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IMNPEOHCJ/JIOBHE

Hapsiny ¢ pasiuyHBIMM 3JIeKTDOHHBIMM TNpubopamu B HacTosluee
BpeMs ILIHPOKOE pacHpPOCTpPaHEeHHe NOJYYalT IOJyi1pOBOJHHKOBbIE NpH-
GOpBl C YETHIPEXCIOHHOH p-n-p-n CTPYKTypoH. XapakTEpUCTHKH TaKHX
npu6opoB 6JH3KH K XapaKTepucTHKaM ujeaqbHoro kiwoua. Onu obia-
[al0T oueHb GOJIbIIMM (COTHH M GoJiee KHJIOOM) CONPOTHBJIEHHEM B 3a-
NepToM M BeCcbMa MaJsbIM (decsAThble QoMM OMa) B OTNEPTOM COCTOSIHHH.
drtu cBOMCTBA, a TaKXe BHICOKAas 3KCIJyaTallHOHHAs Ha[eXHOCTb,
GOMbIION CPOK C/yxObl, Majble raGapuTh, BHICOKHH K. M. M., C1ocoG-
HOCTb C GOJIBIIOH CKOPOCTHIO KOMMYTHPOBATb 3HAUMTE/NbHble HMIYJbCHBIE
MOLLHOCTH TIO3BOJISIIOT CUHTATh YeThIpeXcJOHHble MOJMyNpOBOLHUKOBbIE
npu6opsl HauGoJee MEPCHEKTHBHBIME J/Ii KOMMYTHDYIOIIHX (IepeKsio-
YaIOLHX) YCTPOHCTB.

YerblpexcioiiHble NMepekaoyaloline npa6opbl yxe cefluac ¢ ycnexoM
KOHKYPUPYIOT ¢ THPAaTPOHAMH, MOIUHBIMH TPaH3MCTODAMH, 3JIEKTpOMe-
XaHUYeCKUMH peJse, MpHYeM CXeMbl C YeTbIPeXCNOHHBIMHM TNONYIPOBOMHH-
KOBBIMM npu6OpaMu, Kak TpaBujo, Gojee NMPOCTHl M COAEPKAT MEHbIIE
3/1eMEHTOB, UYeM aHaJOrHyHble CXeMbl ¢ JPYTHMH MepeKII0YaloIHUMH
npuGopamMu. OnHaKo MHOTHe pafHONIOGUTEJH elle HEAOCTATOYHO 3Ha-
KOMBI CO CBOHCTBAMH YETHIPEXCJIOHHBIX MOJNYNPOBOJAHHKOBHIX MNpHOGOPOB
M cXeMaMH, rfie OHH MOTYT GHITb HcHosnb3oBaHbl. OOGbscHsercs 3To OT-
CYTCTBHEM MONYJISIPHOH pafHOTEXHHUYECKOR JIMTEpaTyphl, B KOTOpOH
6blH 6Bl CUCTEMATH3HPOBAHB TAKHE CBE/IEHHS.

dra Gpounopa B KaKOH-TO Mepe NOJKHA NOMOYb PaJHOMIOOHTENsIM
03HAKOMUTbC C HOBBIMH IIOJYINPOBOJHHUKOBBIMH TnpuGopamu. B wneit
paccMaTpuBalOTCS NPUHUMNBI paGOTbl M XAPaKTePHCTHKH YeThIpexcJoH-
HBIX TMOJYIPOBOJHHKOBLIX NpPUGOPOB, oNHchiBaeTcs pAL MNPaKTHYECKHX
CXeM ¢ TakuMu npuGopaMH, MNPHUBOASITCS pPEKOMeHJauuu 1o BHOOPY
3/eMEHTOB CXeM.

Bpouwrapa npeaHa3HayeHa [J5 TOATOTOBJIEHHBIX pajlHO/IQGHTeNeH.
Ona MOXeT npeACTaBUTb HHTepec M JJs uHTarTenef, paGoTaloWIUX
B 06J1acTH NPUKAAAHOH 3JIeKTPOHHKH.

A. Ky6aranosckud



YCTPOMCTBO U NPHHUUN JAENMCTBUA YETBIPEXCJOMHBIX
MoJqynPOBOOHHUKOBBIX NMPHBOPOB

ITosynpoBOAHUKOBEe NPHGOPHl C YETHIPEXCJIOMHON  CTPYKTypoit
p-n-p-n TpeACTaBJAIOT cO00H ONMH H3 BHAOB YCTPOHCTB, NPOBOJASAIIHE
M 3anupalollye CBOMCTBA KOTOPBIX ONpeleNsiloTCs HaJHYHeM B TOJLLe
MOMYTIPOBOAHUKOBON IJIACTHHBI CMEXHBIX CJIOE€B C PAa3MHYHBIMH THIAMH
npoBoAUMOCTH. Tako#i NpuGOp COCTOMT M3 UepelyIOLUXCS CJIOEB Tpo-
BonuMocteii p u n (puc. l,a). OH MoxeT ObITb NpeNCTaBJleH B BHIE

Puc. 1. CxeMaTHuecKoe YCTPOHCTBO 4YeTHIPEXCJOHHOr0 MOJYNPOBOMHHU-
KOBOTO mpuGopa (a) W NpeAcTaBJeHHE ero B BHAE JABYXTPaH3UCTODHOH
cxeMbl (6, 8).

JBYX TPaH3UCTOPOB (p-n-p U n-p-n) ¢ OObeAUHEHHBIMH KOJUIEKTOPHBIMH
riepexonamu (mepexon IT;) W COeMHEHHBIMU TIO CXeMe C IOJIOXKHTeNdb-
Hoit o6parHolf cBa3pio (puc. 1,6 u 8). Ilpu stom Gasa u Ko/liekTop
TpaHsucropa T COENHUHSIIOTCS COOTBETCTBEHHO C KOJIEKTOPOM H GasoH
Tpansucropa Ta. M3 puc. 1,6 BHAHO, YTO KOMJIEKTOPHBHIH TOK OLHOTO
TpaH3uCTOpPa MPOXOAMT yepe3 Gasy Apyroro, o6pasysi Ielb BHYTpeHHeM
NOJIOXKHUTENbHOH 06paTHOH CBS3H.

O6Go3HayuM uepe3 O; H O KO3(D(HUHEHTH mNepejaud 5MHUTTEPHBIX
TokoB Tpausucropos Ty (p-n-p) u Ty (n-p-n). Ecnu ua 3axumul A u K
nojaarb HeGoabumoe HanpsikeHne Up (MONSpHOCTH €ro mnoKaszaHa Ha
puc. l,a), To o6a smurrepHnx mepexoaa Il; u IT; Gyayr cMelueHbl
B TpsAMOM, a oOwWHil KO.1IeKTOpHEI nepexox /I, B oGpaTHOM uamnpas-
neuusx. Hanpsikenne ucrounuka U, mpakTHYECKH OKaxercs npHIIOXKeH-
HbIM K nepexony IT,.
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Tok Ins, mpoTekawoliuit uepes mepexox [T, mnpeactasasieT coGoit
CYMMY KOJ/JIEKTOPHbIX TOKOB OGOMX TPaH3HCTOPOB H O6paTHOro TOKA
3amepToro KoJsleKTopHoro nepexona Iy, T. e.

Ine='a11 51+ 00l o0+Iyr,

rae I u I,y — smuTTepHble TOKH TpaH3ucTopoB Ty H Ty

Iyy — TOK yTeuku (oOpaTHBII TOK 3alepTOro KOJIIEKTOPHOI'O
. nepexona I1y).

OueBMAHO, 4TO TOKH I51, Jos W [Inp IOMKHBI ObITH OJHHAKOBBHI MO
BeJUUYHHe ¢ TOKOM BO BHewHei nemu I, T. e. [ng=Is1=Is=I, nosromy

I__..IY—"_..
Tl — (g F ap)°

M3 storo BLIpaxKeHHsi BHUAHO, uTo TOK / 3aBHCHT OT 3HAYeHHsA KO-
3¢ }ULUEHTOB @, H Og; OH pe3Ko BO3pacTaer, KOraa cymMMma a;+02
npubaukaercss k enunuue. Iloka nampsxkenme U, Mexay 3axuMamu
A u K HeBennxo, Kos()(HUMEHTH @y H O 3HAUYUTEJbHO MeHblIe eIHu-
uuubl, 1 10K I Man (I=ly,). O6a TpaH3aucTOopa HaXoAATCS B BHIKJIO-
YEHHOM COCTOSIHMHM, H COIPOTHBJIeHHe Mexay 3awkumamu A u K Gonb-
woe (COTHH KHI0OM). DTO COOTBETCTBYET BHIK/IIOYEHHOMY (3amepToMy)
COCTOSIHHIO TpHGOpa, KOTOpOe MHOLNA Ha3blBAIOT COCTOSHHEM HH3KOH
NPOBOJAUMOCTH (BBICOKOTO CONMPOTUBJIEHHA).

CylecTByl0T ABa cHoco6a YyBelHueHHS KO3(h(HUIHEHTOB @ H Co.
HsBectHo, uto Ko3(duuueHT Nepeauyd ToKa 3MHTTepa ILJIOCKOCTHOTO
TpaH3HCTOpa BO3pacTaeT [0 Mepe YBeNHYeHHS HanpsxKeHHs MeXIY
KOJJIEKTOPOM M aMuTTepoM. [losToMy ecan yBelHuuBarb HampsixKeHHE
Uy, To Ko3pduIMeHTs 0 U O, a ClefoBaTeJbHO H TOK [ GyAyT BO3-
pacratb. Ilpu HekoTopom 3HaueHny Hanpsikenus Uy=Uska, rie
Usxn — HanpsixkeHue BKJIIOYeHHs (Tepek/IOYeHHs), OAMH M3 TPaH3HCTO-
poB, HanpuMmep T, HauHeT NepexOAHTb B pexXHM HachilleHus. Kounek-
TOPHBIH TOK 3TOr0 TPAH3MUCTOpPA, NMpoTeKas B Lienu 6asbl BTOPOro TpaH-
sucropa Ty, OTONpPET NOCHENHHH, UYTO B CBOK ouepellb BHI3OBET HOABJIE-
HHe Toka B Lenu 6asp TpaHsucropa T;. KoanekTopHble TOKH 06OHX
TPaH3HCTOPOB JIABHHHO HApacTaloT, KodhGHUHEHTH a; H Gy Pe3Ko
yBeNIMYHBAIOTCA, ¥ 006a TpaH3UCTOpA NEPeXOAAT B PEXHM HACILEHHS.
Conporusienne Mexay 3axumaMu A W K cHuXaeTcsi N0 HECKOMBKHX
pecathix nodeit oma. Ilpu stoMm a;+ime=~1, u Tok / orpaHHuuBaerca
JIMIIb COTMPOTHBJIEHHEM BHeWHefl LemH. DTO COOTBETCTBYET BKJIOYEH-
HOMY (OTNEPTOMY) COCTOSIHHIO YeTbIpeXCJAOHHOro MNOJAYNpPOBOAHHKOBOTO
npu6opa, KOTOpOoe YacTO Ha3bIBAIOT COCTOSIHMEM BHICOKOH NpPOBOAHMO-
CTH (HM3KOro CONpOTHBJNEHHs). Bpemsa mnepek/ioueHus He mNpeBbllIaeT
HECKOJIbKHX MHKDOCEKYIJL.

Bo BK/IIOYEHHOM COCTOSIHHH BCe TpH Tepexoja YeThipexcJOoHHOro
M0JIyNPOBOJHUKOBOr0 NpubOpa OKa3biBAOTCA CMEIEHHBIMH B MIPAMOM
HanpaBJeHHH, W NaJeHHe HANpsKeHHs Ha npubGope CTAHOBHTCH DaBHLIM
HeCKOJIbKUM BOJIbTaM, YTO NPHMEPHO DaBHO TNaJeHHI0 HanpskKeHHs Ha
O6GLIYHOM KpPEMHHEeBOM [AHOJe, HAXOJfAIIeMCS B COCTOSHHH HachllleHHUA.

