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BBE[EHUE

IMocne mepuona cpaBHHTENBHO CIIOKONHOTO TEYEHHS, B NEpBbIE
JKe TI0C/JeBOEHHble TOAB (M3HKa TOJYIPOBOIHUKOB CTaja pa3Bu-
BaThCs HEBUJAHHBIMU paHee TEMIaMH, HEINPEepLIBHO OTKPhIBas
NPUHLIKNNAABLHO HOBble NyTH. Oco6eHHO NJIONOTBOPHBIM OKa3a-
JIOCh pa3BUTHe (PU3UKU NOJYNPOROJHHUKOB TaM, Ile OHa TPAHHUYMT
H TIePEKPLIBAETCS C ONTHUKOH, pafHO(PHU3NKON U simepHOH (U3NKOH,
HHBIMH CJIOBAMH, TaM, TJe U3yuaeTcs B3aUMOJEHCTBHE U3NYueHHMH
¢ NMOJYNPOBOJHHKAMH.

3aMeyaTte/bHbie BO3MOXKHOCTH MNPAKTHYECKHX [MPUMEHEHH
NOJYNIPOBOIHUKOB B MEPBYIO Ouepeib CBA3aHHl C TAK HA3bIBAEMbI-
MH HepaBHOBECHBLIMH 3JIEKTPOHHBLIMU IIpoLeccaMH. DTU NPOLECCH
HayHHAIOTCA C TPOSIBJAEHUS B KPUCTaaJe H3OBITOUHBIX CBOGOAHO
nepeMellanluxcs 3/71€KTPOHOB 3a CYeT SHEPrHU BHELIHEero BO3-
6y2KAeHHs, KOTOPBIM MOXKeT GhITh CBET, 3JIEKTPHUECKOE TOJNe, MPH-
JIOXKEHHOE K KDHUCTaJJy, UJIH TOpMOKeHHe ObICTPOHl 3apsKeHHOH
yacTuusl. HepaBHoBecHble 3JIEKTPOHBL HJlM, €CJIH HCIOJb30BaTh
6oJiee OOLIMH TepMUH, HepABHOBECHLEIe HOCHTEJNH 3apsia B Teue-
HHE HEKOTOPOrO BPeMeHu JABUIKYTCS B KpHCTajje U 3aTeM TepsloT
CBOI0 H3OBITOYHYIO 2HEPrHi0 U HcyesaloT. Takum o6pasom, nocie-
JOBATENbHOCTh TPEX MUKPOCKONHUECKHX TpPOLEeccoB: BO30OyxkKje-
HHS, IBHKEHHUS U IIOTEPU SHEPTrUHU, UJIH, KaK 0OBIYHO TOBOPHAT, pe-
KoM6GUHaNuY, yKe BKJIlOuaeT B ce6s npeo6pas3oBanyie BUAOB 3Hep-
ruu Apyr B apyra. Ecnn pns cpaBHeHHs ¢ 3TUMH  SIBJIEHHAMH B
KpUCTa/ie UCNOIb30BaTh rpy6Gyi0 Mojeab aToMa BOROPOAA, Mbl
YBHAUM OJNHO Ba)kHoe pasauuue. Monusauus cBoGogHOro aroma
BOLOpOJA O3HAUYAeT NOJIHBIA OTPHIB OT HEro 3JEKTpPOHa, T. €. Ie-
pexoj OT ABMXKEHHs 3JeKTPOHA, ONpeNesNsieMOro CBS3bi0 C NPOTO-
HOM, K CBOGOJHOMY mepeMelLleHHIO 3JIeKTPOHa B NPOCTPAHCTBE
(puc. 1). B xpucranne nonynpoBojHHKa, CXeMa KOTOPOro u3obpa-
JKEHa Ha TOM Ke PHCYHKe, OTPLIB 3JeKTpPOHa OT aroma, T. €. BHY-
TPEHHSISI HOHU3AaL N5, OTHIOAb He O3HAYyaeT MOJHOro 0CBOGOXKAEHHS
sjekTpoHa. Teopus u oNKIT NOKA3bIBAIOT, YTO SHEpPrus, HeoOXOAH-
Mas AJd BHyTpPeHHEH HOHH3auMu B KpHCTaJje, HeBeJHKa, a Aud
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BHIXOA 3JEKTPOHA B OKPYXKalolllee MPOCTPAHCTBO HYXKHO 3aTpa-
THTb JOTONHUTENbHYIO PaGOTy BBIXOJA.

IMycroe MecTo, BO3HHMKILIEE MOC/HE OCBOGOXKIEHHs 3JEKTPCHA,
T. €. AbIPKa, B KOTOPOH BC/JEACTBHE YXO1a 3JEKTPOHA HeAOCTaeT
3J1eMEHTapPHOr0 OTPULATEJBLHOrO 3apsifa, MOXKeT ObITh 3al0JHEeHa
3/IEKTPOHOM, TEPECKOYUBIIHM C cocelHero aroMa. Takum obpa-
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Puc. l. @ — cxema ¢ortonouuzaunu atoMa BOLOPOAA;
6 —cxema (OTOHOHHM3ALHMH B KPHCTaJJle BaJieHTHOrO MOJAYNPOBOAHH-~
Ka 1V rpynnel cuctemnl MeHjeneeBa.

30M, BHYTPEHHSs] HOHH3ALHA B KPHCTaj/e NOJYNpOBOAHHKA TO-
poXKJaeT He TOJIbKO CBOOONHBIA (B mpexenax KpuCTanna) 3JeKT-
POH, HO H IBIPKY, KOTODBle CYIUECTBYIOT, ABHrasiCb B KpHCTaJJje,
Jl0 TeX Top, Nnoka He Bcrperarcs. [Ipu BcTpeue 3/1€KTPOH 3aMOMHUT
AbIPKY, ¥ KDHCTaJ/J BEpHETCS B DaBHOBECHOe COCTOsIHHE.

