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AHHOTALIUA

Kypc «OnekrpoHuka» wu3ydaerca cryaeHTtamu Hampasienuit (09.03.01,
11.03.02 ounoit u 3a0uHoil (hopMm oOyueHuUs. YUeOHBIM IUIaH MpeaycMaTpUBAET
MIPAKTUYECKHUE 3aHATUS ISl OaKalaBpOB OYHOTO M 3a04YHOTO 0OydeHwus. Penienue
3a7lad Ha KaXJIOM MPAKTUYECKOM 3aHSATHHU CTaBUT CBOEH IIENBI0 MPHOOpETeHHE
CTYJE€HTAMH  HABBIKOB  pacueTa IapaMeTpoB  JJEKTPOHHBIX CXEM  Ha
MOJIyTIPOBOIHUKOBBIX JTUOAAX U TpaH3ucTopax. [Ipemiaraemoe mocodue Comep KUt
KpaTKoe HM3JI0)KEHHWE OCHOBHBIX TEOPETUYECKUX CBEJCHHIA, OCHOBHBIC (DOPMYIIBI U
rpaduky, HEOOXOMUMBbIE JUIsi PEHICHUS TUIOBBIX MPAKTUYECKUX  3a1a4
aHaIMTUYeCKUMHU MeTogaMu. COOpHUK MpeaHa3HauY€eH Ui MOATOTOBKHU CTYJEHTOB K

YHPAXKXKHCHUAM U ABJIACTCA PYKOBOJACTBOM IIPH PCIICHHUU ITPAKTUYCCKUX 3a1a4.
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IpakTyeckoe 3ansaTue Ne 1 (4 uaca)

Pacuyer cxeM Ha MOJIyNIPOBOJIHUKOBBIX JN0IAX

Llenv 3amsmusa: uccnedosamv BAX oOuooa, cxemy e6xmouenus ouooa,
epacghoananumudeckuilt Memoo paciema OUOOHbIX CXEM.

[TorympoBOTHUKOBBIE AMOIBI UMEIOT CICAYIONTUE OCHOGHbIE RAPAMEMPDL.

- o0patHbd TOK nuona (lp) — 3HAYCHHWE MOCTOSHHOTO TOKA, MPOTEKAIOIIETO
yepes A1oj B 00paTHOM HAINpaBJIEHUU IIPU 3aJaHHOM OOpaTHOM HaIpsiKeHUH;

- ob0patHoe Hampspkenne quoja (Ug) — 3HaYCHHME IMOCTOSSHHOTO HaNpsDOKEHUS,
MPUIOKEHHOTO K JUOY B OOpaTHOM HAaIpaBlICHUU;

—nipsiMoii Tok uoja (1) — 3HaYeHHe MOCTOSHHOTO TOKa, MPOTEKAOIIEro Yyepes
JIMOJT B TIPSIMOM HaIlpaBJICHUH;

-npsimMoe HampsbkeHue auoaa (U) — 3HaueHHWE MOCTOSHHOTO HANpsDKEHUS Ha
JTMOJIC TIPU 33JJaHHOM TIOCTOSTHHOM TIPSIMOM TOKE.

[IpenenbHblit  pexkuM  pabOThl  JIUOAOB  XapPaKTEPU3YIOT MAKCUMATLHO
oonycmumele napamempsl — TapaMETPbl, KOTOPhIE OOECICUUBAIOT 3aJaHHYIO
HAJCKHOCTh M 3HAUCHUS KOTOPHIX HE JOJDKHBI TPEBBIMIATHCS TPH JTFOOBIX
YCIJIOBUSIX IKCILTyaTaIlUu:

~ MaKCHMaJIbHO JIOMYCTHUMas pacceuBaeMasi MOITHOCTD (P,,..);

~ MakCUMaJbHO JOMYCTUMBIM MNOCTOSAHHBIM mpsimoit ToK (l,,..), 3HaueHue
KOTOPOTO OTPAaHUYMBACTCS PAa30rPEBOM p-N-TIepexoa;

—~ MaKCHMaJIbHO JIOMYCTUMOE TToCcTOsTHHOE 0OpaTHOoe HanpspkeHue (Ug ,4);

- nuddepennpanbHOe CONPOTHBIECHHE (I y,4p).

OCHOBHBIE COOTHOILIEHUS /1JI51 PACYETOB MAPAMETPOB JAUO0IA:

Tok aroaa B IPSAMOM HarpaBJICHUN

I=1-(eV%—1),A (1.1)
rae I, — oOpaTHBIN TOK 1U0Aa, A;
U — npsMoe Hanpsikenue, B;

¢, - TEMIIEpaTypHBIN IOTEeHIMAl, B:

_ KT T

= B
Pe q 11600° °

(1.2)
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rne K — nocrosnanas boabimana, K = 1,38 10'23, x/K;
T — a0coumoTHas TeMIlepaTypa B KelnbBuHax, K°;
-19
g — 3apsan daekTpoHa, = 1,6-107, Ku.
ConpoTuBiieHHE T10/a TTIOCTOTHHOMY TOKY B IIPSIMOM HaIlpaBJICHUH
U
RO == 7, OM

JuddepeHnnanbHOE COMPOTUBIIEHUE AUOAA IPIMOMY TOKY

du Pt
Ty = — = , OM
oub " ar ~ (1-1y) 0

(1.3)

(1.4)

I[JBI pacucTta COIIPOTHUBIICHHA [OHOJa IIOCTOAHHOMY TOKY B IIpAMOM H

oOpaTHOM HampaBieHUd U AUPPEepeHIUATBHOTO CONPOTUBIEHUS NPSIMOMY H

06paTHOMy TOKY IPHUMCHACTCSA Fpa(i)I/ILIeCKI/Iﬁ MCTOJ C HCIIOJIB30BAHUCM BOJIBT-

amnepHoi xapakrepuctuku (BAX). BAX nuona npuBenena Ha pucyske 1.1.

\Ip, 20
B0

. /
. |
, /

Almp
S14-12 10 -8 -6 -4 -2 4 [ Unp, B
Ustp. B / 01 02 03 04 05 06
| ﬂ,f }MDEP AU
[——

ﬂ"UDEP Logp, vuch

Pucynok 1.1 — BonbT-amriepHas xapakTepuCcTHKA

MMOJIYIIPOBOAHHUKOBOI'O JHOAA

JIJ’ISI pacdu€ta COIPOTHUBJICHUA JUOAA IIOCTOAHHOMY TOKY 3aAac€TCs

Hanpsokenue U, mpu koTtopoMm Hamo Haltu comportuBieHue. Ha rpaduxe
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3aJlaHHOMY HaIpsHDKEHUI0 COOTBETCTBYET ompeneneHHbld Tok |. ComportuBiienue
HaxoauTcs 1o dopmye 1.3.

Jna pacuera auddepeHnanbHOr0 CONPOTUBICHHUS AMOAA TaKXKE 3aaeTcCs
Hanpsbkenue U. UYepe3 Touky Ha rpaduKke, COOTBETCTBYIOIIYIO 3TOMY
HaIPsHKCHUIO, TPOBOJMTCS KacaTelbHas K KpUBOW rpaduka W BBIYUCISIOTCS

sHauenne AU u Al. JluddepeHnuanpbHOoe COMPOTUBICHUE BBIYUCISICTCS 10

bopmyie
AU
Ty, = —. 1.5
Jlnsa  pacuera IIOJIHOTO  CONPOTHUBIIEHUS JUOAA IEPEMEHHOMY  TOKY
WCIIOJNB3YIOTCS MpsMBIE BETBH peaibHOM M uaecanbHo BAX. Ha pucynke 1.2

nacajbHas BCTBb - 1, pcajibHaid - 2.

h L. e
80

. /

S
o

//
...---""‘__...--ﬂ LinffB

01 02 03 04 05 08

\

Pucynok 1.2 - Uneanvhas (1) u peanbnas (2) BetBb BAX nnona
[TomHOE CoMpOTUBIEHUE AMO/A BEIYUCIACTCS 110 hopMyIIe
Toown = Tougp + 76 (1.6)
HudbdepennmansHoe CONPOTHBICHUE BBIUUCISAETCS 1O Qopmyne 1.5 mo

uneanbHoi BeTBU BAX. OO0bemMHOE compoTHBIEHHE 0a3bl 7; BBIYMCIAETCS IO

dbopmye 75 = ATU a.7)



rae: AU - pa3sHOCTh HalpsHKEHUM peajbHOM M uiaeanbHOil BeTBM BAX mpu
3a1aHHOM TOKe [

[TpoBepuTh MPABMIBHOCTH BBIYMCICHHUS TOJHOTO COMPOTUBICHHUS MOKHO,
onpenenuB nuddepeHiaibHOe CONMPOTURICHUE TUO0Ia MO peanbHoi BeTB BAX.
Wx 3HaueHue AOKHBI OBITh MPUOIN3UTEIBHO PABHBI MEKIY COOOIA.

[Tpu BKIIIOUEHHH TMO/A B DJIEKTPUUECKYIO 1enb (pUCyHOK 1.3) HampsiKeHue u
TOK JUoAa ompenenseTcs rpapoaHaIUTUYECKUM CIOCOOOM MyTeM MOCTPOEHUs
rpadukoB ypaBuenus [ = f(U,) (BonabT-aMIiepHasi XapaKTEpUCTUKA) U YpaBHEHUS

Harpy3ouHou npsmou E = U, + 1 R.

V&

= ® J7

Pucynok 1.3 — Cxema BKJIIOUEHUA IHOA B AIEKTPUUECKYIO LIETh
JI71st mocTpoeHus: Harpy304HoOM npsaMoi (pucyHok 1.4) 1ocTaTo4yHO 3HATH JIBE

€€ TOUYKU. yI[O6HO B35Tb CHeI[YIOH_[He TOUYKU:
El
OTBICKI/IBaeMBIe 3HAYCHUA TOKA U HaHp}DKeHI/IH JICKAT Ha HepecequI/H/I BAX

Y HArpy304YHOU MPSIMOM.
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Pucynox 1.4 — I'padoaHanuTuuecKkuii METO] OTIpEICIICHHS HAPS>KSHUS
U TOKa IMoja

3amaya 1.1 OOpaTHBII TOK MMOJYIPOBOJIHUKOBOTO JUOJA MPU TEMIIEPATYPE
300 K paBen (1 + n) MxA. OnpenenuTs CONPOTUBICHHUE JUO0/IA IOCTOSHHOMY TOKY
U ero quddepeHIanbpHoe COTPOTURIICHUE MPH psiMoM Hampspkenuu (100 + 10-n)
MB. (N — mocnenuss uudpa Homepa CTyJAeHIECKOTo Ouiera).

IHopsinok pemeHus

1. ITo popmyne 1.2 HaxoauM TemMnepaTypHbI TOTEHIIHAIL.

2. Ilo popmyne 1.1 onpeaensieM BeIMUUHA MPSIMOTO TOKA.

3. ITo ¢popmymne 1.3 BeIUUCIsIEM CONPOTUBIECHUE IPSIMOMY TOKY.

4. Tlo popmyne 1.4 naxogum quddepeHnnaasHOe COMPOTHBIICHHE.

3agaua 1.2 IloaynpoBoaHuKkoBbIi auoa umeet npsmoii Tok (0,5 + 0,1-n) MA
npu U = (0,25 + 10-n) MB u T = 35°C. Onpenenurs 0OpaTHBINM TOK AMOAA U €0
muddepennmansuoe conporusienne npu U = 100 mB. (n — mocnenuss nudpa
HOMEpA CTYICHUYECKOro OuIeTa).

Iopsinok pereHust

1. ITo dopmyne 1.2 Haxoaum TemmepatypHbiii noreriman npu U = (0,25 +
10-n) MB u T = 35°C (T° nepesectu u3 rpaaycos Lleancus B rpagycel Kenbsuna).

2. U3 popmymnst 1.1 BeIpazuM 3Ha4Y€HHE OOPATHOTO TOKA M BBIUYMCIIUM €TO.
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3. ITo popmymne 1.1 Beruucaum BenuurHa npsmoro Toka rmpu U = 100 mB.

4. Tlo ¢opmyne 1.4 naxoaum nuddepeHnnanbHOe COMPOTUBICHUE TPHU
U =100 mB.

3apaua 1.3 [lonb3ysce BodbT-ammnepHoi xapakrtepuctukond (BAX) muona
(pucynok 1.1), ompemenuts aupQGepeHINaTbHOEC CONPOTHBICHUE [y u
COIIPOTHBIIEHUE TIOCTOSTHHOMY TOKY Ry mpu Hampspkenusix U = (0,1 + 0,05-n) B u
(-6 +0,5-n) B.

(n — mocneansis mudpa HOMepa CTYACHUSCKOTO OHIeTa).

Hopsaaok peweHnust

1. Hauweptutrs rpapuk BAX (pucynok 1.1). IlpoBectu kacarenbHble K
rpaduKy B TOUYKaX, COOTBETCTBYIOIINX 33/IaHHBIM HAIIPSHKCHHSM.

2. PaccunraTs npuparieHus HanpspkeHui u TokoB AUy, , Aly, , AUgg, , Al gy

3. PaccumTarts I g np ¥ Fug osp 10 opMyite 1.5.

4. Ha rpaduxke BAX ompeaenutrb TOKH, COOTBETCTBYIOIIME 3aJaHHBIM
HaIPSKECHUSIM.

5. Paccuntats Ry p 1 R o6p 10 GOpmyte 1.3.

3anaua 1.4 Ilo uneansHoii (1) u peansHoit (2) BAX nuona (pucyHnok 1.2)
TpeOyeTcss HalTh audQepeHIranIbHOe CONPOTUBIEHUE OTKPBITOTO TMEPEX0a,
00BEMHOE COMNpPOTHUBJICHHE 0a3bl JAMOJAa M TMOJHOE COMNPOTUBJIEHUE JUOAA
nepemeHHomy Toky mpu | = (15 + 5-n) MA. (N — mocneanss nudpa HOMEpa
CTYJE€HYECKOro Omiera).

Iopsinok peweHust

1. Haueptuts rpaduk BetBerr BAX (pucynok 1.2). [IpoBecTu kacarenbHyI0 K
UjicaIbHON BETBU B TOUKE, COOTBETCTBYIOIIECH 3aJaHHOMY TOKY.

2. Paccumnrats npupamenus Hanpsokeaus u Toka AU,y , Al

3. PaccumTars I, no gopmyme 1.5.

4. PaccunTaTh pa3HOCTh HAIpPSIKEHUM peaibHOM W ujealnbHOW BeTBH BAX
JUIA 3aJJaHHOTO TOKa 1.

5. ITo popmymne 1.7 paccuntaTh 00beMHOE CONPOTUBIICHUE Oa3bI.

6. ITo popmyne 1.6 paccuutaTh MONTHOE COMPOTUBICHHUE TUOIA.
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7. [IpoBepUTh NMPABUILHOCTH BEIYMCIIEHHUS MTOJIHOTO COMPOTUBIIEHUS TUO/IA.

3agaua 1.5 Paccuurtarh TOK W HampspkeHue Ha auoze. Cxema BKIIOYEHUS
IUoja TpelcTaBieHa — Ha pucyHke 1.3. Bombr-ammepHas XapakTepHCTHKA
npuBezicHa Ha pucyHke 1.4. Ucxomnbie nanneie: E = (1 +0,1n) B, R =(9 + 1,5n)
Owm. (n — mocnemnsis mudpa HOMepa CTYICHYECKOTO OMIeTa).

IMopsiiok pemeHust

1. HauepTuTh cxeMy BKJIIOUEHHS JUOJIa B AJIEKTPUYECKYIO LIETb (PUCYHOK
1.3).

2. Haueptuts rpaduk BAX (pucynox 1.4).

3. Ilo ucxomHbIM AAaHHBIM PACCUMTATh 3HAYCHUS TOKA M HAMPSHKCHUS IS
touek 1 u 2 (pucynok 1.4). [TocTtpouTs Harpy304HYyIO NPSIMYIO.