Bropo#t cnoco6 ysenuueHusi KoathGhHIHEHTOB O; H Og NCHOBAH Ha
TOM, YTO B KDPEMHHEBBIX TPAH3UCTOPaX KO3(PdHIMEHT o B 3HAYHTENIbHOMH
Mepe 3aBHCHT OT TOKa 3MHTTepa; OH GbLICTPO BO3pacTaer Npu YBeJH-
uyeHHuH 3TOro ToKa. Ilo3TOMYy UeTHIpeXC/MOMHBIN MOJYNPOBOJHHKOBBIH
npu6op MOXKHO MepeBECTH BO BKJIOYEHHOE COCTOSIHHE, eC/H MPONYCTUTDb
TOK B Uenu 6aspl OjHOro u3 TpauaucropoB. OGbIYHO B 3TOM mNpuGOpe
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BbIBOJ [AenawT OT cpefHeil o6nactu p (6asa TpaHsuctopa T2). B atok*
cnyyae ANs MepekNtoYeHUs 4YeTblpexcNoiHOro noaynpoBOLHWKOBOIO Mpu-
6opa uepe3 uenb 6a3a — amuTTep (TpaH3ucTop [2) Heobxogumo mpo-
NyCTUTb TOK MOMOXWUTENbHON MNONSAPHOCTH.
Ob6a paccMOTpeHHbIX crnocoba yBenuYeHMs KOIPHULMEHTOB a Wuc-
nonb3ylTcs  ANA  BKAOYEHWS  YeTbIPeXCNOWHbIX  MONYNPOBOLHUKOBbIX
npu6opos.
KpaiiHlolo 06nacTb p, K KOTOPOW NOAKMOYEH Mo-
NOXUTeNbHbIA nonc uctoyHnka UO, B fanbHeillem
Mbl 6ydeM Has3blBaTb aHogoM [, KpaiiHiol o6nacTb
M, K KOTOPOW MOAKMIOYEH OTpWLAaTeNbHbIi MNOMC UCTOY-
Huka katofom K, a BbIBOA OT cpefHeli obnactm p
y npasnawwmnm 3anektTpogom Y. EcTectseHHo,
a) 6) uTo AnA 4eTbIPEXCNOHOTO  NOAYNPOBOAHUKOBOTO  Npu-
6opa Takue oOnpedeneHWs HOCAT YCNOBHbI XapakTep,
0fjHaKO UMK YAOOGHO NONMb30BaThHCA MPU OMUCAHUKU pa-
Puc. 2. YcnoB-  60Tbl CXeEM C 3TUMK mpubopamu.
;('gsme "'30353j CneflyeT OTMeTUTb, YTO TEPMWUHONOrUA, CBs3aHHas
ctopa (@) w C YeTblpexcnoiHbimMu npu6opamu p-n-p-n, A0 HacTos-
Tupucropa ~ (6). Lero BpeMeHU BecbMa pa3HoobpasHa. B nuTepatype
MOXHO BCTPeTWTb, Hanpumep, Takue Ha3BaHWA: YeTbl-
PEXCNOMHbIA  AWOA, NepeknlovawwWwmnii  ANoL, AW-HUCTOP, KPEMHMWEBbIN
ynpaBnsemblii BEHTWAb, YNpaBnsembiii Auod, Tupuctop u fp. B aToi
6poltope  [BYX3NMEKTPOAHble  YeTbIpexcnoliHble  NOAYNpPOBOLHUKOBbIE
npuéopbl Mbl 6ydem Ha3blBaTb JUHUCTOpamu  (cokpaweHHo [),
a TPexanekTpoAHble —Tumpuctopamu  (cokpaweHHo T). YcnosHoe
n306paxKeHne YeTbIPeXCMOWHbIX MNOAYNPOBOAHUKOBbLIX NPMOOPOB MNOKasa-
HO Ha puc. 2.

Puc. 3. O6wwii Bug guHuctopoB (228 v [227) w TupuctopoB (4235 n [238) oTe-
YeCcTBEHHOr0 MPOV3BOACTBA.

UeTblpexc/oiiHble  MOMYNPOBOAHWKOBbIE MpuUGOpbl  (AUHUCTOPBI U
TUPUCTOPbLI) M3FOTOBASAIOTCA M3 KPEMHMsl, uTO 06YCNOBMEHO, BO-MepBbIX,
CUNbHOW 3aBUCUMOCTLIO B KPEMHWEBOM MNpuGope Koah(MMULUMUEHTOB a oOT
NpoTeKaloLlero 4Yepes Hero ToKa W, BO-BTOPbIX, BO3MOXHOCTbIO MOAYYUTh
nepexofbl Mpu 6GOMbLWIMX MO CPaBHEHMIO C TrepMaHWeBbIMU MpuGopamu
HanpsXXeHnsx.



Kaxnabii Takofi npubop CMOHTHPOBAH B TEPMETHUHOM MeTasliHue-
CKOM KOpNyce, MpedOXPaHAIOEM ero OT BHENIHHX BO3AEHCTBHH H
o6GecneunBaolieM HeOGXOAMMbIA TemiooTBon npu pabore. B mpubopax,
paccuHTaHHLIX Ha cpefHne ToKu Gonee 100 ma, aHOZAHBI BHIBOX OGLIYHO
BBINMOJIHSIETCA B BHAE 60JTa, COENMHEHHOro ¢ KopnycoM. Buewnuii BuA
HEKOTOPBIX THIOB IHHHCTOPOB H THPHCTOPOB OTEYECTBEHHOrO NMPOH3BOA-
cTBa MOKaszaH Ha puc. 3.

BOJIbT-AMNEPHBIE XAPAKTEPHCTHKH
YETBIPEXCJIOWHBIX NPHEOPOB

PexxuM pa6OThl UETHIPEXCIOHHBIX IOJYNPOBOIHUKOBBIX NPUGOPOB
XOpOIIO MJUTIOCTPHPYETCS HX BOJbT-aMIePHHIMH XapakTepucTHkamu. Ha
pHC. 4 TpHBefleHa TUNIOBAs XapaKTepHCTHKA JMHHCTOpPA. 3Jech mo ro-
PH30HTAJbHOM OCH OT/IOXKEHO HampsiKeHue 4 (MeXAy aHOAOM H Karo-
IOM JTHHHCTOPA), a 1O BEepPTHKAJbHOH — TOK [ yepe3 JAHHHCTOP. YyacToK
XapaKTePHCTHKH NPH TOJIOXKHTEJbHbLIX HANpsXKeHusx o6pasyeT MNpAMYIo,
a Npu OTPHIATENbHbIX — OGPATHYI0 BeTBb XapaKTePHCTHKH.
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Puc. 4. BoabT-aMnepHas XapaKTepHCTHKa JHHHCTOpA.

VYuyacTok AB XapakTepUCTHKH COOTBETCTBYET BBHIK/IIOYEHHOMY CO-
CTOSIHMIO (B TNpAMOM HamnpaBieHun) JuHucropa. Ilpu HanpskeHud
Unp<Ugxa uepes MOUHHCTOD NpoTeKaeT HeGoJbIIOH ToK yTeukH Ilyr,
BeJMUMHAa KOTOPOTO YKa3biBaeTcss B MACHOPTHBIX AaHHBLIX Npubopa mas
Onpeje/NeHHOro 3HaueHUs npsAMoro HanpsikeHHsi Ugp. IloBbllllenne nps-
MOro HanpfKeHHs He BbI3bIBaeT CYIIECTBEHHOrO yBeJHYeHHS TOKa, NoKa
He OyaeT mocTurHyto HanpsxeHue Upxa. B 3Toll Touxke XxapakrepUCTHKU
(Touka b5) auHHUCTOp mepeKJaIOyaeTcst B OTINEPTOE COCTOSIHHE (COCTOSIHHE
BBICOKOH NDOBOAMMOCTH), €CH TOK B LENH MOXKET YCTaHOBHTbCS GOJb-
e HeKOTOpPoHl MHHHMAJbHON BeJNHYMHBI, Ha3bIBAEMOH TOKOM BBLIKJIIOYe-
HHSA [pmwa. IIpsiMOe HampsiKeHHe, COOTBeTCTBYiOllee TOUKEe 5 Xapak-
TEDHCTHKH, Ha3bIBAETCS HANpSIKEHHeM BKJIOYeHHs (TepeKJIoueHHs)

BKJ-

ITocne mnepexmouenHss pabouasi TOuKa OBICTPO Mepemellaercs Ha
Y4YacTOK XapakTepHcTHKH BI, onpeneisiioliuii BKJIOYEHHOE COCTOSIHHE
npubopa. Uro6bl NOAMepKHBATH JHHHCTOP B 3TOM COCTOSIHMH, uepe3
Hero JMOJIKeH NPOXOAUTb TOK i>Ipuya. Ilafenne HampsukeHus (ocra-
TouHoe Hanpskenue) Uocr HAa OTIEPTOM YETHIPEXCJIOHHOM MOJYNpO-
BOJHMKOBOM IMpHOGope 06bliHO He mnpeBblinaer 1,5—2 8. Ecau npsimoit
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TOK YMEHbWHUTb A0 BeAHUHHB i<lguxx, TO AHHHCTOpP BHOBb BBHIKJIO-
yaercsi. YuacTku AB u BI xapakTepHCTHKH ONpelelsIOT YCTOHYHBOE,
a yuactok 5B HeycroiiuuBoe cOCTOsiHMe JHHHCTOpA. HHBIMH cioBaMH,
NpH ONpeleNeHHbIX HaNpsSXKeHUX M ToKax paboyas Toyka MOXKeT
NPHHIHKMHAMLHO CKOJb YFOAHO JOJroe BpeMsi HAaXoJAHTbCSA Ha YuyacTKe
AF wnu BI, a craTHuecKOe COCTOsIHMe [MHHUCTOpA, NMpPH KOTOPOM Gbl
paGouass TOuKa pacrnosarajnach Ha ydyacTke BB, HeBO3MOXHO.

Ecnu Ha uyerblpeXcJONHBIN NOMYNPOBOAHHXOBBIA Npubop noaaTh
HanpsixkeHHe oOpaTHON MOJADPHOCTH, TO 064 KpaHHHUX Nepexofa OKaxXyT-
cfl CMelUeHHbIMH B HeNpOBOAALLEM HanpaBJeHHH, U O6paTHBIN TOK Oynmer
oueHb Max. Korma 3To HanpsixeHuwe cTaHeT paBHbIM 0OGpaTHOMY mpo-
6uBHomy HanpsikeHHI0 Uoop mpos WM TPEBLICHT €ro, TO HAaCTYIHT
npo6oil, KOTOpbiil, eciu akTHBHOE CONPOTHBJEHHe BHellHell Lienu malo,

A
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Puc. 5. BosabT-amnepHble XapaKTePHCTHKH THPHCTOpPAa NpPH Pas3uy-
HBIX TOKax B I€NH YNpaBJsiioUlero 3JjeKTpoia.

Y=

npuBefeT K paspyuweHuto npubopa. ITostoMy monaBaTb Ha Takue IpH-
Gopbl fHaxe Ha KOPOTKOe BpeMsi HanpsikeHde, 6auskoe K Uggp npo6s
HeJsb3 4.

CyllecTBeHHbIl HENOCTAaTOK [JHHHMCTOPA 3aK/MI0UaeTCss B HEBO3MOXK-
HOCTH YNpPaBJATh BeNHUHHON HAMpFAMXKEHHS BKAOYeHH’. 3HAUHTENbLO
GO/IBIIMMH CXEMHBIMH BO3MOXKHOCTSIMH 06J1aflaloT THPHCTOPHI.

Ha puc. 5 noxasaHo cemeiCTBO BOJILT-aMNEPHBIX XapaKTEPHUCTHK
THPUCTOPA TpH PA3MHYHBIX TOKax [y B Lemu ynpaBJ/sIoOLIero 3/1eKTpoaa.
3aech kpuBasi npu Toke [y=0, aHAJOrHYHAsi PacCMOTPEHHON XapakTe-
DPHCTHKe JHHHCTODPA, COOTBETCTBYET OTK/IIOUEHHOMY YNpaBJSIOLEMY
anekTpoay. Ilpu yBemuueHMM TOKa YNpaBJ/ISIOLIETO 3JMEKTPOAA Y4acTOK
AB xapaKTepHCTHKH YKOpauMBaeTCH, H HaNpsiKeHHe BKJIIOYEHHs (repe-
K/lloueHns) mnoHmxkaerca. Ilpu nocrarouHo GOJbIIMX TOKaX, Hanpumep
npu Toke I”’y, y4acTOK XapaKTepHCTHKM, COOTBETCTBYIOLIMH 3amepToMy
COCTOSIHHIO TpuOOpa B NPSAMOM HampaBJeHHWH, Hcue3aeT, H BoOJbT-aM-
nepHast XapaKTepHCTHKA THPHCTOpA CTAHOBUTCS TAaKOH JKe, Kak o
y OGBIYHOTO KPEMHHEBOT0 BEHTHJIS.