Co3HaTesbHOE yNpaBJieHHe 3JEeKTPOHHBIMU MpOlEccaMu B M0-
JIYNpOBOJHUKAX JaeT BO3MOKHOCTb BecbMa 3 (ekTHBHO npeobpa-
30BaTh OAMH BHJ 3Hepruu B Apyroil. CxeMy npsiMbIx npeo6pa3osa-
HUIl SHEPIMH MOXKHO H306pa3uTh TaK:

CBeT g
3JIEKTPUYECTBO -
3JIEKTPHUYECTBO -
TENnJao -
3JIeKTPHUYECTBO -

3JIEKTPHYECTRO
cBeT

3JIeKTPUYECTBO
3J1eKTPHYECTBO
MexaHHyeckue KoJjebaHuga

Jnsa Toro, yTo6Bl HAYHHATH PAacCKa3bIBaTh O NMOJYIPOBOIHUKAX
He ¢ QCOGeHHOCTel 3JIeKTPOHHBIX SIBJEHHIl, KOTOPbIE MOTYT [10Ka-
3aThCsl OTBJICYUEHHBIMH, @ C OJHOI'O H3 BaXKHBIX POLECCOB PAMOTrO

npeo6pa30BaHHUS SHEPrHH,
4
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KDEMHHEBLIX CONHEeuHbX GaTapeii. Takoe nosynpoBoaHHKOBOE yCT-
POfICTBO MOXKET OT1aBaTh MEXaHHYECKYIO SHepruio (uepes mpome-
XKYTOUHYIO CTaJMI0 — 3JEKTPHYECTBO), Bpallasi 3JAeKTPOMOTOP,
TIUTaTh TPAH3HCTODHBIA NPHEMHHK HIH paauonepenatyux. Ocuo-
BaMu JeHCTBUS (OTOI/JEMEHTOB, NOJOOHBIX TEM, U3 KOTOPbIX CO-
CTOHUT CoJiHeyHast 6aTapest, sIBJAsETCS, C OLHOH CTOPOHBI, (POTOHOHH-
3aUHs, T. €. BOBHHKHOBEHHEe HeDaBHOBECHBIX 3JE€KTPOHOB B KpH-
cTaJ/ljle NOoJYNpPOBOAHHKA IIPH MOTJIOUIEHHH CBeTa, C APYrod —
CyLleCTBOBaHHe BHYTPH KDHCTa/Ja HCKYCCTBEHHO CO3IAHHOIi rpa-
HUUBl, 6apbepa, HJH, COIVAaCHO COBPEMEHHOH TEepPMHHOJIOTHUH,
9JIeKTPOHHO-ABIDOYHOrO IEepexoAa, CBOOOJHO MPOMYyCKAIOLIEro
OCBOGOK/JeHHble CBETOM 3JIEKTPOHBI JIMILb B OJHOM HanpaBJeHHH.

Cienyer ynoMsiHyTh O APYTHX, NPAKTHYECKHX NPHUMEHEHUsX,
KOTOpble HEH3MEHHO HAaXOAATCS B moJie 3peHHst (PU3HKOB, 3aHSATHIX
Hccae0BaHHEM 3JEKTPOHHBIX MPOILECCOB B IOJYIPOBOLHHUKAX.

TeopHst 3/IeKTPOHHBIX SBJEHMH B NOJYNPOBOLHHKAX MOKa3Hl-
'BAEeT, YTO B MPHHIUINE BO3MOXKHO, <HAKaUYUBasty B KPUCTAJLI JIEKT-
'pHYECKYIO 3HEPTHIO, IEPEBECTH ITY JHEPruio NMOUTH MOJHOCTHIO B
UHpaKpacHoe H3JyyeHHe UJIH BUAUMBIN cBeT. IIpH 3TOM H3Ayue-
HHe MOXeT ObITb MOHOXPOMATHYECKHM, a B ONpedesieHHBIX yCl0-
BHSIX KOTE@DEHTHBIM W HalpaBJleHHBIM NOZOOGHO PajHOBOJNHAM, U3-
JlyyaeMbIM aHTeHHOH pajauonepenarynka, ONBITBI NOLTBepAH/IH
3TH NpeACKa3aHHs TeOpPHH.

Hrak, nonynpoBOJHHKH yHaeTcsi 3acTaBUTh pabOTaTh B KayecT-
Be HeOGbIYaHHO SIPKHX MCTOYHUKOB BHAHMOTrO MJIH HEBHIUMOrO
uHppakpacHoro ceera. Takue HCTOUHHKH yXKe CYLIECTBYIOT, a IOC-
Jie UX yCOBEPILIEHCTBOBAHHS OKAXKYTCS KpPalHe LleHHBIMH B DajHO-
CBSI3Y, BBHIYHCJAHTENbHOH TeXHHMKe, aBTOMaTHKe Y, BEpPOATHO, TeJe-
BHAEHHHU.

Bonee npuBhyHOH, HO He MeHee BaxKHOH 00/1aCThIO MpeCTaB-
Jsercs npeo6pa3oBaHue C MOMOIUBIO NOJYNPOBOJHHKOB 3JIEKTPH-
YeCKOI'0 TOKa — NepeMEeHHOr0 B MOCTOsIHHBIH, a Takxke npeodpaso-
BaHHe YaCTOThl 3/1€KTPHUYECKHX KosieOaHHH H NOJY4eHHE BBHICOKHMX
HaupsDKEHUH Ha NOCTOSHHOM Toke, ['poManHas 3KOHOMHSA, KOTO-
.PYI0 MOXKET IOJIYYHTb Hallle HapOAHOe X034HCTBO NOCHe ILKpO-
KOTO BBOJIA B 3KCIJIyaTalUIO TaK Ha3blBaEMbIX CHJIOBBIX, T. €. BeCh-
Ma MOIiIHBIX I0JYIPOBOJHUKOBHIX BHNPSIMHUTeNeH, oueBuaHa. Oaun
He6OoJIbIIOH MO pasvepam BLIIPSMUTENbHBIA 3/1€eMEHT MOXKET Bbi-
npaAMASTh TOK cpenHell cuael B 200 amnep npu HanpsiKeHHH 10
11000 BosnbT M HMeeT K. m. 1. Gonee 98%. PTyTHpie BEIIpSAMUTENH
5TOM MOJHOCTH 3aHSIH Gbl NPOCTPAHCTBO OKOJO Kybomerpa.

