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BBengenune

BaxxHo# coTaBJisiolleld MOATOTOBKU COBPEMEHHBIX WHXKEHEPOB SIBJIS-
eTCsl U3yueHHUe NUCLUHUIIMHBL «DJeKTPOHUKA», KaK B pPaMKax Kypca «DJeK-
TPOTEXHUKA U JIEKTPOHHUKA», TAK U B paMKaX OTAEJbHOIO Kypca B LUKJIE
obuienpodeccronanbibix aucuunand (OITJ]) rocymapcTBeHHBIX 06paso-
BaTeJIbHBIX CTAaHAAPTOB BhICIIETO npodeccronanbHoro obpazosanus ([OC
BI10).

Hawnbonee cnoxxHBIMU pazfenamMu 3TOro Kypca, sBJSIOTCS Te, KOTOpble
CBsI3aHbl CO CXeMOTEeXHHUKOH aHaJOroBbIX YCTPOHCTB. B mepBoi oudepenb
3TO 00BACHAETCH C HEJUHEHHBIM XapaKTepPOM XapPaKTEPUCTHUK HCIOJb3Y-
eMBbIX 3JIeMEHTOB, OTHOCHUTEJBHO OOJBIIMM pPa3bpocoM UX MapaMeTpoB, a
TaKXKe CHUJbHBIM BJIMSIHHEM pA3/JHUHBIX BHEMIHWX (haKTOPOB (B TMEPBYIO
odepeslb TeMIepPaTyphl OKPYKaloIleld cpelibl U CAMUX 3JIEMEHTOB).

[lesnbto naHHOW paboOTHl IB/ISETCA pacyeT NMapaMeTPOB YCUJIUTEJNbHOTO
Kackana ¢ o0IKUM SMUTTEPOM, pabOTAOUIUM B Kaacce A ¢ TemmepaTypHOU
cTabuNn3aluuel, KOTOPbIA MPOBOAUTCS TpaoaHAJUTUUECKUM METOAOM C
UCIO/b30BaHHEM /i TapaMeTpOB TPAaH3UCTOPA.

Pacuér ycunntesbHOro Kackaga Ha OUIOJNSPHOM TPAaH3UCTOpE SBJSA-
eTCsl XapaKTepPHBbIM MPHUMePOM, 0XBaThbIBaKOLIeM OOJIbLIOE KOJUYECTBO Pas-
JeJI0OB He TOJBKO 3JEKTPOHUKHU, HO U 3JEKTPOTEXHHUKH, CPedU KOTOPLIX
MOKHO BBIIEJUTh CJEAYIOLLIHEe: LeNU NePpeMEeHHOr0 TOKa, HeJIMHeHHble Le-
MU, YeTBIPEXITOJIIOCHUK, TEOPUIO 0OPATHBIX CBSI3€H, MOJYNPOBOLHUKH.

B pesy/abTate BBINONHEHUS NaHHOW NOMAalIHEH paboOThbl, CTYAEHT IO-
JIy4UT 0a30Bble HABBIKM MPOBEIEHUS WHXXEHEPHBIX PACUETOB AHAJIOTOBBIX
3JIEKTPOHHBIX YCTPOUCTB.

151 3aKkpensieHUs MOJy4YeHHBIX MPH BBIOJHEHUH NOMallHed padboThl
HaBBIKOB, CTYJ€HTaM PEKOMeHAYyeTCsl cOOpaTh MOJIyYeHHBIHd B pe3yJsbTaTe
pacyéToB YCUJITEJIbHBIM KacKal B BHUIE HATYPHOrO MakeTa U MPOBEPUTH Ha
HEM IPABUJIbHOCTb IIPOBEIEHHBIX PACUETOB.



Inasa 1

TeopeTnueckoe BBeaeHHe

1.1. bunoaspHbIA TpaH3UCTOP
1.1.1. Ilpunuun paGoTbl OUMOJSIPHOrO TPAH3UCTOPA

Bunonsapneuii mpansucmop, 370

Bélwa MOJIYTIPOBOAHUKOBBIA MNPUOOpP, COCTOS-
OmuTTep Kosrekrop ~LUHH M3 IBYX p — 11 IEPEXOJ0B ¥ HMEI0-
BES B Bl LMH TPU BHIBOAA.

Bunossipubiii  TpaHsucTop (nagee
MPOCTO TPAH3UCTOP) COCTOUT U3 TPEX
Puc. 1.1. YnpowénHast CTpyKTypa  yepeAylolUXcs oOJacTeld MoJynpoOBOMI-
GUIOMIAPHOTO TPAH3NCTOPA HUKOB, UMEIILINX MPOBOAUMOCTb p U N
tTunoB (puc. 1.1). B 3aBUCHUMOCTH OT HUX pacroJIOXKeHHsI Pa3JUYalOT TpaH-
3UCTOPbl p—N —pP U N —p— N TUNOB. YCJ0BHbIE Irpaduueckre 0003HAUEHUS
(YTO) TpansucTopoB 060MX THIOB NpHBeneHbl HA puc. 1.2. BeiBogsl TpaH-
3UCTOpa HasbiBawTCsA: D — aMuUTTep, b — 6a3a u K — kosnekrop. Hampa-
BJIEHHE CTPEJIKU YKa3bIBaeT MoJIoKeHHe 00J1aCTH C IPOBOAUMOCTBIO 71 TUIA.
PaccmoTpuM mpuHUMN [AedCTBHUS TpPaH3UCTOpa

p-n mépexon

9 K 9 B (puc. 1.3). Ilepexom sMuTTep—6asa BKJKOYAETCs B
NPSIMOM HanpaBJ/ieHHe, B pe3y/bTaTe OCHOBHBIE HO-

b B CUTeJM 3apsija MonajalT B 0a3dy M CO3JAIOT TOK
p=n=p P 6asbl [5. KoHLleHTpalusl 0CHOBHBIX HOCHUTeJ el 3aps-
Puc. 1.2. YTO na B 0ase 3HAYMTEJBHO MeHbllle, YeM B 3MUTTEpe U
TPAH3HCTOPA KOJIJIeKTOpe, 03TOMY B 6ase pexkombunupyem' ma-

Jlasi 4acTb 3apsiioB U3 3MUTTepa, KpoMme Toro, 6asa
BBITTOJIHSIETCS TOCTATOYHO Y3KOH W OCHOBHOE KOJIMYECTBO 3apsiiOB, MOMaB-
nmee B 6a3y M3 3MHUTTepa, yxKe HMes NOCTAaTOYHO BBICOKYI CKOPOCTb U
noJyuasi IOMOJHUTENbHOE YCKOPEHHe OT MoJisl rnepexona 6a3a—KoJJIeKTop,
mpoJieTaeT B KOJJEKTOP, CO3/aBasi TOK KoJijeKTopa [k, 3HAaUUTeJbHO TIpe-
BBHIIIAIOUIUH TOK 6a3bl /[g.

! Pexombunayus — npoliecc 3aMellleHHs 3JeKTPOHAMH JAbIPOK, B pesy/lbTaTe 4ero Hcyesaer
napa HOCHTeJed 3apsiia «3JeKTPOH—AbipKa» ucue3aeT. COMPOBOXKAAETCS BbIAEJEHUEM SHEPTUH B
BUZe (POTOHA.
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OnucaHHble (hH3UUECKHe TNpoLecchl 00eCrneYuBalTCs KOHCTPYKTHUB-
HBIMU 0COOEHHOCTSIMH UCIIOJIHEHUST OUMOJSPHBIX TPAH3UCTOPOB:
1. Basa BeimosHsieTcst cab6o/IerMPOBAHHON (T. €. KOJMUECTBO OCHOBHBIX
HOCUTeJIel 3apsiloB B HeH 3HAUMTEJbHO MeHblle YeM B KOJJEKTOpe
1 IMUTTEPE);

2. basa BrinoJsHsieTCA JOCTATOYHO ySKOfI;

3. DMHUTTEp BBINOJHSETCS CUIbHOJETMPOBAHHBIM (T. €. KOJIUYECTBO OCHOB-
HBIX HOCHUTEJIeH 3apsiioB B HEM 3HAUUTEJbHO OOJIbIle YeM B KOJIJIEK-
Tope u 6ase).

D n D
®
®
Omurrep ® | Komnerrop
= o [7
®

RI:I

k-4

Puc. 1.3. [lpuHuun neficTBUs OUMONSPHOTO TPaH3UCTOPA

1.1.2. BkJioueHne TpaH3UCTOpPa MO CXeMe C OOLIUM IMUTTEPOM

B 3aBucuMOCTH OT TOTO, KaKo# BBIBOJ TPaH3H-
CTOpa MOAKJIOYEH OJHOBPEMEHHO KO BXOMY H BbI-
XOLy CX€Mbl, PasjHualT TPU CXEMBbl BKJIOYEHHS
TpaHauctopa — ¢ o6muM aMutrepom (0I), obuieit
6asoil (OB) n ob6uum kosasnektopom (OK). Hanbo-
Jiee MIMPOKOe MPUMEHeHHe Hallljla cxeMa C OOLIUM
sMuTTepoM (puc. 1.4). Puc. 1.4. BkJioueHue

Pabora TpaHaucTOpa XapaKTepHU3YeTCs CEMeH-  rpausucropa mo cxeme c
CTBAMH B6XOO0HbBIX U 6bIXOOHBIX XaApPAKMepUucmuK 0GLIUM SMUTTEpPOM
(puc. 1.5). Dt xapakTepuCcTUKH (#Js MO CXeMe C
O2) mpuBoATCS B CPaBOYHUKAX M0 TpaH3ucTopaM (Hampumep [3]).

Bxoodnote xapakmepucmuxu (puc. 1.5, a) NOKasbiBalOT 3aBUCUMOCTD
ToKa 06a3bl (/p) OT HampsikeHHs Mexny 6a3od U smurtepom (Ups), mpu
MIOCTOSTHHOM HarpsiKeHHe, MpUIoKeHHOMY K KossekTopy (Ugks). BxomHbie




8 1. Teopemuuecxoe sgederue

IB37
MA UKQZOB 5B

B0

UE37 B UKS: B
a) 0)

Puc. 1.5. XapakTepuCTHUKHU TPaH3UCTOPA a — BXOJAHbIe, 6 — BBIXOJHbIE

XapaKTEPUCTHKHU CJ1ab0 3aBHCST OT HAIpPsXKEHHUs Ha KOJIJIEKTOpe, MO3TO-
My OOBbIUHO TIPHUBOASIT NBE 3aBUCHUMOCTH (HarpumMep, B ClpaBOYHHKe [3]
TIPUBOJSITCS BXOAHBIE XapaKTEPUCTHKHU TpaH3UcTopoB npu Uyxs = 0 u 5B).

Boixoonsie xapakmepucmuku (puc. 1.5, 6) MOKa3bIBalOT 3aBUCUMOCTb
TOKa KoJileKTopa (/k) OT HampsiKeHUs] MeXIY KOJIJIEKTOPOM H SMHTTEPOM
(Uks), mpu MOCTOSTHHOM 3HaueHWH Toka 0a3bl ([p). BoixooHnsie xapakme-
pucmuku TIpUBOASATCS IJs1 TOCTATOYHO GoJibiioro (5 W Gosiee) 3HAUEHHUH
Toka 6a3bl (/p1, Igo, I3, ¥ T.1.), pa3auyarolIMxcs Ha (PUKCHUPOBAaHHOE 3Ha-
yeHue Alg.

1.1.3. Cxema 3amelmeHusi OUMOJSIPHOTO TpaH3ucTOpa. TpaH3ucrop
KaK 4YeTbIPEXMOJIOCHUK.

TpansucTop sABJsETCA BeCbMa CJI0XKHBIM

s, < . npubOpoOM U He MOXKET ObITh MOJHOCTBIO OTH-
hoyig|  1/hy CaH OJIHOM — ABYMs BeJWUUMHaMU (Kak, Ha-

o B Umol  mpuMep, PE3UCTOP MJM KOHAEHCcaTop), Xa-
! paKTepH3YIOLIHe ero 3aBHCHMOCTH (HampH-

° ©  Mep NMpuBeNEHHBIE Ha puc. 1.D) UMEIT CJI0XK-
Puc. 1.6. Cxema samelennss HDIH H HEJIMHEHHBIM XapakTep, MMO3TOMY /IS
TpaH3UCTOpa TPaH3UCTOpPA TPUMEHSIIOT PA3JUUYHbIE CXeMbl

3amewjeHuss — MaTeMaTHUyeCcKhe MOJeNH, XapaKTepU3ylollue HeKOTOpble
ero CBOMCTBA C 33aJJaHHOH TOYHOCTBIO U B OMNpeNeJIEHHBIX Mpelesax.
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Ilns TpaH3UCTOpPa, BKAIOYEHHOTO 10 CXeMe ¢ OOIIMM 3SMUTTEPOM, pa-
60TalOLIUM B MaJocueHaibHom’ (MHeHHOM) pesKUMe, HauboJbliee pac-
MPOCTPAaHEHHe TMOJyUnJia CXeMa 3aMellleHHs], TpuBeneéHHas Ha (puc. 1.6).
Ha naHHo# cxeMme TpaH3HMCTOp XapaKTepuayeTcsl 4 — mapaMeTpaMy JIMHEH-
HOTO 4emblPEXNONIOCHUKA — SJIEKTPUUECKOH CXeMbl, UMEIOLIEH 1Ba BXOM-
HBIX ¥ 1B BBIXOJHbIX KOHTAKTA.

Mbl paccMatpuBaeM paboTy YCHJIUTEJNBHOTO Kackaaa B MaJIOCHTHAJIb-
HOM (JIMHEHHOM) pexKHMe, MO3TOMY MBI MOXKEM IMPEICTAaBUTb TPAH3HUCTOP B
BHJIE aKTHBHOT'O JINHEHHOTO YeTBIPEXIOJIOCHUKA, KOTOPBIH XapaKTepH3y-
etcst BXogHbIMU (U, [1) u BeixogHBIMH (Us, [5) TOKaMH ¥ HaNpPSKEHHSIMH.
Il ux pacyéra HCIOJb3YeTCsl CUCTeMa JJMHEHHBIX YpaBHEHHH, B KOTOPHIX
JiBa TOKA WJIK HANPSXKeHUs SIBJASIOTCS HU3BECTHBIMH, a JBa APYyTUX — He-
MU3BECTHBIMU. VI3BecTHble M HeHW3BeCTHbIE BEJWYHHBI CBSI3BIBAIOTCS KO3(D-
(pULIMeHTaMH, KOTOpPble HA3bIBAIOTCS NaApamempam 4emolpeéxnoiloCHUKA.
Ilnsa pacuéra ycusuTesied MpUMeHSIOTCS 2 (MMEIT pa3MepHOCTb COMPOTH-
BJIeHUST), y (pa3MepHOCTh MPOBOAMMOCTH) U A (cMellaHHas pa3sMepHOCTD)
napaMeTpHl.

