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1. OBIUME METOANYECKUE YKA3AHUA

JlabopaTopHble 3aHATUA 10 AUCHUIUIMHAM «DJIEKTPOHHBIE NPUOOPBI», «IIeK-
TPOHHBIE MPUOOPHI U YCTPOMCTBA» MPOBOIATCS (HPOHTAIBHBIM MeToIoM. Ha mepBom
3aHSITHH CTYJACHTHI 3HAKOMATCS C JEUCTBYIOMUM B yHHBepcutere «llomoxxkeHnem o
MOPSJIKE MOATOTOBKU, BBIMOIHEHUS, OPOPMIICHUS U 3alIUTHI TaOOPATOPHBIX padboT»,
71a00paTOPHBIM CTEHAOM, H3MEPHUTEIIBHON aImapaTypoii; O CTyICHTaMU MPOBOJIUTCS
MHCTPYKTQX IO MpaBUJIaM TEXHUKU OE30MaCHOCTH B JTAOOpATOPUM, a TAKKE JI0OBO-
JTUTCSI TIEPEUCHb TAa00OPATOPHBIX PA0O0T M MOCIIEIOBATEIIHHOCTD UX BBITIOJHEHUS.

IMoaroToBKa K BBINOJHEHUIO PadoThl. Ba)kKHBIM YCIIOBHEM YCIIEITHOTO BBI-
MOJIHEHUSI JTa0OpaTOPHON pabOoTHl SBISETCA MpPEABapUTEIbHAS CAMOCTOSTENIbHAS
MOTOTOBKA K KaXJIOMY 3aHITHIO B Jlaboparopuw. [Ipy mMoAroTOBKE K BHITIOJHEHUIO
nabopaTtopHOi pabOTHI HEOOXOIUMO:

— U3YYHUTHh COOTBETCTBYIONIUHN Pa3fies JaHHOTO J1ab0paTOPHOTO MPAKTHKYMa,;

— 10 PEKOMEHAYEMOM JINTepaType M KOHCIIEKTY JEKUUNA YCBOUTH TE€OpeTHUYe-
CKHMM MaTepHua, OTHOCSAIIHUICS K JaHHOU JJabopaTopHO# padore;

—3HaThb OCHOBHBIE 3aKOHOMEPHOCTH M COOTHOIICHHS, KOTOPBIC SIBIISIOTCS
MPEIMETOM IKCIIEPUMEHTATLHOTO UCCIIEIOBaHUS B JIA0OpAaTOPHOI paboTe;

— U3YYHTh U SICHO MPEJCTABIATH LIEJIb, COACPIKAHUE, TOPSIT0K U METOANKY BbI-
MOJTHEHUS J1Ta00paTOPHOI PabOTHI;

— 0pOpMHUTH 3arOTOBKY OTYE€Ta IO JIADOPAaTOPHOU pabdoTe, BKIIOYAIOIIYIO TH-
TYJbHBINA JIUCT, 1EJIb PAOO0ThI, MPUHIUIIMATIBHBIE U CTPYKTYPHBIE CXEMbl UCCIeaye-
MBIX YCTPOMCTB, UCIIOJIb3YEMbIX U3MEPHUTEIBHBIX CXEM U CTCHJIOB, TaOJHIIbI, B KOTO-
pBI€ TP BBITIOJHEHUN PaOOTHI OyAYT 3aHOCUTHCS IKCIICPUMEHTAIILHBIC TAHHBIC;

— BBITIOJIHUTH MPEAYCMOTPEHHBIC 33/IaHHEM TIPE/IBAPUTEIbHBIC PACUETHI U TIO-
CTPOUTH COOTBETCTBYIOIINE UM IpaduKH;

— 3HaTh OTBETHI HA MPUBEJACHHBIC B JIAOOPATOPHOM MPAKTUKYME KOHTPOJIbHbBIE
BOIIPOCHI.

BoinosiHenne padotbl. K BbINOMHEHHIO pabOTHl JOMYCKAIOTCS CTY/ACHTHI,
MIPEICTABHUBIINE 3aTOTOBKY OTYETa M MPOIICANTNE KOHTPOIh 3HAHUS UMH OCHOBHBIX
TEOPETUYECKUX U MPAKTUYECKUX MOJIOKEHUH 10 JIabopaTOpHOU padoTe.

HccnenoBanusi mpoOBOASTCS HAa YHUBEPCAIBHBIX JIAOOPATOPHBIX CTEHAAX, CO-
JepKalX HEOOXOAMMbBIC M3MEPUTENIbHBIC MPHUOOPHI M PETYIUPyEMbIe MCTOUYHUKH
MOCTOSIHHOTO HanpsbkeHus. COOpKy cXxemMbl HEOOXOJUMO HAaYMHATH OT 3aKMMOB HC-
TOYHHMKA NUTaHUA. B mepByro odepenb cOOMPArOT TOKOBBIC IETH, IO KOTOPHIM TIPO-
TEKaeT OCHOBHOW TOK LIEMH, a 3aT€M IMOJKIIOYal0T BOJIbTMETpbl. COOpKa cXeMbl
NMPOU3BOUTCH NMPHU BBHIKJIIYEHHbIX HCTOYHMKAX nuTanus! [Ipu ucnonp3oBanun
aMIIEPMETPOB U BOJHTMETPOB, PACITOJIOKEHHBIX HAa BEPTUKAIBHOW TMaHEIW CTEHA,
HEO0OXO0AMMO COOIOAATh MOJISIPHOCTh UX MOAKIIOYCHUS U BRIOUPATh MPEAe u3Mepe-
HUS, COOTBETCTBYIOIIUI OKHMIaeMOMY 3HAUCHUIO CHJIBI TOKAa M HampspkeHus. [lops-
JIOK paboThl C IOMOJHUTEIHLHON KOHTPOJIBHO-U3MEPUTEIBHON anmapaTypoi (ocimi-

4



norpadbl, TEHEPATOPHI, BOIBTMETPHI U TIP.), UCIOIL3YEeMON B paboTax, M3II0KEH B
OTJICJbHBIX HHCTPYKIUSAX U UMEETCS Ha KaXI0M pabodyeM MecTe.

JlabGopaTopHBIil CTEH MOKET OBITh BKJIIFOYEH TOJBKO MOCJIE TPOBEPKH cOOpaH-
HO cXeMmbl IpenoiaBareneM uin Jadopantom. Ilepen BKiIroueHHEM CTEHAA OCH BCEX
PETYIUPYIONMIUX TOTEHIIMOMETPOB JOJKHBI OBITh TIOBEPHYTHI IMPOTHB YaCOBOM
CTPEJIKH JI0 YIopa.

[lepen mpoBeneHHEM HU3MEPEHHUN HEOOXOAMMO OIEHUTH MPEIENbl U3MEHEHHUS
apryMeHTOB U (PYHKIMU HCCIEqyeMbIX 3aBUCHUMOCTEHl. [lanee, sKcrnepuMEHTaIbHO
M3MEHSS 3HAYEHUSI apryMeHTa B BHIOPAHHOM JHana3oHe, YOeK1aloTCsl B CIIpaBejIu-
BOCTHU BBITMOJHEHHBIX OIEHOK WJIM BHOCSIT COOTBETCTBYIOIIME KOPPEKTUBHI. [Ipu sTOM
BBUSICHSIETCA OOIIMM XapakTep 3aBHCUMOCTH M €€ COOTBETCTBUE TEOPETUYECKHUM
MPEANOJIOKEHUSIM U pacueTam.

Ha 3akimtounTenbHOM 3Tane perucTpUpyroTcsl Mapbl COOTBETCTBYIOIIMX BEIH-
YUH U 3aHOCSTCSI B 3aTrOTOBJICHHBIC TAOIMIIbI, YUUTHIBASL IIPU 3TOM, UTO JJIsI KaXKIOM
3aBUCUMOCTH HEOOXOJMMO 3aperucTpupoBaTh mpuMepHo 6...10 Touek, eciam ux Ko-
JIMYECTBO HE OTOBOPEHO B 3aJIaHUH. JKCIEPUMEHTAIIbHBIC JIaHHBIC, HE OTBEYAIOLINE
HOPMaJIbHOMY XOJ1y KPUBOM, JOJIKHBI OBITh MPOBEPEHBI IOBTOPHO.

IIpu BbINOJIHEHUN PadOTHI 3ampelaeTcs MPOU3BOAUTH U3MEHEHNsI B CXe-
Me NP BKJIIOYEHHOM HCTOYHUKE NUTAHUSA JA00PATOPHOIO CTeH/a!

PaboTta cunTaeTcsi BBINOJIHEHHOM MMOCIE MPOCMOTPA U YTBEPKJIECHUS MOIYyUYEH-
HBIX Pe3yJbTaToOB mpemnonaBareneM. C pasperieHus mpemnojaBaresss Tpuoopsl OT-
KJIFOUYAKOTCS OT CETH, U MPOBOAMTCS pa3doopka cxeMsbl. 1o okoHuaHnu paboThl IPUBO-
JTUTCSL B TIOPSIIOK paboyee MecTo.

[Tocne BHIMOTHEHUS SKCIEPUMEHTATBHON YaCTH PaOOTHI MMPOBOATCS PACUCTHI,
MCIIOJIB3YIOIINE B KQUECTBE UCXOAHBIX JAHHBIX DKCIIEPUMEHTATbHBIC PE3YJIbTAThI.

Odopmiienue oTyera u 3amuTa padorbl. [1o BBIONTHEHHON J1a00paTOPHOM
pabote cTyleHT ohopMIIsieT MHIUBUAYAJIbHBIA OTYET, COOTBETCTBYIOIIUM TpeOoBa-
HuaM EnnnHoit cucteMbl koHCcTpykTOpckor nokyMmeHntanuu (ECK]), u npencrapmisier
€ro K 3allliTe Ha CJIEIYIOIIeM 3aHsATHH B Jaboparopuu. ['padrku BeiuepunBaoOTCs Ha
JUCTaX MUJUTUMETPOBOM OyMaru. [[ns ynoOcTBa cpaBHEHHsI OJJMHAKOBBIX 3aBUCHMO-
CTEH, MOJYUYCHHBIX ISl Pa3IMYHbIX 3HAYCHUM MapaMeTpoB, UX HEOOXOJIMMO BbIUEP-
YUBaTh B OJIHOM KOOPAMHATHOM cucteme. TpeOoBaHUS K COAEPNKAHUIO OTYETa MPH-
BOJISITCSI B OMIMCAHUU JIA0OPATOPHOU PabOTHI.

BaxxHoil 4yacThi0 OTYeTa SBJISIOTCS BBIBOJBI MO padoTe. OHU BBIMOTHSIIOTCS
CaMOCTOSITETILHO, @ UX O0BEM M COJEPKaHME 3aBHCIT OT KOHKPETHOTO XapakTepa
npojenanHoi paboTel. PexomeHnayercs naTh (U3MUECKOE MCTOJIKOBAaHHE MOTY4YECH-
HBIX 3aBHCUMOCTEH, a TAK’K€ CPABHUThH HKCIEPUMEHTAJIbHBIE MTApAMETPhl U XapaKTe-
PUCTUKH HMCCIENOBAaHHBIX NMPUOOPOB U YCTPOWCTB. B ciayuyae paccorimacoBaHusi JaH-
HBIX JKCIIEPUMEHTAa M pPACUETa YKa3bIBAIOTCS BO3MOXKHBIE IMPUYUHBI, MPOBOJAUTCS
OLICHKA MOTPEITHOCTH U3MEPEHUH U T. 1.



2. OIIMCAHUME JJABOPATOPHOI'O CTEHIA

JIvuesasi maHensb JIAOOPATOPHOIO CTEHJA, MCIIOJIB3YEMOIO JUIsl UCCIENO0BaHUS
IIOJTYTIIPOBOJHUKOBBIX IPUOOPOB, IpescTaBieHa Ha puc. 2.1. Huppamu 0003HaYECHBI
CJIETyIOLIME AIEMEHTBI cTeHa (cM. puc. 2.1): 1 — BBIXOJHBIE KJIEMMBI U PETYJIUPOBKA
UCTOYHHUKOB MOCTOAHHOrO Hampsbkenust Uy, =0...18 B; 2 — BBIXOIHBIE KIIEMMBI U

peryiIMpoBKa HCTOYHHUKOB MTOCTOSIHHOTO HanpsbkeHus U, =1,5...18 B; 3 — Mumm-

aMIICPMCTPbI TTOCTOAHHOI'O TOKA, 4 — BOJIbTMCTPBI TIOCTOAHHOI'O HAIIPAKCHUS,
5 — maHelb A1 KOMMYTAllui U3MEPUTCIbHBIX CXEM.
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[udpbr 0k0710 MOTOKUTETHHBIX BEIBOJIOB MUJUIUAMIIEPMETPOB U BOJIBTMETPOB
O3HAYAIOT MPEACST M3MEPEHUS MIKAIBI TprOOpa B MIJIITHAMIIEPAX W BOJIBTaX COOTBET-
CTBEHHO, €CITM TPUOOP BKIFOUEH B CXEMY JIAaHHBIM BBIBOJIOM.

Bremamit BU maHe W IS KOMMYTAIlUd M3MEPHUTEIBHBIX CXEM IOKa3aH Ha
puc. 2.2. Tlanenb UMEET HECKOJIBKO MoJjeH, 0003HaueHHbIX Iudpamu (cM. puc. 2.2):
1 — BXOJIHBIE ¥ BBIXOAHBIC KIIEMMBI yIPABIIEMOT0 HCTOYHUKA TOKA; 2 — BXOJAHBIC U

6



BBIXOJIHBIC KJICMMBI YIIPABJIKICMOI'0 MCTOYHMKA HAIPAKCHUA C OIPaHUYCHUCM BbI-

xogHoro Toka (I, =20MA); 3 — none a1 Uccaen0BaHus TMHAMHYECKUX XapaKTe-

PUCTHK ITOJYTIPOBOJHUKOBBIX IHOJOB; 4 — TOJIE I MCCIENOBAHUSA CTATUYECKUX
BOJIbT-aMIIEPHBIX XapakTepucTuk (BAX) moiynmpoBOJHUKOBBIX AHOJOB; 5 — MOJE
s uccnenoBanusi cratuueckux BAX Ounonsipasix (BT) u moneBbIX TpaH3uCTOPOB
(IIT); 6 — mone i Uccae10BaHUS XapaKTEPUCTUK ONTOIAp.
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[Manens nmst KOMMyTaIlUd HU3MEPUTENBHBIX CXEM MPEACTaBIIeT cOO0W HabOp
KJIEMM, K KOTOPBIM MOJKJIIOUYECHbI BHYTPEHHUE YNPABIAEMbIE UCTOYHUK TOKA U HC-
TOYHUK HANPSHKEHUS C OTPAHUYEHUEM BBIXOJAHOIO TOKA, & TAKKE JIEKTPUUYECKU CO-
CAMHCHHBIX MEXAY COOOW KJIEeMM, 4TO O0003HAYEHO YECPHBIMH JIMHHSIMH. JTO JaeT
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BO3MOYHOCTb C IIOMOIIbIO BHEITHUX ITPOBOJHUKOB COOpaTh B COOTBETCTBUU C METO-
JUYECKMMH YKa3aHUSIMH HEOOXOJUMBIE JUIsl MPOBENCHUS HKCIEPUMEHTAIbHBIX HC-
ClIeJOBaHUN cXeMbl. BHelHue u3meputenbHble MPUOOPHl KOMMYTUPYIOTCS K KJIEM-
MaM, MEXJIy KOTOPBIMHU 3€JICHBIM I[BETOM IOKa3aHO YCIIOBHOE Tpaduyeckoe 0003Ha-
YeHHe MILIMamIiepMeTpa win BoibTMeTpa. [Ipu cOopke cxembl HEOOXOAUMO IMpH-
JEP’KUBATHCS CIAEAYIOIIETO MpaBuia: MOJOKUTEIbHbIE BBIBOJIbI MCTOUHUKOB HaIlps-
KEHMsI U U3MEPUTENBHBIX TPUOOPOB KOMMYTUPYIOTCS K THE3/1aM IaHEIU NPOBOHU-
KaM{ KpacHOTO IIBETa, a OTPULIATEIbHBIC — CHHETO IBETA. DTO MO3BOJIUT OOJIETYUTH
CaMOKOHTPOJIb IPAaBUIIBHOCTU COOPKU CXEMBI, @ TAKXKE KOHTPOJIb CO CTOPOHBI MPENO-
JaBatess WM MHXXEHEPHOro cocrasa. Mccneayemble NOMyIpOBOIHUKOBBIE PUOOPHI
BKJIFOYAIOTCSl B CXEMY C IMOMOIIbIO BHEUIHETO Pa3beMa, MECTO BKIIFOUEHHSI KOTOPOTO
BBIJICJICHO HA MaHEJIN IITPUXOBOM JIMHUEH 3€JIEHOT0 LIBETA.

Perynupyemble MCTOYHHKH TOCTOSIHHOTO HAIMpsDKEHUST MOTYT OOecnedyuTh
MaKCUMaJIbHBINA TOK HArpy3ku [... =100 MA . Jlns psana nosynpoBOJHUKOBBIX MIPU-

OOpOB ATa BEIMYMHA 3HAYUTEIHHO MPEBHIIIAET MAKCUMAJIBHO TOMYCTUMBIA TOK. Bo
n30eKaHue CIIy4alHOTO BBIXOJa M3 CTPOs TaKUX MPUOOPOB MPU MCCIEIOBAHUIX pe-
KOMEHIYETCSl OCYIIECTBIATh MOJIauyy HANpSOKEHUS Yyepe3 UCTOUHUK HANPSIKEHUS C
OrpaHUYEHHEM BbIXOAHOTO TOKa (I, =20 MA ). [Ipx ’TOM HEOOXOAUMO KOHTPOJIH-

pOBaTh BEJIMYHUHY TOKA C MOMOIIHI0 MUJITMAMIIEPMETPA.

[Ipu npoBeaeHUN UCCIAEAOBAHUNA CTATUUECKUX XapPaKTEPUCTHUK psifa mpudoOpoB
yaoOHee 3a/7aBaTh U3MEHEHUE TOKa, a HE HampsikeHus. B aTom ciywae perymnupye-
MBI MCTOYHUK HAIPSIKEHUS] BKJIIOYAETCS B CXEMY 4Yepe3 yIpaBisieMbld UCTOUYHHK
TOKa, KOTOpBIM HMeeT Tpu aAuanazoHa wusMeHenuss toka (0..1 MA, 0...20 MA,

0...100 MA ). Beibop 0JHOr0O M3 IWAMA30HOB OCYIIECTBISAETCS IMOJIKIIOYCHUEM ITH-

TAIOIIETO NCTOYHUKA HANIPSKEHUS U HArPY3KH K COOTBETCTBYIOLIEMY BXOJY U BBIXO-
Jy UCTOYHUKA TOKa. /[nama3oH U3MEHEHUs! TOKa BRIOMPAETCS UCXOJs U3 MaKCUMallb-
HO JIONMYCTUMBIX MTApaMETPOB UCCIIENYEMOTO TOIYITPOBOHUKOBOTO MPUOOpA.



3. JABOPATOPHASI PABOTA
HUCCJIE[JOBAHUE I10JIVIIPOBOJHUKOBBIX JTHOJOB

Lenv pabomul:

1. U3yunTh yCTpOWCTBO, MPUHIUIT JEUCTBUS, CUCTEMY OOO3HAUYCHHUH, mapa-
METPbI U XapaKTEPUCTUKH TMOTYHPOBOJTHUKOBBIX TUOJOB, TUIIOBBIE CXEMbl BKIIHOYE-
HUS U 00J1aCTH UX MPUMEHEHUS.

2. DKCEpUMEHTAIIbHO UCCIEA0BaTh BOJIbT-aMIIepHble xapakrepuctuku (BAX)
JIMOJIOB, YKa3aHHBIX B KapTOUKE 3aJaHusl, U pacCUUTaTh [0 U3MEPEHHBIM XapaKTepH-
CTHUKaM UX MapaMeTpBhl.

3.1. KpaTkue TeopeTuueckne CBeICHUA

Ilonynpoeoonuxoevim O0uo0OM Ha3bIBAIOT 3JIEKTPONPEOOpPa30BATEIbHBIN MPU-
00p C OMHWM WM HECKOJIBKUMH DJICKTPUUECKUMH TIEPEXOAaMHU U JIBYMS BBIBOJIAMU
JUTSI TIOJKITFOUEHUS K BHEIHe# menu. [IpuHuun neicTBrus OOJNBIIMHCTBA TUOAO0B OC-
HOBaH Ha UCIOJIb30BaHUHU (QU3HUECKUX SIBJICHUM B DJIEKTPUUYECKUX TIEpeXoaax.

Dnekmpuueckuti nepexoo — NEPEXOAHBIA CIOW B MOIYNPOBOJHUKOBOM MaTe-
puaie MEXIy IBYMs OOJACTSIMHU C Pa3IMYHBIMHU THUIIAMH DJICKTPOMPOBOTHOCTH WIIH
pPa3HBIMU 3HAYEHUSIMU YACIBbHON JIEKTPUUECKON MPOBOIUMOCTH (O7HA U3 001acTei
MOXKET OBITh METAJIOM).

B 3aBucuMOCTH OT (DYHKIIMOHAILHOTO HAa3HAYEHUS, YPOBHS TPeOyEeMbIX DJIEK-
TPUYECKUX MapaMeTPOB B IMOAX MCIONb3YIOTCS CAEAYIOIINE TUITHI BHITTPAMIISIONINX
1 OMHUYECKHUX DJIEKTPUUYECKUX MEPEXO0JIOB.

Buinpamnarowuii nepexod — 3NEKTPUUECKUN TEPexol, MIEKTPUUECKOe COMpo-
TUBJIEHHWE KOTOPOTO MPHU OJTHOM HAIPABJICHUH TOKA OOJIbIIIE, YEM MPHU JPYTOM.

Omuueckuii nepexo0 — dAEKTPUUECKUAN TIEPEXO/I, INEKTPUUECKOE COMPOTUBIICHUE
KOTOPOT'O HE 3aBUCHUT OT HAIIPABJICHHsSI TOKA B 33JJAHHOM JIMANa30He 3HAYEHU I TOKOB.

INeKmpoHHO-0bIpoUHblL nepexod (p-n-nepexod) — HIEKTPUUYECKUN Tepexos
MEXy JBYyMsI 0OJacTsIMH MOJYMPOBOJHUKA, OHA U3 KOTOPBIX MMEET AJIEKTPONpO-
BOJHOCTH N-THIIA, a APyTas p-TUMA.

I'emepocennviii nepexod (ecemeponepexod) — AEKTPUUECKUN TTepexo1, 00pas3o-
BAHHBIM B pE3yJbTaTe KOHTAKTA MOJIYIPOBOJHUKOB C Pa3JIMYHON IIMPHUHOW 3arpe-
LIEHHOM 30HBI.

Tomocennsiii nepexoo (comonepexod) — INEKTPUUECKHUMN Mepexo, 00pa3oBaH-
HBIM B pe3ysibTaTe KOHTAKTa MOJYIIPOBOJIHUKOB C OJIMHAKOBOW HIMPUHON 3arperieH-
HOU 30HBI.

Ilepexoo [llomxu — >IEKTPUYECKUNA TIEPEXoJl, 0Opa30BaHHBLIM B pe3ysbTaTe
KOHTaKTa MEXIy METAJIJIOM U MOIYTPOBOTHUKOM.

DeKmponHO-371eKmpoHHbLTL nepexod (n-n'-nepexod) — >IEKTPUUECKUHA Tepe-
X0l MEXIY BYMs O0JIACTSMH TIOJYIPOBOJHUKA N-THUIMA, 00IaIal0IIUMH Pa3IMIHbI-
MU 3HAYEHUSMH YIACTHHOU IEKTPUIECKON MPOBOANMOCTH.



Hipouro-ovipounsiii nepexod (p-p’-nepexod) — >MEKTPHUYECKHIl TIEPEXO] Me-
KTy TBYMs 00JIaCTSAMH TIOJTYIPOBOJHUKA P-TUMA, 00JaJAOIIMMHU PAa3IMYHBIMU 3Ha-
YEHUSIMU YACIbHON AJIEKTPUUECKOM MPOBOAMMOCTU. 3HAK «+» YCIOBHO 000O3HAYaeT
00JacTh ¢ 0osee BHICOKON yAETbHOM 3JIEKTPUUECKON MTPOBOIUMOCTBIO.
JluHaMuYeckoe paBHOBecHe p-n-nepexoga. OOpa3oBaHHE 3JIEKTPOHHO-
JBIPOYHOTO TMepexoaa BOJIU3M T'PaHUIIbI, pa3Aeistomeid 001acTu MOIyIpOBOIHUKA C
pPa3TUYHBIM TUIIOM 3JIEKTPOIPOBOJIHOCTH, OOYCIOBICHO CIEAYIONMMU SIBICHHUSIMHU.
Huddy3uss ocHOBHBIX HOCUTENEW p- M n-obyiacTeld B MPOTHUBOIOJIOXKHYIO 00JacTh
MPUBOJIUT K BOBHUKHOBEHUIO BOJIM3U TPAHUIIBI 0OBEMHBIX DJICKTPUUECKUX 3aPsI0B —
MOJIOKUTENIBHOTO B N-00JACTH M OTPHULATEIBHOTO0 B P-00JacTH, Kak IMOKa3aHO Ha
puc. 3.1, a. OTu 3apsabl 00yCIOBICHBI OSBICHUEM HECKOMIIEHCUPOBAHHBIX HOHHM3H-
POBaHHBIX ATOMOB JIOHOPHOW MpUMECH (IOJOKHUTEIbHBIE HEMOJIBUXKHBIE 3apsiibl) B
n-00J1aCTH U HECKOMIIEHCUPOBAHHBIX MOHU3WPOBAHHBIX aTOMOB aKIIENTOPHOU MpH-
MecH (OTpHUIlaTeIbHbIC HETIOBUKHBIC 3apsiibl) B p-00JIacTH.
Mexny  HECKOMIIEHCUPOBAH-
< E Meramiyprudyeckas HBIMHM 3apsgaMd B N- U p—06JIaCT$IX
lm, (ﬁP_ I'paHula BO3HHUKACT DJJICKTPHUYCCKOE II0JIC Ha-
— IpsDKEHHOCTBI0O  E,  HasbiBaeMoe
p n BHYMPEHHUM, W KOHMAKMHAS pa3-
—> Hocmb nomenyuanos (puc. 3.1, 6):

]
GE%: kT NaNd
Q IR P =Qp —Qp =—In—0A, (3.1)
S 1o

S 5 e k — mocrosinaas boneivana; T — a0-
Lyl T COJIFOTHAS TEMIIEPATypa; q — 3apsii dJIeK-
0 R TpoHa; N,, N4 — KOHIIEHTparws aKien-
O(X) | | ! TOPHOM U JOHOPHOW TIPUMECH COOTBETCT-
! | I BCHHO; N; — KOHLICHTpALMs HOCUTEIIEH B
| I
I

@ _ﬂ—(p- B COOCTBCHHOM  TTOJYIPOBOZHKKS; @y,
K
I

I
| )
/ . (p;, — DVIIEKTPUYECKUN MOTEHIMAI P- U N-
| 1
0, ! 00MacT! COOTBETCTBEHHO. DNEKTPUYECKOE
1 % % -
0 | ! [I07Ie TIPETLITCTBYET NalbHEHIIeH b dy
3UM HOCUTENIEH 3apsiia yepes3 nepexo, Ipy
3TOM BO3HHMKACT MOTCHUMAIIBHBIN JHEpre-
THYECKUI Oapbep 1 OCHOBHBIX HOCHTEIIEN BelanHOou AW = q@, .

—-

A4

BekTop HanpssKeHHOCTH BHYTPEHHETO DJIEKTPUYECKOIO IOJISL B P-N-IIEpEXojie
HampaBlieH OT N-00JacTu K p-obmactu. [1o3TOMYy BO3HHKIIEE INEKTPUUYECKOE IOJIE
BBI3BIBACT ApeiiOBBIN MEPEHOC HOCUTENEH U3 00IacTH, I/Ie OHU SBISIOTCS HEOCHOB-
HbIMH, B Ty 00JIaCTh, I/I€ OHH CTAHOBSITCS OCHOBHBIMH HOCHUTEIIIMH. DJIEKTPOHBI
ApeiiQyror n3 p-obmactu B n-001acTh, a JbIpku — Haobopot. Jpeiidopbrid Tok I,

MMCET HAIPaBJICHUE, BCTpeYHOE AU(Py3HoHHOMY I,4 . IIpH OTCYTCTBHH BHEIIHHX
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BO3J/ICMCTBUI Ha MEPEX0]l yCTAHABIMBAECTCS COCTOSIHUE JUHAMHUUYECKOTO PaBHOBECHS,
IPH KOTOPOM CYMMApHBIH TOK 4epes mepexof paseH Hymio: L, +1,,4 =0, T. e. unc-

710 1udPYHIUPYIOMMX HOCUTENEH PAaBHO YUCITY Aper(yomux HOCUTENEH.
Hlupuna nepexooa d ornpenemnsieTcs CIeAYIOIUM BIPAKCHUEM:

5=38, +8, = 2o 11 (3.2)
q Na Nd

rac € — a0COJIFOTHAS AUBJICKTPHUYICCKAA ITPOHNITACMOCTD ITOJYIIPOBOJHHKA, 8p ) 81,1 -

riyOrHa MPOHUKHOBEHHUS IEPEX0/ia B P- U N-00JaCTh COOTBETCTBEHHO.
Obnactb p-n-nepexoja, XapaKTepU3yOIIyIOCcs HU3KOW KOHIIEHTPAIMEH MOIBUXK-
HBIX HOCHUTEJIEN 3aps/ia, MOXKHO PACCMAaTPUBATh KAK KBA3UIUAJIEKTPUK, IIOCKOJIBKY MO-
BIJKHBIC HOCUTENM 3apsiia U3 HEe YNASIOTCS BHYTPEHHUM JJIEKTPUYECKUM IIOJIEM U
muddysueit. [1o 3Toit npuurHe p-n-mepexo1 4acTo HA3bIBAIOT 0OCOHEHHBIM CLOEM.
IIpsamMoe BKJIO4YeHHe p-n-nepexoaa. Eciy k nepexoay MOAKIIOYUTH BHEII-

HUM MCTOYHHMK C HANpPsHKEHUEM Unp, KaK MMOKa3aHo Ha puc. 3.2, a, TAKUM 00pa3om,

YTO BEKTOP HAMPSXKEHHOCTH 00pa30BaHHOTO UM 3JeKTpuueckoro nmoist Eg,.., Oyzner
HaNpaBlieH BCTPEYHO BEKTOPY HAMPSIKEHHOCTH BHYTpeHHero noisi E, To B pe3yib-
TaTe YMEHBIIUTCS Pa3HOCTh MOTEHIMAIOB MEXy obnactsmu (puc. 3.2, 0):

Py = Pk _Unpa (3.3)
HaIIPsOKCHHOCTh CYMMAPHOTO DJICKTPUYCCKOI'O ITOJIS B P-N-TICPEXOAC TAKIKC YMCHBIIUTCA:
Es =E—Egyems (3.4)

COOTBETCTBEHHO CHHU3HTCS BBICOTA TMOTEHIMAIBLHOTO Oapbepa /0 BETUYHHBI
AW = q((pK — Unp) U Cy3UTCs 00J1acTh p-n-niepexoa. [Ipuuem 3aBUCUMOCTD IIUPHUHBI

nepexoga OT HAIIPAKCHUA Ha HEM OIIMCBIBACTCA BBIPAKCHUCM

S(Unp): 28(@1( _Unp) 1 n 1
q N, Nd

Bonbiioe 4yncio OCHOBHBIX HOCUTENEH OKa3bIBAETCS CIIOCOOHBIM MPEOI0JETh
CHU3UBIIMICS MOTEHIMAIBHBIA Oapbep p-n-mepexoja, U 4epe3 Hero HauyMmHaeT IMpo-
TeKaTh 3HAYUTENbHBIA TOK, KOTOPBIM OyAEeT pacTd MpU YBEIUYCHUH MPHUIOKEHHOTO
HaMpsHKeHUs, MOCKOJIbKY OyIeT pacTh YMUCIO HOCHUTENEeH, CIOCOOHBIX IMPEOI0NIETh
MOH)KEHHBIA MOTeHIMAIbHBIN Oapbep. Jduddys3nonnas cocrapisiomas Toka depes
p-n-niepexoa OyAeT 3HAYUTEIBHO BBINMIC JPE(OBON COCTABISIOIICH Lingy >> Lp -

(3.5)

Tok, NpoTEeKaAOIINUN Yepe3 Mepexol, HA3bIBAIOT NPSAMBIM TOKOM [, a HampsbKeHue

np>
paccMOTPEHHON MOJBIPHOCTH HA3bIBACTCS MPSMBIM HanpspkeHueM U, u cauraercs
MOJIOKUTENbHBIM. [Ipy mpsIMOM BKJIIOUYEHHH P-N-NIEPEX0JIa MPOUCXOAUT UHHCEKYUS
HocuTesel 3apsiia — qudPy3uOHHBIN MTEPEHOC OCHOBHBIX HOCHUTENIEH B 00J1acTh, Ie
OHM CTaHOBSTCSI HECOCHOBHBIMU.

BOoBIIMHCTBO MOYNPOBOJHUKOBBIX JMOJIOB BBHIMIOJHSIIOT HA OCHOBE HeCUM-

MEMPUYHLIX P-N-Nepexo008, B KOTOPbIX KOHLUEHTPALUs JIETUPYIOIIEH IPUMECH B OA-
HOU U3 o0nacTeil mepexoaa MHOTO BhIIIE, 4YeM B Jpyroi oonactu. B Takom nepexone

11



0oJiee TeTUPOBaHHYIO 00JIACTh HA3BIBAIOT HMummep, a MEHEe JISTUPOBAHHYIO — 6d3d.
WNHXEKIHIo B TaKUX Mepexoaax MOXKHO CUYHUTATh OJHOCTOPOHHEH, TTOCKOIBKY Mpeod-
JaJaeT MHKEKIUS HOCUTEeNel U3 AIMUTTEpa B 0asy.

