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NPEAUCIOBUE

ITa KHUr'a a/lpecoBaHa JIIOAM, KOTOPBIC XOTAT H3YUHTb 3IEKTPOHHKY Ha
TIPAKTHKeE, 3aHAMASACh MOHTRKOM KOHKpeTHBIX cXeM. [lpemnaraercs Tpun-
1aTh HEC/IOXKHBIX YCTPOUCTE, 0TOOpalliLIX 1o MPHHINNY NPAKTHUHOCTH
M OPUTHHAABHOCTH, He TpeOYIMMX aauTeALHOM HacTpoiixu. J{auHbie cxe-
MBI OXBaTHBAIOT IOYTH BCE pasaenbl 100HTCH LCKOR 3AeKTPORYKH: TEXHH-
KY JIS1 IOM#, ABTOMOOMIIb, YIIPABJACIHC Hil PACCTOSHAY, OXpaHHbIE CHCTe-
MBI, H3MEePEHHS U JIA%Ke HTPLE.

QceellleH H NPAKTIYECKHHN ACTIEKT H3LOTORICHHS DNeKTPOHHBIX YCTPOICTB:
B JIBYX IJIaBaX MPUBENCHBI PEKOMe LI 10 IPHMCHEHHIO HHCTPYMEHTA,
MepaM 6e30nacHOCTH H CIPABOUIILIC JiHIILLC O IA3TAY¢HHY BHIBOJAOB (10~
KOJEBKE ) KOMIOHEHTOR.

Ba3oBble MOHATHA 3AEKTPONHKH, CXCMOTCXHHKH ¥ APHMHIUIBL paboTh
OCHOBHBIX 3JIEKTPOHHEIX KOMIIONCHTOH O LICHSIOTCH TPOCTO H AOXOAYH-
B0, uTOOBI YHTATE B MOT GBICTPO HusodpaThes B QYHKIMOHHPOBAHHM CXE-
MEl ¥ POJIH B He¥ KRKI0H JeTiii.

g myquiere BOCTIpHATIHS MirrepHaa B KHUTY [IoMelleHB! ¢GoTorpa-
duH, NPUHUMITHAABHBIE CXCMLI, BpeMEHHbe THATPaMMbBE H CGOPOYHELE
YepTeXH TIpedCTABNeHHBIX yerpoiicts, Eci KHHra BAOXHOBUT YHTaTeNeH
Ha HOBBIE DKCIIEPAMEHTR, MOXSIO CYUTATD, YTO ARTOPBI ZOCTUFAY NOCTAR-
JeHHOH 1emnn.
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PE3UCTOPLI

[louarue HIEKTPHYECKOI0 CONPOTHBENEHRAA

CaMEIM pacIpoCTPAHEHHBIM IGMEHTOM BJIEKTPOHHEIX CXeM HBJIAIOTCA pe-
JUCTIOPbL, WIN CONPOMUGRCHIS, KOTOPLIC <COMPOTHBARIOTCA»> NIPOTEKAHUIO
yepes HAUX 2neKTpHyueckoro Toka. Heodxoanmo cpasy ofbACHUTD MOHATHS
CHJIBT TOKA W HATIPSBKEHNA, HENOCPeACTRCNHO CBA3AHHEBIE € CONPOTHRISHHEM.

Bce Tesia B IPUPOAC COCTOST N3 #TOMOR, 2 T€, B CBOIO o4epellb, — U3
ARPE, OKPYKEHHOTO DOMBIINM KIHYCCTROM 3JIeKTPOHOB. ATOMML Be-
UIECTR OTJHYAIOTCA JIPYT OT APYTa COCTAROM S/[PA ¥ MHCIGM SIeKTPOHOB,

Hanbomee 11poCTHIM ABAALTCA ATOM BOJOPO/IR, COCTOAMMNA M3 Apa,
BOKDPYI' KOTOPOFO BPAIHAETCH BAHHCTRCHHBIN DNCKTPOH, obMafaonuii ot-
PHUATETbHDIM FTEKTPHYECKHM 3apgaoM, OOuHo aToMbl JTI060To Bellje-
CTBA 3JeKTPHYECKH HeHTPANbHLI, MOCKOJIBKY 3/1P0 BKIIOYaeT IPOTOHEI,
HOJOMKHTEABHBIC YACTHUBL, KOTMYECTBO KOTOPLIX [NIBIO YNCHY dNEKTPO-

HOB, BPAlIaloMXCA BOKPYT AAPA, ITO WICHO H3b BACTCS amoOMHbIM.

Ec/iy aToM CONEPKHT HECKOABKG MNIEKTPUHUR, T6 OHN PACIPEAesIoT-
Cfl BOKDYT A/Ipa 0 KOHHEHTPHYECKHM OPOHTIM, ¢ KOTOPLIX YACTH DIEKT-
POHOB BCAEICTEIE PATHYHBX APHYHH MOMXKET «CPLIITBCSH b,

B atome Mean cofep:xUTCA ABAJLATH ACBATL HLICKTPONOB, paclpene-
JEHHBIX B HECKORBKHX OPOUTAJMBHBIX COSX, Hil HOCJAC/HCM 13 HHX abpa-
LIAETCH TOABKO OQHI 3JEKTPOH, HAUMeHee CBAF NI co BeeH cHeTeMoil.
DTOT «CROGOINBIH MEKTPOH» HMEET ABHOE [ICHAYIICCTHO — OH JIETKO
NEPEXORNT U2 OAHOTO aToMa MeAH B Apyroi. Maacuninii xycouek Meln
COJIePKHT HECKOJIBKO MUAMHAPAGB aTOMOB H CROUKYIIIBIX AJIeKTPOHOB,
00JAaNAKIKHX OTPHIATENBHBIM 3APIAOM I BHICTPO NePeMeNIAIOUINXCS,
B 00BIMHEIX YEIOBHSAX, NPH OTCYTCTBHM STEKTPUAUICC KOO LIOJISL, IBYDKEHYE

AMEKTPOIOB XAOTHUHO, )

lMpunoxenue k¥ RPOBOAHUKY IMCKTPHYECKOTO 10131 JICIECT 3TO ABUMKE-
HHE HallPaBJICHIBIM — BOSHHKAET JMEKTPHYeCcKHIl ok, 11111na a/eKTpH-
yecKoro Toka — aMitep (A). Tok cuIol B OZHH amllep COOTBETCTBYET I1e-
peMeImeH IO NNPHOANIHTENBHO OJIHOFO MILTTMOHA ek TPOIOR 6,3 MJTH pa3
B cekyHay! B a1¢KTpoHUKe, KAK NPABUIG, HCHONLAVIOTCS ApOOHLIEe Mpo-
H3BOAHEBIE AMNiepa, RATIPHUMep MHKpoaMiep (MKA). pastibtii 1076 A, v Mu-
anamiep (MA), paBinil 10-2 A. JIns Toro 4todnt Tok A0CTaTOUHOH CHIABL
MOT TIPOATH Yepe3 MeHbIH TPOBOAHKE, TIOCAEAHIL JIOJIKEH MMETH COOT-
RETCTBYKOIIee cevyeHHe, YeM MeHbLIe cevetine TIpubo/INHKE, TEM MeHbLIe
cBOOOIHBIX AMEKTPOHOB MOTYT YYaCTBOBATE B 1HAIIPABACHHOM J(BHKEHUM.
ITo MOKHO MHTEPRPETHPOBATh TAKUM abpasoM, HYITO OB NIPOBOJHHK
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0Xa3bIBaeT CONPOTHBAEHNE NepeMele HHIO 3/IEKTPOHOB — COTIPOTHBIIEHHE
EKTPHYECKOMY TOKY. TOK BCTpeuaeT coNpoTUBICHHE Aaxke B IIPOBOJIE M3
MEAM, SIBJIHI'OLI.ICﬁCH XOpOI.I.IHM MMpOBOAHMKOM ICKTPIRYCCTBA.

DNeKTPHYECKHM CONIPOTHRIEHHeM o0JafaloT Bee MaTEpHANBL, ORO OINpe-
JEAAETCS KOMHYECTROM CONEPKAUIMXCA B HHX CBODOIHBIX DAEKTPOHOR,
YTO JABHCHT OT CROMCTB ATOMOB M aTOMaPHOI CTPYKTYPHI BELIECTB,

BeauunHo, 06paTHO# CORPOTUBAEHUIO, ABASETCA npododumocmn. Bee
BENIECTBA MOKHO Pa3fesHTh Ha iBe TPYIIBI — XOPONIHe 1 FLTOXUE Npo-
BOAHHKH. U304 TOp — 3T0 NPOCTE «ILA0X0i1» NPOBOANHK 3JEKTPHYECTBA.
EnunHuna afeKTpHYeCcKoro conpoTHBledns — Oum (€ — omera). Ha npax-
THKe Yaite UCTOMB3YIOTCS et TIpoHaBoaHble — kiaooM (KOM, 1000 Om) 1 Me-
raom (MOm, 10°Om).

TToMHHTE, 4TO BIEKTPMIIECKNIT TOK He HHPKYAUPYET CAMOCTOATENBHO,
das Tore yTobs oH Bo3NIK, HCODXOAMMO NPHIOKHUTh ITEKTPUYCCKOE
[oJsIe, pa3HoCTh NOTEHINAIOR KOTOPOTO HA KOHHAX NpOBOJHHKA CO3act

TOK. PA3HOCTD MOTEHUMAGE ARNBACTCH IAEKMPUNECKUM HANPANCCHUEM.
Enunnua vanpmxenus — soasr (B).

MB}KI[y H33BaHHBIMH 2JICKTPHUICCKAMHE BEMHYHHAMH CYHIECTBYET OIpe-
JeNeHHoe COOTHOLIeHHE, GopMyIHDOBAHKOe B 3akoHe OMa: TOK B npo-
BOAHMKEe APAMO NPONOPLHAGIANH NDHITOXKEHHOMY K HEMY HAaTIpAXECHHIO

H OﬁpaTHO MMPOITIOpHHOHAICH CTO CONPOTHBIICHNID

Hanpsxenue 1
=" ] —
Tox Conporieienne 1 (Lo
TIps M3BECTHBIX ABYX BEJIMIIGN MOMNEHO OUPE/ICIHTD TPETBIO:

Hanpsxehne = Conporuraciie x Tok =3 U=R x 1,

ConporusieHne = —Ha—m;%% =R = l—]J- :

TakuM 00pazoM, PE3HCTOPH B CXCMe CHYHAT AN TOTO, 4T0Ok obecne-
4MBATh B IENH NajeHHe HAMPSKeH s, L POLOPLHOHAIBHO: BeAHYHIe [IPOo-
TCKAILETe TOKA, a BHIACAAMLIYIOCH 1Pl 9TOM SHEPralo paccedBaTb
v suae Tenna, OHH TaKXKe TO3BOMAIOT ¢TaOMAN3HpPOBaTh HEKOTOPBIE Xa-
DIKTEPHCTHKH aKTHBHBIX KOMIIOHCHTOB (TPaH3MCTOPOB H Jp.).

Pasznoobpasue dyHRE 00YCAOGBHIO MHGKECTBC BUAOB PE3UCTOPOR.
I} npuBoAMMEIX yeTpolicTBax 6YRYT UCHOAB30BATLCA TOJHKO KepaMH-
NeCcKie MeTATNSHPOBAHHBIE Pe3UCTOPH ¢ Heboabilol paccenBaeMoil
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MOIIHOCTRIO, Kak npasuno, 0,25 u 0,5 Br. /lanHad xapakTepUCTHKA AB-
JACTCH MoKa3aTeaeM HX €TocoOHOCTH paccenBaTh TEILIO B BOS}].}'I].IHOﬁ
cpefe 1IpH YCJIOBHH, HTO HX codcTBeHHas TeMIepaTypa HE AOCTHraeT
npefienbHo Aonyctumoti, MolHorTh pacceMBatKs, BHpajkeHHas B BaT-
Tax, 06yCJIOBJIHBaETCH cusoit TOKa, [HPOTEXAUIEro O PEIHNCTONY, M Na-
AeHHEM HANPAXEHNH Ha HEM:

P,=UxI.

HPHMGHEQ JaKOH Oma, ynOMHII}"I‘hIﬁ BLIlOE, MOJKHO TAKXKE 3allHCATD.

U
P-RE-¢. |
CyHIECTBYIOT PESHCTOPH (Yanic 1poBoaiibe) O0FBII0H MOIHOCTH —
HA HECKOJIBKO BATT M AaXKe HECKOMbKo JUCHTKOR BATT,
OO6muit BU MOCTOAHKBIX PEIACTOROR NpeicTaRied Ha puc. 1.1

Puc. 1.1. Nocromusie peaucrope

HoMMHAIBI peastcTopo i MOrYT YKa3hiBaTbes He B HGpPaXx, a BeTOBBIM
kozom {Tabn. 1.1).
Jlas onpenencins HOMUHAIA HeOOXOAMMO HAYMHATE YTCHHE C IIEPBOIO
KOJIbLIA, PACTIOJIIKEHHOI0 OAMXE K KPalo KOpIlyca pe3ncTopa.
YeTBEpTOE KOMBIO — KaK TPABUAO, 30JI0TOTO 11BETA — 03HAYAeT, YTO
JONYCK YKa3aHHOTO HOMKHA/IA cocTaBageT 5%. YkasaHHbIH A0IYCK I103-
BOJISCT BLIMUCINTD JIPE/IEbl Pa3bpoca BeJIMMHHBI COTIPOTHBJIEHUS peau-
cTopa. Peub HICT 0 TOYHOCTH SHAYCHMSA €ro CONpoTHBJIeHus, Hanpumep,
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conpoTHBienne pesHcropa B 10000 Om £5% (kopuuHeshili, yepHBLH,
opaHXeBnlil, 3010T0#) MOXeT 65T oT 9500 10 10500 OM. IIpu MoHTaXKE
[IPHBOIAMEIX B KHHTE CXeM MCIIOABIYIOTCA PE3HCTOPH ¢ JONYCKOM £5%.

Tabauya 1.1. setonas koamposka pesucTopos

YepHHH 0 i 1%
KopwyHeesti 1 10 2%
KpacHbei 2 1Y

Opanxesvii 3 10

KenThi 4 10

eneHbii 5 10°

CHnmii 6 10%

(PHORETORKI 7 10

Cepui# 8

Bent 9

JonoToi R . A 5%
Cepebipaiulii .01 10%

VlTax, nepBoe KOABLO YKa3bIBAET Nepryio 11ndipy HOMHHANA, BTOpOe ~
BTODYIO, TPEThe — KOJIUUECTBO HYJeH, cACAYIONMX 32 ABYMA [ePBLIMH
uudpamu. Hanpumep, conpotusaenne 15 kOwm (15000 Om) Oyaer uMeTs
CJIeAYICHIYI0 LIBETOBYIO MapKHPOBKY: XKopuuienntii (1), 3exensiii (5),
opaHXeBblil {3 Hyns).

Ipu orcyTcTBUM pesrcTepa HEOBXONMMOTO HOMIIEUIA MOKHO 3aMEHHTh
€TI0, COEIMHHB UMEIOLIUECS TIOCAEN0BATENbHO JK00 1apanhennto (puc. 1.2).

ITpu nocneAoBaTebHOM cOeIMHeHHH (LIeNIOYKoH ) nonyyaeTcss SKBHBa-
JICHTHOE COTIPOTHBIIERIE, DABHOE CYMME COIIPOTUBNEIIH /IBYX PeSHCTOPOE:

R=Ri+R2.

nomegoﬂomem;nn.::” | Nopansenskoe
Ipu napanfeAbHOM coelHHEHHH R
v - RI  RZ -
PU3UCTOPOE CYMMApHO€ COIIPOTHBIE e
live onpellenseTca o opmye -
Rix R2
- Puc. 1.2 Nocnegosarensnoe
R-Rr 2 oA

H NOPGAREEHDE CORARREHWA DESHCTOLOB

[lepeMeHHBIE CORPOTHRIICHHA

Burie GHIH pacCMOTPEHbI MOCTOSHHBIE PE3HCTOPHI, HO B MPHBOAMMBIX
CXOMAX HHAOTda ﬁyﬂyT HCIIONB30OBATHCH H HepeMEHHbIE.
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Ha pue. 1.3 B ofiem Bufle NpeAcTAaRJIEHE HEKOTOPHBIE THIIBI NepeMeH-
HEIX W TOJCTPOEYHEIX pesncTopoB. O6paTHTe BHUMAHHUE: epeMeHHEIe
COTIPOTHRIIEHHA He PACCUMTANB! Ha OOJbLIYIO MOLIHOCTE. THIIHOE 3Ha-
deHue paccenBacMoil MomuocTH pasHo 100 MBT, noatoMy ux npuMene-
HUE OIPAaHHYEHO.

Puc. 1.3 MNMepemenrsie peancropy frorenymomerps)

Hapsiny ¢ perynupyeMbIMU CYIIECTBYIOT 1§ LIC[W'MCHIBIE PE3UCTOPH,
cHalKeHHBle OerylKoM, TaKk HasblBaeMsle nomeiiiyomempol. OHU (10
KpaiiHeii Mepe, MOAeI ¢ OCEBHIM GeryHKOM) NMCIOT TP BLIBGAA, Kpaii-
HHE U3 HUX COOTBETCTEBYIOT O0INeMY 3HAYEH1I0 colIpOTHBACITHA Pe3SHCTO-
pa (HaroToBaeHHOTO B (hopMe NOAKOBRI), & UCHTPAALIEIT — COeTHHACTCA
¢ GeryHKOM, TlepeMeIaIIHMCS BAOb HeTo,

TloTennpoMeTpbl O3BOAAIOT AETUTH BXOIHOE HAIPSIKCIIHE B TPOTIOPIIMH,
onpeaenaeMoil nonoxenyeM OeryHka, [IpH HENOILIGBAHUH TOJIBKO ABYX
BBHIBOZIOB M3 TpeX (OAHOTO M3 KPaHUX BHBOJOB H RBOLL DETyHKA) Mo-
TeHIHOMeTpP OyaeT GYHKUHOHHPOBATh Kax 00wl kHosC1ilLIl peryaupye-
MBI peauicTop.

