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fIPEAUCNIOBUE

Tpausuctop (B OTIHUHE OT 3/EKTPOHHOM JaMnbl) 10-
MycKaeT HHBepcHOe (06GpaTHOe) BKJIOYEHHE, NPH KOTOPOM
KOJIJIEKTOP BBINOJHSIET POJIb SMHUTTEPa, a SMHTTEp — KOJIJIEK-
TOpa. 3Ta 0COGEHHOCTb TPAH3UCTOPA NO3BOJSET 3HAYHTE]b-
HO YNPOCTHUTb PSZ 3JEeKTPOHHBIX CXeM, B KOTODBIX B IIPO-
uecce paGoThl NPOH3BOLUTCH NOCHENOBATeNbHAas CMeHa Ha-
npaBJeHuil Nepefayd CUrHAaNOB (MEHSIIOTCS BXOA M BBHIXOL
s/eMeHTapHOfi cXeMbl). KpoMme Toro, psaa mnapaMerpos
TPaH3UCTOpPA NPH ero HHBEPCHOM BKJIOYEHWH YJydIlaeTcs.
Hanpumep, yMeHbIIAIOTCS OCTaTOYHble NapaMeTpel (4TO
OuYeHb BaXKHO NpPH HCIOJNb30BAHHH TPAH3UCTOPA B KauecTBe
9JIEKTPOHHOTO KJIOYa), YBEJTHUMBAETCS [PAaHHYHAS YacTOTa
TPAH3HCTOPA B CXeMe C HHBEPCHHIM OGIMM 3MHTTEpOM,
yMeHbIIaeTcsl BHYTPEHHS 06paTHasi CBA3b, YMEHbUIAETCH
3aBUCHMOCTb NapaMeTpPOB TPAaH3UCTOPA H €ro pexuma OT
JefiCTBUSI Pa3NHUHBIX HecTabHIH3HPYIOUIUX (PaKTOPOB H T.II.
IMostomMy, HecMOTpA Ha yMeHblIeHHe HHBEPCHBIX KO3ddu-
IHEHTOB Nepefaud TOKA 3MHUTTepa M TOKa 6a3bl, NpU CO37a-
HHH HEKOTODBIX CNENHAaJbHbIX CXeM MOXKeT OKasaTbCs Lelie-
c006pasHbIM HCNONb30BAHHE HHBEPCHOTO BKJIOYEHHS TpaH-
3UCTOpA; CefyeT UMeTb B BHAY, 4YTO B OCLIUHOK cxeMe
BKJIIOUEHHS] TPAH3UCTOP, HATPYIKEHHBII Ha UHIYKTHBHOCTb,
NpU Pe3KOM IepeKJMIOYeHHH MOXKeT Ha KOPOTKOe BpeMsi Mo-
najatk B HHBepcHbI pexxuM. HeoGxomumocTb 3HakoMcTBa
C HHBEPCHBIM DEXHMOM OODBACHAETCS TakXe TeM, 4TO DSl
TapaMeTpoB TPaH3HCTOPA NPH ero OOBIYHOM BKJIIOYEHHH BBI*
paxaeTcsl 4yepe3 HHBepCHbIE TapaMeTphl.

3HaHue 0COGEHHOCTEH WHBEPCHOTO peXHMa INOMOKeT
gyuTaTenio Tray6xke yacHHUTb cefe (u3HUecKHe NpoIECCH,
MpoTeKaiolue B TPAH3UCTOpe, HACT eMY NpeicTaBjeHHe O
IIMPOKUX (ZalleK0 He HCYEPMAaHHBIX) BO3MOMKHOCTAX ero
NPHMEHEHH s,



Kunra paccuntana Ha TOATOTOBJEHHBIX PagHOJIOGHTE-
Jiell, 3HaKOMBbIX C OCHOBAMH TPaH3UCTOPHON TEXHHUKH, O6liue
OCHOBHbIE CBEJEHHSI O KOTOPbIX IpHUBeldeHbl B Hefl JHUIIb B
TOM MHHHMaJbHOM 0o0beMe, KOTOPbIi HEOGXOAUM AJs H3J0-
JKeHHs BONPOCOB HHBEPCHOI'O DEXHMMa M CONOCTABJEHHS HH-
BepCHLIX napaMeTpoB ¢ OGbIUHBIMH. [Ipu u3/0KeHMW MaTe-
puaja OCHOBHOH ymop chenaH Ha Hau6oJee pacnpocTpaHeH-
HYIO CXEMY BKJIOUEHHs TPAH3UCTOPA C OGLIUM SMUTTEPOM H
pPacCMOTPEHbl OCHOBHbBIE aCHEKThI MHBEPCHOTO BKJIOUEHHUS
TpaH3UCTOPa N0 3TOMH cxeMe.

Astop



OBLUUE MOHATUA O CHROCOBAX BKMFOYEHMUA TPAH3UCTOPA

TpaH3ucTopbl TNPeACTaBASIOT COGOM TPEXCJAOHHYIO MOJYIPOBOLHUKO-
BYIO CTPYKTYpPY, 00pa3yiollyio IBa B3aHMOAEHCTBYIOLIHX p-i Tmepexona
(puc. 1,a) B MOHOKpHCTa/Ie TPAaH3UCTOPA MOXKHO BBIAEIUTH TPHU OGJIACTH:
amurrepryro, 6azosyro u KoarexTopryto. Tepexonm, KoTophiit 06pasyercs
Ha rpanule oGnacTefi 3MHTTep — Ga3a, Ha3LIBAETCS SMUTTEPHLIM, a Ha
rpanuue 6a3a — KOJIEKTOP — KOJIeKTOpHbIM. [IpoBogumocTs 6as3bl MO-
KeT OBbIThb KaK JbIPOYHOM, TaK MU 3/NEKTPOHHOH; COOTBETCTBEHHO pa3JiH-
4aloT TPaH3HCTOPHI CO CTPYKTYpaMu n-p-n u p-n-p (pHc. l1,a).

IMpusuun paGoThl TPAH3UCTOPOB OGOMX THNOB OLUHAKOB, 32 HCKJIO-
YeHHEM TOTO, YTO B TPAH3UCTOPe THMNA 7-p-n TOK, TEKYIHi depes 6a3y
OT IMHTTEPA K KOJUIEKTODY, CO3JAIOT 34eKTPOHbL, a B TPAH3HCTOPE THIA
p-n-p 3TOT TOK CO3RAIOT ObLPKLU.

Ha cxemax sMHTTep H300paKaloT CTpeJKoOil, KOTOpas yKa3blBaeT
NpsMOe HanpaBJieHHE TOKa 3MHUTTepHOro mnepexopa (puc. 1,6). B Hop-
MaJIbHOM YCHJIMTENIbHOM peXHMe pabOTH TPaH3HCTOPA 3SMHUTTEPHbIA
nepexoj, BKJIOYAIOT B NMPSMOM HamnpaBJIEHH, a KOJJIEKTODHBIA — B 06part-
HoM (puc. 1,6).

PaccmaTpuBasi TpeXCJOHHYIO MOJYNPOBOXHHKOBYIO CTPYKTYPY, MOX-
HO Yy6emuTbCsi, YTO y TPAH3NCTOpPA HET TPUHUMNHAJBHBIX PasaHuHii
MeXJLY SMHTTEDHBIM M KOJUIEKTODHBIM IlepexofaMH H (IpH BKJIOYEHHH
TPaH3UCTOPA B CXEMY) HX MOMKHO NMOMEHSITb MECTaMH, T.e. KOJIEKTOPHBbIH
Mepexo HCMOJb30BATh B Ka4eCTBE SMHTTEPHOTO, a SMHTTEPHBI — B Kade-
¢TBe KosieKTopHOro. Ho mpu KOHCTpYHPOBaHHH KDHCTasIa BCerga LoG6u-
BalOTCH TOro, 4ToGbl NPSAMON TOK 3MHTTEPHOTO Mepexofa IPaKTHYECKH
LEeJHKOM 3aMbIKa.@Csl uYepe3 KOJIEKTOPHYIO Lemb [x~ [, U OCHOBHOI
napaMeTp TpaHsucTOpa — Oudepenyuarvroli Kodgpuyuert nepedatu
TCKA IMUTTEPA

Al

Al Uy g=const

M

[+

6bln 61n30K K enunuue (a==0,93+0,99). [las 3TOro HEO6XOANMO BHINOJ-
HEHHe CJIEAYIOUIHX OCHOBHBIX YCJIOBHH:

1. Basa Tpamsucropa JaOJMKHA ObITb HACTOJBKO TOHKOH, 4YTOOHI
HHIKEKTUDOBAHHBIE B Hee HOCHTENE MOIJH OTHOCHTENbHO CBOGOJHO HOCTH-
raTbh KOJIIEKTOPHOTO Mepexofa.

2. OMurTepHas 06/acTh B CpPaBleHHH € OGJacTbio 6a3bl HOJIKHA
UMeTh GOMbIIYI0 KOHUEHTPALMIO NpUMecH [GOMbIIYI0 KOHLEHTpaLHIO
OCHOBHBIX HOocHTeJdell (puc. 1,8)], wro6el mpsiMOH TOK 3MHTTEDa B OCHOB-
HOM OmNpenessiCs HOCUTEeNsiMH, HHXKEKTHPYeMBIMH 3MHTTEpoM B 6asy.
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3. aomanb KOMIEKTOPHOTO TNepexofa HOMKHA OHTb B HECKOJIbKO
pas Gousblie MJIOLIafH SMHTTEDHOTrO mepexofa (Sx=>S,), YTOObl HHMKEKTH-
poBaHHEIe B 6a3y HOCHTENH IIPH NEpPeMelleHHH B HalpaBJeHHH yMeHbIle-
HHS CBOeH KOHUEHTpalMH TONajaju NpeHMYIeCTBEHHO B 06JacTb
KOJIIEKTOpHOrO mepexofa (pHC. 2,a u 8). OTHOUEHHE S»/Sx OGBLIYHO
cocraBasier 0,15—0,5. BeiBog 0T 6asbl OCYIECTBJISIIOT C IOMOLIbIO KOH-
TaKTHOTO KOJIblla, PACMOJNOMXKEHHOrO Ha IJIAcTHHE KPHCTajja CO CTOPOHBI
SMHTTePHOTO nepexoja.

Puc. 1. [TonynpoBOAHHKOBbIE TPEXC/IOHHbIe CTPYKTYPH TPAH3HCTOPOB (a),
yC/IOBHOE rpauuecKkoe U306paKeHHe TPAH3UCTOPOB THIOB A-p-n U P-n-p
(6), pacrnpenenieHHe KOHUENTPALUUH OCHOBHBIX HOCHTeJell y 6esppeiio-
BOI'0 TPaH3HCTOpA THIA p-f-p B DAaBHOBECHOM COCTOSIHMM (8) H pacmpe-
IeseHHe KOHLUEHTDAUMU NPUMECH H OCHOBHHIX HOCHTENel B Gase mpeiido-
BOTO TPaH3UCTOpa (2) (pacmpeleleHHe KOHNEHTpalud npuMecH N B Gase
NOKa3aHO ITPUXOBOH JIMHUEH).

4. UToOHl yBEeNTHUHTbL MAaKCHMAJIbHO NOTMYCTHMOe HaNpsiKeHHe KOJLIeK-
TOpa, KOTOPOE OrpaHHYMBACTCH HANPSKEHHEM [P0GOS KOJJIEKTOPHOro
nepexona Ux.c.maxe 0,8 Uk.6.upos (CM. puc. 4), B 065aCTh KOMIEKTO-
pa 06bIYHO BHOCAT HECKONBKO MEHbIUYI N03y NPHMECH, 4eM B 06JacTb
aMutrepa. ChenoBartenbro, Ins TpaHsucropa p-n-p (cM. puc. 1,6)
n6 <K Pr << Po.

Ecnu koHueHTpauusi mnpuMecd B 6ase TPAH3HCTOPA pacnpeleneHa
paBHOMepHO (CM. puc. 1,B), TO HHIKEKTHpOBaHHbie B 6a3y HOCHTe/H
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IBHKYTC K KOJJIEKTOPHOMY MNepPeXOoly TOJbKO BCJIeNCTBHe HHODY3uH.
Takne Tpad3uCTOpHl Ha3biBaloTcs 6e3dpelposoimu. Hapsiny ¢ 6esapeiido-
BEIMH BBINYCKAIOTCA TPAH3HCTODEL, Y KOTOPbIX KOHIEHTPALHs NPHMECH B
Gase uMeerT HauGosbllee 3HAYCHHE BO3Jie SMHTTEDHOTO Iepexofa H
HavMeHbllee BO3se KoJuiekTopHoro. I1pu and¢y3nOHHOM BbIpaBHHBAHHK
KOHLEHTPALHH MOJBHXHBIX HOCHTEJeH 3JEeKTPHYECKOro 3apsna, NOpOXK-
IaeMbIX NPHUMECHHIMH aTOMaMH, B 6a3e TPaH3UCTOPA BO3HHKAeT 3JEKTPH-
yeckoe mnoJje (cM. pHc. 1,2). Dro poxme cosnmaer npeid HOcuTexef,
HHKEKTHPOBAHHBIX B 6a3y 3MHTTEDPOM, T.e. CNOCOOCTBYET HX NBHUIKEHHIO

Puc. 3. OcHOBHbE CXeMBbl
HOPMAJIbHOTO  BKJIIOUEHHs
TpaH3ucTopa.

a—c¢ ofuelt 6asoii (OB);

6—c Oo6UMM  3MHUTTEPOM
(03); 8—c O06LHM KOJJIEK-

|
) TopoM (OK) (cTpenkamu B ile-
NAX  3JMEKTPOAOE  YyKasaHBI
- NPHHATEIE 32 MONOXKHTEIbHBIE
_L HanpageJeHus 3JIeKTPOLHBIX

6) TOKOB).

B HanpaBJeHHH KOJIEKTOPHOro mnepexoja. Takue TPaH3HCTODH Ha3blBa-
forca Opedigpogbimu. Takum 06pa3oM, KpHCTaM/Ibl KakK ApeiipOBOrO, TaK H
6esfpeiihOBOro TPaH3UCTOPOB OKa3HBAIOTCA HECHMMETPHYHBIMH. B ndaib-
HefilieM, KPOMe CJyyaeB, CIeLHaJbHO OrOBOPEHHBbIX, NOAPa3yMeBaeTcs
Ge3npeiihOBLIN TPAH3UCTOP THIA pP-ni-p.

Ha puc. 3 nokasaHel TpH cnoco6a HOPMaJIbHOFO BKJIOYEHHH TPaH3H-
CTOpa B YCHJHTEJbHYIO cxeMy. B mo6oM ciaydae OIMH H3 3JEKTPONOB
TPAaH3HCTOPA OKa3biBaeTcsd OOGLIMM AJ1 BXORHOH M BBIXOAHOH Lemeil.
CoOTBETCTBEHHO pa3jHualoT cxemy ¢ obujeil 6asoi (OB), cxemy ¢
obujum smurrepom (03) u cxemy c¢ obuwum koasekropom (OK).
Ha puc. 3,a—s cTpenkaMu yka3aHbl NOJOXKHTe/bHble HANpaBJIEHHA TO-
KOB, a WITPHXOBbLIMH KOHTYPAaMH — COCTaBJAIOIIHE 3THX TOKOB:[x.o —
TOK KOJUIEKTODA IIPH OTCYTCTBHH TOKA 3MUTTEPA, T. €. COOCTBEHHbLE 06parT-
Houl (neynpa,e/me)ubtd) TOK KoanekTopa; Ixp — ynpasasemolii TOK

KoaxsekTOpa; [6—cocm3/mrolqaﬂ TOKQ 3MUTTepa, HE Y4YaCTBylOLlas B
CO3JaHHH TOKa KOJIIEKTOpa, KOTOpas 3aMblKaeTCAd uepe3 Lelb 6a3nl.
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OTHolIEHNE

Lo Tx—lgo
1, = I = 0y (2

Ha3biBAIOT UHTEZPAAbHLIM KO3(puyuenTom nepedasu TOKQ ImMurTepa.

CrenyeT 3aMeTHTb, 4TO B TPAH3HCTOPE, KaK y3Je TOKA, BHINOJHSAETCS
paBeHCTBO [,=1Ix-+Is. Takoe ke paBeHCTBO CNpaBelJHBO M AJsl MpHpa-
IleHHH TOKOB:

Al = Al + Alg. (3)
Kosdduuuenr ycuneuns (nepenaun) Toka B TpaHsucrope ¢ OB
Aly, Al
Kig=—"~— =ax 1,
Al Al Uy g=const

10T KO3)PUUHEHT NPHMEPHO paBeH KOIQ(PHUHEHTY @, Tak KakK
npupalleHHe KOJJIEKTODHOrO TOKa Alx B OCHOBHOM onpejessieTcst npupa-
meHueM Al © TNpaKTHYeCKH He 3aBHCHT OT BeJHYHHbI (M H3MeHeHHIT)
Ux.s<0.

[Tpu nuHeHHOM YyCHIHTENbHOM pexHuMe paboTH TPAaH3HCTOpPA, KOorja
Ixp>>Ix.0, nmpupalleHHss MOMXKHO 3aMeHHTb 3HAYEHHAMH TOKOB; TOraa

I
ooy N — 4)
1,
Koagpduuuent ycunennst Toka Tpaunsucropa B cxeMe ¢ 09
Al Al
K5 = —L = =p. (®)
Als Al Uy g=const

H3-3a oTHOCHTENLHO C1aGOro BJMSHHS KOJIJIEKTOPHOTO HANpSIKeHus

Ha KOJUIEKTODPHBIH TOK 3TOT KO3()QHIHEHT OKa3biBaeTCsi NPHMEePHO paB-
HEIM OuggpepenyuarbHomy koapuyuenty nepedauu Toxa 6asot

Al

_AIG

.

Uu. 6=consl;

Hcenoabays pasencrBa (1) u (3), MOXHO NOKa3aTh, YTO
Al Aly

ﬁ“‘ By _ a
T Alg AL, — Al

==, ©®

UK‘ 6=const UK. g=const

otkyna np a==0,93+0,99 nonydaiorcs 3nauenus agas P=(15+100)>a.
Ilpu o6biHOM pexxuMe paGoThl TPaHsucTopa, KorAa [g>>Ix.o, Npupa-
ILIEHAS. MOXKHO 3aMEHHTb 3HAYEHHSIMH TCKOB; TOTAA

I
BzﬁﬂzTK-’ (7)
6
rae I I I
Kp k—Iko
=KP_ X" 'KO 8
P I:; I+ Ixo @

— uHTezpanbHoLil KosPuyuent nepedauu Toxa 6asvt.



VuurtniBas npuMepHble paBeHcTBa (4) u (7), B DadbmeiluieM IpH
HamucaHuu GOPMys He JesnaeTcd pasiHuuil MexAy AuddepeHIHaIbHbBIM
H HHTerpajbHbLIM KOI()(HUHMEHTAMH nNepelayd TOKa 3MHUTTEpPa, a TaKkKe
Mexay AuddepeHUHaNTbHEIM W MHTErpalbHbIM KO3((HIHEHTaMU Nepena-
4y TOKa 6asbl. B Tex cayuasix, KOrja 3T0 pasjHuWe uUMeeT 3HAYeHHe, 10
CMBICITY PacCyXJeHHll BCeria MOXKHO YCTaHOBHTb, O KakOM KO3(dduIueH~
Te HJET Pedb B NaHHOH GOpMyse HIH IKBHBAJNEHTHOH cCxeMe.

I L
- L Ex Y I55
. . [N 5, Isy
o3 I Iif'TF.n
8
Irz ( T Iz

\ L[>l \I Iy
Ly U0, %l Ip=
AN RN

s "Ur.a

ra
r T
U0 VIno  ~Uigopos 1'0:;?;'” I Kk
a) eade 6)

Puc. 4. CraTnHyeckHe BHIXOJHHIE XapaKTePHCTHKH TpaH3uctopa, CraTuue-
CKHE XapaKTEPHCTHKH H300paiKeHbl COBMECTHO C Harpy3ouyHO{ Xapakre-
PHCTUKOH (HArpy304HOH HpsIMOit).

@ — KOJIJIEKTOpHble XapaKTePUCTHKH TpaH3ucTOpa B cxeMe ¢ OB; 6 — KosiaexkTop-
Hbleé XapaKTepHCTHKH TPaH3HCTOpa B cxeMe ¢ 0J.

Ha puc. 4 npuBeleHH CTaTHYECKHE IBIXOLHBIE (KOJJIEKTOpHbIE)
XapaKkTepuCTHKH TpausucTopa uas cxeMol ¢ OB Jx=¢(Ux.c) mpu
I,=const u nns cxembr ¢ O3 Ix=q2(Ux.0) npu [s=const. Bnpaso no
ocAM abcuuce OTJIOXKeHbl IOJIOXKHTeNbHble 3HaueHus — Uy >0 u
— Ux.»>0, Tak kak camu Hanpsixkenuss Ux.c 4 Uy.o IPH OGBIYHOM DeXKH-
Me pabOTH TPaH3HCTOpA THNA P-fi-p OTPHUATENbHBl. DTH XapaKTEPUCTH-
KH OYAYT HCIOJb30BAHBI A1 JaJbHEHIIHX NOSICHEHHH.

UCNONb3OBAHUE TPAH3MUCTOPA B KAYECTBE YCUMUTENS
U DNEKTPOHHOIO KJIOYA

Ha puc. 5,@ noxasana npocrefilias cxeMa yCHIMTeNsl HalpsKeHHs Ha
tpansucrope ¢ O3. B 3T0lf cxeMe B KOJLIFTOPHYIO Lenb TPaH3HCTOPA
BKJIIOUEH Harpy3O4HBIH Pe3ucTop Ry, MOSTOMY H3MEHEHHs! TOKa KOJUIEKTO-
pa /x BHI3LIBAIOT B CXeMe COCTBETCTBYIOILILE H3MeHEHHSI KOJJIEKTOPHOTO
HanpsikeHust Uy B3auMOCBSI3b KOJJIEKTOPHOTO HANpSIMKEHHS C KOJIJIEK-
TOPHBIM TOKOM B YCHJHTSIbHOH CXeMe OMNpefeNsieTCsl Harpy3ouHoi
XapaKTePHCTHKOMN, aHANHTHUETKOE BHIPAXKEHHE KOTOPOM MOXKHO IONYUHTb
Ha OCHOBaHWM BTOPOro sakowa Kupxroga. ITomaras BHYTpeHHee cOIpo-
THBJIEHHE HCTOUHMKA Ex paBHBIM Hymo M yuuTkiBasi, 4T0 Usx=— Ux.s,
nonyduM Ex=IxRx+Us.x =IxRx — Ux.o, 0TKyna

]K=EK/RK+UK-3/RK~ (9)
10



Boipaxenne (9) ecTb ypaBHeHHe TDAMON JIHHHH, TOJIOKEHHe KOTO-
poft onpenesslOT OTPe3KH, OTCeKdeMble €l Ha ocsix Koopauuat. I[lpu
Iv=0—Ux.o=Ex; npu Uxo=0 Ix=Ex/Ryx. Ha puc. 4,6 narpysounas
XapaKTepuCTHKa (Harpy3ouyHas mnpsMasi) u3o6paxeHa COBMECTHO C ce-
MeHCTBOM CTaTHYeCKHX BBIXOLHHIX KOJIJIEKTODHBIX XapakTepucTHK. Koa-
JIEKTOPHAS] Lienb AOJKHA ONHOBDPEMEHHO YAOBJETBODPSTh 3aKOHOMEPHO-
CTAIM, YCTaHaBJHBaeMBIM Harpy3ouHOH NpPsMOH M BBIXOAHBIMH CTaTHue-

Puc. 5, Tpocreiiias cxemMa yCHJIHTeJsi HanpsiXKeHHsh Ha TPaH3UCTOPE C
03 (a), cxeMa KOMMYTAalHH 3JEKTPHYECKOH Lend (6) H 3INeKTPOHHBIN
K101 Ha TpaHsuctope ¢ 09 (8).

