B1. Henw u 3a0auu kypca « Mukposnekmpouuwvie u npeoodpazosamenvhsie ycmpoiicmea. OchogHvie onpeoeieHus 6 MUKpo-
anekmponuke. Knaccugpurkayusa, cucmema ycinoenvix 0603nauenuii, memoowt uzzomosnenusn HUC.

HNuTerpansnas mukpocxema — MC, psaa 21eMEHTOB KOTOPOU BBIITOJTHEHBI

Hepas/IeNbHO U AJIEKTPUYECKH COeTMHEHBI MEXTy cO001 TakKuM 00pa3oM, 4TO C TOYKH 3PEHHUS] TEXHUUECKHX TPEeOOBaHUI, HCIIBITAHUH,
TOPTOBJIM U 3KCILTyaTallud YCTPOMCTBO paccMaTpUBAETCsl KaK OJTHO IIEJIOoe.

[Tox MUKpOCXEMOI TOHUMAIOT MUKPOJIEKTPOHHOE YCTPOKUCTBO, pacCMaTpUBAEMOE

KaK eIMHOE U3/ENHE, UMEIOIIEEe BHICOKYIO INIOTHOCTh PACIION0KEHHS 3JIEMEHTOB 1 (MJIN) KOMIIOHEHTOB, 9KBUBAJICHTHBIX 3JIEMEHTaM
OOBIYHON CXEMBI.

Saement UC (Onement) — gacts VC, peannzyromas GyHKINIO KaKOTO-THOO

MIPOCTOTO JIEKTPOPaTUOdIEMEHTa (PE3UCTOPa, KOHACHCATOpa, TPAaH3UCTOPA, THO0AA), BRIOIHEHHAS HepasaenbHo ¢ kpuctamiom HC.
Kommnonent UC (KoMITOHEHT) — OTIMYAETCS OT JIEMEHTA TOJBKO TEM, UTO JI0

MoOHTaxa 3Ta yacTh MC Obli1a caMOCTOATENBHBIM U3/IeNNeM (MO, TPAH3UCTOP,

Ppe3uncTOp, KOHAECHCATOD).

Kopnyc UC (Kopnyc) — 9acT KOHCTpYKIHH, ITpeHa3HadeHHas st 3ammtsl MC

OT BHEIIIHUX BO3AECUCTBUM U JUII COEUHEHUH ¢ BHEIIHUMHU JIEKTPUYECKUMH LETISIMU OCPEICTBOM BBIBOOB. THIIBI U pa3Mepsl KOp-
ITyCOB ONPEAEIAI0TCA HbIHE IeHCTBYIOIUM

Hoanoxka UC (ITommoxxka) — 3arOTOBKA U3 AUAIEKTPHYECKOTO MaTepHaa,

IpeAHa3HaYCHHAs AJIs1 HAHECCHNUS Ha €€ TIOBEPXHOCTH 31eMeHTOB rHOpuaHbIX VC,

MEKAJIEMEHTHBIX U (MJIH) MEXKOMIIOHEHTHBIX COCMHEHNH, 8 TAK)KE KOHTAKTHBIX

IUTOIIATIOK.

IMonynpoBoanukoBas njacruna (I[lnactuHa) — 3aroToBKa U3 MOIYNPOBOJHHKOBOTO MaTepHaa, IpeAHa3HauYCHHAs! ISl H3TOTOBJIE-
HUS NOaynpoBOoJHUKOBBIX IC.

Kpucrana UC (Kpucramn) — 4acTb HOJIyNPOBOAHUKOBOM IIIACTUHBL, B 00beMe M Ha MOBEPXHOCTH KOTOPO chOpMHPOBAHbI AJIEMEH-
ThI OTYTIPOBOIHIKOBBIX UC,

ME)K3JIEMEHTHbIE COCTUHEHUS U KOHTAKTHBIE TUIOIIAaIKH.

Ba3zossiii kpuctaaa UC (ba3zoBblil KpUCTaLT) — 9acTh MOTYTIPOBOAHUKOBOM

IUIACTUHBI C ONPe/IeIEHHBIM HaO0poM c(OPMUPOBAHHBIX 3JIEMEHTOB, B TOM YHUCIC

NIEKTPUUECKH COSTUHEHHBIX U (MJIN) HE COSAMHEHHBIX MEXAy CO00it, ucromb3yemast 1y co3nanus MC myTeM M3roTOBICHUS MEXI-
JIEMEHTHBIX COETMHEHUH.

KontakTnas miomanka UC (KonTakTHas mumomanka) — MeTaUTH3UPOBAHHBIN

Y4acTOK Ha IOJUIOXKKe, KpucTasuie mwin kopiryce VIC, cayxammuii 1 IprucoeInHEHNS BBIBOJJOB KOMIIOHEHTOB M KPHUCTAJIJIOB, Iepe-
MBIYEK, a TaKkKe ISt KOHTPOJIA ee

IIEKTPUUECKHUX MTapaMETPOB U PEKUMOB.

Beckopnycnasa UC (beckopmychas mukpocxema) — kpuctaint VIC,

npeiHa3HaYeHHbIH U1 MOHTaXa B TnOpuaHyto VIC mii MUKpOCOOPKY.

BeiBoa 0eckopmycHoii UC (BriBo) — mpoBOX, COEAMHEHHBIH C KOHTAKTHOM

iomaakoi 6eckoprycHor C u mpeqHa3HAYSHHBINA IS 3JIEKTPUYECKOTO COSTMHEHHS ¢ BHEITHUMH 3JICKTPUYECKUMU HeMsIMu. BrI-
MOJIHSET TaKkKe (PYHKIMIO OTBOAA TEeIIa.

crenenb uHTerpauuu MC (Crenens HHTErpamym) Kak mokasaress ciokHocTH VC, xapakTepu3yeMBblii UHCIIOM COJIEpIKAIIUXCs B Hel
3JIEMEHTOB U (MJIH) KOMITIOHEHTOB:

K=IgN,

riae K — ko3¢ ¢unnent, onpeaensronuii CTeneH! NHTETPaLuy, OKPYTIIEeMbIi 10

Omkaiitiero OosnpIrero yncia; N — 4iciIo 3J1eMEHTOB M KOMIIOHEHTOB.

K nepBoii crenenun unrerpauuu otnocstest UC, cogepxaue 1o 10 anementos, UC BTopoli creneHn HHTerpauuu coaepxar ot 11 1o
100 31eMeHTOB 1 KOMIIOHEHTOB U T.J.

B nacrosiee Bpemst peanbabl MC 1iecToi cTeneHn HHTETPAIH.

HmeroT MecTo KoimuecTBeHHBIE oneHKH cioxHocTH UC: manas (MUC), cpennss

(CHC), 6ompmas (BUC), ceepxbonpmas (CBUC), cBepxckopoctHas (CCUC), KoTopbie 3aBUCT OT YKCIa SJIEMEHTOB U KOMIIOHEH-
TOB, TEXHOJIOTHH N3TOTOBJICHHUS U

¢yHKIMOHATRHOTO Ha3HaueHus. L{udpposeie 6ompimre MC HachIIeHB! 3JIeMEeHTaMH, KaK IPaBUIIO, BO MHOTO pa3 0oJIbIle, YeM aHallo-
TOBBIE TOTO ke paHra. [Ipu nmpoextupoBannn POA BakHOE 3HaUeHHE MPHOOPETAET MIOTHOCTh YIaKOBKH diieMeHToB MC.
IlnorHocTs ynakoBkn UC (IIOTHOCTH YITAKOBKH) — OTHOILICHHE CyMMBI

aneMeHTOB VIC 1 (MITH) 3IIEMEHTOB, COJICPKALIUXCS B COCTaBE KOMIIOHEHTOB, K 00beMy VC (0e3 yueTta 00beMa BBIBOJIOB).
Knaccudukanus HHTerpajbHBIX CXeM

B 3aBucumocty ot TexHosnoruu usrorosienust IC Moryt ObITh

TOJTYTIPOBOTHUKOBBIMH, IJIEHOYHBIMU MJIM THOPHUIHBIMHU.

Hoaynposoanukosasa UC (ITHC) (IToxynpoBogHUKOBAsS MHUKPOCXEMa) — 3TO

HC, Bce peMeHTHI 1 MEeKJIEMEHTHBIE COeAMHEHNS] KOTOPOH BBITIOJIHEHBI B 00bEMe W Ha MMOBEPXHOCTH MOIYIPOBOAHUKOBOTO Ma-
tepuana. (Tepmun «TBeprmas cxemay, 00pa3oBaBIIUIICS B pe3ybTaTe OYKBAILHOTO MEPEBOJIA C AHTJIMHCKOTO,

Maenounas UC (ITnenounas mukpocxema) —3to MC, Bce 2IIeMEHTHI 1

MEKAJIEMEHTHBIE COCJMHEHHSI KOTOPOI! BEIITOTHEHBI B BUAE TUICHOK. PasnuuatoT

BapuaHThl: ToncTomIeHoYHble MC, TonmyHa IICHOK KOTOPBIX CBBIIIE 1 MKM, 1

ToHKOIUIeHOuHble MIC, ToMNIMHA MIEHOK KOTOPBIX A0 | MKM.

I'mépugnas UC (I'UC) (I'ubpunnast mukpocxema) — ato MC, coneprkamas, kpome




9JIEMEHTOB, KOMIIOHEHTHI ¥ (MJIM) KPUCTAJLIBL.

B 3aBucumoctu ot pyHKIMOHaNBHOTO Ha3HaueHus: MIC ObIBarOT: aHAJIOTOBBIC U

uudpossle.

AmnanoroBas UC (AUC) (Ananorosas Mukpocxema) — 310 MC, npeHazHaueHHas

JUIsl IpeoOpa3oBaHus 1 00pabOTKU CUTHAIOB, M3MEHSIOLIMXCS 10 3aKOHY HEIpEePhIBHON

GbyHKIMN.

Oudpposasa UC (IUC) (Hudposas mukpocxema) — C, ¢ TOMOIIHI0 KOTOPBIX

npeoOpa3yroTcst 1 00padaThIBAIOTCS CUTHAIBL, BRIpa)KaeMbIe 110 3aKOHY JucKpeTHOU ¢pyHKumu. TepmuH «Jlormueckas MCy k nmpume-
HEHUIO HE JIOITyCKAeTCsl.

Amnarnorossie u mudposie VIC BBITyCKArOTCA B BUE CEPHIL.

Cepus UC (Cepust) — coBokymHOCTS THIIOB VIC, 001agarommx KOHCTPYKTUBHOM,

NIEKTPUUECKOI U, IPU HEOOXOJUMOCTH, HH(POPMAIIIOHHOW ¥ POTPaMMHON

COBMECTHUMOCTBIO U IIPEAHA3HAYECHHBIX J/I1 COBMECTHOTO IPUMEHEHUS.

Tun UC — VC KOHKpeTHOTO (YHKIMOHAILHOTO Ha3HAYECHUS U OIPEIECIICHHOTO

KOHCTPYKTUBHO-TEXHOJIOTUYECKOTO M CXEMOTEXHUUECKOIO PEIICHNS], UMEIOIIasi CBOE yCIOBHOE 0003HAUEHHE.

Cucrema ycJIOBHBIX 0003HAYeHUI

B cooTBeTcTBUM € IPUHATON CUCTEMOM yCIOBHBIX 0003HaUeHUil 110

KOHCTPYKTHBHO-TE€XHOJIOTHYECKOMY HCIIOJTHEHHIO BBITycKaeMble cepun VIC femsiTest Ha TpH IPYIIIBL: HOIYTIPOBOJHUKOBBIE, THOPH -
HBIE, IPOYHE.

K mocnenneit rpymme otHOCAT mwieHouHbe VIC, BakyyMHBIC M KepaMHYECKIe. DTHM TPYIIaM IPHCBOCHEI ciexyomme Tudpsr: 1, 5, 6,
7 — momymipoBoauKOBBIE VIC (7 — GeckopmycHble momynpoBoxuukoseie VC); 2, 4, 8 — rubpunnsie; 3 — mpoune UC.

Mo ¢pynxmonansHOMY HazHaueHHIO MIC nmoapas3aenstorcs Ha MOATPYTIITBI

(HampuMep, YCHIIUTEIH, TeHEPaToOphl, MOIYJIATOPHI) M BUABI (HapuMep,

mpeoOpa3oBaTeNid HAMIPSDKCHUA, YaCTOTHI, (asbl).

0O603nauenue C cocTouT U3 YeThIpeX IeMeHTOB. [IepBbiil 37eMeHT — 3T0 nudpa,

COOTBETCTBYIOIIAsi KOHCTPYKTHBHO-TEXHOJIOTHYECKOM Tpynie. BTopoii aneMeHT — nBe-Tpu UuphL, XapaKTepU3yIOIUe NOPSIKOBbIH
Homep paspabotku cepuu MC. IlepBbie 1Ba 351eMEHTa, COCTOSIIIUE U3 TPEX-YEThIPEX IUPP, ONMPEACIIIOT MOJHBIA HoMep cepuu MC.
Tperuii anemeHT (1Be OyKBBI) COOTBETCTBYET noarpymnie u suay MC. UerBepTolit

9JIEMEHT, COCTOSILIUN 13 OJHOM MJIM HECKOJBKHUX LU}P, SBISETCS NOPAIKOBEIM HOMepoM pa3paborku VIC B JaHHOH cepuu, B KOTOPOi
MOXeET OBITh HECKOJIBKO OJIMHAKOBBIX 110 (PyHKIIMOHaIbHOMY Ipu3Haky MC.

Cy1iecTByeT HECKOJIBKO BUAOB TEXHOIOTMM n3rotosienus UC.

ITorynpoBoJHUKOBAsI TEXHOJIOTHS XapaKTEPU3YyeTCsl TEM, UTO KaK aKTHBHBIE, TAK UITACCHBHBIC 3JIEMEHTHI CXEM BBINTOJIHSIOT BHYTPH
o0bema KpHcTajuia IMoJIynpOBOIHIKA, KOTOPBIH U SIBISIETCS] KOHCTPYKTUBHOM ocHOBHOU MC.

OCHOBHBIM TOJTYTTPOBOAHNKOBBIM MaTepralioM siBisiercst kpeMuuid. OH oOagaer

PAIOM LIEHHBIX CBOWCTB.

W3-3a GosnbInielt, yeM y repMaHusl, IIMPHUHBI 3aIIPEIICHHON 30HBI KPEMHHH MO3BOJISET NOIYYaTh AKTUBHBIEC 2JIEMEHTHI C MEHBIIINMHU
00paTHBIMU TOKaMH (MOKHO

obecreunTh BEICOKOTEMIIepaTypHBIH pexumM padotel IC 1o TemmnepaTyp npuMepHO

400 °C u co3nath MEUKPOMOIIIHBII pexuM). B 00bIYHOM Jriana3oHe pabo4yrx TOKOB

(MHUITHAMIIEPHI) MOYKHO CUHTATh, 9YTO KPEMHHEBBIE TPAH3UCTOPHI 00Ia1at0T OoJiee

BBICOKHM ITIOPOTOM OTITPAHUS, & 3TO TOBBIIIAET TOMEX0YCTOHINBOCTD.

ITpocroTa noxyueHHs: H30IUPYIOMEH TOBEPXHOCTH JOCTUTACTCS ITyTEM OKHCIICHUS

MCXOJHOW KPEeMHHEBOH IIIACTHHBI M 00pa30BaHus IUIEHKH ABYOKHCH KPEMHHS. DTa IJICHKA UCHOJIB3YETCs B KAUECTBE MACKH MTPH
nposeneHun A Gy3un B OTAETBHBIX 001ACTAX KPUCTAIUIA, a TAKXKE IS CO3/IaHNS M30JISIMN MEX/Ty OTASIbHBIMH 3JIEMEHTAMH CXe-
MBI

IMoxynpoBoauukossie UC obecneunBaloT BEICOKYIO CTETIEHb HHTEIPaln.

ToHKOMNJIEHOYHAsI TEXHOJIOTH: KOHCTPYKTUBHOW ocHOBO# MC aBnseTcs

M30JIAIIMOHHAS IIACTHHA, Ha KOTOPYIO HAHOCST IUIEHKHU W3 ITOJIyTIPOBOTHHUKOBBIX,

METAJUINIECKUX U AMIIEKTPUUECKIX MaTEPHUANIOB.

Bce naccuBHBIE 37IEMEHTHI SBIIAIOTCS TUICHOYHBIMH C YIIYYIICHHBIMH TTapaMeTPaMH.

[T1eHOYHBIE aKTHBHBIE AJIEMEHTHI HE HAXOST IPUMEHEHUS U3-3a HEJOCTATOYHOM

CTaOMIIBHOCTH UX ITapaMeTpOB.

Hamnpumep, conpoTrBiieHHs INICHOUHBIX PE3UCTOPOB SBIISIOTCS OoJiee

TEPMOCTaOMIBHBIMH, JIETKO IOJIAI0TCS KOHTPOJIIO, UMEIOT JOCTaTOYHO IIMPOKHUH

JUana3oH HOMHHAJOB.

ToHKOIUIEHOUHBIE KOHJICHCATOPHI, B OTIMYHE OT MOJTYIPOBOJIHUKOBBIX, 0018 Jal0T

GoJiee BBICOKMM MPOOUBHBIM HalpspKeHHEM, OOJIbIIeH YIeTbHOW €MKOCTEIO,

HE3aBUCHMOCTBIO EMKOCTH OT HAIPSDKEHHSL.

CoBMeleHHasi TEXHOJOTHA 00TaaeT IPEUMYIIECTBAMH KaX/I0M U3 PACCMOTPEHHBIX TEXHOJIOTHI 1 UCKIIIOYAET CBOWCTBEHHBIE UM
HETOCTATKH.

KoncTpykTHBHOM OCHOBOHM, KaKk M B TIOJIYIIPOBOJTHUKOBOM TEXHOJIOTHH, SIBJISIETCS

MOJTYTPOBOJHUKOBBIN KPHUCTAILI, B 00bEME KOTOPOTro (POPMHUPYIOTCS BCE aKTHBHBIE

3JIEMEHTHI — TPAaH3UCTOPBI, AUObI. [IacCHBHBIE 3IEMEHTHI CO3JA0TCSI METOAOM

BaKyyMHOTO HaIlbUICHHS IUICHOK, KaK B TOHKOIIJICHOYHOM TEXHOJIOTHH. V30mpyromye 001acTy MoJ1y4aroT yTeM HCIIOIb30BaHUs
IUIEHOK JIBYOKUCHU KPEMHHUSI WK C IOMOUIBIO P-N-TIEPEXO0B.




He[[OCTaTOK: H€06XOZ[I/IMOCTI> COYCTaHUA ABYX THUIIOB TEXHOJOTUYCCKUX MTPOUECCOB — L[I/I(l)(i)y3I/II/I HpI/IMGCGﬁ (L[J'ISI AKTHUBHBIX 3JICMCH-
TOB) 1 HanblIJIICHUSA (ﬂ.]'[}l IIaCCUBHBIX 3J'I€M€HTOB) — YAOPOIKACT U3TOTOBJICHUC HC.

COBMCIIIGHHaH TCXHOJIOTU MMO3BOJIACT MOJYUYUTh JOCTATOYHO BBICOKYIO CTCTICHD

HUHTETrpallvuu U OpeaOoCTaBIsICT BOBMOXKHOCTb BbI60pa napaMeTpoOB MACCUBHBIX 3JIECMCHTOB B IIMPOKUX IpEACIax.

Fnﬁpmmaﬂ TCXHOJIOTHUSA: ITACCUBHBIC DJICMCHTBI U3I0TaBJIMBAOT MCTOJaMU

IUICHOYHOM T€XHOJIOTHH.

B2. OY kak akmuenuiii 2nemenm cxemomexnuku. Mooenu OY u npeocmaenenue ux AYX u @4X. Obecneuenue ycmoiiuugocmu
OV c yenvto c OOC. Peansnsie napamempul u udeanusuposannvie cé-6a 0Y.

CBoe Hazpanne OY HOIXy4niI OT CIOCOOHOCTH BHITIOTHEHUS Pa3IMIHOTO poja
omeparnuii (mpeodpa3oBaHuii) ¢ MOMOIIBIO MACCHBHBIX IIETICH OTpUIaTenbHOi 00paTHoi cBsi3u (OOC), onpenensonmx ¢ JOCTaTo-
HOW TOYHOCTBIO NMEPEAATOYHY0 (QYHKIHIO MPeoOpa3oBaHKs BCETO YCTPOHCTBA, B HAUMEHBIIIEH CTETICHH 3aBUCUMYIO OT COOCTBEHHBIX
apaMeTpoB YCUIIUTES.
Jl71st coBpeMeHHBIX UHTErpaibHbIX OY XapakTepHbI ABE CTPYKTYPHBIE CXEMBbI

(Monenu): TpexkackaaHas U IBYXKac-

xagHas (puc. 1.1).
ERI ERZ AY-Iud.ycumurens; YH-yc-nb Ha-
C — T — " npsokeHnst; @ A-hopMup-Ib aMILTUTY-

N Y }H | C. s
; ! v i=—{vH DA SIT ( ; 3 | v - oa BH—‘E—< OII-3MMUT.IOBTOPUTEND.

JIro00if MHOTOKACKaTHBIH YCHITUTEIb

¥ e ¥ _ Ha BBICOKHX 4acTOTaX MOJXKHO IIpeN-
a o CTaBUTb B BUJIE T€HEpATOpa CUTHAJIA
KUBX , Harpy»>KeHHOI'O Ha psiJ] 3KBUBA-
Puc.1.1. Tpéxkackannad (a) H gByxkackagHad (0) Mmogenn OV JCHTHBIX

«unTerpupyronmx» RC-neneit. Konu-
YECTBO THX LieNel COOTBETCTBYET YMCIY HE3aBUCHMBIX KaCKaJIOB YCUIIEHHS, KOTOPBIE U onpenessiior popmy crnaga AUX Bobmactu
BEPXHHUX YacCTOT.
KoaddumumenT nepemayn mo HanpsHKSHAIO OJHOTO Kackana ¢ Takoit RC-memsio (puc. 1.2,a

. u ) K K K
K(jm)=—=BBX (in)=— SR L S - \
(jo) Ugx (joo) [FjoCR | jo 3t [p_ 1
UJC C (DCC

TJIe (OC — KPyTroBasi 4acToTa cpe3a, onpeelisieMas U3 YCIOBUS paBEHCTBAa aKTHBHOTO M PEaKTUBHOTO conpoTuBieHuit RC-miern Ha
JTOM YacToTe
fc —gacrora cpesa 31O Ke HemH.

R AYX (puc. 1.2,6) nano
KU ?<U a TO KackKaja MpeJICTaBisIeTcs B BUAEC MOAYIIs Koadduirenta nepenauau (1.1)
= T @ dazouacroTHas xapakrepuctuka (OPUX) onpenensercs oTHomeHHeM MEUMOH (Im) u pearnb-
: , K Ho#t (Re) cocTaBisONMX KOMIUIEKCHOTO K03 duiineHTa nepeaa-
K. ob |K( _]Q)] [
% ) g (1.1)
—3115* [~ I 20 aB/aex. ||1 f f \] JI71s1 MCKITFOUEHUS aMIUIUTYTHO-
mexam N 8] \Il * E @ = arctg] —— |. (a30BBIX MCKAXKEHHI B IJAHHOM 110JI0-
: f. | ceuacror
0 . f'[ f (JIOr.) C A 2
o HeobOxonuMo obecrie- 4YUTh paBHOMEpPHYI0 AUX u nuHen-
o _ Hyro @YX, ¢ nomouisto,
b B nanpumep, OOC onpeneneHHol riryOunsl (cM. puc. 1.4).
45
‘\
-90 =
f. fr f (mor.)

Puc.1.2. DKkBHBalleHTHAs cXeMa
OAHOTO Kackaga OV (a) u ero
AYX (6) 1 DUIX (B)

Usee Ha puc. 1.5 npescTaBiensl B ABoitHOM Jorapudmuyeckom Maciirabe AUX u B

oJrHapHOM Jiorapudmuueckom Macimtabe @UX tpexkackagnoro OV ¢ 3amkHyTO# nenbio OOC.
Koadpduument nepegaan OY ¢ OOC (cm. puc. 1.4).

PHc.1.4. O ¢ nensro O0OC




Ky, 1B

180
90 b

f (mor.)

Cxema Bo3dyEa.

-an fKP

Cxema yer.

Puc.1.5. JJorapadMHEIeckHe AUX (a) H
@UX (6) TpéxrackagHoro OV ¢ Ienbr
0ocC

Ky, 1B

Ky
f£i £ fai \f f(ror)
Qo
0
a0 L f (mor.)
-180 —
5}

Puc.1.6. Jlorapadmuteckae AUX (a) H
@©UX (6) apyxKackaJHoOH ModenH OV

oc =

Ko Ko 1

F 1+PKg BKo>>1 B’

rrae Ko u F — koo dunment nepenaun OY Ha
MMOCTOSTHHOM TOKe U riryouna OOC; f —
koa(pdunmeHT nepeayuu nemnu OOC; fKo —
TMIETIIEBOE YCHIICHHE, ONIPEIEISIEMOE TIPH Pa-
3omkHyTOM et OOC.

Benenne OOC pacmupserT moixocy mpoIryc-
KaHUsl U JJUHeapu3yeT peasnbHyo OUX, on-
HaKO TIPH 3TOM BO3HHKAET OIIACHOCTH CaMo-
B030y>keHus OY Ha BepXHUX YacTOTax,
ecnu iMHUA | / B mepecekaeT yyacTku crazia
AYX (puc. 1.5,a), CKOpOCTh KOTOPBIX CO-
craBnsieT —40 win —60 nb/nek. 3a HeKoTOpOW
KPUTHUYECKOI YacToTOM fkp ciBUT (a3l BbI-

XOJ/IHOTO CUTHAJIa OTHOCUTENIBHO BXOJHOTO ocTHraeT —180° uiiy npeBbIIaeT 3Ty BEIMUUHY.
OTcrozia BEITEKaeT OCHOBHOE TpeOOBaHNE 00eCIIeueH s YCTOHYNBOCTH.

[psimast, coorBeTcTBYIOmAas ko3¢ durmenty nepeqaan OY ¢ OOC (1.5), momkHa
o0s3aTenbHO niepecekaTh yaacTok AUX ¢ HaxmoHoMm —20 nb/mek. D10 obecmednBaeT MakcHMaNbHBIN 3anac ¢a3sl mo nenu OOC mo
caMoBO30YkIeHH, paBHBIN +90° Ha BTOpOif yacToTe cpe3a fc2. Ha gacrore fkp 3TOT 3amac oTCyTCTBYeT.

