JlaGoparopuasi pabora Ne 1

UccaenoBanme XapaKTepUCTUK OMIIOJISIPHOTO TPAH3UCTOPA

eab padoThi: M3y4ynTh npuHIKN paGoThl GUITOISPHOTO TPAH3UCTOPA, TIOIYUHTH
BXOJ/IHBIE U BBIXOJIHBIE BOJIbT-aMIIepHbIe XapakTepucThku (BAX) npu BKIIIOUEHUU €T0 10
cxeMe ¢ 00muM 3muTTepoM (0I), paccunuTaTb OCHOBHBIE MTapaMeTPhl MO0 IEPEMEHHOMY
TOKY.

KpaTKne TCOPETUYECCKUEC CBEACHUS

bunoasipHbIi TPAH3UCTOP MPEACTABIIAET COOOM MOTYIPOBOJHUKOBBIN MPUOOP €
TpeMsi OO0JacTIMU  YEPEeAyIOIICHCs  AJIEKTPONPOBOAHOCTH, JBYMSI  3JIEKTPOHHO-
JIBIPOYHBIMM TIEPEXOAAMH U TPEMSI JIIEKTPOAAMU. TPaH3UCTOP B CXEMY BKJFOUAIOT TaK,
YTO OJIMH U3 €r0 BHIBOJIOB SIBJISIETCSI BXOAHBIM, BTOPOW — BBIXOJIHBIM, a TPETUI — OOIINM
JUUIA BXOAHOW Y BBIXOIHOM IEne. B 3aBUCUMOCTH OT TOrO, KaKOM JJIEKTPOJ SIBJISICTCS
00IIHUM, Pa3IUYaloT TPH CXeMbl MOAKJII0YEHHUsI OMIOJISIPHOTO TPAH3UCTOPA: C 00IICH
6a3oit (OB), ¢ o6mmum xomnekropom (OK) u ¢ o6mum smutTepoMm (0I).

CrpykTypa TpaH3UCTOpa THIIA N-p-N U cXeéMa BKIOYEHHS ¢ OO B 2JEKTPUUECKYIO
1ens npejacrasieHsl Ha puc. 1.1. [Ipu pabote TpaH3ucTOpa B aKTUBHOM peXUME (peKkume
YCUJIEHUS])) K OMHUTTEPHOMY p-N-NIEPEXONY JOJKHO OBITh MOJKIIOUEHO MpPsSMOE
HanpspKeHUe (p-n-Mepexosl OTKPBIT), a K KOJJIEKTOPHOMY — OoOpaTHoe (p-n-mepexos
3aKPBIT).
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Puc.1.1. bunonsipHslii TpaH3UCTOP U CXEMA €T0 BKIIFOUCHHUS

[Ipu BKIIOUEHUU TpaH3UCTOpa Mo cxeme ¢ OD BXOAHOM sIBisieTcs Lemnb 0a3bl, a
BBIXOJIHOM — LI€TIb KOJIJIEKTOPA (AMUTTEP SABIAETCS OOIIMM 3JIEKTPOJIOM JIJIsi BXOJAHOM U
BBIXOJHOM 1emeil). Takas cxema sBIsieTCs HauOoJyiee pacpoOCTpPaHEHHOM, MOCKOJBKY
o0naaeT Hauy4lIMMU CBOMCTBAMU YCUIJIEHHSI MOLTHOCTH 3JIEKTPUYECKOTO CUTHAIA.

BxoaHoii BonbsT-amnepHoil xapakrepuctukoi (BAX) Ttpansucropa B cxeme ¢ O3
ABJISIETCS] 3aBUCUMOCTh TOKa 0a3bl [g OT HampsbkeHust 0aza-sMurrep Ugy, a BHIXOXHOM
BAX — 3aBUCHUMOCTB TOKa KOJIJIEKTOPA [ OT HAPsIKEHUST KOJUTEKTOP-3MUTTEP Uys.