CKMMH XapaKTepHCTHKaMU TPaH3HUCTODA, 4TO HMeeT MeCTo B TOUKAX
nepeceueHusl MaHHBIX XapaKTEPHCTHK C Harpy3ouHoit mpsmoi. PaGounit
Yyu4aCTOK Harpy3ouHOH MpsSMOH pacmosiaraeTcss B 00JacCTH QKTUBHO20
(ycuiuTenbHOr0) pexkuMa Tpausucropa (o6aactb I ma puc. 4,6). B atoi
006J1aCTH H3MeHEeHHS] ToKa 6a3bl BHI3BIBAIOT NPHMEPHO NPONOPIHOHAIbHbBIE
H3MEHEHHs TOKa KOJJIEKTOpa.

YeunutenbHoe CBOHCTBO TPaH3HCTOpA B CXeMe NPOSIBJASETCS B TOM,
YTO NpPH ONpe[e/eHHONH BeJdHYHHE Ry aMIVIMTy4a CHTHajJa Ha BBIXOJE
Uk.om OKa3biBaeTcsi Gosbllle aMIVIMTYAb cursajga Ha Bxoge Ugm.
KoadduunenT ycunenus curiaja mo Hanpsixkenuio (KoddduuueHt ycuse-
HHS HaNpsiKeHHs) ONpefesieTcs BhpaxKeHHeM

Ux.sm__: Iy m Ry -~ Ry
Usm Ism Rsx.ﬁ Rsx.6 !

rie Ux.om=IxmRx — aMminTyna BbIXOZHOTO (KO/IEKTOPHOr0) Harmps-
xeuusl; Usm=1I6m, Rex.6c — aMIIHTyfa BXxoaHOro (6a3oBoro) Hampsixke-
HUs; Jem/lom=Alx/Als =~ P — k03O PULUHEHT YCHIEHHS TOKa, NPUMEDPHO
paBHBIH AupdepeHllHaTbHOMY KOI(p(HLHEHTY Tepefayd ToKa 6a3bl.
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BaxHO OTMeTHTb, YTO CCIH B CXeMe BHIIOJHSETCS YCJOBHE
Ri/Rsx.6>>1/B, To cua paGoTaeT Kak YCHJAHTesb Hanpsamenss (T. e.
nMeer MecTo K>1) naxe npu f<<1.

PaccMoTpHM KpaTKO OCOGEHHOCTH paGOTH TPaH3HCTOpPa B KauecTBe
3/JeKTPOHHOro kKjioda. Ha puc. 5,6 nmokasana mnpocreiiasi cxema, B KOTO-
poit MexaHHYeCKHi Koy B 3aMbIKaeT H pa3MblKaeT 3J1eKTPHUECKYIO Lelb,
COCTOSIIIYI0O H3 HCTOYHHKAa NHTaHusi Ex M HarpysouHoro pesncropa Ru.

Hneanbubllt K104 B Pa3sOMKHYTOM COCTOSIHHH J[OJIKeH 06/anaTh
6eCKOHeyHO GOJIbIIMM CONMPOTHBJICHHEM, a B 3aMKHYTOM COCTOSIHHH —
HyJeBHIM. DTHM TPeGOBaHHUAM BIOJIHE YNOBJIETBODPSIOT 3J€KTPOMATHHTHLIE
pesie, OJHaKO BCe OHH H3-32 HHEPUHOHHOCTH He MOIYT NpPOH3BOJHTb
3aMBIKaHHe H pa3MblKaHHe (KOMMYTalI{i0) 3/1eKTPHYECKOH LENMH ¢ 4acTo-
TOH Bblllle HECKOJbKHX COTeH repu. B 3aToM oTHOIIeHHH QYHKUHH KJOYa
3HAYHTENbHO JIy4Yllle BBHINOJHAIOT 31eKTpoHHble npuGopwe. Ha pue. 5,8
TI0Ka3aHa NPOCTeHIlas cxeMa 5JeKTPOHHOro KJoda Ha Tpansucrope ¢ 0.
B 3T0i cXeMe TPaH3HCTOPHBIA KJIOY KOMMYTHDYET 3JEKTPHYECKYIO LElb,
COCTOSILILYIO H3 HCTOUHHKA NuTauHs Ex=FEy H Harpy3oyHoro pesHcropa
Ru=Ry. YnpaBnenne paGoToll K/Mo4a OCYLIECTB/IAETCS C NOMOIIBIO BXOA-
HOIO HanpsiKeHUs Usx, KOTOPOE yepe3 pesucrop Rs moasoautca K Gase
TPaH3HCTOPA H CO3/JaeT YNpPAaBJASAIOIIHH TOK ic. .

Tpn Us>0 Tpausucrop nomajaer B pexum oTceuxu (Touka A Ha
puc. 4,6). Ilpn 3TOM He3aBHCHMO OT BeJIHYHHBI NMOJIOXKHTENILHOTO Hampsi-
XeHHsi Ha 6a3e yepe3 HarpysKy R,x Gyner mpoTeKaTh JHWb OCTaTOUHbIR

TOK KOJIIEKTOPHO#H menH [y oor=/y o, KOTOpBli oTHoCcHTenpHO Man. Ero

BeJMYMHA OKa3blBaeTCsl YyTh MeHbIlle COGCTBEHHOr0 06paTHOro TOKa KOJ-
aekTopa Ix.o (cM. ctp. 20). [103TOMY MOXKHO CUHTATb, YTO TPAH3HCTOPHBIA
KJII0U B 3TOM pEeXHMe INPaKTHYeCKH. Pa3OMKHYT H Ha €ero 3axuMax
(BHIBOLAX KOJIJIEKTOD — 3MHTTeD) BbIIE/seTCs HamnpsiKeHHue, NMPHMEPHO
paBuoe Ex. OOaacte, orpaHHyeHHasi CBepXy  XapaKTepPHCTHKOI
Ix=0@Uxs) mpn Us>0 u lo=—1Ix.o, Ha3bIBaeTC 064aCT6IO0 OTCEUKU
(ua pHc. 4, 6 nomeuena nudpoit 17).

Ecmn Us<<0, TO mpu HEKOTOPOM 3HaueHHH ToKa 6as3bl [6=I6.n
TPAH3HCTOD NONAJAeT B PeXicuM HACblujeHus, KOTOPHIH XapaKTepH3yeTcs
TeM, 4TO [JaJjbHelllee yBejuueHHe TOKA Ga3bl He BHI3LIDAET 3aMETHOTO
yBeJMUeHNsT TOKa KoJllekTopa (Touka B’ Ha pHc. 4, 6). [lepexon TpaHsu-
CTOpa B COCTOSIHHE HACHILIEHMsI OCYIIECTBJISeTCA B TouKe B mpH cienyio-
mux napamerpax ero pexuMma: is=I6.5;, ix=Ix.r; Uxo=Uxarn<<0.
B pexuMe HaCblILEHHs Yepe3 HarpysKy NpoTeKaeT TOK

EK — Uxk.o oc-rl ~ Ex — [Uk.s.ul
Ry Ry

=IK-H: (10)

k=

a Ha TPaH3HCTOpe BHeNsieTcs ocrarounoe Hanpaxcerue Ug.ocr = Uk.a,m,
KoTOopoe OTHOCHTe/MbHO Maao (|Ux.s.0er| KEx). TTosToMy MoxHO cuH-
TaTh, YTO B peXHMe HaCblleHHs] TPAH3HCTODHLIA KJIOY NPAKTHYECKH
saMkuyT. O6aacTh, noMeueHHast Ha puc. 4,6 undpoit II/I, wnasnBaercs
obaactoio Hactwyenus. CreneHb HaChlLEHHs TPaH3HCTOpa B cxeMe ¢ O
olenuBaercst KospduunentoM nacwienns /o/lo.a=No.

CrieflyeT 3aMeTHTb, YTO B peXHMe HAaCBHIUEHHA HanpsXKeHHe
Uk.6=Ux.6.0cr MeHsieT CBOH 3HaK. Y TpaH3HCTOpa THNA p-n-p STO
HanpsiKeHHe CTaHOBHTCS NOJOXKUTeNbHBM (Uk.6.0¢1r>0) (cM. pHc, 4, 6),
a 'y TPaH3HCTOpa THNA N-p-n — OTPHILATE/IbHLIM,
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Tpausuctop, HAXOAAWIKACA B HACHILIEHHOM COCTOSIHHMH, YIOGHO Xa-
PAKTEPH30BATb CONPOTUBACHUEM HACOIUYEHUS

’

Tas = Ug s.0cr! Ik NUKaH/KH=rH.3' (In

UeM MeHble 3TO CONPOTHBJIEHHE, T€M Jyulle TPAH3HUCTOPHBIA KJIOY.
Hanuyne 0cTaTOYHOTO HANpsIKEHHS H OCTATOUHOTO TOKA, SIBJISIOLLHX-
€Sl OCTATOYHbIMU NAPAMETPAMU TPAH3UCTOPHG20 KAKO4Q, 3aTPYAHSET €ero
HCMOMb30BaHKE KaK NepeK/oyaTessi B LeNsiX ¢ MaJblMH TOKAMH H Hanpsi-
XKEHHSIMH, eCJIM MOCJAeHHe COM3MEPHMBI € BequuuHaMH [k ocr H Ux.s.ocr.

OCOBEHHOCTHM MHBEPCHOIO BKJIFOYEHUA TPAH3MITOPA

Kak yxke o0TMedaJoch, Y TPaH3HCTOPAa MeXAY KOJJIEKTOPHBIM H
SMHTTEPHbIM INepeXOfaMH HeT NPHHIHIHANbHBIX Pa3Nuudi, NMO3TOMY OH
JONYCKaeT uHBepCcHoe BKAO4eHue, IPH KOTOPOM KOJJIEKTOP BHINOJIHAET
pOJIb 3MHTTEPA, a SMUTTEP — KOJIeKTopa (pHc. 6).

B unBepcHOM pexkuMe paGoThl KOJJIEKTOPHBIA NePeXol, BHINOMHS0-
U POJb S5MUTTEPHOrO, BKJAIOYAIOT B NPsAMOM HANpaBJIEHHH, a IMHTTEP-
Hblli TepexoA, BHIOJHAOIHA pOJb KOJNJIEKTOPHOTO, — B 06paTHOM
Hanpasjesud. IIpy 3TOM B cayuae
CTPYKTYDHl p-n-p ObIPKH HHKEKTHPYIOT-
cad B 6a3y KOJJIEKTOPOM TPaH3HCTOPA,
a cobupaloTcs (3KCTParupyroTcsa) — ero
aMuTTepoM. B pasnbHeiimiem Bce mapa-
MeTpbl HHBEPCHOTO peXuMa CHaGxKaloT-
ca  JIONOJNHHTENbHBIM HHAEKCOM  «I».
Hanpumep, K; osHauaer wungepcHolil
KOAAEKTOp, a O1 — UHBEPCHbLL IMUTTED
(cMm. puc. 2,6 u e). B cuny Toro uro
OObIYHBIH TPaH3HUCTOP He o6safaer MoJ-
HOH CHMMeTpHeH, ycJIOBHS ero paboTH
B HHBEPCHOM peXHMe OKa3blBalOTCs He-

ckoabko unbiMH. [Tpexne Bcero ciepyer — Puc. 6. HMusepcuoe Bkiio-
OTMETUTb YMEHbIIEHHe Ko3ddHIenTa 9€HHe TPaH3HUCTOpA
nepefadd TOKAa 3MHTTepa o<, 4TO (CTpenKaMH YKasaHb Ha-
B GespelihOBOM TPAH3HCTOPE NMPOHCXO- NpAaBEHHS OTCYETa MeXK-
LT B OCHOBHOM M3-33 DasHOCTH IUIO- 3JMEeKTPOAHBIX  Hampsxe-
mwajgell SMUTTEPHOTO M  KOJJIEKTOPHOTO Huit).

MepexXolloB Sk =>S» (Sxr<<Ss1). B mpefi-

($OBOM TpPaH3UCTOpPEe 5TO YMeHbLIEHHE

NPOUCXOAUT TaKKe n3-3a BAHAHUS COGCTBEHHOro noJs 6asbl, KOTOpoe NpH
HODMa/IbHOM BKJIOUEHHH CNOCOGCTBYeT NPOXoXAeHHio (co3paer npefid)
HHKEKTHPOBAHHBIX HOCHTeNel 4epe3 6a3y, a npu HHBEPCHOM BKJIOUEHHH
COOTBETCTBEHHO OKa3hlBaeT HAa HHX TOPMO3sliee AEHCTBHE.

PaccMorpum npomecc nepeHoca abpok uepe3 Gasy Gesmpeiidosoro
MJIaHaPHOTO TPaH3UCTOPA THHa p-n-p TPH HOPMajabHOM (CM. DHC. 2,a)
H HHBepcHOM (pHC. 2,0) Bk/oudenHsix. Basy Tpausucropa ciepyer pas-
JIeJIMTh HAa aKTHUBHYIO H NAacCHBHYIO o6GaacTu. AxkTtuBHas o6sacTb Gashl
onpefensieTcss NJAOWIAABIO SMHTTepHOro mnepexoma, [Ipy HOpMmasibHOM
BKJIIOUEHHH TPaH3HCTOpa (puc. 2, ) nopasasiomee GOJBIIHHCTBO ABIPOK,
HHKEKTHPYEMBIX 3MHTTEDOM, NEPEeXOAHT Ha KOJJIEKTOP MO KpaTdafiileMy
MyTH Yepe3 aKTHBHYIO 06sacTb 6a3bl. 31eCb YCTAHABIMBAIOTCSH HaHGOJb-
IUHA TPajHeHT B pacnpejefeHHH KOHUEHTpPAaUHM IHPOK, HanGoibiuas
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CKOPOCTb M COOTBETCTBEHHO HaHMeHbllee BpeMsi MX nepeHoca. Hesmaun-
TeJbHOE KOJHUECTBO BIPOK, JH(BPYHAUPYS B HANpaBJEHHH YMeHbIUEHHSA
CBO€ll KOHI[eHTpalMH, JOCTIraeT KoJulektopa 1o 6GoJiee AJIHHHOMY NYTH
uepes naccuBHyIO oGJsacTb Gasbl, MIMeHHO 3[ech NPOUCXOAMT YCHJIEHHAs
oGbeMHasl U TOBEPXHOCTHASI PEKOMOHHALHUSA IBIPOK, ABJSIIOLIASACH OCHOB-
HOH NPHYMHOH YMEHbIIEHHs YNpPABJISIEMOrO ToKa KoJuiekTopa lxp mpH
HEeH3MEHHOM 3HaueHHH TOKa sMutrepa ([s==const).

Ilpn uHBepcHOM BKJIIOUEHHH (CM. puc. 2,6) Goabllioe KOJHUECTBO
HHXKEKTHPYEMbIX HHBEPCHBIM SMHTTEPOM JBIDOK COBepuIdeT Iepexoj
K HHBEPCHOMY KOJLIEKTOPY MO OTHOCHTENbHO MJHMHHOMY NYTH uepe3 mac-
ciBHYIO 06s1acTh 6a3bl. [IpuueM MHOTrHe M3 HUX NONAJAlOT Ha MOBEPXIOCTb

KPHCTaN1a BO3Jie KOHTAKTHOTO KOJIb-

s na 6asel, [TosToMy B HHBepcHOM pe-
s

1 //‘-“ XKHMe CTaHOBHTCSI GoJjiee 3aMeTHBHIM
I osesmoo o AmE— - BJIHSIHHE KaK oOBbeMHOil, Tak H TO-

BEPXHOCTHOH peKOMOHHALUH HIBIPOK,
4TO U BHI3BIBAET YMeHbIeHHe HH-
BepcHOTO Ko3ddHUHeHTa Nepegayu
L pane TOKa 0. TpansugTopaM, H3TOTOB-
JIEHHBIM 110 JAPYro#l TeXHOJOTHH, Ha-

npHMep CIMIaBHBIM (puc. 2,8 M 2),

I, TIPHCYILH Te 2Ke TNpoIecchl H fABJe-

s HUS, NpPUBOAsLIME K YMEHBIUEHHIO

g 10 20 30 %0 50 60 70mA KO3 GHUIHEHTA 1, YTO H B PacCMOT-
penHOH MoAeau NaaHapHOTO TPaH3H-

Puc. 7. 3aBucuMoctb K03bduuHu-  cropa.
€HTa nepefayl TOKa SMHTTepa OT ApanurHueckufi pacuer 3aBHCH-
BEJIHUMHBl TOKA 3MHTTEpA. MOCTH Qr==@(C) Ype3BBIYAHHO CJIO-

JKeH, TaK KaK NpH 3TOM HEoOXOAUMO
YUMTHIBATh MHOXKECTBO  [JOTOJHH-
TeNbHBIX (DAKTOPOB, BJHMSAIOIMX HA IIOTEPH HHBEPCHOTO TOKa 3SMHTTe-
pa I»;. Ha ocHOBanuu e KauecTBEHHOTO PAcCMOTPeHHs Mpoliecca MOXK-
HO cenathb cleaylomue oGI(He BBHIBOAH: BEJIHYHHA 0.7/ TEM MeHbLIe,
ueM GoJiblIe OTHOLIEHHE IJIOMAAH Sxk/S3==Ss1/Sx1, OHA TEM MeHblIe,
YeM MeHblile OTHOMIeHHe KOHLEHTPAlHil OCHOBHBIX HOCHTeJeH (IBIPOK)
B 06/1aCTAX KOJJIEKTOPAa H 3MHTTEPA Px/P» H CKOPOCTb MOBEPXHOCTEH pe-
KoMOHHanuH. Kpome 3toro, y ApeiidoBOro TpaH3HCTOpA OTHO-
HmIeHHe  @r/0. CTAHOBHTCSI ~ MeHble IpPH yBeJHYeHHH  COOCTBEH-
HOoro moxsi Gasel, B moGoM ciyuae GoJblleMy  3HAueHHIO @
(MpH mpOYMX paBHBIX YCJOBHSIX) Bcerfia COOTBETCTByeT OoJibliee 3Ha-
YyeHue 0.

Ha puc. 7 npuBenena tunuuHas 3aBHCHMOCTb o.==@([,). Hexoropoe
YMEHbIIEHHe BeJHYUHLI ¢ npH OOJBIIMX TOKAX SMHTTEPa CBSI3aHO
¢ yMeHblieHueM shdekTuBHOCTH 5MHTTepa. [IpH HHTEHCHBHOH HHMKEKIHH
IBIPOK B Gasy HX KOHLEHTpalHs Bo3ne 3MuTTEpa (CO CTOpoHBl 0askbl)
CTAHOBUTCSI OOJIbLIOKH, YTO BHI3BIBAET yBeJHUYEHHE B 3TOH 006JacTH Kol-
HEeHTPaluH 3JEeKTPOHOB (OCHOBHBIX HOcHTeNel 3apsima 6asbl). YCHJIH-
BAIOMANC HHKEKIHS JaHHBIX SMEKTPONOB H3 6asbl B SMUTTED MPHBO/IHT
K YBEeJNHUYEHHIO cocTaBjsiomell Toka smurrepa /g (Toka 6aspl) M COOT-

BETCTBEHHO K YMEHbLIeHHIO cocTaBasiioliefi [xp; MPH 3TOM BeJHuHHA
a~an=/Ixp/l; yMenvwaerca. IIpn HHBEPCHOM BKJIOUEHHH H3-32 MEHb-
uled IJIOTHOCTH TOKa Ha MHXKEKTHPYIOILEH MOBEPXHOCTH (Sor>>Skr) HaH-
Bl 3 deKT TNposiBAsSieTCsT 31MAUUTENbHO cjadee M TOJLKO IIPH OUYE€Hb
GOMbIIMX TOKAX HHBEPCHOro 3MHTTepa. [103TOMY €, MeHblue 3aBHCHUT
OT BEeJIHUHHBI TOKA HHBEPCHOTO SMUTTEpA,
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Il MaJOMOIIHBIX FePMaNHEBbIX CIJIABHAIX TPAHSUCTOPOB YIOBJETBO-
pHTe/IbHbIE Pe3yJbTaThl 1aeT GopMynaa

a,=(o,6+o,s7)(1»y—:xi)+af. (12)

ITpou3BeneM OpHEHTHPOBOUHEIA pacueT O AJAA TPAH3HCTOPA, Y KO-
TOPOTO AHaMeTp 3MHTTEPHOro mnepexofa cocrasiser 0,7 MM, auamerp
g%%gemopnoro 1,2 MM, a K03 dHUIHEHT Nepejaud TOKa 3MHTTepa paBeH
bl .

Haxonum oTHoweHue Sofsx==x 0,35%/n 0,62=0,34. [Toaaras B dop-
myse (12) nocrosuubiit ko3d¢uuuent pabunim 0,5(0,64-0,87) =0,74, no-
ayuum or =~ 0,74(1—0,34) 4+-0,985-0,34=10,82.

Ha puc. 8 IITPHX-NYHKTHPHBLIMH JIMHHSIMH, OrpaHHuYeHa o006JacTb,
CBA3LIBAIOILAS 3HAUEHHS Oy H Q. BepxHss JIHHHS COOTBETCTBYET BhIpa-
keHuo (12) npu 3Havenuu kos¢duuuenta 0,87, HUKHAL — NPH 3HAye-
nuu 0,6. ToukaMu 0603HaYeHB
IKCIepHMEHTaJbHbie JaHHbe, a Lo/
3Be3foukoii—pacuetnse. Crom- oy
Hasi JIMHUSI TIpefcTaBJjsieT co0oi
HEKOTOPYI0 YCPeNHEHHYI0 3aBU- g 97
CHMOCTb Oty =@ (&), MOJYUYEHHYIO
NyTeM YCpeIHEHUS] IKCIepHMEH-
TaJbHBIX NAHHBIX [JIS CIJIaBHbIX
repMaHueBbIX TPaH3HCTOPOB.