Yacrora cpe3a onTUManbHO ckoppekTapoBanHo AUX (cm. puc. 1.5,a), onpenensemMasi B COOTBETCTBHH C COOTHOIIICHUEM

fo—tr
Ko

ITapaMeTpEl PeanbHEIX H HASaNBHEIX OV

lﬁ [TapaneTpsl Peatsusle OV HneatsHsle OV
1 | YeumarensHEe K, THIC. Jec4TKH—COTHH T
2 | Bxommgle conpoTHEIEHHT Ry o, _
JecaTRH-THICHYH x

Faxe, KOM
3 | BeixomHoe compoTHBIEHHE Rayy, OM JecaTKH—COTHH 0
4 | Yactotume I, Ml E THHMIBI-1eCATRH %
5 | BpeMeHHBIE ty.,, HC JecaTKH-THICSUH 0
6 | CxopocTHEIe, v, Bivke EMHHHIIBI-COTHH x
7 | OpefidhoBble:

U o. MB CoTble JOMH-TEeCATKH 0

TKyewo. MEB/ °C E THHMIIB-1eCATRH




B3. Ocnosnvie OC. Hueepmupyiouiana OC: oyenka mouynocmu u peanu3ayus Ha ee ocHoge cymmamopa cuznanoe u IITH.

Jnsa unseptupyromeit OC, 3kBUBaJIeHTHasl cXeéMa KOTOPOH C yu€TOM BHYTPEHHEH
ctpykTypbl OV (cM. puc. 1.7) npeacrasiena Ha puc. 1.21, MoxeM 3anucaTh:

R ¢ Ry
_ 1

1 1 I
U.-U _ U r U -Ugx
Ry Rexn Ry
rae U' — pa3HOCTh OTEHIMANOB MEXIy BbIxonaMu OV, koTopast ¢ yuéTom
npeHeOpeKeHNS B IEPBOM MTPHOIMKESHUN BBIXOJHOTO COTPOTHBICHUS RBEIX OY

MPUHUMAETCS paBHOH OTHOIICHUIO BRIXOAHOTO HamnpspkeHust OY UBBIX K ero
k03¢ ¢unuenty nepenauu Ko : L_' UBBIX

(1.23)

Pemast copmectHo (1.23) u (1.24), mony4aem ko3¢ HUIHEHT nepenaqM&sBeanpywmeﬁ ocC

Prc.1.21. DKBHBAICHTHAL rne Fu — riryouna OOC unBeprtupytomeit OC no ko3 dunreHTty nepeaauu;

HHBepTHpyRomas OC g = Usex _ 1 _= %o . =ﬁ.(1.25)
" U R 1( Ry Ry | (Kotl 1 | B
y —]+—(1+—1+ L | 1+Ry 0 .+ | B
Ry K, Ry BX.I ) { Rz Rax I )

Koaddrmument nepemaun (1.25) mis npeanproro OV pazaensHo 1O T I?aMeTpaM \
-K, o+l 1 Ry
FH=—=1+lea + ‘ o =le—L(Ry+1). (126)
K0 — oo 1 RBX.1 — o0 Ipro6GpeTaer Buj Ky Ry Ry )|RexazR1 Ry
R, JU71st OLIeHKH BXOJJHOT'O COIIPOTHBIICHHs HHBepTUpYIomeld OC BOCIONb3yeM-
Ky| =——. (127) ca
Kog—=® Ry 3akoHoM Oma 1 3anuieM ¢ yaetoMm (1.24) cooTHomeHue
K _ K
H T : U R R R R
RBX.H - 1 i{K _1) R =—C= 1 = 1 = 1 = 1 . (1.31)
2 1 1— i I+ —= 1+— 1-—
U. KoUe Ko F

[pu uneansaom OV 1o ko3¢ punmenty nepenaun (Ko — oo ) BxogHoe
comporusieHue (1.33)

=R, (133)

Rexu
Ky—w

CyMMaTop curiajioB Ha ocHoBe nHBeptupymouieii OC peanusyercs 1o cxeMme,

IIpeCTaBIeHHON Ha puc. 1.23,a.

Toxu I1, 12,..., In ot ucrounukos curnanos Ucl, Uc2, ..., Ucn, cyMMHpYsCh B TOUKe CyMMHUpOBaHus X (cM. puc. 1.23,a), o0pasyror
TOK I (B COOTBETCTBUM C IIEPBLIM MPABUJIOM I10JIara€M, 4TO TOK BO BXOJHYIO LEIIb NACAJTBHOI'O OV ue OTBeTBHHeTCH), TIO3TOMY BbI-
XOJIHOE HaIpsDKEHUE CyMMaTopa

[pu ycnoBuu R1 = R2 = ... = Rn = R nanpsbxenue (1.48) ¢ TOYHOCTBIO 10 a3kl

PaBHO CyMMe BXOJIHBIX CHT'HAJIOB, YTO U OIIPE/EIIIIIO Ha3BaHUE JaHHOH CXEMBI.

JUl Uz U
Upeg =IR=—(Iy + 1y + <1 JR=of 24 —C2 . "B p (148
BBIX {1+ n) Es R, (1.48) R, Is R

Ucl > :—h _’:

Puc.1.23. CxeMBI HHESPTHPYHOIISIO
MHOTOBXOIHOIO cyMMaTopa (a) H
npeodpazoBaTelld TOKA B HalpssKeHHe {(0)




B4. Heuneepmupyiowiaa OC: oyenka mounocmu u peanu3ayus Ha ee 0CHO6e nOGmopumens CuzHanoé(mpancgopmamopa co-
npomuenenui ).

Hcnionb3yst NpUHLUI CYNEPIIO3ULNY U IpeHeOperast BINSHUEM BBIXOIHOTO

conporusieHus Resix OV, nis HennBeptupytromei OC, npencTaBiaeHHoil Ha puc. 1.24, MOXXHO 3amucartb

Re=(Rill R

¢
f

UcRq ”R 2 UppxR1 ||RBX.JZ[

_Usnix (1.53)
Rexa+Ri[R2 R; +R1HRBX..:[

Ko

Ue-|

I Ro L

Pemas ypasaenne (1.53), momyyaem koaddurnert nepenaun HemHBepTHpYomeii OC

PHc.1.24. DEBEHBAIeHTHAA K K
HeHHBepTHpyYIOmMaa OC Ky = o -9 (1 54)

Ry | R,
Rl +R2

1+ +K,

RBX a
rae Fu — rmy6ouna OOC neunBeptupytomieit OC; : .

K R (R R
Fo=—0cf)p1 24K =l+— L K . (1595
BRy | R PR (RO | R RO

. . / RBX.;[ =R | HR‘3 2z

Jns upeansaoro OV koaddummeHT nepenaun (1.54) pasnensHo 1o mapamerpam
Ko — oo u RBX.1 — 00 mpuHUMaeT BUA
R5 BxomHoe conporuBnenne HenHBepTUpYomei OC (cM. puc. 1.24) ¢ yuetom
—, (1.56) 3akoHa
Owma u cootHomrenus (1.55)

Ky

=1+ .
Kyg—ow Ry

UcRpx 1 _ Rexn RiKy \=+ RiR2

Ko - Rpx 1= =Rpy rFy =R 1+ . (14
- - g , T Bx.1'H = Rpxn
K“‘Rsxwo: LR tan U -U Ussx . Ri#Ry) Ry+R)
ITpu ycnoBuu RBx.1 >> R1 R2 Bxonnoe conpotusnenue (1.60) mpruobpeTaer yaoOHbIH 11 MPaKTHIECKOTO UCCIICAOBAaHUS BU]
R
Rpxn =Rpxn(l+ Ko). (1.61)
RBM‘;-“;RLHR2 Ri+R)

Peanu3auus noBTOpUTe/Isl CHTHAJIOB (TpaHcpopMaTopa CONPOTUBJIEHUI).

YacTHBIM ciTydaeM MCIIONb30BaHus HenHBepTupyromeid OC ABiseTcs MOCPEeACTBEHHOE coeIMHeHNe Bhxoa OY ¢ HHBEPTHPYIOIINM
BXOJIOM, 00pa3yrolee MOBTOPUTENh HallpspkeHus (puc. 1.25,a), mpu kotopoM ko3 durment nepenadu mo merie OOC B =1, a rimy-
6una (1.55) Fr1 =1 + Ko. TouHOCTh YCTaHOBKH €MHUYHOTO KO3(HUIEeHTa Tepeady ITIOBTOPUTENS B 3TOM CIydae rapaHTUPYyeTCs
3amacom Ko (1.54):

K
{p=—r (1.65)
1+Kq
BxozmHoe conpoTHBIIEeHNE TOBTOPHUTENS HANPSDKEHMS, Kak cieayet u3 (1.60),
Rpxm=Rpxg(+Ko) (1.66)

HCKITIOYUTENHLHO BEIIMKO, a BeIxogHoe (1.63), (1.39) — upe3BbIuaiiHo Mao.

R
BBIX (1.67)

Rppxn = 1+ K
0

o
o
s
A
(=]
rr,'??
w ;
]
e A
™

Puc.1.25. Cxemsl MOBTOPHTeNeH HANPSAKEHHA




BS5. Tughgpepenyuanvnan OC: oyenka mounocmu u peanuzayus Ha ee 0CHOGe BbIYUMAIOULE20 U CPAGHUBAIOU] €20 YCMPOIICE.
Juddepenunansuas OC (puc. 1.26) no cyimecTBy npezcraBisieT co00i KOMOMHAINIO HHBEpTUpYOLIeH 1 HenHBepTupytomeit OC.
R, U NR C y4eToM OTMEUYEHHOTO, UCIOJIb3Ys IPUHIIMII CYIIEPIIO3ULIUH IS
muddepenunansHoit OC, n3o0paxkeHHOH Ha puc. 1.26 yxe 6e3 npecTaBieHus
BHYTpeHHE# cTpyKTypbl OY, HO C HOpMUPOBAHHBIMU BETMYMHAMH HOMHHAIIOB
Usex PE3UCTOPOB B BUJIE MPOM3BOJILHOTO YHciaa N, MOXKEM 3arucarh:

Puc.1.26. JeddepernHansHai OC

U3 yparenus (1.71) HaxoauM BEIXOTHOE HAIIPS-

UQNRE UciNRq i UsR1 :UBBIX (1 .;,1:] xerne udpepernuansaoi OC
NR,+R, I NRi+R1 NRi+Ri) K,

[Ipu ycrpemiennu B 6eckoHeTHOCTH K03 durenTa nepegauan OY

Upprx = M (1.72) WM BBINOIHEHHH ycoBus Ko >> (N +1) BBIXOmHOE HATPSKEHUE
1+ N+1
Ko
(1.72)
BxoaHoe conpoTuBieHue 1o nepBomy Bxoay auddepennuansaoit OC
UBBIX = N(UCE -Ua). (1.73) mpm ycrosuu Rex.1 >>R2 NR2 , 4T0 paBHOCHIBHO
Ko —>
NR COOTBETCTBYET BXOJHOMY CONPOTHBIICHHIO HHBepTHpYommei OC
Rpxq > —=. (1.75) (1.32), xotopoe
N+1 MPUMEHHUTENBHO K JAHHOMY CITy4ar0 MpHOOpeTaeT BU
N BxoaHoe conpoTuBieHue no BTOpoMy Bxoay paccMarpusaemoir OC on-
Rex.i=Ri(l+ . )= R1. (1.76) penensercsa
o+l CyMMapHBIM COIIPOTHUBIICHUEM JeiIuTeNs Ha pe3uctopax R2 u NR2 ¢ yuge-

TOM HHYTOXHO MaJIOr'0 IIYHTUPYIOIIETO BIUSHUS BXOIHOT'O COITPOTHBIIC-
Hust HeuHBepTUpymen OC

Rex2=R2+NR»

rac
=(N+1R». 1.77 :
Rexi>)R, (N+1) (L.77) RBX.H:RBXIJ:‘H;}:J, (1.78)

Rexn

Juddepenunansras OC MOXKeET BBIIOJIHATD pa3indHble QyHKIMHU B 3aBUcUMOCTH 0T 3HaueHus yucia N (1.73). [Ipu N =1 mm N # oo

OHa peann3yeT QYHKIMIO BEHIYUTAHHUA ABYX CUTHAJIOB MM OIIEpaIMI0 MacIITaONPOBaHMS Pa3HOCTH ATUX CUTHAJIOB, a pu N = o0 —

(YHKIUIO CPAaBHEHUSI JaHHBIX CHTHAJIOB. Y CTPOMCTBO, pealu3yoliee OCIEAHIO OIePalHio, NOJIyYHIO Ha3BaHUEe CPAaBHUBAIOIIETO
yCTpOWCTBa WM KoMmapaTopa (puc. 1.27,a).

UL R Ecnu Ha o71MH M3 BXOIOB IOJaTh IIOCTOSIHHOE, TAK Ha3bIBAEMOE OMIOPHOE
Up U nanpspkerne Uo , a Ha BTopoit — simHelHo n3Menstromneecst Uc (t) , TO IpH JOCTHKEHUH PaBeH-
U R Uut) ctBa Uc (t) = Uo B MmoMeHT BpeMeHH t= T (puc. 1.27,0) Ha BEIXO/Ie KOMIIapaTopa oopa3yercs
— Tieperiaj HarpsKeHUsl, COOTBETCTBYIOIINH ITepexo/y BHIXOIHOTO HanpspkeHust OY oT ypoBHS
0 : IL" 5 HECKOJbKO MeHbIe +Em 10 ypoBHs uyTh 6onbine —En (puc. 1.27,8). PeansHo 3TOT Iepexon
Upe t MIPOUCXOJUT C HEKOTOPOM 3aJIepKKOU AT, onpeiensieMoil BpeMeHeM Iepe3apsiia mapa3uTHBIX
Ex €MKOCTEH Xe

™Mbl OY. HakitoH TuHEHHON YacTH MepeX0qHOH XapaKTepUCTHKH 3aBUCUT OT KOd(HIreHTa

B
0 1 THAL
| nepenadu Ko OVY.
- —

Pue.1.27. MaddepeHnnarsHat OC B
peKHMe KoMIIapaTopa (a) H
npoTekalInHe B Hel mpomneccs (5.8)




B6. H3onuposannwviit om oouyeit miunot IH ¢ oyenkoil e2o mounocmu u 0CHOGHbIX NAPAMEMpPOs

JuddepeHunanbHbIi U3MEPUTENBHBIA YCHIIUTENb C BEICOKMM BXOJHBIM U HU3KUM

BBIXOHBIM CONIPOTHBJICHUSIMH, [TOKa3aHHbIH Ha puc. 1.28, npenHa3zHayeH ais

npeoOpa3oBaHMs pa3HOCTH TOTEHIMAIOB, 00pa3yeMbIX KaK B 3a3€MJICHHBIX, TaK U B HE3a36MJICHHBIX JIEKTPUYECKHUX LIEIIX, B Ha-
npsbKeHHe. DTO BEChbMa IOJIE3HO JUTs

SKCIIEPUMEHTAIIBHBIX HcclienoBanuii MDY, tak kak qanHbIi [TH MOXHO HCTIONIB30BaTh B KAUECTBE COCTABHOM YacTH M30JIMPOBAHHOTO
0T Kopiryca BoabT™MeTpa. Bxomasie OY1 u OY2 B 3TOH cXeMe NMpencTaBIsAIoT coboit HemasepTupyroniie OC, a BerxonHoit OY3 —
mudpdepenmmanpayio OC ¢ MmacmTabHBIM K03 hurenToM mpeodpa3oBaHus, B IEPBOM NPHOIIKEHUN paBHOM N.

Jis TOKa, MPOTEKAIOIIETo 110 PEe3UCTOPaM, BKIIFOUSHHBIM MexX Ty Bbixomamu OY1 nOVY2,
MOKHO 3aIlicaTh

NR - - - - '
——— I u-u U -U, U,-U, (1.81)
ov3 . nR R mR .
U TZ€ N U M - JEHCTBUTEIBHbIC YHCIA.
U3 (1.81) Haxoaum HanpspKeHwMs, JercTByomue Ha Beixogaax OY1 u OY2,
1 - - I - L — _
MR, U, =(1+n)Uu] —nU3. U,={l+m U7 —mU] H HX pa3sHOCTh

1

L} L] w
—U. =01+ YU, -1, 2
PHc.1.28. DneKTpOoMeTpHUeCKHH U 1 U 2 [\]' 11+11 [L 1 U] ) ( ]' 8-)
H3MEpHTEeNbHEIH ITH (M30MHPOBAHHEH  HanpgskeHns HA HHBEPTHPYOMHUX BXogax OV1 u OY2 —

OT KOpPIIyca BOIBTIMETP) ~ B
Ul u U 2 CBA3aHbI C UX BXOJAHBIMHU U BBIXOAHBIMU HAIIPSKCHUAMU COOTHOMICHUAMUA

. _ . ) — oy OVY1u 0¥Y2 6e3 OOC.
U-U=U K, U,-U3 =T, K,
K,

rae KO — koaddurtment nepenaun

U, —U;_* Z(Ul —Uz)—

OTcrozia HaX0JUM Pa3sHOCTh ITUX HAIMPsDKEHUH KOTOpYyIo nojcTaBisieM B (1.82)

U -u U [OJIy4EeHHOE BBIpaXKeHNUE IPeoOpa3oBbIBaEM K IBHOMY BUIY HCKOMOH
U,-U,=(l+n+m) (U, -U,)- 17 =2 | pasHOCTH HANPSUKCHHIL
2 K,
 (1+n+m)U,—U,) MoskHO 3amicaTh BRIXOAHOE Hanpspkerne auddepenimansHoit OC Ha
U -U,=- o L2 (1.83) OVY3 uTIIH B nenom:
: +n+m
I+—
Ky
\I[U‘ U ] IMoacrasnss (1.83) B (1.84), momyuaem:
a4 1 - 2 -
L e (1.84) N(l+n+m)U, -U,)
1425 Ugix =7 o (1.85)
K, N+1 l+n+m
| 1+ +
L Ko Kq

IMpu ycrpemiiennu kodddunmenta nepepaun OY B 6eckoneunocts (KO — o) min
npu BeimosHeHnn yeoust KO >> (1+ n + m) Beixoanoe Hanpspkerue [TH

K,se = N(l+n+m)U, -U,) (1.86)

UBBD{




B7. H3onuposannwiit om oouieit wiunwt IN'TH ¢ oyenkoii e20 mouyHocmu u 0CHOBHBIX RAPAMEMPOE

[MocTpounTs Takoit n3onupoBanuelii oT kopmyca [ITH (puc. 1.29) moxHO Ha ocHOBe
PacCMOTPEHHOTO B MPEIBILYLIEM TTO/Ipa3ielie JICKTPOMETPHYECKOro IpeodpasoBares (cM.
puc. 1.28), ecnu B HEM HCKIMIOYHTH pe3ucTop R, 00benuHnB nHBepTHpYIomue Bxoasl OY1 n
OVY2, a TOKOM3MEepUTEIbHBINA PE3UCTOP, OOBIYHO BKIIIOYAEMBII MEXKIY €ro BXOAaMH, 3aMe-
HUTH OBYMs pesuctopamu R1, ¢ momomipio KoTopsix co3maércs OOC Takoro THIia, 4To BXO-
HOE coIpoTHBIIeHHe yMeHbImaeTcs. [Ipu atom pesucropsr R2 (cm. puc. 1.29) omurakoBoro
HOMHHaINA co3garoT MecTHyI0 OOC, ¢ TOMOIIBI0 KOTOPOi Ha MHBEPTHPYIOMUX Bxogax OVY1
n OY?2 ycranaBimBaetcs noreHnuan U, Onm3kuit Kk BXxoxHsIM HanpspkeHmsiM Ul u U2 | 9to
OTpesieNsieT Mayo (B Hieaie CTPEMSIIIYIOCS K HyIT0) pasHocTh Hanpsokenuit (ULl — U2) me-
XKy BXOJIaMH TIpeoOpaszoBaresis Ipy NPOTEKaHUU Yepe3 HUX TOKa.

t Puc.1.29. HesasemnéHusi [TTH
(n3ommposasmssii o1 xopuyca amuepnetp) B nannom ITTH srekarommii Tox 11 = (U1 —U )/ Ry u Bhirexaromii 12 = (U — U)R,;

JTOJDKHBI OBITh PABHBIMHU, 4TO B COOTBeTCTBUH C (1.88) mo3Bossier
ONPEJEIUTh MPOTEKAIOLIUI M0 BXOJHBIM 32)KUMaM TOK:

i C Hanpsxenus Ha Beixogax OY1
(U1-U2)+ (Ui~ Uy

I= = : (192) U/ =U,-U)Kuov2 U, =U, -U)K,
1

a UX pa3sHOCTh
Ul - U2 = (Ul - UZ }KU (1 9%) Buytpennee (BxonHoe) conporusienue [ITH ¢ yuérom (1.92) u (1.93)

Brixomroe Hanpspkernue [ITH B memom ¢ yuérom (1.84),

R, = Y-, = : 2|le = 2R ) (1.94)  (1.93) n (1.94)nponopuroHanbHO IpeoGpasyeMoMy TOKY
I 1+(U-U (U, -u,) Ky+1
oo MU=y NK(U -y 2NRy (195)
BHIX = = - =7 . X 93
N+1 N+l
N+l N L) N
Ky Ko K, K,

IMpu KO — oo mm KO >> (N +1) Bexoanoe Hanpspxerne (1.95)

u =2NR,;L 1.96
BE'IK{ Kp>>»(N+1) ! ( )

Brixognoe conporusnenue IITH RBBIX.IITH onpenensiercst TeM e COOTHOILIEHUEM
(1.90), uro u s ITH (RBBIX.IITH = RBBIX.ITH). Ry
Regpxme =— ¢ — (1.90)
1+—9
1+ N




B11. dxcmpemamopul hynxyuii(oonononapusvie u 08yxnonaphvie)ua ocuose OY.Ouyenka moynocmu hopmupoeanus IKcmpemy-
ma

DKCTpEeMaTOpBhI IIPEAHA3HAYCHBI JJIs1 PETUCTPAIlM MOMEHTA U3MEHCHHS 3HAKa IPOM3BOHON HCCIIeyeMOol (yHKIIMOHAIBHOM 3aBU-
CHUMOCTH U HaXOJST NIMPOKOE MPUMECHEHHUE B PA3JIMYHBIX 00JIACTAX TCXHUKH.

UL(t) AU
AN / UL() .
tal ty / t € °
T
I-ZII;C' ” 6
C Usice Ui &’:(y t
Upgrx U,

UL(t) . B

a B t

Prc.1.44. CxeMa 0JHONOIAPHOTO 3KCTPEMAaTOpa (a) H THarpaMMbl HallpMKCHHH Pre.1.45. CxeMa IBYXIIOIAPHOTO 3KCTPeMaTopa (a) H IHATPaMMBbI

(6. B), ONHCHIBAIOIIHE er'0 paboTy HanpmxeHHH (0. B) B 3TOH cXeMe

IMpu Bozpactanuu Hanpspxenust UC (t) (puc. 1.44,6) OY pabotaer B pexxume MOBTOPUTENS, TaK Kak paboyast TOUKA AU0a CMEIIeHa
Ha MPSMYIO BETBb BOJIbT-aMIepHO# xapaktepuctuku (BAX), rae nupdepennuansaoe conporusienne R] u, cinegoBarenbHo, mocTo-
sIHHAs BpEMEHH 3apsiia koHaercaropa t3 = RJIC mansl, ipu 5ToM Hanpsbkenue Ha koHaencarope UC ycreBaet ClieIuThb 3a H3MeHe-
uuem Bxoaroro u UC = UC (t).

[pu 1OCTHXKEHUH MAKCUMYyMa aMILTHTY/IbI, T.€. IPH U3MEHEHUHU 3HAKATIPOU3BOTHOM BXOHOTO CUTHAIIA, COXPAHAEMBbIi KOHICHCATO-
pom C HaKOTUICHHBIN MOTEHIIMAN M YOBIBAION[MIA BXOIHON CUTHAN 00ECTIEYNBAIOT NOSBICHHE PA3HOCTU HAMPSHKEHUH MEXKy BXOJaMHU
OV u, crieoBaTeNibHO, 3aMUPAIOICTO HANPSKSHUSI Ha

nozie, uro paspeiBaet ernb OOC u nepeBoaut OY B peskuUM KOMIapaTopa, Ipu KOTOPOM ero K03(D(GUIHNEHT YCHICHHUS CKAYKOM BO3-
pacraet 0 MaKCUMaJIbHOTO 3HAYCHHUS ¢ 00pa30BaHMEM PE3KOTO MEPeNnaa BEIXOAHOTO HANPSKEHHsI OTPULIATENILHOM MOISPHOCTH
(puc. 1.44,8).

KOH,Z[GHC&TOp TMOCTCIICHHO Pa3psKacTeCAd € ITOCTOSTHHOM BPEMCHU Tp

[Ipu maneiimem npeBsIIEHUN BXOJHBIM CUTHAJIOM H3MEHSIONIETocs M0 AKCIIOHEeHTe oTeHnnana kouaercatopa UC (mtpuxoBas J11-
HUs Ha puc. 1.44, B) cxema BO3BPAILIAETCsI B UCXOTHOE COCTOSIHUE, OPMUPYSI MOJIO0KUTENbHBIN Mepena HanpsbkeHus Ha Beixone OY.
B cxeme nByxmonsipHOTo 3kcTpemaTopa (puc. 1.45,a) HanpsbkeHue Ha kKoHaeHcatope C cpaBHUBAETCS C BXOJHBIM MPU MaKCUMATbHOM
yeunenun OV 1, pasaom KO . ITpu cmene 3naka mpoussoanoi currana UC (t) va Beixoge OVY1 popmupyroTes mepenaibl Hanpsike-
Hus € (puc. 1.45, 0), cooTBeTCTBYIOIIME ITOpOraM npoBoguMocty auonoB {1 u /12, npu atom xoadduient nepenaun OY1
1 HPH + ﬂ\UKU g rae AU - pa3HOCTB HanpsbkeHUH Mex 1y Bxogamu OV,

- * B oOmem cirygyae OTHOCHTENBHYFO ITOTPEITHOCTD B ONPESIICHIH KCTPEeMyMa MOXKHO OIle-

K{J opH  + ﬂUKU ~g  HATBIO dbopmyne

_tm—ts
§=-M_13 (1.221)
rae tM 1 tD— uHTEpBaIbl BPEMEHH, COOTBETCTBYIOIIHUE MOIy4aEMOMY U
HUCTHHHOMY MOMEHTAM KCTPEMYMA; t — aHAJIM3UPYEMbIM HHTEPBAJI BPEMEHU
HCCIIEYEMOTO CUI'HAJIA, OOBIMHO IIPUHUMAEMBIH PABHBIM HEPUOY.