Y nepeMeHHBIX pPe3HCTOPOB ABOHHOIO Hasliauenss (COBMEellalonmX
$YHKUHH MOTeHOHOMETPa ¥ BHIKJIIOYATENT) B KON Xoaa beryHka npu-
BOAMTCA B JeHiCTBHe BBIKMIOYATENb, KAK Y 06LINNOTG PiJIHONPHEMHMKA,

CyInecTBYIOT Takke IOTCHIHOMETPBL € JIICHIILIM 2IeMEHTOM COTIPo-
THEBJEHHS Y COOTBETCTBEHHO TUHEHHEIM epeMencniem feryika. Mx Ho-
MHHATH GOBIMHO MAaPKUPYIOTCA <OTKPBITLIM TCKCTOM», TO €CTh B YHCJIO-
BOH (opMe, collpoBoxAaeMoil nponucioit Gyksoil, koTopasi obossadaeT
33aKOH M3MEHEHMS CONMPOTURIEHHA peaycropa. HanpuMep, 6yksa A yka-
3bIBAET Ha JIMHelHOe MaMellelHe CONPOTHBACHHS OT yI7a NOBOpoTa BeryH-
ka, byksa L. — Ha morapucdmuueckoe.
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KOHOEHCATOPbDI

KonaeHcarops! NOCTOAHHONH €MKOCTH

Kondencamoput, Kax | pe3HCTOPEL, ABAAIOTCA CAMBIME PaclpOCTpaHeHHbI-
MIl RACCUBHBIMI KOMNOHEHMAMI YAEKTPOHHEIX CXEM.

KongeHcaTopoM Ha3bIBAIOTCS IBE METAJUIMYEcKHe TUTACTHHBI, pa3mMe-
uteHHbE APYT JIPOTHE ApYra, Ho He cONpuKacalllHecd MeXAy co0oil.
1%a3MepHl AACTHH, PACCTOSHME MEXAY HUMM, CBONCTBA MaTepuana (au-
JICKTPHKA), 3aMOJHAOLIETO POMEXYTOK, — GaKTOPDI, ONpelensole
¢MKOCTb KOHAEHCATOPA,

OCHOBHBIM CBONRCTBOM KOHACHCATOPA ABIAETCS €ro CIIOCOOHOCTh Ha-
KANJAWBATh HA CBOHX IJIACTHAX MICKTPHUSCKHE 3apsi/ibl IPOTHBONIOIOX-
HBIX 3HAKOB. JTa (PU3HYCCKAA XAPAKTEPHUCTHKA HAIBIBACTCA EMKOCHIBI).
Enunnna eMkoctit ~ dapaga (d3). EMKocTs KOHAECHCATOPOE 37€KTPOH-
HBLIX CXeM OYEHB MAJIA, TIO3TOMY JlJi c¢ 0H03laueHHA IPUMEHATCA Apoh-
nLIC ApouaBoaHbie (apais — mukpodupasas (MedD, 10-5D), nanodapaaa
(1 ®, 10 O) u naxodapana (nd, 10 D),

CyuiecTByeT MHOMKECTBO BUIOB KOWICHCATOPOB, PasAMYalOLIMXCH,
FAaBHBIM 00pa30M, 0 MATEPHANTY JMAICKTPIIKA,

MHuHHATIOpHBIE KOHAEHCATOPDI, TPUMCHSIOILHC 1B KAYECTBE JHSNEKTPH-
ka nomurepapranarsruaed (tura Milfeuil/Thomson 1 MKH/Siemens)
¢ HomuHanaMy ot 1 HM g0 2,2 Mxd, ciocobHb BLCpKRUBATE pabouee Ha-
upsiicerue ot 63 1o 250 B B 3aBHCHMOCTH oT Tislta. | [CKoTOpDIE THITBI KOH-
J\CICATOPOB TpeACcTaRAeHb] Ha puc. 1.4,

Puc. 1.4. Kongencarope NOCTORKHON eMKoCTH

2-472
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ITpu Gonee swauntensHoM Hanpsuxernun (zo 400 B) pexomenayercs uc-
HO630BAaTh KOHAEHCATOPE] HA OCHOBE IJIACTHKOBOH IVIEHKH, ¢ HOMMHATOM
oT 1 HD 10 4,7 Mx@. CynecTBYIOT TaKke KOHAECHCATOPb (AHAAEKTPHK ~
HOJMCTHPOA), crnocodHbe pabotats nog HanpsxenueM o 1000 B. Ouu
BBITYCKAOTCA ¢ HoMuHanami ot 10 1o 470 n®, MuHuaTIOpHbIe KOHIEHC a-
TOpLI 0OBIYHO H3TOTABNMBAIOTCA H3 MHOrOCJOHHOM KepaMUKLL.

Kak npaeuio, KOHAEHCATOPHI MPOU3BOAATCA ¢ JONYCKOM 10 HOMHHA-
ay oT +5 no +20% B 3aBHcHMOCTH OT THIa. Jlonyck, Kak ¥ MApKHPOBKA,
ykaabplBaeTed B idbpoBoit dopme.

DNEeKTPOXUMUMECKHE, WIH BAEKTPOIHTUNCCKHE, KOHEHCATOPE! OTANYA-
107TCS] OT HA3BAHHBIX, BO-TIEPBBIX, «TIOMAPHOCTHO, TO CCTh HAJIMYHEM NO0-
SKMTETBHOTO M OTPHUATEABHOTO FOTIOCOR, Bo-15TOPLIX, OOJBIIEN eMKOCTBIO.

WX HomuHai U npesienibHoe paboyee HANPHKCHHE YKA3LIBAIOTCS Ha KOP-
nyce undpami. [penenpHoe HAMPKSHNC IPCBLINATE He caedyeT. [Ipuso-
IMMBlE B KHHTe CXeMBl hYHKIIMOHHPYIOT OT Hall3KCHUS IpuMepHo B 9 B,
pabouee HanpaxeHHe IPHMEHAEMBIX B HHX koetciropos ~ 16 B, Moo
HCIIO/IB30BATE MOAEIH H ¢ Gosiee BEICOKHM Pi0'iiM HaNpKeHHeM, HaIpH-
Mep 25 B, Ho onm 6yAyT 3aHHMATE BOJABIIC MecTa IpH TOH Ke €MKOCTH.

K 2/IeKTPOSTHTHYCCKIM KOHACHCATOPAM OTIIOCHTCS TAKOKE TAHTAJIOBbLIE
KOHJIEHCATOPBl, HMeIotHe NPpH PaBHOH eMkocTI 3t W TeJIBHO MeHbIIHE
rabapHThL.

IIpu oTCyTCTBHM KOHAEHCATOPA HEOHXOAHMOI0 HOMHHAIA MOXKHO 3aMe-
HHUTE €70, COCAMHUE COOTBETCTBYIOLIHM O0DASOM 11CCKOIBKO MMEIOILIHX-
cs1, Ilpu nocnegoBaTeIBHOM COBIHHEITHH CYMM:DIIas eMKOCTh paBHA

Cix C2
TCI+C2
[IpH NapaiieAbHOM CoeIHHEHHH

C=C1+C2,

Taxnm o6pa3oM, MpaBUJIo pacyeTa ROCACAOBATCALHOTIO H MAPaAeNbHOTO
coenHHeHts 1 KOHAeHCATOPOB IIPOTHBOIOJIOKHO IPaBUIY pacueTa A1s
Pe3HCTOPOB.

ITepeMeHible KOHOEHCATOPDI

Ecay BB peurnte cobpath, HApHMED, HeGONBLIOH PAlHOTPUEMHHK, BaM
NIOHANIOOUTCS nepeMennbiii Kondercamop, COCTOSUINH U3 JIBYX KOMILIEKTOB
NACTHH, OIMH U3 KOTOPBIX (pHKCHPOBaH, APYroi — noABuxkeH {puc. 1.3).
Moaudunupys naonaas p3auMoeicTBYIOLIUX IACTHH, H3IMEHSIOT
eMKOCTh KollZeHcaTopa. IIpH paciionosxeHmy IVTaCTHH APYT Haj APYIoM
€MKOCTb MAaKCHMaNbHa,
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Puc. 1.5. Mepementse KOHIEHCATODN

/N4 yMeHbINEHUA pasMepOB IPH U3TOTOBACIHIN «IJOCKHX> TIepeMeH-
HBIX KOHACHCATOPOB B KaYecTBe AUIICKTPHKA HHOIL NHCHONR3YIOT CIIIG-
ny. Beliyckaiotes nepeMeHHEE KOHAGHCATOPH 1 i Hale KepaMHKMY.
PENE

Pear B OCHOBHOM BHUTOJHACT JIUCTAHUMOHEHBIC HEPeRMIOYEeHHA — 3aMbIKa-
[1te 111 pasMBIKAHKE 27IeKTPHYECKOH T1eITH [0/ AefcTBHEeM dXeKTpHYec-
Koo HMITYABCA HIH OCTOAHHO NPOTCKAKMEre TOKA.

{ moe HPOCTOE pelie COCTOUT U3 S/IEKTPOMATHITA ¢ cepIeYHHKOM H3 Mar-
Inrrosskoro xeaesa, O6MoTKa AMEKTPOMATHHTA BBIMOJIHAETCH H3 ME,EIHOﬁ )
npanaAniKH, Bonuan OAHOIC M3 Cro NOJKICOB 3aKPEIVIEHO NMOABHAKHOE
IkOpoTHOC YCTPOHCTRO, TIPHTATHBaeMoe K MarHUTY NpH Boaﬁyme]-ll{ﬂ
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obmotku. C apyroit cBoGOANON CTOPOHE! PaclONOXeH TUOKHIL KOHTAKT
(0AMH HAM HeCKOAbKC), 3aMbIKAIINIT HAH pasMbIKalONIHIT s/eKTpHYec-
KYIO Heflb B IIApe €0 BTOPBLIM KOHTAKTOM, YCTAHOBJIEHHBIM Ha HENOABHXK-
HOM ocHoBaHMH. Koraa noasuxHoe yCTPOHCTEO IPUTATHBAETCA X cepley-
HHKY, KOHTaKThI 3aMbIKaioTCs. Eeli TOK B 2/1eKTpOMAarHiTe [IPePbIBACTCH,
CIiIa YNIPYTOCTH NGABHMXHBX KOHTAKTOB (MJIH CITELMANBHOH NPYAKHHHI) OT-
BOJUT TOABMIKHOC YCTPONCTBO OT CCPACYHUKA, M KOHTAKTHI PA3sMBIKAIOTCA.

Pene MoxeT HMeTB HeCKOALKO IPYIIN KOHTAKTOB, paboTaONIMX KaK Ha
3aMBIKaHHe, TAK M HA pasMblkalilic KoHTakToB (prc. 1.6). 3aech Hemoms-
3YIOTCA 2JeKTPOMATHHTHBIE Peie, $yIKIIKORUPYIONME TPK HANPAKeHUH
oT 6 A0 12 B u uMeloIINe OAHY AN [ICCKONBKO PYIT KORTAKTOB.

ot = |
16 u =
.
ExE) =Y
R o]

Puc. 1.6. Pene

APYIME BUAbl PEBUCTOPOB

KpoMe 0ObIYHBIX IOCTOSHHBIX H IEPEMEHIIBIX 3110 TOPOR, COTIPOTHRIEHHE
KOTOPBIX MO0 (PUKCHPOBAHO, IUOO 3ABHCHT 0T MUXIINIMECKOTO TepeMenie-
HHA MOA3YHKA, CYLIECTBYIOT PE3UCTOPLL, COlPUTIIRACIIIC KOTOPLX MEHS-
eTCH 1107, BO3ﬂEﬁCTBHCM CBETA W1 TEMIICTXUTY L. SuBHCHMOCTE ODHPOTHB“

JIeHHA OT BaphHPYIOILNX (PaKTOPOB HOCHT HesLiteteii(1L1] XapakTep.
Mdoropesuctopsl
(Domopesucmop C IMTOJNHBIM 1IPAaBOM MOKCT QLT OTHECCH K nMoxyapoBoAa-

HUKOBEIM TTPHGOPAM, HATIPUMEp, CONPOTHKACHIC (iOTOPE3UCTOpPa U3 cep-
HOKHCIOIO KaMHA 3aBHCHT OT KOJHYUCCTRA [RYIero Ha Herg CBeTa.
B temMHOTE Pe3uCcTOp MMECT OYeHh BRICOKOC COHIPOTHRACHHE — QKO0 0]~
HOTO METaoMa, HO TIPH OCBEIHEHHN OT0 ClIIMAUCTCI 10 HECKOMBKMX COTeH
OM. ITo cBOHCTBO HAIMO ITHPOKOE IPUMCICTIHE B 2EKTPOHHBIX CXeMaX.
Y dworopesrcTopa Ipa BHIBOHA, Kak u y obwiyioro peseropa {puc. 1.7).
Wnorna Mx KOprivca H3roTaBJAUBAIOTCH N3 ITPO3PAYHON MIACTMACCDHL
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Okena 15 mwm

HyBemBumeseHod
cnod

Kognye

Jubogo

Puc. 1.7. Qotopesncrops

TepmucTopn

K nenuHeRIibIM pe3HcTOPAM OTHOCATCS TAKKe INEPMOPE3UCTOPb, UIH
mepMucmopst. BIMOAHAKTCA OHH M3 NOJYIPOBOJAHUKCBOIO MaTepHaia
11, Kak npasuio, HMeloT opmy kaman (puc. 1.8).

OcobeHHOCTh HaHHBIX KOMIIOHEHTOR 3aKAK0YAeTCs B TOM, YTO [pH
CHIGKEHMH TEMIEPaTyphl X CORPOTHUBJAeHHE YREJHUMBAETES, a MIPY
NOBLUIIEHMYU — YMEHbINaeTcs. Baaroxaps sTHM cBOHCTBAM TepMOope3H-
¢TOPBl UCTIOAB3YIOTCA B 3JEKTPOHHBIX TEPMOCTATAX, TEPMOMETPaX MAU

JWTCKTOpax roacJeannn.

22,72

87107

[4]
J, ¥y

— o=y

=t

I
I AR

hat3

L
W

Puc. 1.8c. Tepmuctoph
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Puc. 1.86. Tepmuctopu

HAYLEHMKW U TPOMKOIMOBOPUTENN

B psne yeTpolicTs npuaeTest HEHONLSOSITY iy ik WIH MATIEHBKUH du-
HAMUK, TIOITOMY HeoOXOARMS 1HyIPONNIee PiccsaTh O HHX.

OCHOBY HaYUTHUKA COCTABJSICT MarliT, HMCIONIME JIBe KaTYIIKH (06
MOTKH ), KOTOPbIE HAXORAT A 11 ¢10 HPOTHRONGIOKHBIX Nomiocax. Ilep-
MEHAUKYASPHO MOIIOCaM pi ounpkela YOpyrad Kpyraas MemiOpaHa
H3 MATHUTHOTO MatepHamiL [{past MeMOPaHbl TPHKHMAIOTCA KPBILIKOH
K KOpnycy RaytHuka, Maruirinii 10Tok 3aMbIKaeTca Yepes MeMOpaHy.

Tox, npoxoaaguil vepes KATYIIKY, H3MEHAET BeIMYHHY MATHHTHOLO ITO-
TOKA, 33 CUET YeTo MeMOpalls cinibiiee uiu ciafee IPUTATHBAETCS K Mar-
HUTY, TakuM 00pazoM, H3Melelds TOKA npeabpasyTesa B KojdeGaHnsA
MeMGpaHBl W Bo3avxa. Eciin yeped KaTyIIKH OPOXOJAHT TOK 3BYKOBOH
YACTOTHI — CIIBILIEH 3BYK. '

TakoBo ycTpeficTBo Npocreilero Hayliiika. B mponaxke uMelorcs
Gonee cnoxubie Moacan - Hi-Fi v mofienn pist npocayiisBaHKs clegi-
aabHbIX ahexToB. CyniecTRYIOT H MHHHATIOPHBIE BepcUH AHHAMHKOB.
TIpu noxynke cacayetr yroMHATh UX BXOAHOE CONPOTHRIEHNE (OMHYeC-
KOE, AKTHBHOE CONPOTHBIICIHE Ha COSANHUTENBHBIX KOBTAKTaX ), KOTO-
POe, B 3aBMCHMOCTH 0T THIIA YCTPOHCTBA, MOXeT ObITh OT eAHHKUIL A0 CO-
TEH OM,

['POMKOTOBOpHTEND, WAH AUHAMHK, ABJISETCS 2/1€KTPOAKYCTHYECKHM
HanyuaTesen, npeobpasylolinM aAeKTpHUeCKUiT CHTHAM B 3BYKOBBIE BOJ-
HBI, KOTOPbIE MOXKHO YCABIUATh (pHC. 1.9).