CewmetictBo BxoaHbIX xapakTtepucTuk I5(Ugy) mpu Ugy = const wu300paxeHO Ha
puc. 1.2, a. Illpu Uyky = 0 Bxognas BAX umeet Bua npsimoid BeTBu BAX 351eKTpOHHO-
JLIPOYHOTO MEPEX0/ia, MOCKOJIbKY SMUTTEpHBIN nepexo (1) u KoJTeKTOpHBIN Mepexo
(KII) mpu 3TOM CMelIeHbl B MPSIMOM HAlpaBlI€HUU U COEIMHEHbI MapaJljIeNbHO JIPYT



npyry (Ex = 0 u BHyTpeHHee comportusiieHue 3toil IJIC paBHO Hymto, puc. 1.1). Ilpu
Uky > 0 BxomHass BAX cmenieHa BOpaBO BCIEACTBUE JOMOIHUTEIBHOIO IaJICHUS
HanpsbkeHrus Ha Ol oT mpoTekaromero mo TPaH3UCTOPY KOJUIEKTOPHOTO TOKA. JTO
najieHue HaNpsDKEHUs CYIECTBYET Ja)ke MPU OTCYTCTBUM TOKa 0a3bl U COOTBETCTBYET
y4acTKy «0-a» Ha puc. 1.2, a. [lpu ymenbiiennn Ugy 10 HyJS (BBIBOIBI Oa3bl U SMUTTEpA
COETUHEHBI MEXTy c000i) Tok 0a3bl siBisercss obparHbiM TokoM KII m HampaBnen
MIPOTUBOMOJIOKHO YKa3aHHOMY Ha puc. 1.1, ofHaKo 3TOT OTpULIATEIBHBIA TOK Oa3bl
HE3HAYUTEJICH, U IPAKTUIECKH €TO OBIBACT TPYAHO 3a(UKCHPOBATH.
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npu Ugs = const 2 — aKktuBHasa obnacte npu Ugs = const

3 — obnacTb OTCEYKHU

Puc.1.2. Cemeiicta BAX 6unonsipHoro n-p-n Tpansuctopa B cxeme ¢ O3: a - BXOIHBIX, O — BBIXOIHBIX

CeMeiCTBO BBIXOJHBIX XapakTEepPUCTHUK Ix(Uxy) TpH Ig = const H300pakeHO Ha
puc. 1.2, 6. Ilpu Iy = 0 BeixogHas BAX umeet Bun ooparHoil BetBu BAX snekTpoHHO-
JBIPOYHOTO Mepexo/a, ypenmuueHHo B (f+1) pa3 (rne B — koadduimeHT nepenadu Toka),
nockoiibKy KIT ripu aToM cMmetien B oOpaTHoM HaripaBieHuu. [1pu yBennueHun Toka 6a3bl
BbIXOAHBIE BAX cMelaroTcsi BBEpX Ha BENUUHUHY S,

BxonHple M BBIXOAHBIC XapAKTEPUCTUKH TPAH3UCTOPAa OOBIYHO TPUBOASTCS B
CIpPaBOYHUKAX (Karajorax) TpaH3UCTOPOB, KOTOPBIE IIMPOKO MCHOB3YIOT IS aHAIM3a
paboThl TpPaH3UCTOPOB. B pexume yCUJIEHUS MajblX TEPEMEHHBIX CHUTHAJIOB
(HampspKEeHUH W/UITM TOKOB) TpaH3UCTOp B cxeme ¢ OD 4YacTo MPENCTaBISIOT B BHUJC
JUHEWHOTO YeTHIPEXIOIIOCHUKA, BXOJIHBIE W BBIXOJHBIC TTapaMeTpbl KOTOPOTO CBS3aHbI
CIENYIOIMIMMU YPABHEHUSIMU:

AUgy = h113 Al + h123 AUgs,
Al = h213 Alg + h223 AUgs,

AU
e hyqy = Msa (npu AUgy = 0) — BXOogHOE AMHAMUYECKOE COMPOTHUBIICHUE
B 'Uky=const
TpaH3ucTopa (ero 3HaueHue JexxuT B mpeaenax ot 100 go 1000 Om);
AU . .
hiyy = X Uiz 1 (npu Al = 0) — 0e3pa3mepHblii  KOd(DPUITMEHT BHYTpPEHHEH
g=const

oOpatHOl cBsI3M MO HampsukeHuto (hy,5 = 0,002+-0,0002 u npu pacdyerax UM 4HacTo



MpEeHeOPEeraroT, TO €CTh MOJIAraloT PaBHBIM HYIIIO);