[Ipu pacuére ycuautesed ¢ oOLIMM IMHUTTEPOM HauOOJIbIllee pacro-
CTpaHHe TOJYUYHUJIH A—TapaMeTphl, CBS3bIBAIOIIHE TOKH W HATPSIXKEHUS C
TIOMOLLBIO CJEAYIOLIEeH CUCTEeMbl JIMHEUHBIX yPaBHEHUH:

{ Uy = hily + iUy
Iy = ho1ly + hgoUs

B cooTBercTBUU ¢ pUCyHKOM 1.7

¥ yYMUTBHIBasi, uTO JJs ycuaureas iy <
BXOOHBIMU M BBIXOLHBIMHA CHUTHAJIAMHU T | B T
SIBJISTIIOTCSL MIPUPALIeHUs] COOTBETCTBY- UlT TUse B/ UKBT TUZ
IOIIMX TOKOB U HaHpH}KeHHﬁ, 3aliu- T
IIeM 3Ty CHCTeMY ypaBHEHHH B cJie-
IYIOLEM BHIE: Puc. 1.7. [lpencraBieHue TpaH3UCTOPA,
BKJIOUEHHOro nmo cxeme ¢ O3, B BUIe
Alsy = h11 Alg + h12Alks UeTBIPeXIOJI0CHUKA
Alx = ho1Alg + hoo AUks

[IpupaBHuBas K Hy 0 Al (pexxkuM xoJocToro xona Ha Bxone) u AlUks
(pexUM KOPOTKOTO 3aMblKAaHHSl Ha BBIXOE) Mbl CMOXKEM paccuuTaTb A-—
napaMeTphl:

’B manocuznanvrom pexxyuMe paGoThl TPAH3UCTOPA AMILIUTYMbI MEePEMEHHBIX COCTAB/ISIONIMX
BXOJHbIX CHUTHAJIOB He BBIXOASAT 3a NpefieJibl JUHEHHOro yuyacTKa XapaKTepUCTUKH.
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hiy = AUgs Hgy — Alx

Alks Alg 0’ Al AIB—O,
hi = AUso ho1 = %‘

Al AUKg—O’ Alg AUgs=0

CJielyeT OTMETHUTb, YTO €CJU H3MeHeHHe BeJUUHHbl PaBHO HYJIIO, TO
3Ta BeJIMUMHA He U3MeHsIeTCsl T.e. Ajo U figo PAaCCUMTBHIBAIOTCS MPH MOCTO-

SIHHOM 3HaueHHWH ToKa 6asbl (I =

const) a Ay} ¥ Ag; TIPH MOCTOSTHHOM

3HaYeHUHU HanpsikeHHs1 Ha KoJjyekTope (Uks = const).
dur3nyecKUd CMbIC] A—-MapaMeTPOB CJeNYIOLIHH:

4 AUss
11
A[B Uks=const
P AUgs
12
AUKa Ig=const
Alk
hat NA
B | Uxs=const
Alx
hoo
AUKS Ig=const
o é’ ‘A{o
Iy=pI
Uss

Puc. 1.8. Cxewma 3amelleHus
TpaH3ucTOpa Ha Oase
Kopduuenra 3

— BXOAHO€ COIIPOTHUBJIEHHE, ITPU KOPOT-
KOM 3aMblKaHHH Hd BbIXOIE,

— K03 UUHeHT 06paTHON CBSA3H MO Ha-
NPSI?KEHHUIO;

— KO3((PUUMEHT mnepenayd TOKa TMpH
KOPOTKOM 3aMbIKaHUH Ha BBIXOJE;

— BBIXOAHAad MPOBOAHMMOCTb IMpPH XOJIO-
CTOM XOJI€ Ha BXOIE.

[loMmumo A-napameTpoB, nJs aHa/au3a pa-
OOTBHI TPAH3UCTOPOB MPUMEHSIOTCH KO3PPULLU-
eHTHI Nepefaun Toka smutTTepa (o = Alg/Al)
U Toka Oaswel (B = Algx/Alg). 3HaueHue
Ko3(ppuLMeHTa « MJd COBPEMEHHBIX TpaH-
3UCTOPOB, MOJKJIUEHHBIX MO cXeMe ¢ 00-
IIUM 3MUTTEPOM, MPAKTUUECKU PABHO €IUHH-
ne (o« =0,9...0,995), mosromy mpu ananuse
cxeM ¢ O3 OH He MPUMEHSIETCSI, a UCIIOJb3YyeT-
csl oJig cxeM ¢ obuiel 6azoit. Hamuoro 60sb-

lIee 3HAUeHHe TPU pacuére CXeM C OOLIUM IMUTTEPOM HMeeT KO3(PpHLu-
eHT (3, 3HaueHHe KoToporo coctasjseT (B = (20...200). ITpu rpy6six pac-
yétax cxeM ¢ O3, KoapdULHeHT 3 MOXKEeT HUCIO0Jb30BaATHCSH KAaK OCHOBHOH
napameTp, XapaKTepuayolUX TpaH3UCTop, B 3ToM ciydae ucnogbayercs
cXeMma 3aMellleHHsl, IpUBefEHHAsl Ha pUcyHKe 1.8.
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1.1.4. Pacuér h— napameTpoB

B Hameiél pabore Mbl mosyduM A-napaMeTpbl rpadoaHanUuTUUECKUM
METONOM W3 BXONHBIX (A11, Aj2) ¥ BBIXOAHBIX (A91, h99) XapaKTePHUCTHK
TPaH3UCTOPA.

[Tpu pacuére h-napameTpoB He0OXOOAMMO O0OPATUTh BHHUMaHHe Ha TO,
YTO KaXKJ0¥ TOUYKe XapaKTepPUCTUKH COOTBETCTBYIOT TPU BEJHUUHHBI:

e /151 BXOIHOH XapakTepucTuku — [g, Ups U Uka;
e /7151 BBIXOOHOW XapakTepucTuku — Ik, Uks U Ig.

TpeTtuiél mapameTrp, KOTOPBIH OTCYTCTBYeT Ha OCSAX pacCMaTpPHUBAeMOM
XapaKTEePUCTHUKH, SIBJASETCS BEJUUHUHOU, N/ COOTBETCTBYIOIIEr0 3HAUEHHUS
KOTOPOH CTpOHMJIach 3aBUCUMOCTb. [[/isT BXOOHBIX XapaKTePUCTHK, 0ObIUHO,
cTpositcsi ABe 3aBUucuMocTH [5(Ups) s nByX 3HaueHUH Ugs (B 0CHOBHOM
310 0 u 5 B), 115 BeIXOTHBIX — 3aBUCUMOCTH [g(Uks) IS pasHBIX 3Haue-
HUHU [5, pasnuuawiIuxcs Ha BedndnHy Alg, KoTopas UMeeTcsl B CIIPaBOU-
HBIX JAaHHBIX HA TPAH3UCTOP.

Caenyet o6paTUTh 0c060€e BHUMaHHe Ha TO, YTO BCe MapaMeTphl pac-
CUMTBIBAIOTCS HA JIMHEHHBIX (MM OJM3KHM K JUHEHHBIM) ydacTKax BXOJ-
HBIX U BBIXOIHBIX XapaKTePUCTHK TPaH3UCTOPA.

PacuéTt mo BXOOHBIM XapaKTepHCTUKAM TPaH3UCTOpa

I,
A Uws=0B| 5B ﬁsA Ui,=0B| 5B
I, g
. 2 I ®
Al
/ IEl @
UBB: B ] UBB, B
UEEi EBB2 UBSI UB32
AUss AUs
a) 0)

Puc. 1.9. K pacuéry h-napametpoB TpaHauctopa a — iy, 6 — Ay

Pacyér mapamerpa hj; = SU (puc. 1.9,a) mpousBOgHT-

Alp Uxks=const
Cd cJedyrmuM O6paSOM: Ha OJHOHU H3 HMEIIHMXCAd BXOAHBIX XapaKTe-

DUCTHK (COOTBETCTBYIOIIUX BBIOPAHHOMY HATPSI)KEHHIO Ha KOJJIEKTOpe —
Uks = const) BeiOWpaeTcss JTUHEHHBIH (MM MaKCHMaJbHO OJHU3KUH K He-
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My) y4acTOK U Ha HEM nBe TOukd (Toukd 1 u 2 Ha puc. 1.9,a). Pas-
HOCTb HampsiKeHHH 0a3bl, COOTBETCTBYIOIIMX 3TUM TOUKaM, JOAcT HaM
AUgps = Ups2 — Ups1, 2@ pa3HOCTb COOTBETBYIOIIUX 3HAUEHUH TOKa — H3Me-

HeHHe ToKa 6a3bl Alg = g0 — I5).
AUss
Alks Ig=const

eM 3HaueHHWe ToKa 6asbl, I/ KOTOPOTo OyneM MPOU3BOAUTHL pacuér (T.e.
obecreyrBaeM BBIMOJHEHHE YCJOBHS [g = const), ¥ Ha OBYX KDHUBBIX,
MOCTPOEHHBIX [JI1 Pa3HBIX 3HAUEHWH HaMNpsiKEeHHs KOJIJIEKTOpa, OTMeua-
eM COOTBETCTBYIOIIHE 3TOMY TOKY TOUKH (Toukd 3 u 4 Ha puc. 1.9,a).
PasHocTh HampsikeHu# Ugs, COOTBETCTBYIOIIMX 3THM TOYKaM, MAET W3-
MeHeHUe HamnpsiKeHust Mexny 6a30i u amMmuttepoM: AlUps = Upsq — Upas.
Benuuuna AUks onpenessieTcss Kak pa3HOCTb MexX 1y HanpsikeHusiMmu Ugs,
IJ151 KOTOPBIX CTPOWJIMCh BXOIHBIE XapaKTEPUCTUKU (OJ51 XapaKTePUCTHK,
npuBenéHHbIX Ha puc 1.9,a AUxs =5 — 0 = 5B).
Pacuért nmo BBIXOOHBIM XapaKTepPUCTHUKAM TPaH3UCTOpa

[Tpu pacuére napamertpa hjy = (puc. 1.9, 6), mbl BeIOUpa-

I, Iy Iy, Iys
MA MA]
IE4 IE4
153 IBS
I ) I, AIBV Iy, / I,
K2 4
\
N Q I Ml I,
_V / |
fia I5o Ux», B I5o Uy, B
Uss Ukos - AUHB; Uxoa
a) 6)

Puc. 1.10. K pacuéry hA—napameTpoB TpaH3uctopa a — hgy, 6 — hgo

Aly

Ins pacuéra napamerp ko = AL Heo6XO0IUMO BbIOpaTh 3Ha-

Uxgs=const
YyeHue UK3 W Ha KPHUBLIX, COOTBETCTBYIOIIHMM ABYM 3HAUY€HHAM TOKa 6213b1,

passuyarouxces Ha Alg OTMETHTb COOTBETCTBYIOLIHME TOYKH (TOYKM | U
2 Ha puc. 1.10,a). PasHocTb 3HaueHHW# [k, COOTBETCTBYIOIIMX 3THM TOY-
KaM, nact Ham 3HaueHue Alx = Ig9 — [Ix;. Beanuuna Alg 6Gepércsi u3

CIIpaBOYHHKA.

[pu pacuére napamerpa fgg = s

, BBIOWpaeTcs 0JlHA U3 UMe-
Ig=const

OLIIUXCS XapaKTePUCTUK [ U Ha HeH OTMeYarTcs JBe TOYKU (TOUKH 3 U
4 Ha puc. 1.10,6). PasHOoCTb Hampsi>KeHWH KOJIJIEKTOPA, COOTBETCTBYIOLIHNX
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3TUM ToukaMm, aact HaMm AUgs = Ukas — Uka3, @ Pa3HOCTb COOTBETBYIOLIMX
3HaUeHWH TOoKa — H3MeHeHHe Toka KoJutekTopa (Alx = Ixg — Ik3).
TunoBble 3HaueHHss A-TNapaMeTpPoB IJisl OHMOJSIPHBIX TPAH3UCTOPOB
HaXOASTCS B CJAENYIOIIMX Npepenax [2]:
hi hio hay hao
10%...10° Om [2-107%...2-103[20...200 | 10~°...107% Cm

1.2. YcunnrtenabHo# Kackajd ¢ oomum amutrrepom (0IJ)
1.2.1. Ycunaurean

Ycunumeno 310 ycTpoHCTBO, Npeobpasylolllee CUrHaJl MaJjoH MOLLHO-
CTU B CUTHaJ 60JblleH MOLLIHOCTH 332 CYET SHEPTMU HCTOYHUKA MUTAHUS.

MmenHo yBesnyeHHe MOLIHOCTH BBIXOAHOTO CHTHaJsa, MO CPAaBHEHHIO
C MOLLHOCTBIO BXOJHOTO, SIBJISIETCS XapaKTePHOH OCOOEHHOCTBIO YCHJ/IMTE-
Js1 U OTJIMYaeT ero OT APYrHX MpeoOpasyIolUX YCTPOHUCTB, B KOTOPBIX
3MeHsieTcss JMOO HarpsiKeHHe, JHUOO0 3JeKTPUYECKHH TOK, a MOIIHOCTb
ocTaércsl MocTosiHHOM (TouHee ymeHbinaercs, T.K. KIII moboro ycTpoii-
CTBa MeHbllle eIUHMLbI). [IpuMepoM Takoro ycTpoHCTBa MOMKET CJYXKHTh
MOBBILIAIOUIME TpaHChopMaTOp, MpeoOpPa3yoIIUi BXOAHOE HaNpsiKeHHe B
OoJsiee BBICOKOE BBIXOAHOE, TMPH 3TOM MOLIHOCTb BBIXOAHOIO CHUTHaJa, 3a
CUéT rnoTepb, OyAET HUXKE, YeM MOLIHOCTb BXOIHOTO.

