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MPEAUCJ/IOBUE

Teopust 4eTHIPEXNOMIOCHUKA [JAMTEIbHOE BPEMs CUHTA-
Jlach ClelHasNbHOK 00/aCThlO 3HAHUMU, CBSA3aHHOH C HCCJe-
NOBAHMEM U pacyeToOM MNACCUBHBIX 3JEKTpPUYEecKUX Lemnefl.
Hecko/sbKko JieT TOMY Hasaj MOJOMXKeHHe CYHIECTBEHHO H3-
MEHUJIOCh, H 3TOT pPa3Jes 3JeKTPOTEXHHKH NPHUBJEK K cebe
BHHMaHHe MHOTOYHCJEHHONH apMHH HHMKEHEPOB H TEXHHKOB,
3aHUMAIOIHUXCS] Pa3pabOTKOH M KOHCTPYUPOBAHHEM IOJY-
NPOBOJHUKOBOH anmapatyphl IlpnynHa 3ak/aiouaercsi B TOM,
UTO TEOPHS YETHIPEXIONIOCHHKA 0Ka3ajach BeCbMa ynOOHBIM
MaTeMaTHUYeCKMM annaparoM AJs pacyera TPaH3HCTODPHBIX
ycTpoficTB, paboTalIUX B PEXHUMe MaJbiXx CHTHAJOB.

Crporo roBopsi, METOIH 3TOil TEOPHHM B PaBHOH cTeNneHH
NPHMEHHMBl K Dacuery cXeM ¢ JIOOBIMH YCHJIHTETbHBIMH
3JIEeMEHTaMH, B TOM YHCJE U C 3JEKTPOHHBIMH JaMIaMH.
Ho ocHoBHBEle pacyeTHBle GOPMYJIB st  YCHIHTEIbHBIX
KackafoB Ha JiaMIax 3HAUMTeJNbHO ympolialorcs OJaroza-
psi BLICOKOMY BXOJHOMY COMpOTHBJ/eNuio JaMn. Maias Be-
JUYMHA BXORLHOTO CONPOTHBJIEHHSI TPAaH3HCTOPA U HAAHUHE
3HAYUTEJNbHOH BHYTDeHHell 0OpPaTHOH CBSI3H MEXAYy BHIXOH-
HbIMH M BXOJHBIMH 3JEKTPOZAMH YCJIOXHSIET KapTHHY pac-
npeleNeHds] TOKOB B TPAH3UCTOPHOM KacKaje W COOTBETCT-
BylolllYie pacueTHble (HOpPMYJIHL.

[TpexncraBasisi TpaH3UCTOD B BHIAe YETHIPEXIOJIOCHHKA,
yAaeTcs CBeCTH pacuer J00H MHOrOKacKaJgHOH CXEMBI
K NOCJeJOoBaTeJbHOMY U B 3HAUHTEJIbHOH cTeneHu (opMab-
HOMY BBLITOJTHEHHIO psila HECJOXKHbIX ajrefpanuecKux ore-
paunuit. 10O SIBJSIETCS] [VIABHBIM JOCTOHHCTBOM METOJA.

OpHako Oblio Obl OWIMOKOH CYMTATh, UYTO 3HAKOMCTBO
C TeopHel YeThIPeXNOJICCHHKA H30aBJsieT OT HeoOX0JHMOCTH
H3Yy4YeHHs1 NPUHUMUIOB palboThl TPAH3UCTOPHBIX cxem. [las
COCTaBJIEHHs] CXeMbl U ONpenejeHdsi GOJNbLIMHCTBA BeJUYHMH
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ee 3/1eMeHTOB HeoOXOAUMO 3HaThb QH3HUECKHe OCHOBH palbo-
THl TPaH3UCTOPA, OCOOEHHOCTH U CBOMCTBA TPAaH3HCTOPa Kak
YCHJIHTEJNbHOTO 3JIeMEHTa W MHOTHe JApYyrue BONPOCH, CO-
CTaBJdAIOUINEe CONepXKaHHe TPAH3HCTOPHOH 3JIEeKTPOHHKH.
TospKo npH 3TOM YCIOBHH MOXXHO FOBOPHTH O TBOPUECKOM
NOoJX01€e K BHITOJTHEHHIO pacuyera.

Sty 6polWIOPY MOXKHO paccMaTPHUBaTh KaK AOMOJHeHHE
K u3gansoi B 1964 r. maccoBoii pamnoOuOGIHOTEKON KHHre
«Pacyer TpPaH3HCTOPHBIX YCH/IUTENeii 3BYKOBOIl YaCTOThI»
(BBEIMyck 550).



YETBIPEXTNOJIIOCHUK U Ero NMAPAMETPDI

B nacrosiiiee BpeMsi Hauboublliee PACIPOCTPAHEHHe [O-
JIYUHJIH IBA METORA pacyueTa TPAaH3UCTOPHBIX yCHIHTEIbHBIX
KaCKaJOB: pacyer ¢ TNPHMEHEeHHeM 3KBHBAJEHTHBIX CXeM
TPAH3HCTOPOB H pacyeT, OCHOBAH-
HBIl Ha IpeNCcTaBJeHHH TPaH3UCTO-
pa B BHAE UYeThIPEXHOJIOCHHKA.
B nepsoM cayuae, npucrynas
K pacueTy, KaXIbli TpaH3UCTOD
B CXeMe paCCUUTHIBAEMOr0 yCTpPOH-
CTBAa 3aMEHAIOT COOTBETCTBYIOLLEH
SKBHBAJIEHTHOH CXeMOH, BO BTOPOM
cliydae — ueThIpexmomiocHHKoM, PHC. 1. K momarmio o ye-
(3mech u jmajee mON  CXeMo# THIPEXTIOMOCHHKE.
ycTpoiicTBa NOApasyMeBaeTcs rpa-

(udeckoe H300pa)KeHHE 3JIEKTPHUECKOH Iemd ¢ MOMOUIbIO
MPHHSATHX YCJIOBHBIX 0603HaueHUH.)

[Tonsitve O 4eTBIPEXMOJIOCHHKE MOSCHHM Ha CJeLYIOILEM
npumepe. PaccMoTpuM Ha puc. 1 3aKJIOUEHHYIO B LITPHXO-
BO# MPSIMOYTOJNBHUK CXeMy 3jeKTpHueckoi nenu. Ecau npen-
MOJIOKHUTh, YTO K NMPAaBbIM 3a’KHMaM 3TOH Lemd NOAKIIoYe-
HO CONpPOTHBJIEHHE HArPy3KH Zy, TO NPH BHIGPAHHBIX Ha pH-
cyHKe 0003HAUEHHSX H MOJIOXKHUTEJIbHBIX HANpPaBJIEHHsIX Ha-
NpSIXKEeHUHA ¥ TOKOB 1o 3akoHy Kupxroda Gymem HMETh:

U1:[123+U2,
l=1,—Ig=1,—" M)

26

Cunitaem, 4r0 B 3THX (opMyJnax BeJHUYHUHH 23 U 26
ABJASIOTCS 3aJaHHbIMHM, Beawunnnl I; w U, BmiGupalwoTrcs
npousBosbHO. Toraa nmosayyaem u3 cooTHowlenuin (1) srosHe
onpejeseHHble 3HaueHust BeauuuH U, u Io.

I u Uy MOXHO Ha3biBaTh HE3aBHCHMBIMH NeDe-
MEeHHB MH, a Bequyubl U; u [;,—3aBUCHMBMH INe-
pemenubmu. Popmyans (1) noxkasweBalT, Kakde apu-
2—720 5



MeTHUYeCKHe NeficTBUSI He0OXOMMMO NPOU3BECTH Hag BHIOpdIL-
HbIMH 3HAUCHHSIMH HE3aBHCHMBIX NepeMeHHBIX, yToOhl MnO-
JYYUTh COOTBETCTBYIOLIHE HM 3HAueHUs 3aBHCHMBIX mepe-
mennbslx Mrak, BMECTo paccMOTpeHHsi M aHaJH3a caMoH
CXeMBl DaCCYUTHIBAEMOro YCTPOHCTBA MOXKHO ONEPUPOBATH
C CHCTEMOH W3 [BYX ypaBHEHHMH, XapaKTepu3yOllHX CBOH-
cTBa 3TO# cxeMbl. O caMoi Ke cxeme, IOMUMO YIOMSIHYTHIX
JBYX YpaBHEHHH, U3BECTHO TOJNBKO TO, UTO OHAa HMeer JBa
BXOIHBIX W JBa BBIXOJAHBIX 3aXKHMa.

DJIeKTPUYECKYIO IleNb JIOGOH CI0XKHOCTH, HMEIOILYIO JBe
napbl BBHIIEJNEHHBIX 3aXKHMOB (BXOAHYIO M BBIXOJHYIO), Ha-
3BIBAIOT YETH PEXNMOJIOCHHUKOM. [Ipeanonaraercs, yTo
KO BXOJHOHM mape 3a’KHMOB NOAKJIOUAETCS] BHEUIHHH HCTOY-
HUK 3HEpPTHH (reHepaTop), a K BEIXOJHO# nape — Horpebu-
Tenb (Harpyska).

UeThlpexnoJqIOCHHK Ha3blBaeTcssi MNAaCCHBHBIM, €CJIH
B €ro BHYTDEHHEH CXeMe OTCYTCTBYIOT HCTOYHHUKH 3HEPTHUH
(reneparophl, H6atapeu). B mpoTrnBHOM Clyyae ueThIpexIo-
JIIOCHHK Ha3blBaeTCsi a KTHBHBIM. Hanpsikenne Ha BXOZX-
HBIX 3aXKHMaxX UYETBIPEXNMOJIOCHHKA M BXOJZHOH TOK 00O3HA-
yalor cumBosiamu U; u ), BBIXOHHOE HANMpsIXKEHHE H TOK —
cumBosiamMu Uy u I

B Teopuu snekTpuueckdx lemed N0Ka3bIBAaeTCs, 4TO JIIO-
6bie 1Be BEJMUHWHBI M3 YETHIPEX NMEPEUHCTAEHHBIX MOXKHO BHI-
pasuTh yepes JABe APYrHe C HOMOILbIO KO3(h(PHIUEHTOB NpPO-
nopuyvoHaJbHoCTH. Hanpumep, npu H3BeCTHHIX BeJHYHHAX
nanpsikenut Uy, u Uy toxu I; U /o MOXHO HaHTH H3 COOT-

HOLIEHHH
Il:yllUl +y12U2’ } (2)
]2 :y21U1 “I‘ yzzuz’

rae K03(hPUUHeHTH NPONOPUHOHATIBHOCTH Y11, Y12y Yo1r U Yoo
MpPeNoaaraloTCst H3BECTHHIMU (3apaHee 3aJaHHBIMU MJH U3-
MepeHHBIMH Mepej HayaJoM pacyera).

ITockonbKky BHIGpPATh JBe BEJHUMHBI U3 YETBIPEX MOXKHO
HIeCThI0 PAa3HBIMH CHOCOGAaMH, TO COOTBETCTBEHHO MOXKHO
COCTaBHTb WIECTh IT1ap COOTHOLIEHWH, MOAOOHBIX NPHBEAEH-
HOMY Bblie. B yacTHOCTH, mpu M3BECTHBIX ToKax I u [y co-
OTHOLIEHHS] MeXLY TOKaMHU W HaNPsSXKeHHsSIMU MOXKHO 3allH-
caTh B TaKOM BHJIE:

Ul=z1111+212121 } (3)
U,= 2'31[1 + zzzlm



a npu u3BeCcTHHIX U, u /, COOTHOIIEHH NPUOGPETAIOT BHA:

Ul:h1111+h12U2’ } (4)
[2 - hzlll + hzzUz-

Yacraeim cayuaem dopMya (4) sIBASIOTCS NOJTydYeHHBie Ha-
Mu paHee ¢opmyan (1), B KOTOpPHIX ciaenyer HpHHATD
2a=hy1, hiz=1, hay=1, hoy=—1/zs.

Kos¢dunyuenTs nponopuHuoHaNbHOCTH BO BCeEX 3THX pa-
BEHCTBAX SIBJASAIOTCS, B OOLIEM cCJayuae, KOMIIEKCHBIMH Be-
auyuHaMd. OHHM XapaKTepU3YIT 3JeKTPHUECKHe CBOMHCTBA
YeTBIPEXNOJMIOCHHKA M I03TOMY HOCAT Ha3BaHHe Nap a-
METDOB YETH PEXNMOJIOCHHK A,

B nepBoéi mape paBeHCTB HapaMerpbl HMEIOT pa3Mep-
HOCTb NPOBOJAHMMOCTH M COOTBETCTBEHHO Ha3HIBAIOTCS y-la-
paMeTpaMu (YMTaeTcss <«UIpek-nmapamerpbi»). Bo Bropoi
nape paBEHCTB MapaMeTPHl UMEIOT pa3MepHOCTb CONpPOTHB-
JIEHUS] W Ha3BIBAIOTCS 2Z-NapaMeTpamu (uMTaercs <«3eT-Na-
paMeTphel»). B rnocienneit mape paBeHCTB napaMeTphl Ha3bl-
BaloTCs h-mapamerpaMu (UHTAETCs «all-MapaMeTphl»).

Kaknas napa paBeHCTB Ha3biBaeTcsy CHCTeMOf yp aB-
HeHHU# uernipexnoJaiocHuka. IlepBas napa sBJasieT-
CSl CHCTeMOU YpaBHEHHH C y-napaMeTrpaMH, BTopasi— CH-
CTEMOU YypaBHEHWH C Z-NapamMeTPaMH, TPeThbs — CHCTEMOH
¢ h-napamerpamu.

JlioGo#t U3 mapaMeTpoB HMeeT ONpene/NeHHE ¢usuye-
CKHH CMBICJ, KOTOPHIM CTAHOBHUTCSI OYEBUIHBIM, €CIH INIPHU-
PaBHSTH HYJIO BTOPOE CJaraeMoe B NMpaBOU YacTH COOTBET-
cTByIoUiero ypasHeuusi. IHanpumep, »Kesmas BHISICHHTD
cMbIcs apaMeTtpa hyj, cieayer npennoNoXHTh, 4yTO Hanps-
x)enue U B paBoit yacTu nepBoro ypaBHeHust cucreMbl (4)
PaBHO HYJIO. DTO COOTBETCTBYEr PEXKHUMY KOPOTKOTO 3aMbl-
KaHHUs BBIXOJHBIX 3a2KHMOB UeThIDEXIOJIIOCHHKA.

