1 OcHoBHBI€ ompee/ieHHs1 B MHTErpajibHoil cxemorexnnke. Kiaccudpukanus, cucrema
YCJIOBHBIX 0003Ha4YeHN, MeTOAbI N3roToBJaeHnss UC (BUAbI TEXHOJIOTHH)

Knaccudukanms MHTErpaIbHBIX CXEM

[To mpuHIIUITY JEHCTBUS pa3InyaroT:
- AHAJIOTOBBIE

- lludpossie

[To KOHCTPYKTHBHO-TeXHOJIOTHYeCKOoMY uctnoHeHnio VIC moapa3aensroTcst Ha TPYIIbI, KOTOPBIM
MIPUCBOCHBI CIAEAYIONMNE 0003HAYCHHS

-1, 5, 6, 7 — noaynpoBogHUKOBBIC; (7 — OE3KOPITYyCHBIC)

- 2,4, 8 — rubpuansie;

- 3 — nmpoune (MICHOYHBIC, BAKYYMHBIE, KEpAMUYICCKUE H T.]1.).

[To dpynkmonansHOMY HazHaueHuto MC moapasnenstoTcs Ha MOArpyIIIb:
- YCUITUTENN

- TEHEPaTOPBI

- MOYJIATOPBI

U BUJIBI

- mpeoOpa3zoBaTenu HAPSHKCHUM

- YaCTOThI

- (pazwr

Tlonynposoonuxosoii UC nazwiBatoT MIC, 371eMEHTBI KOTOPO BBHIMIOJIHEHBI B 00BEME UJTH Ha
MMOBEPXHOCTH MOJYTIPOBOJHUKOBOTO MaTepuara.

IInenounvimu HaspiBatoT MC, 351eMEHTBI KOTOPOW BBITIOJTHEHBI B BU/IE IUNICHOK, HAHECEHHBIX HA
MOBEPXHOCTH JUAJICKTPUUECKOTO MaTepuaa.

Tonxonnenounou HazpiBaroT IC ¢ TommuHoON mieHKd 10 1 MKM. X HaHOCSIT OOBIYHO METOOM
TEPMOBAKYYMHOI'O OCXAEHHUSI UJIM KaTOJAHOTO PACTIbLICHMUS.

Toacmonnenounot HazsiBaroT MC, ecniu ToJmuHa IIEHKH 0oee 1 MKM.

T'ubpuonoii nazpiBatoT C, 4yacTh 371EMEHTOB KOTOPOM UMEET CaMOCTOATENIbHOE KOHCTPYKTHBHOE
WCTIOJTHEHUE (IMCKPETHBIE WJIM HABECHBIE AJIEMEHTHI), @ MPOBOIHUKHU BBITIOTHEHHI 0 MJICHOYHON
TEXHOJIOTHH.

Ananoeosas UC (AUC) (Ananocosas muxpocxema) — 1o UC, npeaHasHaueHHAS IS
npeoOpa3oBaHus U 00PaOOTKU CUTHAJIOB, U3MEHSIONIUXCS TI0 3aKOHY HETIPEPBHIBHOU (DYHKITHH.
Hugposaa UC (IJHC) — UC, c mOMOIIBI0 KOTOPBIX MPeoOpaszyroTcst 1 00padaThIBAIOTCS CUTHAIBI,
BbIpaXkaeMble 110 3aKOHY TUCKpeTHOM (yHKIMU. AHanorossie u g poBsie MC BoimyckaroTcs B
BUJIE CEPUU.



CucremMa VCI0BHBIX 0003HAYEHUN:

O603nauenune MIC cocTOUT U3 YETHIPEX IIEMEHTOB.

[lepBsiii a1eMeHT — 3TO 1U(pa, COOTBETCTBYIOMIAsI KOHCTPYKTUBHO-TEXHOJIOTMUYECKOM TpyIIIe.
Bropoii anemeHT — ABe-TpH HUPPBHI, XapaKTepU3YIOIINe MOPIKOBbII HOMep pa3zpaboTku cepuun NC.
Tperuii anemenT (qBe OyKBBI) COOTBETCTBYET noArpymnmne u Bugy UC.

YeTBepThIii 2IEMEHT, COCTOSIIIINI U3 OTHOM MIIM HECKOJIBKUX LU(D, SABISETCA MOPSAKOBBIM
HOMepoM pazpabotku VIC B JaHHOM cepuu, B KOTOPOl MOKET OBITh HECKOJIBKO OJIMHAKOBBIX IO
¢yHkuoHansHOMY npusHaky UC.

Bunpe! Texnosoruii nzroroniaeuus UC:

Tlonynposoonukosas mexuono2us XapakTepu3yeTcsl TEM, YTO KaK aKTUBHBIC, TAK U MTaCCUBHBIE
AJIEMEHTHI CXEM BBIMOJHSAIOT BHYTPH 00bEMa KpUCTaJUIa MOIYIIPOBOIHUKA, KOTOPBIN U SBIISETCS
KOHCTPYKTHUBHOM OCHOBHOM MC. OCHOBHBIM MOJIYNPOBOJHUKOBBIM MaTE€pUAJIOM SIBIISIETCS KDEMHUIA.
Tonxonnenounas mexnonocusi: KOHCTpYKTUBHON 0CHOBOM W C siBNIsieTCS M30SLMOHHAS TUIACTUHA, Ha
KOTOPYIO HAHOCAT IUICHKHU W3 MOJYIPOBOJIHUKOBBIX, METAJUIMYECKUX U AUAIEKTPUUECKUX
MaTepuasoB.

Cosmewennas mexuono2us 00J1a1aeT NPEUMYIIECTBAMH KaXK/10M U3 PACCMOTPEHHBIX TEXHOJIOTHI U
HCKJTIOYAET CBOMCTBEHHBIE UM HEJIOCTATKHU.

T'ubpuonas mexronozus: NaCCUBHBIE JIEMEHTHI U3TOTABIMBAIOT METOIAMH INIEHOYHON TEXHOJIOTHUHU.
Humezpanvnaa muxkpocxema — VIC, psifi 51eMEHTOB KOTOPOW BBINOJIHEHBI HEPA3/IEIbHO U
AIEKTPUYECKHU COECTMHEHBI MEXTy COO0H TaKUM 00pa3oM, YTO C TOUKH 3PEHHS] TEXHUYECKUX
TpeOOBaHMI1, UCTIBITAHUM, TOPTOBJIM U KCIUTyaTallMM YCTPOKWCTBO PacCCMaTPHUBAETCS KaK OJJHO
uenoe. [Ton MUKpocxeMoil TOHUMAKOT MUKPOAJIEKTPOHHOE YCTPOUCTBO, paCCMaTPUBAEMOE Kak
eMHOE U3JIeNIie, UMEIOIIEe BHICOKYIO TUIOTHOCTh PACIIONIOKEHUS SJIEMEHTOB U (WJIM) KOMIIOHEHTOB,
AKBUBAJICHTHBIX 3JIEMEHTAM OOBIYHOM CXEMBI.

Inemenm UC (Inemenm) — vacts VIC, peanusyromias QyHKIIUIO KaKOTO-THO0 IPOCTOTO
AIEKTPOPAANOdTIEMEHTA (pPEe3UCTOpa, KOHACHCATOPa, TPAH3UCTOPA, IUO0a), BHITTOJIHEHHAS
HepaszaenbHo ¢ kpuctawiom NC.

Komnonenm UC (Komnonenm) — oTIIM4YAETCS OT DJIEMEHTA TOJBKO TEM, YTO JI0 MOHTa)ka Ta 4acTh
NC 6bu1a caMoCTOATENbHBIM U3ETUEM (101, TPAH3UCTOP, PE3UCTOP, KOHJIEHCATOP ).

Kopnyc HC (Kopnyc) — 4acTb KOHCTPYKIIMH, NpeIHa3HaYeHHas1 11 3auThl UC oT BHEITHUX
BO3JICHCTBUM U JIJI1 COETMHEHHUM C BHEITHUMHU JICKTPUYECKUMHU IEMSIMHU TTOCPEICTBOM BBIBOIOB.
Iloonosxncka HC (Iloonosxcka) — 3ar0TOBKA U3 TUDIIEKTPUUECKOTO MaTepHalia, peHa3HauYeHHas JJIs
HAHECEHHUS Ha €€ TTOBEPXHOCTH 3JIeMEHTOB THOpUHbIX C, MEXITIEMEHTHBIX U (MITH)
MEKKOMITOHEHTHBIX COCIMHEHUH, a TAK)K€ KOHTAKTHBIX TJIOIIAJIOK.

Ionynpoeoonuxosasa naracmuna (Ilhacmuna) — 3aroToBKa 13 NOJYyIPOBOJHUKOBOIO MaTepHuania,
npeaHa3HaYeHHas JJIs U3TOTOBJIECHUS MOTyIpPOBOIHUKOBBIX NC.

Kpucmann HC (Kpucmann) — 4acTthb 1OTYNPOBOJHUKOBOM TJIACTUHBI, B 00beME U Ha TTOBEPXHOCTH
KOTOPOU chOpMUPOBAHBI JIEMEHTHI MOJYTPOBOAHUKOBBIX IC, MEX3JIeMEHTHBIE COCIMHEHUS U
KOHTAKTHBIE TIIOIA/IKH.



2 OV kak aktuBHbI# dieMeHT MDY. Tunsl OY U X OTJIHYUTEIbHBIE 0COO0CHHOCTH

CBoe HazBanue OY Mmoxy4usi OT CIOCOOHOCTH BBIMOJIHEHUS PA3IMYHOTO POJia OTepariuii
(mpeobpa3oBaHmil) C MOMOIIBIO TACCUBHBIX IIETICH OTpHIiaTebHON oopaTHOi cBsizu (OOC),
OTIPEIENISIONINX C IOCTATOYHON TOYHOCTBIO MEePeIaTOYHYI0 (PYHKIINIO TPeoOpa3oBaHus BCETO
yCTPOMCTBA, B HAMMEHBIIICH CTETIEHN 3aBUCHMYIO OT COOCTBEHHBIX ITapaMETPOB yCU-JIUTEIS.
JU1s COBpeMEHHBIX UHTErpasibHbIX OV XapakTepHBbI JIBE CTPYKTYpPHBIE CXEMBI (MOJIENHN):
TpexKacKaJHas u JAByxkackanHas (puc.l.1).

:R: EH-‘
T o .
S i Ry R U § N oo I 1
=!;1‘.»' o W ] DA arl i l;l?r DA 'J[[—jﬂi

Prec. 1.1, TpéxkackKaTHAd (a) 1 IBVXEACKATHAR (§) Mogenn O%

AY-ud.ycunurens; YH-yc-nb Hanpsxenus; G A-popmup-ip amrun; 1[-3MMHUT.IOBTOPUTEITB.

Cymectpyronmie OY ycI0BHO MOTYT OBITh pa3/iejIEHbI HA HECKOJIBKO TPVIIIL.
Cmanoapmmusie OY, v OY 00111er0 NPUMEHEHHS TIO3BOJISIIOT peain3oBath POA ¢ pe-

3yJBTUPYIOIIEH MOTPEMIHOCTHIO Ha YpoBHE ITpuMepHO £ 1%. K

TakuM OY MOKHO OTHECTH.

Ilpeyu3zuonnsvie (usmepumenvuvie) QY OTINYAIOTCS BEHICOKUM 3HaUYC€HHEM KO3 puiiu-eHra
nepeayu Ha MOCTOSTHHOM Toke Ko (HECKOIBKO COTEH ThICSY), MaIbIMU BETUYMHAMU JIper()OBBIX
rmapaMeTpoB, noBbiieHHbIMU 3Ha-dyeHusIMH OOBIT 1 OOCC nHa ypoBae —(80...120)ab u T1.1.
[To3BousitoT peanuzoBaTh POA ¢ morpemHocTtsio okoo + 0,1%.

bvicmpooeiicmeyroujue, unu ceepxckopocmuste, QY XapakTepU3yIOTCIBBICOKUM 3HAUCHUEM
CKOPOCTH HapacTaHUsI BBIXOJHOTO HAMPSHKEHUS V(HECKOIBKO JIe-CSITKOB WJIA COTEH BOJIBT 3a
MUKPOCEKYH]TY ),I0CTaATOYHO 00Ib-IIIOMYACTOTON €IMHUYHOTO YCusieHus fT U npeaHasHavdaroTcst AJis
MOCTPOEHUSI LIMPOKOIOJIOCHBIX YCTPOUCTB U aHaJoro-1ugpoBsix npeodpazosateneit (ALIT).
HTupoxononocuvie QY tuna c BHyTpeHHEN Koppekuuerd AUX TIM4atoTCsl BbI-COKUM BXOAHBIM
conpotuieHueM (Rex.1 = 1000 MOM) u noBsIlIeHHBIM bIcTpoielicTBHEM (V > 20 B/MKc), gacToToit
enuHu4YHOro cwienud fr > 15 Ml

Muxkpomownvie QY oTIMYAIOTCS CYIIECTBEHHBIM CHIKEHHEM OTPEOIIeMON MOIITHOCTH OT
MCTOYHHKA TTUTAHUS.

Muozokananwvusie QY conepxar B OTHOM KOPITyCe OT JBYX JI0 IIECTH OJIMHA-KOBBIX OV,
[IpennasnayaroTcs AJi9 UCTIOJIB30BaHUS B aKTUBHBIX (DUIBTPaxX, CyMMaToOpax, MHTErpaTopax, a
Takke B cucremax coopa ganubix (CCJ), ALl u apyrux ycrpoicTpax.

Mouwinbte QY 0TIMYAIOTCS TTOBBIIIIEHHON BBIXOIHOM MOIIIHOCTHIO M IIPEHA-3HAYAIOTCS B OCHOBHOM
JUTSL yCTPOMCTB aBTOMATHYECKOTOYITpaB-JICHUSI.

T'uépuonwvie OY N03BOSIIONTNE UCTIOIB30BaTh OTOOPAHHBIE OUITOJISIPHBIC U TIOJIEBBIC CTPYKTYPHI,
BBICOKOKaYE€CTBEHHBIE, MAJIOIITYMSIIIIUE U BHICOKOBOJIBTHBIE AKTUBHBIC TPUOOPHI, MOTYT OBITH
peaan30BaHbl C BECbMa BLICOKUMH TEXHUUYECKUMH XapaKTEPUCTUKAMHU.

Hoeanvnvie (0 unu deckoneunocms) u peaivhvie QY



3 Mepbl Npe10CTOPOKHOCTH M MOJIe3HbIe COBETHI P UCNoab30BaHuu OY

Mepbl IPETOCTOPOKHOCTH

1. JIro60# 3KCEpUMEHT, CBsI3aHHBIN ¢ ucnoab3oBanueM OV u apyrux UC, cnenyer HaunHATD ©
opranuzanuu padbouero Mecta. [loyoxuTe Ha cTON pa3MepoM o-00J1bIlIe CBOOOHOTO MOJIS
pabouero Mecrta JUCT (POJILrUPOBAHHOIO TEKCTOJIUTA WIIM FeTUHAKCa, 0OpaleHHbIN (oabroi BHU3, U
COEJIMHUTE MTyTeM MaillKu 3a3eMJISIOIIMM MTPOBOJIOM TOKOTIPOBOISIIUNA €ro CIIoM ¢ 00111el UHOMI
3a3eMJICHUS U OOILIUM IIPOBOJIOM UCTOYHUKA MUTAHUS, KOTOPbIH OYJET BBIMOIHATH POJIb IKpaHa.

2. Pa3memats n3MepuTenpHbie MprUOOpPHI Ha pabodeM CToJIe ClIEeAyeT TaK,9To0b! ocuuiuiorpad u

111 (pOBOIM BOJIBTMETP MOCTOSHHOTO TOKA HAXOAMIUCH CJIEBA,[€HEPATOP CUTHAIOB CIIEPEn,a UCTOU-
HUK HAIpSKEHUS MATAHUS U BOJBTMETPIEPEMEHHOIO TOKA CIIpaBa.

3. [lutanue Bcex M3MEPUTETHHBIX IPUOOPOB, KOPITYCa KOTOPHIX

COCJIMHSIIOTCS ¢ OOLIEH IMMHON 3a3eMJICHUS, I0JKHO OCYIIECTB-JISATHCSA OT OJJHOM (pa3bl ceTH
IIEPEMEHHOI0 TOKA, YTO YMEHBIIIAET BO3MOKHOCTD IOSBJICHUS PA3JIMYHOIO pOAa IIOMEX.

4. IIntanne OC AOIKHO MPOU3BOAUTHCS OT COBEPILIEHHOTO HCTOY-HUKA HAIIPSKEHUS TUTAHUS.

6. [IpoexTupys neyaTHyro MJIaTy, PEKOMEHYETCSI BEICOKOUYYB-CTBUTEIbHBIE BX0AbI OY 0XBaThIBaTh
KOJIBLIOM, KOTOPOE CIEAYET COEAMHUTH C OOIIEH IMWHOM WK, YTO JyYIlIe, C BBIXOJIOM IOBTOPHU-TES
CUTHAaJA.



4 I'CT ¢ u301MpPOBAaHHOM HATPY3KOH M €r0 TOYHOCTH
[IpencraBnennsiii Ha puc. 1.30 I'CT ¢ uzonupoBaHHoO
Harpy3Koi peajan30BaH Ha OCHOBE HEMHBEPTUPYIOUIEH

OC B KOTOPOI1 OJMH U3 PE3UCTOPOB SABIISIETCS
Harpy3ouHbIM RH, BTOpoit — 00pa3iioBsIM
(BbICOKOCTAOMILHBIM) RO, a B KauecTBE BXOIHOTO
HANPSDKEHUS UCTIONB3YETCS BBICOKOCTA0OMITBHOE
(onopnoe) Hanpsbxerue UO.

Puc.1.30. T'CT ¢ He3a3eMIEHHOH  C yuerom orpannuenHoro kodduupenta nepeadn OY
Harpy3KoH Ha OCHOBE (KO # o©) ny1st TOKa, MPOTEKAIOIIETO 10 HATPY304YHOMY
HeHHBepTHpYyomeH OC COIPOTHUBJIEHUIO, MOYKHO 3aIIUCaTh:

U, - IR, K, —I.R
IH=( 0 H Cl) 0 H~0 ] (199)
Ry

[IpeoOpasys (1.99) k sBHOMY BHITY, TOJTy4aeM TOK HArpy3KH
Uy
1 (. Ryl
Ro|1+—| 1+ 2 '
RO “J

Kyl
[Ipu ycrpemnenuu koadduirierta nepegaun B 0eckoneuynocTs (KO — o) Tok

I = (1.100)

U,
= (1.101)

0

HE 3aBUCHUT OT COTPOTUBJICHUS Harpy3ku RH. [TorpenHocTs popMupoBaHUs TOKA, 00YCIIOBICHHYIO
KOHEYHOCTHIO ko3¢ dunuenTa nepenaun KO OV, onpeaenum, cpaBuauas (1.100) u (1.101):

(1.102)



5 I'CT c 3a3eMJIéHHO HATPY3KOM M OLIEHKA €r0 TOYHOCTH

B wR

Vot p>—3—

— 11—

L )
1 ﬂ— Ve
R, .

Usz >—:|——I£E

L |[] Ra

Prc. 132, 10T ¢ aaiestteHHoil Harpy ol

OnuceiBaeTcs mapaMeTpamu:

Uy U U Uy

E SR
L .
U= © BbIX
Kr-
L-n:* - U _ LT”_[-'.BEE!'-.' + U
R,:, HR,:, RH

(1.108)

(1.109)

(1.110)



6 'eHepaTOpbl BTEKAIONIET0 U BHITEKAIOIIET0 CTA0MIbHBIX TOKOB € MOBBIIIEHHBIM 3HAYe€HHEM
(popMupyemMBbIX TOKOB

Hannbiit Tun I'CT (puc. 1.33,a,0) ¢

a3 Ry LR L V30JIMPOBAHHOW HArpy3KOu
. =" 28 L., DPealusyercs Ha
Up>0 lyr/ 6aze OY B pexxume CpaBHEHHUS
Rs Wit R,,+R6 7 e curdHayioB. [IpuHiun crabunuzanuu B
Is=Us /R QRO o S Uz Unore Un ATUX CXEMax
.
a 6 B

OCHOBAaH HA CPaBHEHUU HAIIPSKCHUM,
PHc.1.33. T'eHepaTophl BTeKaKOMmEro (a) H BeiTeKaromero (6) cTaGHIBHBIX TOKOB!

H CTOK—3aTBOpHAs XapakTepHCTHKA (B) I1T, MOACHAIOMAA IPHHIHII
CTaGH/IH3allHH TOKa pe3nucTopax RO IIpH IIPOXOKICHUHA

yepe3 HuX Toka Harpysku [H , ¢
HaIpsKEHUEM UCTOYHUKOB ONMOPHBIX HanpsbkeHui UQ , OJIIPHOCTh KOTOPBIX 3aBUCUT OT

o0pa3zyeMbIX Ha 00pa3IoOBBIX

BTEKAIOIIEro WM BRITEKAIOIIETO TOKa, MOKa3aHHBIX Ha puc. 1.33, a 1 6 COOTBETCTBEHHO.
st cxembl I'CT (cM. puc. 1.33,a) MoxeM 3anucarthb

rne KII- xoaddurimesT nepenayn
(U, —I,R)K,K, = IR, (1.1209) ™ bt pel
MTOBTOPUTEJS HAMIPSIKEHHUS.

