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AHHOTALIUS

HuciuninHa «®PuU3nMYecKue OCHOBBI AJIEKTPOHUKHY H3Y4YaeTCs CTYACHTAMHU
HarpasyieHus 11.03.02 MHpokoMMyHUKAIIMOHHBIC TEXHOJIOTHH U CUCTEMBI CBSI3H.

[TpoxoxxneHne 1a0OpaTOPHOTO MPaKTHKyMa CTaBUT CBOEW 3ajJadell MpOBEpKY Ha
NPAKTUKE TOJY4YEHHbIX TeopeThuueckux 3HaHui. llpemnaraemoe mocoOue comepKUT
KpaTKO€ M3JIOKCHWE OCHOBHBIX CBEICHUM W3 TEeOpuH (U3UUYECKUX OCHOB
MIOJTYTIPOBOTHUKOBOW AJICKTPOHUKHM W TIOPSIIOK BBITIOJTHEHMS JTAOOPATOPHBIX padoT Ha
71a00paTOpHOM CTEHAE «JNEeKTpOHHbIE MpUOOpPb. COOpPHHUK MpeaHa3HAYeH IS
MOJITOTOBKU CTYACHTOB K JIA0OPATOPHBIM 3aHSATUSIM M SIBISETCS PYKOBOACTBOM TIPH

BBITNIOJIHEHUH J1a00paTOPHBIX PalboT.



JIABOPATOPHAS PABOTA Nel
NCCIEAOBAHHUE PABOTBI HOJYITPOBOJAHUKOBOI'O

TUOJA

L]ens: uccnenoBaHue CBOMCTB AIEKTPOHHO-ABIPOYHOIO MEPEX0/1a PU MPSMOM U

00paTHOM BKITIOYCHUH.

1. IToaroroBka K J1abopaTropHoii padore

N3yuuth nurepatypy [1], [2], KOHCHIEKT JEKIUA MO TaHHON TEME.

OOpatuth BHUMaHUE Ha TO, YTO B JJAOOpATOPHOM paboTe NIl MCCleNOBaHUN

BBIIIPAMITAIOIICTO 3JICKTPHUYCCKOI'O p+- n - nepexoga UCIOJIb3YIOTCsA KpCMHPICBLIﬁ 141

repMaHUEBBIA JAMOMBI (MOJTYMPOBOJHUKOBBIA JHUOA — 3TO MOJYIPOBOJIHUKOBBIN

npuOOpP C OJHUM BBIIPSIMIISIIOLIUM 3JIEKTPUUECKUM MEPEX0I0M U ABYMS BHIBOJIAMH).

OO6macth mMoa ¢ MajoW KOHIIEHTpalued mpumeceit ( 7-007acTh) HA3BIBAIOT

bas3oii, a 007aCTh C OOJIBIION KOHIIEHTpaIen ( pt- 001acTh) — amummepom.

HaCHOPTHBIe JaHHBIC HCKOTOPLIX ANUOJ0B!:

Tun quona CTpykrypa Inp oon, MA Uoip oony B | fmax, KI' | T wocer, MKC
D7D Ge, crimaBHOM 100 200 2.4
D226D Si, crimaBHOM 300 200 1,0
D312 Ge, mubdy3noHHBIN 50 75 0,7
B mpouecce wm3mepenuit HEJOITYCTHUMO  npeBblllIEeHUE — TPEAEIIbHO-

AOITyCTUMBbIX 3HAYCHUH TOKOB U H&l'[pfl)KCHPIﬁ. PCKOMCH,Z[yeTCH, YTOOBI BEJTMUMHBLI MAKCH-

MaJIbHBIX 3HAYEHUH TOKOB 4epe3 Ao U HampsbkeHus He npesbiman 70 - 80% ot mac-

IMOPTHBIX JaHHBIX.

2. Ilopsiiok BBINOJIHEHUS JIA00PATOPHOM PAdOThHI

2.1 Ha naGopaTopHoil ycTaHOBKE «DIEKTPOHHBIE MPUOOPBI» COOpaTh CXeMy, CO-

OTBCTCTBYIOIIYIO IIPAMOMY IMOAKIIOYCHHUIO HMCTOYHHKA ITOCTOAHHOI'O HAIIPSIXKCHHA K

AIIEKTPOHHO-IBIPOYHOMY MEPEXOY:




Puc 1. IIpsimoe noakito4eHUEe 1M0A.

OOpaTuTh TpU STOM BHUMaHHE Ha TOJISPHOCTH MOJIKIIOYSHHUS IMHUTTEpa U 0a3bl
mrona! OHa JOHKHA COOTBETCTBOBATH NMPSIMOMY TOKY depes repexo!

2.2 3anmaBasi cMelleHUSI HA AHOJ (3JIEKTPOHHO-ABIPOYHBIM TEPEX0J]]) HU3BKO-
BOJIbTHBIM HMCTOYHUKOM, (PUKCHUPOBATH HAMPSKEHHS] U COOTBETCTBYIOIIME MM 3Haue-
HUS TIpsiMOro Toka. Pe3ynbTatel 3anectu B Tabmuily 1. [1pu 3170 HE0OX0UMO TOMHHUTH
O TpENeNnbHBIX 3HAYEHUSX TPSAMOTO TOKAa I JIaHHOTO THWIA JHOJa U
COOTBETCTBYIOIINX UM TIOJIOKUTENBHBIX HATIPSDKEHUSAX. DTO MOMOXKET BEPHO BBHIOPATh
MpefeibHOe TMPSMOE  HANpsDKEHWE  WCTOYHHMKA  IMOCTOSHHOTO — MMHUTAHWS — Ha
UCIIBITATEIBHOM CTEHJIE.

Juon Tabmuma 1
Unp, ___
Il’lp, _

2.3 3ameHuTh B cXxeMe AMOJ] (TepMaHUEBbIN HA KPEMHUEBBIN WM HA000POT).

[ToBTOpUTH NelicTBUsA MyHKTA 2.2. Pe3ynbTarhl 3aHECTH B TaOnuIly 2.

Huon TaOmura 2

Unp, -
Inp, -
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Puc 2. O6paTHOE MOIKITIOUECHHE TTOTYITPOBOTHUKOBOTO TNO/A.

2.4 Ha naGopaTopHO#l ycTaHOBKE «DJIEKTPOHHBIE MPUOOPBD cOOpaTh CXemy,
COOTBETCTBYIOIIYI0 ~ OOpaTHOMY  TMOAKIIOUYEHHIO  HMCTOYHUKA  IOCTOSIHHOTO

HaMpsHKEHUS K 3JIEKTPOHHO-JLIPOYHOMY MEPEXOTY.

O6paTI/ITB IIp¥ 3TOM BHUMAHHC Ha IOJAPHOCTb NOAKIIOYCHHA SMUTTCpPA U 0a3bl

nuoaa! OHa AOJIKHA COOTBETCTBOBATh OTPUIIATEILHOMY TOKY Uepe3 nepexo!

2.5 3apmaBasg cMeUeHHUsT Ha JAUONA  (DJIEKTPOHHO-IBIPOYHBIA MEPEXO.)
HU3KOBOJIbTHBIM HCTOYHUKOM, (PHKCHPOBATH HAIPSKEHUS W COOTBETCTBYIOIINE MM
3HaueHus oOpaTHoro Toka. Pe3ynpraThl 3aHectu B Tabnuiy 3. Ilpu stom
HEOOXOIMMO TOMHHTb O MPEAENIbHBIX 3HAYEHUAX OOPATHOro TOKa* il JaHHOTO
THUIIA JUO0JIa U COOTBETCTBYIOIIUX UM OTPHUIIATEIHHBIX HAMPSHKCHUSIX. DTO TTOMOXKET
BEpHO BBIOpaTh MpeaeabHOE OOpaTHOE HAMPSIKEHHE HWCTOYHHWKA TIOCTOSSHHOTO
NUTAHUS HA UCTIBITATEIbHOM CTEH/IE.

*PEKOMEHIYeTCS HCMOJB30BaTh BBICOKOBOJIBTHBIH HCTOYHUK TOCTOSTHHOTO
HanpspkeHus E2.

Huon TabOmuma 3
Uo6p, -

Io6p, -




2.6 3aMeHHUTH B cxeMe 1o/ (TepMaHUEBbIN Ha KPEMHUEBBINA WIIN
Hao00poT). [loBTOpUTH AeicTBUs MyHKTA 2.5. Pe3ynbTaThl 3aHECTH B TAOIHILY 4.
Juon Tabnumna 4
Uo6p,

106p,

3. O0padoTKa pe3yJbTaTOB U3MEPEeHUM

3.1 Ilo pesymnbraTam uzmepenuit (Tabmuirs 1, 2) mocTpouTh rpadvku 3aBUCHMOCTEH
Inp = f(Unp) HA OTHOM Tpaduke.

3.2 Tlo pesynbTaram uzmepeHui (Tadbmauiisl 3, 4) MOCTPOUTh rpadUKK 3aBUCUMOCTEN
Losp = f{Uosp) HA OJTHOM TpaduKe.

3.3 PaccuuraTh TeopeTHyecKyro (3) BONMbT-aMIEpHYIO xapakrepuctuky (BAX)
KPEMHHEBOTO 1 TEPMAaHHEBOT'0 3JIEKTPOHHO-IBIPOYHBIX TIEPEXOJIOB MPH TemriepaType T =

300K.

qU

I=1,|e" -1 (1)

rie lo - TOK HaCBIIICHUS epexoa Ui OOpaTHBIN TEMI0BOM TOK.