Y  KpeMHHEBHX TPAH3UCTO-
POB H3-32 OTHOCHTEJIbHO BHICOKHX
cKopocTell pekoMOHHAUUHM HOCH- {76
Tesieil Ha MOBepXHOCTH 6a3bl WH-
BepCHBIl KO3 dUIHEHT o1 oKa-
3BIBAETCS SHAUMTENbHO MEHBIUHM, g pol =7
yeM Yy TrepMaHueBHIX TpaHsucro- ~ 0,84 0,688 0,92
poB

0,64

_

V npeiiboBeix Tpansucropos  Puc. 8. DkcmepuMeHnrajibHas 3a-
nabmoaercs CYILECTBEHHOE  BHCHMOCTb Oi1 OT Q..
yMeHblileHHe KO3 bhHUHeHTa Or
u3-3a nosis 6aspl, KOTOPOe MPH HHBEPCHOM BKJICUEHMM SBJSETCS TOPMO-
3AMUM /5 MHXEKTHPYEeMbIX B (asdy HOCHTeJeH. YMeHbLICHHe KO3(dHu-
LHEHTa Oy B MHBEPCHOM DeXHME NPHBOAHT K 3HAUHTENBHOMY yMeHblle-
Huio Koddduuuenta pr=1Ixr/ls, Tak KaKk fr=os/(l—ar) <p=a/(l—a).
Tak, uanpumep, npu .=0,985 u o;=0,842 §=0,985/(1—0,985) =65,
a Pr=0,842/(1-—0,842) =5,4. V OGOJbIIMHCTBA KPCMIILEBLIX, a TaKke
y IpeipoBbIX TepMaHHEBLIX TPaH-
K 3MCTOPOB KO3 duiueHt B oka-
7 3biBaeTcsi MeHblle eluHuub (y He-
KOTOpbIX 00pasloB Jaxe MHOro
MeHbILle eHHULbI), T. €. 3TH TPaH3U-

b
i

Puc. 9. Ilonyuenne cHMMeTpHYHO-
ro npu6opa ¢ NOMOIIbIO IBYX Ma-

3 PANIENIbHO COeHHEHHbIX OO0blY-
HBIX TPAH3UCTOPUB.
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CTOPHl NPH HCNOJB30BAHWH HMX B HHBEPCHOM pEeXHME NpPAaKTHUECKH lie
06/1a7al0T YCUJIHTEJIbHEIMH CBOHCTBAMH.

Y cneuHaJbHBIX CHMMETPHUYHBIX TPAH3MCTOPCB IJIOIMAfH 3MHTTEp-
HOTO M KOJIIEKTODHOTO NEpexofOB BHINOJIHSIOT OQMHAKOBBLIMH, a TaKkKe
OJHHAKOBOH MeJAalOT KOHLUEHTPALMIO NpHMeCH B 3MHTTEPHOH H KOJIeK-
TOpHOK o06JaacTsXx. ¥ GOJBIIHHCTBA 3THX TPaH3UCTOPOB O, ~a ~0,9;
Br~p=10.

Ilpn HEo6XOOMMOCTH HOCTATOYHO CHUMMETPHUHBI COCTaBHOH TpaH-
3HCTOD MOXKHO IOJIYYHTb C MOMOIIBIO ABYX OGBIYHBIX TPaH3HCTOPOB,
BKJIOUEHHBIX MO cxeme puc. 9. Jlyumne pe3yiabrathl faeT INpefesbHO
HIEHTHUYHAs Mapa TPaH3UCTOPOB.

CTATUYECKME XAPAKTEPUCTUKU TPAH3UCTOPA
B MHBEPCHOM PEXMME

Bce craTnueckne XxapaKTepHCTHKH TPAH3HCTOpa B HHBEPCHOM pe-
KHMe NOAO6GHBI COOTBETCTBYIOIMM XapaKTePHCTHKAM ero NnpH HOpMalb-
HoM BxkawoueHHH. Ha puc. 10, a nokasausl ungepcuwie 8bix00Hble (K0A-
AexTopHble) xapakrepucTuku npu Isr=const, a uHa puc. 10,6 nas
CpaBHEHHS B TOM Xe MaciutaGe — oGbIUHBIE B6IXO0Hble XAPAKTEPUCTUKU
Tpax3ucropa B cxeme ¢ O3.

CraTHUeCKHe XapaKTePHCTHKH TPAH3HCTOpPa YLOOHO MOSCHATH, Npel-
CTaBHB TPAH3HCTOP B BHMJE SKBHBAJEHTHOI CXeMbl [0 MOCTOSIHHOMY TOKY.
O6mas ynpomeHHnasi KBHBaJeHTHasi cXxeMa TPaH3HCTOpa p-n-p MO MO-
CTOSIHHOMY TOKY npuBefeHa Ha puc. 11. B 3rtoit cxeme 3MHTTepHbIH
H KOJUIEKTODHBIH IIepeX0jbl NMPeACTABIEHbl  YCAOBHHIMH  JHOLAMH /g
u Hx, s7eMent rg siBasieTcsi 0GbeMHBIM CONPOTHBJEHHEM 6a3sl MJIsi TOKa
Gaabl, resepaTopnl Toka alyy u 0rlpy, YUMTHIBAIOT BAHSHHE, OKasbiBae-
MOe TOKOM OIHOTO YCJOBHOTO AHOJAA HA NPYroil.

B cootrBeTcTBHM ¢ 06llell SKBHBaJEHTHOH CXeMON TOKH KOJJIEKTOpa
U SMHTTEPA PaBHHI:

Io=oalg,— I (13)

[3=1ﬂ3_a11»aK’ (14)

rae Iy — TOK KOJIEKTOPHOTO IHO.a; I Ils — TOK 3MHTTEPHOrO NHONA;
ol 1, — HacTb TOKa 3MHTTEPHOTO [HOAA, TNepefaBaeMas B KOJJIEKTOp-
Hyl0 wenb; o.rf Ix— YaCThb TOKAa KOJJIEKTOPHOrO NHMOXA, TepejaBaeMas

B LENb SMHUTTEpA.

B mpocreiiieM cayuae Tok AHOAA CBSI3aH C HANpsiKEHHEM H3BeCT-
Holt dopmyaoir I=1,(e*V—1). CornacHo 3TOMY BhHIpaXKeHHIO NJsi LHO-
JOB SKBHBAJIEHTHON cXeMbl MOJYYHM:

Ve —1); (15)

1}11( = Iﬂx.o (

o = I (&0—1), (o

rae Upy u Up, —HanpsiKeHUs Ha KOJMIEKTODHOM H 3MHTTEDHOM me-
pexonax; e~2,72 — ocuoBaHHe HaTypaJbHOrO Jorapudma; lﬂ;(.o u
/50 — 06paTHbie (TenoBbie) TOKH —KOJJIEKTOPHOTO M 3MHTTEPHOrO
AHOJ0B.



YeranoBuM B3aUMOCBA3b MeXAY [pxo M COGCTBEHHBIM OGpaTHHIM
TOKOM KOJMIeKTOpa [x.0, KOTODHIH H3MepSIOT NpH 0GPATHO BKJIOUEHHOM
KOJUIEKTODHOM MEPeXOf€ M PA3OMKHYTOM 3MHTTepe, T. €. nmpu Ux=
zUﬂK <<0 u Iy;=0. Ha ocnoBanuu pasencts (13)—(16), yuurniBas,

89U
4TO € /0, coCTaBHM CHCTEMY YPaBHeHHI

39U
IK.O=aIlI3.0 (e Ha*l)—l—[llx.o;

( e39Un3_ 1 )

0=1113.0 — [le.o .

Vs 4
(31 =L.=0 [{

N Yg>0 i\ L=o
L7
- =Y,
/ ‘ Leor=I5, i

IF0f '
G TS ST T - " I

! [.9,= | — 1 T

U2

—— o — —— e e e

Puc. 10. KossiekTopuble XapaKTepHCTHKH TpaH3ucTopa B cxeMe ¢ O3.

@ — IIpY HHBEPCHOM BKJIIOUEHHH; 6 — IIpH HOPMAaJIbHOM BKJIIOYEHHH.



Peiuas ee 0THOCHTENBHO [y o, HAXOLHM:
Inko =Ixo/(1— o0y ). (17)

AHaJIOTHYHO yCTaHaBJMBAeTCs B3aHMOCBSI3b Mexny [ ko B cobcT-
@ennoim 00paTHoIM TOKOM amuTTepa Is.o, KOTOPHIH H3MepsIOT MPH 06paT-
HO BKJIOYEHHOM SMHTTEPHOM Tepexojie M Pa3oMKHYTOM KOJJIEKTOpE, T. €.
upn Us = Uy, <O u [=0:

[,113.0 =Ia.o/(l_(m‘l ) (18)
¥YcTaHOBJIEHO, UTO ¥ TPAH3HCTOPOB
Lol lgo= a/a. (19)

Otciona caenyer, uto Ia.o<<Ix.o, Tax Kak oy <<a.

a.IIAK Iy,

g
l>2  Puc. 11. O6mas ynpoumenHas K-
L BHBAJIEHTHAsl CXeMa TPaH3HCTOpa
p-8-p 1A MOCTOSIHHHIX TOKOB.

IMpu HopmanbHOM BKJAOUeHMH Tpan3uctopa (korna Uxs<<0, a
39U

U,>0), ucnoan3ysi pasencrBa (13)—(18) u yuurhiBas, 4to e ﬂ“zo,
[OJYYUM CHCTEMY YPaBHEHHIl:

I I
Le=ag22 (7R — 1) 4 22— (20)
1l —oaa, I —aa,
Is.o 33U Ix o
= T2 (e ns—-l)——oc,——l_(ml . (@1)

39U
Beipaxasi naByusen e Mo ys BTOPON CTPOKH M TNOACTABJsis pe-
3YJbTAT B NEPBYIO CTPOKY, NOCJE COOTBETCTBYIOLIHX NpeoGpa3oBaHuil
nojsyyaem:

Iy = als+ Iy, (22)

4TO MOJIHOCTBIO corsacyetcs ¢ dopmydofi (2) u puc. 3,a,6 u 8.

Ilpene6perast OTHOCHTENBHO C1a0BIM BAHAHHEM OOpPaTHOrO TOKa KOJ-
JIEKTOPHOTO [HOJA HA Uenb SMHUTTEPA, MOXKHO CUHTA4Tb B COOTBETCTBHH
¢ pasenctBoM (21), uTO

I5. U
I~ Iy == (1), (23)
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TakuM o6pas3oM, B HOpMaJbHOM pexHMe paGOTHl TPAH3UCTOP THIA
p-n-p, BRMoueHubd B OD, MOXKHO NPENCTABHTL 3KBHBAJIEHTHOH CXEMOJ
(puc. 12, a).

Paccyxiasi aHaJOTHYHO, MOJyYaeM [AJs HHBEPCHOrO pexHMa pabo-
Thl TPaH3HCTOPA:

Ley=oply +liop (24)
I
ol U
’arw’na!=1_§)oz(e ol —1). (25)

al,

Puc. 12, Yacthaa sKBHBajJeHTHAasi cXeMa TPAH3HCTOpa p-n-p LA NOCTO-
SHHBIX TOKOB.

a = [IPDH HOPMAaJIbHOM BKJIIOYEHHH; 6— NpH HHBEPCHOM BKJIIOYEHHH.

BripaxenuaM (24) u (25) cooTBETCTByeT 4acTHAsd SKBHBaJeHTHAs
cxeMa tpausucropa (puc. 12,6) c o6uum HuBepcHbiM sMHTTEpoM (03r).

HerpynHo 3amMeTHTb, UTO B HHBEPCHOM DeXHMe cOGCTBEHHBIH 0GpaT-
HBIl TOK MHBEDPCHOTO KOJJIEKTOPa sIBJAETCA COOGCTBEHHBIM OGPAaTHEIM TO-
KOM 3MHTTepa, T. €. [x.or=/ls.0 (CooTBeTCTBeHHO I3.0r=1Ix.0).

Ecau na 6a3y tpaHsucropa npH Ux,<<0 mnoaTbh HONOXKHTENbLHOE
nanpaxenne Us<<|Ux.|, To 00a nepexona B cxeme puc. 12, a okaxyr-
¢ 06paTHO BKJAKUeHHBIMH. To JXe caMoe CIpaBeMJHBO [Js CXEMB
puc. 12,6 npu Uxsr <0 u Usr <|Ux.oz].

Tok xosmnexTopa NpH O6GpPaTHO BKJIIOUEHHBIX SMHTTEDHOM H KOJJIEK-
TOPHOM M€pexofaX sBJsETCs OCTATOUHBIM TOKOM KOJUIEKTOPHOH UENH
Ix.ocr. Ucnonbsys 3%gBeHCTB%9l$19) d (20) W yuHTHIBasi, 4TO IPH YyKa-

saHHbIX yoroBuax e Moxe X0, noayunm:

1 . 13.0 + [K-O — IK.O
woer =" T "aar) T (T—oa;) ~ (I—aa;)
% lio _ (I—2)

- = /K.0 . (26)
(l—-aa,) (1-—-owc1)
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B cuny Ttoro, uto o0& 1, ocTaTOUNBI TOK KOJJIEKTOPHOI LEmH oKa-
3bIBAETCH NMPHUMEPHO PABHBIM [x.o, MO3TOMY HA IIPAKTHKE OOBIUHO He 1e-
JIAIOT Pa3/HYKHA MEXKIYy 3THMH TOKaMH.

Tox sMuTTEpa NpH OGPATHO BKJIOUEHHBIX KONJIEKTODHOM H 3MHT-
TepHOM MHepexofax fABJSAeTCs OCTATOUHBIM TOKOM HHBEPCHOH KOJJIEKTOP-
Ol wenH [x.ocrr=1Is.0cr. HMicmonbays pasenctBa (19) u (21) npu yxa-
3aHHBIX YCJAOBHUSIX, HAXOLHM:

(l—a

1K.0c11=19.0c1=13.0(1——oc1 oc) <<ls.o < (27

~
IK.O ~ IK.oc’r'

DToT TOK OKa3sbiBaercsi 3HAYHTEIbHO MeHblie [o.0<<Ix.o =~ /lk.oct,
Tak Kak oy<<o. [Ipu peanbHBIX 3HaueHHsiX MapaMeTPOB TPaH3HCTOPA
0=0,985 n r=0,86 (cM. puc. 7) 310 yMeHublueHue Gosee ueM B 10 pas.
(B mpefidoBeix TpaHaucropax npu oy <<0,] —B HECKOJbKO COTeH pas.)

IlpousBeseM pacueT NaHHbIX TOKOB, mogarass o=098 u [x.o=
=2 MKA, YTO NpPHUMEPHO COOTBETCTBYET TIe€pMaHHEBOMY MaJIOMOLIHOMY
tpausuctopy. Ilo npuarpamMe (cM. puc. 7) naxomum oy =0,84, Cornacuo
pasenctBy (19) [,.0=0,84-2/0,985=1,65 mrA. Ilo dopmyaram (26)
u (27) BhIUHCAsEM:

1—0,84
Ig.ocr = QW =2.09 = 1,8 MKA;
1—0,84
IK-OCTI = ls.oc‘r = 1,65 m= 0,183 mxA,

B cuny rtoro, utro P;<P, uHBepcHble BBLIXOXHBIE XapaKTePHCTHKH
TpaH3uctopa B cxeMe ¢ O B akTHBHOI 06jacTH pacnoJaraloTcsd 3HauH-
TeJbHO HAXKE MO CPAaBHEHHIO C OGBIYHBLIMM BBIXOJHBIMH XapaKTEpHCTHKA-
MH, CHATHBIMH IIPH TeX JKe 3HaueHHsX Toka 6Gasnl (cM. puc. 10).

Cnenyer o6paTuTh BHHMaHHE Ha TOT (aKT, 4TO B OOLIYHON cXeMme
tpaHsuctopa ¢ OD cMeHa 3HaKa KOJJIEKTOPHOTO HanpsXKeHHsi OTHOCH-
TENbHO 3MUTTEpPAa NPUBOJHT K HHBepcHOMY pexuMmy (puc. 13). T. e.
B JJaHHOM CJy4ae KOJIJIEKTOD HH-
JKeKTHpYyeT [blpkH B 0asy, a
X smuTTep MX 3KcTparupyer. He-

I MoMb3Ysl MOHSITHE HHBEPCHOTO pe-
’KHMa, MOXHO ONpeJeJHTb Be-
JIMYUHY TOKa KOJIIEKTOpA
IflUy o~0 =Ior mpu [s=const
¥ ODHEHTHPOBOYHO JIOCTPOHTD
BLIXOJHbIE CTAaTHYECKHE XapakTe-
PHCTHKH TPaH3HCTOpa B CXeMe C
O3 B neBoft obmacru (Ha pHuc.

Iy= const

Ig[=.IK

UK.3>0

+
Ir

Puc. 13. MuBepcHast cxema Tpau-
3UCTOpa, MOSICHSAOUIast KOJJIEK-
TODHbIE XapaKTEPUCTHKH  HOp-
MaJIbHO BKJIOUEHHOI'O TPaH3HCTO-
pa npu Ux.o>0.
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10,6 oHM 1noKa3aHbl LITPHXOBHI-
MH JIMHHSAMH).

PaccMoTpuM  HysneBylo xa-
pakrepuctuky [¢=0. H3BectHO,
4yTo B OGLIYHOM pexkuMe npu 06-
pbiBe Lenu Gasel yepe3 TPaH3HC-
TOD TeueT CKB803HOU Tok [,=
=Ix=Ix.cxs = lx,ol(l—oc) ~
& Blx.o. Tlpu cMeHe 3HaKa KoJ-



JIEKTODHOTO HanpsDkeHHs M [epexofe k HHBEDPCHOMY DeXHMY UH-
8EPCHbLE CKBO3HOL TOK TPAH3HCTOPA OKa3blBaeTcsl paBHEM [or=Ix=
=Ix.cxnr=Ixor/(l1—ar) & P1lo.o K x.cxs. OnpenenuB myrem pacue-
Ta 3TO 3HAUEHHE, MOXKHO IIPOM3BECTH ODPHEHTHDOBOYHOE IOCTPOEHHE HY-
NeBOfi XapaKTepHCTHKH TpaHaucTopa B jeBol o6aactu (Uxo>0; Ix<<0).

B axkTuBHON o6nacté npH oOBIYHOM pexuMe paboThl TPaH3HUCTOPA,
Kak 310 caexyer u3 puc. 10,6, TOK KoJJieKTOpA OKA3bIBA€TCS NPHMEPHO
paBubiM [« X~ Blo+Plx.o=P (I6+Ix.0). OueBHmHO, NN HHBEPCHOTO pe-
KuMa GyaeT clpaBeiiHBO aHajormunoe Bbipakenue [xr = Pr(ls+1s.0).
Ho Tak Kax KOJ/UIEKTOD TPAH3HCTOPA IIPH HHBEPCHH BHIIOJHSIET DOJb
SMHTTEPA, TO JJ/Isl NOCTPOEHHS BHIXOJHON XapaKTEPHCTHKH HEOGXOIHMO

onpeneautb He Ixr, a [aI=]u1/“1=—1xluK S>>0 Orciofia HaxOIHM:
f’l (16+13.o)
Iy, =—1I, U, >0 z——————-——a <ﬁ(]6+1K_0).

1

r "
Paccunras snauenust loy past Ig, Igu T. 1., IPOH3BOASAT OPHEHTH-
POBOYHOE MOCTPOEHHE COOTBETCTBYIOUIMX XapakTepHCTHK (cM. puc. 10,6).

- K.5=U:\’.3—Uﬁ>” = +

R —
=I5 I'rpI— IJI

Puc. 14. Cxema, nosicHsiiomas mpsiMoe BKJIOueHHe (OTKPBIBaHHE) KOJJIEK-
TOpHOTO nepexona npu ycaoBuH Usx.»>Us>0.

Ipr Us>0 nmu Usr>0 KOJIEKTOPHBI H SMHTTEDHBIH MEpexombl
OKasbiBaloTc 0CPAaTHO BKJIOUEHHBIMH H B ILend Gasbl TpaH3HCTOPA
B cxeMax ¢ O3 wmtu O3 ycranasiausaercss O6paTHBi TOK [6.06p=
=Ix.0cr+JIo.0cr, PaBHEIH CyMME OCTATOYHBIX TOKOB 3MHTTEPHOR M KOJ-
JaeKTopHoH nenefl. IIpu cMeHe KOJJIEKTOPHOTO HampsKeHHsl Ha o6paTHOE,
ecm Ux.s<<Ugs>>0, KOEKTODHBII M SMHTTEPHBIH Nepexoibl OCTAITCS
00paTHO BK/NIOYEHHHIMH H BCE SJEKTPOLHEIE TOKM TPAH3HCTOPA INpaK-
THYECKH He MeHAI0T cBoero 3Hauenus. [Ipu Ux.o>Us>0 (puc. 14) xoa-
JIEKTOPHBIH Tepexoj cMellaercs B mnpsMoM Hanpasaenun (U, >0),
NO3TOMY TOK KOJUIEKTOPA, KaK TOK MHBEPCHOT'O 3MHTTEPA, C YBeJHUEHHEM
Hanpsixkennss Ux, IaunnHaer GBLICTPO YBeNHYHBATbCH, HMesl NPOTHBOIO-
JI0XKHOe OOGBIYHOMY KOJJIEKTODHOMY TOKY HampasJgenune (na puc. 10,6
KPHBasi NI0Ka3aHa LITPHX-NYHKTHPHOH JIMHHEH).
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Hcnosbayss nauublii cioco6 st HHBEPCHOIO peXuMa, MOMKHO I0-
CTPOHTb HHBEPCHblE BBIXOJHBble XapaKTepHCTHKH B JeBoii oGiactu (Ha
puc. 10, @ — mTpHXOBHE W INTPHX-NYHKTHpHBIE sunuu). [Ipu 3TOM Cie-
pyer o6paTHTh BHHMAaHHe Ha TO, YTO BO3HHKalOUlas HHBepcud (B JieBOH
06/1aCTH XapPaKTEPHCTHK) MJisi HHBEPCHOIO BKJIOUEHHSI NPHBOAHT K HOP-
MaJIbHOMY DEXHMY TPaH3HCTOPa, T. €. MpH Uk.or >0 3MHTTEDP H KOJJIEK-
TOp TpaH3ucropa B cxeme ¢ O BHIIONHSIOT ¢BOH OOBIuHble (GYHKIHH,

Y GeanpelidoBoro TpausucTopa NPOGHBHOE HANPSPKEHHE SMHTTEP-
HOTO nepexofia (npu Ix==0) HecKo/bKO MeHblle NMPOGHBHOIrO Hampsxe-
HMS KosulekTopHoro nepexopa (npu Io=0), Tak Kak aMuTTepHasi 06jacTb
collepXHT OOJIBIIYIO 103y HpHMecH, ueM obJacTb Koasnekropa. IToaTomy
U9.5.Hp06=UK16.H})06<UH.G.IJD06-

6 rg Iy

LY A-r

L

arlpy n -
Uﬁ [,43r i Uﬂ A TIﬂ'f d'IJZ.?