VYnpasistomee TokoM smurrepa [ BT manpsokenue

L'”: (L' BY - L;Bbaﬁ' ) S(R6 ||hll ‘)4 (1 . l 30) rac S n hll - KPYTI/I3Ha HT B PT

1 BXogHoe conportusieHue bT;

(U, +U,, ) o \
S=Suxc|l-———=}  hy, = (p—r(,n:l +1); SMAKCuU3M.OTC -
N Uwmorc J I, MaKCUMaJlbHasi KpyTH3HA U
HanpspkeHue orceyku [T

(cipaBOYHBIC BEJIMYMHBI);

) Iy ., I, . '
Uppx = Ippix Ro = (P_BU Ro= @_B(UBX - Upnix )S(Réllhll ,)RO-
T T

Otcrona ko3 PUIMEHT nepeiaun MOBTOPUTENS HAMIPSKCHUS

K o= lax _ 1 | (1.132)
' U @,
« 14 ]
s1,(Rg [y )R,
I o
Wrak, nomyyaemsiii u3 (1.129) Tok Harpy3ku H™
Ryl 1
°| " KKy |



7 BAII na ocuoBe I'CT u on1eHKa ero TO4YHOCTH

Bpems ammntyassiii npeoOpazoBarens (BAIT) — 310 ycTpoiicTBO, KOTOPOE MO3BOJISET JIMHENHO
npeoOpa3oBaTh AJIUTEIBHOCTh UMITYJIbCca (BpEMEHHON HHTEepBal) At ctangapTHON ammuTyasl Um B
aMIIuTy 1y BeixoaHoro HampsokeHuss AUBBIX (puc. 1.35,a). [Ipu u3MeHeHnu Bo BpeMeHU
JUTMTEIILHOCTH UMITyJibca At OyeT MPONOPIUOHAIBHO U3MEHSTHCS U BBIXOAHOE HAIPSIKEHUE
AUBDBIX . OnvH 13 BO3MOKHBIX BAPUAHTOB peAIU3alliU dTOr0 YCTPOMCTBA MOKa3aH Ha puc. 1.36.

/]
Us{ n! -ﬂUEH!{
G At a
G : p-KaHan
U., YBX
UlH.G’l'C
- U!NX
At | U
le—=! 0
Uy
PHc. 1.35. TIpeoGpazyeMsId Puc. 1.36. Cxema BAIT ¢ YBX

HMITYJIEC (a) H XapaKTepPHCTHKA
npoBonHMOCTH (6) IIT,
COBMEIIEHHAA C 3THM HMIIYJIBCOM

B ocnoBy pa6otsl BAII nonosxen npuHIui 3apsijaa KouaeHcatopa EMKOcTbio C cTaOUIIbHBIM TOKOM:
AU rae AUC — u3MeHeHue HalpshKeHUs Ha
.AYc

I=C e (1.150) KOHJEHcaTope.
At

Jl1st ycTaHOBJICHUS! HAYAJIBHBIX YCIIOBUI paOOThI
(obecnieuenus paspsaa konaercatopa C) B cxemy BAII (em. puc. 1.36) Beeaén I1T, mpoBoau-MocTh
ka"asa G (U3U) koToporo npu oTCyTCTBUU BXOJAHOTO (YIPABJISIIONIETO) UMITYJIbCA MaKCUMaJIbHA U
cootBeTcTByeT GMAKC (puc. 1.35,0). Konaencatop C ripu 3ToM pa3psixkaeTcsi ¢ HOCTOSHHON
BpeMeHu Tp=C/Gmakc. Ecnu BXOIHbIE UMITYJIBCHI CIIEIYIOT CO CKBa)KHOCTBIO MEaH Ipa Mpu
MUHHUMAJIbHON JJIUTEIBLHOCTH NMpeod-pazyeMbix umiyiabcoB At MUH , To mocTosiHHast BpeMeHu
paspsiia A0JHKHA YIOBJIETBOPATH YCIOBHIO

c Aty BAII ¢ yuétom (1.150) onuceiBaeTcst cucTeMoit
Tp < . (1.151)

Gyake 3 YPaBHEHHMI:

rae N — 1eMCTBUTEIILHOE YUC]IO;

U, -AU. AU, -AU AU
m c c WX , c—C, (1.152) KO - koo dunment nepenaun OV .

R NR At
AU AUgyx _ AUpix (1.153) Haxopns HamnpsikeHne Ha KOHJIEHCATOPE
€ 1snN Ko ' ' AUC u3 (1.152) u npupaBHUBasi €ro K
AUgyy = S\T +11)Um§t - : (1.154) (1.153), monmyyaeM BBIXOJHOE HANPSIAKEHUE
RC|1+— (1+ h At] BAII
K, NRC
[Tpu KO — oo Beixoanoe Hanpspkenue (1.154)
(N +1U_At

AU g St 1,155

BRIX Ky RO I: }




8 CH na ocnoBe OY: CH kak 3;1eMeHT cxeMoTexHUKU. OnHonossipabie CH ¢ onmopHbiMmu
CTA0OMJIMTPOHAMM.

[Tox crabunm3atopoM, wir uCTOYHUKOM HampspkeHus (CH), MOHMMAar0T KOMIOHEHT (DJIEMEHT)
AIEKTPUUECKOM CXEMbI, KOTOPBIN BhIpabaThiBaeT BoIxoiHOE Hanpsbkenue EQ , B mepBom
npuOIMKEHUU HE 3aBUCSIIEE OT conpoTuBieHus Harpy3ku RH wnu Toka B Harpyske IH , a Taxoke ot
HanpspkeHus nutanus Ell | u3menstomuxcst B MMpokux npeaenax. HezaBucUMoCTh BHIXOTHOTO
HanpspkeHus: EO ot Toka B Harpy3ke [H, oT HekoTopo# onpeieIeHHOM BEIMUMHBI «0€3 Harpy3Ku»
710 BEJIMYMHBI P MaKCUMAIBHOU HArpPy3Ke XapaKTepHU3yeTcs CTaOUILHOCTRIO IO Harpy3Ke,
KOTOpasi HETOCPEJICTBEHHO CBsI3aHa C BHYTPEHHUM (BBIXOJHBIM) conpoTuBienneM CH
R, = Eo (4.1)
1Ey A ’ :
T Oy

IPEICTaBISIOIINM COOOM OTHOILIEHNE U3MEHEHUH cTabmin3npyemMoro HanpsbkeHus OEQ U Toka B
Harpy3ke OIH. Jlns cHmkeHus BeixoaHoro conpotuieHuss CH u3BecTHbI 1Ba OCHOBHBIX CIIOC00a,
IIPUMEHSEMBIX Pa3JI€JIbHO WIM COBMECTHO, OJMH U3 KOTOPBIX OCHOBAH Ha UCIOJIb30BaHUHU CBOMCTB
BT npeoOpa3oBbIBaTh UMIIEHIAHC WJIM YCUIIUBATH TOK, @ BTOPOM — Ha cBoiicTBax ycuiurels ¢ OOC
Ha puc. 1.38 mpeacrasieHs! ABe KiIacCUYeCKHue cxeMmbl ogHonosipHbIx CH ¢ onmopHeIMu
cTadMIUTpOHAMHU [|, oTiIMyaromuecs: oHa OT APyrou
CIIOCOOOM BKJIFOUEHMS CTAOMJINTPOHA B LIETh

oOpaTHoO#1 cBsizu. OCHOBHOE IPEUMYIIIECTBO BTOPOI
r, Ccxemsbl (puc. 1.38,0) o OTHOIIEHUIO K MEPBOH (pucC.

1.38,a) cOCTOUT B TOM, YTO OHA MOYKET OBITh
WCIIO0JIb30BaHa B ciryyae peanm3anuu CH Ha

Pac. 1.38. CTaORII3ATOPS! HAMPTKERIA ¢ MOBBIMERHEN Koo pHumesion  rropRieHHOE Hanpsbkenne EQ ¢ mpuMenennem

IS TOQUI MHTAIOMIETO HATDAKEHIE ctadbuutpona ¢ HanpsbkenueM Uct= UO,
MPEBBIIAIOIINM JomycTuMoe cuH(pazHoe Hanpsbkenue Usx.c.gjon OY. DddekT ctabunuzanuu
BBIXOJTHOTO HanpspkeHus EQ B manHbIX cxemax (cM. puc. 1.38), a Takke B aHAIOTMYHBIX JPYTUX
cxemax CH cocrout B TOM, 4TO, HAallpUMep, C YMEHbIIEHUEM (YBEIMUEHUEM) 110 KAaKOH-JI100
MPUYUHE 3TOTO HANIPSHKCHUST YMEHbINAETCS (YBEIMUYUBACTCS) Pa3HOCTh HAMIPSIKEHUN MEXKITY
onopHbIM HanpspkeHrueM UQ u HanpsbKeHHEeM Ha HUKHeM miieue (pesuctope R2) pesuctuBHOrO
nenurtenst R1, R2, kotopas nocne ycunenus B OY nproTKpbIBaeT (11013aKPhIBAET) PErYIUPYIOIINNA
tpan3uctop T1, yBennuuBas (yMeHbIIas) TEM CaMbIM UCXO0JIHOE Hanpspkenue EO.

Ananmu3 CH no cxeme (cm. puc. 1.38,a) MOXKHO MPOU3BECTHU € MTOMOILBIO YPAaBHEHHUS

R, rie KO u Kim — xoaddunuents! nepenaun OV u

Uy —-Eg—=——
0 oR1+R2

]KOKH =E,, (1.165)
noroputens HanpsbkeHus Ha BT Tl n

pesuctopax aenautens R1,R2 u narpy3ku Ru. B cootBerctBum ¢ (1.165) HanpsbkeHne cTaOMIM3aum

Eo = (1.170)




Bonpoc 9. CH ¢ noevtuiennoii Hazpy304Hoil CROCOOHOCMbI0 U 02PAHUYEHUEM NO HOKY

Ez,,
Uo |25 A
1, .
2
ov N Rs
T3 llo
R3 _E’
T /,
_I_ N
R, l
>y
11z E,
R, Re

[

PHc. 1.39. CH ¢ nOBBIIIEHHOH Harpy3049HOH
CIOCOGHOCTBIO H OTPaHHYEHHEM 110 TOKY

XapakTepHoit 0COOCHHOCTHIO TpecTaBieHHoro Ha puc. 1.39 CH saBnsiercs To,

YTO B HEM, BO-TIEPBBIX, JIJIS TOBBIIICHUS HATPY30UYHON CIIOCOOHOCTH UCIIOIB30BaHbl cocTaBHble BT
T1, T2, no3BoJIsAIONIUE CYIIECTBEHHO YBEJINYUTh TOK [H B CONPOTUBIIEHUH Harpy3ku RH, U, Bo-
BTOPBIX, TpUMeHeHa dd(PeKTUBHAs cxeMa 3aluThl oT ciaydaiiHeix K3 u nepenanpspkenuit Ha bT T3,
crabunutpone /[ u pesuctopax R3 — Rb5.

C nmomompto aenurens Ha pesucrtopax R1 u R2 ocymecrBnsiercs, kak u paHee

(cm. puc. 1.38), macirabupoBanre cTadMIM3upyeMoro HarpsikeHus: EQ OTHOCHTENbHO OMOpHOTO
HanpspxkeHus UO.

OrpanunyeHue BBIXOJAHOTO TOKa B paccMmaTpuBaeMoM CH mpousBoautcs 3a cuet pesuctopa R3 Ha
YPOBHE

U63(T3)

IO.M.Ma - R%

rae U03(T3) — nanpsbxkenne 6a3a—3MUTTEP, COOTBETCTBYIOIIEE MOPOTY OTKPHIBAHUS

Tpan3zuctopa T3, mpegorBpainaroiero ypeanuenue Toka 6azsl bT T1.
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Bonpoc 10. Cnedawuli cmabunu3zamop pa3HoNnoAsApPHbIX HanpaxceHul

Puc.1.43. Ciaeasmui ctaGHIH3ATOP
Pa3HOMOISIPHBIX HapsKeHHH

Ecnu tpebyetcsi, 4ToObI 00a pa3HONOISPHBbIC HAIPSIAKEHUS KaK MOKHO TOYHO COOTBETCTBOBAJIU
OJIHO JIpYTOMY, IPUMEHSIOT TaK Ha3biBaeMbli ciensmuid CH (puc. 1.43), aGcontoTHas BeIMUrMHA
CTaOMIIN3UPYEMBIX HAIMPSHKEHUH KOTOPOTO 3aBUCUT TOJIbKO OT ojHoro MOH, nanpumep,
N0J10KUTeNbHOM nonspHocTd U0 B kauecTBe BTOPOIo OMOPHOTO HAMPSKEHHUS B 3TOH cXeMe
HCIIOJIb3YETCs IEPBOE CTAOMIM3UPYEMOE HANIPsDKEHUE E; , KOTopoe 0y1aroiapsi ”HBEPTUPYIOLLEH

OC (neunBeptupyromuii Bxoq OY?2 coeauHeH ¢ 001Iel MMHOI) MpeBpaniaeTcsi B OTPULIATEIbHOE

- R
Rs

JI7s TOro 4T0OBI TOK AEIUTENs |, , IPOTEKAIOIIUH 0 pe3UcTOpaM RS, TOUHO COOTBETCTBOBAT TOKY

[J1 nenurens Ha peauctopax R1, R2, Heo6xoaumMo HOMHUHAI pe3ucTopoB RS BBIOpaTh 13 ycinoBus
R5=R1+R2

Torna:
IO= IH*IH+IH: (1.219)
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Bonpoc 11. Ixkcmpemamopul pynkuuii(oonononapnule u 08yxnonapuwie)na ochose OY.Ouenka
moYHOCMU (hopMuUuposanus IKCmpemyma

OKCTpeMaTopsl IpeAHA3HAYEHBI U1l PETUCTPAllMM MOMEHTA H3MEHEHUS 3HaKa IIPOU3BOAHON
uccienyeMon GyHKIIMOHAILHON 3aBUCUMOCTH M HAXOJST MIMPOKOE MPUMEHEHHUE B PA3TUYHbBIX

Ut AU
| \‘;// Ul

00JIaCTAX TEXHUKH.

0
L1ty t 4
H.E. a 0 \
;@* ) e ﬁ(y t
Usex \ U, U,
Ut ¢ / - B
\\ — -
a = B H
PHc.1.44. CxeMa OIHONOIAPHOIO 3KCTpeMaropa (a) H JHArpaMMEI HAIPOKeHHH PHc.1.45. CxeMa IBYXIOAPHOTO 3KCTPeMaTopa (a) H AHATPAMMEI
(6, B), onHCHIBaONIHE eT0 pafoTy HanpskeHHH (0, B) B 3TOH cxeme

[Tpu Bo3pacranuu Hanpspkenus UC (1) (puc. 1.44,6) OV paboTaer B pexXrMe MOBTOPUTEIIS, TaK KaK
pabouasi Touka IMoja CMEIIeHa Ha MPSIMYIO BETBb BOJIbT-aMIiepHO# Xapakrtepuctuku (BAX), rae
muddepenunansHoe conporuBienne R/ u, cienoBarenbHo, MOCTOSTHHAS BPEMEHH 3apsiia
koHaeHcaTopa 13 = RJIC mansl, mpu 3ToM Hanpspkerrne Ha koHaeHcatope UC ycreBaeT clieuTh 3a
n3menenneM BxoaHoro u UC = UC (t). [Ipu gocTmkeHHH MaKCUMyMa aMILTUTY/IbI, T.C. TIPH
M3MEHEHHUH 3HAKAITPOU3BOIHOW BXOJHOTO CUTHAJA, COXPaHIEMbIil KOHAeHCaTOpoM C HaKOTIJICHHBIN
MOTEHITMAN U YOBIBAIOIIMM BXOJHOM CUTHAT 00ECIICYMBAIOT MOSBICHUE PA3HOCTH HANPSKEHUN
Mexy Bxoaamu OV u, ciaeqoBaTeabHO, 3alUPAOIIET0 HAMPSHKEHUS HA TIUOJE, YTO Pa3phIBACT LIEb
OOC u nepeBogut OV B peKUM KOMITApaTOPa, IPU KOTOPOM €0 KOIPGHUIIUEHT YCUICHUS] CKAYKOM
BO3pAcCTaeT A0 MaKCUMaIbHOIO 3HAYEHUs C 00pa30BaHUEM PEZKOIO Mepernaga BEIXOAHOTO
HaMpsODKeHUST oTpUliaTesibHOM nosispHocTu (puc. 1.44,8). KoHneHcaTop MOCTENEHHO pa3psiKaeTcs C
IIOCTOSIHHOU BpeMeHu 7, [Tpy ManenineM NpeBbIIeHHU BXOIHBIM CUTHAIOM U3MEHSFOLIEr0Cs 110

AKCIOHEHTE noTeHuana kouaeHcaropa UC (lutpuxoBas TuHus Ha puc. 1.44, B) cxema
BO3BPALIAETCSA B UCXOHOE COCTOSIHUE, OPMUPYS MOJOKUTENBHBIN NEpenal HanpsKEHNs Ha BBIXOE
OYVY. B cxeme aByxmossipHOro 3KkcTpemaropa (puc. 1.45,a) Hanpsikenue Ha konaeHcaTope C
CPaBHHBAETCA C BXOJHBIM ITpU MakcuMaiibHOM ycuiiennn OVY 1, paaom KO . [Ipu cmene 3Haka
npousBoaHoii curnana UC (t) va Beixoge OV 1 dopmupyrotes nepemnaabl HanpsokeHus € (puc. 1.45,
0), COOTBETCTBYIOLIME TTOporaM npoBoauMocTH a1uooB J1 u /12, npu 3ToM KoadduumeHT nepeaadu
OVl

{ 1 OpH +AUK, >e TA€ AU - pa3HocTh HanpsikeHud Mexy Bxoaamu OY.

LKO IpH - +AUK; <&. B ofmem CJIy4ae OTHOCUTEIBHYIO ITOIPEIIHOCTD B ONPEIEICHUN

KCTpeMyMa MOKHO OIICHUTH 0 (hopmyiie

oty —
=l (1.221)

rae ty U thy— MHTEPBAJIBI BPEMEHH, COOTB. [10J1y4. U MICTUH. MOMEHTaM DKCTPEMYyMa; t — aHaIU3-bII

HHTCpPBAJI BPCMCHHU UCCJI-TO CUI'HAJIA, 0OBIYHO IIPpHUH = ICPHUOAY.
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Bonpoc 12-13. /luHeliHble npeobpa3osamenu nepemeHHO20 HanpsaXceHuUs 8 NoOCMoAHHOE Ha
ocHoege 0OY. CywHoCcmb AuHeapusayuu amnaumyoHol xapakmepucmuku. Kpumepuli masocmu
npeobpasyemozo HanpaxiceHusa. Popmuposamenu moodynsa. [MH amnaumyoOHbix 3Ha4yeHudl.
Mukoeblie demeKkmopuol.

22U g

PHc.1.46. JIHHeiiHBIH nMpeoGpa3zoBaTeNb NepeMeHHOr0 HanpsokeHHA (GopMHpOBaTeIh
MoIyns) (a) H JHATrpaMMBl HanpsxkeHHH (6—T), NOACHAIONIHE NPHHIIHII ero paboTsl

CymHOCTD JTHHEAPU3AIUU AMILUITUTYITHOH XaPAKTEPUCTHKHM COCTOUT B TOM, UTO B CXEME
onnononynepuoanoro I1H, cobpannoro Ha OVY1 (puc. 1.46,a), mo HeTUHEWHOM 1LIETIH, COCTOSAIIEH U3
nuona J12 u pesucropa R, He3aBUCUMO OT €€ COMPOTUBIICHUS MMPOTEKAET CTAOMIbHBIN TOK [ (CM.
cxemy ['CT nHa puc. 1.30), MTHOBEHHOE 3HaY€HHE YPOBHS KOTOPOTO MPONOPLIMOHATIBHO MTHOBEHHOM
amruuTye BxonHoro curtana Uc(t). B cBsi3u ¢ aTum BeixoaHoe HamnpsikeHue U'Bbix (puc. 1.46,8),
CHUMAaeMOoe C JIMHEHHOTO 31eMeHTa R, ¢ TOYHOCTBIO 70 (ha3bl MOBTOPSIET TOT MOJIYIEPUOJT BXOTHOTO
curnazia (puc. 1.46,0), 11 KOTOPOTO JUOJ OKa3bIBAETCSl OTKPHITHIM. B TaHHOM citydae
oTpulaTebHbIN noxynepuoa curnana Uc(t) mocie naBeptupoBanus B OY 1 npeBpaiaercs B
ITOJIOKUATENBHBIA U OTKpbIBaeT nuox 2. /Insa qpyroro nonynepuona 12 3akpsit. Juox /1
BBITIOJIHSIET BCTIOMOTaTeNIbHYIO (DYHKITUIO 3aIIUTHI OT neperpy3ok OY 1 monoxuTeIbHbIMU
CUTHAJIaMH U TPUTTEPHOTO 3(PeKTa, CBSI3aHHOTO C mepe3apsiioM eMkocTel cxembl OY.

Ha ocnoBe OY moxkHO noctpouts 3ppextruBHbie cxembl [TH ammnutyansix 3Hauenuit (puc. 1.48),

=
— ov2
a2 I _<
Usarx
ov1 g
T/
6

Puc.1.48. ITH aMIUTHTYIHEIX 3HAYeHHH
(IIHKOBBIE TeTEKTOPEl) ¢ HOpMAalIEHOH (a) H
[IOBBIMeHHOH (0) MOCTOAHHOH BpeMeHH
pazpaga

13



Bonpoc 14-15. dnekmponno-ynpasnsemvie macuimaonwvie ITH na ocnoee QY. IIH ¢ nuneitnvim u
IKCHOHEHUUAIbHBIM YRPABIeHUEM U IJIEKMPOHHBIM RePeKItoYeHueM NOJIAPHOCIU
K0I(hpuyuenma nepeoauu.