[MpupaBHsB BenuuuHy Us B yIOMSIHYyTOM ypaBHEHHH HY-
JIIO, HAaXOIOHUM:

b'
hu:T:— npu U,=0,

T. €. mapamerp A;; YMCIEHHO paBed BeJHUHHE BXOJAHOrO CO-
IIPOTHBJIEHHUST YETHIPEXIIOJIOCHHKA TPH 3aAMKHYTHIX HAKODOT-
KO €ro BBIXOJHBIX 3aKHMax.

YcaosHoe u300paxKeHUe YETHIPEXIOJMIOCHHKA I10Ka3aHo

2% 7



Ha puc. 2. Ha atoM e pucyHke crpenkaMu 0603HaYeHbl Ha-
OpaBJeHUs] TOKOB M HANpPSIKEHHUIl, KOTOPhle B JajbHeileM
MBl OyJneM npuHMMAaTh 3a moJoxuTenbHble, Cienyer obpa-
TATb BHHMaHHE Ha BHIOOD MOJIOMHTENBHOTO HAINpaBJeHHS
TOKa [y TOK HanpasJjieH BHYTDb yerbipexmoJlocHuka. Eciu
Obl TOK /2 UMeJ TaKoe e HalnpabJeHHe, KaK Ha puc. 1, TO

;, AJI HanpsXKeHHs Ha BBHIXOJHBIX

N <2 3a)uMax OBUIO Obl CIpaBeJIH-
—C BO paBeHCTBO

7 Al Up=1IyZs. (5)

e ® Ilpn Boi6panHOM Ha puc. 2

MNOJIOXKUTEJNbHOM HamnpaBJIEHUH
6pl/lc. 2 51/:1(;71031-706 u30- TOKa HOJ'Iy‘{HM:
paxeHue 4eTbIpEXNnOJIfOCHHKA
Up=—1IsZs. (6)

IleficTBUTEIbHO, 3amHuChIBasi COOTHOLIEHHE (D) JJIsi yuacT-
Ka 1lend, HMEIOLIero CONpoTHBJAeHHe Zy, NOJpPa3yMeBaloT,
4TO TNOJOXKHMTENbHOE HampaBJeHHe TOKA HAa 3TOM YuacTke
COBManaeT C MOJOXKHTEJNbHBIM HalpaBJCHHEM MaJAEeHHs HA-
NpsXKeHHsa Ha 3TOM yuacTke. (3a NONMOXHUTEJAbHOe Ha-
NpaBJeHHe NaJeHHs] HANpSKEHUs NPUHMMAIOT HampaBJieHHe
OT TOYKH C BBICIUMM IIOTEHIIMAJOM K TOYKe ¢ HH3HM.) H3-
MEHEHHEe HanpaBJIeHHsl TOKa Ha NPOTHBOMONOXKHOE (T. e.
3HaKa «IIIOC» HAa «MHHYC») BJeder 3a c00Oii H3MEHEeHHE
3HaKa HanpsikeHusi (MaJAeHHsi HANpPSKEHHSI) Ha COOTBET-
CTBYIOLEM YYaCTKe ILIeIlH.

[TapameTpel HEKOTOPBIX NPOCTEHINHX YETHIPEXIOJIIOCHH-
KOB NMpHUBEAEHH B Tabs. 1. B Kaxnoi xiaeTke TaGJaullLl aHa-
JUTHYECKHE BBIDAXKEHHS ITapaMeTPOB pAacCloOJOXKeHbl B Ta-
KOM 2Ke Nopsiike, B KAKOM DacHOJIOXEeHbl CAMH NapaMeTphl
B COOTBETCTBYIOIIMX cHCTeMax ypaBHeHHH. COBOKYHIHOCTb
yeThlPeX NapaMeTpoB, OTHOCSILIMXCSI K OJHOH cHCTeMe ypaB-
HEeHHl W OmpeleNeHHbIM 06pa30M PaCHOJIOKEHHHX NpPH 3a-
NHCH, Ha3blBaeTCA MATpPHL EH cHCTeMB ypaBHeHuit, Ha-
NPUMEp, MaTpHUA CHCTeMbl yYPABHEHHH c y-MapaMeTpaMH
(y-maTpuua) umeer BUA:

Y11 Y12
Y Y22

OuesunHo, mepsasi uEppa B MHAEKCE KAXKIOro mapamert-
pa o6o3HayaeT CTPOKY MaTpHIBIL, a BTOpas Uudpa — CTOJ-
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6elr MaTpHIBI, B KOTOPOM HAXOAUTCS COOTBETCTBYIOUIMH mna-
pamerp. CsenoBaTesbHO, B KaXI0H KJaeTKe Taba 1 3anu-
caHa COOTBETCTBYIOIIAsl MaTpHLla mapaMeTposB.

[Ipu pacuere 3/eKTPUUECKOH IleNMH yalle BCEro MPHXO-
JMTCSI BBIYHCASATb TaKHe ee mapameTphl, KaK BXOJHOe Zgx H
BBIXOAHOE Zpyx COHPOTHBJEHUS, KOIPOUIHEHT yCHIEHHS
(ko3 dunuent nepenaun) Toka K, a Takke KO>(PODHIHEHT
ycuneHust (Ko3pGUIHEHT MepegauH)
Hanpsikennsi Ky npu 3ajaHHBIX CO-
NPOTHBJEHHUSIX TeHeparopa W Harpys-
K. Ecan npu pacuere 3aMeHHTh Lellb
5KBHBAJEHTHBIM YeThIPeXIOMIOCHHKOM,
TO BCE BeJHMUYMHB MOXKHO BBIPA3UTh
qepe3 mapaMeTphl YeThIPEeXMOMIOCHH-

b—— Ka ¥ BeJHYUHBl €ro Harpy3o4HBIX CO-
Puc 3 K npumepy TpPOTHBJIEHUHA Zp u Zy.
pacuera dopMysipl Al pacuera BeJHYHH

Zgx, Zenx, Kr 1 Ky B UeTHIpeX CHCTe-
Max napaMeTpoB NpuBeAeHBl B Tabs. 2. PopMmyaa 17 onpe-
JgeneHust Kodpouuuenra ycuiaenus (kosbouuuesra nepeaa-
qy) momHocTu Ky B Tabauue He NPHUBOAMTCS, TaK Kak OHA
SIBJSIETCS NPOU3BOTHOH OT HMelOIUXCsl B TabJauile:

KMZ%:KBKT' (7)

Npumep 1. Onpemenuts, npumensis Tabn 1 u 2, ko3dunHeHT
nepeflayd TOKA YETHIPEXNOJMIOCHHKA, MPENCTaBJIEHHOTO Ha puc 3, monaras
21=2y=2Zy=100 om

Pemenue Bocrmonb3oBaBmuch cucTeMoft 2-MapaMerpoB, IO
Ta6n 2 HaxoaUM

— 221 _— 100

Ke=—r 7. "200F100——0:3%

rje B COOTBeTCTBHHU ¢ Taba 1
291=2,=100 om

209=21+29=100+100=200 on

OrpunarenbHasi Belnunsa Kr 03Hayaer, 4TO JeficTBUTENbHOe HANpaBJe-
HHe BBIXOJHOrO TOKa MPOTHBONONOKHO NPUHATOMY 32 TMOJOXKHTEIbHOE
Ha puc 2, ecIu NeHAcTBUTeNbHCe HaMpaBs/eHHe BXORHOTO TOKa COBMA-
faeT ¢ NMPHHATHIM 32 MNMOJIOXKHTEIbHOE HAa 3TOM Ke pHCYHKe
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TPAH3HUCTOP KAK YETBIPEXIMOJIOCHHK

Hanoxennsle B npenwiymem naparpage coobpaKeHHs
OTHOCUJIHCh K TaK Ha3bIBAEMBIM JIMHEHHBIM 3JEKTPHYECKHM
LensiM, T. €. K LensM, COCTaBJeHHBIM H3 JIMHEHHBIX 3JeMeH-
toB (comporuBnenuit). JIuHeAHBIMM Ha3bIBAlOTCA TakuHe CO-
NPOTHBJIEHHS], BEJIUYHHA KOTODPBIX HE 3aBHCHT OT BEJHUHHBI
NPUJIOKEHHOr0 K HHUM HaNpsSKEHUs H/AM [POTEKaIoILIEro
TOKa.

Ipadux 3aBucumocty [=¢(U) pasa JuHeliHOrO CONPO-
THBJIEHHs] HMeeT BHJ NPAMOHA JHHHM (NPH DaBHOMEDHOM
macmrabe no obeum ocaM). Ecau B uenu umeercs 3Jiek-
TPOHHAS JaMIa WM TPAH3HCTOP, TO KAPTHHA pPe3KOo MeHseT-
ca. 3aBUCUMOCTh TOKa B JIBYX JIOOBIX 2J€KTPOJax TPaH3H-
CTOpa OT NPHJIOKEHHOTO HaNpsiKEHUs CYIIECTBEHHO OTJ/IH-
yaercs OT JHMHEHAHOH NPU MOCTATOYHO OONBUIMX Ilpejesnax
H3MEHEHHs HaNpsKeHus.

CJ/leoBaTe/NbHO, TPAH3UCTOP, BOOOILE TOBOpS, ABJAAETCHA
HeJIMHEHHBIM 3JIeMEeHTOM.

OpHako npH MaJblX H3MEHEHHSX HampsKeHUH, MPHIIO-
JKEHHBIX MEXJY 3JeKTPOJaMH, 3Ta HEeJUHEAHOCTh CTAHOBHUT-
cs HecyllecTBeHHOH. IToAKMIOUMM K TPAH3UCTOPY HCTOUHHKH
NUTAaHHS U YCTAHOBUM OlNpejesieHHYI0 pabouylo TOUKY TpaH-
3ucropa (HamnpsxkeHue XoJjsnekrop — dMUTTED Uy, ¥ TOK
KossiekTopa [x). Pasymeercs, 4To6bl co3maTh TOK B Ile-
nd KoJuIeKTopa, mnorpebyercs CO37aTth BIIOJHe Ompe-
neneHHbli TOK lg B uenu Gasel Ilpu 3TOoM MexXAy
BhIBOJAMM 3MuTTEPAa H 6as3pl Takxke Oymer CyILecTBOBAThb
HeKoTopoe noctosinHoe HanpsiKenue Ugp [IpHIoKUM MeX-
Iy 3TUMH XKe JABYMs BBIBOJAMH IleDeMeHHoe HallpsiKeHHe,
aMIUIHTYLY KOTOpOro BhIOepeM B HECKOJIbKO pas MeHblleH,
yem BejauuuHa HanpsakeHus Us, Torga Bo Bcex 3JeKTpoO-
Iax TpPaH3UCTOPa I[OSBATCA epeMeHHble COCTAaBJSIOLIHE
TOKa, aMIVIUTYla KOTOPHIX Gymer MpOmOpLUOHAAbHA aMIJIHU-
TYJe IepEeMEeHHO# COCTaBJSIONIeH HANPSKEHHsI MEXAY BXOA-
HBIMH 3JIEKTPOJaMH.

3To0 06CTOATENbCTBO NO3BOJISET NPU MaJjblX CHIHAJaAX
paccMaTpPHUBaTh TPAH3UCTOP KaK JIHHEHHKIH akTUBHBIA wye-
TBIPEXIIOJMIOCHUK U INIPUMEHHTb K Pacyery TPaH3HUCTOPHOrO
YCUJIUTEJIS METONLbl TEOPHU JHHEHHOro YeTHIPEXMO/IIOCHUKA,
ITono6HO maccuBHBIM YETHIPEXNOMIOCHUKAM TPaH3HCTOp HOJI-
HOCTBIO XapaKTepu3yeTcs 3afaHueM J000# U3 ILeCTH H3-
BECTHBIX cucteM mnapamerpoB. (Crcrema ypasHeHH# ¢ Xa-
12



PAKTEPUCTHUYECKUMH MNapamMeTpaMu 37ech He paccMaTpu-
Baercs).

Takne nmapaMerpsl TpaH3UCTOPA HWHOTAA HAa3bLIBAOT Ma-
JIOCHTHAJNbHBIMH, UTOOBLI OTPA3UTh B Ha3BaHHM 00,1aCTh dX
npuUMeHeHUs1 (Majasi BeJMUYHHA NEepeMeHHOl CcocTaBiasIoniel
TOKa WM HaNpsiKeHHs ).

Tunosble 3HaueHHs] MAJOCUTHAMbHBIX MapaMeTPoB TPaH-
3UCTOPa MOXHO HafTH B Cp aBOYHHKAX.

ITapamerprl kKoHKpeTHOro o6pa3ma TpaH3UCTOpa Bcerja
MOXKHO HU3MEPHUTb, HCXOAS M3 (PH3HUECKOTOo CMBICjHa KaxXKIo-
ro napamerpa.