YnpaBasiloluil 3JeKTPoJ THPHCTOPA HrpaeT poflb CBOeoGpasHOro
«TOAXKUTAIOIIETO» 3/1eKTPOAA aHAJOTMYHO JEHCTBHIO CETKM B THUpPATpoO-
He). Ilocne BKJIOYEHMS THPHCTOPA TOKOM YNPABJISIOLIEr0 3J1€KTPOAa
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TOCJAe R TepsieT CBOW YNpaB/AlIlHE CBOHCTBA, W YTOGHl BHOBb BbI-
KJIOYHTb THPHCTOP, HEoOXOAHUMO YMEHbIIHTb MNPSMOH TOK HHXKe Belu-
4HHbl [pyxa. THPHCTOD MOXKET BKJIIOYATbCA TNPH NMPONYCKAHMH B LeMH
yIpaBJSIOLIEro 3/1eKTPORa UMIYJAbCOB TOKA JJIHTEIbHOCTBIO BCEro JIHIIb
HeCKOJIbKO MHKPOCEKYH]I.

Cnoco6 Nepek/IOYeHHS THPHCTOpPA MO Heldd YNPaB/AIOLIEro aJekK-
Tpojxa uMeeT GOJbllHe NMpeHMyllecTBa. Bo-nepBeIX, OH NO3BOJMAET yNpas-
JATb THPHCTOPAMH, HANpsKeHHe INepPeKIIoYeHHss KOTOpbX GoJblie Ha-
NpsiXKeHUsl NHTaHuA. Bo-BTOPBIX, 3TOT cnoco6 JaeT BO3MOXKHOCTb KOMMY-
THPOBaTb GOJIbIIME MOLIHOCTH MAaJIOMOLIHEIM YNPaBJSIOUIMM CHTHAJIOM
(K03()UIHEHT yCHJIeHHsI N0 MOLIHOCTH MoJyuyaeTcs nmpumepHo 104—105).

BaxHo#t 0cOGeHHOCTBIO YETHIPEXCJOMHBIX MOJYNPOBOAHHKOBEIX MpH-
6opoB fIBAfETCS HX CNOCOGHOCTE paboTaTb B UMIYJbCHBHIX peXHMax
¢ TOKaMH Inp mmn, 3HAUHTENbHO TNPEBLIIAOMMME HaWGOJBILHA NPAMOH
MOCTOSIHHBIA TOK Inp maxc. DTO MO3BOJSIET NMpPW MOMOLIM TaKHX npuo-
pOB TepexaoyaTh GosbliHe HMIyJabcHble MowHocTH (10—15 k8T u 6o-
nee).

CIIOCOBbI BKJIOUEHHS U BBIKJIOYEHUSI NMPUBOPOB

B GonblMHCTBe CXeM YeTHIpEXCJIOfiHble MOJYNPOBOAHHKOBbE MpH-
60pbl BBIMOMHAIOT (YHKIHIO HMIYJbCHOTO KJKOUa, T. €. NepeK/II0yaTest
M3 OJHOrO COCTOSHHSI B JpPYyroe INOCPEJCTBOM MYCKOBBIX HMIYJIbCOB.
OcHoBHble TpeGoBaHHSA, NpeNbsABJfeMble K Takuv MNpuGopaM B 3THX
cXeMax, 3aKJIOYalOTCSi B HAJeXKHOCTH COXPAHEHHS BBIK/IIOUEHHOTO HJIH
BKJIIOYEHHOTO COCTOSIHUS H GBICTDOM IepeXojie H3 OJHOro COCTOSIHUS
B Jpyroe npx Mojaye HANpsixKeHHs MepPeKII0Yaloilux (MyCKOBBIX) HM-
nyabcoB Unycex.

I HajexXHOro COXpaHEHHS BBIKJAIOYEHHOro (3anepToro) cocros-
HHsA Heo6XO#uMo, uyroObl NpsAMoe HanpsyKeHHe Ha npubope Upp<<
<< (0,7+0,8) Upxn. I'apanTHpyeMoe mnacmOpPTHHIMH NaHHBIMM HAMpsixke-
uie Upp 111 NAHHOTO THNA YETHIPEXCJIOHHOrO MOMYNPOBOXHUKOBOIO
npu6opa oGLIYHO COOTBETCTBYET 3TOMY YCJIOBHIO.

Junucrop mnepefileT M3 BBIKJIIOYEHHOrO0 BO BKJIOYEHHOE COCTOSIHHE,
eclH TNPUJIOXKEeHHOe K HeMy NpsMOe HanpsKeHHe MPEBLICHT HaMpsKeHHE
BKMOUYeHHA, T. e. Npu Unp==Uska. Ilpu HanmpsKeHHuH HCTOYHHKA
nurauua Up<<Uspxn Nepek/IOYeHHe MOXKeT OCYIUIECTBIATbCA NyTeM MO-
Jlaud HMIYJbCHOTO MNycKOBoro HamnpskeHHA Upycx COOTBeTCTBYIOLLEH
NOJISIPHOCTH; CyMMapHO€ HanpsixkeHHe Mex/y 3JeKTPOJaMH B 3TOM CJay-
yae JO/KHO yHoBAeTBOPATL ycnoBu0 Up+ |Unyex| = Uska.

Ha puc. 6 npuBeseHo HeCKOJbKO cXeM C JIMHHCTOPAMH, NepeKJio-
yaeMblX HMIYJbCaMu pasauyHoil moaspHocTd. IlocsemoBaTenbHoe BKJIO-
yenue o6bryHoro auona (A, Ha puc. 6,8 u 2), AJaA KOTOPOro MoJsp-
HOCTb 3aNyCKAaIOLlero MMIyJlbca HMeeT OGpaTHOE CMelLleHHe, YBEeJIHYHMBA-
€T BXOJHOe CONpPOTHBJEHHE CXeMbl MNpHU BLIKJIOYEHHOM IHHHCTOpE.
Ilpu nepexnioueHnu npuGopa B NpPOBOMsALiee COCTOSIHHe OGBIUHBIN AHOL
He TpEeNsTCTBYeT MNpPOXOXKJEHHIO TOKa 4Yepe3 Harpysky. Eciu meo6xo-
HMMO MMeTb GOJIbIIOE BXOJHOE CONPOTHBJEHHE W NPH OTNEPTOM IHHH-
CTOpe, TO 3aNYCKAIOWHA HMIYJIbC NOJAIOT Yepe3 Pe3ncTop.

Tupucropsl, kak npasuio, paGoTalOT B pexuMe, NPU KOTOPOM CO-
Gnonaerca ycnoBue Uy<Upxa, M TNePEKTIOUAIOTCA U3 HENPOBOASALIErO
B TpOBOAfIee COCTOSIHUE Mofayedl B ILeMb YNPABJSIOLIEr0 3JeKTpona
umnyabca Toka. IIpu 3TOM BKMOYEHHE THPUCTOPA NPOHUCXOLHMT C HEKOTO-
pbIM 3anasjgbiBaHneM. BpeMsi BK/IIOUEHHS Tpxx THPHCTODA MOXHO pas-
GHTb Ha /lBa HHTeDBaja: BPEMs 3alePXKH T, (HEOOXOAMMOe OJs Ha-
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Konuienusi B 6a30Bofi 06JacTH MHHHMAJbHOTO 3aps[a, JOCTaTOYHOTO MJIA
Pa3BUTHA JaBHHOOGPA3HOrO Npollecca) M BPeMs YCTAHOBJEHHS Tycr
COCTOSIHHSI BBLICOKOH NPOBOAMMOCTH. YPOBHH, MO0 KOTOPbIM NPHHATO IPO-
M3BOAHTb OTCYET YKAa3aHHBIX HHTEpPBaJ/IOB, MOKAa3aHH Ha puc. 7.

Q) 6)

*Uy *y +Up
R, nyen 4,
Z/,,y[,, 4,
Ay
R
4, ”

6) 2)

Puc. 6. CxeMbl BKJIIOYEHHS AHHHCTOpA.
a M &-— 1JA BKJIOYAIOlero HMINYJabca IMOJOXKHTENbHON Mo-
JNAPDHOCTH; 6 W 6 — A/ BKJIOYAIOIlero HMIyJbca OTPHLA-
TeJbHOH MNOJNAPHOCTH.

Ilnsi HajeXHOro NepeKMIOYeHHs: THPHCTOpA HEOGXONMM 3amycKalo-
IWHA HMOYAbC AJHTEJBHOCTBIO Tmycx>Ts. IIpu G6abmux Tokax [y
B LNy YNpPaB/sAIOUIero 3/1eKTPoAa BpeMs T, HECKOJbKO COKpallaercs H,
C/lefl0BaTe/bHO, MJIHTENbHOCTb 3aMyCKalOWlero HMIYyJbca MOXKeT ObITb
ymenbuleHa. Ilo sKcnepuMeHTaNbHLIM JaHHBIM, HalpuMmep, NS THPH-

3§

Ly 1

Yo

L H
“‘L: Tayen, b

Puc. 7. Tpaduk, HATIOCTPHPYIOLIHA
npolecc BKJIOYEHHUS THPHCTOpA.

cropoB TumoB JI1235 u J1238 npu
MaKCHMa/JbHOM YINpaBidiollieM TOKe
Iy.maxc IJIMTENbHOCTH 3amycKalolle-
ro HUMIyJabca IOMXKHa GbITb He Me-
Hee 1,5—3 mxcex. Ucrounuk samy-
CKAIOLHX HMNYJbCOB HOJIXKEH 006-
Jajatbh AOCTATOYHO HHU3KHM BBIXOJ-
HbHIM CONMpOTHBJIEHHEM, 4TOGH oGec-
MeYdTb  HEOGXOAHMYIO  BeNHYHHY
ynpaBJfiollero TOKa.

IBe cxeMbl nojaud 3amyckaiwo-
IHX MMIYJbCOB MOKa3aHbl Ha pHC. 8.
B cxeme Ha puc. 8,0 eMKocTh pas-
Bsi3bIBalolllero KoHjeHcatopa C (ec-
JH Heo6GXOAMMO ero BKJIOYEHHE)
Jlo/KHA OBITb TaKOH, YTOOHI K KOHILY
HefiCTBHS NYCKOBOTO HMINyJbca B
Ueny  ynpasjsiollero  3/JeKTpona
nopfepxuBagcas Tok Iy= Iy wun.
OOGbIYHO €MKOCTb 3TOF0 KOHJAEHCATO-
pa BoiGupaloT B npepmenax 0,03—

0,1 mrg. Ouon J npenoTBpallaeT NOsIBJIeHHE OTPULATEILHOTO HMIYJbCA
Ha YNpaBjsiolleM 3/eKTpoie THpucropa T mnpu paspsie KoHIAeHcaTopa
C. Tlocneanufi MOXKHO He BKJIIOYaTbh, CJH Ha BBIXOJEe HCTOUHHKA 3amy-
CKAIOLIHX HMMYJbCOB B May3ax MexJAy HMIY/IbCAMH HeT MOCTOSHHOIO

HampsiKeHH .
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Hna orpaHuuenusi Toka Iy no GesomacHoro Ijis THPHCTOpa 3Hauye-
HHS B Llelb YNpaBJSAIOILEro 3JeKTpoaa (npu HeoGXOLHMOCTH) pEeKOMeH-
Ayercsi BKJIIOYaTb PEe3HCTOP Rorp CONPOTHBJIEHHEM B HECKONbKO HecAT-
KoB oM. Pe3ucrop Ry comporusieHueM 0,5—3 kom oGecneyuBaeT raib-
BAHHYECKYIO CBfA3b YIPAaBJ/IAIOLIEr0 3JEKTPOAAa C KaTOLOM THDHCTOpA.
IMpr uHHAYKTHBHOH Harpyske mJsi HajeXHOro BK/oueHHs npubopa
uesecoo6pasHO IIYHTHPORATb 3Ty HArpy3Ky DE3UCTOPOM, CONpPOTHBJEHHE

*Up *Up

c & T

o—{=<:: : 7
i l:/ Tﬂyc‘/v R, Y 4 :ﬂ ,"-ﬁyll( l
- o

a) - ¢)

Puc. 8. CxeMbl BKJWYEHHS THPHUCTOpA.

a — yepe3 KOHAEHCATOD CBSI3U; O — yepe3 HUMINYJbCHbilf TpaHC-
¢dopmaTop.