4. Tlo rpadukamM onpeeTuTh TOK U HAMPSHXKEHUE Ha JHOJIE.

KoHTposbHBIE BONIPOCHI

1. HazoBuTE OCHOBHBIE MapaMeTPhI MOJIYITPOBOTHUKOBBIX IUOOB.

2. YeM oTnM4aeTCss KPEMHHUEBBIE JUOABI OT TEPMAHUEBBIX ?

3. Uto Takoe BOJbT-aMIIEpHast XapaKTepUCTUKA?

4. ITouemy oOpaTHBIN TOK AMO/Ia 3HAYUTEIHLHO MEHBIIIE MPSIMOTO?

5. YUem 00ycIOBICHO MPSIMOE ¥ OOPATHOE COTIPOTUBIICHUS TUOIOB?

6. Uem paznuyarorcs nuddepeHnranbHOe COMPOTUBICHHE U CONTPOTUBIICHUE
JIN0JIa TIOCTOSTHHOMY TOKY?

7. B xakux cxemax MpUMEHSAETCS BBIIPSIMUATEIBHBIN U0 ?

8. Uem 00yCJIOBIICHO BIMSHUE U3MEHECHUS TEMIIEPATyphl HA XapaKTEPUCTUKU

U TIapaMeTpbl A1oaa’?
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IpakTHyeckoe 3ansaTue Ne 2 (4 uaca)

Pacuer noJsieBbIX TPAH3UCTOPOB

Lenv 3anamus: Onpedenenue 6a306vix napamempos yuunonapuvlx u MJ/[I1-
MPAH3UCMOPO8.

OCHOBHBIMM NapaMeTpaMu MoJieBbIX TpaH3ucTopoB (I1T) sBustores:

Tox Haceimenust lcp — TOK B LeNU CTOKa TPAH3UCTOPA, BKIFOUEHHOTO I10
cxeme ¢ oOuuM ucTokoM, Mpu Ucy < Ucyac U OTCYTCTBUM HANpPsDKEHHS Ha
3arBope Uiy = 0, xapakrtepen ymmb 1yist [T ¢ ynpasisironum p-N-TiepexoaoM.

Tok cToka B paboyeil Touke MOKHO ONPEIETUTh O CIEAYoNIe GpopMmyiie:

Ice = Igo - ( - ﬂ)2 (2.1)

Uotc

rae Uorc - HanpsbKeHUE OTCEUKHU.

Hanpsixkenue orcedkn Ugpc - HampsoKEHWE Ha 3aTBOpE, MPU KOTOPOM
MPAKTUYECKU TMOJHOCTBhIO MepekpbiBacTca KaHan IIT, m TOK cTOKa MpU 3TOM
CTPEMUTCS K HYJIIO.

KpyTuszna nepexarouyHol XapaKTepUCTMKH — 3aBUCUMOCTb IPHUpPAILCHUS

TOKa cToKa Olc OT mpupalieHus: BXoAHOTO HarnpspkeHust OUszy:

al
s=—", pu Uy - const. (2.2)
aU3y
3HaueHHE KPYTU3HBI XapakTEepUCTHKKM B padouedt Touke IIT MoxHO

OTIPENICIIUTH 0 CleayroIel hopmye:

S =Syax: (1 -, (2.3)

Uotc

rjae Usy — HanpspbKeHUe 3aTBOP—UCTOK, PU KOTOPOM BBIYUCISIETCS S;
MakcumanbHOE 3HAaU€HUE KPYTU3HBI XapaKTEPUCTUKU S pyp4x JOCTUTACTCS TIPU
U3y = 0. IIpu 3TOM uncieHHOE 3HaYeHUE Sp4x PABHO MpoBoaMMOcTH KaHana [1T

IIPpHU HYJICBBIX CMCHICHUAX Ha €TI0 JJICKTPOdax

SMAX =2- Ico . (24)

Uorc

I[nHaaneCKoe CONMPOTUBJICHHUE KaHAJA T ONIPCACIACTCA BhIPAXKCHUEM

_ AU
Al

1% (2.5)
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nipu Uzy - const
9TO COIMPOTHUBJICHUC IIpU UCI/I =0mn IMPOU3BOJIBHOM CMCIUICHHUUN U3H MOXHO

BBIPA3UTh YepEe3 NapaMeTpbl TPAH3UCTOPA!

e = —20C__ (2.6)

B Z-ICO-(l_;](?—T”C)

JInst npuOAM>KEHHBIX pacy€TOB UMEET MECTO MTPOCTOE COOTHOIICHHE
1

g = (2.7)

Smax

OcHoBHBIE COOTHOWIEHHsI s pacueroB mapamerpoB IIT ¢
YIPaBJIAKIAM P — N MEPexXo0M:

ConpoTHBIIEHHE MTOJHOCTBIO OTKPBITOTO KaHaja onpeaensercs 1no Gopmyse:

Rey = Z—:; (2.8)
riae: | — nmuHa xaHana B cM, d — ToJIMHA KaHala B CM, Z — IIMPUHA KaHala B

CM.
p — YIOECIBHOE COIIPOTHUBIICHUE IIOJYIIPOBOAHUKA, 3aBUCUT OT

KOHIIEHTpAIIMH JIOHOPCKOM MPUMECH U ompeensieTcs o rpadukam (pucyHok 2.1)

100 &

Do

T=300 K
10

0.1

0ol

0,001

000a1

000001 3
1E# ELS 1516 B IELE 1ELS 1E20 Mg, cm

Pucynok 2.1 — I'paduku 17151 onpeiesnieHnust yAeIbHOr0 COMPOTUBIICHHUS

ITOJIYTIPOBOJHUKA
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Hanpsixenue orceuku onpeaensem rno Gopmyse:

d?-q-N
Ustrc =—— — 2.9
OTC = Tgegy P (2.9)
kT | NgN,
rje Qp =—- ln? - KOHTaKTHas pa3HOCTb MMOTEHIIUAJIOB (2.10)

rae q - 3apsjonektpoa g = 1,16 - 1079 Ku,
N, - KOHIICHTpALWsI TOHOPCKOIi IPHMECH B KaHaIe,
N, - KOHIIEHTpaL¥s aKIENTOPHOMN MPUMECH B 3aTBOPE,
&€ - OTHOCUTEIIbHAS JUAJIEKTPUUECKAs IPOHUIIAEMOCTH TIOIYIIPOBOIHUKA,
&o - DIIEKTpUYECKas IIOCTOsIHHAsA, & = 8,86 - 1071* d/cm,
N - cobGCTBeHHAs KOHIIEHTPALU HOCUTEIIEH 3apaaa B HOIYIPOBOIHUKE,
k - mocrosunas bomsumana, k = 1,38 10723 /K,
T - remneparypa no KensBuny, T = 300 K.

EMKoOCTB 3aTBOpa paccuuThIiBaeTcs 1o GopMyiie:

]y [TEENg
Can=1"2 2:(@—Usn) (2.11)

MakcumarnbHas (paboyasi) 4acToTa pacCuuThIBaeTCs 1Mo hopmylie:

fmax = — (2.12)

Z'n'RCI/I'C3I/l
Pacuér mnepemaroyHoOlW XapaKTEPUCTUKM HAYUMHAKOT C  ONPEIACICHUS

HA4YaJIbHOI'O TOKa CTOKA C IOMOIBKO COOTHOLICHUS .

= Yorctee, (1 _ L)Z (2.13)

i =
¢ Ha 3'Rcu Uorc+®k

Hepe;laTquaﬂ XapaKTCPUCTHUKA Ha YYAaCTKC HACBIIICHUA PACCUUTBLIBACTCS I10

dbopmye:

3

Ie =Icua (13242 (1) (2.14)

Uotc Uotc
KpyTusHy nepenaTouHon XapakTEepUCTUKU IS 3aJaHHOTO HarpsbkeHus Usy
HAXO0JUM 10 opMyIie:

S = 2 1Icyay (1 _ ﬂ) (2.15)

Uotc Uotc
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HaHp}I)KCHI/Ie HAaCbIIICHUA MCXKAY HCTOKOM H CTOKOM IJI1 3aJaHHOTO
HaIps’KCHU S U 3y HAXOJHUM C ITOMOIIbIO BBIPAKCHUA

Unac = Uorc — Usp (2-16)

OcHOBHBIE COOTHOIIEHUS Ui pacderoB mnapamerpoB IIT ¢
U30JIUPOBAHHBIM 3aTBOPOM
[ToporoBoe Hampspkenune MJIII-TpaH3ucropa ¢ MHAYUHMPOBAHHBIM KaHAJIOM

paccuMThIBaeTCA 1o Gopmyie:

_ QTL+QHOB
Ur[op = Pun + ZQDF + C (217)
3K
A€ @yp — KOHTaKTHasd pa3HOCTh IIOTCHHOUAIOB B CHCTEME MCETAll —

MOJIyIPOBOJHUK, PUBEICHA B Tabnuie 2.4;

QOr - MOTEHIMan YpoBHS @epMH, OTCUMTAHHBIML OT CEPEIVHBI
3aIpPECHHON 30HBIL;

Q,, - TIIOTHOCTH 3apsi/la HECKOMIIEHCUPOBAHbIX NOHU3UPOBAHHBIX aTOMOB
MPUMECH B TIOJIJIOKKE;

Quos - TUIOTHOCTH (DUKCHPOBAHHOTO 3apsijja Ha TIOBEPXHOCTH paszjena
JTUBJIEKTPUK-TIOTYTTPOBOAHUK;

C,x - yI€JIbHAasi EMKOCTh MEXy 3aTBOPOM U KaHAJIOM.

Tabnuna 2.4 KoHTakTHast pa3HOCTh MOTEHIIUAIOB (O, B CUCTEME aTFOMUHUMN

— KPEMHUH B BOJIbTAX

N,, cm™ n-Si p - Si

10* -0,36 -0,82

10" -0,30 -0,88

10%° -0,24 -0,94

10" -0,18 -1,00
Or = Qr -ln%, (2.18)

rae ¢ = 0,026 B — remneparypusiii morennuan npu 7 = 300° K;
N, - KOHIIEHTpaLKs aKUECNITOPHOU MPUMECH B MTOJTYIIPOBOJHUKE;
N - coOcTBeHHasi KOHUEHTpAIMsl HOCUTENEH 3apsija B MOJYyHIPOBOIHUKE

(nnsa xpemuusa N = 1,1 - 1019),
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Q,=q-N,-9, (2.19)
rae ¢ = 1,6 - 1071% Kn — 3apsn snekrpona;

6 — mupuHa o0eqHEHHOTO cJiosl B Karaue mipu U,, = 0.

_ 4'8'80'(pT
5= /—q_Na , (2.20)

IIe € - OTHOCHTENIbHAS JUAIEKTPHUECKas IPOHUIIAEMOCTh TOJTYIPOBOIHUKA
(st kpemuns € = 12);
&o - DNEKTPUYECKas IOCTOsSHHAsA, &, = 8,86 - 10~ 1* d/cm.

Quos = q " Nyog, (221)

rac NHOB — IOBCPXHOCTHAA INNIOTHOCTD 3JICKTPOHOB HA I'PAHUIC AUDJICKTPHUK —

ITIOJIYITPOBOJJHHUK.
£0'Ey , @
Co = —2(— 2.22
rac d n — TOJIIMHA JUBJICKTPHKA B CM,
&€; - OTHOCHUTCJIbHAs JMDJICKTpHUYCCKAsA IPOHMIACMOCTb JHUIJICKTPHKaA

(nns SiO; g, = 5)
YcunurensHable cBorictBa M/III-TpaH3ucTopa xapakTepus3yrTcsi KPYTU3HOU,

3HauYEHHE KOTOPOH Ui 3a7aHHOro Hanpspkenus U,, omnpenensercs no Gpopmye:

Z
S=u- C3}< ) 2l ) (USI/I - Unop)l (223)
rie. M — Kodh(OUIMEHT TOABWKHOCTH OCHOBHBIX HOCHUTEICH B
2
MOJYNPOBOJHUKE, cM /B ¢,
Z - IMpYHA KaHaja B CM,
[ - mvHA Ka”Hana B CM.

3nauenue U,, nis N — kaHana OepeM paBHbIM 3 - U,,,, a 1Jd P — KaHala

op>
0epem paBubiM —3 - Uy
[lepenaTouHas XapaKTepUCTUKA TPAH3UCTOPA PACCUUTHIBACTCS IO POpMYIIE:

Ie =K (U = Unop) (2.24)
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Kosdpounuent K mnpencraBmser coOOl XapaKTEpUCTUYECKUN TapaMmerp

MJII-Tpan3ucTopa, KOTOPBIA 3aBUCUT OT €r0 T'€OMETPUH U ANEKTPOPU3NYECKUX

CBOMCTB:

K =

gz

2d,l

(2.25)

HapaSI/ITHI)IG CMKOCTH MCIKOAY 3aTBOPOM H HCTOKOM H MCXKIY 3aTBOPOM H

CTOKOM IPUHHUMAIOTCS PAaBHBIMU MEXIY COOOW M BBIUUCIISIIOTCS 10 (hopMyIie:

MakcuMmainbHas pabodas 4yacToTa onpeaeseTcs mo hopmylie:

C3H = C3C =

fmax -

€S
2-d,

S
2. Cyi

(2.26)

(2.27)

3agaya 2.1 PaccumTtaTh OCHOBHBIE »3JekTpuyeckue mnapameTrpsl IIT ¢

YIOPABISIIOUIUM P — N IEPEX00M:

- COIIPOTHUBJICHUC IIOJTHOCTBIO OTKPBITOI'O KaHalla RCI/I’

- HanpsbkeHue otceuku Uorc;

- eMKOCTh 3aTBOpa Czyy;

- MAKCUMAJIbHYIO pab0uyro 4acToTy frax.

[Toctpouts mepenarounyro xapakrepuctuky IIT, Ha cepeamHe JTMHEHHOTrO

ydacTKa OMpeNeuTh pabodyro TOUKY U ISl OTOM TOYKU OMPEACNUTh KPYTU3HY

XapaKTEPUCTUKHU S U HarpshKeHUE HachIeHus Uyac.

Hcxonnbie naHHbBIC 711 pacyeTOB MPUBENICHBI B Tabnumax 2.1, 2.2

Tabmuma 2.1
Pa3smeps! kanaia, o = N = 0
o E MEKM = | §& 5= 3 =5 &
o = 5 Q a8 = £ S = BT &
= 2 | = < = EQ o = m 2 S T8 s
SE|E JE_|E |FZ5 58 22= = Sl
T = = 04 = — g-* N § S s 2 =S = 2 a3
I S R = a5 | = & S E 5 S o =
DR I - - ) 223
2 : ~ £ - £
= =) =
1 1 20 | 450 n Si 7-10" 2-10"
2 | 08 | 25 | 500 p Ge 2:10" 1-10"
3 1 25 | 470 n GaAs 7-10" 1-10%
4 | 09 | 15 | 750 p Si 2:10"° 3-10"°
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5 1 | 28 | 490 n Ge 2:107 9-10%
6 | 1,2 | 12 | 900 p GaAs 1-10™ 8-10"
7 | 12 | 24 | 480 n Si 2:10" 2-10%
8 | 09 | 21 | 460 p Ge 2:10™° 2-10"
9 1 [ 29 | 520 n GaAs 7-10° 2-10%°
10 1 20 | 850 p Si 1-10 1-10%
Tabmuma 2.2
Marepuan OTtHOcuUTeNnbHAs CoOcTBeHHast
MOJTYTTPOBOTHHKA TUDJICKTpUYECKast KOHIICHTpAITUs
IIPOHUIIAEMOCTD € HocHTelen 3apsa1oB N
Si 12 1,1-107
Ge 16 2,4-10°
GaAs 13 1,4-10’
IMopsanok pemeHus
1. CompotuBieHue KkaHana Rcy paccuutath 10 (dopmyne 2.8,

IPEABAPUTEIILHO ONPENEIUB YyJIEIbHOE CONPOTUBIEHUE KaHaja p Mo rpaduky
(pucyHoxk 2.1)

2. Hanpsxenue otceuku Ugre BRIUUCTUTH TI0 popmysam 2.9 u 2.10.

3. Emkocts 3atBopa Csy paccumrats mo dopmyine 2.11. Bsars Usy = 0,5 -
Uorc

4. MakcumaipHyt0 pabouyro 4acToTy fnax paccuurars o dpopmysie 2.12.

5. Jlma 1mocTpoeHus MNepelaTOYHOM XapaKTEPUCTUKHA IPEIBAPUTEIBHO
BBIYUCIACTCS i 4oy TO Gopmyne 2.13. 3aremM  3agaeTcss AecsaTh 3HAUYCHUN
HanpspkeHust Usy ot 0 1o Ugpe ¥ U1 K@KIOrOo M3 HUX BBIYUCHSETCS [ 1O

dopmynie 2.14. Pe3ynbTarhl BBIYUCIEHUH 3aHOCATCA B Tabnuity 2.3.