10




BI12.

B13 Jluneiinvie npeobpazoseamenu nepemennozo HAnPAdNCeHUs 6 NOcmoannoe Ha ocnoge OY. Cywnocms nuneapusayuu amMniu-
myonou xapakmepucmuxu. Kpumepuii manocmu npeoodpaszyemozo nanpsycenus. @opmuposamenu mooyaa. INH amnaumyonvix
3nauenuii. ITuxosvie demexmoput.

t g
! L
O
BN
a 0 t r
U g

PHc.1.46. JIHHeHHEBIH npeodpazoBaTels IepeMeHHOIO HaNpKeHHA ((popMHpORaTETh
MOIYMA) (a) H THATpaMMEI HaOpAKeHHH (6—T). TOACHIIONIHE IPHHITHII €T0 PadoThI

CymHocTh THHeApU3alUH AMIIMTYAHOM XapaKTepUCTHKH COCTOUT B

TOM, UTO B cxeme ogHomnoaynepuonnoro [TH, co6pannoro va OY1 (puc. 1.46,a),

10 HETTMHEMHOH 11enH, cocTosiel n3 quona JI2 u pesucropa R, He3aBuCUMO OT ee

COMPOTHUBJICHUS MPOTeKaeT cTabmibHbIN TOK | (cM. cxemy I'CT Ha puc. 1.30),

MT'HOBEHHOE 3HaY€HHE YPOBHS KOTOPOTO MPOMOPLHUOHANBHO MTHOBEHHOM aMIUTUTY e BXxogHoro curuaina Uc(t). B cBsi3u ¢ 3TUM BHI-
xonHoe HanpspkeHue U'BbIX (puc. 1.46,B), CHUMaeMoe C JIMHEWHOTO 3JieMeHTa R, ¢ TOYHOCTBIO 110 (ha3bl MOBTOPSIET TOT HONYIEPUO]
BXozHOro curHana (puc. 1.46,0), U1 KOTOPOTO TMO/ OKa3bIBAETCS OTKPHITHIM.

B manHOM citydyae oTpunarensHbli nomynepuo curnana Uc(t) mocne nuaBeptuposanust B OY 1 npeBpalmaeTcst B HOIOKUTEIbHBIN 1

otkpeiBaet nuon J2. s npyroro momynepuona J12 3akpeit. Jlnon /{1 BEIIONHSET BCIIOMOTATENBFHYIO () YHKITHIO

3amuThl 0T neperpy3ok OV 1 NoNoKUTENEHBIME CUTHATIAMH U TPUITEPHOTO 3((eKTa, CBA3aHHOTO C Mepe3aps oM eMKOCTEH CXEMBI

oVv.

Ha ocnoBe OY MoxHO noctpouth dddexkTuBHble cxembl [TH ammmutynHbx

3HavyeHui (puc. 1.48),

cLu.

0

PHc.1.48. ITH aMIUTHTYIHBIX 3HAUYeHHH
(IHKOBEIE JeTeKTOPEI) ¢ HOPMalbHOH (a) H
MOBBEIMeHHOH (6) NOCTOAHHOH BpeMeHH
paspAna
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B14.

B15 dnexmponno-ynpasnaemvie macuimaonvie ITH na ocnose OY. ITH c nuneiinbim u IKCHOHEHUUATbHBIM YRPAGIEHUEM U
9/1eKMPOHHBIM NePeKIIoYeHUeM NOJIAPHOCIU KO3 (hduyuenma nepedayu.

OnexTpoHHO-ynpasasgemble MII peanus3yroTcs Ha OCHOBE HHBEPTUPYIOIIEi
unu HeuHBeptupytomeit OC ¢ 3aMeHol B HUX pe3ucTopa R1 Ha anexkTpoHHOYIpaBiIsieMyro npoBoauMocTs kaHana I1T, annpokcumu-

pyeMyIo B IIEpPBOM NPHOIIKEHUN JIMHEHHOHN QyHKITIEH

G(Usy) = Gpaxe

"

Usy |
1-—3 | (1.232)
USH.OT(‘ )

rae Gmakce 1 U3n.oTc— MakCHMasibHasl POBOJMMOCTE KaHaNa, COOTBETCTBYOIAS
HaIpPsLKEHUIO MeX Ay 3aTBOpoM U uctokoMm Usn=0, u Hanpskenue orceuku I1T.

S
Ualt) ov2

U\-‘
PHc.1.49. DaekTpoHHO-yIpaBiIdeMele MII ¢ THHeHHEIM YIIpaBIeHHEM
ko3 (HIHEeHTa NepeIadH

Just MIT (cm. puc. 1.49,a), peannzoBaHHOTO 110 HHBepTHpYIomeir OC, Ha
ocHoBaHuU (1.27), Tak Kak HeuneanbHOCTh OY IpaKTHUECKH HE CKa3bIBACTCS Ha
MOKa3aTessIX aHATU3UPYEMBIX cXeM, ¢ yueToM (1.232) u CBSI3U yIpaBIIAIONIEro
HanpspkeHus Uy ¢ HanpsbxeHueM Usn,
. UyR Uy
Up=—r"="7. (1.233)
R+R 2
MOJKEM 3aIncaTh:

i o

U f U. |
KH(UV}= = =_REG(U3H}=_REGMEII({“ -——| (1.234)
- Ul

0y2

UBEE{

Puc.1.51.MII ¢ 3KCTIOHEHITHATEHBIM YIPABISHHEM
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BIé6.
B17. Mocmoegoii ycunumens Kax npeodpazoeamenv npupaujenuil conpomueienuii( nposooumocmeit) ¢ nanpaycenue. L{upkynn-
mop cuznanogs. Jluneiinvie npeodpazosamenu nOaHbIX RPOGOOUMOCH eli(conpomuenenuii) 6 Hanpaxycenue na ocnoge OY.

Jlnst aHamM3a MOCTOBOTO YCHIIMTEIS, M300paskeHHOTo Ha puc. 1.53,a,
Lesecoo0pas3Ho MPEACTaBUTh €r0 B BU/IE YCHIIUTEIS C ABYMSI BXOJAMH
(puc. 1.53,6), Ha KOTOpBIE IOJAHO OJHO U TO K€ OMOPHOE HATIPSDKEHHUE
Uo . Toraa, ucnosb3yst OpUHLKII CYTIEPIO3ULIMH U CBOMCTBA UHBEPTHU-
pyromteii n HenHBepTUpyomeit OC, MOKHO cpa3y 3amucaTh BEIXOTHOE
HaNpsDKCHNE YCHITUTEIS

Puc.1.53. BapHaHTHI IPeACTABISHHA CXeMBI MOCTOBOIO YCHIHTELA

1({. Rs Rs] R
LRs Rs| Rs

Upsre = Uo| —| 1 1.274
BECOTYUNL Ry Ry Ry (1.274)
rae
R,
N=1+—=, (1.275)
R4

IIpu 6anance mocta (UBbIx=0) TOHKHO BBIMOIHATHCS BBITEKAIOIIEE U3
(1.274) ycnoBue

1+E+E
Ry Ry Rs_,
N Ry
HIIn
R: R
l+—=—3(N-1). (1.276)
Ry Ry

[ox mupkynsaTopom [oT nat. circu(m)lator — HOCAIHN KPyroM, 0OHOCSIITHHA |
MOHMMAIOT MHOTOIIOJIFOCHOE YCTPOUCTBO ISl HAIIPABJIEHHOH (HEB3aMMHOM) Mepe/laud CUTHAIIOB OT OJIHOTO TOJIHoca K Ipyromy (ctpo-
r'0 OTPEJIIEHHOMY) TIOJIOCY B
COOTBETCTBHUU C MOPSIAKOM UX UepenoBaHus (IO HAIIPABJICHUIO CTPENIKK, 0003HaueHHOH Ha puc. 1.54,a).

ITpuHIMI AEHCTBUS NUPKYISATOPA, peann3yeMoro Ha ocHose OV,

X

U paccMOTpHUM Ha MpHMepe OJHOTO ero 3BeHa (puc. 1.54,06), npencras-
nstroero coboit muddepennuanpayio OC (ecM. puc. 1.26), B KOTOpoit
=, @ < > MacmTabHbIH ko3¢ ¢unment N = 1 (Bce pe3uctopsl R omuHakoBoro
HOMMHAJIa) H BXOJIbI 00bETUHCHEI.
U, [pu nogade Ha BX0xa cxeMsI (TIepBHIii ontoc) curaana Ul Ha HewH-
X a BepTupytomeM Bxoae OY (BTOPO# MOITOC) MOSBISIETCS HATIPSDKEHIE

PHc.1.54. YcnoBHOe 0603HaUeHHE UHPKYIATOPA CHTHAIOB () H OIHO €ro 3BeHO (6)

R U Ha Brixoze xe OV (Tpetwuii noiroc) HanpspkeHue U3 = 0, Tak kak
Us = Ul i _1 (1 285 ) pa3HOCTHBIN curHai Ha BxoJe auddepentmanbaoit OC oTCyTCTBYET —
- R+R 2 TaM aeicTByeT cungasHblii curtan Ul . Takum oOpasoM, oCyIecTB-
JsIeTcs Iepeiada CHrHaJla TOJIBKO C IIEPBOr0 Ha BTOPOH MOJII0C
LUPKYJISATOPA.

Ecnu Ha BTOpOi#i nomoc noate HanpspkeHrue U2 OT BHEITHETO HCTOYHUKA U 3aKOPOTHTH Ha 0011yto muHy nepsblil noiroc (Ul = 0),
TO Ha TPETHEM II0JII0ce 00pa3yeTcsi HanpsHKEeHHe

R\
U;=U,|[1+=|=2U,. (1.286)
o\ R

B2-2.
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B3. Tunvt OY u ux omauuumenshvie ocodennocmu. Mepovt RPeOOCHMOPOIHCHOCHU U NOTIE3HBLE COGEMbL NPU UCNOAb306anuu OY.
CymiectBytommue OV ycI0BHO MOTYT OBITh pa3/iesieHbl Ha HECKOJIBKO IPYIIIL.

Crangaptabie OY, niu OY o011ero npuMeHeHus Mo3BOJIAIOT pealin3oBaTh POA ¢ pe3ynpTupyIoleil MorpenHocTbio Ha YPOBHE
npumepHo + 1%. K

TakuM OY MOXHO OTHECTH.

[peuuzuonnsie (u13MepuTeabubie) QY OTIMIAIOTCS BRICOKMM 3HAYeHHEM KOd(QQHIIMEHTa epeaadn Ha MoCTosTHHOM Toke Ko (He-
CKOJIBKO COTEH THICSY), MAIBIMH BETHIMHAMH Iper(hOBBIX MapamMeTpoB, noBbimeHHbME 3HaueHIsIMH OOBIT 1 OOCC Ha ypoBHE —
(80...120)ab u T.1. ITo3BossttoT peannzoBaTh POA ¢ morpemHocThio okoo + 0,1%.

BricTpoaeiicTByIomue, HIH CBEPXCKOPOCTHBIE, OY XapaKTepU3yHOTCABBICOKAM 3HAYEHHEM CKOPOCTH HApaCTAHUS BBIXOJHOTO Ha-
HPsOKEHHS V(HECKOIIBKO ECSITKOB MIIM COTEH BOJIBT 32 MHKPOCEKYH/TY),J0CTATOYHO OOJIBIIONYAaCTOTON €AUHNIHOTO YCHICHUS fT 1
NpeIHa3HAYaloTCsl ISl TOCTPOCHUSI IIMPOKOIOIOCHBIX YCTPOMCTB 1 aHaoro-1udpoBsIx npeodbpasosaterneit (ALIT).
HInpoxononocubie OY Tuna c BHyTpeHHeH koppekiueir AUX TindaroTcs BBICOKMM BXOJHBIM conpoTuBieHueM (Rex.n = 1000
MOM) 1 noBBIIEHHBIM bIcTpoaeiicTBrEM (v > 20 B/MKc), yactoTol equHuyHOTO cruteHus fr> 15 MI.

Muxkpomomnsie OY 0TIMYAIOTCS CYILIECTBEHHBIM CHIDKEHHEM OTPEOIIIeMOM MOIIIHOCTH OT HCTOYHHUKA ITUTAHMS.
MHorokanaiabHbie QY cozepkaT B 0JHOM KOpIyce OT ABYX 0 liecTd oauHakoBbIX OY. IIpenHazHauaroTCs 11 UCTIONIb30BaHUs B
aKTHBHBIX (DMIIBTpax, CyMMaTopax, MHTErpaTopax, a Takxe B cucreMax coopa nanusix (CCJ), ALIT u apyrux ycrpoicTBax.
Mounbie OY 0TINYAIOTCS MOBBIILIEHHON BBIXOJHON MOLIHOCTBIO U NIPEAHA3HAYAIOTCS B OCHOBHOM JIJIsl YCTPOMCTB aBTOMATUYECKO-
TOyTIpaBIICHHUS.

I'n6pugnbie OY, N03BOSIONINE UCIIOIH30BAaTh OTOOPAHHBIE OUIOJISIPHBIE U TOJIEBBIE CTPYKTYPHI, BHICOKOKA4E€CTBEHHBIE, MAJIOIIY-
MSIIUE ¥ BEICOKOBOJIBTHBIC aKTUBHBIE IIPHOOPHI, MOTYT OBITH pPEaM30BaHbl C BECbMA BBICOKHMH TEXHHIECKUMH XapaKTePHCTHKAMH.

MepbI Ipe10CTOPOKHOCTH

1. JTro6oi#i 3KkcriepuMeHT, CBsI3aHHbIH ¢ ucnonb3oBanueM OV u npyrux VC,cienyer HaYMHATh ¢ OpraHusaiuu pabodero mecta. [1o-
JIO)KUTE Ha CTOJI pa3MepOM I10-00JibIIe CBOOOJHOTO MOJIst pabouero Mecta JUCT (HOJbTUPOBAHHOTO TEKCTOIMTA WM FeTHHAKCA, 00-
paieHHbI (oJIbroii BHU3, U COSAUHUTE MyTEM MaliKy 3a3EMIIIOIINM MPOBOIOM TOKOIPOBOJISIIHI €ro CJI0 ¢ 00IIeH IMHON 3a3eM-
JICHUA U O6IIII/IM IMPpOBOAOM MCTOYHHKA IMUTAHUA, KOTOpBIﬁ 6yI[eT BBIITOJIHATH POJIb OKpaHa.

2. Pa3merath n3MepuTelbHbIE TPUOOPHI Ha paboueM CTOJIE CIEAYET TaK,4To0b! ocumiorpad u uudpoBoi BOIbTMETP MOCTOSHHOTO
TOKa HaXOJAUJIUCH CJICBA,I'CHEPATOP CUTHAJIOB CIEPCAN,a UICTOYHUK HAIIPSAKCHUSA MUTAHUA U BOJIbTMETPIICPECMCHHOT'O TOKA CIipaBa.

3. [lutaHue BceX M3MEPUTENBHBIX MPHUOOPOB, KOPITYCa KOTOPHIX

COCIUHSIOTCS C 00MIeH MUHOM 3a3eMIICHHUS, TOIDKHO OCYIISCTBIATHCS OT OJHOH (pas3hl ceTH MepeMeHHOT0 TOKa, YTO YMEHbBIIAET BO3-
MOJKHOCTb TIOSIBIICHUS Pa3IMIHOTO POJia TIOMEX.

4. MMurarne OC DOHKHO MPOU3BOIUTHCS OT COBEPIICHHOTO UCTOYHHUKA HANIPSDKCHUS TUTAHUS.

6. [IpoekTHpys MeYaTHYIO IUIATY, PEKOMEHIyeTCSl BRICOKOTYBCTBHUTEIbHBIE BXOIBI OY 0XBaTBIBaTh KOJBIIOM, KOTOPOE CIEIYET CO-
C€IUHUTH C 06u1e171 IITUHON WJik, 4TO JIy41lI€, C BEIXOAOM MMOBTOPUTEIIA CUTHAJIA.
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B18. IIC: ocnosnvie ce-6a, napamempul u munslt. Peanuzayus mamemamuueckux onepayuil( yMHOMCEHUA, Oe1eHUS, 6036€0CHU
6 Keaopam, u3eieuenus Keaopamnuozo Kopus) Ha ocnoee OY

[lepeMHOXHUTENb CUTHAIOB — 3TO YCTPOUCTBO, MPEIHAZHAYCHHOS IS TOJIYYCHHUST aHAJIOTOBOTO BBIXOTHOTO CHTHAJIA, MTPOMOPIIHO-
HAJILHOTO MPOU3BEICHUIO

JIBYX BXOMHBIX BenuunH — Uxu Uy :

U, =kU,U, (2.1)
Z X-W:

rie k — koapurmeHT nponopuuoHaIbHOCTH.
Ecnu nonsipHOCTB BBIXOHOTO HAIIPSKEHUS! ONPEEIISIETCSl B COOTBETCTBHH C
BbIpakeHUeM (2.1) ¥ ¢ y4eToM MOJSIPHOCTH BXOJHBIX CUTHAJIOB, KOTOPbIE MOTYT OBITh KaK IOJI0XKUTEIbHBIMH, TaK U OTPULIATEIIbH bI-
mH, To Takoi [1C Ha3bIBaeTCs
YeTBIPEXKBAIPAHTHBIM.
Jliist onrcanus XapakTepucTHK HenaeanbHoro [1C HeoOXoanMo UMETh psf

JAaCTHBIX KO3()(HPUIIMEHTOB yCHIIEHHS U CUTHAJIOB CMEIIECHHUSL:
!

U, =kU, Uy +k, Uy +k Uy +kq. (2.2

rne ko , kx n ky — KOHCTaHTBI, onpeAessone HayalbHOE CMEIeHHE 1
CMEIICHHUS, 3aBUCUMEBIC OT BeIM4uHbI curHanoB UX u UY .
OCHOBHBIE TapaMeTpBl YeTHIPeXKBaApaHTHBIX [IC: MOrpenIHoCcTh NepeMHOKEHHS
CHUTHAJIOB, MTOJIOCA TIPOMYCKAHUS, TEMIICPATYPHBIH Apeiid.
IlorpemiHOCTHIO NEePEeMHOKEHHsI CHTHAJIOB HA3bIBAIOT MaKCUMAJIbHYIO
BEJINYMHY OTKJIOHEHHS (PaKTHUECKOI BENNYMHBI BEIXOAHOTO Hanpspkenus [1C ot
pacyeTHOTo 3HAUYEHHMS, TOJy9aeMOI0 B COOTBETCTBHH C BeIpaxkeHueM (2.1), as moboro coueranns Bxoqusix seanand UX n UY Bo
BceM 1] yctpoiicTa.
[Honoca nponyckanus onpezensercs, kak u At OY, no yposHio —3 1b.
TemmnepatypHblii npeti oneHUBaeTCs H3MeHEHHeM KodpduureHToB k 1 ko mox
neiicTBreM TeMmepaTypsl u BeipaxkaeTcs B MB/ °C mist ko u B %/ °C — ms k.
Omneparys yMHOKEHUS JBYX CUT'HAJIOB peanu3yeTcs mpu ucrnons3oBanuu I[1C
(puc. 2.1) no npsMoMy Ha3HA4YEHUIO IyTeM MOJaud Ha OJUH U3 ero BxonoB HanpspkeHus U X , a Ha Bropoit UY . BeixogHoe Hanpsi-
skeHue UZ nipu 5TOM COOTBETCTBYET BhIpakeHuIo (2.1).
BosBenenue B kBaapar Npou3BOIUTCS IpyU nojade Ha o6a Bxona [1C (puc. 2.2)
OJIHOT'O U3 BXOJHBIX HamnpspkeHu, HanpuMep X U . BeIXxoHOE HalpsiKeHUe
puoOpeTaeT BUL

.
Uz = kUx2 >" . U.
y
> X

U=ku?
SO

Puc.2.1. IIC B pesxHMe YMHOKeHHA (a)
H BO3BeleHHA B KBaqpaT (0)

a

Puc.2.2. [JenHTens AaHATIOTOBBIX
CHrHamoeB HA IIC H OV
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B19. BM u peanuzayus na ux ochoge amnaiumyoHo20 Mooyaamopa, CHHXPOHHO20 AMRIUMYOHO20, ()a308020 U YACHOMHO20 Oe-
MOOYAAMOPO8.

Bbanancusie monyssitopsl (BM), npenHazHaueHHbIE JUTs pPaOOTHI B ITUPOKOM
TI0JIOCE YacTOT (JIECATKU-COTHHM Merareply) Ipx OTHOCHTEIEHO MaJIbIX YPOBHSIX BXOJHBIX CHUTHaJI0B (mpuMepHo 1o 0,5 B).

1 2 1 2
> W - = < _>—> X b= = <
ULt Up(t) Ua(t) Ueet)
lUu(t) a lUc:Q (t)
Unlt) PHc.2.7. DazoBBIH JeMOIYIATOP
U ; ut) A 4
>— I \ B X » —(
Ussee()
TUz(t)
ol P
e
Puc.2.6. BM ¢ ©HY (a) H dopMa Puc.2.8. YacTOTHBIH JeMOTYIATOD

MOIY.IHPYIOINEro CHrHalIa ¢
NOCTOAHHOH cocTaBlAwIIeH (6)

Ecmu Ha Mmogymmpyrommii Bxoq BM 1 (cM. puc. 2.6,a) mogaTh CUTHAMI C
MMOCTOSIHHOM cocTaBJsitolei (puc. 2.6,0)

U, (t)=U, + U, cosQt=U,(l+mcost), (2.19)

rae UO — HanpspkeHUe MOCTOSTHHOM cocTaBirtonieir; UM u Q — aMIIUTya 1 9acToTa MOIyIupyromero Hanpspkernss; m=UM/U0 —
riryOMHa MOIYJISIIIAH, C COXpaHEHHEM CHTHalla Ha BXoJe Hecylel, To Ha Beixoge @HY 2 B cooTBeTCcTBUH ¢ BRIpakeHHeM (2.18) Oy-
JIeT MOTTyYeH CUTHAII C aMIUTHTYTHON Moxyisnueit (AM).

m m
U (t)=U_,| coso,t +—cos(m, +Q )t + —cos(w, -Q }'[J, (2.20)
2 2

rae Un, =2/nK UgU,

[pu ucnonszoBanmu M B pesxxume ¢a3oBoit nemoxymsinuu (puc. 2.7) Ha Bxoasl BM | mogaroT HanpsKeHUs OJHOM U TOU JKe Jac-
TOTBI, HO CO cIBUrOM (a3 Ha yroi ¢ . [Tycts oaun u3 curnanos oyaer Ucl(t)=Umlcosw,t, a BTopoii-
Uc2(t)=Um2cos(wot+¢), Torna B coorBerctBui ¢ (2.15) Ha Boixoge BM 1 momyuum:

KU 01U
UEM“}Z ml“-m?2

Ecmu ¢ momomsio ®HY 2 oTmnbTpoBaTh COCTABISIONIYIO ¢ YABOSHHON YaCTOTOM, TO Ha BeIXoAe @ /] momydnm 1mo cToSTHHOE Harpsi-
XKEHHe, IPOIOPLIHOHATHHOEKOCHHYCY yriia ¢ :

[cos(2mqt + @)+ cos o). 2.21)

K,U_ U,
Um(t]=%cmq}. (2.22)
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B20.
B21.Memoow peanusayuu IIC. Peanusayusa IIC na ocnoee nozapugpmuposanusn u anmuino2apu@mupoeanus cuzHanios, UsMeHe-
Hue nposooumocmu kanana Il'T u ucnonvzoeanue epemaamniumyorHozo npeodpazoeanus.
OCHOBHBIMHU METO/IaMH, UCIIOJIb3YeMbIMU 1pH peanuzaunu [1C, saBisoTes ciaeqyromue:
1. MeTozpl, OCHOBaHHBIC HAa M3MEHEHUH KPYTHU3HBI S WK MPOBOAMMOCTH G YCHIIMTENIBHBIX 3JIEMEHTOB, KOTOPBIE Hanboee mpuem-
nemsl 1uist peanu3anuu B Bune [1MC Ha 6aze J1Y.
2. MeTtonbl, OCHOBaHHBIC Ha JIOTApU(PMHUPOBAHUH U aHTWIOTAPHU(PMHUPOBAHIH CHTHAJIOB, IIO3BOJIIIONINE NOXYIHUTh mupokuit [1/1 ne-
PEMHOKEHUSI.
3. Merop1, OCHOBaHHBIC HA UCIIOJIE30BAaHIH BPEeMsI aMIUTUTYIHOTO IIPe00pa30BaHMs CUTHAJIOB, KOTOPEIE pabOTaIOT Ha OTHOCHUTEIHHO
HU3KHX yacToTax. Peanmmzarus ananorosoro I1C, o0CHOBaHHOTO Ha HCIIOJIE30BaHUH OTIEPALIN JIoTapu(MUPOBAHHS U aHTIIIOTapUD-
MHpPOBaHHS CUTHAJIOB, IIPECTaBlIeHa Ha puc. 2.14.
HamnpspkeHne Ha SMUTTEPHOM Hepexoie

Ugs =(pTlnlI—3=MlgII—3. (2.31)

30 30

M~ 60 mB.
B norapudmudgeckom ycunuTene kanaia mpeodpasosatens Hanpsukerus Ucl
Tok smutTepa bT1 coorBercTBYeT TOKY 11, mporekaromemy uepes pe3uctop R1 nox Bo3aeiicTBueM aHAIU3UPYEMOTrO CUTHANA:

Uy ,,  @BbIXOJHOC HaNpsIKEHHE OVY1 B 3TOM ke KaHaje COOTBETCTBYET HANPSIKEHHIO
-In=] =R_! (232)  ueo.1 (2.31), npuuem ¢ yuetom nosspHocty BkitoueHust bT1 oHo umeer otpuia-
1 TENbHBIN 3HAK:
-1 U
Usppre 1 = —Upsg = -Mlg—2 = _Mlg—L ~ _MlgU,. (2.33)
Lo 130
BrxonHoe Hanpspkenue OY?2 s kaHaa mpeodpa3oBaHus HanpsokeHHs Uc2 MOXKeM 3alucarh 0 aHaJIOTHH ¢ BRIpaxeHusMH (2.33)
n(2.32)
HamnpspkeHne Ha BBIXOZIe HHBEPTHPYIOIIETO cyMMarTopa, nocrpoeHaoro OY3 ¢
Uﬁm_j =-M lchl- (2.34) OJIMHAKOBBIMH 110 HOMHUHaTY pe3uctopamu B iernu OOC, ¢ yueToM COOTHOIIIE-
auit (2.33) u (2.34) nproGperaet Buj

B anTHIOTapudMuUpyOIIeM yCHIuTeNe, BemoTHeHHOM Ha OY4 (cM. puc.
2.14), ocymecTBisercs 00paTHOE PeoOpa3oBaHNE CUTHAIIOB TAKXKE C TIOMOIIBIO
BAX smurtepHoro nepexona bT3. Tak kak Ha ocHOBaHHH ypaBHEeHHS (2.31)

U /M
I,3=T,010 s /M, (2.36)

a HanpspkeHue Ha BT3 cooTBETCTBYET BHIXOJHOMY HampspkeHHIo (2.35) cymmaropa
Ugsz =MlgUqUeo.
TO BeIXO/1HOE HanpspkeHue [1C B 1enom, oOpaszyemoe Ha pe3ucTope oOpaTHoii cBsi3u Roc npu npotekanun Toka smurrepa bT3 (2.36),

lgU U,
Ugex = IocRoe = —133R g 10 © o

=-I33RgcUUea- (2.37)

PHc.2.14. Aganmoroeeifi IIC Ha OCcHOBe JorapH(pMHpOBaAaHHA H
aHTHIOTapHAOMHpPOBaHHA CHIHaIOB
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B22.

