MH. 
'leCKHe xapaKrepHCTHKH «cornacoeattHoro» cjla30HHeepTOpa, coxpattsisi pa3.u.enHTenbHbiii: 
KOH.u.eHcarop CBff3H H YlJHTblB8ff nOCTOffHttylO epeMeHH BXO.U.HOii: u.enH Ha HH3KHX '18CTOT8X. 

XoTH «cornacoeaHHblii:» cjla30HHBepTOp .u.ocraro'IHO '18CTO no.u.eepraercsi KpHTHKe 38 
orcyrcreHe ycHneHHff npH Henoepe.u.creeHHOii: CBff3H c BXO,ll.HblM K8CKS.U.OM, pe3HCTOpHO· 
eMKOCTHOe nO.U.Kn!O'leHHe .n.aer, K8K npaeHno, nO'ITH y.u.eoeHHOe 3H8'1eHHe ycHneHHff no 
cpaetteHHIO c eapHaHTOM Hcnonb30B8HHH rex .>«e caMblX.U.Byx naMn, Hcnonb3yeMblX no cxe
Me cjla30HHBepropa Ha .n.HcjlcjlepeHu.HanbHOM ycHnHrene. 
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Ycroif'IMBOCTb pa6orb1 MHoroKacKa,qHoro ycMnMrem1 

5.TI. BxonHoii KacKan 

Bo BXO.ll.HOM KaeKa.ll.e qarn.e seero .ll.etteTsyeT Me>KKaeKa.ll.HaH oTpnu.aTeJibHaH o6paTHaH 
CBH3b, oxsarbrnaIOrn.aH seeb yeHJIHTeJib MOW.Hoern. CJie.ll.OBareJibHO, :>ror KaeKM.ll.OJI>KeH 
HMeTb .ll.Ba BXO.ll.8 (.ll.JIH yeHJIHBaeMoro CHrHaJia H .ll.JIH o6parHOH eBH3H) KaK HHBeprnpyIO
lUHH, TaK H HeHHBepTHPYIOW.HH, npnqeM o6a BXO.ll.a .ll.On>KHbl o6eeneqnsaTb HH3KHH ypo
BeHb wyMOB. 04eBH.ll.HblM KaH.ll.H.ll.aTOM .ll.JIH TaKoro KaeKana HBJIHeTCH TpHOAffblH .ll.HCpcj>e
peHI . .1.HaJibHbIH yeHJIHTeJib, HO TaK>Ke MO>KeT 6b!Tb HenOJib30BaHa cxeMa c 06W.HM KaTO.ll.OM 
c npnMeHeHHeM rpHO.ll.a HJIH neHTO.ll.a (pnc. 5.22). B 3TOM cnyqae Me>KKacKa.ll.HaH o6paTHaH 
CBH3b 803.ll.eHcTByer Ha KaTO.ll.HblH BXO.ll.. 

PHe. 5.22 HcnOAb30Banue Me3IC1cacKailnoii o6pamnoii CBR3U BO BXOOHOM KacKaae 

CxeMa BXO.ll.HOro KaeKana TPHBHaJibHa, Ho Mo>Ker 6bITb enema yeno>KHeHa nyreM BBe
AeHHH npHMOH eBH3H K cj>a30HHBepropy, qro orpaHnqnsaer Ha6op pe>KHMOB pa60Tbl aHO.ll.a. 

5.12. YnoiillMBOCTb pa601b1 MHOroKacK·anHoro ycMnMrem1 

5.12. l 06UJHe npo6neMbl ycroii'IHBOCTH yc11n11reneii 
Do.ll. Heyerottqnsott pa6oTott yennnrenH B wnpoKoM noHHMaHHH :>Toro cnoaa, noHHMaercH 
ero eKJIOHHOCTb K eaMOB036y>K,ll.eHHIO, TO eeTb K aBTOreHepaU.HH. yfa reopHH asroreHepa
TOpOB H3BeeTHO, qro .ll.JIH eaMOB036y>K,ll.eHHH KOJie6aHHH (TO eCTb asroreHepau.HH) Heo6xo-
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KacKQbl ycMneHMll MOIJIHOCTM 

.ll.HM JI.OCTaTOtfHbIH aanac no ycHJieHHIO, a TaIOKe He06XOJI.HMO HaJIH'IHe IlOJIO>KHTeJibHOH 06-· 
paTHOH CBHaH. CTOCKOJibK}' HaH60Jiee 'laCTO HCilOJibayeMbIH B CXeMaX yCHJIHTeJieH KaCKa,ll C 

06UJ.HM KaTOJI.OM SIBJIHeTCSI HHBepTOpOM (TO eCTb BHOCHT <PaaOBblH CJI.BHr 180°), TO pa6oTa 

L(enH o6paTHOH CBHaH npHBe)l.eT K caMoeoa6y>KJI.eHHIO Tor.n.a, KOrJI.a TaIOKe BblaoeeT <Pa

aOBbIH CJI.BHr CHrHana Ha 180°' CKOMneHCHpoeae TeM C8MbIM <PaaOBbIH CJI.BHr' BHOCHMblH 

TpaHaHcTopoM. B J1106b1x cno>KHbIX MHOroKaCKaJI.HblX u.em1x o6paTHaH csstab npHBeJI,eT 

K BOaHHKHOBeHHIO aBTOKOJie6aHHH Tor.n.a. KOrJI.a cyMMa scex <PaaOBblX CJI.BHrOB, BHOCHMb!X 

B CHrHaJI, KaK ycHJIHTeJibHblMH npH6opaMH, TaK H u.enHMH CBHaH, 6yJI.eT paBHblM HYJllO, 

JIH60 KpaTHblM 360°. 
CTpH paccMOTpeHHH CBOHCTB RC-uenH B rnase l yKaabJBaJIOCb, 'ITO HaOJIHpOBaHHaH 

RC-uenb xapaKTepHayeTCH yrnoM C.D.BHra <Paab1 Me>KJJY seKTOpaMH TOKa H Hanpst>KeHHH, 

paBHbIM 90°. ')lnst BOaHHKHOBeHHH >Ke aBTOKOJie6aHHH He06XOJI.HM CJI.BHr <Paa, paBHblH 

180°, no3TOMY OJI.HOKaCK8JI.HblH ycHJIHTeJib, HMeiow.HA TOJibKO OJI.HY RC uenb, KoTopaH ocy

w.ecTsnsteT orpaHH'leHHe no Hl.J HJIH Bl.J, JI.OCTaTO'IHO ycTOH'IHB. CTpH KaCK8JI.HOM BKJIJO'le

HHH JI.BYX H 6onee T8KHX ycHJIHTeJieH MO>KHO JI.06HTbCSI CJI.BHra <Paa, paBHOro 180°, 'ITO MO-

>KeT npHBeCTH K caMOBOa6y>KJI.eHHIO. ' 

KaK y>Ke roeopHJIOCb BbILIIe, .zvrn aoa6y>KJI.eHHH ycTOH'IHBbIX Kone6aHHH Heo6xoJI.HMO He 

TOJibKO o6ecne'IHTb HY>KHblH <t>aaOBblH CJI.BHr. CTpOCTO CJI.BHra <t>aabl CHrHana o6paTHOH 

ceHaH Ha 180° .IVIH reHepal..(HH Kone6aHHH 0Kaab1saeTcst He.n.ocTaTO'IHblM. Heo6xoJI.HMO 

TaIOKe HMeTb JI.OCTaTO'IHbIH K03tPtPHL(HeHT nepe.n.a'IH (ycHneHHH) aaMKHyroA neTJIH. Oc

HOBHblM ycJIOBHeM cyw.ecTBOB8HHH KOJie6aTeJibHOro npouecca SIBJIHeTCH ycJIOBHe ero 

caMOilO,ll.llep>KaHHH; n03TOMY ycHJIHTeJib JI.OJI>KeH o6ecne'IHBaTb JI.OCTaTO'IHO BblCOKOe ycH

JieHHe, 'IT06bl BOCilOJIHHTb noTepH B KOHrype o6paTHOH CBHaH ,ll,JIH no,ll.llep.maHHSI 8BTOKO

ne6aTeJibHOro npouecca. TaKHM o6paaoM, K03tPtPHUHeHT nepeJI.a'IH aaMKHyroA nernH .IVIH 

paccMaTpHsaeMoro cnyqaff onpeJI.eJIHeTCH, KaK ycHJieHHe ycHJIHTeJIH, yseJIH'leHHOe Ha ee

JIHqHHY noTepb B nerne o6paTHOH CBHaH. 

TaKHM o6paaoM, ecJIH s neTne o6paTHOH ceHaH BbinOJIHHIOTCH ycnosHH CJI.BHra <Paa 

cHrHana, pasHoro 180°, H K03tPtPHL(HeHTa nepe.n.aqH aaMKHyroA neTnH, npesb1LIIa10w.ero, 

HJIH pasHoro, eJI.HHHL(e, TO e cxeMe 6y.n.eT no,ll.llep>KHBaTbCH aBTOKone6aTeJibHbIH npouecc. 

nocne Toro, KaK c<t>opMyJIHpoeaHbl BbJLIIeHaaeaHHbJe ycJIOBHSI, MO>KHO rosopHTb 0 TOM, 

KaK Ha6e>KaTb CHryauHH, npH KOTOpOH 6yJI.eT CKOHCTpyHposaH ycHJIHTeJib, pa6oTalOUJ.HH 

KaK aeToreHepaTop. )lnH ycneLIIHOro peLIIeHHH npo6JieMbI ecTb JI.Ba <PaKTopa: 
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MO>KHO yMeHbllIHTb qHCJIO K8CK8JI.OB, qTo6bI yron CJI.BHra <t>aabl B L(enH o6paTHOH CBHaH 

HH npH K8KHX ycJIOBHSIX He JI.OCTHraJI -3H8'1eHHH 180°. 3Toro H)l.eaJia y.n.aeTCH .ll.OCTH'lb 

KpaAHe pe.n.Ko, nOTOMY 'ITO npH co3JJ,8HHH cxeMbI HeHaoe>KHbI BbIXOJI.HOH TpaHc<PopMa

TOp, BblXOJI.HOH K8CK8.ll, KaCK8JI. npeJI.BapHTeJibHOro ycHJieHHH, KOTOpbte o6ecne'IHBalOT 

JI.OCTaTO'lffYIO senH'IHHY <Paaosoro C.D.BHra. Ho npHHL(Hn MHHHMHaal..(HH 'IHCJia KaCK8JI.OB, 

BKJIJOqeHHblX B neTJIIO o6paTHOH CBHaH, He TepsteT csoeA aKryaJibHOCTH; 

• BTOpblM MeTO,llOM 6opb6bt c BOaHHKHOBeHHeM 8BTOKOJie6aHHH SIBJIHeTCSI CHH>KeHHe 

JI.O aHa'leHHSI, MeHee e)l.HHHl.lbl K03tPtPHL(HeHT8 nepe.n.aqH aaMKHyrOH uenH B JI.Hana

aoHe qacTOT, Ha KOTOpbIX TeopeTH'leCKH BOaMO>KHO caMOBOa6y>KJI.e•rne. 9TOT noJI.

XOJI. SIBJIHeTCH OCHOBOH ecex'HaBeCTHbJX MeTOJl.OB ITOBblLIIeHHSI ycTotfqHBOCTH pa60Tbl 

ycHJIHTeJieH H SIBJlfieTCSI .n.eAcTBeHHblM opy>KHeM BO ecex cnyqaHX. 0JI.HaKO, HeJibaH 

aaobIBaTb, 'ITO Ha npaKTHKe JII060H ycHJIHTeJib ecer,lla noTeHL(HaJibHO MO>KeT CTaTb 

aeToreHepaTopoM. 



Ynoi11111on1» pollorw MHGrOKDCKCJAHoro yatm1ren11 

5.12.2. flOROBReHlte nepsoi ROMltHOHT61 86/COKOC/OCT'.OTHOH COCTOBRJllOU/8H 

Ha >1<apr0He cneuHaJIHCTOB-3.lleKTpOHUlHKOB JJ.llH o6o3HalfeHHH npHeMOB no,naBJieHHH Bb1co
KOlfacrorHOH H HH3KOlfaCTOTHOH aeroreHepal.lHH, 3aqacry10 HCnOJib3yeTCH eeCbMa ceqeo6-
pa3Hble repMHHbl, noHHTb CMblCJI KOTOpblX HenOCBHW.eHHOMY 6bleaer .llOCTaTOlfHO CJIO>KHO. 
0.nHaKO, CMblCJI npHBO.llHMOro onHcaHHH B .neHCTBHTeJibHOCTH HBJIHeTCH OlfeHb npOCTblM. 

)lJIH HalfaJia npe.ncraBHM ce6e npHMep, Kor.a.a e ycHJIHTeJie Heo6xo,nHMO no.naBHTb ae
roreHepal.lHJO Ha O,llHOA aapaHee H3BeCTHOH BblCOKOH qacroTe, KOTOpaH, HMeH MaKCHMaJib
HblH <t>aaOBblH C.llBHr, paBHblH 90°, 6y.neT CTa6HJibHOH npH ecex BHeWHHX yCJIOBHHX. )lJIH 
peweHHH 3TOH aa,nalfH MO>KHo no.no6paTb RC-uenb, HMe10my10 uaHMeHbWYJO qacTOry no
JUIBJieHHH BblCOKOlfaCTOTHOH COCTaBJIHJOW.eH, TO eCTb nepBOH .llOMHHaHTbl ( rapMOHHKH ), 
noCJie qero BKJIJOlfeHHeM KOH.lleHCaTOpa HeCKOJlbKO 60JibWeH eMKOCTH qacrory nepBOH .no
MHHaHTbl MO>KHO eme CHJibHee noHH3HTb. 

Jlanee, e Kalfecree' HaHxy,nwero eapHaHTa, MO>KHO npe.nnoJIO>KHTb, qro ycHJIHTeJib, 
e KoropoM B03HHKaeT BlJ aeTOreHepal.lHH, co.nep>KHT lfeTblpe H.neHTHlfHblX KacKa.na, y Ka>K
Jt.Oro H3 KOTOpblX qacTOTa no,naBJIHeMOH BlJ COCTaBJIHJOUleA paeHa 300 Kfl.l, a ycHJieHHe 
Ka>KJloro paeHo l 0. Ha qacToTe 300 Kfl.l Ka>KJlblH KaCKa.ll o6ecnelfHBaeT <!>a30BblH C.llBHr 
e 45°, o6ecnelfHBaH TeM caMblM OOUlHH C.llBHr ecero KacKa.na e 180°. )lJIH Ka)l(Jloro KacKa.na 
Ha lfaCTOTe 300 Kfl.l ycHJieHHe CHH>KaeTCH Ha 3 .nB, TO eCTb ycHJieHHe Ka)l(Jloro H3 HHX Ha 
3ToA qacToTe cocTaBHT l O/v2 = 7,071, a ycHJieHHe scero lfeTblpexKaCKa,llHoro ycHJIHTeJIH 

6y.neT paeHo: A1u1a1 = ( 10/v2)4 ... 2500. 
B n1060M peaJibHOM ycHJIHTeJie TaKoA BblCOKHH K03<!><!>Hl.lHeHT ycHJieHHH Liame ecero 

6y.ner npHBO.llHTb K CaMOB036Y>KJleHHIO. fl03TOMY BCer,na HenJIOXO yMeHbWHTb YCHJieHHe 
XOTH 6bl .no 3HaL!eHHH 125, L!TO COOTBeTCTBOBaJIO 6bl BBe.neHHIO OTPHLlaTeJibHOH o6paTHOH 
CBR3H B 26 .nB, a TaK>Ke n03BOJIHJIO 6bl yMeHbWHTb HCKa>KeHHH .no 0.llHOH .llB8.llllaTOH OT 
nepeoHaLiaJibHoro 3HalfeHHH. )lJIH Toro, llT06bl nonyqHTb 3TOT peayJibTaT, neTJIH o6parHOH 
CBH3H .llOJI>KHa 6bl o6ecnellHBarb eeJIHlfHHY norepb 0,0076. EcJIH >Ke nocMoTperb Ha pa6o
ry ycHJIHTeJIH c TOlfKH apeHHH ero ycTOHlfHBOCTH, TO npOH3Be,neHHe norepb Ha ycHJieHHe 
)laer CJie.ay10mee 3HalfeHHe: 0,0076 x 2500 = 19. TaKHM o6p,a30M, e ycHJIHTeJie K03<!>
<j>HLtHeHr nepe,nalfH 3aMKHyroA neTJIH npeBblWaeT e.llHHHLtY, a cJ>a30BblH C.llBHr paeeH 180° 
(CM. BblWe ), TO eCTb B paccMaTpHBaeMOM ycHJIHTeJie o6HaareJibHO 803HHKHyr aBTOKOJie-
6aHHR, eCJIH He npHHHTb Mep no CHH>KeHHIO K03<!>4>Hl.lHeHra YCHJieHHH. 

)lJIH Toro, llT06bI o6ecnelfHTb ycTOHlfHBOCTb pa60Tbl KaCKa.na, He06XO.llHMO yMeHbWHTb 
Ha lfaCTOTe 300 Kfl.l ycHJieHHe npH pa30MKHyroA neTJie o6paTHOH CBH3H B 19 pa3, lfTO co
craBJIHer 25,5 .nB. YlfHTblBaH, lfTO ocna6neHHe 6 .nB/oKTasy 3KBHBaJieHTHO oCJia6neHHJO 
20 .nB/ .neKa.ay' CHH>KeHHe lfaCTOTbl cpeaa A lJX ycHJIHTeJIH'C 300 Kf l.l.llO 30 Kf u.nacT OCJia6-
JJeHHe 20 .nB, a CHH>KeHHe lfaCTOTbl BJ(BOe, c 30 Kfl.l .no 15 Kfl.l, ,ll.aCT .nonoJIHHTeJibHOe 
ocna6JieHHe 6 .nB, lfTO B HTOre COCTaBHT 26.nB. 

Tenepb yCHJIHTeJib MO>KHO ClfHTaTb ycTOHlfHBblM, HO TOJibKO yCJIOBHO, TaK KaK B HeM no 
npe>KHeMy MO>KeT B03HHKaTb caMOB036Y>KJleHHe, TaK KaK paCClfHTaHHOe CHH>KeHHe ycHJie
HHR c.nenaHo HCXO.llff H3 yCJIOBHH BE!JIHlfHHbl nernesoro ycHJieHHH, 6JIH3KOro K e,llHHHl.le, 
Koropoe nerKo MO>KeT 6b1Tb npeBblWeHo s npouecce pa6orbl. )lJIH yeeJIHlfeHHH 3anaca 
ycTOHlfHBOCTH H rapaHTHpOB8HHOro ycTpaHeHHH pe>KHM8 reHepal.lHH He06XO.llHMO B3HTb 
eme OoJibWHH 3anac no ycHJieHHJO, JIH6o eeecTH aHalfHTeJibHOe 3aryxaHHe (no,n6HpaH co-
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ornercrny10UJ.He 3Ha11eHHH 11aqor cpe3a H nocroHHHblX 8peMeHH 11acroT038)l.a10W.HX RC

ueneA) Ha 11acrorax, 3Ha'IHTenbHO 6onee HH3KHX(XOTH 6bl 8.1l.8a pa3a), 'leM 11acrora OCH08-

HOH .11.0MHHaHTbl 803f!HKalOW.HX BY a8TOKone6aHHH. Heo6X0.11.HMO yqHTbJBaTb, 'ITO 11e

pecqyp ycep.11.Haff KOMneHcauHH ycTOH'IH80CTH yMeHbWaeT o6paTHYIO C8ff3b H nOJ1.8epraeT 

pHCKY 3<}><}>eKTH8HOCTb CHH>KeHHe HCKa>KeHHH. 

B 6onbWOM KOnH11ecr8e peanbHbIX cxeM ycHnHreneH, ,IJ,llH KoropbIX oKa3anHcb non

HOCTblO HC'lepnaHHblMH 80~MO~HOCTH onHCaHHblX MeT0.11.08 .11.0CTH>KeHHff YCTOH'IH80CTH, 

TaK>Ke HCnOnb3yeTCff MeT0.11. n0.11.fOHKH aMnnHty.11.H0-'18CTOTHOH xapaKTepHCTHKH He3a8H

CHMO OT cpa3011aCTOTHOH xapaKrepHCTHKH c npHMeHeHHeM MHOf038eHHblX (nowaro8blX) 

cxeM. XapaKTepHCTHKH .11.0n>KHbr anpo6Hpo8aTbCH H no.11.rOHHTbCH Ha ocHo8e pe3ynbTaT08 

TeCTHp08aHHff, HO ecnH o6CTOHTenbCTBa 8b1Hy>K,lla10T HCnonb308aTb .11.aHHblH MeT0.11., TO .11.H

HaMHl!eCKHH aHanH3 c HCnOnb308aH~eM KOMnblOTepHblX nporpaMM SIBnHeTCff HaHnyqWHM 

cpe.1l.CT80M ,IJ,llH onpe.11.eneHHH HaHxyJ1.wero H3 803MO>KHblX 8apHaHT08 H nocne.ny10w.ero Hc

nonb308aHHH MeTOJl.08 nocneJ1.08atenbttbIX npH6nH>KeHHH wrn c8eJ1.eHHH ero K onrHManb

HOMY peweHHIO. Cyw.ecT8yeT 6onbwoe KonHl!eCT80 .11.0CtynHblX ,IJ,llH aHanH3a KOMnb10Tep

Hb1x nporpaMM, 0.11.HaKo, He cne.nyer pacc11HTbl88Tb Ha oco6y10 TO'IHOCTb nony11eHHoro 

peweHHH - TOl!HOCTb nonyqeHHoro peweHHH 6y.1l.eT onpe.11.enHTbCH 3ano>1<eHHOH 8 npo

rpaMMe M0.11.enblO, HCnOnb308aHHOH npH C03.11.8HHH MeT0.11.HKH pac11eTa. 

TaKHM o6pa30M, Ha npaKTHKe MeT0.11.bI .11.0CTH>KeHHH ycrOH'IH8ocTH 8 nopH.11.Ke npHopH

TeTa cne.nyer pacnonaraTb 8 cne.ny10w.eM nopH.11.Ke: 

• yMeHbWHTb KOJIH'leCTBO KaCK8)l.08, OX8a'leHHblX neTJieH o6paTHOH C8ff3H; 

noJ1.a8HTb 8blCOKO'laCTOTHYIO (JJH60 HH3KO'laCTOTHYIO) COCTa8JlfflOJ.JzylO (,11.0MHHaHty) 

a8TOKone6aHHH, noJ1.6Hpasi A lJX H nocroHHHbJe 8peMeHH ttacTOT038.1J.810W.HX ueneH 

COOT8eTCT8YIOW.HM o6pa30M; 

n0.11.0rHaTb no.11. HY>KHblH pe3ynbtaT MeT0.11.0M nocneJ1.08areJ1bHbIX npH6JJH>KeHHH 

<}>a3o-ttaCTOTHYIO HnH aMnJJHty.11.0-'laCTOTHYIO xapaKTepHCTHKY, HCnonb3YH MHOro-

38eHHble cxeMbI nectHH'IHoro THna. 

Cyw.ecr8yer ew.e pH.11. npo6neM o6ecnetteHHH ycroHttH80CTH pa6otbl, KOTOP!;>Ie H8JJH- ' 

IOTCH cneuH<}>HttHblMH ,IJ,llH JJaMn08blX ycHJJHTeneH. Ho OHH HMelOT KaK xopowo H38eCTHbJe 

CHMnTOMbl, TaK H H8)l.e>KHble cpe.1l.CT8a 6opb6bl c HHMH. 

5.12.3. ffHJKOl./OCTOTHOe COMOBOJ6J?K/l8HHe yc11n11renR 

00.11. HH3KOttaCTOTHblM caM08036y>K,lleHHeM ycHnHTeJJH 11aw.e 8Cero nOHHMaeTCH a8TOreHe

pauHH ycHnHTenH Ha l!aCTOTax 8 HeCKOJlbKO repu, nH60 8 o6nacTH HH>KHHX 38YK08blX ttac

TOT, KOTOpaH 6e3 COMHeHHH 8bl3bl8aercsi cnyqaHHOH o6paTHOH C8ff3bl0, o6pa3o8aHHOH 

uenHMH HCTO'IHHKa nHTaHHff H3-3a 803pocwero Ha HH3KHX ttaCTOTax HMne.11.aHca KOH.11.~Hca

TOp08 <}>HJJbtpa. l13-3a 3Toro 3cp<}>eKra co6crneHHO ycHJJHTenb npe8paw.aercsi 8 penaKca

UHOHHbIH reHepaTop [ 5 ). CTaH.11.aprawM cnoco6oM H36a8JJeHHH OT 3TOH npo6neMbl H8JJHeT

csi CHH>KeHHe eMKOCTH KOHJl.eHcatop08 C8ff3H 8 uenH npOXO>KJJ.eHHff CHrnana (TO eCTb 

pa3.1l.eJIHTeJJbHblX KOH.11.eHCaTopo8 ), '!TO 3K8H8aJJeHTHO CHH>KeHHIO K03<}>cpHUHeHTa nepe.11.a

l!H neTJJH. TaKOH no.11.X0.11. yJ1.oBJ1eT80pHn 6b1 8TopoMy ycno8HIO H3 8b1wenpH8eJ1.eHHoro 

cnHCKa nyteH .11.0CTH>KeHHff ycTOHl!H80CTH, HO OH TOJlbKO ycTpaHHJI 6bl CHMnTOMbl. 
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Pea.nbHbIM :>Ke peweHHeM npo6.neMbl HBH.JIOCb 6bl Bbmo.nHeHHe nepeoro ycnoeHH, ,ll,JIH 

qero nyreM no.n.6opa napaMeTpoe BbICOKOBOnbTHoro cTa6HnH3aTopa HanpH>KeHHH Heo6xo

AHMO no B03MO:>KHOCTH HCKnlO'IHTb H3 cxeMbl KOH,ll.eHCaTOpbl <j>HnbTpa ( HnH H3MeHHTb HX 

HOMHHanbI) H 3aJl,aBaeMbie HMH nocTOHHHbie epeMeHH RC L(eneit 3To cpasy paa H Haecer

.n.a pewHno 6b1 npo6.neM}'. HMeHHO TaKOH cnoco6 noeb1weHHH ycTOH'IHBOCTH noseonHeT 

cnpaBHTbCH c npo6neMOH B eepxHeH 'laCTH ,ll.HanasoHa HH>KHHX 3BYKOBblX 'laCTOT ,ll,JIH cxeM, 

HCnOnb3y!Ol.lJ,HX CTa6HnHaHpoeaHHble HCTO'IHHKH nHTaHHH, TaK KaK HMeHHO OH ycTpaHHeT 

paHee He onpe.n.enHeMbie H4 aBTOKone6aHHH ( «3BOH» ). CneJIYeT OTMeTHTb, 'ITO Jl.BHHaH 

npo6neMa COBCeM He 06H3aTenbHO Tpe6yeT HanH'IHH nernH Me>KK8CKa,ll.HOH o6paTHOH CBH-

3H, 'IT06bl ,ll.aTb ce6H npOHBHTb H 'ITO npeeycHnHTenH «C Hy.neBOH o6paTHOH CBH3bl0» TaK

>Ke He samHmeHbl OT ee 803,ll.eHCTBHH. 

KaK y>1<e roeopHnocb BbIWe, ,ll,JIH ycHJJHTeneA cymecTByeT He TOnbKO HH3KO'laCTOTHaH 

HeycTOH'IHBOCTb, HO TaK>Ke 84 reHepal..(HH. Ha· npaKTHKe nyqwe cHa'lana_saHHTbCH pe

weHHeM npo6neMbl 84 ycTOH'IHBOCTH, TaK KaK HMeHHO OHa onpe.n.enHIOT npe.n.enbHYIO 

ycTOH'IHBOCTb, KOr.n.a ycHnHTenb HaXO,ll.HTCH npH MaKCHMaJJbHOH HarpysKe, H .n.aHHble 

npo6neMbl Moryr HeO>KH.D.aHHO npoHBHTbCH, HecMoTpH Ha TO, 'ITO H4 ycTOH'IHBOCTb y>1<e 

,ll.OCTHrHyra. 

5.12. 4. flapo3HTHb/8 KOR86aHHR 8 Bb/XORHOM KOCKORB 

H aeMa nonasneHHR napoJHTHb/X KOne6aHHii B 11en11 CBTKH 

3a'laCTylO, napa3HTHblMH :ineMeHTaMH, Bbl3bIBalOll.lHMH He>KenaTenbHble o6paTHble CBH3H, 

npHBO,ll.Hll.lHe K caMOB036y>KJI.eHHIO, HBJJHIOTCH He npeeycMOTpeHHble cxeMOH eMKOCTH H 

HHJIYKTHBHOCTH, KOTOpble B03HHKalOT Ha CTa,ll.HH npaKTH'leCKOro MOHTa>Ka cxeMbl. 

8saHMo.n.el1cTBHe npoxo.n.HOH eMKOCTH naMnbI c nocne.n.oeaTenbHO BKnJO'leHHOH HH.DYK

THBHOCTblO, o6pa30BaHHOH npoBOJl.HHK8MH L(e'nw ceTKH, o6pasyeT pe30H8HCHblH KOHTyp, 

cne.n.oeaTenbHO, :ineKTpOHHaH JJaMna c BblCOKHM 3Ha'leHHeM npOBO,ll.HMOCTH (KpyrH3HbI) 

gm (HH3KHM 3Ha'leHHeM rk) npaKTH'leCKH o6pe'leHa Ha caM-OB036y>KJI.eHHe. (HHJIYKTHBHOC

TH B KaTOJl.HblX L(enHX He OKa3bIBalOT TaKoro BnHHHHH, TaK KaK OHH 06pasy10T OTpHL(aTenb

HYIO o6paTHYIO CBH3b, CHH>KaJOmylO K03<j><j>HL(HeHT hepe,ll.a'IH nernH o6paTHOH CBH3H.) 

HaHnyqwHM peweHHeM 3TOA npo6neMbl HBnHercH no.n.aeneHHe pesoHaHca, ycrnHOBKOH 

nocne.n.oeaTenbHO BKnJO'leHHoro pesHcTopa no.n.aeneHHH napa3HTHblX Kone6aHHH e L(enH 

CeTKH. 00,ll.KnlO'leHHe <j>H3H'leCKH ,ll.On>KHO 6b1Tb BblnOnHeHO no B03MO>KHOCTH KaK MO>KHO 

6.nH>Ke K TO'IKe BblBO,ll.HOro KOHTaKTa CeTKH naMnOBOH naHenH. <l>H3H'leCKOe nono>KeHHe 

pe3HCTOpa BnHHeT Ha CTeneHb CHH>KeHHH HHJIYKTHBHOCTH BblBO,ll.a ceTKH, Tor.n.a KaK eenH

'IHHa conpOTHBneHHH B ceTO'IHOH L(enH OKa3bIBaeT 3Ha'IHTe.nbHO 6onbwee BJJHHHHe Ha yee

JJH'leHHe noTepb pesoHaHCHOH L(enH 6e3 OmyTHMoro BnHHHHH Ha 'laCTOTy KOne6aHHH. Y'IH

TbIBaH, 'ITO HarpymeHHaH .n.o6pOTHOCTb KOHTypa onpe.n.enHeTCH Bblpa>KeHHeM 

Q=..!.. fl 
RVC' 
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BH,llHO, 'ITO .n.o6pOTHOCTb u.enH CHnbHee scero 3aBl!CHT OT nocne.n.osaTenbHOro conpOTHBneHHff; 

no3TOMY .n.o6asneHHe nocne.n.osaTenbHO BKnlO'leHJ:Joro B u.enb ceTKH pe3HCTopa l 0 KOM, HBnH

eTCH HaH6onee 3<f>Q>eKTHBHblM cnoco6oM no.n.as,neHHff napa3HTHblX aBTOKOne6aHHH • 

.LlnH ManocHrnanbHblX naMn, KOTOpble no.n.sep>KeHbl no.n.o6HblM npo6neMaM (HanpH

Mep, naMnb1 THnos E88CC, 5842, EC8010), H.n.eanbHblM peweHHeM HBnHeTCH ycTaHOBKa 

pe3HCTOpa, npe.nHa3Ha'leHHOro JlJ)ff nosepXHOCTHOro MOHTa>Ka, KOTOpblH 6y.n.eT Heno

cpe)l.CTBeHHO KOHTal(THpOBaTb c BblBOll,OM naMnbl. 

HaH6onee npHrO)l.HblMH JlJlff 3THX u.eneit HBnHIOTCH 3Ha'leHHH conpoTHBneHHH B ll,Hana-

30He OT 100 OM .n.o 10 KOM, HO TO'IHOe 3Ha'leHHe no.n6HpaeTcH 3KcnepHMeHTanbHO, TaK 

KaK JlJlff Ka>K,11.0H KOHKpeTHOH pa3pa60TKH senH'IHHa 3TOrO conpOTHBneHHff MO>KeT OKa-

3aTbCff KpHTH'IHOH. 

5.12.5. CaM08016y)l(RBHHe 86/XORHOro KOCKO/IO c ynhrpan11HeiiHhlM 86/XOROM 

H flOR08R8HHe 08TOKone6aHHii 8 11en111KpDHHPYIOUJ8H ceTKH 

YnbTpanHHeHHble ycHnHTenH c BbJXOJl.HblM TpaHcQ>opMaTopoM He O'leHb BblCOKoro Ka'le

CTBa HnH c napannenbHO BKnlO'leHHOH naMnOBOH napoit no.n'laC Tpe6yeT HCnOnb30BaHHff 

nocne.n.osaTenbHOH RC-u.enH, BBOJl.HMOH Me)t(Jly aHO.ll.OM H 3KpaHHpyioll.leit ceTKOH. 3To 

npOHCXO)l.HT H3-3a Toro, 'IT0'3Ta 'laCTb o6MOTKH TpaHc<f>opMaTopa. IlOll,KnlO'laeMaff K 3Kpa

HHPYI01UeH ceTKe, o6pa3yeT nocne.n.osaTenbHO BKnlO'leHHble pft3HCTHBHoe H HHJJYKTHBHoe 

conpOTHBneHHff . .llononHHTenbHaff u.enb He06XO)l.HMa JlJlff npH)l.aHHff KOMnneKCHOMY co

npOTHBneHHIO 'IHCTO OMH'leCKOro xapaKTepa, BO H36e>KaHHe B03HHKHOBeHHff napa3HTHblX 

pe30HaHCOB . .LlnH TO'IKH OTBOll,a OT 06MOTKH TpaHcQ>opMaTopa, 06bl'IHO COCTaBnfflOll.leH 

43 % o6w.eit o6MOTKH, HMne.n.aHC Me)t(Jly aHO)l.HblM H ceTO'IHblM BblBO)l.aMH COCTaBnHeT 

npHMepHO 9 % OT 3Ha'leHHff 061Uero HMne.u.aHca Me)t(Jly TO'IKaMH IlOJlKnlO'leHHff aHO)l.-aHOJl. 

3To COOTHOllieHHe MO>KeT nocny>KHTb Hennoxoit OCHOBOH JlJ)ff onpe.n.eneHHff senH'IHHbl co

npOTHBneHHff .n.ononHHTenbHOH u.enO'IKH, HO sce-TaKH 3Ha'leHHff conpOTHBneHHff H eMKOC

TH .non>KHbl onpe.n.enHTbCff 3MilHpH'leCKHM nyTeM ( nyTeM 0)1.HOBpeMeHHOro .n.o6asneHHff 

K Ka>K,11.0H nonOBHHe o6MOTKH TpaHcQ>opMaTopa), H )l.OCTaTO'IHO 'laCTO OHH HMelOT 3Ha'le

HHff nopH.nKa l H<I> H l KOM. Cne.nyeT HMeTb a BHJJY, 'ITO Ka>KJJ.bJH KOH)l.eHcarnp .n.on>KeH 

6bITb paCC'IHTaH Ha pa60'1ee HanpH>KeHHe, KOTOpoe ,.Q,On>KHO 6b1Tb He MeHbWe BblCOKoro 

HanpH>KeHHff B u.enH aHO)l.HOro IlHTaHHff. 

YcTOH'IHBOCTb naMnosoro ycHnHTenH .nocTaTO'IHO qacTo onHcb1saeTcH rny6HHOH ll.O

nonHHTenbHOH o6paTHOH CBff3H KOTOpaH Morna 6bI IlOH8)1.06HTbCff, 'IT06bI Bb13BaTb pe>KHM 

reHepau.HH . .llaHHoe ycnosHe npocrn xapaKTep113yeT TY cTeneHb ysenH'leHHH, s cooTseT

CTBHH c KOTOpbtM nocTOHHHbte speMeHH qacTOT038Jl.810lUHX RC u.eneit .n.on>KHbl 6blnH 6bl 

ell.le ysenH'leHbl csepx Toro npe.n.ena, KOTOpblit Heo6xo.n.HM JlJlff o6ecne4eHHff ycTOH"IHBOH 

pa60Tbl • .LlnH ycHnHTensi Mullard 5-20 MO>KHO c rop.n.ocTblO KOHCTaTHposaTb, 'ITO JlJIH so3-

HHKHOBeHHH HeycTOH'IHBOCTH IlOH8)l.06HTCff sse.neHHe.n.ononHHTenbHOH o6paTHOH CBff3H 

c K03<f>Q>HU.HeHTOM nepe.n.a'IH He MeHee 20 ll.D, Tor.u.a KaK s ycHnHTensix Williamson .u.a>Ke 

6e3 sse.n.eHHff .n.ononHHTenbHOH o6paTHOH CBff3H Y>f<e 803HHKalOT COMHeHHff OTHOCHTenbHO 

ycTOH'IHBOH pa60Tb1 s HH3KO'laCTOTHOM .n.Hana30He. 
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Knomtlfec1t11e yam11Ten11 MOUIHOCTM 

Ha H3JIO>KeHHoro Bbillle BbITeKaeT, '!TO o6ecner.ieHHe ycToiir.iHeocTH JiaMnoeoro ycHJIH

TeJIH nocJie BBe)l.eHHH Me>KKacKa)l.HOii OTpHUaTeJibHOii o6paTHOii CBH3H OTHIOJI.b He HBJIHeT
CH nerKo pelllaeMoii aa.u.ar.ieii. 

5.13. KnaccMllecKMe ycMnMTenM MOIQHOCTM 

5.13. l 06UJH8 JOM8'10HHR 

nocJie TOrO, KaK paao6paHbl H KpaTKO npOaHaJIH3HpOBaHbl OT)l.eJibHbie KaCKa)l.bl, COCTaBJIH

IOIUHe 6JIOKa ycHJieHHH MOIUHOCTH, MO>KHO no.u.po6Hee paccMOTpeTb KOHCTPYKUHIO pHJI.a 
ycHJIHTeJieii, npHaHaHHblX KJiaccHr.iecKHMH, TaKHX, HanpHMep, KaK Williamson, Mullard 5-20 H 

Quad II. Ylayr.ieHHe .u.pyrnx aHaJIOrH'IHblX paapa60TOK nepe.u. C03.1I.8HHeM HOBOii KOHCTpyK

U.HH, 6eaycJIOBHO noJie3HO B 100% CJiyr.iaee. 

5.13.2. YcHnHren11 Williamson 
OnHcaHHe .u.aHHoro ycHJIHTeJIH npHee.u.eHo e >1<ypHaJie Wireless World [ 6] aa 194 7 r. 3ToT 

ycHJIHTeJib npe.u.cTaBJIHeT CTaH.u.apT Kar.iecTBa, HaMHOro onepeJI.HBlllero CBOe epeMH. 

BXOJI.HOii KaCK8.1I. npe.u.cTaBJIHeT CTaH.u.apTHYIO cxeMy Ha TpHO)l.e (OJI.Ha nOJIOBHHa JiaMnbl 

rnna 6SN7) c 06IUHM KaTO)l.OM. B 3TOT KaCK8.1I. BBOJI.HTCH Me>KKaCK8)l.HaH OTpHUaTeJibHaH 

o6parnaH CBH3b, rny6HHOii 20 .1I.D, CHHMaeMaH c BblXOJI.HbIX KJieMM ycHJIHTeJIH. <l>a30HH

eepCHbiii KaCKa)l. BblnOJIHeH no «COrJiaCOBaHHOii» cxeMe ( cxeMe KOHUepTHHO) Ha BTOpoii 

noJIOBHHe JiaMnb1 THna 6SN7. KacKa.u. Henocpe.u.cTBeHHO CBH3aH c BX0.1I.HbIM KaCK8.1I.OM H 

nHTaeT npe.u.oKoHe'IHbiii JI.HcpcpepeHUHaJibHbiii ycHJIHTeJib, HcnoJib3YIOIUHii B Kar.iecTBe 

,11.HcpcpepeHUHaJibHOii napbl JI.Be nOJIOBHHbl BTOpoii JiaMnbI THna 6SN7 ( pHC. 5.23 ). 
B .u.eyxTaKTHOM BbIXOJI.HOM KacKa.u.e HcnoJib3oeaHbI JI.Ba nyr.ieBbIX TeTpo.u.a THna KT66, 

o6ecner.iHeaIOIUHX npH pa60Te no TpHOJI.HOii cxeMe B KJiacce AB 1 BbIXOJI.HYIO MOIUHOCTb 

15 BT H pa6oTaIOIUHX B 6oJiblllHHCTBe cnyr.iae B KJiacce A. PeaHCTHBHaH uenb RV 1 HacTpa

HBaeT 6aJiaHC no noCTOHHHOMY TOKY BblXOJI.HbIX JiaMn c ueJibIO MHHHMH3HpOBaTb HCKa>Ke

HHH, Bbl3bIBaeMble no.u.MarHll'IHBaHHeM cep.u.er.iHHKa TpaHccpopMaTopa. B CBOIO or.iepeJI.b, 

peaHcTopHaH uenh RV2 ycTaHaBJIHBaeT TOK no KOH eeJIH'IHHoii 125 MA ,ll.JIH ecero KacKa.u.a. 

JlHHeiiHOCTb ycHJIHTeJIH o6ecnetIHBaeTCH c aanacoM 6Jiaro.u.apH TIUaTeJibHOMY BbI6opy 

pa60'IHX TO'leK H He MeHee TIUaTeJibHOMY BbI6opy caMHX JiaMn. B CHJIY Toro, '!TO ycHJIHTeJib 

co.u.ep>KHT r.ieTb1pe KacKa.u.a, oxear.ieHHbie neTJieH o6parnoii CBH3H, ycHJIHTeJib TaK>Ke .u.on
.>KeH o6na.u.aTb aanacoM no ycToiir.iweocTH. 

0epBOHa'l8JlbHO BXOJI.HOii KaCK8)l. HMeJI conpOTHBJieHHe nopHJI.Ka 7 ,5 K0M, HO 3a C'leT 

HcnoJib30BaHHH o6parnoii CBH3H 3TO 3Har.ieHHe eoapocno npHMepHo .u.o 4 7 KOM. KoM6HHa

U.HH c BXOJI.HOH eMKOCTbIO, onpe.u.eJIHeMoii cxeMOii «cornacoeaHHOrO» cpa30HHBeprnpa H 

paBHOH 112 n<l>' o6ecne'IHBaJIO no.u.aeJieHHe BblCOKO'laCTOTHOH COCTaBJIHIOIUeii P03MO>K

HblX aBTOKOJie6aHHii JI.O 3Har.ieHHH npHMepHO 280 Kfu. 0.u.HaKO nocJie BBe)l.eHHH KOMneHCH-
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Knomt'leCK1te yc1tnMTenM MOIQHOCTM 

pyiomHx 3JieMeHTOB MHoroaseHHOH RC u.enO'lKH B aHO.ll.HYIO u.enb neps<;>A JiaMnbI, 3To 3Ha

'leHHe 6bIJIO H3MeHeHO. 3T8 u.enb BHecJia cryneHbKY B aMnJIH'I)',ll.HO-'laCTOTHYIO xapaKTe

pHCTHKY, cna.u. KOTOpOH HalJHHaeTCSI Ha lJaCTOTe npHMepHO 30 KfU., HO <j>aaolJaCTOTHaSI xa

paKTepHCTHKa B cymHOCTH ocTaeTcsi HeHaMeHHOH snJIOTb .u.o 'laCTOTbI 280 Kfu.. 

«CornacoBaHHbIH» <j>aaoHHBepTOp ynpaBJISleT pa60TOH npe,ll.OKOHelJHOr~ KacKa.u.a ycH

JIHTeJISI MOIUHOCTH 'lepea BXO,ll.HOH KOH,ll.eHCaTop eMKOCTblO 60 n<I>. A TaK KaK BbIXO,ll.HOH 

TpaHc<j>opMaTop .n.nsi ycHJIHTeJisi Williamson paapa6aTbIBaJicsi O'leHb Tll.laTeJibHO, TO He 

npe.u.cTaBJISleTCSI B03MO>KHblM npe.u.noJIO>KHTb, 'IT06bl noTepH B BbIXO,ll.HOM TpaHc<j>opMaTO

pe MOrJIH 6bl aacTaBHTb neTJIIO Me>KKaCKa,ll.HOH o6paTHOH CBSl3H BbIBeCTH npe.u.oKOHelJHblH 

KaCK8.ll. H3 paclJeTHoro pe>KHMa pa60Tbl B KJiacce A. «CornacosaHHbIH» <j>a30HHBepTOp 

OKa3blBaeTCSI, TaKHM o6pa30M, ypaBHOBeweHHO Harpy>KeHHbIM H HMeeT BbIXO,ll.HOe conpo

THBJieHHe npHMepHo 350 OM, 'ITO npHBO.U.HT K 3Ha'leHHIO noJIOCbI nponycKaHHSI Ha yposHe 

-3 .u.E /_346 = 7 ,5 Mru., 'ITO npe.u.cTaBJISleT .u.osoJibHO 6oJibwyio seJIH'lHHy. 

npe,ll.OKOHelJHblH KaCKa,ll. ycHJIHTeJISI MOlUHOCTH HMeeT BbIXO,ll.HOe conpOTHBJieHHe no

pS!,ll.Ka 8, 7 KOM, BMecTe c BXO,ll.Holr eMKOCTblO BblXO,ll.HOro KaCK8,ll.a, HMeiomeA 3HalJeHHe 

55 n<I>, OH onpe.u.eJISleT lJaCTO'I)' cpeaa A4X npHMepHO 330 Kfu., a BbIXO,ll.HOH TpaHc<j>opMa

TOp cnpoeKTHpoBaH TaKHM o6pa30M, 'IT06bl o6ecne'lHTb lJaCTO'I)' cpeaa 60 Kfu.. 

,ll.nsi rapaHTHpOBaHHOrO HCKJllO'leHHSI BbICOKO'laCTOTHOro caMOB036y>K,lleHHSI ycHJIHTe

JISI H ,ll.OCTH>KeHHSI ycTOH'lHBOCTH Ha BbICOKOH lJaCTOTe, noJie3Ha no.u.cTpOHKa <j>a30'laCTOT

HOH xapaKTepHCTHKH He3aBHCHMO OT aMnJIH'I)'.ll.HO-'laCTOTHOH xapaKTepHCTHKH c HCnOJib-

30BaHHeM MHOrOaBeHHOH cxeMbl. ' 

B o6JiacTH HH3KHX 1JacroT u.eJiecoo6paaHee paccMaTpHsarb nocTOSIHHbie speMeHH, a He 

TO'IKH, COOTBeTCTBYIOll.lHe ypOBHIO OCJia6JieHHSI -3 .u.E. Bxo.u.HOH KaCK8,ll. Henocpe.u.cTBeHHO 

CBSl3aH c «cornacoBaHHbIM» <j>a30HHBepropoM, n03TOMY 3THM <j>aKTOM MO>KHO npeHe6-

pe'lb. «CornacosaHHbIH» <j>a30HHBepTOp nHTaeT npe,ll.OKOHe'lHbIH KaCK8.ll.YCHJIHTeJISI MOIU

HOCTH 'lepea RC u.enb, HMeiow.yio nocrosiHHYIO speMeHH nopsi.u.Ka 22 Mc, H TO'IHO TaK>Ke, 

KaK H npe.u.OKOHelJHblH KaCK8,ll., .u.eiicTByeT B OTHOWeHHH BblXO,ll.HOro KacKa.u.a, a BbIXO,ll.HOH 

TpaHc<j>opMaTOp HMeeT noCTOSIHHYIO speMeHH 48 MC. l1cxo.u.si H3 3TOrO, HeT HH'lero Y.ll.HBH

TeJibHOro B TOM, 'ITO ycTOH'lHBOCTb pa60Tbl B 06JiaCTH HH3KHX 'laCTOT BeCbMa npo6JieMa

THlJHa, 'ITO H 6bIJIO OTMelJeHO B nepBOHalJaJibHOH CTaTbe, ony6JIHKOBaHHOH B >KypHaJie 

Wireless World. B 1952 r. fa<j>Jiep (Hafter) H Kepoec (Keroes) pewHB, 'ITO paapa6oTBH

HblH HMH BblXO,ll.HOH KaCK8,ll. MOr 6bI c ycneXOM nHTaTbCSI OT npe,uycHJIHTeJibHOro KaCK8,ll.a 

ycHJIHTeJisi Williamson, cosepwe!iHO 06.nyMaHHO npe.u.HaMepeHHO yseJIH'lHJIH s nsiTb paa 

BeJIH'lHHY eMKOCTH KOH,ll.eHCaTopa CBSl3H Me>K.ny «corJiacoBaHHbIM» <j>aaOHHBepTOpOM H 

npe.nycHJIHTeJibHblM KaCKa,ll.OM c 50 H<I> .u.o 0,25 M<I>. 3TO 6bIJIO c.u.eJiaHO c u.eJiblO paa.u.eJIHTb 

HH3KO'laCTOTHbie nocTOS1HHb1e speMeHH T YJIY'lWHTb ycroii'lHBOCTb Ha HH3KHX 1JacT0Tax. 

l1cxo,ll.SI H3 co6cTBeHHOro OnblT8 aBTOp .u.aHHOH KHHrH ClJHTaeT, 'ITO eCJIH BXO,ll.HOH KaCK8.ll. 

H «cornacoBaHHbIH» <j>a30HHBepTOp nHTalOTCSI OT o6mero HCTO'lHHKa BbICOKOBOJibTHOro Ha

npsi>KeHHSI, B03MO>KHO B03HHKHOBeHHe caMOB036y>K,lleHHe Ha HH3KHX lJaCTOTax (poKOT). 

He CJie.nyeT aa6b1BaTb, 'ITO s 1947 r. pac'leTbl u.eneii npoHaBO.U.HJIHCb c HcnoJib30BaHH

eM YMHO>KeHHSI B CTOJI6HK HJIH T86JIHU., a eCJIH Tpe6osaJiaCb BblCOKaSI CKOpOCTb Bbl'lHCJie

HHH - c HcnoJibaosaHHeM JiorapH<j>MH'lecKoii JIHHeHKH. KoMnbt0TepHbIH aHaJIH3 °.ll.HHa

MH'leCKHX napaMeTpos 6bIJI npocTO He.u.ocryneH. MHorne ycHJIHTeJIH pacclJHTbIBaJIHCb 

c MaKCHMaJibHO B03MO>KHOH Ha TOT MOMeHT TO'lHOCTblO, a 3aTeM no.u.sepraJIHCb TeCTHposa-
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KacKOAbl yc1meHH11 MOUIHOCTH 

HHIO H JlOBO)lKe c ueJiblO noJiyqeHHH HaHJIYlJWHX 'iaCTOTHblX xapaKTepHCTHK. A WHpOKOno

JIOCHble ocuHJIJiorpacpbI ( c wHpHHOH noJiocb1 nponycKaHHH 6oJiee 1 Mfu) npeJlcTaBJIHJIH 

TOJlbKO '!TO pa3pa6oTaHHble 6JieCTHUI;He npe)lMeTbl Hay'iHOH pocKOWH. 

5.13.3. YcHnHrenb Mu/lord 5-20 
YcHJIHTeJib c BbIXOJlHOH MOW:HOCTbto 20 BT npeJlcTaBJIHeT co6oA pa3pa60Tey [8], BbinOJI

HeHHyto KOMnaHHeA Mullard .llJIH aKTHBH3aUHH npo)la>K neHTOJlOB THna EL34. Cyw:ecr

eyeT 6oJibWaH creneHb CXOJlCTBa Me>KJlY 3TOH pa3pa6oTKoA, ycHJIHTeJieM Mullard 5-10 

( MOW:HOCTb 10 BT, HcnoJib30BaH neHTOJl THna EL84) H pHJlOM ycHJIHTeJieA cepHH Leak 

(pHC. 5.24 ). 

Bxo)lHOH KaCK8Jl co6paH Ha neHTOJle THna EF86, KOTOpb1A o6ecne'iHBaeT BbICOKYto 

'iYBCTBHTeJibHOCTb, HO OTBeTCTBeHeH 3a Hey)lOBJieTBOpHTeJibHble wyMOBble xapaKTepHC

THKH )laHHOro ycHJIHTeJIH. DOJlbW8H 'iaCTb pe3HCTOpOB, 38)latomHx CMew;eHHe Ha KaTO)le, 

wyHTHpOBaHa, TaK KaK 3TO, KpOMe scero npo'iero, no3BOJIHeT CHH3HTb BeJIH'iHHY K03cpcpH

UHeHTa ycHJieHHH no HanpH>KeHHIO OT npHMepHO 120 JlO 33, KOTOporo OKa3bIBaeTCH 6oJiee 

'ieM JlOCTaTO'iHO .llJIH TaKoro 3Ha'ieHHH K03cpcpHUHeHTa ycHJieHHH npH pa30MKHYTOH uenH 

o6paTHOH CBH3H, KOTOpaH MOrJia 6bl 6b1Tb HCnOJib30BaHa .llJIH yMeHbWeHHH HCKa>KeHHH, 

B03HHKalOUI;HX B BblXOJlHOM KaCKa)le. oe3 )lOnOJIHHTeJibHblX ycJIO>KHeHHH neHTOJl HMeeT 

BbIXOJlHOe conpoTHBJieHHe nopHJlKa 100 KOM, H pa6orneT Ha eMKOCTHyto Harpy3KY seJIH

'iHHOH npHMepHO 50 n<I>, o6pa3oBaHHYIO cpa30HHBepCHblM KaCK8)lOM, '!TO o6ecne'iHJIO 6bl 
'iaCTOTY cpe3a 32 KfU, HO KOTopaH, 3a C'ieT HCnOJib30B8HHH CTaH)lapTHblX KOMneHCHpyto

W:HX 3JieMeHTOB B uenH aHOJlHOH Harpy3KH, 6blJia H3MeHeHa. 

HecKOJibKO HenpHBbI'iHOH oco6eHHOCTbto 3TOH KOHCTPYKUHH H~JIHeTcH TO, '!TO pa3BH-

3bIBatow;HA KOH)leHC8TOp uenH 3KpaHHpytow;eA ceTKH BKJllO'ieH Me>KJlY ceTKOH H KBTOJlOM, 

a He Me>KJlY ceTKoA H 3eMJieA. B no)laBJIHtow;eM 6oJibWHHCTBe JiaMnOBbIX cxeM, KaTOJl no 

nepeMeHHOH COCTaBJIHtomeA COe)lHHeH c 3eMJieH, H no3TOMy HeT npH'iHH, no KOTOpblM 

pa3BH3b1Ba10UI;HH KOH)leHcaTop B uenH 3KpaHHpytow:eA ceTKH He OKa3aJICH 6bl coe)lHHeH

HbIM no nepeMeHHoMy TOKY c 3eMJieA. B 3TOH >Ke cxeMe Ha KaTOJl BBOJlHTCH JlOCTaTO'iHO 

3cpcpeKTHBHaH OTpHuaTeJibHaH o6paTHaH CBH3b H no3TOMY ceTO'iHblH KOH)leHC8TOp JlOJI>KeH 

6b1Tb nO)lKJIIO'ieH K KaTOJlY .llJIH Toro, 'iT06bl noMep>KHBaTb pa3HOCTb noTeHUHaJIOB Me>KJlY 

3KpaHHpytomel1 ceTKOH H KaTOJlOM Ha HyJieBOM ypoBHe no nepeMeHHOH COCTaBJIHIOUI;eA, 

B npOTHBHOM CJiyqae Ha 3KpaHHpytow;yto ceTKY B03)leHCTBOBaJia 6bl nOJIO>KlfTeJibHaH 06-

paTHaH CBH3b. 

<I>a30HHBepTOp c KaTOJlHOH CBH3bl0 BblnOJIHeH COBMeCTHO c npe.nyCHJIHTeJibHblM K8CKa

Jl0M Ha JlBOHHOM TpHOJle THna ECC83. flpH CHMMeTpH'iHOH Harpy3Ke co CTOpOHbI BbIXOJl

Horo KaCK8)la K03cpcpHUHeHT ycHJieHHH no HanpH>KeHHIO TaKoro cpa30HHBepTOpa - ycHJIH

TeJIH 6y)leT paBeH 27 no Ka>KJ].OMY BblXOJlY. 

Pe3HCTOpbI aHOJlHOH Harpy3KH JiaMnbI ECC83 He 6bIJIH cneuHaJibHO MOJlHcpHUHposaHbI 

c ueJiblO Jl06HTbCH H)leaJibHOro 6aJiaHca. fl pH ycJIOBHH, '!TO ceTO'iHble pe3HCT0pbl yTe'iKH 

BbIXOJlHOro KacKa)la c conpoTHBJieHHeM 470 KOM BKJito'ieHbl napaJIJieJibHO c pe3HCTopaMH 

aHOJlHOH Harpy3KH seJIH'iHHOH 180 KOM, TO 3cpcpeKTHBHoe conpoTHBJieHHe aHOJlHOH Ha

rpy3KH COCTaBHT 130 K0M. HcnOJib3YH paHee BblBe)leHHYIO cpopMyJiy MO>KHO noKa3aTb, 
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~CKOAbl ycMn8HltA MOl.QHOCTM 

ttTo seJIHtt1rna .U.HHaMH'IeCKOH aHO.ll.HOH HarpyaKH npasoli nonoBHHbl JiaMnhl ECC83 6y.u.eT 

Ha 3% sb1we, H aHatteHHe conpoTHBJieHHH ee aHO.ll.ffOH HarpyaKHCOCTaBHT 187 KOM. KoMna

HHH Mullard .u.eAcTBHTeJibHO o6ocHosaJia 3TO s [8] HO, soaMo>KHO, noc'IHTaJia, 'ITO 6oJibWaH 

t.taCTb paapa60T'IHKOB He 6y.u.eT HMeTb .u.ocryna K .u.oporHM npeU.H3HOHHblM pe3HCTOpaM. 

EMKOCTb BblXO,ll.HOro KaCKaJl(I COCTaBJIHeT npHMepHo 30 n<I>, a npe.nyCHJIHTeJibHblH Kac

Ka,ll. npH CHMMeTpH'IHOH HarpyaKe HMeer BblXO,llHOe COllpOTHBJieHHe 53 KOM, 'ITO COOTBeT

CTByeT qacTOTe cpeaa npHMepHo 100 KfU., 'ITO cosepweHHO He.u.onycTHMO no KpHTepmo 

YCTOH'IHBOCTH K B03MO>KHblM aBTOKOJie6aHHHM B BblCOKO'IaCTOTHOH 06JiaCTH. npH aCHM

MeTpH'IHOH HarpyaKe BblXO,llHOe conpOTHBJieHHe B03pacTaeT .ll.0 3Ha'IeHHff npHMepHO 

90 KOM, 'ITO noHH>KaeT ttaCTOTY cpeaa .no aHa'IeHHH npHMepHo 60 Kfu,. 

npH aHaJIH3e pa60Tbl npe.nycHJIHTeJibHOrO KaCKa,ll.a ycHJIHTeJIH MOW,HOCTH B03HHKaeT 

sonpoc, .u.eHCTBl1TeJibHO JIH OH MO>KeT o6ecne'IHTb Tpe6yeMblH BXO,ll.HOH yposeHb .ll.Jlff Bbl

XO,ll.HOro KacKa.u.a npH npHeMJieMbIX HeJIHHeHHbIX HCKa>KeHHHX. HanpH>KeHHe 85 B 6y.u.eT 

na.u.aTb Ha o6meM peaHCTope u.enH nwraHHH, HMe10meM conpoTHBJieHHe 82 KOM, HO c yqe

TOM 3Ha'IeHHH BbICOKOBOJibTHoro HanpH>KeHHH aHO.ll.HOro nHTaHHH, ocTaeTCH eme 325 B, 
KOTOpbte 6y.nyT no.nse.u.eHbl K aHO,ll.HOH u.enH. c y'IeTOM HOMlrnaJIOB KOMnOHeHTOB KacKa.u.a, 

JiaMne aa.u.aHa pa6ottaH TO'IKa npH aHO.ll.HOM HanpH>KeHHH 240 B Ha HarpyaottHOH JIHHHH, 

COOTBeTCTBYIOll.leH HarpyaKe BeJIH'IHHOH 180 K0M. npH npose.u.eHHH ,ll.HHaMH'IeCKOH JIH

HHH npH HarpyaKe 130 KOM qepea TY >Ke TOttKy BH.ll.HO, 'ITO KacKa.u. 6y.u.eT coa.u.asaTb HCKa

>KeHHH BTOpOH rapMOHHKH, COCTaBJIHIOIUHe npHMepHO 4% OT o6mero BXO,ll.HOro CHrHaJia 

(V0 " 1 = 18 B cpe,ll.HeKsa.u.paTHttecKoro 3Ha'IeHHH), :_ ecJIH TOJibKO OH He pa6orneT s Ka

ttecTBe onepaU,HOHHoro ycHJIHTeJIH. B TO >Ke epeMH, npH HOMHHaJibHOM pe>KHMe, KOMna

HHff Mullard o6bHBHJia 06 yposHe HCKa>KeHHH 0,4% .ll.JIH sceli cxeMbI KacKa.u.a npe.ll.BapH

TeJibHoro ycHJieHHH. 

Xorn aaHBJieHHblH yposeHb HCKa>KeHHH MO>KHO npHHHTb KaK npHeMJieMblH, npe.nycHJIH

TeJibHblH KacKa.u. o6na.u.aeT ypoeHeM neperpyao'IHOH cnoco6HocTH TOJibKO s l 0 .no. Kor.u.a 

YCHJieHHe BbIXO.ll.HOro KacKa,na Ha'IHHaeT na.u.aTb H3-3a BJIHHHHH o6paTHOH CBH3H, BBO.ll.H

MOH B KaTO.U.HYIO u.enb BXO,llHoro KacKa,ll., TO JIH6o BXO,ll.Haff eMKOCTb Harpy>KaeT npe.nyCHJIH

TeJibHblH KaCKa.u., ( npaKTHt.teCKH 3TO B03MO>KHO, Kor.u.a ycHJIHTeJib npH pa6oTe CMemaeTCff 

s pe>KHM KJiacca B), JIH6o, H3-aa He.u.ocTaTO'IHOH HHJlYKTHBHOCTH nepBH'IHOH o6MOTKH Bbl

xo.u.Horo TpaHccpopMaTOpa, neTJiff Me>KKaCKa,ll.HOH o6paTHOH CBH3H nbITaeTCff OTKOppeKTH

poeaTb ycHJieHHe, no.u.asaH 60JibWHH yposeHb BXO,llHOro CHrHaJI B BblXO,ll.HOH KaCKa,ll., HO 

HCXO,ll.HbIH aanac no ycHJieHHIO B l 0 .no 6y.u.eT nocTeneHHO npeBbIWeH, '!TO npHBe,ll.eT K yee

JIH'IeHHIO ypoBHff HCKa>KeHHH. 

CxeMa npe.nycHJIHTeJibHoro KaCKa.u.a npe.u.HaaHa'Ianacb .ll.JIH ycHJIHTeJIH c BbICOKOH ttys

CTBHTeJibHOCTblO, Ha pa6oTOcnoco6HOCTb KOTOporo He MOrJIO 6bl nOBJIHHTb,ll.a>Ke,ll.eHCTBHe 

o6paTHOH CBff3H c K03cpcpHU,HeHTOM nepe.u.a'IH 30 .ll.O, 'ITO MOrJIO 6bITb peaJIH30BaHO aa ct.teT 

KoMnpoMHcca B ornoweHHH .u.pyrnx xapaKTepHCTHK. Tor.u.a KaK ycHJIHTeJIH Williamson 

>1<epTBosanH ycTOHttHBocTblO s yro.ny JIHHeHHOCTH, B ycHJIHTeJIHX Mullard 5-20 ycTOH'IH

eocTb ,ll.OCTHranacb aa C'IeT JIHHeHHOCTH. 

B BbIXO.ll.HOM KacKa.u.e wcnonb3y10TCH .u.se JiaMnbt nma EL34, BKJIIOtteHHbie no TaK Ha-

3bIBaeMoH yJibTpaJIHHeHHOH cxeMe oJIIOMJieHHa, s KOTopoA .ll.JIH MHHHMH3aU.HH HCKa>KeHHH 

HCnOJib30BaH OTBO.ll. OT TO'IKH, COOTBeTCTBYIOll.leH 43 % Ka>K,ll.OH o6MOTKH BbIXO,ll.HOro 

TpaHccpopMaropa, K KOTOpoMy no,ll.KJllO'IaeTcH 3KpaHHpy!OIUaH ceTKa JiaMnbt. B oTJIH'IHe OT 
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cxeMbI Williamson B ycHJIHTeJie Mullard 5-20 He npeJI.YCMOTpetta B03MO>KHOCTb JI.JUI noJl

crpoHKH HJIH ycTaHOBJieHHSI 6anattca HanpSI>KeHHH CMeW,eHHSI nne'I, 'ITO MO>KHO paccMaT

pHBaTb, KaK He)loCTaTOK KOHCTPYKUHH. 

YnpasnettHe ypostteM cMew,eHHH JlOCTHraeTcSI aa c'leT noJlKJIIO'leHHSI KaTOJlOB K cosMe

CTHOH TO'IKe H HCnOJib30BaHHeM 'laCTH ceTO'IHOro CMeW,eHHSI Jl,JISI ycTaHOBJJeHHSI 6aJiaHca. 

TaK KaK CMew,eHHe TO'IHO aa)laeTcSI peaHcTopaMH, TO OTCYTCTByeT caMoperyJISIUHSI TOKa 

CMeW,eHHSI, H no Mepe CTapeHHSI JiaMn Tpe6yeTCSI npoBe)leHHe peryJIHpOBO'IHOH onepauHH 

no soccTaHoBJieHHIO 6aJiattca. Kopo'le rosopH, npeJI.YCMOTpettHaSI peryJIHposKa Tpe6yeT, 

'lT06bl 9Ta onepa1.1,HS1 BbmonHHJiacb peryJISipHo, 'ITO 6blno 6b1 YJl06Hee npH ycTaHOBKH no)l

CTpoe'IHbIX noTeHUHOMeTpOB. 

B npoTHBosec sceMY, B ycHJIHTeJie Mullard 5-20 HcnoJib3YIOTCSI OTJleJibHble peaHcTopb1 

KaTOJlHOro CMeW,eHHSJ. JiaMn BblXOJlHOro KacKa)la H cxeMa aBTOMaTH'leCKoro CMemeHHSI, 

06ecne'IHBa10maS1 no.u.n.ep>KaHHe aHOJlHblX TOKOB Ha TO'IHO 3a)laBaeMblX, H, CJie)lOBaTeJibHO, 

paBHblX 3Ha'leHHSIX. Ha npaKTHKe, TliKOH nO)lXOJl onpaB)lblBaeT ce6H, XOTSI OH H He no3BO

JISleT o6ecne'IHTb TaKOH >Ke HH3KHH yposeHb HCKa>KeHHH, onpe)leJISieMblX no)lMarHH'IHBa

HHeM cep)lelfHHKa TpaHccpopMaTOpa, KOTOpblH JlOCTHraeTCSI TOJlbKO B noJIHOCTblO ypaBHO

BeLlleHHOH ( c6aJiaHCHpOBaHHOH) cxeMe, B KOTOpOH npeJI.YCMOTpeHbl COOTBeTCTBYIOUlHe 

HaCTpOHKH. 

PaccMaTpHsaeMaH KOHCTPYKUHSI B JleHcTBHTeJibHOCTH HMeeT o'leHb tteyJlo6tty10 'lepry, 

TaK KaK HHJlHBH.nyaJibHbie pe3HCTOpbl KaTOJlHOro CMemeHHSI o6pa3y!OT nocJie)lOBaTeJibHYIO 

OTpHl.l,aTeJibHYIO o6paTHYIO CBSl3b, B03)leHCTBYIOI.JJYIO Ha BblXOJlHbie JiaMnbl H yseJIH'IHBalO

I.JJYIO HX BbIXOJlHble conpoTHBJieHHH. BbIXOJlHOH TpaHccpopMaTOp Mor 6b1 6bITb H3MeHeH, 

'IT06bl o6ecne'IHTb TO'IHOe cornacoBaHHe c Harpy3KOH, HO 9TO He>KeJiaTeJibHO, TaK KaK 9TO 

noTpe6oBaJIO 6bl 6oJiee BblCOKoro 3Ha'leHHSI OTHOLlleHHSI 'IHCJia BHTKOB nepBH'IHOH o6MOT

KH TpattccpopMaTOpa K 'IHCJIY BHTKOB BTOpH'IHOH, a 9TO C)leJiaJio 6bl ropa3)l0 CJIO>KHee 3a)la

'IY JlOCTH>KeHHSI BblCOKOro Ka'leCTBa TpattccpopMaTOpa. )lnH HCKJllO'leHHSI ynoMHHYTOH 06-
paTHOH CBH3H no nepeMeHHOMY TOKY, pea11cTOpb1 KaTOJlHoro cMemeHHH JlOJI>KHbl 6b1Tb 

LlIYHTHpOBaHbl KOH)leHCaTOpaMH, a BOT 3)leCb-TO KaK pa3 H Ha'lHHalOTCSI npo6neMbl. 

KaK H3BecTHo, KOHJleHcaTOp npoBOJlHT nepeMeHHbIH TOK, ero npoBOJlHMOCTb aaBHCHT 

OT 'laCTOTbl, Ha O'leHb Bb!COKHX 'laCTOTaX BeJIH'IHHa conpoTHBJieHHSI CTpeMHTCSI K O'leHb 

MaJIOMY 3Ha'leHHIO H )leHCTBHe o6paTHOH CBSl3H Mettee 9cpcpeKTHBHO; c yMeHbLlleHHeM 'laC

TOTbl nepeMeHHOro TOKa BeJIH'IHHa conpOTHBJieHHSI KOH)leHcaTOpa B03pacTaeT H )leJiaeT 

)leHCTBHe o6paTHOH CBSl3H, B03HHKalOUleH 3a C'leT KaTOJlHOro aBTOCMew,eHHSI, Ha O'leHb 

HH3KHX 'laCTOTaX JlOCTaTO'IHO 9cpcpeKTHBHbIM. TaK KaK BblXOJlHOH KacKaJl cornacosaH c se

JIH'IHHOH Harpy3K.H, TO )leHCTBHe o6paTHOH CBSl3H HeMeJl,JleHHO Bbl3b!BaeT poCT HCKa>KeHHH 

11 ctt11>1<eH11e BbIXOJlHOH MOUlHOCTH 11a-aa B03HHKaIOmero paccornacosaHHH. O'leBHJlHbIM 

peweHHeM npo6neMbl SIBJISleTCSI ycTaHOBKa KOH)leHCaTOpa c TaKHM 60JibLlIHM 3Ha'leHHeM 

eMKOCTH, 'IT06bl ocna6neHHe o6paTHOH CBSl3H B o6JiaCTH HH3KHX 'laCTOT Jl,JISI TaKOH KOM6H

HaUHH 9.fte.MeHTOB 6b!JIO 6bl 3aBe)lOMO 60JibLlIHM Ha BCex noJie3HblX 'laCTOTaX, B03MO>KHO, 

BnJIOTb JlO 'laCTOTbl 1 fl.I,. }''IHTb!BaSI, 'ITO KOH)leHCaTOp o6paayeT uenb C napaJIJieJibHO 

BKJIIO'leHHbIMH conpOTHBJieHHSIMH pea11cTopa R~ 11 9KBHBaJieHTHOro conpoTHBneHHH JiaM

nb1 rk, MO>KHO paCC'IHTaTb Tpe6yeMoe 3Ha'leHHe. 

)lnH neHTO)la 3Ha'leHHe rk = 1/gm, Jl,JISI CTaHJlapTHOro BblXOJlHOro neHTOJla )laHHOro 

THna KPYTH3Ha xapaKTepHCTHKH B pa6o'leH TO'IKe gm = 10 MA/B, cJie)loBaTeJibHO, MO>KHO 
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npHHHTh, '!TO rk = 100 OM. 3TO conpoTHBJieHHe BKJito'!eHo napaJIJieJJbHO c pe3HCTopoM 

cMew.eHHH, KOTOpb1i% HMeeT conpoTHBJJeHHe npHMepHo 300 OM. Hx o6w.ee conpoTHBJJe

HHe COCTaBHT 75 OM. CJJe)J.OBaTeJJbHO, ll.JJH 'laCTOTbl no.naBJieHHH 1 ru eMKOCTb KOH)J.eHca

TOpa COCTaBHT 2000 MK<I>. 

KoH.neHcaTophI c eMKOCThto 2000 MK<I> H pa6o'!HM HanpmKeHHeM 50 B B To speMH, 

Kor.na pa3pa6aTb1BaJ1Cff 3TOT ycHJIHTeJlb, He npOH3BO)lHJIHCb H n03TOMy He MOrJJH 6h1Tb 

ycTaHOBJieHbI. CeA'!ac OHH JierKo .nocrynHhI, HO cyw.ecTBytoT .nee npH'IHHhI, no KOTOpbIM' 

npe)lnO'ITHTeJJbHee HCnOJJb30BaTb KOH)J.eHCaTOpbI c MeHhlllHMH 3Ha'leHHHMH eMKOCTH: 

KOH)J.eHCaTOp c eMKOCTblO 2000 MK<I> noMHMO eMKOCTHOrO conpOTHBJieHHH HMeeT 

3Ha'!HTeJibHYIO HHJIYKTHBHOCTb, '!TO .neJJaeT )leHCTBHe o6paTHOH CBH3H Ha BbICOKHX 

'laCTOTax BeCbMa 3<P4>eKTHBHbIM. 0.nHaKO 3Ta npo6JJeMa MO>KeT 6hITb cpaBHHTeJJb

HO npocTO pe!lleHa ycTaHOBKOH 3JieKTpOJJHTH'!eCKOro KOH)J.eHCaTopa, HMetow.ero 

MaJiyto HHJIYKTHBHOCTb H pa3pa6oTaHHOrO )I.Jiff HCnOJib30BaHHH B HMnyJJbCHblX HC

TO'IHHKaX nHTaHHH, H nocJie)lytoW.HM ero lllYHTHpOBaHHeM KOH)J.eHCaTOpOM MaJJOH 

eMKOCTH; 

BTOpaH npH'IHHa ropa3)1.0 KOBapHee. EcJIH H3-3a neperpy3KH BblXO)J.HOH KacKa)J. Bbl

HY>K)l.eH nepeHTH s KJiacc B, noTeHuHaJJ Ha Ka>K)l.oM Karn.ne cTpeMHThCH cMeCTHTbCH 

B o6JiaCTh 6oJiee noJ1o>KHTeJ1bHh1x 3Ha'leHHH. Oo3TOMy OH He cMo>KeT 6oJiee y.nep

>KHBaTb JiaMny 3anepTOH, HO, 6e3 COMHeHHH, CMO>KeT y.nep>KHBaTb ee OTKpbITOi%. 

KaTO.ll.Hbie KOHJ1.eHcaTopb1 crna>KHBatoT 3TH H3MeHeHHH nYTeM He3Ha'!HTeJibHOro 

yseJIH'!eHHH nOCTOHHHOrO HanpH>KeHHH CMew.eHHH, '!TO ew.e CHJibHee CMew.aeT 

JiaMny B o6JJaCTh KJiacca B, TO ecTb npo6JieMa npo.noJI>KaeT cyw.ecTeosaTh. 3ToT 

3<t><t>eKT MO>KeT npoHBHTbCH B TOM, '!TO KpaTKOBpeMeHHaH neperpy3Ka MO>KeT Bbl3-

BaTb HCKa>KeHHH nocJieJI,YIOW.HX <t>parMeHTOB ycHJIHBaeMblX CHrHaJJOB, HeCMOTpH Ha 

TO, '!TO OHH H3Ha'!aJibHO HOpMaJibHO yKJI8JlhIBaJIHCh a napaMeTphl ycHJIHTeJJH. EcJIH 

eMKOCTb KOH)J.eHCaTopa KaTO)J.HOro CMew.eHHH 6y.neT yseJJH'!eHa, BpeMH BOCCTaHOB

JJeHHH pe>KHMa nocJJe neperpy3KH yseJIH'IHTCH. TeopeTH'!eCKH MO>KHO C'!HTaTb, '!To 

ycHJIHTeJib HHKor.na He neperpy>KaeTCH H npo6JJeMa HOCHT HaJI,YMaHHblH xapaKTep, 

HO Ha npaKTHKe speMH OT speMeHH neperpy3Ka HeOTBpaTHMO npoHCXO)J.HT H 3TOT 

3<P<PeKT Heo6xo.nHMo Y'IHThIBaTb. 

11.neaJJbHbIM pellleHHeM npo6JieMbl 6bIJIO 6hl HCnOJib30BaHHe BHe!llHero ycTpOHCTBa 

CMew,eHHH ynpaBJIHIOW.HX ceTOK JJaMn, pa6oT8 KOToporo ynpaBJIHJlaCb 6bI HX KaTO)J.HbIM 

TOKOM. Ho, )I.Jiff OTCJle>KHBaHHH BeJIH'IHH KaTO)lHblX TOKOB, 3Ha'leHHe conpoTHBJJeHHH pe3H

CTOpa KaTO)J.HOro pe3HCTopa MO>KeT 6hITb yMeHbllleHO .no 3Ha'leHHH, paBHoro, HJJH MeHbllle, 

'!eM 1 OM, nocJie '!ero OH y>Ke He cMor 6b1 o6pa3osaTb 3Ha'!HTeJibHYto no .neAcTBHto o6paT

ffYIO CBH3b, a BeJIH'!HliY TOKa B HeM (MS! C03)1.aHHH CHrHaJia ynpaBJJeHHH ycTpOHCTBa BHelll

Hero ceTO'IHOro CMeW,eHHH) MO>KHO 6hlJIO 6hI oueHHBaTb, HCTIOJ!b3YH onepaUHOHHbIH ycH

JIHTeJib. OocJie)J.HHH nHTaJJ 6hI HeCHMMeTpH'!HblH orpaHH'IHTeJJb TaK '!TO, KOr)J.a JJaMna 

nepeXO)J.HT B KJJacce B H OTCeKaeT OT CHrHaJJa nOJIOBHHY nepHO)la, orpaHH'IHTeJib)J.06aBJIH

eT '!aCTh CHrHaJia BToporo noJiynepHo.na, nepett TeM KaK nepe.naTb 06pa6aTb1saeMbIH cHr

HaJI Ha HHTerparnp. HHTerparnp MO>KeT HMeTb 3Ha'!eHHe nocTOHHHOH speMeHH RC-u.enw 

c JJI06bIM BbI6paHHbIM 3Ha'!eHHeM, H 3Ha'leHHe 10 c He HBJJHeTCR '!eM-TO HCKJllO'!HfeJJb

HblM. BhIXOJl.HOH CHrHaJI HHTerparnpa npe.ncTaBJIHeT crJia>KeHHoe nocroHHHoe HanpH>Ke-
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HHe, nponopUHOHaJibHOe CHJie aHOAHOfO TOKa, KOTopoe cpaBHHBaeTCH co 3Ha'leHHeM 3a

AaHHOfO onopHoro HanpmKeHHH. Pa3HHUa ypoBHeii ABYX CHrHaJIOB ynpaBJIHeT ycHJIHTe

JJeM, BbIXOAHOH CHrHaJI -KOToporo 3a.zi;aeT OTpHL(aTeJibHOe CMew.eHHe Ha ceTKe BblXOAHOH 

JJaMnbI. 

ECJIH aHOAHblH TOK OAHOH H3 JiaMn 3a.zi;aeTCH B BHAe pa3HOCTHOfO CHrHaJia, TO BTOpaH 

JiaMna, HJIH rpynna JiaMn, MO>KeT TaK>Ke HCnOJJb30BaTb 3TOT pa3HOCTHblH CHrHaJI, KOTOpbIH 

3aTeM 06ecne11HsaeT 6aJiaHc aHOAHbIX TOKOB. YseJIH'leHHe CJJO>KHOCTH cxeMhI HCKynaeTcH 

( npaBAa, 'laCTH'IHO) ynyqllleHHblMH BblXOAHblMH xapaKTepHCTHKaMH w CHH>KeHHeM He-

06XOAHMOfO BbICOKOBOJlbTHOfO HanpH>KeHHH, TaK KaK cxeMa KaTOAHOfO CMeUJ.eHHH He HC

noJib3yeT HanpH>KeHHe BbICOKOBOJibTHOro HCTO'IHHKa nHTaHHH. CxeMa peaJIH3al.(HH TaKoro 

ycTpOHCTBa npHBeAeHa Ha pHC. 5.25. 
JlaHHaH cxeMa pacc'IHTblBanacb, HCXO,ll,H H3 3Ha11eHHH aHOAHQfO roKa 40 MA, onpeAeJIH

eMoro no naAeHHIO HanpH>KeHHH senH'IHHoii 40 MB Ha 3TaJIOHHOM p~3HCTOpe, HMe10w.eM 

conpoTHBJieHHe l OM. OcTaJibHaH 11acTb cxeMbl ocHOBbIBaeTcH HMeHHO Ha seJIH'IHHe cHr

Hana 40 MB, CJieAOBaTeJibHO, eCJIH Heo6XOAHMO <t>HKCHpOBaTb HHOe 3Ha'leHHe TOKa, Heo6-

XOAHMO Hcnonb30BaTb 3TanoHHbIH pe3Hcrop CApyrHM 3Ha'leHHeM conpoTHBJieHHH. YcHJie

HHe onepauHOHHOfO ycHJIHTeJJH THna 5534 COCTaBJIHeT 100 pa3 H ycHJJHBaeT cpeAHee 

3Ha11eHHe nocTOHHHoro HanpH>KeHHH AO ypoBHH 4 B, a aMnJIHTYAHOe 3Ha'leHHe nepeMeH

Horo TOKa AO 8 B. CTHKH c HanpH>KeHHeM 6onee 8 B cpe3a!OTCH AHOAHo-rpaH3HCTopHoii 

cxeMOH <t>HKCal.(HH ypoBHH, TOrAa KaK BTOpaH noJIOBHHa nepHOAa 6bIJia y>Ke cpe3aHa ( OTCe

'leHa) naMnoii. CHrHaJI'C orpaHH'leHHeM ypoBHH HHTerpHpyeTCH uenb!O, COCTOHUJ.eii H3 pe-

3HCTOpa 2,2 MOM H KOHAeHcaropa 470 n<l>, nocTOHHHaH speMeHH t Koropofl 6yAeT pasHa 

6,5 c. OnepauHoHHbIH ycHJIHTeJib THna 071 cpaBHHBaer crna>KeHHoe nocTOHHHoe HanpH

>KeHHe c onopHblM, noJiy'leHHblM OT AeJJHTeJIH HanpWKeHHH, a nony'leHHbIM B pe3yJibTaTe 

cpaBHeHHH CHrHaJIOM ynpaBJIHeT pa60TOH TpaH3HCTOpa, 3aAalOw.ero CMeUJ.eHHe Ha JiaMne. 

OnopHoe HanpH>KeHHe <t>HKcauHH, 3aAaBaeMoe nepeMeHHbIM pe3HCTopoM 2 KOM, Tpe6yer 

HaCTpOHKH, 'IT06bl o6ecne'IHTb HeH3MeHHhIH aHOAHblH TOK npH BCeX pa60'IHX pe>KHMaX. 

Xorn AaHHaH cxeMa 6b1J1a pacC'IHTaHa, 'IT06bl 06ecne11HTb HanpH>KeHHe cMew.eHHH -11 B, 

nocneAHee JierKo MO>KeT 6bITb H3MeHeHO (B CJJyqae He06XOAHMOCTH nony11eHHH 6oJiee OT

pHuaTeJJbHOfO HanpH>KeHHH CMew.eHHH) nyreM 3aMeHbl pe3HCTOpa KOJIJieKTOpHOH Harpy3-

KH rpaH3HCTopa uenH CMew.eHHH; npH 3TOM APYrHX H3MeHeHHH B cxeMe He norpe6yeTCH. 

5.13. 4. YcHnHrenh Quad II 
YcHJJHTeJib Quad II OTJJH'laeT Heo6bl'IHOCTb pa3pa6oTKH, KoTopaH, Ha nepBbIH B3rJIHA He 

Ka>KeTCH MHOroo6ew.a10w.eii, HO, TeM HH MeHee, OH pa6oTaeT, HBHO HCnOJib3YH npH 3TOM 

3<P<PeKT CHHepreTHKH, KOTOpaH o6ecne'IHBaeT cornacoBaHHOe B3aHMOAeHCTBHe OTAeJJb

HblX H Ka3aJIOCb 6bl pa3p03HeHHbIX 11acTeH CHCTeMbl. 

B AaHHoii pa3pa6oTKe (pHc. 5.26) <Pa30HHBeprnp 6b1n Hcnonb30BaH He TOJibKO 

B OKOHe'IHOM KacKaAe, HO TaJOKe HBO BXOAHOM KaCKaJJ;e. c L(eJiblO o6ecne'IHTb He06XOAH

MblH K03<P<PHUHeHT ycHJieHHH, B cxeMe Hcnonb3oBaHbI neHTOAbI. CJieAoBaTeJibHO, BblXOA

Hoe conpoTHBJieHHe HMeeT BbICOKOe 3Ha'leHHe, TaK >Ke KaK H BXOAHbie lllYMbl. JlJJH Toro, 
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Knamt11eCK1te yc11n11ren11 MOIQHOCTll 

'IT06bl see yxy.D.WHTb OKOHlJ:aTeJibHO, HCnOJib3yeTCSI sapHaHT HHseprnpytow.ero cpaaospa

w.aTeJISI. BbtXO.D.HOH KacKa.n. oxsatJ:eH noKaJihHOH o6paTHOH cssiahto, Tpe6ytow.eA yseJIHtJ:eH

Hoe 3HatJ:eHHe Hanpsi>KeHHH soa6y>K.D.eHHH. 

B Bhtxo.n.HoM KacKa.n.e Hcnonb3yeTcsi napa nyqesblx TeTpOJlOB rnna KT66 c no)leJieHHOH 

B COOTHOWeHHH 9,375: l aHOJlHOH H KaTO)lHOH HarpyaKaMH. CxeMa BKJIIOlJ:eHHSI KaTO)la, ra

KHM o6pa30M, o6ecnetJ:HBaeT CJia6bIH ynpaBJifllOW.HH CHrHaJI ,ll,JISI rpOMKOrosopHTeJifl H MO

>KeT paccMaTpHB8TbCSI B KatJ:eCTBe noCJie)lOBaTeJibHOH o6paTHOH CBSl3H, )leHcTBytow.eA co 

CTOpOHbl BblXO,ll.HOro TpaHccpop114aropa. 

0)lHaKO, TaK KaK KaTOJlHblH TOK B BblXOJlHOM TpaHccpopMaTope CKJia)lbIBaeTCSI H3 aHOJl

HOro TOKa H TOKa 3KpaHHpytow.eA ceTKM, 6bIJIO ycraHOBJieHO, 'ITO TaKOe cyMMMposaHHe 

CHH>KaeT HCKa>KeHHfl rpeTbeH rapMOHHKH Ha )lOnOJIHMTeJibHbie 8 JlD no OTHOWeHHIO K 3Ha

tteHHIO, KOTOpoe o6ecnetJ:HBaeT OTpHI.~aTeJibHaSI o6paTHaSI CBSl3b [9). 
BJIMflHHe 3TOH o6parHol1 cssiaH Ha BbIXOJlHOe conpornsneHHe cosepweHHO npornsono

JIO>KHO MHTYHTHBHO omH.n.aeMoMy 3cpcpeKry [ l 0). EcnH npocro ocraeHTb KaTOJlHbIH peaHc

rop HeaawyHTHposaHHblM, TO B03HHKHeT nocJie)loBaTeJibHaSI o6parHaH CBfl3b, KOTOpaH 

yseJilftJ:HBaer 3KBHBaneHTHoe aHO.D.HOe conpornsneHHe r0 , TOr)la KaK rpaHccpopMaropHasi 

o6paTHaSI CBfl3b yMeHbWaeT 3HatJ:eHHe 'a· 3TO o6oSICHSleTCSI otteHb npocro, eCJIH B Katte

CTBe HarpyaKH paccMoTpeTb pe>KHM KopoTKoro aaMblKaHHH. CosepweHHO otJ:eBHJlHO, tJ:TO 

SblXOJlHOH KaCKa)l He 6y)leT B COCTOSIHHH OT)laBaTb KaKoe-JIH6o HanpH>KeHHe B TaKYIO Ha

rpyaKY. HO raK >Ke cosepweHHO otJ:eBHJlHO, c JlpyroA cTopoHbI, tJ:TO 6yJleT orcyrcrsosaTh H 

CHrHaJI oopaTHOH CBSl3H, )leHCTBytoW.HH Ha KaTOJlbl. YnpaBJifllOlll.HM CHrHaJIOM Ha CeTKe 

6y)leT nOJIHblH BXO)lHOH CHrHaJI, a He pa3HOCTb BXO)lHOro CHrHaJia H CHrHaJia o6paTHOH CBfl-

3H; cne)losareJihHO, BhIXO.D.HOH KacKaJl 6yJleT noMaBaTbCfl ynpasneHHIO aHattHTeJibHO TPYJl

Hee, TaK KaK ·oH 6y)leT CTpeMHTbCfl OT)laTb MOW.HOCTb B KOpOTK03aMKHyryto Harpy3KY. 

TaKoA pe>KHM pa6oThI 6yJteT cosepweHHO 3KBHsaneHTeH CHH>KeHHto BhIXOJlHoro conpo

THBJieHHH, H HOBOe 3HatJ:eHHe BblXOJlHOro conpOTHBJieHHSI MO>KeT 6bITb onpe)leJieHO c HC

nOJib30BaHHeM o6bllJ:HblX COOTHOWeHHH ,ll,JISI o6paTHOH CBSl3H. 

OepBHlJ:Hbie 06MOTKH TpaHCcpopMaTopa no CBOeMy conpOTHBJieHHIO 3KBHBaJieHTbl Me

>KaHOJlHOMY conpornsneHHto 3 KOM. B cnyqae TeTPOJlOB raKoe HH3Koe aHatJ:eHHe aHOJlHOH 

Harpy3KH npHBOJlHT K cyw.ecTBeHHOMy CHH>KeHHIO HCKa>KeHHH TperbeH rapMOHHKH H yse

JIHtJ:eHHIO JlOJIH BTOpOH rapMOHHKH, )leHCTBHe KOTOpoA 3aTeM HeArpamtayeTCSI B peaynbra

Te HcnonhaosaHHfl JlByxraKTHOH cxeMbI BbIXOJlHOro KacKaita (npH ycnoBHH, tJ:To BhIXOJlHbte 

naMnb1 otJ:eHb Tw.aTeJibHO cornacosaHbI no napaMeTpaM H pem11MaM ). 

B cxeMe npHMeHeH npHHU.Hn cosMecrHoro Hcnonb3osaHHH asroMaTHttecKoro cMew.e

HHH, CJie)lOBaTeJibHO, He.T npo6JieMbl c ocyw.eCTBJleHHeM Mep no C03)laHHIO 6anaHca aHO)l

HblX TOKOB, HO CJleJlYeT O.>KH,ll.aTb yseJIHlJ:elrne HCKa>KeHHH Ha HH3KHX tJ:aCTOTax H3-3a HaCbl

w.eHHSI cep)letJ:HHKa rpaHccpopMaropa. B KatJ:ecrse KYPheaa MO.>KHO orMeTHTb, tJ:TO s cxeMe 

ycraHosneH KaTOJlHbIH peaHCTop, pacctJ:HTaHHhIH Ha pacceHsaeMyto MOW.HOCTb scero 3 Br, 

xorn s )leHCTBHTeJibHOCTH Ha HeM Bbt)lensiercsi 3,8 Br. ECJIH s 3KcnnyarnpyeMoM yc1:.tJIHre

ne Quad II B03HHKJIH CHJlbHbie HCKa>KeHHSI, TO OlJ:eHb sepOS!THOH npH'IHHOH MO.>KeT OKa-

3aTbCSI BbtropeBWHH pe3HCTOp u.enH KaTO)lHOro CMew.eHHfl. 

name npH HCnOJib30BaHHH neHTOJlOB CXeMa, npeJlYCHJIHTeJibHOro KaCKa)la He o6ecne-

lJ:HBaer OlJ:eHb BbICOKOro ycHJieHHSI, a BXO)lHaSI tJ:YBCTBHTeJibHOCTb cpaBHHTeJibHO HeBeJIHKa 

H npH nonHoA BbIXOJlHOH MOW.HOCTH cocrasnsier 1,4 B. TaKoe aHatJ:eHHe BXO.ll.HOH qyscTBH-
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KnactM'leCKHe yc1tn1tren1t MOlllHOCTH 

TenbHOCTH HBmleTCH npOCTO senHKOnenHblM ,ll.Jlff ycHnHTenH MOW.HOCTH, TaK KaK OHO He 

TOnbKO o6ecne•rnsaeT 6eayKopH3HeHHYIO pa6ory 6ea JJ.OnonHHTenbHbIX rnyMoB (JJ.a>Ke npH 

Hcnonb30BaHHH neHTOJJ.OB), HO 9TO TaK>Ke 03Ha'iaeT, 'ITO BXOJJ.HOH KaCKBJJ. HaMHOfO MeHee 

socnpHHM'iHB K cpoHy nepeMeHHOro TOKa H rnyMaM OT BXOJl.Hb!X Ka6eneH HnH u,eneH nOJJ.Orpe

Ba KaTOJJ.OB. no OTHOllleHHIO CHrHan-lllyM ycHnHTenb Quad II ycrynaeT TMbKO ycHnHTenlO 

Williamson, y KOTOporo rnyMbl HH>Ke H3-3a HCnonb30BaHHH BO BXOJJ.HOM KaCKBJJ.e TpHOJJ.a. 

BonpeKH TOMy, 'ITO, HBnHHCb sapHaHTOM HHBepTHPYIOll.l,ero cpaaospall.l,aTenH, BXOJJ.HOH 

KaCKBJJ. cpa30HHBepTopa He HCnonbayeT o6paTHYIO CBH3b ,ll.Jlff no.nu.ep>KaHHff paBHOBeCHH H 

ero pa6orn nocTpoeHa cosceM HHa'Ie. Ka>KJJ.aH BbIXOJJ.HaH naMna JlOn>KHa HMeTh peaHcTop 

ceTO'iHOro CMeiu.eHHH, n09TOMY BMeCTO Toro, 'iT06bI 38.ll.aBaTb JlOnonHHTenbHYIO Harpyar<y 

,ll.Jlff naMn npe,nycHnHTenbHOro KaCKa]la, 6b1n C]lenaH OTBOJl CHrHaJia OT OJJ.HOro H3 HHX ,ll.Jlff 

noJJ.a'iH BXOJlHOfO CHrHana Ha HH>KHIOIO naMny cpa30HHBepTOpa. c TO'tKH apeHHff TeOpHH 

cne,nyeT, 'ITO ecnH ocna6neHHe B u,enH OTBOJla paBHO ycHneHHIO HH>KHeH naMnbI, TO BblXOJl

HOH CHrHan cpaaoHHBepTOpa 6yJleT c6anaHcHposaHHbIM (ypasooserneHHbIM). Ho TaK KaK 

9neMeHTbl cxeMbI scerJJ.a HMelOT paa6poc napaMeTpos, TO TeopeTHiiecKHe npeJlnOCblnKH He 

scerJJ.a HCnonHHIOTCH H n09TOMY KaTOJJ.bl JlByx naMn CBH3aHbl Me>K,ny co6oH ,ll.Jlff ynyqrneHHH 

6anaHca. 

KacKBJJ.bI ycHneHHH, nocTpoeHHb1e Ha neHTOJlaX, HMelOT BbIXOJJ.HOe conpoTHBneHHe, Ko

TOpoe npHMepHo pasHo conpoTHsneHHIO HarpyaKH R,_. TaK KaK senH'IHHa HarpyaKH R, . .D.JIH 

BXOJJ.HOro cpa30HHBepcHo-npe,nycHnHTenbHOro KaCKBJJ.a B ycHnHTene Quad COCTaBnHeT 

180 OM, TO JlaHHoe aHa'ieHHe He 6yJJ.eT JlOCTaTO'iHO a]leKsaTHbIM .D.JIH nepeJJ.a'iH CHrHana Ha 

BXOJJ.HOH KOHJJ.eHCaTop BblXOJlHOro KaCKBJJ.a, HMe!Oll.l,ero eMKOCTb npHMepHO 30 net>, H onpe

JJ.enHIOll.l,HX 'iaCTOTY cpeaa 3Ha'ieHHeM npHMepHO 30 Kfu,. 0JJ.H8KO, npH'IeM 'iaCTH'iHO H3-3a 

BblXOJlHOro TpaHccpopMaTopa, 9TO HBnHeTCH 'iaCTOTOH cpeaa BblCOKO'iaCTOTHOH COCTaBnH

IOll.l,eH cxeMbl H He npeJlCTaBnHeT cepbe3HOH npo6neMbl. JlnH Ka)KJJ.OH BblXOJJ.HOH naMnbl 

Heo6XOJlHM paaMax JlBOHHoro aMnnHryJJ.Horo HanpH>KeHHH npHMepHo s 80 B pk-pk' KOTOpbIH 

JlOCTaTO'iHO nerKO MO>KeT 6bITb o6ecne'ieH, TaK KaK ,ll.Jlff neHTOJlOB pe>KHM npH6nH>KeHHff 

0 B JlOCTHraeTCH ropaaJJ.o 9cpcpeKTHBHee no cpasHeHHIO c TpHOJJ.aMH, a TaK>Ke noToMy, 'ITO 

s cpHnbTpax BbICOKosonbTHoro HCTO'iHHKa nHTaHHH HcnonhayeTCSI LC-u,enH BMeCTO RC

u,eneA, 'ITO noasonHeT nonyqHTb 6onee BbICOKHe 3Ha'!eHHH BbICOKOBOnbTHOro HanpH>Ke

HHH. BbtCOKosonbTHbIH HCTO'IHHK c LC-cpHnbTpoM HcnonbayeTCH TaK>Ke .D.JIH nHTaHHH 

9KpaHHpy!Oll.l,HX ceTOK BblXOJJ.HblX naMn, KOTOpbie K TOMY >Ke o6naJlalOT JlOnonHHTenbHblMH 

npeHMyll.l,eCTBaMH CHH>KaTb cpOHOBbJe rnyMbl HCTO'iHHKa nHTaHHH, TaK KaK aHOJlHblH TOK 

TeTpOJJ.a HnH neHTOJla B 3Ha'iHTenbHO 6onbllleH CTeneHH 3aBHCHM OT HanpH>KeHHH Ha 9Kpa

HHpy!Oll.l,eH ceTKe, no cpasHeHHIO c aHOJJ.HblM HanpH>KeHHeM. 

JlnH neHTOJlOB 9KpaHHPYIOll.l,aH CeTKa o6H3aTenbHOJJ.On>KHa HMeTb 6nOKHpOBr<y Ha aeM

nio no nepeMeHHOMY Tor<y. BMeCTO Toro, 'IT06b1 .D.JIH Ka>KJJ.aH H3 naMn THna EF86 ycrnHaB

nHsaTb CBOH KOHJJ.eHcaTOp, BKnlO'ieHHb!H Ha 3eMnlO, Me>K,ny 9KpaHHPYIOll.l,HMH CeTKaMH 

JJ.Byx naMn BKnlO'IeH o6ll.l,HH KOHJleHcaTop. 3To o6ecne'IHBaeT cpaay TPH npeHMyll.l,ecTBa: 

ecnH 6bI HCnonb30BanHCbJlBa OTJ].enbHblX KOHJJ.eHCaTOpa, TO HX BKnlO'ieHHe 6b1no 6bl 

9cpcpeKTHBHbIM npH J.ix nocneJJ.OBaTenbHOM coeJJ.HHeHHH H nOJlKnlO'ieHHH u,eHTpanb

HOH TO'IKH Ha aeMnio. TaK KaK Ha Ka>K,IJYIO naMny noJJ.alOTCH paBHbie, HO npoTHBono

no>KeHHbie no cpaae CHrHanbI, TO u,eHTpanbHbIH BblBOJJ. u,enH HMen 6b1 scerJJ.a Hyne

BOH noTeHI.{Han, JJ.a>Ke 6y,nyqH He no]lKnlO'ieHHbIM K aeMne. CneJJ.oBaTenbHO, MO>KHO 
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KacKOAbl yc1meHM11 MOlllHOCTM 

c JierKOCTblO OTCOe,ll.HHHTb ueHTpaJibHblA BblBOJJ. OT 3eMJIH, HMeH B pe3yJibTaTe .u.sa 

nocJie,ll.OBaTeJibHO BKJIJO'leHHblX KOHJJ.eHCaTopa, KOTOpb1e 3aTeM MO>KHO 3aMeHHTb 

O,ll.HHM, HMeJOW,HM noJIOBHHY 3Ha'leHHH eMKOCTH Ka>K,ll.oro; 

• TaK KaK 3TOT e,ll.HHblH KOH,ll.eHCaTop nO,ll.KJIJO'leH Me>KJJY .ll.BYMH TO'IKaMH c paBHblMH 

noTeHuHaJiaMH no nocTOHHHOMY TOKY, TO HanpH>KeHHe Ha neM 6y.n.eT ropa3.n.o MeHb

rne MaKCHMaJibHO ,11.onycTHMoro HanpH>KeHHH OTHOCHTeJtbHO 3eMJIH. Xorn 3TO TO>Ke 

caMoe, 'ITO paccMaTpHBaTb BJIHHHHe yCJIOBHH oTKa3a npH onpe.n.eneHHH MaKCH

MaJibH0,11.onycrnMoro HanpH>KeHHH, no3TOMY HeJib3H pacueHHBaTb,ll.aHHOe npeHMy

w.eCTBO o'leHb y>K 3Ha'IHTeJibHbIM; 

BKJIJO'leHHe 3KpaHHPYIOllI.HX ceTOK Ka>K,ll.OHH3 JtaMn BMeCTe no nepeMeHHOH COCTaB

JIHJOllI.eH noMoraeT ycTaHOBHTb paBHOBeCHe TO'IHO TaKHM >Ke o6pa30M, 'ITO H no.n.

KJIJO'leHHe KaT0,11.0B K O,ll.HOA TO'IKe. 

XoTH 3aMew,em1e O,ll.HOfO KaCKa,ll.a, KOTOpbIA o6oe,ll.HHHJI cf>yHKl.{HH BXO,ll.HOfO KaCK3,ll.a, 

cf>a30Bpaw,aTeJIH H npe.nyCHJIHTeJibHOfO KacKa.n.a, He n03BOJIHJIO ,ll.OCTH'lb noKa3aTeneH JIH

HeHHOCTH, xapaKrepHblX JI,llH cneuHaJibHO npoeKTHpyeMbIX KaCKMOB, o6oe,ll.HHeHHblH Kac

!<a.n. HMeeT JIY'lllIHe xapaKTepHCTHKH no cpasHeHHIO co cxeMoH ycHJIHTeJIH Mullard, TaK KaK 

OT Hero Tpe6yeTCH MeHblllee ycHneHHe. 

06na.n.aH TOJlbKO npocrnA cxeMoA npe.nycHJIHTeJibHOfO KaCKa.n.a H BblXOJJ.HblM KaCKa

,ll.OM, OXBa'leHHblM nerneA o6paTHOH CBH3H, 3JieraHTHbli% ycHJIHTeJib Quad II He HMeeT npo-

6neM c ycTOA'IHBOCTbIO. 

5.14. npMMep pa1pa6oTKM OJIHOTOKTHOfO YCMflMTeflSI MOUIHOCTM 

5.14. l 06UJHe JOMe'IOHHR 

)lo CHX nop npe.n.MeTaMH paCCMOTpeHHH 6blJIH OT,µ,enbHble KaCKMbl, cf>yHKl.{HOHaJibHble 

6.hoKH H KnaccH'leCKHe KOHCTpyKTopcKHe pa3pa6oTKH, c.n.enaHHb1e .n.pyrHMH. Ho ropa3.n.o 

none3Hee O.ll.HH pa3 c,11.enaTb 'ITO-TO caMoMy, qeM cTo pa3 Ha6n10.n.aTb 3a pa6ornA ,11.pyrnx, 

no3TOMY npHlllJIO speMH HCnOJib30BaTb nony'leHHbie 3HaHHH H pa3pa6oTaTb ycHJIHTeJib 

CBOHMH CHJiaMH. 

B npe.n.hl.nyW.HX H3.ll.aHHHX 3TOH KHHrH 6b1no BbICKa3aHo npe,11.nono>KeHHe, 'ITO cTapbIH 

.n.o6pbIH ycHJIHTenb Mor 6b1 notiTH Ha 3anqacTH JI,llH peMOHTa .n.pyrHx ycTpOHCTB TOJib~O 

JIHlllb 6naro.n.apH HaJIH'IHIO B HeM TpaHccf>opMaTopa H lllaCCH. K co>KanettHIO, 3TOT Te3HC 

B HaCTOHllI.ee speMH y>Ke He TaK sepeH, flOTOMY 'ITO KJiaCCH'leCKHe ycHJIHTeJIH XOTSI H npo

,ll.OJI>KaJOT 6bITb noxo>KHMH Ha CBOHX copoKaJieTHHX npe,11.KOB, HO 38TpaTbf, CBH3aHHble 

c 3aMeHoi% noBTOpHO HCnOJib3yeMbIX PMHOKOMnoHeHTOB, KOTOpbie B Te'leHHe 6JIH>Kai%

lllHXl 0 neT. MOfYT OTKa3aTb, .n.enaJOT no,11.06Hb11% no.n.xo.n. secbMa npo6neMaTH'IHbIM. B Ha

cToHw,ee speMH npow.e, .n.a H .n.ellleane, co6HpaTb ycHJIHTeJib c Hcnonh3osaHHeM TOJibKO 

HOBblX ,11.ernneA. 

B Ha'lane 3TO rnasbl y>1<e ynoMHHanocb, 'ITO O.ll.ffOTaKTHbre ycHn1henH MOlll.HOCTH 06na
.n.a10T cyw.ecTBeHHbIMH He.n.ocTaTKaMH no cpasHeHHIO c .n.syxTaKTHblMH. TeM He MeHee, cy-
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npHMep pmpa60TKH OAHOTOKTHOfO ycHnHlelUI MOUIHOCTH 

r.uecrey10r pa3m1qHb1e npHqHHbI, no Koropb!M KOHcrpyKU.HH c HeCHMMerpHqHblM BblXO.ll.OM 
6blJIH BKJIJOqeHbl B KHHry: 

• aerop KHHrH cqHraer, qro 0.ll.HOTaKTHble ycHJIHTeJIH c HeCHMMerpHqHblM BblXOJI.OM, 
KaK or.n.eJibHaff eerab 3BOJIIOU.HH, Mor 6b1 npHrOAHTbCff a Kaqecrae npeKpacHoro, HO 
HeCKOJlbKO apxaHqHoro onbITa (6e3 COMHeHHH, OT.>KHBUJero CBOe, HO BCe eme ffB
JlfflOUJ.erocff JI.Jiff pff.n.a 3HryJHacroa' apryMeHroM); 
Kor.n.a aaropy 6blJI npe.n.craeneH Ha cy.n. oti.HoraKTHblH yCHJIHTeJib rHna NOS6528, 
OH nOHffJI, qro CMO.>KeT HCnOJib30BaTb ero He TOJlbKO B Kaqecrae OCHOBbl JI.Jiff cre
peoQ>oHHqecKoro ycHJIHreJiff, HO qro GH .n.onoJIHHTeJibHO nonyqaer B ceoe pacnopff
meHHe npHJIHqHbIH no napaMerpaM cHnosoii rpaHcQ>opMarop, .n.pocceJIH, Bbmpff
MHreJIH H BblCOKOBOJlbTHble rpaHcQ>opMaropbl. (<l>aKT OTKa3a OT Heo6XO.ll.HMOCTH 
npHo6pereHHff cneu.HaJibHO HJroraBJIHBaeMbIX no.n. JaKa3 .n.eyx BblXOJI.HblX rpaHc
Q>opMaropoa, noJIHOCTblO yKJIMbIBaercff s 3ry norHKY aeropa); 
o.n.HoraKTHblH ycHJIHTeJib c HeCHMMerpHql-_lbIM BblXO.ll.OM HMeer 6onee npocry10 
3JieKTpHqeceylO cxeMy no cpaBHeHHIO c .n.eyxraKTHblM, n03TOMy OH JiyqUJe no.nxo.D.HT 
Ha ponb nepsoro onb1ra. 

0.n.HaKO, _!fe06XO.ll.HMO yqecrb cne.ny10UJ.ee npe.nynpe>KJI.eHHe. )l.nff 3aJ].aHHOH BblXO.ll.HOH 
MOIUHOCTH 0.ll.HOTaKTHble yCHJIHTeJIH c HeCHMMerpHqHblM BblXO.ll.OM 3HaqHreJibHO 60JibUJe, 
MaccHaHee H 6onee .n.oporne no cpaaHeHHIO co CBOHMH .n.ayxraKTHblMH aHanoraMH. 

5.14.2. 8bl6gp Bb/XORHOH naMnbl 

Pa3pa6oTKa ycHJIHreJiff MOUJ.HOCTH HaqHHaercH c onpe.n.eneHHH Heo6xo.n.HMOH BbIXOJJ.HOH 
MOUJ.HOCTH, KOTOpaH aareM H onpe.n.eJiffeT Bbl60p BblXO.ll.HOH JiaMnbl, HJIH HeCKOJlbKHX JiaMn. 
K cqacrblO, rpoMKoroaopHreJIH nocreneHHO craHOBffTCH see 6onee qyacraHreJibHblMH no 
Mepe roro, KaK pa3pa6orqHKH npHHHMalOT BO BHHMaHHe npeHMYUJ.eCTBa o60CHOBaHHOrO 
BbJ6opa JI.Jiff MarepHaJia JJ.HQ>Q>y3opa, n03TOMY MOIUHOCTb nopH.D.Ka l 0 Br' HJIH .name qyrb 
HH.>Ke, Momer npeeocxo.n.Ho y.n.oeneraopHTb norpe6HocrH CJiyUJareJIH 6ea Heo6xo.D.HMOCTH 
npH6erarb K noMOUJ.H BblCOK03Q>Q>eKTHBHblX H .n.oporHX paapa6oroK~ HanpHMep pynopHblX 
rpOMKOrOBOpHreneii. -

Onpe.n.eJIHBUJHCb c BblXO.ll.HOH MOUJ.HOCTblO nopHJJ.Ka l 0 Br, Heo6xo.n.HMO c.n.enarb Bb16op 
JiaMnbl, opHeHTHPYffCb H Ha TO, qTQ BeJIHqHHa aHO.ll.HOro nHTalOmero Hanpff.>KeHHff qame 
scero orpaHHqeHa eenHqHHOH 300B (CM. rnaay 4 ). Ha csere cymecrsyer .n.ocraroqHoe KO
JIHqecrso KOHcrpyKropCKHX paapa6oroK Ha pa6oqee HanpH.>KeHHe 300 B. 

HraK, KpHrepHHMH Bb16opa JiaMn .u,1ut OKOHeqHoro KaCKaJI.a ffBJIHercH rpe6yeMaff no
neaHaff MOUJ.HOCTb H seJIHqHHa aHo.D.Horo nHra10mero HanpH.>KeHHff. KaK yme Heo.n.HoKpar
HO rosopHnocb, npH B03MO.>KHOCTH cne.nyer or.n.aaarb npe.n.noqreHHe rpHo.n.aM, qro noaso
JIHT .n.o6HThCff MeHbUJHX HCKa.>KeHHH. B cnpaaoqHblX .n.aHHblX ua naMnb1 He6pJibUJOH 
MOUJ.HOCTH ( B ornHqHe or MouiHblX naMn, npeJI.HaJHaqeHHbIX JI.Jiff paJI.Honepe.narqHKOB ), 
3HaqeHHe noJie3HOH BblXOJ{HOH MOUJ.HOCTH npHBOJ{HTCff .n.aneKO He scerJ].a. 0.n.HaKo, B cnpa
aoqHblX .naHHblX JII060H JiaMnbl ecer.n.a npHBOJI.HTCff npe.neJibHO-JI.OnycrHMOe 3HaqeHHff ren
JIOBOH MOUJ.HOCTH, paCCeHBaeMOH Ha aHOJI.e. nocKOJlbKy, K03QlQlHU.HeHT noJie3HOro ,neHCT-
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BHH ycHnHTeneR, pa60Ta10W.HX s pe.>1<HMax KJiacca A HJIH AB HesenHK, u.enecoo6pa3HO BbI-

6HpaTb JiaMny TaKHM o6pa30M, l!T06bI 9T8 npe,a.eJibHaff MOW.HOCTb pacceHHHff npHMepHO 

BTpoe npeBbIWana r1one3HYIO MOW.HOCTb, pa3BHBaeMylO KaCK8.U.OM. 

Cpe.u.H MOW.HbIX TpHo.u.os, npHrO.U.HbIX Jl.JIH HcnoJib3osaHHH s ycHJIHTenHx 3syKosoI1 l!ac

TOTbI H OT,!1,8IOW.HX noJie3HYIO MOW.HOCTb nOpff.11.Ka 10 BT, none3HO o6paTHTb BHHMaHHe Ha 

JiaMny THna 6528. 
JlaMna 6528, npOH3BO.U.HMaff KOMnaHHeM Tung-Sol/Chathman (a TaK.>Ke KOMnaHHeM 

Cetron and Raytheon) npe.a.cTaBJIHeT .u.soMHOM TpHO.U., npe.u.Ha3Hal!eHHbIM Jl.JIH HcnoJib30Ba

HHH B KalleCTBe perynHTOpHOM JiaMnbI nocne.u.osaTeJibHOrO CTa6HJIH3aTopa CTa6HJIH3HpO

BaHHblX HCTO'"IHHKOB nHTaHHH. CTeKJIHHHbIH 6annoH naMnbI HanoMHHaeT naMny THna GEK 

KT88, a BHYTpeHHe oHa noxo.>1<a Ha JiaMny THna 6080, HO no.u.po6Hbie KOHCTpyKTHBHbie H 

nacnopTHbie xapaKTepHCTHKH no.u.Tsep>KJI.alOT ee noJIHYIO yHHKaJibHOCTb ( Ta6n. 5.3 ). 

Ta6nHL(a 5. 3. CpaBHHTenbHble xapaKTepHCTHKH naMn THnos 6080 1t1 6528 

napaM8TP naMna6080 naMna6528 

µ 2 9 
gm MA/B 7 37. 

'· OM 280 245 
P., BT 13 30 

'*'-> MA 125 300 
Va(mmcJ B 250 400 
lh A 2,5 5 
c n<I> 8,6 23,8 
c n<I> 5,5 17,8 

CTepBOM npHBJieKaTeJlbHOM l!epTOM TpHO.U.a T.Hna 6528 ffBJiffeTCff 9KCTpeMaJlbHO HH3KOe 

3HalleHHe BHYTpeHHero aHO.U.Horo conpoTHBJieHHH, r.,,llTO .u.onycKaeT B03MO.>KHOCTb Hc

noJib30BaHHH BblX0.11.HOfO TpaHccpopMaTopa c HH3KHM 3Hal!eHHeM HMne.11.aHca - 803MO.>K

HOCTb HCnOJib30BaTb TpaHccpopMaTop c nyl!WHMH napaMeTpaMH. ,llanee Heo6XO.U.HMO pe

WHTb, KaKOM He06XO.U.HM HMne.u.aHc nepBHllHOM o6MOTKH, Jl,Jlff l!ero 6y.u.eT Heo6XO.U.HMO 

nposeCTH Harpy30llHYIO xapaKTepHCTHKY Ha aHO.U.HblX xapaKTepHCTHKax JiaMnbl, HO Jl,Jlff 

9TOro CHallaJia He06XO.U.HMO onpe.u.eJIHTbCff c KJiaCCOM pa60Tbl BblXO.U.HOro KaCKa.u.a. 

5.14.3. Bb16op Knacca Bb/XORHOro KOCKORO 

B peaJibHOCTH, BbI6op pe.>1<HMa pa6oTa ycHJIHTeJIH asyKosoti l!aCTOTbI ol!eHb orpaHHlleH. 

0.U.HOTaKTHblM ycHJIHTeJib c HeCHMM,eTpHl!HbIM BbIXO.U.OM MO.>KeT pa6oTaTb TOJlbKO B pe.>KH

Me 6e3 OTCel.JKH TOKa, TO eCTb TOJlbKO B pe.>KHMe KJiacca A. Knacc A2, KaK pa3HOBH.U.HOCTb 

pe.>KHMa, npe.11.nonaraeT pa6ory c HaJIHllHeM ceTOllHoro ToKa H Tpe6yeT cxeMbI soa6y>KJI.e

HHH, ynpasneHHff MOW.HOCTblO c 9KCTpeMaJibHO HH3KHM BblX0.11.HbIM conpOTHBJieHHeM (so 

H36e.>KaHHe onHCaHHblX BbIWe HeJIHHeMHblX HCKa.>KeHHM, BCJie.U.CTBHe HeJIHHeMHOCTH Ha

rpy3KH npe.U.bl.11.YW.ero KaCKa.u.a). TaKHM o6pa30M, paccMaTpHsaeMbIM ycHJIHTeJib Manoti 
MOW.HOCTH 6yJI.eT nocTpoeH HCXOJl.ff H3 pa60Tbl B pe.>KHMe KJiacca Al' npH KOTOpOM He Tpe-

6yeTCff .u.onoJIHHTeJibHblX ycJIOBHM Jl,Jlff CHH.>KeHHff HeJIHHeMHbIX HCKa.>KeHHM, B03HHK810lll,HX 
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npH HaJIH'IHH ceTO'IHOro TOKa H HCnOJib30BaHHe npocTOrO KaCKaJJ,a ycHJieHHff no Hanpff»<e

HHIO He TOJlbKO .11.onycKaeTCff, HOH ffBJlffeTCff JJ.OCTaTO'IHblM. 

5.14.4. 8bl6op CTOTH'leCKOH pa6011eii TO'IKH c y'leTOM rpe60BOHHH 

Bb/XORHOH MOUJHOCTH H HCKOJKeHHH 

MomHaff 3JieKTpOHHaff JiaMna noTpe6JiffeT 011eHbJJ.OporocTOfflUYIO 3HeprnIO u.enH no.11.orpe

BaTeJiff, CJie.11.osaTeJibHO, He HMeeT CMblCJia aacTaBJiffTb ee pa6oTaTb B HHOH TO'IKe, KpOMe 

TO'IKH ee MaKCHMaJibHOH noJie3HOH MOlUHOCTH, KOTOpaff B CBOIO 011epeJJ.b orpaHH'leHa 3Ha

'leHHeM MOlUHOCTH pacceffHHff Ha aHo.11.e (JI.Jiff paccMaTpHaaeMoti JiaMnbI 30 BT). 

3TO 03Ha11aeT' 'ITO Harpy30'IHaff xapaKTepHCTHKa JJ.OJI»<Ha npoXOJl.HTb no KaCaTeJibHOH K 

KpHBOH MaKCHMaJibHOH pacceHaaeMOH MOlUHOCTH Ha aHo.11.e Pa<m••I TaK»<e H3BeCTHO, 'ITO 

JI.Jiff nonyqeHHff MaKCHMaJibHOH HeHCKa»<eHHOH BblXOJJ.HOH MOlUHOCTH He JJ.OJI»<Ha OTCeKaTb

Cff HH OJI.Ha H3 noJiyBOJIH ycHJIHBaeMoro CHrHana, cne.11.oaaTeJlbHO, CTaTH'leCKaff pa6011aff 

T011Ka JJ.OJI»<Ha y.11.osneTBopffTb ycnoBHIO paaeHCTBa no aeJIH'IHHe npornaonono»<Horo no 

3HaKY pa3Maxa aMnJIHTY.ll.bI cero11Horo ttanpff»<eHHff. BocnOJib30BaBWHCb npe.11.craaneHHbIMH 

npOH3BOJJ.HTeJieM nacnopTHblMH xapaKTepHCTHKaMH, MO>f<HO noJIO>f<HTb npoapa11HyIO JIHHeH

KY BJJ.OJlb KpHBOH MaKCHMaJibHOH pacceHaaeMOH MOlUHOCTH Pa(max) TaK, 'IT06bI npoaecrn Ha

rpyao11Hyl6 xapaKTepHCTHKY c pa6011eti TO'IKOH no aHOJJ.HOMY Hanpff»<eHHIO Va= 255 B. Xa

paKTepHCTHKa JJ.OJI»<Ha 6bITb CHMMeTpH'IHOH OTHOCHTeJlbHO 3TOH TO'IKH, COOTBeTCTBOBaTb 

MaKCHMaJlbHOMY HCnOJib30BaHHIO JiaMnbl no aHOJJ.HOMY TOKY H aHOJJ.HOMy Hanpff»<eHHIO, HO 

OJJ.HOBpeMeHHO c 3THM He nepeceKaTb KpHByIO MaKCHMaJlbHOH MOlUHOCTH pacceffHHff Ha 

aHOJJ.e. ~a.11.a11a nocTpoeHHff Harpy30'IHOH npffMOH JJ.OBOJlbHO CJIO»<Haff H HeOJJ.H03Ha'IHaff. 

B paccMaTpHaaeMoM npHMepe onTHMaJibHbIH HaKJIOH 3TOH JIHHHH 6y.11.eT cooTBeTCTBOBaTb 

BbIXOJJ.HOMY conpoTHBJieHHIO oKono 2 KOM. Heo6xo.11.HMoe Hanpff»<eHHe cMemeHHe ceTKa

KaTOJJ. Vgk COCTaBHT npHMepHO -27 B, a aHOJJ.HblH TOK/a 6yJJ.eT paBeH 120 MA(pHC. 5.27). 
,llo onpe.11.eneHHff Tpe6yeMbIX paaMaxoa aHOJJ.HOro H ceT011Horo Hanpff»<eHHH, HY»<Ho 

cnepaa HaHTH TO'IKY nepece11eHHff Harpy30'IHOH JIHHHH co CTaTH'leCKOH xapaKTepHCTHKOH, 

COOTBeTCTBYIOlUeH 3Ha'leHHIO CeTO'IHOfO Hanpff»<eHHff Vgk = 0 B (Hanpff»<eHHe, npH KOTO

pOM noffBJlffeTCff ceTO'IHblH TOK, a 3Ha'IHT H .11.onOJIHHTeJibHble HeJIHHeHHble HCKa»<eHHff), a 

TaK»<e npoJl.JIHTb ee a npornaonono»<eHHOM HanpaaneHHH npH6JIH3HTeJibHO Ha TaKoe »<e 

paCCTOffHHe JJ.O nepece11eHHff c xapaKTepHCTHKOH, COOTBeTCTBYIOlUeH ceTO'IHOMY Hanpff

>KeHHIO. vgk = -50 B JJ.O Toro, KaK OTCe'IKa Ha'IHeT orpaHH'IHBaTb xapaKTepHCTHKH. Onpe~ 

.11.enHB pa3Max aMnJIHTY.ll. ceTO'IHOro Hanpff»<eHHff, MO»<HO ycTaHOBHTb COOTBeTCTBYIOlUHH 

pa3Max aHOJJ.HOro Hanpff»<eHHff. ,llJiff 3Ha'leHHff vgk = 0 B aHOJJ.HOe Hanpff»<eHHe Va= 68 B, 

a JI.Jiff vgk = -50 B Hanpff»<eHHe Va = 392 B, CJleJJ.OBaTeJlbHO, pa3Max aMnJIHTYJJ. aHOJJ.HOfO 

Hanpff»<eHHff cocTaBHT 324 B. EcnH npHHffTb, 'ITO HcnoJib3YeTCff Hanpff»<eHHe CHHy

coH.11.anbHOH cpopMbl, TO Hanpff)J<eHHe JJ.BOHHOro aMnJIHTYJJ.HOro (nHK-nHKOBoro) 3Ha'leHHff 

324 B 6y.11.eT cooTBeTCTBOBaTb cpeJI.HeKa3.11.parn11ecKOMY HJIH 3cpcpeKTHBHOMY aHa'leHHIO 

Hanpff»<eHHff 115 B. 

Harpyao11Haff JIHHHff npoxo.11.HT 01 aHa11eHHff aHOJJ.Horo Hanpff»<eHHff 500 B (aHOJJ.HbIH 

TOK la= 0) .ll.0 TO'IKH la= 250 MA (Va= 0), 'ITO COOTBeTcTByeT HarpyaKe 2 KOM H 3Ha'IH-
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300 

200 

l8 (mA) 

120 
100 

0 100 200 

Va(V) 

-50V 

300 

PHc. 5.27 nacnopmHbte u pa6ot.tue xapaKmepucmU1cu BblxoiJHoii 1ta.M.nbt 6528 

TeJibHO npeBbilllaer 3Ha'leHne, xapaKrepHoe .lVlff rpa.ruu.1,noHHoro Bbl6opa R1• = 2r4 • 3Haff 
aH0.11.HYIO Harpyaey H pa3Max HanpmKeHHff Ha HeH MO>l<HO onpe.n.eJIHTb MOUJ,HOCTb, paccesa
eMyIO s HarpyaKe n nposepnrb, ffBJrnercff nn .n.aHHaff Harpyao'IHaff xapaKrepncrnKa npneM· 
JieMOH: 

V 2 11521 

P=-=--=66 Br. 
R 2000 ' 

TaK>Ke MO>KHO ou,eHHTb .n.onIO ncKa>1<eHHH no eropoii rapMoHnKe D B npou,eHrax, nc
noJib3Yff cne.nytow.ee cooTHOllleHne: 

" v .... -v ..... 
Vqo1.M.-

D(%):::l 2 xlOO%. 
V .... -V .. 11. 

,ll.nff BbI6paHHOH pa6o'leH TO'IKH c napaMerpaMH vm•x = 392 B, vmln = 68 B, TOK noKOff 
6y.n.er paBeH vqwestenl = 255 B, a o6maff .ll.OJ!ff HCKa>KeHHH no BTOpOH rapMOHHKe npn MaK
CHMaJibHOH BbIXO,ll.HOH MOIUHOCTH COCTaBHT 7,7%. 

TaKne csoiicrsa ffBJIHIOTCff xapaKTepHbIM JI,llff .n.aHHoro rnna ycnnnreneii, n .n.pyraH 
Bb16paHt1aff ttarpyao'IHaff xapaKrepncrnKa npe.n.cKaaana 6h1 aHa'lnreJibHO MeHbllIYIO aeyc
TH'leceyIO MOIUHOCTb, JIH60 6oJiee BbICOKHH yposeHb HCKa>KeHHH. (3.n.ecb noKa He 6blJIO 
BblCKa3aHO HHKaKHX KpHTH'leCKHX 3aMe'laHHH OTHOCHTeJibHO napaMerpoB aHO.ll.HOH Ha· 
rpyaKn, n6o peaJibHblH rpoMKorosopnreJib tte nMeer HH'lero o6w.ero c HenaMeHHOH no Be· 
JIH'fHHe H 'IHCTO pe3HCTH8HOH Harpy3KOH ). 
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5.14.5. ToYHoe onpe11eneH11e napaMerpos Bb/XO/IHOro rpaHc</JopMor~pa 
Tenepb B03MO>KHO cpaay TO'IHO onpe,ZJ.enHTb HeKoTopbie xapaKTepHCTHKH BbIXO,ZJ.Horo 

TpaHc<PopMaTOpa: 

THn: .u.nsi pa6oTbI a ycHnHTene c HeCHMMeTpH'IHbIM BblXO.D.OM 

nocTOHHHbIA TOK nepBH'IHOA o6MOTKH: 'd• = 120 MA 

MaKCHMaJibHaH MOlll.HOCTb nepeMeHHOro TOKa: p max= 6,6 BT 

BenH'IHHa HMne,ZJ.aHca nepBH'IHOA o6MOTKH: 2 KOM. 

HaroTOBHTenb TpaHc<PopMaTOpa ueMe,u.neHHO aaxo'leT yaHaTb BeJIH'IHHY HMne,ZJ.aHca 

Harpy3KH ,!I.llH BTOpH'IHOH o6MOTKH TpaHc<t>opMaTopa. A TaK KaK 3BykoBaH KaryUJKa rpOM· 

KoroaopHTeJIH He HBJIHeTCH 'IHCTO aKTHBHbIM conpoTHBJieHHe c aenH'IHHOH 8 OM, TO npe.D.

no'ITHTenbHee 6y,ZJ.eT pacC'IHTbIBaTb Ha Harpyaey c conpoTHBneHHeM 4 OM. BbIXO,ZJ.HoA 

TpaHc<t>opMaTop HMeeT, KaK npaBHno, MHoroceKUHOHHYIO BTOpH'IHYIO o6MOTKy, H npOH3· 

BO.D.HTenH TpaHc<t>opMaTOpoa npe,u.nara10 'lame acero KOHCTPYKUHIO c 'leTbipbMH ceKUHH· 

MH, o6MOTKH KOTOpbIX MOryT KOMMyrHpoaaTbCH .u.nsi no,ZJ.KnIO'leHHH HarpyaKH 1 OM, 4 OM 

(HaH6onee npe.D.nO'ITHTenbHbIA aapHaHT ,ZJ.JJH no,ZJ.aBJIHIOlll.ero 'IHCna HcnonbayeMbIX Ha 

npaKTHKe rpoMKoroaopHTeneA), 8 OM H 16 OM (H.D.eanbHbIA cny'laii, ecnH y,ZJ.aeTcH paa,ZJ.o· 

6bITb no,u.nHHHbIA rpoMKoroaopHTenb c conpoTHBJieHHeM 16 OM). 

BTOpblM Ba>KHbIM aonpocoM HBnHeTCH 3Ha'leHHe HaHMeHbUJeii 'laCTOTbl, Ha KOTOpoA 

6y,ZJ.eT He06XO,Zl.HMa MaKCHMaJibHaH BblXO,ZJ.HaH MOlll.HOCTb. CTOHMOCTb 9TOro aonpoca BeCb· 

Ma aeJIHKa. B Ka'lecTBe npHMepa MO>KHO npHaecTH KnaccH'lecKHe KOMMep'leCKHe ycHJIHTe· 

JJH Leak Stereo 20 H TL12+ , KOTOpble MOryT pa6oTaTb c aasianeHHOA a TexHH'lecKoA 

,Zl.OKyMeHTaUHH HOMHHaJibHOii MOlll.HOCTbIO ,Zl.O 'laCTOT 50 fu. )l.nH BblXO,Zl.HOrO TpaHc<t>opMa • 

rnpa MapKH Sowter 9512 a nacnopTe yKaabIBaeTCH MaKCHManbHaH MOlll.HOCTb 8 BT Ha 'la· 

CTOTe 25 fU, ,ZJ.a>Ke ,!I.llH TaKOrO HenpaB,ZJ.OnO,ZJ.06HOrO cny'laH, KOr,ZJ.a 3Ha'leHHe MOlll.HOCTH Ha 

npaKTHKe npeBbICHT aasianeHHoe. 

5.14.6." Ja110HHe CMeUJeHHR naMnbl 
)lJIH nonY'leHHH He06XO,Zl.HMOro TOKa 120 r.;.A MO>KHO 6bIJIO 6bl npOCTO no,ZJ.aTb Ha CeTKy Ha· 

npH>KeHHe -25 B, HO ,ZJ.a>Ke He6onbUJoe yMeHbUJeHHe Hanpsi>KeHHH cMemeHHH Ha ceTKe 

MOrJIO 6bl Bbl3BaTb He3aMe,!I.11HTenbHOe npeBbIUJeHHe MaKCHMaJlbHO ,ZJ.OnyCTHMOH MOlll.HOC· 

TH Ha aHO,ZJ.e pa(max)" 3TO HBJIHeTCH npH'IHHOH, no KOTOpoA npOH3BO,Zl.HTenH naMn He peKO· 

MeHJJYIOT HcnonbaoaaTb ceTO'IHoe cMelll.eHHe JI.JIH naMn c BbICOKHM aHa'leHHeM KPYTH3Hbl 

( aHa'leHHe KpyrHaHbI 35 MA/B siansieTcH o'leHb 60JibUJHM .u.nsi ManoMOlll.HbIX naMn ). 

Cne,ZJ.oaaTenbHO, Heo6xo,ZJ.HMO HCnonbaoaaTb KaTO,ZJ.Hoe cMemeHHe. Heo6xo,ZJ.HMO o6ec

ne'IHTb na,ZJ.eHHe Hanpsi>KeHHH 27 B ( c aanacoM) Ha peaHCTope, no KOTopoMy npoTeKaeT 

120 MA. no aaKOHY 0Ma cne.uye'f: 

v 27 
R=-=-=2250M. 

I 0,12 
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KacKa,qbl yameHllA MOUIHOCTll 

EcnH Ha pe3HCTope npoHCXO.D.HT naJleHHe HanpsnKeHHH B pe3ynbTaTe npoxo>K,11,eHHH no 
HeMy TOKa, TO OH ,!l.On>KeH 3aCeHBaTb Bbl,!l.enReMYIO Ha HeM MOlll,HOCTb, 3Ha"leHHe KOTOpOH 
onpe.n.ensieTCH Bblpa>KeHHe~c 

P =Ix V = 0,12 x 27 = 3,24 BT. 

B Ka"leCTBe pe3HCTOpa c MHHHManbHO .n.onycTHMblM 3Ha"leHHeM pacceHB!ieMOH MOlll,HO
CTH cne.n.yeT HCnOnb30BaTb pe3HCTop, HMelOIUHH MOIUHOCTb pacceHHHH 5 BT. Mo>KHO HC
nonb3oBaTb TOHKonneHO"IHblH pe3HcTop MPC-5, KOTOpbIH siensieTcH 6e3HffAYKTHBHbIM, HO 
nO,!l.Bep>KeHHbIH O"leHb CHnbHOMY Harpeey npH MOIUHOCTHX pacceHHHH 6onee 2 BT B 06bl"l
HYIO B031lYWHy10 cpe.n.y. JlH6o MO>KHO npHBHHTHTb K waccH nnaKHpoeaHHbIH an10MHHHeM 
npoeono"IHbIH pe3HCTop WH 15, KOTOpbIH 6y,n.eT ocTaeaTbCH xono,!l.HblM, HO noJJ. eonpocoM 
OKa>KeTCH ero He6onbWaH HHA)'KTHBHOCTb, KOTOpOH xapaKTepH3YIOTCH see HH3KOOMHble 
npoeono"IHbie pe3HCTopb1. nocne He.n.onrHx Kone6aHHH Bb16op nan Ha pe3HCTop MPC-5 
c conpoTHBneHHeM 200 OM, nocne.noeaTenbHo BKnlO"leHHbIH c nepeMeHHblM npoeonoq

HbIM pe3HCTOpOM, no3BOnfflOIUHM TO"IHO perynHpoBaTb eenH"IHHY aHO.lJ.HOro TOKa. 

5.14.1. KaroRH61ii wyHrHpyt01111tii KOll/leHcarop 
l(aTO.D.HblH pe3HCTOp .non>KeH wyHTHpoeaTbCH KOH,!l.eHCaTOpOM, "IT06bl npe.norepaTHTb 
o6pa3oBaHHe napa3HTHOH o6paTHOH CBH3H no nepeMeHHOMy TOKY, KOTOpaH Morna 6bl 
Bbl3BaTb yeenH"leHHe 3Ha"leHHH 9KBHBaneHTHOro conpOTHBneHHff r.. H He06XO.D.HMOCTb 
npoeeJJ.eHHH HOBOH Harpy3o"IHOH xapaKTepHCTHKH. KaK H B cnyqae ManocHrnanbHoro npH-
6nH>KeHHH, He06XO.llHMO 01.leHHTb eenH"IHHY conpoTHBneHHff JJ.llH nepeMeHHOH COCTaBnHIO
lll,eH Ha yqacTKe uenH Kato.n-3eMnH. Co cTopoHbI KOH.lJ.eHcaTOpa 9KBHeaneHTHOe conpo

THeneHHe naMnbl '• paeHo: 

r. = ra + R,. = 350 + 2000 235 OM. 
k µ+1 9+1 

Ho 9TO conpoTHeneHHe BKnlO"leHo napannenbHO KaTO.llHOMY pe3HCTopy R11 c conpoTHB
neHHeM 225 OM. To ecTb, napannenbHoe BKnlO"leHHe .naHHblX pe3Hcropoe .nacT 3Ha"leHHe 
conpoTHeneHHH 115 OM. 

