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1. HEJIb PABOTEI

W3yyeHue XapakTepUCTUK W MapaMeTpoB OUIIOISIPHOIO TPAH3UCTOPA,
BKJIIOYEHHOTO 110 CXEME C OOIUM 3MUTTEPOM.

2. BAIAHVE 1 METOJIMYECKUE YKA3AHUA
IIpeosapumenvroe domawinee 3a0anue:

a) U3Y4YUTh TeMy Kypca «bumnoisisipHble TPaH3UCTOPBDY U COAEp>KaHUE
JTAHHOM paboThI, OBITH TOTOBBIM OTBETUTh Ha BCE KOHTPOJIbHBIE BOITPOCHI;

0) MoNb3ysICh MPUHIMIHAIBHBIMUA CXEMaMU, MPUBEICHHBIMU B PYKO-
BOJICTBE HAaYEPTUTh CXEMbl COCIMHEHUU NJisi MPOBEICHUS SKCIEPUMEHTOB,
NEePEUrCIEHHBIX B TabOpaTOpHOU padoTe.

3. TEOPETUYECKUWE CBEJIEHUA

bunonsipHblid TPaH3UCTOP — 3TO MOJIYIPOBOJHUKOBBIA PHOOP, SBIIAET-
Csl YIpaBISIEMbIM 3JIEMEHTOM, KOTOPBIM HaIlle] IIMPOKOE NPHUMEHEHUE B
CXEMax YCWJICHHUS, a TaKXK€ B UMITYJIbCHBIX CXeMaX. BUIMONsSpHBIN TpaH3u-
CTOp IPEJICTaBIAECT COOOM TPEXCIOWHYIO MOJIYIPOBOJHUKOBYIO CTPYKTYPY C
YepeIyIoUUMCs TUIIOM 3JIEKTPOIPOBOJHOCTU CJIOEB M COAEPKUT JBa p—N-
nepexoza. B 3aBucMMocCTH OT Yepe0OBaHus CIOEB CYLIECTBYIOT TPAH3UCTOPHI
TUIIOB P—N—p U n—P—n. YIPOIIEHHbIE CTPYKTYPhl TPAH3UCTOPOB U UX YCJIOB-
HbIEe TpadudecKrue n300pakeHus MpecTaBiIeHbl Ha puc. 3.1, a, 0.

HaszBanme npubopa "TpaH3ucTop" COCTAaBICHO W3 JBYX aHTJIMHCKHX
cioB: transfer — nepeHoCuTh, NPeoOPa30BLIBATh U resistor — CONMPOTUBIICHUE.
Tepmun "OunosspHeiil" oTpaxaeT TOT (akT, YTO TOK Yepe3 TPAaH3UCTOPHYIO
CTPYKTYPY U YCUJICHUE CUTHaJIa O0YCIIOBJICHBI JBUKEHUEM HOCHUTENICH 3apsi-
712 000MX TUIIOB — 3JIEKTPOHOB U JIBIPOK.

TpexcnoiiHas TpaH3UCTOPHAs CTPYKTypa CO3JACTCS IO CIUIABHOW WIIH
nudPy3uoHHON TEXHOJOTHH. TpaH3UCTOpHAs CTPYKTypa TUma p—N—p, BbI-
MOJIHEHHAs MO CIUJIABHOM TEXHOJIOTHH, MOKa3aHa Ha puc. 3.2. [Inactuna mo-
JYNPOBOJAHUKA N-TUMA SIBISETCS OCHOBAHMEM KOHCTPYKIMHU M MO3TOMY Ha-
3bIBaeTCs 0a30i. OOuH BHEIIHWM CIOW HAa3bIBA€TCA 3MUTTEPOM, IPYrou -
KOJUIeKTOpoM. Tak e Ha3bIBalOTCS M p—N-TIEpeXo/ibl, CO3/1aBAEMbI€ 3TUMU
CJIOSIMU CO €J10€M 0a3bl U BHEIIHHUE BBIBOJIbI OT 3TUX CIIOEB.

OYHKIMSA SMUTTEPHOTO MEPEX0/Ia — UHKEKTUPOBAHUE HOCUTENEH 3apsi-
na B 0a3y, QyHKIIUS KOJJIEKTOPHOTO Tepexojia — cOOp HOCHUTENeH 3apsna,
MpomeamuX 4epe3 0a30BbIi C0i. UTOOBI HOCHTENN 3apsa, HWHKEKTUPYE-
MbI€ SMUTTEPOM M MPOXOJAlINe yepe3 0azy, MojHee coOOMpauch KOJJIEKTO-
pOM, IUIOMIAb KOJUIGKTOPHOTO Tepexoja JeNaroT OoJbIe TUIOMAAN dMUT-
TEPHOTO MEPEX0aa.
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B Tpan3ucropax tumna n—p—n GyHKIIUN BCEX TPEX CIOEB U MX Ha3BaHUS
aHAJIOTUYHBI, U3MEHSIETCS JIUIIh TUI HOCHTENEH 3apsiaa, MPOXOAAIIUX Yepe3
0a3y: B nmpubopax tumna p—N—pP — 3TO ABIPKH, B IPpUOOpax TUNa n—p—N — 3JeK-
TpoHbl. OCHOBHBIE CBOMCTBA TpaH3UCTOpPA OMPEACIISIIOTCS MpoleccaMu B Oa-
3e. Ecnu 6a3a onHopoaHa (T.e. mpuMech B 0aze pacrpejiesieHa paBHOMEPHO),
TO JBUKEHHE HOCUTENECH B HEM YMCTO AUPPY3HOHHOE.
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Ecnu 6a3a HeoHOpOAHAsA, TO TMOSBISETCS BHYTPEHHEE DJIEKTPUUECKOe
nosie (OHO YCKOpSET HOCUTEIW 3aps]a, WHKEKTUPOBAHHBIE IMUTTEPOM), U
TOT/1a JABWKEHHE HOCUTEeNeld OyneT KOMOMHUPOBAaHHBIM: Tuddy3us coyeTa-
ercs ¢ aperigom. TpaH3uCTOphI ¢ OJHOPOAHON 0a3011 Ha3bIBAOT Oe3npero-
BbIMU (Wi TU(Py3UOHHBIMU), a ¢ HEOJHOPOJIHOM Oa3oi npeiidoBbiMu. B
Hacrosiiee BpeMs JAper(oBble TPaH3UCTOPHI MOJYYMUIIM HauOOJbIIEe pac-
IpOCTpaHEHUE.

B 3aBucuMoCTH OT codyeTanus MOJSIPHOCTEN HANIPSLKEHUM HA p—N- mepe-
X0JIaX Pa3IMyaloT YeThIPe PEKUMa padOTHI TPAH3UCTOPA:



1) HOpManpHBI peXUM (WIU MPOCTO AKTHUBHBIN), NMPU KOTOPOM Ha
AMUTTEPHOM TIEPeXo/ie JEHCTBYET MPSMOE CMEIIECHNE, HAa KOJUIEKTOPHOM 00-
paTHoe;

2) peXUM HACHIIEHHS, B KOTOPOM 00a Tepexo/ia CMEMICHBI B MPSIMOM
HaIpPaBJICHUY;

3) peKUM OTCEYKH, IPU KOTOPOM 00a Iepexojaa CMEIICHB B 00paTHOM
HaIpaBJICHUH;

4) UHBEPCHBIA PEXHUM, 3TO KOTJa Ha IMHUTTEPHBIA MEpexoj MoJaeTcs
o0paTHOE CMEIIeHHE, a Ha KOJUIEKTOPHBIN Mepexo]l MpsiMoe. ITOT PEKUM OT-
JUYaeTCsl OT HOPMAJILHOTO PEXUMa TEM, UTO SMUTTEP U KOJIJIEKTOP MEHSIOT-
Csl POJISIMHU.

B 3aBucuMoCTH OT TOro, KaKOW BHEIIHUI BBIBOJ TPAH3UCTOPA SIBISIETCS
OOIIMM /17151 BXOJTHOM WJIA BBIXOJTHOM IIETIH, CYIIECTBYIOT TPU CIIOCO0a BKIIIO-
YeHUs OUTIOJIIPHOTO TPAH3UCTOPA:

1) ¢ obmeit 6a30it (Ob) puc. 3.3, a;

2) ¢ obomum smuttepom (0OD) puc. 3.3, 6;

3) ¢ obmmMm kosutekropoM (OK) puc. 3.3, B.