Rezp

»

KOTOPOTO HOJIXKHO GBITh CYLIECTBEHHO GOJbllle AKTHBHOIO CONMPOTHBJIE-
HUA HaArpy3Ku.

Jl1s mepek/IOueHHs UYeTHIPEXCJOMHBIX MOJYNPOBOAHHUKOBHIX NpHGO-
poOB BCeX THNOB M3 OTHNEPTOr0 B 3anepToe COCTOSAHHE HEeOGXOAUMO,
uro6bl OpPAMONH TOK [gp OB MeHbllle TOKa BLIKMIOUEHHA, T. e. Inp<<
<Izuxa (A8 THPHCTOPOB B 3TOM cCJIyyae ympaBisiomuit Tok [y mo.1-
KeH ObITb paBeH HyJo). ITpakTHuecKu BHIKJIIOUEHHE
OCYILeCTBJsIeTCSl ORHMM M3 CIeAyIOUIHX CIoCO6OoB: +U,

1) paspbiBoM aHOAHO# uenH; 2) yBelHYeHHEM CO-

NPOTHBJIEHHS PE3HCTOPA, BKJIOYEHHOrO IOCAEN0BA-

TeJbHO ¢ NpHOOpoM; 3) KpaTKOBpeMeHHOH mojaueit £, #
Ha aHoJ HanpsiKeHus OoOpaTHOH MNOJSAPHOCTH. g ¢

[Mocneanuit cnoco6 BLIKAIOUEHUS WITIOCTPHPYET- ¢ ‘ -
cq cxeMmoil ¢ Tupucropom Ha puc. 9. Ilpu oTnHpanuu 4
tTupucropa I HauyuHaeT 3apsikarTbca KouAeHcatop C 4 |-I(~
H uepe3 NPOMEXYTOK BpeMeHH =37, rie T=RC—

MOCTOSIHHAsi BPeMEHH leNu 3apsna, HampsiKeHHe

Ha aToM KoHjeHncarope Uc craHoBuTca GJIH3KHM

K HanpsXeHuio nutanus U, Tlpm HaxkaTuu KHOm-

ki K+ K TUpHCTOpPY OKasbiBaercsi NPHJIOMKEHHHIM E;&géucﬂxe“‘;uﬁj
ob6parHoe HanpsxkeHHe Uosp=Uc, 4TO NPHUBOOHT  cropa c KomMy-
K ero BbK/IOYeHHI0O (KoHeuHo, eciu Uy<Usgxy).  THDPYOUHM  KOH-
Ananoruusas cxeMa MOXeT HCIOJb30OBATbCA H MpH ZEHCATOPOM.
BBHIK/IIOYEHHH JHHHCTOpA.

Ipu TaxoM cnocofe BHIKIIOYEHUsi CJAELYeT NPUMEHSITb YeThIpex-
c/lofilble MOJYNPOBOAHHKOBbIE NPHGODHI, HMeOL[He TapaHTHPOBAHHOE
ob6patHoe HanpskeHne Ugsp~Uyp. EMKOCTb KOMMYTHDYIOLIETO KOH-
nencaropa C fomkHA GOHTb AOCTaToOuHO GOsibINOf, uYTOGH o6paTHOE
HanpsiKeHne Ha MpubGope COXpaHAJIOChL B TeueHHe BpeMeHH, HeoGXoau-
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MOro [Jisl €ro BblKJlOueHMs. JTa eMKoCTh (B MHKpodapazax) Moxker
GbITh HailJleHa H3 COOTHOLIEHHs

InpTamxn
C= —U.

rae Iyp — npsiMoil TOK (TOK Harpysku), a;
Tewxa — BPEMsl BLIKJIOUEHHs1 IpHGODPa, MKCeEK;
Uy — HanpsikeHHe HCTOUHHKA NMHTaHHUSA, 6.

BpeMsi BBIK/IOUEHHS] Tpuxx YETHIPEXCTOMHLIX MOJNYNPOBOAHHKOBBIX
npubopoB pasiensieTcsi Ha JBa HHTepBaja: BpeMsi cllafia Tc NPsSMOro
ToKa Inp 10 0,1/qp U BpeMs Tpoccr, HEOOXOAMMOe AJA BOCCTAHOBJIEHHS
ynpaBJasiiollnx cBoficTB npuGopa. Bpems cnaga oGbiuHO HE MpeBblIIAET
1 mkcex. BpeMsi BoccTaHOBJEHHSI 3aBHCHT OT psja NPuUYHH, HalmpuMep,
Tsocer NPONOPIHOHANBHO TeMNepaType lepexofa M BeJuyMHe IPSAMOroO
TOKa, MPOTEKaBlIero yepe3 NpHGOD HeNOCPEACTBEHHO MNepel ero BbI-

Y +U +{
v ’ ‘lllyt‘ll/ ¢
Ry
(4 R// i
4 ‘z7f
g R Ry []R7

Ay 7P A
R>
Unyex 3 Ry 12 "
02p A
Ry Ry I IRZ

9 9

Puc. 10. CxeMBbl 3amycka MOCJH€JOBaTEJbHO BKJIIOYEHHBIX HeTBIPEXCJHOMHHIX MO-
JIyIPOBOAHHKOBBIX NPHGOPOB.
a — BKJIIOYEHHE MEeNOYKH IHHHCTOPOB; 6 — mepeK/iioueHHe THPHCTOPOB MNpPH MO-
MOLIM MMINYJbCHOrO TpaHcdopmaTropa Tp; 6 — BKIAIOYEHHE THPHCTOPOB MpH
noMoulH KosjeHcaTopa cBsisH Ci.

KJ/IIOUeHHeM. BpeMﬂ BBIKJ/IIOUYEHHU S 1351}(":1:0"'730(;(;1“1:30(;01 TIpUBO-
JIUTCsl B NMacNOPTHBIX HaHHBIX mpubopa.

Ha npu6op B TeueHHe InpoMexyTKa {<Tpuka HEJIb3ss NOBTOPHO
nojaBaTh MpsiMoe HamnpsikeHue. Kak NOKasBIBalOT 3KCMepUMEHTaJsIbHbIE
JaHHble TpPH Mojaye Ha YETHIPEXCJOHHbIE MOJYNPOBOJHHKOBbIE MPHGOPHI
06paTHOro HamnpsiXKeHHs] BPeMs Tpuxn YMEHbIUAeTCA NpUMEpPHO Ha 20—
30%. Ilpogo/KHTENbHOCTD NMpPOLECCa BHIKMOUEHUS Tpmxx ONpeEAeTsieT
MHUHHMAJIbHBIA HMHTEpBal MeXAY ABYMs HOCIefO0BaTENbHBIMH BKJIOYe-
HUSIMH npuGopa, T. €. NMpejeNbHYI0 4acToTy KOMMYyTamuu. HeTblpexciofi-
Hble NOJYNPOBOJHHKOBLIE NPHOGOpPHI MoOryr paGoTaTh Ha 4YacToTax .o
HECKOJIBKUX JIeCATKOB KHJIOTepll.

12



Ecau TpeGyeTcsi yBeJMYHTb KOMMYTHPYEMYIO MOILHOCTb, TO HeoG-
XOJMMO MOBbICHTb HaNps)KEHHE, TaK Kak MNPAMOH TOK YeTbipeXCAOMHBIX
MOJMyNPOBOAHUKOBBIX NpPHOOPOB OrpaHHY4BaeTCsi NpPele/bHHIM TOKOM
B UMIyabce [np umn. YBeJIHUEHHE KOMMYTHPYEMOro HalpsiXKeHHs MOxKeT
6biThb JIOCTHTHYTO TyTeM MOC/TELOBATENbHOFO BKJIOUEHHsi INPHGOpOB,
Kak mokasaHo Ha puc. 10. ITockonbKy conporuBjendsi nmpubopoB B 3a-
[epPTOM COCTOSIHHM MOTYT CYUIECTBEHHO PasJHyaThCsi, TO NpU MNOCJ]eI0-
BaTe/IbHOM HMX BKJIOUEHHM [Jsi BbIpaBHUBaHUsi HANpsiKeHHH Ha OTHeb-
HbIX mpuGopax nocjaeJHHe CJeLyeT IIYHTHPOBATb pesucropaMu (R, R,
R; na puc. 10). Tlpu mocienoBaTe/bHOM BK/IIOYEHHH NPHGOPOB OLHOTO
THIIA 3amepToe cocTosinke coxpausercs, ecmn Up<mUgya, rae m—uucio
npu6opoB. 4

TepekJ/ioyeHne NoC/Ae10BaTENbHOM LEMOYKH NHHHCTOPOB (puc. 10,a)
MOXKET OCYIUeCTBJSATbCS NpH Mojade HaNpsiKeHHsl 3amyCKaIoOLEro HM-
nyabca Unycx =Upixa—(Uo/m) Ha HHXKHHH (MO cXeMe) IHHHCTOP.
Korga 3TOT AHHMCTOP MeEpEK/IoYaercss B OTMEPTOE COCTOsIHHE, Hampsike-
Hue mnutaHus Uy nenautcsi MexAy OCTANbHBIMH [NHHHCTODAMH, H €CJH
Uy> (m—1)Ugpxa, To BCsl LeNb AHHACTOPOB NEPEKJIOYAETCS B NPOBOJs-
ee COCTOsIHHE.

CxeMbl TepeK/aIoYeHHs NMOCAeJ0BATENbHO BKJIIOYEHHBIX THPHUCTOPOB
nokasanbl Ha puc. 10,6 u 8. B cxeme Ha puc. 10,8 3anmyckamouuii UM-
NyJbC MOJAETcsi TOJbKO B LeNb YNDaBISIOUEro 3/1eKTPOAa BepXHero
(Mo cXeMe) THPHCTOPA, BTOPOHl K€ THPHCTOP BKJ/IOYAETCSH HMIIYJIbCOM
3apsiiHoro Toka KoHaeHcatopa C;. Ilpu GosblioM uucie THPHUCTOPOB
(5—6 u GoJsee) 3amyckaiolllde HUMIYJbChl MOTYT I0JAaBaThCs TOJBKO Ha
yacTh M3 HHX; BO3PacTaHMe HaNpsKeHHss HA OCTAJbHBIX THPHCTOPAX
MPUBOJAHUT K CpabaThiBAaHHIO HX, KAaK JBYX3JeEKTPOLHBIX MPUGODOB.

CXEMbl YCTPOHCTB C UETBIPEXCJOWHbBIMHU NMPUBOPAMMU
YCTPOMICTBA C JHMHUCTOPAMU

Hmnyabchplit kmou. [nsi atolt cxembl (puc. 1l,@) HanpsixeHue
MCTOYHHKA NHTaHusi BbIGupaloT u3 ycaoBuss Uo<Usgka. Torpa mpu or-
CYTCTBHH 3alycCKalollero uMmysabca AuHuciop [y BbikmodeH. Ilpu no-

K

+U, *+Up

Ug—ll—c:w ‘
U=
‘U’F,’—"‘:‘

Ay 7

Q)

Puc. 11. KaloueBble cxeMbl Ha JHHHCTODaX.
a — UMNYJAbCHBI# KM04; 6 = WHAHKATOp (CHrHAJH3aTOD).
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7naue JKe MMNYJabca, AMIUVIMTYAA KOTOPOro YHOBJETBOPSieT YCJIOBUIO
Uo+ |Unycx| =Usxa, AuHHCTOD BKIIOYaeTcsi 1l HAarpyska Ry nmomkimo-
yaercst K ucToyHuky nuTaHus. Ecin Uo/Ru>Iswxa, TO CXxeMa OCTaHET-
¢l B TAaKOM COCTOSIHHM L0 TeX Top, Moka He Gyjler Haxara KHomka Ka,
OTKJIOYalollasi Harpy3Ky OT HCTOYHHKA NMUTaHHUS.

TMono6HyI0 CXeMy MOXHO HKCHOJb30BaTh B 3aNOMHHAIOIHX YCTPOH-
CTBaX, B MH/JMKAaTOpPax CYETHBIX YCTPOHCTB, B YCTPOHCTBAX CHUTHAaJIHU-
3amuu ¥ np. B KayecTBe npuMepa Ha puc. 11,6 mpHBeieHa cXeMa MH-
nMKaTopa (curHanusaropa). 34ech Kaxaas CHrHa/ibHas Jamna Jy, J,
unu JI; 3aropaercs NpH NOsIBJEHHH HMNyabca B KaHane [, 2 wan 3.
BbiK/I04aloTCs JaMibl KHONKo# KH.

