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IloavnpoBoauukoBbIi 1n0a. /IuddepeHnnaibHoe cONPOTHBJIEHUE.

Paccmotprm, 9TO MPOMCXOAUT MPU CONPUKOCHOBEHUHU IMOJIYIIPOBOJHHUKA n-
THUIA Y MOJYIPOBOJIHUKA P-THUIIA.

OnekTpoHbl AUGGYHAUPYIOT UYepe3 KOHTAKT JABYX IOJYNPOBOJIHUKOB W3
MOJIYIIPOBOJHUKA N-TUIAa B TOJYNPOBOJHUK p-Tuma. Jpipku auddyHAUPYIOT BO
BCTPEYHOM HAMPABJICHUH U3 P B N MOJYIIPOBOIHUK.

DJIEKTPOHBI B YYKOM IS HHUX TMOJYNPOBOJHUKE p-TUIA HA3bIBAIOT
HEOCHOBHBIMM HOCHUTEISIMU TOKAa, KaK W JbIPKM B MOJYNPOBOJHHUKE N-THUIIA.
HeocHoBHBIE HOCHTENU TOKA B YY>KOM JJiII HUX MOJYNPOBOJHUKE BCTPEYAIOTCS C
OCHOBHBIMH HOCHUTEJISIMA U PEKOMOMHUPYIOT. [Ipu pexomOuHaImu mporagaer oauH
AJIEKTPOH U 0J1HA JbIpka. OCBOOOAMBINIASCS YHEPTUS U3TyIaeTCs B BU/EC KBaHTa CBETA
(A1 TPSIMO3OHHBIX MOTYNPOBOJHUKOB GaAs) UK BBIIEISIETCS B BUJI€ TEIUIOTHI (151
HE MPSAMO30HHBIX OJYIPOBOAHUKOB Si, Ge), T03TOMY KaXKIbIi U0 OJTHOBPEMEHHO
sBisieTcs 0osee win MmeHee Y(PGEeKTUBHBIM CBETOHOIOM.

[Ipn nuddy3un B 4yxkoil MOTYNMPOBOJHUK HOCUTEIU TOKA IMEPEHOCAT 4Yepe3
TPaHUILy 3aps]l. DIEKTPOHBI M ABIPKH AUGYHIUPYIOT HAaBCTpeuy APYr APYry, HO
CHJIBI TOKA TP 3TOM HampaBJIEHbI B OJIHY CTOPOHY U CKJIaIbIBAIOTCS.

B pesynprate pexkomOuHaAIMM B O0JACTH KOHTAKTa  YMEHBIIIAETCS
KOHIICHTpPAIUsI HOCUTEJICH TOKA 1 TIOSBIISIETCS CIOW, 00€THEHHBIN HOCUTEIISIMH.

PexomOuHMpYS B 4yKOM MOJYIPOBOJHUKE, HEOCHOBHBIE HOCUTENN OCTABIISIOT
NEepPeHEeCeHHbI Yepe3 KOHTAKT 3apsn. B o0nacTu KOHTaKkTa MOSBISETCS ABOMHOMN
AJIEKTPUYECKUN CJIOM, MOXOXKHUM Ha 3apshKeHHBbIM KoHJeHcaTtop. Kak u  Ha



KOHJICHCATOpE, Ha JIBOMHOM CJI0€ TMPOUCXOAUT TMAJCHUE HANpPsHDKEHUA. ITO
HaAmpsDKEHUE BO3pacTaeT 10 TeX IMOp, MOKa OHO HE OcTaHaBiuBaeT auddys3uto
OCTaBIIMXCSA HOCUTENEH TOKA Yepe3 KOHTAKT.

Ecni K KOHTaKTy MPUIOKUTH BHEIIHEE JIIEKTPUUECKOE II0Jie, KOTOpOe
YMEHBIIAET KOHTAKTHOE  HampsbkeHwe, To  aAuddy3us  HocUTeled  Toka
B0O300HOBIIsIETCS. Uepe3 KOHTAKT TEYET TOK.