~ UBX KBX Knm Knyn KBBIX ~U BBIX

Puc. 1.11. O6061éHHas CTPYKTypHasl cCXxeMa MHOIOKACKaJAHOIO yCHJIUTeJs

[IprMeHsieMble Ha MPAKTHKE YCUJUTENH SBJSIOTCS A0CTAaTOYHO CJIOXK-
HBIMH YCTPOHUCTBAMH, KOTOPBIE COAEPXKAT B ce6e HECKONBKO YCUIUTENbHBIX
KaCKaloB, 00eCNeynBaOIMX He TOJbKO YCUJEHHe BXOJHOrO CHUrHaJsa, HO
M COIJIaCOBaHHE C MUCTOYHUKOM M Harpy3Kow.

Ycunumenonotil kackad 310 MAUHUMAJBHBIA (DYHKIIMOHAIBHBIH OJIOK,
obecreunBawlUil ycunenue cursana. OObIYHO B €r0 COCTaB BXOAST OAMH
UJIH HECKOJIbKO YCUNUMenbHoLx 31emeHmosd (31eKTpoHHBIH npubop, obec-
MeYUBAIOLIME yCUIeHHe CHI'Hajla — TPAH3UCTOP MJIM 3JIeKTPOHHAs JiaMIia),
nenu oOpaTHOH CBSI3U, 3Je€MEHTBl 00eCleuHBaloOLIHe PeXHUM 10 TOCTOSH-
HOMY TOKY, U T. 1.
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Ha puc. 1.11 npuBeneHa o00600w€HHAsA CTPYKTypHas CXeMa MHOTO-
KaCKaJqHOro ycuautessl. B obuiem cayyae yCHIUTENb COCTOMT U3 BXOLHO-
ro Kackana (¢ koagpduureHToM ycuseHuss Kgx), OIHOTO HJIM HECKOJBKHX
KackaznoB npexaBaputesbHoro yeunenus (Kny; ... Kny,), v BeixogHoro kac-
kana (Kppix).

OcHOBHOH 3ajayell BXOAHOIO M BBIXONHOI'O KacKaJoB SIBJSIETCS CO-
rJacoOBaHHE YCUJIUTEJsl C UCTOYHUKOM CHIHaJja U Harpy3koH, 0ObIUHO 3TO
Jles1aeTcsA ¢ LeJblo TIoNyYeHHsl CO2/lACO8AHHO020 pexcuma pabomol yenu?.
Kackanpl npenBaprTesbHOTO yCHJIeHHsI 00ecneunBaT HeOOXOAUMBIH Ypo-
BeHb yCHUJIeHHUs cUrHaja. Eciu Heo6XoauMBIH ypOoBeHb BBIXOLHOTO CUTHAJA
HeJ1b3$1 NOJYYUTh C OMOLLbIO OMHOT0 KACKaa, TO CTABAT NOMOJHUTEJbHBIE,
B KOJIMUeCcTBe, oOecrneyrBamlleM TpeOyeMbld KO3(P(PULHUEHT yCUIEHHUS.

BaxkHeleld BeJMYWHOM, XapaKTepU3YIOUIEH YCHAUTENbHBIH KacKap,
sIBJISIleTCsl KO3hpuyuenm ycunenus, paBHbIH OTHOLLEHUIO YPOBHS BBIXOM-
HOTO CUTHaJ/ja K YPOBHIO BXOAHOro. PazjiuuaroT Tpu KoapuLHeHTa yCH-
JIeHUS — KO9(PPUIUEHT YCUJEHHS 110 HANpPSI?KEHHIO, TOKY U MOLIHOCTH:

K, — UBbIX, K, — ]BbIX’ Kp — Pepix _ IepixUsbix _ KK,

Usx Ipx Prx IgxUsx

Hcxonst us onpenesnenus ycunureds (ctp. 13) 6ol yCHIUTE b yBe-
JIMYMBaeT MOILHOCTb BXOJHOIO CUTHaJa, U 3HAYUT OCHOBHBIM KO3(hPULH-
€HTOM YyCHWJIEHUS] NOJKeH OblTb KO3(D(PHUIIMEHT YCHUJEHUS MO MOILLHOCTH,
O[IHaKO MpPU MPOEKTUPOBAHUU YCHUJIMTeNEH aKIeHT CTaBUTCS Ha yCHUJeHHe
OfHOH K3 TPEX BEJUUMUH, MOITOMY paA3JHUYAIOT YCUJIUTEJNU HAMPSKEHHSs,
ToKa W MouHOCTH. OObUHO HH(pOpPMALHKA B 3JEKTPOHHBIX YCTPOHUCTBAX
nepenaércss MyTEM HW3MEHEHUS YPOBHSI HAMpsiKeHHs, MO3TOMYy B JUTepa-
Type HaunboJsee pacnoctpanéH Ky, u, B psijie ciaydaeB, OH NIPUHHUMAaETCs 32
onpeneseHue Ko3(p(dUIMEHTa yCUJIEeHHS BOOOLIe.

[Tpy pacuére Koa(ppuuMeHTa yCUIEHUS] MHOTOKACKAIHOTO YCHUJIUTEJS
COOTBETCTBYIOLIME KOI(PPUUHUEHTHl YCUIEHUS] KACKA0B MePEMHOXKAITCH:

KU:KUI*KUQ*---*KUn

[Tomumo Ko3a(rLIMeHTa YCHUJIEHHS], B ITUPOKO HUCIOJb3YIOTCS aMIJIH-
tTynHo—udacToTHas (AUX) u aMniuTynHas XapaKTePUCTHKH YCHJIUTES.

3B cormacoBaHHOM pexKMM paGOThl BLIXOLHOE CONPOTHBJEHHE HCTOYHHKA CHUIHA/IA PABHO BXOJ-
HOMY COINPOTHBJIEHHIO HAarpy3kd (HampuMep BBIXOIHOE COTPOTHBJEHHUS HCTOUHHKA CHUTHA/MAa U
BXOJIHOE COTPOTHBJIEHHE BXOIHOrO Kackana). B 3ToMm ciydae obecreunBaeTcsi MaKCHMaJjbHas
motiHocTb, HO KIT/I 6yner paBeH 50 %, M03TOMY COrJIaCOBAHHBIH PeXKHUM, B OCHOBHOM, HCIOJb3Y-
€TCsl B MaJIOMOILHBIX PagHO3JEKTPOHHBIX LEMNsAX, paboTaolKX CO cAabbIMU CHIHATaMHU.
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Amnaumyono—uacmomnasa xapaxmepucmuka (A9X) (puc. 1.12)
MOKa3blBAaeT 3aBUCUMOCTb KO (PHULHEHTA YCUJIEHHUS OT 4aCTOThI.

Ky
KUCP
KUCP
V2
KUH KUB
fCP f
fu fe

Puc. 1.12. AMOIMTYyIHO-4aCcTOTHAsE XapaKTEPUCTHKA YCHIUTEs

s anamusza AUX ycunutessi HauboJMbIINKA HHTEPEC TMPEACTaBJSET
y4acToK, Ha KOTOPOM KO3((HLHEHT YCHUJEHUS MPAKTHUeCKH He 3aBUCUT
OT 4acToThl U ob6o3Hayaercssi Kcp. ITOT yyacTok orpaHhyeH B 06/acTH
HU3KUX UYaCTOT HUNCHeU 2PAHu4HOl wacmomou [y, a B 00/acTH BHICO-
KX — 8epxHell epaHuynold wacmomoil fg (puc. 1.12). 3HaueHus fy #
[B ompenensiloTcs BeJUUUHON KO3ghuyuenma wacmomuolx uckaxceHull,
PaBHOTO OTHOIIEHHIO KO3 hHUIIMeHTa YCUJIeHUs Ha cpenHed yactote (fcp),
K KO3(DPHUIHEeHTY yCUJIeHUs] Ha HYKHeH (fy) nau BepxHel (fg) yactore:

M= Kycp M= Kycp

Hiau M = .
Kyn Kug

OO6bIUHO [MOMyCTUMble 3HAUEHHUS KO3((ULHUEHTOB YAaCTOTHBIX MCKaXKeHUMH
He MPEeBBIIAIOT BEJUYHHY V/2.

YacToTel MeHbllIe fy U BbIlIe fg 00pa3yloT 06JacTH YaCTOTHBIX HCKa-
KEHUH M He UCIOJIb3YIOTCS B paboTe YCHUJIUTEJS.

ITonoca nponyckanusa ycunumens Af, xapaktepusyeT AMana3oH ya-
CTOT, HAa KOTOPOM KO3((PUIHUEHT HCKaxeHUH M He mpeBbILIAET AOMYCTH-
Mble 3HAaUeHUs U paBeH PAa3HOCTU MexX1y BepXHel U HHUXKHeHU 4acToTaMH
YCUJIUTEJIS:

Af =[g —[H

B 3aBHCHMOCTH OT BEeJIMUHH [y U [g YCHJHTENH HeJsITCS Ha:
1. Yeunumenu mednenno udmenarowuxca cuenanos (uiv ycuaume-
AU nocmosanHozo moka, YIIT) — y uux HuxKHsag yactota AUX masna

u npubamxkaercs K 0 (fu — 0) a BepxHsis yacToTa MOXKET NOCTHTATh
103...10% .
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2. Ycunumenu nuskoi wacmometr (YHY) — HukHsA yacToTa paBHa
JIeCSITKaM Tepl, BepXHsisi JOCTHraeT COTeH KuJjorepl (s ycuau-
meanetl 38ykosol wacmomot (Y34) — fg = 15...20000Tw).

3. Ycunumenu svicoxoil wacmomost (YBY) — nuanasoH yacToT Hauu-
HaeTcs OT COTEH KHJIorepll M MPOCTHUPAETCS N0 NECATKOB M COTEH
Merarepii.

4. IMupoxononocusie ycunumenu (ILUITY) — ycunuBaroT yacToThl OT
JIECATKOB Tepl 10 COTeH Merarepl, (B OCHOBHOM MPUMEHSIIOTCS B
MUMITYyJIbCHOU TEeXHHUKE).

5. Y3kononocHnole unu u3bupamenvHole ycuaumenu — TPUMEHSIOTCS
IJIs1 YCUJIEeHWs] CUTHAJIOB B y3KOM JMana3oHe 4acToT (B Huease ycu-
JINBAeTCsl OflHA YacToTa).

Amnaumyonas xapaxkmepucmu-

Ugex, B Ka ycunumensa (puc. 1.13) xapaxrepu-

¢ 3yeT 3aBUCUMOCTb BBIXOJHOTO HaIpsixKe-

/’ HUSI OT BXOJHOTO Ha CPEJIHUX UacTOTax.

[Ipyu oTCyTCTBHHM BXONHOTO CHTHa-
ga (Ugx = 0) Ha BBIXOJAE HMeeTCs
HanpsixkeHrne Uy, o6yc/ioBlieHHOE BHY-

A TPEHHUMH LIyMaM# ycuautesasi. Munu-

Un MaJibHOe BXOIHOE HampsiXKeHHWe I0JIXK-

Ugx, MB

. HO ObITb He MeHee 4eM B 2...3 pa-

Ubstmin - Uxmas 3a 6oJibllle YPOBHSI BHYTPEHHUX LIYMOB

(Ubix (Uxmin) > (2...3)Unm). Ilpsamo-

JUHEeUHbIH ydacTok AB siBisieTcs: pabo-

yuM. Yyactok BC o6yc/oBJeH HeJTUHEH-

HOCTBIO YCHJMTEJIbHBIX 2JIEMEHTOB MPH BBICOKOM YPOBHE CHTHaJa.

Takum o6pa3om, pu ypoBHE BXOIHOTO CUTHAJ A MeHblile Upxpin Mbl He

CMOXKeM OTJIMYMUTh T0JEe3HBIH CUTHAM OT moMmex, a B ciaydae Usx > Upxmax

BBIXOJIHOW CHTHaJ OyleT UMeTh HeJMHEHHBble HCKaXKeHHS.

Puc. 1.13. Amnaurynsas
XapaKTepUCTHKA YCUJIUTEJIS

1.2.2. YcuaureanHbil Kackag ¢ 09

YcunurenpHbBI Kackan ¢ obuwuM smutrTepoMm (puc. 1.14) siBnsercs
OfIHAM M3 CaMbIX paclOCTpPaHEHHBIX M NPUMeHseTCs B KackKanax INpeaBa-
pUTEJIbHOTO YCHUJIEHHUS] MHOTOKACKaAHBIX YCHUJUTENSX.

HasBanue cxeMbl «C 0OIIMM 3MMHUTEPOM» O3HAUAET, UTO BBIBOJL SMUT-
Tepa siBJseTcs OOLIMM [JiS1 BXOAHOH M BBIXOAHOH Lenu. B stoMm cayuae
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BBIBOJl SMUTTepa HasbiBaeTcs oO0mUM (0603HauaeTcss 3HAKOM «_L», Takxke
HCII0JIb3yeTCsl TEPMUH «3eMJisi»), a BCe MOTEeHIHAJbl U3MEPSIIOTCS OTHOCH-

TEJIbHO HEro.

YcuautebHbBIH Kackai ¢ OOLIMM 3MHUTTEpPOM paboTaeT CJelyHoLUM

obpasom:

1. Ilpu yBenuueHnuu BxomHoro HamnpsikeHusi (Ugx 1) mupuHa p — n me-

pexofa MexXIy KOJIJIEKTOPOM K 0a30d yMeHbIIAeTcsl, B pe3yJbTaTe
BO3pacTaeT TOK B Lenu amuttepa (/5 T, cMm. puc. 1.3), a BeIXOmHOE
COMPOTHBJIEHUE TpaH3HUCTOpa (MeXAYy KOJJIEKTOPOM U SMHTTEPOM)
yMeHblIaeTcs (RpuxTp 1), @ C/e0BaTeNbHO yMeHbIIaeTcs W NajeHHe
Hanpsi>KeHUs Ha BbiXofe TpaH3ucTopa (/3Rpuxtp = Upux ).

[Ipu ymenbinennu BxonHoro Hanpsikenus (Upx |) mupuna p — n me-
pexoma MexIy KOJJEKTOPOM W 0a30H yBeJUUMBAEeTCs, B pe3yJibTaTe
Yero TOK B LIeMH 3MHUTTepa yMeHbuaercs (/3 |, cMm. puc. 1.3), a BbI-
XOJIHOe COTIPOTHUBJIEHHE TpaH3UCcTOpa (MeXIy KOJJIEKTOPOM M SMHT-
TepoM) yBesauyHBaercsi (Rpuxtp 1), CleN0BaTebHO YBeJIHUMBACTCS U
najieH1e HanpsKeHUs Ha BbiXofe TpaHsucTopa (/3Rpuxtp = Upux 1).