¢33

T

Iy =1, exp (2)

— 33
rae  Jloo— HavaJbHBIM TOK;

(¢33 — IIUPUHA 3aMPEIICHHON 30HbI B TIOTYIPOBOAHUKE (/7151 repManus ¢33=0,66 3B;
1 KpeMHus ¢33=1,107 3B);

kT
@r = 7- TEMIEPATypPHBIA MOTEHIIUAI;

¢ — 3aps]l DIIEKTPOHA,

k - noctosnHas bonbsimana; 7' — abcomoTHas TeMiepaTypa.



34 Cnenatp BBIBOABI O COOTBETCTBUU PE3YJIbTATOB UcCieqoBaHni BAX
pealbHOTO IM0/Ia TEOPHH.

4. Conep:xanue oT4yeTa

OTtueT MOXKeT OBITh TIPECTABIICH B 3JIEKTPOHHOM BapuanTe. OH TOIDKEeH
COJIEPXKAaTh:

- HAaNMEHOBAHUE U 11eJTb PabOTHI;

- IACTIOPTHBIE JaHHbIE UCCIIEMYEMbIX JUOJIOB;

- CXEMbl U3MEPEHUN;

- TAOIMIBI HAONIOACHUI;

- BOJIbT-AMIIEPHBIE XapaKTEPUCTUKU JTUOJIOB;

- pacCYMTAaHHBIC 3HAYCHUS WICAUTHHBIX MPSIMBIX U OOPATHBIX TOKOB MPHU

temrieparype T =300K;

- pacCUMTaHHBIC 3HAYCHHS TOKOB HACHIIICHUS U OOBEMHOTO COTIPOTUBIICHUS Oa3bI

JINO/OB;

- BbIBOJbI O COOTBCTCTBHHU IMOJTYUYCHHBIX JAHHBIX TCOPHUH 110 K&)I(I[Oﬁ N3 ITOCTaBJICHHBIX

Hene K 1ab0paTopHOMY UCCIIEI0BAHUIO

5. KoHTpO/ILHBIE BONPOCHI

1  OObscHUTE MEXaHU3Mbl HW3MEHEHHS CONPOTUBIEHUS  METAIOB U
[IOJIyIIPOBOJHUKOB IIPY NIOBBIIICHUN TEMIIEPATYPBI.

2 Kak BO3HHMKAaeT >3JEKTPOHHO-IABIPOYHBIA  MEPEX0J NP  KOHTAKTE
MOJIYITPOBOJHUKOB C Pa3JIMYHBIM TUIIOM TPOBOJAUMOCTH?

3 B KakoMm COOTHOIIIEHUH HAXOAATCs TOKH npeiida u auddy3nn yepes mepexo
IpU IPSIMOM U OOpPaTHOM HaNpsKEHUSIX Ha n-p-TIEpEXO/e.

4 OOBsicHUTE, TOYEMY MPU YBETUUSHUH MIPSIMOTO HAIPSDKEHUS TOK MO

BO3pacraer?



JIABOPATOPHAS PABOTA Ne2
NCCIEJOBAHUE PABOTBI CTABUJIMTPOHA

Lenv: 3yueHue noaynpoBOJAHUKOBOTO CTAOMIUTPOHA IMYTEM CHSTHUS MPAMOU U
oOpaTHOM  BETBM  CTAaTHYECKUX  BOJIbTAMIIEPHBIX  xapakTtepuctuk  (BAX).

HccnenoBanue HpOCTCﬁIIICFO CTa6I/IJII/I?>aTOpa HaIIps>KCHUA.

1. DkcnepuMeHTaIbHAS YaCTh

1.1 CusiTue BOJIbTAMIIEPHON XapPaAKTEPUCTUKHU
CTA0MIMTPOHA NMPHU NPSIMOM BKJIKYEHUHN

[Tpu npsiMOM BKJIFOUEHUM CTAOMIMTPOHA HA €0 aHOJ MOJAETCS MOJIOKHUTEIBHOE
HampsbkeHue. B cxeme nsmepenuil, n300pakeHHOH Ha puc. |, MOI0KUTETLHOE CMEIICHHE
noxaerca ¢ peryaupyemoro ucrounuka El. Tok, mporexarommii yepes3 MCClexyeMBbIi
cTaOUIUTpOH, wu3Mepsierca ammepmerpom PAl. Hanpsbkenue Ha cTaOMIMTpoHE
nusmepsercss BoabTMETpoM PV 1. OrpannunrensHoe conpotuBieHue R, nperoxpanser

UCCJIeIyEMBbII CTAOUITUTPOH OT MPOOOS.

Puc.1 Cxema uzmepenus npu cHATUU npsimoil BeTBu BAX

[Tpu cHATUM XapaKTEPUCTUKH, PETYIUPYs HaNpsKeHne nctounuka El,
YCTaHaBIIMBAETCS HANPSKEHUE HA CTAOMIIUTPOHE B COOTBETCTBUM € Tabi.1 u

3aMKChIBACTCS 3HAUCHUE TOKA Yepe3 CTa0MIUTPOH, U3MepeHHOoe ammnepmeTpoM PAT.



IHopsinoxk u3mepeHui

VYcranoBute mnpenensl uzMepeHud ammnepmerpa — 20 MA, BoasTMeTpa — 2 B,
TyMOJIEpBI TIEPEKITIOUEHUS PEKUMOB paboThl BojbTMeTpa (PV1) u amnepmerpa (PA1)
YCTaHOBUTE B MOJOXKEHHE H3MEPEHMs MOCTOSIHHBIX BenMW4yuH (=). Pyuku ynpasnenus
BBIXOJIHBIM HampsokeHueM ucToyHuka El moBepHHUTE MPOTUB 4YAacCOBOM CTPEIKH [0
ynopa. CoOpaHHylo cxeMy MOKaxuTe npenoaasarento. Ilocme  mpoBepku

npenoaaBaTesieM COOPaHHON CXEMBbI BKIIOUUTE YCTAaHOBKY.
[IpoBenute u3mepenus. Pesynbrat uamMepenuii 3anecure B Tadbauiy 1.

Tabmuma 1

U,B 0 0,1 0,2 0,3 0,35 0,4 0,45 0,5 0,55 0,6

LA

1.2 CHATHE BOIBTAMIIEPHO XapaKTepPUCTUKH
CTAOMJIUTPOHA NP 00PATHOM BKJIIOYEHUU

[Ipu oOpaTHOM BKJIIOYEHHWH CTAOMJIMTPOHA Ha €ro KaToJl MOJAeTcs
IOJIOKUTENbHOE HampsbkeHue. B cxeme wu3MepeHui, u300pakeHHONM Ha puc.2,
NOJIOXKUTENBHOE CMELIEHUWE TNoJaeTrcs ¢ peryiaupyeMoro wucrounuka E2. Tok,
IPOTEKAIOLIMI 4Yepe3 HCCIeNyeMblil CTaOMIUTPOH, HU3Mepsercs amiepmerpom PA2.
Hanpspkenue Ha crabuiuTpoHe usMepsieTcss BonbTMeTpoM PV2. OrpanuunrtenbHOe
conporuBieHne R, NperoxpaHseT HCCIeAyeMbli CTaOMINTPOH OT Mpo0os IpH

HCTIPpaBUJIbHOM BKJIIOYCHHH.

10




o

PV2 K2

@

Puc 2. Cxema uzmepeHuit mpu cHaTh oOpaTHOM BeTBU BAX
IHopsinox uzmepenuii

VYcranoBute npeneisl uamepenui amnepmerpa PA2 — 20 MA, Bonbt™MeTpoB PV1 n
PV2 — 20 B, TymOnepbl nepekitoueHus: pexxXuMoB padOThl BOJIBTMETPOB U aMIIEpMETPa
YCTAaHOBUTE B MOJIO)KEHHE W3MEPEHHs IOCTOSHHBIX BEIWYMH (=). Pyuku ynpaBieHus
BBIXO/IHBIM HAIpSDKEHHMEM HCTOYHMKAa E2 moBepHHUTE NPOTHB YacOBOW CTPEIKU M0
ynopa. CoOpaHHyro cxeMy [OKaxuTe mnpenogasaremto. [locie  mpoBepku

npernojaBaTesieM COOPaHHON CXEMbI BKIIOUUTE YCTaHOBKY.
[IpoBenute u3mepenus. Pesynbrar uamMepenuii 3anecure B TabIuiry 2.

Ta0mura 2

E2, B (PV2) 0 2 4 6 8 10 12 14 16 18 20

U.., B (PV1])

L., MA (PA2)

1.3 UccaenoBanue nmpocreimero craduan3aTopa HanpsiKeHus

Cxema JJIA HCCIICAOBAHUA HpOCTCﬁHICI‘O CTa6I/IJ'II/IBaT0pa HaIIpsKCHUS,

11



n3o0pakena Ha puc 3. Cxema nutaercst OT uCTouHnka E2 u oTimuaercs oT mpeablaymieit
CXeMbl HaJUYHEeM COMPOTHBJICHUS HArpy3ku RH, TOIKIIOUEHHOTO MapaieIbHO
CTaOMJINTPOHY, U  ammepmerpoM PAl, BKJIIOYEHHOr0  TOCJIEIOBATEIBHO  C

CONPOTHUBJIEHUEM HATPY3KHU.

HccnenoBanrie MpOU3BOAUTCS TpU 4 Pa3IUUHBIX COMPOTUBJIEHUAX HArpy3KU:
Ru=00, RE=10 kOm, RH=3,3 kOM u Ru=1 kOM u mpu 2-X 3HAYEHUSIX HANPSKEHUS

nucTtounuka E2:

UE2:12 Bu UE2:20 B.