B23.

HUC ona e3aumnozo npeobpazosanusn ananozoeou u yu@ppoeoii ungopmayuu. Cucmemul céopa u pacnpeoenenusn oannvix. Hn-
mezpanbHble KOMRAPAMOPbL CUZHATIO6: OCHOBHDbIE RAPAMEMPYL U UX npuMeneHue. Myibmuniekcopsl u 0emyabmunieKcopbsl.

Puc. 3.1. BapuaHT cTpyKTypHOI CXeMBI CUCTEMBI cOOpa TaHHBIX

[poctetimeit CC/l mocnenoBaTensHOro Trma (puc. 3.1) Brogaetr mynsTuiniekcop 1, YBX 2, AIIII 3 u nporpaMMHOE yCTpoicTBO 4.
[omygaemsrii mudposoii kox BBogutcs B 9BM 5. Tlocie 06paboTku nnpoBeix curHaioB B 9BM HeoOXoanMo BEpHYTh pe3yabTaT
00pabOTKY B IPUBBIYHYIO aHAJIOTOBYIO (hOpMY U 3aTeM pa3naTh HHPOPMANUIO NoTpeOuTemo. JlanHas oneparis oCyIecTBIIeTCS ¢
MIOMOIIBIO CHCTEMBI PacTIpEeeNICHUS JaHHBIX, B COCTaB KOTOPOH 0OBIYHO BXOZAT IOcie10BaTenbHO coennHeHHble LIAIL n nemynsTu-
IUIEKCOP, KOTOPBIE YIIPABIAIOTCS IPOTPaMMHBIM YCTPOMCTBOM. JIeMyIbTHIIEKCOD MPENCTABIAET OO0 MHOTOKaHAIBHBIN KOMMYTa-
TOp, paclpeieNoUui o ONpeAeIeHHON IPOorpaMMe BXOIHbIE CUTHAJIBI Ha PsIl CBOUX BBIXOJIOB, U, MO CYILIECTBY, PeaTU3yIOIIUH
00paTHY0 ()YHKIHIO, BBIIOJHAEMYIO MYJIbTUILIEKCOPOM.

Komnapamopui cuznanog

Juddepenimanbabie KOMIAPaTOPhl CUTHAIOB — 3TO creluanu3upoBanibie OV ¢ muddepenianbHpIM BXOJOM U OTUHOYHBIM WK napadazHbiM
nu(pOBBIM BEIX0A0M. BXoaHo! kKackag koMmaparopa paboTaeT B IMHEHHOM peKUMeE, a BRIXOJAHOW — B HETIMHEHHOM (peneiiHom) pexxume. Ha Beixo-
Jie KoMmaparopa GOpMHUPYIOTCS CUTHATBL: «1», €CIIN pa3HOCTh BXOJHBIX CUTHAJIOB MEHbILE (00blIe) HAPsKeHUs cpabaThbIBaHU KOMITapaTopa,
i «0», €CIIH 3Ta pa3HOCTB NPEBHIMIAET (He IMPEBHIIIacT) Mopora cpadaTbIBaHMS.

dopmupyeMslil epena HanpsHKeHHH Ha BEIXO/E KoMITapaTopa 00bIYHO JJOCTaTOuYeH Juis yrnpasieHus nndpossivu MC. Takum o6pa3zom, koMnapa-
TOP ABJIACTCA HpOCTeﬁLHCﬁ aHaJ'[OFO-L[I/I(prBOﬁ HCc BBIXOJHBIM CUTHAJIOM 1 6ur. OcHOBHEIE napaMeETpbl KOMIIapaTOpPOB: YYBCTBUTECIILHOCTD, OIIPE-
JAcisaeMast norpemHoCTbIo, € KOTOpOfI KoMITapaTop MOXKET pa3indyaTb aHanmnpyeMmﬁ u OHOpHBIﬁ CHUT'HaJIbI; 6LICTpOZ[eﬁCTBPIe W CKOPOCTH OTKJIN-
Ka, XapaKTepu3yeMble 3aep kKol cpabaThIBaHHA U BpeMEHEM HapacTaHHs BBIXOJHOTO CHTHAJA; HArpy304Hasl CIIOCOOHOCTh, MEPOi KOTOPOH SIBIIS-
€TCsl YHCIIO OJHOBPEMEHHO MOKIIOYIAEMBIX BX0I0B H(ppoBbix MC, He Hapymaoee GyHKIHOHHpoBaHueKomnapatopa. Ha puc. 3.3,a mokazano
BKITIIOUYCHHUE IBOMHOTO muddepenimanbHoro kommapatopa K554CA1 no cxeme cenektopa aMiututyabl. B 31oit IC BbIX0IbI ABYX
OTJIEJIBHBIX KOMIIApaTOPOB COBMeIeHH! 10 Jioruke MJIM Ha sMUTTepHBIX MOBTOPUTENAX. B CBSI3U ¢ 3TUM Npu nojave Ha BXO/BI AaH-
HOT'O KOMIapatopa AByX onopHbix HampspkeHuit 01 U u 02 U u nunelino usmensitoinero Hanpsbkenust Uc () Tak, Kak 3TO MOKa3aHo
Ha puc. 3.3, HanpsDKeHHE HyJIEBOI0 YPOBHS Ha €ro BeIXone obpasyetcs toraa (puc. 3.3,0), koraa uccaenyemslii curaan Uc (t) Oyzer
HAXOAUTBCS B MHTEPBAJIE MEXy YPOBHIMHU ONOPHBIX HAIIPSKEHUN.

E] CTpobd.HMI gax“ To(t)
[+l ] i ~

Uy

|
]
J
i

(1)
TUm

PHC.3.3. CelIeKTOpP aMILIHTYIBI Ha
kommoaparope K554CAl (a) H
JHarpaMMBI ero padoThl (G)
Ananozoevie Kommymamopul
DNeKTPOHHBIN aHanoroBblii KOMMYTaTOp (AK) — 3TO BEICOKOCKOPOCTHOE YCTPONUCTBO KOMMYTAIIUX aHAJIIOTOBBIX CUTHAJIOB OT UCTOY-
HHKa Ha HArpy3Ky ¢ MabIMK HCKakeHusMu. Wneanbupiit AK o6magaeT MaabiM CONPOTHBICHHEM B pexuMe «BKitoueHo» (r BKJT) u
GOMBIINM COTIPOTHBIICHHEM B pexume «BbikimoueHo» ( R BBIKJI) . B HeM OTCYTCTBYeT BIHSHHE YIPABISIONIETO HANPSKCHHS HA
LT KOMMYTHPYEMOTO CHUTHAJA.
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B24.
B.25 YBX: ocobennocmu cxemomexHuKku u cnocoowl yayuuienus mexuuyeckux xapakmepucmuk. Ilpunyunst nocmpoenus,
oyenka mounocmu u IPpgexkmuenocmu evicokomounozo YBX.
YerpoiicTBa BEIOOpPKH-XpaHeHUS] HHPOPMALMHU MTPpeHa3HAYCHBI IS OCyIIe-
CTBJICHUSI BEICOKOTOYHOT'O 3aIIOMUHAHUSI OBICTPOM3MEHSIOIINXCS aHAJIOTO-
BBIX curHainoB. [Ipumenstorcst nuist moctpoenust AL, paGoraromnux co MHO-
TUMH UCTOYHHUKAMU CUTHAJIOB, KOTOpPbIE Npucoenuustorces yepe3 AK. lan-
HBIE YCTPOMCTBA MIPUMEHSIOTCA U IS TApaJUIETIBHOTO CheMa (3aITOMUHAHA)
nH(pOpManNy ¢ MOCIeJ0BATEIbHBIM aHAIN30M.
B LAII mepenaua mHbOpMAIIH Ha 0OIIYI0 HATPY3KY MOYKET OCYIIECTBIISATH-
cst
TaKke nocpeacrsom YBX.
IIpocreiimuii BapuaHT peanusauuu YBX U ero 5KBUBaJICHTHBIE CXEMBI 3a-
MeleHus npejacrasiaeHsl Ha puc. 3.11. ITpu 3ambikanun AK (puc. 3.11,a) nox
JelicTBrueM yrpasisitoniero curaana Uy B BUJie IPSIMOYTOJIBHOTO UMITYJIbCa
MIPOUCXOJUT OTHOCHTENILHO OBICTPHII 3apsiy KoHneHcaTtopa C OT HCTOYHHKA
ananmusupyemoro currana Uc (t) gepes pesuctop 1 R u manoe conporusie-
HHE
otkpbiToro AK r BKJI . Konnencarop C, BkmouenHslii B nens OOC OV,
3apspKaeTcs ¢ MOCTOSHHOM BpeMeHN 13 .
Prc.3.11. Cxema npoctefimero YBX (a) [pu pasmbikannu AK (RBBIKJI) nenurens, cocrosimuit u3 pesucropos R1 u

. H €0 CXeMbl 3aMelleHui (6. B) R2 , otkmogaercs ot OV H IIOCTOSHHAS BPEMEHH paspsaa T3 KOHAeHcaTopa
CYIIECTBEHHO YBEIMUUBACTCS, YTO M ONPEAEIIET JOCTATOYHO [UTUTEINEHOE BPEMS
xpanenus t XP unpopmaiu Ha Beixoae OV, koTopast B JaHHOH cXeMe NpUoOpeTaeT
MPOTHBOIOJIOKHYIO TOMSIPHOCTh OTHOCHTENBHO HcxoaHoro curiana Uc (1) .
ITocTostHHBIE BpeMeHH 3apsaa 13 U pa3psaia Tp MOXKHO ONPEAETIUTH 0
SKBHUBAJICHTHOM cxeme 3amerenuss YBX (puc. 3.11,0), mepecuutas ee napamerpsl k Bxoay OV (puc. 3.11,B).

B-. OcHOBHbIE IPUHIUIIBI HHTETPAJBHOMH cXeMOTeXHUKU. CTPYKTYpbI aKTUBHBIX 3JieMeHTOB C u ux ce-Ba: TC, Ounouasp-
HO-YHHUIOJISIPHBIE CTPYKTYPbI

CHCTEMOTEXHHIECKOE IPOSKTUPOBAHNE OCHOBAHO HA MCIIOIb30BAHMH TOTOBBIX

cepwuii IC, NOHOCTBIO yIOBIETBOPSIONINX TPEOOBAHUIM PEalIM3aIM1 3aJaHHBIX

¢yHKIHi POA.

[Tpu cucTeMOTEeXHUYECKOM NPOEKTHPOBaHUU PDA mpocMaTpuBaloTCs iBa OCHOBHBIX 3Tana: Bbibop VIC no GpyHKIMOHAIBHOI cXxeme
POA u pa3paborka npuHIMIIHANEHON cxeMbl POA Ha ocHose VIC.

B cBs3u ¢ pazHooOpaszuem cymiectBytonux MC peanusanust mepBoro sramna MOXeT OKa3aThcsi HeOAHO3HAaYHOU. [losToMy paccmaTpu-
BaIOT HECKOJIBKO BapHAHTOB M, MCXOJSl U3 PA3INYHBIX KpUTEpHEB (TaOapUTHO-BECOBBIX, SJHEPTETUIECKHIX, SKOHOMHUECKUX H T.1.),
BBIOMPAIOT ONTUMAJIbHBINA. BO3HUKaET HEOOXOAMMOCTh B CHHTE3€ CTPYKTYPHOU ((YHKITMOHATHHOW) CXEMBI.

Ha BTOpOM 3Tamne pemrarorcs ABe OCHOBHBIE 33a4H 3JIEKTPUIECKOT0 pacyeTa:

BBIOOD M pacdeT BHEIITHUX KOMIIOHEHTOB, corylacoBaHue (CThIKOBKa) BBIOpaHHBIX MC Mex Iy coOOH.

Heo0xoanMocTh BO BHEIIHMX KOMIIOHEHTaxX 00yCIOBJIEHa TEM, YTO HEKOTOPBIE

HC BrimyckaroTcst B He3aBEPLUIEHHOM BUE M 0€3 HAaBECHBIX 3JIEMEHTOB HEpabOTOCIIOCOOHBI.

[Tpn aHanmUTHYECKOM BapHaHTE, HCXO/S U3 UMEIOIINXCS TPUHIMITHANBHBIX cxeM MC 1 HOMUHAJIOB MX 3JIEMEHTOB, a TAKXKe IapaMeT-
POB TPaH3UCTOPOB, IPUBOIUMBIX B CIIPAaBOYHUKAX, BBITTOJIHAIOT HEOOXOJMMBbIE pacyeTsl. [Ipy 3KcIiepUMEHTaIbHOM BapHaHTE Tpe-
OyeMyro HH(OPMAIHUIO MTOTYYAIOT B PE3yJIbTaTe

HM3MEPEeHUI COOTBETCTBYIOINX MapameTpoB MC.
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B31. ATC kax ompascamenu moka na BT u ITT. Pasnosuonocmu J{ITC. Toxosoe 3epkano Yuncona

IIpocteiimas ATC(puc. a) conepxut aBa uaeHTHYHbBIX BT ¢ HemocpeACcTBEHHOH CBSI3bI0 SMUTTEPOB, IPUYEM OJUH U3 TPAH3UCTOPOB

OKAa3bIBaETCs MPAMOCMELIEHHBIM B TUOJHOM BKJIIOYEHUU.
Hcxonas u3 cB-B HAEHTUUHOCTU XapakTepuCcTUK BT

o =Noro =hyy, (4.10)
otHoreHue TokoB 12/11, kotopoe onpenenser kodhduiment nepeaaun TokoB J[TC
I 22

Iy =1y =lgg - hgyy =

h21as
h213 +1 21a

132 _ 132 + Ial(hlla + 1]
215 +1 hoy, + 1

Iy =lgp +lgg = I +

Torma oTHOILIIEHHE TOKOB
I Tohys _ Nhy, o NN+
Ii Lo +I51(ho1y +1) N+ hgpy +1 N + hgy, +1°

rae N- koaddunment orHomenus TokoB aMutTepoB bT,Bxosuux B JJTC

N 2122_.
I:31

Ecim N=1, To
L _, 2
11 h2 1t 2

ITpu N=1 ATC Ha3siBaeTcs OTpaxaTeneM TOKa (TOKOBBIM 3€pPKaioM)

Bonee cosepmiennas JITC (otpaxkaTtens Toka Yuicona) crpoutcs Ha Tpex BT (cM. puc. e)
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B32
B33. IIpoonema nenocpeocmeennoii céazu 6 IIHC: coenacosanue umnedancos u yposneii noOCmoanno2o moka. Cxemul cosuza
yposnei. Cmaodunuzayun ypoeueit Hanpsaycenus u moxa ¢ ITHC.

Opnna u3 ocodenHocTel cxemoTexHUKH [T C cocTouT B TOM, YTO BMECTO Pa3JeiIUTENILHbBIX 3JeMEHTOB(KOHAEHCATOPOB OOJIBIION eM-
KOCTH) HCIIOJIB3YIOT HEMOCPEICTBEHHBIE (TajlbBOHMYECKUE) CBSI3H MEXK/1y KacKaJaMH, a TaKKe ¢ ICTOYHUKOM CHI'Hala M Harpy3KoH.
Jlns cormacoBaHUs HIMIIETaHCOB HAXOMUT mupokoe npumenerne OOC

CxeMbl cIBUTa YPOBHEH

o

UBN U}!
U(}Il
Ry &< R
r U“blx r !
UBHH

-E, -E,
puc Cxembl cagnra ypoeHen

Cxema (puc.a)comepxut kackan ¢ OK Ha Tparzuctope T2 u onmopHsIi quox. J{is morydeHus HyJIeBOTO HalpsDKEHUS Ha BBIXOE
JTAHHOU CXEMBI TI0 OTHOLICHUIO K 00IIei muHe Heo0x0oauMo BoInonHuTh yeaoBue Uon=Uk-UGa

HenocraTok cxemsl: TpyXHOCTh HOAOOPA AMOAA C HYXXHBIM ONOPHBIM HanpspkeHueM Uom

Jlyist ynydineHus cB-B KackaJioB CIBUTa ypOBHS B3aMeH ONOpHbIX n1uoaoB ucrons3yercs ['CT (puc 0),toraa Uon=Irct*R

a S d +E, ¢ +E,
r[] ™ r R
E
t i N_2 uB/°C
63
~+3 MmB/°C

Puc.4.4, MuxposieKTpoHHbIe cTaOHIH3ATOPB! HANPAKEHUA

E
E(, I 0
Sl Wik e i e
12
* T1 |/T2 T4
Tl T2 .y 3]
’Sl Sg R nSl
) -
a 1]

Puc.4.5. MukposrexrTpoHHEIe cTa0HIH3ATOPE TOKA

(]
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B38. Ocnoeuvie munwt kackaooe u ocovennocmu ux peanusayuu ¢ ITHC. Oonomaxkmmusie u 0syxmakmmuuie kackaowvt ¢ 1C u ux
pasnosuonocmu. Cxemul 3augumol om cayuainsix K3 ¢ 06yxmakmuuix Kackaoax ycuieHus MOWHOCmu

HUcnone3yemsie B [TNC kackaapl MOXKHO YCIIOBHO Pa3JCUTh HA 3 TPYIIBI: OJHOBXOIOBBIC, IBYXTAKTHBIC U TU( () epeHIAANBHBIC.
K ognoBxomoBeiM oTHOCAT Kackaasl ¢ OO0, OK u Ob

a
Puc.4.68. OaHosxomosbIe KACKAA! YCHIHHA HANDSMEHA

Kackazg ¢ O3 (puc. a) obecriedrBaeT HEOOXOJUMBII PEKUM Ia TIOCTOSHHOMY TOKY 3a cueT ucnonb3oBanust ITC va T1 u T2. Tlpu
ycnoBur R=2Rxk BeIx0HOE HampspkeHHE B pexume mokos Uy, =En/2.
Koadduument nepexaqan momoOHIX kKackagos ¢ OD

K=z ~y,R =D
- ~ ity —
Y,, +Y, r,
MakcumanbHbIi KO3 UIUEHT Nepeadn OyJeT COOTBETCTBOBATh MAKCUMAaJIbHOMY COIIPOTHBIICHHIO Harpy3Ku
En  En
Kvaxe =
21, 21,
|KMa7<c| = —R"W”” = E,
ra 2¢T

C nenpio NOBHIIICHHS KO3 QUIMeHTa Iepeiadn MOKHO BMECTO cOpoTHBIeHUs Rk ncnonp3oBatk BT (puc. 6)
s 3T0i1 cxeMbl KoahGUIUEHT Nepenayu:

Y,
K| = A73)
| | Y +Y.
2213) T Tox(r2)

a

Pre.4.7. InyxTakTHbIe KacKaabl YCHASHHT MOLHOCTH
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B-. Ocobennocmu cxemomexHuku u OyeHKa MaaoCcuZHaIbHbIX napamempos unmezpanvhuvix /1Y na bT. Xapakmepuvie pescumot
paoomwr /1Y. Hopmuposanue xapakmepucmux Koa1eKmopHulx mokos. Illlupuna akmuenoii oonacmu.
Pesrcum u nopoz ozpanuyenus.

AY [1] nomy4un cBoe Ha3BaHUE OT CIOCOOHOCTH YCHIICHUSI pa3HOCTHBIX (quddepeHnn-
JIBHBIX) CUTHAJIOB, JEWCTBYIOIIMX MEX 1y ero Bxonamu. [Ipocreimmii 1Y (puc. 1.1)
BKITIOYAET /1Ba MICHTHYHBIX 110 apameTpam Tpanzuctopa T1 u T2 ¢ oqnHaKOBEIMH 110
HOMHUHAITy Harpy3ounbiMu pesuctopamu RK1 n RK2 B nenm komnexropos u I'CT, mu-
tarouii TokoM 10 smurreps! bT. cymecTBy Bce ycunurenbHele napamerpsl Y. B
cummerpudHoM Y ¢ uneansapiM ['CT nipu OTCYTCTBHH BXOZHOTO HU(QepeHInaTbHOTO
curnana (UC/] =0 ) HanpshKeHHE MEXAY ero BRIXOIaMH

UBBIX.2 -U BbIX.1 =0, yTo cioco6cTBYeT pexumy OanaHca.

B s1oM pexume Tok Ol renutcst MOpoBHY MeXy YCUIUTEIbHBIMU JIEMEHTAMU U, €CIIH
npeHeOpeys TokaMu 6a3bl, TO MOXKHO CUUTATh, YTO KOJUIEKTOPHBIE TOKU TOKE OJIMHAKO-

BBIC!

Puc. 1.1. Yopomé&nnas cxema JTY ¢ T =T =1./2. 11

NOMKTIOYEHHRIMM NCTOUHHKAMM L S ( ) Toxmwu (1.1), npo-
CHI'HaJIOB Tekas 1o pesuctopam  RK1=RK2 = RK, co3naroT cuHba3HbIi

ypoBeHb Hanpspkenus 6ananca UBAJI =UBBIX.1 = UBBIX.2 , koTOpbIif MOXHO oIpe-
JIETUTS 110 (hopMyIie
K 0CHOBHBIM MayOCHTHAIBHBIM (TU(de- PEHIHANTEHBIM) TTapa-
Metpam Y otHOCATCS: nuddepeHmans- U. . = E+ _~2R_. (1 . 2) ueiit KJI u1 cuada3Hbiit
KC xoadpdunmenTs! nepenaun, ko3hdu- BAT I K IUCHT OCITa0ICHUS
curdaznoro curaana KOC.C , mudde- pernuansHOoe RBX. [T
ucutpaznoe RBX.C BXo1HbIC CONPOTUBICHUS, a TAK)KE BBIXOHOE compoTuBieHne RBbBIX .

o |5

Uges SUg Ry . R;

K:L — BRIX.J — BX*“H =S—H =5RK_ (19)
Ug:  2Ug, 2 |esoms

) I, L

rae RH -pacdC€THOC COIIPOTUBJICHUC HAI'PY3KH. S = =
Pr  20;
20 h,, +1
Rppq =20, =—F =49, —2—.
I. I.
= }.1]1 * = K _ UBHX,( B S*R*
Rexc =hy =?+Ri.1"CI‘{hEl_l)zRi.l'C'I(llzl"'l]-. cTTg T HC
cc

K xapaktepHbIM pexnmaM padboTel 1Y cienyer oTHeCTH: OrpaHHYeHHe, aBTOMAaTHIECKYI0 PEeryIupoBKy ycuienus (APY), nepemuo-
KEHHE.

upuny aktiBHOM obmactn BX AU ompenennm uCXo/is U3 BEIOPAHHBIX IPAaHUYHBIX YCIOBUI HOPMHUPOBaHHOTO TOKA KOJIJIEKTOpA U
cooTHoeHus (1.25), pa3perieHHoro OTHOCUTEIHHO aKTUBHOTO BXOTHOTO CUI'HAJIA!

Kak BunnHO U3 BeIpaxkeHus (1.28), muprHa akTHBHON 001acTH onpeaemseTcs

TOJILKO TEMIIEPATYPHBIM NOTeHIMAIOM OT M He 3aBUCHUT OT BEIMYHMHBI TOKA U

3JIEMEHTOB cxeMbl J1VY.

£

I
Ug =0, 10 I—"'—l : (127)

K2

~Ugyly,  ~440p. (1.28)

AUg, =Upgy
S 09

I:I i
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B-. Ouenka nenuneiinvix uckaxcenuit /1Y u oonycmumoit amnaumyost 6xo0no2o cuznana npu 3aoaunom KI'M u ux cpaguenue ¢
uckaxcenuamu 6 kackaoe ¢ 09
[epBast npou3BOgHAS OT KPYTU3HBI

- Ug /o
S ] —g B¢ |
F(UB}:} = (1 A }S(UBH)" (1:
BX Pril+c y
HOpMHpOBaHHaﬂ XapaKTepI/ICTI/IKa
ﬁ = In = L (1.25)
I, hyl, 1+e™=io’
-1 —:3 —=2 —'.1 0 :1 Iz 3 4 Uss o
&UE.{¢-4.4(|) . E HpI/I 60J'ILHII/IX ypOBHHX BXOIHBIX CUTHAJIOB HpO)IBJ'IHIOTCH HCJIIMHCUHBIC HCKAXCHUS,

KOTOpBIE OMpPEEIUM Ha OCHOBAaHUM HOPMHUPOBAHHON MEPEaTOUHOM XapaKTePUCTUKU
(1.25) pacnpenenenus koyuekTopaoro Toka B BT T1 (cm. puc. 1.6), mpenctaBus eé

Puc. 1.6. HopMHpOBaHHaA XapaKIEPHCTHKA -
mpu h216 =1 B Buze runepbomydeckoit pyHKINH

KOJJIEKTOPHBIX TOKOB [V

gh‘f! -1 \| 1 ‘f z -2 "y

t— -
P +1) 21 el e )

1 _2e=+1—1_l" o

2(1+¢") 21

1

_ s 2
| == 1]
2L 2)

ol

l+e™

I | Usy
I, =2 1+thi}
2 2¢r

C MOCIEYIONUINM pasioxkenneM B psa (thx = X — x*/3 + 2x° /15 + ...) mo cTenensM mapamerpa

== ]
Ug, =U_ smot, (1.38)
rae Um ,0 U t — aMIIUINTYa, YaCTOTa U TEKYILEE BPEMS BXOJHOI'0 CUHYCOHUIAILHOI0 HANIPSKEHU .