Takum o00pa3om, yCHJHTEJbHBIA Kackan C
OOLIMM 3MHUTTEPOM CIBHUraeT (asy BBIXOLHOIO
CUrHAaJa, OTHOCUTEJIbHO BXomHoro, Ha 180°.

XapakTep M3MeHEHUS BBIXOJHOTO Hampsixke-
HUS, NPU U3MEHEHHUH BXOAHOTO OT MHUHUMAJbHO-
ro 10 MakCHMaJbHOIO, ONpelessieTcs cmamu4e-
CKOU HA2PY304HOU XapaKmepucmukou:

WJIH
Uks = Ex — Rxlx

ITO BblpaxKeHUe MoJsydyeHo Ha ocHoBe II 3a-
koHa Kupxroda (puc. 1.14) u U3 Hero Xopoio

Puc. 1.14. YcuaurteabHOH
Kackazm ¢ OOIIUM
SMUTTEPOM

BUJIHA POJIb PE3UCTOpPA

Rx — (hakTuuecKu OH ompefesisieT XapakTep U3MeHeHUs! BBIXOLHOr0 CHUTHa-
Ja, a npu ero otrcytctBre (Rx = 0), HampsixkeHWe Ha BBIXOME YCUJUTEJS
OyneT OnpenessiTCs UCKJAUUTENbHO HCTOUHUKOM MUTAHUSA:

Ex = Uks.

[Ipu (Rx # 0), manenuwe HampsikeHus1 Ha Ry OyneT 3aBHUCETb OT Be-
JIMYMHBI TOKa KOJJeKTopa [k, CBI3aHHOTO C BEJUUMHOW TOKa 6a3bl KO3(-
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¢unuentom 3: Ix = (lg. OTciona cjenyet, UTo HarpsixkeHUe Ha BbIXOJE
Kackazaa oynet no opme MOBTOPATH HANpsiKeHUE Ha BXOJE.

Cratryeckasi Harpy3odyHasi XapaKTepUCTHKa OMpenessieT 3aKOH H3-
MeHeHHsI BbIXOJHOTO CHI'HaJa M CTPOUTCS Ha BBIXOMHOH XapaKTePUCTHKE
TPaH3UCTOpPa. DTa XapaKTepPUCTHKA SIBJASETCS NpsIMOH JUHUEH, NJs To-
CTPOEHHUS1 KOTOPOH MOCTAaTOYHO MABYX TOUEK, HANpUMep TOYeK eé mepe-
ceyeHHUs1 ¢ ocsiMH. BbixomHasi XxapakTepUCTHKa TPaH3HUCTOpPa IOKa3bIBaeT
3aBUCUMOCTb [k 0T Ugs, MO3TOMY PAcCMOTPUM 3HAUe€HUs] HAarpy3ouyHoH xa-
pakrepuctrke npu g = 0 (touxa ¢) u Ux = 0 (touka <d») (puc. 1.15):

Uka = Ex |},

Ex

Ixk = —
Rk Uk>=0

Benuunna SJIC ncrouyHuKa nuTaHus Ex BeIOHpaeTCss HECKOJNBKO MeHb-
I11e MaKCUMaJbHO JOMyCTUMOTO HAMpsKeHHUsI Ha KOJIJIEKTOpe, 3aaBaeMOro
B XapaKTepUCTHKax TpaH3ucTopa, B npenenax Ex = (0,7...0,9)Ukamax

Bennunna Ry BeIOMpaeTcsi U3 yCJIOBHS Tepefadyd MaKCHMaJbHOU MOIIL-
HOCTH (COIVIaCOBAHHOIO pexkuMa): Rk ~ Rpuxtp = 1/hg2, uTO Has1 Guro-
Jasiproro tpanaucropa coctaBuT 0,5...10kOm.

XapakTep Harpy30uHOH XapaKTePHUCTHKU U KOI(D(PHUIMEHT YCHJEeHUS,
npu 3aganHod DJC ucrouHuka nuTaHus Eg, ONpenessieTcss BeJUYUMHOH
Harpy304HoOro pesuctopa Rk, oOecrneydBaiollero HeoOXOIUMBIH YPOBEHb
MaJleHus] HaTpsiKeHUsl Ha BBIXOJle KacKala v OrPaHUYHBaeT TOK KOJJIEKTOPA.

I}c, IK’
MA Iy MA .
. Iy,
2 Linif Y
N N
d\ I, d\
PKrnax
IEI IEI
I I
c_ 180 Uys, B BO/ Uks, B
EKB ¢ UKBmax
Puc. 1.15. Harpysounas Puc. 1.16. HarpysouHas xapakTepuCTHKA C
XapaKTepUCTHKA OrpaHUYeHUsIMU (IITPUXOBKOH BBIIEJNEHA

00/1aCTh C HENOMYCTUMBIMH 3HAUEHHUSIMH
BBIXOJHOI'O CHMTHaJa)
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[Tonoxxenne Touek ¢ U d OrpaHHYeHO MaKCHUMaJbHO AOMYCTHUMBIMH
3HaueHUsAMU TOKa ([kmay), HanpsikeHUs (Ugoamae) U MOMHOCTH (Pgmax),
KOTOpBIe MPUBENEeHbl B CIIPABOUHBIX JAaHHBIX TpaHaucropa (puc. 1.16).

HarpysouHass xapakTepucTHKa $IBSIeTCS OCHOBOH TrpacdoaHauTHye-
CKOTO MeToJa pacuéra yCHUJIUTEJbHOro Kackaja.

1.2.3. Pexum paGoTbl 10 NOCTOSTHHOMY TOKY

PexxrM paboThl 10 MOCTOSIHHOMY TOKY SIBJISIETCSl BaXKHeHlIlleld xapak-
TEPUCTUKON YCHJIMTEJbHOTO KacKala W XapakTepudyeT ero padboTy Mpu
OTCYTCTBUM B HalpsizKeHHe Ha BXOJe YCHUJMTENbHOTO KacKaaa nepeMeHHOM
COCTaBJISIIOILEH, KOTOPasl U SBJASIETCS YCUJIUBAeMOM BeJUUUHOM.

PexxrM paboThl 0 MOCTOSTHHOMY TOKY XapaKTepU3yeTcs MOJIOKeHUeM
pabouell mouKku — TOUKH Ha HATPY30YHOH XapaKTePUCTHKE, COOTBETCTBYIO-
111ed HyJIEBOMY YPOBHIO [TlepeMEHHOH COCTaBJSIOILEH BXOAHOT0O HANIPSI2KEHUS.

Ha pucynke 1.15 Mbl BUIUM, UTO Harpy3odHasi JUHHS, KaK U BBIXO[-
Hble XapaKTEPUCTUKU TPAH3UCTOPA, HAXOASITCS C ONHOH CTOPOHBI OT OCH
Uk», CJIeloBaTe/IbHO HA BBIXO/le YCUJUTEJNBHOrO Kackaaa OyneT CUrHaJ Ofi-
HOH MOJISPHOCTH, @ COCTABJSIOLINE MPOTUBONOJOMKHON MOJSIPHOCTH OYAYT
yTEPSIHBI.

[TonoxxeHue paboueidl TOUKHU ompejessieTcsl BeJUUYUHOH U 3HAKOM I10-
CTOSIHHOHM COCTaBJISIIOLLEeH BXONHOTO HampsixkeHUs1 HanpsixkeHUs: Upzg. Ecan
BXOJHO€ HalpsixKeHHe MeHsIeTCsl 10 3aKOHY CHHYCa, TO MOJYYHUM CJenylo-
11ee BbIpaXKeHUe:

u = Upao + Upan, Sin wi

B 3aBHCHUMOCTH OT MOJOXKeHUs paboueldl TOUKHW Ha HArpy304yHOH Xa-
paKTepPUCTHKe pa3/jUualoT TPU KJacca YCHUJIUTeel:

Kaacc «A» (puc. 1.17,6) — pexxum, Ipd KOTOPOM HampsikeHHe B BhI-
XOJHOM 1IeMy M3MeHsiIeTCsl B TeYeHUH BCero rnepuojia BXOMHOTO CUrHasa. B
3TOM cJydae paboyasi TOUKa HaXOAMUTCS TMOCPeNrHe ydyacTKa Harpy3ouHoOH
XapaKTepUCTHUKH, COOTBETCTBYIOLLETO JTUHEHHOMY yUaCcTKy XapaKTepUCTHK
TPAH3UCTOPA & BXOAHOM U BBIXOAHOM CHUTHAJbBI ABJSAKTCH NYAbCUPYrOwWu-
mu*. Orclona ciefyer, uTo NpU HYJEBOM CHMTHaJje Ha BXofe (HAamOMHHM,
YTO BXOOHBIM CHUTHAJIOM [JISi HAC sIBJsSeTCS MepeMeHHasi COCTABJISAOILAs),
HampsixkeHUe Ha Beixofe OymeT paBHO Ugszo. OTcloma cjenyet, 4To NpHU
HYJIeBOM CHUTHaJie Ha BXOJle, HampsikeHUe Ha Bbixone OyneT paBHO Ukao.

*IMynocupyrowgudi curnan MeHsieTcst TONBKO MO BeJMYMHe, 3HAK OCTAa&TCsS MOCTOSIHHBIM, T.e.
3TO CHUTHAJ OJHOH MOJAPHOCTH.
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Cnenyer o6paTUTh BHUMaHHe Ha
TO, UTO B CBSI3H C HEJHUHEHHOCTHIO
!  XapaKTepUCTHUK TpaH3UCTOpa B oOJia-
CTH HU3KHUX 3HAYEHHH TOKa KOJIJIEKTO-
pa, MakCHMMaJibHOe aMIJIUTYIHOe 3Ha-
yeHHe BbIXogHOro curHana (Ugs.,) Oy-
JIeT HecKoJbKo MeHble Ugsg.
JlocTOMHCTBOM KJjacca A sBJd-
! J0TCS MaJible HeJWHeHHble MCKaxKe-
Hus, opHako KIIJ kackaga n =
= P_/Py (P. — BbIX0O#Hasi MOIIHOCTb,
26 " Py— MomHOCTD, norpebssiemas OT UC-
TOYHMKA nuTanus) maa— 0,5.
B ocHoBHOM KJsacc A HCMoJsib3y-
20 1 eTcsl B KacKaJgax TMpelBapUTeJbHOI0
2) YCUJIEHUS.
Kaacc B — pexum, npu KoTopom
Hanpsi)keHWe B BBIXOAHOH IeMH H3-
MEeHsIeTCS] B TeYeHHH MPUOJHU3UTETBHO

<
g

)

(

uBBIX

)

Uxo

.

6)

uBBIX

uBbIX

Puc. 1.17. Pexumbl paboTbl yCHIHTENS
a — BXOIHOM CHTHAaJI;

6 — xnace A- TMOJIOBHHBI TI€PHOJa BXOAHOIO CUrHaJja
6 — kaacc B: (puc. 1.17,8), T.e. BXOOHOU CHUTHAJ
e— knace C; ABJISCTCH NepPeMeHHbIM® U TIPOUCXO-

JUT MOTEPS MOJOBUHBI €ro Mepuoaa.

[Ipu ananuze pexxMMOB pabOTBl yCUJIUTeNeHd YyAOOHO HCIOJb30BATh
yeon omceuku ) — MoJOBUHA YyTJa, COOTBETCTBYIOLLEr0 YYacTKy TepHOAa,
Ha KOTOPOM He MPOUCXOAUT MU3MeHeHHe BBIXONHOTO curHaJga. [[as kacka-
na, paboTawllero B UiealbHOM pexkuMe B, BeJMurHA yrJja OTCEYKH paBHA
/2. B 3TOM ciiydyae BeJIMYMHA MOCTOSIHHOM COCTaBJSIIOLIEH paBHA HYJIIO,
a KIIJ moxer mocturath BeauuuHsl 17 = 0,8. HesnunHelHble HCKaXKeHUSsI
MUMeI0T CPaBHUTEJbHO HeOOJbIIYI0 BEJUYUMHY U B OCHOBHOM CKOHLEHTPHU-
pOBaHbl B 00J1aCTH HYJIEBOrO 3HAUEHUS] BXOAHOTO M BBIXOAHOI'O CHUI'HAJIOB.
ITO CBSI3aHO C HEJIMHEHHOM XapaKTepOM HadaJibHbIX yUaCTKOB BXOAHBIX U
BBIXOAHBIX XapaKTePUCTUK TPaH3UCTOPA.

Knace B monyuusn mupokoe pacnpocTpaHeHUe B IBYXTAaKTHBIX YCH-
JUTeNbHBIX Kackanax®, ofHako uueanbHbH Kjaacc B (0 = 7/2) npume-

5H€p€M8HHbll'i CHUTHaJ MEHAETCA KakK 10 BeJHYHWHE, TaK U 110 3HaAKY.
6B ABYXTAKTHOM YCHUJIUTEJbHOM KaCKalae MMEETCS OBd YCHUJIUTEJbHBIX 3JIEMEHTA, KaXIblk U3
KOTOPbIX YCHUJ/IMBAET HAllpA2KEHUE OJTHOU U3 HO.HﬂpHOCTEIL/'I, OHH T03BOJIAIOT 00eCNeYruTh U3MeHeH e
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HSleTCSl pelKo, HauboJbllee pacnpocTpaHeHHe MOJNYYHJ MPOMEeXKYTOUHbIH
Kaacc AB’, npu KOTOpPOM yroJ 0TCeUKH HeCKOJbKO 60Jblie /2, TO eCThb K
BXOIHOMY HaMpsi>KeHHI0 MpUOaBJ/ISeTCs MOCTOSIHHASL COCTAaBJSAOLIAS, BEJIU-
UMHA KOTOPOH cocTaBJisieT 5...15% OT MakCHMajbHOrO BXOJIHOT'O Hampsi-
KeHusl. Hanuuue MOCTOSSHHOM COCTAaBJSOLIEHA TAKOM BEJUYMHBI MTO3BOJIAT
BBIUTH W3 HEJUHEHHOTO y4yacTKa B HayaJjie BXONHBIX M BBIXONHBIX Xapak-
TEPUCTUK TPAH3UCTOPA.

