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YCUWIMNTEJb HANIPAXKEHUA HA TPAH3UCTOPE

Heabio HacTOsimied PpadOTBI sBiseTcs W3ydeHHE pabOThl TPAH3KWCTOpA B
Ka4eCTBE YCHIIMTEIBHOIO Kacka/ia Mo HAMpPsHKEHUIO B CXEME C OOIIUM SMUTTEPOM.

Beenenue

[lo cBoel CyTH TPAH3UCTOP SIBISIETCA YCWIMTENIEM TOKA, TaK KaKk HEOOJBIION MO
BEJIMYMHE TOK 0a3bl J; yMpaBIsieT 3HAYMTENBHO OOJBIIIMM TOKOM KoJuleKTopa Jk, T.e.
TpaH3ucTOp ycwimBaer Tok 0a3bl, J; ~ 0.05 J¢. OmgHako TpaH3UCTOP MOKHO
UCIIOJIb30BATh U B KAYECTBE YCUIIUTENS] HAIPSHKEHUSL.

OnHuM U3 Haubosee PaclpoOCTPaHEHHBIX YCHUIIMTEILHBIX KACKa0B MO HAMPSHKEHHIO
ABJIAETCS KAcKao ¢ obowum smummepom (OD), Korga SMUTTEP SABJIAETCS OOIIUM
AIEKTPOJAOM JUIsl BXOJHOM UM BBIXOJAHOW Lener TpaHsucropa Hanpsbxenus,
npuioxeHHble K KoJueKTopy (Uxs) u k 0aze (Upy) OTCUMTHIBAIOTCS OTHOCHUTEIBHO
SMUTTEPA M HA3bIBAOTCS COOTBETCTBEHHO BBIXOHBIM U BXOIHBIM (CM. pHc. 1).

Jliit 1r000ro yCUIUTENTBHOTO YCTPOKCTBA MEPOM YCWIIEHHS CIYKUT KO3(M(QUIIMEHT
YCUJICHHS, KOTOPBIA OMNPEAETSETCS KAK OTHOILLIEHUE BBIXOJHOW BEIMYUHBI K BXOJHOM.
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Pucynow 1.

Torna ko3 pUIEeHT yCUICHUS TI0 HAMPSHKSHUIO OTPEICTISCTCS TaK:

KU — UGle
U y
6X
a K03(h(PUITUEHT yCUIICHUS TI0 TOKY:
JGbl)C
KJ = J

B ycunurenbHbIx kKackagax ¢ O3 00BIYHO UCTIONB3YETCS PEXKUM MOJAYH HAITPSHKEHUS
Ha KOJUIEKTOp U 0a3y TakoH, uro U,, < Ug, < 0 (s TpanzucropoB tuna p-N-p). B atom
Cclly4ae SMHUTTEPHBIN repexo (P-N) OTKPHIT, a KOJUIEKTOpHBIN (N-p) mepexox 3aKpehIT.

Hanpsokenust cmerienust Ug, u Uy, 3a1a10TCSI ¢ TOMOIIBIO TTOTEHITMOMETPOB Ry u Ry,
COOTBETCTBEHHO (CM. pHC. 2).



FPucvnor 2.

I[J'IH TOrO, YTOOKI ITOCTOSTHHAS COCTaBJLIIOIIAasA BXOAHOI'O CUIrHajia ng HC BJIMAJIa HAa

BenuunHy J; HanpsbkeHue Ug,~ momaercs Ha 6a3y TpaH3uUCTOpa 4epes
paznenutenbHytlo eMkocTh C. IlepeMeHHBI CUTHaJ Ha BXOJE TPaH3UCTOpa OyAeT
YCWINBATbCA IO HANPSIKEHHUIO TOJBKO IPU BKJIIOYEHWHM B ILEIb KOJUIEKTOpa

conpoTuBeHus Harpy3ku Ry (cm. puc. 2). YcunenHoe HanpsokeHue Ug,~ SBISIETCS
MEPEMEHHBIM HAIPSHKEHUEM, CHUMAaeMbIM MEXIY KOJUIEKTOPOM M 3MHUTTEPOM

TpaH3ucTopa (cM. puc. 2). HanpsixkeHue cMeleHnsl Ha KOJUIEKTOpE & Ha KOJJIEKTOPE
SBJISIETCS. TOCTOSIHHBIM, ITI03TOMY, COTJIacHO 3aKoHY Kupxroda, A HanpspkeHuil € =

Ry JitUgpix~ - Eciii mpoucxoaut yBenuuenue HanpsikeHust Ugy~ , TO TOK KOJIJIEKTOpa
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Pucynox 3.