Al

Alg

hyi5 = (npu AUygy = 0) — koaddunmeHt nepenaun (yCUICHUS) TOKA MPU
Uxy=const
MOCTOSIHHOM HAaNpsDKeHUH Ha KOJUIEKTOpe (ero Takxke oOo3HadaroT K; uimu f, OH

MpUHUMAET 3HaueHus u3 auanazona 0--200);

Al

TN (mpu Al = 0) — BBIXOAHAsA NTPOBOJUMOCTH TpPAH3UCTOpA IMpPH
K3

hzz:—) =

Ig=const
IOCTOSTHHOM ToKe 0a3bl (hyn = 1070 =+ 1074).

[TapameTpsl cxeMsbl 3aMelieHus Tpan3uctopa ¢ O3 B h-hopme onpenenstor no ero
BXOJHBIM U BBIXO/IHBIM XapaKTepUCTUKaM (CM. puc. 1.2).

XapakTepuCcTHKON mepedadyd TokKa TpaH3ucTtopa B cxeme ¢ OO sBisercs
3aBUCUMOCTh TOKa KOJUIEKTOpa Ix OT TOKa 0asbl Iy Mpu (PUKCHPOBAHHOM HAIMPSHKEHUN
KOJIEKTOP-OMUTTEP Uyy. CEeMEMCTBO XapaKTEPUCTHK Iepeaud TOoKa TPaH3UCTOpa B
cxeme ¢ OD n3obpakeHo Ha puc. 1.3.
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Puc.1.3. CemelicTBO XapakTepUCTHK Mepeaadn TpaH3ucTopa B cxeme ¢ O

XapaKkTepucTHKa Mepeiadr TOKa TMOKa3bIBACT, YTO PH U3MEHEHHH HEOOJIBITIOTO TI0
a0COIOTHOM BeNWYMHE (MHUKPOAMIIEphl) TOKa 0a3bl MPAKTHUYECKH MPOMOPIHOHATIHHO
M3MCHSCTCS 3HAUMTEIBHBIA TOK KOJUICKTOpa (MHJUTMAMIIEPHI), T. €. B TPaH3UCTOPE
MPOMCXOJUT TPOIIECC YCHUIICHUS JJIEKTPUYECKOTO CUTHana. HekoTopas HEMWHEHHOCTH
XapaKTepUCTUK Tepeiay Toka TpaH3ucTtopa B cxeme ¢ OO MPUBOAUT K HEJIMHEWHBIM
MCKOKCHUSAM YCUJICHHOTO cUTHaa. ClaemnyeT OTMETUTh, YTO XapaKTEPUCTUKH Tepeaadn
MOTYT OBITH TIOCTPOCHBI 0€3 CHEIUaTbHBIX U3MEPEHUN. J[151 3TOr0 MOXHO ONPENeTUTh
COOTBETCTBYIOIIUE TTAPAMETPHI TI0 CEMEHCTBAM BXOIHBIX M BBIXOJIHBIX XapaKTCPUCTHK.
[IpuMeHsIOTCS U IpyTre XapaKTepUCTUKH Tepeaadu.

Koapduuument nepegauym NepeMEHHOTO TOKAa Ha BBIXOJE OIpenensercs Io

Al )
popmyie: By = ﬁ- Koo duumenT oOpaTtHol CBS3M 110 TIEPEMEHHOMY HAIPSIKEHHMIO Ha
b
AUgy
BXOJI€ OIpeaesaeTcs mo Gopmyne: a,, = -

. CooTBeTCTBYIOIIME TPUPALICHUS TOKOB U
B3

HarpsbkeHuit onpenenstores 1o BAX tpansuctopa (cm. puc. 1.2) mpu 3aJaHHOM peKuMe
ero paOoTHI.