(Ivpoko M3BeCTHbl BO3MOXKHOCTH Npeo6pa3oBaHHsl TeNJIOBOH
SHEPrud B 3JEKTPHUYECTBO C MOMOLIBIO NOJYNPOBOJAHHKOBBIX TeEp-
moGartapei. Mccnenosanusi, nayateie 8 CCCP A6pamom Penopo-
puueM HModode u ero yueHnkamy, yBeH4aJlHCh BaXKHBIMH TeXHHUYeC-
KHMH ycleXaMH, B TOM 4YuCJie CO3[JaHHeM TepPMO3JIEKTPHIECKOro
npeo6pa3oBaHus AJs1 sAePHOro peakropa, myiuensoro s 1964 rony.

Jo cux nop peub wJa o NpeBpalleHUH SHEPTUH B CPABHHTE/b-
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HO GOJBIUNX WJAH B TNOJHOM CMbIC/Je cJoBa OOJBIINX MacLITa-
6ax. OnHaKO YacTO OKa3biRaeTcsl HeoOXOAUMBIM 00HapYyKHUBaTb H
H3MepATb ype3BblYalHO caabble NMOTOKHM 3J€KTPOMArHHTHOIO H3-
Nydyehdss B TOH 06/1aCTH CeKTpa, rie HeMpHMeHHMBl paiuoTeXHHU-
yecKHe METOIHI, T. €. B OnTHuecKoii obJsacrtu. [Tonynposogaukossie
npu6opkl, HCNOAb3yeMble A5l 0OHADPYKEHHST H3JydeHHs, OCOOEHHO
B HH(paKpacHoi 06/1acTH, MO CBOEH YYBCTBHTEJIBHOCTH M MO IAPY-
TMM KauecTBaM IPEBOCXOAST MHble TUIIBI IPHEMHHUKOB (HampHmep,
6oJiOMeTpHl UJIH BaKyyMHble Tepmo3JeMenTsl). Paspaborka noay-
NPOBOJHHKOBLIX NDUEMHHKOB, KpaliHe BaXKHBIX KakK s MHPHbIX,
Tak U AAs 0GODOHHBIX Llejiell, OCHOBaHa Ha yrJayb6asiouemcs no-
HHMaHHH (U3HKH (HOTONPOBOAUMOCTH, HIH BHYTpeHHero ¢oTo3d-
(pexTa B NOJYNPOBOLAHHUKAX, O KOTOPpOM OyIeT elle CKa3aHo.

IlpuMeHeHHe NOJYNPOBOAHHKOB, HECOMHEHHO, NPUBEIET K pa-
JMKaJbHOMY YIPOLIEHHI0O MeTOA0B (DH3HYECKOr0o, XMMHUUYECKOro H
610/10rHYeCKOro 3KCIIePHMEHTOB, CBI3aHHBIX C perucTpaluei, ui,
KakK 4acTo TOBODPST, CUETOM SIJEPHBIX YACTHL HJAM KBAaHTOB BLICO-
KOl HEpPruH M OonpejiesIeHHeM 3HEepPruH TaKHX 4acCTHIl WM KBaH-
toB. Haunnasi co BpeMenn knaccuueckux paGor Pesepdopna, B
TeueHHe HEeCKOJNbKUX JeCATHJETHH A5 THX Uejedl ualle BCEro
NPUMEHSIJIM Ta30BLIK pa3psij, BbI3bIBaeMblil MPOXOXKAEeHHEM 3aps-
JKEeHHOH 4acCTHIB B 0O0beMe MOHH3aLUOHHON KaMephl U/ ee MOH-
¢uxanun — cuetunxa Ieiirepa. dtu npuGopsl OKa3anUCh BecbMa
HaJeXHBIMH U COCJYXKHJAU BEpPHYIO cay:xkO0y BO MHOTHX OTpacisx
sinepHoil ¢usukd. OHAKO IJIOTHOCTb T'a308B, 3aNOJHSIOMIUX 00beM
CUETYHKOB MJIM HOHH3ALMOHHBIX KaMep, U X TOPMO3Has crnocob-
HOCTb MaJibl. TO 06CTOSATENBCTBO U APYrUe NpHYHHb 0Koso 20 ner
Ha3aj] NpHBENH K NMOMBITKAM CO3JaHH7 TBEPAbIX MOHU3ALHOHHBIX
KaMep Ha OCHOBe JM3JIEeKTpUUeCKUX KpucraJios, IlepBble nmomnbiT-
K{ 0Ka3aJ/iCh He CJAHIIKOM 00HAeXHBAIOIUMU.

B Hawm AHU HCMOJb30BaHHE COBEPLUIEHHBIX MOHOKPHCTAMIOB—
anMa30nof00HBIX MOJYINPOBOJHHKOB KPEMHUS U repMaHus — MpHU-
BeJIO K CO3JaHHIO TBepAblX HOHM3ALMOHHBIX KaMep, RAIOULIX npe-
BOCXOJHO€ paspelleHHe [0 3HepPrusiM [MPH PerHcTpalyd YacTuif
Wi TaMMa-KBaHTOB. [IpuMeHeHHe 3THX CIEKTPOMETPHUYECKHX Ae-
TEKTOPOB B sfjlepHol (H3HKe N03BOJsAET 060HUTHCh Ge3 CNOMKHBIX U
TPOMO3IKHX MarHUTHBIX crnekrporpacdoB. B takux o6sactsx, Kak
KOCMMUECKHe HCCIeNl0BaHUs, HCIIOAb30BAHHE PALHON30TONOB U H3-
JyueHUH B HapOIHOM XO3SIHCTBe NOJYIPOBOAHHKOBLIE CUETUMKH
YaCTHL, 0OKAXYTCs He3aMEeHHMBIMHU.