OnextpoHHO-ynpasisiemble MII peann3yroTcs Ha OCHOBE HHBEPTHPYIOUIEH MM HEMHBEPTUPYIOLIEH
OC c 3ameHoii B HUX pe3nuctopa R1 Ha 37€KTpOHHOYTIPABISIEMYIO IpoBoAMMOCTh kKaHana I1T,
anMpOKCUMHUPYEMYIO B TIEPBOM MPUOIMKEHUH TMHEHHON QyHKIMEH

G(UHI):GMBKC 1-—3

232
Uspore /- (1:452)

rae Gmakc n U3n.oTc— MakcUMalibHasi TPOBOJAMMOCTh KaHasla, COOTBETCTBYIOIIASL HAPSIKEHUIO
MEXAy 3aTBOpoM U uctokom Uszn=0, u Hanpsbkenue orceuku [1T.

Ud(t)

Puc.1.49. D1eKTpoHHO-yIpaBiIsgeMble MII ¢ THHeHHBIM yIIpaBJIeHHEM
K03 dHIIHEHTa Nepe1avH
Jnst MIT (eM. puc. 1.49,a), peanuzoBanHoro no uaseptupyromieit OC, Ha ocHoBanuu (1.27),
TaK KaK HeuJealbHOCTh OY MpakTUUECKU HE CKa3bIBAETCS HA MOKA3aTEIX aHAIU3UPYEMBIX CXEM, C
yuetoM (1.232) u cBsa3u ympasmstoiiero Hanpspbkenus Uy ¢ Hanpsbkenuem Usn,
U},R U}-
R+R 2

Usy = (1.233)

MOJXKEM 3aIInucCarThb.

U
Ky(Uy)= 22 =-R)G(Uyy) =-R;

U, (1) Gygae| 1= )

R
>‘ -
Uc(t) I_’

Puc.1.51.MII ¢ 3KCIIOHEHIHATBHBIM YIIPaBIeHHEM
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Bonpoc 16 - 17. Mocmoeoli ycunumens Kak npeobpasosamens npupawjeHuli conpomuseneHuli(
nposodoumocmeli) 8 HanpsaxceHue. Lupkynamop
cuzHanos.

JI1st aHalM3a MOCTOBOTO YCHIIMTENS, M300pa’KEHHOTO
Ha puc. 1.53,a, nienecooOpa3HO NpeaCTaBUTh €r0 B BUJE

YCUJIUTENS ¢ AByMs BXojamu (puc. 1.53,0), Ha KoTopbIe
PHc.1.53. BapHaHTH peAcTaBIeHHA CXeMbl MOCTOBOTO YCHIHTEIA [IOJIaHO OJIHO U TO K€ OHOpHOC HaHpH)KeHI/IC UO .
TOF,ZI&, HCIIOJIB3Ys IMIPUHIOUII CYIICPIIO3UITHUN U CBOMCTBa HHBepTI/Ipy}OHIeﬁ n HCI/IHBepTpr}OHICﬁ OC,
MOXHO cpa3y 3alrcaThb BBIXOJHOC HaprDKeHI/Ie YCI/IJ'H/ITGJ'IH
1 Rs Rs ) Rs

Upo =U,| —[ 1422 . (1.274) .. M -

ITpu 6anance mocrta (UBbix=0) 10J>KHO BBITIOIHATHCS BhITeKatomiee u3 (1.274) ycinoBue

Rs Rjs

1+ —+— R: R
R; Ry &_0 $_-“:_5(_\',1). (1.276)

N Ry ' R 3 Rl
[Tox upkynsiTopoM [OT Jiat. circu(m)lator — HOCSIIMI KPyroM, OOHOCSITUH |

MMOHUMAIOT MHOTOIIOJTFOCHOE YCTPOMCTBO TSl HATIPABIICHHOHN (HEB3aMMHOMW) TIEpe1adll CUTHAJIOB OT
OJTHOTO TIOJTFOCA K IPYTOMY (CTPOTO OMPEIEIICHHOMY) TIOJIOCY B COOTBETCTBHH C TIOPSAKOM UX
yepeaoBaHus (110 HAIIPaBJICHUIO CTPEJIKU, 0003HAYEeHHOH Ha puc. 1.54,a).

5 [IpyHLIMN IEVCTBUS LMPKYJIATOPA, PEATU3YEMOIO HA
ocHoBe OV, pacCMOTpUM Ha MPUMEPE OAHOTO ETO
= @ "o 3BeHa (puc. 1.54,0), mpeacTaBIsSIONIEro co0oit
5 muddepennmansuyto OC (cum. puc. 1.26), B kKoTOpoi

Pic.1.54. YcnoHoe 0603Ha9eHHe NHPKYIATOPA CHTHAIOB (a) H 0IHO ero 38eH0 () MaCIHTa6HBIﬁ KOB(b(i)I/IHI/IeHT N=1 (BCG PE3UCTOPLI R
OJIMHAKOBOT'O HOMHHAJIa) ¥ BXOJIbl 00bETMHCHBI.

[Ipu nomaye Ha BX0J cxembl (TIepBbiii oroc) curHaia Ul Ha HemHBepTupyrolieMm Bxoae OY
(BTOpOI1 MOJIOC) TIOSBIISETCS HANIPSHKCHUE

Ha Beixone xe OV (tpetuii nosroc) Hanpsokenue U3 =
U?‘:UIRRR:%' (1.285) (1p ) P
+

0, Tak KaKk pa3HOCTHBIM CUTHAJ Ha BXOJE
muddepennnansaoit OC OTCYTCTBYET — TaM JICUCTBYET
cuH(pasznbiii curHan Ul . Takum 00pazoM, ocylIecTBISETCS NIepeiada CUrHalla TOJIbKO € MEePBOTo Ha
BTOPOU MOJIFOC 3B€HA IIUPKYJIATOpa. ECiu Ha BTOpO MOJIIOC NoaTh HanpsibkeHrne U2 OT BHEIIHETO
MCTOYHMKA U 3aKOPOTUTH HA 001Iyt0 KHY nepbii nomoc (Ul = 0), To Ha TpeTbeM Motoce
oOpa3zyeTcst HanpsHKCHHUE

R
U3=U2[1+E)=2U2. (1.286)
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Bonpoc 18. IIC: ocnoeusie ce-6a, napamemput u munwl. Peanuzayua mamemamuueckux
onepauuil( yMHOMCEHU, 0e1eHUsl, 8036€0€HUA 8 K8aOpam, U3e1e4eHus KeaopamHuozo KOpHs) Ha
ocnose OY

[lepeMHOXKUTENIb CUTHAJIOB — 3TO YCTPONCTBO, MPEAHA3ZHAYCHHOE /JIs MOJYyUYEeHUSI aHAJIOTOBOTO
BBIXO/IHOTO CUTHAJIA, MPOMOPIIMOHATBHOTO TPOU3BEICHUIO IBYX BXOAHBIX BenmunH — UXu Uy :

U, =kU,Uy. (2.1)
riae k — ko3 puireHT nponopurnoHaIbHOCTH.
Ecnu moisipHOCT BBIXOAHOTO HAIPSKEHUS OMPEEIIIeTCsl B COOTBETCTBUHU C BhIpaskeHHeM (2.1) u ¢
Y4YETOM TOJISIPHOCTH BXOJIHBIX CUTHAJIOB, KOTOPBIE MOTYT OBITh KaK MOJOXKHUTEIbHBIMU, TaK U
oTpuLareabHbIMH, TO Takol [1C Ha3pIBaeTCs yeThIpeX KBaJIpaHTHBIM.

I[JIH OIINCAHUS XaPAKTCPUCTUK HCUACAIILHOT'O IIC H€O6XOI[I/IMO HMCTD pAJd YaCTHBIX
KOC—)(I)(bI/IHI/IGHTOB YCUWICHUS U CUTHAJIOB CMCIICHUA:
1

U, =kUy Uy +ky Uy +k Uy +Kg. (2.2

rae ko , kx u Ky — KoHCTaHTBI, onpeesionue HayallbHOE CMEIIEHUE U CMEIICHUS, 3aBUCUMbIE OT
BenmuuHbl curHaioB UX 1 UY. OcHOBHBIE mapaMeTpbl YeThIpeXKBaipaHnTHBIX [1C: morpemHocTs
MEPEMHOKEHHS CUTHAJIOB, M0JIOCA MTPOMYCKaHUs, TEMIIEPATypHBINA Ipend.

IHorpenmiHoOCTHLIO NEPEMHOKEHUSI CUTHAJIOB Ha3bIBAIOT MAKCUMAJIBHYIO BEJTMYMHY OTKJIOHEHUS
(hakTHYECKOM BEIMYMHBI BBIXOAHOTO HarpsbkeHus [1C oT pacueTHOro 3HaYeHuUs, MOJy4aeMoro B
COOTBETCTBHHM C BbIpakeHueM (2.1), aiist modoro coueranus BxoAHbix Bennund UX u UY Bo Bcem
J1 ycTpoiicta. [lonoca mpomyckanus onpeaensiercs, kak u s OY, no ypoBHio —3 1b.
TemnepatypHslil Apelid orieHuBaeTcs u3MeHeHueM kodpduimenton k u ko moj nelicrBuem
TeMriiepaTypsbl U Beipaxaetcsi B MB/ °C st ko u B %/ °C — nis k.

Omneparusi yMHOKEHHUS JIBYX CUTHAJIOB peanusyeTcs mpu ucnoiabzoBanuu [1C (puc. 2.1) no
MPSIMOMY Ha3HAYEHUIO MYTEM MOJIa4d HAa OJIMH U3 €ro BXoAoB HamnpsikeHust U X , a Ha Bropou UY .
Brixognoe nanpsixenue UZ npu 3TOM COOTBETCTBYET BbIpaxkeHuIo (2.1). Bo3BeneHnue B kBaapar
MpoU3BOAUTCS Mpu nogaue Ha 06a Bxoxaa [1C (puc. 2.2) 01HOTO U3 BXOJAHBIX HAMPSKEHUIH,
nHanpumep X U . BeixogHoe Hanpsbkenue npuoopetaet Bua Uz = KUx2

4 UBX<—<

0 Puc.2.2. JlenHTeIb aHAJIOTOBBIX
Puc.2.1. TIC B peskHMe YMHOKeHHA (a) CHrHaj10B Ha IIC H OV
H BO3BE€JeHHA B KBaapar (0)
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Bonpoc 19. BM u peanuzayusa na ux ocnoée amniumyono20 mooyaamopa, CHHXpOHHO20
AMRAUNYOH020, (PA308020 U YACMOMHO20 0EMOOYAAMOPO8.

banancupie momymnstopsl (BM), peaHa3zHadeHHbIe 17151 paOOTHI B IIUPOKOM MOJIOCE YACTOT

(IEeCATKU-COTHHU Merarepil) pu OTHOCUTEIBHO MaJIbIX YPOBHSAX BXOJIHBIX CUTHAJIOB (IIPUMEPHO 10
0,5 B).

1 2 1 2
> o = =< I X = K
lU.(t) a lUcz(t)

Ux(t)

Puc.2.7. ®a30BbIH JeMOXYIATOP

_______ e
IU° R 1 3 4
o t' Uam <— Ui(t)—< <
XX 2 X
y Unx(t)
Uax(t)
PHC.2.6. BM ¢ ©HU (a) H dpopma o
MOIYJTHPYIOIIEro CHrHajua ¢ = [

IIOCTOAHHOH cocTaBiIaromeH (6 s
I (© PHc.2.8. YacTOTHBIH AeMOIYIATOP

Ecnu Ha Mmogynupyrommii Bxog BM 1 (cM. puc. 2.6,a) nogaTe cCursai ¢
MTOCTOSTHHOM cocTaBiistrolei (puc. 2.6,0)

U, (t)=U,+U, cosQt =U,(1+mcosQt), (2.19)

rae UO — HanpsikeHne NOCTOSsHHOM cocTaBisitoniei; UM u  — amIumMtyaa 1 9actoTta
Moaynupyoiero HanpsbkeHus; m=UM/UQ — rmyOuHa MOIysuy, ¢ COXpaHEHHEM CUTHaJIa Ha
BX0jie Hecyliel, To Ha Beixoae ®HY 2 B cooTBeTcTBUU ¢ BhIpakeHueM (2.18) Oyner nonyyeH
CUTHAJI C aMIUTUTYIHON Monysiiueit (AM).

Upg(t)=U_, | cosa,t +?cos(o)o + Q) +?cos(‘m0 -Qlt|, (2.20)

rae Uno =2/nK,UgU,

[Tpu ucnonw3oBanuu bM B pexxume ¢pazoBoit Aemoaynauuu (puc. 2.7) Ha Bxoasl BM 1 nonator
HaMpsHKEHUST OTHOM U TOM e 4aCTOThI, HO CO cIBUTOM (a3 Ha yrou ¢ . [IycTb 0JiuH U3 CUTHAJIOB
oyaer Ucl(t)=Umlcoswyt, a BTOpOIi-

Uc2(t)=Um2cos(wet+¢), Torna B coorBercTBuu ¢ (2.15) Ha Beixoae BM 1 nomyuum:

kU.,U -
Upgy(t)=—2L=m2 [o65(204t + @) + cos o). (2.21)
Ecau ¢ momomnisro ®HY 2 ordunbsTpoBaTh COCTABISAIONIYIO C YIBOCHHON YaCTOTOM, TO Ha BBIXO/JIE
®J1 mosiyduM MOCTOSTHHOE HAIPsHKEHHE, MPOMOPIIMOHATBHOCKOCUHYCY yria ¢ :

KUnU

Up(t)= =2 CcosQ. (2.22)
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Bonpoc 20-21. Memoowt peanuzayuu IIC. Peanuzayus IIC na ocnose nocapupmuposanus u
AHMUN02APUPMUPOCAHUA CUCHAT08, UZMEeHeHUue nposooumocmu Kanana IIT u ucnonvzoeanue
8PEMAAMNIUMYOHO20 NPEOOPA308AHUA .

OCHOBHBIMM METO/IaMU, UCIIOIb3YEMbIMHU Npu peanuzanuu [1C, sBngioTcs cieayronue:

1. MeTo/ibl, OCHOBaHHBIE HA U3MEHEHUH KPYTU3HBI S UK TPOBOAUMOCTU G YCUITUTEIbHBIX
AJIEMEHTOB, KOTOphIE HanboJiee npuemiiemsl s peanusanuu B Bujae [IMC na 6aze 1Y.

2. MeTtoppl, OCHOBaHHBIC Ha JIOTApU(PMUPOBAHUH W AHTUIIOTAPU(DMHUPOBAHUN CUTHAIIOB,
ITO3BOJISIONIME MOJIYUYUTh IUPOKKUM /] mepeMHOKEHU.

3. MeTo/1bl, OCHOBaHHBIE Ha UCIIOJIb30BaHUU BPEMSIAMILIUTYHOTO

npeoOpa3oBaHusl CUTHAIOB, KOTOPbIE pa00OTAIOT HA OTHOCUTEIHLHO HU3KUX YacToTax. Peanuzamus
ananorosoro [1C, cHoBaHHOTO Ha UCTIOJB30BAHUM OTEepaIui Jorapu@MUpOBaHUs U
aHTUJIOrapu(pMUPOBAHUS CUTHAJIOB, MpEJICTaBlieHa Ha puc. 2.14.

= HanpspbkeHre Ha SMUTTEPHOM TIEPEX0/ie
I I
Ug, =@ In—2-=Mlg—>-, (2.31)
I30 130
M = 60 mB.
U
~Iy =l ==L, 232) B
Ry JorapupMUYECcK

OM yCHJINTEJIE KaHajla mpeoOpa3oBaTelis HallpsHKEHUs
Ucltok smutrepa BT1 coorBerctByer Toky 11,
nporekaroniemy uepes pesucrop R1 nmoa
Puc.2.14. AHanorossi# IIC Ha OCHOBe 1O0rapH(pMHpPOBaHHA H BO3 I[GﬁCTBHGM aHAJIM3HUPYEMOT0O CHIHAJIA: a
aHTHJIOrapHMHPOBAHHA CHTHAIIOB
BBIXO/IHOE HanpspkeHue OY'1 B aToM ke kaHane
cooTBeTcTBYET HamnpsbkeHuto U6s.1 (2.31), mpuuem ¢ yueTom nossipHocTy BiroueHust bT1 ono
MMEET OTPULIATEIbHBIN 3HAK:

| U
U 1 = —Ugsg =-Mlg—2 = -Mlg—L ~ —MIgUp. (2.33)

I 1*30

Brixonnoe Hanpspkenne OY?2 i kaHana npeodpaszoBanus HanpsbkeHust Uc2 MokeM 3amucath 1o

aHaJOruM C BeIpaxeHusiMu (2.33) u (2.32)
U, ,=-MlgUy. (2.34) HanpsixeHnue Ha BbIX0OA€ MHBEPTUPYIOLIETO CyMMaTOpa,
' noctpoeHHoro OY3 ¢ oAMHaKOBBIMU IO HOMUHAITY
pesuctopamiu B 1ienu OOC, ¢ yuerom cootHotienuit (2.33) u (2.34) npuobperaet Bu

UBBIXZ =MlgUC1 +MlgUC2 =M1chlUc2. (2.35)

B anTHiorapudMupyromeM ycuianTene, BelmoineHHoM Ha OY4 (cm. puc. 2.14),
OCYILIECTBIISIETCA 00paTHOE MpeoOpa3oBaHUE CUTHATIOB TaKXXe ¢ momoIibio BAX sMuttepHoro
nepexona bT3. Tak kak Ha ocHOBaHUM ypaBHEeHHUs (2.31)

I,3= 13010U5=3/M, (2.36)
a HanpspkeHre Ha BT3 cooTBeTCTBYeT BHIXOIHOMY HanpskeHuto (2.35) cymmaropa
Ugsz =MIgUUg,

T0 BeIxoAHOE HamnpsikeHue [1C B nenom, o6pazyemoe Ha pe3uctope o0patHoi cBa3u Roc npu
npoTekanuu Toka smuttepa bT3 (2.36),

1gU U

Ugpx =IocRoc = —153R 10 2= —I33R5cUc1Uc2- (2.37)
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Bonpoc 22-23. UC ona e3aumnozo npeoopazosanus

1 1 2 3 4 anano2060u u yugposoit ungopmayuu. Cucmemol
| ——M_._\I LA | coopa u pacnpeodenenus oannvix. Hnmezpanvnule
: KOMRapamopvl CUZHAI08: OCHOBHbLE NAPAMEMPbL U UX
— npumenenue. Mynomuniexcopol u

Hpu;p
uysoe |« 0eMYIbMUNIIEKCOPDbL.

Puc. 3.1. BapuaHT CTpyKTYpHOI CXE€MBI CUCTEMBI cOOpa
nanubix. [Tpocreiimeit CCJl mocnenoBarensHoro tuna (puc. 3.1) Bkitouaet mynbtuiuiekcop 1, YBX
2, AL 3 u mporpammuoe yctpoiictBo 4. [Toxyuyaemsriit miudpoBoii koa BBogutcs B 9BM 5. [Tocne
00paboTkH HU(PPOBHIX cUrHaIoB B OBM HE00X0IMMO BEpHYTh pe3yibTaT 00paOOTKU B MPUBBIYHYIO
aHajoroByo ¢GopMy U 3aTeM pasziaTh uHMopMaIuio noTpedurento. Jlannas onepanus
OCYIIECTBJISIETCS C TOMOIIBIO CUCTEMBI PACTIPEICICHUS JaHHBIX, B COCTAB KOTOPOU OOBIYHO BXOMST
nocienoBaTenbHo coenuHeHHbie LIAIL u 1eMynbTUILIEKCOpP, KOTOPBIE YIIPABIISIIOTCS MPOrPaMMHBIM
YCTPOUCTBOM. JleMYJIbTUIIIIEKCOP MPEACTABISAET COOOH MHOTOKaHAJIbHBI KOMMYTATOp,
pacupenessoInid 10 ONPEAEICHHON MPOrpaMMe BXOIHbIE CUTHAJIBI HA Pl CBOMX BBIXOJOB, U, 110
CYILIECTBY, peAIU3YIOLINNA 00paTHYIO (DYHKIIMIO, BHIMOJHIEMYIO MYJIbTUILIEKCOPOM.
Komnapamopwt cucnanog

HuddepenunanbHbie KOMIapaToOpbl CUTHAIIOB — 3TO clienuanu3upoBanHbie OY ¢

G depeHnrnanbHbBIM BXOJOM U OJUHOYHBIM WK Mapada3sHbIM HHU(PPOBBIM BEIXO0M. BXoHOM
KacKaJ KoMrnaparopa padoTaeT B INHEWHOM PEKHUME, a BBIXOJJHON — B HEJIMHENHOM (pEJICHHOM)
pexxume. Ha Brixozie kommnapaTopa GOpMUPYIOTCS CUTHAIIBL: «1», €CIIM pa3HOCTh BXOJHBIX CUTHAJIOB
MeHblI1Ie (00JIbIIe) HANPsKEHUs cpadaThIBaHUS KoMIapaTopa, uiu «0», eciiy 3Ta pa3HOCTb
IpeBBILIAET (HE MPEBBIIIAET) Opora cpadaTbIBaHUS.

dopmupyemblii iepernaj] HapsKeHUH Ha BIX0/1€ KOMIIapaTopa 0ObIYHO 1OCTATOUEH IS
ynpasieHus uudposeiMu C. Takum 00pa3zom, KoMrapaTop sBISETCS IPOCTeiiell aHaloro-
uugposoi UC ¢ BeixonHbIM curHasioM 1 6ut. OCHOBHBIE TapaMeTpbl KOMIIApaTOPOB:
YYBCTBUTEIBHOCTb, ONpEIesieMas MOrPEUIHOCTBIO, C KOTOPO KOMIapaTop MOXKET pa3inyaTh
aHAJIU3UPYEMbIH U OTIOPHBIM CUTHANBL; OBICTPOACHCTBUE WIIM CKOPOCTh OTKJIMKA, XapaKTepU3yeMble
3a/1epKKOM cpabaThIBaHUSI U BPEMEHEM HapacTaHUs BBIXOAHOTO CUTHAJa; Harpy304Hast
CIIOCOOHOCTh, MEPOI KOTOPOU SIBISIETCS YHCIIO
OJIHOBPEMEHHO MOAKII0UaeMbIX BX0A0B 1udpoBbix UC, He
Hapywarolee (yHKIHMOHUpOoBaHUEKoMItapaTopa. Ha puc.
3.3,a TOKa3aHO BKIIOYCHUE IBOMHOTO
muddepennuansaoro kommnapaTtopa K554CA1 no cxeme
cenekropa aMiunTyabl. B aToit UC BBIXOBI ABYX
OTAEIBHBIX KOMIIApaTOpPOB coBMelIeHbI 1o Jioruke NJIM Ha

(D)

Ugpz

U(t)
Uo:

PHc.3.3. Cenekrop aMIIIHTYALL Ha

xommaparope KSS4CAL (a) a SMUTTEPHBIX TOBTOPUTEISIX. B CBSA3M ¢ 3TUM npu nogaye

OHATpaMMEI ero paGoThI (6)

Ha BXOJbl JAHHOTO KOMIIapaTopa JABYX OMOPHBIX
nanpspkeruii 01 U u 02 U u nuHelHo u3Mmenstoniero Hanpsokerust Uc (t) Tak, kKak 9To Mmoka3aHo Ha
puc. 3.3, HanpspKEHUE HYJIEBOIO YPOBHS Ha €ro BhIXoje o0pa3zyercs toraa (puc. 3.3,0), koraa
uccneayembiii curan Uc () OyaeT HaXOAUThCS B MHTEPBAJIe MEXy YPOBHIMH OTIOPHBIX
HAaNPSHKESHNUU.