3aMeTuM, YTO H3MepeHHe MaJIOCHTHAJbHBIX MapaMETPOB
TPAH3UCTOPA MMeeT OJHY OCOOGEHHOCTh N0 CPABHEHHIO C H3-
MepeHHeM [apaMeTpPoB I[AacCHUBHOIO UETHIPEXIOJIOCHHKA.
AHanu3upysi aHaNHTHYECKHe BBIDaXKEHHs MapameTpoB, CO-
OTBETCTBYIOLUUX PAa3JHYHBIM CHCTEMAaM, MOXHO yOenuThbCH,
4YTO H3MEDEHHE NapaMEeTPOB CBOAMUTCS K H3MEDEHHMIO Halps-
JKEeHHH Ha BXOJle U BBHIXOZE UETHIPEXNONIOCHHKA, a TaKkKe
TOKOB BO BXOJHOH M BBIXOAHOW LIENSIX B PEXHUME X0JOCTOro
XOla HJIH KOPOTKOTO 3aMBIKaHMsi OJHON H3 map 3axKHUMOB.
B cayuae maccHBHOro 4eTbIPeXMOJIIOCHHKA DEXHM XOJOCTO-
PO X0Ja 03HayaeT 006pHIB COOTBETCTBYIOLNEH LENH, a PeXHM
KOPOTKOrOo 3aMBbIKaHHUs — 3aMbIKaHHE COOTBETCTBYIOLIEH Ma-
pBl 32KuMOB. B ciyuae uaMepeHus MaJOCHTHANbHHIX napa-
METPOB TPAH3HCTOPA peXHM XOJOCTOrO XOJa MJIH KOPOTKO-
ro 3aMBIKaHUSA HOJIKeH GbIThb ofecneuen TOJMbKO 1o Iep e-
MEHHOf COCTaBASIOUed TOKA MJIH HAaNPSKeHHs. DTO
Hajgo cjenaTtb TakuMm ob6pa3oM, YTOOH H3MEHeHHe DekuMa
paboTHl TpaH3HCTOpa MO HNEPEMEHHOH COCTABJALILIel HUKAK
He OTpa)kaJocb Ha BHIODAHHOM M YCTAaHOBJEHHOM pEXHMeE
TPaH3HCTOPA N0 NOCTOSHHOH cocrasasoueii. IIpakTuyecku
AJsi CO3MaHHUSI pexXHuMa KOPOTKOro 3aMblKaHHUs IO mepeMeH-
HOH coCTaBAsIIOILE!l MeXAY KaKUMHU-TM00 ABYMS 3JeKTpoja-
MH BKJIOUAIOT ME€XJY HUMH KOHJIEHCAaTOp AOCTATOYHO GOJb-
moi emkoctd. PexHmM  xosocToro xoma o6ecneudBaloT,
BKJIIOYasd B llelb H3MepsieMOro 3JiekTpoaa OoJibllioe CONPO-
TUBJIEHHE, APOCCEb, mapaliebHblii KonebaTeJbHEIH KOHTYP
UM aKTHBHBIA ABYXIIOJIOCHHK C TPAH3UCTOPAMH HJIH 3JEK-
TPOHHHIMH J1aMIIaMH.

Cnenyer uMeTh B BHAY, UTO MOYTH BCE apaMeTphl TPaH-
3WCTOpPA CHJIbHO 3aBHCSIT OT BbIOpaHHON pabouefi TOUKH
TPaH3HCTOPA, €[0 TEMIepPaTyphl, a TaKXe OT CXeMBl BKJIO-
YeHHUs] TPAH3UCTOPA MO NepeMeHHOMY TOKY.
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OMPENEJNEHHE NMAPAMETPOB MO 3KBUBAJIEHTHOM
CXEME TPAH3HCTOPA

Manocursanbisle NapaMeTpbl TPAH3HCTOPA MOMKHO BHI-
YHCJIUTh, pacnojaras BeJMYMHAMH 3JE€MeHTOB SKBHBAJeHT-
HOHW CXeMbl TpaH3HCTOpA.

Ha puc. 4,0 usobpaxena T-o6pasHas 3KBHBa/JeHTHAsS
CXeMa C 3aBHCHMBIM TreHepaTopoM TOKa, YIpaBjisieMbIM TO-
KOM 3MHTTepa, a Ha puc. 4,6—
cYemMa C 3aBHCHMBIM TeHepa-
TopoM 3. 1. c. HasBaHus co-
NPOTHBIEHUH, 00pasylolUX
9KBHBAJEHTHYIO CXeMy, COB-
NajnaloT ¢ Ha3BAHUAMHU 3JeK-
TPOLOB TpaH3UCTOpaA:

s — CONPOTHBJIEHHE SMHT-
Tepa  (3MHTTEpPHOro
nepexona);

r's — CONPOTHBJEeHHe Gasbl;

'« — CONPOTHBAGHHE KOJ-
JeKTopa (KOJJeKTop-
HOTO TNepexona).

OGe cxembl cnpaBelUBBH

lp-al,

0) TOJNBKO 1151 NHAalla30Ha HH3-
Puc 4 DkpupaieHtHble cxempr KHX H  CPEAHHX 3BYKOBBIX
TpaH3HCTOpa. JacToT.
a — C 3aBHCHMBIM reﬂepaTopOM TOKa,
6 — C 3aBHCHMBIM T€HEPaTOpPOM PaCCManHBaH Cxemy Ha
5. I c. puc. 4,0, HaxoZuM CJIeAylo-

uire 3aBHCHMOCTH.
1) BeixogHasi nmpoOBOZMMOCTb CXEMbl IPH DPa3OMKHYTHIX
BXONHBIX 3axKuMax (mapamerp hgg) paBHa:

1
hzz == m' (8)

(TIpu o6priBe Ienu SMHUTTEpPA 3aBUCHMBI renepatop B ole-
HX CXeMax BBIKIIOYaeTcs.)

2) OTHolleHHe HAaNPAKEHHUS HA BXOAHLIX 3aXKHMax K Ha-
NPSAXKEHUI0 Ha BBIXOAHBIX 3aXKHMax NPH Pa3OMKHYTOH BXOA-
HOl nenH (mapamerp h;2) paBsHo:

h o )

127 g +"x.

14



(ITpennmosnaraercs, 4To HCTOUYHHK HanpsixeHus Us monkiio-
yeH K BBIXOAHBIM 3aXKHMaM CXEMbI )
ITpumensass x 3Toii »»e cxeMme YypaBuenuss Kupxroda,
MOXKHO TIOJIYUHTD elle J[Be 3aBUCHMOCTH
1) OrHollenne BHIXOAHOTO TOKA KO BXOJHOMY B peXHMeE
KOPOTKOTO 3aMBIKAHHUS BBIXOJHBIX 3a’KUMOB TpPaH3HCTOPA
(mapawmerp hy;) paBHO:
re
4T
hﬁl = '_—Tﬁ" (10)
14—

ITockonbky a=1, a re/rx <€ 1, 1O, npeneGperasg BTOPHLIM
cjlaraeMblM B UHCJHTeJE W 3HAMEHAaTeje NPaBOH uyactu pa-
BeHcTBa (10), momyuum:

hg]z—a. (11)

ITosicaum, uro Beauuuna a B dopmynax (10) u (11) mpen-
craBaser coboit KO3(POHLUHEHT NPONOPUUHOHAIBHOCTH MEXKAY
TOKOM 3MuTTepa [ MU TOKOM 3aBUCHMOro reHeparopa Ir=
=al, B cxeme Ha puc. 4,a. Koabdunuent a e cieayer cme-
muBaTh ¢ Kospduuuentom o («anpdas). [Nocnenuuis onpe-

neaserca opmydof
a= lh21|- (12)

CpaBuuBas (10) u (12), yGexmaemcs, 4TO BEIUYHHB @ H
a, BooOule roBops, oTaAHyaloTes APYr ot Apyra. Ho sta pas-
HMIA HACTOJbKO MaJja, YTO NPAKTHUYECKH €€ MOXKHO He yuH-
THIBATh.

2) BxopHoe conmpoTuBIEHHe CXeMBl Ha puc 4,0 npu
3aMKHYTHIX HAaKOPOTKO ee BBHIXOAHBIX 3axKuMax (mapamerp
hi1) onpexnensiercss popmyJIon

hin=rs+rs(1—a). (13)

ITonyuennsie GopMysBl MO3BOJMSIOT NO H3BECTHHIM BEJH-
YHHaM 3JeMeHToB T-06pasHoil cXeMbl ¢ 3aBUCHMBIM reHepa-
TOpOM TOKa (pHC. 4,a8) omnpenesuTb A-mapaMerpsl UeThIpex-
NOJIIOCHUKA, 5KBUBAJIEHTHOrO 3TOH CxeMme.

Ecin u3BecTHBl BeJMUHHBI 3JEMEHTOB 3KBHBAJEHTHOM
CXeMBl C 3aBHCHMBIM renepaTtopoM 3 n c¢. Er=rul, 10 omnpe-
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NeNeHHe A-napaMeTpPoOB MOXKHO OCYLUECTBHUTb 1o (GopMysam
(8-13), ecam mpeaBapHTeNbHO BBIUMCIAUTL NAPaMeTp a:

=, (14)

Ipumep 2. 3HaueHusi BeJHYHH 37eMeHTOB T-06pa3HOR SKBHBAJEHT-
HOM CXeMBbl c reHepaTOpPoM TOKa sl TpausucTopa Ttuma II13 npu =
=1 ma u Ux6=—b 8 paBHBL. ro=15 om, re=250 om, ry=1 Moum;
a=0925. Omnpenemutb Ah-napaMeTpbl YeTBIPEXNOMIOCHHKA, 3KBUBAJEHT-
HOro TPaH3HCTOpPY, BKJIOYEHHOMY IO 'cxeMe ¢ ofuie#r 6asoit

Pemenue Tlpuvenss dopmynn (13), (9), (11) u (8), cooTser-
CTBEHHO HaXOJHM

hito=ro-+rg (1—a) =15+250(1—0,925) =34 o,
rie a-~a,
re - 250
h126 = 6 - rx - 250+ 1-10° "\\'_2,5'10—4;

hsyo ~—a =—0,925;

1 1
h226=r6 +rk—250+1.100 =~ 1-10-% cum.

O TABJIMYHBIX 3HAYEHHAX NMAPAMETPOB

YnomuHanoch, 4TOo 3HaUYeHHs apamMeTpPoB TPaH3HUCTOPA,
HeoOXoqUMble 1J151 pacuera, MOryT GbITh JHOO HaiAEHBl MY-
TeM H3MepeHus, 160 B3SATH U3 CIIPaBOYHHKA.

B cnpaBouHHKax NPUHSATO YKa3blBaTh IS KaxKAOro H3
MaJIOCHTHaJbHBIX HapaMeTPOB TPHU 3HAYEHUsA: MUHHHMAJBHOE,
TUIMYHOE M MakcHMaJjbHoe. Kasamocp 6B, mpu pacuere
BIIOJIHE JONYCTHMO H JIOTHYHO OPHEHTHPOBATHCH HA THIHY-
Hble 3Ha4YeHHUs NapaMeTPOB M INOACTABJATb HMX B COOTBET-
crBytomue ¢opmysasl. OXHAKo, NPHHSB g pacyera NpH-
BOJMMEBIE B CNIPABOYHHKAX THIHUHbIE 3HAUEHHH NMapaMeTpoB
6e3 nmpenBapuTeNbHON NPOBEPKH BO3MOMXKHOCTH HX (u3Hue-
CKOIl peajiH3allid, MOXKHO IPUUTH K aOGCYpAHBIM pe3yib-
TaTaM.

Jeno B ToM, 4TO MeXAYy YeTHIPbMsI YHCHEHHBIMH 3Haye-
HHSIMH T1apaMeTPoB, XaPaKTEPH3YIOIIUX OLHUH H TOT XK€
TPaH3UCTOP, CYILECTBYIOT BIIOJIHE ONpeleNeHHble COOTHOILe-
HHA, TOTZa KaKk B COPAaBOYHHKAX MAOTCA YCPeHAHEeHHBIE
3Hayedus mapameTpoB, KOTOpPbIE B OTJEJNbHBIX CAy4asx MO-
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TYT 3THM COOTHOUIEHHSIM He yAO0BJieTBOPAThb. MHHIMH cioBa-
MH, PEKOMEH/yeMble B KaueCcTBe THIHUHBIX, 3HAYEeHHs Mapa-
MEeTpOB HMHOrJa OKa3blBAalOTCS He COBMECTHMBIMH JApPYT
c Apyrom,

[IpoBepKy coBMeCTHMOCTH ueThIpeXx NapaMeTpoB TpaH-
3UCTOPA MOXHO OCYILECTBHTb, BBIYHCIUB 110 THM napamer-
paM BeJHYMHBl IACCHUBHBIX CONpOTHUBJIeHHH T-o6Gpasnoi
SKBHBAJIEHTHON CXEMBbl C OJHMM 3aBHCHMBIM TeHEPATOPOM
3. 4. C. HJIU TOKa.

HsBecTHo, 4TO BCe TPH CONPOTHBJEHHs] KBUBANEHTHOM
T-o6pasHoii cXeMbl C OHIM 33BHCHMbIM F€HEDATOPOM JOJIK-
Hpl OLITh NOJIOKHTENbHBIMH. DTO YCJIOBHE MOXKHO NPHHATh
B KauyecTBe KPHTEPHS COBMECTHMOCTH BbIGPaHHBIX BEJHYHH
yeTblpex napamerpoB. BeiBesem GOpMynbl s onpeneaeHus
BeJIMYMH COnpoTHBAeHUl T-06pa3Hoi cxeMbl MO H3BECTHBIM
h-napamerpaM TpaH3ucTOpa, BKJIOYEHHOTO 1O cxeMe ¢ 06-
uleil 6a3oi.

Pasnenus nmouseHHO npaBble W JIeBblE 4acTH DPaBeHCTB
(9) u (8), momyumnm:

re— 2:. (15)

Pemas (13) oTHOCHTENBHO ro, HAHIEM:

ra=h“—r5(l—«a), (16)

rie BeJduuMHa o omnpepensierca dopmysoin (12).
Benuuuny conpoTuB/ienus rx Moxuo HaiiTh u3 (8):

1 1
flea-—fgaum. (17)

Hpumep 3. Onpenenutb, SABAAIOTCS Jd COBMECTHMBIMH <THIHYHBIE»
3HaYeHHs] NapaMeTpoB TpaH3ucTopa I113, BK/IOueHHOro mo cxeme ¢ 06-
wek Gasoft: fy=28 om; hyp=103; hgy=—0,94; hypp=1 mxcum. Ilapa-
MeTpHl 3alaHbl 151 pabouedt Touku l,=1 ma, Ux ¢=—b5 a.

Pemenue OnpenenuM BelHUHHB CONPOTHBJEHHH r'¢ H rs 3KBH-
BaJieHTHO# cxeMbl mo ¢opmynam (15) u (16):

h -10-3
re = h—::-=}—w_~, =10° ow;
re=h;—rg(1—a)=28—10%(1—0,94)=—32 ox,
(1=|h2|l=0,94.

rne
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[TockoMbKy mapaMeTp r, MOJYUYHJCS OTpUNATENbHBIM, NPHBEJEHHbBIE
B YCJOBHU 3a/layd 3HAUeHHUsi TapaMeTPOB $IBJSIOTCSI HECOBMECTUMbBIMH.
OrpuuaTtenbHoe 3HAYeHHe CONPOTUBJEHHS r; OGYC/IOBJIEHO CJ/HIIKOM
60/1bLIOH BENHUHHOH Fg, a TNOC/AeAHAI — GOJbILONH BeJUYUHOH TNapa-
MeTpa Aja.