Ha puc. 2 noxasansl cnekrpsl Co%, CHATHle ¢ MOMOIIbIO rep-
MaHHEBOTO CYeTUHKA, H3TOTOBJEHHOIO COTPYAHMKaMH Kajeaphl
NOJIYNIPOBOAHUKOB (u3Hyeckoro pakyabrera MY,

OrpaHuunBasicb NMPUBENEHHBIMH NPHMepPaMH INPAaKTHYECKOrO
NpHMeHeHHsT MOJYNPOBOLHUKOB B KauecTBe npeoGpasoBaTeei
JHEeprud U AETEKTOPOB H3/JY4YEHHH H He OCTAaHABJIUBAsCh HA JOCTO-
MHCTBAaX NMOJIYNPOBOJHHKOBBIX yCuJuTaaeH (TpaH3ucropos), s yKa-
JKY Ha HEKOTODELIE ePCIeKTHBbl TaK Ha3blBaeMOil MUKPOMHHHATIO-
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pusauuu B COBpeMeHHOI 3jexTponuke. CXeMa Ji060ro paguoTex-
HHYECKOTO YyCTPOHCTBA, HANPUMeD NPHEMHHKA UM BLIYUCAUTE b~
HO#l MalIMHDI, COCTOMT U3 MACCHBHBIX 3J€MEHTOB (CONPOTHB.IEHHS,
€MKOCTH, HHAYKTHBHOCTH) M aKTHBHBIX (J1€TEKTODHI, TPHOMbI),

B o6blyHOl BakyyMm- N
HOH pajuoTeXHHKe Ma- |

JBIX MOLIHOCTEH OJHH Co*
aKTHBHbIA 31eMeHT (pa-

auoJsiammna) 3aHUMaer 1
okoso 50—100 cm® wu 123 38

norpebJsieT  MOLLHOCTD
Mexay | u 10 Barramu.
MouHocts  npeoGpasy-
€MOro WJHM YCWJIHBAEeMO-
ro cHurHaja OGBIYHO €O- |fm
CTaBJsieT JUIIb MHKPO-
BAaTThl WJU MUJIJIHBAT-
tol. HM3-3a orcyrerBus
ropstyero Katropa, a Tak-
¥Ke Mo JPYruM MOpHYH-
HaM K. 0. J. DOJympo-
BOJIHHKOBBIX JHOIOB H

137 xeb

TPHOLOB OYeHb BEJIHK H 35x38
MOLHOCTb, HeoOXoauMast —
sl MUTaHUsl YCTPOHCT- 120 30 HoKkilb
Ba, COCTOSIILIETO H3 MHO- IHepzus 7,- Bonmol

FUX 3JIEMEHTOB, YMeHD-

1uaeTest B COTHYU, @ HHOT-  Puc. 2. CrniekTp raMMa-usnyyenust Ko6aJjnra-57,
Ja ¥ B JECATKH THICSY  ONPEAE/CHHBI/l C MOMOLIBIO CHEKTPOMETPHUEs
pas CKOrO repMaHHEeBOr0 CYeTyuka (repMaHui,

1 o ) KOMITeHCHpOBaHHbIH JutueM, 100°K). N — yuc-
B coBpemenHoit an1eK- JI0 HMIYAbCOB (ThICSUH).

TPOHHOH TeXHUKe Obl-
CTpPO pasBuBaercs 00-
JacTb MHUHHMATIOPH3aLUH, KOrZa pasMep KaxKJIOro 3JeMeHTa
CXeMbl JOBOAAT [0 MHHHUMYMa U OO'bEIUHAIOT 3TH JeMEHTHl (MH-
KPOMOZAYJH) B KOMIaKTHele OJIOKM 1O HeckKosbKy eaunun, Ciie-
OYIOWKUE 1Iar — MUKPOMUHHATIODU3AlHS — CB3aH € MepPeXogoM
K IJIGHOYHBIM CTPYKTypaM, T. €. OTKa3y OT HCNO/b30BaHHA MOHO-
KDUCT2JIJIOB, COEIHHSIOIIUX INPOBOJIOB M CJAHSAHHIO 3IJEeMEHTOB
JIaHHOH cXeMbl (HampuMep, YCUJHTEsI) B efUHOe 1ejoe — TBep-
LyIO CXeMY.

KayecTBenHO#t Mepoit Bo3MOXHOCTeft, mpencras/asieMoit 3Je-
MEHTaMH pajgHoCXeM, MOXeT GbiThb IJIOTHOCTb pa3MelleHHs 3THX
9JIEMEHTOB:

BaKyyMHbIe PagHOJaAMIIBI 1 saement B 100 cm?
TPaH3UCTOPbI 1 snement B 1 cm®
MHKDOMOZYJIH 1 ssnement B 0,1 cm?
TBepJbie CXeMbl o 500 ssiemMenToB B 1 cud



JJEKTPOHHBIE TPOLIECCHI B TIOJIVIIPOBOJHHEAX

BanenTHBIN 3J1eKTPOH OIHOrG U3 aTOMOB KPHCTaJsa MOJAYNIpO-
BOJHHMKA MOXKET CTaTb CBOGOJIHBIM HOCHTE/NEM 3apsiaa JHullb B CAY-
Yae, €C/IH OH MOJYYHT MOPUHUIO SHEPTrHH, NPEBLILIAIOLIYI0 HEKOTO-
pble MHHHMaJibHble 3HAUEHHS], WM NepeiileT H3 BaJIeHTHOH 30HLI
B 30HY NPOBOJMMOCTH, MeXKAY KOTODOil JexkuT obsacTth (mo.oca)
3anpelleHHbIX 3HaueHu#t sHepruu (puc. 3).
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Nepemewerue nexkmpona 8 kpucmaine

Puc. 3. l1pouecchl HOHH3AUKUK B NOJYNPOBOAHHKe (30HHAs MOAENb):
C — 3ona nposoauMocty; V — BaientHas 3oHa; G — nogoca 3a-
NpelleHHbIX 3HeprHi;
a — Tepmuueckas uoHusanusa; 6 — gorononusamnug,

