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N3YUYEHUE CTATHYECKUX XAPAKTEPUCTHUK
BUIIOJIAPHOI'O TPAH3UCTOPA

1. YCTPOMCTBO U MPUHLMI JENACTBUSI BUMOJISIPHOI'O
TPAH3UCTOPA (BIIT)

BIIT coctouT U3 Tpex obacTel, KoTopble 00pasyioT aBa p-N nepexoda. Onna u3
KpaifHUX o0JiacTell BMECTEe C BHIBOJIOM HOCUT Ha3BaHue amummepa (2), apyrast KpauHsis
00J1acTh BMECTE C BBIBOJIOM Ha3bIBaeTCsl KOJLIEKmMopoMm (K), a cpemusisi 001acTh BMECTe ¢
BBIBOIOM - 0a3oti (B). TIpoucxXokIeHWe HasBaHHMs OOJACTel COOTBETCTBYET HX
(YHKIMOHAJIGHBIM ~ JCUCTBUSIM MpU NPWIOKEHUM BHEIIHUX HanpsokeHud k  BIIT
[TockonbKy cpeHsist 00J1acThb SIBISIETCSI OCHOBHOM, YIPaBIISIOIEN 001aCThiO, OCHOBOM JIJIsI
MOCTPOCHMSI JIBYX N-p TEpexoJ0B, OHAa Ha3BaHa 0a30l (Ha3bIBAIOT €€ TaKkKe
"ocnosanuem", "OCHOBHBLIM 3INeKMPOOOM", "YNpasiaiowum 1eKmpooom™).
Tpanzuctopsl ObiBatoT THHIA pP-N-p u N-P-N. PaccMotpum cxemy Tpanzuctopa P-N-p.
Hwkuss p-obiacme (puc.l), npumbikaromas K 6ase, SBISETCS B CXEME MCTOYHMKOM
Hocutener Toka. OHa MHXXEKTHPYET MOJBUKHBIE 3apsiibl B 0a3y, MO3TOMY Ha3bIBAIOT €€
SMUTTEPOM.

HHorcexkyuell HasbiBaeTcs BBENCHHE HOCHUTENEH TOKA B 00IACTh, TJIE€ OHH SBJISIOTCS
HEOCHOBHBIMU HocUTeNsiMU. B cityyae 5117 tunia p-N-p 3MUTTEP UHXXEKTUPYET B 0a3y JBIPKH,
IJle OHU OKa3bIBAKOTCS HEOCHOBHBIMU HOCHTEAMH. Bepxusis p-001acmb, NpuMbIKaromas K

K K
NE¥-
TOp
L_E_ n-p Napaxon
""""" { xonnexToprui)
B O— BA34 E
.2 p-n nepexoj :_3
F———- (aunrrepnui
= ¢ PRHH)
TEP
P
| ) a
da a) 6)
Cxema §.T. THIIA p-n-p YomoBHoe odo3HaveHHE

TpAEH3KUCTODA THIA p-n-p
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Oase, B cxeme "coOupaem" HOCWTENM 3apsijia, BBILIEIINIME W3 SMUTTEPA, MOJITOMY OTa
00J1aCTb MOJTyYHsIa HA3BaHUE KOJUIEKTOpa.

[lepexon Mexay smutrepoM U 0a3oil (P-N-mepexoi) Ha3bIBACTCS IMUMIMEPHBLIM
nepexooom. llepexom Mexay 06aszoii u kowiekropom (N-p mepexon) Ha3bIBAETCS

KOJULEeKMOPHBIM nepexo0om (em.puc.1).

Pexxum pa®oThl TpaH3ucTOpa, €ro (QyHKIMOHAJIbHBIE CBOMCTBA OMNPEAEIAIOTCS
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COOTHOIICHMSIMM TMOTEHLIMAJIOB Ha €ro 3JIEKTPOJaxX, a TaKKE CXEMOM BKJIFOUEHUS €ro
AIIEKTPOOB.

PaccMoTpyM OOBIUHBIN PEXUM TPAH3UCTOPA, KOTIA OH pabOTaeT B KAYECTBE YCUIIUTEIIS.
Ycunenue ornpenensieTcsi Kak Mpoiecc, Mpu KOTOPOM HEOONBIION TOK WM HaNpsKEHUE
yIpaBisieT OOJNBIIMM TOKOM WM HampsbkeHHeM. B ujeaqsHOM cilydae Ha BBIXOJIE
TpaH3UCTOpa OyAeT MOJydeH CHIHal TOKA WM HaNpsDKEHUS, BOCTIPOM3BOAALIMN (hopmy
MEHBILIET0 BXOJHOTO CHUTHaJla TOKAa WJIA HAaIPSDKEHUS, HO IPEBOCXOASAIIMN €ro 1o
aAMILTUTY/IE.