B noao6HbIx cayuyasx (ueTblpe mapameTrpa OKashblBaloT-
csl HeCOBMECTHMBIMH) Ienecoo0pa3Ho MNPUHSATH B KAauecTBe
HCXOJHBIX MAHHBIX NPH pacueTe TPH Kakux-nubo h-mapa-
MeTpa M3 ueThlpeX HMeEIOLIUXCsl B clpaBoyHHKe. UeTBepThlid
’Ke IapaMeTp CJaeAyeT ONPEIeNHTb C YYeTOM BBHIOPAHHBIX
BEIMYUH TPEX OCTANbHBIX apaMerTpoB, 3alaBIUACh H0MH0J-
HUTETbHO BEIMYHHOH OJHOrO H3 CONPOTHBIEHHH SKBHUBA-
JICHTHO! CXe€MBl TPaH3UCTOPA.

Npumep 4. 3apgaBiuch Tpemsi 3HaueHHsIMM /A-TIapaMeTPOB TpPaH3HU-
CTOpa M3 ueThIpeX, NMpHBEJEHHBIX B TNPEAbIAYUIEM NpHMEpe, ONpelelHTh
yeTBepTHIH MapaMeTp, HCXO[si M3 TOrO, uTO THIIMYHOE 3HAYeHHe COMpo-
THBJIEHUSI rs B SKBHBAJIeHTHOH cXeMe TpaHaucropa Inpu l,=1 ma u
Ux.6=—b5 8 cocrasisier 15 on.

Pemenue [punumaem h; =28 om; hy=-—0,94; hyy=1 mrcum.

W3 ¢opmyaer (13) HaxoauM BeNMUYHHY rg, HoJaras ra=15 om n
a=lh2p :

h“—fa . 28'—15
re = l—lhall _1_0,94 »\_217 OM.

W3 cdopmynst (9) uaxomum napamerp hiy:
hypg=rghy=217-10-6=0,22 - 10-3.

NEPEXOJ OT OAHOWM CHUCTEMbl MAPAMETPOB
K APYrom

Ilns mpakTHueckoro INpPHMEHEHHs JI00H H3 CHCTEM
yYDaBHEHHH 4YeTHLIPEXNOJIOCHUKA BOBCe He 00A3aTeNbHO H3-
MepsTb MJIM UCKATh B COPABOYHHKE apaMeTPbl HMEHHO 9TOH
CHCTEMBI.

Mexny mapaMeTpaMu pasHbBIX CHCTEM CYIECTBYIOT ONpe-
Jesendble B3auMocssizu. IloaToMy, 3Has Bce ueThipe napa-
METpa ONHOH KakKOH-JUGO CHCTEMBI, BCErga MOXKHO BbIUd-
C/IUTb napamerpsl qwobofi apyrofi cucremsl. Ilepexonm or
OJIHOH CHCTEMBl NapaMmeTpPoB K IPyroil ymoGHO oOCyliecT-
BJIATH ¢ noMolibio Tabua. 3. CumBosiom D ¢ GYKBEHHBIM WH-
JleKCOM B 9To# TabJiuie o603HaueHa BeJHYMHA, Ha3HBaeMas
ompepnenHnTtenaeM cucreMbl. PopMyJsbl IJs BHIUHCACHHS

18



onpenenutenefl namsl B Taba. 3. [lopsanox npuMeHeHus Ta-
GIHIlBl TOSICHAETCS CJAEAYIOUIUM MPHMEPOM.
Ta6auuma 3

MepecueT napamMeTpoB YeTHIPeXNOJTIOCHAKA

z v h a

2 2 Y22 — 2 Dy, hys an D,
1 12 D, D, hae has Q21 @z

i . — Y1 Yn —hoy 1 1 27
# 2 D, D, has hao Qg a9y
222 — 212 y 1 — Ay ass — D,

2 e -

D, D, u Y1 hi1 hi /3% ] Ay2
—22;1 Zn1 y hay Dy, —1 [43%!
ad 22N . . —h _ A

z D, ! Yz his his ay2 Ay
D, 212 1 — Y12 A A a12 D,
292 292 Y Y 1 12 22 az2
—221 1 Y21 Dy h A —1 Q21
21 . Bat2 N

222 222 Y11 Y ! 22 Q22 A2z

211 D, — Y22 — 1 — Dy —h, a a
221 221 Y1 Y21 hay hay u 12
a

1 222 — D, —yn — hsy — 1 2 a
221 221 Y1 Y21 hay hay 2 22

Dy =2u2 — 21920 Dy = Yulas =~ Yaas Dy = hihag — highas;
D, = ayas; — G1301.

Mpumep 5. Onpenenutb y-napamerpsl TpaHsucTopa IL13, BkilOuEH-
HOTO Mo cXeMe ¢ o6mell 6a3oi, ec1n ero h-mapameTpel AJA 3TOH ke
cXeMbl BK/IIOYeHHs B paGouelt Touke [x=1 ma u Uxs=—b & paBHh:
hn=34 om; hi;=205-10—*% hy=—0,925; hsp=1-10"¢ cum.

Pewenune QDopmyael mepexoma oT h-napaMeTpoB K y-Tiapamet-
paM HaxoAuM B TabJ. 3 Ha NepeceueHHH cTOJOLA A WU CTPoKH y. B Kax-
moft M3 KNeToK TabJaHLBl aHaJUTHYECKHe BbIpaX{eHMs I1apaMeTpoB
pacno/IoKeHsl B TaKOM Ke MOpSifKe, B KaKOM PacHoJIOXKEeHbl caMH napa-
MeTphl B COOTBETCTBYIOUIMX CHCTeMaX ypasHeHuii u B Marpuuax. Cie-
Jl0BaTe/bHO,
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1
3= 29 400 mrcum;

I =p =
e 25104 .
e 33 = — 1,35 micum;
h — 0,925
o1 = hi’—: =—37— = — 27200 mxcunm,
D, 265-10-¢
Yo = h._,=_§1——=7’8 MKCUM,

roe
D'. =h|1h22 — hlzhzl == 34'1'10-8—2,5'10“4(—‘0,925) =265'10".

Boluncasia y-napamenpsl TPaH3UCTOPA, HH B KOeM Ciiydae
He CJefyeT OKPYIJATh IOJyUeHHEE BeIH4YHHB. [leno B TOM,
YTO 3HAUeHHUs y-IapaMeTpPOB MOTYT MOHANOOHTBCS B Jajib-
HeHllleM JJ51 ONpeAeNeHus NapaMeTPoB, COOTBETCTBYIOIIHX
Ipyrofi cxeme BKJIOUEHHs TpaH3ucropa. Popmysbl nepexo-
Ja COAepXKarT pa3HOCTh BEJHYHH MCXOLHBIX [apaMeTpoB.
ITosToMy oOKpyrieHHe BEJHYHH MOXKET NPHUBECTH K 3HAUH-
TeJbHBIM NOTPEIIHOCTSIM B pe3yJbTATax pacuera.

BBIYUCJIEHHE NAPAMETPOB TPAH3HUCTOPA
IJi1 PA3HBIX CXEM BKJIIOYEHMUSA

Cnoco6 pacuera, OCHOBAHHBI HA NPEACTAaBJEHHH TPaH-
3MCTOpa B BHJE AKTHBHOI'O YETHIPEXNONIOCHHKA, MOXKHO IIPH-
MeHATb NPH JI060H cXeMme BKJIIOUEHHs TPaH3HUCTOpa No Iie-
pemennoMy Toky. OflHaKO BeJMUHHBI NIaDAMETPOB yeThIpex-
NOJIOCHAKA, 3KBHUBAJEHTHOTO TPAH3UCTOPY, OUYEHb CHJBHO
3aBHCST OT CXEMBbl BKJIOUEHHS TPAH3HCTOPA 110 NePeMeHHOo-
MY TOKY W H3MeHSIOTCS I[IPHU INepexofe OT OJHOH CXeMbl
BKIIOueHHs K papyroil. IlostroMy uacto BO3HHKaer 3anaua:
3Has mapaMeTrpbl TPAaH3UCTOPA B OJHOM Kako#-HHOYAL cxe-
Me BKJIIOYEHHS, ONPENEJSUTb 3TH K€ napamMeTpsl 1Js APYroi
cxeMbl BKalouenus. (IIpenmosaraercs, 4ro npu H3MeHEHHH
CXeMbl BK/IIOUEHHS TPaH3UCTOPA MO MepeMeHHOMYy TOKy pa-
6ouas TOuka TPaH3UCTOpa OCTAETCs HEH3MEHHOH.)

Onun u3 cnocoGOB pelleHHss OCHOBAH Ha CJAELYIOLIUX
3akoHoMepHOCTSX. Kak usBecTHo, /11 Ka’KJI0# U3 TPEX BO3-
MOXKHBIX CX€M BKJIOUEHHS MOXKHO COCTAaBHTb CHCTEMY ypaB-
HeHu#l ¢ y-napamerpaMu. Ho HekoTOpble U3 mapaMerpos Y-
ILyT NOBTOPATbCA B IBYX PasHbIX cucreMax. B pesyabrare
B TPEX CHCTeMax YDaBHEHHH, COCTaBJIEHHBIX IJIsI TPeX CXeM
BKJIOYEHHsT OJHOTO M TOTO ’Ke TPAH3UCTOPA, OKaMeTcs He
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12, a toabko 9 pasubix nmapamerpos. Eciau us atux neBaTtu
TlapaMeTpoB COCTaBHTb TalJHULy B COOTBETCTBHM C PHC. D,
TO MoAyuyeHHass Tabaula Oyaer o6nafaTb UHTEPECHBIM CBOM-
CTBOM: ajrefpanyeckasi CyMMa BeJHYHH 1apaMeTPOB B KaxK-
IoM cTosiO1e U Kaxaoii cTpoke TaGJauIbl GyIeT paBHa HYJIO.

Ilpunnun coctaBsieHnss TabJHLbl siceH w3 pucyHka. Ta-
61112 MMeeT TPU cTosbuna U Tpu cTpoKu. Kaxknbiii crosaber
W Kaxnxas crpoka o603HaueHbl MepBOfi GYKBOH Ha3BaHus
OJIHOrO H3 3JeKTPojoB Tpausucropa. [lapamerpn TpaH3u-

] K {9 |«

6|3
5 |y Y2 4 %7/7/ 6 |y 51127
J / %, J ///l!/ﬂ Yz 3 Y21 | Y220
K VYer ) Y2z K // Yor| Yz il /////

N

NE

N
N

Puc 5 K onpezenenuio nmapaMeTpoB, COOTBETCTBYIOIIHX
pasMHYHBIM CXeMaM BKJIOYeHHs TPaH3HCTOpa

CTOpa, COOTBETCTBYIOIHE ONpelesNeHHOH cXeMe BKJ/IOUEHHS,
3aHOCATCHA B Te KJAETKH TabJullbl, KOropble OCTalOTCs CBO-
OGOMHEIMM TIOC/e BHIUEDKUBAHUS CTPOKH W CT0.101a, NMOMe-
UeHHbIX Ha3BaHuem oOulero (LJs AaHHOH CXeMBl BKJIOYe-
HHS) 3JeKTpPOoLa TPaH3UCTOpA.

[TockosbKy CyMMa BeJWUHH 3JEMEHTOB KaXIOH CcTpo-
KM ¥ croabima TaGaullbl paBHA HYJIO, JJISl COCTABJIEHHS Ta-
GJIMILBl JOCTATOYHO 3HATh TOJIBKO MO ABe BEAWUYHHHI U3 TPEX,
burypupyomux B KaxXaom cronablle uiu CTPoke, T. e., MO
CYLIECTBY, JOCTATOYHO 3HATh MapaMeTpPHl TPAH3UCTOPA TOJb-
KO B OJHOH M3 CXeM BKJIOUEHHS.

Ilopsfok mnepexoga OT MapaMerpoB HAJs OJHOH CXEMBI
BKJIIOUEHHSl K MapaMerpaM JUisg APYrOil CXeMHbl BKJIOUEHHSH
TaKOB:

1. 3uaa s00yi0 cucteMy napaMeTpoB JJs ONHOH u3
CXeM BKJ/IOUEHHsI TpaH3MCTOpa, mnepexondar (C MOMOLIbIO
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taBa. 3) K cCHCTeME y-ImapaMeTpoB JJIs 3ITOH 2Ke CXeMbl
BKJIIOUEHHS.

9. W3 u3BeCTHBIX y-MApPaMETPOB COCTABJSIOT TAOJHIY
B COOTBETCTBUH C PHC. D, OCTaBJsisg MNYCTHIMH Te KJIETKH
TaGJaULBl, KOTOpble HAa DHCYHKe 3alITPHXOBAHBL

3. 3anoJHAOT NycThle KJAETKH Ta6auLbl 4ucaamu c Ta-
KHM DacueToM, 4ToObl cymMMa HYHCel B KaK10M cTonbie H
B KaXKAOH cTpoke TalJHIIbl PAaBHAIACH HYJIO.

4. BbiuepkuBaiT CTPOKy M cTonben TaG/ulbl, KOTOpbIE
COOTBETCTBYIOT OOLIEMY 3/1eKTPOAY B HOBOH cXeme BKJIOUE-
HHsl. Be/JHuMHBI, OCTABIIMECH He3auepKHyTHIMH, 00pasyioT
MaTpHIy y-mapamMeTpoB TPaH3UCTOpa JJIsi HOBOH CXeMBI
BKJIIOUeHHS.

5. TTepexox oT y-napaMeTpoB K J06oit ApYyroi cHCTEME
mapaMeTpoB MOXKHO OCYLIECTBHTb C NOMOLIbIO Taba. 3.

Ta6aumna 4

B 3 K
b 2200 —2 200 —0,45
—29 400 29 400 —7,35
K 27 200 —27200 7,8

Mpuvep 6. Ompenenuts h-mapamerps tpamsucropa Tuna I113,
BKJIIOUEHHOTO II0 cXeMe ¢ OOIIMM 3SMHTTEPOM, eCJlH ero y-lapaMerpbl
B BhIGpaHHOH pabouell TOUKe MPH BKJIOYEHHH TIO cXeMe ¢ oOuwed Gasoit
paBubl: Yn=29400 mrcum; yi2=—7,35 mrcum; Yo=-—27200 mxcum;
Yo2="7,8 mKCUM.