IHopsaok BeINOJHEHUs! JIa0OPaTOPHOIl padoThI

1. 3amyctute nporpammy Electronics Workbench (Momynes Multisim). Ilpu 3Tom
aBTOMaTU4ecku OyleT CO3/laH U OTKPBHIT HOBBIM (pailsl, KOTOPBIA CIEAyeT COXPaHUTh,
uCronb3yst komanay ®aiis1 — CoXpaHUTh Kak.

2. Hapucyiite cxeMmy, npuBefcHHYI0O Ha puc. 1.4. MynbTUMETp B pexume padoThbI
amnepmerpa XMMI u3mepsier Tok 6a3bl, BoasT™MeTp Ul — HanpspkeHue 6aza-sMHUTTED,
BosibTMeTp U2 — Hanpsixenue Uyy, a amnepmerp XMM?2 — TOK KOJUIEKTOpa TPaH3UCTOPA.

Puc. 1.4. Cxema mist usmepenust BAX tpansucropa

3. V3mepwre HanpsokeHus u TOkM BxoaHod BAX Tpansuctopa npu (GUKCHPOBAHHOM
3HaueHuu Uygy = 5B. JIyist 3TOro yCTaHOBUTE C MOMOIIBI0 MCTOYHUKA HAIPSIKEHUST V2
YKa3aHHOE HaIpsHKEHUE, KOHTPOIUPYS €ro 1o nokaszanusM BojasT™MeTpa U2. YBennunBas
TOoK 0Oa3wl B auama3zoHe or 0 7o 1 MA ¢ moMompi0 HMCTOYHMKA Toka I1, 3ammmmre
nokasanus BoasTMeTpa Ul B Tabmuiry 1.1. IloBropute usmepenus npu Uiy = 0B u 3B.

Taomuua 1.1. Bxonasie BAX tpan3ucrtopa B cxeme ¢ OD

I5, MKA 0 10 50 100 | 200 | 400 | 600 | 800 | 1000
Uk =5B
Uy =3B | Us», B
Uxx=0B

4. W3mepbre HaNpsKeHHS M TOKM BbIXOAHBIX BAX TpaH3ucTopa mpu pa3iuyHbIX
(UKCHpPOBAaHHBIX TOKax 0asbl. JIJisl ATOr0 yCTaHOBHUTE C MOMOUIBIO UCTOYHMKA TOKa 1
HavMeEHbIllee U3 YKa3aHHbIX B TaOi. 1.2 3HayeHuN TOKOB 0a3bl, KOHTPOJHUPYS €ro 1o



nokaszanusm amnepmerpa XMMI1. Perymupyst HanpskeHUEe UCTOYHHKA V2 B TUana3oHe
ot 0 10 5 B coorBeTcTBeHHO Tab. 1.2 (KOHTPOIUPYHTE €ro MO MOKa3aHUsIM BOJIBTMETPa
U2), 3anumute nokazanusi amnepmerpa XMM2 B Ttabin. 1.2. [loBropute usmepeHus ais
BCEX OCTaJIbHBIX (PUKCHPOBAHHBIX TOKOB 0a3bl, yKa3aHHBIX B Tabmuie 1.2.

Ta6auna 1.2. CemelictBo BoixogHbix BAX Tpan3uctopa B cxeme ¢ 09

Uk», B 0 0,1 0,2 0,5 1 3 5
Is= 10MxA
Is=200MKA
Is=400MKA
IK, MA
5= 600MKA
5= 800MKA
Is= 1000MKA

5. Chopmupyiite Tabauily pe3yabTaToB H3MEPEHUs XapaKTEPUCTHK Tepe/laud ToKa
TpaH3ucTopa aisi (uxcupoBaHHbIX 3HaueHu Ugy = 5B, 3B u 0B. lng storo us
Tabn. 1.2 BbIOEPUTE COOTBETCTBYIOIIME YMCJICHHBIE 3HAYEHUSI U3MEPEHHBIX paHee
napaMeTpoB Jiiisi 3HaueHut Uyy U 3anumuTe ux B Ta0m. 1.3.