E2

| vz B
[
~
=
&)
-
i
@

o+

¢

Puc 3. Cxema wu3MepeHuil MpH HUCCIECIOBAHUM MPOCTEHILIEro cTrabmiIn3aTropa

HaIPSHKCHUS
IHopsinox u3mepeHni

YcranoBute npezensl u3mMepeHuii amnepmeTpoB — 20 MA, BonbTMeTpoB — 20 B,
TyMOJIEpBI IEPEKITIOUEHUS PEKUMOB PabOThl BOJBTMETPOB U aMIIEPMETPa YCTAHOBUTE B
MOJIOKEHUE HW3MEPEHMS] NMOCTOSHHBIX BENWYMH (=). Pyuku ynpaBieHHs BBIXOJHBIM
HanpsbkeHueM ucToyHuka E2 1oBepHUTE NPOTHUB 4YacOBOM CTPEIKH [0 YIOpa.
CoOpaHHyto cxeMy MOKaxuTe mpernojasatento. [locie mpoBepku mpernojgaBaTeseM

COOpaHHOM CXEMBbI BKJIIOUUTE YCTAaHOBKY.

VYcraHoBuTe HanpsbkeHue ucrtouHuka E2=12 B. U3MeHsAs conpoTHBIICHHE
Harpy3ku, nyteM 3aMeHbl pe3uctopoB 10 xkOwm, 3,3 kOm m 1 kOwm, mnpousBecTu

u3MepeHus. Pe3ynpraTsl 3anumimTe B Tabnuity 3.

12



E2=12 B Tabmuma 3
Ru=00 Ru=10 kOm Ru=3,3 kOm Ru=1 xOm
PA1, MA
PA2, MA
PV1, MA

VYcraHoBuTe HampsbkeHue wucrouyHuka E2=20 B u mnoBropure wu3MepeHus,

pe3ynbTaThl 3aMUIIUTE B TAOIUILY 4.

E2=20 B Tabauma 4
Ru=00 Ru=10 kOm Ru=3,3 kOm Ru=1 xOm
PA1, MA
PA2, MA
PV1, MA

[Toakmounte comnporuBieHre Harpy3kn Reo=1 KkOM, CHITh 3aBHCHMOCTH
Ui=f(Usx), Li=f(Usx) 1 L =f(Ugy).
Tabmuma 5
£2. B (PV2) 2 6 8 10 | 12 14 | 16 18 | 20
U,, B (PV])
I, MA (PA1)

I.., MA (PA2)

13




Paccunraiite koapdunuent crabmmzanun — K,

AE

Kk -_E :AE>< U,

“ AU, E AU,
U

CT

2. Conep:xanue oT4eTa

1. ITo nanubIM TabuUIL TocTpoiiTe BAX cTabuauTpoHa npu npsiMoM U 0OpaTHOM

BKJIFOUEHHUH.
2. Ha nuHeiiHOM yyacTke npsiMoi BeTBH BAX MOCTpOUTh XapaKTepUCTUUECKUE

TPEYTOJbHUKHU (CM. pHC. 4) U onpeAenuTe KpyTu3Hy S. MA/B cTrabunutpoHa:

ALnp , MA
50

40
30

201

1007

0,1 02 03 04 05 06 0,7 08 09 1 U B
nps

Puc. 4 BAX crabunutpoHa npu npsiMOM BKITFOUEHUHU

_ Al mMA

p

3. Beruncnute nuddepeHnuanbHoe CONpOTUBICHUE CTAOMIUTPOHA!
r=— kOwm
S

4. Omnpenenure TmpsSMOe W OOpPaTHOE CTAaTUYECKOE COMPOTUBIICHHUE IS

cTabmIuTpoHa (MPSIMOE COMPOTHUBJICHUE OMNMPEACNIUTh B JIBYX TOYKAaX — Ha CEpeuHe

14



JMHENHOTO YYacTKa U Ha MOJIOTOM YYaCTKE XapaKTEPUCTUKH ).

UH
R, ="

np

5. O6GpaTHOEe CTaTMYECKOE COMPOTHUBIICHUE OMPEACNIUTh MPH HanpsokeHuu — 20

Boubr.

R _ o0p

obp I

6. Ilo nannupiM TabauI 1u 2 noctpoiite BAX crabunurpona.
7. PaccunTtarh TuHAMUYECKOE COMPOTHBIICHUE cTabunuTpona R, (o oOpaTHon

BeTBU BAX).

15



JIABOPATOPHASI PABOTA Ne3
VCCJIEJOBAHUE PABOTHI BUIIOJISIPHOI'O TPAH3HUCTOPA.
BXOJIHBIE Y BLIXOJHBIE XAPAKTEPUCTHUKHA B CXEME C
OBIIEN BA30OM

Lenv: UCCJIeI0BAHKE NOJIyTIPOBOAHUKOBOM CTPYKTYPBI C JIBYMSI

BSaHMOHCﬁCTBYIOMHMH BBIIPAMIIAIOIIUMHU SJICKTPUICCKUMHU IICPECXOaMMU.

1 lloaroroBka k 1aboparopHoii padore
N3yuute nurepartypy [1], [2], KOHCHEKT JAEKUUI IO TaHHOU TEME.
OOpaTuTh BHUMaHuE Ha TO, YTO B JaOOpaTOpHON paboTe AJisi UCCIEAOBAaHUM TO-
JYNPOBOAHUKOBOW CTPYKTYphl HCHOJIb3yeTcs OumnossipHbelii Tpansucrtop (bT) c BeI-

OPSMIISIIOIIMMU JIEKTPUYECKUMH TIEpeXoAaMu B BUJE p-n-TiepexoqoB (pucyHku 3.1,

3.2).

P p+ n p+ ; P nt p n+ ;
o o o o
# basza “ & basa “
a) 6)
Pucynok 1 — CxeMatuueckoe n300pakeHUE CTPYKTYP OUTOJISIPHBIX
TPaH3UCTOPOB:
3 3

—
1
6 5 7 5 6
2

Pucynok 2 — OfHa u3 CTpYKTYp peaibHOTO TPaH3UCTOpa:

[ — smutTEp, 2 — KOJIEKTOP, 3 — 3IMEKTPOa K 6a30BOM 00macTu,
4 — akTUBHad, 5 — maccuBHasi, 6 — nepudepuueckast 4acTu 0a3bl

16



O603nauenus bT ¢ cooTBeTcTBYIOMKUMH 0a3amMu NOKa3aHbl Ha puc.3.3:

6)

Pucynox 3 — O6o3nauenue bT: a — p-n-p-tuna, 6 — n-p-n-tumna
(D — smuttep, b — 6a3a, K — xomnekrop)

OcHOBHOE BHHMMaHHE CJEAyeT YACIUTh (U3HUUYECKOMY CMBICITY MPOTEKAIOUIUX
MPOLIECCOB M METOJly H3MEPEHH OCHOBHBIX CTATUCTUYECKHX XaPAKTEPUCTUK
(BXOHBIX U BbIXOJIHbIX) BT B aKTUBHOM peKHUME.

B maGopatopHoii palboTe WCHOJIB3YIOTCS KPEMHUEBBIM UM Te€pMaHUEBBIN

TpaH3UCTOPHI (Tabnuma 1).

Tabmuma 1
Tun Crtpykrypa h21> fun213(fr), | Ikmon, | Uxsaom, Pk 1om, Ck(10B),
MI'u MA B MBT nd
MII376 | n-p-n, Ge, 20-50 1,0 20 15 150 40
MII396 | p-n-p, Ge, 20-50 1,5 20 20 150 40
KT3156 | n-p-n, Si, 50-350 250 100 20 150 7
KT361b | p-n-p, Si, 50-350 250 50 20 150 9
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B mpouecce uzmepennit HE/JOIIYCTHMO tipeBbIllieHUE NPEACTbHBIX 3HAYEHUM
TOKOB, HalpsSOKEHUH W MOIIHOCTH, YKA3aHHBIX B MAaCIOPTHBIX MapameTpax
uccienyemMoro Tpansucropa. llepen wu3MepeHHSMHM HEOOXOJIMMO MOCTPOUTH B
COOTBETCTBYIOIIUX OCSIX KOOPAMHAT JIMHHUH, OFPAHUYUBAIOIINE 00JaCTh O€30MaCHOCTH
pexuMOB paboThl TpaH3ucTopa. B KkauecTBe mpuMepa Ha puUCyHKE 3.5 TOKa3aHO

IMOCTPOCHUEC OI'paHUYMUBAIOIINX JIMHUH B CHUCTEME KOO JUHAT Ix, Uks JJIA AH3UCTOpa
2

MII-39.

4 I, MA
40 +
Jlrnnst Uy max
30 + /
2 JInHas I max
/7 | TToawns I,
1 0- 7, Obnacts Oe3omnacHoro ompezenseMas Py may
/// pexcHM/// /////
/f///// /e
0 d0 -2 -l4 16 Us. B

Pucynok 5 — Iloctpoenue o6actu 6€30MacHbIX peKUMOB pa-

o0otel BT

2 Ilopsiaok BBINMOJHEHUSA J1A00PATOPHOM PadOThHI

2.1 CoOpate cxemy wucciemoBanusi (pucyHok 3.6) Ha ydeOHOW J1abopaTOpHOMU
YCTaHOBKE «DNEKTpOHHbIE MpuOopb». CrienyeT oOpaTUTh BHUMaHUE Ha MOJISIPHOCTh
NUTAOIINX HANpPSDKEHUH SMUTTEPHOW M KoJUleKTopHOW 1nened! OHa gomkHa
COOTBETCTBOBATh AKTHMBHOMY pEXHUMY pPaOOTBhl HCCIEAYyEeMON MOIYIPOBOIHUKOBON
CTPYKTYpHI ( p-n- p-TUNa WK n-p-n-TUTA)!