,U.nsi KacKa.na c ycHneHHeM ManblX cHrHanoe Oblno Obi >1<enaTenbHO, "IT00b1 wyHTHpy10-
ll.I)fH 9neMeHT pa6oTan ennOTb .llO "laCTOT 1 fl.l, HO TaKoe Tpe6oBaHHe He HBnHeTCH o0H3a
TenbHbIM ,ll,/IH ycHnHTenH MOIUHOCTH, no onpe,neneHHIO, B KaCK8,lle ycHneHHH MOIUHOCTH 
cymecTeyeT 6onbWOH pa3Max aMnnHTY.ll CHrHana H 803HHKalOT CHnbHble HCKa>KeHHH. ,ll.nH, 
TpHO.llHOro KaCKaJla c HeCHMMeTpH"IHblM BblXO.llOM, pa60Ta10lll,ero HH>Ke O.llffOCTOpOHHero 
orpaHH"leHHH, OCHOBHblMH HCKa>KeHHHMH HBnHIOTCH COCTaenHIOIUHe BTOpOH rapMOHHKH, 
HO OHH BKnlO"lalOT noCTOHHHYIO COCTaensi10wy10, KOTopy10 o6ycnaenHBaeT HaKonneHHblH 
Ha pa3BH3blBalOlll,eM KOH.lleHCaTOpe 3apH,!l., H KOTOpaH Bbl3blBaeT C.llBHf HanpH>KeHHH CMe
lll,eHHH OT o6ycnoeneHHOH paHee cTaTH"lecKoH pa6oqej.j TO"IKH. KaK TonbKO npHXO.!lHT 
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60JiblllOH CHrHaJI, pa3BH3bl8alOJ.J.J.HH KOHJJ.eHCaTOp nJiaBHO B03BpamaeT JiaMny B pac'ieTHYIO 

TO'iKY. BpeMH BOCCTaHOBJieijHH onpe]J.eJIHeTCH noCTOHHHOH BpeMeHH Ha qacTOTef_3Jt[;• 3a

JJ.aBaeMOH KOHJJ.eHCBTOpOM, napaJIJieJibHO BKJllO'ieHHblM c u.enblO, o6pa30BaHHOH napaJI

JieJibHO BKJIIO'ieHHbIMH pe3HCTopoM Rk H 9KBHBaJieHTHbIM conpoTHBJieHHeM rk. EcnH 3a 'la

CTOTY OCJia6JieHHH c ypoBHeM -3 Jl.D 6yJJ.eT BbI6paHa qacTOTa l ru.. TO 9TO 3a]J.aCT 

nOCTOHHHYIO epeMeHH t = 159 MC. )l.nH noJIHOro BblXO}J.a H3 B03M)'lll.eHHOro COCTOHHHH Tpe-

6yeTCH 3Ha'ieHHe, npHMepHO paBHOe nHTHKpaTHOMY 3Ha'ieHHIO nOCTOHHHOH epeMeHH 

RC-u.enH, TO ecTh 3Ha'ieHHIO 5t, OJJ.HaKo epeMH eoccTaHOBJieHHH 0,8 c cne.nyeT C'iHTaTb 

CJIHUJKOM 6oJibUJHM JJ.JIH MY3bIKaJibHoro cnyxa. CneJJ.oBaTe.ribHO, JJ.OJI>KHa 6b1Tb Bbt6paHa 

60JiblllaH 'iaCTOTa OCJia6JieHHH, HanpHMepf_3Jtl; = l 0 fU., KOTOpaH 03Ha'iaeT, 'iTO BblXOJJ.HOH 

KaCKa}J. BOCCTaHOBHTCH nocJie H3MeHeHHH HanpH)f(eHHH CMelll.eHHH ecero 3a 80 MC. YICXOJJ.H 

H3 9TOro, MO>KHO HaHTH eMKOCTb KOHJJ.eHcarnpa: 

l 
C = RI 1500 MK<I>. 

2x1txl0xl 15 

y a em pa KHHrH He OKa3aJIOCb B HBJIH'iHH KOH]J.eHcarnpa c eMKOCTblO 1500 MK<I>. HO 

OKa3aJICH KOHJJ.eHCaTOp c eMKOCTblO 1000 MK<I> H pa60'iHM HanpH>KeHHeM 35 B, 06J1a}J.al0-

lll.HH K TOMY >Ke HH3KHM 3Ha'ieHHeM 9KBHBaJieHrnoro nocJieJJ.oBaTeJibHoro conpoTHBJieHHH, 

KOTOpbIH H 6bIJI HM HCnOJib30BaH. OrpOMHOe KOJIH'ieCTBO HH>KeHepHbIX pa3pa60TOK 6b!JIO 

BbtnOJIHeHO HMeHHO TaKHM cnoco6oM. CTpHBeJJ.eHHblH pac'ieT JJ.OCTaTO'iHO TO'ieH (XOTH OH H 

Mor BbtnOJIHHTbCH Ha o6opoTHOH CTOpOHe CTaporo KOHBepTa), 3aTeM H3 HMelOlll.HXCH B Ha

JIH'iHH Ha JJ.aHHblH M~MeHT paJJ.HOKOMnoHeHTOB 6b!JI BbI6paH HaH60Jiee 6JIH3KHH no CBOHM 

napaMeTpaM. 

5.14.8. Onpe11eneH11e Heo6xo1111Moro HanpRJKeHHR BblCOKOBORb THoro 

llCTO'IHllKO fllfTOHllR 

Ha conpoTHBJieHHH nepBH'iHOH o6MOTKH BbIXOJJ.Horo TpaHccj>opMaTOpa npoHCXOJJ.HT naJJ.e

HHe HeKOTOpOH qacTH BblCOKOBOJlbTHOro 1:rnTa10I11.ero HanpH>KeHHH, CJieJJ.OBaTeJibHO, Heo6-

XOJJ.HMO onpeJJ.eJIHTb conpOTHBJieHHe nepBH'IHOH o6MOTKH no nocTOHHHOMY TOKY RDC(pnm•ryl 

KaK npaBHJIO, npoH3BOJJ.HTeJIH TpaHccj>opMaTOpoe yKa3bIBalOT JJ.aHHbIH napaMeTp, HO no

Jie3HO caMHM npOH3BeCTH Heo6XOJJ.HMbie H3MepeHHH npH nOMOlll.H OMMeTpa • .llnH HcnOJ1b-

3yeMoro TpaHccj>opMaTOpa Roc<pnm•rv> = 152 OM, no 3aKoHy 0Ma na}J.eHHe HanpH>KeHHH npH 

npoxo)f(JJ.eHHH TOKa CHJIOH 120 MA cocTaBHT: V = IR = 0, 12 x 152 = 18,24 B. 
)l.nH pa3pa6aThrnaeMOH cxeMbI ycHJIHTeJIH Tpe6yeTCH aHOJJ.HOe HanpH>KeHHe Va = 255 B, 

a c yqeToM KaTOJJ.Horo cMelll.eHHH 27 B H naJJ.eHHH HanpH>KeHHH Ha o6MOTKe BbIXOJJ.Horo 

TpaHccj>opMarnpa 3Ha'ieHHe BbICbKoro HanpH>KeHHH JJ.OJI>KHO 6yJJ.eT cocTaBJIHTb 300 B ( oT

HOCHTeJibHO TO'IKH nOJJ.KJllO'ieHHH Ha Bb!XOJJ.HOM TpaHccj>opMaTOpe). OnpeJJ.eJieHHe 3Haqe

HHH BbICOKOBOJlbTHOrO HanpH>KeHHH npe]J.CTaBJIHeTCH JJ.OCTaTO'iHO Ba>KHbIM, TaK KaK OHO 

onpe]J.eJIHeT MaKCHMaJibHOe 3Ha'ieHHe HanpH>KeHHH, Heo6xOJJ.HMOro JJ.JIH KaCKaJJ.a npeJJ.Ba-
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KotKQbl yc1tneH1tll MOlllHOCTM 

pHTeJJbHOrO ycHJJeHHSI (B npOTHBHOM cnyqae 6blJJO 6bl He06XO.llHMO .no6aBJJSITb BCnOMOra

TeJJbHblH BblCOKOBOJJbTHblA HCTO'IHHK nHTaHHH). 

5.14. 9. CrnaJKH80HHe 8hlCOK080Rb rHoro HOnpaJKeHHR 

.lJ.syxTaKTHblH ycHJJHTeJJb no.naBJJSleT cpoH BblCOKOro HanpH>KeHHSI 3a C'leT npOTHBOnOJJO>Ke

HO npoTeKal01UHX TOKOB B o6MOTKax BblXO,llHOro TpattccpopMaTopa, HO O,llHOTaKTHblH YCHJJH· 

TeJJb c HeCHMMeTpH'IHblM BblXO,llOM TaKOH cnoco6HOCTblO He o6na.naeT. nosiToMy, Tpe6osa

HHSI no <Potty nepeMeHHOro TOKa K HCTO'IHHKY BblCOKOBOJJbTHOro HanpSI>KeHHSI .llOJl>KHbl 

6b1Tb B nocne.ntteM cnyqae ropa3.no Bblwe. K co>1<aneHHIO, ycHJJHTeJJH c HeCHMMeTpH'IHblM 

BblXO.llOM H)'>l<.llalOtCH B H3MeHHI01UeMCSI B npou.ecce pa60Tbl 3Ha'!eHHH TOKa (npe.nenbl H3· 

MeHeHHSI coqaBJJSllOT 0 s JDC s 2/oc> npH nHTaHHH OT BblCOKOBOJlbTHOro HCTO'IHHKa nHTa

HHSI. Cne.nosaTeJJbHO, BeJJH'IHHa BblXO,llHOrO conpOTHBJJeHHSI HCTO'IHHKa nHTaHHSI SIBJJSleTCSI 

KpHTH'IHOH. CT03TOMY, HCnOJJb30BaHHe ,llpOCCeJJeH ,ll./ISI TaKHX HCTO'IHHKOB nHTaHHSI CTaJJO 

nO'ITH o6SI3aTeJJbHblM. 

5.14. la Oco6eHHocrb 8hlnpaMneHHe 86/COK08onb rHoro HanpaJKeHHR 

B 3aMe'!aTeJJbHblX nacnopTHblX xapaKTepHCTHKax naMnbl THna 6528 o6H3aTeJJbHO .non>KHa 

6b1Tb CBOSI «aXHJJJJecosa nSITa» • .lJ.,nH 'npe.noTBpameHHSI pa3pyweHHSI nosepXHOCTHOro CJJOSI 

KaTo.na npOH3BO,llHTeJJH cneu.HaJJbHO orosopHJJH B .llOKYMeHTaU.HH, '!TO KaTOJIY Tpe6yeTCSI 

npe.nsapHTeJJbHOe speMH nporpesa B Te'!eHHe 30 c, nepe.n TeM KaK MO>KeT 6bITb no.natto 

BblCOKOe HanpH>KeHHe. TaKHe Tpe6osaHHSI BCTpe'!alOTCSI .llOBOJJbHO '!aCTO npH HCnOJJb30-

BaHHH 6onee- Mettee MOll.lHblX JJaMn . .lJ.,nH TaKoro nono>KeHHSI .nen MOrJJO 6bl OKa3aTbCff npe

BOCXO,llHblM HCnOJJb30BaHHe JJaMnosoro BbmpHMHTeJJH. B paccMaTpHBaeMOH cxeMe He06· 

XO,llHM TOK CHJJOH 120 MA ( c He60JJbWHM 3anacoM ,ll./ISI npe.nycHJJHTeJJbHOro KaCKa.na, 

B03MO>KHO, OKOJJO I 0 MA} H BblCOKOBOJJbTHOe ttanpst>KeHHe, He npesb1wa10mee 300 B, no-

3TOMY HaH6onee no.nx0.11.Hll.lHM ,ll./ISI BbmpHMHTeJJH Ka>KeTCSI HCnOJJb30BaHHe JJaMnbI-KeHOT

poHa EZ81. 
0.nHaKO Ha npaKTHKe 06bl'IHble JJaMnOBble BbmpHMHTeJJH Ha'IHHalOT nponycKaTb TOK 

cnycTH npHMepHo 10 c nocne no.na'IH Hanpst>KeHHff, cne.nosaTeJJbHO, tteo6xo.nHMa .nonon

HHTeJJbHaH 3a.nep>KKa, KOTOpaH MO>KeT 6b1Tb o6ecne'!eHa TenJJOBblM pene 3a.nep>KKH. 

Tennosoe pene 3a.nep>1<KH noxo>Ke Ha o6bl'IHYIO naMny H cocTOHT H3 no.norpesaTeJJH H 

6HMeTaJJJJH'leCKOH nJJaCTHHbl, pa3MemeHHblX B CTeKJJHHHOM BaKyyMHOM 6aJJJJOHe. 6HMe

TaJJJJH'leCKaH nJJaCTHHa COCTOHT H3 .nsyx CKpenneHHblX BMeCTe nOJJOCOK pa3HOp0,llHblX 

MeTannos, HMe10mHx pa3JJH'IHble K03cpcpHU.HeHTbl TeMneparypttoro pacwHpeHHH. CTpH Ha

rpesaHHH noJJOCbl Ha'IHHalOT H3rH6aTbCH, Ha nO,llBH>KHOM KOHU.e nJJaCTHHbl HMeeTCSI KOH

TaKT, 3aMbIKBI01UMH 3JJeKTpH'leCKYIO u.enb. B BaKYYMHposaHHOH Kon6e noTepH Ha o6pa3o

BaHHe 3JJeKTpH'leCKOH .LI.yrn npH 3aMb!KaHHH·pa3Mb1KaHHH KOHTaKTOB OTCyTCTBYIOT, 

n03TOMY noTepH Ha pa6ory TaKoro pene onpe.neJJHIOTCH, B OCHOBHOM, y.neJJbHOA TennoeM

KOCTblO MaTepHaJJOB 6HMeTaJJJJH'leCKOH nnaCTHHbl H ee MaCCOH. BpeMH 38Jlep>KKH cpa6a-
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Tbt8aHHH Tenno8oro pene MO>KeT 6btTb y8enH"leHo no"ITH .11.0 TpexKpaTHoro 3Ha"leHHH, 

yKa3aHHoro 8 nacnopTe, CHH>KeHHeM HanpH>KeHHH no.11.orpe8aTenH 6HMeTannHL1ecKoA 

nnacTHHbl. 

EcnH KOHTaKTbl pene 3a,ll.ep>KKH 8KnIO"leHbl 8 u.enb HCTO"IHHKa nHTaHHfl no.11.orpe8aTenH 

naMno8oro 8btnpHMHTenbHoro KeHoTpoHa, TO 8peMH 3a,ll.ep>KKH Tenno8oro pene npH6a8-

nHeTcH KO 8peMeHH 3a.11.ep>KKH Ha"lana pa60Tbl caMoro KeHOTpOHa H 8blCOK080nbTHOe 

HanpH>KeHHe Ha"IHeT nocTeneHHO n08bllllaTbCfl cnycrn npHMepHO 5 c nocne HCTe"leHHfl 

8peMeHH 38,ll.ep>KKH, KOTOpoe Heo6XO,ll.HMO ,ll./Ifl HOpManbHOA pa60Tbl 8blXO,ll.HOH naMnbt. 

B .11.pyrnx 8apHaHTax HCnOJib3YeTCH cnoco6HocTb MHOrHx pene 3a)lep>KKH nepeKnIO"IBTb ce

Te8oe HanpH>KeHHe nHTaHHfl HnH 8blCOK080nbTHOe HanpH>KeHHe, HO ,ll./Ifl TaKHX pene ,ll.On>K

Ha cylll.eCT808aTb He3Ha"IHTenbHafl pa3HHU,a Me>KJIY HanpH>KeHHeM no.11.orpe8aTenH 6HMe

TannH"leCKOH nnaCTHHbl H HanpH>KeHHeM Ha nO,ll.BH>KHOM KOHTaKTe nepeKnIO"laTemt. 

K co>KaneHHIO, a8Top He cMor HaATH nacnopTHbte .11.aHHbte ,ll./IH Tenno8oro pene THna 

6N045T, 06HapymeHHOro 8 C80HX CTapblX 3anacax, O,ll.HaKO no MapKHp08Ke OH ycTaH08Hn, 

"ITO HanpH>KeHHe no.11.orpe8aTenH pene cocTa8nHeT 6,3 B, a pene cnoco6Ho o6ecne"IHTb 

3a,ll.ep>Kt<y 8 45 c. Pene HMeno CTeKnflHHblA KOpnyc, 8blnonHeHHblA Ha OCH08e KOn6bt ,ll./Ifl 

naMnbt c nyro8H"IHbIMH 8bt80.ll.aMH B9A, "ITO no380nHno 6e3 Tpy.11.a 8H3yanbHO onpe.11.enHTb 

Ha3Ha"leHHe KOHTaKTHblX 8bl80,ll.08 H 3aTeM npOH38eCTH TeCTHp08aHHe Ha OCH08e c.11.enaH

HblX paHee YM03aKnIO"leHHA. npH HanpH>KeHHH nHTaHHfl 6,3 B no.11.orpe8aTenb noTpe6nHn 

TOK 300 MA, a KOHTaKTbl 3aMblKaJJHCb qepe3 41 c. 

npH 8KnlO"leHHH CeTe80rO nHTaHHfl C CHn080rO TpaHCQJOpMaTOpa Ha naMn08blti 8bl

npHMHTenb O,ll.H08peMeHHO no.11.aeTCfl KaK 8blCOK080nbTHOe HanpH>KeHHe TBK H HanpH>Ke

HHe nHTaHHfl no.11.orpe8aTenH, HO TaK KaK no.11.orpe8aTenb KaTO,ll.a elll.e xonO,ll.HblA, TO KaTO,ll. 

no,ll.BepraeTCH 8pe.11.H0My 803,ll.eAcTBHIO CHnbHoro nonH, co3.11.a8aeMoro aH0.11.HblM HanpH>Ke

HHeM, "ITO yMeHblllaeT ero cpoK cny>K6bl. XoTH pa3Melll.eHHe pene 38.ll.ep>KKH 8 u.enH no.11.o

rpe8aTenH 8btnpHMHTenbHOA naMnbl o6ecne"IH8aeT CHryau,HIO, npH KOTOpoA 8blCOK080nb

THOe HanpH>KeHHe 8 u.enHx 38yKo8oro KaHana Me.n.neHHo 803pacTaeT c Hyne8oro 3Ha"leHHH, 

HO 3TO TaK>Ke 03Ha"laeT' "ITO 8CflKHA pa3 npH 8KnIO"leHHH ycHnHTenH 8btnpHMHTenbHafl 

naMna HCnblTbmaeT aHanorH"IHOe 8peJlHOe 803.ll.eAcT8He 8 Te"leHHe .11.ononHHTenbHblX 45 c, 

"ITO COKpalll.aeT cpoK ee cny>K6bl. 3TO fl8JlfleTCfl HH>KeHepHblM KOMnpOMHCCOM: KeHTOpOH 

THna EZ81 H8nHeTCH MeHee .11.opornM >KepT8onpHHollleHHeM, "IT06bl o6ecne"IHTb 6onbllIHH 

cpoK cny>K6bt 6onee .11.oporoA naMnbt 8btXO,ll.HOro KaCKa,ll.a. 

5.14.Tl 861COKOB0Rh THhlii CHROBOH rpaHcc/JopMarop 

4To6bl o6ecne"IHTb no.11.aqy 8blCOK080nbTHoro HanpH>KeHHH 300 B 8 Ha"lano o6MOTKH 8bl

xo.11.Horo TpaHccpopMaTopa, 6btn 8bt6paH naMn08btA 8btnpHMHTenb, .n.ononHeHHblA crna>KH

saIOlll.HM cpHnbTpOM, co.11.ep>Kalll.HM .11.poccenb. Cne)lOBaTenbHO, He06XO,ll.HMO 3HaTb na,ll.eHHe 

HanpH>KeHHe Ha pe3HCTHBHoA cocTa8nHIOlll.eA conpoTHsneHHH .11.poccenH Roe- B 3anacHHKax 

asTOpa KHHrH (a 3TO 6onblllaH-"lacTb u,enoA KOMHaTbl) y.11.anocb o6Hapy>KHTb napy .n.pocce

neA Pameko, HMelOlll.HX HHJI.YKTHBHOCTb 15 fH H paCC"IHTaHHblX Ha TOKH ,ll.O 250 MA, 3Ha"le

HHe c,onpoTH8neHHH RDc KOTOpb1x cocrasnHno 136 OM. Cne.11.osaTenbHO, na,ll.eHHe HanpH

>KeHHH Ha Ka.>K,ll.OM .11.poccene npH npoxo.>K,ll.eHHH TOKa 130 MA cocTaBHno 6bt 17 B. 3To 
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KacKORw yc1uieH11A MOU1Hon11 

3Ha'leHHe HanpSI>KeHHSI JlOJJ>KHO 6b1Tb npH6aaJJeHo K ueo6xOJlHMOMY HanpH>KeHHIO 300 B, 
'ITO a cyMMe cocTaBHT 317 B. 

BMecTO Toro, 'IT06b1 3aHHMaTbCSI pac'leTaMH «c HYJJSI», JlJISI onpeJleJJeHHSI Heo6XOJlHMO

ro 3Ha'leHHSI HanpSl>KeHHSI Ha TpaHc<f>opMaTope MO>KHO BOCnOJJb30BaTbCSI xapaKTepHCTH

KaMH H3MeHeHHSI HanpH>KeHHSI CTa6HJJH3al{HH Ha Jlpoccene, npHBOJlHMblMH npOH3BO}lHTe

JJSIMH BbmpHMHTeneA. HHTepnoJJHU.HH 3aBHCHMOCTeA, npHBOJlHMbIX JI.Jiff BblnpsiMHTeJJSI 

Mullard Ha KeHoTopoHe EZ8 l, }laeT npHMepHyro aeJJH'IHHY cpeJlHeKBaJlpaTH'lecKoro 3Ha

'leHHSI uanpH>KeHHSI 375 B, KOTOpoe COOTBeTCTByeT Tpe6yeMOM)' 3HalfeHHIO nocTOSIHHOfO 

HanpH>KeHHSI 317 B. 
Tw,aTeJJbHblA noHCK a 3anacHHKaX no3BOJJHJJ o6Hapy>KHTb 6onblllOA TpaHc<f>opMa1-op 

c U-o6pa3HbIM cepJle'IHHKOM, HMeromHA napy o6MOTOK Ha HanpsimeHHSI 375 B c BblBOJlOM 

OT cpe}lHeA TO'IKH H paCC'IHTaHHblX Ha TOKH 250 MA, a TaK>Ke MHOfO'IHCJieHHble HaKaJJbHble 

o6MOTKH Ha HanpH>KeHHSI 6,3 B. Haxo}lKa noKa3anacb H}leanbHOA, no3BOJJSllOIUeA ocy

mecTBHTb CJlBOeHHblA sapHaHT KOHCTPYKU.HH. 

5.14.12. flpHMBHlfMOCTh 86/COKOBORh THOfO RpoccenR 

If npo6neM61 CfRQJKlfBOHlfR flfRhCOl/lfH 

B HTOre, scer}l8 He06XOJlHMO HMeTbJlOCTOBepHylO HHQ>OpMaU.HIO, OKa3aJJCSI JJH Bbl6op HMe

IOlll,erocSI B HaJJH'IHH BblCOKOBOJJbTHOfO JlPOCCeJJSI (HanpHMep, KaK B Jl8HHOM npHMepe 

c HHJJYKTHBHOCTblO 15 fH H pacc'IHTaHHoro Ha TOKJlO 250 MA) onpaa]laHHblM H yJlOBJJeTBo

pS!IOIUHM BCeM Tpe6oBalJHSIM. HcnOJJb3YSI npHBe]leHHble Bf JJaBe 6 COOTHOUleHHSI H C'IHTaSI, 

'ITO HCnOJJb3yeTCSI uanpSl>KeHHe npOMbllllJJeHHOA 'laCTOTbl 50 fu., MO>KHO paCC'IHTaTb, Be

JJH'IHHbl npoTeKa!Olll,HX '1epe3 JlpocceJJb nepeMeHHblX COCTaBJJSllOIUHX TOKa: 

i = V••IRAISI = 375 = 22 MA 
AC(llOJIOlK llHK 311 ) l 155l l 155xl5 ' 

icyMM. nHK 311 = JDC + i AC(n••) = 130 + 22 = 152 MA. 

TaK KaK HOMHHaJJbHblA TOKJlpocceJJSI COCTaBJISieT 250 MA, TO OH JJefKO nOJlllep>KHT pac

C'IHTaHHOe 3Ha'leHHe TOKa. MHHHMaJJbHO Heo6XOJlHMOe 3Ha'leHHe TOKa COCTaBJISieT: 

I _ V..,...,s, _ 375 _ 25 A 
™'"------- M • 

l 15 

TaK KaK BblXOJlHOA KaCK8Jl noTpe6nS1eT TOK 120 MA, TO 9TO 3Ha'leHHe ropa3JlO Bblllle 

paCC'IHTaHHOfO HH>KHero npe}leJlbHOfO 3Ha'leHHSI. 

3HaSI eMKOCTb crna>KHBa!Olll,ero KOH}leHCaTOpa, MO>KHO ou.eHHTb BeJJH'IHHY Q>oHa nepe

MeHHOfO TOKa, C03Jl8BaeMoro BbICOKosonbTHblM BbmpHMHTeneM. AaTOp nposepHJJ He

CKOJJbKO nonHnponHJJeHOBblX KOH}leHcaTOpOB c eMKOCTblO 120 MK<l> H pa60'IHM HanpSI>Ke

HHeM 400 B H3 HMe!Olll,HXCSI a HaJJH'IHH. Pac'leT ypoBHSI Q>oH JlaJJ cneJIYIOIUee: 
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V1.11111S> 
v =---

4>0• 3,7l·C 
375 56MB. 

3,7xl5xl20 

rJJ.e BeJIHqHHa HHJIYKTHBHOCTH npHBe.neH B reHpH, a BeJIHqHHa eMKOCTH - B MHKpo<f>apa.nax. 

AHo.nHafl Harpy3Ka H 3KBHBaneHTHoe conpoTHBJieHHe naMnbl r0 o6pa3yIOT JJ.eJIHTenb 

HanpH>KeHHff, cne.noBaTenbHO, HanpH>KeHHe nynbCaUHH Ha aHo.ne COCTaBHT: 

v = r.v,,,,.,. = 400x56 93 MB. 
it>m•<••-> r. + R, 400 + 2000 ' 

BbIXO.ll.HOH TpaHc<f>opMaTop pearnpyeT Ha nepeMeHHoe HanpH>KeHHe, npHno>KeHHOe 

K tteMy, B TOM qHcne H Ha HanpH>KeHHe nynbcauHA (<f>oHa) nepeMeHHoro TOKa. Cne.nosa

TenbHO, pacqeT .naeT BenHqHHY HanpH>KeHHff <f>oHa, npHnO>KeHHOro K BbIBO.llaM nepsHqHOH 

o6MOTKH BblXO,llHOro TpaHclj>opMaTopa: 56 MB - 9,3 MB = 47 MB. npH MaKCHManbHOA 

BblXO.ll.HOA MOl.lUIOCTH pa3Max aMnnHTY.ll BbIXO,llHOrO HanpH>KeHHff COCTaBnfleT 115 B cpe.ll.He

KBMPaTHqecKoro 3Ha11eHHfl. TaKHM o6paaoM, 47 MB cooTBeTcTByeT ypoBHIO OTHoweHHH 

CHrHan/ Q>oH 68 .nE, qTQ HBHO Mano Mfl rpoMKOrOBOpHTenfl c BblCOKOA 'IYBCTBHTenbHOCTblO. 

Cne.noBaTenbHO, He06XO,llHMa ew.e o.nHa cryneHb ( 3BeHO) <f>HJibTpOBaHHff nynbcauHA. 

BTOpoe 3BeHo crna>1<HBa10w.ero LC-lj>HJibTpa, HMe10w.ero ocna6neHHe Ha 11acT0Te 

100 fu TOnbKO 32 .nE, ynyqLIIHT 3HaqeHHe COOTHOLIIeHHfl CHrHan/ lj>OH .ll.0 BenHqHHbl 100 .nE. 

32 JJ.E COOTBeTCTByeT copoKaKpaTHOMy OTHOLIIeHHIO Hanps>KeHHA, no3TOMY .nenHTeJib Ha

npH>KeHHH, o6pa3oBaHHbIH BTOpblM LC lj>HnbTpOM, .non>KeH 6bln 6b1 HMeTb cooTHOWeHHe 

peaKTHBHblX conpoTHBneHHH X/Xc = 40. EcnH 6bl B HaJIH'IHH 6bln ew.e O.ll.HH KOH.11.eHcaTop 

c eMKOCTblO 120 MK<l>, TO c JIHXBOH XBaTHJIO 6bl .11.pocceJIH c HHJlYKTHBHOCTblO Bcero 1 fH, 

pacc'IHTaHHoro Ha TOK 130 MA 

0.ll.HaKO y aBTOpa He OKa3aJIOCb BTOpoA no.nxO.ll.ffW.eH napbl .11.pocceneA, H OH nOHfln, qTQ 

KOHCTPYKLlHH ycHnHTenfl cTaHOBHTCfl see 6onbwe H Tfl>Kenee (.na>Ke no MepKaM naMnOBbIX 

ycHnHTeneA). XOTH .11.ononHHTenbHOe ysenH'leHHe MaCCbl BOBCe He ffBJifleTCff npHBneKa

TeJibHOA qepTOA n1060A paapa6oTKH. PeLIIHTb 3TY .11.HneMMY Morno 6bl npHMeHeHHe cTa6H

JIH3aTopa BbICOKOBOJibTHOro HanpH>KeHHff. 

5.14.13. Bap11a~rhl np11MeHeHHR cra61t11111aropa BhlCOKosonh THoro HanpR)l(BHHR 
LC-lj>HJibTpbl xopowH Mfl CHH>KeHHfl <f>oHosoro Hanpfl>KeHHfl, HO HX, BblX0.11.HOA HMne.naHc 

)J.OCTaTOqHO BbICOK ( COCTaBJifleT .11.ecHTKH OM). 3TO o6CTOHTenbCTBO oco6eHHO Ba>KHO Mfl 

O.ll.HOTaKTHbIX ycHJIHTeJieH c HeCHMMeTpH'tHblM BblXO,ll.OM; TaK KaK BblXO,ll.Hafl JiaMna He MO

>KeT pa3JIHqaTb npHBe,ll.eHHYIO Harpyaey co CTOpOHbl rpOMKOfOBOpHTeJifl ( qepea BblXO,ll.HOA) 

rpattcQ>opMaTop H BHYTpeHHee conpoTHBJieHHe HcToqHHKa nHTaHHfl,BKJIIO'leHHOe nocne

.u.osaTeJibHO c HHM ( pHC. 5.28 ). 
PaaMax aMnnHTY.11. Hanpfl>KeHHfl BblX0.11.HOA naMnbl pacnpe.11.enfleTCfl no 3THM .ll.BYM 3Jie

MeHTaM, XOTH MO>KHO yqeCTb H pe3HCTHBHYIO COCTaBJIHIOlll.YIO conpOTHBneHHfl, .11.eHCTBYIO-
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KacKOAbl yc1meHHll MOUIHOCTH 

lll.YIO B BblXO,llHOM TpaHCcj>OpMaTOpe. npH CHH>KeHHH MOlll.HOCTH BblXO,llHOe conpOTHBJieHHe 

so3pacTaeT. CTa6HJIH3aTOp BblCOKOBOJibTHoro HanpH>KeHHH no3BOJIHeT nonyqHTbJJ.JIH ycH

JIHTeJIH c HeCHMMeTpH'IHbIM BblXO,llOM OnTHMaJibHYJO OT,lla'ly BbICOKOBOJibTHOro IlHTaHHff, H 

B 3Ha'iHTeJibHOH CTeneHH ~ewaeT 3TY npo6JieMy. 

KonetiarenbHOe 
HanpHJK9Hl19 0 

Pac. 5.28 BAuRnue orn.Au1tno20 om nyAR ana1tenuR conpomueAeHuR ucmo1tHUKa 
numanuR ycUAumeAR MOUfHocmu 

nocKOJlbKy, Ka>tqI.blH KaHaJI yCHJIHTeJIH 1pe6yeT HanpH>KeHHff 300 8 npH CHJie TOKa 

130 MA, MO>KHO B Ka'ieCTBe HCTO'iHHKa BbICOKOBOJlbTHOro HanpH>KeHHff HCnOJib30BaTb, Ha

npHMep, npHBe,lleHHbIH Ha pHC. 4.46 B rnase 4 6e3 KaKHX-TO H3MeHeHHH. 0,llHaKO TaK KaK 

JI.Jiff nO,llaBJieHHff nyJibCaUHH He XOTeJIOCb 6bl 3aTpa'iHBaTb CJIHWKOM MHOro ,llOilOJIHHTeJib

HblX ycHJIHH' HeKOTOpaH a,llanTaUHff cxeMbl npocTOro ,llByXTpaH3HCTOpHoro CTa6HJIH3aTopa, 

npHMeHeHHOfO B HCXO,llHOM BapHaHTe, MO>KeT OKa3aTbCff BilOJIHe yMeCTHOH. no,ll06Haff MO

,llepHH3aUHff npHBe,lleHa Ha pHC. 5.29. 

Pac. 5.29 Cxe.Ma cma6UAuaamopa nanpR:JtCeHUR Ha iJeyx mpanaucmopax 
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np11Mep po!p060TKll OAHOTOKTHOrO yc1tn1trem1 MOUIHOCTll 

npeHMyll.leCTBOM CTa6HJIH3aTOpa, C06p;iHHOrO Ha .ll.Byx TpaH3HCTOpax, SIBJISleTCSI MaJioe 

na.n.eHHe HanpH>KeHHH H, cJie.11.osaTeJibHO, HeBblCOKaH pacceHsaeMaH MOW.HOCTb. Mo>1rno 

npHHHTb, '!TO na.n.eHHe HanpH>KeHHH Ha cTa6HJIH3aTope pasHo, HJIH npesb1waeT l 0 B 

" paCCMOTpeTb, '!TO npOH3off.neT B CJiyqae, Kor.na HanpSI>KeHHe ceTH nHTaHHSI CHH>KaeTCff 

Ha 6 % ( eCJIH TaKoe B03MO>KHO ). TaKHM o6pa30M, HOMHHaJibHOe BblCOKOBOJlbTHOe HanpH

>KeHHe, He06X0.1J.HMOe .ll.JISI no.11.alJH Ha BX0.11. CTa6HJIH3aTopa, onpe.11.eJIS1eTCS1: 

v = 300+10 =330.S. 
//T(llOMHll) 1-0,06 

nposepKa nacnopTHbIX .11.aHHbIX JiaMnbt-KeHoTpoHa EZ8 l noKaaaJia, '!TO .ll.JIH ee pa6o

TbI He06X0.11.HM CHJIOBOM TpaHccpopMaTOp, y KOTOporo BbICOKOBOJlbTHbie o6MOTKH c OTB0-

.11.0M OT cpe.11.Heii TO'IKH paCC'IHTaHbI Ha HanpH>KeHHH 412-0-412 B. 

BbICOKOBOJibTHbie MOll.lHbie 6HnOJIHpHbie TpaH3HCTOpbI HMeIOT .11.ocTaTO'IHO HH3KOe 3Ha

lJeHHe h-napaMeTpa h/T.' HH3KYIO pa60'IYIO 'laCTOTY H BblCOKYIO CTOHMOCTb, n03TOMY HC

nOJib30BaHHe B cTa6HJIH3aTope BbICOKoBoJibTtWro Mon noJiesoro TpaHaHcTopa Mo>KeT 

oKaaaTbCH npe.11.no'ITHTeJibHee npH ero nocJie.11.osaTeJibHOM BKJIIO'leHHH B cxeMy. 

B CJiyqae, Kor.11.a wyMbI He HBJIHIOTCH onpe.11.eJIHIOll.lHM cpaKTopoM, HMeeT CMbICJI BbI6-

paTb onopHoe ( 3TaJIOHHOe) HanpS1>1<em1e c MaKCHMaJibHO B03MO>KHblM 3HalJeHHeM, TaK KaK 

:no CHH3HT BbI.11.eJIHeMylO MOll.lHOCTb Ha paccorJiacyIOll.leM ( OTBeTBJISllOW.eM) TpaH3HCTope, 

a TaK>Ke n03BOJIHT HCnOJib30BaTb 6oJiee BbICOKHH K03cpcpH1.I.HeHT nepe.11.alJH u.enH o6paTHOH 

CBH3H .ll.JIH yMeHbWeHHH BblXO.llHOro conpoTHBJieHHH. Bb16op HanpH>KeHHH 220 B B Ka'le

cTBe pa6o'lero .ll.JISI CTa6HJIH3aTopa HanpH>KeHHSI npe.11.cTaBJIHeTCff onTHMaJibHbIM, TaK KaK 

OH .11.0JI>KeH ew.e o6ecne'IHTb aHalJeHHe BbIXO.llHoro HanpH>KeHHH 285 B. Xorn B npo.11.a>1<e 

HMeIOTCH noJiynpoBO,llHHKOBbie cTa6HJIH3aTopbI Ha HanpH>KeHHe 220 B, npe.llnO'ITHTeJib

Hee HCnOJib30BaTb TPH nocJie.11.0BaTeJibHO BKJIIOlJeHHblX CTa6HJIHTpOHa, HMelOll.lHX pa60'IHe 

HanpH>KeHHSI 72 B. npH'IHHa aaKJIIOlJaeTCSI B TOM, '!TO noJiynpoBO,llHHKOBbie CTa6HJIH3aTo

pbl Ha BblCOKHe HanpH>KeHHSI xapaKTepH3YIOTCSI 6oJiee BbICOKHMH ypoBHSIMH rnyMOB, nOTO

MY '!TO OHH BbIHY>l<,ll.eHbl HCnOJib30BaTbCff B o6nacrn O'leHb MaJibIX TOKOB, lJT06bI CHH3HTb 

MOll.lHOCTb, BbI,lleJJSllOll.lYIOCSI Ha npH6ope, (KOTopaH, KaK H3BeCTHO, paBHa npOH3Be,lleHHIO 

npoTeKaIOmero TO Ka Ha na.n.eHHe HanpH>KeHHH ). 11cnoJJb30BaHHe Tpex nocne,lloBaTeJJbHO 

BKJIIO'leHHbIX noJiynpOBO,llHHKOBblX CTa6HJIHTpOHOB onpe,lleJIHeT HX TOK BeJIHlJHHOH 4 MA, 

'!TO noasoJIHeT yMeHbWHTb yposeHb wyMoB . .lJ..nH .llaJJhHeiiwero CHH>KeHHH ypoBHH wyMoB 

cTa6HJIHTpOHbI wyHTHPYIOTCH KOH.11.eHcaTopaMH c eMKOCTblO 22 MK<l> H pa6o'IHMH HanpH

>KeHHHMH 350 B. 

HanpH>KeHHe Ha 3aTBOpe Mon noJieBoro TpaH3HCTopa COCTaBHT vout + vg~ = 300 + 4 = 
= 304 B (HecMoTpH Ha 60JibWOM paa6poc napaMeTpOB npH6opoB, seJJH'IHHa 4 B npe.ll

craBJIHeT BCe-TaKH ,llOCTaTOlJHO rpy6oe npH6JIH>KeHHe .ll.Jlff 3Ha'leHHSI ynpaBJISllOll.lero Ha

npH>KeHHSI aaTBopa V MomHoro Mon noJiesoro TpaH3HCTopa). TaK ·KaK KOJJJieKTop pac-
gs -

corJiacyIOmero TpaH3HCTopa nO.llKJIIO'leH K aaTsopy Mon nonesoro TpaHaHcTopa, a Ha 

3MHTTep no.naeTCH onopHoe HanpH>KeHHe, pasHoe 216 B (3 x 72 B ), HanpH>KeHHe KOJJJJeK

rop-3MHTTep cocTaBHT Va:= ( 304 -216) B = 88 B. TaK KaK Heo6xo.ll.HMO, 'IT06b1 paccor

nacyIOll.lHM TpaH3HCTOp nponycKaJI Ha CTa6HJIH3aTop TOK BeJIHlJHHOH 4 MA, TO TOK KOJIJieK-
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KocKOAbl yc11neH1t11 MOIQHOCTlt 

TOpa cocTaBHT le = 4 MA, a MOlll.HOCTb, Bbl)l.em1eMaH Ha TpaH3HCTope, cocTaBHT 352 HBT. 
3TOT pe3yJibTaT npe,nCTaBJIHeTCH O'ieHb Ba>KHblM, TaK KaK OH no,nTBep>KJJ.aeT, 'iTO Bbl6op 
3Ha'ieHHH HanpH>KeHHH Me>K)l)' KOJIJieKTOpOM H 3MHTTepoM v a; H KOJIJieKTOpHoro TOKa ( 
no3BOJIHeT HCnOJib30BaTb MaJIOMOlll.HblH TpaH3HCTOp. 

CTpH pa60Te KonneKTOpHoe Hanpsi>KeHHe paccornacyIOmero TpaH3HCTopa Ver = 88 B, 
O,nHaKO, B MOMeHT BKJIIO'ieHHH KOH,ll.eHcaTOp c eMKOCTbIO 22 MK<l>, llIYHTHPYIOllJ.HH CTa6H
JIHTpOH, <i>HKCHpyeT BeJIH'iHHY 3MHTTepHoro HanpH>KeHHH paccornacyIOlll.ero TpaH3HCTopa 
Ha aHa'ieHHH 0 B, cne.u.osaTeJibHO, TpaH3HCTop .non>KeH Bb1,nep>KHBaTb KOJIJieKTOpHoe Ha
npsi>KeHHe Va:= 330 B. TaK KaK Tpe6osaHHH ,ll.JIH paccornacyIOlll.ero TpaH3HCTopa onpe.u.e
neHbl, MO>KHO ocTaHOBHTb Bb16op Ha H,u.eanbHOM sapHaHTe - TpaH3HCTope THna MPSA44, 
pacC'iHTaHHOM Ha Hanpsi>KeHHe 400 B H MOlll.HOCTb pacceHHHH 625 HBT. 

BbICOKOBOJibTHbie TpaH3HCTOpb1 xapaKTepH3YIOTCH MaJibIM aHa'ieHHeM napaMeTpa hre• 
H yKa3aHHblH TpaH3HCTOp He HBJIHeTCH HCKJIIO'ieHHeM. CTpH nposepKe B O>KH,ll.aeMOM pa6o
'ieM pemHMe h~:= 100. TaK KaK ( = 4 MA, TO lb= 1/ hFF,= 40 MKA. ,lla>Ke B TOM cnyqae, 
Kor.u.a qepe3 u.enb Bb16opO'iHOro .u.enHTensi Hanpsi>KeHHH nponycKaeTCH TOK 1 MA, peaynb
TaT pa60Tbl .u.enHTeJIH HanpH>KeHHH HeJib3H paccMaTpHBaTb B Ka'ieCTBe TO'iHOro, TaK KaK 
6aaosb1H TOK 40 MA HCKa>KaeT peaynbTaT. 

CTepBOHa'iaJibHO TOK u,enH Bbl60pO'iHOrO ,ll.eJIHTeJIH HanpH>KeHHH 6blJI yCTaHOBJieH HC
XO,ll.H H3 ycnOBHH MOlll.HOCTH, pacceHBaeMOH Ha pe3HCTope c MeHbllIHM conpOTHBJieHHeM. 
EcnH 6ypYr Bb16paHbI KoMnoHeHTbI cxeMbI, HMeIOIIJ.He MOll.lHOCTb pacceHHHH 0,6 BT, HO 
npH 3TOM Ha HHX 6y.u.eT Bbl)l.eJIHTbCH 0,2 BT, OHH 6ypYr ocTasaTbCH xono,nHblMH. PeaHcTop 
no,u.KJIIO'ieH K 6a3e TpaH3HCTopa MPSA44, Hanpsi>KeHHe Ha KOTopoft Ha 0,7 B npeBbiwaeT 
Hanpsi>KeHHe Ha 3MHTTepe, cne.u.osaTeJibHO, K pe3HCTopy npHno>KeHo Hanpsi>KeHHe 217 B. 
ECJIH BOCnOJib30BaTbCH COOTHOWeHHeM p = V2/R. TO conpOTHBJieHHe pe3HCTopa ,ll.OJl>KHO 
cocTaBHTb 2172 /0,2 = 235 KOM. CT03TOMY MO>KHO Hcnonb30BaTb 6JIH>Kaftwee HOMHHanb
Hoe 3Ha'ieHHe CTaH,u.apTHOro psi.u.a 240 KOM, Ha KOTOpOM 6y,u.eT pacceHBaTbCH MOlll.HOCTb 
196 MBT. ToK >Ke qepea peaHcTop onpe.u.ensieTCH .u.eneHHeM Hanpsi>KeHHH 217 B Ha conpo
THBJieHHe peaHcTopa 240 KOM, TO ecTb cocTaBHT 904 MA 

TaK KaK 6a30BbIH TOK paccornacyIOmero TpaH3HCTopa cocTaBJIHeT 40 MA, TO qepe3 
sepxHHH pe3HCTOp .u.enHTeJIH npOXO,ll.HT TOK, paBHblH (904 + 40) MA= 944 MA. na.u.eHHe 
HanpH>KeHHH Ha 3TOM peaHCTope cocTaBHT ( 300 - 217) B = 83 B, a ero conpoTHBJieHHe 
6y,neT pasHo qacTHOMY OT .neneHHH Hanpsi>KeHHH 83 B Ha TOK 944 MAH cocTaBHT 87 ,9 KOM. 
PeaHcTop, HMeIOmHtt 6JIH>Kaftwee CTaH.U.apTHoe aHa'ieHHe 91 KOM, y.u.osneTBopHT Tpe6o
saHHHM cxeMbI. 

B o6nacTH sepxHero peaHCTOpa OTCYTCTByeT TO'iKa .ll.JJH no.U.KJIIO'ieHHH KOH.U.eHcaTOpa 
TaK KaK HH3KOe 3Ha'ieHHe aaryxaHHH u.enH ,u.eJIHTeJIH ( 2,8 .u.B) 03HaqaeT' 'iTO OHa TOJlbKO 
B He3Ha'iHTeJibHOH CTeneHH MO)KeT co.u.eAcTBOBaTb CHHmeHHIO nyJibCaU.HH, XOTH Tpe6ye
MaH BeJIH'iHHa eMKOCTH Morna 6bl npo.u.eMOHCTpHpoBaTb OTBeTHYIO peaKU,HIO CTa6HJIH3a
Topa Ha HH3KO'iaCTOTHble nepeXO,ll.Hble TOKH (CM. rnasy 4 ). 

HaHMeHee KpHTH'iHbIM 3JieMeHTOM cxeMbl, KOTOpblH Heo6xo,u.HMO pacC'iHTaTb, SlBJIHeT
csi BeJIH'iHHa conpOTHBJleHHH KOJIJieKTOpHOH Harpy3KH paccornacyIOlll.ero TpaH3HCTOpa. 
HasecTHO, 'iTO Ha sxo.u. cTa6HJIH3aTOpa no,u.aeTCH HanpsimeHHe 330 B, a Hanpsi>KeHHe Ha 
KOJIJieKTope COCTaBJIHeT 304 B, cne.u.osaTeJibHO, na.u.eHHe HanpsimeHHH Ha pe3HCTope co
CTaBJIHeT 26 B. TaK KaK qepea Hero npoxo,u.HT KonneKTOpHbIH TOK ( = 4 MA, TO seJIH'iHHa 
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conpoTHBJieHHH cocTaBHT ttacTHoe OT .n.eneHHH HanpH>KeHHH Ha TOK, To ecTb 6,5 KOM. Cne
cyeT B ,ll.8HHOM cnyttae HCilOJib30BaTb pe3HCTOP co CTaH,n.apTHblM 3HatteHHeM conpOTHBJie

HHH 6,2 KOM. 

DpH6JIH3HTeJibHo-ou,eHOttHble BblttHCJieHHH, BblDOJIHeHHble Ha o6opoTHOA CTopoHe 

CTaporo KOHBepTa, IlOKB3aJIH, llTO BblXO,ll.HOe conpOTHBJieHHe 3TOro CT86HJIH38TOpa COCTB

BHT 5 MOM HOH 6y,n.eT ocna6JIHTb <l>oH 6onee, 'leM Ha 50 .n.5. TaKHM o6pa30M, nonyqeHHble 

pe3yJibT8Tbl MO>KHO npH3HaTb 6onee, tteM y.n.oeneTBOpHTeJibHblMH H .ll.8IOW.He JlyttWHA pe

ayJibTBT, tteM HCil0Jlb30B8HHe ew.e O,llHOfO .n.onOJIHHTeJibHOro .n.pocceJIH B CrJIB>KHBBIOW.eM 

$HJibTpe. 

5.14.14. OnpeneneH1te Bb/XORHoro conpor1tsneH1tR yc1t111tre11J1 
Bblxo.n.Hoe conpoTHBJieHHe ycHJIHTeJIH MO>KHO ou,eHHTb a npou,ecce nocTpoeHHH Harpy3ott

HblX npHMblX (.ll.HHaMHtteCKHX xapaKTepHCTHK). BenHttHHY BHYTpeHHero aHo.n.Horo conpo

THBJieHHH r. MO>KHO ou,eHHTb npH DOMOW.H KBCBTeJibHOA, npoae.n.eHHOA K CTaTHtteCKOA xa

paKTepHCTHKe, cooTBeTCTBYIOW.eA ceTOttHOMY HanpH>KeHHIO -25 B, H npoXO.ll.fflll.YIO ttepe3 

pa6ottyl0 TOllKY, llTO .n.aeT npHMepHoe 3HatteHHe 400 0M.,DonytteHHb11% pe3yJibT8T OtteHb 

Ba>KeH, TBK KBK ero MO>KHO HCDOJlb3088Tb)JJISI pactteTa BblXO,ll.HOro conpOTHBJieHHH ycHJIH

TeJIH. Bbrxo.n.HoA rpaHc<l>opMaTop cornacyeT Harpy3KY rpoMKoroaopHTeJIH, pBBffYIO 4 OM, 

c conpoTHBneHHeM 2 KOM, KOTopoe onpe.n.enHeTCH BblXO.ll.HOA naMnoA, a 3TO 03Ha'taer, ttTO 

3HatteHHH HMne.n.aHCOB 06MOTOK OTHOCHTCH KaK 500: 1. c .n.pyroA CTOpOHbl, BeJIHllHHa co

npOTHBJieHHH 'a JIBMilbl, no.n.eneHHaH Ha 3TO OTHOWeHHe, .n.aeT 3HatteHHe BblXO.!tHOro co

npOTHBJieHKH 0,8 OM. TaKHM o6pa30M, ttT06b1 rpoMKoroeopHTeJib pa6oTaJI a pe>KHMe, KO

ropblA 3a.n.aeancH ero pa3pa60TttHKBMH, Heo6XOJlHMO 6blJIO 6b1 HMeTb MeHbWee BblXO,llHoe 

conpoTHBJieHHe, HO e cpaaHeHHH c MHOrHMH KOHCTPYKU.HHMH ycHJIHTeneii c HeCHMMeTpHtt

HblM BblXO.!tOM nonyqeHHOe 3HatteHHe conpOTHBJieHHH HBJIHeTCH H TBK.!tOCTBTO'IHO HH3KHM. 

5.14.15. Tpe6osaH1tR K KOCKO/IY npeROKoHe'IHoro yc1t11eH1tR 
B BblXO.!tHOM KBCKB,ll.e MBKCHMBJibHblH pa3M8X aMnJIHTy.!t HeHcKa>KeHHOro ceTOllHOro HanpH

>KeHHH OTHOCHTeJibHO pa6otteH TOllKH orpaHHllHBBeTCH ycJIOBHHMH OTCYTCTBHH ceTOttHoro 

TOKa H CHMMeTpHttHOCTblO pa3Maxa B npOTHBOnOJIO>KeHHblX HanpaaneHHHX. CeTO'lHblA TOK 

HB'lHHaeT npoTeKaTb npH 3HatteHHHX HanpH>KeHHH Me>KJl.Y ceTKOA H KaTO,ll.OM, npeBblWBIO

W.HX HYJib, a llTO KacaeTCH yCJIOBHH CHMMeTpHH, TO MBKCHMBJibHOe 3HatteHHe pa3Maxa aMn

JIHTy.!tbl BXO.!{Horo HanpH>KeHHH .ll.OJl>KHO COCTBBJIHTb 2Vgk' cne.n.oeaTeJibHO, He06XO.ll.HM8H 

BeJIH'lHHB .n.eoAHoro BMilJIHTy,ll.HOro 3HBtteHHH pa3Maxa ceTOllHOro HanpH>KeHHH JJJIH JII06oro 

ycHJIHTeJIH KJiacca A.n.om1<Ha acer.n.a npe.n.cTaBJIHTb y.n.aoeHHoe 3HatteHHe HanpH>KeHHH cMe

w.eHHH ceTKB - KBTOJt • .D.nH paccMaTpHaaeMoro cnyqaH 3TO cocTaBJIHeT 54 B JlBOAHoro aM

nJIHTy.llHOro (nHK-DHKOBoro) 3HatteHHH HJIH 18 B cpe,n.HeKaa,n.paTHttecKoro. DpH 3TOM, HH 

npH KBKOM 3Ha'leHHH ceTOttHOrO HanpH>KeHHH He .ll.OJl>KHO npoHCXO,ll.HTb OTCettKH 8HO.!tHOro 

TOKa, llTO onpeJleJIHeTCH pe>KHMOM pa60Tbl KBCKa.n.a B KJiacce A. 
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113 nacnopTHblX JJ.8HHbIX Jl8Mnbl THna 6528 H3BeCTHO, 'ITO p83M8X aMnJIHT}'.ll. 8HOJJ.HOro 

Hanpsi>KeHHSI JJ.OJl>KeH cocTaBJISITb npHMepHo 115 B cpeJJ.HeKB8JJ.p8TH'leCKoro 3Ha'leHHH, 

'ITO coOTBeTCTByeT npHMepHo 19 B cpeJJ.HeKB8.ll.P8TH'leCKoro 3Ha'leHHSI Hanpsi>KeHHSI Ha 

ceTKe. npH 3THX ycnoBHSIX K03Q:>Q:>Hu.HeHT YCHJleHHSI Jl8Mnbl A. HMeeT 3H8'1eHHe, npHMepHO 

paeHoe 6. 3TH pe3ynbT8Tbl no3BOJIHIOT onpeJJ.eJIHTb aHa'leHHe eMKOCTH Munnepa, KOTOpasi 

Bbl'IHCJISieTCSI CJieJ.IYIOl.l.l,HM o6pa30M: c ag x (Au + 1 ) = 23 ,8 x ( 6 + 1 ) :::: 167 nK<l> • .UaHHaH 

eMKOCTb OKa>KeTCSI BKJIIO'leHHOH napanneJlbHO CO BXO.ll.HOH eMKOCTbIO Jl8Mnbl Cgk (KOTOpaSI 

paBHa 17,8 nK<l>), 'ITO Il03BOJISieT Ol.l,eHHTb o6mee 3H8'1eHHe BXO.ll.HOH eMKOCTH K8CK8.1J.8, 

BKJIIO'l8SI napa3HTHbie eMKOCTH MOHT8>K8, BeJIH'IHHOH npHMepHO 200 nK<l>. 

ApryMeHTbI, OTHocsimHecsi K o6ecne'leHHIO Heo6xo.D.HMOH 'IYBCTBHTeJlbHOCTH ycHJIHTe

nsi B BblCOKO'laCTOTHOM JJ.HanaaoHe, 6yJ.IYT o6cy>KJJ.aTbCSI e f naee 8, HO ecnH Ha MHHYTKY 

npHHSITb, 'ITO '18CTOT8 cpeaa/_3Jd) npeBbIWaeT 3H8'1eHHe 150 Kfl.I,, TO Tpe6yeMOe 3H8'1eHHe 

conpOTHBJleHHH HCTO'IHHK8 COCT8BHT npHMepHO 5300 OM H KOTOpoe onpeJJ.eJIHTCSI H3 cne

JJYIOll.l,ero Bbipa>KeHHSI: 

1 ,, = = 5300 OM. 
2X7tX150000x200x 10-12 I 

JlaMna THna 6528 o6na.u.aeT O'leHb BbICOKHM 3Ha'leHHeM KPYTH3HbI xapaKTepHCTHKH gm H 

HenpeMeHHO 6yJJ.eT HMeTb.IJ.OCT8TO'IHO BbICOK)'IO eepmlTI-IOCTb C8MOB036Y>KJJ.eHHSI B K8KHX-HH-

6y.ll.b o6nacrnx BbICOKO'l8CTOTHoro JJ.HanaaoHa. CneJJ.oBaTeJlbHO, .u.nsi HCKJIIO'leHHH B03HHKHO

seHHH 8BTOKOJle6aHHH Heo6XOJJ.HM orpaHH'IHTeJlbHbIH pe3HCTOp B u.enH ceTKH; peKOMeHJJ.OB8H

HbIH npoHaBO.ll.HTeJISIMH peaHcTop c BeJIH'IHHOH conpoTHBJleHHSI 1 KOM ycrnHaBJIHBaeTCSI 

B u.enb HCTO'IHHKa cHrnana, YMelibwasi ero conpoTHBneHHe JJ.O aHa'leHHSI 4,3 KOM. 

TaKoe Tpe6yeMoe aHa'leHHe BbIXOJJ.Horo conpoTHBneHHH npe.1J.wecTBy10mero (npeJJ.OKO

He'IHoro) K8CK8.ll.8 YCHJleHHSI .ll./ISI JlaMnosoro ycHJIHTeJISI SIBJISieTCSI .ll.OCT8TO'IHO HH3KHM H 

no:iToMy HeCKOJlbKO orpaHH'IHBaeT B03MO>KHOCTH KOHCTpyKTopcKOH paapa6oTKH. B npaK

TH'leCKHX KOHCTPYKU.HSIX npeJJ.OKOHe'IHOro KaCK8.ll.a c o6mHM K8TOJJ.OM BbIXOJJ.HOe conpoTHB

neHHe O'leHb rpy6o paBHO 38SIBJleHHOMy npOH3BO.IJ.HTeJIHMH JlaMn 3H8tteHHIO 'a• cneJJ.OBa

TeJlbHO, Heo6XO.ll.HMO nOJJ.06paTb naMny c O'leHb HH3KHM 3H8'1eHHeM 'a· 3neKTpOHHble 

naMnb1 c paMO'IHOH KOHCTpyKu.Heii ceTKH MOryT xapaKTepHaosaTbCH T8KHM HH3KHM 3Ha'le

HHeM 'a• HO no cpaBHeHHIO c Jl8Mn8MH co cnHp8JlbHOH CeTKOH OHH BHOCflT rop83.1J.0 6onee 
3H8'1HTeJ1bHb1e HeJIHHeHHbie HCKa>KeHHSI no TpeTbeii rapMOHHKH. TaKHM o6paaoM, B pac

cMaTpHsaeMOM cnyttae, 6onee npeJJ.nO'ITHTeJlbHbIM OK83bIB8eTCSI npeJJ.OKOHe'IHbIH K8CK8.IJ., 

B KOTOpOM HCnOJlb3YIOTCfl nO,ll.XO.IJ.Slll.l,He no napaMeTpaM Jl8MnbI c K8TOJJ.HbIM BbIXOJJ.OM, TO 

eCTb K8TO.IJ.HbIH nOBTOpHTeJlb. 

5.14.16. Tononor11R KOCKORO npenoKoHe'IHoro yc1111eHHR 
CymecTByIOT paanH'IHbie eapHaHTbI TononorHH cxeM .ll./lfl KacKa,u,a npe.D.OKOHe'IHoro ycHneHHSI: 
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TaKOH no.nxO.!I. MO>KeT o6ecne'iHTb HH3KHH ypoeeHb HCKa>KeHHH H Tpe6yeMOe 3Ha'ie

HHe fa Mettee 4,3 KOM. 

• µ-nOBTOpHTenb B Ka'ieCTBe npe.D.OKOHe'iHOro KaCKa)l.a MO>KeT o6ecne4HTb HH3KHH 

ypoeeHb HCKa>KeHHH H 3Ha'ieHHe fa Mettee 4,3 KOM. 

napannenbHO ynpaenHeMbIH .!1.ByxnaMnoeb1H: ycHnHTenb SRPP (CM. rnaey 2) MO>KeT 

o6ecne'iHTb 3Ha'ieHHe fa Mettee 4,3 KOM H 6onbwHH: pa3Max aMnnHTY.!1. no cpaette

HHIO c HCnOnb30BaHHeM µ-nOBTOpHTenH, HO c 6onee BblCOKHM ypoBHeM H.CKa>KeHHH. 

11cnonb30BaHHe m-noBTOpHTenH npe.D.cTaenHeTCH eecbMa u.enecoo6pa3HbIM Bb16opoM, 

O.D.HaKo TeCTHpoeaH11e noKa3ano, 'iTO HMe101UeecH BbICOKOBOnbTHOe ttanpH>KeHHe 290 B He 

RBnHeTCR .!l.OCTaTO'iHblM, 'iT06b1 o6ecne'iHTb Heo6xOJJ.HMblH pa3Max aMnJIHTY.!I. 18 B cpe.D.He

KBaJI.paTH'iecKoro 3Ha'ieHHff Ha BblXO)l.e TaKOfO nOBTOpHTenR. CTOCKOnbK)' BblX0.!1.HOH KaCKa)I. 

npe.D.CTaBnHeT eMKOCTHYIO Harpy3K)', HMeeT CMblcn npHMeHHTb B Ka'ieCTBe npe.D.OKOHe'iHOro 

napannenbHO ynpaenHeMblH .D.ByxnaMnOBblH ycHnHTeJib SRPP, KOTopb1H: cneu.HaJihHO no.D. 

TaK)'IO ttarpy3K)' H pa3pa6aTbIBancR ( no.D.po6Hee CM. rnaey 2 ). Ta Ko ii: ycHnHTeJib xapaKTepH-

3yeTCH 6onee Bb!COKHM 3Ha'ieHHeM pa3Maxa aMnnHTY.!1. no cpaeHeHHIO c µ-nOBTOpHTeneM 

npH 0)1.HHaKOBOM 3Ha'ieHHH BblCOKOBOnbTHOfO nHTa101UerO HanpR>KeHHR. CT03TOMY, 6onee 
BblCOKHH ypoBeHb HCKa>KeHHH HBnReTCR ero e)l.HHCTBeHHblM He)l.OCTaTKOM. 

5.14.17. 8h!6op naMnhl /lllR KOCKORO npe110KOH81/HOfO fCHl18HHR 

B H.D.eane .ll.llR KaCKaJI.a npe.D.okoHe'iHoHoro ycHneHHR Heo6xo.D.HMa naMna, 06na)l.a101UaS1 Ma

nblM ypoetteM HenHHeHHblX HcKa>KeHHH, oco6eHHO, ecnH pe'ib HJleT o KaCKaJI.e THna SRPP, 
cTpaMIOIUHM noeb1weHHbIM ypoeHeM rapMOHHK (cM. Bbiwe). B ornH'iHe QT .D.ByXTaKTHbIX 

ycHnHTeneif, r)l.e ypoeeHb '-leTHbIX rapMOHHK ( BKnlO'iaH HaH6onee HHTeHCHBHYIO BTOPYIO) 

CHH>KaeTCH 3a C'ieT CHMMeTpHH cxeMbl, B 0)1.HOTaKTHblX HeCHMMeTpH'iHbIX YCHJIHTenHX npo-

6neMa MHHHMH3aU.HH HenHHeHHbIX HCKa>KeHHH BbIXO)l.HT Ha nepe.D.HHH nnaH. 

JlaMnbI c paMO'-IHOH ceTKOH, 06na)l.a10llJ.He MHHHMaJibHbIMypoBHeM HCKa>KeHHH, B HaCTO

RIUee epeMR cTanH no'iTH MY3eHHOH pe.D.KOCTblO (xorn naMna THna E88CC HBJIHeTcH, HecoM

HeHHo, 0)1.HOH H3 ny'iWHX), n03TOMY .ll.llH Bbt6opa cpenH nO.ll.X0.!1.RIUHX no MOIUHOCTH OCTaeTCR 

TOJlbKO ceMeHCTBO naMn *SN7 /*N7. npH 3TOM aeTOp coeepweHHO He co6HpaeTCH npHHO

CHTb CBOHX H3BHHeHHH 3a TO'iHO TaKOH >Ke Bbt6op, KaKOH CJJ.enana .!1.0 Hero .!l.06paH JllO>KHHa 

JJ.pyrnx pa3pa60T'iHKOB OJJ.HOTaKTHblX ycHJIHTeneif c HeCHMMeTpH'iHbIM BbIX0.!1.0M. EcnH see 

apryMeHTbl HH>KeHepoB 6e3anennHU.HOHHO JlHKTYIOT' 'iTO TOJlbKO KpyrnaR <f>opMa .ll.llH KOneca 

RBnHeTCH HJleanbHOH, TO 3TO npoCTO 03Ha'iaeT' 'iTO Ha )l.ene 3TO HMeHHO TaK H 06CTOHT. 

0.D.HaKo, B cxeMe CHMMeTpH'iHO ynpaenHeMoro ycHnHTenH THna SRPP, K KaTO.llY eepx

Heif JiaMnbl npHKnl:l.!l.bIBaeTCH HanpR>KeHHe, paBHOe nonOBHHe HanpH>KeHHR BblCOKOBOJlbT

HOro nHTaHHR, 0,5 V11f' 'iTO Tpe6yeT nOBblllleHHOro HanpR>KeHHR nHTaHHH nonorpeBaTenR, 

H co6n10J1,eHHR ycnOBHH, 'iT06bl H30nHU.HH Me>KJlY KaTO.!l.OM H no)l,orpeBaTeneM He pa3pywH

nacb H3-3a BbICOKHX HanpH>KeHtiH. B cxeMe cTepeocpoHH'iecKoro ycHnHTenH .ll.llR yno6cTBa 

o6ecne'ieHHH 6e3onacttoif pa60TbI no.D.orpeeaTeneif u.enecoo6pa3HO 0.!1.HY naMna H3 cepHH 

*SN7 /*N7 ( 3TO .!l.BOHHble TpH0.!1.bl B 0)1.HOM 6annotte) HCnOJib30BaTb B Ka'ieCTBe eepXHHX 

naMn, a BTOPY'° - B 1<a'ieCTBe HH>KHHX. JJ.pyroif anbTepttaTHBOH RBJIHeTCH npHMeHeHHe 
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OAHHO'IHblX TpHOAOB THna 6 s 5, KOTOpble no xapaKTepHCTHKaM 6nH3KH K nonOBHHe ABOA
HOro TpHOAa THna 6SN7' cneAOBaTenbHO, napa TaKHX naMn Morna 6bl HCnonb30BaTbCff 
B MOH06no'l.HOM ycHnHTene. AsTOp npeAnO'len socnonbaosaTbCH naMnaMH 6 S 5 no toA 
npocTOA npH'IHHe, '!TO ew.e AaBHO 3aKYnHn HX B 6onblllOM KOnH'leCTBe . .llononHHTenbHblMH 
apryMeHTaMH nocny>KHno TO, 'ITO B cnyqae HCnonb30BaHHff npocTO!.'i, He KOM6HHHposaH

HO!.'i naMnb1, npH AanbHei.'iweA MOAH<f>HKaU.HH KOHCTPYKU.HH y.u.acTcH Ha6e>latt'b HeH36e>K
HblX B TaKHX cnyqaffx cnecapHblX pal?oT H '!TO Ha BXOAe MO>KHO HCnOnb30Ba1b naMny c Bbl
COKHM 3HB'leHHeM m, a B Ka'leCTBe BTOpOH napbl Hcnonb30BaTb 6onee AeweBylO naMny 
c 6onee HH3KHM 3Ha'leHHeM µ. 

Hcnb1TaHHH noKaaanH, 'ITO npeAOKOHe'IHblA KaCKM THna SRPP Ha ocHose AByx naMn 
6 S 5 nerKo 06ecne<1Hn paaMax aMnnHTYA 21 B cpeAHeKBMpaTH'leCKoro aHa'leHHff Ha 
qacToTe 1 KfU. c ypoBHffMH ocna6neHHff BTOpblx rapMOHHK -40 AB, H TpeTbHX rapMOHHK 
-54 AB. 0AHaKo aHanHa HarpyaKH noApaayMesan, 'ITO H3MepeHHff BbmOnHHnHCb TOnbKO 
c HcnonbaosaHHeM ocu.Hnnorpa<f>a H qacTOTHoro aHanHaaTopa cneKTpa, B cHny qero AelicT
BHTenbHb1!.'i AHHaMH'leCKH!.'i AHana30H H3MepeHH!.'i 6b1n orpaHH'leH 3Ha'leHHeM npHMepHO 

55 AB H 6onee BblCOKHe rapMOHHKH npocTO He 6blnH BHAHbl. TeM HH MeHee, TaKoA yposeHb 
HCKa>KeHHH 6bln npH3HaH AOCTaTO'IHO xopowo COBnMalOW.HM c npeACKa3aHHblM ypOBHeM 
HCKa>KeHHA BblXOAHOro KaCKMa. 

5.14.18. Onpe11eneHHe po6011eii TO'IKH npe110KOH8'1HOfO KOCKOJIO 

PaccMaTpHsaeMblH npHMep, KOrAa B Ka'leCTBe npeAOKOHe'IHOro KaCKaAa HCnOnbayeTCff na
pannenbHO ynpasnHeMblH KacKaA THna SRPP, qaw.e scero noApaayMesaeT npHMeHeHHe 
BAaHHOM KaCKMe HAeHTH'IHblX sepxHeA H HH>KHeA naMn. Ha.npaKTHKe TaKoe Tpe6oBaHHe 
He npeACTaBnffeTCff CTOnb KaTeropH'IHblM, XOTff asTOp He BCTpeqan 01.1..J.YfHMblX npeHMy
w.eCTB npH Hcnonb30BaHHH naMn paanH'IHblX THnOB, Aa K TOMY >Ke H pac'!eTbl npH Hcnonb-
30BaHHH HAeHTH'IHblX naMn OKa3blBalOTCff npow.e. JlaMnbl BKnlO'leHbl nocneAOBaTenbHO 
( cneAOBaTenbHO, senH'IHHa npoTeKa!Oll.l,ero no HHM TOKa OAHHaKOBa ), OHH HAeHTH'IHbl H 
n03TOMY Ha aHOA OAffOH H3 naMn (HH>KHeH) AOn>KHO npHKnMblBaTbCff HanpH>KeHHe, paB
HOe nonOBH!te BblCOKOBOnbTHOro nHTalOw.ero HanpH>KeHHff v/lf' CneAOBaTenbHO, npH pac
'leTax MO>KHO HCXOAHTb H3 ycnOBHff, 'ITO HH>KHffff naMna npeACTaBnffeT KacKaA c 06W.HM 

KaTOAOM, a aHOAHOe HanpH>KeHHe Va = 0,5 v/IT' 

Pe>KHM pa6oTbl naMn THna 6 s 5, npH KOTopoM / 11 ~ 8 MA npH nocTOffHHOM 3Ha'leHHl1 
aHOAHOH HarpyaKH, HBnffeTCff 11AeanbHblM, TO ecTb APYrHMH cnosaM11, OH 06ecneq11saer 
HaHMeHbW11e 11CKa>KeHHff. no3TOMY aHOAHbli.'i TOK aa.u.aeTCff paBHblM 8 MA, np11 3TOM 
HanpS1>1<eH11e CMell.l,eHHff Me>KJ(y CeTKO!.'i 11 KaTOAOM Vgk AOn>KHO 6b1Tb paBHO npHMepHO 
3,4 B. 

B Ka'leCTBe 3aKnlO'leHHff He06XOA11MO OTMeTHTb cne,nyIOw.ee: B036y»<JI.eHHe OKOHe'IHO
ro KaCKMa np11 paCC'll1TaHHOA BI:iJWe senH'l11He BXOAHOH wyHT11py10w.ei.'i eMKOCTl1 OKOHe'l
HOrO KacKa.u.a 200 n<I> Ha 'laCTOTe 20KfU.11 cpeAHeKBMpaTH'leCKOM 3Ha'leHl1H HanpH>KeHHff 
VRMS' paBHOM 19 B, Tpe6yeT cpeAHeKBMpaT11'lecKoro 3Ha'leH11ff TOKa BXOAHOro cHrnana 
np11MepHo 0,48 MA ('ITO cooTBeTcTsyeT sen11'IHHe YABOeHHoro aMnnl1TYAHOro 3Ha'leHHff 
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TOKa npHMepHo 1,3 MA). Bhl6paHHOe aHalfeHHe TOKa 8 MA )l.llSI npeJlOKOHelfHoro KaCK8Jla 

THna SRPP S1BnS1eTcS1 JlOCTaT04HblM MH 06ecnelfeHHS1 Tpe6yeMoro TOKa CHrHana 6ea onac

HOCTH BHeceHHSI JlOnonHHTenbHblX HCKa>KeHHA. 

5.14.19. (OJROHlfe HanpRJKBHllR CM8U/8HllR npeROKOHB'IHOMf KOCKORY 

HanpH>KeHHe CMeu.r.eHHSI Ha sepxHIOIO naMny napannenbHO ynpasnHeMoro KacKaJl8 SRPP, 
npHMeHSleMoro B paccMaTpHBaeMOM npHMepe B KalfeCTBe npeJlOKOHeHoro, JlOn>KHO 38Jl8-

eaTbCSI pe3HCTOpOM, He WYHTHpoBaHHblM KOHJleHcaTopoM, TaK KaK B npoTHBHOM CnYtfae 

6yJleT OTCYTCTBOBaTb CHrHan ynpasneHHSI naMnoA, OJlHaKO )l.llSI HH>KHeA naMnhl Tpe6osa

HHSI K uenH CMell.l,eHHSI OKa3blBalOTCSI MeHee >KeCTKHMH . 

.llnff 38JlaHHSI KaTOJlHOro CMell.l,eHHSI HH>KHeA naMnbl MO>KHO HCnonb30BaTb pe3HCTOp 

c conpoTHBneHHeM 430 OM, napannenbHO KOTOpoMy BKnlOlfaeTCSI KOHJleHCaTop c Tpe6ye

MOl1 eMKOCTblO. 0JlHaKO, npH HacrpoAKe KacKaJlOB ycHnHTenff MOll.l,HOCTH 3a4aCTylO Tpe-

6yeTCSI KoppeKTHposKa HanpS1>1<eHHS1 CMeu.r.eHHSI no KpHTepHIO cBeJleHHSI K MHHHMYMY 

nenHHeAHblX HCKa>KeHHA. TaK KaK Ka>KJJ,asi naMna B ycHnHTenbHOM KaCK8Jle THna SRPP 
pa6oTaeT TOnbKO c nonOBHHOA B03MO>KHOro 3Ha4eHHSI BblCOKOBOnbTHOro HanpSl>KeHHSI 

(orpaHHlfHBaSI pa3Max aMnnHTyJl CHrHana), KOppeK'rHpOBKa pe>KHMOB nocne YtfeTa MHHH

MH3aUHH HCKa>KeHHA HnH neperpy3KH CTaHOBHTCSI HeB03MO>KHOA, no3TOMY OKa3blBaeTCSI 

uenecoo6pa3Hee HCnonb30BaTb <f>HKCHpOBaHHOe 3Ha4eHHe CMell.l,eHHSI Ha HH>KHeA naMne. 

<l>HKCHpOBaHHOe ~Meu.r.eHHe MO>KeT 6b1Tb o6ecne4eHO ceT04HblM Sb!npsiMHTeneM CMeu.r.e

HHSI nH6o 38JlaHHeM KaTOJlHOro cMeu.r.eHHSI nonynpoBOJlHHKOBblM JlHOJlOM. BapHaHr cerolf

noro CMell.l,eHHSI c OT)lenbHblM BbinpSIMHTeneM 6onee JlOpor, HO sapHaHT KaTOJlHOrO CMe-

1.lleHHSI nonynpOBOJlHHKOBblM JlHOJlOM MO>Ker npHBeCTH K yeenHlfeHHIO HCKa>KeHHA. 

Kc4aCTblO, H3MepeHHH, BhlnonHeHHbie aeropoM, noKaaanH, 4TO Jla>Ke MH raKoro KaCK8Jla, 

KaK SRPP, 06na)la10u.r.ero He nYtfWHMH HCKa>KeHHSIMH, npH Bb16paHHblX ypoeHsix cHrHana 

)lOnOnHHTenbHble HCKa>KeHHSI, BHOCHMble Hcnonb30BaHHeM )l.llSI KaTOJlHOro CMell.l,eHHSI cse

TOH3nYtfalOll.l,ero JlHOJla, OKaaanHCb He3Ha4HTenbHblMH, a speMSI BOCCTaHOBneHHSI KaCKa)la 

nocne neperpyaKH - ManblM. 

5.14.20. OqeHKO JHO'leHllH BhlXORHoro conpo111sneH11R 

If KOJt/JCIJ111111eHTO yatneHllR KOCKORO npeROKOHB'IHOfO fCHDBHllR 

1:1ttTyHTHBHO MO>KHO O>KHJlaTb, 4TO BblXOJlHOe conpoTHsneHHe napannenbHO ynpasnsieMoro 

KaCK8Jl8 THna SRPP, npHMeHsieMoro s paccMarpHeaeMOM npHMepe s Katfecree KaCK8Jla 

npeJlOKOHelfHOro ycHneHHSI, OKa>KeTCSI JlOCTaTOlfHO HH3KHM, HO 3TO raK>Ke MO>Ker 6b1Tb 

nO)lTBep>KJJ,eHO HecnO>KHblM pactfeTOM: 

r •• (R+r •. ) 
'""' =------'---------,_,(µ. + 1) + r., + R[µ2(µ, + 1) + 11 
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,ll.nH paccMaTpHBaeMoro BapHaHTa ycHJIHTeJIH H3MepeHHOe 3HaqeHHe CTaTHqecKoro 

BHYTpeHHero Ko=>Q>Q>HU.HeHTa ycHneHHH naMn m pasHo 21, a 3KBHBaneHTHoe BHYTpeHHee 

conpOTHBJieHHe na~n ra paBHO 7, 1 KOM. PacqeT no BblwenpHBeJI.eHHOH Q>opMyne )l.8eT 

CJieJJ,YIOIUHH npH6JIH3HTeJihHblH pe3yJibTaT: 'out = 2,3 KOM, KOTOpb!H no3BOJIHeT HCnOJib30-

B8Tb orpaHHqHsa101UHH KaTOJI.HblH pe3HCTop conpoTHBJieHHeM 1 KOM JI.Jiff CHH>KeHHH Bepo

HTHOCTH napa3HTHOH BY aBroreHepaU.HH KaCK8JJ.8 SRPP. 

3HaqeHHe Ko=>Q>Q>HU.HeHTa ycHJieHHH scero napanneJibHO ynpaBJIHeMoro KaCK8Jl.8 

SRPP cocTaBJIHeT npHMepHo 14, a TaK KaK JI.Jiff B036y>KJI.eHHH Bb!XOJI.Horo KacKaJI.a Heo6-

XOJI.HMO BXO)l.HOe HanpH>KeHHe npHMepHO 18 B cpe)l.HeKBa)l.paTHqecKoro 3HaqeHHSI, TO Ha 

npeJI.OKOHeqHhIH KacKaJI. Heo6xoJI.HMO noJI.aBaTb npHMepHo 1,3 B cpeJI.HeKBaJI.paTHqecKo

ro 3HaqeHHH BXO)l.HOro HanpH>KeHHH ;/lJIH B036y>KJI.eHHH YCHJIHTeJIH npH HOMHHaJihHOH Bbl· 

XO)l.HOH MOIUHOCTblO. 9To )l.OCTaToqHo YJI.06Hh!H pe3yJibTaT, TaK KaK n03BOJIHeT HCnOJib· 

30BaTb ycHJIHTeJib JI.Jiff pa6oTbI co cTaHJI.apTHhIM CD nneepoM, HMe101UeM BhIXOJI.Hoe 

HanpH>KeHHe 2 B cpeJI.HeKBaJI.paTHqecKoro 3HaqeHHH, npHqeM npaKTHqecKH c Tpex,neu.H· 

6eJibHblM 3anaCOM. 

5.14.2l KaKosa JKe ponh o6parHoii csR111? 

CpeJI.H coBpeMeHHhlX pa3pa6o~HKOB cqHTaeTcH «MOJl.HhIM» B o,nHoTaKTHblX ycHJIHTeJIHX c 

HeCHMMeTpHqffblM BblXO,nOM nOJIHOCTblO OTKa3b!BaThCff OT HCnOJib30BaHHH Me>KKaCKMHOH 

oTpHu.aTeJibHOH o6paTHOH CBH3H. BhlJl.BHralOTCH apryMeHThI, qTQ HcKa>KeHHH B TaKHX ycH· 

JIHTeJIHX o6ycJIOBJieHhl, B OCHOBHOM, BTOpblMH rapMOHHKaMH, K i<OTOpblM HaHMeHee BOC

npHHMqHBO qeJIOBeqecKoe yxo H HHTeHCHBHOCTb KOTOpblX nponopu.HOHaJibHa ypoBHIO 

Bb!XOAHOH MOLll.HOCTH. npH 3TOM o6parHaH CBH3b Morna 6b! C)l.BHraTb rapMOHHqHJ>Ie HCK8· 

>KeHHH BBepx no qacTOTe, ry,na, r.ne OHH 6yJJYT 6onee 3aMC I Hb!MH. 9TH apryMeHTbl Ka>KYTCH 

npaB)l.Ono,no6HblMH TOJibKO npH TOM ycJIOBHH, qTQ HCKa>KeHHH COCTaBJIHIOT MeHee 5 % non

HOH Bb!XO)l.HOH MOIUHOCTH, Tor.na KaK y>Ke .naBHO BblnOJIHeHHhle TIU8TeJibHhie HCCJie)l.OBa· 

HHH He CMOrJIH ycTaHOBHTb HaJIHqHff HCKa>KeHHH no BTOpOH rapMOf!HKe, KOTOpbie 6b!JIH 6bl 

HH>Ke ypoBHH 5%. K co>KaJieHHIO, =>TH HCcJieJI.OBaHHH 6b!JIH BhmonHeHbl 3a,nonro JI.O Toro, 

KaK rpoMKOTOBOpHTeJIH c HH3KHM ypoBHeM HCKa>KeHHH, TaKHe, HanpHMep, KaK nOJIHO)l.Ha· 

na30HHblH =>JieKTpocTaTHqecKHH rpoMKorosopHTeJib THna Quad ESL57, cTaJIH .nocrynHhl 

pHJI.OBhlM pa3pa6o~HKaM, no=>TOMY npaBoMepHOCTh TaKoro yrBep>KJI.eHHH B HaCTOHl.ll.ee 

BpeMH CTaHOBHTCSI eme 6onee cnopHOH. 

TeM HH MeHee, cna6aH noKaJibHaH o6paTHaH CBH3h MO>KeT OhITh HcnoJih30BaHa B Bbl· 

xo,nHOM KaCKa)l.e, nYTeM no)l.aqH BblXO,nHoro HanpH>KeHHH ycHJIHTeJIH co BTOpHqHoH o6MOT· 

KH BblXO)l.HOro TpaHcQ>opMaTopa B K8TO.!lHYIO u.enb JiaMnbl OKOHeqHoro KacKa,na. 

5.14.22. no11se11eH11e llTOfOB pa1pa60TKll KOHCTPYKl/1111 
nocne Toro, K8K )l.eTaJibHblH pa36op KOHCTPYKU.HH 38BepweH, Hennoxo 6hlJIO 6bl ou.eHHTb 

rOTOBYIO KOHCTPYKU.HIO B u.eJIOM c TOqKH 3peHHH ee B03MO>KHOro HCnOJib30B8HHH. no HTO· 
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npHMep paJpa60TKlt OAHOTOKTHOrO ycHnHrenR MOUIHOCTH 

raM paccy>!Ql.eHHH, npose.11:eHHblX B pa3.11:ene 5.14, MO>KHO COCTaBHTb npHHUHnHaJibHYIO cxe

My pa3pa60TaHHoro ycHJ1HTem1 MOW.HOCTH, npHse.11:eHHyIO Ha pHc. 5.30a H 5.306. 

Y1<a>1<eM HeKOTOpb1e Y>l<e H3BeCTHbie napaMeTpbl ycHJIHTenH: 

0>KH.ll.8eMaH BbIXO.D.HaH MOW.HOCTb: = 6 BT c yposHeM HCKa>KeHHH = 8 % 
Bxo.11:HaH qyecTBHTeJibHOCTb: = 1,3 B cpe.11:HeKsaAparn1.JecKoro 3HaLJeHHH (npH HOMH

HaJibHOH BblXOAHOH MOll.J,HOCTH) 

YcHJIHTeJib 6b1J1 co6paH H nposepeH Ha cooTBeTCTBHe ero peaJibHbIX xapaKTepHCTHK 

O>l<HJ{aeMblM. 06w.aH Macca ycHJIHTeJIH COCTaBHJia 29 Kr, ecJIH >1<e nepeCl.JHTaTb HHal.Je, TO 

MeHee 4,5 Kr Ha 0.11.HH BaTT CTepeo<f>OHHl.JeCKOH MOll.J,HOCTH. CTo cpaBHeHHIO C .11.BYXTaKTHblM 

ycHJIHTeJieM OH 3Hal.JHTeJibHO Tff>l<eJiee no secy H .11:opo>1<e npH AOCTH>l<eHHH orpaHHl.JeHHblX 

pe3yJibTaTOB, HO TOl.JHO TaKHe >1<e apryMeHTbl 6YAYT Bbl.11.BHraTbCff pa3pa60Tl.JHKaMH ycHJIH

TeJieH Ha nonynpoBOAHHKOBblX npH60pax B KaLJecTBe KpHTHKH JiaMnOBblX ycHJIHTeJieH. 

JlaMnOBble ycHJIHTeJIH B cospeMeHHOM MHpe 3JieKTpOHHKH - 3TO see paBHO, l.JTO napOBble 

.11.BHraTeJIH B Hawy 3noxy, H TOl.JHO TaK >Ke ffBJifflOTCff npe.11.MeTOM CTpaCTHOro ysneLJeHHff. 

5.14.23. flposepKa pa6orocnoco6HocrH ycHn111enJ1 
JlsHraTeJIH Jl.JJSI fOHOl.JHblX aBTOM06HJieH AOCTHraIOT CBOHX BblJJ.aIOll.J,HXCff xapaKTepHCTHK 

3a cLJeT pa60TbI scex 6e3 HCKJIIOLJeHHH .11:eTaneA Ha npeJJ.ene .11.onycTHMoi:i Harpy3KH -

HMeHHO no3TOMY MaJieHWaff OWH6Ka MO>KeT OKa3aTbCff KaTacTpo<f>HLJeCKOH. }lBOHHOH 

TpH0.11. THna 6528, npHMeHeHHbIH s pa3pa6oTaHHOH BbIWe KOHCTPYKUHH ycHJIHTeJIH MOW.

HOCTH MO>l<eT yno.11:06HTbCff .11.BHraTeJIIO fOHOl.JHOro aBTOM06HJiff B TOM OTHOWeHHH, l.JTO OH 

pacCl.JHTaH Ha HOMHHaJibHYIO pacceHsaeMyIO MOll.J,HOCTb 30 BT Ha aHOJ{e, H l.JTO B peaJib

HOH >KH3HH oHa pacceHsaeT Ha aHo.11:e 31,5 BT TennosoA MOW.HOCTH s nHKe CHrHaJia. OT 

6aJIJIOHa TaKoro ABOHHOro TpHOJ{a, Ha KOTOpOH BblnOJIHeHbl OKOHel.JHble KaCKa.D.bl JJ.Byx 

ycHJIHTeJieH MOll.J,HOCTH CTepeonapbl, Tpe6yeTCff OTBeCTH BABOe 60JibrnyIO MOW.HOCTb, 

yLJHTbIBaH npH 3TOM cpaBHHTeJibHO He60JibWHe pa3Mepb1 caMoro 6annoHa. Cne.11:osa

TeJibHO, caMb1e nepsble HcnblTaHHH ycHJIHTeJIH 6b1JIH sbmonHeHbl c uenbIO YJJ.OCTose

pHTbCH B TOM, l.JTO JiaMna THna 6528 npH HOMHHaJibHOH BblXOAHOH MOll.J,HOCTH «He Hcny

CTHT JzyX», TaK H He .II.OHM AO «<f>HHHWa». 

CTaHeJib JiaMnbl 6528 6blJia ycTaHOBJieHa Ha npOBOJIOl.JHOH 3aW.HTHOH CeTKe, npe.11:Ha3-

tta1.JeHHOH Jl.JJff MOHTa>1<a 3JieKTposeHTHJiffTOpa c JJ.HaMeTpOM nonacTeH 80 MM, 3aTeM 6blJI 

CMOHTHpOBaH 80-MM a6COJIIOTHO 6ecwyMHblH BeHTHJlffTOp, KOTOpbIH o6ecneLJHBaJI 06,zys 

l..lOKOJIH ycTaHOBJieHHOH naMnbl CHH3y. B pe3yJibTaTe, .11:a>1<e npH pa6oTe naMnb1 c MaKcH

MaJibHOH MOll.J,HOCTblO Pa, TeMneparypa, H3MepHeMaff Ha 6aJIJIOHe JiaMnbI, scer.11:a OCTasa

JiaCb B ycTaHOBJieHHblX npeJJ.eJiax, a waccH OCTaBaJIOCb XOJIOJ{HblM. 

CTpH nepsoHaLJaJibHOH nposepKe HanpH>KeHHH no.11:orpesaTeJIH KaTOAa Ha naMnosoA 

naHeJIH 6528, BbinOJIHeHHOH H3MepHTeJieM cpe.11:HeKB8J{paTHl.JHblX 3Hal.JeHHH HanpH>1<eHHff, 

6b1no ycTaHosneHo, LJTO HanpH>1<eHHe cocTaBJIHJIO 6,5 B BMecTO nono>1<eHHbIX 6,3 B, no-

3TOMY 6blJIO H3MeHeHO nOJ{KJIIOl.JeHHe nepBHl.JHOH o6MOTKH CHJIOBOro TpaHc<f>opMaTopa: 

c o6MOTKH, paccLJHTaHHOH Ha HanpH>t<eHHe 240 B Ha o6MOTJ<Y, paccLJHTaHHYIO Ha 250 B, 

LJTO CHH3HJIO HanpH>KeHHH no.11:orpesaTeJIH KaTO.ll.8 .11.0 3HaLJeHHH 6,296 B, TO ecTb snonHe 
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KQcKDAbl ycHneH1t11 MOIQHOCTH 

npHeMJJeMOH BeJJH'IHHbl. (TaK KaK ceTesoe HanpmKeHHe nHTaHHSI CO}lep>KHT BeCbMa 3Ha'IH

TeJJbHble noMeXH Hero cpopMa BeCbMa MJJeKa OT CHHyCOH}laJlbHOH, H3MepeHHSI nepeMeHHO

ro HanpSl>KeHHSI nHTaHHSI IlO}lOrpesaTeJISI JlOJl>KHbl BbinOJIHSITbCSI c HCnOJJb30BaHHeM npH6o

pa, npe}lHa3Ha'leHHOro JlJJSI H3MepeHHH cpe}lHeKBa}lpaTH'leCKoro 3Ha'leHHSI H HMeIOmero 

JlOCTaTO'IHYIO TO'IHOCTb HaMepeHHH JlO 11acToT, He HH>Ke 1 Kru.) 

JlonOJIHHTeJlbHO K 9TOMY OKa3aJJOCb, 'ITO o.n.Ha H3 JJaMn THIJa 6J5, ycTaHOBneHHaSI 

B npe}lOKOHe'IHOM KaCKa}le, JlOJl>KHa 6bIJla 6bITb aa6paKOBaHa H3-3a HH3KOro 3Ha'leHHSI co

npOTHBJleHHSI no.n.orpesaTeJlb-KaTOJl (sonpeKH nony11eHHOMY npH H3MepeHHSIX 3Ha'leHHIO 

6onee 25 MOM no peaynbTaTaM nposepKH Ha naMnosoM HCnbITaTene THna Avo VCM 163 ). 

Jla>Ke HeCMOTpSI Ha TO, 'ITO IlO}lorpesaTeJIH 6bIJIH pa3BSl3aHbl c aeMneii, }laHHaSI HeHcnpas

HOCTb npHBOJlHJla K TOMy, 'ITO cpoHOBOe HanpH>KeHHe BeJJH'IHHOH 5 MB H HMnynbCHble no

MeXH H3-3a Bb16pocbI HanpH>KeHHSI npH nepeKJJIO'leHHH BeHTHJleH BblnpSIMHTeJISI npoca11H

BaJIHCb B BbIXO}lHOH KaCKa}l. 

5.14.24. flposepKO JBf'IOHHJI fCHRHT8RJI 

B cHny sa>KHOCTH HCnbITaHHH, paapa6oTaHHbIH ycHJJHTeJJb MOIUHOCTH 011eHb nuaTeJibHO 

nposepSIJJCSI Ha Ka'leCTBO asy11aHHSI c HCnOJJb30BaHHeM napbl rpOMKOrOBOpHTeneii THna 

LS3/5a B Te11eHHe JlJJHTeJJbHoro speMeHH. XoTH rpoMKorosopHTeJJH THna LS3/5a S1BJ1S1-

IOTCS1 npeKpaCHblMH MHHHaTIOpHbIMH rpOMKOrOBOpHTeJJSIMH, see >Ke OHH He SIBJISllOTCH 

. H}leaJibHO no}lXO.ll.fflll.HMH JlJJSI ManoMOIUHbIX ycHJJHTeneii. K co>1<a.neHHIO, OHH S1BJ1S1IOTCS1 

e.n.HHCTBeHHblMH rpoMKorosopHTeJJHMH, o6n8Jl8IOIUHMH naccHBHbIM KpoccosepoM H YJlOB

neTBOpSIIOlll.HMH BCeM Tpe6osaHHSIM K Ka11eCTBy, KOTOpble HMeIOTCSI y aBTOpa KHHrH. 

YcHJJHTeJlb Ha11an pa6oTaTb .n.ocTaTO'IHO CHOCHO, HO aHa'IHTenbHO yny...lllHJJ Ka11ecreo 

asy...aHHSI nocne nepBbIX 'leTbipex 11acos npocnywHBaHHSI. 

5.14.25. Ho6n1oneHHJ1 poJpo6or'IHKO 

C6opKa ycHJJHTeJJSI 6bIJJa aasepllleHa scero aa HecKOJJbKO BbIXOJlHbIX JlHeii, aa KoropbIMH 

nocne}losanH JlBa JlHSI HaUHOHaJJbHoro npa3JlHHKa. 3aKOH MapcpH rnacHT, 11ro yrepS1HHaS1 

}leranh MO>Ker 6bITb o6Hapy>KeHa noa>Ke, HO He paHee ee11epa cne.n.yiow.eii nHTHHU.bI. Ae

rop co6HpancS1 HcnonbaoeaTb co6cTBeHHbIH sapHaHT }leMncpHpy10mero ( crna>1<Hea10mero) 

Jlpocce;rn JlJJSI BblCOKOBOJlbTHOro HCTO'IHHKa nHTaHHSI, HOB lllKacpy caMbIM He06l>SICHHMblM 

o6paaoM oTcyrcreosan cponbrOBbIH nneHO'IHblH nonHnpom1neHOBbIH KOH.U.eHcarop c eM

KOCTbIO 220 H<l>, n09TOMY aBTOp 6bIJI BbIHy»<JI.eH HCnOJJb30B8Tb TP8JlHU.HOHHbIH eapHaHT H3 

cponbroeoro nneH011Horo KOHJleHcaTopa c eMKOCTbIO 10 H<l> H JleMncpHpy10w.ero peaHcTopa 

10 KOM ( npH'leM, 9TOT JlecpeKT 6bln ycrpaHeH TOJJbKO 11epea He}leJJIO ). Ou.eHHBaSI npoHao

llleJllllee, MO>KHO CKaaaTb, 'IT0-9TO OKa3aJJOCb ceoeo6pa3HOH y}laqeii, TaK KaK 6onee xyJl

lllaH cpHJJbTpaUHSI cpoHa no3BOJIHJ!a o6Hapy>KHTb, 'ITO He}loporoii BbinpSIMHTeJlbHblH KeHOT

poH THna EZ8 l orKpbIBaJJCSI H aaKpb1eancS1 Ha YJlHBJJeHHe 'IHCTO H nposou.Hpoean KpaiiHe 

He3Ha'IHTeJlbHble HH3KO'laCTOTHble noMeXH THna «3BOH» (pHC. 5.31 ). 
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PHc. 5.31 (/)opMa BblXoiJnoeo nanp1t:ncenu1t Bblnp!tMume1tbH020 Kenomopona muna 
EZ8 I npu ucno1tbaooanuu ynpoUftennoeo c21ta:ncuoa10U{e20 ¢u1tbmpa 

llpUMe1taHue. Ha HH)l{HeM rpa$HKe s yseJIH'leHHOM MacwTa6e noKa3aHo noseJJ.eHHe 

Bb!OpHMHTem1 B MOMeHT ero 3anHpaHHff H OTnHpaHHff 

C6opKa paccMaTpHsaeMoro ycHJIHTeJIH so3poJJ.Hna .lUlBHO TaHsweecH y6e>KJJ.eHHe asTo

pa, 'ITO"C Te'!eHHeM speMeHH xapaKTepHCTHKH cepJJ.e'IHHKOB JJ.pocceneii H TpaHc<t>opMaTO

poB nO)l.Bep)KeHbl cepbe3HOH )l,erpa)l.aU.HH. DpeJJ.BapHTeJibHO paCC'IHTaHHOe 3Ha'!eHHe 

nyJibCaU.HH BbinpHMJieHHoro TOKa nocne nepsoro 3BeHa BblCOKOBOJlbTHOro CrJia)KHBaIOw.e

ro $HJibTpa JJ.OJI)KHO 6b1J10 cocTaBJIHTb 56 MB cpeJJ.HeKBMparnqecKoro 3Ha'!eHHH, OJJ.HaKo 

nonyqeHHaff Ha npaKTHKe nocne H3MepeHHH BeJIH'IHHa 6bIJia Ha 7 JJ.fi BblWe H COCTaBJIHJia 

124 MB cpeJJ.HeKBaJJ.paTH'!ecKoro 3Ha'!eHHH. KoHJJ.eHcaTOpbI eMKOCTbIO 120 MK.<l> 6bIJIH 

nposepeHbI nepsbIMH H oKa3aJIHCb onpasJJ.aHHblMH, nocne qero nOJJ.03peHHH nanH Ha JJ.poc

cenH ( OJJ.HH H3 KOTOpbIX K TOMY )Ke y)Ke HMeJI OT6paKOBKy B npOWJIOM, TaK KaK OKa3aJICff 

OTBeTCTBeHHbIM 3a ryJJ.eHHe B OJI.HOH H3 6oJiee paHHHX KOHCTPYKU.Hii ycHJIHTeJIH Ha naMnax 

THna EL84 ). no3TOMY Ka3aJIOCb BeCbMa sepOHTHbIM, '!TO BeJIH'IHHa HHJJYKTHBHOCTH MOrJia 

CHH3HTbCff H3-3a nospe>K,ll.eHHff MarHHTOnpOBO)l.a • .lJ.onOJIHHTeJibHO K 3TOMY, CHJIOBOH 

Tpanc<t>opMaTop c yseJIH'leHHbIM U-o6pa3HbIM cepJJ.e'IHHKOM BH6pHposaJI JJ.a)Ke JJ.O Toro, 

KaK 6bIJI Harpy)KeH BblCOKOBOJlbTHblM HCTO'IHHKOM nHTaHHff. EoJiee Toro, B ceTH nHTaHHff 

JI.Jiff Hero OKa3aJicH Heo6xOJJ.HMbIM npeJJ.oxpaHHTenb c nnasKoii BCTaBKOH Ha 5 A, 'IT06b1 

BblJJ.ep)KaTb nepsoHa'!aJibHbIA 6pocoK TOKa npH ero BKJIIO'leHHH. Eb1JI CJJ.enaH BbIBOJJ.: Mar

HHTHbie MaTepHaJibl, OTCJIY)KHBWHe OKOJIO 40 JieT, BnOJIHe MOryT OKa3aTbCff «CaMblM cna-
6blM 3BeHOM»' a noJiyqeHHbie npH H3MepeHHffX nocpeJJ.CTBeHHble xapaKTepHCTHKH He 

06H3aTeJibHO MOryT 6b!Tb CJie)l.CTBHeM OWH60K npoeKTHpoBaHHff. 
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KacKOAbl yc11neH1111 MOIQHOCTll 

BHHMaTeJihHO npoenylllHBaff BKJIIOtteHHhIH yeHJIHTeJih (JI.o Toro, KaK pene 3aJI.ep>KKH 

BKJIIOttHJIO Bh!eOKOBOJibTHblH BbinpffMHTeJih ), yJI.anoeb yeTaHOBHTh, ttTo ena6blH eeTeBOH 

<t>oH HH,DyU.HpOBaJieff B BhIX0.11.HOM TpaHe<t>opMaTope npffMHKOM H3 eHJIOBoro. EenH y 'IHTa

TeJiff B03HHKHeT >KeJiaHHe noBTOpHTh npHBe.neHHYIO aBTopoM KHHrH KOHeTpyKU.HIO, TO 6y
.neT JIY'lllle HenOJib30BaTb JI.Jiff ycHJIHTeJiff .II.Ba llJaeeH: 0.11.HH JI.Jiff 3BYKOBoro TpaKTa H BTOpOH 

JI.Jiff HeTO'l.HHKB,mnaHHff, 9TO n03BOJIHT yMeHhllJHTb BJIHffHHe \leTO'IHHKa mnaHHff Ha co6cT

BeHHO yeHJIHTeJib. 

5.14.26. 8blBO/lbl 

Henb1TaHHff yeHJIHTeJiff noKa3aJIH, 'ITO ero 3BY4aHHe npH BoenpoH3Be.neHHH BbieoKoKa'l.e

eTseHHOH nporpaMMbl Ha enyx BOenpHHHMaeTeff .noeTaTO'IHO KOM<t>opTHO, HeeMOTPff Ha TO, 

'ITO HepaseHeTBO eonpOTHBJieHHff Harpy3KH pae'leTHOMY 3Ha'leHHIO Bbl3b!BaeT ena6o npH

rnyllleHHOe BoenpoH3Be.neHHe HH>KHHX 'laeToT. YeHJIHTenh O'leHb MaeeHBeH (npHMepHo 

6 Kr Maeeb1 Ha 1 BT MOUJ.HOeTH) no epaBHeHHIO, HanpHMep, e paeeMoTpeHHhIM HH>Ke .nByx

TaKTHhIM yeHJIHTeJieM ( 1, 58 Kr MaeebI Ha 1 BT MOlll.HOeTH) H no'ITH B.11.BOe 60Jihllle ero no 

pa3MepaM. He eMOTPff Ha Bee 9TO, 9TOT yeHJIHTeJib He OTHOeHTeff K KaTeropHH Bemei.'i, 

e KOTOpblMH aBTOp KHHrH Mor 6hI 6e3 eo>KaneHHff paeeTaTbeff. 

npH TeeTHpOBaHHH MaKeHMaJibHaff MOUJ.HOeTb yeHJIHTeJiff Ha 'l.aeTOTe 1 KrU. eoeTaBHJia 

6,8 BT, eyMMapHoe 3HaqeHHe K094>4>HU.HeHTa HeJIHHeHHblX HeKa>KeHHH H lllYMOB eoeTaBH

JIO 3,2%. YeHJIHTeJib npoBepffJieff KaK e BBe.neHHeM KaT0.11.HOH o6paTHOH eBff3H, TaK H 6e3 

TaKOBOH npH nOHH>KeHHOM Ha 1 .11.6 ypOBHeM MOUJ.HOeTH OTHOeHTeJihHO MaKeHMaJibHOro 

3Ha'leHHff. 

Ta6nnf..(a 5.4 

rapMOHMKM 

2-&R 3-R 4·8R 5·8R 6-&R 

6e3 McnOnb30B8HMR K8TOAHOiil A6 -25,5 -57 -55,6 -60,6 -58 
o6paTHOiil CBA3M 

c Mcnonb30B8HM9M K8TOAHOiil A6 -31,7 -64,3 -57,1 -74,3 
o6p8THOiil CBR3M 

AocTMrHYTOe yny'lweHMe A6 6,5 6,5 1,5 13,7 

BBe.neHHe o6paTHOH eBff3H eHH>KaeT Ko:1<t><t>HU.HeHT yeHJieHHe Ha 3 .u.6, XOTH .u.aHHble 

Ta6n. 5.4 eBH,ll.eTenbeTBYIOT o 3Ha'IHTeJibHO 6onee BbieOKOM YJIY'lllleHHH no.u.aBneHHff Beex 

rapMOHHK, 3a HeKJIIOtteHHeM tteTBepTOH, lJTO ffBJiffeTeff BnOJIHe TpHBHaJibHbIM pe3yJibTa

TOM. no KpHTepHIO HeKa>KeHHH, yeHJIHTeJib BnOJIHe KOHeypeHTOenoeo6eH npo<t>eeeHO

HaJihHblM nonynpoBO.U.HHKOBblM yeHJIHTeJiffM. 

1-ho KaeaeTeff 9KennyaTaU.HOHHblX KatteeTB yeHJIHTeJiff, TO eo3.naHHbIH 9K3eMnnffp no

lJTH He no.u.Bepraneff eneu.HaJibHhIM-Henb!TaHHHM Ha onpe.neneHHe no.u.o6Hb!X H HHhlX Tex

HH'leeKHX xapaKTepHeTHK. 

OeHOBHOH BhIB0.11. MO>KHO eepopMynHpoBaTb TaK: yeHJIHTenH e HeeHMMeTpHttHblM BhlXO· 

.II.OM BeebMa onpe.u.eneHHO ffBJiffIOTeff .neJIOM HH.11.HBH.nyaJibHOro Beyea. 
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5.15. npMMep pa3pa60TKM .QBYXTOKTHOrO yotnMTenH MOlQHOCHt 

5.15. l 06UJH8 JOMS'IOHHJI 

CneJJ.YIOll.leH npaKTH'leCKOH KOHCTPYKTOpCKOH paapa6oTKOH 6y.neT JJ.ByXTaKTHbIH ycHJIHTeJib 
KJiacca AB l c BblXOJJ.HOH MOW.HOCTbJO l 0 BT, nocTpoeHHbIH Ha neHTOJJ,ax rnna EL84, BKJITO
'leHHbIX no «yJibTpanHHeHHOH» cxeMe oJIJOMJieHHa. 

,lI..nH no.no6Horo Bb16opa cyw.ecrayeT JJ.Be ocHOBHble npH'IHHbI: 

• npe>KJJ.e scero, ycHJIHTeJib He.nopor. EcnH Heo6xOJJ.HM BhICOKOBOJibTHblH HCTO'IHHK 
nHTaHHH c HanpH»<eHHeM nopHJJ,Ka 330 B, TO Bero crna>1<Haa10w.Hx <PHJihTpax MO>K
HO npHMeHHTh KOHJJ,eHcaTOphl, npe,nH83H3'1eHHbie JJ.JIH pa60Tbl HMnyJihCHbIX HCTO'l
HHK8X nHTaHHH H pacC'IHTaHHhie Ha pa60'IHe HanpH>KeHHH 385 B; BbICOKOBOJihTHoe 
HanpmKeHHe MO>KeT 6bITh o6ecne'leHO npHMeHeHHeM H30J1Hpy10mero (pa3BH3bIBa
IOll.lero) TpaHc<t>opMaTopa c MOCTOBOH cxeMOH BbinpHMJieHHH Ha KpeMHHeBblX .nHo
JJ,ax H HaKOnHTeJihHhIM KOHJJ,eHcaTOpOM. EcJIH npH pa6oTe 6y.neT JJ,onymeHa KaKaH
HH6y.nb OWH6Ka, TO ee JIY'IWe cosepwHTh Ha JJ,eweBOM 9K3eMnJIHpe c JJ,eweBhlMH 
9JieMeHTaMH, 'leM Ha JJ.OporOCTOHll.leM; 

• 6onee MOW.Hhle ycHJIHTeJIH Tpe6yJOT 3Ha'IHTeJibHO 6onee BhlCOKOro ypoBHH MBCTep
CTBa B MaKeTHpOBaHHH H aonnomeHHH cxeMbl B peaJibHOCTh, OHH reHepHpylOT ro
pa3JJ,O 6onee CHJlhHhie wyMbl H TpecKH, c KOTOpblMH He TaK-TO npoco 6opOThCH. 
CTo9TOMy OHH He MoryT 6hITh peKoMeHJJ,oaaHbI JJ.JIH Ha'IHHaJOll.lHX PBJJ.HOJIJ06HTeneii. 

5.15.2. HcxoRHhle rpe6osaHHR K pa1pa6orKe 

PaccMaTpHBaeMaH HH>Ke pa3pa6oTKa BOCXOJJ.HT K npoTOTHny, KOTOpbIH 6blJI C03~aH Ha 6aae 
nap bl MOHo<t>oHH'leCKHX ycHJIHTeneH, npuo6peTeHHblX aa 15 <PYHTOB ( B CTOHMOCTh BXOJJ,HJI 
JJ.B»<e KaCKBJJ. npe.naapHTeJihHoro ycHneHHH) B MecTe'IKe Bevois Valley. K seJIHKOMY co»<a
neHHJO, 9TOT Mara3HH'IHK, TOprylOlUHH CTaphlM XJiaMOM, 3aKpbIJICH BCKOpe nocne npHo6-
peTeHHH, CJJ,eJiaHHOro aBTOpOM KHHrH B JJ,aBHeM 1982 r. 

KaK y»<e yKa3h!Banoch paHee, Bb16op BblXO,nHhlX naMn Hanaraer cTporne orpaHH'leHHH 
H Ha napaMeTpbl BbIXO.nHoro TpaHc<t>opMaTopa, TO eCTb npoHCXOJJ.HT HeKaH <t>HKCaUHH 
crpyKrypbI H 9JieMeHTOB Bhixo.nHoro KacKaJJ.B. B paccMaTpHaaeMOH KOHCTPYKUHH 6y.neT 
HCnOJih30BaH TpaHc<j>opMaTOp BXO,nHhIM conpoTHBJieHHeM no nepBH'IHOH ( aHOJJ.HOH) uenH 
nopH.nKa 8 KOM H HMelOlUHH JJ.JIH MHHHMH3aUHH HCKa>KeHHH OTBOJJ.JJ.JIH no,nKJIIO'leHHH 9Kpa
HHPYI01UHX ceTOK OT TO'IKH, cooTBeTcTBYJOll.leH 43% nonHoH nepBH'IHOH o6MOTKH. BenH
'IHHa BhICOKoro nHTa10mero HanpH»<eHHH JJ.JIH naMn THna EL84 peKoMeHJJ.YeTcH 320 B, 
TaK>Ke noHBJJ,o6HTCH BbICOKoe HanpH»<eHHe 320 B, a onhIT nocTpoeHHH noJJ,o6HhIX ycHJIH
Teneii KOMnaHHH Mullard noKa3hIBaeT, 'ITO JJ.JIH o6ecne'leHHH nonHoH BhIXOJJ.HOH MOll.lHOc
TH, JJ.JIH Ka>KJl,OH JiaMnbI nOHBJJ,06HTCH BXOJJ.HOe HanpH>KeHHe B036y>KJl,eHHH OT npeJJ.hlJJ.Yll.lero 
KaCKBJJ.a npHMepHo 8 B cpeJJ.HeKBBJJ,parn'lecKoro aHa'leHHH. 

HenpoCTOH 3aJJ,a'leH HBJIHeTCH paapa60TKa npeJJ,OKOHe'IHOro KaCKBJJ,a BhlCOKoro Ka
'leCTBa. CTpe>KJJ.e acero, HeooxoJJ,HMo onpeJJ.eJIHTh, 'ITO »<e sce-TaKH TpeoyeTcH nonyqHTh 
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s HTore OT pa3pa6aTblsaeMoro ycHnHTeJrn, a JI.Jiff 9Toro ny1.1we CJJ.enaTb noJJ.p06Hoe npeJJ.Ba· 

pHTenbHOe onHCaHHe. 5IcHOCTb HJnO>KeHHSI Ha 6yMare scer)J.a nOMO>KeT SICHOCTH Mbtcm1, 

a XOJl pa3pa60TKH Ha 6yMare 6yJleT COOTBeTCTBOBaTb peanbHOMY npou.eccy M8TepHanbHOro 

sonnow.eHHSI pa3pa6oTKH. 

HH3KHH yposeHb wyMoB. OpH HH3KOM yposHe wyMOB, 06ecne1.1HsaeMOM npH soc

npoHaBeJJ.eHHH c KOMnaKT·JJ.HCKOB HnH JlOnroHrpatoW.HX nnaCTHHOK BblCOKOro Kalle· 

CTBa, He Tpe6yeTCSI npeJJ.npHHHMaTb B ycHnHTene MOW.HOCTH HHKaKHX oco6bIX Mep 

no 06ecne1.1eHHIO HH3KOro ypOBHSI socnpHHHMaeMblX Ha cnyx wyMOB. 0THOWeHHe 

CHrHan/wyM 100 Jl.D npH nonHOH Bb!XOJJ.HOH MOW.HOCTH He MO>KeT npeJJ.CTaBnSITbCSI 

HepeanbHOH senH4HHOH, 4T06bl He CTpeMHTbCSI K ee sonn<?W.eHHIO, n09TOMY 9TO 

cpaay npeJJ.onpeJJ.ensieT Hcnonb3osaHHe s cxeMe ycHnHTensi neHTOJJ.OB H BbICOKylO 

4YBCTBHTenbHOCTb; 

OTCYTCTBHe <f>oHa ceTH nHTaHHH. Y>Ke HacrynHno Hosoe Tbicsit.ieneTHe, H Ha JJ.BOpe 

HHKaK He JJ.aneKHH 1920 roJJ.! CeTesoA <f>OH JJ.On>KeH c1.1HT8TbCS1 HenpHeMneMblM HH 

npH KaKHX ycnosHsix. 3To onpeJJ.ensieT HaitBbtcwHe KpHTepHH K KOHCTPYKU.HH HC· 

T04HHKa flHTaHHSI, BKnl04aSI npHMeHeHHe no)J.orpesa naMn ManOMOlll,HblX KBCKaJJ.OB 

nOCTOSIHHblM TOKOM; 

• ycTOH4HBOCTb. 3To MO>KeT noKaJaTbCSI caMo co6oA pa3yMetoW.HMCH, OJJ.HaKo pSIJl 

npOMbIWneHHblX pa3pa60TOK, KOTOpbte aBTOp nOJJ.Bepr nposepKe, 6btnH cnerKa 

noJJ.Bep>KeHbI caMOB036y>KJJ.eHHto. BbICOKHe Tpe6osaHHH K ycTOH4HBOCTH Tpe6ytoT 

a6contoTHOro MHHHMyMa KaCKa]loB; 

HCKa>KeHHH. 3TOT sonpoc JJ.aneKo He npocT. EcnH H3MepHTb HCKa>KeHHSI s eJJ.HHHuax 

JJ.oneA Ha OJJ.HH MHnJ!HOH, TO ny...we 6yJJ.eT KynHTb HennoxoA TpaH3HCTOpHblH ycHnH· 

Tenb. EcnH >Ke CllHTaTb, 4TO socnpHHTHe Ha cnyx - 9TO see, a H3MepeHHSI - 9TO 

HH4TO, TO cneJJYeT npHo6pecTH OT)J.enbHblH JJ.OM H C03.ll8Tb orpOMHblH TpHO]lHblH ycH· 

nHTenb C HeCHMMeTpH4HblM Bb!XOJJ.OM. Oo MHeHHIO aBTOpa He06XOJJ.HMO rOpJJ.HTbCSI 

TeM, 4TO XOTSI H3MepeHHSI B naMnOBblX ycHJIHTensix He scer)J.a snonHe OJJ.H03H84Hbl, 

H naMnOBbte ycHnHTenH ]laneKo He scerJJ.a npesocXOJJ.HT nonynpoBOJJ.HHKOBbte no 

9neKTpH4eCKHM noKa3aTeJlSIM, HO 3BY4aHHe naMnOBblX ycHnHTeneH scer)J.a npeBOC· 

XOJJ.HOe. BepositHee scero, MY3b1Ky cnywatoT, 4T06bt Hacna>KJJ.aTbCSI eA, a He JI.Jiff 
Toro, 4T06bI BblBepHTb TeXHHlleCKHe noKa3aTenH annaparypbl, no9TOMY TaKaSI xa

paKTepHCTHKa ycHnHTensi OK83bIBaeTCSI HeManoBa>KHOH; 

npocToTa. KoHCTPYKUHH naMnos9ro ycHnHTensi MO>KeT 6bITb JJ.OCTaT04HO npocTOH. 

npoCTble CHCTeMbl o6nBJJ.atoT CBOHCTBOM HMeTb npOCTbie HeJJ.OCTaTKH. KpoMe Toro, 

OHH 6onee peMOHTHonpHrOJJ.Hbl. Cno>KHbie npOMbIWneHHble CHCTeMbl C03]lalOTCSI 

c Hcnonb30BaHHeM KpeMHHeBblX HHTerpanbHbIX cxeM, HMetolll,HX 6onbWOe KOnH1.1e

CTBO BblBOJJ.OB, OHH noBTOpS!eMbl H OJJ.HOp830BOro HCnOnb30BaHHSI. 

Co6paHHbie see BMecTe, paccMOTpeHHbie KpHTepHH Tpe6ytoT Hcnonb30BaTb B pa3pa-

6aTb1saeMOM ycHnHTene cornacosaHHbIH <f>a30HHBepCHblH KaCKBJJ., HenocpeJJ.CTBeHHO CBS!· 

3aHHblH C BXOJJ.HbIM KaCKBJJ.OM MHHYSI KaCKaJl npeJJ.OKOHel!HOrO ycHneHHSI. Oocne 9TOrO MO· 

>KeT 6blTb He3aMeJl.JIHTenbHO'HapHCOBaHa opHeHTHpOB04HaSI npHHUHnHanbHaSI cxeMa 

pa3pa6aTbIBaeMoro ycHnHTensi MOW.HOCTH ( pHc. 5.32 ). To, 4TO npHBeJJ.eHHasi cxeMa seCbMa 

noxo>Ka Ha cxeMy ycHnHTensi THna GECl 12 + [ 11] npocTO nHWHHH paa JJ.OKa3bIBaeT, ttTo 

H306pecTH 4TO·TO HOBeHbKOe - BeCbMa HenpOCTaSI 38JJ.a4a. 
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TaK KaK BbIXO.ll.Hbie naMnbI ynpaensuoTCH Henocpe.ll.CTBeHHO <f>aaoHHBepTOpoM, JJHHeH

HOCTb aMnJJHTy)l.HOH xapaKTepHCTHKH <f>a30HHBepcHoro KaCK8)l.a CTaHOBHTCH nepBOCTe

neHHOH. Bb16paHHasi cxeMa <f>aaoHHBepTOpa H~eeT K09<f><f>Hu,HeHT nepe.n.a'IH nopsi.ll.Ka eAH

HHU.bJ, no9TOMY aa JIHHeHHOCTb OTBe'laeT npe>KJ1.e ecero BXO)l.HOH KaCK8.ll., KOTOpblH TO>Ke 

.ll.OJJ>KeH o6JI8)l.aTb O'leHb BbJCOKOH JIHHeHHOCTbJO. ToJJbKO TPH BH.ll.a naMn peaJJbHO MOryT no.ll.

XO.ll.HTb Jl.JIH cornacoeaHHOro <f>aaOHHBepCHOro KaCK8}1.8 c orpaHH'leHHblM 3Ha'!eHHeM TOKa 

BbICOKoro Hanpsi>KeHHsi: •sN7 /•NS, ECC82, E88CC. .IJ.,nsi naMn ceMeHcTea •sN7 /*NS 
He06XO)l.HMO 6onee BbJCOKOe 3Ha'!eHHe BbJCOKOBOJlbTHOro nHTaJOw.ero HanpH>KeHHH, 'leM 

npe)l.nonaraeTCH HcnonbaoeaTb, a naMnbI THna ECC82 BHOCHT 6onee BbJCOKHe HCKa>Ke

HHH. CJie.ll.OBaTeJibHO, 6y)l.eT HCnOJJb3oeaHa naMna rnna E88CC. 

5.15.3. OnrHMHJOl./HR sxo11Horo H t/Ja10HHsepcHoro KacKa11os 
no nocroRHHOMY roKy 

TaK KaK JI.Ba KaCK8.ll.a ( BXOJl.HOH H <f>aaoHHBepCHbJH) paapa6aTbleaeMoro ycHJJHTensi Henoc

pe.ll.CTBeHHO CBH3aHbl no nOCTOHHHOMY TOKy, TO H paC'leT 9THX .ll.Byx KacKa)l.OB 6y)l.eT B3aH

MOCBH3aHHblM. PaayMeeTCH, pewasi nO)l.06HbJe He COBCeM TpHBHaJJbHble 38)l.a'IH, scef',u.a 

xopowo H3Y'IHTb OnbJT .ll.pyrHX paapa60T'IHKOB. OcTaHOBHB BbJ6op Ha cornacoeaHHOM <f>a-

30HHBepTOpe, u.enecoo6pa3HO BbI6paTb aHO.ll.HYJO H KaTO.ll.HYJO Harpy3KH BeJIH'IHHOH 

22 KOM ( pHc. 5.33 ). TaKoe TP8Jl.HU.HOHHOe aHa'!eHHe conporneneHHH 6b1JJ0 HcnoJib30BaHo 

nOTOMY, '!TO BbinOJJHHeTCH npHMepHoe cooTHOWeHHe R1. ==Rout' KOr)l.a B Ka'!eCTBe HarpyaKH 

HCnOJib3yeTCH KaCK8)l. KJiacca B, H noToMy, '!TO CTpeMJieHHe nOJIY'!HTb MHHHMaJibHOe 3Ha'le

HHe BblXO.ll.HOro conpOTHBJJeHHH npHBe)l.eT K 3Ha'IHTeJJbHO MeHbWeMy BbIJJ.eJieHHJO TenJIOBOH 

9HeprHH Ha pe3HCTOpax. 

PaHee e npHMepax, r)l.e Hcnonb3oeanacb naMna rnna E88CC, y>Ke OTMe'lanocb, '!TO 

HaHJIY'IWaH JIHHeHHOCTb Ha6JJJO)l.aJJaCb npH 3Ha'leHHH HanpH>KeHHH CMell.leHHH Me>K.ey ceT

KOH H KaTOJl.OM V" = -2,5 B H )l.HanaaoHe 3Ha'leHHH aHO.ll.HOro Hanpsi>KeHHH V OT 80 .ll.O 
R . a 

90 B. Xorn cornacoeaHHbIH <f>aaoHHBepTOp pa6oTaeT c CHJJbHOH o6paTHoii CBH3bJO, 6bIJJO 

6bl >KeJJaTeJibHblM, 'IT06bl OH 6bIJI JIHHeHHblM H 6ea Y"eTa )l.eHCTBHH o6paTHOH CBH3H. 

B nepeyJO O'lepe.ll.b cne.nyeT .ll.06HTbCH Toro, 'IT06b1 Hanpsi>KeHHH cMew.eHHH ceTKa·KaTO.ll. 

o6eHx naMn 6b1JJ0 OJl.HHaKOBbIM H cocTaBJJHJJO V,, = -2,5 B. EAHHCTBeHHblM cnoco6oM 

.ll.OCTH'lb 9TOro HBJIHeTCH HTepau,HOHHblH MeTO)l.. I-feMaJioBa>KHO BblpOBHHTb H aHO)l.Hble Ha

npH>KeHHH, KOTOpble Jl.JIH Ka>KJl.OH JiaMnbl .ll.OJl>KHbl COCTaBJJHTb OT 80 .ll.0 90 B, npH CMew.e

HHH V8,, = -2,5 B. 

B npou,ecce pac'leTa cnepea cTppHTCH Harpyao'!Hasi JIHHHH Jl.JIH cornacoeaHHoro <f>aao

HHBepTOpa (npaBOH nOJJOBHHKH JJaMnbJ) H onpe)l.eJIHeTCH 3Ha'!eHHe aHO)l.HOro HanpH>KeHHH 

npH 3Ha'leHHH Hanpsi>KeHHe CMew.eHHH Me>K.ey ceTKOH H KaTO)l.OM vgk = -2,5 B. OOJJY"eH

HOe 3Ha'!eHHe aHO)l.Horo HanpH>KeHHH nOTOM Bbl'IHTaeTCH H3 3Ha'!eHHH BbJCOKOBOJlbTHOro 

nHTaJOw.ero Hanpsi>KeHHH, 'IT06bl 'onpe)l.eJIHTb cyMMY Hanpsi>KeHHH, n8)l.aJOW.HX Ha pe3HC· 

Topax R0 HR,,, KOTopasi noTOM )l.eJIHTCH nononaM, 'IT06b1 onpe)l.eJIHTb na)l.eHHe Hanpsi>KeHHH 

Ha Ka>KJl.OM H3 peaHcTopoe, nocKOJibKY HX conpoTHBJieHHH paBHbl. Hanpsi>KeHHe Ha ceTKe 

npaeoii (<f>aaoHHBepcHoii) naMnbJ .ll.OJI>KHO 6bJTb Ha 2,5 B HH>Ke Hanpsi>KeHHH, n8)l.aJOw.ero 
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22k 

22k 

PHc. 5.33 OnpeiJeAenue pa6o'lux pe:HCUMOB exoonozo/ npeiJycU1LumeAbH020 
tcactcaiJa 

Ha KaTOJJ.HOM pe3HCTOpe, a OHO, B CBOIO O'lepe,llb 6yJJ.eT pa13HO aHOJJ.HOMY HanpSI>KeHHIO Ha 

JJeeoA ( npeJJYCHJJHTeJJbHOA) JJaMne, nOCKOJJbKY CBSl3b Me>KJJ.Y 3THMH KacKa)J.aMH HenocpeJJ.

CTBeHHaff. nocJie 3T0f0 He06XOJJ.HMO 6yJJ.eT npOBeCTH Harpy30'IHYIO JIHHHIO JJ.JISI JieeoA JiaM

nbI H y6e)J.HTbCSl, COOTBeTCTByeT JIH OnTHMaJibHOe aHOJJ.HOe l:tanpSI>KeHHe TOJlbKO '!TO nony

'leHHOMY 3Ha'leHHIO. EcJJH HeT (a e no.naeJifflOll.leM 'IHCJie cnyqaee 3TO 6yJJ.eT HMeHHO TaK), 

TO e)J.HHCTBeHHOe 'leM MO>KHO nonpaBHTb CHfyaU.HIO, - 3TO no)J.6opoM BeJIH'IHHbl BblCOKO

BOJlbTHOro OHTa10w.ero HanpSI>KeHHe, CHH>Kaff ero JJ.JISI paccMaTpHeaeMbIX KaCKBJJ.OB OTHO

CHTeJibHO 320 BOJlbT, OTJJ.aBaeMblX BblOpffMHTeJJeM. no C'laCTblO, HeCKOJJbKO TaKHX HTepaU.HH 

no3BOJJHJIH ycTaHOBHTb, '!TO 3Ha'leHHe BbICOKOBOJibTHoro HanpH>KeHHSI 285 B YJJ.OBJieTeopH

eT ycTaHOBJieHHbIM Tpe6oeaHHSIM. )],JJSI nOHH>KeHHSl nHTalOw.ero HanpSI>KeHHSl c 320 JJ.O 

285 BOJlbT B cxeMe ycHJJHTeJiff npHMeHeH peryJJHpyeMblH CTa6HJIH3aTop. 

11.n.eaJibHblM 6blJI 6b1 eapHaHT, npH KOTopoM Y.llFIJIOCb 6b1 ycTaHOBHTb TaKoH BbIXOJJ.HOH TOK 

ycHJJHBaeMoro CHfHaJJa BO BXOJJ.HOM KaCK8)J.e, 'IT06bl OH 6blJJ 6bl paeeH H npOTHBOnOJIO>KeH 

no 3H8KY CHfHany B cornacoeaHHOM <f>a30Bpalll8TeJie, TO eCTb 'IT06bl BbtnOJJHSIJJOCb ycJJOBHe: 

(µ+2)+r. 
R/.(aXOJJ)I. KllCICllll) = µ Rl(corJ1 <1>a•o•pa1ur 

no cymecTBy, npHBeJJ.eHHOe COOTHOllleHHe npOCTO Bblpa>KaeT MblCJlb, '!TO COnpOTHBJJe

HHe Harpy3KH cornacoeaHHoro <f>a30HHeepTopa R,_(coin "' .. J.JJ.eneHHoe Ha K03<f><f>HU.HeHT ne-
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pe,na11H cpa30HHBepTOpa OTHOCHTeJibHO O,IJ.HOro BblXO,na, o6ecneqHsaeT, T8KHM o6pa30M, pa

BeHCTBO TOKOB B pe3HCTOpax Harpy30K Ka>KJJ,Oro K8CK8,ll8. no.n.6opOM 3HaqeHHH conpOTHB

JieHHH R1 = 4 7 KOM .ll.JIH sxo.n.Horo KacKa.n.a H 3HaqeHHH conpoTHBJieHHH RL = 27 KOM .ll.JIH 

cpa30HHBepTOpa,' y.n.aeTCH ,IJ.06HTbCH BbinOJIHeHHH TaKoro ycJIOBHH. npH 3TOM onpe.n.eneHO 

3HaqeHHe BblXO,IJ.HOro TOKa la = 6 MA,IJ.JIH BXO,IJ.Horo KaCKa}I.8, npH KOTOpOM CHH>KaeTCH ypo

BeHb wyMos. B 3TOM oTHoweHHH ycHJIHTeJJb HBJJHeTcH rexHHqecKH ymep6HblM H .n.on>KeH 

6b1JI 6b1 noJIHOCTblO nepecqHTaH 3aHoso, HO asTop c y.n.osoJibCTBHeM npocnywHsaeT MY3bl

KY. HCnOJib3YH .n.aHHblH o6pa3eU., H He omyw.aeT ce6H qeJIOBeKOM, KOTOpblH CKJIOHeH 

K npeyseJIHqeHHIO. 

nocne TOrO, KaK onpe,ll.eJieHbl 3HaqeHHH BblCOKOBOJibTHOrO nHTalOW.ero HanpH>KeHHH 

.ll.JIH .n.syx KacKa.n.os, MO>KHO paccqHTaTb see napaMeTpb1 no nocTOHHHOMY TOKY. 

5.15.4. Paci/er conpoTltBneHHH pe111cropa KOTORHOfO CM8UJ8HHR 

BXORHOH naMnbl If pe111cropa o6pOTHOH CBRJH 

3TOT pacqeT, 6eccnopHO, HBJIHeTCH HaH6onee CJIO>KHblM npH npoeKTHpOBaHHH ycHJIHTeJIH 

MOW.HOCTH c OTPHU.aTeJlbHOH o6paTHOH CBH3bl0, BBO,IJ.HMOH B KaTO.ll.HYIO u.enb BXO,IJ.HOro 

KacKa.n.a. Cno»<HOCTb 3TOH 3a.n.aqH 3aKJ110qaeTcH B TOM, qTo Mo>KeT noTpe6osaTbCH nepe

npo6osaTb HeCKOJlbKO pa3JIHqHbJX BapHaHTOB, CHOBa H CHOBa BblqepqHBaH xapaKTepHCTH

KH H npOBO,IJ.H pacqeTbl, npe>KJJ,e qeM 6y.n.eT H8H,IJ.eHO HY>f<HOe peWeHHe. nonbJTKH peWHTb 

,ll8HHYIO npo6neMy, HCnOJib3YH npH6JIH3HTeJibHble pacqeTbl Ha KJioqKe 6yMare, HJIH 060-
pOTHOH CTOpOHe CTaporo KOHBepTa, o6peqeHbl Ha Hey,naqy, 

npH peWeHHH npo6JieMbl He06XO,IJ.HMO yqHTbIBaTb qeTblpe 803,IJ.eHCTBYIOW.HX cpaKTOpa: 

• He06XO,ll.HMO TOqHo 38,IJ.aTb HanpH>KeHHe CMew.eHHH Ha KaTO,ll.e. 3To MOrJIO 6bl OKa-

38TbCH npocTO 06b1qHblM npHMeHeHHeM 3aKOHa 0Ma, O,ll.HaKO TOK CMew.eHHH npoTe

KaeT He TOJibKO no pe3HCTopy K8TO,IJ.HOro CMew.eHHH, HO ",no pe3HCTOpy o6paTHOH 

CBH3H; 

• BXO,IJ.HaH JiaMna caMa reHepHpyeT TOK o6paTHOH CBH3H, KOTOpblH npoTeKaeT qepe3 

KaTO.ll.HbIH pe3HCTop B .n.ononHeHHe K TOKY, onpe.n.enHeMOMY BblXO.ll.OM ycHJIHTenH; 

• Heo6XO,IJ.HMO npaBHJlbHO 3a.n.aTb COOTHOWeHHe conpOTHBJieHHH .n.syx pe3HCTOpOB, 

qT06b1 nonyqHTb Heo6XOAHMbIH K03cpcpHu.HeHT nepe.n.aqH u.enH OTPHU.aTeJibHOH 06-
paTHOH CBH3H; 

• nocKOJibKY qepe3 paccMaTpHBaeMble u.enH npoTeKaeT nOCTOHHHblH TOK, TO KaTO)l.HblH 

pe3HCTOP OK83blB8eTCH wyHTHposaHHbJM K8TO,IJ.HblM conpOTHBJieHHeM JiaMnbl 'k· 
nocne TOrO, KaK CcpOpMyJIHpOBaHbl orpaHHqHBalOW.He npo6JieMy paMKH, He06XO,ll.HMO 

pewaTb 38,IJ.aqy, Il0Jlb3YHCb yMeHHeM qTeHHH CXeM H peweHHH HeKOTOpblX BH)l.OB MaTeMa

THqecKHX ypaBHeHHH. 

TaK KaK Ha KaTO)l.e Heo6xo.n.11Mo 38,IJ.aTb HanpH>KeHHe cMeW,eHHH 2,5 B, a aHO.IJ.HbIH TOK 

onpe.n.enHeTcH qacTHbIM OT .n.eneHHH 190 B Ha 4 7 KOM ( no)l.o6paHHaH seJIHqHHa aHOJl.HOro 

pe3HCTOpa BXO,ll.HOH naMnbI), TO cyMMapHoe conpOTHBJleHHe KaTO,ll.HOH u.enH He 3eMJIIO 

.n.onmHo cocTaBHTb 618,4 OM. 
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PaaMax aMnJIHTYJI. Hanpff>KeHHff CHrHana Ha aHOJl.e H KaTOJl.e cpaaOHHBepcHoro KaCK8Jl.a 
( ffBJlfflOLUHeCff Hanpff>KeHHeM B036y>KJJ.eHHff OKOHe'lHblX JiaMn ), He06XOJl.HMblH JI.Jiff OTJl.a'lH 
nonHOH Bb!XOJl.HOH MOLUHOCTH OKOHe'lHblM KaCK8Jl.OM, COCTaBJiffeT 8,636 B cpeJ1.HeKBaJ1,pa

TH'leCKOro 3Ha'leHHff, HCXOJl.ff H3 aHaJIH3a Jl.PYrHX paapa6oTOK npH Tex >Ke OKOHe'lHblX JiaM
nax. Y'lHTbIBaff, 'lT~ K09cpcpHu,HeHT ycHneHHff cpaaoHHBepcHoro KacKaJ1.a 6nHaoK K eJ1.HHH
u.e, MO>KHO C'lHTaTb, 'lTO nepeMeHHOe aHOJl.HOe Hanpff>KeHHe Ha BXOJl.HOH naMne, TaK>Ke 
Jl.On>KHO COCTaBJiffTb 8,836 B. 3TO 03Ha'laeT, 'lTO nepeMeHHbIH aHOJl.HblH TOK BXOJl.HOH naM
nbI, onpeJ1.eJiff10W.HHCff qacTHbIM OT J1.eneHHff HanpH>KeHHH 8,836 B Ha conpornsneHHe 
47 KOM H 6yJ1.eT paseH 0, 1837 MA cpe,n:HeKB8Jl.paTH'lecKoro aHa'leHHff. 3TOT TOK TaK>Ke 
npoTeKaeT B u.enH KaTO,n:a H 6y.n:eT onpe.n:enffTb n3J1.eHHe HanpH>KeHHff o6paTHOH CBff3H Ha 

n1060M nocneJ1,osaTenhl-lO BKJIIO'leHHOM conpornsneHHH B u.enH KaTo,n:a. 
Jlnff o6ecne'leHHff TaKoro nepeMeHHoro Hanpff>KeHHff Ha aHo,n:e, KaK 6b1no onpe.n:eneHo 

BbIWe, c yqeTOM KpyrH3Hbl JiaMnbI BXOJl.HOro KaCK8)1.8, He06XO,n:HMO nOJl,BeCTH Kee ynpas

nmow.eA ceTKe nepeMeHHoe Hanpff>KeHHe senH'IHHOH 298 MB cpeJ1.HeKBBJ1.paTH'lecKoro 
3Ha'leHHff. 0,n:HaKO, BBeJl,eHHe OTpHU,aTeJibHOH o6paTHOH CBff3H yMeHbWaeT K09cpcpHU,HeHT 

ycHJieHHff ycHJIHTeJiff. c yqeTOM Toro, 'ITO Ha BXOJl,e 6noKa ycHJIHTeJiff MOW.HOCTH scer.n:a 

BKJllO'lalOT 6JIOK npe.n:sapHTeJibHOro ycHJieHHff, 'lYBCTBHTeJibHOCTb MOLUHOro ycHJIHTeJiff MO

>KeT 6bITb CHH>KeHa c 298 MB cpeJ1.HeKBSJ1.parnqecKoro aHa'leHHff .n:o 2 B, KOTOpble snonHe 
cnoco6eH pa3BHTb 6noK npe.n:sapHTeJibHoro ycHJieHHH (CM. rnasy 6 ). TaKHM o6paaoM, senH

'lHHa Hanpff>KeHHff o6paTHOH CBff3H, BBO,n:HMOH Ha KaTO.D:, COCTaBHT(2 - 0, 298) B = l ,702 B 
cpe,n:HeKsa.n:paTH'leCKoro 3Ha'leHHff. no npe>KHeMy H3BeCTHO, 'ITO JI.Jiff nony'leHHff noJIHOH 

BbIXO.D:HOH MOLUHOCTH 10 BT Ha Bb1xo.n:e ycHJIHTeJiff, nepeMeHHoe aHOJl.HOe Hanpff>KeHHe 

sxo,n:Horo KacKa,n:a Jl.OJI>KHO cocTaBJiffTb 8,944 B cpeJ1.HeKsa,n:paTH'lecKoro 3Ha'leHHff. Cne

Jl.OBaTeJibHO, Ha conpoTHBJieHHH o6paTHOH CBff3H n3J1.eHHe HanpH>KeHHff Jl,On>KHO COCTaBnffTb 
7,242 B cpeJ1.HeKBBJ1.paTH'lecKoro aHa'leHHH. 