Ecaim K KOHTaKkTy NPUIOKHTh BHEIIHEE DJJIEKTPUYECKOE II0JIE, KOTOPOE
YBEJIMYMBAET 3alAPAIOLIEe KOHTAKTHOE HANIPSKEHUE, TO TOKA HET.

To ecTp KOHTaKT NBYX MOJYMPOBOJHUKOB IMpeaCTaBisieT coboi nuon. OH
MIPOITYCKAET 3JEKTPUUECKUN TOK B OJHY CTOPOHY U HE MPOIYCKAET B IPYTYIO.
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Otnupatoniee HanpspkeHne U >0  Ha3bIBAIOT HANPSHKEHUEM B MIPSIMOM
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[Ipy yBenu4eHUH OTHHUPAIONIETO HampsbkeHus Ha 25 MB Tok uepes auon
BO3pacCTaeT B e pa3.



Jlnst aHanmu3a pabOTBI CXeM C TPAH3UCTOPAMH HaM TIOHAIOOWTCS TOHSTHE
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muddepeHnranbHoe COMpOTUBICHUE Auona B OMax B MPSMOM HaIpPaBICHUU PaBHO
OTHOIIIEHUIO 25 MB U cuiibl ToKa uepe3 auoj B Muuinammnepax. Hanpumep, eciiu Tok
yepe3 auoa paBeH 1 MA, To auddepeHImaIbHOE COMPOTUBICHUE IHUOAA PaBHO
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conmpoTuBjieHne ———=50m. Drta mnpoctas ¢dopMmyiaa IS  BEIUYUHBI

SmA
muddepeHnaaTbHOTO  COMPOTUBIICHUSI AWOJAa B TPSMOM  HAaMpaBlIEHUU HaM
MOHAA00UTCS B JaIbHEHIIIEM JIJIsl aHAIM3a PAO0OTHI TPAH3UCTOPHBIX CXEM.
3aMeTuM, 4YTO NpPHU IOCTOSIHHOM TOKe depe3 auon [ =const BenuuuHa I
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3aBUCHUT OT TEMIIEpATyphl TakK, yto U (T ) ~ T

XapakTepHoe HaIPsHKEHWE OTIHPaHUs JUIsi KpeMHHEBbIX AuoaoB 0.6 Bombrt,
JU1s1 TepMaHueEBBIX 110J10B — (.3 Bosbra.

[Ipn OosbIIOM 3amUparIIeM HAMNPSHKEHUH MPOUCXOIUT AICKTPUUSCKUI
mpo0oil TMoja 1, Kak MPaBUJIo, €ro TeIJIOBOE Pa3pyIICHHE.

CTaOHJINTPOH.
CtabunuTpoH — 93TO JAWOJ, TPEJHA3HAYCHHBIM i1  CTaOWIM3aIuu
HanpspbkeHusl. Ha quon nmojaercs uepes pe3ucTop 3anuparoniee HarpsKeHne, KOTopoe
MIPEBBINIACT HAMPSHKEHUE TPOOO0s THOA.




[Ipu sTOM uepe3 AMOJ MPOTEKAET TOK, MU M30OBITOK HAINpPSIKEHUs MajaeT Ha
pesuctope. CTaOWIUTPOH Kak Obl Tepepacrpesenser TOK pe3uctopa R depes
CTAaOMJIUTPOH U TMOJIE3HYIO HArPY3Ky, KOTOpasi Ha pUCYHKE HE H300pakeHa.
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Ha mpaBoM puCyHKEe CTaOMJIIMTPOH COCTOUT M3 ABYX JHOJOB BKJIIOYEHHBIX
MOCJIEIOBAaTENbHO HABCTpeuy JApyr Japyry. Takodl cTaOMIUTPOH OJHUHAKOBO
OrpaHUYMBAET HANPSDKEHUE 00EUX MOJISPHOCTEH.