J |

—

L_Utr.:i:

+
L.

+

=

Puc. 15. Cxema, nosicHsiounias pacnpefesieHHe Toka 0asbl TpaH3uCTOpA
MexNy sMuTTepoM H KoanekropoM npH Us<<0 u Ug.,=0.

B cxeme tpaunsucropa ¢ O wu pasomkuyrtoli uemu Gasel ([5==0)
Be/lMYMHA NPOGHBHOIO HampsiKeHus KosslekropHoro nepexona Ux.s.npos,
KpPOMe KOHLEHTPALuH IpHMeceil, 3aBHCHT OT BO3GYKIAeMOI0 B 3TOM me-
pexojie CKBO3HOrO TOKd, T. €. B KOHEYHOM HTOre 3aBHCHT OT HHTErpaJb-
HOro Koa(QQuIHeHTa mepefaun TOKa 3MHTTEPA H OMNpeJelsiercsd BHpaxKe-

n ——

HueM Ux.s.mpos ® Uk.6.1pos V 1—a, rne n=23-+5— koadpduunent, 3a-

BHCAILIMH OT CTPYKTYPHl H MarepHana TpaHsuctopa. Tak kak or<<a,

TO [Js HHBEPCHOrO pexuMma  cienyer OXujgath  Uxrsrmpos =
n

zUxIG.npoﬁ vV 1—“1>Uk.a.npoﬁ.

Y npefiboBoro TpaH3HCTOpa M3-3a OOJbINOH KOHLEHTPAUHH NPHMECH
B (ase BO3Jile SMHTTEDHOrO II€PeX0Jla HaMpSIKEHHE SJEKTPHUECKOrO Mpo-
6051 3TOro mepexoja OKa3hiBaeTCd OTHOCHTENbHO MalbiM. MakcuMaJsibHO
NONYCTHMOE HAlpSXKEHHEe HHBEPCHOrO KoJulekTopa npeiihoBoro TpausH-
cropa cocraBasier 1—2 B.

[Ipn ananuse paGoThl TPaH3UCTOPA B CXeMax Hepek/oyarteseil Ma-
JIBIX TOKOB OCOGHIH HMHTEpec MpeaCTaBAdIOT HayasbHble Y4acTKH BHIXOI-
HBIX xapakrepuctuk. Ha puc. 10,a u 6 HaganbHBle y4aCTKH BEIXOJHBIX
XapaKTePHCTHK BbIHECEHH W H306paKeHbl B YBeJHueHHOM Maciitabe Tak,
yTOGbl HAIVIIAHO BBEISIBHJIHCH CBOHCTBA TPaH3HCTOPAa B DPEXKHMe MaJbiX
TOKOB M Hanpsikenuil. OnpenesuM TOKH, NMPH KOTOPLIX 3TH XapaKTepH-
CTHKH NepecexaloT OCH KOOPIMHAT.
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Haiinem tox xonnekropa npu Ux.o,=0; naHHOe yc/l0BHe O3Hadaer
KOPOTKOEe 3aMbIKaHHe KoJJIeKTopa ¢ sMHTTepoM (puc. 15). Ilpu Is5%0
(Us<<0) smuTTEpHBIH H KOJJEKTOPHEIH NEpeXOabl CMEINaloTesi B NPSIMOM
HanpaB/ieHHH, OKAa3blBasiCb COEIMHEHHBIMH MNapa/UIeNbHO, MOITOMY MJs
aHa/H3a 3TOTO clyuasi HEoOXOMHMO I0JIb30BATbCSl HE YacTHOH, a oOuiel
3KBUBAJIEHTHOH cxeMol. B coorBerctBHm ¢ puc. 15 10K 6aswl Is=I+
+(—/Ix) pacmpenensieTcsi Memxny -TNEpexofaMH, HA KOTOPBIX Najaer Ofi-
HO 1 To x)e Hampaxenue Up,=Up, =U g >0.

39U
Henosnbays coornomenus (13)—(18), ¢ yuetom paBeHcTBa e -

39U
=e¢ % nonyanm:

fom o0 (Vs ) ko | MUm_ ) _

1 — ao,; | —aa,
Ix.o 39U
== (= 1) oy — 1y
Iso 39U 15 aly.o 39U i
l:":_—_l—aa,(e —l)—-———l_aal(e -—-1)—_—.
Ix.o 9V 15 ( o )
=T _oa —1)|— = |.
1 —aq; (e ) a 7
I, Ig+1, % (1—a)
CJefoBaTeIbHO,, —— = ———— = — —— —————— =
I I, o (l —oy)
__P
p
OTKYAa
_ p
Iy Ups=0= "6 B, Fp- (28)

Ananoruuno noJiyuaeM BbIpaK€HHe [Jis1 HHBEPCHOTO peXXHMa:

Br

IKI UK.'QI=0=_I615+6[ * (29)

Ha ocuoBanum Bhlpaxennit (28) u (29) MoXHO cHenaTh 3akioge-
HHE, YTO HHBEpPCHBIE BBIXOJHBlE XapPAKTEPHCTHKH IIPH OLHOM H TOM e
3HaueHMH TOKa 6asbl [g==Is; mepeceKaloT Ocb OpIHHAT B TOYKaX,
pAcCIOIOKeHHBIX 3HA4UTeJbHO OJHXKe K HYJMO (cM. pHe. 10, a), Tak Kak
Br<B. Hcnonbayst dpopmyasr (28) u (29), npoussenem pacuer ykasaH-
HHX TOkOB masi Is=Is1=0,5 MA, monaras =097 u ar=0,8 (co-
raacHo puc. 7). Haiimem: B=097/(1—0,97) =32; fr=0,8/(1—0,8) =4.

— I, |u, =0 =0,5-32/(32 4 4) = 0,443 w;
—l IUK.aI=0= 0,5-4/(32+4) = 0,055 MA.
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’

Haiimem ocratounoe Hanpsixenne xomnexropa Uy o ocp TPH Tu=0
(Is=16); naHHOe ycnoBHe O3HAuaeT, uTO HEHb KOJUIEKTOPA PA30OMKHYTa
(puc. 16).

B cootBerctBUM ¢ puc. 16 Hanpskende Ha Pa3OMKHYTHIX 3aMHMax

KOJIIEKTOPHOH LlenmH O0Ka3hiBaeTCs paBHBIM UF.QAOM=—U119+UJIK.
)
g
= ol
5 Iﬁ-Ia 43 K

Puc. 16. DxBuBaseHTHas cxeMa Tpansucropa npu Ix=0.

Hcnonbsysa coordowennss (13)—(18), nosnyuaem:

__%lo (mug _Ixo  (Uf )
0= 1 —ao, (e 3_1)— l —aa, (e K—l)'

Iy = Ig= a1y (639Ulla_~ 1) U Lo (339"1(»(__ 1)

a(l—aa]) l— aa,;

Wmeem nBa ypasnenus ¢ aBymsa nemssectnmiMu: Up, u Upy . Pe-
nfasi 1aHNYIO CHCTEMY ypaBHeNuH, HAXOLHM:

1 Il 1 I
UJIK:—]"( 5 oc—}—l)z——ln 8 o;

39 Ix.o 39 Ix.o
1 lgo 1 15 (04
— — ~ 1 .
Uns=7 I (Imo“[ + l) 39 " T 0%

TIpuGanKenHble paBeHCTBa crnpaBelymBel npH [6>Ix.o0, uTO poisi
OOBIYHEIX PEXKUMOB paGoOTHI Tpan3ucTopa Bcerga BhmoJusiercs. OTtcioga

1
Uy 500t =_U£L9+ Uj.'m ~ —55- Ine,; . (30)

AuHanusupys aHajJOTHYHYIO CXEMY NpH WHBEPCHOM BKJIOUEHHH TpaH-
3UCTOPA, NMOJyYaeM:

’

1
Uk s.0e1 = — U}Ial+ Unei = 3_9 Ina. (31)
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,

,

M3 swipaxennit (30) u (31) caenyet, 40 —U\ 5 oer s <— Uy 50019

Tak Kak ar<<a<<l. MakcuMalbHOMY 3HadeHuI0O a (cM. pHC. 6) cooTBeT-
)

cTByeT MuHEMajbHOe 3HaueHne —Uy . oopy. TOK 6asbl, MpH KOTOPOM

OCTaTOUHEIE HAMPSI)KEHHS MHHHUMAJbHBI, HA3bIBAETCS ONTHMAJLHEIM TOKOM
6askl.

I
U,,.3[="0,75 U.5="18

val..:v[:_,’igl ('/

U 5158

! =Usr

l —
“Usr ~Us  -Us

Puc. 17. Bxonuble (6a30Bbie) XapaKTEePHCTHKH TPAH3HCTOPa B CXeMax C
O3 u 091.

’ ’
Onpenenuam Uy g oernmm ® Uxkos.ocr 7wy W11 TPAH3HCTOPA, Y KOTO-
poro a=0,965; coorBercTBeHnO af =0,78:

’ 1
Uk s.0crmmn & 3_9 In0,78 = — 6,5 MB;

’

1
koocT v ~ oo 100,965 =—0,9 MB.

v 39

Ha puc. 17 npusenensl ceMeficTBa craTuueckux 8xo0Hbix (6a308bLx)
xapaxrepucTux Tpaxsuctopa 8 cxemax ¢ O3 u 031 XapaxkTepHCTHKH
IJ15 HHBEPCHOrO peXuMa NOKa3aHbl IITPUXOBBIMH JIHHUSIMH; OTHOCHTEJb-
HO OCBIYHBIX OHH HMeIOT uyTb Gosbliuii HakioH. CorsacHo cxeme
puc. 12, a

Ug=—rgls— Uy, (32)
3navenne Uy, HaxOQuM H3 Bhpaxenus (23):

1

I
Uﬂ‘3=—3§ ll'll:

1 IgB (I —aay)
(l—owc])—{—l]N—éaln I o .

K.O0

(33)

Is.0
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Jlnsi uuBepCHOM cXeMul (CM. puc. 12,6) aHANIOrHYHO HAXOIHM:
Usr=—rsls;— Upnsr (39)

1 Ig; By (1—aa)
=L (l—aa)+1|~ TR

K.0
Cuenosarensno, npu Io=Isr snavenne Upg, > Up,y, T2K Kax
B> Pi1; mosromy B coorBeTcTBHH C paBeHcTBamu (32) u (34) npm on-
fIOM H TOM Ke 3HaueHHM Toka 0asbl uMmeem: —Ug>—Us; (puc. 17).
HuBepcHble xapaKTePHCTHKH NepecekaloT och abClHCC B TOYKe, pac-
MONOXKeHHO! GJMKe K Havaly KOOPJAHHAT. DTO MOKHO yCTAaHOBHTD I10 3Ha-
YeHHSIM Usl,6=0 =—Up, u Uml/ﬁ] =0 =—0Up,; npu pasoMxuyTO#
e Gasbl. M3BecTHO, 4TO NpU 3TOM Yepe3 TpaHsucTop B cxeMe ¢ 0D
TeueT CKBO3HOH TOK [x=Is=Ix.of (1—a). IToAcraBnsisi 370 3HaveHue B
BbIpaxenue (33), mocsie COOTBETCTBYIOHIHX Ipeo6Pa30BaHHil MoOJydaeM:

1 B
U5l,6=0z——3§-1n[07(1-—aa])+ 1] . (36)
Jast maBepcHOro BKJoueHusi TpaHaucropa ¢ O CKBO3HON TOK pa-

seil Ixr=1Is1=1I5.0/(1—ayr). IlogcraBasis 370 3HaueHue B BLIpPAXKEHHE
(35), mocsie COOTBETCTBYIOLUIHX MpeoOpa3oOBaHHil MONydaeM:

1
= . (35
Unet 39 1K o (3%)

1 B,
06],[61=‘—'§§1n _a—(l—'m[)"}‘l . (37)

[TpousseneM pacyer JNaHHBIX HANpsiKeHHi JJs FepPMaHHEBOTO TPaH-
sucropa ¢ a==0,97 u 0y=0,81, orkyna p=323; Br=4,26.
CJieoBarebHO,

1
UGI’G=0 39 [0 81( —0,81.0,97) ] 7 MB

1
—Us 1]16,=0= 39 [0 97(I 0,81'0,97)-1—1} =17 MB.

M3 Bcero ckasaHHOro B JaHHOM naparpade cielyeT, 49TO TPaH3HC-
TOD NPH HHBepCHOM BKmodeHuu ¢ O35 ob6janaer MeHbIIUMH OCTATOUHbI-
MM NapaMeTpaMH, T. €. OH II0 CBOMM CBOICTBAM OKa3blBaeTcsl OJHKe K
HileaJbHOMY KJIOUY, YeM TPAH3HCTOP NpH OGBIYHOM BK/oueHHH. OcraTou-
Hble TapaMeTPbl OKa3bIBAIOTCS TeM MEHbIIe, YeM MeHbllle OTHOMIEHHE
o1 0 TIO3TOMY B CXeMax MepeKsiodaTesell MaJblX TOKOB U HaNpsiXKeHHH
HHOT/Ia OKa3blBaeTCsi 1eiecO00pPasHBIM HCIOJIb30BaTh TAKHE KPeMHHEBble
uiad 1peiiboBEE TPAH3HCTOPHL, Y KOTOPHX Gr~ Pr< 1, HecMoTpst Ha TO,
4TO 3TH TPAH3UCTOPLl B MHBEPCHOM DexHMe He 06/1aJlalOT YCHJHTENbHLI-
MH CBOHCTBaMH.

To, yTO MHBepcHast BXOJHAS XapaKTEPHCTHKA Iepecekaer ocb abe-
IIHCC B TOYKAaX, PacrosioKeHHbIX GJHKe K HadaJdy KOOpJHHAT, Jesaer Ile-
JIeCOOOpPa3HbIM B IIPOCTellIell cXxeMe TPAH3HCTOPHOTO AMILIATYLHOTO Jie-
TeKTOpa HCIOJMb30BaTh HHBEPCHOe BKJIIOuenue tpansucropa ¢ 0. [e-
TEKTHpPYIOLIlee CBOHCTBO HHBEPCHOI CXeMBI OKa3blBaeTcs JYYIIHM TaKxKe
MIOTOMY, YTO ee BXONHOE CONPOTHBJIEHHE NOCTOSHHOMY TOKY OKa3hIBaeTcs
MeHbIle BXOJHOTO CONPOTHBJICHHSI CXEMbl NIDH HOPMAaJbHOM BKJIOYEHIIH
Tpausucropa ¢ 0.
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MAPAMETPbI TPAH3UCTOPA 1A MHBEPCHOM BKNHOYEHMM
M MAJNIOM CHUTHAJNE

B Hacrosllee BpeMst N/1% XapaKTePHCTHKH TPAH3HCTOpA KakK YCHJH-
TeJbHOTO 3JIEMEHTA NIPH Ma/IOM CHTHaje B 00JaCTH HH3KHX 4acTOT HaH-
foJlee IIMPOKO HCHOJb3YeTCst cucteMa h-napamerpos. IlpuMeHUTENbHO K
cxeMe Tpausucropa ¢ O3 h-mapaMerpsl OmpefensiioT CJeLYIOHe JBa
ypaBHEHHS:

uGN = hl 1s iGN + h123 uK.3~; (38)

g = h219 i6N =+ h223 Ug s

KOTOpbIE I0JIHOCTbIO XapaKTepuayloT Tpausuctop B cxeMe ¢ O3, mpen-
CTaBJIeHHBIN B BUJIe aKTHBHOTO JUHEHHOTO YeThipexmoJiocuuka (puc. 18).

ign Fo——————— beeo

Puc. 18. Tpausucrop B cxeme ¢
O3 B BuJle aKTUBHOTO JIMHENHOrO
YeTBIPeXMOJIIOCHEKA  (CTpelKaMu
yKaszadbl HaNpaBJeHHsT  TOKOB
W HanpsiKennl, NPUHSATLIX B TEO-
pUH UeTHIPEXNOJIOCIUKOB 32 TO-
JIOXKHTENbIIbIC) .

Ha puc. 19,a npencrasieHa ynpoujeHHQA 3KBUBANEHTHAR CXeMd
TPAH3UCTOPA MO NEePeMeHHOMY TOKY IJs HOPMaJbHOIO BK/IIOYCHHS, a HA
puc. 19,6 — nas uusepcuoro. B cxeme na puc. 19,a ro=AU,/Al,—
Ougpepenyanvioe  ConpoTuBAeHue IMUTTEPHO20 nepexodq, KOTOPOe
MOXKHO BBIUHCINTb, MponuddepeHnnposas Buipaxenue (23). Ha npaxrtu-
Ke 0GBIUNO MOML3YIOTCS YNpoleHHo# GopMyJIoi

ry = 26/1,5, Om,

rie I,o— moctosiuHas COCTaBJslIONlAsi TOKAa 3MHTTepa, MA.

o, risra
7 fy a1
rly—2 Py =t
is 4 2(/‘06) T [ L'i,\'rﬁ 2(,—“” Tnl il(IN
{0 {1 140
Lo L Ty Cr ¢_a’ﬁ 3~ “iI'vL Tor UKI =U.60p l'ap(,g[,v
Z L, Z2 .
o Soln
2 1 -2 - 42 %z
a) 6)

Puc, 19. DKkBUBaJICHTHBIE CXEMBI TPAH3UCTOPA JJIsi HIEPEMEHHOrO TOKA.
@ — N HOPMAa/JbHOrO BKIIOYEHHsI; 6 — st HHBepcHoro. (CTpeJKH YKasblBalOT

Hanpap/eHUsI MNMepPpEeMeHHBbIX COCTAaBJSIOUIHX TOKOB H Hanpameﬂnﬁ, NPUHATHIX AJsd
JAHHBIX CXeM 3a [OJNOXKHTeJbHbIe.)
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AneMeHT rx=r»/2(l—a)ux.» npencrasasier coboii Ougppepenyuars-
HOe conpoTuBaeHue KOAAEKTOPHO20 nepexoda, TAe Wk.» — KOIPGHHIHEHT,
VUKTHIBAIONIMH BAMsAHHE IE€PEMEHHOTO KOJJIEKTODHOTO HaNpsiXKeHHs Ha
3MUTTep 32 cueT shdexTa MOLYJSAUHH TOMIHHBL Gase. dneMent Cy=
=Cx.6ap+Cx.xup NPELCTaBAsET 000 €MKOCTb KOJUJIEKTODHOTO mepe-
xona. Tak Kak KOJIEKTOPHBI Mepexof NpH paboTe TPAH3HUCTOPA B PEXH-
Me YCH/IeHHs BKMOUeH B o6patHoM HanpasieHHH (Cpmp=20), To Cx=
2~ Cyg.6ap. Ha nuakoil yacrore eMkocTb Cy BJIMAHMS HA PaGOTy CXEMBI
NPAaKTHUECKH He OKasblBaeT. AHAJIOTHUHBI CMBIC] HMEIOT 3JIEMEHTH 3KBH-
BajieHTHOH cxeMul puc. 19,6.

Onpenenum h-mapaMeTpbl AJsi OGEHX CXeM H NPOH3BENEM HX CpaB-
HeHHe.

1. M3 nepBoil cTpOKH CHCTeMB! ypaBHeHuil (38) ompenmensieM:

u
6.
his =—7 .

6, N4g.5=0

A10T mapaMeTp HasbiBaeTCs 6x00HbiM Ougpdpeperyuarvrbim conpo-
Tusrenuem Tpansucropa 8 cxeme ¢ O npu KOPOTKO3AMKHYTOLU no nepe-
MEHHOMY TOKY KOANEKTOPHOU yenu, T. €. Rj;s=Rzx., npu Ux.s=const
(4x.o==0).

ITo cxeme puc. 19,4 mpm 3aMKHYTOM BBIXOLE HAXOAHM: U~ =
=ig~re-Fis~Ts, OTKYLA

’ Is 1£) ’, 1£3
Ry, = = —2
=6t Tai—a T a
Jaist uuBepcHO# cxeMbl (puc. 19, 6), momyunm:
, Tsr , Tsr
Misr=rest+ - rrgt .
° l—a 1—a;

C 1oMolblo PHC. 2 MOMKHO HArIsiAHO YOeIHTbCS, UTO TeOMeTpuue-
cKHe pa3Mephl (Gas3bl TPaH3HCTOpAa NPH €ro HOPMAJbHOM U HHBEPCHOM
BKJIIOYEHHSX OKa3bIBAIOTCS NPAKTHYECKH OJHHAKOBEIMH. CllefloBaTelbHo,

.
r61 = rg, YTO NO3BOJSET B JlalbHEHIIeM He JenaThb pasyauyHga MexXIny

STHMH CONPOTHBJIEHHUAMH.
l'Ipu OJIMHAKOBBIX NOCTOSIHHBIX COCTaBJSAIOUIUX TOKa Gasbl MOJYYUM:

Miss _ ’1’5+26(1_°‘u1)/160(1““1)
his  rg+26 (1—o, ) /15y (1 — @)

~1, (39)

e ro=26(1—ax)/lso 0 ror=26(1—anr)/ls0; A 0x U U1 = Opy.

ITpu cTporom ananuse BripaxeHHs (39) H3-3a HEKOTOPOTO PasiHuMs
KO3} GHIHEHTOB Of M Ggr IOJYYaeTCsl 3HAUeHHE UYTh MEHblIe €HHHIBL.
Taxum o6pasom, npu nepexoie OT HOPMAJbHOTO PeXHUMa K HHBEPCHOMY
He NPOMCXOJHT CYIIECTBEHHOIO yMeHbIleHHs NupdepeHIHanbHoro BXOMI-
HOTO CONpPOTHBJEHHA TpaHamcropa B cxeMe ¢ O3 npu ycnoBuu Uy.a==
=const u [go=const.
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2. U3 BTOpoO#i CTPOKU CHCTeMbl ypaBHenuii (38) onpenessiem:

e
Rogs = —— .
uK.QN lg, =0
Srtor napamerp NpeIcTaBiser co6oil sbxoduyro dudpepenyuaroryo
nposodumocts Tpansucropa 8 cxeme ¢ 03 npu pasomxuyroii no nepe-
MeHHOMY TOKY yenu 6asvl, T. €. Hggs=1/Rpux. npu I¢=const.
ITo cxeme puc. 19, @ NpH pa3OMKHYTOM BXOJle NMOJydyaeM:

Rggs = e L = 2 (40)
T e [/ n(1—0)] T (L4 Upes)
Mo uusepcuoii cxeme (puc. 19, 6) onpenensem:
2
Bl rsl(l+llp’x.91)
Yeranosaeno, uTo [J1s1 OJHOMEPHOI MOJEIH
dg
Mgor = Pgs™ » (42)
dg;

,

e dg — 9KBUBANCHTHAR TOAU4uHA 6a3bl IPH HOPMAJbHOM BKJIOUEHHH, A
,

dg; — IPH HHBEPCHOM.