AHanozoevie Kommymamopoi

DNeKTpOHHBINA aHaIoroBblil KoMMyTaTop (AK) — 3T0 BBICOKOCKOPOCTHOE YCTPOMCTBO KOMMYTAIUU
aHAJIOTOBBIX CUTHAJIOB OT HCTOYHMKA Ha HATPY3KY C MaJbIMU UCKakeHUsIMU. W neanbubrii AK
o0J1ajaeT MaJIbIM COTPOTUBJICHUEM B pekuMe «BKIItoueHo» (I BKJI) 1 GobIMM CONPOTHBIICHUEM B
pexume «BoikioueHo» ( R BBIKJI) . B Hem

OTCYTCTBYET BIMSIHHE YIPABISIOLIETO HAMPSHKEHUS Ha LIeTTb KOMMYTHPYEMOI'O CUTHAJA.
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Bonpoc 24-25. YBX: ocobennocmu cxemomexuHuKku u cnocoowl yayuyuieHus mexHudecKux
xapakmepucmuk. Ilpunyunst nocmpoenus, oyenka mouHocmu u Ipghekmugrnocmu
6b1COKOmMOouH020 YBX.
YcerpoiicTBa BEIOOPKHU-XpaHEHUsI MH(OPMaLMU IPEIHA3HAUEHBI J1JI1 OCYIIECTBICHUS
BBICOKOTOYHOT'O 3alIOMUHAHUS OBICTPOM3MEHSIIOLIUXCS] aHATIOTOBBIX CUTHAJIOB. [Ipumensitorces
st moctpoenust AL, paboTaromux co MHOTMMU UICTOYHUKAMU CUTHAJIOB, KOTOPHIE
npucoenunsaroTces yepe3 AK. JlaHHbIe yCTpolCTBA MPUMEHSIOTCA U U1l TApaljIeIbHOTO CheMa
(3aroMuHaHUA ) UHGOPMAIIUHU C TTOceI0BaTeNIbHBIM aHanu3oM. B [IAII nmepenaua
MH(OpManuu Ha O0IILYI0 HArpy3Ky MOXKET OCYIIECTBIAThCA TaKke nocpeactsoM YBX.
IIpocrenmuii BapuaHT

"@KE peanmm3aunu YBX u ero
R; | Ra SKBHUBAJICHTHBIE CXEMBbI
1
- AK1 3aMEIIECHNS [IPEICTaBICHBI Ha
Ue(t) ——4 a P
n>—> / C puc. 3.11. [Ipu 3ambikanuun AK
Uy << (puc. 3.11,a) mox aeiicTBrEM

oV yrpasistoniero cursaina Uy B

BHJIE MPSIMOYTOJILHOT'O UMITYJIbCa
MPOUCXOJIUT OTHOCUTEIIBHO
ObICTpHIN 3apsa koHaeHcaTopa C
OT UCTOYHHKA
aHanmusupyemoro currana Uc (t)
U yepes pesuctop R1 u manoe
CONPOTHUBJICHUE
o B otkpbiToro AK r BKJI .
Kongencarop C, BKIIFOUEHHBIN B

PHc.3.11. Cxema npocteiimero YBX (a) nerns OOC OV, 3apsikaercs ¢
H ero cXeMsbl 3aMellleHH (G, B) NOCTOSIHHOM BPEMEHH T3 .
; ITpu pasmbikanun AK (RBBIKJT)

NEJIUTEIb, COCTOSIIINAN U3 pe3ucTopoB R1 u

R2 , otkmrouaercst ot OY U mocTosiHHAs BpEMEHH pa3psiia T3 KOHJIEHCATOpa CYIIECTBEHHO
YBEJIWYHUBACTCS, YTO U ONPEAECTACT JOCTATOYHO JUTUTEIbHOE BpeMs XpaHeHus t XP
uH@opmaiuu Ha Beixojie OV, koTopasi B JaHHOM cxeMe MPUoOpeTaeT MPOTUBOMOIOKHYIO
MOJIAPHOCTh OTHOCUTEIBHO McxoaHoro curHana Uc (t) . [TocTosiHHBIC BpeMEHH 3apsiia T3 1
paszpsizia Tp MOXKHO OIMPEIEIIUTH 10

SKBUBaJICHTHOM cxeme 3amenienust Y BX (puc. 3.11,0), nepecunTtap ee mapaMeTpbl K BXOy
OV (puc. 3.11,8).
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28. OcHOBHBIEC IPUHLIMIIBI HHTErPAJbHOH CXeMOTeXHUKH. CTPYKTYPbI aKTUBHBIX 3JIEMEHTOB
UC n ux cB-Ba: TC, OMnoisipHO-yHUIIOJISIPHBIE CTPYKTYPHI

CrcreMOTeXHMYECKOE IPOEKTUPOBAHNE OCHOBAHO HA UCIOJIb30BaHUU roToBbixcepuit C,
MOJIHOCTHIO YAOBJIETBOPSIONINX TPEOOBAHUSAM peanu3aluu 3aaHHbIXPyHKIH POA.

[Tpu cucTeMOTEXHMYECKOM IPOEKTUPOBAaHUU PDOA npocMaTpuBaroTCs 1Ba OCHOBHBIX 3Talla: BEIOOp
NC no ¢pynkumonanbHoi cxeme POA u pa3pabotka npuHImnuansHoi cxembl POA Ha ocnose UC.

B cBs3u ¢ pazHooOpazuem cymiectByromnux MC peanuzaiius nepBoro sramna MOXXeT 0Ka3aThCs
HEOAHO3HaYHOU. [I0o3TOMY paccMaTpHBalOT HECKOJIBKO BAPHUAHTOB U, UCXO/IS U3 PA3JIMYHBIX
KpuTepueB (TadapuTHO-BECOBBIX, SJHEPTETHUCCKUX, SKOHOMUYECKUX | T.1.), BRIOUPAIOT
ONTHUMAJTbHBIN. BO3HHKAET HEOOXOIMMOCTh B CHHTE3€ CTPYKTYPHOH ((yHKITMOHATHHOW) CXEMBI.

Ha BTOpOM 3Tamne pemraroTcs IB€ OCHOBHBIE 33/1a4H 3JIEKTPHUUECKOT0 pacueTa: BRIOOp U pacyeT
BHEIIHUX KOMIIOHEHTOB, coryiacoBaHue (CThikOBKa) BeIOpaHHBIX C Mexay coboit. HeoOxoaumocTh
BO BHEIIHUX KOMIIOHEHTaX 00yCJIOBJIEHA TeéM, 4TO HEKOTOpbie MIC BBIMYCKAIOTCS B HE3ABEPIIEHHOM
BHJIE U 0€3 HABECHBIX AJIEMEHTOB HEPAOOTOCTIOCOOHBI. [Ipn aHAIUTHUYECKOM BapuaHTe, UCXOS U3
MMEIOLIUXCS MPUHIMNHATBHBIX cXeM MC 1 HOMHHAJIOB MX 3JIEMEHTOB, a TAKXKE apaMeTpoB
TPaH3UCTOPOB, MPUBOJAUMBIX B CITPABOYHUKAX, BBHITOJIHIIOT He0OXoauMble pacueTsl. [Ipu
HKCIIEPUMEHTAJIbHOM BapuaHTe TpeOyeMyro HH(POpMAIHIO MOIY4atoT B pe3ysbTaTe U3MEPEHUN
COOTBETCTBYIOIMX napameTpos MC.
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29 Anaaus TC akTuBHbIX YiemenToB UC

[Tpu npoextupoBanuu [INMC moryt ObITh moiyyeHbl AD C 3aJaHHBIMH CBOMCTBaMH, MPU HTOM
BO3MOXHBI J[Ba IyTHU: CXEMOTEXHUYECKUH M KOHCTPYKIMOHHBIA. IIpm cxeMoTeXHHYEeCKOM
MOJIXO0/I€ CTPYKTYPhl AD MONMYy4aroT MyTeM COCIUHEHUS PA3THIHBIMU CIoco0amMu HeCKOMbKUX bT
(puc.1.l.a,8,x), wiu BT u IIT, obpa3yromme OUMONSIPHO-YHUTIOIAPHBIC(TIONEBBIE) CTPYKTYPHI
(puc.1.1.m,1), a Taxke komOuHammu BT wm IIT ¢ mnaccuBHBIMU (PE3HCTHBHBIMH)
anemeHTamu(puc.1.1. m,e,71), sxkBuBanenTHbie ogqaomy bT(puc.1.1.6,r) nmm omromy I1T(puc.1.1.0)
MCXOJIHBIX TUIOB, HO ¢ yNy4lieHHbIMU napameTpamu. K koHcTpykimonubiM TC oTHOCATCS B M
oonee BT (pucl.l. 3) wiu IIT, BbINOTHEHHBIE B €UHOM TEXHOJOTUYECKOM IIMKJIE MPOU3BOJICTBA
HAa OJHOW TMOJIOKKE C HJICHTUYHBIMU TapaMeTpaMH, KOTOPbI€ CYILIECTBEHHO pPaCIHIMPSIOT
(GyHKIHOHATBHBIE BOBMOXXHOCTH AD U MO3BOJISIOT UCIOJIb30BaTh UX B KayecTBE 0a30BOM CXEMbI
JY. JuckpeTHble BapUaHThl BCEX OJTUX CTPYKTYp OKa3bIBAIOTCS HEIPPEKTUBHBIMH U3-32
HapylIeHUsI TPUHLHUIIA UICHTUYHOCTA XapaKTEPUCTHK OTAENbHBIX AD. IIpM KOHCTPYKIIMOHHOM
OAX0JI€ Ha OCHOBE cymiecTByromen texHonoruu [IMC co3pgarorcss npuHOMNNAIBHO HOBbIE AD,
HE MMEIOIINE aHAJIOrOB B IMCKPETHOM BapHaHTE: HAIIPUMEP, MHOTOIMUTTEPHBIN N-P-N(puc.1.1.n)
WM MHOTOKOJUIEKTOPHBIN P-N-p(puc.l.1.x) BT. Biusds na reomerpuueckue pazMepsl MOT00HBIX
TC nyTreM WM3MEHEHHMs IUIOMIAAU SMUTTEPOB WJIH KOJIJIEKTOPOB, MOXKHO MOJYYUTH YJIYUIIEHHBIC
TEXHUUYECKUE XapaKTEPUCTUKU CXEM.

a4
&

O a EE  ———

Puc. 1.1. Tpan3ncTopHBie CTPYKTYPH
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30 AHayu3 OMIIOJISIPHO-YHUIIOJISIPHBIX CTPYKTYP

bunoaspHO-yHUIIOJIApHBIE CTPYKTYPHI NpeacTaBieHbl Ha puc.l.1, M,H nBymsa komOuHauusmu 11T u
BT. Oxgna u3 Hux Ha puc.l.1 M, cogepxamas ogud N-kaHanbHbId [IT T1 11060M CTPYKTYpBI MU
oauH p-kaHanbHbIM [IT u onun p-n-p bT,skBHBaneHTHA MO CBOMM cBoMcTBaM Tomy tuny IIT, KOT.
ucronb3yercst B obpaszyemoir TC ( pucl.l.o, coorBerctBytommuii TC nHa puc.l.1 M) HO ¢
yIy4YlIEHHBIMH MapaMmeTpamu. Bropas komOunanus Ha puc.l.l H, cogepxkamas [IT T1 u BT T2,
NOJIKJIIOYEHHBIE 1O MEPEMEHHOMY TOKY COOTBETCTBEHHO MO cxemaM ¢ oOumMm crokoM u Ob, u
HanoMuHatomass TC Ha BT, skBuBanmentHa omnomy IIT Ha puc 1.1 o, HO C ynydlmieHHBIMH

o *
nokazarensiMu. Pucl.l m: 3kBHUBajeHTHOE BXOOHOC COIIPOTUBJICHUC PACCMATPUBACMOU TC: RBI/I =

hil1 St h21+1

o — _ 7
R,,F'; FF =1+ Syt I + Ser 14711/ rIyOuHa MOCJE0BATEIbHON 10 TOKY
B B

OOC. Ry = UBS/IC _ IB; h11 = @ /I§ - BxomHoe conporusnenue; Syr - kpytusna IIT T1, Sgr-
kpytusHa bT T2.

Jns skBuBaneHTHOM Kpytu3Hbl TC puc 1.1 M, ¢ y4eTOM IEpEMEHHBIX COCTABJIAIOIMIMX TOKOB
dl, = 0lg + 0lg, O0lx w wanpskenuit 0Uszy, OUgy, 00pasyeMbix I10[ BIMSHUEM BHEIIHETO

ucrounuka curnana OU = dUzy + dUps, nogxmouaemoro mexay 3atBopom IIT u smurrepom BT
pu K3 Mex1y KOJUIEKTOPOM M OMUTTEPOM MOCIIETHETO:

§* — dlc+0lg  _ Smr.

- 0U3y+0Ugy ~F?
SKBUBAJICHTHOW  CXEMBI  PHC 1.6 3 g22* = g22' + h22'; h22" = h22;

r_ r . (Spr—Snr)h11,
g22' = g22 + g22 T

BBIXOI[HYIO IIPpOBOAUMOCTD TC OOCHHMM Ha OCHOBAaHHHU C€C

g22',h22" - pacuerHble BBIXOAHBIE HPOBOAUMOCTH
cootBeTcTBeHHO IIT n BT.

Jliist BTopoi u3 kinacca ounosisipHo-yHUnossipabix TC puc 1.1 H, SKBUBaJIGHTHOE COMPOTUBIICHUE:
0Uzy+0U

R;I/I = % = R3I/I(1 + SHThllB) = R3HF, SHT' hllB- KpyTHU3Ha IIT T1 nu BXOAHOE€
conpotusieHue bT T2 o cxeme ¢ Ob, F-rny6buna nocinegoatensHoi mo Toky OOC.

« _ 9lc _ Snor
OxBuBaneHTHas kpytu3Ha TC: $* = YT
Jnsi HaXOXKIEHUA HKBUBAJIECHTHOW BBIXOJAHOM MNPOBOAMMOCTH aHanmuzupyemorn TC wucnonapzyem
puc.1.6 k. Pacuernyro mnpoBoaumocts IIT mo cxeme ¢ O3 MOXHO OILICHUBaTh Kak

BBIXO/IHYIO(BXO/IHYI0) MPOBOAUMOCTD, ICUCTBYIOIIYIO MEXK]Iy CTOKOM(3aTBOPOM) U UCTOKOM pucl.6

n: 822" = 2 = Syp, Spr > g22;

. h22 _
g22" = 1 ; h22, h21,S5r- BBIXOMHAS] IPOBOAMMOCTD, KOG GHUIIHEHT Mepeaaun

1+SHT/SBT+1/(h21+1)

toka u kpytusHa bT T2 ananuzupyemoit TC puc.1.1.H
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Puc. 1.6. DxpHBanenTHBIE CXEMBI 110 nepemennomy Toky TC
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31 ATC kak orpaxareau Toka Ha BT u IIT. Paznosuanoctu JITC. TokoBoe 3epkaso
Yuicona

[Tpocreiimas JITC(puc. a) cogepxut aBa uaeHTUIHBIX BT ¢ HemocpeacTBEHHON CBSI3bI0 AMUTTEPOB,

IPUYEM OJUH M3 TPAH3UCTOPOB OKA3bIBACTCS MPSIMOCMEIICHHBIM B JHOHOM BKIIFOUCHHUH.
Wcxoas U3 CB-B HAEHTUYHOCTH XapakTepuctuk BT h,,, =h, , =h,, (4.10)

otHoIreHnue TokoB ly/l;, koTopoe onpenenseT kodddunuent nepegaun Tokos JJTC

I
Iy =g = Igg - by, = h_zi%:fhma’
I1 =Tpo +Igg = 1) + L2 _ Lop + Loy (hppo + 1)
215 +1 hot, + 1
Torna oTHOIIEHNE TOKOB
. Io2h21 o _Nhyy o N(N+1
“II Iy + I51(hoy, + 1) N + hop, + 1 N+ hypy +1°
rae N- koaddurment otHomeHuss TokoB 3MuTTEpPoB bT,BX0ms1ux B ITC N = ng .
L N . I
Ecmu N=1, To I hays + 2

ITpu N=1 JITC Ha3biBaeTcsi oTpaxaTenaeM ToKa (TOKOBBIM 3€pKaJIOM)

bonee cosepiiennas JITC (oTpaxkarens Toka Yuicona) ctpoutcsa Ha Tpex bT(cm. puc. e)
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32 IIpob.aema HenocpeacTBeHHoil cBsi3u B [IMC: coriiacoBanne nMmne1aHCcoB U YPOBHeii

NMOCTOSIHHOI0 TOKa. CxeMblI CIBMIa YPOBHeIA.

33 Crabunu3anus ypoBHeii HanpsikeHnus U Toka B [IMC. UcTOYHUKH OIIOPHOT0 HANIPSIZKEHUS
(MOH) ¢ ymHoxkeHneM HanpsikeHus 0aza-smurrep bT. IloBbimenne ko3ppuumnenta

(puabTpanMu NUTAOIIEr0 HANPSIKEHUS.

Opnna u3 ocodennocteit cxemorexuuku [IMC cocTouT B TOM, YTO BMECTO pa3IeIUTEIbHBIX
AJIEMEHTOB(KOHIEHCATOPOB OO0JIBIIION €MKOCTH) UCTIOIB3YIOT HETIOCPEACTBEHHBIE (TAJIbBOHUUECKHE)

CBA3HU MCIKAY KaCKagaMH, a TAKKC C ICTOYHUKOM CHUTI'HaJIa U H&prBKOfI. I[J'DI corijiaCoBaHHA

MMIIEJAHCOB HAaXOUT Hupokoe npumenenrne OOC

CxeMblI ciBUTa YPOBHEM

a < o - < €

+E, +Ey,
T2 T2

Ugx Upgx U;
i Ugn U on

R R, Y <« Rs ——~ R

vl L0

< (Usux

—Ey —E,

puc Cxembl cgBUra ypoBHen

Cxema (puc.a)conepxut kackana ¢ OK Ha tpansucrope T2 u onopusiit guos. s momydeHus
HYJIEBOT'O HAMPSKEHUS HA BBIXOJIE JAHHOW CXEMBbI 110 OTHOLIEHUIO K O0IIeH 1mrHe He0OX0AUMO

BoIMOTHUTH yesoBue Uon=Uk-U6>

HenocTtatok cxeMbl: TpyAHOCTH MOAOOPA IUOJa C HYKHBIM OIOPHBIM HampsikeHuem Uon

Jyist ymydiieHus: CB-B KaCKaJl0B CABUTAa YPOBHS B3aMEH OMOPHBIX 1uoA0B ucnoiszyercs [ CT (puc

0),rorna Uon=IrcTt*R

U N-2 uB/°C

£ +3 uB/°C

Puc.4.4. MuxpodneKTpoHHbIe ¢TAGHIAUIATOPE! HANPAKEHUA

IIL

Tl

a

Uts,

.