HecMorps Ha 3MayHTeNbHOEe M3MEHEHHE TeXHOJNOTHH M3TGTOBJAEHHS,
OBl NMPUHIWT paloThi TPOMKOTOBOPUTENEH OCTANCH MPEXHHM,



HOCYIIPOBOOHVIKIA 23

Puc. 1.2 lanasike

1 POMKOIOBOPHTEb COCTONT M3 Mpeccomainiioil GyMakHoH MeMOpaHbI
it thopMe KoHyca, YKpeTUIeHHOH MO KpasgM 1 MeT:aJITHYecKoM KopIyce.
I} ll(.HTpa.HbHOH YacTH pacHosioxeH 6)’1\1:1}!{“!)“! 1 H![}Ip ¢ HAMOT2HHOIH
I 11ero KaTyImkoi,

KaTYIIIKa HaXOIWTCA B 3a30pe MEXIY KOALICRBIM MRrHHTOM # LHJIRH-
JIpIHeCKHM CepIeYHHKOM, MaruuTHoe nmoje F0CH JECTEaTOMHO CHALHOE.
¢4 4epes KATYUIKY POITYCTHTE IOCTOAHHBIH TOK, 70 18 BIKHCUMOCTH OT
¢1'0 NMAMPABMEHHS KATYINKA CMECTUTCH BIICPCL AN THLELL, LEexn nponyc-
KTk HBPEMEHHbIﬁ TOK, HBMCHH!OH.[I—‘Iﬁ Hasipagacine, anphMmep, TeICAYY

privs b cexyuay (wacrotoit 1000 Iin), To karyuika Tauoke GyaeT RTATHBATD-
¢S (UM BBITANKMBATBCS TBICAYY Pa3 B CEKYHJLY, N Oy/eT siciO CNBIIIHA
MOV,

Mosiesn rpOMKOTOBOpPHTENE PA3IHYAOTCA INAMCTPOM H (hOpMOTL.
B pUBOAMMEIX cXeMaX HCTIONB3YIOTCS TOJBKO MiJICHBKHC MOJENH HeBH-
COKORO KauecTBa, Ho KKABIH paz TpeboBaiis 110 COUPOTHBIEHHIO IOIBIDK-
1oit KaTymku 6yIyT yTOUHATHCS.

NnonyYyNPOBOAHUKHA

(6mue cBegeHMA O NOTYAPOBOAHKKAX

Hpinn gefictsus duodos, mpansucmopos W APYIUX TaK HA3bIBAEMBIX
ARMIIHBLY KOMRONERMOE OCHOBAH Ha CBOMCTBAX MOMYNPOBOAHUKOBBIX
st eplivios. B anexkTpoHHKe TPaAKLHOHHG HCIONB30BANUCH ABa Kacca
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MATepHaIOB — U3WISTOPL H NpoBOAHUKY. [lepBble OKA3BIBAKT CHIIBHOE
COMpPOTHRAEHHE [TPOXOKAEHHIC Yepe3 HUX BJIeKTPHUECKOro TOKA, Yepes
BTOpPBIC OH NpoTeKaeT NpakTUdecku HecnpensTcTBenHo. IlpoMexyToy-
HBIM BAPUAHTOM ABJAIOTCHA NOAYTPOBOIHHKOBHIE MATEPHANE], HAH HOTY-
NPOBOJHUKH, HO CBOICTBAM aHAJIOTHYHLIE H30JIATOPaM, HO CIIOCOGHEIE
TIPH 0COBBIX YCAOBHAX NPOMYCKATh SAeKTPUYECKHIT TOK.

Ha cerojugiitiuii geHb CaMBIM pac-
IIPOCTPaHeHBIM T0AYNPOBOIHHKOM
sIBJISICTCS KpeMHMiA, a30BbIif MaTepuan
JUIA U3TOTOBJEHKSR COBpEMEHNHIX /IH-
O/l0B H TpaH3ucTOpoB. B uncToM BuAe
Kpeminiil He obaagaer 6oaburod npo-
poANMOCTIO. JelicTBHTes bHD, aToM
KPBCMITHS HMeeT SEPO € HOMOKHUTENb-
HBIM s sIoM, DaBHBIM 14, KoTopblil
KOMIICHCH3YCTCS! OTPHLATETBHBIMHA 33-
[BSULAME JCTHPIEYUATH 3J1EKTPOHOB,
RPEULEUONIIXCSL BOKPYT aapa. OHH pac-

HUPCACACHE To TPeM e pindepHHEIM

Puc. 1.10. CTPYKWPG OTOMO KDEMHWS CROAM (]}l[('-. 1. “))
CBoleTRa KpemIis OIpeaenasior
YeThlpe BAMEHTHBIX MMEKTPOHA, PACIOAMKEHHLIC B HOCAC/CM Cloe; APY-

e SIEKTPOHBI CIUNIKOM TECHO CBASAHBI € SULPOM, YTOOLL HMETh KaKoe-
HHOYAB 3HAUEHUe.

IIpoBOANMOCTE MOMKET HEMEHATHCS B IIHPOKIIX IPeacax 3a cuer go-
HaBJIeHHA He3HAUKTENBHOTO KOJIMYeCTRa MpuMeceii {MelliLyKa, 6opa UK
MM ). ITO «BHEAPEHHE» HAPYLIAET APXUTEKTYDY dToMaR, 0OPA3YIOMHK
kprcramt. IIpi ofviuHoi TeMmepaType KpeMHUH (Kkax 11 snioboil gpyroit
IONYIPOBOHUK) PACNOAATAET HEZHAMMTENbHBIM KOJINCCTROM CRODOL-
1ULIX IMEKTPOHOB. ATOMBI puMeceil GRBAIOT ABYX BILIOK: O/UH I, HMEIOIIHE
130BITOK 3NEKTPOHOB, CIIOCOOHB! OTAABATD HX ATOMaM KPCMELIS, ApYrHE
OTOHPAIOT 3MEKTPOHBE ¥ ATOMOB KPeMHUsA, 0Bpasyst 11pI oM TPoSesb]
B CTPYKTYPE aTOMa, TaK HasbiBaeMbie dutpii. L1 ponoanirrennitbie ceoboi-
HBi¢ DACKTPOHEL, H ABIPKH CIOCOOHBL REPENBUIATHCS BIVTPI KPUCTALIA.
HX nepeMenieHns 1 CO3/aK0T 3IeKTPHYLCKUT TOK.

Xapakiep IPOBOAUMOCTH U CONPOTHBAEHHUE, TAKIIM 00PA30OM, 3aBHCAT
o1 choficts npuMeceil. B ¢BA3H ¢ 2TRM pasanuioT /e KaTeropiu Noiy-
HPOROJIERKOR ~ KPEMHHI THRA N, WM OTPHIEATEILIbIH, TOTOMY YTO OH
00AaaeT H3OLITOUHLIM YACJOM 2JCKTPOHOB, 1 KPCMHUIH THIA P, WK
ROJOAHTCABEHDIH, HTOCKOABKY OH 1ie MMEeT MX B JIOCTaTOuHOM KOJHYECTBE
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(101ToK Apipok )*, Tlepebiit MoxeT OBITh NOTy4eH AobaBaerueM IpumMeceii
MINNLAKa, BTOPOE — npuMeceil 6opa HAM HHAMA, DTA TEXHOIOTHS 00BIY-
HO HaabiBaeTCs BBeJeHHeM AOIMHIA, HIH CTHMYJIHPOBaHHEM,

‘Takum 06pa3oM, MOXKHO CIC/IATH BBIBOM, YTO MMCTHIN KPpeMHHH coltep-
AT HOALIIOE YHCITO DAEKTPOHOB W ABIPOK. OQHAKO OHH OCTAIOTCS TECHO
¢CIBESIHEIME € ATOMaMH, 9710 U IpelonpeesieT NA0XYI0 IPOBOAHMOCTh
K] MHUSL

Fcun BBecTH B KpeMHuil, nanpuMep, ¢Gocdop, HekoTopoe YHCIO 2JIeK-
T|¥NIOB cMOXKeT jlerko nepeMeniathesn. C BBeneHueM B KpeMHuit 6opa,
1 BOIO odepelb, HYAYT JETKO IepeMellaThCs AbIpKH (3KBHBaJeHTHEE
1#0JI(AHTEBHBIM 3apAAAM).

CiichoraresnsHo, KpeMiull, cTUMyJinposanniii ocdopoM, — 5T KpeM-
1Eil THIA N, TAK KaK NPK 3TOM CMOTYT TIepeMelaThed OTpHLaTeNbHELe
SNCKTPOHEL KpeMHRi, CTHMYTHPOBaHHBI 60pOM, Ha3HIBaeTCA KpeMHHeM
T P, TOCKOBKY TOTAA CMOTYT lePCMONATHCA TTIOI0KHTeAbHELe 3apAALL

JlHoapt

1oy 11pOBOAHAKOBDIH IN0A obpadyeTcs NpocThM coeTMHEeHAeM KpHC-
TN THAA N ¢ KPHCTAIOM THIIA P. 3ACKTPOIILE B TAKOM P—n TlepeXofie
MEHYT TIepeMelllaThCst H3 KPHCTAMAA 0, e #X 13OLToK, K KpHCTaAAy p,
e (HH B ne(}mum‘e, HO HCEKTIOUYHTENBHO B O/1HGM HillPaBMTEeHHHA, B moay-
(OROIHHKOBBIX TPUGOPaX NPOLECCH MepeMellleiilisl 3apsSAoR IIPOHCXO-
JUFE B KpHCTanmne (TBepIIOM TEJIB), a B JICKTPOIIIBLIX JaMITAX — B BAKyyMe.

114 coeaMHEHMN ABYX KPHCTAMIOR YHCTOTO KPCMITNS HHYEro nopob-
HOO JE HPOH:SDf‘IIIBT, Aake ¢CIH MOAKRIDYHTE K HEM HCTOYHHEK Hanpsxe-
15113, 1OCKOJIBKY MaBHITOYHBEIE HOCHTENH 3apajia He oDpiiyIoTCA,

llpoBeasi nceaefopaHue p—n Hepexona ¢ NoMonl:o Datapelky i 13-
MeiTeABHOTO pubopa (aMmepMeTpa), Bbl 06HAPYKITE, TO TOK JETKO
NPOTCKAET Yepes EPEXO, eCAH KPHCTAAA KPemiL P COeIHHEH ¢ ToIo-
AUTCHBHBIM TIOTIOCOM GaTapeH, a KPUCTANA n — ¢ ¢rpnnartenasHeiM, [lpu
IMCIe HHE TOMAPHOCTH OaTapeiiki Toka HeT. JTa o/IHOCTOPOHHSIA IIpo-
1!:1}["‘!}4()(:'1'1: obnsacHaeTCH TeM, YTO l'[pOTHBOl'[()JlanHI;IL‘ JapAabl (3nemp0-
101 H JIAPOK) YCTPeMIISTIOTC APYT K Apyry. Ilockonsky aaeKTpoHB Mo-
Py NepeMCIaThCE TOALKO B IIpefenax CBOero KpHerainaa KpeMHHA, CHABL
BPLTKCINA CMECTSITCS, CAENOBATENbHO, K IepeXony MexAy KpeMHHEM
Wt . PMICKTPOHBEL KPEMHHA N IIPHBAEKAIOTCH AbIPKAMK KDEMHUA P K Iie-
JHISOLLY © Takolt CHJ’IOIU'{, UTO HEKOTODHE H3 HUX [IEPECEKYT E€r0. Ananornu-
s cnryangis nadmofaeresd M ¢ AbIpKaMU CI0s KpeMHHS P.

* eyt ify - orpunarensabii (=), p (positif} — noaoxutensHbii (+). — Hpus. nepes.
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OTpuuatenbHbii monoc GaTaped MEITAeTCH <IIEPErHaTh» MIEKTPOHE
KpeMHHs N K KPeMHIIO P, B TO BpeMsl Kax NOAMKITEBHBIH TIoMoC ABAAeTCH
«MArHHTOM>» 7151 a7iekTpoHoB. IToa BNusAHNeM BCeX 3THX CHUJ 3JEeKTPOHB
nepecexatoT Nepexoll.

ITpn uaMeHenun noasprocTH GaTapeiikK TOK He BOBHHKHET, TOCKO/b-
KY 3apH/Ibl He CMOTYT Iepecedb p—N Mepexofi, TaK KAK Ha TPaHuUIle Hepe-
xo0fa o0bpa3yeTcd 3HEPreTHYECKOS NIPEMATCTBUE, HA3HBACMOe NOMEHYl-
anvHuM OapLepoM. '

CyurecTBYeT OTPOMHOE KOMHYCCTRO Pa3JiMUHBIX THAOB AUOAOR
(puc. 1.11), npeaHA3HAYEHHBIX [JLIBHLIM 06PA3OM I71% BHITIPAMICHHA
ToKa. OTANYAIOTCA OHU B OCHOBHOM TCXil(:0rHell UBTOTORAEHUS U XapaK-
TepucThKaMu. [lHoakt, mponyckasi TOK TOJIbKO B OZHOM HANpaBileHUH,
npeoOpasyioT nepeMeHHbIH TOK B HocTostikil. OHH HMEIOT Ba 3MeKT-
pOAA: KaTo/l, COOTBETCTBYIOUIMI KPHCTWINY THILA 1, M AHOJ, COOTBETCTBY-
IOWHI KPUCTAMIY THIA P.

I
I+ 1
+
P
+ o+
=

ﬁ)+

——
_H_

—

Horpofaenue
MOKD

Puc. 1.11. Oroast

Inpokoe npUMeHEHHe HAXOAAT JHOABI C MOILIHDLIM JICKTPOHHO-ABIPOY-
HBIM TePeXOIoM, HCHOAB3VeMble TIABHEIM 00pasoM Ui BLITpAMIeHHS Tie-
pPeMeHHOTO Toka, B oHoM Kopmyce MOTYT GBITh CKOMITOHOBAHbBI YETHIpE
1013, 0OPA3YICIINE TMOTHBIH MOCT, KOTOPBIH Npe/HA3HAYEH At BBIIPAMIIE-
HuA ofeHX (as nepeMeHHOro Toka. JHOIEN MATOI MOITHOCTH HCHOAB3YIOTCA
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1 yeTpoicTRaX 3eKTPORHOM JIOTHKH U JUISL AEeTeKTHPOBAHUS] PaAKOCHTHA-
nok,. MX 4acTo HA3BIBAIOT CUZHAALHLIMU OUOOaMU.

CyHIECTRYIOT Takke AHOAB B CTAGHWIH3ALHH HaNpsokeHE — cmabu-
anmponst. IIpn nojade Ha HHX 0GPATHOTO HANPSKEHHS OHH CIOCOBHBI OA-
ACKHBATEL Ha KaTofie (PHECHPOBaHHbL NOTeHIHAN ¢ GOABIION TOYHOCTHIO.

[ lakoHell, cyIRecTBYIOT CBETOMINYYAIONIME THOABL (caenodiuodnt), Ko-
Tupble IPH HPOXOXKAEHUH Yepe3 HUX TOKAa HAUMHAKOT CBeTUTECA, Brinyc-
KikTCSH OOBITHO HAMETPOM 3 HIM 5 MM, KPACHOTO, 3eJeHOTO WIIH SKeJTo-
Iy I(BeTa CBEYeHHA.

Tpanzucropsl

1anzucTop sBageTca Gonee CAOXKHONH NMOAYIPOBCAHRKOBOM CTPYKTY-
i, ueM OHoA. OH COCTOMT H3 TPeX CJICR KpeMHHS ¢ pa3Hoi IPOBOAH-

MO0, TG MOTYT OBITh CTPYKTYPLL THMA p—n—p HAKM n-p—n. PyHK-
IO HPOBAHHE TPAH3HCTOPOR TAlXe OCIOBLBAETCA Ha CBOMCTBAX p—n
HePe XOUOB,

[ lenrpaibHetil, uau cpelHuii, CIoil assigant 6azol (B), ABa Apyrux —
CooTRCTCTBEHHO axummep () u koazekmop (K). CTpyKTypa TpaH3HCTO-
[%i 1 p—R ApMBesieHa Ha puc, 1,12, Beend croli kpeMHESA n MeXAY ABYMA
CAOIMHA KPEMHHA P, MOXKHO TOJYYHTD, TPAINCTOP p—N—p.

VA

- = K
g,

p—n-—-p u fieGen

Oow

Puc. 1.12. Tpansncrops n—p—-n # p—-n-p

CUIe/lYeT OTMETHTD, YTO CYLIeCTBeHHOH pasHHIBI MeXKIy ABYMS Ha3BaH-
HLIMIT THITAMH TPAaNBHCTOPOB HET M Bee NpeljlaraeMple CXeMBl MOTYT OBITE
CMUHITHPOBAHDB ¢ TeM WIH IPYTUM NIDH CO- Ik
{U1¢1 1111 COOTBETCTBYIONECH 10JIAPHOCTH ne]n
N MM KA THTaHAA, i" B (1

1Ly puse. 1.13 ipmBegeno cxeMHoe Haoh- 3
Paac e TpanaHeTopoB (HX CHMBOJBL, He-
HONLAYCMBLe 1 exeMaX). TpaHsHCTOp p-
N OLIRMLCTCH OT TPaH3neTopa n—p-n
(AR e CTPCeAKE MHTTeDA. Puc. 1.13. TpanzumctopHun addert

+

|
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Ans obecneyenus npasuabHoro GVHKIIHOHHPOBAHHUA TPAH3UCTOPA TI0-
JAPHOCTE BAPAKEHHH, IPHJOKCHHOTO K ero KOJLASKTOPY, AGIKHA CO0T-
BeTCTBOBATb UeHTPaTRHBIH OYKBe ero THOa.