[Ipu Brmtouenuun bBIIT B JNIEKTPUUYECKYIO CXEMY JBa €ro 3JIEKTpoAa CIIy»KaT i

BBCICHUA 6XOOH020 CUCHAIA N ABa JDJICKTpOAa - AJIA BbIBCACHU:A 8bIXOOH020 CUSHAA.
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Puc.2 a,8. Cxema BmveHuda ¢.T7. ¢ 02 ¥ cnocod mMONy9eHMA
HYXHHX NOTEHLMANCB IJA 3JEKTPOIOB THIA p-n-pi
|E, | > IE .
[lockonbky ABIIT wuMmeeT TpU 3JIEKTPOAA, TO OJMH U3 HUX O0S3aTENBHO HCHOJb3YETCs
JBXKBI MU OKa3bIBACTCA OOIIMM Il BXOJIHBIX M BBIXOAHBIX 1erieil. Korma oOmmwiM s
BXOJIa U BbIXO/Ia SIBJISIETCS SMUTTEP (0a3a, KOJJIEKTOP), TaKasi CXeMa HOCUT Ha3BaHUE CXeMbl
¢ obwum amummepom - O3 (c obwell bazoti - O, ¢ 0owuUm Koanekmopom — OK).

Paccmorpum cxemy ¢ OO. Ona HaxogWT IIMPOKOE TMPUMEHEHHE, TaK Kak
XapaKkTepU3yeTcst OOJIBIIMM KOID@OUUUEHMOM YCUNEHUS TIO TOKY H 10 HanpshKeHuio. B
ITOM CXEME BKIIFOUCHUS:

a) K SMUTTEpHOMY p-N nepexoy HanpspKeHUE NCTOUHUKA MUTaHKUS OJAeTCsl B IPSIMOM
HAIpaBJICHUH, a K KOJUIEKTOPHOMY N-p mepexoqy - B 0OpaTHOM HampaBjie€HHH, T.€. IIEeTH
0aza-sMHUTTEp M 0a3a-KOJUIEKTOP padOTarOT KaK JHUO/bI, U0 0a3a-3MUTTEP OTKPHIT M IO
0a3a-KOJIJICKTOP CMEIIIeH B 00paTHOM HamnpasjieHuu (puc.2, a,0);

0) KOJIeKTOp MMeeT OoJiee OTpUIIATEIIbHBIM MOTEHITAN, YeM 0a3a u SMUTTEp, a 0aza
MMEET HEMHOro OoJsiee OTpHUIIATENIbHBINA MOTEHIMA, YeM sMuTrep (puc.2, a,0). s BIIT
TUMa N-p-N MOJIIPHOCTh UCTOYHUKOB MTUTAHUS TIPOTUBOTIONIOXKHA. J[JIs TaKUX TpaH3MCTOPOB
KOJUICKTOP TIOJIO’KUTENIEH KaK OTHOCUTENHHO 0a3bl, TaK M OTHOCHUTEIBHO AMHUTTEpa, a Oaza
UMeeT HeOOJTBITION MOJIOKUTEBHBINA MTOTEHITNAT OTHOCUTEIIHHO SMHUTTEpPA.

Tok 6aser | _, Tok B nenm komiekropa I, 1 Tok B nenu smurrepa | nomunnsrores 1-my
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3akony Kupxroda:
I 5= |5 + | K-
W3 omblTa W3BECTHO, YTO TNpUpalleHHE Toka Il  MOpsSMO TIPONOPLUUOHAIBEHO
NpUpaIIeHuro Toka Iz, T.e.
Alg = pAl;,
rae [ - ko3 UIMEHT MPONMOPIUOHATBLHOCTH, €ro Ha3bIBAIOT KOA(DPHUIIMEHTOM
ycuiieHus o ToKy B1IT, BKIIOYEHHOTo B cxeme ¢ 0.

Paccmorpum  ¢usmueckue mnpoueccel, npoucxomsmme B BbIIT Ttuma p-N-p,
BKJIIOUCHHOM B cxeme ¢ O0.