Oo0OpaTHoe BKJIIOYEeHHE pP-n-niepexoaa. Eciu kK nmepexoay MOAKIIOUYNTh BHEIII-
HUM UCTOYHUK C HANPSHKEHUEM Uo6p, KaK MOKa3aHo Ha puc. 3.3, a, TaKUM o0pa3om,
YTO BEKTOP HANPSKEHHOCTH 00pa30BaHHOIO UM 3JIEKTpUYECKOro noist Eg,.., Oyner

COHAIpAaBJIEH C BEKTOPOM HAMNPSHKEHHOCTH BHYTpeHHero mosis E, To B pesynbrare
YBEJIMYUTCS PA3HOCTh MOTEHITMATIOB MEXK Iy obnactsimu (puc. 3.3, 0):

Py =0k + Uo6p > (3.6)
qummmﬁmCHﬂWMqumn)meqmqammDIMHﬂqumﬁm@«meTmmw}B@MHHNE
EZ =E+ EBHeIH > (3-7)

COOTBETCTBEHHO TOBBICUTCSI BBICOTA TMOTEHIMAILHOTO Oapbepa 10 BEJIMYUHBI
AW = q((pK + Uo6p) U pacIIMpUTCsl 00JIaCTh P-n-Tiepexojia. 3aBUCUMOCTh IITUPHUHBI T1e-

pexojia OT 00paTHOrO HAMPSIKEHUSI HA HEM OIMKCHIBAETCS BBIPAKEHUEM

2elp, +U
8(Uasp )= e+ Uagp)f 1, 1) (3.8)
q Na Nd
¢ EZ ¢ EZ
EBHIT.)I[I E EBHCIII E
— — — —
l pg:@ S n l plee ! @@ n
mmp Nl [ RES Wi ool *ToO T @A
o, - 1> & y
_ —L}= 1 o < - T O
— o ah—, JOO ! oal,
oo T @h . ° Jeo . o9
S leel ©®
O(Uyp)
. 30 "
N i a
y 6 Yn o
P(x)4 I
1 |
$n7f___L"F_—|ﬂ?::::
Py : :ﬁ_—(PK_UHD;
R
_______ [ B
6 [Ty 6
| 1 1

Puc. 3.2

B Takux ycnoBHSX OCHOBHBIE HOCHUTEIM OKAa3bIBAIOTCS HECTIOCOOHBIMU TIpe-
OJI0JIETh TMOBBICUBIIUNACA MOTEHIIMATIBHBIN Oapbep p-n-mepexona, U 4epe3 Hero Impo-
TEKaeT HE3HAYUTEJIbHBIN 0 BEJIMYMHE TOK HEOCHOBHBIX HOCHUTEJEH, JISI KOTOPBIX
CYMMapHOE I10JIe NIePexo/a ABIACTC YCKOpsomuM, T. €. I, >> 1,4 . Taknm oOpa-
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30M, 0OpaTHBIN TOK Mepexojia B OTIMYKE OT MPSMOTO SBISETCS Ipei(oBHIM, €ro Be-
JMYMHA NIPAKTUYECKHA HE 3aBHCHUT OT HAIPSDKEHMs], MOCKOJIBKY HE MEHSETCS YMCIIO
HOCHTEJIEH, CO3Aaromux ero. Hanpspkenre pacCMOTPEHHOM MOJISIPHOCTH HA3bIBACTCS
obparHbiM HanpspkeHneM U g, 1 caurtaeTcs orpuuaressHbiM. [Ipin o6paTHOM BKIItO-

YEHUU P-N-Tiepexofa MPOUCXOTUT dKCmpaKkyus HOCUTENEH 3apsaaa — ApeiidoBbId me-
peHoc HCOCHOBHBIX HOCI/ITCJ'ICI\/'I B O6J'IaCTB, I'1€ OHU CTAHOBATCSI OCHOBHBIMU.
Kaaccupukanus amonoB. J(uoasl kiaccuuuupyroTcs: Mo Marepuany (cene-
HOBBIE, TEPMAHHUEBBIC, KPEMHHUEBBIC, APCEHUI-TAJUIUEBLIE); CTPYKType mepexonaa (To-
YCYHBIC, HJ'IOCKOCTHBIC); HaA3HAYCHUIO (BBIHpHMI/ITCHBHBIC, I/IMHyJ'IBCHBIC, CTa6I/IJ'II/ITp0—
HBbI U T. I[.); AUAITa30HY YaCTOT (HHSKOqaCTOTHBIe, BBICOKOYACTOTHBIC, CBEPXBBICOKO-
gacToTHbIe 106l (CBY-11oapl)); BUAY BOJILT-aMIIEPHON XapaKTEPUCTUKH U T. 1.
B 3aBUCMMOCTM OT TEXHOJIOTMUYECKUX
KouraktHbie
HpOHeCCOB, I/ICHOJ]LSYGMBIX HpI/I N3roTOBJICHNUA
TUIOLLIAIKH
BBIBOJIOB JMOIOB, PA3IMYAIOT: MHUKPOCIUIABHBIC, CILIAB-

OMuUTTEp Sio, Hble, uhdy3HUOHHBIE,  TUIAHAPHO-DITUTAK-

CUAJIbHBIC IMO/IbI Y1 UX Pa3HOBUIHOCTU. Y CTPOM-
p-n-nepexon 4 Basa

| CTBO ITOJYIIPOBOAHUKOBOIO JTMO/IA, U3TOTOBJICH-
- Momiokka  HOMO IO IUIAHAPHO-OMHUTAKCHAIBHOM TEXHOIO-

n 1
TN | # My, npuBeAcHO Ha puc. 3.4. Bea crpykrypa

n 1
AEKTPUYECKAM TIEPEXOIOM 3aKIIFOYACTCS B Me-
Puc. 3.4 TAUTMYECKUM, CTEKJISIHHBIN, KEPAMUYECKUI VI

TJIACTMACCOBBIN KOPIYC JJIs1 UCKITFOUECHUSI BIIUSI-
HUsI OKPYKAFOLLEW CPEIbL.

Cucrema 0003Ha4YeHHIl NMOJYNPOBOJHUKOBBIX AMOAOB. JlJI1 MapKUPOBKHU
MOJYIPOBOJIHUKOBBIX JHOAOB HCHOJIb3yeTCs OyKBEHHO-IU(POBas CUCTEMa YCIIOB-
HBIX 0003HaueHuit cormacuo OCT 11.336.919-81.

[epBblit aneMeHT — OykBa uinu udpa, XapakTepuzyeT UCTOIb3yeMblii MaTepH-
ai: I'(1) — repmannii (Ge); K(2) — xpemuutii (Si); A(3) — rammuit (Ga) u ero coeauHe-
Hust; M(4) — unauii (In) u ero coenunenus. BTopoil aeMeHT — OykBa, XapaKTepus3yeT
(GyHKUMOHANBHOE Ha3HaueHue auoja: [l — BeimpsmutensHbId; B — Bapuxanm; U —
TyHHENbHBIA U oOpamieHHblid; C — cTaOMIUTPOH U cTabucTop; JI — nznmydarommii ce-
Toauo. TpeTtuil aneMeHT — uudpa, XxapakrepuzyeT Ha3HAueHHe AUO0Jia U CONEPKUT
uH(pOpMAIMIO O CIIEUMaTIbHBIX MapaMeTpax auoda. Hampumep, 1uisi AMOJOB TPYIIIIbI
H: 1 — BempsMurenbHbsie MajgomoiHble (TOK 10 300 MA); 2 — BBIIPSIMUTEIbHbBIC
cpeaneit MoutHOCTH (TOK 70 10 A); 3 — nuoabl OOJIBIION MOIIHOCTH (TOK CBBIIIIE
10 A); 4-9 — nuoapl UMITYJIbCHBIE C Pa3TUYHBIM BPEMEHEM BOCCTaHOBIIeHUS. YeT-
BEPTHIN d1eMeHT (2—3 1udphl) — MOPSIKOBBIN HOMEP pa3pabOTKU (A1 CTaOMIUTPO-
Ha — HaMpsDKEHUE CTAOMIIM3AIUU B JECATHIX JOJISAX BOJIbTA). [1ThIN 251eMeHT — OykBa,
XapaKTEPHU3yET IPYIILY JUOJIOB C PA3TMYHBIMU TApaMETPAMH.

YcnoBuble rpaduyeckue 0003HAYEHUS MOIYIPOBOAHUKOBBIX IHOJOB Ha CXe-
Max d3JEKTPUYECKUX MPUHLUIHUAIBHBIX MPEACTaBIeHbl Ha puc. 3.5. BriBoabl nuonaa
HA3BIBAIOTCS KaTOM M aHo/A. Kamoo — BbIBOJ IpUOOpa, Yepe3 KOTOPHIA TOK BBHITEKAET
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BO BHENTHIOKO II€Th. AHOO — BBIBOJ IPHOOPA, Yepe3 KOTOPHIM TOK BTEKAET B MPHUOOP
U3 BHEIITHEHN IIETIH.

K A

44 1< DI
1 2 3

< < i<t
4 5 6

o 5

& ©

7 8 9

1 — oOmee o6o3HaYeHUE (BBIIPSAMHUTCIBHBIN, HWMITYIbCHBIN,
BBICOKOYACTOTHBIM JMOM); 2 — CTaOWUJIUTPOH; 3 — JBYXaHOHBIN
CTaOMIUTPOH; 4 — TYHHENbHBIA WO, 5 — OOpalleHHBIM THUOJ;
6 — Bapukar; 7 — nuoxa lotku; 8 — cBeToanon; 9 — doroanon

Puc. 3.5

BoabT-amMnepHasi XapakTepucTHKA, IP000ii 1 o01He MapaMeTphl JUO0/I0B.
3aBUCUMOCTh TOKa, MPOTEKAIOIIEro Yepe3 AMOJ, OT BEJIWYUHBI U MOJSIPHOCTH MpPHU-
JI0KEHHOTO K €T0 BhIBOJAaM BHEIIIHETO HanpsieHus Ha3biBaeTcss BAX auona:

qu Y

I(U)=T1y(T) ekT —1 [=T1y(T) e®T -1}, (3.9)

rie @ =kT/q — Temwnosoii norennuan, pasubiii 26 MB npu T=300 K; IO(T) — 00-
PAamublil MOK HACLLUeHUsl, CUIBHO 3aBUCAIINI OT TEMIIEpaTypHl.

VYpaBuenue (3.9) Ha3bIBAIOT meopemuueckoll, wiu udeanusuposantou, BAX ouooa.
B Hem He yuTeHo nociedosamenvHoe conpomuesiieHue nomepsb ouood, T. €. CyMMapHOe JK-
BUBAJICHTHOC AKTUBHOE CONPOTHUBIICHUE KPHUCTAUIA, OMHYCCKUX KOHTAKTOB W BBHIBOJIOB
muofa 1. C y4eroM 3Toro conpoTuBiieHus peaibHast BAX muona umeer Bug

Q(U_rnl)
I(U)=Ip|e *T -1 (3.10)

Ha puc. 3.6 uzobpaxkensl peasibHast BAX (crutoniHas muHust) 1 Teopetndeckas BAX
(myHKTHpHAsA JuHUS). V3-3a CyIIECTBEHHOTO Pa3ivuMsi 3HAaYEHWI MPSIMOro U 0OpaTHOro
TOKOB W HaNpsDKEHUM MpsiMble U oOpaTHbie BeTBM BAX BBINONHEHBI B Pa3inuyHOM
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macmrade. [Ipsimast BeTBb peanibHoit BAX, kak cinemyer u3 (3.10), ciBuHyTa B CTOPOHY
OOJBIINX 3HAYCHUN MPSAMBIX HAMPSHKEHUN Mpu I, =const. Pasnidue Mexnay Teope-

Tudyeckoir U peasibHoil BAX B o0nactu oOpaTHBIX HampspKEHUH OOYCIOBIEHO HEyd-
teHHOM B (3.9) u (3.10) TemmoBoii reHepanyeil HOCUTENeH 3apsiaa B 00ETHEHHOM CJIO€.
C pocrom obparHoro HanpspkeHnst U g, IMPHHA O, @ 3HAYUT, X 00bEM OOCAHCHHOTO

CJIOSl PACcTET, YTO HNPUBOJUT K POCTY YHUCIA MPOIECCOB TEPMOTECHEPALIUN IIIEKTPOHHO-

IBIPOYHBIX Tap, KOTOPBIE MOJIEM OOPATHOBKJIIOYEHHOI'O ME€PeXoja BBIHOCATCS U3 00-
JIACTH IIEPEXOJia, yBeIn4uBasi 0OpaTHblil ToK. [TooToMy I,q, He OCTAaeTCs MOCTOSH-

HBIM, 4 MCIAJICHHO BO3pPAaCTacT C pOCTOM U06p . bonee TOro, nmpu JOCTHXXCHUUN 06paT-

HBIM HaIpsDKEHUEM HEKOTOPOTO0 KPUTUYECKOTO 3HAUEHUs, HAa3bIBAEMOIO HANPSHCEeHU-
em npo6os U 5, HAOTIONACTCS Pe3KUi POCT 00paTHOro TOKA. JlaHHOE SIBICHHC Ha-

3BIBACTCS npoboem nepexooa nuoja (cMm. puc. 3.6, KpuBas a).
PaznuuaroT 1Ba OCHOBHBIX BUJA MIPOOOS: deKkmpuyeckull npoootl 1 meniosou.

B cBoro ouepenp 3neKTpUYECKU NPOOOH AETUTCS Ha JABUHHBIA U TYHHEIbHBIU. Jla-
BUHHBLL NPOOOU XapaKTepeH Ul AUOJIOB C IIMPOKUMU MepexofaMu, 0Opa3oBaHHBIMU

00JacTAMH C HEBBICOKOW KOHIIEHTpAIMEH JIETHPYIOIIed NMpUMecu (N<1017 SYE ).

Ecnu nnvna cBoOoHOTO mpobera HOCUTENEH 3apsiia MEHbIIE IIUPUHBI IEPEX0a, TO
npu GONbIIMX 3HAYEHHsIX oOparHoro HampsbkeHus Uy, (ot 7 no 400 B) nocurenu

3apsiia IpUoOpeTaoT KUHETHUECKYIO SHEPTUI0, JOCTATOUHYIO JJIsl pa3BUTHUS JIABUHO-
00pa3HOro mpolecca NOHU3ALKUK aTOMOB IOJYTIPOBOAHUKA, YTO U BBI3BIBAET PE3KUN
poct 0OpaTHOro TOKa Ipu MOYTH Hen3MeHHOM U g, -

TyHnuenvHblll npobOOL pa3BUBACTCS B AUOJIaX C OYSHBb Y3KHUMH TIEpexoaaMu, oopa-
30BaHHBIMH OOJIACTSIMH C BBICOKOM KOHIICHTPAIIMEH JICTHPYIOMIEH IPUMECH

(N>1018 oM ). TyHHenbHBI TIPOOOH p-n-mepexona OOYCIOBICH KBaHTOBO-

MEXaHUYECKUM MYHHeNbHbIM 2¢hekmom, KOTlIa U3-3a MaJION TOJIIUHBI YHEpreTuye-
CKOTO TIOTEHIIMATBHOTO Oapbepa UMEETCsS] BBICOKAs BEPOSITHOCTH MPOXOXKICHUS 3apsi-
JIOB CKBO3b HETO 0e3 m3MeHeHws dHepruu. [Ipu ompenereHHOM 0OpaTHOM HampshKe-
HUW TPOUCXOJIUT TYHHEIBHOE TPOHUKHOBEHHE JJIEKTPOHOB BaJIEHTHOM 30HBI
p-00J1acTH Ha CBOOOTHBIC DHEPTETHUECKUE YPOBHU 30HBI TIPOBOIUMOCTH N-00JIaCTH.

B mnanapubeix guopax (cM. puc. 3.4) sneKTpuuecKuid mpoOON MPOUCXOIUT Ha
y4acTKe Mepexo/a, BBIXOASAIIEM Ha MOBEPXHOCTh MOJYIMPOBOJAHUKOBOU CTPYKTYPHI,
TaK Ha3bIBAEMBIN 1n08epXHOCMHbLL NPOOOL. ITO 00YCIOBICHO HATMYHEM Ha MOBEPX-
HOCTH n-0a3bl JUO/A TMOJOXKHUTEIHHOTO OOBEMHOTO 3apsijia, KOTOPHIA MPUBOAUT K
YMEHBIICHUIO TOJIIMHBI TIEpexoJa BOJM3M MOBEPXHOCTH U COOTBETCTBYIOLIEMY
YMEHBIICHUIO HAIIPSKEHUS TPOOOsI.

Tennosoti npo6oii BOZHUKAET BCJEJICTBUE NEpErpeBa AIEKTPHUUECKOro Mepexoaa
MPOTEKAIOIIMM 4Yepe3 HEro oOpaTHBIM TOKOM IpU HEJOCTATOYHOM TEIUIOOTBOJAE. 3a
CUET TEPMOTE€HEPALIUM HOCUTEIIEH B TIEPEXO0/I€ BO3pACTaeT OOpPaTHBIM TOK AMO/AA U POCT

MOJIBOJMMOM K JIMOJTY MOIIHOCTH Uo6pIo6p IIPUBOJIUT K €I11e OOJIBIIIEMY pa30rpeBy Iie-
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pexona. Eciu TemnepaTypa quoja IpeBBICUT JOIYCTUMOE 3HAYEHHE, CTPYKTypa Hepe-
X0/1a MpeTepreBacT HeoOpaTUMble U3MEHEHUS U AUOJ] BBIXOIUT U3 cTpos. Ha ydacTke
TEIUI0BOTO pobost (cM. puc. 3.6, kpuasi 0) U g, yMEHbIIACTCS IIPH BO3pacTaHud L, .

Ha BAX nmmonma cy-

IIECTBEHHO BIIMAET TEMIIE-

n'np  parypa OKpYy>KarOlEH Cpe.ibl
(puc. 3.7). C poctom Temre-
parypsl TOK I, Bo3pacraer

1p

T10 AKCIIOHEHIIUAJIbBHOMY
F 3aKOHY e_AW/ kT, rae AW —
| SIPIG) & A, l s 0 P IMPUHA 3aMPEIICHHON 30HbI

M W ' 0"2 ‘0’ 7 0;6 0.8 Uy, B MATEPHANA NONYIPOBOHHI-
Ka. B uHXeHepHBIX pacue-

L \6 Tax IOJararwT, 410 TOK I

yYABaUBaCTCA Ha  KaXIbIC

Ioﬁp, MKA 10 °C B repmMaHuEBBIX IHO-
Jlax, a B KPEMHUEBBIX — Ha
Puc. 3.6 kaxnaele 7 °C.

C pocrom Temrepa-
Typbl pacTeT NpsIMOU TOK
AUo/ia pH (HPUKCHPOBAHHOM HanpspkeHHH Up, WM yMCHBIIACTCS [a/ICHUC HAIpsi-

JKEHHSI Ha IUOJC IPH (PUKCHPOBAHHOM NPSIMOM TOKe I,. BimsiHue temmeparypst Ha
npsimyto BeTBb BAX nnona oLleHUBAIOT memnepamypHuim Kodghguyuenmom Hanpsi-

ocenuss TKH = —2 , UACIIEHHO PaBHBIM H3MEHEHUIO MPSIMOTO HAMpshKe-
Ipyp =const

HUA Ha TUOJE MPU YBEIUUYCHUU
temneparypel Ha 1°C. Ilpm
pacderax Juisi OOJBIIMHCTBA
JMOJI0B MIPUHHUMAIOT
TKH =-2MB/°C.

Jlnonpl XapakTepU3yIOT-
C psAOOM NapaMeTpoB, KOTO-
pble SIBIISIIOTCS OOIIMMHU ISt

p

goﬁp s BCEX THIOB JIM0/10B. K HUM OT-
T Uy, HoCATCS: }

T] — pabouuii rana3oH TeM-
T nieparyp niepexond Tpin +.. T roax s

(%]

v Io6p — MAaKCHUMAaJIbHO JIOITyC-

TUMBIA TIPAMOH  TOK Iy

Puc. 3.7

pexojia TOCTUraeT MaKCUMAaJIbHOrO 3HaUeHus T .y ;

IpU KOTOPOM TeMmrieparypa me-
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— MaKCHMAaJIbHO JOMycTHMOC 00patHOe HampsukeHHE U gy max » TIPH KOTOPOM
HE MPOUCXOIUT NP000st p-n-riepexoza, 00bI9HO U g max < 0,8 Uypos s

— IpsiMast 1 06paTHa$1 MAaKCUMAJIBHO A0ITYCTHMAs! MOIITHOCTD, paCCCUBACMas Ha JTUO/IC:

Pnp max — (Trnax - TO)/RT > (3.11)
P06p max — (Tmin - Ty )/RT ) (3.12)

rne T, — remnepartypa okpy:karomeil cpeasl; R — TemioBoe conpoTuBiIeHUe mepe-

X0/1a, XapaKTEepU3YIOIee YCIOBHS TEMIOOTBOIA;
— IpsIMO€ U OOpaTHOE CTATUYECKOE COIMPOTHUBICHHE AMOJA (COMPOTUBICHUE
MOCTOSTHHOMY TOKY):

Rnp = Unp/lnp ) R06p = U06p/Io6p ) (3.13)
npsaMoe U oopatHoe 1uddepeHnansHoe CONPOTUBIEHUE (COPOTUBIICHHE TIe-

PEMEHHOMY TOKY):

rl'[p = AUHp /AIHp ; r06p = AUOGp /AIOGp . (314)

JuddepenimansHoe conpoTUBIEHHE TMO0AA 3HAYUTETBHO MEHBLIE CTATUYECKOTO.
U U
Bemmunny Ky =1, /e, =€ /YT S5 | massimaor K09(h(pHIMEHTOM BBIIpsIMIIE-
HUS (XapakTepu3yeT OTHOCTOPOHHHUI XapaKTep MPOBOAMMOCTH AMO/A, T. K. Lip >>Iogp ) -

CriocoOHOCTh JMOJa HAKaIlUIMBaTh SJIEKTPUUECKHUE 3apsibl OTPa)KaeTCcsl €ro
€MKOCTHBIMH napamerpamMu. CyllecTBYeT JABa MEXaHU3Ma HAKOIUIEHUS 3apsioB, KO-
TOPbIE ONMKCHIBAIOTCS ABYMSI EMKOCTHBIMH MapaMeTPaMHU.

bapvepnas emxocms oTpaxkaer Hamuyre OOBEMHOTO AIEKTPUUYECKOTO 3apsija
MOHU3UPOBAHHBIX aTOMOB IPUMECU B p-N-IIEPEX0JIe, KOTOPbIA MOXHO paccMarpu-
BaTh KaK IUIOCKUW KOHJeHcaTtop. PaccrosiHue mexnay oOKIagKaMu 3TOr0 KOHJIEHCa-
TOpa ONpEAENsIieTCs] INMPUHOM p-n-niepexoaa O. BripaxeHue s 3aBUCUMOCTH Oaphb-
€pHOM €eMKOCTH OT HANPSKEHUS Ha MEePeX0/ie UMEET BUJ]

S C
Coap(U) =i =—20—, (3.15)
v 3(U) (1+U/o,)
€q NaNd
rae S — IIowaIb MonepedHoro ceueHus nepexoaa; Co =S — BEJIMYHU-
20, N, + Ny

Ha OapbepHOW €MKOCTM TMIpU HYJEBOM HamnpsbkeHuu Ha nepexone U =0;
y=1/3...1/2 — napameTp, 3Ha4eHHE KOTOPOTO OMPEAENAETCS POPUIEM JIETHPOBAHMS
nepexoaa; U — oOpaTHoe HamnpshKeHHUE Ha MEPEXo/Ie.

Bennunna OapbepHON €MKOCTH COCTaBJISIET JECSTKH — COTHM NMuUKodapai, Imo-
ATOMY €€ JIEHCTBUE MPOSBISETCS MPAKTUYECKU TOJIBKO IIPU 0OpAaTHOM BKJIFOYEHUHU, KO-
r7ia IepeXo/]l 3aKPhIT U MPOTEKAIOT Majible OOPATHBIE TOKU.

HHughgyzuonnas emxocms OTpaxkaeT HAKOIUIEHHE JIEKTPUUECKOrO 3apsja He-
OCHOBHBIX HEPABHOBECHBIX HOCUTENEH B p- W n-00JacTSAX HPH NPSIMOM BKIFOUEHUU
nepexona. Benmnuuna nud@dy3noHHONW €MKOCTH MPONOPLUOHATbHA MPSIMOMY TOKY
nepexoja:
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Tonl T

9 II 9

Cop =2 - 0 (3.16)
%) I.r[p

rac Taq) — 3(1)(1)GKTI/IBHOC BpeMﬂ KHN3HU HCOCHOBHBIX HepaBHOBeCHBIX HOCHTeHeﬁ.

[Tpu npsmom Toke mepexona 10 MA BenmnunHa qud Y3MOHHON €MKOCTH COCTaBIISET
JIECSTKA — COTHH HaHodapaa. B ciyyae HECUMMETPUYHOTO Mepexojia HaKOIUICHHE
HEPaBHOBECHBIX HOCUTEJICH MPOUCXOIUT MPEUMYIIIECTBEHHO B 06a3e Aro/a.

Kpome o0mmx mnapameTpoB IUOIBI XapaKTEPU3YIOTCS CHeYUuaibHbIMU napa-
Mempamu, TPUCYIIUMU TOJIBKO JaHHOMY THUITY THOJIOB.

BoinpsiMuTeibHbIe TUOABI TpEIHA3HAUCHBI ISl TPe0Opa3oBaHUsl EPEMEHHOTO
Toka ¢ yactoto ot 50 1o 20 000 I'n B My IbCUPYIOMIMKA TOK OJHOTO HAIIPABICHUS U LIH-
POKO HCIOJIB3YIOTCSI B UCTOYHHUKAX MUTAHUSI paIUOAJIEKTPOHHON anmaparypbl pa3IudHO-
ro Ha3HaueHus. B kauecTBe MOMYNPOBOJHUKOBOIO MaTrepuasa JUisi TAKAX JUOJIOB paHee
WCITIOJIb30BAJIM T€PMaHUM, B HACTOSIILIEE BPEMS — KPEMHUM U apceHu raums. | IpuHnmn
paloThl BBINPSIMUTEIILHBIX JHOJ0B OCHOBAH HAa BEHTWJIBHOM CBOMCTBE p-n-TMepexoja.
BoeinpsiMuTeNibHbIE TUOABI TIOJIPA3ACISIIOTCS Ha JUOABI Mo, cpeaHed U OoJbIIoN
MOIIHOCTU. JIMOIbI Majioil MOIIHOCTH TMPEIHA3HAYEHBI JJIs1 BBIIPSMIICHUS TOKOB 0
300 MA, cpeaHelt 1 GONBIION MOIITHOCTH — JIIS BBIPSMIICHUS] TOKOB COOTBETCTBEHHO OT
300 MA 10 10 A m ot 10 1o 1000 A. ITpenmy1iecTBa KPEMHUEBBIX AUOOB 10 CPABHEHUIO
C TepMaHUEBBIMU: MaJible 00pPaTHbIE TOKH; BO3MOKHOCTh MCIIOJIL30BAHUS IIPpU 00JIee BbI-
COKHX TEeMIIepaTypax OKPYXaroIlei cpeabl U OONBIINX 3HAYCHUSIX OOpaTHBIX HAIpPsHKe-
Huil. [IpenMyiecTBO repMaHneBbIX IMOIOB — Manoe najeHue Hanpspkenus 0,3...0,6 B
IIPU NPOTEKaHUU NPAMOTo ToKa (1o cpaBHeHuto ¢ 0,8...1,2 B y KpeMHUEBBIX).

B kauecTBe BBIIPSAMUTEIBHBIX JUOJO0B UCIOJIB3YIOT MIOCKOCTHBIC, CIIABHBIE,
muhPy3MOHHBIE M AMUTAKCUAIBHBIE TUOMAbBI, BBHIMOJIHEHHBIE HA OCHOBE HECUMMET-
PUYHBIX pP-n-TIepexoA0B. baphepHas eMKOCTh Tepexoaa u3-3a OOJBIION TUIOIIAI Be-
JUKa M €€ 3HAaYeHUE JIOCTUTaeT JAECITKOB mukodapaa. ['epmaHueBble TUOIbI MOTYT
OBITh KCIOJIB30BaHbI TpU TeMmriepatypax He O6omee 70...80 °C, kpeMHHUEBBIE — 0
120...150 °C, apcenun-rammeBsie — g0 240...280 °C. JIpyrum nOpeuMyliecTBOM
JIMOJIOB U3 apCEHUJIA TAIIUA SIBJIAECTCS 3HAYUTEIBHO OOJbIIas MOJBUKHOCTh HOCUTE-
JIeH, 9TO MO3BOISACT UX MUCHOJIb30BaTh Ha yacTtoTax a0 100...500 I .

MaxkcumanbHoe 00paTHOE HaIpsKEHUE MaJIOMOIIHBIX HU3KOYACTOTHBIX BbI-
MPSMUTENBHBIX THOJOB JIEKUT B MpeJeaax OT HECKOJIBKUX JecaTkoB 10 1200 B. [Ins
0oJiee BBHICOKOTO HANPSHKEHHSI TIPOMBIIIEHHOCTBIO BBIITYCKAIOTCS BBITPSIMUTEIIHHBIC
CTOJIOBI, UCTIONB3YIOIIME HECKOJIBKO TMOCIEI0BATEIFHO COSUHEHHBIX TUOJIOB B OJI-
HOM Kopityce. OOpaTHbie TOKH He TipeBbliatoT 300 MKA 1Sl TepMaHUEBBIX JTUOJO0B U
10 MKA — 1J11 KpEMHUEBBIX.

Morsble (CHUIOBBIC) AUOBI PA3IMYAIOTCS MO YaCTOTHBIM CBOMCTBaM U pado-
TalOT HA YacCTOTaX B JMANa30HE OT JECATKOB repil 10 JCCSITKOB KHJIOTEPI] U U3rOTaB-
JIMBAIOTCA MPEUMYIIIECTBEHHO U3 KPEMHHUS.
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PaboTa mipu GONBIIX MPSAMBIX TOKAX W BEICOKMX OOPATHBIX HAMPSDKEHUSIX CBsI3aHA
C BBIIEJICHUEM 3HAUMTEIILHOW MOIIIHOCTH B p-n-niepexozie. [loaToMy B yCTaHOBKax ¢ JUO-
JaMU CpeHel U OOJIBIION MOIIHOCTH HCTIONB3YIOTCS OXJIAUTENN — PaiaTophbl C BO3-
JYITHBIM U SKUJIKOCTHBIM OXJaKieHueM. [Ipr BO3AyIITHOM OXJIQKICHUH TETJI0 OTBOIUT-
Csl C TIOMOIIBIO paguaropa. [Ipu 3ToM oxnakIeHre MOKET ObITh €CTECTBEHHBIM (3a CUeT
KOHBEKIIMU BO3AyXa) WIN MPUHYAUTEIBHBIM (C MCIIOJIb30BAaHUEM 00IyBa KOpITyca MpH-
0opa U paaraTopa ¢ MOMOIIBI0 BEHTWIATOPA). [IpH KUAKOCTHOM OXJTa)X/IE€HUH B pajiva-
TOp MO CHEIMAIbHBIM KaHaJlaM MPOIYCKAeTCsl TeIUIO0TBOASILAS KUIKOCTh (BOJIa, aHTH-
¢bpus, TpaHchopMaTOpHOE MACIIO, CAHTETUYECKUE TUIICKTPUUECKUE HKHUIKOCTH).

K ocHOBHBIM mapameTpam BBIPSIMUTEIbHBIX TUOJ0B OTHOCSITCS:

— MaKCHUMAJIbHO JOIYCTHMBIH NPAMOH TOK I oy 5

— HpsIMOE MaJieHHe HanpspkeHust Ha jguone Uy, (mpu Iy pay );
— MaKCHMAIIbHO J0IyCcTUMOe 00paTHOe HanpspkeHNE U qgn max s
— 00paTHBI TOK IPH 33afaHHOM 00paTHOM HanpspkeHnd Log, (pu U g, max )3

— IMana3oH paboyux TeMIEepaTyp OKpyKaroulel cpeabl;

— k03 punment BompamiaeHus K ;

— IpeieJbHasl 4YacTOTa BHINPAMIICHUS, COOTBETCTBYIOIIAS] YMEHBIIEHUIO KO3(-
(dunueHTa BEIIPSIMIICHUS B 2 pasa.

Ha puc. 3.8 nmoka3ana cxema ABYXIIOJYIIEPHOJHOIO BBIIPSIMUTEINS — TUIIOBAst
CXeMa BKJIFOUEHHUS BBIIPSAMUTENBHBIX AHOJ0B. JlaHHOE Ha3BaHHWE OOYCIOBJIEHO TEM,
YTO TOK Y€pe3 HArpy3Ky MPOTEKAeT B T€UEHUE OOOUX MOIYNEPHOJI0OB BXOAHOTO Ha-
npspkeHus. CxeMa COCTOMUT U3 MOHMXKaroIero Tpaicdopmaropa T, 1noaHoro MocTa,
B IUIEYH KOTOPOTrO BKIIOYEHBI YeThlpe nuona VDI — VD4, u crinakuBaroniero KoH-
nencatopa C. IlepeMeHHOE HalpshKEHUE MOJAETCS B OJHY JHWAaroHallb MOCTa, a Ha-
rpy3Ka NOAKIIOYEHA K Apyrou. [Ipn nericTBUM MMONIOKUTEIBHON ITOIYBOJIHBI BXOIHO-
ro HaMpsDKEHUST OTKPBITHL quoasl VD2, VD3, a npu 1eicTBUM OTpULIATEILHON TTOTY-
BoiHbI — VD1, VD4. ®opma BXOAHOTO, BEIXOJHOTO HAIPSHKEHUSI U TOKA HArpy3KH B
JAaHHOW cxeMme noka3aHa Ha puc. 3.9. KongeHcarop B naHHON cxeme oOecreurBaeT
CIVIAKMBAHUE ITYJIbCUPYIOILIETO HAIPSIKEHHWS Ha HArpys3Ke 3a CYeT 3apsla OT UCTOY-
HUKa B TEUCHHE YaCTH IIEpUOJAA U pa3psla 4epe3 Harpy3Ky B TEUECHHE IPOMEXKYTKa
BPEMEHH, PABHOIO IPAKTUYECKHM IIOJIOBUHE IIEPUONA  BXOJHOIO  HAIlPsDKEHUS
Atpasp # T/ 2= 1/(2-f). EMKoCTs KOHZIEHCATOpA, 00ECIICYMBAONIAs aMILTUTY/LY ITyJIbCa-

LI HanpsDKEeHUs Ha Harpyske AU IIPY MAaKCUMAaJIbHOM TOKe Harpysku I, ., ompe-

BbIX

ACIHCTCA COTTIACHO BBIPAXKCHUTO
C=1Iy /(AU ). (3.17)

MaxkcruManbHOE 3HaY€HUE OOPAaTHOIO HANPSDKEHHS, KOTOPOE IPUKIIAbIBACTCS
K OJHOMY JWOAY IIPU NEUCTBUH OTPULATEIBHOM MOJyBOJIHBI B JAHHOW CXEME, MPaK-
TUYECKHU PABHO aMIUIATYJE BXOAHOTO HAIIPSIKECHHUS:

Umoop ® Usxm - (3.18)
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Bbicoko4acTOTHBIE (IeTEeKTOPHBIE) JUOABI PEAHA3HAUYCHBI JUISl BBIIPSIMIICHUS
AIIEKTPUYECKUX CUTHAJIOB BBICOKOM 4acTOThl. O003HAUAIOTCS M MApKUPYIOTCS Tak JKe,

VD1.VD4 - KO226A

;
VD1 | VD2
u= Ly =0Bd ¥
2208 |§ 750U [ 1 vos_| voa~, |7 iy
] PR L ) T
3ap 5_00MI{¢ | 100
Puc. 3.8
U, B

UBX UBBIX \l/zUI[ Ip

O SN
0 [\ \ \

\ U\ \
10 \y/ | \,/ \\/
0 20 40 60
I, MA Atpasp b me
100 -
[ ~ AT T T TS
50
IHm
0
0 20 40 60
t, MC
Puc. 3.9

BblX

KaK U BBIIPSAMUTEIbHBIE HU3KOU
yacTtoTel. Hcnome3yroress B pa-
JIAOTIPUEMHOM, TEJICBU3MOHHOW U
Jpyroil ammaparype (B JIE€TEKTO-
pax u nemonaystopax). TpeGoBa-
HUe 10 BenmH4MHE Uggp max U

I

B BBIIPSIMHUTEIBHBIX HU3KOYAC-
TOTHbIX. B BBICOKOYAaCTOTHBIX
JMOJIaX CTPEMSITCA MOMYyYUTh MU-
HUMaJIbHOE 3HA4YE€HUE COOCTBEH-
HOM €MKOCTH, MOCKOJIBKY Ha J0C-
TaTOYHO BBICOKHX YacCTOTaxX peak-
TUBHOE COIPOTUBJICHUE ITOU €M-
KOCTU HMEET BEIUYMHY HUXKE,
yeM OOpaTHOE COIPOTHBIICHUE
p-n-niepexojia AMoja, T. €. 3P heKT
BBINPSAMIICHUST (JE€TEKTHUPOBAHUA)
pe3ko cHmxkaercs. [l ymeHsblie-
HUS TUIOIIAAM p-n-Tiepexona, a
CIIEZIOBATENIbHO, U €ro €MKOCTH
UCHOJIB3YIOT TOYEYHYK) KOHCT-
pykuuto auona. bapbepHas ewm-
KOCTh TOYEYHBIX JHUOJIOB HE Tpe-
BeimaeT 1 nd, a paboyast yacroTa
cocraBiser 150 MI'11 u Oosee.
Emxocths nuona ciaraercs
U3 €MKOCTH KOpIlyca U €MKOCTH
p-n-nepexoga (C, =Cy +C).

np max SHAUUTCIBHO HIDKE, YeM

VYMeEHBIIEHHE €MKOCTHU KopIryca CK AOCTUTACTCA NPUMCHCHHUCM KOPITYCOB CIICHH-

anbHON KOHCTpYKIMU. C 3TOH K€ LETbI0 BBICOKOYACTOTHBIE AUOJIBI YaCTO BBHITIOJIHS-
10TCS BooOIIe 6€3 KopItyca, B ’TOM CIydae OHM UCIOJIb3YIOTCSl KaK COCTaBHAs 4acTh
rUOpUIHON UHTETPATIbHOM CXEMbl WJIM MOJYJIA, KOTOPBIN pa3MeliaeTcsi B repMeTnuy-

HOM KOpITyCe.