BosuuknoBenne cBOGOXHBIX HOcHTeneH 3apsiia, T. €. mepexon
5JIEKTPOHA B 30HY NPOBOAMMOCTH, MOXKET THPOHCXOAUTb HE TOJbKO
B pe3yJibTaTe BHEUIHEro BO3JeHCTBUS, Hanpumep, NOIJIOLieHUdA
CBETa, HO U BCJeJACTBHE TENJIOBOro BO36YKAEHHUs.
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CyliecTBoBaHHe 30HBI 3alpelleHYblX SHEPTHHA OTIHYAET MOJy-
TIPOBOAHHKH OT MeTaJlJIOB, B KOTOPbIX BaJI€HTHBIE 3/IEKTPOHbI CBO-
6O HBI H JBHAKYTCS BO BHELIHEM 3JIEKTPUUECKOM I[I0Je, UTO NPHBO-
JMT K GoJbLIOH 3/1eKTponpoBoAHOCTH. C APyroil CTOPOHHI, OT H30-
AATOPOB, HaNpHMep, l1eJOYHO-TaJOHAHBIX KPHCTAJJIOB, MOJYNpPO-
BOJHHUKH OTJIHYAIOTCSl B MePBYIO ouepedb HeOOJbIION HIHPHHOM 3a-
npeuleHHol nosnockl sHeprun E . B TUnUYHBIX MOJYNPOBOAHHKAX
snadesue E , COCTaBJSIET OKOJIO 3JIEKTPOHOBO/IBTA.

Tepmmecxaa HOHHM3ALNA. Xapax'rep QJICKTPONPOBOJHOCTH

BeposiTHOCTh HOHM3alHH BCJIEJCTBUE TEMJIOBOrO BO3GYKIEHUS
nporopuxuoHanbHa BeauunHe e ~EBgwT, rie K — mocTosHHAs
Bonbumana, T — aGconioTHas TeMneparypa. Takum o6pasoM, cTe-
NleHb HOHM3alUH BecbMa OBICTPO pacTeT C TeMmnepartypoil, a npu
JaHHOH TeMIleparype CTOJb Ke Pe3KO MafaeT C yBeJaH4YEHHEM
sueprun E ,. Tennosoe Bo3byxieHnue co3faeT B JIOOOM UYUCTOM,
T. e. He colepKallleM IpuMeceli, KpUcTaJjljie NOJylNpoOBOJHAKA Xa-
PAKTEPHYIO IJSl Hero COOCTBEHHYIO PAaBHOBECHYIO KOHIEHTPAUHUIO
S/IEKTPOHOB M IHIPOK. 3HaueHHe COOCTBEHHOH KOHLEHTpaLuH,
onpejensieMoe B NepBYIO ouepelb LIMPHHON 3alpelleHHOH M0J0-
CHl, BeCbMa BaXXHO BO MHOTHMX NpPaKTHYeCKHX NMPUMEHEHUSIX MOJYy-
NpOBONHUKOB, TaK KaK OHO OMNpejessieT TeMHOBble TOKH B (OTO-
a/ieMeHTax WM (DOHOBbIE TOKH, OT BEJHUMHBl KOTOPHIX 3aBHCHT
YpOBeHb HIyMa, WJIH 3JeKTPHYeCKHX (JIYyKTyaluH, HaKJIalblBa-
IOILHXCSA Ha ITOJe3HbIH - CHrHal U MelaoIUX BbIAEJEHHIO 3TOr0
CHrHana.

Hanpuwmep, npu xoMHaTHO# TeMuepatype, T. e. 300° a6c., cob-
CTBEHHAs paBHOBeCHasl KOHUEHTpalus HocUuTesel:

B anTHMOHHIe unaus (E, 0,18 98) cocrasnaer okosio 1,6 - 1016 cm—3
B repmannn (E,072368) . . « . . 2,5-108%cu®
B kpemuuu (E, 1,198) + .« » o« « 1,4-100%nu-3
B anmasze (E,56968) ., . . . . . 107%cud

BennunHa ynenbHOH 3/JeKTPONPOBOLHOCTH [MOJNYNPOBOIHUKA
O CBfI3aHa C KOHUEHTpauueil 3JeKTPOHOB B 30HE IPOBOAUMOCTH N
#l IbIPOK B BaJIEHTHOIi 30He p BbIpaKeHHEM:

o=gq(ap, +pp,),

rie ¢ — 3apsil 3JeKTPOHa, a U, H W, — 3HAYEHUS MOABHXKHOCTH
3IEKTPOHOB H ABIPOK. [ToABHKHOCTBIO, NO ONpene/eHHI0, Ha3biBa-
10T CKOPOCTDb Apeiiha HOCHTENISI B 3/IEKTPHUECKOM [10/1€ HAMPSXKEH-
HocTeio 1 BoabT Ha cantuMerp. IloaBuKHOCTH HOCHTeNell 3apsiia
3aBMCSAIT OT THNA KPUCTa/JIa, €r0 COBEPLIEHCTBA U TEMIIEPATyPhi.
BBons B moaynpoBOAHHK XHMHYECKHE NPHUMECH, T. €. yyAHe
aTtoMbl, yAAeTCH ynpasasiTh €ro 3JeKTPONnpOBOLHOCTbIO, MeHsAs ee,
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B tayyae HeoOXOAMMOCTH, B MHJIJIMOHEI pa3 U co31aBast B Hpene-
Jlax OAHOrO HCXOAHOrO KpHCTaj/ja pe3KHe IPaHHLbl Y4acTKOB C
Pa3HbLIMH 3HAYEHHAMH H THIIaMM 3JIEKTPONPOBOAHOCTH.