E,

I
T1

6

—< Ly

I%Eﬂlm 412

s

\1}/'1'2
P

S, s,

R ns,

Puc.4.5. MukposreKTpOHHEI® CTAGHIK3ATOPHI TOKA
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35 Temneparypubiii ko3ppunuent (TK) nanpsizkenns 6aza-smurrep bT

ITpu OBBILIEHUH U TIOHUKEHUU TEMIIEPATYPhI BXOJAHBIE XaPAKTEPUCTUKHA CMEIIAIOTCS B
CTOPOHY MEHBIIUX U OOJBIIUX BXOJIHBIX HANPSDKEHUN COOTBETCTBEHHO. Hanpsokenue
MeXTy 0a30i1 U SMUTTEPOM JIJIs1 KPEMHHUEBBIX TPAH3UCTOPOB YMEHBIIIACTCS TPUMEPHO
Ha 2 MB npu yBeIM4YeHUHN TEMNEPATYPhI HA Kax bl rpanyc Llenbcus

J1J1st TOTyIpOBOTHUKOB O€3 MPUMECE OH OTpUIIATEIEH (COMPOTUBICHUE C POCTOM
TEMIIEpaTyphl MaJ1a€T), MOCKOJIBKY MPHU MOBBIIICHUN TEMIIEPATYPhl BCE OOJIBIIIEE YUCIIO
AJIEKTPOHOB MEPEXOUT B 30HY MPOBOJIUMOCTH, COOTBETCTBEHHO YBEJIUYNBACTCA U
KOHLIEHTpALUs AbIPOK
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37 IIT kKaKk HCTOYHMK TEPMOCTAOMIBHOIO TOKA U ONIOPHOT0 Hanpsikenusi. [Ipenn3nonnbie
HNOH na IIT u OY

Crnoco6nocTh I1T 0coObIM 00pa30M N3MEHATH CBOM MapaMeTPhI MO/ BIUSHUEM TEMIIEPATYPhI OKPYKaKC
cpelsl ¢ 00pa30BaHUEM Ha CTOK-3aTBOPHOM XapaKTEPUCTHKE TaK HA3bIBAEMON TEPMOCTAOMIBHON TOUK]
(TCT) ¢ koopaumHaTaMu MO3BOJISIET UCIOIB30BATh €0 KaK HICTOUHUK TEPMOCTAOUIILHOTIO TOKA U OTIOPH(
HanpspkeHusi. CTOK-3aTBOPHBIE (MMPOXOAHBIC WU MEPEaTOUYHbIE) XapaKTEPUCTUKH MPAKTUUECKUE BCEX
tunos [IT, kak ¢ p-n-nepexoaom, Tak 1 MOII-TpaH3uCTOPOB, pabOTAIONIUX B peKUMaX OOCTHEHUS U

2

U
IC(UM):IC.MAI(C(]" = ],
U3H.OTC

oOorareHus, MOTYT OBITh MIPEACTABICHBI KBAApa-THIECKON apadoIIoi:

XapaKkTepuUCTUKN KPYTU3HBI - TIPSIMOA:

ol U
S(Usn) =2 (Us) =S [1~ . ]
3H aU3H kil MAKC U3H_OTC
al.

= 2IC.MAI{C

e i

U3PI.OTC

2B
Up= Ic‘an = "Uau.o == Usu_orc - ‘é" = "(Um.orc +0,66[B]),

OHOpHOG HaIpspDKCHUC.

F Lo maxc
i r IC(Usu)
H(Ugyey)

USH.OTC
Puc. 3.3. Crox-3aTBOpHBIE XapaKTepUCTUKH

Puc. 3.4. luarpaMMBI CTOK-3aTBOPHO
IIT mpu AByX 3HaAUYE€HUAX TEMIIEPATYPhI

xapakrepucruku [T, moscuaronue
MeTO/i, U3MepeHH I HallPSDKeHU OTCEYKH

,Talcn
a1,

Rﬂ *al Ko aU o

a 6 °
1+5,R E
Rirer = Lt=—0
Baxo Eang)

CoOctBenHas BeixoaHast mpoBoAUMOCTh IIT B 00111eM ciydae onpeaesnseTcs 1Mo ero BEIXOHON

1 al I
xapaktepuctuke: 22= — = —<|Uy = const = —.
R; oUcu Ug
. _ aEl:Il- _ Rjrer
KoaddumumenT punpTpanmu nutaronero HanpsoKeHMs . Kq) =30, = R’
0 0
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Et = Usn.makc—Usn.otc
H -_ 1]
2

IIpeun3noHHbIE UCTOYHUKHA OTIOPHOTO HANps>KeHUs HAa OcHOBE 11T,

Prc. 3.6. MOH ¢ macwtabusiv npeobpasoBatnem TepMoctabunsHoro Toka croka I1T
B HarpsxeHHe Ha OCHOBE HHBEPTHPYIOLEt (a) v HenHnsepTHpyiomeit (6) OC

R, aE+1'1 U gy,
K, =i ] v, K= Zow
R Uo"lcaRu(HN)Z“Uan.mc’ N TR, Uqyy U,
Ri.Uo RB;X
1+ —-
1+ N

29



38 OcHOBHbBIE THIIBI KACKA10B M 0c00eHHOCTH uX peanu3zauuu B [IMC. OgHoTakTHBIE 1
AByxTakTHble kackaabl B UC u ux pasHoBuaHocTH. CXeMbl 3alUThI OT cay4daiinbix K3 B
ABYXTAKTHBIX KaCKaJAaX YCHJIeHHS MOUIHOCTH

Ucnonszyemsbie B [IMC kackaapl MOXKHO YCIOBHO pa3feiuTh Ha 3 TPYMIIbI: OJJHOBXO/IOBBIE,
JIBYXTaKTHbIC U AU depeHnaIbHbIe.

K ognoBxomg0BeIM oTHOCAT Kackaabel ¢ OO0, OK u Ob

Puc.4.6. OpHosxonossle KACKaXLl YCHAHKA HANPIMEOHA

Kackazg ¢ O3 (puc. a) obecriedunBaeT HEOOXOAUMBIN PEKUM I1a TIOCTOSTHHOMY TOKY 3a CUET
ucnonbszoBanus JITC na T1 u T2. Ilpu ycnoBun R=2Rk BBIX0HOE HANPSKEHUE B PEKUME TIOKOS
Usuxo=En/2. Koaddunuent nepenauu nogooHsIx kackaaoB ¢ O3

| \=—Y21 ~Y,R =
Y, +Y T or
22 H 2
MaxkcumanbHbIN KOB(i)(l)I/II_[I/IGHT nepcaadu 6yz[eT COOTBCTCTBOBATb MAKCHUMAJIBHOMY COIIPOTHUBIICHUIO
En  En
Harpy3ku R, .=—=—
21, 21,
R E
|K/|/laKC| ~ e n
ra 2§DT

C uenbio NoBbIIEHUS KO dULIMEHTa NTepeiayl MOXKHO BMECTO CONPOTHUBIICHUS RK HCIIONIb30BaTh
BT (puc. 6) s 3T0i1 cxembl KO3 (HULIMEHT Nepeaadn:

Y21
(T3)
22(T3) 22(T'2)

Pure.4.7. InyXxTakTHBIC KaCKaXbl VCHALHHT MOH{HOCTH
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39 1Y na BT u IIT kak akTUBHBbIE 3JIeMEeHThI HHTEIPAJbHONH CXeMOTEXHUKH

T2
2=
U .FI
Yar :I["e A o]
- T s o5 |04 @r 0 02 o4 |0s 08 18 U,
A E;, 19 o3 Ua
. Ml =Uy
P1c.8.47, YnpouienHas cxema -
AV na [1IT ¢ nOOKMOUYCHHBIM
nerogynnkom curaana Usx Puc.8.48. Hopmuposanibie XapakTEPHCTHKH TOKOB

croka nudbepenunansuoli napw 1T

_ Uy +Ug/2) I, U )
I, ]c.mxc(l Y ore ] IC-”*"C[ 2l mie _ZUmmc] )
L[, Us) |
: 'i'[l _ %i:_] , (8.355)
Uy ~U, 72Y L. u,Y
Ie, =]c.m{1 = MU n J = —n[l"'"—al} , (850
IM.07C 2 Us

rae lo,Un- Toxk I'CT u HOpMupoBaHHOe BXOAHOE HamnpsbkeHue nuddepennuansaon napst [IT Y,

Cymma toxos croka ITT coorsetcrayer Toxy I'CT

) Io=ICa+]cz=lc'(l+l_Q]=lci HLCL]’ '
Ie Iez

KOTODBIH AAET BO3MOKHOCTD 3TH ToKH (8.355) u (8.356) npeactasuts B Buje

. I_CI_,, 1 1o Uax/Up .
b ‘1+[!..+..9@?_&Z_U~ P2 14Uy /UL (8.358)
I"Uax."G: '
Ei—:.—_- I ::l UB)U{UN 5.
[F.l 1+ I*U'gxfu 2 I+(Uﬂ:juu)
L+ Upy /Uy
U../U,
S(UHK}H ( Bx}-'"" { BXf N.
UBX {1+(U5x/U )
1-{U.. U
= S(O) { BX -__.N)___

[+ U

N L
ae l o8 Q6 404 02 o o1 64 D08 u‘ T
086 u

Prc.8.49. HopMHpOBaKHas XapAKTEPHCTHKE KPyTH3NG: AudibepeningnbHOA naphl MTuee
NHHeHHAR BNPOKCHMAUNA



41 lIpoextupoBanne UC 111 LIMPOKOMOJIOCHOI0 YCHICHUS HANPSKEHNS U TOKA: 0CO0EHHOCTH
npoextupoBanus IIY. JIY kak 60a30Bblii 3J1eMeHT I IIHPOKOMOJIOCHOI0 MACIITAOHOI O
npeodpa3oBaHus CUTHAJIOB

%ag//acé biipef el - Clitde, q / //

‘ " 4 | 1 ’ / Vi
O ALetlsy  [foeicsty Ofm‘ Wit PSR AT

/:-w/}'w;/a‘ 1’\%%@}%"&( Cotihe ) EF, -

4P pgeaicd 0Y .

- ‘ . ; 2 A $=

YRR AT 1’5 R

el o Qi (O TR A My
2l OOC ?&@uxf‘ 7
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42 Opnokackaansie u AByxkackaanbie IIIY ¢ OOC paznuvnoro tuna. Y tunma 2 u 3
Niau 43, unu 44 (2??) Yenaureau Toka u LITYH Ha ocHOBe TOKOBOTO 3JieMeHTA
(BHUMATEILHO, MOkKeET ObITh BIlepeMeINIKy HEMHOT0)

Bxoanoit curnan B qannoM LIIYH cszan ¢ Tokom I'CT 16 1 ero cocTaBiastoMMU TOCPEACTBOM
pe3uctopoB Ra:

Upy =Rl =Rl = x)lg =(2 ~1)lgRs. Uy = Ry [x(l,+ Ig)- (1 - xXI5 + Iy))= (@x - 1)l5Ry. (83)
KoaddunmenT nepegaun no HanpsLKeHUIO: Uer Ryfl R (8.38)
‘Ka__ﬁﬂ&,g...ﬂ. ..?--}-l-a--u-(hn'i'n '
ng RS !6 R3
IpenenbHas mosoca " Tipu neoBxomuMOCTH noAyseHus Gonbiuero kodddHumenta nepenaun (8.38)
IPOIyCKaHHUS IIIYH: npK aonycTHMOM KoddduunonTe cyxenns v (8.21) npexesnsrolt nonock npomnycka-

1Hs (8.39) moxeT GhITh HOMONBIOBAHO KACKAAKOE COCMHEHNE N OLHOTHITHBIX TOKO-
BbiX 3neMenTOB [ 1], 1% KOTOPBIX KO3DHHUNEHT Nepesaun Toxa :

Hﬂfhn.

.
Kip =1+ -!—}: Iy (8.44)
!ﬂ j=1

B st1oii cxeme Ha Tpanzucropax T4, TS u T7 BeipabaTeiBaeTcs TOk 10:

< <
G o E:
—< i
{'\Ts
T ‘: f’ra(rn
7 3 1.
= B ¥ A, rn | Yanx
L
JB il <z .,

: 1 Io | B

s § 1

" py
bE‘l]j':'”
>~
- Ty

AMSKTPOHHO—YTTPABIEM L) M
roxMpruHEH [OM NepeauyH

Puc. 8.0, Npuxiinyeckun Cuema 1Y 11 _ Puc. 8.7. 11Li%¥H c
Hil CWOEoBe TORGBODOD JeseidTd

Ei-Vagy 41
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B nannom LIIYH sxoanoff Tox

ng UBXG(Uj}i) (8.48)

h +1 P
Ry + - zg;g::)‘"+hum) )

Ilax’“'

KoaddummenT nepenaum no HarpsKeHUIO:

- U
K=%ﬂi=RHG(U3H)=RHGHAKC[1'rm"]-U!H* (849)

BX JHOTC
['my6una OOC:
L. : . SU} - by (8.50)
ERHG(UI‘) 2G(U3H) Z‘PTG(U:WI) oo
IPOITyCKAHUS:

S{m Lifsq)
Il= fﬂ{ﬂ}"fﬁlﬂ}F f‘i{’f!}z ( ) 4?]‘6([}311)

(8.51)

Buixoakoe conporusnenue ILIYH 8 uenom

Ry +hyyray (8.56)

anx =

Nyray +1 T
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43 CKpuHBI U3 KOHCIIEKTa

If, 04262,
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45 lpoextupoBanne UC 11 aHAJIOTOBOI0 NePpeMHOKEeHUs1 CMrHAJIOB. /1Y kak 0a3oBblit
3JIEMEHT U1 NepeMHOKeHHsl CUrHAJI0B. UcKiIloueHne BJINSHUA CUH(a3HO# cocTaBiasIome
curaga. Jiuneapuszanus xapaxkrepuctuk I1C B Buae nosxynpoBoaaukosbsix UC

HCpCMHO}KI/ITeHL CHUI'HAJIOB — OTO YCTpOﬁCTBO, MNPpCAHA3HAYCHHOC JIA IMOJYUYCHUS aHAJIOTOBOI'O
BBIXOOHOI'O CUI'HAJa, ITPOIIOPIUOHAJIBHOTO IIPOU3BCACHNUIO IBYX BXOAHBIX BCIINYHUH — UX u Uy .

T 1T T ek—K03 HNITUCHT IIPOIIO HNOHAJIBHOCTH.
U, =kU,U,. 1) ™ purg poropi

Ecau nonsipHOCTH BBIXOJJHOTO HAMPSHKEHUST ONPECIISIETCS B COOTBETCTBUU C BhIpaxkeHueM (2.1) u ¢
Y4ETOM MOJISIPHOCTH BXOJIHBIX CUTHAJIOB, KOTOPBIE MOTYT OBITh KaK MOJIOXKUTEIbHBIMU, TaK U
oTpULaTENbHBIMU, TO TakoM [1C Ha3bIBa€TCSA YETHIPEXKBAAPAHTHBIM. [[J1s1 onmMcaHus XapaKTEpUCTUK
HeugeanbHoro [1C HeoOX0IMMO UMETH Psijl YACTHBIX KOA(DPUIIMEHTOB YCUTICHUS U CUTHAJIOB
CMEILCHUS:

U, =kUy Uy +kyUy +k Uy + kg (2.2)

rae ko , kx 1 Ky — KoHCTaHTBI, onpeesIonue HaualbHOE CMEIICHUE U CMEIICHHS, 3aBUCUMBIE OT
BenunHbl curHaioB UX u UY. OcHOBHBIE TapaMeTphl YeThIpexKkBagpaHTHbIX [1C: morpemHocTsh
MEPEMHOKEHHS CUTHAJIOB, M0JIOCA MTPOMYCKAHUS, TEMIIEpaTypHbIN Jpeid.

Basosan cxesa ¥ naa

; KPHAX
mpemumeana ¢ o» I[J'I)I BBIXOJHOT'O HEal)I)I(GHI/IH JAHHOT'O KaCKaJAbl MOXXHO 3aIINCATh

Ru {JI=RH[]} 12 Usvix = S, ,RuU,

; I riae S,,- KpyTusHa napbl Tpansuctopos T1 u T2

e

N S E)

ry 1275 " (1)

Pr

L b'}; . 13’1 U 2

Ra b= R ()
- Puc, 2.1 ’

C yuerom (1), (2)

Usbix = iRHU1 = iU1U2

2¢; 20 Ro
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46 CxeMoTexHHYecKoOe NpoekTupoBanue OY: 0cod0eHHOCTH peanu3anun U GopMupoBaHue
k03(pPpuumenta nepegaun 06a30Boi AByXKackaaHoil moaenu OY

Puc.5.13. ¥Yupomennan ppMNIATHANLHAN cXeMd ABYXKACKANHOM
mosenan OF (a) n ee sackTpuucckyi agaxor (6)

DKBUBAJICHTHAS HArpy3Ka:

Ry sxe = Bultaraeroy. (5.31)

|Kq| = sosmsnsenaes {80

[ 1 1 ] Io

L3 s : '

Ua U/ Lharaereyh2roers)
Kosddurment nepenayum nepBoro kackasa:

Koaddumment nepenaum BToporo kackaza:

Ky = : : (5.37)

ol L, 1 )+__1___ ...
! IRy hoys0m9) |

+ S e
UA.- UA,

Rll K8

Puc.5.14. ¥YnpouieHHas JKBUBAJCHTHAN CXOMA JIBYXKACKAHOK
monenu QO
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47 TesioBasgs OOC B OY u cnnoco0bl CHU:KeHUd eé BausiHusi(BHMMaTe1bHO cMOTpHTE YTO
Karaerte, He (paKT 4TO BCe HAO)

gm S | 1
s UYBTEBIA g Opam efaag
"’Qe w cvn.oee e Qpeeenm i V% ) li
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49 Onpenesienne mapaMeTpoB cTaTHYecKux omudok OY

JlelicTBUE UCTOYHUKOB CTATHUECKOW OMIMOKU XapaKTEPHU3YIOT C MIOMOIIBIO OJTHOTO 3KBUBAICHTHOTO
reaeparopa DJIC UomBX, BKIIOYEHHOTO TOCJIEIOBATEIbHO C HE HMHBEPTUPYIOUIMM BXOJOM
(pUCYHOK).

Ha pucynke 3 m300pakeHa cxema, Ha KOTOPOW OCHOBHBIC
UCTOYHUKH, oOOyclaBiuBamomue HanpsbkeHne UomiBX,

TPE/ICTaBIICHBI 9KBUBAJICHTHBIMH reHepaTopamMu

m TOCTOSTHHBIX TOKOB

w IBx+ u IBX— M reHepaTOpOM IOCTOSHHOrO HampsokeHus U
2 cM O . Tokm IBx+ m IBX-, mpoTekas MO BHEIIHUM IO

OIIEX
JKBHBAIEHTHOS [IpeacTaEICcHHE

HaIlp K CHHA CTaTHIeCKOH OIMHOKH

OTHOILIEHUIO K BXOAHBIM KiemMMam OV mnensiM, CO3Jal0T
noctosinabie HanpspkeHuss URc+ u URc—. I'eneparop UcmO
XapaKTEPU3yeT CIABUI OTHOCUTEIBHO Hayala KOOPIHUHAT
rpaduka ammaTyaHOW Xxapaktepuctuku OV mo ocu Hanpspkenmii Un (pucyHok 4). Hampsoxenue
UcmO0 Ha3pIBaeTCs HAIIPSYKEHUEM CMEILEHUS HYJIS.

¥l
=5 R, oy U

1\ —{
i D™ Pk wl )

,1, u, l Uy ILT(
| ® * [

Iy - -
= 0 I/
N / g
Rc, .H“ ) el
v

PucyHOK 3. FICTOYHHEH HAIPSESHHT CTATHYECKOH OmMHOKH Prcvrok 4. CMelleH e aMITHTYIHOH xapakTepreTHER OV
B nauxynmem ciydae, korja Bce (hakTopbl, TOPOXKIAIOIINE YKBUBAJIEHTHOE HampsbkeHue UoIBX, He
CO3/IaI0T B3aMMHO KOMIIEHCUPYIOIIETO BO3ACUCTBHUS, OLICHKA 3HaUYCHUs HanpspkeHuss Uom BX MOXKET
OBITH OCYIIECTBJICHA 11O (popMyIie
Uow éx=|Ucm0 |+ | at At|+ | aE AEn| + | Iex+ Rct+ — Iéx— Rc— |,
rae Re+, Rec— — nosHOE conmpoTuBIIeHNE HA TOCTOSSHHOM TOKE LIETIEN, BHEIIHUX 110 OTHOIIEHUIO K HE
WHBEPTUPYIOIIEMY U UHBEepTUpYIomeMy Bxojaam OV at — TemnepaTypHbIi K0O3PPUITUEHT
HaIpspKeHUs: cMenieHus Hyist, B/rpan.; oF — koo dunivenT BusHus U3MEHEHUN HATTPSHKEHUS
MCTOYHUKA nuTanus En Ha HanpsokeHue cmenieHus Hyss; At, AEN — OTKIIOHEHHS] TEMIIEpaTyphl U
HANPSHKEHUS UCTOYHHUKA MMUTAHUS OT UX HOMUHAJIBHBIX 3HAYCHUN.
[TpubnuxeHHbIil Xapaktep cooTHoIIeHus (1) 00ycnoBIeH TeM, YTO OHO HE YUUTHIBACT
BozzelictBre Ha OY cuH(}a3HOU coCTaBsIONIEH MApa3UTHBIX MOCTOSHHBIX HanpsiKeHUH. OObIYHO
MPU TUIIOBOM TOCTPOCHHUM CXEMbI BIUSHHUE ITOM COCTABIAIONICH HMEET MPEHEOPEKUMO Majioe
3HAYCHHUE.
Tokwu IBx+ u IBX— Hanbosee CylecTBeHHbI B CXemMax, OpraHu30BaHHbIX HA OY, B KOTOPBIX
BXOJIHOM KackKaj BBIMOJHEH Ha OMMOJISIPHBIX TpaH3ucTopax. B Takux OY B kauecTBe 3TUX TOKOB
BBICTYIAIOT 0a30BbI€ TOKU TPAH3UCTOPOB BXOJHOTIO A epeHInanbHOTO Kackaaa, B pe3ysbTare
4yero TOKM IBX+ 1 [BX— UMEIOT pUOIM3UTENbHO OJMHAKOBBIC 3HaUCHUS. B 9TUX yCIOBUSX, COTJIACHO
(1), nns ymenbienus HanpspkeHuss UoIT BX JKeNaTeIbHO MO BO3MOXKHOCTH 00€CIIEYUTh PaBEHCTBO
conpoTtuBiieHU Rc+ n Rc—, HanpuMmep, 3a CYET BKIIFOYECHUS MOCJIEIOBATEIBHO ¢ OJJHUM W3 BXOJ0B
OV nononnutensHoro conportusieHus. [Ipu paBenctBe comportuBieHuid Rct+ u Rc-- mocnennee
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cnaraemoe B (1) WmeeT HauMeHblllee 3HAaYeHHE, a COOTHolIeHue (1) MOXKHO MpEeACTaBUTH B
CJIEIYIOLLEM BHJIE:

Uoumiex=|Ucm0 |+ |at At|+|aE AEn| +| Alex Rc |,

rae AlBx= IBx+ - IBx- — pa3HOCTbh BXOJHBIX TOKOB IBX+ 1 IBX- B yclioBUAX, KOT/1a

Rc+=Re—=Re.