K smutTrepHoMy p-N mepexony HampsbkeHue E; momaeTcst B mpsMOM HallpaBlICHUH.
OT0 O3HayYaeT, 4YTO MOJ BIMSHUEM MPUIOKEHHOTO HampspKeHUs E; moTeHuuambHBINA
Oapbep Ha rpanuile p-N nepexoja yMEHbIIAECTCS U HAUMHAETCS JIBU)KEHUE JIBIPOK M3
IMUTTEPA B 0a3y, a JIEKTPOHOB - U3 0a3bl B AMUTTED, T.€. YEPE3 IMUTTEPHBIN MEPEXO]T
HAa4YMHAET MPOTEKaTh TOK. JKenaTesbHO TOOUThCA MaKCUMaJIbHOTO MEPEX0/ia IbIPOK U3
IMHUTTEpa Ha 0a3y, a oOpaTHBIM Hepexoi 3JIEKTPOHOB M3 0a3bl HA AMHUTTEP CBECTH K
MUHUMYMY. JlJI1 TakoW OJHOCTOPOHHEH HHXKEKUUU IBIPOK B 0a3y KOHILIEHTPAIUIO
BIpok B amuTTepe aenaioT B 10°- 10° pa3 Goublie KOHIEHTpAIMH SIEKTPOHOB B Gase.
[ToaTOoMy BCTpeUHBIN MOTOK AJIEKTPOHOB M3 0a3bl B AMUTTEP MOXHO HE YUYUTHIBATh U

TIIepexo/1 JABIPOK M3 IMHUTTEpa B 6asy cosmaer Tok smurrepa |, T.e. |, & |y, 0 Tpu
ATOM YMEHBIICHHE KOJIWYECTBA ABIPOK B SMUTTEPE KOMIICHCUPYETCS YXOIOM M3 HETO
BO BHEIIHIOKO II€TIb TAKOT'O € KOJIMUYECTBA FIEKTPOHOB.

Tak Kak KONJICKTOPHBIA TMEpexo] BKIIOUYEH B OOpaTHOM HaIpaBIICHUH,
CONPOTHUBIIEHUE €r0 3HAYUTENIbHO MPEBBIIIAET COMPOTHBICHUE MaTepuana Oas3bl.
[loaToMy majeHue HamNpsKeHHs Ha 0a3ze OKa3bIBaeTCsl MPEHEOPEKUMO MaJIbIM. ITO
O3HauaeT TMpPaKTUYECKH TIOJIHOE OTCYTCTBHE OJIGKTPUYECKOTO Tojis B Oase.
CnenoBarenbHO, ABIPKY, BBIIEANINE B 0a3y U3 SMUTTEpa, Jajiee TepeMenatoTces: o 6ase
vk 3a cuet auddys3un. Ecnu mmpuna 6a3sl W Malia 1o CpaBHEHHUIO CO CpeTHEH IITMHON

npoGera JBIPKH 10 MeCTa ee pekoMOuHauu lo, TO GonbIIas 4acTh ABIPOK JOCTHTAET
KOJUIEKTOpHOTO Tiepexoaa. O0braHO 310 yenosue B AIIT Bcerna BeimomHseTcs. Tak, B Ge
lo = (0,3-0,5) MM, 1 9TOOBI YMEHBIIUTH BEPOSTHOCTh PEKOMOWHAIIUK BIPOK, TOJIIHMHA
0a3b1 Oepetcst He Ootee (0,25 mm.

BOmm3u KoJIeKTOpHOTO Tiepexoia, BKIFOYEHHOTO B OOpPAaTHOM HAMpaBJICHUH, MOTOK
JBIPOK TIOTIAJIAeT IO/ JCHCTBHE 3aXBATHIBAIOIICTO MX AJIEKTPHUECKOTO IMOJISA. DTO TOJIe
BBI3BIBACT OBICTPHIN Jpeii( MBIPOK Yepe3 KOJJICKTOPHBIN Mepexo/] B 00JIaCTh KOJJIEKTOPA,
TJIe TBIPKH CTAHOBSATCS OCHOBHBIMHM HOCHTEIISIMH U OSCIIPETIATCTBEHHO JTOXOIAT JI0 BBHIBOJIA
KoJIeKTOpa. B MecTe KOHTakTa KOJIEKTOPHOM O0JIACTH ¢ METAJUIMYECKUM BBIBOJIOM 3TH
JBIPKU PEKOMOMHHMPYIOT C MIOCTYIAOIIMMHU U3 BHEIITHEH I CBOOOTHBIMHU JICKTPOHAMH
Y TEM CaMbIM 00€CTIeYNBAIOT IPOTEKAHNE TOKA |y B 1I€TTH KOJUIEKTOPA.