Kaacc C - pexum, Npu KOTOPOM HamnpsixkeHUe B BBIXOJHOW LIeNH H3-
MeHsIeTCSl B TeUeHUU BPEMEHH 3HAUUTEJbHO MEHbIEero MOJIOBUHBI MEPUOAA
BXonHOro curHasta (puc. 1.17,¢), T.e. 0 < 0 < 7/2. DTOT Kyiacc xapakre-
pusyetcs BbiIcOKUM KIIJl ¥ CU/IbHBIMU HeJIMHEHHBIMH UCcKaxKeHUussMHU. CBoe
NpHUMeHeHUe OH Halllesl B U30HpaTesbHbIX YCUIUTENSAX U aBTOTeHepaTopax,
nJ1s1 paboThl KOTOPbIX NOCTAaTOYHO HAJHWYHUSl HYJ€BOH apMOHHUKH.

[loMrMoO aHaJ/IOroBBIX KJACCOB YCUJUTENEH, WMEEeTCs UMITYJbCHBIH
Kaacc D, xkoTopelli XapakTepu3yeTcsi HaJHW4YUEM TOJBKO NIBYX YpPOBHEH
BBIXOJIHOT'O Hampsi>keHHs1 (MakCUMaJsbHOe W HYJE€BOE), TO €CTb TPAH3UCTOP
paboTaeT B KJIIOUEBOM peXUMe — JIUOO0 MOJHOCTBIO OTKPHIT, JIUOO MOJHO-
CTbIO 3aKpbIT. [lonoOHBIE yCUJIUTENU LIUPOKO MPUMEHSIOTCS B HUMITYJbC-
HOU TexHUKe, oTauuyaioTcs BbICOKMM KIIJl ¥ ManbIMu HeJMHEHHBIMH HC-
KakeHusiM. CUTrHaJ/ibl, KOTOPble YCHAUBAIOTCS UMH, UCIOJb3YIOT LUIHPOTHO-
umnynbcHyto mMonyasuuio (LHMM), npu KoTopoi HHpOpMaHUs KOLUPYETCS
OJUTEJbHOCTbIO UMIYJbCA.

B Hawel pabore Mbl pacCMaTpUBaeM yCUJIUTEJbHBIH Kackaja paboTa-
PolMd B kJacce A. PaGodasi Touka Takoro Kackana BbIOMpaeTcss MexIy
TOYKAMHU C U d Harpy304HOHW XapaKTePUCTUKU TaK, YTOObl BXOAHOW U BbI-
XOIHOM CHUTHAJ BCerga HaxOAWJUCh Ha JIMHEHHBIX ydacTKax XapaKTepu-
CTUK TpaH3ucTtopa. Ha puc. 1.18 nokaszaHo nosoxeHue paboueld TOUYKH Ha
BBIXOJIHOH XapaKTePUCTHKEe TpaH3WcTopa. 31ech ToykKa A COOTBETCTBYET
pabouell TOYKe, TOUKA @ — MUHHMaJbHOMY, a TOUYKa b — MaKCHMaJbHO-
MY YPOBHIO BBIXOAHOTO cHTrHa/sa. TOUKU a U b BbIOMpPAIOTCS HA JUHEHHBIX
y4acTKaX BXOIHBIX M BBIXOIHBIX XapaKTEPUCTHK TPAH3UCTOPA.

Pabouasi Touka BbIOMpaeTCsl Ha cepefiHe OTpe3Ka ab.

[TonoxkeHne paboueld TOUYKM, a CJENOBATENbHO WU KJacC YCHJUTEJNS,

BBIXOJIHOTO HAIpsI?)KEHUs] B TEUEHWH BCEro rnepuona BxomgHoro. HemoctaTkoMm mopoGHBIX KacKaaoB
SIBJISIeTCSI HEBO3MOXKHOCTb HAWTH ABa abCONIOTHO ONMHAKOBBIX TPAH3UCTOPA, YTO MPUBOIOMUT K
MCKaXKeHHUSIM B MeCTax COeIMHEHHsl Pa3HONOJSPHBIX MOJYNEePUOLOB Ha BBIXOJE YCHJIUTEJIS.

"Ha mpakTuke yacTo pexum AB o6o3HauaeTcs Kak pexkHM B, uTo He Bcerma 0co6o oroBapH-
BaeTcsl.
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onpezessieTCsl BEJUYMHOU M 3HAKOM MOCTOSHHOrO HamnpsikeHus: Upag, A5
CO3/1aHHsI KOTOPOTO HUCIOJIb3yeTCsl eJIuTeNb HanpskeHust R Ry (puc. 1.19).
3HaueHHs CONPOTHUBJEHUH PE3UCTOPOB

IHA / R u Ry onpenesitoTcs CJAeNYIOLIUMH BbI-
M.
paXKeHUSIMU:
IKmax
U ) Ex — Upao
aN R, = —K——B30
a 5 / P ]II ~+ Ipo
Kmax
A
I
= f; R Us20
2 =
$ Lso /UKQ,B [ﬂ+[50
C\ UHBmaX

3necb Ugso U [pp COOTBETCTBYIOT MOJIO-
JKeHHI0 paboyel TOYKM Ha BXONHOM Xapak-
TEPUCTUKH U OMNpPeAessiloTCs ¢ IMOMOLIbIO
rpapuuecKux MOCTPOEHHUU HA BXONHBIX Xa-
paKTepUCTHKaX TPaH3UCTOpa, [ — TOK [e-
JIUTEJs], IPOTEKAWKH yepe3 pe3ucTopsl R|Ry. /5 NoBbIlIeHUsI CTaOUJIb-
HOCTH HaIpsi>KeHUsl CMeLleHUs KesaTebHO 4YTOOBl BelW4yMHa [ Oblyia 10-
CTaTOYHO BBICOKOH, OIHAKO BBICOKOe 3HaueHHe [j BedET K pOCTy MoTpe-
OJisieMOH MOILIHOCTU OT UCTOUHUKA MUTAHUS U, KAK CJECTBUE, CHUXKEHUIO
KII[I notomy 3HayeHue [;; BeIOMpaeTcs B Npefesax:

Puc. 1.18. Pa6ouyas Touka Ha
BBIXOIHBIX XapaKTepUCTHKaX
TpaH3UCTOpa

In=(2...5)k.

[Ipu pacuére pesuctopoB R; U Ro Mbl NpefamnoJsaraeM, 4To MOCTOSIH-
Hasi COCTAaBJSAKOLIAs BXOAHOIO CUTHAJa PaBHA HYJIO, OAHAKO, B peaJibHbIX
CXeMax 3TO MPEeAINoJOoXKEeHHe 3a4acTyl0 He BEepHO, U Mg €€ yNaJeHHUs BO
BXOIHOM CHTHaJie Tepell NeJUTesieM CTABUTCS Pa3/iesUTe/bHbIA KOHAeHC Ca-
Top Cpy, a /sl yoaJeHUsi TIOCTOSSHHON COCTaBJSIIONIEH, CO3MaHHON HeuTe-
JeM R|Rs — konaeHcatop Cpy Ha BBIXOJE.

[loMrMo mopaBieHUs MOCTOSHHOM COCTAaBJISIOLLEN, pasaesruTesbHbIe
KOH/IEHCATOpPbl OKAa3blBAIOT BO3[EeUCTBHE W Ha MEPEMEHHYIO: MOAABJSIOT
TepEMEHHYI0 COCTaBJISIIONLYI0 (HECYILYIO TMOJIe3HBIH CHUIHAJ) Ha HHMKHHX
4yacToTax W cMellawT (has3bl BBIXOAHOrO curHaja. [logaB/neHue nepemeH-
HOrO CUTHaJla Ha HUXKHHUX 4YacTOTaxX CBSI3aHO C XapaKTePOM e€MKOCTHOTO
conporuBsenus X¢ = 1/wC, tne w = 27f — Kpyrosas yactota, B pesyJib-
TaTe KOAPPHUIHEHT ycuneHus: Ha yactotax oT O 10 fy oka3biBaeTcs MaJ H
npu [ — 0 Takke CTpeMHUTCSl K HYJ0. DTUM 00bsicHseTcs npoBaa AUX Ha
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HUXKHUX YaCTOTaX y YCUJUTEJEH, B KOTOPbIX HUCMOJb3YITCS KOHIEHCATO-
pbl. B paccmartpuBaemoii cxeMme BO3[elcTBHE KOHAEHCATOPOB HA Pa3HOCThb
(a3 Mexnay HampsikeHHeM W TOKOM, B CBSI3W C MaJIbIMH 3HAUEHUSIMH eM-
KOCTEH KOHJIEHCATOPOB, HE3HAUUTEJIbHO U Mbl UM MOXKeM IpeHeOpeyb.

EMKOCTb KOHJeHcaTopa C,1 pacCUMTHI-
BaeTCsl UCXOMsl M3 TOTO, UTO €r0 eMKOCTHOe
COMPOTHBJIEHNE HA HUXKHEH 4acTOTe JNOJIKHO
ObITb MHOTO MeHble BXOJHOT'O CONpPOTHBJIE-
HUSI KacKaja:

< Rg,
27fuCpy & Bk

B 00BIYHBIX pacyéTax AOCTATOYHO YTO-
o6l Xc,, He mpeBbmano 10% ot BxomHOro

COIIPOTHUBJIEHHUSI: Puc. 1.19. YcunutenbHol
| kackan ¢ O3 u meauresem
< 0,1Rp.x HanpsixkeHusi R Ry
27[1Cp1
Orcrona
10

>_—— &
Cr1 2 2nfuRpxk’

niH, 15 Cpi, BRIPAXKEHHOT0 B MHKpO(apanax:

10

>~ 108 D.
Cor 2 2mHRBxK 0", ux

BxonHoe conpoTuB/ieHUe KacKana Rpxk, PABHO CyMMe CONPOTUBJIEHUH
0a3bl U BXOIHOTO CONPOTHUBJIEHUS TPAH3UCTOPA:

Ry Rpxt

Rpg = — 22T
KT Re + Rexr

a COMpOTHBJEHHe 0a3bl — CyMMe CONPOTUBJEHUH R Ry nenuTesis, TaKxKe

BKJ/IIOUYEHHBIX MapaJjieIbHO:
R\ Ry
B=%H . p-
R+ Ry

BesnnurvHa Rp, BO n30eXaHWU WIYHTUPYIOIIEr0 NEHCTBUS MO OTHOLIEHUIO
K BXOJHOMY CONPOTHUBJIEHUIO TPAH3UCTOPA, NOJXKHA ObITh B Mpelesax
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Rs =R || Ry = (2...5)Rpyt.

AHasoTHYHO pacCcYUTHIBaeTCs EMKOCTb Pa3ldeUTeJbHOTO KOHAEHCa-
TOpa Ha BBIXOJE KaCKala, TOJNbKO PacyéT BeHETCs ¢ YYETOM He BXOMHOIO
COTMPOTHBJIEHUS] KACKaja, a CONPOTUBJEHUS] HArPYy3KHU:

1
Cpy > 0

— 108, Mk ®.
- QWfHRH 0, MK

1.2.4. TepmocTabunmusanus yCUJIUTEJbHOTO Kackajaa

BakHOl 0cO6E€HHOCTBIO MOJYTPOBOAHUKOB SBJSETCS CUJIbHAS 3aBUCH-
MOCTb KO3((HULHEHTa YCUJEHUS OT TeMIepaTyphl, HalpUMep HampsiKeHHe
Us> usmeHsietcs Ha 2...2,5MB nHa | rpanyc, a Ikp ynBauBaeTrcs MpH U3-
MeHeHUM TemmepaTtypel Ha O...7°C masg kpemHueBblx U 8...10°C nns
repMaHueBbIX TpaH3ucTopoB [4]. [logo6HBIE M3MeHeHHST MPUBOASIT K CMe-
LIeHUI0 paboyedl TOUKH U TMOSIBJAEHHUIO HEJHHEeUHBbIX MCKaXKeHUH.

Jlns KoMIeHCal MK BO3IEHCTBHUS TeMIIEPATYPbI B CXEMY YCHJIUTEIbHBIX
KaCcKaJ0B BBOAAT LENU TepMOCTAOUNN3ALNH, IPUHLHUI AeHCTBUS KOTOPBIX
OCHOBaH Ha MexaHHW3Me 00paTHBIX CBs3el.

Obpamnas c6a3v (OC) — Bo3neicTBYE BBHIXOAHOU IeNK HA BXOTHYIO,
KOT/la YacTb BBIXOAHOTO CHUrHaJa MONa&Tcs Ha BXO.

Paznunuaior nososxcumensuyro obpamuyro céase (I10C), xorna BbI-
XOIHOH CHTHAJ CKJaablBaeTCsl C BXONHBIM ((pasbl CUrHAJIOB COBIAJAIOT)
u ompuyamensHyto obpamuyto ceaze (OOC), Korna BbIXOIHOH CHUTHAJ
BBIYMTAETCS M3 BXOAHOTO (CUTHAJIBI HAXOASTCS B MPOTHBO(A3e).

B ycnnurensx mwupoko npumenstoress OOC ¢ uesblo yBesHYeHUs CTa-
OUJIBHOCTH pabOThl YCHUJIUTE/S U YMeHblIeHUS HeJHHEHHBbIX UCKaXKeHUH,
ofiHaKo cJjenyeT yuuTbiBaTh, 4To OOC cHHUKaeT KO3(PHULUEHT YCHUJEHHUS
kackaga. [IOC npumeHsoTCs,, B OCHOBHOM, B T€HEPATOpPax, B YCUAUTENAX
OHH TMPUBOIAT K €AM08030YxHcOeHUI0 — HEKOHTPONHUPYEMOMY POCTY KO-
¢uumenTa ycunenusi. B ycunurenbHbix kackagax [IOC o6blyHO SBASIOT-
Csl napa3umusvimu — CaMOINpPOU3BOJbHO Bo3HUKatMe OC, sBasioLIHeCs
OlIMOKAMU MPOEKTHPOBAHHUS.

B ycuauTesbHBIX Kackaaax ¢ OOLIUM 3MHUTTEPOM, OOBIUHO, TEPMOCTA-
Ounusanus ocylectsiasercs nyteMm cosnanusg OOC Ha 6aze pesuctopa Rs
(puc. 1.20).

PaccMmoTpuM TepmocTabuIM3aLKI0 YCHUIUTENBbHOTO Kackana ¢ O 6o-
Jiee nogpoOHO.
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[Ipy oTCYyTCTBHM BXONHOTO CHT-
Ha/a, HamnpsikeHHe MexXay 0as3od H
sMUTTepoM onpenessercs no Il sakony

Kupxroda: &”7

Usao = Uz — Usp

rae Uso = IRy, Usp = [30R> mane-
HUe HamnpsiKeHWs Ha pe3ucTopax Ro u
R> COOTBETCTBEHHO.