Pemenne PyxkoBoacTBysach puc. 5 (cxema ¢ ofmelt Gasof),
cocraBisieM TAOJHIY H3 YHUCAEHHBIX 3HAUeHHH y-MapaMeTpoB AMsA CXe-
Mbl ¢ obumiefl 6asofi (cM. Tabu. 4, npAMoH mpudT, BeJHUYHHBI HapaMer-
pOB yKasaHbol B MHKPOCHMeHcax). 3amoJiHseM, KaK CKasaHo Bhllle, My-
cThie KJeTKH Tabauis (cM. Tabi. 4, KypcuB). 3auepkusas CpegHION CTPO-
Ky ¥ cpefHuft croxben TaGauIbl, NOJyyaeM MAaTpHIy y-llapaMeTpoB
TPAH3UCTOPA, BKJIIOYEHHOTO NO CcXeMe C OOLIMM SMHTTepoM. M3 MaTpuunl
cnenyet: Yrie=2200 mrcum, Yijgo=—0,45 mkcum, Yo1o=27 200 mrxcunm;
Y220="1,8 MKCUM.

Tenepsb, pykoBoAcTBysACh Taba. 3, mepexonHUM OT MOJYYEHHHIX Y-Ma-
paMeTpoB TPaH3UCTOpPAa C OOWHM S5MHTTEPOM K A-mapaMeTpaMm TpaH3H-
cTopa ¢ o6UIMM BMHTTEpOM:

1 1
Yie  2200-10-% = 455 ome

AHanOrHYHO HAXORMMM: Aige=2,04 « 104 hg1p=12,3; hope=13,3 10-6 cum.
22
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J.1st npoBepKHu pacuera W yMelblleHns o0’béMa BhIUHCIHU-
TeJbHON paboThl MONE3HO MMETb B BHALY, UTO ONPeIeauTeNb
cucreMsl y-napamerpos Dy npu Heu3meHHO# paGoueii TOuKe
UMeeT ONMHAKOBYIO BEJHUHHY IIPH BCEX TPEX BO3MOXKHBIX
cxeMax BKJIOYeHHs] TpaH3uHcTopa (¢ OOLIMM 3MHTTEPOM,
KOJIJIeKTOPOM uau 6a30i).

Kpome Toro, napamerp fig;s TpaH3uCcTOpa C OOLINM IMHUT-
TEPOM UYHCJIEHHO paBeH KO3((PHULUHEHTYy YCHJIEHUS TPaH3Hu-
CTOpa MO TOKY B CX€Me ¢ OOLIMM 3MHTTEDOM B peXHuMe KO-
POTKOro 3aMblKaHus B:

_ — |h216|
hzla—B ~ l'—‘lh2l6l ’

rie g6 — MapaMerp TpaH3ucTopa ¢ oObuieii 6asoil.

B nanbueiimem GykBy B MHIEKCe mapamerpa, KOTopas
o603HauaeT cxeMy BKJ/IOUEHHs TpaH3uCTOPa, GyieM coXpa-
HATh TOJBKO B Tex cJyyasX, KOorja ee OTCYTCTBHE MOXKeT
NPUBECTH K HEJ0pa3yMeHHIO WU OomHGKaM.

PACYET MHOTOKACKAZHOIO YCHJIHUTEJA

ITpu cocraBnennu GJIOK-cxeMbl yCUJUTeNs, BeOope pa6o-
YeH TOYKM KaxKIOro TPaH3uCTOpa, a TakKXKe MNpu BhHOOpe
CXeMBbI TeMnepaTtypHoii cTabuau3anyuu paboueil TOUKH HYXK-

Puc. 6. Ipunnunnanbias cxema AByXKac
KaJHOTO YCHJIHTEJIA.

HO OTYeT/IHBO NpPEACTaBJAATb cefe XapakrepHble 0COGEHHO-
CTH KaXJo#l H3 CXeM BK/IOUEHHs TPAH3UCTOPA, ee TUIIMY-
Hble TlapaMerphbl M, CJ€N0BaTebHO, YCHAUTEABHYIO c0COG-
HOCTb Kackana. BeiGop conmpoTuB/ieHuii pesucTtopoB B LENH
KOJIJIEKTOPA M 3MHMTTEDAa H PE3HCTOPOB, 00pasymouiux Je-
JUTedb U1 MuTaHusa Gasbl, 00yc/oBJIeH BLIGOPOM paboueh
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TOYKM U TpeOOBaHUSAMHU K ee cTabujbHOCTH OIHOBpPEMEHHO
cJellyeT YUMTHIBATb paclpejeseHHe BHIXOLHOTO (ycuJuBae-
MOrO) TOKa KacKaga MeXIY CONPOTHBJIEHHSIMH, BXOAAIUMH
B CXeMY KacKaja, U MOJIe3HBIM CONPOTHBJIECHHEeM HArDy3KH.
Hanpumep, B cxeme na puc 6 pis yBenuyeHuss TOKa (u Ha-
NpSXKEHHUsI) YCUAMBAEMOro CHMIHAJa Ha BHIXOJE BTOPOTO
KacKajZa cjelyeT N0 BO3MOXKHOCTH YBEJHYUTb Ty YacTb BHI-
XOHOTO TOKa I[epBOro Kackajga, KOTopasi OTBeTBJsSeTcs
B Ienb 6a3bl BTOPOro TpaH3ucTopa. A mias 3Toro Heo6xomaH-
MO YBeJHYUTb CONPOTUBJIEHHE Pe3UCTOPa B LieNMH KOJJIEKTO-
pa nmepBOro TPAH3UCTOPA.

Takum o6Gpa3om, Ha 3TOM 3Tale pacuera NpUMEHeHHe
MaJOCHTHA/IbHbIX nmapaMerpoB He Tpebyerca. Ho mnocae
TOrO, KaK COCTaBJIeHa CXéMa M ONpeJesleHbl BeJMUHHBI BXO-
JSIMX B Hee CONpPOTUBJEHHH, NePeXonsiT K pacuery ee Ko3d-
¢unueHTa ycuseHusl, BeJHUHUH 3JEeMEHTOB Ileleli MexXJAyka-
CKAHOH CBSI3W W OTPUlATe/]bHOH 06paTHON cBA3HU. [Ipu BH-
NOJHEHHU 3THX pacuyeToB IpuMeHeHHe MaJOCHTHAJbHBIX I1a-
paMeTpoB TPAaH3HCTOPA MOXKeT 0Ka3aTb CYLIeCTBEHHY!O
NOJIb3Y.

B kauectBe nmpumepa paccuuTaeMm TPaH3UCTOPHBIH yCu-
JiTesb, KOTOPHIH, MMesi BXOZHOE CONpOTHB/IeHHe Rzx HE
G6onee yeM 500 oM W cONpOTHBJEHHEe HArpy3KH Rz=1 xox,
nojkeH obecneuntb Koo(pduIMeHT ycHIeHHS HANpPSKe U
Ky=125. Ycunureap BHINOJHSETCS HA TPaH3UCTOPAx THIA
I113. Hanpsixkenne ucrouHuka nuranus E=9 g. Pacuer Be-
JleM B TaKOH Ioc/jefoBaTelbHOCTH

I OnpenensieM, CKOTBKO KacKaiOB JOJKEH HUMEeTb YCH-
Jautenb. g 370r0 M3 GOpMyabl

K Uz foRa g Ra
H-——Ul —_IIRBX - TRnx

HAXOAMM TpebyeMmbiii KO3(QHUIMEHT yCHIEHHS TOKAa BCero
YCHIIMTeNIS:

- KuRBx:: 125-500 —62,5.

OpHeHTHPOBOUHO MOMKHO CUMTaTh, YTO OAMH KacCKaj YCHJIe-
HMS C PE3UCTHBHO-EMKOCTHOIl CBSI3bI0 Ha TPaH3HCTOpE C 00-
MM 3SMHUTTEpOM oObecneuuBaer KOI(Q(PHUIMEHT YCHJIEHHS

TOKA
Kn1=0,7hss.
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Uro6H paccunTaHHAs cXeMa Mocie ee peanusaluu obec-
neyuBasa TpeGyeMulii Kosduuuent ycusenus Ges npensa-
puTeabHoro orbopa TpPaH3HUCTOPOB MO BeJIMUHMHE MapaMerpa
hs15 (uim B), mpu pacuete cjenyer UCXOAUTb M3 MPHUBOLU-
MOH B CNpaBOYHMKAX MHHHMAaJAbHO JONYCTUMOH BeJHYMHBI
nmapamerpa fg;. Iasi tpansucropa tana I113 Agr wun=12

3Haa koapduuHeHT TOKa Bcero ycuautens Kp u ko3dp-
¢unuent ycunenus toka Kp; 0THOrO Kackaja, onpesenaseM
YyKCJ10 KackanoB ycunureias N B namem ciaysae mpeGyemoe
yCu/JIeHME MOXKHO MOJIYYHTh C NOMOILIBIO ABYX KacKamoB.

2. OnpenensieM BeJIMYUHBl CONPOTHBJIEHH CXeMbl YCHJIH-
TeJis, NP KOTOpHIX Oyner obecneyena BhOpanHas pabouas
TOUKa U K03 (DulueHT TeMnepaTypHOH HeCTaOUJIbHOCTH TO-
Ka kosulekTopa S TlpuHnmaem TOK KOJIJIeKTOpa KaXAoro
TpaH3ucropa [x=1 ma, HanpskeHue KOJJIEKTOD — 3MUTTEp
Uxs=—5 8, KO3(pdullMeHT TemnepaTypHOi HECTaOH/IbHOCTH

dl
TOKa KOJJIeKTopa S= 71-;'5— =2 Bnibupaem cxemy Temie-
L]

paTypHOil cTabuiu3anuy ¢ AeJUTe]eM HAMNpSXKeHUs B LenH
6a3nl (puc. 6). ITockonbky E=9 8, a Uxo=—05 8, T0 CyM-
MapHoe MajeHue HaNpsKeHus Ha pesucropax R, H Ry,
BKJIIOUEHHBIX B 1lellb 9MUTTePa U KOJJIEKTOPa KaKAOro TPaH-
3HCTOPa, PABHO:

onaras I,~Ix, onpenesum CyMMy CONDOTHBJICHHH pe3u-
ctopoB Ry u Ry:
AU

4
RB—I—RR = T;(_::l.lo_s :4 KOoM.

Pas6uBaem nosyyeHHYIO BeNHUHHY HA [Ba CONPOTHUBJIEHMH,
PYKOBOACTBYSICh CJENYIOIIMMH CO0OpaKeHHsIMH.

1. ConporuBienue pesucropa Rx B 1Lenu KOJJIEKTODa
JOJIZKHO B HECKOJbKO pas NpeBbIIATh BEJIUUYHHY HArpy3ou-
HOTO CONPOTHBJIEHHST KacKana. Uem GoJibile CONPOTHBJAEHHE
Ry (npu 3amaHHOM CONPOTHBJEHHM HATPY3KH Kackana), TeM
6osibire KO3)GUUHEHT yCHIeHHS KAacKada 1o TOKY.

2. ConpotuBiende pe3ucropa R, Henb3si BHIGpaATh CJAMIL-
KOM MajbM ueM OoJibllie 3TO CONPOTHBJeHHe (mpu 3anaH-
HOM TOKe KOJIJIeKTOpa), TeM Jiyulle TemmepaTrypHas Cra-
6unusanusi paboueir touku IIpakTuueckn mas oGecneyeHHus
xopowell crabunu3anuu HeoOXOAHMMO, 4TOOHI NajeHHe Ha-
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IpS2KEHUs Ha CONPOTHBJIEHHM pe3ucropa R, COCTaBAAIO
10—209% or BenuuuHbl HANpSKEHHs HCTOYHMKA NUTAHHUSA.

B namem cayuae o0a TpeGoBanus OGYyIyT BBHINOJHEHH,
€CJIU MpPUHSATD

R}(1=RR2=2,7 KOM, R31=R32= 1,3 KOM.

Uro6bl ONnpeneauTb BeJUUHHBl CONPOTHBIEHHH NeIUTe/s Ha-
Npsi)KeHUsl B Lend 6asbl TPAH3UCTOPA, BHIYHC/ASEM BCIIOMO-
rateqbHBIH pacueTHbiii napamerp Rcr, (3KBHBaJIEHTHOe CTa-
OunM3upYIOllee CONPOTUBJIEHUE):

R __E Ba+1—S_ 9 1241-—2
et T T T T Bat 1 1-10-° 121

=7,6 Kom,

rie S — npuHATHH Kos(dunuenT TeMnepaTypHOH HecTa-
OMNbHOCTH KacKagna, By — Ko3boullienT ycujleHus TPaH3H-
CTOpa [0 NOCTOAHHOMY TOKY. [list TpaH3ucTopos MaJoH
MOINHOCTH MPH TOKAx KOJJeKTOpa, He NpeBHIIAIIUX He-
CKOJIbKO M@, MOXKHO CUHUTATh:

BH h213

Bennuunbl conporuBsenuil nenutens onpenensieM mo ¢op-
Mynam

R =By ( Rm)

_12(1 S —7,6-10" ):17 KoM

RiRs  17-1,3
RCT.B—RB-—_—716_ 1 ,3

R2: :3,5 KOMe

3. Hns pacuera ycunuTeas Mo HepeMeHHO# COCTaBJAN-
el COCTABHM 3KBHBAJEHTHYIO CXeMy /s CPeIHHX 4acToT
pabouero auanasoHa.

Ilpu cocraB/ieHUH cXeMbl YYMTBIBA€M, YTO OTDHIATENb-
HBIH 3axkuM GaTaped HMeeT moO TEPeMeHHON coCTaBJfiollei
Tako# Xe NOTeHLHaJ, KaK u obuiag Touka cxeMbl. [Toatromy
BCE 3JIeMEHThI, NOJAK/JIIOUEHHbIe Ha NPUHUUIHAJBHON CXxeme
K OTpPULATEJIBHOMY 3a)KMMYV, COelHHsSieM Ha 3KBHBAJEHTHOMH
cxeMme ¢ obuleil Toukoil. Pasnenurenbrble eMKOCTH TpH npa-
BHJIbHOM pacuere MMEIOT Ha CPENHHX YacTOTax J0CTATOYHO
Majioe CONpPOTMB/IEHHE, U HA 3JKBUBAJIEHTHOH CXeMe HX He
u3obpaxaeM. AHATOTHYHO, €MKOCTH, KOTODble IIYHTHDPYIOT
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PE3UCTOPHI B LENsSIX SMHTTEPOB, MPEACTABAAIOT NPAKTHYECKH
KOPOTKOE 3aMblKaHue J1Js1 TOKOB CPeIHHX 4acTOT pabouero
nuamnasona. CiaenoBaTe/bHO, MOXKHO CUHTATh, YTO 3MUTTEP
KaXK10r0 TPAH3UCTOPA COEJMHEH HENoCpenCTBeHHO ¢ oOLleh
TOYKO# cxembl. Kaxablil TPaH3UCTOp NPUHUHUNHUAJBHOH cXe-
MBI 3aMeHsieM B 3KBHBAJEHTHOH cXeMe UEeTHIPexXMOJIOCHHU-
koM. B pesysnbTaTe sKBuUBajeHTHAs cxema ycuaurens (Ha
puc. 6) mpuoGperaer BuJ, MOKa3aHHBIN Ha DHC. 7.
[NpunuMaem Takoi mopsaok pacuera. CHayana onpene-
JUM KO3(PUIUEHT yCUNEHHA MO TOKY KaXIOro TPAaH3UCTO-
pa (nBurasicb OT NoC/JeLyIOIIUX KACKaJOB K NpeablayLilM,

L Ly Ionzz Lz

Puc. 7. dxkBuBanenTHaa cxema JBYXKaCKaJAHOIo YCHJHTENA
JJist CpeIHHUX 3BYKOBBIX 4acToT.