DKBHBAJEHTHAs TOJIMHA 6a3bl XapaKTePU3YeT YCPEIHEHHYIO NJIMHY
nyTH AbIPOK B 6ase MeXAY SMHTTEPHBIM H KOJJIEKTOPHBIM NEpeXOJamH.

U3 puc. 2,a cielyer, 4To NPH HOPMAJbHOM BKJIOUEHHH TPAaH3HCTO-
pa JHIIb HE3HAUYUTEJNbIIOE KOJHYECTBO ABIPOK MepeMellaeTcsi B HarpasJe-
HHH KOJJIGKTOPa Yepe3 MAacCHBHYIO 06JacTb 6asbl; MOSTOMY MOXKHO CUH-
TaTb, YTO y HOPMAJbHO BKJIOYEHHOrO TPAH3HCTOPA SKBHBAJIeHTHAH TOJ-
muHa 6asbl NPaKTHYECKH COBNANAeT C TOJIIHHON ee aKTHBHON 06JacTH.
Crienyer 3aMeTHTDb, 4TO 5Ta TOJIIHHA MEHbIE TOJIIHHb BCETO MOJMyNpo-

BOJHHKOBOTO cJiost 6a3bl dg <<ds, TaK KAaK KOJUIEKTODHHIX p-n Mepexof

npu O6paTHOM CMeLleHHH pacnojaraercs B OCHOBHOM B o6sactu 6asH,
HMeloLlefi MeHbIIYIO KOHIEHTPAIMIO OCHOBHHX HOCHTeNeH (ne<px).
Ipu MHBEPCHOM BKJIIOYEHWH TPaH3HCTOpa (cM. PHC. 2,6) 3HAUHTENb-
HOE KOJIHYECTBO NLIPOK MNepeMellaeTcss B HaNmpaBJeHHH HHBEPCHOTO KOJ-
JIEKTOPA Uepes IAacCHBHYIO 06J1acTb 6a3bl, MO3TOMY 5KBHBAJIEHTHAs TOJ-

muHa 6asw dgy, XapaKTepH3yIOllasi yCpPeLHEeHHYIO IJIUHY IYTH HBIPOK,

OKa3bIBaeTcs CYNIECTBEHHO GoJibllle SKBHBAJEHTHOH TOJIIHHBI 6a3el HOp-
r ’

MaJbHO BKJIIOUEHHOTO TPaH3HCTOPA dg; > d6~ Kpome roro, oma 3ua-

YHTEIbHO MEHbINE 33BHCHT OT TOJLIMHEL HHBEPCHOTO KOJIJIEKTOpA, TaK
KaK 3Ta TOJMHA (U ee H3MEHEHHs) MPAKTHYECKH He BJHSET HA JUTHHY
nyTH IHIPOK B maccuBHOi oGmactu Gasel (puc. 2,6). ITosroMy pk.ar<<
<Hk a, 4TO caMO 110 cebe sSBJISeTCS LOCTATOUHO BAXKHBIM, TaK KaK CBH-
NeTEeJbCTBYET O MeHbIeM BJHSHHH HHBePCHOro KOJJIEKTOPHOTO HAMps-
WeHHs 1ia HHBEPCHBI SMHUTTEP.
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HPH ONUIAKOBBIX MOCTOSHHBIX COCTABIAIOIIUX TOka 6a3bl noJsriyyaem:

h229[ (1 —a) (14 1/pg.5)
hass (I—OL,) (l + l/pu.a 1) \

TaK KaK Pror <<WPxo H O <.

Menblilee 3HayeHne BBIXOJHOH Au(depeHUHaNbHOH NPOBOAMMOCTH
(h2201 <<hggo) Tpamsucropa B cxeMe ¢ O nenaeT Lesnecoo6pasHBIM HC-
MOJIb30BAHHE 3TOTO PEXKHUMAa B TPAH3UCTOPHBIX CTAOHIN3aTOpPAX TOKa.

Ug
3. Tlapamerp hygy = —— Ha3bIBAETCS O0OPATHbIM KO3Gh-
-—uK'3~ i6~=0
uyuenTom nepedadu Hanpagcenus Tpansucropa B cxeme ¢ 03, T. e. OH
siBJIsieTCsl BHYTPEHHUM Ko3(duiuenToM o6paTHON CBA3M TPaH3UCTOpa B
cxeMe ¢ O 1o HanpsKeHUIO.
ITo cxeme puc. 19, a npu pasoMkuyToil Lenu Gas3bl HAXOIUM:

(43)

Us i3~r3/2 1

~

Hyon = o _ < . 44
12 —lUgs i5[rs/2 4 rg (I — )] 14 1/ps M. (44)

Jns uusepcnoii cxemsr (puc. 19, 6)
hlle Mg.sr < l‘K.a' (45)

Cuenosarenbno, Tpauducrop ¢ O npH HHBEPCHOM BKJIOUEHHH HMeeT
MeHbIIHi K03G¢uLIIeHT 0o6paTHOM CBSI3M MO HANPSXKEHHIO, YTO MOXKeT
0Ka3aTbCsi BecbMa HOJIE3HBIM NPH KOHCTPYHPOBAHHH HEKOTOPHIX CHEIH-
aJIbHBIX YCHJIMTE/bHBIX CXEM.

YMeubllleHHe BHYTpeHHeH 06paTHO# CBSI3M B TPaH3HCTOPe O3liayaeT
MeHbIIYIO 3aBHCHMOCTb €T0 BXOJHBIX CTaTHYECKHX XapaKTePHCTHK OT Be-
JIMUHHBI HaNpsSIKeHHS KoJulekTopuoil umemu. Ha puc. 17 BunHo, 4TO HH-
Bepcuble 6a30BbIe XapaKTepPUCTHKU oOpasyior GoJsiee y3Kuil Beep, YeM Cra-
THYecKHe 6a30Bble XapaKTepHCTUKH TPAH3HUCTOPA NPH €ro OOBIYHOM BKJIO-
yenud. [109TOMY QUHAMHYeCKOe BXOJHOE CONMDPOTHUBJIEHHE YCHJIUTENbHOTO
Kackajna Ha Tpansucrope ¢ O3, BKJIIOYEHHOTO MO HHBEPCHON CxeMe, 3Ha-
YUTeJbHO MeHbIIe 3aBHCHT OT BEeJHUHHBI CONPOTHBJIEHHS HArpysKH, 4eM
npu oObluHON cxeMe. CiienoBaTesibHO, MPHMEPHOE PAaBEHCTBO Rpx.or =
& Iy1pr OKasbBaeTcs GoJiee TOYHBIM, YeM DABEHCTBO Rpx.s X hi1s IPH
Ru50.

4. Y3 BTOpO#l CTPOKM cHCTeME! ypaBHenuil (38) ompenessiem:

ll{:,
hais = —— =p. (46)

lg_, ”K.9~=°

o a
—— < f=—"—, rak kak ar<<a. 310
l—a, |l —o
SIBJISIETCH HEJ0CTAaTKOM MHBEPCHOH CXeMBl BKJIOYeHHs Tpansucropa. Onna-
KO Br MeHbIe 3aBHCHT OT Pas/MYHOrO POAA AECTaOUMU3UPYIOWUX (HAKTO-
POB, HanpuMep OT BeJHYHHbl TOKa Gasbl, YTO SIBJSETCS HECOMHEHHBIM
NPEUMYLILECTBOM MHBEpCcHOTO pexkuMma. Ha puc. 20 cnuomHol Jsuuueit mo-
KazaHna THUNM4Has 3aBUCHMOCTb PB/Pmawxc=0({s) ¥ 1mTPUX0BOH JHHHEN
BI/I-))IMaxc=(P2(IG}-
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Ymenbinenne kosdpouunentra P=oa/(l—a) ¢ poctom Toka Il5>
>I5.onr HACTyNaeT H3-3a YMeHbIIEHHS KO3d(HIHEHTa @, YTO COrJIACHO
puc. 7 HMeeT MeCTO IPH OTHOCHTEJbHO GOJBIIHX TOKax 3aMHTTepa [,>
>I5.0nr (6OJBIIEMY TOKY SMHTTEPA Ha PHC. 7 COOTBETCTBYET GOJBIIHI
ToK 6a3bl Ha puc. 20). Menbilas 3aBHCHMOCTb (y OT TOKa aMutTepa o
npefonpeesieT MeHbIYI0 3aBHCHMOCTb [B; OT TOKa 6a3Hl.

Ha Bricokux yactoTax npeHeGperaTb KOMIJIEKCHOCTBIO K03dbuimen-
TOB nepeflaud TOKA SMMHTEPA H TOKa 6asbl yxe HeJb3st, OSTOMY o=

=limllom 1 P=Ixm/lom=0/(1—0a). C yBemuenneM 4acTOTH MOAYJH
3THX KOMIUIEKCHBIX KO3(dunuentoB ymeubiaiores. Ha puc. 21,a u 6
CIVICIINBIMH JIMHHSAMU MOKa3aHsl 3aBHCHMOCTH |ou| =, (f) u |B] =vps(f),
KOTOpble JIOCTaTOUHO TOUHO BHIPAXKAIOTCS GopMynam

ldl — ___i____. (47) ﬁ/ﬁuan‘ -’p@wam‘
V TH(TT)® "
|
u E
B b1 |
Bl=—— (48) 5
V 14 (F/fg)? ! Is
4 [ﬁ.aﬂr
rie fo — rpannunas wacrora
TPaH3HCTOpa B CXeMe ¢ OB, npu Puc. 20. 3asucumoct# B/Pmaxc
koTopoil |a| =a/y 2; H Br/Bruaxc OT Toka 6asbl.
fﬁ ~ ﬁ_—li&l- — rpaHHYHasi yactoTa TpaHsucropa B cxeme ¢ O, npu

KOTOPO# [[5|=B/ Ve

Ha puc. 21, a ogno nenenue uactoTHoit ocu coorBercrsyer 100 xI'n,

a na puc. 21,6 10 kI'n. YMenblienne |a| ¢ yBemnuenueM f siBasercs
CJIeACTBHEM HHEPHHOHHOCTH RH(Mdy3HOHHOTO mnpouecca, 06YyCJI0BIHBAIO-
11ero Ineperoc HIXKEKTHPOBAHHBIX JBIPOK depes Ga3y. UeM HiHHHee NMyTb
HHXXEKTHPOBAaHHBIX B 6a3y HOCHTesiell, TeM MeHblile BeJHYHHA

1,2D
fo(, ~ ,2 0 (49)
ﬂd6

rie D — napaMeTp NOJYIPOBOJHUKOBBIX BELIECTB, Ha3bIBAeMBIT KO-
,
unenToM AubGY3HH; dg — SKBUBANEHTHAs TOJMILMHA Gasbl.

Ilpu HHBEpCHOM BKJ/IOUEHHH 3HAUHTesbHas YacTb HHXKEKTHPYEMBIX B
6a3y HocCHTeJeH NOCTHTaeT HHBEPCHOTO KOJJIEKTOPa, ABHrasch MO mac-
cuBHOH (mepudepuiiHoil) dacTH Gasmbl, T. e. mo 6oJee NJHHHOMY NyTH

. , )
(cM. puc. 2,6 u e), nosToMy dg; < dg ¥ fo ;= — 3 < fq.
gy
Ha ocHOBaHHM KauyeCTBEHHOTO PacCMOTPEHHS IPOLECCOB, NMPOTeKalo-
wix B paboTalomeM TPaH3HCTOPe, MOXKHO CHejaTh CciAelylomiue obliie
BHBOJH! fo; Bcerja Menblle f, ; oTHomenue fo /f,r TeM Goablie, yeMm

MeHbllle OTHOLIeHHe IUIOLafell S»/Sx H 4eM OGoJblle 3Hauenne o. Ha
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prc. 22 npuBejieHa mMpUMepHast 3aBucHMOCTh fo /f,;=@(a) nna repma-
HHeBBIX CIJIaBHBIX Tpau3ucropoB. M3 puarpaMMel cjeldyeT, 4TO NpH
OGBIUHBIX SKCITyaTalMOHHbIX 3HaueHnsx oo =0,93+0,99, f,; = f, /1,56+5,5.

Ha puc. 21,a mTpuxoBoil JMHHeHl MOKa3aHa 3aBACHMOCTb |ar|=

=)V 14 (Ha)

I'panuunas uyacrtora TpaHaucropa B cxeMe ¢ O, cBszaHa ¢ yacro-
TOH f oy OGBIYHEIM COOTHOIIEHHEM

far

fﬂlzm;

NP 3TOM OKa3hIBAeTCs, uTO fg; B HECKOJbKO pa3 GoJblue fB . 910 00B-
SICHSIETCS TeM, 4TO YacTOTHl [, M fo; OGHIYHO DA3HUAIOTCS B MeHbulee
uncio pas (2—5), ueM kosdduunentst B u fr (8 10 pas u Gosee).

(50)

feelsoerd

Puc. 21. 3asucumocts |&| u |ar| oT ua-

crotsl (a); sasucmmoctd |B| u |Br] or
uactoThl (6).

Ha puc. 21, 6 mTpuxoBoit MHHHell MOKa3aHa 3aBHCHMOCTb
S A
V I+ ([l

13 KOTOPOH CJe[yeT, YyTO 4YacTOTHble CBOHCTBA TPaH3UCTOPa B CXeMe C
O3 npu HHBEPCHOM BKJIOYEHHH Jyylle, 4eM MpH OGBLIUHOM BKJIOUEHHH,

1B/ (51)
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TaK Kak fﬂl > fg . DTO CBOHCTBO MOKET 0KA3aThCst BeCbMa MOJIE3HHIM NP
HeOGXOMNMOCTH pacIIUPeHUs] MOJOCH PAaBHOMEDHO YCHJIHBAaeMBIX YacTOT
YCHJIMTeNIsI, a TaKkKe JJIs COKPAIlleHHsl NMepPeXOAHBIX MPOLECCOB B KJIOYe-
BBIX CXeMax.

Iponssenem pacuer fg; RS repMaHHEBOro CIVIABHOTO TPaH3UCTODA
¢ a=099 u f, =20 MI'm (rpansucrop I1407). [To puarpammam (cMm.
puc. 8 n 22) naxomuM o1~ 0,88; f,; =f, /55=37 MTIu. ITo popmynam
(6) u (50) BhIUHCISTEM:

6r ¢ @ 0,99
[ fx ’ = = = 99;
A3 l—a  1—0,99
Al J
"""""""""" = oy 0,88
5 - O 2
ob b= =T 088 — %%
4 o 4 ’
00%0
3+ 0, PO f 2.107
04 Y00 fox = = —— =200
2k . oo ooo B B+ 1 991 gl
, --e———"g ....... ———
0 ; ! L * lar  8,7-108
692 094 0,9 0,98 100 fpr = b1 73511
Puc. 22. dkcrepuMenTtanablias 3a-
BHCHMOCTD f o/ }P oT . =445 kI
for 445
E =200 = 2,2; o6wmmo fg; = fg (2 + 5).

Creayer 3aMeTHTb, UTO NpPH HIBEPCHOM BKJIOUEHHH €MKOCTb, IIYH-
THDYIOULAsl HHBEPCHHIT KOJUIEKTODHbI NepeXxof, siBjiseTcs GapbepHoOil eM-
KocTbi0 3MHTTEPA Cxr=Cs.5ap, KOTOpasi MeHblle eMKocTil Cyx, TaK Kak
$9<Sx. [T05TOMY NOCTOANHAA BpeMenLL KOAICKTOPHOL yeniL TPa3UcTopa
B MHBepCHOM pexuMe T,;=C,; rg=C, Gap r¢ MeHblle rx—CKrﬁ , UTO
TaxkXe NpeJlonpeesseT Jydline 4acTOTHHE CBOHCTBA TPAH3HCTODA B CXe-
Me ¢ O3

B Ta6a. 1 npuBeneHbl OpHEHTHPOBOUHBIE 3HAUEHIIST OCHOBHLIX HHBEpC-
HLIX NapaMeTpoB AJIsi PasJMYHBIX THIIOB TPAH3HCTOPOB.

MCMNOJIb3OBAHUE MHBEPCHOTO PEMMMA TPAH3MCTOPA
B CXEMAX MEPEKJIFOYATEJIEA

Kax oTmeuasoch, HHBepCHOEe BKJIOUEHHe TPAaH3UCTOpPA HAXOIHUT Hau-
6osee MIMpPOKOe NpPHMeHeHHe B CXeMax mepeknioyatesnei. OxHoit M3 oc-
HOBHBIX Pa3HOBHJHOCTeHl 3THX CXeM SBJSIOTCS aMMJINTyRHBle $a3ouys-
CTBHTeJIbHBIE MOAYJIATOPBl M AETeKTOpPH. TpaH3uCTOpHBlE AaMIJIHTYIHblE
(a3ouyBCTBHTEIbHBIE MOAYJAATOPH H AETEKTOPHl HCIOJAb3YIOTCSI B Clle-
UHaJbHBIX yeunuTeasx nocrosimHoro toka (YIIT), nocrosunuoro wmanps-
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xenust (YITH), nns npsMoro u o6patHoro mnpeofpa3oBaHHH yCHJIHBA-
eMOro curHasa.

Ha puc. 23 npuBesiena Gmaok-cxema mopo6roro YIITH. CrnaGeiit med-
ACHHO UBMEHAIOWUICA CUSHAA HONDANCEHUS We TOCTYNAeT HenoCpencT-
BEHHO Ha aMIIMTYAHBIH (a30uyBCTBHTENbHEIE MOAyaaTop (M), KoTOpHIA
npeoGpasyeT ero B aMILTHTYJLHO-MOAYJHPOBAaHHBEIA curHas. [lanHoe mpe-
06pa3oBaHe OCYILIECTBJISETCS C ITOMOLIBIO KOMMYTUDYIOUE20 nepemeH-
HO20 HANPAJNCeHUs Uk, UMEIOUIEro MOCTOSIHHYIO YacTOTY fx, MHOrO GOusb-
Y0 caMOH BLICOKOH YaCTOTHl BXOJHOTO HAnpsikKeHHs fe.maxc (fx OOBIU-
HO COCTABJSIeT HECKOJBKO COTeH repl, a fe — eIHHHUIBI repi).

dopma HCXONHOrO HampsiKeHWs Uc B NMPeoOpPa3OBAHHOM CHrHaJje
npefcTaBaeHa orubaronieil, KOHTYpbHl KOTOpPOH Ha puc. 23 noKasaubl
IITPUXOBOH JHHHeH. IIpH cMeHe MOJIIPHOCTH BXOJHOTO HampskKeHHs da-

gy yHY Ufx. YHY

Ue L gy

2—‘-’ M JHY Am

t
Uy '{
me | -
L Borx

Up=Ugy
t t

N_“” g

Puc. 23, Biiok-cxeMa YCHJIHTeJs] MeNJIEHHO H3MeHsouierocss (MOCTOSHHO-
ro) Hanpsikennsi (YIIH) ¢ npeoGpasoBanneM ycHIHBaeMOro cHruaja.

M — monyasitop; ¥YHY — ycunurenb HanpsiKeHUs HU3Koil vacrtoTel; M — memony-
asirop; F'KH — reHepaTop KOMMYTHDPYIOLLErO HanpsKeHH s,
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3a aMIVIUTY/IHO-MOJYJHPOBAHHOTO CHrHaja H3MeHsieTcsi Ha 180°. TIpeo6-
Pa30BaHHBIA CHTHAJ YCHJIHBAeTCs C NMOMOLIbI0O OGBIYHOTO (HIHPOKOTOJOC-
HOTO) YCHJHTeNsl HamnpsixeHHsi HM3Ko# uactothl (¥HY) u mocrynaer Ha
aemonyasitop (M), rie BocCTaHABIMBAETCS ero lepBoHavasjbHas ¢op-
ma. HenocpencTsentoe ycuiende MeIIeHHO H3MeHSIIOUIETOCs HampsKEHH
(uH TOKa) CBsI3aHO OOBIUHO ¢ GOJBLIMMH TPYAHOCTAMH, nosTomy YIIT
¢ MOAYJSIIHEH U JTeMONyJsilHeli CHTHAJJa HMEIOT 3HAUHTEeJbHO JIYYIlHe I10-
KasaTeJd.

[Mpocrefias cxeMa OZHONONYNEPHOAHONO (OAHOTAKTHOTO) MOAYJSA-
Topa mnpejcraBieHa Ha puc. 24, a. Tak Kak JaHHas cxeMa [0 CYIECTBY
AIBJIIETCA 3JeKTPOHHBIM KJIOUOM, TO JUJISl YMEHbUIEHHS €ro OCTaTOYHBIX

MANANNE: =
i

SNRNNNNNN -

Puc. 24. Pa6ora cxeMbl OZHOTOJNYNEPHOAHOIO aMIIMTYIHOTO MOJYJSsi-
Topa.

a — cXeMa MNPOCTEeHIIero OfHONOJYNEPHOLAHOTO MOAYJsATOPa; 6 — BBIXOAHBIE XapakK-
TEPHCTHKH TPaH3HCTOPA; 8 — BpeMeHHbIe JHarpaMMbl BXOAHOTO CHTHajla H KOJJek-
TOPHOTO HAaNpsKeHHs (3alITPHXOBAHO); 2 — KOMMYTHpYiolllee HalpsoKeHue; 0 — TOK
6a3bl; € — TOK KOJIJIEKTOpa; % — nepsasi TapMOHHKA BBIXOJHOIO CHrHaJja; 3 — cXe-
Ma MonynaTopa ¢ (HJIBTPOM, BRIAENSTIOMIWM aMITUTYAHO-MOAYTHPOBAHHEIH CHTHAI.
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nlapaMeTpPoB TPAH3HCTOP B cxeMe Iesieco00pa3Ho HCIOIb30Bath npu UH-
BEPCHOM BKJIIOYEHHH.