Tabmura 2.3

Usy

I

[lo Tabnume 2.3 cTpoutTcs rpaduK MepeAaTOYHON XapaKTEPUCTUKHU
I = f(Usy) U ompexaensercs paboyas TOYKa Ha CEpeAWHE XapaKTECPUCTHKHU

(Usy = 0,5 Uprc).
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5. JIns pabouelt TOUKU paccuuTaTh KPYTU3HY XapaKTEPUCTUKH S 10 hopmyie

2.15, nu6o onpeaenuts S rpadUIECKU.

6. s paboueii Touku paccunutatrh Uypc o popmysie 2.16.

3agmaya 2.2 Paccunmrtath OCHOBHBIE JyekTpuueckue mapamerpel [IT ¢

HN30JIMPOBAHHBIM 3aTBOPOM:

- IIOPOI'0BOC HAIIPAKCHUC Unop;

- KpYTH3HY MI€PEeIaTOUYHON XapaKTePUCTUKH S;

- emkoctu 3aTtBopa Csy, Csc;

- MAKCUMAIIBHYIO pab04dyro 4acToTy frax.

[TocTtpouts nepenarounyro xapakrepuctuky IIT, Ha cepenuHe ydacTka

OIIPpCACIINTD pa6oqyfo TOUKY H A ATOH TOYKH OIIPCACIINTG KPYTU3HY

XapaKTEPUCTUKHU S U TOK CTOKa /..

Hcxonnbie 1aHHBIC JIJIs pacyeTOB IIPUBEICHBI B Tabmumax 2.4 u 2.5.

Tabmnura 2.5
< | Pa3Mepsl kaHana, Kanan

& E MKM Tun Konuenrtpanus

z % MPOBOMA- | Kondhh. | IToBepxH. aKIEITOPHOM Tommuna
= R | Jlnimna | lllnpuna | MOCTH | ponpmx. IIJIOTH. IIPHMECH B HHZHGKTana

I z | KaHala | pocur, | SIEKTPOH. 3atBOpe Na Hlo MIM
M Nros

1 10 450 n 200 4-10" 2-10% 0,11

2 12 500 p 150 5-10" 1-107 0,12

3 13 470 n 200 6-10™ 1-10™ 0,13

4 9 750 P 150 5-10" 3-10™° 0,10

5 11 490 n 200 6-10™ 9-10™ 0,12

6 12 900 P 150 4-10" 8-10™ 0,13

7 10 480 n 200 5-10™ 2-10™ 0,10

8 12 460 p 150 4-10" 2-107 0,11

9 11 520 n 200 6-10" 2-10™ 0,12
10 | 13 | 850 P 150 5-10" 1-10" 0,11

IMopsnok pemienust

1. IToporoBoe HampsiKeHUE paccuuTarh 1o popmysne 2.17, npeaBapuTeabHO

OTpeIeSIUB KOMITIOHEHTHI (hopmyiibl 2.17 o dhopmynam 2.18 — 2.22.
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2. KpyTtusHy nepeaaTouHoOl XapaKTepUCTUKHA BHIYUCIUTE 1O popmyrie 2.23.

3. Emxoctn 3atBOpa Csy, Csc paccuntats 1o gpopmye 2.26.

4. MakcumaipHyI0 pabouyro 4acToTy fnax paccuurars o dpopmyse 2.27.

5. Jlma mocTpoeHUs MepeJaTOuYHOM XapaKTePUCTUKU IPeIBapUTEIHHO
BerHcisgeTcs: kodpdumment K mo dopmyne 2.25. 3atrem  3amaercs JecsATh
3HaueHui HanpspkeHus Uszy oT Upop 110 3 Upop 01 N — KaHana uinu oT 3 - Upep
10 Upop U1 P — KaHAJIa | JJISI KOKJIOTO M3 HUX Bhluuchsgercs I. 1o dopmylie
2.24. Pe3ynbTaThl BHIYUCICHUH 3aHOCITCS B Tabmuiry 2.6.

Tabmnura 2.6

Usy

Ic

[To Tabmume 2.6 crpoutTcs rpaduK MEpPeraTOUHON XapaKTEPUCTUKU
I = f(U3y) wuomnpenensercs paboyas TOUKa Ha CEPEIMHE XapaKTEPUCTUKH.
5. Anst paboueit TOUKH pacCUUTATh KPYTH3HY XapaKTEPUCTUKH S 0 GopmyIie

2.23, mubo ompenenuts S rpaguuecku U ONpeaeTuTsh .

KoHTpoJibHBIE BONIPOCHI

1 Kakue TpaH3ucTOpBI HA3bIBAOTCS MOJIEBBIMU WA YHUIIOISPHBIMU?

2 OOBsiICHUTE MPOUCXOXKICHUE Ha3BaHUU TPAH3UCTOPOB.

3. Kak ycTpoeH noJieBoil TpaH3UCTOP C U30JIMPOBAHHBIM 3aTBOPOM?

4 [Touemy ero HazeiBator M/III—-Tpan3ucropom?

3) Kak ycTpoeH mosneBoit TpaH3uCTOp ¢ yIPaBISIONIAM P-N-TIEPEX010M?

6. UeM oTimnyaeTcss NMPUHLMIT JIEUCTBUS MOJEBBIX TPAH3UCTOPOB C P-N—
MIEPEXOJIOM U C U30JIMPOBAHHBIM 3aTBOPOM?

1. YUem ommuarorcs  MJ/II-TpanH3ucTopel CO  BCTPOCHHBIM U
WHIYLMPOBAHHBIM KaHAJIOM?

8. Kakue xapaktepHble 00J1aCTH BBIACISAIOT Ha BBIXOAHBIX BAX
MOJIEBOTO TPaH3UCTOpa?

Q. KakoBbl 0COOEHHOCTM TPUMEHEHHsI TOJEBBIX TPAH3UCTOPOB B

3aBHCHMOCTH OT MOJIOXKEHUS ero paboyeil TOUKU Ha BHIXOJHBIX XapaKTEPUCTUKAX ?
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10. Yem ommmuatorcs  MJII—tpaH3ucTtopsl €O  BCTPOCHHBIM U
WHyIITUPOBAHHBIM KaHAJIOM?

11. Yo Takoe nmoporooe Hamnpspbkenrne MJIIT—rtpan3ucropa?

12. Kak BIUAIOT 3apsabl B OKHCJIC M Ha MOBEPXHOCTHBIE COCTOSIHUS U Ha
MOPOTrOBOE HAIPSHKEHUE?

13. Uemy paBeH MOBEPXHOCTHBIN MOTEHIIMAT IPU MOPOTOBOM HATIPSKEHUN ?

14. C gem cBs3an HakiioH BAX B 007acTH HaCHIIEHUS?

15. B kakom pexxume MJIII—TpaH3ucTOp MOKET UCTIOIh30BAaThCS B KAUE€CTBE
OMHUYECKOTO COTPOTUBIICHUS?

16. Haiire onpenenenue kpytuznbl M/II[I—tpans3uctopa.

17. B d4em cocTouT TmpUYMHA HecTaOWIbHOCTH TMapamerpoB MJI1—
TpaH3ucrTopa?

18. /laiiTe onpeneneHre HAMPS>KEHUST OTCEUKH TTOJIEBOTO TPAaH3UCTOPA.

19. Kak cooTtHocsiTcsi BxoaHble compotuBienus MJIII— wu monesoro
TpaH3ucropa?

20. CpaBuurte 6bicTpoaericTBue M/{II— 1 moJIeBBIX TPAaH3UCTOPOB.

21. CpaBaute ypoBeHb ryMoB MII1— 1 moieBbIX TPaH3UCTOPOB.

22. KakoB TOpSIOK BEIMYMHBI COMPOTHUBIICHWA TIACCUBHBIX oOOJacTei

MOJIEBOTO TPAH3UCTOpA?
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IpakTuuyeckoe 3ansitue Ne 3 (4 uaca)

Pacuer ycmiIMTe/IbHBIX KACKA0B HA IMOJIYNPOBOAHUKOBBIX TPAH3MCTOPAX
Llenv 3anamusa: Onpedenenue 0a308bIX nApamempos8 MmMpaH3UCMopos, paciem
pedrcuma nOCMOSIHHO20 MOKA.

[ToynpoBOTHUKOBBIE OUMOJSIPHBIE TPaH3UCTOPbI UMEIOT
CIIEYIOILIUE OCHOGHbIE NAPAMEMPDL.

« Koapdunuent nepegauu no Toxy

« BxonHOe conpoTuBneHue

 BbIxo/1Has npoBOAUMOCTh

« OOpaTHBIN TOK KOJUIEKTOP-IMUTTEP

« Bpems BkitoueHus

o [IpenenbHas yacToTa KO3QPUIMEHTa IepeIadn ToKa 0a3bl

« OOpaTHBIN TOK KOJIJIEKTOpa

o MakcuMasIbHO TONYCTUMBINA TOK

o 'pannynas yacrota Ko3(dduiMeHTa mnepenadyd TOKa B CXeMe € OOUMM
AMUTTEPOM

[TapameTpbl TpaH3UCTOpa JENSATCA Ha COOCTBEHHBbIC (TMEPBUYHBIE) U
BTOpHUYHbIe. COOCTBEHHBIE MapaMeTpbl XapaKTePU3YIOT CBOMCTBA TpaH3UCTOPA, HE
3aBHCHUMO OT CXEMbl €ro BKJIIOUEHHUs. B KadecTBe OCHOBHBIX COOCTBEHHBIX
napamMeTpoB IPUHUMALOT:

e KOO(GUIUEHT YCUIICHHUS IO TOKY ;

o COTIPOTUBIICHUS DMUTTEPA, KOJUIEKTOPA U 0a3bl IEPEMEHHOMY TOKY T, I, I,

Bropuunble mnapameTrpbl paziuyHbl Ui PA3IMYHBIX CXEM BKJIIOYEHHS
TPaH3UCTOPA U, BCIAEACTBUE €0 HEJIMHEMHOCTH, CIIPABEIMBBI TOJIBKO JJI1 HU3KHX
4acTOT U MaJIbIX aMIUTUTY]l CUTHANOB. /{151 BTOpUUYHBIX MapaMeTpoOB MPEJI0KEHO
HECKOJIbKO CHUCTEM I1IapaMETPOB M COOTBETCTBYIOIIUX WM 3KBUBAJIEHTHBIX CXEM.
OCHOBHBIMHM CYHMTAIOTCS CMEIIaHHbIE (THOPUIHBIC) MapaMeTphbl, 0003HAYAEMBIC

OykBoii «hy.


http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BD%D0%B8%D1%87%D0%BD%D0%B0%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0_%D1%82%D1%80%D0%B0%D0%BD%D0%B7%D0%B8%D1%81%D1%82%D0%BE%D1%80%D0%B0
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BxogHoe compoTHBJIEHHE — COINPOTUBIECHUE TPAH3UCTOPA BXOJIHOMY
MIEPEMEHHOMY TOKY IPH KOPOTKOM 3aMBIKAHUU Ha BbIXOJE. MI3MeHeHne BXOQHOTO
TOKa SIBJISIETCS PE3yJIbTATOM HM3MEHEHHUS BXOJHOTO HAIpsOKeHUs, Oe3 BIMSHUS
0OpaTHOM CBSI3U OT BBIXOJHOTO HAIMPSYKEHUS.

hll = UBXIIBX npu UBLIX =0. (31)

Ko3¢ppuuueHT 00paTHOI CBSI3H 10 HANPAKEHHUIO [TOKA3bIBAET, KaKas J0JIs
BBIXOJIHOTO TIEPEMEHHOI0 HANPSDKEHUS Mepenaércss Ha BXOJ TpaH3UCTOpa
BCJENCTBUE OOpaTHOW CBs3u B HEM. Bo BXOAHOW IemM TpaH3UCTOpa HET
MIEPEMEHHOTO TOKA, U W3MEHEHHE HAINPSKEHUS Ha BXOJIE€ MPOUCXOAUT TOJIBKO B
pe3yabTaTe U3MEHEHUS BHIXOHOTO HAIIPSIAKEHUS.

h12 = UBX/UBLIX 1pA IBX =0. (32)

Koy¢ppuuuent mnepenaum Toka (KoOdGOUIMEHT YCUJIIECHUS IO TOKY)
MOKAa3bIBAET YCWIICHUE TEPEMEHHOTO TOKA IIPU HYJEBOM COINPOTHUBIECHUH
Harpy3ku. BBIXOJHOM TOK 3aBHUCHUT TOJBKO OT BXOJHOTO TOKa 0O€3 BIIMSHHUS
BBIXOJIHOTO HAIPSIAKEHUS.

h21 = IBBIX/IBX npu UBBIX =0. (33)

BrixogHasi IPOBOAUMOCTb — BHYTPEHHSSI IPOBOJUMOCTD JJI IEPEMEHHOTO
TOKa MEXJY BBIXOJIHBIMU 3aKMMaMu. BBIXOAHOM TOK M3MEHSIETCS O] BIUSHUEM
BBIXO/IHOTO HAIPSIKEHUSI.

h22 = |BHX/UBHX IpH IBX =0. (34)
3aBUCUMOCTh MEXY MEPEMEHHBIMU TOKAMU M HAIMPSHKCHUSIMUA TPAH3UCTOPA
BBIPAXKAETCA YPAaBHCHUSIMU:
Upy = hagley + hioUp;
IBLIX = thIBx + h22UBLIX'

B 3aBHCHMOCTH OT CXE€MBI BKJIIOYEHHS TPAH3UCTOpPA K ITUGPOBBIM HHICKCAM
h-napameTpoB 100aBIAIOTCS OYKBBI: «3» — A cxeMbl O3, «0» — IS CXEMBbI
OBb, «x» — ms cxemsl OK.

Pacuer h-mapamerposn
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Cwmemannble (TUOpUIHBIE) TapaMeTphl JJI CXEeMbl C OOIIMM 3MHUTTEPOM
ONPENENAIOTCA TpapoaHATUTHICCKUM MeTogoM u3 BXOIHBIX (N115, hin) m
BBIXOAHBIX (N215, N2oy) XapakTepucTrk Tpan3ucTopa.

Cnengyer oOpatuTh o0co00O€ BHHMaHh€ Ha TO, YTO BCE MapameTpbl
PACCUYHMTHIBAIOTCS HA TUHEHHBIX (MU ONM3KUM K JIMHEWHBIM) y4acTKaX BXOIHBIX U
BBIXOJTHBIX XapaKTEPUCTHUK TPAH3UCTOPA.

Ha pucynke 3.1 moka3ana metoamka onpezeneHust Ny U Nypy, MCHONB3ys
CEMEHCTBO BXOJHBIX XapakTepucThk B cxeme ¢ OD. [l ompenenerus hijn
BHIOEPEM B CEMEMCTBE BXOJHBIX XapaKTEPUCTHK XapaKTEPUCTUKY IPHU
noctosiHHOM Uy (pucynok 3.1a). Ha sTom rpaduke Ha ero JUHEHHOM ydacTKe
ormMetuM Touku 1 u 2. Ilpoextupys Toukn 1 m 2 Ha OCH KOOPAMHAT HAXOIUM
npupamierust Hanpsbkerus AUgy u Toka Alg u paccunteiBaeM hijn 1o dopmyse
(3.1).

Jlns pacuera hypy (pucyHok 3.10) mpoBeaeM JIMHUIO MOCTOSHHOTO TOKa 0a3bl
Iy u ompemenuM TOUYkM TiepecedeHuss 3 W 4 OTOM JMHUKM CO BXOJHBIMHU
xapaktepuctukamMu. Bemmunny AUy, ompemenum  Kak — pa3HOCTb  MEXAY
HanpsokeHUsIMA Uygs, 171 KOTOPBIX CTPOWJIMCH BXOJHBIE XapaKTEPUCTUKU (Ha
pucynke 3.16 AUy = 5 — 0 = 5B). U3 Touek mepeceuenuss 3 u 4 omyckaem
BePTUKAJbHBIE JIMHUM HA OCh HAMNPSHKEHUS W ONPENSTUM  IPUPAIICHUE

HanpspkeHus 0a3bl AUgs. 3aTtem paccunthiBaeM Ny o popmyte (3.2).