OfrnepuHente STHX Nap KEPeXoN0s NPUBOAMT K NPOSBACHHIO Ypes-
RbIYafHO MHTEPECHOTO CBONCTRA, HMEeHYEMOrO MmpanIucmopHbim -
dexmom.

Ecan k TPAHSHCTOPY MCHKAY KOJACKTOPOM H 3MHTTEPOM IIPDHUICKHTE
HalpAKEeHHE, TOKA NpaKTHYCCKI 1IC ﬁ}’JlL‘T. Lcan xe NMPpOH3BeCTH MOIKIIO-
qeHHe B COOTBETCTBHH €O cXeMofi piic. 1.13, rie Ha 6a3y Yepes orpaHnyy-
Balllee CONpOTHRASHNE (UTOOLI 11¢ HORPC/AHMTE TPAHIHCTOP) 10/1A6TCA
HANpAXeHHe, TO YCPEe3 KOJICKTOP Oy ¢T 11pOXOAUTE TOK Bosiee CHIBHBIH,

venm ToK 6azbi. ITpH moBstineHMH TOK: Oitai TOK KOJUIEKTOpa Takike GyaeT
yBeuHBaThesL. C NOMOIBIO H3MEPIITCLIOPO HPHOOPA MOXKHO OTIPeeuTh
COOTHOMIEHHE TOKOR 0a3Bl, AMHTTEPA 1 KULACKTODA.

ITO MOMKHO HPOBEPUTH TIPOCTBIM Cl1¢ n'n( oM. |e/111 COXPaHHTL Hanpsike-
HHe NKTaHNA, HANPUMep, Ha YpoBHe 4,3 13, sinieliin 3Hauelsle coMpoTHR-
JAeHus B uenu Hazpl ¢ R go R/2, Tok G.ul-l VAGHETC3, TPOTIOPIIHOHANBHO
YBEJIHYHMTCH M TOK KoanexTopa (tabn, 1.2}

IIpu I = 1 MA Tok KonnexTopa paBett 93 mA, a npu [ = 2 MA OH yBe-

.fmtuae'J ca 1o 198 MA.

Tabnwyo 1.2, PeaynbTarsl 3KCERUMEHTANRHOTE D OBODKM
YCUAMTENLHUX CBORCTE TRAHIUCTOPA

. U=458

onpovhangume = 1/2 |
g = 2 MA

Iy = 200 mA

Iy = 198 MA

CreloBaTebHO, TP A000M HAMPSIKEHHUN HA colipuinsickdd B Tok
Kosnextopa Oyzet B 99 pa3 Gonpiue Toka 6a3sl, TO cCTL THIHZHCTOP HMe-
cT K03(DUIHEHT YCHAEHUS No TOKY paBRBIA 39, ror koadOUIHeHT
obostravajer 6ykeoit §. JIpyrHMM cAOBaMH, TPaHINCTO YCHAMBAET TOK
Oashl B 99 pas. Hanpumep, tpansucropst BC108A, BC108B u BC108C
NPUMEPHO ¢ TEMH XK€ XapAKTePUCTUKAMH HMeloT Koa]uphHIIHCHTH YeHAe-
HYA cooTReTeTBeRHO 100, 200 1 300,

Ha a3y TpaHsucTopa MOXHO NOIATh | TiepeMelinoe Halipsikende. Ho
HeoOXOAHMO, HTeNL] TPaH3HCTOP paboTan B AdHelHoM pexime. asa Hop-
MaALHOTO (hYHKUHOHHPORAHUS B THHCHHOM PeXHME TPAaH3HCTODY ClienyeT
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nosier, g 6asy MOCTOANHOE HANPSKEHHe cMellleHWs U TIOABECTH Nepe-
MCHEOC HATIPSIKEHHE, KOTOpoe OH OyIeT YCHIHBATD.

TicHM 06pA30M, TPAH3UCTOPH YCHAHBAIOT cyabule HAlPAXKEHHs, 10-
Cryilalonie ¢ oTo3NeKTpHYecKoH S4ellki WM MUKpodOoHa, B0 YPOBHS,
Krroplaii crocobel «NpHBecTH B AeHCTBAE» HAYIIHWK WA TPOMKOTOBO-
prerens B enu Kosuiektopa, Ecan koahdUIHeHT yCHAEHHS He 10CTaTO-
011, MOXKHO HCTTOJb30BaTh HECKOIbKO TPAH3HCTOPOB HITH HX MTOCAEN0BA-
ranibx Kackanos., YTobu NMpH coOeIMHEHMH KacKaioB He HApPYIIATh
P ARBMOB paBoTBl KAKA0T0 H3 HHUX [10 OCTOAHHOMY TOKY (1IpH KOTOPHIX
Clec Y HBAETC JTHHEHHOCTD ), HCMOBL3YIOT Pa3fleINTebHbIe KOHAEHCATO-
UL, HPOITYCKAROIIHE TePEMeHHBII TOK, HO He IPOIYCKAIDIIHE TOCTOS HHbLH.

Biunonspusie mpanzucmopet (CTPYKTVPB p—n—p H n—p—n) ofaagaior
ANCRTPUUECKHMH XAPAKTEPHCTIKAMY, 00CCTIeuMBAI{HMH UM OTIpe/e-
HCIELC SIPEMMYINECTEA TI0 CPABICHING ¢ APYTHMH YCHITHTEABIMMHN KOM-
HOHCHTIMHL

'llllilllilHCTopr HOAEBLIE H OJHORCPCXO/JHBIC

Kpome iiiaccHiecknx OHOOBAPHBIX TPAIHCTOPOB CYUIECTBYIOT H TAK Ha-
ILHEWM Bl FRUROAZPHBIC MPANFUCMOopst, NATIPUMC cdionepexoditbie v no-
jewitee, OCHOBaHRBEC Ha nosieBoM adderre FET (Ficld Effect Transistor).
IGin 1 GUNOAApHEE, OHU GHIBAIOT JABYX THTONK 11 IMEOT TPH 3AEKTPORA
(pme, 1.14). 3AeKTPoAAMH TI0JEBHX TPAHIUCTOPOB MBAMIOTC: 3ATBOP — 3,
v, cOOTBETCTBYICIIMI KOAREKTOPY, H HETOK - - [l oTomiecTBAsSe MBI
¢ OMHTTCPOM,

1em1eBBIC TPAHAMCTOPRDI € TI- K P-KAHAIOM Pasiiiyaion Ho HallPaBJIeHKIo
1 etk 30TROPa, IIHMTaHMe MONEBRIX TPAH3UCTOPOR € P-KAHAIOM aHaIo-
19130 10Taline GHNOAAPUBIX p—N—p TPAHSHCTOPOR, NOJIEEBIX TPAH3HC-
Jopoan ¢ N-KaHaaoM — N—~p—N TPAH3HCTOPUB.

OynonepexoHble TpansueTopel (pHc. 1.15), koTopble nHOTAA Ha3kIBa-
WL ey vfintaoauiMy duodamu, B GCHOBHOM HCHOMB3YIOTCA B CXEMAX reHe-
[LUOBOR TMITYABCHBIX IEPUOUYECKUX CHTHAMOB,

Heo(xo/1IMO YIIOMAHYTE ¢ TpeX $yHAAMEHTATIBHLIX CXCMAX BKJIOYe-
HHsE DHUOASPHIX TPAHSHCTOPOB B YCHANTEABHOM Kackaje, JTO CXeMsl

| ‘ < H=F
' 3T
=] &-{

|1| 4l

W)

Prec T Honene ipastancrops Puc. 1.15. OgronepexoaHsiii ToOHINCTOR
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¢ 06um amunnepom, 06uuM Koarexmoposm u oduet 6asold. OHU 1anu Ha-
3B4HHSI COOTBETCTBYIOIHM YCHIUTEILHEIM KACKaAaM.
CyllecTBYET IPOCTOE IIPABUO A5 ONpeAeneHHs THIIA KacKaJa:

1. HaliTi 37ekTpo, Mo KOTOPOMY CHTHAM MOJAETCH HA TPaH3HCTOP.
2. Haitru anexTpoll, No KOTOPOMY CHTHaJ BBIXOAHT M3 TPaH3NUCTODA.
3. OcraBihiics ek Tpojl ONpCRCAAeT UM KacKaja.

HHTerpaanue MHKPOCXEMBI

TpansucTopbl Mo cpaBHEHHIO ¢ DA/IHKIAMIIAMH TI03BOMHIIM 3HAUUTEABLHO
YMEHBIIHTh 00BeM pafHoameKTPONOi AINIPATYDEI H CHUSHTD NOTpebs-
eMYK MOMHOCTE ¥ CTOUMOCTL. OQMIIAKO ROCTOMHHOE YCI0XKHEHHE CXCM,
OrPOMHOE KOJTHYECTBO MCHOIL3YEMbIX 16¢'C HBLULIX KOMIIOHEHTOB BBLBHHY-

i TpefoBaiue JanbHetimel MUHaTopis N, Thk BO3HNKIA MAES pacnio-
JIOKHUTE BHYTPH OJHOTO KOPHYCa € GOoNLUNIM 11CAGM BLIBOJOB HECKOABKO
TPAH3NCTOPOB CO BCEMH KOMITOHEHTZMIE, 11e¢ J(JX(I}U[MI:IMH JAd HX paéo'rhl.

Kopnycac 8, 14, 16 1 zaxe ¢ 24 BRIBOJLIMII HASLIBIOTCS UHMEZPDAALHYL-
Mt MuxpocxeMamu. OHN BHATUTETHHO PACIHNSIHT iy HKISHOHANBHELE BO3-
MOMKHOCTH YCTPOICTB U YIPOIWIAIOT MOHTIGK, II0CKOALKY TPeGYIOT JHIIb

HECKOJBKHX NepH(epHIHEIX KOMIIOHEHTON.
EansicteenHad npobieMa IPUMEHERWS MUKOCNSM SAKAI0Y42ETCS B TOM,

YTO ACTATBHO OTCACKMBATD pa60Ty OTHCABHLIX KiacCKII0R H TPaH3HCTOPOR
CTAaf0 HEBO3MOXKHO, B aTux YCAOBHAX 3allaya ik WOrens CBOJUTCA K HC-
NONB3CBAHUIO PA3MHYHEIX BEIBOROB COMAACEH HMCIOHEees JOKYMEHTAIlHH

Ha MHKPOCXEMY.

THpHCTOPBI H CHMHCTOPDI

Tupucmopbst U cuMUCROpst — 3TO MOAYTIPOROINHKO KL 1pHO0PLL, HIPALD-
LHe PoJlb MOITHBIX 3JIEKTPOHHBIX Nepekaouatencii. Kk it Tpali3ucTopsl,
B 3aBUCHMOCTLI 0T 110¢TY IIHBILCTO ITyC-

A | N KOBOTO CHCHAJLI, 0t MOTYT OBTH OT-

: J) KPBITDI WY 3akpouirtl. (1131 UMET TPH

- - MEKTPOAA, /IBA 4 KOTUPHIX CAYHKAT

w | ‘{30.@,,"1 ys JUEL KOMMYTalti pafioucro ToKa YIipas-
P K I K JgeMbIX Yerpoiiers - witofl (A) H KaTo

(K). Tpetnii — ynpsusasieonnii anekrpen

Puc. 1.18. Tapucrop u comucrop (¥I) — eaysar st wanyera (pHc. 1.16).
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()ho3MayeHHe THPHCTOPA NOX0Xe Ha 0O03HAYeHHE IUOAA, K KOTOPOMY
AOOABUAH YIPaBIAIOHIMA AeKTPOA. 310 0BYCAOBAEHO TeM, YTO THPHC-
10l SBISIIOTCA 37€KTPOHHBIMH TPUGODAMH, IPOBOSINIHMH TOK TONBKO
i 13/1110M HATIPABJICHHUH.

THPHCTOPHM MOTYT CIYKHTH KOMMYTATOPOM TOJBKO IOA0XHTEABHOIO
Noyileproa TepeMedHOro HanpsaxkeHnsi, OHH UrpaioT possb BEHIPAMHTE-
Ji, IGDTOMY HA MpeAcTaBieHHoi cxeme (puc. 1.17a) raMna HakaTMBaHHSA,
HENSIOLIASCS HATPY3KOH H BK/MIOUCHHAA TIOCNEOBATEILHC ¢ THPHCTOPOM,
HOAYUAeT HapAXkeHHe THTAHUA, PaBHOE TIPUOIHBMTENbHO MONOBHHE BXO/-
HOro cCTEBOro Hanmpsixenus 220 B.

CyniecTBYOT cCXeMbl BKAKYENNs THPHCTOPOB B AMATOHAMNL BBHITIPS-
MIFTCILHOTO (IKOHOTO) MOCTA, TIOZBOAMIOLME KOMMYTHPOBaTh 00a <BEI-
HPUMJICHHBIX> TTONYTIEPHOAA BXO/AIIOr0 HanpskeHus, MoxHo rakke Hc-
HOJLIOBATH JBA THPHCTOPA, COCAHICTINbX BCTIPeYHO-NApaLIeIbHO, CO3/AB,
1ak1IM obpasoM, oaobue cuMnctopa (phe. 1.176).

uf 6
%}nomo 120 B (" Momna 220 B
o
temn 220 B A Cery 220 ¢ A
o W LA

L
Cuznan CrHar
B igueHIa Soe b

I I

Puc. 1.17. Mcnoneaoaaumue TMpncTOpos 1 CHMnTopos

CUMHCTOP SBJISETCS ABYHATIPABIEHHBIMU IPUOOPOM, CLIOCOOHBIM HIPATh
{0 BBIKOYATENIA TIPH TIONOKUTENBHEIX H OTPHIATC/ABIILIX HTOTOBUHAX
fknein wxoHOIC NepeMennoro HanpsbkeHus. [Ipununi cro ielicteug wiame-
1 PRIPYCTCA TIPHMEPOM KOMMYTAIIMH KAACCHYeCKOiT 1aMIILl HAKATHBAKHA,

YCNOBHbLIE QOBO3HAYEHMA KOMNOHEHTOB

ohu NepeilTH K NPakTHYECKOMY MOHTAXY CXCM, HeoOX0/IMMO 3HATh
ye noniiie ofioznadennsn komnoHentos (puc. 1.18, 1.19 u 1.21). BHewnuit
HILL (iU HCTOPOB Pa3/IMYHBIX THIIOB NpelcTaBied Ha puc. 1.20,
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Puc. 1.18. YenosHbe 0603HOYEHIS INEKTPOHHBX KOMITOHEHTOS
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Pie, 1.20. Toausucrops
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‘ Mpobogruxu

xpanupobanHbd
npobog

NepeceueHue CoeguHeHue

Bas coeguHeHuRr

ARMEHMT

Jungmuk
Bukmovamene
PoMope wirinog

Puc. 1.21. YenoaHbie 0BOIHOYEHNA JTSKTPOHI G KOMIOHEHTOR
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MPAKTHYECKHE BONPOCH

HEOBXOAWMbIE UHCTPYMEHTDI

Jlns KayecTBERHOTO BEITOMHEHUS] MOHTAKA BCEX NPEAIOKEHHBIX IKCIIepH-
MEHTAJbHBIX CXeM BaM NOHaA00HTCA ONpefeNeHHBIH MUHUMYM HHCTDY-

MEHTOR,

Heckoabko OCHOBHBIX
HHCTPYMCHTOB

[Ipexzie Beero HEOBXOAMM MAJBITIK
MolHOCTEIO He Oozee 30 BT, ¢ TonkiimM
Ja0CTpeHHBIM «XanoMms» (puc. 2.1).

YUuuThiBasi MEHHATIOPHBIE DasMC-
PbI MOHTAXA, NOHAA06ATCT OHA 111
HECKOJIbKO MATEHBKHX OTBEPTOK ¢ 14:30-
JIMPOBAHHON PYUKOil (JIVULile XpoMii-
POBAHHBIX, YTOOB K HMM He TpHCTA-

Puc. 2.1. flasmrmk — ocHoBHOR
MUCTDYMENT paguomoBnTent

Ban npunoit). KpoMe toro, Heobxommo 1MoL, 1to kpaitnell Mepe, ogHu
IIeCckoTYOUBl B kycauky. [TIHnms: st ¢iekin H30JISUMH TaKKe MOTYT

NPUIOAUTReA {puc. 2.2).

Puc. 2.2. HeoBXoammutii Mutmmyas aHCTRYMEHTOS
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MyanThmerp

Myurviimerp aBasieTca 6a30BbIM M3MEPUTENBHBIM CPEICTBOM, KpaliHe
Mer l(aK(l}lHMbIM KaK CIIeMHaAAHCTaM o BJIGKTPOHHKB, TaK 1 pauﬁomoﬁﬂ're-
M. 1z phIHKe AX CYINECTBYIOT JeCATKY THIOB, JIpu BeIOOpe HY®HO

WAL BCCTO YYUTEIBATE €0 Ha3HadeHne, [Ji1 AOMaNIHero HCIIOIb30Ba-
BB AOCTITOYHO HMETh NMPOCTOH, HaleXHbIi H NpoYyHHH npubop, ¢ no-
MOIIID KOTOPOTO MOXKHO H3MEDATH NepeMeHHbIH # HOCTOSHHBII TOK, Ha-
npHxcrie K conpotusaerue. CNEMUANHCTY [0 SJAEKTPOHHKE HEOOX0IUM
MVALTHMCTD, 08130l AOMONAHUTETBHBIMH BO3MOXKHOCTAMH, HANlPH-
M| MU DAIOHIHET YACTOTY, eMKOCTh, KO3 hHIHEeHT YCHACHUA TPaHINC-
tO]H0B §E TCCTAPYIOIIUH COegHHEN WS,

Uepingit BaskHet# BEIGOP MPOM3BOAHTCH Cpeay ABYX GONblMX KaTe-
1op il MyJIBTHMETPOR: MEXKAY TeMH, ¥ KOTOPHY HHAUKALHA HaMepeH Uil
L VICTBAAETCA Ha CTPENIOYHBIX HHJIHKaTOpaX {aHATOTOBBIE HPHHOPE),
# i]poBBEIMA, TAE PE3YIBTaThl HAMCPCHUH NPEACTABASAIOTCH HA XKHA-
KROLPNCTIVIMYECKHX HHIMKATOpaX.