Crnemyer OTMETHUTB, YTO HE BCE JIBIPKH, IPOIICAIINE Yepe3 IMHUTTEPHBIN TEpexo,
JOXOJAT JI0 KOJUIGKTOPHOTO Tmepexona. YacTe JAbIpOK, BOMIEAIIUX B 0azy U
MEPEeMEIIAIMXCS TI0 HEH, BCE JKE€ YCIEBaeT PEKOMOMHHUPOBATH C 3JICKTPOHAMHU.
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PexomOunarms JOBIPOK B 0a3e BBHI3BIBACT COOTBETCTBYIOIIMN TPUTOK 3JIEKTPOHOB IIO
6330BOMy BbIBOAY OT MCTOYHHKA IMTUTAHMA E]_ Hn CJIICA0OBATCIIbHO, ITOABJICHUC TOKA 0a3bl |6-
[TosTOMY KOJUIEKTOPHBIM TOK |k OKA3bIBAETCS MEHBIIE SMUTTEPHOTO TOKA I 5, Ha BCIIMYUHY
|5, T.C.

B anexkTpoHHOUN TeXHHMKE HANpPSOKEHUS OOBIYHO HM3MEPSIOT OTHOCHTEIHHO OOIIeH
TOYKHU IS BXOAHBIX M BBIXOAHBIX 1eneil. [lockonbky B cxeme ¢ OO o0mieil TOUKoi
SBIISICTCS AMHUTTEP, TO BCE HANPSHKEHHUS PacCMaTPHUBAIOTCS OTHOCHUTEIBHO AMHTTEpa
(cm.puc.2).

OObIYHO HampspKeHHe MexAy 0as3oil U amutrTepoMm obo3zHauarT Ug, (M. puc.2), a
HaIPsDKEHUE MEXKTY KOJTICKTOPOM H AMUTTEpOM — Uy,

2. BOJIbBT-AMIIEPHBIE CTATUYECKHUE XAPAKTEPUCTUKU
(Bxoausble u BbixoaHble) BUIIOJISIPHOI'O TPAH3UCTOPA B
CXEME C 05

[To cBoelt cytu BIIT siBisieTcs yCUIIUTENIEM TOKa, TaK KaK HEOOJIBIION MO BETMYMHE
Tok 6asbl |, ympasnser 3HaunrensHo GombimmMm TokoM komrekropa |, . Ommako BIIT
MOYKHO TaKXX€ HMCIOJIb30BATh U B KAYECTBE YCUIMTENSA HampspkeHus. s 3Toro B uenu
xosutekropa BIIT nmoAKIIouaeTcs CONpOTUBIEHHE (pe3ncTop) Harpysku R,.

Pexxum paboter HIIT, xorga OTCYTCTBYET COIPOTUBIIEHHE HArpy3ku R, B 1menu
KOJUIEKTOpA, Ha3bIBAlOT cTaTnyeckuMm. lIpn aHanmmse m pacuere TPaH3UCTOPHBIX CXEM
UCIIONB3YIOTCA ~ XApPaKTepUCTUKH  TPAH3UCTOPOB B CTAaTUYECKOM  pPEXKUME.
XapaKkTepucTUKaMU TpaH3UCTOpa OOBIYHO HA3bIBAIOT TpaUyYeCKd MpeICTaBICHHbIC
3aBUCHUMOCTH MEXAY TOKaMHM U HAIPSOHKCHUSIMU B €T0 BXOJHBIX W BBIXOJHBIX LEIX.
CratnueckuMu XapakTepUCTUKaMU HA3bIBAKOT XApaKTEpUCTUKU bHIIT, cCHATbIE B
CTaTUYECKOM pexuMe. B crnpaBoyHHMKAX OOBIYHO MPHUBOMATCS CTATHUECKHUE BXOJIHBIC
XapaKTEePUCTUKH M CTAaTUYECKUE BBIXOJHBIE XAPAKTEPUCTHUKHU, KOTOPBIC SIBISFOTCS
HanOonee BaxubIMU 1 bIIT.

a)BxoaHble BOJIbT-aMIIePHbIC XaPAKTEPUCTUKH. CTaTHYECKOH BXOIHOM
XapaKTEPUCTUKON TPaH3UCTOPA Ha3bIBACTCA rpauK 3aBUCUMOCTH BEIMYMHBI BXOJIHOTO
TOKa lgy OT BenMuMHLI BXOgHOro HampsbkeHuss U, mnpu IOCTOSHHOM 3HaYeHHH

BBIXOHOTO HanpsokeHus Uy,

Iex = f(Uex) /U6blx =const .