3
=I_n(1+ Ugy _ Usx

A C yuérom (1.38) u paencra sin® ot = (3sin ot — sin 3wt)/ 4 st Toka (1.39)

i
I +...|. Tlo
Kl 3 LN JIydaeM
20 20p 249 /
L. (u, Ul\. v,
OrnennBas k03(pPUIHEHT TApMOHMYECKUX Imm=; + ) _32 3 ’Slno}l+96 3 siil Jot+... . (1'40)
nckaxenuit (KI'N) kak oTHONICHHE =01 Pr) O
aMIUIMTY ]l TPEThed U nepBoi rapmonuk Toka (1.40), MoxHO 3anucaTh
U3
9603 1{u, Y
K, = o ==, (1.41)

o

3
20r 3207 )

OTcroia MakCUMalbHasl aMILTUTYAa BXOAHOTO curHana (1.38)

U, =4¢.+3K,.

I U Ui s_l| 48 \\E;
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B-. Annpoxcumayus u nopmupoeanue xapaxmepucmux kpymusnwl /1Y. Peanuzayua APY. Hecummempuunsie no evixody /1Y u
CROCOObL KOMNEHcayuu ycuienus
HopmupoBaHHas XapaKkTepUCTHUKA UMEET BUJT

I I

‘3 _ tpr 1
I, hyd, 14w’
prTI/BHa onpez[enﬂeTcs{ BI)Ipa)Ke_HI/IeM )
gL L
¢r  20:

Ha ocnoBanuu (1.26) 11 npoxXoJHOM XapaKTepPUCTUKH TpaH3UCTOpa T2 MOXKHO 3amucaTh
- U - U
| ol h, Le"™*  45(0)e"=/"r
S(Upy ) = —E— (U, ) = ——2 - _
B U BX [ U /o1 | { Usxfor F
BX Qfl+e™™® T I

rae S(0) — KpyTu3Ha B IIEHTPE MPOXOTHON XapaKTEePUCTHKH; MIPH OTCYTCTBUH BXxoaHoro curhana (UBX =0):
h,,.I h, I S S
S(0)=S(Ug,)| —=-—ot-_265_ p Z:°2 (1.31)
40 2 202
Ugy=D T Qg ~
Ha puc. 1.8 nokasana HOpMHUPOBaHHAS XapaKTEPUCTUKA KPYyTH3HBI uddepeHnnansHoil napsl Y, paccunTaHHAs B COOTBETCTBHH C
BeIpakeHueM (1.30)

(1.26)

(1.10)

(1.30)

S(U) [Mpu peammzanuu APY curnanos /Y MoxeT OBITh BKIIFOUYCH I10 THITY

1RGN yeunutenbHbIX kKackanoB OK-OBb u O3-0b (puc. 1.9). B oboux ciyuasx 6a3a BT T2
(Bx.2) coeaunsiercst ¢ oduiel munoi. [Ipu Brmouenun 1Y no tumy OK-Ob
ucrounuk curraia UC (t) noaxmouaercs k 6a3zam TpanzuctopoB T1 u T2
mddepenunansHoit napsl (Bx.1). Ynpasistomee Hanpsbkerue APY npu sTom
MOXeT Bo3zeiicTBoBath Ha Tok 10 (Bx.3), a cheM curnana yaiie mpou3BOAUTCS C
HEMHBEPTHPYIOIIETO Bbixoaa (Bbix.2).

=

=

Usx
QT

Uc.l(t}3

PHc. 1.8. HopMHpOoBaHHAA XapaKkTepHCTHKA
KPYTH3HEI H € THHEeHHAA alllpOKCHMALIHA

Pucynok 1.9 APY
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B39. JIY na IIT kak akmueHwlii 31emenm cxemomexnuxu (Ce-6da, napamempol, XapaKmepHble Pescumsl padomol, HOPMUPosanue
XapakmepucmuK CmoKo8blX MmoKoe, onpeoesenue wupulbvl AKMuUeHol 001acmu, ANRPOKCUMAUUA XAPAKMEPUCIMUK KPYMU3HDbL,

cmamuyecKkue ouuoKu) E-
i
LA
R ) 10
Fryut U gare T2
- >
e £2
T [
~LA2
- . 06 | 04 o3 0 0z o4 |06s 08 10 U,
Pc.8.47, YnpouweHHaR CXeMa o u
e B tUy

AY na TIT ¢ nooxnoueHHBM
Puc.8.48. HOpMHPOBAHHBIC XAPAKTEPHCTHKI TOKOB

HCTOUHHKOM curaana Usx
Uy +Upy /2 ; I, U ! croxa nuddepenunanstol nape [T
Ie) = 1o pake) L= ——22—= = 1o yake| Jo— - —B2 | =
Usyore 2 wae  2Ugorc
2 _
- 1 U
=0]]— 28X
2( U, ] ’ (8.355)

2

2
I':2 =]clm qu:!H -Uax ;2 - I_ﬂ l+__l_‘!_i;5_ {8'356}
UW.OTC 2 UN

rae lg,Un- tok I'CT 1 HOpMHUpOBaHHOE BXOIHOE HanpsbkeHue auddepennuanshoii napsr [T JIY;

Cymma ToxoB croka ITT coorsetcrayer Toxy ICT

- I I
L=l +1g = Icl(l +I_CAJ =l Hﬁl

. a I
KOTOPEI A3€T BOSMOKHOCTS ITH ToKH (8.355)  (8.356) npectasurs b Buze
I
'TQ“‘ : , z“l-' Dox/Un T - (8.358)
o[ Uex/Uy | 2 14(Ug/Uy)
i“UBX."‘UN
El_:: I gl UBXIUH ;
2 -
b o[ 17 Ysx/Un 2 14(Ug/Uy)
1+UBK"{UN

1-(Ugy/Un)

ol I
( Ax 50, BX U, 1+(Ugj¢fum)tr
2
= 8(0)+ (Urar.s__':’y)z_
14 (Upy Uy
S5, A

_..Lq.,. v N
- .
Up

To |08 A& 44 41 o o1 o4 08 o8| o
0.86 v,

-0.86
PHc.8.49. HopMHPOBaHHAA XaPUKTEPHCTHKE KPYTH3HE An(deperiHanbHOH naphl MTHee

nuneliHOR aNPOKCHMALNA
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B-. Ouenka nenuneiinvix ucxkaxycenuit ¢ /1Y na IlT u ux cpaguenue c uckaxyncenuamu ¢ kackaoe c OH u ¢ /[Y na BT c onpedene-
HUeM 6bIUZPBIA 8 AMRIAUMYOAX 6X0OHBIX cuzHan06 npu 3a0annvix KI'H. Paznosuonocmu cxemomexnuuku /Y na IIT. /1Y na
MOII mpan3ucmopax ¢ akmugHoil HAzpy3Koil.

Tod il
1.0
s R

SR S »
30 .o 06 |04 02 0 D02 04 | 06 08 10 U,
o,

M-fﬂ"ux

Puc.8.48. HOpMHPOBAKHLIC XAPAKTEPHCTHKH TOKOB
croxa nipdepenumansiol napw IIT

Hna ouenku Henunedunix uckaxenuil, obpaiyempix 8 Y Ha ITT, socnonsay-
eMes HepeaaTovHol xapaxrepucrnkoft (cMm. pre.B.48) Toxa croxa nmpnm TPAHIH-

a:ﬂp&(SBS?}HpMOH{EHHeMapm @ynxuuu (1+x’) wiex?+x'=x*+.., cxo-

asmuumcs npu x° <1,
HprHMMan BO BHHMBHHE HAHHOE PAVIONEHHE B PAJL FIC CTENEHAM MAPAMOTPS
U ux (8.24), npencransum (8.359) B caenylomwem puae:

3 5 L
1 U U U U
l =! + Bx ax ux bl & AEL) - Ll
“ 2 Uy (Uu] +(Un) {Un] * (8.370)

Orpaﬂwmaaacb NepEBIMK TpeMs uienamu paaa (8.370), ¢ yuerom (8.24) u pa-
wesicTea sin® x = 1/4(3sinx ~ sin3x) nonyuaewm:

-

- 3
1 (Y, 3 vl 1fU Y .
TN N B 1 =2 | sin3ot +... . 8.37h)
_‘ic, lelz +(,Un 3 U’ )smm + A(UN ) (

Onpenenss ko>GbHuHeHT rapMonMyeckix uckaxenuit (KI') kax orHowenne
TpeTbeit 1 NiepBoii rapmoinkn Toka (8.371), ¢ yuetom (8.357) sannceiBaem?

;[u ]’ 1 o
B e — 4 Uy i~ _l_(_"_l_ﬂ;] zzﬁﬁ.ﬁ&(__ELJ _ (8.372)
_].‘.}.‘n._?. .l.'.!..'.'.‘. 41U, 81, \Usor .
U, 4lU,
Orcions MaKCHMANbHAS BMOAKTYAR BXOAHOTO cHruana (8.24) nph 3anaHHOM
KI'H (8.372)

U, = 2UxVKr =2U,, nc ,’ 21,Kr = Uy o VBKr . (8.373)

IC.WC

la®lc mae




B41. IIpoexmupoeanue UC ona MIully: ocobennocmu npoekmuposanusn unmezpanvnvix II1Y. Ouenxka wacmom cpe3a no na-
pamempam ycunenus moka ¢ cxemax 03, Ob u nanpsasxicenusn ¢ cxeme ¢ OK, a maksice Kpymu3snul 6 CpagHeHuu ¢ YacCMOmou eou-
nuunozo ycunenusn f 5T

3aBucumocth k03(hpunmenra nepeaadn Toka BT B cxeme ¢ O3 ot yactots! f 10CTaTOYHO TOYHO MOXKHO ammpokcUMUpoBaTh AUX

O®HY nepsoro nopsaxa:
~ h
hy(f) = ~—2— 8.1
a(0) L+ Jf /£y e

Monynp ko3 pHunreHTa Iepeaadn ToKa :

h hy,f,,. )
h.(f) = 2l ""-‘l, (8.2)
ha(D) JI+(E76,,F Y |

MO3BOJIACT ONPEACINTD YaCTOTY €CAMHUYIHOI'O YCHUJICHUSA

Ih (7405 4 |
h‘ll — __i—*SOB . : ]
O ] S e i
: (TaK)Ke KaK 1 1riomanb yCUJICHUSA TpaH3I/ICTOpa)
I! I[J'IH OIIPCACIICHUS YaCTOThI Cpe3a fh2l u YCTAaHOBJICHUS CBA3U

i -
0 f '\ MEXIY 4YaCTOTHBIMHA XapPaKTCPUCTUKAMM YCHUIICHUA BT no TOKY U
f L] fr f;mr)

HaIpPsHKEHUIO BOCIIOIB3YEMCS €T0 SKBUBAJIEHTHON CXEMOM, U3BECTHOM MOA
Puc. §.1. ANpoxcHMARNA MACTOTHOR INBHCHMOCTH xodpdmuneuTa oo o JUKHAKOIETTO:

tiepenayn roxa BT » cxeme c O3
I, »r 1y
61 ‘w & C, K g
" 11 " k Ve
>——-—--| = . 1 ‘\é‘_
P ' IIpu ynpasinenuu bT TOKOM, eciiu BHyTpEHHEE COIIPOTUBIICHUE
: Uiy e ]l R, MCTOYHMKA CMTHANA BEJIUKO, & CONPOTUBIICHUE HATPY3KU MAJlo, YacTOTy
s e y Lo o

E e TS, cpesa fh21 MokHO OnpeenuTh U3 YCIOBUS PaBEHCTBA HA 3TOM Y4acTOT

o COCTaBISIFOIINX MOJHBIX COMPOTHUBIICHUH UITH TIPOBOAUMOCTEH

y $ SMHUTTEPHOTO MEPEX0a, NEPECUUTAaHHBIX B KOHTYP 0a30BBIX TOKOB B
BHJIC COTIPOTHUBIICHU 03 U muddy3noHHOI EMkocTr CO3 mpu 3TOM
Puc. 8.2. Samuanewttiian cxems BT n oxeue ¢ 03 © eMKOCTBI0 KoJutekTopHOro mepexonaa CK u mpenebperaem:
1
£, = , (8.5)
T Z’Ecﬁ‘arﬁ's
VCunmuTeNnbHBIN apaMeTp - KpyTU3Ha 1 yactoTa fs:
fs = h -3 L : (8.7)
2nC ﬁ‘a{rﬁﬂ'ﬁrﬁ': ) 2nCp,Tes
s> /Tos

4acToTa cpe3a 1o MapaMmeTpy KPYTHU3HBI B 6oinbine yem th21.

Ecnu BxmrouaeM BT no cxeme ¢ Ob, npuuem ¢ ynpaBiieHUEM OT UCTOYHHMKA TOKa, TO YacTOTa cpe3a COOTBETCTBYET 8.7.
Koadpunment nepenaun Toys bT B cxeme ¢ Ob cB3staH ¢ TeM e KO3 PUIEeHTOM ISl BKItoueHus ¢ O0:

h = I A 89

ITonyuaem:
hais

f E—E"ll‘"(l+hz])=fr +f‘f/h2!=f1'+fh“' (s.il}
1

L Y (8.10)

h 26 h il 6
Ipu Barouenun bTmo cxeme ¢ OK vacToTa cpe3 ero ko3dduipenra nepeadu Mo HAIPSHKEHUIO B 3aBUCUMOCTHT OT
BEJIMYMHBI COMPOTUBJIEHHS HATPY3KH OYIET 3aKIroueHa Mex iy yacroramu ft u fh21.
Oob6ormas:
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Y kax 6a3o06vlil 31emenm 011 WIHPOKOROJIOCHO20 MACuimadnozo npeodpazosanus cucnanos. Bknwuenus OK-0b, 03-0Ob u ux

ceé-6a.
AR
1R

do g

]
Yx Kox-08 “‘ESETIIR H* 4o, H

i ; - S{TE}RH -
K{f ok -05 * EsiTij(f)i{H 20+ jf /fsr2) )

40
R me,,fz(fms +g)=2h, =“"iu_1'(h21 +1),

1 I |
" Km!‘sn‘ns +9 =L I i = -1,
Puic. 8.4, Bayosas cxema J1Y TR Proo g0

LUIA IWHPOKONIONOCHOTO W INHERHOTO 20, 20,
YCHAEHHA CHTHANOB

: . 1 _
Km-us - “'S{T:;RH = '"-"E""RH'

2@1-
Un
- 96 1 t{u_ Y
—m _ _Ym Py
29y 32¢;]

Orciona makcumansias aMNANTYaa BXONHOTO CHrHana (8.24)

U, = 91 /48K,
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B42 B43. B44. Oonoxkackaodusie u ogyxxackaonwvte LIIY ¢ OOC paznuunozo muna «060UKa» u «mpouxay». Ycunumenu moka u
LIYH na ocnoee moxko6ozo nemenma. Inekmponuno-ynpasnsemoie ILIYH na ocnose /1Y u mokoeozo snemenma
Bxoauoii curnan B nannoM LIV H ceazan ¢ Tokom I'CT 16 u ero cocTaBnsiomuMu IOCPEACTBOM PE3UCTOPOB Ra:

Ugy = Roxlg =Ryl - x)lg = (2% - 1)lgRy. (8.35)

Upax = Rulxlls + Ig)-(1-xXIs + Ig)]= (2x - 1)lsR 4. (830)

Koappunnent nepenadu no HanpsHKEHHUIO:

,;(,P.EME.,'B_& h+ll'§'ﬂ'(}\n+2} (8-33)
Us Ry\ly Ry
Ipenenbhas nonoca nponyckanus Y H:

n = fhz"l

Tpu HeoBxomuMocTH nonyueHus Gonbuiero KoahdHumenTa nepenaunt (8.38)
npu gonyctuMom kodbduunenre cyxenns y (8.21) npeenshoii nonockl nmpomycka-
HiA (8.39) MoxeT GBITE HCHONLIOBAHO KACKAMHOE COENHHEHHE Nt OAHOTHIIHEIX TOKO-
BhiX 3nemenToB [ 1}, ans xoTophix KodpdHLUNEHT Nepenaun Toka :

K,=1+ -LZ Lyys (8.44)
Iﬂ ja‘

L

]

Puc. 8.7. lliYHc
FMEKTPOHHO—YNPABITNEMLIM

ebRMEHLAM JTEpE AR B aroit cxeme Ha Tpansucropax T4, TS u T7

Puc. 8.6, Hpax tnvecxas ciema LY Bpra6aTbIBaCTC$I Tok lo:
Hil CCROBE TOKOBOMO HeMmen Ty

Eq = Uit 8.47 B naunom LLIYH sxoanol Tok
" - Upx s BXG(U;.M_)' (8.48)
fox h hyyriry +1 o hrin)
)+ “G(U-,M) 1(12)
KoaddumnenT nepegayu mo HaIPsSHKSHUIO:
U I'my6una OOC:

K""l}'w')s'zRHG(USH)ERHGMAKC[i""""*m"']' Uy  (849)

Unx U'JWC
INonoca nporycKaHus: S{n)R - S(") : !0 (8.50)

| ' i " 20:0(Us)’
Sy lifsgy) mHG(Um) 26(Us) 20,G( )

ZG(Uju ) 4‘?TG(U3M')

Buxonnoe conpornsnenue LIYH B uenom

I = fy(m) = ygapf = fs{n) , (831

Ry +hyyryy
1T 1} (8.56)
hn(n) +1
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B45. IIpoexmupoeanue UC ona anano206020 nepemnodicenun cuznanog: /|y xax 6a306uiil 31emennt 01 NePEMHONCEHUA CUSH -
106. Uckntouenue enuanus cungasnoii cocmaenatowien cucnana. JITuneapuzayus xapaxmepucmuxk INC ¢ éude nonynposoonuxo-
evix UC.

[TepeMHOXHTENB CUTHAJIOB — 3TO YCTPOMCTBO, NPEAHA3HAYECHHOE JUISl IT0JIydEeHHUS aHaJIOTOBOT'O BBIXOJHOTO CHI'HAJA, TPOTIOPIIHO-
HaJIbHOTO NPOU3BE/ICHHIO

JIBYX BXOJHBIX BenmunH — UXu Uy:

U,=kU,U,, 2.1)

rie k — koadpurmeHT nponopuuoHaIbHOCTH.

Ecnu nonsipHOCTb BBIXOHOTO HAIIPSHKEHUSI ONIPEEIISIETCSl B COOTBETCTBHH C

BeIpakeHUeM (2.1) U ¢ y4eTOM MOJSIPHOCTH BXOJHBIX CUTHAJIOB, KOTOPBIE MOTYT OBITh KaK IOJI0KUTEIbHBIMH, TaK U OTPULIATEIIbH bI-
mH, To Takoi [1C Ha3bIBaeTCs

YETBIPEXKBAPAHTHBIM.

Jliist oncaHus XapakTepuCTHK HenaeanbHoro [1IC HeoOX0IMMO UMETh Pz

JaCTHBIX KO3()(HUIIMEHTOB YCUIIEHHS U CUTHAJIOB CMEIICHHS:
1

Uy =KUyUy + ky Uy + kyUy +Kq. (2.2

rre ko , kx 1 ky — KOHCTaHTBI, OoTIpeeIIonIe HadalbHOEe CMEIICHIE U
CMEIIEHHNsI, 3aBUCHMBIC OT BeandrHbI curaaimoB UX u UY .

OCHOBHBIE TapaMETPHI YETHIPEXKBAAPAHTHBIX [IC: MOTpenTHOCTh MePpEeMHOKECHHS
CHUTHAJIOB, ITOJIOCA TIPOITYCKAHUS, TEMIICPATYPHBIH Apeiid.

Basosan cxesa B nan
e PEMHOREHKA CHIHAKOB

R [JirRH[ 12

T re
&
| o—
» L%~ ;3}
Rz
> i~ Puc. 2.1

ﬂHH BBIXOJHOT'O HAIIPSPKCHUA JaHHOT'O KaCKaabl MOXKHO 3aIlMCATh
Usvix =S, ,RuU,

rae 51’2 - KpyTu3Ha napsl TpanzuctopoB T1 u T2

£
S2=5— W
 2¢;
U
b=% @
C yuerom (1), (2)
Usbix = —QRHU1 __fn uu,
Pr 20 Ro
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B46. B47. B48. Cxemomexnuueckoe npoekmuposanue OY: ocobennocmu peanuzayuu u popmuposanue Koigppuyuenma nepe-

oauu 06a3060ii 0syxkackaonoi modeau OY. Tennosas O0C 6 OY u cnocobvl cHulcenus ee eAUAHUA.

§+
U - 2 <R
ﬁ In* 11
R, RH 3KP
M e e % — ] 5 . P P':]I
Iy ¥A E181 AY VA

Puc.5.13. ¥ upomesHan NpMHUATHAILRAA CXeM3 ABYXKACKANHOM
mogean OY (a) n ee naexTpnucckyd anamxor (6H)

9KBI/IBaHeHTHaﬂ HarpySKa:
By sxe = Byltar1aem9) (5.31)
liy| = | TS

1 1 1,
Po| == * ¥ '
Ua Upe/) Lohsiaerertaroers)
Koa¢ppunuenr nepenayu nepBoro kackajia:

Koapduuunenr nepeaaun BToporo Kackaja:

K| =

N v P
"\Uyg Uyx-!  IaRyhoyyro '

Rll KB

Puc.5.14. ¥YnpoueHHas JKBHBAJCHTHAN CXOMA JIBYXKACKATHOK
mopenun O
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B49. B50. B51. Onpeoenenue napamempos cmamuueckux oumuook 0Y. @opmuposanue AYX u @YX OY u ux xoppexyusn

Jnsa nonydyenus ontuManbHbIX AUX 1 nepexoaHbIX XapaKTepUCTUK MPOU3BOAUTCS TaK Ha3bIBaeMasi KOPPEKLHUs, CBOASIIASICS U IPO-
cTeiieM ciydae K "cpe3aHuro" W3MHIIHEeH Noa0ck! 4acToT (puc.5.22). Hactuunas koppekuus AUX no3BosseT B MOTHON MOpc pac-
NOPSIAUTHCS AP PEKTUBHOI Mo0c0oi npomyckanust OY.

TS

K.,.aB

U

nx

4]

1
o = f
“ T amRC,
Pune.5.22. Cuocobn xoppekunn AUYX QY

Ha puc.5.22, a nokazan npunimn koppekina AUX OV ¢ nomornsto BHemHeit RC-nieru. 11 koHkpeTHOTo THa OY peKOMEHIyeTC s
omnpezeneHHbli Habop RC-neneil, MoAKIIOYaEMBIX K BLICOKOOMHBIM TOYKaM CXEMBI C LIEJIbI0 CHIDKEHUS! HOMUHAJIOB 3JIEMEHTOB DTUX
neneii. Ha puc.5.22, 6 u300paxkeH X0 3kBUBaJIeHTHOH AUX 11enu KoppeKiuy, a Ha puc.5.22, ¢ uaMeHenue xona AUX tpexkackan-
Horo OV (kpussie 1...4), c nomompto JIC-tienu ¢ pa3nuvHON NOCTOSTHHON BpemenHu (kpusbie 1'..4").

Ha puc.5.22, 2 npeacraineHa BHYTpEHHSSI KOPPEKIHs AByxXKackagHoro OV, a Ha puc.5.22, 0 — XapaKTepHBIA BUJI ONITUMAIILHO
ckoppektupoBanHoi AUX nByxkackanHoro OY. OnTumalibHO ckoppekTupoBaHHasi AUX cuMraeTcst Takoi, KOTopasi IpOXOAMT Yepes

4acTOTY €MHUYHOTO KoddduireHTa nepegadu fT -c HakJIoHOM -20 nb/nek. [Ipu 3ToM (a30BbIi CABHUT Ha BEICOKOYACTOTHOM CIIafie

AUX siBisieTcs IIOCTOSTHHOM BETMYUHON M cocTaBisieT -90°, 4TO COOTBETCTBYET MaKCUMAIFHOMY 3aIacy Ha caMoBO30yxkaeHue 90°,
ecian OV oxBaueH 1ensio OOC.
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B33

B55. Cucmemo- u cxemomexuuuecrkoe npoekmupoeanue 3011, IIT kak snemenm ¢ ynpasnaemoil npoeooOUMocmsio U O4eHKa
memnepamypHoii cmaéunvbnocmu e2o napamempos. Memoo mepmokoppexuuu xapakmepucmuk IIT u ezo peanuzayus
Annpokcumanus xapakrepuctuk I1T nonuHoMom:

Plise) = /J’m,((fﬂ. Rl )“' . RERY

swome | 3

P — BBIXOZHBIE TapaMeTPEI.
Cocrasisitomue apetida BpIXoJHbIX napamerpos [1T:

2P () e P(UJHJ,
ace &

Pl | g 2P(BY
dfo ﬂ LA T

rae L ﬂ - TK cocrasnstomux npeiida napamerpos 1T, 00ycI0BIEHHBIX COOTBETCEBHHO OTHOCHTEIBHOM MOABHKHOCTHIO HOCH-
Teneil 3apsa B KaHae ¥ KOHTaKTHOW pa3HOCTBIO TIOTEHIMAIOB MEKAY 3aTBOPOM M KaHATIOM.
TemmepaTtypHas HECTaOMILHOCTh TAPAMETPOB:

j & e |
8P (e = = (o * 1y P ) 4% @y

SR (4] _ _ (o;.ﬁ_ i ) [%/’f]»_ (8.14)

a€” { Covam v 2} (1-d}-a¢ 2
‘rpe F = Uacx/-df’.wd' g

Cxema-Mopens repuoxoppexiun xapakTepucruy [T

© Pue. 3.2

CucreMo- U cxeMoTexHu4deckoe npoektupoanue 0T

1. OnpeaensroT JOMOTHUTEIBHEIC TApaMeTPHI ( o , F‘ , Usno) I1T no 3amaHHON XapaKTepHCTHKE.

2. Vicxons u3 TOMyCTUMOM MOTPEIIHOCTH KOPPEKINH OKOP ONPEAEISIoT TpeOyeMbIit ko3dduitnenT nepenaun MmacmtabHOTO yCHITH-
tens KOV u cBs3anHHBIN ¢ HUM KO3 GHUIKMEHT Iepeaady BeroMorarensHoi enu K.