[Ipssimast BeTBb BAX TO4EUHOro nroja NpakTUYECKH HE OTIIMYAETCSA OT peab-
HOl BAX p-n-mepexona, a obpaTHasi BETBb HE MMEET SIPKO BHIPAKEHHOT'O ydacTKa
HACBILICHMSI, 4TO OOBSCHSAETCS MpoLeccaMy TeHepalui HOCUTENeH 3apsiia B HEOIHO-
POJTHOM I10JIE TOYEYHOT'O KOHTAKTa, BEI3BAHHOW JIABUHHBIM YMHOKEHUEM.
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HNmnyJbcHble IMOAbI TIPEAHA3HAUYCHBI 711 padOThl B UMITYJIbCHBIX U UG PO-
BbIX ycTpoiicTBax. O003HAUAIOTCS TaK K€, KaK U BBIMPSAMHUTEIbHBIE, UMEIOT MaIyIO
JUIMTEJIBHOCTD MEPEXOIHBIX NpoueccoB. OT BBIIPIMUTENBHBIX IHOAOB OTIMYAKOTCS
MaJIbIMU €MKOCTSMH p-n-fiepexojaa (1oau nukodapan) U XapaKTepU3yloTcs psaoM
[IapaMETPOB, OINPEACIAIOMINX IEPEXOIHbIE XAPAKTEPUCTUKU IUOJA. Y MEHBILECHHE
€MKOCTEH JOCTHraeTcs 3a CYET YMEHBbLIEHUs IUIOIIAIU p-h-IIepexojia, MO3TOMY J0-
IyCTUMbIE MOIIIHOCTH paccesiHus y HuX HeenukH (30...40 mBr).

ITpu Bo3a€iICTBUN HA AMOJ KOPOTKHUX 10 BPEMEHU IPSIMOYTOJIBHBIX HMITYJIbCOB
HaNpsOKEHUS. WM ToKa (popma Toka uepe3 AWOJ WM HalpsDKeHUs Ha HeM OyJeT OT-
JMYATHCS OT MPSMOYTOJIBHOM, 4TO 00YCIOBICHO MHEPILIMOHHOCTHIO MPOIIECCOB HAKO-
IUICHUS U paccachbIBaHUs HOCHUTENEH B 06a3e u mepe3apsiioM ero 0apbepHOil eMKOCTH.
[Ipyn ManbIX ypOBHSIX HANpPSOKEHUS M TOKAa JJIUTEIBHOCTh MEPEXOIHBIX IMPOLIECCOB
omnpeensercs: 6apbepHO eMKOCTbHIO, a TipU 00NIbIUX — AUDHY3HOHHOM.

Ha puc. 3.10 noka3ansl nepexoHbIe MPOLECCHI B TUOAE ITPU BBICOKUX YPOBHSIX
HanpspkeHus U Toka. [Ipu nmomaye Ha AMOJ MIPSIMOTO HANPSDHKEHUS TOK yCTaHABIMBAECT-
Csl HE cpasy, T. K. C TEUEHUEM BPEMEHH ITPOUCXOIUT HAKOIJICHUE WHKEKTUPOBAHHBIX
HEOCHOBHBIX HOCHTENEH B 0a3e W CHUXEeHHE ee conpoTuBieHusd. [lepennuii GppoHT
MMITyJIbCa TOKa MOJy4aeTcsl UCKaxeHHbIM (cM. puc. 3.10, a). OgHako gaHHBIM nponecc
OKa3bIBa€TCs TOPA3/0 KOPOYE, YEM IMPOLIECCHl PHU MEPEKIIOYEHUH AMOAA C IPSIMOIO
HanpsDKeHUs Ha 0OpaTHOE, KOTOPbIE XapaKTepU3yIOTCS BpEMEHEM 00paTHOrO BOCCTa-

HOBJIEHUS tg,.. IIpu 3TOM nepBoHaYaIbHO PE3KO YBEIWYMBAETCS BEIUYMHA OOpaTHO-

o TOKa 10 Io6p m BCJICACTBUC MHTCHCUBHOTI'O PACCAChIBAHN HEPABHOBCCHLIX HOCUTC-

Jieit 6a3bl ¢ MOCIEAYIONIMM €T0 YKCITOHEHIIUATBHBIM YMEHBIIICHUEM JI0 CTAIlMOHAPHOTO
3HAYEHMsl, PABHOI'O OOpaTHOMY TOKY HachllIeHUs I (T) B (3.9). Ilpu nponyckanuu

UMITyJIbCA MPSMOTO TOKa 4epe3 MO/ B MEPBbIi MOMEHT BpEMEHHU HaOJI0/IaeTCs BbI-
Opoc HanpspkeHust (cm. puc. 3.10, 6), yTO BBI3BAHO MOBBIIICHHBIM MAJEHUEM HaIpsi-
KEHHUSI, TTIOKa MHKEKTUPOBAaHHbIE HOCUTEIH, HAKONMUBIIKNCH B 0a3e, HE MOHU3AT €€ COo-
MPOTUBJICHHE. DTOT MPOLIECC OMUCHIBACTCS MAapaMETPOM JIMO/a, KOTOPBINA HA3bIBAECTCS
6peMs YCMAHOBIeHUA NPAMO20 HANPAXCeHUs tyc,. 110cie BBIKIIOUCHUS MPSIMOTO TO-

Ka Ha ANOJC OCTACTCA HCKOTOPOC HAIIPAKCHUC UO BCJIMYMHA KOTOPOI'O 3aBUCUT OT

CT >
KOJIMYECTBA MHKEKTUPOBAHHBIX HOcUTENeH. Ocmamoynoe HanpsaxiceHue YMEHbIIAeTC sl
10 Mepe PEKOMOMHAIIUYA HOCUTEIICH.

Jlis yMeHbIeHus t,,. HEOOXOJUMO YMEHBIINTh 0OBEM IMOJIyIPOBOJHUKOBOM

CTPYKTYpbl M YBEIUYUTh CKOPOCTh PEKOMOMHAIIMM HEOCHOBHBIX HOCHUTEJEH, 4TO
JIOCTUTAETCSI TEXHOJIOTUEH W3TOTOBJIEHUS WMITYJbCHBIX JHOJIOB: BBEJICHUEM B HC-
XOJIHBIM MaTepuall HEUTpalbHBIX IPUMECE, Yale Bcero 3o010ta (Au), 1uis co3aaHus
TaK Ha3bIBAEMBIX <JIOBYIIEK» — IIEHTPOB PEKOMOWHAIIUH.

NMnynbCcHBIE TUObI XapaKTEPUIYIOTCS PSIIOM CIIEIUATIbHBIX IAPAMETPOB:

— o0mas eMKocTh quona C, (IecaThie 101 — €TMHULBI THKO(apan);
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— MaKCUMAJIbHOC UMITYJIbCHOC IIPAMOC HAIIPSAKCHUC Unp max u >

— MaKCUMAJIbHO JIOIYCTUMBbIN UMITYJIbCHBIN TOK Ly max 4

— BpeMsl yCTaHOBJICHHS MPSMOTO HANPSHKCHUS tyc;, — HHTEPBAI BPEMCHN MEX-

Jy Ha4ajaoM MPOTEKaHUS MPSIMOT0 TOKa 4yepe3 AUOJ U MOMEHTOM, KOrjia MpsMoe Ha-
MPsDKEHUE Ha JUOoJe JocTUraeT 1,2 yCcTaHOBUBIIETOCS 3HaUYCHUS (1071 HAHOCEKYH]I —
JTOJIK MUKPOCEKYH]T);

— BpeMsi 0OpaTHOr0 BOCCTAHOBJIEHUS JUOJA t, . — BPEMs MEPEKIIOYECHUS TUO-
Jla ¢ 3aJIaHHOTO MPSMOT0 TOKa Ha 3aJlaHHOE 0OpaTHOE HAIPSHKEHUE OT MOMEHTA IPOo-

XOXKIOCHU TOKaA 9Y€PC3 HYJICBOC 3HAYCHUC 1O MOMCHTA NOCTUKCHUA O6paTHBIM TOKOM
3aJaHHOT'O 3HAUYCHMUA (IlOJ'II/I HAaHOCCKYH/ — O0JIU MI/IKPOCGKYHI[).

u(t)e‘\ i(t)}\
Upp[ ™" Lyl ™"
0

00p I

1(t)] :

np

obp

o0p m

I[J'DI YMCHBIICHHA t IMPUMCHAIOT CIICHUAJIBHBIC PA3HOBUIHOCTH HMITYJIbC-

BOC
HBIX JHOJIOB: Ouoowl ¢ bapvepom Lllomku (ABIL), ouoowr ¢ naxonnenuem 3apsoa
(IH3). B IBII nepexo/ BHIMOIHEH HA OCHOBE BBIIPSAMIISIONIETO KOHTAKTa METAJII —
MOJIYITPOBOJIHUK, B KOTOPOM paboTa BBIXOJla U3 METalljia BhIIIe, 4eM paboTa BhIXOAa
U3 MOJYMPOBOJIHKKA. Y ITHX TUOJ0B HE 3aTPAuMBACTCS BPEMs Ha HAKOILJICHUE U pac-
cachIBaHUE 3apsi0B B 0ase, MX OBICTPOJCHCTBHE 3aBUCUT TOJIBKO OT CKOPOCTH TPO-
1ecca nepesapsiaa 0apbepHoi eMKOCTH. MHKEeKIUsS B TaKMX JUOMaX SBJSETCS OJIHO-
CTOPOHHEH, WHXKEKTUPYIOT JIEKTPOHBI U3 TOJYNPOBOJHUKA B METALJI, T/I€ OHH SIB-
JSIOTCS €AMHCTBEHHBIM TUIIOM HOcuTeneil. [1o aToil mpuunHe OTCYyTCTBYET HaKoOILIe-
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HUE HEOCHOBHBIX Hocutened B 0aze. KoHcrpyktuBHO JIBIIl BBIMONHSIOTCA B BUAE
IIJJACTUHBI HU3KOOMHOI'O KPEMHMS N-THUIIA, HA KOTOPYIO HAaHECEHA BBICOKOOMHAs JIIU-
TaKCHAJIbHAsI IIEHKA C JJIEKTPOIPOBOJHOCTBIO TOrO k€ Tuna. Ha moBepxHOCTH
IJICHKM BaKyyMHBIM HaIlbUICHHEM HaHeceH cioil Metaiuia. Muepuuonnocts JIbII B
OCHOBHOM ONpeneNnsieTcss 0apbepHO eMKOCTBIO BBITPSAMIISIOLIErO0 KOHTAKTa, KOTOpas
MoskeT ObITh MeHbIe 0,01 nd.

B JIH3 6a3a u3roraBnuBaeTcsi HEPAaBHOMEPHO JISTMUPOBAHHOM 1O yMHe. KoHIleH-
Tpauus mpuMecH B 0a3e Mo Mepe NpUOIMKEHUs! K P-N-IIEPEXOAY YMEHBIIIACTCsl, [I03TOMY
HEPaBHOMEPHOW OKA3bIBAETCSA U KOHLEHTPAIMsl OCHOBHBIX HOCUTENEN 0a3bl — AJIEKTPOHOB,
eciu 0a3a UMeeT MPOBOJMMOCTD N-TUTIA. 3a CUET 3TOTO ANEKTPOHBI MU HYHAUPYIOT B CTO-
POHY p-N-TIEpeX0/ia, OCTABJISIS B TITyOHHE 0a3bl M30BITOUHBIN TOJIOKUTEIILHBIN 3apsiI aTo-
MOB JIOHOPHOM TMpHUMeECH, a BOJIM3U Tepexoja M30BITOUYHBINA 3apsiyl AJIEKTPOHOB. MexTy
OTUMU 3apAJaMU BO3HHUKAET IEKTPUYECKOE II0JI€, HAINPABIECHHOE B CTOPOHY IEPEXOAA.
[lox nevicTBrEM 3TOro MOJS ABIPKH, MHXEKTUPOBAHHBIE B 0a3y NP MPSIMOM BKIIOUEHUU
JIM0/1a, KOHIICHTPUPYIOTCsI (HAKAIUIMBAIOTCS) B 0a3e y rpaHuilpl iepexosa. [Ipu mepexitro-
YEHUM JTMO/Ia C MPSMOro Ha OOpaTHOE HampaBieHUE 3TH JIBIPKUA IO/ ACHCTBHEM IO
BHYTpPHU Ilepexo/ia ObICTPO YXOIAT U3 0a3bl B SMUTTEP U BPEMS BOCCTAHOBJIEHUS] OOpaTHOTO
COIIPOTHUBJICHNSI YMEHbIIAECTCS. JIJI1 M3rOTOBIEHUS TaKUX AMONOB MPHUMEHSETCS Me3a- U
AIHUTAKCUATIbHAS TEXHOJIOTHSL.

IHonynpoBOAHUKOBBIH CTA0MIUTPOH — NOJYIIPOBOJHUKOBBIM JMOJ, HANpPs-
’KEHHE Ha KOTOPOM COXPAHSETCA C ONPEAEICHHON TOYHOCTBIO IIPU ITPOTEKAHUU Yepe3
HEro TOKa B 33JJaHHOM JMarla3oHe, NpeJHa3HAYEeHHbIN 17 cTaOuiIn3auu Hampsxke-
Hus. [IpuHuun nedcTBUs CTaOMIMTPOHOB OCHOBAaH HAa HCIOJNB30BAHUU BJIEKTpUYE-
CKOTO BUJa Mpobos p-n-mepexona mpu oOpaTHOM cMelieHnd. B xaduecTBe cTaOumimm-
TPOHOB UCIIOJIB3YIOTCS IIJIOCKOCTHBIE KDEMHHUEBBIE TUOBI.

Kak moxaszano Ha pwuc. 3.11, 00-

(R patHas BeTBb BAX mmeer ydacTok co
cJ1a00i 3aBUCUMOCTBIO HAIPSDKEHUS OT

BEJIMYMHBI OOPAaTHOTO TOKa (Yy4acTOK C

ANEKTPUUECKUM npobdoem p-n-

nepexoja). [lpu W3MEeHEHHM TOKa CTa-

{UC"' mhax UICT Uermin_0 " owmTpoHa I, B nmamazoHe 3Ha4eHUH

I
Ugp I — — — — — - Loy min Unp OT Iormin A0 lormax HANpsDKEHHE Ha

_______ I CTAaOMIMTPOHE HE3HAUYUTEIBHO H3MEHS-
CT
ercs B npenenax oT Ugpmin A0 Urmaxs

——————— |
l“ max 41O OOYCJIOBIMBAET HEOOJIBIIOE 3HAYe-

v 00p HUEe IU(PEPEHINATEHOTO COMPOTHBIIC-
HUA CTAOUJIUTPOHA:
Puc. 3.11 p
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AU U -U -
rCT — — ICT max I CT min ' (319)

Hanpsixenne crabunuzamuu U, 0ObIYHO ompezenseTcs cpegHeapupmernde-

CTr max ~ ‘CT min

CKUM 3HAUYCHUECM MUHUMAJIBHOT'O U MAKCUMAJIBHOI'O TOKAa CTa6I/IJII/ITpOHaZ
I = (ICT min T ICTmax) 2. (3.20)

Benuunna oOpaTHOTO HaIpsHKEHMsI, PU KOTOPOM HAaYMHAET Pa3BUBATHCS HJICK-
TPUUYECKUI TIPOOOI, B 3HAYUTEIHHON CTETIEHU 3aBHCUT OT YJECIBHOTO COMPOTHBIICHUS
HCXOJIHOTO MaTepualla, ONpeAeieMOro KOHIEHTpaluei nmpuMecu. B ctabunurponax c
HanpsbkeHueM cTtabunmsanuu MeHee 5 B mpeoOramaer TyHHENBHBIA TPOOOH, OT 5 10
7 B Habmonarotrcs 00a BUAA 3IEKTPUUECKOTO MPO0O0s — TYHHEIbHBIM U JIABUHHBIN, a
BhIilie 7 B mpeoGnamaer maBuHHBIN npoOoi. [Ipu m3MeHeHnn TeMIepaTyphbl HapsbKe-
Hue crabmwmmsammu U, u3MmeHsercs. Hu3koBOJIBTHBIE U BBICOKOBOJIBTHBIE CTAOWIIU-

TPOHBI UMEIOT MPOTUBOIOJIOXKHBIA 3HAK W3MEHEHHs HAIPsDKEHUS CTa0WIM3alluu TpU
yBelnudeHuH Ttemmneparypsl. [Ipu TyHHenmbHOM mpoboe ¢ poctoM Temneparypsl U,

YMEHBIIIaeTcs, a MPU JJAaBUHHOM — BO3pacTaeT. B cTabumuTpoHax ¢ HanpspkeHHEM CTa-
ounmmzamu ot 5 10 7 B BiMsHUE TemnepaTrypbl HE3HAUUTENBHO, T. K. B IEPEXO/IE CyIIe-
CTBYIOT 00a BHJIa POOOSI.

OCHOBHBIMM MMapaMeTpaMu CTAOMIIUTPOHOB SIBISIFOTCSA:

— HanpspkeHue crabumnmzanuu U, — NajgeHue HanpsyKeHUs Ha CTaOMIUTPOHE

IPY IPOTEKAHNU 33JaHHOTO TOKA CTaOMUIIM3alMH;
— MUHUMAIBHBINA [, iy ¥ MakcuManbHbI I, .. TOKHM CTaOMIMTPOHA B pe-

JKMME CTaOMIIH3aIliH;
— TeMITepaTypHbIN KOADPUIIUESHT HANPsHKEHUS CTaOUIU3aIun

AU %
TKH,, =—*--100 %, oG |~ OTHOMCHHE OTHOCHTENBHOTO  W3MCHCHH

CT
HaIpPsHKEHUST CTa0UIIU3allii, BBIPAXKEHHOTO B MPOIEHTAX, K BbI3BABIIEMY €r0 HU3Me-
HEHUIO TeMIIePaTyphl;
— muddepeHIUalbHOE CONPOTUBICHNE CTA0OMWINTPOHA I, ONpPENEIsieMOe Ha

y4acTke nmpooos;
— crariaeckoe conporusienne Ry =U,, /1., .

[TomynmpoBOIHUKOBBIE AMOJbI, MPEAHA3HAUYCHHBIC AJIs CTaOMIM3AINH Hamps-
»eHui meHee 1 B ¢ ucnonbs3oBanuem npsmoil BetBu BAX, Ha3biBaroTcs cmabdbucmo-
pamu. JIs M3roToBIEHNs CTAOUCTOPOB UCHOJIb3YETCS KPEMHUMN C BBICOKOM KOHILIEH-
Tpauuen NpuMecH Jubo CelleH.

Y cTpoilcTBO, IpeHa3HAYEHHOE /1J1s1 CTA0MIN3AUH IOCTOSIHHOTO HalpsKEHUs,
B KOTOPOM HCIIOJIb3YETCS CTAaOMJIMTPOH, HA3bIBACTCA NapamMempuyeckum cmaouiu-
3amopom HAnpsAXCeHus, TOCKOJIbKY €ro XapaKTepUCTUKU MOJTHOCTHIO OMPEEIISIOTCS
napaMmerpamu ctadbunutpoHa. [IpyHuunuanbHas cxema Takoro crabuian3zaropa npe-
craBiieHa Ha puc. 3.12. Harpyska moakiioueHa mapauieIbHO CTAOMIUTPOHY, IpU
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ATOM HAIIPSKEHHE HAa HEM OCTAeTCs MIOCTOSHHBIM C ONPEJEICHHON CTENEHbI TOYHO-
ctu. Tok cTaOMIUTPOHA, KOTOPBINA 337a€TCs racsIiuM UM 0aJljIaCcTHBIM PE3UCTOPOM
R, nomxeH nexarh B auanasoHe 3Hau4€HUH .. i ---lor max- 1PEOYyEMoe compo-

THUBJICHUC PE3UCTOPA Rr HaXOJUTCA COIJIACHO BBIPAKCHUTO

I R. = UBX _UBLIX 321
R T ’ ( . )
Rr_ R Iop +1
CT H
+ + _
WCT WH rae Ug = U, KOTOpO€E MOIYyYeHO U3 ypaBHE-
U o /NVD RH| U aux HHM, 3amucaHHbIX 1o 3akoHam Kupxroda s
- - ‘ JTAHHOU CXEMBI.
_L 0 Bapukan — 101ynpOBOJHUKOBBIA WO,
Puc. 3.12 JEHUCTBUE KOTOPOI0 OCHOBAHO Ha HUCIOJIb30BAHUU

3aBUCUMOCTH €MKOCTH Iepexojaa OT 0oOpaTHOro
HaNpsDKEHUS W KOTOPBIM TpeaHa3HaueH sl MPUMEHEHUS B KauecTBE 3JIEMEHTa C
AIIEKTPUUYECKH YIIPABIISIEMON eMKOCThI0. OHHU JeNATCS Ha MOACTPOEUHbIE, WIIN BapHKa-
Ibl, © YMHOXUTEIIbHBIC, UM BapakTOpbl. Bapukamnsl HCIONB3YIOTCS Ui M3MEHEHUS
PE30HAHCHOM YacTOTHI KOJeOaTeNbHBIX KOHTYPOB. BapakTopsl pUMEHSIIOTCS I yM-
HOXKEHHSI 9acTOTHI. [ padk 3aBUCMMOCTH €MKOCTH BapHKamna OT 0OpaTHOTO HampsKe-
HUS, KOTOpasi ONMMChIBaeTCs BbIpaxeHueM (3.14), nokazan Ha puc. 3.13.

OCHOBHBIMU CIIELIUATBHBIMU TTApAMETPaMH BAPUKATIOB SIBIISIOTCS:

AC — HOMHMHAJIbHAss eMKOCTh C;, M3MEPEHHas NpH 3a-
C, MaHHOM obparHoM HanpspkeHur U g, ;
—KO3(Q(DUIMEHT  TEpeKpbITUS MO0  E€MKOCTH

Ke =Cp max / C.min — OTHOIICHHE E€MKOCTCH BapuKara

IpU JBYX 3aJJaHHBIX 3HAYEHUSAX 00PaTHOTO HAMPSKECHHUS;

Ussp OUHp — COIIPOTUBJIEHUE MOTEPh I, — CYMMapHOE aKTHUB-

HOE COINPOTHUBJIEHUE, BKIIKOYAIOIIEE CONMPOTHUBIICHHUE KpHU-
Puc. 3.13 CTaJlJia, KOHTAKTHBIX COCAMHECHUH 1 BBIBOJIOB;
— nobporaocth Q, =X /1, — OTHOLIEHHE PEAKTHBHOIO COINPOTUBJICHHS Ba-

pHUKalla Ha SaﬂaHHOﬁ JaCTOTC IICPEMCHHOT'O CUTHAJIA K COITPOTHUBJICHHUIO ITOTCPD,
AC %
—

— TeMIepaTypHbI KO3(PPULIUEHT eMKOCTH O :m-IOO% j — OTHOLIE-

HHE€ OTHOCUTEIHLHOIO M3MEHEHHSI EMKOCTH, BBIPQ)KEHHOTO B MPOILICHTaX, K BHI3HIBAB-
1ieMy ero adCOJIOTHOMY M3MEHEHUIO TEMITEPATypPhbl OKPYXKAIOIEH Cpeibl.

Cxema BKJIIOUEHHUSI BapuKama B KOJIeOATelIbHbIN KOHTYp MOKa3aHa Ha puc. 3.14.
OOpatHOe HampshKEHUE TOJAeTCsl Ha BapuKal uepe3 BHICOKOOMHBIN pe3uctop R, mpe-
JOTBPAIIAIOIINI [IIYHTUPOBAHUE BapuKama MajbiM BHYTPEHHUM CONPOTUBICHUEM HC-
TOYHHKA [UTaHKS 10 IEPEMCHHOMY TOKy. Pasnenurenbhblii konaeHcatop C, ycrpasser

IITYHTHPOBAHKE BapyKara WHIyKTHBHOCTHIO KOHTYpPa MO TIOCTOSTHHOMY TOKY.
KpoMe paccMOTpeHHBIX JTUOJOB BBINYCKAKOTCA mMYHHEIbHble OU0Obl, OUOObL
l'anna, nasunno-nponemuvie 0uoodwvl, paboTarONIME B TUANa30HE CBEPXBBICOKUX dYac-
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toT (0,3...300 ['Tmr), a Takke gpomo- M uziyuamenvuvie OUOObI, UCTIOIb3YEMbIE B
Gomosnexkmpuueckux U onmodIeKMmpoOHHbIX NPUOOPax M B KAYECTBE C8EMOUHOUKA-
MOPHBIX YCMPOUCE.

Cp

R 3.2. Ilopsa0K BBITIOTHEHUS PAOOTHI
+0 —1—e—|

1. O3HaKOMbBTECh C DAJIEKTPUUECKUMHU Ta-
1vp pameTpaMu JHOJOB, IPUBEICHHBIMHA B KAPTOUKE
Uosp N = C L 3amanus, m onpenenuTe OOJACTH JOITYyCTUMBIX
PEXUMOB DPAOOTHI, KOTOpPHIE 3a/al0TCSI MaKCH-
MajibHO AOIYCTUMbIMU TApaMETPaMH.

Buumanue! Jlns npegorBpamieHus
Puc. 3.14 JIEKTPUYECKOr0 TOBPEXKACHUsI TUOJA0B W3-

MepeHUsi MPOBOAUTH TOJbKO B 00J1aCTH JONMYCTUMBIX PesKMMOB PadoThlI.
2. Cobepute cxemy, IpUBEJICHHYIO Ha puc. 3.15, a, u uccneayiTe npsMbpie BET-

-0 @

B BAX nnonos I, =f (Unp ), yKa3aHHBIX B KapTOYKE 3aJ[aHus.

3. Cobepure cxemy, NMpUBeAeHHYIO Ha puc. 3.15, 06, u uccienyiite oOpaTHbIC
BetBd BAX nnonos Iy5, =1 (U06p). Jns uccnenoBaHust oOpaTHOH BETBH CTaOWIU-

TPOHA UCIIOJIB3YHTE CXEMY, IPUBEICHHYIO Ha puc. 3.15, B.
4. Cobepurte cxeMy, IPUBEICHHYIO Ha puc. 3.15, T, 1 mpoBenauTe U3MepeHus 00-

paTHOIroO BPpEMCHHU BOCCTAHOBJICHMS tBOC BBIIPAMUTCIIBHOI'O U UMITYJIbCHOI'O JTMO/IOB. B

Ka4yecTBE IeHepaTopa MpsIMOYTOJbHBIX MMITYJIbCOB MCIIOJIb3YHTE HU3KOYACTOTHBIA Te-
Heparop 1'3-112 B pexxnme renepannu measapa ¢ ammmrygon U, =5 B. Hacrory Me-

aHzpa BbIOpATh CaMOCTOSITEIBHO HMCXOAS M3 yI00CTBA OTCYETA C MOMOILIBIO OCIHILIO-
rpaa BpeMeHH BOCCTaHOBIIEHUS t,,. . CPaBHUTE NOITy4YEHHBIE PE3YIIbTATHL.

5. Ilo mocTpoeHHBIM TpsIMBIM BETBSIM BAX MHOI0B paccunTaiTe CTaTUYECKOE
comporusieHne auoxa R, u nuddepeHInanbHOe COMPOTUBICHUE I, B TOYKE

mp
Lip =8 MA.

6. st crabunutpoHoB paccuuraiite o nocrpoeHHsiM BAX cratnueckoe R
U 1 depeHnalIbHOE COTPOTUBIICHUE T,

7. Paccumraiite Teoperndyeckyro BAX muoma (3.9) mpu I =0,01 MkA wu
T =300 K B nnanazone HanpsibxeHuit Ha quojae ot —20 1o 0,8 B.

3.3. CoxepxaHue oTyeTa

1. [lenb paGoTHI.

2. DneKkTpudecKre cxembl i u3Mepenusi BAX noinynpoBOAHUKOBBIX TUOAOB.
3. Pe3ynbTatrhl S3KCIIEPUMEHTAIILHBIX UCCIIEIOBAHNI B BUJIE TAOIUL U IPa(UKOB.
4. Pacuer nmapaMeTpoOB HCCIEIOBAaHHBIX JUOJIOB.

5. Pesynbratel pacuera Teopetnueckoil BAX B Buze Tabnuiibl u rpaduka.

6. BEIBOJIBI.
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3.4. KOHTpONBbHBIE BOIIPOCHI

1. Kakoii 351eKTpOHHBII MPUOOP HA3ZBIBAIOT MOJTYTPOBOHUKOBBIM TUOA0OM?

2. Kakue BUIBI JIEKTPUUYECKUX MEPEXOJIOB MCIOIB3YIOTCS B MOJIYNPOBOIHU-
KOBBIX quoaax?

3. Kakue sBiieHUSI POUCXOAAT B P-N-MEPEX0J/I€ B COCTOSHUMU TUHAMUYECKOIO
paBHOBecUs?

4. Kak HE0OXOMMMO W3MEHHTHh KOHIICHTPAIUIO JICTUPYIONIUX MPUMECEH s
YMEHBIIEHUS IIUPUHBI p-n-niepexoaa’?

5. Hapucyiite rpaduk 3aBHCUMOCTH OapbepHON €MKOCTH p-h-Tiepexojia OT 00-
PaTHOTO HANPSIKEHHUS.

6. Hapucyiitre rpaduk 3aBucumoctu 1udPy3noHHON EMKOCTH p-N-Miepexo/ia OT
MPSIMOTO HAIIPSIAKEHUS.

7. Yem otnmyaercss BAX peanbHOro amoaa ot uacanusupoBanHoil BAX npu
PSIMOM B OOPAaTHOM BKJTFOUCHHH ?

8. Kak BnusieT usmenenue remmeparypsl Ha BAX auona?

9. Kakue cymiecTByOT BUABI TPOOOS p-N-iepexo/ia U B YeM UX OTInuue?

10. Kakue ¢usnueckue sBICHHUS M CBOMCTBA BBINIPAMIISIOIINUX 3IEKTPUUYECKUX
MEePEXOJ0B UCIOJIB3YIOTCS B BBIMPSIMHUTEIBHBIX U UMITYJIbCHBIX JUOJIaX, B CTaOWIIH-
TPOHAX U BapukKamnax?

11. Ha3oBUTE OCHOBHBIE MAPAMETPHI BBIIPSMUTEIBHBIX, UMITYJbCHBIX AUOJOB,
CTaOMJIMTPOHOB, BAPUKAIIOB.

O
E=0..18 B| & = Y VD E=0..10B Y VD
gz by
_| &8
o B ro
a 0
N al
+o " =§% " @ 5  —
3 440 Om
E=0..18B | & £ Rvp  (Iyrs-i2 W VD
aé - R2
 — § 2 -  —
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B r

Puc. 3.15
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4. TABOPATOPHAA PABOTA
HCCIIEJJOBAHUE BUIIOJIAIPHBIX TPAH3HCTOPOB

Lenv pabomul:

1. U3yuuTh yCTpOMCTBO, PEKUMBI PAOOTHI, MPUHILIUI JAEUCTBUS, CXEMbl BKIIIO-
YeHUs U KiaccupuKaiuo 0unossapHeix Tpanzuctopos (BT).

2. DKCepuMEHTAIIbHO UCClen0BaTh cTaTndeckue BAX TpaH3uCTOpOB U orpe-
nenuTh nuddepeHiaibHbe TapaMeTphl B 3aJIaHHON paboyeit Touke.

4.1. KpaTkue TeOpeTU4EeCKUE CBEACHUSA

YcrpoiicTBO M NPUHIMI AeHCTBUA TPAH3UCTOPA. bunoaapHuld mpaH3ucmop —
TMOJTYTIPOBOTHUKOBBIN MPUOOP C IBYMS B3aMMOICUCTBYIOIIMMU P-N-TIEPEXO0IaMH U Tpe-
Ms WK 0oJiee BbIBOJIAaMU, YCHUIIUTENIbHbBIE CBOMCTBA KOTOPOTO OOYCIIOBIIEHBI SBICHUSIMU
VHKEKIIMHU U SKCTPAKIIMY HOCUTEINICH 3apsi/ia.