)ty TINIA AMIAPATOB UMEIOT CBOM ILIIGCH! 1f MUHYCLHL 1IperMyiiecTso
s e LY H3MEPHTEIbHBIX MPHOOPOB COCTOUT B TOM, UTO 1O HUM JIeT-
rir aONIOAATE XapaKTEPUCTHKH flepeMEeHHLIX MPOLECCOR, MEPHOT HIMe-
NI KOTOPBIX — TOPSAKA CeKYHABL B aToM ciyyae MOXHO Jaxe oTche-
A HIGU L «DROAIOIHKY» HpoLecca, Habnwaad 3a GuellneM cTpelki. OQHaKo
NP C0 CTPEIKOH OTAHYAITCA OT HH(PPOBHIX H0N1€€ HUBKHM BXOHbIM
cenpaorpsacine: ot 20 go 40 kOM/B nas nepebix 1 oT 10 xo 20 MOM 1
MapX.

I Inikoe mxomioe COMPOTHBAEHHE MOXKET 1€ TOJIBKC OTPasHTLCA 1fa TOY-
BOCHI AMCPCHHI XapaKTEPUCTHK HEKOTOPBIX 3MEKTPOHHEBIX CXeM; TPo-
THIGHOILED Yepes MYJBTHMETP TOK cnocobeH HapyIiNTh GYHKIHOHHPO-
WAlHe CAMOIL CXCMBLL

Myavrnmerpr ¢ nudbpoBol HHAMKALHEH HaMepsIOT aNeKTpHYeCKHe
e LR, TORESBOAS OTCUETH B IUCKPeTHEIE MOMEHTEHI BpeMeHn. [lan-
NekOe 1 ofHoro oTedeTa ¢ 06paloTkoil B HeJoM KT NopaAKa ce-

wvititie TEpis ieyerofitnBocTH MaMepsieMoit BeJTM4MHLL Ha 9Kpane OyayT

IGGITLO NOCTONNI0 MeHSAILHecd 3HayeHHs, 4YTO MOXeT 3aTpya-

DIED I LUK CLEENTD HEBO3MOMNCHBIM MX CIMTHIBAHHE. '
Hpnsunyieweerio inehposoro My asTHMeTpPa — OTCYTCTBHE NOASAPHOCTH

MEVEHOH BP0 [CILE B DKPANe TPOCTO MoSBHTCA «Mruycs. Hu onun
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CTPEOYHbIl MYABTUMETP He 00aflaeT TAKUME KayecTRamu, Kpome Toro,
CTPERGYHBIN MYJIETHMETP AG/KeH HMETh O0AbII0e KOXHIECTEBO IPagyHpo-
BAHHBIX KT HA JIKIEBOM TabJIo CTPENIOMHOTO HHAMKATOPA, 4TO COBCEM
He obyeryaeT YTeHye nokasaHuit. B iud)poBsIx annapartax BHOOP 4yBCTBH-
TEABHOCTH 3aBUCHT OT YHCJA 3HAKOB MHAWKANKH. CYmeEeCTBYIOT MYJIETH-
METDHI, cliocobible oToOpaKaTh 3HaYenHs B npelenax 2000 (uuaukamma
¢ 0000 no 1999), B npeaenax 4000 (c 0000 no 3999), 10000 (c 0000 a0
9999 1 gaxe 20000 (c 00000 1o 19999).

Hexotoppie XxoHCTpyKTOPLI HLITItNC OO BEAMHHUTS B3 THIA MTPHOOPOB
B ogHOM Kopiyce, Ha pprHKe nosiBILIHeh aNNapaThl O CTPEIOTHOH 1 Iud-
poeoii HagHKanuei. Ho yaiue aokio BCTPeTHTE NUdPOBbIE USMEPHTENN

CO NIKaJABHOA HHAMKaMel, B KOOl X CCKTOPA MKHAKHX KPHCTAAJI0B pac-
noaaraTcd BAOAb HpHM(}ﬁ 1L Jl‘VFOBOI‘:’I JHHHMH H BHICBEYHBAWTCA
nocaeaoBaTenbio, HOﬂOﬁH() JABBKCHHIO CTREJKH. YacroTa ob6HOBNEHHH
H CKOPOCTh BBIBGJA JAHHEBIX It 0TOM Ciiyyae SHAYHTeABHO BBIIEE, YeM ITPH

HUPPOBOH HHAMKANMH.

Haxowre1, mpu BeIGOpe MYyIETIMCTPA He HYKHO YIIVCKATh Ha BHAY 06-
IEHE XaPAKTEPHCTHKH, TAKH, KilK IYBCTBHTENBHOCTD (HaHMEHbUIee 3Ha-
YeHWe, Ha KOTOpoe MYJLTIMCT]) pearupyeT), TOUHOCTh {3HAYeHHE OTHO-
CHUTEABHOM OmUOKH HaMepeila), HAeKTPHYECKAs 3alUTa (OT BBICOKHX
HanpseEeHMA) M MeXainieckye IiapaMeTpbl (COMpOTHBASHHE yiapam
u Bubpaiun).

HU3roTOBNEHME NEYATHBIX NAAT

ITnath yerpocTs, OnUcaiiz KOTOPLIX OpeACTasaeHbl B KHHTe, B LEI0M
COTMUYAIOTCH JOCTATOMNO IpocToll KoHdUrypalMeil, a IPOBOAHUKH «He
3aKaToi». MeToloB ux nsrorosneHns noctaroyso Muoro. Hpocrefimuii
COCTOHT B TOM, 4TOGBL i (poJILTHPOBAHEYIO CTOPOHY TEKCTOIHTA, Nped-
BAPUTEIbHO 00e3RUPEHIYi0, lepeHecTH (pHC. 2.3) pasiHYHbie caMoRJIe-
oulecs dREMEHTH ¢ lepesu/iioro AKcTa THIA Mecanorma. Peun uner
O JHITKHX IANHTHBIX MTON0CKAX I(pylf‘J'lOﬁ, KBaﬂpaTHOﬁ HIH npsmoyrcu]h-
HOH GopMBL

Meaustii cnoii 0be3akNpHBALTCA ¢ MOMOUIBKY CIETKA YBIaKHEHRHON
ryOKH, Ha KOTOPYIO HaHecel YMcTAmME nopouiok. Ilocae TmaressHoi
3aYHCTKH ¥ MOCTeRyonieii cylurkd MeaHas MOBEPXHOCTh OYAeT roToBa
K HaHeCceHWo 3alNUTHRIX 3NCeMOHTOB.
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Puc. 2.3, [pamolt nepetoc 3nemeHTos naars
€ NEPEBORHOTO AMCTQ

leyl'HM, Oonee TPAAHIIHOHHKM METOOM SABASETCA IPUMEHEHHE TIpO-
-Ip:l‘llltll’( HHCHKH HAH KaNbKH, Ha KOTOPYIY TAKMKE MOKET BBITD MNEPeHECEH
Fre VIR ICIATHBIX 3JIEMEHTOB, ﬂaHHbIﬁ METOJ 3HAYUHMTEJIbHO YIIPOU[AET
Hjmitleee, i ll'K()TOpre KCEPOXCHI NMOABOJIAIOT HEMOCPEACTBCHHO KOITNPO-

My [HICYEOK A TUVIeHKY WA KaneKy. 1IpH HCNos30BaHHy 3TOro MeTola
' HeLYC T HPHMCHATE TEKCTOMHT, ¥ KOTOPOTO Melb TIOKPHITA CHEUANBRBIM
([ HCTHITTEABITRIM coeM — (hoTopesrcToM. Kanbka ¢ uepresoM ILIaThl
HPHREBACTCR 1K HCMY, M 3aTeM OPOH3BOJUTCA SKCIIOHHPOBAHHE B YIIb-

1w ntisieTonom ceete. BMecTo ocBellleHus yABTpadHONETOBEM HCTOUHH-
BOIM CHIFT MOXKTIO IIPOM3BECTH TTOYYACOBYIO SKCIIO3NIMIO 0ORYHOH aM-
nofl takininannst 1a 100 Br, pacnonoxcennodt B 20 eM ot doTopeancra.
P syt Oyt rakns ke (puc, 2.4),
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Mpya Dampwabnan

Texcmonum co
Choem pamapsaucma

Cmekng molwunod 5 mm

Yiasmpaguonemabae
AOMO D

?
|
7
|
7
’é’
7
7
?

T T

Puc. 2.4, Fxcriozuumus nog yiteTpaPuONETOBNME My HaMit

Benen za skcoHHpoBaHMeM OCYINeC TUASCTCS TIPOSIBIIEHKME B BAHHE € CO-
noit, [lponiopuuu yraspieawoTcs Ha yuakonke Xiimukaros. Ilocne o6uabHOH

TIpOMBIBKY I11aTA TOTOR& AJIST XUMHHCTKOI0 Tauienns {pic. 2.5).
AN lis
e
Nrocmukebar H \5’ .
Tenson Roga EMEOCMD  —

gRA npamubey Tewernonumalinn naacmuna

(CHU])’ MR Pon l:au)

flpucucka

PocmBop xioprozo xeneda

Puc. 2.5. Mpoctoil cnocof tpasnenns anat

Jlns aToro nnarta morpy»aercsa B BAHHY ¢ XJIOPHHM Xene3oM. C neano
AKTHBH3AIMM TPaBJeHUs lefecoobpa3Ho NMepeMeLIaTh ILIATy B PACTBOpe.
IIpontecc MoxeT GbITh YCKOPEH, €CTH PACTROP HEMHOTO fIOAOTPETh {MeTo-
IoM <napopoii 6aHu»). Mcrnonbayemble eMKOCTH AOMKHBL OHTE TOABKO
IMIACTMACCOBBIMM,
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Ioene TpaBAeHNA M NPOMBIBKM B TEIJIOH BOAe HEOOXOAMMO TIPO-
CHeARTL OTBEPCTUA B IAare A8 YCTaHOBKH KOMIIOHEHTOB C IO-
Moo csepaa anamerpoM 0,8 MM, HekoTopble oTBepcTHST AOJKHBI
frh paciiupensl 1o 1-1,3 MM 1714 coOTBETCTBMSI AMAMETPY BHIBOAOB
K MILONCTOB.

MOHTAX KOMNCHEHTOB

HanGonee palMoHaAbHBIE MeTOl MOHTaKa — YCTaHOBKA KOMIIOHEHTOB
B HO|BIKe B03paC'I_'B.HPI${ HX BBICOTBI, Ha‘-[HHaIOT C 603188 MEJIKHX — pe3d-
t 101033, JIHOIOB, CBETOAWOMOR | AaNiee TaKUM Ke 06pasoM.

T MolTake HeOOXOAHMO TIIATENLHO COOMI0AATE OPHEHTALIHIO KOM-
{ivnie e, UMEIIIHX MOJAPHOCTD — SACKTPOANTHYCCKHX KOHACHCATOPOB,
S, TPaH3UCTOPOB H HHTErPAAbHLIX CXEM, .HIO6':1$I 011[1"161'{3. Ha 3TOM
tHitHe 1 TGJABKO CHHXAET BEPOATHOCTD KauecTBEHHOMH paﬁon CXEMBEI, HO
N AHLAECT NPHBECTH K PasPYLIEHHIO KOMILIOHCHTA U [TOBPEXACHHIO APYTHY
we Ll (hyHKITHOHAIBHO CBA3AHHBIX & 1HHM,

Jlpy1a BioKHAG 331344 SAKTIOYAETCA B TOM, YTOOR! TEPOU3BECTH HaHKY,
HE NeperpeBast KOMIOHeHTHL. YKaXo masibHuKka HeoOXOAMMO PEryasipHo
vt 1ayecTBeHHad Naiika onpe/leNdeTcs No XapaKTepHoMy GJIecKy.
¢ vpupiriivl U HCPOBHAA Nalika ABAAeTCA NOTeHLHaNbHOI NpUYAAOH 110~
v} ikl CXeMBL.

Hunerpasneele cxeMul 60lee 4yBCTBHTENBHBL K IIeperpeBy, 4eM Iac-
BN KOMITOHEHTEL, [IO3TOMY MX JAyUlle YCTAHABAHBATE B ClE[HANb-
My NeoeankaX, 310 Mo3posseT uabeXaTh UX Harpesa. Kpome Toro,
(tpIs fxoae 113 cTpog uxX 6ea Tpyaa MoxkHo Oyzer uspieyn, HakoHen,
t U COBCT; MOHTAX KOMIIOHEHTOB HEOGXOILHMO NPOU3BOJMTE
seolie PIETeN B0, HCKToYas AI06Y10 HeOOAYMAHHYO IOCHeHOCT.
Fawon s pe nepexonuTe K cleayoei onepaguy, He NPOKOHTPOIUPO-
HItH VALY LILY 1O,

MEPbI BE3OMNACHOCTH

Ehimasnopiie ¢XeMbl, O1TMCAHHBE B KHHTE, PACCYMTAHB] HA TINTaklHe OT CeTH
ssigsonensnem 220 B uepea eMKoCTb, YTO Bo3BoAsAeT nabekaTh Tpany-
HHHTOLO ICHOABOINEN . TPOMO3AKOTO MTOHHXKaiolllero TpaHcgopMaropa.

Plhoserenne mofiel TORKE €XCMB! MOMKET HMETD 10 OTHOIHEHHIO K <3eMJIE>
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notenuuan 220 B. CaegopaTenbHo, HU 0 KAKOM MaHMIYAMPOBAHMN NAa-
TOi, eCITH OHa TIOAKITIOUEHa K CETH, He MoxeT ObTh M peyit, Ilpu HeoGxonu-
MOCTH PETYJHPOBKH CXEMEI, HalTpHMep, IOACTPOCYHEIM Pe3UCTOPOM, HC-
nmoxb3yiiTe OTBEPTKY ¢ PYKOATKOH H3 IacTMacchl HJIM HCNOAL3YHTE
B YcTpoiicTBax perysiMpyeMble KOMOOHEHTH! ¢ M30JHpOBaHHON pyuKoil.
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UTo60! KaX/IBI pas He ONUCHIBATD LIOKOAEBKY U GYHKIMU KOMIIOHEHTOR,
UCIONbayeMble B cXeMaxX HacTosllell KHHTH, aBTOPHI MOCBATHAN 3TOMY
OT/ICJBHYIO TJABY.

Taxum o6pasoM, paluoaOnTeNs IPH HeOOXOAHMOCTH BCETHEA CMOKET
[OCMOTPETh ONUCAHHE M XAPAaKTEPHCTHKM KOMIIOHEHTA MM MHTETpajb-
HOU CXeMBI, KOTOPYIo OH Oy/leT IpHMeHATD.

TPAH3WUCTOPDLI

BuZ K IoKOJNeBKA TPaHIUCTOPOB, IPUMEHSEMBIX B CXeMaX, HOKa3aHBI Ha
puc. 3.1.

Bug cHuzy

K — woanewmop
{reeguuer ¢ kopnycomM)

/7
Y /A

3" B IKE
.
2!
INZID7 BLI3S
IN2905 BO137 3 - amummep
2N1T711 E - Basa
2N1EB13 K — wonnexmop

2N3055

Pue. 3.1, Hokonesxa Rpumenscmsix TRaHucTopos

TUPUCTOPH U CUMWUCTOPGI

[okoseBka NpHMEHAEMBIX CHMHUCTOPOE M THPHCTOPOB MpUBEAEHA Ha

pHc. 3.2,
/J

~ kamaog b2 77}
A — oMoy By, — Bxog
¥2 — ynpobnaowud Obuw. — xkoprye {oSuwud)
B Bux,
Q6w

3nekmpeqg {3ambop) Hox, — Boxog

Puc. 3.2, Loxoneska cwmncropos Puc. 3.3 Nnrerpanshsie crabunmsaropst
1 THOHCTOPOS HOATDAKEHMS
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CTABUIU3ATOPbLI HANPSKEHUA

B kHHre OMUCHBAIOTCSA THHOBHIC HATETPANBHEIE CT20MAN3aTOPH (pHC. 3.3)
Tuna 78**, Yucno, ykassiBaeMoe BMECTO 3Be3A0ueK, obo3HayaeT Ha-
npsxeHue crabuanaanun. Hanpumep, 7805 — crabnauaupyeMoe Ha-
npskenHe 5 B, 7812 — crabunmnaupye-
Moe HanpsaxeHne 12 B,

UHTErNPANIbHbIE MUKPOCXEMbI

Bernmuie A

JIornyeckKkue cxXeMbl

Bonmuse O

HHrerpansuble MHKPOCXEMBl ceMelicTBa
K-MOII cepuit CD40** u CD45** umeior
HanpstKenud nuTanus ot 3 A0 20 B. Bxoa-
HOe CONpPOTHRJACHHE oueHb Oonbioe (He-
CKOJIBKO MEraoM), HO BbIXOAHOH TOK orpa-
HHYEH HECKOABKHMH MHJIHaMIIepaMH,

Bexmune B

Bemrrmnusn C

- IlokoseBka HEKOTOPBIX MHTETDATBHBIX CXEM  Puc. 3.4. oxonesxa MC CD408],

cepun CD40** ntpesicTaBnera Ha puc. 3.4. 4011, 4001
Jdozunecxkue snemenmw H, H-HE u HIAH-HE
(Muxpocxemovt CD4081, CD4011, CD4007)

Tabauubl HCTHHHOCTH [IAHHBIX JIOTHYECKHX BeHTHJell npuBefeHbl Ha
puc. 3.5-3.7.