3. Ompenensirot Tpedyemoe 3HaueHne TK ®, B COOTBETCTBHH C KOTOPHIM BBIOMPAIOT THI TEPMO3aBUCHMOTO 3JIEMEHTA.

4 Tlo HaiieHHOMY HaNpsDKeHHI0 U3H, HCTOMB3Ysl XapaKTepUCTHKY mpoBoquMocTy kaHana G(Usn) mist naruoro [T, onpeaensior
MIPOBOIUMOCTH TEPMO3aBUMHCOTO 3yteMeHTa Gt 1 ¢ yuetom Tpebyemoro ko3dduinenta nepenaun MacmrabHoro ycunurens Ha OY
MPOU3BOIAT pacueT mpoBoaumoctu emerta OOC G.

5. PaccumnThIBaloT apamMeTphl 3JIEMEHTOB BCIIOMOTaTeNIbHbIX Lienel, 00ecreunBaronIiX BhIOJHEHHE TpeOyeMoro 3Ha4eHust K03 u-
nuenra K.

6. IPOU3BOZAT pacyeT TPeOyEeMBbIX BETMUNH HANPSHKEHUH KOMIICHCAIIMN M BOCCTAHOBJIEHHS C yUeTOM 3HaueHus HanpspkeHus TCT
XapaKTepUCTUKH NPOBOAUMOCTBIO kaHana [1T1.

7. OmnpenensoT CXeMOTEXHHUKY OJIOKOB, yIIOBJIETBOPSIOLIYIO pealn3aliy TpeOyeMbIX 3HauUeHNH HanpspkeHnH koMnencanunu Ukomir u
BoccTaHOBJIeHHST UBOCCT, a TaK)Ke CXEMOTEXHHKY 3aJaHUS pexXrMa pabOoThl TEPMO3aBUCUMOTO 3JIEMEHTA, IPOU3BOS IIPH 3TOM COOT-
BETCTBYIOIINE PACUETHI.

8. CocTaBIAIOT NOJTHYIO IPUHIUITHAIBHYIO JIEKTPUIECKYIO cxeMy crpoekTtupoBaHHO# DOII (0e3 yyeTa HICTOUHHUKOB HANPSHKCHUS U
YTIPABISFOIIETO HAMIPSHKCHUS) M IEPEUCHB €€ 3JIEMEHTOB U KOMIIOHEHTOB.
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B54.

B56. JTuneapu3zayusa evixoonvix xapakmepucmuk I'T. Memoo nuneapuszayuu u mepmocmadunuszayuu xapakmepucmux HI u
peanusayus Ha e2o ocnoge 011

BeoauM OOC [u1s TMHEapU3aLUu

o= B“Um - Jen

—Usporc

=B(Usy — Uspore)Ucn- (5-53)

Puc. 5.12. CxemMa A HCClleJOBAHHA THHEAPH3AIHN XapakTepucTuk 1T
U, =Uysinot (5.63)

)

3TO Xe Han n (UCH =U
pshkeHvne OyaeT oencTBOBaTb U MeXay CTOKOM M uctokom MT

BYIOLLYIO BbIXOOHYHO

XapakTepucTUKy Ans 3agaHHoro HanpsbkeHms U3,

1. Uz Unre

Uz

’npopabaTkiBas COOTBETCT-

[ns ocylecTBrneHns MHeapusaumm xapakTepmucTuk Hanps-
xeHve UCU NT

Yyepes noBTopuTens curHana Ha OY4, ytobbl He WYHTMPOBATL
KaHan, nepefaeTcs Ha pe3MCTUBHbLIN AenuTenb, rae ocnabng-
! f etcs B R/(N +1) /(R /(N +1) + R) = 1/(N + 2) pa3, a 3aTem, ro-

; CTynas 4yepes nepekmnoyaTens S3 Ha HEMHBEPTUPYIOLLUI BXOS
OVY3, ycunmeaetcsa B Hem B 1+ NR /2 /(2R || 2R) = (N + 2)/ 2 pas.
B pesynbTaTe, Mmexagy 3aTBOPOM M UCTOKOM NMOMUMO Yyrnpas-

@ NSOWKX HanNpsbkeHW AencTByeT u Tpebyemoe B COOTBETCT-
Bum ¢ (5.52) NONOBUHHOE HanNPsHKeHNe CTOK—

' Uey N+2
U3LI:U3LI+W'T BN
NCTOK: +

Peanunsyemas xapakrtepvcTuka NnpoBoAMMOCTY KaHana npea-
CTaBUM B (PYHKLMWN yNPaBNSOLLEro HaNPsHKeHUs:

9]
= Uy, +—C1

2 ‘::::“"““““-“-ZY"--“

N

U 3H.OTC

G(LT‘.\' )= Gape | 1—

-——U.
4 E

NG MAKC

0 U 3H.OTC

Prc. 3.11. CrokoBBe XapaRTepHCTERE (A) I XApakTepECTHRE nposomnocta (D) ITT, \
NOACHARMIHE CYIECCTE i IHHeADHIANHE

Insa uccnegosaHUs NMMHENHOCTU XapakTepUCTUKK NpoBoaMMocTi G(Usu ) 1
OLIEHKW BINUSIHUSA Ha Hee BbIXOAHOMN XapakTepucTukmn Ic(Ucn) Ha 3aTeop MNT

4‘U ILOTC ‘

U,

HeobxoQMMO NoOABECTU HU3KOYACTOTHOE nepemMeHHoe HanpsaxeHue (/:lmarpamma Ha puc. 5.11, 6 BHM3y)

U, = U, sinQt. (5.68)

cMecTuB PT B LleHTpanbHyto YacTb UCCneayeMon XxapakTepucTuku (guarpamma Ha puc. 5.11, 6 B ueHTpe).
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B-. Hcmounuku snekmponumanus: nepeuunsle u emopuunvie. Knaccuuxayus ucmounurkoe 6mopuunozo 31eKmponumanus .
Ceé-6a cemesvlx mpancgopmamopos

PHc. 6.1. CxeMaBTOPWYHOMO EMOYIECHOTO CH

MpuHUMNUaneHoe oTNUYMe NeEpPBUYHOIO MMMynbcHoro CH oT BTOpmyHOro,

Kak OTMeYeHO B . 6.2.2, COCTOUT B TOM, YTO HaMNpPsbKEHNE NEPBUYHON CETU

nepemMeHHOro Toka HenmoCcpeACTBEHHO BbINpAMIAeTCs, unbTpyeTca U NnogaeTcs Ha nocnegosaTenbHO coeanmHeHHble AK
1 NepBMYHY0 0BMOTKY BbICOKOYACTOTHOIO MMMYNbCHOro TpaHcgopmatopa (UT). C nomowbio T nonyvyaemoe nmnynbe-
HOe HanpshkeHne TpaHCHOPMUPYETCS A0 HY>KHOIO YPOBHS U HA €ro BTOPUYHOM 0OMOTKE CHOBa BbINpsIMASieTCA N PUnbT-
pyeTcsa 06bl4HBbIM cnocoboM. Mpy 3TOM YCTPOMCTBO ynpasneHus paboTaeT No TOMY e NPUHLKMY, YTO 1 BO BTOPUYHbIX
CH.

——_—— Tp D6 ——
>__.l" Y J H Y YT {f
Ly D2 &' Ls
D1 R D5 < |)-—{
Cers | | *"j D7 |t
— ] . ~{ el [~ —— Ei| |Ra
220B | L 2 1 C
HCTBO
S W D4 DZSE Cs AKIN J-LJ'L * j.r::f.:nem ] S

PHc. 6.4. CxeMa, OACHMIOMAA [IPHHITHI JeHCTEHA IEPBHIHOIO HMITyIscHOro CH

OTMedYeHHOE TIOSICHSETCSI CXeMOH, MpeACTaBIeHHOH Ha puc. 6.4. B

COOTBETCTBHUH C JaHHOW CXEMOH HAIPsDKEHHE CETH BBRITIPSIMIISIETCS MOCTOBBIM BRIIpsMHUTEeM Ha quonax [1...J14 u ¢unsrpyercs
KoHgeHcaropoM C2. [Ist cHUXKeHUsI BIUSHUS UMITYJIBCHBIX TIOMEX 110 CETH MEPEMEHHOI0 TOKa Ha BxoJe uMnyibcHbIXx CH, kak npa-
BWJIO, TIperycMaTpuBaioT LC-QUIbTphl, cocTosIue B OCHOBHOM 13 MBYX apocceneit L1, L2 (cM. puc. 6.4) u konnercaropa C1. C
9TOM JKEIEIBIO B PAC CIIyYaeB U BEIIPAMUTEIbHBIC qroabl J1... /14 KaX bl B OTACIBHOCTH IIYHTUPYIOT KOHACHCATOPaMHU HEOOb-
IO €eMKOCTH B HECKOJIBKO coTeH nukodapan. [Tpu seikmouennn AK Ha nepBuunoi ooMoTke UT 3a cuer sBIEHUS] CAaMOMHIYKIHH
MOSIBIISICTCS BEICOKMI IMMOTEHIUAN, KOTOPBIH Nemmdupyercs quoaoM S u nemsto, cocTosel u3 pesucropa R u konnencaropa C3, ¢
noctossHHOM BpeMeHu [1[[1[/RC3, Ha onuH—7Ba mopsaKa NpeBbILAloIel Iepro ClIeJ0BaHUs

HUMITYJIbCOB YIIPaBIICHHUS.

[TomydaemMoe BTOpHUYHOE HANPsOKEHHE BBITIpsiMitsieTcst auoaamu 116, 17 n

¢unbpTpyercs apocceneM L3 u konnencatopom C4, co3aaBasi Ha conpoTuBlieHuH Harpy3ku RH crabunmsupyemoe Hanpsokenue EO
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B-. Ilonyuenue necmadunuzuposannozo ROCMOAHHOZ0 Hanpaxycenusa. Boinpamumenu 00no u 08yxnonynepuoonsie, mocmoegvie
(cummempuunsle u Hecummempuunsle), 0CHO8Hble napamempul. Cenaxcusaroujue Gurbmpel: emKocmusle, uHOyKmusHuie, I- u
II-o6pasnute.

Ha puc 8.17 nzo0pakeHa hyHKIIMOHATbHAS CXEMa OJHOMOIYIICPUOIHOTO BBIIPSIMUTEIIS, & TAKXKE MIOPHI HAMMPSDKCHUN M TOKA B LSTTH
BBINPSIMUTEIISL.

u)
upzx(t) Upemx(t)
B T B2
YD I' 7 I [
NEL ot A !

[P _ ° !
;Cﬂ:m Ueeix(t) fd(tl

uex(t)
C T R
a)

-\
i

Puc. 8.17. CxXeMa BRIIPAMHTENA

BrIxoHOE HANPSKEHUE BBIIPSMUTENS SBISETCS MYJIBCUPYIOHINM (CM.

puc.8.17,0). BenuunHa mynscaiuii onpeaesiseTcst KayecTBOM (PUIBTpAIny, T.€. 3aBUCUT OT MOCTOSIHHOM BpeMenu (uibTpa 1y = RC .
[Tpu GosBLIOM 3HAUYEHHH ITOCTOSH-HOM BPEMEHU EMKOCTh (DMIIbTpa paspsuKaeTcsi MEAJICHHO, IIPH 3TOM MEHBILE U3MEHSETCS BBIXO-
HOE HAMpsHKEHHE 32 BPeMsl IEPUo/ia BXOIHOTO HanpspkeHus. O4eBUIHO,4TO TIOCTOSIHHAS BPEMEHH LIEIH J0JDKHA ObITh 3HAUYUTENBHO
OoJbIIe Iepro/ia BXOTHOTO HANpPsDKEHus, T.¢. Ty >> T0 = 21/m0 .

u(t)
VDl iy upx()]  Uperx(t)
H ——
=T 12 - L Bv Bz T
—_ ICI. KI-\- ;
i % ; Ueeiz(l) ] AL S AN A N '
C Vo v o T, .
usx(t) ' ° ia(t) | mi | Lo o
. I i I i i 1 i ]
tz2, iz Tkl !
ﬂ I I VAT TaY
VD2 [T Y [ I FERT! THRT
a) 0 7 = t
0)

Puc. §.18. CxeMa OBYXIOIYVISPHOIHOTO BEINPAMHTIEN

O

¥ VD

D

/]
“E::(E):j g ¢
/]

LA

VD4 VD3

1+

— R Uper(t)

O

Puc. 8.19. CxeMa MOCTOBOI'0O IBYXIIOTYIIEPHOIHOTO BEIIPAMHTET
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B8-2. Cmaounuzamoput nanpaxcenusn (CH): knaccugpuxayusn, ocnosnvie napamempot u munst. Ilapamempuueckue CH u cnoco-
Obl yIyuuIeHUs UX NAPAMEMPOs

Moa ctabunusaTtopom, Unu NCToUHMKOM HanpsbkeHus (CH), noHMmatoT

KOMMOHEHT (3NEeMEHT) JNEeKTPUYECKON CXeMbl, KOTOpbIM BblpabaTbiBaeT BbIxogHoe HamnpshkeHme 0 E , B nepsom
NPUMONXKEHNN He 3aBuCsLLee OT CONpOoTUBMEHUA Harpy3km RH wnnm Toka B Harpy3ke H | , a Takke OT HanpsbkeHus
nuTaHus + En , U3BMEHSAOLLMXCA B LUMPOKUX Npeaenax.

Hes3aBucuMocCTb BbIxOAHOro HanpsbkeHus EQ oT Toka B Harpyske IH, ot

HEKOTOPOW onpeaeneHHON BeNNUYMHbl «6e3 Harpyskuy» 40 BENUYMHbI Npu

MaKCMMarnbHOW Harpyske XapakTepu3yeTcs CTabunbHOCTbIO MO Harpyske, KoTopas HEenoCpeACTBEHHO CBfA3aHa C
BHYTPEHHUM (BbIXOAHbBIM) conpoTusneHnem CH

R ZE,

LE; T o *
cly

npeacTaBnsoLwuM cobor OTHOLEHME U3MEHEHN cTabunuanpyemoro HanpsbkeHus dEo 1 Toka B Harpyske OlH .

Uem mMeHbLUe conpoTusneHue (4.1), Tem Bbllwe CTabunbHOCTb NO Harpyske.

Ons cHwkeHus BbIxogHoro conpoTtuereHnss CH mM3BecTHbl ABa OCHOBHbLIX CMocoba, OAMH M3 KOTOPbIX OCHOBaH Ha

ncnonb3oBaHum ceorctB BT npeobpasoBbiBaTe MMNEHOAHC UMN YCUMNMBATL TOK, @ BTOPOM — HA CBOMCTBAxX yCUNUTENS C

0O0cC.

Cnoco6bHocTb CH npoTnBoAencTBOBaTb M3MEHEHMIO MUTAIOLWENO HaNpPsKeHNs

XapakTepusyeTtcs koacpduumeHToM punbTpaumm (CtTabunusauynmn) NUTaoLLEro

(4.1)

Hanp;m(eva

cEr
K, =—I 4.2
o = °E, (4.2)

YCTaHAB/IHBAKOIMHM CBA3EF MCKIY H3IMEHCHHAMH OIHOIO H3 ITHTAROIMHX (QEI:I HIH

JE H cTabHIH3HpyeMoro ¢Ey HallpsKeHHH.

KoadbpuumeHT ctabunusaumm KC nutatowero HanpsxeHns otnvyaeTtcs oT koadpdpuumeHTa dunstpaunn Ko (4.2) Tem,
YTO yunTbiBaeT abCcontoTHbIe 3HavYeHns nutarowero + En n ctabununsmpyemoro EO HanpspkeHWi, T.e. npeacTaBnsaeT cobon
OTHOLUEHne OTHOCI/ITeJ'IbeIX Benu4yuH & 1M E , 0 8E 3TMX HanpsKeHun:

SE; CEj E, “.3)
¢ 8E, EZ / E YEC
CyLiecTByeT MHOXECTBO CXEMHbIX pelleHun CH: oT npocTenmnx
napameTpuyeckux Ha NPAMOo- N 06paTHOCMELLLEHHbBIX OMOPHbIX Auodax
(cTabunutpoHax), Ha MNOBTOPUTENHAX W YCUNUTENAX OMOPHbLIX HAMPSPKEHWA OO0 CaMbIX CHOXHbIX, OCHOBAHHbIX Ha
ucnonb3oBaHum OY M aMUTTEPHbIX noBToputenen ¢ obwen OOC, co cxemamy 3alimTbl OT MEPErPy30K U CryYamHbIX
KopoTkux 3amblkaHuii (K3) no Bbixogy u T.4. Ocobbin knacc CH coctaensitotr VNOH, oTnu4yatolimecss NoBbILLEHHON
CTabUNbHOCTLIO (POPMUPYEMBIX HANPSKEHUI, B TOM YUCIE N HE3AaBUCUMBbIX OT
TemnepaTypHOro dakropa, y4uTbiBAEMOro B Buae cooTseTcTBylowero TK, HW3KMM BHYTPEHHUM COMpPOTUBMEHUEM,
NOBbILWEHHbIM K03 runeHTom punbTpauum (4.2) n T.4.
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B4.
B5.Knwuesoe CH. Ilonyuenue onopnwix nanpaxycenuii . I'CT: knaccugpukayus, 0cHoeHble napamempst U munsl

Ro R OnuH U3 pe3UCTOPOB SBIIsICTCS Harpy304HbiM RH, BTOpOit — 00pa3oBsiM BEICOKOCTaOMIEHBIM) RO,
— a B Ka4eCTBE BXOJIHOT'O HAIIPSKEHHUS UCIIONB3YETCs BRICOKOCTaOMIbHOE (ornopHOe) HarpshxeHue UO.
L Tox Harpysku:
Uo Usicx U C u3MeHeHueM CONpPOTUBIICHUS
Iy = - : (1.100)  marpysku RH mponopuuoHaabHO
Puc.1.30. I'CT ¢ HezazeMIeHHOH Ro {1 + L[1 + & ]:| H3MCHACTCA Koaq’q’HuHeHT nepeaain
HaTpy3Koii Ha OCHOBe 0 Ry CXEMBI, BBI3bIBas MPOMOPIIHOHATIHEHOE

HEHHBepTprIOH_[eﬁ QC M3MCHEHME €€ BBIXOHOI'O HAIIPSAKCHUA
UBBIX (cM. puc. 1.30)

MaxkcumanbHas BenuurHa conpotusieHus Harpy3ku RH.MAKC , npu xotopoit OY, umeromuii 10omycTUMYIO aMIUTUTY LY
BeixoaHoro HanpspkeHuss UBBIX.MAKC , paGoraer B TMHEITHOM pexxume:

.
Rymake < Ymntaaxe Bbﬁ'hm{c _I}Rg- (1.104)
0

MunnmansHoe conpotuBieHue Harpy3kun RH.MUH, kotopoe moxet Ot ricrions3zoBano B 'CT (cm. puc. 1.30, a),
CcOBMECTHO ¢ RO TOKHO COCTaBIIATh BENMUUHY HE MEHEE TOMMYCTUMOro conpoTusieHus Harpysku RH.JIOIT OY:

RH.MHH = RH.EOH o RD' (1 105)

Bnyrpennee conporusnenue I'CT:

&

U
R, =—E =R, (K, +1)+ Ry =Ry (K, +1). (1.107)

R NR
Uo >+
Puc.1.31. DxkBHBaNeHTHAA cxXeMa 11 U'
OIpeneIcHHs BHYTPEHHETO COIPOTHBICHHA n Ui
rCT RoY [NR,
C 3a3eMIJICHHOM HAarpy3KOM: U )—D——:

OmnwuceIBaeTcs MapamMeTpaMu:

Puc.1.32. T'CT c 3a3eMIeHHON Harpy3Kol

r

R NR
Jur_ye Yemx (1.109)
K{J
Jo U U Uy , U7 (L110)
L RO NR{J RH
Ry
E. T
IH IC._\iaKC
U0:3‘0
PT Ico
/

UEH U3H.OI'C

Re
I. = Us /Ro QR{,
a

O B

Puc.1.33. T eHepaTOophl BTEKAIOMIETrO (Aa) H BEITEKAINer o (0) cTa0HIBFHBIX TOKOB
H CTOK—3aTBOPHAas xapakTepHcTHKa (B) ITTT, mMoACHAKIIAA IPHHITHIT
cTaGHIH3AITHH TOKAa
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B8. IlIpoexmuposanue CH na ocnoge OY: CH kax anemenm cxemomexnuxu. Oonononapusie CH ¢ onopuvimu cmadbunumpona-
Mmu.

Moa ctabunusaTtopom, Unu NCTo4YHMKOM HanpsbkeHus (CH), noHumatoT

KOMMOHEHT (3MEeMEHT) aNeKTPUYECKON CXeMbl, KOTOPLIN BbipabaTbiBaeT BbIxogHOE HanpskeHnve EO, B nepsomM npnbnu-
XKEHUN He 3aBucsiLLiee OT CONPOTMBIEHUS Harpy3km RH nnu Toka B Harpyske IH , a Takke oT HanpsbkeHust nutanus + ENM
N3MEHSIIOLLMXCA B LUMPOKMX Mpeaenax.

Hes3aBucuMocCTb BbIxOAHOro HanpsbkeHus EQ ot Toka B Harpyske IH, ot

HEKOTOPOW onpeaeneHHON BeNnUYnHbl «6e3 Harpyskmy» 40 BENUYMHbI Npu

MaKCMMarnbHOW Harpyske xapakrepusyeTtcs CTabunbHOCTBIO MO HArpyske, KOTopasi HEMNOCPEACTBEHHO CBA3aHa C BHYT-
PEeHHUM (BbIXOAHbIM) conpoTusneHnem CH

¢E
iy ﬂH

MIPECTaBILIIOINM co00if OTHOIIEHIE N3MEHEHNH cTabmmsupyeMoro Hanpsokerus OEQ u Toka B Harpyske OIH.

Jnst cHIKeHUs! BBIXOJHOTO conportusieHnss CH M3BeCTHBI 1Ba OCHOBHBIX CIIOC00a,

MPUMEHSAEMBIX pa3/ieJIbHO MM COBMECTHO, OJIMH U3 KOTOPHIX OCHOBAH Ha MCIOJIb30BaHUH cBOMCTB BT nmpeoOpa3oBeiBaTh MMIIE HIAHC
WJIN yCUIIMBATh TOK, a BTOPOH — Ha cBoifcTBax ycunurens ¢ OOC

Ha puc. 1.38 npeacraieHs! ABe Kiiaccuueckue cxembl ogHonosipHsix CH ¢

ONOPHBIMU CTAOMIUTPOHAMU [], oTinYaroIyecs oJjHa OT JPYroi croco0OM BKIIIOUEHHMSI CTAOWIIMTPOHA B 1ienb 00paTHoii cBsi3u. Oc-
HOBHOE IIPEUMYIIIECTBO BTOPOH cxeMsl (puc. 1.38,0) mo oTHOIICHNUIO K TIepBoii (puc. 1.38,a) coCcTOUT B TOM, YTO OHA MOXKET OBITH
HCTIONB30BaHa B ciaydae peann3anui CH Ha moBsimeHHoe Hanpspkerne EQ ¢ npumeHeHneM crabuiutpoHa ¢ Hanpspkeruem Uct= U0,
MIPEBBIIAIOIINM J0IycTUMOoe cuH(pazHoe HanpspkeHne Usx.c.pom OY.

D¢ ekt crabunmuzanuy BHIXOAHOTO HanpsbkeHns EQ B JaHHBIX cxemax

(cMm. puc. 1.38), a Takke B aHAIOTHIHBIX Ipyrux cxemax CH coctout B TOM, 4TO,

HampuMep, ¢ yMeHbIlIeHHeM (YBEIMYEHHEM) [0 KaKOH-IN00 MPUUMHE 3TOT0 HANPSDKEHHS YMEHbIaeTcsl (yBeTMUUBACTCS) Pa3HOCTh
HaMpsOKeHUH Mex 1y onopHbIM HanpsbkeHreM UQ u HanpspKeHHeM Ha HIDkHeM Iutede (pesuctope R2) pesuctusHoro aenurens R1,
R2, xotopas nocie ycunenus B OY npuoTKphIBaeT (IO3aKphIBACT) perynupyromuit Tpansuctop T1, yBenuunBas (yMeHbIIast) TEM
caMBbIM HcxoaHoe HanpspkeHue EO.

Anamu3 CH mo cxeme (cM. puc. 1.38,a) MOKHO MPOU3BECTU C TIOMOIIBIO YPaBHEHHSI

rae KO u K — xosddunuents nepegaun OY u nosroputens Hanpsbkennst Ha BT T1 u pesucropax aenurens R1,R2 u Harpy3ku Ru.
B cootBerctBuu ¢ (1.165) HanpshkeHUE cTaOMIH3auN

; Ry | ) U, :
Uo‘Eo—2 iKoKn =Ey. (1.165) Eo R, 1 (1.170)
\ Ri+Ry | TN

Puc. 1.38. CTaGHIH3aTOPE] HAIIPAKeHHA C [IOBBIIIeHHBIM Ko3((pHIHeHTOM

(QHIBTDANHH MHTAIOITEr0 HATDIKEHHS
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BY. CH c nogvluiennoil nazpy304HoIll CROCOOHOCMBIO U 0ZPAHUYEHUEM HO HOKY

Puc. 1.39. CH c DOBBINeHHOH Harpy3049HOH
CIIOCOOHOCTEH H OTPaHHYEHHEM II0 TOKY

XapakTepHoil 0cOOEHHOCTBIO Npe/icTaBIeHHOTo Ha puc. 1.39 CH sBnsercs To,

4TO B HEM, BO-TIEPBBIX, JUIS IIOBBIIICHHS HATPY304HON crtocoOHOCTH Hcnonb3oBanbl coctaBHbie BT T1, T2, no3somsonue cymecT-
BEHHO YBEJIMYHTH TOK [H B CONPOTHBICHNH Harpy3ku RH, 1, BO-BTOPBIX, MpHMeHeHa 3 (GEeKTUBHAS CXeMa 3alUThI OT ciy4aiHbix K3
u neperanpspkeruit Ha BT T3, crabunurpone [l u pesucropax R3 — R5.

C nomorsto genutens Ha pesuctopax R1 u R2 ocymectBnsiercs, kak u panee

(cM. puc. 1.38), MmacmtabupoBanue crabminzupyemoro HanpsbkeHust EO oTHocutensHo onopHoro Hanpsikerus UO.