B cxeme ¢ Ob BXOAHBIM HANPSKEHUEM SIBISIETCS HANPSDKEHUE MEXKTY
AMUTTEPOM U 0a30i1, BBIXOIHBIM HANPSHKEHUE MEXKTY KOJUIEKTOPOM | 0a30ii;
BXOJIHBIM SIBJIIETCS] TOK SMUTTEPA, BBIXOIHBIM TOK KOJJIEKTOPA.

B cxeme ¢ OD BXOAHBIM SIBISIETCS HaNpsHKEHUE MEXKIY 0a30il U SMUT-
TEPOM, a BBIXOJHBIM HANPSKEHHE MEX]y KOJUIEKTOPOM U 3MUTTEPOM; BXOJ-
HBIM TOKOM SIBJIIETCSI TOK 0a3bl, a BBIXOJAHBIM TOK KOJUIEKTOPA.
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B cxeme ¢ OK BXOJHBIM SIBIII€TCS HANPSKEHUE MEXKTY 0a30i U KOJIJIEK-
TOPOM, @ BBIXOZHBIM HAIPSKEHUE MEXKIY DMUTTEPOM U KOJUIEKTOPOM; BXOI-
HBIM TOKOM SIBJIIETCSI TOK 0a3bl, a BBIXOJHBIM TOK 3MUTTEPA.

IIpuHnun geiicTBUs OUIMOJSIPHOTO TPAH3UCTOPA
TpaH3ucTOpHI MPEACTABISIIOT COOOUM TPEXMEPHBIE CTPYKTYPhI, HO MHO-
rue (U3NIEeCKre MPOoIecChl MOKHO KaU€CTBEHHO U KOJIMUYECTBEHHO MPABUIIb-
HO OIKCaTh, MPUMEHUB OJHOMEPHOE NPHOIMKEHUE, KOTJa YYUTHIBACTCS
JIBUKEHHUE TMOTOKOB HOCUTEJIEH 3apsia TOJbKO B HAIPABJIECHUM OCH X, NEP-
NEeHANKYJSIPHOW TUIOCKOCTSIM p—N-tiepexonoB. [loaTomy mpumem ogHoMep-
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HYI0 MOJIeJIb CTPYKTYpPhl M PAcCMOTPUM MPHUHIMUI JEUCTBUS OUIOJISIPHOTO
TpPaH3HUCTOPA HAa PUMEPE CTPYKTYpbI TUNIA p—N—P.

Pacnipenenenne KOHUEHTpAIMM HOCUTENIEH 3apsiga B CIOSX TPAH3UCTOP-
HOUM CTPYKTYpHI M Pa3HOCTU MOTEHIIMAJIOB, CO3/1aBa€MOil OOBEMHBIMU 3apsi-
JaMU TE€PEX0J0B, B OTCYTCTBUE BHEIIHMX HANPSIKEHHA MOKa3aHO Ha pUC.
3.4.

CooTHoIlIeHHE KOHIICHTPALUi OCHOBHBIX HOCHUTEJIEH 3apsiga B OMUTTEP-
HOM M KOJIJIEKTOPHOM CJIOSIX TPAH3UCTOpPA HECYIIECTBEHHO, U Ha puc. 3.4, 6
OHM MPUHATHI OJUHAKOBBIMU. OTIIMYKE K€ B KOHIIEHTPAIIUAX OCHOBHBIX HO-
cUTeNel 3apsa SMUTTEPHOTO U 0A30BOr0 CJIOEB BEChMa BaXKHO, TAK KaK OHO
BJIMSIET HA MapaMeTphl TPAH3UCTOPA, B YACTHOCTH Ha KOA((PUIIMEHT mepesa-
g Toka. KOoHIIEHTpalusi OCHOBHBIX HOCUTENEH 3apsia B 0a3e J0JKHA OBITh
MHOI'O MEHbIIIE KOHIEHTPAIM OCHOBHBIX HOCUTENEH 3apsiia B SMUTTEPE,

T.C. Pp >> N, . Taxuwm o0OpazoM, JIsi TpaH3ucTopa 0a30BBINA CIION J0JI-

’KEH OBbITh 00JIe€ BBICOKOOMHBIM, YEM 3MUTTEPHBII.

KaprtrHa pacnpeneneHuss KOHIIEHTPAUU OCHOBHBIX U HEOCHOBHBIX HO-
CUTEJIEH 3apsiia B CIIOSIX CTPYKTYphl OyJeT UMETh BU/JI, IOKAa3aHHbBIN Ha PHUC.
3.4, 6. B oTCcyTCTBHE BHEIIHUX HAIPSHKEHUH HA TPaHUIAX pasziesia TPeX CIIo-
€B 00pa3yroTcs 0ObEMHBIE 3apsibl, CO3/IAE€TCA BHYTPEHHEE 3JEKTPUUYECKOE
MOJIE ¥ MEXKY CIOSIMU ACHCTBYET BHYTPEHHS PA3HOCTh MOTEHIINMAIOB.

[ToTeHmanbHbIA Oapbep B KAXKIOM U3 MEPEXO0/I0B YCTAHABIUBAETCS Ta-
KOW BEJIMYMHBI, 4TOOBI OOECIEeYHMBalOCh paBHOBecHE IUPPY3UOHHOTO U
Opei(poBOro MOTOKOB HOCUTENEH 3apsiaa, IBHKYIIMXCS 4epe3 Mepexobl B
IPOTHBOITOJIOKHBIX HAIPABIICHUAX, T.€. PABEHCTBO HYJIIO IPOTEKAOLIETO Ye-
pe3 HUX TOKa.

ITockOIBKY KOHLIEHTpAMy OCHOBHBIX HOCUTENEH 3apsia B SMUTTEPHOM
U KOJJIEKTOPHOM CJIOSIX MIPUHSATHI OIMHAKOBBIMH, IOTEHIIMAJIbHbIE Oaphepbl B
oboux p-N-mepexonax OynyT paBHbl. Eciu 3a HyneBoH ypoBeHb OTcCuUeTa
OPUHATH TOTEHIMan 0a3bl, TO pacHpelesieHne pPa3HOCTH MOTEHLHUAJIOB B
TPaH3UCTOPE B OTCYTCTBUU BHEIIHUX HaANpPsHKEHU OyJeT MMETh BUI, NOKa-
3aHHBIN Ha puc. 3.4, B.

[Ipn akTUBHOM pexkuMe padOThl TPAH3UCTOPA BHEIIHHUE HAMPSKEHUS
MOAKIIOYAIOT TaKUM 00pa3oM, YTOObI 00ECIeYnBaIOCh CMEIIEHUE IMUTTEP-
HOTO Iepexoia B MPSMOM HaIlpaBJIECHUH, & KOJJIEKTOPHOTO mepexoaa B 00-
pPaTHOM HaNpaBJIEHUH. JTO JOCTUTAETCS C MOMOILIBIO JABYX MCTOYHHKOB Ha-

npsokenus U, m U, . Ha puc. 3.5, a noka3aHo NOAKIIOYEHNE HCTOYHUKOB K
repexoaam TPaH3UCTOpa, BKIIFOUYEHHOro 1o cxeMe ¢ Ob.
IToCKOJIBKY HAa DMUTTEPHOM IEPEXO/E BHELIHEES HANPSIKEHUE JEHCTBYET

B MIPSIMOM HANpPABJICHUH, MMOTCHIIMATBHBIA Oapbhep ISl IBIPOK — OCHOBHBIX
HOCHUTEJEHN 3apsAI0B SMUTTEPHOTO CJIOSI — YMEHBIIAETCS, U JbIPKHA U3 DMUTTE-
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pa mon nevictBueM muddy3un OymayT B OOJBIIEM KOJIWYECTBE MEPEXOIUTH
(MHKEKTUPOBATh) B 001aCTh Oa3bl.

AHanoTHYHBIM 00pa3oM yBeMHUUTCS IU(DPY3HOHHBIN MOTOK SJIEKTPO-
HOB (OCHOBHBIX HOCHUTENEH 3apsiima obmactu 6a3bl) B sMuTTEp. B pesynbraTe
muprHa 001actu 00beMHOro 3apsnaa (O03) sMUTTEPHOTO TIEpexoaa U ee Co-
MIPOTHUBJICHUE YMEHBIIAIOTCS.