Jix BO3pacTaer u, COOTBETCTBEHHO, T.K. Ugy~ = & - R, J,, TO BenmmunHa Uy~ Oyner
yobiBaTth. Hampsbkenne Uy~ MMeeT MUHHMAalbHOE 3HAYCHHE, KOT[a HampshKEeHUE
Ugx~ MakcHMaibHO, T.€. OHM CABUHYTHI 1O (aze Ha AQ = T.

OOBIYHO pEXUM TPaH3UCTOPA BBIOMPAETCS TAKUM 00pa3oM, uTo 3HaueHUE Ugyy~
3)



KOJICOJIETCSI OTHOCUTENIbHO HampsokeHuss U, = &2 B mpemenax ot 0B mpu
MaKCUMaJIbHOM TOKe Koyuiektopa J, 10 & npu J,, = 0. D10 cnenyer u3 ypaBHEHUS
opaMoit (Uyo~ = Ugun~): Uge~ = € - Ry , KoTOpas HasbBaercs JIUHUEU
Hazcpy3ku. Jta TpsMas OINpeAeNseT BCE BO3MOXHBIE 3HAUCHUA TOKa J, H
HanpsokeHus: Uy,~ Tpu J100bIX U3MEHEHMSX 0a30BOro TOKa J; €ciu 3aJaHbl

BequuuHbl & U Ry, OObYHO Harpy3ouHas mpsiMas CTPOUTCS Ha CEMEWCTBE
BBIXOJHBIX  CTATUYECKUX  XapaKTEPUCTHK  BbixOOHbIMU — cmamuyecKumu
XapakmepucmuKamMy Ha3bIBAIOT IpaUyecKu MPEICTAaBICHHBIE 3aBUCUMOCTA MEXKIY
TOKOM ¥ HaIlPSDKEHUEM B BBIXOJHBIX LEIMSAX TPaH3UCTOpa IIPU  OTCYTCTBHH
conpoTuBiieHUs! Harpy3ku R, = 0 1 npu pa3nuyHbIX 3HAYCHUSIX TOKA Jg, T.€. 3aBUCHMOCTH
tina J, = f (U,,)|15= const TIPEACTaBIEHHbIE HA PUCYHKE 3.

{1 mocTpoeHust TMHUK HArpy3Kd Ha 3TOM CEMEMCTBE BBIXOJIHBIX CTATHYECKUX

XapaKTepUCTUK HalJeM TOuku mnepecedeHus mnpsmMod Uy, = & - Ry, ¢ ocsamu
a0cIuce v Op/IvHAT:
J«=0;Up.=¢€) - TOukad,
(Ui~ =0; Je =¢€IR,) - Touka B.
CoenunuB TOUKU A U B IPAMOMA, IIOIyIUM HASPY30UYHYIO NPSAMYIO.
YeunurenbHbI  Kackaa 10 HANpsDKEHUIO JOHKEH BHOCHTh  MHHHMAJIbHBIC
UCKaKeHHs ycummBaeMoro curaana U,.-. JIIs 3TOro MCXOmHBIA PEXHM TpPaH3UCTOpA
BBIOMpAIOT TakUM 00pa3oM, YTOObl M3MEHEHHS J,~ OBbUIM BO3MOXHBI M B CTOPOHY

YBEJIMYEHUS, U B CTOPOHY YMEHBIIICHUS HAa OJIMHAKOBYIO BeMUUHYy AJ,.. ITO ycioBue
BBITIOJTHSETCS, €Ci paboyasi Touka HaXOAUTCS TIOCEPEIMHE TMHUK Harpy3ku (Touka C Ha

puc. 3), r.e. ipu U, = 05 ¢u J. = 0,5 ¢ /R.. Torma mis ko duiMeHTa yCuieHus 1o
HAIPSDKCHHUIO B CXEME C OOIIMM SMUTTEPOM HMEEM:

U AU_ Ale-J) AR, _R
KU = = = = = ﬂ ’ (1)
U AU63~ A‘]6 RBX A]]5 RBX RBX

BX~

e R,y - BxoaHoe conporusienue B paboueit Touke C, [ - Kod3QPULUEHT yCHICHHS
1o TOKy B cxeme ¢ O3 B paboueii Touke C.

Bemmuuna £ B Touke C (cMm. puc. 3) Haxomurcs ciemyrommm obpazom. Yepes

Touky C TPOBOAUTCS TMEPHEHIUKYISp K ocu HanpsbkeHud U, (BepTUKaIbHBIN
nyHKTHp) M3 Touek mepecedeHusi ITOro MEPHeHAMKYJIpa C JIBYMs OJuKaWITUMU
XapakTepucTukamMu Haja Toukod C u noa Hed (Touku B U A) TpOBOASTCS TpPsIMbIC
(ropu30HTAIbHBIE TYHKTUPHI), TapaJIeIbHBIC OCH HAIIPSDKEHUH, KOTOPBIE OMPEICIsIOT Ha
ocu Jx BermmuuHy Ay M3menenune AJ; paBHO pa3HOCTH 3HAYEHM 0A30BOTO TOKA IS
JIBYX OJMKAMIINX XapaKTEPUCTHK.