T. €. OT BBIXOAHBIX 32XXKHMOB YCHJIHTEJs K €ro BXOJZHBIM 32-
XKumaMm). 3aTeM onpejeauM KO3P(DUIHEHT yCHIEHHS O TO-
KY BCEero yCHJHUTe/]s, a 10c/ae 3TOro — KosdduuueHT ycuie-
Hus 1m0 Hanpsikenuto. IIpu pacuere GynemM npuMeHsTb (HOp-
MmyJbl Ta6s1. 2. [lapamerpbl 060uX TPaH3UCTOPOB B BHIOPAH-
HOH paboueli TOYKe JIpUHMMAaeM pPaBHBIMU A,;=450 om;
hia=2+10"% ho;=12; hoe=13-10"% cum. (D10 OKpyr/eHHbIE
3HaYeHus A-napaMeTPOB, NOJIyYeHHbIE NP PEIIEHUH mpuUMe-
pa 6.) Oxpyr/ieHue BeJHYMH NapaMeTpoB B Npefe/iax He-
CKOJIbKHX NPOLIEHTOB B JAHHOM cJyyae BIOJHE JONYCTHMO,
IOTOMY YTO OKDYTJIEHHBle BeJHUMHH OYAYT UCIONb30BAHH
He /s ONpeleseHHs NapaMeTpoOB TPAH3UCTOPOB B APYroi
cxXeMe BK/IOUEHHS, a JJ5i pacyera NapaMeTpPOB YCHJHTEJb-
HOTO KacKaja.

PaccmartpuBasi 3KBHBA/NeHTHYIO CXeMy YCHAMTeNs Ha
puc. 7, ybexpaeMcsi, 4To Harpyska BTOpPOro TpPaH3uCTOPA
Zygs 06pa3oBaHa CONPOTUBIEHUSAMHU pe3nucTopa Ry u Ry, coe-
JUEEHHBIMH TapaJieabHo. PesynbTupyiouiass HTpOBOIH-
MOCTb HArpysku

=ttt ., 1 s
Ynz —_ Zua.‘—sz—}_Rn 2,7 |03+ [-108 — 1’3710 cun.
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C yueToM 3T0ro K03(pGUOUEHT yCUIeHHS IO TOKYy BTO-
poro TpaH3ucTOpa paBeH:

Kopo=— hoYe2 12.1,37.10-2
T2 By Yaa o 13-10-° 4 1,37-10-°

= 11,9.

BxonHoe compoTuBJieHHe BTOPOTO TPAH3UCTOPA

Dp 4 hiYus _ 3,45-10-%4-450-1,37.10-*
ana has -+ Yo 13-10-% +1,37-10-° =450 ox,

rue
Dh=lh11h22——hl2h21=450 «13.10-6—2.10-. 1233,45 - 103,

Harpysko#i nepBoro ueThlpexmo/IoCcHuKa }?Tpansncropa)
SIBJIFIOTCS CONPOTUBJIEHHS Pe3nucTopoB Ry, Rs, Ri u Zsxa,
coeqvHEenHbIe mapaJijeJabHO. 9KBHBaJIeHTHax nHpOBOAUMOCTD
HarpysKH NepPBOTO Tpaﬂsncmpa

1 1
Rl(l+ —I_- +ZBX2 ._-__7-—*——7-+
+§'—§+—0~—:1-5-= 2,92 mcum.

KoadduuueHt ycunenuss mo TOKy NEPBOrO TPaH3MCTOPA

Koo toi¥m _ 12:2,02.10-2 ~19
U Rgp + Yua 13-10-6 1 2,92.10-° - 4

BXozxHoe CONpOTHBJIEHHE IEPBOI'O TPaH3HUCTOPA

_ Dyt hiVay  3,45-10-2 4450 2,02.10-2
Zmu" has +Ym 13-10-°F2,92.10-* =450 ox.

ITpu onpenenennn xodpdunuenra ycuneHuss 10 TOKY
BCErO yCUJIHTENS! CJefyer YYecTb, yTo BCJAEACTBHe IIYHTH-
pyioulero aeficTBust pe3ucTopos Ry m Ry Ha BXOx NMEPBOroO
YeTHIDeXNOJIIOCHUKA [0NajaeT He Becb BXOAHOM TOK [, ycCH-
JIUTeNIsl, a TOJbKO 4acTh €ro, paBHas

I oxy Zsx 1
Il —“ZBII - Yaxzmxi’

rie Yux=1/Zyx — BXONHAS NPOBOAMMOCTL YCHJIMTEJS.

O6o3nauennst TOKOB 371€Cb U Jajiee COOTBETCTBYIOT PHC. 7.

B cBolo ouepenb BHIXOZHO¥H TOK IEPBOrO YeThIPEXMOJIOC-
HHKa Da3BeTB/ISETCS MEXAY YeTHIPbMs Pe3uCTOpPaMu, M Ha
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BXOJ BTOPOro 4YETBHIPEXMOJIIOCHHKA monajaaer TOJbKO 4acTh
€ro:

Inxz Zu1 -_— l

]BHXI-.- ZBX2 YHAZ/sxz :

(3nak «munyc» B nocaenHeit hopmyne o6yciosien Tem 00-
CTOSITE/JIbCTBOM, yTO [OJIOXKHUTEJIbHblE HANpaBJEHHsT TOKOB
Ipuixi ¥ Izxo TPOTHBOMOJIOXKHE APYT APYTY.)

Haxkonen, B conporuBneHue Harpysku Ry OTBeTBJseTCs
TOJILKO YaCTb BHIXOZHOTO TOKa BTOPOTO 4eThIPeXNOJIIOCHHKA:

12 Zu2 1

Inuxz Rn H2RB :

Takum o6pasom, kKoaduleHT ycHaeHuss 0O TOKY BCEro
ycuauTens 6yaeT paBeH:

1 —1 1
KT ——YBXZBXI KTI yﬂlz BX2 KTZ YH?RB -

_ —12.11,9 68
~ 2,57-10-°-450-2,92-10-°-450-1,37- 10-*-1-10° ’

roe

1 1 1 1 1 1 -
Y=g tatra=nTsstos=257107"

Koadpuunent ycunenusi o HanpszkeHHIo

Ku:"“K'rZBI: :—KTRHVBx'—-‘
=—(—68)-1-10°-2,57-10-* = 175.

3HaK «MuHyC» B nocjenHeii ¢opmyne o6GycJoBJeH BbI-
00OpOM TOJIOXKHUTENbHBIX HAalpaB/ieHUH BBIXOLHOrO Hampd-
KeHUS W TOKa YeTBIPeXNMOJMIOCHMKA (CM. puc. 2 u 7).

ITonyuenHnas B pesyJbTaTe TOYHOIO pacueTa BeJHUMHA
Ky oxaszajach HECKOJIBKO Bhimie TpeGyemoi. JTo HaeT BO3-
MOXHOCTb BBECTH B CXEMYy YCUJHTeNst OTPUIATeNbHYI0 00-
paTHYIO CBSi3b, KOTOPAs MOBHIIAeT CTaGUJIbHOCTb KO3 (DH-
LHeHTa YCHJEeHHUS.

Pacuer ycunutens MOXHO ObljIO Gbl BHIIOJHHUTL M ADY-
THM Croco60M — HENOCPeCTBEHHO <0 HaNpsiKeHHo». JJjs
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31oro Tpebyercs HaiiTd K03 DULHEHTH yCUIeHUS no nanps«
KEHHIO JJI KaXJOro Kackajna W nepeMHOXHuTh ux. OxHako
nepBhlil criocol (pacuer «rmo TOKy») Gojee HAIVIAIHO OTpa-
J)kaer (u3HUeCKue NPOLECCH, KOTOphle JieXaT B OCHOBe pa-
60THl TPAH3UCTOPHOTO YCHJIHUTeNs1 (paclpeneseHue u ycuJje-
HHEe TOKa).

O pacuere 371eMeHTOB MeXAYKacKaJgHOH CBf3H 3aMETHUM
cnenyiomee. B «popmysnbl a8 onpefeleHus BeJHUHH 3TUX
3/eéMeHTOB 0053aTeJIbHO BXOAUT BeJUUHHA BBIXOIHOTO CC-
NpOTHBJIEHHS TOH YacTH CXeMbl, KOTopas MpejllecTByeT
OnmpejeasieMOMYy JIeMeHTY, a TaKxKe BeJHUMHA BXOJHOro CO-
NIPOTHUBJIEHUS TOH 4aCTH CXeMBI, KOTODas JIEKHUT [OcJe Ompe-
JensieMoro sjeMmenta. [ist onpeneseHust 3TUX CONpPOTHBJIE-
HUH MOXHO BOCMNOJAb30BaThCcs (hOPMYyJaMu BXOJHOro U
BLIXOJHOTO COTNPOTUBJEHHS UETHIPEXMOJIOCHHKA, HMEIOLIH-
Mucs B taba. 2.

BUIAbl COEQDMHEHHH YETHIPEXNMOJNIOCHUKOB

B npenminyumem maparpade Obio paccMOTDeHo TaKoe
coeluHeHHEe YeTHIPexXIIOJIOCHUKOB, NMPH KOTOPOM BBHIXOAHBIE
3aXKMMbl TPEABIIYIIEro YeThIPexXMOJIOCHHKA COeJHHSIOTCS
¢ BXORZHBIMH 3aXKHMMaMHu nocaenytomero (puc. 8,a). Ilpu pas-
paboTke cxeMbl TPAH3UCTOPHOTO ycuauress npuberamor Tak-
)K€ U K JNDYTHM BHLAM COEIMHEHHS YeThIPeXHOJIOCHHKOB.
Ha puc. 8,6 uzobpaxeno napaJjenbHoe cOeIUHeHUHe IBYX
YeTHIPEeXMOJIIOCHUKOB. «BXOmbl» wan, TouHee, BXOAHBIE CO-
NpPOTHBJIeHUST OOOMX UeTHIPeXIOJIOCHUKOB COeJMHEeHbl Iia-
pannenbHo. To ke clle1aHO H € BBIXOJHBIMH 32XKUMaMH 4e-
THIPEXTIOJIOCHHKOB.

Coenunenne, nokasanHoe lla puc. 8,8, HasbiBaeTcs IO-
cnenoBaTeabHBIM. B aToM cayuae «BxOIbl»  (BXOLHbIE
CONPOTHUBJIEHHS) 000HX UeThIPeXNOMOCHHKOB COELHHEHBI M0-
clenoBaTesbHO. BhIXOnHble CONDOTHBJIEHHSI TaKXKe COelH-
HeHbl NOC/1el0BaTeNbHO.

Ha puc. 8,6 usobpaxkeno nocjenoBaTejbHO-NapaJielb-
HOe COelHHeHHEe YeTHIPexXNOJIOCHUKOB: YeThIDPeXMOMI0CHUKU
COeIUHEHBl MMOCJAELOBATENbHO CO CTOPOHBI BXOJHBIX 3aXKH-
MOB U NapaJJebHO CO CTOPOHBI BHIXONHBIX.

Jlasa o6erueHyss pacyeToB TaKUX COETUHEHHH ¥KelaTenb-
HO UMeTb (hOpPMYJIbl, KOTOPHIE JaBaju Gbl BO3MOXKHOCTb 0€3
TPOMO3JKHX BBIUMC/IEHHH INEepPexoiuTh OT MapaMeTpPoB IBYX
HCXOIHBIX COEJHHEHHBIX ONpefeNeHHbBIM 06pa3zoM uyeThIpex-
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NOJIIOCHHKOB K napaMeTpaM YeThipexnoJiocHuka, 3KBUBA-
JIEHTHOTO OBYM COeIHHEHHbIM. AHaJH3 [OKa3blBaeT, 4To
BO3MOKHOCTb TaKOTrO nepexoja AeHCTBHTENbHO CyLIECTBYET,
HO JJIsI Ka)XJOr0 W3 PacCMOTPEHHBbIX COeJHHEHHH INepexon
MOXKHO JIETKO OCYLIECTBHUTb TOJBKO B OJIHON, XapaKTepHOH
JJIsT NAHHOTO COeJHHEHHS CHCTEMe TiapaMeTpOB.
Hanpumep, masi ueTHIPeXNOJNIOCHHKA, 3KBHBAJIEHTHOTO
IBYM TmapaJjjieJbHO COCJHHEHHBIM, KaXAblii H3 y-mapa-
METPOB €ro paBeH CyMMe COOTBETCTBYIOLIHX IlapaMeTpoB
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Puc. 8. Buabl coeinHeHHII 4eTHIPEXNOMIOCHHKOB.

a — KacCKaJiHOe; 6 — napaJJjeabHoe; 8 — IocjenoBaTenbHCe;
2 — nocJjieJoBaTeJNbHO-NapaJjejJbHoe.

COEMHHSEMBIX YETHIPEXMTOMIOCHHKOB. DKBUBAJEHTHBI YeThl-
PEXIIOJIIOCHUK TOKa3aH Ha pHC. 8,6 WITPUXOBOH JHHHEN.