2.2 Cuatpe Tpu BXOAHbIE cTathyeckue xapakrepuctuku BT B cxeme ¢ Ob (mpu
KOMHATHOU Temneparype). jig 3Toro Heo6XoaMMO:

2.2.1 Ha Bxoje u BBIXOJIE CXEMbl C IOMOIIBIO PETYIUPYEMBIX HCTOUYHHUKOB

nutanust E1, E2 ycraHoBUTH HyneBble 3HaueHus HanpspkeHud. Uks — mapamerp

BXOJIHBIX cTatTndeckux xapakrepuctuk bT B cxeme ¢ Ob.
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s (oa) N
;o N2
Uss
?

Pucynok 6 — Cxema Bkitouenusi ¢ Ob bT

2.2.2 U3MeHsiss 3HaueHWE  BXOJMHOro  HampsokeHuss  Uop,  (UKCHUpOBAThH
COOTBETCTBYIOIIHE 3HAYeHUST BXOHOTO TOKa [ (I» = f(Uss)). PesynbTaTh! 3anectu
B Ta0uILy 2.

2.2.3 Jlanee mOBTOpUTH nAeucTBUA I.m. 2.2.1, 2.2.2, mpu 5TOM YBEIUYUTH

aOCoMIOTHOE 3HAadYeHHe mapamerpa BbixonHoW menu Uxs. Pe3ynbratel 3aHectu B

Tabnuiy 2.
Tabmuma 2
Ub»s,
Uxs=0B
I»,
Ubss,
Uxs=...B
I»,
Ubss,
Uks=...B
I»,

2.3 CHartb Tpu BbIXOAHBIE cTaTnyeckue xapakrtepuctuku bT B cxeme ¢ Ob. [lng atoro
HEOO0XOIUMO:
2.3.1 BHUMAHME! [Iloctpouts (MCHOJB3Yys NACIOPTHBIE JAaHHBIE) B
COOTBETCTBYIOIIEH CHUCTEME KOOPAMUHAT JIMHUU, OTrPaHUYMBAIONIME OOJACTh
0€30I1aCHOCTH PEKUMOB pabOThI TpaH3UCTOPa (PUCYHOK 3.5).
2.3.2 VYcranoButrs Ha Bxoge cxembl I = 0 A (I> — mapamerp BBIXOIHBIX
cratnueckux xapaktepucTuk BT B cxeme ¢ Ob). Ha BeIXxoje cXeMbl ¢ MOMOIIBIO

pEeryaupyeMoro MCTOYHHMKA MNHUTaHus E2 yCTaHOBUTH HYJIEBOE€ 3HAYEHHE
19



HaIIpsKCHUA.

2.3.3 Usmensiss 3HaueHue BbixogHoro HanpsbkeHus Uxs, (QukcupoBaTh
cooTBeTcTByOomue 3HadeHUs: BbixogHoro Toka Ik (Ik = f(Uks)). PesymbraTsi

3aHeCTH B TaOIHIy 2.

2.3.4 Jlanee noBTOpuUTh neucTBUs m.no. 2.3.2, 2.3.3, HO NpPU ITOM YBEJIUYUTH

aOCONIOTHOE 3HAYEHWE mMapaMeTrpa BXogHOW mermu [>. PesymbraThl 3aHecTH B

Tabnuiy 3.
TaOmuna 3
Ucks,
I» =0MA
Ik,
Ucks,
I>=... MA
Ik,
Ucks,
Ir=... MA
Ik,

3. O0padoTka pe3yabTaTOB U3MePEHUIl
3.1 Ilo pesynpTatam uaMepeHuii (Tabauiia 2) moCTPOUTh TpauKu BXOTHBIX
cratuueckux xapakrepucTtuk I» = f(Uss) mpu Uks = const Ha 0AHOM pHCYHKE.
3.2 Tlo pe3ynbTaTam uzmepeHui (Tadauna 3) mocTpouTh rpadMKu BEIXOIHBIX

cratudeckux xapakrepuctuk Ix = f(Ugg) mpu I5 = const Ha oJHOM pUCYHKe.

3.3 Ilo ceMelcTBY BBIXOJHBIX XapaKTEPUCTUK PEATIbHOTO TPAH3UCTOPA MOCTPOUTD
XapaKTEPUCTHUKY yIpaBieHUs (IpSMON epeadn ).

3.4 Tlo cemMeiCTBY BXOJHBIX XapaKTEPUCTUK PEAIbHOTO TPAH3UCTOPA MOCTPOUTD
MEPEXO0IHYI0 XapaKTEPUCTUKY (0OpaTHOM nepeaadn ).

3.5 Cpnenatb BBIBOJ IO KXXJIOMY ITYHKTY UCCJICIOBaHUM.
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4. Conep:xanue oT4era
OT4eT TOJKEH CoepKaTh:
- 1IeJTb pabOoThI;
- MAaCIOPTHHIC JAHHBIE U CXEMY PACIIOJIOKEHUS BBIBOJOB UCCIIETYEMOTO
TPAH3UCTOPA;
- CXEMbI U3MEPEHNN;
- TaOJUITEI U TPAPUKUA CTATUYECKUX XaPAKTEPUCTUK TPAH3ZUCTOPA;

- BBIBOJIbI O COOTBCTCTBUHU ITOJTYYCHHBIX JAHHBIX TCOPHUU.

4 KoHTpPOJIbHBIE BOIIPOCHI
1. PacckaxuTe 0 TOKOABUKEHUU B p-n-p-TPAH3UCTOPE, BKIIOYEHHOM I10 CXEME
Ob. Hapucyiite Bxoansle cratuueckue xapakrepuctuku bT ¢ Ob.
2. Hapucyiite Bbixoansle cratnyeckue xapakrtepuctuku bT ¢ Ob.
3. Kak 0O0bSICHUTB BUJ BXOJHBIX U BBIXOJHBIX CTATUYECKUX XapakTepucTuk bT,
BKJIFOUYEHHOTO o cxeme ¢ OBb?
4. OxapakTepusyiTe Tpu 00JIaCTH, OTBEUAIOIINE PA3IMIHBIM pekuMam padoTsl BT,

BBIJEIIIEMBIC HA BBIXOJHOM Xapakrepuctuke bT.

5. OxapakrepusyiTe 3aKOHOMEPHOCTh B OTJIMYHH BXOJHBIX XapaKTEPUCTUK

KPCMHHCBLIX U TCPMAHUCBLIX TPAH3UCTOPOB.

6. Kak Biusier Temreparypa Ha 00paTHbIi TOK Ix50? OTBET HOSCHHMTE.
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JIABOPATOPHAS PABOTA Ne 4

NCCJIEJOBAHUE PABOTBI BUIIOJIAPHOI'O
TPAH3UCTOPA. BXO/JHBIE U BbIXO/JIHBIE
XAPAKTEPUCTHUKU B CXEME C OBIIUM DMUTTEPOM

Llenv:  uccnenoBaHME — TOJYIPOBOAHUKOBOM  CTPYKTYpBl  C  JBYMS
B3aUMO/ICHCTBYOIUMHU BBITPSAMIIAIOLIUMU JIEKTPUYECKUMU  TIEPEXOJaMH,

BKJIFOUEHHOM 10 cxeMe ob0muii smuttep (0I).

1 HoaroroBka K Ja60paTopHOi padore

N3yuuth nurepatypy [1], [2], KOHCHEKT JEKIUA MO TaHHON TEME.

OOpatuth BHHUMaHHE Ha TO, YTO B JIAOOpATOpHOM padoTe ISl HMCCIeAOBaHUMA
MOJIYITPOBOJTHUKOBOM CTPYKTYpBI HCIOdb3yeTcss OunomsipHbiid Tpansucrtop (BT) c
BBITIPSMIISIIOLIIMMHU DJIEKTPUUYECKUMU MEPEXOJaMU B BUJE p-n-TIEPEXOJ0B (PUCYHKH
3.1,3.2).

Cnenyer oOpaTuTh BHUMaHUE, U3ydyaemasi cxema 00JIaJaeT YCUIICHUEM TI0 TOKY,
T.K. Is=1I> - [k<<Ik (Ik= I»), u ycunenuem no HanpsikeHuto AUxs> AUss. Kpome
TOTO, €€ BXOJTHOE COMMPOTHBIICHHE HAMHOTO OOJIBIIIE BXOHOTO COMMPOTUBIICHUS CXEMBI
¢ Ob.

BHUMAHME! B npouecce usmepennit HE/JOIIYCTHMO npeBblllieHUE Tpe-

JENBHBIX IKCIUTYyaTaIIMOHHBIX IMapaMeTpoB (cM. tabopaTopHyo padoty Ne 3).

2 Tlopsinok BbINOJIHEHHS J1A00PATOPHOI PadOTHI
2.1 Cobpatp cxemy uccienoBanus (pucyHok 5.1) Ha ydeOHOU abopaTopHOU
YCTaHOBKE «JIEKTPOHHbIE MpHOOpb». CleayeT 00paTuTh BHUMAHUE HA MOJSPHOCTD
NUTAKOIINX HAOpsDKEHUM S3MHUTTEPHOM M KoJUIeKTOopHOW wneneit! OHa JgoipKHA
COOTBETCTBOBAaTb AKTUBHOMY PpEXUMY pabOThl HCCIENYEMOW MOJIyIPOBOIHUKOBOM
CTPYKTYpHI ( p-n- p-TUNA WK N-p-n-TUTA)!
2.2 CHATb BXOJIHBIE CTaTHYECKUE XapakTepucTuku bT (mpu koMHaTHOM

TeMreparype).
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2.2.1 Ha Bxole M BBIXOAE CXEMbl C TOMOIIBIO PETYIUPYEMBIX HCTOYHHKOB
nutanus El, E2 ycraHoBUTH HyJeBble 3HaueHUs HanpspkeHuid. Uks — mapamerp

BXOJIHBIX CTaTU4YeCKUX XxapakTepuctuk bT B cxeme ¢ 0.