Bemnunna R, Bxopsmas B Beipaxkenue (1), onpenensieTcsi COOTHOLIEHUEM:

R — AU6.3

BX U,,=const ,
A,




DOTa BeIMYMHA HAXOJUTCA M0 CTATUYECKON BXOAHOM XapaKTepucTuke (CM. puc. 4) J; =

-]5(3.:1{31}
|' U, =0B
5 U,=-5B
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A R, =222 - etg o
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=AJg
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Pucynox 4,

f (U63)|JK9-

[ycth Touka Ha xapakrepuctuke J; (Us) mpu U, = -5B sBnsercs paboueit. J{is
HaXOXKJEHUSI Ry B ATOM TOUYKE MPOBOAMM KacaTeNbHYIO K BXOJHOW XapaKTEPUCTHUKE
(myHKTUpHAs TpsMasi) 10 MepecedyeHus ¢ ocelo adbcuuce. Benmnunbna R, onpenensiercs

KOTAHI'€HCOM YTJIa (X HaKJIOHA KacaTeIbHOM B Touke A K ocu HanpsbkeHun Ug,.

N3 Boipaxkenus (1) BugHO, 4T0 KO3(PPUIIMEHT yCUICHHUSI KacKaja MO HaIPsHKEHUIO
pacTeT ¢ yMEHBIIIEHUEM BXOTHOTO COIPOTUBIICHUS Ry,

Bemnunny Ky MOXHO HM3MEpPUTh HENOCPEACTBEHHO. 11 3TOro HMCnosb3yercs

~ 0
HCTOYHHK [TEPEMEHHOr0 Hanpspkenus ammumryaoil Ug, = 10 mB, (wacroraf= 1 xly)

u ocuuniorpag. CurHai ¢ reHeparopa MepeMEHHOr0 HaNpsKEHUs! MOJAETCs Ha BXO[

ycwuTenbHOro  kackaga. C  momompio  ocruniorpada  um3Mmepsiercs  aMIuIUTy/a

0
- Torna Ky = UY JU) u 9Ty BelIMUMHY MOKHO

8blX

0
nanpsokenns U, , a sarem U,

CpaBHHUBATh C PE3yJIbTATOM, TIOJYUYCHHBIM 110 hopmyiie (1).
B nanHoit pabote ¢ ucnosnb3oBaHueM ociuuiorpada onpeaensercs Ky u HaxoasTcst

sapucumoctr Ky =T (Ry) n Ky =T (Ryy).
IKCIIEPUMEHTAJIBHASA YACTb

1. CoOupaeTcst ycHIMTENbHBIN Kacka/l Ha 0ase Tpansucropa Tuna p - N - p (KT 814)
Y BJIEMEHTOB, BXOJAIIMX B cocTtaB moayieit MO2, MOI kommnekca JIKO - 1.

2. Ilpu >TOM HCHONB3YIOTCS TaKXKe CIEAYIOUME H3MEpPUTENbHbIE TPUOOPHI
KOMILIEKCA:

a) renepatop Hanpspkenust [ CO -1,

0) ocumiorpad CI - 131/1,

B) MynbTHMETp M 83013,



r) BonbT™MeTp PB 7 - 22A4. llpu cOOpKe 3IEKTPUYECKOW CXEMbl YCHIIUTEIBHOTO
KacKaJia UCIOJIb3YIOTCS JIEKTPUUECKUE KaOeIu U MPOBO/IA CO IITEKEPAMH U Pa3beMaMH.

YnpaxHenue 1
N3YYEHUE 3ABUCUMOCTU KODPPUIIMEHTA YCUWJIEHUA
(ITO HAITPSIP)KEHU1IO) B CXEME C 03 OT
COITPOTUBJIEHUS HAI'PY3KHU Ry: Ky =T (Rk)

CoOupaertcsi ycTaHOBKa 10 CXeMe, IPEICTaBICHHOM Ha PUCYHKE Sa.

Bxomnoit Tox 6asel J; (MKA) u3MepseTcs MHKpPOAMIIEPMETPOM (MYJILTHMETP
M83013), BKIIOYEHHBIM MEXAy Toukamu 1-3. BennuuHy BXOJHOTO HaNpsHKEHUS
U3MEHAIOT C TMOMOUIbI0 moTeHiuoMerpa R;. Benuumna Toka J; He 1omkHA
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Pucynor 5a, g

npeBbIaTh 1 mA, I 4Ero CIyKUT OTPaHUYUTENBHOE CONPOTUBIEHUE Ry
Hanpsokenue Uy 3amaercss ¢ momoIipio MOTeHIMomeTpa R; u u3Mmepsiercs
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BOJILTMETPOM (PB 7—22A), BKkatoueHHbIM B Toukax 4 — 5. Conpotusiienue Ry B nienu
KOJIUIEKTOpa u3MeHsiercs crynendato: Rg; = 100 Om; Rez = 400 Om, Rkz =1.4 xOwm,
Rka = 4.4 kOm;, Res = 5.4 kOm.