JIBa B3aMMOJEHUCTBYIOIIMX 3JIEKTPOHHO-JIBIPOYHBIX MEPEX0/Ia UMEKTCSA B IO-
JYTPOBOJAHUKOBBIX CTPYKTYypax, COJAEPKAIIUX TPU 00JIACTU TOJYIPOBOJHUKA C Ue-
peayroumMest TUIIoM npoBoaumocth. Ha puc. 4.1, a, 6 nmoka3ano ycrpoiictBo u YI'O
bT co cTpykrypol p-n-p- U n-p-n-TUmna COOTBETCTBEHHO. I[IpyHUMI UX HAEHUCTBUSA
OJIMHAKOB, PA3JIMYNE 3AKIIOYAETCS TOJIBKO B MOJSPHOCTH MOJIKIOYECHUS UICTOYHUKOB
BHEIIHETO HANPSHKEHUS M B HAITPABIICHUU MMPOTEKAHUS TOKOB YEPE3 JJICKTPOBI.

3 K

2 K
iB b

OB n @@ DO p OB K
€ pnggp‘ K D \npn
oD &L DO OB
o AP R OB
T T;
a 0
Puc. 4.1

Opny 13 KpaltHUX 00JIacTel TPAH3UCTOPHON CTPYKTYPHI JETHPYIOT CUJIbHEE, €€
UCIOJIB3YIOT OOBIYHO B PEKUME MHXKEKIMU U Ha3bIBAIOT amummepom. IIpomexyTou-
HYI0 00J1aCTh HA3bIBAIOT 6A30l, a NPYTYIO KpalHIO 001acTh — KoJiekmopom. Koi-
JIEKTOpHAs 00JacTh MpelHa3HayeHa ISl SKCTPAKIMKA WHKEKTUPOBAHHBIX B 06a3y HO-
cuteneil 3apsiaa. DIEeKTPOHHO-IBIPOYHBIN Mepexo] MEXIy dMHUTTEPHOH W 0a30BOM
00J1acTAMU Ha3bIBAIOT IMUMMEPHbIM, & MEXKIY KOJUIEKTOPHOU U 6a30BOM — KojL1eK-
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mopHbimM. YTOOBI IepeXo/Ibl TPAH3UCTOPA OBUTH B3aMMOJICHCTBYIONUMU, IITUPUHA Oa-
3Bl JOJKHA OBITH MHOTO MeHbIIe A1 y3MOHHOMN JJIMHBI HEOCHOBHBIX HOCHUTENEH Oa-
3bl. 171 moBbIleHUs: 3PPEKTUBHOCTU SKCTPAKIIMU HOCUTENEH B KOJJIEKTOP TUIONIAb
MONEPEYHOr0 CEYEHUSI KOJIJIEKTOPHOTO TMepexo/ia JOJKHA ObITh MHOT'O OOJIBIIIE ILIO-
11aJ1 MOTMIEPEYHOr0 CEYCHUSI SMUTTEPHOIO Mepexoa.

Pexxumebr pabotel BT oTindaroTCsi BKIIOYEHUEM JIBYX €T0 MEPEX0JI0B, KaXKIbIi
U3 KOTOPBIX MOKET OBITh OTKPBIT WIH 3aKpbIT. [103TOMY paznuyaror cieayromie pe-
’KUMBI pabO0THI TPAH3UCTOPA.

B axmusnom pesicume SMUTTEPHBIN MEPEXO]] BKIIOUYEH MPAMO (OTKPHIT), KOJI-
JIEKTOPHBINA — 00paTHO (3aKphIT). JlaHHBINA PEXUM SIBISETCSI OCHOBHBIM, IOCKOJIBKY
obnmactu BT BeIMOIHSAIOT coOcTBeHHBIE (PyHKIIMM. B Hem TpaH3ucTop paboTaer B
YCUJIUTEIbHBIX YCTPONCTBAX.

B peowcume omceuxu o6a nepexona bT BkirodeHb 00paTHO, UX COMPOTHUBIIC-
HUS BEJTMKHU, TOKA MaJibl, a HAMIPSKEHUSI HA HUX OMPEEIISIOTCS HANPsKEHUEM BHEIII-
HUX HUCTOYHHUKOB. B peowcume nacviyenus o6a nepexona bT BrimrodeHBI TpsiMo, UX
CONPOTUBIICHUSI MaJibl, TOKH BEJIMKH, a HANPSKEHUSI HA HUX Majbl. B UMITyIbCHBIX
YCTPOMCTBAx MOJ JEWCTBUEM BXOAHOTO curHana bT mepekirodyaeTcs U3 pexxuma OT-
CEYKU B PEKHUM HACBHIIIEHUS U OOpPaTHO, OY€Hb OBICTPO MHUHYS MPU I3TOM AKTHUBHBIM
PEXUM pabOTBHI.

B uneepcrom pesrcume KOINEKTOPHBIN MEepexo BKIIIOUEH MPSIMO, SMUTTEPHBIN —
oOpartHo. KosuiekTop npu 3TOM BBITOIHSAET (PYHKIIMU SMUTTEPA, a SMUTTEP — DYHKITUH
kosiekTopa. [Tockonbky ctpyktypa BT B 00111eM ciiydae He sIBISETCS TOTHOCTHIO CUM-
METPUYHOM, TO 3(PPEKTUBHOCTh pabOTHI B JAHHOM PEXHME OKA3bIBAECTCS XYXKE, YEM B
akTUBHOM. [10ATOMY JaHHBIN PeKUM paOOTHI HA MMPAKTHKE HE UCTIONB3YETCS.

B 3aBucuMocTy OT TOro, Kakoil U3 BHIBOJOB TPAH3UCTOPA SBISETCS OOIIUM IS
BXOJJHOW M BBIXOJHOM LENEH, PA3IWYaOT TPU CXEMBbl BKJIIOUECHHUS TPAH3UCTOpA:
c odmerr 6azoit (OB), obmum smutrtepom (O3) m obmuMm kosektopom (OK).
Ha puc. 4.2 noka3zaHbl NOJSPHOCTH MOAKIIOYEHHUS] BHEITHUX MCTOYHUKOB HampsikKe-
HUS YU HalpaBJICHUs MPOTEKAHUSI TOKOB TPAH3UCTOPA, COOTBETCTBYIOIINE AKTUBHOMY

OB 0o Ik
Iy I B
s o= 2 N\K—, . K
= U
U U KD
9B b Kb 3
- 0 o+ +o 0+
a 0 B
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pexumy paboTsl, 11 Tpex cxem BriatoueHus. Jms cxem ¢ OD u OK cmena Bkitoue-
HUS TIEPEXO0B, & 3HAYUT, U PEKUMOB padoThl bT MpoMCXOaUT Kak Mpyu U3MEHEHHUH
a0COJIIOTHBIX 3HAYEHUI MCTOYHMKOB HAMNPSKEHUS, TAaK U IPU CMEHE TMOJISIPHOCTH MX

TOIKITFOYCHHS.
oIl KII Paccmotpum  mpunimn  aedictBus BT
D n D p-N-p-THIAa B aKTUBHOM PEXHME, BKIIFOUCHHOTO
o >0 >0 ¢ Ob (puc. 4.3). [Ipu yBenuueHuu mpsMOro Ha-
o adl ¥ npspkeruss Unp Ha SMHTTEPHOM MEPEXOJe CHU-
One< °

o // R ’KaeTcs ero MOTeHIHAIbHBIA Oapbep, 4TO BbI3bI-

X 01741
— & ° I BaeT POCT MHXKEKIMU ABIPOK U3 SMUTTEpA B 0azy
TID Kl U DJIEKTPOHOB W3 0a3bl B sMutrtep. [lockoibky
Ig pex fIKBU KOHILICHTpaLusg IPUMECH B DMUTTEPE MHOIO

|
+ - + - -
s 2 t 5 00JIbIIIe KOHIIEHTpAIlMU MpuUMecH B 0a3e (KOH
Usyg Ukg LEHTpAlMsl OCHOBHBIX HOCHUTENEH SMUTTEpa
Puc. 4.3 MHOTO 0O0JIbIlI€ KOHIIEHTPAIMM OCHOBHBIX HOCH-
uc. 4.

Teneh 0asbl), TO MHXKEKIHUS IBIPOK U3 IMUTTEpa
B 0a3y NMOMUHUPYET HaJl WHXKEKITUEH AJIEKTPOHOB M3 0a3bl B AMHUTTEp. Uepes3 IMUT-
TEPHBIN MEPEXO0/ MPOTEKAET TOK UHKEKINH, UMEIOIIUN JBE COCTABIIAIOIINE: JIbIPOY-
HyI0 Iy, M 2/IeKTPOHHYIO I . IIpoLecc MHXEKIUN XapaKTepu3yeTcs K023 huyuen-

mom unoiceryuu (SPHEKTHBHOCTHIO IMUTTEPHOTO Tiepexona) ¥ = I, / (Inp +154,), Ho-

Ka3bIBAIOIIIMM, KaKyIO JIOJIO OT MOJHOTO TOKA SMUTTEPA COCTABIISIET TOK MHXKEKTUPOBAH-
HBIX B 023y HOCUTEICH.

B pesynbpTare WHXEKIMU JBIPOK M3 AIMHUTTEpa B 06a3y BO3pacTaeT WX KOHIIEHTpa-
111 BOJTM3W AIMHUTTEPHOTO Tepexo1a. ITO MPUBOANT K T (Hy3HOHHOMY JABMKECHUIO JIbI-
pOK uepe3 06a3y K KOoJIeKTOpHOMY mepexony. [lockonbky mmpuHa 6a3bl 3HAUUTEIHHO
MeHbIe nud(y3nOHHON UTUHBI JBIPOK, TO HE3HAYUTENbHASI X YacTh PEKOMOUHUPYET
C COOCTBEHHBIMU HOCUTEIISIMH 0a3bl — JIEKTPOHAMH, CO3/1aBasi PEKOMOMHAIIMOHHYIO CO-
CTaBJBIOLLYIO TOKa 0asbl If ¢, . IIpomecc nepeHoca HEOCHOBHBIX HOCHTENEH Yepe3 ba-

3y XapaKTepu3yeTcst Koo UIMEHTOM nepeHoca € = Iy, / Iy, rae I, — ToK, 0Opaso-

BaHHBIN JIBIPKAMHU, TOMIEAIIMME JI0 KOJUIEKTOPHOTO TIepexoa B 001acTu 0a3bl.

Jpipku, mojomienmue K OoOpaTHOBKIIOUEHHOMY KOJUIEKTOPHOMY TMEpeXoy,
MONA/IAI0T B €r0 YCKOPSIOIIEE MOJIE U AKCTPArupyroT B KOJUIEKTOP, CO3AaBasi ynpas-
JAEMYIO COCMABIAIOWYIO MOKA KONIEKMopa 1y gy .

OKCTpakUus ABIPOK MOXKET COIPOBOXKIATHCS YAAPHOM HMOHM3ALUE aTOMOB
IOJIyIIPOBOJIHUKA M JIAaBUHHBIM YMHOXKCHHEM HOCUTENIEH 3apsifa B KOJUIEKTOPHOM
nepexone. OTOT IMPOLECC OLEHUBACTCS KO3Dhuyuenmom aa6UHHO20 YMHONCEHUs
M =1k yup / Ik p - B maBunHBIX Tpan3ucropax M >1, a B 00br4HbIX — M =1,
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CocCTaBISIONIYI0 TOKA KOJUIEKTOPA, BBI3BAHHYIO MHKEKIIMEH OCHOBHBIX HOCH-
Teineil osMmuTTepa B 0a3y, Ha3bIBAIOT YHPAGIAEMbIM  MOKOM  KOJIEKmopda
Ik yup = ¥eMI5. Bemmunny o =yeM <1 maszviearom cmamuveckum xod>pduyuen-

mom nepedayu no mokxy 6 cxeme ¢ OB (cratnueckuil KO3Q(ULHUEHT nepegadyn ToKa
smuTTepa). Yacto 11 o UCHoab3yroT obo3HaueHue h,p. 3HaueHus mapamerpa o
aexxat B nuanaszone 0,95...0,999.

Kpome ynpapisieMoro Toka KOIIEKTOpa Iy yy, Hepe3s KOJLICKTOPHBIN MEpexon
NPOTEKAET oOpammubill Heynpasnsemviii mok lypo, 00YCIOBIEHHBIN dKCTpaKIueil coo-

CTBEHHBIX HEOCHOBHBIX HOcHUTeNled 0a3bl (ABIPOK) U KOJUIEKTOpa (DJIEKTPOHOB)
(cM. puc. 4.3). ITosToMy U1 TOJTHOTO TOKA KOJJIEKTOPA CIPABEUINBO BBIPAKEHUE
IK :(119 +IKBO' (41)
Obpamuulii mox KonekmopHo2o nepexooa gy COBIALAET MO HANPABICHUIO C

YIpaBJKICMbIM TOKOM KOJIJICKTOPA IK yIp > a B IICIIN 0a3bl IKBO IMPOTHUBOIIOJIOKCH TOKY

peKOMOMHAIMK, TOSTOMY TIONHBIA  TOK  0a3pl  OMpenemnsieTcss  Pa3HOCTHIO
Ig =1Ip pex —Ikpo- Benuunna Toka Iypy Ans repMaHUEBBIX TPAH3UCTOPOB COCTABIIACT

JIECSITKA MUKPOAMIIEP, A JUIsl KPEMHHUEBBIX TPAH3UCTOPOB — COTHU HAHOAMIIEDP, MTPUYEM
CWJIBHO 3aBHCUT OT TeMrepaTypsbl. [Toatomy (4.1) moxno ynpoctuts Iy ~ ol.

U3 puc. 4.3 cornacHo 3akony Kupxroda 1 TOKOB MOKHO 3aIicaTh BhIpaXKe-
HUE, CBS3BIBAIOIIEE TOKH BCEX TpeX BHIBOJOB bT:

Iy =1 +1, (4.2)
KOTOPO€ Ha3bIBAIOT BHYTPEHHUM YPAaBHEHUEM TPAH3UCTOPA.

BeIpaxxenue, cBs3bIBarollee BBIXOAHOU Iy u BxomHou Tok Iy Tpansucropa,
BKJIFOUEHHOTO0 1o cxeMe ¢ O3, MOKHO MOJyYuTh, oAcTaBuB (4.2) B (4.1):

Ig=——1Ig + B0 _ Pl +(B+DIgpo =Plp +Ixr0- (4.3)

l-a I-a

[Mapamerp B=o/(1—a)>>1 Ha3BIBAOT cmamuueckum Kodpduyuenmom nepedaiu

no mokxy 6 cxeme ¢ OO (cratmyeckuid kodhdunueHT nepegaun Toka 6as3wr). Yacto
i B ucnonb3yroT obo3zHaueHue h,iy. Tok Igro =Ikpo (B+1) Ha3bIBAIOT HAYA/b-

HbIM CKBO3HbIM mokom TpaHzuctopa. Koaddumuent 3 mpuHuMaeT 3Ha4CHUS, JiexkKa-

1Y€ B AUAIIA30HE JIECATKU — COTHU pa3.

B tpan3ucrope, BKIOUeHHOM 110 cxeme ¢ Ob, OTCYTCTBYET yCUIIEHUE MO TOKY
(o <1), HO MPOUCXOAUT YCUJICHHE BXOJHOTO CHUTHaja MO MOIIHOCTH. B akTHBHOM
PEKHUME TOKH KOJUIEKTOPA M SMUTTEPA MPAKTUYECKH PABHBI, & HE3HAYUTEIbHBIA TOK
0a3bpl paBeH UX pa3HOCTU. BelnunmHa KOJIEKTOPHOTO TOKAa MPAKTUYECKU HE 3aBUCHUT
OT HANPSDKEHHSI HA KOJUIEKTOPHOM Tepexojie, modToMy auddepeHmaibHoe Compo-

dU
THUBJICHUC KOJUICKTOPHOT'O IIEpexolda 1, = dI—KB O4YCHBb BCJIMKO (nepexoz: BKJIIOYUCH B
K

oOpaTHOM HarpaBjieHuHu). B cBsI3U ¢ 3TUM TpaH3UCTOP MOXHO paccMaTpHUBaTh Kak
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VMCTOYHUK TOKA, MO3TOMY B LIENb KOJJIEKTOPAa MOYKHO BKJIFOYATh HArpy3Ky C JOCTa-
TOYHO OOJIBIIMM CONPOTHBIEHHEM R, 4TO NpaKkTU4YECKHM HE U3MEHUT KOJUIEKTOp-
Hbll TOK. /(uddepennnanbHoe cOnpoTUBIECHUE MPSIMOBKIOUYEHHOTO 3MUTTEPHOTO

dUnyg

Iy
4TO MPH U3MEHEHUH BXOIHOTO (3MUTTEPHOr0) Toka Ha Al MpakTHYECKH Ha TaKykO

Iepexoa 04YeHb MaJlo: I, = <<r1 ¥ 1, <<R,. W3 BBIlIECKa3aHHOIO CIEAYET,

K€ BEJIINYMHY U3MEHSCTCA U KOJUIEKTOPHBIN TOK Al = Aly. OnHako nu3MeHeHue 1no-
o 2
TpeOisieMO MOIIHOCTU B nenu smurrepa APy, = Al5"r, 3HauMTeNbHO MEHBLIE W3-
2 2
= AIK R, ~ A13 R
CTOp CIIOCOOEH YNPaBJATH OOJBIION MOLIHOCTBIO B KOJUICKTOPHOM LEMM NPU He-
OOJNBIIMX 3aTpaTax MOIIHOCTH B 3MUTTepHOM uenu. KosapduumeHTt ycuienus mno
MOIIHOCTH OIPEIEIIACTCS BEIPAKECHUEM
AP, R
Kp=—"2 x—H>>1. (4.4)
AP,y I,
Cratnueckne BAX oTpaxatoT 3aBUCUMOCTH MEK/y IOCTOSSHHBIMU BXOJHBIMU U
BBIXOJHBIMA TOKAMU WM HANpPsDKCHUSAMU TpaH3UCTOpa. Eciii B KauecTBe HE3aBUCHMBIX
IIEpEMEHHBIX BBIOpaTh 3HAUEHUSI BXOJHOIO TOKA U BBIXOJHOI'O HANpsDKEHUs, a B Kade-
crBe  (pyHKIMI — 3HA4YEHUS BBIXOJHOTO TOKA W BXOAHOIO  HAIPSKCHHUS
Upr Lpx =1 (IBX, UBHX), TO JUIs TFOOON CXEMBI BKIIFOUEHHUS TPAH3UCTOPA MOYKHO IO-

MEHEHHS MOIIHOCTH B BBIXOJHOH Iienu AP,

_— T. €. TpaH3U-

H H>

Jy4HTb YeThIpe ceMelcTBa cratuueckux BAX: exoonvie Uy, =1 8bl-

(IBX )(UBHX =const ’

xoonvte 1, =f(U,, . XI npsamot nepedaqu no moky I, =f

Lus )
px =const’ ( BX /U ppix =const

U oopammou ceéa3u no Hanpsdxcenuto Uy, =T (UBHXXI _const - Ha puc. 4.4 u 4.5 pu-
BX ™

BeJCHbl Tpapuku cemeictB  cratmueckux BAX  TpaH3ucTopa, HMMEIOLIETO
p-n-p-CTPYKTYypy, M1 BKIrodeHus ¢ Ob u OO cOOTBETCTBEHHO.
JAuddepenunanbabie magocuraababie h-mapamerpst BT. [Ipu BeimonHe-

HAM MAJIIOCUTHAJIBHOTO aHAJIN3a YCWJIMTEIBbHBIX YCTPOWCTB MO MEPEMEHHOMY TOKY
TPAH3UCTOpP yAOOHO paccMaTpUBaTh B BHUJAE JTUHEUHOTO UYETHIPEXMOJIOCHUKA, KOTO-
pBIii OMHCHIBAETCA CUCTEMOW h-mapaMeTpoB, CBA3BIBAIOIIEH MEXKIy COOON aMIuu-
TyAHbIE (IEUCTBYIOIINE) 3HAUYCHUSI IEPEMEHHBIX COCTABIISIONINX BXOJHBIX U BBIXO/I-
HBIX TOKOB U HaIPsSKEHUI

U = hllle + hlZUBHx ) 4.5)
Lpox = hZIIBx + h22UBBIX . (4.6)

[Toouepenno noacrasus B (4.5) u (4.6) 3navenus I, =0 u U, . =0, 3anato-

e pexxumMbl XoaocToro xoaa (XX) mo Bxoay u kopoTkoro 3ambikanus (K3) mo BbI-
XOJly COOTBETCTBEHHO, MOJIYYUM CJIEIYIOIIUE BhIpaKeHUs i h-mapameTpoB, KOTO-
pBIC ONIPENETSIOT UX (PU3UIECKUN CMBICI:
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UBX

h)| = — BXOJHOE CONPOTHUBIICHHE B pexkume K3 1o BeIxony;
BX WUppx =0
U .
hyj, = U X — ko3 puneHT oOpaTHOM CBA3U MO HANPSIKEHHUIO B pe-
BBIX |] . =const
*Knme XX 1o BXOay;
I
h,y =22 — k03 durmeHT nepegayun 1o Toky B pexkume K3 no Bexomy;
Iox |y, =0
BbBIX —
h _ IBLIX XX
2=y — BBIXOJIHAS! IPOBOIMMOCTH B PEKIME 10 BXOTY.

BBIX ], =const
Hns pacuera h-mapameTpoB yJ100HO UCTOJB30BaTh CEMEMCTBA BXOJAHBIX U BBI-
XOAHbIX XapakrepucTuk bT. PaccmoTpum mopsgok rpadoaHaJIuTHYECKOIO0 METOAA
pacuera h-mapamerpoB BT ¢ OD. [Ins onpenenenust auddepeHuanbHbIX mapameT-
poB hy;, u h;,, B 3agannoil pabodeir Touke A (Ugyg, I, Ugnyo) Ha ITUHEHHOM
ydacTKe CeMEHCTBA BXOAHBIX XapaKTEPUCTHUK HEOOXOIMMO BHITIOJHUTH MOCTPOCHHUS,

KaK MOKa3aHo Ha puc. 4.5, a. HalineHHble npupailleHnsi TOKOB U HANPSKEHUN MO3BO-
JISIOT ONPENETUTh UCKOMBIE TTApAMETPHI:

hyy, = AUgs — Ups"-Ups' (4.7)
9 " ' > ’
AIE Upn=const IB _IE Upn=const
AU Upy"-U
hys, _2YBy _YBD 530| (4.8)

AUK3 Ig=const UK9 "_UK3 ' ‘IB=COI’ISt

[Tapametpel hy, u hjy,, onpenensoTcs MO ceMEeNCTBY BBIXOJHBIX XapaKTepH-
ctuk. O0OpaTuTe BHUMaHHE HA pa3jinyue B 0003HAYEHMH CTATHYECKOro KO3(-
(¢punmenTa nepenadyu nmo Toxky B cxeme ¢ 09 hy1H n AudpPepeHnuanbLHOrO Napa-
metrpa hy1,. B okpectHocT Touku A' (Iyxg, Uk, I5p), COOTBETCTBYIOIIEN TOUKE

A Ha ceMmelCTBE BXOJHBIX XapAaKTEPUCTHUK, BBITOIHSIIOT MOCTPOCHUS, KaK MOKA3aHO
Ha puc. 4.5, 6. Halinenusle npupamieHusi TOKOB U HaNpPSHKEHUN MO3BOJISIIOT OIpeje-
JIUTh UCKOMBIE MapaMETPhI:

by = Ak _ el , (4.9)
215 Al In"—I"
b Uygry=const b b Uy =const
AIK IKiV _IKm ‘
hyy, = AU U Ut
K5 IB=COHSt K3 K5 ‘IE:const
(4.10)

AHanoOru4yHO ornpeAenstoTcs h-mapamerps! 1t Tpanzuctopa ¢ Ob.
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®usnveckass T-o0pasnas »>xBuBajenTHasa cxema BT wHapsagy c
h-mapameTrpamMu Takke MOCTATOYHO MOJHO OTPakaeT CBOWCTBA PEaTbHOTO TPAaH3U-
CTOpa Ha HU3KUX YaCTOTaX U LIMPOKO MCIIOJB3YETCs Uil aHAJIN3a MaJOCUTHAJIBHBIX
TPaH3UCTOPHBIX ycunutenen. Ousznueckue T-oOpa3Hbie SKBUBaIEHTHBIE cxeMbl BT ¢
Ob u OO npexncraBieHsl Ha puc. 4.6, a, 0 COOTBETCTBEHHO. 3HAYEHUSI NTapaMeTPOB
OKBUBAICHTHBIX cXxeM BT MoryT ObITh HalJCHBI C WCTHOJIB30BAHMEM H3BECTHBIX
h-nmapamerpoB ans BxinrodeHust bT:

h 1

¢ Ob: r6:—126, I'K:—, GN:—h216, r3:h116—(1—h216)r6; (411)
hyy6 hyy6

c OD: I'3 :_h123 , I'*K 2—1 , BN =h213, r6 :h113 —(1+h213)1’3. (412)
hy), hy),

[Tockonbky KOA(p@HHUIMEHTHI OOPaTHOM CBSI3U MO HANPSKEHUIO h,js U hyy,

TUIst 00enx cxeMm BKItoueHus bT uMeroT oueHb Manyro BEITWYMHY, TOYHOCTh UX BBI-
YHUCJICHHUSA C HMCIIOJIL30BaHMEM cTatuuecknx BAX oka3bpIBaeTcst HM3KOM. B cBsi3H ¢
ATUM pacueT mapamMeTpoB SKBHUBAJICHTHON CXEeMbl HEOOXOJMMO HAaYyWHATH C pacyeTa
nuddepeHIanTbHOr0 COMPOTUBIICHHUS YMUTTEPHOTO Mepexoa:

r,=-—+1 (4.13)

rae @1 =kT/q — Temwiosoii morenuuan, pasusii 26 MB mpu T=300 K; Iy, — Tok

smutTepa BT B paboueit Touke. C yuerom 3toro B (4.11) oObeMHOE CONPOTUBIICHUE
6a3pl BT HEOOX0IMMO pacCUYUTHIBATH COTIACHO BHIPAKEHUIO

r5 = (hy15 —1,)/(1=hyy5). (4.14)

—p I,
D o— K
U36 UK6
bo b
a
Puc. 4.6

[TapaMeTppl SKBUBAJIEHTHBIX CXEM MAJIOMOIIHBIX bT MpUHUMAIOT CIIEAYIOLIME TH-
HIOBBIE 3HAUYCHUS: OughpepenyuanvHoe coOnpomusneHue >MUMmmepHo20 nepexooa T, —

CINHHNIBI — JCCATKH OM, obvemnoe conpomueiieHue baszwl I — COTHU OM — CAMHUIIBI KH-
JIOOM; BbIXOOHOE cConponiueleHue 6 cxeme C Ob Iy — COTHH KMJIOOM — €AMHHUIIBI MEI'aOM;

8bIX00HOe conpomuenenue 6 cxeme ¢ O 1% =1,/ (hyy, + 1) — JECATKU — COTHU KIJIOOM.
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MaxkcumanbsHo gomycrtumblie napamerpsl BT. [ obecrieuenys HaiexxHOW pa-
0O0TBI anmapaTypbl PeXXUMBbI PadOTHI TPAH3UCTOPOB JOJKHBI BHIOMPATHCS TaKUM 00pa3oM,
4TOOBI TOK U HAIpsHKEHUE HE BBIXOIWIIH 3a MPeiesibl 00JIaCTH JOIMYCTUMBIX PEKUMOB, KO-
TOpasi ONPEAEIIAETCS CIAEAYIOIINMU MapaMeTpaMu: MAKCUMATbHO OORYCIUMbILL NOCIOSIH-
HbIl MOK KONEKMOopa 1y max ; MAKCUMATLHO OONYCMUMOE NOCMOSHHOE 00pamHoe Ha-

npsicerue xoiekmop — smummep Uy max s MAKCUMATLHO OONYCIMUMOE NOCMOSHHOE
obpamnoe Hanpsaxcenue smummep — 6aza Ung .. 5 MAKCUMATBHO OONYCMUMAs nocmo-
AHHAA pacceusaemasn MowHocms kounekmopa Py . = Ix Uy . OObIMHO B clipaBOYHUKE

NPUBOJSITCS 3HAUEHUS 3THX IIapaMeTpoB Ul TeMmreparypbl kopmyca T.q, IpH KOTOPOR

obecreunBaeTcs MaKCUMallbHasi MOIITHOCTb pacceuBanus. [lpy yBenmdyeHnn teMmneparypsl
Bole Ty, paccenBaemas MOIIHOCTb PACCUUTHIBAETCS IO (hopMyIIe

P max :(TH _TK)/RTHK ’ (4.15)
rae T, — Temneparypa nepexona; T, — TeMmeparypa Kopryca; R, — TEIoBoe co-

MIPOTHUBJIEHUE TIEPEXO]T — KOPITYC.

Knaccupukanusa u cucremMa 0003HaYeHUH OUNOJSIPHBIX TPAH3UCTOPOB.
[To MomHOCTH, paccenBaeMON KOJIJIEKTOPOM, TPAH3UCTOPHI OBIBAIOT MajOl MOIIHO-
cti P ax 0,3 Br; cpenneit momuoctu 0,3 BT < Py . <1,5 BT; 60abmoi mMom-

Hoctu Py . > 1,5 BT,

[TIo yacToTHOMY nHMana3oHy B 3aBUCUMOCTH OT TPAHUYHON WJIM MAKCHUMaJIbHOU
paboueil YaCTOThI TPAH3UCTOPHI IENATCS HAa HU3KOYACTOTHBIC frp <3 MI'u; cpenueii

qacTtoTel 3 MI1< frp <30 MI'm; BeicokoyacToTHRIe 30 MIT1I< frp <300 MI';

CBEPXBBICOKOYACTOTHBIC frp > 300 MI'11.

Jlist MapKupOBKH OWTIONIIPHBIX TPAH3UCTOPOB HCHOJB3YeTCS OYKBEHHO-
nrdpoBas cuctema ycioBHbIX o0o3HaueHui corimacHo OCT 11.336.038-77. O603Ha-
YyeHre OUTOISPHBIX TPAH3UCTOPOB COCTOUT U3 IIECTH HIIK CEMHU JIEMEHTOB.

[lepBbIil anemMeHT — OykBa pycckoro andasuta uiau 1udpa, ykaplBarouas uc-
xonubld Matepuait: I'(1) — repmanuii, K(2) — kpemuuii, A(3) — apceHu 1 rajuiusl.

Bropoii anemeHT — OykBa, yKka3bIBaoIasi Ha TUN TpaH3uctopa: T — oumnossp-
HbIH, 11 — moJieBoii.

Tpertuii ameMeHT — nudpa, ykasplBarolas Ha 4acTOTHbIE CBOMCTBA M pacceu-
BAaeMYI0 MOITHOCTh TpaH3ucTopa (Tadn. 4.1).

YerBepThiii, MATHINA, (IIECTON) AIEMEHTHI — MUQPPHI, YKA3BIBAIOIINE TOPSIIKO-
BbIIl HOMEp pa3pabOTKH.

[llecToit (cempmoii) ayeMeHT — OykBa pycckoro ajigaButa, YCIOBHO OIpee-
JSoIIas KJacCU(PUKAIMIO MO0 MapaMeTpaM TPaH3UCTOPOB, U3TOTOBJIEHHBIX MO €JU-
HOW T€XHOJIOTUHU.
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IIpumepsnl o6o3nauvenust tpansuctopon: KT315A — kpemuuessiit bT, manoi
MOIIIHOCTH, BBICOKOM 4acTOThI, HOMep pa3zpabotku 15, rpymnma A; KT806b — kpewm-
HueBblii BT, OonbIION MOIIHOCTH, CpEeIHEN 4acTOThl, HOMEp pa3zpaboTku 06, Tpyn-
na b; I'T108A — repmanueBsiii bT, Manoil MOIIHOCTH, HU3KOW YaCTOTHI, HOMEp pa3-
pabotku 08, rpynmna A; KT3126b — kpemuuesiii bT, Manoit MOIIHOCTH, BBICOKOU
4acTOTHI, HOMep pa3zpabotku 126, rpynna b.

Tabnmma 4.1
YacroTa Mo1HOCTh
Manas Cpennss bonpmas
Huzkast 1 4 7
Cpennsis 2 5 8
Bricokas 3 6 9

B uHTErpanpHeIX cXeMax IIpU pead3ali IOJYIIPOBOJIHUKOBBIX IUOJOB HC-
MOJIB3YIOTCS BXOJSIIME B COCTAB IOJYIPOBOJHUKOBBIX HHTETPATIBHBIX MHUKPOCXEM
TPaH3UCTOPHBIE CTPYKTYPBI B TUOJHOM BKJIFOUECHUH, KAK TIOKA3aHO Ha puc. 4.7.

AN

Yy

4.2. TTopsiniok BBIMOJIHEHUS pabOThI

1. Tumel uccneayemMsIx TPaH3UCTOPOB M MX CHPABOYHBIE JAHHBIE MPUBEACHBI B
KapTouke 3anaHus. OnpenenuTs 00JacTh JOMYyCTUMBIX PEXUMOB PadOThI IS UCCIIe-
JyeMoro npuOopa UM HAHECTH TpaHMIbl 3TOW OOJACTH B CUCTEME KOOPJIUHAT TOK-

HaIpPsDKEHHE, KaK MTOKa3aHo Ha puc. 4.8.

% Buumanue!!! Jlns  npexorBpamieHust
R max JJIEKTPUYECKOr0 IOBPEKICHUSI TPaH3MCTOPOB
_Piomax U3MEpPEeHUs Heo0XO0AUMO NPOBOAMTH TOJIbKO B

Uks 00J1aCTH IOIYCTUMBIX Pe:KHUMOB padoThI.
2. Cobpatrb cxeMmy Il UCCIEIOBAHUS Xa-
pakTepuctuk Tpansucropa ¢ Ob, nzobpaxeHHyIO
Ha puc.49,a gna BT p-n-p-tuma wim Ha

> puc. 4.9, 6 115 n-p-n-TUra.