C y4eToMm J0CTaTOYHO Majoi IS CMEIEHHOTO B MPSMOM HarpaBICHUH
nepexojia COCTABJIAIONICH IPEe(POBOrO TOKA, CO3MaBAEMO HEOCHOBHBIMU
HOCHUTEJISIMH 3apsiia 00J1acTeil, TOK SMUTTEPHOTO MEepexoaa U COOTBETCTBEH-
HO I[EMTU SMHUTTEPA MOXKHO 3aIlucaTh B BUJIC:

|3:|3p+|3n (3.2)

JIpIpoyHas COCTaBJISIIONIAs TOKA CO3/a€TCS MOTOKOM JIBIPOK, MEPEX0isi-

UX U3 AMUTTEpa B 0a3y. BOJIBIIMHCTBO JIBIPOK B MOCIEAYIOIIEM JOCTUTAET
KOJIJIEKTOPA U BBI3BIBAET KOJUICKTOPHBIN TOK TPAH3UCTOPA.

DJIEKTPOHHAs! COCTABJISIIONIAsI TOKa OOYCJIOBJIEHA JIBUKEHUEM JJIEKTPO-

HOB 13 0a3bl B sMUTTEp. OHA 3aMBIKAETCS 110 BXOJAHOU IIETH Yepe3 UCTOUHUK

U, ¥ He HCIOJIB3yeTCd Al CO3JaHMsA TOKAa B KOJUIEKTOPHOMW Lenu. Takum

00pa3oM, (QYHKIUS IMUTTEPHOTO MEPEX0Ja U MPOILECChl B IMUTTEPHOM Iie-
pexojie CBOASITCS K MHXKEKIIUM HOCUTEJIEH 3apsia B 0asy.

OIHUM U3 BOXHEUIINX MOKA3aTEJIEH SMUTTEPHOTO MEPEX0JA SBISETCS
KO3 UIIMEHT WHXEKIUU ), MOKa3bIBAIOUIUMN, KAaKyH) YacTb OT IIOJIHOTO
SMUTTEPHOTO TOKA COCTABIIET €r0 JBIPOYHAS COCTABIISIIOIIAS:

I

v = (32)
9

C TouKM 3peHHs KaueCTBA SMUTTEPHOTO Mepexoia He0OXOAMMO, YTOOKI
AIIEKTPOHHAS COCTABIISIONIASI SMUTTEPHOTO TOKA ObLIa CYIIECTBEHHO MEHBIIIE
€ro JAbIPOYHOM COCTABJISIOLIEH.

DTO AOCTHTACTCS 3HAYUTEIBHBIM NPEBIIICHUEM KOHIICHTPAIUH OCHOB-
HBIX HOCHTEJCH 3apsijia B SMUTTEPE HaJ KOHIICHTPAIMEH OCHOBHBIX HOCHTE-
Jei 3apsga B Oasze. i BBIMYCKAaeMbIX MPOMBIIUICHHOCTBIO TPaH3UCTOPOB
koadunmenT nmwkekuuu cocrapiuset 0,97-0,995.

[Tporieccbl B 0a30BOM CIIOE OIPENENSIOTCS B OCHOBHOM ITOBEICHUEM
IBIPOK, MEepeleamux B 0a3y yepe3 IMUTTEPHBIN niepexo. MHxekTupyembie
JBIPKH, TTOoTagast B 0a30BbIN CJIOM, IMOBBIIIAIOT KOHIICHTPAITUIO JBIPOK B 0ase
BOJIM3M DMHUTTEpA 10 CpPAaBHEHHIO C PABHOBECHOW KOHIIEHTpaluen (puc.
3.5,06). Ha rpanuiie ¢ SMUTTEpHBIM MEPEXOJIOM CO3[ACTCS TPaHUYHAS KOH-

uentpanus apipok P, (0).
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BenuunHy 5TON KOHIIEHTpAIlMU HaXOASIT U3 COOTHOIIEHUS, aHAJIOTHY-
HOI'O I IUOo/a:
Us

Pa(0) =Py -e®7. (33)
[Mox neiicrBuem konuentpauuu P,(0) passuBaercs muddysuonHoe

JBUYKEHUE JIBIPOK B 0a3e B CTOPOHY KOJIJIEKTOPA, T. €. B HAMPABIECHUU MEHb-
el koHueHTpanuu. KoHleHTpalus JbIpoK B 0a3e Ha rpaHUIIe C KOJIJIEKTOP-
HBIM MEPEXO0/I0M yCTAHABIMBAETCS OJIM3KOM K HYJIIO, TaK KaK JOIIEIIINE 10
KOJUIEKTOPHOTO Tiepexoaa mnoA nedcTtBueM Iud@y3uu IbIPKU YCKOPSIOTCS
MOJIEM TEepexo]ia U MepedpachlBAlOTCS B KOJUIEKTOP. Y CTaHOBMBIIEECS MpU
OIIpPENIENICHHOM HanpsbkeHnu U, (OIpeneneHHOM TOKE DMUTTEpA U COOTBET-

cryromteit Bemuunne P,(0)) pacnipenenenne KoHIUEHTpaUu IbIPOK B Gase
IMOKa3aHo Ha puc. 3.5,0.
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Puc. 3.5

BBuny OTHOCHTENBHO MaloOM TOJIIMHBI 0a30BOro ciost g (3Ha4M-

TEIHHO MEHbIIeH nu(y3nOHHOM NTUHBI HEOCHOBHBIX HOCUTENEH B Oa3e Lp

) pacrpeziesieHne KOHIEHTpaMU JbIpoK B Oase npu guddysun Py (X) 6mn-

30K K JIMHEHHOMY 3aKkoHy. I'paJlMeHT KOHLIEHTpaluU JIbIPOK B 0a3e B COOT-
BETCTBUU C BeIpakeHueM (3.3) onpenenser Au(y3MOHHBIN TOK ABIPOK B HEH
B HalpaBJICHUH KOJUIEKTOPHOTO nepexona. [lpu aBmxeHun B 6a3ze 4yacTh Abl-
POK pEeKOMOMHUPYIOT ¢ 3JyiekTpoHamu. [lockoyibky 0a3za ocTtaeTcsi B 1EJIOM
ANEKTPUYECKU HEUTPaATbHOU, YOBUIb YHCIIA 3JIEKTPOHOB B HEM MPU PEKOMOU-
HallMd C WHXKEKTUPOBAHHBIMHU JBIPKAMH KOMIIEHCUPYETCS MPUTOKOM 3JEK-
TPOHOB 110 11enu 6a3bl. [Ipu 3TOM pacmpeneneHue MEKTPOHOB B 0a3e T0IKHO
OBITh, OYEBUHO, TAKUM K€, KaK U paclpe/ielieHue IbIPOK, TaK KaK TOJIbKO
MIPU ATOM YCJIOBUH KaXKJlasi MHKPO-00J1acTh 0a3bl Oy/IE€T OCTABAThCSI DJICKTPH-
YECKU HEUTPAJIBHOU, T.€. CYMMAapHBIN 3aps]l 3JIEKTPOHOB, AbIPOK U IOHOPOB B
0a3e Oymer paBeH Hy0. B pe3ynbrare akTOB peKOMOWHAIIUUA KOJUYECTBO
JBIPOK, JAOMIEIINX 10 KOJJIEKTOpa, HE OyAEeT paBHO KOJMYECTBY ABIPOK, MO-
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CTYIIMBHIUX M3 SMUTTCPA. CJIeILOBaTeJIBHO, AbIpOYHasd COCTABJIANOIIAA KOJI-
JICKTOPHOI'O TOKa IKp 6y,Z[€T MCHBIIC ,HBIpO‘iHOfI COCTaBJISIIOHleﬁ OMUTTCPHO-