[Ipy noBbllleHWH TeMImepaTyphl,
BO3pacTaeT KOHLIEHTPALUS OCHOBHBIX
HOCHUTeJIed 3apsila W YBeJUUYHUBAIOTCS
TOKHM 6a3bl U KOJIJIEKTOPA, UTO IPHUBO-
IUT K yBeauueHuto Ups U, KakK cref-
CTBUe, CMellleHUI0 22pabodeit Touku. B
pesysbTaTe yBesauuyeHUs1 [5 BO3pacTaet
BeJIMUMHA TajieHus HanpsikeHusi Usg =
= ]30R3, d PAa3HOCTb U530 = Ugo — U30
yMmeHbIuaetcsi (puc. 1.21), B pesyabrare Puc. 1.21. Tpusin
yero paboyasi TOUKa CMelllaeTcs B HC- TepMOCTAGUTH3AIHH
XOJHOE TOJIOKEHHE. yCUJIUTeNbHOro Kackaaa ¢ O3

[Tpy cHMXKeHUU TeMmIiepaTypbl MPo-

HUCXONUT OOpaTHBIM TpollecC — KOHLIEHTpAIUsl HOcHTesed 3apsina (B pe-
3yJbTaTe PEeKOMOMHAIMH), TOKH 0a3bl U KOJJEKTOpPAa YMEHBIIAITCS, YTO
NPUBOAUT K yMeHblleHUIO Upy. B pesysnbraTe ymeHblleHHs [ yMeHblua-
etca U Usg = [39R», a pasnoctb Ugsg = Uy — Usg yBesnuuBaetcsi, B
pesysbTate yero paboudasi Touka CMeLIaeTcsl B UCXOAHOE MOJIOKEHHE.

[Tomumo crabunuzauuu paboued TOUKH, Ry 0OKa3bIBAIOT CepbE3HOE
BO3JeHCTBHE Ha paboOTy YCUJIUTENbHOrO KackKaza.

Bo nepBbixX, pe3ucTop Rs HAXOAUTCS B LENU KOJJEKTOP—3IMMUTED, U
yuacTByeT B ()OpPMHUPOBAHUM HATPY30UHOH XaPAKTEPUCTUKHU:

Ex = Ukao + Iro(Rx + R»).

o

Puc. 1.20. Tepmocrabunuzauus
yCHUJIHUTeNbHOrO Kackaaa ¢ O3

[Tpu BBIGOpE BEJMUMHBI COMPOTUBJAEHUS R5, HEOOXONHWMO YUUTHIBATD
J1Ba B3aHMOHWCKJIIOUALINX (HaKTopa:
1. TepmocTabuauzauusi oCyLIeCTBJASETCS TeM Jydlle, YeM BbIlIEe TJy-
O6uHa 00OpaTHOH CBsA3U (T.e., 4YeM BBbIlIE TOK HeJuTeNs [ U BhIlIe
COnpoTHBJEeHNE R3).
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2. UewMm Bblillle BeJIMYMHA COMPOTHUBJEHUS R3, TeM 6oJiblile HA HEM Mpo-
UCXOOUT MajaeHue HanpsikeHUs U TeM HUxke KIIJ[ kackana.
s ymMeHblIeHHs BO3AEHUCTBUS HA HAarPYy30UHYI0 XapaKTEPUCTUKY Rs
BbIOMpaeTcss paBHBIM 1...2 B, 4To g GUMONSPHBIX TPAH3UCTOPOB COOT-
setctByer 10...30% ot Ex:

Ryl = (0,1...0,3)Ek,
4YTO PaBHOCHUJIBHO BBIOOPY
Ry =(0,05...0,15)Rk

B COIJIACOBAHHOM peXXUMe paboThl TPAH3UCTOPA.

B cBsi3u ¢ Tem, uTo R3 ydacTByeT B (OPMHPOBAHHUH Harpy304HOH Xa-
PaKTepUCTUKH, €€, ocJe onpefeneHns Ry, He0OXOOUMO CKOPPEKTHPOBATD.

Bo BTOpBIX, Ha R3 NPOUCXOOUT MajeHHe NMePEMEHHONW COCTaBJSIOLIEH
BBIXOJHOTO HampsiKeHUsi (KOTopast ¥ SIBJSETCS MOJIE3HBIM BBIXOAHBIM CHT-
HaJI0M) YTO MPHUBOAMT K YMeHbIIEHHIO KOd(P(DHULIMEHTA YCUIEHHUS.

[lns HelTpanu3auuu BO3NEHCTBHUS R3 Ha BBIXOJHOW CHUTHaJ Mapaj-
NeJIbHO eMy CTaBMTCA WIYHTHPYHomui® KonpeHcatop Cp, YTO NPHBOIUT K
TOMY, YTO NepeMeHHasl COCTAaBJSAIIAS CUTHAJ/a NMPAKTUYECKH 0e3 MoTepb
MPOXOIUT uepe3 KOoHIeHcaTop (T.K. COMPOTHBJEHHE KOHAEHCATOpa ¢ po-
CTOM YacTOThbl Pe3KO YMEHbLIAETCS).

st Toro, uTo6bl KOHIeHcaTop Cy OCYILEeCTBJISAN IYHTHPOBAHUE Pe3u-
cTopa Ry, He0OXOAUMO, UTOOBI EMKOCTHOE COMpPOTUBJeHHe Xc3 KOHIEHCa-
TOpa OBblJIO 3HAYMTENBbHO HHUXKe Ry Ha BCEM AUaNa3oHe 4acToT, Ha KOTOPBIX
paboTaeT yCHUJHTeJbHBIH KackKajl. BequunMHa eMKOCTHOTO CONPOTUBJIEHHUS
00paTHO NPOMNOPLHOHAJNBbHA YaCTOTE€ U C POCTOM 4YaCTOThl yMeHbIIAETCS.
C/ienoBaTesibHO, MPU ONpefiesieHUH BeJUUHMHBl EMKOCTH Cs HaM HeoOXonu-
MO OPHUEHTHPOBATHCS HA HAMMEHBIIYI0 padouyyl 4acTOTy Kackaja, KOTo-
poii siBJisieTCS HUKHSAS TpaHnyHas yactorta fy. O6bIYHO AOCTATOYHO, YTOOBI
conpotuBsenue X¢, Ha fy Obl10 B 5... 10 pas meHblie R3:

Ry =(5...10)X¢»
Orcrona Cs, B MUKpo(dapanax, paBHo:

107 o
(1...2)27/uRs’

Cy = D.

Slllyum— 39JIEMEHT, COIPOTHBJIEHHE KOTOPOro, B 3aJaHHOM AHalla3oHe 4YaCTOT, 3HAYUTEJbHO
MEHbIIE€ COMNPOTUBJACHUA WIYHTUPYEMOIrO 9JIEMEHTA, K KOTOPOMY IIYHT BKJ/IIOUAETCA IapaJijeJbHO
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1.2.5. I'padpoaHannTyeCKUl METOH PACUETA YCUIUTEIbHOTO
KackKajaa

[Tpu pacuére rpadoaHaJUTHUECKUM METOAOM UYaCTh XapaKTEPUCTHK
KacKa/la HaXOAUTCSl aHAJUTHUYECKH, MyTEM BbIYMCJIEHUS 110 U3BECTHBIX Bbl-
paXKeHusIM, a Ipyras — Ha OCHOBe rpauuecKUX MOCTPOEHHUH, oOpasel Ko-
TOPBIX MpUBeNEH Ha puc. 1.22.

[ns onpenesieHusi XapaKTepUCTHUK KacKaaa ¢ MOMOLIbIO TpaduuecKux
MOCTPOEHUH HeOOXOAUMO B3SIThb U3 CIPABOYHMKA BXOJHbIE U BbIXOJHbIE Xa-
PaKTEPUCTUKH BBIOPAHHOT'O TPAH3UCTOPA M PACMOJNONKHUTh UX KakK I0Ka3a-
HO Ha puc. 1.22 (o6paTuTe BHUMaHHUe — BXOJHAsI XapaKTepucTuka 6epércs
Tosbko aas Ugs = 5B u noBopauuBaercs Ha 90° mpoTUB 4acoBOU cTpedi-
K1), TI0CJIe Yero CTPOSATCS OCH MJis TepexonHod xapakTepucTuku (Ix(/g)).

Ha BBIXOIHBIX XapakTepUCTHUKAX BbiaesseTcs paboyasi o6aacThb, orpa-
HUUYEHHas MaKCUMaJbHBIMH TOKOM (/K mqy), HanpsizkeHUeM (Ukamay) U MOII-
HOCTBIO (Pkmqay), @ 3aTeM CTPOUTCS HArpy3odHasi JUHHUS cd, Ha KOTOPOH
BbIOMPAIOTCS TOUKU a U b, mocepenrHe MexXIy KOTOPBIMM HaXOOUTCS pa-
6ouast Touka A. YuacToK Harpy3ouHOH JIMHUU cd MeXIy TOUKaMH a U b

IH, IH,
MA MA
IKmax / ;
A (
a / a\ a
II{m‘ ~— £ P Kmax
A { Iy,
f’ —
b b IB—AI %
=]
4 Moy, B
IE, MA t 0 0 UKBO N UHBmax
]Bm "
r ]
L Ugpirx
= — |
- B
Uin=5B U t
a ¢ /EBX BOm

D

UESO

IB’ MA SA[E ZAIE AIE IBZO

Puc. 1.22. Tpadoananutryeckuil MeTon pacuyéra
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He JIOJIKEH TepeceKaTb OrpaHUUHTEJbHblEe JIMHHH MaKCHMAaJbHBIX 3Haye-
HHH, KpOMe TOTO, OTPE30K ab NOJIXKEH HAaXOMWTCS Ha JIMHEHHBIX ydacTKax
BBIXOHBIX XapaKTePUCTHUK.

Ha BxonHOH XapaKTepHCTHKE OTMEYaloTCsl TOYKH, COOTBETCTBYIOIIHE
TOKaM 0asbl, JIJis KOTOPBIX MOCTPOEHBl BBIXOAHbIE XapakTepucthka ([go,
Is1, ..., Ig,). 3aTeM cTpouTCS nepexonHas xapakrtepucTtuka Ik (/g), nJs mo-
CTPOEHHS KOTOPOH 6epyTcsl 3HAaUe€HHsI TOKOB 0asbl, M/ KOTOPBIX UMEITCS
BBIXOJIHbIE XapaKTEPUCTHUKH, a TOKH KOJIJIEKTOpa ONpPeAessioTCs B TOYKax
nepecedyeHrst HaTPy30YHOH XapaKTEPUCTHKHM C BXOIHOH XapaKTePUCTHKOH,
TIOCTPOEHHOH JJ1sT COOTBETCTBYIOLIEr0 TOKa 6ashl.

B psine cayuaeB nuanasoH TOKOB 6asbl, AJst KOTOPbIX HMEIOTCS] BBIXOM -

IE; IB’
MA Uky=5B MA
UK3:5B
IEmax /
IBmax
UB39 B UEB’ B
IB7
MEA Uy=5B
IEmax IErnax
IE7
MEA
U, K5:5B
UES; B UEB; B

Puc. 1.23. Koppekuus BXOQHBIX 3aBUCHMOCTEH.
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Hble XapaKTepPUCTHKH, HEe COOTBETCTBYET AUaNa3oHy TOKOB 0a3bl BXOAHON
XapaKTePUCTUKU — MaKCUMaJIbHbId TOK 0asbl, A/ KOTOPOro MOCTPOeHa
BbIXOAHAsI 3aBUCUMOCTb [k (Uks) MOXKeT HaXOAMUThCS Ha Y3KOM HadaJbHOM
ydacTKe BXOJHOU XapaKTePUCTHUKH, JUOO BBIXOAUTD NaJeKO 3a €€ Mpefieibl.
B nepBoMm ciy4yae Hy>KHBIH y4acTOK BXOAHOH XapaKTePUCTUKH CTPOUTCS B
66sbleM MaciiTabe (0OBIUHO ITOT yUACTOK MMeeT HeJIMHEHHBIH XapakTep,
HO B JIaHHOM cCJlydyae Mbl NpeHeOpe:KEM BO3HUKAIOUIMMU HCKaXKeHHUSIMH),
a BO BTOPOM, BXOJIHAsl XapaKTePUCTHKA KCTPANONHPYETCS MPSIMOH JUHU-
eli 10 HeoOXonUMbIX 3HaueHuH (puc. 1.23). Hannuue momoGHBIX cUTyalUH
LOCTAaTOYHO JIETKO OOHAPYKUTb MyTEM CPaBHEHHsl eJUHUL HU3MepeHUs TO-
KOB 6a3bl Ha BXOIHBIX M BBIXOMHBIX XapaKTEPUCTUKAX (OOBIYHO 3TO MUJIH—
MM MUKpOAMIIephl) — eC/IM MOPSIKH He COBMANaloT (HarmpuMep Ha BXOJ-
HBIX XapaKTePUCTHKAX 3TO MHUKpaAMIIepbl, a Ha BBIXOAHBIX — MUJUAMIIEDHI),
TO OyneT HeoOXONWMO MPOBECTH NMpeoOpa3oBaAHUS.

Ha ocHoBe mpoBef€HHBIX MOCTPOEHHH, Mbl MOXKEM IOJYUUT Mapame-
TPBl YCHJIUTENS KaK 1o moctosHHOMY (/so, Ixo, Uss0, Ukao), Tak U 1o
nepeMeHHOMY (Igm, Ikm» Usam, Ukom) TOKY.

Ocra/nbHble TapaMeTpbl yCHAUTeNbHOrO Kackana ¢ O onpepensorces
B COOTBETCTBUH C MOPSIKOM pacuéra, NpUBeAEHHBIM B C/IeYIOLIEM pa3fiee.



I'nmaBa 2

Ilopsaaok pacuéra

2.1. Pacuér mapameTpoB TPaH3UCTOPaA

1. Jlais mosy4yeHHOTO B 3alaHUK TPAaH3UCTOPA HAUTU BXOJAHbIE U BBIXO[-
Hble XapPaKTEePUCTHUKHU [Ji CXeMbl C 00UIMM 3MUTTepoM. s 3Toro
MOKHO BOCII0JIb30BAThCS NPUJIAraeMbIMH K TAaHHOMY MTOCOOHMIO UX KO-
MUSIMH HJIU CIIe[HaJTU3HPOBAHHBIMU CIIPaBOYHUKAMH, Harnpumep [3].
ITH XapaKTePUCTHKH HeOOXOMHMMO TMePeHeCTH B CBOW paboTy (HJH
Ha OTHeJbHBIH, MpUIaraeMbli K HEH, JIUCT).