E1 E1 E1
) B D
iz EZ E2
Ce [ e2 [ s pe e [s ] e e s ]
e 0 0 1 o 0 1 [ 4 0
o 1 0 L o 1 i [0 1 0
1 0 0 I 0 1 K C 0
1 1 1 1 1 0 T 1 9
(cDans1) (Coent 1) (CD4001)
Puc. 3.5. Tabnuya Puc. 3.6 Tabmmua Puc. 3.7, Tabmiua
wcrnrocTn MC CD4081 wersnocru MC CD4011 werunsHoctw VMIC CD4001
Cuemtuxu

B HecKOXbKHX ycTpoiicTBax Mbl HyjeM HCIoAb30BaTh MUKpocXeMy CD
4017 (puc. 3.8).
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Hxoge Benogo

+V¥ RAZ LV R 59 54 358

+¥  + TNumarue

RAZ CBpoc B O (RESET)

CL  TokmebBod euswman {CLOCK)
vV 2anpem makmupabBanun

(CLOCK INHIZIT)
7 lepguoc [CARRY QUTPUT)
S Ofwun
S0-%9 Boxogwo

Puc. 3.8. Mleestwnnid cverwmn-gewndparop CO4017

Hausag grrerpanbaas cxema upeacrapiager coboil naTupaspsansii
cueTdnk JIxoHcon ¢ JenitpparopoM KeeX ACCHTH €70 COCTOAHMUIA.
Pabota cueTuniki TakTHpYCTes 1O nepe M poHTaM HMHYJAbCOB,

noctynawipx Ha exoj) CLOCK. Pexity cueri saiaetesi HUISKHM YPOB-
HeM curHana Ha Bxofle V (CLOCK INHIRBIT). 11pn nopaue Ha atoT BXOA
YPOBHS Jorndeckoii 1 pabota cuerTiika HAOKNPYCTCH, H 8 HEM COXpaHs-
eTcs NoclefHee JOCTUIHYTOE 3Hauekue. MoOoil 1040KNTebHbL HM-
IyJbec, MOAAHHEIH Ha BXofl RAZ, BuasiBacT Hemescnitii chpoc cuetyu-
Ka B HYJb, YTO HHAHLUUPYETC HOARTCHHCM BhCOKOUD YPOBHSH Ha BBIXOJIE
S0. Ecan Bricoku#i yposeHs coxpansetcs na sxojie RAZ, cueTyHk ocra-
eTCs B HYAeBOM COCTORHHH HauKe HPH PA3PLUICIIOM PexuMe cueTa (BXox
CLOCK INHIBIT Ha nuakoM yporHe).

Korzaa na Bxoast RAZ u V oanoBpeMelifio NojlaeTcA JorHUecKri 0,
CUETYMK HauMHaeT palboTarh, P 3TOM C IIILM TAKTOM NMPOUCXOAHT
nocjefoBaTeNbHOE MepeMellleHHe eZ[MHCTBEHIOIT 1 BCe BHIXOJBI JJOTHYec-
K0it 1 (TO eCTh BHICOKOTO YPOBHA) € BbIX0Ja St BLIXOA S,

[Nocne noasaesns noruueckoil 1 Ha Beixoac SY cleYIOIREM BHXOROM
aBToMaTHYeckH Oyaer Bbixoa SO. :

Brixoa R cuerynka npegHasHaueH AN TAKTHPOBANKA CASAYIOUIErQ
CYUETYHKA [IPH UX KACKAAHOM COeAUHEHMHU, TO €CTL STOT CUTHAM Z0JIKEeH
ObITh coeguten co BxogoM CLOCK BTOpOro cyerynka TOro e THIIA.
Hocneanuit U3 neproHavaIbHOTO cocTosHua SO nepexoxuT Ha S1, Korna
NepBRIfl CIeTYUK 3aKOHYIA NepBbIil nuKkA (nepexon or S§ a0 SO),
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Jlviternirrensto, Beixon R HMeeT BHICOKHI yPOBEHD, KOTa CYeTYHK Ha-
sojtitrest 0 coctoanusax S0, 51, 82, 83 u 84, u nuakwii — S5, 56, 57, S8 1 59,
HeraenkirrenbHBIH POHT CHTHANA Ha BuIXOZAe R, Bo3HMKAOUIMH NIpH Ne-
peXtje cueTYdKa U3 cocTosHua S9 B SO, 6yAeT TaKTHPOBATh CAedyIo-
ngl cueTuHK,

Hexodeput

K aeiconepaM OTHOCAT KOMOMHAIIMOHHBIE MHKPOCXEMBE, OCYIIIECTBAAIO-
e ipeoBpasoBanne KOAOB.

"TitnunsiM Npeactaputeaem HC gexoaepoB ArnseTcA TecATHIHBIHA
nemugppatop CD4028, npeobpasyiomHil Tak Ha3bIBaeMBbIH JTBOMYHO-Je~
et Kog (BCD) B aecatupaspaaHelil mo3suuonHsi {puc. 3.9).

54 S2 S50 57 59 SH %6

pjc|B|al[so)si|sz]s3[s4]s5]s6[57]58]39
gjolofo olojolojelolajo]o]
clofo[1]]o olo[ojelalolnTe
alo[1]o]]ojo plolo|o]oin]o
ololrii]lojo]o ololajolo|o]
al1]olojfolo]ojoO ojolojo]o
ol1]o|1]]o]olo]o]e olelolo
ol 11 |o]ofelofeola oloo
ol1[1]1]]Jolofofo]o]o]o o]0
1{olofo]lole|ololof{o]o]o 0
itojof[tifoc]ofo]o[ofa]o]o]a

ilo[1]oflolofejo]alo]o]a}o]o
rjoli|slofalolofojo]e]a]o]o
1fi]ofe]lcle]o]ofololelafn]o
1{1]o[1][o]o]olo]o]o]c]ofo]e
t{1{1[oflojololeolofoio]ota]o
1]1{1 [ lfoe]ofo]alo]ojc|o]ale

Puc. 3.9. Lioxonesxa n Tabmuua scrunnocts MC CD4028
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Ha sxoast aemmpatopa A, B, C D
NONAETCA ABOMYHO-AECATHYHBI KOJ
Dyukina gemudpaTopa 3aKI04YaeTcs
B QOPMHIPOBAHAH Ha OAHOM (M TOJABKY
Ha OHOM) M3 AeCATH Beixomoe S0-59,
HOMEpP KOTGPOTO COOTBETCTBYET NOCTY-
fnapolleMy Koay, AorHdeckolt 1. Ecmu
3Ha4eHHe BXOZHOTO KOJA NPeBBIIIaeT
Aecaturoe sHadeHre 9 (1001 B apouy-
HOM MpeACTaBiAeHHH ), Ha BCEX BBIXOIAX

Puc. 3.10, Lioxoneska MC CD4511  Dyaet sormdeckusi O (Ru3kuil ypoBeHb).

B npeanaraeMuix ycTpoHcCTBax Mbl
6yzeM HCHIOAb30BATh TaKkKe MuKkpocxeMy aekonepa CD4511, ocymects-
JAI0ITYI0 GOPMHPOBAHKE CCMUCCTMeNTHOTO Koaa. Ee II0KoseBKa MpHRBE/EH:
Ha puc. 3.10, a rabmana wetunnocrn pa pae. 3.11.

te[BLir]ofc]BlAalalb]e]al ]| n'wu"
x [ xlolxxx[x] 1 vjr] 0

x o[ xIx|x[xJelolp ! ot ...‘r.mr-_}lo
olitrjofofofor[ vl v pagn ] o
o{1[1loJojoltfelr| 1| |n]|n N
gl | tjajolafal 1|1l oo !____E-‘_
ol 1 JiJaltol o] ‘l TR f“_;,"
aj1[ e Jolefo il fuful | Y
gi1j1[op1io]n 1+_0 IR AN [

ol oA o eTe | v 0] [—ﬁ, l
ol T afaeta {15 nlolo]e 7
o1 [1]ololalr! | NERERE g
IR EEE I—1 } plola]t q
ol jofrfolola|alu|al B o] Rurmmuenc
ol 1] ol T1]oynlalelo]o]| o] Buknouena
o111 [1]ojoloio|alu]olalo]|Aakwuens
O(V]1]1]1jajrjojolu|0]0]0i0 |Bukneueuo
ol |1 sTelajnlo|lo]lolc]|o]Bakiecueno
olrir|a [l lo]alolololo]o]|Bokioueno
L DX x| T - HIEEICIEIANIEIE

¥ — npousbBonbroe cocmosHue

* — 3aBucam om BxogoB A, B, C. () 6 Mosesm nepexoga cugnana LE w3 O B 1 {0 —= 1}
0 = nozusecxud O {Muskuld ypobenn)

1 — npzudeckon 1 {Rmcoxul ypobeur)

Puc. 3.11. Tabnuua wcrurnocts MC CD4511
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ernpexpaspaanstiil AponaHo-AecaTuyHEiE kog (BCD), sapaomui
VAN B JICCATH BO3MOMKHBIX 3HAYeHHH, moJaeTcs Ha sXoXu A, B, Cu D.
ryikius aexogepa saimodaeTcs B OPMHPOBAHNI HA BEIXOAAX CHUTHA-
MUk CCMHCETMEHTHOTO KOZA OIS YIPABAEHHS WHAHKATOPOM, KOTOpPBI
ke oToOPAKATD OHY U3 RecATH HHdp, COOTBETCTBYIOIINK BXOTHOMY
wosty. BBxop LT npeanasnadeH f1s TeCTHPOBaHHA JeKoAepa ¥ HHAUKATO-
par 1lpn nogave Ha Hero YpoBHA Jorideckoro 0 Ha BceX BEIXOZAX ZeKode-
ji YeTANIOBSATCA JTorIecKre 1, HE3aBUCHMO OT cOCTOsIHMA BXoaoB A, B, C,
1" Hxon BL moxer uctions3opaThest 1414 TallieHHs HHARKaropa. lanenye
B{eite x0T ApH mojade Ha BXod BL morwdeckoro 0. Jns HEAUKAUMH
1 NEyeT [I0AABaTh Ha HeTO IOTHYecKywo 1.

Koy siayenne ABOHYHOLO XoAa Ha Bxogax A, B, C u D npesrimaer
A IMANLITQ palpellieHHoe UIA ABOHYHO-AECATHYIHOIO KG/la 3HaUYeHHe
{on1 (eoorseTcTByioltee nudpe 9 B AeCATHYHOM IIpej/iCTaBAEHIH), Bce
ML 1ICPEXOAAT Ha HUIKMI YPOBeND: [IPOKCXONNT rallleHHe BeeX cer-

A EON 1) pOBOTO HHARKATODA.
Fhanonen, xa sxox LE B peximMe unankauuu HeoOX0RUMO NOAABATD
ypmmenn norpdeckoro 0. Ecayt nogaTh shicoxknii ypoBeHb, AHAHUHPOBATD-

ca Oyaer kppa, oToGpadkaeMast Ha MOMEHT NePexo/Ia, YTo 0BecTieTHBAET
Hep IMGLACIOCTT, XpaHeRMs MHpopMani. JadHoc 3HaveHMe cOXpaHAeTCd,
ke eI NOPHYECKHE YPOBHM BXoAos HaMelsilotest. [Togaya Ha Bxox LE
HMILY hea © YPOBRHEM JlorHYeckoro () rapaHTHpYeT NOCTyIIZIeHHe BO BHYT-
prannil perneTp AeKoepa HOBOTO KoAa, €To Hpeo(OpazoBante B ceMHcer-
sl koL oToOpaKeHMe HOBOH nndpel. OmicaHHOe ¢BOHCTRO k-
MM RO CSEOJTR3YETCS B MHOTOYHCIGHHEIX YCTpolcTBaX ¢ H{poBoi

UH/U LT, T/le IPOUCXOUT MOCTOAHHBA cuet, i o0ecneyrBaeT BO3-
MO T« SIMODRKHBAHVA > MHAHKAIHH Ha [IEPHOJL cUeTa U MTHOBEHHOE
Dl YHCY 10 3aBEPIIEHHH CYeTa. JTO HO3BOJIeT Haﬁmo,ua'rb
AL O IeNDHSETHBIX MATAHHI.

Thuerepni

W waeay rpirrepos, koTopele MBI GyeM NpUMeEHATh, oTHocHTes UC
(N RETA)

Jhontan 1 (pue. 3.12) cosiepsxat apa J-K-tpurrepa, UMeOWHX acHH-

spunae wxeya cipoci (RESET) n yeranosku (SET). Yaute Bcero me-

HOAR IO CINE oI pesciis ero pabotsl. B aToM caydae Ha xogst SET
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1 RESET oanoepeMedHo cienyeT NofaTh ypoBeHb Joruvyeckoro 0. Ma-
MEHeHHE COCTOSHMS TPHITEpa B 3TOM PEKUME ITPOUCXO/UT HO TIepenteMy
thpoHTY TAKTOBOFO cMrHana, nodasaeMoro Ha Bxoa CLOCK,

o~
Ll
uw

Tekywee cocmoa-ue Mocnegyowee ‘
A | __ __cocmorHue
Brequ _ [|Bmeogl] Haxoge |
JTk[s[rR]|[ a nlal
tixfojoll o || /o
xjojololl 1 ||l |0
olx|[oto| o ]_|ol]
R i || (o
X|%|0o|o K ...\_z . He uimewaemen
X (x| 1]e| 7 x [174d]
X X |0 X b4 [
X% _L__’(_ X 1 1

A usmenesue ypobrea {@ponm)
¥ hpouibdonoHoe cotmofanue

Puc. 3.12. Uoxoneska w rabmmua nepexonos MC CD4027

Tpurrep HMeeT cileAyIOLYIO JOTHKY IepexonoB. ECK ero meproHa-
YalbHOE COCTOAHNE HYJ/IEBOE, TO €CThH ¥YPOBEHD Ha BbhIXOAE Q HHSI{Hﬁ, TO
B elHHUYHOE COCTOSTHYE OH CMOXeT NepeiiTH, eCH TOAbKO Ha BxoZ ] Oy-
JleT 1onana dorudeckas 1. B stoM cnyuae yposens sxona K 3HaueHus ne
MMeeT, KaK BHIHO M3 pUCYHKa. Ec/IH Ha BXof | noaaTs Jorindeckuii 0, Tpur-
rep ocTaeTcs B cocrostium 0.

Ecau nepsonayanbHOe COCTOAHHE TPUITEpa eAMHHYHOe {YPOBEeHb Ha
BBIXOAe () BRICOKHI, TO eCTh Tornueckasd 1), TO OH CMOXKET HepeiTH B Hy-
JleBoe COCTOAHME, ecH ToNbKo Ha BXoA K Oyzer momana goruveckas 1.
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Cot tosinee 1X0/1a J He ByZleT MMETh HIKaKoro 3Haderus. Ecau Ha Bxozie K
qoriecknii 0, TPUITEp He pearHpyeT Ha NOCTYNAIOUIHE CHIHAMDI.

i’.yastectes, B YIOMSHYTHIX ¢Ay4dadx Ha BhXoje ( Bcerna Oyaer ypo-
mNEk, 11POTHBONGIOXHEIH YPOBRIO BRIX0/A (3,

hiwonbr Obt HH Obiay ypoBuu Ha | 1 K no 3aauemy (bpoHTy TakTOBOTD
imuysanei octynaomero na Bxoz CLOCK, aukakux nepekiiiodeH il He
HPOHC XA HT. _

Cocrosdline BHIXoA0B Q 1 Q@ Moxer ObTh H3MeHeHo B JioGoe BpeMs
I HeEIBHCHMO OT TaKTOBOTO CHTHama, 3a c4YeT MOZAUH JoryecKux 1 ia
nvigta SET wnn RESET. 370 acHuXpoHHBIH pexiM paboTsl Tpurrepa,
Bxoua SET u RESET uMetoT npuopHTeT nepell BXoAaMH J H K, aelicTBy-
IR TOABKO B CHHXPOHHOM pekime, Takum cbpa3oM, CaeayiollHe
It AeCTBHTENBHBI TIpH A00bIX ypoBHAX BXoRoB J u K-

e kurna Ha BXof S (SET) nomaetcs noruueckas 1, a Ha BxofZe R
(RESETY) — norayeckuii 0, Tpurrep 1 COOTBeTCTEEHHO BHIXOR Q) He-
MU/UIEHHO TePeXo/iIT B ¢IHITHY 1I0e COCTOSTHHE, 2 BRIxol Q — B cocTo-
sHe AoTHYeckoro O

» ¢¢11 Ha BXxoJl R mogaetcs norvyeckas 1, a ra Bxoa S — noruveckwntii 0,
TPHITEP U BEIXOX ) npuUMyT 3RaueHHe 0, a Beixoa () — 3HaueHMe Nory-
yeckoi 1;

* I'"CJIK OJIHQBPCMCHHO nNoAaTh Ha BXOA 6L R » S norigeckue 1, Ha BBIXO-
aax Q u Q6yayT norudeckHe eHHHUBL

Hurerpanpipie cxeMbl A8 YCHAECHHA H reHepaniH 3ByKa

Yeunumene nuaxoit wvacmomut TBAS20M

Cpean ayauoycHauTedeil Manol moliHocTH Mukpocxema TBAS20M
(e, 3.13) 3aHuMaeT ocoboe MecTo G1aronapst TOMy, 4TO TPAKTHYECKH He
1yeT HAaCTPOIKM M JUTst ee PYHKIHMOHUPOBAHMS HEOGXOANMO Hebob-
HIoE KOAHYECTBO AOTMONHHTENSHBIX KOMITOHEHTOR.