I'0 TOKa I3p . PazHoCcTh MCIKAY AbIPOYHBIMHU COCTABJIAIOIIMMH OMHUTTCPHOT'O U

KOJUIGKTOPHOTO TOKOB TPEACTABISIET COO0N TOK 0a3bl, 0OYCIOBICHHBIN pe-
KOMOMHAIMeN B HEM JbIPOK. B COOTBETCTBUU € 3TUM 3aMMIIEM COOTHOIIICHHE
JUISL IBIPOYHBIX COCTABIISIOIINUX TOKOB TPAH3UCTOPA:

l,y =Ly + 15, (3.4)
I[JI)I ONpCACIICHUA YaCTHU ABIPOK, INMPOMICAIINX U3 SMUTTCPA B KOJIJICK-

TOp, BBOAAT KOA(h(UIIMEHT MepeHoca JbIpoK B 0ase 6, KOTOPBIN paBEH OT-
HOIIIEHUIO JBIPOYHOM COCTABJISIIONIEH KOJUIEKTOPHOTO TOKAa K JBIPOYHOU CO-
CTaBJIAOIIEH SMUTTEPHOIO TOKA:

=12 (3.5)

Heob6xoaumo, yToObl BeanurHa KOIPQUIIMEHTa MepeHoca KaK MOKHO
MEHBIIIE OTINYaNach OT eAUHUIBI. CrocoObl MpUOIMHKEHUS K €IMHULIE KO-
s duieHTa HampaBlIeHbl HAa COKpAIlEHHE IMOTEPh JABIPOK (PIEKTPOHOB B
npubopax Tura n—p—n) B 0aze 3a CUET aKTOB PeKOMOMHAIIMU. DTO JOCTUTa-
€TCsl YBEJIMYEHUEM BPEMEHU JKU3HU JIBIPOK B 0a3e M COKpalleHuEeM BpeMEHHU
uX HaxoxjeHus B 6aze. CokpallieHue BpEeMEHH HaXOXICHUS JIBIpOK B 0aze
CBSI3aHO C YMEHBIIIEHHUEM TOJIIUHBI 0230BOTO CIIOS ¥ YBEIIMYEHUEM CKOPOCTH
uX MPOXOXKIAeHUS uepe3 Oa3y. [locmeqHee ncmonb3yercss B TaK Ha3bIBAEMBIX
AperoBBIX TPaH3UCTOPAX MyTEeM CO3JaHMs B Ciioe 0a3bl yCKOPSIOUIEro Mo-
ns1. TunoBsie 3HaueHUs KOd(ppuieHTa nepeHoca st TPaH3UCTOPOB JIEkKAT B

npeaenax 0,96—0,996. KomanekTopHbIl TOK TpaH3UCTOpA |K, 00yCIIOBJICH-

HBII JBIPOYHOUN COCTaBIISIOIIECH IKp , CBAI3aH C TOKOM 3MHUTTEPA |3 kodhu-

IUCHTOM Iepeaaun Toka & :
K,
o=—2 (3.6)

YMHOXUB YUCIIUTENh U 3HAMEHATEeIb paBeHCTBA (3.6) HA 3HAYEHHUE TOKA

sp » TOJYUHM:

I I
o= 2| S =8 @7
) Iap
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CrnenoBaTenbHO, KOAPGUIIMEHT TIepenadyd Toka TeM Ommke kK 1, dem
MEHBIIIE OTIIMYAIOTCS OT €AUHUIBI KOOPPUIMEHTH J U O .

Takum oOpazom, crnocoObl MPUONMKEHUS K eAUHULEe KOdPPUIEHTA
neperayr TOKa CBSI3aHbI CO CIIOCOOAMHU YBEIUYECHUS 3TUX KOA(P(PUIIMECHTOB
(T.e. yBeNMYEHHE PA3HOCTU KOHIIEHTPAIM OCHOBHBIX HOCHUTENEH 3apsia B
CIIOSIX AMHTTEpa U 0a3bl, yBEIMUYEHHE BpPEMEHH >KU3HU JABIPOK B Oasze,
YMEHBIICHNE MUPUHBI 0230BOTO CIIOSI, CO3/IaHUE YCKOPSIOIIETo IMOoJIs B CJI0e
0a3bl).

Hannyre KOJIEKTOPHOTO Mepexoja, BKIOYEHHOTO B OOpaTHOM Ha-
NpaBJICHUHU, TPUBOAUT K TMOSBICHHUIO JOMOJHUTEIHHON HEYIPaBIIIEMOW CO-
CTaBJIAIONICH TOKa KOJUIEKTOpa, OOYCIIOBICHHOW MpOTEKaHHEM OOpaTHOro
TOKa KoJuiekTopHoro nepexona |, . O6patHbIii Tok cosmaeTcs apeiidom He-
OCHOBHBIX HOCHUTENEH 3apsAna u3 Onuznexammx obnacteil oOpaTHO BKIIIO-
YeHHOTO nepexoaa. [loCKoMbKy KOHIICHTpAIlMi HEOCHOBHBIX HOCHTENEH 3a-
psiZia 3aBUCUT OT TEMIEPATyphl, BETUIMHA 0OPATHOTO TOKA TAKXKE 3aBUCHUT OT
Hee, MOATOMY 3TOT TOK YacTO HA3bIBAIOT TEIUIOBBIM. OT BETWYHHBI TOKA
smurrepa Tok |, He 3aBucwur.

B cooTBeTCcTBUHU C M3I0KEHHBIMH BBIIIE IIponccCaMu TOK OSMUTTCpPA pa-
BCH CYMMC ,[[BIpO‘-IHOﬁ )51 BHCKTpOHHOﬁ COCTaBJIAIOMINX

=1, + 1, (3.8)

Tok KOJJIEKTOpa COCTOUT M3 JBIPOYHOM COCTABISAIOLICH W TEIMJIOBOTO
TOKA:

IKZIKp+IK0- (3.9)
Tok 6a3bl paBeH anreOpanvyeckoil CyMMe 3JIEKTPOHHOM COCTaBIISIFOLIEH

TOKa SMUTTEPA, PEKOMOMHAIIMOHHON JBIPOYHON COCTABISIOIIEH U TEIJIOBOTO
TOKa!

|6:|3n+|p6_|1<0- (3.10)
Takum 00pa3oM, NMPUHLKN ACHCTBUS OUTIOISPHOTO TPAH3UCTOPA OCHO-
BaH Ha CO3JJaHUU TPAH3UTHOTO (MPOXOAIIEr0) MOTOKA HOCUTENIEH 3apsaa U3
AMUTTEPA B KOJUIEKTOp 4epe3 0a3y M YNpaBlIEHUU KOJUIEKTOPHBIM (BBIXOJ-
HBIM) TOKOM 32 CYET M3MEHEHUS IMHUTTEpHOro (BXomaHOTo) Toka. CremoBa-
TEJIbHO, OUNOJSPHBINA TPAH3UCTOp yIpaBiseTcs TOKOM. OCHOBHbBIE COOTHO-
HIEHUs 1JI1 TOKOB TPaH3UCTOpa COCTABIIAETCS IO MEepBOMY 3akoHY Kupxro-
da:
|3:|K+|6' (3.11)
C y4eToM TeIIoBOro ToKa U COOTHOIIEHUS (3.6) TOK KOJJIEKTOpA U TOK
0a3bpl MOXKHO BBIPA3UTh Y€pPe3 TOK IMUTTEPA:
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l.=al,+1,, (3.12)
|5 =(1—OL)|3—|K0. (313)

CraTnyeckue BoJIbTaMIIePHbIE XaPAKTEPUCTUKHU
OMIIOJIAPHOIO TPAH3UCTOPA

OcHOBHOE TpPUMEHEHHE Ha MPAKTUKE HMEIOT BXOJHBIC U BBIXOJIHBIE
BOJIbTAMIIEPHBIE XAPAKTEPUCTUKHU. DTH XaPAKTEPUCTUKU MOTYT OBIThH 3aIu-
CaHbl AHAJIMTUYECKU UITM TTOCTpoeHbI rpaduyecku. [locnenuuii cnocod nmpoct
Y HaTJISAJICH, TTIO3TOMY HaIles 0oJiee MMpoKoe MpuMeHeHne. BobramMmnepHbie
XapaKTePUCTUKN CHUMAIOT IIPU OTHOCUTEIHHO MEJJICHHBIX U3MEHEHUSX TOKA
Y HanpsikeHus (M0 MOCTOSIHHOMY TOKY), B CBSI3U, C YEM MX Ha3bIBAIOT CTATHU-
yecKUMU. By xapakTepuCTHK 3aBUCHUT OT CIIOC00a BKIIFOUEHUS TPAH3UCTOPA.