JUtst cymecTByroned HOMEHKJIATYphl ONEPalMOHHBIX YCWIMTENEH 3HaueHHs HanpsokeHus UomBX
JeXaT B Mpeienax OT €IMHHUL] MUKPOBOJIBT 10 AECATKOB MUJUIUBOJIBT. [IepBbie u3

YKa3aHHbBIX 3HAYEHUW OTHOCSTCS K BBICOKOKAYECTBEHHBIM INpenn3noHHbIM OV, BTOopbeie — K OV ¢
MOJIEBBIMU TPAH3UCTOPAMH Ha BXOJIE.

44



51 ®opmupoBanue AYX nu @YX OY u ux koppexkuus

JUtst nonyyenus ontuManbHbIX AUX 1 epexoqHbIX XapaKTEPUCTUK POU3BOIUTCA TaK Ha3bIBacMast

KOPPEKIIMS, CBOJSIIASACS U MPOCTEUIIIEM cllydae K "'cpe3aHuio’ U3JIUIIHEN MOJ0Chl YaCTOT
(puc.5.22). Yactuunas koppekiuss AUX mo3BoJiseT B MOJHONW MOPC PacHopsAUThCS 3D PEKTUBHON

nosiocoi nmpomnyckanus OVY.

K,.nbB

201g | — o .

RI +R| __ O X, W

fe

Pnc.5.22. Cuocofim koppexuun AUX QY

1

 2R,C,,

f(nor)

Ha puc.5.22, a noka3zad npuHLIMI
koppekiun AYX OV ¢ nomMonipro
BHemHeH RC-miermm. J{ns
KOHKpeTHOoTOo Tuma OY
PEKOMEHIYETCS ONPEICIICHHBIN
Habop RC-meneit, moakiitouaeMbIX K
BBICOKOOMHBIM TOYKaM CXEMBI C
L[EIbI0 CHUKEHUSI HOMUHAJIOB
3JEMEHTOB 3TuX ueneil. Ha puc.5.22,
6 N300pakeH X0 SKBUBAJICHTHON
AUYX 1enu KOppeKiu, a Ha

puc.5.22, 6 usmenenue xoaa AUX tpexkackannoro OV (kpussie 1...4), c nomombto JIC-ienu ¢
paznu4yHON MocTosIHHOW BpeMenHu (kpusble 1'..4"). Ha puc.5.22, 2 npeacraBieHa BHyTPEHHSS
Koppekuus AByxkackaanoro OV, a Ha puc.5.22, 0 — xapakTepHbIid BUJl ONTUMAIbHO
ckoppektupoBanHor AUX nByxkackaaHoro OY. OntumanbHO ckoppekTtupoBanHas AUX cuuraercs
TaKOH, KOTOpast IPOXOUT Yepe3 4acTOTy €AMHUYHOTrO Kod(duunenTa nepeaaun f, -c HakioHoM -20

nb/nex. IIpu aTom (ha30BbIi CABUT HA BEICOKOYACTOTHOM criafie AUX sBIISICTCS TTOCTOSHHOM
BEJIMYUHOU U cOCTaBIsIeT -90°, UTO COOTBETCTBYET MaKCHUMAJIbHOMY 3aracy Ha CaMOBO30YKJICHUE

90°, ecim OV oxsauen nensio OOC.
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52 Pacuét peasbHoii Mogeau OY. UcxoaHble JaHHBIE H NOCJI€10BATEIbHOCTh PacuéTa

[IpoexktupoBanre OY HaumHatoT ¢ aHanu3a T3. OObIYHO B KAYECTBE MCXOJIHBIX JIAHHBIX Ha
MPOEKTUPOBAHUE MPUHUMAIOT: KO3 duuueHT mepemaun ans auddepenHnumanbHoro curHaiga K ,
B/MB; makcumanbHOe BbIXOAHOE HampsikeHUE Ugyx vaxe. ,B; compoTuBieHue Harpysku Ry, kOwm;
MaKCHUMaJIbHbIA BBIXOJHOW TOK B pexkume K3 Harpysku 1., MA (2.54); compoTuBlIeHHE BXOJHOE
muddepennmansaoe Ry, MOM (2.26); comporuBienrne BXxogHoe cuH(pazHoe R;,. ,MOm (2.31);
kod(punneHT ociabnenust cuadaznoro curnana K., 1b (2,10). IIpu 3TomM HanpsbkeHHEe HCTOYHUKA
nmutadus E,, B (2.52) n MakcUMabHBIA BBIXOTHOW TOK gy vake. = Ussxvae/RH » MA OIIpeemnstor
UCXOJIl U3 TpeOOBaHUM MOJYyUYEHUS HEUCKAKEHHOW aMIUIUTY/Abl BBIXOAHOTO HAMPSHDKEHUS Uy vaxe.

(2.52) u conpoTuBIieHus Harpy3ku RH (2.53).

Kak mpaBwmio, pacdyery Takke MOJUIekar: 4actoTa emuHuyHoro ycwienus fr, MIp (2.88);
CKOPOCTHh HapacTaHWsI BBIXOJHOTO HampsokeHus v, B/mMkc (2.104) ; Tox morpebmenmst 1, MA,
KOTOpBIM OLICHMBAETCS KAK CyMMa TOKOB BCeX BeTBeH cxembl OVY; HampshkeHue CMEUIEHUs HYJIsd
Ucmo, MB (2.106); TtemmeparypHsiid npeiid Hanpsokenus cmemneHus Hynss AUcyo /AT, MxB/°C
(2.107); BxomHo# ToK (cpemuuid) l,y, HA (2.108); TemrepaTypHblii apeiid BxogHOro ToKa Aly, /AT,
HA/°C (2.111); pa3HocTh BXOAHBIX TOKOB Aly,, HA (2.109); TemmepaTypHbld apeiid pasHOCTH

BXOHBIX TOKOB AAlgx/AT HA/°C (2.112).

OO61mast cxeMa pacuera MOXKET ObITh IPUHSTA CICTYIOMICH.

[lepBoHaUaNbHO pacHpeaesItoT 3aJlaHHbId KO3 UIIMEHT nepenadu st I[I/I(?(ge €HLNAJIBHOTO
curHasia K, nmpuMepHO MOpPOBHY C HEKOTOPHIM MPOU3BOJICTBEHHBIM 3amacoM B 1,5-2 pa3a Mexay
JIBYMSI OCHOBHBIMH Kackagamu (1Y u QopmupoBaTeneM aMIUIUTYbl), Mojaras IpU HTOM
kodhdurment nepegaun D11 OiU3KUM K eAUHUIE, U TPOU3BOJAT PacueT TeX MapaMeTpOB CXEMbI

VY, KOTOpble ONpEeNeisioT OCHOBY JJIs JajJbHEHIIEro MpOEeKTUpOBaHMs. B mepByro odepenb 3To
otHocutca K OII (cM. puc. 2.3), o pe3ysibrartaM pacyeToB KOTOPOTO YCTAaHABIMBAIOT BEIMYUHBI
BXojHOro compotuBieHus Rpxsn (2.59), kodpdummenra mnepemaunm Toka hp;  BBIXOJHBIX
TpaH3UCTOPOB, TOKA gy (2.61) BTOporo kackaga OV - GpopMupoBaTest aMIIUTYAbl (CM. puC. 2.2)
T. J.

3aTeM MPUCTYMAIOT K peaan3alud OCHOBHBIX BXOJHBIX noka3areneit OV, 1. e, [Mcuery IV (cm.
puc. 1.1) c ompenenenueM ero padodero Toka lp, OT BETWYMHBI KOTOPOTO 3aBHCUT MHOMKECTBO
pacueTHHIX MapaMeTpoB, HAaNpUMep, AU depeHInalaHoe BXOJHOE conpoTuBieHue Rex g (2.26), a
TakXke TpeOyeMbIX 3Ha4eHUH Kod(h(DUITMCHTA TIepeau ToKa Ny, UCTIONb3yeMBbIX TPAH3UCTOPOB.

[locne 3TOro paccuMThiBalOT Bce Mpou3BOAHbIE OT lg U lpy mapameTpsl, BKIIQUash mapameTpbl
(dopmupoBaTes aMHJ'H/ITl}i[[BI, DIEMEHTOB CXEM 3ajaHus pexuma padorel OY, 3amMTeI OT
cnyyaiiabix K3 u 1. 1. Ilpu stoM creayer coOnrofaTh MPUHLMI, 3aKJIIOYAOIIUNACS B TOM, YTO
IOJTy4aeMble  PE3YJNBTUPYIONIME  IIapaMETPel 10 CBOEMY HOMMHAIy  JOJDKHBL _ UMETh
pou3BoicTBeHHBIN 3amac He MeHee 20 - 30 %, HO 1Mo BO3MOXXKHOCTH HE IPEBBIMIAOMUMA 2-3 pa3s.

OClieTHEEe OrpaHMYEHHWE HOCUT PEKOMEHIATENbHBIM XapakTep U TMPU MPOTUBOPEUUBBIX
TPYIHOBBITIOJTHUMBIX YCIOBHHSIX MOXET UTHOPHUPOBATHCS.

B 3akmrouenue nmpousBoaAT pacuer napaMeTpoB AUX u CBS3aHHBIX C HEW APYrHX MapameTPOB
OY. Ilocnenyromue noapa3iesibl OTPAKAIOT PEATU3ALUI0 U3I0KEHHONW CXEMBI pacyeTa

KU:KH(f)KdJA(f) Ugpix Makc=(0.8 — 0.9)Ep fT:\/ fri T2 AUcmo /AT=Ucpmo /T
Al INT=-1%/°C |,y A Al IAT=-1%/°C Al
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53 Cucremo- u cxemorexuudeckoe npoekrupoanue JOII: IIT kak 3;1eMeHT ¢ ynpasJisieMoii

MPOBOAMMOCTHIO U OIIeHKA TeMIEePaTyPHOii CTa0UILHOCTH ero napametrpos. (55 Metox
TepMokoppeknuu xapaktepuctuk IIT u ero peannszanms)

Annpoxcumanus xapakrepuctuk [T monmmaomMoMm:

pluse) = x-’«’m((f“ e )“' - RERY

Lovame |

P — BrIXOIHBIE TApaMeETPHL.

Cocrapnstomue aperida BeIxoaHbx napameTpon I1T:

GO) | o Ptse
e L }’ (3.5)
PP | g 2P (3.6)
dfc ﬁ AT

rae & u P -TK cocTaBisronux aperda napamerpon 1T, 00yCI0BIECHHBIX COOTBETCEBHHO
OTHOCHUTEBHOM MOABUKHOCTHIO HOCUTENIEH 3apsa B KaHAJIE U KOHTAKTHON Pa3HOCTHIO
MMOTEHIIUAJIOB MEX/1y 3aTBOPOM U KAHAJIOM.

TemneparypHasi HECTaOMIBHOCTh TAPAMETPOB:

| . ] . e |
BB (dse) = =~ (4 * s F) 41", RRERES

%ﬁﬁ‘“ {d“’“ L ) [3%1']’_ (3.14;

{ Gaam f#-ﬁ)(f'd’)‘d'ff
o il:! g = UJU/‘&Jﬂd.d

Uxema~Mouess repMoxoppexiuu xapaxTepucruy IIT

© Pue. 3.2

CucreMo- u cxemorexHuueckoe npoektupoBanue SOl
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1. Onpenensror AonoaHuTeNbHbIE TapameTpbl (¥ P , U3zno) 11T no 3a1aHHOM XapaKTepUCTHUKE.

2. Vcxons U3 J0MyCTUMOM OTPENTHOCTH KOPPEKIIMK OKOP OMPEACIISIIOT TpeOyeMbIii Ko PuimeHTt
nepeaauyun mMacitadHoro ycuiauteas KOV u cBs3anHbiil ¢ HUM KO3G(PUITUEHT Tiepeadu
BcnoMorareiabHo 1enu K.

3. Onpegenstor Tpedyemoe 3HaueHre TK O, B COOTBETCTBUM € KOTOPBHIM BHIOMPAIOT THII
TEPMO3aBHCHUMOTO 3JIEMEHTA.

4 Tlo HaiineHHOMY HampspkeHUto U3H, HCIIONb3ysl XapaKTepPUCTHKY mpoBoanMocTH kaHana G(U3n)
g nansoro [T, onpenensitoT mpoBOIUMOCTh TEPMO3aBUMHCOTO dieMenTa Gt u ¢ yuerom
TpedyeMoro kodddurmenTa nepenaun macmrabHoro ycwmmrels Ha OY mpou3BoasIT pacyeT
npoBoaumocTu 3emenTa OOC G.

5. PaccuuThIBaIOT mapaMeTphl 2JIEMEHTOB BCTIOMOTATENbHBIX e, 00eCTIeYNBAIOIINX BHITIOTHEHUE
TpedyeMoro 3HaueHus kodpdunmenta K.

6. IPOU3BOAAT pacyeT TPeOyeMbIX BEIUYHH HANPSKEHUH KOMIIEHCALIMM U BOCCTAHOBJIEHUS C
ydueToMm 3HaueHus: HanpspkeHus TCT xapakTepucTuky mpoBoAUMOCTEIO KaHana [1T1.

7. OnpeaensitoT CXeMOTEXHUKY OJIOKOB, yIOBJIETBOPSIOUIYIO pealiu3alii TpeOyeMbIX 3HaUCHU N
HanpspkeHuit koMmneHcanuu Ukomi U BocctaHoBieHus: UBOCCT, a TakyKe CXEMOTEXHUKY 3aJaHus
pexuMa paboThl TEPMO3aBUCUMOTO JIEMEHTA, TPOU3BO/IS IPU ’TOM COOTBETCTBYIOIIUE PACUETHI.

8. COCTaBJIAIOT MOJHYIO MPUHIIMITUATBHYIO SJIEKTPUUECKYIO cxeMy cripoekTupoBaHHoi DOII (0e3
y4eTa UCTOYHUKOB HAMPSHDKEHUS U YIIPABISIONIETO HAMPSHKEHUS ) M TIEPEUYCHB €€ AJIEMEHTOB U
KOMIIOHEHTOB.
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54, 56 JIuneapuszanusi BbIXoAHbIX Xapaktepuctuk [IT. (Meroa imneapus. U repmoctad. xap)

Ucn . Uty l .
5~ Usiorc IL'E':[ ———=B(Usy — Usyorc)Ucn-

BBoAMM OOC a1 TMHEapu3auu ' [
Ie= BI Usgpg +

h A,

Pre. & 12 Oxesia 178 BeCTeI0BARNA THHCaPI s XapaktepueTis [1T

U, = Uy sinot (5.63)

9TO ke HaIl 6 i 1 (Yen = Vo).
psikenue Gy/eT NelicTBOBATE M MEXK/Ty CTOKOM H HCTOKOM

npopadaThiBasi COOTBETCTBYIOILYIO BEIXOJIHYIO XapaKTEPUCTUKY IS 3aJaHHOTO HanpspkeHus: U3N.

JIns ocyliecTBiIeHUs JIMHEApU3aLu XapaKTEPUCTUK
Hanpsbkenrne UCH IIT uepe3 moBTopUTENbh CUTHAA

Ha OVY4, yToOBI HE IIYHTUPOBATh KaHaJ, IEPEaacTCs

Ha PE3UCTUBHBIN ACIUTEND, IJI€ OCIa0IseTCs B
R/(N+1)/(R/(N+1)+R) = 1/(N+2) pa3, a 3atem,
NOCTyTas 4epe3 MepeKirogaTens S3 Ha

HeuHBepTUpYyoNMid Bxoa OVY3, ycuiauBaeTcsl B HEM B
1+ NR/2/(2R || 2R) = (N+2)/2 pa3. B pe3yibrare,
MEK1y 3aTBOPOM M UICTOKOM MTOMHMO YIIPABJISIOIIUX

HaIpsHKEHUH 1eUCTBYET U TpeOyeMoe B COOTBETCTBUH

_ ¢ (5.52) nosoBUHHOE HAMPSIHKEHUE CTOK—UCTOK:
' U~y 4 Jen N+2 o Uen
3 3H N+2 3 151 2

L
o

Fizz 511 Cronosue wapamepnonioar () 1 xagaazeprorina: opazeqmezctn {83 [T,
ASACHAES NS CVITIEACTE BN TSI B LN

Peanuzyemas xapakTepuCTHKa MTPOBOJUMOCTH KaHaja MpeJCTaBUM B (PYHKIIMHU YIIPABIISIONIETO
HaIpsKEHUS:

i

U Ny Jig ucciieqoBaHus TMHEUHOCTH
3 OTC W

NG e
= AARE I v {5 .ﬁlﬁj XapaKl epI/IC TNKH llpOBOI[I/IMOCTI/I
U 0T I. U 1JE-DTC|

GIU )= Gy | 1-
G(U3m ) 1 OLICHKHU BIIUSIHUS HA
HEEe BBIXOJHOU XapaKTePUCTUKU
Ic(Ucn) na 3aTBop 11T HE0OX0aAMMO TTOABECTH HU3KOYACTOTHOE IEPEMEHHOE HANPSIKCHUE
(nnarpamMma Ha puc. 5.11, 0 BHu3y) cmectuB PT B nieHTpaibHyI0 4acTh UCCIEAyeMON
XapakTepucTUKy (nuarpamma Ha puc. 5.11, 6 B ientpe). Ug = Uy, * sinflt  (5.68)
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61 IIpeodpa3oBartesb yacToThl B HanpsikeHue (ITYH)

N 1Peosragobbicey scaerors; ¥ T Eed @

R <
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IR EmL
(i, + “i02spar e T N e e
% ]

——
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65, 66 [Ipo0ieMa MHAYKTHBHOCTH B MUKPOJJIeKTPOHUKE M MyTH e€ peuienus. Peanusanus
HHAYKTUBHOCTH C IOMOIIBI0 AKTUBHBIX 3JIEMEHTOB. ANIIIPOKCUMALUS HOPMUPOBaHHON AUYX
®HY u eé npeodpaszoBanue B AUX ©®BY u I1D.