[loMMMO BXOOHBIX W BBIXOAHBIX XapPaKTEPUCTHK HEOOXONHMO HUMEThb
3Ha4YeHHs A[Ba UKSmax’ [Kmax, PKmax U CK

2. I'paprueckuM MeTOOOM OINpefeNnuTb A—MapaMeTpbl TPaH3UCTOpA AJS
cxeMbl ¢ o6muM O (cm. pasmen 1.1.4 Ha cTp. 11).

[lo BXOIHBIM XapakTepUCTHUKAM:

n AU53 A AUBE)
11 = y 12 =
A[B Ixs=const AUK9 Ig=const
[Io BBIXOZHBIM XapaKTePHUCTUKAM:
Alx Alx
hoy = NA , hoo = AL
B [ AUxs=const K9 | [5=const

3. HaiiTu BXoHOE M BLIXOJHOE COMPOTHBJIEHHE TPAH3HCTOPA:
Rpxt = Ay

1
RBbIXT = h_22

4. OnpenennTb KO3(p(UILHEHT Mepefaun 1Mo TOKy TpaH3ucropa [:

B = hai
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2.2. Pacuér ycManTeabHOr0 KacKaja mo nmoCTOSHHOMY
TOKY

1. M306pasuth ceMeHCTBO BBIXOAHBIX XapPaKTEPUCTHUK, BXOOHYIO XapaK-
TepucTUKy npu Uks = 5B u ocu /s noctpoenus nepexonHou (Ix =
= f(Ip)) XapakTepUCTHKH 3alaHHOTO TPaH3UCTOpPa KaK MO0Ka3aHO Ha
puc. 2.1.

BxonHas xapakTepucTrHka u3obpazkaercs nopépHyToi Ha 90° npoTuB
YaCOBOU CTPEJIKHU.

OcH p1 MOCTpPOeHUS] MepelaTOuHOH XapaKTePUCTHUKHU CTPOSTCH B
pPasMepHOCTH, COOTBETCTBYIOIIMX OCEH BXONHOM U BBIXOZHOH Xapak-
TEPUCTHUK W Ha ONHOH JIMHUU C OCSIMH 3TUX XapaKTePUCTHK (MTyHK-
THUPHBbIE JIUHUH Ha puc. 2.1).

2. Ha BbIXOOHBIX XapaKTepPUCTUKAX HAHECTH KPUBYIO MaKCHMaJbHOH
MOILIHOCTH, pacCeMBaeMOt Ha KOJIJeKTope Pgpgyy (CTPOUTCS HA OCHO-
Be BbIpaxeHus Pygpqy = Ukalk = const, Hampumep, Mo 3aBUCHUMOCTHU

IK’ IK: _
MA MA 15=5AI5
IB:4AIE
/IBZSAIE
/IE:ZAIE
/ IB:AIB
___________ 3 70 v, B
IB, MA | 0
|
|
|
UBB)
B
UK9:5B
IE, MA 0

Puc. 2.1. Pacno/sioxkeHre BXOIHOM, BBIXOAHBIX U OCEH MepexonHOH
XapaKTePUCTHK TpH rpadoaHaIUTUUECKOM METOJe pacuéra
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2. Ilopsdok pacuéma

Ix = Pxmax/Uxs, B 3TOM cayuae Ha ocu Uks NPOU3BOJIbHBIE 3Haye-
HUS1 HamNpsi>KeHUs U JJIsi HUX PAcCUMUTBIBAIOTCS 3HauyeHUs [gx — moJy-
YeHHble TaKUM 00pa3oM TOYKU 00pasyloT KPUBYIO Pgmay), @ TaKkke
JIMHHUH UKSmax H [Kmax-

ITH JUHUM OTPAHHUYMBAIOT 00J1aCTh JOMYCTHUMBIX 3HaUeHHH (puc. 2.2).
BriOpaTh 3HaueHHe HaNpsiKeHUs UCTOYHUKA NMUTaHUsl Ex B mpepesax
(0,7...0,9)Uksmax (cnenyet yuuTsiBaTh, 4To Ex & 3UpayvBux ¥ Ex ~
Ukso + Ix(Rk + R>). DTy BeJMUHHY, B NaJbHeHIIeM, 1ocJje Bbibopa
Rk, R3, ¥ UpaxBux, CAeNyeT CKOPPEKTHPOBAT.

3 ycnoBus nepefaur MakCUMaJibHOH MOIIIHOCTH OT HCTOYHHKA dHEP-
FHH K TOTPeOUTEI0 (COrIacOBaHHBIN PEXXHUM) BBIOpaTh Ry =~ RBoxTp,
OIHAKO COMPOTHBJIEHWE HArPy3KH 4acTO MeHbllle WJHM PaBHO COMPO-
THBJIEHHIO KoJiekTopa (Ry < Rg), M03TOMY peKOMeHIyeTcsl BhIOH-
patb Rx = (0,3...1)RpuxTp, TaK uTOOBI €ro Be/JHuYMHA Jexkaja B
nuanasone Rx = 0,5...10kOm u obecrneunBaa MaKCHMyM aMILJIH-
TYIbl BBIXOIHOTO CHUT'HaJa.

Ha BBIXOIHBIX XapaKTepPUCTHKAX TPAH3UCTOpa MOCTPOUThb HArpy30u-
Hyto auHuio (pasmen 1.2.3). HarpysouHasi 1MHUS CTPOUTCS TIO ypaB-
HeHUlo Uxs = Ex — [kRk, KOTOpoe HMeeT JIMHEHHbIH XapakTep U
ABJseTCH NpAMOX JUHUeH. [[1s 3TOH JUHUKM MBI HAaUAEM TOYKH Ie-
peceueHHus C OCSMHU, T.e. 3HAUEHUS 3TOro BhipaxkeHus npu Ugs = 0
" Ix =0 (TOYkH d ¥ ¢ COOTBETCTBEHHO):

Uxka = Ex |;.—o

E
k==

Ry Uks=0

[loniyyeHHBbIe TOUKU CTPOSAATCS HA BBIXONHBIX XapaKTePUCTHUKAX TPaAH-
3UCTOPA U COENUHSAIOTCH MPSIMOW JIMHUEH, KOTOpas He NOJKHA Irepe-
cekaTb 06/1aCTh, OTPAHUYEHHYI0 MAKCHMaJbHBIMU 3HAYEHUSIMH TOKA,
Hamnpsi>KeHHsT U MOIIHOCTH KoJijiekTopa (puc. 2.2).

[locTpouTh nepexomHyl0 XapakTepucTHKY. [/ 3TOro HeoOXOAUMO
OTMETHUTb Ha OCH [p BXONHOHU XapaKTEPUCTHUKH TOUYKH, COOTBETCTBY-
IolMe ToKaM 0asbl, O/ KOTOPbIX MPUBENEHbl BbIXOJHblE XapaKTe-
DUCTHKH, TepeceKkaeMble HarpysouHou nauHued. [lo Toukam mnepe-
CeyeHHUsl JIUHUH, MPOBENEHHBIX W3 BbIAEJEHHBIX TOUYEK BXOIHBIX U
BBIXOJHbIX XaPAKTEPUCTHK, MOCTPOUThb MEePEXOAHYI XapaKTePHUCTHU-
Ky (puc. 2.3).
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IK,
MA|

PKmax

?0 UKB, B

UKBmax

Puc. 2.2. IloctpoeHue 06/aacTu HEIONMYCTUMBIX 3HAUEHUH U HArpy304HOH JUHUH
Ha BBIXOIHBIX XapaKTePUCTHKAaX TPaH3UCTOPa

7. Ha mepexonmHo¥ XapaKTepHUCTHKE TPaH3UCTOpa (C y4eTOM BXOIHOH
XapaKTepPUCTHUKH) BBIOPATh JIMHEHHBIH yUacTOK ab, B qUana3oHe KO-
TOPOTO YCHUJIUTEJb yCUANBaeT 6e3 uckaxenusi. Ha cepenuite yuyacTtka
ab HaHecTH pabouyylo TOYKY A, COOTBETCTBYIOUIYIO PEXKUMY pPabOThI
TPaH3UCTOPA 110 TIOCTOSTHHOMY TOKY (puc. 2.4).

8. Tlo koopaunaram pabouedt TOUKH A OnpenesUTbh TOKU U HATPSIKEHUS
Kackaga B peXuMe MOKOs (TOCTOSTHHBIE COCTaBJISIIOIINE BXOAHBIX H
BBIXOIHBIX TOKOB W HamnpsixkeHuH): Igo, Iko, Usao, Ukao (puc. 2.4).

2.3. Pacuér ycnanteabHOro KackKaja mno nepeMeHHOMY
TOKY

1. Tlo mocTpoeHusiM, MpoBeleHHBIM B MpeAbIAYILeM pa3zese (puc. 2.4),
OTNpeNesIUTh MaKCHMaJbHble aMIJIUTYIbl BXOMHOT'O H BBIXOAHBIX TO-
KoB ¥ HanpskeHUH (Igm, Ikm, Usam, Ukom). VI3MeHeHHe nmepeMeHHOH
COCTaBJISIIOIIEH CUTHAJa JOJKHO TPOUCXOANUTb MEXAY TOUYKAMH a U
b COOTBETCTBYIOIIMX XapaKTEPHUCTHK, a HYJEBOH YpPOBeHb NepeMeH-
HOHU cocTaBJsiiolled HaxonuTes B Touke A (pabodei Touke).

2. T'paduuecky MokasaThb U3MeHEHHE TOKOB W HAIpsKEeHWH Ha MOCTpPO-
eHUSIX, CeJAHHBIX B MyHKTe 2.2, CUWTash BXOJHOE HaNpsXKEHHE Upy
CHUHYCOHATbHBIM.
3anucaTth BbIpa)KeHHsI, COOTBETCTBYIOIIHE IOJyUYeHHBIM 3aBUCHMO-
CTSIM TOKAa W Halpsi>KeHHsI OT BPeMEHH B CJIeAYIOLIEM BHJE:

is = Igo + Ipm sin(wt)  ups = Upso + Upan sin(wt)
ix = Ixo + Ixm sin(wt)  uxs = Ukso + Ukam sin(wt)
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IE, MA

UK3:5B

\
~

IE7 MA SAIB 2AI]; AIE IB:()

Puc. 2.3. IlocTtpoeHue nepexoqHo# XapakTepUCTHKH

IK7 IH’
MA MA
IKmax / ;
. b N,
P,
I - ~— HEmax
A [Y t 8 I ;
(7 [
b p I=AL %
T | VA
Y0 v, B
IB, MA I t 0 0 UHBO ¢ UKBmax
Bm
i hne —_—
L Upire
N - Uss, C Usn L
- B
UK3:5B U t
a t"/ﬂﬁx BOm
A m
UE30
IB’ MA BAIE ZAIB AIB IB:0

Puc. 2.4. Onpenenenuie paboyeil TOYKH U MOCTOSTHHBIX COCTABJISIOIINX
BXOJHBIX M BBIXOJHBIX TOKOB W HampsiKeHUH
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2.4. Pacuér mapameTpoB 3JieMeHTOB ycuauress ¢ 0

1. Paccuurarb ajeMeHTHl Llend TepMmocTtabunusauuu Ry u Cs.

e YBenuueHHe R» MOBBILIAET [VyOUHY OTPULLATEJNbHOU 0OpaTHON
CBSI3H BO BXOJHOH LI€NMH YCHUJIUTeNS (yaydliaeT TePMOCTaOUIU-
3all{I0), ¢ APYTrod cTopoHbl, pu 3ToM mnagaet KITJ ycunure-
JISl ©3—3a JOTOJHUTEJIbHBIX TIOTePh MOIIHOCTU Ha 3TOM COIMPO-
TUBJeHUH. OObIUHO BBHIOWPAIOT BEJWMUUHY MafleHUs Hampsike-
Husi Ha Ry mopsinka (0,1...0,3)Eg, 4TO0 paBHOCHUJIBHO BBIGO-
py Ry =~ (0,05...0,15)Rk B corjiacoBaHHOM pexKHUMe pPabOThl
TpaH3uctopa. Mcnosb3ysi mocsenHee COOTHOLLIEHHE BblOHMpaeM
BEJIMUUHY R3.

e Jlsis KONNEKTOPHO—IMUTTEPHOU LENH YCUJUTEJbHOTO Kackana
B COOTBETCTBHM CO BTOPbIM 3akoHOM Kupxroda MoKHO 3amu-
caTb ypaBHEHHE 3JEeKTPUUECKOrO COCTOSIHUS MO MOCTOSSHHOMY
TOKY:

Ex = Ukao + (Rx + Ra)lko

Hcnosib3ysi 3T0 ypaBHEHHe CKOPPEKTHPOBATh BblOpaHHble B § 2.2
3HaueHue Ex W BeqnunHy Rg.
e Omnpenenuth BequunHy Cs u3 ycioBus Ry = (5...10)Xs, rue
X>—€eMKOCTHOe CONpOTHBJeHHe KoHaeHcaTopa Cy.
Inst pacuéra émkocTu KoHaeHcatopa Cy BOCMOJb3yeMCsl Bblpa-
YKEHUEM:
107

Co= T DRy ™

P,

BBIOpAB HUKHIOI IPAaHUYHOIO YacTOTy paBHO# fy = 50 ... 100 'w.
2. Jlns ucKJ/I0UeHHUs WYHTHPYIOLLEro 1eHcTBUA AennuTtenss RRy Ha BXol-
HYIO Llellb TPAH3UCTOpa BbiOepeM CONpOTHBJeHHUe KE:

R =Ri || Ro = (2...5)Rexp

1 ToK gpeautenss Iy = (2...95)[pp, YTO TOBBILIAET TeMIIEPaTypHYIO
crabunbHocTh Upg. Mcxomsi M3 3TOro ompenesuTh CONPOTUBJIEHHS
R, Ry u Rg OynyT paBHBI:

R, = Ex — UBSO;
In —Iso
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2.5.

_ Usso _ Ralko + Usao,
In In ’

_ RIR,

N Ry + RQ.