DN

/\

Pucynok 1 - Cxema uccieaoBaHus BXOJHBIX U BBIXOJHBIX CTATHUECKUX
XapaKTEPUCTHUK

2.2.2 U3mensass 3HaueHue BxomgHoro Hampspbkenus Uss,  ¢GuKcHpoBaTh
cooTBeTcTBYIOMMUE 3HaueHus1 BxogHoro Toka Is (Is = f(Uss)). PesynbTaTs! 3anectu
B Tabnwmy 1.

2.2.3 IloBtroputh aevictBus m.am. 2.2.1, 2.2.2, npu 3TOM YBEJIHYHUTH aOCOTIOTHOE
3Ha4YeHue napamerpa BbIXOAHOW uLenu Uxks MO CPaBHEHUIO C IPEABIAYIIHM.
Pesynbratel 3aHecTu B Tabnuity 2.

2.2.6 Pe3ynbrathl cBecTH B Tabwmiy 1.

Taomuna 1
Us»,
Ux>=0 B
Is,
Usp,
Uxs=...B
Is,
Usy,
Ux>=...B
Is,
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2.3 CHaTb BBIXOJIHbIE cTaTUUecKkue Xapakrepuctuku BT B cxeme ¢ O3. [yt aToro

HEO0XOIUMO:

2.3.1 BHUMAHME! [Iloctpouts (MCIoONb3ys MAacCHOPTHbIE JaHHbBIE) B
COOTBETCTBYIOIIEH CHUCTEME KOOPAMHAT JIMHUM, OrpaHUYMBAIOIIME O00JIaCTh
0€30I1aCHOCTH PEKUMOB pabOThI TpaH3UCTOPa (PUCYHOK 3.5).

232 Ha BXxoze C TNOMOLIBI pEryjJMpyeMoro MUCTOYHHMKA nuTaHus El
yctanoBuTh Is = 0. Ha BbIXozme cXembl ¢ MOMOIIBIO PEryIMPYyEeMOro UCTOUYHUKA
nutanuss E2 ycTaHOBUTH HyJIeBO€ 3HAu€HHWE HaNpsbkeHus. ls — mapamertp
BBIXOJIHBIX CTaTUYECKUX XapakTepuctuk bT B cxeme ¢ O3.

2.3.3 Usmensiss 3HaueHue BbiIxoAaHoro HampsokeHuss Uxs,  GukcHpoBathb
COOTBETCTBYIOIIME 3HaueHHUsd BbixoaHoro toka Ik (Ik = f(UK»)). Pesynabrars
3aHECTH B TaOIMIy 2.

2.3.4 lloeroputh peiictBus n.m. 2.3.2, 2.3.3, HO OpU 3TOM YBEIUYUTh
aOCONIOTHOE 3HAa4YeHWE MmapaMeTrpa BXomHoW menu Is. Pe3ymbrarel 3aHectu B
TadauIty 2.

2.3.5 IloBtoputh 1.2.3.4.

Tabmuma 2
Uxo,
Is=0 MA
Ik,
Uko,
Is=...MA
Ik,
[8)%)
Is=...MA
Ik,
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3 O0paboTKa pe3yJbTaTOB U3MEPEeHU
3.1 Tlo pe3ynwpTaTam uamepenuii (Tabmuia 1) mocTpouTth rpaduKu BXOTHBIX
xapaktepucTuk Is= f(Uss) mpu Uks = const Ha 0JIHOM PUCYHKE.
3.2 Ilo pe3ynbpTaTaM u3MepeHui (Tadauma 2) mocTpouTh rpadKu BEIXOIHBIX

xapakrepuctuk IK = f(UKD) mpu Ib = const Ha olHOM pUCYHKe.

3.3 Ilo ceMeHCTBY BBIXOIHBIX XapaKTEPUCTUK PEATLHOTO TPAH3UCTOPA MOCTPOUTH
XapaKTEPUCTHUKY yIpaBieHus (MIpsIMOM niepeaayn).

3.4 Tlo cemeiCTBY BXOJHBIX XapaKTEPUCTUK PEATILHOTO TPAH3UCTOPA OCTPOUTh
NEPEXOIHYIO XapaKTEPUCTUKY (0OpaTHOI epeaayn).

3.5 Tlo kaxI0My NyHKTY UCCIIEIOBAHUM C/I€JIaTh BHIBOIBI.

4 ConepxxkaHue oT4eTa
OT4eT O0JKEH coiepkKaTh:
- 1IeJTh pabOoTHI;
- TIACIOpPTHBIE JAHHBIE U CXEMYy pACMOJIOKEHHSI BBIBOJOB HCCIEIYEMOTO
TPaH3UCTOPA;
- CXE€MbI U3MEPEHUN;
- TaOJUITEI U TPAPUKUA CTATUYECKUX XAPAKTEPUCTUK TPAH3ZUCTOPA;

- BBIBOJIbI O COOTBETCTBUHU ITOJTYUYCHHBIX JAHHBIX TCOPHUH.
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S KoHTpo/ibHbIE BONIPOCHI
1 Pacckaxute 0 TOKOJIBUKEHUU B p-n-p-TPAH3UCTOPE, BKIOUEHHOM 1o cxeme O1.
2 Hapucyiite Bxoaublie cratnyeckue xapakrepuctuku bT ¢ O0.
3 Hapucyiite BbIXOHbIE cTaTUUeCKKE Xapakrepuctuku bT ¢ OD.
4 Kak oOBSICHUTH BH]T BXOJHBIX M BBIXOJIHBIX CTATUUECKHUX XapakTepucTuk bT,
BKJIFOYEHHOTO 10 cxeme ¢ O97?
5 Oxapaktepusyite Tpu 00JaCTH, OTBEUAIOIINE PA3TUIHBIM pekumam padoTsl BT,
BBIJIEJISIEMbIC HA BBIXOJIHOM XapakTepuctuke bT.
6 OxapakTepu3yiTe 3aKOHOMEPHOCTh B OTJIMYMHU BXOJHBIX XapaKTEPUCTHUK

KPEMHHEBLIX U TCPMAHUCBBIX TPAH3HUCTOPOB.

JIABOPATOPHAS PABOTA NeS

NCCIEJOBAHUE PABOTBI ITOJIEBOI'O TPAH3UCTOPA C
YIIPABJIAIOIINUM ITEPEXO/10OM

L]env: uccnenoBaHue MOJTYNPOBOJAHUKOBOM CTPYKTYpbl, B KOTOPOW YIIpaBiIEHUE
TOKOM B OOBEMHOM KaHaj€ OCYIIECTBISIETCS C IOMOILUBIO  BBIIPSIMIISAIONIETO

QJICKTPUYICCKOTIO IIEpexoaa MMOICPCYHBbIM JICKTPHYICCKHUM I10JICM.

1. lloaroroBka K 1abopaTropHoii padore
N3yuuth nurepatypy [1], [2], KOHCHEKT JEKIUA MO TaHHOW TEME.
OOparuth BHUMaHHE Ha TO, YTO B JabOpaTOpHON paboTe AJid UCCIeIOBAHUN
MOJIYTIPOBOJHUKOBOM CTPYKTYPbI UCIIOJIB3YETCS MOJIEBOM TPAH3UCTOP C YNPABISIOLIAM
ANEKTPOHHO-ABIpOUHbIM TepexoaoM (IITYII) — 3To momynpoBOJHUKOBBIN HpUOOP C

JBYMSl YOPaBJISIOIIMMU 3JEKTPUUECKUMH MEPEX0JaMH M TpeMsl BbIBOAAMH (PHCYHOK

2.1).
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n-KaHan

Si p-muna

Pucynok 1 — Crpykrypa IITVYII ¢ AByMs ynpaBIsitOliiMu
ANEKTPUYECKUMH MIEPEXOAAMU

Oo6o3nauenus [ITYII ¢ cooTBeTCTBYIOIIMMYU KaHaJaMH MMOKa3aHbl HA PUCYHKE 2.

? CTOK CTOK
3aTBOp ( | > 3aTBOp
O UCTOK MCTOK
a) 6) KaHaJI n - TUIIA.
Pucynok 2 — O6o3nauenus [ITVYII: a — KaHaJl p-TUNa, 6 — KaHaJl n-TUMa

BHUMAHME! B nponecce uzmepenuit HE/JOIIYCTHMO npeBblnieHUE Ipe-
JE€JIbHO-IOMYCTUMBIX 3HAYEHUN TOKOB M HampspkeHUH. Ui npeaynpexaeHus BbIXoaa

u3 ctpos [ITYII cnexyet onpenenuTs 061acTh 0€30MACHBIX PEKUMOB.
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[lepen n3mepennsiMu HEOOXOIUMO MOCTPOUTH B COOTBETCTBYIOIIUX OCAX KOOPIHU-

HAT JMHUH, OTPAHUYUBAIOININE 00JaCTh OE30TACHOCTH PEKUMOB PabOTHI TPAH3UCTOPA.

B kauectBe mpumepa Ha puc.2.3 MOKa3aHO MOCTPOCHUE OTPAHWUYMBAIOIIUX JIMHUN B

cucteme koopauHart Ik, Uks 115t Tpanzuctopa MII-39.