3axanue:

1. C nomomnipto oteHmomeTpa R, ycranosute Benmmunny U,,, = -5B (Bonbt™eTp PB
7 - 224 mexnay ToukamMu 4 u 5) m B jganpHedmeMm npu usMeHeHun U, oHa
MOJIICPKUBAETCS IOCTOSHHOM.

- YcTaHOBHTE C TTOMOIIIBIO MTOTeHIIMoMeTpa Ry Tok 6a3b1 J; = 100 mkA.

- BximrounTe mexay Toukamu 4 u 6 conpotuBnenne Ry = 100 Owm,

2. Tlomaiite mepemenHoe Hampskenne U, ¢ Bbixoma remepatopa [ Cd-1

68X
o 0 o
ammutynoit U,. = 10 mB wn uactoroit f = I x[y Ha BXOH YCHUIMTENIBHOTO KacKaja
(ks1leMMBI Bx. Ha cXeme).

UsmepbTe aMmuTyay BxofHoro curhaga U, 6(;. Jnst sToro BXon ocummiorpada
C;:-131/1 mopcoemuuuTe K KiIeMMe Bx. U M3MEphTe aMILIMTYIy CHrHajla Ha 3KpaHe
ocuuuiorpada B IeIeHUsIX MKabI Ny.

3. I3MepbTe aMILTHTY/Ly BbIXOHOTO curHana U, . JIyist 3Toro BXoj ocuiorpada
C1-131/1 noxacoeaunute K KieMMe Bouix. ¥ U3MEphTe aMIUIMTY/Iy CHTHAja Ha 3KpaHe
ocuuuiorpada B IeIeHUsIX MKabI No.

Upe 1

4. Onpenenure Ky = O = n_ st Uy, = -5 B toka 6a3sl J; = 100 mxA, Ry =
68X 2

100 Om.

5. OcraBnsist BemuuuHbl Uy, = -5 B u J; = 100 mxA mocTOSSHHBIMH, onipenenute Ky
Ui conpoTuBiieHnid Harpy3ku Ry ; Rxx = 400 Om, Rz = 1.4 kOm, Ryg = 4.4 xOwm,
Ris= 5.4 kOm, ioce0BaTeIbHO TIOACOSTUHSS MX MEX Ty ToukamMu 4 1 6.

6. INoctpoiire rpadpux 3aBucumoctu Ky = f (Ry).

YnpaxHeHnue 2
N3YUEHUE 3ABUCUMOCTH KOOOPPUIIMEHTA YCUJIEHUA
(ITO HAITPS’)KEHHUIO) B CXEME C O3 OT BEJIMUUHBI
BXOJHOI'O COINPOTHUBJEHMUS HAI'PY3KH Rgy: Ky =T (Rgx)

3ananmue:
1. YcraHoBuTe B 1IeNK KOJJIEKTOpa (TOYKH 4-6 Ha CXeMe) COMPOTHBICHUE

Ru1 = 100 Om, U,., =-3B.

2. CHumuTEe 3aBUCHMOCTh TOKa 0Oasel J; or Hampsbkenus Ug,, 3amaBaeMoro
noteHIoMeTpoM R;. CHsATHE STOM BXOAHON XapaKTEPUCTUKU OCIIOKHSETCS TEM, UTO MPHU

m3menenun U;, memensiercs u U,,. [loatomy ¢ momomipto moreHimomerpa R, Uy,
TIOJIEP>KUBAETCS TIOCTOSTHHBIM. OTCcueThl mpoBoauTe npH 3HaueHussx Us, ot 0 mo 300 mB

9



yepe3 50 uB.
3. Hoctpoiite rpapuk 3apucumoctd Js= f (Ug,)| 1, = .53 10191 3nauenmii J; ~ 50,

100, 150, 200, 250, 300 mxA omnpenenure BXOJHBIE CONPOTUBIICHHUSA, MOJb3YSCh
COOTHOILICHUEM:

AU,
R@x = Mg |UK3:—SB .

4. Onpenenure Ky crmocoOoM, OMUMCaHHBIM B yrpaskHeHuH 1 nipu 3HaveHusx J; = S0,
100, 150, 200, 250, 300 mxA Ug-=-5Bu Rx; = 100 Om.

5. IocTpoiite rpaduk 3apucumoctu Ky = T (Rgy).
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