Ilpu nocnemoBaTe/bHOM COEIHHEHHH JBYX 4YeThHIPEXIo-
JIIOCHHKOB KaXJIbli M3 2-MapaMerpoB IOJyYyaeMOro 3KBU-
BAJEHTHOTO UETBIPEXMOJIOCHHKA pPaBeH CYMMe COOTBETCT-
BYIOIIUX Z-TaPaMeTPOB HCXOLHHIX.

IIpu mocnenoBaTeIbHO-TIAPA/IIeNbHOM COeHHeHun A-Ta-
paMeTphl 3KBHBAJIEHTHOTO YETHIPEXMOJIOCHHKA HAXOAAT Y-
TeM CYMMHPOBaHHsi A-apaMeTpPoB HCXOAHBIX UETHIPEXMo-
JiocHnKoB. HakoHel, mpy KacKajHOM COEIHHEHHH g-Tlapa-
METPBl 3KBUBAJIEHTHOTO YeTbIDEXNOJIOCHHKA MOXHO BhIpa-
3UTb uyepe3 a-napaMeTPbl HCXOAHBIX (HO CyMMHpOBaHHE
3nech HenpumeHumo!). Ilponecc pacuera mosicHAM HECKOJIb-
KUMH IIpUMepaMH.
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Mpamep 7. Onpejenuts KospuuueHt yCH/IEHHsT MO TOKY ONHOKA-
CKALHOTO YCHMUTeas, u306paxeHHoro na puc. 9,a, ecan Ryx=10 rom,
Rs=50 xom, a TpaH3uCTOp HMeeT TakWe ke apaMeTphl, KaK M B IpH-
Mepe pacueTa MHOTOKACKaiHOTO yCHJIMTEJIs.

Pewenue CocTraBuM 3KBHBAJeHTHYIO CXeMy Kackaja AJfi cpel-
HAX YacTOT, 3aMeHAs TPAH3UCTOp UeThpexmoaocHuKoM (puc. 9,0). llpu-

—LQ—— Re @ B —6)— O]

6) Puc. 10. K pacuery ycH-

JHTENS € MOCJE/0BaTelb-

Puc. 9. K pacuery ycuaurens HOHM OTpHIATEJbHOR 06-
¢ mapaIenbHOH OTpHIATEbHOMN paTHOR CBA3BIO.

OﬁpaTHOﬁ CBA3BIO. a — NPpHHUHUNHAaJAbHAA CXeMma;

a — NpHHIHNHAJNIbHAA CXeMa YCHIN- 6 — SKBUBaJIeHTHAa s cxema

Tem¥; 6 W 6 — SKBHBAJIGHTHbIE CXe- NDH CpeAHHX SBYKOBHIX da-

MBI TIDH CPEIHHX 3BYKOBBIX YaCTOTaX. cToTax.

MEHHTb K pacueTy 3Tofi cxeMbl ¢dopMyasl Ta6Ga. 2 Heab3s, NMOTOMY YTO
OHH COCTaBJIeHBl /sl Cayyas, KOI'la CBfA3b TeHepaTopa C Harpyskoit
OCYIIeCTBJSETCS HCKJIOUNTENBHO Yepe3 4eTHIPEeXNOMIOCHHK. Mexay TeM,
B cXeMe Ha puc. 9,6 cBa3b TreHepaTopa C Harpyskoi ocCyulecTBJsieTcCs
He TOJIbKO Yepe3 4eTbIPEeXMOMIOCHHK, HO H Yepe3 BHellHee (II0 OTHOLUe-
HHIO K UYeTbIPeXTOMIOCHHKY) compoTusiaende Rs. Ho mapamerpel cxemb
Ha puc. 9,6 MOXHO Gbl10 Obl JIerKO paccuuTaTh, €CJH IPeABapUTENbHO
HafiTH MapaMeTphbl YeTHIPeXNOJIOCHHKA, SKBHBAJEHTHOIO TOH YacTH CXe-
MBI, KOTOpasl Ha DUCYHKe 3aK/JIOueHa B IUTPHXOBYIO paMky. Ias peuse-
HHS 3TOM 3alauud TNpeACTaBHM CONpOTHBJIeHWe Rg B Bulde OTAEIBHOrO
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yeThipexnonociuka (puc. 9,8). M3 pucynka BuAHO, 4TO ueTbIpeXIo-
JIIOCHUKH CO[MHEeHbl MapaJjenbHo. YToOM BbIYHCAHTL ITapaMeTphl 9KBH-
BaJIGHTHOrO MM YeTbIPEXNOJIOCHHKA, HYXKHO HafTH Yy-nmapaMeTphl Kax-
poro u3 HUX. Bynem o6o3nauarn, y-mapameTphl TPaH3UCTOPA HHAEKCOM
«T», Yy-NapamMeTpsl ONHO3/JEMEHTHOTO YeThIPEXIOJIOCHUKA — HHIEKCOM
«C», a y-apaMeTpH YeTHIPEXNOJIOCHHKA, 3KBHBAJEHTHOrO ABYM COEINH-
HEeHHBIM, — UHGPPOBBIMH HHJeKcaMH 6e3 GyKB.

Tlapamerpsl TpausucTopa (cM. npumep 6):

Yrr=2200 mrcum; Yjpr=—0,45 mrcunm;
Yo1o =27 200 mrcum; Yoor=7,8 mxcum.

TlapaMeTpel OAHOS/JEMEHTHOIO  UYETHIPEXNOJIOCHHKA HaXoAUM IO
taba. 1:

1
Yi1e = — Y12¢ = — Ya1¢c = Y22¢ =§;‘ =20-10-% =20 uxcum.

[TapamMeTpbl 5KBUBAJEHTHOTO 4€THIPEXMOJNIOCHHKA:

Y11 =Yur + Y11c = 2200 4 20 = 2 220 mrcum;
Y12 = Y2z + Y12¢ = — 0,45 -+ (— 20) = — 20,4 mrcum;
Y21 = Yot + Y210 = 27 200 4 (— 20) = 27 200 mxcum;
Y22 = Ya2r + Ya22c = 7,8 + 20 = 27,8 mrcum.

KosppunueHT ycunenus yCHAMTENS NMO TOKY

ya¥u 27,2:10-%-10-+

Ke = b1y ¥a™ 6,17-10-72,22.10-7. 10~ — >

Tipumep 8. Ompenenntb BXOJHOE CONPOTHBJEHHE YCHIMTENS, cXeMa
KoToporo u3obpaxena Ha puc. 10,a, ecnmn Rx=10 xom, R,=1 Kom,
R6=80 xom, a mapameTpnl TpaH3uCTOpa Te e, YTO W B IpelbIAyIleM
puMepe.

Pemenune CocrasiseM 3KBHBAJEHTHYIO CXeMy YCHJIMTeNs, H30-
6paxkasi TPAH3MCTOD M COMPOTUBJEHHe R, B BuJE HYETHIPEXNOIIOCHHKOB
(puc. 10,6). B monyuyeHHOH cXeMe YeTHIPEXTOJIOCHHKH COENMHEHbl IIO-
caepoBaTenbHo. IIpu TakoM coeauHeHHH YAOOHO OIepHpOBaTh C 2-Napa-
MeTpamu.

TTapameTpbl TpaH3UCTOpPA HAXOAHM, II0JIb3ysick (opMyJaMu mepe-
Xoia OT y-mapaMeTpoB K 2z-NMapamerpaMm. BrluucieHus naioT:

2110 =265 om; 219:=15 om;

2010 =—925 - 103 om; 259:=75:10° om.

Ilo Tabn. | maxomuM NapameTpsl OJHO3JEMEHTHOTO UYeTHIPEXNOJI0C-
HHKa:

211c=212c=21c=22c=Rp='1:10% om.

CxnafpiBasi COOTBETCTBYIOIlHe IapaMeTpPhl TPaH3HCTOPA H OMHO-
9J1€MEHTHOrO YeTHIPEXMOJIOCHHKA, MOJYYHM MapaveTpbl YeThbIpeXmoioc-
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HHKA, S5KBHBAJEHTHOTO JABYM CcOENHHEHHBIM: 211=1,26-10% om; zjo=
=1,015-10% om; 29;=—924 - 10% oM, 299=76- 103 om.

Bxoanoe coOMpOTHBNEHHE TPaH3HCTOpA TPH BKIIOYEHHOM B IeNb
SMHTTEpa CONPOTHBJEHHH Ry:

z Dyt znZu_ 1066-10°+1,2:10°108 _
B ¥ Za | 761 10-10° 120 KoM

Bxonuoe COTIPOTHBJICHHE YCRJHTENS

ZaxRs _ 12,5:80
an =an.'r + RG - 12’5 + 80 = 10)8 KOM.

Tlpumep 9. OmpenenuTb KoabHIHEHT YCHIEHHS MO HANpPSXKEHHIO
IBYXKacKaJHOr0 YCHIMTeNs, OXBaueHHOro liembio oGpaTHoil cBasu. Cxe-
Ma ycuiurens u3obpaxkeHa ua puc. 11. Harpysko#t ycuautens sBaser-
cst pesncTop Rs; BeanuuHbl BceX CONPOTHBJEHHH DPE3MCTOPOB YKasaHHI
Ha cxeMe. [lapaMerpsl TpaH3MCTOPOB Te XKe, 4TO H B HpuMepe 7.

O

Puc. 11. JIByxKackamHblii yCHJH-
Te/lb, OXBAueHHBIH Ilembio 06paTHOM
CBSI3H.

PeweHue OKBUBAJCHTHYIO CXeMy YCHAHTeNs ILejecoo6pasHo
ApeicTaBUTb B BHAE ABYX "ETHIPEXNOJNIOCHHKOB COOCTBEHHO YCHJHUTEN
U yeTbipexnouiocHHKa oGpardoit cBAsm O06a 4eTBIPEXMOJIOCHHKA MOKa-
3aHbl LITPUXOBLIMHM JHHHAWM Ha pHC. 12 DTH YETHIPEXIOMIOCHHKH CO-
eMHeHbl JIpyr ¢ ApPYroM Moc/efoBarelbHo-Napaniensio Ilpu Takom
coe/lMHEHUH YNOOHO OMepHpPOBATh c A-MapaveTpaMu: Kax<Ablii u3 h-na-
paMeTpPOB CJOXKHOTO YeTbIPEXIQJIOCHHKA PaBeH cyMMe COOTBETCTBYIO-
wux h-napamMerpoB COeAMHEHHBIX YeTBIPEXIOMIOCHHKOB. Ilapamerpst
YeTBIPEXMOJIOCHHKA 06paTHOH CBSA3H MOXHO HeMOCPEACTBEHHO B3SATh
u3 Ta6a 1. Yrto xe Kacaercsi A-napaMeTpoB YCHJIHUTENs, TO HX OIpefe-
JeHHe YCJOXKHSAETCH TeM OOCTOSITENbCTBOM, UTO YeTHIPEXMOMIOCHUK-YCH-
JHTEIb B CBOIO OUYepelb COCTOMT H3 TPeX HUeTHIPeXNOJIOCHHKOB, COelH-
HEHHB'X KackafnHo [losToMy cHadai1a Heo6X01MMO IO H3BECTHbIM Ma-
pamMeTpaM 3THX TpeX UYeTHIPeXNOJIOCHHKOB HaHTH INlapaMeTpsl 3KBH-
BaJIeHTHOTO.
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Puc. 12. DxBuBajeHTHAas CxeMa YCUJIHTeNS
¢ Lenbl0 0OpaTHOHR CBA3HM.

Tlpu ompejeneHuu NapaMeTpPoB YeTbIPEXMOJNIOCHHKA, 5KBHBAJEHTHO-
ro ABYM, COEIHHEHHBIM KacKalHOo, YAOOHO ONepHpoBaTb C CHCTeMOH
06061eHHbIX TTapaMeTpQB (a-FapaMeTpos).

CucTeMa ypaBHeHHH ¢ @-IapaMeTpaMH HMeeT BHA:

Ui=anUs+aig(—1s),
Li=anUs+an(—I).

WUnorna masi o603HaueHuss 3THX NapaMeTpoOB MDHMEHSIOT COOTBET-
crBeHHo G6ykBol A, B, C w D. Ho yunreiBas, 4TOo BO BceX HAPYTHX
cHcTeMax ypaBHeHUHl MPHMeHANHCh AAs 0603HAYeHHS NapaMeTpoB ONHOH
cHCTeMbl He pasHble GyKBBI, a pasHble HupPOBBHIE HHAEKCH, leJaecoo6-
pasHo W B JAHHOM cC/lIyyae COXPaHHTb TakOR e croco6 0603HaueHHd

Ecau ag-napamerpel nepBOro u3 ABYX KacKaJlHO COEJHMHSEMBIX dYe-
THIPEXIOMIOCHHKOB 0603HauuTh OYKBOH @ ¢ OJHMM INTPHXOM, a Iapa-
MeTpbl BTOPOro — GyKBOH ¢ ABYMs IUTDHXAaMH, TO @-NapaMeTphbl YeThl-
pexNoJIIOCHHKA, SKBUBAJEHTHOTO [ABYM COeNMHEHHLIM, MOXHO HalTH IO
dbopMmynam:

an=a'11a"+a' 120",

A1=a'110"13+a" 120" 2;
Ay =a'5,a” 11+ 20" 1;

4 ’ 7,
Ap=0"910" 19+ a"90" 2

TlopuepkHeM, 4TO STH (GOPMYJb CIpPaBeJJH3Bl TOAbKO B TOM Cay-
yae, ec/u NapaMeTpsl C OAHHM IUTPUXOM OTHOCHTCS K UYETHIPEXIOJIOC-
HHKY, oOpallleHHOMY KO BXOJAHBIM 3a)KHMaM pAacCYHTHIBAeMOH Lenu, a
nmapaMeTpsl ¢ ABYMSl LITPHXaMH — K YeTLIPEXIOMIOCHHKY, OGpalleHHOMY
K BBIXOJAHBIM 3aXKHUMaM ILeNH.

Hrak, no usBecTHBIM h-mapameTpaM TpaH3HcTOpa (npuMep 7) onpe-
Jle/IsieM a-rmapaMeTphl, MoAb3ysch TabJ. 2:

an=—0,29-10-% a;,=—37,5 ox;
agp=—1,08-10-8 cum; az=—0,0835.
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TMapaMeTpsl ORHO3EMEHTHOTO UYETHLIPEXMOJIOCHHKA, 06pasOBaHHOTO
pesucropom R, HaxoiuM B Tabu. l:

1
a3 =1; @12=0; a2 = N =0,143-10~2 cum; az:=1.