0 Uk max Uk 2.1. Ina npenoTBpAIlEHHUs MOBPEKACHUSA

Puc. 4.8 BT mccnenoBanns NPOBOIUTE Ul 00JACTH PEKH-
MOB PabOThl, OTPaHUYEHHOM CIEYIOIUMHU 3Haue-
HUAMH napameTpoB: Iy =10MA n ‘UKB‘ =10B. C 3701 Henp0 HEOOXOIUMO IKCIIE-

M

PUMEHTAIBHO OINPEACIUTh TOK 3MUTTEPA, 3aJAKOIIMM TOK KoJulekropa I =10MA
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IIPU HAIIPAKCHHUU KOJIJIICKTOP — 6338, U =10B. O603H8HI/ITB 9TV BCIINMYHNH I* .
p p P Kb y Yy 175

3uak Ugp ompenensercss TUIOM CTPYKTYpbl TPaH3HCTOPAa M COOTBETCTBYET

puc. 4.9, a unu puc. 4.9, 6.
2.2. CHATH ceMeiCTBO BXOIHBIX XapakTepucTuK I =f(Unrg) ams Tpex 3Have-

HHI HanpspDKeHus KojutekTop — 0as3a: [Upr|[=0; 5; 10B.
1Y P Kb

yo— =8 x |—o-
+ o) = |-
= = ¥ o
E] E: T = E2
=3 EQ..
a 2 o =
- e :ca +
-o— = 2 T o+
I,..=20 MA
a
fav
-o0— B & = pF—0+
- T © = [+
= = =1
g & = 2
El E: ;m E2
sz e =
+ & e S = |-
+ O >.,§ =~ i) =
[ =20 MA
Puc. 4.9

2.3. CHATh CEMENCTBO BBIXOJHBIX XapaKTepUCTHK [y =T (UKB) Ul TpeX 3Ha-
4eHuH Toka sMutTTepa: I5 =0,3-1%45; 0,6-1%*5; [*5.

2.4. CHATh CEMENUCTBO XapaKTEpUCTUK MpsIMOH mepenadu 1o Toky lp =f (19)
JUISL ABYX 3HAYEHUM HaNpsHKEHUs KOJIIEKTop — 0asza ‘UKB‘ =0; 5B.

2.5. CHATb CEMEICTBO XapaKTEpUCTUK OOpaTHOW CBSI3M MO HAINPSKEHUIO
U~ =f(Ugg ) s Tpex 3HageHmit Toka sMutTepa: I =0,3-1%5; 0,6-1%5; 1*,.

2.6. CHATb CEMENCTBO BBIXOJHBIX XAPAKTEPUCTHK TPAH3HCTOpPA B MHBEPCHOM pe-
xiMe 1 =f(Unp) ams Tpex 3HaueHmii Toka smuTTepa: I =0,3-1%5; 0,6-1%5; [*,.
Jliisa oGecnieuenust ”HBepCcHOTO pexkuma padotel BT noctarouHo B cxeMe MOMEHSTh MecTa-

MU SMUTTEP U KoJutekTop. OOpaTuTh BHUMAHUE HAa CIPABOYHYIO BEJTMUMHY MAaKCUMAJILHO
JIOITyCTUMOTO 00paTHOro HaNpshKeHUs IMUTTEP — 0a3a Urp 11ax W HAIIPSHKEHUE SMUTTED —

0a3a U3MEHSITH J0 3HAYCHUSI ‘U 3];‘ = UnsE max -

2.7.1lo mony4YeHHBIM JAHHBIM IOCTPOUTH TpaUKU CEMEHCTB CTAaTHYECKUX
BAX Tpan3ucropa u paccuutarh auddepenunanbabie h-mapamerpsl B paboueit Touke
‘UKB‘=5B u I5=0,6-1*. J[n1 MHBEPCHOIrO peXHUMa PACCUUTATh BEIUYUHY

hoi6u = Ala/AIK‘U36 _eonst B Paboueii Touke [Usp|=2B u I =0,6-1%;.
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2.8. Paccuurarsb 3HaueHus napaMeTpoB T-o0pa3HOW SKBUBaJIEHTHOU cxembl bT.

3. Cobpath cxeMy ISl HCCIIEIOBAaHUsI XapaKTepUCTUK TpaHzuctopa ¢ O3, u3obpa-
*eHHyto Ha puc. 4.10, a st BT p-n-p-tuna i Ha puc. 4.10, 6 111 n-p-n-TUra.

3.1. lns mpenotBpaieHus noBpexaeHuss bT nccnegoBaHus NpoBOAUTH IS
00JIaCTH PEKUMOB pabOThI, OTPAHUYEHHON CIIEYIONMMHU 3HAYCHHUSIMU MapaMETPOB:
I =10MA 1 [Ugs|=10B. C 970i 1enbo HeoOXOAMMO KCIEPUMEHTANBHO ONpesie-

JUTHh TOK 0a3bl, 3a1a0lui TOK KojulekTopa Iy =10 MA npu HampspDKeHHH KOJUIEK-

TOp — IMUTTEP UKg‘ =10B. O603naunts 31y Bennuuny [*p. 3nak Uy onpenens-

€TCsI TUTIOM CTPYKTYPBI TPAH3UCTOPA U COOTBETCTBYET puc. 4.10, a unu puc. 4.10, 0.
3.2. CHATh CEeMeCTBO BXOMHBIX XapakTepuctuk Tpamsucropa Ip =f(Ugy) ama

TPEX 3HAYEHUHN HANPSIKEHUS KOJUIEKTOP — OMUTTED: ‘UKQ‘ =0; 5; 10B.

l—O =
=
=
= § g 5
- O— o]
-1 = o =
22 5 | E
s X e B
E] g = S
+] &8 +
+to— 5 2 —o +
- s
ImaXZZOMA
_°+
+
=
-
+ O— )Ec‘a §5
+] £ 8 = % E
= = = )
S 2
— 2
E, %g = £
- == -
- E -
o— £ 2 —o0
111121}(:20 MA
0
Puc. 4.10

3.3. CHATb CEMENCTBO BBIXOAHBIX XAPAaKTEPUCTHUK TpaH3ucrtopa Iy =T (UK3)
Ui Tpex 3HadeHui Toka 6assl: I =0,3-1*5; 0,6-1*g; [*5.

3.4. CHATb CEMEMCTBO XapaKTEPUCTHK MpPsIMOW mepeaauu mo Toky Iy =f (IB)
JUISL ABYX 3HAYEHUW HANPSHKEHUS KOJJIEKTOP — OMUTTED ‘UKg‘ =0; 5B.

3.5. CHATb CEMENCTBO XapaKTEpPUCTUK OOpaTHOW CBSI3U IO HAIPSHKEHUIO
Upgy = f(Ugs ) ans Tpex 3mauenmii Toxa 6assr: Iy = 0,3-1%g; 0,6-[%g; [*g.

3.6. CHATb CEMENCTBO BBIXOAHBIX XapAaKTEPUCTHK TPAH3UCTOPA B MHBEPCHOM pe-
wxume I, =f(U,, ) mwia Tpex smauemmit Toka Gasel: I =0,3-I%g; 0,6-I%g; [*5. [
00ecreueHrsl MTHBEPCHOIO pekuMa paboThl TPAH3UCTOPA JOCTATOYHO B CXEME IOMEHSTH
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MECTaMM AMUTTEP U KOJUIEKTOp. OOpaTUTh BHUMAHKE HA CIPABOYHYIO BEIMYMHY MAKCH-
MaJIbHO JOIIyCTUMOTO OOpaTHOro HamnpspkeHus SMUTTEp —0a3a Urng .« ¥ HAIpsDKEHUE

SMHUTTEP — KOJLIEKTOP U3MEHATH 110 3HAYECHMS ‘U 9K‘ = U5p max -

3.7.1lo moMy4YeHHBIM JaHHBIM TOCTPOUTH TpadUKU CEMEWUCTB CTATUYECKUX
BAX Tpan3ucropa u paccuutarh auddepenunanbabie h-mapamerpsl B pabouei Touke
‘UK3‘25B nu Ig=0,6-1*5. Jln1 HHBEPCHOrO peKUMa pPACCUUTATh BEIUYMHY

hypy 4 = Al /AI6‘U3K _const B paboueli Touke ‘UgK‘ =2Bulg=0,6-1*%;.

4.3. ConepxaHue oTdyeTa

1. llenb paGoTHI.

2. [TaciopTHBIE AaHHBIE UCCIEIOBAHHOIO TpaH3UCTOpa U rpaduk ¢ 00JaCThIO
JIOIYCTUMBIX PEXUMOB PAOOTHI.

3. [IpuHIMNIManBHBIE CXEMBI YCTAaHOBOK 1S uccnenoBanns BAX bT.

4. Pe3ynbTaThl SKCIIEPUMEHTAIILHBIX UCCIIEIOBAHUH B BUIE TAOIHUIT U TPaUKOB.

5. Pacuer nuddepenunanbubix h-napamerpos bT.

6. Pacuet mapameTrpoB ¢uzudeckon T-00pa3Hoi skBuBajieHTHOU cxeMbl bT.

7. BBIBOIBL.

4.4. KOHTpOIBHBIE BOIIPOCHI

1. Kako#i nosrynmpoBOIHUKOBBII TPUOOP HA3bIBAETCS OUTIOISIPHBIM TPAH3UCTOPOM?

2. Ilepeuncinnute OCHOBHBIE 3JIEMEHTHI CTPYKTYphI BT.

3. KakuMm ycnoBusiM J0KHA yIOOBIETBOpATh cTpykTypa BT mis oOecnieuenus
B3aUMOJIEUCTBHS 3JIEKTPOHHO-IBIPOYHBIX IIEPEXOA0B?

4. Ilepeuncinre OCHOBHBIE SIBJICHHS, Tpoucxoasmue B ctpykrype bT npu pa-
00TE B AKTUBHOM PEXUME.

5. Uto mokasbIBaeT BeIMYUHA CTATUYECKOTO KO3 PHIIMEHTa Iepeadu Mo TOKy?

6. IToueMy 0OpaTHBII TOK KOJUIEKTOPHOIO Iepexona Iypo Ha3bIBalOT He-
YIIPaBJISI€MbIM WJIA TETUIOBBIM TOKOM?

7. Ilouemy B OUIIOJIIPHOM TPAH3UCTOPE MPOUCXOUT YCUIIEHHUE FIEKTPUUECKUX
KoJie0aHMil 10 MOILITHOCTH ?

8. Ilouemy TpaH3ucTop B cxeMe BKItoueHUs ¢ OO MOXKeT 00ecneuuTs ycue-
HUE 10 TOKY, a B cxeme ¢ Ob Her?

9. N300pa3ute rpaduku BXOJHBIX M BIXOAHBIX ceMelicTB BAX TpaH3ucTopa ¢
Ob u O2? IlosicHuTe XapakTep MOBEICHHS ITUX 3aBUCUMOCTEN?

10. Ilepeuncnute ocHOBHBIE pexuMbl paboTel BT u ykaxkure cooTBETCTBYIO-
mue uM odstactu Ha BeIXoAHBIX ceMercTBax BT ¢ Ob u OD.

11. TosicauTe pusnveckuii cmpica h-mapametpoB bT.

12. Kakue mapameTpbl OrpaHUYMBAIOT O0JACTh MAaKCHUMAJIBbHO JOIYCTHUMBIX
pexumoB padoTsl BT?
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5. JABOPATOPHAA PABOTA
HCCIIE[JOBAHUE [IOJIEBBIX TPAH3UCTOPOB

Lenv pabomul:

1. U3yunth ycTpOHCTBO, MPUHIUN ACUCTBUS, KiIaccu(UKAIMIO, 00IacTH MPH-
MeHEeHHUs nosieBbIX Tpanzuctopos (I1T).

2. DKCcepUMEHTANIbHO HccaenoBath ctatnueckue BAX u paccuutars nudde-
pEeHIMAIbHBIE TapaMeTPhI MOJIEBBIX TPAH3UCTOPOB B 3a/IaHHOM paboyeil ToUke.

5.1. KpaTkue TeopeTnyeckre CBEeICHUS

Tlonesvimu (YHunoaapuvimu) mpaH3ucmopamy Ha3bIBalOTCS MOIYIPOBOIHUKO-
BbIE MPUOOPHI, B KOTOPBIX JIEKTPUUYECKUM TOK CO3/1a€TCS OCHOBHBIMH HOCHUTEIISIMHU
3apsaa MoJx JEWCTBHUEM MPOAOJIBHOIO JJIEKTPUYECKOrO MOJIA, a YIPABICHHE TOKOM
(MOIyJ LK) OCYIIECTBIISIETCSI NOMEPEYHBIM 3JIEKTPUUYECKUM TOJIEM, CO3/1aBAEMbIM
Ha yIPaBIAIOLIEM IEKTPOJE.

OO6nacTh MOJYNPOBOJHUKOBOrO MpuOOpa, MO KOTOPOM MpOTEKaeT yIpaiise-
MBIN TOK, Ha3bIBAETCS KAHAIOM. DIEKTPO, Yepe3 KOTOPbI HOCUTENM 3apsiia BTEKa-
I0T B KaHaJ, HAa3bIBAETCSA UCHMOKOM, A DIEKTPOM, YEPE3 KOTOPBIM OHU BBITEKAIOT W3
KaHaJla, — CMoKOM. DIEKTPOI, UCIIONb3YEMBIN I YIIPABICHUS IJIOMABI0 MONepey-
HOTO CEUeHUs KaHaja (TOKOM KaHalla), Ha3bIBACTCs 3amEopoM. 3aTBOP JOJIKEH OBIThH
AIIEKTPUUECKH M30JUPOBAH OT KaHala. B 3aBUCMMOCTH OT crioco0a U30JIALHUH Pa3iu-
YaroT:

IIT ¢ ynpasasromuMm p-n-rnepexoomM;

[IT ¢ u30AMpPOBaHHBIM 3aTBOPOM WM TPAH3UCTOPBI METAII — IUDJIEKTPUK —
nostyripoBogHuK (M/II-Tpan3ucropsr).

B Hacrosiiee Bpemsi MPOKO MPUMEHSIIOTCSL HoJleble MPAH3UCMOpPbL ¢ bapbe-
pom Lllomxu (ITTHI), B KOTOPBIX B KAYECTBE YNPABIISAIOIIETO NEPEX0/1a UCIIONb3YETCS
oapeep loTku. [lonegvle mpansucmopol ¢ 8blCOKOU NOOBUNCHOCMBIO IIEKMPOHOE,
HCIIOJIB3YIOIINE CBOMCTBA reTeponepexoa, padboratot B nuanazone CBY.

CTpyKTypa 10JIeBOro TPAH3UCTOPA C YIPABJISIOIINM P-N-NIEPEX0A0M U Ka-
HaJOM N-TUIIA NpuBeAcHa Ha puc. 5.1, a. Ha momyioxke U3 p-KpeMHUSA CO3AETCS
TOHKUMW CJION MOJYITPOBOJIHUKA N-TUIIA, BHIMOIHIIOMMUN (PYHKIIMU KaHaa, T. €. TOKO-
IPOBOSIIEH 00JaCTH, CONMPOTUBICHUE KOTOPOU PEryIUpPYETCs JIEKTPUUECKUM IO-
neM. HwxHuil p-n-mepexoj HU30JMpyeT KaHajl OT IOJJIOKKM M 3aJaeT HAa4aJIbHYIO
TONMHY KaHaia. OObIYHO BBIBOJBI KCTOKA U MOJIOKKH COCIUHSIOT.

[Tpuanun peunctsus IIT ¢ ynpasiasromuM p-n-nepexo oM OCHOBAaH Ha YBEIU-
YEHUH CONPOTHUBJIEHUS aKTHBHOIO CJIOS (KaHaja) MyTEM pacIlMpeHHs p-n-nepexona
MIpU MOJlaye Ha HEero oOpaTHoro HampspkeHus. s 3¢ dexkTuBHOro yrpaBieHUs CO-
IPOTUBJICHUEM KaHajla MOJYNPOBOIHUK, 00pa3yrouii 06J1acTh 3aTBOPA, JETUPOBAH
cwibHee (p+), uem obsactu kaHama (n) (cMm. puc. 5.1), mpu 3TOM pacmupeHue ooe-

41



HEHHOTO CJI0s MPOUCXOIUT B CTOPOHY KaHasa. Hanbosee xapakTepHOW yepToi mose-
BBIX TPaH3HCTOPOB SIBJISIETCS BBICOKOE BXOJHOE CONPOTUBIIEHHUE, T. K. TOK 3aTBOpa
MaJl, IO9TOMY OHH yIpaBiisitoTcst HanpsbkeHueM. Ilpu Uszpy =0 compoTuBiieHue Ka-

HaJla MHUHUMaIbHO R o =pl/hw, rae p — ynenbHoe COMPOTUBIEHUE MOIYMPOBOJI-

HUKa KaHaa; |, W — 1JiMHa ¥ MIMpUHA KaHaja COOTBETCTBEHHO, h — paccTosiHue Mex-
Iy MEeTaJUTypru4ecKUMU I'paHMLIaMHU h-ciiosl KaHasia. Yem Oousiblie oOpaTHOE Hamps-
keHue Ha 3atBope Usjp, TeM MuUpe p-n-Iepexonbl, TOHBIIE KAaHAI U BBILIE €ro COo-
nporusiieHHE. [Ipn HEKOTOPOM HAIPSKEHUU Ha 3aTBOPE, HA3BIBAEMOM HANPAICEHU-
em omceuku Usy gpc, KAHAT MOJHOCTBIO IEPEKPHIBAETCS OOEIHEHHBIMH CIIOSMHU.

CompoTuBiieHHE KaHalla CTAHOBHUTCS OYECHH OOJIBIIMM M PEaTbHO JOCTUTACT 3HAYE-
HHUU NECATKH — COTHU METAOM.

Usy + U3I/I; + Ucn ;
N 3 C " C

n+ pt n+ n+

h|wW o 3
¥ / X Z Z — -

v P\ St S
W3omupyromuii | I Kanan :
p-n-nepexon / . EO I | D ¢

a §) f
N — uctok, 3 — 3arBop, C — cTok, I1 — moaynoxka
Puc. 5.1

IIpu nopave Ha cTOK MoyokUTENBHOrO HanpsbkeHusa Uy (puc. 5.1, 0) B kaHane
BO3HUKAeT TOK [, 1 HanpsbkeHue B mo0oM ceueHnu kaHana Uy (X), U3MEPEHHOE OT-

HOCHUTEJILHO UCTOKA, sBJsieTCS (DYHKIMEN pacCTOSHUS JI0 UCTOKA X 3a CUYET KOHEYHOTO
3HAYEHUs! yJeBHOrO CONPOTHBIEHHS KaHaia. [1o3ToMy U HampspkeHUe MEXIy JH0ObIM
ceueHreM KaHaza U 3aTBopoM Uy (X) ABJISIETCS. (PYHKIIEH PACCTOSHUSA 0 UCTOKA — X .

MunnMaTsHBIM ABisercs Hanpsokerne Uys(x) mpr x =0 Ujyy (O)z Uyz =-Ujzy,a
makcuMambHEM — Uy (x) mpn x =/ Ujyy (E)z Uz =Ucy +Uyz. Ipuuem s
YIPaBIIAIOLIETO NIEPEX0Ja ITH HANPSHKEHUS SBIAIOTCS 3alIMPAIOLIMMU, II03TOMY IH-
pHHA IIepexoa BO3pacTaeT OT UCTOKA K CTOKY, a IIMpUHA KaHalla yMeHbuaercs. [Ipu

HEKOTOPOM HAIPSDHKECHUM CTOK — UCTOK, HA3bIBAEMOM HANPAMCEHUeM HACbIUeHUs
Ucent =UH pac» KaHaT BOMM3M CTOKA CyXaeTrcs OO0 MHMHHUMAJIBHOM TOJIIUHBI

(cm. puc. 5.1, 6). ConpoTuBieHue KaHaina opu 3Tom R # 00 OOJIBITIIE HAYATHHOTO

K HacC
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R (- Ilox nerictBHeM HaIpsHKEHUS HACBIILEHUS Yepe3 KaHajl IMPOTEKAEeT TOK MaKCH-
MaJIbHOHM BeUYUHBL L o = Uy nac / Ry pac -

Tpau3ucTopsl ¢ u30aupoBaHHBIM 3aTBOpOoM (MUII-Tpan3ucropsl). Xapak-
TEPHOE OTJMYHUE IIOJIEBBIX TPAH3UCTOPOB C HU30JIMPOBAHHBIM 3aTBOPOM COCTOUT B
TOM, UYTO Y HUX MEXKJY METALIMYECKUM 3aTBOPOM M 00JIACTHIO MOJIYIPOBOJHUKA Ha-

XOIUTCS CIIOW TUANIEKTpUKa — NBYOKUCh KpeMHHs Si0;. [loaToMy moseBble TpaH3u-
CTOPBI C M30JIMPOBAHHBIM 3aTBOPOM HaszbiBaroTcss M/IIT (MeTayut — AMANEKTPUK — TI0-
aynpoBonHuk) win MOII (Metamn — okucen — TMOJYIPOBOJHUK). Beimyckarorcs
M/II-TpaH3uCTOPHI C UHAYLIUPOBAHHBIM U BCTPOCHHBIM KaHAJIOM.

B ocHoge neiictBus M/III-Tpansucropa nexxut sghgpexm nosis, NpencTaBIIOMUN
co00i M3MEHEeHHE BETMYUHBI U THIA 3JEKTPOIPOBOJHOCTU MONYHPOBOJHUKA BOIH3U
€ro IPaHuLbl C TUNIEKTPUKOM IIOJ ACUCTBUEM IPWIOKEHHOIO HampsbkeHus. Pacemor-
pum M/II-cTpykTypy, n300paskeHHYIO Ha pUC. 5.2, a U COACPIKALILYIO MOIYIPOBOTHUK
p-tumna. [Ipu nmomaye Ha 3aTBOP MOJIOKUTENBHOTO HANPSDHKEHUS, a HA MTOJIOKKY — OTPH-
LATEJIBHOIO ABIPKH BBITAIKUBAIOTCS MOJIEM C IMTOBEPXHOCTH B TTyOb MOJIYIIPOBOIHUKA, U
o0pa3zyercsi €0l ¢ YMEHBIICHHOW MX KOHIEHTparuid. Takoil pexuM Ha3bIBaeTcs pe-
HCUMOM 0OeOHeHUs1. DIEKTPOHBI B 3TOM CIIydae U3 INIyOUHBI MOIYNPOBOJHUKA MIPUTS-
TMBAIOTCS K IUAJIEKTPUKY M MIPY HEKOTOPOM HANPSHKEHUU Y TOBEPXHOCTH TMOIYIIPOBO-
HUKA P-THUIA KOHLEHTPALMS 3JIEKTPOHOB IIPEBBIIAET KOHIIEHTPALUIO JBIPOK, T. €. MOSIB-
JIIETCSI TOHKUAW CJIOM MOJYIIPOBOJHUKA C DJIEKTPOIIPOBOAHOCTBHIO N-THIA. ['0OBOPAT, 4TO
NPOU30ILIA UHBEPCUS INEKMPONPOBOOHOCIU NOTYNPOBOOHUKA. Mexay obiaacTsaMu uc-
TOKa M CTOKa N-TUIIA MOSBUJIACH (UHOYYuposanacs) o0NacTh KaHala C TEM K€ THIIOM
MIPOBOAUMOCTHU. V3MeHssl HanpsyKEHUsl Ha 3aTBOPE, MOKHO M3MEHSATh KOHIICHTPALUIO
DJIEKTPOHOB B KaHaJeE, a 3HAYUT, U €r0 CONPOTUBJICHHE. ECIM yBEIMYMBATH IOJIOKHU-
TEIBHOE HANPSDKEHNE HA 3aTBOPE, KOHLEHTPALKS AJIEKTPOHOB B KAHAJIE YBEIUYUBACTCA.
Taxol pexuM Ha3bIBACTCS peHCUMOM 0002AUEHUSL.

B M/II-mpanzucmope ¢ unoyyuposanuvim Kawaiom n-tuma (CM. puc. 5.2, a)
IIpU HanpsbkeHUH Ha 3atBope Usgp =0 kaHan orcyrerByeT M npu nogade Uy >0
TOK CTOKa OyZeT paBeH HyJo. Eciau yBenuuuBaTh MOJIOXKHUTEIbHOE HANpsHKEHUE Ha
3aTBOpE, TO, HAYMHAS C HEKOTOPOro 3HAYCHUS, Ha3bIBAEMOro MOPOroBbM Usy op

IPOUCXOAUT MHBEPCUS IJIEKTPONPOBOJHOCTH TOJUIOKKH U oOpa3yercs KaHal
(cMm. puc. 5.2, a). B cnpaBouHnKax 0OBIYHO B KaU4€CTBE MOPOTOBOTO MPUBOIUTCS 3HA-
geHue Usgyp, mpu koTopoM Tok ctoka Ic =10 MxA . Ilpu Uszy > Usy o, 8 MAII-

TPAH3UCTOPAX C KAHAJIIOM N-THUIIA YBEJIMYECHHUE HAIPSKEHHS Ha 3aTBOPE MPUBOJUT K
YMEHBIIICHUIO COMPOTUBJICHUS KaHaja 3a CUeT OOOTallEHUsI €r0 JIEKTPOHAMU, TOK
CTOKa IpH 3TOM yBenuuuBaerca. MJIII-TpaH3uCTOp C MHIYUHMPOBAHHBIM KAaHAJIOM
paboTaeT B pexkuMe 00oTrareHusl.

B MJ[II-mpan3ucmope co 6cmpoentvbim KaHalom N-TUIA, CTPYKTYpa KOTOPOTO
MpuUBE/IeHa Ha puc. 5.2, 0, y’Ke TIPU OTCYTCTBUU BHEIIHUX HAIMPSKEHUN MMEeTcs Ka-
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HaJl, COeIUHAIOIMNN o0nacTu uctoka u croka. I[loaromy npu Uszy =0 u Uy >0

IPOTEKAEeT TOK CTOKa. [Ipy yBelMYeHHH MOJIOKHUTEIBHOIO HANpsDKEHHs] Ha 3aTBOPE
o0JiacTh KaHaja oOoraaeTcsl MEKTPOHAMHU U TOK CTOKa Bo3pacTaeT. [Ipu yBennye-
HUU OTPUIATEILHOTO HANpsDHKEHHUs Ha 3aTBOpE KaHall 0OETHSETCS] 3JIEKTPOHAMU U

TOK cToka ymeHbinaercs. MJIII-TpaH3ucTOpsl CO BCTPOSHHBIM KaHAJIOM PaboTaloT B
pexuMax 00oraiieHus U 00eTHEHNS.

s Usut T Ucug
" 3 C
ot I
j p
[T I1 Bc\TpOE:Han‘»’I
KaHall
a 0
N — ucrok, 3 —3atBop, C — cTok, I1 — noanmoxka
Puc. 5.2

[loneBble TpaH3UCTOPHI BKIIOYAIOTCS MO cxeMaMm ¢ oOmmm 3atBopoM (0O3)
(puc. 5.3, a), obmum ucrokom (ON) (puc. 5,3, 6), oduum crokom (OC) (puc. 5.3, B).
Haubonee yacto ucnoms3yercs cxema Briatodenus ¢ OU.

O3 0)| oC
Iy Ic c Ic I, I;;
+o— 4| C—>°+ I (’\—)o_l_ -c(_3f\H<_o—
— (_3
) = Py
Uis (k Yes Usy > | Ve Usc | Unc
- o < o- +o 0 - + o C o +
a § B
Puc. 5.3

Craruuyeckue BAX moseBbix Tpan3ucropoB. OcHoBHbiMM BAX IIT sBius-

I0TCSl BBIXOAHBIE (CTOKOBBIE) — [ =1 (UCI/I)‘ Y XapaKTEpUCTHUKU Iepeadn

Ujp=const

(crok-3atBopubie) — I = f(Usy XUCI/I =const °

Ha puc. 5.4 npuBenensl Beixogueie u nepenatounsie BAX paznuunbix IIT ¢
KaHAJIOM N-THIIA, BKIKOYEHHBIX M0 cxeme ¢ OU: ¢ ympaBisiomuM p-n-mepexoaom
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(puc. 5.4, a, 6); M/II-Tpan3ucropa ¢ UHAYLUMPOBAHHBIM KaHaioM (puc.5.4,B,T) u

MJIII-TpaH3ucTopa co BCTpOEHHBIM KaHajioM (puc. 5.4, 1, e).
NuddepeHunanbHble MapamMeTpbl MOJIEBbIX TPaH3UCTOPOB. OCHOBHBIMH

nuddepeHIMaTLHBIMU TapaMeTPaMH TOJICBBIX TPAH3UCTOPOB SIBIISIOTCS:
— kpyTusna S=dIl, /dU3H‘UCH const
— BHyTpennee (uddepenupansHoe) conporusienne R; =dU,, / dIH‘U const>
31—

— ko3 umpeHT yeunennst o Hanpspkerno p=dU,, /dU m‘l —const -
o=

Bce Tpu napamertpa cBsizaHbl BlpakeHHeM [ =SR..

h
I o Ic
Jr I

;= Unii=0
I U
e 3U

I
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[TapaMeTpbl TPaH3UCTOPOB MOKHO OIPEIAEIUTH IO CTATUYECKUM XapaAKTEPH-

CTHKaM, Kak Mmoka3aHo Ha puc. 5.5. Jlng padoueit Touku A (U'cy, I'c, U'sy) kpyTusHa
u qudepeHmanbHOe COMPOTURIICHUE ONIPEACIISIIOTCS CIICTYIOIUMU BEIPOKCHUSIMU:

S B AIC B IVC _ IIVC ‘ .
[ - - " " ?
C AU UMy Uy
IVC‘ U "3 3 Uy =U'cnt 31 31 Ucen=U'cit
lf _____________ U'sy S\ S _Ucy —U"CH|
w Lo [FfFa= royn 1 Al ’ I ~—I" ' :
: e : M ¢ Usp=Uipy ccC ‘U31/1=U 31
C i B nHacrosiee BpEMs IIHUPOKOE pacCIIpoOCTPaHEC-

, i , HHUC TIOMYy4YWIH [ITII, BBINOJHEHHBIE W3 apCEHUIA
0 U'cpVUcenVU"cn Uy rammms m paborarornue Ha yactorax a0 30 I'T, xo-
Puc. 5.5 TOpBIE UCHOB3YIOTCA B MAJOLIYMSLINX YCHIUTENSAX
CBUY, ycunurensax MOIHOCTH U T€HEPATOpax.
YT'O IIT, nonsgpHOCTH NOAKIIIOYESHUSI ICTOUHUKOB HAMPSDKEHUS U PEXUMBI pado-
Thl TipuBeieHbl B Ta0m. 5.1. [{na mapkuposku IIT kak u gt BT ucnonb3yercs Oyk-
BeHHO-1IU(poBas cucrema obo3nauenuii cormacao OCT 11.336.038-77.

5.2. ITopsimoK BBIOJIHEHUSI paOOThHI

1. Tunsl UccaeayeMbIX TPaH3UCTOPOB MPUBEICHBI B KapTouke 3adanus. Mcnoms-
3ysl TIACTIOPTHBIC JAHHBIE TPAH3UCTOPOB, ONMPEICIUTh 00JIACTh IEKTPUIECKHA Oe3omac-
HBIX PEXKUMOB PabOThI JIsl KAXKIOTO UCCIEAyEeMOro mprudopa U HAHECTH TPAHUIIbI ATOU
00JIaCTH B CUCTEME KOOPAMHAT TOK — HANPsHKEHUE, KaK IMOKa3aHo Ha puc. 5.6.

Buumanue!!! Jlns  npemorBpamieHus

\ 3JIEKTPUYECKOr0 TNMOBPEKIEHUs TPaH3HUCTOPOB

U3MepeHUuss Heo0XO0AUMO NMPOBOAMTH TOJbKO B
00J1aCTH 1OMYCTUMBIX PeKUMOB PadOThI.

2. Cobparp cxemy IJsi UCCIEIOBaHUS Xa-
pakrepuctuk IIT ¢ ynpaBiasommm p-n-nepexoaom
¢ OU, uzobOpaxkeHHy0 Ha puc. 5.7, a, U1 TpaH3H-
CTOpa ¢ KaHAJIOM N-TUIA WX Ha puC. 5.7, 0 — s

> TPaH3UCTOpa C KAHAJIOM p-THIIA.
Uct maxUcu 3. CHATH CTOK-3aTBOPHYIO XapaKTEPUCTUKY
Puc. 5.6 Ic =f(Usy) mpn [Uey|=5B (Ic<10MA) u

onpenenuts HanpspkeHue Uspy orc. SHAK Uy ompenenserca tunoM kasana IIT u

M

Ic

IC max

PC max
Ucn

[=

COOTBETCTBYET puc. 5.7, a wiu puc. 5.7, 0.
4. CHATb CceMeiCTBO BBIXOIHBIX XapakTepUCTUK [ =f (UCI/I) npu Uz, =0B;

0,3-Usy orcs 0,6 - Usy orc - Haripskenne U y; u3menars ot 0 1o 10 B (I <10 MA).

5. Paccuutats auddepennmanbusie mapametrpel S, Rju p IIT ¢ ynpasisito-
UM P-N-IIEPEX0JI0M B pabodeil Touke ‘UCH‘ =5B u Uy =0,3-Usy orc -
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Tabmuua 5.1

VYcmoBHOE

Tun Tun 0003HaYeHUE U Pexxum
KaHaJia MMOUTOXKKU MOJIIPHOCTH BHEIITHUX paboThI
HanpsHKEHUN

Twm IIT

Tpausucrop n p < o _
C YIPABJISIONIUM - 0—3@-_0

p-N-NEPEX010M vo— AL 5.

—o+

) )41

MII-Tpan3uctop ¢ n p C + OOGorarmenue
WHTyITAPOBAHHBIM + 3? i%]—lmmo
KaHAJIOM . ul
p n c . O6oramenue

. "]:Imm 0

3 E |
+ H +

MII-Tpan3uctop n p ¢ . OOGorarmenue
CO BCTPOCHHBIM Ka- + (-):@'}“ 0 (oGeqHeHUE)
HaJIOM -(+) 4 -

p n < _ OOoranienne
+ 0
‘(+}: 3% |?M T (oGeqHeHUE)
+(-) +

6. CoOpatb cxemy njsi ucclienoBanus xapakrepuctuk M/III-Tpan3ucropa c
WHIYLIIMPOBAaHHBIM KaHanoM ¢ OU, n3o0pakeHHyI0 Ha puc. 5.8, a A TpaH3UCTOpa C
KaHaJIOM N-TUIIA WK Ha puc. 5.8, O /Ui TpaH3KCTOpa C KAaHAJIOM P-THIIA.

7. CHATb CTOK-3aTBOPHYIO XapakTepucTuky Io=f (U3H) pu ‘UCI/I‘ =5B
(Ic <10 MA ) 1 onpenenuts 3HadeHHe U3y pop - 3HaK Hanpsbkenust Ucy onpeness-

ercst TuroM kanaina M/III-Tpan3ucTopa u COOTBETCTBYET puc. 5.8, a unu puc. 5.8, 0.

8.CmaTh cemeiicTBo  BhIxOmHBIX  xapakrepuctnk 1o =f(Ugy) mpu
Usy =L5-Usyops 2,5 Uy nop s 3-5 - Uy nop - Hanpsokerne Ucy usmensts ot 0
10 10 B (I <10 MA).

9. Paccuurats nuddepenunansabie mapametpel S, Rj u p MAII-tpan3ucropa
B paboueit Touke Ucy =5 B 1 Usy =2,5-Ugy -

5.3. Coneprxanue oTuera

1. llenb paGoTHI.