Hanps:xenue npeo6pasyeMoro curHana uc (puc. 24,8) momaercs B
KOJIIEKTOPHYIO Lienb. OHO HCNOJBb3YyeTCss B KaueCTBe HCTOYHHKA IHTaHHS
KOJUIEKTODHOH LeNH TPaH3UCTOpa; KOMMYTHpPYIOLlee HalpsiXeHHe Uk
(puc. 24, 2) momaercst na 6a3y TpaH3HCTOpa yepe3 pe3ncTOp Rg, KOTOPHIH
OrPaHHYHBAET BEJHUYHHY TOKA Ga3bl OTKPHITOTO H HACBHIIEHHOTO TPaH3HC-
Topa TaK, 4yTo0bl Bcerga BbINOJHAAOCH YCI0BHE [gm = (Uxm—Usm)/Re =
~ Uxm/Ro <<Ix.maxc/P, The Ix.maxc — MakCHMajbHO IONYCTHMBIH TOK
KoslekTopa. MMnyabchl Toka 6a3bl ZOJKHBI HMETb BeJHYHHY, oGecrnedn-
BAIOLIYIO PEXHM TJ1yGOKOTO HachIIIEHHs TPaH3HCTOPa NPH JIOGOM 3Haue-
HHH tc. KpoMe 5TOro, BCerfia HOJIKHO BBHINOJHATHLCS HepaBeHCTBO Upm >
> lc.maxc, YTOOBl HE NMPOHCXOAHJIO OTKPHITHE HHBEPCHOTO KOJUJIEKTOPHO-
ro nepexofia npu ux>0 (puc. 24,6). B uacTHOM cilyuae KOMMYTHpYIO-
1iee HampsiKeHHe MOXKET HMeTb NPSIMOYToJbHYIO (opMy.

PaccMorpum paboTy cxeMbl Moayastopa. Ha puc. 24,6 npuBeneHsl
CTaTHYeCKHe BBHIXOLHble XapaKTEPHCTHKH TpaHaucTopa B cxeMe ¢ O3 mas
MHBEPCHOTO PeXHMa, HaHeCeHHble COBMECTHO C Harpy3ouHOH XapaKTepHC-
THKOH, MOJIOXKEHHE KOTOPOH OnpejensioT BeJHuHHbl Ry M uc. Tak Kak
HanpsKeHHe U, NHTAOLIee KOJJIEKTOPHYIO lielb, H3MEHSeTcs KakK Mo Be-
JIHYHHE, TaK H 110 3HAKY, TO 5TO BHI3BIBAET COOTBETCTBYIOIHE H3MEeHEeHHs
TIOJIOJKEHHST Harpy3ouHoli xapakrepHcTHkH. Ha puc. 24,6 mokasaHwl Io-
JIOXKEHHS] STOH XapaKTepHCTHKH ISl HYJEeBOTO H MaKCHMaJbHHIX 3Havue-
HHH HanpsiKeHHs uc. KoMMyTHpyloliee Hanpsikenue uy (pHc. 24, 2) mpo-
H3BOAMT 3aMblKaHHe M pa3MbIKaHHe TPAH3HCTOPHOTO KJjwodya. IIpu oTpH-
HaTeJbHOM MOJylNepHojle KOMMYyTHPYIOLlero Hanpsuxenns (ux<<0) TpaH-
3HCTOPHBIA KJ/I0OY 3aMKHYT; TOK 0asel M TOK KOJJIEKTOPA OTKPHITOrO H
HaCHIEHHOTO TPAH3UCTOPA ONPENEJISIIOTCS IPHMEPHLIMH PaBeHCTBAMH:

;o t—luel )
¢~ R¢ h R¢ ux<0,
u U
tK1=————c———’:——c—. (53)

Ry~ rus R,

IMpeo6pasoBanus B pasencrBax (52) u (53) mpoH3BEJEHH C yYeTOM
TOTO, UTO Uy > Us (R6>Rsx.s U Ra>>ra.s).

ITpH mONOXKHTEIBHOM [OJNyNepHoie KOMMYTHDYIOUIErO HaNpsiKeHHs
(ux>>0) TPaH3HCTOPHBIA K/MIOY PA30OMKHYT; TOK 6a3bl H TOK HHBEDCHOTO
KOJIJIEKTOPA HE3aBHCHMO OT BeJHYHHB U¢=( O0Ka3blBalOTCA IPHUMEPHO
PaBHBIMH:

(52)

’

g~ — Ir,c.ol'— 13.01 = _I;.o —'1;(.0 = const; (54)
for~ Iy op =1, =const. (85)

Takum o6pa3oM, ToK Ga3el MpH CHHYCOMIaNbHOH (GopMe KOMMYTHPY-
IOlllero HanpsKeHus (puc. 24,2) U B COOTBEeTCTBHU C BhIpaxKeHusMH (52)
u (54) mpencraBasier coGOM MEPHOIHUECKYIO MOCAENOBATEIbHOCTb HOJO-
XKHTEJbHBIX NOUYTH CHHYCOHAAJBHHIX HMIYJBCOB C YIJIOM OTCEYKH, GJIH3-
KHM K 90° (pHc. 24, 0), a TOK KOJJIEKTOPa B COOTBETCTBHH C BbIpa’KeHHs-
mu (53) u (55) npuoGperaer GopMy NOUTH NPSIMOYLOJBHBIX HMIIYJIbCOB
C aMIVIMTYNaMH NPSMO MHPONOPIHOHANbHBIMH TEKyLIeMYy (MTHOBEHHOMY)
3HAYEHHIO |Uc¢| M MONAPHOCTBIO, 3aBHCAMmEH OT 3HAKa NAHHOTO Hamps-
x)enus (puc. 24, ¢e).
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Hanpsixenne, Bbjensionleecst Ha narpyske Rg, mosropser dopmy
KO/JICKTOPHOTO TOKA, TaK KaK Un==ixsRu. C NoMOLbIO QUABTPA MOKHO
BBHIEJUTh NEPBYIO TapMOHHKY CHTHaJa 1peo6pasoBAaHHOTO MOAYJASTOPOM
ua; (puc. 24, 9c). Cnenyer o6paTHTb BHHMaHHe Ha TO, YTO yacToTa Mmep-
BOIl TAPMOHUKH COOTBETCTBYET YacTOTe KOMMYTHPYIOIIEro curuana fg, a
ee (hasa casuraercs Ha 180° mpm nepexose OT OLHOH MONSPHOCTH UM-
NyJabCOB K APYroi. ITOT CABUT N03BOJseT npH obpaTHoM npeobpasoBa-
HHHM CHrHaja BBISABHTH MOJSPHOCTh MCXOLHOrO CHrHana. Brinenenue mep-
BOM rapMOHUKH CPaBHHTEJbHO INPOCTO OCYILECTBJAAETCH C MOMOLILbIO
Tpaschopmaropa, BTOPHUHAS OGMOTKA KOTODOrO 3allyHTHpPOBaHa eMKO-

Uc>< IKf T

Puc. 25. JIByXTpaH3HCTODHBIH

" I, !
KJIIOU C IocjaenoBaTeJbHOH KOM- «t 'l
HeHCauHeﬂ OCTATOYHBIX napamer- T )
OB. 1
p L ./_;—_-7’:_=== _”)(31

“Ues1=Usn

6)

Puc. 26. CummeTpHuHbBIE Xapak-
TEPHCTHKH OTKpHITOrO (@) M 3a-
KpbiToro  (6)  TPaH3HCTODHBIX
KJoued,

ctbio C ¢ TAKUM pacyeToM, YToObl Y HEr0 MPOSIBIJINCh Pe30HAHCHBIE CBOMH-
cTBa Ha vacrorte [y (pHc. 24,3). OnHoBpeMeHHO TpaHchOpPMATOp NO3BO-
JiieT COrIacoBaTh BBIXOJ MOAYJASTOPA C CONPOTHBJIEHHEM Harpy3KH.

IMpocTefinit OIHONONYNEPHOAHBIH (OAHOTAKTHBI!) MOAYJSATOP 06-
JlajlaeT CAEAYIOUIMMH OCHOBHBIMH HEJOCTATKAMH:

1. Jlaxe NpH MHBEPCHOM BKJIOUCHHH TPAaH3HCTOD He ABJIAETCS HJe-
anbHbIM KJouoM. Ha puc. 24,6 HauanbHble yYacTKH BBIXOAHBIX Xapak-
TEPHCTHK TPAH3UCTOpPA BHIHECEHBl M H300paiKeHbl B yBeJHUEHHOM Mac-
wrabe. M3 3Toro pucyHka BHAHO, UTO HPH NOJOXKHTENLHOM MOJyNEepHORe
KOMMYTHpYIOIero Hanpsixenus (4¢>>0 u t¢=0) cocrosiHHe KOJMIEKTOp-
HOM LenH XapaKTepuayeTcst TOYKOH M, a npu OTpHLATENHHOM [OJyIe-
puope (4s<<0 ® uc=0) — Toukoit N. Cie0BaTeNbHO, KOJJIEKTOPHBI
TOK H KOJUIEKTOPHOE HANpsKeHHE NPOJOJIKAIOT MOLYJHPOBATbCS MAaxKe
npH uc=0 (puc. 24,8 u e). [Jannoe 0GCTOSTEJIBCTBO MPIBOAUT K TOMY,
uro Ha Beixome YITH (mocsne MomyJsTopa) NOSIBASIETCST HEKOTOPOE Ha-
NpsIXKeHHe, 3aBHCAIIEe TOJbKO OT HecTabH/IBHBIX OCTATOYHBIX NapaMer-
pOB, T. €. BO3HHKAaeT sIBJIEHHE, Ha3blBaeMOE B YCHJHTENbHOH TEXHHKe
npeitbom nyast. OueBuauo, apefidh Hyns GYneT TeM MeHblle, yeM MeHb-
Ile OCTaTOuHble nmapaMerpsl (YeM Onnxke Touka P ua puc. 24,6 Gyner
pacrnosioxkeHna K Hauasy KOOPAHHAT).
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2. OGBIYHBIA TPAH3UCTOP HC ABJAETCH MOJHOCTbIO CHMMETPHYHBIM,
1103TOMY OTPHIlATeJbHbBle HMIIYIbCbl HHBEDPCHOTO KOJUIEKTOPHOTO TOKA IO~
JIYYAIOTCSt HECKOJLKO GOJIbILE MOJOXKHTENHBIX HMITYJbCOB (pHC. 24,6).
DTO NPHBOAHMT K HCKaxeHHo (GopMbl orubaloleli nepBoii rapMOHHKH Npe-
06pa3oBaHHOro curuasna (puc. 24, ).

3. HepocraTkoM 1pocTeflIero OJHOMOJMYNEPHOLHOTO0 MOLyIsATOpa siB-
JsieTca Takke TPYMAHOCTb KAueCTBEHHOTO BbIJEJEHHsS NepBOH rapMoHHue-
CKO# cOCTaBJAIOIel CHTHaJA.

Jns ymenblienus apeiia HyJIs yCH/IHTENST H YCTPAHEHHS aCHMMeT-
pHH CXeMbl MOAYJSTOpA YacTO HCNOJIb3YIOT MeTOJ KOMIEHCallWd ocTa-
TOUHLIX MapaMeTPOB TpaH3uCTOpa. JLOCTATOUHO XOpOIIHe pe3yJ/bTaThl Aa-
eT TOC/eloBaTe/lbHOe (BCTPEYHOE) COelHHEHHEe IBYX TPaH3HCTOPHBIX
kaoueit (puc. 25). Ilpu sTOM, KaK M B mpeiblLyliedi cxeMe MONYJATOPa,
o6a TpaH3HCTOpA IE€J1ecOO6PA3HO BK/IOUHTL MHBepcHo. K 6asaM Tpan-
3HCTOpa uepe3 OrpaHHYHTE/bHble Pe3HCTOPH Ry H Rey NpHK/IafBIBaeTCS
ONIHO H TO 3Ke KOMMYTHpyIOlllee HanpsiKeHHe, KOTOpPOe OJHOBPEMEHHO
3aKkpbiBaeT WJIM OTKpbiBaeT 06a TpaH3ucTOopa [3amupaiolliee HanpsKeHHe
Ha puc. 25 nomeueHo 3uakaMu (—) u (-)]. Ilpu BcTpeuHOM BKJ/IIOUEHHH
TpausucropoB T; n T HX OCTAaTOYHble TOKH H OCTATOYHBIE HANPSIKEHHS
HanpaBJIeHbl [POTHBOIOJOXKHO, YTO H BHI3BIBAET HX B3aHMHYIO KOMIEH-
cauuio. Ha puc. 26, @ mTpHXOBBHIMH JIMHHSIMH NOKa3aHbl JBe BBIXOJHble
CTaTHYECKHE XapaKTePUCTHKH OTKPHITHIX, a Ha pHC. 26, 6 — 3aKPHITHIX
TpansuctopoB T; U T, B3ATHX B OTHEJbHOCTH. CIVIOMIHLIME JIHHHSMH
NoKa3aHbl XapaKTEePHCTHKH IIOCJAE0BATE/IbHOrO  JBYXTPaH3HCTOPHOTO
kioya. IIpH DoCTpoeHHH pe3yJbTHPYIOMMX XapaKTEePHCTHK y4TeHO, YTO
[IPH [OCJEeAOBATENbHOM COeJHHEHHH TPaH3HCTOPOB TOK B OOIIeil Lienu on-
penesisieTcsi MeHbIIHM H3 OJHHAKOBO HAaNpaBJeHHBIX TOKOB, a pe3yJbTH-
pyiolllee HanpsiKeHHe paBHO aJgreGpanueckoli cyMMe HanpsiKeHHH Ha
Ka}JIOM M3 TPaH3HCTOPOB.

B mnpeaibHOM ciyyae NpPH COBepHIEHHO OJHHAKOBBIX TpaH3HCTOpaXx
pe3y/IbTHPYIOlIHEe XapaKTePHCTHKH MOJY4aloTCS CHMMETPHYHBIMH, NpPOXO-
NSILHMH 4Yepe3 Hauaslo KoophuHaT. CiepoBaresnbHO, NMPH Ue =0 ocraTou-
HLle HamnpsikKeHHe H TOK JBYXTPaH3HCTOPHOTO KJoya o6pamainTcs B
Hyab. Ho Tak Kak mapaMeTpel TPaH3HCTOPOB He OCTAIOTCS NMOCTOSHHBIMH,
a H3MeHSIIOTCS NOJX BO3/lefiCTBHEM Da3/HUHBIX AeCTabHIM3HpyoOmHX (ax-
TOPOB, TO JaXe NpH CIElHaJIbHO MONOGPAHHBIX HJIEHTHUHBIX TPaH3HC-
Topax CHMMETPHYHOCTb CXeMBbl B INpollecce paGoTel Hapymaercs. Onnako
3TH H3MEHEHHS OGBIUHO MPOHCXOASAT B OJHY CTOPOHY, NMO3TOMY OCTATOY-
Hble TapaMeTpbl JBYXTPAaH3HCTODHOTO KJIOYa OKAa3bIBAIOTCS 3HAUHTEJb-
HO MEHBIUHMH, 4eM Y KJioua, coGpanHoOro Ha oJHOM TpaH3ucTope. [IByX-
TPAH3HCTOPHBIA KJIOUW HMEET elle OJHO JOCTOHHCTBO IO CPaBHEHHIO C
OJIHOTPaH3HCTOPHHIM. Heo6XoanMo, 4ToGbl y MNOCJAEHEro 3amHparnliee
nanpsixene Ugm OBIIO GOJbllle MO BeJHYHHE Uc.maxc. 1OJBKO B 3TOM
cJyyae TPAH3HCTOPHBIA K/IOY Oy[eT 3aKpblT NpPH JOO0M 3HaueHHH Ue.
B ByXTpaH3HCTODHOM KJIO4Ye, eC/H HanpsiKeHHe Uc NPEBBICHT BeJHYHHY
sanupatouiero HanpskeHHsi Ugm, OTKDPOETCST TOJBKO OJHH TPAH3HCTOP;
Jpyrofi TPAH3HCTOD OCTAHETCS 3aKPHITHIM, H HOpMaJbHas pafora Kiwoua
He HapymHuTtcss (puc. 26,6). Jannas OCOGEHHOCTb ABYXTPaH3HCTOPHOTO
KJI04a MO3BOJISET HCIOJb30BaTb KOMMYTHpYIOIlee HanpsikeHde B BHJE
HMIYJIbCOB TOJIBKO OTKpPbIBAIOLIeH MOJISIPHOCTH.

Ha puc. 27, a npuBefieHa cxeMa ABYXNOJYNEPHOAHOro (ABYXTaKTHO-
ro) MOIyAsiTopa CO BCTPEUHBIM M WHBEPCHHIM BKJIOUEHHEM TPaH3HCTO-
poB. Bropuunsie o6MoTkH TpaHchopmaropa Tp; BKIIOUEHB! TaK, YTO KOM-
MYTHPYIOIHe HANpPSKEHHS Uxy W Uxrr U3MEHSIOTCS B npoTHBodase of-
HO OTHOCHTEJbHO Apyroro. BesemcrBue storo BepxHuil [ u nuxuuit (no
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cxeMe) /I ABYXTPaHSHCTOPHHIE KJIOYH OTKPBIBAIOTCS NOOYEPEHO depe3

KaxJylo TOJOBHHY NepPHOfa KOMMYTHDYIOLIErO HanpsiKeHus. 3a OXMH

TNOJIYIepHOX IO NepBOMY IJieYy NepBHUHON OGMOTKH TpancdopMaTopa
,

HPOTeKaeT TOK f1=Uc/(R,+2rn.s); B clepyomuit noJynepnoj no BTO-
. ’ o

pOMy mJieuy npoTeKaeT TakOH e TOK irt=uc/(Ry +2rn.c), uMelomuit B

NepBHYHOH OOGMOTKe TpaHc(hOPMaTopa NpPOTHBONOJNOXKHOE TOKY i1 Ha-

Uyg a)

Uamm
Unp s Uy

Puc. 27. CxeMa AByXIOJIynepUHO-
HOro (ZBYXTaKTHOIO) MOAYJSITO-
pa C KOMIIEHCHPOBAHHBIMH JBYX-
TPAH3HCTOPHBIMH KJ0oYaMHu (a)
H BpeMeHHEle JHarpaMMbl TOKOB
¥ HaNpaXKeHHH B Lensx MOAYJs-
Topa (6, 6 u e).

Puc. 28. Cxema nByxnosynepuon-
HOro (mByXTakKTHOro) ¢a3ouys-
CTBHTEJIBHOTO  AEMOIYJsATOpa C
KOMIICHCHPOBAHHBIMH  JIBYXTpPaH-
3UCTOPHBIMH KJIOYaMH (@) U Bpe-
MeHHble AHarpaMMbl TOKOB H Ha-
NpsiKeHHA B LENnsAX AeMOJYJSTO-

pa (6,8 ue).

npassenye. IIpy cMeHe MOJSIPHOCTH HanpsiKeHus ue (puc. 27, 6) nanpas-
JIEHHSI TOKOB i1 M {11 M3MEHSIOTCS Ha NPOTHBONOJIOXKHBIE. B pesysbrare
Ha BBIXOJle CO3/laeTcsi MOJAYJHPOBaHHBIA TOK (puc. 27,8). Has Harasm-
HOCTH TOKH i1 M ir1 Ha puc. 27, 8 3alUTPHXOBAHBl C PA3JHYHBIMH HAKIO-
HaMH IUTPUXOBKH.

Ha puc. 27, 2 nokasano HanpsieHnue Ha Harpyske IpH HaJMYHH KOH-
nencatopa C, o6pa3yloliero COBMECTHO € WHAYKTHBHOCTSIMH TpaHcdop-
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matopa Tp; ¢uibTp MJs BHIIEJEHHS MNEPBON TapMOHHKH BBIXOMHOTO
CHTHAJIA.

Ha puc. 28, a naobpaxeHa ABYyXmoJynepuoiHasi (IBYXTaKTHasi) cxe-
Ma NeMOAyYJATOPa Ha TPAH3HCTOPAX, B KOTOPOH, KaK U B HpEAbIAYLIEH
cxXeMe JIBYXTAaKTHOTO MOIYJATOpa, OCYUIECTBJEHAa KOMIEHCAllHsi OCTaTOoY-
HBIX NTaDaMeTPOB ABYXTPAH3HCTODHBIX KJIIOUEH C HHBEPCHBIM BKJIOUEHHEM
TPAH3HCTOPOB. BTopuuyHble OGMOTKM TpaHcpopmartopa TPy BKIIOYEHH!
TaK, UYTO KOMMYTHPYIOUIHE HANPsIKEeHHs Uxl H Uxil H3MEHSAIOTCS B IpO-
THBO(a3e, BCJeACTBHE Uero BepXHuil | M HIXKHHK no cxeMe /I AByXTpaH-
3HCTOpPHBbIE KJ/IIOYH OTKDPBIBAIOTCS HOOYEPENHO uepe3 KaXKAYI0 MOJNOBUHY
NepHolia KOMMYTHpPYyIOUlero HampsixeHus (puc. 28,06). AMIIHTYAHO-MO-
IyJHPOBaHHOE Kosie6aHHe HOC/Ie COOTBETCTBYIOIIErO YCHJEHHS MOCTYyNa-
€T Ha NepBuyHyl0 06MOTKY ARubdepennuansbHoro tpancdopmaropa 7Ipg;
cO BTODHYHOH OOMOTKH AHddepeHnHasbHOro TpanchopMaTopa aMIvu-
TYAHO-MOJyIMPOBAHHEIE KOJeOaHHs HOCTYMAIOT HAa TPaH3HCTOPHBIE KJIO-
9H C NPOTHBONOJOXKHEIMH (asamu (puc. 28, 8). Heo6xomumMbIM ycioBreM
paboThl NeMONYJNATOpPA SIBJSETCS CTPOTAsi CHHXPOHHOCTb AMIIHTYLHO-
MOAYJNMPOBAHHOTO H KOMMYTHDPYIOIlero HanpsixkeHuil. [laHuoe o6cTosi-
TeJNbCTBO OCOOBIX 3aTPyAHeHHIl He BbI3biBaeT, Tak kKak B YIIH wmomyus-
TOP M IEMOJYJATOP HCHOJNb3YIOT IJIsi KOMMYTAaUWH KoJeGaHHH OT OfHO-
ro W _TOro e reHepatopa KoMMmytupymowmero Hanpsikenus (IKH).

IMpu cosnafennn $a3bl KOMMYTHPYIOWETO W AMIUIHTYAHO-MOLYJIHDO-
BAHHOTO CHTHAaJOB (KOraa u¢>>0) TOK mepBOro noJynepHoaa yepes oOT-
KPHITBIH BePXHHH MO cXeMe TPaH3HCTOPHBIA KJIOY NOCTYNAET B HArpysKy
M CO3laeT HAa HeH MOJIOXHTEeNbHHIH CHHYCOMIAJbHBIH HMMYJbC HAnpsiKe-
gus (puc. 28, e)

Uam s

Uy = Ky RH+2fﬂ.3 R UsmT- (56)

IIpu BuBome dopmyJnl (56) He yuuTHIBaJOCh BJusinue eMKoctH C.
B caenyromuit nonynepros TOK Yepe3 OTKPHITHIH TPaH3WCTOPHBIN K/aou [/
MOCTYNaeT B HArpPy3Ky M ONSATb CO3JlaeT HAa Hell MOJOXKHTEJNbHEI CHHY-
COMIA/IbHBIN MMNYJAbC HANPSKEHHS Uy~ Uppy- Ha puc. 28,2 ana
Har/JIslHOCTH HMIYJbCH HaNpsiXKEHHS Ha HarpysKe, CO3iaBaeMble KJIO-
yam | u I], 3alITPHXOBAHEl C PA3/IMUHBIMH HAK/JIOHAMH UITPUXOBKH.