Taomuua 1.3. XapakrepucTHKHU Nepeayn TOKa TpaH3ucropa B cxeme ¢ O

Is, MKA
Uwm=5B
Uy =3B | Ix, MA
Uk,=0B

6. 1o 3nauenusim tadn. 1.1-1.3 noctpoiiTe OTIENbHBIE XapaKTEPUCTUKH TPAH3UCTOPA U
UX CEMEHNCTBA.

7. Ilo BAX tpan3ucropa omnpeaenuTe ero ko3pGUIMeHT nepeaadu nepeMeHHoro Toka
L ac 1 KOdPPUIMEeHT 00paTHO CBS3M M0 MEPEMEHHOMY HAIPSDKEHUIO (&, IS 3aJJaHHOTO
npenojaBaTesieM pexuma padoTel (Bapuanrta): Iz, MkA; Uys, B.

8. Ilo BAX paccuuraiite BXOAHOE TWHAMUYECKOE COMPOTHUBIECHHE hii3 U BBIXOAHYIO
JMHAMHYECKYIO TPOBOAUMOCTE fy55 TPAH3UCTOPA.

9. Cnenaiite BBIBO/IBI 11O paboTe.



KoHTpo/sbHbIE BONIPOCHI

1. Kak ycrpoeH OUIOISPHBII
W3TOTaBIUBAIOT?
2. Kakue CylIecTBYIOT CXEMBI

AIIEKTPUUYECKYIO 1IeTTh?

BKIIFOYCHMU A

TPaH3UCTOp, U3

KaKHuX

OUMOJIIPHOTO

MaTrcprualioB

TpaH3UCTOpa

3. Kak mpoucxomuT B TpaH3UCTOPE MPOIECC YCHICHUS MOIIMHOCTU 3JEKTPUUYCCKHUX

CUTHAJIOB?

4. Tlouemy

pacrpoCTpaHEHHOU?

© o N oo

CXCMa

BKJIIOYCHMA

Kak 3aBUCHT TOK [ OT TOKOB Iy U I?

TpaH3UCTOpa C

Omnpenenute S, ecimu Iy = 9,5 MA, I; = 10MA?

06)

Onpenenure 3Ha4eHUE I3, ecnu B = 100, Iy = 0,1 MA?

10.Kak h-mapameTtpsl cBA3anbl ¢ KOOQOUIMERTaMH @y U B, ?

ABJBICTCS

Kakue cymecTBytoT pekuMbl pabOThl OUIOISPHOTO TPaH3UCTOpa?

Kak paccunrars h-napamerpbl OUIOISPHOrO TPAH3UCTOPA IO MOCTOSTHHOMY TOKY ?

11.TTosicauTe 0COOEHHOCTH U 00JIACTh TPUMEHEHHUSI OUTIOJIIPHBIX TPAH3UCTOPOB.

BapuanTsl 3an1aHuii k 1adboparopHoii padore Ne 3

NCCIIEJOBAHUE XAPAKTEPUCTHUK BUITOJIAPHOI'O TPAH3UCTOPA

Uks, B 0,1 0,2 0,5 1 3 5
Is= 10mMKA 9Bap. | 1Bap. | 21 Bap. | 27 Bap. | 15 Bap.
I5=200MKA 10 Bap. | 23 Bap. | 22 Bap. | 4 Bap. | 16 Bap.
Ix, |I5=400MKA 26 Bap. | 11 Bap. | 2 Bap. | 3 Bap. | 28 Bap. | 17 Bap.
MA [5= 600MKA 20 Bap. | 12 Bap.| 7 Bap. | 24 Bap. | SBap. | 18 Bap.
Is= 800MKA 29 Bap. | 13 Bap. | 25 Bap. | 8 Bap. | 6 Bap. | 19 Bap.
Is= 1000MKA 30 Bap. | 14 Bap.
Bapuaunr Tun Tpan3ucropa Bapuanr Tun Tpan3ucropa
1-5 2N3904 16 — 20 BD537
6—-10 2N2218 21— 25 BD535
11— 15 2N4401 26— 30 BD533
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