+ [/0
& AN
L
U(Ull.l'ﬁ %[ﬂ’ c
o~ £ us
Y% ¥ yr
—t—

6)

Puc. 12. TeHepaTopsl NHJI006Pa3HOr0 HaNpsIKEHUS.

a — cxeMa HEeCHHXPOHH3HPOBAaHHOro reHeparopa; 6 — ¢opma BHLIXOLHOTO
HanpsXKeHHS; 8 — CXeMa CHHXPOHH3HPOBAaHHOTO reHepaTopa.

Ienepatop nuaooGpa3noro HampsKenus. Cxema reHepatopa
(puc. 12,a), BHIMOMHEHHas Ha AHHUCTOpE, HIAEeHTHYHAa OOBIYHON cXxeme
penakcalMOHHOro reHepaTopa C HEOHOBOH JaMIIOH, HO HMeeT Jy4llHe
XapaKTepUCTHKH 10 cpaBHeHHIo ¢ noclenneft. Tak, Hanpumep, BpeMms
BBIK/IIOYEHHS] AUHHCTOPA MeHbllle BpeMEeHH MEHOHX3alHH Ta30HaNoJHeH-
HOH (HEOHOBOH) JaMmbl, a NMOITOMY YacTOTa MOBTOPEHHsi B TeHepaTope
C IHHUCTOPOM MOXeT ObiTb MoJyueHa Gojee BBICOKOH (O HECKOJbKHX
necsaTkoB Kuiorepu). ITockonbKy najeHHe HanpsiKeHHs HAa IHHHCTOpE
MeHbllle, YeM Ha Jamne (rge oHo npuMmepHo 40—50 8), To npu ofMHA-
KOBBIX HAaNpsKEHHSIX MCTOYHMKA mnuraHusi U, aMmiuTysa BBIXOZHOTO
HamnpsiXKeHusi TeHepaTopa C AHHHCTOPOM MoJyyaeTcsi GoJblle.

Ieneparop padoraer cieayiomum ob6pasoM. Ilocie BKIOYeHUs: Ha-
npsixeHuss nuranus Up, Koropoe HoMKHO ObiThb Gosbmie Ugyn, KOHIEH-
catop C HauHeT 3apsiaTbcsi yepe3 pesucrop R;. HampsikeHnue Ha KOH-
JeHcaTope GymeT HapacTaTb AO TeX MOp, NMoKa He AOCTHCHET 3HAyeHHs
Uska. B aToT MoMeHT ausucrop /[l Nepek/OYuTCs B MNPOBOAsALIEE CO-
CTOsIHHE M pas3pAAMT KoHAeHcaTop. Ecim comporusseHue pesuctopa R
Boi6pano TakuM, 4T0 Uo/Ri<Isuxa, TO Mocae paspsna KOHAeHcaTopa
JIHHHCTOD BHOBb BEDHETCS B HeNpDOBOAsILEe COCTOSIHHE, H LMK Hepe-
KIoueHusi GyneT NoBTopsiThesi. Pesucrop Ry, << R; BKIWOUEH Ans orpa-
HUYEeHHS] TOKAa paspsja KoHAeHcaTopa go GesonmacHo#l Ajsi AHHHCTOPA
BEJIHYHHBL
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Jlasi monyueHust Xopollel JHHEHHOCTH NMHJI006GDAa3HOro HamnpsiKeHHs
Heo6xoauMo, 4To6bhl Up>> Usxa. YacToTa MNOBTOpeHHs NHI006pa3HBIX
HMIIYJIbCOB OmpefienseTcss GopMyJoi

1
Fe—rrr——,

R1C lnl——'{

rae

‘V=Un|m/Uo-

IMunooGpasHoe HanpsikeHHe u; (puc. 12,6) cHHMaeTcs ¢ KOHMEH-
catopa C, a c pe3ucropa Ry MOXKHO CHATb KOPOTKHE HMIYJbCH U
HOJIOXKHUTEJbHON TNOJISIPHOCTH. EciM Ke BKJIOYUHTb 3TOT pe3HCTOp He
B KaToj JMHHUCTOpA, a MeXAy KOHJEHCAaTOPOM H KOpPIYCOM, TO HM-
MyJbchl Ha HeM OYAYT HUMETb OTPHLATENbHYI0 NOJSIPHOCTb., Takue HM-
MyJbChl MOT'YT HCMOJb30BATbCS, HanpuMep, /IS CHHXDOHH3ALMH CJie-
NYIOLHUX KacKanoB.

I'enepaTop MOXKHO CHHXPOHH3UPOBaThb Ha GOJiee BBICOKOH YacToOTe,
yeM vYacToTa cOOGCTBEHHBIX KojeGaHuH, Mojayefi BHEIIHHX HMIYJbCOB
oTpuuaTesbHol nodsipHocTH (puc. 12,8). Hunucrop [; Gymer nepe-
KJII04aTbCsi B TMPOBOAslLee COCTOSiHHE B TOT MOMEHT, KOI'La aMIVIMTYyIa
CUHXpOHH3upyloulero UMNy/abca Ucunxp U HANpsKEHHE HAa KOHJIeEHca-
tope Uc B cymme npeBuicitT Hanpsikedde Uswia, T. €. Uc+|Ucguxp|=
> BKJ -

Jleautear yactoThl. B mpexpbigyulefi cxeMe HampsiKeHHEe Ha KOHMEH-
catrope C HapacraeT no skcmoHeHTe Eciu B MOMEHT NpHXOxa CHHXpo-
HU3MpYIOLlero uMnyJabca HanpsikeHue Ue TakoBo, uro emwe Uc+
+|Ucunzxp| <Usxa, TO DUHECTOD He BKMIOUUTCHA. COOTBETCTBYIOLIUM Bbl-
60pOM aMILIMTYAbl CHHXPOHM3HPYIOLIUX HMIY/JbCOB B TeHepaTrope Ha
pHc. 12,6 MOXHO H06GUTbCS TOrOo, 4TO JUHHCTOp GYAeT HepeKJII0YaThbCs
He OT NepBOro, a oT BTOPOro, TPETbero W T. J. UMMYJbCA, U HA BLIXOAE
6ynyT mosyuyaThbcsi CyGrapMOHMKH 4aCTOTH BXOMHOrO CHrHaJja.

Ha puc. 13 mpuBefeHa cxeMa TpeXKaCKafHOTO AENUTENs YacCTOTHIL
Ecnn B KaxpoMm kackaje Ko3(pQHIHEHT JeNeHHs Nny=ng=n3=2, TO
4acToTa BHIXOAHOro curHana Fy=1[gF,.

i

R, A, A
U U™ 2
h=2, ] =7, f3=7,
A, 5: f/ 6‘2 é:]
0
7~ ¥4 45
VVVS ¢ £, £, A,
4, ¥
29 Y4, 20

Puc. 13. Cxema JesHTeNsl 4acTOTH HA AHHHCTOPAX,
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MyabTuBuGpaTopnl. CxeMbl MyJabTHBHGPAaTOpPOB Ha JHHHCTOPAx
oueHb TMpPOCTbl; B HHX HCIOJb3YeTC TOJMbKO OAHH KOMMYTHPYIOLIMH
koHgeHcarop. ITocmenHuil 3apsixkaercs Bo BpeMsi OJHOTO M3 COCTOSTHHH
MyJabTHBUGpATOpa, U 3aTeM HampsiKeHHe Ha KOHJIeHCaTope HCIO/Nb3yeT-
csl AJIsi BBIKJIIOYEHHsI OTHEPTOro AMHHCTOPA, KOTJa BKJ/IOYaeTCss BTOpOH,
paHee 3aneprtbili auuucrop. Ilocse 3TOro MyJabTHBHOPATOp NepexXofHT
BO BTOPO€ COCTOSIHHE.

Ha puc. 14,0 npuseseHa cxeMa caMoBO30YyXXAaIOLLErocsi MYJbTHBH-
6patopa. DIeMeHThl ero CXeMbl BLIGHDAIOTCS TAKUMH, YTOOB HJs1 KaXK-
[IOro M3 [JHHHCTOPOB BbinosHANoch yciaoBue Up>Ugyn. PaccMorpum
KpaTko paGoTy 3TOH CXeMbl.

Tlpu BKJIOYEHHH MYJbTHBH-
6paTopa OJHH H3 €ro AHHHCTO-
POB JIOMKEH MepeKMOuHTbCA B
otneproe cocrosHue. Ilpeamoso- Ry
JKHM, YTO TIepBHIM IepeKJIOUHT-
cs punucrop M. Torpa xonnes-
catop C HayHeT 3apsAkKaTbCsl, H
3apAfHbl TOK, MNPOXOAs uepes g, 4,
pesucrop R, CHH3HT Hanpsxe-

HHe Ha AuHHcTOpe [, mpensiT-
CTBYsl TeM CcaMbIM TepeKJioue-
HHIO 3TOro JHMHHCTOPA OLHOBpE-

MeHHo ¢ mepBbiM. Korma nampsi- a)

JKeHHe Ha KOHJEeHCcaTope HLOCTHT-

HeT HanpsikeHHss  BKJ/IOYEHHS Puc. 14. CxeMbl MyJabTHBHGPATOPOB
Usxno aunncropa M, mnocren- Ha JUHUCTODAX.

HHA TIepeKJIOYHTCS B OTHepToe & — CaMOBO3GYXIAMMWHUACH MYJIbTHBH-
cocrostuwe. K mmmmcropy [ 6patop; 6 — XAYWuA MyJLTHBHGDPATOD.
OKaXeTci  NPHIOKEHHbHIM 00-
paTHoe HampsiXeHHe, paBHoe HanpsixkeHH0 Upkag, TaK Kak Ha-
npsiKeHde HAa KOHAEHCAaTope 3a BpeMsi IepeK/MIOueHHs JUHHCTOpa
M, 3amerHo He usMenurcsa. [uuuctop [J; Tpu 3TOM  BBIKJIO-
YATCA, M MYJNLTHBHODATOpP H3MEHHT C30e COCTOsIHHE, KOTOpoe OMNSATb-
Takn Oyner HeycroiluuBbiM. Konpencatrop C mnocre artoro Gyner
Nepesapsizkatbc uepe3 pesuctop R; u auuucrop M, Korma na-
NpsixKeHUe HA KOHJeHcaTope cTaHeT paBHbIM Usxa AuHHCTOpa [, mo-
C/Ie[IHHHA TIepeKJIOYHTCS B OTNEPTOe COCTOsIHHE, YTO INpHBEJeT K BbI-
KaloueHuo auHuctopa [, 3aTeM UMK/ NEpeK/I0YeHUdl MOBTOPHUTCH.

Ilpn onnHaKoBhIX MIeyax MyabTHBHGpaTopa (Ri=Ry=R, Ugxx 1=
=Uspkn 9=Usxa) BHIXOJHOEe HampsiKeHHe MMeeT (OPMY CHMMETPHUHBIX
NPAMOYTOJbHBIX UMIYJbCOB.

Jasi caMoBo36GyX[AeHHsi MyabTHBUGpATOpa, KPOME BBIIOJHEHHS
yeaoBusi Up>Usxa, Heo6xomumo Takke, uto6bl (Up—Usia) /R>Ismxa.