4+ I, MA

40 +
HHHHX UK6 max

30 T /
2 HHHHS{ IK max

/ / SIS | Jluswus I,
101 nacrb 663OHaCHOI‘0 onpenensemas Py max

////// /. X
0 0 -12 -l4

]
-16 Ui, B

Pucynox 3 — Iloctpoenue o61actu 0€30MaCHBIX PEKUMOB PAOOTHI

ounossipHoro Tpansucropa MII-39

O6paTI/ITB BHUMAaHHC HA TOT q)aKT, YTO OCHOBHOM CXEMOM BKJIIOUEHHS MOJIEBBIX

TpaH3ucTOpoB ¢ ynpasistonum nepexoaoM (IITYII) sBasercs cxema ¢ o0mum UCTO-

KOM (PUCYHOK 2.5).

Janee, He0OxoaMMO 00paTUTh BHUMAHKE HA TO, YTO B CIIPABOYHHUKAX MTPUBOIUTCS

O0OBIYHO OoaHa CTOKO-3aTBOPpHAd XapaKTCPUCTHUKA, CHATAsA IMPH THUIIOBOM HAIIPSXKCHHUU

Ucn.

B naGoparopnoii paboTe UCIOJIb3YIOTCS TPAH3UCTOPHI, MACTIOPTHBIEC JJAHHBIE

KOTOPBIX MIPUBEICHBI B TabuUIIe 1.

Tabmuma 1
Tun Tun Ic max, U B Pc mom. Csn Csc Ry, Usnorc,
TpaH3UCTOpa | KaHana MA CHoon MBT n®d | nd Om B
KIT1031 P 1,8 12 21 20 8 30 0,8-3
KIT103E P 1,5 10 7 20 8 50 0,4-1,5
KIT103M p 7,5 10 120 20 8 60 3-5
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PacrnionosxeHre BHIBOAOB Y UCCIEAYEMbIX TPAH3UCTOPOB MOKAa3aHO Ha pUCYHKeE 2.4.

Crok

3aTeop

O
Herox

Pucynok 4 — Pacnionoxxenue BoiBogoB [ITYII

2. IlopsiioK BBINOJHEHUS JIA00PATOPHOM PAdOThHI

2.1 CoOpatp cxeMy wuccienaoBanus (pucyHok 2.5) Ha ydeOHOH

7a00paTOpHON yCTaHOBKE «DJEKTPOHHBIE MNpuOOps». Cremyer o00paTuTh

BHMUMaHUE HAa TMOJSIPHOCTh NUTAKOIMX  HanpsokeHuwit! OnHa  10DKHA

COOTBETCTBOBATh pabouyeMy pexumMy padOThl UCCIEAYEMON MOTYIPOBOIHUKOBOM

ctpykrypsl (IITVYII ¢ kanamom p-tuna i [ITYII ¢ kanaiomM n — tuna).

2.2 Cuarp oaHy Xapaktepuctuky mpsmou mnepemaun lc = f(Usy) npu

tunoBoM Hanpsikenuu Ucn= 0,45 B.

&
>

L ]
o A

AV

(&
=

\VaRs
/\ |"0

l ®
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Pucynok 5 — Cxema uzmepenunii cratnyeckux xapakrepuctuk [ITYII ¢
KaHAJIOM p-THUIIA.

2.2.1 VYcraHOBHUTH Ha BBIXOJE COOpPAHHOW CXEMBbI C IOMOIIBIO PETYIUPYEMOTO
ucrounnka E2 3nauenue mnapamerpa Ucn = 0,45 B. 3amaBas cmelieHue
oTpuriatenbHoro  Hampsbkenus  Usu mocpenctBom  El,  dukcupoBath
COOTBETCTBYIOIIIME 3HAUCHUS TOKa cTOKA Ic.

2.2.2 Pe3ynbTaThl U3MEPEHUN 3aHECTH B TaOIHILY 2.

TaOmura 2

Usy,
Ucu=... B

Ic,

2.3 CHaTb BbIXOJIHbIE cTaTHueckue xapakrepuctuku [ITYII B cxeme ¢ ON.

2.3.1 BemucaTe NOpeaenbHble 3KCIUTyaTallHOHHBIE MapaMeTpbl M ONPEIEIHUTh
oOnacTh Oe3onacHbIX pexumoB padotsl [TTVYII.

2.3.2 C noMouipt0 peryjJmpyeMoro uctouynuka nutanus E1 ycTaHOBUTH 3HaueHHE
napametpa Usuy = 0 B. 3amaBas cmemienne Hanpsbkenuss Ucu nocpenctBoMm E2,
CHATHh COOTBETCTBYIOIIINE CMENIEHUS TOKa cToKa Ic ¢ momoibro MA L.

2.3.3 TloBroputh m. 2.3.2, KaxAblii pa3 yBeIWYUBas aOCONIOTHOE 3HAYCHHE
oTpuiaTeabHoro napamerpa Usi.

2.3.4 Pe3ynbTaThl U3MEPEHUM 3aHECTH B TAOJIHITY 3

Tabmuma 3
Ucu
Ussn=0B
Ic
Ucn
Usu=...B
Ic
Ucnu
Usu=...B
Ic
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3. O0pabdoTKa pe3yJbTaTOB U3MeEpPEeHUil

3.1 Tlo pesynbpTaTam m3mepeHuil (Tabnuia 2) MOCTPOUTh Tpaduk mpsMon mepe-
naun uccnegyemoro [ITYIIL

3.2 Tla pesynpraTtam u3aMepeHuii (Tabmuia 3) mocTpouTh rpaduKH CeMercTBa
BbIXOIHBIX XapakTepucTuk [ITYII Ha omHOM pucyHKe.

3.3 IlpoBectu rpadoanamuTHUecKue pacueTsl AuQdepeHInaTbHbIX MapaMeTpoB,
UCIIOJB3YA rpaduku m.3.2.

3.4 IlpoBectu aHamuTHUECKHE pacyeThl nuddepeHIuanbHbIX TapaMeTpoB Kpy-
TU3HBI S MepeaaTouyHoil xapakrepuctuku (1), BHyTpeHHero conpotusieHus Ri (2, 3),
CTaTHMYECKOro Kod(p¢uiueHTa | YCWICHHS MO HampspkeHuto (4, 5), BXOIHOTO
conpotuBieHus (6), HanpsokeHus: cTOK-UCTOK Ucu B pexkume HachieHus (7),

TOKa CTOKa B pexuMe HachleHHs] Ucuac (8), cOnpoTuBiieHus aTTeHoaTopa (9).

1) KpPYTH3HA I€PEAATOYHOM XapaKTEPUCTUKHU

g dlc . Al
du,, AU,

npu Ucy = const (1)

Kpyrnsna onpenenser HAKIOH CTATMYECKOM CTOKO-3aTBOPHOW XapaKTEPHUCTHUKH.
CootsercrBytomue 3HaueHust Alc u AUsu ipu Ucu = const MOryT ObITh HailIeHbI B 3a-
JaHHOM Touke. KpyTW3Ha JIMHEHHO 3aBUCUT OT HAIPSDKEHUS HAa 3aTBOPE U UMEET
MakcumalbHoe 3HaueHue npu Usu= 0.

2) BBLIXOJHAasi IPOBOANMOCTD

Gy = dcg; i AAJ; npu Usu= const ()
OOparHasi el BelnurnHa Ha3bIBACTCS BHYTPEHHUM CONIPOTUBIICHUEM TPaH3UCTOpa
Ri.
Ri= GGlblx s AZZ“
npu Usm — const 3)
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Ono xapakrtepusyer BiausHuUE HanpsbkeHHs Ucu Ha TOK cToKa. B pexume
HACBILICHUS] TOK CTOKA M3MEHSETCS HE3HAUUTENIbHO IPU M3MeHeHUn HanpsbkeHus Ucn,
nostomy Ri OT HECKOJBKHX JECATKOB A0 COTeH KWIOM. COOTBETCTBYIOLIUE
npupamienus AUcu u Alc nmpu Usu = const MOTYT ObITh HailIEHBI MO CTATHYECKUM

XapaKTEepUCTUKaM B 3aJIaHHON TOUKe (puc. 4)

3) craTuyeckuii KOADOUIIMEHT YCUIIEHUSI IO HANIPSHYKEHUIO

_dUcu _ AUcu

H= dUsu N AU3u
npu Ic = const (5)

Cratuuecknii KO3((HUIMEHT YCUIICHHUS |l TOKA3bIBAET, BO CKOJBKO pa3 U3MEHEHHE
[0 HAIpsDKCHUIO HAa 3aTBOPE BIUAECT HAa TOK CTOKA 10 CPAaBHEHUIO C U3MEHEHUEM
HaIIPsSKEHUS HA CTOKE.

Koadduiment p omnpenenseT MOTEHIHMATbHBIE BO3MOXKHOCTH IOJIEBOTO TpaH3U-

CTOpa KaK YCUJIUTCIIA HAIIPSIHKCHUS 1 UMCCT 3HAYCHUS HECCKOJIBKO COTCH.

AU
u=""Y_Ri.s
AU3u (6)
4) BXOJIHO€ CONPOTHUBJICHUE
(7)
Rex = dUsu R AUsu npu Ucu = const

dlz Al3

Tak kak TOK B LCTIN 3aTBOPA ITPAKTUYCCKH OTCYTCTBYCT, TO BXOJAHOC COIIPOTUBJICHUC

NOJIEBBIX TpaH3UCTOPOB o4eHb Benuko. Y IITVYII ono cocrasnser 107...10° Om.

4) HanpsHKEHHUE CTOK-UCTOK B PEKMME HACKIIIICHHMSI
Ucn= Usu— Usu orc, (8)

rae Usu orc— HanpspDKeHUE OTCEYKU (CIIPaBOYHHUK).