CxemMa c oOuielt 6a3oit

Brixonnbie xapaktepuctrka TpaHzucrtopa B cxeme Ob (puc. 3.3,a) oT-
paxkaroT 3aBUCMMOCTh TOKa KOJUIEKTOpA OT HAMNPSIKEHUS Ha KOJJIEKTOPE OT-
HOCHTEIIbHO 0a3bl npu (PUKCUPOBAHHOM TOKE SMUTTEpa (puc. 3.6,a).

BonbT - amnepHbie XapaKTepUCTUKU UMEIOT TPU XapaKTEepHbIe 00J1aCTH:

| — cunbnas 3asucumocts |, or U,; (Henuueiinas nauanbHas 00-
JacTh),
Il — ca6as 3asucumocts |, or U, 4, Il — npo6oit kosiekTopHOro me-

pexona. [ns cxembl Ob xapakTepHO pacnoyio’KeHHE HadallbHOW oOnacTtu |
JeBee OCHU OpAUHAT. ITO 00YCIOBIEHO TEM, YTO HANPSXKEHUE HA KOJUIEKTOP-
HOM nepexojie Tpansucropa B cxeme Ob onpenernseTcs CcyMMOl BHYTPEHHEN

pasnoctn notenmmanos Po u suemmero Hanpsokerns U ;.
ITpn U,; =0 ¥ 3a1aHHOM TOKE SMHTTEpa IBIPKU IEpeOpachIBAIOTCS B

KOJUJIEKTOp M3 0asbl MojA AEMCTBHEM BHYTPEHHEH Pa3HOCTH MOTEHIMAJIOB.
UToOBl YMEHBIIUTH TOK KOJUIEKTOPA, HYXKHO CO3/1aTh BCTPEYHBIM MOTOK JbI-
POK 4epe3 Mepexos, T. €. IEPEBECTH KOJJIEKTOPHBIN MEPEXOJ IyTEM U3MEHE-

HUs TOJsipHOCTH Hanpspkenus U, ; B pexnM MH)XEKIMM HOCHTENeH 3apsia.
IIpr HOCTMXKEHUM HEKOTOPOIO HAIPSLKEHUS IOJ0XKUTEIBHOW IOJISPHOCTH

UK5 MOTOKHU JIBIPOK Yepe3 KOJUIEKTOPHBIN mepexo]l OyAyT B3aMMHO CKOM-

TIEHCUPOBAHBI U TOK |K =0,
EcTtecTBeHHO, YTO C yBeIMUEHHUEM TOKA SMUTTEpA JUIsl ’TOTO HEOOXO0 M-
MO MOJAaTh HANPSXKEHHUE UK5 OOJIBIIIEN BEIMYUHBI. DTUM OOBSICHIETCS CMe-
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IICHUC BJICBO HAYaAJIbHBIX YYACTKOB XaPAKTCPHUCTUK IIPHU OOJBIIIEM TOKE |9'

Ob6nacts [ Ha BAX cOOTBETCTBYET PEeKUMY HACHIIICHUS TPAH3UCTOPA.
OcoGennocteio BAX B obmactu Il sBnsieTcss ux HEOOJIBIION MOIBEM

npu yBenndenun Hanpspkenus U, (OOmacTb akTHBHOTO pexuma padoThl

TpaH3ucTopa). Hekoropoe yBennueHHe TOKa KOJUIEKTOpa O0OYCIOBIMBAETCS
yBeJIMUEeHHEM KO3 (UIIMEeHTa Mepesayl Toka & TpaH3UCTOpa BCIEACTBUE
s dexra MoaymsIuKu 0a3bl, a TaKkKe pPOCTa OOPAaTHOTO TOKA KOJUIEKTOPHOTO

nepexoza | ko - DPdexT Moxynanum 6a3bl CBA3aH C PaCIIUPEHUEM KOJUICK-

TOPHOI'O Iepexoaa LK 3a CYET yBEJIMYEHHS OOBEMHOIO 3apsjia B HEM, BbI-
3BaHHOTO noBbIeHNeM Hanpspkenus U s (puc. 3.6,0). ITockonbky paciiu-
peHHe nepexo/ia MPOUCXOIUT IJIaBHBIM 00pa3oM 3a cueT 0a30BOTO CJos, Kak
OoJsiee BHICOKOOMHOTO, TOBbILICHNHE HampskeHus U, TpPHUBOANT K yMEHb-
IIEHUIO TOJIIMHBI Ga3oBoro cnos Ls, a, cnemosarensHo, kK yMeHbIIEHHIO

quclia aKTOB PEKOMOMHAIIMI JABIPOK C AJIEKTPOHAMHU B HEMl M COOTBETCTBEHHO
K YBEJIMYEHHIO KO3(pUIMEHTa nepesayu U TokKa KoJuiekTtopa. Ipdext mo-
TyJSuy 0a3bl WUTIOCTpUpyeTcs puc. 3.6,0, Ha KOTOpoM 0003HAYEHUS C UH-

nexcoM (1) otHocsTes k HanpspkeHuto U451, a ¢ nHaekcom (2) K Hampsbke-
auto U, 55 (IU,5,/ > /U, 51/). TloctosiHeTBO 3a1aBaemoro Toka |, npu cHs-
THU KOJUIEKTOPHBIX XapaKTEPUCTHK OOYCIIOBIMBACT MTOCTOSHCTBO TPAJUCHTA
KoHIeHTpauuu asipok dp/ dx Ha rpanune nepexoxa I11 ¢ 6a3oii. B cBszu ¢
TUM KpHUBBIE paclpellelieHus] KOHLIEHTpauui B 0ase Pn2(x ) " Pm(X)
MIYT NapauieNbHo Ipyr Apyry. HadanmbHble YpOBHM KOHIIGHTpPALMH ABIPOK
Ha rPaHULE YMUTTEPHOTO Mepexo/a ¢ 6a30i MOTy4aroTCsi HEOJMHAKOBBIMH, B
yacTHOCTH () = Pnz(()). DTO MOXET ObITh, KaK CICIYeT M3 BbIpaxe-

HuU (2.3), TOJNBKO B Cllydyae YMEHbIIECHUs HanpsbkeHus Ha nepexone 111.
Taxum 06pasom, nsmenenue Toka |, ¢ usmenennem nanpsoxenus U 5

npu |, = const, ceazanHoe ¢ n3Menennem kodpdunuenta & u3-3a spdpexra

MOIYJSAIMU 0a3bl, COMPOBOXKIACTCS TaKKE HM3MEHEHUEM HaINpsHDKCHUS Ha
AMUTTEPHOM TMepexojae. MHbIMU cioBaMu, MOIYJSIUS 0a3bl CO3/1a€T BHYT-
PEHHIOI0 OOPaTHYIO CBS3b M0 HAMPSKEHUIO B TPAH3UCTOPE.

Bo3spacrtanue Toka xoyiektopa Ha BAX B o6mactu Il npu noBbIeHUN

nanpsokenust U, 5 xapakrepusyercs muddepeHInanbHbM COMPOTHBIEHUEM
KOJUIEKTOPHOI'O Ilepexoaa FK(5) =dU/ d|,< , KOTOpOE MOKET OBITh Haiine-

HO M3 KOJUICKTOPHBIX XapPaKTCPUCTHK KaK OTHOIICHHEC HpnpameHHﬁ Harps-
ZKCHUA U TOKA.
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Puc. 3.6

BbIxo/1Hasg XxapaKTepUCTHUKA MPU TOKE |3 =0 npexcrasser co6oii 06-
paTtHyr0 BeTBb BAX KOJUIEKTOPHOTO MEpexonaa, KOrjaa 4yepe3 nepexo] TeYET
TONbKO TOK | xo ¥ monobHa obpatHoil BetBu BAX nmuona. Ota BAX coot-
BETCTBYET PEKUMY OTCEYKHM TpaH3ucTopa. B obmactu I BeIXoaHBIE XapaKTe-
PUCTHKM MPAKTHYCCKU JTUHCHHBI, U CONPOTUBICHUE lp(5) MOXHO MPUHSATH

HeusMeHHbIM. Torma st aToit obnactu 3asucumoctsb |, = F(U,5 ) MoxHO
IPECTABUTh B aHATUTHYECKON opme ¢ ydeToM 3 dekTa MOAYISILUK Oasbl:

UK

— 6

l,=a-l,+—=+1, (3.14)
rK(6)