‘r B
t':ﬁ Us=0B| 5B i:g Uws=0B[ 5B
_ I I ®
Aly
x4
I
Ups, B 4 Uss, B
Usaz Uks: Usaz
- > -
AUg, AUy

a) 0)
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Pucynok 3.1 - K pacuéry h—mapamerpoB tpansucropa a) hyjs, 0) hioy

Ha pucynke 3.2 moka3aHa MeToauKa omnpeneieHus Nyin U Nyn, UCIOIB3YS
CEMEMCTBO BBIXO/HBIX XapaKTepUCTHK B cxeMe ¢ OD.

s pacuéra mapamerpa N5 HeoOXomammo BbIOpaTh 3HadeHWe Uy, W Ha
KPHUBBIX, COOTBETCTBYIOIIUM JBYM 3HAUYCHUSIM TOKa 0a3bl, paznmuuaromuxcs Ha Al
OTMETUTh COOTBETCTBYIOIIME TOYKH (Touku 1 m 2 Ha pucynke 3.2a). Paznocts
3HaueHUU |l Ha BEPTHUKAIBHOW OCH, COOTBETCTBYIOIIMX STHM TOYKaM, JacT HaM
sHaueHue Alyx . Bemuunna Alg Gepércs u3 cnpaBounuka. [lo dopmyne (3.3)
BIUHCISIETCS Nopry.

[Ipu pacuére mapamerpa hyy;, BbIOMpaeTCS oOJHA ©W3 HMMCIOIIUXCS
XapaKkTepucTuk lg u Ha HEW OTMEYaroTcsi JBE TOYKHU (TOYKH 3 U 4 HA PUCYHKE
3.20). Pa3HOCTh HaNpsHKEHUH KOJUIEKTOPa, COOTBETCTBYIOIIUX ATUM TOUYKAM, JACT
HaM AUgs, a pa3sHOCTh COOTBETCTBYIOIIMX 3HAYEHUN TOKA — H3MEHEHHE TOKa

kosiekTopa Alg. ITo hopmyine (3.4) Beraucsercs hyss.

Iy, Iy, Fe I
M MA
pq
IE::-
I ¥ Iy, ,-.--.-‘-. les
K2 _
- ®
LT,
.-m.;[ he @ I,
--_-_._____._-—'
I:"h I' 1 [.-'?].:'-., E
UH'H » .':'I.L'T[.'w.; Ul; 14
5) o)

Pucynok 3.2 - K pacuéry h—mapamerpoB tpansucropa a) hyis, 0) ooy

TunoBble 3HaueHuss h-mapaMeTpoB i OWITOJNIAPHBIX  TPAH3UCTOPOB

HaxoAsATCA B CIICAYHOIIUX IIPCaAciIax:
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h 115 h129 h219 h223

10° —10% Om 2-10%-2-10"° 20 — 200 10°-10°Cwum

Pacyer yCHJIHMTEJBHOI0 KaCKaJla 10 MOCTOAHHOMY TOKY

Pexxum  paboOThl 1O  TOCTOSHHOMY  TOKY  SIBJIIETCS — Ba)KHEWIEH
XapaKTEPUCTUKON YCHUJIUTENIBHOTO KacKaja MU XapaKTepU3yeT ero paboTy Ipu
OTCYTCTBMM B HaIPSOKEHHM HA BXOJE YCWIHMTEIBHOTO KacKala NEPEMEHHOU
COCTABIIAIOLICH, KOTOPAs U SABIIACTCS YCUIMBAEMOU BEJIMYUHOM.

Pexum paboOThl 1O NOCTOSHHOMY TOKY XapaKTepU3YyeTCsl IOJIO0XKEHUEM
paboueli moyku — TOYKM HA HArpy304YHOM XapaKTEPUCTUKE, COOTBETCTBYIOIIEH
HYJIEBOMY YPOBHIO IIEPEMEHHON COCTABIISIOIIEH BXOIHOIO HAPSIKEHUS.

B 3aBucumocTH OT TOJIOKEHUS paboueid TOUKM Ha HaArpy304HOM
XapaKTEepUCTUKE PA3JINYalOT HECKOJIBKO KJIACCOB ycuiuTenen. B 3ToMm 3amaHnn
paccMaTpUBaEeTCA YCUIIMTENbHBIN Kacka Kiacca ~A”.

CxeMa yCHUJIMTENBHOIO Kackaja ¢ 0OIIUM IMUTTEPOM MPUBEICHA HA PUCYHKE

3.3.

Pucynok 3.3 - Cxema yCUITUTENBHOTO KacKajia ¢ 00LIUM SMUTTEPOM
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HyxHO uMeTh B BUAY, UTO B CXEM€ YCHWIIUTEIBHOIO Kackaja, U300pakeHHOIO
Ha puc. 3.3, UCHOJB30BAaH TPAH3UCTOP TUMNA h-P-n. Ilpu BhINONHEHUH CXEMBI Ha
TPaH3UCTOPE TUIIA P-N-p HEOOXOIUMO U3MEHUTDH MOJSAPHOCTh UCTOYHUKA MUTAHUS
Eo.

B 3agaHuum cuuTaroTcs 3aJaHHBIMHM: THI TPAaH3UCTOPA; CXEMaA YCUIIMTEIS;
paboyasi TOYKa TPAH3UCTOpPA B COCTOSHUM TOKOS; CONPOTHUBJICHHE PE3UCTOPA B
Henu KoJuiekTopa R,; HauMmeHbInas rpaHuWYHas 4acrotra ycuienus f,; mamenue
HalpsDKEHUsT Ha pes3uctope R, KOTopoe BBIOMPAIOT B COOTBETCTBHHM C
TpeOOBaHUSAMU TEMIEpPAaTypHOHl cTaOMibHOCTH ycuwiurtens. Hekoropsle wu3
BEJIMYUH SIBISIOTCS OOLIMMU JUIsl BCEX BAapUAHTOB, MO3TOMY OHHU HE yKa3aHbl B
tabmuie 3.1. DTO KOJIEKTOPHBIM TOK TpaH3zuctopa I, = I MA u HampspkeHue
MEXIy KOJUIEKTOPOM M 3MHUTTEpoM TpaH3ucropa Ug,, = 5 B B cocTossHUM MOKOS.
Kpome TOro, compoTuBiieHHE Harpy3ku ycuwiurens R, OepyT paBHbIM
pPacCYUTAaHHOMY BXOJHOMY COIPOTHBJICHUIO YCUIMTENS Ry, T. €. CUMTAIOT, 4TO
JAHHBIN YCUJIMTEIb UMEET B KAUECTBE HAIPY3KU TAKOW K€ KACKaJ yCHIICHHUS.

B npuBoaumbix Hke ¢Gopmynax JUisi pacyeTOB HMEIOTCS B BHIY
abCoOIIOTHBIEC 3HAYEHUsI TOKOB M HanpspkeHui. B pacuerax ciemyeT ykas3blBaTh TOK
B MWUIMAMIIEpax, HaNpsDKEeHHWE B BOJbTAX M CONPOTUBJIEHUE B KHJIOOMAax.
3HayeHNs HAIpPsDKEHWM TOCHE pacdeTa OKpynstoT ¢ TouHocteio 1o 0,1 B, a
CONPOTHUBIICHUN PE3UCTOPOB M EMKOCTEM KOHJEHCATOPOB — € TOYHOCTBIO [0
LEeJI0r0  3HayeHUsd.  DONBIIMHCTBO  MNpPHUBEACHHBIX  (OpMyn  SIBISIOTCS
PUOJIMKEHHBIMU.

ITopsanok pacuera
Onpenensor nageHue HampsokeHuss U, Ha KOJUIGKTOPHOM pE3UCTOpE B

coctostiuu mokost (I, =1 MA 11 Bcex BapuanToB; R, Oepercst u3 tadu. 3.1):

U = LR (3.5)
PaccunTeiBaroT Tok 0a3bl lso TpaH3HUCTOpPa B COCTOSAHHUH ITOKO:
|60 = |K0/ h213. (36)

Tox penuTtens, mpoTeKaronmi mo pesucropaM Ri, Ry, O0epyT B 5 pa3z Oosblie

TOKa 0a3bl:
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1, =5 1. (3.7)
PaccuutsiBaror HaIIPsKCHUC ITMTAHUA CXCMBI KaK CYMMY TPECX HaHpH}KCHHﬁI
Ec=Ug + U+ U, (3.8)

3nauenue U,3anano B Ta6m. 2.1, U, = 5B 11 Bcex BapruaHTOB.
OnpenensitoT najcHUE HANPSHKEHUST Ha pe3uctope R, nmenurtenss kak cymMmy
JBYX HAIIPSKECHNMN:
U2 = U3 + U63. (39)
Hanpsbkenue Ug, cuuTaroT paBHbIM JiJ1s1 Bcex BapuaHToB 0,2B.
OnpenenstoT TMajJeHUEe HaNpsOKEHUS Ha pe3ucTtope R; Kak  pa3HOCTH

HaIpspKeHU nuTanus E, u nageHus HanpspkeHus Ha pesuctope Ry:

U; = Ex - U.. (3.10)
PaccuutpsiBaroT COIIPOTHUBJICHHUC PC3UCTOPA R2 I10 3aKOHY Owma:
R2 - = Uz/ IIU (311)

rae |,— Tok nenmurens.
[Ipu pacuere conmpoTUBIIEHUS pe3UcTOpa Ry HYKHO YYUTHIBATh, YTO YEPE3 HETO
MPOTEKACT CyMMa TOKOB:
R1=Us/ (I + Iso)- (3.12)
Haxomar BXogHOE CONMPOTHBICHUE YCHIUTENS R, KaKk SKBHBAJCHTHOE COIPO-
TUBJICHHE TPEX BKIIFOUCHHBIX MapajlieIbHO pe3ucTopoB Ry, Ry u hyy,.
R, = Ri- Ry /(R1 + Ry). (3.13)
Rix = Row * N11n [ (Ro + N110). (3.14)
ComnpoTuBIICHUE HATPY3KU YCUIIUTENSI OEPYT TAKOTO KE 3HAYCHUS:
R: = Rix (3.15)
PaccuuThiBaroT conpoTuBiieHne pe3uctopa R, mo 3akony Oma:
Ra=U;/ (g, + lso). (3.16)
O1eHNBaOT €MKOCTh ITYHTHPYIOMIETO KoHeHcaTopa Co B AMUTTEPHOU IIETH
1o MpUOIMKeHHOU hopmyIe:
Ca = 10"/ (2nfyrs), Mx® (3.17)

rac Iy = 2h129 / h229.
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OueHnBaOT eMKOCTh Pa3AeIUTEILHOTO KOHAEHCATOPA Ha BXO/I€ CXEMBI 110
pUOIMKEHHOUN hopmyIie:
Cp; = 10"/ 21 f, Ryy), MKD. (3.18)
EMKOCTB pa3fienuTebHOro KOHIEHCATOPa Ha BBIXOJIE CXEMbl PACCUUTHIBAIOT MO
aHaJOTUYHOU (hopmysie, HO BMecTO Ry, 0epyT Ry:
Cp, = 10"/ 2n fyRy), MxD. (3.19)
3agaua 3.1 Paccuurarh h-mapameTpsl OMIIOISPHOTO TPAH3UCTOPA JJISI CXEMBI
YCWINTENS ¢ 00muM sMuTTepoM. VIcXomHbIE TaHHBIC TSl paCYETOB MPUBEICHHI B
tabnuiie 3.1, BXOAHBIC U BBIXOJHBIC XapaKTEPUCTUKU TPAH3UCTOPOB U300paKEHBI
Ha pucyHkax 3.4 — 3.8. Homep Bapmanta — mociemHss mudpa HoOMepa

CTYJICHYECKOIO OuJieTa.

Tab6awna 3.1
Ne Tun R U,, fu,
Bap. TpaH3uCTOpa kOMm B I'n
1 MII39 2,4 2,4 50
2 MII40 3,1 2,2 30
3 MII41 3,6 2,8 25
4 I'T108b 1,8 1,1 65
5 KT104A 4,8 2,3 15
6 [1416 14 0,8 70
7 [1416A 2,0 0,7 60
8 [1416b 1,8 1,0 25
9 KT3107A 4,2 2,3 20
0 KT3107b 3,8 2,6 35
Ilpumeuanue: Bce TpaH3UCTOPHI THNA P-N-P.
IgmA Uges =0B th_"'MA
' et
i — .
[ P : o
U7-=5B 30 . ' _ — S ‘4
AN 1SS =i
oA -

0,1 0,2 03 UsaB ¢ 2 1 6 8 10 12 14 UgyB



IE!

1,2

1,0

0,8

0,6

0,4

0,2
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MII39 — Al =400MxkA  MII40 — Al = 200mkA  MII41 — Alg = 100mMkA

Pucynok 3.4 — Xapakrepuctuku Tpanzuctopos MI139, MI140, MI141

I5,MKA  Ugy=0B Ugn=5B I, MA
I 11 40
200 KB
| I / 30 - ‘ —
150 :
. 20
100 _
1 10 Alg —
- J | .
50 — — — 3
: 0 2 4 6 8 10 Ug»,B
i . Te
0 160 320 Us B
I'T108b —Alg = 100MKA
Pucynok 3.5 — Xapakrepuctuku tpanzuctopa I'T108b
MA Ugy=0B Ik 'M‘.A ‘1
y 1
80 /"
/l . P
{ Ukp=5B 70 ; :
/ b / 60 f—a—— /r; 1
l 50 o N .
401
s oA
' 30
20
| /
- j ™ 10 :
02 04 0.6 0.8 Us>B |

0 10 20 30 Ugs,B
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KT104A — Alg = 1,5MA
Pucynok 3.6 — Xapakrepuctuku tpansuctopa KT104A

Is, ] Iu, T
HKA MA :

100 JL 1 &
UK3=0 ] 58

150 60
/

N

100 I T 40

! : i
| rd
N /
» - LA
/ == '—-;M{‘—“V
50 |- // w1 | | a1
j ‘ _MI& | L 1.
Lt | ,’ : i ——
0 160 320 Ugng O ? & 6 & 10 UpyB

[1416 — Alg = 100MxA  T1416A — Alg = 50mMxkA  [1416b — Alg = 30MKkA

Pucynok 3.7 — Xapakrepuctuku Tpan3uctopon [1416, [1416A, 114166

I "A Y ' I _"A
% | s L l‘18[7 — =
' // 1 +
4 o
1%0 ) 1 e
. ///T’
J ——
_—
100 T oo —
V. -——""————_—
L1
] 60 [~ —
10 ” Al
./ : 20
) 574 &

0 07 04 0608 10 Us3,8 « 0 1 2 3 & 5 6 7 8 Uy,B
KT3107A — Al = 200MxkA KT31075 — Al = 100MKA

Pucynox 3.8 — Xapakrepuctuxu tpansuctopoB KT3107A, KT3107b
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IMopsinoxk pemenust

1. B cooTBeTCTBUU C BapUaHTOM 3aJaHUsl TIEPEHECTH B OTYET BXOJHBIE U
BBIXO/IHBIE XapaKTEPUCTUKH BEIOpaHHOTO TpaH3ucTopa (puc. 3.4 — 3.8).

2. Ha  xapakTepuCTHKax BBINOJIHUTh COOTBETCTBYIOIIME TIpaduueckue
IIOCTPOCHUS TS OTIPECIICHUS IPUPAIICHN TOKOB U HanpspkeHui (puc. 3.1 — 3.2).

3. ITo popmymnam 3.1 — 3.4 BeramciuTh h-mapaMeTpsl TPaH3UCTOPA.

3apmaua 3.2 Paccuumrarh mapameTpbl 3JEMEHTOB CXEMbl TPAH3UCTOPHOTO
YCUJIUTENSA ¢ OOIIUM AMUTTEPOM MO MOCTOSTHHOMY TOKY. MIcXOAHBbIE HaHHBIC AJIS
pacyeToB mpuBeAcHBI B Tabiuie 3.1, cxema ycuiurtens u3oOpakeHa Ha PUCYHKE
3.3. Ilpu pacyerax HCIIOJIB30BaTh h-TlapameTpnl, BBIYMCIICHHBIC B 3ajgade 3.1.
HomMmep BapuanTa — nocnegusisa uudpa Homepa CTyI€HUECKOro Ousera.