EMkocTb KoHpeHcaTopa C (B Mukpodapajpax) HojxHa yHoBAETBO-
PSATb CIELYIOLIEMY YCJIOBHIO:

TnpTesn
C=—p
0

Yacrora kosnebanuii onpejensiercst no gopmyae

UM R

1
2RCIHITY— )

rae y=Uskx/U,.
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CxeMa kaywero MyabtuBu6paTtopa  (CHycKoBOe  YCTPOMCTBO
C ONHHM YCTOHYUHBBIM COCTOSIHHEM), NMpuBeleHHass Ha puc. 14,6, nono6-
HAa DPacCMOTDPEHHOH cXeMe 3a HCKJIIOYeHHeM TOro, YTO OJHH M3 AUHH-
CTOPOB BbIGHpaercss TaKuM, 4TOObl ero HanpsKeHue BKAOueHHs1 Ugyxx
6outo Goablue Hanpsikenusi nuranust Up. IMycth
C TakuM YcjaoBueM BbiGpan aunucrop [y, T. e. *Up
Usxa 2>Ug>Ugxn1, TOr1a npu  BKIOUEHHH
MyJbTHBHGpaTOpa JAUHHCTOP JI; MepeKJ/IouHTCS B
OTIEPTOE COCTOsIHHE, a KoHaencarop C 3apsjut-
csi po Hanpsxenus Uc=U, MyabTuBu6parop

GyleT OCTaBaTbcsi B TAKOM COCTOSIHHH (KOHEUHO, —

ecmi Uo/Ri>Ismxa1) 70 Tex mop, moka mopa- 4,y Y 4.
BaeMblii Ha pauHHCcTOp [, 3alyckamouwui OTpH- ) T
LaTeJbHBI HMIYJbC, He BXJIOYHT ero. JIMHHCTOD ""‘I‘"‘4
H; npu sToM BHIKIIOUATCA, M KOHAeHcaTop HAa- 4, ¥ oy,
YHeT Iepe3apsikaTbCsi uYepe3  pe3ucrop Ry, 7

auHucrop Mp u oOblunblii puox [Hs moka Ha- N
npsxenne Ha HeM He craHer Uce=Usxar

B stor MomeHT BKMO4YHTCH auHHcTop [y M Puc. 15. Cxema rpur-
BBIK/IIOUMTCA auHHcTOp [, M MyabTHBHGparop — T€P2 Ha AHHHCTODAX.
BepHeTCcsl B HCXOJHOe YCTOHYMBOe COCTOSIHHE.

HnurenpHocTb BBIpabaTbIBAEMOro MYJIbTHBHOPATOPOM HMIyJ/bCa, OIpe-
nensercst 3HayeHUsIMU Ry, C U (y=Uzxa1/Uo):

1
Tenx = R;Cln ﬁa

a BpeMs BOCCTAHOBJIEHHsI CXeMbl, CBSiI3aHHOE C MPOLOJKHTENbHOCTBIO 3a-
pana xounencaropa C depe3 pesucTop R, onpeessercs Kak:

t3z3RZC.

Tpurrep. Ecin ans npexblayuleil CxeMbl AMHHUCTOPHI BhIGpaTh H3
yenoBust Ug<<Upka, @ CONPOTHB/IEHHS DPE3HCTOPOB B KaXKIOM ee ILleye
G6ynyt coorBerctBoBaTh Tpe6oBaHU0 Uy—Usgxa/R>Isxn, To Moayuutcst
cnyckoBasi cxema (puc. 15) ¢ [IByMsT YCTOHYMBBIMH COCTOSTHUSIMU
(Tpurrep). B orTcyTcTBHH 3amycKalolMX HMIYJbCOB 06a AHHHCTOpa 3a-
nepThl. OTpUNATeJNbHBI 3aNyCKAIOUWUA HMMY/AbC BKJAIOYHT ONUH M3 AH-
HUCTOpOB, HanpuMep ), W TpUrrep nepeiifer B nepBoe yCToHuuBOe CO-
crosiiue. Koupnencarop C npu stom 3apsaurca no Uc~U, Caexayo-
IMH OTPHUATENbHBII MMIYJAbC BKJIOYMT 3anepThit jauHucrop M, 1u-
Hucrop i NpH 3TOM 3a CYeT HANpSIKEHHsi Ha KOMMYTHDYIOLIEM KOH-
JleHcaTope BBLIK/MIOYHTCS M TPHITEep NepelfieT BO BTOPOE YCTOHUMBOe CO-
crosiune. TakuM oGpa3oM, cMeHa COCTOSIHHH Tpurrepa OygeT MpPOHCXO-
IUTh TPH TNOJAye KaxkAOro 3amycKamllero HMmyJbca. JJIHTeJbHOCTh
BBIXOJIHOTO HMMIy/Jbca TPUITEPA He 3aBUCHT OT 3ailyCKAaIOWero UMIyJb-
ca, ecad JJHTENbHOCTb INOCJENHero Majia M0 CPaBHEHHIO ¢ TOCTOSHHON
BpeMedn RC. BbiXoJHble HMMIyJbChl TPUITEpPa CHHMAIOTCA C aHOJOB
OJHOTO HJIH 060MX IHHHCTOPOB.

TMonoGuble cXeMbl TPUITEPA MOLYT C YCIEXOM INPHMEHSThcA B CyeT-
HbIX M 3aNOMHHAOLIUXCs siuefKax, NenuTelsX 4acToThl M T. IL

Koabuesas cuernas cxema. Ha puc. 16 npuBesena cxema nsaTucry-
NeHYaToro KOJIbMEeBOro CUeTYHKa, B KaXKAOM KacKaae KOTOPOTo HCHOJb-
3yeTcsl To/IbKO ofiuH JuHHcTop. Hunucropul Hg—/1g BLIGHPAIOT TaKHMH,
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4TO6BI M HUX BHIMOMHANOCH YcaoBHe Ug>Upky. Onuu us puHHCTO-
poB, HanpuMep [, BbiGHpaeTcsi ¢ Golee HHU3KHM, YeM Y OCTaJbHbIX, Ha-
npsiKeHHeM NepeKMIoueHHs.

Ilpu nopaue nuTamollero HanpsKeHus oTonpercst AuHHCTOp Mg
M 3aroputcsi HeoHoBasi Jamna JI;. OcranbHble JHHUCTOPBI OCTaHYTCS
3amepTHIMH, TaK KaK HaNpsKeHHe Ha HUX CHU3UTCSl H3-3a MajleHus Ha-
NpsiKeHUs1 Ha pe3ucrope Ry, U HeoHOBble jamnbl JIp—JI5 He 3aropsitcs.
Koupnencarop C npu sTom 3apsifiUTCs NPUMEPHO N0 HANPSIKEHHs NUTa-
HUS, a HanpsiKeHHe Ha KoHAeHcaTope C; GyeT paBHO HANpsIKEHHIO
B TOYKe @ (MONAPHOCTh HAmMpsiXKeHHsi Ha KOHJeHcaTopax MoKasaHa Ha
puc. 16).

Pesuctop R, koumencatop C u AuHucTop JI COCTaBJASIOT CXeMy
HMIYJAbCHOTO TeHepaTopa, KOTOpPHIl C NpPHUXOAOM 3aNlyCKalollero HM-

Ry
Rf /7/ ﬂ. -/72 fx) -/{'y ‘ ﬂ.’ ﬁ{: no /75 -ﬂ.
- j ri
& Ry s Ay Ry
S _ 02 b/ 4:7 Z’g ; %
'4 A [ o y ) —— —— 1! =-
5 T 14; T va Ay T A5 F
45 2y [ 4g f 4g o2

Puc. 16. KoJblieBasi cueTHast cxema Ha IMHHCTOpaXx.

nyabca BbipabaThiBaeT OTpHLlaTeNbHOE HaNpsKEHHe, MepekJioyarllee
ORHY 3a JpYroil cTymeHH cueT'HKa. HampsikeHue NepeKkMIOYEHHS [H-
nucropa [ suibupawor u3 yenosus Uy<<Usgxa, a CONPOTHB/IEHHE pe3H-

[
cTopa R MOMXKHO OBITh TaKHM, YTOGHI 765130 MeHbllle TOKa BHIKJIO-

YEHHs] 3TOTO JHMHHUCTOpA.

3anyckaromuit ©MIy/Ibe BKMouaer auuuctop J, W B TOUKe @ BO3HH-
KaeT oTpuuaTenbHoe Hanpsikedne Uc=~U, KoTOpOe BHIKJIIOYAaeT JH-
nucrop [s. Ilo Mepe nepesapsima konzencaTopa C HanpsiKeHHe B TOU-
Ke @ NoBbillaeTcsi. DTO HaNpsKeHHe, CYMMHDYSiCb C HaNpsKeHWeM Ha
Konjfencatope C), Nojaercss B NpAMOM HampaBieHuu Ha aunucrop M
u ornupaer ero. Ilpn sTom namna JI; racher, a namna Jlp 3aropaetcs.
Crepyiowuii MMIYJbc BbIKAIOYAeT muHHCTOp [7 M BKIOYAET AUHH-
crop s Takum 06pasoM, Kaxiblii 3amycKaromimii UMIYJAbC BBIKJIOYaeT
OTNEpPTHIH JMHHCTOP M BKJIOYaeT CHelylOUWHA 3a HUM 3amepThil. Ilo-
clefHHi JuHucTOp M1 BK/IOYAeT NepBBIH JHHUCTOP.

Tenepatop crynenyatoro wanpskenws. Ha puc. 17,0 nokasama
CXéMa reHepaTopa, BBIXOJAHOE HaNpsiKeHHe KOTOPOrO HMeeT CTyleHya-
Tyto dopmy (puc. 17,6). HanpsxeHne Takod GopMbl HCMOMB3yeTcs
B PasMYHbIX CUETHHIX ycTpoHcTBax. HampsiKeHHe MCTOYHHKA NHTaHuA
Uy renmepaTopa BHIGMDPAIOT NpuMepHO B 1,5—2 pasa G6oJbllle CyMMbl
HanpsikeHud BKMOUeHHS! Ugxg1+Uskap 060HX ero JHHHCTOPOB.
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Emkocts konnencaTopa C; (Hanpumep, 0,01—0,05 mx) noasxua GbiTb
B HECKOJIbKO pa3 MeHblle eMKOCTH KOHJeHcaTopa C, (unampumep, 0,2—
0,3 mxg).

CenepaTop paboTaer ClelyomuM oGpasoM. B momeHT 3aMbIKaHHS
BHIK/IOUaTeds B HampsKeHne HWcTouHHKa nurtanus U, UenrukoM OKa-
spiBaeTcsi mpuiaoxkenusiM K auuucropy My, ITlockospky ycnosue U>
>Ugxn 1 BbITONHSETCA ¢ 3alacoM, 3TOT AUHHCTOP OTOMpETCH M BKJIO-
GeHHble MOCJeLOBaTenbHO ¢ HHM KoHpaencatopel C; m Cp HayHyT 3a-
psixKaThesi (Lelb 3apsiia KOHAGHCATOPOB MOKAa3aHa Ha cXeMe CIIOIIHOH
numued). TTo Mepe 3apsina KOHIEHCRTOPOB TOX uepes munucrop My 6y-
LeT yMeHbUIATbCsl, M KOTZa OH CTaHeT MeHbllle TOKA BBIKIIOUEHHH, JU-
nncTop 3ampercs. K KOHLY 3apajHOro HHTepBajia HampsikeHue U; Ha
koHgencatope C;  Oymer
CyLLecTBeHHO GoJiblue Hampf-
xenust U Ha KouAeHcaTope
C,, Tak kKak Cp;>C;, a
Ui/Uy=C,/C.

[Ipu BHIKTIOUEHHOM (3a-
neprom) nuHucTope i KOH-
nencarop Cp mouTH He pas-
psixaercs (Uenb  paspsna
KOHJIEHCaTOpPOB MOKa3zaHa Ha
cXeMe INTPUXOBOH JHHHe),
H HampsiXKeHHe Ha HeM IMpak-
THYecKH He usMeHsercd. B To
xe Bpems Kouaencatop Ci
paspsixkaercs yepes Pe3HUCTOP
R,, nanpsixeHue u Ha JHHH-
cTope | ToBblLIaeTCs, H
KOrja 3TO HamnpsikKeHHe JO-
cruraer 3HaueHus Usxay, AH-
Huctop [l BHOBb OTHHpaet-
csi. 3aTeM LHKJ NOBTOPSAETCS.
B pesyabrare Takux cielyio- Puc. 17. Cxema reHepaTopa CTYNEHYaTOro
IHX ONHH 33 APYTrHM UHKJIOB HanpsiKeHHss Ha JuHHCTOpax (@) u dopma
HanpsikeHue Ha KOHJeHcaro- BBIXOAHOTO HampsikeHHs (6).
pe C; cTyneHuaTto Bo3pacraer
[0 HanpsixKeHusi mepekmioyeHuss Usxane Aunucropa Mo Ilpu BKIOYEHHH
nuHucropa [, Konpencatop Cp paspsixkaercs, $opMHpoBaHWe CTyTeH-
YaTOro CHrHaja Npekpaluaercs, U reHepaTop BO3BpalllaeTcsi B MCXOMLHOE
COCTOSIHHE.