Hammune cocrasisromeit | xo B BbIpaxeHuu (3.14) saBisercs onHON u3
[VIABHBIX MPUYUH TEMIEPaTypHOU 3aBUCHUMOCTH BBIXOJHBIX XapaKTEPUCTHUK

TpaH3ucTOpa. BiusiHIe TeMIepaTyphl IPHBOANT K H3MEHEHHIO TOKa | o 4

CMEIIECHUI0 XapaKTEePUCTUK BBEPX MPH TOBBIIICHUH TEMIEPAaTyphl U BHH3
IIpH €€ CHIDKEHUU. Takoe )K€ BO3/IEHCTBUE HA KOJUIEKTOPHBIE XapaKTePUCTH-
KM (B MEHBIIECH CTENEHHN) OKAa3bIBaCT U 3aBUCUMOCTh OT TeMIIepaTyphl KOd (-
durmenTa nepegadn Toka. ITo 00yCIOBIECHO TEM, UTO B paboueM Juara3oHe
TeMIiepaTyp HaOII01aeTCsd HEKOTOPOe yBeIndeHne korhduirenTa nepenadu
¢ poctoM Temnepatypsl. KoadduuueHnt nepenaun Toka 3aBUCUT TaKKe OT
BEJIMUMHBI TOKAa AMUTTEpa. YBeiauueHue KoddduineHTta nepenayud Toka U
JOCTHMKEHHUSI UM MaKCUMAJIbHOTO 3HAYEHHUs C BO3PACTAHMEM 3MHTTEPHOIO
TOKa OOBACHSAETCS OTHOCUTEIbHBIM YMEHBIICHHEM YHCIIa aKTOB pEKOMOHMHA-
LU JBIPOK B 0a3e ¢ pOCTOM KOJMYECTBA BXOJASIIUX B HEE JBIPOK, T.€. MOBbI-
meHrueM kKoddduimenTa nepeHoca Npu yBelnyeHuu Toka smurrepa. [locre
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JOCTHKEHHSI MaKCUMyMa TMOCIIeyIolIee yMEeHbIlIeHne Ko3ppuiueHTa nepe-
Jla4d TOKa CBA3aHO C YMEHbIIIEHHEM KO3 (ULIMEeHTa HHXXEKIIUH C POCTOM TO-
ka smutTepa. O6macts I Ha BAX COOTBETCTBYET 3IEKTPUIECKOMY TIPOOOTO
KOJUJIEKTOPHOTO MEPEX0/1a, KOTOPBIM MOXKET MEPEUTH B TEILIOBOM MPOOO U B
KOHEYHOM UTOT€ MPUBECTHU K BHIXOY TPAH3UCTOPA U3 CTPOSI.

L. Uyer P
; Uyaz :
U}{f :I:I
a 3 5 1 |J,5 = const
41 =
= 2
0 0 Is1 Ix1
I3 [57
Puc. 3.7

Bxoansie xapakrepuctuku Tpanizucropa (puc. 3.7,a) B cxeme Ob mipen-
CTaBJISIOT COOOM 3aBUCUMOCTh TOKA SMUTTEPA OT HAIPSKEHUS HA AIMUTTEPE
OTHOCHUTEIBHO 0a3bl Npu (PUKCMPOBAHHOM HanpsbkeHun U, W 1O BUIY
O0nm3ku K npsimoid BetBu BAX nuona.

Bxoanas xapakTepucTuka, CHATas MpH OOJIBIIEM OOpaTHOM HampsoKe-
HHU Ha KOJUIEKTOPHOM nepexojae U ,,, pacronaraercs JieBee U BbIIE. DTO

o0ycnoBauBaeTcs YPPEeKTOM MOAYISALUUHU Oa3bl, MPUBOJSAIIUM K MOBBIIICHUIO
IpaJeHTa KOHIICHTPAIIUU IBIPOK B 0a3e W YBEIUYCHHUIO TOKA SMHUTTepa. [[ms
MOSICHEHUS 3TOTO Ha puc. 3.7,0 MOKa3aHO pacmpeeieHne AbIpoK B 0asze mpu
ABYX 3HaueHUsAX HampskeHus U, U (QUKCHPOBAHHOM BEIMYMHE HalpsbKe-
Hust U 5.

Ilpy HanpsxeHuM U, ,, paclpesielleHne KOHIIEHTPAlMu JBIPOK B 0ase
COOTBETCTBYeT JMHUU 1. B cnyudae yBenuueHus oOpaTHOro HaNpPsHKCHHS
(U ,;2) obmacts 06beMHOr0 3apsaa pacmmpsercs, a 6asa 3a c4eT 3TOro Cy-

*kaercs. Pacnipenenenre KOHIEHTPALUKA ABIPOK B 3TOM CIIydae COOTBETCTBY-
eT uHuM 2. ['paAeHT KOHUEHTpaluu ABIPOK B 0a3e pacTeT Mpu Mepexoie oT
JUHUM | K JIMHUU 2 ¥ TIO3TOMY BO3PaCTaeT TOK AMHUTTEPA, YTO U OOBICHSET
CMEIIIEHNE BXOJHBIX XapaKTEPUCTUK BBEPX C yBEIMYEHUEM OOpaTHOrO Ha-
npsoxenus U, ;.
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Cxema ¢ 00IIIUM SMUTTEPOM
Brixognsle xapakTepucTuku TpaHsuctopa (puc. 3.8, a) B cxeme ¢ O3

(puc. 3.8, 6) onpeAensoT 3aBUCUMOCTh KOJJIEKTOPHOTO TOKa |,< OT Hamps-

YKECHUS HA KOJUIEKTOPE OTHOCUTEIIBHO 3MUTTEpA U,) npu (GUKCUPOBAHHOM

Toke 0a3bl |;. Kak u uis cxemsr OB, 37ech MOXKHO BBIIENUTH TPU XapaKTep-
Hbele oOnactu: | — HauanbHas 00JacTh (COOTBETCTBYET PEKUMY HACHIIICHUS
TpansucTtopa), Il —oTHocuTensHO citabas 3aBUCUMOCTb TOKa KOJUIEKTOpA OT
Hanpsokerns U, (06macTh akTMBHOTO pexuMa paboThl TpansucTopa), I —

npoOol KOJUIEKTOPHOTO Tepexojia. BhIXONHbIE XapaKTEPUCTUKUA B CXEME C
OD oTinyaroTcs OT COOTBETCTBYIOIIMX XapakTepucTuk B cxeme ¢ Ob. B ya-
CTHOCTH, OHM HAaUYMHAIOTCSA M3 Hayala KOOPAWHAT U y4acTok- | pacmonaraet-
cs B iepBoM kBanpante. [Ipu U,, = 0 HanpspkeHHe Ha KOJUIGKTOPHOM Iepe-

xozme pasno U, (t.x. U,5 =U,, —Up,), cOOTBETCTBEHHO KOJNIEKTOPHEIH
HIepeX0 BKIIFOYACTCS B MPSMOM HAMpPABICHUU U WHXXEKTHUPYET JBIPKU B Oa-
3y.

[ToToKH JBIPOK OT KOJUIEKTOpa B a3y M OT IMUTTEpa B KOJUICKTOP B3a-
VMHO YPaBHOBELIMBAIOTCS U TOK KOJUIGKTOpa paBeH Hyiro. [1o Mepe mMoBbI-

IMICHWA HAITPSIKCHUA LJK9 B oOnactu | IpAMOC HAIIPAKCHHUC HA KOJUICKTOP-

HOM IICPEXOAC CHUIKACTCA, €0 MHIKCKIUA YMCHBIIACTCA 1 TOK I x BO3pacTa-

eT. Ha rpanuue ¢ obnacteio Il mpsiMmoe HampshkK€HUE CHUMAETCS C KOJUIEK-
TOPHOTIO Mepexojaa u naneuie, B oonactu Il Ha nepexone Oyner neiicTBOBaTh
oOpaTtHOe HampspkeHue. J[Js momydeHus: BRIXOAHBIX XapaKTEPUCTHUK B aHAIH-
Trueckoit hopme B odnactu 11, Beipazum B (3.14) Tok sMutTepa v Tok 0as3nl B

cooTBeTcTBUH ¢ (popmyioii (3.11). TTocne 3amenst U,; Ha U,, momyumnm:

| o U 1

K3

K:—'I6+ + .IKO
1-o sy —a) 1-a

Bl + St (L+B). o
=B, + - +@1+B)-
6 Ko!
M) ! 1+B)
. o
rae £ = T = 1—g koa(durreHT nepenayn Toka B cxeme ¢ O0.
6