TaK KaK 9KBHBaJieHTHOe conpornsneHHe KaTO.D:HOH u.enH naMnb1 rk no nocTOffHHOH co

cTaBJifflOLUeA BKJllO'leHO napanneJibHO KaTO.D:HOMY conpOTHBJieHHIO, He06XOJ1.HMO paCC'IH

TaTb 3Ha'leHHe rk: 

Ri+r. r.=--. 
µ+l 

B cooTBeTCTBHH c peweHHeM ypasHeHHff aHa'leHHe conpoTHBJieHHff pasHo rk = 1,559 KOM. 

Jlanee (JI.Jiff ynpomeHHff pacl.feToB) CJie;zyeT npHHffTb, 'ITO BblXOJI. ycHJIHTeJIH npe,n:cTaB
JiffeT co6oA HJl,eaJibHblH HCTO'IHHK HanpH>KeHHff (HCTO'lHHKa Tesemrna), K KOTOpOMY nOJl,

KJllO'leHO conpoTHBJieHHe o6paTHOH cBH3H «ry». Cne.n:yeT TaK>Ke npHHffTb co6cTBeHHblH 

TOK o6paTHOH CBff3H naMnbI B Ka'leCTBe H,n:eaJibHOro HCTO'IHHKa TOKa ( HCTO'lHHKa HopTOHa ), a 

KaTOJl.HblH pe3HCTOP «rx» wyHTHpOBaTb conpOTHBJieHHeM 'k' 3TH npH6JIH>KeHHff Jl.OBOJlbHO 
6nH3KH K>KH3HH H He BHecyr aHa'IHTeJibHOH norpewHocrn 8 pacl.feT. TaKHM o6paaoM, MO>KHO 

BbI'lepTHTb cxeMy aaMemeliHff paccMaTpHsaeMoA u.enH (pHc. 5.34 ). Heo6xo.D:HMO Ha cxeMe 
aaMemeHHff noMeTHTb BeJIH'lHHbl TOKOB H see .11.pyrne H3BeCTHbJe BeJIH'lHHbl ( cne.n:yeT noJl,
qepKHyrb, 'ITO 9TO cxeMa 3aMemeHHff COOTBeTCTByeT pe>KHMY no nOCTOffHHOH COCTaBJifflO

meA). 
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7.242V 
(0.9073mA) 2 

(1.091mA) Ix 
ly "y" 

l rk ~ 
0.1837mA 0 "x" 1.559k r-: 

PHc. 5.34 3Keuea.11.e1tm1taR cxeMa 3a.MeUfeHU.fl exoo1to20 KacKaoa 
no nocmoRHHOU cocmaBARIOUfeu 

"' 8.944V 

Tenepb MO>KHOJl.BHraTbCH anepe.ll.: perneHHe paccMaTpHsaeMOH 38.ll.a'IH 6y.ll.eT npocTbIM, 

XOTH H HeCKOJlbKO pytHHHblM. npe)f(Jl.e scero, cne.nyeT o6paTHTb BHHMaHHe, 'ITO B cxeMe 

3aMemeHHH eCTb pe3HCTOP c H3BeCTHblMH 3Ha'leHHHMH conpOTHBJieHHH (rk) H n8)l.eHHH Ha

npH>KeHHH Ha HeM ( 1, 702 B ), 'ITO noasonHeT pacc'IHTaTb aHa'leHHe npoTeKa10mero no HeMy 

TOKa. ToK paseH 1,091 MA, - noJIYlleHHoe 3Ha'leHHe cneJIYeT cpaay OTMeTHTb Ha cxeMe 

aaMemeHHH. 

0TMeTHB TOK Ha cxeMe, cneJIYeT o6paTHTb BHHMaHHe, 'ITO B yaeJJ « 1 » Ha cxeMe BTeKa

IOT JI.Ba H3BeCTHbIX TOKa, 'ITO noasoJJHeT no 3aKOHy KHpxro<t>a HafiTH TpeTHH TOK. C YlleTOM 

HanpasneHHH npoTeKaHHH TOKOB: s yaeJJ « 1 » BTeKaeT TOK 0, 1837 MA H BbITeKaeT TOK 

1,091 MA, cne)l.OBaTeJibHO, TOK, nocryna10mHA s yaen «2» paseH 0,9073 MA 

EcJIH npoaHaJJH3HpOBaTb yaeJI «2» c ,n,pyroA' CTOpOHbl, TO BH)l.HO, 'ITO HeKOTOpblH HeH3-

BeCTHblH TOK/, BTeKaIOmHH B y3eJJ «2», pa3BeTBJISleTCH Ha .ll.Ba TOKa: TOK, npoTeKaIOmHH 

l!epe3 pe3HCTci'p «rx», H TOK, nocrynaIOmHH B y3eJI « 1 ». c 'IHCTO <t>opMaJibHOH TO'IKH 3pe

HHH MO>KHO HanHCaTb: 

B COOTBeTCTBHH c aaKOHOM 0Ma MO>KHO Bblpa3HTb n8)l.eHHH HanpH>KeHHH Ha HeH3BeCT

HblX pe3HCTOpax c conpOTHBJJeHHHMH «rx» H «ry» B BH,ne: 

Ju x ry = 7,242, 

/"xrx = 1,702, 

a 3aTeM Bblpa3HTb 3HalleHHH TOKOB. 

PaHee y>1<e yKa3b1BaJJocb, 'ITO npH napaJJJJeJJbHOM BKJIIO'leHHH conpoTHBJieHHH x Hy HX 

3Hal!eHHe 6blJIO pasHo 618,4 OM. CJJe.ll.OBaTeJJbHO, MO>KHO HanHcaTb: 
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np1tMep pa3pa60TKlt llBYXTOKTHOrO YCMSl!Ten.A MOIQHOCTlt 

TaKHM o6pa30M, HMeH CHCTeM)'ypaBHeHHii, 'IHCJIO KOTOpblX paBHO 'IHCJIY HeH3BeCTHblX, 
MO>KHO nOJIYtJHTb peweHHe. 9TO ,ll.OCTaTO'IHO npow.e H JJerqe no cpasHeHHIO c ycHJIHHMH, 
3aTpatieHHblMH Ha COCTaBJJeHHe CHCTeMbl ypaBHeHHH. )J..nH 3TOfO cne.uyeT no.ncTaBHTb BTO
poe H TpeTbe ypasHeHHH s nepsoe: 

1,702 + 0,9073 = 7,242. 
rx ry 

nocne rpynnHpOBKH 'IJieHOB H ynpOlll,eHHH OHO npHMeT BH,ll.: 

7,983rx - l,876ry = rxry. 

nocJie nO,ll.CTaHOBKH ,ll.aHHOl'O ypaBHeHHH B '!eTBepTOe 6y.neT noJJy'leHO COOTHOWe
HHe ry = 2,953rx, KoTopoe nocne o6paTHoii no.ncTaHOBKH s ypasHeHHH .nacT 3HatJeHHe 
rx = 828 OM. HcnoJJb3YH nony'leHHoe 3Ha'leHHe rx MO>KHO onpe.nenHTb, 'ITO 
ry = 2,44 KOM. 

HcnoJib3YH CTBH.napTHble 3Ha'leHHH conpoTHBJJeHHii pe3HCTopos, MO>KHO onpe.nenHTb, 
'ITO napannenbHOe BKJIIO'leHHe pe3HCTopa 1,2 KOM c pe3HcTopoM 2, 7 KOM cocTaBHT Tpe-
6yeMoe conpOTHBJieHHe pe3HCTOpa KaTOJJ.HOfO CMelll,eHHH, a napanneJibHOe coe.nHHeHHe 
pe3HCTopos 4, 7 KOM c pe3HCTopoM 5, 1 KOM cocTaBHT Tpe6yeMoe conpoTHBJieHHe pe3HC
TOpa o6paTHOH CBH3H. 

4aCTb KaTO,ll.HOfO TOKa JiaMnbl V1 npOXOJJ.HT '1epe3 06MOTKY BblXO,ll.HOfO TpaHc<t>opMaTO
pa H cne.nyeT npe.nnoJJO>KHTb, 'ITO OH 6y.neT npHBOJJ.HTb K B03HHKHOBeHHIO HCKa>KeHHH. 
EcJJH npe.nnono>KHTb, 'ITO conpoTHBJieHHe no nocTOHHHOM)' TOKY BTOpH'IHOH o6MOTKH 
TpaHc<t>opMaTopa npeHe6pe>KHMO Mano no cpasHeHHIO c conpoTHBJieHHeM pe3HCTopa 06-
paTHoH CBH3H, TO 3Ha'leHHe TOKa 6yJJ.eT paBHO 'laCTHOMY OT .neneHHH HanpH>KeHHH 2,5 B Ha 
conpoTHBJleHHe 2,44 KOM, 'ITO .naeT 3Ha'leHHe TOKa npHMepHo 1 MA. 0THoweHHe 'IHCJia 
BHTKOB B o6MOTKaX TpaHc<t>opMaTopa, no KOTOpblM npoTeKaeT TOK, COCTaBJIHeT 31,6: 1 
(sTOpH'IHOH o6MOTKH K nepBH'IHoii), cne.nosaTeJJbHO, nocTOHHHblH TOK seJIH'IHHOii 1 MA, 
npoTeKalOW.HH BO BTOpH'IHOH 06MOTKe, 3KBHBaJieHTeH nOCTOHHHOM)'TOKY pa36aJiaHca se
JIH'IHHOH 31 MKA, npoTeKa10w.ero s nepswtHOH o6MoTKe. no cpasHeHHIO c TOKaMH 40 MA, 
npoTeKalOlll,HX B Ka>K,ll.OH nOJIOBHHe o6MOTOK, 3Ta BeJIH'IHHa npeHe6pe>KHMO Mana. 

5.15.5. 8bl60p JR8M8HTOB OKOHB'IHOfO KOCKORO 

nocne Toro, KaK onpe.neneHbl 3HatJeHHH scex 3JJeMeHTOB cxeMbl npe.nycHJIHTeJibHoro Kac
Ka.na, MO>KHO onpe.neJJHTb 3Ha'leHHH 3JieMeHTOB BblXO,ll.HOfO KacKa.na . 

.JlaMna THna EL84 JJ.onycKa~T ( cor nacHo ee nacnopTHblM .ll.BHHbIM) MaKCHMaJJbHOe 3Ha
'leHHe conpoTHBJJeHHH pe3HCTopa, 38,ll.alOw.ero CMeW.eHHe Ha ceTKe, seJJH'IHHoii 300 KOM. 
Ho TaK KaK s JJ.aHHOH cxeMe HcnoJib3yeTcH KaTOJJ.HOe cMern.eHHe, TO He 6e3 y.nosoJibCTBHH 
MO>KHO yseJJH'IHTb 3TO 3Ha'leHHe .no 4 70 KOM. npH 3TOM Heo6XOJJ.HM pa3]J.eJIHTeJibHblH KOH -
.neHCaTop eMKOCTblO 0, 1 MK<I>' KOTOpbIH MO>KeT 6bITb JIH6o c noJIHKap6oHaTHbIM, JIH6o, 'ITO 
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npe.a.no<ITHTeJJbHee, c nOJJHnponHJJeHOBbIM .ll.H9JJeKTpHKOM H pa60'IHM Hanps1>KeH1teM, npe

Bbllll8IOW.HM HJJH paBHblM 400 B no nocTOHHHOMY TOKY. 

ConpornsJJeHHe 4, 7 KOM HBJIHeTCH rnnH'IHblM 3HatJeHHeM .ll.llH pe3HCTopos, npe.a.Ha3-

Ha'leHHbIX .ll.JIH no.a.aBJieHHH napa3HTHbIX KOJJe6aHHH s ceTO'IHOH u.enH naMn nlna EL84. 

CymecTByeT sepOHTHOCTb Toro, 'ITO OHH He nommo6HTCH s cxeMe, o.a.HaKo seer.a.a npe.ll

cTaBJJHeTCH 6naropaJYMHbIM ycTaHOBHTb HX. 

no aHaJJH3Y MHOrO'IHCJJeHHbIX npHMepOB npHMeHeHHff B yCHJJHTeJJHX .ll.8HHOrO THna 

JJaMn, MO>KHO C'IHTaTb, 'ITO pe3HCTop 47 OM, BKJIIO'leHHbIH nocne.ll.OBaTeJibHO c 9KpaHHpy

JOUJ.eH ceTKOH, cnoco6CTByeT CHH>KeHHIO HCKa>KeHHH npH CHH>KefIHH nHKOBOH MOW.HOCTH. 

AsTOp He nposepHn 9Toro, no9TOMYYCTaHOBKa 9THX pe3HCTopos - .a.eno npocj>eccHoHaJib

Horo Bbt6opa. B cxeMax ycHJJHTeneA cj>HpMbI Mullard OHH ycTaHOBJJeHbI, Tor.a.a KaK B cxe

Max ycHJIHTeneA cj>HpMbI Leak OHH OTCyTCTBYIOT. 

ConpOTHBJieHHe pe3HCTopa KaTO.ElHOro cMeUJ.eHHH .a.on>KHO 6bITb 270 OM ( H3 nacnopT

HbIX .a.aHHbIX KOMnaHHH Mullard) H OHH .a.on>KHbl pacceusaTb 0,45 BT. KaK npaBHJIO, J.a.ecb 

ycrnHaBJJHBaIOTCH pe3HCTOpbI c MOW.HOCTbIO pacceHHHH 2 BT. 0,ll.HaKo Ha npaKTHKe ropa3-

.a.o JIY'lllle HCnOJib30BaTb MOHTHpyeMbie Ha lllaCCH nnaKHposaHHble aJIIOMHHHeM pe3HCTOpbl 

c >KeCTKHMH BbIBO,llaMH H c MOW.HOCTbIO pacceHHHH 15 BT. 3TO CBH3aHo c TeM, 'ITO pff.ll.OM 

c pe3HCTOpOM 6y.a.eT MOHTHpOBaTbCff 9JleKTpOJIHTH'leCKHH KOH.ll.eHCaTop, KOTOpbIH .a.omKeH 

OCTaBaTbCff XOJIO,ll.HblM • .D.onOJIHHTeJibHO K 9TOMy, ycTaHOBJieHHblH Ha lllaCCH pe3HCTOp 

HMeeTy.a.o6Hbie npoylllHHbl, KOTOpble y.a.o6HO HCnOJib30BaTb.ll.Jlff 3aKpenneHHff 9.IIeKTpOJIH

TH'leCKOro KOH.ll.eHCaTopa. 

EMKOCTb pa3Bff3blBaIOUl,ero KaTOJl.HOro KOHJl.eHcaTopa .ll.OJl>KHa COCTaBJiffTb 2200 MK<l> 

J),/lff '18CT0Tbl cpe3a 1 fu,, HO, KaK y>Ke 06Cy>K.ll.aJJOCb paHee, TaKOe 3Ha'leHHe ycyry6JIHeT 

npo6:11eMbl speMeHH BOCCTaHOBJJeHHff nocne neperpy3KH, n09TOMY peKOMeHJJ,YeTCff 3aMe

HHTb ero Ha KOH.ll.eHcaTop c eMKOCTbIO 470 n<l> H pa6otJHM HanpH>KeHHeM 63 B. Pa6o'lee 

HanpH>KeHHe 63 B BbI6paHO c SIBHbIM 3anacoM, TaK KaK HanpH>KeHHe 6y.a.eT cocTaBJJSITb 

npHMepHo 11 B, HO 9JieMeHTbI, pacctJHTaHHbie Ha 6oJJee BbICOKHe HanpH>KeHHH HMeIOT 

MeHblllee 3Ha'leHHe 9KBHBaJJeHTHoro nocJie,ll.OBaTeJibHOro conpon!BJieHHff, 'ITO CTaHOBHT

Cff cyw.ecTBeHHbIM npH lllYHTHposaHHH 9KBHBaJJeHTHoro conpornaneHHH naMnbl 67,5 OM 

(rk = 90 OM, Rk = 270 OM). 

TaK KaK a cxeMe ycHJIHTeJIH H3 peaKTHBHblX u.eneA HMeeTcH scero o.a.Ha RC-u.enb H 

BbIXO.ll.HOH TpaHccj>opMaTop, ycTOH'IHBOCTb Ha HH3KHX 'laCTOTaX He Bbl30BeT OCHOBaHHH .ll.Jlff 

6ecnoKOHCTBa. YcTOH'IHBOCTb Ha BblCOKI:iX qacTOTax He OJl.H03HatJHa H .a.on>KHa 6bITb npo

aHaJIH3HposaHa .a.onOJJHHTeJlbHO. 

6a3osaH qyscTBHTeJibHOCTb sxo.a.Horo KacKa.a.a CHH>KeHa c 298 MB .a.o 3HatJeHHH 2 B, 'ITO 

COOTBeTcTByeT CHH>KeHHIO K09cj>cj>Hu,HeHTa ycHJJeHHff B 6, 71 pa3a, HJIH Ha 17 .a.6. HcXO.ll.ff 

H3 9TOro, MO>KHO paCC'IHTaTb HOBOe 3HatJeHHe 'a KaCKa.u.a: 

PelllaH .ll.8HHOe ypasHeHHe H npHHHMaH, 'ITO r0 = 5 KOM, nonyqHM aHa'leHHe r; = 302 KOM. 

npH napanneJibHOM ero BKJIIO"leHHH c pe3HCTOpOM R,. = 47 KOM, 3Ha'leHHe KOMnJieKCHOrO 
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np11Mep pa1pa60TKll ABYXTOKTHOrO yc1111JtTen11 MOUIHOCTll • 

BbIXOJlHOro conpOTHBJieHHSI zout = 41 KOM. HcnOJib30BaHHe Me>KKaCKa)lHOH oTpHL(aTeJib

HOH o6paTHOH CBSl3H HeH36e>KHO npHBe)leT K yCJIOBHIO zoul"" RI. JlJISI BXOJlHOro KaCK8)la. 

)lnsi cornacosaHHoro <t>aaoHHBepTOpa 3HaqeHHe eMKOCTH MHnnepa cocTaBJisieT 3,2 net>, 

a eCJIH npHHSITb BO BHHMaHHe napa3HTHbie eMKOCTH, TO o6w.ee 3HaqeHHe MO>KHO oueHHTb 

seJIHqHHOH nopSI.llKa 5 'net>. B coqeTaHHH c conpoTHBJieHHeM 41 KOM 9TO o6ecneqHsaeT 

qacTOry cpeaa nopHJlKa 780 Kfu. 

BbIXOJlHOH KacKa}l HMeeT BXOJlHYIO eMKOCTb, KOTopasi HarpymaeT BbIXOJl cornacoBaHHO

ro <t>aaoHHBepTOpa. Xorn naMna OKOHeqHoro KaCKa.11.8 THna EL84 sisnsieTcsi neHTOJlOM, HO 

OHa see paBHO HMeeT eMKOCTb MHJIJiepa, XOTSI H CHJlbHO yMeHbWeHHyIO. Ho, TeM HH Me

Hee, oHa see paBHO JlOJI>KHa 6bITb yqTeHa npH pacqeTax. 

Mo>KHO HaHTH ycHJieHHe BbIXO.llHOro KacKa)la, paccqHTaB na}leHHe Hanpsi>KeHHSI Ha 

conpoTHBJieHHH 8 KOM nepBH'lHOH o6MOTKH TpaHc<t>opMaTopa JlJISI MOW.HOCTH 11 BT, H 

TaK>Ke 3HaSI' qTQ .ll.JISI B036y>K)leHHSI KaCKa)la He06XOJlHM pa3MaX aMnJIHTY.ll Me>KceTOqHoro 

'Hanpsi>KeHHH, paBHbIH 16 B cpeJlHeKB8JlpaTH11ecKoro 3HaqeHHSI. 9To }laeT 3Ha11eHHe K0-

9<l><l>HUHeHTa ycHJieHHSI OTHOCHTeJibHO aHO.lla 18,54. TaK KaK eMKOCTb npoxo)lHasi eM

KOCTb naMnbI Gag= 0,5 net>, TO 3Ha11eHHe eMKOCTH MHnnepa cocTaBHT 9,8 net>. K co>Ka

neHHIO, nonyqeHHOe 3Hal.JeHHe Gag OKa>KeTcsi )leHCTBHTeJibHbIM TOJibKO .ll.JISI cnyqasi qHcTo 

neHTOJlHOrO BKJIIOqeHHSI JiaMnbI, TOr.11,a KaK B }laHHOM cnyqae HCnOJib3yeTCSI cxeMa BKJIIO

qeHHSI oJIIOMJieAHa H,TIH ynbTpanHHeHHOro BKJI10qeHHS1, npH KOTopoA noTeHuHaJI ceTKH 

9KpaHHpy10w.eI1 ceTKH He sisnsieTcsi nocTOSIHHbIM. Cne.11,osaTeJibHO, Heo6XO.llHMO npHHSITb 

so BHHMaHHe 9<l><t>eKT MHJIJiepa .ll.JISI 9TOH ceTKH. K co>KaJieHHIO, s TeXHH11ecKHX xapaKTe

pHCTHKax JiaMnbI He npHBOJlHTCSI )laHHaSI xapaKTepHCTHKa, HO MO>KHO c 60JibWOH JlOJieH 

ysepeHHOCTH npHHSITb ee 3Ha11eHHe s lO net>. EcnH cno>KHTb 9TH eMKOCTH co 3HaqeHHeM 

BXO)lHOH eMKOCTH JiaMnbI G.,, = I 0,8 net>' TO cyMMapHoe 3HaqeHHe eMKOCTH COCTaBHT 

npHMepHO 35 net>, BKJI!Oqasi OpHeHTHpOBOqHbie BeJIHqHHbl napa3HTHblX eMKOCTeH. npH 

ycJIOBHH, qTo BbIXOJlHOH KaCKa}l HHKOr}la He BbIXOJlHT H3 pe>KHMa KJiacca Al' TO c yqHTbl

sasi )lOnOJIHHTeJibHO BblXO)lHOe conpOTHBJieHHe JIHHeHHOro <t>aaoHHBepTOpa ( npHMepHO 

190 OM) 11acT0Ta cpeaa cocTaBHT 24 Mfu. Mo>KHO c nerKOCTblO noasonHTb ce6e enema 

yMeHbWHTb 9TO 3HaqeHHe, TaK KaK JII06oif )lOnOJIHHTeJibHblH KOH)leHCaTop no)laBHT H3-

MeHeHHSI eMKOCTH Me>KJlY naMnaMH H, cne}losaTeJibHO, ynyqwHT BY 6anaHc. lliyHTHpy

IOW.HH KOH)leHCaTop eMKOCTblO 68 net>, BKJIIO'leHHbIH napaJIJieJibHO pe3HCTOpy KaTO)lHOro 

CMerneHHH JiaMnb1 EL84, noHH3HT 11acTory BY cpeaa JlO 8 Mru H 6y.lleT cTapaTbCSI coxpa

HHTb HeH3MeHH9H Harpyaey Ha JIHHeHHOM <t>aaoHHBepTOpe, eCJIH BbIXOJlHOH KaCKa.ll Haq

HeT cMew.aTbcsi s Knacc B. 

noCJJe scero H3JIO>KeHHOfO MO>KHO HapHCOBaTb noJittylO CXeMYYCHJIHTeJISI co 3HaqeHH

SIMH scex 9JieMeHTOl3 cxeMbl (pHC. 5.35). 

CneJJYeT o6paTHTb BHHMaHHe, 11To s CHJIY MaccosocTH npHMeHeHHSI JiaMn EL84 s JlByx

TaKTHbIX ycHJIHTeJISIX 3BYKOBOH l!aCTOTbl, npH paapa60TKe BbIXO)lHOro KaCKa)la Ha 9THX 

JiaMnax OKa3aJIOCb HaMHOfO npow.e HCnOJib3088Tb onbIT .llPYrHX paapa60HHKOB, He>KeJIH 

npoeKTHposaTb KacKa.ll c Hynsi. 0 npHHL(Hnax pacqeTa pe>KHMOB H 9JieMeHTOB JlByxTaKTHo

ro BbIXO}lHoro KaCK8Jla MO>Klio yaHaTb oaHaKOMHBWHCb co cneJJYIOW.eH paapa6oTKOH, npe.ll

cTaBJIHIOW.HH co6oA JlBYXTaKTHbIH ycHJIHTeJib nOBbillleHHOH MOW.HOCTH, no)lp06HO onHCbl

saeMbIH HH>Ke. 
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npMMep pa3p060TKM ABfXTOKTHOrO ycM_rtMTenA MOlllHOCTM 

5.15.6. AsropcK11e pa1pa601K11 yc11n111eneii Ha naMnax EL84 
nocKOJJbK}' MHOfO'IHCJJeHHble pa3pa60TKH ycHJJHTeJJeH Ha JJaMnax THna EL84 O'leHb xopo

wo ce6H 3apeKOMeH.nosanH 6naro.napH csoHM secbMa y.nosneTsopHTeJJbHblM xapaKTe

pHCTHKaM, asTOp 3TOH KHHrH H co6pan nHTb sapHaHToe rnKoro ycHJJHTeJJH. napa pa306-

paHHb1x asTOpoM Ha Jan'laCTH ycHnHTeneA THna Leak TL12+ .nana csoA BKna.n s BH.ne 

BblXO.QHblX TpaHccpopMaTopos Jl,Tlff BTOpOH MOAHcpHK8U.HH ycHJJHTeJJH, Tor.na K8K napa OKa-

38BWHXCff JJHWHHMH CHJJOBblX TpaHccpopMaTopos H .npocceneH 6b1JJa HCnOJJb30B8Ha Jl,Tlff 

BblCOKOBOJJbTHOro HCTO'IHHKa nHTaHHff O.QHOH H3 MOAHcpHKaU.HH, BbmpHMHTeJJH KOTOporo 

nocTpoeHbI Ha saK}'YMHblX KeHOTpoHax rnna GZ34 ( pHc. 5.36 ). 

PHc. 5.36 81-teutHUU eua aemopcKoeo npomomuna ycwtumeAJl 

B Te'leHHe nocne.nHHX .nesHTH neT c 3THM ycHJJHTeneM 3KcnnyaTHposanach napa 

rpoMKorosopHTeneA Rogers LS3/5a, a caM ycHJJHTeJJb HcnoJJb30BaJJcH )l.JIH npocnywH

saHHH KOMnaKT-AHCKOB. 5onee n03AHffff sepCHff ycHJJHTeJJH HCfiOJJb30B8JJ8Cb B OCHOBHOH 

3ByKosocnpoH3BOAHW.eii CHCTeMe asTopa )l.Jlff He6onbWHX B4 .nHHBMHKOB. Bo scex ycH

JJHTenHx, 38 HCKJJIOl.JeHHeM HCXOAHOro npOTOTHna, HCnOJJb30BaJJHCb BblXOAHble TpaHC

cpopMaTOpbl OT ycHJJHTeneA Leak Stereo 20 HJJH TL12+ , a s TpeTbeH H nocne.ny10W.HX 

sepCHffX ycHJJHTeJJeH HCnOJJb30BaJJHCb TaK>Ke CHJJOBble TpaHccpopMaTOpbl H waccH, o.n

HaKO cne.nyeT OTMeTHTb, 'ITO 8BTOP WHpOKO 3KCnepHMeHTHposan c pa3JJH'IHblMH THnaMH 

KOMnJJeKrylOW.HX: 

• BTOpaH MO.nHcpHKaU.Hff ycHJJHTeJJH: OKa3anacb H.neaJJbH.OH )l.Jlff rpOMKOrosopHTeJJeii 

rnna LS3/5a, KOTOpble socnpOH3BO.QHJJH TPMHU.HOHHblH )l.Jlff naMnosoro ycH

JJHTeJJH «MfffKHH » 3ByK. YlcnOJJb30BaJJHCb MeTaJJJJH3HpOBaHHble nJJeHO'IHble 

pe3HCTOpbl 8HO.QHOH Harpy3KH, noJJHKap6oHaTHble KOH.QeHC8TOpbl CBff3H, HO )l.Jlff 

BbJCOKOBOJJbTHOro HCTO'IHHKa nHTaHHff HCnOJJb30BaJJHCb nOJJHnponHJJeHOBble 

KOH.QeHCaTOpb1; 

• TpeTbff MOAHcpHK8U.Hff ,YCHJJHTeJJH Bbl.Qasana HaHnyqwee Kal.JeCTBO npH none3HOH 

MOW.HOCTH 5 BT. Hcnonb3osaJJHCb MernnJJH3HposaHHble nneHO'IHble pe3HCTOpb1 

Harpy3KH, nOJJHKap60H8THble KOH.neHCaTOpbl CBff3H, 3JJeKTpOJJHTH'leCKHe BblCOKO

BOJlbTHbJe KOH.QeHCaTOpbl, .npocceJJb C HHJlYKTHBHOCTblO 15 rH 38MeHHJJ B HCXO.QHOH 

cxeMe ycHJJHTenH Leak pe3HCTop c HOMHHanoM 100 OM, ycrnHosneHHblH Me>K.Ll.Y 
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KacKa,qbl yc11neH1111 Mo111Hocr11 

HaKonHTenbHblM H qmnbTPYIOW.HM KOHJJ.eHCaTopaMH. Bb1XOJJ.Hble naMnb1 e 9TOH MO· 

JJ.H<f>HKaUHH 6blnH BKnl01.!eHbl no TpHOJJ.HOH cxeMe (R" = 560 OM); 
• ycHnHTenb 1.!eTeepTOH MOJJ.H<f>HKaUHH pacC1.!HTblBancff aBTOpOM HaH6onee Tw.aTenb· 

HO, o.n.HaKo, Ka1.!ecTBo ero eocnpoH3BeJJ.eHHff He enonHe y.11oeneTBopHno aeTopa. 

11cnonb3oeanHCb anIOMHHHeeb1e KopnycHble npoeonol!Hble pe3HCTOpbl aHOJJ.HOH 

Harpy3KH, nonHnponHneHOBble KOHJJ.eHCaTOpbl CBff3H, nonHnponHJieHOBble BblCO· 

KOBOJlbTHble KOHJJ.eHcaTOpbI; 

• enHTOH MO.ZI.H<pHKaUHH ycHJIHTeJIH Hcnonb3oeanHCb aJIJOMHHHeeble KopnycHble 

npoBOJI01.!Hbie pe3HCTOpb1 aHOJJ.HOH Harpy3KH, nonHnponHneHOBble KOH,Zl.eHcaTOpbI 
CBff3H, nOJIHnponHneHOBble BblCOKOBOnbTHbie KOH,Zl.eHcaTOpbl, .npoccenb c HHJIYKTHB· 

HOCTblO 5 fH, 3aMeHHBlllHH pe3HCTOp B HCXOJJ.HOH cxeMe ycHnHTMff Leak, KepaMH· 

qecKHe naHeJIH JJ.JIH naMn. 

5.16. Pa3pa6orKa yntnMreneit MOIQHOCTblO 6onee 10 Br 

5.16. l TpoRHl/HOHHhlii nonxon K y0tnHrenRM c MO/llHOCTh/O 6onee 10 Br 
Tp8JJ.HUHOHHbIM MeTOJJ.OM yeenH1.!eHHff BblXOJJ.HOH MOW.HOCTH ycHnHTenH ffBJiffeTcff Hcnonb· 

3oeaHHe 6onee MOW.HblX naMn, TaKHX KaK, HanpHMep, THna EL34 <f>HpMbl Mullard HJIH 

.D.a*e THna GEC KT88 . .LI.pyrHM no.nxo.n.oM K npo6neMe ffBJiffeTcff Hcnonb30BaHHe pe*HMa 

pa6oTbl ycHnHTeJIH e Macce AB. 11cnoJib30BaHHe 9THX MeTO.n.oe no3BOJiffeT nonyqHTb Bbl· 

XOJ1.Hb1e MOW.HOCTH 50 BT npH Hcnonb3oeaHHH napbl naMn THna EL34 KOMnaHHH Mullard, 

HnH THna GEC KT66, JIH6o Jl.8)f(e I 00 BT MOW.HOCTH npH Hcnonb30BaHHH napbl naMn THna 

GEC KT88. E.nHHCTeeHHbIM cnoco6oM nony1.!eHHff ew.e 6onee BbICOKoif BbIXO.ZI.Hoif MOW.HO· 

CTH OCTaHeTCff HCnOnb30BaHHe MOUl,HbIX reHepaTOpHbIX naMn, npe.nHa3Ha1.!eHHblX JJ.Jlff pa

)1HOnepe)l.8Tl!HKOB c HX 3al!aCrylO «3a06Jia1.!HOH» CTOHMOCTbIO. 
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flpHMeHeHHe MOUl,HblX reHepatopHblX naMn HMeeT CBOH CJIO)f{HOCTH: 

• nepe.naiow.He MOW.Hble naMnbI HMeJOT ecer.na HenponopuHoHanbHO BbICOKYIO CTO· 

HMOCTb; 

• JJ.JISI HHX Heo6XOJ1.HMbl 01.!E!Hb BblCOKHe aHO,Zl.Hble HanpSI)f{eHHff, cneJJ.OBaTenbHO, KOH· 

.neHCaTOpbl crna)f{HBaIOw.ero <f>Hnbtpa 6yJJ.YT TO)f{e 01.!eHb .noporH, a BbICOKOBOnbT· 

HblH HCT01.!HHK nHTaHHff 6y.11eT npeJJ.CTaBnSITb nOBblllleHffYIO onaCHOCTb; 

• 9KBHBaneHTHbie BblXOJl.Hbie conpoTHBneHHSI reHepaTOpHblX naMn KaK npaBHJIO 

01.!eHb 6onbll1He, 1.!TO .nenaeT cepbe3HO ycnO)f{HffeT npo6neMy C03JJ.aHHSI BblXO.ZI.Horo 

TpaHc<f>opMaTopa c xopOlllHMH xapaKTepHCTHKaMH; 

• npHMeHeHHe MOW.HblX reHepaTOpHblX naMn Tpe6yeT Jl.OBOJlbHO 6onblllOH MOUl,HOCTH 

B036y)l(,l(eHHff Ha ifX ynpaen~IOUl,HX ceTKax, H JJ.Jlff 38)].8HHSI pa6oqero pe)f{HMa 1.!aCTO 

Heo6XO,Zl.HMO HCnonb3oBaTb .n.ononHHTenbHYIO MOW.HYIO naMny, C03)].8BaSI .no6aB01.!· 

Hbltl npeJtyCHnHTenbHbIH KaCK8Jt. 

K ctJac1'bIO cyw.ecTByIOT HeK0Topb1e cnoco6bl npeoJtoneHHff yKa3aHHblX npo6neM. 



PaJpa6orKa yCHmtrenei MOIJIHOCTblO 6onee' 10 Br 

5.'161. flHKtJBOJI MYJ61KaJlhHOR_ MOIJIHOCTh: fXK11YU16HHOCTh H ROJKh npoHJBO/IHTeneii 

B KOH~e 60-x - Hal!aJie 70-x ro.n.os npowJioro CTOJienrn 6blJio H3rOTOBJieHo HeKoTopoe 

KOJIHl!eCTBO HH3KOl!aCTOTHbJX ycHJIHTeJieA .D.OBOJibHO HenpHTH3aTeJibHOro BH,n.a c npHMeHe

HHeM TpaH3HCTOpOB. Oo cpaBHeHHIO C JiaMnOBblMH MOHCTpaMH TpaH3HCTOpHble YCHJIHTeJIH 

6blJIH MHHHaT!OpHbIMH, JierKHMH, HO Kal!eCTBO BOCnpOH3Be.n.eHHH 3ByKa y HHX He 6bIJIO Jiyq

we (no npas.n.e rOBOpH, BOCnpOH3Be.D.eHHe y 60JibWHHCTBa H3 HHX 6bJn0 JUDKe xy>Ke, l!eM 

HeKY.n.a). Ho nepe.n. npoH3BO.D.HTeJIHMH CTOHJia 3a,n.aqa 3acTaBHTb noTpe6HTeJIH pacKYnaTb 

Hx. WHCTBeHHoe, l!TO MOrJIH c ycnexoM .n.eJiaTb paHHHe Mo,n.eJIH TpaH3HCTOpHbJX ycHJIHTe

JieA, TaK 3TO o6ecnel!HBaTb Ol!eHb MOUlHblA BblXO.D.HOA CHrHaJI, TaK Hal!aJiaCb KOHKYpeH~HH 

3a BCe 60JibWYIO BblXO.D.HYIO MOW.HOCTb. 

Jl,nH C03.ll.8HHH .n.eACTBHTeJibHO MOUlHOro YCHJIHTeJIH Heo6XO.D.HM 60JibWOA H MOlllHblA HC

TO'IHHK nHTaHHH, HO 3TO .n.oporoCTOHlllHA nyTb. B HaCTOHmee BpeMH COBpeMeHHaH MY3bIKa . 

60JibWeA l!aCTblO HMeeT TOJibKO BeCbMa Henpo,n.OJI>KHTeJibHble no .!J.TJHTeJibHOCTH nHKH ( aTaKH ), 

a HHKTO ceJ'.iqac H He cnywaeT HHl!ero .n.pyroro (BO BCHKOM cnyqae, re, qpe MHeHHe MO>KHO npH

HHMaTb BCepbe3 ). 003TOMY YCHJIHTeJIH Hal!aJIH npoeKTHpOBaTb TaK, l!T06bl OHH CMOf JIH pa3BH

BaTb 60JibwyJO BblXO.ll.ffYIO MOlllHOCTb, HO TOJibKO Ha Ol!eHb Henpo,n.OJI>KHTeJibHOM 0Tpe3Ke spe

MeHH. 3TO no3BOJIHJIO noKa3aTeJIHM MOUlHOCTH B03paCTH eme 6onbwe H nOJIO>KHTb Hal!aJIO 

HOBOMY TepMHffY, TaK Ha3bJBaeMoH «MyabJKaJibHoA MOlllHOCTH». KaK npasuno, MaKCHMYM Bbl

xo.D.HoA MOUlHOCTH H3MepHeTCH c ypOBHeM HCKa>KeHHA I 0%, HJIH c Hal!aJIOM orpaHHl!eHHH 

(TO'IKH, B KOTOpoAy CHrH8Jla CHffYCOH,n.aJibHOA cj>OpMbl Hal!HHaeTCH orpaHHl!HBaTbCH aMnJIHTY

,ll.8, HJIH, HHaqe rosopH, «cpe3aTbCH» BepwHHa), H l!aCTOTOA HMnyJibCOB CHrHana (arnK) I Kf~. 
B036y>MaJOUlero O.D.HH KaHaJI, pa6oTaJOmHA Ha l!HCTO pe3HCTHBHYIO Harpy3KY. B COOTBeTCTBHH 

c TaKHM onpe.D.eJieHHeM npome npocTo nepe.n.enaTb ycHJIHTeJib, HMeiomHA MOW.HOCTb 20 BT H 

nocpe,n.CTBeHHblA no CBOHM xapaKTepHCTHKaM HCTO'IHHK nHTaHHH, B MO,n.eJib c MOUlHOCTblO 

B 50 BT. A eCJIH noCJie 3Toro y.n.soHTh BblXO.ll.HYJO MOlllHOCTb, c~HTaH Ha .n.sa KaHana ycHneHHH, 

TO MO>KHO 3anpocrn nonyqHTb ycHJIHTeJib c MOUlHOCTbJO I 00 BT. 

B np1rne.n.eHHblX BbJWe apryMeHTax 6blJIH HCnOJib30B8Hbl, no KpaAHeA Mepe, l!eTbipe 

JIO>KHblX .n.oso.n.a. HO 3TO HH'ITO no cpaBHeHHIO c B03MYTHTeJibHblMH npeTeH3HHMH, 3aHB

neHHblMH npOH3BO.D.HTeJIHMH KOMnbJOTepHblX 3BYKOBOCnpOH3BO.D.HlllHX CHCTeM. B O.D.HOM H3 

He,n.aBHHX cnyqaeB npHBO.D.HJICH npHMep aKyCTHKH, co.n.ep>K8UlHA HH3KOl!aCTOTHblA rpoM

KOrOBOpHTeJib, pa3MepoM c 60JJbWOH KapaBaH XJie6a, H napy caTeJIHTHblX rpOMKOfOBOpH

TeneA pa3MepaMH c He60JibWYIO 6yxaHKY K8>K.ll.blA, KOTOpblH HMeJI 38HBJieHHYIO MOUlHOCTb 

800 BT nHKosoA MY3bJK8JibHOH BbJXO,n.HoA MOlllHOCTH (PMPO) H see y.n.osonbCTBHe npe.D.

naranocb 3a KaKHX-TO 23 <f>YHTa CTepJIHHroB! (B ,n.aHHOM cnyqae a66pesHaTypy PMPO 
ropa3,n.o npaBHJibHee 6bJJJO 6b1 pacwH<f>posaTb, KaK cymecTByiowyio JIHWb B soo6pa)KeHHH 

MY3b1KaJJbffYIO MOUlHOCTb.) 

5.16.3. Jt/Jr/JeKT «CJKOTHR»' MOU/HOCTH rpOMKOfOBOpHrenR 

Bo3MO>KHOCTb C03.D.8HHH K8l!eCTBeHHOA aKYCTHl!eCKOA CHCTeMbl MO>KeT 6bJTb .D.OCT8TO'IHO 

peaJibHoA. 0,n.HaKo, scer.n.a HY>KHo noMHHTb, l!TO KO.ll rpoMKorosopuTeJie~ KaK npasHno 
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KaCKa,qw yc1tne111t11· MOl.QHacr1t 

He8b1COK. MaJ109<f><f>eKTH81lb1e rpoMKorosopHTeJIH 3aqacryro cTpa.n.aroT OT «c>KaTHH» MO!ll· 

HOCTH, - 9<f><f>eKTa 38KJllOlfalO!llerocH 8 TOM, lfTO conpOTH8JleHHe 38YKOBOA KaT}'WKH 803· 

pacTaeT c yseJIHl.feHHeM TeMneparypbl H CHH>KaeT lfYBCTBHTeJlbHOCTb, H ,ll,llH!llerocH )l.0 

Tex nop, noKa KarywKa He ocTblHeT. 4eM 8b1We KIUI. rpoMKorosopHTenH, TeM OH MeHee 

lfYBCT8HTeJieH K 9TOMY 9<f><f>eKry. 

5.16. 4. AKTHBHh/e Kpoccosephl H cxeMO Jo6enR 
CymecT8yeT cnoco6 6onee 9cl><f>eKTH8Horo so36Y>KJJ.eHHH rpoMKorosopHTeneA. EcnH 803· 

6y>KJJ.aeMble 9JleMeHTbl 8K)'CTHlfeCKHX CHCTeM (HanpHMep HH3KOlf8CTOTHble H BblCOKOlfaC· 

TOTHble rpoMKoro8opHTeJIH ), B036y>KAalOTCH cneu.HaJibHO 8bJJI.eneHHblMH ycHJ1HTeJ1HMH, 

KOTOpblM npeJJ.WeCTBYIOT aKTH8Hble Kp0CC08epb1 (p83)l.eJIHTeJlbHbie QJHJlbTpbI), TO MO>KHO 

nOJIYl.fHTb MHOfOlfHCJleHHble npeHMyllleCTBa [ 12). )].JIH u.eneA 06cy>1QI.eHHSI 6y)l.eT noJie3HO 

OTMeTHTb, lfTO CHCTeMa H3 rpOMKOf080pHTeJieA )l.Byx THnOB, aKTHBHO B036y>K.ll.8eMaH ycH· 

JIHTeJIHMH c MOlllHOCTHMH 10 BT, 6yJJ.eT 38ylfaTb Ha YJJ.HBJieHHe rpoMKO H lfHCTo. (no.npo6~ 
HOCTH pa3pa60TKH 8KTHBHOfO KpOCCOBepa npHBe)l.eHbl B CTpI.fJIO>KeHHH.) 

0JJ.H8KO HHOrJJ.a 803HHK8IOT H JJ.pyrne npo6neMbl. )].JIH H3roTosneHHH co8peMeHHblX H4 

rpOMKOfOBOpHTeJieA c nO)l.BH>KHOA K8TYWKOA CTpeMHTCSI HCnOJlb30B8Tb .neMn<f>Hpyrow.yro 

<f>eppoMarnHTffYJO >KHJJ.KOCTb Ferrofluid®,npH80Jl.fflllYIO K ToMy, lfTO 9JieKTPHlfeCKHA HMne· 

.naHc HMeeT nolfTH aKTHBHbIA xapaKTep. 0JJ.H8KO, ,ll,llH MeM6paH H4 rpoMKoro8opHTeJieA 

lfaCTO He y)l.aeTCSI HCnOJib30B8Tb 9TOT npHeM H3·3a Toro, lfTO 60JlbWHA XO)l. JJ.H<l><f>y3opa H 

nblne3a!llHTHoro Konnal.fKa 9HeprnlfHO C>KHMaeT B03JJ.YX BHYTPH MarHHTHoA CHCTeMbl H Bbl· 

TaJIKHBaeT <f>eppoMarHHTHYIO >KH)l.KOCTb H3 3830pa. 

HH3KOlfaCTOTHble rpoMKorosopHTeJIH HMelOT 3BYK08ble KarywKH, o6na.n.aromHe 3Ha· 

'IHTeJlbHOA HHJJ.YKTHBHOCTblO, CJle)l.OB8TeJlbHO, ,ll,llff csoero Bbl)l.eJieHH'oro YCHJIHTeJIH OHH 

npe)l.CT8BJISllOT y8eJIH'leHHoe HHJJ.YKTHBHOe conpOTH8JleHHe, KOTopoe MO>KeT HapywHTb 

ycTOAl.fH80CTb no BblCOKOA lf8CT0Te. ,ll.onoJIHHTeJlbHO K 9TOMy, JIY1.fe8ble TeTpOJJ.bl H neHTO· 

JI.bl socnpoH3BOJJ.HT 8 cneKTpe HCKa>KeHHA 8blCWHe rapMOHHKH c 6onee BblCOKHMH aMnJIH· 

T}'.D.8MH npH yseJIHlfeHHH conpOTHBJleHHSI Harpy3KH, n09TOMY 38Jl.8lf8 KOppeKTHpOBKH HM· 

ne)l.aHca 3BYKOBOA K8T}'WKH c u.eJiblO nonyqeHHSI Harpy3KH c OnTHM8JlbHblM 3HalfeHHeM 

HMne)l.aHca sacny>KH8ae:r npHcTaJibHoro BHHM8HHH. K clfaCTblO, .ll.JIH rpoMKorosopHTenH 

c npocTOA nO)l.BH>KHOA 3BYK080A K8T}'WKOA CY!lleCTByeT npoCT8SI cxeMa KoppeKU.HH 3o6eJISI, 

KOTOp8SI nO)l.COe)l.HHHeTCSI Henocpe)l.CTBeHHO K Bbl80JJ.8M rpOMKOrosopHTeJISI ( pHC. 5.37). 
BeJIHlfHHa conpoTHsneHHH JJ.OnonHHTeJibHoro pe3HCTopa pa8Ha conpoTHsJieHHIO rpoM· 

KorosopHTeJIH no noCTOffHHOA COCT8BJlfflO!lleA, a BeJIHlfHH8 eMKOCTH KOH)l.eHCaTOpa onpe· 

)l.eJIHeTCSI no cne,n.yromeMy COOTHOWeHHIO: 

L c =~ 
3o6e.n• R2 · 

DC 

TaK KaK rpOMKOfOBOpHTeJib MO>KHO paCCM8TpH88Tb B BH)l.e TpaHc<f>opMaTopa, B KOTO· 

poM 3BYKOBaH K8T}'WKa He>KeCTKO CBH38H8 c KOpOTK038MKHYTblM BHTKOM nOJIIOCHoro H8· 
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PaJpa6orKa ycMnHreneif MOUIHOCTblO 6onee 10 Br 

c•• 

R 

PHc. 5.37 CxeMa 3o6eAR iJAR t<:oMnencal{UU uniJyt<:musnou cocmaBARIOU{et1 
3BYKOBOU t<:amyutt<:U epOMK020BOpumeAR 

KOHeqHHKa, B KOTOpOM cyw.ecTBYIOT noTepH Ha rHCTepe3HC, ynpomeHHaSI 9KBHBaJieHTHaSI 

cxeMa rpOMKOrOBOpHTeJISI B BH.D.e HH.D.YKTHPHOCTH, nocJie.D.OBaTeJibHO BKJllOlfeHHOH c peaH

CTOpOM, XOTSI He npe.D.CTaBJISieTCSI CTporoif, HO OK83blBaeTCSI BeCbMa Y.D.06Hoii )I.Jiff .ll.8JlbHeii

wero H3JIO>KeHHff. 

5.16.5. flapannenhHIJJI pa6ora BhlXORHhlX naMn B CXBMe 
11 pac11er rpaHcc/JopMaropa 

npe)l.JlaraeMblH nYTb C03.D.aHHSI MOll.lHOro YCHJIHTeJISI SIBJISleTCSI oqeHb 9<IJcpeKTHBHblM H .D.aeT 

OI.JJYTHMbie npeHMymecTBa. EcJIH HcnoJib30BaTb HeCKOJibKO nap napanneJibHO BKJIIOqeH

HhIX BblXO.ll.HblX JiaMn B .D.ByxTaKTHOM OKOHeqHOM KaCKa.D.e, TO MO>KHO noJiyqHTb BblCOKYIO 

BblXO.D.HYIO MOll.lHOCTb, npH HanpH>KeHHH BblCOKOBOJlbTHOro HCTOqHHKa Ha .D.OCTaToqHo 6e-

30nact{OM ypOBHe (no cpaBHeHHIO c BblCOKOBOJibTHblM nHTaHHeM, Tpe6yl011.lHMCff MOll.l

HblM reHepaTOpHb!M JiaMnaM), HanpHMep, 320 BB CJiyqae HcnoJib3oBaHHSI HeCKOJibKHX nap 

JiaMn EL84. C HCnOJib3QB8HHeM Ka>K,lloii .D.OnOJIHHTeJibHOii napbl naMn HMne.D.aHc nepsHq

HOH o6MOTKH TpaHc<IJopMaTopa 6y.D.eT MeHbwe: ecJIH napaMeTpbl naMn Tll.l8TeJibHO no.no-

6paHbl, TO o6mee BblXO.D.HOe conpOTHBJieHHe yMeHbWaeTCSI BO CTOJlbKO pa3, CKOJlbKO JiaMn 

BKJIIOqeHo B napaJIJieJib B Ka>K,lloe nneqo .D.ByxTaKTHOii cxeMbl. CHH>KeHHe OTHOWeHHff qffc

Jia BHTKOB o6MOTOK o6JierqaeT npo6JieMY C03.D.aHHSI TpaHc<IJopMaTopa BblCOKOro KalfeCTBa 

c HCnOJib30BaHHeM KaqecTBeHHblX KOMnJieKzy!Oll.lHX. llHCTO apH<IJMeTfflfeCKOe 06bffCHe

HHe, o6mHii aHO.D.HblH TOK Ka>K,lloii nOJIOBHHbl 6y.D.eT nyqwe c6anaHCHpOBaH npH yseJIHlfe

HHH KOJIHqecTBa naMn, a xopowo npo.nyMaHHblii no.D.6op nap eme CHJibHee yseJIHlfHT 9TO 

npeHMYll.leCTBO. 
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KacKOJlbl ycimeHMR MOUIHOCTM 

5.16.6. Oco6eHHOCTH B036fJKR8HHR Bb/XORHOfO KOCKORO 008b/UJ8HHOH MOUJHOCTH 

BHe 3aBHCHMOCTH OT Toro, COCTOHT JJH BblXOJJ.HOH KacKa)I. c 6onee Bb!COKOH BblXOJJ.HOH MOIU

HOCTblO H3 napanneJJbHO BKJJIO'leHHbIX npH6opoB, HJJH HeT, OH see paBHO ecer)l.a Tpe6yeT 

6onee MOIUHoro KacKaJJ.a npeJJ.eapHTeJJbHoro ycHJJeHHff (npeJJ.oKoHe'IHoro ycHJJHTenff). 

OpM MccneJJ.oBaHMM ycMJJMTeJJH Y1rnbHMCOHa, 6b1no ycTaHoeneHo, 'ITO OH HMeeT Bbl.ll.eJJeH

HbIH KaCKa)l. npeJJ.BapMTeJJbHOfO ycMJJeHHSI, HO MCflOJJb30BaHMe MHOfOKaCKa)l.HOH cxeMbl 

CTaBHT nOJJ. COMHeHHe ycTOH'IHBOCTb BCeH CMCTeMbl. Cne)l.OBaTeJJbHO, uenecoo6pa3HO no

MCKaTb JJ.pyroe perneHMe. 

KaK H e npe.ll.blJlYlllMX npHMepax, uenecoo6pa3HO no.n.po6Hoe H nonHoe onHcaHHe Tpe-

6oeaHHH, KOTopoe ecerJJ.a o6nerqaeT perneHHe npo6neMbl: 

Heo6XOJI.HMO HH3KOe BbIXOJJ.HOe conpoTHBJJeHHe npeJJ.OKOHe'IHOfO KaCKa)l.a JI.Jiff 9<fl

<fleKTHBHOfO B036y>KJJ.eHMff yeeJJH'leHHOH BXOJJ.HOH eMKOCTH BblXO)l.HblX JJaMn ( B cny
qae napanneJJbHOfO BKJJIO'leHHff JJaMn HX BXOJI.Hble H BblXOJI.Hbie eMKOCTM cyMMHpy

IOTCff ); TaK>Ke MO>KeT noHaJJ.06HTbCff KaTOJJ.HblH flOBTOpHTeJJb; 

Heo6XOJJ.HMO o6ecne'IHTb BblCOKOe 3Ha'!eHHe BblXOJI.HOfO HanpSl>KeHHff c MaJJblM 

ypoBHeM HCKa>KeHHH, 9TO 6e3 COMHeHHH noTpe6yeT HCnOJJb30BaTb B npe.n.OKOHe'l

HOM KaCKa)l.e OJI.HY M3 pa3HOBH)l.HOCTeH JJ.H<fl<flepeHuHaJJbHblX ycHJJHTeneii; 

He06XOJJ.HMbl TaK>Ke lliHpoKaff nonoca nponycKaHHff H Bb!COKHH K09<fl<flHUHeHT ycH

JJeHHSI, TaK KaK 6bIJJO 6bI >KeJJaTeJJbHO HMeTb TOJJbKO 0)1.HH Ha6op KOHJJ.eHcaTOpOB 

CBff3H JI.Jiff o6ecne'!eHHff ycTOH'IHBOCTH ycHJJHTeJJSI no BlJ; e 9TOM cnyqae HJJ.eanb

HblM MOr 6bl CTaTb KaCKOJJ., XOTH TIUaTeJJbHO pacC'IHTaHHbIH KacKa)I. M3 JI.H<fl<flepeH

UHaJJbHblX ycHJJHTeJJeH, CBff3aHHblX no noCTOffHHOMY TOKy, MOf 6bl OKa3aTbCff )l.a>Ke 

nyqrne. 

CHa'!ana >KenaTenbHO paccMoTpeTb eapHaHT npHMeHeHHSI cxeMbl KaCKMa Ha JJ.H<fl<fle

peHuHaJJbHOM ycHJJHTene c HenocpeJJ.CTBeHHO CBff3aHHblM KaTOJI.HblM noBTOpHTeJJeM, KOTO

paff qacTo H3BeCTHa no HMeHH pa3pa6oT'IHKa noJJ. Ha3BaHHeM cxeMbl XeJI.>Ka [ 13], npHee

JJ.eHHOH Ha pHC. 5.38. 
Xorn cne.ayeT oTMeTHTb, 'ITO nepeoHa'laJJbHaff cxeMa XeJI.>Ka He BKJJIO'lana KaTOJJ.HblH 

noBTOpHTeJJb. 

Pac'!eT OTJJ.eJJbHbIX 9JJeMeHTOB JJ.aHHOH cxeMbl 6bIJJ JJ.eTaJJbHO npoeeJJ.eH B rnaee 3, cne
JJ.OBaTeJJbHO, HeT Heo6XOJJ.HMOCTH TIUaTeJJbHO pa36HpaTb BCIO cxeMy, MO>KHO orpaHM'IHTbCSI 

TOJJbKO HeKOTOpblMH 3aMe'!aHHffMH, cymecTBeHHblMH JI.Jiff ee oco6eHHOCTeH B uenoM. 

CaM no ce6e JJ.H<fl<flepeHuHaJJbHblH ycHJJHTeJJb He ffBJJffeTcff HJJ.eanbHblM <fla30HHBepTO

poM, no9TOMY JI.Jiff nonyqeHHff He06XOJJ.HMOfO pe3yJJbTaTa Heo6XOJl.HMO npeJJ.npHHffTb JJ.0-

nOJJHHTeJJbHbie Mepbl. Heo6XOJJ.HMO TO'IHO paCC'IHTaTb 3Hal.[eHHe conpoTHBJJeHHff aHOJI.

HOro pe3HCTopa, npoeeCTM npouecc ero CTapeHHff (npHpa60TKH) H TIUaTeJJbHO Bb16paTb 

KJJacc H3)1.eJJHff JI.Jiff npeJJ.OTBpameHHff JJ.pe/.i<fla napaMeTpOB. )lOJJ>KeH HCnOJJb30BaTbCff HC

TO'IHHK, noMep>KMBa!OUJ.HH nOCTOSIHHOe 3Ha'lemte TOKa, H HMe!OlllHH MaKCHMaJJbHO 803-

MO>KHOe BblXOJJ.HOe conpOTHBJJeHH~. a 3Hal.[eHHe napa3HTHOH eMKOCTH, Me.>K,lly KaTOJJ.OM H 

06UlHM npoBOJJ.OM ( «3eMJJ~H») .ll.OJJ>KHO 6b1Tb MMHHMaJJbHblM, o6pa3ySI uenb c BblCOKHM 

3Ha'leHHeM HMneJJ.aHca Ha BblCOKHX qac:roTax. CornacoeaHHe naMn, ecnH 9TO B03MO>KHO, 

TaK>Ke .ll.OJJ>KHO 6b1Tb BblrTOJJHeHO HaH6onee TlllaTeJJbHCJ. 
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PHc. 5.38 Kac1wiJ XeiJ:JtCa na iJUlfx/Jepen14ua.Jlb1tOM ycUJtumeAe 
c nenocpeiJcmoenno COJt3a1t1tbtM. 1camoiJ1tbtM. noomopumeAeM 

Ka>K.naH napa JJaMn .11.0JJ>KHa HMeTb coCSCTBeHHblH HCTOLIHHK nHTaHHH NIH no.11.orpesaTe

JJeH. nel!aJJbHO, HO 3TO HMeHHO TaK. )l..nH KaT0.11.HblX nOBTOpHTeJJeH 3HaLieHHe nOCTOHHHOfO 

HanpH>KeHHH, npHJJO>KeHHoro K no.11.orpesaTeJJHM, cocTaBJJHeT npHMepHo 200 B, tvrn sepx

HeH napbl JJaMn KaCKaJJ.a OHO COCTaBHT npHMepHo 100 B, a .ll.JIH HH>KHeH napb! JJaMn KaCKa

.11.a HeoCSxo.11.HMO oHo CSy.11.eT HyJJeBblM. HrnopHposaHHe JJ:aHHoro npaBHJJa npHse.11.eT K npo

CSJJeMaM, CBH3aHHblM c npoCSoeM H30JIHU.HH Me>KJlY no)l:orpeBaTeJJeM H KaT0.11.0M H TOKaM 

YTe'IKH, a 3MHCCHH 3JJeKTpoHoB c no.11.orpesaTeJJH CSy.11.eT .11.asaTb BKJJaJJ. B coCScTBeHHblH TOK 

KaTO.lJ.a. 3TO npe.nynpe>K.11.eHHeM HBJJHeTCH O'leHb cepbe3HbIM H Ba>KHb!M! 

KaK yKa3b!BaJJOCb paHee, e.11.HHCTBeHHbIM y.11.osJJeTBopHTeJJbHblM KaHAH.11.aToM .ll.JIH Hc

noJJb30BaHHH B Ka'leCTBe HH>KHeH JJaMnbI KaCK8.ll.a HBJJHeTCH JJaMna E88CC, npHMeHem1e 

Jlpyroro THna JJaMnbl npHse.11.eT K 6ecnoJJe3HOH TpaTe BbICOKoro HanpH>KeHHH. HanpH>Ke

HHe Ha KaTO.lJ.aX HH>KHHX JJaMn KaCK8.ll.a 06bl'IHO HeBblCOKOe, npHMepHO 2,5 B, a TaK KaK Ha 

<t>aaOHHBepTOpbl HeOTBpaTHMO no.11.aeTCH nOJJOBHHa HanpH>KeHHH BXOJJ:HOrO CHrHaJia KaT0-

.11.a, 06l.l.UIH pe3HCTOP nHTaHHH cxeMbl, 3aJJ.a!Oll.leH HeH3MeHtty!O TOKOBYIO Harpy3KY, JJ:OJJ>KeH 

n0.11.KJllO'laTbCH K OTPHU.aTeJJbHOMY BblBOJlY BCnOMOraTeJJbHOfO HCTO'IHHKa nHTaHHH. 

CHrHaJJ oCSpaTHOH CBH3H c BblX0.11.a MO>KeT no.11.asaTbCH Ha ceTKY, 'ITO .11.eJJaeT pac'leT 

u.enH oCSpaTHOH CBH3H ropa3.ll.O npome, B npOTHBHOM CJJY'lae y KaCKa.11.a Mor 6bl o6pa3o

BaTbCH CHMMeTpH'IHblH BXO.lJ.. 
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KacKDllbl ycHneHHll MOIJIHOCTH 

5.16.7. 8bt6op noMnbl /IRR OKOHe'IHOfO KOCK0/10 

TaK )!{e KaK H B eJJyqae e npe.11.h1.nyw.HMH npHMepaMH, pa3pa6on<y MOW.Hora .usyxTaKrnoro 

yeHJJHTem1 LI,eJJeeoo6pa3HO Ha'laTb e Bb16opa rnna BblXO.ll.HOH J1aMnb1. noeJJe Toro, KaK see 

eoo6pa)!{eHHR OTHOeHTeJJbHO 6e3onaeHOeTH H nJJaBHOro yseJJH'leHHR HanpR)!{eHHR 6bIJIH 

npHHRTbl BO BHHMam1e, CJJe.nyeT )''leCTb, 'ITO CTOHMOCTb BblCOKOBOJlbTHOro 11eTO'IHHKa 

np11MepHo nponopLI,HOHaJJbHa KopHIO Ksa.upaTHoMy 113 ero HanpR)!{eH11R. TaKHM o6pa3oM, 

eH11)!{eH11e BeJJl1'1HHbl He06XO,lJ.11MOro BbieOKOBOJlbTHOro HanpR)!{eHHR nHTaHHR np11se.11.eT 

K 3KOHOMl1H .ueHer, KOTOpble eMOryT 6bITb noTpa'leHbl Ha 'ITO-HH6y.uh 11HOe, n03BOJIRIOW.ee 

.11.oeT11'lh nyqwero KOMnpoMHeea B peweHHH o6w.eli 3a.11.a'IH. XapaKTep11ernK11 B03MO)!{HbIX 

KOHK)'peHTOB epe.11.11 Tl1nOB JlaMn, npHrO,lJ.HbIX JI.Jiff MOW.HOro BblXO,lJ.HOro KaeKa.ua npHBe.ue

Hbl B Ta6JJ. 5.5. 

-
Ta6nM1..1a 5. 5 

napaMeTpbl naMna845 naMna813 naMna 41'EL34 naMna 13E1 

Pa(max) BT 100 100 100 90 
P.,,,..., BT 22 32 10 
/k(mU) MA 120 180 600 800 
v., ..... B 1250 2250 800 800 
Vo2(max) B 1100 500 300 
µ 5,3. 8,5. 10,5. 4,5. 
gm MA/B 3,4. 4® 46. 35® 

'· KOM 1,6® 2,1 0,23. 0, 13. 
v. B 10 10 6,3 26 

P" BT 32,5 50 37,8 33,8 
c n<I> 12, 1 • 170 440 400 
CMHnnepa n<I> 76 162 500 220 

npHM6'18HHR: (*) - 3H8'10HH0, YK838HH00 B T0XHH'l0CK0i;; AOKYM0HT81..!HH npOH3BOAHTeneM; 

(®) - 3Ha'leHHe, non}"leHHOe pac'leTHblM nyreM no AaHHblM, yKa3aHHblM npOH3BOAHTeneM; 

(0) - 3H8'10HH0, nony'l0HHOe no pe3ynbT8T8M H3MepeHHi;;, BblnonHeHHblX aeropoM KHHrH. 

CneAyeT HM0Tb B BHAY. 'ITO A8HHbl0, npHBOAHMble B 3Toi;; ra6nHL.!0, OTHOCRTCR K naMnaM cepHH NOS, H MOryT 

He coenaAaTb c A8HHblMH AnR naMn, KOTOPble 6blnH H3roroeneHbl e nocneAHee epeMR. 

1'13 npHBe)l.eHHOro en11eKa, JJaMna T11na 845 RBJJReTeR '111eTbIM Tp110,lJ.OM, KOM6HHHpo

BaHHaR JJaMna T11na 813 npe.11.eTaBJ1HeT eoqernH11e Tp110.11.a - 11 JJyqesoro TeTpo.ua, pa3HO

BH.UHoern JJaMn T11na EL34 npe.uernsJJHeT eo6oli neHT0.11., 11 TOJJbKO Jiy'lesol1 TeTpo.u l 3E 1 
.uel1eTBHTeJlbHO eoeTOHT H3 .usyx napaJJJJeJJbHblX JJaMn. B .11.aJ1hHel1weM 6y.ueT seeTHeb pae

eMOTpeHHe Jl)''leBblX TeTP0.11.0B H neHTOJl.OB eTporo B TpHO,lJ.HOM BKJllO'leHHH, 'ITO .uaeT BbIHr

pbllll no HeKa)!{eHHRM. 

Bee sap11aHTb1 JJaMn .uonyeKa!OT MaKeHMaJJhHoe 3Ha'leHHe paece11saeMol1 MOW.HOeTH Ha 

aHo.ue pa( max)::::: 100 BT, eJJe,lJ.OBaTeJJbHO, e Jll060H H3 HHX MO)!{HO .uoeTH'lb npHMepHO O,lJ.HOro 

ypoBHR BhIX0.11.HOH MOW.HOeTH . .naMnh1 rnna NOS 845 qpe3BbI'lal1Ho .uoporne, HO 11x eospe

MeHHb1e MO.ll.HcpHKaLI,11H paee'IHTaHbl TOJlbKO Ha MOW.HOeTb pa(max) == 75 BT, JJaMnbl THna 

NOS 813 oqeHb pe.11.KHe H Tpe6yroT TO'IHO TaKoro )!{e .uoporoeToRw.ero Bb1eoK0BoJ1bTHOro 

HeTO'IH11Ka nHTaHHH, 'ITO H J1aMnb1 845 eepHH (HanpH)!{eH11R npHMepHo 1000 B ). K eo)!{a

nemrro, O'leHb HenJJoxaR JJaMna nma l 3E 1 OKa3bIBaeTeR ew.e .uopo:>l<e, 'leM KBapTeT JJaMn 
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THna EL34. TeM HH MeHee, KOr.11.8 asTop KHHrH ysHJJ.en naMny l 3E I, TO CTpacTHoe menaHHe 
enan.eTb eio B03HHKno c nepeoro earnffJla. ,ll..nH 6onee pal.\HOHanbHblX l.fHTaTeneii aeTop co
eeryeT ocraHOBHTbCH Ha 6onee onTHManbHOM eapHaHTe, naMnax THna EL34. 

5.16.8. 8616op peJKllMO naMnbl 13£1 
Pe>KHMbl pa6oTbl .n.eyxTaKTHoro BblXO.D.Horo KaCK8.ll.8 MOryT 6b1Tb onpe.n.eneHbl c Hcnonb3o
eaHHeM TaK Haab1eaeMblX KOM6HHHpoeaHHblX cTaTHl.feCKHX xapaKTepHCTHK. [ 14] KoM6HHH· 
poBaHHble xapaKTepHCTHKH nonyqalOT aepKanbHblM OTpa>KeHHeM BTOporo ceMeHCTBa 
xapaKTepHCTHK OTHOCHTenbHO nepeoro. 0HH HarnH.D.HO HnnlOCTPHPYIOT pa6ory .n.eyxTaKT· 
HOro KaCK8,ll.a. ,ll..nH pacl.feTOB y.n.o6Hee nonb30BaTbCff nHHeHHOH H.n.eanH3al.\HeH TaKHX xa
paKTepHCTHK, KOr,ll.8 Me>KJIY npOTHBOnono>KeHo pacnono>KeHHblMH napaMH KpHBblX peanbHblX 
aHO.D.Hb1xxapaKTepHCTHK HCKyCCTBeHHO npoBOJl.HTCH eoo6pa>1<aeMble nHHHH (pHc. 5.39). Cne
JJYeT oCSpaTHTb BHHMaHHe, 'JTO CTaTH'leCKHe xapaKTepHCTHKH COOTBeTCTBYIOT TpHO.D.HOMY 
BKn!OlleHHIO naMnbl. 

PaCCMOTpHM pacl!eT pe>KHMa KacKan.a, pa60Ta10w.ero c OTCel!KOH aHO,n.Horo TOKa, TO 
ecTb B pe>KHMe Knacca AB, l!TO eecbMa xapaKTepHo JVIH MOW.Hb!X ycHnHTeneii. Pa6ol!aH 
TO'IKa 6y,n.eT pacnono>KeHa Ha KOM6HHHpOBaHHOH xapaKTepHCTHKe, COOTBeTCTBYIOW.eH ce
TO'IHOMY HanpH>KeHHIO vgk = -60 B npH 8HO.D.HOM Hanpsr>KeHHH v;, = 250 B Jl.llH o6eHx 
naMn. CTOCKOnbKY KaCK8,ll. pa6oTaeT 8 pe>KHMe C OTCel!KOH 8HO.ll.Hb1X TOKOB, pa6ol!aff TO'IKa 
noKOH COOTBeTCTByeT HyneBOMy aHO.D.HOMy TOKy la = 0. ,ll..nH MaKCHManbHOH BblXO.D.HOH 
MOW.HOCTH .n.on>KHO BbmonHHTbCH ycnoeHe cornacoeaHHH no conporneneHHIO R1• = 2ra. 
TaKaH tiarpyaol!HaH (.D.HHaMHl!ecKaH) nHHHH MO>KeT 6b1Tb npoee.n.eHa aepKanbHblM oTpame
HHeM nHHeapH3HpOBaHHOH KOM6HHHpOBaHHOH xapaKTepHCTHKH Vgk = -60 B OTHOCHTenb· 
HO eepTHKanbHOH nHHHH, npOXOJl.ffllJ,eH qepe3 pa6oqyio TOl!Ky, KaK noKa3aHo Ha pHC. 5.39. 
,ll..nH paccMaTpHeaeMoro KOHKpernoro cnyqaH R1_ = 277 OM H npe,n.cKa3b!BaeMaH Bb1xo.n.HaH 
MOW.HOCTb paeHa 42 BT. CneJJYeT OTMeTHTb, 'ITO .n.aHHaH KOHKpeTHaH paCSollaH TOl!Ka no.n.
paayMeBaeT pa6ory e Knacce AB, a Hee 'IHCTOM B ( r.n.e TeopeTH'lecKH OTCYTCTBYIOT lleTHb1e · 
rapMOHHKH), H 9KCTpeManbHO KpYTaH Harpyaol!HaH xapaKTepHCTHKa, nonyqeHHaH onHcaH
HblM MeTO.D.OM, COOTBeTCTByeT pe>KHMy, npH KOTOpOM 6yJJYT yeenHl!eHHble HCKa>KeHHff no 
HelleTHblM rapMOHHKaM. 

CneJJYeT aaMeTHTb, l!TO TaK>Ke KOM6HHHpoeaHHb1e xapaKTepHCTHKH npe.n.cTaBnHIOT Te
opeTH'leCKHH HHTepec, .n.eMoHcTpHpyH ol!eHb HarnffJlHO paaHHuy Me>KJJY KnaccoM AH Knac
coM B, OHH npe.n.nonaraioT HJJ.eanbHOCTb 9neKTpOHHblX naMn H npe.n.nonaraioT ol!eHb 
KponOTnHBYIO pa6ory no HX nocTpOeHHIO H no.n.roHKe, ,ll.8>Ke c HCnonb30BaHHeM KOMnb!O· 
TepHblX TeXHOnOrHH. 

HH>Ke CSy,n.eT noKaaaHo, l!TO aHa'IHTenbHO npow.e aHanHaHpoeaTb KaKy10·HH6y,n.b o.n.Hy 
nonoBHHY BblXO.D.HOro KaCK8,ll.8, paccMaTpHBaH ero KaK KaCK8,ll. c HeCHMMeTpHl!HblM BblXO· 
.n.oM. nocne Toro, KaK paHee Y>Ke 6blna peweHa 38,ll.8lla no onpe.n.eneHHIO OnTHManbHOH 
Harpyaol!HOH xapaKTepHCTHKH O,ll.HOTaKTHOro K8CK8,ll.8 c HeCHMMeTpHl!HblM BblXO.D.OM, TO 
npe.n.cTaenHeTCH aoaMO>KHblM npocTO pacnpocTpaHHTb nonyl!eHHble 3HaHHH JVIH cnyqaH 
.n.eyxTaKTHoro ycHnHTenH. TeopeTHl!ecKH npH TaKoM no.n.xo.n.e CHH>KaeTCH TO'IHOCTb nony
qaeMoro peweHHH, TaK KaK He Hcnonb3YIOTCH KOM6HHHpoeaHHble xapaKTepHCTHKH, HO no-
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CTpoeHHe aOconlOTHO TO'IHblX JI.HHaMH'leCKHX xapaKTepHCTHK ycHnHTenH MOLU.HOCTH npeJI.

CTaBnHeTCH Oecnone3HbIM, TaK KaK rpoMKoroeopHTenH He HMelOT 'IHCTO pe3HCTHBHOH 

Harpy3KH, n03TOMY 3KOHOMHSI CHn Ha pHCOBaHHH xapaKTepHCTHK CTaHOBHTCSI enonHe 

onpae)l.aHHOA. 

PaccMoTpHM pac'le_T pe>KHMa KacKaJI.a no oObl'IHblM CTaTH'leCKHM xapaKTepHCTHKaM 

naMnbl, c yqeTOM ee TpHOJI.HOfO BKnlO'leHHSI. 

TaK KaK paccMaTpHeaeTCH BbIXOJI.HOH KacKaJI., JI.Jiff KOToporo HeoOxoJI.11MO nonyqHTb 

MaKCHManbHYIO MOLU.HOCTb, TO naMnb1 OyllYf paOoTaTb npH MaKCHManbHOM 3Ha'leHHH MOLU. -

HOCTH Ha aHOJI.e pa(max) = 95 BT' He 3a0blBaH 0 HeKOTOPO¥ 3anace no pacceffHHIO Ha aHO)l.e, 

KOTOpoe He JI.On>KHO npeBb!WaTb npeJI.enbH0-)1.0nycTHMOe. 00bl'IHO, no)l.0HpaH Harpy30'l

Hble xapaKTepHCTHKH H paOO'!HeTO'IKH Jl.JISI KOHKpeTHOH naMnbI, npHXO)l.ffT K BblBOJIY, '!TO 

MaKCHManbHaH MOLU.HOCTb KaCK8)1.a nponopI.lHOHanbHa aHOJI.HOMY HanpH>KeHHIO BblCOKO

BOnbTHOro nHTaHHff, TOr)l.a KaK HCKa>KeHHff 3aBHCffT oOparno nponopI.lHOHBJibHO. 0)1.HaKO 

c yeenH'leHHeM aHOJI.HOFO HanpH>KeHHff CTOHMOCTb OnoKa nHTaHHff'KaTaCTpOcpH'leCKH 803-
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pacTaeT, no3TOMy, B paccMaTpHBaeMOM npHMepe, cne,nyeT OCTaHOBHTbCH Ha HanpH>KeHHH 

BblCOKOBOnbTHOro nHTaHHH V0 = 400 B. TaK KaK MaKCHManbHasi MOillHOCTb Ha aHo.ne 

palmaxl = 95 BT (Ha CTaTH'-teCKHX xapaKTepHCTHKaX HaHeCeHa COOTBeTCTBYIOillaH KpHBaff 

MaKCHManbHOH MOUlHOCTH), a eenH'-IHHa nHTa!Oillero BblCOKOBOnbTHOro HanpH>KeHHH co

CTaBnHeT Va = 400 B, To, Hcnonb3YH Bblpa>KeHHe H3BecTHoe P = Ix V, MO>KHO BblllHCnHTb 

noCTOHHHblH aHO.ll.HblH TOK la = 237,5 MA a JaTeM HaHeCTH 3TO 3Hat.teHHe Ha rpacpHKe 

( pHC. 5.40 ). 
TaK KaK PMOM c pa601-1ei% TO'"IKOH npoxo.nHT CTaTHt.tecKaH aHO.D.HaH xapaKTepHCTHKa 

(B npoTHBHOM Cnyt.tae, Tpe6yeTCff nocTpOHTb,ll.OnonHHTenbHYIO xapaKTepHCTHKy), TO nerKO 

onpe.nenHTb 3KBHBaneHTHOe conpoTHBneHHe 'a· )lnsi ,ll.aHHOrO KOHKpeTHOro cnyt.taH 3Hal!e

HHe ra = 282 OM. He cne,nyeT onacaTbCH, t.tTo nonyt.teHHoe npH pacl!eTax 3Hat.teHHe Jallac

ryio CHnbHO pa3HHTCH c npHBO,ll.HMblM B nacnopTHblX .naHHblX npOH3BO,ll.HTensi naMn, TaK 

KaK OHH npHBO,ll.SIT 3Hat.teHHH ,ll.Jlff BnonHe KOHKpeTHblX 38,ll.8HHblX ycnoBHH H3MepeHHH 

( o6bl'-IHO npH vllk = 0 H la = la(max)") Tpa.D.Hl.J.HOHHO npe.nnonaraeTCH, l!TO ,ll.JIH nonyt.teHHH 

MaKCHManbHO MOillHOCTH Heo6xo.nHMo ewnonHeHHe ycnOBHH R,_ = 2r", no3TOMY MO.)l<HO 

nonblTaTbCH npoBeCTH )laHHYIO JlHHaMHlleCKYIO xapaKTepHCTHKy. nocne 3KCTpanonHpOBa

HHH CT8THt.teCKHX xapaKTepHCTHK (.nocTaTOllHO npae.nono)lo6Ho npO,ll..llHB HX BBepx), MO>KHO 

yeH,ll.eTb, t.tTo Harpy3ot.tHaH nHHHH, cooTBeTCTBYJOillaH conpoTHBneHHJO 564 OM o6ecne

llHBaeT none3HYIO MOillHOCTb c O.ll.HOH naMnbl 14 BT. TaK Pa<m••> = 95 Bt, TO nonylleHHblH 

pe3ynbTaT HBHO He Bnet.tarnsieT; O,ll.HaKO, ,ll.HHaMHt.tecKaH xapaKTepHCTHKa, COOTBeTcTByJO

lll8H 625 OM npeAcKa3bIBaeT MOlllHOCTb y>1<e 20 BT npH 6onee HH3KHX HCKa>KeHHHx H npH 

TO'-IHO TaKOH MOIJ.{HOCTH pacceHHHH. 
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PHc. 5.40 OnpeoeAeHue pa6ot(,eu mot(,KU Aa.Mnbl 13£ I 

B .ll.ByxTaKTHOM ycHnHTene,ll.JIH Ka>K,11,0H BblXO,ll.HOH naMnbl Harpy3Ka .non>KHa COCTaBnHTb 

625 OM, cne.n.oeaTenbHO, Ka>K,11,aH H3 o6MOTOK TpaHccpopMaTopa .non>KHa HMeTb KOnHt.te

CTBO BHTKOB, COOTBeTCTBYIOlllHX ,ll.8HHOH Harpy3Ke. 0.nHaKO, pa6oTa B .ll.ByXTaKTHOM BKn!O

lleHHH )lenHT nononaM 3HalleHHe aHO,ll.HOro conpoTHBneHHH Harpy3KH ,ll.JIH Ka>K,11,0H H3 naMn. 
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TaK KaK BHOCHMble nonHble ccmpOTHBneHHSI H3MeHSllOTCSI no 3aKoHy BTOpOH CTeneHH OT 
OTHOUieHHSI KOnHlleCTBa BHTKOB, TO y.ll.BaHBaHHe KOJJH'leCTBa BHTKOB npHBe.neT K l!eTblpex
KpaTHOMY ysenHlleHHIO HMne.naHca. TaKHM o6pa3oM, conpoTHBneHHe o6MOTOK BblXO,nHoro 
TpaHc<t>opMaTopa Mem,ny TO'IKaMH no,nKnlOlleHHSI aHO.D:OB COCTaBHT no nepeMeHHOMY TOK)' 
4 x 312 OM = 1,25 KOM. EcnH none3HblH BKna.D: Ka>K,U.OH naMnb1 paseH 20 BT, TO nonHaH 
BblXO,ll.Haff MOWHOCTb COCTaBHT 40 BT. ' 

OT B3opa npom~L{aTenbHoro llHTaTensi He CKpoeTcsi TOT <t>aKT, 'ITO .nonycTHMOe ( cornac
HO cnpaBO'IHblM .naHHblM) 3HalleHHe Hanpsi>KeHHSI Ha 3KpaHHpyIOmeii ceTKH paccMaTpHBa
eMOH naMnbl COCT8BnSieT Vg.j.max) = 300 8, HOB paCCMaTpHBaeMOM BapHaHTe ee TpHO.D:HOrO 
BKnlOlleHHSI, OHO ysenHlleHO .no v = 400 B, TaK KaK 3KpaHHpyIOW.aSI CTeKa B 3TOM cnyqae 

K ~ . 
coe.nHHSieTcsi c aHo,noM. OMMYTal..{HSI BblBo.nos neHTo.nos H TeTpo.nos no TpHO.ll.HOH cxeMe H 
nocne.nyIOw.ee npeBblWeHHe nacnoprnoro 3HalleHHSI V _, > Heo.n:HoKpaTHO ocyw.ecTBnH-u.,ma• 
nocb H paHbwe B .npyrHx pa3pa6oTKax. Oco6eHHO 3aMerno 3To 6blno y JI3Hrcpop.na-CMHT-
Ta, Hcnonb30BaBWHX B ycHnHTeJie BHnbffMCOHa KOM6HHHpOBaHHYIO napy BKnlOllaeMblX no 
TpHo,nHoH cxeMe naMn THna 807 c Hanpsi>KeHHSIMH 400 B (npH .nonycTHMOM Hanpsi>KeHHH 
Ha 3KpaHHpyIOll.leH ceTKe vg:i(max) = 300 B) JJ.JISI 3aMeHbl naMnbl THna KT66. Ew.e 6onee 
3Hal!HTenbHb1e ysenHlleHHSI Hanpsi>KeHHSI npo.neMOHCTpHposana cpHpMa <l>HnHnc { 15 ], 
npe.ncTaBHBWaSI TeXHHlleCKHe ( 3KcnnyaTal..{HOHHble) .D:aHHble Jl.JISI nyqesoro TeTpo.na THna 
QE 05/ 40, pa60Ta10w.ero B TpHO.D:HOM BKnlOlleHHH npH Hanpsi>KeHHH 400 B, H 3TO BOnpeKH 
TOMY <t>aKTy, 'ITO OHH caMH (SIBnffSICb npoH3BO.D:HTeJieM 3TOro THna naMn) orpaHH'IHnH-npe
.nenbHOe Hanpsi>KeHHe Ha 3KpaHHpyIOW.eH CeTKe vg:i(maxl3Hal!eHHeM 250 B JJ.JISI 3TOH >Ke ca
MOH naMnbl, KaK nyqesoro TeTpo.na, npe,nHa3Hal!aeMoro JJ.JISI ycHnHTeneA MOllJ.HOCTH 3ByKo
BOH qacTOTbl. TeM HH MeHee, y asTOpa coxpaHHnHcb onpe.neneHHble onaceHHSI no noBOJJY 
npeBblWeHHSI nacnoprnoro 3HalleHHSI .nonyCTHMoro Hanpsi>KeHHSI Ha 3KpaHHPYIOW.eH CeTKe. 

5.16.9. Tpe60BOHHR K npe110KOH81/HOMY KOCKO/IY ycHneHHR 

AKL{eHT paccMaTpHsaeMoii KOHCTpyKL{HH 6y.neT c.nenaH Ha npoeKTHposaHHH npe.noKoHell
Horo KacKa,na ycHneHHSI c 6e3ynpel1Hb1MH pa60'IHMH xapaKTepHCTHKaMH, KOTOpblH CMOr 
6bl B030y>KJJ.aTb n106y10 H3 JiaMn, npHBe.neHHblX B Ta6n. 5.5. 

OrosopeHHble B KallecTBe oco6oro ycnoBHSI «6e3ynpel!Hb1e pa6ol!He xapaKTepHCTHKH« 
SIBnfflOTCSI Ha .nene BeCbMa Heonpe.neneHHblMH H Tpe6yIOT nepeso.na Ha HH>KeHepHblH Sl3blK, 
KOTOpblH H no3BonsieT HaHTH HH>KeHepttoe peweHHe noCTaBneHHOH 3a,na'IH. HTaK, COCTa
BHM nepelleHb Tpe6oBaHHH K paccMaTpHBaeMOMY KacKa.ny. 
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1. MHHHMaJibHble HenHHeHHble HCKa>KeHHSI, onpe.nensieMble HHCTpyMeHTaJibHblMH 
(npH6opHblMH) MeTO,naMH. 

2. B HCKa>KeHHSIX ocHOBHYIO .nonIO .non>KHbl cocTasnSITb lleTHble rapMOHHKH ( nocKOJib
KY HMeHHO OHH KOMneHCHpyIOTCSI B BbIXO,ll.HOM KaCKa,ne ). 

3. CHMMeTpHl!HblH, xopowo ypasHoseweHHblH BblXO.D:JJ.JISI B036y>K,U.eHHSI .nsyxrnKTHoro 
BbIXO.D:HOro KacKa,na. -

4. MaKCHMaJibHasi HeHcKa>KeHHasi aMnnHry,na Bb1xo.n:Horo Hanpsi>KeHHSI. 
5. .llocTaTO'IHO BbICOKHH K03cpcjlHL{HeHT ycHJieHHSI, n03BOJISllOllJ,HH HCnonb30BaTb B cny

qae HeoOxo,nHMOCTH Me>KKaCKa.D:HyIO OTpHL{aTenbHYIO o6paTIJYIO CBSl3b. 
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6. HH3Koe 3Ha'leHHe BbIXO.D.Horo pe3HCTHBHoro conpoTHBJieHHH (no nocToHHHOH co

CTaBJIHJOmeA), n03BOJIHIOIUee H36e)KBTb npo6neM c noCTOHHHbJM TOKOM ceTO'IHOro 

CMemeHHH. 

7. HH3Koe 3Ha'leHHe BbIXO.D.Horo peaKTHBHoro conpoTHBJieHHH (no nepeMeHHOH co

cTaBJIHJOmeA) ,ll,JJH ynpaaneHHH eMKOCTHOH Harpy3KOH. 

8. .llonycTHMOCTb H3MeHeHHH B BbJXO.D.HOM KBCKB.D.e yrna OTCe'IKH B urnpOKHX qpe.D.e

nax, Heo6xo.D.HMaH ,ll,JJH no.D.roHKH no.D. 3B.LJ.aHHblH pe>KHM Knacca AB a npouecce Ha

cTpOHKH. 

9. HeMe,ll,JleHHoe aoccTaHoaneHHe, .D.a>Ke nocne caepx6onbWHX neperpy3oK. 

5.16.10. OnpeneneHHe rononorHH aeMbl, ynosnersopR10111eii rpe6osaHHRM 
K npeROKOH81/HOMY KOKORY ycHneHHR 

PaccMoTpHM B03MO>KHbte nyrH peaJIH3Bll,HH 3aHBJieHHbIX TeXHH'leCKHx Tpe6oaaHHH K npe

JJ.OKOHe'lHOMY KBCKBJJ.Y. 

1. MuHUM.aA.bHble uctca:J/CeHUR, onpeoe11.ReMbte npu6opHbtMU MemooaMu 

3To Tpe6oaaHHe npeJJ,nonaraeT no B03MO>KHOCTH MHHHMBJibHOro HaKJIOHa .LJ.HHaMH'leCKOH 

xapaKTepHCTHKH. TaKaH no'lTH ropH30HTBJibHaH Harpy3otIHaH npHMaH npeJJ,nonaraeT aK

THBHYJO Harpy3KY, HO BbICOKHe 3Ha'leHHH aKTHBHOH (pe3HCTHBHOH) Harpy3KH, Tpe6yJOmHe 

60JibWHX 3Ha'leHHH BbICOKoro HanpH>KeHHH, TaK>Ke npeJJ.CTBBJIHIOT co6oti onpe.D.eJieHHYIO 

CJIO>KHOCTb ,ll,JJH pa3pa60T'lHKa. 

2. B uctca:J/CeHu.RX ocnosny10 001110 00113/CHbt cocmas11.Rmb 11,emHbte zapMoHutcu 

3TO Tpe6oaaHHe npeJJ,nonaraeT HCnOJib30BBHHe TpHO.ll.OB, a He neHTO.LJ.OB. npHHHMaH BO 

BHHMaHHe OJJ.HOBpeMeHHOe BbinOJIHeHHe Tpe6oaaHHH (1) H (2), MO>KHO npeJJ,nOJIO>KHTb, 

'ITO HCnOJib30BaHHe TpHO.LJ.OB ceMeHCTBa *SN7 /*N7, BblJJ.ep>KHBBIOIUHX 3Ha'lHTeJibHbie 

aHOJJ.Hbie HanpH)KeHHH, MOrnO 6bI OKB3BTbCH HenJIOXHM aapHaHTOM. 

3. CUMMempu1tHbtti, xopouw ypasnoseuieHHbtti Bbtxoo 

3To Tpe6oaaHHe nyqwe, acero BblnOJIHHeTCH npHMeHeHHeM .D.Byx KBCKB.LJ.HO BKJIIO'leHHblX 

JJ.H<jlcpepeHll,HaJibHbIX ycHJIHTeneti, HMeJOmHx a KatiecTae :ineMeHTa, 3aJJ,aJOmero nocToHH

HYJO TOKOBYJO Harpy3KY, o6mHii pe3HCTop uenH nHTaHHH. TaK KaK npH pa6oTe TpHo.D.a ao3-

HHKa10T HCKa>KeHHH B OCHOBHOM no BTOpOH rapMOHHKe, KOTOpbie B3BHMHO YHH'lTO>KBIOTCH 

a JJ.H<jl<jlepeHuHaJibf!OM ycHJIHTene, TO 3To peweHHe 6y.D.eT y.D.oaneTaopHTb Tpe6oaaHHIO 

(I), HO ycHJIHBaeT npeHMYmeCTBa HCnOJib30BBHHH TpHOJJ.OB ceMeHCTBa *SN7 /*N7, TaK KaK 

naMnbl, reHepHpyIDmHe HH3KHe HCKa>KeHHH TpeTbeH rapMOHHKH noJie3Hbl H3·3a Toro, 'ITO 

He'leTHbie rapMOHHKH HHTeHCHBHO cyMMHPYIOIUHXCH B .D.HcpcpepeHll,HaJibHOM ycHJIHTene. 

4. MatccuMa.n.bHa.R neuctca:J/CeHHa.R aMn11umyoa BbtXOOHozo HanpR:J1CeHUR 

0.D.HOH H3 CHJibHbJX cropoH .D.HQlcpepeHll,HaJibHOro ycHJIHTeJIH HBJIHeTCH BblCOKaH JIHHeH

HOCTb xapaKTepHCTHKH npH 60JibWOM pa3Maxe aMnJIHTY.ll. BblXO.D.HOro HanpH>KeHHH. TeM HH 
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MeHee, qeM BbllIIe ypoBeHb BblCOKoro Hanpff>KeHHff, TeM nyqlIIe, n03TOMY 3TO Tpe6osaHHe 
npe.11.nonaraeT, qTQ B KacKa.u.e npe.11.sapHTenbHoro ycHneHHff BbICOKoe HanpmKeHHe MO>KeT 

, cymecTBeHHO npeBbICHTb 3HaqeHHe 400 B. TaK KaK, cKopee scero, B BbIXOJI.HOM KacKa.u.e 
TaK>Ke 6y.u.eT HCnOnb30BaTbCff Hanpff>KeHHe nopHJI.Ka 400 B, TO 3TO Tpe6yeT, qTQ6bl KacKa.11. 
npe.11.sapHTenbHOrO ycHnemfff HMen HH.11.HBHJJYanbHblH HCToqHHK nHTaHHff. 

5. l{ocmamo•uw Bbtcotcuu tcoacjupu1.4ueHm ycUJLeHuJt, noaBOllJtlOUfUU 
ucnO/lb30Bamb B c1tg'lae Heo6xoiJuM.ocmu M.e:J1CtcactcaiJ11,y10 ompuqamellbHgto 
o6pamHyto CBJt3b 

Bo3MO>KHO, qTQ .11.aHHoe ycnosHe Morno 6b1 6bITb co6nro.neHo KaCK8.11.HbIM BKnroqeHHeM 
.11.BYX TpHOJI.OB B CXeMe .11.H<j)(pepeHIJ.H8nbHOfO ycHnHTenff. npH He06X0.11.HMOCTH K03cpCj>HU,H
eHT ycHneHHff MO>KeT 6b1Tb nerKO ysen_HqeH B.11.BOe HCnOnb30BaHHeM .11.BOHHblX TpH0.11.0B 
c BblCOKHM 3HaqeHHeM rn, TaKHX, HanpHMep, KaK 6SL7, 7F7, ECC83 nH6o ECC808 Ha 
sxo.11.e JI.HcpcpepeHu,HaJJbHoro ycHnHTenff. 

6. Huatcoe aHa'leHue B.btXOiJHoeo atcmuBHoeo conpomuBAeHUJt 
(no nocmoJtHHou cocmaBAJttoUfeil). noaBOllJttoUfee ua6e:J1Camb npo61teM. 
c nocmoJtHHbtM. motcoM. cemo'lHoeo cM.eUfeHUJt 

B 6onblIIHHCTBe BbIX0.11.Hblx naMn nosbrlIIeHHOH MOlllHOCTH Mo>KeT cyw.ecTBOBaTb 3HaqH
TenbHbIH ceTOqHbIH TOK (s pe>KHMe Knacca AB2) .u.a>1<e npH oTpHu.aTenbHOM cMemeHHH m1 
CeTKe, 3TO H eCTb npHqHHa, no KOTOpOH B nacnopTHbIX.U.aHHblX npOH3B0.11.HTeneH naMn pe
KOMeHJJYIOTCff T8KHe HH3KHe 3HaqeHHff conpoTHBneHHff B KaqecTBe npe.11.enbHblX senHqHH 
JI.Tiff pe3HCTOpOB CeTOqHoro CMemeHHff. 0JI.H8KO HH3KOe conpoTHBneHHe ceTOqHoro pe3HC
TOpa CMemeHHff ffBnffeTCff Kp8HHe HenpHffTHOH Harpy3KOH JI.Tiff npeJI.blJJYUJ.ei:o K8CK8Jl.8. , 

)lnff y.u.osneTBopeHHff .11.8HHOro Tpe60B8HHff Heo6XOJI.HMO, qTQ6bl B036y>K,LI,aIOmHe Kac
Ka.U.bl 6binH Henocpe.11.CTBeHHO CBH38Hbl c ceTKaMH BblXOJI.HOro K8CK8.ll.8 no noCTOffHHOH co
CTaBnffIOUleH. HcTOqHHK BbICOKoro nHTaIOll.lero Hanpff>t<eHHff Bblxo.11.Horo KacKa.u.a Hcnonb-
3yeTCH H8H6onee 3cpcpeKTHBHO B cnyqae, Kor.11.a noTeHU,Han Ha KaTo.11.ax BblX0.11.HblX naMn 
paseH Hynro, TO eCTb npH co6nro.neHHH ycnoBHff, qTQ BblCOKOBOnbTHOe HanpH>KeHHe 
VHr == Va. Cne.11.osaTenbHO, nocTOHHHOe HanpH>KeHHe Ha aHo.11.ax npe.11.oKoHeqHoro KacKa.u.a 
.u.on>KHO 6b1Tb OTpHu,aTe.nbHblM OTHOCHTenbHO K8TO.ll.OB naMn OKOHeqHoro KacKa.u.a, qTQ6bl 
38.11.aBaTb lieo6xo.11.HMoe CMemeHHe BblXOJI.HblX .naMn. Ho aHOJI.bI .11.licpcpepeH1.1.HanbHoro ycH
.nHTenff npe.11.oKOHeqHoro K8CK8.ll.a ycHneHHff TOnbKO Tor.u.a MOryT HMeTb OTpHu,aTenbHOe Ha
npmKeHHe OTHOCHTenbHO KaTOJI.OB naMn BblX0.11.HOro KaCK8.ll.8, Kor.u.a 3TH K8TO.ll.bl 6y.eyT 
HMeTb He HynesoA noTeHu,Han OTHOCHTenbHO o6mero flposo.11.a, a nono>KHTenbHbil'.i noTeH
u,Han, npeBbllIIaIOlll.HH Hanpff>KeHHe 8HOJI.HOfO nHT8HHff naMn npeJI.OKOHeqHoro K8CK8.11.8 Ha 
senHqHHY Tpe6yeMoro OTpHu,aTenbHOro HanpH>KeHHff CMelll.eHHff naMn BblX0.11.HOro K8CKa-

. .u.a. PelIIHTb TaKyro 3a.u.aqy pe3HCTopaMH KaT0.11.Horo asToMaTHqecKoro CMemeHHff He npe.11.
CTaBnffeTcH peanbHbIM, H3-3a orpoMHblX TennoBblX noTepb. Bb1xo.11.0M H3 nono>KeHHff ffBnff
eTcff MO>KeT nocny>KHTb HCnonb30B8HHe .u.syxnonHpHoro nHT8HHff, KOfJl(I K8TOJl.Hble u.enH 
JI.HcpcpepeHu,HanbHbIX ycH.nHTe.neA no.11.KnroqaroTCff He K o6meMy nposo).ly, a· K .11.ono.nHH· 
Te.nbHOMY HCToqHHKY BblCOKOBOnbTHOro Hanpff>KeHHff, OTpHU.aTenbHOH no.nffpHOCTH OTHO· 
CHTe.nbHO o6mero nposo.u.a. B paccMaTpHsaeMoM npHMepe CKopee scero 6y.neT .11.ocTaToqHo 
HanpH>KeHHff -300 B. Ec.nH aHOJI.Hble u.enH .11.HcpcpepeHu,Ha.nbHblX ycH.nHTeneA npe.11.oKo
HeqHoro KaCKa.u.a nOJI.KnJOqeHbl K HCTOqHHK BblCOKOBOnbTHOro Hanpff>KeHHff BblX0.11.HOfO 
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KaeK8)J.a, TO HanpH>KeHHe nHTaHHff, npHno>KeHHOe Me>KJIY ero aHO.D.HOH H KaTO.D.HOH u.enffMH, 
eoeTaSHT eyMMY nHTa10mero HanpH>KeHHff SblXO.D.HOro KaeKa)l.8 H Hanpsi>KeHHff senoMora
TenbHOro HeTOl.JHHKa, l.JTO s HTOre .n.aeT Hanpff)f(.eHHe, pasHoe 700 B. 3TOro snonHe .n.oeTa
TOl.JHO, l.JT06bl nerKO y.n.osneTSOpHTb Tpe6osaHHff ( 4) H ( 1 ). 

7. Huatcoe a11.a11.e11.ue BbtXOiJH.020 peatcmuBH.020 conpomuBAeH.uR 
(no nepeMe11.11.oti cocmaBARto~eti) iJAR ynpaBAeH.UR eMtcocm11.oti 11.a2pyatcoti 

Xorn eeMeikTSO naMn *SN7 /*N7 xapaKTepH3yeTeff 01.JeHb HH3KHMH HeKa>KeHHffMH, senH-
1.JHHa SHYTpeHHero aHo.n.Horo eonpoTHsneHHff ra He sisnsieTeff 01.JeHb ManeHbKOH, H, ene.n.o
saTenbHO, 3TOMY Tpe6osaHHIO He y.n.osneTBopsieT. JlaMnbl THnos 6BX7 H 6BL7 HMelOT 
6onee HH3KOe 3Hal.JeHHe 'a• HO y HHX 6onblIJHe HeKa>KeHHff, a 3HalJHTenbHaff eMKOeTb MHn
nepa enoeo6Ha npHHeeTH eymeeTBeHHbIH spe.n.. 11enonb3osaHHe Ha sb1xo.n.e .n.Hcj>cj>epeHU.H
anbHbIX yeHnHTeneH K8TO.ll.HblX nosTOpHTeneH SSO.D.HT esoero po.n.a pa3.n.eneHHe OTBeTeT
seHHOeTeH 3a HH3KHe HeKa>KeHHff H HH3KOe 3Hal.JeHHe SblXO)l.HOro eonpOTHsneHHff, n03SOnffff 
.D.Hcj>cj>epeHU.HanbHOMY yeHnHTenIO pelllHTb npo6neNiy onTHManbHOH nHHeHHOeTH H pa3Ma
xa aMnnHTY.ll. Hanpsi>KeHHff nHTaHHff, a KaTO)l.HblM nosTOpHTenffM OTBel.JaTb 3a Heo6xo.n.H
Mb1H yposeHb S036y>K.D.eHHff OKOHelJHOro KaeK8)J.a. 

8. P.onycmuMocmb pe2yAupoBtcu y2Aa omce11.1eu AaMn BbtXoiJ11.020 tcactcaila 

BeposirnoeTb eTOnKHYTbesi e .n.aHHOH npo6neMoH 3HalJHTenbHO Sbillle, 1.JeM 3To Ka>KeTeff Ha 
nepsbIH s3rnff.ll.. OpH Heene.n.osaHHH esofieTs cj>a30HHsepTOpos Y*e yKa3b1sanoeb, 1.JTO see 
cj>a30HHSepTOpbl 01.JeHb Tpe6osaTenbHbl K ttarpy3Ke H .ll../lff HOpManbHOH pa60Tbl HM Heo6xo
.ll.HMa Harpy3Ka, eooTBeTeTsy10masi pa6oTe noene.ny10mero KaeK8)J.a s pe)f(.HMe Knaeea A. 
Oo3TOMY u.eneeoo6pa3ttoeTb Henonb3osaHHff KaTo.n.Horo nosTOpHTensi see 6onee H 6onee 
S03paeTaeT, TaK KaK HX 6ycj>epHoe esofieTSO 3aMeTHO yMeHblllaeT S03.D.eHeTSHe Ha .n.syx
KaeK8)J.HblH cj>a30HHSepTOp HenHHeHHO Harpy3KH, C03.n.asaeMOH naMnaMH SblXO.ll.HblX Kae
K8)J.OS, pa60Ta10lll.HX e OTeelJKOH aHO.ll.HOro TOKa. 

ABTOp yeTaHosHn, 1.JTO nonbITKH nepe'seeTH SbIXO.ll.HOH KaeK8JJ. .ll..llff pa6oTbI s 1.JHeTbIH 
Knaee AB2 He eTOffT ese1.J, ene.n.osaTenbHO, eMemeHHe Ha KaTOJl.Hbie nosTOpHTenH 6y.n.eT 
3a)l.8saTbeff TOnbKO TaK, l.JT06bl OHH MornH KoppeKTHO pa6oTaTb Ha Harpy3Ky, eo3.n.asaeMyIO 
eMKOeTblO MHnnepa s SblXO.ll.HOM KaeKa.n.e H npH 3TOM He 6y.n.eT npe.n.npHHHMaTbeff HHKaKHX 
nonbITOK ynpasnffTb eeTOl.JHblM TOKOM. )lnsi MaKeHManbHOro ysenHl.JeHHff pa3Maxa aMnnH
TY.ll.bl Hanpsi>1<eHHff, pe>KHM pa60TbI KaTO.D.HbIX nosTOpHTenefi eKopee seero .n.on>KeH 38.ll.8-
saTbeff TaKHM, l.JT06bl Ha HX KaTO.ll.bl npHKn0.ll.blSanoeb nonoSHHHOe 3Hal.JeHHe OT nonHoro 
pa3Maxa HanpH>KeHHff nHTaHHff SblCOKOSOnbTHOro HeTOl.JHHKa nHTaHHff, TO eCTb 3Hal.JeHHff 
V11 = 350 B. EcnH He npe.n.npHHHMaTb nonblTOK ynpasneHHff eeTOl.JHbIM TOKOM, TO senH'rn
Ha aHO.D.Horo TOKa la = 7 MA oKa>KeTeff snonHe .n.ocTaTOl.JHOH, npHso.n.si K 3Ha1.JeHHIO MOlll.HO
CTH Ha atto.n.e P11 = 2, 5 BT, 'ITO snonHe yKn8JJ.bISaeTcsi s .n.onycTHMbie napaMeTpb1, npHso
.ll.HMble .ll../lff naMn ceMeAcTBa * SN7 /*N7 (CM. npHno»<eHHe ). · 

9. HeMeilAe11.11.oe Boccma11.oBAe11.ue, ila:J1Ce noc/1.e CBepx6oAbUlUX nepe2pyaotc 

)laHHoe Tpe6osaHHe 03Ha1.JaeT, qTo ycHnHTenb He .n.on>KeH CTP8.ll.8Tb OT 6noKHposKH. 
Cne.n.osaTenbHO, pa3.n.enHTenbHbie KOHJI.eHcaTOpbI .n.on*Hbl pacnonaraTbCff TaK, 1.JT06bl 
ocymecTBnffTb CSff3b C KaeK8)J.OM, KOTOpbIH He 6y.n.eT neperpy>KeH. Oo onpe.n.eneHHIO, Sbl
XO.ll.HOH KaeKa.n. MO»<eT OKa3aTbCff neperpy>KeHHblM, HO HeCKOnbKO paHee y>Ke 6b1no onpe-
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.11.eneHo ycnoeHe, no KOTOPOMY CBH3b c HHM .11.oJJ>KHa ocyw.ecTBJJHTbCH Henocpe.11.cTBeHHO no 

noCTOHHHOMY TOKy. TaKHM o6pa30M, HeT HHKaKHX npeHMyw.ecTB B ycTaHOBKe pa3BH3b1Ba

IOW,ero KOH.11.eHCaTopa Me)l(Jly BTOpblM .11.H<j><j>epeHuHaJJbHblM ycHJJHTeJJeM H KaT0.11.HblMH no

BTOpHTeJJHMH, TaK KaK Ha aHo.11.ax .11.H<j><j>epeHuHaJJbHOfO ycHJJHTeJJH .11.0Jl>KHO 6bITb npHMep

HO TaKoe >Ke HanpH>KeHHe, 'ITO H Ha CeTKax KaT0.11.HblX noBTOpHTeJJeH, )l.JIH Toro 'IT06bl 

nOJJHOCTblO HCnOJJb30BaTb npeHMyw,ecTBa nOJJHOro pa3Maxa BblCOKOBOJlbTHOrO HanpmKe

HHH. H.11.eaJJbHblM MeCTOM ycTaHOBKH pa3BH3blBalOW,HX KOH.11.eHcaTopoB, TaKHM o6pa30M, 

OKa3bIBaeTCH TO'IKa Me)l(Jly .11.BYMH JI.H<j><j>epeHIJ.HaJJbHblMH ycHJJHTeJJHMH. 

B 6onee paHHHX pa6oTax no Hcnonb3oBaHHIO HTepaUHOHHbIX MeTo.11.oe )l.JIH npe.11.oKo

He•rnoro KaCKB.11.a ycHJJeHHH paCCMOTpeHHOro BbIWe THna, 6blJIO nonyqeHO cyMMapHoe 3Ha

'leHHe Ko3<j><j>HuHeHTa HeJJHHeHHbIX HCKa>KeHHH H wyMoB THO + N Ha ypoeHe 0,03 % )l.JIH 

TO'IKH, pacnOJJO>KeHHOH lfYTb HH>Ke 3Ha'leHHH, npH KOTOpOM cero'IHbIH TOK BblX0.11.HOro Kac

KB.11.B o6ecne'IHBaJJ HBHbIH nepexo.11. B pe>KHM neperpy3KH. Aernp KHHrH 0.11.HoepeMeHHo H 

CMyw,eH, H B TO >Ke BpeMH rop.11. coo6w,HTb 'IHTaTeJJHM, 'ITO H3MepeHHe HCKa>KeHHH npH 

ycJJOBHH pa3Maxa aMnJJHTY.11. .11.H<j><j>epeH[J.HaJJbHOro HanpH>KeHHH, COCTaBJJHIOW,ero +45 .II.DU 
( 177 B cpe.11.HeKea.11.paTH'lecKoro 3Ha'leHHH), TO ecTb B MaKCHMaJJbHOH TO'IKe, Ha Harpy3Ke 

100 KOM .11.ano cyMMapHoe 3Ha'leHHe Ko3<j><j>HlJ.HeHTa HeJJHHeHHbIX HcKa>KeHHH H wyMoB 

THO + N Ha ypoeHe 0, 11 %. H 3TO KaK pa3 nepe.11. reM, KaK Ha .11.Hcnnee npH6opa 

MJS4010 MeJJbKHyno coo6w,eHHe «BbICOKHH ypoeeHb» H npH6op BbIWeJJ H3 cTpoH. 113 

'lero aBTOp 3aKJJIO'IHJJ: He CTOHT 4pe3MepHO YBJJeKaTbCH H HCnbITbIBaTb Ha npO'IHOCTb CBOe 

H3MepHTeJJbHOe 06opy.11.0BaHHe, nbITaHCb npoBeCTH H3MepeHHH He npH HOMHHaJJbHblX, 

a npH MaKCHMaJJbHblX ypoBHHX CHrHaJJOB. 

11.a>Ke eCJJH Ka>K.11.aH H3 peKOMeH.11.0BaHHblX JJaMn OKOHe'IHOfO KaCKa.11.a THna 13El Tpe-

6yeT HanpH>KeHHH eo36y>K.11.eHHH npHMepHo 58 B cpe.11.HeKBB.11.paTH'lecKoro 3Ha'leHHH, Kac

Ka.11. npe.11.eapHTeJJbHoro ycHneHHH HMeeT 3anac ycTOH'IHBOCTH nopHJI.Ka 10 .11.6 Ha ecex qac

TOTax. 0TCIOJI.a CJJe.n.yer BblB0.11.: BblX0.11.HOH KaCKB.11. MO>KeT neperpY>KaTbCH Ha 10 .11.6 

(Bbl3blBaH npH 3TOM BblCOKHe HCKa>KeHHH) .11.0 Toro, KaK BTOpOH .11.H<j><j>epeH[J.HaJJbHblH ycH

JJHTeJJb .11.onycTHT 6JJOKHpOBKy, CJJe.11.oBaTeJJbHO, BOCCTaHOBJJeHHe npH pa3yMHblX 3Ha'leHH

HX neperpy3KH 6y.11.eT MOMeHTaJlbHblM. 

CyMMHpyH see CKa3aHHoe, MO>KHO 3aKJJIO'IHTb, '!TO Heo6xoJI.HM KacKa.11. H3 .11.eyx .11.H<j><j>e

peH[J.HaJJbHbIX ycHJJHTeJJeH, pa3.11.eJJeHHblX KOH.11.eHcaropoM, B KOTOpblX HCnOJJb3YIOTCH JJaM

nbI ceMeHCTBa *SN7 /*N7, .11.ByxnoJJHpHblH HCTO'IHHK BblCOKOBOJlbTHOrO nHTaHHH c pa3Ma

XOM HanpH>KeHHH, paBHblM npHMepHo 700 B. Bb1xo.11. .11.H<j><j>epeHuHaJJbHoro ycHJJHTeJJH 

KaCKB.11.B .11.0JJ>KeH 6b1Tb Henocpe.11.crBeHHO CBH3aH no nOCTOHHHOH cocraBJJHIOW,eH c Karo.11.

HblM noeropHreJJeM, KOTOpblH B CBOIO O'lepe.11.b .11.0JJ>KeH 6bITb Henocpe.11.crBeHHO CBH3aH no 

nOCTOHHHOH cocraBJJHIOllleH c uenHMH ceroK JJaMn BblX0.11.HOfO KaCKa.11.a. npHHUHnHaJJbHaH 

cxeMa npoeKrHpyeMoro ycHJJHTeJJH npHee.11.eHa Ha pHc. 5.41. 

5.16. ll Tononor11R cxeMbl: 11c10YHHKH n111aHHR 11 u ..-aH11e Ha JneMeHThl, 

1a11a1011111e nocTORHHYIO TOKOBYIO Harppq 

JlaMnbI CeMeHCTBa *SN7 /*N7 BHOCHT HeJJHHefrnble HCKa)f(eHHH, B OCHOBHOM, Ha BTOpoif 

rapMOHHKe, BJIHHHHe KOropoA MO>Ker 6b1Tb HelirpaJJH30BaHO HCnOJJb30BaHHeM B Ka'leCTBe 
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npe.nycHJIHTeJibHOro KaCKa.n.a .U.H<jJ<jJepeHUHaJibHOro ycHJIHTeJISI npH ycJIOBHH, 'ITO npH 3TOM 

HeT noTepb no nepeMeHHOH COCTaBJISllOW.eH noJie3HOrO TOKa (CHrHaJia) B o6w.eM pe3HCTO

pe .n.H<jJ<jJepeHuHaJibHOH nap bl (CM. r Jiasy 2 ). 
CJie.n.osaTeJibHO, Heo6xo.n,HMa ycTaHOBKa aKTHBHbIX 3JieMeHTOB B o6w.He u.enw nHTa

HHff o6oHx .U.H<jJ<jJepeHu,HaJibHbIX ycHJIHTeJieH (TO ecTb co3.n,aHHe aKTHBHOH u,enH HeH3Me

HfflOW.erocff TOKa - CM. rJiaBy 2). Ho, noCKOJibKY ceTKH HMelOT eMKOCTHYIO CBff3b c npe

.U.bl.DYW.HM KaCKa,U.OM (TO eCTb raJibBaHH'leCKH pa3Bff3aHbl c HHM), TO u,enH nHTaHHff CeTOK 

no.n.coe.n.HHeHbl K TOMY >Ke caMOMY BblBO.llY HCTO'IHHKa nHTaHHff, 'ITO H 3JieMeHTbl, 3a.n,a10-

W.He HeH3MeHHYIO TOKOBYIO Harpy3Ky. 3Ha'leHHe noCTOffHHOro Hanpff>KeHHH Ha KaTO.n,ax 

.U.H<jJ<jJepeHu,Ha:llbHOH napbl Vk .U.OJI>KHO 6b1Tb He60JiblliHM, CJieJl.OBaTeJibHO, B Ka'leCTBe 

3JieMeHTa, 3Ma10w.ero noCTOffHHYIO TOKOBYIO Harpy3Ky, (3JieMeHTa HeH3MeHfflOW.erocH 

TOKa) BnOJIHe B03MO>KHO H J1.a>Ke u,eJiecoo6pa3HO HCnOJib30BaTb noJiynpOBOJl.HHKOBblH 

npH6op. 

)lJIH BTOporo Jl.H<jJ<jJepeHu,HaJibHOro ycHJIHTeJIH, KaK y>Ke rosopHJIOCb Bbl We' Heo6xo.n,HM 

HCTO'IHHK BbICOKOBOJibTHoro nHTaHHH c Hanpff>KeHHeM 6oJiee 500 B, cJieJ1.0BaTeJibHO, 

BepOHTHOe 3Ha'leHHe HanpH>KeHHff CMeW.eHHH MemJJY CeTKOH H KaTOJl.OM Vgk JI.Jiff HCnOJib3y

eMoro THna JiaMn Jf.OJI>KHO 6bITb nopMKa -10 B ( opHeHTHPYHCb no HX cTaTH'leCKHM xapaK

TepHCTHKaM }. 3TO Hanpff>KeHHe HBJIHeTCff Jf.OCTaTO'IHPIM 6e3 HCnOJib30BaHHH Jf.OnOJIHH

TeJibHOro HCTO'IHHKa nHTaHHff JI.Jiff pa6oTbl KaCKMa, 3a.n,a10w.ero nocTOHHHYIO TOKOBYIO 

Harpy3KY (TO eCTb 06pa3y10w.ero aKTHBHYIO u.enb HeH3MeHHIOW.erocH TOKa - CM. rJiaBy 2). 
K co>1<aJieHH10, nepBbIH 1<acKa.U.J1.0JI>KeH HMeTb Jf.OCTaTO'IHO He6oJibWOe no BeJIH'IHHe Bb1co

KOBOJibTHoe HanpH>KeHHe H, CJieJf.OBaTeJibHO, He.n.ocTaTO'IHOe JI.Jiff npHMeHeHHH KacKa.u.a 

3Ha'leHHe HanpH>KeHHH CMeW.eHHff Vgk' n03TOMy, HCnOJib30BaHHe nonynpOBOJl.HHKOBOfO 

3JieMeHTa THna 334Z B Ka'leCTBe 3a,U.a!OW.ero noCTOHHHYIO TOKOBYIO Harpy3ey, HBJIHJIOCb 

6b1 HaH6oJiee YJ1.06HbIM. 0.n.HaKo, noJiynpoBOJl.HHKOBbIH npH6op THna 334Z HMeeT MaKCH

MaJibHoe 3Ha'leHHe pa6o'lero TOKa I 0 MA, TOrJ1.a KaK HcnoJib30BaHHe cxeMbl KacKa.n.a o6ec

ne'IHBaJio 6b1 J1106oe Heo6xo,U.HMoe 3Ha'leHHe TOKa Harpy3KH. TaKHM o6pa3oM, Ha Bb16op 

pa6o'IHX TO'leK JiaMnbI Y>Ke HaKJia,zJ.blBaeTcH PM orpaHH'leHHH. 

5.16.12. MaKCHMORbHOe 3HOl/8HHe OHORHOTO HanpR)l(eHHR 

H HCTOl/HHK nORO)l(HTeRbHOTO BblCOKOBORh THOTO nHTOHHR 

TaK KaK 6b1J1a Bb16paHa cxeMa HenocpeJl.CTBeHHOH CBff3H KaTOJl.HbIX noBTOpHTeJieH c ce

TO'IHblMH u,enHMH BblXOJl.HblXJiaMn, TO HanpH>KeHHH Ha KaTO,nax nOBTOpHTeJieH 6yJJYT nopM

Ka -82 B, a TO'IHoe HX 3Ha'leHHe 6y.n,eT onpeJ1.eJiffTbCH THnoM JiaMn. EcJIH aHOJl.bI KaTOJl.HblX 

noBTOpHTeJieH coe,U.HHeHbl c BblCOKOBOJlbTHblM HCTO'IHHKOM nHTaHHff BblXOJl.HOro KacKa.u.a, TO 

HanpH>KeHHe, npHJIO>KeHHoe Me»mY aHo.n,oM H KaTOJl.OM, 6y.n.eT pao1to V ak = 482 B. 3To 3Ha

'leHHe npeBblWaeT npe.n.eJibHO-Jl.OnycTHMOe, KOTOpoe Jl.a>Ke Jf.JIH HaH60Jiee 3JieKTpH4eCKH 

npO'IHbIX MO,U.H<jJHKaU,HH JiaMn GTA HJIH GTB ceMeHCTBa *SN7 paBHO va(mdX) = 450 B. Ho 

.n.aHHaH npo6JieMa He ffBJIHeTCff TaKOH y>K Hepa3pewHMOH, TaK KaK HeT Heo6xo.D.HMOCTH, 

'IT06bl Ha KaTOJl.HOM nosTOpHTeJie pa3Max aMnJIHTY.U. cocTaBJIHJI 482 B miKosoro 3Ha'le

HHH, CJieJl.OBaTeJibHO, MO>KHO CHH3HTb noJIO>KHTeJibHOe Hanpff>KeHHe HCTO'IHHKa nHTaHHH 
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3TOrO KaCKa.D.a .ll.0 160 B, 'ITO CHH3HT HanpSDKeHHe Me>KJlY a HO.LI.OM H Ka TO.LI.OM JiaMnbl Vak .ll.0 

3Ha'leHHH npHMepHo 250 B (YllHTblBaH .D.ByxnonsipHoe nHTaHHe KacKa.D.a, KOTopoe y>1<e 06-

cy>K.D.anocb Bb!We) .D.OnycKaff 3THM caMblM HCnOJib30BaHHe JII060H H3 naMn ceMeHCTBa 

*SN7 /*N7. 
,llanee Heo6XO.D.HMO pacCMOTpeTb BeJIH'IHHY noCTOffHHOro HanpH>KeHHff CMeW,eHHff Bbl

XO.D.HOro KacKa.LJ.a. BbICOKHe 3HalfeHHH KPYTH3HbI gm ,ll.llH Bb16paHHblX naMn BbIXO.D.HOro Kac

Ka.D.a (6e3pa3JIH'IHO, 13El, JIH6o rpynnb1 naMn EL34) 03Ha'laeT, 'ITO TOK BblXO.D.Horo Kac

K8.ll.a KpaHHe llYBCTBHTeJieH K H3MeHeHHffM HanpH>KeHHff CMew.eHHff Me>KJlY ceTKOH H 

KaTO.ll.OM vgk' a 3Hal!eHHe 30 MA/B SIBJiffeTCff qpe3BbI'laHHO BblCOKHM noKa3aTeJieM ,ll.llff 

KPYTH3HbI npHeMo-ycHJIHTeJibHOH JiaMnbl, nycTb .ll.8>Ke H MOW.HOH. ,llaHHoe 3Hal!eHHe npo

CTO yKa3bIBaeT Ha He.D.onycTHMOCTb .D.peAcf>a Hanpsi>KeHHH ceTOl!Horo CMew.eHHH. TaK KaK 

u.enH npe.D.OKOHel!HOro KaCK8.ll.a ycHJieHHff Henocpe.D.CTBeHHO CBH3aHbl no nocTOffHHOH co

CTaBJifflOW,eH OT ceTOK BblXO.D.HblX naMn .ll.0 aHO.ll.OB BTOporo .D.HcpcpepeHU.HaJibHOro ycHJIHTe

Jlff, H3MeHeHHff 3Hal!eHHH HX aHO.D.Horo HanpH>KeHHH Va noTeHU.HaJibHO Mo>KeT He nyqwHM 

o6pa30M nOBJIHffTb Ha pa6ory BblXO.D.HbIX JiaMn, TaK KaK OHH no onpe.D.eJieHHIO pa6oTalOT 

npHMepHO npH MaKCHMaJibHOH aHO.LJ.HOH MOW,HOCTH pn(max)" 

PaccMoTpeHHe pe>KHMa pa6oTbI cxeMbI no nocTOHHHOMY TOKY, no3BOJIHeT C.D.eJiaTb 

peKOMeH.ll.8U.HIO, 'ITO ,ll.IJSI .LJ.Hcf>cpepeHu.HaJibHblX ycHJIHTeJJeH Tpe6ylOTCff o6w,He conpOTHB

JieHHff u.enH nHTaHHH, 3a.D.aIOw.He nocTOHHHYIO TOKoByIO Harpy3Ky. TaK KaK .D.HcpcpepeH

U.HaJibHbie KaCKa.ll.bl pa3pa6aTblBaeMoro ycHJIHTeJIH HMelOT aHO.LJ.Hbie Harpy3KH B BH.D.e no

CTOffHHblX pe3HCTOpOB, TO H3 3aKOHa 0Ma cne.nyeT, 'ITO HeH3MeHHOe 3Hal!eHHe aHO.LJ.HOfO 

HanpH>KeHHH Va MO>KeT 6b1Tb .LJ.OCTHfHYTO 3a Cl!eT CTa6HJIH3aU.HH nocTOHHHoro nono>KH

TeJibHoro HanpH>KeHHH 160 B HCTO'IHHKa nHTaHHH. Pa3pa6oTKa cxeMbI y>1<e no.D.owna 

K TO'!Ke, KOr.D.a Heo6XO.D.HMO o6ecnel!HTb 6e3yKopH3HeHHYIO pa6oTy CTa6HJIH3aTopa HCTO'l

HHKa BbICOKOBOJlbTHOfO nHTaHHff. 0.D.HH B3rJiff.ll. Ha noJIHYIO npHHU.HnHaJibHYIO cxeMy CTa-

6HJIH3HpoBaHHOro HCTO'IHHKa BblCOKOBOJlbTHOfO nHTaHHff, KaK npaBHJIO npHBO.D.HT B Tpe

neT. KpoMe 3Toro cne.nyeT ew.e HMeTb B BHJl.Y, 'ITO 6noK BblCOKOBOJJbTHoro nHTaHHH c 

JJaMnOBblM CTa6HJIH3aTop HaMHOro .D.Opo>Ke, 'leM o6bll!HblH 6JIOK nHTaHHff, CO.D.ep>Kalll,HH 

JIHWb BblnpHMHTeJib H crJJa>KHBalOW,HH cf>HJibTp H, .ll.8>Ke, 'leM 6JJOK nHTaHHff co CTa6HJIH3a

TOpOM Ha nonynpoBO.D.HHKOBblX npH6opax. B 3TOH CBH3H npe.D.CTaBJIHeTCH, 'ITO npHMeHe

HHe JiaMnosoro CTa6HJIH3aTopa, B03MO>KHO, He COBCeM u.enecoo6pa3HO (B TOM 'IHCJie yqH

TbIBaff H 3Ha'IHTeJibHblH .D.OJiroBpeMeHHblH YXO.ll. no noCTOffHHOH COCTaBJifflOW,eH H3-3a 

cryneHl!aToro H3MeHeHHff 3Hal!eHHH onopHblX HanpH>KeHHH HeOHOBblX CTa6HJIH3aTopoB ), 

no3TOMY B paccMaTpHBaeMOH pa3pa6oTKe 6y.D.eT HCnOJib30BaH nonynpOBO.D.HHKOBblH Bbl

COKOBOJlbTHbIH CTa6HJIH3aTOp. 

5.16.13. (HMMerpH'IHOCTb 11 HCTO'IHHK nonoJKHT8RbHOTO Bb/COKOBOllbTHOTO 

HanpRJK8HHR 

TaK KaK KaTO.LJ.Hbie nOBTOpHTeJIH OXBa'leHbl 100% OTpHU.aTeJlbHOH o6paTHOH CBff3blO, OHH 

BHOCHT Ol!eHb He60JibWHe HCKa>KeHHff no cpaBHeHHIO co BTOpblM .D.HcpcpepeHU.HaJJbHblM 

ycHJIHTeJieM, HO TaK KaK Ha HHX na.D.aeT npHMepHO 8 B o6w.ero HanpH>KeHHff CMeW,eHHff 
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Me>KJIY CeTKOH H KaTO.ll.OM Vgk' TO OHH H3MeHSUOT BeJIH'IHHY aHO.ll.HOrO HanpSI>KeHHSI BTOporo 

.IJ.H<i><jlepeHLr.HaJibHOro ycHJIHTeJISI c -82 B .IJ.O 3HaLieHHH -90 B OTHOCHTeJibHO noTeH1..1.HaJia 

o6mero npOBO.IJ.a (He 3a6bIBaSI 0 TOM. 'ITO nHTaHHSI KaCKa.IJ.a .IJ.ByxnOJISlpHoe, CM. BbIUJe ). TaK 

KaK OT BTOporo .IJ.HQlcl>epeH1..1.HaJibHOro ycHJIHTeJISI Tpe6yeTCSI co6JIIO.IJ.eHHe MaKCHMaJibHOH 

JIHHeHHOCTH-npH scex aMnJIHTY.IJ.aX ycHJIHBaeMoro HanpSI>KeHHSI, BKJllO'Iaff nHKOBbie, TO HC

TO'IHHK OTPHLl.aTeJibHOH noJISlpHOCTH paccMaTpHsaeMOH .IJ.ByxnOJISlpHOH CHCTeMbl nHTaHHSI, 

.IJ.OJI>KeH no.IJ.6HpaTbCSI c yqeTOM MaKCHMaJibHOro pa3Maxa HanpH>KeHHSI Me>KJIY KaTO.IJ.OM H 

aHO.IJ.OM, KOTopoe cocTaBJISieT 260 B. TaKHM o6pa3oM seJIH'lHHa 0TpH1..1.aTeJibHoro ( OTHOCH

TeJibHO noTeH1..1.Hana o6w.ero nposo.IJ.a) BblCOKoro HanpSI>KeHHH .IJ.OJI>KHa 6b1Tb -350 B. Be

JIH'lHHa OTPHI..1.aTeJibHOro HanpSI>KeHHSI BOBCe He SIBJISleTCSI KpHTH'IeCKOH H He Tpe6yeT CTa-

6HJIH3al..(.HH, TaK ero H3MeHeHHSI npocTO npHBO.ll.SIT K H3MeHeHHIO HanpSI>KeHHSI Me>KJIY 

aHO.IJ.OM H KaTO.IJ.OM JiaMn .IJ.H<i><l>epeHl..(.HaJibHOH napbl v ak' He npHBO.lJ.SI K H3MeHeHHIO 3Ha1le

HHSI HX aHO.IJ.HOro TOKa 'a· 
HeCMOTpH Ha TO, 1ITO He Tpe6yeTCSI no.Mep>KaHHSI TO'IHOrO 3Ha'IeHHSI OTpHI..1.aTeJibHOrO 

BblCOKoro HanpH>KeHHSI, Heo6XO.IJ.HMO, 'IT06bl 9TOT HCTO'IHHK HanpH>KeHHSI 6blJI BeCbMa Ha

.IJ.e>KHblM. Ero HeHcnpaBHOCTb MO>KeT npHBeCTH K nono>KHTeJibHOMY cMew.eHHIO Ha ceTKax 

BblXO.IJ.HblX JiaMn, a 9TO npHBe.IJ.eT K 6blCTpOMY BblXO.IJ.Y nocJie.IJ.HHX H3 CTpOSI H3·3a BbJJl.eJie

HHSI He.IJ.onycTHMOH TenJIOBOH MOW.HOCTH Ha aHO.IJ.e, B03HHKa10meA B CJie.IJ.CTBHe 3Ha1IHTeJib

HOro B03paCTaHHSI aHO.IJ.HblX TOKOB. 11TaK, OTCYTCTBHe Heo6XO.IJ.HMOCTH CTa6HJIH3HposaTb 

0TpH1..1.aTeJibHoe BblCOKoe HanpSI>KeHHe .IJ.aeT npenMyw.ecTso .ll.JISI nosb1UJeHHS1 Ha.IJ.e>KHOCTH. 

TeM HH MeHee, s BblXO.IJ.HOM KacKa.IJ.e npHMeHS110TCS1 BbICOKOBOJibTHbie nJiaBKHe npe.IJ.oxpa

HHTeJIH Ha cnyqaH HeHcnpaBHOCTH HCTO'IHHKa OTPHLl.aTeJibHOrO BblCOKOBOJlbTHOro HanpSl

>KeHHSI. 

5.16.14. Bropoii RHt/Jt/Jepe11_1111anb~blii YCllJIHTenb H TOK BblXORHOTO KOCKORO 

nocJie TOro, KaK onpe.IJ.eJieH PSl.ll. Tpe6osaHHH K BblCOKOBOJlbTHblM HCTO'IHHKaM nHTaHHSI, 

MO>KHO sepHyTbCH K npo6neMaM npoeKTHposaHHH co6cTBeHHO ay.IJ.Hoannaparypbl, H nepe

HOCSI o6beKT BHHMaHHSI Ha BTOpOH .IJ.H<i><i>epeHl..(.HaJibHblH KaCKa.IJ.. 

J1aMnb1 ce1'4elicTBa * SN7 /*N7 06ecne11Hsa10T omHMaJibHYIO JIHHeHHOCTb aMnJIHTY.IJ.HOH 

xapaKTepHCTHKH KaCKa.IJ.a, KOr.IJ.a seJIH'IHHa aHO.IJ.Horo ToKa la~ 8 MA. HanpSI>KeHHe Ha pe3H

crnpe Harpy3KH R1. KaTo.IJ.Horo nosTOpHTeJIH cocTaBJIHeT: (-82 B) - (-350 B) = -268 B. B 

cooTseTCTBHH c 3aKOHOM 0Ma nposonoLIHblH pe3HCTop c conpoTHBJie1rneM 33 KOM H pac

C'lHTaHHbIH Ha MOW.HOCTb pacceSIHHH 6 BT 6y.IJ.eT npH MOW.HOCTH pacceSIHHH 2,2 BT nponyc

KaTb TOK f = 8, 1 MA. 
a I 

noMHMO 9TOro, KaCKa.IJ. Ha JiaMne THna 13El o6Jia.IJ.aeT eMKOCTb!O MHnnepa BeJIH'IH-

HOH 220 net>, KOTopaH TaK>Ke Tpe6yeT yqeTa. Ha qacToTe 20 Kfl..I. eMKocrnoe conpoTHBJie

HHe 9TOH napa3HTHOH eMKOCTH 220 net> 6y.IJ.eT pasHo 36 KOM. Ha MaKCHMaJibHOH MOW.HOCTH 

.ll.Jlff so36y>KJ1.eHliS1 BblXO.IJ.Horo KaCKMa Heo6xo.IJ.HMO HanpSI>KeHHe 58 B cpe.IJ.HeKsa.IJ.paTH

qecKoro 3Ha1leHHSI, a .ll,JISI 00.lJ.ll.ep>KaHHSI 9TOro HanpSI>KeHHSI Ha peaKTHBHOM conpoTHBJie

HHH KOH.IJ.eHcaTOpa 220 net> Tpe6yeTCSI TOK 1,6 MA cpe.IJ.HeKBB,llpaTH'IeCKOro 3Ha'leHHSI, 'ITO 

cooTBeTcrsyeT TOKY 2,3 MA aMnnHry.IJ.Horo 3HatfeHHH. EMKocrnaSI Harpy3Ka BbIHy>K.ll.aeT 
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aHO)l,HblH TOK H3MeHHTbCH y)l(e He no 3aKOHy nHHeHHOH )l,HHaMH1IeCKOH xapaKTepHCTHKH, 
a no nerneBOH 3aMKHYTOH KpHBOH B hpeJJ.enax 3HalJeHHH ±2,3 MA OTHOCHTenbHO nHHHH 
Harpy3KH, npH 3TOM Ba)l(HO, 11To6b1 KPYTH3Ha gm naMnbI noJJ.LJ.ep)l(HBanacb HeHJMeHHOH. 
K c11acTb10, npH 3Ha11eHHH TOKa la = 8,2 MA KpyTHJHa .n.aHHOH rpynnb1 naMn gm HMeeT 
.ll.OCTaTOlJHO CTa6HnbHOe 3Ha1IeHHe. 

BenH1IHHa aHO.ll.HOro HanpH)l(eHHH onpe.n.enHeTCH cne,uy10W.HM o6pa30M: Va = ( 160 B) -
- ( -82 B) = 242 B. nOMHMO 3Toro y)l(e HJaecrHo 3Ha11eHHe Tpe6yeMoro aHOJl.HOro TOKa 
Ia. Cne.n.osaTenbHO, npH 3THX ycnoBHHX MO)l(HO HaHTH Heo6xo.n.HMOe 3Ha11eHHe HanpH)l(e
HHH CMell.l,eHHH Me>KJIY ceTKOH H KaTO.ll.OM vgk" PaccMaTpHBaH Ha none npOXO)l,HblX CTaTH-
11ecKHX xapaKTepHCTHK T01IKY co 3Ha11eHHHMH Va = 242 B H la = 8, l MA, BHJI.HO, 1ITO OHa 
ne)l(HT 6nH3KO co CTaTH1IeCKOH xapaKrepHCTHKOH, CHHTOH npH ceT01IHOM HanpH)l(eHHH 
vgk = -8 B. Hcnonb3YH nony11eHHOe 3HalJeHHe, MO)l(HO onpe.n.enHTb 3H~11eHHe HanpH
)l(eHHH Ha ceTKe ( OTHOCHTenbHO noTeHU.Hana o6w.ero nposo.n.a ), KOTOpoe COCTaBHT: 
( -82 B) - ( = -8 B) = ( -90 B ). CeTKH HMelOT HenocpeJJ.CTBeHHYIO CBH3b no nocroHHHOH 
COCTaBnHIOll.l,eH c aHOJl.aMH BTOporo Jl.H<j:>cf>epeHU.HanbHOfO ycHnHTenH, cne.n.osaTenbHO, Jl,llff 
HHX aHOJl.HOe HanpH)l(eHHe TaK)l(e 6y.n.eT COCTaBnHTb -90 B OTHOCHTenbHO noTeHU.Hana 
o6w.ero nposo.n.a. 

,lI..nH BToporo Jl.H<j:><j:>epeHU.HanbHOro ycHnHTenH na.n.eHHe HanpH)l(eHHH Ra Harpy3Ke R1• 

cocTaBHT: ( 160 B) - ( -90 B) = 250 B. Ka>K.ll.bIH H3 TpHo.n.os BToporo .n.H<j:><j:>epeHu.HanbHO
ro ycHnHTen's! MO)f(eT pa6oTaTb npH JHa11eHHHX aHO.ll,Horo TOKa MeHee 8 MA, TaK KaK 6onb
waH lJaCTb HenHHeHHblX HCKa)l(eHHH Ha 11eTHblX rapMOHHKaX 6y.n.eT CKOMneHCHpOBaHa 
.n.syxTaKTHblM BKnlOlJeHHeM naMn BblXO.ll.HOro KaCKa.n. (3TO He OTHOCHTCH K cnyqalO KaTOJl.
HblX nosTOpHTeneli, Kor.n.a BbIXOJl.HOH KacKa.n. nepexoJI.HT K pa6oTe B pe)l(HMe Knacca AB). 
B Ka11ecTse aHO.ll.HOH Harpy3KH MO)f(HO Hcnonb3osaTb pe3HCTOP MapKH MPC-5 c HOMHHanoM 
50 KOM, cneJl,oBaTenbHO, TOK, KOTOpbIH 06ecne11HsaeT HanpH)f(eHHe Ha aHo.n.e Va = -90 B, 
onpe.n.enHeTCH KaK 11acTHoe OT .n.eneHHH 250 B Ha conpoTHBneHHe 50 KOM, 11To.n.aer 3Ha11e
HHe 5 MA. TaK KaK cyMMapHblH TOK oCSw.eli u.enH nHTaHHH .n.on*eH y.n.aaHBaTbCH, TO 0KoH11a
renbHOe 3HalJeHHe TO Ka, npoTeKalOll.l,ero no HeH cocraBHT l 0 MA. 