IlpencraBum cebe, YTO B KpPHCTaJJe BMECTO OJHOTO H3 aTOMOB
YyeTbipeXBaJieHTHOTO KPeMHHUSI HaxXoAuTcsd atoM ¢ocdopa, uMero-
LU NATh 3JEKTPOHOB BO BHelllHeH o6oJiouke. UYerblpe #3 3THX
NATH 3JEKTPOHOB OKaXXYyTCsS CBA3aHHBIMU CTOJIb K€ CHJABHO, Kak
BCE BaJIEHTHBIE 3JIEKTPOHBI, B TO BpeMs. KAK OAHH U3 NSTH, OCTaB-«
WUHCA Kak Obl JHIIHUM, 6yAeT CBSI3aH 3HAUHTENbHO cjabee U 10T
JlelicTBUEM TEMNJIOBOIO MJIM HHOTO BO3OYKIEHUS JIETrKO OTOpBercH,
nepeiias B 30HY NPOBOAUMOCTH. 3HAUEHUE SHEPTUH CBSA3HU IJEKTPO-
HOB NpHUMeCHbIX aToMOB E ; CyllecTBeHHO 3aBHCHT OT IU3JEKTPH-
YeCKOH NPOHHLILAeMOCTH KpHCTaJj/la €; B oueHb rpy6oM npubnuxKe-
HHUH:

En
E~"

rae E == 13 38 — noTennyran MOHH3aUUH aTOMa BOAOPOAA.

OnbIT MOKA3BBAET, YTO aTOMBI 3J1€MEHTOB NATOH T'pynnsl Tad-
Jaunsl MeHneneeBa, BBeleHHbIe B FeDMaHUH HJIM KpPeMHHH, JIerKO
OTHalOT 3JIeKTPOHBI, NOJyualoliie CIoCOGHOCTh NepeMellaThess BO
BHENIHEM 3JIEKTpHUeCKOoM mnovie. Takue npuMecHble aTOMBI IPUHATO
HaseBaThb NoHOpaMu, IIpn KOMHATHOH TeMIepaType BepOSITHOCTb
HOHH3aUWU JOHOPOB B FepMaHHU WJIH KPEMHHH, NPOMOPLHOHANb-
pas BesuuuHe e ~ET rne xT == 0,025 36 oxasbiBaeTcsi 060.1b-
ok, TaK Kak A MHOTHX [JOHOPOB B KpeMHuu E; 6/u3ko K
0,05 28, u GoJsbluasg yacTb aTOMOB HOHU3HPYyeTcHd 3a CUeT 3Hep-
riu Temnjosoro Bo36yxneHus. B ornuune or TepMHUecKoi HOHH-
3alli¥ OCHOBHOTO BelLeCTBA KpHCTaJJja, KOria OJHOBPEMEHHO C
S71eKTPOHAMH NPOBOAMMOCTH Heu36eXHO NOsABJAETCS paBiHoe KO-
JHYECTBO HBIPOK, NMPM HOHH3aUHU HOHOPOB B KPHCTaJ/e BO3HHU-
KaloT TOJIOXKHTEJIbHO 3apsiKeHHble HeNOABUXKHbIE EHTPHl — HOHbI
HnpHMeCH.

BBojasi AOHOpDHBIE HEHTPHI, MOXKHO BO MHOTO pa3 MOBHIIATH
SJIeKTPOHHYIO [0JI10 MPOBOLMMOCTH IOJYIPOBOJHHKA, CO3AaBas B
HeM mpeo6jafaHue KOHUEHTPAUUH TMOXBHXKHBIX 3JEKTDOHOB B
CpaBHEHUH C KOHLEHTpauuei JbIPOK.

IpencraBum cebe cayuaif, Korga BMeCTO NpUMecH € U30bl-
TOUHBIM 5/IEKTPOHOM B KPHCTaJIJ1 BBEJ€Hbl aTOMbI C YHCJIOM IEKT-
POHOB BO BHelHe#d 0GO0JIOYUKe, MEHbLIMM, YeM Yy aTOMOB OCHOB-
HOTO BelllecTBa, HallpUMep, aTOMBI 3jeMeHTa 3-i I'pYINbl, HanpH-
Mep, 6opa B KpeMHHH. 3aHAB y3e/ pelleTKH KpHcTalaa, T. €. CTaB
Ha MeCTO ONHOTO H3 aTOMOB KpeMHUS, aToM 6opa He CMOXKeT
NpPOYHO CBSI3aThCS C COCETHHMI aTOMaMU MOCPENCTBOM ABHKEHHS
BaJIEHTHBIX 3JIEKTPOHOB: JJIs YCTAHOBJEHHS HaHOoJee NPOYHOM
CBSI3H OH NOJI2KeH NMPUOODPeCTH MJIH 3aXBaTUTh JHLIHUHA 4eTBEPTLIA
a71ekTpoH. Ecan npuoGpereHre 3TOTO 3JIeKTPOHA OCYILIeCTBJASCTCH
3a cueT OJHOrO M3 COCEJHHX aTOMOB KpPeMHH$, BOSHHKAET JbIPKa,
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Urpaiollas posb NOJOKHUTENBHOTO MONBHAKHOTO HOCHTENS 3apsad.
ATtoMbl npuMecei, cnocoGHble 3aXBaTbIBaTh BaJIEHTHbIE 3MeKTPO-
HBl, CO34aBasl IbIPOYHYIO 3JEKTPONPOBOLHOCTb, HA3bIBAIOT a K-
nenTtopaMy. M3BectHo, yTo akuenTopHble npumecd 3-it rpymn-
nbl B Han6oJlee H3YYEHHBIX H BaXKHBIX AJIST MPAKTHKH TOJYIPOBOA-
HHKaX, KaKk ¥ JOHOPH 5-if rpynmbl, HMEIOT Maayio SHepruio HOHH-
s3aunu: B KpeMHuu okoso 0,05 98, a B repmanuu Bcero 0,01 3s.
HMeHHO 3TH npuUMecH OGLIYHO HCMOJB3YIOT AJS CO3[JaHHUSI B IONY-
NPOBOAHMKAX oO6JsiacTed MOBHIILIEHHOH NPOBOLHUMOCTH, HIpPaIOIIUX
nepBOCTeNeHHY0 poJib B GOJIbIIMHCTBE NOJYNPOBOAHUKOBBIX MpH-
6opos. IToBbimas KoHueHTpamuio npuMeceii 1o 10'8—102° atomos
B 1 cm3, MOXKHO cO31aTb Marepua/bl NEPeXOLHOTO THIA MeXKLY
NOJYNPOBOAHHKAMU H MeTajlJlaMi, HMelolllie HHTepecHble H Bax-
Hble JJis DPaKTHKH (PH3UUYeCKUe CBOMCTBA.