ITpu oTpHIATE/IbHOM HANpPSIKEHHH HCXOLHOrO curHana (u.<<0) ¢a-
32 aMILINTYAHO-MOAYJIHPOBaHHOro Kojebauusi casuraercs Ha 180°. B nar-
HOM CJIydae HMIYJbCH HaNpsiKeHWs], CO3[aloliue TOKH OTKPHIBAEMHIX I0-
OuepelHO KJjouel, OyNyT HMETb YK€ NPOTHBOMOJOXKHYIO MHOJSPHOCT.
[ToaTOMy MeHSIOT NOJNSPHOCTb ¥ CHHYCOW/AJbHBIE HMIYJbCH HampsiKenus
Ha Harpyske, KOTOpHe NPHMEePHO DaBHB HaNpsXKeHHIO NJed Auddepen-
IHaJbHOrO TPaHchOPMATOPa B COOTBETCTBYIONIME MOJYNEPHOAB AMILIH-
TYLHO-MOLYJHPOBAHHOrO KoseGanusa (puc. 28, e).

Kounnencarop C, noaK/IoueHHbIH napajyejbHO Harpyske, CriaxuBa-
€T HMNYJbChl HampsiXKeHHs, BBI3bIBAEMBIE HMIYJbCHBIMH TOKAMH KJIIOYEi,
YTO MO3BOJIAET JOCTATOYHO TOYHQ BOCHPOU3BECTH (OPMY HCXOLHOTO
CUTHana,



MCNOJIb3OBAHUE WMHBEPCHOTO PEX(MMA TPAH3UCTOPA
B JIOTMYECKUX CXEMAX SUBM

Kak wu3BecTHo, JIOTHKA 3JIEKTPOHHBHIX WH(POBLIX BbIYKC/IHTENbHBIX
Maunn (OLIBM) CTpOMTCS Ha OCHOBE IBOMYHOH CHCTEMBI CYHCJIEHHS.
ITpu 3TOM HY/IO NPUNHCHIBAETCS ONMH YPOBEHb HANpsiXKeHHsd, a EINHHHA-
1le — pyroili, HampuMep GoJee BHICOKHI, YpOBeHb Hanpsixenus (puc.29).
Ha puc. 30 npuBefeHa ynpolleHHas CXeMa TPaH3HCTOPHO-TPAH3HCTOPHOM
noruku (TTJI), BHimoNHeHHAs Ha TPaH3UCTOpPax TUNA N-p-n U peanusy-

AU
(P
7 7 Puc. 29. YpoBHH HanpsiKeHut,
coOTBeTCTBYIoWHMe Jjorudeckum 0
ul
t
E

tomas Jgorudeckyio onepauuto M—HE. Onepanust M o3nagaer, 4To cxeMa
cpabaTbiBaeT TOJBKO NMPH ONHOBPEMEHHOM BO3JEHCTBHH HA BCE BXOAHI
CHTHAJa, COOTBETCTBYIOLIETO Joruueckoil 1 (BLICOKHI ypOBEHb Hampske-
uus). Ilpu BosmeficTBuM XOTsi Obl HA OQMH M3 BXOHOB Joruieckoro 0
(HM3KU# YPOBEHb HANpSKeHHs) BEIXOJHOE HaNPfXKeHWe NPHHHMaeT (WM
coxpansier) ucxonHoe 3nauenue. Onepauuss HE nemocpeacrsensoro ot-

o +
7 I, i—
+ &
U6X{0)=07 28
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Ugea)=0,28 \ L N
_ I Y
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Puc. 30, Ynpouennas cxema TTJI, peanusywouias Joryueckyio omneparuio
E.
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woureHus K Jorike M ne umeer, a oGosnayaer npucyulee faHHOil cxeMe
HIBCPTHPYIOLIEE CBOMCTBO, 3aK/IOYalolleecs B 1IPOCTOH cMeHe ypoBus
BBLIXOJLHOTO curuana. Tak, HanpEMep, NPK BO3JeHCTBUM HA BCE BXOBI BLI-
COKHX YDOBHE! HampszKeHIs Ha BBIXOJAE CXEMBl BbIIEJSIETCS HH3KHI ypo-
Belib HAMPAKEHH.

Paccmorpum paboty cxembl TTJI, ocywectBasiontyio onepanumo HM—
HE (puc. 30). JlomycTHM, YTO Ha BCe BXOALI JIOTHYECKOH CXeMbli ¢ mpe-
JABIAYLLUX CXeM MOJaIoTCs HII3KHe YpoBHH HampaxeHHss Usxoy=0,2 B.
ITpr sToM Bxonanble TpaH3ucTopbl Iy, To u T3 OKAa3bIBAIOTCS HOPMAJIbHO
BKJIIOUEHHBIMH U TVIyGOKO HacblileHHbiMu. Ha 6a3y BbIXoZHOro (KpeMHH-
eBOro) TpaH3ucTopa T4 mOCTymaeT fOJIOXKHTeJbHOe Hampsikenitle Ugy=
=Uzsx0y+Ux.s.0cr = 0,240,1=0,3 B, KoTOpOoe He MOKET OTKPHTb 3TOT
TPAH3HCTOP, TaK KaK B JaHHOM cJjydae U6<U6|,6=0 (cm. pue. 17).

@ UJ./F g
L5 Lstlerlsy . 3o

@) 6)

Puc. 31. BcnomoratenpHasi cxeMa, noscsiomass pa6ory cxemsr TTJI
npu BoaxeficTBry Jorryecknx O Ha Bce BXOIHBIE TPAHSHCTOPH (a); BCNO-
MoraTesbHas cxeMa, nosichsiiomas pabory TTJI npu Bo3pmeiicTBHM JIOTH-
veckux | Ha Bce BXojHble TpPaH3HCTOPHI (0).

[TosicHuM cjhesaHHOE yTBepKIEHHE C MOMOLIbio cxeMml (puc. 31,a),
Ha KOTOPO# Bce BXOIHBIE TPAH3HCTOPH! (HAXOMAILHECS B OJMHAKOBHIX yC-
JIOBHSIX M COeJUHEHHBe napajnienbHo, cM. puc. 30) 3aMeHeHbl OLHHM
BxonHbIM TpansuctopoM Ts. Ilpu Uex(0)=0,2 B BxOmHO# TpaH3HCTOP
OKa3bIBA€TCSI HOPMa/IbHO BKJIOUEHHLIM M OTKDBITBIM, TaK KakK B ILENH ero

Ex — Usx (0)
6a3nl TeueT MOJOXKUTEJLUBIH TOK [g3= ——R—'— , 3aMblkatouiniics
2

gepe3 3MHTTEpHbIT nepexon 11a Munyc uerounnka Egx. CrepopatedbHo, na
6ase TpaH3ucTopa T3 OTHOCHTC/bIO 3MHTTEPA BBIAEMSETCS TOJOMHTENb-
HOe HampsKeHHe, U4TO JJI5 TPAH3HCTOPA MN-p-n SIBJISIETCS HOPMaJibHBIM
nurammuM nanpsikenneM. Clreflyer 3aMeTHTb, uTO MNOTeHHHaa Ga3sbl
BXOJHOTO TPAH3HUCTOPA OTHOCHTEJNbHO 3eMJM uuc/leHHO paBeH UgH-
+Usx(0) =1 B. Ha Kxo/ueKTOp BXOZHOrO TPAaH3HCTOPA Yepe3 DPe3UCTOP
R, ¥ KOJUIEKTODHBII mepexof TpausucTopa T4 mofan mioc HeTouHuka Ey,
YTO SBJSAETCH HOPMAaJIbHEIM THTAIOMHM HampsiXKeHHeM TpaHalcTopa THIA
n-p-n. C nomouiblo pesucTopa R; HETPYIHO HOGHTLCS PEKIMA HACHILle-
HHASL BXOAHOro TpaH3ucTopa; npu 5ToM Ukias=Uxk.s.0c1 =0,1 B.
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[Monoxutenbhoro Hanpskennst Usy=Uszx(0)+Ux:s 0cx~0,3. B ue-
JIOCTAaTO4HO, YTOOBI OTKPBITH BBIXOJHOM (KpEMHHEBHIl) TPaH3HCTOP, Y KO-
TOpPOro OGBIYHO U5[,6=0=(0,4+0,5) B; nostomy Ttpausucrop T4 3a-

KpHT. B nenu ero 6asel TeueT OuyeHb MaJsleHbKHH TOK — [o4=/lxs=0+
-+Ix.04, KOTOPHI fBJSIETCS KOJIEKTOPHBIM TOKOM HOPMAaJIbHO BKJIOYEH-
HOTO H NMO3TOMY I/1yGOKO HACBHILEHHOTO TpaHaucTopa [s. ¥ HacHILEHHO-
rO TPAH3UCTOpa M-p-N HAa KOJJIEKTOPE OTHOCHTETbHO Ga3bl BBIAENAETCH
HeGoJIblIOe OTpHllaTeJbHOe HanpsixkeHue Uk.g.ocr (CM. pHC. 4, a, rie Ans
TPaH3HCTOPa THMA N-p-n JOJKHO ObITh Uk.6.0cr<<0).
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Puc. 32. Cxema TTJI U—HE npu BospefictBuit O Ha 0HII H3 BXOLOB.

B cxeme (cM. puc. 30) oTpuLaTeNbHBIH TOK 6a3bl 3aKPHITOrO BHIXOA-
HOrO TPAH3KCTOPA Pachmpefe]sieTcsl MeXIy KOJIEKTOPAaMH OTKDHITHX H
rJ1yGOKO HACHIIEHHBIX BXOJHBIX TPAaH3UCTOPOB, T. €. —/g4=1Ix1+ Ixg+Txs.
Tak Kak BBIXOZHOH TPaH3HCTOP 3aKPHIT, TO BBIXOLHOE HaNpXKeHHE JIO-
raueckoll cxeMbl (puc. 30) npuoGperaer BHICOKHH ypoBeHb Uspwx = Ex,
KOTODEI CUMTAETCS HCXOMHBIM.

Eciu Ha ofMH W/IH HECKOJBKO BXOAOB NOJATh BBICOKHE YDPOBHH Ha-
npaxeHusd Ugpx;=5 B, TO TPaH3UCTOPHl 3THX BXOJOB OKaXyTCs BKJIO-
YeHHEIMH O MHBEPCHOH cXeMe M HachilleHHbIMH (TpaH3ucTopnl T; u T2
Ha cxeMe puc. 32). JlelicTBHTE/NbHO, BHICOKHI YPOBEHb MOJIOXKUTEIbHO-
TO BXOMHOTO HampsiKeHHs [npeBBHILIAIOLEr0 HeGOJIbLIOH MMOJIOXKHUTEIbHBIN
nortenuuan 6asbl Ugs+Usx(0) <<Usx(l)] oGecneunBaer mnutaHue wuH-
BEPCHBIX KOJVIEKTOPOB NAaHHBIX TPAH3HCTOPOB, a K WX HHBEPCHBIM 3MHTTE-
paM NpUJIOXKEHO npsMoe (oTpulartesnbHoe) HaupsaxkeHue Ux.6.001<<0 ¢
y4acTKa KOJIJIEKTOD — 6a3a HOPMaJsIbHO BKJIIOUEHHOrO M HACHIIEHHOTO
TpaH3ucropa I's, Ha BXOX KOTOPOrO NPOAOJIKAaeT NMOCTyNaTh HH3KHH ypo-
BeHb BXOJHOro HampsikeHHsa. Ilpu 3ToM HanpsikeHHe Ha Gase Ty
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npaktiueckn He usMensier cpoero 3HaueHHs Ues=Usx@)+Ux.o.00cr =
~0,3 B 1 oH ocTaercs 3aKpHITHIM.

KosiekTopHble TOKM HHBEPCHO BKJIIOYEHHBIX TpaH3ucTopoB T H Tq
NPUBOAAT K YBEJHYEHHIO SMHTTEPHOTO H KOJUIEKTODHOFO TOKOB TPaH3HC-
topa T3, Ha BXOJe KOTOPOro HU3KHH ypOBeHb HanpsikeHus (CM. puc. 31):
Ivs= lar1+1o19; los=1Il63+1xs. Bxomusle Toku cxeMbl Ixri = orilarX
KIx12=~ Qralars U la3 BHI3LIBAIOT G€Crofie3Hblii pacXOi MOLLIHOCTH HCTOY-
IIHKOB NHUTaHus ¥, KPOME 3TOro, YBEJHUHBAIOT BBIXOAHBIE TOKH MNPENBI-
nywux cxeM. ITosToMy ux XKesaTeJbHO CHesJaTb IO BO3MOXHOCTH MaJlbl-
MH, YTO JOCTHFA€TCS COOTBETCTBYIOIIHM BHIOOPOM TPAH3HCTODOB C Ma-
JbIMH 3HaYEHHSIMH MHBEPCHBIX K03(GulUueHTOB nepenayu ToKa 3MHTTEpa.
O6uuno a;<<0,1/m, rae m — uuc10 BXoLOB cxeMbl. Takoe ycjoBue MO-
FyT YIOBJETBOPUTb MAJOMOLUIHEIE KPEMHHEBbIE TPAaH3HCTOPHI.

Ecin Ha Bce BXOIBl CXEMHB OJHOBDEMEHHO MOJATh BBHICOKHE YPOBHH
Hanpsi:KeHHsl, TO BCE BXOJHBLIE TPaH3HCTOPH OKAXKYTCS BKJIOUEHHBIMU
N0 HHBEPCHOH cXeMe H TOK 6ashl BBIXOJHOrO TPAaH3HCTOPA CTaHET paB-
oM Tos=1Ilor1+Io12+1or3>16.n. Ilpu manHoM Toxke Gasbl BHIXOIHOM
TPAaH3HUCTOD OTKPLIBAGTCSI M NOMaZaeT B peXHM HachleHus. ToJbko B
3TOM CJyyae BBIXOJHOE HAmpsuKeHue Upmx MMEET HH3KHI YPOBEHb, UTO
cayXHUT HH(opManueli 06 OJAHOBPEMEHHOM BO3MEHCTBHH BLICOKHX YPOB-
Hell HanpsDKEHHS HA BCE BXOJB CXEMH, B YeM H BBIPAXKAETCs CYUIECTBO
JIOTHYEeCKo# onepanuu M. .

ITosicanM  cmenaHHoe YTBepXKJeHHE C TIOMOLIBIO  CXeMHl - (CM.
puc. 31,0), Ha KOTOPO# BCe BXOAHBIE TPAH3HCTOPHI, HAXOMSIIHECS B OLH-
HAKOBHIX YCJOBHSIX (Ha BCEX BXOAAaX NPHCYTCTBYeT 1), 3aMeHEHH ONHUM
TpaH3ucTOpoM T3,

[To pesncropy R, teuer Tok 6aswl Tpansucropa I's. CienoBarenbHo,
noTeHunas  6a3bl 3TOr0 TPaH3UCTOPA OTHOCHTENbHO 3€MJH MeHblile Ey==
=5 B. Bxonnoe uanpsikenne Uszx(l) =5 B obecneunBaer mnuraHue HH-
BepcHOro koJsiektopa T3 Tok 6a3bl /g3 SIBJASIETCS] COCTABJSIOUIEH TOKA
Is4 M OTKpBIBaeT TpaH3uCTOP T4, MO3TOMY HA HHBEPCHBIH 3MHTTEP BXOJX-
HOrO TPAH3HMCTOPA YEPE3 OTKPHITHIH 3MUTTEPHHI nepexox T4 momaercs
MHHYC OT HCTOUHHMKA BXoAHoro Hamnpsixenuss Usx(l), uto obecmeuuBaer
HOPMaJIbHOE TNHTaHHE HHBEPCHOTO 3MHTTEPAa BXOMHOrO TPAH3HCTOPA.

B uenu 6asbl BEIXOJHOTO TPAH3HCTOPA K TOKY 6asnl /63 N06aBaseTCst
TOK Ixrs, T. €. Isa=Ilar3=1I63+Ix13, UTO OGecneunBaeT pexuM ray6oko-
TO HAaCHILEHHS BHIXOJHOTO TPAH3HCTOPA.

Ha npakruke anementsl TTJI, ucnombsyemsie B LIBM, BemosHSIOT
B BHJE MOHOJHUTHHIX WK rubpPufHBIX HHTerpadbHHx cxeM (MC). B stux
cxemax Bxonnble Tpansucropsl TTJI H—HE o6uuH0 06bednHsAI0T B MHO-
FOSMHTTEPHBII TPAH3HCTOP (puc. 33), Y KOTOPOTO M SMHTTEDHEIX Mepe-
XOLOB HUMeIT obuiyo 6a3y U oOwuil KOMJIEKTOPHBIH NepPexol, BLHINOJAHEH-
Hbie Ha OJHOM KpHCTa/e. DTO COOTBETCTBYeT cxeMe pHC. 30, HA KOTO-
poii Bce 6asbl U KOJIEKTODHl BXOIHBIX TPAH3HCTOPOB COEMMHEHHL

B MHOrOSMUTTEDHOM TPaH3HCTOPE NMPHXOAHTCS YYUTHIBATh BPELHOE
B3aHMHOE BJIMSIHHE 3MHTTEDHBIX NEPEXOJAOB; B OCTAJbHOM OH AEHCTBYET
KaK rpynna JHCKPETHEIX BXOJHBLIX TPAaW3HCTOPOB Ha cxeMe puc, 30, T. e.
pab6ora Muorosmurrepuoro Tpausucropa B TTJI M—HE cBssana ¢ ne-
PEXOIOM €ro YacCTHHIX TPaH3HCTOPOB B HHBePCHBI pexuM. IIpn uaroros-
JIEHHH MHOTOSMHTTEPHOrO TPaH3HCTOPa AOGHBAIOTCA TOTO, YTOGH HHBEPC-
Hble Ko3(GHUHEHTH Nepefaud TOKa SMHTTEPA YaCTHBIX TPaH3UCTOPOB
OBl OTHOCHTEBHO MaJjbl M Haxoauauch B mnpefenax 0,05/m<<ar<<
<0,1/m.

B Hacrosmee BpeMss B DLIBM wmunpoko HCOO/b3YIOTCA TPaH3HUCTOP-
Hble KJIOuH, paboTaiolllie OT HCTOYHMKA mepeMeHHoro Hanpsxeunns, Ha-

45



rpYy3KOil TAaKOro KJjioua MOXKET CIYXKHUTb eMKocTb (puc. 34). EMkocTs Kak
PEaKTHBHBIH 3JEMEHT He NOTPebJsieT 3HepTHH, 4YTO JesaeT MNOAOGHHI
KJIIOY BeCbMa 3KOHOMUUHBIM.

Ilpu mnopmaye Ha 6a3y NOCTOSIHHOTO TOJIOKHTENLHOIO HANPSIKEHHS
TPaH3HCTOP 3aKPHIT: KJIIOY PA30OMKHYT M NePEMEeHHbIl TOK 4epe3 Harpysky
He nporekaeT. UToObl TPAH3HCTOP OCTABAJCS 3aKPBITHIM KaK JJIsi OTPH-
[ATeJbHOrO, TaK H JJIsi TOJIOXKHTEJNLHOTO NOJYNepHOLOB KOJIEKTOPHOrO
HanpsiKeHusl, HeOGXOMMMO, UYTOOBI HANpsIKeHHe Ha OGase Gbl10 GoJblue

—— + e,
K.

Boixed

| Bxad

Puc. 33. MuorosmutrepHniit Tpan-  Puc. 34. TpaH3uCTOpHBIHl KJ04
3HCTOD B HHTErPajbHOH CXeme  [Jsi NePeMEHHOro Toka, pado-
TTJI 1—HE. TaolUHi B MUKPOPEKHME.

aAMIINTYABl NIEPEMEHHOrO HANpSIXKEHUH, NHTAIOUIEr0 KOJJIEKTOPHYIO lelb
(Us>Ux.sm). TIpH HeBHINOJHEHUH 3TOTO YCJAOBHA, T. €. ecau Ukoam>
>Ug>0, KO/JIEKTODHbIN Nepexoi NpH Uxo>>Us OKakKeTCHd BKJIOUYEH-
HBIM B NIPSIMOM HamnpaBJIeHHH, TaK KaK B 3TOM CJydae Ux.6== Ux. 9—U6>
>0 # B KOJJIEKTOPHOH UENH INOSBHTCA 3HAUUTENbHBIH TOK [x=—I 6—
—Ixpr<<0 (cm. puc. 10,6 u 14).

TTpu nmopaue Ha 6a3y NIOCTOSIHHOTO  OTPHILLATeIbHOrO Hanpﬂ)xexma
TPAH3UCTOP OTKPHIT: KJIOY 3aMKHYT H uepe3 KOHJEHCATOp TeyeT nepe-
MeHHBIH TOK. [Ipn meficTBHH OTpPHIATEJbHOrO MOJYNEepHOAa MepeMeHHOro
HanpsiKeHHs!, NMUTAIOIEr0 KOJJIEKTOPHYIO Lienb, TPAH3HCTODP HaXOMUTCS
B HODMaJIbHOM peXXHMe, B OTKDBITOM M HACHILEHHOM cocTosHHH. IIpu
IeHCTBHH TIOJIOKHTEJIbHOrO NOJYNEPHOAAd TPAH3HCTOP NONajaer B HH-
BePCHBINi DPeXHM, B OTKPBITOE M HacbllleHHOe cocTosHue. [asi obecne-
YeHHSI 3TOTO PeXHMa TPAH3UCTOD AOJKeH 00,1a5aTb OTHOCUTENbHO 60.b-
WM 3HAYeHHEM Oir; Jy4dllle BCErO JJ/ISI TAaKOro KJiOYa HCHOJb30BATh CHM-
merpuurbiii Tpawauctop. ONHAKO €CJH TPAaH3UCTODHLII KJIOU paboTaer
B MHKDOpeXHMe, 4TO XapaKTepHO AJs Joruyeckux cxem SLIBM, To oco-
6LIX OrpaHHYeHHII HAa HHBEPCHBbIE NapaMeTPhl TPAH3UCTOPAa MOXKHO HE Ha-
KJaAblBaTh, @ CaM TPAaH3HCTOD BKJIOYHTb IO HHBEPCHON CXeMe.