Pexum HACbIICHUA ITPHU YBCIIMIYCHUHA a0COJIIOTHOI'O 3HAYEHUS OTPULIATCIIBHOT'O
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HAIpsHKCHUS HACTYIIACT IIPU MCHBIINX 3HAYCHHUAX HAITPSXKCHHA Ha CTOKC.

5) TOK CTOKAa B PCKMMEC HACBIITICHUA

_ (Usn-Usw orc)’

Cmax

I =1

CHAC

2
U"3u oTC )

rae Ic max — MaKCHUMabHOE 3HaYE€HHE TOKA CTOKA (CIPABOYHUK).

6) CONIPOTHUBIICHUE aTTEHIATOPA

2
R= 2Us o1c
S
3.5 IlomyyeHHble pe3yabTaThl CBECTH B TAOIHILY 6. (10)
Tabnuna 6
Usu, B | Ucunac, B | S,MA/B | Ri, kOm i Rex,Om | R,kOm | Icnac, MA

3.6 Tlo pesympraram pacuetroB (Tabmuia 6) moctpouth rpaduku S = f(Usn)
u R =1{(Usn).

3.7  Ilo kaxxaoMy MYHKTY UCCIEAOBAHUN CJIeNIaTh BHIBOJIBI O COOTBETCTBUU

IIOJIyYEHHBIX PE3YJIbTATOB TEOPHUHU.
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4. Conep:xanue oTyeTa

OT4eT TOJKEH coepKaTh:

- Ha3BaHHE U LEeIb pabOThI;

- macnopTHsle faHHble nccnexyemoro IITVYII;

- PUCYHOK € 00JacThio 6e30macHoro pexxuma padotsl ganHoro [ITVYII;

- CXEMbI U3MepeHuil Ha 1a00paTOPHOIl YCTaHOBKE;

- TabJUIIBl ¥ TpadUKU XapaKTEPUCTUKH MPSIMOU TIEpeIadn U CEMEHCTBA BHIXOIHBIX
xapakrepuctuk i peasibHoro [ITVYII;

- TpadoaHaTUTUYECKUN U aHATMTUYECKUI pacueTsl TudPpepeHInalbHbIX mapa-
METPOB peanbHoro uccieayemoro HTVYII;

- rpaduku 3aBucumocted S = f(Usu) u R = f(Usu) ansa peansuoro [ITVYII;

- BBIBOJHI.

5. KoHTpO/ILHBIE BONIPOCHI

1 IMosicauTe koHCTpyKUMIO U npuHIMn aevicteus IITYII ¢ kananoM n-tuna u ¢
KaHAJIOM p-THUIIA.

2 IlpuBenute ycinoBHbIE TpadudecKkue 0003HAUEHUS OJIEBBIX TPAH3UCTOPOB C
YIPABJISIOLIUM P-N-IIEPEXOOM.

3 Kaxkue ¢pusnueckue pakTopbl MOTYT BIHMATH Ha XapaKTep 3aBUCUMOCTH TOKa
CTOKa OT HamnpsbkeHus Ha ctoke [TTYII?

4 N3o0pa3ute 1 nosicHuTe cratuueckue xapakrepuctuku [ITYIL.

5 3anummre U 00BSICHUTE TEOPETUUECKOE BBIPAKEHHE XapaKTEPUCTUKU IPSIMON
nepenauu [ITYIIL

6 3anuimure U 0OOBICHUTE TEOPETUUECKOE BBIPAKEHHE ISl KPYTOIO y4acTKa

xapakrepuctuk I[ITVYII.

7 Uem 0OBsICHSIETCA HATMUKE TIOJIOTOTO Y4acTKa BBIXOAHBIX XapakTepuctuk [TTYII.
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JIABOPATOPHAS PABOTA Ne 6

NCCIEAOBAHHUE PABOTHI IIOJIEBOI'O TPAH3UCTOPA C
NHAYHIHUPOBAHHBIM KAHAJIOM

L]env: uccienoBaHre NOJYIPOBOJHUKOBOM CTPYKTYPbI TPAH3UCTOPA, B KOTOPOUH
YIPABJIEHUE TOKOM B IPHUIIOBEPXHOCTHOM HMHIYLIMPOBAHHOM KaHaJI€ OCYILECTBIIAECTCA
C MOMOIIBIO TOTIEPEYHOT0 IEKTPUUYECKOTO MOJIs, a YIPABISIONINN 3JEKTPOo (3aTBOD)

H30JIMPOBAH OT IMPOBOAIICTO KaHaJIa.

1 IToaroroBka K JiabopaTtopHoii padore
N3yuute nutepatypy [1], [2], KOHCHEKT JE€KIU O TaHHON TEME.
OOpatuTh BHMMaHUE HA TO, YTO B JabopaTOpHON paboTe A MCCAeAOBaHUMA
HCIIOJIBb3YETCS MOJIEBOUW TPAH3UCTOP € U30JIMPOBAHHBIM 3arBopoM — M/III-Tpan3ucrop

(pucyHok 4.1).

Si n-muna

Pucynoxk 1 — CTpykTypa oJieBOro TpaH3UCTOpa C
U30JIMPOBAHHBIM 3aTBOPOM (C p-KaHAJIOM)

Heobxoaumo nmomuuth, uto M/III-TpaH3ucTOphl C MHIYLHMPOBAHHBIM KaHAJIOM

pa60Ta10T TOJIBKO B PCIKHME 060FaHICHI/I}I KaHaJla OCHOBHBIMH HOCHUTCIIAIMU 3apsaa.

OCHOBHBIMM IMapaMeTpaMH, XapaKTEPU3YIOIIMMU IOJIEBOM TPAH3UCTOpP Kak
HEJIMHEHHBIA DJIEMEHT, SABISIIOTCA: KOA(P(GUUMUEHT YCUJIEHUS MO HampsbkeHuo ku,

KpyTH3HA NIEPEIATOYHON XapaKTEPUCTUKHU S, T1(depeHInaTIbHOE BBIXOIHOE
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BHYTpeHHEe cornpotuBiieHne Ri, nuddeperimanpHoe conpoTUBIEHNE ydacTKa 3aTBOP-
cTOK R3c.

Cnenyer oOpaTuTh BHMMAaHHE Ha MapaMmeTphl IMOJEBBIX TPAH3UCTOPOB (B TOM
yucina MJIII-TpaH3ucTOpPOB), KOTOpPBIE 3aBUCAT OT Temmneparypbl. VMu sBistoTCA
HanpsDKEHUE OTCEYKH M MOPOroBoe HampshkeHue. B pexknme GONbIIMX TOKOB CTOKA
NOBBILIEHUE TEMIIEPATyPbl OKPYKAOIIEH CpeAbl MPUBOAUT K YMEHBIIEHUIO TOKA CTOKA
Ic. To ectb aBTOMaTH4YECKH MPOUCXOIUT CHUKEHUE MOLIHOCTH, PACCEUBAIOLIEHCS B
MI0JIEBOM TPAH3UCTOPE, YTO OOYCIAaBIUBAET 3HAUUTEIHHO MEHBIIYIO CKIOHHOCTh 3THX
TPAH3UCTOPOB K TEIJIOBOMY IPOOOI0 (IO CPaBHEHHIO C OMIOJSPHBIMU TPaH3UCTOpa-
MH).

BHUMAHME! B nponecce uzmepenuit HE/JOIIYCTHMO npesbllieHUE Tpe-
JENbHO-JOIMYCTUMBIX 3HAYEHHI TOKOB M HampsbkeHW. st mpeaynpexaeHus BbIXoaa
u3 ctpost M/III-Tpan3ucropa cienyer onpeaenuTh 00J1acTh O€30IacHBIX PEXHMOB.

[TonpoGHO mpouieaypa onucana B 1abopaTtopHoi padbote Ne2.

O603nauenuss MIII-TpaH3UCTOPOB C COOTBETCTBYIOUIMM HHAYLUPOBAHHBIM Ka-

HAJIOM MOKa3aHbl HA pUCYHKE 4.2.

\

by
-

Pucynok 2 — IloneBoii TpaH3UCTOP C U30JIMPOBAHHBIM 3aTBOPOM
(MIII-Tpan3ucTop) ¢ MHAYLIHPOBAHHBIM p-KaHAJIOM U 1- KaHAJIOM

2 ITopsiioK BBINMOJHEHUS JJA00PATOPHOM PadOThI
2.1 Cobpatp cxemy uccienoBanus (pucyHOK 4.3) Ha 1a00OpaTOPHON YCTaHOBKE
«OnexTpoHHbIe TPUOOPH. Creayer 0OpaTuTh BHUMAHUE HA MOJSIPHOCTH MUATAFOIIAX
HarnpspkeHuit! OHa 10KHA COOTBETCTBOBATH paboueMy peKUMY PabOThI HCCIICTyEeMOM
MOJIyIPOBOJHUKOBOM CTPYKTYypbl (MII-TpaH3uctop ¢ MHAYIUPOBAaHHBIM p-KaHAIOM

WJIW 1- KaHAJIOM).
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3 | Ucnr E2

Pucynoxk 3 — Cxema a1 U3MEPEHUIN CTaTUYECKUX XapaKTEPUCTUK

2.2 Cuarb nBe nepeaatounblie xapakrepuctuku Ic = f(Usu) npu Hanps>keHuu Ha CTo-
K€ 0,3Ucnnon 1 0,6Ucu non. Pe3ynpTaThl m3mepenuit 3anectu B Tabmiry 1.

B xoze skcniepuMeHTa ONpeAeanuTh MOPOroBoe 3HaueHue HanpsKeHUs: Unop IPU
Toke cTtoka mnopsaka Ic = 100 wmkA, a 3arem, yBenuuuBass Usu, CHSATH
AKCIIEPUMEHTAJIbHbIE 3HAYEHUS TOKa.