Cratuueckoil BBIXOJHOW XapaKTEPUCTUKONW TpaH3UCTOpA Ha3bIBaeTCad TIpaduk
3aBHCHMOCTH BBIXOJHOTO TOKa |y, OT BbIxomHOTO Hanpsokenus U,,,, npu mocrosHaOM
3HAYEHUH BXOJHOIO TOKa |,y

I6blx - f(UBblx) /Iex = const .

Paccmotpum cxemy ¢ OO (cm. puc. 2, 6). BxomHoli Tok 31ech - Tok 0assl |5, Bxognoe
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HanpsokeHue - Ug,.
Hanpsbxenue U, 3amaercsa moTeHIMOMETPOM Rj, BKIIOYEHHBIM B IIE€Ib MCTOYHHKA

IMAUTAHUS &7. HaHpH)KCHI/Ie UK9 OonpcaAcisICTCA MOTCHIUOMETPOM R2, BKJIFOYCHHBIM B IICIIb

HCTOYHHUKA &).

Ha puc.3 mos mpuMepa IpefcTaBiaeHbl IBE BXOIHBIE XapaKTEPUCTUKH TPAH3MCTOPA
B cxeme ¢ O9: l; =f(Us,) npu U,,= 0Bu U,,=-5B.

B rouxe A:
LUg,

H,_ ﬁuﬁﬁn—q—
P Uga

Puc. 3 BxogHble BONET-3MNEPHLIE XApaKTepucTHiM 6.1, B cxeme ¢ 03

OcOOEHHOCTBIO BXOJHBIX XapaKTEPUCTHUK SIBJISETCS 3aBUCHMOCTh MX HAKJIOHA OT
BEJIMUMHBI KOJUIEKTOpHOrO HampsbkeHus U,,. Ilpu ymeHblIeHHH OTpUIIATEIHLHOIO
HarnpsbkeHus U,, HaKkJIOH XapaKTePUCTUK B CTOPOHY ocu HampsbkeHuit U;, 3amMeTHO
yMeHblaeTcsi. B cnpaBouHHMKax OOBIYHO YKa3bIBAIOT BXOJIHBIC XapaKTEPUCTUKHU MPHU
U,=08B u U,=-5B.

Benuunna BxogHoro conpotuBieHus R, TpaH3ucTopa B cxeme ¢ OO omnpenensiercs
BBIPOXKCHUEM

R@x - Auex/Alex - AU63/AI6 /UK3 =const .

Ta BeJIMUMHA OIPEAECIISIETCS 10 CTATUYECKOM BXOTHOM Xapaktepuctuke. [Tycts Touka 4 Ha
xapakrepuctuke l; (Us) mpu U, = - 5 B (cMm. puc.3) siBiasercs pabodel, T.e. W3MEHEHHUS
Hanpspkenusi AU;, OTCUMTBIBAIOTCS B Ty WM MHYIO CTOPOHY OT JaHHOrO HampsbkeHust Ug,.
Haiinem BenmumHy Rgyx B Touke A. [l 3TOro mpoBOAMM KacaTEIbHYIO K BXOJHOU
XapaKTepUCTUKE B TAHHOM TOUKe A (IITpUXOBas JIUHUS HA PUC.3) 10 MEPECEUCHHUs ee C
ocpio abcmucc. Takum oOpazom, BennunHa Rgy B TOUKE A OINpenenseTcs BEeIUYUHON
KOTaHI'€HCa yria HaKJIOHA KacaTelbHOUM B paboyeil Touke K ocu HanpsbkeHuid Uy,

OTHoOUIEHHE TOCTOSIHHOTO HampsbkeHus Ha Bxone U, Kk BxoaHomy TOKy |
TPaH3UCTOpPa HA3bIBACTCS BXOJAHBIM COIMPOTUBICHUEM TPAH3UCTOpPA IO MOCTOSHHOMY
TOKY ¥ 0003HauaeTcs Ry .

Hns cxembl ¢ OO umeeM sl J000W TPOU3BOJBHOW TOUKM A Ha BXOIHOM
CTaTUYECKOUN XapaKTEePUCTHUKE



RexO = U63/I6 /UK3 = const »

T.C. Rgx() PaBHO OTHOIICHUIO KOOPAWHAT TOYKHU A.