Peanuszanus npocreiimero I1® 2 nopsiaka. Buabl akTHBHBIX 3JIeMEHTOB, ucl. B A®

[Ipouecc MUKpOMUHUATIOPU3ALUH PAJHONIEKTPOHHOM anmnapaTypsl Ha ocHoBe IC oOHapyxui1, BO-
IEPBbIX, Hecopa3MepHOCTh rabaputoB LC-(puiabTpoB B 0COOEHHOCTH Ha HU3KUX YaCTOTAX C
rabaputamu annaparypsl Ha IC B 1e710M; BO-BTOPBIX, HECOBMECTUMOCTD ITOTOYHOTO ITPOU3BOJICTBA
NC u karymek MHIyKTUBHOCTU. BOo3HUKIIA Tak Ha3piBaeMasi mpo0jieMa HHIYKTUBHOCTHU B
MUKPO3JIEKTPOHUKE , OCHOBHBIM COJEPKAHUEM KOTOPOU SBIISIETCS] YCTPAHEHUE KaTyIIEK
MHJIYKTUBHOCTH KaK TAKOBBIX ITyTEM CO3/aHMS SKBUBAJIEHTOB MHIYKTUBHOCTHU C IOMOUIBIO
CXEMOTEXHUYECKUX pelieHnid. IMuTanys HHIYKTUBHOCTH C TOMOILBIO TOJIbKO aKTUBHBIX
AJIEMEHTOB(JIMO/I0B, TPAH3UCTOPOB). M cnonb30BaHNe KOMOMHALIMY aKTUBHBIX U nTaccuBHBIX (RC)
AJIEMEHTOB, NT03BOJIAOIIEN peanu3oBaTh AD. IlaccuBHbIE iIeMEHTHI, BXosAue B coctaB AD,
00pa3yroT B OCHOBHOM 3BEHbsI IepBOTO (puc. 5.1, a u 6) u Broporo nopsaxos. [Jist 3BeHa nepBoro
nopsinka ®HY (cwm. puc. 5.1, a) koadduimeHT nepenayu

|-ITpu mepexoae Kk KOMIIJIEKCHOW NEPEMEHHOH P:

_ U, 1 iy 1
K(jo)= U 17 aCR K(p)= ————— B coorsercrsuu ¢ Boipaxkenuem (5.2)

1+ joCR +
1 I+pRC xapakTtepuctuueckoe ypapHenue 1+ pRC = 0
MMEET OJUH OTPULIATEbHBIN IEUCTBUTEIbHBIN
KopeHs (mostoc) p=-1/RC=-0¢

R C
>—|:»1—< —] jo
U; C U, U R U, - o . f
.1 ok P=L=£=i_—=j9=pRC
6 B

) npu yciaoBuu ¢ =0 Oc O I
AUX OHUY: K(i0 ‘:- 1 [lepenarounas ¢pynkuus @HY n-nopsinka MoxkeT ObITH
22y = 1+ Q7 TpEACTaBjIEHa MOJMHOMOM
K K
K(P)= 0 = 0 _ _ K, _
(1+aP+bP? Ji+a,P+b,P?) [I(1+a,P+bP?)l K(P) 1+¢P+c,P’ +...+¢cP"

1
Ilpencrarmnss HopmupoBanuyro AUX ®HY B nBoiiHOM jorapudMuyeckoM MaciTadbe, MOKHO
npeoOpa3oBaTh JaHHYIO XapakTepuctuky B AUX ®BY

K 1
K(P)= w —.
. K K, AQP a. b P——
K(P)= ° = : T 1_I(l+ L4 ;) P
st AUX T1D 1+L'P 1) 1+AQP+P° i P P
AQ! P
1 1
P—)E[P+F]. (
KiKo5 g ‘
-3 iy
1 g(fm) Ql ©Q makc 6(:101:‘)

onucanue nepeaaTounoi ¢pynkuuu [1® Broporo mopsiaka
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67 AD Ha ycHIUTENIAX ¢ OTPAaHHYEHHBIM K03(punuenTom nepegayu u OY

K, rk
13] —__1 c: A 1 — duasTp BarTepBopTa
L == 2 — ¢punbTp Yebbmena
u & Ry oy U,
e LI X
I —_—
Ill (&) 1 2
a 0

Puc. 5.3. AxtusHasrii PHUY (a) BToporo nopsaka ¢ OOC u ero AUX (0)

[lepenatounas ¢pynxius OHY

1

K(P)=- —, =
1+30.RC,P + ®R’C,C,P
C C I
|| -
LY Re
- L, —( ¢
Ul C3 C] oy Uz Ul Rl Uw—» oy Uz
e | ¥ ] j>~_<

a o

Puc. 5.4. AxtusHbI $BY BTOpOro nopsaaka Puc. 5.5. TTonocoBoit GUIBTP
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70 CunxpoHnbie AD ¢ KOMMYTHPYEMBIMH KOHJAEHCATOPAMH U MX CBOMCTBA

Cunxponnsie ¢puibTpel (CD) ¢ KOMMYTHPYEMBIMUA KOHACHCATOPAaMHU MIPOU3BOIUT 00pabOTKyY

CUTHAJIOB HE B YaCTOTHOM, a BO BpeMeHHO# obnactu. [Ipu 3ToM TpeGyemas celeKTUBHOCTD

nocturaercs 3a cdet nepeHoca AUX kommytupyemoirt RC-1ienu ¢ wactoroit cpesza W.=1/nRC, rxe n
— YHCIIO KOMMYTHPYEMBIX KOHJIEHCATOPOB

R

b T <4
__CJ_C J_C C® c pesucropom R u n-koMmyTupyembiMu
v 1.1 T =% koHzaeHcaTtopamu C, MoKa3aHHbIA Ha puc. 5.6,

a, IONOJIHUTENILHO COJIEPIKUT PETUCTpP CIBUTA,
KOTOPBIN BbIpaOaTHIBAET BO BPEMEHU
MOCJIeIOBATEIBLHOCTh UMITYJIBCOB JJIS

Usnix 1

V7
N

AV

.t
I .|
—
] 1

)
L} }
:Jl‘:Jll---. ! yIpaBIICHUS] KITIOYaMHU, 110 OYepeau
nfy
— Pernctp cmara 6 3aMbIKaIOMUMHU KoHeHcaTopbl C Ha 001IyI0
5 muHy. Peructp casura ynpasisieTcst

Puc. 5.6. CP ¢ koMMyTHpyeMBIME KOHACHCaTOpaMH (a) 1 ero AUX mpu n = 3 (6) CHUTHAJIOM 4yacTtoToi nfl , TIIE O —
LEHTpaJIbHASl 4YaCTOTa HACTPOUKH (PUIIBTPA, COOTBETCTBYIOIIASl YACTOTE KOMMYTALUU KAKIOTO U3
KOHZIeHcaTopoB. HecomHeHHBIM OCTOMHCTBOM CP ¢ KOMMYTHPYIOIIUMH KOHAEHCATOPaMu
ABJISIETCS] BBICOKAsi CTAOMIIBHOCTh XapaKTEPUCTUK, KOTOPasi 3aBUCUT B OCHOBHOM OT CTa0MJIBHOCTHU
TaKTOBOW YaCTOTBHI, a TAK)KE BBICOKASI IOCTH>KMMasi JOOPOTHOCTh U CBSI3aHHAs C HEM y3Kas moJioca
nponyckanus Ha ypoBHe 0,707. OTu nmapameTpsl 3aBUCAT JHIIb 0T RC-351€MEHTOB

Q = maf RC,
1

= —-.
mnRC

OyHKIMOHAIBHAS CXEMA:

Y

OHY

Un(t) o1

3

A
Uon(t)

nr

A
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71 CuHXpOHHBI (pa309yBCTBUTEIbHBINH QUIbTP-1EMOIYJIATOP
72 CunxpoHHblIe (a304yBCTBUTEIbHBIE GUIBTPHI

JlerictBuTensHO, npu nojoxenun AK, nokazanHom Ha puc. 5.7,
K03 (UIIMEHT epeaadn

U, R
K, ——ml_ (5.33)
Upy R
IU B npoTtuBonosnioxuoi no3unnu AK Ha Bxomax OV gelcTByeT
! OJIHO M TO ke HamnpspbkeHue UBX , TOATOMY
Puc. 5.7. IlInpokononocHsiii CP-aeMoIyIATOP
RS
UBX = UBHXJ = -
Roc +R
K, = mx _p, Rec (5.34)
Ortcrona ko3 PuIMeHT nepenadu 2 Ugy R' '

Ecnu npu AByX HONOXKEHUSIX NEPEKITII0YaTeNs! BHIIIOIHUTD YCIOBUE
|K1‘ — ‘K,| — |K| . TO MOKHO MOTY4HTE IBYXIOJIyIIEpUOAHBIN cuMmMeTpruuHbiil CJI ¢
B koadurmentom nepegaun K, npu sTom BennuuHy pesuctopa R*
BBIYUCIISIIOT TI0 popMmyiie

o Ry (5.39) Jos peanmuzanuu K = 1 pesuctop R* (5.35) u3 cxemsl cienyet
‘K’—l' ' HCKITIOYUTh. 3aBUCUMOCTH BbIXoiHOTO HanpsbkeHus CJI UBbIx(t)
OT 4acTOTHI U (ha3bl MATEMATUYECKU MOKEM OLICHUTb, €CITU
BXOJ/IHOE HampsbkeHue UBX(t) yMHOXKHM Ha €IMHUYHYIO (DYHKIIMIO KOMMYTaIluu
1 mpu Uy>0, .
S(t) = 1 mpr Uy<0 onpeesieMy0 yIpaBIsomuM HanpsokenueM Uy ¢ 4acToToi y:
Y C ydetoM paznokeHust QyHKIIUU Ui ()= Upgx ()S(1).
KOMMYTallMy B rapMoOHnYecKkuil psia Oypee

N 4 ® 1 V rJie N — HOMEP FrapMOHUKH U BXOIHOTO
S(t) = — Z sin( 2n + 1)(Qyt , CHHYCOMJAJBHOIO HANpsDKEHMs ¢ aMIuTyn0i Um,

T,—o2n+l1 _ f=mf
JaCcTOTOU ¥ u (ha30BBIM CIIBUTOM ()M TIO

OTHOIIEHUIO K YIIPaBJISAIONIEMY HAMPsHKEHUIO, BIX0aHOe HanpsbkeHue C/| mpuobperaer Bua
an

Ugx () =Ug sin(m(oyt + (pm)i D
T,—o2n+1

1%,
- [sin(moyt+@n) =0

sin(2n + Doyt.

N COOTHOIICHUC OPTOTrOHAJIbHOCTH

1 T 0 IpH m = {, MOTyIacM HCKOMOe
— | sin(mo,t + sin {o tdt = CpeHee 3HAUCHHe
T (J; y Pm) y 1/2cos@,, 1pH m=/{, sgLxonnoro

Hanpspkerus: CJ1:

2
~ —U,,, cos opy m=2n+1.
Uppx(t)=4mm ™ Pm 1P

0 IpH m = 2n +1,
rae m u | — HarypanbsHble uncna 0, 1, 2, 3,....
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74 ®a3oBblil puabTp 1 mopsAKa U JJIEKTPOHHO-YIIPaBJsieMble (pa30BpalIaTe/ M HA €ro OCHOBE

L‘V da30BbIN CIABUT

[1(1-aP+bp?) H\/(l—bin )2 +a2Q% e
K(P)=- =i =1-e% =e® (53¢

H(l+aiP+biP2) HJ(l_bi92)2+ai292 el

4,7k L 1
9180 i

rae

a,Q
1-b0°

@ =—20 = -2 arctg (5.37

Puc. 5.9. ®a3ossiil guasTp MepBore nopaaka (a) H ero BeKTopHas AHarpamma (6)

Jliist pazoBoro uabTpa MepBOTO MOPSIIKA, MPEACTABICHHOTO Ha puc. 5.9, a, MOKHO 3aInicaTh
nepeaaTouHyro GyHKIUIO B CleayronieM Buae [14]:

K(p)= Usurx _ 2 _1-2C/G _,__1-pC/G WJIM, HCTIOJB3YSl HOPMUPOBAHHYIO
Upgy 1.1 1+pC/G 1+pC/G KOMIUIEKCHYIO IepeMeHHy1o (5.3),
g odl” 1-0.CP/G 1-P  1-jQ
G pC K(P)=--—"¢ == |

1+o.CP/G 1+P 1+jQ’
N3 Beipaxkenust (5.38) cnemyeT, yTo KO3 UIIMEHT repeaadn GUIbTpa OCTOSHEH U PaBEH €IUHUIIE,
a ¢aza (5.37) BBIXOJIHOTO CUTHAJIA

¢ =2arctg ®C/G. (5.39)
I[_HH _BeKTOpa BBIXOJHOI'O HAITPSPKCHHA MOYKHO 3aIlliCaThb
Ugy = 2U, — Uy, (5.40)

IIpn n3menennn nposoaumocty kanana IIT B nmpenenax or MAKC G no MUH G
npoucxoaut usMenenue ¢assi (5.39) [15]:
T eC oC IIprHMMas BO BHUMaHUE, 4To arctg X — arctg y
Ap= 2[‘““?5 G _arCtgGmc J G4 =arctg [(x — y)/(1 + xy)] mpu Xy > —1, mst
‘ (5.41) nonyyaem

A = 2arctg O)C(?M’“‘C ~Gugm) (5.42)\

(©C) + GruxcGram .

MakcuManbHOE U3MEHEHHE (ha3bl:

cy— (1_ ¢ J ITpu ycnmosuu MAKC MMH G U0 OG,
o G G
Ay = 2arctg Soe ~Gram _ 5o V Crom swc) (549 UTO HA TIDAKTHKE MMEET MECTO A
0.6 B G 2 mr060rollIT,
VGuake /Gy

A(P;\AAKC = 2arctg >

MorpeluHOCTb (hOpMUPOBaHNA N3MeHeHNs hasbl MOXeT ObITb OLEeHeHa Ha
OCHOBaHUM CpaBHEHUSA pe3ynbTaToB pacyeTa no cooTHoweHnsam (5.44) n (5.45):
'

SAPyraxc = % 1. (5.46)
MAKC

IIycts ITT H3MeHseT NPOBOAMMOCTh KaHama oT G,,.. =16-10" CMm 10
Gy =107 CM, Torma B cootBerctBHH ¢ (5.43) u (5.45) Ha wacrore

f=1,59 K[l Copy =4 HD, a A@yagc 179720
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75 KOC u KIIC kak akTMBHBbIE 4eThIPEXNO0CHUKN. [IpakTyeckas peanu3anusi 1 OlleHKa
HUX TOYHOCTH
76 PaznoBuanoctu cxemorexuuku KOC u KIIC

KonsepTop orpunareiasnoro cornpotusieHus (KOC)-akTUBHBIN YeTHIPEXITOIIOCHHUK,
IpeoOpa3yroNINil COMMPOTURIICHUE HArpy3KH ZH Ha 3aKUMax 2-2' B CONPOTUBIICHHE 00paTHOTO 3HaKa
Ha 3axnmax 1-1'

h12h21

h22+i

VA7

Zex =hll-

[Tpu ycinoBuu paBeHCTBa HYJIO BXoAHOTO conpoTuiieHust (N11=0) 1 BEIXOIHOM POBOUMOCTH
(h22=0)

Zex =—12h217n = —kZnu

Jliis kouBepTOpa nosoxurensHoro conpotusienus (KIIC) h21 seaseTcs oTpumareIbHON
BEJIMYUHOU, TIOATOMY

Zex =h12h217n = kZn

Bxonanoe conporusnenue nannoro KOC (puc 6.2.a) 7., — u__uz — Z _Z

I u-u [ U 1-K
U
rae K-koaduiment nepenayu ycummuTess
R2
K=1+—
R1
Yerupexnomichur B pemims KOC : Puuuun;:a HOC na Q¥
ﬁ“‘ 'y : vy 17
ud] M 1 in ]
> - : w >_ v
' R2
: : a 6
© Puwbd _ Puc5.2 u“[ Rt
' U
7]
- I lim
v A
aye | Ir2
r -

Ve { L . Pws3
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77 MoaenupoBaHHe IIMPOKOAMANA30HHBIX KOHBEPTHPYEMbIX €MKOCTEH M OLIEHKA UX
TOOPOTHOCTH
78 KIIC na ocnose KOC

Cxema 11t MOJEMPOBAHUS:
Cxemu mmpoxoguanasonHux KIIC

i R | Re or R o Re | Hust puc. A:

Koad¢uimenT nepegaun 3Toi CXeMbI:

* A x’fﬁ" A'.«'-‘"*
(. 23 ot L SO 1
r“'g"’ RE? 3 1t p1)” k1~ RICK il

JlnanazoH KOHBEPTUPYEMbBIX €eMKOCTEH:

£y A3
b ez (e B

OTHOCHUTEIIbHAS HECTAOMIILHOCTD KaXXa01ro 3JICMCHTAa CXCMBbI.

t
: =
B + 84 5882 +&L3

v, = | B+ : 7 7 £212

w2 By o
ygq = _..'.‘_{c.‘..‘:'......“......m--u £ f{g}(._‘:
£ 3 v !
Bxonnas npoBoaumocts KIIC: (} ) O Ry
by e

DKBUBAJICHTHAS EMKOCTb: €1 R3

Boiurpsiin ucnons3oBanus cxembl b — okono 10 pa3, cxema B — 6onee crabusnbHa.

JloOpoTHOCTD

ITpu uneanbupix OV: Qor o (}f;
o (8.31)

Cxewms KiC na ocrope KOG

08 e (8 ' _ Qo

Py e T T -L-..._...._.E.x__. s e
# i Pl + O , G
Cou +Cdi Ger(t G““r;) 74 Ck

npu HeuJeanbHbIx OV

HHH OLICHKHM MCKOMBIX BCJIMYHUH:

RS

CreM gas ONpeResHilfl LOGPOTHOCTH KOHBOEUDYERD eMHOCTed

un & # 6 Osx=CERR3/(RIR4) (6.41)

A Aas o u r: Cox=CRIR4/(RER3) (6.48)

Puc.6.6
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79 MoaeanpoBanne YOC (HOII). 80 MoaeaupoBanue He3a3eMJIEHHBIX KOHB. CONPOTUBJICHUI

YacroTtHo orpunarensHslie conpotusieHus (HOC) win npoBoaumoct (HOIT) ucnons3yrot amns
KOMIIEHCALIUX CONPOTHUBIICHUI aKTUBHBIX OTEPh 0€3 HapyLIEHHs! YCIOBUN KOMIIEHCALIMU ITPU UX
IIEpECTPONKE

U= (1+ )0l Re),

a Hanpﬂlei-me Ha Buxone OY2-
= (1 Cr £a) &/ i (4 Ry = U1+t le Rz

: B coorsercTeuH ¢ (6.15) BXojHaA NPOBOAWMOCTbL pacoMa
KOC
Gz = — m‘?ffﬁ-fzf&/ff = &

ABASIGTCA 4YMCTO aKTWBHOA YO,

Cxesmu KOC  momenupyvume

' 400
Y01l 0
gy i
Wi
>0
1 U w2
/3

U
N LR
rd l"'"* ed

Cxemu HOC u KIC, momenwpywmpe HelaSeMmieHHHe CONPOTHBABHHA
(emiocTH)
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83, 84 T'mparop (MOC uiu UIIC) kak akTUBHBIA 4-X NOTKOCHUK. Pa3HOB cxeM.Tex rupaTopoB

['upaTop, UHBEPTOP CONPOTUBIIEHUS - ITO AKTUBHBII YETBIPEXIIOIIOCHUK, BXOJAHOE COIIPOTUBIICHUE
KOTOPOT'O CO CTOPOHBI OJIHOM napbl 3aKMMOB SIBJIIETCS. OOPATHBIM COIIPOTUBJIEHUE,
MOAKIIOYEHHOMY K IPYroi mape 3a:KHMOB.

BxomHas mpoBOAMMOCTB: NneanbHbIN rUpaTOp:
BxomHoe  cOmpOTHBIICHHE  MIEAIBLHOIO
Ypy =i~ 20K . _Go gu g ’ g
£ =7 ~ ‘ G = -2 © THpaTopa:
Yoo ¢ 5y o

ij. ij}' e k}f# ey f:;’mf :J}.-_Jf,}i'&': , TIe 'é:?kf' *'{‘
M Frz

I'uparopsr: nonoxutensHoro (UIIC) u orpunarensuoro (MOC) conpoTuBieHus

YeTHPeXTIOMOCHIR B poxime .
~-™patopa

. SxeMpazeHTHaZ crema - Bxoxunoe conporusienne KOC:
HECDYR@HHOPO PHPATOpA

L1
Lt = f,...&'
174

I
U
N
Py

BxogHoe  compoTHBICHHE ~ ruUparopa B
Cxemorexiaueciie peamusaymy rupaTo o
SRR B S Ermtamai nami:pzacm"‘ II0CJIEOBATEILHOM cxeMme 3aMeIeHUS

OKBUBAJICHTHBIX IMApaMCTPOB:

™ o=

Rks

3 Do = Br+ Rz fj“ffﬂﬁ? = Kot rjwlns, (7.8)
[ o Lack. L5
7] DKBUBAJICHTHAS JT0OpPOTHOCTh peann3zyeMon
WHYKTUBHOCTHU:
a g r
colwtd  wlkike wl
G = = <

Kokt Re+Rz ‘%?'*7’;

Goes s

[upaTopu, ¥OASAKPYDUHME HESABUCHMYD PETYAHPOBKY
3KEHBANSHTHEX MADAMETPOR

Puc.7.3

Fuparopu Ha ocHose KOC, mopenupywmwe OTpPHLATENbHYR

Puc. 7.4
MHIYKTHBHOCTS
) g
L
Lot v
u [V 2 W2 u
e
R1 a 6 2
Puc.7.5
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85 MopeanpoBanue OTpULATEIbLHON THPATOPHON MHAYKTHBHOCTH M 00ecrieyeHue eé
YCTOMYHMBOCTH B PeajIbHBIX YCJIOBHAX

I a.c.1739480

Puc. 5.15. UMuTaTOp OTpHNATENLHOH HHYKTHBHOCTH

ITon neiictBrem nepemeHHoro BeixogHoro Hanpsbkenus U' OV 1 uepes konaencarop Cl1 , pesuctop
R2 n npenedpexumMo mMasioe BEIXOJHOE CONPOTHUBIICHHE

R;BIX =R /(1+K0)- (5.100)

rae Reeix , Ko — BeixogHOoe compotusiienue u koddduimeHt nepenayun 6e3 OOC OY2, nporekaer
IIEPEMEHHBIN TOK, KOTOPBIM Ha pe3uctope R2 co3maeT HanpsKeHne, TOYHO PABHOE BXOJHOMY
HanpspkeHuto U:

UR, _ uy. Ortcrona HaxoMM HCKOMOE OTHOLICHUE HANPSDKCHHUH, IPE/ICTABIISIOLICS
R, 4+ 1 kosdduument nepegaun OY1 ¢ OOC:
2 JoC,;
' MOJCTABJIIsASI KOTOpoe B cooTHotieHue (5.83) ¢ yuetom unaekca npu R,
u 14 1 [OJTy4aeM MCKOMOE IIOJTHOE BXOJITHOE COIPOTUBIICHHUE:
U joCR,
Zy =—JOC R R, =joL ;. (5.101)
rae
L,,=—CRR,. (5.102)

npu C2 >> Cl1. Takxke nocrosHHas Bpemenn ®HY peanusyror HamHoro Oosbiiei nepuoja T H.H.
=1/ f caMOro HU3KOYACTOTHOT'O CUTHAJIA, TOCTYMAIOIIETO HA BXOJ YCTPOICTBA:

T=R;C, >>Tj. (5.103)  Uppaxce < Upprxmakc
K Iyaxe = Uniaxc /R
K=o (5.104) o+ (Imakc makc /R1)
1+ K, HEKOTOPOif CaMOif HU3KOM 4acToTe

f c.H., HAa KOTOPO# COMPOTHUBIICHHE eMKOCTH KOoH/IeHcaTopa 1 C BenrKo, a COMPOTUBICHUE EMKOCTH
koHaeHcaropa 2 C emie mano. Yactora BepxHero cpeza @PHY, obpazoBannoro pesucropom 3 R u

koHaeHcatopoMm 2 C , 1

fo=——<f_ .
¢ 2nC,R, "

- 0
JInama3oH H3MEHEHHUS (Iyaxe / Tygm —> °)s

(5.105)

OMIpCACITACTCA N3 YCIIOBUA

TOKOB CTPEMUTCSI K OECKOHEYHOCTH UYTO MO3BOJIAET CIIPOCKTUPOBATh MDY 111 MOoAeIupoBaHUs
OTPULATEIIbHON MHIYKTUBHOCTH, U3MEHSIOLIECHUCS B UCKIIFOYUTEIIBHO UPOKUX MPEIeTIax.
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86 IMoryyeHHne BHICOKOAOOPOTHBIX THPATOPHBIX MHAYKTUBHOCTEH U OLIEHKA Mpejesia ux

TOOPOTHOCTH

e Gt = i) & me = c/ff};—ff—s) (1.52)

; f’f jcuff(!’e"f"
ffrf.!'ﬁ’
Lwg =
Kz

OKBHPANGHTHNE CXOMN MIR onpeneneHHa RoGpOTHOCTH
PHPATOPHO! MHAYKTHBHOCTH

Lact Lot
[] E?ﬁ‘_r
Rowd  Rwxé
Puc.7.8
s puc 7.8a
(€ v juC) KR K
2ty = ( wa;.i et = ,F_;fc'-ﬁjw:‘fﬂu". (7.57)
[~ 2T 1.5 tol € el
¢ = . @ ud = ———— = —— -/
e - Az Rt & ¢
s 7.8 0
(7.59) e R
¥ ¥ / _,r'U = G;g T'-Q,J&-lgﬁ-f
Yie =Gte *fﬁ""*f*’b‘( ,:?M{?.-a?; ?) fugﬁﬂ‘ﬁ?r)
[O3BONAET OLEHWTh pEByﬂhTprnmyn HOGPOTHOCTE THpaTopa
Qm 3 ?'-f—“-%b-?ﬂ(f ﬁf)ga' huﬁnﬂ?&@c T
[TorpenHoCTh U3-3a HEUAEATBHOCTH .
A
o 3Q = =5~ &f-f = wises Ga e

T T mrTwr

:w “I-I_I'l"-_-"l BB %Phd L% pred i A v

o t 22 Lyt f-*-é‘f’(ur.ﬂfﬂ}‘
: PN .f-_ f;:',"r Lo
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87 MoaesmpoBaHue He3a3eMJIEHHBIX THPATOPHBIX HHAYKTHBHOCTEH

Y&

npm\tamm no sxofam Tox (8. 84)
J- (Uf U}J'{UF f;f;l)

o 2 KR4
km'opuﬁ unpenanm nonoe conpoTusneHye FHpaTopoB

»

z& e - 6@ 2L

; G-t
i T Tar

Yo B yupf)-0 £

/ 7 &' o, Kz .
U"'za"(f*jﬁ[fj ﬂz'fs QI-MKU;"Q;}’

o

Ui = Ut fxm: S SRy/.
: "{ f.fwffs) SR “ f.,f'wffffs (4-2).

- 2Rz
U~ = wé&)(’"W)

NO3BONAET OMPGREMMTH nonxoe "bm'tpo:ramm_e’{?. 62)
2 & -thfrfaf&/,e; :Jw.é.?d"(

Lowe = d’f?fiaf4/f.?_
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1. OcHoBHbIe ompeneneHuss (TEPMHHOJIOTHS) B MHTETpaJbHONW cxeMmoTexHuKe. Kiaccudukanus, cuctema
YCIIOBHBIX 0003HAUEHUM, METOIbI U3TOTOBJICHUS (BUABI TexHoJorun) NC.

2. OY kak aktuBHbIH 35eMeHT MOY. Tunbsl OV 1 ux OTINYUTENbHBIE 0COOEHHOCTH.

3. Mepsl peA0CTOPOKHOCTH U TOJIE3HbIE COBETHI MTPH UCTIOIb30BaHuu OY.

4. T'CT ¢ u3oaupoBaHHOM Harpy3KOH U €ro TOYHOCTb.

5. I'CT c 3a3emieHHOM Harpy3Ko# U OLIEHKA €r0 TOYHOCTH.

6. ['eHepaTophl BTEKAIOIIETO M BBITCKAIONIETO CTAOMIBHBIX TOKOB C

MOBBIIIEHHBIM 3Ha4€HUEM (DOPMUPYEMBIX TOKOB.

7. BAII Ha ocHoBe I'CT u o11eHKa €ro TOYHOCTH.

8. CH na ocnose OVY: CH kak snemenT cxemotexuuku. Ognonomnsipusie CH ¢

OMOPHBIMU CTAOMIIUTPOHAMHU.

9. CH c noBbIIIEHHOM HATPY304HOM CIOCOOHOCTHIO M OTPAaHMYEHHEM TI0 TOKY.

10. Cnensmuii cTabUIM3aTOP Pa3HOMOISPHBIX HANPSKEHUH.

11. DxcTpemaropsl GyHKIHHA (0JHOMOISPHBIE U ABYXIOSpHBIC) HA ocHOBE OY. OLeHKa TOYHOCTH
(bopMHUpOBaHUS IKCTPEMyMa.

12. Jluneiinpie mpeoOpa3oBaTeNM IEPEMEHHOIO HANpsHKeHHs B MOCTOSHHOe Ha ocHoBe OVY. CymHoCTb
JMHeapu3aluy aMIUIMTYAHON XapakTepucTuku. Kpurtepuii ManocT npeodpa3syeMoro HanpsKeHHsI.

13. ®opmuposarenu moayis. [I1H ammnutyasbix 3HaueHuil. [TukoBbie TETEKTOPEHI.

14. 3BnextponHo-ynpasisemble MacitadHble ITH Ha ocHoBe OVY. I1H ¢ nMHENHBIM yIIpaBlIeHUEM.

15. IIH c¢ sKcrOHEHIMAIbHBIM YIPABIEHUEM M 3JEKTPOHHBIM IMEPEKIIOYEHUEM IMOJIIPHOCTH Kod(¢uuueHTa
neperayu.

16. FI MocToBO#l ycHIUTEeNnh Kak MpeoOpa3oBareNb MPHUPAIICHHH CONPOTUBICHUH (IMPOBOAMMOCTEH) B
HanpsbkeHue. LupkyasaTop curuanos.

17. JIuneiinble mpeoOpazoBaTEIH MOJHBIX IPOBOAUMOCTEH (CONPTHUBIICHUI) B HAaNIpsbKeHUE Ha ocHoBe OY.

18. TIIC: ocHOBHBIE CBOWCTBa, MapaMeTpbl W THIIBL. Peanmu3amus MaTeMaTW4eCKHX Omnepanuil (yMHOXEHHUS,
JIeJIeHNUs1, BO3BEICHMS B KBaJpaT, U3BJIEUEHUS KBalpaTHOro KOpHsi) Ha ocHoBe [IC.

19. BM wu peanu3zanysi Ha UX OCHOBE AMIUIMTYJHOTO MOJAYJISATOpPA, CHHXPOHHOTO aMILTUTYAHOTO, (pa30BOro u
YaCTOTHOTO JIEMOAYJIATOPOB.

20. Metoabl peanmzauuu 1IC. Peanuzanus IIC Ha ocHoBe norapuMupoBaHHs M aHTHIOrapu(GMUPOBAHMS
CUTHAJIOB.

21. Peanmzanus I1C Ha ocHOBe M3MeHeHus npoBoauMocTy kKaHana I1T u ucnosnb30BaHUs BpeMSaMILTUTYIHOTO

npeoOpa3oBaHuUs.
22. UC TUTSt B3aUMHOTO npeoOpa3oBaHUs aQHAJIOTOBOM " uudposoit
nH(}OpPMAIIHH. Cucremsr coopa " pacnpeeeHus JTAaHHBIX. WNuTerpanbHabie

KOMITapaTOpbl CUTHAJIOB: OCHOBHBIC ITApaMCTPhl U IPUMCHCHHUC.

23. AK. MynbTHIIIEKCOPBI U JEMYIbTUILIEKCOPBI.

24. YBX: OcobenHoctu CXEMOTEXHUKHU " CHOCOOBI YIIY4ILIECHUS TEXHUYECKHUX
XapaKTEePUCTHK.
25. IlpuHUMIB ITOCTPOEHU, OIICHKA TOYHOCTH u 3¢ (HEeKTUBHOCTH

BBICOKOTOYHOTO YBX.

26. CucTeMOTEeXHUYECKOE MMPOSKTHPOBAHNE COBEPIIIEHHO HOBOTO M3/ICIHsI HA TIPUMEPE U3MEPHUTEIS HAaIlPSDKEHHST
orceuku IIT: nuddepeHunonHbIil MeTOH M3MEPEHHUs, OLIEHKa €ro TOYHOCTH U 3((HEKTUBHOCTH, MPUHIUIBI
MIOCTPOCHHUS U OCOOCHHOCTH MHTETPaIN3allui YCTPONUCTBA JIJISl €r0 peanu3aliu.

27. CuCTeMOTEeXHUYECKOE MPOCKTUPOBAaHNE KAaK HEMPEPHIBHBIA TPOIECC. Y COBEPIICHCTBOBAHUE W3MEPHTEIIS
HanpsbkeHus orceuku [IT B Buae Merona M3MepeHHUs MMapaMeTpoB aNMpPOKCHUMAIMU xapakTepuctuk HO u ero
CTPYKTYpPHOM peain3aluy ¢ OLIEHKONW TOYHOCTU U 3(PPEKTUBHOCTU U OCOOCHHOCTSIMU UHTETPaTH3aIIH.

28. 3amaud, OCHOBHBIE JTambl M OCOOEHHOCTH CXEMOTEXHHYECKOTO

npoekTupoBanusi. OCHOBHbIE TPUHIIUIIBI MHTETPATBHON CXEMOTEXHHKH.

29. Anamms TC aktuBHBIX dmemeHToB VC.

30. AHanmu3 OUMOJSPHO-YHUTIOJISIPHBIX CTPYKTYP.

31. ITC kak orpaxaresnu Toka Ha BT u I1T. PasnoBumunoctn ITC. TokoBoe 3epkano YuicoHa.

32. IIpobnemsl HeocpeacTBeHHOH cBsi3u B [IMC: cormacoBaHre NMITEJaHCOB M YPOBHEW MOCTOSTHHOTO TOKA.
Cxembl cABUTa YPOBHEM.
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33. Crabunmmsanus YpOBHEMH HaIpsHKEHUS u TOKa B [MHC. Hcrounuku

OIIOPHOT'O HANPSHKEHUS. (MOH) c YMHOXEHUEM HaNpsHKEHUS 0aza-aMHTTEP BbT.
[ToBbiienue kodppuIenTa GUIbTPALMHA TUTAIOLETO HAPSKEHUS.

34.1IOH C TEPMOKOMIIEH Cauei . MacutaGHbIN npeoOpa3oBarelib OIIOPHOI'O
HaMPSOKCHHUS.

35. Temneparypnsiii kodddunment (TK) nanpsokenus 6a3a-ammurep bT.

36. MIcTOYHUK C 30HHBIM OIOPHBIM HAINPSHKEHUEM.

37. TIT kak UCTOYHUK TEPMOCTAOUIILHOTO TOKa U onopHOTo HanpsbkeHus. [Ipennsnonnsie MOH Ha IIT u OVY.
38. OcHOBHBIEC THIIBI KaCKaI0B M 0coOeHHOCTH uX peaym3anuu B [IMC. OqHOTaKTHBIE U JBYXTAKTHBIC KacKabl
B MC u ux pasHoBuiHOCTU. CXEMBI 3alIUTHI OT CiiydaHbIX K3 B ABYXTaKTHBIX KacKaaX yCUJIECHUSI MOIIIHOCTH.
39. 1Y na BT u IIT xak akTUBHBIC DJIEMEHTHI HHTETPAJIbHONH CXEMOTEXHHUKH.

40. Pa3HOBHUIHOCTH CXEMOTEXHUKHU HMHTETPaIbHbIX V. ay Ha MOII-
TPaH3UCTOPaX C aKTUBHON HArpy3KOM.

41. IlpoektupoBanrie MC ayg  MIUPOKOMOJOCHOTO  YCHJICHHS HANpsDKEHUS M TOKA: OCOOCHHOCTH
npoektupoBanuss Y. JIY kak 0a30BbI 3JEMEHT JIs ITMPOKOIIOJIOCHOTO MacITabHOro mpeoOpa3oBaHUs
CUTHAJIOB.

42. Onnoxkackannbie U aByxkackagaabie LY ¢ OOC paznuunoro tuna. LY tuma «aBoiika» U «TpoKay.

43. Ycunutenu toka u LITYH Ha ocHOBE TOKOBOTO AJIEMEHTA.

44. Dnextponno-ynpasisembie LIIYH na ocHoBe 1Y u TokoBoro snementa. OcoOEHHOCTH pacyera.

45. IlpoextupoBanue MC mjis aHamOroBOro mnepeMHOXEHHs CUTHaAIOB: JIY kak 0a30BBIM 3JIEMEHT ISt
NEePEMHOXKEHHU CUTHAJOB. VICKiaroueHue BIMAHUSA CUHGpa3HOW cocTaBisitomedl curHaua. JlnHeapusanus
xapakTtepuctuk [1C B Buae nomynpoBogHukoBsix VC.

46. CxeMOTeXHHYECKOe IIPOEKTUPOBAHUE oVv: 0COOEHHOCTH peanu3anuu u
dbopmupoBanue koddduimenTa nepeaadn 6a3oBoil nByxkackaaHon mojaenu OY.

47.  Temnoas OOC B OV u ciocoObl CHUYKEHUS €€ BIUSHUA.

48. CxemoTexHHYECKOe IPOEKTHUPOBAHUE peanbHOI MoOJIeNn oVv.
dopMUpOBaHUE €€ MAJIOCUTHAIBHBIX IAPaMETPOB.

49.  OmpeneneHue nmapaMeTpoB cTaTHUECKUX omuook OY.

50. dopmMupoBaHue HEHUCKa )KCHHOU aMILIATY /b u Harpy304HoOu
cnocobnoctu  OV. Obecnieuenne  pexuma  pabotel  OY 1O  NOCTOSHHOMY  TOKY |
3aluUThl OT ciay4aitHbix K3.

51.  ®opmupoBanne AUX u ®UX OV u ux xoppekuus.

52. Pacuer peanbHOU MOJEIN oVv. HUcxonnsie JaHHBIC "
MOCIEN0BATEIBHOCTh PacUeTa.

53. Cucremo- u CXEMOTEXHHUYECKOE MIPOEKTUPOBAHUE O0II: T KaK
3JIEMEHT c yIpaBsieMoi MPOBOJUMOCTBIO u OIICHKA TeMIepaTypHO

CTaOUJIBHOCTHU €r0 MapaMeTpPOB.
54. Jluneapusanust BBIXOJHBIX XapakTepuctuk I1T.
55. Metoa Tepmokoppekuuu xapakrepuctuk 11T u ero peanuzanus.

56. Meron JMHEeapUu3aluu u TEPMOCTAOMITU3ALIH XapaKTePUCTHK HD u
peannsanus Ha ero ocHose JOIT.

57, dopmupoBaHue CHHYCOHUIAJIbHBIX CUTHAJIOB C HOBBIIIEHHOMN
CTaOMIILHOCTBIO AMITIINTYIbI n JIMHEHHOCTHIO XapaKTCPUCTHKHU YIIpaBJICHUA 10
9acToTe.

58. TeOpeTI/I'-IeCKI/Ie OCHOBBI YHPaBJIACMbIX BBICOKOYACTOTHBIX aBTOI'CHEPATOPOB U UX MHUKPOIJICKTPOHHAA
peann3aris.

59. Teoperuueckrne OCHOBBI YNPaBIISEMBIX HHU3KOYACTOTHBIX AaBTOT€HEPATOPOB M HUX MHUKPOIJIEKTPOHHAS
peanu3arus.

60. HInpoKononOCHBIH aMIUTUTYAHBIN JEMOIYIISTOP.

61. IIpeoGpa3oBaTens yacToThl B Hanpspkenue (ITYH).

62. ®opMupoBaTETN UMITYJILCHBIX CUTHAIOB U3 CHHYCOH/IaThHBIX.
63. TIpenn3noHHBINH aMILTUTYIHBIA MOTYJISTOD.
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64. JInHEeHHBIM YaCTOTHBIA MOAYJIATOP U IU(PPOBOI 4acTOTHO-(HA30BBINA JEMOIYIISITOP B €r0 COCTAaBE.

65. [IpoGnema MHAYKTUBHOCTH B MHUKPODJIEKTPOHHUKE M TYTH €€ pelieHus. Peanuzanus MHIYKTUBHOCTH C
MTOMOIIIbIO AaKTUBHBIX 3JIEMEHTOB. Anmpokcumanus HopmupoBanHoH AUX ®HY u ee mpeobpazoBanne B AUX
OBY u [1D,

66. Peanumzanms npocteiiero I1d BToporo mopsiaka. Bubl ak THBHBIX 3JIEMEHTOB, UCIIOJIB3yeMbIX B AD.

67. AD Ha ycuIuTeNAX C OrpaHUYEHHBIM KoddduimenTom nepenadn u OV,

68. PexxeKTOpHO-110JI0COBBIE (PMIIBTPHI U UX CBOMCTBA. OrpaHHUUTENbHBIE CBOMCTBA AD.

69. CHELIMAJIM3UPOBAHHBIE AD 141 nx PA3SHOBUJTHOCTH. CUCTEMA DOAITY KAK
BBICOKOD®OEKTUBHBIN CUHXPOHHBI ®UJIBTP.

70. CUHXPOHHBIE AD C KOMMYTUPYEMBIMU KOHIEHCATOPAMU U X CBOMCTBA.

71. CUHXPOHHBIA ®A30YYBCTBUTEIBHBIA ®UIILTP-IEMOIYJISITOP.

72. CUHXPOHHBIE ®A30OHEUYBCBUTEJILHBIE OUILTPHI.

73. CUHXPOHHBIN ®A30HEUYBCTBUTEJILHBIN PEXXEKTOPHO-TIOJIOCOBOI ®UIILTP.

74. ®A30BbII OWIHTP ITEPBOTO ITOPSJIKA U DJIEKTPOHHO-YIIPABJISIEMBIE ®A30BPAIIATEIN HA ETO OCHOBE.
75. KOC u KIIC KAK AKTUBHBIE YETBHIPEXIIOJIFOCHUKU. [IPAKTUYECKAS PEAJIM3ALIMS M OLIEHKA HUX
TOYHOCTHU.

76. PA3HOBUIHOCTU CXEMOTEXHUKM KOC 1 KIIC.

7. MOJIEJTMPOBAHUE LIMPOKOJIMATIA3OHHBIX KOHBEPTHUPYEMbIX EMKOCTEM u
OLIEHKA MX JJOBPOTHOCTH.

78. KIIC HA 0CHOBE KOC.

79. MOJEIMPOBAHUE HOC (HOII).

80. MOJIEJTMPOBAHUE HE3A3EMJIEHHbBIX KOHBEPTHPYEMbIX COITPOTUBJIEHUIA
(TTPOBOAMMOCTENA).

81. MoJEMMPOBAHUE OKC (OKE).

82. M3MEPEHME SKBUBAJIEHTHBIX TAPAMETPOB KIIC, KOC.

83. Tmpator (MOC wm HUIIC) KAK AKTUBHBIN YETBIPEXIIOJIOCHUK. PA3HOBUJHOCTU CXEMOTEXHUKU
TMPATOPOB.

84. MOJEJUPOBAHUE T'MPATOPHOW MHAYKTUBHOCTH C HE3ABUCHUMOM PEI'YJIMPOBKOW SKBUBAJIEHTHBIX
[MAPAMETPOB. [TOBBILIEHUE JJOBPOTHOCTU U OLIEHKA D®OEKTUBHOCTU CXEMHBIX PEAJIM3ALIMI THPATOPOB.

85. MOJEINPOBAHUE OTPULIATEJILHOM TMPATOPHOM MHYKTUBHOCTU U OBECIIEYEHUE EE YCTOMYMBOCTU B
PEAJIBHBIX YCJIOBUSIX.

86. TIOJIYUEHUE BHICOKOJOBPOTHBIX TUPATOPHBIX MHYKTUBHOCTEN U OLIEHKA TIPEJIEJIA X JOBPOTHOCTH.
87. MOJIEJTMPOBAHUE HE3A3EMJIEHHBIX IT'MPATOPHBIX MHJIYKTUBHOCTEIA.

88. MOJEJINPOBAHUE OI'U.

89. M3MEPEHUE 3KBUBAJIEHTHBIX TAPAMETPOB UIIC 1 LUOC.

90. TIEPCIEKTUBBI PASBUTHS AHAJIOTOBOM MHTEI'PAJIBHOM CXEMOTEXHUKH.
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