CTaOunuTpoH CTaOMIM3UPYET HamnpsbkeHue He uaeanbHo. [Ipu HeOonbIIux
KOJICOaHUSIX HAIPsKEHUS Ha Bxoze cxeMbl AU, koneOaHHe HANPSKEHUS Ha BBIXOJE

cxemel AU
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[Ipu Gomnbiom oOpaTHOM ToKe au(pdepeHInaTbHOE CONMPOTUBJICHUE HUOJA
MOXXET CTaTh NaXX€ OTPHUIATEIBHBIM, HO MPU TAKWX TOKAaX HACTYNAeT TEIUIOBOE
paspylieHue 11uo/a.

OrpunareanpHoe nuddepeHnaILHOE cONPOTUBJAeHNE. Tieommi pa3spsa B rase.




B obnactu ¢ orpunarenbHbiM Au(QEpeHInaIbHbIM  COMPOTUBICHUEM
BO3MOXKHA T€HEpalus aBTOKOJIeOaHHM ©€3 YCWINTENIbHBIX 3JIEMEHTOB CXEMBI.
[IpumepoM MOXKET CIYy>KUTh I€HEepaTop pelaKkCAllMOHHBIX KOJeOaHUil Ha HEOHOBOM
namriie. Huxe Ha pyCyHKE BOJIBT aMIIE€pHAsk XapaKTepUCTUKA HEOHOBOM JaMITbI.
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ABtop pucynka: Gargan - created from scratch, O01mecTBeHHOE JOCTOSIHUE,
https://commons.wikimedia.org/w/index.php?curid=4596535
Ha cnemyrommx QByX pHCYHKax CXeMma BKJIIOYCHHS W HANpPsSHKCHHE Ha JlaMIIe,
KaK ()YHKIIMSI BPEMEHHU.
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TyHHENBHBIN OUOA — OTO IMOJYNPOBOJHUKOBBIA JHOJI C CHJIBHBIM

nerupoBanueM. [Ipu MajgoMm oTmHparonieM HaNpsHKEHUH MPOTEKAET OOJBIION TOK 3a
CUeT KBAaHTOBOTO TYHHEJIUPOBAHUS 3JIEKTPOHOB Uepe3 MOTEHIMAIBHBIN Oapbep.
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Weber, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=4017746
Ilena nenenus o ropuzonTanu 100 MB, o Beptukanum — 10 MA.
Ycunurens Ha TYHHCJIBHOM JUOJC:
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[lompazymeBaeTcsi, 4YTO y TeHepaTopa CHUrHaja HyJIeBOE€ BHYTpPEHHeEe
COMPOTHUBJIEHUE MO MOCTOSIHHOMY TOKY, a y OaTapeu — IO NEPEeMEHHOMY TOKY.
Harnpsixenue curnaia npusiaokKeHo K CyMMe CONPOTUBIICHUS TMO/a U COMTPOTUBIICHUS
pesucropa:
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Ycunurenu Ha TyHHETBHBIX 1HOAax paboTtatoT Ha yactoTax a0 100 ['Ti.
['enepaTop Ha TYHHEBHOM JHUOJE:
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OTtpuiatesibHOE COMPOTUBJIECHUE TYHHEIBHOTO JMOJAa aBTOTpaHchopmaTopom
NEPECUUTHIBAECTCA B OTPULIATENILHOE COMPOTUBIICHUE MapaliebHOE KOieOaTeTbHOMY
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KOHTYpY: R, =n2Ra, rae n>1. Ecam mnapawienbHO KOHTYPY BKJIIOYMUTH

MOJIOKUTEIIbHOE ~ COMPOTHUBIICHHE, TO DJEKTPUUYECKUE KOJIeOaHUs, CIIy4ailHO
BO3HUKIIIME B KOHType, OyAyT 3aryxaTh, €ClId OTpuUllaTelbHOE — OyayT
YCHJIMBAThCSL.
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I'enepaTopsbl Ha TYHHEIBHBIX AMOIaX paboTaroT Ha yacToTax m0 1 I'T.