OrpaHnueHne BBIXOJHOTO TOKa B paccmarpuBaemMoM CH mpomsBonutes 3a cueT pe3uctopa R3 Ha ypoBHe

~ Yss(rs)

0.M.Ma R
3
rae U63(T3) — HanpspkeHne 0a3a—3>MHUTTEpP, COOTBETCTBYIOIIEE OPOTY OTKPHIBAHUS
Tpan3ucropa T3, mpexoTBparatoniero ypeandaeHue Toka 6a3et BT T1.
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B10. Ilonyuenue cummempuunsix OMHOCUMENbHO 00uwiell WUHbL cmadunuzupyemolx nanpaxcenuii. Cneoawuii cmaduiuzamop
PA3HONOAAPHBIX HANPANCEHUTL

Prc.1.43. CnegamHaH cTabOHIH3aATOP
PAa3HOIIOIAPHEIX HAlpAKeHHH

Ecmu tpebyercst, 9T00bI 002 pa3HOMOISAPHBIC HATIPSHKCHUS KaK MOYKHO TOYHO
COOTBETCTBOBAJIU OJIHO IPYTOMY, MPUMEHSIOT TaK Ha3biBaeMbl ciesammii CH
(puc. 1.43), abconoTHast BeIHUMUHA CTAOMIN3UPYEMBIX HAIIPSDKEHUH KOTOPOTO
3aBHCHUT TONEKO OT ogHoro MOH, Hanpumep, onoxutensHoit nonspaocta U0
B kauecTBe BTOPOro ONOPHOTO HANPSIKEHUSI B 3TOM CXEME UCIOIb3yeTCs

+ v o
nepBoe crabunmsupyemoe Hanpsokenue Ej , kotopoe Gnaroxaps nuseprupytomeii OC (sennBepTupyromuii Bxox OV2 coenHeH ¢

oO11elt muHON) MpeBpaIaeTcs B
OTpHULIATENbHOE

-_ Rs 4 +
_— = — 17
5
Jlns Toro uto6s! Tok nemurens | 2? , MpOTeKaroIMi 1o pesucropam RS,

TOYHO COOTBETCTBOBAJN TOKy IJ] nenmurens Ha pesucropax R1, R2, Heo6xonnmo HoMuHaN pe3uctopoB RS BeIOpaTh n3 yciaoBus
R5=R1+R2
Torpa:

Io= T+ I +1g: (1.219)

I, = Ig + 1. (1.220)
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B4. IlIpoexmuposanue na ocnose OY: I'CT ¢ uzonuposannoit nazpysxoil. Quenka napamempos u mouyHocmu hopmuposanusn
moka c peanrvuoim OY

Ro R, IIpencrasnennslii Ha puc. 1.30 I'CT ¢ uzonupoBaHHOI Harpy3Koi peannu3oBaH Ha

ocHoBe HenHBepTHpyromuiei OC (cM. puc. 1.24), B KOTOPOit OIUH U3 PE3UCTOPOB
-: ] siBJIsieTcst Harpy3o4HeIM RH, BTOpoii — 00pa3ioBbiM (BeicokocTabmibHBIM) RO, a B
I Ka4yeCTBE BXOJIHOT'O HANPSDKEHUS HCIIONIB3YETCs BRICOKOCTa0MIIbHOE (OTIOPHOE)

N Hanpspkenue UO.
Up P User C ydetom orpanmdenHoro ko3ddumuenta nepegadn OY (KO # o) aist Toka,
MIPOTEKAIOIIETO M0 Harpy309HOMY CONPOTHBICHHUIO, MOXKHO 3aIIHCATh:

Puc.1.30. I'CT ¢ HezazeMIeHHOH L. — (Ua - IHRG}K{r - IHRU
Harpy3KoH Ha OCHOBe H Ry '

HeHHBepTHpylomeH OC

(1.99)

[Ipeobpasys (1.99) k ssBHOMY BHIY, IIOIy4aeM TOK HaTPy3KH
Uﬂ'
Iy = : — E (1.100)
R,|1+ (1 + 4
KD \, R 0 J

[Mpu ycrpemnenun koddduipenta nepenaun B 6eckoneunocts (KO — o) Tox
(1.100)

-0 (1.101)

HE 3aBUCHT OT COIIPOTUBIICHHS Harpy3ku RH
[MorpemrHocTs popMUpOBaHHS TOKa, 00YCIOBICHHYIO KOHEUHOCTBIO Koa¢duuunenta nepenaun KO OV, onpenennm, cpaBHIBas

(1.100) u (1.101):
[+ R_H
_ IH‘Kn—m _ RD
51, = — Kooz - 20

1.102
L X, (1102)
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BS5. I'CT c 3a3emnennoii Hazpy3Koii U OUeHKa €20 mo4HoCmu

NER

T

B
Upt >——T"1—¢—
U .
i BEIX

;

Ro U NR
Tga >—| 4 g

I 1@ R,

Prc.1.32. I'CT c zazeMJIeHHOH Harpy3KoH

T

[pencrasnennsiii Ha puc. 1.32 I'CT ¢ 3a3eMieHHON Harpy3Koii ¢ y4éTom
0003HaUCHHBIX 3JIEMEHTOB W HAIIPSDKEHUH OIHMCHIBACTCS] CHCTEMOH YpaBHEHUH

-

R NR
Jur_y= Usen (1.109)
Kog
Ug —u™ _ U"—Ugymy N WA (1.110)
. Ry NR Ry

rae U'n U'' — HanpsikeHus, JeiicTByIoMe Ha HHBEPTUPYIOLEM U HenHBepTpylomeM Bxoaax OY; R u RO - conporusnenus obpas-
OBBIX pe3uctopoB 1eneit OOC u

moJoXuUTeNbHO 00patHoii cBs3u (IIOC) OVY; N — nonoxurensHoe yncino; KO -

koapdunuent nepexaun OY; U 01 u U 02 - BEIcokocTabmiIbHEIE (OMTOpHBIE) BXOAHBIe HanpshkeHns; UBBIX - BBIXOgHOE HANpsDKCHHE
CXEMBI.

Ha ocHoBanmnu cootHomrenuit (1.108) u (1.109) morygaem HanpspDKEHHE Ha HAaTpy3Ke

(1 1] XUy
I N+1 K,/ N+1°

KoTopoe coBMecTHO ¢ (1.110) mo3BosseT 3anucaTh MPOTEKAIOMIHA Yepe3 CONpOTHUBIeHNE Harpy3ku RH Tox

UH ZUHZUBBD{ (1111)

Uy, -U Ko
LU " RN+l (1.112)
H= =TT - 2 ' '
R . N+1)FR
Hopl1e— 1 Ry

|  NRyK,+N+1)

ITpu KO — oo tok (1.112)

UUE B UDI

Iyl ., = 1113
. (N+1)° Ry
5IH=I|K0—)--:0 1= NR,(Kg + N +1) 1
I 1+ UOI ldl— KO
Upz =Upy L Ko +N+1
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B6. Peanuzayus zenepamopoe 6meKawouwe2o u 6bIMeKaouje20 cmaduibHolx moxkos. Onpedenenue u pacuem napamempos ¢ no-
6bILULEHHBIM 3HAYCHUEM CHAOUTbHBIX MOK08
Hannernii Tun I'CT (puc. 1.33, a, 6) ¢ uzonupo-
BaHHOM HArpy3KOH peaan3yercs Ha

+Ro 6ase OY B pexKUME CPaBHEHHS CUTHAJIOB.
I
IC.}.{R.'BCC
) 1/ | L
Ug=0 /
En R
g -— U3I{ UEH.GT(.‘ LSH
Is
a 6 B

Prc.1.33. TeHepaTopEl BTEKAIOMIETO (@) H BRITeKawImero (0) cTadHIBHBIX TOKOB
H CTOK—3aTBOPHAA XapaKTepHCTHKA (B) ITT, MoACHAOINAL IPHHIIHI
cTa0HIH3ALHH TOKA

[MpuHOMT CTAOMIM3ALUK B 9TUX CXeMaX OCHOBAH Ha CPAaBHEHUM HAIMPSHKCHUI, 00pa3yeMbIx Ha 00pa3oBbixX pesuctopax RO mpu mpo-
XOXKICHUH Yepe3 HUX TOKa Harpy3ku [H , ¢ HanpspKeHHEM MCTOYHUKOB OMOPHBIX HanpspkeHuit UQ , MOJISIPHOCTh KOTOPBIX 3aBUCHT OT
BTEKAOIIETO MK BBITEKAIOIIETO TOKA, OKa3aHHBIX Ha puC. 1.33, a 1 6 COOTBETCTBEHHO.
Jst cxemsl I'CT (em. puc. 1.33,a) Moxem 3amu-
catb

(UIJ — i Ru ]K 0 K o= I i RD . (1. 129) rae KIT- ko> duiuenT nepeaun moBTOPUTENS
HanpsHKEHMUS.
VYnpasmnsromee TokoM amurtepa 19 BT HanpspokeHue

U'= (U —Upae ) SR |1, ) (1.130)
rae S u hll - kpyrusna I1T B PT u Bxoxnoe conpotusienue bT;
¢
1-

\ U IH OTC

S= S.-lfﬂ;‘t?

Lr'.'." + ["rl.'."a ]
/

SMAKC n U3N.OTC - makcuManbHas KpyTH3HA U HanpspkeHne otcedku [1T (cmpaBoyHbIC BETHMYUHE);

ho= 2L (h, +1):

11

, I, I .
Upsx = Ipax Ro =q}_3U Ry =q}_3(UEx - Ugnx )5’(R6"h11 )Rﬂ-
T T

Orcroga K03QPUIHEHT Tiepeadun MOBTOPUTEIN ST HANIPSHKCHUS

£, =Y _ ! | (1.132)

« 14 L
s, (Rg ]y ) &g

Urak, momygaemsrit u3 (1.129) Tok Harpy3ku
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B7. BAIT na ocnoge I'CT u oyenka e2o mounocmu. Ocobennocmu npoexmupoganun u pacyema I'CT u BAIT

Bpemsamiuiuty nabiii npeodpasoBarens (BAIT) — 310 ycTpoiicTBO, KOTOPOE MO3BOJISCT JIMHEHHO Pe00pa3oBaTh JIIUTCILHOCTD UM-

myJbca (BpeMeHHOH nHTepBai) At

cTa"gapTHON aMIuTy el Um B aMIUTyAy BeixoaHoro HampsbkeHus AUBBIX (puc.
1.35,a). Ilpu u3MeHeHNH BO BpEMEHHU AIUTENBHOCTU UMITyJIbca At Oy1eT MPONOPIHOHATIBHO U3MEHATHCS U BBIXOIHOE HaNpsDKEHUE

AUBBIX . OnuH 13 BO3MOKHBIX
BapHaHTOB PeaJH3aliy 3TOTO YCTPOHCTBA MOKa3aH Ha puc. 1.36.

i
U}.{ L/ JﬂUBHK

NR
—
OV
]
VBX
NR —
—— +——& 7K

At a
Gheane P-KAFAT
T Tap R AU
C
. Uigq::-rc UM>_‘ 2
At | U JL ]
F 3 _‘_’_] 5 .
v Uy IIT

= fﬁUEm Ua:hm

Prac. 1.35. IIpeobpazyeMEBIH
HMIIYJIBC (a) H XapaKTepHCcTHEA
npoBogHMOCTH {(0) ITT,
COBMeIIIEHHAA C 3THM HMIIYIBCOM

Purc. 1.36. Cxema BATI ¢ VBX

B ocHoBy pabotst BAII moJiosxeH NpUHIKT 3apsa KoHAeHcaTopa EMKOCThI0 C CTa0MIbHBIM TOKOM

rae AUC — usmenenue HaPpsKCHUA HAa KOHACHCATOPC.

AU
At

I=C (1.150)

Jlng yctaHOBIEHUS HAYalIBHBIX YCIOBHH paboTHI (0becnedenus paspsna konaercatopa C) B cxemy BAII (cm. puc. 1.36) BBenén 11T,
npoBouMocTs kaHata G (U3U) KoToporo mpu OTCYTCTBUHU BXOTHOTO (YIPABISFOIET0) HMITYJIbCAa MAKCHMAITbHA H COOTBETCTBYET

GMAKC (puc. 1.35,6). Kornercatop C mpu 3TOM pa3psbKaeTes ¢ IIOCTOSHHONW BpeMEHH

1,=C/Gmakc.

Ecmu BXOJHBIC UMITYJIBCBI CJICAYIOT CO CKBAXKHOCTBIO M€aHApa Ipu MHHHMAaJIbHOU JJINTCIIBHOCTHU npeo6pa3yeMLIX HUMITYJIbCOB At

MMUH , To mocTosiHHAast BpEMEHH pa3psi/ia 10JDKHA yJOBIETBOPSTh YCIOBUIO

C

< Aty .

.
F 3

= (1.151)
GMAKC

BAII ¢ yaérom (1.150) onmcriBaeTcst cucteMoii ypaBHEHHUIT

rae N — nefictButensHoe uuciio; KO - koaddunuent nepena

qu OY.

Haxons nanpspkenue Ha koHgencatope AUC u3 (1.152) u npupaBHUBas €ro K
(1.153), momyyaem BeIxosiHOE HampsbkeHue BATI

ITpu KO — oo BerxogHOE Hanpspkerue (1.154)

) (N +1)U At
AU = — m\I — (1.154)
RC|1+ f1+ ——At |
K, | NRC )
(Uy —AUc AU —AUgyy | AUc (1.152)
Py R NR ﬁt _
: .
,AUC _QLB]:D\ — AU gy . (1.153)
1+ N Ky
AU _(N+1U, At (1.155)
BEIX _— RC ' o
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B33. Hcmounuku onopnozo nanpsicenus (MOH) na BT u IIT. HOH c ymnoscenuem nanpaxcenun oaza-smummep bT. Iloewvi-
wenue Koypuyuenma unvmpayuu numaiowezo HARPANCEHU
Cnioco6nocts [IT 0coObIM 00pa3oM M3MEHATH CBOU MapaMeTphl 1101 BIUSHUEM

TeMIIepaTyphl OKpYKaIoIIeii cpeibl ¢ 0Gpa3oBaHHeM Ha CTOK-3aTBOpHOI Xapaktepuctuke IC = f (U3u)|Ucu = const Tak Ha3bIBae-

Moii TepmoctabmnbHo# Touku (TCT) ¢ xoopauratamu U3M.0 1 IC.0 mo3BoIsSeT NCIONB30BaTh €0 KaK HCTOYHUK TEPMOCTaOMITBHOTO
toka 10 = IC.0 u onopnoro Hanpsikenus U0 = U3N.0.

Crok-3aTBOpHBIE (IpOXoaHbIe Wi nepegarounsie) [T

32

| i .
Uy, a XapaKTEePUCTUKU KPYTU3HBI — IPSIMOU JIMHUEH:

(3.1)

p
Ic(Uy) = Ic.chl 1- U ,
L, MoTC

rae ICCMAKC n SMAKC — MakcuManbHbIE 3HAUEHHS TOKA-CTOKA M KpPY- Q(U ) @I (L ) g - UBII (3 2)
THU3HBI, OlIpeze- M L, bl MAXC L : :
nsempie npu U3U = 0; UBU.OTC — HanpsikeHHe OTCEUKU TOKA CTOKA; b 3o

S B el (U.) B 20 ppaxc 313 XapaxrepucTuky kpytusHsl (3.2) c yuétom (3.1) u
PMAKC T ary W=~ (3.3) (3.3) MOXHO IpeACTaBUTH U
M ’ IMOTC B OM, YIOOHOM B PAZE CIIydaeB Il NPaKTHIECKO-
ApYroM, yn psane ciy AL TIp.
T'O UCIIOJIb30BAHUS, BUJIE:
| - | Koopnunatst TCT ans IIT ¢ kaHanoM n-Tuma onuchiBa-
7 ' .
g (L ) _ 'IC.MAI{C || IC (L 31,1) _ 2‘\.‘ IC (U3H )IC.MAI&( (3 I\ IOTCS yPAaBHEHHUSIMH
;M | - B . A, B
MOTC \ IC.M( I"311.OTC = _1-
U U3I‘I e = e

rne o u B — Temneparypsbie ko3¢ uunents (TK)
Hcnone3ys (3.5) u (3.1), onpenensem coorercTBytommit TCT Tok cToka
(3.6) =

) ¥ IC.CI IC (USH) Usg=Usgr e
i T i
- Usirg
. Usmore) Uaﬁmc
WK C y9€TOM BHIIENIPHBEACHHBIX 3HadeHni TK B u o

o

EB C‘-TAKC (3 ".')

Teo = Ieanxc

£

ot

|
[c.-:J"‘ ' % (3-8)
Uiﬁ.mc[B ]

T ' 2B LRl
Up=IeRy=-Ugyo = [UEHOTC _‘:_(Uau.nrc‘l'&ﬁﬁ[BD- (3.10) i _Jrem

L =4

KoadduuueHT GrIbTpanuy MUTAOIIETO HATIPSHKEHHS PACCMATPUBACMOTO
HOH, moka3pIBaroniuii, BO CKOJIBKO pa3 CHIKASTCS BIMSHAE H3MEHEHUI muTaroniero Hanpspkenus O +11 E Ha m3menenue gpopmupye-
Moro HanpspkeHust 0 OU , MOKeT ObITh MPEACTaBIIECH B BUIC

K. = CEq _ cEq _ﬂc.n _ Rircr
) du, dlg, U, R, ‘

B34.B35.B36. HOH ¢ mepmokomnencayueii. Macuwmaonwlit npeodpazoseamenv onoprnozo nanpaxcenus. Temnepamyphutii Ko-
appuuyuenm (TK) nanpsasicenun oaza-amummep bT. Hcmounuk ¢ 30HHbIM OROPHBIM HARPAICEHUEM
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Cnioco6nocts IIT 0coObIM 00pa3oM M3MEHATH CBOM ITAPAMETPHI 1101 BIUSIHUEM
TeMIIepaTyphl OKpYKaIOIIe cpeibl ¢ 0Gpa3oBaHHeM Ha CTOK-3aTBOpHOI Xapaktepuctuke IC = f (U3u)|Ucu = Const Tak Ha3bIBae-

Moit TepmoctabminbHo# Touku (TCT) ¢ xoopauratamu U3M.0 u IC.0 mo3BoIsSeT NCIONB30BaTh €0 KaK HCTOYHUK TEPMOCTaOMITBHOTO

toka 10 = IC.0 u onoproro Hanpsoxerns U0 = U3N.0.
Crok-3aTBOpHBIE (IpOXoaHbIe Wi nepegarounsie) [T

y
I (Ug) = Teppare la l-— J

a XapaKTEePUCTUKU KPYTU3HBI — MPSMOHN JIMHUEH:

Cle .
S(Usy) = %(L a) = Sauaxc
1

1— Us

U JH.OTC

(3.1)

(3.2)

rne IC.MAKC u SMAKC — MakcnManibHBIC 3HAUSHHS TOKa-CTOKA U KPYTH3HEL, OTIpesie-

nsemsle ipu U3U = 0; USN.OTC — HanpsiKeHHE OTCEYKH TOKA CTOKA,

cI 21 e ppnr
Spoake = E:‘UC (U3H)|Um=ﬂ - Uc.mc :
E1%d ILOTC

Xapakrepuctuky KpyTusHHI (3.2) ¢ yaérom (3.1) u (3.3) MOKHO IpEICTaBUTH U
B IpyroM, YZOOHOM B PsZe CIydaeB Ul MPaKTHYCCKOTO HCHOJIB30BAHMS, BUIC:

[ - i
leare | (Use) _ 24/ Te (U )eqganc

S(L 3H )=- U ' U
3H.0TC 1'” CMAEC 3H.0TC
Koopaunats! TCT ans IIT ¢ kaHanoM n-Tuma OnMUChIBAIOTCS ypaBHEHUSIMU

[3 .

_ _ar
Ua:a.c - U3H.DI‘C =

Ieo =1c (Usu)

Usp=Usg ot *

rue o u B — Temneparypsbie k03¢ duunents (TK)
Ucnone3ys (3.5) u (3.1), onpenensem coorBerctBytomuii TCT Tok cToka (3.6)

p
Lo = Ic.mc| 1- U

\ morc /) U
WIH C YI€TOM BBIIICTIpUBeIeHHBIX 3HaueHni TK B u o

IC.}L-IAK(

Ico =0, 3 —iq-
Usorc[B ]

i
|

' 26
Uy =Tc Ry =-Ugyo = i Usiorc T4 ‘ =~(Usyorc +0.66[B]).

N

W - E 2
- S
Usio | _ 2p ] Levaxc

] ]
u FH.OTC

(3.3)

(3.4,
(3.5)
(3.6)
(3.7)
(3.8)
En
(3.10)
U,
| H*J; i“i:ﬂ
T
—t

B37. IIT kak ucmounux mepmocmaouibHo20 moka u onopnozo nanpsicenusn. Ilpeyuzuonnvie HOH na IIT u OY
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Cnoco6nocts [IT 0coObIM 00pa3oM M3MEHATH CBOU MapaMeTphl 1101 BIUSHUEM

TeMIepaTyphl OKPYKakoIIeH cpe/ibl ¢ 00pa3oBaHKEM Ha CTOK-3aTBOpHOI xapakrepuctuke I1C = f (U3u)|Ucu = CONSt Tak Ha3bIBae-

Moit repmoctabmibHO# ToukH (TCT) ¢ koopaunatamu U3N.0 u IC.0 mo3BoJIIeT HCITOJIB30BATh €ro Kak HCTOYHHUK TEPMOCTAOMILHOTO

toka 10 = IC.0 u onoproro Hanpsoxerns U0 = U3N.0.
Crok-3aTBOpHBIE (TIPOXOAHEIC WiH nepenarounsie) 1T

]
-

i U \
T _ _ I

IC(T-’EH}_ IE.b.i-’uI{Cl 1 U (

L IMOTC

a XapaKTEPUCTUKU KPYTU3HBI — IPSAMOM JIMHUEH:
¢l T Usy
S(Usu) = R (Usi) = Syare| 1 - (
U3y Usnorc

rae ICCMAKC u SMAKC — MakcuManbHble 3HAUYE€HUS! TOKA-CTOKA M KPYTHU3HBI, OTIpeie-
asiemsle ipu U3U = 0; UBU.OTC — HanpsikeHne 0TCeUKH TOKa CTOKa,

ol
Spaxc = E:‘U—C (U3I{)
M

XapakTepucTuky KpyTusHsI (3.2) ¢ yuétom (3.1) u (3.3) MOXKHO peACTaBUTh U
B JIPYroM, YZIOOHOM B psifie CIy4aeB /Ui MPAKTUUCCKOTO UCTIOIb30BAHUS, BUIC:

_ 2L pmaxc (3

Fon=? Usporc

21 pake l'rIc (Usy) _ 23T (U ) ppaxc

| -
UEH.U'IC -\U IC.I'-'IAI{E LEH.DTC

S(Um} =

Koopaunats! TCT ans IIT ¢ kaHanoM N-THIa ONKUCHIBAIOTCS ypaBHEHUSIMU

p
U.e = Usnore — EE-. (3.5)

Ieo=1I¢ (Usn)‘um-um ote (3.6)
rrae o U f — temmeparypHable ko3¢ durents (TK)
Ucnone3ys (3.5) u (3.1), onpenensem coorBerctBytomuii TCT Tok cToka (3.6)

-

I =1 1- U U0 —
C.0 CMAKC u
\ JH.O0TC /

. 2
( ﬁ J I waxc

=
Lo Uggore

WIH C YI€TOM BBIIIeTIpUBeIeHHBIX 3HaueHni TK B u o

Ir.:.-:] - 2 -9
TiH.UTc[B ]

i

, 2B
Up=I Ry =-Uyo = _[ Usgrorc _? ‘ =—(Uyorc t0.66[B]).  (3.10) E;

(3.4

3.1)

3.2)

3)

e — (3.7)

- .
_‘_ 044 CAAKC [:38)

+
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B65.B66. IlIpooaema undykmuenocmu 6 MUKpOoI1eKmpoHuKe u nymu ee peuwienus. Peanuszayua unoykmugnocmu ¢ ROMouwb1o

AKMUuGHBIX INemenmos. Annpoxkcumayusa nopmuposaunoiu A4YX ®HY u ee npeoopaszosanue 6 AYX OBY u IID. Peanuzayusn

npocmeiiutezo II1® emopozo nopsaoka. Buovl akmuenvix snemenmos, ucnonvzyemvix ¢ AD

MpoLiecc MUKPOMUHUATIOPU3ALIMN paano3NeKTPOHHON annapaTtypbl Ha ocHoBe VIC obHapyxur, Bo-NepBbIX, Hecopasmep-

HocTb rabaputoB LC-unbTpoB B 0COBGEHHOCTM Ha HU3KMX YacToTax ¢ rabaputamm annapaTtypbl Ha VIC B Lenom; Bo-

BTOPbIX, HECOBMECTMMOCTb MOTOYHOro nNpom3soacTsa NC 1 KaTylek MHAYKTMBHOCTW. Bo3HmkNa Tak Ha3biBaemasi npo-

6rema MHAYKTUBHOCTU B MUKPOSMEKTPOHWNKE , OCHOBHbIM COAEPXKaHNEM KOTOPOW SIBNSAETCSA YCTPaHEHWNE KaTyLeK MHOYK-

TMBHOCTW KaK TakOBbIX MyTEM CO3[aHUSA 3KBMBANEHTOB MHOYKTUBHOCTU C MOMOLLIbIO CXEMOTEXHUYECKUX peLLeHnia
MmMmuTaumnst MHOYKTMBHOCTM C NMOMOLLbIO TOMNBKO aKTUBHbBIX 3N1eMEHTOB(OM0o40B, TpaH3ucTopoB). Micnonb3oBaHne komou-

Haumun akTuBHbIX 1 naccueHbIX (RC) anemeHTOB, No3sonsoLwen peanusosatb AP

MaccrBHble anemeHThbl, Bxoasawme B coctas AP, 06pasyoT B OCHOBHOM

3BeHbs nepBoro (puc. 5.1, a n 6) n sBToporo nopsakos. [insa 3seHa nepsoro nopsigka ®HY (cm. puc. 5.1, a) koacppuumeHT

nepeaaun
K(jo)= L ; Mpy nepexofe K KOMNMEKCHON NepeMeHHOoN p K(P}
U, 1+joCR

1+ pRC
B cooTtBeTcTBUM C BhipaxeHueM (5.2) xapakTepuctuieckoe ypaBHeHue
1+ pRC = 0 meeT oauMH oTpuULaTenbHbIN AENCTBUTENBHbIW KOPEHb (NOMOC)

p=-1/RC=-c
>—|:R»1—< —] - p _jo jf
' npwu ycnosuuc =0 P=—=—I=—='-Q= RC
Uy C I U U R[| W —c—p—io o, o I ! P
. s s AYX OHY:
K{Jﬂf — MepepatoyvHasa yHkumsa PHY n-nopsiaka MOXeT ObITb NpeacTaBneHa NofMHOMOM
' 1+ 0
K K
K(P) = 2 . 71 - 2
K(p)— K, l+a;P+bP? f1=a,P+b,P?) [[l+a,P=b;P?]
\ = i

1+cP+c,P’+..+cP"

IlIpeactasnsas HopMmupoBaHHyto AYX ®HY B aBOMHOM norapudmMmyeckom maclitabe, MOXXHO npeobpasoBaTb AaHHYHO
xapakrepuctuky 8 AHX ©BY

1
P——
P
K
ana AYX Mo K(p}= | _ -
. . a. 7
1 1] 1+ —+=—L .
Foalt e ( [T+ 5+
KiEo 5 g
\ ' K K, AQP
3 |_> K{_P]z .f':l = a 2
1 1} 1+AQP+P
1+ —| P+—]|
T Q(‘;or) Qmmnl O waxc 5(:101—) ﬂlQ'\ P

onuncaHve nepegatoyHon dpyHkumm NP BTOpOro nopsaka
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B67.B68. AD na ycunumenax c ozpanuyenusim koIgguyuenmom nepedauu u OY. Pesxcexkmopno-nonocosvie punompul u ux
ce-6a. Ozpanuyumenshule ce-6a AD.