ToK, npoTeKalOW.HH 11epe3 pe3HCTOpbI oCSw.eli u.enH nHTaHHH .n.H<j:><j:>epeHu.HanbHOH 
napbl, HMeeT 6onbwoe 3Ha11eHHe. YsenH11eHHe 3TOro TOKB BbI3bIBaer ysenH11eHHe na.n.eHHH 
HanpH)l(eHHH Ha pe3HCTOpe aHOJl.HOH Harpy3KH BTOporo Jl.H<j:><j:>epeHU.HanbHOro ycHnHrenH, 
lJTO npHBOJl.HT K ysenHlJeHHIO a6conlOTHOro OTpHU.aTenbHOro 3HalJeHHH HanpH)l(eHHH. 
KaTOJl.HbIH noBTOpHTenb HeMeJl,lleHH~ cne,eyeT 3TOMY H3MeHeHHIO OTPHU.aTenbHoro HanpH
)l(eHHH H, B HTOre, HanpH)l(eHHe Ha ceTKax BbIXOJl.HbIX naMn CTaHOBHTCH 6onee OTpHU.aTenb
HblM, CHH)l(aff HX aHOJl.Hbie TOKH. TaKHM o6pa30M, ecnH npe,uycMoTpeTb B03MO*HOCTb pe
rynHpOBKH TOK8, npoTeK810ll.l,ero 11epe3 oCSwylO u.enb nHTaHHH Jl.H<j:><j:>epeHU.HanbHOH napbl, 
3TO n03BOnHT HacTpaHBaTb TOK BbIXOJl.HOro KacKa.n.a. 

BbIXOJl.Hbie naMnbI MOryT H He 6bITb T011Ho cornacosaHHbIMH, cne.n.osaTenbHO, ycraHoB
Ka nepeMeHHOro pe3HCTOpa Me>KJIY KaTo.n.aMH Broporo .ll.H<j:><j:>epeHU.HanbHOrO ycHnHTenH 
n03BOnHeT no.n.crpaHBaTb 6anaHC KaCK8J1.8 H TaKHM o6pa3~M, 6anaHC TOKOB BblXOJl.HOfO 
KaCKaJl.a. 

c yqeTOM npOH3BeJl,eHHblX pac11eTOB H BbI6opa .n.eTaneH, npHHU.HnHanbHaH cxeMa pa3-
pa6aTbIBaeMoro ycHnHTenH npHMeT BHJI., npHse.n.eHHbIH Ha pHC. 5.42. 
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PaJpalloTKa yCHmtreneii MOIQHOCTblO llonee 10 Br 

5.16.15. flo'leMy Her He06XO/IHMOCTH CT06HRH30l/HH scex HCTO'IHHKOB 

flHTOHHR? 

TaK KaK pattee yKa3bIBanocb, 'ITO BbIXOJl.HOH KacKa.n. O'leHb lfYBCTBHTeneH K H3MeHeHHHM 

HanpH>KeHHSI CMeUJ,eHJrn Me>KJl.Y CeTKOH H KaTO,IJ,OM Vgk H lfTO OH MO>KeT nO,D,CTpaHBaTbCSI 

nyTeM perynHpOBKH TOKa, npoTeKalO!Jl.ero qepe3 pe3HCTOpbl u.enH nHTaHHSI neBOH 

(pHC. 5.42) ,D,HcpcpepeHUHaJibHOH napbl, TO npe.11.cTaBJIHeTCSI OlfeBH,IJ,HblM He06XO,IJ,HMOCTb 

CTa6HJIH3aU.HH TOKa, npoTeKalOUJ,ero qepe3 3TY u.enb, c MaKCHMaJibHO B03MO>KHOH TOlf

HOCTblO. TeM HH Mettee, TaK>Ke He06XOJJ.HMO 6onee Tll.laTeJibHO pacCMOTpeTb BJIHSIHHe 

TaKoro cpaKTopa, KaK H3MeHeHHH ttanpH>KeHHH ceTeeoro nHTaHHH. OpH yeenHlfeHHH 

HanpH>KeHHff ceTH, MHHYCOBaff UIHHa .n.eyxnonHpHoro BblCOKOBOJlbTHOro HCTOlfHHKa nHTa

HHSI npHo6peTaeT 6onbUIHH oTpHu.aTeJibHbIH noTeHu.Han H no u.enH pe3HCTopa, nHTa10me

ro u.enH cxeMbI onopttoro HanpH>KeHHH ( cxeMbl HeH3MeHHIOll.lerocH TO Ka) .D.HcpcpepeHU.H

anbHOH napbl c 3a,D,alOll.lHM CBeTOH3JiyqalOll.lHM JI.HO.II.OM, 6y.n.eT npoTeKaTb 60JibUIHH no 

BeJIHlfHHe TOK, n03TOMY HanpH>KeHHe Ha rpa.n.HeHTHOM conpOTHBJieHHH CBeTOJl.HOJJ.a cxe

Mbl onopHoro HanpH>KeHHff (CM. cxeMbl u.eneH cpopMHpOBaHHff HeH3MeHfflOll.lerocSI TOKa 

B rnaee 2, TaK>Ke npHMep TaKOH cxeMbl Ha pHC. 5.43) TaK>Ke HeMHOro yeeJIH'IHTCff. Ho 

HanpH>KeHHe Me>KJl.Y 6a30H H 3MHTTepOM Vbe TpaH3HCTOpa 3TOH CXeMbl He MeHffeTCff, no-

3TOMy HanpH>KeHHe Ha pe3HCTOpe, 3a.11.a10meM TOK, TO>Ke yeeJIHlfHTCff, a COOTBeTCTBeHHO 

H Bo3pacTeT TOK B o6meA u.enH nHTaHHff .D.HcpcpepeHU.HaJibHOH napbl. BoapacTaHHe 3Toro 

TOKa yMeHbUiaeT TOK BblXOJJ.HOro KaCKa.n.a, HO yeeJIHlfeHHe HanpH>KeHHff ceTeeoro nHTa

HHff TaK>Ke Bbl3Bano 6bl y~eJIH11eHHe BblCOKOBOJlbTHOro HecTa6HJIH3HpOBaHHOro HanpH

>KeHHff BblXO,IJ,HOro KacKa.n.a, lfTO npHBO,IJ,HT K yeeJIHlfeHHIO TOKa. B pe3yJibTaTe BJIHSIHHe 

JJ.BYX npOTHBOnOJIO>KeHO .11.eHCTBYIOlllHX 3cpcpeKTOB, epe.n.ttoe 803,D,eHCTBHe H3MeHeHHH Ha

npH>KeHHff ceTH HeHTpanHayeTCSI, lfTO ffBJiffeTCff OJI.HMM H3 nJIIOCOB paccMaTpHBaeMOH 

pa3pa6oTKH. TaKHM o6pa30M ycTattoenetto, lfTO TOlfHaff cTa6HJIH3aU.Hff TOKa o6meA u.enH 

nHTaHHff JlHcpcpepeHu.HaJibHOH napbl H UIHHbl OTpHU.aTeJibHOro HanpH>KeHHff .n.eyxnonHp

HOro BbICOKOBOJlbTHOro HCTO'IHHKa nHTaHHff He ffBJfffeTCff He06XO,D,HMOH H, .n.a>Ke, He>Ke

naTeJibHa, TaK KaK ee HaJIHlfHe noTpe6oeano 6bl TaK>Ke 06ff3aTeJibHYIO CTa6HJIH3aU.HIO 

60JibUIOro no BeJIHlfHHe TOKa HCTOlfHHKa BblCOKOBOJlbTHOro HanpH>KeHHff BblXOJlHOro 

KacKa.n.a. 

OpH H3MeHeHHH ceTeeoro·ttanpH>KeHHH MeHHeTcff He TOJibKO 3HalfeHHe BbICOKOBOJibT

Horo HanpH>KeHHff, HO TaK>Ke MeHHeTcff HanpH>KeHHe B u.enHx no.n.orpeeaTeneA. YcnoBHe 

HeH3MeHHOCTH H npaBHJibHOCTH pe>KHMa pa6oTbI JJ.HcpcpepeHI.J.HaJibHbIX ycHJIHTeneii no 

nOCTOSIHHOMY TOKY aa.n.aeTCSI HCTOlfHHKaMH nOCTOffHHOro TOKa H CTa6HJIH3au.HeH BblCOKO

BOJlbTHOro HanpH>KeHHSI, KaTOJl.Hble noeTOpHTeJIH OXBalfeHbl MHOfOlfHCJieHHblMH o6paTHbl

MH CBSl3SIMH, a BOT BblXOJl.Hble naMnbl OKa3bIBalOTCff OlfeHb lfYBCTBHTeJibHblMH K H3MeHeHH

ffM HanpH>KeHHH HaKana. K ct:taCTblO, HanpH>KeHHe HaKana no.11.orpeeaTeneii naMn THna 

l 3E I MO>KeT cocTaBJIHTb 26 B, H B cne.11.cTBHe ero .n.ocTaTOlfHO 6onbUIOH eenH'IHHbI, napa 

naMn noTpe6nHeT TOK ecero B 2,6 A, KOTOpb!H MO>KeT 6bITb CTa6HJIH3HpOBaH Jl.OCTaTOlfHO 

npOCTblMH H 3cpcpeKTHBHblMH cpeJJ.CTBaMH. ' 
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5.16.16. flepBblH RHt/Jt/JepeHl/HODhHb/H fCH/1HT8Dh: ero HCTO'IHHK 

Bb/COKOBODh THOfO HanpHJKSHHJI H DHHeiiHOCTh xapaKrepHCTHKH 

no cpaBHeHHIO co BTOpbIM .u.mpcj>epeHI.~HaJibHblM YCHJIHTeJieM, Tpe6osaHHff K cxeMe M<l><l>e

peHu.HaJibHOro ycHJIHTensi sxo,ll.Horo KacKaJJ.B Bblrm1)l,SIT secbMa npocTbIMH. KacKM 

,!l.OJI>KeH o6ecne'IHBaTb Ha Ka~OM H3 CBOHX Bb!XO,!l.OB Hanpsi>KeHHe npHMepHO 3,3 B cpe.u.

HeKBMpaTH'leCKOro 3Ha'!eHHff, n03TOMY npo6neMa lfCKa>KeHHH He ffBJiffeTCff O'leHb cepb

e3HOH. TeM HH MeHee, .zr.nsi naMn ceMeiicTsa *SN7 /*N7 Tpe6y10TCS1 aHO.U.Hbie Hanpsi>KeHHff 

Va :=::: 150 B, 'IT06bl o6ecne'IHTb npHeMneMylO JIHHeiiHOCTb xapaKTepHCTHKH JJ.B>Ke npH 

O'!eHb MaJIOM pa3Maxe aMnJIHTY.U. Hanpsi>KeHHH, cne.u.osaTeJibHO, H.u.eaJibHO no.u.oii.u.eT BbICO

KOBOJibTHbIH HCTO'IHHK nHTaHHH c Hanpsi>KeHHeM, npeBbIUJalOUJ.HM 300 B. 
Jlnsi BTOporo .U.Hcj>cj>epeHu.HaJibHOrO ycHJIHTeJiff Tpe6oBaJIOCb OTpHU.aTeJibHOe BbICO

KOe Hanpsi>KeHHe nopsi.u.Ka ( -350 B) .u.syxnonsipHOH CHCTeMbl nHTaHHff, H B cny<1ae HC

noJib30BaHHff Jl,llff 3THX u.eneii Tpa,!1.HU.HOHHOH KOM6HHall,HH TpaHccj>opMaTopa c OTB0,!1.0M 

OT cpe.u.HeH TO'IKH H BbinpHMHTeJibHOro MOCTa, OHa TaK>Ke 6y.u.eT o6ecne'IHBaTb H nono

>KHTeJibHOe BblCOKOBOJibTHOe Hanpsi>KeHHe. B Ka'!eCTBe npeseHTHBHoii Mepbl no aaw.HTe 

BblX0,!1.HbIX JiaMn MO>KHO HCnOJib30BaTb JiaMnOBYIO cxeMy BbinpS!MJieHHH Jl,llff o6ecneqe

HHff nono>KHTeJibHoro BbICOKOBOJibTHoro HanpsimeHHH. B cnyi-rae Heo>KH.U.aHHoro nepe-

6osi c ceTeBbIM nHTaHHeM ycHJIHTensi, MO>KHO 6bITb ysepeHHbIM, '!TO npH HCnOJib30BaHHH 

JiaMnosoro BbinpS!MHTeJiff B MOMeHT BOCCTaHOBJieHHff ceTesoro nHTaHHff Hanpsi>KeHHH 

CMelll,eHHH Ha BblXO,!l.HblX JiaMnax 6yJzyT OTCYTCTBOBaTb, HO 3aTeM nocne nporpesa BbI

npsiMHTeJiff nnaBHO soccTaHOBffTCH. K comaneHHIO, Ha naMnosoM BbinpHMHTene 6onb

UJoe na.u.eHHe HanpH>KeHHH, no3TOMY nOJIO>KHTeJibHOe BblCOKOe Hanpsi>KeHHe 6y.u.eT 

HMeTb 3Ha'leHHe nopsi.u.Ka 300, a He 400 B. · 
Xorn pe>KHM no noCTOffHHOMY TOKY .zr.nsi nepsoro .U.Hcj>cj>epeHU.HaJibHOro ycHJIHTensi He 

Tpe6yeT CTa6HJIH3aU.HH BblCOKoro HanpH>KeHHH, TaKOH BapHaHT HBJIHJICff 6bl, no-BH.U.H

MOMy, caMblM JIY'IUJHM Jl,llH o6ecne'!eHHH ,!1.0CTaTOl.JHO HH3KOro ypOBHH nynbCBU.HH Bbln

pHMJieHHOro TOKa BbICOKoro Hanpsi>KeHHff. 1-ITo6bI 6b1Tb ysepeHHbIM, l.JTO CTa6HJIH3BTOp 

He BbIH,!l.eT aa ycTaHOBJieHHble npe.u.enbl CTa6HJIH3aU.HH npH CHH>KeHHH CeTeBoro HanpH

>KeHHff, MO>KHO aa.u.aTb .zr.nsi BbIXO,ll.HOro Hanpsi>KeHHff CTa6HJIH3aTopa aHal.JeHHe +270 B. 
CTocne npHHHTHH 3THX Mep, nepBbIH ,ll.Hcj>cj>epeHU.HaJibHbIH yCHJIHTeJib HMeeT ,!l.OCTaTOl.J

HO HH3KOe 3Ha'leHHe Hanpsi>KeHHH BblCOKOBOJibTHOro HCTOl.JHHKa nHTaHHH ( c MaJiblM ypoB

HeM nynbcau.Hii) H e,!l.HHCTBeHHblM cnoco60M ,!1.0CTH>KeHHff KaK JIHHeHHOCTH, TaK H Heo6-

XO.U.HMOro pa3Maxa aMnJIHTY.U. BbIXO,!l.HOro Hanpsi>KeHHH, HBJiffeTCH CHH>KeHHe aHO,!l.HOro 

TOKa la. CHH>KeHHe la noasonsieT ycTaHOBHTbJJ.llff aHO.U.Horo Hanpfl>KeHHff ropaa.u.o 60JibllJHH 

HeHCKa>KeHHbIH pa3Max aMnJIHTY.U., '!TO yseJIHl.JHBaeT MaKCHMaJibHblH pa3Max BblX0,!1.HOro 

CHrHana, a HCKa>KeHHff, KaK npaBHJIO, o6paTHO nponopu.HOHaJibHbl MaKCHMaJibHOMY paa

Maxy. CTYTeM nepeMelll,eHHff npoapal.JHOH JIHHeHKH no BbIX0,!1.HblM (aH0,!1.HblM) CTaTHl.JeCKHM 

xapaKTepHCTHKaM naMnb1, MO>KHO onpe.u.enHTb u.enecoo6pa3Hble napaMeTpbI pa601.Jeii TOl.J

KH: Va = 125 B, la = 2,9 MA .zr.nsi Kaii<.Aoii naMnbI npH conpoTHBJieHHH Harpy3KH 50 KOM. 

MeTO.U.HKa onpe.u.eneHHff pa6o'leii TOl.JKH aHaJIOrHl.JHa MHoro1.JHcneHHblM paccMoTpeHHblM 

BbIUJe npHMepaM. 
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5.16.17. CornacosaHHe naMn nepsoro RHrfx/JepeHl/HORbHoro KOCKORO 
Pacc'IHTaHHoe 3Ha'!eHHe aHOJJ.Horo TO Ka ( 2, 9 MA) JI a Mn nepsoro JJ.HQ>cpepeHuHaJJbHoro ycH

JJHTeJJH OKa3bIBaeTCSI cyw,ecTBeHHO HH>Ke paHe ycTaHOBJJeHHOro onTHMaJJbHOro 3Ha'!eHHH, 

pasHoro 8 MA 0JJ.HaKo, B CHJJY Toro, '!TO JJ.HQ>cpepeHuHaJJbHbIH ycHJJHTeJib scerJJ.a KOMneH

CHpyeT HCKa>KeHHSI Ha JJ.OMHHHPYIOW.eH BTOpOH rapMOHHKe H pa3MaX aMnJJHTYJJ. HanpH>Ke

HHH O'leHb MaJJ, 3TOT BapHaHT OKa3bIBaeTCSI npHeMJJeMblM, npH ycJJOBHH, '!TO He06XOJJ.HMOe 

CHH>KeHHe ypOBHSI HCKa>KeHHH MO>KHO JJ.OCTH'lb TOJlbKO nYTeM TUJ,aTeJJbHOro cornacosaHHSI 

xapaKTepHCTHK JJaMn JJ.HQ>Q>epeHUHaJJbHOrO ycHJJHTeJJH. 

B OTJJH'!He OT KOM6HHHposaHHbIX naMn JJ.BOHHbIX TpHOJJ.OB cepHH Loctal 7SN7/14N7, 

KOHCTPYKI..lHH KOTOpbIX o6ecne'IHBaeT TeHJJ.eHUHIO O'!eHb xopowero corJiacosaHHH napaMeT

pos, OT)l.eJJbHble TpHOJJ.bl, TaKHe HanpHMep, KaK 6J5GT, Tpe6yIOT aaTpa'IHBaTb ropa3JJ.0 60JJb

WHX ycHJJHH Jl.JISI HX cornacosaHHff, TaK KaK B 3TOM CJJY'!ae noTpe6yeTCff 3aHHMaTbCSI IlOJJ.60-

poM naMn c OJJ.HHaKOBblMH napaMeTpaMH. B CJIY'!ae HCnOJJb30BaHHH sapHaHTa Ha OTJJ.eJJbHbIX 

TpHO)l.aX, HaH6onee BepOHTHblM, B CJIY'!ae CTepeoQ>OHH'leCKOro ycHJJHTeJJH, MO>KeT 6bITb Ba

pHaHT HCnOJJb30BaHHH 16-TH OJJ.HHaKOBbIX naMn THna 6J5GT. HeKOTOpbIM npeHMYUJ.eCTBOM 

HCnOJJb30BaHHH 60JJbWOro KOJJH'leCTBa O)l.HOTHilHblX JJaMn HBJJHeTCH TO, '!TO BepOHTHOCTb 

nOJJ.06paTb corJiaCOBaHHble napbl B03pacTaeT MHOroKpaTHO, no3TOMY npH npHo6peTeHHH 

Jl.IO>KHHbl JiaMn BepOHTHOCTb COCTaBHTb cornacosaHHYIO napy ropa3JJ.O BbIWe, 'leM npH no

KYnKe JJ.Byx wryK. no3TOMY 6bIJJO npHHHTO peweHHe HCnOJJb30BaTb «Jl.IO>KHHY» HMeIOUJ,HXCH 

y aBTOpa JJaMn THna 6J 5GT B JJ.OilOJIHeHHe K BblXO)l.HblM JJaMnaM l 3E l. 
KaK npaBHJJO, Kor.n.a y .n.syx cosepweHHO H.n.eHTH'IHblX naMn aa.n.aHbI a6coJIIOTHO OJJ.HHa

KOBbie aHOJl.Hble HanpH>KeHHH npH pa6oTe B COCTaBe JJ.HQ>Q>epeHuHaJJbHOfO YCHJIHTeJJH, HX 

K03QlcpHUHeHTbl ycHJJeHHH sepOHTHee scero npH TaKHX pa60'IHX yCJJOBHHX 6yJJYT cornaco

BaHHblMH ( OJJ.HHaKOBbIMH ). TaKHM otlpaaoM, MO>KHO nposepHTb naMnbI 6J5GT Henocpe.n.cT-
' BeHHO B Jl.HcpQ>epeHuHaJJbHOM ycHJJHTeJJe, ycTaHOBHB OJl.HY JJaMny, KaK o6paauosyIO, B OJJ.HH 

KaHaJJ ycHJJHTeJJH, a aaTeM nocne.n.osaTeJJbHO cpaBHHBasi c o6paauosoH see ocTaJJbHbie 

JJaMnbl BO BTOpOM KaHaJJe YCHJIHTeJJH. JlaMnbl c HaH60JJee 6JJH3KHMH 3Ha'!eHHHMH HanpH

>KeHHH Ha HX aHO)l.aX H 6y!JYT COCTaBJJS!Tb cornacosaHHYIO napy. 

5.16.18. Ja1epwa10U1He 1ranbl pa1pa6orKH 
B uenoM, npou.ecc paapa60TKH ycHJJHTeJJH no'ITH aaeepweH: Bb16paHbI TononornH KacKa

.n.os, THnbl JJaMn, paCC'IHTaHbl aHOJl.Hble TOKH H conpOTHBJJeHHff HarpyaoK. flpHWJJO BpeMff 

«cnycTHTbCff Ha 3eMJJIO» H 3aHHTbCH 6y.D.HH'IHblMH, HO >KH3HeHHO He06XOJl.HMblMH sew,aMH, 

1no6b1 y.n.ocTosepHTbCff B npaBHJJbHOCTH c.n.enaHHoro Bb16opa. )lnH 3Toro Heo6xOJJ.HMO 

B nopff,IJ,Ke O'lepe.n.HocTH c.n.enaTb CJJE!JI,YIOW.ee: 

• 33Jl.3Tb pe>KHMbI no nocTOffHHOMY TOKY ( cTaTH'leCKHe pe>KHMbI) Ka)f{,D.oro KaCKaJJ.3, 

paapa6oTaB Jl.Jlff HHX cxeMy, 3a)l.aIOUJ.YIO nocTOSIHHYIO TOKOBYIO HarpyaKy ( cxeMy He

H3MeHHIOUJ,erocsi TOKa, CM. rnasy 2). 
• paccMOTpeTb ycJJOBHSI TenJJOBoro 6aJJaHca cxeMbl, 3a,D,aIOw,eH IlOCTOffHHYIO TOKOBYIO 

HarpyaKy. 
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noeb1CHTb BY ycTOH'IHBOCTb nyTeM eee.z:r,eHHff e cxeMY ceTO'IHbIX no.u.aenfflOLUHX pe-

3HCTopoe H npaeHnbHO BblnOnHeHHOrO IIJYHTHpoeaHHff BblCOKOBOnbTHblX HCTO'IHH

KOB nHTaHHff; 

pa3pa60TaTb cxeMbl BblCOKOBOnbTHblX CTa6HnH3aTopoe. 

5.16.19. KaCKORHOR cxeMO nOCTOJIHHOii TOKOBOii Harp}'3Klf 

sroporo RHt/x/JepeH111tanhHoro- yc11n11ren11 11 ee cra611n11:1a111111 
yfaeeCTHO, '!TO JI.Jiff BTOporo .u.mp<f>epeHIJ,HanbHOrO YCl!nHTenff Tpe6yeTCff Hanpmt<eHHe CMe

meHHff Me>l<JIY ceTKOH H KaTO.U.OM vgk = -10 B, cne.u.oeaTenbHO He06XO.U.HMO pa3pa60TaTb 

cxeMY KaCKa.u.a, BbinOnHfflOLUero ponb cxeMbl HeH3MeHfflOLUerocff TOKa (CM. rnaey 2), 
c T8KHM pa60'IHM Hanpm1<eHHeM, '!TO no~eonHt H36e)l<aTb Heo6XO.U.HMOCTH HCnOnb30BaHHH 

.u.ononHHTenbHOro HCTO'IHHKa nHTaHHH. 

flo npH'IHHe, KOTOpaff CTaHeT O'leBH.ll.HOH HeMHOrO n03)1<e, He06XOJI.HMO 3a.U.aTb He-

6onblllOe 3Hal!eHHe onopHoro Hanpff)l<eHHff, nyreM, HanpHMep, BKnlO'leHHff HH<f>paKpac

Horo ceeTO.U.HOJI.a, CMemeHHe Ha KOTOpblH 6y.u.eT 3a.u.aeaTbCff c lllHHbl Hyneeoro noTeHIJ,H

ana qepe3 BbICOKOOMHbIH pe3HCTop. CxeMa TaKoro KacKa.u.a HeH3MeHfflOLUerocff TOKa 

noKa3aHa Ha pHc. 5.43. TaK KaK na.u.eHHe Hanpff)l<eHHff Ha pe3HCTope cocTaenffeT = 350 B, 

TOK l!epe3 Hero .u.on)l<eH 6bITb O'leHb Man H He npeBbilllaTb 3Ha'leHHff, nony'leHHOro H3 

ycnoBHff .u.onycTHMOH MOLUHOCTH pacceffHHff pe3HCTopa. DpH Hcnonb30BaftHH pe3HCTopa 

c HOMHHanoM 150 KOM H MOLUHOCTblO pacceffHHff 3 BT, no HeMy noTel!eT TOK 2,3 MA, 

a BbI.U.enfflOLUaffCff MOLUHOCTb COCTaBHT 0,83 BT. 3Hal!eHHe TOKa 2,3 MA B HOpManbHblX 

ycnOBHffX He MO)l<eT C'IHTaTbCff HOpManbHblM 6a30BblM TOKOM JI.Jiff HH<f>paKpacHoro cee- ' 

TO.U.HO.u.a H3·3a Toro, '!TO ero BHyTpeHHee conporneneHHe rmtema1 3Ha'IHTenbHO eo3pac

TaeT npH ManbIX TOKax ( 16,4 OM npH TOKe 2,3 MA no cpaeHeHHIO c 5,4 OM npH TOKe 

10 MA). 0.u.HaKo, TaK KaK H3MeHfflOLUeecff rpa.u.HeHTHOe conporneneHHe caeTO.U.HO.ll.8 no

MoraeT KOMneHCHpOB8Tb H3MeHeHHff Hanpff)l<eHHff nHT8HHff ceTH, 3Ta npo6neMa He ffB

nffeTCff aKTyanbHOH. 

c u.enblO ou.eHHTb BnHffHHe H3MeHeHHff ceTeeoro Hanpff)l<eHHff, MO)l<HO npe.u.nonO)l<HTb 

yeenH'leHHe Hanpff)l<eHHff cern Ha 1 %. 
)lnff BbIXO.U.HOro KacKa.u.a Heo6XOJI.HMO rioJJ.U.ep)l<HBaTb 3Hal!eHHe aHO.ll.HOro TOKa la no

CTOffHHblM BHe 3aBHCHMOCTH OT H3MeHeHHff aHOJI.HOro Hanpff)l<eHHff Va, cne.u.oeaTenbHO, 

He06XO.U.HMO onpe.u.enHTb 3Hal!eHHe Hanpff)l<eHHff CMemeHHff Vgk' KOTOpOe KOMneHCHpyeT 

BHOCHMbie H3MeHeHHff. )lnff HaXO>f<,IJ.eHHff 3TOro 3Hal!eHHff Ol!eHb y.u.o6HO eocnonb30B8TbCff 

onpe.u.eneHHeM JI.Jiff CT8TH'leCKOro K03<f><f>Hu.HeHTa ycHneHHff m. 

TaK KaK BbICOKOe Hanpff)l<eHHe BbIXOJI.Horo KacKa.u.a cocTaBnffet 400 B, yeenH'leHHe 

Hanpff)l<eHHff Ha 1 % cocTaBHT +4 B. JI.Jiff naMnbI l 3El 3Hal!eHHe µ = 3,9, no3TOMY Hanpff

*eHHe vgk .u.on)l<HO 6bITb yMeHbllleHo npHMepHO Ha 1 B, 'IT06bI npOTHBO.U.eHCTBOBaTb H3Me

HeHHIO Ha aHo.u.e. 

fla.u.eHHe Hanpff)l<eHHff Ha aHo,ne BTOpOrO JI.H<f><f>epeHIJ,HanbHOfO ycHnHTenff Ha 1 B MOr

no Obi 6bITb Bbl3BaHo yeenH'leHHeM aHOJI.HOro TOKa Ha eenH'IHHy: , 
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V l 
/=-=-=20MA 

R 50 ' 

r,ll.e 3Ha'leHHe conpOTHBneHHff 6epeTCff B KHnOOMax. 

Ho B ycHnHTene .ll.Be naMnbl, cne,ll.oBaTenbHO, TOK o6w.efl u.enH nHTaHHH .ll.Hcj>cj>epeH
U.HanbHOH napbl B03pacTeT B.ll.BOe H cocTaBHT 40 MKA. 

)lnH paccMoTpeHHoro B npHMepe HHcj>paKpacHoro cseTOH3ny'la10w.ero .ll.HO,ll.a, Heo6xo
.ll.HMO 3Ha'leHHe onopHoro HanpH>KeHHH V,.1 = 1, IO B npH 3Ha'leHHH TOKa 2,33 MA, cne,ll.o
BaTenbHO, conpoTHBneHHe pe3HCTopa, 38,ll.alOw.ero 9MHTTepHblH TOK KaCKO,ll.a cxeMbl HeH3-
MeHHIOW.erocH TOKa, ,ll.On>KHO COCTaBnffTb: 

R=.!:_= l,I0-0.7 =40 OM 
I IO ' 

r.ll.e TOK 6epeTCH B MHJinHaMnepax. 

l13MeHeHHe TOKa Ha 40 MKA B 3a,ll.a10w.eM pe3HCTope c conpoTHBneHHeM 40 OM MO
>KeT 6b1Tb Bbt3BaHo H3MeHeHHeM HanpH>KeHHH V Ha senH'IHHy, paBHYIO V = I x R = 
= 40 MKA x 40 OM = 1,6 MB. 

EcnH npHHHTb HanpH>KeHHe 6a3a-9MHTTep TpaH3HCTOpa HeH3MeHHblM, TO onopHoe Ha
npH>KeHHe v,.,.ll.OJl>KHO B03paCTH Ha 1,6 MB, 'IT06bl npOTHB06opCTBOBaTb H3MeHeHHIO TOKa 
BblXO,ll.HOro KaCK8,ll.a. 

Yepe3 pe3HCTop c conpoTHBneHHeM 150 KOM npoXO.lJ.SIW.HH TOK TaK>Ke ysenH'IHTCH Ha l % 
Bcne,ll.CTBHe ysenH'leHHff CeTeBOrO HanpH>KeHHff H0 l %. npH HOpManbHblX ycnoBHffX '1epe3 
pe3HCTOp npOTeKaeT TOK 2,33 MA, cne,ll.OBaTenbHO, ysenH'leHHe TOKa COCTaBHT 2,33 MKA. 

3Haff H3MeHeHHe TOKa H H3MeHeHHe na,ll.eHHff HanpH>KeHHff Ha HeH3BeCTHOM pe3HCTOpe, 
MO>KHO onpe,ll.enHTb ero BenH'IHHy: 

R = .!:_ = _JE._ ~ 68 6 OM. 
I 23,33 ' 

r,ll.e HanpH>KeHHe 6epeTCff B MHnnHBOnbTax, a TOK - B MHnnHaMnepax. 

11Hcj>paKpaCHblH CBeTOH3nyqalOW.HH ,ll.HO,ll. nponycKaeT TOK 2,33 MAH BHOCHT rpa,ll.HeHT
HOe conpOTHBneHHe '•tape = 16,4 OM, cne,ll.oBaTenbHO, Heo6XO.ll.HMOe 3Ha'lemie conpOTHB
neHHH cocTaBHT (68,6 - 16,4) OM = 52 OM. 

Ho Ha conpoTHBneHHH 52 OM na,ll.eHHe HanpH>KeHHH npH senH'IHHe TOKa .ll.O 3Ha'leHHH 
2,33 MA cocTaBHT 121 MB. TaKHM o6pa30M, onopHoe HanpH>KeHHe V,.1 ysenH'IHTCH .ll.O 
3Ha'leHHH: ( l,IO + 0,121)B=1,22 B. 

Cne,ll.oBaTenbHO, n8,ll.eHHe HanpH>KeHHH Ha 3a,!l810W.eM pe3HCTope cTaHOBHTCH paBHblM 
521 MB, H, TaK KaK OH ,ll.ono>KeH nponycKaTb TOK I 0 MA, senH'IHHa Heo6XO.ll.HMoro conpo
THBJieHHH H3MeHHeTcH c 40 OM .ll.O 3Ha'leHHH 52 OM. 
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ov 

23mA 

150k 
3W 

100R 
AOT 

100R 
10T 

50R 
10T 

'-----'--'--------350V 

PHC. 5.43 Cxe.Ma CMeUfeHWl Bmopoeo au.¢¢epeH1fUaAbHOC!O ycUJtumeAJl 

KaK B~Ho H3 cxeMhI ( pHc. 5.43 ), BeJJH'IHHhI aaJJ.aIOmero H KoMneHcHpyIOmero peaHcTo

pa (nOJJ.p06HO 0 pa6oTe TaKHX cxeM CM. rnaey 2) HBJJHIOTCH B3aHMOBJJHHIOLUHMH, CJJeJJ.OBa

TeJJbHO, He06XOJJ.HMO 6yJJ.eT HCnOJJb30BaTb,nepeMeHHbie pe3HCTOpbl H HaCTpaHBaTb 3Ha'!e

HHff HX conpOTHBJJeHHH B cne.nyIOLUeM nopHJJ.Ke: 

1) ycTaHOBHTb MaKCHMaJJbHOe 3Ha'leHHe conpOTHBJJeHHH KOMneHCHpyIOmero pe3H~TO-
pa H MHHHMaJibHOe ,ll,JIH 3BJJ.aIOmero; 

2) HaCTpOHTb c nOMOl.UblO 3aJJ.aIOmero pe3HCTOpa Tpe6yeMblH TOK BblXOJJ.HOro KacKaJJ.B. 

3) HCnOJib3YH JIATP, yaeJJH'IHTb HanpH>KeHHe ceTeBoro nHTaHHH Ha 5%; 

4) HaCTpOHTb KOMneHCHPYIOLUHM pe3HCTOpOM nepBoHa'laJJbHOe 3Ha'leHHe TOKa BbIXOJJ.

HOro KacKaJJ.a; 

5) BOCCTaHOBHTb HOMHHaJibHOe 3Ha'!eHHe ceTeeoro HanpH>KeHHH. 

noeTOpHTb nyHKTbl 2-5 Jl.O TeX nop, nOKa H3MeHeHHff TOKa BbIXOJJ.HOro KaCKaJJ.B npH 

H3MeHeHHH ceTeeoro HanpH>KeHHff nHTaHHSl He CTaHyT MHHHMBJlbHbIMH. 

nocKOJibKy pa60'IHe HanpH>KeHHH TpaH3HCTOpOB He O'leHb BeJIHKH, JJyqllle BCero HC

nOJib30BaTb TpaH3HCTOp THna BS549, JJH6o aHaJJOrH'IHhIH eMy. 

Haeecrno, '!TO Heo6XOJJ.HMO npe.nycMoTpeTb B03MO>KHOCTb noJJ.CTpOHKH cooTBeTcTByIO

LUHX HanpH>KeHHH Ha ceTKax BbIXOJJ.HbIX JJaMn ,ll,Jlff BbipaBHHBaHHff ( CHMMeTpHpOBaHHff) HX 

aHOJJ.HbIX TOKOB, no9TOMY BBeJJ.eHHe nepeMeHHOro pe3HCTOpa Me>K.ny KaTOJJ.aMH JiaMn BTO

poro JJ.H<t>cpepeHI.1.HaJihHoro ycHJIHTe:nH noaeoJIHeT ocymecTBJIHTb TaKHe H3MeHeHHff. 

EcnH ncnoJibaoeaTb peaHcTop c conpoTHBJieHHeM 100 OM H TeopeTH'leCKH CJJ.BHHyTb 

JJ.BH>KOK B OJI.HO H3 KpaHHHX nOJIO>KeHHH, TO qepe3 pe3HCTOp noTe'!eT TOK TOJibKO OJI.HOH H3 

JiaMn THna 6J5GT, KOTOpbIH paeeH npHMepHO 5 MAH naJJ.eHHe HanpH>KeHHff Ha pe3HCTOpe 
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cocTaBHT npHMepHo 0,5 B. YcHJJeHHe .!Ui<P<PepeHI.(HaJJhHOro ycHJJHTem1 cocTaBJJHeT npH

MepHo 18, cne.n.osaTeJJbHO, pa3HHU.a HanpH>KeHHA Ha ceTKax BblXOJJ.HblX JJaMn COCTaBHT 
nopH.n.Ka 9 B. TaK KaK JJ.BH>KOK nepeMeHHoro peaHcTopa MO>KeT 6hITh CJJ.BHHYT H B .n.pyroe 
KpaAHee nOJJO>KeHHe, TO MO>KHO noJJ~HTb TOLIHO TaKoe >Ke H3MeHeHHe HanpH>KeHHH, HO 

npoTHBonono>1<Hoe no 3HaKy. TaKHM o6paaoM, Ha Ka>KJJ.OH H3 naMn HanpH>KeHHe Ha ceTKe 
MO>KeT 6h1Tb 9cpcpeKTHBHO H3MeHeHO B npe.n.enax ±9 B, 3Hal!eHHH KOTOporo BnOJJHe JJ.OCTa
TOLIHO J[,llff .!l.OCTH>KeHHH He06XO,WiMOro 6aJJaHca aHOJJ.HblX TOKOB. 

KonneKTOpHoe HanpH>KeHHe HH>KHero no cxeMe (pHc. 5.43) TpaH3HCTopa cxeMbl aa.n.a
HHH HeH3MeHHIOll.lerocH TOKa He .!l.OJl>KHO BHOCHTb H3MeHeHHA, cne.n.osaTeJJbHO, 3Hal!eHHe 

HanpH>KeHHH KoneKTOp-9MHTTep V.,.. = 2 B npH 3Hal!eHHH TOKa IO MA HBJJHeTcH snonHe 
npHeMJJeMbIM J[,llH 9TOro THna TpaH3HCTOpOB. TaK KaK KOJJJJeKTOp HH>KHero TpaH3HCTOpa 
nOJJ.KJJIOL!eH K 9MHTTepy BepxHero TpaH3HCTOpa, HanpH>KeHHe KOJJJJeKTOp-9MHTTep V,8 6y

.n.eT paBHO HanpH>KeHHIO Me>KJIY .n.syMH 9MHTTepaMH. TaK KaK Ha OTKPl>IThIX nepexo.n.ax 

6aaa-9MHTTep Ka>KJJ.oro TpaH3HCTopa na.n.eHHe HanpH>KeHHH cocTaBJJHeT 0, 7 B, HanpH

>KeHHe v,. J[,llH HH>KHero TpaH3HCTOpa 6y.n.eT paBHO HanpH>KeHHIO Me>K,lly .!l.BYMH 6a3aMH 
TpaH3HCTOpOB. OpH ycTaHOBKe pe3HCTOpa B u.enH Me>K,lly 6aaaMH, 6y.n.eT H3BeCTHO, LITO OH 

nponycKaeT TOK 2,33 MA, npoxoJJ.HmHA tiepea peaHcTop c conpOTHBJJeHHeM 150 KOM, cne
.n.osaTeJJhHO, Tpe6yeMaH BeJJHLIHHa conpOTHBJJeHHH COCTaBHT qacTHOe OT .n.e.iieHHH HanpH
>KeHHH 2 B Ha TOK 2,33 MA, LITO COCTaBHT 820 OM. 

5.16.20. floCTOJIHHOR TOKOBOR HOTp}'JKO nepBOfO RHcfx/JepeHl/HORhHOfO KOCKORO . 

. TeMneporypHoJI cro6HnHJOl/HJI 

KaK y>1<e o6cY>KJJ.anoch Bhlllle, B Kal!ecTBe cxeMhl HeH3MeHHIOll.lerocH TOKa, coa.n.aIOmero 

noCTOHHHYIO TOKOBYIO Harpy3KY nepBOMY .!Ui<P<PepeHU.HaJJbHOMY KaCKa,uy, u.enecoo6pa3HO 
\ 

npHMeHHTb nonynpOBOJJ.HHKOBblA npH6op THna 334Z, npe.n.cTaBJJHIOll.lero co6oA rOTOBYIO 

c6opKy cxeMbl aa.n.aHHH HeH3MeHHIOUJ.erocH TOKa. B cooTBeTCTBHH c nacnopTHhIMH .n.aHHhl

MH [ 16] conpOTHBJJeHHe pe3HCTOpa, ycrnHaBJJHBaIOmero TOK J[,llff npH6opa THna 334Z 
(CM. pHC. 5.44 ), MO>KeT 6h1Tb paCCLIHTaHO c HCnOJJb30BaHHeM cne,uyIOUJ.ero Bhlpa>KeHHH: 

R= 227µVxT 
/ .. , ' 

r.n.e T - a6coJJIOTHaH TeMneparypa. 

EcJJH npHHHTb, LITO TeMneparypa OKpy>KalOUJ.eH cpe.n.bl COCTaBJJHeT 300 K ( 27 °C), TO 
,ll.aHHOe Bbipa>KeHHe ynpOCTHTCH: 

R= 68,l, 
/ .. , 

r.n.e 3HalleHHe TOKa HaCTpOAKH 6epeTCH B MHJJJJHaMnepax. 
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TaKHM o6pa30M, ''IT06hl 3MBTb TOK 5,8 MA, Heo6XOAHM pe3HCTop c conpOTHBJJeHHeM 

nopsmKa 12 OM. TeM HH MeHee, H3 onbtTa H3BeCTHO, qTo Heo6xoAHMO conpoTHBJJeHHe 

24 OM . .LJ.,nsi o6'bHCHeHHH 3Toro cpeHOMeHa cneJIYeT o6paTHTbCH K nepeoMy ypaeHeHHto, 

KOTopoe HanOMHHaeT, qTO napaMeTpbI ecex pa,D,H03JJeKTpOHHbIX ycTpoikTB H KOMnOHeH

TOB H3MeHHIOTCH c H3MeHeHHeM TeMneparypbt. HaH6onee o6meA npHqHHOA .n.peAcpa 

napaMeTpOB ,lVISI KpeMHHeBblX TpaH3HCTOpOB (BXO.D.HlllHX B COCTaB npHMeHHeMoA c6opKH) 

SIBJIHeTCSI 3aBHCHMOCTb Hanpsi>KeHHSI KOJIJieKTOp-3MHTTep V:e OT TeMneparypbl, XOTSI 3Ta 

3aBHCHMOCTb MO>KeT 6b1Tb KOMneHCHpOBaHa A06aBJieHHeM KpeMHHeeoro .D.HO,D,a B u.enb 

OnOpHOro HanpH>KeHHSI. npH 3TOM OCHOBHblM ,D,Onyll.leHHeM HBJIHeTCH, qTO TeMneparypa 

,IJ,HO,D,a TOqHo COOTBeTCTByeT TeMneparype nepexo.n.a nonynpOBO,IJ,HHKOBoro npH6opa, KOTO

pblA BHOCHT ourn6ey' n03TOMY KOMneHCHpytomHA npH60p ,l\OJI>KeH 6b!Tb 3aKpenJieH Ha oc

HOBHOM npH6ope, HanpHMep, c noMOll.lblO 3nOKCH,D,Horo KJieH, a caM OH H30JIHpOBaH OT 

KOHBeKU.HOHHblX nOTOKOB 3KpaHOM H3 neHOnOJIHCTHpona. 

)leACTBHTeJibHO, B nacnopTHblX,D,aHHblX npHBO,IJ,HTCSI cxeMa KOMneHCaU.HH TeMneparyp

HOro .n.peAcpa, B KOTopoA npocTO Tpe6yeTCH, qT06bl conpOTHBJieHHe .n.onOJIHHTeJibHOro pe-

3HCTOpa B ,l\eCHTb pa3 npeBblWaJIO HOMHHaJI 3a.n.a10mero ( pHC. 5.44 ). 

+5V 

240R 

PHc. 5.44 TeMnepamypHaR KOMneHCalfUJl no1tynpoBoiJHu1Coeozo 
npu6opa muna 334Z 

PaccMoTpee KOMneHcau.H10 TeMnepaTypHoA 3aBHCHMOCTH napaMeTpoe nonynpoBO.D.HH

KoeoA c6opKH THna 334Z, KOTopasi He oco6eHHO KpHTHqHa, CJleJIYeT pacCMOTpeTb TeMne

paiypHyto KOMileHCaU.HIO KacKa.na, 3a.na10mero nOCTOSIHHYIO TOKOBYIO Harpy3ey e1op0My 

,D,HcpcpepeHu.HaJibHOMY KaCKa.uy (CM. BblWe ), qTo SIBJIHeTCSI ropa3,D,O 6onee cepbe3HOA 

npo6neMoA. Tpa.D.HU.HOHHbtM MeTO.D.OM TeMneparypHoA KOMneHcaU.HH KaCKMB HBJIHeTCH 

nocne.n.oeaTeJibHOe,BKJIIOqeHHe KpeMHHeBoro AHO,D,a co CTa6HJIHTpOHOM, qT06bl KOMneH

CHpOBaTb H3MeHeHHSI Hanpsi>KeHHSI 6a3a-3MHTTep Vhe HH>KHero TpaH3HCTOpa. 3Ta H,D,eH 

OCHOBbJBaeTCSI Ha TOM, qTo y CTa6HJIHTpOHa OTCYTCTByeT TeMneparypHblA .n.peAcp, H 3TO 
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COOTBeTCTBOBaJIO 6bl JI.eikTBHTeJibHOCTH, eCJIH 6bl HCnOJib30BaJICff CTa6HJIHTpOH c Hanpff

>KeHHeM cTa6HJIH3aU.HH 6,2 B. Ho B paCcMaTpHBaeMOH cxeMe KaCKaJI.a, 3aJI.aIOw.ero HeH3-

MeHfflOlll.HHCff TOK, HCnOJib30BaH CBeTOH3Jiy'lalOlll,HH JI.HOJI.. TaK KaK npffMOe naJI.eHHe Ha

npff>KeHHff CBeTOJl.HOJI.a yMeHbWaeTCff c yBeJIH'!eHHeM TeMnepaTypbl, TO OH y>Ke CTpeMHTCff 

KOMneHCHpOBaTb H3MeHeHHff, B03HHKalOUJ.He B TpaH3HCTOpe, n03TOMY HHKaKOH JI.OnOJIHH

TeJibHOH KOMneHCaU,HH He Tpe6yeTCff. 

5.16.2l JneMeHTbl, nOBbllUOIOUJHe BblCOKO'IOCTOTHf/O fCTOH'IHBOCTb. 

HrorosOJI cxeMa ycHnHrenR 

JlaMnbI c BbICOKHM 3Ha'!eHHeM KPYTH3HbI gm, TaKHe, HanpHMep, KaK l 3E I CKJIOHHbI 

K napa3HTHblM aBTOKOJie6aHHffM B BblCOKO'!aCTOTHOH o6JiaCTH, HO 3Ta TeHJI.eHU,Hff MO>KeT 

6bITb noJI.aBJieHa HcnoJib30BaHHeM ceTO'IHbIX orpaHH'IHTeJibHbIX pe3HCTOpOB. TaK KaK 

KaTOJI.Hble noBTOpHTeJIH OXBa'leHbl 100% OTpHU,aTeJibHOH o6paTHOH CBff3blO, cyw,eCTBY

eT peaJibHaff yrpo3a B036y>KJI.eHHff, B CHJIY '!ero B 3THX KaCKaJI.aX He06XOJI.HMbl orpaHH'IH

TeJibHble pe3HCTOpbl c conpOTHBJieHHeM OKOJio I 0 KOM . .lI.H<P<PepeHu,HaJibHb1e ycHJIHTe

JIH peJI.KO Hy>KJI.alOTCff B ceTO'IHblX orpaHH'IHTeJibHblX pe3HCTOpax, HO npffMOe BKJllO'leHHe 

CeTKH Ha 3eMJIIO Bbl3b!BaeT Bl.f aBTOreHepaU,HIO (TaK KaK OTCyTCTByeT KaKoe 6b! TO HH 

6bIJIO JI.eMn<t>HpOBaHHe ), Il03TOMY B CeTO'!Hble u.enH nepBoro JI.H<t><t>epeHu,HaJibHOro 

ycHJIHTeJlff MOryt 6b1Tb BBeJI.eHbl orpaHH'IHTeJlbHble pe3HCTOpbl TaK>Ke c conpOTHB

JieHHeM I 0 KOM. 

BBeJI.eHHe orpaHH'IHTeJibHbIX pe3HcTopoB c conpoTHBJieHHeM I 0 KOM BO BTopoii JI.H<P

<PepeHU.HaJibHbIH ycHnHTenb yMeHbl,LIHJIO 6b1 qacTOTy cpe3a A l.fX no ypoBHIO 3 JI.5 /_J11H ( H3-

3a HanH'IHff eMKOCTH MHnnepa) oT npHeMneMoro 3Ha'!eHHff 130 Kfu, JI.O coBepweHHO He

nplffOJI.HOro 3Ha'leHHff, paBHOro 60 Kfu,, noTOMy, B 3TOM KaCKaJI.e HX ycTaHaBJIHBaTb He 

cne.nyeT. 

)].pyroii B03MO>KHOH npH'IHHOH B03HHKHOBeHHff Bl.f aBToreHepau,HH ffBJlffeTCff OTJIH'l

Hoe OT HyJieBoro 3Ha'leHHe HMneJI.aHCa HCTO'IHHKa IlHTaHHff. )].Jiff npOTHBOJI.eikTBHff JI.aHHOH 

npo6neMe Heo6xOJI.HMO, 'IT06b1 BbIXOJI. crn6HJIH3aTOpa Hanpff>KeHHff + 160 B npeJI.CTaBJiffJI 

6bl HeHTpaJibHYIO TO'IKY COeJI.HHeHHff «3Be3JI.OH», a BblCOKoe Hanpff>KeHHe -300 B TaK>Ke 

nHTaJIO 6bl HeHTpaJibHYIO TO'IKY «3Be3JI.bl». 3aTeM, JI.Jiff o6ecne'!eHHff CTa6HJlbHOCTH BTO

poro JI.Hcj:>cpepeHu,HaJibHoro ycHJIHTeJlff H CBff33HHoro c HHM KaTOJI.HOro noBTOpHTeJiff Me>K.ny 

3THMH HeHTpaJibHblMH TO'IK3MH COeJI.HHeHHH «3Be3J1.0H» 6blJI 6bl IlOJI.KJllO'!eH KOHJI.eHC3TOp 

eMKOCTblO 470 n<l>. AHanorH'IHO 3TOMY KOHJI.eHcaTop c eMKOCTblO 470 n<l> MO>KeT 6bITb 

nOJI.KJllO'leH Me>K.ny u,eHTpaJlbHOH TO'IKOH BblXOJl.HOro TpaHccj:>opMaTopa H MeCTOM COeJI.HHe

HHff lllYHTOBblX pe3HCTOpOB (ycTaHaBJIHBaeMblX JI.Jiff H3MepeHHff TOKOB MeTOJI.OM naJI.eHH$1 

Hanpff>KeHHff) c conpoTHBJieHHeM I OM B BblXO.ll.HOM KacKaJI.e, a JI.pyroii KOHJI.eHcaTop eMKO

CTblO 470 n<l> - Me>K.ny HeHTpanbHOH TO'IKOH «3Be3JI.bl» CTa6HJIH3aTOpa Hanpff>KeHHff 270 
B H HH>KHeii TO'IKOH JI.HOJI.a I N41'48 B cxeMe HeH3Mem110w,erocff ToKa Ha nonynpoBOJI.HHKo

BOM npH6ope-c6opKe THna 334Z. 
11TaK, npHHHMaff BO BHHM3HHe H3JIO>KeHHOe B 3TOM H npeJI.blJlYlll,HX pa3JI.eJiaX, MO>KHO 

COCT3BHTb OKOH'l3TeJlbl-WIO cxeMy pa3pa60TaHHOro ycHJIHTeJiff ( pHC. 5.45 ). 
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KaCKCQlbl yc11neH1111 MOIQHOCTH 

5.16.22. 8blCOKOBORb THble cra6HnHJOTOpb1 

PaccMOTpHM KpaTKO Tpe6osaHHH, npe.1I.'bS1BJIS1eMbie K cTa6HJIH3aTopaM, npHcyrcTBYIOW.HM 
B cxeMe. 

)l.nSI BTOporo .11.Hct>cf>epeHl.J,HaJibHOro ycHJIHTeJISI Tpe6yeTCSI CTa6HJIH3aTOp, He HMeIOW.HH 
JI.Peiicf>a cTaTw-1ecKofl xapaKTepHCTHKH H c HanpH,»<eHHeM cTaOHJIH3aUHH 160 B. Ha 3TY ponb 
H,ll.eaJibHO nOJJ,lCO,ll.HT CTaOHJIH3aTOp cf>HpMbI Maida, BbinOJIHeHHOro Ha MHKpocxeMe THna 
3 l 7T (pHC. 5.46 ), KOTOpbIH paccMaTpHBaJICSI B rnase 6. XOTSI pa6oTa nepsoro .11.Hcf>cf>epeH
U.HaJibHOro ycHJIHTeJISI He TaK KpHTH'!Ha, KaK BTOporo, O,ll.HaKO HCnOJib30BaHHe ew.e 0.11.HOro 
THna CTaOHJIH3aTopoB He SIBJISleTCSI onpas.11.aHHblM, n03TOMY B Ka'!eCTBe BTOporo CTaOHJIH
aaTopa TaK»<e HcnonbayeTCSI 0.11.HOTHnHbIH cTaOHJIH3aTop cf>HpMbI Maida. CxeMa BbICOKO
BOJibTHoro CTa6HJIH3aTopa y»<e paccMaTpHBaJiaCb B KHHre (CM. rnasy 4 ), H npHMep HX 
HCnOJib30BaHHSI He S1BJ1S1eTcS1 '!eM-TO HOBbIM. Ocyw.ecTBJieHHe nHTaHHSI cra6HJIH3aTopa 
c HanpH.>KeHHeM 160 B nocpe.11.cTBOM cTaOHJIH3aTopa, pacc'!HTaHHoro Ha HanpH»<eHHe 270 B, 
rapaHTHpyeT, '!TO cTaOHJIHaaTop c HanpHmeHHeM 270 B nponycKaeT .11.ocTaTO'IHbIH TOK, 'IT0-
6bl pa6oTaTb KoppeKTHO. Ta me caMaH cxeMa c aaMeHoii .11.syx 3JieMeHTOB HCnOJib3oeanacb.IVISI 
HCTO'IHHKOB nHTaHHSI KaK c HanpH»<eHHeM 270 B, TaK H HanpHmeH~eM 160 B. 

R1 BZX79C10 

BZX79C10 
IN 

47R in 
317T 

out 

MJE340 

adJ. 1N4001 

160V 270V 

R1 
10k 3k3 100n WH25 2W 630V 
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WH25 WH50 

..,,..,,..,,..., 

ov 
PHc. 5.46 CxeMa CTa6HJIH3aTopa 

5.16.23. C repeo1syK H Mocco KOHcrpyKl/HH 
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B npouecce coa.11.aHHSI paccMoTpeHHoro B pa3.11.ene 5.16 ycHJIHTeJIH, aeTop KHHrH Ha'!aJI 
BblnOJIHSITb MOHTa»<HbJe pa60Tbl H co3.11.asaTb,ll.H3aHH BHeurnero BH.11.8 paapa6oTaHHOH KOH-
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PaJpa6orKa yc11n11reneif MOIJIHOCTblO 6onee 10 Br 

CTPYKU.HH B KatJecTBe cTepeo<t>oHHtJecKoro ycHJJHTeJisi Ha o6w.eM waccH .no Toro, KaK OH 

npHo6peJI TOlJHble BeCbl. B HTOre, Macca roTOBOro ycHJIHTeJISI co BCeMH HCTOlJHHKaMH nHTa

HHSI COCTaBHJia OKOJIO 40 Kr! 

npH'IHHa, no KOTOpOH YCHJIHTeJib MO>KeT 6b1Tb JierKO MO,llH<t>HU.HpOBaH B CTepeo<t>OHHlJe

CKHH, 3aKJIJOlJaeTCSI B TOM, lJTO nOJJHOCTblO ypaBHOBeWeHHaSI TOnOJIOrHSI 3BYKOBoro TpaKTa npH

BO,llHT ycHJIHTeJib B COCTOSIHHe 6JIH3KOe K HelJYBCTBHTeJibHOCTH K wyMaM HCTOlJHHKa nHTaHHSI. 

Cne.noBaTeJibHO, oma,n.aeT Heo6XO,llHMOCTb B OT,lleJlbHblX HCTOlJHHKax nHTaHHSI )l,llSI npaeoro H 

Jleeoro KaHaJIOB, a TaK>Ke MO>KHO .no6HTbCSI 3HalJHTeJibHOro COKpaw.eHHSI BCnOMOraTeJibHblX 

u.enelf. H nocJie,llHHM, XOTSI He MaJJOBa>KHblM apryMeHTOM SIBHJIOCb TO, lJTO XOTSI aBTOp H pacno

JiaraJI 60JibWHM KOJIHlJeCTBOM .neTaJieH )l,llSI CTepeo<t>oHHlJeCKoro YCHJIHTeJIS!, HO H3rOTOBJieHHe 

napbl MOHO<t>OHHlJeCKHX waccH Bbl3BaJia 6bl He06XO,llHMOCTb .llBYKpaTHOro yeeJIHlJeHHSI BblnOJl

HeHHblX MOHTa>KHblX pa60T H HaJIHlJHSI napbl 60JibWHX BblCOKOBOJlbTHblX .npoccenelf. Xorn y 

Ka>K,ll.Oro MO>KeT 6b1Tb CBOSI co6cTBeHHaSI TOlJKa apeHHSI no nOBOJJY npeHMYW.eCTB H He,llOCTaTKOB 

HCnOJJb30BaHHSI O,llHOro waccH )l,llSI CTepeo<t>oHHlJeCKoro ycHJIHTeJISI. 

5.16.24. CxeMa HCTOYHHKO nHTOHHR 

PewHBWHCb co6HpaTb cTepeo<t>oHH'leCKHH ycHJIHTeJib Ha e.nHHOM waccH, paapa6oT'IHK 

npe>K,ll.e Bcero CTaJIKHBaeTCSI c npo6JieMOH BblCOKOBOJlbTHOro HCTO'IHHKa nHTaHHSI, cnoco6-

HOrO nHTBTb u.enH B,llBOe 6onee MOW.HOrO ycHJIHTeJISI TOKOM 1 A npH 3Ha'!eHHH Hanpsi>KeHHSI 

nopsi.nKa 400 B. oblCTpasi npoeepKa c HcnoJib30BaHHeM Ta6JIHU. noKa3bIBaeT, '!TO npHMeHe

HHe .npocceJISI Ha BXO,lle BblCOKOBOJlbTHOro fiCTO'IHHKa nHTaHHSI noTpe60B8JlO 6bl HCnOJib30-

BaTb .npocceJib c HHJIYKTHBHOCTbJO 2 fH H paCC'IHTaHHblH Ha TOK 1,5 A, a TaK>Ke CHJIOBOH 

TpaHc<t>opMaTop c Hanpsi>KeHHeM 455 B cpe,llHeKea.npaTHtJecKoro aHa'leHHSI. AeTOp ou.eHHJI 

ra6apHTbl HMeJOw.erocsi B HaJIH'IHH .npoccensi c HHJJYKTHBHOCTblO 1 fH H paCC'IHT8HHOro Ha 

pa6otJHH TOK 1 A, nocne qero ocoaHaJI, '!TO .npocceJib c ew.e 6oJibWHMH ra6apHTaMH sieJJsi

eTcsi npocTo HenpHeMJieMblM eapHaHTOM. Cne.noeaTeJibHO, ocTaeancsi eapHaHT Hcnonr:.ao

BaTb HCTOlJHHK nHTaHHSI C eMKOCTHOH Harpy3KOH. B CXeMe MOCTOBOrO BblnpS!MHTeJISI HC· 

noJib3YJOTCSI ,llHO,llbI c HaKonneHHeM aapSl,lla, c pa6otJHMH Hanpsi>1<eHHS1MH 1200 B. Jl,nsi 

3aW.HTbl BblXO,llHbJX JiaMn THna l 3E 1 OT npe>K,ll.espeMeHHOH nO,ll.81.JH BbJCOKoro Hanpsi>KeHHSI 

MO>KHO HCnOJib30BaTb TenJIOBOe pene aa.nep.>KKH B u.enH CHJIOBOro TpaHc<t>opMaTopa, nHTa

IOW.eH BbJCOKOBOJlbTHblH TpaHc<t>opMaTop BblXO,llHOro KaCK8,lla. 

Ha u.enH no.norpesaTenel1 BblXO,llHbIX nai\m l 3E 1 no.naeTcsi Hanpsi>KeHHe 26 B H Tpe6y

eTcsi TOK 2,Q A, H3 pac'leTa Ha Ka>KJ].blH KaHaJI, n03TOMY 6bIJl BbI6paH CHJIOBOH TpaHc<t>opMa

TOp c ToppoH.naJibHbIM cep.ne'IHHKOM, HMeJOW.HH .nse o6MOTKH 2r25 B cpe.nHeKea.npaTH'lec

Koro 3Ha'leHHSI H pacc'!HTaHHbJH Ha MOW.HOCTb 300 BA. TpaHc<t>opMaTop Ha 160 BA Mor 

OKa3aTbCSI Ha npe.nene CBOHX B03MO>KHOCTeH, a CTOHMOCTb TpaHc<t>opMaTOpa 250 BA 6bIJia 

TaKOH >Ke, KaK Hy TpaHc<t>opMaTopa 300 BA. noMHMO ecero npo'!ero, OH OKaaaJICSI ,llOCTa

TOlJHO He6oJibWHM no ra6apHTaM, 'IT06bI yMeCTHTbCSI BHYTPH HMeJOw.erocsi B HaJIH'IHH wac

CH. KoHCTPYKU.HSI cTa6HJIH3aTopa 6b1Jia Bb16paHa cTaH.napTHOH, aa HCKJIJO'leHHeM HaKonH

TeJibHbIX KOH,lleHCaTOpOB, KOTOpble 6b!JIH Bb16paHbl ,llOCTaTOlJHO MaJIOH eMKOCTH )l,llSI 

CHH>KeHHSI noTepb B CTa6HJIH3aTope. 

CoeMeCTHO c JiaMnOBbJM BblnpsiMHTeJieM npe.nnonaraeTcsi HCnOJib30BaTb TP8.llHU.HOHHbJH 

BblCOKOBOJlbTHbJH TpaHc<t>opMaTop c OTBO,llOM OT u.eHTpaJibHOH TO'IKH. ECJIH npe.nnonaraeTCSI 
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KacKOAbl yc11neH1111 MOlllHOCTll 

HCnOJib30BaTb KaK noJIO>KHTeJibHOe, TaK H OTpHuaTeJibHOe Hanpsi>KeHHSI (KaK B paccMaTpHBa

eMOH KOHCTpyKUHH c Jl.ByxnOJISlpHblM nHTaHHeM), TO 6yJlYT OJl.HOBpeMeHHO HCnOJib30BaTbCff 

o6e 06MOTKH, no9TOMY npH HCnOJib30BaHHH TpaHccpopMaTopa Ha)l.O 6b1Tb aKKYpaTHblM H He 

npesbICHTb ero MaKCHMaJibHO itonycTHMYIO MOI.UHOCTb. CaMbJM npocTblM MeTOJlOM npoeepHTb 

9TO SIBJISleTCSI cnoco6, KOr)l.a cyMMa TOKOB nOJIO>KHTeJibHOH H OTpHuaTeJibHOH nHTalOlll,HX UIHH 

6yiteT MeHbwe, 1.1eM TOK, YKa3aHHbIH B cneuHcpHKaUHH o6MOTKH. HTaK, JVISI HCT04HHKa non0>KH

renbHoro Hanpsi>1<eHHS1 Heo6XOJl.HM TOK 78 MA HJVISI HCT04HHKa oTpHUaTeJibHOro Hanpsi>KeHHH 

ey>KeH TOK 61 MA, 4TO B cyMMe cocTaBHT 139 MA flo:>TOMY o6MOTKH, pacc1.1HTaHHb1e Ha TOKH 

150 MAH Hanpsi>KeHHSI 275 B-0-275 B npoXOJl.SIT no BCeM napaMeTpaM. )lonoJIHHTeJibHO K 

9TOMY' KOHKpeTHblH ( B3SITblH H3 YTHJibCblpbSI MHOro4HCJieHHblX 3anaCHHKOB a Bro pa) BbJCOKO· 

BOJibTHblH TpaHC<f>OpMarop HMeer npeHMYUJ.eCTBO B BHJle napbl HaKaJibHblX 06MOTOK, HMeIO

lll,HX BbIBOJlbl OT cpeitHeH T04KH, Hanpsi>KeHHeM 6,3 B H pacc1.1HTaHHbIX Ha TOKH 4 A, Koropb1e 

OKa3aJIHCb BnOJIHe npHrOJl.HblMH JVISI nHTaHHSI JiaMn 3a)l.al0lll,ero KaCKa)l.a, a TaK>Ke H BblnpH

MHTeJibHOro KeHOTpoHa THna EZ80 H pene 3aJJ.ep>KKH. 

flpHHUHnHaJibHaSI cxeMa HCT04HHKa nHTaHHSI npHBe)l.eHa Ha pHC. 5.47. 

5.16.25. MeJKKOCKO/lHOR OTfJHllOT8/lhHDR OOpaTHDR CBRJh H HOnpRJKeHHJI CM8U/8HHJI 

KaK 6b1J10 yKa3aHo paHee, B ycHJIHTene He HcnoJib3yeTcsi Me>KKacKaitHasi orpHUaTeJibHaH 

o6paTHaSI CBSl3b. EcJIH 6yiteT Heo6XOJlHMO, o6paTHaSI CBSl3b MO>KeT 6b1Tb B3SITa OT BblXOJlHOii 

T04KH ycHJIHTeJISI (TO eCTb OT BTOpH4HOH o6MOTKH BblXOJlHOro TpaHccpopMaropa) H 3aBe)le

Ha Ha ceTKY nepsoro Jl.HcpcpepeHUHaJibHOro ycHJIHTeJISI, KOTopasi npH o6bl4HblX ycJIOBHSIX 

3a3eMJieHa. 

<l>aKTOp, KOTOpblH HeOCiXOJl.HMO y1.1eCTb, 3aKJII04aeTCSI B TOM, 4TO o6paTHaSI CBSl3b CHH· 

>1<aeT 3anac no 6noKHposKe. Y>Ke Ciwno noKa3aHo paHbwe, 4TO itonycKaeTcsi neperpy3Ka 

BblXO)l.HOro KaCKaJ].a Ha l 0 Jl.6, npe)l<Jle tteM BTOpOH Jl.HcpcpepeHuHaJibHblH YCHJIHTeJib Jl.Onyc

THT 6JIOKHpOBKY. 0)].HOCTOpOHHee orpaHH'leHHe ( OTCel.!Ka) pa3pbmaeT neTJIIO o6paTHOii 

CBSl3H, n09TOMY npeitOKOHel.!HblH KaCKaJJ.YCHJieHHSI 6yiteT paCioTaTb c 6onee BblCOKHM K09cp

cpHuHeHTOM ycHJieHHSI, xapaKTepHb!M JVISI ycHJieHHSI npH p830pB8HHOH nerne o6paTHOii 

CBS13H, 4TO )leJiaeT 6JIOKHpOBKY HaMHOro 6onee BepOSITHOH. 

B 1<a1.1ecTBe npHMepa MO>KHO paccMoTpeTb CHTYaUHIO, Korita e ycHJIHTene iteHcTByeT or

pHuareJibHasi o6paTHaSI CBSl3b c ypoBHeM OCJia6JieHHSI K09cpcpHUHeHTa ycHJieHHSI ycHJIHTeJISI 

BeJIH4HHOH 6 Jl.5. 3aTeM Ha ycHJIHTeJJb noitaeTCSI CHrHaJI CHHYCOHJ].aJibHOH cpopMbl, ypoeeHb 

KOToporo noeb1waeTcS1 c waroM l JJ.5 Jl.O Tex nop, noKa B ycHJIHTeJJe He 6yiteT JlOCTHrnyra 

MaKCHMaJJbHaSI BblXOJl.HaSI MOlll,HOCTb npH orcyrCTBHH HCKa>KeHHH. flocne 9TOro ypoBeHb 

BXOJlHOro CHrHaJia 6yiteTyeeJIH4eH ew.e Ha l JJ.5, B pe3yJJbTaTe 1.1ero B BblXOJlHOM KaCKaJte 803· 

HHKaeT orpaHH4eHHe, neTJISI o6paTHOH CBSl3H pa3Mb1Kaercsi, H K09cpcpHUHeHT ycHJieHHSI ycH

JIHTeJJSI cpa3y B03pacraeT Ha 6 Jl.5.'flocne 9TOro cpaKTH4eCKH npOHCXOJlHT pacXOJlOBaHHe 7 Jlb 

H3 HMelOw.erocsi 3anaca no 6JJOKHpOBKe ( eCJIH, KOHe4HO, OH eCTb ). 

B HcnoJib30BaHHOM asropoM waccH naMnbI THna 13El He MOrJIH Cie3onacHo pacceH

sarb MOUJ.HOCTb 95 BT Ka)l<Jlaff 6e3 noMOUJ.H 1.1eTbtpex, JlOCTaT04Ho wyMHbIX 9JJeKTposeHTH

JISITopos. B Hrore, TOK cMeUJ.eHHSI cMeCTHJICSI K 3Ha4eHHIO 150 MA .ll.JISI Ka>KJl.OH naMnw, 

a ycHJIHTeJib nepewen B KJiacc AB. 
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KacKOAbl yc11neH11J1 MOUIHOCTll 

5.17. ccnoroMOK OT ycMnMrenSI Beast» .QflSI npocnywMBOHMSI 

KOMnOKT-.QMCKO HO 1neKrpocrOTM'·leCKMe renecf>oHbl 

5.11. l Oco6eHHOCTH ycHnHre/TJI H ero cxeMbl 
l13HIUHbIH, 6naroaB)"IHbIH H Manora6apHTHbIH, - 3TOTycoeeprneHCTBOBaHHblH ycHJIHTeJib 

npHMOro Boa6y>1<.neHHff ,ll,Jlff roJIOBHblX TeJie<j>OHOB 3JieKTpOcTaTH'lecKoro THna ( c ueJiblO 

BblCOKOKa'leCTBeHHOro npocJiyWHBaHHff CHrHaJia, nocrynaIOmero OT npoHrpb1BaTeJIH KOM

naKT-)1.HCKOB) 6b!JI C03)1.aH Ha OCHOBe )l.H<j>Q>epeHUHaJibHOH cxeMbl npe.nyCHJIHTeJIH, HCil0Jlb-

30BaewerocH B ycHJIHTeJie MOIUHOCTH «Beast» (KOTOpb!H 6bIJI onHCaH BO BTOpOM H3)1.aHHH 

KHHrH H, ecTeCTBeHHO, onpe)l.eJIHJI Ha3BaHHe HOBOro ycTpOHCTBa). 3TOT YCHJIHTenb 6blJI 

paapa6oTaH c ueJiblO o6ecne'lHBaTb MaKCHMaJibHblH HeHcKa>KeHHblH Bb!XO)l.HOH CHrHaJI 

200 B cpeJI.HeKBaJI.paTH'lecKoro aHa'leHHH Ha Ka>K.nOM H3 BbIXOJl.OB, H JI.OnonHHTeJibHO K 3TO

MY HanpH>KeHHe cMeIUeHHH 550 B c BbICOKOOMHoro, 10 MOM, BbIXOJI.a, 'lT06b1 noJIHOCTbIO 

cooTBeTCTBOBaTb nacnopTHbIM 3JieKTpH'leCKHM xapaKTepHCTHKaM ycHJIHTeJIH Sennheiser 

HEV70, ,ll,Jlff 3aMeHbl KOTOporo OH H npe)l.Ha3Ha'laJICff. npHHLlHOHaJibHaff cxeMa paapa6o

TaHHOro ycMJIMTeJISI npHBe)l.eHa Ha pHC. 5.48. 

EcTecTeeHHO npeJI.nonaranocb, '!TO ycMJIHTeJib 6yJI.eT eoa6y>K.naTbCH HenocpeJI.CTBeHHO 

OT u11Q>po-aHanoroeoro npeo6paaoeaTeJIH (ll.An) npo11rpb1BaTeJIH KOMnaKT-JI.MCKOB, Bbl

JI.a10meM CMMMeTpH'lHbIH c11rnan HanpH>KeHHeM 2 B cpeJI.HeKea)l.paTH'lecKoro 3Ha'leHMH 

( cxeMbI coepeMeHHbIX OJI.H06MTOBbIX UAn BKJIIO'laIOT u11Q>poeoti Q>aaoepaW.aTeJib cJI.HQ>Q>e

peHl.lMBJibHbIM Bb!XO)l.OM, KOTOpb!H o6bI'lHO npeo6paayeTCff B HeCHMMeTpH'lHblH BblXO)I. npo

HrpbIBaTeJieti KOMnaKT-)1.HCKOB BHeWHMMM uenHMM; '!TO, no MHeHMIO aBTOpa, ffBJiffeTCff ffB

HbIM M3JIMWeCTBOM ). 

B nepeoHa'laJibHOH eepc1111 ycMJUiTenH, B Ka'lecTBe BbIXOJI.HOH 11cnoJib3oeanacb naMna 

)l.BOHHOH TpHO)I. TMna 6BX7' HO )l.aJibHeHWMe 3KcnepHMeHTbl noKa3aJIM, "!TO 9TM JiaMnbI, xa

paKTepH3YIOTCff 60JibllIMM pa36pocoM napaMeTpOB M Tpe6yIOT 3Ha'lMTeJibHbIX ycMnMH ,ll,JIH 

no)l.6opa napbl MaJIOWYMHIUMX TpHO)l.OB, pacnOJIO>KeHHblX B 0)1.HOM 6aJIJIOHe. no3TOMY noa

>Ke B KOHCTPYKLlMM npe)l.nOJiaraJIOCb MCOOJlb30BaTb JiaMny TMna l 2SN7GTA ( c MaKCHMaJib

HO - )l.OnycTMMblM aHO)l.HblM HanpH>KeHMeM Va(m•x) = 450 B ), HO OKOH'laTeJibHO Bbl60p OCTa

HOBMJICff Ha JiaMne JI.BOHHOM TpHOJI.e c 0611:1.HM ,ll,Jlff o6eHx noJIOBMH KaTOJI.OM rnna ECC9 l. 
B JII06oti naMne KaTOJI. aa epeMH ee CJIY>K6b1 nocTeneHHO JI.erpa)l.HpyeT ( CTapeHHe KaToJI.a 

npHBO)l.HT K nocTeneHHOH noTepe 3MHCCHH), HO TaK K8K 'IHCTO <j>M3M'leCKM 0)1.MH 06W.MH Ka

TO)I. 11cnonhayeTCH e 06e11x ceKl.lMHX naMnb1 ECC9 l, TO ecTecTBeHHO npeJI.nOJIO>KMTb, '!TO 

MCXO)l.HblH 6aJiaHC 6yJI.eT coxpaHHTbCff see epeMff ( TaK KaK 3MMCCHff o6eHX nOJIOBMH JiaMnbI 

6yJI.eT yxyJI.WaTbCff 0)1.MH8KOBO ), 'ITO MO>KHO C'lMT8Tb HeM8JIOB8>KHbJM npeHMyIUeCTBOM Bbl-

6opa. K co>1<aJieHMIO, JI.pyrne naMnbI, MMeIOIUMe 9JieKTpH'lecKH «06m11ti KaTOJI.», Hanp11Mep, 

rnnoe E90CC 11 E92CC, e JI.eticTBMTeJibHOCTM MMeIOT paa)l.eJibHbie KaTOJI.bI, 9JieKTpH'!ecKH 

COeJI.HHeHHbie BHYTPM naMnb1. 

Bb16op pa6o'leH TO'lKH JiaMn TMna l 2SN7GTA KpHTM'leH c TO'lKM apeHMff nonyqeHMH 

MaKCMMaJibHOro BblXO)l.HOrO HanpH>KeHHff, n09TOMy B 9TOM KaCKa)l.e 6bIJia npMMeHeHa ceoe

o6pa3Haff JiaMnOBO - nonynpoBO)l.HMKOBaff cxeMa 38)1.aHMff HeM3MeHHIOIUerocH TOKa, KOr)l.8 
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KacKOllbl yc1meH11J1 MOIQHOCTll 

6HnOJJffpHblH nJJaHapHblH TpaH3HCTOp COBMeCTHO c neHTOJI.OM 06paay10T rH6pHJI.HblH 

K3CKOJI., B KOTOpOM K3TOJI.Hb!H TOK JI.H<f><jlepeHUH3JlbHOH napbl lk onpeJI.eJlffeTCff npaKTH'leCKH 

TOJlbKO napaMeTpaMH noJJynpOBOJI.HHKOBOro npH6opa, 'ITO n03BOJlffeT npOH3BOJI.HTb 3aMeHy 

JJaMnbl 6e3 He06XOJI.HMOCTH JI.OnOJIHHTeJlbHOH nOJI.CTpOHKH 9TOro TOKa. 

B 6e3H3JI.e)l(HbIX rtonbITKaX yMeHblllHTb paaMepbI H sec ycHJJHTeJJff 6bIJJ HcnoJJb30BaH 

BbICOKOBOJlbTHbIH HCTO'IHHK nHTaHHff c eMKOCTHOH Harpy3KOH, o6ecne'IHBalOll.lHH MHHH

M3JlbHbIH yposeHb CrJJa)l{HBaHHff nyJJbC3UHH, 'ITO JI.OJl)l{HO 6b!JIO 6bITb nOJI.BeprnyTO nposep

Ke, nOJI.TBep>K,llalOmeH: JI.OnycTHMOCTb TaKoro ynpomeHHff. 

5.17.2. Pac11er ypoBHR q,iJHosoro wyMa, npoHJBO/IHMoro BhlCOKosonh THhlM 

HCTOl/HHKOM flHTOHHR 

OcHOBHble noJJmKeHHff npeJI.JiaraeMoli HH)l{e apryMeHT3UHH MOryT 6bITb HcnoJJb30B3HbI 

B pa3JJH'IHbIX c<f>epax, a noToMy o6cy>K,lleHHe 6yJI.eT HOCHTbJI.eTaJJbHblH xapaKTep. B JI.onoJJ

HeHHe KO BCeMY. 6yJI.eT noJJy'leH BeCbMa Jll060nbITHbIH peayJJbTaT, KOTOpblH nOCJIY*HT npe

KpaCHOH ocHosoH: JI.Jiff 6y.eymHx yMo3aKJJIO'leHHH. 

Hanpff)l{eHHe nyJJbcauHH Ha HaKonHTeJJbHOM KOHJI.eHcaTope eMKOCTblO 22 MKCI> (CM. 

cxeMy ycHJJHTeJJff Ha pHc. 7.48) onpeJI.eJJffeTCff Bbipa)l{eHHeM: 

V =It= 0,053x0,01 $tj B 
C 22x10-6 11noA11oroaM1t.n •n • 

3aTeM 9TO aHa'leHHe Hanpff)l{eHHff ocJJa6JJffeTcff uenblO H3 peaHcTopa 820 OM H KOHJI.eH

caTOpa 22 MKCI>. ECJJH npeJI.nOJJO)l{HTb, 'ITO ocHOBHOH cocTaBJJfflOll.leH: B nyJJbcauHffX nHJJO

o6pa3HOH <f>opMbl ffBJlffeTCff '13CTOTa 100 f u (yJI.BOeHHOe 3Ha'leHHe TOKa npOMbllllJleHHOH 

'13CTOTbl ), CM. r JJasy 4, TO C O'leHb XOpOlllHM npH6JIH)l{eHHeM nOTepH n MOryT 6bITb onpe,!\e

JJeHbl CJJe.eylOlUHM o6pa30M: 

Xcu = 10oru> 72 O 088 n::1 R:j--""' 
R ~20 ' . 

c Y'leTOM noTepb, Hanpff)l{eHHe nyJJbC3UHH, nocrynaiomee B BbIXOJI.HOH KaCK3JI., 6yJI.eT 
npHMepHo paBHO 175 MB JI.BOHHoro aMnJJHTyJI.Horo aHa'leHHff. 

KaK yKa3bIBaJJOCb B rnase 2, ocJJa6JJeHHe lllYMOB BbICOKOBOJJbTHOro HCTO'IHHKa nHTa

HHff Ha aHOJI.e O'leHb MaJJo Ha-aa JI.H<f><f>epeHuHaJJbHoro ycHJJHTeJJff, - aHa'leHHe conpoTHB

JJeHHff JJaMnbI ''a OTHOCHTeJlbHO OJI.HOro H3 BblBOJI.OB 6yJI.eT JI.OCTaTO'IHO BbICOKHM: 

,1 =R + r a l a• 

noJI.CT3BHB ,IJ.aHHOe Bblp3)1{eHHe B <jJOpMyJJy JI.Jiff JI.eJIHTeJlff Hanpff)l{eHHff, MO)l{HO noJJy

'IHTb Bblpa>1<eHHe JI.Jiff noTepb JI.eJJHTeJlff Hanpff)l{eHHff, o6pa30B3HHOro conpOTHBJleHHffMH 

JJaMnbl H HarpyaKH r'a H RL: 
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.noTOMOK OT YCMJIMT8nR Beast· AJIR npotnYIUllBQllMR KOMllCIKT·AMCKG HG )n8KTpotTGTM't8CK"8 T8net\>oHlil 

n = R1 +2r. = RL+2r. 
R1. + R, + 2r. 2(R, + r.) 

npH ycJJOBHH, lfTO R,_ >>'a• BeJJHlfHHa noTepb 6y,!leT paBHa 0,5, lfTO COOTBeTCTByeT 3Ha

lfeHHIO -6 .zU>. C.ne.!lOBaTeJJbHO, Ha aHO,!le Ka>KJJ.OA JJaMm>I .!lH<t><t>epeHU.HaJJbHOrO ycHJJHTeJJSI 

MO>KHO O>KH.!l8Tb, lfTO Hanpsi>KeHHe nyJJbCaU.HA COCTaBHT = 90 MB ,!lBOAHoro aMnJJHty.!lHOrO 

3HalfeHHSI. 

HalfHHasi c 3Toro MOMeHTa Heo6xo,!lHMO nposiBJJHTb oco6yio ocTopo>1<HocTb, He aa6b1aasi 

npHHU.Hn: cpaBHHBaTb no,!lo6Hoe c nO,!l06HblM. no3TOM}', cpaBHHBaSI Hanpsi>KeHHe nyJJbCaU.HA 

c BeJJHlfHHOA CHrHana, He06XO,!lHMO Hanpsi>KeHHe CHfHaJJa Bblpa3HTb TaIOKe B BeJJHlfHHax 

.!lBOAHOfO aMnJJHty.!lHOfO ( nHK·nHKOBOfO) 3HalfeHHSI. noMHMO 3T0f0, H8,!l0 6b1Tb yaepeHHblM, 

lfTO cpaBHHBaIOTCH Hanpsi>1<eHHS1 Ha O.!lHHX H Tex >Ke BblBO.!lBX. TaK KBK BblXO,!lHOe Hanpsi>KeHHe 

6epeTCSI co CTOpOHbl aHO,!lOB (Hanpsi>KeHHSI Ha KOTOpblX HaXO,!lSITCSI B npOTHBo<t>aae OTHOCH

TeJJbHO ,!lpyr ,!lpyra ), TO Ha O,!lHOM aHO,!le OTHOCHTeJlbHO 3eMJJH <l>HKCHpyeTCSI .!lBOAHoe 3Halfe

HHe Hanpsi>KeHHSI. C.neAOBaTeJJbHO, MaKCHMaJJbHaSI BeJJHlfHHa .!lBOAHoro aMnJJHty.!lHOro 3Ha

lfeHHSI Hanpsi>KeHHSI Me>IQJY O,!lHOA CTaTOpHoA ( HenO.!lBH>KHOA) nJJaCTHHOA H BTOpoA 

nnaCTHHOA fOJIOBHblX Tene<t>OHOB ( SIBJISIIOl.U,HXCSI HarpyaKoA ycHJJHTeJJSI) 6y,!leT COCTaBJJSITb: 

VJIROAH.IMM max== 200 x v2 x 2 x 2 = 1100 B. 

Hanpsi>KeHHe nynbCau.uA HCTOlfHHKa nHTaHHH .!lOJJ>KHO cpaBHHBaTbCSI c MaKCHMaJJbHblM 

3HalfeHHeM BblXO,!lHOro Hanpsi>1<eHHS1: 

Hanpsi>KeHHe nynbcau.uA 0,09 82 B 

r.taKCHMaJJbHOe BXO,!lHOe Hanpsi>KeHHe = 1100 = - .!l • 

B H.!leane, ronoBHble Tene<t>oHbl 3JleKTpocTaTHlfecKoro THna pearupyIOT TOJJbKO Ha pa3· 

HOCTb Hanpsi>KeHHA Me>KJI,Y O,!lHOA nnaCTHHOA H .!lpyroA H, CJle,!lOBaTeJJbHO, 6yJJYT COBepweH

HO HeaocnpHHMlfHBbl K nio6bIM CHH<l>a3HblM wyMaM. Ha npaKTHKe, cnoco6HocTb ronoBHblX 

Tene<t>oHOB OCJJa6JJSITb CHH<t>aaHbie iu'yMbl onpe,!leJJHeTCSI paBeHCTBOM TOJIUlHH H30JJHpyIO

UlHX npOKJJ8.!lOK, oT,!leJJHIOlllHX .!lHa<t>parM}' OT Ka>KJJ.oro cTaTopa. KaK npaauno, npoKJJMKa 

MO>KeT H3fOTaBJJHBaTbCSI H3 nOJJHCTHpeHOBoro JIHCTa, KOTOpblA MO>KeT HMeTb pa36poc no 

TOJll.U,HHe. no3TOMy, ,!lBe npOKJJ8,!lKH, H;ifOTOBJJeHHble H3 O,!lHOfO JIHCTa, MOryT HMeTb pa3-

Hble TOJJlllHHbl. MaKcHMaJJbHblA pa36poc no TOJJlllHHe MO>KeT .!lOCTHraTb 3 %. a ycnoBHO 

Bblpa>KeHHblA B ,!leu.u6enax OH COCTaBHT: 

Pa36poc no TOJJlllHHe (.!Ui) = 20 log(0,03) = -30 .zU). 

no3TOMY C .!lOCTaTOlfHblM OCHOBaHHeM MO>KHO npe,!lnOJJO>KHTb, lfTO fOJIOBHble TeJJe<t>o

Hbl MOryT ocna6JJSITb CHH<l>a3Hble noMeXH, CKOpee acero, Ha 30 .!lB, XOTSI HX xapaKTepHc

THKH MOryT 6b1Tb 3HalfHTeJJbHO nyqwe. Jlanee cne.nyeT ytOlfHHTb, lfTO 3TO 03HalfaeT' lfTO 

<f>oH ( nyJJbcau.HH) nepeMeHHOro TOKa HCTOlfHHKa nHTaHHSI 3BYKOBOro ycHJJHTeJJSI MO>KeT 

6b1Tb Ha ypoaHe -112 .!lB OTHOCHTeJJbHO ypoBHSI MaKCHMaJJbHOrO BblXO,!lHOro CHrHaJJa, TO 

ecTb TaKoM 3HalfeHHH, KOTopoe Ha npaKTHKe ClfHTaeTcsi anonHe y.!lOBJJeTBopHTeJJbHblM. 
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KacKOAbl yc1tneH11J1 MOUIHOCTH 

0.a.HaKO, He CTOHT HaCTpaHBaTbCSI 6naro.nywHO OTHOCHTenbHO HH3KHX ypoBHeH cpoHa, 

noTOMY 'ITO cpoH HCTO'IHHKa nHTaHHSI CBSl3aH c onpe.a.eneHHbIM 3Ha'leHHeM 'laCTOTbl, 

a qenoee'leCKHe rna3 HnH yxo B cHny oco6eHHOCTeH pa6oTbI ronoeHoro M03ra npHMepHo 

Ha 15 -20 .a.fi 6onee 'IYBCTBHTenbHbI K wyMy c nocTOHHHOH cocrnensi10mew cpoHa no cpae

HeHHIO co cnyqaHHblMH noMexaMH. )loCTaTO'IHO H3BeCTHbIM npHMepoM, xapaKTepH3YIOlllHM 

oco6eHHocTH 'IYBCTBHTenbHOCTH cnyxa, sisnsieTcsi cnyqatf, Kor.a.a KoMnaHHH BpHTHW Tene

KOM wHpoKo npe.a.ocrnsnsina ycnyrH no nepe.a.a'le MY3blKaJJbHblx nporpaMM no aHanoroBblM 

cernM. 0HH .a.orrycKanH .ll/ISI KnHeHTa B03MO>KHOCTb 6paKOBaTb ceTb c ypoBHeM CJJy'laHHblX 

noMeX xy>Ke, 'leM -43 .a.Es, HO BJJHSIHHe O,!l.HOTOHHOH noMeXH no3BOnHJJO ee 3a6paKOBaTb 

Y>Ke He ypoBHe -60 .ll.DB (a 3TOT ypoBeHb 6bIJJ HH>Ke Ha 17 .ll.D ). 

Hcnonb3YH BbIWeH3JJO>KeHHble apryMeHTbI, 6y.a.eT u.e.{Iecoo6pa3HbIM npHHHTb, 'ITO cpoH 

nepeMeHHOfO TOKa HCTO'IHHKa nHTaHHSI MO>KeT paCCMaTpHBaTbCSI KaK 3KBHBaJJeHTHbIH cny

'laHHOMY wyMy, ypoBeHb KOTOporo Ha 17 .a.E BbIWe, HJJH 3TO 3Ha'leHHe 6y.a.eT HaXO,!l.HTbCSI Ha 

95 .ll.D HH>Ke MaKCHManbHOfO ypoBHSI CHrHaJJa. 

5.17.3. Oco6eHHOCTH llHc/Jposoro CHfHORO OT KOMnOKT-1/HCKO 

KoppeKTHO so36Y>K.D.aeMasi c HCnOJJb30BaHHeM U.Hcppo-aHanoroeoro ( UAn) H aHanoro

U.Hcpposoro (AUn) npeo6pa30BaHHH n-6HTOBaSI U.Hcpposasi CHCTeMa .ll/ISI BOCnpOH3Be.a.eHHSI 

KOMnaKT-,!l.HCKOB HMeeT TeopeTH'leCKOe (HeB3BeweHHOe) 3Ha'leHHe OTHOWeHHSI CHrHaJJ/ 

wyM (S/N) OTHOCHTeJJbHO MaKCHManbHOfO ypoBHSI BblXO,!l.HOro CHrHana, KOTOpoe onpe.a.e

JJSleTCSI Bbipa>KeHHeM [ 17): 

S/N = 6n (.a.fi) - 3 .a.fi = 6 x 16 - 3 = 93 .a.B. 

CnaraeMoe B 3TOM Bb1pa>1<eHHH, paeHoe 3.a.B, npe.a.crnensieT HeycTpaHHMbIH wyM KBaH

TOBaHHH, KOTOpbIH B03HHKaeT BK KBaHTOBaTene Aun .ll/ISI JJHHeapH3aU.HH npou.ecca KBaH

TOBaHHSI ( «OU.HcppoBKH») H no3BOnHT H36e>KaTb MOJI.Y.nHU.HH MY3bIKanbHblX CHrHanoB wy

MOM .ll.HCKpeTH3aU.HH. Xorn, HaH6onee TUlaTeJJbHO CHHTe3HpoBaHHble U.HcppoBbJM cnoco6oM 

CHrHaJJbl, MOryT o6na.a.aTb MaJJblMH wyMaMH KBaHTOBaHHSI, 'ITO n03BOnHT ynyqwHTb COOT

HOWeHHe CHrHan/wyM Ha 4, 7 ,!l.D. 

CyMMHpysi npHse.a.eHHble BbIWe apryMeHTbl MO>KHO CKa3aTb, '!To MaKCHManbHoe HeB3Be

weHHoe OTHOWeHHe CHrHan/wyM,lJ,llSI U.HcppOBOH CHCTeMbl onpe.a.ensieTCSI CKopee KaHaJJOM, 'leM 

npeo6pa3oeaTensiMH, no3TOMY 24-6HTOBbIH UAn .MH l 6-6HTOBoro KaHana ( KaK H npHHHTo B 

CHCTeMe KOMnaKT-,!l.HCKOB) npocTO no3BOnsieT .ll.OCTH'lb 60JJblllero npH6JJH>KeHHSI K TeopeTH'leC

KOM}' 3Ha'leHHIO OTHOWeHHSI CHrHan/wyM. 0.D.HaKO, OKa3blBaeTCSI B03MO>KHblM ycHnHTb 'IHCTO 

cy6oeKTHBHoe qyecTBO ynyqllleHHH nYTeM MaHHrrynHpoeaHHH c qacTOTHbIM pacnpe.a.eneHHeM 

KBaHTOBaHHOro ( OU.HcppoBaHHOro) wyMa, HCnonb3ysi TaKOH TeXHH'leCKHH npHeM, KaK B3BellleH

Hble K03cpcpHU.HeHTbl wyMa. B HaCTOHUlee epeMsi 3TO no3eonsieT .a.ocTH'lb ynyqweHHH nopMKa 

18 .a.E ( npHro,!l.Horo K 3KcnnyaTBU.HH Ha npaKTHKe ), KOTOpoe 3aMepHJJOCb c HCnOJJb30BaHHeM 

eecoeoro cpHnbTpa, KOTOpblH TBK>Ke npHBeJJ K 'IHCTO cy6'beKTHBHOM}'Yny'!llleHHIO npHMepHO Ha 

18.a.fi. TaKHM o6pa3oM, l 6-6HTOBblH KaHaJJ c eecoebIMH K03cpcpHU.HeHTBMH wyMa MO>KeT HMeTh 

OTHoIIIeHHe CHrHan/wyM Ha ypoeHe 111.a.fi(aKyCTH'leCKHx). 
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.noTOMOK OT ycMnMTen11 Beast• Aftll npocnywMBOHMJI KOMROKT·AMCKO HO lneKTpOCTOTM'l8CKMe Tenecl>OHbl 

Oonttaff BblXOJlHaH MOlllHOCTb npOHfpblBaTenH KOMnaKT-JlHCKOB C CHMMeTpH'-!HblM BblXO· 

JlOM BeCbMa nerKO B036y>KD.aeT ycHnHTenb JlO ypoBHH MaKCHManbHOfO BblXO)l.HOfO CHrttana, 

cne)l.OBaTenbHO, cnY'laHHblH wyM CTaHJJ.apTHoro KOMnaKT-JlHCKa 6yJJ.eT MaCKHpOBaTb cj>oH ne

peMeHHOfO TOKa HCT04HHKa nHTBHHH. 0)1.HaKO, )leHCTBHTenbHO 20-6HTOBblH CHrttan (OT U.Hcj>

poeoro KOMnaKT-JJ.HCKa HnH BHJJ.eOJlHCKa DVD-A), nH6o CHrttan c eecoBblMH K03cj>cj>HU.HeHTa

MH wyMa, nepe)l.aeaeMblH c Hcnonb30BaHHeM BblCOKOKa4eCTBeHHOfO npeo6pa30BaTenH, 

MO>KeT oKa3aTbCH noJJ.nop4eHHblM . .llnH ::>TOH KOHCTPYKU.HH, B03MO>KHO, oKa3anHcb 6b1 HJJ.e

anbHblMH ronoBHble Tenecj>OHbl c ropa3)1.0 ny4weA MexaHH4eCKOH 4aCTblO, 4eM npHHHMaeTCH 

Ha ca MOM JJ.ene c u.enblO o6ecne4eHHH npHeMneMoro ypoBHH cj>oHoeoro wyMa. HeeepoHTHO, 

HO npeKpaCHble c T04KH 3petIHH 3neKTpOHHKH xapaKTepHCTHKH 3aBHCHT, rnaBHblM o6pa30M, 

OT 4HCTO MexaHH4eCKOH KOHCTPYKU.HH aJ<YCTH4ecKoro npeo6pa3oBaTenH. 

5.17.4. Tennosoii 6onoHc 
3aMeHa BblXOJJ.HblX naMn c 6BX7 Ha l 2SN7GTA CHH>KaeT Bbl)l.enHIOlllYIOCH TennoeylO MOlll

HOCTb npHMepHO Ha 40%, 4TO 3Ha4HTenbHO ynpomaeT 3a)la4y HX oxna>K)l.eHHff. TeM HH Me

ttee, npH HCnonb30BaHHH onHcaHHOH KOHCTPYKU.HH Heo6XOJJ.HMO co6n10JJ.eHHe HeCKOnbKHX 

npaeHn: 

waccH HMeeT JJ.OCTaT04HO He6onbwHe pa3Mepb1. Ho ysenH4eHHe pa3Mepoe He Mo

>KeT npHBeTCTBOBaTbCff - 3TOT YCHnHTenb npeJJ.Ha3Ha4eH, BCe-TaKH, JJ.nff ronOBHblX 

Tenecj>OHOB! 

• BblXOJJ.Hble naMnbl pacnono>KeHbl .ll.OCT8T04HO KOMnaKTHO. Xorn OHH H He pa6oTalOT c 

BblJJ.eneHHeM nonHoH nacnopTHOH MOlllHOCTH, yKa3aHHOH B cneu.Hcj>HKaU.HH, npo-

6neMa OTBOJJ.a Tenna JJ.On>KHa OCTaBaTbCff aKryanbHOH. 

WaccH He6onbworo pa3Mepa HBnHeTCH 6onee npeJJ.n04THTenbHblM sapHaHTOM e TOM 

cnY'lae, KOrJJ.a MO>KeT 6b1Tb peweHa npo6neMa OTBOJJ.a Tenna. Pe3HCTOp aHOJlHOH Harpy3KH 

MapKH WH50 c conpoTHBneHHeM 47 KOM H HH3KOBOnbTHblH JlHOJl WoTTKH 3aKpenneHbl Ha 

waccH JJ.nff CHH>KeHHH HX pa604HX TeMneparyp, no3TOMY TeMnepaTypa 803.nyxa BHyrpH KOp

nyca ycHnHTenH .non>KHa 6b1Tb MHHHManbHOH. JlaMnbl MOHTHPYIOTCH Ha nepcj>opHpoeaHHOM 

anlOMHHHeBOM nHCTe, HH>KHee OCHOBaHHe Kopnyca ycHnHTenH TaK>Ke nonHOCTblO nepcj>o

pHpOBaHO oTeepcTHHMH. YcHnHTenb ycTaHaenHeaeTcH Ha wnHnbKax, npe.nHa3Ha-

PHc. 5.49 AemopcKuu npomomun ycuAumeAR 
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rlptmo>KeHHe 

lfeHHbIX Jl,TISI KpenJieHHH .lleMnq>Hpy10w.ero noKpblTHH Kopnycos rpoMKorosopHTeJieii, 'ITO 
n03BOJIHeT OXJJa>KABIOW:eMy B03JJYXY CB060,ll.HO U.HPKYJIHposaTb Me>K,lly JiaMnaMH H KOMno
HeHTaMH cxeMbl. BHellIHHH BH.11. KOHCTPYKU.HH npHse.11.eH Ha pHc. 5.49. 
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KocKonb1 npeneopM1enbHoro 
YCMJ18H~~ 

6.1. T pe6oeaHHJI , K npe.qycHnHTenlO H ero npyK'rypHaH cxeMa 

6 

Ha BXOJJ. npeJJ.BapHTeJibHOfO ycHJJHTeJIH, HJIH npe.n.ycHJJHTeJIH, OT HCTO'IHHKOB eocnpoH3BO

JJ.HMblX ayJJ.HonporpaMM noczynalOT CHrHaJibl pa3JIH'!Horo ypoeHH, KOTOpble nocJie npouec

ca o6pa6oTKH e npeJIYCHJIHTeJie nepeJJ.alOTCH e ycHJIHTeJib MOW.HOCTH. flpH 3TOM npouecc 

o6pa60TKH He JJ.OJI>KeH BHOCHTb B CHrHaJJ JJ.OnOJJHHTeJibHblX OW.yTHMblX WYMOB HJIH HCKa

>KeHHH, a caM npeJIYCHJIHTeJib 6hITb npocTblM H yJJ.o6HhIM ~ 3KCnJiyarnu.HH. 

B CTPYKTYPHOH cxeMe npeJIYCHJIHTeJJH, npHBeJJ.eHHOH Ha pHc. 6.1, scerJJ.a ecTb JIHHeH

HbIH KacKaJJ. LINE, KOTopbIH o6JJaJJ.aeT eecbMa He6oJibWHM ycHJJeHHeM, HO o'!eHb MaJibIMH 

HeJJHHeHHblMH HCKmKeHHHMH. flpH pac'!eTe napaMeTpOB JIHHeHHOro KaCKaJJ.a HCXOJl.HT H3 

Toro, '!TO B OCHOBHOM OH npeJJ.Ha3Ha'leH Jl.JJH pa6oTbl Ha coeJJ.HHHTeJibHYIO Ka6eJibHYIO JIH

HHIO, BKJI10'!aeMy10 Me»<JIY 6JJOKOM npeJIYCHJIHTeJIH H 6JIOKOM ycHJieHHH MOW.HOCTH. B JIH

HeHHOM KaCKaJJ.e TaK>Ke MO>KeT OH TaK>Ke MO>KeT ocyw.ecTBJIHTbCSJ H peryJIHpOBKa TeM6pa. 

TaK>Ke e 6JioKe npeJIYCHJIHTeJIH ecerJJ.a ecTb CHCTeMa peryJIHpoBKH rpoMKOCTH H nepeKJIIO

'!aTeJib BXOJJ.OB (SELECTOR). 0JJ.HHM H3 HCTO'IHHKOB CHrHaJJOB, noczynalOW.HX Ha nepe

KJllO'laTeJJb, 06bl'IHO HBJIHeTCH 6JIOK 'laCTOTHOH KOppeKU.HH (naCCHBHblH 3KBaJiaH3ep) 

KaHaJJa 3ByKo3anHcH, AYX KoToporo cneu.HaJibHO 6bIJia pa3pa6ornHa AMepHKaHCKOH ac

cou.HaU.HeH 3ByKo3anHCb1Ba10w.el1 HHJIYCTpHH (RIM), xorn so MHornx cospeMeHHbIX MoJJ.e

JJHX npeJIYCHJIHTeJieH JJ.aHHblH 6JJOK OTCyTCTByeT (eMeCTe c BXOJJ.OM OT npoHrpblBaTeJJeM 

rpaMnJiaCTHHOK) nonpoczy H3-3a CJIHWKOM 60JibWHX CJIO>KHOCTeH, CBH3aHHblX c ero pac

'leTOM. B ceoe onpaBJJ.aHHe pa3pa6oT'IHKaMH BbIJJ.BHraeTCH apryMeHT, '!TO e HacToHw.ee 

BHHHJJOBble rpaMnJiaCTHHKH npaKTH'leCKH BblWJIH H3 ynoTpe6JieHHH. Mo>KeT, 3TO H TaK, HO 

Ha rpaMnJJaCTHHKaX see ew.e xpaHHTCH orpoMHOe KOJIH'leCTBO He3aMeHHMblX 3anHCeH, 

KOTOpble ew.e JJ.OJJro 6yJIYT npeJJ.CTaBJIHTb xyJJ.o>KeCTBeHHYIO u.eHHOCTb, n03TOMY B noJIHOC

TblO coeepweHHOM npeJIYCHJIHTeJie npocTO o6H3aH 6bITb exoJJ. JJ.JJH npoHrpbIBaTeJisi rpaM

nJJaCTHHOK. 
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KocKOJtbl npeiieop11renbHoro yc1meH1111 

PHc. 6.1 

KacKB.Q 
B111H111n - 1-----1 n111HeAHoro 

KOppeKTop ,____ _ ____, KOMMyraTop YClllJ18HlllR 

KoMnaKT-AlllCK 
BXOAOB 

J1111H8£1Hb1A BXOA J1111H8£1Hbl£1 BblXOA 
BXOA c TIOHepa AnR 3BYK0380111Clll 

CmpyKmypnaR cxe.Ma npeoycUAumeAbHoeo KacKaoa 

6.2. IlMHeHHblH KOCKon 

6.2.l TexHH'leCKHe rpe6osaHHR K nHHeiiHoMy KOCKORY 

H Cn()fo6bl HX peanHJOlJHH 

BenH'rnHa Hanpff>KeHHff BbIXO,ll.Horo CHrHana, nocryna10w.ero H3 JJHHeiiHoro KacKa.u.a B ycH· 

JIHTeJlb MOW.HOCTH, OlfeHb HeSeJIHKa, noCKOJlbKY JI.Jiff 60JlbWHHCTBa He OTJIHlfalOW.HXCff Bbl

COKOH lfyscTsHTeJJbHOCTblO ycHJJHTeneA MOW.HOCTH s .u.eiicTsHTeJJbHOCTH .u.ocTaTO'IHO no.u.a

'IH Ha sxo.u. He 6onee 4 HJJH 5 B cpe.u.HeKsa.u.paTHlfecKoro 3HalfeHHH JI.Jiff Toro, 'IT06bl nepellTH 

B pe>KHM orpaHHlfeHHff CHrHaJJa. 3TO 03HalfaeT, 'ITO JI.Jiff 9Toro KaCK8)J.8 npHXO)J.HTCff 3a6o

THTbCSI B nepsylO O'lepeJJ.b TOJlbKO 0 JIHHeHHOCTH xapaKTepHCTHK, a He 0 ero MaKCHMaJlbHOM 

ycHneHHH. KacKa.u. npH pa6oTe Ha eMKOCTHYIO Harpy3KY a BHJJ.e coe.u.HHHTeJJbHOro Ka6eJJff 

)l.OJl>KeH o6ecne'IHSaTb OTCYTCTBHe 3aMeTHbIX.nOTepb Ha Bb!COKHX lfaCTOTax, a TaK>Ke TaKOll 
f 

K8CK8)J. )l.OJl>KeH o6na.u.aTb cnoco6HOCTblO B036y>KJJ.BTb ycHJIHTeJIH MOW.HOCTH c MaJJblM 

BXO,ll.HblM HMne.u.aHCOM, s TOM 'IHCJie, HanpHMep, TpaH3HCTOpHbl~ ycHJJHTeJIH. TaK KaK Kac

Ka)l. npe.u.wecTByeT u.enffM peryJIHpOBKH rpoMKOCTH, TO ycHJIJ1TeJJb MOW.HOCTH 6y.u.er 

ycHJIHSaTb see WYMbl, KOTOpbie 6yJJ.YT reHepHpOBaTbCff Henocpe.u.cTBeHHO B caMOM npe.ny

CHJIHTeJlbHOM KacKa.u.e, a TaK>Ke see wyMbl, nocryna10w.He Ha ero sxo.u.. Oo9TOMY Heo6xo

JJ.HMO o6ecnelfHTb MHHHMaJlbHblH yposeHb co6CTSeHHbIX wyMOS B npeJlYCHJIHTeJJe. 

3TH Tpe6osaHHff onpe.u.eJJfflOT KaK He60JibWOe ycHJieHHe, TaK H pa6ory Ha SblXOJJ.HYIO 

Harpy3Ky c HH3KHM 3HalfeHHeM HMne.u.aHca, seJIH'IHHa KOTOporo K TOMY >Ke ew.e JJ.OJI>KHa 

6b!Tb onpe.u.eJieHa KOJIHlfeCTBeHHO. 

3KpaHHpOBaHHbie ayJJ.HOKa6eJIH c He60JibWHM 3HalfeHHeM pacnpe.u.eJieHHOH eMKOCTH 

HMelOT, KaK npaBHJIO, eMKOCTb nopHJJ.Ka l 00 n<I> Ha noroHHblH MeTp JI.JIHHbl Ka6eJJff. )l.nff 

Toro, lfT06bI H36e>KaTb HBSOJJ.OK OT CHJIOBoro TpaHc<f>opMaTopa H nocJieJlYIOW.ero HX yCHJJe· 

HHff ycHJIHTeJieM MOW.HOCTH, CJie.nyer npocTpaHCTSeHHO pa3HeCTH 6JIOKH, HanpHMep, Ha 

paCCTOffHHe s O)l.HH MeTp. flpH 9TOM ocyw.ecTSJlffeTCSI <f>H3HlfeCKOe Ka6eJibHOe COe)l.HHeHHe 

Me>KJJ,Y 6JIOKOM npe.nyCHJIHTeJiff H BXOJJ.HblMH 3a>KHMaMH ycHJIHTeJiff MOW.HOCTH, JI.Jiff lfero 

noHa.u.o6HTCff Ka6eJib JI.JIHHOH npHMepHO s 1,5 M, 'ITO 6y.u.eT COOTBeTCTSOBaTb 9KBHBaJJeHT· 

HOH eMKOCTH nopHJJ.Ka 150 n<I>. Bxo.u.Haff eMKOCTb ycHJIHTeJiff MOW.HOCTH TaK>Ke 6y.u.eT .u.a

saTb CBOH SKJla)l., npH'leM JI.Jiff JiaMnosoro ycHJIHTeJlff 3H8lfeHHe .n.onOJIHHTeJlbHOH SXOJJ.HOll 

eMKOCTH MO>KHO ou.eHHTb seJJH'IHHOH nopff)l.Ka 20 n<I>' a Jl.JISI TpaH3HCTOpHoro - 3HalfeHHeM 

npHMepHO 200 n<I>. 3TO 03H8lfaeT-Jl.Jlff JIHHeHHOro KaCKa,ll,8 pa6ory Ha eMKOCTHYIO Harpy3Ky 

c MHHHMaJibHblM 3HalfeHHeM eMKOCTH 170 n<I>, HO JI.Jiff 6oJiee Jl.JIHHHOro Ka6eJJff H pa6ore Ha 

TpaH3HCTOpHblH ycHJIHTeJib MOW.HOCTH c 6oJiee BbICOKHM 3HalfeHHeM BXO)l.HOH eMKOCTH Be

JIH'IHHa eMKOCTHOH Harpy3KH KaCK8)J.8 MO>KeT JJ.OCTHrHYTb 3HalfeHHff nopffJJ.Ka l H<I>. 
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fiMHeHHblH KOCKOA 

l1Mne)laHC HCTO'IHHKa nHTaHHH H napannenbHast eMKOCTb Ka6enst 06paay10T cpHJibTp 

HH>KHHX 'laCTOT, )lJIH KOTOporo 'laCTOTa cpeaaf -3116 MO>KeT 6bITb paCC'IHTaHa no cpopMyne: 

1 
/ _ 311li = 21tCR. 

0JJ.H8KO, XOTeJIOCb 6bI, L(T06bl cna)l B o6nacTH BbICOKHX 'laCTOT noJIOCbl aKYCTH'leCKOro 

JJ.Hana30H8 COCT8BJIHJI MeHee 3 JJ.O. Do9TOMY XOTeJIOCb 6bl 3H8Tb, KaKOe 3Ha'leHHe '18CTOTbl 

cpeaaf -3111; COOTBeTCTeyeT 3a)laHHOH BeJIH'IHHe norepb )lJISl JJ.8HHOH 'laCTOTbl. 3zy BeJIH'IH

HY MO>KHO oueHHTb c HCilOJib30B8HHeM HH>KenpHBe)leHHOro COOTHOllleHHst: 

f-aAli =~I ~·"•m•• , 
--iiAB-1 
ww 

rJJ.e f 1111; lhmtJ - eepxmrn rpaHHUa JJ.HanaaoHa ycHJIHBaeMblX 'lacToT; 

Ano - OTKJIOHeHHe ( Cn8Jl) OTHOCHTeJibHO nnocKoro y'laCTKa xapaKTepHCTHKH )lJISl Bbl

llleyKa3aHHOH '18CT0Tbl. 

B Ka'leCTBe npHMepa pacqern, BbmOnHeHHoro c HCnOJib30BaHHeM .ll.8HHoro ypaeHeHHSI, 

MO>KHO onpeJJ.eJIHTb, 'ITO )lJISl cna.na, COOTBeTCTBYIOIUero 0, 1 JJ.B Ha 'laCTOTe 20 Kfu, Tpe-

6yeMoe 3Ha'leHHe 'laCTOTbI cpeaa c ypoeHeM -3 JJ.B cocTaBHT f _3116 = 131 Kfu. Heo6xoJJ.H

Mo OTMeTHTb, '!TO JJ.8HHaSI cpopMYJia 6yJJ.eT cnpaee)lJIHBa TOJlbKO )lJIH H30JIHpoeaHHOH na

panneJibHOH CR-, JIH6o LR-uenH • .D.nsi HaonHpoeaHHOH nocneJJ.oBaTeJibHOH CR- nH6o 

LR-uenH, BHocsimeA cnaJJ. A llX B o6nacTH HH>KHHX qacror JJ.HanaaoHa cooTBeTcreyIOIUaSI 

cpopMyna 6yJJ.eT HMeTb cne~IOlUHH BH)l: 

/_3 /JJ3 = / ~a&Un1111 
1 

~-1. 
10w 

11cnOJib30BaHHe 9TOH cpopMyJibl )lJISl cna.na, COOTBeTCTBYIOIUero 0, 1 JJ.O Ha 'laCTOTe 

20 fu, .naeT 3Ha'leHHe '18CTOTblf _3116 = 3 fu . 

.D.nst 6blCTpOH oueHKH B Ka'leCTBe cnpaBO'IHOro MaTepHana MO>KHO HCnOJib30B8Tb HH• 

>K.enpHBe}J.eHHYIO Ta6JI. 6.1, B KOTOpoA npHBOJJ.SlTCSI 3Ha'leHHSI ocna6JieHHSI )lJISI 'laCTOTHOH 

xapaKTepHCTHKH cpHJibTpa eepXHHX 'laCTOT (<I>Bll) H cpHJibTpa HH>KHHX 'laCTOT (<I>Hll) 

c ocJia6neHHeM 6 JJ.o/ OKTaBy B 3aBHCHMOCTH OT '18CTOTbl, Bbipa>KeHHOH c HCfi0Jlb30B8HH

eM K09cpcpHUHeHTOB, KpaTHblX U.eJiblM MHO>KHTeJISIM HJIH U.eJiblM )leJIHTeJIHM )lJISI '18CTOTbl 

cpeaaf. 

HanpHMep, npH HccneJJ.oBaHHH cpHJibTpa eepxHHX qacTor BHJJ.HO, '!To cnaJJ. ero qacroT

HOH xapaKTepHCTHKH Ha OJJ.HY OKTaey Bbillle 'laCTOTbI cpeaa, TO ecTb Ha YJJ.BOeHHOH 'lacToTe 

(2.1), COCT8BHT -0,97 JJ.D. 

515 



KacKOAbl npeiiaapMTenbHoro yc11neH11J1 

Ta6nllfUB 6. 1 

Cl»B't f/7 f/6 f/5 f/4 f/3 f/2 f 2f 3f 4f 5f er 7f 

A6 -7,0 -3,0 

17,0 15,7 14,1 12,3 10,0 0,97 0,46 0,26 0,17 0, 12 0,09 

<l>H"I 7f 6f 5f 4f 3f 2f f f/2 f/3 f/4 f/5 f/6 f/7 

OpH KacKa.!1.HOM BKnro'leHHH BbICOKO'laCTOTHaff H HH3KO'laCTOTHaff qacTOTbl cpe3a Ha'IH

HalOT CMew.aTbCff K cepe.ll.HHe nonOCbl nponycKaHHff, BOT no'leMy B rnase 3 6b1JIO npHHffTO 

npe.ll.nOJIO>KeHHe, 'ITO Bbl6op 'laCTOTbl 1 fU..ll.Jlff 'laCTOTbl HH3KO'laCTOTHOro cpe3a ffBnffeTCff 

.ll.OCTaTO'IHO npHeMJieMblM sapHaHTOM. 

)l.nff n KacKa.!1.0B, 06na.ll.a10W.HX H.!1.eHTH'IHbIMH 3Ha'leHHffMH qacTOT HY cpe3a .!I.Jiff Ka>K

.ll.Oro, He06X0.!1.HMO BOCnOJib30BaTbCff Bbtpa>KeHHeM.ll.Jlff 'laCTOTbl cpe3a KOM6HHHposaHHOro 

ycHJIHTenff: 

HcnoJib30BaHHe .!1.8HHoti cpopMynbI .!I.Jiff TpexKaCKa.ll.Horo (n = 3) ycHJIHTeJiff c eMKOCT

Hoti CBff3blO noKa3blBaeT, 'ITO Tpe60BaHHe .!I.Jiff 'laCTOTbl cpe3a 3 fU. .!I.Jiff TpeXKaCKa.llHOrO 

YCHJIHTeJiff B U.eJIOM, Tpe6yeT 3Ha'leHHff 'laCTOTbl cpe3a 1,5 fU. .!I.Jiff Ka>K.!1.0rO HH.!1.HBHJlYaJlb· 

Horo KaCKa.ll.a. HcnoJib3yeMble Ha npaKTHKe cTaH.!1.8PTHbte 3Ha'leHHff eMKOCTH KOH.!i.eHcaTo

pa CBff3H 0, 1 MK<I> H 3Ha'leHHff conpornBJieHHff 1 MOM .!I.Jiff ceTO'IHOro pe3HCTopa YTe'IKH 

o6ecne'IHBaeT 'laCTOTY cpe3a 1,6 fu.. 

J13secrno, 'ITO ynpaBJiffTb 3Ha'leHHeM qacTOTbI BY cpe3a 3Ha'IHTeJibHO cno>KHee no 

cpaeHeHHIO c 'laCTOTOti cpe3a B HH3KO'laCTOTHOA o6nacrn, n03TOMy BeCbMa MaJIOBepOffTHO, 

'ITO soo6me Y.ll.8CTCff nonyqHTb KaCK8.!1.bI ycHJIHTeneti c H.ll.eHTH'IHbIMH 3Ha'leHHffMH qacToT 

BY cpe3a, HO ecnH 3To sce-TaKH npoH3oti.ll.eT, TO .!I.Jiff TaKoro cnyqaff Heo6X0.!1.HMO 6y.n.eT 

BOCnOJib30BaTbCff cne.uyrometi cf>OPMYJIOti: 

f _ f-:l}lfj(comp1,.1te) 

-311li(md1v1d) - ,--r-- ·. 
v22 -1 

EcnH npHHffTb, 'ITO 'laCToTa BY cpe3a onpe.n.enffeTCff TOJibKO eMKOCTblO Ka6enff, KOTO

pb1ti CJIY>KHT B Ka'leCTBe BblXO,ll.HOti Harpy3KH .!I.Jiff JIHHetiHoro Kacl{a.n.a, TO pac'leT no paHee 

npHse.n.eHHOti cf>opMyne noKa3bIBaeT' 'ITO .!I.Jiff ypoBHff noTepb 0, 1 .n.5 Ha 'laCTOTe 20 KfU. H 

MHHHMaJibHOM 3Ha'leHHH eMKOCTH 170 n<I> He06XO,ll.HMO HMeTb BblXO,ll.HOe conpoTHBneHHe 

MeHee 7 KOM, HJIH .!1.8>Ke 3Ha'IHTeJibHO MeHbwee 3Ha'leHHe. 

Tenepb Heo6X0.!1.HMO c.n.enaTb Pff.ll. npe.n.nono>KeHHA H .n.onyw.eHHti OTHOCHTeJibHO BX0.!1.HO

ro conpOTHBJieHHff H 'IYBCTBHT~JlbHOCTH ycHJIHTeJiff MOlllHOCTH. 

06bt'IHblti ycHJIHTeJib MOlllHOCTH HMeeT sxo.n.Hoe conpornsneHHe nopff.n.Ka 1 MOM HJIH 

HeCKOJibKO Bbtwe. TaKoe 3Ha'leHHe y.n.o6Ho TeM, 'ITO no3BOJiffeT Hcnonb30BaTb pa3Bff3bl

eat0mHA KOH,ll.eHcaTop c He6oJibWHM 3Ha'leHHeM eMKOCTH. KpHTepHIO noTepb no ypoBHIO 
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n1tH8HHblH KOCKOA 

0,1 .no Ha 'laCTOTe 20 KfU. npaKTH'leCKH y.noeneTBOpHeT KOH)leHCaTOp c eMKOCTblO 47 H<I>, 

o.nHaKo, 3Ha'leHHe eMKOCTH 100 H<I> oKa3bIBaeTCH 6onee npe.nno'ITHTeJJbHbIM. KaK npaBH

JJo, nyqlllHe Mo,nenH ycHJJHTeJJeA xapaKTepH3YIOTCH 'IYBCTBHTeJJbHOCTblO Ha ypoBHe l B, 

HJJH HeCKOJJbKO 60JJblllHM 3Ha'leHHeM. 

YcHJJHTeJJH, HMe10mHe 6onee BbICOKYIO 'IYBCTBHTeJJbHOCTb.llOJJ>KHbI B036y>K.naTbCH nac

CHBHbIM npe.uyCHJJHTeJJeM, COCTOSlll.l,HM npocTO H3 nepeKJJIO'laTeJJeH BXO)lOB H 6JJOKa ynpaB

JJeHHSI rpoMKOCTblO, KOTOpblH )lOJJ>KeH HMeTb O'leHb KOpOTKHH coe)lHHHTeJJbHbIH Ka6eJJb. 

B npoTHBHOM cnyqae TBKHe ycHJJHTeJJH MOlll.HOCTH n0Tpe6y10T nepe.nenKH c u.eJJblO CHH>Ke

HHH HX 'IYBCTBHTeJJbHOCTH. B cepe.nHHe 60-x ro.nos npolllnoro seKa ycHJJHTeJJH MOlll.HOCTH 

)l0CT8TO'IHO '18CTO HMeJJH 6JJOK perynHpOBKH rpOMKOCTH, nepeKJJIO'laTeJJb po.na pa60Tbl H 

,na>1<e perynHTop TeM6pa, BbIHeceHHbie Ha nHu.esylO naHeJJb. B HaCTOHll.l,ee speMH B .nocTa

TO'IHO orpaHH'leHHOM Kpyry cneu.HaJJHCTOB Ha6JJIO)l8eTCSI TeH)leHU.HH noBTOpeHHSI BapHaHTa 

HCnOJJb30BaHHSI OT)leJJbHO pacnono>KeHHOro npe.uycHJJHTeJJH, KaK H B03Bpall.l,eHHe Ha asaHC

u.eHy )lOJJroHrpalOll.l,HX BHHHJJOBbIX rpaMnJJaCTHHOK. Bee 'lall.l,e MHHHM8JlbHbIM Tpe60B8HHeM 

npH HCnOJJb30BaHHH KaCKa)la KoppeKU.HH ( BblpaBHHB8HHSI) aMnJJHTy)lH0-'18CTOTHOH xapaKTe

pHCTHKH npoHrpbrnaTenH rpaMnnacTHHOK, HJJH 6noKa 'laCTOTHOH KoppeKU.HH aanHcH RIM, 
SIBJJffeTCH paa,neJJbHaH KOMnOHOBKa 6JJOKOB. 

TaK KaK COBpeMeHHbie naMnOBbie ycHJJHTeJJH MOll.l,HOCTH Bee 'lall.l,e HMelOT 'IYBCTBH

TeJJbHOCTb == 500 MB H sxo.nHoe conpoTHBJJeHHe nopH,nKa l 00 KOM, TO Tpe6yeTcH Hcnonb

aoBaTb paa.neJJHTeJJbHbIH KoH,neHcaTOp c eMKOCTblO 6onee 470 H<I>. Bonee HH3Koe 3Ha'le

HHe conpOTHBJJeHHSI, CKopee Bcero, 06bHCHHeTCSI MeHblllHM Tpe6oBaHHHM K nposo,naM, 

HCnOJJb3YIOlll.HXCH B u.enHX no.norpeBaTeJJeH KaTO)lOB JJaMn, KOTOpble Bbl3bIB8IOT B03HHKHO

BeHHe ct>oHOBoro lllyMa Ha BXO)lHblX 3a>KHMax nepsoro KaCKa)la. <l>oHOBblH TOK Bbl3bJB8eT 

na.neHHe HanpH>KeHHH Ha pe3HCTope ceTO•rnoro CMell.l,eHHH, lfTO B CBOIO Olfepe,llb npHBO)lHT 

K Olll.YTHMOMY Ha cnyx ct>oHy nepeMeHHOro TOKa B Tex cnyLJaHX, Kor.na YCHJIHTeJJb He lllyH

THpyeTCH HH3KHM conpOTHBJJeHHeM HCTOlfHHKa nHT8HHH npe.uycHJJHTeJJH. 1-1To6bl H36e

>KaTb no.no6Horo HBJJeHHH, conpOTHBJJeHHe pe3HCTopa ceTOlfHOro CMell.l,eHHH CHH>KaeTCH 

11.0 l 00 KOM, lfTO o6ecne'IHBaeT ynyLJllleHHe no ct>oHoBoMy lllYMY Ha 20 11.B B cnyqae, Kor11.a 

BXOJJ. ycHJJHTeJJH OCTaeTCH pa30MKHYTbIM. 

TpaH3HCTOpHble ycHJJHTeJJH TaK>Ke xapaKTepH3YIOTCH TeHJJ.eHU.HeH HMeTb 'IYBCTBHTeJJb

HOCTb::::: 500 MB no BXOJIY, HO BeJJHlfHH8 BXO)lHOro conpoTHBJJeHHH HMeeT ell.l,e 6onee HH3-

KOe 3H8lfeHHe, nopHJJ.K8 10 KOM, '!TO Tpe6yeT HCnOJJb30BaTb pa3JJ.eJJHTeJJbHblH KOHJJ.eHca

TOp c eMKOCTblO 6onee 4,7 MK<I>. 

KoHJJ.eHcaTOp c eMKOCTblO 4, 7 MK<I> H pa6oLJHM HanpH>KeHHeM 400 B He TOJJbKO ropaa11.o 

11.opo>Ke KOHJJ.eHcaTopa c eMKOCTblO l 00 H<I>, HO OH TaK>Ke HBJJHeTCH xyJJ.lllHM no CBOeMy 

KalfeCTBY cxeMHblM KOMnoHeHTOM. BMeCTO Toro, lfT06bt ycTaHaBJJHB8Tb CTOJJb KpHTH'IHblH 

9JJeMeHT CXeMbl, ropa3JJ.O JIY'!llle 6blJJO 6bl pelllHTb npo6JJeMY c 11.pyroro KOHU.8, yseJJHlfHB 

sxo.nHoe conpoTHBJJeHHe ycHJJHTeJJH MOlll.HOCTH. 

PellleHHe no11.06HoH npo6JJeMbt JJ.JJH JJaMnosoro ycHJJHTeJJH He npe11.cTaBJ1HeT oco6oro 

Tpy.na. Jl.JJH 9Toro HMO npOCTO 3aMeHHTb BXOJJ.HOH pe3HCTOP CeTOlfHOtO CMell.l,eHHH Ha pe-

3HCTOp, HMelOlll.HH conpoTHBJJeHHe l MOM, H y11.enHTb 6oJJblllee BHHMaHHe HaroTOBJJeHHIO 

u.eneH no.norpeBaTeJJeH K8TOJJ.OB JJaMn, eCJJH c HHMH CBH38HO.B03HHKHOBeHHe ct>oHa nepe

MeHHoro TOJ<a u.eneA nHTaHHSI. Jl.JJH 9TOro o6bllfHO HCOOJJb3YIOT MeTOJJ. CBHBaHHSI npoBOJJ.OB 
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H npOKJIB)J.blBaHHe >KryTa no yrnaM lllaCCH, O.IJ.HaKO, MO>KHO npH6erHj'Tb HK TaKOMY MeTOJIY, 

KaK nHTaHHe no.II.orpeBaTeJJeH KaTO.ll.OB BXO.IJ.HOH JJaMnbl OT OT.II.eJJbHOro CTa6HJJH3HpOBaHHO

ro HCTO'IHHKa nOCTOHHHOro TOKa • 

.LI..nsi orpoMHoro KOJJH'leCTBa ycHJJHTeJJeH MOLl.lHOCTH npH HX pa3pa60TKe 3aKJiaJl,blBaJJOCb 

Tpe6oBaHHe HMeTb O'leHb BblCOKylO, no COBpeMeHHblM CTaH.lJ.8pTaM, 'IYBCTBHTeJJbHOCTb. 

BeJIH'lliHY "'YBCTBHTeJlbHOCTH MO>KHO yMeHblllHTb BBe.IJ.eHHeM .IJ.eJIHTeJIH Hanpsi>KeHHH Bue

nHX BXO.IJ.HOH JiaMnbl, HO ropa3.IJ.O Jiy'llllHM pellleHHeM 6b1JIO 6bl CHH3HTb YCHJJeHHe BXO.II.HOro 

KaCKB)J.a, HCnOJJb30BaB .ll.llSI 9Toro COOTBeTCTBYIOlllYIO Me>KKaCKBJJ.HYIO OTPHUaTeJJbHYIO 06-

parnyio CBH3b. Brnpoii sapHaHT o'leHb nerKo ocymecTBHTb, TaK KaK o6bI'IHOH npH'IHHoii 

csepXBblCOKOH 'IYBCTBHTeJJbHOCTH SIBJJHeTCSI HCnOJJb30BaHHe B Ka'leCTBe BXO.ll.HOH naMnbl 

neHTO.II.a c 6oJJblllHM ycHJJeHHeM (HanpHMep, rnna EF86). EcnH nepeKJJIO'IHTb neHTO.ll. Ha 

pa6ory B Ka'leCTBe TpHO.IJ.a (HCnOJJb3YH HMelOLl.lHHCSI B cxeMe pe3HCTOp aHO.lJ.HOH Harpy3KH), 

TO ycHJieHHe KaCK8.IJ.8 CHH>KaeTCSI B 'leTblpe pa3a, a eCJJH coxpaHHTb noCTOSIHHblM 3Ha'leHHe 

K09cpcpHUHeHTa nepe.IJ.a'IH uenH o6paTHOH CBSl3H, TO BeJJH'IHHa ycHJJeHHSI CHH>KaeTCSI .II.0-

noJJHHTeJJbHO eme B 'leTb1pe pa3a. 

ECJJH CJJe.II.OBaTb TeopHH, TO BeJIH'IHHa conpoTHBJJeHHSI pe3HCTopa KaTO.IJ.HOro CMeme

HHSI npH 9TOM .ll.OJJ>KHa 6bITb nepeC'IHTaHa, HO Ha npa1<THKe BeJJH'IHHa TaKoro H3MeHeHHSI 

conpOTHBJJeHHSI OKa3bIBaeTCSI BeCbMa He3Ha'IHTeJJbHOH. 3a C'leT o6paTHOH CBH3H, .II.eH

CTBYIOllleH Ha KaTO.IJ., aHO.ll.HOe conpOTHBJJeHHe JJaMnbl, HCnOJJb3YIOLl.leHCH B K8'1eCTBe TpHo

.IJ.8, HMeeT .ll.OCTaTO'IHO BbICOKOe 3Ha'leHHe, a BbIXO.IJ.HOe conpOTHBJJeHHe KaCKa.IJ.8 O'leHb 

6JJH3KO K 3Ha'leHHIO, xapaKTepHOMy npH Hcnonb30BaHHH neHTO.IJ.a. Cne.II.oaaTeJJbHO, 9JJe

MeHTbl KOMneHcauHH B aHO.IJ.HOH uenH He Tpe6yioT H3MeHeHHH. 0.IJ.HaKo, uenb Me>KKaCKB)J.

HOH o6paTHOH CBSl3H, .IJ.eHCTBYIOLl.leH Me>KJIY Bb!XO.ll.OM ycHJIHTeJJSI H BXO.IJ.HbIM KaCKB)J.OM, 

Tpe6yeT H3MeHeHHH, 'IT06bi o6ecne'IHTb He06XO.IJ.HMblH K09cpcpHUHeHT nepe.IJ.8'1H c HOBblM 

3Ha'leHHeM K09cpcpH1.J.HeHTa ycHJJeHHSI . .LI..nsi nonyqeHHSI TO'IHOro pe3yJJbTaTa 9TO MO>KeT 

6bITb C.IJ.enaHo n}'TeM pac'leTa K09cpcpHuHeHTa nepe.IJ.a'IH cTaporo KOHrypa o6parnoi1 CBH3H 

H nosrnpHbIM ero nepepac'leToM .ll.llH HOBbIX ycnoBHH, HO 6onee npocTbIM MeTO.IJ.OM Mo>KeT 

OKa3aTbCSI TpHBHaJJbHOe .II.eJJeHHe BeJJH'IHHbl conpOTHBJJeHJ-ISI Ha 'leTbipe ( B COOTBeTCTBHH c 

H3MeHeHHeM K09cpcpHuHeHTa ycHneHHH npH 3aMeHe neHTO.IJ.8 Ha TpHO.IJ.). CooTBeTCTBeHHO, 

H 3Ha'leHHe eMKOCTH TaK>Ke .ll.OJl>KHO 6b!Tb yMeHbllleHO B 'leTbipe pa3a, 'IT06bl coxpaHHTb 

Tpe6yeMoe 3Ha'leHHe nocTOHHHOH speMeHH RC-uenH (pHc. 6.2). 

nonbITKH yseJJH'IHTb BXO.IJ.HOe conpoTHBJJeHHe TpaH3HCTOpHoro YCHJIHTeJJH 6e3 BBe.II.e

HHSI B cxeMy 6ycpepHoro KaCKB)J.a npHBe,ll;eT, CKopee BCero, K 60JJblllOH BeJJH'IHHe CMeme

HHSI nOCTOHHHOH COCTaBJJSllOLl.leH Ha Bb!XO.IJ.e. 

6.2.2. TpanHLJHOHHhlii n11HeiiHb1ii KacKan 
B caMbIX o6mHx qeprnx naMnOBbIH npe,nycHJJHTeJJb .IJ.OJJ>KeH pacC'IHTbIBaTbCH H3 ycnoBHH, 

npH KOTOpOM B Harpy3Ky c pe3H,CTHBHOH COCTaBJJHIOLl.leH BXO.IJ.Horo conpoTHBJJeHHSI BeJJH

'IHHOH l MOM Heo6xo.IJ.HMO no.ll.8BaTb CHrHan 'seJJH'IHHOH 2 B, .II.a>Ke ecnH 9To noTpe6yeT 

BHeceHHH H3MeHeHHH B ycHJJHTeJJb MOLl.lHOCTH JI.TISI .IJ.OCTH>KeHHH ycnoBHH corna~osaHHH 
KaCKB)J.OB. 

518 



47p 

4k7 

EF86 

220mV 1M 

100k 390k 

0.5u 
350V 

50u 
12V 

12V 

3k9 

560R 

270p 

100k 

EF86 

900mV 1M 

PHc. 6.2 Ha.MeHenue cxe.Mbt cmaHiJapmHoeo BXOOHoeo KacKaiJa 

1n2 

npu nepeK.ILIOtf:eHuu neHmoiJa Ha mpuoiJHy10 cxe.My pa6ombt 

fiMH8MHblM KOCKOA 

DOJiee CT8pble MO,ZJ.eJIH HCTO'IHHKOB CHrHaJia ( oco6eHHO 3TO KacaeTCSI TIOHepos) 6blJIH 

paCC'IHTaHbl Ha seJIH'IHHy BblXO,ZJ.Horo CHrHaJia 250 MB. TaKHM o6paaoM, ecJIH l!YBCTBH

TeJibHOCTb Ha BXO,ZJ.e JIHHeHHOrO KaCK8,ll.a COCTaBJISleT::: 250 MB, a BblXO,ll.HOH CHrHaJI ,ll.OJl

>KeH COCT8BJIS!Tb 2 B, TO 3TO 03Ha'laeT, 'ITO Heo6XO,ll.HMO o6ecne'IHTb K03cpcpH1.J.HeHTYCHJie

HHSI JJaMnosoro KacKa,ZJ.a Av = 8. I( T0My'>1<e Hennoxoif H,ZJ.eeif MO>KeT oKaaaTbCH peweHHe 

HMeTb ,ll.OOOJJHHTeJJbHbIH aanac ycHJJeHHSI B 3 ,ll.D K y>Ke HMelOll.lHMCSI 6 .no, 'IT06b! HCOOJ!b-

3088Tb aanHcH c nOHH>KeHHbIM yposHeM cHrHaJJa. B HTore, 3Ha'leHHe ycHJiemrn Av = 12 
OKa3bIB8eTCSI BnOJJHe ,ll.OCTaTO'IHblM ,ZJ.JISI npaKTHKH. 

JlHHeHHOMY K8CKaay ,ll.OJI>KeH npe,ZJ.WeCTBOB8Tb yaeJJ peryJJHpOBKH rpoMKOCTH, 6oJiee 

no.npo6HO oco6eHHOCTH KOToporo 6y/1Y'f paccMaTpHB8TbCSI .nanee, O,ZJ.HaKO, ,ZJ.JISI .ll.8JlbHeifwero 

H3JJO>KeHHH MO>KHO noKa npHHHTb, 'ITO 3To 6y,ZJ.eT nepeMeHHbIH noTeHIJ.HOMeTp 100 KOM 

c JJOrapHcpMH'leCKHM 38KOHOM H3MeHeHHSI conpoTHBJieHHSI, MaKCHM8JlbHOe 3Ha'leHHe Bbl

xo.nHoro conpoTHBJJeHHH KOToporo 6y,ZJ.eT pasHo 25 KOM. 