IMopsanok pewmenust

1. IlepeHect B OTYET CXEMYy TPAH3UCTOPHOTO YCWIUTEIS C OOIUM
sMuTTEpOM (puc. 3.3).

2. [To ¢popmynam 3.5 — 3.19 BBIYMCIUTH MTapaMETPhl MIEMEHTOB cXeMbl. [Ipu
BBIYUCJICHUSX BBIMOJIHATH CICAYIOMMN anroputMm: QopMmysia B oOIIeM BUIIE —
MOJACTABJICHHbIC 3HAYEHUS — PE3YyJbTAaT BBIUMCICHHUI C yKa3aHUEM PAa3MEpPHOCTHU
BBIYUCJICHHON BeUUUHBL. [Ipyn HE0OXOIUMOCTH JaBaTh KPaTKHUE MOSICHEHUS.

3. Pe3ynbTaThl BEIYUCICHUN IPEACTAaBUTH B TaOuie 3.2.

Tabmura 3.2

RBX. RH Rl. RZ. Ra. |6O I[L IKO EK U3 UK3 Ul U2 C3 CPI CPZ

KOM | xOm | kOM | kOM | kOm MA MA MA B B B B B MKD | Mk® | MkD

KoHTpoJibHBIE BONIPOCHI

1. [TepeunciMTe TUTIBI YCUITUTEIBHBIX KaCKaJIOB.
2. HazoBuTte 1 00BSICHUTE PEKUMBI PAa0OTHI YCHIIUTEIBHBIX KACKa0B.
3. Kax onpenensiercss KoahGUIMEHT yCUICHUS TI0 HAMPSHXKEHUIO?

4. Kakue ooparssie cBsizu (OC) NPUMEHSIOTCS B yCHUITUTENSAX ?
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5. Kak Biusier OC Ha k0d(pPULIMEHT yCusieHus ?

6. B kakux pexumMax MOXXHO TPEICTaBUTh TPAH3UCTOP B BHJIE Ue-
TeIpexnonocHuka? [Touemy 3TOT YeThIPEXIIOIIOCHUK SIBJISIETCS aKTUBHBIM?

7. CxeMbl BKIIFOUEHHSI TPaH3UCTOPOB. CriocOObI BKIIFOUEHHS HATPY3KHU.

8. I[lepeuncnuTh OCHOBHBIE (PU3NUYECKUE TTapaMETPhl TPAH3UCTOPOB U JaTh UX
OTIpeJICIICHHE.

9. Uto npexacrasisier codoii cucrema h-nmapamerpos Tpansucropa?

10. KakoBa cBsi3b (pu3ndeckux napameTpoB Tpansucropa u h-mapamerpos?

11. Kakoe ycTpoiicTBO Ha3bIBa€TCsl yCHIIUTEIEM?

12. OObBsicHUTE HaA3HAYCHHWE DOJEMEHTOB B CXEME HCCIICIyeMOTO YCH-
JIMTEJBHOTO KacKaJa.

13. KakoBbl OCHOBHBIE JJIEKTPUYECKHE TMMapaMETPbl M XapaKTEPUCTHKHU
ycunurens? .

14. OOBscHUTE MPUUMHY UCKAXKEHUS BBIXOJHOI'O HAMPSIKEHUS IPU TIEPEX0/ie
B HEJINHEVHBIN PEKUM YCUIICHHUS.

15. OObsicHUTE TPUUMHY YMEHBIIEHUS KOd(PPUIMEHTa YCWICHHUS TIpH

OTKIIIOYCHWH KOHACHCATOPA B LICIIM DMUTTCPA.
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IIpakTudeckoe 3ansaTue Ne 4 (4 yaca)

Pacuer mapameTpoB onepanMOHHBIX YCUIUTEICH

Lenv 3ansamus: Onpedenenue napamempos cxem ONEPAYUOHHBIX YCUaUmeneu
Pa3nuuHo20 QYHKYUOHAIbHO20 HA3HAYEHUS

IlapamMeTpsbl OnepaNMOHHBIX yCUJINTeEJIei

Bo3moxknoctu  npumeHenuss OV 3aBUCIAT OT €ro  3JIEKTPUYECKUX
xapakTepuctuk. s nosHoit xapaktepuctuku OY HE0OX0IMMO YUYUTHIBATH OOJIEe
30 mapamertpoB. IS OpakTUYECKUX PACUYETOB JOCTATOYHO 3HAHUS OCHOBHBIX
napametpoB OY. K HuUM oTHOCATCS:

Koyppumment ycunenus (Ky) - paBeH OTHONICHHUIO TNPUPANICHUS
BBIXOJIHOTO  HANpsDKEHUST K  BBI3BABIIEMY OTO MPUPAIICHUE BXOJIHOMY
HanpspkeHuto npu orcyrctBur OC. Koadounuent ycunenus OY  sBisercs
(dbyHKIIMEH 4acTOThl U C €€ YBEJIMYCHHEM magaeT. HaswpiBaeTcs TakKe MOJHBIM
koa(duieHToM ycuiaeHus o Hanpsbkenuro. Tunossie 3HaueHus: Ky coctaBmusitor
TBICSYU — COTHH ThICSY.

Bxoanoe conporuBienue (Rpx oy) onpenensiercss Kak OTHOIIEHUE BXOIHOTO
HaMpsHKEHUsST K BXOJAHOMY TOKy. CrenyeT paznudarh guddepeHiimaisHoe BXOTHOS
COMPOTUBJICHUE, T. €. COMPOTUBJICHUWE MEXAY JIBYMS BXOJHBIMU BBIBOJIAMH, U
cuH(azHOE€ BXOJHOE  COMPOTUBICHHE, T. €. CONPOTHBJICHUE  MEXKIY
00BbeIMHEHHBEIMA OOOMMH BBIBOJAMM BXOJOB M 3emiici. HeoOxoaumo MOMHHTE,
YTO BXOJHOE comnpoTuBieHne OY u BXOAHOE COMPOTHBIICHHE CXEMBbI — 3TO JIBa
pa3HBIX TMOHSTHUS, 3HAYEHUS HMX MOTYT OTJIMYAThCAd Ha HECKOJIBKO MOPSJIKOB.
Tunosble 3HaueHUs1 Rgx gy COCTaBIISIIOT OT COTEH KWJIOOM — JI0 AECATKOB METOM.

Bovixoonoe conpomuenenue (Rppix oy) — D3TO BHYTPEHHEE BBIXOIHOC
conporusieHue OV, KOTOpoe MOKHO ONPEACIIUTh KaK OTHOUIEHHE BBIXOJHOIO
HaIpPsDKEHUST XOJIOCTOTO XOJla K BBIXOJHOMY TOKY KOPOTKOTO 3aMbIKaHMS, U
COCTABJIISIET BEJIMUUHY MOPSAJIKA IECITKOB — COTEH OM.

Bxoonoit mox (mox cmewenusn) (lgx), 35T0 TOK Ha BXOAaX YCHIIUTEI,
HEOOXOAUMBIN 11 pabOThl BXOJHBIX KacKaJOB OIEpalMoOHHOro ycuiurtens. Jis

oy Pa3HBIX TUIIOB BXOHHOﬁ TOK CMCHICHHA N3MCHSCTCS B MIMPOKUX IIPCACIax: A
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GUITONAPHBIX BXOAHBIX TpamsucTopoB — 10° — 10 %A, st momessix — 107° — 107
125

Paznocms 6xo0nwvix moxos (mok cosuza) (Icp). PasHocts TOKOB cMemieHus,
HEOOXOMMMBIX I JBYX BXOJHBIX TPAH3UCTOPOB ONEPAIMOHHOTO YCHIUTEIIS.
[TosiBnsieTcst BCIIEACTBME HETOYHOT'O COTJIACOBAHUS KOI(DPHUIIMEHTOB YCUIICHUS T10
TOKY BXOJHBIX TPaH3UCTOPOB. OOBIUHO I¢jp NEKUT B 1Mana3oHe OT HECKOJIBKUX
SIMHMIT 10 HECKOJIPKUX COTEH HaHOAMIIED.

Hanpscenue cmewenun (Ucy) ornpenensercss Kak pa3HOCTh HaNPsHKCHUH
Ha Bxojax, npu KotopoMm Ugpix = 0. s OV ¢ OunosisipHbIMA TpaH3UCTOpaMHu Ha
BxoAe Ucy 3aBUCUT B OCHOBHOM OT pasz0Opoca HampspkeHuil (AUsg) sMuTTepHO-
0a30BbIX TepexogoB U coctaBmsier 1 — 10mB. Jlng OY ¢ mnosneBbiMu
TpaH3ucTopamu Ha Bxojae Ucy OOBIYHO B HECKOIBKO pa3 Oosbiie (10 30MB), uto
OOBSICHAETCS UX MEHBIIIEH KPYTU3HOM.

Yacmoma eounuunozo ycunenusn (f1) — 31o yacrora, Ha xotopoit Ky = 1.

I'panuunas wacmoma (frp) omnpenensercs Kak dYacToTa, Ha KOTOPOU
KOd(pIUIIMEHT yCWICHUS YMEHbIIAeTCs Ha 3xenubena oT MaKCUMaJbHOTO
snauenus Ky(frp) = 0,707- Ky(0). Obnacts yactor 0— frp HaA3BIBAIOT MOJI0COM
nponyckanus. Beegenne OOC pacmmpsier nonocy nponyckanus OVY.

Ckopocmb Hapacmanus 6bIX00H020 HANPANCEHUA OINPENETACTCS Kak
MaKCUMaJbHas CKOPOCTh WM3MEHEHHUS BBIXOJHOTO HampspkeHus. M3mepsieTcs B
BOJIbTaX Ha MUKpocekyHay (B/mkc). Hns pasubix OY MeHsercs B mpenenax oOT
0,1B/Mkc (mperuzuonnsie OY) no 100B/mkce (ObicTponeiicTBytomue OY). ItoT
napaMeTp CTaHOBUTCS BakKHBIM, eciii OY UCHOIb3yeTcsl B Ka4eCTBE KoMmapaTopa
(pa3nuuuTens) ypoBHEH CUTHAJIOB B OBICTPOICHCTBYIONIUX CXEMaXx.

Koy¢ppuyuenm ocnaonenus cungpasnozo cuzrnana paBeH OTHOLICHUIO
cuH(pa3HOTO BXOJHOTO HAMPSOKEHUS K AU(depeHITNaTbHOMY, BbI3BIBAIOIINX OJTHO
1 10 e Uppx. M3Mepsercs B nenmbenax. Jliisg pasaeix OY u3MeHseTcs B mpeaenax

ot 501b no 120x1b.
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OnepalvOHHBIA YCUJIUTENb LIMPOKO HCIOIB3YETCS B KA4eCTBE AaKTHUBHOIO
AJIEMEHTA B JJIEKTPOHHBIX CXEMaX pa3JIMYHOro Ha3zHaueHus. Huxke mpuBeneHsl
OCHOBHBIE cxemy Ha OV.

NuBepTHpyOIIUi YCHIHTEIb

HauGonbmee pacnpoctpanenue cpenu cxem Ha OV, monyuwna cxema
WHBEPTUPYIOIIETO YCWIUTENSI U MPOU3BOJAHBIE OT JAaHHOM CXEMbI: Pa3JIMYHbIC
THUIIBI UTHBEPTUPYIOIINX CYMMaTOPOB.

Cxema MHBEpPTUPYIOILIETO YCUIIUTEIIA MOKa3aHa Ha pucyHke 4.1

—
RE
R,
— s >
UEII:IX

Pucynok 4.1 - CxemMa HHBEPTUPYIOLIETO YCUITUTENS

JlanHast cxema COCTOMUT M3 OMEPAIlMOHHOTO YCUIUTENs | pe3uctopoB R1, R2
nu R3. B pmanHHO#W cXxeme ONepanroOHHBIN YCHIMTEIh OXBadyeH MapalIeIbHON
oTpuniaTeabHo 00patHo# cBA3bI0 (OOC) Mo HANIPSIKEHUIO.

Jnst paccmoTpeHusi padOThl JAHHOW CXEMbI BCIIOMHHUM OJHO M3 OCHOBHBIX
COOTHOILIEHUN B uacanbHoM OVY: HampspkeHUE MEXKy BXOJaMU PaBHO HYIIIO.
Hcxonst M3 3TOr0, HEMHBEPTUPYIOUIMNA W MHBEpTUpYIOWUKA Bxoabl OY uMEIOT
OJIMHAKOBBIA MOTEHIMAJI OTHOCUTEIBHO OOILEro BbIBOAA, B JAHHOM CIydae 3TOT
IIOTEHLIMAJI PABEH HYJII0. BeiaeacTsue 3Toro TOKM, MPOTEKAIOIINAE Yepe3 pe3UCTOPbI
R1 u R2 nmomkHBI ypaBHOBEIIMBATH APYT ApPyra, TO €CTh ObITh OJMHAKOBBIMH IO

SHAYCHHUIO HO PAa3HbIMH 110 3HAKY

Upx , Ui
Iny + 1, = —+ =0
R1 7 "R2 ™ py R2 :

rae gy, gy — TOKH, poTekaromue yepes pesuctopsl R1 u R2 cooTBeTcTBEHHO.


http://www.electronicsblog.ru/nachinayushhim/operacionnye-usiliteli-nachalo.html
http://www.electronicsblog.ru/nachinayushhim/obratnaya-svyaz-chast-1-vidy-obratnoj-svyazi.html
http://www.electronicsblog.ru/nachinayushhim/obratnaya-svyaz-chast-1-vidy-obratnoj-svyazi.html
http://www.electronicsblog.ru/nachinayushhim/sxemy-vklyucheniya-operacionnyr-usilitelej.html
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I/ICXO,Z[}I H3 5TOTO, KOG)(b(pI/II_II/ICHT YCUIICHU I[aHHOI‘/’I CXCMBbI COCTAaBHUT

Usx _ _ Usbix
R1 R2
Ugkix R2
K = e _ _R2 (4.1)
Upx R1

3HaK MHUHYC TIOKa3bIBa€T, YTO BBIXOJHOM CHUTHaJl WHBEPTUPOBAH IO
OTHOIIIEHUIO K BXOJHOMY.

BxoaHoe conpoTuBiIeHHe JAHHOW CXEMbI MOJY4YaeTCsl U3 MOCIEI0BATEIBLHO
COCIMHEHHBIX conpoTuBieHn! R1 u mapamienbHO COEAUHEHHBIX BXOJHOTO
conpotuBiicHuss OV Rgxov U yMeHblieHHOTO B 1+Kypa3 comnpoTuBieHus

oOpatHo# cBsizu R2

R2

R .
Rgy = R1+ ——*Ku _ pq 4 RexoyR2 4.2)
Rpx 0y+1fI§U Rpyx oy*(1+Ky)+R2

rae Ky — koapduruent ycunenus OVY.
B oOiem ciyuae, korjga k03GGUIIMEHT YCUIIEHUS OTIEPAIIMOHHOTO YCUITUTENS
Ky umeer nmoctaTouyHo OONBIIYI0 BEIWYWHY MOXKHO CUHATATh, 4YTO BXOJHOE
conmpoTHuBJIeHUs nHBepTUpYtoiiero OY Oynet paBHO conpoTuBieHuio R1
Rgx =~ R1. (4.3
BbixoHoe cONMpOTUBJIEHHE HHBEPTUPYIOIIETO YCUITUTENS, ¢ MapajlieIbHON

OOC 1o HanpsHKEHUIO, BEIYUCIAETCS 110 opMyIIe.

R
Rppix = ﬁ- (4-4)

rae [ - xodddumment nepenadn curHana no muenu OC

ﬁ:

Jns HOpManbHOTO (PYHKIIMOHUPOBAHUS CXE€Mbl HEOOXOAMMO, YTOOBI B

R1
R1+R2

(4.5)

AJIEMEHTaX He OBLJIO TPEBBIMICHUS MPEIETbHO JOMYCTUMBIX MMapaMeTpoB (TOK,
HaIMpsHKEHUE, MOITHOCTh), TI0ITOMY TpU  pa3pabOTKe CXeM CYIIECTBYIOT
HEKOTOPBIE TPEIEbl, B KOTOPBIX JOJDKHBI HAXOAUTHCS 3HAYEHMS IMACCHUBHBIX
KOMITOHEHTOB.