Tpanszuctop B cxeme ¢ O3 naer ycuiieHHe 1o TOKY (Tak Kak |K > | 6),

U 3TO SIBJISIETCS BaXXHEHIIMM MPEUMYIIECTBOM BKIIIOUEHMSI TPAH3UCTOpPA IO
cpaBHeHuto ¢ Ob. Bripaxenue (3.15) MoxHO 3anucaTh B BUJE:
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U
e =B 15 +—""+ lo(5), (3.16)
(o) (2)

rac r;c(s) = r;c(b') /(1+ﬂ) ) IK0(3) = (1+ﬂ)|1<0-

Tak xe kak u B cxeMe ¢ Ob, KOJJIEKTOPHBIC XapaKTEPUCTUKU HMEIOT
HEKOTOPBIM HAKJIOH K ocu abciucce B obiactu 11 ,Ber3BaHHBIN 3P dhekToM MO-
nynsiuuu 6a3bl. OJIHaKO TOT HAKIOH B cxeMe ¢ OO OoJblie, 4eM B CXeMe C
OBb, tak kak mayble u3MeHeHus koddpduimenta Ol mop neiicTBUEM H3MEHe-
HUS HAMPSOKCHHS HA KOJJICKTOPHOM TIEPEX0JIe TA0T 3HAYUTEIIbHBIC U3MEHE-
Hus Kodddunuenta F. YkazaHHOE SIBIICHHE YYHUTHIBACTCS BTOPBIM Cliarae-
MBIM B IIpaBOi yacTH ypaBHeHH (3.16).

Yepes BbIBOJ 0a3bl MPOTEKAIOT BO BCTPEYHOM HAIpaBICHUHU JIBE CO-

CTaBIIAIONINE TOKA. DTO OOpaTHBIM TOK KOJUIEKTOPHOTO Iepexoaa — |K0 5
4acTh TOKa AMUTTEpA — (1— Of)lg. [Ipu ToKe ©a3bl paBHBIM HYJIO 3TH CO-
CTaBIIAIONIME TOKa paBHBL. T.e. 1- &')|3 = |,<0 U TOTJIa, COIJIaCHO BBIpaXKe-

Huto (3.13), Tok sMuTTEpa |9 = |K0 / ( l-a ) B pesynprare ¢ yderom
(3.12) monyuum:

. =al,/(1-a)+1,,=(1+B)I,,. (3.17)

OTOT TOK HA3bIBAIOT HAYaJIbHBIM WJIM CKBO3HBIM TOKOM Izco( 5)- Takum

o0pa3oM, TOK KOJUIEKTOpa MPH BXOJHOM TOKE, paBHBIM HYIIO, B cxeme ¢ 0D
B (1+5) pa3 6oubire, yem B cxeme Ob. Eciu ske sMUTTEepHBIN mepexo Ie-
pPEBECTU B HEMPOBOJIAIIIEE COCTOSIHUE, (T.€. TOJIaTh 0OpaTHOE HAIPsHKEHUE Ha
Nepexo/1), TO TOK KOJJIEKTOPA CHU3UTCS A0 3HAYEHUS | xo (puc. 3.8, a). To-

r71a TOK KOJUIEKTOpa Oy/ieT OompenensiTbes 0OpaTHBIM TOKOM Iepexojia, mpo-
TEKAIOUIMM MO0 Henu Oaza—koyiekTop. O0nacTh XapakTEpUCTHK, JiexKauas

HIKE XapaKTepucTukH, cootserctBytomeii |; =—I,,, HaswBalor 06na-
CTBHIO OTCEUKH.

Brixogneie xapakrepuctuku B cxeme ¢ O3, Tak ke Kak U B cxeMe ¢ Ob,
MOJIBEPKEHBI TeMIepaTypHOMY BiMsHNUIO. OIHAKO TeMIEpaTypHbIE BO3ICH-
CTBHUA 3]I€Ch NPOSBIAIOTCS cHiibHee, yeM B cxeme ¢ Ob. D10 00ycnoBiieHO
nanmnanem muoxutens (L+ ) nepen |, B Gpopmyne (3.15) n 6onee cnns-
HBIMHU TEMIIEPATYPHBIMUA U3MEHEHHUSIMU KO3(PUIIMEHTA TIepeiadu ToKa 0a3bl
B 1pu OTHOCHTENBHO MAJIBIX TEMIIEPATYPHBIX U3MEHEHUAX KOd(P(UIEEHTa
nepeaadn Toka sMutTepa (& ). Heo0Xxo1mMo OTMETUTh TaKKe, YTO B CXEME C
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O3 mpoboii KOJUIEKTOPHOTO MEepexo/ia HACTyMaeT Mpu HampsbkeHuu B 1,5-2
pa3a MeHblIeM, yeM B cxeme ¢ Ob.

I I Y I U“‘*’: 0 UH:M
H 153 i1l : / Uka2
!
a I 152 \ 5
151
r—’IELL\‘/
= I
Iu IHD —\’i/ iﬁ 0
/7 — )
O 1 Lo WU g,
Puc. 2.8

Bxoanble XxapakTepuCTHKU TpaH3ucTopa ¢ OO OTpa)xaroT 3aBUCUMOCTh
TOKa 0a3bl OT HANPsKEHUs 0a3a—3MUTTEP NpU (PUKCUPOBAHHOM HAIPSKEHUU
KOJUIeKTOp—MUTTED (pHuc. 3.8, 0).

[Tpu wanpsoxenun U,, =0 BXoaHas XapaKTEPUCTHKAa COOTBETCTBYET

OpsIMOM BETBU BOJIbTAMIIEPHON XapaKTEPUCTUKU [JBYX pP—N-IIEpEXO0B,
BKJIFOUEHHBIX MapaJiIeNIbHO.

Tok 6a3bl IpU ATOM paBeH CyMME TOKOB AMUTTEpA U KOJUIEKTOpa, pabo-
TaOIIETO B PEKUME SMUTTEPA.

[Tpu nanpsokenuu U, <0 XapakTEpUCTUKU CMELIAIOTCA BHU3 OTHOCH-

TEJILHO KPHUBOM coO 3HayeHueM U,, =0, 4TO CBA3aHO C YMEHBIIEHUEM TOKa

6a3bl u3-3a a3 Pexra MoayIAIUU Oa3bI.

Yem ToHbIIIE Oa3a, TEM MEHbIIIE AKTOB PEKOMOWHAIIMK HOCUTEJIEH 3apsi-
7la B HEW U, ClIeI0BATEIbHO, OYJET MEHBIIUM TOK 0a3bl TpaH3UCTOpA.

B pexxnMe orceuku o6a nepexosia BKIIOYAIOTCS B 0OpaTHOM HampaBJiie-
Huu (Tpetuid kBajgpaHT BAX, puc. 3.8,0) u B uenu 0a3bl TEYET TOK

l; =—1,,. Hootomy npu U,, <0 BXomHbIe XapaKTEPUCTUKH HCXOIAT U3

TOYKH C OTPpHIATCIIbBHBIM 3HAYCHUCM TOKaA 6a351, PpaBHBIM I KO
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4. SKCITEPUMEHTAJIBHOE MCCJIEJOBAHUE
XAPAKTEPUCTUK BUITIOJIAPHOI'O TPAH3UCTOPA

a) coOpaTh cxeMmy Ui CHATHUSl XapaKTEPHUCTUK MPSMON Tepenadyu Io
TOKY OumnossipHoro tpansucropa (puc. 4.1). s usmepenust Toka 6a3pl Moa-
KIIIOYUTh Muutnamiepmerp PAI (mo 1 MA), a 1yid u3MepeHus TOKa KOJUICK-
Topa noaAkIounTh PA2 (1o 100 MA). [l u3MepeHust HanmpsiKeHUsT Ha KOJI-
JIEKTOpE MCMOJb30BaTh BoJbTMETp PV1; B KauecTBe pe3ucropa B 1N KOJI-
JIEKTOpa UCIOJB30BaTh pe3ucTop RP3 (Mo ykazaHuro mpenogaBaress);