OnHonoJynepuoaHoO€e U ABYXIIOJYIIEPHOAHOE BhINIpsiMJeHHe. TpancdhopmaTop.
Cxema OJHOITIOIYIIEPHOAHOIO BBIIIPAMIICHUA CUHYCOHUAAJIBHOI'O NN
HMITYJIbCHOI'O CUT'HaJIa:
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CxeMa AByXIOIYIIEPUOTHOIO BBITPSIMIICHUS:
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Hamnpsoxkenue Ha kaxioi 0OMOTKe TpaHc(popMaTopa MpONOPILHOHATBEHO YUCITY

BUTKOB B OOMOTKE.

JIBYCTOPOHHHUM OrPAHUYHUTE]b HA THO/IAX.

bunoJIIpHbLIA NOJYNPOBOJHUKOBBIM TPAH3UCTOP.
bunonsipaple TpaH3UCTOpPHI OBIBAIOT N-p-n THMA M p-n-p THUIA. N-p-n
TPAH3UCTOPHI UMEIOT JIYUIIINE XAPAKTEPUCTUKH, TTIOATOMY Yallle UCTIOJIb3YIOTCA.
PaccmoTtpum n-p-n TpaH3UCTOP.




KOITIEKTOPD

Gaza PRI

IMHTTEp

Tpansuctop — 3TO JABa AMOAA, KOTOPbIe BKIIIOUEHBI TOCIEIOBATEIHHO
HABCTpeUy JPYr APYry, HO BKIIOYEHBI TaK, YTO CPEIHUN CIION MOIYMPOBOJHHUKA P-
THUIIa OY€Hb TOHKHU. TOJIIKMHA CI0sI TOPa30 MEHbIIIE €r0 HTUPHUHBI.

JIBa KpailHUX MOJIYIPOBOJHMKA N-THUIA HA3BIBAIOTCS 3MUTTEp (UCITyCKATelb
AJIIEKTPOHOB) U KOJUIJIEKTOP (cobupartelb 31eKTpoHOB). CpeIHU MOJYyNPOBOAHUK —
0a3a WK ynpasisomui AIeKTPO/I.
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n-p-n TPAH3UCTOP p-n-p TPAH3UCTOP

PaccMoTpum THnMuHYIO cXeMy BKIIOYEHUs TpaH3uctopa. Ilycte smurrep
COCIMHEH C OOIIMM MpPOBOJAOM cXeMbl. Ha KOJIeKkTOop MoAaauM MOJOKUTEIHHOE
HarnpsbkeHue, HarpuMep +5 BonbT, uepes HeOosbmoe (1 kOMm) conporuBnenue. Ha
0a3y OTHOCHUTEIBHO OOIIEr0 TMPOBOAA TMOJATUM HEOOJBIIOE IMOJIOKUTEIHLHOE
HaIpsHDKEHUE, I OTOTO COSIMHUM 0a3y C TeM K€ MCTOYHUKOM HANpPsDKCHHS, YTO U
KOJUIEKTOP, HO 4epe3 3aMeTHO Oosbiinee conpoTuBiaeHue (mopsaka 0.1 MOwM). Bykssr
'k' 1 'M' B 0003HaYE€HUH COMPOTUBIEHUI UMEIOT CMBICI NpHUCTaBOK "Kwio" n "mera"
Y OJJHOBPEMEHHO UMEIOT CMBICII I€CITUYHOMU 3aIISITOM.

Hamnpsbkenne mMexmy KOJIEKTOpOM M 0a30i 3amupaeT BEpXHHUH p-n MEPEXO.
Hanpsixenue 6a3a — SMUTTEp OTIHUPAET HIDKHUM U0/,

baza — oueHb y3KMH CJOW MOJYNPOBOAHHMKA, MOATOMY OOJIBIIMHCTBO
AJIEKTPOHOB MO JOpOre OT 3MUTTEpa Ha Oa30BBIM 3JEKTPOJ B CBOEM CiydailHOM
muddy3HOM JBMKEHUU HHOTAA OJIM3KO MOJAXOMSIT K KOHTAKTy MeEXIy O0a3zoi u
KOJUIEKTOPOM.