B cxeme  MHBEPTUPYIOUIETO  YCUJIMTENS  TAaKUMU  KOMIIOHEHTAMH

apistoTcs peauctopel R1 . R2. ComnporuBnenue pesucropa RI1  ompenenser
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BXOJITHOE COINPOTHUBIIEHUE cXeMbl. Ero HeoOXoIuMO yBEIMYUBATh, YTOOBI HE
JONYCTUTh NEPErpy3Ky MCTOYHMKA CHUTHAJIa, II03TOMY €ro CONpPOTHBJICHUE
BbIOMpatOT B nipenenax 1 - 10 kOwMm, pexe necsatkoB KOM.

Bennunna pesucropa R2 cyliecTBEHHO BIMSET Ha LIYMOBBIE I1apaMETPBI
yewinrens (¢ yBennuenrnem R2 pactér apeid Hyist), H03TOMYy €ro HeoOX0AUMO
BbIOMpaTh MUHUMANbHON BenuuuHbl. OJHAKO HA BEIMYUHY COMPOTUBICHHS R2
HAKJIa/IbIBAETCSl OTPaHUYEHUE, [0 MAKCHUMAJIbHO JOIMYCTUMOMY BBIXOJHOMY TOKY
OV, nmostomMy BeIMYMHA CONPOTHBJIEHUS pe3ucTtopa R2 nexur B mnpeaenax
20...100 kOm, pexe 0,1...10 Mowm.

JlJis KOMITEHCAIlUU HAmpsDKEHUS CMEIICHUS K HEHMHBEPTUPYIOUIEMY BXOIY
MOJIKIIF0UaeTCs pe3uctop R3, 3HaueHne KOTOPOro onpeensercs mo Gpopmyre

R1-R2
R3 = :
R1+R2

(4.6)

HeunBeprupyomuii yCujiuTe/1b
HeunBepTupyromuili yCUIIMTeNlb XapakKTepU3yeTCs TEM, YTO BXOJHOW CUTHAI
NO/IA€TCSI HAa HEWHBEPTUPYIOIIMI BXOJ OIEpalMoOHHOro ycuiurens. Cxema

HEMHBEPTUPYIOIIETO YCUITUTENS N300pakeHa Ha pUCyHKe 4.2.

[ —
u BEIE

Pucynok 4.2 - Cxema HEMHBEPTUPYIOLLETO YCUITUTEIS.
Yceunutenb 0XBaueH MOCIEIOBATENbHON OTPULATENIBHOW OOpPaTHOW CBSA3BIO
10 HAnpsDKEHUI0. YacTh BBIXOAHOTO HAIIPSDIKEHHS Y€pe3 PE3UCTOPHBIM JIEJIUTEIb

R2 u R1 nonaercst Ha UHBEPTUPYIOIIUMA BXO/I.
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BXO}IHOC N BBIXOOHOC HAIIPAKCHHC )laHHOﬁ CXCMbI CBA3aHbI CJICAYIOIINM

COOTHOLIEHHEM
R2
Upx = Uppix * R1+R2
Orcroma  BeIBoAMTCS  (popmyiia JUTS ko3 uIrieHTa  yCUICHHS
HEUHBEPTUPYIOILETO YCUIIUTEIS
K= o PR g & 4.7)
Ugx R2 R2

OTIMYHTENLHON OCOOEHHOCTBIO HEMHBEPTHPYIOIIETO YCHJIMTENS SBIAETCS
€ro BBICOKOE BXOAHOE COMPOTHBICHHE. JTO IMO3BOISACT HCIOIB30BATH TAKOM
VCHJIUTENIb B KadyecTBE Oy(hEepHOro yCTPOHCTBA JUIS YCHICHHS CHIHAIOB OT
pa3JII/I‘—IHBIX JATYUKOB C BBICOKHM BBIXOJHBIM COHpOTI/IBJIeHI/IeM. BXOI[HO@
COIPOTHBIICHHUE OIpPEICIIeTCs 110 hopMyIie

Rpx = Rpxoy - (1 + B - Ky) (4.8)

BbIX0/1IHOE CONMPOTUBIEHUE ONpEAEIsIeTcs Mo (hopmyie

R
Rppix = % (4-9)

Ecnum  wHBEpTHpPYIOIIMI BXOJI COEOUHUTH C BBIXOAOM OIEPALMOHHOTO
YCUJIUTENS, TO TAaKO€ YCTPOWCTBO OYyJEeT BBIMOJHATH T€ K€ (YHKIUH, 4YTO U
AMUTTEPHBIA MOBTOpPUTENb. Ero BXOAHOE compoTuBieHHE OyneT OOJbIIUM, a

BBIXOJHOC — MaJIbIM.

HNurerparop

PaznuyHbie pa3HOBUIHOCTH MHTETPATOPOB MPUMEHSIOTCS BO MHOTHUX CXEMaX,
HalpuMep, B AaKTUBHBIX (WIbTpaX WIM B CHCTEMaX aBTOMATHYECKOTO
peryJMpoBaHus Uil MHTErPUPOBaHUsl curHajga ommoku. CxeMa MHTEerparopa Ha
ocHoBe OV npuBeneHa Ha pucyHke 4.3. On coctout u3z OV, BXOJHOTO pe3uctopa
R1 u xonnencaropa C1, koTophlii obecrieurBaeT napajieiabHyl0 0OpaTHYIO CBS3b

IO HAITPSKCHUILO.
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17
v

U BRIX

Pucynok 4.3 - Cxema uHTErpaTopa

PaboTa unTerpaTopa ocCHoBaHa Ha TOM, YTO UHBEPTUPYIOLIUI BXO/ 3a3€MIIEH,
COTJIACHO TPUHIMIY BHUPTYalIbHOTO 3aMblkaHusA. YUepes pesucrop R1 mporekaer
BXOJIHOM TOK Igx, B TO k€ BpeMs JUlsl ypaBHOBEIIMBAHUS TOYKH HYJIEBOIO
NOTEHIMaIa, KOHJAEHCATOp OYyJeT 3apsiKaThCsl TOKOM OJMHAKOBBIM IO BEJIMYMHE
Isx, HO C MPOTHUBONOJOXKHBIM 3HaKOM. B pe3ynbraTe Ha BBIXOJE HMHTErparopa
Oyzaet ¢hopMUpPOBATHCS HANPSKEHUE, 0 KOTOPOrO KOHJIEHCATOP 3apsKaeTcsl ITUM
TOKOM. BXoaHO€ comnpoTHBieHHEe HHTErpatopa OyAEeT paBHO CONPOTUBIIECHUIO
pesuctopa RI1, a BbIXOJHOE CONPOTUBIEHUE OYIET pPaBHO BBIXOJHOMY
conpoTtusieHuto OY.

OCHOBHOE COOTHOILIEHUE UHTErpaTOpa

1 1
Uppix () = - J Ugx - dt = —Upx ' t, (4.10)
rne T = R1- C1 - mocTosiHHAs: BpEMEHH HHTETPUPOBAHHUS (4.11)

M3MeHeHue BBIXOJHOTO HaNpsDKEHUS BO BPEMEHU MPEACTaBiIseT coO0H
HAKJIOHHYIO NPSIMYIO C MOJSPHOCTBIO BXOJHOI'O CUTHAJIA.

OCHOBHBIM HEJOCTAaTKOM Takoro uHTterparopa Ha OV sBusieTcs sBIEHUE
nperida BBHIXOAHOTO HANpsbKEeHUs. B OCHOBE MAHHOTO SIBJICHUS JICKUT TO, YTO
koHaeHcatop C1l, kpome 3apszia BXOIHBIM TOKOM, 3apsKaercs pa3IudHbIMUA
TokamMu yTeuku u cmetnenus OY. TlocneAacTBueM TaHHOTO HEAOCTATKA SIBISETCA
NOSIBJIEHUE HANPSKEHUSI CMELLEHUST HA BBIXOJE CXEMBbI, KOTOPOE MOKET MPUBECTU

K Hacelnenuo OVY.
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I[J'ISI YCTPAHCHUA JAHHOTO HCAOCTATKA MOKCET OBITH MNpUMCHCHA CJICAYIOLIAs

cxema uHTerpaTopa (pucyHok 4.4).

1
| I— |
E
|
Cy
R,y
o I' |I {) |>

u BRIX

Pucynok 4.4 - Cxema uHTEerparopa

Comnpotusnenue pesuctopa R1 BeiOuMpaercss UCXOAs U3 BEIUYUH BXOJIHOTO
toka OY u najgeHus Ha HeM HanpspkeHus. Kak npasuiio, 3HaueHue R1 BeiOupaercs
B npeaenax 10 — 50 kOwm.

3HaueHue MOCTOSTHHON BPEMEHU UHTETPUPOBAHUS

T=R1-C1 (4.12)
JOJKHO OBITh PaBHO MEepUOay UHTErpupoBaHus T curxana.

BennunHa npyroid MmocTOSSHHOW BpeMeHW uHTerpupoBanusi 72 = R (1
J0JKHA OBITh HAa OPAZIOK OoJbiie T. TakuMm 00pa3oM, CONPOTHUBIICHUE PE3UCTOPA
R 10mKHO OBITH paBHO

R=10-R1 (4.13)

Pesuctop R ciyxut ana obGecriedeHUs: 0OpaTHOM CBSI3U IO MOCTOSIHHOMY
ToKy. Takas oOpaTHas CBsi3b HEOOXOAWMMa IS TOTO, YTOOBI HAMpsHKEHUE
CMEILIEHHUsI HE BBI3bIBAJIIO HEMIPEPHIBHOTO 3apsaa koHaeHcaropa Cl, uTo Morio Obl
MPUBECTU K OIPAHUYEHUIO BHIXOJIHOTO UMITYJIbCA.

Pesucrop R2 obecnieunBaeT HyJeBYIO BEJIWYMHY HAIPSHKEHHUSI CMEILCHUS B

pexuMe OKOsI. 3HaYEHUE PE3UCTOPa BBIYUCIISIETCS 110 (hopmyJie

R1R
R3 = :
R1+R

(4.14)
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[Ipy nomaue Ha Bxoa uHTerparopa Ha OV mNpsSMOYroJIbHOTO HMITYJIbCa
JUTUTEIIbHOCTBIO T, BBIXOJHOE HAMPSIKEHUE U3MEHSETCS MO IKCIOHEHIUAILHOMY
3aKOHY B auana3one 0 <t <t

Uppix(t) = - Upx - Ky - [I - exp(-t/t)], (4.15)
rre t.=(1+Ky) T,
U,k - aMIUIMTy1a BXOJHOTO UMITYJIbCA.

B nuanasone T <t <2:t BRIXOJAHOE HAIPsHKEHUE OmpeessieTcs mo Gopmyse

Uspix(t) = Upx - Ky - [I - exp(- t/tc)] - 2-Upx (4.16)
I'padviKu BXOIHOTO U BBIXOJHOI'O CHTHAIIOB IIPUBEAEHBI HA PUCYHKE 4.5,
Ugx (t)
Upx
0 T : i t
|
Upnx (t) : I
|
0 I ' t
|
|
:
el - T

Pucynok 4.5 - I'paduku BXOZHOTO M BBIXOJIHOT'O CUTHAJIOB MHTErpaTOpa

JAunddepenunarop

Hudbdepennmarop, mnokazaHHbIE Ha pucyHke 4.6, CO37a€T BBIXOJHOE
HaIpsHKEHUE, MPOTIOPIMOHAIIBHOE CKOPOCTH HW3MEHEHHsT BxonHoro. C(Cxema
WHTErpaTopa UACHTHYHA CXEME MHBEPTUPYIOMIECTO YCHIUTENSA, Y KOTOPOTO BMECTO
BXOJIHOTO pe3uctopa BikItoueH KoHaeHcatop C. Ilpu muddepennmpoBanumn
YCHJIUTENb JODKEH MPOIMYCKaTh TOJBKO MEPEMEHHYIO COCTABIISIONIYIO BXOIHOTO
HampspkeHus: U KodpdunueHt ycuneHus auddepeHIMpyomed cXemMbl T0JDKEeH

BO3pacCTaTh IIPU YBCIIMYCHUN CKOPOCTH M3MCHCHHMA BXO/JIHOI'O CUTHAJIA.
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U BREIX

Pucynox 4.6 - Cxema auddepenimaropa
YCcTaHOBHM B3aUMOCBSI3b MEXKIY HANPSHKCHUSMH HAa BXOJE M BBIXOJE
muddepernmraropa. UToObl MONTYYHTHh BBIPAKECHUE JIJIS BBIXOJHOTO HAIPSHKCHHS,

BCIIOMHHUM, YTO TOK Yepe3 KOHAEHCATOP OIpeaesercs no Gopmyse:

au
Ie=C-=¢, (4.15)

HanpsixeHne Ha KOHIEHCATOPE, €CTECTBEHHO, PABHO BXOJHOMY HAMNPSIAKECHUIO
Ugx. Eciiu ipeninonoxkuTe, 4To OnepalMoHHbIN yCHUIIUTENb UACalIeH, TO TOK Yepe3
COMPOTHUBJICHUE OOpaTHOM CBSI3M MOXKHO CYUTaTh paBHBIM TOKY 4Yepe3

KOH/JIEHCaTop, T.€.

Ip1 = I¢.
Ho Ugpix = —R; - IR, (4.16)
MIOATOMY:
Upix = —Ry - C- =2 = —p . T8 (4.17)
rne T = R, - C - mocrosiHHas BpeMeHn quddhepeHIIMpPOBaHHS. (4.18)
Takum o0Opazom, BBIXOJTHOE HarnpsiHKEHUE nuddepenparopa

IPONOPILIMOHAIIBHO CKOPOCTH U3MEHEHUS BXOIHOTO HAIIPSHKECHMUS.

YMEHBIIEHHE PEAKTUBHOIO CONPOTUBIEHHUS Xc C YBEIMYEHUEM YACTOTHI
IPUBOAUT K TOMY, YTO cxema JuddepeHunaropa uMeeT BBICOKUN KOI(PPUIIUEHT
YCWICHHS 110 OTHOLIEHHWIO K BBICOKOYACTOTHBIM COCTABJISIOIIMM Ha BXOJE, JAXKE
€CJIM MX 4YacTOThl JIEKAT BBILIE IOJOCHI YacTOT Moje3Horo curHana. Ilostomy
Hapsly C BBICOKOYACTOTHBIMU COCTABIISIFOIIMMHU CIIEKTPa IOJIE3HOIO BXOJHOIO

CUTHaja CXeMa YCWJIMBAeT COOCTBEHHBbIE IIyMbl  CONPOTUBJICHHHA U
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MOJTYTIPOBOTHUKOBBIX 3J€MEHTOB. Kpome Toro, sTta cxemMa MMeEeT TEHICHIIMIO K
MoTepe YCTOMYMBOCTH B TOW OOJIACTH YACTOT, T/I€ YaCTOTHAs XapaKTEpHUCTHKA
muddepeHmaTopa UMEET MAKCUMANIbHBIN moabeM. [lpu 3THX yCIOBHSIX BIOJIHE
BO3MOXKHO CaMOBO30YKICHHE.