+ +12B
,—|R4 PR2
RP1

Puc. 4.1

0) CHATH CTAaTUYECKYI0 XAPAaKTEPUCTHKY MPAMOI Mepenaydl Mo TOKY
l.=f(l;) mpu U, paBHOM 3amanHOoMy 3HaueHuio Ex = 12B u R,=0. Dkcnepu-
MEHTAJIbHBIE TOYKHU 37€Ch M Jajiee 3alMChiBaTh B TAOJMIly ¥ HAHOCUTH Ha
rpaduk. [Ipu cHITHM XapaKTEPUCTHUK CICTUTH 3a TIOCTOSTHCTBOM HANPSKEHUS
U, o BoapTMETPY;

B) CHSITh XapaKTEPUCTUKY MPSIMOU MepeIady 1o TOKY MPU HATHYUH 3a-
naHHoOro compotuienus Harpy3ku R, = 200 Om (unmu 270 Om) (puc. 4.1). C
nomoiplo noreHimomerpa RP1 ycraHoBuTe TOK 0a3bl, paBHBIN HYJIO, a C
noMolIpl0 noteHnuomerpa RP2 ycranoBute 3amannoe 3Hauenue Ex = 12B.
B nanbueitiem pydky perynupoBku RP2 ve tporats. B o6mactu BOM3M Ha-
CBIIICHUS TOYKH CHUMATh Yallle;

') IO MOCTPOCHHOM B 1.4, B XapaKTEPUCTUKE OMPEEIUTh 00JIacTh aK-
TUBHOTO YCHJICHUS, OTCEUKH M HachIeHus. OnpenennTh TOK 0a3bl HACHIIIE-
HUA lg, — MAKCUMaNbHBIN TOK, MPU KOTOPOM €I€ 00eCIeYBAETCS JINHEUHOE
ycusieHHue (aKTUBHBIN PEXKUM);

1) CHSTh BbIXOJHBIE cTatnueckue BAX ¢ momoinpsio ocuusiorpada.
CoOpatb cxemy B cootBercTBUM ¢ puc. 4.2. Bxon Y (CH2) ocummnorpada
noakounTh K myHty R, (RS1), a kopmyc ocummtorpada ( J=‘) COCJUHHTD C
obmmmM mposojoM (L ). Bxox X (CH1) ocummmorpada moakiIounuTh K KOJI-
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nextopy. [Ipu aTomM mepexmouaTens pa3BepTKU ociuiuiorpada 10mKeH ObITh
npuBeseH B mosioxkeHue X/Y. YcranoButh moTeHnuomerp RP1 B kpaiinee
JIEBOE TIOJIOKEHHUE, COOTBETCTBYIONIEE MHUHUMAJIHLHOMY COMPOTHUBIICHUIO.
Bxatounts nutanue. MI3MeHsaTh TOK 0a3bl oT 0 10 MakcuMmyMa (HO He Ooee 1
MA), MpOHAOII01aTh CEMEHCTBO BBIXOJIHBIX XapaKTEPUCTHK; 3apUCOBATh Ha
OJTHOM DPHICYHKE BBIXOJHBIC XAPAaKTEPUCTUKHU I TPEX 3HAUYCHUU ISl TOKA
6assl: 15;,=0,1 15,; 15,=0,5 l5,; l535= l5,. 3anucaTe MacmTaObl IO HAMPSHKEHUIO
TOKY. BBIKIIOUUTH TUTAaHUE MOJTYJIS.

VD5 R3
e I ~12B
<L ©
———— > X

o+

RP1|:

R4

(ma)
\_A/ VT1

| I

Y
RS1
10
Kopnyc
4 L ocyunnozpagha
Puc. 4.2

€) MOJyYEHHbIE B MPEAbIAYIIEM MYHKTE XapaKTePUCTUKU U300pa3uTh Ha pU-
cyHke B Buze cemeiictea BAX. Ha ctaTnueckux BOJIBT-aMIIEPHBIX XapaKTe-
PUCTUKAX MOCTPOUTH HATPY30UYHYIO MPSIMYIO 1O TOCTOSSHHOMY TOKy (R3 =
1kOm), 0603HAYUTH 00JaCTH pabOTHl TPAH3UCTOPA, OMPENEIUTh KOADPUIu-
eHT repeaadn Toka 0asbl [ u auddepeHIuaIbHOEe CONMPOTUBICHUE KOJIJICK-
TOPHOTO NEPeX0.a I,y TPAH3UCTOPA IIPU MAKCUMAIBHOM TOKE 0a3bl |g.

5. COJEPX XAHUE OTUETA

Otuet o paboTe TOHKEH COAEPIKATh:

a) HAMMEHOBAaHUE U LIeNb PabOTHI;

0) cXeMbI COeAMHEHUH I BHITIOTHEHHBIX SKCTIEPUMEHTOB;

B) PE3yJIbTaThl IKCIEPUMEHTAIbHBIX HCCIECIOBAHUN W MPOBEICHHBIX
110 HUM PacyeTOB, TOMEIIEHHBIE B COOTBETCTBYIOIINE TaOIHUIIBI;

T') DKCIIEPUMEHTAJILHO CHATHIC U TIOCTPOCHHBIC XapaKTePUCTHKHY;

1) oOpaboTaHHBIE OCIIUIIOTPAMMBI.
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6. KOHTPOJIBHBIE BOITPOCHI

6.1. KakoBbl CTpyKTyphl OHIOJSIPHBIX TPAH3UCTOPOB U HUX YCIOBHBIC
rpadudeckue 0003HaYCHUS?

6.2. KakoBbl yHKIIMH SMUTTEPHOTO M KOJUIEKTOPHOTO Tepexoja TpaH-
3uctopa’?

6.3. B kakux pexumax MOXET paboTaTh TPAH3UCTOP U KAaKOBa IOJIpP-
HOCTb BKJIFOUEHUS IEPEXOJI0B JIJISl pa3HbIX PEXKUMOB?

6.4. Kakue cxeMbl BKIIOUEHHS TpaH3UCTOpa Bbl 3HaeTe? B yem 3axito-
YarOTCSl OCHOBHBIE OTJINYHS JaHHBIX CXeM?

6.5. Kak paboTtaeTr TpaH3uCTOp B HOPMaJIbHOM aKTUBHOM peXUME?

6.6. Kak cBs3anbl Mexay co00il TOK KOJIJIEKTOpA, TOK 3MUTTEpPA U TOK
0a3pl?

6.7. B uem 3akirouaeTcs ympaBIIsFOIiee CBOMCTBO TpaH3UCTOpa?

6.8. Kak Bimsier temmneparypa TpaH3UCTOPHOW CTPYKTypel Ha BAX u
rnoyemy?

6.9. Uto mpencraBiser co6oit 3GdHeKT MOAYIAIUU 0a3bl U Kak BIHSICT
Ha xoJ cratnueckux BAX Tpansucropa?

6.10. Yro Takoe auddepeHnraibHOoe CONPOTUBICHUE KOJIJIEKTOPHOTO
epexoja U Kak €ro MOKHO OIPENEIUTh M0 BBIXOJHBIM XapaKTepUCTHUKaAM
TpaH3ucTOpa?

6.11. Kak 3anMchIBalOTCS BBIXOJHBIE XapaKTEPUCTUKU TPAH3UCTOpa B
aHanuTHYecKoi Gopme aiig obsactu akTUBHOTO pexkuma (09)?

6.12. Kak BBITJISAST BXOAHBIE U BHIXOJHBIC CTATUUECKUE XapaKTEpUCTH-
KH B CXeMe C OOIIUM SMHUTTEPOM?

6.13 Uto Takoe craTuyeckas XapaKTepUCTHKA MPSMO Tiepeadu 1mo To-
Ky? Kak ee noctpouts? Kak oHa BUIOM3MEHSETCS NPU HATUYUU HArpy3KH?
Kak ee cHaTh?

6.14. Kak ompenenuth craTU4eckuii kodhPHUIMEHT nepenayn TpaH3u-
cTOpa 1o ToKy f3?

6.15. Kak cHATh CTaTMYECKHE BBIXOIHBIE XapaKTEPUCTUKN?

6.16. Kak mocTpouTh JMHHUIO HATPY3KH O TOCTOSTHHOMY TOKY?

6.17. Yto Takoe 00JacTh aKTUBHOTO PEKUMA, HACBIIIEHHUS, OTCEUKH?
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