ConpoTuBiieHHe pe3ucTOpa R, OMNpefeisieT CKOPOCTb paspsia KOH-
neHcaropa C; H, CcJlellOBaTeJbHO, [JHTENbHOCTb KaXXJZOH CTYNEHbKH.
Ecnu ato conpoTHB/eHHe 3HAuMTeNbHO OoJibllle CONPOTHBJIEHHS, Yepe3
KoTopoe MNpPOHCXOAMT 3apspa KoHpeHcaTopoB C; u Cp (BHyTpeHHee cCO-
NPOTHBJIEHHE OTIepTOro AmHHUcTOpa /), TO GPOHT CTyNeHbKH MOJydaer-
cf BO MHOro pa3 Kopoue ee IJUTeNbHOCTH. Pesucrop R, orpanuuuBaer
TOK pa3psiia KoHaeHcatopa Cp; no GesonmacHoro 3Hauenus. Comporus-
NeHHue Harpy3ku Ry JOMXKHO ObITh HOCTATOYHO GOJMBIUMM  (€IHHHILL
MeroM), 4To6bl NMpPeAOTBPATHTb 3aMETHYI0 YTeUKy 3apsja ¢ KOoHJEeHCa-
Topa C, B mpolecce MOCTPOEHHSI CTYNEHYaTOro CHrHAAA.

AMninTyna Kaxmoi CTyneHbKM BBIXOJHOTO CHCHAla ONpeneasieTcs
BBIPaJKeHHEM

G,

Ci+C.’

AUBux = Un}un
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a MakCHMaJ/JIbHOE YHCAO0 CTYMEHEeK

UBl-(le Cl + C2

n= _—
UBRJII Cl

Ha ocHOBe paccMOTpeHHOM CXeMbl MOXKHO MOCTPOHTb [EHEpPAaTop, KOTO-
pbiii 6bl CHHXPOHH3HPOBAJICS BHELIHHM CHTHA/NOM.

YCTPOHUCTBA C TUPHCTOPAMH

B paccMOTpeHHBIX  BBINIE CXeMax MOXHO  HCNO/b30BaTh  H
TPeX3/1eKTPOHbIe YeThbipeXcAOHHbIe MONYNPOBI/HUKOBbE NMPUGOPHI — TH-
puctopbl. Ilpu sTOM moOsABAAKTCA CchAeAylOllke AOMONHHTENbHEIE Tpe-
MMyllecTBa: BO-TEPBBIX, yNpaB/JeHHe B CXeMax ¢ THPHCTOPAMH oOCYy-
LLECTBJSAETCS HAa HH3KOM YPOBHe HampsiKeHHs MAaJOMOLIHBIM CHIHAJIOM,
H, BO-BTODBIX, PAacUIHPsSETCs AHaNa3soH HampsiXKeHWH, KOTopble MOMKHO
KOMMYTHPOBaTb THPHCTOPOM OJXHOTO THMA.

&

Puc. 18. CxeMa HMNyJbLCHOrO reHe- Puc. 19. Cxema Tpurrepa Ha TH-
paTopa Ha THPHCTOpeE. pHCTOpax.

Hmnyabchblit renepatop. HampsieHue HCTOUHMKA AJIST HMIYJIbCHOFO
resepatopa (puc. 18) BmiGupaor u3 ycaoBus Uy<Ugpyn, a comporusme-

[
HHE pesucTopa R NOMKHO GbiTh TakKHUM, 4TOGHI R <Isuxa. B unrepsa-

JlaX MexJay HMIy/nbcamu KoHmeHcatop C 3apsiKaercs [0 HanpsKeHHS
Uc~U, u 3ateMm GLICTPO paspsikaeTcsi yepes CONPOTHBAEHHe HArpysKH
Ryu w tnpucrop T, xorsa Ha NoC/AeNHUE NOAAETCS 3aMyCKAIOUIHE HM-
nyaec. Ilpu pa6ore remepatopa ¢ pasiHYHBIMH 4acTOTAMH MOBTODEHUS
MMIYJbCOB TOCTOSIHHYI0 BpeMeHH T=(R+Ry)C HyxHO Bbi6HpaThb Ta-
KO#, uTo6bl KoHJeHcaTop C ycneBas 3apsiKaThCsl B TEUEHHE CAMBIX KO-
POTKHX HHTEDBAJIOB MEXAY HMIYJIbCAMH.

Ecan BMmecto kompencaropa C B cxeMy BKJIOYHTH HOPMHPYIOUIYIO
lienb (HampHMep, UCKYCCTBEHHYIO JIMHHIO), TO (OpPMa mMIyJbca Ha Ha-
Tpy3Ke MOJYuHTCA ONH3KOH K mpsiMoyroJbHofi. Ilogo6Has cxeMa reme-
partopa ¢ yCneXoM MOKET HCMONb30BAThCs B 3JMEKTPOHHON CHCTEMe 3a-
MUTaHHs JJIsl \BUTaTeNlell BHYTPEHHErO CrOpaHHus.

Tpurrep. [lpunuun paGoThl Tpurrepa Ha THpHCTOpax (puc. 19)
TaKOH e, KaK M paHee PAcCMOTPEHHOTO TPHITEPA Ha NHUHHCTOPAX
(cM. puc. 15). Tloouepennas nogaya Ha 3aKuMbl I WIH 2 TONOXKHTeNb-
20



HbIX HMMITYyJIbCOB BK/IOYaeT Saﬂeprlﬁ THUPUCTOP, KOTOprﬁ B CBOIO Oye-

pelb BLIKJIIOYaeT OTTePThbii THPUCTOP.
Takass cXeMa MOJXET MCIOJb30BaThCcAd B KauyecTBe MepeK/iouarens

MOLLHOCTH MeXJy ABYMsl Harpy3kaMu Ry; H Ruz BMECTO MeXaHHYECKHX
WIH 3/1eKTPOMEXaHHYeCKHX MepeK/IoyaTeei.

MepekaiouaTear ¢ BpeMeHHOH 3anepxkoi. Takoit mnepexsioyatenb
(puc. 20) BKIIOUAET HArpysKy uepes ONpeJe/NeHHb 3apaxee 3a-
JaHHBIl TIPOMEKYTOK BpEeMeHH IMocje BKJIOYEHHS] HCTOYHHKA IHTaHHS.
Tupuctop T AJsi Hero noAGHPAlOT TakKhM, 4YTOObl MPH BK/IOUEHUH
ycTpoiicTBa OH  Gbll  BBHIKIIOYEHHBIM  (3TO  COOTBETCTBYET  YCJIOBHIO
Uo<Uyxx) Toraa uepes Harpysky OyAeT NMPOXOAHTb JIMLIb TOK YTEYKH
Tupuctopa Iloc/ie BK/IIOUEHHS! yCTpoHcTBa KoumeHcaTop C HauHer 3a-

+Uy Boixod

//angaka

i}

Y
3.

wrln
Puc. 20. CxemMa mnepe-
KJaouaTensi ¢ BpeMeH-
HOI 3ajmepxkKol Ha Puc. 21. Cxema HHBepTrOpa Ha TH-
THPHCTODE. pHCTOpPAx.

psXkKaThCsl, M KOTCAA IlanpsKeHHe Ha lieM JIOCTHTHEeT 3HAdyeHHs Hamnps-
JKeHHsl craGuausanuu crabuantpora [, moc1eqHHH BKJIOYHTCH, H B Ie-
MM yNpaB/SIOIEr0 3JeKTpoia THpHcTOpa OyldeT NPOXOAMTb TOK. TH-
PHCTOp OTOMpeTcs, W Harpyska HOMAK/IIOYUTCH K HCTOUHUKY MHUTaHHS.
Ecan rtok wuarpyski [y>Ipuxa, TO THPHCTOP GyleT BKJIOUEHHBIM [0
TeX Nop, MOKa He OyAeT BBHIK/IIOYEH HCTOYHHK NMUTaHus. Bpemst 3amepx-
KU oTpejensieTcst nocrostiHoit Bpemenu R;C.

Wuseprop. Ha puc. 21 nokasana cxema mnpeoGpasosatens (HHBeEp-
TOpa) NOCTOSIHHOTO TOKAa B MNEpeMeHHHt ¢ BHeWHWM 3anyckom. Ecau
Ha BHIXOJE HHBEPTOPA BKJIOUHTb BHINIPSAMHTENb, TO TaKOE YCTPOHCTBO
VIOKIIO HCMOJIb30BAaTh Kak Npeo6pa3oBare/b MOCTOSIHHOLO HAMPSIXKEHHS.
Tupucropet Ty u Ty B 3TOM HHBepTOpE NMOOUEPENHO OTIHHPAIOTCH, CO37a-
Bass B KaxXJOH TMOJOBMHE MNepBHiHOH 0oOMOTKM TpaHcdopMaropa Ip
NpPSAMOYro/ibHble UMIyAbcbl TOKA. Ha BTOpHYHOH 06MoTKe TpaHcdopma-
TOpa BO3HHKAET MepeMeHHoe HaNpsiKeHHe MPAMOYroibHOH (opMbl. Ilpu
HEOOXOLMMOCTH TOJYdHTh TNepeMeHHOe HanpsiKeHHe, GlusKoe 1o dopme
K CHHYCOHJaNbHOH, BO BTOPHUHYIO OGMOTKY TpaHchopMaTtopa BKJIIOYAIOT
konnencatop Cj. Cnenyer uMeTh B BHAY, 4TO HA KOMMYTHDYIOLEM KOH-
nencarope C cosnaerca Hanpsixesue okoao 2U,.

Kos¢¢uunenr nonesHoro ne#cTBHsI TAaKOro npeo6pas3oBaTesss OKOIO
90%. B kauecTBe 3amyckaroliero ycTpoiictBa 3Y MoxeT GBITb HCHOJb-
30BaH TPaH3UCTOPHBI My/AbTHBHGPATOP.

Peryasrop mewHocTH nepemennoro Toka. Takoe ycTpoficTBO
(puc. 22) wmoxer GhiTb HCNONB30BAHO /I H3MEHEHHS MOL(HOCTH, MO-
CTYNalollei OT HCTOYHHKA NIePEMEHHOro Toka B Harpysky H (Hanpu-
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Mep, LISl U3MeHEHMs SPKOCTH JaMIl, DEryJiupOBAHUA dUHCIA 060poTOB
3JeKTpOBUraTelss H Tp.).

PerysaTop COCTOMT U3 OOBIYHOrO BLIPAMHTENS, co6paHHOro no
cxeMe MOCTa, B AMaroHaiab Kotoporo Bkiloued tupucrop T. IMocnennuit
ynpapasetcsi guuucropoM Us.

B Hauaje KakJoro moJynepxoja INeDeMEHHOro TOKa 3apsj KOH-
neicaropa C pased Hymo. Ilo mepe yBelHYeHHs NEpEMEHHOro Hamps-
JKeHusi OT Hy/Asi A0 aMIVIMTY[IHOTO 3HauYeHHs 3TOT KOHIeHCarop 3aps-
KaeTCA BBHINPAMJEHHHIM TOKOM uepe3 pe3HCTOPH R, u R, Korna Ha-
npsiKeHHe Ha KOHJEHCATOPE JOCTHTHET HANpPAMEHUS BKIIOUEHHS JHHH-
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Puc. 22. Cxema peryJasropa Puc. 23. CxeMa peryjJupyeMmMoro BLINpS-
MOIIHOCTH NepeMeHHOTO TOKa. MHUTeNS.

cropa [s nociefHuit oTonpercs, BMECTe C HHM OTOIPETCA M THPHUCTOP.
KonpeHcarop npu 3ToM paspsajaurcs u GyJeT ocTaBaTbCsl PaspsiKeHHbIM
B TeueHHe BpeMeHM, COOTBETCTBYIOIIEr0 OCTATKy MNOJNYBOJNHbI MEpeMeH-
HOro HamnpsixkeHus (MOKa OTNEPT THPHCTOP).

OTneprhiil THpuCTOp npeAcTaBiser coGofi 3ddeKTHBHYIO Harpysky
I/ BHIIPAMHTeNbHOro MocTa. IIpu 3TOM OH BhI3bIBaeT GOJbBIIOH TOK
B Lleny, NUTaloLleH BHINPSAMUTENb, YBEJIMYHBAs TeM CaMblM MOLIHOCTb
B Harpyske

ITo oKOHuaHMH MNOJyNepHOJa MePEeMEHHOro HaNpsiXKEeHUs THPUCTOP
3anmupaercs, a Ipu CJelylollleM TNOJynepuofe MNpolecc IoBTopsAercs.
UeM MeHblle CyMMapHOe CONPOTHBJIEHHE pPe3UCTOPOB R; U Ry TeM
GbicTpee 3apsKaeTcs KOHJeHCATOp M TeM GOJbiIyI0 4acTb NOJyNepuHona
NepeMeHHOro HanpsixkeHust OyjfeT oTmepT TupucTop. Takum oGpasoM,
M3MeHfisT CONPOTHUB/IEHHe pe3HCTopa R;, MOMXKHO peryJjupoBaTb MOII-
HOCTb, MOCTYNAIOLLYI0 B HAarpysKy.