YroOsr u3bexkaTh camMoBO30yxkaeHus auddepeHnaropa, TPUHUMAIOTCS
MEphl 10 €ro JWHaMH4YecKod cradmimm3anuu. (CxeMa CKOPPEKTUPOBAHHOIO

nuddepennaropa npuBeicHa Ha pucyHke 4.7.

oy
1
| S|
R,
— 0 D

u BREIX

Pucynox 4.7 - Cxema ckoppekTupoBaHHoro nuddepenunuaropa
Kongencatop Cgx  BbIOMpaeTcss TakuM  00pa3oM, 4YTOOBI  y4acTOK
XapaKTepUCTUKU CO CMaJ0M HayWHAJICA Ha YacToTe OoJee BBICOKOW, dYeM
MaKCHMaJlbHasl 4actora moiie3Horo muddepeniupyemoro curuana f, mpu stom
YMEHBIIIAETCS JOJS BBICOKOYACTOTHBIX IIIYMOB B BBIXOJAHOM CHUTHale. ITOT

Y4aCTOK XapaKTCPUCTUKHN HAYMHACTCA HA 4aCTOTC

Comporusiienne Ryi orpaHuumBaer Kod(P(PUUUEHT yCHJIEHHS Ha BBICOKHX

1
2nR,Cx’

(4.19)
4acToTaxX, OOECINEUYMBACT JIUHAMUYECKYIO YCTOMYHMBOCTh M CHHKAET BXOJHOU
€MKOCTHOM TOK CXEeMbI, OTOUpAEMBbIil OT UCTOYHHKA cuTHana. [[obaBieHne k cxeme
COMPOTUBJICHUSI Ry MNPUBOAUT K TOSBICHUIO HA YAaCTOTHOW XapaKTEPUCTHUKE
TOPU30HTAILHOTO YYacTKa W K MpeKparieHnto auddepeHmpoBaHus Ha 9acToTax,

MMPCBBIMAKIIHNX 9aCTOTY
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1
2mRkC’

f (4.20)

Yacroty f criemyeT 3amaBaTb BO3MOXKHO 0oJiee HU3KOM MpPH 3aJaHHBIX
M0JIOCE YacTOT TMOJIE3HOIO CHUTHajda W TOYHOCTH AuddepeHurpoBanus. Yacto
BBIOHPAIOT TaK, YTOOBI

RxC = R;Ck (4.21)

u f]_ = f.

[Ipu mnomaue Ha Bxox aAuddepeHunaTopa TPEYroJbHOTO HMITYJIbCA
JUINTEIBHOCTBIO 2T, Ha BBIXOJE MOJy4aeM MPSMOYIOJbHBIA UMITyJbC. B 3TOM
cilydae

Upx ' tnpu0<t<rt

Upx() = {UBX Rr—t)nput<t<2t (4.22)

Iocne auddepeHnpoBaHus BEIXOAHOE HANPsKEHHE OyIeT UMETh BUJL
Uyt
X = _Upynpu0<t<T

Uppix(t) = o (4.23)
Do strh) UBXd(tZT t_ Ugx Ipu T < t < 27

['padiky BXOTHOTO M BBIXOJHOTO CUTHAJIOB IPUBEACHBI HA PUCYHKE 4.8.

Ugx (1)
Up-------- ~
|
|
|
|
t
0 | |
Upgprx (B E 2T
Up-—--—-—-- -
0 t
|
|
|
|
|
-r-—-——t: - — — - — — — +

Pucynox 4.8 - I'padmku BXOZHOTO ¥ BBIXOJTHOTO CUTHANIOB muddepenmnmaropa
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I'eneparop Buna

['eHepaTop cuHycOMJalbHBIX KoJeOaHWH Ha OCHOBe MocTa BunHa wnmm
IpOCTO reHeparop Buna siBnsieTcss omHMM W3 caMbIX pacnpocTpaHEHHbIX RC-
IEHEpaTOPOB CHHYCOMJANbHBIX  KojeOaHui. Cxema JaHHOro  reHeparopa
MoKa3aHa Ha pucyHke 4.9.

['eneparop Buna cocroutr u3z OV, KOTOpbId OXBauy€H OTPHUILATEILHON
oOpaTHOH CcBA3BI0 MocpencTBoM pesuctopoB R1 u R3, a Taxke nmomoxxurenbHON
00paTHOI CBS3BIO C MMOMOIIBIO YaCTOTHO-U30uparenpHo renu R2C1R4C2.

1 1T F—
E, R

LS D
"_l I Upprx

c
11+
R, R, C;

PucyHnok 4.9 - Cxema reneparopa Buna Ha OY

YactotHo-uzbuparenbhas nenb R2CI1R4C2 nazpiBaeTcs mMoctom Buna, oT
Ha3BaHUS KOTOPOTO W MOy HAaMMEHOBAaHWE TeHepaTop JaHHOTO THIA. JlaHHbII
MOCT COCTOUT M3 IOCJIEIOBATEIbHO BKIIOUEHHBIX IudPepeHImpyronei enu
R4C2 u unrerpupytromeit nenu R2C1. Kak n3zBectHo, 111 reHepUpOBaHUS CUTHAIIA
MocT Buna nomkeH oOecrneunBaTh HyJIeBOW (pa30BBIM CABUT CHUTHajiIa. ITO
oOecrieuynBaeTCs PaBEHCTBOM TOCTOSIHHON BpeMeHM MHTerpupyromien menu R2C1
u muddepennupyromiei nenu R4C2

R2C1 = R4C2. (4.24)

Torma wacrota, mpu KoTopoi Oymer  caBur (a3 paBHBIA  HYIIO,

ONnpecACACTCA CICAYIOIIMM BBIPAXKCHHUEM

1
f= 2mVR2C1R4C2 (4.25)
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[Tpu ycnoBun, uto R2 = R4 =R u C1 = C2 = C yactoTa reneparopa Oyaer

paBHa

1
=— (4.26)

[Ipu panHOM ycioBHM KOX(POUIMEHT TMepenaddl LeNnu MOJOKUTEIbHON
oOpaTHoi cBs3u Oyner paBeH 1/3. IlosTomy st TOro 4ToObl KOMIIEHCHUPOBATH
JaHHOE yclioBHE KOd(D(HUIMEHT mepefayu Lenu OTpUILIaTeIbHON OOpaTHOW CBS3U

TaKke J0JKEH OBbITh paBeH 1/3, To ecTh

R1 1
Booc = 75 = 3 (4.27)
TO €CTh R3 =2-R1. (4.28)

['enepatop ¢ MoctoM BuHa o0OecreunBaeT BBIXOJHOMW CHUHYCOHWJATbHBIN
CUTHAJI ¢ HEOOIBIIUMH UCKaKeHUusaMH — nopsika 0,05 %. OgHako y JaHHOTO THIA
reHepaTtopa CyHIECTBYET cephE3Hasi mIpoljieMa B TOM, YTO [JIs TOJyYEHUS
KaueCTBEHHOTO0 CHUHYCOWJQJIBHOTO CHUTHaja HEOO0XOJMMO OOECIEeUUTh TOYHbIC
cootHomeHust pe3ucropoB B 1emn OOC R1 um R3, To ecth obOecneyuThb
kodpunmeHT nepenaun uenu paBHbid [ = 1/3. [losTomy mjisi craOuau3aiuu
paboThl TeHeparopa BuHa NPUMEHSAIOT pa3iINYHbIE ABTOMATUYECKUE CHCTEMbI

CTaOMJIN3AIIMN AaMIUTUTYBI.

3aganue

Wcxonnbie TaHHbBIC JIJIS1 PEIICHUS ATOTO 3a1aHusl IPUBEICHBI B Tabule 4.1

Tabmuma 4.1
No < R1, R2, | Resxov, | Remxov, £ | Use B
BapUaHTa kKOM KOM KOM KOM
1 10° 10 120 8-10° 80 15 0,8
2 4-10* 25 200 2:10" 40 12 0,6
3 10° 30 250 5-10° 30 20 1,2
4 3-10° 15 320 7-10° 100 25 1,4
5 8-10° 25 340 1-10* 20 16 1,0
6 2-10* 20 100 4-10° 50 22 0,9
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7 9-10° 35 270 2-10° 70 13 1,3

8 10° 15 240 1-10" 90 14 1,9

9 6-10° 20 180 5-10° 40 11 2,0

10 510" 30 300 2:10" 60 10 1,8
3amaua 1

PaccuuTaTe mapaMeTpsl MHBEPTUPYIOUIETO YCWIMTENIS M €ro 3JIEMEHTOB.
HcxonHble AaHHBIE JUIs pacyeToOB IpHUBEIEHBI B Tabmuue 4.1, cxema ycuiauTens
n3obpaxkeHa Ha pucyHke 4.1. Homep BapumanTa — mocienHss uudpa Homepa
CTYyJICHYECKOT'O OuJIeTa.

IMopsanok peumenust

1. [TepeHecTH B OTUET CXeMy HHBEPTHPYIOIIETo ycrmmtens (puc. 4.1).

2. ITo dhopmyne 4.1 paccuntath KOAHPUITUEHT yCUIICHHUS.

3. Ilo popmynam 4.2 — 4.5 BBIYMCIUTH BXOJIHOE U BBIXOJHOE CONPOTUBICHUE
YCUJIUTESL.

4. Tlo dopmyne 4.6 BeuUCIUTH comnpoTuBieHue pesuctopa R3. [loscHuth
€ro Ha3HauYCHHE.

3agaua 2

PaccuuTtaTh mapaMeTrpbl HEMHBEPTUPYIOLIETO YCHIMTENS M €ro 3JIEMEHTOB.
Hcxoanbie MaHHBIC IJI1 pacueToB MpuUBEACHBI B Tadnuie 4.1, cxemMa ycuimuTens
uzobpaxkeHa Ha pucyHke 4.2. Homep Bapuanta — mocneasssi uudpa Homepa
CTYJ€HYECKOro Omiera.

IMopsnok pemienust

1. Ilepenectu B OTUET CXEMY HEHMHBEPTUPYIOLIETro yeunutens (puc. 4.2).

2. Ilo ¢opmyne 4.7 paccuutaTh K0dPOUITUESHT YCUTICHHUS.

3. Tlo ¢popmynam 4.8 — 4.9 BEIYHCIUTD BXOJTHOE U BBIXOJHOE CONMPOTUBICHUE

YCHIIUTCIIA.
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3agaua 3

PaccuuTaTh mapameTpbl UHTErpaTopa M €ro sneMeHToB. VcXo/Hble NaHHbIE
JUI pacueToB MpuBeAeHbl B Tabmuue 4.1, cxema ycwiurtens u3o0pakeHa Ha
pucynke 4.4. Homep Bapuanta — mocieaHsss uudpa HoMepa CTYIEHUYECKOIro
owera.

Iopsiaok pemenust

1. IlepenecTr B oTueT cxemy uHTErparopa (puc. 4.4).

2. Tlo ¢opmyne 4.12 BbIYHCIUTH 3HAUYEHHE €MKOCTH KoHjeHcatopa C,
CUMTasl, YTO TMOCTOSIHHAs BPEMEHU HMHTErparopa T paBHA IMOJIOBUHE IMEpUOIA
KoJie0aHui 3alaHHOM YacToThl (Tada 4.1).

3. ITo popmynam 4.13, 4.14 BEIYUCIUTH COMPOTUBICHUS pe3ucTopoB R u R3.

4. ITo popmyne 4.15 BBIUUCIHTL 3HAYCHHUS BBIXOAHOTO HAMPSDKEHUS IS
t=0wut=r1 Ilo popmyne 4.16 BBIUUCIUTH 3HAYCHHUE BBIXOJHOTO HAIMPSIKECHUS
g t=2t.

5. Tloctpouth Tpaduku BXOJHOTO M BBIXOJHOTO cuUrHajoB (puc. 4.5) c
yKa3aHuEM KOHKPETHBIX 3HAUCHWN HAIMPSOKCHUSI K BPEMCHHU.

3anaua 4

Paccuutats mapamerpnl nuddepeHunatropa U ero sjaeMeHToB. VcxonHbie
JaHHBIE JJI pacyeTOB MpUBENEHbI B Tabnuie 4.1, cxema ycunuTens u3o0paxeHa
Ha pucynke 4.7. Homep BapmanTa — mocnensssi mudpa HOMEpa CTYJIEHYECKOTO
ouera.

IMopsok peuienust

1. Ilepenectu B oTyeT cxemy auddepenimaropa (puc. 4.7).

2. Ilo dopmyne 4.19 BbIUMCINTHL 3HAYEHUS €MKOCTel KoHAeHcaTopoB C =
Ck, cuuTas, 4TO 4YacToTa TOJe3Horo auddepeHnupyeMoro curHaisa pasHa f
(tabdu. 4.1).

3. 3ammcaTh 3HAYCHUE BXOJHOTO HAMPSHKEHUS TPEYrOJBHOTO HUMITYJIbCA
(popmymna 4.22) ¢ KOHKpEeTHbIMH 3HAYeHUsIMU U 1 T.

4. TTo dopmyne 4.23 BBIYHUCIUTH 3HAYECHHE BBIXOJAHOTO HAMPSHKEHUS C

KOHKpPETHbIM 3HaueHuem U.
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5. TlocTtpouth rpaduku BXOJHOTO MU BBIXOJAHOTO curHaioB (puc. 4.8) c
yKa3aHUEM KOHKPETHBIX 3HAUYCHUN HAINPSKEHUSI U BPEMEHHU.

3agaua 5

PaccuutaTe mapameTrpsl reHeparopa Buna u ero anementoB. McxomHbie
JAHHBIE JIJI1 PacyeTOB MpUBENEHBI B Tabnuie 4.1, cxema ycunuTens u3o0paxeHa
Ha pucynke 4.9. Homep BapmanTa — mocnensssi mudpa HOMEpa CTYIAECHYECKOTO
ouera.

Iopsiaok pemenust

1. Ilepenectu B oTueT cxeMy reHepaTopa Buna (puc. 4.9).

2. ITo ¢popmyne 4.26 BbIUUCIUTD 3HaUEHU eMKocTel koHaeHcaTopoB C = C;
= Cz.

3. [To dhopmyne 4.28 BEIUUCIUTH 3HAUEHUE CONMPOTUBIIECHUS pe3ucTtopa R3.

KoHTposbHBIE BONIPOCHI

1. Omnpenenenue oneparoHHOro ycuiauTens. K kakoMy Kiiaccy yCUITUTeNeu
otHocurcs OY?

2. OcHoBHBIE MapaMeTpsl U xapakrtepuctuku OY.

3. INonsarue 00 nneansaom OVY.

4, KakuMu MepaMH MOXXHO OO0€CHeuuTh YCTOWYMBOCTH paboTel OV ¢
rIIyOOKOM 00paTHOM CBS3BIO?

5. Kak ocymiecTBisieTcsi CABUT MOCTOSTHHOTO HampsbkeHus B cxemax OY?

6. B uem 3akmouarorcst noctourctsa OY, O0marogapsi KOTOPHIM OHH ITUPOKO
MPUMEHSIOTCS B PaTUOICKTPOHUKE?

7. Uto Takoe oOpaTHbIE CBSI3M B YCUJIUTENSAX U KaK OHU HCIOJB3YIOTCS MPU

MOCTPOEHUU KOHKPETHBIX YCTPOUCTB Ha 6aze OY?

8. OCHOBHbBIE MPUHIIUIBI MOCTPOCHUS CaMOBO30YKIAIOIIMUXCS YCTPOUCTB Ha
6aze OY.

9. Uro Takoe 4YaCTOTHO-3aBUCHMBbIC II€MH, U B KAKUX YCTPOWCTBaX OHU
HCTOJIb3YIOTCS?

10. Yto Takoe “noporosbie ycTpoicTBa”?
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11. JlaliTe MOHATHE TOJOKUTEJIBHOW M OTPUIIATEIHLHON OOpaTHOW CBS3U

(OC), OC 1o HanpsHEKEHUIO U 0 TOKY, MOCIE0BATEIbHON U MapalieIbHOM

OC.

12. HapucyiiTe CTpyKTypHYIO cxeMy ycunutens ¢ nociegobarenboi OOC.

13. 3anumuTe BBIpakeHHE AN KOIPGUIMEHTA YCHICHUS YCUIUTENS C

oTpunaTeabHou (monoxutenbHoi) OC.
14. Kakwue cBoiictBa ycummTens yay4dmaer OOC?

15. 3anummTe Beipaxenue kodpdunrenta ycunenus ycunurens ¢ OOC.
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IIpakTudeckoe 3ansaTue Ne 5 (2 yaca)

Pacyer MHTErpajbHBIX MUKPOCXEM

Llenv s3anamua: Onpedenenue napamempoé OCHOGHbIX UHMESPANTbHBIX
PaouodieMeHmo8 (Pe3ucmopos, KOHOeHCamopos).

HNuTterpanbHoii  Mukpocxemoil, wim cokpamieHo HWMC, Ha3bpBaroT
3aKOHYEHHBIH (DYHKIMOHAIBHBIM 3JIEKTPOHHBIN y3€l, NpeAHa3HAYEeHHBIN i
UCIOJHEHUST (PYHKUMH 33aJaHHOTO YCTPOMCTBA WM LEJIOW CUCTEMBI, 3JIEMEHTHI
KOTOPOTrO KOHCTPYKTMBHO HE€ pas3feleHbl W M3rOTaBIMBAIOTCS B E€IUHOM
TEXHOJIOTUYECKOM IIpoLecce.