0) BbIxogHbIe BOJIbT-aMIIEPHbIE XaPAKTEPUCTUKH. BBIXOIHBIM TOKOM B
cxeMe ¢ OO SBIMETCA KOJUIGKTOPHBIA TOK |y, BBIXOJHBIM HamnpsokeHueM Upggy -
Hanpsokenue Koiuekrop-amMurrep U,,. 3aBUCHMOCTH KOJIEKTOPHOTO ToKa Iy OT

nanpsokenus U, npu pasnuunbix 3HaueHnsx Toka l; npencrapiser coboil ceMelcTBO
CTaTUYECKUX BBIXOJHBIX XapaKTEPUCTUK TpaH3HCTOpPaA B cxeme ¢ O:

IK = f(UKS) /Io: const .
Ha puc.4 npeacTaBieHO CEMENCTBO BBIXOHBIX CTATHIECKUX XaPAKTEPUCTHK B CXEME
¢ O0. I'padpugeckyro 3aBUCUMOCTh MOYKHO Pa30UTh HA JIBE O0JIACTH:
a) HavalbHYIO, IJle HAOIIONAeTCs Pe3Kuil pocT lyx mpu HeGoubmoM pocre U, (pu
noctwkennd |U,,| = |Ug, | pocT | pe3Ko yMEeHbIIaeTcs);
0) OCHOBHY1O, IJie HaOIroAaeTcs ciaalbIil pocT | pu yBenuuenuu U,,.

HeOonpinas BenmMuMHA yrila HakJIOHAa OCHOBHOTO ydacTKa (aKTHMBHOW 00JacTH)
BBIXOJIHOM XapaKTEPUCTUKHU CBHUJCTEIILCTBYET O CIa00 3aBUCHUMOCTH KOJJIEKTOPHOTO

TOKa ly OT BENIMYMHBI KOJUIEKTOPHOro Hanpsokenus U,

Onpenenum £ B Touke A. Jlji1 3TOro NpoBOJUTCS NEPIEHIUKYIIAP K OCH HAITPSHKEHUM
U,, yepe3 TouKy A (BepTUKalbHas IITPUXOBas JIMHUS Ha puc.4). 13 Touek nepeceueHus
ATOr0 MEPIEHIUKYIIApA C ABYMs OMMDKAMIIMMU XapaKTEPUCTUKAMM HaJ TOUKON A U MoJ

|

& _"_’___.’"'- I, B rouke At
G }or,=02m A1, =2,8 u,
| AL;=0,2 ul.
44
Ig=0,1 uwk B rouxe A':
Eh By,
RB“H_.E.I I "
2 - I,=0 uA K | tg = oonet.

a | I M R | | B
1 2| 3 4 5 & UgyB

ul-t:!

Puc. 4 BhixOgHbIe BONLT-3MNEPHLIE XapakTepucTirK 6.7. B cxeme ¢ 03

Hel (Toukn B u C) mpoBOAATCS MpsiMble (TOPU3OHTAIbHBIE IITPUXOBBIE JIMHHH),
napajuieabHbie ocu HamnpspkeHuil. Haxomum Al = 2,8 mA. Usmenenue Al; paBHO
Pa3HOCTH 3HAYEHM TOKa 0a3bl IJs ABYX ONMKaMIIMX XapaKTEPUCTHK, MPOXOISIIMX

uepes Touku B u C: Al;= 0,2 mA. Orcrona nosydaeM, uTo B TOUKe A

Bi= A Als [y =const = 2.8/0.2 = 14 .

[Io BBIXOJHOM XapakTEPUCTUKE TPAH3UCTOpPA OMpPEACISETCS TaKKe BEJIMYMHA
BBIXOJTHOT'O CONPOTHUBIIEHUS

Reblx :Aueblx/Aleblx — AUKB/AIK /|6 = const ,



PaBHOTO KOTAHT€HCY yIila HaKJIOHA XapaKTePUCTUKU K OCU HampshkeHuid. ['paduueckuit
croco6 ompenenenust R, TpaH3uCTOpa MO BBIXOJHON XapaKTEpUCTHKE B Touke A’ B
cxeme ¢ 03 mpeacrasieH Ha puc.4.

XapaKkTepuCTUKU TPAaH3UCTOPOB HMMEIOT pabouyr0 00JacTh, KOTOpas BBIICISETCS
pSIIOM OrpaHUYEHMI: OrPaHUYEHHME [0 BEIWYMHE KOJUIEKTOPHOro Toka: lx < Iy som.
(KOJIJIEKTOPHBIM TOK JOKEH OBITh MEHBIIE JIOMYCTUMOT0, O0YCIOBIEHHOTO MEPErpPeBOM
AMUTTEPHOTO MEPEX0/1a); OTPAaHUYECHHE M0 BEJTMYMHE KOJUIEKTOPHOTO HAMPSIKEHUS:

Uo | < |Upon| Tak kak mpu Oosbmion BemuuuHe |Uo[>|U ;005 MOXKET IIPOH3OUTH
1po0oii KOJIEKTOPHOTO MEPeXo/ia.