Ry

b

. OHpeILeJII/ITb €MKOCTb pa3ae/JIMTeJbHOTO KOHAEHCATOpa Cp1 HU3 yCJio-

BUs1 Ry = (5...10)Xp;, rne Xp; — eMKOCTHOE COTPOTHUBJIEHHE pa3s-
NIeJIUTENIbHOTO KOHJIeHcaTopa, Rpx — BXOIHOE COMPOTHUBJIEHHE KacKa-
na. Ilpu stom
107
M
b
(1...2)2nf.Rpx«

Cp; ~ KD,

a Rex = Rp || Rextp

Onpene.neHHe MnmapamMmeTpoB YCUJIUTEJbHOI'O KaCKada

. Kosadpduunent ycunenus kackaga no toky K;:

[BbIX
Ki = ~ 0.
[BX /6

. BxonHoe COMMPOTHUBJEHHE KAaCKaaa RBXZ

Rpx = Rp || Rextp, €cnu Rp >> Rpytp, T0 Rpx =~ RpxTp.

. BeixonHOe compoTuBJ/eHUe KacKana Rpyy:

RBbIX =

. KoapduuneHnt ycunenuss no HanpsikeHuto K,:

K — UnaxBix . Rk
“" Unabx | Rex
maxBx Bx

. Kospduuuent ycunenus no MomHocTd Kp:

K, = KK,

. Tlosesnas BbIXOAHAA MOIIIHOCTb KacCKalda:

UQ
P = 0’5 mabilx.
B RK
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7. HOJIHaH MOILIHOCTBD, pacxoayeMaH HUCTOUYHHUKOM IIMTAHHUA:
Pacr = IxoEx + I5(Ry + Ro) + IER,

8. KIIJ kackana:

= Phux 009,

n

9. BepxHsAst U HUXKHSAS TPAHUUHbIE YACTOTHI ONPENESIOTCS U3 COOTHO-
LIeHUsl A5 KO3(P(dUIHMEeHTa YaCTOTHBIX UCKAXKEHUN:
Ha HUXKXHEW 4acToTe —

Ko 1

My =— —;
"7 Kn (wnmh)?

Ha BEpPXHEHU 4acToTe —
Ko
Mg = — = +/1 + (wpTB)?.
Kg
O6biyHO BeIOUpaeTca My = Mg, Torna

1

o ~ () =1

TH =~ CP(RBX + RBbIX)’
RBXRBbIX
RBX + RBbIX ’

rie Cx — EMKOCTb KOJIJIEKTOPHOTO Tepexofia.

TB%CK



I'nmaBa 3

BapI/IaHTI)I AJAOMAIIHEro 3agaHus

3.1. OnpeneseHne HOMepa BapuaHTa

No Tun No Tun
BapUaHTa | TPAaH3UCTOPA | BapHaHTa | TPAH3UCTOPa
0 MII21T 15 KT201T
1 MII21 /1 16 KT208A
2 MII39 17 KT209b
3 MII40 18 [T310A
4 MIT41A 19 [T310b
5 MIT42A 20 [1416
6 MII42b 21 [1416A
7 [T108b 22 [1416b
8 ['T108T 23 KT3107A
9 MII114 24 KT3107b
10 MII116 25 KT3107K
11 KT104A 26 KT313A
12 KT104b 27 KT313b
13 KT104B 28 KT345A
14 KT201b 29 KT345b

[lns onpenesneHrs HoMepa BapHaHTa HEOOXOAWMO B3ATb [Be MOCJEN-
HUe 1Pl HOMepPa CTYAeHUeCKOro OuJsieTa U ONpefeuTb HOMepP BapyuaHTa

COTJIaCHO cJieyIouled TabJaUIbL:

2 nocjenHue uUdpbl O6unera Crioco6 BbIYMCJEHHUS] BapUaHTa
ot 00 mo 29 JlonoNHUTeIbHBIX OEHUCTBUU He TpedyeTcs
ot 30 mo 59 BeiyecTh U3 mosydeHHoro uncaa 30
ot 60 no 89 Beiyectb U3 moJsydyeHHoro uucnaa 60
oT 90 mo 99 BeiyecTb U3 moJsydeHHoro uncnaa 90
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3.2. XapakTepucTUKHA TPAH3UCTOPOB

3.2.1. MII21T, MII21Q

I M .
70 il I A - .-
. 1 wf /,f///
4 / 0 i ’;;4’;/ P
10 / L~ — “ .
| i P T
0,5 /// ///' 10 e __I—j’ alg V4
o g A
0 01 02 Ug,#B 0 0w 30 40 50 60 UgnB
. A]B UKSmax ]Kmax PKmax CK
MIT21T 40mMkA | 35B | 50mA | 150MmBT | 30nd
. Al b UKSmax / Kmax P Kmax CK
MIT2LIL: 100mxA | 35B | 50mA | 150MBT | 30n1d
3.2.2. MII39, MII140, MII41A
LT | udo jﬁ;ﬁ:w =
: ] :/ - "
8 30 A -
20 T4
I 1/
/ // ] 10 Alg
.._-r’/// -
0 0F 01 Ug8- 0 2 k6 8 10 12 UgB
. A[B UKBmax [Kmax PKmax CK
MII39: 400mgA | 15B | 20mA | 150MmBT | 50nd
. A[]5 UK9max [Kmax PKmax CK
MIT40: 200mxA | 15B | 20mA | 150MmBT | 50n®
. A]B UK9max [Kmax PKmax CK
MIT41A: 100mgA | 15B | 20MmA | 150MBT | 50n1d
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3.2.3. MII42A, MII42b

MIT42A:

MII425b:

3.2.4. I'T108b, I'T108I

['T108b:

['T108b:

IowA [T [ /
20 |- Uka=00 4 IymAl
. Uk3y=0 58/ " /:'4
| wio—
J i 0¥ —
5 / 10 f p4ls —
> |
0 01 02 UpB8 ¢ 4 8 12 UyyB
A]B UK3max ]Kmax PKmax CK
100mgA | 15B | 150mA | 200MmBT | 50n1d
A]B UK3max ]Kmax PKmax CK
150mkA | 15B | 150mA | 200mBT | 50n1d
Ig,MxA U0 || 58
100 i
‘,nA' 1
150 T+
30 : L
160 I —
1) e
50 170 ——j‘“m;—’ u
A ;
0 B0 UpmE ? 4 6 8 Uy,B
Al b UKSmax I Kmax P Kmax CK
100mMx A 6B 50MA | 75MBT | 50nd
A]]5 UKSmax ]Kmax PKmax CK
50MKA 6B 50MA | 75MBT | 50nd
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3.2.5. MII114, MII115, MII116

IB,:’/; v‘! & ;' .Il, / | } IN.HA T | — ;\.
- Uua’”w V’ ![ 3 70 = — Lt
14 | ! \,»”[ / 15 é" ’ } et —'—
10 Ly / . 1 o
1" l'l.?/ g %= —F"” =
o ) ffqtianss ] ]
W), LA ~
Ll T D 5 1@ 18 W 25 30 Ul
0 g% 08 12 UgB - MNG, HANS-D15=0,31A, MN116-A1g=0,1nA
. A[]5 UK9max [Kmax PKmax CK
MP114: 0,3MA | 60B | 10mA | 150MmBT | 50n®
. A[B UK3max [Kmax PKmax CK
MPI15: 0,3MA | 30B | 10mA | 150MmBr | 50nd
) A]B UKSmax ]Kmax PKmax CK
MPI15: 0,IMA | 15B | 10mA | 150MmBT | 50nd
3.2.6. KT104A, KT104b, KT104B
Iy, MA I
1 1,
10 II y 0 &
0g £6 4/ 1 ]
: - >
1 V=0 |38 s P
0 B P
7 40 ;
ol v 0 A
L~ alg
02 / 20 /’___ —t—
s ‘ = 0 il
62 04 0§ 08 U, B 0 0 20 U
. A[B UKSmax [Kmax PKmax CK
KT104A: 1,bmMA | 30B |50mA | 150mMBT | 50nd
. A]B UK3max [Kmax PKmax CK
KT104b: 0,4MA | 15B | 50MmA | 150MmBT | 50nd
) A]B UK3max [Kmax PKmax CK
KT104b: 0,2mA | 15B | 50mA | 150MmBT | 50nd
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3.2.7. KT201b, KT201T

I MA [ T !
UK9=U H 253—*‘
o i ! Igwd | L]
! 7 .
03 j Y S 7 4 "
‘ e
02 2 — T
1 T e
01 _ 10 4l
.0 , a8 A
62 04 08 \0,3: Up ™ 0 48 12 16 Uyy B8
. A]B UK9max [Kmax PKmax CK
KT201b: 0,1MA | 20B |30MA | 150mBT | 200D
. A]B UK3max ]Kmax PKmax CK
KT201T: 0,0bmMA | 10B | 30MA | 150MmBT | 200d
3.2.8. KT208b, KT209b
i ] O e O I S
Bt " 1 LT | -a1,=250mkA K720,
L
a10 ll 10! :,/ D iy
et Pt
006 I T T T
’ 1
(n,uz /l[ ; _———""Wuﬁ
0305 07 Up B N PR Uy, B
. A]B UKBmax [Kmax PKmax CK
KT208A: 150mA | 15B | 300mA | 200mBT | 201D
. A]B UKSmax [Kmax PKmax CK
KT209b: 250mA | 15B | 300mA | 200mBT | 200D
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3.2.9. TT310A, I'T310b

| I"""'KA UK;i{ /3\8 D pmh A -
160 s L
N e
‘ ,‘/."_4_——""'
Y - T=+60°C »+z5°,,cl L ‘ T |
aol—— N P A
Y ‘P -
80 / // -
!/ / \Azm : ¢ A1
/ /// 1 Pl
0 0 02 03 U8 0 ” , 5 U8
A]B UKSmax ]Kmax PKmax CK
['T310A: | 20mMA | npuRg = 10kOm — 10B | 300mA | 200mMBT | 200D
npuRp = 200kOm — 6B
A[B UKSmax [Kmax PKmax CK
['T310b: | 10MA | npuRg = 10kOm — 10B | 300mA | 200MBT | 20nd
npuRp = 200kOm — 6B




44

3. Bapuanumor domawneeo sadanusn

3.2.10. 11416, I1416A, I1416b

200 50
Uk o——-55l
150 / / - //,:// -
100 ' 1 T
/ / 4w Hee — ! //
fuam? ‘/ P
5 / ,/ 1 | 71
/'/ Z T ~
// = [ ~
0 60 320 UpgnB ; . . i 1w Bod
A[B UKSmax [Kmax PKmax CK
[1416: | 0,1mA | npuRp = OkOwm — 15B | 25MA | 100mBt | 200D
npuRp < 1xOm — 12B
Al b UKSmax I Kmax P Kmax CK
[T1416A: | 0,05MA | npuRg = OkOm — 15B | 25mA | 100mMBT | 20ndD
npuRp < 1xOm — 12B
A]B UKSmax ]Kmax PKmax CK
[1416B: | 0,03mA | npuRg = 0kOwm — 15B | 25MA | 100mMBT | 200D

npuRg < 1kOm — 12B
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3.2.11. KT3107A, KT3107b, KT3107K

1 Iy, MA

Gl Uy 0 {98 180 ,/”i/
40 =
I — T 140 — /// :/ -
3a j ////
_ 100 ’//____,__-
T e
[ : / T |
1] ] = 4l
y AR N Zsmnit
0 "9z v 06 08 10 Ug,B 012 3 4 5 6T fnsf:a.ﬂ
. A]B UK3max ]Kmax PKmax CK
KT3107A: 0,2mA | 45B | 100mA | 300mBT | 120D
. A]B UK3max ]Kmax PKmax CK
KT3107b: 0,ImA | 45B | 100MmA | 300MmBT | 12n®P
. A]B UK3max [Kmax PKmax CK
KT3107T: 0,04mA | 25B | 100MmA | 300MmBT | 120D
3.2.12. KT313A, KT313b
h"; [1 tAf
8~ U0 56 80
7
6 g0 fd
) p
\ / g —
3 | /l
f [ ] T 137
0 / i
0F 08 Us,6 0 2 4 5 8§ 10 Ug#
. A]B UK3max ]Kmax PKmax CK
KT3113A: 0,1MA | 50B | 350mA | 300mBT | 120D
. A[15 UK3max ]Kmax PKmax CK
KT3113A: 0,05mMA | 50B | 350MmA | 300MmBT | 120D
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3.2.13. KT345A, KT345b

- Ip A
b}
&
7
)
5
4
J
7
1
0

KT345A:

KT345b:

[T
— 50
oo | | s ] 45
- 1] 40
/ 35 —
( 30 //'4//
] 25_4/// ///,
| / /| 2 /:’ /:———’
- 15 — e il -
/ // 0= —T |
/ 5 &A.IS
// l
A]B UKSmax ]Kmax PKmax CK
0,075mMA | 20B | 200mA | 150MmBT | 50n®d
A[15 UK3max ]Kmax PKmax CK
0,0oMA | 20B | 200mA | 150mBT | 50nd




IlpenmeTHBIN yKa3aTeJb

Kackan ycunutenbubiit, 13 AB, 21
Koagppruuent B, 20
ycusenus, 14 C, 21
YaCTOTHBIX MCKaXKeHHH, 15 D, 21
MeIJeHHO U3MEeHSOIIUXCS CUTHAJOB,
15

MaunocurnaneHelii pexxum, 9 HU3KOH 4acToTbl, 16

MMOCTOSIHHOTO TOKa, 15

O6patHas cBs3b, 24 Y3KOIOJIOCHBIH, 16
oTpulaTe/ibHasi, 24 IMPOKOTIOJNIOCHBIH, 16
napasutHasi, 24 YeunurebHBIN 371eMeHT, 13

)

[oJIoXKuTe bHast, 24

XapakTepucTHKa
aMIIMTyaHas, 16
aMIIMTYIHO-4acTOTHas1, 15
Harpy3ouHas
cTaThdeckasi, 17

[TapameTpbl UyeTHIPEXMOIIOCHHKA, 9
[Tonoca mponyckanus, 15

Pa6ouast Touka, 19
Pekombunanus, 6

Yacrora
rpaHUYHast
CamoBo36yxneHue, 24 BepxHsisi, 15
CurHan HUXHASA, 1D
nepemeHHbIH, 20 UeThIpEXITOMOCHUK, 9

nyJabcupyomui, 19
CoryiacoBaHHBIN pexkUM paboThl Lenu, 14

[[MupoTHO-UMNyAbCHAA Momyasauus, 21
CxeMma saMmelleHusd, 8 P y y ’

My#xT, 26

Tpansuctop
OUIONAPHBIH, 6
XapaKTepPUCTHUKH

BXOIHEbIE, 7
BBIXONHBIE, 7, 8

Yeuauredas, 13
BBICOKOH 4acTOTHI, 16
3BYKOBOH 4acTOThI, 16
usbuparesbHbli, 16
KJacca

A, 19
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