2. IlaciopTHBIEC JaHHBIC UCCIICIOBAHHBIX TPAH3UCTOPOB M IpaduKu ¢ 00IacTs-
MH JIOITyCTUMBIX PEKUMOB PaOOTHI.

3. IlpuHUMOUAIbHBIE CXEMBI YCTAaHOBOK 17151 uccieqoBanuss BAX IITT.

4. Pe3ynbTaThl SKCIIEPUMEHTAIILHBIX UCCIICIOBAHNH B BUZIC TAOIHUIT U TPaPUKOB.
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5. Pacuer nuddepennmanpapix mapametrpos I1T.

6. BeIBOIBL.
—-=0 + 0=
C + + C - -
z z
= ) p < = 16 3C\ ) g < Z
B (I N T ¥ 7 -
" CV) 5 | E + " CV) 2 | B
- = =
E, 2 g Ey 1 |2¢
+ - - - + +
+o & — —o0 - -0 & O— —o0 +
I, =20 MA [, =20 MA
a
) =
= =
= =
55 =i
= X =% | E
o o o o
5 E 55
b= g = =
o+
—o0+
I,,=20 MA Lo =20 MA
a §)

Puc. 5.8

5.4. KoHTpOJIbHBIE BOIIPOCHI

1. Kakue cymectByroT pasHoBuaHoctu [1T?

2. Ilepeuncinre OCHOBHBIE dJeMEHTHI KOHCTpyKumu IIT ¢ ynpaisrommm
p-n-nepexoaom u M/II1-tpan3ucropos.

3. [losacaure ycrtporictBo W mnpuHuun nedcreus [IT ¢ ynpasnstommm
P-N-TIEPEXOAOM.

4. Ilosacaute npunnun neuctsuss M/II-TpaH3uCTOPOB CO BCTPOCHHBIM U WH-
JQYLHMPOBAHHBIM KaHANIOM. ONUIINTE peXUMBbI PA0OTHI 3TUX TPAH3UCTOPOB.

5. U300pa3ute rpaduk M MOACHUTE MOBEICHUE XapaKTEPUCTHKU Iepeadud U
BBIXOJHBIX XapakTepuctuk 11T pasnnunoro tuna.

6. Kakue HanpsbkeHHs Ha3bIBAIOTCS HaIpshDKeHUeM OTCedkKH Ujgyp opc U HOPO-

TOBBIM HanpPspKeHUEM Usgyy o ?

7. [lepeuncnure obmactu npumenenus I1T.

8. [Touemy IIT obOnamaet yCUIUTENBHBIMUA CBOWCTBAMMU?

9. Kakumu (pu3n4ecKuMu SIBICHUSAMH OTPaHUYMBAETCS JTMAIa30H paboyux ya-
ctot B [1T?

10. [osicauTe Pusnueckuii cmpica auddepenimanbabix napamerpos [T — S, R;, p?
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6. JABOPATOPHAA PABOTA
HCCJIEJJOBAHHUE OHITOSJIEKTPOHHBIX IIPUEOPOB

Lenv pabomol:

1. U3yunTh yCTpONCTBO, NPHUHIMI ACUCTBUS, MapameTpbl, XapaKTEPUCTUKH,
cucreMy 0OO3HAUeHUH U O0OJACTH MPUMEHEHUS MOJYNPOBOJHUKOBBIX H3ITydyaTellb-
HBIX TPUOOPOB (CBETOIMOA0B) U TPUEMHUKOB ONTUYECKOTO U3TyUEHHUS.

2. DKkcepuMeHTalIbHO HccnenoBate BAX n napaMmerpsl onronap.

6.1. KpaTkue TeopeTudeckue CBeICHUS

Onro3/IeKTPOHUKA — 3TO Pa3/eil JNEKTPOHUKH, U3YYAIOIIAN B3aUMOICHCTBUE
AJIEKTPOHOB C JIEKTPOMATHUTHBIMU KOJICOAHUSAMH ONTUYECKOTO JUara3oHa U BOMpO-
CBbI TIOCTPOEHHUS DJICKTPOHHBIX MPHUOOPOB, MCTOJB3YIONINX B KAUECTBE HOCUTEIIS MH-
dbopmaluu >JIeKTPOMarHUTHBIE BOJHBI ONTHYECKOro Auana3oHa. Ou3nyeckue CBOU-
CTBa ONTHUYECKOTO M3JIYYEHHS 3aBUCSAT OT JJIMHBI BOJHBI, B CBSA3U C YEM ONTHUYECKUI
muanazoH (A =10 uM...] MM) menuTcs Ha TOAIMAIA30HBI, B MpeaeiaX KOTOPBIX

(dbuU3MYeCKHEe CBOMCTBA BOJH  OJMHAKOBBL:  yabmpaghuoiemosoe  usiyyenue
A =0,01...0,4 Mx™ ; 6uoumoe uznyuenue A =0,38...0,78 MKM ; ungpaxpacroe uzny-
yenue h = 0,78 MkM...1,0 MM . CBETOBOH JTyd B ONTOSJEKTPOHUKE BBIMOIHSET TE K€
GyHKIUHA yTpaBiIeHUs, TPEOOPa30BaHUS U CBS3M, YTO M DIJICKTPUUYECKHA CUTHAT B
AIEKTPUUYECKUX ICTISX.

B onTtudeckux 1ensx HOCUTEISIMU CUTHAJIOB SIBJISIFOTCS DJIEKTPUUYECKUA HEHUTpaIIb-
Hble (POTOHBI, KOTOPHIE B CBETOBOM ITOTOKE HE B3aMMOJICHCTBYIOT MEXIy COOOM, He
CMEIIMBAIOTCS U HE pacceuBaroTcs. ONTUYECKUE LIETH HE MOABEP>KEHBI BIUSHUIO DJICK-
TPUUECKUX M MarHUTHBIX ToJied. Mcnosb30BaHue B KauecTBE HOCUTENs MHGOpMaluu
AIIEKTPUUECKU HEUTPATBHBIX (POTOHOB 00ECTICUNBALT: UICATBHYIO SJICKTPUIECCKYIO pa3-
BSI3KY BXOJHOM M BBIXOJHOM IIETIEN OMTORJICKTPOHHOTO 3JIEMEHTA CBSI3U, OJHOHAIIPAB-
JIEHHOCTh TIEpEIayu U OTCYTCTBHE BJIMSIHUSI PUEMHMKA Ha MEPEIaTYMK, BHICOKYIO IO-
MEXO03alUIIEHHOCTh ONTHYECKUX KAaHAJIOB CBSI3U BCIIEACTBUE HEBOCTIPUUMYHMBOCTU (O-
TOHOB K BO3JICHICTBUIO AJIEKTPUYECKUX U MATHUTHBIX TOJIEH, OTCYTCTBHE BIIMSHUS Mapa-
3UTHBIX €MKOCTEW Ha JITUTEIBHOCTh MEPEXOAHBIX MPOIECCOB B KaHAJIC CBSI3U U Iapa-
3UTHBIX CBSI3€H MEXKy KaHAJIaMH, a TaKKE XOpOIIIEe COIIaCOBaHME IIENel ¢ pa3HbIMU
BXOJHBIMH U BBIXOJIHBIMUA COITPOTHBIICHUSIMHU.

HeBocnmpuMYMBOCTh ONTHUYECKOTO HM3IYyUYECHHS K PA3IUYHBIM BHEIIHUM BO3-
JNEUCTBUSAM U DJICKTPOHEUTPATBLHOCTh (DOTOHA SBIISIOTCS HE TOJBKO JIOCTOMHCTBAMHU,
HO U HEJIOCTAaTKaMHU, T. K. 3aTPYJHSIOT YIPABJICHUE HHTEHCUBHOCTBIO U PacpoOCTpa-
HEHHEM CBETOBOT'O ITOTOKA.

B ycrtpoiicTBax ONTO3NEKTPOHUKHM TiepeAadya MH(OpMaAlUKU OT YIPaBIIEMOro
HUCTOYHUKA cBeTa (doTousnydaresisi) K GOTONMPUEMHUKY OCYIIECTBISETCS Uepe3 CBe-
TOIPOBOJIAIIYIO cpeny (BO3yX, BAKYyM, CBETOBOJIbI), UCIIOTHSIONIYIO POJIb IIPOBO/I-
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HUKA ONTHUYECKOro wu3iaydeHusi. CBETOBOJHBIE JIMHUM SIBIISIIOTCS HSKBUBAJICHTAMHU
AIEKTPUUECKUX MPOBOAHUKOB U XapaKTEPU3YIOTCS OOJBIION MPOMYCKHON ClIOCOOHO-
CThIO, BO3MOKHOCTBIO COBMEIIATh B OJTHOM CBETOBOJIE OOJBIIIOE YUCIO KaHAJIOB CBsI-
3 MPU OYE€HBb BBICOKON CKOPOCTH Mepeaauud MHPOpMAaIuu, JOCTUTAIOIINX TUTa0UT B
cekyHlly. ONTHYECKOE H3IYyYEHHE JIETKO pa3feisieTcs MO JJIWHAM BOJIH, MOATOMY
MOHO OOBEIUHATH B OJJTHOM CBETOBOJIE HECKOJIbKO KaHAJIOB UH(OpPMAIIUH.

OnmosnekmpoHHble YCmpoucmea MOTYT ObITh U3TOTOBJIEHBI IO UHTETPAJIbLHOM
TexHosorud. ONTHUYECKHUE UHTETPAIbHBIE CXEMbl 00JIaIal0T MIUPOKOI MOJIOCOM MPO-
MyCKaHWs, HEBOCIPUUMYHUBOCTBIO K BUOPALIMH, MTOBBIIIEHHON HAJEKHOCTHIO, YKOHO-
MHYHOCTBIO ITPU CEPUMHOM MTPOU3BOJICTBE, MAJIBIMHA pa3MeEPaMU U MAaCCOM.

Hsznyuarowue npubopsvl MpeodOpPa3yroT ANEKTPUUECKYIO IHEPTUI0 B HHEPTHUIO
ONTHUYECKOI'0 M3JIIYYEHHUSI C ONPEACIICHHOW JJIMHON BOJIHBI WJIM B Y3KOM JMANa3OHE
JUTMH BOJIH. B OoCHOBe pabOThl yNpaBiIsIeMbIX MUCTOYHUKOB ONTUYECKOTO W3ITy4YCHUS
JICKHUT OAHO U3 CIAEAYIOMUX (GU3HUECKUX SBJICHUN: TeMIIepaTypHOE CBEYEHHE, ra3o-
paspsAHOE U3IYYEHHE, DJIEKTPOJIOMHUHECHECHIMS, UHIYIHUPOBAaHHOE u3inydenue. Mc-
TOYHHMKHU MU3TY4YEHUs! ObIBAIOT KO2EPEeHMHbIMU W HeKo2epeHmHbuIMuU. JlaMmbl HaKamu-
BaHUS, Ta30pa3psIHbIC JIAMIIbI, 3JIEKTPOJIOMUHECIICHTHBIC 3JIEMEHThI, WHKEKIMOH-
HbIE CBETOJIUOJIbI SIBJIAIOTCS HEKOT€PEHTHBIMU UCTOYHUKAMU u3aydeHusi. KorepeHt-
HBIMU UCTOYHUKAMU U3IIYUYEHUS SIBIISFOTCS Ja3€phl.

[IpuHUMT 1eMCTBUS MOTYITPOBOHUKOBBIX U3TyYarOIUX TPUOOPOB OCHOBAH Ha
SABJICHUU BJIEKTPOIIOMUHECUCHIINHU. JIeKmpoioMuHecyenyuel Ha3blBAIOT SIBICHUE
M3JIyYEHHUs CBETa TeJIaMH MOJI ACHCTBUEM 3JIEKTPUUYECKOIO MO, DIEKTPOTIOMHUHEC-
LECHIIMS SIBJSIETCS YaCTHBIM CIy4aeM JIFOMUHecHeHUuu. [lof JroMuHecneHuuen mno-
HUMAIOT 3JIEKTPOMArHUTHOE HETEIJIOBOE M3JIy4YeHHUe, 00naaaronee IIUTeIbHOCThIO,
3HAYUTEJILHO MPEBBIIAIONICH TEPUO CBETOBBIX KoyieOanuil. JIroMuHecupoBaTh MO-
TYyT TBEpJbIe, KUAKKUE U Ta3000pa3Hble Tena. B omTosnekTpoHHBIX mpubopax uc-
MOJIB3YETCA JIIOMUHECHEHINS KPUCTAUIMYECKUX MPUMECHBIX MOJYTPOBOJIHUKOB C
IIUPOKON 3ampenieHHo 30HoM. [[ns pa®oThl B AMama3zoHe BUAUMOTO HU3ITyYCHHUS
(0,38...0,78 MKM) UCIHOIB3YIOTCS MOTYNPOBOJHUKU C HIUPUHOMN 3aMPEIICHHOW 30HBI
1,5...3,0 3B. B nonymnpoBoiHUKax reHepalusi ONTUYECKOTO U3IyueHus odecrneurBa-
€TCA WHXXEKIIMOHHOW JJIEKTPOJIOMUHECHECHIMENW. ['eHepanuss onTUYECKOro H3iayde-
HUS B p-n-niepexoje oObeIUHSET J1Ba MPOLECCa: MHKEKIUI0 HOCUTENIEH U 3IIEKTPO-
JIFOMUAHECLECHIUIO.

Ceroanon. OnHuM W3 Hanbojee pacnpOCTPAHEHHBIX HCTOUYHMKOB OMNTHYE-
CKOT'0 U3ITy4YEHUS SABJISIETCS €8emoou00 — MOAYyNPOBOIHUKOBBIN MTPUOOP C OJTHUM HIIH
HECKOJBKUMH DJIEKTPUUECKUMH TMEpexoJaMu, MpeoOpas3yromuid 3JIeKTPUUYECKYIO
DHEPIUI0 B DHEPrUI0 HEKOTEPEHTHOTO CBETOBOIO H3JIYYEHHS, IPU CMEIICHUU
p-n-niepexoaa B nNpsiMoM HampaieHuu. Ha puc. 6.1, a moka3aHa KOHCTpYKIHS TUIOC-
KOro, a Ha puc. 6.1, 6 — monychepudeckoro CBETOANO/IA.

Ipy npunoxenny mnpsamoro HampspkeHus Up, K p-n-nepexopy HPOUCXOIUT

U Py3MOHHBIN TTEPEHOC HOCUTEINEH uepe3 Mepexo/i. Y BeIMUNBACTCS MHKEKIIUS JIbl-
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POK B n-00J1aCTh, a SIEKTPOHOB — B p-00sacTb. [IpoxokaeHne Toka uepes p-n-mepexo
B MPSIMOM HaIpPaBJICHUH COIMPOBOXKIACTCS PEKOMOMHAIIMEN HH)KEKTUPOBAHHBIX He-
OCHOBHBIX HOCHUTENeW 3apsana. PexoMOuHaIiusg MTPOUCXOAUT KaK B CaMOM
p-n-mnepexoje, Tak U B MPUMBIKAIOIMINX K MEPEXOAY CIIOSAX, ITUPUHA KOTOPBIX OIpe-
pemsiercst aucdysnonHpivu amuHamu Ly, u L. B G0bIIMHCTBE MOTYIPOBOAHIKOB

PEKOMOMHAIUST OCYIIECTBIISIETCS Yepe3 MPUMECHBIC IEHTPHI (JIOBYIIKH) BOIU3H cCe-
PEeIUHBI 3aIlpeeHHON 30HbI U
T T T T Tq) T COITPOBOYK/IAETCS BBIIEJIEHHEM
\ / ® TEIJIOBOM 3HEpruu — (HOHOHA.
Takas pexomMOMHAIMS Ha3bI-
BaeTcsi  Oe3bI3NIydaTeIbHOM.
B psine ciywaeB mporiecc pe-
KOMOMHAIMN COMPOBOXKIAETCS
BBIJICJICHUEM KBAaHTA CBETa —
dboToHa. DTO MPOUCXOIUT B
MOJIYITPOBOJHUKAX C OOJIBIION
IIMPUHOM 3aIlPelICHHON 30-
HBI — MPSIMO30HHBIX MOJIYIPO-
BOJHHUKAX. DJIEKTPOHBI C 0O0-
Jiee BBICOKUX YHEPreTUYECKUX
YPOBHEM 30HBI MPOBOJUMOCTH MEPEXOAAT Ha 00Jiee HU3KUE SHEPIeTUUECKUE YPOBHU
BaJICHTHOUM 30HBI (TMIEpEX0]l 30Ha — 30HA), IPU PEKOMOMHAIIMYN TTPOUCXOIUT BBIJIETIC-
HUE (OTOHOB M BO3HUKAET HEKOIEPEHTHOE ONTHYECKOe u3NydyeHue. M3-3a oTHOCH-
TEJIHHO OOJBIION MIMPUHBI 3aNPEIICHHON 30HBI UCXOIHOTO MOJYIIPOBOIHUKA PEKOM-
OWHAIIMOHHBIA TOK pP-N-TIEPEX0/ia OKA3bIBAETCS OOJIBIIMM IO CPaBHEHUIO C TOKOM
WHXEKIIUHU, OCOOCHHO MPU MaJIbIX MPSAMBIX HANPSHXKEHUSX, MPOIIECC PEKOMOMHAIINY B
3TOM CITy4ae Peajn3yeTcsi B OCHOBHOM B p-N-IEPEXO/IE.

N3nydarenbHas cniocOOHOCTh CBETOAMO/1a XapaKTePU3yeTCsl:

— GHympeHHell K8AHMOBoU d¢hghekmusHocmpto (UM BHYTPEHHUM KBaHTOBBIM
BBIXOJIOM), OIPEIEIsieMON OTHOILIEHUEM YHUCJIa TeHEPUPYEMbIX (POTOHOB K YUCITY WH-
KEKTUPOBAHHBIX B AKTUBHYIO 00JaCTh HOCUTEIIEH 3aps/ia 3a OAWH U TOT e TPOMEXY-
TOK BpeMeHU. Tak Kak 4yacTb ()OTOHOB MOKHUAAET MOJIYIIPOBOJIHUK, a JIpyras 4acTh OT-
pakaeTcsi OT MOBEPXHOCTH MOJIYIPOBOJHUKA W 3aTEM MOTJIOLIAETCS 00bEMOM MOITy-
MIPOBOHMKA, TO BBOJIUTCS TIOHATHE KBAHTOBOU d()(PEKTUBHOCTH U3ITyUCHUS;

— BHeWH el K8aHMosoU 3¢hhexmusHocmvro U3TydeHHs (KBAaHTOBBIM BBIXOJIOM),
OTIpeJIeIISIEeMO OTHOIIEHUEM YHucia (POTOHOB, UCIYCKAEMBIX JTMOJOM BO BHEIIIHEE
MPOCTPAHCTBO, K YHCITY MHXKEKTUPYEMBIX HOCUTENEH uepe3 p-n-nepexos.

BHenHuil KBaHTOBBINM BBIXOJ SIBJSIETCS MHTETPAIbHBIM MOKA3aTENEM W3Ty4areib-
HOM CITOCOOHOCTH CBETOAMO/IA, KOTOPBII YUUTHIBAET 3P(PEKTUBHOCTD UHKEKLIUH, HIEKTPO-
JFOMHUHECLIEHIIMIO U BBIBOJ] U3IIyUEHHUSI BO BHEIIIHEE MPOCTPaHCTBO. C LENbIO MOBBIICHUS
3 PEKTUBHOCTH BBIBOJA M3ITyYCHHUS CBETOMMOA WCIIONB3YIOT PA3IMUHbIC KOHCTPYKIIMU

Puc. 6.1
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(cm. puc. 6.1, a, 6): omychepsl, OTpaskaroIe METALTM3UPOBAHHBIC TIOBEPXHOCTH U JPY-
TH€, Y KOTOPBIX IIPAKTUYECKHA OTCYTCTBYET IOJIHOE BHYTPEHHEE OTPAKECHUE.

OCHOBHBIMM XapaKTEPUCTUKAMHM CBETOAMONOB sBIIOTCS: BAX, spkocTHas,
cnekrpanbHas. Ha puc. 6.2, a npeacrasnensl BAX ¢BeTOaMOI0B U3 pa3HbIX MOIYNPO-
BOJHUKOBBIX MarepuayoB. Pazmuumne npsiMbix BetBeil BAX M3 pa3HbIX MOIYIPOBOJI-
HUKOBBIX MAaTE€pUAJIOB CBSI3aHO C PA3IMYHOM MIMPUHOW 3ampelieHHOW 30HbL. Yem
OosiblIe IPSIMOE MAJICHUE HAIPSDKEHUsI HA TUOJE, TEM MEHbIIE JUIMHA BOJHBI U3JTyYe-
HUS ¥ O0JIbIIE TOTEPH IEKTpUUecKoil sHeprun B HeM. OOpatHbie BeTBU BAX nmeror
OTHOCHUTEJIBHO MaJlble MPOOMBHBIE HAIIPSKEHUS, YTO OOBSICHAETCS MaJoOl TOJIIHMHON
p-n-nepexonoB. CBeToanoAbl padbOTAIOT MPEUMYIIECTBEHHO NP MPSMOM BKIIFOUEHUHU.
[Ipu pabote B cxeme ¢ OOJIBIIMMUA OOPAaTHBIMH HAMPSKEHUSIMHU TOCIEI0BATENBHO CO
CBETOIMOJIOM HEOOXOJMMO BKJIIOYATh OOBIYHBIM (HEM3ITY4arolluid) JUOJI, WMCHOIIHMA
JIOCTaTOYHOE 3HAUYEHHUE JI0IyCTUMOT0 OOPATHOTO HAPSKEHUSI.

Aprocmuasa xapakxmepucmuka — 3TO 3aBUCUMOCTb SIPKOCTH U3JIy4EHHS OT Be-
JUYHUHBI TOKA, POTEKAIOIIETO Yepe3 p-n-mepexo (puc. 6.2, 0).

CnexmpanvHas xapaxmepucmuka — 3aBUCUMOCTb MHTEHCUBHOCTU W3ITyYCHHUSI
OT JUIMHBl BOJIHBI M3Jy4a€MOI'O CBE€Ta WJIH OT SHEPIHMHM H3JIy4aeMbIX KBAHTOB
(puc. 6.2, B). [InuHa BOJIHBI U3yYEHHUS OINpPEAEIAETCS PAa3HOCTHIO JIBYX dHEpreTuye-
CKHUX YPOBHEH, MEXIYy KOTOPBIMU IIPOUCXOAHT IEPEXO] IEKTPOHOB IIPH JIFOMUHEC-
neHuuu. IloaTomy cBEeTOAMOABI HA OCHOBE IMOJIYNPOBOJHHUKOB C Pa3sHOM IIMPUHOMN
3aIpEenICHHON 30HBI UMEIOT CIIEKTPAJIBHBIE XapaKTEPUCTUKNA C MAKCUMYMOM H3JIyde-
HUS TP Pa3IMYHBIX JUIMHAX BOJIH.

I GaAs GaP SiC BT P,-'l T

v

GaAs SiC GaP 7
nop
a o B
Puc. 6.2

—
>

IHapamerpsl cBeToauonoB. Cuna céema 1, — CBETOBOH MOTOK, MIPUXOIAINN-

Csl HAa €IMHUILY TEJIECHOTO yIJia B 3aJJaHHOM HAMpPaBJICHUU, BBIPAXKACTCSA B KaHJEIax
(K1) ¥ COCTaBIISIET ACCATHIE JOJIU — AMHUIIEI MUJUIMKaH e, KaHiena ectb eMHUIa
CHJIbI CBETA, UCITYCKAEMOTO CHEIUAIBHBIM CTaHAAPTHBIM UCTOYHUKOM.

Apkocmv uznyueHus — OTHOIIEHUE CUJIBI CBETa K IUIOIIAIM CBETAIICUCS TO-
BepXHOCTH. OHA COCTaBIIAET AECATKU — COTHU KaHJEJ Ha KBAIPATHBIN CAHTUMETP.
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Ilocmosinnoe npsimoe HanpsidceHue — NAaJICHUE HANPSDKEHUS HA IHOJIE TP 3a-
JTaHHOM Toke (2...4 B).
L{gem ceeuenus WU OUHA B0/1HbL, COOTBETCTBYIOIIASI MAaKCUMAIHLHOMY CBETO-
BOMY TIOTOKY.
MakcumanoHo 0onycmumbvlit HOCMOSHHbIUL NPAMOU MOK COCTABJSET IECATKU
MUJUTHAMIIED U OMIPEACIISIET MAKCUMAJIBbHYIO SIPKOCTh U3JTYyUEHUS.
Maxcumanvnoe Oonycmumoe nOCMOSAHHOE
I]Ip i obpamHoe Hanpsoicerue (€AMHUIIBI BOJIBT).
beicTpoieicTBUE U3IIy4YarOUIEro IHOAA OIl-
penensieTcs UHEPLMOHHOCTbI0 BO3HUKHOBEHHUS U3-
JYyYEeHUS] OpH MoJadye MPSIMOYTOJIbHOTO MMITYJIbCa
npsiMoro Toka (puc. 6.3).
t Bpewmst mepeximtoucHus t

v

nep CKJIaAbIBACTCs

N3 BpPEMCHHU BKIIOUCHUA t W BBIKJIIOYCHUA

t

JIMO0JIa OIpeiessieTcs MPOLEecCoM Iepe3apsiiku Oa-

t 1 1 PBEPHOIl €MKOCTH M MpOLIECCaMU HAKOIUICHUS U

o PR, BRIMIS 7 paccachlBaHUS HEOCHOBHBIX HOCHUTENEH B AKTHB-
Puc. 6.3 HOI 00JacTH auo/Ia.

@oTONPHEMHUKH — 3TO OINTOXJIEKTPOHHBIE
npuOOpBI, IpeAHAa3HAUEHHBIE ISl IpeoOpa30BaHUs YHEPIUH ONTUYECKOIO U3JIyUYEHHUs
B 3JICKTpUUECKYI0 dHepruto. OyHKInU (OTONPUEMHUKOB MOTYT BBHIOJIHATH (hoTOpE-
3UCTOPBI, POTOANOIBI, (DOTOTPAH3UCTOPHI, (POTOTUPUCTOPHI U T. A. i moydeHus
MaKCHMaJIbHOIO peoOpa30BaHUsl ONTHUECKOIO M3JIyYECHUS B DJIEKTPUUECKUN CUTHAII
HEOOXOJMMO COTJIAaCOBBIBATh CIEKTpPajbHBIE XapaKTEPUCTUKH (PoToM3Iydarenae u
(hOTOITPUEMHHUKOB.

Pa6ota poTonpueMHNKOB OCHOBaHA HA OJHOM U3 TPEX BHUJIOB (DOTOIIEKTpUYE-
CKUX SIBICHUU: 6HympeHHeM ¢omodggexme — U3MEHEHUU DIIEKTPOIPOBOJIHOCTU
BEIIECTBA MIPU €r0 OCBEUICHUU; 8HeuHeM Gomoaghghekme — NCITyCKAaHUH BEUIECTBOM
AJIEKTPOHOB M0/ IEHCTBUEM CBETA (MCIIOJIBb3YETCS B BAKYYMHBIX U Fa30HANOIHEHHBIX
doTosnemenTax); gomoagpgexme 6 3anuparowem cioe — BosuukHoBeHnn JJIC Ha
TpaHUIIE IBYX MaTEePHAJIOB MOJ ICHCTBUEM CBETA.

@oTOpe3uCTOPOM HA3BIBAIOT MOIYIIPOBOTHUKOBBIA (HOTOIIEKTPUIECKUIN MPHU-
60p ¢ BHyTpeHHUM (HOTO3((PEKTOM, B KOTOPOM HCIIONIB3YETCS SBICHUE (POTOMPOBO-
JUMOCTH, T. €. U3MEHEHHUE AJIEKTPUUYECKOW MPOBOJUMOCTU MOJYNPOBOJHUKA IOA
JEHCTBHEM ONTHYECKOTO U3ITyUEHUSI.

dotopesucTop 067agaE€T HAYAIBHOM MPOBOJUMOCTBIO Gy, KOTOPYIO HA3bIBAIOT

BKII

serr M3y4eHHs. THEpLMOHHOCTD M3IIy4arouiero

1
I
I
I
1
I
]
I
I
1
1
I
I
1
I

—+ W

TeMHOBOH G = q(ngl, +Poky), TAC q— 3apsif MIEKTPOHA; N, P — KOHICHTPALH
NOJBIKHBIX HOCHUTEINIEH 3apsia B IOJYNPOBOJHHKE B PAaBHOBECHOM COCTOSIHUM; L,
Hp — MOIBHIKHOCTE SICKTPOHOB H [IBIPOK COOTBETCTBEHHO. [lox AeficTBHEeM CBeTa B I10-

JIYOPOBOAHUKC I'CHCPUPYIOTCA M30BITOYHEIC IMOABHUIKHBIC HOCUTCIIN 3apsi/id, KOHICHTpA-
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111 KOTOPBIX YBEJIMYMBAETCS HA BEIMUMHY An U Ap, a MPOBOAMMOCTb MOJTYPOBOJHHUKA
M3MCHSICTCS Ha BEMMYHHY O = (M, An + Ly Ap), Ha3bIBaeMyIO (POTOIPOBOAUMOCTBIO.

[Ipu n3MeHeHUH SIPKOCTU OCBEIICHUSI U3MEHSETCSl (POTOMPOBOAUMOCTh MOTYIPOBOIHU-
Ka. YBEJIMYEHUE MPOBOAUMOCTH TMOIYIIPOBOJHUKA MPU OCBEUIEHUH (DOTOpe3ncTopa
MIPUBOJIUT K BO3PACTAHHUIO TOKA B IENH. Pa3HOCTh TOKOB NPH HAJIMYUHU U OTCYTCTBUHU
OCBEIICHHS Ha3bIBAIOT CBETOBBIM TOKOM, WJIK ()OTOTOKOM.

XapakrepucTuku U napamerpsl ¢goropesucropa. BAX mnpencraBiser co-

0oit 3aBUCHMOCTD TOKA I, uepe3 poTopesrcTop oT HanpsbkeHus U, IPUITIOKEHHOTO K
€ro BBIBOJAM, MPU HEM3MEHHOW BEJIMYMHE CBETOBOrO MoToka (puc. 6.4, a). B pado-
yeM nuana3zoHe HanpspkeHui BAX (hoTope3ancTopoB npu pa3iMyuHbIX 3HAUEHUSX CBE-
TOBOTO TIOTOKA MPAKTUYECKH JIMHEWHBI (JIMHEHHBI B Mpeenax JOMyCTUMOMN I HUX
MOIIIHOCTH PACCESIHU).

Onepeemuyeckas (CBETOBas WM JIIOKC-aMIIEPHAs) XapaKTEPUCTUKA MpEICTaB-
JsieT co00i 3aBUCUMOCTh (DOTOTOKA OT MAJAIONIEr0 CBETOBOTO MOTOKA MPHU MOCTOSH-
HOM HanpsbkeHuu Ha doTtopesuctope (puc. 6.4, 0).

Cnexmpanvnas xapakmepucmuka ¢omope3ucmopa — 3aBUCUMOCTb 4yBCTBH-
TEJILHOCTU OT JJIMHBI BOJIHBI AJAI0IIET0 CBETOBOr0 MOTOKA (puc. 6.4, B).
I M I M S N

¢

CdS CdS CdTe

U ® A
a 3] B
Puc. 6.4

[Tapamerpamu poTopesncTopa SABISIOTCA:
— memHOo80e COnpomueieHue — COpOTUBIICHUE (HOTOPE3UCTOPA MPU OTCYTCTBUH
ocenienusa. Ono u3mepsercs yepe3 30 ¢ mocie 3aTeMHeHust (poTopesucropa, mpesBa-
4
PUTENBHO HAXOASIIErocs o ocBemieHHOCThIO 200 ik, u coctasiusier 10 ...107 Om;

— yaeﬂbHa}l UHmezpajlbHAA 4yecmeumelbHocnitb — OTHOLICHHC (1)OTOTOKEI K
IMPOU3BCACHHUIO CBCTOBOI'O IIOTOKA Ha IIPHUIIOKCHHOC HAIIPAKCHHUC!

YUyBCTBUTEIHLHOCTD HA3bIBAIOT UHTETPATILHOM, TOTOMY YTO €€ U3MEPSIIOT MPH OC-
BEIICHUN (HOTOPE3UCTOPA CBETOM CIIOKHOTO CIIEKTPAILHOTO COCTaBa MPU OCBEIIECHHO-
ctu 200 5ik. OHa JIeKUT B IpeJIeiax OT AECATHIX JOJEH 10 COTEH MUJUTMAMIIED Ha BOJIBT;

— epaHu4Has yacmoma frp — 3TO YacTOTa CUHYCOWJAJIbHOTO CUTHAJIA, MOMY-

JUPYIOLIET0 CBETOBOM MOTOK, NPH KOTOPOM YYBCTBUTEIBHOCTH (POTOpE3HCTOpa
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YMCHBIIACTCS B \/5 pas3 1o CpaBHCHUIO C YYBCTBUTCIIbHOCTBIO IIPU HCMOAYJIMPOBAH-
soM notoke fy, =10°...10°I';

— memnepamypuwiii Koagpuyuenm omomora — KOIPPUITUEHT, TOKAZBIBAIOIINN
u3MeHeHue (POTOTOKA NP U3MEHEHUH TEMITEPATYPhI M TIOCTOSTHHOM CBETOBOM ITOTOKE:

o ———T; @ =const; o = —10_3...10_4rpazlyc_1.

DoTOAMO0M HA3BIBAIOT MOJYMPOBOAHUKOBBIA (POTOIIEKTPUUCCKHIA MPHOOP,
B KOTOPOM HCHOJB3yeTCsl BHyTpeHHUH (HoTorddekt. YerpoicTBo GhoToanoaa aHaio-
TMYHO YCTPOMCTBY OOBIYHOTO IUIOCKOCTHOTO auoAa. OTIWYHE COCTOUT B TOM, UYTO
ero p-n-nepexoji 0JHOM CTOPOHON oOpallleH K CTEKISIHHOMY OKHY B KOpITyce, Yepes
KOTOPOE MOCTYIAET CBET, U 3aIIMIIEH OT BO3JCHCTBHS CBETA C APYTOil CTOPOHHBI.

®oTomroabI MOTYT pabOTaTh B OJHOM U3 JIBYX PEKUMOB: 8eHMUIbHOM, (hOMO-
2eHepamopHoOM, Ul pomoeanbeanuyeckom, — 03 BHEUTHETO UCTOUYHUKA AJIEKTpUYe-
CKOW DHEPTUH; POomOOUOOHOM, UIU hOMONPeobpa308amesibHOM, pexcume — C BHEII-
HUM HCTOYHHMKOM 3JIEKTPUUYECKOMN SHEPTUu.