Tlornomernne cBeta u BHYTpeHHHH CoToacipexr

Brinte 610 yKa3aHo, UTO MOTVIOLIEHHE KBAHTOB CBera, HJH
(OTOHOB, MOXKET CONPOBOXKIATHCS BO3HUKHOBEHHEM HepaBHOBeC-
HBIX HocHTeseil 3apsana. Takum o6GpasoM, ciaefyeT OXKHAaTh, UTO
3J1€KTPONPOBOLHOCTb OCBELIEHHOTO IMOJYIPOBOJAHHKA OKarKercs
6Gonblefl, 4eM J0 Hauaja OCBellleHWd. DTO sBJIeHHe, Ha3bIBaeMoe
()OTONPOBOAHMOCTBIO, OBLIO OTKPBITO NAaBHO U JaXKe HCMO.1b30Ba-
JIOCh B IPAKTHKEe 3aJ0JIr0 10 Pa3BUTHS KBAHTOBOH MEXaHUKH H
COBPEMEHHOl 3/71eKTPOHHOM (u3uKKM TBeproro Tesna. O6paTtuMcst K
BONPOCY O 3aBHCHMOCTH HHTEHCHBHOCTH HOIJIOIEHUS CBeTa MOJYy-
NpPOBOAHUKOM OT 3HEPTUU KBAHTOB U CBSI3U 3TOH 3aBHCHMOCTH C
30HHOH CTPYKTYpPO# KpHcTansia U CyLeCTBOBAHHEM B HeM MpPHUMeC+
Hbeix atoMoB. [lorsonieHne cBeta OGBIYHO OMHCHIBAETCS JKCIIOHEH-
LHaJbHBIM 3aKOHOM: IPOHUKHYB Ha ray6uHy X, cBeTtoBOil MOTOK
ocnabnsieTcs Tak, YTO ero HHTEHCUBHOCTb Ha 3To# rny6uHe ¢, OT-
HOCHUTCA K HAYa/JbHOH HHTEHCHBHOCTH ¢, KaK € —%, Tle @ —
Ko3(HuuneHt noraouienus (cm~1).

Ecnu sHeprus KBaHTa mpeBbIlIaeT WHPHHY MOJOCH 3aMpelleH-
HblX 3Hepruedl E ,, BepOATHOCTb B3aUMOJEHCTBHA C BaJIEHTHBIMH
3/1eKTPOHAMH OYeHb BeJHKa U KO3(p(PHUHEHT MOTrJOoLLeHHA CBeTa
o6uiyHo mpeBbiwaer 10000 cm~1, T. e. Myyok cBeTa 3aMeTHO OC-
Jabnasiercst IpU NPOHUKHOBEHUH B KPHUCTala Ha rNyOHHY mopsiika
mukpouoB. Ilor/iolieHte cBera B 3TOH 00/1aCTH CleKTpa Compo-
BOXKNAeTCsl BOSHUKHOBEHHEM I1ap 3JEeKTPOHOB U ABIPOK (pHc. 4a),

Ecnu sHeprus kKBaHTOB HEAOCTAaTOYHA [JIsI epeBOLa 3JIeKTPO-
HOB M3 BaJICHTHOH 30HBI B 30HY [POBOAHMOCTH, TaKoH 3t deKT npH
OObIYHBIX HHTEHCHBHOCTSIX CBETOBOrO BO30YKIEHUS HEBO3MOXKEH.

OnHako ecqH B KPHCTaJJle UMelOTCS HeOHU30BaHHbIE MPUMeCH,
HanpuMep, oOblUYHbIE AOHOPHI HJIM aKUENTOPHl MPH HU3KHUX TEeM-
nepartypax, WJid NpHMecHbIe HeHTPH ¢ GoJjiee TIYOOKHM YpOBHEM,
T, e, GosplIuM 3HayeHHeM E; , BO3MOXKHO MOIVIOLEHUe CBETA, CO-
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TIDOBOXKJaeMO€E NOSIBJEHHEM HEPABHOBECHHIX HOCHTeNeil 3apsana
onnoro 3Haka. [logo6Hoe mor/olUIEHkEe CBETA HAa3hbIBAETCH MpUMec-
HbIM. Ko3ddunuenT norJoleHns: B 3T0M cayyae 0GbIYHO HEBEJIHK
H HOCHTEeJIK 3apsifla BO3HHKAIOT He TOJIbKO BGJNH3H TOBEPXHOCTH,
HO H B riyGHHEe KpHCTaNNa,
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Puc. 4a. CnekTpansHast 3aBHCUMOCTh K03 dUUMEHTa NOrJIOUWEHH

CBeTa B MNOJYNPOBOAHEKe (MPHMED KPEMHKs) H cCXeMa 3JeKTPOH-

HBIX nepexonoB. 1 — ¢doToHoHH3aUusd B OCHOBHOM IOJIOCE MOrJO-

IeHNs (BO3HHKAIOT Mapel 3JeKTPOHOB H JBIPOK); 2 — (CTOHOHH-

3anusg NPHMECHOTO IEeHTpa, CONMpPOBOXKAaeMmasl MosiBJeHHeM (orTo-

3JIeKTPOHA; 3 — MOIJIOIeHHe CBeTa CBOGONHEIMH 3JIEKTPOHAMH;
C — 30Ha npoBOAUMOCTH; V — BajeHTHasT 30Ha.