MaKCHMaJJbHoe aHa'leHHe BbIXOJJ.Horo conpoTHBJJeHHH TaKoro npocTeifwero peryJIHTO

pa rpoMKOCTH nposepHeTCSI O'leHb JJerKo. )lJIH 3Toro )l.BH>KOK ero noTeHUHOMeTpa ycTaHaB

JIHB8eTCSI B cpe)l.Hee, no BeJJH'IHHe ero conpoTHBJieHHSI, noJIO>KeHHe Ha TOKOBe,eymeif ,ZJ.0-

po>KKe. l1Hb!MH CJIOB8MH, conpOTHBJJeHHe OTHOCHTeJJbHO KpaHHHX Bb!BO)l.OB )l.OJI>KHO 

COCTaBJIHTb poBHO noJJOBirny o6mero conpoTHBJieHHSI • .llanee, CJie,eyeT npHHSITb, 'ITO co

npOTHBJieHHe HCTO'IHHKa nHTaHHSI HMeeT HyJiesoe 3H8'1eHHe, a K8>K)l.bIH KpaAHHH BblBO)I. 

noTeHIJ.,HOMeTpa 6y.neT aaaeMJJeHHbIM no nepeMeHHOH cocTaBJJHIOll.leif. To ecTb s noTeHuH

oMeTpe )I.Be noJJOBHHbI ero TOKOse,eymeif JJ.OpO>KKH OK8>KY'fCSI BKJllO'leHHblMH napaJJJieJJb-
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HO, H no.3TOMY BblXO,ll.HOe conpOTHBJieHHe 6y.n.eT paBHO noJIHOMY conpoTHBJieHHIO noTeHU,H

OMeTpa, no.n.eJieHHOMY Ha 4. ECJIH .D.BH>KOK noTeHu,HoMeTpa oKa>KeTcH s KpaifHeM noJio>Ke

HHH TOKOBe.nyw.eif .n.opo>KKH, BbIXO.ll.HOe conpOTHBJieHHe OKa>KeTCff paBHblM HYJIIO, nOTOMY 

1-ITO BbIXOJl OKa3blBaeTCff nO,ll.KJIIOtteHHbIM JIH60 HenocpeitcTBeHHO Ha 3eMJIIO, JIH60 ttepe3 

conpoTHBJieHHe HCTOttHHKa nHTaHHH (HMe10w.ee HyJiesoe conpoTHBJieHHe). TaKHM o6pa-

30M, MaKCHMaJibHOe BbIXOJlHOe conpoTHBJieHHe noTeHU,HOMeTpa 6y.n.eT B TOM CJiyttae, Kor.n.a 

ero JlBH>KOK 6y.n.eT MaKCHMaJibHO y.n.aJieH OT Ka)f(,ll.oro H3 KOHU,eBbIX BbIBOJlOB, a 3TO 6y.n.eT 

COOTBeTCTBOBaTb U,eHTpaJibHOMY noJIO>KeHHIO .D.BH>KKa. 

Bonpoc Bhlxo.n.Horo conpoTHBJieHHH noTeHU.HOMeTpa peryJIHTopa rpoMKOCTH HBJIHeTCH 

ttpe3BblttaHHO Ba>KHbIM, TaK KaK OH o6paayeT cpHJibTp HH>KHHX ttaCTOT COBMeCTHO c BXO.D.HOH 

eMKOCThlO JIHHeifuoro KacKa.n.a. ECJIH HcnoJib30BaTb paHee npHse.n.eHHYIO apryMeHTaU.HIO 

0 Tpe6yeMOM ypOBHe BbICOKOttaCTOTHbIX noTepb B 0, l .n.5 Ha ttaCTOTe 20 Kfu,, TO npH BeJIH

'IHHe MaKCHMaJibHOro 3HatteHHff BbIXOJlHOro conpoTHBJieHHff yaJia peryJIHpOBKH rpoMKOCTH 

25 KOM, HaH60Jihwee .n.onycKaeMoe 3HatteHHe sxo.n.Hoif eMKOCTH JIHHeifHoro KaCKa.n.a .n.oJI>K

HO 6yiteT COCTaBJIHTb npHMepHO 50 n<l>. 

ECJIH sxo.n.HaH ttyBCTBHTeJibHOCTh KacKa.n.a cocTaBJIHeT "' 170 MB (250 MB Ha sxo.n.e 

c ytteTOM CHH>KeHHff ypoBHff CHrHaJia Ha -3 .n.5), a Heo6XO.D.HMOe 3HatteHHe OTHOWeHHff 

CHrHaJI/wyM JlOJl>KHO COCTaBJIHTb He MeHee 100 .n.5. TO ypoBeHb co6cTBeHHblX lllYMOB, re

HepupyeMbIX B KaCKa,ll.e, OTHOCHTeJibHO BeJIH'IHHbl BXO.D.HOro CHrHaJia 6y.n.eT paseH 3Ha-' 

tteHHIO 170 MB, YMeHbllleHHOMY Ha 100 .n.5, ttTo cocTaBHT l, 7 MKB. 4yscTBHTeJibHble neH

TO.ll.hl snoJIHe cnoco6Hbl ycHJIHBaTh curttaJI seJIHttHHoif nopH.D.Ka 2 MKB, ttTo ew.e paa 

no.n.TBep)l(Jl.aeT HaCTOHTeJibHYIO Heo6xoitHMOCTh.lVIH yJiyttrneHHH OTHorneHHH curttaJI / rnyM 

HCnOJib30BaTb TpHO.D.bl. 

6.2.3. flyrH ROCTHJK8HHJI JOROHHb/X rpe60BOHHH. 

Bhl6op naMnhl H rononorHH KOCKana 

3attacTylO rosopHT, ttTo caMaH xopowaH cxeMa - 3TO npocTaH cxeMa, no3ToMy JlJIH Hattaml 

CJie.nyeT paCCMOTpeTb, no.n.oif.n.eT JIH Ha pOJib JIHHeHHOro KacKa.n.a TpHO,ll.HbIH ycHJIHTeJib 

C 06lll.HM KaTO.ll.OM (pHC. 6.3). 

OoCJie rnro, KaK 6h1J1a npHHHTa onpeneneHHaH TonoJIOrHH KacKa.n.a, Heo6xo.D.HMO Bbl6-

paTb HaH6oJiee no.AXOJlfflll.YIO JiaMny ( rn6JI. 6.2 ). 

Ta6nl!fl{a6.2 

MAeani.Hwe ECC82 *SN7 *N7 J.L•nOBTOPMTeni., 
napaMeTpw ECC82 

Av 12 15,5 17,5 17,5 19 
r..,,, KOM >7 7,7 7,8 7,8 1 
C., n4> >50 30 - 77 60 35 

XapaKTepHCTHKH HH O.D.HOH H3 npuse.n.eHHbIX B Ta6JI. 6.2 JiaMn He COOTBeTCTBYIOT noJ)

HOCTblO npe.n.oHBJIHeMbIM u.n.eaJihHhlM Tpe6osaHHHM, HO JiaMna THna ECC82 Hau6oJiee 
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285V 

ECC82 

--~---1---

10M 

1M 

470u 

PHc. 6.3 YcUAume.Ab c o6UlUM KamoiJoM na Aa.Mne ECC82 
B Kat.tecmee AUHeUH020 BblXOOH020 KacKaiJa npeiJycUAUme.AR 

6JIH3Ka K Tpe6yeMblM na paMeTpaM. 3Ta JiaMna MOrJia 6bl OKa3aTbCff HaH6oJiee no.n.xo.~snu.eii 
.ltJISI BbI6opa, ecJIH 6bl He He.ZI.BBHO BbinOJIHeHHble HCCJle)lOBaHHSI aBTOpa, KOTOpbie noKa3a

JIH, l.JTO .ltJISI Hee xapaKTepHbl Heno~IOUJ.HeCSI .ZI.BJibHeHrneMy CHH>KeHHIO HCKa>KeHHSI, ypo

BeHb KOTOpblX npHMepHO Ha 13 n5 Bblllle, l.JeM ypoBeHb TaKHX >Ke HCKa>KeHHH .ltJIS! JiaMn 

ceMeHCTBa "'7N7 /*NS. 

XOTSI HH JiaMna "'SN7, HH "'N7 He JlOCTHraIOT He06XOJlHMOro 3Hal.JeHHSI 3KBHBaJieHTHOro 

BblXOJlHOrO conpoTHBJieHHSI 'out' OCHOBHaSI npo6JieMa Bee >Ke 3aKJIIOl.JaeTCSI B 3Hal.JeHHH 

BXOJlHOH eMKOCTH cm. TeopeTHl.JeCKOe 3Hal.JeHHe eMKOCTH cm JtJJSI naMnhl"'N7, BbmycKae

MOH KOMnaHHeii JloKTaJI ( Loctal ), HeCKOJibKO 6oJibllle >KeJiaTeJibHoro 3Ha1.JeHMS1, 1.JTO onpe

neJisieT 3Hal.JeHHe 1.JaCTOTbl cpe3af .aa5 3Hal.JeHHeM 106 Kfu., KOTOpasi HeCKOJlbKO OTJIHl.JaeT

CSI OT Heo6XOJlHMOro 3Hal.JeHHSI 131 Kf U.. H KOTopasi npHBeJia 6bl K CHH>KeHHIO ypoBHSI 

CHrHaJia Ha 1.JaCTOTe 20 Kf U., paBHOMy 0, 15 Jl5 ( BMeCTO Tpe6yeMoro ypoBHSI 0, 1 n5, XOTSI 

TaKYIO pa3HHLI.Y B ypOBHSIX noTepb MO>KHO 6hlJIO 6bl npHHSITb KaK BnOJIHe nonyCTHMYIO ). 

EcnH He06XOJlHMO HCnOJib30BaTb 06bil.JHblH KaCKBJJ. c 06UJ.HM KaTOJlOM, TO CJie,llyeT Bbl-

6MpaTb Me>KJJY JiaMnOH, xapaKTepM3YIOW.eHCSI BblCOKOH JIHHeHHOCTbIO xapaKTepHCTHKH H, 

OJlHOBpeMeHHO c 3THM, He3HalJHTeJibHbIMH noTepS!MH Ha BbICOKOH 'laCTOTe, H JiaMnOH 

c xynrneii JIHHeHHOCTblO, HO B u.eJIOM HMeIOw.eii xapaKTepHCTHKH, HaH60Jiee noJIHO npH-

6JIH>KaIOW.HeCSI K >KeJiaeMblM 3Hal.JeHHSIM. C JlpyroH CTOpOHbl, MO>KHO 6blJIO 6bI HCnOJib30-

BaTb ynoMHHyTyIO Bblllle JiaMny THna ECC82 B cxeMe m-nosrnpMTeJisi (pMc. 6.4 ), '!TO no-

3BOJIHJIO 6bl TaIOKe JierKO o6ecnelJHTb Tpe6yeMbIH BblXOJlHOH HMnenaHc npe,llyCHJIHTeJISI. 

)lnsi m-nOBTOpHTeJISI Heo6XOJlHMO yseJIH'leHHOe Hanpsi>KeHHe nMTaHHSI nonorpeBaTe

JieH .ltJISI sepxHeH (no npHHU.HnHaJibHOH cxeMe) Jianbl, HO 3TO He SIBJISleTCSI Henpeo)lOJIHMOH 

nperpBJJ.oH. Boo6w.e-To He cyw.ecTByeT OJlH03HalJHoro oTBeTa no noso.llY BbI6opa Toro HJIH 

HHoro sapMaHTa. B 1993 r. asTop McnoJib30BaJI B csoeii KOHCTPYKU.HH JiaMnhl ECC82 npo

CTO noToMy, l.JTO OHH 6blJIH He O'leHbJlOPOrHMH, Hy aBTOpa KHHrH OKa3aJICSI HX He60JiblllOH 

3anac. XoTsi s Hacrnsiw.ee speMsi 11HTepHeT H .n.eJiaeT noMCKH no.n.xonsiw.eii JiaMnbI HaMHoro 
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+285V 

-~-1---

10nF 

10M 

PH4=. 6.4 Hcn0Absoea11.ue µ-noamopumeAR a Kattecmae 
Bblxoa11.oeo 1Cac1Caaa npeaycUAumeAa 

6onee npoCTblM npou.eccoM, OJJ.HaKo, CTOJJKHYBlllHCb c npo6JJeMOA Bbl6opa, B HaCTOffW.ee 

speMSI MO>KHO 6wno 6w Hcnonbaosarb naMny 7N7, HMe10wy10 HH3Koe 3HaiteHHe R, ( Heo6-

XOJJ.HMoe Jl.Jlff CHH>KeHHff ycHJJeHHff H Cm). JlH6o 6onee npHeMJJeMblM Mo>Ker OKaaarbCff sa

pHaHT HCnOJib30BaHHff µ-nOBTOpHreJJff, eCJJH B HaJIH'-IHH OKa>KeTCff HCTO'-IHHK nHTaHHff Jl.Jlff 

u.eneA noJJ.orpesareneii c noBblllleHHblMH 3Ha'-leHHffMH HanpH>KeHHH. Cyw.ecreyer Macca 

cnoco6os JJ.OCTH% Hy>KHoro peaynhrara. 

B paHee npHBOJl.HMbIX npHMepax (CM., HanpHMep, rnasy 2) npOH3BOJJ.HJICH Bb16op naM

nbI, a ona noroM onpeJJ.ensina ycHJJeHHe KaCK8)1.S. B HeKoropwx >Ke CJJY4asix, raKoii noJJ.XoJJ. 

He COBCeM onpaBJJ.blBaer ce6H, no:>TOMY B )l,aHHOM KOHKperHOM cny4ae He06XOJl.HMO 38JJ.a

BaTbCff KaK paa ycHJJeHHeM. 

6.2.4. 8blnonHeHHe rpe6PBOHHR He06XORHMOfO JHO'leHllR 

KOJtPtPHllH8HTO yc11neHllR 

CHH3HTb qpeaMepHoe ycHneHHe MO>KHO HcnonbaosaHHeM JJ.eJIHTeJJH HanpH>KeHHSI JIH6o Ha 

BXOJJ.e, JIH60 Ha BblXOJJ.e. HcnOJJb30BaHHe )l,eJJHTeJIH Ha BblXOJJ.e yseJJH'-IHBaer BblXO)l.HOe co

nporHBJJeHHe, '-!TO HBJiffeTCSI He)l,onycrHMblM, TOr)l,a KaK HCnOJib30BaHHe )l,eJIHTeJJSI Ha BXOJJ.e 

CHH>Kaer yposeHb BXOJJ.HOro CHrHaJia, 4TO CHJJbHO BJIHHeT Ha ypoBeHb lllyMa, CHH>KaH OTHO

llleHHe ypoBHeA CHrHaJJa K llJYMY S/N. 
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n11HeitHblM KOCKOA 

E.u.HHCTBeHHOH OCTaBWeHCSI B03MO>KHOCTblO Jl,/ISI ,ll.OCTH>KeHHSI He06XO,ll.HMOro 3Hal!eHHSI 
ycHneHHSI OCTaeTCSI OTpHlWTenbHaSI o6paTHaSI CBSl3b. YcHneHHe OT,ll.enbHO B3SITOH naMnbl 
MO>KHO yMeHbWHTb HCKntol!eHHeM H3 cxeMbl KaTO,ll.HOro wyHTHpyiow.ero KOH,ll.eHcaTopa, 
lfTO npHse.u.eT K o6pa3osaHHto nocne.u.osaTenbHOH oTpHu,aTenhHoii o6paTHoA CBH3H no TOey, 
HO 3T8 onepaU.HSI 3HalfHTenbHO ysenHlfHT BblXO,ll.HOe conpoTHBneHHe H B CHny 3TOro He MO>KeT 
6b1Tb HCnonb30BaHa . .llnH coxpaHeHHSI HH3KOro 3H8l!eHHSI BblXO,ll.HOro conpOTHBneHHSI o6paT
HaSI CBSl3b,ll.On>KHa 6b1Tb napannenbHOH no cyTH, XOTSI <j>aKTHlfeCKH OHa MO>KeT 6b1Tb opraHH-
30BaHa KaK nocne.u.osaTenbHaSI o6paTHaH CBSI3b, TaK H napannenbHaH ( pHc. 6.5 ). 

a) 6) 
100k 100n 

300k 

47k 
10M 

PHc. 6.5 BapuaHmbl ucnOAb30BaHuJt napaMeAbHou· 
u nocAeoonameAbHou o6pamnou CBJtau 

B o6oHx npHMepax Hcnonb3yeTCH napannenbHaSI o6paTHaSI CBSI3b, Heo6xo.U.HMaH JlJJSI 
CHH>KeHHSI BblXO,ll.Horo conpOTHBneHHSI, XOTSI Ha pHc. 6.5 a npHBe,ll.eH npHMep opraHH38U,HH 
napannenbHOH o6paTHOH CBSl3H, TOr.u.a K8K Ha pHC. 6.5 6 npHBe,ll.eH npHMep opraHH3all,HH 
nocne.u.osaTenbHOH o6paTHOH CBSl3H, TeM He MeHee, no CBOHM CBOHCTB8M o6a cnoco6a 
npaKTHl!eCKH pasHou,eHHbl. Ka>K,11.oe H3 npHse.u.eHHbIX peweHHA HMeeT csoH npo6neMbl, 
6onbWaSI l!aCTb KOTOpblX CBSl3aHa c .u.onycTHMblM 3HalfeHHeM conpoTHBneHHSI pe3HCTopa 
o6paTHOH CBSI3H. Pe3HCTOp o6paTHoA CBSI3H <jlaKTHlfeCKH no.u.Kntol!eH napannenbHO aHo.u.
Hoii Harpy3Ke, ycHneHHbIH CHrttan Ha Hero nocrynaeT qepe3 BbIXO.ll.HOH pa3.u.enHTenbHbIH 
KOH,ll.eHCaTOp. npH He60nbWOM 3Half eHHH conpOTHBneHHSI pe3HCTOpa o6p8THOH CBSl3H 
He06XO,ll.HMO 6onbwee 3HalfeHHe eMKOCTH pa3.u.enHTenbHOro KOH,ll.eHCaTOpa, npH 3TOM CHH
maeTCSI ycHneHHe ( c OTKnlOlfeHHOH neTneH o6paTHOH CBSl3H) KaCKa,ll.a 3a ClfeT CHH>KeHHSI 
aHO,ll.HOH Harpy3KH no nepeMeHHOH COCTaBnfftoW.eH. npHeMneMblM 3HalfeHHeM conpoTHBne
HHSI pe3HCTopa o6paTHOH CBSl3H B K8lfeCTBe nepsoHaqanbHOro BbI6opa MO>KeT 6b1Tb Bb16pa
HO 3HalfeHHe, pasHoe TpexKpaTHOMY 3HalfeHHto conpoTHBneHHSI Harpy3KH, TO ecTb 3 x RL . 

.llnH HHsepTOpa Ha o.u.HoH naMne (pHc. 6.5a) c conpoTHBneHHeM B aHO.U.HOH u.enH R1. = 
I 00 KOM Tpe6yeMoe 3Hal!eHHe Ko3<jl<j>Hu,HeHTa ycHneHHSI o6hllfHO Mo»<eT cocrnsnHTb no
pst.11.Ka 5, JlJJSI qero noHa.u.o6HTCH Hcnonb30BaTb nocne.u.oaaTenbHO BKntolleHHbIH axo.u.Hou 
(yJlJJHHHTenbHblH) pe3HCTOP c conpoTHBneHHeM 4 7 KOM H pe3HCTOP o6paTHOH CBSl3H senH
lfHHOH 300 KOM. Bxo.u.Hoe conpoTHBneHHe TaKoro KacKa.a.a cocTasnsteT npHMepHo 47 KOM, 
cne.u.osaTenbHO, oH 6y.u.eT npe.u.crnanSITb aecbMa rnmenyto Harpy3KY JlJJff noTeHu,HoMeTpa 
perynstTopa rpoMKOCTH c conpoTHBneHHeM l 00 KOM. Mo»<Ho ysenHllHTb 3HalfeHHH conpo-
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KatKIQlbl npeAeapHrenbHOro ycHneHHll 

THBJieHHH o60HX pe3HCTOpOB, Bb!6paB ,llJIH nocJie)l.OBaTeJibHOro BX0.11.HOro pe3HCTopa co

npoTHBJieHHe 270 KOM, a ,llJIH pe3HCTopa o6paTHOH CBH3H 1,6 MOM, yMeHblllaH, TaKHM 

o6pa30M, Harpy3KY Ha noTeHLlHOMeTp peryJIHTOpa rpOMKOCTH H eur.e 6oJiee CHH)!{aH Harpy3-

KY Ha BbIX0.11.HOH KaCKa.11.. K co)!{aJieHHIO, no.n.o6Hb!H no.n.xo.n. yxy.11.lllaeT napaMeTpbI no lllY· 
MaM, T8K KaK B nocJie)l.OBaTeJibHO BKJll04eHHOM pe3HCTope reHepHpylOTCH lllYMbl, a BXO)l.HOH 

lllYM pe3ttCTOpa ceTo•rnoro CMelll,eHHH 6oJiee He lllYHTHpyeTCH 38 C'leT conpoTHBJieHHH HC

TOKa peryJIHTOpa rpoMKOCTH. 

He noJIYl!HB Tpe6yeMoro peweHHH OT cxeMbl HHBepTOpa, cJie.nyeT o6paTHTbCH K .n.syx

JiaMnoBOMY KaCKa.ny, B KOTOpOM o6paTHaH CBH3b npHJIO)!{eHa K KaTo.ny BX0.11.HOro KaCK8)1.8 

(pHC. 6.56). 

B uenH ceTKH oTC!yTcTByeT nocJie.n.osaTeJibHblH pe3HCTop, a seJIH4HHa conpoTHBJieHHH 

KaT0.11.HOro pe3HCTOpa 6y.n.eT )l.OCTaTO'IHO HH3KOH, no3TOMY ll!YM, B03HHKalOlll,HH 3a C4eT 

BX0.11.HbIX 3JieMeHTOB cxeMbI, He 6y.n.eT crna>KHBaTbCH, .n.a>Ke, HecMoTpH Ha To, 4TO wyMbl, 

o6H3aHHbie CBOHM npoHcXO>K)l.eHHeM Rl' He 6y.nyT 6oJiee wyHTHposaTbCH ( 6oJiee no.n.po6-

HO CM. HH>Ke B .11.aHHOH rJiaBe ). 

npH HaJIH'IHH OT)l.eJibHOH BX0.11.HOH H OT)l.eJibHOH BbIX0.11.HOH JiaMn MO)!{HO HCnOJib30BaTb 

3TY 6JiaronpHHTHYIO B03MO)!{HOCTb, 4T06bl onTHMH3HposaTb K8>K.11.blH KacKa.11.. CMelll,eHHe 

Ha JiaMne v, npH 3TOM 3a)l.8eTCH TaKHM o6pa30M, 4T06bl o6ecnettHTb He60JibWOH aH0.11.HblH 

TOK c ueJiblO noJiy'IHTb MaKCHMaJibHoe 3Hal!eHHe conpoTHBJieHHH Rk (npH'IHHa TaKoro no.11.

xo.11.a CTaHeT HCHOH HeMHoro n03)!{e), TOr.n.a KaK BbI6paHHOe CMelll,eHHe Ha JiaMne V2.ll.OJl>K

HO o6ecne'IHBaTb HH3KOe 3Hal!eHHe 'a H BbICOKYIO JIHHeHHOCTb aMnJIHTY.11.HOH xapaKTepHC

THKH. KoH.11.eHcarop, BKJIIOtteHHbIH nocJie.n.osareJibHO c pe3HCTopoM o6paTHOH CBH3H ~· 
npe.n.oTBpaur.aeT npoXO>K)l.eHHe nOCTOHHHOH COCTaBJIHIOlll,eH c K8TO)l.a JiaMnbI v, Ha BblXO)I.. 

06ur.e ycHJieHHe 6e3 .n.eAcTBHH o6paTHOH CBH3H cocTaBJIHeT npHMepHo 200. ECJIH He

o6xo:U.HMO, KaK H pa Hee, o6ecnettHTb o6ur.ee ycHJieHHe, pasHoe 5j Heo6xo.n.HMO onpe.n.eJIHTb 

3HatteHHe f3, HcnoJib3YH cne.nyiour.ee Bblpa)!{eHHe: 

npH )l.8JlbHeHWeM p8Cl!eTe He Y4HTbIBaeTCH BeJIH4HHa TOKa o6paTHOH CBH3H, npoTeKa

IOlll,ero B R11 6Jiaro.n.apH .n.eAcTBHIO JiaMnbI V 1, a TaK>Ke BJIHHHHe conpoTHBJieHHH r11 Ha uenb 

o6paTHOH CBH3H, 0)1.HaKO ,llJIH paccMaTpHBaeMoro CJIY4aH BHOCHMaH norpeWHOCTb He OKa-

3bIBaeT cyur.ecTBeHHOro BJIHHHHH. 

TaKoe 3Hal!eHHe conpoTHBJieHHH npe.n.cTaBJIHeT cyur.ecTBeHHyio Harpy3KY ,ll,IIH Bblxo.11.

Horo K8CK8)1.a, 4TO CHH>KaeT YCHJieHHe c pa30MKHyTOH neTJieH o6paTHOH CBH3H H yseJIH'IH

Baer HCKa)!{eHHH .11.0 TOro, KaK H8'1HeT .11.eikTBOBaTb o6paTHaH CBH3b. 

BJIHHHHe pe3Hcropa ~ scer.n.a npe.n.cTaBnHeT npo6JieMy ,llJIH ycHJIHTeJieH TaKoro THna, 

H )l.OBOJlbHO ttaCTO TaKoe BJIHHHHe CTapalOTCH yMeHblllHTb 3a CtteT yseJIH'leHHH Heo6xo.n.H-
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PerynRTop rpoMKOCTH 

Moro K03<j><j>HIJJ.feHTa ycHJleHHH ( CHH>KeHHe K03<j><j>HU,HeHTa ~ ), nH60 3a C'leT ysenH'leHHH 

R11• C ,u.pyrofl cTopoHbl, MO>KHO ocTaHOBHTbCH Ha HH3KOM 3Ha'!eHHH conpon!BneHHH ~ 
HO npH 3TOM 6b1Tb roTOBbIM K TOMy, 'IT06bl o6ecne'IHBaTb Heo6XO.ll.HMblH pe>KHM naMnbl 

npH nOMOW.H KaTOJJ.HOrO nOBTOpHTenH, BBe.neHHOro B BblXO.ll.HOA KaCK8JJ. npe.uycHnHTenH 

(pHC. 6.6). 

---,.---1-- ----

PHc. 6.6 Hcno1tb3oeanue Kamoanoeo noemopume1ta 
a1ta BBeaenua noc1teaoeame.1tbHOU o6pamHOU CBR3U 

HTaK, B pe3ynbTaTe noCTaBneHHaH u.eJib oKa3anaCb.ll.OCTHrHYTOH, HO 3a C'leT HCnOJib30-

BaHHH Tpex naMn H .nonoJIHHTenbHoro HCTO'IHHKa Jl,IIH u.enefl no.norpesaTenefl KaTo.nuoro 

nosTopHTenH. OpH 3TOM nonHOCTbIO oKa3anHcb sue paccMOTpeHHH sonpocb1 06ec1te'leHHH 

ycToH'IHBOCTH scero ycHnHTenH. H ew.e cne.uyeT otMeTHTb, '!To o'!eHb MHoroe Morno 6b!Tb 

.u.o6asneHO Ha TeMy 0 CTpyKrype K03<j><j>HU.HeHTa ycHneHlrn, BeJIH'IHHa KOTOporo 6b1na npe

.nonpe.neneHa Bb16opoM 3neKTpOHHOH naMnbl. 

6.3. Perym1rop rpoMKOCTH 

6.3.l 0CHOBHh/B npo6neMh/ perynHpOBOHHR rpoMKOCTH 

Ope>KJJ.e BCero, He06XO.ll.HMO HMeTb B BHJJY, '!TO perynHTOp rpOMKOCTH BblCOKOKa'leCTBeH

HOfO ycHnHTenH, - 3TO He npocTeAwHH noTeHu.HoMeTp c conpoTHBneHHeM I 00 KOM, py'l

Ka KOToporo uaxo.nHTCH Ha sepxuefl HnH nHu.esofl nauenH Kopnyca ycHnHTenH. Ou HBnHeT

CH BeCbMa cyw.ecTBeHHbIM 6noKOM npe.uycHJIHTenH H .non>KeH paccMaTpHBaTbCH c TO'IHO 

TaKOH >Ke TW.aTenbHOC'tbIO;KaK H see OCTanbHble 6nOKH H KOMnOHeHTbl cxeMblYCHnHTenH. 

Ope>KJJ.e BCero cne.uyeT OTMeTHTb, '!TO 'IYBCTBHTenbHOCTb 'lenoBe'leCKOfO yxa K ypoBHIO 

3BYKOBoro .nasneHHH, HnH CHne 3ByKa, H3MeHHeTCH B COOTBeTCTBHH He c nHHeHHblM, 

a c norapH<j>MH'leCKHM 3aKOHOM. 003TOMy, npH npoeKTHpoBaHHH perynHTOpa rpOMKOCTH 
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KacKDAbl npeABapMrenbHoro ycMneHMll 

3ByKa, KOTOpbIH )l.OJI>KeH o6ecne4HBaTb paBHOMepHyIO xapaKTepHCTHKY BocnpHHTHH BO 

BCeM 3BYKOBOM )l.Hana30He, He06XO.ll.HMO HCnOJib30BaTb noTeHI.lHOMeTp, conpOTHBJieHHe 

KOToporo H3MeHHeTCH no o6parno - JiorapHQlMHlfeCKOMY 3aKOHY (HJIH, HHalfe, no 3aKoHy 

noKa3aTeJibHOH QlYHKI.lHH). 3TO H HBJIHeTCH OCHOBHOH npH4HHOH BCex npo6JieM npoeKTH

pOBW.HKa. 

J;faroTOBJieHHe nepeMeHHOro pe3HCTopa c JIHHeHHOH llJKaJioA He npe.11.cTaBJiff~T npo-

6JieM • .llnH 3Toro npocrn HaHoCHTCH nonocKa H3 yrnepo.11.oco.11.ep>Kaw.ero MaTepHana paB

HOMepHoA TOJIW.HHbl H llIHpHHbl Ha H30JIHpyIOt.uyIO nO.ll.JIO>KKy, H3rOTaBJIHBaIOTCH KOHTaKTbl 

c Ka>1<,11.oro KOHI.la. 3aTeM TeM, HJIH HHblM cnoco6oM H3rOTaBJIHBaeTCH no.11.BH>KHblH KOHTaKT. 

EcJIH HeT CMbICJia o6peMeHHTb ce6H npo6JieMaMH c KOpnycoM, TO TaKOH THn nepeMeHHblX 

pe3HCTOpOB H3BeCTeH no.11. Ha3BaHHeM CKeJieTHbIX. ,ll.JIH nOJIY!feHHH o6paTHO - JIOrapHQ>

MHlfeCKOro 3aKOHa H3MeHeHHH conpOTHBJieHHH TOKOnpoB0.11.HW.eH .11.opo>KKH ee TOJIW.HHa 

H3MeHHeTcH no .ll.JIHHe, ycTaHaBJIHBaTbCH MeTaJIJIHlfeCKHe npeccoBaHHhie 3KpaHbl, 3aTeM 

)I.Ba noTeHI.lHOMeTpa (.ll.JIH 0)1.HOpY!fe4HOH p~rynHpOBKH CTepeo-ycHJIHTeJIH) Haca>KHBaIOTCH 

Ha e)l.HHbIH Bpaw.aIOW.HHCH BaJI, Ha KOTOpOM 3aTeM MO>KHO yKpenHTb 6oJibWYIO H 6necTH

w.yIO aJIIOMHHHeByIO PY'IKY· TexnonornH >Ke H3roTOBJieHHff npoB0.11.HW.ero noKpbITHH c H3-

MeHHIGW.eAcH no 3apanee 38)1.aHHOMY 38KOHY TOJIW.HHOH OKa3bJBaeTCH He CaMbIM .11.ellleBbIM 

npouecCOM, no3TOMY 11aw.e BCero o6paTHO - JIOrapHQlMHlfeCKHH 38KOH H3MeHeHHH conpo

THBJieHHH OT yrna noBopoTa .11.BH>KKa noTeHI.lHOMeTpa annpoKCHMHpyeTCH Ha6opoM npHMO

JIHHeHHbIX Y!faCTKOB (pHc. 6.7). 

100 ---------------------

80 

HapacTaH11e 
conpoT11eneH11R 60 

OTHOCllT8nbHO 
38Mn11(%) 

40 

20 

o-1--~-.-....... "'=====:::=:::~~~~~~~-l
o 40 80 120 180 220 260 300 

Yron noeopoTa oc11 (rPBAYCbl) 

Puc. 6. 7 Kyco'l.H0-1tuneuna11. annpoKcUMal{UR. 1to2apu<jJMu'l.ecKou aaoucUMocmu 

HecKOJlbKO OllleJIOMJIHIOW.HM pe3yJibTaTOM HBJIHeTCH TO, KaKOe Hennoxoe COBn8)1.eHHe c 

H.11.eanbHOH o6paTHO - norapHQlMHlfecKoA KPHBOH MOryT 06ecne11HTb Bcero 11eTb1pe .11.HCK

peTHhie pe3HCTHBHhie .11.opo>KKH, 0.11.naKo, He .11.on>KeH BbI3bIBBTb Y.11.HBJieHHH H TOT Q>aKT, 4TO 

nepeX0.11.bI c 0.11.noro y11acTKa Ha .11.pyroA npHB0.11.HT K cKa4KOo6pa3HOMY H3MeHeHHJO conpo-
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Pery1u1rop rpoMKOCTll 
'--./ 

THBJieHHH noTeHUHOMeTpa npH noeopoTe pb1'la>KKa TaKoro noTeHUHOMeTpa. TaK>Ke cne.ny

eT O>KH)J.8Tb, '!TO MexaHH'leCKH CBff3aHHbie noTeHLlHOMeTpbl cnoco6Hbl o6ecnettHTb paBHO

MepHblH ypoeeHb OCJia6JieHHff BO BCeM ,llHanaaoHe, Ha'IHH8ff c HYJiff )1.0 60 )I.E. lfaCTb yrne

po,ll.Hb!X noTeHU.HOMeTpOB HMeeT )l.eHCTBHTeJibHO 3aMe'laTeJibHble xapaKTepHCTHKH, HO, 

K BeJIHKOMy CO>KaJieHHIO, cpe.n.a o6HTaHHff nOTeHl{HOMeTpOB c yrnepO,ll.HblMH .ll.OPO>KK8MH co

xpaHHJlaCb TOJlbKO B y>Ke noKpbITblX TJieHOM epeMeHH CTapblX TeJieBH3HOHHbIX npHeMHHK8X. 

6.3.2. nonroHKa 10K0Ha HJMeHeHHR conpor11sneHHR noreHlJHOMerpa 
0)1.HHM H3 noJie3HblX H npOCTblX cnoco6oe no,ll.rOHKH 38KOH8 H3MeHeHHff conpOTHBJieHHff 

noteHI.J.HOMeTpa no)!. Tpe6yeMyIO 3aBHCHMOCT'b ffBJiffeTCff HCnOJib30BaHHe JIHHeHHoro no

TeHl{HOMeTpa, HMeIOw,ero 0)1.HOpO,ll.HyIO npoBO.ll.fflll.YIO nJiaCTHKOBYIO .ll.OpO>KKY, H no,ll.CTpaH

B8IOW.ero no)!. He06XO,ll.HMyIO 3aBHCHMOCTb H3MeHeHHff conpOTHBJieHHff no,ll.roHO'IHOro 

peaHcTopa, ycTaHOBJieHHoro Me>K.ny no)l.BH>KHblM KOHTaKTOM H aeMJieH. TaKaH HCKYCCTBeH

HaH xapaKTepHCTHKa He COOTBeTCTByeT B TO'IHOCTH, HanpHMep, o6parno - JiorapHCpMH

tteCKOMY 3aKoHy, HO KOHe'IHblH pe3yJibT8T OKa3bIBaeTCff 3H8'1HTeJibHO JIY"We, 'leM npH HC

nOJib30B8HHH npocTOro noTeHl{HOMeTpa c JIHHeHHOH xapaKTepHCTHKOH. 

y H)l.eaJibHOro peryJIHTOpa rpoMKOCTH )l.OJl>KHO 6bITb a6COJIIOTHO 0)1.HHaKOBOe OCJia6Jie

HHe ( Bbipa>KeHHoe B ,ll.eUH6enax) ,ll.llff 38)1.aHHoro KOJIH'leCTBa noeopoTOB poTOpa noTeHUH

oMeTpa BHe 3aBHCHMOCTH OT Toro, npOH3BO)l.HTCff JIH TaKoe Bpaw,eHHe, Kor.n.a nO)l.BH>KHbIH 

KOHTaKT noTeHl{HOMeTpa HaXO)l.HTCff B cepe,ll.HHe TOKonpOBO)l.fflll,eH ,ll.OpO>KKH, JIH60 B ee 

KOHl{e, B Henocpe,ll.CTBeHHOH 6JIH30CTH OT Ha'!aJia. 

HH>Ke npHBO.ll.HTCH nporpaMMa , HanHcaHHaH Ha H3bIKe QBASIC, KOTopaH noaeonHeT 

)l.eTaJibHO HCCJie)l.oBaTb BJIHffHHe no,ll.rOHO'IHOro pe3HCTopa Ha annpOKCHMHpyeMyIO 3aBH

CHMOCTb. nporpaMM8 npe,ll.CT8BJiffeT MOJlHti>HLlHpOB8HHbIH B8pH8HT 06bl'IHOrO ff3blK8 npo

rpaMMHpOBaHHff HH3Koro ypoBHH, npe,ll.Ha3Hal!eHHoro ,ll.llff onepauHOHHOH cHcTeMbl MS 

DOS. HecMoTpH Ha TO, l!TO 6onbWHHCTBO coepeMeHHbIX oriepauHoHHblX cHcTeM, coeep

weHHO He 3a6oTHCb 0 nocJie)l.CTBHffX, nblT8IOTCff BCeMH cnoco6aMH OTKpecTHTbCff OT Ha

CJie)l.Hff DOS, onepauHottttaH cHcTeMa Windows XP pa6oTaeT c DOS-nporpaMMaMH 60-

nee, '!eM Y.ll.OBJieTBopiiTeJibHO. 

Hcnonb3yH ,ll.attttyio nporpaMMy, MO}l(HO paccl!HTaTb, '!TO H)l.eaJibHOe aHa'lettHe conpo

THaneHHH ,ll.llff no)l.rOHO'IHOro pe3HCTOpa 6y)l.eT COCTaBJiffTb npHMeptto 0,83 OT 3H8l!eHHff 

conpOTHBJieHHff noTeHLlHOMeTpa, a npHMetteHHe 6oJiee HH3KHX 3Ha'leHHH conpoTHBJieHHff 

3Hal!HTeJibHO yxy.ll.WHT Ka'leCTBo 3BY'!aHHH. K co>Kaneirnio, 3Ta MaJiettbKaH «eoeHttaH» 

XHTpOCTb HcnpaBJiffeT noJIO>KettHe TOJlbKO B eepxtteH l!aCTH )l.Hanaaotta, 0)1.HaKO, eCJIH npo

H3BeCTH OnTHMH3al{HfO ypoBHff TaKHM o6pa30M, l!T06bl Ha npaKTHKe HCnOJib30BaJIOCb, K8K 

npaBHJIO, TOJlbKO 12 )1.6 OCJia6JieHHff B eepxtteH l!aCTH ,llHana3oHa, TO CHCTeMa no,ll.rOHO'l

HblH pe3HCTOp - noTeHl{HOMeTp 6y)l.eT pa6oTaTb Ol!eHb xopowo. 

CLS 
p = 1 
PRINT "This program calculates the step size" 
PRINT "resulting f:irom shunting the output of a" 
PRINT "linear potentiometer with a law faking" 
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PRINT "resistor 
PRINi; 
PRINT "How many steps of resolution do you want to" 
PRINT "investigate"; 
= = 503 

INPUT N 
DIM LOSSDB (N) 
PRINT "What value of potentiometer will you use'; 
INPUT R 
PRINT "What value of law faking resistor will you" 
PRINT "use" 
INPUT L 
PRINT 
PRINT "LOSS"; TAB(l5); "STEP" 
DO UNTILL P = N 
A = P * R I N' 
UPPER = R - A 
LOWER= A* L /(A+ 1) 
LOSSDB (P) = ((86.8589 * LOG(LOWER I (LOWER+ 
UPER)) \1) I 10 
REM THE 86/8598 FACTOR ARISES BECAUSE QBASIC USES 
NATURAL LOGS 
p = p + l 
LOOP 
p = 2 
DO UNTILL P = N + 1 
CLICK = LOSSDB (P) - LOSSDB (P - 1) 
PRINT ABS (LOSSDB (P)); "db"; TAB (15); ( (10 * CLICK) \ 
1)/10: "db" 
p = p + 1 
LOOP 

Pa3BHTHeM )laHHOH H)leH noCJiy>KHJIO 6bl H3rOTOBJieHHe HeCKOJibKHX OTBOAOB OT TO'leK, 

pacnoJio>KeHHbJX BJlOJib TOKonpoBoAHmeii: nJiaCTHKosoii: Aopo>KKH noTeHu.HoMeTpa c JIH

Heii:Hoii: xapaKTepHCTHKOH, KaK l!aCTH ero KOHCT-!JYKU.HH. TaKOH JIHHeHHblH aTTeHJOaTop 

c OTBO)laMH OT TOKonpoBO)lffllleH AOPO>KKH HMeeT 6Jiecrnmee cornacosaHHe OT.!leJibHblX 

yqacTKOB H, CJie)lOBaTeJibHO, npeKpacHoe cosna.neHHe c aa.naHHOH o6paTHO - JiorapHtt>MH

l!eCKOH aasHCHMOCTbJO. TaKHe noTeHu.HoMeTpbl l!aCTOT HMeJOT MapKHpOBKY «Penny & 
Giles», HaHeceHHy10 Ha BHernHJOJO crnpoHy H o6ecne'IHBaJOT npeKpacHbJH peayJibTaT npH 

HX HCnOJib~OBaHHH. CJie.nyeT OTMeTHTb, 'ITO, CTporo rosopH, OHH He HBJIHIOTCH noTeHU.HO

MeTpaMH H 'ITO H3MepeHHe HX conpOTHBJieHHH Me>KJIY u.eHTpaJibHblM nO)lBH>KHblM BblBOJlOM 

H KOHU.eBblMH Heno.nBH>KHblMH MO>KeT Jl3Tb coseprneHHO HeO>KH.naHHblH peayJibTaT. 

6.3.3. flepeKR/0'106Mh/e arreHIOOTOphl 

EcJIH OCHOBHblM H3 KpHTepHeB npe.nyCHJIHTeJIH HBJIHeTCH JlOCTH>KeHHe HaHBblCWero Ka

l!eCTBa, H npH 3TOM)lonycKaeTCfl, 'ITO peryJIHpOBKa rpOMKOCTH 3ByKa He 06H3aTeJibHOAOJI

>KHa 6b1Tb nJiaBHOH, TO BnOJIHe BepOHTHblM CT3HOBHTCH HCnOJib30BaHHe JlHCKpernoro 

nepeKJIJO'laeMoro aTTeH10arnpa. B HeM HcnoJib3yeTcH nooqepeAHoe nepeKJIJO'leHHe Hape-

3HCTOpb1 c pa3JIH'IHblMH <t>HKCHposaHHblMH 3Ha'leHHHMH conpoTHBJieHHH, KOTOpble o6ecne-
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1.JHBa10T cryneH1.Ja-ry10 peryJIHpOBK)' rpoMKOCTH 3ByKa. TaKHM nYTeM MO>KHO .n.o6HTbCH He 

TORbKO H.n.eanbHOro COBna.n.eHHff c o6parno - norapH<j>MHl.JeCKHM 3aKOHOM H3MeHeHHff xa

paKTepHCTHKH perynHTOpa, HO TaK>Ke H H,Zl.eanbHOro 6anaHca Me>fGIY CTepeo<j>oHHl.JeCKHMH 

KaHanaMH. 

Y nepeKn101.JaeMoro aTTeHIOaTopa .n.onraH H 6necTHUJ.aH HCTOpHH. B KoMnaHHH BBC Ha 

nynbTax 3BYKOpe>KHccepoB HCnORb30BanHCb KBa.n.paHTHble MHKlllepbl (nepeKnlOl.JaeMble 

arreH10aTopb1 6e3 <j>HKcarnpoB) BnnOTb .n.o 70-x ro.n.oB npolllnoro BeKa, noToMy 1.JTO y HHx 

npaKTHl.JeCKH He 6blRO H.e.n.ocTaTKOB, 3a HCKnlOl.JeHHeM nocTeneHHOro 3aryxaHHff nporpaM

Mbl H npocnylllHBaHHff cryneHl.JaToro H3MeHeHHff rpOMKOCTH npH H3MeHeHHH ypoBHff 

ocna6neHHff - CHCTeMa 1.JenoBel.JeCKOe yxo-M03r HaCTpoeHa Ha TO, l.JT06bl BOCnpHHTHe 3By

Ka no,Zl.1.JHHffnOCb norapH<j>MHl.JeCKOMy 3aKOHY ocna6neHHff ero CHRbl, no.n.o6HO TOMy, KaK 

BocnpHHHMaeTCff 3aTyxa10mee 3XO. 0.D.HaKO, nocne Toro KaK .D.OCTaTOl.JHO ManOlllYMffl.l\He 

nHHeHHble aTTeHIOaTOpbl c OTBO,Zl.aMH OT TOKonpoBO.Zl.ffW.eH .n.opo>KKH nonyqHnH llIHpOKoe 

pacnpocTpaHeHHe, ropa3.n.o 6onee .n.oporHe KBa.n.paHTHble MHKlllepbl cTanH .n.ocTOHHHeM Hc

TOpHH pa.n.HoBelll.3HHH. JlocTaTOl.JHO Y.D.HBHTenbHbIM <j>aKTOM HBnHeTCH TO, 1.JTO nepeKn101.Ja

eMble aTTeHIOaTOpbl c .n.eBHTblO, no KpaHHeH Mepe, cryneHHMH, H3rOTaBRHBanHCb <j>HpMOH 

Erie ,Zl.JIH lllHpoKoro Kpyra noTpe6HTeneA B 1949 ro.n.y [I], .n.a>Ke rnr.n.a y>Ke noHHManH npe

HMyw.ecTBa TOl.JHoro cne.n.oBaHHff H3MeHeHHff rpOMKOCTH B TOl.JHOM COOTBeTCTBHH c o6paT

HO - norapH<j>MHl.JeCKHM 3aKOHOM. 

K co>KaneHHIO, npou.ecc pacnaHKH 60Jtbllloro KonH'lecTBa pe3HcTopoB ,Zl.Jlff H3rOTOBne

HHH nepeKnlOl.JaeMoro aTTeHIOaTopa 3aHHMaeT MHOro BpeMeHH, n03TOMY Bee 6onblllee 

pacnpocTpaHeHHe nonyqa10T npoMbilllneHHO H3rOTOBneHHbie nepeKn101.JaeMble aTTeH10a

TOpb1 ,Zl.Jlff ay.D.HoTeXHHKH. 11x cel11.Jac H3rOTaBnHBalOT .n.a>Ke Ha 6a3e TOHKonneHOl.JHblX pe3H

CTOpOB, KOTOpbie C03,Zl.alOTCff Ha KepaMHl.JeCKHX no,Zl.JIO>KKaX raneTHblX nepeKnlOl.JaTeneH, 

npH 3TOM OHH 06na.n.a10T·npeKpaCHblMH xapaKTepHCTHKaMH. 

HanpHMep, 30-.n.opo>KelJHble KHonolJHbie nepeKn101.JaTenH «THn 72» H3roTaBnHBalOTCH 

pH.D.OM KOMnaHHH BenHKo6pHTaHHH H HBRHIOTCH H.n.eanbHbIMH B Ka'leCTBe ocHoBbl ,Zl.Jlff co-

3.D.aHHH nepeKn101.JaeMoro arreH10aTopa. K co>KaneHHIO, Hx KepaMHl.JeCKHe .D.HCKH (nnacTH

Hbl) He Bcer.n.a B3aHM033MeHHeMbl, TaK KaK y BapHaHTa, npe,Zl..llaraeMoro KOMnaHHeH 

Winkler, 6onee lllHpOKHH H TOHKHH npHMoyronbHblH Ban no cpaBHeHHIO c Mo.n.enHMH, 

npe,Zl..llaraeMbIMH KOMnaHHHMH Bloere Edwards, Elcom HnH Painton. Y nepeKn101.JaTenH 

«THn 72» nol.JTH TaKHe >Ke pa3MepbI, 1.JTO Hy TP3.D.HU.HOHHoro raneTHoro nepeKn101.JaTenH, 

o.n.HaKo, KOHTaKTbl H3rOTOBneHbl H3 nocepe6peHHblX Hnw no3ono1.JeHHblX naryHHblX lllTH<j>

TOB, '1pe3Bbll.JaHHO TOl.JHO BnnaBneHHbIX B .D.HCK H3 TepMopeaKTHBHOti nnacTMaCCbl c no.n.

BH>KHblM KOHT3KTOM 01.JeHb He6onblllHX pa3MepoB, CKORb3ffW.HM no lllTH<j>TaM H u.eHTpanb

HOMY KOnbu.y. HoBble nepeKn101.JaTenH CTOHT 01.JeHb.D.oporo, HO HX MO>KHO OTbICKaTb B crnpoM 

na6oparnpHOM o6opy.n.oBaHHH, KOTopoe npo.n.aeTCff B naBKax CTapbeBlll.HKOB, TOpry!OW.HX 

no.n.ep>KaHHblM 3ReKTpOHHbIM o6opy.D.OBaHHeM. npH'leM, BCer.n.a CTOHT XOpOllleHbKO no

TOproBaTbCff npH noK)'nKe. 

nocne npH06peTeHHff, aTTeHI03TOpbl ,Zl.OR>KHbl 6b1Tb 01.JeHb aKK)'p3THO pa3o6paHbl, a HX 

cepe6pHHble KOHTaKTbl Tlll.aTenbHO 01.JHW.eHbl, nocne qero OHH 6y.n.yT cny>KHTb KaK HOBeHb

KHe, HeCMOTpH Ha HX 30-neTHHH B03pacT. ,lJ.nff TaKOH onepau.HH H3.Z1.0 aKK)'paTHO y.n.anHTb 

c nepeKnlOl.JaTenff K3>fGIYIO nnaCTHHy. Jlnff 3TOro He06XO,Zl.HMO 01.JHCTHTb ( COCKpecTH) <j>HK

CHPYIOW.Hti naK c .n.Byx u.eHTpanbHbIX BHHTOB, KoTopble y.n.ep>KHBalOT qacTH MexaHR3Ma no.n.-
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BH>KHOro KOHTaKTa, H, y.n.ep>KHBaH raf!KH KJllOl{OM, aKKYPaTHO OTBepHYTb HX, oeo6eHHO BHH
MaTeJibHO eJieJ).H 3a TeM, l{T06bl K eaMHM JJ.HeKaM nnaeTHHbl HH B KOeM enyqae He npHKJiaJ).bl
BaJIHeb qpeaMepHbie yeHJIHH. flOTOM cne.eyeT e HenOJib30BaHHeM eTep>KHH HJIH npYTKa 
01.{eHb aKKYPaTHO OTJ).eJIHTb Ka>KJIYIO qaeTb nepeKJIIOl{aTeJIH, o6paw,aH oeo6oe BHHMaHHe Ha 
eoxpaHHOeTb nnaeTMaeeOBOH U.HJIHHJJ.pHqeeKOH BeTaBKH, KOTOpaH nOJI.ZJ.ep>KHBaeT nOJJ.BH>K
HblH KOHTaKT, TaK KaK OHa 01.{eHb xpynKaH. floene qero ene.eyeT HaHeeTH HeMHOro OOJIHpy
IOW.ero eoeTaBa, npHMeHHeMoro Jl.JIH l{HeTKH eepe6pHHblX H3J).eJIHH, Ha l{HeTHmylO 6yMa>K
HYIO ean<fJeTKY H noTepeTb nnaeTHHY 0 ean<fJeTKY, noKa KOHT0KTbl He 01.{HeTHTeH (nnaeTHHa 
JJ.OJI>KHa paenonaraTbeH WTH<fJTaMH BHH3). AHaJIOrHl{HbIM o6paaoM ene.eyeT oqHeTHTb no.n.
BH>KHbIH KOHTaKT. 11enOJib3YH l{HeTHW.HH paeTBOpHTeJib Jl.JIH 3JieKTpOHHblX KOMnOHeHTOB, 
ene.eyeT o6HJibHOH CTpyefl TW.aTeJibHO y.n.aJIHTb see OCTaTKH noJIHPYIOW.ero eoeTaBa, noene 
qero, He KaeaHeb naJibU.aMH 01.{Hllf.eHHblX KOHTaKTOB, eo6paTb Bee B o6paTHOM nopsi.zu<e. 
Cne.n.b1 norn Ha nanbu.ax qenoseKa eo.n.ep>KaT opraHHqeeKHe KHeJIOTbI, KOTOpbie 6yJIYT 
OKHeJIHTb KOHTaKTbl. 

c npaKTHl{eeKOH TOl{KH apeHHH Hey.n.o6eTBO nepeKJIIOl{aeMoro aTTeHIOaTopa aaKJIIOl{a
eTeH B TOM, l{TO e HHM y.n.aeTeH nonyqHTb TOJlbKO TaKoe KOJIHl{eeTBO JJ.HeKpeTHbIX ypoBHeH 
rpoMKoeTH asyKa, eKOJibKO HMeeTeH no3HU.HH B nepeKJIIO'laTene. Xorn nepeKJ110qaTenu ra
neTHoro THna HMelOT, KaK npaBHJIO, .ll.0 30 no3HU.HH, 'ITO HeeKOJlbKO OTJIH'laeTeH OT 6onee 
'laeTO npHMeHHeMoro sapHaHTa e 12 n03HU.HHMH, see paBHO y.n.aeTeH llOJIY'IHTb, B JIY'lllleM , 
enyqae, He 6onee 29 yposHefl rpoMKOeTH .n.o Toro, KaK pomp nepeK,,110'1aTeJIH .n.oeTHrHeT 
Kpaf!Hero nono>KeHHH. CTaHJJ.apT npoMbIWJieHHoro o6opy.n.osaHHH perynHpOBKH asyKa 
npe.eyeMaTpHsaeT, l{TO TaK>Ke JJ.OJI>KHO 6b1Tb nono>KeHHe « 0TKJI. », KOTopoe ene.eyeT noene 
ypoBHH oena6neHHH -60 .n.5, a aaTeM npe.eyeMaTpHsaeTeH nnasHoe nowarosoe yseJIH'le
HHe rpoMKoeTH BnJIOTb .n.o ypoBHH 0 .n.5. TaK KaK pa Hee y>t<e 6blJIH HenOJib30BaHbI .n.sa nono
>KeHHH nepeKJIIO'laTeJIH H3 HMelOW.HXeH 30, TO eeJIH paa.n.eJIHTb 60 .n.5 Ha 28 eryneHeH, TO 
nonyqHTeH npHMepHo no 2, 14 .n.5 Ha OJI.HY eryneHb perynHpOBKH. TaKaH eryneH'laTaH pery
nupoaKa npe.n.eTaBJIHeTeH see-TaKH .ll.OCTaTO'IHO rpy6ofl, no3TOMY MHOrHe MOJ).eJIH npo
MbllllJJeHHblX aTTeHIOaTopoB npe.eyeMaTpHBalOT B03MO>KHOeTb 6onee rpy6ofl peryJIHpOBKH 
Ha HH3KHX ypoBHHX oena6JieHHH, oeTaBJIHH B03MO>KHOeTb Jl.JIH 6onee TO'IHOH perynHpOBKH 
,ll,llH 60JiblllHX 3Ha'leHHH oena6JieHHH, HO Bee paBHO ernH.n.apTHOe 3Hal{eHHe oena6JieHl1H 
3ByKa eoeTaBJIHeT npHMepHO 2 .n.5 Ha OJI.HY eryneHb. 

npH'IHHa, no KOTOpOH npOMbllllJieHHbie o6pa3U.bl aTTeHIOaTOpOB HMelOT J).Hana30H pe
rynHpOBKH 60 .n.5 3aKJIIOl{aeTeH B TOM, 'IT-0 ypOBHH rpOMKOeTH 3ByKa H yeHJieHHH, KaK hpa
BHJIO, HeHaseeTHbI. TaK KaK B paeeMaTpHsaeMOM enyqae npoeKTHpyeTeH npe.eyeHJIHTeJib, 
Iipe.n.Ha3Ha'leHHblH Jl.JIH eornaeoBaHHH H3BeeTHOro no eBOHM xapaKTepHeTHKaM ycHJIHTeJIH 
MOW.HOeTH, TO eeTb e H3BeeTHblM yeHJieHHeM, TO n03TOMY MO>KHO O>KHJJ.aTb neperpy3KH 
yeHJIHTeJIH MOllf.HOCTH TOJlbKO Ha HeeKOJlbKHX noene.n.HHX eTyneHHX perynHpOBKH rpOMKOe
TH. c u.eJiblO H36e>KaHHH neperpy3KJ!, ene.eyeT no.n.ornaTb, HaeKOJlbKO 3TO B03MO>KHO, xa
paKTepHeTHKH aTTeHIOaTopa K xapaKTepHeTHKaM HHJJ.HBHJIYaJibHblX BXOJJ.HbIX eHrHaJIOB 
e TeM, 'IT06bI Bee BXOJJ.Hble eHrHaJibl noerynaJIH Ha peryJIHTOp rpOMKOeTH e He06XOJJ.HMbIM 
ypoBHeM. 

Ha npaKTHKe, Kpaf!He pe.zu<o yernHaBJIHBaeTeH yposeHb rpoMKOeTH, npeBbIWalOW.HH 
ypoBeHb HeTOl{HHKa eHrHaJia 6onee, 'leM Ha 20 .n.5, no3TOMY 29 eryneHeH nepeKJIIO'leHHH 
ypoBHH e waroM I .n.5 Ha eryneHb o6eene'IHBaeT 6onee 'leM KOM<fJopTHYIO perynHpOBKY 
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rpOMKOCTH (xorn cne.nyeT npe.nycMOTpeTb ew.e OJI.HO nOJIO>KeHHe aTTeHtoaTopa, COOT

BeTcTBytow.ee pe>KHMY nOJIHOfO MOJil.JaHHff ). 

6.3.4. Pac'leT nepeKR/0'108MOfO OTT8H/OOTOpa 

11CXO)l.ff H3 Toro, l.JTO B HaJIHlJHH HMelOTCff nepeKJIIOl.JaTeJIH, Ha OCHOBe KOTOpblX MO>KHO H3-

fOTOBHTb nepeKJitol.JaeMbl aTTeHtoaTOpbl, He06XO.ll.HMO 6y.11.eT paCClJHTaTb 3Hal.JeHHff co

npOTHBJieHHH pe3HCTOpOB, HCnOJib3yeMblX B TaKHX peryJiffTOpax rpOMKOCTH 3ByKB. 3TH pac

l.JeTbl MO>KHO npOH3BeCTH BpyqHyto, HO HCnOJib30BaHHe JI.llS! 3THX u.eneH KOMnblOTepa 

3HalJHTeJibHO o6nerl.JaeT 3Mal!y. Cyw.ecTsyeT TPH OCHOBHb1e KOHCTPYKLlHH nepeKJitol.Jae

MbIX arreHtoaTOpOB, KOTOpb!e MOryT 6bITb HCnOJib30BaHbl Ha npaKTHKe ( pHC. 6.8 ). 

BXOA 

a) 

6) 

Kopnyc ( •3eMnR•) Kopnyc ( •3eMnR•) Kopnyc ( •3eMnR•) 

PHc. 6.8 0CftOBHble tconcmpytcu,uu cmynen11,amblJC ammen10amopoB 

Ha pHc. 6.8a H3o6pa>KeHa KOHCTPYKU.Hff, ol.JeHb noxo>Kaff Ha arreHtoarnp c yrnepo.11.Hc

TOH TOKOBe.nyw.eI1 .11.opO>KKOH, TaK KaK OHa HMeeT MHOf03BeHHYIO uenb H3 pe3HCTOpOB, OT 

KOTOpbIX c.11.enaHbI cooTBeTcTBytow.He OTBeTBJieHHff. TaKaff KOHCTPYKU.Hff HaH6onee l!aCTo 

HCnOJib3yeTCff B npOMblllIJieHHblX o6pa3uax nepeKJitol.JaeMblX aTTeHtoaTOpOB. 

HpUMettanue. ToT <t>aKT, l.JTO B npOMbilllJieHHOM peryJIHTope rpoMKOCTH HMetoTCff cTo

nopbI, $HKCHpytoUJ.He )l.HCKpeTHble nOJIO>KeHHff pOTOpa, CoBepweHHO He rapaHTHpyeT, l.JTO 

OH .11.eHCTBHTeJibHO npe)l.CT8BJiffeT co6ol1 nepeKJitol.JaeMblH aTTeHtoaTop - 3TO MO>KeT OKa-

3aTbCff 3aMaCKHpOB8HHblH noTeHUHOMeTp c yrnep0.11.HCTOH TOKOnpOBO)l.ffUJ.eif .11.0PO>KKOH. 

HacTOHUJ.He nepeKJitol.JaeMbie aTTeHtoaTOpb1 xapaKTepH3YIOTCH, npe)l(Jl.e scero, .11.ocTaTolJ

HO 60JibllIHMH pa3MepaMH. 

Cyw.ecTByeT sapHaHT Ol.JeHb 6bICTpoif nposepKH, KOTOpblH He ffBJIHeTCff pa36opKoif, 

npOB0.11.HMOH npHMO y npHJiaBKa B Mara3HHe (H KOTopaH, K TOMY >Ke, He HCKJIIOl.JaeT onacHO

CTH 3pH Bbl6pocHTb .11.eHbfH Ha BeTep ), H 3aKJitolJalOW.HHCff B TOM, l.JTO c HCnOJib30BaHHeM 

l.lH$posoro TecTepa H3MepHeTCff conpOTHBJieHHe Ka)l(Jl.OH rpynnbl pe3HCTOpOB, KOr)l.a 

ycTaHOBJieHo MBKCHMaJibHOe 3Hal.JeHHe ocna6neHHff. B cnyqae, ecnH HMeeTcff OUJ.YTHMaH 

pa3HHl.la B 3HatfeHHffX conpOTHBJieHl:u'.i Me>KJIY pa3HblMH rpynnaMH, TO BnOJIHe sepOHTHO, 

l.JTO nposepHeTCff noTeHU.HOMeTp c yrnep0.11.HCTOH TOKonpoBO)l.ffUJ.eif JJ.OpO>KKOH. 
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B cxeMe, npHBeJleHHOif Ha pHc. 6.86, HcnoJJb3yeTCH HHJlHBH,!lyaJJbHbtif .u.enuTeJJb Haapsi

>KeHHH ,llJIH Ka)f(Jloro ycTaHaBJIHBaeMoro 3Ha"leHHH rpoMKOCTH, HCnOJJb30BaHHe KOTOporo no-

3BOJIHeT 3Ha"IHTeJlbHO CHH3HTb KOJIH'IeCTBO TO"leK naftKH Ha nyTH npoXO)f(JleHHH CHrHaJJa, HO 

JlOCTHraeTcH 9TO 38 c"leT YABOeHHOro KOJJH"lecTBa JlHC~oe H pe3HCTOpoe. JlonOJIHHTeJibHO 

K 9TOMY, y pe3HCTOpOB JlOJl>KeH 6btTb O"leHb MaJlblH pa36poc 3Ha"leHHH COOTBeTCTByJOII.l)fX 

conpOTHBJieHHH, '-IT06bl o6ecne'IHTb H3MeHeHHe conpOTHBJleHHe aTTeHIOaTopa, 6JJH3KOe 

K o6paTHO - norapH<l>MH"leCKOMY 3aKOffY, H xopOWHH 6anaHC Me>IQJY KaHaJJaMH. 

B cxeMe Ha puc. 6.8 e ucnonb3yeTcH OJlHH nocne]loeaTeJibHO BKJllO"leHHblH pe3HcTop 

c <l>HKCHpoeaHHbtM 3Ha"leHHeM conpoTHBJieHHH H Ha6op H3 wyHTHpyiomux pe3HCTopoe, 

KOTOpble no3BOJIHeT OOJIYllHTb 9<l><l>eKT, O"leHb CXO>KHH c pa60TOH cxeMbl, npHBe]leHHOH Ha 

puc. 6.86, HO npH 9TOM ropa3JlO 6oneeAeweeoft npu peaJIH3aUHH. BXOJlHOe conpoTHBJieHHe 

6onee He HBJIHeTCH noCTOHHHblM, a conpOTHBJleHHe nocJJeJlOBaTeJlbHO BKJllO"leHHOro pe3H

CTOpa ,ll.OJl>KHO paBHHTbCH MaKCHMaJJbHO JlOnycTHMOMY 3Ha"leHHIO BblXOJlHOro conpoTHBJle

HHH, TaK K8K B CJIY"lae, KOrAa Jl8HHblH aTTeHIOaTop ycTaHaBJIHBaeTCH B nOJIO>KeHHe MaKCH

MaJJbHOro ocna6neHHH CHrHaJia, ero BXOJlHOe conpOTHBJleHHe paBHHeTCH conpOTHBJleHHIO 

nocne.a.oeaTeJJbHO BKJJIO"leHHoro pe3HcTopa. TaKHM o6pa3oM, BXOJlHOe conpoTHBJJeHue 

CHH>KaeTCH JlO MHHHMaJlbHOro 3Ha"leHHH, paBHoro 25 KOM, TOrJl8 KaK,llJIH cxeMbl npeJlbl.!IY

mero aTTeHioaTopa eeJIH"IHHa exo.u.Horo conpoTHBJieHHH paeHHJJacb 100 KOM, He H3MeHH

HCb npu 9TOM, a eeJIH"IHHa BbtXOJlHOro conpOTHBJJeHHH cocTaeJJHJia 25 KOM. JI.aHHaH cxeMa 

aTTeHIOaTopa HaHJIYllWHM o6pa30M OOJlXOJlHT ,llJIH B036y)f(JleHHH cxeMbl KaTOJlHOro nOBTO

pHTeJIH, TaK KaK noHH>KeHHOe 3Ha"leHHe BXO)l.HOH eMKOCTH no3BOJIHeT yeeJIH"IHTb 3Ha"leHHe 

BXOJlHOro pe3HCTOpa JlO 100 K0M. 

npHBOJlHMaH HH>Ke nporpaMMa Ha H3blKe QB.ASIC n03BOJIHeT paCC"IHTbtBaTb 3Ha"leHHH 

COnpOTHBJleHHH pe3HCTOpOB ,llJIH aTTeHIOaTOpOB, npHBe]leHHblX Ha pHC. 6.8 a, 6 H B. npo

rpaMMa He HBJIHeTCH eepxoM coeepweHCTBa, HO 003BOJIHeT nerKO H 6blCTpo nOJlb30BaTbCH 

eif, a TaK>Ke 6blTb 6e3 3aTPYAHeHHH BHJlOH3MeHeHHOH ,llJIH pa3JIH"IHbtX eepcuif H3blKa Beft

CHK. TaK>Ke OHa 003BOJJHeT OTJleJibHO HCOOJlb30BaTb OCHOBHOe ypaeHeHHe npH npoe.e]le

HHH pac"leTOB c HCnOJib30BaHHeM KpynHOQJOpMaTHblX Ta6JJHI.(. 

npu 00Jlb30BaHHH nporpaMMOH He06XOJlHMO 38Jl8BaTb conponlBJieHHe Harpy3KH ,llJIH 

nOJlBH>KHoro KOHTaKTa, KOTOpblM HBJIHeTCH pe3HCTOp ceTO"IHOro CMelUeHHH cne.nyiomeif no 

cxeMe naMnbl. Ha nepeblif B3rJJHJl Ka3anocb 6bt 3aMaH"IHBblM nonbtTaTbCH ucnonb3oeaTb 

noTeHl.(HOMeTp ,llJIH 38Jl8HHH ceTO"IHOro CMemeHHH, HO TaKaH npaKTHKa MO>KeT OKa3aTbCH 

nopo"IHOH, noToMy "ITO Bbl3oeeT npo6JJeMbl c wyMaMH. TaK>Ke 9TO Heeo3MO>KHO no TOH 

npH"IHHe, "ITO nporpaMMbl npOBOJlHT pac"leT BeJJH"IHHbl Harpy3KH npH pac"leTe napaMeTpOB 

aTTeHIOaTopa. 

nepeaH H3 HH>KenpHBe]leHHblX nporpaMM HCOOJlb3yeTCH ,llJIH pac"leTa uenH, H306pa

>KeHHOH Ha pHC. 6.8a. nocJie]lHee 3Ha"leHHe, paCC"IHT8HHOe nporpaMMOH, OTHOCHTCH 

K coe,ll.HHeHHIO Me>IQJY nocJJeJlHHM HCOOJJb3yeMblM KOHTaKTOM nepeKJJIO"laTeJIH H 3eMJleH. 

npH"leM, O"leHb "18CTO OK83btBaeTCH YJl06HblM OJlHH H3 pe3epBHblX KOHTaKTOB nepeKJJIO"la

TeJIH HCOOJlb30B8Tb ,llJIH 3a3eMJl~IOlUero KOHT8KTa. 

CLS 
A = 0 
B • 0 
N = 0 
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PRINT "This program calculates individual values" 
PRINT "of resistors between taps of the circuit" 
PRINT "in Fig. 8.8a" 
PRINT "How many switch positions can you use"; 
INPUT S 

= = 507 
PRINT "What step size (dB) 
INPUT D 
PRINT "What value of resistance will be across the" 
PRINT "output of the potentiometer"; 
!PUT L 
PRINT "What value of potentiometer is required"; 
!PUT R 
DO UNTILL N = S - 1 
Y = ((R - L/lOA (-A/20)) + SQR ((L/lOA (-A/20) -
R) A 2 + 4 * R * L)) /2 
C = R - Y - B 
PRINT A; "dB"; C; "ohms" 
B = B + C 
A = A + D 
N = N + 1 
LOOP 
PRINT A; "dB"; R - B; "ohms." 

PerynllTop rpoMKOCTH 

OporpaMMa pac1.1ern napaMeTpOB u.enH, Hao6pa>KeHHOH Ha pHc. 6.8 6. 

CLS 
A = 0 
N = 0 
PRINT "This program calculates upper (X) and lower" 
PRINT "(Y) arms of individual potential dividers" 
PRINT "for circuit of fig. 8.80" 
PRINT "How many switch positions can you use"; 
INPUT S 
PRINT "What step size (dB)"; 
INPUT D 
PRINT "What value of resistance will be across the" 
PRINT «output of the potentiometer"; 
INPUT L 
PRINT "What value of potentiometer is required"; 
!PUT R 
DO UNTILL N "' S 
y = ((R - L/lOA (-A/20)) + SQR((L/lOA (-A/20) -
R) A 2 + 4 * R * L))/2 
= = 508 

X = R - Y 
PRINT A; "dB"; "Y 
"ohms" 
A = A + D 
N = N + 1 
LOOP 

"; Y; "ohms"; "X "; X; 

c noMOlll.blO nocJie)l.HeH nporpaMMbl paCC'IHTbIBalOTCSI BeJIH'IHHbl lllYHTHPYIOl.lJ.HX pe3H

CTOpOB ,ll.JISI cxeMbl, npHBe)l.eHHOH Ha pHC. 6.8 B. Cne,nyeT oco6o OTMeTHTb, '!TO B cxeMe HH

Kor.n.a He ,ll.OCTHraeTCSI COCTOSIHHe, KOr)l.a OCJJa6JieHHe 6y.u.eT paBHO HyJieBOMY 3Ha'leHHIO H, 

CJie,ll.OBaTeJibHO, ,ll.JISI Hee 6y.u.eT xapaKTepHbl HeH36e>KHble MHHHMaJibHble noTepH, Bbl-
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KaCKOllbl npe11aapuellbHoro ycHneHHll 

3BaHHble perynffTOpOM ·rpOMKOCTH H pe3HCTOpOM ceTO'IHOro CMeLUeHHff ( OCHOBHble noTe

pH ). B JJ.eikTBHTenbHOCTH, .ll.8HHYIO cxeMy perynHTOpa rpoMKOCTH cneeyeT paccMaTpHBaTb, 

KaK COCTOfflll.YIO H3 aTTeHIOaTopa c <f>HKCHpoeaHHblM 3Ha'!eHHeM ocna6neHHff H aTTeHIOa

TOpa c nepeMeHHOH COCTaBnfflOLUeA. 

CLS 
N = 0 
PRINT "This program calculates shunt resistors for" 
PRINT "the ~ircuit of fig. 8.8s" 
PRINT "How many switch positions can you use"; 
INPUT S 
PRINT "What step size (dB)"; 
INPUT D 
PRINT "What value of resistance will be across the" 
PRINT "output of the potentiometer"; 
INPUT L 
PRINT "What value of shunt resistors is required"; 
IPUT R 
B = ((-lOO*LOG(L/R)) * 8.686)\ 1)/100 
REM THE 8.68~ FACTOR ARISES BECAUSE QBASIC USES 
NATURAL LOGS 
PRINT "Basic loss = "; B; "dB, added shunt is"; 
PRINT "infinite" 
PRINT "Added attenuation:" 
A = B 
DO UNTILL N = S - 1 
A = A + D 
C = R * 10" (-A/20)). (1 - 10" (-A I 20)) 
Y = 1 I (1 I c ~ 1/Ll 
N = N + 1 
PRINT N * D; "Db, shunt 
LOOP 

"; Y; "ohms"; "ohms" 

6.3.5. To6nH'IHble Bbl'IHcneHHR RRR pocyero perynaropo rpoMKOCTH 
KaK }')Ke 6b1no OTMe'leHo paHee, ocHoBHoe ypaeHeHHe, Hcnonb3yeMoe B npHBeJJ.eHHblX 

BblUJe nporpaMMax pac'!eTa napaMeTpOB perynffTOpa rpOMKOCTH Ha ff3b1Ke QB.ASIC, MO

)KeT 6b1Tb HCnOnb30BaHO TaK)Ke H JI.Jiff pac'leTa c Hcnonb30BaHHeM KpynHo<f>opMaTHblX Ta6-

nHU. ( B TOM 'IHCne H B 3neKTpOHHOM BHJJ.e ). BonbUJHM npeHMyUJ.eCTBOM KpynHocpopMaTHblX 

Ta6nHu. ffBnffeTCff TO, 'ITO MO)KHO paCC'IHTaTb TO'IHble 3Ha'!eHHff pe3HCTOpOB, a 3aTeM pac

C'IHTaTb OUJH6KY, B03HHKaiow.yio npH 3aMeHe TO'IHblX 3Ha'!eHHA paCC'IHTaHHblX conpoTHB

neHHH Ha eemf'IHHbl, BXOJl.ffLUHe e cTaHJJ.apTHbre Pff.ll.bl HOMHHanbHblX 3Ha'leHHA. 

KaK npaeHno, Heo6xoJJ.HMO pacc'IHTaTb MOJJ.enh, cocToHw.yio HJ HJJ.eanbHoro norapHcp

MH'!ecKoro noTeHU.HOMeTpa c conpoTHBJleHHeM 100 KOM, np!-fBeJJ.eHHoro Ha cxeMe 6.8a, H 

Harpy3KH noTeHLl.HOMeTpa, KOTopyio npeJJ.CTaBJlffeT pe3HCTOp ceTO'IHOro CMeLUeHHff c co

npoTHBneHHeM 1 MOM. K c'laCTblO, Bb16op TaKHX 3Ha'leHHA conpoTHBneHHH 3neMeHTOB 

o6ecne'IHBaer MHHHManbHYIO OUJH6KY ( 6blnH TaK)Ke paCC'IHTaHbl 10 .u.pyrHX eapHaHTOB 

COOTHOUJeHHff conpOTHBneHHH, HO nonY'leHHblH pe3yJlbTaT OKa3aJICff xy)Ke). JlononHH-

534 



PerynRTop rpoMKOCTH 

TeJibHO K 3TOMy, OKa3aJIOCb, 1ITO He60JibllJOe H3MeHeHHe BeJIH'-IHHbl conpoTHBJieHHSl OT O'le-

BH.ll,Horo 3Ha'leHHS1 1 KOM 11.0 3Ha'leHHS1 910 OM 11.ano caMbIH JIY'llllHH pe3yJibTaT. 

CTepeocj>oHH'leCKHH perynHTop rpoMKOCTH Jl.8HHoro THna 6bIJI co311.aH Ha ocHoee pe3H· 

CTOpa .ll/ISl noeepxHOCTHOro MOHTa>Ka, HMeIOlll.ero TO'IHOCTb ± 1 % . .ll/ISl KOTOporo 38TeM 

onpe11.eJIS1JIOCb OTKJIOHeHHe OT paCC'IHT8HHOro 3Ha'leHHH ocna6JieHHH H OTKJIOHeHHe OT 6a-

Jl8HC8 CTepeOK8H8JIOB ( Ta6JI. 6.3 ). 

Ta6nML(a 6. 3 

Ocna6neH111e, Conpo111aneH111e Conpo111aneH111e Ow1116Ka Ow1116Ka Ow1116Ka 
A6 (T80p8TM'I. (npaKTM'I. (Teopent11. (npaKTM'I. cornacoaa-

3H8'18HM8)1 3H8'18HM8) 1 3H8'18HM8)1 M3M8p8HMR) 1 HMRCTepeo-
OM KOM A6 A6 K&Hanoa,A6 

0 0 0 0,00 0,00 0,00 
10068 10 -0,01 0,00 -0,02 

2 9261 9, 1 -O,Q1 -0,03 -0,01 
3 8456 8,2 0,01 -0,03 -0,01 
4 7675 7,5 0,02 -0,03 -0,01 
5 6932 6,8 0,02 -0,02 -0,02 
6 6237 6,2 0,02 -0,04 0,00 
7 5594 5,6 0,00 -0,05 0,00 
8 5005 5,1 -0,04 -0,08 -0,02 
9 4470 4,3 -0,02 -0,05 0,00 
10 3987 3,9 -0,02 -0,05 0,00 
11 3553 3,6 -0,05 -0,07 0,00 
12 3164 3,0 -0,02 -0,02 -0,01 
13 2816 2,7 0,01 0,00 0,00 
14 2506 2,4 0,04 0,02 0,00 
15 2229 2,2 0,04 0,03 0,01 
16 1983 2,0 0,02 0,02 O,Q1 
17 1764 1,8 -0,02 0,00 -0,02 
18 1569 1,6 -0,06 -0,05 -0,01 
19 1396 1,3 -0,01 0,01 0,00 
20 1242 1,2 0,01 0,02 0,00 
21 1105 1, 1 0,00 0,02 0,00 
22 984 0,91 0,06 0,08 0,00 
23 875 0,91 0,01 0,02 0,00 
24 779 0,750 0,03 0,04 0,00 
25 694 0,680 0,04 0,05 -0,01 
26 618 0,620 0,02 0,02 -0,01 
27 550 0,560 -0,01 0,00 0,00 
28 490 0,470 0,01 0,02 ' 0,00 

4010 3,92+180M 

KaK CJie.nyeT H3 Ta6JIH~bI, pac'!eTHoe aHa'!eHHe OTKJIOHeHHH eecbMa Mano, 3a HCKJIIO'le

HHeM 11.Byx CJiyqaee, B KOTOpblX OTKJIOHeffl.fe IJ..OCTHfJIO 0,06 .u.E. CToJiyqeHHble Ha npaKTHKe 

no peayJibTaTaM H3MepeHHH aHa'!eHHH OTKJIOHeHHH oKaaaJIHCb 6oJibllle. HanpHMep, .ll/IH 

wara 8 .u.E Ha 0)1.HOH flJI8CTHHe Ha6JIIO)l.aJIOCb OTKJIOHeHHe 0, 111.E OT 3a11.aHHOro 3Ha'leHHS1 

ocna6JieHHH (npH 9TOM cne.nyeT Y'IHTbIBaTb, '!TO e 9TO 3Ha'leHHe TaK>Ke BX0.11.HT norpelll

HOCTb H3MepHTeJibHOro npH6opa). Xorn OlllH6Ka 0, 111.E ,ll,llH H3MepHTeJibHoro 06opy11.oea-
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KocKOAW npe111op11TenbHoro ycHneHHR 

HHH C'IHTaeTCff He,!lonycTHMOH, OTKJIOHeHHe O, l .!l6 OT H.[leaJibHOro norapH<l>MH'IeCKOro 3a

KOHa ,Zl,llff peryJIHTopa rpOMKOCTH HeJlb3ff C'IHTaTb "leM-TO H3 pa,na BOH BblXO.!lffW.HM ffBJleHH

eM. 6onee Toro, MaKCHMaJlbHOe OTKJIOHeHHe OT H,!leaJibHOro cornacoBaHHff COCTaBJIHJIO 

ecero 0,02 .!l6. 

3Ha"leHHff B nocne,!lHeH CTpOttKe Ta6n. 6.3 npe,!lCTaBJIHIOT cyMMapHble 3Ha"leHHff conpo

THBneHHH nOCJle,!lOBaTeJibHO BKJllO'leHHblX pe3HCTOP.OB, OT eepJtHeA TO"IKH u:eno'IKH .!lO TO'l

KH coe,!lHHeHHff c 3eMJieH, KOTOpoe ,ll,Jlff npaKTH"leCKOro Cnyllaff COCT8BJIHeT 3,92 KOM H 

18 OM C,!lonycTHMblM OTKJIOHeHHeM 0,1 %. nonHOe 3Ha"leHHe conpOTHBJleHHff npe,!lcTaB

JlffeT KpHTH"leCKYIO BeJIH"IHHY' Il03TOMY Tpe6oBaHHe ,ll,Jlff pe3HCTOpa c MaKCHMaJlbHblM 3Ha

"leHHeM conpOTHBJleHHff - HMeTb .!lOnyCTHMOe OTKJIOHeHHe OT HOMHHaJlbHOro 3Ha"leHHff B 

npe,!lenax 0, 1 %. 

- 6.3.6. KoHcrpfKllHR pery11J1ropa rpoMKOCTH 
OlleHb y.!lo6HblM 06cTosiTeJ1bCTBOM oKa3anocb To, "ITO paccTOHHHH Me>KJIY UJTbrpeBblMH Bbl

BO.!l8MH, npe,!lHaJHatteHHblMH ,ll,Jlff naHKH 3JleMeHTOB, y 30-n03HU:HOHHOro nepeKJIIO'la

TeJIH «Tun 72» OKaJaJIHCb H,!leaJibHO nO.[lXO.!lffW.HMH ,ll,Jlff HCOOJlb30BaHHff pe3HCTOpOB c TH

nopa3MepoM 1206, npe,!lHaJHa"leHHblX ,ll,Jlff noeef>XHOCTHoro MOHTa>Ka. 

OpocTeHUJHH KOH,!JYKTOp, Il03BOJIHIOW.HH BnaHBaTb pe3HCTOpbl Henocpe,!lCTBeHHO 

Me>K,ay BblBO.!l8MH nepeKJIIO'laTeJIH, MO>KeT 6b!Tb HJrOTOBJleH 6e3 HCnOJlb30BaHHff CJIO>KHblX 

npucnoco6neHHH H HHCTpyMeHTOB. OcHOBaHHe KOH,!JYKTOpa npe,!lcTaBnHeT KYCOK ,!lepeea 

c pa3MepaMH 305 MM Ha 76 MM, HMelOW.HH UJTblpb ,ll,Jlff ropH30HTaJibHOro 3aKpenneHHff 

nepeKJIIO"laTensi Ja noeopOTffYIO OCb. BTOpoA UJTblpb no.!lll.ep>KHBaeT ropHJOHTaJibHO nHH

u:eT c JamenKaMH, KOTOpblH y.!lep>KHBaeT pe3HCTOp B npaBHJlbHOM nOJIO>KeHHH npH ero 

naAKe (pHC. 6.9). OpH 3TOM He Tpe6yeTCff C03,!l8BaTb KOHCTpyKU:HIO, o6ecne"IHBalOUJ.YIO Bbl

COKYIO TO"IHOCTb H3rOTOBJleHHff, TaK KaK nHHU.eT .!lOJl>KeH HMeTb B03MO>KHOCTb nepeMe

lll.8TbCff H noeopa"IHBaTbCH B HY>KHoe nono>KeHHe. EcnH KOHU.bl nHHU.eTa nepeoHattaJibHO 

OKa>KYTCff CJIHUJKOM UJHpOKHMH, OHM MOryT 6b1Tb nerKO nO.!lOrHaHbl .!lO HY>KHOro pa3Mepa 

Ha Ha)f(Jla'IHOH HaC8,!lKe, Ja>KHMaeMOH B naTpOH 3JleKTpHtteCKOH ,!lpenH ( npH 3TOM Heo6xo

.!lHMO HCOOJlb30BaTb JaW.HtHble O'IKH). 

y ycTaHaBJIHBaeMOro pe3HCTopa cpa3y npunaHBaeTCff TOJlbKO TOT BblBO.!l, KOTOpblH 

pacnono>1<el{ . .!l8J1bUJe OT MecTa ycTaHOBl<H cne,ay10w.ero pe3HCTopa (BTOpoA ero KOHeu. oc

TaeTcH CB060.!lHblM H npHnaHBaeTCff K llJTblplO nepeKJllO"laTeJIH 0.!lHOBpeMeHHO c BblBO.!lOM 

cne,aylOW.ero pe3HCTOpa). Oocne naHKH Ja>KHM OHHU:eTa OCB060>K,L1.aeT npHnaHHHblH pe3H

CTOp, a KOpnyc nepeKJIIO"laTeJIH noeopa"IHBaeTCff .!lO COBn8,!leHHff KOHU.OB nHHU.eTa c O"le

pe.!lHblM MeCTOM, KY.a.a .!lOJl>KeH 6b1Tb ycTaHOBJieH Ollepe,!lHOH pe3HCTOp. nocne Toro, KaK 

nOJIO>KeHHe Ottepe,!lHOro pe3HCTopa Ja<l>HKCHpoBaHo, npOH3BO.!lHTCff 0.!lHOBpeMeHHaH naA

Ka ero BbIBo.a.a H ceo6o.!lHoro BblBO.!la npe.!lbr,ayw.ero peJHCTopa. Ka"leCTBO naAKH 6y.!leT 

BbIUJe, eCJIH HarpeB Ha"IHHaT~ co UJTblpeeoro BblBO.!l8 nepeKJIIO"laTeJIH H HaHeceHHff Ha 

Hero KannH npHnOH .!lO Toro, K8K ,ll,Jlff JaeepweHHff npou:ecca >Kano naHJlbHHKa Ha"IHHaeT 

nporpeB BblBO.!lOB pe3HCTOpOB. )lnH naAKH' 3JleMeHTOB, npe,!lH83HatteHHblX ,ll,Jlff noeepXHOCT

l:loro MOHTa>Ka, Heo6xO.!lHMO HCnOJlb30BaTb npHnOH c cepe6pHHblMH npHC8,!lKaMH. 
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PerynATop rpoMKOCTH 

PHC. 6.9 flail.Ka pe3ucmopo8 aAa noeepXHOCmHOZO MOHma:JICa c npUMeHeHUeM 
KoHayKmopa. flail.Ka ottepeaHoeo pe3ucmopa HattuHaemca 
C mo20 tumbtpR. nepeKAIOttameAJl., K KOmopoMg noaxooum eU{e 
He npunaaHHblii KOHe1.4 npeablagU{e20 pe3ucmopa 

.llaHHaSI pa6oTa BeCbMa KpOnOTnHBaSI H Tpe6yeT OKono nony•rnca BpeMeHH Ha o.b.HH 
Jl.HCK, HO BCe-TaKH HeCKOnbKO MeHbWe, 4eM npH HCnOnb30BaHHH pe3HCTOpOB c nposono
'!eHHblMH Bbrno.u.aMH. HaH6onee seposiTHOH HenpHSITHOCTblO B pa6oTe Mo>KeT oKa3aTbCSI 
noTepsi npaBHnbHoro Mecrn B Ta6nHu.e H ycrnHOBKa pe3HCTopa c HenpaBHnbHblM 3Ha4eHH
eM conpOTHBneHHSI, no3TOMY peKOMeH.nyeTCSI He 3a6b1BaTb Bbt4epKHBaTb pe3HCTOpb1 H3 
Ta6nHU.bt cpa3y >Ke nocne ycTaHOBKH o4epe.u.Horo H .u.sa>K.D.bl nposepsiTb HOMHHan pe3HCTO
pa nepe.u. ero ycTaHOBKOH. 

6.3.7. Csero11yscrsHren11Hhle pe1Hcrophl H pery1111rop rpoMKOCTH 
CseT04YBCTBHTenbHble pe3HCTOpbl ( cj>oTOpe3HCTOpbt ), H3roTosneHHbte Ha ocHOBe cynbcj>H
Jt.a cepbt (CdS), TaKHe, HanpHMep, KaK ORP12, MOryT B nopsi.u.Ke .D.HCKYCCHH paccMaTpH
eaTbCSI B Ka4ecTBe 803MO>KHblX 3neMeHTOB JlJISI HCnonb30BaHHSI B perynsiTOpax rpOMKOCTH . 
npHHU.Hn pa6oTbJ TaKoro perynsiTOpa 04eHb npocT: cj>oTOpe3HCTop ocaew.aeTcsi naMn04-
KOH HaKanHBaHHSI, sipKOCTb KOToporo MeHsieTcsi npH noMOlll.H BHemHeH perynHpOBKH. Co
npoTHBneHHe cj>oTOpe3HCTOpa H3MeHSleTCSI B 3aBHCHMOCTH OT SlpKOCTH CBe4eHHSI naMn04-
KH. npH o6nY4eHHH O.D.HOH naMn04KOH .D.Byx cj>OTOpe3HCTOpOB, MO>KHO ynpOCTHTb 3a.D.a4y 
perynHpoeaHHSI rpoMKOCTH B CTepeocj>OHH4eCKOM ycHnHTene. 

B Ka'!ecTBe 3KcnepHMeHTa asTOp ycTaHOBHn napy pe3HCTopos ORP12 e nuaTenbHO 
npOT04eHHblH Ha CT3HKe antOMHHHeBblH U.HnHH.D.p C,Ll.HaMeTpOM 51 MM, no O.D.HOMY c Ka>K.D.O
ro KOHU.a, 3aTeM no.u.ornan CBeTOHenpoHHU,aeMbte 3arnymKH Ha KOHU.bl U.HnHH.D.pa. PoBHO 
nocepe.D.HHe U.HnHH.D.pa, Me>KJlY CBeTOHenpOHHU.aeMblMH 3arnywKaMH, aBTOp ycTaHOBHn 
naMn04KY 28 B, 40 MA 0.D.HH pe3HCTOp ORP 12 HMen TeMHOBoe conpoTHsneHHe npHMep
HO 5 MOM, a BTopoA nopsi.u.Ka 100 KOM. npH nonHOH ocsem.eHHOCTH y o.u.Horo pe3HCTopa 
conpoTHaneHHe cocTaBHno 69 OM, a y BToporo - 63 OM. 04eBH.D.HO, 4TO 3TH ycTpOHCTBa 
MO>KHO 6blnO 6bt HCnonb30B3Tb B Ka4eCTBe CTepeocj>OHH4eCKOrO perynsiTOpa rpOMKOCTH. 
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KacKDAbl npeAaap11renbHoro yc1tneH11J1 

CTOCJie TOrO, K8K CHrHaJI CHH)'COHJl.8JlbHOH q>0pMbl C '18CTOTOH l KfU. H OTHOCHTeJlbHblM 

ypoBHeM +30 JI.DU 6bIJI nOJl.8H B u.enb H3 noCJie.ll.OB8TeJibHO BKJllO'leHHOro pe3HCTopa 

l 0 KOM H HeocBeW,eHHOro CBeTO'IYBCTBHTeJibHOro pe3HCTOpa, H86JIIOJl.8eMble HCKa>KeHHSI 

COCT8BHJIH l %, npH 9TOM H86JIIOJl.8JIHCb HCK8:>KeHHSI TOJlbKO 2-oR rapMOHHKH. CTocne TOrO 

KOr.ll.8 ypoBeHb CHrH8Jl8 6blJI CHH:>KeH Jl.0 +8 JI.OU ( OTHOCHTeJibHO ypoBHSI 2 B cpeJ1.HeKB8.ll.· 

paTH'leCKOrO 3H8'1eHHH, HCKa:>KeHHSI CHH3HJUICb Jl.0 ypOBHSI 0,02 %. CTOCJie OCBelll.eHHSI pe-

3HCTOpOB CHH3HJIHCb K8K BblXOJl.HOe HanpH>KeHHe, T8K H HCKa>KeHHH. 3TOT peaynbT8T ner
KO o6bHCHHM, nocKOJibKY CdS KBK H nI06oA nonynpoBOJl.HHKOBblH MaTepHan, o6n8.ll.aeT 

KpaAHe HenHHeii:HoR BAX (npOHBJIHeTcH Ha KOHTaKTax MeTaJIJI-nonynpoBOJl.HHK) H, .ll.Onon

HHTeJibHO, cHnbHOH TeMneparypHoA aaeHcHMOCTbIO conpoTHBJieHHH. PeayJibTBTbl npHBe

J1.eHbI B T86JI. 6.4. 

Ta6nv11.~a 6.4 

VICKBJKeHMR 

TO'lHOCTb OTCnelKMBBHMR 

paccornacoeaHMR MeJKAy 

KBHMBMM 

AneHIOaTop c 111cnon1i>soaa
Hlll8M P93111CTOPOB CdS 

HeonacH~HypoeeHb 

HM3KBR, Tpe6yeT B~6opa 

nep9KJll0'189Mli>IA aneHI08TOP 
(p111c. 6.8 a) 

He M3MepReTCR 

JlerKO npeBO,CXOAMT ypOBeHb 0,05 AEi 

CoenBAeHMe xapaKTepMCTMKM CoenaAeHMe HSYAOBneTBOPMTenbHOe npaKTM'leCKM MAeanbHOe 

c o6paTHOnorapMcl>MM'leCKMM 

3BKOHOM 

npoCTOTB KOHCTPYKLIMM 

KponOTnMBBR pa6oTa 

CnOlKHOCTb C03ABHMR CBeTOM30nMpOBBHHOH Kancyn~ HecKonbKO 

B KJiaccH'lecKHX JiaMnOBbIX ycTpoH:crnax c>KaTHH Jl.HHBMH'lecKoro J1.Hanaaotta ycneurno 

HcnoJib3YIOTCH cBeTO'IYBCTBHTeJibHb1e peaHcTopbI Ha CdS s Ka'lecrne ycTpoAcTB ynpaBJie

HHH ycHJieHHeM, T8K K8K ypoBeHb HCKa>KeHHH 0,02%, COJ1.ep:>K8lll.HX TOJlbKO BTopyIO 

rapMOHHK}', HBJISleTCSI O'leHb HenJIOXHM nOK838TeJieM .ll.llff 9JieKTpOHHOro ycTpoikTBa, yn

paBJISllOllJ.er9 ycHJieHHeM. Ho perynHTop rpoMKOCTH He Hy>KJJ.aeTcH a BbICOKOM 6b1cTpoJ1.eA

cTBHH H npHMeHeHHH 9JieKTpOHHblX cpe.ll.CTB ynpaBJieHHSI ycHneHHeM, n09TOMY B03HHKaeT 

ecTeCTBeHHblH Bonpoc, a CTOHT JIH HCnOJib30B8Tb OTHOCHTeJibHO nnoxoe CJie:>KeHHe Jl.8>Ke 

npH ypoBHe HCKa>KeHHH 0,02%? f 

6.3.B. Perynarop rpoMKOCTH JByKa 11na c1tMMerp1t'IHOH cxeMbl 

Ha npaKTHKe '18CTO B03HHKaeT He06XOJl.HMOCTb B C03Jl.8HHH CHMMeTpH'IHOro (ypaBHOBe

weHHOro) npe.uycHJIHTeJIH. B 9TOM cny'lae TaK>Ke Heo6XOJl.HMO HMeTb ypaBHOBeweHHblH 

peryJIHTOp rpOMKOCTH. HHOr.ll.a Jl.OXOJl.HT Jl.O K}'pbeaa: '18CTb HH>KeHepoB, KOTOpblM Ka:>KeTCSI, 

'ITO OHH 3H8IOT BCe H JIY'lllie Bcex, nonaraIOT, 'ITO 9TO 03H8'18eT, 'ITO He06XOJ1.HMO npOCTO 

ycTaHOBHTb COBepweHHO HJl.e'HTH'IHble opraHbl ynpaBJieHHSI B 3BYKOBOH TpaKT K8>KJJ.Oro Ka

HaJia. 3TO B KopHe HeBepHo. Ocna6neHHe B TaKOM cnyqae He 6yJ1.eT HJ1.eanbHO cornacoBa

HO, no3TOMY CHrHaJI CHHQJ83HOro wyMa, HanpHMep, QJOH ceTH nHTaHHH, He 6yJ1.eT OCJia6-

JISITbCSI Heop.HH8KOBO, 'ITO npHBOJl.HJIO 6bl K npeo6pa30B8HHIO '18CTH T8Koro CHmana B 
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BxoAHOif nepeKmO'lorenb 

pa3HOCTHblH CHrHan, K KOTOpOMY mo6oH CHMMeTpH'IHblH ycHJJHTeJJb OKa3bIBaeTCH oco6eH

HO 'IYBCTBHTenbHblM. 

HaH6onee KoppeKTHbJM cnoco6oM C03,ll8Tb CHMMeTpH'IHblH perym1TOp rpOMKOCTH, HC

nonh3YH npH 9TOM MHHHManbHOe KOnH'leCTBO ,!l.eTaneH, COCTOHT B TOM, 'IT06bl Hcnonb30-

BaTb cxeMy, 3a OCH6ey KOTOpOH 6epeTCH cxeMa Ha pHC. 6.88. B cnyqae HCnOJJb30BaHHH KOM

nblOTepHb!X nporpaMM Jl,llfl pac'!eTa 3Ha'!eHHH conpOTHBneHHH, cne.nyeT nOMHHTb, '!TO 

3Ha'leHHH conpOTHBneHHA, BKJJIO'leHHblX nocne,!l.OBaTeJJbHO H HCnOnh3yeMblX B nporpaMMe 

pac'!eTa, npe,!1.cTaenHIOT Y.ll.BOeHHble 3Ha'leHHH conpoTHeneHHH pe3HCTopoe Ka>KJJ.oro nne

tta. TaKoA aTTeHI08TOp HMeeT TOT He,!l.OCTaTOK, '!TO OH o6na,naeT BblCOKHM BblXO,ll.HblM co

npOTHBneHHeM, Kor.na HCnonb3yeTCH B npe,!1.enax pa3yMHblX 3Ha'leHHH BXO,ll.HOrO conpOTHB

neHHfl, a e co'leTaHHH c BXO.ll.HOH eMKOCThlO nocne.ny10mero KacKa,na MO>KeT Bbl3BaTb BY 

noTepH (e cnyqae, ecnH He yqecTb ,ll.aHHoe o6cTOHTenbcTeo ). Cne.nyeT OTMeTHTh, '!TO nH
HeHHbIH aTTeHIOaTop c OTBO,ll.aMH OT TOKOBe.nymeA ,!1.0pO>KKH B ,ll.aHHOM cnyqae He MO>KeT 

6b!Tb HCnOnb30BaH (pHC. 6.10.) 

R 

BblXOA 

R 

Puc. 6. 10 Cu.AOO.empurutbtu peey1uimop epoMKocmu 

6.4. Bxo.qHoH nepeKnlO'iOTenb 

.LlocTaTO'IHO nOrH'IHO npe,!1.nonO>KHTb, '!TO K npe.nycHnHTenlO n0,!1.KJllO'lalOTCH HCTO'IHHKH 

CHrHana, B KOTOpblX HCnonb3YIOTCH coeepweHHO pa3nH'IHble THnhl HOCHTeJJeH ay,!l.HOCHr

Hana, TaKHe, HanpHMep, KaK BHHHnOBble nnaCTHHKH, KOMnaKT-Jl,HCKH, U,Hcflpoeoe pa,!1.HO HJIH 

TeneeH,ll.eHHe c u,HcflposblM KaHanoM 3ByKOBoro conpoeo>K,ll.eHHH H T. n. Ka>K.!J.b!H H3 HHX MO

>KeT HMeTb CBOH Tpe6oeaHHH K perynHpOBKe rpoMKOCTH H, KpOMe 9TOro, ,ll.OJl>KHa 6bITb npe

JJYCMOTpeHa 803MO>KHOCTb IlO.ll.KJllO'leHHH nl060ro H3 HCTO'IHHKOB CHrHaJJa (pHC. 6.11 ). 

B paccMoTpeHHOM npHMepe see HCTOttHHKH, 3a HCKJJIO'leHHeM .ll.OnroHrpalOmHx nnacTH

HOK, HBnHIOTCH U.H<fJpoBblMH, cne,!l.OBaTenbHO, ecnH .ll.OJl>KHa 6b1Tb npOH3Be,ll.eHa HX 3anHCb, 

Heo6XO,ll.HMO npe.nycMOTpeTh KaKOH-HH6y.ll.h OC06blH KaHaJI npoxo>K,ll.eHHH LlH<fJpoeoro CHr

Hana. H KaK CJie,!l.CTBHe, BblXO,ll.HOH CHrHan c ycTpOHCTBa socnpOH3Be,!l.eHHH BHHHJIOBblX 

nnaCTHHOK MO>KeT 6b1Tb cpa3y HanpaeneH BO BXO,ll.HOH KacKa,!1. aHanoroeoro 3anHCb1Ba10-

mero ycTpOHCTBa, a BblXO,ll.HOH CHrHaJI c 3anHCblBa10mero ycTpOHCTBa MO>KeT ynpaBJJHTbCH 

c HCnonb30BaHHeM 06bl'IHOro BXO,ll.HOro nepeKJJIO'laTeJIH. TaKaH KOMilOHOBKa 3aqacry10 

,ll.enaeT Hcnonh30BaHHe TP8J.l.HU.HOHHOro nepeKJJIO'laTenH npocTo HeHY>KHbIM. 

0TnH'IHTeJJbHOH qepTOA cxeMbl, noKa3aHHOH Ha pHC. 6.11, HBnHeTCH HCnOJlb3088HHe 

nepeKJJIO'l8Tensi Ha BblXO.ll.e aHanoroeoro 3anHch1Ba10mero ycTpoAcTsa. Bb1XO.ll.Hb1e KacKa-
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KatKllJlbl npe11aap11TenbHara yc1meHHJ1 

.U.bl npoHrpb!BaTeJISl rpaMnJiaCTHHOK uenecoo6pa3HO npoeKTHpOBaTb raKHM o6pa30M, 11T0-

6b! HMeTb He60JiblUOe BbIXO.u,HOe conpOTHBJieHHe, 11TO no3BOJIHT eMy H.u,eaJibHO pa6oraTb 

Ha eMKOCTHYIO Harpy3KY coe.U.HHHTeJibHOro Ka6eJIS1, HJIYlll.ero K 3anHCbIBa10lll.eMy ycTpOH

CTBy, no3TOMY oma.u.aeT He06XO.U.HMOCTb B HCnOJib30BaHHH 6y$epHoro KacKa.u.a; O.u,HaKO, 

BblKJllO'leH·HOe aanHCbIBa!Olll.ee ycTpOHCTBO 6y.u.eT npe.u.cTaBJISlTb JV!Sl HCTO'IHHKa CHrHaJia 

HeJIHHeHHYIO Harpy3KY B BH.U.e He HMe!Olll.ero CMelll.eHHSl rpaH3HCTOpHoro nepexo.u.a, 'ITO 

npHBe.U,eT K B03HHKHOBeHHIO HCKa>KeHHH. 00CKOJibKY aanHCb npOH3BO.U.HTCS1 HenOCTOSlHHO, 

no:iToMy Bbtxo.u. aanHCbIBaromero ycrpolicTBa uenecoo6pa3Ho .u.enaTb OTKJIJO'laeMbIM. OpH 

Henocpe.u.cTBeHHOM socnpOH3Be.a.eHHH BHHHJIOBblX nJiaCTHHOK (6e3 npe.u.sapHTeJibHOH o6-
pa60TKH H aanHcH), npoHrpbIBaTenb no.a,KJIJO'laercH 'lepea ycTpolicTBO KoppeKUHH RIM, 
0 Ha3Ha'leHHH KOTOporo.y>Ke rosopHJIOCb Bblllle. 

BMHMn-
KOppeKTOp "o--o JlMHeiiiHbliii BblXOA 

MA 3ByK038nMCM 

PHc. 6.11 BxoiJnou nepeKJtto"lameJtb c BblKJtto"lameAeM BblXoiJa 
3anucblea10U{e20 ycmpoucmea 

OoCJie Toro, KaK cxeMa 6y.u.eT co6paHa, Ha raneTHbIH nepeKJiro'laTeJib 6yJIYT oKa3bIBaTb 

BJIHSlHHe nepeKpeCTHbie noMeXH, Bbl3BaHHble HaJIH'IHeM eMKOCTH Me>KJIY coce.u,HHMH KOH

TaKTaMH (HanpHMep, opHeHTHpOBO'IHO 0,6 ncI> JV!Sl nepeKJIIO'laTeJISl «THn 72», HMeromero 

30 nono>KeHHH ). 

EcJIH HMeeTCSl KaKOH-HH6y.u.b HCTO'IHHK CHrHana, nO.U.KJllO'leHHblH K npe.u.ycHJIHTeJIIO, 

HO nepeKJIIO'laTeJib HaXO.U.HTCSl B nOJIO>KeHHH, COOTBeTCTBYIOlll.eM HeHcnOJib3yeMOMY 

HCTO'IHHKY, 3Ta napa3HTHaS1 eMKOCTb o6paayeT COBMeCTHO c BXOJ(Hb!M conpOTHBJieHHeM 

100 KOM perynsITopa rpoMKOCTH $HJibTp sepxHHX 'lacTOT. Y:enose'lecKoe yxo HMeeT MaK

CHMaJibHYIO qyBCTBHTeJibHOCTb B o6JiaCTH 'faCTOT nopSl.a,Ka 4 Kfl.l, H HMeHHO Ha 3TOH 'laCTO

Te KOM6HHal.lHS1 .u.aHHOH napa3HTHOH eMKOCTH H conpOTHBJieHHSl Bbl3Bana 6bl nepeKpeCT

Hbte noMeXH, HMe!Olll.He yposeHb npHMepHO Ha 53 .u.E HH>Ke ypoBHS! Q>KH.a,aeMoro CHrHaJia. 

B cxeMax npe.u.ycHJIHTeneA BblCOKoro Ka'lecTBa OT :iroro paa.u.pa>Katcimero <PaKTopa H36aa

JIHIOTCH HCnOJib30BaHHeM .u.syx C.U.BOeHHblX nepeKJIIO'laTeJieH, O.U.HH H3 KOTOpblX npOH3BO

.U.HT Bbt6op HCTO'IHHKa, a BTOpoA O.U.HOBpeMeHHO c nepBblM pa3pblsaeT 3aMbtKa!Olll.HH UIYHT 

3Toro >Ke caMoro HCTO'IHHKa cHrHana. K co>KaJieHHIO, B HaCTOHlll.ee speMSl no.u.o6Hble ne

peKJIJO'larenH OKa3aJIHCb .u.e<PHLlHTHblMH, O,ll.HaKO HenJIOXHM sapHaHTOM MO>KeT OKa3aTbCSl 

HCnOJib30BaHHe nepeKJIIO'laTeJISl '«THn 72», B KOTOpOM 'laCTb KOHTaKTOB HCnOJib3yeTCSl 

JV!Sl BXO,ll.Hb!X CHrHaJIOB, a HeHcnOJib3yeMbie KOHTaKTbl 6yJIYT nO,ll.KJll0'18TbCSl K 3eMJie, 'ITO 

3alll.HTHT KOHTaKTbl, no KOTOpblM npoXO,ll.HT CHrttan, OT napa3HTHOro BJIHSlHHSl co CTOpOHbl 

coce.u,HHX KOHTaKTOB ( pHC. 6.12 ). 
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PHc. 6.12 C1tu3/Ce1tue nepeKpecmftwc noMex Bxoo1toeo nepeK1t101tame.AR 
aaae.MAe1tueM npoMe3/Cymo11.1tblX Ko1tmaKmoB 

flepeKJJIO'IaTenH «THna 72» 6bl8alOT C .11.BYMSI 8apHaHTaMH HCnonHeHHSI CTOnOpHOrO 

MexaHH3Ma. B CTaH.napTHOM 0apHaHTe npe.n.ycMoTpeHa 803MO>KHOCTb 8bt6opa Ka>KJI.oro H3 

30 KOHTaKT08, HO 6onee rpy6b1A CTOnopHblA MeXaHH3M 8bl6HpaeT TOnbKO 15 Il03HUHA 

KOHTaKT08. EcnH Me)KJl.Y Ka>KJI.blM HCTO'IHHKOM Heo6XOJJ.HMO npoMemyTO'IHOe ( HeATpanb· 

HOe «HeMOe») nono>KeHHe, Kor.na npoMe>KYTO'IHble KOHTaKTbl 6y.n.yT 3a3eMnSITbCSI npH ne

peKnlO'IeHHH, CTonopHblA MeXaHH3M, o6ecne'IH8alOLUHA 8b16op 30 Il03HUHA. OKa>KeTCSI 

H,neanbHblM, HO ecnH Heo6XOJJ.HM 0apHaHT npSIMOro nepeKJJIO'IeHHSI OT OJJ.HOro HCTO'IHHKa 

CHrHana K .npyroMy HCTO'IHHKY, Heo6XO.nHMO 6y.neT HCnOnb308aTb anbTepHaTH8HbIA nepe

KnlO'IaTenb co CTonopHblM MeXaHH3MOM Ha 15 Il03HUHA. 

XoTH nepeKpecTHble noMeXH .ll.llH pa30MKHYTOro 0xo.na nerKo MOrYT .nocTHraTb ypo0HH 

-53 .nE npH HCnOnb308aHHH CTaH.napTHOro nepeKJJIO'IaTenSI, npH 8bl6ope 8XOJJ.a c HH3KHM 

conpoTH0neHHeM HCTO'IHHKa CHrHana, nepeKpecTHble noMeXH pe3KO CHH>KalOTCH. Ha

npHMep, 8bl60p 8 Ka'IeCTBe HCTO'IHHKa CHrHana 06bl'IHOro nneepa KOMnaKT·JJ.HCK08, 

HMe10mero 0enH'IHHY 8blXOJJ.HOro conpOTH0neHHS1 nopHJJ.Ka 300 OM, 8bl38ano 6b1 CHH>Ke

HHe nepeKpecTHblX noMex .no ypo0HS1 -107 .nE. TaKHM o6pa3oM, 3a3eMneHHble KOHTaKTbl 

anbTepHaTH8HOro 8apHaHTa nepeKJJIO'IaTenH Il0380nHeT H36e>KaTb, rna8HblM o6pa30M, 

npo6neM c nepeKpeCTHblMH noMeXaMH Jl,llSI HeHcnonb3yeMblX HCTO'IHHK08 H C03J].alOT 3Q:>· 

<l>eKT 6e338Y'IHOro nepeKJJIO'IeHHSI 6e3 HCnonb308aHHSI .nononHHTenbHbJX KOHTaKT08 Ha 

n~H npOXO>KJI.eHHSI CHrHana. ' ,ill! 

flepeKJJIO'IaTenH HHKOr,na He H3rOTa8nH8alOTCSI a6COnlOTHO pa8HOUeHHblMH H CTpa,na

IOT OT uenoro PSl.ll.8 xopowo H38eCTHblX HeJJ.OCTaTK08. flOMHMO napa3HTHOA eMKOCTH, 0 KO· 

ropoA yme ynoMHHanocb, Jl.llH HHX cymecTBylOT H .npyrHe npo6neMbl. 

B HJJ.eane, conpOTH8neHHe KOHTIIKT08 .non>KHO HMeTb Hyne0oe 3Ha'IeHHe, HO Ha npaK

THKe TaKoro nono>KeHHH 0ew.eA npocTo He cymecTByeT. ConpoTH0neHHe KOHTaKT08 803· 

HHKaeT, npe>KJJ.e 8Cero, 8 pe3ynbTaTe OKHcneHHSI MaTepHana KOHTaKT08, HeJJ.OCTaTO'IHOro 

.naeneHHSI Me)K,lly HHMH H npOCTO ecTeCTBeHHOro HX H3HOCa . .UocTaTO'IHO 'laCTO HCnOnb3Y· 

IOTCSI no3onoqeHHble KOHTaKTbl H3·3a He8ocnpHHMlfH80CTH 3TOro 6naropo.nHoro MeTanna K 

aTMOC<IJepHblM 803,ll.eACT8HSIM, HeCMOTpSI J].8>Ke Ha 6onee 8bJCOKOe y.nenbHOe conpOTH8ne

HHe 30nOTa no cpa8HeHHIO c cepe6poM H MeJJ.blO. Cne.n.yeT OTMeTHTb, lfTO TaKoe HBneHHe, 

KaK KOHT8KTHOe conpOTH8neHHe, HMeeT 8eCbMa cnO>KHYIO <j:>H3H'IeCKYIO npHpo.n.y H Il03TO· 

MY nepeKJJIOlfeHHe CHrHana Manoro ypo8HH Mo>KeT 6btTb o6ecnelfeHo TOnbKO cneuHanbHO 

cnpoeKTHpo0aHHblM Jl.llH 3THX ueneA nepeKnlOlfaTeneM. 
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KocKOAbl npeA~op1trenbHoro yc1tneH1tR 

Y ecex nepeKJIIOlfaTeneli TaK>Ke HMeeTcsi conpoTI!eneHHe yrelfKH, KoTopoe yKa3blBaeT

csi e KOHCTPYKTopcKoli .llOKyMeHTau,HH H eecbMa ycyryonsieTcH npHcyrcTBHeM aTMoccpep

HOH enarn. 

KHonolfHble nepeKJIIOlfaTenH c MexaHHlfecKoli cpHKcau,Heli nono>KeHHH paccMaTpH

eaTbCH He 6yJJYf. Hx npHMeHeHHe siensieTcsi Y>Ke npocTo HenpHnHlfHblM, .lla K TOMY me H 

npocTO epe.ll,HblM H3·3a noeceMeCTHO HeBblCOKOro KalfeCTBa H3rOTOBJleHHSI T8KHX nepe

KJllOlfaTeneli. )lonOJIHHTeJlbHO K 3TOMy, OHH nnoxo npHcnoco6neHbl Jl.JJSI HCnOJJb30BaHH!I 

B JllOOHTeJlbCKHX ycnOBHSIX, noTOMY lfTO OblBaeT HHOr.lla TeXHHlfeCKH CJJO>KHO H3rOTOBHTb 

OTBepcTHe npsiMoyronbHOH cpopMbI c .llOCTaTolfHOH TOlfHOCTblO. HanpoTHB, Jl.JJH KpenneHH!I 

raneTHOro nepeKJIIOlfaTeJISI HeOOXO.llHMO TOJlbKO npoceepJJHTb, HJIH npOCTO npo6HTb Kpyr

JJOe oTBepcTHe, KOTopoe aaTeM nerKo cKpb1BaeTcS1 OT earnsi.lla pylfKOH. 

11.lleaJJbHblM nepeKJIIDlfaTeJJeM CHrHaJJOB SIBJJSleTCSI pene co CMalfHBaeMblMH PTYfblO KOH

TaKTaMH. Om1 HMelOT KaneJJbKY PTYTH Ha KOHTaKTax, KOTopasi «cMalfHeaeT» HX, o6ecneqH

easi MHHHMaJJbHOe H He H3MeHHIOll.J,eecSI BO epeMeHH 3HalfeHHe KOHTaKTHOro conpOTHBJJemrn. 

TaK KaK TaKHe pene 06siaaTeJ1bHO .ll.OJl>KHbl 6b1Tb repMeTH3HpoeaHHbIMH Jl.JJSI npe.Z1.0Tepaw.e

HHS1 nona.n.aHHH ff.ll.OBHTbIX napoe pryrH B aTMoccpepy, KOHTaKTbI He no,Zl.BepraJOTCSI oKHcne

HHJO. CHJJa TpeHHSI Me>lql}' KOHTaKTaMH He60JJbWaSI, n03TOM)' HX H3HOC MHHHMaJJeH. 

Pene co CMalfHBaeMblMH pTyrbJO KOHTaKTaMH HMelOT, KaK npaBHJJO, e,Zl.HHCTBeHHblH 

HOpMaJJbHO pa30MKHYTbIH KOHTaKT H MOryr Tpe6oBaTb ycTaHOBKH B CTporo onpe.lleJJeHHOM 

npocTpaHCTBeHHOM nono>KeHHH JJ.JJSI Toro, lfTOObI KanenbKa pTyrH o6ecnelfHBaJJa cMalfHBa

HHe KOHTaKTOB. EcJJH Jl.JJSI Ka>K,Zl.oro HCTOlfHHKa CHrH8JJOB HcnOJlb3yeTCSI nocJJe,Zl.OBaTeJlbHO 

BKJIIOlfeHHOe OT.lleJJbHOe pene, TO nepe,Zl. Ka>K,Zl.blM MO>KHO ycTaHOBHTb pene c HOpMaJJbHO 

3aMKHY'fbIMH KOHTaKTaMH, WYHTHpy!Oll.J,ee u,enb Ha 3eMJJIO, lfTO n03BOJJHT o6ecnelfHTb 

npaKTHlfeCKH H,Zl.eaJJbHOe ocna6neHHe nepeKpecTHoro BJJHSIHHSI He>KeJlaTeJlbHbIX HCTOlfHH

KOB CHrHaJJa. )lnsi Toro, lfTOObl 3all.J,HTHTb HCTOlfHHKH OT pe>KHMa KOpOTKOro 3aMblKaHH!I 

npH HX OTKJJIOlfeHHH TaKHM nepeKJIIOlfaTeJleM, nepe,Zl. wyHTHPYIOlllHM pene B u,enb nocne
,Zl.OBaTeJJbHO ycTaHaBJJHBaeTcsi peaHcTop c conpoTHBJleHHeM I KOM, KOTopblli eme 6onee 
yeenHlfHBaeT ocna6neHHe (pHc. 6.13). 

Pene .Z1.0JJ>KHb£ ycTaHaBJJHBaTbCSI KaK MO>KHO 6JJH>Ke K BXO.llHOMy rHe3JlY H Moryr no.ll

K.'llJOlfaTbCSI Henocpe,Zl.CTBeHHO K BbIXO,Zl.HOMY pene aanHCH. Bee KOMMyraU,HH CHrHana .llOJl>K-

1k 

BblXOA 

PHc. 6.13 Hcno.n.baoeanue pe.n.e B Ka'tecmee noc.n.eooeameAbHO u napa.1t.11tMbHO 
BKJtto'teHHblX nepeKA10'tame.n.eu, cnu:J1Ca10~ux nepeKpecmnble noMexu 
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Hbl npOH3B0.11.HTbCff no MaKCHMaJJbHO KOpOTKOMY nYTH: K peryJJHTopy rpoMKOCTH n0.11.B0.11.ffT

Cff TOJlbKO Te npoBo.11.a, KOTOpbie Reo6X0.11.HMbl Jl.llff nepe.11.a'IH CHrHaJJa OT Bbl6paHHOro 

paa'beMa Ha 38.11.HeH naHeJJH, Tor.11.a KaK nepeKJJio'IaTeJJb Bbl6opa HCTO'IHHKa cHrnana Ha 

nepe.11.HeH naHeJJH .11.0JJ>KeH nponycKaTb no CBOHM uenffM TOJlbKO IlOCTOffHHblH TOK. HMeeT 

CMblCJJ Bh16paTb peJJe c HanpH>KeHHeM nHTaHHff 5 B, TaK KaK ero MO>KHO 6y.1.1.eT noJJ.KJJIO'IHTb 

'lepea cTa6HJJH3aTop HanpH>KeHHff Ha 5 B, nHTa101.1.v1AcH oT ToA >Ke o6MOTKH TpaHc<j>opMa

TOpa, 'ITO H no.11.orpeBaTeJJH KaTo.11.a. EcnH >Ke HcnoJJbayeTcH HanpH>KeHHe 5 B, TO Jl.llff 

ynpaBJJeHHff pa60TOH peJJe MO>KHO HCnOJJb30BaTb JIOrH'IeCKHe MHKpocxeMbl, a TaK>Ke KHO

nO'IHbie BbIKJllO'IaTeJJH MOMeHTaJJbHOro .1.1.eHCTBHff Ha JIHl.leBOH naHeJJH Jl.llff Bbl6opa no.11.KJJIO

'!aeMoro HCTO'IHHKa CHrHaJJoB, JJH6o .1.1.a>1<e HcnoJJb3oBaTh JJ.HCTaHl.lHOHHoe ynpaBJJeHHe. Ho 

CJJeJJYeT npOHBJJffTb H H3BeCTHYIO OCTOpO>KHOCTb, eCJJH peWHTb}.l.BHraTbCff B 3TOM HanpaBJJe

HHH: BbI6op KHOnO'IHblX nepeKJJIO'IaTeJJeH MOMeHTaJJbHOro .1.1.eACTBHff .11.0JJ>KeH BbinOJJHffTbCff 

O'IeHb Tw.aTeJJbHO, B npoTHBHOM cnyqae He06X0.1J.HMOCTb Tl.l.J,aTeJJbHOrO no.11.6opa H}.l.eHTH'IHb!X 

.no xapaKTepHCTHK0M KHOnO'IHblX nepeKJJIO'IaTeneA Jl.llff Ka>K}.l.oro nepeKJJIO'IaTeJJff MOMeH

TaJJbHOro }.l.eHCTBHff MO>KeT npeBpaTHTbCff B HaCTOffl.l.IYIO roJJOBHYIO 60JJb. 

H HanocneJJ.oK: e.11.HHCTBeHHbIM He.11.ocTaTKOM pene co CMa'IHBaeMblMH PTYThlO KOHTaK

TaMH ffBJJffeTCff HX BbICOKaff CTOHMOCTb. 

65. lfocTOTHblH KoppeKTOp CHrHana OT npoHrpblBOTenH 

rpaMnnoCTHHOK AMepHKOHCKOH OCCOUHOUHH 

1eyK01amtcb1eot0uteit HHRYCTPHH (RIAA) 

6.5. l 06UJH8 CBB/IBHHR 

A66peBHaTypa RIM, xoTH H npHH8Jl.lle>KHT AMepHKaHcKoA accouHal.lHH 3ByKoaanHCb!Baio

w.eA HHJIYCTpHH, Ha'IHHaff c 1954 ro.11.a OHa <j>aKTH'IeCKH 8CCOl.lHHpyeTCff BO BCeM MHpe co 

CTaH.11.apTOM KOppeKl.lHH 'IaCTOTHbIX xapaKTepHCTHK.11.0JJrOHrpaiorn.Hx BHHHJIOBblX rpaMnJJa

CTHHOK B npOTHBOBeC cyw.ecTBOBaBWHM MHOrO'IHCJJeHHbIM CTaH.1.1.apTaM Jl.llff CTapbIX naTe

<j>oHHb!X nnacTHHOK, KOTOpble 6b!JJH paCC'IHTaHbl Ha CKOpOCTb Bpaw.eHHff 78 o6opoTOB 

B MHHYTY (78 MHH- 1 ). Xorn B EBpone H He npHBeTCTBOBaJJOCb BBeJJ.eHHe cTaH.11.apTa, paapa-

6oTaHHoro AMepHKaHcKoA accouHal.lHH aByKoaanHcb!Baiow.eA HHJIYCTpHeA ( cTaH.11.8pTa 

RIAA), Ho BBeJJ.eHHe o6w.ero Me>KJl.YHapo.1.1.Horo cTaHJJ.aPTa Bce-TaKH cTaHOBHJJOCb BeneHH

eM BpeMeHH. Me>KJJ.ynapoJJ.HaH 3JJeKTpoTeXHH'IecKaH KOMHCCHH, M3K, (IEC), BBeJJa cTaH

.11.apT 'IaCTOTHOH KOppeKl.lHH Jl.llff .11.onroHrpalOI.1.J,HX BHHHJIOBblX rpaMnJJaCTHHOK, KOTOpblH 

OKa3aJJCff npaKTH'IeCKH H}.l.eHTH'IHblM aMepHKaHCKOMY CTaH.11.8PTY· E.li.HHCTBeHHOe .oTJJH'IHe 

aaKJJIO'Ianocb B TOM, 'ITO cTaHJJ.apT M3K peKoMeHJIYeT npoH3B0.11.HTb cpea HH>KHHX aByKo

Bb!X qacTOT B pe>KHMe BocnpoHaBe.1.1.eHHff rpaMaanHcH, npH'IeM, c ueJJblO yMeHbWeHHH Ht.I 

pOKOTa (TaK Ha3b!BaeMoro poKOT-3cp<j>eKTa, Bbl3b!BBeMoro 6HeHHeM 'IaCTOTbl Bparn.eHHff 

}.l.HCKa), peKOMeHJlYeTCff BB0.11.HTb OCJJa6JJeHHe C ypOBHeM -3 .11.6 Ha 'IaCTOTe 20 fl.l (npH 

nepeBo.11.e BO BpeMeHHble xapaKTepHCTHKH 3TO COOTBeTCTByeT IlOCTOffHHOH BpeMeHH 
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7950 MKC ). Bonbwaff qacTb npoH3BOJJ.HTeneA BbICOKOKa'leCTBeHHblX 1npe.nycHJ1HTeneA no

C'IHTana, 'ITO HX o6opyJJ.oBaHHe 6yJJ.eT yKoMnneKTOBaHo 3JleKTponpoHrpbIBaTenffMH 

BblCOKoro Ka'leCTBa, no3TOMY npo6neMa pOKOTa HX He 6yJJ.eT KacaTbCff, B CHJIY qero Tpe-

60B8f1Hfl M9K HMH 6b1J1H npoHrHopHpoeaHbl. CneJJ.oeaTeJlbHO, HcnoJib3yeMblH HMH 

CTaH.u.apT BblpaBHHBaHHff 'laCTOTHbIX xapaKTepHCTHK rpaMnnaCTHHOK <j>aKTH'leCKH SI" 

JlffJICSI CTaHJJ.apTOM RIM. 
, TeM HH Mettee, Ha npoH3BOJJ.HTeneA annaparypb1 JJ.O cHx nop 3aqacry10 oKa3b1eaeTcsi 

CHJlbHOe JJ.aBJleHHe Ha npeJJ.MeT H3MeHeHHff napaMeTpOB npoHrpblBaTeJieH, COOTBeTCTBYIO

lllHX cTaHJJ.apry RIAA, BBO.ll.SI KoppeKUHJO aMnJIHTYJJ.HO-'laCTOTHOH xapaKTepHCTHKH e o6na
CTH HH3KHX qacToT. TaKaff nonHTHKa onpeJJ.enffeTCff TeM, 'ITO: 

• 'laCTb naMnOBbIX YCHJIHTeJieH MOlllHOCTH OKa3blBaeTCff 'IYBCTBHTeJlbHOH K HaCblll.le

HHIO MarHHTHoro cepJJ.e'IHHKa BblXOJJ.HOro TpaHc<j>opMaTopa B cnyqa11x, KOrJJ.a Ha 

HH3KHX 'laCTOTaX (Mettee 50 fU) noczynaeT CHrHaJI 60JlbWOH aMnJIHTYJl.bl (B TOM 

'IHCJle HOT poKOT-3<j><j>eKTa); 

H4 rpoMKoroeopHTeJIH 0Tpa>1<aTeJ1hHoro rnna o'leHb nerKo neperpy>KaJOTCff npH 

'laCTOTax, HH>Ke 'laCTOT HX aKj'CTH'leCKoro cpe3a H3-3a CJIHWKOM Manoro JJ.eMn<j>H

poeaHHff, Bbl3bIBaeMOfO JJ.BH>KeHHeM JJ.H<j><j>y3opa. ,llJiff rpOMKOfOBOpHTeJieH C>Tpa

>KaTeJlbHOfO rnna, ycTaHOBJleHHblX Ha OTpa>KaTeJlbHblX JJ.OCKax, xapaKTepHa 'laCTO

Ta cpe3a lfYTb HH>Ke 100 fu, TOfJl.8 KaK JI.Jiff CB060JJ.HO CTOSlll.lHX OTpa>KaTeJibHblX 

rpOMKOfOBOpHTeJleH HH>KHffff rpaHHUa CJJ.BHraeTCff Jl.O 50 fU, HJIH JJ.a>Ke ew.e HH>Ke; 

• aanHCH Ha Jl.OJlroHrpa!OW.HX BHHHJIOBblX rpaMnnacTHHKax xapaKTepH3YIOTCff HH3K0-

'18CTOTHblM (MeHee 20 fu) WYMOM H3-38 JJ.e<j>opMaUHH H BH6paUHH JJ.HCKa npoHrpbl

BaTeJlff. 

TaKHM o6paaoM, Ha Bb1wecKaaaHHoro cne.nyeT, 'ITO ece 3TH npo6neMbl MornH 6b1 6h1Tb 

CHffTbl BBeJJ.eHHeM HH3KO'laCTOTHOH KoppeKUHH B K8CK8JJ.e eocnpOH3BeJJ.eHHff annaparypbl, 

cooTBeTCTBYJOW.ero cTaHJJ.apTaM RIM. 
0JJ.HHM H3 B03MO>KHblX no3HTHBHbIX no.n.xOJJ.OB K 3TOH npo6neMe ffBJlffeTCff B03MO>KHOe 

npHHffTHe peKoMeHJJ.aUHH M9K OTHOCHTeJJbHO nocTOffHHOH epeMeHH 7950 MKC, HO 6onee 

pa3yMHblM peweHHeM 6bIJIO 6bl BBeJJ.eHHe COOTBeTC'tBYIOlllHM o6pa30M paCC'IHTaHHoro 

<j>HnbTpa BblCOKHX qacToT, HMeJOmero Ha KpaJO JJ.HanaaoHa ocna6neHHe nopHJJ.Ka 12 JJ.6 

Ha OKTaey' HJIH JKe ew.e 60JlbWee 3Ha'leHHe, c pe3oHaHCHOH 'laCTOTOH nopS!JJ.Ka I 0 ru ( TaK 

Ha3b1eaeMhle pe30HaHCHb1e poKoT-<j>HJlbTpbI JI.Jiff noMBJJeHHff H4 wyMoe, onpeJJ.enffeMblX 

HecoeepweHCTBOM MexaHH'leCKOH 'laCTH npoHrpbIBaTeJlff ). 

AeTOp KHHrH TeepJJ.o yeepeH, 'ITO HH OJJ.HH H3 npe)lJlaraeMbIX 3JleKTpH'leCKHX cnoco6oe 

peweHHff npo6neMbl He ffBJJffeTcff eepHblM, H 'ITO MeTOJJ. 'lacToTHOH KoppeKUHH RIAA Mor 

6bI ClblTb HCnOJib30BaH eJJ.HHCTBeHHO)lJlff KoppeKUHH aanHCH, npHMeHffeMOH npoH3BOJJ.HTe

JleM BO epeMff TeXHOJIOrH'leCKoro npouecca HapeaaHHSI 3BYKOBOH KaHaBKH MaTpHUbI rpaM

nnaCTHHKH. flneep KOMnaKT-JJ.HCKOB KaK-TO He BblffBHJI He06XOJl.HMOCTH BBeJJ.eHHSI <j>HJibT

pa HH>KHHX '18CTOT c pe30HaHCHOH 'laCTOTOH I 0 ru JI.Jiff peweHHff npo6neM, CBff3aHHblX 

c nnoxo CKOHCTpyHpoeaHHblMH rpOMKoroeopHTeJJffMH HJIH c Bbl3blBa!Oll.llfMH eonpOCbl Bbl

XOJJ.HbIMH TpaHc<j>opMaTop~MH. Ho TOrJJ.a cpaay >Ke eoaHHKaet eonpoc, a npH'leM >Ke 3JJ.ecb 

BHHHJIOBb1e JJ.OnroHrpaJOW.He rpaMnnacTHHKH? Kopo6neHHe H poKoT sienffJOTCff e 'IHCTOM 

BHJJ.e npo6JieMaMH MeXaHH'leCKOH 'laCTH, H, CJJeJJ.OBaTeJlbH<:>, Jl.OJl>KHbl pewaTbCSI 'IHCTO 

B 3THX paMKaX, a He c HCnOJlb3088HHeM 3JieKTpH'leCKHX yxHw.peHHH. 

544 



lf acrorHblM KoppeKTop cHrHana or npoHrpblaaren11 rpaMMOCTHHK RIAA 

6.5.2. flpo6neMbl MeXOHHKH 

K c4aCTblO .lJ.Jlff pa3pa6oT4HKOB, s MexaHH4eCKOH CHCTeMe npoHrpb1BaTenH rpaMnnacTHHOK 

ecerJJ,a cyUJ.eCTByeT MexaHH4eCKHH <f>HnbTp HH>KHHX 4aCTOT c ocna6neHHeM npHMepHO 

12 JJ.6 Ha OKTaBY 3a C4eT ynpyroCTH CHCTeMbl noJJ,Beca rOJIOBKH 3BYKOCHHMaTenff H Q>aKTH

'leCKH cyUJ.eCTBYIOUJ.eli Macchi TOHapMa cosMecTHo c ronoBKOH. 4acToTa HY pe3oHaHca 

MexaHH4eCKOH CHCTeMbl TOHapM - ronOBKa MO>KeT 6b1Tb onpeJJ,eneHa c Hcnonb30BaHHeM 

CTaHJJ,apTHOro ypasHeHHff: 

f - 1 
- 21t.JCm101a1' 

rJJ,e c - rH6KOCTb (ynpyrocTb} 3BYKOCHHMaTenff B sepTHKanbHOM HanpasneHHH; 

m 101a1 - nonHaff Q>aKTH4ecKaff Macca. 

THnH4HbIMH 3Ha4eHHHMH senH'IHH, BXOJJ.fflll.HX s ypasHeHHe, HBnfft0TcH: 

Macca ronOBKH 3BYKOCHHMaTem1 

Macca Kpene>KHblX H3JJ,enHH (BHHTbl, raHKH) 

Q>aKTH4eCKaff Macca TOHapMa 

nonHaff <f>aKTH'lecKaff Macca, m101a1 

sepTHKa.nbHaff ynpyroCTb 3BYKOCHHMaTenff, c 

5 r, 
1,5 r, 
12 r, 

18,5 r, 
15·10-6 Jl,HH/CM 

HpUM.e11.anue. Hcno.nb3yeTcff eJJ,HHHU.a cHnbl HenpHMeHH.eMOH s HacTOHUJ.ee speMH cH

creMbI {CfCE). 

npHBeJJ,eHHbie 3Ha4eHHff OTHOCffTCff K OJJ,HOlllapHHpHOMY TOHapMy, CKOHCTpyHpOBaHHO

MY .lJ.Jlff 3BYKOCHHMaTe.nff c noJJ.BH>KHOH KaTyrnKoli ( :meKTpOJJ.HHaMH4eCKHM HnH MarHHT0-

3.neKTpH4eCKHM THnoM) KOMnaHHH OpToQ>oH KyaTTpo (Ortofon Quattro), co CHffTblM 3a-

1.J.J.HTHbIM KO>K)'XOM. PacLteT .u.aeT 3Ha4eHHe pe30HaHCHOH LtaCTOTbl,_ paBHOH l 0 ru.. 
6b1no BbICKa3aHO npeJJ,nono>KeHHe, ffB.flfflOUJ.eeCff JJ.OCTaTOLIHO o60CHOBaHHbIM, 4TO ec.nH 

6yJJ,eT nonYtfeHa 60.nee BblCOKaff ( 12-5 f1..1,) LtaCTOTa pe30HaHCa, TO ocna6neHHe HH3K04aC

TOTHOro rnyMa oKa>KeTcff 6onee 3Q>Q>eKTHBHbIM. OJJ.HaKo, Harna >l<H3Hb npoTeKaeT 

B peanbHOM MHpe, n03TOMY 3Ha4HTenbHOe CHH>KeHHe MaCCbl TOHapMa, ysenHLIHBalOUJ.ee pe-

30HaHCHYIO LtacTOTy, npHseno 6bl K HacTOnbKO xpynKoli KOHCTPYKU.HH 3BYKOCHHMaTenH, 4TO 

OH OKa3a.ncff 6bl npocTO He B COCTOffHHH nepeJJ,aBaTb OTHOCHTenbHbie CHnbHble BH6pa1..1,HH B 

TOHapM • .LlononHHTenbHO K 3TOMY, TaKOH 3BYKOCHHMaTenb 0Ka3ancff 6bI HeJJ,OCTaT04HO >Kec

TKHM, H, B Htore, KOHe4HbIH pe3ynbTaT nO'ITH He OTnH4ancff 6bI OT HCXOJJ,Horo. Heo6XOJJ.HMO, 

nOMHMO scero, npo4ero YlfHTbIBatb eUJ.e TOT <f>aKT, 4TO JJ,a>Ke JJ.OCTH>KeHHe TaKoro HH3KOro 

3Ha4eHHff pe30HaHCHOH LtaCTOTbl, KaK l 0 fl.I,, 03Ha4aeT, 4TO xapaKTepHCTHKa BOCnpOH3BeJJ,e

HHff ( c YtfetoM BbipaBHHBaHHff no ctaHJJ.apry RIAA), sepoHTHee scero, 6yJJ.eT HMetb s 3aBHCH

MOCTH OT ypoBHff JJ,eMnQ>HpOBaHHff cnaJJ,, paBHbIH - l JJ,O, Ha 4aCTOTe 20 fl.I,. 
B Ka4eCTBe OTCTynneHHff OT OCHOBHOH TeMbl, c.ne.nyeT 3aMeTHTb, 4TO HaH6onee 9Q><f>eK

THBHblM cnoco6oM CHH>KeHHff 3Q>Q>eKTHBHOH MaCCbl ffB.nffeTCff yMeHbllleHHe MaCCbl ronos-
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KH 3SYKOeHHMaTeJUI. 0,nHaKO eospeMeHHble TOHapMbl HMelOT cpHKeHposaHO yeraHaSJJHSae
MYIO ronosKY 3syKoeHHMarensi, no3TOMY JI.Jiff 3KenepHMeHros oeraereff TOJJbKO eaM ro
HapM. ToHapM H ronosKa 3syKoeHHMarenff e no,nsH>KHOH KarywKoH .noeraro4HO 4aero 
HMeer TSI>Kenyio sHeWHIOIO 060JJ04KY, Koropasi enoeo6Ha o6eene4HTb re eaMhie enaeH
reJJbHbie rpaMMbl seea, HO TOJ!bKO s TOM eJJYtfae, eeJJH OHa MO>KeT 6b1Tb ,neMOHTHposaHS 
6e3 nospe>1<.neHHff sHyrpeHHHX pa6o4HX 4aeTeH . .flH6o >Ke, 4TO ew.e JJYlfWe, npH ycnos1:11:1 
Ha,ne>KHOro 3aKpenneHHff MarHHTHOH eHeTeMbl y,naJJeHHe oeHOSaHHff yerpaHSieT pe30HaHe
Hble ffSJJeHHff s K9>Kyxe. B raKoH eHryau1rn ,nep>1<areJJb ( KpoHwreHH) soenpoH3SOASillleH 
HfJJbl OKa3bISaereff nOJJHOeTblO OTKpblTblM, 4TO o6JJef4aeT cpopMHposaHHe eHrHaJJa H pery
JJHpOSKY (yeraHOSKY, SblpasHHSaHHe), HO npH 3TOM oerasJJffeT ero no,nsep>KeHHblM eepb
e3HOH onaeHoerH nospe>K,neHHff. noene roro, KaK see cpaKropbI y4reHbI~ noene,nHee enoso 
oeraeresi 3a roprosJJeH, HasepHoe, no3TOMY 4aeTb 3SYKOeHHMaTeJJeH npoJl.8eTeSI 6e3 3a
lllHTHbIX o6oJJ04eK . 