NUMC noapa3nensiorcss Ha MOJYyNPOBOAHUKOBBIE U KOMOMHHPOBAHHBIE
TUOpUJTHBIE.

[Iponecc co3maHuss  IOJYNPOBOJHUKOBOM  MMKPOCXEMBI  CBOIAUTCA K
(GOpMHpPOBAaHHIO B MPUIIOBEPXHOCTHOM CJIO€ MOJYIPOBOJHUKOBOM TIJIACTUHBI
AJIEMEHTOB  (TPAH3UCTOPOB, JAMOAOB, PE3UCTOPOB, KOHAEHCATOPOB) U K
NOCIEAYIOEMY HUX OOBEIUHEHUI0 B (YHKIMOHAJIBHYIO CXEMY IUICHOYHBIMU
ITPOBOJHUKAMH 11O IOBEPXHOCTH ILJIACTHHBI.

TexHomornyeckon 0CHOBOM KOMOMHHPOBAaHHBIX THOpUAHBIX IMC siBnsitoTCS
IIPOIIECCHI HAHECEHUSI PE3UCTOPOB, KOHAEHCATOPOB, MPOBOAHUKOB U KOHTAaKTOB B
BHUJIE€ TUIEHOK COOTBETCTBYIOIIMX MAaTEPHATIOB HA JMAIICKTPUYECKYIO NACCHUBHYIO
IOUIOKKY. IIOCKOJIBKY aKTHUBHBIE DJIEMEHTBI - TPAH3UCTOPBI, JUOABI - HE MOIYT
OBITh M3TOTOBJIEHBI MO IJIEHOYHON TEXHOJIOTMH, UX W3TOTOBJISIOT MO M3BECTHOU
MOJTyTIPOBOIHUKOBOM TEXHOJIOTHH, @ 3aT€M MOHTHUPYIOT Ha OOIIEeH MOAIOKKE.

Pacuer pe3ucropos

OgHYMM M3 OCHOBHBIX NApaMETpPOB, XapaKTEPU3YIOLIUX PE3UCTOP, SIBISAETCS
CONPOTHUBIICHUE KBajJpaTa IUIOMIAAW DPE3UCTUBHOTO €O Pkp. [IoACHUM cMmbICT
ATOrO MapameTpa, UCIONb3Ys U3BECTHYIO (popMyily s pacuera 3JIeKTPUYECKOTO

conpoTuBiieHus R:

_pl
R=2 (5.1)

[~y

rae p — o0beMHOE yAeTbHOE conpoTuBieHue, OM:cM;
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| — nuHa, oMm;
b u d — pasmepsl monepevHoro ceyeHus (MUPHUHA ¥ TOJIIIMHA) PE3UCTHBHOTO

CJIOS1, CM.
p o
O603Ha4YMB OTHOIIECHUE - = P, TOJNYYHM TaKUM o0pa3oM yKa3aHHbBIN

napametp, n3mepsieMbiii B OM/kB. @opmyia (5.1) mpumer Bu,

R =2 (5.2)

Hcnonb3oBaHue mapaMerpa yIAEIbHOIO COIPOTUBIICHUSA Pxp IPEAINOIAraer,
4TO TONIIUHA d TOHKOTO CIIOS WM TUICHKH (PUKCHPOBAHA.

B monynpoBogHukoBeix MMC B KadecTBE pE3UCTOPOB  NPHUMEHSIOTCSA
OOBIYHO CJIOM MOJIYIPOBOAHMKA, CO3/IaBAEMBbIE C MOMOILBIO MU Py3un npumecei
OJTHOBPEMEHHO C KOJUIEKTOPHBIMU WJIM 0a30BBIMH OOJACTAMHU TpPAH3UCTOPOB.
OO0uacty, co3aBaeéMble BMECTE C IMUTTEPAMH TPAH3UCTOPOB, MPUMEHSIOTCS IS
ITOU LIENU PEKE, TAK KaK OHU UMEIOT CIUILIKOM MaJIOE€ yJIEIBbHOE COIPOTHBIICHHE.

Ecnu mMukpocxema JIOJKHA COAEP’KAaTh PE3UCTOPBI C JTOCTATOYHO BBICOKUM
CONMPOTHUBJICHUEM (MOps/IKA HECKOJbKHX JIECATKOB KHIOOM U 0Ooiiee), TO
U3TOTOBJISIIOTCS TAaK Ha3bIBAEMbIE CHKAaThl€ PE3UCTOPHI (MTMHY-PEZUCTOPHI).

HomuHanbHble 3HAYEHUSI COMPOTHUBICHUA M yJIE€IbHBIE COMPOTUBICHUS

pa3TUYHBIX P — N MEPEX0I0B MPUBEACHBI B Tabiuiie S.1.

Tabnuna 5.1
Tun pe3ucropa VY nenpHOE CONpPOTUBIICHUE, Pk, OM/KB
1. OmMuTTEpHBIH Ci0i 6
2. ba3oBblii croit 150
3. KonektopHslii cioit 250
4. Cxatble pe3ncTOpHI 5-10°

TOHKOIIEHOYHBIE PE3UCTOPHI CO3NAIOTCS HAMBUICHUEM PE3UCTUBHBIX TUIEHOK
Ha JUAJIEKTPUYECKYIO MOUIOKKY B BaKyyMe C MOcCleayoend aurorpapueit amis
dbopmupoBanus 1onocoK. Ilonmocku MoOryr ObITh MpsSMbIE W 3MEEBHJIHBIE.
3meeBunHas (opma pe3nucTopa MO3BOJISAET YMEHBIIUTH IUIOIIAIb, 3aHUMAEMYIO

PE3UCTOPOM B HHTETPATILHON CXEME.
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B Ttabmuue 5.2 mnpuBeneHbl XapaKTEpPUCTUKH OCHOBHBIX MAaTepHUasoB,

IMPUMCHACMBIX IIPU U3TOTOBJICHHUU IINICHOYHBIX PC3UCTOPOB.

Tabmuma 5.2
Matepuanst pxs, OM/KB
1. Huxpom 400
2. Hutpun TanTana 500
3. KepmeTtst 10000
4, MeTaJu1oCUIALIA LB 1000

Pacyer koHaeHcaTOpPOB

B kauectBe KoOHJeHCATOpoOB  moayrnpoBoaHukoBeix MMC wamie Bcero
HAXOJIAT MIPUMEHEHUE 00PAaTHO-CMEIIIEHHBIE P-7 — IEPEXOIbI.

[Tockonmbky Tpowib  pacmpenesleHus KOHIICHTPAIIMM TMPUMECEH B
BEPTUKAJIBHBIX  (OOKOBBIX) IIJIOCKOCTSIX IUIGHApHBIX p—N - TIEPEXO0JIOB,
MOJTYYCHHBIX AU Y3HUeH, 3HAUUTEITEHO OTINYACTCS OT PO pacTpeieTICHUS B
TOPU30HTAJIBHOM dYacTH p—N - TIEPeXOJO0B W aAHAIMTHYCCKUH pacyeT WuX
3aTpyJHUTENICH, B Tabnuie 5.3 TMPUBOAATCS OPUEHTUPOBOYHBIC 3HAYCHUS
napaMeTpoB ISt oboux CITyJacs. [ToHast E€MKOCTh
KOHJIEHCATOpa TPH HCIOJIb30BAHUM JAHHBIX TaOJMIIBI PACCUUTHIBAECTCA B
COOTBETCTBHUH C COOTHOIIICHUEM

C = Corop * Srop + CoBepT * SBEPT (5.3)
rne - Corop ¥ Copgpr - YZCTBHBIE €MKOCTH TOPHU3OHTAIBHBIX M BEPTHKAIBHBIX
TUIOCKOCTEN p—N — NIEPEXOIOB,

- Stop U Spppr - TUIOIIAJM TOPU3OHTAIBHBIX M BEPTHUKAIBHBIX TUIOCKOCTEH

p—N — epexoI0B.

Tabmura 5.3

[Tnockocts p-n | YaenpHas eMKOCTh U IPOOMBHOE HANpsKEHUE
Tum p-n nepexona

nepexoaa Co, n®/mm* | Upp, B | Co, nd/mm® | Upp, B
1 SMUTTEDHEL TOPU3OHTAJIbHAS 600 7 350 7
' p BEPTUKAJIbHAS 1000 7 1000 7



http://baza-referat.ru/%D0%9A%D0%BE%D0%BD%D0%B4%D0%B5%D0%BD%D1%81%D0%B0%D1%82%D0%BE%D1%80
http://baza-referat.ru/%D0%9A%D0%BE%D0%BD%D0%B4%D0%B5%D0%BD%D1%81%D0%B0%D1%82%D0%BE%D1%80
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2. KormteKTopHIii TOPU3OHTANIbHAS 350 25 150 70
' BEpTUKAJIbHAS 350 25 150 70
3. KOIIEKTOp—TIOUIONKKA TOPU3OHTAIIbHAS 100 35 100 100
' BEpTUKAJIbHAS 250 35 100 100
:KJEI;I:I ?ﬁlffizli?vaTepHmﬁ TOPU30HTAJIbHAS 700 7 450 7
. BEepTUKAJIbHAS 1250 7 1100 7
Y KOJIJICKTOPHBIHA

EMKOCTB IJIGHOYHOTO KOHICHCATOpAa OIPCACIIACTCA 110 q)OpMy.IIGI

__&¢&S
4-mr-d

(5.4)

TJI€ - € — OTHOCUTEIIbHAS AUAIEKTPUUECKast IPOHULIAEMOCTb TUAIICKTPHUKA;

£o —DJIEKTPHUUECKas NOCTOsHHAA &, = 8,86 - 107 1* d/cm

S — mIomanabk 00KIAI0K;

d — TonmuHA TUAIEKTPHKA.

C TOYKHM 3peHHS MUHUMM3AIUU 3aHMMAEMOM IUIOWAAU AJI M3TOTOBJICHUS
KOH/JICHCATOPOB ~ HEOOXOAMMO TPUMEHATh MaTepuaabl C  MaKCUMalIbHON
JOVRJIEKTPUYECKOM TNPOHHUIIAEMOCTBIO M MUHHUMAJIBHOW TONIMHOM. OpnHaKo
MUHUMaJbHas TOJIIIMHA TUAJIEKTPUKAa OTpaHMuYEHA CHMU3Y 3HAYEHUEM pabodvyero

HanpsbkeHus U, Ha KOHAEHCATOPE U DIIEKTPUYECKON IIPOYHOCTBIO AUIIIEKTPHKA:
_ Unp
Epp = — (5.5)
rae - Epp— anexrpudeckas mpoyHOCTh MaTepuaia AUdJeKTpuka, [B/mm],
Upp — HampsikeHue npo0ost TUdJIeKTpuKa, [B]
d — TomMHA TUANIEKTPUKA, MM.

B Tabnure 5.4 npuBeaeHbl OCHOBHBIE MTapaMEeTPbl HEKOTOPBIX TUAIEKTPUKOB,

MIPUMEHSIEMBIX B TUIEHOYHBIX KOHeHcaropax UMC.

Tabnuna 5.4
HaumenoBanue matepuaina Erp-10°, Blom .
JIMDJICKTPUKA
1. MOHOOKHCH KpEeMHUS 3 2
2. MOHOOKHUCH TepMaHUs 1 3
3. bopocunukaTHOe CTEKIIO 4 0,4
4. CTeKs0 2JIeKTPOBaKyyMHOE 3 1,5

3aganune

Hcxonnbie naHHbBIC IS PEIICHUS dTOTO 3aaHus IPUBEICHBI B TabauIe 5.5
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Tabmuma 5.5
HOJIprOBO,I[HI/IKOBI)Ie IIJICHOYHBIC
Ne R C R C
Bap-Ta | THUII l, d, | Tun | Srop, | Spep, | THI l, d, i | Upp, S,
p-n | MKM [MKM | P-N Mm’ Mm® Mar. | MKM | MKM | JHOJL B wm’
1 1 18 | 4 4 10 103 1 18 4 4 7 10
2 2 20 | 5 3 [410° [610% | 2 20 5 3 15 |4-10°
3 3 12 6 2 |2107% |2:10° | 3 12 6 2 24 |2-10°
4 4 24 | 7 1 Pp-10° p-10° 4 24 7 1 25 R-10%
5 1 17 | 6 4 [210° [1-10° | 1 17 6 4 16 |2-10°
6 2 25 | 5 3 |10° 10° 2 25 5 3 10 |10°
7 3 12 | 4 2 [510% [510% | 3 12 4 2 18 |5-10°
8 4 18 | 5 1 [10° 10* 4 18 5 1 20 |10°
9 2 22 6 3 3103 |210° | 3 22 6 2 22 [3-10°
10 3 10 | 4 2 [7-10° 10" 2 10 4 3 8 [7-107
3agaua 1

PaccumTaTth 3HaueHUS COIIPOTUBJICHUA PE3UCTOPAa U EMKOCTH KOHJACHCATOPA,

HU3TOTOBJICHHBIX IIO HOHynpOBOI{HHKOBOﬁ TCXHOJIOTHH. HCXOI[HI)IG JaHHBIC I

pacueToB TpuBeneHbl B TaOmuie 5.5. Homep Bapuanta — mociemssss uudpa

HOMEpA CTYACHUYECKOro Ousera.

IHopsixok peweHust

1. PacyeT conpoTuBIIEHUS PE3UCTOPa BBITIOJIHUTE 1O opmyiie 5.2.

2. Pacuet eMKOCTH KOHJIEHCATOPA BBITIOJIHUTH 110 hopmyIie 5.3.

3agaua 2

PaccuntaTh 3HaU€HUsI CONMPOTUBIICHUS PE3UCTOPA U EMKOCTH KOHJEHCATOPA,

W3TOTOBJICHHBIX MO IJICHOYHOM TEXHOJIOTHH. I/ICXOI[HBIe JaHHBIC I PpacdCTOB

npuBeneHbl B Tabnuue 5.5. Homep Bapuanta — mociensssi mudpa Homepa

CTYJIEHYECKOTO OmIeTa.

IHopsok pewenust

1. PacyeT conpoTuBIIEHUS Pe3UCTOPa BBITIOJHUTH 110 hopmyrie 5.2.

2. Pacdet TONMIUHBI TUAJIEKTPUKA BBITIOJHATH 1O hopmyde 5.5.

3. Pacuer eMKOCTH KOHEHCATOpa BHIIOJHUTH 10 Gopmyiie 5.4.
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KoHTpoJibHBIE BONIPOCHI

1. Kakue pe3uctopsl npuMensitorcst B UMC?

2. UeM ompenensieTcsi COMPOTUBIICHHUE MJICHOYHOTO pe3ucTopa?

3. Kakue pe3ucTuBHBIE MaTepHalbl Yalle MPUMEHSIOTCS MPU U3TOTOBICHUU
MJIEHOYHBIX pe3ucTopoB? [louemy?

4. Kakue Turbl KoHAEHCATOPOB NpuMeHstorcs B UMC?

5. Kakue TtpeOoBaHUS NPEIBABIAIOTCS K MaTepuajiaM TOHKOIIEHOYHBIX
KOHJICHCATOPOB?

6. Ha3sosure OCHOBHBIE BU/IbI TEXHOJIOTUI W3TOTOBJICHHUSI

noynpoBogHUKoBeIX UMC.

7.Ha3oBuTe OCHOBHBIE 3Tambl CTAHJAPTHOW IUIAHAPHO-3MUTAKCUAIBHON

TexHonoruu usrorosnenust UMC.

8. Kak ocyriecTBasieTcst M30AIMS 3JIEMEHTOB MOTYTPOBOTHUKOBEIX UMC?

9. HazoBuTe OcHOBHBIE 3Tanbl U3roToBieHus rTuopuaHeix UMC.

10. HazoBuTe ocHOBHBIE 3Tanbl u3rotosiuenus mwiat UMC.

11. Ilepeunciure NPOU3BOACTBEHHBIE YYACTKU H3TOTOBJIEHUS TMOPHIHBIX

NMC.
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