3. JKCIIEPUMEHTAJIBHASA YACTb

IIpuOopBI 1 NPUHANIEKHOCTH: M3MepuTeNbHbIi CTeHI ¢ TpaHsuctopom MIT
40; n3mepuTenbHble IPUOOPHI, IPUCOEAUHIEMbIE K KIEMMaM HU3MEPUTEIIBHOIO CTEHAA:
MUKpPOaMIIEPMETP, MUJUIUBOIBTMETP, MUJUIUAMIIEPMETP, BOJIBTMETP.

Ynpaxnenue 1
CHSITUE CEMEHUCTBA BXOJHBIX CTATUYECKHX
XAPAKTEPUCTUK TPAH3UCTOPA MII-40 B CXEME C 039-

1,.= f(Us) / Uk = const

CobupaeTcst yCTaHOBKA 10 CXEMe, MPEICTaBICHHON Ha pUc.S.

Bxoxguoit Tok 0asel l; m3Mepsiercs mukpoammepmerpoM (MkA), BKIIOYEHHBIM
Mexay Toukamu 1 u 2. BxogHoe Hanpspkenne Uy, onpenenseTcs MILTHBOJILTMETPOM

Puc. 5 Cxema 3KCNepUMEHTANEHON YCTAHOBKKW ANA CHATHA
BXOOHEX W BEIXOAHEIX BONET-AMNEPHEIX XA PaKTEDHCTHK

(mB), momcoemuHeHHBIM K ToukaM 1 u 3. BenuunHy BXOIHOTO HAIpPSKECHUS
M3MEHSIOT C MOMOIIb0 ToTeHiuoMeTpa R;. Benuumna Toka l; 371ech He A0MDKHA
npeBbilath [ MA, sl 4ETO CIY>KUT OTPAaHUUYUTEIILHOE CONPOTUBIIEHUE R,,.

BxomHol TOK KoJiekTOpa l¢ HM3MepseTrcs MuuHaMIepMeTpom (mA) (Mexmy
toukamu 4 u 5). BeixonHoe Hanpsikenue U,, onpenensiercs BOJIbTMETPOM (B) (Mexay

toukaMu 4 u 6). Bennunna nanpsixenus U,, U3MEHsIETCS ¢ TOMOIIbIO MOTEHIIMOMETPA
10



R,. ComnpoTuBieHue R,, Npu CHATUM CTaTHUYECKUX XAPAaKTEPHUCTHK ‘‘3aKopadynBaeTcs’,
T.€. TOUYKH 7/ U 8 COSAMHSIOTCS KOPOTKUM MPOBOJTHUKOM. B MCXOTHOM COCTOSIHUM PYYKU

IMOTCHIIMOMCTPOB R]_ )41 R2 JOJIZKHBI OBITH ITOBCPHYTHI B HYJICBOC ITOJIOKCHHUC.

Jaganue
a. CHUMHTE MepPBYIO BXOAHYI0 XapakTepuctuky l,= f(Us,) o - 08

(3necy Ugs - mapaMeTp XapaKTEpPUCTHUKH).
C momompio moteHmuomerpa R, ycranoBute 3Hadenue Uxr,= 0 B. U3menss c

nomMomipio Ry Bemmuuny Ug, (mpu 3Hauenusix Uz, ot 0 mB mo 180 mB uepe3 20 mB,

OTCYHMTHIBAEMBIX 110 MUJLIUBOJILTMETPY MB ) cHumuTe oTcueThl |5 110 MUKpoamMnepmerpy
(mxA).

6. CHUMHUTE BTOPYIO BXOJHYIO CTaTHYECKYyIO XapakTepuctuky npu U,, = -5 B.
CHATHE BXOTHOW XapaKTepUCTUKA Tpu 3HadeHUsX U,, OTIMYHBIX OT HYyIH,
OCIIOKHSIETCS TEM, YTO HEOOXOJMMO TMOJAEpPKUBaTh BEIWYUHY Hanpsokenus U,,
MOCTOSIHHOM, Tak Kak npu usmeHenuun Uz, usmensercs u U,,. Iloatomy ¢ momoiibio
noTeHuomeTpa Ry ycranaBnuaercs U,, = -5 B u B nanbHeitmeM npu usmenenun U,
OHO TIOICPKUBAETCS TOCTOSHHBIM. OTcueTs! |; mpoBoauTe nipu 3HadeHMsIX U;, oT 0 mB
10 200 mB gepe3 20 mB. O6e 3aBUCUMOCTH cieayeT 3aHecTu B Tabu. 1. I'paduxu obenx
XapaKTEPUCTUK HEOOXOIUMO TIOCTPOMTh Ha MHJUTMMETPOBOM Oymare Ha OJHOM
YepTexe.