Peryaupyemblit BoInpsiMuTenb. THPHCTOPEL C yCNEeXOM MOIYT HC-
NO/Ib30BaTbCsl KaK pEeryJaupylolliye 3JeMeHTh B IensAx TepeMeHHOro
toka. [Ipu BbIMOJHEHHH TaKUX (DYHKIHA THPUCTOD [OJKeH BKJIOYaTh-
cs (OTNHPAThCA) NPU MONOKHTEJIbHBIX NOJYNEpHOAaX TepeMeHHOro Ha-
npsixKeHHsi Ha ero aHoje. Eciu MOMeHT Bk/IOueHMs TupHcTopa (HO
yNpaBJsioOLEMY 3/eKTPOLY) He COBNAajaeT C HAyaloM IOJOXKHTENbHOrO
noJynepuona, To oH Gyler NPOBOJMTb TOK TOJbKO B TeyeHHe onpeje-
JIeHHOfl vacTuH noJaynepuona. Mamenss 3agepxKy MoMeHTa BKJIOYEHUS
THPUCTOPA, MQXKHO pEryJupoBaTb NOABOAHMYIO K Harpyske MOLIHOCTb.
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BhiknioyeHue THpPHUCTOpPA MPOMCXOAHT NPH HM3MEHEHMH MOJSPHOCTH Ha-
NpsiXKeHHsl Ha ero aHOAe B TeueHHe cJlelylolllero noJynepHoia nepe-
MEHHOr0 HanpsKeHHs.

3aMeHa B BLINPAMHTENbHBIX CXeMaxX OGBIYHBIX AMOAOB THPHCTOpA-
MH II03BOJIAET pPEryJHpoBaTbh MOLHOCTb, NOCTYMNAWOILYyI0 K Harpyske
nocrosHHoro Toka. Ha puc. 23 nokasaHa MocTOBas BbIIPAMHTENb-
Has cxeMa, B [Ba IuVleua KOTOPOili BKJIOYeHb THpHCTOPbl. st caBura
¢asbl nepeMeHHOro TOKa (OTNMpAIOLLer? THUPHCTOpH) B Ipenenax
0—180° oTHOcuTeNbHO (Da3bl aHOLHOrO HaNpSiXKEHUS B CXEMy BKJIOYeHa
tasocaBuraiomas uenb RC. BriXxonHoe HanpsixkeHue peryaupyercs (oT
HYJs A0 MakCHMyMa) IlepeMeHHBIM pPe3HCTOpOM R.

ITPHJIO)KEHH A

1. 3JIEKTPUYECKHE NAPAMETPbl JUHHCTOPOB
TUNOB N227A—J12271 u J228A—]J1228H1

Tun aHHHCTOpA

Tapamerp J227A | 12276 | 12278 | 2277 | A227 4 | O227E |0 227)K | 12:7THU
JI228A | 1228B | 112283 | 1228T | 12281, | [1228E | 11228 K | 11228U

HanpsixxeHue

BKJIIOYeHHS

Ugyn 8 | 10—20| 14—18 | 20—40 | 28—56 | 40—80 | 56—112 | 80—160 | 100—200

[ BceX 3THX AUHHCTOPOB TOK BHIKNMOUEHHS [puxa<<ld Ma, HaH-
Goabluee obpaTHoe Hanpsixenue Uosp=10 8, o6paTHBl TOK lo6p<<
<{0,5 ma, ocratouyHoe HampsxkeHHe Uocr<<1,5 8, HauGoablmit TOK
B uMmnyiabce Ippmmn=2 a Npu pJurenbHocTH He Gostee 10 mcexk u
Inpmun=10 @ npn pnurenbHoctu He Gojsee 10 mxcex. Tlpu miauTenbHo-
ctu oT 10 mxcex no 10 mcex HauGoabliuii TOK (B aMnepax) B UMIYJbCe
onpefeasiercs no dpopmyae R

Inp umn=12,7—2,7 1g 1y,

rfie Tm — AJIHTEIbHOCTb HMIYJbCa, MKCEK.

HOns puaucropos [227A—J1227H tok yteuxkn Iy, << 100 mka (u3-
MepsieTcsl NpH NPAMOM HanpsxeHud, paBHOM 0,5 Uskn.mun, Halpumep,
aaa punucropa JI227H npu Upp=>50 ), HauGoibluuii TNpAMOR TOK
(nocTostHHBIA) [up.maxe =200 Ma, BpeMs BKIIOUEHHS Tpxy<<0,5 MKCEK,
2?]6{6{ ml;,blKJIlO'-leHl/lﬂ Teuxa<s 10 MKcex, eMkocTs puuucropa Cp<<

Ina nunncropo JI228A—[1228U Tok yteuku ly,<< 60 mka, nan-
Goabliui NpAMOA TOK (MOCTOAHHBIA) [up.maxc=D50 Ma, BpeMa BKaOue-
HUSL Taxa <KO,1 MKCex, BpEeMS BEHIK/IIOUEHHS Tauxa << D MKCEK, eMKOCTb
nuHucropa Cp << 80 ng.

2. QJIEKTPHYECKHE NAPAMETPbl THUPHCTOPOB
THIIOB O235A—235T
[IpsiMoe HanpsixeHue (Npu HY/JEBOM TOKE YNPaBIAAIOLIErO 3JeKTPO-
#a) Unp==40 8 nas tupucropos [1235A u [1235B, a n/ia THPHUCTOPOB
N2355 u O235T npsamoe nanpsxenne Ugp==100 6. Tox yTeuku npu
0,5Uqp He Gosee 1 ma.
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HauGonbumee oGpatnoe nanpsikenne Uosp=40 8 mi1s Tupucropa
J235B 1 Ugsp=100 6 nas tupucropa I1235I. O6patublii Tok He 60-
Jee 5 ma.

Tok BbiKJAIOYEHHs (MpH HYJIEBOM TOKe YNpaBJ/AIOLErO 31ekTPoaa)
IBBIKJI< 100 ma.

HauGonbuiuit npsiMoli NOCTOSIHHBIA TOK Inp maxc=2 @, a HauboJb-
WwHA TOK B uMNyabce Inp umn=10 @ NpH LIHTENIHHOCTH HMINyJbca He
Gosee 10 mcex u cpeiHem Toke no | a. Ilpu eqMHUYHBIX HMIyJbCaX
JUTUTENBHOCTEI0 o 50 mKcex pnonyckaercst aMiliuTyga Toka go 30 a.

OcrarouyHoe HanpsixkeHHe (npu NpsaAMoM Toke 2 @) User <2 8.

Bkumoualouui ToKk yrnpasaswougero siekTpopa [y<<20 ma. Hau-
6o/bLIasl aMIIMTYJa UMMyJbCca TOKAa yNpaBJsiollero ajnektpoaa 350 ma
(npu puMTENBHOCTH MMIysabca He Gosee 50 mcex). He pomyckaercs mo-
JAada Ha yNpaB/AOWHUHA 3JeKTpoj oOpaTHoro HampsixkeHnus Gojgee 1 6.

BpeMsi BKJIOUEHHA Tsxa<<O MKCEK, a BpeMs BBIKJIIOYEHHS:
Tawkn < 30 MKCEK.

Hau6onbwas paccenBaeMasi MOWHOCTb Pyaxe=4 8T (Npu Temie-
patype xopnyca fx=70°C). Ilpu noBbIIEHHH TeMIepaTyphl Kopmyca
or 70 po 100°C HauGoJbluass pacceMBaeMasi MOIUIHOCTb (B BAaTTax)
onpejensercs 1o opmyJe

102 — #4

Pmanc = 8 .

3. 9JIEKTPUYECKHE NMAPAMETPbl TUPUCTOPOB
THUNOB J1238A—]1238E

IMpsiMoe HanpsxKeHHe (Ipu HYJEBOM TOKe YNpAaBJIAIOLIErO 3JMeKTpO-
na) Uyp=50 e nas tupucropos [J238A u J1238T, Unpp=100 & pmas
tupuctopoB J2385 u 23811, Uyp==150 & pas tupucropos J1238B
u J238E. Tok yreuxku He Gojee 30 ma.

HauGonbmee o6patHoe HanpsixkeHHe Uosp=50 & pana THpHCTOpA
1238, Uosp=100 6 mas tupucropa H238I, Uosp=150 @ nns THpH-
cropa JI238E. O6parHblit Tok He Gostee 20 ma.

Tox BBIK/IIOUEHHS (IPU HYJEBOM TOKe YNpaBJsIOLIEro 3/€KTpoja)
Tpuxa << 100 ma.

HauGosbmiuii npsaMol NocCTOAHHBIA TOK Inp maxe=10 a, a Hau-
GosbwMi TOK B HMNyabce Inp umn=100 a NpH AJIUTENHHOCTH UMIYJbCa
He Gosee 50 mkcexk u cpefHeM Toke He Gosee 0,5 a.

OcraTouHoe HanpsikeHue (npu npsamom toke 10 a) Uocr<<2 8.

Bkuioyatonmuit Tok ynpasasioutero asnekrpofa Iy <<150 ma. Hau-
6GoJbliasi aMIVIUTy[a MMIyJbca TOKa ynpasasiollero ajexrpoaa 350 aa.
Haubosbuiee HampsixkKeHHe MeXJy YNPaBJsIOUIUM 3J€KTPOAOM H KaTo-
Iom 5 8.

Bpemsi Bk/IOueHHA Tpxa<< 10 MKcek, a BpeMsi BBHIK/IIOYEHHS
Teuna << 3D MKCEK.

HauGonbwmast paccenBaeMas MOWHOCTb Pyawxe=20 48T (npu TeM-
neparype xopnyca ¢x=40°C). Ilpu noBbllleHHM TeMmepaTypel Kopmyca
or 40 po 100°C HauGosbluasg paccenBaemMas MOLIHOCTb (B BarTax)
onpesensercss no gopmyJe

100 —¢
Pmaxc =TH




OTJTABJTEHHUE

Tpenuciosne . c e e s 3
YerpoficiBo M TMPHHIHI IlEPIC‘DBPIH qe’mpexcnouuux
NOJYIIPOBOAHUKOBEIX mpHOOPOB . . 4
BoubT-amnepHeie xapamepncmxu qubrpexc.uoqurx
npubopos . . . . 7
Crioco6bi BKMIOUCHHS M BLIKIIOYCHH npn60p03 .o 9
CxeMbl YCTPOHCTB C YeThIpeXC/IOMHBIMM TpHOOpaMH 13
YcrpoiictBa ¢ aguHucropamMH . . . . 13
Yerpoiictea ¢ THpHCTOpAMH . . . . . 20
[Ipunoxenus e e e e e e e e 23

Arxos Coromornosuu Kybaanosckuil

CxeMbl Ha ueTbIPpeXcJOHHBIX MOJYNPOBOXHHKOBBIX MpHGOpax

Penakrop ®. H. Tapacos

O6noxka xypoxuuka A. M. Kyswunnurosa
Texu. penakrop T. I'. Ycauesa

Koppexrtop A. 4. Xaranckan

CnaHo B Ha6op 12/XI 1966 r. TMoxanucano B nedatsb 7/1 1967 r.
T-01710 Bymara Trnorpadcekas Ne 2 dopmaTt 84X 1081/5,
Yca. ned. a. 1,26 Yu.-u3a. a. 1,62
Tupaxk 30 000 3k3. Lena 07 xor. 3akas 2703

Hanateasctso ,DHeprus®. Mocksa, JK-114, Illmo3oBast Ha6., 10

MockoBckan Ttunorpadus Ne 10 Tnasnosurpadnpoma
Komutera no neyatu npu CoBere Munnc-rpoa CCCP.
Illnro30Bas uab.,



LeHa 07 kon.



	Обложка 1
	Обложка 2
	Титульный
	Аннотация
	Выходные данные
	Оглавление
	Предисловие
	Устройство и принцип действия четырехслойных полупроводниковых приборов
	Вольт-амперные характеристики четырехслойных приборов
	Способы включения и выключения приборов
	Схемы устройств с четырехслойными приборами
	Устройства с динисторами
	Устройства с тиристорами
	Приложения