Cxema BkIIOYeHHs] (OTOAMOJA B BEHTUJIBHOM pEXHME TpEACTaBlIeHA Ha
puc. 6.5. Ilpu OTCYyTCTBHM CBETOBOTO MOTOKAa HA TPAHMIIE P-N-TIEpeXoja CO3qacTCs
KOHTAaKTHas Pa3HOCTh MOTEHIMAIOB. Yepe3 mepexoa HaBcTpedy Apyr APYry IpoTe-

KaroT J1Ba Toka I madp U I np > KOTOpbIE YPaBHOBEIIMBAIOT JIPYT JpYyTa. IIpu ocBelenuun

p-n-niepexoza (OTOHBI, MPOXOJsS B TOJILY IOJYNPOBOJHUKA, COOOLIAIOT YacTH Ba-
JIEHTHBIX 3JIEKTPOHOB 3HEPIHIO, JOCTATOYHYIO JIJISl IEPEX0/ia UX B 30HY MPOBOJIUMO-
CTH, T. €. 32 CUET BHYTPEHHEro (poTo3(pdexTa reHepupyroTcs: JOMOIHUTEIbHBIE APl
ANEKTPOH-AbIpKaA. [lox nercTBUEM KOHTAKTHOM Pa3HOCTH IOTEHIIMAIOB HEOCHOBHBIE
HOCHUTEJIH 3apsiia n-00J1acTH (ABIPKH) MEPEXOAAT B p-00J1acTh, & HEOCHOBHBIE HOCH-
TeM 3apsiga p-o0JacTu (JMEKTPOHBI) — B N-00sacTh. peioBblii TOK MOTyYaeT 10-
MOJIHUTEIBHOS IpHUpalieHne, HasbiBaeMoe (poToTokoMm I . Jlpeiid) HEOCHOBHBIX HO-

cuTesed MPUBOJIUT K HAKOIUICHUIO M30BITOYHBIX JIBIPOK B

7 N p-o0acTH, a 3JIEKTPOHOB — B N-00J1aCTU. ITO MPUBOAUT K
l [:I B CO3/IaHUI0 Ha 3axumax (oroauona mMpu PazoOMKHYTOU
H

BHEIIIHEH 1IN Pa3HOCTH MOTEHIIMAJIOB, Ha3bIBaeMOu (¢o-
103 /1C. ®oTonuonasi, paboTarmmue B pexume (HoToreHe-
paropa, UCHOJIb3YIOTCSl B KAU€CTBE UCTOUHUKOB HaIlpsiKe-

Puc. 6.5 HUS, IPE0OPa3yIOIINX YHEPTUIO COJIHEYHOTO U3IYy4YEHUs B
ANEKTPUIECKYIO.
\>‘ /T\l B doromunonnom, miau ¢oronpeodpazoBaTeIbHOM,
SZ VD Ry pexnme paboThl MOCIEIOBATENBHO ¢ (POTOAMOIOM BKIIIO-
. YaeTCs BHENTHUN UCTOYHUK YHEPTHH, CMEIIAIOIINHA U0 B
o o oOpatHOM HampasieHuu (puc. 6.6). IIpu orcyrcTBUmM cBe-
U TOBOTO IIOTOKA IOJ JEHCTBHEM OOpATHOTO HAIPSIKEHUS
Puc. 6.6
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yepe3 (OTOANO/ NPOTEKAET OOBIYHBIN HayallbHBI 00paTHOM TOK 1), KOTOPBIH Ha3bI-

BalOT TEMHOBBIM. TEMHOBOI TOK OTpaHMYMBACT MUHUMAJILHOE 3HAUYEHUE CBETOBOTO
notoka. [Ipu ocBemennn (poTonnoma KBaHTHI CBETa BHIOMBAIOT SJIEKTPOHBI U3 Ba-
JICHTHBIX CBSI3€M TMOJIYITPOBOJHUKA. YBETUYHBACTCS MOTOK HEOCHOBHBIX HOCHUTENEH
3apsiga yepe3 p-n-nepexo. Uem Oosbiiie CBETOBOM MOTOK, Majaronuii Ha (OTOINO M,
TEM BbIIIIE KOHIIEHTPALIMsI HEOCHOBHBIX HOCUTENEH 3apsiaa BOIM3U 00€THEHHOTO CIIOs
U TeM OonbImuii (POTOTOK, OMpenesieMblii HAMPSHKEHUEM BHEITHETO MCTOYHUKA U
CBETOBBIM MOTOKOM, IPOTEKAET Yepe3 JUO/I.

@OTOANOAHBIN PEXKUM  XAPAKTEPU3YETCSI BBICOKOW YYBCTBUTEIBHOCTBHIO,
OONBIINM JTMHAMUYECKUM JHAMa30HOM MPeoOpa3oBaHUsA ONTUYECKOTO H3IYUYCHHUS,
BBICOKMM OBICTpOJIeHiCTBHEM (OapbepHast eMKOCTh p-n-liepexojia yMeHbiaercs). He-
JIOCTaTKOM (POTOAMOAHOTO PEKMMa pabOTHI SIBISIETCA 3aBUCHMOCTh TEMHOBOTO TOKA
(oOpaTHOTO TOKa p-n-mepexojia) OT TeMIepaTyphl.

Ecmu x HeocBemeHHOMY (POTOMOY TMOAKIIOUNTh UCTOYHUK HATIPSDKEHUS, 3HA-
YEHHE M TMOJIIPHOCTh KOTOPOTO MOYKHO W3MEHSTh, TO CHsThIE Mpu 3ToM BAX OyayT
UMETh TAKOH K€ BUJI, KaK Y OOBIYHOTO MOIYIPOBOIHUKOBOTO Auoza (puc. 6.7). ITpu oc-
BeleHnr (OTOAMO/IA CYIIECTBEHHO M3MEHSETCS JIMIh oOpaTHas BeTBb BAX, mpsMble
K€ BETBU MpakTHuecku coBnanarot. B kBagpante I potoamosn padoraer B dporommo-
HOM peXuMe, a B kBajpaHte [V — B (DOTOBEHTHIILHOM pEXUME, T. €. (POTOANO CTaHO-
BUTCS] ICTOYHUKOM 3JIeKTpHuecKoil sueprun. KBaapanr I — ato Hepabouast o6macthb st
¢doToaroaa, B 3TOM KBaJIpaHTe P-N-NIEPEX0] CMEIIEH B MIPSIMOM HaIpPaBICHHUH.

14 [TapameTpamu GOTOINOIOB SABIISIFOTCS:

— TemHogou mok |, — HavalbHBIA OOpaTHBIA TOK,
[1 [ IPOTEKAIOIIUN 4Yepe3 OUOJ IIPU OTCYTCTBUU BHEIIHETO
Usep _ cmemieHns u ceroBoro msmydenns (10...20 MxA s

" D=0 / U’ repMaHueBBIX U 1...2 MKA 1JIs1 KDEMHHUEBBIX IUOJIOB);
D, — pabouee nanpsdicenue U, — HOMHHAIBHOC Ha-
©, I i v npspKeHHue, MpuKiIaabiBaeMoe K (GoToauoay B (GOTOIUO-

v oop Hom pexxume U, =10...30 B;
Puc. 6.7

— UHmMezpalbHAsA Y4)YyeCmEUmelbHoCnlb SI/IHT’ IIOKa-

3bIBArONIasag, Kak U3MCHSICTCA (1)OTOTOK Ipu CAMHUYHOM U3MCHCHHH CBCTOBOI'O IIOTOKA:
SHHT = dI(b /dq) ;

— epanuynas wacmoma f, nexur B (uanasone f, = 10°...10" TIu.

@oTOTPAH3UCTOPOM HA3BIBAIOT TOTYNPOBOTHUKOBBIA yIPABISEMBIA ONITHYE-
CKUM H3JIy4eHUEM TIPUOOP C IBYMs B3aUMOICUCTBYIOIIMMH P-N-TIEPEXO0JIAMHU.

@DOTOTPaH3UCTOPBI, KaK W OOBIMHBIC TPAH3UCTOPHI, MOTYT HMETh p-N-p- H
N-p-n-cTpykTypy. KOHCTPYKTHBHO (POTOTPAH3UCTOP BBHIMIOJIHEH TaK, YTO CBETOBOM MOTOK
oOrydaet obnacTh 6a3bl. HanbonbIiee npakTiueckoe MpUMEHEHHE HaILIo BKIIIOUeHHE Go-
ToTpaHzucTopa B cxeme ¢ OO, mpu 3TOM Harpyska BKITIOYAeTCsl B KOJUICKTOPHYIO IIETIb.
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BxomubM curHanoM (hOTOTpaH3UCTOpa SIBISIETCS MOAYJIMPOBAHHBIM CBETOBOW TOTOK, a
BBIXOZIHBIM — M3MEHEHHUE HAIIPSHKEHUS Ha PE3UCTOPE HArpy3KH B KOJUIEKTOPHOM LIETIH.

Hampsixkenue nuranust Ha GOTOTPAH3UCTOP TMOAAIOT, KaKk ¥ Ha oObuHbIN BT,
paboTaroluii B aKTUBHOM PEKHUME, T. €. SMHUTTEPHBII MEepPeXo]l CMEIIEH B MPSIMOM
HaIpaBJIeHUH, a KOJUIEKTOPHBIN — B 0OpaTtHOM (puc. 6.8, a). OgHako oH MOXkeT pabo-
TaTh U C OTKJIIOYEHHBIM BBIBOJIOM 0a3bl (pHC. 6.8, 0), a HanpsHKEHUE MPUKIIAAbIBACTCA
MEXAY SMUTTEPOM M KOJUIEKTOPOM. Takoe BKIIFOUEHHME HA3bIBACTCS BKIKOYEHUEM C
IUIaBaromiel 0a3o0il M XapakTepHO TOJBKO Uit GoToTpaH3ucTopoB. Ilpu sTom ¢oro-
TPAH3UCTOP pabOTaeT B AKTUBHOM PEXHUME OJIM3KO K rpanuue orceuku. Ilpu @ =0
TOK OYE€Hb MAJI U PABEH TEMHOBOMY TOKY:

I = IKO/(l —OL).

BAX aHanorn4Hsl BBIXOJHBIM XapaKTepUCTUKaM bT, BKIIOYEHHOrO MO cxeme
c 0D, rae mapamMeTpoM SIBISIETCS HE TOK 0a3bl, a CBETOBOM MOTOK, UM (POTOTOK, U
I =const (puc. 6.8, B). DHepreTuuecKkue U CHEKTPAJIbHBIE XAPAKTEPUCTUKH TaKHe

Ke, Kak y hoToauoa.

+ + I A
RKUHI'[ RKUHH
N\ N To
Ry N vt N Ayt
(o 0 - - >
- Uks
a 3] B
Puc. 6.8

OcHOBHBIMM MapaMeTpaMu (POTOTPAH3UCTOPA SABISIOTCS:

— pabouee nanpsncernue (10...15 B);

— memHOo680U MoK (10 COTEH MUKPOAMIIED);

— pabouuti mox (10 J1eCATKOB MUJIJTUAMIIED);

— MAKCUMATILHO OONYCMUMAsL MOWHOCMb paccesanus (10 JeCATKOB BaTT);

— cmamuyeckuti Kodppuyuenm ycunenus pomomora Kyq = (1+hjys ), KOTO-

pBIil U3MepsieTcsl Kak OTHOLIEHHE (OTOTOKA KOJIEKTOpa TPAaH3UCTOpa C IUIABAIOIICH
0a30i1 kK POTOTOKY KOJUIEKTOPHOTO TIEpPeXoa MPU OTKIIOUYCHHOM IMHUTTEPE U MOCTO-
SIHHOM CBETOBOM TIOTOKE H JIGKHT B JHAIa30He 3Hadenuii (1...6)- 102;

— UHMe2PalbHAs Y)Y8CMBEUMEIbHOCMb — OTHOIIICHHE (POTOTOKA K TMajarouemMy
CBETOBOMY MOTOKY, coctaBiser 0,2...2 A/aM, 4To B (1 + h219) pa3 BBIIIIE 110 CpaBHE-

HUIO C YYBCTBUTEIBHOCTHIO SKBUBAJICHTHOTO TMOJA.
OnTonapa — ONTORIEKTPOHHBIN TOIYITPOBOJIHUKOBBIA MPHUOOP, COAEPIKAIIHIA
VCTOYHUK U IIPUEMHUK ONTHYECKOIO U3JIYyUYECHUs, ONITUYECKU U KOHCTPYKTUBHO CBSA3aH-
HbIE MEXy COOOM, M MpEeIHA3HAYECHHBIM ISl BHITOJHEHUS Pa3iMYHbIX (YHKIIMOHAIIb-
HBIX NPE0Opa30BaHUN AMEKTPUUECKUX U ONITUYECKUX CUTHAJIOB. B MHTErpabHbIX ONTO-

57



AIIEKTPOHHBIX CXEMaX MCTOYHUKOM ONTHUYECKOTO M3ITyUYCHUsI SBISCTCS MHXKEKIIMOHHBIN
CBETOAMO/, 00eCIeurBaroIInii BhICOKOE ObICTpojieiicTBue onTonapbl. DoTonpueMHu-
KaMH MOTYT ObITh (hOTOpE3UCTOPHI, (POTOAMOBI, (HDOTOTPAHZUCTOPHI, (DOTOTUPUCTOPHI.
Couetanre B OJJHOM KOHCTPYKTHBHOM JJIEMEHTE CBETOJIMOJIA C OJHUM M3 ITHX (OTO-
MIPUEMHUKOB TO3BOJIUJIO CO3/IaTh Psijl ONTOMNAp C PA3IMYHBIMU XapaKTEPUCTUKAMU: pe-
3UCTOPHBIX, AWOAHBIX, TPAH3UCTOPHBIX, THPUCTOPHBIX, YI'O KOTOPBIX MpEICTaBICHBI
Ha puc. 6.9, a, 0, B, T COOTBETCTBEHHO.

@z: @z:zs) @z: @z:&z)
c : o ° P€I’/IC. 6‘.:9 ’ o ' B

[TpuHIIMTT MEHCTBHSI ONTOMAP OCHOBAH HA JBOMHOM MPeoOpa30BaHUU DHEPTHUU.
B ucrounukax u3nmydeHus: SHEPTUs JIEKTPUUECKOr0 CUTHAIA MPeoOpa3yeTcss B ONTHU-
YeCKOe W3Iy4YeHHE, a B (POTONMPUEMHUKAX ONTHUYCCKUU CHUTHAJ TpeoOpa3yeTcss B
ANEKTPUYECKUN curHan (TOK WM HampsbkeHue). Onromapa MpeacTaBisieT co0oi
pUOOP € IECKTPUUESCKUMU BXOJTHBIMU U BBIXOJHBIMHU CUTHAJIAMHU.

Pezucmopnuvie onmonapwvl Haubosee yHUBepcalbHbl. MOTYT UCIIONIB30BATHCS B
AHAJIOTOBBIX M KJIIOYEBBIX YCTPOMCTBAX, UMEIOT IIUPOKUN TMANIA30H U3MEHEHUS CO-
MPOTUBJICHUS (JECATKH — COTHM METaOM B HEOCBEIIEHHOM M COTHU OM B OCBEIICH-
HOM COCTOSIHUSIX ), HU3KUI YaCTOTHBIN JUAIa30H.

Jluoonvle onmonapsi UCTIONB3YIOTCS B KaUECTBE KJIIOYa U MOTYT KOMMYTHPO-

Batb Tok ¢ wacroroil 10°...107 ['m. TemHOBOE CONPOTUBJIEHHUE JOCTUTACT
10%...10'° OM, a npu OCBEIIEHUU CHUXKAETCS 10 COTEH OM. CONPOTUBIEHNE MEKIY

BXOJHOU U BBIXOJHOM HEIISIMHA 10 ...10" Om.
Tpanzucmoprvie onmonapsl UMEIOT OOJIBIITYI0 YYBCTBUTEIBLHOCTD, YEM JIHO/I-

Hble. beicTpoaeiicTBue He npesbimaer 10™ I'.

TupucmopHvie onmonapsi TPUMEHSIIOTCS B KIIFOYEBBIX pexkuMax s GopMu-
POBAaHUSA U KOMMYTAllMA MOIIHBIX UMITYJIbCOB.

Hawnbonee pacrpocTpaHeHHBbIE Ha MPAKTUKE ONTOIMAPHl MOXXHO OIHUCATh, HMC-
MOJIB3Ysl CIICAYIOIIME IMapaMeTphl: BXOJHBIC MapameTphl (mapaMeTphl W3JIydaTess),
BBIXOJIHBIC TIApaMeTphbl (MapaMeTphl (POTOMPUEMHUKA), MEPEAATOYHBIC MapaMeTPhI
(mapameTpsl Iepeiauy CUurHaja ¢ BXojAa Ha BBIXOT), TapaMeTPhbl H30IAINH.

OCHOBHBIMH MapaMEeTPaMU JIJI1 BXOJHOM IIENH ONTOoNnap sBJISIIOTCS:

— HOMUHAIbHBLU 6XOOHOU MOK 15y 1o\ — 3HAYEHUE TOKA, PEKOMEHIyeMOe ISl Oll-

TUMAaJIbLHOMN OKCINTyaTallu OITOIIAPhI, a TAKKC MJIA CHATUA €€ OCHOBHbBIX ITaApaMETPOB,
— 8X00HOE Hanp:soiceHue UBX — NAaJAICHUC HAIIPSKCHUA Ha U3JIYUATCIIbHOM JIHO-

A€ IIpU IPOTCKAHNH HOMHUHAJIBHOI'O BXOAHOI'O TOKA IBX HOM »
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— BXOOHASI eMKOCMb CBX — EMKOCTb MCKAY BXOAHBIMH BBIBOAAMHU OIITOIIAPEI B

HOMHWHAJIbBHOM PCIKHUMC,

— MAKCUMAIbHbIU 8X00HOoU mok | — MaKCUMAaJILHOE 3HAUYEHUE ITOCTOSH-

BX max

HOT'O IPSMOT'0 TOKA, IPX KOTOPOM COXpaHsieTcs paboTOCIIOCOOHOCTh ONTONAPHI;
— obpamnoe 6xo0Hoe nanpsadxcenue Uy, o, — MAKCHUMAIIbHOE 3HAYCHUE 00paT-

HOTO HampsDKEHUs JI000U (opMbl (IMIOCTOSTHHOE, UMITYJIBCHOE, CHHYCOUIAIBHOE H
Jp.), KOTOPOE JIUTEIHHO BBIAEPKUBACT U3TyUYaTEIbHBIA MU0 0€3 HApyIIeHUs] HOP-
MaJIbHOW PadOTHI.

BBIXOIHBIMEU TTapaMeTpaMu ONTOTAPHI SBJISIOTCS

— MAKCUMAHO Oonycmumoe o0pamHoe bixoonoe Hanpsiicerue Uy 060 max —

MaKCHMaJbHOE 3HAYEHHE OOPAaTHOTO HaIpsDKEHHUs J1I000H (opMbl, KOTOpOE BbIIEP-
*KuBaeT (HOTONPUEMHHK 0€3 HapyILIEHUsI HOPMAJIbHON PabOThI

— MAKCUMATbHO OONYCIUMbIL 66IXOOHOU MOK 1y 1y 1o\ — MaKCHMAIbHOE 3HAUEHUE

TOKa, MPOTEKAOIIIETr0 Yepe3 POTOMPUEMHHK BO BKIIFOUYEHHOM COCTOSTHUM OITOIApHI;
— MoK ymeuKku Ha bixode (TEMHOBOM TOK) |, — TOK Ha BBIXOJE ONTONaphl IpU

I« =0, 3aganHOM 3HaueHuu u nossipHoctd Uy, o ;
— 8bIXOOHOE ocmamoyHoe HanpsiceHue (HanpsbkeHne HacbieHust) U ., — 3HaueHue

HaIpsDKEHYS Ha BKIIFOYEHHOM (hOTOPE3UCTOPE WM (POTOTUPUCTOPE B PEKUME HACBIIIICHNS,
— 6bix00Has emkocme Cg,, — €MKOCTh Ha 3aKHMax (POTONPHUEMHHUKA.

Db dexTuBHOCT TIepeaun SJICKTPUUSCKUX CHTHAIOB CO BXOJAA Ha BBIXOJ OIl-
TPOHA OIpeAENAeTCs Kodppuyuenmom nepedaqu no moxky K;, T. €. OTHOIIEHHEM TO-

Ka Ha BbIXOJE OonTpoHa I K BBI3BAaBILIEMY €TI0 BXOJHOMY TOKYy I, : misa cratudye-

BbIX
ckoro pexnma K; =1, /I, ; ans nusamugeckoro peskuma K = dl,, . /dl,, .

3aBucumocts I, . =f (IBX) Ha3bIBAETCA IEPENATOYHON XApAKTEPUCTUKOU U
MMEET HEJIMHENHBIA XapaKTep.

6.2. ITopsa0K BBITIOTHEHUS PAOOTHI

1. Tun uccnegyemoil onronapsl NIPUBEICH B KapTouke 3adaHus. Mcnonb3ys
MACTIOPTHBIE JTaHHBIE MPUOOPA, OMPEICTUTh 00JIACTh JOMYCTUMBIX PEKUMOB PAOOTHI
dboTousnyyarens U QOTONPUEMHHUKA, BXOJSAIIUX B COCTaB omTonapsl. BHuMaHue!
Jlisi mpeaoTBpalieHusl 3JIeKTPUYECKOro MOBPekKICHUST NpuOopa H3MepeHus
NPOBOAUTH TOJBKO B 00JIACTH JOIYCTUMBIX PE:KUMOB PadOThI.

2. Cobpatp cxemy ansi uccienoBanuss BAX mpemiokeHHON onromapsl, HU30-
OpaxxeHHYI0 Ha puc. 6.10, a 111 TUOTHO-PE3UCTOPHOM, Ha puc. 6.10, 6 — musa auoj-
HOM, Ha puc. 6.10, B — 17151 TUOIHO-TPAH3UCTOPHOM.

3. ViccnenoBats BAX m3nmyuatens (ceerommona) 1, = (U, ).

4. UccnenoBath cemelictBO BAX mnpueMHUKA ONTUYECKOTO U3IYyYEHUs
=f (UBLIX ), npu I, = const.

5. UccnenoBath  CeMEHCTBO  MEPENATOYHBIX  XapaKTEPUCTUK  ONTOMAapbl
Lix f(UBX) npu U gy = const.

I

BbIX
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6.3. Coaep:xaHue oTyeTa

1. Ilenb paGoTHI.

2. [lacnopTHBIE AaHHBIE HCCIEA0BaHHBIX TPUOOPOB.

3. [IppHIMnManpHas cxema yCTaHOBKH s uccienoBanus BAX onronapst.
4. Pe3ynbTaThl SKCIIEPUMEHTAIIBHBIX UCCIIEI0BAaHUH B BU/IE TaOIUI U TPpaMKOB.
5. BeiBObI.

6.4. KOHTpOJIbHBIE BOIIPOCHI

1. [IpuHUMI AEACTBUA MOIYIPOBOIHUKOBBIX U3Ty4aTeIbHbIX IPUOOPOB.

2. XapaKTepUCTUKH U ITapaMeTPbl CBETOAUOA.

3. Ha xakux (pOTOIIEKTpUUYECKUX SIBJICHHUSIX OCHOBaHa padboTa (HOTOMPHEMHHU-
KOB: (hoTOpe3ucTopa, poroanoaa, GoToTpaHucropa?

4. [lpuHuun neicTBUS, XapaKTEPUCTUKU U MapaMeTpbl POTONPUEMHUKOB: (Ho-
TOPE3UCTOPOB, GOTOINOAOB, (POTOTPAH3UCTOPOB.

5. IlpuHumn aercTBUs onronap, pa3HOBUAHOCTH ONTONAP.

6. [TapameTpsl onTonap.
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7. JABOPATOPHAA PABOTA.
HCCJIIEJOBAHHUE THPHUCTOPOB

Lenv pabomol:

1. U3yunTh yCTpPOWCTBO, NPUHUMII IECUCTBUS, MAPAMETPHI, XapPaKTEPUCTHUKH,
CUCTEMY 0003HAYEHHI 1 00JIaCTH MPUMEHEHUS TUPUCTOPOB.
2. DKCEPUMEHTAIIBHO HccaenoBath BAX u mapameTpsl THPUCTOPOB.

7.1. KpaTkue TeopeTudeCcKre CBeICHUS

Tupucrop — MoayNnpoBOAHUKOBBIM MPUOOP C ABYMsSI YCTOMYUBBIMU COCTOS-
HUSIMU, UMEIOUIUI TpU WM OoJiee Mmepexo/ia, KOTOPbIA MOXKET MEePEeKI0YaThCs U3 3a-
KPBITOT'O COCTOSIHUSI B OTKPBITOE U HA00OPOT.

3aKpbITOE COCTOSIHUE TUPHUCTOPA — COCTOSIHUE THPUCTOPA, COOTBETCTBYIOIIEE
y4yacTKy npsiMoil BeTBH BAX Mexy HyJIEBOW TOYKONM M TOYKOW MEPEKIIOUYECHUSI.
B 5TOM COCTOSAHMM TUPUCTOP MMEET BBICOKOE COIPOTUBIICHUE, U Y€pe3 HETO IpOTe-
KAeT MaJIbId TOK.

OTKpBITOE COCTOSTHUE TUPUCTOPA — COCTOSIHUE THUPHUCTOPA, COOTBETCTBYIOILIEE
HU3KOBOJBTHOMY M HH3KOOMHOMY ydacTKy IpsiMor BetBu BAX. B oTkpeiTOM cO-
CTOSIHUM THUPUCTOpP OOJAJA€T HU3KUM CONPOTUBIECHUEM, M YEpe3 HEro MpOTEeKaeT
OOJIBIION TOK.

CymecTByIOT HECKOIBKO PAa3HOBHUIHOCTEW TUPUCTOPOB, CPEAN KOTOPBIX HaH-
0oJiee pacrpoCTpaHEHHBIMU SIBIISIIOTCS CIIETYIOLIHE.

Juonnbiit THpUCTOP (AMHUCTOP) — TUPUCTOP, UMEIOIIMIA IBa BHIBO/A: OT aHO/I-
HOU M KaTOJIHOM 00JIacTeH MOJyIPOBOAHUKOBON CTPYKTYPHI.

Tpuoansiii TUpHUCTOP (TPUHHUCTOP) — TUPUCTOP, MMEIOUIUMN J1BAa BHIBOJA OT
aHOJIHOM W KaTOJHOM 00JacTel MOYNPOBOJIHUKOBOM CTPYKTYPBI U OJUH BBIBOJ OT
YIIPABJISIIOLLECH.

CUMMETpUYHBIN TUOAHBIA TUPUCTOP (AMAK) — TUOJHBIA TUPUCTOP, CIIOCOOHBIN
NEPEKITIYATHCS KaK B IPSIMOM, TaK U B OOpaTHOM HAaIpaBJICHUSX.

CHMMETpUYHBIN TPUOAHBIA THPUCTOP (TpUAK) — TPUOAHBIA TUPUCTOP, KOTO-
PBIM IIpU MOJAa4Ye CUTHAJIA HAa €r0 YHPABJIAIOIIMKU AIEKTPOJ BKIKOYAETCS KAK B Ips-
MOM, TaK U B OOpaTHOM HAaINpaBIICHUSX.

Ha puc. 7.1, a, 6 nmoka3zaHa MOJYyNPOBOJHUKOBAS CTPYKTypa AUHUCTOpA IpPH
BKJIFOUEHHH B CXEMY JUIsl CHATHUSI 0OpaTHOM U npsiMoit BeTBeil BAX cOOTBETCTBEHHO.
CtpykTypa AMHUCTOpAa MUMEET YEThIPE MOIYNPOBOJHUKOBBIE 00JIACTU C UYepeAylo-
IIUMCSI TUIIOM 3JIEKTPUYECKOW MPOBOJUMOCTH, BOJHM3U TPAHUIl MEXAY KOTOPBIMU
BO3HUKAIOT TPH 3JIEKTPOHHO-ABIPOYHBIX mepexona. BAX nuHucTOpa moka3aHa Ha
puc. 7.2.

Buemnmne pj- u ny-o0mactu CTPyKTYphl, UMeEOIKe 0ojiee BHICOKYIO KOHIICH-

TPALMIO IPUMECH, HA3bIBAIOTCS SMUTTEPAMU, a CPETHUE Ni- U P-00JaCTH CO 3HAYU-
TEJIbHO MEHBIIEH KOHUEHTpaluel mnpuMecu — Oazamu. BHelHHE 3IEKTPOHHO-
JIBIPOYHBIE TEPEXOAbl JUHUCTOPA HA3BIBAIOTCSA YMUTTEPHBIMHU, 4 BHYTPEHHHU Iepe-
X0l — KOJUIEKTOPHBIM. KpoMe TOro, AMHUCTOp MMEET BA OMHUYECKHX KOHTAKTa Me-
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TaJUI — IMOJIYIPOBOAHUK C OMUTTCPAMU. BHGKTpOI[ AUHHUCTOPA, HO,HKHIO‘ICHHBIﬁ K p-
OMUTTCPY, ABJIACTCA aHOAOM, a K N-OMUTTCPY — KATOIOM.
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Puc. 7.1

ITpy nmonave Ha aHOIHBIN BBIBOJ, AMHUCTOPA OTPHLIATEILHOIO OTHOCUTENIBHO Ka-
Toza HanpsokeHns (Uppos <Up <0) SMUTTEpHBIC [EPEXO/IBI CMEIIAIOTCS B 00paTHOM

HAIIPABJICHNH, KOJUIEKTOPHBIA — B IpssMOoM. BAX nuHuCTOpa B 3TOM peXUME ABIIACTCS
XapaKTEpUCTUKOM JBYX IIOCIEAOBATENBHO COEAMHEHHBIX OSMUTTEPHBIX IIEPEXOJOB,
CMEILEHHBIX B 00paTHOM HampasieHuu (cm. puc. 7.1, a). Tok, npoTekaromui yepe3 au-

M

IA

L |

npod I“PK
]

Puc. 7.2

HUCTOP, HEBEJIMK U OINPEACIIIECTCS MPOLECCaAMU
SKCTPAKIMM M TEPMOTECHEpPAlMi HEOCHOBHBIX
HOCHUTEJIEW 3apsoB B ATHX Tnepexopax. I[lpu
JTOCTHKEHUU OOpPaTHBIM HAIPSHKEHHEM HEKOTO-
pOM KPUTHYECKOW BEJIIMYMHBI, HA3bIBAEMOW Ha-
psDKEHUEeM Mpo0ost Unp06, MIPOUCXOST DJICK-

TpUYECKHE MPOOOH SMUTTEPHBIX IEPEXOJIOB U
NPOTEKAIOIIUKA Yyepe3 AUMHUCTOP TOK PE3KO BO3-
pacraer. Takol pexum sBIsieTCs HepabOunM.
OO6patHas BeTBb BAX COCTOMT U3 JBYX ydacT-
KOB (cM. puc. 7.2). Yuactok 0 — 4 COOTBETCTBYyET
3aKphITOMY COCTOSTHHIO THPUCTOpa MpU 00part-
HOM BKJTFOUCHHH, & YIaCTOK 4 — 5 COOTBETCTBYET
po0OO0I0 TUHUCTOPA.

[Ipu otcyrcTBuu BHemHero HanpspbkeHus (U = 0) Ha AMHUCTOpPE BCIIEACTBUE
pa3nuy4Ms KOHIICHTPALIUU HOCHUTENIEH B P- M N-00JIACTIX Yepe3 KKl p—Nn-nepexos
Oynet mporekath Tok quddy3un. BozHukmme npu 3ToM 00bEMHBIC dIEKTPUUECKUE
3apsIbl CO3AAMYT OIS, PETSITCTBYOMHE AU y3ur OCHOBHBIX HOCUTENICH W BBI3bI-
BaroIue aper(oBbie TOKM HEOCHOBHBIX HOcHTeNeH. B pe3ynbrare B KaKIoM mepe-
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XO0JI€ YCTAaHABJIMBAETCS COCTOSHUE TEPMOJNHAMUYECKOIO PABHOBECUSA U CYMMApPHBIN
TOK 4epe3 KaxIbli Mepexo]] 1 uepe3 Bech Mpuoop OyAeT paBeH HYIIIO.

[Tpu nogaue Ha quHUCTOP NpsAMoro HanpspkeHust Up > 0 (cm. puc. 7.1, 0), T. e.
IIPU MTOJIOKUTEIIBHOM Ha aHOJI€ OTHOCUTEIBHO KaTOA HAIIPSIKEHUH, SMUTTEPHBIE T1e-
pexoabl OyIyT CMEIIEHBI B MIPSIMOM HANpaBJICHHUH, a KOJJICKTOPHBINA Mepexo — B 00-
paTHOM. DTO OyAeT NPUBOAUTH K MHXKEKIIMM HOCHUTENEH U3 SMUTTEPHBIX OOsiacTeil B
0azoBbie. bazoBbie 001aCTH N| U py UMEIOT TOJIIUHY MEHbIIE TU()PY3NOHHON ITUHBI

HeocHOBHbIX Hocutenei 3apsana (Wi < Lyug p, W2 < Lyug n), TI03TOMY SIIEKTPOHBI 1
TBIPKY, WHXXCKTUPOBAHHBIC YEPE3 AIMUTTEPHBIC Mepexonl, TuOPYHIUPYIOT K KOJI-
JEKTOpHOMY Tiepexony. [Ipu 3ToM ABIpKH W3 Pj-3MHUTTEPA, JOCTHTHYB OOpaTHOCME-
IICHHOTO KOJJIEKTOPHOTO TEepexojia, MOMaJaroT 3a CYET €ro yCKOPSIOIIETro MoJis B
p2-0a3y 1 00pa3yioT B HEeW M30BITOYHBIN MOJOKUTEIBHBINA 3apsi. AHATOTUYHO DJICK-
TPOHBI U3 Np-dMUTTEPA MOMAAIOT B N -0a3y U 00pa3yroT U30BITOYHBIA OTPUIIATEIh-

HBIM 3aps. M30bITOYHBIN MOJOKUTENBHBIN 3aps pr-0a3bl MOHUXKAET HYHEpreThye-
CKuil Oapbep smMuTTepHOro nepexona OII2, yBenuuuBas T€M CaMbIM HHXKEKIHUIO

AJIEKTPOHOB U3 Np-3MHUTTEPA B pPy-0a3y. B cBOrO ouepenpr M3OBITOYHBIN OTPUIIATENH-
HBIN 3aps/ ni-0a3bl MOHMWKAET YHEPreTUYECKUl 6apbep SMUTTEpHOro nepexoaa II11

Y YBEJIIMYMBAET UHXKEKIIUIO JBIPOK U3 P1-dMUTTEPA B ni-0a3y.