[lepexon 6a3za — KOJUIEKTOp 3amepT MPWIOKEHHBIM HANpSKEHUEM IS
OCHOBHBIX HOCHUTENIE TOKa, HO JJIEKTPOHbI M3 SMHUTTEpa Ha 0as3e SBIAIOTCA
HEOCHOBHBIMU HOCUTEIISIMHU, U JUISl HUX HaNpshKeHHe 0a3a — KOJUIEKTOP HE TOJIBKO HE
IPENATCTBYET MEPEXOY Yepe3 KOHTAKT, HO M, HA00OPOT, BTATUBAET B BEPXHUI p-n
EPEXO/I.

B pe3ynbrare TOK KOJJIEKTOpa B ECATKU, a TO U COTHU pa3, MPEBBILIAET TOK
0a3bl. ITO U €CTh YCUJIIEHHE TPAH3UCTOPA 10 TOKY.

Benuunny conpoTtuBieHuss B 1enud 0as3bl OOBIYHO MOAOUPAIOT TaK, UYTOOBI
MOJIOBUHA HANpPSDKEHUS HMCTOYHMKA TMHTAHUA TMajaja Ha CONPOTHUBICHUU B IIENH
KOJUIEKTOPA, a Ipyrasi OJOBHHA — MEXIY KOJIJIEKTOPOM U SMUTTEPOM.

Henoporoit u A0CTaTOYHO YHUBEPCAJIBHBIM (ICKYPHBIA) OHUIOISIPHBIM
TPAH3UCTOP POCCUICKOro uiau coBeTckoro npousBoactBa — KT3102. Ilena ogHoro
TpPaH3UCTOpPa B PO3HUYHOW MPOAaKe B HECKOJBKO pa3 MEHbIIE ILIEHBI Pa30BOTO
poe3aa B METPO.

KT3102(A-E)
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XapakTepucTUKM TpaHsucTopa KT3102

TpaHanctop Ukbo(n),B Ukao(n), B lkmax(n), MA Prmax(t), MBT h213  frp., MIy

KT3102A 50 50 100(200}) 250 100-200 =150
KT3102AM 50 50 100(200) 250 100-200 =150
KT31026 50 50 100(200}) 250 200-500 =150
KT3102BM 50 50 100(200) 250 200-500 =150
KT3102B 30 30 100(200}) 250 200-500 =150
KT3102BM 30 30 100(200) 250 200-500 =150
KT3102I° 20 20 100(200}) 250 400-1000 =150
KT3102IM 20 20 100(200}) 250 400-1000 =150
KT31021 30 30 100(200) 250 200-500 =150
KT31020M 30 30 100(200}) 250 200-500 =150
KT3102E 20 20 100(200}) 250 400-1000 =150
KT3102EM 20 20 100(200) 250 400-1000 =150
KT31025K 20 20 100(200}) 250 100-250 =150
KT31023KM 20 20 100(200) 250 100-250 =150

UkBo(M) - MakcumansHo JonyCTUMOE HaNprMeHne (MMNYNsCHOE) KonnekTop-tas3a

Ukao(u) - MakcumansHo AonycTUMOe HanpA#eHue (MMNyNsCHOe) KONNeKTop-3MuTTep

Ikmax(u) - MakcumankeHo OonyCTUMEIR MOCTOAHHEIA (MMNYMNECHEIA) TOK KOMMeKTopa

Pxmax(t) - MakcumaneHo AonycTUMan NocTOAHHAR paccenBasmMan MOLHOCTE KonnekTopa 6e3 TennooTeoAa (C TeNnNooTBOACGM)
h213 - Cratuueckui koaddUUMeHT nepefadin Toka DMNONAPHOMD TpaH3MCToPpa B CXemMe C ODLLMM 3MUTTEpOM

frp - rpaHMyHan yactoTa Ko3UUMeHTa nepefadn ToKa B CXeme ¢ o0fWnm aMUTTEpoM