.Lla>Ke s TOM eJ1Y4ae, KOr)l.8 qaerora eHeTeMbl TOHapM - rOJJOSKa Sb16paHa npaBHJJbHO, 
MeXaHH4eeKHH cpHJibTp HH>KHHX qaeTOT 6y,ner eoorserersosaTb npe,n"bSISJJSleMblM rpe6osa
HHSIM JJHWb TOr)l.8, Korona ,neMncpHposaHHe KOJJe6aHHH Ha pe30HaHeHOH 4aerore npoHexo
AHT HaJJ.JJe>KalUHM o6pa30M. B reopHH ,neMncpHposaHHe seer.na esH3bisaereff e noHH>KeHH
eM eo6erseHHOH 4aer0Tbl Mexatt1:14eeKHX Kone6aHHH KOHerpyKUHH H Sbiso,noM ee 1:13 
o6naerH so3HHKHoseHHff pe3oHaHeHbIX ffSJJeHHH. XopowHM enoco6oM ,neMncpHposaHHff 
SISJJffeTeff MeTOA, KOr)l.8 ASlf>KYlllHHeff TOHapM 3SYKOeHHMaTeJJff y esoero oeHOSaHHff ( wap
HHpa) oeHameH eneuHaJJbHOH nonaeTblO, ASH>KYllleHeSI s >KHAKOH epe.ne, 06na)l.810llleH no
SbIWeHHOH SSl3KOeTblO, erna>KHSaff, TaKHM o6pa30M, KOJJe6aHHSI TOHapMa. B H,neane eHJJa 
TOpMO>KeHHSI AOJJ>KHa npHKJJaAbISaTbeff Henoepe,nerseHHO K roJJOSKe 3SyKoeHHMaTeJJSI, no
TOMy, 4TO TOJJbKO s 3TOM eJJYtfae npo1:1eXOAHT 3Ha4HTeJJbHOe eHH>KeHHH 3HeprnH, nepe,na
saeMOH OT. HfJJbl K TOHapMy, H 3Ha4HTeJJbHQ eHH>KaeTeH. se"pOSITHOeTb so36y>1<.neHHSI pe30· 
HaHeHblX KOJJe6aHHH s 3JJeMeHTax, no,nsep>KeHHblX SbleOK04aeTOTHOMY pe30HaHey, HO 
,neMncpHposaHHe, npHKJJa,nb1saeMoe s o6naerH wapHHpa, KaK roro rpe6yior no4TH see 
KOHerpyKUHH yHHcpHUHposaHHbIX nosopoTHblX wapHHpos, no,nasnffeT HH3K04aeroTHblH 
pe3oHaHe TaK>Ke .noeraT04HO xopowo. 

YenosHSI MexaHH4eeKoro ,neMncpHposaHHff ,noJJ>KHbI no,n6Hparheff Mero,noM npo6 H 
OWH60K H HaH6onee 4aero seJJH'IHHa ,neMncpHposaHHSI OKa3bISaeTeff 4pe3MepHOH: JJH6o 
Sff3KOeTb >KHAKOeTH OKa3blSaereff 4pe3MepHOH' JJH6o OKa3bISaereff 3aSbIWeHHbIM ee KOJJH
qeerso. 0,nHHM H3 enoeo6os onpe~eJJHTb xapaKrepHeTHKH ,neMncpHposaHHff - 3TO Ha4aTb 
soenpoH3Se,neHHe rpaM3anHeH Ha eHJJbHO noKopo6JJeHHOH nnaeTHHKe 6e3 HenoJJb30SaHHff 
,neMncpHposaHHff H Ha6n10,naTb nepeMemeHHSI HfJJbl npH nepeee'leHHH HM Meer Kopo6JJe
HHff. EenH 1:1rna no,neKaKHsaer Ha nosepxHoerH nnaerHHKH, ene.nyer ,no6asHTb HeMHoro 
~HAKOeTH H nosropHTb 3KenepHMeHT. TaK>Ke eymeersyior H eneuHaJJbHbie pae4eTHble 
cpopMyJJbl JI.Jiff TaKHX eHeTeM. Cne.nyer HenoJJb30SaTb KaK MO>KHO MeHbWYIO eHJJY .ne,MncpH
posaHHSI, raK KaK 4pe3MepHoe yeHJJeHHe ,neMncpHposaHHff yseJJH4HT HH3Ko11aeroTHbIH wyM 
H Sbl30SeT npo6JJeMbl e OTeJJe>KHsaHHeM ,nopo>KKH, npoffSJJff!OlUHeeff Ha SbleOKHX qaero
rax, H3·3a Toro, 'ITO HeHeKa>KeHHOe (HeS03MyllleHHOe) eMemeHHe HfJJbl rpaTHTeSI eKopee 
Ha .necpeKTbl .nopo>KKH, a He Ha 3anHeaHHblH Ha nnaeTHHKY ay,nHoe11rttaJJ. 

no,n6op napaMerpos H npaSHJJbHaff HaerpOHKa MeXaHl14eeKoro <f>HJJbTpa SbleOKHX qae
TOT n03SOJJffeT c,neJiaTb ,nsa sa>KHblX SblBO)l.8. nepSblH 03H84aeT, 'ITO HeT He06XO,nHMOeTH 
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'tocroTHblii KoppeKTop CHrHana or npoHrpb1aorenR rpoMnnacTHHK RIAA 

HcnoJib30BaTb 3JieKTpw:tecKHH QlHJibTp sepXHHX 1.faCTOT. Ho 6onee sa>KHbIM BbIBO.llOM ffB· 

nsieTcff TOT' 'ITO BepTHKaJibHOe OTKJIOHeHHe HrJJbl Ha nnaCTHHKe 3H81.fHTeJibHO yMeHbWaeT

Cff, a HCKa>KeHHff, Bbl3bIB8eMbie roJIOBKOH, 3HalfHTeJibHO CHH>KaIOTCff. 

6.5.3. BnHRHHe nposona JBfKOCHHMarena 11 conpor11sneHHR 

no nOCTORHHOff COCTOBRRIOIJleH nORBH)l(HOH KOTfUJKH ero fOROBKH 

XoTH Jl8HHbIH Q>aKT, KaK npaBHJio, HrttopHpyeTcsi, conpoTHBJieHHe nposo.nos TOHapMa 3ByKo

CHHMaTensi MO>KeT OKa3aTbCff '1pe3Bbllf8HHO B8>KHblM napaMeTpOM, oco6eHHO B Tex CJIY1.f8HX, 

Kor.na no}lBH>KHaff KaTYWKa ero rOJIOBKH o6na.naeT HH3KHM BbIXO}lHbIM conpOTHBJleHHeM co

rnacyeTCff c HCnOJib30BaHHeM TpaHCQlOpMaTopa, TaK KaK nepeXO,ll.Haff xapaKTepHCTHKa 

Tp8HCQlOpMaTopa B 3HalfHTeJibHOH Mepe onpe.nemieTCff conpOTHBJleHHeM HCTO'IHHKa TOKa. 

ABTOp H3MepHJI BeJIH'IHHY conpOTHBJieHHff MHKponposo.na JJ.JIHHOH 5 M, HCnOJJb3YIO

lUerocsi B TOHapMe ero npoHrpbIBaTensi, H 06Hapy>1<HJI, 'ITO noroHHoe conpoTHBJie1;1He co

cTasnsiet 0,45 OM/M. no3TOMy, JJ.Jlff cTaH.napTHoro TOHapMa, HMeIOmero pa3Mep nopsi.nKa 

229 MM, 6y.neT He06XO.llHM npOBOJlJJ.JIHHOH 600 MM Anff K8>K,llOro KaHaJia (neTJJff K roJIOBKe 

H o6paTHO ), conpoTHBJleHHe KOToporo B HTOre COCTaBHT 0,27 OM. 0.nHH MeTp BHTOH napbl 

cepe6pHHoro nposo.na c }lHaMeTpOM 0, 7 MM, npono>KeHHOro OT OCHOBaHHff TOHapMa .no 

npe.nycHJIHTem1, .no6aBHT eme 0, 12 OM, o6ecnelfHBaSI nonHoe conpoTHBJieHHe u.enH 3By

KOCHHMaTensi 0,39 OM. CeAlfac.nocTaTO'IHO nonynsipHbI pa3J1HlfHb1e MOJlHQlHKaU.HH nposo

.nos: HcnOJib3yeMbIX JJ.JIH u.enH ssyKOCHHMaTensi, no3TOMY HHor.na psi.n npoH3BOJlHTeneA 

c u.eJiblO yMeHbWeHHff KOJIHlfeCTBa coe.nHHeHHH B u.enH 11cnonb3yeT u.eJibHblH MHKponpo

BO.ll, npoxO.ll:fflllHH BHYTPH TOHapMa, JJ.JIH coe.nHHeHHff 3BYKOCHHMaTensi c BXO.ZlHbIMH KJieM

MaMH npe.nycHJIHTeJIH. lJ.,nHHa TaKoro npoBO.llHHKa B 600 MM ffBJiffeTCff THnH'IHOH, cne.nosa

TeJibHO, conpotHBJieHHe u.enH so3pacraer .no 0,81 OM. ,llnsi ou.eHKH noJIY1.feHHOH U.HQlpbI 

cne.nyet OTMeTHTb, 'ITO JJ.Jlff no}lBH>KHOH KaTYWKH roJIOBKH 3BYKOCHHMaTeJiff y>Ke ynoMH

Haswerocff npoHrpbIBatensi Q>HpMbI Ortofon Quattro yKa3aHHoe B nacnopTe conpoTHBJie

HHe cocrasnsiet 3 OM. 

3HalfHTeJlbHbie aMnJJHTY.Zlbl Kone6aHHH Ha BbICOKHX 1.faCTOTax npHBO.ll:ffT K BbICOKHM 

3HalfeHHffM ycKopeHHH JJ.Jlff KOH'IHKa socnpOH3BO.ll:fflUeH HrJJbl. c u.enbIO CHH>KeHHff Harpy-

30K, B03HHKaIOlUHX Ha 3BYKOBOH.llOPO>KKe.rpaMnJiaCTHHKH npH aepTHKaJibHbJX nepeMeme

HHffX HrJlbI ( CHJia no 3aKoHy HbIOToHa F = ma) npoH3BO.llHTeJIH 3BYKOCHHMateneI1 6opIOT

csi 3a CHH>KeHHe MaCCbl HrJJbl. HaH6onee 3Q><f>eKTHBHblM cnoco6oM CHH>KeHHff MaCCbl HrJJbl 

ffBJlffeTCff HCnOJib30BaHHe MeHbWero no pa3Mepy anMa3a, XOTff JJ.Jlff HrJJ H TaK HCnOJib3YIOT· 

csi caMbie MeJIKHe anMa3bI, 'ITO .nenaer ropa3.no cno>KHee 38.Zlalfy HX KpenneHHff s npou.ecce 

orpaHKH H WJIHQlOBaHHSI. 0}lHaKO HeMaJioBa>KHbIM o6CTOffTeJibCTBOM ffBJiffeTCff H Macca 

KaTYWKH B fOJIOBKe c no.nBH>KHOH KaTyWKOH, no3TOMY 3Q>Q>eKTHBHbJM cnoco6oM CHH>Ke

HHff Macchi TaK>Ke OKa3bIBaercsi yMeHbWeHHe .nHaMetpa Hcnonb3yeMoro nposo.na. K co>Ka

neHHIO, npoH3BOJlHTe.nH 3BYKOCHHMaTeJleH He scer.na .llOBO.llffT .no notpe6HTeJieH TeXHHlfeC

KYIO HHQ>opMaU.HIO, KacaIOwyIOcsi cosepweHctsosaHHff npoH3BO.llHMOH HMH npo.nyKU.HH, 

no3TOMY conpoTHBJleHHe KaTYWKH, H3MepsieMoe Ha nOCTOffHHOM TOKe, MO>KeT OKa3aTbCff 

Bblwe, 1.feM yKa3aHHoe B rexHHlfeCKOH .noeyMeHTaU.HH. He.nasHo asrop npH H3MepeHHH 
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conpoTHBJieHHSI H8 noCTOSIHHOM TOKe .ll./ISI 3BYKOCHHM8TeJISI, HMeIOmero 3aSIBJleHHOe HOMH

HaJibHOe 3HaqeHHe conpoTHBJieHHSI 6 OM, nonyqHJI senHqHHY I 0,5 OM. 
1-faeaJibHOH ToqKoH .n.nsi H3MepeHHSI conpoTHBJieHHSI no nocTOSIHHOMY TOKY 3BYKOCHH

MaTeJisi SIBJISleTCSI BXO,!lHaSI KJleMMa npe.nyCHJIHTeJISI, TaK K8K npH 9TOM yqHTbIBaeTCSI co

npOTHBJieHHe nposo.nos ToHapMa. ToHqai%wHH nposo.n 3BYKOBOH KarywKH roJIOBKH 3BYKO

CHHMarem1 MO>KeT 6bITb nospe>K:AeH npH npoxo)l<AeHHH no HeMy 60JibWHX TOKOB, no3TOMY 

asrop npe.nsapHTeJibHO 3aMepHJI TOK H3MepHTeJlbHOro npH6opa npH HCnOJib30B8HHH HH>K

HHX npe.nenos H3MepeHHSI conpoT!ofBJieHHH H ycTaHOBHJI, qTO TOK cocTasnsieT 0, I MA, .no

cTaToqHo M8JieHbKOe 3HaqeHHe, KOTOpoe He Bbl30BeT nospe>K:AeHHH KaTYWKH 3BYKOCHH

MaTeJISI. 1fro6bI He 6b!JIO COMHeHHH, cne.nyeT TaK>Ke H3Y"IHTb nacnopT H3MepHTeJlbHOro 

npH6opa H 38nOMHHTb 3HaqeHHe MaKCHMaJibHOro TOK8, KOTOpbIH 6y.neT npoTeKaTb B uenH 

npH H3MepeHHSIX Ha npe.nene, npe.nHa3HaqeHHOM .ll./ISI caMbIX MeHbWHX 3HaqeHHH conpo

THBJieHHSI (a HMeHHO T8KOH npe.neJI Heo6xo.nHMO 6y.neT HCnOJib30BaTb ). 

6.5. 4. flpo6neM61 pa1pa60TKll 6nOKQ 'IQCTOTHOH KOppeKl/lflf 
(nacc11sHoro 1Ksanaii1epa) RIAA 

EcJIH B ycHJIHTeJie MOW.HOCTH K8MHeM npeTKHOBeHHH "lame scero oKa3bIBaeTcsi <f>a30HH

sepcHbIH K8CK8,!l (CM. rnasy 5 ), TO .ll./ISI npe.nycHJIHTeJISI aXHJIJieCOBOH nHTOH, 6e3 BCSIKHX 

COMHeHHH, OKa3bIBaeTCSI 6JIOK "laCTOTHOH KoppeKUHH (nacCHBHbIH 9KBanaH3ep) npoHrpbl

BaTeJISI rpaMnJiaCTHHOK, coorseTCTBYIOll.lHH cTaH.napry RIM. 
JlaHHbIH 6JIOK ,!lOJI>KeH O,!lHOBpeMeHHO y.nosJieTBOpSITb orpoMHOMY KOJ!Hqecrsy B3aHMO

HCKJJIO"lalOll.lHX Tpe6osaHHH, no9TOMY ero pacqer H HCnOJIHeHHe nepenOJIHeHbl BCeB03-

MO>KHblMH npo6JieM8MH. 

DpH paccMorpeHHH ycHJIHTeJieH MOll.lHOCTH.ll./IH noJiy"leHHH Heo6xo.nHMoro pe3yJibTara, 

npe>K:Ae scero, BHHMaHHe 6bIJIO y.neneHo KJJaccHqecKHM cxeMaM H TeM no.nxo.naM, KOTOpb1e 

6blJIH s HHX HCHOJib30BaHbl (CM. rnasy 5 ). K co>KaJJeHHIO, KJJaccHqecKoH cxeMbl 6noKa "!ac

TOTHOH KoppeKUHH He cymecTByeT, HX ,!lHana30H npoCTHpaeTCSI OT BnOJIHe nocpe.ncrseH

HblX no CBOHM Ka"leCTBaM, .no BnOJIHe He3aMblCJIOBaTblX. 

TaKoe noJio>KeHHe semeA He scer.na onpe.nensinocb He.nocTaToqHoH KOMnereHTHOCTbIO 

y "laCTH npoeKTHposmHKOB cymecrsyIOll.lHX cHcTeM. B HX pacnopsi>KeHHH 6bIJIH KOMnoHeH

Tbl xy.nwero Ka"leCTB8, OHH He HCnOJlb30BaJJH cra6HJIH3HpOBaHHbie BbICOKOBOJlbTHble HC

TO"IHHKH nHTaHHSI, KaK 9TO npHHSITO .nenaTb ceH"!aC. OOJiee TOro, OCHOBHblM <f>aKTOpOM 3a

qacryIO CTaHOBHJIOCb npocro OTCyTCTBHe noTpe6HOCTH pa3pa6aTblBaTb .neHCTBHTeJibHO 

BblCOKOKJiaCCHble npoHrpbIBaTeJIH rpaMnJiaCTHHOK H3-3a TOro, "!TO CHrHaJI, nocrynaIOll.lHH 

c npoHrpbIBaTe.tJSI, He OTJIHqaJICSI Bb!COKHM KaqecTBOM. JlonroHrpaIOw.aSI nJiaCTHHKa cqH

TaJiaCb HCTO"IHHKOM CHrHaJia BeCbMa nocpe.ncrseHHoro K8"1eCTBa, .ll./ISI KOToporo rpe6osa

JIHCb <f>HJibTpbl HH>KHHX "laCTOT Ha ypoBHe 8 Kfu.n.nsi CHH>KeHHSI noMex, BHOCHMblX nblJIHH

KaMH H TpeCKOM. CTopa3HTeJlbHO, HO <f>aKT, - BCer.na cymeCTBOBaJIH H 6bl.i!H ,!lOCrynHbl 

npoHrpbIBaTeJIH H 3BYKOCHHMaTeJIH .neHCTBHTeJibHO BblCOKoro Ka"leCTBa, HO, 6oJiee "!eM 

nocpe.ncrseHHbie, MexaHHqecKHe, JIH6o aKycTHqecKHe csoHCTBa no.nasnsiIOmero 6oJib

lllHHCTBa 3BYKOCHHMaTeJieH H KOHCTPYKUHH B uenoM co3.nasaJIH nonomeHHe, npH KOTopoM 

HH>KeHepb1-9JieKTp0Hll.lHKH OKa3aJIHCb BHe 30Hbl KpHTHKH. 
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6.5.5. Tpe6osaHHR K 6noKy YacrorHoii KoppeKllHH 
CosepweHHO aHaJJorH"IHO TOM)', KaK 3TO JI.enanocb s CJJY"!ae c JJHHeHHbIM KacKaJI.OM, npe>KJI.e 

scero Heo6XO.ll.HMO nepe4HCJJHTb noJJHbIH nepe4eHb Tpe6oBaHHH K 6JJOKY "!aCTOTHOti KOppeK

U.HH npoHrpbIBaTeJJH rpaMnJJaCTHHOK, yJI.osneTsopHIOW.eMY Tpe6osaHHHM cTaHJl.8pTa RIM. 
l. HH3KHH yposeHb wyMos H oTCYTCTBHe <PoHa ceTesoro nHTaHHH. Cne.eyeT npH3HaTb, 

"!TO 3JJeKTpOHHbie JJaMnbI He flBJJHIOTCH TaKHMH me MaJJOWYMHW.HMH, KaK nocJJe

JI.HHe noKoJJeHHfl MaJJowyMHW.HX onepau.HoHHblX ycHJJHTeJJeii, BbinOJJHeHHbIX Ha HH

TerpaJJbHbIX MHKpocxeMax, Ho ocyw.ecTBJJflfl HaKaJJ noJI.orpesareJJeii, npH noMOW.H 

HCTO"IHHKOB nOCTOflHHoro TOKa, MO»<HO npaKTH"leCKH noJJHOCTbIO CHHTb npo6neMy 

<PoHa ceTesoro nHTaHHfl H HeCKOJJbKO CHH3HTb wyM JJaMn. CTeHTOJI.bI menaTeJJbHO 

cpa3y HCKJJIO"IHTb H3 paCCMOTpeHHfl, OJI.H8KO, K HCnOJJb30B8HHIO TpHOJI.OB TaK»<e He

o6XOJI.HMO 6yJI.eT no.nxOJI.HTb c HeKOTOpOH OCTOpO»<HOCTbIO. 

2. nocTOflHHbie 3Ha4eHHfl BXOJI.HOro conpOTHBJJeHHfl H eMKOCTH. 3To Tpe6oBaHHe MO

»<eT noKa3aTbCH O"leBH.ll.HbIM, HO MHOrHe KOHCTpyKU.HH OKa3blB8IOTCH HeCOCTOHTeJJb

HbIMH H3·3a TOr0,'4TO nOJI.BH)KHbie MarHHTHbie "!aCTH roJJOBOK 3BYKOCHHMaTenei1 OK8-

3bIBaIOTCH oco6eHHO 4YBCTBHTeJJbHblMH K H3MeHeHHflM 3JJeKTpH4eCKOH Harpy3KH. 

3. To4HOCTb BbinOJJHeHHH 4acToTHoi1 KoppeKU.HH. Ka»<eTcH cosepweHHo HenpasJI.ono

JI.06HbIM, XOTH 3TO H TaK, HO orpoMHOe KOJJH"leCTBO pa3pa60TOK (KaKJI.peBHHX, T8K H 

cospeMeHHbIX) HMeeT cosepweHHO HenpaBHJJbHO 3a.ll.8HHble napaMeTpbl "!aCTOTHOH 

KoppeKU.HH cTaH,napTa RIM. 3ro Mo»<eT 6b1Tb CBH3aHo KaK c owH6KaMH npH Hc

noJJb30BaHHH )I.Jiff pac"leTOB H3Ha4aJJbHO sepHblX MaTeMaTH"leCKHX Bblpa»<eHHH, TaK 

H c OWH6KaMH onpeJI.eJJeHHfl ycJJOBHH Harpy3KH. 

4. Heo6xoJI.HMO Y4HTbIBaTb nJJoxy10 cnoco6HocTb K 6b1CTpoMy peamposaHHIO Ha H3-

MeHeHHH napaMeTpOB KOMnoHeHTOB. JlaMnbl nOJI.Bep»<eHbl ecTeCTBeHHOMY CTa

peHHIO, H no Mepe pa3BHTHH npou.ecca 3Ha4eHHe conpoTHBJJeHHH ra so3pacTaeT. 

AHaJJOrH"IHO 3ToMy, npH 3aMeHe JJaMnb1, 3Ha4eHHe npoxoJI.HOH eMKOCTH Cag MO»<er 

cosepweHHO He cosnaJI.aTb co 3Ha4eHHeM, KOTopoe 6blJJO y npe»<HeH JiaMnbl. J110-

6oi1 H3 yKa3aHHblX 3<P<PeKTOB MO»<eT BeCbMa OllJ.YTHMO noBJJHHTb Ha TO"IHOCTb 4ac

TOTHOH KoppeKU.HH no craH.ll.8PTY RIM. 
5. Xop0111aH cnoco6HocTb nepeHOCHTb neperpy3KH. 0JI.HaKo B03HHKaer sonpoc, a s 'leM 

HMeHHO JI.OJJ»<Ha 3aKJJIO'laTbCH JI.aHHafl cnoco6HocTb? CTpH HcnoJib30BaHHH U.H<Ppo

soro ocu.HJIJiorpa<Pa Tektronix TDS420 HCCJieJI.oBaJJcH MaKCHMaJJbHblH yposeHb 

BblXOJI.HOro CHrHaJJa JI.OJJroHrpa10w.Hx nJiaCTHHOK, socnpoH3BOJI.HMblH c HCnOJJb30-

BaHHeM BbICOKOKa'leCTBeHHOH ~BYKOBOCnpOH3BOJI.HW.eH CHCTeMbl. CTepBOHa'laJJbHO 

OCU.HJJJJOrpa<P TDS420 Hcnonb30BaJJcfl s pe»<HMe «HccJJeJI.oBaHHH om6a10w.ei1 aM

nnHryJI.o-MoiiynHposaHHoro CHrHaJJa» c u.eJiblO onpeJI.eJJHTb M8KCHMaJJbHYIO BblXOJI.

HYIO MOW.HOCTb 3BYKOCHHMaTeJJfl, npH4eM, KOHTpOJJb BeJJCH Ha npoTH»<eHHH scero 

.ll.Hfl, B Te'leHHe KOToporo npOCJJYWHB8JJHCb M)'3blK8JJbHble nporpaMMbl. 

MaKCHMaJJbHble nHKH Ha6JJIO.ll.8JJHCb so speMH socnpoH3BeJI.eHHH nnacTHHKH, cooT

sercTsy10w.ei1 cTaH.ll.8PTY 6e3yKopH3HeHHOH TO"IHOCTH socnpoH3BeJI.eHHH Mobile Fidelity, 

c 3anHC8HHOH .lleBHTOH CHMcpOHHeH EeTXOBeHa . .llo BBeJI.eHHfl KOppeKI.J,HH nHKH B03pacra

JIH .ll.0ypoBHfl+16 .ll.D BbIWe HOMHHaJibHOro ypoBHfl, COOTBeTCTBy10w.ero CKOpOCTH nepe

MeW.eHHfl HrJJbl 5 CM/c, OJI.HaKO, OHKH OT w.eJl'IKOB, HJIH CKpHnOB, Bbl3BaHHbie HaJJH"IHeM Ha 
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KacKOllbl npe11aap1trenbHOro yc1tneH1tJ1 

nJiaCTHHKe nb!JIH HJIH MHKpouapanHH, npe8bICHJIH 9TOT ypo0eHb nO'ITH 8.lJ.80e, .ll.OCTHfHYB 

3HalJeHHSI +22.n.6(pHC. 6.14). 
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PHc. 6.14 Oc-1.{UA./lOepaMMa BblXOOHoeo MY3blKaJtbHoeo cueHaJta, no.n.ytteHHaa 
.Memooo.M 02u6a10UfeU AM-CU2Ha.lla u He noooepeHymaa ttacmomHOU 
KoppeKt{UU ( nuKu Ha OCt{UA./lOepa.M.Me onpeoe1ta10mca HaJtuttue.M 
Ha 2pa1ttn.n.acmuHtce nwtt u MUKpompeUfUH) 

11H.lJ.H8HJJYaJibHbie meJilJKH 6bIJIH 3aTeM y6paHbl H 6bIJIO o6Hapy.>KeHO, '!TO 8036y»<JJ.aJICff 

MexaHH'leCKHH pe3oHaHC CHCTeMbl 8HHHJI08aff nnacTHHKa - Macca 38YKOCHHMaTeJiff, KOTO· 

pbIH npOff8JlffJICSI 8 CHJlbHO crnameHHblX (.n.eMnqmpo8aHHbIX} KOJie6aHHSIX Ha 'laCTOTe 56 
KfU, npH'leM 9TO Ha6JIJO.ll.aJIOCb HMeHHO Jl.,llff HCnOJib3yeMoro 3J3YKOCHHMaTeJiff c nO.ll.8H»<HOH 

KarylllKOH fOJI08KH ( pHC. 6.15 ). 
neperpy3Ka, 803HHKaJOIUaff 8 pe3yJibTaTe 803.ll.eHCT8Hff YJibTpa38YK08blX KOJie6aHHH, 

Morna TaK»<e 8bl38aTb Sl8JieHHe 83aHMOMOJJYJiffUHH, pe3yJibTHPYIOlll.aSI KOTOpOH Morna 3a

TeM npOS18HTbCSI 8 38YK080M .ll.Hana30He lJaCTOT, JIH60, 8 6onee xy.n.weM cny'lae, 8bl38aTb 

6JIOKHp08aHHe. 6JIOKHpo0aHHe oco6eHJiO He»<eJiaTeJibHO, TaK KaK OHO npeo6pa3yeT KpaT

K08peMeHHYIO neperpy3KY, KOTOpaH Morna 0006me OK83aTbCSI He3aMe'leHHOH, 8 Jl.JIHTeJib

HYIO (3aTSIHY8lllYIOCff) HH3KO'laCTOTffYIO noMexy, »<eCTKOCTb 803.ll.eHCT8HSI KOTOpOH Morna 

.n.onoJIHHTenbHO ycHJIHTbCff .n.eifcT8HeM 6noKa '18CTOTHOH KoppeKUHH. B cny'lae, ecnH ycH

JIHTeJib MOlll.HOCTH 6JIOKHpyeTCff, noJib308aTeJib MO»<eT yMeHbllJHTb rpOMKOCTb 38yK8, HO 

TaKoro He npoHcxo.n.HT 8 6noKe '!aCTOTHOH KoppeKUHH 3an11cH RIM, no9TOMY Heo6xo.n.HMO 

JII06bIM cnoco6oM H36eraTb B03HHKH08eHHff 6JIOKHp08aHHff. 

Mo»<Ho 3a.11.aTb rpaHHUbI H3MeHeHHff qy0eT8HTeJibHOCTH 30yKoCHHMaTem1 ypo0HeM no

pH.n.Ka 6 .n.6. B cnyqae, ecnH n0Ha.11.06HTCS1 6onee BbICoKoe, 'leM npHHstToe 3Ha'leHHe, MO»<

HO 6y.n.eT nepeKO!f<i>HrypHpo0aTb 6JIOK '!aCTOTl-{OH KoppeKUHH RIAA npoHrpbIBaTem1. 
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'lacroTHblH KoppeKTop cMrHana or npoHrpblearenR rpaMnnacTMHK RIAA 

'·, 
. I . 

.•. . . . . . . . . . . . . 1· ..... 
. I . 
. I . ' . . .. ; T .. ; ... ·:r· ... : .... : .... ; .... : .... 
. I + 
: I T ... , .. : ... ·r· .................. . 

i. 
. I . i 

M 100µs· Chi ov 
mllm 5.00mV 20.0µs 

PHc. 6.15 Oc14UJt1to2paMMa ewcoano20 cu2na1ta 3BfJ1COCHtutame1tJt, 
He no<Jeep21tymaJl ttacmomHOU 1COppe1C14UU U <Je.MOHCmpupylOUfllJl 
eo36y31e<Jenue, B03HU1Ca10Ufee u3-3a.Mexanuttec1Coeo pe3onanca 
cucme.Mbl euHUJtoeaJt 2pa.Mn1tacmun1Ca - 3ey1Coc1tu.Mame1tb 
C ICOHettHOU .M(lCCOU 

Xopowo pa3pa6oTaHHaH cxeMa He .lf.OJJ>KHa pa6oTaTb TO'IHO B 3aJJ.aHHbIX rpaHHU.ax, no-

3TOM)' He06XO)l.HMO pa3)1.BHH)'Tb rpaHHLJ.bl )l.Hana30Ha Ha .n.onOJIHHTeJibHble 6 JI.D, onpe

.n.emlff, TaKHM 'o6pa30M, 06I.LI.HH )l.Hana30H 28 JI.5 JVISI 3BYKOBoro '!aCTOTHoro )l.Hana3oHa, H 

yseJIH'IHBaH ero .n.o 34 .n.5, HJIH .n.a>Ke HeCKOJibKO 6oJiee 3Toro 3Ha'!eHHH, JVJH YJibTpa3syKo

soro 'laCTOTHOro )l.Hana30Ha. 0'1eHb HeMHOrHe npeJl.YCHJIHTeJIH JII06oro ro.Aa BbinYCKa MO

ryT o.n.HospeMeHHO y.n.osJieTBopHTb TaKHM Tpe6osaHHHM H Tpe6osaHHIO HH~KHX wyMoB. 

CTapble, «3ae3>KeHHbie» nJiaCTHHKH reHepHpyioT noMexH YJibTpa3ByKosoro JI.Hana3oHa 

ropa3)1.0 HHTeHCHBHee, '!eM HOBble. 3To MO>KeT o6offCHffTbCff JIH6o HaJIH'!HeM rpH3H, Ha-

61rnweHCH B 3BYKOBble KaHaBKH, JIH6o nepeCKaKHBaHHeM Hr Jib[ B npou.ecce BOCnpOH3BeJI.e

HHff 3ByKa c JI.OpO>KKH Ha JI.OpO>KKY H nospe>KJI.eHHeM HX CTeHOK, Kor.n.a HrOJIKa y.n.apsieTCff 

o 6oKOBbie nosepxHOCTH. 51BHO 3aBbIWeHHasi rpaHHU.a .n.onycTHMOH neperpy3KH B YJibTpa-

3BYKOBOM )l.Hana30He KaK pa3 H eCTb Ta npH'IHHa, no KOTOpOH npeJl.YCHJIHTeJib He O'!eHb 

BblCOKoro Ka'!eCTBa MO>KeT c.n.eJiaTb HeB03MO>KHblM npoCJiyWHBaHHe H3HOWeHHOH CTapoH 

rpaMnJiaCTHHKH, 0)1.HaKo npH BocnpOH3BeJI.eHHH nJiaCTHHKH c HCnOJib30BaHHeM npeJl.YCH

JIHTeJIH BblCOKOro Ka'!eCTBa OT Hee MO>KHO 6y.n.eT nOJif'IHTb MaKCHMaJibHYIO OTJI.a'ly. 

6. HH3KHH yposeHb HCKa>KeHHH • .llaHHOe Tpe6osaHHe ffBJIHeTCff O'!eBH)l.HblM H nepe-

KJIHKaeTCH c Tpe6oBaHHeM n. 5. ' 
7. HH3Koe 3Ha'!eHHe Bblxo.mrnro conpornsJieHHH. DJIOK '!aCTOTHOH KoppeKU.HH RIAA 

npoHrpb!BaTeJIH )l.OJI>KeH HMeTb cnoco6HOCTb pa6oTaTb Ha eMKOCTHYIO Harpy3ey Ka-

6eJIH, COe)l.HHSllOlllero ero KaK c 3anHCb!BalOI.LI.HM ycTpOHCTBOM, TaK H c JIHHeHHblM 

KaCKaJI.OM, eCJIH OH pacnOJIO>KeH OT)l.eJibHO OT npoHrpb!BaTeJIH. 
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KacKOAbl llpeAaap11renbHoro yc11neH11J1 

8. He3HalllfTenbHblA MHKpo<t>oHHbIA 3<tJ<t>eKT • .naMnbl BCerJI.a CKnOHHbl K MHKpo<tJOHHO

My 3<tJ<tJeK1)', Ho B03MO.>KHO CJI.enaTb ero He3t:1at1HTenbHblM. HH3Koe 3Ha4eHHe aHOJI.

HoA Harpy3Klf COBMeCTHO c 6onbillHM aHOJI.HblM TOKOM CHH.>KaeT wyM, HO ysenH4HBa

eT ycHneHHe (5aCKaJJ.a no MOlll.HOCTH, 4TO npHBOJl.lfT K ysenHlleHHIO MHKpo<t>oHHoro 

9<tJ<tJeKTa. Pa3yMeeTCff, Heo6xOJI.HMO H30nHposaTb naMnbI MexaHHlleCKH. 3Ta npo-

6neMa ropa3JI.O npome, lleM Ka.>KeTCff Ha nepBbIA B3rnfl.ll, nOTOMY 4TO pe30HaHCHble 

qacTOTbI scex KOHCTPYKU.HOHHblX 3neMeHTOB ne.>KaT Bbiille l Kf U., H MexaHHt1ecKHA 

<t>HnbTp )l,Jlff 9THX 4aCTOT JI.enaeTCff BeCbMa npOCTO pa3MellJ,eHHeM 6noKa 4aCTOTHOA 

KOppeKU.lfH Ha OTJI.enbHOM waccH, KOTOpoe KpenHTCff K OCHOBHOMY Ha 3naCTlfllHbtX 

nOJI.BeCKax lf3 pe31fHbl (MeTannH4eCKlfe npy.>KHHbl He nOJI.XOJl.ffT lf3-3a Toro, 4TO HX 

co6cTBeHHaH qacrora Kone6aHHA o6bt4HO 6nH3Ka K 4aCTOTe co6cTBeHHblX Kone6a
HHA BHYTpeHHHX 3neMeHTOB naMnbl ). 

nocne Toro, KaK onpeJI.eneHbl OCHOBHble Tpe6oBaHlfff K CaMOMY 6nOKY, MO.>KHO paCCMOT

peTb rpe6osaHHH K rononornH. 

Tpe6osaHHff Manoro ypoBHH wyMoB H nocTOffHCTBa BXOJI.Horo conpoTHBneHHff HBHO 

YKa3blBalOT Ha Heo6xoJI.HMOCTb Hcnonb3oBaHHH napannenbHoA o6paTHoA CBff3H. Tpe6osa

HHe HH3Koro ypoBHfl illYMOB HCKnl04aeT HCnonb30BaHHe neRTOJI.a. TaKlfM o6pa30M, OCTa

eTCff TpHOJI.HblA KaCKaJI., BKnlOllalOlll.lfA aKTHBHbIA KaCKBJI. BhlpaBHHBaHlffl xapaKrepHCTHKH, 

HCnOnb3y10mHA nocneJI.OBaTenbHble CBff3H, nH6o BapHaHTbl naCCHBHOro BblpaBHHBaHHff 

xapaKTepHCTHKlf. Ka>K,ll.bIA H3 npeTeHJI.eHTOB MO.>KeT 6bITb B JI.anbHeAweM npeo6pa30BaH 

)l,Jlff BbtnOnHeHHfl <t>YHKU.HH BbtpaBHHBaHlffl no npHHU.Hny «Bee OJI.HOBpeMeHHO H B OJI.HOM 

Mecre», nH6o pacqneHeH no u.enoMy psi.uy KaCKBJI.OB. 

6.5.6. Me101111ac101Hoii KoppeKq1111 c1aH11ap1a RIAA 
npe>K,!I.e, 4eM HallaTb ycepJI.HOe peilleHHe npo6neMbl, CBff3aHHOH C BblpaBHHBaHHeM (KOp

peKU.HeH) qacTOTHOH xapaKTepHCTHKH B cooTBeTCTBlfH co CTaHJl.BPTOM RIAA, Heo6xoJI.HMO 

nonblTaTbCfl onpeJI.enHTb nOHflTHe qacTOTHOH KOppeKU.HH, COOTBeTCTBYIOlll.eH CTaHJI.apry 

RIM. napaMeTpbl, HCnonb3yeMble )l,Jlff BbipaBHHBaHHfl qaCTOTHOH xapaKTepHCTlfKlf, MOfYT 

6b1Tb TO'IHO H OJl.H03Ha4HO Bblpa.>KeHbl c HCnonb30BaHHeM nOCTOflHHblX speMeHH: 3180 MKC, 

318 MKC H 75 MKC (TO eCTb nYTeM HCnOnb30BaHlffl 9neMeHTOB HnH OTJI.enbHblX u.eneA, 3aJJ.a

IOlll.HX JI.aHHbie nOCTOffHHbie BpeMeHH). nocTOflHHafl BpeMeHH CBff3aHa C llaCTOTOA KOne6a
HHH COOTHOilleHHeM t ;= l/(2nf) TO eCTb nOCTOflHHafl speMeHH 318 MKC COOTBeTCTByer 

nepHOJIY KoneoaHHH c qacTOTOA 500,5 ru.. YpaBHeHHe, KOTopoe Bblpa.>KaeT K03<t><tJHU.HeHT 

nepeJI.allH G., He06XOJl.HMblH )l,Jlff OTBeTHOH peaKU.HH ClfCTeMbl Ha KOppeKU.HIO B COOTBeT

CTBHlf co cTaHJI.apTOM RIAA, HMeeT cne.uy10lll.HA BHJI.: 

Gs= (1+3.18xl0-6 xs) , 
(1+3,18xl0-3 xs)(l+ 75xl0-6 xs) 

rJI.e s = jp>, co = 2nf, aj - MHlfMafl eJI.HHHUa. 
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'tanoTHbli KoppeKYop c1trHana or np0Hrpb1earem1 rpaMnnaCTHHK RIAA 

PeweHHe .AaHHoro ypaeHeHHff, onepHpyIOw.ero c KOMnJieKCHblMH "IHCJiaMH, ffBJiffeTCff 

.lJ.OCTaTO"IHO rpoM03.llKHM H npet1.cTaBnffeT onpe.ii.eneHHble TPYAHOCTH, no3TOMY HaH6onee 

npOCTblM cnoco6oM nony"IHTb pe3yJibTaTbl Bbl"IHCJieHHH SIBJiffeTCff Hcnonb30BaHHe KOMnb

IOTepHOH nporpaMMbl Ha ff3b1Ke QBASIC, KOTopaff npHBO.llHTCff HH}Ke. Pe3yJibTaTOM Bbl

"IHCJieHHH, BbinOJIHeHHbIX c HCnOJib30BaHHeM J).aHliOH nporpaMMbl, ffBJIHIOTCff t1.aHHble, 

npHBeJ).eHHble B Ta6JI. 6.5 . .UaHHaff nporpaMMa paCC"IHTblBaeT TOJibKO He06XOJJ.HM}'IO 

xapaKTepHCTHKY 3KBanaH3epa; npet1.BapHTeJibHO HJJ.eanbHO OTKOppeKTHpOBaHHblH CHrHaJI, 

npOXOJl.H "1epe3 HJJ.eaJibHblH 3KBanaH3ep, .ii.aeT OTKJIOHeHHe aMnJIHTY.llHOH xapaKTepHCTHKH, 

paeHoe 0 .ii.6, H CJJ.BHr no cf>a3e qacTOTHOH xapaKTepHCTHKH, paBHblH O' JI.Tiff ecex qacToT. 

CLS 
OPTION BASE 1 
DATA 
0.10,20,50.05,70,100,200,500.5,700,1000, 
2000,2122,5000,7000,10000,20000,50000,70000, 
100000,20000 
FOR R = 1 TO 20 
READ F 
W = 2*3.1415927# * F 
A .000318 
B .00318 
c . 000075 
REALU 1 - WA 2 * B * c + WA 2 *A * (B + C) 
IMAGU = w * (A -B - c - WA 2 * A * B * C) 
LOWER= (1 - WA 2 *B * C)A 2 +WA 2 * (B + C)A 2 
MAG = SQR (REALUA 2 + IMAGUA 2) I LOEWR 
GAIN= (((19.91102 + 8.68589 * LOG(MAG))*l000)\1)/ 
1000 
REM THE 8.68589 FACTOR ARISES BECAUSE QBASIC USES NAT
URAL LOGS 
PHASE= ((572.96 * ATN(IMAGU / REALU))\ 1)/ 10 
PRINT F, GAIN, PHASE 
NEXT R 

Heo6xot1.HMO OTMeTHTb, "ITO nopffJJ.OK onepaUHH, ycTaHoeneHHblH npH HcnoJib30BaHHH 

3TOH nporpaMMbl, HMeeT }KH3HeHHO Ba}KHOe 3Hat:feHHe, H "ITO "IHCJia, CJie.nyIOW.He nocne 

KOMaHJJ.bI DATA JJ.OJI}l{Hbl 6bITb Hanet:faTaHbl e OJI.HY JIHHHIO, .ii.a*e HeCMOTPff Ha TO, "ITO OHH 

MOryT He yMemaTbCff no WHpHHe 3KpaHa (HJIH CTpaHHUbl) Ha JJ.Hcnnee . 

.Uanee, HeCMOTpff Ha TO, "ITO aMnJIH'fYJJ.Haff xapaKTepHCTHKa 6blJia HOpMHpOBaHa OTHO

CHTeJibHO 3Hat:feHHff qacTOTbl I Kfu, JI.Tiff qacTOTHblX xapaKTepHCTHK onepaUHff npHse.ii.eHHff 

( HOpMHpOBaHHff) He HcnOJib30BanaCb. 

I-fa pe3ynhTaTOB, npHee.ii.eHHbIX e Ta6n. 6.5, Blm,Ho, "ITO BblCOKoe 3Hat:feHHe ycHneHHff (Ko-

3cf>cf>HUHeHTa nepe,Aa"IH) He06XOJJ.HMO B JJ.Hana30He HH3KHX t:faCTOT, TOrt1.a KaK ocna6neHHe Ha 

Bb!COKHX t:faCTOTaX.llOJI}KHO npO.llOJI}KaTbCff 6e3rpaHH"IHO, "ITO HCKJIIOt:faeT npHMeHeHHe nocne

JJ.OBaTeJibHOH o6paTHOH CBff3H, TaK KaK ycHJieHHe He MO}KeT nMaTbJJ.O 3Hat:feHHff MeHbWe e.ii.H

HHUbl. XoTH TaKoe CHH}KeHHe H MO}KeT JJ.OCTaTO"IHO TO"IHO KOMneHcHpoeaTbCff 3a TO"IKOH cxe

Mbl, COOTBeTCTBYIOllleH TO"IKe BBet1.eHHff o6paTHOH CBff3H YCHJIHTeJiff, B J).eH~TBHTeJibHOCTH 

3TO 03Hat:faeT, "ITO xapaKTepHCTHKa nepe.ii. KOMneHcauHeH B03pacrner, "ITO Bbl3blBaeT onac

HOCTb poem HCKa}KeHHH H yeeJIHt:feHHOro 3anaca B YJibTpa3BYKOBOH o6nacTH. 
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KocKOAbl npeAaOpHrenbHOro yCHneHMll 

-Ta6nHLC8 6.5 

'facToTa,rq Koscl>cl>ML\MeHT nepeAa'IM, Cl>aaa, rp&AJCbl 
A& OTHOCMTenbHO JPOBHR 1 Krq 

0 19,911 0 
10 19,743 -10,4 
20 19,274 -20 
50,65 16,941 40,6 
70 15,283 -48,4 
100 13,088 -54,8 
200 8,219 -59,6 
500,5 2,6443 -52,6 
700 1,234 -49,7 
1000 0 -49 
2000 -2,589 -55,9 
2122 -2,866 -56,9 
5000 -8,210 -72,1 
7000 -10,816 -76,8 
10000 -13,734 -80,6 
20000 -19,620 -85,2 
50000 -27,341 -88,1 
70000 -30,460 -88,6 
100 000 -33,556 -89 
200 000 -39,575 -89,5 

6.5.7. BbipasHHBOHHe l/acroTHblX xapaKrep11cr11K nyreM sseneHHR 
nacc11BHblX 11eneii 

TaK KaK K09cjlcjlHLU-teHT nepe)l.attH Ha ttacTOTe l Kfu. npHMepHo Ha 20 .11.6 HH>Ke MaKCHManb· 
Horo ypoBHSI B )l.Hana30He HH>KHHX ttaCTOT, nt06ast naCCHBHast u.enb: KoppeKU.HH, .11.on>KHa 

o6ecnettHBaTb yposeHb noTepb 6onee, HnH paBHbIA 20 .11.6 B CHny Toro, ttTO 9Ta u.enb oKa-
3bIBaeTcst BKnlOtteHHOA napannenbHO c pe3HCTOpOM ceTO'IHOro CMew.eHHH cneJl.YIOW.eA 
naMnb1, ttTO BbI30BeT .11.ononHHTenbHOe ocna6neHHe. TaK KaK paccttHTaTb npe.11.ycHnHTenb 

c npHeMneMbIM yposHeM wyMoB H ycrnAttHBOCTblO K neperpy3KaM c Hcnonb30BaHHeM no
.11.06HoA cxeMbl .11.ocTaTOttHo TPY.11.HO, TO ,n.aHHast rnnonornH o6bittHO HCKJIIOttaeTcst H3 pac
CMOTpeHHH. 

EcnH >Ke, sce-TaKH 6y.11.eT npHHstTo peweHHe Hcnonb30BaTb nt06yt0 H3 .11.syx paHee npH· 
se.11.eHHblX TOnonorntteCKHX cxeM, COOTBeTCTBYIOW.He ypaBHeHHSI MO>KHO HaATH B MaTepHa· 
nax JlHcjlwHu.a ( Lipshitz ), npHB0.11.HMblX B Jl.OKYMeHTax Cneu.HcjJHKaU.Hst cpe.11.bI npHKn8.ll.HbIX 
nporpaMM (AES) [2]. 

llfa tteTblpex B03MO>KHblX cxeM, KOTOpble npHBOJl.HT JlHcjJWHl..I,, MO>KHO OCTaBHTb .11.se, 
npe.11.Ha3HatteHHbie Jl.JIH naCCHBHOA KOppeKl..l,HH. J.13 9THX .ll.BYX cxeM TOnbKO B OJI.HOH HMeeTCSI 
KOH.11.eHCaTOp, napannenbHO BKnlO!-leHHblH c HH>KHHM nnettOM cxeMbl. 3Ta .11.eTanb SIBnsteTCH 
ttpe3Bbl'l3HHO B3>KHOH, TaK KaK OHa no3BOnsteT paccttHT3Tb KaK napa3HTHYIO eMKOCTb, TaK 

H eMKOCTb MHnnepa, nb9TOMY Jl.JISI cxeMbI npeJl.YCHJIHTensi ocTaeTcst TOnbKO 0.11.Ha peanbHast 
cxeMa ( pHc. 6.16 ). 
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'focrorHblit KoppeKTop cHrHana or npoHrpb11orem1 rpoMnnocTHHK RIAA 

C2 

PHc. 6.16 flaccuenaR cxe.Ma ycmpanenuR Bblco1w1tacmomnbtx cocmaBARtoll{UX 
6JtoKa ttacmomnou KoppeK"'uu RIM 

CooTseTcTsyJOIUHe cooTHOllleHHff ,ll)Iff pacqeTa paccMaTpHsaeMoA naccHsHoA uenH 

sblrnH.MT cne.nyJOlUHM o6pa3oM: 

R1C1 = 2187 MKc; 

R1C2 = 750 MKC; 

R2CI = 318 MKC; 

C/C2 = 2,916. 
npHse.IJ,eHHble 3HaqeHHff ffSnfflOTCff TOqHblMH senHqHH8MH H He MOryT OKpyrnHTbCff. 

HeooXOJlHMO yqecTb, qTo nw6oA pe3HCTop ceTOqHoro cMeIUeHHff SKJIJOqaeTCff napan· 

nenbHO HH>KHeMy nneqy naCCHSHOH cxeMbl, T8K K8K s npOTHSHOM cnyqae He pasHoe Hynw 
SblXOJlHOe conpoTHsneHHe 38.IJ,8l01Uero K8CK8.IJ,8 H3MeHHeT 3cpcpeKTHSHOe 3HaqeHHe conpo

THSneHHff pe3HCTopa RI' qTQ SbITeKaeT H3 paccMoTpeHHff cxeMbI uenH. Cne.11.osaTenbHO, 

3HaqeHHff 3neMeHTOS nacCHSHOH cxeMbl .IJ,On>KHbl paccqHTblS8TbCff c HCnOnb30S8HHeM 

3KSHsaneHTHOH cxeMbI 3aMeIUeHHff TeseHHHa (CM. rnasy 2). 
AHanornqHbIM o6pa3oM 3HaqeHHff scex napa3HTHblX eMKOCTeA, nHoo eMKOCTH MHnne

pa, JlOn>KHbl SblqHT8TbCff H3 paccqHTaHHOrO 3HaqeHHff eMKOCTH C2. 

,ZJ;rn nw6oA .11.pyroA cxeMbI, Hcnonb3y10IUeH TOnonorHIO «see cpa3y H see SMeCTe», HO 

OTnHq810lUeHCff OT paCCMOTpeHHOrO TOnonornqeCKOro sapH8HT8 CXeMbl, He06XO.IJ,HMO oy

.IJ,eT o6paTHTbCff K MaTepHanaM, npHSOJlHMblM JlHcpWHUeM, H SHHM8TenbHO c HHMH 03H8KO

MHTbCff nepeJl TeM, K8K npHcrynHTb K pacqeTaM. 

6.5.8. PaJRBDhHoe BhlpaBHHBOHHe 11ac101Hoii xapaKrepHCTHKH 6noKa 

KoppeKIJHH RIAA 
11TaK, yqHTblS8ff npo6neMbl, H3nO>KeHHble SblWe, OCTanHCb TOnbKO .11.se npHeMneMble S03-

MO>KHOCTH ocyIUeCTsneHHff qacTOTHOH KOppeKUHH: pa3.IJ,enbHOe 8KTHSHOe Sblp8SHHS8HHe 

H pa3.11.enbHOe naccHsHoe. no3TOMY, cne.nyeT paccMoTpeTb, Kai<HM o6pa30M MO>KHO ocy

IUeCTSHTb pacnpe.11.eneHHe 38.11.84 KoppeKUHH Me»<,n.y pa3.lJ,enbHblMH uenHMH. HaH6onee pa-
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KacKGAbl npenaapHTenbHoro yc11neH1111 

U.HOHaJJbHbIM n}'TeM ocylll.eCTBJJeHHff TaKoro pa3JJ,eneHHff, ffBJJffeTcff oobeJJ.HHeHHe 3JJeMeH

TOB u.enH' onpeJJ,eJJfflOllJ.HX nOCTOffHHYIO BpeMeHH 3180 MKC, COBMeCTHO c TaKOBblMH >Ke 

JI.Jiff u.enH, onpeJJ.eJJff!Oll.lHX nocTOffHHYIO BpeMeHH 318 MKC, B OJI.HY napy, H C03JJ,aHHe OT-

JJ,eJJbHOH u.enH c nocTOffHHOH BpeMeHH 75 MKC. . 

Uenb c nocTOffHHOH BpeMeHH 75 MKC onpe.n.enffeT xapaKTepHCTHKH lf>HJJbTpa HH>KHHX 

'!aCTOT' JI.Jiff KOTOporo '!aCTOTa HH3KO'laCTOTHOro cpe3a no ypoBHIO -3 Jl.D pas Ha npHMepHO 

2122 fU. npH'leM, JJ.aJJbHeHllJee CHH>KeHHe ee COCTaBJJffeT npHMepHO 6 .ll.D Ha OKTaBy. Ta KOH 

lf>HJibTp OKa>KeTCff H)J.eaJJbHblM B CJIY"ae ero npHMeHeHHff BO BXOJJ.HblX u.enffX npe.nyCHJIHTe

Jlff, TaK KaK Oli npHBOJJ.HT K B03pacTaHHIO BY: ycTOH'IHBOCTH KaCKa,ll.a npoTHB neperpy3KH Ha 

6 JJ.5/ OKTaBy OTHOCHTeJlbHO '!aCTOTbl Cpe3a, TO eCTb nOJJYl!eHHblH pe3yJJbTaT oy)J.eT ffBJlffTb

Cff HMeHHO TeM pe3yJJbTaTOM, KOTOpblH 'lame Bcero He06XOJJ.HM. 

Uenh c nocTOffHHOH BpeMeHH 75 MKC MO>KeT 6htTb o6pa3oBaHa 3a C'!eT naccHBHblX 3JJe

MeHTOB, ycTaHOBJleHHblX nOCJJe BXOJJ.HOro KaCKa}UI, npH'leM, BXOJJ.HOH KaCKaJJ. npH 3TOM oy.

.n.eT rapaHTHpOBaHHO HMeTb npeHMYll.leCTBO, 3at<Jl10'!a10meecff B TOM, '!TO Harpy3Ka JI.Jiff 

3BYKOCHHMaTeJlff oy.n.eT OCTaBaTbCff nOCTOffHHOH npH H3MeHeHHH 'laCTOTbl. 

B 3BYKOCHHMaTeJJffX c noJJ,BH>KHOH MarHHTHOH KarylllKOH JJ.OCTaTO'IHO '!acTo JI.Jiff o6pa-

30BaHHff pe30HaHCHoro 3KBaJJaH3epa HCnOJib3yeTCff eMKOCTHaff COCTaBJlff!Oll.laff Harpy3KH 

COBMeCTHO c caMOHH.DYKU.HeH reHeparnpa. 3KBaJJaH3ep KOppeKTHpyeT na.n.a10my10 Mexa

HH'!eCeylO 'IYBCTBHTeJJbHOCTb 3BYKOCHHMaTeJJff. B 3TOM CJJY"ae BeJJH'IHHa eMKOCTHOH Ha

rpy3KH CTaHOBHTCff KpHTH'IHOH, HO OHa MO>KeT OblTb OTKOppeKTHpOBaHa O'!eHb 6bICTpO H 

npocTO BBeJJ,eHHeM B cxeMy CJJ.BOeHHOro nepeMeHHOro B03.nylllHOro KOHJJ,eHCaTopa, HMelO

mero eMKOCTb npHMepHO 300 n<l>, H H3BJle'leHHOrO BO BpeMff pa36opKH H3 cpe.n.HeBOJIHO· 

Boro (B03MO>KHO, .n.a>Ke naMnosoro) paJJ.HonpHeMHHKa (pHc. 6.17). 

47k c 

PHc. 6.17 Haepy3Ka 3BYKOCHUMameAJl u RC tfenb c nocmoRnnou apeMeHu 7 5 MKC 

OcHOBHOH npH'IHHOH, no6yJJ.HBllleH BbI6paTb .ll.llff Bb1pasHHBaHHff '!aCTOTHOH xapaKTe

pHCTHKH B cooTBeTCTBHH co CTaHJJ.apTOM RIM nacc1-1BHY10.u.enb c nocTOffHHOH BpeMeHH 

75 MKC, ffBJlffeTCff TO, '!TO YCHJIHTeJib c nocJJe)J.OBaTeJlbHOH o6paTHOH CBff3blO He MO>KeT 

HMeTb K031f>lf>HU.HeHTYCHJJeHHff Av< 1, a .ll.llff cny'laff ycHJJHTeJJff c napanneJJbHOH o6paTHOH 

CBff3blO aKTyaJJbHblMH CTaHOBffTCff npo6JJeMbl lllYMOB. JI.onOJJHHTeJJbHO K 3TOMy, XOTff pa

Hee H He aKU.eHTHpOBaJIOCb BHHMaHHff Ha JJ,aHHOM o6cTOffTeJibCTBe, H3BeCTHO, '!TO JI.Jiff Bbl

XO)J.HOro KaCKaJJ.a YCHJIHTeJJff, OXBai.ieHHOrO o6paTHOH CBff3blO, B pe3yJJbTaTe B03JJ.eHCTBHff 

TaKOBOH CBff3H B03HHKaeT ff PKO Bblpa>KeHHaff eMKOCTHaff Harpy3Ka. B CHJJY Toro, '!TO peaK

THBHOe eMKOCTHOe conpOTHBJJeHHe na.n.aeT c pOCTOM 'laCTOTbl, eMKOCTHaH Harpy3Ka Tpe6y

eT 60JlblllHX TOKOB Ha BblCOKHX '!aCTOTaX JI.Jiff B036Y>KJJ.eHHff HeH3MeHHOrO BXO.ll.HOro Hanpff-
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>KeHHff ao aceM JJ,Hana30He, l(TO 3KaHaaneHTHO CMelll,eHHIO CTaTH'leCKOH 1rnrpy30l!HOH xa

paKTepHCTlfKH a CTOpOHY 3Hal(HTenbHO MeHbllIHX 3HalleHHH conpoTHBneHHff Harpy3KH, l(TO 

a caolO OllepeJJ.b npHaOJJ,lfT K JJ,OnOnHHTenbHbIM HCKa>KeHHffM snnOTb JJ.O 3aMbIKaHHff nernH 

o6paTHOH CBff31f. 

Cne.nyeT JJ.OnonHHTenbHO OTMeTHTb, llTO see aaKnlO'leHHff, CJJ,enaHHble JJ.O CHX nop, 6blnH 

a6con10THO cnpaseJJ.JIHBbIMH JI.Jiff npe.nycHnHTeneli, co6paHHblX KaK Ha JJ.HCKpeTHbIX nony

npoBOJJ.HHKOBbIX ::1neMeHTax, TaK H Ha HHTerpanbHbIX MHKpocxeMax. 

6.5.9. PaJRBRhHoe BhlpaBH1tBaH11e 11acrorHoii xapaKrep11cr11K11 6noKa 
KoppeKl./HH RIAA JIJIR naMnOBhlX cxeM 

06"be,ZJ.HHeHHe B Oil.HY napy 3neMeHTOB, onpe}l.eJifflOllJ.HX nocTOffHHble BpeMeHH 3180 MKC H 

318 MKC, TaK>Ke OTpa>KaeT TOT <f>aKT' llTO nepenaJJ, B ypOBHffX K03<f><f>H1.~HeHTOB nepeJJ.al(lf HX 

aMnnHTYJl.HO-llaCTOTHbIX xapaKTepHCTHK paanHtraeTcsi posHo Ha 20 Jl.D. CTpH Hcnonbaosa

HHH onepaU.HOHHbIX ycHnHTeneH Ha HHTerpanbHblX MHKpocxeMaX 6bln0 6bI O}l.HHaKOBO 

YJJ.06HO-BbmonHHTb 3TY onepau.Hw c Hcnonb30BaHHeM KaK aKTHBHbIX, TaK H naccHBHblX 

::1neMeHTOB, OJJ.HaKo, npli HcnonbaosaHHH B cxeMe ::1neKTpoHHbIX naMn ropaaJJ.o YJJ.06Hee 

HCnOnb30BaTb BbipaBHHBaHHe c npHMeHeHHeM TOJibKO nacCHBHblX 3neMeHTOB. 

Heo6xoJJ.HMO onpeJJ.enHTb onrnManbHbIH nYTbJJ.Jiff ocyw.ecTsneHHff npou,e.nypbt KoppeK

U.HH qacTOTHbIX xapaKTepHCTHK B cooTBeTCTBHH co CTaHJJ.apTOM RIMJJ.Jiff cnyqasi naMnoso

ro npe.nycHnHTensi • .[lnsi 3Toro 6y.nyT Hcnonb3oBaTbcff naccHBHbte ::1neMeHTbl, 06ecnellHBa-

10W.He nocTOS!HffYIO BpeMeHH 75 MKC, aa KOTOpbIMlf 6y.nyT }l.eHCTBOBaTb 06"be}l.HHeHHbie 

B napy u.enH, 3aJJ,alOlll,He nOCTOffHHbie BpeMeHH 3180 MKC H 318 MKC, a B KalleCTBe ycHnlf

TenbHOro ::1neMeHTa 6yJJ.eT Hcnonb30BaH naMnOBblH TpHOJJ.. EnoK-cxeMyTaKoro npe.nyCHnH

Tensi YJJ.06Ho H3o6paaHTb B BHJJ.e, npeJJ.CTaBJieHHOM Ha pHc. 6.18. 

75us 

I 
PHc. 6. 18 B1toK-cxeMa npeoycU1turrze1tJt c 61toKOM ttacmomHoii. 

xapaKmepucmuKu RIM 

CocTasneHHe 6noK-cxeMbI scerJJ.a noneaHo, npe)f(Jl.e scero, noTOMY, llTO noasonsieT 

6onee TO'IHO onpe}l.enHTbCff co cxeMOH H YCTaHOBHTb He06XOJJ.HMOCTb HCnonb30BaHHff Tpe-

6yeMoro l!Hcna KaCKa}l.OB. Cne.nyeT OTMeTHTb, llTO npH npopHcosKe 6noK-cxeMbI He yqHTbI

sanHCb TaKHe npaKTH'leCKH HeHa6e>KHble ::1neMeHTbl cxeMbl KaK pa3Bff3bIBalOlll,He KOHJJ,eH

CaTOpbl, pe3HCTOpb1 ceTOl(HOro CMelll,eHHff, KOH}l.eHcaTOpbl CBff3H. TeM HH MeHee, cxeMa 

npeJJ,CTaBnffeT HMeHHO TY npocTOry, K KOTOpOH cne.nyeT CTpeMHTbCff, TO eCTb ocyw.ecTBne-



KacKOAbt npeABDpMTen&Horo ycMneHMll 

HHe BapHaHTa CBH3H no nocTOHHHOH COCTaBJJHIOill.eH BO BCeH cxeMe. TaKoe OlleHb u.eJJeco

o6pa3HOe perneHHe, a npHHU.Hne, MO>KeT 6bITbJl.OCTlfrHY'fO, HO OHO.llaJieKO He Bcer.lla npe.ll

CTaBJJHeTCff H.lleaJIOM .llJ!ff Hal!HHatolll.ero KOHCTpyKTopa, no3TOMY J],llff nepsoA cxeMbl CJJe

.ayeT npOHBHTb HeCKOJlbKO 60JJblllYIO OCTOpO>KHOCTb If npe.aycMOTPHTeJibHOCTb. 

6.5.Ta UlyMbl H BRHRHlle BXORHOii eMKOCTll BXORHOfO KOCKIJRO 

EcJJH scnoMHHTb see paHee BbICKa3aHHble Tpe6osaHHH, Kacatolll.HeCH MaKCHMaJJbHOro 

CHH>KeHHff ypoBHff lllYMOB, TO nepBblH (BXOJJ,HOH) KacKa.ll ffBJJffeTCff c 3TOH TO'-IKH 3peHHR 

onpeJJ,eJIHIOill.HM KacKa.llOM If Tpe6osatrne Manoro ypoBHff WyMoB CTaHOBHTCff eJ1.Ba JIH He 

caMblM Ba>KHblM no cpa1,rneHHIO c OCTaJJbHblMH Tpe6oBaHHHMH K 3TOMY KaCKa.ay. TaKoe 

Tpe6osam1e BblrJJff.llHT BeCbMa pa3yMHblM, noToMy l!TO Jla)l(e ypoBeHb +34 .llfi OTHOCH

TeJlbHO 5 MB J1.aeT B pe3yJibTaTe scero 700 MB .llBOHHoro aMnJJHTY.llHOro ( nHK-nHKOBoro) 

3Hal!eHHff HanpH>KeHHff, no3TOMY npo6JJeMa JJHHeHHOCTlf B 3TOM CJJyttae HBHO He BblrJIH

.lllfT npeBaJJHPYIOill.eH. 

Pacl!eT cxeMbl, HCXO.llR H3 ycJJOBHff HH3Koro ypoBHff llJYMOB, 06b!l!HO 03HallaeT Ha npaK

THKe He06XOJl.HMOCTb .ll06HTbCff npeJJ,eJibHOro 3Hal!eHHff ycHJieHHff OT nepsoro KaCKaJJ,a, 

nocne qero npo6JJeMa paccMOTpeHHff lllYMOB J],llff noCJieJJ.YIOill.HX KaCKaJJ,OB CTaHOBHTCff He

cylll.eCTBeHHOH. TaKOH noJJ.XO.ll Tpe6yeT HCnOJJb30BaHHH TpHO.llOB c BbICOKHM 3Hal!eHHeM m, 

HanpHMep, 11aMnb1 THna ECC83, JJH6o ECC808 (npaKTHl!eCKH HMetolll.eH lf.lleHTHl!Hble 

3JieKTpHl!eCKHe xapaKTepHCTHKH, HO 6onee HH3KHH ypoBeHb lllYMOB If cf>oHa nepeMeHHOro 

TOKa H coseprneHHO HHYto u.oKoJJeBKy BbIBO.llOB ). 0JJ.HaKo, npH THnH'-IHOM 3HalleHHH K03cf>

cf>HuHeHTa ycHJJeHHff Av = 70 3Hal!eHHe BXO.llHOH eMKOCTlf COCTaBHT nopHJl.Ka 120 n<I>' 

BKJllOl!aff If napa3HTHble eMKOCTH. 

no,u.aBJJfflOill.ee 60JJblllHHCTBO 3BYKOCHHMaTeJJeH C nOJl.BH>KHOH MarHHTHOH CHCTeMOH 

pa3pa6aTbIBalOTCff HCXO.llff H3 Tpe6oBaHHff pa60Tbl Ha l!HCTO eMKOCTHYIO Harpy3Ky, HanpH

Mep, TaKHe CTapbie MO.lleJIH, KaK Shures HJIH Ortofon Tpe6oBaJIH Harpy3KY 400-500 n<I>. 

0.llHaKO .llJ!ff 6oJJee coapeMeHHblX MO.lleJJeH, BeJJH'-IHHa eMKOCTHOH Harpy3KH CTpeMHTCff 

yMeHblllHTbCH Jl.O 3HalleHHH 250 n<I>. TaK KaK B pacl!eTe YllHTblBaJIHCb eMKOCTlf coe.llHHH

TeJJbHblX npOBO.llOB TOHapMa H COe.llHHHTeJibHOrO Ka6eJJH, JJ,OnOJJHHTeJlbHaH BXOJJ,Haff eM

KOCTb, onpe.lleJJHeMaH HcnoJJb30BaHHeM 11aMnb1 THna ECC83, BeJIH'-IHHa eMKOCTH Harpy3-

KH .llJIH 3BYKOCHHMaTeJIH MO>KeT sospacTH JJ.O 300 n<I>. JlaMna THna ECC83, B03MO>KHO, 

6yJJ.eT If HCKJllOlleHa H3 paCC:MOTpeHHff, 3a HCKJllOl!eHHeM BapHaHTa, npH KOTOpOM Heo6xo

Jl.HMO 6y.lleT 3aMeHHTb npOBO.lla 3BYKOCHHMaTeJIH (llTO caMO no ce6e MO>KeT OKa3aTbCff If He 

TaKOH y>K HenpaBHJlbHOH lf.lleeH ). noCJie l!ero B03MO>KHblM KaHJJ.H,u.aTOM Ha npHMeHeHHe OKa-

3bIBaeTCff naMna THna E88CC, HMetolll.BH MeHbrnee ycHJieHHe H MeHbrnee 3Hal!eHHe rnyHTH

pytolll.eH eMKOCTlf • .lla>Ke TaKOH sapHaHT, KaK HCnOJlb30BaHHe JJaMnbI cepHH *SN7 /N7' He 

npeJJ.cTaBJJReTcH HepeaJJbHblM npH yCJIOBHH, l!TO 6y.ayT npe.llnpHHHTbI HeK0Topb1e MepbI, 

npeJJ.OTBpalll.alOlll.He nOHBJJeHHe lllYMOB B CJJe.aytolll.eM KacKaJ1.e. 

HecMoTpH Ha TO, l!TO Hcnonb;msaHHe TaKHX.llaMn ceMeitcTBa Loctal, o6JJa,u.atolll.HX Bbl

coKHM 3Hal!eHHeM µ, KaK 7F7. ffBJJHeTCff B03MO>KHblM, npHMeHeHHe TpHOJl.OB cf>HpMbl Octal, 

06JJaJ1.a10lll.HX BblCOKHM 3Hal!eHHeM m, B CBOeM 60JJbllJHHCTBe HCKJllOl!eHO H3-3a Ol!eHb Bbl

COKOro 3HalleHHH HX npoXO.llHOH eMKOCTH Gag' HanpHMep, naMna THna 6SL7GT, KOTopaH 
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co CBOHM 3HaqeHHeM µ = 70 HBm1eTcH npeJJ.rnecTBeHHHKOM naMnb1 THna ECC83, HMeeT 

3Ha'leHHe npoxoJJ.HOH eMKOCTH Gag= 2,8 n<l> (3HaqeHHe, npHBOJJ.HMoe AMepHKaHCKOH pa
JJ.HOKopnopau.Heli, RCA, XOTH 6onee TOqHo 3HaqeHHe napaMeTpa onpeJJ.enHeTcH KaK <flHp
Moli-npoH3BOJJ.HTeneM, TaK H npoHcxo>KJJ.eHHeM naMnb1). DpH CTaHJJ.apTHOM 3HaqeHHH 
ycHneHHH, paBHOM _50, senHqHHa BXOJJ.HOH eMKOCTH, BKnlOqaff H napa3HTHble 3HaqeHHH, 
COCTaBnHeT OKono 160 n<l>. 3TO 3HaqeHHe OKa3blBaeTCH qepecqyp 6nH3KHM K npeJJ.enbHO
MY 3HaqeHHIO 250 n<l>, a TaK KaK B 3TY senHqHHY BXOJJ.HT H eMKOCTb npoBOJJ.OB 3BYKOCHHMa
TenH, TO eJJ.HHCTBeHHblM cnoco6oM JJ.OCTH>KeHHH KOMnpOMHCCa HBnHeTCH pa3MeW.eHHe 
co6cTBeHHO 6noKa qacTOTHOH KoppeKU.HH RIAA HenocpeJJ.CTBeHHO cpa3y >Ke nocne ToqKH 
KpenneHHH rnapHHpa TOHapMa, c TeM, qT06bl BHYTpeHHHe npOBOJJ.a TOHapMa HenocpeJJ.
CTBeHHO nOJJ.KnlOqanHCb K ceTKe naMnbl. 

BbmonHeHHe MOHTa>Ka 6noKa qacTOTHoli KoppeKU.HH npHMO Ha u.oKone 3BYKOCHHMaTe
nH, B HenocpeJJ.CTBeHHOH 6nH30CTH OT MeCTa KpenneHHH nosopoTHOro rnapHHpa, JJ.aeT 
orpOMHOe npeHMyw.ecTBO B onTHManbHOM perneHHH cpa3y HeCKOnbKHX npo6neM: yMeHb
rneHHH BXOJJ.HOH eMKOCTH, CHH>KeHHH ypoBHH HaBeJJ.eHHblX noMex H MHKpO<j>OHHOro 3Q>Q>eK
Ta. 0JJ.HaKO TaKOH sapHaHT KOMnOHOBKH y3nos JJ.enaeT caM MexaHH3M npoHrpblBaTenH He 
TOnbKO coseprneHHO HecTaHJJ.apTHbIM, HO H TPYJJ.HOHcnonHHMblM c qHcTo npaKTHqecKoli 
TOqKH 3peHHH H3-3a cnHlllKOM orpaHHqeHHOro npocTpaHCTBa, nH60 B03MO>KHblX orpaHH
qeHHH c ToqKH 3peHHH MexaHHqecKoli npoqHoCTH KOHCTPYKU.HH JJ.eKH npoHrpblBaTenH. 
H3HW.HO noJJ.BerneHHoe rnaccH CJJ.eKoli npoHrpb1BaTenH npocTo Hecnoco6Ho 6e36one3HeH

HO- BblHeCTH JJ.OnonHHTenbHblH sec OT 500 JJ.O l 000 r npe.nycHnHTenH, CMOHTHpOBaHHOro 
B Henocpe,11.cTBeHHOH 6nH30CTH c ToqKoH KpenneHHH nosopoTHoro rnapHHpa . .lla>Ke a cny
qae TaKHX KOHCTPYKU.HH ,11.eKH KaK B npoHrpblBaTenHx MapKH Garrard 30 l, npocTO npe,11.
Ha3HaqeHHblX,ll.JIH Henocpe,11.CTBeHHOro KpenneHHH Ha BeCbMa MaCCHBHOM OCHOBaHHH, BpH,11. 
nH yminocb 6b1 H36e>KaTb HerarnsHoro so3,11.eAcTBHH ,11.ononm!TenbHOH Macchi. 

Hcnonb30BaHHe naMnb1 rnna E88CC HMeeT ,11.ononHHTenbHOe npeHMyw.ecTBo B TOM, 
qTO y Hee oqeHb He6onbrnoe 3HaqeHHe BblXO,ll.HOro BHYTpeHHero conpornsneHHH ra, qTO, 
KaK 6y,11.eT noKa3aHO HH>Ke no TeKcry, noMoraeT ynyqrnHTb rnyMOBble xapaKTepHCTHKH . 
.llononHHTenbHO K 3TOMy, MeHblllee 3HaqeHHe 'a 6y,11.eT JJ.aBaTb MeHbllIHH BKn8,ll. B o6w.ee 
cyMMapHoe conpornsneHHe, senHqHHa KOToporo onpe,11.enHeT qacTOry cpe3 c nocTOHHHoli 
speMeHH 75 MKC a TaK>Ke yJJ.osneTBOpHIOW.ee paHee cQ>opMynHposaHHOMY Tpe6osaHHIO, 
3aKnlOlJalOW.eMycH B nOHH>KeHHOH qyBCTBHTenbHOCTH K 3Q>Q>eKry CTapeHHH 3neMeHTOB 
cxeMbl H H3MeHeHHIO HX napaMeTpOB B CBH3H c ,11.aHHblM npou.eccOM. 

illyM BO BXO,ll.HOM KaCK8,ll.e onpe,11.enHeTCH He TOnbKO CBOHCTBaMH naMnbl, HO TaK>Ke H pe-
3HCTOpaMH cxeMbl, H3 KOTOpblX pe3HCTop RL HrpaeT caMYIO sa>KHYIO ponb (pHc. 6. l 9a). 113 
Q>H3HKH TBep,11.oro Tena H3BeCTHO, qTQ pe3HCTHBHble conpornsneHHH HBnHIOTCH otteHb xopo
lllHM HCTOqHHKOM TennOBblX lllYMOB • 

.llnH Toro, qTQ6bl rpaMOTHO paccqHTaTb lllYMOBble xapaKTepHCTHKH KaCK8,ll.a, Heo6xo
,ll.HMO nepepHCOBaTb cxeMY B BH,ll.e npOCTOH 3KBHBaneHTHOH cxeMbl, KOTOpaH oqeHb o6ner
qaeT npose,11.eHHe aHanH3a (pHc. 6.196). 

B ceMe BblXO.ll.HOH KOHTYP naMnb1 3aMeHeH H,11.eanbHblM HCToqHHKOM HanpmKeHHH, cooT

BeTCTBYIQW.HM 3KBHBaneHTHOH cxeMe TeseHHHa, B KOTOpblH BKnlOqeHo conpornsneHHe 'a· 
3ByKOCHHMaTeJlb (cartridge) c no,ll.BH>KHOH MarHHTHOH CHCTeMOH MO>KeT 6b1Tb npe,11.cTaB
neH Ha 3KBHBaneHTHOH cxeMe B BH,ll.e pe3HCTOpa c nocne,11.osaTenbHO BKnlOqeHHOH HHJJ.YK-
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THBHOCTblO, a TaK KaK HCTO'IHHK TeBeHHHa HMeeT paBHOe Hynto BHYTpeHHee conpoTHBne

HHe, ero MO>KHO npe.u.cTaBHTb B BH.U.e KOpOTK03aMKHYTOH uenH. nocne TaKHX npeo6pa30Ba

HHH cxeMa npHMeT cne.nytomHH BH.U. ( pHC. 6. l 9B ). 

)].nff 3aseprueHHff COCTaBneHHff 3KBHBaneHTHOH cxeMbl-MO.U.enH a 3TY cxeMY Heo6xo.11.H

M0.1J.06aBHTb HeCKOnbKO HCTO'IHHKOB wyMa (pHC. 6. l 9r). 
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PHc. 6.19 WyMbl eo exoanoM 1cac1eaae 

Rg 

CT03TanHoe BBe.U.eHHe BCeX H3MeHeHHH B 3KBHBaneHTHYIO CXeMY noKa3aHO TaK no.u.po6-

HO noToMy, 'ITO OKOHl!aTenbHblH BH.U. nonyqeHHOH 3KBHBaneHTHOH cxeMbl Ol!eHb Mano no

XO>K Ha ee nepBOHallanbHblH BH.IJ.. 

CTepe.u. TeM, KaK Hal!aTb.IJ.OCTaTO'IHO CnO>KHbie Bbll!HCneHHff, MO>KHO C.U.enaTb HeCKOnbKO 

npe.u.sapHTenbHblX, HO OlleHb cyHJ.eCTBeHHbIX H none3HblX 3aMel!aHHH. 

Bee H3 HMelOI.J.J.HXCff B 3KBHBaneHTHOH cxeMe HCTO'IHHKOB wyMa (BMeCTe co CBff3aHHbl

MH c HHMH pe3HCTOpaMH) o6pa3ylOT nocne naMnbI napannenbHbie uenH, n03TOMY HCTO'I

HHK, HMelOI.J.J.HH Hynesoe BHYTpeHHee conpOTHBneHHe, 3aKOpOTHT uenb nro6oro HHOro HC

TO'IHHKa, npH ycnoBHH, ecTecTBeHHO, 'ITO OTCYTCTByeT nocne.u.oBaTenbHO BKnlOl!eHHblH 

.u.ononHHTenbHbIH pe3HCTop. )].nff cospeMeHHblX KOHCTPYKUHH .u.ocTaTO'IHO qacrn BblnonHH

IOTCff npHMepHble cooTHOWeHHff, Kor.u.a Ra.= 100 'a• a RL = 10 ra B cHny qero conpoTHBne

HHe 'a CTpeMHTCff KaK 6bl wyHTHpOBaTb 3TH OCTanbHble HCTO'IHHKH. B CHny 3TOro BKna.u. 

conpoTHsneHHff Rg MO>KHO 6blno 6bl nocl!HTaTb He3Ha'IHTenbHblM, B cHny qero wrn pe3HC

Topa R MO>KHO 6b1no 6b1 Hcnonb30BaTb npaKTHl!eCKH nro6oe, Tpe6yeMoe no KaKHM-TO 
g ' 

HHbIM coo6pa>KeHHeM, 3Hal!eHHe conpoTHsneHHff, HO nocne.u.osaTenbHO BKntol!eHHblH KOH-

.u.eHcarnp CBff3H CHH>KaeT 9cpcpeKT lJJYHTHpOBaHHff conpOTHBneHHeM 'a· EMKOCTHOe conpo

THBneHHe KOH.U.eHcarnpa onpe.u.enHeTcst Bb1pa>1<eHHeM: 
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'focroTHblif KoppeKTop CMrHana or np0Mrpb1aarem1 rpaMnnaCTMHK RIAA 

1 
X-=-. 

c 21t[C 

)J.nSJ CTaH)l.apTHOro 3HatfeHHff conpoTHBneHHff pe3HCTOpa ceTO'IHOro CMelll.eHHff, paBHO

ro 1 MOM, tfT06bI o6ecnetfJiTb tfaCTOT}' cpe3a c ypoBHeM -3 .n.5, paBHYIO 1,6 ru., MO>KHO 

Hcnonb3oBaTb KOH,11.encaTOp CBff3H, HMe!Olll.HA eMKOCTb 100 H<l>. EcnH npHHSITb, 'ITO HH>K

HffSI rpaHHU.a tfaCTOTbl HHTepecyrow.ero WyMa COCTaBnffeT 20 fl.I. (lfTO He ffBnffeTCff 6ec

cnopHb1M 3HatfeHHeM), TO nerno onpe.n.enHTb, 'ITO Ha tfaCTOTe 20 ru. eMKOCTHOe conpoTHB

neHHe X, = 80 KOM. 3TO 3HatfeHHe conpoTHBnenHff npe,11.cTaBnffeT cTOnb 3HatfHTenbHYJO 

eenH'IHHy, 'ITO ycTpanffeT nro6oA rnyHTHpyrow.HA 3<f><f>e-KT co cTOpOHbl BHYTpennero Bblxo.n.

noro conpoTHBneHHSJ naMnb1 'a• npH 3TOM TonbKO .no Toro MOMenTa, noKa 3HatfenHe X, ne 

yna,n.eT HH>Ke 3HatfeHHff 'a· 
Pe3ynbTaT see 3THx paccy>K.D.enHA 3aKnJOtfaeTcff B TOM, 'ITO Bbl6op o6bitfHoro 3HatfeHHff 

eMKOCTH KOH)l.eHCaTOpa CBff3H He no3BOnff~ conpoTHBneHHIO 'a lIJYHTHpOBaTb TOKH wyMo

BOA COCTaBnSJIOlll.eA, renepHpyeMbie B pe3HCTOpe ceTO'IHOro CMelll,eHHff Ha tfaCTOTaX, 

Mettee 1 Kfu.. TaKHM o6pa30M, B pe3HCTope npoHcxo)lHT renepaU.Hff rnyMoB, aMnnHry.n.a 

KOTOpbIX o6paTHO nponopu.HonanbHa tfaCTOTe (rnyM BH,11.a 1//), HO aMnnHry,11.a KOTOpblx 

npH6nH>KaeTCSI K MaKCHManbHOMY TeopeTHtfeCKOMy 3HatfeHHIO TennoBblX wyMOB .ll.Jlff TaKO

ro >Ke 3HatfeHHff conpOTHBneHHff pe3HCTOpa (un = .../ 4kTB). 

)J.nff H36aeneHHff OT 3TOro .n.ononHHTenbHOro rnyMa MO>KHO 6b1no 6b! Bbt6paTb 3HatfeHHe 

eMKOCTH ,II.Jiff KOH)l.encaTOpa CBff3H ,11.0CTaTO'IHO 6onblIJHM, TO eCTb TaKHM, 'IT06bl conpoTHB

nenHe ra Mor no 6b1 rnyHTHpoBaTb Rg so eceM ,n.Hana3one tfaCTOT, HO .ll.Jlff 3Toro nona,n.o6HTCff 

eMKOCTb nopSI,11.Ka 10 MK<l>. TaKaff eMKOCTb ,II.Jiff Kon.n.encaTOpa .n.ocTaTO'IHO eenHKa, H, ec;11H 

OKa3blBaeTCR B03MO>KHbIM, npe.n.notfTHTenbHee B TaKOM cnyqae' OKa3blBaeTCff CBff3b no no

CTOffHHOA COCTaBnff!Olll,eA (TO eCTb nenocpe,11.cTBeHHaff CBff3b), HO, TeM HH Mettee, no,11.06-

H.Oe TeXHHlfecKoe pernenHe Hcnonh3yeTCff B u.enoM pMe KOMMep'leCKHX npe~cHnHTeneA. 

YtfHTbIBaff see MaHHnynffU.HH, KOTOpb1e 6blnH npo.n.enaHbl c pe3HCTopoM KaTo,11.noro 

CMeW,eHHff H KOH)l.eHCaTOpOM CBff3H, npHX0,11.HTCSI KOHCTaTHpOBaTb, 'ITO ,II.Jiff ananH3a H Ma

neepa ocTaJOTCff :ronbKO conpoTHBnenHe ano.n.noA narpy3KH, Ru H 3neKTponnaff naMna, 

KaK TaKOBaff, KOTOpbie BX0,11.SJT B ynpow.ennyro 3KBHBaneHTHYIO cxeMy (pHC. 6.20). 

ronoeKa I BxoA I BblXOA 
3&yKOCHlllM&TenR I I 

(KBPTPMAlK) I I 
I I 
I I 
I I 

I 
I 
I 
I 
I 

Cin R0 I 
I 
I 
I 

PHc. 6.20 0JCOH'lameAbHblt1 ynpoUfeHHblU 8UiJ 3K8U8aAenmnot1 cxeMbl, 

yttumbt8a10Ufet1 8AUJlHUe ucmottHUK08 lllYM.08 80 8XOiJHOM. KacKaiJe 
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KacKOAbl npeABOpHrenbHoro yCHneHHll 

B conpornaneHHH aHO.U.HOH Harpy3KH R1_ reHepHpyeTCH Tennoaoii rnyM, a 3a cl!eT Toro, 
l!TO 3TOT pe3HCTOp HBnHeTCH nneHOl!HblM, OH HBnHeTCH HCTOl!HHKOM H36bITOl!HOro TOKOBO
ro wyMa. l-fa6bITOl!HblH TOKOBblH wyM, KaK npaBHno, onpe.u.enHeTCH npoH3BO,ll.HTenHMH 
c Hcnonb30BaHHeM COOTHOWeHHH µV/V, r.u.e v - 3Hal!eHHe npHnO>KeHHOro HanpH>KeHHH 
nOCTOHHHOro TOKa. ,11.nH .u.anbHeiiwero H3no>KeHHH Heo6XO,ll.HMO npem.u.e .u.ononHHTenbHO 
llpoaHanH3HpoaaTb pa6oTy THnoaoro KacKaJI,a ( pHc. 6.21 ) . 

.--------285V 

P1tc. 6.21 TunoBot1 BxoiJHot11wcKaiJ, ucnoAb3ye.M.btt1 npu aHaAU3e my.MOB 

BenHl!HHa na.u.eHHH HanpH>KeHHH nocToHHHoro TOKa Ha pe3HCTope aHOll,HOH Harpy3KH R1. 
cocTaBnHeT npHMepHo 200 B. B CTaHll,aprnoM TOHKonneHO'IHOM MernnnH3HpoaaHHOM pe-
3HCTope, HMeIOw.eM conpornaneHHe l 00 KOM H paCCl!HTaHHOM Ha MOW.HOCTb pacceHHHH 
2 BT. BenHl!HHa H36bITOl!HOro TOKOBoro WYM8 COCTaBnHeT O, l µ v /V, TO eCTb .IVlff ll,8HHOH 
cxeMbI aenHl!HHa reHepHpyeMoro wyMa cocTaBHT 20 MKB. Tennoaoii wyM pe3HCTopa 
onpe.u.enHeTCH COOTHOWeHHeM: 

3 .. =.J4kTBR, 

me k - nocTOHHHaH 6onbU.MaHa, k = 1,381·l0-23 ,11.>1</K; 
T - a6conIOTHaH TeMneparypa, K ( T = t + 273, l 6°C ); 
B - wHpHHa nonocbI nponycKaHHH, fu.; 
R - conpornaneHHe pe3Hcrnpa, OM. 

B HHTepaane pa6ol!HX TeMneparyp, To ecTb oKono 40 ·c (313 K), H rnHpHHe nonocbl 
nponycKaHHH 20 KfU. JI,aHHOe Bblpa>KeHHe ynpow.aeTCH H npHHHMaeT BHJI,: 

3 .. = 1,86x1 o-s .JR. 
Pacl!eT no 3TOH cpopMyne noKa3bIBaeT, l!TO B HJJ.eanbHOM pe3HCTope, HMeIOrn.eM conpo

THBneHHe l 00 K0M, BenH'IHHa reHepHpyeMoro Tennoaoro wyMa COCTaBnHeT 5,9 MKB. 
B paccMoTpeHHOM npHMepe aenHl!HHa H36b!TOl!HOro TOKoBoro wyMa pe3HCTopa 3Hal!H
TenbHO npeab1waeT no 3Hal!eHHIO Tennoaoii wyM. ,11.nH onpeJI,eneHHH o6w.ero wyMa pe3HC-
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ropa Heo6XO.ll.HMO CJJO>KHTb MOlll.HOCTH scex cocraBJJHIOlll.HX wyMOB, KOTOpble, c y'leTOM co

OTHOWeHHH P = V2/R, 6y.nyr HMeTb BH.Q: 

nocne no.u.crnnoBKH .u.aHHblX H nocne.n.yJOmero yroMHrenbHoro no.Qc'!eTa MO>KHo onpe

,!l.eJJHTb, '!TO BeJJH'IHHa o6mero wyMa pe3HCTOpa COCTaBHT 21 MKB. 0.u.HaKO BblnOJJHeHHblH 

pac'!eT .u.eMOHCTpHpyeT .u.se semH: 

• .ll,llH npoBOJJO'IHblX pe3HCTOpOB Heo6XOJJ.HMO paCC'IHTblBaTb TOJJbKO TenJJOBOH wyM 

(.D.llH HHX OTcyrcTByeT COCTaBJJHIOlll.aH H36blT04HOro TOKOBoro wyMa); 

• .ll,llH TOHKOnJJeHO'IHblX MeTaJJ.nH3HpOBaHHblX pe3HCTOpOB Heo6XOJJ.HMO paCC'IHTbl

BaTb TOJlbKO COCTaBJJSllOl.llYIO H36blTO'IHOro TOKOBoro wyMa. 3TO npH6.nH>KeHHe 

OKa3blBaeTCH .ll.OCTaTO'IHO TO'IHblM, TaK KaK B 60.nbWHHCTBe npaKTH'leCKH HCnOJJb-

3yeMblX cxeM c yMeHbWeHHeM na.u.eHHH HanpH>KeHHH nOCTOHHHOro TOKa Ha pe3HC

rnpe CHH>KaeTCH H BeJJH'IHHa wyMa. 

noc.ne TOrO, KaK YJJ.aJJOCb ynpOCTHTb nOJJ.XO.ll. K ytteTy HCTO'IHHKOB WyMa B pe3HCTOpe, 

MO>KHO paCCMOTpeTb, KaK Ha HHX nOBJJHHeT wyHTHpOBaHHe aHO.ll.HblM conpoTHBJJeHHeM 

JJaMnbl '"' H 3aTeM nepeqepTHTb 3KBHBaneHTHYIO cxeMy (pHc. 6.22). 

PHc. 6.22 81tUJlHUe aHooHoeo conpomuo1teHUR raHa oe1tuttuHy wy.Ma, 
2eHepupyeM020 B peaucmope aHooHou Ha2pyaKu R,_ 

npH paCCMOTpeHHH npeo6p830BaHHOH CXeMbl CJJe.n.yeT, '!TO OHa npeJJ.CTaBJJHeT JJ.eJJH

Te.nb HanpH>KeHHSI, H '!TO .u.eHCTBHTe.nbHblH BKJJM wyMa pe3HCTopa B cxeMy paBHHeTCSI 

npOH3Be.u.eHHIO wyMa pe3HCTopa B pa30MKHYTOH u.enH (B pe>KHMe XOJJOCToro xo.u.a) Ha K0-

3QJ$HU.HeHT ocna6nemrn .u.enHTenH HanpSI>KeHHH. .Ll.nH paccMaTpHsaeMoro npHMepa 

yMeHbWeHHe wyMa pe3HCTopa 6y.u.eT COOTBeTCTBOBaTb CHH>KeHHIO nanpH>KeHHH wyMa 

C 21 MKB .ll.O 1,26 MKB. 

C.ne.n.yeT OTMeTHTb, 'ITO ecnH pe3HCTop aHO.ll.HOH Harpy3KH R1_ He wyHTHposaH, TO 3Ha-

4eHHe BHyrpeHnero aHO.ll.HOro conpOTHBJJeHHH 'a pe3KO yseJJH'IHBaeTCH H B pe3yJJbTaTe 60-
.nee He OKa3bJBaeTCH cnoco6HblM wyHTHpOBaTb wyMbl pe3HCTOpa. 

EcnH HanpH>KeHHe wyMa pa-3.u.enHTb Ha K03QJQJHU.HeHT ycH.neHHH KacKa.u.a A0 = 29, TO 

MO>KHO Bbl'IHCJJHTb napaMeTp, nonyttHBWHH Ha3BaHHe OTHOCHTe.nbHOro BXOJJ.HOro wyMa, H 

KoTopblH B KOHKpeTHOM paccMaTpHsaeMoM cnyqae HMeeT se.nH'IHHY 43 HB. Y.u.o6cTBOM 

sse.u.eHHH 3T0f0 napaMeTpa HBJISleTCH B03MO>KHOCTb CJJO>KeHHH 3TOro wyMa c wyMaMH, 
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KacKa,qbl npeABap1trenbHoro yc1tneH1111 

B03HHKalOll.lHMH B HCTO'IHHKe nio6oro .u.pyroro npoHCXO)f(,11,eHHff, CBH3aHHOM c u.enHMH ceT
KH naMnb1, HanpHMep, c peaHcTopoM ceTOtfHoro cMemeHHH. Ha npaKTHKe qame ecero Ha-
6nio.u.aeTcH cHryau.uH, npu KoTopoA, ecnu pacctfHTaH TennoeoA wyM, reHepHpyeMbIH pe-
3HCTopoM R , H onpe.u.eneHo ero ocna6neHHe aa ctfeT aeyKoCHHMaTenH, TO e no.u.aenHiomeM 

g u u 

6onbWHHCTBe CJIYtfaee 3TOT wyM HBnHeTCff senH'IHHOH, 3HatfHTenbHO MeHbWeH no cpaeHe-
HHIO c wyMaMH naMnbl. TaK HnH HHalfe, HO OTCYTCTByeT BCHK8ff B03MO>KHOCTb,!l,Tlff Bb16opa 
aHatfeHHH conpoTHBneHHH R8, TaK KaK OHO npe)K.!J.e ecero onpe.u.enHeTcH napaMeTpaMH ca
Moro 3BYKOCHHMaTenH. 

6.5.ll YYer co6crseHHblX myMoB naMnbl 
Tenepb caMoe epeMH paccMoTpeTb wyM, o6ycnoeneHHblH ceoHM npoHcxo)K.!J.eHHeM npo
u.eccaM, npOHCXO.!J.fflllHM ~ 3neKTpOHHOH naMne. illyM B 3neKTpOHHOH naMne B03HHKaeT no 
TOH npH'IHHe, 'ITO npoTeKalOll.lHH B HeH aHO,!J.HblH TOK /a cyw.ecTByeT 3a CtfeT MHO>KeCTBa 
OT,D.enbHblX 3neKTpOHOB, KOTOpble 60M6ap.D.Hpy10T aHO,!J., a TaK>Ke noToMy, 'ITO 3neKTp0Hbl, 
noKH,!J.alOll.lHe KaTO,!J. B peaynbTaTe TepMoaneKTpOHHOH 3MHCCHH H o6paayiomHe aneKTpOH
HOe o6naKO, HMelOT paa6poc no CBOHM CKOpOCTHM (KOTOpblH onHCbIBaeTCff TaK Ha3bleae
Mb1M pacnpe.u.eneHHeM MaKceenna). 0Tcio.u.a cne.nyeT, 'ITO QlH3HKO-XHMHtfeCKHe ceoAcTBa 
caMoro KaTO,!J.a H COOTBeTCTBYIOW.He npou.eccbl, npoHCXO.!J.ffW.He Ha HeM, MOfYT 3HatfHTenb
HO noenHHTb Ha ypoeeHb co6CTBeHHblX wyMOB naMnbl. 

B HH>KeHepHoH npaKTHKe .u.ocTaTO'IHO qacTo ucnonb3YIOTCH ynpom.eHHble Bblpa>Ke
HHH, KOTOpbie npHMeHHIOTCff, HanpHMep, ,!l,Tlff pactfeTa wyMOB B o6naCTH BblCOKHX qac
TOT. B qacTHOCTH, ,u.nH cnyqaff naMnoeoro TpHo.u.a no.u.o6Hoe Bb1pa>1<eHHe BblrnH.D.HT cne
JIYIOlllHM o6pa30M: 

2,5 
r., ==--. 

gm 

Ha aToro Bblpa>KeHHH cne.nyeT, 'ITO 6enb1A (wupoKononocHblH) wyM, reHepHpyeMblH 
e naMne, 6y.u.eT 3KBHBaneHTeH TennoeoMy ( 6enoMy) WYMY. KOTOpblH reHepHpyeTCH e u.u.e
anbHOM peaucTOpe req' CTOHll.leMY Ha exo.u.e .D.aHHOA naMnb1. B paccMaTpueaeMoM cnyqae 
KPYTH3Ha ucnonb3yeMoro Tpuo.u.a gm » 5,3 MA/B, cne.u.oeaTenbHO, eenH'IHHa 3KBHeaneH
THoro wyMHm.ero conpoTHeneHHH cocTaBHT npHMepHo 470 OM. 

Ecnu eocnonbaosaTbCH Bblpa>KeHHeM un = l ,86· 10-8l.l,R, To 3Hatfemt.e HanpH>KeHHH 
BXO,!J.HOrO wyMa, reHepHpyeMoro naMnOH, COCTaBHT npHMepHO 400 HB, 'ITO 3HatfHTenbHO 
npeBblCHT 3HatfeHHe 43 HB, onpe.u.enHeMoro BXO,!J.HblM OTHOCHTenbHblM WYMOM, reHepupy
eMblM pe3HCTOpOM aHO,!J.HOH Harpy3KH ( KaK OHO H ,!J.On>KHO 6b1Tb ,!l,Tlff npaeHnbHO paCC'IHTaH
HOH cxeMbl). TaKHM o6paaoM, oma.u.aeT Heo6xo.D.HMOCTb cyMMHpoeaHHH MOW.HOCTeA wy
MOB naMnbl H aHo,D.Horo HarpyaotfHoro peaHCTopa. 
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1iacroTHblii KoppeKTop tHrHana or np0Hrpb1aaren11 rpaMnnacrHHK RIAA 

DpHMeHeHHe .D.BHHoro ypaBHeHHst B CJiy'lae npHMeHeHHst ManornyMstmero neHTo.n.a THna 

EF86, pa6orniomero npH 3Ha'leHHstX aH0.11.HOro I = 1,25 MA H 3KpaHHoro In = 0,3 MA To-
a "2 

KOB, .11.aeT senH'IHHY 3KBHBaneHTHoro conpoTHBneHHst 3,9 KOM H 3Ha'leHHe Hanpst>KeHHst 

rnyMa (npH rnHpHHe nonocb1 nponycKaHHst 20 Kfu.), paBHoe 1,2 MKB. 0.11.HaKo, HJMepeHHst, 

BbmonHeHHh1e B ycHnHTenstx KOMnaHHH Mannop.11. (Mullard), .11.anH JHa'leHHe f!anpst>KeHHst 

rnyMa 2 MKB B nonoce nponycKaHHst 25 ru. - l 0 KfU. npH TO'IHO TaKHX >Ke napaMeTpax 

CTaTH'lecKoro pe>KHMa, 'ITO cooTBeTCTBOBano Hanpst>KeHHIO rnyMa 2,8 MKB ;:vrn nonocbI 

nponycKaHHst 20 Kfu.. 

6.5.12. flpo6neMO t/JnHKKep-lllfMOB 
8b1rnenpHse.11.eHHb1e ypaBHeHHst, noJBonstiomHe onpe.11.enstTb napaMeTpb1 rnyMa, Ha npaKTH

Ke B .11.HanaJoHe 3BYKOBbIX 'laCTOT HMelOT BeCbMa orpaHH'leHHOe npHMeHeHHe, noTOMY 'ITO 

B HHX COBeprneHHO He Y"fHTbIBaeTCSl rnyM, Ha3bIBaeMblH 1// rnyM, HnH <t>nHKKep-rnyM 

(rnyM Mepu.aHHst). YIHTeHCHBHOCTb <t>nHKKep-rnyMoB na.11.aeT c pocToM qacTOTbI. TaKHe 

lllYMbl 'laCTO B03HHKalOT B Karn.11.ax naMn, a TaK>Ke B no.nynpOB0.11.HHKOBblX npu6opax 

(TpaH3HCTOpax). 

TeM He MeHee, BbI'IHc.neHHst no.11.Tsep>K.D.BIOT, 'ITO neHT0.11.hl HMelOT 6onee BhICOKHH ypo

BeHh rnyMa no cpasHeHHIO c TpHo.n.aMH H 'ITO Heo6xo.11.HMO CTpeMHTbCst MaKCHManbHO yse

.nH'IHBaTb JHa'leHHe KpyTH3HbI naMnhl gm. K co>Ka.neHHIO, He cymecTByeT MeTO.D.HKH pac

qern ypoBHSl <l>nHKKep-rnyMa JV!Sl naMnbI, TaK KaK 3TOT napaMeTp B 3Ha'IHTenbHOH Mepe 

onpe.11.ensteTCSl KOHKpeTHbIM THnOM .naMnbI H BapHaHTaMH ee KOHCTPYKTHBHOro HcnonHe

HHSl ( oco6eHHO KaT0.11.HOro y3na ), XOTSl OTMe'laeTCSl, 'ITO ypoBeHb lllYMOB HaXO.D.HTCSl B npst

MOH 3aBHCHMOCTH OT ypoBHSl Tennosoro rnyMa JV!Sl .D.BHHOH naMnbl. JlaMnbI, HMelOmHe 

'IHCTO BOnb<t>paMOBbie KaTO,D.bl, He reHepHpylOT 4>.nHKKep-rnyM, HO y HHX 6e3Ha.11.e>KHO Bbl

COKHH ypoBeHb MHKpo<t>oHHOro 34>4>eKTa, a TaK>Ke O'leHb HH3KOe 3Ha'leHHe KpyTH3Hbl gm. 

6.5.13. TpynHocr11 anhrepHaTHBHoro non6opa JBfKOCHHMarenei 
If BXORHblX naMn 

HecMoTpst Ha TO, 'ITO ou.eHKH ypoBHst rnyMa B .n.uanaJoHe JByKOBblX qacTOT 6h1nH npH3HaHhI 

BeChMa npH6.nH>KeHHbIMH B a6co.nlOTHOM 3Ha'leHHH, H XOTSl y>Ke 6b1na paCCMOTpeHa cxeMa 

npe.n.ycHnHTeJist, xapaKTepHCTHKH KOTOpOH c TO'IKH 3peHHS1 ypoBHSl lllYMOB 6bl.nH npH3HaHbl 

npHeM.neMbIMH, BCe-TaKH HMeeT CMbICn nonb!TaTbCSl paCC'IHTaTb noKa3aTenH rnyMa JVISl 

Hee, a 3aTeM cpaBHHTb no.nyqeHHble pe3ynbTaTbl c O>KH.D.BeMbIMH ou.eHKaMH JV!Sl HOBOH cxe

Mbl. TaKOH paC'leT OKa>KeTCSl oco6eHHO nno.n.oTBOpHblM B TOM c.nyqae, ec.nH y Hcnonb3yl0-

merocst 3BYKOCHHMaTe.nst OKa>KeTCSl H3HOllleHHOH Hrna, H OKa>KeTCSl Heo6XO.D.HMbIM caMblM 

BHHMaTenbHbIM o6pa30M paccMaTpHBaTb BapHaHT ero 3aMeHbl .11.pyrnM, HO OT.nHqaiomHMCSl 

no CBOHM xapaKTepucTHKaM qyscTBHTe.nbHOCTH. TaK KaK yposeHb rnyMa, KaK npaBH.no, 

stB.nsteTCSl caMOH OCHOBHOH npo6.neMOH JV!Sl 3BYKOCHHMaTe.nst c n0.11.BH>KHOH KaryrnKOH, TO 

B03HHKaeT HeCKOJlbKO pa3nH'IHblX curyaU.HH npH HCnOnb30BaHHH HOBOro 3BYKOCHHMaTe.nst. 

565 



KacKOAbl npeAaapuenbHoro ycMneHMA 

B Ta6n. 6.6 cseAeHbl peKoMeHAaU.HH no Heo6xoAHMOCTH npHMeHeHHH cornacy10mero 
TpaHccpopMaTopa B u.enH 3BYKOCHHMaTenH B 3aBHCHMOCTH OT BbIXOAHOfO HanpH)KeHHff, 
pa3BHBaeMoro ero ronosKoH (KapTpHA*eM). 

Ta6nnua 6.6 

BblXOAHOe HanpA>KeHMe 
3BYKOCHMM&TenR 

3HB'll'ITenbHO M0HbWe no Benl'l'll'IHe (-6 AEi) 

TaKoe JKe, KBK 111 y npelKHero (0 AEi) 

3H&'IMTenbHO CionbWEie no aen11'1111He (+6 AEi) 

KpMTepHM aw6opa 11aMn1o1 

Heo6XOAlllM TPBHCCl>OPMBTOp: npo6neMa c wyMOM OCTBeTCil 

noA aonpocoM 
Bb16op: n11160 111cnonb3088Tb TPBHCCl>OPMBTOp M ynY'fWlllTb 

WYMOBblS xapaKTeplllCTMKlll, n1160 CMl/lpMTbCSI c WYMOM 
B o6MeH Ha peweH111e npo6neM c TpaHc<l>OPMBTOpOM 

TpaHCCl>OPMBTOP He06A3BTeneH: ManowyMA114BA nBMna 

MOlKeT CAenaTb ero np111MeHeH111e Heo6A3aTenbHblM 

CTpeAnonaraeTCff, l!TO OCHOBHblM HCTO'IHHKOM C06CTBeHHblX wyMOB ycHnHTenH HBnHeTCH 
BXOAHaH naMna, TOrAB 3HalleHHe ee KPYTH3Hbl gm MH pa6oqeif TO'IKH AOn>KHO 6bITb cpaBHH
MO c KPYTHJHOH MH naMnbI, paccMaTpHsaeMoif B Kal!ecTBe anbTepHaTHBbJ. 0THOCHTenbHbIH 
yposeHb wyMa MO)KeT 6b1Tb onpeAeneH c HCnonb3oBaHHeM cne.ayJOmero COOTHOWeHHH: 

N = 1 Olog gmHCTIWll'3YCMdH ndMTIH • 

(.aJi) OTHOC gm)'CTHltdBJIHBHCMdH JIHMU8 

HpUMep. CTpe.nycHnHTenb C BXOAHblM KaCKaAOM, nOCTpoeHHbIM Ha naMne, HMe!Oll.leH 
3Hal!eHHe KPYTH3Hbl 5,3 MA/B, nepsoHal!anbHO npemiaJHallancH .ll./lff Hcnonb3oBaHHH co 
3BYKOCHHMaTeneM, HMe!Oll.lHM nOABH)KHYJO KaTYWKy, COBMeCTHO c nOBblllia!Oll.lHM TpaHC
cpopMaTopoM, HMeJOU{eM K03<f>cpHu.HeHT TpaHc<f>opMaU.HH 1: 10, no3BOnff!Oll.lHM nOBblCHTb 
BXOAHOe Hanpsi)KeHHe cHrnana, nocryna10mero Ha npe.nycHnHTenb, AO 3HalleHHH 2 MB 
cpeAHeKBaApaTHl!ecKoro JHalleHHH npH cKopocTH nepeMell.leHHH Hrnb1 5 cM/c. HoBblH 3By
KOCHHMaTenb, Hcnonb3yeMbtH .ll./IH B03MO>KHOH 3aMeHbt, 8 cooTBeTCTBHH c TexHH'leCKHMH 
xapaKTepHCTHKaMH npH TaKOH >Ke CKOpOCTH nepeMemeHHSI Hfnbl o6ecnel!HBaeT ypoBeHb 
CHrHana 6onee 500 MKB, no3TOMY CTaHOBHTCSI B03MO>KHblM OTKa3aTbCH OT npHMeHeHHSI 
BXOAHoro TpaHc<f>opMaTopa. 0AHHapHb1e TpHOAbt Loctal STC 3A/167M H Magnoval WE 
437 A 6binH pa3pa6oTaHbl.ll./IH Hcnonb30BaHHH B Tene<f>oHHb1xycHnHTensix-noBTOpHTensix H 
npH pa6o'leM 3Ha'leHHH aHOAHOro TOKa 40 MA HMenH 3Hal.feHHe KPYTH3Hbl gm 47 MA/B, 
no3TOMY OTHOCHTenbHOe 3Ha'leHHe wyMa COCTaBHT: 

N1,i1;) OTllllC = 10 log~~ = -9,5 AE. 

npeMaraeMbte .ll./ISI 3aMeHbl BXOAHble naMnbl HMeJOT yposeHb WYMOB Ha 9,5 AE HH)Ke, 
HO y npeMaraeMoro HOBoro 3BYKOCHHMaTenH Ha 12 AE HH)Ke yposeHb BbIXOAHOro CHrHana. 
CneAoBaTenbHO, ornoweHHe cHrnana K wyMyyxyAWaeTcsi Ha 2,5AE. Ha npaKTHKe, nosbl
waJOll.lHH TpaHcct>oP.MaTop TaK*e AOn>KeH BHOCHTb HeKoTOpb1e noTepH. THnH'IHblM JHalle
HHeM MO>KHO C'IHTaTb yposeHb I AE, no:iTOMY AeHCTBHTenbHOe yxyAWeHHe onmweHHH 
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'iacroTHblit KoppeKTop cHrnana or npoHrp&1aarenR rpaMnnanHHK RIAA 

ypoBHeH CHrHana K WYMY COCTaBHT, CKopee ecero, 1,5 .u.B, TO eCTb 6y.u.eT HMeTb TaKylO 

eeJIH'IHHy, KOTopyio 6y.u.eT .u.ocTaTOl.JHO TPY.U.HO 3aMeTHTb. K comaneHHIO, npe.u.naraeMble 

JiaMnbl ffBJifflOTCff npaKTH'leCKH He.u.ocrynHblMH B o6bil.JHblX ycJIOBHffX. 0.u.HaKO, BKJIIOl.JeH

Hble no cxeMe TpHo.u.a naMnhI cepHH NOS E8 l OF 6e3 Tpy.u.a MOryT HMeTh 3Ha'leHHe KPYTH3-

Hbl gm, paBHOe 50 MA/B, a TaK KaK OHH nerKO .u.ocrynHbl, TO HX Bbl(fop MO>KHO C'IHTaTb 

u.enecoo6pa3HblM c npaKTH'leCKOH TO'IKH 3peHHff. 

C .u.pyroA crnpoHhl, MO>KHO yeeJIH'IHTb 3Ha'leHHe KPYTH3HbI gm napannenhHbIM BKJIIO'le

HHeM HeCKOJibKHX naMn HJIH TpaH3HCTOpOB, TaK KaK ypoBeHb wyMa npH 9TOM yMeHbWaeTCff 

e cooTBeTCTBHH c Ko9<f><f>Hu,HeHTOM, paeHhIM '1n. TpaH3HCTop rnna LM394, HMelOl.I..l.HH H.u.e

aJihHO cornacosaHHble xapaKTepHCTHKH, ffBJiffeTCff HpKHM npHMepoM HCilOJib30BaHHff no

.u.o6Horo IlO,l!.XO,ll.a, TaK KaK. OH BKJIIO'laeT B ce6ff napy COCTaBHblX TpaH3HCTOpOB, npH'leM 

Ka>K,ll.blH H3 HHX H3fOTOBJieH H3 l 00 HH,ll.HBH,ll.)'aJibHblX npH6opos, 'IT06bl o6ecnel.JHTb o6mee 

YCHJieHHe 20 .u.E. napanneJibHOe BKJIIO'leHHe l 00 JiaMn rnna E88CC He npe,ll.CTaBJiffeTCff 

B03MO>KHbIM c npaKTH'leCKOH TO'IKH 3peHHff, HO npHHU,Hn MO>KeT OKa3aTbCff nJIO,ll.OTBOp

HbIM, .u.ame npH ,ll.OCTH>KeHHH 6onee CKpOMHOfO pe3yJibTaTa, HanpHMep ynyqweHHff ycHJie

HHff Ha 4,5 .u.E HCilOJib30BaHHeM Tpex, napaJIJieJibHO BKJllOl.JeHHblX JiaMn. 0.u.HaKO, He CTOHT 

3a6bIBaTb, l.JTO npH napanneJibHOM BKJIIO'leHHH HeCKOJibKHX JiaMn, HX BXO,ll.Hble H BblXO,ll.Hble 

eMKOCTH cyMMHpyioTcH! Cne.nyeT OTMeTHTb, 'ITO eenH'IHHa sxo.u.HoH eMKOCTH no.u.6HpaeTcff 

c y1.JeTOM HCnOJib30BaHHff HJIH OTKa3a OT BXO,ll.Hb!X TpaHc<f>opMaTOpOB, a TaK>Ke BbI6opoM 

THna 3BYKOCHHMaTeJieH c no,ll.BH>KHOH MarHHTHOH CHCTeMOH HJIH c nO,ll.BH>KHOH KaTYWKOH. 

HanpHMep, .ll.Jlff 3BYKOCHHMaTe~A c no.U.BH>KHOH KarywKOH H Bb!COKHM ypoBHeM BbIXO.U.HO

ro cHrnana THna «Blue Point Special», BblnycKaeMhIX <f>HpMOH Sumiko, no nacnopTHbIM 

,ll.aHHbIM MaKCHMaJibHOe 3Ha'leHHe eMKOCTH Harpy3KH COCTaBJiffeT 200 n<I>. 

K comaneHHIO, npHee.u.eHHhie paHee npHMepbI Harnff.U.HO npoJJ.eMotteTpHpoeanH secbMa 

cymecTBeHHyio .u.eTaJib. CrnpaHCb ynyqwaTb wyMOBbie xapaKTepHCTHKH nYTeM ~onee Tma

TenbHoro BbI6opa naMnbl, HJIH .u.a>Ke HeCKOJibKHX JiaMn, npHXO,ll.HTCff 3a caMble He3Hat.tHTeJib

Hble ynyqweHHff pacnna'IHBaTbCff BeCbMa .u.oporoH u,eHOH, TaK KaK nony'leHHe BblCOKOro 3Ha

t.teHHff KPYTH3HhI gm ffBJiffeTcff ot.teHb .u.oporHM H cno>KHbIM npou.eccoM, e KOTopoM t.tyscTeo 

y.u.oeneTBopeHHff HHKor.u.a TaK H He HacrynaeT. )],JIH Toro, 'IT06bl nonyqHTb MHHHMaJibHble 

wyMbI, ecer.u.a ropa3.ll.o nyqwe no.u.aeaTb eo BXO.ll.HOH KacKa.u. nonHou,eHHbIH H xopowHH clir

Han' t.teM B03naraTb Ha,ll.e>K,ll.bl Ha B03MO>KHOCTb Ka'leCTBeHHOro ycHJieHHff cna6oro. 

6.5.14. Yny'IUJeHHe wyMosb1x xopaKrepHCTHK npH HcnonbJOBOHHH 
6noKo 'locrorHoii KoppeKl/HH ~TOHROpro RIAA 

EnoK qacTOTHOH KoppeKU.HH AMepHKaHCKOH accou,HaU.HH 3ByK03anHcbrnaiomeA HHJJYCTpHH 

(RIM) CHH>Kaei; wyMosyio 9KBHBaJieHTHYIO wHpHHy nonocb1 nponycKaHHff [ 4] .u.o 3Ha'leHHff 

118 fu,, 'ITO TeopeTH'leCKH Il03BOJiffeT CHH3HTb ypoBeHb WYMOB Ha 22,3 .u.E. 0.u.HaKO, TaK 

KaK,ll.Jlff BblpaBHHBaHHff 'laCTOTHOH xapaKTepHCTHKH He06XO,ll.HMO ycHJieHHe 19,9 .u.E OTHOCH

TeJibHO l.JaCTOTbl l KfU., OKOHl.JaTeJibHOe 3Hal.JeHHe ynyqweHHff, Bbl3BaHHOe BblpaBHHBaHHeM 

qacTOTHOH xapaKTepHCTHKH, KOTopoe onpe.u.eJiffJIOCb Henocpe,ll.CTBeHHO H3MepeHHffMH B 

KacKa.u.e npe.nycHneHHff, cocTaBJiffeT scero 2,4 .u.B. 
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6.5.15. 0606111a1011111e BhlBORhl no npo6neMe co6crf!eHHhlX 111yMoB naMn 
BonpeKH sceM paHee c.u.enaHHblM npeAOCTepe>KeHHffM, orosopKaM H orpaHw-1eHHffM, MO>KHO 

BCe-TaKH c.u.enaTb HeCKOnbKO none3HblX o6o6meHHA, KOTOpble no3BOnffT BblnonHHTb Heo6xo

,llHMbie Bbll.JHCneHHff npH KOHCTpyHpOBaHHH KaCKa,D.a, 06naJI.BIOIUero HH3KHM ypoBHeM UJYMOB. 

neHTOJI.bl no cpaBHeHHIO c TpHOJI.8MH xapaKTepH3YIOTCff ropa3)].0 6onee BblCOKHM 

yposHeM co6cTBeHHbIX wyMoB. 

• YposeHb wyMoB Mo>KeT JHal.JHTenbHO H3MeHffTbCff OT O.ll.Horo 3K3eMnnffpa naMnbl 

K Jl.pyroMy JI.Jiff o6oHX THnOB JiaMn. <l>JIHKKep-wyM B 3Hal.JHTeJlbHOA CTeneHH onpe

J].eJiffeTCff ycnOBHffMH npOH3BO)l.CTBeHHOA caHHTapHH B TaK Ha3blBaeMoA «1.JHCTOA 

KOMHaTe», B KOTOpoA npoH3BO)l.HTCff c6opKa JiaMn. no3TOMY ecJIH JI.Jiff 0)].HOfO 

npoH3BO,llHTenff Ha6JIIO)l.aeTCff TeHJ].eHUHff no,ll)l.ep>KaHHff noCTOffHHOro ypoBHff 

wyMa, TO JI.Jiff pa3HblX npOH3BO)l.HTeneA, TOl.JHee fOBOpff, pa3HblX ycnoBHA c6op0'1-

HOf0 npOH3BO)l.CTBa, MOryT Ha6nlO)l.aTbCff 3Hal.JHTenbHble OTKJIOHeHHff B 3Hal.JeHHffX 

3Toro napaMeTpa. ' 

• Jlnff 06ecne1.JeHHff MHHHMaJlbHOfO ypoBHff ·WyMa, reHepHpyeMoro B pe3HCTOpe 

aHO.ll.HOA Harpy3KH R, .• He .non>KHa HcnonbJOBaTbCff o6paTHaff CBff3b, )l.eAcTBy10w,aff 

Ha KaTO.ll.HYIO uenb, TaK KaK OHa 3Hal.JHTeJlbHO CHH>KaeT 3cf>cf>eKT WYHTHpoBaHHff 

BHYTpeHHHM aHO.ll.HblM conpornsneHHeM 'a· 3TOT BbIBO.ll. cnpaBeJl.JIHB TaK>Ke H JI.Jiff 

cnyqaff npHMeHeHHff µ-nOBTOpHTenff, .na>Ke HeCMdtpff Ha TO, l.JTO HCKJllOl.JeHHe H3 

CXeMbl KOH)l.eHCaTOpa Ck He OKa3blBaeT OllIYTHMOfO BnHffHHff Ha YCHJieHHe. ,llnff KaC

KBJI.8 BHYTpeHHee aHO)l.HOe conpoTHBJleHHe '" "' r. no3TOMY wyM, reHepHpyeMblA 

B pe3HCTope aHO)l.HoA Harpy3KH R,_, Jl.OJI>KeH 6b1Tb 6onee JHal.JHTenbHbIM. 

Jlnff CHH>KeHHff ypoBHff wyMa He06XO)l.HMO HCnOJlb30BaTb naMny c MaKCHMaJlbHOA 

KPYTH3HoA gm, npH 3TOM MO>KeT Hcnonb3oBaTbCff nH6o o)l.Ha naMna c 01.JeHb Bbrco

KHM 3Hal.JeHHeM )l.aHHOfO napaMeTpa, JIH6o HeCKOJlbKO naMn, 06J18)].al01UHX xy.ll.WH

MH napaMeTpaMH, HO BKJ1101.JeHHblX napannenbHO. )laHHoe nono>KeHHe 6y.ll.eT cnpa

BeJl.JIHBo BHe 3aBHCHMOCTH O'f nma HCnOJlb3yeMoro npH6opa. 

Hcnonb30BaHHe naMn c MaKCHManbHblM 3Hal.JeHHeM KPYTHJHbI gm HJIH napannenb
Hoe BKJllOl.JeHHe HeCKOnbKHX naMn cymecTBeHHO yseJIHl.JHBaeT BXO.ll.HYIO eMKOCTb 

BXO)l.HOfO KaCKa.ll.a H, KaK npaBHnO, npenffTCTByeT Hcnonb30BaHHIO nOBblWaromero 

TpaHccf>opMaTopa JI.Jiff JBYKOCHHMaTeneA c no)l.BH>KHOA KarywKoA. 

1136blTOl.JHblA TOKOBblA WYM npeo6na.naeT B nneHOl.JHblX pe3HCTopax, pa6oTalOIUHX 

B uenffX nocTOffHHoro TOKa. ,llnff nposonOl.JHblX H cf>oJibfOBblX pe3HCTOpOB H36blTOl.J

HbIA TOKOBbIA wyM He xapaKTepeH. 

01.JeHb 60JlbWOe 3Hal.JeHHe eMKOCTH KOH)l.eHcarnpa CBff3H (npeBblWalOIUee, KaK 

npasHno, B 100 pa3 THnosoe) noJBOnffeT BHYTpeHHeMY aHO.ll.HOMY conpornsneHHIO 

ra WY,HTHposaTb wyMbI, reHepHpyeMb1e B pe3HCTope ceTO'tHoro cMeIUeHHff cne.ny10-

mero KaCKB)l.a, HO HCnOJlb30BaHHe CBff3H no noCTOffHHOA COCTaBJlfflOIUeA (TO eCTb 

Henocpe)l.CTBeHHOA CBff3H) 6y)l.eT npe)l.nOl.JTHTeJlbHee. 

0)].HOBpeMeHHOe co6JIIO)l.eHHe BbIWenepetJHcneHHblX tpe6osaHHA OTHOCHTeJlbHO ypos

Hff wyMa H BXO)l.HOA eMKOCTH e)l.Ba He HCKJllOl.JalOT B03MO>KHOCTb npHMeHeHHff TaKHX WHpo

KO HcnonbJyeMblX THnos naMh, KaK naMnbl ECC83, 6SL7GT (a TaK>Ke .ll.PYrHX naMn, 
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'tacroTHblii KoppeKTop CHrHana or npo11rpwaarem1 rpaMnnacr11HK RIAA 

HMe10mHx BbICOKoe 3Ha11eHHe Ko3cpcpHl.lHeHTa ycHneHHfl µ, HeBbICOKYJO KPYTH3HY gm) so 

BXO.ll.HOM KaCK8,ll.e 6noKa 11acTOTHOH KoppeKl.lHH RIM. 

6.5.16. np11Mep npaKTll'l8CKQfO BOMOUJ8HllR 6noKa 'IOCTOTHOH KoppeKl/1111 RIAA 
Bhlrne paccMoTpeHHble apryMeHTbl OTHOCHTenbHO npo6neM, B03HHKa!Oll.lHX npH BblpaBHH

eaHHH tfaCTOTHOH xapaKTepHCTHKH, noKa3anH, l(TO 38,ll.atfa nocTpoeHHfl 6noKa tfaCTOTHOH 

KoppeKl.lHH cno>KHafl H HeO.ll.H03Ha11HaH. 113 y.ll.atfHblX npaKTHtfeCKHX KOHCTPYKl.lHH cne.uyeT 

no,ll.po6Ho ocTaHOBHTbCH Ha 6noKe RIM. co,ll.ep>1<ameM TPH OT.ll.enbHblX KaCK8.ll.a .ll..llff co3.n.a

HHH nonHOl.leHHOH cxeMbl 11aCTOTHOH KoppeKl.lHH. flpH 3TOM B KatfeCTBe BXO.ll.HOH naMnbl 

.ll.On>KHa Hcnonb30BaTbCH naMna c BbICOKHM 3Ha11euHeM KPYTH3Hbr gm, HanpHMep, THna 

E88CC, nH6o naMna c eme 6onee BblCOKOH KPYTH3HOH. KacKO.ll., nH6o cxeMa m-noeTOpH

TenSJ TaK>Ke OCTalOTCff eepOSITHblMH npeTeH,ll.eHTaMH Jl.Jlff peanH3al.lHH BXO,ll.Horo KaCK8,ll.8, 

O,ll.HaKO Jl.Jlff npOCTOTbl paccy>KJI.eHHH Ha nepBOM 3Tane 6y,ll.eT HCnOnb30BaHa TpHO,ll.HaSJ cxe

Ma c o6mHM KaTO.ll.OM, TaK>Ke 06ecne11Hea10maSJ HennoxHe noKa3aTenH. BTOpoA KaCKB.ll. 

MO>KeT 6bITb nocTpoeH no TaKOH >Ke TOnonorHH, KBK H BXO,ll.HOH, a BOT B KatfeCTBe TpeTbero 

He06XO,ll.HMO HCnOnb30BaTb K8TO,ll.Hblli noeTOpHTenb H3-3a 11pe3BbltfaHHO HH3Koro conpo

THBneHHff Harpy3KH, KOTopoe CTpeMHTCff ycTaHOBHTb Jl.Jlff Hero pe>KHM pa60Tbl, 6nH3KHH 

K KOpOTKOMY 3aMblKaHHIO. flpHMep paccMaTpHeaeMOH npHHl.lHnHanbHOH cxeMbl 6noKa 
11acTOTHOH KoppeKl.lHH RIM npHBe,ll.eH Ha pHc. 6.23. 

R1 

R2 
IOOk 

Cl 

R5 
R10 R11 

C4 

PHc. 6.23 flpUHLfunua.n,&naJl cxeMa 61t0Ka ttacmomnou KoppeKLfUU RIM 

3aryxaHHe B BblCOKOtfaCTOTHOtl: o6naCTH onpe,ll.enSJeTCff u.enb!O c nOCTOffHHOH epeMeHH 

75 MKC, KOTopaSI cpopMHpyeTcSJ naccHBHblMH 3neMeHTaMH R4, R5 H C3, Tor.n.a KaK o6be.ll.H

HeHHble nonapHO u.enH c nOCTOSJHHblMH epeMeHH 3180 MKC H 318 MKC onpe,ll.enSJIOTCSJ 3ne
MeHTaMH R8, Rg H C5. Pac11eT 3Ha11eHHH 3THX 3neMeHTOB He npe,ll.cTaenSJeT cno>KHOCTeA, 

O,ll.HaKO, npH pac11eTe He06XO,ll.HMO YtfHTblBaTb CKpblTble ( 3KBHBaneHTHbie H napa3HTHble) 

3neMeHTbl, TaKHe, KaK BblXO,ll.HOe conpoTHsneHHe naMnbl H BXO,ll.Haff eMKOCTb MHnnepa 
cne.uy10mero KaCK8,ll.a, BKn1011eHHaSJ napannenbHO napa3H'tHblM eMKOCTSJM. 
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6.5.17. Pac'ler JHaWJHHii 1neMeHTOB 11en11, 

onpe11enJ110UJeii nolTOJIHHYIO BpeMeHH 75 MKC 

B cTaTH'leCKOM pe>KHMe )I.Jiff sxo.u.Horo KacKa.u.a, BbtnOJIHeHHoro no TpHO.U.HOH cxeMe c 06-
lll.HM KaTOJl.OM, BHyrpeHHe aHO.U.Hoe conpoTHBJieHHe 'a = 6 KOM, no nepeMeHHOMY TOKY 

OK33blB3eTCff BKJIIO'leHHbfM napanneJibHO c pe3HCTOpOM 3HO,ll.HOH Harpy3KH 100 KOM. no-

3TOMY 3KBHBaJieHTHOe BblXO.U.Hoe conpoTHBJieHHe OK33bIBaeTCff paBHblM r0u1 = 5,66 KOM. 

TaK KaK Ko3Q>Q>HU.HeHT ycHJieHHff KacKa.u.a paseH 29, a npoxo.u.Haff eMKOCTb 

Cag = 1,4 net>, To seJIH'IHHa napaaHTHOH eMKOCTH MHnnepa (no.u.po6Hee CM. rnasy 2) 
COCTaBHT 30· l ,4 = 42 net> • .LI.onOJIHHTeJlbHO K 3TOMy, KaTO,ll,, no.u.orpeBaTeJIH KaTo.u.a H 3K

paHHble ceTKH HMelOT no nepeMeHHOMY TOKY HyneBOH noTeHu.HaJI H OK33blB3IOTCff BKJllO

'leHHblMH napanneJibHO 3TOH eMKOCTH: cg-k-h -· = 3,3 net>. DoMHMO 3Toro K nonyqe1rnoit 

eMKOCTH Ha,ll.O .u.o6aBHTb HeCKOJibKO nHKo(j>apa.u.. B03HHK3IOW.HX 33 C'leT BHeUIHHX napa3HT

HblX u.eneH CXeMbl (napa3HTHble eMKOCTH MOHTa>Ka HT. n.). Do3TOMY 3Ha'leHHe BXO,ll.HOH 

eMKOCTH nopff,ll.Ka 50 net> OKa>KeTCff O'leHb 6JIH3KHM K peaJibHOMY 3Ha'leHHIO • 

.llnff Toro 'IT06bl paCC'IHT3Tb 3Ha'leHHe eMKOCTH KOH,ll.eHcaTopa, Tpe6yeMoro )I.Jiff Q>op

MHpoBaHHff u.enH c noCTOffHHOH BpeMeHH 75 MKC, He06XO,ll.HMO H3HTH BeJIH'IHHy o6w.ero 
3KBHBaJieHTHoro conpoTHBJieHHff B cxeMe aaMew.eHHff TeseHHHa, KOTopoe OKa3blBaeTcff 

BKJllO'leHHblM napanneJibHO 3TOMY KOH,ll.eHcaropy ( pHC. 6.24 ). 

R4 

C3 R5 

PHc. 6.24 Onpeoe.1tenue napaMempoe tfenu c nocmoR.nnotl Bpe.Menu 7 5 MKC 6.1t0Ka 
ttacmomnotl KoppeKtfUU RIM 

.llnff ynpow.eHHff paC'leTa nepBOH8'18JlbHO MO>KHO npoHrHOpHpOB8Tb HaJIH'IHe KOH,ll.eH

caropa cl' BeJIH'IHHa KOToporo 6y.u.eT yqTeHa noa>Ke. KoH,ll.eHcaTOp Ca BKJllO'leH napan

JieJlbHO peaHcTopy ceTO'IHoro cMew.eHHff R5, a OHH oKa3bIBaIOTCff BKJIIO'leHHblMH nocne.u.o

saTeJibHO c KOM6HH3U.HeH pe3HCTopoB, o6pa30B3HHblX H3 BblXO,IJ.HOro conpoTHBJleHHff 

npe.U.blJIYW.eii naMnbl H pe~HcTopa R~. KaK o6bl'IHO, seJIH'IHHa conpoTHBJieHHff pe3HCTopa 

ceTO'IHOro CMew.eHHff aa.u.aeTCff'M8KCHM8JlbHO 60JibWOH, no3TOMY MO>KHO npHHffTb, 'ITO 

conpoTHBJieHHe R, = 1 MOM • 

.LI.anee npe.u.cT~HT Bb16paTb senH'IHHY peaHcTopa R1. Bblxo.u.Hoe 3KBHBaneHTHoe conpo

THBJieHHe '°''' ,ll.OJl>KHO COCT3BJlffTb He60JibWYIO no cpaBHeHHIO c conpoTHBJieHHeM pe3HC-
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'facrorHblM Koppenop cMrHano or npo1rpb1aare11J1 rpaMnnacrMHK RIAA 

Topa R4 eenH'IHHy, B npoTHBHOM CJiyqae H3MeHeHHe BHYTpeHHero aHo,U.Horo conpornene

HHSI 'a Bbl30BeT HapyweHHe TO'IHOCTH BbtpaBHHBaHHSI xapaKTepHCTHKH, O,ll.HaKO, CJIHWKOM 

6onbwoe 3Ha'leHHe R4 npHeeno 6bt K o6pasoeaHHIO coeMeCTHO c pesHCTopoM R5 .u.eJIHTensi 

Hanpsi>KeHJrn, Bbt3b1Batomero Heonpae.u.aHHO BbICOKHe noTepH. Ha BbICOKHX qacToTax KOH

.a.eHcaTop C 3 o6pasyeT KOpOTK03aMKHYTYIO u.enb, B CHJJY 3TOro Jl.JISI BXO.U.HOH JJaMnbl pe3HC

TOp R4 o6pasyeT .u.onoJJHHTeJJbffYIO BblXO.ll.HYIO HarpysKY no nepeMeHHOH cocTaensitow.elf. 

BenH'IHHa conpoTHBJJeHHSI pesHcTopa R4, paeHasi 200 KOM, siensieTcsi eecbMa no.n.xoJI.S1-

W.HM 3Ha'!eHHeM • .LJ.onOJJHHTeJJbHbIM npeHMyW.eCTBOM Bb16opa HMeHHO TaKoro 3Ha'!eHHSI 

SIBJJffeTCSI TO, '!TO pe3HCTOpb1 c TaKHM 3Ha'leHHeM HOMHHaJJa O,ll.HOBpeMeHHO npHCYTCTBYIOT 

KaK B HOpMaJJH (KJJacce TO'IHOCTH) pe3HCTOpOB E96, HMeIOW,HX KJJacc TO'IHOCTH 0, l %. TaK 

H B HOpManH E24, HMetow.Hx KJJacc TO'IHOCTH l %. Cne.eyeT HMeTb e BHJJY, '!To o'leHb He-

6onbwoe KOJJH'leCTBO HOMHHanoe Jl.Jlff pesHcTopoe HOpManH E96 coena.naeT c HOMHHana

MH pe3HCTopoe, BXOJI.S!W.HX e HOpManb E24. ~cnonh3yeMasi KOM6HHaU.Hff pesHcTopoe R4 H 

R5 no3eonsieT nony'IHTb npHeMJJeMoe 3Ha'leHHe noTepb B 1,6 .u.5, He 3a.u.aeasi npH 3TOM 

'1pe3MepHO o6peMeHHTeJJbHOH Harpy3KH JI.JISI BXO.llHOro KacKa.u.a. 

nocne 3Toro cxeMa BKJJIO'leHHSI KOH.U.eHcaTOpa C 3, 06pa3yeTcS1 HJ napannenbHO BKJJIO

'!eHHoro pe3HCTopa R5 = l MOM H u,enH, o6pa3oBaHHOH nocne.u.oeaTeJJbHO BKJJIO'leHHblMH 

pe3HCTopaMH c conporneneHHSIMH 200 KOM H 5,66 KOM. 06w.ee conporneneHHe yqacTKa 

u.enH, co3.a.aeaeMOH 3THMH pe3HCTopaMH, cocTaBHT 170,58 KOM . .LJ.eneHHe 3Toro 3Ha'leHHSI 

Ha nOCTOSIHHYIO epeMeHH 75 MKC [103BOJJSleT onpe.u.eJIHTb BeJJH'IHHY He06XO.U.HMOH eMKOC

TH, KOTOpasi OKa3blBaeTCSI paBHOH 440 n<I>. 0.a.HaKO Harpy3KOH 3TOH u.enH SIBJJSl~TCSI BTO

poH KaCKa.U., y KOTOporo cyw.ecTByeT co6CTBeHHaff BXOJI.Haff eMKOCTb BeJJH'IHHOH 50 n<I> 

(CM. BbJWe ), BKJIIO'leHHaSI Me)!Wy ceTKOH H 3eMJJeH. CT03TOMy, peanbHOe 3Ha'leHHe Heo6xo-

.U.HMOH eMKOCTH COCTaBJISleT: 440 n<I> - 50 n<I> = 390 n<I>. . 