OnpeaeJmeM a-napaMeTrpbl 4YeThIPEXIOJIIOCHHKA, BKBHBAJIEHTHOTO ABYM
TNepBbIM (CO CTOPOHBI onna) KacKajAHO CO€JUMHEHHbIM YeTbIPEXIIOJI0C-
HHUKaM:

a“=aluaﬂu+a’12(1”21=—0,29 .10-8.1 +l(-—37,5) .0,143 . 10-3=
=—5,6-10-3,

AHanoruuHbiM 06pasoM HaXOAHM:
aig=—2375 om; an=-—13-10-8 cum; azp=—83,5-10-3,

OKBUBAJEHTHbIl UETHIPEXIO/HOCHHK, IllapaMeTpbl KOTOPOTO MBI HALLIH,
KaCcKaJHO COeJHHEH C TPEeTbHM YeThIPEXIOJIOCHHKOM paccMaTpHBaeMmon
nenouk# (T. e. ¢ TpPaH3UCTOPOM) PaccMOTPeHHBIM BhIlIe cHocoGoOM
MOKHO HaWTH a-apaMeTpbl 3TOTO COEJMHEHHS, T. €. a-llapaMeTpPH BCEro
4eTLIPEXIIONIOCHIKA - YCUIUTENS.

a; =42 - 10“6; a12=3,34 oM; ay=94. 10-9 cum, 1122=7,5' 103,

HuTepecHO OTMeTHTb, YTO B JaHHOM CJAyyae OIPENENHTeNb CHCTEME
D,=0. Tlockoabky hio=(Das/as;), TO paBeHcTBo onpepenureas Dg
HyJIIO 03HauaeT, UTO HaNpsiKEHWe ¢ BHIXOJA YCHJHTENs [0 BHYTPEHHUM
uenssiM o6GpaTHON CBf3W Ha BXOJ YCHJMTENs NMPAKTHYECKH He NMOCTYMaer.

Tlepexons mo ¢opmynam Tabi. 3 or a-mapaMeTpoB K A-lapamer-
pam, HaXO[UM:

h11y=450 oM, h|2y=0; h21y=—l33; h22=12,5' 10—6 Cum,

rie MHIAEKC «y» O3HauaeT, YTO MapaMeTPbl OTHOCATCS K BepPXHeMy Ha
puc. 12 yeTBIPEXMOMIOCHUKY (YCHJIHTENIO).

ITapameTpbl uYeTbIpeXMoOJIOCHHKA 06GpaTHOH CBSI3M ONpefedsieM TO
¢dopmyaam Ttaba. 1, nonaras B Hux 2;=1-10% om, 2,=100 on. Buiuuc-
JAeHue maer: Ry =99 om; hige=1-10-2; hye=—1-10-2; hypc=
=1-10—* cum, tne HHIEKC «C» O3HAyaeT, YTO NapaMeTpPhl OTHOCATCS
K YETbIPEXIOJNIOCHHKY OGpaTHOM CBA3H.

ITapameTpel Bcero ycHJHTENsT HAXOAMM, CYMMHDYs IlapameTphl
000UX YEeTHIPEXIOJNIOCHUKOB:

hy=h1y+h11c=450+99=549 on.

AHnanoruyHo mouayyaeM. hip=1-10-2; hy=-—133, hyp=1-10—4 cun.

KosuipenT yculeHHs MO HaNPSAXKEHHIO BCEr0 YCHJIHTENS, OXBa-
YeHHOTrO OTPHIATeNbHOH 06paTHOH CBS3bIO:

— ho1Zy — (—133)-2-10?

Ka= his +DnZs  5494-1,39-2-10° = 80,
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PaccmorpenHbie npuMepsl CBHAETENBCTBYIOT O TOM, 4TO,
NPHMEHsIT METOAB ¥ (DOPMYJH TEOPHH YEThIPEXMOJIOCHHKA,
BCerga MOXKHO PacCYHTaTh JIOOYIO H3 CXEM YCHJIHMTENefl.

O PACYETE h-TAPAMETPOB MHOIOKACKALHOIO
YCHJIUTENSA

HauGonee tpynoemkoit uactbio pacuera MHOrokackau-
HOTO YCHJIMTENsl, OXBAYeHHOTO OOpaTHOM CBA3bIO, OKa3bl-
Baercsl onpejeneHne h-mapaMeTpoOB BCEro YCHJIHTENIs. DTO
OOBSACHSIETCS CJOXKHOHM CTPYKTYpo#t opmyn Anasi onpexesne-
HHSl @-IapaMeTPOB NPH KACKAJHOM COEJMHEHHH YeThbIPeXIo-
MocHHKOB. OO0beM BBIYHCAHTENbHON PaGOThl MOXKHO YMEHb-
HIHTb, €CJM ONpeNeNTuTh A-mapaMeTpbl MHOTOKacKagHOTO
ycuauresasi, He npuberasgs K MpPOMeXKYTOUYHOMY BBIYHMCJ/IEHHIO
a-napaMeTpoB.

IMTokaxeM, Kak 3TO MOXHO cHAe/]aTh, HA NpHMepe mpe-
abiayuwei 3anauu. Ilapamerp Ajy yHCJAeHHO paBeH BXOJHO-
MY CONPOTHUBJIEHHIO YCHJIUTENs B PeXHMe KOPOTKOrO 3aMbl-
KaHHUsl €ro BBIXOJHBIX 3aXKHMOB. EC/IH NpeNnosoXuthb, 4TO
CONPOTHBJIEHHE HArpy3KH BTOPOro TPAH3HCTOPAa paBHO HY-
JIFO, TO €ro BXOXHOE CONPOTHUBJEHHE DaBHO BeJUYHHe Hyy.
IMockonbKy Rg> hy1, TO CONpPOTHBIEHHe HArPY3KH MEPBOrO
TPAaH3UCTOPA NPaKTHYECKH paBHO M;. MOXKHO cUMTaTh, 4TO
nepBLIl TPaH3UCTOp pabOTaeT B peXHMe KOPOTKOro 3aMhl-
KaHus. ‘CrnenoBarenbHo, hyy=Hhy; =450 on.

I"Io" 310#f ke mpuuuHe (R2>hy) MOXKHO CUMTATh, UTO
BTOPOH YeTbIPEXMOJIOCHHK CO CTOPOHBI BXOIHBIX 3aXXKHMMOB
paboraer B pexume xojgocroro xozxa. CJeIoBaTeNabHO,
IUIsT BTOPOrO TPAH3MCTOPAa NpPM BKJIOYEHHHM HCTOYHHKA Ha-
npsxeHusi Upnx B BHIXOAHYIO Lenb oTHOmeHHe Ugy/Upux
paBHO BenqHuuHe Aip. Jlua Bcero ycuaumTens npu pasoMKHY-
TBIX BXOIHBIX 3aXKHMax

h12y=h212= (2 . 10—4)2='4' 10"8.
Kosdduuuent ycunenus Bcero ycuaumTens no TOKy B pe-
XKHMe KOPOTKOro 3aMBIKaHHsSI paBeH:

_ —R, e —T-10° .
Fary =ha By P = 12 T 12— 135,

rie MHOXHTeNb — Ry/(Re+hy1) yuuThiBaer pacnpepenenue
BLIXONHOTO TOKA NEepBOTO TPAH3UCTOPA MeXAY CONPOTHBIIE-
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aueM Ry M BXOXHBIM CONpPOTHUBJEHHeM hj; BTOPOro TPaH3u-
cropa.

BrixonHoe cOnpoTHBAEHHE YCHIHTENS NPaKTHUYECKH ONpe-
JenseTcs napamMeTpaMu BTOPOro TPAH3UCTOPa M CONPOTHB-
aenus Rs. IlogcraBnsiga B GOPMYay BRIXOLHOTO COMPOTHBIIE-
uua (tabs. 3) 3nauenue Zp==Ry=7-10% om, nomyunM:

L1083
h]]‘l“Z!\:— 450+ 7-10 —79 Kxox.

Zoux = p T p =3 5 10- F 1310-5-7-10°
1

BH X

=12,7-10"° cux.

hzzY =7z

CpaBHuBas nosyyeHHble 3HAYEHHS NapaMeTpPoB Ay ¢ Hai-
IEeHHBIMH B MpenbinyiieM maparpade, yoexmaeMcs, 4TO OHH
NpPaKTHYECKH HE OTJIHYAIOTCS APYT OT ApYyra.

Bosuukaer Bonpoc: mpu KakuX 3HAYEHHSIX HArpy3OuHBIX
CONPOTHBNEHHH NONYCTHMO CYUMTATb, UTO TPaH3uCTOp pabo-
TaeT B PeXHMe KOPOTKOTO 3aMBIKaHHUA.

Kpurepuem paboThl B pexuMe, 61U3KOM K DEXHMY KO-
POTKOTO 3aMblKaHus, ABJSETCS YCJIOBHE

1

Ra < jre

Ecau sto ycinoBHe He BBIMOJNHSETCA, MM CONPOTHBJEHHE
HArPY3KH MMeeT KOMIJIEKCHBIH xapakrep, To Ko3pduiuest
YCUJIEHHS M BEJIMUYHHY BXONHOTO COMNDPOTHBJEHUS CJEIyer
onpeneasath nokackagxso. Ho u B 3ToM cayyae o6beM BHI-
yncleHn# OKa3blBaeTcsi MeHblIe, YeM TIIPH ONpPEeLeNeHHH
Q-napameTpoB.

3ABHCHMOCTb MAPAMETPOB
OT PABOYEH TOYKH

Ecau B npomecce pacuera Kackaga BhiGupaercs pabo-
yas TOYKa, OTJNUYAIONIAACST OT TOH, MJIS KOTOPOH H3BECTHH
TUNHYHBIE WM HENOCPeACTBEHHO H3MepeHHble NapaMeTphl
TPAaH3UCTOPA, TO HEOOXONHMMO NepecuduTaTb 3TH H3BECTHBIE
napaMeTpbl B COOTBETCTBMH C BhIOpaHHOH pabouell TOYKOH.
Ilns mepecuera cayxart rpaduru puc. 13 u 14. [1epBHii xa-
paKrepu3yer 3aBHCHMOCTb HA-apaMeTpoB TPaH3UCTOPA,
BKJIIOYEHHOTO N0 CX€Me ¢ OOIIHM 5MHUTTEPOM, OT HampsxKe-
HHA KOJJEKTOp — 3MHUTTep. BTopoit — 3aBHCHMOCTE TEX XKe

38



nmapaMeTpos or Toka koJaekropa. OGa cemelicTBa KPUBBIX
orHocsaTca K Tpausucropam tuna [113. OgHako onu, B mep-
BOM NpUONHXKEHUH, BJASIOTCS CIPaBeAJUBBIMU M JJIs1 TPaH-
3UCTOPOB APYTMX THIIOB,

7

€C/JIM nocJaelHHe paccyuTa- 0 n L

Hbl Ha TaKyl0 K€ MOIIHOCTb

paccessHUt H  IOJYYEHB ‘

C NMOMOLULIO TAKOH Ke TeX- oy

HOJIOTHH, KaK H TPaH3HCTO- y

pol tuna IT13. 2 —F

N hyy ="
¢
h "
LN
h. —+

N2z Mz
i h\Q\ g6 / \\

2 \\ hn /| \ N
(e e a4 <
—— oy hyy \

B ~ h, N
q5i AR ] 02
o L 1”}«;3:"

40 ' 2 4 6 &m

q4 46 G, o L, 2
"04 06087 2 4 6 810

Puc. 13. 3aBucumocts h-napa-

MeTpoB TpaH3ucropa Ttuna IT13,

BKJIIOYEHHOTO 10 cXeMe ¢ OOUIUM

SMHTT@POM, OT HAMpPSIKEHHS KOJ-
JIEKTOP — 3MHUTTEp.

Puc. 14. 3aBucuMocts h-mapa-

MeTpoB TpaHsuctopa Tuma I113,

BKJIIOYEHHOr0 MO cXeMe ¢ o6LIuM

SMHTTEPOM, OT TOKa KOJJIEK-
TOpa.

Npumep 10. 3nauenue napamerpa h; Tpansucropa Ttuma II113,
BKJIIOYEHHOTO 110 CXeMe C OOLIMM 3MHTTEPOM, PaBHO:

hy1=450 om npu Ux,=—5 6 u Ix=1 na.

Onpenenutb BeJIHUMHY STOrO MapaMmerpa:
a) npu Uxs=—1 6 u Ix=1 ma;
6) npu Uks=—1 6 u Ix=0, xua.
Pemenue 1. Ias nepexoga K HOBOMY 3HAUEHHIO HaNPAXKEHHUS
B paGouefl Touke cay’KaT KpuBbie ceMeficTBa Ha puc. 13. Ilpu mocrpoe-
HHH 3TOTO CeMeHCcTBa KPHBLIX 33 €AMHHIY BEJHYMHBl KaXJAOro M3 ma-
paMeTpoB MPHHSITO 3HadeHue mapamerpa npu Ux,=—2 8. Ilo rpadu-
Ky napamerpa h;; Ha 3TOM ceMeficTBe ONpejensieM, uTO NPH HEU3MeH-
HOM TOKe KOJIJIEKTOpa
hu(—5 8)’-81,1 hu(—-2 6),
hi (—1 8)=0,95 hyy(—2 8),
rjie B CKoOKax ykasaHo Hanpsikenue Uk o.
Cuie0BaTeNbHO,

0,95 0,95
Ay (— 1 8)= 11 hii (—5 8)= T—l—450= 390 om.
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2 Ias mepexoia K HOBOMY 3HaYeHHIO TOKa B paGoueli TOuke CAY-
Kar KpHBble cemefictBa Ha puc. |4. Ilpn NocTpoeHHH KpHBBIX 3a €[H-
HHIYy BeJHYHHBl KaXJAOro IapaMeTpa MNpPHHATO 3HaueHHe NapaMeTpa
npu Toke Ix=1 ma

ITo rpaduky napamerpa h;, onpepnensieM, YTO NpH HeH3MEHHOM 3Ha-
uyeHHH Hanpsxkenus Uk o

h11(0,5 ma)~1,6 Ay (1 ma).

Panee Mbl HamH, 4ro ki (—1 6; 1 ma) =390 om.
Cie0BaTeNbHO,

hu(—1 8; 0,5 ma)=1,6hy,(—1 8, 1 ma)=1,6-390=620 ox.
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