MCNONb3OBAHUE UHBEPCHOIO PEXXMMA TPAH3UCTOPA
B PEBEPCMBHBLIX CXEMAX

I/IHBepCHble CBOCTBA TPpaH3HCTOpPA NO3BOJAIOT OTHOCHTEJBHO MPOCTO
peann3oBaTb pasaMYHBIE CXEMBbI, B KOTOPbIX OCYUIECTBJISIETCSI pEBEPC —
H3MEHEeHHe NPOBOASILIEr0 HaNpasJeHHUs Nepelayd CHrHaJjsa c¢ NPsAMOro Ha
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o6pataoe. [IpuMepoM Takof CXeMBl MOXET CyXHTb PEBePCHBHBIA TpaH-
sucrtop (puc. 35,a), COCTOSIHE M3 CHMMETPHYHOIO CHJIOBOrO TPaH3HUC-
topa T, KOTOpHA OGLIYHO MONYYAIT C MOMONBIO ABYX OTHOCHTEJILHO
MOLIHBIX Te€PMaHHeBHX TPaH3HCTOPOB, BKJ/IOUEHHHIX COIVIACHO CXeMe
puc. 9, ¥ JIBYX MaJOMOIIHBIX ynpasasiomux Tpansucropos Ty u Ts, non-
KJIOUEHHBIX Tapajjie]bHO mepe-
X0laM CHJIOBOTO TPaH3HCTOpa.
DMHTTEepH YNpPaBJASIOIUX TpaH-
3HUCTOPOB COENHHSAIOT ¢ 6a3oi cu-
JIOBOTO TPaH3HCTOPA, a HX 3MHT-
TepHble TepeXofbl IIYHTHPYIOT
pesuctopamu R.

VYupasasiionue TPaH3HCTOPEI
715 HanpsixKeHWs, MHTAOLIero
CHJIOBO¥ TPaH3UCTOP, SIBJSIOTCS
menureseM Hanpsixkenus. [lpm
MOJISIPHOCTH YMPAaBJISOUIEr0 Ha-
OpsiKeHHs, YKa3aHHOH Ha pHC.
35,a, Tpausucrop T OTKPHIT H
HACBHIILEH, T. €. MPeJCTaBJIseT Co-
Gofi KOpPOTKOe 3aMblKaHHe; TpaH-
sucrop T3 3akpHT, T. €. Hpen-
cTaBJasieT co6ofi oueHb GoJblIOe 6) 6)
conpoTuBsenne. Jlasi ykasaHHOM
Ha pHc. 35, @ MOMISIPHOCTH Hamps- Puc. 35.

[ R -EN

2
2

CxeMma peBepCLBHOTO

JKEeHWsl NpaBBlfi Mepexol CHJOBO-
r0 CUMMETDHYHOTO TPaH3HCTOPA
SBJSIETCS  SMUTTEpHBIM, a Je-

COCTAaBHOTO TPaH3UCTOpa (a), He-
NpOBOAsiiliee HaNpaB/JeHHe CHJO-
BOr0 Tpausucropa (6) u mpoBO-

BbIfi — KOJIJIEKTOPHBIM. Takum
o6pasoMm, ecau TpaHsucrop T,
OTKPHIT M HACBILEH, @ TPaH3HC-
Top T3 3aKpHIT, TO CHJIOBOH TPaH-
3UCTOP OKa3HIBAeTCsl BKJIOUEHHBIM 1o cxeMe puc. 35, 8. Herpynuno 3ame-
THTb, 9TO IIPH 3TOM OH MPEJNCTaBJsIET CO00H KOPOTKOe 3aMbIKaHHE MM
CHJIOBOTO TOKA, IPOTEKAIOLIEro OT 3aXHMa 2 K 3aXKuMy I,

IIpu cMeHe MOJSIPHOCTH CHJIOBOTO HamnpsikeHus (IUoc Ha 3axume /
W MHHYC Ha 3a)XHMe 2) JeBHli Mepexoj, CHJIOBOrO CHMMETPHYHOTO TPaH-
3MCTOPA CTAHOBHTCSI SMHUTTEPHBIM, a MNpaBblii — KOJUIEKTOPHBIM, H eCJH
no-npexHeMy TpaH3HCcTOp Ty OTKPHIT M HacbllleH, a TpaH3uctop T3 3a-
KPHIT, TO CHJIOBOM TPAaH3UCTOD OKa3blBAETCSl BKJIOUEHHBIM IO CXeMe
puc. 35,6. HerpynHo 3aMeTuTh, YTO NpH TaKoil NMOJSPHOCTH CHJIOBOIO H
YNPaBISIIOLIEro HANPSIKEHHS CHJIOBOH TPaH3UCTOP NPAKTHYECKH 3aKpHIT.
CnenoBaTenqtHO, B JLAaHHOM CJYy-

OsIlee HaNpaBJeHHe CHJIOBOTO
TpaH3ucTopa (8).

I n — 2 yae NPOBOLSIIUM HanpaBJeHHEM
+ “R’ =  CWJIOBOTO TpPaH3uCTOpa OyldeT Ha-
7. R H npaBJjeHHe OT 3aXuMa 2 K 3aXu-

LFI; 2 my 1 (puc. 35,a). B cuny mosn-

L, HOM CHMMETPHYHOCTH CXeMbl NpH

. + by cMeHe MOJISIPHOCTH YIpaBJsiiole-

< ro HanpsiKeHHs u3MeHsIeTCs |

——p— -

mn T TpoBoAsilee HanpaBJeHHE CHIIO

BOro TpaH3ucCTopa.
Ha puc. 36 npexcrasneHa

Puc. 36. CxemMa [ByCTOpOHHe-
TO PeryJjHpyeMoro orpaHHuHTe/s

CXeMa JBYCTOPOHHEr0 Peryanpy-
eMOro Or'paHHYMTeJs NepeMeHHO-
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ro Toka. C momoubio TpaHsucropa Ty YCTAHABAHBAIOT TPEGYEMYIO BeJIH-
YHHY TOKa 6a3bl CHMMETPHYHOrO CHJOBOrO TPAaH3HCTOPA, KOTOPHH, KaK U
B NpPEILIAYIIEM Cyyae, MOXKeT ObIThb COCTaBJeH M3 LBYX OGBIUHHIX rep-
MaHHEBBIX TPAH3UCTOPOB CorJiacHO cxeMe puc. 9. Ipu smoboit mossipHoCTH
BHELIHEr0 HANpSIKEHUsS CHJIOBOTO
TPaH3UCTOPa STOT TOK HE MeHser
CBOErO HampaBJIeHHST H OCTaercs
NPaKTHUeCKH HEH3MEHHBIM, KaK KOJ-
JIEKTODHHI TOK TpaHsuctopa Ty mpu
(OHKCHPOBaHHOM BeJHYUHE €ro ToKa
sMuTrepa Isg.

Ecin k 3axumy 2 npuiioken
MHHYC, a K 3axuMy I — muoc, TO
nuon [y 3akpHT M TOK 6asel cujIo-
"1 BOr0 TPAH3HCTOPAa 3aMBIKaeTCHd Ye-
5746) pe3 KOJJIEKTODHYIO Lieflb TPaH3HCTO-

pa T; u orkpuiteii aumon Mo Tlpu
CMeHe MOJISIPHOCTH BHELIHEro Hampsi-
®eHusi Auol Mg 3aKphIBaeTCsi U TOK
Puc. 37. Bonbr-aMmepuble  Xa-  gagu cynoBoro TpaHSHCTOPa 3aMBl-
PaKTEPHCTHKH JBYCTOPOHHETO P€-  yaercqg uyepes KOJMEKTODHYIO Liefb
PyJIupyeMoro OrpaHHuUTeNst TOKA  ppaygucropa Tp M OTKPBITHIN AHOL
NpH ABYX Pas/HuHBIX SHAYEHHAX  JT,.

TOKa 6a3bl CHIOBOTO TPaH3HCTOPa Ha puc. 37 nmokasana BOJbT-aM-
Ig w Ig. nepHasi XapaKTePHUCTHKa ABYCTOPOH-
Hero OrpaHHYMTENs TOKa MJIsl ABYX
pa3NHYHBIX 3Ha4eHUH ToKa 6a3nl CH-

JIOBOTO TPaH3UCcTOpa.

Ecin nocnenoBaTebHO ¢ OrpaHHUMTENEM TOKAa BKJIOYHTH aKTHBHYIO
Harpy3Ky Rx (11a puc. 36 mokasaHa LITPHXOBBIM KOHTYPOM), TO €r0 MOX-
HO OyJeT HCNoJb30BAaTh B KaueCTBe [BYCTOPOHHEro OrpaHMYHTEJ]s Ha-
npsixkenust. Ha puc. 37 ykasaubl NOPOrH OrpaHHYeHHs TOKa H HampsiKe-

HHst ILJ1st TOKa 6asbl CHJIOBOTO TpaH3HcTopa Ig .

- ”
IﬂaFd'ﬁIﬁ\

If

———ig - ]

UCNONL3OBAHUE MHBEPCHOIO PEXXMMA TPAH3UCTOPA
B CXEMAX KOJJIEKTOPHOIO AMMMTYAHOIO AETEKTOPA
U YCUIUTENA HAMNPAXKEHUA

WuBepcHoe BKJIOUEHHE TPaH3HCTOPA MOXKHO HCNOJNb30BaTh B CXeMe
KOJIIEKTOPHOTO aMIJIUTYAHOTO Aetekropa (puc. 38, a). Pa6ora artok cxe-
Mbl WLIIOCTDHPYETCS! [HarpaMMaMH, NpeACTaBJIeHHHIMH Ha puc. 38, 6.

EMkocTb Kouziencatopa C; BEIGMpPAIOT U3 YCJIOBHS

1 1
nne <R )

rIe @o— Kpyroeas d9acToTa Hecyulefi aMIJHTYAHO-MOXYJHPOBAHHBIX
(AM) konebauuil; ®c— Kpyriasi yactora orubamoumeii AM Kxosebanuii,
T. €, KPyroBasi 4acToTa AeTeKTHPYeMOoro CHTrHaJa.

Tpu Brmosmenun ycnoBust (57) Bce BEICOKOUACTOTHBIE COCTABISIONIKE
HMINYJIbCOB KOJJIEKTOPHOTO - TOKa 6y11y1' 3aMbIKATbCA 4Ye€pe3 KOHIEH-
catop C;, a cocraBjswollas CurHaia (Ha puc. 38,6 nokasaHa IUTPHX-
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MYHKTHPHO! JIHHKER) BMecTe C NOCTOSIHHON COCT&BJSOMiER KOJJIEKTOP-
HOro TOKa OyldeT mpoTekaTb no Rx. B pesysibTaTe Ha BHIXOJE aMILIH-
TYILHOTO JleTeKTOpa BBIAEJNTCA YCHICHHBIH HHM3KOYACTOTHBIH CHTHAJ.
Tlpn HOpMaJIbHOM BKJIOYEHHH TPaH3HCTOpa ero 6a3oBas XapaKTePHCTH-
kKa (Ha puc. 38,6 mokazaHa WITPHXOBOH JIMHHEN) CMEIaeTCs BIPABO H
npuoOpeTaeT MeHbUINIH HAKJIOH, IOSTOMY CXeMa aMIJIATYLHOTO JeTeKTopa
C HOPMAaJIbHO BKJIIOYEHHBIM TPAH3HCTOPOM paboTaeT 3HAUMTENbHO XyXkKe H
TIOYTH HE NPHMEHAETCH.

Puc. 38. Cxema aMIIHTYRHOrO KOJVIEKTODHOTO AeTeKTopa (@) M BpemeH-
HEle [JuarpaMMbl, WIJIIOCTPHpylouHe ero pabory (6).

Ha puc. 39 mokazaHa cxeMa yCHJIMTENS HaNpsKEHUs Ha TPaH3MC-
tope ¢ O3;. [lannasi cxeMa oKasbiBaeTcs 0COGO NPHUBJEKATeJbHO! NPH
GOosbIINX CONPOTHBJIEHHSIX Harpysku (Ra>>100 xOm). DTo MOKeT OHITb
BXOJ, JIAMIOBOl CXeMBl, THPATPOH C XOJIOAHBIM KaTOJIOM M 3JIEKTPOCTATH-
YeCKUM YNpaB/Je€HHEM, BHICOKOOMHBI H3MepHTENbHBIH NMPHOOP U T. I

Kak 13BecTHO, KO3 (HLUHEHT YCHACHHS N0 HANPSIKEHHI0 cxeMsl ¢ O
paBen

’

H

R

UBle m
_——

K= rp>—,
UBX m RBX-3
. R wRx
rae Rﬂ=m — 9KBHBAJICHTHOE CONPOTHBJIEHHE HArPY3KH KOJJIEK-

TOpHOH UeNnH Jaf NepEeMEeHHOro TOKa.

Conpotusienne Ry (coBMectHo ¢ Ex) ompepensier monoxenue Ha-
rpy3ouHoi npamoit (puc. 40, a). PaGouyio Touky ycunurensi Ug.so = Ex/2
B Ixo~ Ex/2Rx 06bIUHO BHIGUPAIOT Ha CepPejlMHe 3TOil HArPy30YHOH mps-
MoHt B pailoHe MakCUMaabHOro 3HaueHHd P, T. e. 0pu 6o~ I5.onr
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(cm. puc. 20). Tpu stoM Rx.onr = Ex/2lxvo=Ux.co/Bl6.onr=(05+
=+2) KOM<KRy; cienosarenbo, Ry~ Ru:onr. Orciona

RK-OHT UK-SO
K= =
ﬁ Rpx.s I6.ont R BX.3

.

Jnsi uHBEPCHON CXEMH TPH TeX
e YCJIOBHAX U NapaMeTpax Dexu-
Ma Ux.oor =Ukeo; Toor=1I60=1I6,0nr
(puc. 40, 6) noayunm:

R _ UK.901 . UK.so
K.ont/ ﬁ[ 1601 ﬁl ld,o[ﬂ

Orciona Ky~ BrRy onr/Roxor=
=Ux.2gll6,0nrRsx01 & K, T. €. K03~
(GUUHEHTH YCHIEHHS 110 HAMNPSXKEHHIo
Puc. 39. Cxema ycuautenss Ha- cxeM ¢ O3 n O3; npn Ru>Rw

DnpsiKEHUs Ha  TPAH3UCTOPE € JJi ONTHMAJIbHBIX PEXKUMOB NIPUMEDP-
02. HO OJMHAKOBH, TaK KaK Rexo™

A Rux.51. YUHTHIBAS], YTO HEKOTODHIE

ApyTHe INOKasaTeNH YCHJHTENs ¢

r~ -
O6nacms Un.a0r Ex ~Ur
MuKpOpEm UM 5

Puc. 40. OnruManbHble HAarpy3oOuyHble XapaKTEDPHCTHKH YCHJHTeNs INpH
HOPMAJIbIIOM BKJIOYEHHH TPAH3HCTOPA (@) U HHBEPCHOM BKJIOUEHHH (0),
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03; yayumaloTcs (HanpuMep, yBeJHYHBaeTcsi CTaGUJIBHOCTb K03 pu-
L{eHTa YCHJEeHHs, DacllHpsieTcss NoJoca NPONYCKaHHS H T. H.), cxeMa
ycUnuTeNs, TpPHBeleHHas Ha puC. 39, MOXET OKa3aTbCsi B HEKOTOPHIX
caydasix npeanouTHTeNbHee OGHIYHON cxXeMbi ¢ O3.

B 3ak/ioueHHe OTMETHM ellleé OZHO JOCTOHHCTBO CXEMbI YCHJIHTENS C
031 — ee 3KOHOMHYHOCTb. Bo-mepBBIX, A/ ONTHMAJBHOIO pexXHMa MO-
CTOSIHHASl COCTABJISIOUlAa" HHBEPCHOTO KOJJIEKTOPHOTO  TOKa [xor &
2 Is.onrfi1 MeHbllle NOCTOSIHHON COCTaBJSIONIEl TOKA KOJJIEKTOpa MNpH
06LIUHOM  BKJoueHuW TpaHsucropa Ixo=I6.omrf, Tak Kak f:<Kf
(puc. 40). Bo-BTOpHIX, 5Ta CXxeMa MO3BOJISIeT Npele]bHO yMeHbLIaTb 3HA-
uennst KaK Ux.sor ¥ Ixor, Tak u Ey NIpH yCHIEHHM CHTHAJIOB C MaJIBIMH
aMIIMTYAaMH, T. €. CXeMa OKa3biBaeTcs 60Jiee S5KOHOMHUHOH MPH MCHOJb-
30BaHuU o6siacTH MukpopexuMa (puc. 40, 6).



3AKJIKOYEHUE

B03MO0XHOCTb HHBEPCHOTO BKJIIOUEHHSI SIBJSIETCS BAXKHBHIM CBOHMCTBOM
TPaH3HCTOPOB, OTMHYAIOIIHM HX OT BCeX MAPYrHX YCHIHTENbHBIX 3J€KT-
POHHBIX NPHOOPOB. 3HaHHE O0COGEHHOCTeH M CBOHCTB MHBEPCHOTO PexHMa
TIOMOXET YHTaTeNsiM Tay6xke YACHHTL cebe (H3HYeCKHe NPOLECCHI, IPO-
TeKalollHe B TPaH3HCTOPE, a TaKXKe NO3BOMHT HM GoOJee LILEPOKO HCHOJb-
30BaTh TPAaH3HCTOPHI NPH CO3MaHHH HOBBIX OPHUTMHAJbHEIX CXeM. Tak Kak
B OTZIe/]IbHBIX CTYYasiX Nepexon K HHBEPCHOMY peXHMY OOBIYHOrO (HecHM-
MEeTPHYHOI'0) TPAH3HCTOPA NPHBOAHT K YJYULIEHHIO HEKOTODHIX Xapak-
TEPHCTHK M NMapaMeTPOB TPaH3HCTOPHON CXeMbl, TO HCNOMb3OBAHHE 3TOrO
pexuMa MoXeT ObITb PeKOMEHJOBaHO JUIA NPaKTHYECKOrO NPHMEHeHHs B
PafMOMIOOUTENLCKHX KOHCTPYKIHuAX. CrefyeT 3aMeTHTb, YTO GOJbLIHE
BO3MOXKHOCTH, 3aJI0XKEHHBIE B HHBEDCHBIX CBOICTBax TPaH3HCTOpa, B Ha-
CTOslllee BPeMsl [ajleKO He HCYePNaHBl, CJe0BaTeNbHO 3/eCh @TKphIBa-
€TCsl IIMPOKOe NoJjie A/l TBOPUECKO! NesATeNTbHOCTH PafosIoGuTenei.

HnBepcHEIMH CBOHCTBaMH 06JaJaloT H NOJEBble TPAH3HCTODbI, NPU-
yeM OHM 6OJiee CHMMETDHUHBI, YeM OOGbIUHBIe Ge3npelipoBbie H OCOGEHHO
npeiipoBble TpaH3UCTOPHL. Bompoc 06 MHBepCHBIX CBOHCTBAX IOJEBBIX
TPaH3UCTOPOB 3aC/yXXHBAeT OTHEJbHOrO PacCMOTPEHHSI.
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YBAXAEMBIA TOBAPH L

HanarenbctBo «Dueprusi» U penakuust MPB kuur He oicbiianor. JIu-
TepaTypy HO BONPOCAM PafAHOSJIEKTPOHHKH M DAaJUONIOGHTENLCTBA MOXK-
HO NPHOGPECTH TOJBKO B OPraHH3allMsX, 3aHUMAIOLIUXCS KHHXHOH TOp-
rosueii.

ITy6ankauuu o KHUrax, KOTOpsie 6YNyT H31aBaThCH B TeKYyILeM TOALY,
€XKeroJ[HO NeyaTaloTcsl B NEPBHIX HOMepax XKypHana «Pamuo».

PannomoGureny, }KHUBYI{He B MECTaX, [JI€ HET KHHIKHOIO MarasuHa,
MorytT o6paTuTbcs B pecnyO/MMKaHCKHe MarasuHbl Hay4HO-TeXHHYeCKOH
KHUTH, MMeIOIiHe OTAeNbl « KHHIra — mouToi».

Asep6aitpxanckas CCP —r. Baky, yi. Caparosua-Edumosa, 30

Apmsanckas CCP —r. Epesan, yn. AGossiHa, 17, marasun Ne |

Benopycckas CCP — r. Munck, 5, JleHuHckuil npocnekt, 48

I'pysutckas CCP —r. TGumucu, npocnekt Pycrasenn, 37

Kasaxckass CCP — Anma-Ara, yi. Yaitkosckoro, 120

Kupruackass CCP —r. ®pynse, Coserckasi yn., 206, marasun Ne 1

Jlarsuiickas CCP — r. Pura, yi1. Jlenuna, 29

Jlutosckass CCP — r. BusbHioc, npocnext JleHuna, 29

Moapasckas CCP —r. Kumunes, ya  Ilymxkuna, 15, Marasun
«IlItuuHN 2

Tapxkukckas CCP —r. Ilyman6e, npocnekt Jlenuna, 128, marasuH
Ne 4

Typkmenckass CCP —r. Amxa6an, XuBunckas yJa., 1

Vabekckas CCP —r. TawxkenT, 122, Bonrorpanckas yu., 10-a

Ykpaunckas CCP —r. Kues, 30, ya. JlennHa, 10, marasun Ne 1.
JIbeos, Basapnas ya. 10. r. XapekoB 12, yn. Ceepasosa, 17

Acronckaa CCP — r, TaanuH, npocnext Jlenuna, 7

TTonpo6HO HamucaHO, OTKYZa MOXKHO BHIIMCATh PaJHOTEXHHUYECKYIO
JquTepatypy, B XKypHane «Pamuo», Ne 10 sa 1971 r. Tam xe ykasauul
KHHJXKHBlE MAarasuHbl mo oGaacTsM, KpasM M aBTOHOMHHIM peclyOmuKaMm
PCOCP.

Panunomo6utessiM, npoxusamomuM B CHOHDH, PeKOMeHIyeTcst o6pa-
matecss B HoBocubupck, yi1. CrauucnaBckoro, 6, unn B Xabaposck,
ya. K. Mapkca, 23, xkHuxHblt Marasu Ne 1.

PekoMeHIyeTCsl 3aKasblBaTh JUTEPATYPY TOJBKO MO MJIaHY TeKyllero
rofna. Kuurn MaccoBoit panuoGUGIHOTEKH TeKYUIMX JieT OBICTPO pac-
NPOAAIOTCS.

KHHUrM BBICBLIAIOTCS TOJIbKO HAJIOZKEHHBIM IVIATEXKOM, 4 110 axpecy:
«[ToneBas moura» H «Jo BOCTpeGOBaHHS» — MOC]E MNONYYEHHS HX CTOH«
MOCTH M CTOMMOCTH NEepPechIKH. '



LleHa 14 kon.
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