TaKHM o6pa30M, Heo6xo.a.HMO Hcnonb30BaTb KOH.U.eHcaTop, HMeIOW.HH eMKOCTb 390 n<I> 

H pas6poc HOMHHaJJbHOro 3Ha'leHHSI KOTOporo He npeBblWaeT l % . .LloTOWHblH 'IHTaTeJib 

c HeKOTOpbIM U.HHH3MOM MO>KeT nOJJYMaTb, '!TO KaK 3TO see 3.U.OpOBO nonyqHJJOCb, '!TO He

OOXOJI.HMbIH KOH.U.eHcaTop TO'IHO COOTBeTCTByeT HOMHHany H3 CTaH.a.apTHOrO psi.a.a (HopMa

JIH) eenH'IHH El2. 0.a.HaKo 6btno 6bt Hennoxo yqecTb, KaKHe, H eecbMa 3Ha'IHTeJJbHbte, 

YCHJIHSI 6bIJIH 3aTpa'leHbl npH pac'!eTax Ha no.a.roHKY BeJJH'IHH HOMHHaJJOB, 'ITOObl .u.ocrnr

HYTb 3TOT .u.eAcTBHTeJJbHO H3ffll.l.HblH pe3yJJbTaT! 

B caMoM Ha'!ane npH aHaJJH3e He 6btno yqTeHo BJJHSIHHe paJ.a.enHTeJJbHOro KOH.U.eHcaTo

pa CBSl3H C 1, XOTSI OH .U.OJJ>KeH OKa3blBaTb HeKOTOpoe BJJHSIHHe Ha 3KBHBaneHTHOe COnpo

THBJJeHHe cxeMbl TeeeHHHa, c KOTopoti oH cesi3aH 3neKTpH'leCKH. Mo>KHO 6btJJO 6b1 Hc

noJJb30BaTb B Ka'!eCTBe C 1 KOH.U.eHCaTOp O'leHb 60JJbWOH eMKOCTl-l, 'IT06bt C.U.eJJaTb ero 

peaKTHBHOe conpOTHBJJeHHe O'leHb MaJJeHbKHM no cpaBHeHHIO c nocne.u.oeaTeJibHO BKJIIO

'leHHblM pe3HCTopoM 200 KOM. 0.a.HaKo 6oJiee 3neraHTHbIM peweHHeM siensieTcsi He6onb

woe H3MeHeHHe ero MeCTOnOJIO>KeHHSI B cxeMe ( pHC. 6.25 ). 
B 3TOH HOBOH CHTyaU.HH BeJJH'IHHa eMKOCTH KOH.U.eHCaTopa MO>KeT 6b1Tb OTHOCHTeJJbHO 

He60JJbWOH, nOCKOJJbKY ero peaKTHBHOe conpOTHBJJeHHe He CHJJbHO KpHTH'IHO cpaBHH

TeJJbHO co 3Ha'!eHHeM conpOTHBJJeHHSI pe3HCTOpa, paBHOro l MOM. napaMeTp noCTOSIH

HOH epeMeHH 75 MKC COOTBeTcTByeT qacTOTe ocna6neHHSI c ypoeHeM -3 .u.5, paBHOH npH

MepHO 2 KfU., TO eCTb TOH 'laCTOTe, Ha KOTOpOH 3Ha'!eHHSI BeJIH'IHH .u.pyrnx KOMnOHeHTOB 

cxeMbl cTaHOBSITCSI KpHTH'IHbIMH. Ha 'lacToTe 2 Kfu. KOHJI.eHcaTop c eMKOCTbto l 00 H<I> 
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C3 

C1 

RS 
1M 

PHc. 6.25. H3Me1te1tue Mecma ycma1to81CU 1Co1toe1tcamopa CBR3U OAR yMe1tbUle1tua 

83llUM08AURHUR 

HMeer peaKTHBHoe conpoTHBJJeHHe nopHJJ.Ka 800 OM, •no cocraeJJsier MeHee 1 % or 3Ha11e

HHH conporHBJJeHHH 1 MOM. EcJJH 6bl MecTOnoJJO)KeHHe KOHJJ.eHcaropa He H3MeHHJJOCb, ro 

noHaJJ.o6HJJCH 6bl KOHJJ.eHcarop c eMKOCTblO 6oJJee 4 70 H<l> npocro JJ.JJH roro, 11ro6bl 06e6c

ne11HTb Heo6xoJJ.HMYIO TO'IHOCTb 11acrorHOH KoppeKU.HH RIAA. 
c JJ.pyroH cropOHbl, cymecreyer He60JJbllJOH HIOaHC npH HCl10Jlb30BaHHH KOHJJ.eHCaTOpa 

CBH3H c O'leHb 60JJbllJHM 3Ha'leHHeM eMKOCTH, npeJJ.Ha3Ha'leHHblM yMeHbllJHTb lllYM B o6JJa

CTH HH)KHHX '18CTOT, raK KBK conpOTHBJJeHHe 200 KOM llOCJJeJJ.OBaTeJlbHO BKJllO'leHHOro 

pe3HCTOpa R4 KOMneHcHpyer BbIXOJJ.HOe conporHe.rieHHe BXOJJ.HOH J1aMnb1 H CBOJJ.HT Ha Her 

ceoe lllYHTHPYIOll.lee BJIHHHHe Ha pe3HCTOp ceTO'IHOro CMemeHHH BTOpOH JJaMnbl. 

HH*e npHBOJJ.HTCH nporpaMMa QB.ASIC, Koropasi no3BOJJHer co cpaBHHTeJJbHO He-

6oJJblllHMH rpyJJ.o3arparaMH, 3KCnepHMeHTHpysi c pa3JIH'IHbIMH 3Ha'leHHHMH conpOTHBJJe

HHH pe3HCTopa, paCC'IHTaTb H8H60JJee llOJJ.XOJJ.Hll.lee 3H8'1eHHe eMKOCTH KOHJJ.eHcaropa, H 

raK*e paCC'IHTaTb 3Ha'leHHH BeJJH'IHHbl 3aryxaHHH Ha 11acrore 1 Kf IJ.. 

CLS 
x = 1 
PRINT "This program finds the value of capacitor" 
PRINT "required for 75us CR in the circuit of" 
PRINT "Fig. 25 and calculates the loss at lkhz." 
PRINT 
DO WHILE X > 0 
PRINT "What value is the series resistor PLUS the" 
PRINT "output resistance, in Ohms, input" 
PRINT "0 to stop"; 
INPUT X 
IF X = 0 THEN END 
PRINT "What is the value of the grid-leak, in" 
PRINT "Ohms"; 
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INPUT Y 
R = (X * Y) / (X + Y) 
C = .000075 I R 
PRINT 
D = ( (C * 10" 12) * 10) \ 1) I 10 
PRINT "C = "; D; "pF" 
A= 1 I (2 * 3.14159 * 1000 * C) 
L = ((8.68589 * LOG((Y / (X + Y)) * (A I SQR R" 2 +A" 
21 > * 10) \ ll I 10 
REM THE 8.68589 FACTOR ARISES BECAUSE QBASIC USES 
NATURAL LOGS 
PRINT "lkHz loss = •; -L; "dB" 
PRINT 
LOOP 

6.5.18. flapaMeTphl qeneii, OflpBRBRRIOU/HX flOCTORHHh/8 BpBMBHH 3180 MKC, 

318 MKC, ,, npo6neMh/ BJOHMOBRHRHHR JRBMBHTOB 11eneii 

BTOpoA KacKaJJ. aenocpeJJ.CTBeHHO cBsisaa c KaTOJJ.HblM nosropHreneM, qro6b1 HCKmoqHrb 

B3aHMOJJ.eACTBHe Me>fGlY KOHJJ.eHcaropaMH CBSl3H, a raK>Ke B3aHMHOe BnHSIHHe nonapHO 

06'beJJ.HHeHHblX 3neMeHTOB l.leneA, onpeJJ.enSllOlll.HX flOCTOSIHHble BpeMeHH 3180 MKC H 

318 MKC. Dpe>K,lle scero, nocrosiHHasi speMeHH 3180 MKC coorBercrByer qacrore cpe3a 

f -aJifi = 50 rl.l, KOTOpasi OKa3blBaeTCSI JJ.OCTaroqHo 6nH3KO pacnono>KeHHOA K qacro HC

nOnb3yeMOA Ha npaKTHKe qacrore cpe3a l.leneA nHTaHHSI KaCK8}J.8, paBHOA 1,6 ru, qro MO-· 

>Ker npHBeCTH K HX CHnbHOMY B3aHMOBnHSIHHIO. 

Bropasi npHqHHa JJ.JJSI Hcnonb30BaHHff KaTOJJ.Horo nosropHrensi 3aKnioqaercsi B ero 

04eHb HH3KOM 3HaqeHHH BXOJJ.HOA eMKOCTH, '"ITO Bbl3b1Baer JJ.OnonHHTenbHblA cnaJJ. Ha BblCO

KHX qacrorax, KOr}J.8 3Ta eMKOCTb OKa3blBaeTCSI BKnlO'leH'HoA napannenbHO c 3neMeHraMH 

uenH, HMelOW.HMH nOCTOSIHHble speMeHH 3180 MKC H 318 MKC. )lnsi uenH, HMeiow.eA no

CTOSIHHYIO BpeMeHH 75 MKC, OKa3anocb B03MO>KHblM ytieCTb cocrasnsriow.yio napa3HTHOA 

eMKOCTH KaCKa}J.8 H BKnlOqHTb ee senH'IHHY B npOH3BOJJ.HMble pacqerbl. 0JJ.HaKO JJ.,/ISI cnytiasi 

ueneA c noCTOSIHHblMH speMeHH. 3180 MKC H 318 MKC raKaff B03MO>KHOCTb orcyrcrsyer' 

n03TOMY craHOBHTCSI BeCbMa cyw.ecrBeHHblM o6ecneqHTb raKHe ycnOBHSI, 'IT06bl nio6asi 

napasttrttasi eMKOCTb HMena ttacronbKO Manoe 3Ha'"leHHe, '"IT06b1 eA MO>KHO 6b1no 6bI co

eepweHHO 6e360ne3HeHHO npeHe6pe%. Donttoe Bblpa>KeHHe JJ.,/ISI BentrqHffbl BXOJJ.HOA eM

KOCTH KaTOJJ.HOro noBTOpHrensi HMeer BHJJ.: 

c JJ.OCTaroqffO xopolllHM npH6nH>KeHHeM MO>KHO C'IHTaTb, 'ITO K03<l><l>Hl.lHeHT ycHneHHSI 

KaCK8.ll.8 paseH Av=µ/(µ+ l ), no3TOMY JJ.JJSI naMnbl rttna E88CC (µ = 52), Av= 0,97, 
Cag = 1,4 net> H Cgk = 3,3 net>. lJneHOM, COJJ.ep>KaW.HM CTaTHqeCKYIO BXOJJ.HYIO eMKOCTbnaM

Ilbl Cgk' MO>KHO npette6pe% B CHny ee ManOCTH (0, l net>), n03TOMY BXOJJ.Haff eMKOCTb <t>aK

TH4eCKH He 3aBHCHT OT ycHneHHSI npH 3HaqeffHSIX nopff.ll.Ka 8 net>, n03BOnSISI K TOMY >Ke 34>

<t>eKTHBHO 3aMb!KaTbCSI napa3HTHblM eMKOCTSIM Ha 3eMnlO. 
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KacKOAbl npeABapMTenbHoro ycHneHHll 

PaccMaTpHsae""'aH 38JJ.8'la He YHHKaJJbHa: c aHaJJOrH'lHbIMH npo6JJeMaMH 4aCTO cTaJJKH

saJJHCb pa3pa60T4HKH JJaMnOBbIX OCU.HJIJIOrpacf>os. 6yJJ.eT BeCbM8 noJJe3HO o6paTHTbCH 

K HX onb1ry. HanpHMep, B cxeMe OCUHJJJJorpacf>a MapKH Tektronix KaTOJJ.HbIH nosTOpHTeJJb 

Ha Jl8Mnax THna E88CC/692 HMeeT BXOJJ.HYIO eMKOCTb B JJ.Hana30He 3BYKOBblX 'l8CTOT 

B npoMe>eyTKe OT 1 Jl.0 2 n<l>. 0JJ.H8KO B OCUHJIJ!Orpacf>ax OnTHMH3aU.HH urnpHHbl IlOJIOCbl 

nponycKaHHH JJ.OCTHraeTCH 3a C'leT ,ll,HHaMH'leCKOro JJ.Hana30Ha, I103TOMY B npou.ecce pa3-

pa60TKH cxeM ocuHJJJJorpacf>os scerJJ.a nJJaHHpyeTCH csecTH K MHHHMYMY HaJJH'lHe napa-

3HTHbIX eMKOCTeH, a He npHHHM8Tb cneuHaJJbHble Mepbl no OnTHMH3aUHH 3KpaHHposaHHH 

npH6opa. npou.ecc pa3p860TKH JJI060rO H3J).eJJHH 3JleKTpOHHKH MO>KHO 6blJIO 6bI paCCMaT

pHBaTb c TO'IKH 3peHHH perneHHH 38.IJ.a'lJi no nepeJJ.a'le HHcpopM8UHH. TorJJ.a o6'beM nepeJJ.B

saeMOH HHcpOpMaU.HH 6yJJ.eT onpeJJ.eJJHTbCH 'laCTHblM OT J).eJJeHHH WHpHHbl llOJIOCbl rrponyc

KaHHH KaHaJJa Ha Jl.OllYCTHMYIO OWH6Ky: 

"' ...., lliHpHHa rroJJOCbI nponycKaHHH 
nH'f'OpMaUHH = · 

.lI.onyCTHMaH OlllH6Ka 

norpelllHOCTb C BeJIH'lHHOH B 0,3 % HBJIHeTCH He38MeTHOH Jl.JIH 3JleKTpOHH0-JIY'leBOH 

Tpy6KH, TOrJJ.a KaK 3Ha4eHHe 20 MfuJJ.JIH wHpHHbl noJJOCbl rrponycKaHHH paccMaTpHsaeT

CH, KaK He3Ha'lHTeJlbHOe. 0JJ.HaKO B JI.Hana3oHe 3BYKOBblX 4aCTOT He06XO,ll,HMO nepeJJ.BBaTb 

cpaBHHTeJJbHbIH o6'beM HHcf>opMaUHH npH ropa3JI.O 6oJJee y3KOH noJJoce nponycKaHHH (OT

HorneHHe ypOBHH CHrHaJJ/rnyM COCTaBJJHeT 96 JI.6, af _'l.th = 131 Kfu). B CHJIY 3TOro, npH 

pa3pa6oTKe KOHCTPYKUHH ayJI.HOTeXHHKH MO>KHO MHoro no3aHMCTBosaTb H3 onb1Ta paapa-

6oTKH BHJJ.eOTeXHHKH H MeTOJJ.OB OCUHJIJIOrpacf>HH. 

6.5.19. 8blpaBHHBOHH8 'IOCTOTHb/X xapaKrepHCTHK 8 TO'IKOX, 

xapaKrepH3flOIJIHXCR nOCTORHHb/MH speMeHH 3180 MKC H 318 MKC 

YpasHeHHH, CBH3b1Ba10LLI.He B eJI.HHYIO CHCTeMy napaMeTpbI ueneA c nocTOHHHblMH speMeHH 

3180 MKC H 318 MKC noTpHCalOLLI.e Kp8CHBbl H npoCTbl: CR = 318· l o-6 c, a BeJIH'lHH8 co

npOTHBJJeHHH sepxHero (no cxeMe) pe3HCTopa JJ.OJJ>KHa HMeTb 3Ha'leHHe 9R (me R - seJJH

'lHHa conpOTHBJleHHH HH>KHero pe3HCTOpa), TOr,ll.a K8K noTepH Ha 'laCTOTe 1 KfUJJ.JIH 3TOH 

uenH COCTaBJJHIOT 19,05 JI.6 (pHC. 6.26). 

npe>K,ll.e BCero, He06XO,ll.HMO nposepHTb, OKa>KeTCH JIH ,ll.OCTaTO'lHO He60JlblllOH I10 Be

JIH'lHHe eMKOCTH wyHTHPYIOLLI.ero KOHJI.eHcaTopa, paBHOH, HanpHMep, 8 n<l>, 'IT06bl He Bbl-

3blBaTb He>KeJJaTeJlbHblX OCJIO>KHeHHH. l..JTo6bl y6e,ll.HTbCH B 3TOM, He06XOJI.HMO 6yJI.eT HC

I10Jlb30BBTb OKOJlbHbIH IlYTb. 

npe>KJI.e BCero, npe,ll.nOJIO>KHM, 'ITO 3TOT KOHJ).eHC8TOp He Bbl30BeT HHK8KHX B38HMOBJIHH

HHH. ECJJH >Ke 3To TaK, TO 'l8CTOTa cpe3a uenH JI.OCTaTO'lHO BbICOKa, H TOrJI.a conpOTHBJJeHHe 

KOHJJ.eHcaTopa s JJ.BHHOH uenH 6yJI.eT npeJJ.cTasJJHTb JJ.OCT8T04HO MaJJYIO seJJH'lHHy. ECJJH 3TO 

TaK, TO ero MO>KHO Ha 3KBHBaJJeHTHOH CXeMe 38MeHHTb KOpOTK038MKHYTOH nepeMbl4KOH, H 

paCC'lHTaTb HOBOe 3Ha'leHHe BblXO,ll.HOro 3KBHB8JJeHTHOro conpOTHBJJeHHH Jl.8HHOH 3KBHB8-

JJeHTHOH cxeMbl 38MeLLI.eHHH TeseHHHa. TaK KaK seJJH'lHHbI conpoTHBJJeHHH pe3HCTOpos OT-
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9R 

PHc. 6.26 Ocy14ecmeAe1tue nonapnoeo o6?JeiJunenua napaMempoe tteneii 
nocmoaHHblX epe.M.enu 3180 MKC u 318 MKC 6AoKa ttacmomnoii 
KoppeKl{UU RIM 

HOCHTCH KaK 9: l, TO JJ.enHTeJib ttanpH>KeHHH o6ecneqHeaeT ocna6neHHe e ornowemrn l 0: l , H 
BblXOJl.HOe conpOTHBneHHe· 6yJ1.eT, cneJ1.0B8TenbHO, COCT8BnHTb O.Zl.HY JJ.eCHTYIO conpoTHBne
HHH OT attaqeHHH eepxttero (no cxeMe) peaHCTopa. EcnH npHHHTb, qTO aHaqeHHe conpOTHB· 
neHHH eepxttero peaHCTopa no-npe>KHeMy cocraBJIHeT 200 KOM (npH 3TOM .ll.llH npocTOTbl 

npeHe6peraeTCH 3KBHB8JieHTHblM BblX6Jl.HblM conpoTHBJieHHeM 'out npeJl.blJIYlll,ero K8CK8,ll.8 ), 
TO eenHqHHa 3KBHeaneHTHoro conpoTHBJieHHH TeeeHHHa e u.enH .ll.llH napa3HTHOH eMKOCTH 
Ha BbICOKOH qacTOTe 6yJ1.eT cocTaBJIHTb 20 KOM. KoM6HH8U.HH 3Toro conpoTHeneHHH c eMKO· 
CTbIO 8 n<I> o6ecneqHeaeT attaqeaHe qacTOTbl BY cpeaa, paettoe l Mru.. 

B KaqecTee MeTO.n.a npH6nH>KeHHOH ou.eHKH MO>KHO npHHHTb, qTO ecnH coornoweHHe 
Me>l<!lY Jl.BYMH B38HMOJl.eHCTBYIOlll.HMH noCTOHHHblMH epeMeHH Bbipa>KaeTCH OTHOllleHHeM 
100: l, OWH6Ka OTBeTHOH pea KU.HM, Bbl3B8HH8H B38HMOJ1.eHCTBHeM, 6yJ1.eT. K8K npaeHno, 
nponopu.HOH8JlbH8 BeJIHqHHe OTHOllleHHH noCTOHHHblX epeMeHH, n03TOMY OTHOllleHHe 
l 00: l Bbl3b1eaeT owH6Ky, npHMepHo paettyIO O, l Jl.D. 

B ttaweM npHMepe OTHoweHHe qacTOTbl l Mru. K qacToTe, cooTBeTcTeyIOw.eA 6JIH>Kal1-
wel1 nocTOHHHOH epeMeHH 318 MKC, TO eCTb K qacToTe 500,5 ru.. 6yJ1.eT paBHO OTHOllleHHIO 
2000: l. no3TOMY coeepweHHO 6ea6one3HeHHO MO>KHO npeHe6pe% B38HMOJl.eHCTBHeM H 
6onee TOqHo paccqHTaTb attaqeHHH .ll.llH nonaptto ceH38HHblX napaMeTpoe u.enel1, onpeJJ.e· 
JIH!Oll.l.HX nOCTOHHHbie epeMeHH 318 MKC H 3180 MKC. 

B cnyqae, ecnH u.enb nHTaeTCH OT H,Zl.eanbttoro HCToqHHKa, HMeIOiu.ero ttyneeoe conpo
THBneHHe, HJ1.eanbJ-1bIMH 3HaqeHHHMH .ll.llH conpoTHBJieHHH pe3HCTOpOB OK8>KyTCH BeJIHqH
Hbl 180 KOM H 20 KOM (e cooTBeTCTBHH c HJJ.eaJibHWM ornoweHHeM 9: I). TaKoH Bb16op 
onpeJJ.eJIHeTCH, npe)l(Jl.e ecero, TeM, '!TO OHH o6a BXOJl.HT B cepHIO E24, a eMKOCTb KOHJl.eH
caTOpa 6yJ1.eT JIPH 3TOM paeHa 16 tt<l> (c ToqHOCTbIO HcnontteHHH 0,6%). K co>KaneHHIO, 
peanbHblH HCTOqffHK nHT8HHH o6JI8Jl.8eT KOHeqffblM 3HaqeHHeM conpOTHBJieHHH, n03TOMY 
.ll.llH eepxttero no cxeMe peaHcTopa cne.nyeT O>KHJl.8Tb attatteHHH conpoTHBneHHH, KOTOpoe 
oKa>KeTCH 6nH>Ke K eeJrnqHHe 200 KOM, nocne qero Heo6xoJ1.HMO 6yJ1.eT ou.eHHTb, KaKHe 
3HaqeHHH eenH'rnH .ll.llff Jl.Byx OCT8JlbHblX 3JieMeHTOB u.enH 6yJIYT 38J1.8B8TbCH 3THM OTJIH· 

qaIOlll,HMCH OT HJ1.e8JlbHOro 3H8'1eHHeM. 
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KacKOAbl npeABDpHTenbHOro ycHneHHR 

TaK K8K B KaqecTBe BXO)l.HblX HCnOJib30B8Hbl )l.88 H)l.eHTHl{HblX K8CK8)1.8, BblXO)l.HOe co

npOTHBJieHHe cocTaBHT 5,66 KOM, qTo npHBe)l.eT K 3HaqeHHIO conpoTHBJieHHH eepxHero 

pe3HCTopa 205,66 KOM. 3HaqeHHe conpoTHBJieHHH HH)l{Hero pe3HCTopa cocTaBHT, TaKHM 

o6pa3oM, 22,85 KOM, a eenHqHHa eMKOCTH 6yAeT paeHa 13,92 HCI>. ,Il..nff nonyqeHHH eenH

qHHbI conpOTHBJieHHff 22,85 KOM MO>KHO HcnoJib30BaTb pe3HCTop 23,2 KOM, HMelOmHil: 

TOl{HQCTb HCnOJIHeHHSI 0, 1 %. napaJIJieJibHO KOTOpOMY BKJllOl{eH pe3HCTOp c conpOTHBJie

HHeM 1,5 MOM, HMelOlllHH TOl{HOCTb HcnonHeHHH l %. 3HaqeHHe eMKOCTH KOH)l.eHcaTopa 

13,92 HCI> MO>KeT 6bITb nonyqeHO npH napanneJibHOM BKJllOl{eHHH ABYX KOH)l.eHC8TOpOB, 

HMelOlllHX eMKOCTH no 6,8 HCI>, nocJie)l.OBaTeJibHO c KOH)l.eHC8TOpOM, HMelOUlHM eMKOCTb 

330 nCI>. nocJie 3TOro MO>KHO HaqepTHTb noJIHYIO cxeMy npe.nycHJIHTeJiff c paCCl{HT8HHblMH 

3HaqeHHSIMH 3JieMeHTOB cxeMbl (pHC. 6.27). 

6.5.20. nonroHKO rpe6yeMb/X JHO'l6HHii naCCHBHb/X JR6M6HTOB 

non ~TOHROPTHb/6 HOpManH 

B npou.ecce pacqeTa cxeM KoppeKU.HH qacTOTHbIX xapaKTepHCTHK H <f>HJibTpoe nocTOHHHO 

nonyqalOTCSI oqeHb Hey)l.o6Hble JI.llff npaKTHl{eCKoro npHMeHeHHff 3HaqeHHff KOMnoHeHTOB, 

H Tpe6yeTCSI HeManoe HCKYCCTBO, l{T06bl nO)l.OrHaTb 3TH 3HaqeHHff no)]. BeJJHl{HHbl, COOT

BeTCTBYIOll.lHe HOMHHaJJaM HaH6onee xo)l.oeoii HOpMaJIH E24. K co>KaneHHIO, 3Ta Tparn CHJI 

3aqaczy10 OK83bJBaeTCff HanpaCHOH, T8K KaK, XOTSI pe3HCTOpbl, HMelOW.He TOl{HOCTb HCnOJl

HeHHff ±0, l %, He HBJIHIOTCH oqeHb y>K 6oJJbwoil: pe)l.KOCThlO, TOl{HOCTh H3rOTOBJieHHH 

KOH)l.eHcaTopoe He npeeb1waeT l %. CJJe)l.oBaTeJibHO, JI.llff o6ecneqeHHH Heo6'ro)l.HMoil: Toq

HOCTH npHXO)l.HTCSI H3MepS!Tb eMKOCTb 60JibWero KOH)l.eHCaTOpa c HCnOJJb30B8HHeM MOCTO

BOH cxeMbl, 06ecneqHB8101lleil: )l.0CT8TOl{HYIO TOl{HOCTb H3MepeHHff (JJH60, c HCnOJib30B8-

HHeM U.H<Ppoeoro H3MepHTeJISI eMKOCTH, 06J18)1.810W.ero)l.OCT8TOl{HOH TOl{HOCTbl-0 npe)l.eJJOB 

H3MepeHHH), a TaIOKe HCnOJib30B8Tb )l.OnOJIHHTeJJbHble KOHJJ.eHCaTOpbl, l{T06bI HX KOM6H

H81..\Heil: nonyqHTb Tpe6yeMoe TOl{HOe 3H81{eHHe eMKOCTH. 

,Il..nff Ko'H)l.eHCaTopa c eMKOCTblO 13,92 HCI>, Tpe6y10w.erocff B paccMOTpeHHOM paHee 

npHMepe, 'QK838Jl0Cb He06XO)l.HMblM 38MepHTb eMKOCTH )l.Byx KOH)l.eHC8TOpOB c ROMHH8Jlb

HOH eMKOCTblO 6,8 HCI>, nocne qero 6blJJO o6HapY>KeHo, qTo HX )l.eil:cTBHTeJibJ!bie 3HaqeHHH 

COCT8BJISIJIH 6,74 HCI>. no3TOMY peaJJbHO BMeCTO BKJllOl{8eMOfO nOCJie)l.OB8TeJibHO KOH)l.eH

C8TOpa eMKOCTblO 330 nCI> He06XO)l.HMO HCnOJib30B8Tb KOH)l.eHC8TOp c eMKOCTblO 430 nCI>. 

B )l.8HHOM cnyqae npo6neMa oKa3anacb peweHHoil:, Ho qTo )l.enaTh, ecJJH 6bl BApyr oKa3a

JIOCb He06XO)l.HMblM HMeTb TOl{HOe 3HaqeHHe eMKOCTH l 0 HCI>. a BOT nocJJe H3MepeHHH 3H8-

qeHHe eMKOCTH peanbHOro KOH)l.eHcaTopa oKa3aJJOCh paBHbIM l 0, l HCI>? He npH)l.eT >Ke 

B ronoey MblCJlb cnerKa nO)l.WJIH<f>OB8Tb Kp8S1 KOH)l.eHC8TOpa H8,1J.<f>HJJeM! 

B CJJyqaHx, Kor.na Tpe6yeTCSI oco6aSI TOl{HOCTb, H npH 9TOM B H8JIHl{HH HMeeTCff MOCT 

JI.llff H3MepeHHff BeJJHl{HH KOMnoHeHTOB, TO nyqwe B XO)l.e pacqeTa cxeMbl HCnOJib30B8Tb Te 

3H81{eHHff, KOTOpble OK83blB3lOTCff H8H60JJee 6JJH3KHMH K 3H81{eHHSIM HOMHHaJIOB 3JieMeH

TOB, HMeJOW.HXCSI B H8JIHl{HH ( c yqeTOM HX .n.onycKOB Ha TOl{HOCTb H3fOTOBJJeHHSI ), a 38TeM 

)l.068BJIS!Tb K HMM )l.OnOJIHHTeJJbHble KOH)l.eHC8TOpb1, l{T06bl noJJyqHTb B HTOre He06XO)l.HMOe 

3HaqeHHe eMKOCTH. TaKOH noJJ,XO)l. B TOl{HOCTH COOTBeTCTByeT paHee HCnOJJb30B8BWeMYCH 
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KocKOAbl npeABDp1nenbHoro yCHneHMH 

npaBHJIY (<OTHOWeHHe l 00: l » Jl.JIH nOJI)"IeHHH TOlJHOro 3HalJeHHH eMKOCTH KOHJ].eHCaTOpa 

npH ero wyHTHpOBaHHH KOHJ].eHCaTOpOM MeHbWeH eMKOCTH. 

3JieMeHTbl, HMeJOU.lHe OlJeHb MaJible OTKJIOHeHHH OT HOMHH8JlbHOro 3H84eHHH, K8K 

np8BHJIO, O'-leHb J.1.0porn J.1.8 11 HX HCnOJib30B8HHe He BO BCex CJIY48HX OK83bIB8eTCH Kp8HHe 

He06XOJ.1.HMblM. EcJIH npHXOJ.1.HTCH KOM6HHHpOB8Tb J.1.B8 3JieMeHTa, OJ.1.HH H3 KOTOpblX HMeeT 

O'leHb BblCOKYJO TO'-IHOCTb H3fOTOBJieHHH, 8 BTOpoii - HeCKOJibKO xy.ziwyJO, TO HX KOM6HH8-

U:HH MO>KeT o6ecne'-IHTb TO'l!iOCTb, COOTBeTCTBYJOIIIYJO. 6oJiee TO'l!-10 H3rOTOBJieHHOMY 3Jie

MeHry, HO npH ycJIOBHH, lJTO OTHOWeHHe HX HOMHH8JlbHblX 3H84eHHH npeBblW8eT 3H84e

HHe, p8BHOe OTHOWeHHJO HX T04HOCTeii'H3fOTOBJieHHH. 04eBHJ.l.HO, lJTO 3JieMeHT, HMeJOiu:HH 

60JibwyJO TO'lHOCTb 113fOTOBJieHHH, J.1.0Jl)!(eH HBJIHTbCH OCHOBHblM 3JieMeHTOM, TOfJ.1.8 KBK 3Jie

MeHT, HMeJOiu:HH 60JibWHH J.J.OnycK HOMHHBJlbHOro 3H84eHHH, J.1.0Jl)!{fH BbinOJIHHTb cf>YHKU:HJO 

noJ.J.roHO'lHoro. HanpHMep, ecJIH Heo6XOJ.1.HM pe3HCTOp c conpoTHBJieHHeM ,22,85 KOM, HMe

JOiu:Hii MHHHM3JlbHOe OTKJIOHeHHe OT HOMHH8JlbHOro 3H84eHHH, MO)!{f{O HCOOJib30B8Tb pe3H

CTOP c conpoTHBJieHHeM 22,3 KOM }I TO'lHOCTbJO H3roTOBJieHHH 0, l % H n8p8JIJieJibHO 

BKJIJO'leHHbIH eMy pe3HCTop c conpoTHBJieHHeM 1,5 MOM, HMeJOiu:HH TO'lHOCTh 1 %. OrHo-· 

weHHe conpornBJieHHii 1,5 MOM:23 KOM = 65: 1, 4TO npeBbIW8eT 3Ha'leHHe ornoweHHH 

HX cooTBeTCTBYJOiu:HX TO'lHOCTeii H3roTOBJieHHH, l)OTOpoe 6yJ.J.eT p8BHO 10: 1. B CHJIY 3roro, 

CO'leTBHHe TBKHX pe3HCTopos 6yJ.J.eT YJ.J.OBJiernopHTb Heo6XOJ.1.HMOMY Tpe6oB8HHJO K TO'lttoc

TH noJ.J.6opa 3JieMeHTOB cxeMbl. CosepweHHO 8HaJIOrH4HO, Jl.JIH KOHJ.J.eHcaTOpa c, eM

KOCTbJO 13,92 H<I>' npttMeHeHHe KOTOporo o6CY*J].8JIOC.b paHee, OTHOWeHHe eMKOCTH oc- . 

HOBHOfO KOHJ].eHC8TOpa K eMKOCTH J.J.OnOJIHHTeJibHOro COCTaBJIHeT 16: l, n03TOMY TOlJHOCTb 

H3roTOBJieHHH 10 % Jl.JIH KOHJ.1.eHcaTopa c eMKOCTbJO 430 n<I> OK83bIBaeTCH snoJIHe JJ.OCTa

TO'lHOH, 4T06bl o6ecne'-IHTb 33JJ.3Httyl0 TO'lHOCTb 3JieMeHT!I cxeMbl. 803MO)l{H0, lJTO noHa,no-

6HTCH noeyn8Tb TOJlbKO 3JieMeHTbl, HMeJOiu:11e TO'lHOCTb H3fOTOBJieHHH l %, TOrJ].8 OTn8J].aeT 

He06XOJ.l.HMOCTb H3MepeHHH HXJ.J.eHCTBHTeJibHblX 3HalJeHHH. 

Xorn B pe3yJibTBTe onepaU:HH no noJ.J.roHKe 3Ha'leHHH peaJibHO 11c~OJib3yeMblX 3JieMeHTOB 

cxeMbl K Tpe6yeMblM p8C'leTHblM 6bIJIH nony'leHbl J.1.0CTaTOlJHO xopowHe COBnBJ.1.eHHH, 3TO He 

03Ha'laeT, 'lTO peaJibHble KOMnOHeHTbl Ha npaKTHKe He 6yJJYT HMeTb HHK3KHX OTKJIOHeHHH OT 

nOJI)"IeHHblX 3HalJeHHH. napaMeTpbl peaJibHblX KOMnOHeHTOB scex 3JieKTpOHHblX cxeM H3Me

HHl<)TCH co speMeH,eM ( npou:ecc crnpeHHH) H c· H3MeHeH11eM pa6o~eii TeMneparypbI, no3TOMY 

HX 3Ha'lel'.\HH 6y!JYT H3MeHHTbCH. CTo3TOMY, sce, 4TO 6b1J10 npoJJ.eJiaHo Bb1we, ycTpaHHeT 

TOJlbKO H3H843JlbHYJO norpeWHOCTb, T8K KaK BeJIHlJHHbl peaJibHO HCnQJib3yeMblX cxeMHblX 

3JieMeHi!'OB 6yJJYT coorneTCTBOBaTb pac'leTHblM 3Ha'leHHHM. A 3TO o6ecne4HBaeT 6oJiee 6JI8-

ronpHHTHbie H848JlbHble ycJIOBHH, n03BOJIHIOiu:He npeOJ].OJieTb c MeHbWHMH tteraTHBHblMH 

nOCJieJ].CTBHHMH BJIHHHHe J.J.pei1cf>a napaMeTpOB 3JieMeHTOB CXeMbl. 

6.6. Ae1opcKHH 06po1e1.1 McnonHeHH~ cxeMbl npe.qyc11n111en.s1 

npoTOrnn npeJ.J.blJ.l.Yiu:eii cxeMb1 npeJJ.ycHJIHTeJIH (CM. naparp.acf> 6.5.19 H pHc. 6.27) 6bIJI . ~ 

CMOHTHpOBaH B KO~nyce H3-nOJ.J. MOJ].eMa, KOTOpblH CTOHJI OKOJl9 Tpex cf>YHTOB CTepJIHHfOB B 

Mara3HH4HKe, TopryJOiu:eM cnHC3HHblMH H3J].eJIHHMH 3JieKTpOHHKH. 
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ABTopcKMii 06po1eq McnonHeHMll cxeMbl npeAYCMnMTen11 

HosaH JJHU.eBaH naHeJJb MaCKHposana OTBepcrne s Kopnyce MOJJ,eMa, a caM Kopnyc 6bIJJ 

3aHOBO OKpaweH 8BTOM06HJJbHOH 3MaJJblO (pHC. 6.28 ). 
1-faHa'laJibHO, asTOp nnaHHposan pa3MecTHTb nnaTy 6noKa 'laCTOTHOH KoppeKU.HH RIM 

Ha JJ,eKe npoHrpb1BaTeJIH, HO nocne npHo6peTeHHH BToporo 3K3eMnnHpa npoHrpbIBaTeJJH 

MapKH Garrard 30 I 3TOT sapHaHT 6bIJI OTBeprHYT H no3TOMY B HaCTOHlll.ee speMH B Kopny

ce npe~cHJIHTeJIH pa3MemeHbl JJ,Be OTJJ,eJJbHb1e nnaTbl (pHc. 6.29). 

PHc. 6.28 AemopcK.uu npomomun npeoycUAumeAR 

PHc. 6.29 AemopcK.uu npomomun npeoycUAumeAR 
( enympennuu euo) 

B Ka'lecTBe peryJIHTopa rpoMKOCTH HCnOJib3yeTCH npOMbIWJJeHHO BbmycKaeMbIH nepe

KJIJ04aeMbIH aTTeHJOaTop (KOTOpblH 6blJI npHo6peTeH B TOM >Ke caMOM Mara3HH4HKe CTa 

poH 3JieKTpOHHKH scero 38 I <l>YHT CTepJIHHrOB). nepeKJIJ04aTeJJb «THn 72», HCnOJib3ye 

MblH B Ka4eCTBe nepeKJII048TeJIH BXOJJ,OB H ycTaHOBJJeHHblH OKOJIO 3aJJ,HeH naHeJIH, HMeeT 

npoMe>f<YT04Hble 3a3eMJieHHble KOHTaKTbl, Heo6XOJJ,HMble .!VIJ! CHH>KeHHH nepeKpeCTHblX 

noMex . .LI.onoJIHHTeJibHO K 5 - wTbipesoMy pa3beMY, cooTBeTcTsy10meMy CTaHJJ.apry DIN, 
6blJIH CMOHTHpOBaHbl BXOJJ,Hble pa3beMbl 3BYKOCHHMaTeJIH c noJJ,BH>KHOH KarywKOH, noJJ,

KJIJ04eHHe Ka6eJIH K KOTOpOMY 6blJIO OCylll.eCTBJieHO TaK, 4T06bl o6ecne'IHTb c6aJiaHCHpO

B8HHblH H CHMMeTpH4HbIH sxoJJ. (CM. HH>Ke ) .. 

CJJ.soeHHblH u.seTHOH CVI.LI. 6bIJI pa3MemeH s u.eHTpe JIHU.esoA naHeJJH, npH4eM Jene

HbIH ceKTOp CVI.LI. oKa3bIBaJicH nocTOHHHO BKJJJO'leHHbIM npH noJJ,a4e HanpH>KeHHH Ha no

JJ,orpesaTeJIH KaTOJJ.OB, a KpacHbIH ceKTop CVI.LI. 6bIJI BKJIJ04eH nocneJJ,osaTeJJbHO c pe3Hc

TOpoM, o6ecne4HB810lll.HM nOCTOHHHYIO TOKOBYIO Harpy3KY HH3KOBOJibTHOro nJie'la 
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KacKOAbl npeAeapMTenbHoro yc11neH1111 

BblCOKOBOJibTHoro HCT04HHKa nHTBHHff onepauHOHHblX ycHJIHTenew. Cne.noeaTeJJhHO, npH 

BKJll04eHHH nHTaHHff ~peJIYCHJIHTeJlff Ha6n10,naJIOCb opaH>Keeoe CBe4eHHe HH,llHKaTopa, 

HanoMHHalOJ.J.J.ee CBel.feHHe no.norpeeaTe.nff uenH HaKaJia JiaMnbl, npH 9TOM stpKO KpaCHOe 

cee4eHHe HH.llHKaTopa CHrHaJIH3Hpoeano o HeHcnpaBHOCTH e HH3KOBOJJbTHOH uenH HCTO'l

HHKa BbICOKOBOJlbTHOrO Hanpff>KeHHff. 

De4aTHbie nJiaTbl 6bIJIH 3a3eM.neHbl C HCnOJib30BaHHeM C06CTBeHHOrO 3B3eMJifflOJ.J.J.e; 

ro CJIOff nnaT H, HeCMOTpst Ha TO, 'ITO nepBOHa'laJlbHO Jl,llSI coe,m1HeHHff npeJIYCHJlHTeJlff 

6b1JI HCnOJib30BaH 30->KHJlbHblH CBepxrH6KHH npOBO,ll C H30JISl_UHeH H3 DBX, BnOCJie~CT
BHH OH 6bIJI 3aMeHeH Ha cepe6pffHblH npOBO,ll,llHaMeTpOM 0.7 MM B H30JlffUHH H3 Q>Topon

JiaCTa. TaKaff JaMeHa .nana HaHny'IWHH pe3yJihTa1, HO npH 9TOM cneJIYeT y'leCTb, 'ITO B03-

MO>KHOCTb Ka'leCTBeHHOro npocnyWHBaHHff, o6ownacb aernpy npHMepHO B 30 Q>yHTOB 

CTepnHHrOB. 

6.7. CMMMeTpHllHblH exon M npoeona nnsr nonKn1011eHMS1 
3BYKOCHMMOTenst 

CHMMeTpH'IHbIH (ypaeHoeeweHHblH) exo.nsrenHeTcff o6menpHHffTblM TeXHH4eCKHM npHeMoM, 

Hcnonb3yeMbIM e pa.nHonepe.nalOJ.J.J.HX H 3eyK0JanHcblea10J.J.J.HX cry,nHffX JI.Jiff JaJ.J.J.HTbl 3ey1<oeoro 

CHrHana OT BJIHffHHff BHeWHHX 9JleKTpoMarHHTHblX noneA. OH CTaHOBHTCff oco6eHHO ea>KHblM 

npH HCnOJib30BaHHH cna6blX CHrHaJIOB, oco6eHHO OT MHKpoQ>oHOB, KOTOpble, KaK-npaBHJIO, 

HMelOT Ka6eJIH 60JlbWOH npOTSl>KeHHOCTH (HeKOTOp,ble, B oco6eHHOCTH TeJieBH3HOHHble ne

pe,nalOJ.J.J.He CTY.llHH, HCnOJib3YIOT MHKp0<t>o191ble Ka6eJIH ,llJIHHOH .no I KM!). ' 

CHMMeTpH4HbIM HCTO'IHHKOM CJirHaJia ffBJiffeTCSI TaKOH HCT04HHK, y KOTOporo Ka>KJJ.blH 
' I 

BblBO,ll HCT04HHKa HMeeT CHMMeTpH4HYIO (HJIH ypa&HOBeWeHHYIO, paBHYIO) Harpy3KY, no.n-

KJll04eHHYIO K 3a3eMJlfflOJ.J.J.eH WHHe • .nocTaTO'lHO 4aCTO HCnOnb3yeTCH eapHaHT, npH KOTO

poM e,nHHCTBeHHblM "YTeM JI.Jiff npoxo>KJl,eHHff TOKa OT BbIBO,lla Ha 3eMJIIO ffBJlfflOtCff napa-

3HTHbie eMKOCTH (pa3yMeeTCSI, TOJlbKO JI.Jiff nepeMeHHOH, a He nOCTOffHHOH COCTaBJifflOJ.J.J.eH 

CHrHana). B TaKOM CJIY'!ae JI.Jiff HCT04HHl{a CHrHana 43CTO HCflOJib3YIOT TepMHH «nnaeaiq

J.J.J.H~». Coe,nHHH,TeJibHble Ka6eJIH JI.Jiff CHMMeTpH'IHblX CHCTeM HMelOT, TaKHM o6pa30M, .nea 

coeepweHHO H,neHTH'IHblXJl.Jlff npoxo>KJJ.eHHst cHrHana npoeo.na, HJIH nne'!a, npe,nHa3Ha4eH

HhIX JI.Jiff 06ecne11eHHff 6anaHca, H BHeWHIOIO 9KpaHHPYIOUJ.YIO o6oJIO'IKY • .D,:nff TOro, 'IT06bl 

o6ecne4HTb ypaBHOBeilleHHblH HJlH CHMM~TP"!4HblH pe>KHM pa60Tbl, BXO,llHOH KaCKa,ll CJie

JIYIOJ.J.J.ero ycHJIHTenst .non>KeH HMeTb TO'IHO ypaeHoeeweHHble 3Ha11eHHff ~o6creeHHoro na

pa3HTHoro conpOTHBJieHHff OTHOCHTeJlbHO 3eMJIH, H 'lame ecero B ero cxeMe HCflOJlb3yeTCSI 

nH6o ,nHQ>Q>epeHuHaJibHbIH ycHJIHTeJih { 6onee .neweBblH eapHaHT ), _JIH6o TJ.J.J.aTeJibHO pac

C'IHTaHHblH CHMMeTpHpylOJ.J.J.HH ipaHcQ>opMaTop (ropa3,ll0 6onee JIY4WHH, HOH 6onee .no

poroA eapHaHT). 

OpH BHeceHHH ypaettoeeweHHoro coe,nHHHTeJibHoro Ka6enff e 9JieKTpoMarHHTHoe 

none, B Ka>KJl,OM H3 npOBO,llHHKOB Ka6eJiff HHJIYUHPYIOTCH coeeprneHHO H,lleHTH4Hbie TOKH 

wyMa (HaBO,llOK). 3Ha4eHHff rfOCJie,llOBaTeJlbHblX conpOTHBJleHHH JI.Jiff Ka>KJl,OH BeTBH Ka6e
Jlff coeepweHHO o,nHHaKOBbI, TaK>Ke 6yJIYT a6con10THO paBHbI 3Ha'leHHH wyHTHPYIOJ.J.J.HX 

eMKOCTeH H conpOTHBJieHHH OTHOCHTeJlbHO aeMJIH. B CHJJY 9TOro TOKH HaBO,llOK, HJIH CHrHa-
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JJa wyMa, B o6eHX BeTBHXxapaKTepH3YIOTeH OJl.HHaKOBblMH 3Hal!eHHHMH naJJ.eHHH HanpH>Ke

HHH H <f>a3oeoro eJJ.BHra, KOTOpb1e 3aTeM noerynaJOT Ha exoJJ.yeHJJHTeJJH. TaK KaK 3TH eHrHa

JJbl npeJJ.eTaBJJHeT eo6oA eHH<f>a3HblH eHrHaJJ, TO B onepaU.HOHHOM yeHJJHTeJJe npoHeXOJl.HT 

OCJJa6JJeHHe eHH<f>a3HOro eHrHaJJa, TOrJJ.a KaK noJJe3HblH 3BYKOBOH eHrHaJJ, npeJJ.eTaBJJS!H 

eo6oA pa3HOeTHblH eHrHaJJ, 6yJ1.eTyeHJJHBaTbeH. 

Bb1xoJ1.Hoe HanpH>KeHHe eTaH.ll.8pTHoro 3eyKoeHHMaTeJJsi e noJJ.BH>KHOH Kary11JK0A eo

craeJJHer Ha qaeTOTe l KfU. npHMepHO 200 MKB npH eKopoeTH nepeMelll,eHHH HfJlbl 5 eM/e, 

HO 3TOT >Ke ypoeeHb CHrHaJJa Ha qaeToTe 50 ru. nepeJI. ero noerynJJeHHeM B 6JJOK qaeTOTHOH 

KoppeKU.HH npHMepHO Ha 17 Jl.D HH>Ke, TO eCTb eoeTaBJJH~T npHMepHO 28 MKB . .LloeTH>Ke

HHe u.eJJH, KOrJJ.a <f>oH nepeMeHHOro TOKa 6yJ1.eT·npaKTH"1eeKH HeOlll,yTHM npH TaKOM ypoeHe 

noJJe3HOfO eHrHaJJa, eTaHOBHTeH Jl.OeTaTO"IHO HeTpHBHaJlbHOH 3aJJ.8l!eH, n03TOMy Ha no

MOlll,b He06XOJ1.HMO npHBJle"lb Jll06ble Jl.OerynHble epeJJ.eTea. fOJJOBKa 3BYKOeHHMaTeJJH H3-

Hal!aJlbHO HBJJHeTeH eHMMeTpHl!HblM yeTpoi%eTBOM, n03TOMY Heo6XOJ1.HMO paeeMOTpeTb', 

"!TO MOrJJO 6bl npHBeeTH K HapyweHHIO yeJIOBHH paBHOBeeHH? 

.Llnsi eoeeraHOBJleHHS! 6aJJaHea fleo6XOJ1.HMO HeMe)J/leHHO 3aMeHHTb BblXOJ1.HOi% eoeJ1.H

HHTeJJbHbli% Ka6eJJb 3BYKOeHHMaTeJJH, OTKa3a,BWHCb OT npHMeHeHHH KOaKeHaJJbHOro Ka6e

Jlff. CoeJ1.HHHTeJJbHbii% Ka6eJJb Jl.OJJ>KeH 6bITb 13aMeHeH npoBOJl.OM, TaK Ha3bIBaeMoH BHTOH 

napoi%, HMeJOlll,e1!'% enJJoWHOH 3KpaH )JllH Ka>KJ1.oro KaHaJJa. HenoJJb30BaHHe Jl.Byx KoaKeH

aJJbHbIX Ka6eJJeH, OTJl.eJlbHOrO AnH Ka>KJ1.oro KaHaJia, He npeJJ.eTaBJJHeTeH pa3yMHblM Bb!XO

Jl.OM, TaK KaK yeeJJH"leHHOe paeeTOHHHe Me>K,U,Y BHyTpeHHHMH npoBOJl.HllJ,HMH >KHJlaMH Ka-

6enei% npHBeJJ.eT K He60JlbWOMy, HO eee-TaKH OTJJH"IHIO B BeJJH"IHHax TOKOB wyMa )I/IS!' 

Ka>KJl.Oro nJJel!a, 3Ha"IHTeJJbHO eHH>Kasi 3<f><f>eKTHBHOeTb 6opb6b1 e wyMoM. 

AB'fop e eeoeM 3BYKOeHHMaTeJJe HenoJJb30BaJJ )JllH BHyrpeHHero eoeJJ.HHeHHH BHTYJO napy 

H3 enJJOWHOro eepe6pHHOro npoBOJl.a Jl.HaMeTpOM 0, 7 MM B H30JlHU.HH H3 <f>rnponJJaeTa, 

e 3KpaHHpy!Olll,ei% onJJeTKOi% noeepx H30JJS!U.HH, BbinOJlHH!Olll,ei% pOJJb 3JleKTpoeTaTHl!eeKoro 

3KpaHa. 06a BHTblX npoBOJJ.8 6b!JlH 3aTeM noMelll,eHbl B o6lll,Hi% nJJeTeHHblH 3KpaH, KOTOpbIH 

Jl.OnOJJHHTeJJbHO yJJ.ep>KHBaJJ o6a npoBO.ll.8 eMeeTe. Bee 3KpaHHpy!Olll,He onJJeTKH HMeJJH Ha

JJ.e>KHoe 3JJeKTpHl!eeKoe eoeJ1.HHeHHe e MeTaJJJJH"leeKoii KoHeTpyKU.Hei% pbI"lara 3BYKOeHHMa

TeJJH, a TaK>Ke e MeTaJJJJH"!eeKHM oeHOBaHHeM, Ha KOTOpOM yeTaHOBJleH wapHHp KpenneHHH 

TOHapMa ( e HenoJJb.3oeaHHeM KJJeMMbl, K KOTOpOH nOJl.KJllO"laJieH 3a3eMJJH!Olll,HH npoBOJI. eeTH 

nHTaHHH). Bee 3KpaHHPYJOlll,He OnJJeTKH npoeo.ll.8 Jl.OJI>KHa 6b1Tb enJJOWHbIMH H nJIOTHbIMH, 

6e3 nponyeKOB H He o6pa30BblBaTb nyeTOT, no3TOMY 06bI"IHbli% aHTeHHblH Ka6eJJb He MO>KeT 

6b1Tb HenoJib30BaH. CryJ1.Hi%HblH BHJ1.eoKa6eJJb, JJH6o MHoro>KHJJhHbIH ( e u.eHTpaJibHblM pae

noJio>KeHHeM >KHJJ) HBJIHIOTeH H,11.eaJJbHblMH npeJJ.eTaBHTeJJHMH Ka6eJJbHblX H3Jl.eJIHH, He HMe

!Olll,HX nyeTOT e 3KpaHHpyJOlll,ei% onJieTKe. B CJJYl!ae, eCJJH BHeWHHH nJJaeTHKoeasi o6oJJO"IKa 

6blBaeT no KaKHM-TO npH"IHHaM y,naJJeHa, TO Ha 3KpaHHPYJOlll,ei% onJieTKe JierKO o6pa3yJOTeH 

eKJI8Jl.KH H nyeTOTbl 3B el!eT OTCJlaHB8HHH OT BHyTpeHHHX CJIOB Ka6eJIH. CTOMHMO 3TOfO, Ka-

6eJib >KeJiaTeJibHO noMelll,aTb B H3tlJIHpy!Olll,Hi% HeHJJOHOBblH pyKaB )I/IS! npeJ1.0TBpalll,eH1rn Jl.0-

nOJIHHTeJibHblX wyMOB, B03HHKa!Olll,HX npH KaeaHHH 3KpaHa Ka6eJIH e Jl.PYrHMH 3a3eMJieHHbl

MH MeTaJIJIH"!eel<HMH qaeTH~H KOHeTpyKU.HH • 

.Llnsi nO,ll.KJllO"leHHH 3Toro Ka6eJIH K npeJlYeHJJHTeJIIO He Jl.OJl>KHbl HenoJib30BaTbeH, 

eoe,ll.HHHTeJibHble ay,ll.HO-pa3beMbl, TaK Kai< OHM He HBJIHIOTeH eHMMeTpHl!HblMH eOeJl.HHHTe

JIHMH, a HJJ.eaJibHblMH )I/IS! HenOJib30BaHHH HBJIHIOTeH TaK Ha3bIBaeMble «npo<f>eeeHOijaJlb

Hbie» eoe,ll.HHHTeJibHbie 5-WTb1peeb1e pa3beMbl eTaHJl.8pTa DIN HJJH XLR c MeTaJIJIH"leeKH-
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MH KopnycaMH, xorn no•nH scer.u.a Ka6eJibHblH sso.u. npH.U.eTCH ysenwrnsaTb B pa3Mepe . 

.Ll.pyrHM, H 6onee rpoM03.ll.KHM sapHaHTOM, HBJIHeTCH HCnOJib30BaHHe JI.Byx 3-lllTblpeBblX 

pa3"beMOB cTaH.u.apTa XLR, HO 3TO noTpe6yeT npHMeHeHHH HH.!I.HBHJJYaJibHbIX ( c .u.soHHblM 

3KpaHHp!,)BaHHeM) Ka6eneA, npOJIO>KeHHblX OT OCHOBaHHH TOHap_Ma, JIH60 HCnOJib30BaHHH 

pa3.U.eJIKH Ka6eJIH no.u. .ll.B~ pa3"beMa B paHoHe nO.II.KJllO"leHHH K npe.nycHJIHTeJIIO, KOTopy10 

BbJnOJIHHTb KBaJIHCPHl.I.HpoBaHHO 6blBaeT .ll.OCTaTO"IHO CJIO>KHO. 

BHYTPH TOHapMa no 6oJibllleH "laCTH see "leTb1pe nposo.u.a OT 3BYKOCHHMaTeJIH npocTO 

CKpYt:feHbl Me>KJIY co6oH (HcnOJib3YWTCH TOHKHe H 6e3 3KpaHHpoBaHHH nposo.u.a), TaK KaK 

3To, npe)f(,lle scero, 3H8"1HTeJibHO o6ner"laeT npoKJia.u.KY >1<ryra nposo.u.os. Mo>KHO aHa"IH

TeJibHO CHH3HTb nepeKpecnib1e noMexH Me>KJIY KaRanaMli H QJOHOBblH lllYM aa ctJeT CBHBa

HHH npoBO.ll.OB Ka)f(,ll.OH HHJI.HBHJIYaJibHOH napbl )J.JIH Ka)f(,lloro KaHaJia Ha BCeM npOTH>KeHHH 

TOHapMa c nocne.ny!OUJ,HM B03BpameHHeM K cxeMe CBHBaHHH "leTbipex npOBO.ll.OB ( KOTopaH 

6blBaeT "laCTO He06Xb.U.HMa )J.JIH CHH>KeHHH conpOTHBJieHHH BpameHHIO np_H npoxo)f(,lleHHH 

nposo.u.os "1epe3 noJI.lllHnHHKH lllapHHpa H no.D.KJI10lfeHHH HX K BblXO.ll.HOMY Ka6en10 ). TaK KaK 

3TO H3MeHeHHe soa.u.eHCTByeT, B OCHOBHOM, Ha npO.ll.OJlbHble TOKH, TO OHO HMeeT 6onee Bblpa

>KeHHblH nOJIO>KHTeJibHblH ~4>4>eKT B npe.nycHJIHTeJIHXC CHMMeTpH"IHblM (ypaBHOBellleHHblM) 

BXO.ll.OM, HO TaK>Ke .u.eAcTByeT 6JtaroTBOpHO H B npe.nycHJIHTeJISIX c HeCHMMeTpH"IHblM BXO.ll.OM. 

MapTHH o3CTHH, nOJIYt:fHBlllHH UlHPOKYIO H3BecTHOCTb CBOHMH MO.II.HQJHKaU.HHMH npOJIYKU.HH 

KOMnaHHH Garrard, aaHBHJI, "ITO)UIHHbIH MeTO.ll. OH HCnOJib3y€T Y>Ke MHOfO JieT. 

YpasHoBellleHHbie ( cHMMeTpHposaHHb1e) nposo.u.a oco6eitHo Bbiro.u.Ho npHMeHHTb JlJIH 

3BYKOCHHMaTeneH c nO.U.BH>KHOH KarylllKOH, TIOMHMQ 3TOro OHH noaBOJIHIOT CHH>KaTb ¢>0-

HOBblH lllYM .u.a>Ke B CJIYt:faHX HX HCTIOJlb30BaHHSI c npe.nyCHJIHTeJIHMH, HMeJOUJ,HMH HeCHM

MeTpH"IHblH BXO.ll.. 

6.8. 8b1S1enemte HenonaTKOB 'KOHCTPYKttMit npenycMn~neneit 

B Tex CJIYt:faHx, Kor.u.a .u.eAcTBHTeJibHO B03HHKaeT >KenaHlfe 3Ha"IHTeJibHO YJIY"flllHTb HMeIO

lllYIOCH MO.U.eJib npe.nycHJIHTeJIH, TO lieo6xo.u.HMO, npe)f(,lle scero, TUJ,aTeJibHO H3Y"IHTb HMe

IOlllYIOCH cxeMY H npoaHaJIH3HposaTb PH.II. Tex .u.onyUJ,eHHH H KOMnpoMHCCOB, KOTOpb1e 

6bIJIH H3Ha"laJibHO aaJIO>KeHbl B paccMaTpHBaeMOH cxeMe: 
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no.u.asneHHe He>KeJiaTeJibHblX CHrHaJIOB He .u.ose.u.eHO .ll.0 M8KCHMaJibHO B03MO>KHoro 

yposlrn; 

HHJI.HBHJIYaJibHble 3Ha"leHHH aHO.ll.HbIX TOKOB 6b!JIH ycTaHOBJieHbl Ha .ll.OCTaTO"IHO HH3KHX 

ypoBHHX c u.eJiblO yMeHblllHTb o6mee noTpeoneHHe cxeMbl H HCnOJib30B8Tb )J.JIH nHTa

HHH npe.nyCHJIHTI?JIH o6mHH c ycH~TeJieM MOUJ,HOCTH 6JIOK nHTaJ:IHH. 3TO 03Ha"laeT 

HH3Koe aHa"leHHe KPYTH3HbI gm Ka»moro KaCKa,11.8 H, cne.u.osaTeJibHO, To, "!TO omHMH-

3aU.HH napaMeTpOB c u.eJiblO MaKCHMaJibHOro CHH>KeHHH lllYMa He npOBOJI.HJiacb; 

HcnonbaosaHHe s Ka"!ecrne. peaHcTopos aHO.ll.HOH Harpy3KH MeTaJIJIHaHp_osaHHbIX 

nneJIO"IHbIX peaHCTOpOB npHBO.ll.HT K yseJI1f'leHHOMY lllYMY (.u.a>Ke HeCMOTpH Ha TO, 

"!TO 60JiblllHHCTBO H3 HHX 6bIJIO lllYHTHpOBaHO BHyTpeHHHM COTif>OTHBJieHHeM fa);. 
• )J.JIH HHJI.HBHJIYaJibHblX KacKa)l.OB 6bIJIH HCnOJib30BaHbl npocTbie cxeMbl, "!TO He o6ec

ne"IHBaeT .ll.OCTaTO'IHO BblCOKOH JIHHeHHOCTH xapaJ<TepHCTHK. 



(HMMerpH'!HblM npe11yCHnHrenb 

6.9. fatMMeTpHlfHblM npenyotnMTenb 

6.9.l 06UJH9, JOM9'10HHR 

AsTOp npeKpacHo ocoaHaeT, t.tTo npe,nliaraeMblH HH>Ke cHMMeTpHt.tHbIH npe.nycHJIHTeJJb 

npe.u.cTaBJJSleT c 3BOJJIOU.HOHHOH TOl!KH apeHHSI rynHKOBblA sapHaHT (XOTSI B o6o6w,eHHOM 

c cpHJJococpcKOH TOt.tKH apeHHH BH.U.e MHHoe yCJJoBHe He KaaaJJOCb Bbl3bIBa!OW.HM oco6y10 

ipesory s Tet.teHHe HecKOJJbKHX noCJJeJJ.HHX MHJJJJHOHOB JJeT). YI.u.eaJJbHOH cxe
0

MOA Morna 6b1 

SIBJJSITbCSI TaKOBaSI, B KOTOpOH CHrHaJJ OCTaBaJJCSI 6bl ypaBHOBeweHHblM Ha BCeM CBOeM 

nyrn npoxmK,ll.eHHSI OT CHMMeTpHt.tHoro 3BYKOCHHMaTeJJSI, IMH U.Hcppo-aHaJJorosoro npeo6-

pa30BaTeJJH, ,ll.O .u.syxTaKTHOro BblXO)J.tlOrO KacKau,a, HO 3TO HCKJJ!Ot.taJJO 6bl HCOOJJb30BaHHe 

aKTHBHblX Kpoccosepos (aKTHBHble Kpoccosepbl H 6e3 TOrO SIBJISllOTCSI )J.OCTaTOl!HO CJIO>K

HblMH, l!T06bl s.u.o6aBOK nbrTaTbCSI .u.eJJaTb HX eme H CHMMe'rpHt.tHblMH ). TeM HH MeHee, CHM

MeTpHt.tHblH npe.nycHJJHTeJJb BblnOJJHSleT orpOMHYIO pOJJb s'y.nyt.tweHHH t.tyBCTBHTeJJbHOCTH 

B TOM CJJyt.tae, ecJJH )J.OJJ>KHbl HCnOJJb30BaTbCSI naccHBHble rpOMKOrDBOpHTeJJH HJJH 3JJeK:r

pocTaTH'leCKHe rOJJOBHble TeJJecpOHbl BJ<Yne' c npe.u.Ha3Hat.teHHblM )J.JJSI HHX ycHJJHTeJJeM. 

Oo3TOMY cxeMa 6b1JJa coxpaHeHa ( pHc. 6.30 ). 

6. 9.2. 8XO/lHOH KOCKO/l 

)lJJSI Toro, 'IT06bl peaJJH30BaTb see 6e3 HCKJJ!Ot.teHHSI npeHMymecTBa HCnOJib30BaHHSI CHM

MeTgHt.tHOA pa60Tbl, B .u.aHHOM npe.nycHJJHTeJJe 6b£JJ HCnOJJb30BaH cneu.HaJJbHO paapa6o

TaHHblH KOMnaHHeA Sowter Transformers of Ipswich nosb1wa10LUHA TpaHccpopMaTOp JJ.JJSI 

3BYKOCHHMaTeJJSI c nO,ll.BH>KHOH Karyw1foA HMe!OLUero conpOTHBJJeHHe 3 OM. nepBaSI MO

.U.HcpHKaU.H~ TpaHccpopMaTOpOB THna 8055, BXO)J.HaSI o6MOTKa KOTOpblX nHTaJJaCb OT HCTOll

HHKa, HMe10mero cortpoTHBJJeHHe 3 OM, s Bbl~O.ll. npeJI.CTaBJJHJJ co6oii t.tHCTO aKTHBHylo Ha

rpyaJ<Y c conpoTHBJJeHHeM 2,7 KOM, HMeJJa a6coJJIOTHO nJJOCJ<YIO al\;lnJJHTYJJ.HO-t.tacToTHYIO 

xapaKTepHCTHJ<Y c OTKJIOHeHHeM ±0, I.u.5 B_)J.Hana30He t.taCTOT OT 12 ru. )1.0 I 00 KfI.J., TOr.u.a 

KaK BY: cpaao-t.tacTOTHaSI xapaKTepHCTHKa HMena t.tHCTYIO aa.u.ep>KJ<Y ± 1 • .u.o t.tacTOTbI 50 Kfu.._ 

B TpaHccpopMaTOpe 8055 HMeeTcH 3JJeKTpOCTaTHt.teclrnii 3KpaH, pacnoJJo>KeHHbIH 

Me>K.ny nepBHl!HOA H BTOpHt.tHOH o6MOTKaMH, B CHJJY t.tero napa3HTHble eMKOCTH nepBH'!HOH 

o6MOTKH OTHOCHTeJJbHO 3eMJJH 6b!JJH ypaBHOBeweHbl, 'ITO npHBO)J.HJIO K H)J.eaJJbHOMY oc

Jia6JieHHIO wyMa cHHcpa3HbIX CHrHanos. B Kat.tecTBe HJIJIIOCTpaU.HH, .u.eM0HcTpHpy10lll.eA 

.u.eiicTBeHHOCTb TaKOe OCJia6JieHHSI, asTOp MO>KeT. npHBeCTH npHMep, Kor.u.a OH, ycTaHOBHB 

MaKCHMaJJbHYIO rpOMKOCTb peryJISITOpOM 3ByKa, npHKacaJICSI K OJI.HOH H3 Hrn 3BYKOCHHMa

TeJJSI no OTJI,eJibHOCTH ( caMblA nJIOXOH H3 scex B03MO>KHblX sapHaHTOB ), H npH 3TOM OH He 

CJJbIWaJI asyKa B CBOHX HaywHHKaX. 

B nepsoM.u.11cpcpepeHI.1.HaJibHOM KacKa.u.e HcnOJibayeTcH scnoMoraTeJibHbIH TpaH3HCTop

JibIH Kacl<o.u., o6ecnet.tHBa!OLUHH nocTOHHHYIO TOKOBYIO HarpyaJ<Y, noasoJIHIOUJYIO YJIYl!WHTb 

OCJJa6JJeHHe wyMa CHHcpa3HOrO CHrHaJia. HecMotpSI Ha TO, l!TO)J.JJSI nepsoro KaCKa.u.a B Ka

t.tecTBe 3JJeMetna, aa.u.a10w.ero nocTOSIHHYIO TOKOBYIO Harpy3J<Y, Morna HCnOJib30BaTbCSI 

u.enb THna «KOJJbI.J.O H3 .u.syx 3JleMeHTOB», Ka>K,ll,blH TpaH3HCTOp BbIHY>KJJ.eH 6b!Jl 6bl pa6o-

583 



?fl 

3R ronoalta 

Sowter 
8055x1.10 

Av=120=42dB 

Wn \ 
400V FKP1 400V 400V 

@25mA ~@79mA 91ii>21.6mA 

I 
sok I I sok 

MPC-5 MPC-5 

214V .I.~ l 
22k 0 22k 

HSA25 HSA25 

60p 
=> 
47R 

2k7 

~~ 

2.4k 
<= 

150k 
01% 

47R 

~ ~ , T " '"~ ; ••••• 7 '°""" o '""""} .. ,., o llll/7/llllllN/ll/lll{l717/lll(l/7/llllllll/7/71/llllZl/71/I 71//1/IWZIZll/lllllllllll/7//IZOllf-oov 

18k 

TL431 

3k6 

,__._ _ _,_ _ _.,_--l · 15V 

200R 

a) 

~ g 
!C 

i .. 
"Q 

"'Cl 

"' ~ ... ::z: 
0 
0 
~ 

i 
::z: 
ill 



~ 

47k 
01% 

47k 
01% 

22k ll 22k 
HSA25 HSA25 lJ 1 OOn 

FKP1 

1 75k 
<= 

A=B.6 
6BX7 

40p 

===-470R 

470R 

lM 176mA 

J511 
18k 

1k2 22u 
W21 -2sv TL431 

3k6 

OV 

56Rll i~~D I I c:!,470u 
-lSV ... -~~~ 

K ppyrot6f KBHaJIY 

4x110Q10 15VAC 

-6) 

Puc. 6.30 Cxe.Ma no1mocmb10 cUM.Mempu'lHOW npeoycUJtume.Mt 

..... .. 
Ii: 

1il .... 
"il 
::! 
lC ... 
::::i 

l = 
'"' 
= ... 



KacK°"b' npeABDpHrenbHOro yC1tneHHH 

TaTb npH Ol!eHb HH3KHX 3Hal!eHHSIX Hanpsi>KeHHH, l!TO He TOJibKO C)J.enano 6bl uenb 6onee 
l!YBCTBHTeJibHOH K Bll' neperpy3Ka~, HO TaK>Ke npHBeno 6bt K yMeHbllJeHlno nporn>KeHHO

CTH 06e.1I.HeHHOH o6nacTH BHYTPH Ka>K)J.oro TpaH3HCTopa H,'CJie.1I.0BaTeJibHO, yBeJIHl!eHHIO 

BblXO)J.HOH eMKOCTH TpaH3HCTOpa. 3TH )I.Ba cjlaKTOpa noTpe6oBaJIH HCf!OJlb30BaHHSI .u.onoJI

HHTeJibHOro HCTOl!HHKa OTpHuaTeJibHOro Hanpsi>KeHHSI, a nocne Toro, KaK 3Ta .ll.OCWI.HaSI 

Heo6XO.II.HMOCTb 6btJia npHHSITa, Mor 6bITb Hcnonb3oBaH BY TpaH3HCTop B Kal!ecTBe 3Jie

,MeHTa; 06ecnel!HBa10mero npeBocxo.1I.Hyto nocrosiHHYlO TOKOBYIO Harpy3K}', no3BOJIHH, Ta

KHM o6pa30M, c l!eCTblO BbIHTH H3 nOJIO>KeHHSI. 

06MOTKa BXO)J.HOro TpaHccjlopMaTopa HCnOJib3yeTCSI Jl,IJSI 3aJJ.aHHS1 ceTOl!HOro CMew.eHHSI 

BXO.II.Horo .1I.HcjJ<jlepeHuHaJibHOro ycHJIHTensi. Harpy3KOH TpaHccjmpMaTopa B l!HCTOM BH.ll.e 

SIBJISleTCSI Harpy3,Pl!HblH pe3HCTOp, BKJIIOl!eHHblH napaJIJieJibHO BTOpHl!HOH o6MOTKe TpaHci 

cjlopMaTopa, npHl!eM, Jl.IJH 6onee BbICOKoro Kal!eCTBa 3Byqa1rnsi'.1I.oJ1>1<eH 6b1Tb Hcnonb3oBaH 

cjlonhrOBbIH o6beMHbIH pe3HCTOp. TaK KaK B .1I.Hcjlcjlepem.1,HaJibHOM ycHJIHTene HcnoJib3YlOT

csi He KOM6HHHpoBaHHble JiaMnb1,' a H3roTOBJieHHbie B HH)I.HBHJJ.YaJibHOM 6aJIJIOHe Ka>K)J.8H, 

TO JierKO flO)J.06paTb corJlaCOBaHHbie napbl, HMelOlll.He 0)1.HHaKOBble 3Hal!eHHSI aHO)J.HblX Ha

npsi>KeHHH, CJie)J.OBaTeJibHO, )J.OflOJIHHTeJibHble Mepbl no HaCTpOHKe 6anaHca B CTaTHl!e

CKOM pe>KH¥e He SIBJISllOTCSI 1teo6XO)J.HMblMH. 

3ByKOCHHMaTeJib c flO)J.BH>KHOH 1<ary11JKOH Tpe6yer JI.Ba COBepllieRHO OJI.HHaKOBbIX 3Ha

l!eHHS1 ceTOl!HblX Hanpsi>KeHHH cMemeHHSl, npHl!e!\{ Ka>K)J.8S1 H3 noJIOBHHbl Tpe6yeMoro 3Ha

l!eHHSI onpe)J.eJIHeTCSI, KaK Harpy3Ka 3BYKOCHHMaTeJISI ( pHC. 6.31 ). 

PHC. 6.31 Cxe.Ma cemO'lH020 CMeUfeHUR a.1t.n CUMMempU'lH020 BXOOq 

0.II.HH MOMeHT, KOTOpblH He SIBJISleTCSl Ol!eBHJI.HbIM c nepBoro B3rJIS1.ll.8, 3aKJIIOl!a~TCS1 
B TOM, l!TO npH BKJl!Ol!eHHH 3BYKOCHHMaTeJIS1 ija )I.Ba BXOJI.a KaCKMa, noctpoeHHOro no CHM

MeTpHl!HOH exeMe, BXOJI.Hble eMKOCTH JiaMn Jl,/JSI 3BYKOCHHMaTeJIS1 HJIH Tpattccf>opMaTopa 

OKa3bIBaeTCSI BKJl!Ol!eHHblMH nocJie)J.OBaTeJibHO, fl09TOMY BeJIHl!HHa eMKOCTH 6yJI.eT co

CTaBJISITb nOJIOBHHY 3Hal!eHHS1 BXOJI.HOH eMKOCTH OJI.HOH JiaMnbl (pHC. 6.32). 
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PHc. 6.32 CHu:m:e1tue 3HatteHUR e.MKocmu MUJL/bepa co cmopoH'bl 3BYKOCHU.MameAR 
npu CUM.MemputtHOM BK/ttotteHUU 

6.9.3. Bropoii KOCKOR H nOCTORHHOJI speMeHH 75 MKC 

.llnSI npSIMOH, Henocpe.ncTBeHHOH CBSl3H nepsoro KaCKa,n.a npe.nyclfJIHTeJHI co BTOpblM KaC

Ka.!lOM Ha KaTOJlbl BTOporo KaCKa.na Heo6XOJlHMO noJJ,aBaTb HanpSI>KeHHe c yaeJIH'-!eH,HblM 

3Ha'-!eHHeM, H Ka>KeTCSI HeH36e>KHblM HCrtOJib30BaHHe 9JleMeHTa, 3a,n.a10w.ero noCTOSIHHYIO 

TOKOByIO Harpy3KY. 11cKJIIO'-IHTeJibHO swcoKHe pa6o'-1He xapaK'.eplfcTHKH ( = 1 .(\'\OM II 3 n<I> ), 

npocToTa H HH3KaR CTOHMOCTb neHTOJJ.a THna Ef 184, 3a,n.aiow.ero nocTOSIHffYIO TOKOBYIO 

Harpy3KY, JJ,eJialOT ero He06bI'-!aHHO np1rnJ1eKai:eJ1bHblM B 9TOM Ka'-leCTBe, a npo6JieMbl, 

CBSI3aHHble c yseJIH'-!eHHbIM yposHeM wyMoM neHTOJJ.a, BblrJISIJJ.SIT Ha 9TOM cpoHe He3Ha'-!H

TeJibHblMH. Ha '-!acTOTe 20 Kfu. KOHJJ.eHcaTop c eMKOCTblO 3 n<I> aMeeT peaKTHBHoe conpo

THBJieHHe nopSIJJ.Ka 2, 7 MOM, no9TOMY ocJia6JieHHe cHHcpa3Horo cHrHaJia B npe.neJiax 3By

KOBoro JJ,Hana3oHa '-!aCTOT 6y.neT B O~HOBHOM onpeJJ,eJISITbCSI TO'-IHOCTblO corJiacoBaHHSI 

-pe>KHMOB JJ.Byx noJIOBHH JiaMnbI THna E88CC H 3Ha'-!eHHeM napa3HTHblX eMKOCTeii. 

TaK KaK Me>K.ny JiaMnaMH nepsoro H BToporo KacKa.n.a ocyw.ecTBJISieTCSI HenocpeJJ.

cTBeHHaSI CBSl3b, BepOHTHOCTb 6JIOKHpoBaHHSI npaKTH'-!eCKH OTCyTCTByeT, no9TOMY B npe

JzyCHJIHTeJie cTaHOBHTCSI HeB03MO>KHblM npou.ecc npeo6pa3oBaHHSI YJibTpa3BYKOBblX HM

nyJibCOB ( ny'-IKOB ), npHBOJlSl~HH K .ll.JIHTeJibHOH neperpy3Ke B HH3KO'-!aCTOTHOM JJ,Hana30He. 

DoMHMO 9Toro, BO BTOpOM KacKa.n.e HeT Heo6XOJJ,HMOCTH HCnOJib30BaTb pe3HCTOpb1 ceT0'-1-

Horo CMew.eHHSI, n09TOMY HCKJll0'-18IOTCSI JJ,OnOJIHHTeJibHbie noTepH BeJIH'-IHHOH 1,6 JJ.E, 

BHOCHMbie u,enblO C nOCTOSIHHOH BpeMeHH 75 MKC B CXeMe 6a30BOrO npe.nycHJIHTe.iISI. Bee 

>Ke 9TO JIY'-!We, '-!eM HH'-!ero. 

'nocTOSIHHaSI speMeHH 75 MKC Jl,OCTHraeTCSI CHMMeTpH'-IHblM pe>KHMOM pa60Tbl, a wyH

THPYIOW.HH J<OHJleHcaTop MO>KeT 6b1Tb CMOHTHposaH Ha JialVlnosoA naHeJIH, npH 9TOM cJie

.nyeT HCOOJlb30BaTb MHHHMaJibHYTO .ll.JIHHY coeJJ,HHHTe.tlbHblX BblBO,!IPB .ll.JISI MHHHMH3aU.HH 

napa3HTHOH eMKOCTH. EcJIH Kopnyca nocJieJJ,oBaTeJibHo BKJIIO'-!aeMbIX pe3lfCTopos 6y.nyT 

pacnoJio>KeHbl KaK MO>KHO 6JIH>Ke'K BbIBOJJ.aM JiaMn, To B 9TOM CJIY'-iae oKa3blBaeTcSI 803-

MO>KHbIM YJJ.BOHTb BbinOJIHSieMylO HMH pOJib, HCOOJ!h3YSI B Ka'-leCTBe JIH6o orpaHH'-IHBalOW.HX 
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pe3HCTOpOB u.enH CMew,eHHSI, JIH60, nO,!l8BJISllOlllHX)l.eACTBHe o6patHOA CBSl3H. Jl.JJSI Jl)'"lllle

ro nOHHM8HHSI npou.ecca KoppeKU.HH Heo6XO)l.HMO nepepHCOB8Tb npHHU.HnH8JlbH)'IO cxeM)' B 

BH,11,e .u.eyx HeCHMMeTpH'IHbJX cxeM ( pHc. 6.33 ). 
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PHc. 6.33 flOJtCHeHue oeucmBUJt KOppeKtfUU c nocmOJtHHOU ope.Menu 7 5 MKC 
OAR cUM.Memputtnoeo pe31CU.Ma pa6ombt 

3Ha'leHHSI seJJH'IHH conpoTHBJleHHSI RH eMKOCTH C pacc'IHTbIBBIOTCSI TO'IHO TaK >Ke, KaK 

H npe>K,11,e, 0Jl.H8KO, CJJe.nyeT OTMeTHTb, 'ITO eCJIH CHrH8Jlbl ypaBHOBellleHbl, TO cpe,11,HSISI TO'l

K8 )l.068BJleHHblX B cxeMy KOH,11,eHcaTopoe ,11,0Jl>KHa 6b1Tb 383eMJJeHa no nepeMeHHOH COCT8B

JISllOllleA, no3TOMY COBeprneHHO 6e3H8K838HHO MO>KHO OTKJllO'IHTb ee OT 3eMJJH, OCT8BHB 

Jl.88 KOH,11,eHCaTOpa BKJllO'leHHblMH noCJ1e)l.OB8TeJ1bHO, A OHH, B CBOIO O'lepe)l.b, MOryT 6b1Tb 

38MeHeHbl O)l.HHM KOHJ].eHC8TOpOM, HMelOlllHM nOJIOBHHHOe 3H8'1eHHe eMKOCTH, 'ITO n03BO

JJSleT, B HTOre, yMeHblllHTb eepOSITHOCTb HH>KeKTHpOB8HHSI rnyMa H3 383eMJJSllOW,eA lllHHbl B 

noJJe3HblA 3B)'KOBOA CHrHaJI. JI.onOJIHHTeJlbHbJM npeHM)'llleCTBOM SIBJISleTCSI TO, 'ITO '1epe3 

KOH,ll,eHC8TOp npoTeKaeT O'leHb M8JleHbK8SI COCT8BJISllOIJ.l8SI TOK8, n03TOMY CT8HOBHTCSI ,11,0-

nycTHMblM MeHblllee 3H8'1eHHe pa6011ero Hanpsi>KeHH!I .ll.JISI HCnOJJb3yeMoro KOH)l.eHC8TOpa. 

6. 9. 4. flOCTORHHh/8 BpeMBHlf 3180 MKC If 318 MKC o6"h8RHH8HH61X qeneii 

KoppeKl/lflf If CBRJOHHblH c HlfMlf KOTORHhlH nosrop11renh 

TaK KBK o6beJl.HHeHHe napaMeTpos u.eneA ,11,0J1>1<Ho 6bITb .ll.OCTHrH)'To Jl.JJSI CHMMeTpH'IHOA 

pa60Tbl, BeJIH'IHH8 eMKOCTH KOH)l.eHC8TOpa Jl.OJl>KH8 )l.eJJHTbCSI nonoJJaM, a T8K K8K Ha KOH

J].eHC8TOpe npaKTH"leCKH OTC)'TCTByeT na.u.eHHe nOCTOSIHHOro Hanpsi>KeHHSI, TO CT8HOBHTCSI 

3H8'1HTeJlbHO JJer'le no)l.o6paTb 3JleMeHTbl, HMelOIJ.lHe HaH60JJee BbJCOKHA KJl8CC TO'IHOCTH: 

B pe3)'JlbT8Te CHMMeTpH'IHOA pa60Tbl o6be,11,HHeHHblX u.eneA KOppeKU.HH c nocTOSIHHblMH 

BpeMeHH 3180 MKC H 318 MKC CT8HOBHTCSI Heo6X0,11,HMblM H'cnOJJb30B8HHe Jl.Byx i<8T0,11,HblX 

noeTOpHTeJJeA, 'ITO s HTore npHBOJl.HT K CHMMeTpH'IHOMY eblxo.ny 6J10Ka RIAA, oTBe'IBIOllle-
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ro 3a cornacoeaHHe npoHrpb!BaTenff rpaMnnacTHHOK. AHO.llHbie Hanpff>KeHHff Va KaT0.11.HbtX 

noeTOpHTeneA 3Ha'IHTenbHO HH>Ke H)l.eanbHblX 3Ha'leHHA, Heo6XO)l.HMblX JI.Jiff Bb!COKOA nH

HeAHOCTH xapaKTepHCTHK. no:>TOM}' JI.Jiff HCnpaeneHHff 3TOH npo6neMbl, Harpy3KH C nOCTO· 

HHHbIM 3Ha'leHHeM TOKa 6blnH .3aMeHeHbl pe3HCTHBHbIMH Harpy3KaMH. TaKHM o6pa3oM, 

<f>aKTH'leCKH neHT0.11. THna EF184 BMecTe c naHenblO KpenneHHff, H c ycrnHaenHBalOIJ.lHM 

TOK pe3HCTOpOM, ffBnffffCb BeCbMa He.11.oporHMH (npae.11.3, 3TO He OTHOCHTCff K cny'lalO, Kor.11.a 

HHOH npocTO<j>Hnff roTOB oT.11.aTb 102,5 .11.onn. ClllA 3a napy neHT0.11.0B EF184, yKoMnneK

TOBaHHbIX ceTeBOH onepal.lHOHHOH CHCTeMOH Brimar H nOCa)l.O'IHbIM MeCTOM, COOTBeTCT

BYIOillHM CTaH)l.apry eBay) 3aMeHfflOT co6oA BbIXO.llHOA KOH)l.eHcaTop CBff3H c eMKOCTblO 

2,2 MK<I>, a BblCOKHe 3Ha'leHHff aH0.11.Hl>IX TOKOB '" KaTO)l.HblX noBTOpHTeneA no3BOnfflOT 

6noKY 'lacTOTHOH KoppeKUHH RIM.11.ocTaTO'IHO H3fflllHO ynpaBnffTb pa6oTOA nonynpoeo.11.

HHKoeoro 06opy.11.oeaHHff. 

JluHeti.Hbtti. tcactcaiJ u pe2y11amop zpoMtcocmu 3Bgtca 

llmp<tJepeHuHanbHbIH ycHnHTenb c Hcnonb3yeMoA B HeM naMnoA 6BX7 npe.11.eapffeTcff 

CHMMeTpH'IHbIM nepeKnlO'laeMbIM aTTeHIOaTopoM (no.11.po6HOCTH pac'leTa H KOHCTPYKLlHH 

npHee.11.eHbl paHee B .11.aHHOH rnaee ). HH3Koe 3Ha'leHHe K6=><P<t>HuHeHTa ycHneHHff m naMnbI 

6BX7 o6ecne'IHBaeT MHHHManbHbie 3Ha'leHHff eMKOCTH MHnnepa H conpoTHBneHHff 'a• 
.11.enaff B03MO>KHblM ee Hcnonb30BaHHe B nHHeAHOM KaCKa.11.e. JlaMna 6BX7 Tpe6yeT JI.Jiff 

pa60Tbl :>neMeHTa, noMep>KHBa10mero .nocTaTO'IHO TO'IHOe 3Ha'leHHe nOCTOffHHOH TOKO

BOH Harpy3KH, TaK KaK ee HH3KOe 3Ha'leHHe ycHneHHff, noMHMO ecero, MO>KeT npHBeCTH 

K KpaHHe HH3KOMY 3Ha'leHHIO KO=><t><t>HUHeHTa ocna6nemrn CHH<tJa3HOro CHrHana. 

Xorn npHHffTO C'IHTaTb, 'ITO CHMMeTpH'IHbIA pe>KHM pa6oTbl npaKTH'leCKH ycTpaHffeT 

HCKa>KeHHff BTOpbIX rapMOHHK, 3TO nono>KeHHe 6y.11.eT cnpaBeJI.JIHBblM TOnbKO npH ycno
BHH, 'ITO B Ka>KJI.OM nne'le reHepHpylOTCff paBHbie no senH'IHHe noMeXH. K co>KaneHHIO, 

BbinOnHeHHbie aBTOpOM MHOfO'IHCneHHble HCCne)l.OBaHHff nOKa3anH, 'ITO B CaM()M xy)l.llleM 

cny'lae 0.11.Ha nonoBHHa .llaMnbJ 6BX7 MO>KeT reHepHpoeaTb noMexH, 'leTbipexKpaTHO npe

BbIWalOIJ.lHe ypoBeHb noMeX, reHepHpyeMbIX BO BTOpOH nonoBHHe naMnbI, 'ITO CBO.l(HT Ha 

HeT BCffKYIO H3.ll.e>K.D.Y H36aBHTbCff OT noMex 3a c'leT CHMMeTpH'IHoA pa6oTbI. EcnH HMeeTCff 

B03MO>KHOCTb npOH3BO)l.HTb H3MepeHHff ypOBHff noMex (HanpHMep, B HanH'IHH HMeeTCff 

l 6-6HTOBaff 48 KfU 3ByKOBaff KOMnblOTepHaff KapTa, o6ecne'IHBalOl.LlYIO B03MO>KHOCTb se

CTH 3anHCb, H COOTBeTCTBYIOIJ.lee nporpaMMHOe o6ecne'leHHe ), TO, ecTeCTBeHHO, MO>KeT 

B03HHKHyTb >KenaHHe Hcnonb30BaTb napy naMn c cornacoBaHHblMH ypoBHffMH HCKa>KeHHH, 

HanpHMep, 6AH4 HnH l 2B4A, BMeCTO TOro, 'IT06bl HCKaTb cpe.11.H KOM6HHHposaHHbIX naMn 

6BX7 TaKYIO, B KOTOpOH napa TpHO.l(OB o6ecne'IHT JI.E:HCTBHTenbHO HH3KHe HCKa>KeHHff. 

6.9.5. (HMMerpHYHOR cxeMa CDeRHH8HltH,,, KOHTfPhl nporeKOHHR TOKO 

t/JoHOBOTO UlfMO 

Bxo.11. npeJIYcHnHTenff, npe.11.Ha3Ha'leHHbIH JI.Jiff npoHrpb!BaTenff rpaMnnacTHHOK, ocHameH

Horo 3BYKOCHHMaTeneM c nO)l.BH>KHOH KaryWKOH, ffBnffeTCff O'leBH)l.HbIM MeCTOM JI.Jiff HC

nonb30BaHHff CHMMeTpH'IHOH cxeMbl coe,nHHeHHA H3·3a 3Ha'IHTenbHOro CHH>KeHHff ypoBHff 
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cpOHOBOrO wyMa. 0.nHaKO B HaCTOHl.llee speMH CTaHOBHTCH nonyJIHpHblM HCnOJJb30BaHHe 

CHMMeTpH4HOH cxeMbl coe,ll.HHeHHH Me)!()ly JIHHeHHblM KaCKa,ll.OM H ycHJJHTeJJeM MOl.llHOCTH. 

0.nHaKO, eCJJH He06XO,ll.HMO noJJy"IHTb MaKCHMaJJbHble npeHMyl.lleCTBa, TO Ha.no 6y.neT O"leHb 

Tl.llaTeJJbHO npo.nyMaTb BbinOJJHeHHe coe,ll.HHeHHH 3a3eMJJHIOl.lleH WHHbl HyJJesoro noTeH

U,HaJJa CHrHaJJa H maccH KBCKB,ll.OB c Ka)l(,ll.OH CTOpOHbl. • 

TepMHH «CHMMeTpH4HbIH HJJH ypasHoseweHHbIH» no.npa3yMesaeT cosepweHHO o.u.11-

HBKOBbie 3Ha"leHHH HMne.naHCOB H HanpH>KeHHH OTHOCHTeJJbHO 3eMJJH scex 6e3 HCKJJIO"le

HHH npoBO.ll.HHKOB, nepe.na10m11x c11rnaJJ. EcJJH B BbIXO.ll.HOM KacKa.ne 11cnOJJb3yeTcH Bbixo.n

HOH TpaHccpopMaTOp c OTBO,ll.OM OT cpe.nHeH TO"IKH, TO O"leHb co6JJa3HHTeJJbHblM BblrJJH,ll.HT 

COe,ll.HHeHHe cpe.nHeH TO"IKH c 3eMJJeH. 0.nHaKO 3TO CHH3HT OCJJa6JieHHe HaBe,ll.eHHblX wy

MOB, TaK KaK BbIXO,ll.HOH TpaHccpopMaTop He MO>KeT HMeTb (no onpe.neJJeHHIO) a6COJllOTHO 

11.neaJJbHOH cpe.nHeH TO"IKH, n03'fOMY 3TO npHBe,ll.eT K' He60JJbWOMY ,ll.HC6aJJ2HCY CHCTeMbl. 

CosepweHHO aHaJJOrH"IHO, BXO,ll.HOH TpaHccpopMarnp ycHJJHTeJJH MOl.llHOCTH ( ecJJH TaKosol1 

HMeeTCH) ,ll.OJJ>KeH OCTaBaTbCH He3a3eMJJeHHblM ( «nJJaBalOl.llHM») 4T06bl H36e>KBTb ,ll.HC6a

JJBHCa CHCTeMbl. 

c Ka)l(,ll.oro KOHU,a Me>KcxeMHOro COe,ll.HHeHHH 3KpaH ,ll.OJJ>KeH 6b1Tb nO,ll.KJllO"leH Heno

cpe.ncTBeHHO K wacCH. TaK KaK wacCH Ka)l(,ll.oro KaCKa.na COe,ll.HHeHO c 3eMJJeH c HCnOJJb30-

BaHHeM 3al.llHTHOrO 3a3eMJJHIOl.llero nposo.na CeTesoro nHTaHHH ( npH ycJJOBHH HaJJH"IHH 

B wTenceJJbHOH po3eTKe H ceTeBbIX Ka6eJJHX 3am11rnoro nposo.na ), TO 96pa3yeTcH KOHTYP 

,ll.JIH npoTeKaHHH cpOHOBOro TOKa. 0.nHaKO, TaK KaK CHrHaJJ He npOXO,ll.HT no 3KpaHy, 3aMK

HYTble TOKH cpOHOBOro wyMa B nO,ll.OOHbIX KOHrypax He Bbl3blBBIOT oco6bIX npo6JJeM. 

6.9.6. Konrypbl c/JoHOBOfO UJYMO M HeCHMMerpH'IHblii BXO/IHOii KOCKO/I 

Bee HeCHMMeTpH4Hble BXO,ll.Hble KaCKB,ll.bl HBJIHIOTCH BeCbMa BOCnpHHM"IHBblMH K noMeXaM, 

B03HHKalOl.llHM B 3BMKHYTblX KOHrypax.npH npoTeKa~HH cpOHOBblX TOKOB. 0.nHaKO peweHHe 

npo6JJeMbI B03MO>KHO .na>Ke B CJJY4aHx, Kor.na He y)laeTcH pa3opeaTb yKa3aHHbie KOHTYPbl. 
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B cooTBeTCTBHH c 3aKOHOM 0Ma V = IR, TO ecTb HanpH>KeHHe wyMa scer.na npHMO 

nponopu,HOHBJJbHO conpoTHBJJeHHIO npoBO,ll.HHKa c HyJJeBbIM noTeHu,HaJJOM, no3TO

MY HcnoJJb30BaHHe npoBO.ll.HliKOB c 6oJJbWHM nonepe4HbIM ce"leHHeM CHH>KaeT 

WYMbl. 

EcJJH «no.nseweHHaH» 3eMJJH c HyJJeBbIM noTeHu,HaJJOM ycHJJHTeJJH TepHeT 11.neaJJb

HbIH KOHTaKT c 3a3eMJJeHHeM, TO OCHOBHaH "!aCTb HanpH>KeHHH noMex, o6pa30BaH

HOro cpOHOBblMH TOKBMH, 6y.neT reHepHpOBBTbCH Ha 3TOM «nepeXO,ll.HOM conpO/HB

JJeHHH», a He Ha pacnpe.neJJeHHOM conpoTHBJJeHHH Ka6eJJH. DoJJHbIH o6pbIB 

3a3eMJJeHHH ycHJJHTeJJH npe)lnOJJaraeT, "!TO ,ll.JIH Hero OCTaeTCH e,ll.HHCTBeHHaH 803-

MO>KHOCTb ycHJJeHHH pa3HOCTHOro CHrHaJJa, B03HHKa10mero Me>K,ll.y «no.nseweH

HOH» 3eMJJeH c HyJieBblM noTeHu,HaJIOM H COOTBeTCTBYIOl.llHM BXO)lOM YCHJIHTeJJH. 

Ho .necpeKTHOCTb nposo.nHHKa, o6pa3yl01.llero «no.nseweHHYIO» 3eMJJIO c HyJJeBbIM 

noTeHU,HBJJOM MO>KeT JJerKO HapywHTb 3TO >KH3HeHHO Ba>KHOe Tpe6oBaHHe. 

K co>KaJJeHHIO, noJJHoe y.naJJeHHe KOHTaKTa «no.nseweHHOH» 3eMJJH c HyJJeBbIM no

TeHu,HaJJoM no.nsepraeT ycHJJHTeJJb 803,ll.eHCTBHIO 'BY ,ll.HC6aJJaHca ( HapyweHHH pas-
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HOBeCHSI) eHJJOBOro TpaHccpopMaTopa, no3TOMY Ha npaKTHKe BeJIH'-IHHa «nepeXOJJ.· 

Horo»conpoTHBJJeHHSI Ha aeMJJIO cocTaBJJSieT nopS1.11.Ka l 00 OM, HJJH HeCKOJJbKO 

MeHhUiee aHa'leHHe. 

B o6JJacrn HH3KHX 'laeTOT JJ.Hc6aJJaHc CHJJOBoro TpaHccpopMaTopa He npeJJ.eTaBJJSieT ' 

npo6JJeMbl, n03TOMY HMne}1,aHe «nepexOJJ.HOro» aaaeMJJeHHSI MO}l{eT 6b!Tb yseJJH'leH. 

KaK npaBHJJO, Jl,TISI 3THX u.eJJeif HcnoJJb3yeTcsi KOHJJ.eHeaTop eMKOCTblO l 0 H<I> BKJ110-

'laeMb1ti napaJJJJeJJbHO e «nepexOJJ.HbIM» conpoTMBJJeHMeM aa3eMJJeHMSI l 00 OM. 

Yacrb pa3pa60T'IHKOB paasHsaer JJ.aHHYIO KOHU.enu.H10 eme JJ.aJJbUie M paccMaTpMsa

er «nOJJ.BeUieHHYIO» 3eMJJIO Ha BblCOKOH 'laeroTe B Ka'lecrne JJHHHH nepeJJ.a'IH. CJJe

Jl.OBaTeJJbHO, OHM nblTalOTCSI B KOHU.e 3KpaHa TaKOH JIHHHH HCnOJJb30BaTb cneu.HaJJb

Hble OKOHe'IHble nepexOJJ.HMKM, HMelOIUHe HMneJJ.aHcb1 e eooTBeTCTBYIOlll.MMM BY 

xapaKTepHCTHKaMH (KaK npaBHJJO, 50 OM Jl,TISI BY KOaKeHaJJbHOro Ka6eJJsi, JJH6o 

110 OM/2 Jl,TISI BMTOH napb1 ). 

6.10. Bo3MO>KHOCTM ·McKnlOlfeHM.R nMHenHoro KOCKono 

CaMbIM JIYlJUIMM enoco6oM YJJY'lllIHTb xapaKTepHeTHKH J1106oro JJHHetiHoro KaeKaJJ.a S1BJ1S1-

eTCS1 npocTOe H36asiieHMe OT TaKOro KaeKa}1,8. 

PaHee Y*e yKa3blBaJJoeb, 'ITO M,/.l,eaJJbHbIM Teopern'leCKHM 3Ha'leHHeM Jl,TISI 'IYBCTBH

TeJJbHOCTM ycHJJMTeJJsi MOlll.HOCTM S1BJ1S1eresi 3Ha'leHMe 2 B epeJJ.HeKBaJJ.paTH'lecKoro 3Ha'le

HHSI, a TaK KaK 3Ta BeJIH'IHHa SIBJJSleTCSI TaK*e MaKeHMaJlbHO B03MO}l{HblM 3Ha'leHHeM Bbl· 

XOJJ.HOro Hanpsi}l{eHHSI CTaHJJ.aprnoro nJJeepa KOMnaKT-J].HeKOB, TO 3TH o6a 3Ha'leHHSI 

oKa3blBaIOTCSI H,/.l,eaJJbHO B3aMMoeorJJacosaHHbIMH. Bee JJHHetiHbie KaeKaJJ.bI yxyJJ.UialOT Ka· 

'leCTBO 3BYlJaHHSI, nQ3TOMY B03HHKaeT ecTeCTBeHHblH Bonpoc, HeJJb3SI JIH OCB060}1,HTbeSI OT 

JJ.OporoeTOSIIUero npoMe*YfO'IHOro 3BeHa H no}1,aTb CHrHaJJ HenoepeJJ.CTBeHHO OT He\Q'IHH-. 

Ka Ha yCMJJHTeJJb MOIUHOCTM. OpM 3TOM Heo6xoJJ.MMO 6yJJ.er TOJJbKO JJ.06aBMTb 6JJOK ynpas

JJeHHSI rpoMKOCTblO H nepeKJllO'laTeJJb BX0.11.0B B exeMy yeHJIHTeJJSI MOIUHOCTH, 'IT06b! o6ee

ne'IHTb Te }l{e CaMbie B03MO}l{HOCTH, 'ITO H paccMOTpeHHbie paHee, HO c ropa3}1,0 6oJJee 

BbleOKHM Ka'leeTBOM. 

Ka'leCTBO cospeMeHHbIX KOMnaKT·JJ.HCKOB seebMa BblCOKoe, no3TOM)' MaKeHMaJJbHble 

3Ha'leHHSI MOryT HaXO,llHTbeSI B npeJJ.eJJax l JJ.5 OTHOeHTeJlbHO nepenaJ].a ypOBHeti JIOrH'leeKoro 

(JJ.HCKpernoro} CHrHaJJa, 0,/.1,HaKO Jl,TISI 6oJJee paHHHX H3}1,eJJHH 3anac «no nOTOJJKY» Jl,TISI npe

}1,eJlbHOro 3Ha'leHHH MO}l{eT coeraBJJSITb Y*e OT 3 JJ.O 4 JJ.5. CJJeJJ.OBaTeJJbHO, MOrJJO 6b1 OKa-

3aTbCH noJJe3HblM yseJJH'IHTb 'IYBCTBHTeJlbHOeTb ycMJJHTeJJSI MOIUHOCTH Ha 3 JJ.5, TO eeTb e 2 B 

epeJJ.HeKBaJJ.parn'leeKoro 3Ha'leHHH JJ.O 1,4 B cpeJJ.HeKBaJJ.parn'leeKoro 3Ha'leHHH e TeM, 'IT06b1 

6b!Tb ysepeHHblM, 'ITO H Jl,TISI 6oJJee paHHHX KOMnaKT-}1,HCKOB MO}l{HO 6yJJ.eT HCnOJlb30BaTb see 

npeHM)'meersa OT MaKCHMaJlbHO B03M0}1{H0H Bb!XOJJ.HOH MOIUHOeTH yeHJIHTeJISI. 

TaKHM o6pa30M, yeHJJHTeJJb MOIUHOCTH OKa3blBaeTeH HJJ.eaJJbHO COrJJaCOBaHHblM e TaKHM 

HCTO'IHHKOM eHrHaJJa, KaK KOMnaKT·JJ.HCKH. 0JJ.HaKo, B03HHKaeT Bonpoe, a KaK 6yJJ.eT o6eTO

SITbJJ.eJJO He Jl.PYrHMH HCTO'IHHKaMH ayJJ.HOCHrHaJIOB, KaK aHaJIOfOBblMH, TaK H U.HcppOBblMH? 

DAB ( nJJara c6opa JJ.aHHbIX ), DAT ( U.HcpposaH ayJJ.HO KacceTa, JJeHTa U.Hcpposoti asy

K03anHCH ), DVD (u.Hcpposoif yHHsepeaJJbHblH JJ.HeK), MD (MHHH-JJ.HCK) HT. JJ..: see 
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3TH HCTO'IHHKH u:mt>posoro CHrHaJia HMelOT BblXO.ll., paCC'IHTaHHblH Ha HanpH:>KeHHe 2 
B cpeJJ.HeKBaJJ.paTH'!ecKoro 3Ha'!eHHH, JIH6o npH Hx socnpoHaBeJJ.eHHH HcnOJib

ayJOTCH BHelllHHH u:mt>po-aHanoroBbIH npeo6paaosaTeJib, KOTOpbIH o6ecne'IHBaeT 

HanpH:>KeHHe CHrHaJia 2 B cpeJJ.HeKB8.lJ.paTH'lecKoro 3Ha'leHHH, no3TOMY npo6JieM He 

B03HHKaeT. 

• AHanorosaH MarHHTHaH neHTa c paaMepoM 1/ 4 JJ.IOHMa (.ll.JIH Kary111e'!Hb1x MarHHTO

Q>oHoB ). ECJIH CTOHMOCTb JieHTbl He HBJIHeTCH npenHTCTBHeM, TO B TaKOM CJiy'!ae 

npHo6peTeHHe npo<j>eccHoHaJibHoro o6opyJJ.OBaHHH npocTO He o6cy>K,llaeTcH. 

06ecne'!HBaeTCH yposeHb +8 JJ.E ornocHTeJibHO ypoBHH 0 JI.DU == 2 B cpeJJ.HeKB8.lJ.· 

paTH'lecKoro 3Ha'leHHH, no3TOMY He B03HHKaeT HHKaKHX ocJIO:>KHeHHH. BbmycKae

MbIH npoMb1111neHHOCTb10 CTaHJJ.apTHbIH MarHHTo<j>oH Studer A80 HMeeT JJ.eHCTBH

TeJibHO BeJIHKOJienHblH JieHTOnpOTH:>KHblH MexaHH3M, HO 'IYTb He .ll.OTHrHBalO!llYIO .ll.0 

TaKoro :>Ke ypoBHH seJIHKOJienHH 3JieKTpOHHKY asyKosoro TpaKTa. B HacTOH!llee 

BpeMH ypoBeHb u;eH JJ.eJiaeT npHo6peTeHHe TaKOro o6opyJJ.OBaHHH BnOJIHe .ll.OCryn

HblM, '!TO n03BOJIHeT paccMaTpHBaTb ero B Ka'!eCTBe IJOTeHu;HaJibHOro KaHJJ.H.ll.aTa 

.ll.JIH nepeJJ.eJIKH nOJJ.JiaMnOBblH sapHaHT. fonoBKH MarHHTo<j>oHa MapKH Studenpe-

6yJOT nepeMemeHHH .ll.0 nOJIO:>KeHHH, noKa nJIOCKOCTb, npOXO.lJ.Hll.laH '!epe3 JIHu;eBble 

nosepXHOCTH, He BblHJJ.eT 3a npeJJ.eJibl 3 MM, a TOHBaJI .ll.BHraTeJIH JieHTOnporn:>KHOro 

MexaHH3Ma He nepecfaHeT 6bITb 6necrnmHM. J1J06ble MexaHH'leCKHe nepeJJ.eJIKH 

HBJIHeTCH JJ.OporoCTOH!llHM npeJJ.npHHTHeM, no3TOMY He CTOHT CTaHOBHTbCH KaHJJ.H

JJ.aTOM Ha 6eapaccyJJ.Hble nocrynKH, JJ.a:>Ke npH noeynKe semH no cxOJJ.HOH u;eHe. 

• AHanorosb1e KacceTbl. HecMoTpH Ha 6ecKoHe'IHO .ll.JIH!llHecH ycHJIHH KOMflaHHH 

Nakamichi, KaCCeTbl BCe-TaKH He OTBe'!alOT CTaHJJ.apry BblCOKOH TO'IHOCTH BOcnpo

H3BeJJ.eHHH Hi-Fi, no3TOMY spH.ll. JIH B03HHKHeT :>KeJiaHHe HcnoJib30BaTb ycHJIHTeJib 

Ha nOJIHOH BblXO.lJ.HOH MO!llHOCTH H3-3a onaceHHH ycJibllllaTb Beeb 111yM, npHCY!llHH 

MarHHTO<j>OHHOH JieHTe. 

KaccernblH BHJJ.eoMarHHTo<j>oH «c BbICOKHM Ka'leCTBOM socnpoH3BeJJ.eHHH Hi-Fi». 

3TO He COBCeM COOTBeTCTByeT HCTHHe. AyJJ.H03anHCb CTaHJJ.aprn «Hi-Fi» BblnOJIHH

eTCH c HCnOJib30BaHHeM '!aCTOTHO-MOJJ.YJIHpOBaHHblX HOCHTeJieH H BHJJ.eOroJIOBOK 

poTOpHoro THna MarHHTo<j>oHa. K co:>KaJieHHJO, nepeKJIJO'leHHe ronosoK Bbl3b1Bae-r 

B OTBeT MrHOBeHHOe H3MeHeHl'le <j>a3bl '!aCTOTHO-MOJJ.YJIHpOBaHHOro CHrHaJia HOCH

TeJIH, KOTOpoe JJ.eMOJJ.YJIHpyeTCH B BHJJ.e 111yM0Boro Bb16poca. )l.nH CHH:>KeHHH 3THX 

Bb16pocos, KOTOpble Ha6JIIOJJ.alOTCH Ha 'laCTOTe 50 ru: ( CTaHJJ.apT PAL - IlOCTpO'IHOe 

H3MeHeHHe <j>a3bl, '!aCTOTa CMeHbl noJieH (nonyKaJJ.pOB) 50 fu;), JIH60 Ha 'laCTOTe 

60 ru: ( CTaHJJ.apT NTSC - Hau;HOHaJibHOro KOMHTeTa no TeJieBH3HOHHblM CTaHJJ.ap

TaM, 'laCTOTa CMeHbl noJieH (nOJIYK8.lJ.POB) 60 fu;), HCnOJib3YIOTCH .lJ.OCTaTO'IHO 

MO!llHble cpeJJ.CTBa CHH:>KeHHH ypoBHH 111yMa, HO OHH He B COCTOHHHH noJIHOCTblO 

ycTpaHHTb HX. CT03TOMY B Ka'!eCTBe COBeTa MO:>KHO peKOMeHJJ.OBaTb aanHCaTb KJiac

CH'leCKHH KOHu;epT, BOcnpOH3BeCTH ero c peaJibHblM ypOBHeM rpOMKOCTH H npose

pHTb nony'leHHblH peayJibTaT Ha caMOM ce6e. KaK H s npeJJ.bI.lJ.Yll.leM cny'!ae, HaBpHJJ. 

JIH B03HHK!teT :>KeJiaHHe HCnOJib30BaTb ycHJIHTeJib Ha nOJIHOH MO!llHOCTH c nOJJ.06-

HblM HCTO'IHHKOM CHrHaJia. 

CTaHJJ.apT asyKosoro conposo>K,lleHHH TenesemaHHH NI CAM TV (socnpoH3BeJJ.eHHe 

cTepeoasyKa H asyKa B <j>opMaTe Dolby Surround). Xorn OH H orpaHH'leH JJ.HHaMH-
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4eCKHM AHana30HOM, paBHbIM npHMepHo 81 AB, noTeHU.HaJibHO 3BYKOBoe conpo

BO>l<.ll.eHHe npeACTBBJIHeT AOCTBT04HO xopowHii HCT04HHK cHrnaJia. K cm1<aJieHH10, 

60JibWHHCTBO MOAeJieii TeJieBH3HOHHbIX TIOHepoB (6JIOKOB HaCTpOHKH) H KacceT

HbIX BHAeOMarHHTO<t>OHOB OCHaw.eHbl AOCTaT04HO nocpeACTBeHHblMH no CBOHM 

xapaKTepHCTHKaM U.H<t>po-aHaJIOroBbIMH npeo6pa30BaTeJIHMH, 4TO npHBOAHT KAO-' 

nOJIHHTeJibHbIM wyMaM. Oo 3TOH npH4HHe He Ka>l<Jl.blH 3aX04eT nOJI)"IHTb MaKCH

MaJibHO B03MO>KHYIO BbIXOAHYIO MOW.HOCTb c HCnOJib30BaHHeM AaHHOro HCT04HHKa 

ayAHOCHrHaJia. B HeKOTOpbIX 6oJiee paHHHX MOAeJIHX TeJieBH3HOHHbIX TIOHepoB, Ta

KHX, HanpHMep, KaK coeepweHHO npeeocxoAHbIH Arcam D 150, HcnoJib30BaJIHCb 

<t>HJibTpbl c H36bIT04HOH AHCKpeTH3aU,Heii, KOTOpbie KOAHpoBaJIH AaHHbie B BHAe no

TOKa AaHHbIX SPDIF, KOTOpbIH 3aTeM Mor 6bITb HanpaeJieH so BHeWHHH U.H<t>po

aHaJioroBbIH npeo6pa30BaTeJib - c AeTaJIHMH He06XOAHMOH KoppeKU.HH MO>KHO 

03HaKoMHTbCH a OpHJIO>KeHHH. 

• AHaJioroBbie paAHOCTaHU.HH AHana3oHa YKB (OBlJ) c lJM (FM) Mo.nyJIHU.Heii no

TeHu.HaJibHO HBJIHIOTCH AOCTaT04HO HenJIOXHMH HCT04HHKaMH CHrHaJia npH ycJIO

BHH, 4TO pacnpocTpaHHTeJIH CHrHaJia MOryT 6bITb y6e>1<J1.eHbl o6w.ecTBeHHOCTblO 

B He06XOAHMOCTH He Haca>1<J1.aTb CHJIKOM CHCTeMbl Optimod (K CO>KaJieHHIO, 60Jib

WHHCTBO He MOryT). Ml'iorne TIOHepbl HMelOT 04eHb CJia6bIH BbIXOAHOH ayAHOCHr

HaJI, OAHHM H3 xyAWHM HBJIHeTCH Leak Throuhline. BbIXOAOM H3 noJio>KeHHH HBJIH

eTCH MOAepHH3aU.HH AeKOAepa, JIH6o TIOHepa. 

fpaMnJiaCTHHKH. Bo3MO>KHO, OHH y>Ke H He HCnOJib3YIOTCH, no3TOMY npo6JieMa KaK 

6hI He cyw.ecrnyeT. ooJibWHHCTBO 6JIOKOB 4aCTOTHOH KoppeKU.HH RIM He MOryT 

o6ecne4HTb CHrHaJI 2 B cpeAHeKBaApaTH4eCKoro 3Ha4eHHH npH MaKCHMaJibHOM 

ycHJieHHH, H no3TOMY MHOrHe pa3pa60T4HKH crnpalOTCH HCKJII04HTb HX BOBCe. 

6.11. CpoeHeHMe. ypoeHei1 rnrnono 1eyKoCHMM01enei1 
Arul rpoMnnoCTMHOK l1 nneepoe KOMnOKT-AMCKOB 

Xorn npoHrpbIBaTeJIH KOMnaKT-AHCKOB H paCCMaTpHBaJIHCb B Ka4eCTBe HCT04HHKa CHrHa

JIOB, o6ecne4HBalOW.HX MaKCHMaJibHO B03MO>KHbIH Bb!XOAHOH CHrHaJI, paBHbIH 2 B cpeAHe

KBBApaTH4eCKOro 3Ha4eHHH AJIH CHrHaJia HeHCKa>KeHHOH CHHYCOHAaJibHOH <t>opMbl, 3BYKO

CHHMaTeJIH, HCnOJib3yeMI>Ie .ll.JIH Bocnpo'H3BeAeHHH rpaMnJiaCTHHOK, xapaKTepH3YIOTCH 

HanpH>KeHHeM BbIXOAHOro CHrHaJia, Bbipa>KeHHbIM OTHOCHTeJibHO CKOpOCTH nepeMew.eHHH 

}ffJlbl 5 CMc- 1 Ha 4aCTOTe 1 Kfu.. Bo3HHKaeT ecTeCTBeHHblH Bonpoc, KaKHM o6pa30M cpaB

HHBaTb pe3yJibTaTbl, noJiy4eHHbie no COBepweHHO pa3JIH4Hb!M MeTOAHKaM? 

OapaMeTpbl rpaMnJiaCTHHOK He 38)'.\alOTCH TaK >KeCTKO, KaK 3TO AeJiaeTCH .ll.JIH KOMnaKT

AHCKOB, H MaKCHMaJibHbIH ypoBeHb aanHCH, KaK npaBHJIO, 3aBHCHT OT MaCTepcTBa HH>KeHe

pa 3BYK03anHCH. YpoeeHb 3anHCH (T04HO TaK >Ke, KaK H Ka4eCTBO) MO>KeT 6bITb CHH>KeH Ha 

u.eJibIX 6 AB c u.eJiblO pa3MecTHTb, HanpHMep, Ha OAHOH crnpoHe nJiaCTHHKH, pacc4HTaHHOH 

Ha CKOpOCTb Bpaw.eHHH 33 1/3 MHH- 1, 3anHCH, HMelOw.eii .ll.JIHTeJibHOCTb 3BY'laHHH B 40 MHH, 

BMeCTO 3anHCH, paCC4HTaHHOH Ha 20 MHH. BJIOK 4aCTOTHOH KoppeKU.HH ew.e 60JibWe 
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ycno>Km1eT .neno, TaK nocne eee.neHHH KoppeKUHH npH eocnpottaee.neHHH rpaMnnacTHHKH, 

KaK npaBHJIO, Ha6JIIO,llalOTCH nHKH ( H3MepeHHH 6bIJIH BbinOJIHeHbl c HCnOJib30BaHHeM npo

rpaMMHpyeMoro H3MepHTeJIH nHKOBblX 3HalJeHHH ), npeBblWalOUJ.He Ha 12 .nB ycpe.nHeHHblH 

HOMHHaJibHblH ypoBeHb aanHCH, COOTBeTCTBYIOUJ.eH CKOpOCTH 5 CM c- 1• 

CMblCJI 3TOro aaKJ110lJaeTCH B TOM, '!TO Tenepb MO>KHO paccMaTpHBaTb aeyKoCHHMa

TeJih, cneuHCpHUHpOB8HHblM npOH3BOJlHTb HOMHH8JlbHblH CHrHaJI 2 MB cpe.nHeKaa.npaTH

'leCKOro 3Ha'leHHH npH CKOpOCTH nepeMeUJ.eHHH HrJibl 5 CM c- 1• KaK cnoco6HblM eocnpoH3-

BO.llHTb MY3bIKaJibHbIH nHKOBbIH c11rnaJ1 c HanpH>KeHHeM 8 MB cpe.nHeKaa.npaTH'!ecKoro 

3HalJeHHH, KOTOpbIH nocJie YCHJieHHH, COOTBeTCTBYIOUJ.ero ycHJieHHIO (K03<f><f>HuHeHry ne

pe.nalJH) 6noKa '!aCTOTHoii KoppeKUHH RIM Ha '!aCTOTe 1 KfU, 6y.neT HMeTb TaKoii ypoaeHb, 

KOTOpblH MO>KeT cpaBHHBaTbCH Henocpe.ncTBeHHO c ypoBHeM CHrHaJia, eocnpOH3BO.llHMOro 
I 

c KOMnaKT-JlHCKa. 

6.12. BopMOHT 6noKo lfOCTOTHOM KoppeK~MM RIAA 
c Mcnonb30BOHM0M n0Mnb1 TMno EC8010 

6.12. l 06UJHe JOMeYOHHR 

Bo BTOpOM H3.llaHHH HaCTOHUJ.eH KHHrH OCHOBHOH ynop npH onHCaHHH 6JIOKa '18CTOTHOH 

KoppeKUHH cTaH.naprn RIM, B KOTopoM Hcnonbaoeanacb 3JieKTpOHHaH JiaMna THna 5842, 

6bIJI c.neJiaH Ha TO, lJT06bI noKa3aTb, KaK JlOCTH'lb O'leHb 3HalJHTeJibHOro CHH>KeHHH noMex 

OTHOCHTeJibHO ypoBHH, xapaKTepHoro .llJIH 6a30BOH MO,lleJIH npe.nyCHJIHTeJIH. HOBblH aa

pHaHT 6JIOKa 'laCTOTHOH KOppeKUHH, - MO,lleJib, B KOTOpoii HCnOJib30BaHa JiaMna THna 

EC8010, coxpaHHJI CBOHCTBa npe.nwecrneHHHKa no ynyqweHHIO wyMOBblX napaMeTpoa, 

HO B Heii npe.nnpHHHTa nonblTKa T8K>Ke 3HalJHTeJibHO CHH3HTb HCKa>KeHHH. 

Kor.na Hrna nepeceKaeT nhlJIHHKY HJIH MHKpoTpeUJ.HHy, reHepHpyeTcH HMnynbc TOKa, 

HMelOUJ.HH 3HalJHTeJibHYIO no eeJIH'IHHe nocTOHHHYIO cocTaBJIHIOUJ.YIO. B HaHxy.nweM cny
'lae, npH CBH3H no nepeMeHHOH COCT8BJIHIOUJ.eii, neperpyaKa Bbl3bJBaeT 6JIOKHpoeaHHe, 

O,llHaKO .na>Ke He60JibWaH COCTaBJIHIOUJ.aH no nOCTOHHHOMY TOKY, npHBe.nwaH K HaKonJie

HHIO aapH.na Ha KaTO,llHOM 6JIOKHpOBOlJHOM KOH.lleHCaTope, Bbl3bIBaeT 3aTHrHBaHHe npo

uecca BO epeMeHH, n03TOMY He06XOJlHMO 6y.neT H36eraTb KaTOJlHOro CMemeHHH, aa.naeae

Moro pe3HCTHBHO-eMKOCTHblMH cnoco6aMH. 

6.12.2. BxonHoii KOCKOI/ 

Ba>KHeHlllHM Tpe6oBaHHeM K BXO.llHOM}' KaCKa.ny HBJIHeTCH Heo6XOJlHMOCTb reHepHpoBaTb 

MHHHMaJibHble co6cTBeHHble WYMbl, .llJIH lJero He06XOJlHMO HCnOJib30BaTb JiaMnbI, HMelO

UJ.He HH3Koe 3HalJeHHe KPYTH3HbI xapaKTepHCTHKH, no3TOMY B HH>KenpHee.neHHOH Ta6nHue 

JiaMnbl crpynnHpoeaHbl no 3TOMY ocHoaononara10UJ.eMy npHHUHny. 
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Ta6nMua6.7 

Aocnt>KMMoe 3Ha'feHMe KPYTM3Hbt, MA/MB 

E81 OF (BKJ110~eHHa11 no cxeMe TplllOAa), EC8020 =50 
3A/167M, 437A =42 
EC8010,5842,417A =20 
EC86,PC86,EC88,PC88 = 11 
ECC88/6DJ8, EBBCC/922 =8 

3Ha'leHHH, npHBe.ll.eHHbie B Ta6JJ. 6.7, OTJIH'l8IOTCH B MeHbWYIO CTOpoHy OT nacnopTHbIX 

3Ha'leHHH, npHBO.ll.HMbIX np01i3BO.ll.HTeJJHMH JJaMn, TaK KaK OHH OTpa>KalOT peaJJbHbie BeJJH'IH

Hbl, KOTOpbie MO>KHO fiOJJy'IHTb B peaJJbHOH cxeMe. B Ka'leCTBe O'leHb npocTOro npaBHJJa, 

npHMeHHeMoro Ha npaKTHKe .ll.JIH 6bICTpoti ou.eHKiil, lfTO Ha3bIB8eTCH, «Ha r.11830K», MO>KHO 

C'IHTaTb, 'ITO .11aMnb1, cnpoeKrnposaHHbie .ll.JIH pa6oTbI c BbICoKHMH 3Ha'leHHHMH Kpyrn3HbI 

gm, KaK npasw.110, .ll.OCrnralOT 3Ha'leHHH Kpyrn3HbI, .11e>1<aw.ero B npoMe>KYTKe Mem,ny O.ll.HO

KpaTHbIM H nonyTOpaKpaTHblM 3HalfeHHHMH HX aHO.ll.HbIX TOKOB. l1Hb1MH CJIOBaMH, .ll.JIH Jl8Mfibl 

rnna E810FTpe6yeTCH aHO.ll.HbIH TOK/a= 35 MA, 'IT06b1no.11yqHTb3Ha'leHHe gm= 50 MA/MB. 

3TO .ll.eJJaeT ee cpaBHHTe.llbHO .ll.Oporoti .ll.JIH npHMeHeHHH, fi03TOMY Kpyr BbI6opa Jl8Mfibl cy

)KaeTCH H 3aMbIKaeTcH Ha ceMeticTBe .11aMn, HMelOW.HX 3Ha'leHHe KPYTH3HbI nopMKa gm= 20. 

OcrnHOBHBWHCb Ha .ll.aHHOM ceMeiicTBe naMn, Heo6X0.!1.HMO npoH3Becrn Bb16op ae.11H

'IHHbI aHO.ll.HOro TOKa. TaK KaK KPYTH3Ha naMnbI gm nponopu.woHaJJbHa aHO.ll.HOMY TOKY / 11 , 

TO MO:>KHO 38.ll.aTb M8KCHMaJJbHO B03MO>;KHOe H3 npaKTH'leCKHX coo6pa>KeHHH 3Ha'leHHe, 

no3TOMY asTop ocTaHOBHJJ csoti BbI6op Ha 3Ha'leHHH la = 15 MA, TaK KaK TaKoe 3Ha'leHHe 

aHO.ll.HOfO TOKa o6ecne'IHBaeT 60.llbWYIO 'laCTb Tpe6yeMbIX 3Ha<IeHHH KPYTH3Hbl gm. noc.11e 

3TOro Heo6XO.ll.HMO BbI6paTb HanpH>KeHHe ceTO'IHOro CMew.eHHH vgk' MHorHe npOH3BO.ll.H

TeJIH JlaMn ycTaHaBJJHBBIOT 3Ha'leHHe HanpH>KeHHH vgk < 1 B, 0.ll.H8KO, KOf.ll.a aBTOp KHHrH 

HCCJle.ll.OBa.11 cneKTp HCKa>KeHHH JJaMnbI rnna 5842 OTHOCHTe.llbHO H3MeHeHHH BeJJH'IHHbl 

vgk' OH OOHapy:>KHJJ, 'ITO npH 3Ha'leHHH vgk < 1,3 B He3H8'1HTeJJbHbie H3MeHeHHH K8TO.ll.HOro 

CMew.eHHH fiOJIHOCTblO H3MeHHIOT cneKTP HCKa:>KeHHH. 

CTpH 3H8'1eHHHX HanpH:>KeHHH CMew.eHHH vgk > 1,5 B, BK.118.ll. Bb!CWHX rapMOHHK yMeHb

waeTCH, OHH CTaHOBHTCH 60.11ee CTa6HJlbHblMH, fi03TOMY .ll.JIH Toro, 'IT06bI 38.ll.8Tb HanpH

>KeHHe CMeW.eHHH JJ8Mfibl, npow.e Bcero HCfiOJlb30BaTb He.ll.OporoM KpaCHbIH CB€TOH3JJY'l8-

IOW.HM .ll.HO.ll. ( Cl1.[l). OH no.ll..ll.ep:>KHBaeT HanpH>KeHHe ,cMew.eHHH V k = 1, 7 B. Ta Koe 

3Ha'leHHe HanpH:>KeHHH CMew.eHHH npH 3Ha'leHHH aHO.ll.HOro TOKa la = 1 ~ MA o6ecne'IHBaeT 

3Ha'leHHe aHO.ll.HOro HanpH:>KeHHH JJaMnbI Va= 126 B. 

Uocne onpe.ll.eJJeHHH pa6o'IHX napaMeTpos naMnbI MO>KHo onpeJleJJHTb 3HalfeHHe co

nporns.11eHHH ( npoBOJJO'fHOro) pe3HCTOpa aHO.ll.HOH Harpy3KH, R,_ (CM. npHHU.HnHaJJbHYIO 

cxeMy KaCKa.ll.a Ha pwc. 6.34). TeopeTH'leCKH, yseJJH'leHHe 3Ha'leHHH conpoTHBJJeHHH 

R1. yseJJH'IHBaeT co6cTBeHHbie wyMbI (u,. = U4kTBR), O.ll.HaKo, Hx 3Ha'leHHe, KaK npaaw.110, 

oc.11a6.11HeTCH HCfiOJlb30B8HHeM .ll.eJIHTeJIH HanpH>KeHHH, o6pa3oBaHHOro BHyTpeHHHM 

BbIXO.ll.HbIM conpoTHBJJeHHeM .11aMnb1 ra H pe3HCTopoM RI.' a H3MeHeHHe aeJJH'IHHbI co

npoTHBJJeHlrn BbIWe npe.ll.eJJbHOro 3Ha'leHHH H3MeHHeT TOJlbKO OKOHlfaTeJJbHYIO BeJIHlfH

HY OTHOWeHHH CHrHaJJ/ wyM, .ll.8 H TO TOJlbKO B npe.ll.eJJax 1 .ll.D. 0CHOBHbIM cpaKTOpOM, onpe

.ll.eJIHIOW.HM BeJJH'IHHY conpoTHBJJeHHH Rf.' HB~HeTCH BeJJH'IHHa SbICOKOBOJJbTHoro 

nHTalOW.ero HanpH>KeHHH, HCfiOJJb3yeMoro B cxeMe . .EcJJH HCXO.ll.HTb H3 Toro, 'ITO He06XO.ll.H-
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PHc. 6.34 Cxe.M.a exoanoeo KacKaaa c ucno1tb30Banu,e.M. 1ta.M.nbt ECBO I 0, 
c1tte14enue na Komopou 3aaaemcR c ucno1tb30Banue.M. CHP. 

MO HMeTb )l.OCTaTO'-IHO 60JibWOe 3Ha'-leHHe conpOTHBJieHHH pe3HCTOpa, o6ecne'-IHBalOUlero 

)l.OCTaTO'-IHOe na.neHHe Ha HeM BblCOKOBOJlbTHOro uanpmKeHHH H, CJie)l.OBaTeJibHO, .!lOCTa

TO'iHOe ero crna>KHBaHHe, TO 3Ha'-leHHe BblCOKOBOJibTHOro HanpH>KeHHH nepBoro KacKa.na 

.noJI>KHO cocTaBJIHTb npHMepHo 300 B, JIH6o HeCKOJibKO MeHhwee 3Ha'-!eHHe. TaK KaK Ha 

caMoii JiaMne na.naeT HanpH>KeHHe 126 B, TO Ha pe3HCTop R,_ npH.D.eTCH na.neHHe HanpH>Ke

HHH nopH.nKa 17 4 B, '-ITO no 3aKoHy 0Ma npHBe.11.eT K 3Ha'-leHHIO R,_ ~ 11, 6 KOM. Pe3HCTOp R1. 
B 3TOM KaCKa.ne )l.OJI>KeH pacceHBaTb )l.OCTaTO'-IHO 60JibWYIO MOUlHOCTb, a TaK KaK OCTaeTCSI 

aKryaJibHblM eme H Tpe6oBaHHe CHH>KeHHH H36blTO'-IHblX wyMOB, TO CTaHOBHTCH Heo6xo.nH

MblM npHMeHeHHe npoBOJIO'-IHblX pe3HcrnpoB. Do3TOMY Bb16op ocrnHaBJIHBaeTcH Ha pe3HC

rnpe, COOTBeTCTBYIO!p.eM HOpMaJIH E6, B KOTOpoii HaH6oJiee 6JIH3Koe 3Ha'-!eHHe conpOTHB

JieHHH K Heo6xo.nHMOMY pac'-leTHOMY oKa3brnaeTcH paBHblM 10 KOM. KaK npaBHJIO, wHpoKo 

.nocTyfIHblMH Ha npaKTHKe SIBJIHIOTCH npoBOJIO'-IHble pe3HCTOpbJ, OTHOCHUlHeCH no KJiaccy 

TO'-IHOCTH TOJibKO K HOpMaJIH E6. 

nocJie TOro, KaK onpe.neJieHO 3Ha'-leHHe conpOTHBJieHHH pe3HCTOpa aHO)l.HOH Harpy3KH 

R1. H H3Becrna BeJIH'-IHHa npoTeKaJOmero no He My TOKa, MO>KHo onpe.neJIHTb TO'-!Hoe 3Ha'-le

HHe Tpe6yeMOfO BblCOKOBOJlbTHOro HanpH>KeHHH nHTaHHH. Da.neHHe HanpH>KeHHH Ha pe3H

CTOpe cocTaBJIHeT 150 B, 3Ha'-!eHHe aHo.nHoro HanpH>KeHHH JiaMnbI V" = 126 B, cJTe.noBa

TeJibHO, .ll,JIH BXO)l.HOro KacKa.na Heo6xo.nHM HCTO'iHHK c BblCOKOBOJibTHblM HanpH>KeHHeM 

276 B. 
nocJie Toro, KaK cxeMa Bxo.n.Horo KacKa.na pa3pa6ornHa, Heo6xo.nHMo ou.eHHTb ee c T0'-1-

KH 3peHHH ypoBHH B03HHKalOUlHX HCKa>KeHHH. CxeMa TeCTHpoBaJiacb npH ypoBHe Bb1xo.n.Horo 

HanpH>KeHHH + 18 )I.DU, KOTOpblH no3BOJIHJI nO)l.HSITb rapMOHM'-IHble HCKa>KeHHH Bb!We ypoB

HH wyMOB, HO BCe >Ke HH>Ke ypoBHH orpaHH'-leHHH CHrHaJia. DblJIO npoBepeHO .ll.Ba.nLI.aTb 

weCTb 3K3eMnJIHpoB JiaMn, npHH8.ll,Jle>KalllHX K ceMeiicTBaM EC8010, 5842, 417 A. Pe3yJib

TaTbl HCnb!TaHHH OKa3aJIHCb O'-!eHb 6JIH3KHMH KaK no cyMMapHOMY ypoBHIO o6u:r.Hx rapMo· 
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HH'·leCKHX HCKa:>KeHHH H wyMy, TaK H no HHAHBH.nyaJJbHblM ypoBHffM HCKa:>KeHHH, no3TOMY 

HH:>Ke npHBOAHTCff HaK6oJJee xapaKTepHblH pe3yJJbTaT H3MepeHHH (pHC. 6.35 ). 

Tek Run Tng'd • ' ' . 1. ; . : : 
.......... ·r ....... ................................................ . 

: l : : : . . . · ·· · · ·:·· · t ·r ·· · · ··:- · · ·· · r · ·· · · ·:- · · · · · ·· ·· · · -:-· · · · · :· ··· · ·:· · · · · · 

······:····!··:······:······:······:·············:······:······: . . . . . . . . . . . . 
. . 

............ ~ ............. : .......................... : ............ . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. , ................... ., .......................... ., ..... . . . . . . . . . . . . . . . . 

: ...... : ... ~I.: ...... : ..... : ...... : ............. : ...... ; ...... : ..... . . ;n ~ . ,: : . . . 
' 

M t!.9~_Qrrl.§..J A ('ciiT--7 .... -,.~i'iliV-J 

~: 54.4dB 
@:-68.8dB 
~: 2.00kHz 
@:4.00kHz 

IBI [1'0:0dB 1.25kHz] 11 ff()'()o%j ~~-~~~~OOl 

PHc. 6.35 XapaKmepHbttl cneKmp ucKa:m:enuu 01tR Ila.Mn ceMeucmB EC80 I 0, 
5842, 417 A npu ypoene ycUJteHUR + 18 oEu 

OcHOBHbte HCKa:>KeHHff onpeAeJJfflOTCff BTopoii rapMOHHKOH c ypoBHeM -44 AD (0,65 % ), 
ypoBeHb 4erneprnii rapMOHHKH, pacnoJJo:>KeHHbIH HH:>Ke Hero Ha 54 AD, ffBJJffeTCff npaKTH-

4eq<H npeHe6pe:>KHMo MaJJblM ypoBHeM -98 AD. TaK KaK .II.Jiff TpHo.zi.a HCKa:>KeHHff nponop

U.HoHaJJbHbl HX ypoBHIO, MO:>KHO npeACKa3aTb HCKa:>KeHHff )I.Jiff npeAilOJJa'faeMoro pa6o4ero 

pe:>KHMa. Heo6XO):lHMOe HOMHHaJJbHOe 3Ha4eHHe BXOJlHOH 4YBCTBHTeJJbHOCTH JlOJl:>KHO co

CTaBJJffTb 2,5 MB cpeJlHeKBaApaTH4eCKoro 3Ha4eHHff .II.Jiff CKopocTH nepeMeLU.eHHff HrJJbI 

5 CM/C. 0epeC4HTblBaH. 3TH 3Ha4eHHff B OTHOCHTeJJbHbie ypoBHH, Bbipa:>KeHHbie B AeU.H6e

JJaX, nOJJY4HM: 

s(MB) 2,5 
YpoBeHb (JlDU) = 1 Olog(--. ) = 20log(-) = -50 JlDU. 

775 775 

0):lHaKO H3BeCTl;IO, '{TO nporH03HpyeMbie 3Ha4eHHff nHKOB 6yAYT npeBbfLUaTb noJJy4eH

HOe 3Ha':leHHe Ha 12JlD, 1103TOMyypoBeHb nHKOB COCTaBHT: -50ADU + 12JlD ='-38JlDU. 

CT pH HcnoJJb30BaHHH JJaMnbI THna EC8010 KacKaA HMeJJ pacc4HTaHHblH no pe3yJJbTaTaM 

H3MepeHHH K03cpcpHU.HeHT ycHJJeHHff 32 AD, cJJeJlOBaTeJJhHO: nporno3HpyeMbie 3Ha4eHHff 

nHKOB Ha Bb!XO):le KaCKa):l1l AOCTHrHYT ypOBHff: -38 ADU + 32 JlD = -6 AD. vlccJJeAOBaHHff 

HCKa:>KeHHH npOBOJlHJJHCb npH ypoBHe ycHJJeHHff + 18 ADU, KOTOpbIH Ha 24 AD npeBbtwaeT 
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ypoBeHb -6 .u.Bu. CJJe.n.osaTeJJbHO, HCKa)!{eHHH npH ypoBHe -6 ,!I.DU 6yJJYT Ha 24 ,!l.D HH)!{e, 

"leM nony"leHHble B pe3yJJbTaTe. H3MepeHHH npH yposHe + 18 ,!I.DU. TaKHM o6pa30M, HCKa

)!{eHHH Ha ypOBHe -6 )lDU COCTaBHT: -44 ,!l.D - 24 JlD = -68 ,!l.D, "ITO COCTaBHT 0,04%. 