[irranne UC TBAS20 MoxeT 0CYNIECTBASTLCA HANPSIXKEHHEM OT 3 10
i 13, npu 3TOM offecmeduBaeTca BeIXOAHAA MotiHacTs 1,2-2,0 Br.

Thexmonosuiii zenepamop mysvixanvioid vacmomot SABOG0O

Peun naeT o yacTo ipuMeHsieMoll MHTerpaibHolt cxeme (puc. 3.14). Baa-
1L COBMAGHMIO HUCXOMAIIHMX TAPMOHUK OH4 reHepHpyeT TpH nmoce-
Jinnrte/IbHBIE MySbhIKaAbHbIe HOTEI C MelOANYHEIM athderToM. Yucno kou-
HiMI T OB, H806XOI[PIMbIX IJd ee ClJyHKLIHOHHPOBaHHﬂ. OYeHDb HeBEJIHKO.



52 ' MCIIORBIYEMBIE AKTHBHBIE KOMIIOHEHTS!

MacmomHuga
KOPEEKLURA

Pezyaupobug
yeuMeEHUR

TEAS20M
Bxog

Puc. 3.13. Uoxoneaxa MC TBAB20M Puc. 3.14. Hokonesxa MC SABOGOG

HOHYJISIPH]:IC HHTCTPAJAbHBIC MHKPOCXECMBI

CxeMa oMepalHOHHOIO YCHAMTES ITUPOKOTO NIpHMeHeHUA UWAT41 npen-
cTagJeHa Ha puc. 3.15.

]
i
i

{10
—H——L}_J> _ ] -

g
|

[‘] | Hesppuuutnm R2
|

Yo nenrug R1

Puc. 3.15. Onepoayuonsvni yeuturene pA741

On MoxeT paboTaTh B Pa3NHUHbIX (PYHKIMOHANBHBIX Y3/1aX, B TOM YHC-
Jle 1 KaK KOMHAapaTop HanpsixeHus (puc. 3.16).

ety

Rl& —-//—:i
lo-pds T
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Puc. 3.16. Komnaparop Honpaxeuns na MC uA741
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MHorre npusioxkeHHs TpeOyIOT TpHMe-

HeHHs He OHOTO, a ABYX OIEPalHMOHHBIX s() @)+
yeunuteneii. B atoM ciayyae nenecoofpas- 4 ¢ .- (2) (Ds
Ho ncnons3osars IC LM358 (puc. 3.17) ] (D (e Lo
¢ ABYMS ONEPAUMOHHBIMH YCHAMTENSMU
B ofHOM Kopryce. Kaxablit U3 HUX QYHK- (2) (5)e+
uMoHHpyeT aHanornyHo MC pA741,

Hns 3apaHus BpeMeHHBIX MHTepBanoB Puc. 3.17. Casoerssii
H Te¢Hepalliil UMIYALCOB JyYille BOCTIOMb- ONEpAUHONHYIH YCHTHTENS
J0BaTLCA HeZOPOToH CHelHANTH3NPOBaHHON M358

MukpocxeMoil talimepa NESSS (puc. 3.18).
JlnurensHocTh (DOPMHPYEMOro MMITYJIBCA ONpeflesieTcsd Chenyoueit
dJropmyrnoi:

T =0,7(R, + 2R,)C.

YnpoBnuwwee
HOMGGMEHUE

T = 0,7(Ra+2RelC

Puc. 3.18. Muxpocxema tasimepa NE555

Jlexodep monansvnozo evizoea SSI202

Jlimtnas UC (puc. 3.19) HenoapayeTes B OAHOM U3 YCTPONCTB, CBA3AHHBIX
¢ redieorneil. [IpuHumn ee paboTHl cneayommii,



54 MCTICAbIYEMBIE AKTHBHBIE KOMIIOHEHTH

HexonnpyeMble aHaNOTOBBIe CHMTHAJNBI
noaalotcs Ha Bxol ANALOG IN. Ecau no-
CTOAHHAA COCTABJSIONIAA CHIHA/IA HUXe
HAMpAKEeHUS [TUTAHUA, TO OH MOXKeT 10-
JABATHCH HA BXOJA MHKDPOCXEMB! HeMNo-
CPE/ICTBEHHO, eCH Bhilie — HeoOXOAUM
PA3AEANTENbULIH KOHACHCATODP EMKOCTBIO
npumepto 0,1 Mx@ (baokupyOLMi mocTo-
AHHYIO0 COCTABJIAIOUIYIO). YPOBEHDb CUTHATA
ZoJLKeH GbITh B nipefenax ot —32 go -2 ab.
Bxoanoc conpotueaenne UC no ananoro-
BoMYy BXoyly coctagaseT 100 kOw, BxogHan
CMKOCTL - 10 1D,

Takronsic umoyance a8 padotet HC re-

Puc. 3.19. Loxoresxa MC SSI202  1CPUBPYCTCH RUYTPCLITTUM TeHepaTopoM. Ya-

CTOTH B3, TICTCS KBAPHCHBIM PC30HATOPOM Ha
3,979545 M T (ananorisunti nenoansyeres o st HC TCM5089). Ksapu
nozknodactes K seisotam X, 1 X, . /L nopmannnoii paboTsl reseparo-
pa HEeOoOXOmHMO NAPWILTENBHO KBAPIY HOMUTIOMHTL pesnctop 1 MOw,
DOyHKUMOHNPOBANUC BHYTPEHHETO TAKTOROTO TeHeuTopa paspellaeTce
nofaveii aorudeckoit 1 Ha Bxoa X, Jlorwyeckuil 0 sanpeuraer pabory
BHYTPEHHETO [eHepaTopa. :

Hpu paboTe oT BHellIHETO TaKTOBOTO reHepaTopa CHHXPOCHTHAJ roja-
etTcs Ha Bxoj ATB. B yacTHoM ciyyac BHERIHMI TAKTOBEIM CHIHAN MOXKET
dopuuposars apyras HC SSI1202. B aroii cxeme «ynpabiasemass» SS1202
JoMKHA ObITh KOH(HUIYPHPOBaH2 CEAYIOIMM 00pasoM:;

» Ha Bxofie X, A0JKeH ObITh BRICOKHIT YPOBEHS;

» Ha BXofie X, A0MxkeH OhTh HU3Kuil ypoBenb (Nornyeckuii 0);

« BuiBOf ATB (B JanfioM cIyvae BXoj) NoAkIoYaeTcs K Bexoay ATB
<YIpagJsAioliel» HHTETPAJIBHON CXEMEL.

WurerpanbHas MukpocxeMa SS1202 umeeT ABa peskuMa JeXOXMPOBa-
uusi. Ecnu na sxone HEX/B28 Bhicokuit yporeHb, 1EKOAMPOBaHHE OCY-
ILECTBSETCA B TPAAULIMOHHOM IIECTHALATE PHYHOH CHCTEME B COOTBET-
CTBHMHU C UeTHIPbMS TEPBEIMU KoJoHKaMB Tabauust (puc. 3.20). Ilpu
TIOZIAue Ha 3TOT BX0A YPOBHS Jorngeckoro 0 IekoAHpoBaHUe IPOH3BOANT-
ST B COOTBETCTBUM € YETBIPbMA NOCAETHUMY KOJAOHKAMH TOM 3Ke TabauIEL,
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B mocnenneM ciyuae KIaBHATYPa padlieffieTca Ha ABE IPYINbL Kiasunei
1O BOCEMb B Kax0i:

« WIABHIIH BepxHeil yacth — 1, 2, 3, A, 4, 5, 6, B, KOTOpEIM COOTBETCTBY-
10T gpoHusble koAsl ot 0000 1o 0111;

o KJAaBUINK HMKHEH yactu — 7, 8,9, C, %, 0, #, D, ¢ kogamu ot 1000 g0
1111,

CooTBeTCTBME YacTOT U KJtaBuitielf [oka3ano Ha pyc. 3.21. Bpemenunte
JMarpamMMbl paBoThl MUKPOCXEMBI H300paskeHbl Ha pHc. 3.22.

[[HEx/B2& = 1[[HEX/B28& = @
iloe|ps]o2[o1|[Da]p4]02] D0
ilio]ofo 1 [e]ofo]o 5 j - ,
zfloJoftijo|[afo]o]1 = c = L
sifafo[ |1 [[a]o] ][0 2 8 & 7
H o —l o~ g} =+ w
4o ]o]o][ot1]a]o = - - -~
slfol ool o]t b b b
ello{1[rjcllo[1 |10
el 7)1 Tc]eto 697 Fy—w ‘Il
gl[v]o]ofel[1[e]oi _
al[1]o]ol1][lo]1lo
(g4l 1jojolajrlo] 770 ru—w[ 4] E E] .
o[ ]e e[ [ ]e]n - . E
I Joe[ i [ I1]alo
3 IRARACIEN RARARRE: w2 =[] (5] 5] [€]
al[" 1 Tel 1 {[ole] 1"
Bl v|1]t|[afja]1]11 B El . .
941 Ty~ b
[ lal[atol 1] ! ]
o [[ofelolo][ 11 .
Puc. 3.21. Marpuua vacromioro
Puc. 3.20. Tebrmya xoanposakua KORHPOBAHWA

Muxkpocxema HMeeT crienHanbHbiil yripasnaomuil sxox IN1633, nmpu
nofave Ha KOTOPBI JOTM4ecKOl 1 MPOUCXOAUT «HeHTpatnsauuss> Kia- -
srwei A, B, C u D (xoaoHka, coorBercrrylonias 1633 It), we Bxoas-
mux B 06sYHYIo TenedOHHYIO KaaBHaTypy. [IpH noxade norudeckoro O
MHUKpocxeMa OyzeT AeKoaAnpoBaTh Bee 16 xaBuel KJIaBHATYDHI.

JexoaupoaHHee KOIBI BblAa0TCs Ha Bhixoast D1, D2, D4, D8, aktis-
Hble MPH BLICOKOM ypoBHe Ha Bxode EN. Ecnu aToT BXoa ocTaeTcs Ha
HHM3IKOM YPOBHe, BBIXOBI TIePEXOAAT B BEICOKOHMNeRancHoe (TpeThe) co-
CTOSIHHE,
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Murumym 40 me _J__MuHﬁMyM 40 me Cuznan
Ananozoful
Bxog
23 Mc _‘—‘—~‘1 ’_—I_
B 82— 35y )
Dv 7 m | |
~e e 5 ome 160 HC{_
CLRDV

-—l—-- 200 we

Puc. 3.22 Bpementne guarpamsi pabote

JexonupoBanunlii CIUTEU HOARISETCS ¢ RICTRKKOH okes1o 25 Mc moc-
Jle MOCTYILACHUA CHITIIA A AHAI0TOBbIT BXO)L B 1eue3aeT (BLIXOJH ne-
PEXOAAT B TPETLE COCTOAHHKE) TaKMKe ¢ sajle|pKkKroil 35-40 mc,

Brixoa DV HHAMUMDYET OKOHYAHKE AEKOANPOBAiA. Ecau pesyasrar ae-
KOAMPOBAaHKs NIPHU3HAH AeHCTBUTEABHBIM, Ha BbIxoae DV liosisiseTcs J1ork-
veckas 1. Jlornuecknit O noseasgercs ¢ HebobILIOMH 3azepKOi BCeR 3a Ipe-

Puc. 3.23. Hoxoneaxa
HC MAN74A

phHIBAHHEM BXOAHOIC aHAMOrOBOro cHriata, Ho
NIePeX0/ HA HU3KHI YPOBREHb OCYIECTRAALTCS BCET/A
RO [ePEeX0fa B TPETHE COCTOAHNE BHIX0A0B Di,

Curnan Ha Beixoe DV MoikeT GbITh NepeBefieH Ha
HH3KHI YpoBeHh HOCTE MOATBEPKALHUST PE3YIIFTATA
AekoAupoBaHUd nofaveil Ha Bxon CLRDV noruvec-
koif 1. B sToM cayvae Boixoa DV remesiseitdo nepe-
XOOHT Ha HU3KUH YpOBeHb, JaKe eciH Ha aHalIoro-
BBII BXOX ellle IOCTYAeT CHIHal.

HC yugposozo ceemoduoonozo
unduxamopa ¢ obuum xamodom MANT4A

1loxoneBka MC MAN74A nokasana Ha puc. 3.23.
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PErYAUPYEMbIA UCTOYHUK
NOCTOAHHOIO HANPAXEHWSA

Jlioboit cxeme Tpebyerca snextponuranue. [Ipunmensemsie obpruHo Hara-
pefiKH CTOAT J0CTATOYHO AOPOTO, YTQ, B YACTHOCTH, U 3aCTABJSET 3KCIIEpH-
MEHTATOPa 3AHATHCA H3TOTOBACHMEM PerYIMPYeMOTo HCTOYIHKA THTAHUA.

puauun aeiicreun

CyllecTBYET MHOXECTBO Pa3JHYHLIX HPUALMIIOB IOCTPOeHUs cTabuIH-
3MPOBaHHBIX HCTOYHAKOB MUTakus, B ipocreiimeM cayyae 14 cTabHAH-
3aiMH HaﬂpH}KEHHH HCHOJIIJZiyEETCﬂ CTHGH.TIHTPOH, HO ETe BO3MOXKHOCTH
H XapaKTepHCTHKH BechMa orpauliictin, Mbl IpefiaraeM cxeMy IIpocTo-
10 ¥ ahheKTHBHOTO PCryAHPYCMGro ¢Tad HANZHPOBAHHOTO HCTOMHUKA U~

TAHMA, KOTOPHIH cocohel afecedl T, IHTanKe A1 G0MBIHHCTEA Tpel-
JOKEHHBIX B AaHHOI Kiire vorpoiicrn (pue. 4.1).

Cerepoe Hanpsuxeie 220 B nocrviier 1 nepsuyHyo oOMOTKY TpaHC-
dopmartopa, Huskoe matipasicennie, clnnmestoe ¢ e1o STOpUMHOR 00MOTKH,
BRINPAMILCTSH JoanuiM MocTom VDL Ha cratinnepone VD2 u nnonax
VD3-VDS dwopMupyeres ukcposannoe otopioe ianpskedize, Yacts
BTOTO HATIPSKeHHA, 3aflaBaeMast NoTelioMe Ipost R4, nenonpayeres s
oflpedesielNs BhIXOAHOTC HANPKeHH HeTouniKa. [locne aMuTrepHoro

e A
nmosTopuTeis Ha tpanauctopax VT, VT2 i1 VT3, odccncanpaomero yeu-
JleHHe [o TOKY, HAnpskKeHHe MO/AeTCs Ha BLIXO/E MUTOUMIIMKA TIHTAHHS,

e

220 4

ill
I

TpaHcpopMamaep
220 BS2x12 BY
{6-20) BA

Puc. 4.1. FpuHUsmuansHan CEma peryiMpyemMore HETOHRMKG NOCTORHHOTO HOMPAXEHH]
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Pab6ora yctpoiicTsa

Tpanchopmamop u esinpamumens

B vcTouHMKe peKoMeHAYETCA UCIIOB30BATH TPAHCHOPMATOP MOTITHOCTBIO
ot 6 10 20 BA, obecnieunpaioniuis Ha BropiuHoil 06MoTKe nepeMeHHoe Ha-
iipxenue ¢ adrpekTHBHBM 3HaueHHeM 24 B, Eciu rpanchopmarop umeer
Ape obMmoTkH 1o 12 B, Heo6X0IHMO COSIMHUTE UX NoCTeloBaTeAbHe. JJ1os-
Hetlt Moct VD1 ocyniecTRAAET ABYXIIONYIEPHOIHOE BRIPAMIEHHE BTOPHY-
HOroO HampAxXkeHHS, a koHZeHcarop C1 — craXuBaHHe BBINPAMIEHHOIO
HanpsxennA. Ha noaoxurensioM eeiBode {1 BelHYVHA HANpSXeHHS,
B 3aBUCHMOCTH OT Harpyaki, MOXeT cocTaBaaTh 26-30 B.

Hoayuenue ynpasnsoweso nomenyuana

Baarogaps crabuautpony VD2 (na 24 B) v auozam VD3-VD5 Ha mo-
JOXHTEABHOM BHBOJe C2 MonydaeTcs NOCTOSHHOE HANPSIKEHNe, PaB-
Hoe 24 + (3 x 0,6) = 25,8 B. [lotenunomerp R4 npeanasnauen ans no-
Aydenus namensemoro ot 0 zo 25,8 B nanpamenus. Tpu anoaa (VD2,
VD3, VDS5) KOMIIEHCHPYIOT Na/IeHUE HanpaKeH s Ha 0a303MHUTTEPHBIX
Mepexoax Tpex TPAH3UCTOPOR COCTABHOTO SMUTTEPHOTO NOBTOPUTENS
VT1-VT3.