Tabmanma 1

0’3 UCI/I omn O,6 UCI/I JI0TI
Usu, B Ic, MA Usu, B Ic, MA

2.3 Cuarp Beixognble xapaktepuctuku Ic=f(Ucn) MJIII-Tpan3ucropa ¢ nHAynupo-
BaHHBIM KaHAJIOM (ITpU KOMHATHOM TEMIIepaType).
2.3.1 YcraHOBUTH Ha BXOJIe COOpaHHOM CXeMbI Takoe 3HaueHue napametrpa Usy,
KOTOpo€ cOOTBETCTBYET TOKY CTOKA 0,31c non ipu  Uct pon (1. 2.2).
2.3.2 B BeIXOAHOI 11eTIH, U3MEHSS 3HaueHne HanpsikeHus: Ucy, GUKCUPOBATH CO-
OTBETCTBYIOIIME 3HAYEHUS TOKA CTOKA.
2.3.3 YBenuuuTh Ha BXOJ€E CXEMbl 3HaueHue napameTpa Usu 10 BEIMYUHBI, KOTO-

past cooTBeTcTBYET TOKY cTOKa B 1. 2.2 Ic= 0,8Ic zon ipu  UcH pon.
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2.3.4 B BBIXOAHOM 11enH, U3MeHss 3HaueHue Hanpsbkenus Ucu, PUKCUPOBATH CO-
OTBETCTBYIOIIME 3HAYEHUS TOKa cTOKa Ic.

2.3.5 YcraHoBuTh Ha BXO/Jie 3HaueHue napamerpa Usu, COOTBETCTBYIOIIEE CPEL-
HEMY 3HAYEHUIO OTHOCUTENILHO MyHKTOB 2.3.1 1 2.3.3. BeinmoaHuTs nyHKT 2.3.4.

2.3.6 Pe3ynbraThl UBMEPEHUM 3aHECTH B TAOJHITY 2.

Tabmuma 2
Usu= Ic=0,3 Ic nomn Usu= Ic=0,8 Ic non Usu= Ic=Ic mon
Ucu, B Ic, MA Ucu, B Ic, MA Ucu, B Ic, MA

2.4 ITomectute MIII-Tpan3uctop B Tepmoctat npu remneparype T =40°C.

2.5 Cusatp ynpabisonyto (nepeaatounyro) xapakrepuctuky Ic = f(Usu) mpu Ucn =
0,3 Uctt zon. 7151 3TOr0 HEOOXOAMMO MOBTOPUTH MyHKT 2.2.

2.61Tomectute M/III-Tpan3ucrop B Tepmoctat npu temneparype T = 80°C. IlosTto-
pUTH TIYHKT 2.5.

2.7. Tlo pe3ynbTaTaM U3MepEeHU 3a0JHUTH Ta0uILy 3.

Tabanma 3

T= 400C, Ucu= 0,3 Ucu on T= 800C, Ucu= 0,3 Ucn JIon

Usu, B Ic, MA Usu, B Ic, MA
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3 O0paboTka pe3yJIbTATOB H3MepeHHUit

3.1 Ilo pe3ynpTaTaM usmepeHuit (Tadauma 1) mocTpouTh rpaguku IByX YNPaBIISIOMIMX

(nepenatounbix) xapakrepuctuk M/{II-rpan3ucropa Ic= f(Usn).

3.2 Ila pe3ynpTaTam usmepenuii (Tadauia 2) mnocTpouTh rpauKu CeMEMCTBa  BBIXO/I-
HbIX Xxapakrtepuctuk Ic =f(Ucu) MII-Tpan3uctopa Ha 0JlHOM pUCYHKE (IIPU KOMHAT-
HOU TeMIiepaType).

3.3 [la pesynbraram uaMepeHuil (Tabnuma 3) MOCTPOUTH TpapUKU YHPABISIOMINUX

(nepenatounbix) xapakrepuctuk lc = f(Usu) MAII-TpaH3ucTopa Ha OJHOM PUCYHKE

(mpu remnepatype 40°C u 80°C).

3.4 Tlo pe3ynbpTaTaM 00paboTKu u3MepeHuit (1. 3.1, 3.2) paccuutarh TEOPETHUECKUE

3apucumMoctd Ic = f(Usu) mpu Ucn = 0,6Ucn gon m Ic = f(Ucn) mpu Uspy,

COOTBETCTBYMOIEM TOKY cToka Ic= 0,8 Ic gomn. s 3T0TO0 € Hicnob30BaHUEM (HOPMYJIbI

(3) onpenenuth KpyTU3HY S 1o nepenatouyHoil xapakrepuctuke (1. 3.1) nmpu Ucu =

0,3Ucu ion (Usu BEIOpaTh B cepeAMHE CHATOM XapaKTEPUCTUKH ).

[To HaiiieHHOMY 3HAYEHUIO S pacCUUTaTh YIEIbHYIO KpyTU3ny b (5.4).

Ha cemelicTBe BBIXOHBIX XapaKTEPUCTUK OTMETUTH IT'PAHULIbI IMHEWMHOTO y4acTKa

v rpanuily pexkuma HackimeHus Ucn nac = Ucu — Unop.

Hanee o ¢popmynam (1) u (2) paccuutars TpeOyeMble TEOPETUUECKUE 3aBUCUMOCTH U

HAaHECTM HX Ha TpauKH, TMOJIyYeHHbIE B PpeE3yJbTaTe SKCIEPUMEHTATIBHBIX

HUCCIIEI0OBaHUMH.

s pacueTa Toka ctoka B IMHEHHOM pexkume Mpu Uy < Ucunac = Usu— Usuo

UCIIOJNIB3YIOTCS CJIETYIOIINE BBIPAKEHUS:

2
L =bU, ~U,,)U, -

(1)
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[Ipu Ucu <<Usu — Unop MOKHO MCHOJB30BATH JIMHEHHYIO alllPOKCUMAIIMIO 3aBUCUMOCTH

511:= b(U3u— UHOp)UCu
Torz[a B OTOM PpCKHMEC MOXHO pacCUUuTaTb 3aBUCHMOCTL BBIXOJHOTO

CONPOTUBIIEHUS Rsvix 1.p.0T HANPSHKEHUS Usy

_ 1
R, - p (Um ~ Unop )

Jlnst pacueTa ToKa cToka B pexkuMe HachIeHUs TpU Ucy >Ucy nac UCTIONB3YIOTCS

CJICAYIOIIMEC BBIPAKCHUA
[c = 0,5b(U3u— Unop) (2)

B cootBercTBUM € (5.2) I B pexxuMe HAChIIIEHHs HE 3aBUCUT OT Ucu, T.€. BBIXOJIHOE

conporusieHue M/III-Tpan3ncTopa HEOrPpaHUUYEHHO BEIIUKO.

Peanpnass BeanuumHA Rewx mac COCTABISIET JACCATKHN K‘O]I/l, qTO CBAA3aHO C
YMCHBUICHUECM JIJIMHBI KaHaJla. I[JI?I PCKrMa HACBIONICHUA TAKKC MOJKHO HMCIIOJIb30BATh

JIMHEWHYIO alllPOKCUMALHIO

b 2 UCM - U3M _U}’ZO
1=—(v,-U,,) + ( )
c 2 3u nop
[To ympapisromerd XapakTEPUCTUKE MOXKHO omnpeaenuts Kpyruzny MJIII-
TPaH3UCTOPA
Alc

——— npu Ucu - const
Usu (3)

WJIU pacCUYUTaTh €e ¢ yueToM (2):
S = b(Ugu— Unop) (4)

I IIOJIOTOIr'0 ydaCcTKa CTOKOBOH XapaKTCPHUCTUKU.

3.5 Ilo kaxaoMy TIIyHKTY UCCIE€IOBAaHUM cAelaTh BBIBOAbI O COOTBETCTBUU
MOJYYEHHBIX PE3yJIbTaTOB TEOPHH.
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4 Conepxxanue oT4eTa
OTyer JoJKEH coaepKaTh:
- Ha3BaHUE U LIETb pabOThI;
- macrnopTHbIe HaHHbIe uccienxyemoro M/III-rpan3ucropa;
- CXEMbI U3MEpEHUH Ha JIabOpaTOPHOU YCTAaHOBKE;
- TabnuIpl U TpaduKu  yIpaBisionied (mepeaaTouHor) XapaKTePUCTUKU M
CEMENCTBA BBIXOIHBIX XapaKTEPUCTHUK 11 peanbHoro M/III-tpan3ucropa;

- BBIBOJEI.

S KoHTpo/ibHbIE BONIPOCHI
1 Hapucyiite ctpykTypy u o0ObsicauTe npuHiun aeicteus MJII-tpansucropa ¢
VWHIyLIMPOBAaHHBIM KaHAJIOM 71-THUIIA.
2 Hapucyiite u 00bsiICHUTE TIepeaTOYHYIO (YIIPaBIISIONIYI0) XapakTepuctuky MII1-
TpPaH3UCTOPA.
4 Hapucyiite 1 00bsICHUTE CEMEICTBO BHIXOAHBIX XapakTepuctuk MIII-Tpansucropa.
5 B 4em pa3znnuue npuHIMIA IEUCTBUS U OCHOBHBIX XapaKTEPUCTHUK ITOJIEBOTO
TpaH3ucTOpa ¢ p-n-nepexoqom u M/II1- Tpansucropa ¢ UHAYLIUPOBAHHBIM KaHAJIOM?
6 Kakumu npenmyiiecTBaMu 00Jaat0T MOJIEBbIE TPAH3UCTOPBI 110 CPABHEHHUIO € OU-

HOJIAPHBIMU?
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