CneJJYeT npH3HaTb, "ITO noJJY4eH snoJJHe YJlOBJJeTBopHTeJJbHbIH pe3yJJbTaT. 8 CJJY4ae, ecJJH 

npe)lnO"ITHTeJJbHee HCnOJJb30BaTb 6oJJee Bblpa3HTeJlbHble umf>pbl, TO BMeCTO HCnOJJb30BaH

HblX ypoBHeH MO)!{HO HCnOJJb30BaTb HCKa)!{eHHH npH HOMHHaJJbHOM ypoBHe CKOpOCTH nepe

MeW.eHHH HrJJbl, paBHOM 5 CM/ c, "ITO yMeHbWHT nOJJY4eHHblH pe3yJJbTaT ,!1.0 3Ha"leHHH 0,0 l %. 

Tenepb cJJeJJYeT nposepHTb seJJH"IHHY sxo,!l.Hoti eMKOCTH KacKa.n.a. )]..nH naMnbI EC8010 

B TeXHH"leCKoti .n.oeyMeHTaUHH KOMnaHHH CHMeHc (Siemens) npHBO.ll.HTCH 3Ha"leHHe npo

XOJlHOH eMKOCTH cag = 1,4 n<I>, O,!l.HaKO 3TO 3Ha"leHHe ,!l.OJl)KHO 6bITb YMHO)!{eHO Ha "IJJeH 

( l +Av), "ITO .n.aeT 3Ha"leHHe eMKOCTH MHJJJJepa (CM. rnasy 2), pasHoe 57 n<I>. BeJJH"IHHa 

BXO,!l.HOH eMKOCTH Cm COCTaBJJHeT 7 ncf>, n03TOMY CYMMapHOe 3Ha"leHHe BXO,!l.HOH napa3HT

HOH eMKocrn cocTaBHT 64 n<I>. TaK KaK asrnp Y*e HMeJJ Ha csoeM na6oparnpHoM crnne 

3K3eMnJJHP .n.aHHOro KaCKa,!l.a, TO nposepHTb Ha npaKTHKe paCC"IHTaHHOe 3Ha"leHHe BX0,!1.

HOH eMKOCTH He COCTaBHJIO Tpy.n.a. 

BKJJIO"leHHblH nocne.n.osaTeJlbHO c BblXO,!l.OM reHeparnpa pe3HCTOp COBMeCTHO c BX0,!1.

HOH eMKOCTblO ctnpttl 06pa3yeT <f>HJJbTp HH)!{HHX "laCTOT. Xorn caMa se.nH"IHHa conporns.ne

HHH pe3HCTOpa He HMeeT O"leHb 6oJJbWOro 3Ha"leHHH, HO He06XO,!l.HMO 3HaTb TO"IHOe 3Ha"le

HHe ero conporns.neHHH. TO"IKa xapaKTepHCTHKH <f>H.nbTpa, COOTBeTCTBYIOW.aH "laCTOTe 

cpe3a no ypoBHIO -3 JlD, MO)!{eT 6bITb onpe.n.e.neHa 1-1acTpotiKOH reHeparnpa Ha "laCTory, 

npH KOTopoti aMn.nHryJla Bbrxo.n.Horo CHrna.na nposepHeMoro KacKa.n.a yna.n.eT Ha 3 .ll.D, .nH6o 

ero <f>aaa ( OTHOCHTe.nbHO aMn.nHTY.ll.bl BXO,!l.HOro CHrHa.na) He H3MeHHTCH Ha 135' ( 180',- 45'). 

EcJJH Hcno.nb30BaTb peaHCTop c conpoTHBJJeHHeM 18 KOM, TO "laCTOTa cpe3a CHrHaJJa no 

ypoBHIO - 3 .ll.Df -3,dj COCTaBHT 46,9 Kfu. 

C = =189 n<I>. 
uu-e 27t/ _ ,,,.R 21t x 46900 x 18000 

CToJJy"leHHOe 3Ha"leHHe BeCbMa CHJlbHO OT.nH"laeTCH OT npe,!1.CKa3aHHOro TeopeTH"leCKHM 

nyTeM. TaK KaK H3secrno 3Ha"leHHe Ko3<f><f>HUHeHTa ycH.neHHH Av KacKa.n.a, 3Ha"leHHe npo

XOJlHOti eMKOCTH cag MO)!{eT 6b!Tb paCC"IHTaHO no H3BeCTHOMY ypaBHeHHIO MHJJJJepa: 

C - c .. ,,,, - c.. - 189 - 9 - 4 6 "' 
nu- ----- ' n'-1-'. 

l+A 1+38 

KaK yKa3bIBaeTCH B TeXHH"lecKoti .n.oKyM~HTaUHH npoH3BO,!l.HTeJJH JJaMn, B .n.aHHOM ypas

HeHHH eMKOCTb Cm npe,!1.CTaB.nHeT eMKOCTb CeTKH OTHOCHTeJJbHO BCeX OCTa.nbHblX 3.neKTpO

,!l.OB JJaMnbI, nJJIOC He6o.nbwoe 3Ha"leHHe .ll..nH napa3HTHblX eMKOCTeH, CKopee scero, OT 2 
,!1.0 5 n<I>, B 3aBHCHMOCTH OT npHMeHHeMblX cxeM H3MepeHHH napaMeTpa. 

TaK KaK npOH3BO,!l.HTe.nH JJaMn yKa3bIBaIOT 3Ha"leHHe npOXO)lHOH eMKOCTH cag = 1,4 n<I>, 

3Ha"leHHe eMKOCTH, paBHOe 4,6 n<I>, npe)lCTaBH.nOCb HeCKOJJbKO o6ecKypa)!{HBaIOW.HM, 

XOTH Henocpe,!1.CTBeHHble H3MepeHHH 3Ha"leHHH eMKOCTH Ca , BbinO.nHeHHble C HCnO.nb30Ba

HHeM H3MepHTe.nbHoro MOCTa, .n.aJJH 3Ha"leHHe nopH,!1.Ka 4,~ n<I>. KaK H3Becrno, npHMeHe-
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HHe H3MepHTeJJbHblX MOCTOB )lJIH H3MepeHHH He60JJbWHX 3Ha'ieHHH eMKOCTH conpH>KeHO 

c onpe.n.eJJeHHbIMH TPY.ll.HOCTHMH, H HcnoJJb3yeMbIH asrnpoM MOCT MapKH Marcom TF2700 

He HBJJHeTCH HCKJJIO'!eHHeM. TeM HH MeHee, 3aHBJJeHHaH npOH3BO,ll.HTeJJHMH JJaMn BeJJH'!HHa 

eMKOCTH Cag npe,ll.CT8BJJHeTCH aBTOpy '!epecqyp OnTHMHCTH'!HOH .llJIH 48CTOT 3BYKOBOfO ,ll.Ha

na30Ha. 

6.12.3. OnrHMHJOJJHR xapaKrepHCTHK BXORHOro rpaHct/JopMampa 
K co>KaJJeHHIO, noJJy'ieHHoe BbIWe 3Ha'ieHHe eMKOCTH 190 net> npe,n.cTaBJJHeT CJJHWKOM 

60JJbUJYIO BeJJH'!HHY .llJIH wyHrnpylOlUeil: eMKOCTH Bxo.n.Horo TpaHccpopMarnpa. CTo3TOMY 

nepBOH84aJJbHbie H3MepeHHH, BblnOJJHeHHbie c HCnOJJb30B8HHeM reHepaTopa CHrHaJJOB 

npHMoyroJJbHoil: cpopMbI Sowter 8055, He sceJJHJJH 6oJJbWoro onTHMH3Ma, o.L(HaKo, HC

noJJb30B8HHe cxeMbI 3o6eJJH (Zobel)( no.n.po6Hee cM. B ma Be 2 ), BKJJIO'!aeMoil: napaJJJJeJJb

HO BTOpH4HOH o6MOTKe TpaHccpopMaTopa, 3Ha4HTeJJbHO YJJY'!WHJJH noJJo>KeHHe. BeJJH'!HHa 

eMKOCTH, BXO,ll.Hll.I,eil: B cxeMy 3o6eJJH, 38BHCHT OT conpoTHBJJeHHH 3BYKOCHHMaTeJJH no no

CTOHHHOH COCTaBJJHIOW.eil:, KaK noKa3aHO B Ta6JJ. 6.8. 

Ta6nuu.a 6. 8 

ConpoTHBneHHe3BYKOCHHMaTenR 
nocTORHHOMY TOKY Roc1 OM 

3Ha~eH111e eMKOCTlll 306em1 

4 

1,5 HCI> 

6 8 10 

1 HCI> 910 nCI> 680 nCI> 

B Ka'iecrne npHeMJJeMoro sapHaHTa MO>KeT 6bITb licnoJJb30BaH TpaHccpopMarnp rnna 

JT-346-AX, npOH3BO,ll.HMbIH KOMnaHHeil:.[l>KeHCeH (Jensen), HO 3TO 6y,n.eT ,ll.OCTaTO'!HO,ll.0-

poraH nJJaTa 3a yJJyqweHHe Ka'iecrna (npH4eM, TaKoe, Kornpoe MO>KHO 6y,n.eT onpe,n.eJJHTb 

HHCTpyMeHTaJJbHbIMH MeTO,n.aMH). TpaHccpopMaTop KOMnaHHH .[l>KeHceH 6b1J1 pa3pa6oTaH 

.llJIH 3BYKOCHHMaTeJJeil: c conpoTHBJJeHHHMH 3 H 5 OM H HMeeT K03cpcpHu.HeHT TpaHccpopMa

U.HH 1: 1'2, n03T6MY, TeXHH'!eCK8H ,ll.OKyMeHTaU.HH KOMnaHHH-npOH3BO,ll.HTeJJH .n.aeT B03MO>K

HOCTb onpe.n.eJJHTb 3H84eHHH COOTBeTCTBYIOW.HX napaMeTpOB cxeMbl 3o6eJJH ( npHHHMaH, 

'!TO eM~OCTHaH cocTaBJJHIOW.aH Harpy3KH pasHa HYJJIO ). 3KcnepHMeHTbI noKa3aJJH, '!TO 

KOH,n.eHcarnp c eMKOCTblO 680 net> H pe3HCTop c conpoTHBJJeHHeM 2,4 KOM HBJJHIOTCH on

THMaJJbHblMH 3H84eHHHMH .llJIH 3JJeMeHTOB cxeMbl 3o6eJJH B cnyqae conpOTHBJJeHHH HCTO'!

HHKa CHrHaJJa, paBHoro 11 OM, H BeJJH'!HHe eMKOCTH Harpy3KH 190 net>. 

6.12. 4. Bropoii KOCK OR 
Brnpoil: KacKa.n. xapaKTepH3yeTCH ycHJJeHHeM CHrHaJJoM .no MaKCHMaJJbHoil: Heo6xo.n.HMoil: 

aMnJJHTY.ll.bl H, CJJe,ll.OBaTeJJbHO, OT Hero MO>KHO O>KH,ll.8Tb HaH60JJbWHH BKJJ8,ll. B o6w.He HC

Ka>KeHHH. KaK paHee 6hIJJO noKa3aHo paHee (CM. noll,po6HbIH aHaJJH3 B rnase 2), ycHJJH

TeJJbHble KaCK8.ll.bl c aKTHBHOH Harpy3KOH, TaKHe, HanpHMep, KaK µ-noBTOpHTeJJb H P-no

BTOpHTeJJb, ll,8IOT 3Ha'!HTeJJbHO MeHbWHe HCKa>KeHHH no cpaBHeHHIO c 06bl'!HblM TpHO,ll.HbIM 
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ycHJJHTeneM c o6mHM KaTOJJ.OM, JJ.a eme H 06J1aJJ.a10T JJ.OnonHHTeJJbHbIM npeHMyutecTBOM 

B BHJJ.e noHH>KeHHOrn 3HalfeHHH BblXOJJ.HOrn conpoTHBJleHHH. 

µ-nOBTOpHTeJJb MO>KeT paCCMaTpHBaTbCH B KalfeCTBe npeKpacHoro 3KcnepHMeHTaJJb

HOrn o6beKra JJ.JJH onpeJJ.eJJeHHH MHHHMaJJbHbIX (He noJJ.D.aIOmHxcH JJ.aJJbHetfweMy ynylfwe

HHIO) HCKa>KeHHH naMnoBoro ycHJJHTeJJbHorn KacKaJJ.a. OrpoMHble MacwTa6b1 pacnpocT

paHeHHH ToprnBJJH no ceTH 1·1HTepHeT noKaaaJJH, lfTO B HaCTOHmee BpeMH JJ.JJH Bcern MHpa 

OTKpbITa B03MO>KHOCTb npHo6peTeHHH 3JJeKTpOHHbIX naMn cepH1:1 NOS, HO 3TO TaK>Ke oa

Hal.faeT. lfTO JJ.OCTynHOH CTaHOBHTCH JJI06aH JIBMna, KOTOpaH 6bIJla H3rOTOBJleHa KeM yrnJJ.

HO, H rJJ.e yroJJ.HO . .llJJH BTOporn KaCKaJJ.a He06XOJJ.HMa JJaMna, HMeIOmaH 3H8lfeHHe K03cp

cpHUHeHTa ycHJJeHHH npHMepHO µ = 16, no3TOMY TecrnpoBaHHIO nOJJ.BeprJJHCb Bee 

B03MO>KHbie, a TaK>Ke H HeKOTOpble, HBHOlfienOJJ.XOJJ.HmHe KaHJJ.HJJ.aTbl Ha 3TY pOJJb (noJJ.-

po6HOCTH CM B r JJaBe 3 ). . 

YJJ.HBHTeJJbHO, HO, HMeH BeCbMa wHpoKoe pacnpocTpaHeHHe H xopowyIO penyraUHIO, 

naMna rnna 76 He npoJJ.eMOHCTpHpoBaJJa oco6eHHO xopowHx peayJJbTaTOB. Xorn y Hee H 

6bIJJH caMbie HH3KHe noKa3aTeJJH cpeJJ.H BCex ocraJJbHbIX naMn no ypoBHIO HCKa>KeHHH no 

BTOpOH rapMOHHKe, ypoBeHb HCKa>KeHHH He 6b!JI nponopuHoHaJJeH ypoBHIO CHrHaJJa, JJ.a H 

rapMOHHKH BbICWHX nopHJJ.KOB HMeJJH JJ.OCTaTOlfHO BbICOKHH ypoBeHb. TaK KaK HJJ.eonornH 

cxeMbl c HeCHMMeTpHlfHblM BbIXOJJ.OM OCHOBbIBaeTCH Ha TOM, lfTO ypoBeHb HCKa>KeHHH CHH

>KaeTCH c yMeHbWeHHeM ypoBHH BbIXOJJ.HOrn CHrHaJJa, c lfYBCTBOM HCKpeHHero CO>KaJJeHHH 

3TH JJaMnbI 6bIJIH OTBeprnyrbI. 

0JJ.HaKO B XOJJ.e npoBepKH 6bIJIO ycraHOBJJeHO, lfTO npaKTHlfeCKH BcerJJ.a OJJ.HH H3 TpHo

JJ.OB o6JJaJJ.aJJ 3HalfHTeJJbHO JIYlfWHMH napaMeTpaMH no cpaBHeHHIO c ocraJJbHbIMH. KoHCT

PYKTHBHO OH MOr 6bITb BbinOJIHeH KaK OJJ.HH8pHbIH, TaK H JJ.BOHHOH TpHOJJ., HMeTb npoCTOH 

BOCbMHWTblpbKOBbIH UOKOJ!b, JJH60 BOCbMHWTblpbKOBblH UOKOJ!b 3aMKOBOrn rnna, HanpH

>KeHHe HaKana noJJ.orpeBaTeJJH Morno 6b1Tb paBHO 6,3 B, JJH6o 12,6 B, OJJ.HaKo cymHoCTb 

naMnb1 OT 3Torn He MeHHJJacb. BoaMO>KHO, lfTO 3TO He noKa>KerCH ol.feHb YJJ.HBHTeJJbHblM, HO 

3TOH «xopoweli» JJaMnOH MOrJJH 6b1Tb TaKHe THnbl, KaK 6SN7' l 2SN7, 7N7' l 4N7 JIH6o 

6J5. Heo6xoJJ.HMOCTb npoBeJJ.eHHH JJ.aJJbHeliwern oT6opa naMn 6b1J1a KOHCTaTHpoBaHa no

cne Toro, K81< 6blJIO o6Hapy>KeHO, lfTO JJaMnbI c MeTaJJJJHlfeCKHMH 6aJJJJOHaMH reHepHpOBa-
" I< I ,,, ,lo, 6 B • JIH vOJJee BblCOKHe H 't'HKCHpyeMble npH opHblMH MeTOJJ.aMH HCKa>KeHHH. 03MO>KHOH 

npHlfHHOH, OTBeTCTBeHHOH 3a TaKOe pa3JIHlfHe, Mor OKa38TbCH npouecc o6eara>KHBaHHH, 

KOTOpblH JJ.JIH JJaMn c MeTaJIJIHlfeCKHM 6aJJJJOHOM npoBOJJ.HTCH npH 6onee BbICOKHX TeMne

paTypax, H3-3a I.fern MeHHIOTCH COCTaB H OCTaTOlfHOe JJ.aBJJeHHe B 6aJJJIOHe, H H3-3a I.fern 

B03pacraeT HOHHblH ceTOlfHblH TOK. 

CTocJJeJJ.YIOmHe HCnbITaHHH nOKa3aJIH, lfTO BapHaHTbl JlaMn C 3alfepHeHHbIM CTeKJJOM, 

TaKHe, HanpHMep, KaK THn CV1988 (MOJJ.HcpHKaUHH naMnbI THna 6SN7, nocraBJJHeMaH 

JJ.JJH apMeHCKHX HY>KJJ. BenHKo6pHraHHH) noBceMeCTHO xapaKTepH30Banacb caMbIM HH3-

KHM ypoBHeM HCKa>KeHHH, HO rnpa3JJ.O 6onee JJ.eWeBblH no ueHe 3K3eMnJJHp JJaMnbI cpHp

Mbl Pinnacle rnna 6J5GT oKaaancH TaK>Ke 06J1aJJ.a10mHM BeCbMa xopowHMH napaMeTpa

MH, a ee OTJJ.eJJbHbie 3K3eMnnHpbI HMeJJH napaMeTpbI, cpaBHHMbie c napaMeTpaMH naMnbI 

rnna CV 1988. npoH3BOJJ.HTeJIH JJaMnbI 3aHBJIHJIH 0 CHH>KeHHOM 3HalfeHHH npoXOJJ.HOH 

eMKOCTH Cug ( 3 ncp no cpaBHeHHIO C 3,9 ncp) JJ.Jlff JtaMn C BOCbMHWTblpbKOBbIMH UOKOJIH

MH 38MKOBOrn rnna, no3TOMY TaKHe JlaMnbI TO>Ke npeJJ.CTaBJJHJIH HenJJOXOH BapHaHT JJ.JIH 

BJ>I6opa. Bo3MO>KHbl 6bIJIH H JJ.aJJbHeliwHe BapH8UHH Ha 3aJJ.aHHYIO TeMy, OJJ.HaKO, OKOHl.fa-
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BapHaHT 6noKa 'lDCTarnoil-KoppeKllHH RIAA c McnonbJOBOHKeM naMnb1 TMna EC8010 

TeJJbHblH Bbl60p BnOJJHe Mor 6bITb c.11.eJJaH Ha OCHOBe H 6oJJee npo3aH'-leCKHX Tpe6oBaHHH, 

TaKHX, KaK HanpmKeHHe nHTaHHH no.11.orpeBaTeJJeti, HCnOJJb30BaHHH BapH8HTa npoCTOH 

HJJH koM6HHHpoBaHHOH KOHCTPYKU.HH, rnn u.oKOJJH H JJaMnOBOH naHeJJH, JJH6o c yLJeTOM 

ew.e KaKHX-HH6YJJ.b npe.11.nolJTeHHH, H .11.a:>Ke npocTO HaJJHlJHH KaKOH-TO onpe.11.eJJeHHOH 

JJaMnb1. 

CxeMbI µ-noB'l'opHTeJJH H 13-noBTOpHTeJJH no.11.BeprJJHCb TW.aTeJJbHOMY TecrnpoBaHHIO, 

no pe3yJJbT8TaM KOTOpblX xapaKTepHCTHKH 13-nOBTOpHTeJJH OKa3aJJHCb OlJeHb xopOllIHMH, 

HO y µ-noBTOpHTeJJH OKa3aJJOCb He3HalJHTeJJbHOe npeHMyw.ecTBO, CBH3aHHOe c 6oJJbllIOH 

rH6KOCTblO OTHOCHTeJJbHO BbI6opa 3HalJeHHH BblCOKOBOJJbTHOro nHra10w.ero HanpH:>KeHHH, 

no3TOMY aBTOp 'oCTaHOBHJJ CBOH BbI6op B noJJb3Y 6oJJee npoCTOH cxeMbl CTa6HJJH3aTopa 

HanpH:>KeHHH H BapHaHTa nHTaHHH BTOporo H TpeTbero KaCKa.D.OB 0.11.HHaKOBblMH BblCOKO

BOJJbTHblMH HanpH:>KeHHHMH nHTaHHH. 

)l.nH cxeMbI µ-noBTOpHTeJJH c JJaMnoti Pinnacle 6J5GT npH ycHJJeHHH +28 .11.5 HaH6oJJee 

xapaKTepHblH ypoBeHb HCKa:>KeHHH COCTaBJJHJJ 0,25%, HJIH -52 .11.5. CTpH HCnOJJb30BaHHH 

3TOH JJaMnbl nHKOBble 3HalJeHHH Ha BblXOJJ.e BToporo KaCK8.IJ.a .11.ocrnraJJH ypoBHH + 12 .II.DU 

(•no npe.D.CTaBJJHJJO 3HalJeHHe Ha 16 .11.D HH:>Ke npOrH03HpyeMoro ), a O:>KH.11.aeMblH ypoBeHb 

HCKa:>KeHHH COCTaBJJHJJ: -52 .11.D - 16 .11.D ,= -68 .11.D (HJJH 0,04 % ), TO eCTb TOlJHO TaKoe :>Ke 

3HalJeHHe, lJTO H /l,TIH BX0.11.HOfO KaCKa.11.a. 

B TecrnpyeMoti cxeMe µ-nOBTOpHTem1 HanpH:>KeHHe cMew.eHHH aa.11.aBaJJOCb c HcnoJJb-

30BaHHeM CBeTOH3JJY4a!Olll,HX ~HO.II.OB (CYl)l), H XOTH Ha HCKa:>KeHHH m-nOBTOpHTeJJH Me

Hee BCero BJJHHeT HenocTOHHCTBO 3HalJeHHH 3KBHBaJJeHTHOrO conpoTHBJJeHHH r I ( H3-3a \ope 

HeJJHHeHHOCTH xapaKTepHCTHKH) noJJynpoB0.11.HHKOBOro 3JJeMeHTa, 3TOT He3HalJHTeJJbHblH 

HeJJ.OCTaTOK MO:>KeT 6bITb JJerKO ycTpaHeH, eCJJH HCnOJJb30BaTb CMew.eHHe OT .11.onoJJHHTeJJb

HOro HCTOlJHHKa nHTaHHH. HoMHHaJJbHoe 3HaLJeHHe HanpH:>KeHHH B 3JJeMeHrnx nHTaHHH Ha 

OCHOBe JJHTHH - THOHHJJ XJJOpH.11.a COCTaBJJHeT 3 B, 0.11.HaKO peaJJbHO 3HalJeHHe 3)lC co

CTaBJJHeT 3,6 B, lJTO .11.ocTaTOlJHO 6JJH3KO K 3HaLJeHHIO HanpH:>KeHHH CMew.eHHH B Tecrnpye

MOM KacKa.11.e, paBHOMY 3,4 B (H3 pacLJeTa HcnoJJb30BaHHH .11.BYX CYl)l). Oo3TOMY TaKaH 

aaMeHa 6b1JJa noLJTH cpa3y :>Ke npoH3Be.D.eHa. CTpH TecrnpoBaHHH Hl;IKaKHX aaMeTHbIX OTJJH

lJHH B cneKTpax HCKa:>KeHHH npH HCnOJJb30BaHHH B KalJeCTBe 3JJeMeHTa, aa.11.a10w.ero HanpH

:>KeHHe CMelll,eHHH, KaK JJHTHeBaH 6arnpetiKa, TaK H CYl)l, o6Hapy:>KeHo He 6bIJJO, no3TOMY 

paBHOU.eHHblMH .11.JIH HCnOJJb30BaHHH MOryT 6bITb o6a BapHaHTa. 

Xorn HCKa:>KeHHH, BbI3bIBaeMbie BepxHeti (no cxeMe) JJaMnoti m-noBTOpHTeJJH 6bIJJH 

MHHHMH3HpoBaHbl, BbI6op BTOpoti JJaMnbl KaCK8.IJ.a BCe-TaKH nOBJIHHeT Ha BeJJHlJHHY HCKa

:>KeHHH. Ha 3TY poJJb npoBepHJJOCb HeCKOJJbKO rnnoB JJaMn, TaKHe, HanpHMep, KaK BKJJIO

LJeHHbie no TpH0.11.HOH cxeMe D3a H 6C4511, a TaK:>Ke Pinnacle 6J5GT. Pa3JJHlJHH B ypoBHe 

HCKa:>KeHHH Me:>KJIY pa3HbIMH rnnaMH JJaMn 6bIJJH HeaHalJHTeJJbHbIMH, HO y JJaMnb1 Pinnacle 

6J5GT oKa3aJJHCb JJYLJllle xapaKtepHCTHKH npH rpaHHlJHOM TOKe 8 MA no .cpaBHeHHIO 

c OCTaJlbHblMH rnnaMH JJaMn, no3TOMY BbI6op OCTaJJCH 3a Heti. 

OocJJe Toro, KaK 6b!JJO 06Hapy:>KeHO 3HalJHTeJJbHOe npeBblllleHHe BeJJHlJHHbl npo

X0.11.HOH eMKOCTH cag/l,TIH JJaMnbl rnna EC80 l 0, JJaMna Pinnacle 6J5GT 6bIJJa TaK:>Ke no.11.

Beprnyrn TW.aTeJJbHOMY TeCTHpoBaHHIO. PeayJJbTaTbI H3MepeHHH .11.BYMH He3aBHCHMbIMH 

MeT0.11.aMH .D.aJJH 3HalJeHHe Cag::::: 5,4 net>, lJTO 3HalJHTeJJbHO OTJJHlJaeTCH OT nacnopTHOro 

3HalJeHHH 4 net>. 
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KatKOAbl npeAeap1trenbHoro yc1tneH1t.A 

6.12.5. BhlXORHOii KOCKOR 

Tpe6osaH1u1 K BblXO.ll.HblM xapaKTepHCTHKaM TpeTbero KacKa.n.a npaKTH'leCKH aHaJJOrH'IHbl 
Tpe6osaHHflM KO BTOpOMY KaCKaJJY, no3TOMY B paccMaTpHsaeMOM npHMepe 3.D.eCb HCnOJ1b-
3yeTCfl eme Q.D.HH m-nOBTOpHTeJJb. 0.n.HaKO, B 3TOM CJJy'lae He06XO.ll.HMbl MeHbWee 3Ha'le
HHe K03cpcpH1..J.HeHTa ycHJJeHHfl H BXO.D.HOA eMKOCTH, n03TOMY HCnOJJb30BaHHe JJaMnbl rnna 
6J5 He HBJJHeTCH onpas.n.aHHblM. CymecTByeT orpaHH'leHHoe KOJJH'lecTBo TpHo.n.os c HH3-
KHM 3Ha'leHHeM K03cpcpHL1,HeHTa ycHJJeHHfl, H3 KOTOpblX O'leBH.ll.HblMH KaH.D.H.D.aTaMH flBJlfl
IOTCfl JJaMnbl rnnos 6BX7, 6AH4 (µ = 8) H 1284 (µ = 6). 3TH JJaMnbl pa3pa6aTb!BaJJHCb 
JJ.JI~ npHMeH~HHfl B cxeMax TeJJeBH3HOHHOA noJJesoA (Ka.n.posoA) pa3BepTKH H JJ.Jlfl CTa6H
JIH3aTOpOB c nocJJe.n.osaTeJJbHblM BKJllO'leHHeM peryJJHPYIOLUHX 3JleMeHTOB, n03TOMY JIH
HeAHOCTb HX xapaKTepHCTHK He rapaHTHpyeTCfl. AsTOp HCnblTb!BaJI 3Ha'IHTeJlbHble COMHe
HHfl no noBOJJY OKOH'laTeJJbHOro peweHHfl, HO, B KOHLJ,e KOHLJ,OB, sce-TaKH peWHJICfl H3 
CBOHX 3anacos JJaMn 1284-AJJ.J!fl BblXO.D.HOro KacKa.n.a BbI6paTb napy 3K3eMnJJHpOB c Ma
JlbIMH HCKa)!{eHHflMH. 

Bee H3 paccMoTpeHHbIX JJaMn c HH3KHM 3Ha'leHHeM KoscpcpHLJ,HeHTa ycHJJeHHH Tpe6y10T 

JJ.J!fl 3a.D.aHHfl OnTHMaJJbHOfO pe)!{HMa pa60Tbl 3Ha'IHTeJJbHOro no BeJJH'IHHe HanpH)!{eHHfl Vgk' B 
CHJJY '!ero HcnoJJb30BaHHe cseTOH3JJY'!alOLUHX.D.HO.ll.OB ( Cl1Jl) s Ka'!ecTse 3Ma10mero cMeme
HHe sJJeMeHTa cTaHOBHTCH HenpHeMJJeMbIM. B .n.aHHOM cJJy'lae Heo6xo.n.HMO HcnoJJb30BaHHe 
JJHTHesoro sJJeMeHTa nHTaHHH, oco6eHHO Tor.n.a, eCJJH Heo6xo.n.HMO HCKJJIO'IHTb nocJJe nepe

rpy3KH KacKa.n.a H3MeHeHHe seJJH'IHHbI HanpH)!{eHHH cMeLUeHHH. KaK H paHee s Ka'leCTBe sep
XHeti J1aMnb1 (no cxeMe) 6bIJJ Bb16paHa JJaMna rnna 6J5GT KOMnaHHH Pinnacle. 

EcJJH JJaMna rnna 1284 HCKJllO'laeTCfl no Tpe6oBaHHflM HH3KOro ypOBHfl HCKa>KeHHA, 
B03MO)!{HOA aJJbTepHaTHBOA JJ.Tlfl HCnOJJb30BaHHfl KaK B BblXO.D.HOM, TaK HBO BTOpOM KaCKa
.n.e ocTaeTCH JJaMna rnna NOS 37 (µ = 9). Xorn BbinOJIHeHHbie Ha .n.eBHTH o6pa3u.ax TeCTbI 
H noKa3aJJH, 'ITO ypoBeHb HCKa)!{eHHA JJ.Tlfl 3THX JJaMn B.ll.BOe npeBOCXO.D.HT yposeHb HCKa>Ke
HHA, xapaKTepHbIX JJ.J!H JJaMn rnna 6J5GT KOMnaHHH Pinnacle, pa36poc 3Ha'leHHA Me>KJJY 
OT.D.eJJbHblMH JJaMnaMH 6bIJI 3Ha•rnTeJJbHO HH)!{e, 'leM pa36poc 3Ha'leHHA Me>KJJY JJaMnaMH 

rnna 1284. 003TOMY OKOH'laTeJJbHblA pe3yJJbTaT npH HX npHMeHeHHH .ll.OJl>KeH 6b!JI OKa-
3aTbCfl 3Ha'IHTeJJbHO JIY'!We, 'leM B CJIY'!ae, eCJJH 6bl Heo6xo.n.HMO 6b!JIO HCnOJJb30BaTb napy 
JJaMn 1284, xapaKTepH3YIOLUHXCfl 6oJJee 3Ha'IHTeJJbHblM pa36pocoM napaMeTpOB. 

6.12.6. flepeOCMh/CReHHe pe:Jf Rh TOTO Bh/6opo ROMn HCXORR HJ Tpe60BOHHH 

K qenRM nonorpesoTeneii 

EcJJH B JJaMne THna 1284 no.n.orpeBaTeJJH KaTO.n.oB BKJJIO'leHbI napaJJJJeJJbHO H npe.n.Ha3Ha

'leHbI JJ.Jlfl nHTaHHH HanpH>KeHHeM 6,38 (TOK HaKaJJa no.n.orpeBaTeJJH 1,, = 0,6 A), To JJ.JIH 
napb1 JJaMn cTepeocpoHH'lecKoro KacKa.n.a noTpe6yeTCH TOK 1,, = 1,2 A. EcJJH JJaMna cepHH 
*SN?/ * N7 Bo BTopoM KacKa.n.e HcnoJJb3yeTcH B .n.Byx KaHaJJax, TO JJ.JIH Hee Heo6xo.n.HM TOK 

HaKaJJa no.n.orpeBaTeJJH I" = 0,6 A. EcJJH Y'!eCTb noTpe6JJeHHe J18Mnb1 rnna EC8010 (TOK 
1,, = 0,28 A), TO OT cTa6HJJH3aTopa HanpH>KeHHH 6,3 B noTpe6yeTcH o6ecne'IHTb,o6mHA 

TOK u.eneA no.n.orpeBaTeJJeA JJaMn seJJH'IHHoA 2,8 A. TaKoe 3Ha'leHHe TOKa .n.ocTH>KHMO, 
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AHamn pa6orb1 6noKa 11acrorHoi4 KoppeKl(1t1t RIAA 

XOTH H HeCKOJJbKO 3aTpy.D.HHTeJJbHO, no3TOMY 6oJJee u.enecoo6pa3HblM MO>KeT OKa3aTbCH 
HcnoJJbaosaHHe sapHaHTa H3 .n.syx nocne.n.osaTeJJbHO BKJJIOl(eHHbIX u.eneA no.n.orpesaTeneA 
c TOKaMH 300 MA. WyHTHposaHHe no.n.orpesaTeJJH JJaMnb1 THna EC8010 peaHCTopoM 
c conpoTHBJJeHHeM 315 OM noasoJJHT HcnoJJbaosaTb.llJIH Hee u.enb no.n.orpesaTeJJH c TOKOM 
300 MA, TaK>Ke .n.onycKaeTcst npHMoe BKJJIOl(eHHe naMnb1 THna 6J5 s u.enb no.n.orpesaTeJJH 
c TOKOM 300 MA, a .ll.JIH JJaMnbl THna 1284 MO>KeT 6b1Tb HCnOJlb30BaH HCTOl(HHK nHT0HHH 
no.n.orpesaTeJJH c HanpH>KeHHeM 12 B H TOKOM 300 MA. Oo3TOMY OKOH4aTeJJbHbIH Bb16op 
JtaMn .ll.JIH paccMaTpHsaeMoro npHMepa npe.nycHJJHTeJJH ocTaeTcH aa JJaMnaMH THnos 

EC8010, Pinnacle 6J5GT,1284-A 
OoMHMO HeKoToporo cHH>KeHHH Tpe6osaHHti K cTa6HJJH3aTopy, nHTa10w.eMy u.enH 

no.n.orpesaTeJJeti JJaMn, nocne.n.osaTeJJbHoe BKJJIOl(eHHe u.enefl no.n.orpesaTeneii HMeeT .n.o
noJJHHTeJJbHbie npeHMyw.ecTsa, KOTOpb1e 6bIJJl1 no.n.po6Ho H3JJO>KeHbl s rnase 5, cpe.n.H Ko
TOpbIX He caMblM nocne.n.HHM no CTeneHH Ba>KHOCTH HBJJHeTCH noHH>KeHHaH lJYBCTBHTeJJb· 

HOCTb K 81.J wyMaM. 

6.13. AHamo pa6oTbl 6noKa 1.1anoTHOM KoppeKl.IMM RIAA 

6.13. l 06UJHe 30Me'IOHl1R 

Ha .n.aHHbiti MOMeHT HasecTHO, l(TO s paccMaTpHsaeMoM npe.n.ycHJJHTeJJe 6y.n.eT HcnoJJb30-
saH MeTO.ll nacCHBHOro pa3.n.eJJbHOro (pacw.enJJeHHOro) BblpaBHHBaHHH 4aCTOTHOH xapaK
TepHCTHKH c HCnOJlb30BaHHeM 6JJOKa l(aCTOTHOH KoppeKl.l,HH, COOTBeTCTBYIOW.ero Tpe6o
BaHHHM cratt.n.apTa RIM (RIM 3Ksanati3epa). TaK>Ke H3secTHa TononornH oT.n.eJJbHbIX 
ycHJJHTeJJbHbIX KacKa.n.os. Tenepb Heo6xo.n.HMO onpe.n.eJJHTb 3Ha4eHHH HMne.n.aHcos 3KBa
JJatiaepos, KOTOpble o6ecnel(aT HaHJJYl(illlfH 6aJJaHC Me»<.ny HCKa>KeH!feM, Bbl3bIBaeMblM 
BJ!lfHHHeM Harpy3Klf HJJH ceTOl(HblM TOKOM, H norpeWHOCTblO BblpaBHlfBaHlfH l(aCTOTHOH 

xapaKTepHCTHKH, Bbl3BaHHOH HaJJHl(lfeM napa31fTHblX eMKOCTeti H OTJllfl(HblM OT HY.JJesoro 

3Hal(eHlfH conpoTHBJJeHHH HCTOl(HHKOB mnaH!fH. 

6.13.2. HcKaJKeHHR, BbJJBOHHble ce'ro'IHb/M roKoM, 
11 nocne11osarenbHb1e conpor11sneH11R RIAA 1Ksanai1epa 

Bo scex naMnax npH JJ106b1x pe>KHMax pa6oTbl cyw.ecTsyeT He3Hal(HTeJJbHbIH ceTOl(Hbiti TOK. 
B cJJyl(aHx, Kor.n.a JJaMna nHTaeTCH OT HCTOl(HHKa c HeHynesbIM 3Hal(eHHeM HMne.n.aHca, npo
TeKaHHe ceTOl(HOro TOKa Bbl3bIBaeT HeKOTOpoe na.n.eHHe HanpH>KeHHH Ha 3TOM conpOTHBJJe

HHH. K CO>KaJJeHHIO, 3TO HanpH>KeHHe, KOTopoe CKJJaJ[.bIBaeTCH c HanpH>KeHHeM HCKOMOro 
ClfrHaJJa, KaK npaBHJJO, lfMeeT lfCKa>KeHHH H HaKJJa,!J,bIBaeT HX Ha noJJe3HblH ClfrHaJJ. 

nacClfBHble KaCKa.D.bl 6JJOKa l(aCTOTHOH KoppeKl.l,Hlf RIAA ,ll,OJJ>KHbl BKJJIOl(aTb B CBOH co

CTaB pe31fCTOpbl, o6pa3y!OW.lfe cxeMy 3KBaJJati3epa, no3TOMY B03HlfKaeT ew.e O,ll,HH .n.onoJJ

HHTeJJbHblH MexaHH3M Bbl3BaTb .n.onoJJHHTeJJbHble lfCKa>KeHHH 3a C4eT ceT04HOro TOKa. 
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KacKOAbl npeABapHTenbHoro ycHneHHJI 

K co>KaJieHHIO, nonblTKa yMeHbUJeHHH BeJIH'lHHbI conpoTHBJieHHH nocne.noBaTeJibHO BKJIIO

'leHHbIX pe3HCTOpOB, n03BOJIHIOlll.aH CHH3HTb HCKa>KeHHH, Bbl3bIBaeMbie ceTO'lHbIM TOKOM, 

HMeeT pH.n npenHTCTBHH: 

Ha 'laCTOTax, Ha KOTOpblX 3KBaJiaH3ep o6ecne'lHBaeT MaKCHMaJibHOe OCJia6JieHHe, 

npe.nbIJlYlll.HH KaCKa)l, BblHy>K)l,eH pa6oTaTb Ha Harpy3Ky, paBHYIO nocJie)l,OBaTeJibHO 

BKJIIO'leHHOMY conpoTHBJieHHIO. CHH>KeHHe conpoTHBJieHHH Harpy3KH KacKall,a fl.e

naeT 6onee KPYTOH ero Harpy3o'IHYIO xapaKTepHCTHKY H yBeJIH'lHBaeT HCKa>KeHHH. 

KacKa.nb1, BKJI10'la10mHe B CBOH cocTaB KaTO)l,Hbie noBTOpHTeJIH, HanpHMep, KaK 

npe)l,JIO>KeHHblH paHee µ-nOBTOpHTeJib, HBJIHIOTCH MeHee 'lYBCTBHTeJibHblMH K KO

Jie6aHHHM Harpy3KH, 0)1,HaKO, OCTOpO>KHOCTb B~e paBHQ He06XO)l,HMa; 

• 3Ha'leHHH eMKOCTeti KoH.neHcaTopoB, HcnoJib3YIOllJ.HXCH B RIM 3KBaJiaI13epax, .no

CTHra10T 'lepecqyp 60JibWHX BeJIH'lHH. floJIO>KHTeJibHblM MOMeHTOM HBJIHeTCH TO, 

'ITO nOJIHnponHJieHOBbie KOH)l,eHcaTOpbl, HMelOmHe KJiacc TO'IHOCTH l %. HBJIHIOTCH 

B 0HaCTOHllJ.ee BpeMH )l,OCTaTO'lHO WHpOKO pacnpocTpaHeHHblMH 3JieMeHTaMH, HO 

orpaHH'leHHblH )l,Hana30H HX HOMHHaJibHblX 3Ha'leHHH 03Ha'laeT, 'ITO noTpe6yeTCH 

onpe.neJieHHbIH HaBblK npH no.n6ope He06XO)l,HMbIX 3Ha'leHHH eMKOCTeH. 

Me>K.Ll)' BXO)l,HblM H BTOpbIM KaCKa)l,OM H)l,eaJibHblM, c TO'IKH 3peHHH MaKCHMaJibHOro 

ypoBHH HCKa>KeHHH, Bbl3bIBaeMbIX ceTO'lHblM TOKOM, 6y.neT HCnOJib30BaHHe nocJie)l,OBa

TeJibHO BKJIIO'leHHoro pe3HCTopa c conpoTHBJieHHeM 20 KOM. 0.nHaKo TaKaH BeJIH'lHHa Ha

rpy3KH yMeHbWHJia 6bI YCHJ1em1e KaCKall,a H yBeJIH'lHJia 6bl HCKa>KeHHH BXO)l,HOro KaCKa)l,8, 

B KOTopoM HcnoJib3yeTCH JiaMna THna EC80 l 0. TecTHpOBaHHe noKa3aJio, 'ITO HcnoJib30-

BaHHe nocne.noBaTeJibHO BKJIIO'leHHo,ro pe3HCTopa c conpoTHBJieHHeM 47 KOM HBJIHeTCH 

HenJIOXHM KOMnpOMHCCOM, KOTOpbIH npHBO)l,HT K MHHHMH3al.I,HH HCKa>KeHHH 3a C'leT )l.Byx 

3cpcpeKTOB. 5JiaronpHHTHbIM o6cTOHTeJibCTBOM HBJIHeTCH TO, 'ITO m-nOBTOpHTeJib BTOporo 

KacKa.na, co6paHHbIH Ha JiaMnax THna 6J5, MO>KeT xopowo pa6oTaTb Ha ttarpy3KY 20 KOM, 

.neJiaH HCKa>KeHHH, Bbl3bIBaeMbie CeTO'lHbIM TOKOM, 3a C'leT m-nOBTOpHTeJIH TpeTbero Kac

Ka.na, co6paHHOro Ha JiaMnax THna l 2B4-A/6J5 COBepweHHO He3Ha'lHTeJibHblMH. 

6.13.3. florpeUJHOCTll napaMerpoB 06be/IHHeHHb/X 1.1eneii C flOCTORHHb/Mll 

speMeHH 3180 MKC 11 318 MKC, Bb/JBDHHble BRllRHHeM eMKOCTll M11nnepa 

fl pH paCCMOTpeHHH Tpa)l,Hl.I,HOHHOH cxeMbl npe.nycHJIHTeJIH 6bIJIO BbICKa3attoyrnep>K)l,eHHe, 'ITO 

c JIOrH'leCKOH TO'IKH 3peHHH e.nHHCTBeHHblM npeTeHll,eHTOM Ha pOJib TpeTbero KaCKa.na JiaMno

Boro 6JioKa 'laCTOTHOH KoppeKu,HH RIM HBJIHJICH KaTO)l.HbIH noBTOpHTeJib 3TO nono>KeHHe oc

HOBbIBanocb Ha TOM, 'ITO B 3TOM CJiy'lae B03MO>KHO HCnOJib30BaHHe CBH3H no nocTOHHHOH co

CTaBJIHIOllJ.eH (TO eCTb Henocpe.ncrneHHOH CBH3H) H TaKOH KaCKa)l, HMeeT HH3KOe 3Ha'leHHe 

BXO)l,HOH eMKOCTH, KOTOpaH yMeHbUJaeT B3aHMHOe BJIHHHHe H norpewHOCTb 06be)l,HHeHHbIX u,e

neH nOCTOHHHbIX BpeMeHH 3180 MKC H 318 MKC. ECJIH 6bIY)l.8JIOCbyMeHbWHTb B3aHMHOe BJIHH

HHe H cymecTBOBaJIO cpe)l,CTBO npe)l,CKa3aHHH H peweHHH 3TOH npo6JieMbl, TO 3TO o6ecne'IHJIO 

6bl HeCKOJlbKO 60JibWYIO CTeneHb CB060)l,bl npH pac'leTe H BbI6ope 3JieMeHTOB cxeMbl. 

EcJIH Heo6xo.nHMO, 'IT06b1 ypoBeHb CHrHaJia, noJiy'leHHbIH c rpaMnnacTHHKH, 6bIJI cpaB

HHM c CHrHaJIOM, noJiyqeHHbIM OT KOMnaKT-)l,HCKa, TO, npe>K)l,e Bcero, )l,OJI>KHO 6bITb yBeJIH-
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AHanHJ pa6oTbl 6noKa 11ac1ornoM KoppeKL11t1t RIAA 

'leHo ycHJJeHHe 6JJoKa 'laCTOTHOH KoppeKUHH RIM YBeJJH'leHHe K03cpcpHUHeHTa ycHJJeHHH 

JJaMnbl BXOJl.HOro HJIH BTOporo KaCKa.ll.a Bbl30BeT np06.(leMbl, CBH3aHHbie c HaJJH'IHeM napa-

3HTHOH eMKOCTH MHJJJJepa, no3TOMY e.ll.HHCTBeHHbIM npaKTH'leCKHM nYTeM yBeJJH'leHHH 

ycHJJeHHH ( 6e3 yBeJJH'leHHH KOJJH'leCTBa JJaMn, npHBOJl.HW.HX K pocry ypoBHH HeJJHHeHHbIX 

HCKa>KeHHH) HBJJHeTCH 3aMeHa ycHJJHTeJJH c 06W.HM KaTOJl.OM Ha OKOHe'IHblH KaTOJl.HbIH no

BTOp1neJJb. Ho npH 3TOM cpaay B03HHKaI-OT JI.Be HOBbte npo6neMbl. 

• Jl.JIH OKOHe'IHOro KaCKa.ll.a He06XO.ll.HMO, 4T06bI CBH3b Ha ero BXOJl.e ocyrn.eCTB;fJHJJaCb 

TOJlbKO no nepeMeHHOH COCTaBJJHI-OW.eH, a 3TO npHBOJl.HT K B3aHMOJ1.eHCTBHI-O Me>K,lly 

nocTOHHHOH BpeMeHH Jl.JIH HY cpe3a, onpeJ1.eJJHeMOH pa3BH3bIBaI-OW.HM KOH.ll.eHca

TopoM, H noCTOHHHOH BpeMeHH 3180 MKC, KOTopoe npHBO.ll.HT K HCKa>KeHHHM qac

TOTHOH xapaKTepHCTHKH B HY o6nacTH; 

B CHJJY Toro, l!TO OKOHel!HblH KaCKa.ll. HMeeT yCHJJeHHe, npeBbIUJaI-Ow.ee eJ1.HHHUy, 

BJJHHHHe eMKOCTH MHJJJJepa 3Ha'IHTeJJbHO B03pacTaeT, no3ToMy cxeMa KoppeKUHH 

6yJ1.eT Harpy>KeHa ropa3.ll.O 60JJbllleH eMKOCTbl-0, l!eM npe>KJ1.e, l!TO npHBe.ll.eT K HCKa

>KeHHHM 'laCTOTHOH xapaKTepHCTHKH B BY o6JJaCTH. 

6.13. 4. flpo6neMbl pean11JOLJHl1 noCTORHHOH speMeHH 75 MKC 

BcHKHH pa3, KOr'.ll.a 3To B03MO>KHO, B uenHx cxeMbl qacTOTHOH KoppeKUHH Heo6xo.ll.HMO npHMe

HHTb cf>oJJbrQBbie noJJHCTepeHOBble KOH.ll.eHCaTOpbl, TaK HX KOHCTPYKUHH o6ecnel!HBaeT HaH

MeHbUJHe 3Hal!eHHH co6cTBeHHOH HHJJYKTHBHOCTH H noCJJe.ll.OBaTeJJbHOro 3KBHBaJJeHTHOro co

npOTHBJJeHHH. K co>KaJJeHHIQ, HMeI-Ow.HecH B ToproBOH ceTH o6pa3UbI HMeI-OT pa6ol!He 

HanpH>KeHHH .ll.0 63 B nocTOHHHOro TOKa, n03TOMY .lVIH KOH.ll.eHCaTopa CBH3H, ycTaHOBJieHHOro 

Me»<JJY nepBbIM H BTOpbIM KaCK8.ll.8MH, OKa3aJJOCb He06XOJl.HMbIM BepHYTbCH Kero 6oJJee TP8.ll.H

UHOHHOMY Mecry ycTaHOBKH ( B OTJJHL!He OT pa Hee paccMOTpeHHbIX cxeM ), l!TO rapaHTHpyeT ero 

B3aHMO.ll.eHCTBHe c uenbl-0 3aJ1.aHHH nocTOHHHOH BpeMeHH 75 MKC cxeMbl llaCTOTHOH KOppeKUHH. 

)lonoJJHHTeJJbHO K 3TOMy, 6b1JJ0 H3MeHeHo Mecro ycTaHOBKH ceTOL!Horo pe3HCTOpa yTe'IKH 

TaKHM o6pa30M, l!TO OH 6oJJee He HaXO.ll.HJICH PHJl.OM c CeTOL!HbIM BbIBO.ll.OM, HO TOK ceTKH npoTe

KaJJ Jl.OnOJJHHTeJJbHO qepe3 noCJJe.ll.OBaTeJJbHO BKJJIO'leHHblH pe3HCTOp cxeMbl 'laCTOTHOH KOp

peKUHH RIAA, B pe3yJJhTaTe qero 06pa3yeTCH .ll.eJJHTeJJb HanpH>KeHHH, KOTOpbIH BbI3bIBaeT .ll.O

noJJHHTeJJbHbie noTepH 1,6 .ll.D B OCHOBHOM npe.ayCHJIHTeJJe (pHC. 6.36 ). Do MHeHHl-0 aBTOpa, 

BnepBbie npHMeHeHHe TaKoro XHTpOyMHOro npHeMa 6bIJJO ocyw.ecTBJJeHO B 6ecTpaHccpopMa

TOpHOH cxeMe 6JJoKa l!aCTOTHOH KoppeKUHH RIM MC AprypoM Jloec'leM (Arthur Loesch) [ 5 ]. 

6.13.5. Pacyer cxeMbl s 11cnonb1osaH11eM cpe11crs Bbl'l11cn11renbHoii rexH11K11 

0po6JJeMbl 60JJbUJOro MHOroo6pa3HH BH.ll.OB B3aHMHOrO BJJHHHHH MOfYT 6bITb pa3peUJeHbl 

c HCnOJJb30BaHHeM cpeJl.CTB Bbll!HCJJHTeJJbHOH TeXHHKH npH BbinOJJHeHHH .ll.HHaMHL!eCKOro 

aHaJJH3a (no nepeMeHHOH COCTaBJJHI-OW.eH ). Ha'laTb CJJe.ayeT c pacl!eTa BeJIHL!HH npH 06bI4-

HbIX yCJJOBHHX (TO eCTb B npe.ll.nOJJO>KeHHH, l!TO B3aHMO.ll.eHCTBHe OTCYTCTByeT). 3aTeM CJJe

.ayeT HCnOJJb30BaTb KOMnblOTepHbIH paclleT Jl.JIH npe.ll.CKa3aHHH BJIHHHHH 3cpcpeKT8 B3aHMO

BJIHHHHH Ha l!aCTOTHYl-0 xapaKTepHCTHKY, HCnOJJb3YH Jl.Hana30H l!aCTOT OT 2 fUJl.0 200 Kfu. 
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KacKOAbl npeABOpHTenbHOro yc1tneu1t11 

47k -1-1==J-.--i- - -

Pi.tc. 6.36 H3.Menenue cxe.Mbt, 3aiJa10UfeCt nocmoRnny10 ape.Menu 75 MKC, 
no3BOARIOUfee UCKAIO'lttmb neny3/Cftbte nomepu 

CTocJJe Toro, K8K npo6JJeMa 0603H84HTCH, He06XOAHMO 6yAeT nOA06paTb 3H84eHHH 

OTAeJJbHbIX 3JJeMeHTOB ,11.JIH HcnpasneHHH CHTyau,HH. Xorn npe,11.JiaraeMbIH nepeqeHb 

AeiicTBHH BblrRHAHT Aoc;raT04HO TPYAOeMKHM, B AeiicTBHTeJJbHOCTH OH MO>KeT (5bITb BbI

noJJHeH AOCT8T04HO 6b!CTpo, npH ycJJOBHH, 4TO BCH pa6oTa BbinOJJHHeTCH c HCHblM nOHH

M8HHeM, me H K8KHe HMeHHO H3MeHeHHH He06XOAHMO noJJy4HTb. 

TaK KaK HMeeTCH nHTb nepeMeHHblX, KOTOpbie .11.JIH nonyqeHHH npaBHJJbHoro peaynbTa

Ta Tpe6yJOT oco6oro ( MO>KHO CK838Tb, H30UJ.peHHOro) nOJJXOAa, TO He06XOAHMbl HeKOTOpble 

ynpoUJ.eHHH. Mo>KHO Ha4aTb c aHaJJH3a cxeMbl, s KOTopoii oTcyTcTBYJOT saaHMOBJJHHHHH, 

a 38TeM nocTeneHHO BBOAHTb B Hee H3MeHeHHH, nocTeneHHO A068BJIHH B38HMOBJJHHJOUJ.He 

cpaKTOpbl, noKa He 6yAeT nonyqeH Tpe6yeMbIH OKOH4aTeJJbHbIH peayJJbTaT. TaK KaK o6'b

eAHHeHHbie B OAHY napy u.enH, 38A8JOUJ.He nOCTOHHHble speMeHH 3180 MKC H 318 MKC 38BH

CHT OT B38HMOBJJHHHHH B 60JJbllleH CTeneHH, 8H8JIH3 CJJe.uyeT H848Tb c HHX. 

6.13.6. Mepb1 no yny'lwem110 xapaKrepHCTHK o6'beRHHeHHbli 11eneii 

c flOCTORHHb/MH speMeHH 3180 MKC H 318 MKC 

PaccMoTpHM cnoco6b1 KOMneHcaU.HH HeKoTopbIX npo6ne'M, B03HHK8.JOUJ.HX s o6'beAHHeHHblX 

u.enHX 38A8HHH nOCTOHHHbIX speMeHH 3180 MKC H 318 MKC. 
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CToTepH, BbI3bIB8JOUJ.He cnaA aMnJJHTYAHo-qacTOTHOH xapaKTepHCTHKH Ha qacToTax 

MeHee 20 fU., H o6yCJJOBJJeHHble BBeAeHHeM B CXeMy Me>KK8CK8AHOrO KOHAeHC8TOpa 

CBH3H, MOryT 6b!Tb CHH)!{eHbl 38 C4eT yMeHbUJeHHH seJJH4HHbl conpOTHBJJeHHH sep

XHero (no cxeMe) pe3HCTopa AeJJHTeJJH HanpH>KeHHH. 

CnaA aMnJJHTYAHo-qacToTHoii xapaKTepHCTHKH B cepeAHHe AHanaaoHa (KOrAa .11.JIH 

48CTOT BblUJe npHMepHO 1 Kfu.-xapaKTepeH nocTOHHHblH ypoBeHb, HO H86JJJOA8eTCH 

OTJJH4HblH OT Hero yposeHb ,11.JIH 48CTOT HH>Ke 250 fu.) MO>KeT 6b1Tb HCnpaBJJeH H3-

MeHeHHeM 3Ha4eHHii conpornsneHHH AeJJHTeJJH HanpH>KeHHH. EcJJH 6onee Bb!COKHe 

48CTOTbl xapaKTepH3YJOTCH CJJHIIIKOM BblCOKHM yposHeM, TO 3TO o6'bHCHHeTCH TeM, 

4TO y AeJJHTeJJH HanpH>KeHHH HeAOCT8T04HOe OCJJ86JJeHHe, TO eCTb BeJJH4HHa co

npoTHBJJeHHH HH>KHero peaHcTopa AOJJ>KHa 6bITb yMeHbllleHa. 06paTHaH CHTyau.11H 

Tpe6yeT npHMO npOTHBOnOJJO>KeHHbIXAeHCTBHH. 



AHan113 pa6oTbl 6noKa 'IDCTOTHOM KoppeKq1111 RIAA 

TIHK Ha aMnJIH'IY.ll.HO-t.IaCTOTHOH xapaKTepHCTHKe, pacnoJio>KeHHbIH B o6Jiacrn 

500 fu,, MO>KeT 6bITb y.n.aJieH yBeJIHl!eHHeM eMKOCTH KOH.11.eHCaTOpa, TOr.ll.a KaK npo

BaJI xapaKTepHCTHKH MO>KeT 6bITb HCnpaBJieH 3a Cl!eT yMeHbWeHHH eMKOCTH KOH

.n.eHCaTopa. TipHpo.ny npoHCXO>K.11.eHHH no.n.o6Horo pe3yJibTaTa He TaK-TO JierKo npo

cJie.11.HTb, HO yBeJIHl!eHHOe 3HalleHHe eMKOCTH Bbl3BaJIO 6bI yBeJIHlleHHe nOCTOHHHOH 

speMeHH, yMeHblli8H t.IaCTOTy, Ha KOTOpOH .n.eJIHTeJib HanpH>KeHHH co3.11.aeT .ll.8HHblH 

3<P<PeKT, no3TOMY OCJia6JieHHe H8l!HHaeTCH paHbllie, l!eM OHO MOrJIO 6bI npOHBHTbCH, ' 

H npHB0.11.HT B HTore K npoBaJiy Ha xapaKTepHCTHKe. 

)],eHCTBHe .ll.BYX nocJie)l.HHX KoppeKTHpOBOK o6Jia.n.aeT OlJeHb CHJibHblM- B3aHMOBJIHHHH

eM, H yBeJIHt.IeHHe o.n.H'oro napaMeTpa HeMe,LVIeHHO Tpe6yeT nponopu,HoHaJibHOro yMeHbwe

HHH .n.pyroro, He06XO.ll.HMOro ,LVIH coxpaHeHHH npaBHJlbHOro 3H8l!eHHH nOCTOHHHOH BpeMeHH 

(TO ecTb KaJibKYJIHTOp .LVIH pact.IeTOB .n.oJI>KeH 6bITb Beer JI.a no.n. pyKOH ! ). KaK npaBHJIO, Jiert.Ie 

B nepByIO ot.Iepe.n.b OnTHMH3HpoBaTb 3Hat.IeHHe conpoTHBJieHHH pe3HCTopa. Mo.n.eJib .ll.OJI>KHa 

6bITb npoTeCTHpOBaHa BnJIOTb.ll.O llaCTOT 2 fu,, 3aTeM 6y.n.eT nO.ll.OrHaHa t.IaCTOTa HH3KOl!8CTOT

HOro cpe3a ,LVIH Toro, l!T06bl KOnHpoBaTb npoCTOH <t>HJibTp c OCJia6JieHHeM 6 .n.6/oKTaBy, a 

3aTeM ero xapaKTepHCTHKH 6y.nyT OnTHMH3HpOBaHbl, l!T06bl o6ecnel!HTb MHHHMaJibHble OT

KJIOHeHHH aMnJIHTY.11.bI B l.laCTOTHOM .ll.Hana30He OT 20 fu, .11.0 20 KfU,. 

6.13.7. MoHHflfRRl/HH c nOCTORHHb/MH speMeHH 75 MKC H 3,18 MKC 

HecMoTpH Ha TO, l.ITO xapaKTepHCTHKH 6JioKa 1.1acTOTHOH KoppeKU,HH RIM TOl.IHO onpe.n.eJie

HbI TOJibKO ,LVIH Tpex nOCTOHHHblX BpeMeHH ( 3180 MKC, 318 MKC H 75 MKC ), HH>Ke 6y.nyT 

npHBe.n.eHbl apryMeHTbl, o6ycJiaBJIHB8!0W.He He06XO.ll.HMO~Tb .n.onOJIHHTeJibHOro no.n.beMa 

l.laCTOTHOH xapaKTepHCTHKH, paBHOro 6.n.6/0KTaBa, oco6eHHO B CJIYl.!8e npHMeHeHHH B ycT

pOHCTBax 3anHCH rpaMnJiaCTHHOK, l!TO o6ycJIOBJieHO B nepBylO 01.1epe.11.b xpynKHM 3BYK03a

nHCbIBalOW.HM peKop.n.epoM ( roJIOBKOH ). 

A.nJieH PatiT (Allen Wright) OTMeTHJI B CBOeH pa6oTe [ 6 ], l!TO B MOMeHT Hape3aHHH 3BYKO

BOH KaHaBKH, npe.n.bICKa>KeHHH 6JioKa 1.1acTOTHOH KoppeKu,HH RIM KaK npaBHJIO, Tpe6y10T 

.n.o6aBJieHH51 ew.e 0.11.HOH KoppeKTHPYIOW.eH u,enH c nOCTOHHHOH BpeMeHH, paBHOH npHMepHO 

3, 18 MKC, l.ITO He06XO.ll.HM8H ,LVIH Toro, l!T06bI npe.n.oTBpaTHTb .n.onoJIHHTeJibHbie BbI6pocbI B 

o6JiaCTH YJibTpa3BYKOBbIX t.IaCTOT, B03HHKalOUI,He B pe3yJibTaTe oco6eHHOCTel1 peKop.n.epa, 

HanpHMep, peKop.n.epa KOMnaHHH HetiMaH (Neuman). K co>KaJieHHIO, 3Hat.IeHHe .n.aHHOH no

CTOHHHOH BpeMeHH MeHHeTCH B 3aBHCHMOCTH OT H3fOTOBHTeJieH peKop.n.epoB, H, HanpHMep, 

,LVIH MeHee pacnpocTpaHeHHbIX peKop.n.epoB KOMnaHHH Ortofon HCnOJib3yeTCH nocTOHHHaH 

BpeMeHH, 6JIH3K8H K 3Hal!eHHIO 3,5 MKC. TeM HH MeHee, Ka>KeTCH BnOJIHe .n.onyCTHMbIM, l.ITO 

noCTOHHHaH BpeMeHH 3, 18 MKC, onpe.n.eJIHeMaH 3JieKTpHt.IeCKHMH napaMeTpaMH cxeMbl, 6bJJia 

COBepweHHO 06.nyMaHHO BBe)l.eHa B CXeMY KacKa.n.a 3BYK03anHCH B .n.onoJIHeHHe K HeH36e>K

HblM MexaHHt.IeCKHM noTepHM, B03HHKalOW.HM Henocpe.n.cTBeHHO B pe»<yw.Hx roJIOBKax. Ho-, 

Boe ypaBHeHHe ,LVIH t.IaCTOTHOH xapaKTepHCTHKH npHMeT BM.II.: 

G, = (l+318xl0-6 ~s)(l+3,l8xl0-6 xs), 
(l + 3180x 10-1i xs){l + 75x10-5 x s) 

r.n.e s = jro,j - MHHMaH e.n.HHHU,a, a (J) = 2nf. 
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KacKOllbl npe11eapHrenbHoro ycMneHM!I 

3TO ypasHem1e BblrJJH,!l,11T ropa3,!l,O 6onee CJJO)KHblM, 4eM 11CXO,!l,HOe ypaBHeH11e ,ll,JISI 06bl4-

HOro 6noKa 48CTOTHOH KoppeKu.1111 RIAA, 11 ,ll,JIH ero peweH11H Tpe6yeT<;H Bl1J.lOl13MeHeHHaH 

nporpaMMa pac4eTa QBASIC, T04Hble pe3yJJbTaTbl pac4eTOB c 11cnOJJb30BaH11eM KOTOpOH 

np11B0,!1,HTCH s pa3,!l,ene CTp11JJO)KeH11H. Ecn11 04eHb KopoTKO no,!l,secrn 11Tor, TO 3cpcpeKT ,!l,eii

CTBl1H HOBOro 3KBaJJaH3epa ( 4aCTOTHOrO KOppeKTOpa) 38KJll-04aeTCH B TOM, 4TO BMeCTO Toro, 

4T06bl 6hITb CKJJOHHblM BblCTynaTb a Ka4eCTBe cp11JlbTpa Hl1)KHI1X 48CTOT c ocna6JJeH11eM 611..5/ 

OKTaBy, 3TOT 3KBaJJaii3ep CKJJOHeH Bbl3blB8Tb OCJJa6JJeH11e c ypOBHeM np11MepHO 27,5 ,!1,5, KO

Topoe ocTaeTCH nocTOHHHbIM np11 113MeHeH1111 4acTOTbI. B npe,!1,enax 3ByKosoro 4aCTOTHoro 

,!l,11ana30Ha HOBbIH 3KBaJJaH3ep BHOCl1T nonpaBKY Ha n0Tep11 0,64 ,!1,5 Ha 4aCT0Te 20 Kfu.. 

MOTHB11pOBKa BBe,!1,eHl1H nOCTOHHHOH speMeH113,18 MKC B xapaKTep11CTHKY 4aCTOTHOH 

KoppeKU.1111 HMeeT Mano o6w.ero c BbipaBHl1B8Hl1eM aMnJJHTYJ.lH0-48CTOTHOH xapaKTep11crn

Kl1, HO BJ111HeT B 60JlbWeH CTeneHH Ha rpynnosyl-0 38,!1,ep)KKY 11 nepeXO,!l,Hbie xapaKTep11crn

Kl1. CTOCTOHHH8H BpeMeHl13,18 MKC, 6e3 KOppeKU.1111, 113MeHHeT cpa3y Cl1rH8Jl8 Ha 48CTOTaX 

Bb!We 5 KfU., n03TOMY OHl1 He nocTynal-OT B TpaKT yc11JJeHl1H Cl1HXpOHHO c Cl1rHaJJOM 6onee 

HI13KHX 48CTOT (HeO,!l,11HaKOBaH rpynnosaH 38,!1,ep)l{Ka), a 3TO 11CKa)KaeT nepeXOJ.lHYl-0 xapaK

Tep11CTHKY. A6COJJl-OTHO T04HO MO)KHO CKa3aTb, 4TO He npe,!1,CTaBJJHeTCH B03MO)l{Hb!M KOM

neHCHpOB8Tb'l1CKa)KeHl1SI, B03Hl1Ka1-0w.11e B pe~w.eii roJJOBKe, TaK )Ke, CKOpee scero, HeT 

,!J,OCTaT04HbIX ,!l,aHHbIX ,ll,JIH KOMneHcau.1111 xapaKTep11CTHKl1 3BYKOCHl1MaTeJJH, HO cosepweH

HO T04HO MO)KHO KOMneHc11posaTb CKpbITYl-0 nOCTOHHHYl-0 BpeMeHl1 3, 18 MKC. 

Cne,!l,OB<heJJhHO, 11,!l,eaJJhHhIH 6noK 48CTOTHOH KoppeKu.1111 J.lOJJ)KeH 6hIJJ 6b1 BKJJl-048Tb 11 

nOCTOHHHYl-0 speMeHH 3, 18 MKC, KOTOpaH 411CTO cxeMOTeXHl14eCKl1 ,!l,OCTaT04HO npocTO BBO

,!l,11TCH nocJJe,!J,OBaTeJJbHbIM BKJTl-04eHl1eM pe311CTOpa c eMKOCTbl-0, 3a,!J,al-Ow.eii nocTOHHHYl-0 

BpeMeHH 75 MKC{p11c. 6.37). 

K co)KaJJeHHl-0, onpe,!1,eJJeH11e T04Horo 3Ha4eH11H conpornsneHHH 3Toro pe311cTopa HBJJHeTCH 

BeCbMa CJJO)KHOH 38,!J,84eH 113-38 Toro, 4TO B cxeMe npe~Cl1Jll1TeJJH cyw.ecTByeT ,!l,OCTaT04HO 

60JJbWOe KOJ1114eCTB0,!1,pyrnx(4aCTOT, T04eK)Cn8,!J,OB Ha Bb!COKOH 48CTOTe, BJ111HHl1e KOTOpbIX, B 

OCHOBHOM, «3a611saeTCH» (nO,!J,!IBJJHeTCH, MaCK11pyeTCH ... ) no cpasHeHl11-0 c npeo6JJ8,!J,81-0lll.HM 

BKJ18,!J,OM Harpy3Kl1 BbIX0,!1,HOro KaCK8,!J,a, OKa3hlBaeMbIM Ha 3JleMeHTbl, 38,!J,al-OW.11e 06be,!l,11HeH

Hble nocTOHHHbie speMeH11 3180 M~c 11 318 MKC. KaK npas11no, TOJJbKO O,!J,HH pe311CTop Tpe6yeT 
' no,!l,rOHKl1 csoero 3H84eHl1H, XOTSI He 11CKJll-04eHbl He3Ha411TeJJbHbie KOppeKTHpOBKl1 BeJJl1411Hbl 

eMKOCTH KOH,!1,eHC8TOpa, 3a,!l,81-0W.ero nOCTOHHHYl-0 BpeMeHH 75 MKC. CTonyqeHHaH MO,!l,eJlb,!l,OJl)K

Ha 6hITb npoTecrnposaHa ,!1,0 4aCTOTbl, no KpaiiHeH Mepe, 300KfU.11 OKOH4aTeJJbHO nO,!l,CTpOeHa 

no,!l, onrnMaJJhHOe 3Ha4eHHe rpynnosoro speMeH11 38,!1,ep)KKl1 ( 3ana3,!l,b1BaH11H ), nocne 4ero npo

sepeHa Ha BeJJl1411HY OTKJJOHeHl1H B ,!l,Hana30He 48CTOT Me~ 20 fu. 11 20 KfI.J.. MO)KeT ,!1,8)Ke 

OKa3aTbCSI He06X0,!1,HMbIM np0113BeCTH He60JJbWl1e KOppeKT11pOBKl1 O~be,!l,11HeHHbIX 3JleMeHTOB 

u.eneii, 38,!l,81-0W.11X nOCTOHHHbie speMeH11 3180 MKC 11 318 MKC. 

6.14. npaKTM'l0CKM0 M0TOAbl HOCTpOMKM 6nOKO 'IOCTOTHOM 

KoppeK~MM RIAA 

6.14. l 06UJHe JOMe'IOHHR 

Onpe,!1,eJJeH11e Ha npaKrnKe T04HhIX 3Ha4eH11H eMKOCTeii 3JJeMeHTOB 06be,!l,11HeHHblX u.eneii, 

38,!1,al-OW.11X nOCTOHHHble BpeMeHl1 75 MKC 11JlH 3, 18 MKC ,!l,OCTaT04HO 3aTpy,!1,Hl1TeJJbHO. Do-
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npaKT11'1eCKMe MeTOllbl HacrpoiiKH 6noKa 'IOCTOTHOii KoppeKl.IHM RIAA 

3TOMY B cxeMy BKJIIOYeHbI noJ1,cTpoeYHbie 3JieMeHTbI, o6o3HaYeHHbie KaK Adjust on test 

(AOT, HJIH Tpe6y10W.He ttacTpOHKH npH TecrnpoBaHHH). Cyw.ecTByIOT pa3JIHYHbie BapHaH

TbI .ll,1151 onpeJ1,eJieHHSI 3HaYeHHH nOJl,CTpOeYHbIX 3JieMeHTOB, HacTpaHBaeMbIX no pe3yJibTa

TaM TecrnpoBaHHH. HmKe npHBOJl.HTCH OJI.Ha H3 MeTOJl.HK. 

y CTaHOBHTe poTOp KOHJl,eHCaTopa ( c KpblJibYaTbIMH nJiaCTHHaMH) npHMepHO B cpeJJ.

Hee nOJIO)!{eHHe (:::: 17 n<I>) H npeJ1,nOJJO)!{HTe, YTO 3HaYeHHSI eMKOCTeH OCTaJibHblX 

KOHJl,eHCaTopoB COOTBeTCTBYIOT He06XOJl,HMblM 3HaYeHHSIM. 

0pOH3BeJl,HTe H3MepeHHSI eMKOCTH Jl.PYrHX KOHJl,eHCaTOpOB, 3aJl,alOllJJ·:IX nocTOSIHHbie 

BpeMeHH 75 MKC H 3, 18 MKC c nOMOW.blO H3MepHTeJibHOro MOCTa, 3aTeM ycTaHOBHTe 

nOJl,CTpoeYHbIH KOHJl,eHCaTOp B nOJIO>KeHHe, 06ecneYHBa10w.ee 3HaYeHHe o6w.eii eM

KOCTH 1,35 n<I>, JIH6o, BKJllOYHB BCe KOHJl,eHCaTOpbl napaJIJieJibHO, ycTaHOBHTe 

c noMOW.blO nOJl,CTpOeYHOro KOHJl,eHCaTopa eMKOCTb 1,35 n<I>. 

OpoH3BeJJ.HTe H3MepeHHe TOYHOCTH ttacTpoiiKH 6JioKa qacTOTHOH KoppeKU.HH RIAA 
( c HCnOJib30BaHHeM cpeJl,CTB, o6ecne~HBalOW,HX Jl.OCTaTOYHYIO TOYHOCTb H3MepeHHH 

B YaCTOTHOM )l.Hana30He, COOTBeTCTBYIOW.eM noCTOSIHHOH BpeMeHH 3, 18 MKC ), 3aTeM 

ycTaHOBHTe nOJl,CTpoeYHblM KOHJl,eHCaTOpOM Tpe6yeMoe 3HaYeHHe. 

HecMOTpS! Ha TO, YTO MeTOJl.bl c HCnOJib30BaHHeM H3MepHTeJibHbIX MOCTOB He SIBJISllOTCSI 

npS!MbIMH, OHH, TeM HH Mettee, o6ecneYHBalOT caMylO BblCOKYIO TOYHOCTb. 

6.14.2. flpooneMb/1 BOJHHKDIOU/HB npH npRMb/X HJMepeHHRX 

8 onoKe l/DCTOTHOH KoppeKflHH RIAA 
ECJJH B HaJIHYHH eCTb xopOllJO 06opyJ1.0BaHHaS1 Jia6opaTOpHS!, TO npS!Mbie H3MepeHHSI TOYHO

CTH BbipaBHHBaHHH qacTOTHoii xapaKTepHCTHKH 6JioKa RIAA Ha nepBbIH B3rJIHJI. He Ka>KYTCH 

TaKHMH y>K H CJIO>KHbIMH. K co>KaJieHHIO, 3TO He coBceM TaK H3-3a BbICOKoro nepenaJl,a B 

ypoBHHX BbipaBHHBaHHH CHrHaJJa 6JioKa qacTOTHOH KoppeKU.HH RIAA: OT npHMeptto -20 JJ.6 

Ha ~aCTOTe 0 fIJ. Jl,0 npHMepHO +25 Jl,6 B YaCTOTHOM Jl,Hana30He CBbIUJe 50 KfIJ., YTO Jl,eJiaeT 

BbinOJIHeHHe npS!MblX H3MepeHHH Jl,OCTaTOYHO CJJO>KHOH 3aJl,aYeH. 

EcJIH Ha 6JIOK qacrnoii KoppeKU.HH RIAA noJ1,aeTCS1 CHrHaJJ c nocTOHHHbIM ypoBHeM, TO 

H3MepHTeJibHbIH yCHJIHTeJib JJ.OJI>KeH o6ecneYHBaTb H3MepeHHH B JJ.Hana3oHe H3MeHeHHH 

ypoBHSI CHrHaJia npHMepHO 45 .ri6 6e3 BHeCeHHSI KaKHX-JIH6o co6cTBeHHblX norpeUJHOCTeii. 

c JJ.pyroii CTOpOHbl, Tpe6oBaHHe nOCTOSIHCTBa ypoBHSI BbIXOJl,HOro CHrHaJJa Tpe6yeT, 4T06bl 

reHepaTOp Mor o6ecneYHBaTb TOYHbIH ypoBeHb CHrHaJia B npeJ1,eJiaX H3MeHeHHSI Ha 45 Jl,6, 

KOTOPblH npH 3TOM MOr 6bI H3MepS!TbCSI c Jl.OCTaTOYHOH TOYHOCTblO. B 3aBHCHMOCTH OT rnna 

HCnOJib3yeMoro H3MepHTeJibHOro 06opyJ1.0BaHHSI B03HHKaeT npo6JieMa npeo6pa3oBaHHSI 

Me)f{JI,)' o6nacrnMH attaJioroBoro H u.mppoBoro CHrHaJioB, JIH6o npo6JieMa aHaJioroBoro aTTe

HIOaTopa. B J11060M cnyqae, rapattrnpoBaHHaH norpellIHOCTb arreHIOaTopa He npeBbilllaeT 

0,02 JJ.6, OJl,HOBpeMeHHO c 3THM Tpe6oBaHHe a6COJIIOTHO nJIOCKOH aMnJIHTYJl.HO-YaCTOTHOH 

xapaKTepHCTHKH B Jl,Hana3oHe, npeBbIUJalOW,eM 45 JJ.6, y>Ke He SIBJIS!eTCSI TpHBHaJibHbIM, 

K TOMY >Ke co6JI10J1.eHHe 3Toro ycJIOBHH MO>KeT OKa3aTbCH JJ.OCTaTOYHO JJ.OporocTOHW.HM. 

OonyJIHpHbIM aJibTepHaTHBHblM BapHaHTOM SIBJJS!eTCSI TaKOH, KOfJl,a CHrttaJI Ha 6JIOK YaC

TOTHOH KoppeKU.HH RIAA noJ1,aeTCS1 i;epe3 naccHBHYIO cxeMY npeJJ.bICKa>KeHHH H H3MepS1eTCS1 

coBMecrnaH aMnJJHTYJl.HO-YaCTOTHaH xapaKTepHCTHKa. TeopernYeCKH a6coJIIOTHO HJ1,eaJJbHaS1 
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KacKOAbl npeABOpMrenbHoro yCMneHMJJ 

cxeMa npe.U.bICKa:>KeHHH 6JJOKa 4acTOTHOH KoppeKU.HH RIM.noJJ:>KHa 6b1 HMeTb BbIXO.U.HOH cHr

HaJJ, HenpepbIBHO B03paCTa!Olll,HH co CKOpOCTblO 6.u.6/oKTaBy, Ha4HHa51 c lJaCTOTbl npHMepHo 

5 Kfu.. Ho HMe10w.HeCH Ha npaKrnKe naccHBHbie cxeMBl o6H3aTeJJbHO 06JJa.na10T KOHelJHOH 

nOCTOHHHOH speMeHH, .u.a:>Ke eCJJH 3TO H He nocTOHHHaH BpeMeHH 3, 18 MKC. 

CxeMbI npe.U.blCKa:>KeHHH 6JJOKa lJaCTOTHOH KoppeKU.HH RIM o4eHb CJJO:>KHbl .ll.JIH pac4ern. 

K co:>KaJJeHHIO, naKeTbl nporpaMM KOMnb10TepHb1X pac4eTOB MOryT C03,!J,aTb )l.OCTaT04HO OOJlb

WHe OWH6KH B BbllJHCJJeHHHX, KOTOpble npH noCJJe)l.OBaTeJJbHOM MHOroKpaTHOM HaJJO:>KeHHH 

H.neaJJbHOH Teopern4eCKOH cxeMbl RIM c HHBepcHOH cxeMoii, 4bH napaMeTpbl H )l.OJJ:>KHbI 6bITb 

onpe.neJJeHbI, MOryT npHsecrn B pac4ernx K owH6Ke, .u.ocrnra10w.el1 ±0,05 .u.6. KoHe4HaH T04-

HOCTb H3roTOBJJeHHH KOMnOHeHTOB cxeMbl TaK:>Ke BHeceT CBOH BKJ!a)I. B 06wy10 OWH6Ky . 

.lla:>Ke H)l.eaJJbHO paCClJHTaHHmi H TaK:>Ke H)l.eaJJbHO HCnOJJHeHHaH cxeMa npe.U.bl,CKa:>KeHHH 

6JJoKa 4acrnrnoii KoppeKU.HH RIM see paBHO HMeeT He.nocTaTKH, TaK KaK OHa 3aBHCHT OT 

napaMeTpOB HCTOlJHHKa CHrHaJJa H 1-iMne.naHca Harpy3KH, KOTOpble npH paclJeTe npHHHMa

IOTCH, KaK npaBHJJO, nocTOHHHblMH. K co:>KaJJeHHIO, TW.aTeJJbHO onrnMH3HposaHHaH npaK

TH4ecKaH Harpy3Ka, He06XO)l.HMaH .ll.JIH 3BYKOCHHMaTeJJH c nO)l.BH:>KHOH Ka"ryWKOH HJJH 

TpaHccpopMaTOpa TaKOro 3BYKOCHHMaTeJJH, HapywaeT HMne.naHC Harpy3KH, H3-3a 4ero He

BepHblH YlJeT 3Ha4eHHH conpornBJJeHHH reHeparnpa BHeceT .u.onoJJHHTeJJbHble npo6JJeMbl. 

EcJJH KopoTKo nO)l.blTO:>KHJb cKa3aHHoe, TO o6ecne4eHHe ypoBHH .owH6KH npH npaKrn

lJeCKHX H3MepeHHHX napaMeTpoB 6JJoKa 4acrnrnoii KoppeKU.HH RIM KQTOpbIH 6b1JJ 6b1 

HH:>Ke ypoBHH OWH6KH paClJeTOB cxeMbl, HBJJHeTCH BeCbMa CJJO:>KHOH 3a)l.a4eH. 

6.14.3. ToYHOCTb 111rorosneHHR KoMnoHeHros 11 «p11rep1111 

HX npaKTHl./eCKOf() Bb/6opa 

00CJJe TOro, KaK paCClJHTaHbl T04Hble 3Ha4eHHH KOMnOHeHTOB CXeMbl, He06XO)l.HMO OU.e

HHTb BJJHHHHe OWH6KH, B03HHKa10w.el1 H3-3a cyw.ecrny!OW.HX .u.onycKOB Ha H3roTOBJJeHHe 

3JJeMeHTHOH 6a3bl. CKopee BCero, HeT CMblCJJa HCnOJJb30BaTb B cxeMe OT)l.eJJbHbie 3JJeMeH

Tbl, H3rOTOBJJeHHble c OlJeHb BbICOKOH TOlJHOCTblO, eCJJH OCTaJJbHble, H3roTOBJJeHHble 

c MeHbWeH TOlJHOCTblO, CMOryT yxy.U.WHTb pa6oTy BCeH cxeMbl. 

C noMOW.blO KOMnblOTepa OKOJJO l 0 TbIC. pa3 6b1JJ npoHase.neH pac4eT aMnJJHTY.U.H0-

4acTornoii xapaKTepHCTHKH B lJaCTOTHOM )l.Hana30He OT 20 fU.)1.0 20 KfU., npH 3TOM CJJylJaH

HblM o6pa30M H3MeHHJJHCb 3HalJeHHH HOMHHaJJbHblX napaMeTpOB Bcex 3JJeMeHTOB cxeMbl 

B npe.neJJax T04HOCTH HX H3rOTOBJJeHHH. '.:>TOT npHeM, H3BeCTHblH KaK MeTO)I. MoHTe-Kap

JJO, npHMeHHeTCH npH .u.ocrnT04HO 6oJJbWHX o6beMax npoBO)l.HMbIX onblTOB. Pe3yJJbTaTbl 

TaKOro paclJeTa n03BOJIHIOT onpe.neJJHTb HaH60JJee xy.u.wHH BapHaHT pa36poca lJaCTOTHblX 

xapaKTepHCTHK. HanpHMep, noJJy4eHHbIH no pe3yJJbTaTaM paclJeTa pa36poc owH6KH .ll.JIH 

npe.nycHJJH~eJJH, co6paHHoro Ha JJaMne rnna EC80 l 0, cocTaBJJHJJ ±0,25 .u.6 .ll.JIH cJJy4aH 

HCnOJJb30BaHHH CTaH)l.apTHblX 3Ha4eHHH HOMHHaJJOB, paCClJHTaHHblX .ll.JIH cxeMbl ( npH ycJJO

BHH, 4TO He npOH3BO)l.HJJCH npe.u.sapHTeJlbHblH OT6op 3JJeMeHTOB c u.eJJblO nOJJY4HTb 

OnTHMaJJbHOe 3Ha4eHHe, OTJIH4a!Ow.eecH OT Toro 3HalJeHHH eMKOCTH nO)l.CTpoelJHOro KOH

.u.eHcarnpa H paBHOro CBOeMy HOMHHaJJbHOMY 3HalJeHHIO 17 net>' KOTOpoe onpe.neJJHeTCH n6-

CTOHHHblMH BpeMeHH 75 MKC H 3, 18 MKC ). 
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npaKTM'l8CKHe M8TOAbl HOCTpoiiKM 6nOKO 'IOCTOTHOM KoppeKl.IMM RIAA 

B CHJIY Toro, •ITO Henocpe.n.cTBeHHoe BbmOJ!HeHHe H3MepeHHH c uenblO onpe.n.eneHHH 

owH6KH B 6noKe 4aCTOTHoH KoppeKUHH RIM .n.ocTaT04HO CJJO>KHO, npo6neMa MO>KeT 6bITb 

peweHa o6XOJl.HbIM nyreM aa C4eT npe.n.sapHTeJJbHO BblnOJJHeHHOro OT6opa KOHJl.eHcaTopoB c 

HCnOJJb30BaHHeM 6onee npocTOro H He.n.opororo H3MepHTeJJbHOro MOCTa, Tor.n.a KaK HCnOJJb-

30BaHHe 41/2 pa3pH.n.Horo UH<pposoro BOJlbTMeTpa n03BOJJHeT npOH3BeCTH T04HYIO no.n.roH

KY (cornacosaHHe) conpornsneHHH pe3HCTopos, HMelOllJ,HX T04HOCTb H3rOTOBJJeHHH 0,1 %. 
na>Ke 6e3 npe.n.sapHTeJJbHO BblnOJJ,HeHHOro no.n.6opa 3JleMeHTOB CXeMbl, OWH6Ka npH HC· 

nOJJb30B8HHH HOBOH JJaMnbI 6y.n.eTyKJ18.ll.bIBaTbCH B npe.n.eJJbl ±0,25 .n.6, a onepaUHH no npe.n.

sapHTeJJbHOMY OT6opy 3JleMeHTOB cxeMbl CMO>KeT ellJ,e CHJlbHeeyMeHbWHTb 3TY OWH6ey. 

6.14. 4. florpe1JJHOCTl1 BhlpOBHl1BOHl1R 'IOCTOTHOH xapaKrep1tCTl1Kl11 

BhlJBOHHhle pa16pocoM napaMerpos JneKrpoHHhlX naMn 

na>Ke B TeX CJIY4aHX, KOr.n.a TllJ,aTeJJbHO BblnOJJHeHHblH paC4eT CXeMbl n03BOJJHeT CBeCTH 

K MHHHMYMY HeraTHBHoe BJJHHHHe paa6poca napaMeTpos naMn, 3TO BJJHHHHe see pasHo 

,6y.n.eT BeCbMa cyllJ,eCTBeHHbIM no cpaBHeHHIO c .ll.PYrHMH cpaKTopaMH, TaK KaK, HanpHMep, 

BJJHHHHe naccHBHbIX 3JJeMeHTOB MO>KeT 6bITb npaKrn4eCKH cse.n.eHo K HYJJIO nyTeM TllJ,a

TeJJbHOro H T04H0f0 no.n.6opa HX 3Ha4eHHH. 

K co>KaneHHIO, BeJJH4HHa 3KBHBaneHrnoro BbIXo.n.Horo conpornsneHHH sxo.n.Horo Kac

Ka.n.a, rout' COCTaBJJHeT 3Ha4HTeJJbHYJO 4aCTb nOCJle.ll.OBaTeJJbHOro conpOTHBJleHHH, KOTOpoe 

onpe.n.enfleT napaMeTpbl o6he.ll.HHeHHblX nocTOHHHblX speMeHH 75 MKC H 3, 18 MKC. Bonpe

KH 3TOMY cpaKry KOMnblOTepHble pac4eTbl npe.n.cKa3aJJH cna.n. 4aCTOTHOH xapaKTepHCTHKH 

B BY o6nacrn scero Ha 0, 15 .n.5 npH CHH>KeHHH KpY'fH3Hbl gm naMnb1 rnna EC80 l 0 Ha .n.se 

TpH.n.uaTble OT HOMHHaJJbHOro 3Ha4eHHH. 

C yMeHbweHHeM KpyrnaHbl gm soapacrneT BHyTpeHHee Bb1xo.n.ttoe conpornsneHHe naM
nb1 'a• 4TO yMeHbWaeT ycHJJeHHe JJaMnbI H 3Ha4eHHe eMKOCTH MHJJJJepa. nnsi paccMaTpHBae

MOH cxeMbl, JJaMnaMH, KOTOpbie MOrJLH 6bI noBJIHHTb Ha T04HOCTb BbipaBHHBaHHH 4aCTOTHblX 

xapaKTepHCTHK 6noKoM RIM Ha-aa H3MeHeHHH 3ffi!4eHHH eMKocrn MHnnepa, HBJJHIOTCH BTO

paH H OKOHe4HaH JJaMnbI. O.n.ttaKo, TaK KaK OHH BKJll04eHbl no cxeMe µ-noBTOpHTeJJH, H3MeHe

HHH napaMeTpa ra He BJIHHIOT Ha BeJJH4HHYYCHJJeHHH (npH conpornBJJeHHH aHO.ll.HOH Harpy3KH 

R1. == oo ), no3TOMY 3TOT MexaHH3M He MO>KeT oKa3aTb cyllJ,eCTBeHHoro BJJHHHHH. 

TaK KaK 3Ha4eHHe 3KBHBaneHTHOro BbIXO.ll.HOro conpornsneHHH r0 ,,t .ll.JIH cxeMbI m-no

BTopHTeJJH COCTaBJIHeT 04eHb He60JlbWYIO 4aCTb conpoTHBJleHHH, KOTopoe onpe.n.e.nHeT 

nocTOHHHYIO speMeHH 6noKa 4acToTHOH KoppeKUHH RIM, 4aCTH4HO noTepHBWaH 3MHC

CHIO JJaMna B BepxHeM KaCKa.n.e µ-nOBTOpHTeJIH He noBJIHHeT B 3Ha4HTeJJbHOH CTeneHH Ha 

T04HOCTb pa60Tb1 6noKa 4acTOTHOH KoppeKUHH RIM. 
3TOT He.n.ocTaTOK n'pe.n.yCHJIHTeJIH o6opa4HBaeTCH ero nOBblWeHHOH 4YBCTBHTeJJbHOC

TblO K ,H3MeHeHHHM 3Ha4eHHH npOXO.ll.HOH eMKOCTH Cag HH>KHeH JJaMnbI rnna 6J5 BTOporo 

µ-nOBTOpHTeJIH. OpH yseJJH4eHHH 3Ha4eHHH eMKOCTH ca Ha 50% O>KH.n.aeTCH CHH>KeHHe 

yqacTKa nonororo cna.n.a 4aCTOTHOH xapaKTepHCTHKH BB~ o6nacrn Ha 0,32 .n.5, TOr.n.a KaK 

npH yMeHbWeHHH ee 3Ha4eHHH Ha 50% 0>1<11.n.aeTCH no.n.'heM ee BY yqacTKa nonororo cna.n.a 

Ha 0,34 .n.5. K C4aCTblO, npe.n.ycHJJHTeJJb oKa3b1BaeTCH HeBocnpHHM4HB K H3MeHeHHHM 
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aHal.feHHH eMKOCTH Gag B npe.n.enax ±50% npH HcnonbaoeaHHH naMnb1 THna 1284-A, TaK 
K8K nocne.n.oeaTeJ!bHblH pe3HCTOp, BbI6paHHblH H3 coo6pa>KeHHA MHHHMBJ!bHblX HCK8>Ke
HHH, npHBO.ll.HT K HH3KOMY 3Hal.feHHIO HMne.n.aHca .n.nsi napaMeTpOB o6'be.ll.HHeHHblX u.eneH c 
nOCTOSIHHbIMH BpeMeHH 3180 MKC H 318 MKC. 

,ll.nsi psi.n.a npe.nycHJIHTeneA, Hcnonb3y10lll.HX cxeMy naccHBHoro 3KBanaAaepa c naMna
MH, 06na.n.a10lll,HMH BbICOKHMH 3HaYeHHHMH m, T8KHMH, HanpHMep, KaK ECC83, 6bino 
ycraHOBJleHO pa3J!Hl.fHe B KatteCTBe 3BYl.f8HHH npH HCnOJ!b30BBHHH paanHl.fHbIX Mo.n.eneA 

naMnbI, YTO .n.ano noeo.n. Cl.fHTaTb, 6y.n.To 6bI naMna THna ECC83, BbmycKaeMasi KOMnaHHeA 
CHMeHc, nyYrne (HnH xy>1<e) no cpaBHeHHIO c aHanon-1YHoA naMnoA, BbmycKaeMoH KOMna
HHeA Manmip.n.(Mullard), xorn e.n.eAcTBHTenbHOCTH 3TO 6binH TOJ!bKO ornHYHH B 3HaYeHH
Hx napaMeTpOB ra H Cgk' KOTOpble npHBO.ll.HJIH K flBHblM OWH6K8M B Kal.feCTBe Bblp8BHHBBHHH 
YaCTOTHbIX xapaKTepHCTHK npH HCnOJ!b30BaHHH 6noKa YaCTOTHOH KoppeKU.HH RIM. 

6.15. flMH0HHblH KOCKOJt 

6.15. l 06UJHe JOMe'IOHHR 
Xorn aeTop H nHTaeT onpe.n.eneHHYIO HenpHH3Hb K npHMeHeHHIO JIHHeHHbIX KacKa.n.oe, OH 
npocTo o6HaaH .n.onycKaTb, YTO HX npHcyTcTBHe HBJIHeTcH HeHa6e>KHbIM cj:>aKTOM. Tor.n.a, 

eCJIH npHCYTCTBHe JIHHeHHOro KaCKa.n.a Heo6XO.fl.HMO, OH .Il.OJI>KeH 6bITb, no KpaHHeH Mepe, 

xorn 6b1 npHeMneMoro Kal.feCTBa. 

HaHJIYYWHM apryMeHTOMJJ.nH npHMeHeHHH JIHHeI1Horo KacKa.n.a ~rnnHeTcH TOT, YTO 6noK 
ycHJIHTeJIH MOlll.HOCTH .n.on>1<eH pacnonaraTbCH He.n.aneKo OT rpOMKOroeopHTeneA, YT06b1 
yMeHbWHTb JJ.nHHY .n.ocraTOl.fHO MBCCHBHblX npOBO.fl.OB, coe,n.HHHIOlll,HX ero c rpOMKOrDBOpH
TeJieM. Ho ror.n.a 6JIOK, B KOTOpOM ocymecTBJIS!eTCfl nepBHl.fHOe npeo6pa30BBHHe 3ByKa 
c HOCHTeJJSI (.n.eKa npoHrpb!BaTeJIH, B ca MOM npoCTOM cnyyae) JJ.OJI>KeH pacnonaraTbCfl 
B Henocpe.ncTBeHHOH 6JIH30CTH K TOl.fKe, B KOTOpOH ocymecTBJifleTCfl npocnyrnHBBHHe 3TO
ro 3ByKa. c TB KOH TOl.fKH apeHHfl B JIHHeHHOM KBCKa.ne Ol.feHb y.no6HO pacnOJIO>KHTb opraHbl 

ynpaBJieHHfl, H, npe>KJJ.e BCero peryJIHTOp rpOMKOCTH, a TaK>Ke HCnOJib30BBTb BeCbMa KO
poTKHe coe.nHHHTeJibHbie npoeo.na JJ.nH no.nKJIIOYeHHH 6noKa nepBHYHOro npeo6paaoeaHim. 

OJJ.HaKo, JIHHeHHbIH KacKa.n., HMeIOLUHH K03cj:>cj:>HU.HeHTYCHJieHHH, npHMepHo paBIJbIH e.n.HHH
u.e, .n.on>KeH o6na.n.aTb cnoco6HocTbIO pa6oraTb Ha JJ.nHHHbie coe.n.HHHTeJibHbie Ka6eJIH, no.n
KJIIOYaIOLUHe ero K ycHJIHTeJIIO MOLUHOCTH •. 

6.15.2. OnpeneneHHe JHO'leHHR roKa s pa6o'leii TO'IKe BAX 
Ec.T(H coe.nHHHTeJ!bHbIH Ka6enb, npono>KeHHbIH Me>K.11.Y JJ.BYMH .naneKo .npyr OT .npyra pacno

JIO>KeHHbIMH ycTpOHCTBBMH, He .!I.OJI>KeH 6pocaTbCfl B rnaaa, TO ero JJ.nHHa .ll.OJl>KH8 6y.neT 

cymecTBeHHO B03paCTH. ECJIH npHHf!Tb', l.fTO JJ.nHH8 coe.nHHHTeJibHOro Ka6eJIH, Ha KOTOpblH 

Harpy>KeH npe.nycHJIHTeJib, COCTBBJIHeT npHMepHO 20 M, TO npH CTaH.napTHOM 3Hal.feHHH 

noroHHOH eMKOCTH 100 nel>/M nonHaH eMKOCTb TaKoro OTpeaKa Ka6eJIH COCTaBHT 2 HCI>. 

Eme 6onee xy.nrnHM cnyYaeM HBJIHeTcsi eapHaHT Hcnonb30BaHHH TpaH3HCTOpHoro ycHJIHTe-
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JIH MOW.HOCTH, KOr.ll.a He06XO.ll.HMO 6yJ1.eT K 9TOMY 3Ha'leHHIO npH6aBHTb ew.e 1 HCI>. 'ITO .!I.a CT 

o6w.ee 3Ha11e~rne eMKOCTH B 3 HCI>. EcnH me orpaHH'IHTb npH pa6oTe Ha TaKyJO eMKOCTHYJO 

Harpy3KY BeJI1H'IHHY noTep~ Ha 11aCTOTe 20 KfU.3Ha11eHHeM 0, 1.ll.D, TO He06X0.!1.HMaH 11aCTOT8 

cpe3a no ypoBHIO - 3.ll.fi/ _311B 6yJ1.eT paBHa 131 KfU., 'ITO npHBO.ll.HT K 3Ha11eHHIO conpOTHB· 

neHHH HCTO'IHHKa cHrnana nopH.!1.Ka 400 OM. 

flo'ITH JJ.JIH Bcex JiaMn, HCilOJib3yeMblX B cxeMax KaTOJl.HOro noBTOpHTeJIH, MO>KHO nony· 

'IHTb JJ.JIH pe>KHMa MaJioro CHrHaJia 6JIH3KOe 3H811eHHe BblXO,ll.HOro conpOTHBJleHHH, OJ].HaKO 

6onee cyw.eCTBeHHOH npo6JieMOH HBJIHeTCH, CMO>KeT JIH OHS 66ecne'IHTb He06X0.!1.HMOe 

3Ha11e11He BeJIH'IHHbl ToKa 6e3 BHeceHHH 3aMeTHbIX HCKa>KeHHH. BeJIH'IHHa peaKTHBHoro 

conpornsneHHH KOH.!1.eHcaTopa naJ1.aeT c ysenH11eHHeM 11acTOTb1, noaToMy JJ.JIH caMoro nno· 
xoro CJIY118H BeJIH'IHHa peaKTHBHoro conpOTHBJieHHH Ha 11aCTOTe 20 KfU. COCTaBHT: 

1 1 
X =--= ~26500M. 

' 21tfC 21t x 20x20000x3x10-9 

EcnH npeJ1.nono>KHTb, 11To 11yscTBHTeJibHOCTb ycHJIHTeJIH MOW.HOCTH 6b1J1a H.ll.eanbHo 

cor.llacoBaHa c xapaKTepHCTHKaMH nneepa KOMna~T·Jl.HCKOB, TO Ha 3TOM eMKOCTHOM CO· 

npoTHBJieHHH .ll.OJI>KHO naJ1.aTb HanpH>KeHHe, paBHoe 2 B cpeJ1.HeKBaJ1.parn11ecKoro 3Ha11e

HHH. flo 3aKOHY 0Ma 3TO npHBe.ll.eT K 3Ha'leHHIO TOKa, onpeJ1.eJIHeMoro Bblpa>KeHHeM: 

i = £. = - 2 - ~ 750 MKA cpeJ1.HeKBaJ1.p. 3H. 
Xe 2650 

flpH pacCMOTpeHHH Harpy30'IHOH xapaKTepHCTHKH H ycJIOBHH pa6oTbl JiaMnbl, Tpe6y

eTCH HCilOJib30BaTb aMnJIHTY.!1.Hble 3Ha11eHHH TOKOB H HanpH:>KeHHH, Il03TOMY 750 MKA 

cpeJ1.HeKBBJ1.paTH11ecKoro 3Ha11eHHH 6yJ1.eT npHMepHo paBHO 1 MA aMnJIHTY.ll.HOro 3Ha11eHHH. 

TaK KaK 3TOT TOK onpe.ll.eJIHeTCH eMKOCTHOH Harpy3KOH, TO Harpy3011HaH xapaKTepHCTHKa 

H3 npHMOH JIHHHH npeo6pa3HTCH a 3JIJIHnC (pHC. 6.38). 

4 

3 

la(mA) 2 

Vg=OV 

·0.5V 
-1 OV ECC83 

-1 5V 
·20V 

-2.5V 
-- ----_3 ov 

-35V 
-40V 

-4 5V 
-50V 

0-11£..-<~;..-:::~-=-::::..;.=:~~/~ 
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PHc. 6.38 Haepy30ttftaR xapaKmepucmuKa 8 euoe aJUtunca, 
8bl3BaHHaR eMKOCmftblM xapaKmepoM Haepy3KU 

500 
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npHBe,lleHHOe CeMeikTBO aHO,llHblX H Harpy30l.fHaH XapaKTepHCTHKH rHnep60JIH3HpOBa

Hbl B u,eJIHX HarJIH,llHOCTH, TaK KaK Jl,llH KaTO,llHOro nOBTOpHTeJIH He 6y.u.eT He06XO,llHMOCTH 

o6ecnelfHBaTb TaKOH pa3Max HanpH>KeHHH, KOTOpblH H306pa>KeH, HO npH 3TOM 3cpcpeKT, 

oKa3bIBaeMbIH eMKOCTHbIM xapaKTepoM Harpy3KH, 6y.u.eT npoHBJIHTbCH 6onee HpKo. Pa6orn 

Ha eMKOCTHYIO Harpy3KY 3aCTaBJIHeT JIHHeHHblH KaCKa,ll o6ecnelfHTb sepTHKaJibHblH pa3Max 

ToKa ± 1 MA 6e3 H3MeHeHHH 3HalfeHHH HanpH>KeHHH ( 3TO cTaHOBHTCH B03MO>KHbIM 6naro.Q.a

pH C,llBHry Me>KJJY BeKTOpaMH TOKa H HanpH>KeHHH Ha KOMnneKCHOH nJIOCKOCTH, KOTOpblH 

paseH 90 • .ll,JIH KOH,lleHCaTopa, CM. rnasy 1 ). TaK KaK B Kal.feCTBe a6COJIIOTHOro MHHHMaJib

Horo 3Hal.feHHH TOKa, JIHHeHHbIH KacKa.u. (pa60Ta10lll.HH B pe>KHMe KJiacca A) .u.on>KeH 06ec

nel.f11BaTb npoxo>K,lleHHe TOKa noKOH (a pa6ol.feH TOlfKe BAX) CHJIOH 1 MA, TO OH MO>KeT 

o6ecnelfHTb pa3Max TOKa 1 MAB Harpy3Ke HenpepbIBHO. 

6.15.3. 8hl6op naMnhl 
Jl,nH nonylfeHHH xoporneH JIHHeHHOCTH Ha cf>oHe 3Hal.fHTeJibHOH peaKTHBHOH Harpy3KH B Ka

TO,llHOM nosTOpHTeJie Heo6XO,llHMO HCnOJib30BaTb MHO)l<eCTBO CHH>KalOll(HX HCKa>KeHHH OT

pHu,aTeJibHblX o6paTHblX CBH3eH, n03TOMY 3HalfeHHe BHyTpeHHero K03cf>cpHU,HeHT8 ycHJie

HHH JiaMnbI m ,llOJl>KHO 6bITb KaK MO>KHO Bblllle. 0.u.HaKO HCnOJib3yeMaH JiaMna ,llOJl>KHa 

TaK>Ke o6ecne!.JHBaTb BblCOKYIO JIHHeHHOCTb xapaKTepHCTHKH .u.o Toro, KaK 6y.u.eT npHJIO>Ke

Ha o6paTHaH CBH3b, B npOTHBHOM CJIY!.fae o6paTHaH CBH3b Bbl30BeT reHepau,HIO u,enoro aH

caM6JIH BblClllHX rapMOHHK . .llanee, He06XO,llHMa JiaMna, 06ecnel.fHBa10W.aH nOCTOHHCTBO 

seJIHlfHHbI KPYTH3HbI xapaKTepHCTHKH gm c H3MeHeHHeM TOKa, TaK KaK H3BeCTHO, lfTO 3JI

nHncoo6pa3HaH Harpy3ol.fHaH xapaKTepHCTHKa npHBO.U.HT Kero H3MeHeHHIO. K co>Ka.neHHIO, 

TaKoe Tpe6osaHHe nocTOHHCTBa KPYTH3HbI gm npH H3MeHeHHH 3HalfeHHH TOKa la HB.nHeTCH 

lfpe3Bbil.faHHO >KeCTKHM Tpe6osaHHeM, HaH6onee 6JIH3KO KQ.TOpOMY OTBel.faeT JiaMna poc

CHHCKOro npOH3BO,llCTBa - O,llHHOlfHblH TpHO,ll rnna 6C45n (.u.pyrHMH B03MO>KHblMH KaH,llH

,llaTaMH HBJIHIOTCH BKJllOl.feHHblH no cxeMe TpHo.u.a neHTO,ll THna D3a HJIH THna 6H30P). 

113 npHse.u.eHHbIX xapaKTepHCTHK BH.ll.HO, lfTO npH 3Hal.feHHHX aHO.U.Horo TOKa la > 5 MA 

xapaKTepHCTHKH npaKTHl.feCKH JIHHeHHbJe H HBJieHHe rpynnHposaHHH (KOTOpoe CHH>KaeT 

3Hal.feHHH gm H m) CT3HOBHTCH nOlfTH Hecyw.ecTBeHHblM (pHC. 6.39). 

TaK KaK H3BeCTHO, lfTO TOK B pa6ol.feH TOl.fKe BAX (TOK noKOH .naMnbI) .u.on>KeH npeBbI

rnaTb Ha 1 MA 3Hal.feHHe TOKa, npH KOTopoM npoHCXO.U.HT rpynnHposaHHe, TO senMlfHHa TOKa 

.naMnbl COCTaBHT la = 6 MA, HO noCKOJibKY TaKoe 3Hal.feHHe HBJIHeTCH npHrpaHHlfHblM, TO 

6bl.fl0 6bl 3HalfHTeJibHO .nylfrne yse.nHlfHTI> ero .u.o 3Hal.feHHH 10 MA. 

noc.ne TOrO, KaK BbI6paHO 3HalfeHHe aHO,llHOrO TOKa la, He06XO,llHMO 3a,llaTb aHO,llHOe 

HanpH>KeHHe vd. PeaJibHblM cf>aKTOpOM, orpaHHlfHBalOW.HM BbI6op Va, HB.nHeTCH Heo6xo

,llHMOCTb HCKJllOl.fHTb npoTeKaHHe CeTOlfHOro TOKa npH BbI6paHHOM 3Hal.feHHH aHO,llHOro 

TOKa I". ECJIH npHHHTb 3Hal.feHHe HanpH>KeHHH vgk = - 2, 5 B, TO OHO npeKpacHO o6ecnelfH

BaeT Heo6xo.u.HMOe yc.nosHe H onpe.u.e.nHeT 3Hal.feHHe Va = 170 B. Ec.nH HcnoJib30BaTb 3Ha

l.feHHe BbICOKOBOJibTHoro nHTa10w.ero HanpH>KeHHH ·390 B ( o6w.ee c 6noKOM l.faCTOTHOH 

KoppeKU,HH RIM), TO Heo6xo.U.HMO 6y.u.eT noracHTb Ha pe3HCTope HanpH>KeHHe pasHoe: 

(390 - 170 - 2,5) B = 217,5 B. npH BeJIHlfHHe TOKa 10 MA noTpe6yeTCH 6a.n.naCTHblH 

pe3HCTop, HMelOW.HH conporns.neHHe 22 KOM • .lla>Ke Jl,llH naMnbI rnna 6C45n 3Ta xapaKTe-
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PHc. 6.39 Anoihtble xapaKmepucmuKu mpuoiJa 6C45fl 

pHCTHKa SIBJISieTCSI Jl.OCTaTOllHO KpyroA, KOTOpasi npHBe}l.eT K yseJJH'ieHHIO HCKa>KeHHH Jl.0 

BBe}l.eHHSI o6paTHOH CBSl3H, no3TOMY Heo6XO}l.HMO 6y}l.eT HCnOJib30BaTb 3JieMeHT, 3a}l.al01UHH 

nocTOSIHHYIO TOKOBYIO Harpy3KY, HanpHMep, Ha neHTOJl.e rnna EFl 84, npHMeHeHHe KoTopo

ro BblHYJl.HT pacnonaraTbCSI pe3HCTHBHYIO ( OMHt!eCKYIO) COCTaBJJSllOlilYIO KOMnJJeKCHOro co

npOTHBJieHHSI Harpy30l!HOH xapaKTepHCTHKH ropH30HTaJibHO ( pHC. 6.40 ). 
11cnOJJb30BaHHe neHTOJl.a rnna EFl 84 B Kat1ecTBe 3JieMeHTa, 3a}l.al01Uer'o nocTOSIHHYIO 

TOKOBYIO Harpy3KY, 3Hal!HTeJJbHO yMeHbWaeT HCKa>KeHHSI, O}l.HaKO Jl.06aBJISieT npo6JJeMbl, 

OTHOCSI1UHecsi K ToKy 3.KpaHHPYIOlileH <:eTKH g2• Ope*Jl.e scero, npH paccMoTpeHHbIX ycno

BHSIX (Heo6XO}l.HMOCTH noJJJ1.ep>KHBaTb noCTOSIHHOe 3Hal!eHHe aHOJl.HOrO TOKa 10 MA), neH

TOJl.Y rnna EF 184 Tpe6yeTCSI TOK 3KpaHHPYI01UeH ceTKH 4,4 MA, '!TO yseJIH'IHBaeT TOK BbI

coKOBOJibTHoro HCTO'IHHKa CTepeoqlOHH'leCKOH napbl nOllTH Jl.0 30 MA. 

Bo-BTOpb1x, ecnH naMna 6C45n BJl.pyr nepecraHeT noTpe6nSITb TOK no KaKoH-JJH6o 

npH'IHHe ( o6pbIB, BbIXOJl. H3 cTposi HT. n. ), 3KpaHHPYIOlUBSI ceTKa g2 neHTOJl.8 EF 184 ttall

HeT }l.eHCTBOBaTb B KalleCTBe aHO}l.a H nonbITaeTCSI nponycTHTb Beeb 3a}l.aBaeMblH cxeMOH 

KaTOJl.HblH TOK, TO eCTb 14 MA, llTO He3aMe,ll/IHTeJibHO npHBeJJO 6bl K pa3pyweHH_IO 3KpaHH

PYI01UeH ceTKH. Opo6neMa neperpy3oK no 3KpaHHPYI01UeH ceTKe SIBJISieTcSI 061UeH Jl.JISI 

scex neHTO}l.HblX cxeM, KOTOpaSI pewaeTCSI e.n.HH006pa3HO BBe.n.eHHeM B u.enb 3KpaHHpyl0-

1UeH ceTKH TOKoorpaHHllHBal01Uero pe3HCTopa. B Jl.aHHOH cxeMe nOJl.06HbtH pe3HCTOp 

39 KOM 3a1UH1UaeT 3KpaHHPYIOIUYIO ceTKY g2 ( pHc. 6.41). 
HecMOTpSI Ha 3To, MO>KHO ynyt1UIHTb xapaKTepHCTHKH JJI06ol1 neHTOJJ.HOH cxeMbt, ecJJH 

nHTaTb u.enb 3KpaHHPYI01UeH ceTKH g2 OT HCTO'IHHKa nHTaHHSI c HH3KHM HMne}l.aHCOM (TaK 

KaK TOK la 3aBHCHT B ropa3}l.0 60JJbWeH CTeneHH OT nOCTOSIHHOro HanpSI>KeHHSI Ha 3KpaHH

PYI01UeH ceTKe vg2' '!eM OT aHOJJ.HOro HanpSI>KeHHSI Va>· 0}l.HaKo, TaKOe peweHHSI He npeJl.Jla

raeT 3a1UHTbI Jl.JISI paccMaTpHsaeMoH CHT}'SU.HH c 3KpaHHPYI01UeH ceTKOH g2• EcnH 6b1 
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PHc. 6.40 YcAoouR, coomoemcmoy10U{ue obl6opy pa6ottet1 mottKU Aa.M.nbl 
muna 6C45fl 8 AUHeUHO.M. KaCKaoe 

B u.enH nHT8HHff 3KpaHHpyJOw,eH ceTKH HCnOJib30B8JICff npOCTOH CTa6HJIH38TOp, HanpHMep, 
cxeMa THINGY (CM. rnaBy 6 ), TO B03MO>KHO 6b1JI0 6b1 wcnoJib30BaHHe BMecTo .n.opororo H 
rpoM03..!1.KOro KOHJJ.eHCaTopa c eMKOCTblO 3,3 MK<P H pa60'JHM HanpH>KeHfieM 400 B Ha6opa 
6onee .n.eweBbIX KOMnoHeHTOB, 06ecne'IHBa10w.wx, K TOMY me nyqwwe xapaKTepHCTHKH. 
0.n.HaKo B 3TOM cnyqae onHTb 6bI He 6b1J1a peweHa npo6neMa aaw,HTbl u.enw 9KpaHwpyJOw,eA 
ceTKH g2• Xorn neHT0.11. rnna EF184 .n.ocTaTO'IHO .n.eweB, TeM He MeHee, Bcer.n.a OKa>KeTcH 
npe.n.no4THTenbHee npou.ecc ecTecTBeHHoro crnpeHHH naMn, 'leM Hx paapyweHHH B peaynb
TaTe neperpyaoK H HewcnpaBHOCTeH. 

EcnH paccMaTpHBaeMaH cxeMa nwrneTCH Tpa.n.HU.HOHHblM cnoco6oM c wcnonb30BaHHeM 
JlaMnOBOro BbmpHMHTeJIH H Bee HCT04HHKH nHTaHHff no.n.KJIJO'leHbl K OJl.HOMy H TOMY >Ke 
CHJIOBOMY TpaHccpopMaTopy, HarpeB KaTo.n.a neHrn.n.a EF184 MO>KeT npowaoArn 6b1cTpee, 
4eM Tpwo.n.a 6C45fl, ocTaBJIHH neHTo.n. EF184 YH3BHMblM B OTHOWeHHH npo6neMbl TOKa 
BTopoA ceTKH. flo9TOMY BapwaHT wcnoJib30BaHHH crn6wnwaaTopa THINGY 6bln OTBepr
HyT, H OKOH'JaTeJlbHO npHHffT MeHee 9cpcpeKTHBHblH BapHaHT nHTaHHff u.enH BTOpOH ceTKH g2 
qepea 6aJ1J18CTHblH pe3HCTOp. 

6.16. npaKntlf0CKMe COB0Tbl no HananKe 

B paccMoTpeHHOH Bb1we cxeMe, HanpH>KeHHe cMew,eHHff naMnb1 rnna 6C45fl aa!i.aeTCH na.n.e
HHeM HanpH>KeHHff Ha K8TOJ1.HOM pe3HCTOpe CMeW,eHHff c conpoTHBJleHHeM 240 OM, TBK KBK 

HCnOJlb30B8HHe <f>HKCHpOB8HHOrO CMew,eHHff, 38.11.BBaeMoro c HCnOJib30B8HHeM u.enH .n.eJIHTe-
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PHc. 6.41 .nuHeUHblU 1cac1caiJ c eiJuHUttHbl.M Koacjx/JUl{UeHmo.M ycuAeHU.fl, 
o6ecnettUBa10UfUU HU3KUU ypoBeHb UCKaJJCeHUU 

Jiff Hanpm1<eHHH, MOrJIO 6bl npHBeCTH K HH>KeKU.HH HanpH>KeHHH BblCOKOBOJibTHOro wyMa 

B ceT04HYIO u,enb. TaK KaK H3MepeHHOe Ha npaKTHKe 3Ha4eHHe BXO,ll.HOH eMKOCTH COCTaBJIHeT 

Bcero JIHWb 11 n<P, TO 9TOT cpaKTop He HaKJia,ll.blBaeT orpaHH4eHHH Ha Bbl60p sapHaHTa yn

paBJieHHH rpOMKOCTblO, HO npHBO,ll.HT K He3Ha4HTeJibHOMY pocry HCKa>KeHHH ( OT'3Ha4eHHH 

0,02 % .ll.0 0,05 % Ha ypOBHe +20 ,!I.DU), KOr,ll.a conpOTHBJieHHe HCT04HHKa CHrHaJia npeBbIWa

eT seJIH4Htty 150 KOM H npH ycJIOBHH, 4TO npoTeKaeT ceT04HbIH TOK. CooTBeTCTBYIOlUHe pe-

3YJibTaTbI nposepKH, BbinOJIHeHHble Ha MO.ll.HcpHU.HposaHHOH Mo,ll.eJIH ycHJIHTeJIH Avo 

VCM163, no,ll.TBepAHJIH 9TH TeopeTH4eCKHe npe,!1.nono>KeHHH, H noKa3aJIH, 4TO nocTOHHHaH 

COCTaBJIHIOlll,aH ceT04HOro TOKa 6bIJia HeH3MeHHOH H HMeJia 3Ha4eHHe npHMepHo 0, 1 MKA npH 

pa3Maxe 3Ha4eHHH HanpH>KeHHH CMelll,eHHH V kB npe,!1.enax OT -1 B .ll.O -3 B. 
CToJIY4HB ,ll.a>Ke MaJieHWHH waHc, JiaMna SC45n, Ha4HHaeT c nerKoCTblO reHepHposaTb 

( caMOB036y>K,!1.aTbCH ), KOr,ll.a OKa3b!BaeTCH BKJII04eHHOH B cxeMy KaTO,ll.HOro noBTOpHTeJIH. 

Ha BbICOKHX 4aCTOTaX BbICOKOBOJibTHbIH HCT04HHK,ll.OJI>KeH 6b!Tb COOTBeTCTBYIOlUHM o6-
pa30M 3awyHTHpOBaH Ha 3eMJIIO, CJie,ll.OBaTeJibHO, Me>KJJY aHO,ll.HbIM Bb!BO,ll.OM H 3eMJieH 

.ll.OJI>KeH 6bITb BKJII04eH nneH04Ho-<t>onhroBbIH KOH.ll.eHcaTOp, Hanp11Mep MapKH FKP 1 
c eMKOCTblO 100 H<P . .llonOJIHHTeJibHO K 9TOMY CeT04HblH orpaHH4HTeJibHbIH pe3HCTOP 
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KacKDAbl npeAaapMTenbHoro ycMneHMfl 

c conpornsJieHHeM l KOM H KaTOJl.HbIH orpaHHlJHTeJibHblH pe3HCTop c conpoTHBJieHHeM 200 
OM Heo6XOJl.HMbI Jl.JIH no}l.aBJieHHH asTOreHepauHH Ha tJaCTOTe 70 Mfu. EcJ111 oTcyrcTByeT 
OCUHJ1J1orpacp, c noMOW:blO KOToporo MO>KHO 6b1J10 6b13acp11KcHposaTb3TY Jl.OCTaTOlJHO BbI
coeyIO lJaCTOTY, 6bIJIO 6bI COBCeM HenJIOXO yseJIHlJHTb conpOTHBJleHHe CeTOlJHOro orpaHH
lJHTeJlbHOro pe3HCTopa Jl.O seJ1HlJHHb14,7 KOM. TaK KaK a pa6otJei% TOlJKe xapaKTepHCTHKH 
KpyrH3Ha J1aMnb1 cocTaBJIHeT gm::::: l 6 MA/B, conepweHHO attaJiorHlJHO, Mo>KeT 6bITb yse
JIHlJeHo conpoTHBJieHHe KaTOJl.HOro orpaHHlJHTeJlbHoro pe3HCTopa Jl.O 3HalJeHHH 330 OM, 
no)l,U.ep>KHBaH, TaKHM o6pa30M, 3HalJeHHe 3KBHBaJleHTHOro BblXOJl.HOro conpoTHBJleHHH 'out 

HH>Ke Tpe6yeMoii seJIHlJHHbI 400 OM. 
3HalJeHHH aHOJl.HOro TOKa la = l 0 MAH HanpH>KeHHH Va = 221 B neHTOJl.a EF 184 03Ha

lJalOT, lJTO MOW:HOCTb, pacceHsaeMaH Ha aHOJl.e J1aMnb1, Pa= 2,2 BT. 3TO 3HalJeHHe Jl.OCTa
TOlJHO 6JIH3KO K npe}l.eJlbHO Jl.OnycTHMOMY 3HalJeHHI0'2,5 BT, HO TaK KaK 3Ta JlaMna Jl.OCTa
TOlJHO }l.ewesaH H WHpOKO pacnpocTpaHeHa, HeT CMbICJla oco6eHHO 6ecnOKOHTbCH 06 
orpaHHlJeHHOM cpoKe ee cJ1y>1<6b1. CTaTHlJecKaH pa6olJaH TOlJKa neHTOJl.a EF 184 onpeJl.eJIH
eTcH 06bllJHOM cnoco6oM (CM. rnasy 3), HO BeJIHlJHHa conpOTHBJleHHH KaTOJl.HOro pe3HCTO
pa OKa3bIBaeT KpHTHlJeCKOe 3HalJeHHe Jl.JIH TOlJHOro no)l,U.ep>KaHHH aHOJl.HOrO TOKa, paBHOro 
l 0 MA, no3TOMY ero seJIHlJHHa MO>KeT noJl.CTpaHnaTbCH B XOJl.e ornaJl.KH cxeMbI. HaH60J1ee 
npoCTblM cnoco60M H3MepHTb BeJIHlJHHY aHOJl.HOro TOKa HBJIHeTCH H3MepeHHe c HCnOJlb30-
BaHHeM U.Hct>ponoro BOJlbTMeTpa na}l.eHHH HanpH>KeHHH Ha pe3HCTOpe 240 OM KaTOJl.HOH 
u.enH JlaMnbI 6C45n H OOJl.CTpOHKa BeJIHlJHHbl ero conpoTHBJleHHH Jl.0 Tex nop, noKa 3HalJe
HHH na}l.eHHH HanpH>KeHHH Ha HeM He COCTaBHT 2,4 B. 
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Ta6n111L(a 1 

1-R 6yKea 
MapKltpOBKlt 
(xapaKTepMCTMKa 
noAorpeeaTenR 
KaTOAa) 

A 4B 

B 180MA 

c 200 MA 

D 0T0,5AO 1,5 B 

E 6.3 B 

F 13 B 

G 5B 

H 150 MA 

K 2B 

L 

M 

N 
p 300MA 

Q 

x 
y 

z 

Ta6n111L(a 2 

2-R 1t nocneAy10~1te 6yKBbl 
MapKltpOBKlt (Tltn naMnbl) 

Manoc11rHanbHbtH A110A 1 

CABOBHHblH Manoc11rHanbHblH Al10A 2 

Manoc11rHanbHbtH TP110A 3 

Mo~HbtH Tp110A 4 

Manoc11rHanbttblH TBTPOA 5 

Manoc11rHanbHbtH neHTOA 8 

1-R '-'ltcj>pa MOA1t<l>1tKa'-'"" 
(Tltn '"'OKOnR naMnbl) 

Vlcnonb30BaTb 2-tO u11¢py 

BBB 

BOCbM11WTblpbKOBblH L\OKOnb 

BSA 

B9D 
B9A 

9 B7G 
reKCOA 11n11 renTOA 

ct>nyopecueHTHblH 11HA11KBTOP 

T11paTpoH 

HOHOA 

fa3oHanonHeHHblH BblnpsiM11Tenb 

0AHOnonynep110AHblH Bblnp!lMl1T9nb 

,D,syxnonynep110AHbtH BblnpsiM11Tenb 

1-R 6yKea M8PKMPOBKl<I (xapaKTepMCTMKa 
nOAOrpeeaTenR K8TOAa) 

1-R '-'"cj>pa MOA1t<l>1tKa'-'"" 
(Tltn '"'OKOnR naMnbl) 

6 6,3 B c npeo6pa30BBTBnb ~BCTOTbl 

10 100 MA D Manoc11rHanbHbtH Al1DA 

20 200 MA F Manoc11rHanbHbtH neHTOA 

30 300 MA K 

L 

M ct>nyopecueHTHbtH 11HAl1Karnp 

u 0AHOJ:lOnynep110AHblH Bbtnp!lMl1Tenb 

UU ,D,syxnonynep110AHbtH BbtnpsiM11Tenb 
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Ta6n1t1u,a 3 

6yKBbl 2-R '-'lllcj>pa 

COOTBeTCTBYIO~ee HanpmKeHi-ie CoeepweHHo 6ecci-icTeMHO -

nOAOrpeeaTensi KaTOAa OTHOC"1TCSI K "1HA"1B"1AYanbHOi1 

Koni-iYeCTBO BblBOAOB (eKnt0Yasi 

noAorpeeaTensi KaTOAa 

(OAHaKO, l.IMcj>pa 7 "1nl114 03HaYaeT KOHCTPYKL.1"1"1 naMnbl i-i MeTanni-iYecKoro 6annoHa) 

l.IOKOflb KOMnaH"1"1 Loctal) 

Ta6n1t1u,a 4. Cyc/)(/:>MKCbt KOAOB MapK1t1poaK1t1 naMn aMep1t1KaHcKotlt KoMnaH1t11t1 
Octal 

Cy<1><1>111Kc 3Ha'leH111e 

OTCYTCTByeT Mernnni-iYecKi-itl 6annoH 

G 

GT 

GT/G 

Ta6n1t1u,a 5 

CTeKnRHHbltl 6annoH 

CTeKnRHHbltl, 

l.1"1fl"1HAPW-leCKHi1 

B3ai-1Mo3aMeHsieMb1e 

Pa(max) Ha 0A"1H TP"10A, BT 

Pa(max) o6~aR, BT 

Vacmaxh B 
YnpaenReMoe epeMR noAorpeea 

Ta6n1t1u,a 6 

Vlcnonb3YIOTCR, HaYi-iHasi c 1935 r Xorn MeTanni-iYecKi-itl Kopnyc 

o6ecneYi-ieaeT xopowee sKpaHi-ipoeaHi-ie, eaKyyMi-ipoeaHi-ie 

Mernnni-1Yec1<oro 6annoHa npi-i BblCOKMX TeMnepaTpax i-i 3aKoHoMep

HO B03H"1Kal0~"1i1 ceTOYHbltl "10HHbli1 TOK, Bbl3BaHHbli1 OCTaTOYHblM"1 

ra3aMi-i, yxyAwaeT wyMOBble xapaKTepi-icTi-iKi-i i-i yeeni-iYi-ieaeT 

ypoeeHb i-icKaJKeHi-itl 

B paHHMX KOHCTPYKL.IMRX npeAnoYi-iTani-i i-icnonb30BaTb 6annoH Ti-ina 

ST14 (6annoH c OT60pTOBKOi1), KOTOpbitl HanOMMHan 6YTblnKy 

AnR 6e3anKoronbHbli1 Hani-iTKoe 

6onee no3AH"1e KOHCTPYKL.1"1H CTeKnRHHblX 6annOHOB "1Meni-i 6onee 

KOPOTKylO l.1"1fl"1HAPMYeCKylO cj>opMy 

MorYT npi-iMeHRTbCSI B o6opyAOBaH"1"1, npeAHB3HaYeHHOM Anff naMn 

Ti-inoe G i-i GT 

6SN7GT 6SN7GTA 6SN7GTB 
3,5 (*) 5 
5 7,5 
300 450 

Ha6.l110AaeMblA cnaA np111111cnonb3oaaH111111 c111rHana 
npflMOyronbHOA cj>opMbl c 'ISCTOTOA «f» 

0THOWeH111e f/f-3A6 

10% 30 
5% 60 
1% 300 

( *) 3aBHCHT OT ro11.a BbmycKa H npoH3BO.llHTeJIH. PaHee BbmycKaeMble JiaMnb1 HMeJIH 3Ha4eHHe 
MaKCHMaJibHOH MOll.\HOCTH, pacceHBaeMoi1 Ha aHo.ue, nopH.uKa 2,5 Br, ror.ua KaK 6oJiee no3.UHHe pac
ceHBaJIH .uo 3,5 Br. 
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np1tnO>KeH1te 

ia6n/11L.1,a 7 

nocTOHHHble apeMeHH, MKC ta t4 ts 

nnacn1HKi-1 «CTaHAap1HaR• CMCTeMa 636 
78MMW1 CTaHAaPT Decca ffrr/esponeAcKaR 636 35 

CraHAaPT 06~ecrna MHlKeHepos-aKycrnKOB, AES 400 63,6 
CraHAaPT DG, AO 1954 r 450 50 
CraHAapr Kopnopaui-ii-i BBC, 450 25 
MeJKAYH8POAHbli1 CT8HA8PT 450 50 

KoMnaKr- CraHAapr DG, AO 1954 r. 1590 450 50 
AMCK CraHAapr Decca, AO 1954 r 1590 450 50-

CTaHAaPT Columb1a/EMI (KonaM6i-isi/paAi-ionoMexi-i) 1590 318 100 
EsponeACKMA craHAapT 2230 318 50 
CTaHAapr Haui-ioHanbHOA accoui-iaui-ii-i AMKTOPOB (NAB) 3180 318 100 
CraHAapr aMepi-iKaHcKoA paAMOKopnopaui-ii-i (CA) New Orthophomc 3180 318 75 
CTaHA8PT AMepMKaHcKoi1 acco1.11taL1MM 3ayK03an1tcb1aaio~ei1 3180 318 75 
MHAYCTpMM (RIAA) 

Ta6nuu.a 8 

""l8CTOT8 100 ru 
YpoaeHb,A6 -17,5 -14 -9 -3 0 +14 +16 

Ta6nuu,a 9 

t2, MKC ta, MKC t4, MKC ts, MKC 

CraHAapr AMepi-iKaHCKoA accoui-iaui-ii-i 3BYK03ani-1cblsa10~eA 3180 318 75 
MHAYCTpi-ii-i (RIAA) 
CraHAapT MelKAYHapOAHOA aneKTporeXHMYeCKOA KOMMCCMM (IEC) 7950 3180 318 75 

Ta6nuu,a 10 

Yc~meH11e, A6 (oTHOCHTenbHO ypoaHH 1 Kr1.1) ¢1a3a, rp&AYCbl 

0 +19,9 0 
10 +19,741 -10,4 
20 +19,272 -20 
50,5 +16,940 -40,6 
70 +15,281 -48,3 
100 +13,087 -54,7 
200 +8,216 -59,3 
500,5 +2,642 -52 
700 +1,232 -48,9 
1000 0 -47,8 
2000 -2,583 -53,6 
2122 -2,860 -54,5 
5000 -8,168 -66,4 
'7000 -10,733 -68,9 
10000 -13,566 -69,3 
20000 -18,979 -63,5 
50050 -24,541 -43,1 
70000 -25,754 -34,2 
100000 -26,754 -25,6 
200000 -27,280 -13,6 
500000 -27,500 -5,3 



AAMnOBbIE YCYIAYITEAYI 
MopraH /l.tKoHc 

CTo,n; o6igdi HayqHoH pe,n;aKg11eH: 

K.T.H. ,n;og. l1BaHIOII1KHHa P. IO. 
KHHra MopraHa .limoHca «AaMnOBbie ycH.l\HTe.l\H», KOTopaH nHcaAacb Ha npon1meHHH 6oAee 'leM 

TpHp;gaTH AeT, rrmpoKo npmlHaHa HaH6oAee KOMneTeHTHbIM cnpaBO'IHbIM pyKOBO.ZJ;CTBOM no pacqery, 

MO.ZJ;epHH3agHH, KOHCTPYHPOBaHHIO H TeKyigeMy peMOHTy .l\aMnOBbIX ycH.l\HTe.l\eH. no cyigeCTBY OHa 

yHHKaAbHa KaK no npep;cTaB.l\eHHbIM B Heil npo6AeMaM TOH o6AaCTH 9AeKTpOHHKH, KOTOpaH 6a3HpyeTc.H 

Ha HcnoAb30BaHHH 9.1\eKTpoaaKyyMHbIX npH6opoB, TaK H pacqery AaMnOBbIX ycH.l\HTeAeii. Ee 

He06XO.ZJ;HMOCTb oco6eHHO ogeH.HT Te HHJKeHepbl H HeMHOrO'IHC.l\eHHbie 9HTy3HaCTbl, KOTOpbie HCnO.l\b3YIOT 

npH npOeKTHpOBaHHH COBpeMeHHbie H IIIHpOKO .ZJ;OCTYOHbie 9.1\eKTpOHHble KOMnOHeHTbl. npHMeH.HeMbIH 

aBTOpOM nop;xop; K peweHHIO B03HHKa!OigHX npo6.l\eM, npH KOTOpOM HCnO.l\b3yeTC.H MHHHMa.l\bHOe 

KO.l\H'leCTBO MaTeMaTH'!eCKHX Bb!K.l\a.ZJ;OK H orpOMHeHIIIHH onbIT pac'!eTa cxeM, p;e.l\aeT 9Ty KHHry H.ZJ;ea.l\bHOH 

,ll,NI Tex, KTO He 06.1\ap;aeT o6wHpHbIMH n03HaHH.HMH B p;aHHOH 06.1\aCTH. Op;HaKo 9Ta KHHra cTaHeT TaKme 

HaCTO.l\bHbIM H H.ZJ;ea.l\bHbIM cnpaBO'IHbIM noco6HeM ,ll,NI Bcex HCKyweHHblX B BOnpocax pac'leTa AaMnOBbIX 

ycH.l\HTe.l\eH cnegHaAHCTOB, H ,ll,NI 3Ha'IHTe.l\bHO 60.1\ee IIIHpOKoro Kpyra HHJKeHepoB B 06.1\aCTH aKyCTHKH, 

KOTOpbie CTO.l\KHY.l\HCb c npo6AeMaMH pacqeTa H npHMeHeHH.H .l\aMnOBbIX cxeM. 

Mopratt .limoHc npoBo.ZJ;HT 'IHTaTeA.H qepe3 Kam.ZJ;bIH 9Tan npogecca pac'!eTa cxeMb1, Ha'IHHCUI c KpaTKoro 

o63opa a30B 9.1\eKTpOHHKH, CB.H3aHHbIX c .l\aMnOBbIMH ycHAHTe.l\.HMH, 3HaKOMCTBa c noAynpoBO.ZJ;HHKOBblMH 

npH6opaMH, pac'leTOM npOCTbIX KaCKa.ZJ;OB, 3aTeM aHa.l\H3HpyeT 60.1\ee C.l\Omttble, HX COBMeCTHYIO pa6ory H 

nOC.l\e 9TOrO HX o&be.ZJ;HHeHHe B e.ZJ;HHOe ycTpOHCTBO. npH 9TOM Ha npOT.HmeHHH BCeH KHHrH aBTOp yp;eA.HeT 

60.1\bIIIOe BHHMaHHe npaKTH'leCKHM BOnpocaM nocTpoeHH.H COBpeMeHHbIX .l\aMnOBbIX ycH.l\HTe.l\eH. 

"HaH60Aee TIO.l\HOe eoBpeMeHHOe noeo6He no AaMTIOBblM yeHAHTeN!M, npHrOJJ,HOe KaK JJ.A.H npoqieeeHOHa.l\bHOro, TaK 

H AI06HTeAbeKoro npHMeHeHH.H. OeBe~1rneT noAyqeHHbie paHee 3HaHH.H: H306HAY.R TeopeTw1eeKHMH BbIK.l\aJJ,KaMH, 

oeHoBaMH pae'!eTa geneH: H 6a:aoH: JJ.A.H eaMoJJ,e.RTeAbHoro TBOp'IeeTBa, oHa npoBeJJ,eT Bae qepe:a Bee 3Tanb1 pae'leTa 

yeH.l\HTeN!, TI03TOMY Bbl eMOlKeTe e03JJ,aTb eBoe eo6eTBeHHOe MaAeHbKOe '!YJJ.0 . .ll,lKoHe - 6b!Bll1HH HHlKeHep 

KopnopagHH EH-EH-CH, 06AaJJ,a101MHH HeToponAHBbIM eTH.l\eM H3AOlKeHH.H MaTepHaAa, KOTOpbIH He npH'IHHHT BaM 

HH MaAeHlllero Hey JJ.06eTBa npH 'ITeHHH." 

Hi-Fi News and Record R ewiew 

"KttHra «AaMnOBble yeHAHTeAH» HanHeaHa HeKAIO'IHTe.l\bHO xopOlllO, eoJJ,eplKHT orpOMHOe KOAH'!eerno HH<t>OPMagHH, 

KOTopy!O eO'ITYT 'Ipe3BbI'laHHO noAe3HOH Bee, KTO :aaH.RT npoeKTHpOBaHHeM H eo:aJJ,aHHeM aKyeTH'!eeKOH 

annaparypb1." 
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