Yeunenue moxa

Tpausuctopel VT1, VT2 u VT3, BraoueHHble N0 cXeMe J[apauHITOHa,
o(pasyioT ycuanTens Toka, Ha sMutrepe goixoaHoro TpaHsuctopa V13
BeIHYHHA HANPAKEHH S, peryanpyeMoro pesucropoM R4, coctagiser or
0 mo 24 B. BayrpenHuii narpysouHslil peauctop R3 neobxoaum nns us-
MepeHH: HaNpsAXKeHHA B OTCYTCTBHU BHelUHel Harpy3ku.

MoHTaK HCTOYHHEKA

Yupreiean G07BIIYI BeIMYUHY BO3MMKHOH paccedBacMON MOLIHOCTH,
fpaH3HcTop VT3 JOKeH MOHTHPORATBCS HA TEAAOOTRO/SLIEM PaTHATO-
pe. UepTesk meyaTHOI IIATHL MCTOUN KA IPEACTaBAeH Ha pH¢. 4.2, a cbo-
pouHbIii eprex (MOHTaXHad cxema) — Ha puc. 4.3.

TleyaTHEe NPOBOAHMKY, MAYLIYE K BEIXOAMHIM KAeMMaM IHTaHHS,
ROJUKHE ORITh ZOCTATOUHO IIHPOKUMHE, C YY€TOM epeAaBacMoil [10 HUM
MOIIHOCTH.
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Puc. 4.2 Yeprex newarHOR nAATY DETYSMDYEMOTS tr Louihne Ty 1OSHHOTO HORPAXEHUA

Paguaiop
L

Puc. 4.3, MORTAOXHOA CXeMQ PEIYIMPYEMOTO MCTOUHHKO 0T T ORHHOMO HOMPAXSHUA

Jas ynydiieHHs TeRJAoBOTO KOHTaKTa Tpaltsncrop VI3 kpenutes
K pasMaTopy (M BMeCTe ¢ HHM — K HCHATHOI 1L1ATC) ¢ MOMOINBIO BHHTOB
anaMerpoM 4 MM. He cheayer sabutuirn, sito kopuyc TpaH3HCTOpa

2N3035 apasieTcs ero KOEKTepoM. CaeaosaTe/ibHO, OH MOCTOSHHO Ha-
XOMTCA 1104 HanpsukeriieM nopsssa 30 B, Pujglatop yocraHagnHBaeTCs
MeXAy TpaHsucTopoM V13 u nnatoii.

Hepeuenb a1eMeHTOR NCTOUHHKA (TPHUBE/leH B Tab. 4.1.



«IIEKTPOHHbIN APBITP» él1

Taﬁﬂnua 4.1 ﬂ'epeweub 3AEMEHTOB perynnpyemoro HCTOYHUKG HOMPAXEHUA

: +0 : 2

FI1 680 Ou 15%, 0,25 Br
R2 3,3 xOm +5%, 0,25 Br
A3 10 kOm +5%, 0,25 Br
R4 4.7 xOM NepeMenuild, ¢ Larom 5,08 MM
g Ci1 2200 med 408
gHcatape. | C2 220 k@ 40 B
: T c3 0,22 mxd Nnexpymbid
o VYD1 1,5 A BoinpsiMHTeNbHGA OCT
OB 2o VD2 24 B/1,3 B CrabunKTpou
A @\% VD3, VD4, VD5 1N4148 1N914
sl aae VT1 2N1711 2N1B13
10H3 V12 BD1{35 BD137
| VT2 2ZN3055
. : 4 Paguatop ann Ypadanctopa 2N3055
e i #| YerepaxkoHTAKTHUIA KARMMHUK £ yCT2HOEKH HA Ne4aTHOM nnaTe

. «3NIEKTPOHHbIA APBUTP»

«JNeKTpOHHBH apbuTps» N03BOALET OnpedeaNTh BpeMeHHoIt npuopuTeT
OIHOTO M3 JBYX UIPOKOB IIpH OTBeTe Ha Kakoii-anbo Bompoc. JleiicTBu-
TeJIBHO, iePBh MTPOK, 3HAKIIKIA OTBET, HAOKHMAeT Ha KHOIIKY M 3KHTaeT
CBOI JIAMITY, & €T0 OINOHEeHT, peampylomni’( Ha JOJIH CEKyHJJ,bI MnO3xKe,
YKe He MOKET 3TOro ¢AelaTh, IOCKOJBKY €r0 IEIb 6HOKHPOBaHa.

Jannoe YeTpoiicTBO HO3BOAAET TECTHPOBATE PedpleKChl HTPOKOB, GBICT-
po H 6e30MIHBOUHO JeMOHCTPUPYS Pe3yJIbTaThi,

Pabora cxemsl

IIpuHIUMIHATBHASA CXCMa YCTPOCcTBa NpecTaBieHa Ha puc. 4.4. Kaxaprit
HI'POK pacnofaaraeT KHOIKOH-BBIKAIOYATE/CM. HpH nojpaue HanpaxceHm[

&, &

EGT‘%peEUKO %L —_ é
b

sa1-| | r?|— SB2

R3 fJ : o ﬁg] R4

Puc. 4.4. Mpunynmianstas cxema «31eKTpoHRoro apbuipar
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NUTaHKA CXeMa HAXOAUTCS! B HeHTPaJbHOM COCTOSIHUMY, TAK KaK Ha Hazax
000X TPaH3UCTOPOB HeT HanpKennd, Baaroaapy peaucropam R3 u R4
06a TPau3MCTOpa 3aKPBITH M HU OJIHA U3 JIaMIT He TOPHT.

Mpy Hakatiy Ha KHonky SB1 notenuman 6asn Tpassucropa V11 craHo-
BHTCS TIOJAOKHTEABHBIM 33 CYeT pearcropa R1, TPaH3HCTOp OTKpHIBaeTCA
1 HaxoAAIasics B ero KOJIeKTOPHOH 1lelM HiAMKaTopHas jJaMnoduka Hi
3aKUTAETCA,

Ecau apyro#t Urpok HaxkMeT Ha CBOK KHoilky SB2 ToTuac e Tiocse
3KNTaHHA Hl, HYYero He HpOH30ﬁ,€[ET, Tax KK [HOTEHIHaT KOAJIeKTopa
VT1 6au3ok k Hylto (TpaH3ucTop oTKpHIT), Peaiterop R2 He MosxkeT Bo3-
AelicTBOBaTh Ha 3a0M0KHPOBaHHKH Tpauaucrop VT2

Ecay xe xHonka SB2 OyneT uHpMBeleHa B AciicTine vepBol, To 3ax-
serca Jamra H2, a naMna H1 ocranercs suicionennoil.

TTuTaHne cxeMbl GCyUIeCTBALETCA OT BaTapeiinu wuipsikenueM 4,5 B.

MoHTax ycrpoiicTra

B exeMe Bermosnayoness B, pacenutanibie ua wanpsikenve 6 B utok
60 MA. Bosmoxen norikoll wiplingt: saMinoas na nanpspkende 4,5 B
H 1ok 0,1 A, JlaMue Goansiieii Mongoct 5o usteuinue 10BpeskIeHUs

TPAHIHCTOPOR HJIHMCIEIT §1e CTET,

[N
G/

Puc. 4.5, Yeprex nevaTHOR naaTs «3nexTPOHROC apbuTpas
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L

Bartapeiika @' -

458

Puc. 4.6. MoHTaxHGA CXema eaneKIpoHHoro apbHipas

Puc. 4.7. Brewnwi gu ycTpoAcTsa «anexTponHHm apbuTps

Yeprex nedaTHoM NAATH yeTpolicTBa Npibeaex Ha puc. 4.5. MonTax-
Hasi cXeMa nIpeJicTaB/AeHa Ha puc. 4.6, obuuii Bun yerpoiictea — Ha puc. 4.7,
[lepeuetib aMeMeHTOB AaH B TabuM. 4.2,
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TaBantia 4.2, lNepeyens 3nemMeHTOB CINEXTROHHOTO aPEUTPAY

R1, A2 4.7 kOm +5%, 0,25 Br
R3, R4 0 xlm 15% 02581
VT1, VT2 ZN1TH 2N16£3
KHOMKH C HopMansho
561, 582 PEIOMKHYTHIAM KOHTIKTaMU
H1, H2 6 B/60 MA
2 IATPOHA /M NaMNCNex
2 WTHPEBLIX KOHTAKTA

CEHCOPHbIA BBIKJIIOYATENDb

jIIOﬁbIe BBEIKJTIOUATENTH H3-3a CAOXHOMI TEXHROJIOTHH UX H3rOTOBJAEHHWA, CTO-
AT HEJELIEBO U BECbMa «KaTPU3HBI> B IIPHMENEIIHN,

TIpennaraeMas cxema no3BoJsieT Gojee NPOCTo KOMMYTHPOBATH LETh
¢ TOKOM fopsijika 3 A,

punumn geiicreug

Qcnosoit cxems! srngercs tpurrep tuna R-5 (RESET, SET), xotopetit ne-
PEXOIUT U3 OJIHOMD YCTOHYMBOTO COCTOSMHINE It JIPYIOC, KAK TOABKO HA OJMH
M3 €T0 BXOAOB Yeranobxi Wl ¢bpoca NocTynaer sormdeckuii 0. Coorrer-
CTBEHHO B PESYALTATC 010 BRIXOJL IOCTHINGT BHCOKOIO HJIM HU3KOTO YPOBHA.
B mepsoM cayuae narpysica HOIM0UwReTes € 1allpsi:KCHUI0 THTAHKS.
YnpasneHue TpHITepoM R-5 ocyinecrisiseres ocpefcTBoM 3aMEIKARUS
NIHEM KOHTAKTOB cOpOCca 11 YCTUUIOSKILTPUETC)A ¢ HYEBbIM NOTEHIHATIOM,

PadoTta cxeMel
TIpuHuunuanbHas cxeMa YCTPORCTRA peacTaBIeHa Ha puc. 4.8,

1,5-18 B 1=

Fi

Puc. 4.8. Cxema CeHCOpHOrO BHKMONGTENA
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Humanue ycmpoticmsa

Jins muTaHKMA yeTpolicTBa NMOAXOAUT M0G0l MCTOMHMK NOCTOAHHOTO Ha-
npsenus Beamudroi ot 5 70 18 B. CregoeatensHo, cxeMa MOXeT Mc-
NOAB30BATECA U B ABTOMOGHIE, HALIPHMED, JUIA BKIIOUEHNA OCBEUIeHN,
ABTOMATHUTOJB! AW BEHTIIALHIL

Kongencarop C1 670KupyeT €XeMy OT HMIYJABECHBIX [IOMEX N0 LeNaM
IHTAHUS.

Tpueeep ¢ ceHcopriM ynpasienuem

Peanctopnl R1 11 R2, iMeloue oueHs Goablioe cONPOTHBICHKE, IEpeAa-
10T Ha Bxozs! 1 ¥ 6 soruueckux Bentuneit -HE (D1A u D1B), obpasyio-
MUY TPUTTED, «HAKC> HCTOUHHKA ITHTAHWUA. ITH BXOJbl ABIAKTCA COOTRET-
CTBEHHO BXOAaMM ycTaHoBKM (S) M cbpoca (R) Tpurrepa.

KouTakTsl ceHcopa cocTOAT B3 ABYX AP PaclCN0KeHHBIX PAAOM IPOBOJ-
HHKOB IIJIaThl. I'Ipu NPHKOCHOBEHHH K HHM OMHYECKOE CONpPOTHBIEHUE
KOXH, boJlee HH3KOe, YeM CONPOTHBAeHHE peauctopor R1 u R2, peisbiBa-
eT ageHHe NoTeHUHAAA COOTBETCTBYIOLIEre BXo/Ia TPAKTHYECKH A0 HY 4.
HpIr‘I 3aMBIKAHHM, JaKe KPATKOBPEMEHHOM, KOHTAKTOB, COOTBETCTBYIO-
mux Bxofam S uan R, Buixod 3 TpuITepa AOCTHTAET BHICOKOTO HAM HH3-
KO0 YPOBHeIA.

Yeunenue moxa

Beuruiu D1C u D1D nponssoasT ABOMHOE HHBEPTHPOBAKHE BBIXOIHOTO
CHI'Hasa TpurTepa. CHrHan Ha Bbixofe Bentuaa DD noptopser Aoruyec-
KWH YPOBeHB BHIXOAA TPHITEPA,

Tpanaucropst VT1, VT2 u VT3, Bxnouennbie no cxeme JapauHrioda,
OCYUIeCTBASIOT 3Ha4YHTEABHOE YCHIeHHe Toka. Ha aMutrepe VT3, Takum
obpasoM, MoxeT 6Tk TN60 HyeBo# MoTeHUUAN, MO0 HAM3KHIL K HAnpA-
xeHuo nutanug. [lazgeHne HANPAKEHUA Ha OTKPBITHIX TPaH3HUCTOPaX MO-
MeT cocTasaATh 1,8 B.

Peauctop R3 npeicTasnger HATPYIKY XOAOCTOrO X043, HEOOXOANMYO
A4 U3MEPEHHSA BRIXOAHOTO HANPSAXKEHHS,

MonTax ycrpoiicrsa

Yepresk NEYaTHOI IVIaTh! YCTPOHCTBA NIpUBEAEH Ha PHC. 4.9, MOHTaXHAA
cxeMa — Ha pHC. 4.10.

IIpu MoHTaxke ocoboe BHUMaHHE clelyeT 0OPaTHTh Ha MPABUJID-
HOCTH NOAKAIOYeHHS! KOMIIOHEHTOB, HMeIoMKX NongpHocTh. MHTer-
PaNBHYIO CXeMY Jy4llle YCTAHOBHUTH Ha NIaHeJAbKe, UTO TI03BOJAeT 3aMe-
HATH ee Oe3 BolllavBaHus. Tpansucrop 2N30355 kpenuTcd Ha rutare Mpu
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INTER SENS

o N o

Puc. 4.9. Yeprex nevarHoi nnate com opuioty oY Tens
K ynpaengeMomy
YCTPORCTBY
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Puc. 4.10. MoHTaxHas cxema CeHCopHOIO BHENOYATERS
NOMOWUH BHHTOB M laekx. meHHa [mesartnm X IpoBoalivKoE A0KHA

NpeAYCMAaTPHBATE NMpOXOXAeHHe Toka nopsiaka 3 A. CeHcopHble
KORTAKTbl MOXXHQO CAENATb M3 KalNICASPCKHX KHONMOK MM OOOHHEIX
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Tabmuua 4.3. Mepeyers 3nemMenTOR CEHCOPHOTO BHKMIOUATENR

A1, R2 10 MOwm +5%, 0,25 Br
R3 10 kOm +5%, 0,25 Br
Ci D, 1 Mk MneHOYHLIR
c2 0,22 mx® [INEHCYHBIA
Vi 2NiT1 ZN1613
V12 BD135 8D 137
VT3 2N3055
1) CD4011

{lanenska AN MUKPCCXEMB Ha 14 KoHTakTOR
YeTaipexxoHTaKTHLIA KNEMMHWK RS YCTAHOBKH
Ha MENaTHOR NAATR

3 KHONKKM MNK 000MAHBIX TROIAA

rBo3jieil (BO3MOMKHBL U Apyrie sapMaHTsl). [lepeyeHs aeMeHTOB YCTPOii-
cTBa MpuBesieH B Taba. 4.3.

«U'PA HA TOBKOCTb»

IlpernaraeMasl 3flech Urpa CTPOMTCS Ha 0Oaze HHTErPaiAbHOH CXEMB
CD4011, conepskanieii yerhtpe aByxexoaosbix BeHTiia U-HE.

IMpuunun neiicTaus

Peub HAET 0 TeCTUPOBAHHH pehIeKCoR H ToBKoCTH. HeoOXxoznmo npose-
CTH CII€EUHAJMbHOEe KOHTAKTHOE KOJIBLHO BAOAL FH61{01'0 HpOBOI[HHKa l'IpO-
naBodbHO# dopmbl. [IpuyeM cieaaTh 9To HYXKHO Tak, YTOGB OHH He
COMPHKACATIHCE PYT € APYTOM, MHAaYe pasfacTcsA 3BYKOBOM CUTHAN, Tpe-
PBaTh KOTOPBIL MOXKHO TONBKO HaXaTUeM Klionki cbpoca SB1.

Pa6oTa cxeMbi

Humanue cxemut

Jna nuranua cxemut {puc. 4.11) ucnonvayeres Harapefika Ha 9 B. Ho
YYMTBIBAA, YTO NPUMEHACMad HHTCIPanbliady MUKPOCXeMa OTHOCHTCA
K ceMeficTBy KMOIT, MoxeT nozoilti 1060l MCTOMHYK NOCTOSHHOTO Ha-
npskenua oT 3 go 18 B. CxenMa nouTr He 110TpebASeT TOKA, TAK YTO 310-
DOBBIO TECTHPYEMOTO HHYTO He yrpoxkaeT, [1pu ¢popMIpoBaHHH 3BYKOBO-
IO CUTHAA TOK B lIeNH He NPeBbIUIaeT HeCKOIbKHX MHIHAMIIED.
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Bamopedka
9B
Puc. 4. 11, Flontupinamesag CXema «nrpni 1 108KoCTb»
R-S mpuzeep
On obpasosan BentHasaMk D1C u D1D. ILa vxoje 13 n 8 enTraeit
yepes pearcTopsl R1 n R2 mogaerca Hampsixenne miTaHud. JTH IBa

BX07/la COOTBETCTBYIOT BX0AaM YCTaH