¢uaeTp UeORmneBa

ﬁﬁg & (00)
1 2

K. ok
:[ "1 — ¢umsTp BarTepBopTa
2-

a o

Puc. 5.3, Axtusaeit $HY (a) sToporo mopgaixa ¢ OOC 1 ero ATX (8)
[epenarounas ¢pynknus GHY

- 1
K(P)=— — —.
1+30,RCP+o R CC,P
C G I
|| I S
A | R
u G | G ' JROT g
1 ov Uz UI R| Ur }_{ oy 'I:_:I'3
ot B i pub
R, 131 QR;
a 0
Puc. 5.4, AxtusHbll $BY BTOpOro MopaIxa Puc. 5.5. TToaocosoft QIIBTp
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B69.B70. Cneyuanuzuposannvie AD u ux paznosuonocmu. Cucmema ®AIIY kak ¢vicokoIpghexmugnvlit cunxponunslii puabmp.
Cunxponnsie AD ¢ KOMMymupyemvimu KOHOEHCAMOPAMU U UX C8-6d.

CuHXpOHHbIE PUnbTpbl (CP) C KOMMYTUPYEMBIMU KOHAEHCATOPaMm NMPoM3BOANT 00paboTKy CUrHaNoOB HE B YAaCTOTHOW, a

BO BpeMeHHown obnacTu. [pun aTom Tpebyemasi CENeKTMBHOCTb JOCTUraeTcs 3a cdeT nepeHoca AYX kommyTnpyemon RC-
Lenu c YactoTowm cpesa W.=1/nRC, rae n — 4Mcno KOMMYyTUPYEMbIX KOHAEHCATOPOB

R
F/a
1 T C <
£ 1 L W
et T T R [ (s
e = T
e ! Ugrrx 1 Ugprx 2 \H ‘Ill\
\ ,—-.
> : : : ( | II Ha’ll‘l ﬁ\ -
1 I I
! ! '.ll '.r'l'-"“;‘f'\\\. .
i-lltlﬂ._ Lllt 0123356785 'y
nfy
—— Perucrp casura 6

a
Puc. 5.6. C® ¢ xoMMyTHPYeMBIMH KoHIeHcaTopamH (a) i ero AUX mpu n =3 (6)

Co® c pesuctopom R n n-koMmyTupyemMmbiMu KoHaeHcaTopamm C, NnokasaHHbIA Ha puc. 5.6, a, AOMNOMHUTENBHO COAEPXKUT
perucTp cagura, KoTopbiii BolpabaTtbiBaeT BO BpEMEHM NOCNeaoBaTeNnbHOCTL MMMYNbCOB ANsl yNpaBfeHus Krovamu, no
odepeau 3amblikaroLmmy koHaeHcaTopbl C Ha obLyto WnHY. PerncTp caBura ynpaensieTca curHanom vyactoton nfo , roe
fO — ueHTpanbHasa YacToTa HacTporkn unbTpa, COOTBETCTBYHOLLAS YaCcTOTE KOMMYTaLUN KaXa0ro U3 KOHAEHCaTOpPOB.
HecoMHeHHbIM gocToMHCTBOM C® ¢ KOMMYTUPYIOLLMMW KOHAEHcaTopaMm

ABMNSIETCH BbICOKAsA CTabUINbHOCTb XapaKTEPUCTUK, KOTOpas 3aBUCUT B OCHOBHOM OT CTabUITbHOCTU TaKTOBOW 4acTOThI, a
Takke BblCOKas JOCTWXKMMas JOBPOTHOCTb U CBA3aHHAsA C Hel y3kas nosnoca nponyckaHusa Ha yposHe 0,707. 3Tu napa-
MeTpbl 3aBUCAT N1Lb 0T RC-3r1eMeHTOB

Q = nnf RC,
1
nm=—
nnRC
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B71.B72. Cunxponunbtii pazouyscmeumenvhutii punvmp-oemooyaamop. Cunxponnvie pazoneuyscmeumenvusle Guibmpol

HencteutensHo, Nnpu nonoxeHun AK, nokazaHHOM Ha puc. 5.7,
KO3ahpu1LMEHT Nnepeaauu

K, :M:_h. (5.33)
Uy R
B npotusononoxHon nosuuun AK Ha Bxogax OY genctByeT 0OHO U1 TO Xe
HanpskeHne Usx , NO3TOMY
R*
Puc. 5.7. upoxromnoaocHeI CO-geMoIyIaTop UBX — UBBD{.Z % -
Roc +R
OTtcroga koahdULMeHT nepegayun
K, =@=1+R°‘ . (5.34)
Upgy R

ECJ'lI/I npun OByX NOJNIOXEHUAX NnepeKknyaTtena BbINOJTHUTL yCroBue

K K TO MOXHO NOMNY4YMTb ABYXNONYNEepPUoaHbIN cummeTpudHbin CL ¢ kKoapduuneHTom
1l — ) = nepegayu K, npu atom BenuuuHy pesmctopa R* BbluMCnAT No hopmyne
. R
oc
R _

[R-U

Ona peanunsauun K = 1 pesnctop R* (5.35) n3 cxembl crieqyeT UCKNIOYNTD.

(5.35) 3aBMCMMOCTb BbIXogHOro HanpsixeHuss CL UBbix(t) OT YacToThbl 1 dasbl
MaTemMaTu4ecKn MOXeM OLUEHUTb, eCnn BxogHoe HanpsixeHne Usx(t)
YMHOXWUM Ha €OUHNYHYIO OYHKLNIO KOMMYTaLmm

1 mpu Uy>0,
S(t) = —1 mpu Uy<0.

onpegensiemMyto ynpaensoowmum HanpsbkeHnem Uy ¢ YacToTon wy:

Uy () = U (DS(D).

C Y4ETOM pas3rioxeHusa (byHKLJ,VIVI KOMMYyTaLun B FapMOHW—IeCKMﬁ paA d)ypbe

S(1) = 4 E. L5111(211 +Dogt.

M,—o2n+l
rae n—HomMmep rapMoHWKM 1 BXOOHOIo CMHycounaalbHOro HanpsXeHus ¢
f =mf
amnnmyp,oﬁ Um, yacTtoTou ¥ n (ba3OBbIM cOBUNOM @M NO OTHOLUEHUIO K ynpaBndaolemMy HanpsaXXeHuto,
BbIxoAHOe HanpshkeHne C[L npnobpeTaeT BMA
4 o0
Ugpx (1) = Upy sin(morgt + @ ) — 37 ——sm(2n +1)oyt.
T,—o2n+1
1T
T [sin(moyt+@p,) =0
0
M COOTHOLUEHNEe OPTOroHaribHOCTU
11:_( Jsin footd 0 npH m = £,
— | sSIn( MO, + @, ) s Lo, tdf =
] m 7 f _
T, y 3 1/2cos@y, mpu m=/,

nony4aem MCKOMOE CpefHee 3HayeHne BbIXOOHOTO HanpsikeHuss CL:
2
— —U,,co80,,, IpH m=2n+1,
Usgex (1) = ¢ mm
0 IIpH m = 2n +1,
roe mu ¢ —HatypanbHble Yncna 0, 1, 2, 3,....
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B74. ®a3zoevtit punvmp nepeozo nopaoka u IneKmpoHHO-YRPAGAAEMblil hpazospawiamenv Ha €20 OCHOGe.

Puc. 5.9. ®asosslii GUIBTp HepBoro MopA7Ka (a) H ero BeKTOpHaA AHArpamma (6)

da3zoBbIN coBUT

[1(1-aP+bp?) H\/(i _ b, )2 +2202 eI

K(P)=- = =1-e" =e?, (5.36)

H(1+aiP+biPZ) HJ{I_binf"'aizQz 0

1 B
1
roe
a,Q
1-bQ*
[na dasoBoro unbTpa Nepeoro nopsgka, NpeacTaBneHHoro Ha puc. 5.9, a,
MOXHO 3anuncaTb nepenaToyHyo oyHKLUMIO B crnegytowem suge [14]:

¢ =—-20=-2) arctg (5.37)

_ UBbD{ B 2 L ZPCFG L 1 —pCFG WInun, Ucnonb3ys HopMUPOBAaHHYO
K(P} = = ) 1= DU— l=—"—— KOMMmeKcHyto nepemeHHyto (5.3),
Usx fi+LJG 1+pC/G 1+pC/G K(p)- _L=0CP/G_1-P_ 1-jO
\G pC ()= 1+0.CP/G  1+P 1+jQ’

U3 BoipaxeHnus (5.38) cneayet, 4To kKoadduUmMeHT nepegaymn punbTpa
MOCTOSIHEH 1 paBeH eguHuue, a dasa (5.37) BbIXOQHOro curHana

¢ =2arctg ®C/G. (5.39)
,D,J_:IFI B_.eKTOpa BbIXOAQHOIo HanpsAxeHna MOXXHO 3anncaTtb
U, = 2U, — Uy, (5.40)

Mpn nameHeHnn nposoamnmocTtn kaHana MNT B npegenax ot MAKC G go MUH G
nponcxoguT nameHeHune dasbl (5.39) [15]:

\ MpuHMMas Bo BHUMaHUe, 4To arctg X — arctg y = arctg
Ap = 2( arctg oC arctg oC ‘ . (5.41) [(x—y)/(1 + xy)] npu
\ Gyom Fyiaxc ) Xy > -1, ana (5.41) nony4aem
oClG, ... -G,
(UJC)_ + GI\LAKC'GI\HG}I

MakcumansHoe nameHeHune asbl:

. NnpakTUKe NMeeT MeCTo AN noboro
Gyuke — Grom — Darcig VGum | G (5.44) nT,

2./G,....G 2 '
e \/GMAB‘C“'{ Gyum

A(P;V[AI{C = 2arctg 5

AQypage = 2arctg

MorpelwHoCcTb hOpMUPOBAHMSA U3MEHEHUST a3kl MOXET ObITb OLleHEeHa Ha
OCHOBaHUM CpaBHEHUS pe3ynbTaToB pacyeTa no cooTHoweHusMm (5.44) n (5.45):
T

_M_l_ (5.46)
Pmakc
IIycts TIT H3MeHAeT MPOBOAMMOCTH KaHama oT Gy, =16-107 CM 10
G,py =107 CM. Torga B cootBerctBHH ¢ (5.43) m (5.45) Ha wacrore

f=1.59 K Copy =4 HD. 2 AQyge ~179720".

|rGI\IAKC . G ) Mpwn ycnosum MAKC MWH G >> G, yTo Ha
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B75.B76.

KOC u KIIC kak akmuensle uemuipexnonrochuku. Illpakmuyeckas peanuszayusn u oyenka ux mounocmu. Paznosuonocmu cxe-
momexuuxu KOC u KIIC.

Kongeeptop otpurnarensroro conpotusieHus (KOC)-aKTHBHBIN YETHIPEXITOIOCHHK, IPe0o0pa3yIoIHi COMPOTHBICHUE HArPY3KHu ZH
Ha 3a)HMax 2-2' B CONPOTUBIICHHE 00pPaTHOTO 3HaKa Ha 3akumax 1-1'

Zex =hll- M

h22+i

Zn

IMpu ycmoBuH paBeHCTBa HyI 0 BxoaHoTo conpotusienus (h11=0) u Beixoauoi# npoBommumoctr (h22=0)

Zex =—h12h217n = —kZu

st kouBepTopa nonoxurensHoro conpotusnenus (KIIC) h21 sBnsetcs oTpuaTeabHOM BETHYHHOMN, TTO3TOMY

Zex =h12h217u = kZu

Bxoanoe conportusnenne ganHoro KOC (puc 6.2.a)

Uz Z Z
Z@x = — = = S =
I u-u ;U 1-K
U
rae K-koaduuueHT nepeaadn yCuInTes
R2
K=l+—

Yerupexnomocux B pemie KOC  Peaznsamms KOG na oy

1) :
shir L v [ 7
>E'f“ il ’:ﬁ v v
T
R2
a 5
Puc.6.4 . _ Puc5.2 um-l R

Paswosuproctd cxemotexuuk HOC u KNG
R2
apS LS S ’
o Wi F L e

=

T —

el

1

Puc.6.3
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B77.B78.

Mooenuposanue wmiupokoouanazOHHvIX KOHEEPMUPYEMbIX eMKocmell u oyenka ux 0oopomnocmu. KIIC na ocnose KOC
Cxema 1Jis1 MOACTHUPOBAHUS:

Cxemn mmpoxoguanazonHux HIC

Jlns puc. A:
' Rt "Rk ol - R s Re i Koadpuunent nepenayu 3Toi cxemsl:
: ' L1468 Ks A
1 U ' : .f‘f' f‘{" _*._- =
! R2 oy2 & A3 e o )
i ——— 'f f, i
g oy R3 f 7 H" 23 H F £ _ {‘
Vi 1 % Jlnamna3oH KOHBEPTHPYEMBIX eMKOCTeI/I
a Ml‘t‘ R ntrrl £ =
] D C‘f-r ( £+ ){ !
:D" O mor¥
ur OTHOCHTEINIbHAS HECTAOMIBHOCTD KaXKI0TO 3JIEMEHTA CXEMBI:
oI
z
ol e s, SR80 | 62 £%3.
7 5l = |6C PTAY 7 .fz)z
: Puc.6.b 2 (f’«» %y ( L
Bxoanas nmposogumocts KIIC:
w{‘ £ 2 £ & e
£r = ,.h.. L E . O I
J Py 24 * !
OKBUBAJICHTHAS EMKOCTb!
2 £ K3
Brmrpeim ucronszoBanus cxeMsl b — okomno 10 pa3, cxema B — Gomnee ctabunpHa.
JodporHocTh
[Ipu uneansupix OV:
Qi _ ] (ﬂﬁ
b o e i
& &y {8.31)
pu HeuaeansHeIx OV
£ .
f):)n:;r e T'.}_{f‘im ‘_F':’LFLE?-_ i --“-gﬁm—-—- : J171s OLIeHKH HCKOMBIX BEJTHMYUH:
' : [} [ .
{ fz \‘[;( Gﬁr{f"( EE;) f -# % 5 Cxemi Mﬁ Dl@enﬂﬂeﬂﬂﬂ ;LDGPO'I‘HDGTH Hoﬂaew“wem em{oc'!eﬂ

Cxeses HIlC ma ocxope KOG

fn & % 0: Cmx=CB2R3/(RIE4) (6,41)

a Ins e u £t Cox=CRIP4/(RER3) (6.48)

A6
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B79.B80.B81.B82.
Mooenuposanue 40OC (40Il), nezazemnennplx KoHgepmupyemuix conpomueaenuit (nposooumocmeit), IKC(IKE)

YacrotHo orpunarenshbie conporusierns (HOC) mm npoBoaumoctu (UOIT) HCronb3yIoT U1t KOMIIEH Calluy CONPOTHUBIICHH aK-
TUBHBIX MOTEPb 0€3 HapyIICHHs YCIIOBUH KOMIIEHCALIMH IIPU UX NIEPECTPONKE

U= (1+ 002 Re),

a HaanlEHHE Ha suxane oy2-
= ({1 #/0Cr B3}~ Yo 4Ry = L1+ wtlrle Rz
: B GGUTBETGTBHH ¢ (6.15) BxoAHas NpOBOAMMOCTb pPacCMa’
KOC
Q’a’z - ﬁ)ffffzfzfﬂ/ff = Gt

RBASIGTCA YMCTO aKTWBHORA YOM.
Oxesmu KOC wmomenupyvume

' 40C
yoi o
& K
A2
w1 ,
v
U e
R3

u

N 25
Id | it

Cxemu KOC u KIIC, momenwpywume He3ASeMASHHHE CONPOTHBAGHWA
(emocTn)
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B83.B84. I'upamopnan unoykmuenocms. I'upamop kax akmuenulii uemsipexnontochuk. Paznosuonocmu Cxemomexnuku 2upa-

mopog. Moodenuposanue upamoproii UHOYKMUGHOCU C HE3ABUCUMOTL Pe2YyTUPOEKOIl IKeUBAIeHMHbIX napamempos. Ilosvlue-
Hue 000pomHoOCmMU U OYeHKA IPPEKMUBHOCHU CXEMHBIX Peanu3ayuil 2Zupamaopos.

anaTop, HWHBCPTOP COIMMPOTUBJICHUA - ITO aKTUBHBIN YCTBIPEXIOJJIOCHUK, BXOJHOC COIPOTHUBJICHUE KOTOPOT'O CO CTOPOHBL OI[HOﬁ

Tapbl 3a’)KUMOB ABJIACTCA O6paTHI>IM COMMPOTUBJICHUE, MTOAKIIFOUCHHOMY K ,prl"OfI nape 3aKUMOB.
Bxonnas MMPOBOAUMOCTb!

WneanbHeblil ruparop:
Yy G2
Yer =01 - e B2z

yfﬂ’ ¥ 5':1"’

Bxoanoe COIIPOTUBJICHUC UJCAJILHOTO TUpaTopa:

T R < 7 VRS FRY A ALY S A 4 i
Zt Fre ¥12 v 3 & ' .é-r?kf'-‘ oL ;
7

, TIie
I'uparopsr: monoxwurensroro (UI1IC) n orpunarensroro (MOC) conpoTuBieHus
YeTupexnomcHER B poxime

. rMparopa
-

A eupaNGHTHAS CXeMa -
HBPDYNOHHOrO rHpaTOpPa

Pug. 7.1 Puo. 7.2

Caemorexhnuackye peatHsammy THDATOPOR ¥ oXeMu

SAUBTOHHA X BKEMBANEHTHLX MAPAMETOD Bxoanoe conporusienune KOC:

L1
btn =7
] k7
Rt - .
K4 > Rx¢  Bxommoe COIPOTHUBJIEHUE TUpaTOpa B MOCIEJOBATEIbHOU cxeme
v tad [%y  3AMEILEHHs OKBHBAJICHTHBIX IAPAMETPOB:
Rr2 Z{K:ffff;? fj&)fﬁfff = ,‘?3‘“ ".)“"‘Ji}f“? ;
4 ¥ DKBHUBaJICHTHAs TOOPOTHOCTH pPeaIn3yeMOi HHIYKTUBHOCTH:
r
o colnk  wCRK2 wl
;kg i v - 7 - %
Roxd Rr + Kz 2,112
PupaTopy, MGASAKpYDNME HE3ABHCHMYD DETYNHDOBKY
SKEMBANSHTHHX [apaMeTpoB
i
Gt i
A e
Puc.7.3

Puc. 7.4

I'partopu Ha ocHoze HOC, mopexupywmue OTPHLATENBHYD

MHLYKTHBHOCTS
R R
r~i
o
AR v
u [ V1 2 W2 u
ke
R1 a é "2
Puc.7.5
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B85. Mooenuposanue ompuyamenvHoil 2upamopnoii UHOYKmMUGHOCIMU U 0Decneyenue ee yCmouuueoCmu 6 PeaibHblX YCa06Uax

phle
sl 1L
0v1—|—Cl Fm
. —_ _l_
U up s —_L—C;_
— >

1 a.c.1739480

Puc. 5.15. HMaTaTOp OTpHIATENBHON HHIYKTHBHOCTH
i
U UR U
2 =R, /|1-—|. (5.83)
U

ZBX - I - !
U-u

Mog mencTBnem nepeMeHHoro BoixogHoro HanpsbkeHms U' OY1 yepes
koHaeHcatop C1, pesuctop R2 1 npeHebpexmMmo manoe BbIXOAHOE CONPOTUBMEHME

R =Rpx /(1 + K, ), (5.100)

rae Reoix , Ko — BbIXogHOE conpoTuBneHne n koadduumeHt nepegayumn 6es OOC OY2, npoTekaeT NnepeMeHHbIN TOK,
KOTOpbIN Ha pe3nucTope R2 co3gaeT HanpsbkeHne, TOYHO paBHOE BXOQHOMY HanpsixeHuto U:
T

UR, _y
1 .
R, +——
JoG
OTctoaa HaxoauM MCKOMOE OTHOLLIEHWE HanpsiKeHUn, NpeacTasnsowee
koadppmumeHT nepegayumn OY1 c OOC:

U 1
— =14 —
U JoCR,
noactasnss kotopoe B cooTHoweHune (5.83) ¢ ydeToM nHgekca npu R, nonyv4aem MCKOMOE NofiHOe BXOAHOE
COMNpPOTUBIEHNE:
Zax =—joCRR, = joL . (5.101)
Tae
Lys =—CRR,. (5.102)

npu (C2 >> C1). takxe NOCTOsIHHas BpemeHn PHY peanumayioT HamHoro 6onblen nepunoga T wu.u. = 1/ f camoro
HM3KOYACTOTHOrO CUrHana, nocTynarLLero Ha BXo/ yCTponCTBa:

1=R,C, >>T,. (5.103)
Kf-}

K=——.
1+ K,

(5.104)

1 ]
Upraxe < Upgrx ws o .
RLAKC BBIX MAKC " (IMARC o U:\-’.[ARC IRI) Ha HEKOTOPOW camom HU3KoI YacTtoTe fc.u., Ha

KOTOPOW CONPOTUBMNEHNE EMKOCTU KOHAeHcaTopa 1 C BEnUKO, a CONpOTUBIIEHNE EMKOCTU KOHAeHcaTopa 2 C elle mano.
YacTtoTa BepxHero cpe3a ®HY, obpasosaHHOro peanctopom 3 R u
koHOeHcaTopom 2 C , onpeaenseTcst U3 ycrioBus

1

SR S 5.105
2nC,R, (5:105)

C CH"*

. —3 on )
(:[I'x]'_-";_fif 'Illr]::"-ﬂﬂH ?

,D,I/Ial'lasoH N3MEHEHNA TOKOB CTPEMUTCA K 0eCKOHEeYHOCT!U YTO NOo3BONdeT
CnpoeKkTnpoBaTb M3Y ana moaennpoBaHuA OTpI/ILI,aTeJ'IbHOVI MHOYKTUBHOCTH, M3MeHF”OL|J,e|ZCﬂ B UCKINKYUNTESTbHO

LUMPOKUX Npeaenax.
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B86. Mooenuposanue 6b1c0K0000POMHBIX 2UPAMOPHBIX UHOYKMUBHOCHEN U OUEHKA npedena ux 000pomuocmu

ol ———e 7.562)
S U(f Jwé fs) Jwé’fs = C/f /‘*-'['Ei‘) :

L4 SRy Sl R L2l

' == = i m—*—s/w[,&r! 1,
Zé 7- g’- . ff_f _ ,E? _ . (1 53}.
£3 Ry
'é#{ - fferf.!
2

3ﬁnunwemme oXeMy QMR onpesedeHHs Ao$poTHOCTH
PUPATODHOR KHAYKTHBHOCTH

Laxt Lot
*
[] Géar
Rond ) Roax§
Puc.7.8
ansa puc 7.8a
(& e juC) K1 8K
Lty = { -rle‘e} kel = Bl + jwbng. (7.57)
z -
[~ K4
Rone = SE15
£2
wimé 0
@#f = y = e @c
mis7.80
(7.59) ! 2
¥ A¥F ! 'fu R‘: *g '-u.:wtg;-;:f
Yok =6t g™ & T;mc ) fwwe)
MOSBONAET OLEGHWTH DEBYJIbTHpYKIYL [OBPOTHOCTH rupaTopa
o Bint Qe &
QM 7 g& ! (?.6‘0)
Ches f+-‘\ﬁ?ﬂ{f )6k " Y feloee €A Ge

[TorpemrHOCTh M3-3a HenneadbHOCTH OY

AR = &i{ = mzﬁtd'.gg'f;?c .

TYAP FILEFIRSTL 3 e II'\.-'I.I'\.-HH.- AsEs  norT ===

fros ,w +/ ff-‘*-é';’f(mr.ﬂ.fi.’_?‘
Lee Lo

G =-
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B87.B88. Moodenuposanue ne3azemuaeHHbIX U INEKMPOHHO-YRPABIAEMBIX UPAMOPHBIX UHOYKMUBHOCH €l

, Ta_,

g .

U - wea
i
C

b

re

npmhmm O BXOAAM m (8.64)
oy - (Ur-Us) - - - )

' 2 R4
hm*opuﬁ onpenam noviHoe CONPOTHBACHHE FHpaTOpoB

»

z& Uelle 28

; 77N
! . 7- 5{-{-@

i qf”:IHf_(fﬁwj*@%_? C-/Z c{":ﬁ'!" fi‘-’)_é‘:_ Kz ‘

y L 74 Y 'f.._.._._......
U=t *jdﬁ ﬂ:"xg = jezee (¢ ),

Ua=£+ﬁ*

___L.._U TRPRN. Sy D)
Juﬂf;; JwlRy 7 Sl R { 4 j-r/'*

PR 2Rz
u'-bf = w -m}(f W)
nuaaume'r onpaRemTs nonuoe conporHsnerme (7.62)

VA n/wffrfm&/ﬁ; :Jwﬁfn—(

.l!.kt’ = C’fffaf4/f3_
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