Takum 00pa3om, B TUHUCTOPE CYIIECTBYET IMOJIOKUTEIbHAsE OOpaTHasi CBS3b
110 TOKY — YBEIIMYCHUE TOKA Y€pe3 OAUH SMUTTEPHBIN NEPEXO ITPUBOJUT K yBEIIAYE-
HUIO TOKA 4Yepe3 ApYyrou sMUTTEPHBIN nepexon. [Ipoluecc HakomieHus 3apsioB B nj-

U py-0a3ax MPUBOJUT K MOSIBJICHUIO BHYTPEHHETO SJIEKTPUUYECKOTO TOJIsI KOJUIEKTOP-
Horo nepexona KII, koTopoe 4aCTUYHO KOMIIEHCUPYET BHEIIHEE T0JI€ U CHUYKAET €ro
MOTEHIUANIbHBIA Oapbep. DTO MPUBOJIUT K HEKOTOPOMY YBEIUYCHHUIO TOKA, MPOTeE-
KaIOILETO 4epe3 AUHUCTOP. YBEIMYEHUE aHOAHOI'O HAINPSKEHUS IPUBOIUT K POCTY
BHyTpeHHero noiia KII, u npu qocTmKeHnn aHOAHBIM HANPSKEHUEM BEJIMYMHBI, Ha-

3bIBaeMol HanpsbkeHueM nepexmodeHus Uy = Uy, , IPOMCXONUT NOJIHAs KOMIICH-

cauua BHewHero noist KII BHyTpeHHUMM mnosieM. KoJnekTopHBIil nepexoa OTKphIBa-
€TCS, CONPOTUBIIEHUE CTPYKTYpPbl IUHUCTOPA CTAHOBUTCS MAaJIbIM, a TOK PE3KO BO3-
pactaer. [IporcxoauT nepexItoueHre JUHUCTOPA — MEPEXO] U3 3aKPBITOrO COCTOS-
HUA B OTKpbITOE. [I0CKOJIBKY COTPOTUBJIEHUE B 3TOM PEXUME Majo, TO aHOJHBIN TOK
CTPYKTYPBI ONPEAEISIETCS] B OCHOBHOM BEJIMYMHOM HAIPSDKEHUSI MIUTAHUS U COMPO-
THUBJICHHUS B LIETIM aHOJIA:

1, ~ 90 (7.1)

R

JlanpHenee yBeIuUeHUE HANPSHKEHNS HA aHOE MPUBOAUT K JIUHEMHOMY POC-
Ty aHOAHOTO TOKA. B 3TOM ciydae HanpsiKeHHe Ha aHOJI€ Ha3bIBACTCS HAIPSKEHUEM
Ha JUHUCTOPE B OTKPBITOM COCTOSIHUUA U = Upe U UMEET MAIyI0 BEJINYUHY.

Ha npsamoii BetBu BAX auHucTOpa MOKHO BBIICIIHTH JBE XapaKTEPHBIE TOY-

ki (cM. puc. 7.2). Touka 1 xapakrepusyercs HaNpsLKEHHEM UM TOKOM TEpPEKIIIOUEeHUS

Ulpic > Lipk » TOUKa 2 — HANPsHKCHUEM B OTKPBITOM COCTOSHUM Uy, M TOKOM yziep-
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Kauust L, . Yaactok BAX 0 — 1 cOOTBETCTBYET 3aKPBITOMY COCTOSHHIO THPUCTOPA.

VYyactok 1 — 2 xapaktepusyeTrcsi OTpUIaTeIbHBIM TU(depeHITHATbHBIM COMPOTUBIIE-
HUEM U COOTBETCTBYET IEPEKIIOYEHUIO TUHUCTOPA. YYacTOK 2 — 3 COOTBETCTBYET
OTKPBITOMY COCTOSIHUIO JTUHUCTOPA.

BrIkiTtOueHHE TUHUCTOPA, T. €. MEPEX0] TUHUCTOPA U3 OTKPBITOTO COCTOSHHUS
B 3aKpPBITOE MOXET OBITh OCYIIECTBJIEH JUOO CMEHON MOJSPHOCTH MPHUIOKEHHOTO
HaIpsDKEHUS, JIM00 YMEHBIIICHUEM TOKa /10 BETUYUHBI MEHBIIICH TOKa yIepKaHUs.

Bun BAX nuHHCTOpa MOXHO OOBSICHHTH, €CIIU

P . BOCIIOJIb30BAThCSl €r0 SKBUBAJEHTHBIM IPEICTABIICHU-
‘LlA_l?l €M B BHUJIE JIBYX TPAH3UCTOPHBIX CTPYKTYp (puc. 7.3).

VTI Komnexropubie Toku Tpan3uctopoB VI'1 u VT2 moxHO
( IPEICTaBUTh Yepe3 TOKU SIMUTTEPOB C UCIIOJIb30BaHUEM
V3BECTHBIX BBIPAKECHUMN

Lei=lgs | J’IB'ZIKE Ix1 =hoipils; + Ixgors (7.2)

Iio =hyipalny + kg2, (7.3)
rae  hyipy, hyypy — cratuueckne xod¢guUeHTH Ne-

vi2

J,IK:IB2 penaun Toka sMurrepa Tpanzucropo VI1 u VT2 co-
OTBETCTBEHHO;
Puc. 7.3 Ixgor> Ikgor — ©oOpaTHble (TEIUIOBBIE) TOKHU

TpaH3ucTopoB VT1 n VT2 cooTBEeTCTBEHHO.
AHOAHBIA TOK TUHUCTOPHOU CTPYKTYpPHI (CM. puc. 7.3) sIBISIETCS CYMMOM KOJI-
JeKTOpHBIX TOKOB VT1 u VT?2:

Ip =1Ix; +Ixo =hyip Iy +hopoly +Ixgor +Ikpo2 =

=hy1p1ln1 +hoipalny + Ikpo- (7.4)

[TOCKOMBKY CIpaBeUTHBO PABEHCTBO

Ip =151 =15, (7.5)
10 (7.4) MOXXHO 3amucaTh B BUJIC

In =hy1pila +hoipola +Ikpo- (7.6)

OTKy/a MOKHO BBIPa3UTh aHOJHBIN TOK

I, fkpo (7.7)

1=(hyypy +hyipr)
Ecnu B KOJJIEKTOPHOM TEepexojie AMHUCTOpA MPOUCXOAUT yaapHas MOHU3alus (jia-
BUHHBIN TIP0O00i1), TO (7.7) OyIeT UMETh CIeNYIOMUN BUL:
B M-Iggo
- 9

1=M-(hyp; +hy5)
rje M — ko3 HUIMEHT JTaBUHHOTO Pa3MHOKEHUSI HOCUTENEH B KOJJIEKTOPHOM TIEPEXO/IE.

IIpyn ManbIX npsaMbIX HanpspkeHusx U, BTOpO€ cllaraeéMoe B 3HAMEHATEIAX

I, (7.8)

(7.7) n (7.8) mensbie equannbl. Ho nockonsky M =f(Up) 1 hyp =1f(I5)=1(I4),
npudeM yBennueHue HanpsbkeHus U, OpUBOJIUT K pocTy M, a yBenudeHue Toka
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uHxkeknuu I — x pocty h,p, To yBenuuenne U, IPUBOAUT K POCTY HaNpsKEHUS
Ha KOJUIEKTOPHOM IIepeXo/ie AUHUCTOPA, POCTy h,ip M POCTY aHOAHOTO TOKa I, .
ITpn Hanpspkenun nepexitoyeHus BenuuuHa M- (h, gy +hyipp) mocTuraer enuHu-

b, 3HAMEHATENb YMEHBIIAeTCS 0 HyJS, a aHOAHBIH TOK JUHUCTOpPA CTPEMHUTCS K

O6eckoneynoctu. OAHAKO HATWUYHME pe3UCTOpa R B aHOAHOW Iemu OTrpaHUYMBACT

aHOJHBIN TOK BEJIMYMHOU, KOTOPAsk pACCUUTHIBACTCS COTJIACHO BhIpaskeHuto (7.1).
UtoOb1 BTOpOE citaraemoe B 3HameHartensx (7.7) u (7.8) Obu10 MEHbIIIE €TUHU-

bl IIPHU MAJIBIX IPAMBIX HAIIPAKCHUAX UA < UHpK . HCO6XOI[I/IMO BBIIIOJIHCHHUC YCJIO-

Buil hyp; <0,5 1 hy1py <0,5. 310 MOKHO 0OecIeUUTh ABYMs CLIOCOOaMU: BBIOOPOM

COOTBETCTBYIOLIEH IIMpUHBI 0a30BBIX O0JacTel AMHUCTOpPA U LIYHTUPOBAaHHEM
OMUTTEPHBIX MEPEXOJOB CTPYKTYPBI OA30BBIMU OOIACTAMH.
VYMeHblIeHHe HaydajdbHBIX 3HAUYEHUN CTaTUYecKuX KoddduuueHTtoB h,ip; u

h, 1> MOXHO OOecneunTh yBEINYEHUEM JUINHBI 0a30BbIX oOsacTell. DTo OyaeT Ipu-

BOJUTH K YBEJIMYCHHUIO PEKOMOMHALIMM WH)XEKTHPOBAHHBIX B 0a3bl HOCUTENEH MpU
g y3un 3TUX HOocuTenen BA0b 6a3bl. COOTBETCTBEHHO MEHBIIEE WX YHCIIO OyAeT
JOCTUraTh KOJUIEKTOPHOTO MEPEeXoa.

[Tpy mIyHTUPOBAHUU SMUTTEPHBIX MEPEXOJ0B O0NACTAMH 0a3bl, KaK MOKAa3aHO
Ha puc. 7.4, UX cCOMpOTUBJIEHUE OyAET MEHbIIIE, U, CJIEIOBATEILHO, K HUM OYJET Mpu-
KJIa/IbIBaThCSl MEHBIIIEE MPSAMOE HAIPSDKEHUE, a 3HAYUT, OyJeT NPOTEKaTh MEHBIINN
10 BeJIUYMHE TOK UHKeKIUU. [ToaTomy koappuuuentsl hy gy u hyypy OyayT umers

MaJly10o BCJINYUHY.
Hcnonbp3oBaHuE 3TUX ABYX CIIOCOOOB ITO3BOJISICT CO3J1aBaTb IUHHUCTOPLI C pa3-

HOW BEJIMYMHOW HAIPSIKCHUS NEPEKITIOYCHUS UHpK, T. €. OCYILECTBIISITh TEXHOJIOTU-

YECKHU yNPABICHUE HANPSKEHUEM MTEPEKITIOYEHUS.

VYpaBiasaTh HaNpsHKEHUEM IMEPEKIIOUEHUS MOXKHO 3JIEKTPUYECKH, YTO peallv-
30BaHO B TpuHHCTOpE. Ha puc. 7.5 mokasaHa nosynpoBOAHUKOBAS CTPYKTypa TPUHU-
CTOpA IPU BKJIIOUYECHHUU B CXEMY I CHATHUA NpsAMOU BeTBH BAX.

IA R
A A €<— o +
i a1l M1 22 + _T_
I n,
KII +
- — |35
SI12 +
n, U, DM2p p
2
. 1«
Puc. 7.4 Puc. 7.5
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B ornnume OT IMHHCTOpAa B TPUHUCTOPE MMEETCA €LIE OJIUH DIIEKTPOI —
YIPABJISIFOIINI, KOTOPBIA BBITIONHAETCS OT OJHOM W3 0a30BBIX 007aCTE CTPYKTYPHI.
Ecnu ynpasnsttomuii snexktpos (Y3) noakiroyeH Kk p-6aze (cm. puc. 7.5), To mpudop
Ha3bIBAECTCS TPUHUCTOPOM C yIpaBieHHeM o karoay. Ecim YO moakmodeH K n-
0asze, To mpuOOP HA3BIBAETCS TPUHHUCTOPOM C yIpaBJIeHHEM 1O aHony. BAX TpunHu-
CTOpa MoKa3zaHa Ha puc. 7.6. BkilroueHue Tupucropa — nepexoi THpUCTOpa U3 3aKphl-
TOT'O COCTOSIHUSI B OTKPBITOE IPHU MOJAYE TOKA YIPABICHUS.

[Iyrem U3MEHEHUs] HANPSOKEHUS Ha YO
A (HanpspkeHust ynpasineHust U, ) MOXKHO n3Me-

A 3 HSTh TOK YNpaBJICHUS M, 3HAYUT, YIPABISTH
HaAIPSDKEHUEM BKJTFOUCHUS Ugin
ly3=lyp=ly) (cm. puc. 7.6). Ilpn Hammuuu YO BbIpakxeHUe
(7.8) mpumet apyrou BUI:
I 2 1y3 ly2 lyl M-I +h .1
- Iy:t B e 1 [ = kpo T N21p2 - Ly ’ (7.9)
Wl BPR S 1=M-(hyp; +hy1p2)
4 0 Uoc Upcn UA  rre I, — Tok ynpaBieHus.
Bripaxkenne (7.9) mo3BosisieT NMOSICHUTH
5 MEXaHU3M BIIMSIHHUS TOKa YIPaBIEHUS Ha Be-
Puc. 7.6 mnunHy Hanpsbkenuss Uy, . Iloaximouenue

HanpspkeHus ynpasienus Uy HOISIPHOCTBIO,

MOKa3aHHOM Ha puc. 7.5, otkpeiBaeT D112, 4TO NPUBOAUT K POCTY TOKa 4Yepe3 3TOT
HepexoJl, a 3HaYUT, U K POCTy cTaTudeckoro koddduimenrta nepeaayn h,g,. Ipu

MoJ/iaue HaIpsDKEHUs yIpaBieHUs 3HameHaTenb B (7.9) OyneTr cTaHOBUTHCS PaBHBIM
HYJIIO TIPU MEHBIIEM aHOAHOM HAIpPSHKEHHH, 3TO O3HAYAET, YTO yMEHBIIAETCs Ha-
NpsDKCHUE BKIIOUCHUST Uy, . YBeInIeHHe HanpspkeHust ynpasinenust Uy OyzaeT mpu-

BOJUTH K pocTy Toka yepe3 OII2, yBennuenuro kospduunenta h,jg, U yMmeHble-
Huto Hanpsbkenust Uy, (cM. puc. 7.6).

Kpome croco6oB, HCTIONB3yeMBIX Ui AUHUCTOPA, BBIKIIOYEHWE TPUHHCTOPA
MOYKHO OCYIIECTBUTh CMEHOH MOJSPHOCTH HampspkeHus: ympasieHus. OnHako o0-
paTHBIN TOK yIpaBlIEHUS, IPH KOTOPOM IPOUCXOAMT 3allMpaHue mpubopa, cousme-
pPUM C aHOJHBIM TOKOM. /ISl BRIKIIIOUEHUsI PUOOpPa HEOOXOAUMO YMEHBIIUTH TOKH
MH)KEKIUN SMUTTEPHBIX MEPEXOA0B 10 TaKON BEIMYHUHBI, P KOTOPO 3HaMEHaTeINb
(7.9) craner 6onpuie Hyns1. CMEeHA NOJIAPHOCTH HAIPSKEHUS YIIPABICHUS O3BOJIAET
paccocaTh 3apsiji, HaKOIUICHHBIN B p-0aze TPUHHUCTOPA, HO IIPU 3TOM OOpPATHBIM TOK
yHOpaBICHUS M0 BEMYMHE OyJIET COM3MEPHM C TOKOM aHOfa. Takoil pekuM BBIKITIO-
YEHUS HE BBITOJICH YHEPTETHUECKU U TIO9TOMY HE MCTIONIb3YyEeTCs.

BrimyckaroTcst Tak Ha3bIBaeMbIe 3alUpaeMble TUPUCTOPHI — TUPUCTOPHI, KOTO-
pble MOTYT OBITh TEPEKIIOUEHBI U3 OTKPBITOTO COCTOSHUS B 3aKPHITOE M HA00OpOT
npy mojavye Ha YD yHpaBisIOMIMX CHUTHAJIOB COOTBETCTBYIOIIEH moisipHOCTH. WX
KOHCTPYKIIHUS MOA00HA KOHCTPYKIIUN OOBIYHBIX TPUHUCTOPOB. CIeICTBHEM BO3MOXK-
HOCTH BBIKJTIOUEHUS SBJISICTCS 3HAUUTEIBHOE YBEIHMUEHUE YIPABIAIONIETO TOKA, Tpe-
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OyeMoro Juisl BKJIFOUEHHUs IPUOOopa, 0 CPAaBHEHUIO C HE3AMMPAEMBIM THPUCTOPOM (10

20 MA BMecTO

30 MKA).

CuMMETpUYHBIN TUOIHBIN TUPUCTOP (AMAK) UMEET MITUCIONHYIO CTPYKTYPY C

11 112 113
NP1 N2 P2
N
R 13
1 _ 14
o Uy o—
=)
Puc. 7.7
IAA
1yﬂ -
I]'[pK"'“i: ------- >
0 Uoc UnpK
Puc. 7.8

YETBIPbMS 3JIEKTPOHHO-IBIPOYHBIMH TEPEXO-
IaMM, KoOTopas TIOKazaHa Ha puc. 7.7.
B 3aBucuMocT OT THOJSPHOCTH MPUIIOKEH-
HOTO K JUaKy HamnpsbkeHus (cm. puc. 7.7) win
nepexon II1 (npu BepxHeW MONSIPHOCTH Ha-
npspkerus Uy ), niam nepexon [14 (mpu Huok-

Heill monspHocTH HanpsbkeHuss Up) Oyayt

3aKpBITHI U UX COMPOTHBIIEHUE OyAeT OOJb-
muM. B 3TOM ciydae oHu He OyIyT OKa3bl-
BaTh BJIMSHHE Ha PabOTy OCTaIbHON 4YacTH

CTPYKTYpBI Pi-Np-p2-n3 (ny-pi-n-p2) coot-
BETCTBEHHO, KOTOPAasl ABJISIETCS TUHUCTOPOM C
PWIOKCHHBIM K HEMY TIPSMBIM HaNPsHKCHHU-
eM. OTO OOBICHSETCS T€M, YTO MapajuieIbHO
3akpbeIThiM niepexomam I[11 (I14) BkiaroueHsl

obnmactu p; (p2), UMEIOLIKME HU3KOE COMPO-
tusieHue. [loartomy BAX nuaka, mokazaHHas
Ha puc. 7.8, SABISIETCS CUMMETPUYHON OTHO-
CUTEIBbHO Haudajla KoopauHat. Jluak He3aBuU-
CHMO OT MHOJISIPHOCTH IPUIIOKEHHOIO Harps-
KEHUST BeNeT ce0s Kak JUHHUCTOP C MPHIIO-
YKEHHBIM MPSMbIM HAMPSHKCHUEM.

Crpyxkrypa Tpuaka u ero BAX npusenensl Ha puc. 7.9 u 7.10 COOTBETCTBEHHO.
B nmannom mpubope ynpapiieHHuE HaNpsHKEHUEM MEPEKIIOUEHUsT OCYIIECTBISETCS U3-
MEHEHHUEM II0JI0KUTENBHOTO OTHOCUTENBHO AekTpoaa T1 nanpsokenus Ha YO. [pu-
YEM 3TO YNPABICHUE OCYILIECTBISAETCS KaK ISl ITOJIOKUTEIBHOrO, TaK U JUIsI OTPULA-
TEJIBHOI'0 OTHOCUTENBHO 3ekTpoaa T1 Hanpsokenus Ha anekrpone T2.

Puc. 7.9

Puc. 7.10
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Ha puc. 7.11, a, 06, B, T, A TOKa3aHbl YCIOBHBIC TpaduuecKkue 0003HAYCHUS JTU-
HUCTOPA; TPUHUCTOPA C YMPaBICHUEM IO KaTOAy; TPUHHUCTOpA C YIPaBICHUEM IIO
aHOJy; AWaKa ¥ TPUaKa COOTBETCTBEHHO.

£ Y, w0
K K K

a 0 B r 1T

e

e

Puc. 7.11

TpuHHuCTOpPBI HAXOAAT MIMPOKOE NMPUMEHEHHE B HMITYJIBCHBIX YCTPOWCTBAaX
CBSI3M, PAJUOJIOKAlIMM U aBTOMAaTUKH Kak MPUOOpBI C OTPHULATEIbHOM IPOBOIUMO-
CTBIO, IIOPOTOBBIE AIEMEHTHI U yIpaBisiemble Kitoun. Hanbonee pacnpocTpaHeHHbIM
Y MIEPCIIEKTUBHBIM SIBIISIETCS TIOCJIEIHEE HAIIpaBJIeHHE. TpUOJHBIE TUPUCTOPHI MOKHO
UCIOJIB30BAaTh JUIsl CO3JJaHUSl SKOHOMUYHBIX TPUTTEPOB, HE MOTPEOISIOMUX TOK B UC-
XOJTHOM COCTOSIHUH.

CoBpeMeHHbIE UMIYJIbCHBIE THPUCTOPHI HMMEIOT pabouee HaIpsDKEHUE [0
1000 B, Tox 1000 A u Ooiee, BpeMs BKJIIOUCHHS 1O YIPABJISAIOMIEMY SJIEKTPOIY
0,1...0,5 MKc, a BpeMsl BBIKIIOYEHUS He Oosiee 6 Mkc. CHITOBbIE THPHUCTOPHI HA TOKHU B
COTHU amIep u 0ojiee UMEIOT MPUHYIUTEIbHOE BO3AYIITHOE MIIH JKUJKOCTHOE OXJIaX-
JICHUE.

Tpuaku npeaHasHayeHb! I YIIPABICHUS HATPY3KOW, 3aILUTHI LIETIEH OT Iepe-
IPY30K, YIIPaBJIEHUSI ACHHXPOHHBIMU TpeX(a3HbIMU JIEKTPOABUTATENIAMH, KOMMYTa-
LMW HAIPSDKEHUS Ha AJIEKTPOIIOMUHECIIEHTHBIX MHAMKATOPAX ¢ OOJIBIION MJI0IIA b0
CBEYEHHMS U JIp.

Jlnsi MapKUpOBKH THUPHCTOPOB HCIIONBb3yeTCsl OyKBEHHO-IM(ppoBas cucrema
yciaoBHBIX 0003Hauenuit coriaacuo OCT 11.336.919-81.

[lepBbIit 251eMeHT — OykBa WM udpa, XapaKTepus3yeT UCTIOIb3yEeMbIil MaTepH-
ai: I'(1) — repmanuii (Ge); K(2) — kpemuutii (Si); A(3) — ramuit (Ga) u ero coeauHe-
Hus; (4) — unauii (In) 1 ero coennHeHUSI.

Bropoii anemenT — OykBa, yka3biBaeT kiacc npudopa: H — tupuctopsr nuo-
HbIE; Y — TUPUCTOPBI TPHUOIHBIE.

Tpetuii snement — uudpa, Hecer UHPOPMAIMIO O HA3HAYCHUH U IJICKTpUYE-
CKHX IapaMmeTpax npuOopoB:

— TUPHUCTOPBI JTUOAHBIE W HE3alupaeMble TPUOJHBIE: | — Majoil MOIHOCTH,
MMCIOIME CPEIHUN TOK B OTKPBITOM COCTOSHUU Iy o, <0,3 A 2 — cpenneid MOLIHO-

ctu 0,3 A <I <I0 A;

oc cp —
— THPUCTOPBI TPUOJHBIC 3alHUpaeMble: 3 — Manoi MOIHOCTH Iy o <0,3 A

4 — cpennent MouHocTH 0,3 A <Ioc o <10 A3

— TUPUCTOPHI TPUOAHBIE CHMMETPUYHBIE He3allupaeMble: 5 — Majioil MOIITHOCTH
I <0,3 A; 6 — cpeanei momHocTH 0,3 A <1 <10 A.

oc cp oc cp —
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YeTBepThIi U MATHIN AIEMEHT — IUQPHI, 0003HAYAIOIINE TTOPSIKOBBIN HOMEP
pa3pabOTKH.

O603HaueHHEe TUIIOHOMHUHAJIA ONPENESETCs MIECThIM JIEMEHTOM — OyKBOM
kupwumibl A, b, B u T. 1., yka3biBaolie pa3sHOBUAHOCTb PUOOpa U3 COCTaBa THUIIA
C OIpEAEIICHHBIM COYE€TaHUEM OCHOBHBIX MTapaMETPOB.

7.2. Metoauueckue yKa3aHus 10 BBIITOJIHEHHIO JIA00OPATOPHOM pabOoThI

Ha puc. 7.12 nokazaHa cxemMa H3MEPUTEIBHON YCTAHOBKH, KOTOPAsl MOKET
ObITh HMCHOJB30BaHA i uccienoBanus BAX aunuctopa. Meroauka mpoBeaeHUs
n3mepenuss BAX nunHucropa nosicusiercst Ha puc. 7.13.
Ha puc. 7.13 uzo6paxxena BAX nu-
R HUCTOpPA U HECKOJIbKO HArpy304HBIX Mpsi-
mA, MBIX, TpaMKH KOTOPBIX OIMCBIBAKOTCS
BBIPA)KEHUEM, COCTABJIECHHBIM JIJI1 U3MEPHU-
VS (\D TEIBHOM cxeMbI (cM. puc. 7.12):
E:IAR+UA. (710)
I'paduk Harpy3odHoil mpsSMON MPOXOAUT
Puc. 7.12 yepe3 JIBE TOYKH, JIEXKAIIUE Ha OCsX KOOp-
JUHAT:
In 1) I, =0; Uy =E;
E E
R 2) UAZO;IA:E‘

~
7

E, ; D [Ipyn u3MeHEHUU BEJIUYUHBI HUCTOY-

= C HUKa HanpspkeHus E HarpyszouHas mpsmas

54 OyJeT mepeMeliarbcsl BIEBO WIH BIPaBO

R N 0e3 M3MEHEHHsS HaKJIOHA, KOTOPHIA 3aBH-

_NF CUT OT BEJIMYUHBI COMPOTHUBJIICHUS pE3U-

I ':_.}& G B ctopa R. Tlokazanus npubGopoB B cxeme

] > (cm. puc. 7.12) OyayT COOTBETCTBOBATH

0 Upc E4 EIUnp[\‘ E, E3Upx  rouxe [epEeCEUYECHUs] HArPy304HON IPSAMOU

u BAX muaucropa (touku A, B, C, D, F,

Puc. 7.13 G). Takum 006pa3om, MU3MEHsISI BEITUUUHY

HarnpsbkeHus: E, MOXHO TocCiieToBaTeIbHO

casiTh BAX auHUMCTOpa, IpW 3TOM BOJBTMETP OyJET MOKAa3bIBaTh HAMPSDHKEHUE Ha
muauctope U 4, a MIIIITHaMIepMeTp — TOK, IPOTEKAIOLIUI yepe3 AUHUCTOP 14 .

[Ipn n3menennn HanpspbkeHus nuranus E ot 0 go 3nauennit E; u E, cTpyk-

Typa TUHHUCTOpa OyAeT 3akphiTa, Touku BAX OynyT pacnonaratbest Ha kKpuBoit 0AB.
IIpu nanpHE#eM yBeau4eHUH HanpsbkeHus E > E, AMHUCTOp MEpexXOauT B OTKPHI-

TOE COCTOSHME M IOKa3aHus NpUOOpoB OyoyT cooTBeTcTBOBaTh ydyacTky CD mpwu
E, <E <Ej. IIpu ymenbiienun HanpsbkeHus 10 Benuuussl B4 (E4 <E<E,) u3-

Mepsiemble Toukn BAX OynyT pacnonararbest Ha kpuBod CF, a mpu nanbHeiiem
yMmeHbplieHun HanpsokeHus (E <Ey) TOK uepe3 NMHHCTOpP CTaHET MEHBIIE TOKa
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YAEPXKaHUSA, U OH MEPEUIET B 3aKPHITOE COCTOSIHUE (CKa4OK OT TOukH F k Touke G
npu E=E,).
Takum oOpa3oM, u3MEpHUTENbHAs CcXema
A (cm. puc. 7.12) He mno3BomseT wu3MepATh BAX
p (cm. puc.7.13) Ha yuactke BF, roe nunucrop umeer
I VS C\D orpuniareiabHoe auddepeHImaIbHoe COMPOTUBIIE-
nue. J{ns usmepenust Bceit BAX HeoOxomumo 3a-
MEHHUTh MCTOYHHK HamNpspKeHusl E MCTOYHMKOM TO-
ka | (puc. 7.14), xoTopslii 00namaer OECKOHEUHO
Puc. 7.14 00JIBIIMM BHYTPEHHHM COMPOTUBIEHUEM (T >> R),
[ 4 NO03TOMY Harpy3oyHasi MmpsMas B 3TOM cllydae
A IIPAKTUYECKU MapajuiesibHa OCH HalpspkeHuu. To-
[ 714, U3MEHSA BEJIMYHUHY BBIXOJIHOTO TOKA 3TOTO UC-
TOYHHMKA, MOXXHO moiayuuTh BAX nuHucropa Ha
11000M HHTEpecyrolieM ydactke (puc. 7.15).

7.3. Tlopsiok BBITIOTHEHUS PAOOThI

L ! } 1. Tun uccaegyemMpIX TUPUCTOPOB NMPUBEAECH
> B KapToyke 3a1aHusi. Mcnosb3ys MacnopTHhIE TaH-
0 U;U; U UA  =bie npubopa, OMpeNeTnTh 00JIACTh JOIMYCTUMBIX
Puc. 7.15 pekUMOB paboOThl THpUCTOpOB. BHumanme!lns
ue. 7. NpeaoTBPAIlleHUsT JJIEKTPHYECKOro IOBpeK/e-
HHSI MPUOOpa U3MepeHHus NMPOBOAUTH TOJBKO B

00J1aCTH J0NMYCTUMBIX PEKMMOB PadoThI.
2. CoOpatb cxeMmy mis uccienoBanuss BAX auHHCTOpa B 3aKPBITOM COCTOSI-

HUU, U300paKeHHYIO Ha puc. 7.16, a.

3. UccnenoBare BAX pauHucTOpa B 3aKpbITOM COCTOSHUU [4 =f (U A),

Ua <Uppg. Onpenenuts HanpsbkeHUe U TOK HepeximodeHus IMHUCTOpa Uy, Ty

4. CoOpathb cxeMy misi uiccienoBanuss BAX nuHuCTOpa B OTKPBITOM COCTOSI-
HUU, U300paKeHHYIO Ha puc. 7.16, 0.
5. UccnenoBate BAX nuHHCTOpa B OTKPBITOM COCTOSHUU [ =f (U A),

I > 1y, OnpenenuTs HaNPsSZKEHUE B OTKPBITOM COCTOSHUM Uc U TOK YIAEp:KaHHUS

JUHUCTOPA Iyﬂ )

A VS

Puc. 7.16
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6. Cobpatb cxemy mis ucciaeaoBanus BAX TpuHucTOpa B 3aKpBITOM COCTOSI-
HUU, U300pakeHHYI0 Ha puc. 7.17, a umu puc. 7.17, 6 B 3aBUCUIMOCTH OT TUTIA TPUHH-
cTopa.

7. UccnenoBatb BAX TpunucTopa B 3aKkphiToM cocTosiHUM [, =f (U A)»

Up <Upgy, I TpeX 3Ha4YCHWH TOKa ympaBieHus I . Onpenenuts 3HaYECHHs HAps-

JK€HHUS U TOKa BKJIFOUEHUS TpuHUCTOpa U

mior> Lpir AV PASIUYHBIX 3HAYCHUH I .

8. CobOpatb cxemy ans uccienoBanuss BAX TpuHUCTOpa B OTKPBITOM COCTOS-
HUU, U300pakeHHy1o Ha puc. 7.17, B wnu puc. 7.17, T.
9. Viccnenoats BAX Tpunmcropa B OTKphiToM coctosHEE 1, =f(U,),

Ip > 1, mmt Tpex 3HadeHuid Toka ympasieHus I,. OmpenenuTs HampsuKEHHE B OT-

KPBITOM cocTosiHME Uge M TOK yAepaHus TpUHUCTOpa Iy, Juisd pasindHbIX 3Hade-

HAU Iy.

Puc. 7.17

10. 3agaBast HanpskeHue yrpasneHus Uy U PErHCTPUpYst TOK yrpasieHns Iy,

rccienoBat BAX ynpaBiisiioiiero 3jaeKkTpoaa Iy =f (Uy).

7.4. ConepxaHue oTdyeTa

1. llenb paGoTHI.

2. IlaciopTHBIE TaHHBIEC UCCIIEIOBAHHBIX MTPUOOPOB.

3. [IpunnunuanpHas cxema yCTaHOBKH i1 uccliieioBanusi BAX Tupuctopos.
4. Pe3ynbTaThl SKCIIEPUMEHTAIILHBIX UCCIICIOBAaHUIA B BUIE TaOIHII U TPadUKOB.
5. BeiBObIL.
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7.5. KOHTpONBbHBIE BOIIPOCHI

1. Kakoil 251eKTpOHHBIN NpUOOp HA3BIBAIOT TUPUCTOPOM?

2. N3o6pasure BAX nunuctopa. HazoBuTe OCHOBHBIE MapaMeTphl AUHUCTOPA,
COOTBETCTBYIOIIME XapaKTEPHBIM TOUKaM ero BAX.

3. [TocTpoiiTe 30HHYIO SHEPreTUYECKYH JuarpaMmy MOJIYIPOBOIHUKOBOM
CTPYKTYpbI JUHUCTOPA B PABHOBECHOM COCTOSIHUMU.

4. ITosicaute mpoueccsl B AUHUCTOPE, KOrAa OH HAaXOAMUTCS B 3aKPBITOM CO-
CTOSIHUH, UCIIOJIB3YsI COOTBETCTBYIOIIYIO SJHEPIETUUECKYI0 JUarpammy.

5. IlosscauTe mpoueccel B JUHUCTOPE, KOrAa OH HaXOOWUTCS B OTKPBITOM CO-
CTOSIHUH, MCHOJIb3ysl COOTBETCTBYIOIIYIO DHEPIeTHYECKY0 Aauarpammy. Kakon Tok
IIPOTEKAET B 3TOM CJIy4ae 4epe3 JUHUCTOP?

6. [losscauTe mpoueccsl B TMHUCTOPE, TPUBOAIIME K €r0 NEPEKIIOUCHUIO U3
3aKPBITOTO COCTOSIHUS B OTKpbITOE. M300pa3uTe COOTBETCTBYIOIINE SHEPTETUUECKHE
JMarpamMMel.

7. IlosicHuTe MPONECCHl B JUHUCTOPE MPHU €ro 0OpaTHOM BKIIIOUEHUU, UCTIOIb-
3ys. COOTBETCTBYIOILIYIO 3HEPreTUYECKYI0 auarpammy. Kakoil TOK MpOTEKAET B 3TOM
Clly4yae yepe3 JUHUCTOpP?

8. Kakoe BiusHHE Ha pabOTy TPUHUCTOpPA OKA3bIBACT YIPABIISIFOIINI JJIEK-
tpon? Iloscuute ¢ momorisio BAX.

9. [ToueMy HamnpsKeHHE BKIIOYEHHUS 3aBHCUT OT BEIMYMHBI TOKA YIPaBJISIO-
1Iero 3JjeKTposaa’?

10. YeMm onpenensiercs HapsHKeHUE Ipo0ost AUHUCTOpa?

11. B uem cocTouT OTAMYME TPUHUCTOPA OT JUHUCTOPA?

12. Kak nmpousBoautcs ucciuenopanue BAX tupuctopos?
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