Tabmuna 1
Uw,=0B Uwn =-5B
Ugs (MB) ls (MKA) Ugs (MB) ls (MKA)
0 0
20 20

B. Onpenenute rpaduyueck BEIMUYUHY BXOJHBIX COMPOTUBICHUN TPAH3UCTOPA IO
MOCTPOCHHBIM XapaKTEPUCTUKAM, MOJIb3YSICh COOTHOIICHUSIMH:

Rex — AU@x/Alex — AU63/AI6/UK3 =08,
Rex — Auex/Alex — AU63/AI6/UK3 =-5B,
RexO :U63/|6 /UK3 = const

npu l; = 50, 100, 150, 200, 250 mKA.
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Ynpaxknenue 2
CHSITUE CEMEVCTBA BBIXOJHBIX XAPAKTEPUCTHUK
TPAH3UCTOPA MII-40 B CXEME C 03,

e = f(Uy,) /I6=const

BennunHy BBIXOJHOTO HAIpSKEHUS YCTAaHABIMBAIOT C IMOMOUIBIO BBIXOJHOIO
noreHomMeTpa R,, KoTopoe u3mMepstoT BOIbTMETPOM (B). COOTBETCTBYIOIIME 3HAUECHUS
KOJUIEKTOPHOI'O TOKa OTCUMTBHIBAIOT 110 MUJUIMAMIIEpMETpy (mA). BenmuunHy BXOIHOTO
0a3oBoro Toka |y TOAAEPKMBAIOT MOCTOSIHHOM € MOMOIIBIO MOTEHHHOMeETpa R;.
Bemuunna |p sIBiIsleTCS MOCTOSTHHBIM MTAPaMETPOM BBIXOIHOM XapaKTEPUCTUKH.

3aganue
a. CHUMUTE BBIXOAHYIO XapaKTEPUCTUKY

IK - f(UKS) /I6 = 100 mxA-
YcraHoBuTe ¢ MOMOIIBI0 TTOTeHIIMoMeTpa R; BenmunHy Toka 0aswl l; = 100 mkA.

Jlns xaxporo 3HaueHuss Uy, 3amuimmre cOOTBETCTBYIOIME 3HadeHus lg (mAd). B
HavyanbHOU o0nacTu Toukw mist Uy, 6epute uepes 0,1 - 0,2 B, a mocne U,, = | B - gepe3
untepBan B 1 B no 3nauenuss Ugy = [0 B. IloctpoiiTe Ha MHIZTUMETPOBKE IO

MOJIy4YeHHBIM 3HaUeHUSIM Uy 1 Iy BBIXOAHYIO XapaKTEPUCTUKY

I, = f(Ugo) /|5 = 100 mxA

a. YCTaHOBHB C TIOMOIIBIO MOTEeHIIMOMEeTpa R; 3Hauenue Toka 6assl l; = 300 mxA,
CHHUMMTE CJICAYIOIIYIO BBIXOIHYIO CTAaTHYECKYIO XapaKTEPUCTUKY
L = f(Ux2) /16 = 300 3rea .
3nauenns |; mognepxuBaiite MOCTOSHHBIMY C MOMOIIBIO TOTEHIIMOMETpPA R;.
JlanHbIe 3anuImmTe B Ta0I.2.

Tabmuna 2
I55 = 100 mkA I55 = 300 mkA
Uk (MB) Ik (MKA) Uks (MB) Ik (MKA)
0 0
0,1 0,1

[TocTpotiTe 06€ BBIXOAHBIC XapaKTEPUCTUKHA HA OJHOM YEPTEKE.

B. Ompenenure xk03pHUIMEHTH YCHWJICHHS MO TOKy B cxeme ¢ OO Mo TOYKam
NepecevyeHms! BEIXOHBIX XapaKTepUCTUK ¢ psiMor Ugy= -5 B ucnonb3ys popmymiy

Bi= Al Al; /UK3 = const

s l; = 100 mxA n 300 mxA.
12



r. OnpenenuTe BEIMUYUHBI BEIXOIHBIX COMTPOTUBIICHUH TpaH3UCTOpa B cxeme ¢ OO
10 BBIXOJIHBIM CTaTUYECKUM XapaKTepUCTUKAM (CM.pHC.4), UCHOJIb3YsI COOTHOILICHUE

Reblx = AUK3/AIK /I6 = const
s g = 100 mxA n 300 mxA.
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