Haxkonen, caMmu cBOGOJHBIE HOCUTENH 3apsia, HE3aBHCUMO OT
TOrO, SIBJSIIOTCS JIM OHH DaBHOBECHBIMH MJIH HET, Take IIOIJio-
mator poronsl. OxHako B 3TOM ciyyae. $oTtoaddext oObIYHO OT-
CYTCTBYeT, TaK KaK UMCJO HOCHTeNeH 3apsia He MeHseTcs, a
nonyyeHHass HMHU AONOJHHUTE/IbHasl SHEPTHs BCKape NepexoiHuT B
SHEPrui0 TENJOBOro BO3OYKIEHUS KPHUCTANIHUYECKOH pelIeTKH.

C TOUKM 3pEHHS HCIOJb30BAHHS NMOJNYNPOBOJHUKOB, KAK 4yB-
CTBHTEJIBHBIX MPHEMHHKOB CBeTa, BKJ/IOUasl Cl0fa He TOJAbKO BH«
JHMMBIR CBET, HO H MH(paKpacHoe H yJAbTpa(HoJeTOBOE H3JMyUeHHe,
nepBble JBa THUNA NOIVIOUIEHHs TOJIE€3Hbl, IIOCAeNHHH OOBIYHO
6ecrnogeseH.

Jo6aBouHYI0 NPOBOLHMOCTh OCBELIEHHOTO MNOJYNPOBOIHHKA,
T. €. CHFHal (OTONPOBOAMMOCTH, OOBLIYHO ONpPEAeslOT, BRAIOYas
¢dortouyBCcTBUTENbHLL 06pasew /1 B uenb Gatapeu yepe3 Harpysou-
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Hoe conporuBaenue (puc. 4,6). Benuunna no6aBouHOf  3JEKTPO-
NPOBOLHOCTH OCBELLIEHHOTO MNOJYIPOBOAHHKA, €CNH CBET 0CBOOO-
3K1aeT HOCHTEeJNH OMHOro THNA, MpONOPUHOHAAbHA JA06aBOYHOM
KOHUEHTPAUHUH 3THX HocHTeqel An:

Ao ~ An,
0

Puc. 46. CxeMa BKJIOYeHHS TOJYNPOBOAHHKOBOIO ¢POTOCO«
NPOTHUBJICHHS.
IT — dotoconpotusnenne; R g — Harpyska,

B cBoio ouepenn, sHauenne A7 MOKHO BHPa3HTh Yepe3 CKO-
POCTb BO3HHKHOBEHHS HOCHTeJIell B OCBELIEHHOM IIOJIYNPOBOAHHKE
G (pasmepHocTb cu~3cex—1), Kak

An = Gr,

rie t— cpeiree BpeMsl XH3HH HEDAaBHOBECHHIX HOCHTeNeH, BO3-
HUKUIHX BCJEACTBHE (DOTOHOHH3AUHUH, 4O PEKOMOHHAUWH 3THX HO-
cuteneii. [locienHee BHIpaskeHHe OTHOCHTCS K YHCJYy CTaTHCTHYe-
CKHX H BIIOJIHE aHAJIOTHYHO YTBEPIKIEHHIO O TOM, YTO HaceJeHUe
3eMHOro mapa paBHO CPeHEMY YHCAY POXIEHHI B eAHHHLY
BpeMeHH, IOMHOXKEHHOMY Ha CPeAHIOI0 NPOAOJKHTENbHOCTh XKHU3+
HH yesoBeKa.

EcrecrBenHo, yTo MakcHManpHOe 3HauYeHHE AOGABOYHOH KOH«
HeHTpauHH (HOTONEKTPOHOB A7 AOCTHTAETCs He MI'HOBEHHO C Ha-
yaJia OCBElLHeHHUs MOJYIPOBOIHHKA, a NOCTeNeHHo, TPaKTHYECKH 32
BpeMs {, 6JIH3KOe K CpellHeMY BpeMeHH KH3HH HepaBHOBECHHIX
HOcHTeJel T. DTo O3HauaeT, YTO MOAYNPOBORHHKOBEIE GoTodNe-
MEHTHl BCerfia HHepuuoHHb. OObIUHO HMeeT MecTO NPUGAH3HUTENb-
Hasl NPONOPUHOHANBHOCTh MeXAY BeJHUHHOH (POTONPOBOAHMOCTH
Ao 1 mHepunoHHOCTBIO, [TosynpoBONHUKOBBIN 371€MeHT C HHEpUH-
OHHOCTBIO B OJHY COTYIO CEKYHAH MOXKHO YCIENIHO NPHMEHHTb B
aBTOMaTe CTaHUMH METPO, HO AJIs1 BOCIPOHU3BENEHHS 3BYKO3alHCH
Ha KHHOJIEHTe HeoOXoJHMa MeHblllasg HHEPUHOHHOCTb MHJIH, Kak
yacTo roBopsT, 6oJee WKUpOoKas nojoca pabounx wactor. B macro-
silllee BpeMsl TeXHOJIOTHSl HOJYNPOBOAHHKOBLIX (hOTO3JEMEHTOB, B
KOTODHIX HCIOJB3YIOTCH, B 3aBUCHMOCTH OT HYXK/J, TeXHHUKH, HHOTAA
coOCTBEHHbIH, HHOrAa NpuMecHHH (oTosddekr, AocTuraa 60b-
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imux ycrnexoB, Co3zaHbl (pOTOCONPOTHUBIEHHS € HHEPLHOHUOCTHIO
MeHee OJHOH MUJJIMOHHOH CEKyHABI H (POTO3/1eMEeHTbl HeCKOAbKO
6oJiee CJA0KHOTO THIIA, OT3BIBAIOLINECS Ha CBETOBOi CHIHa/l MeHee
YeM Ha OXHY CTOMHJIJIMOHHYIO CEKYH[BL.

CnexrTpasbHOil 061aCTbI0 UYBCTBHTEJIBHOCTH (hOTO3JEMEHTOB
ynpasJgIoT, BBIOHpast ONTHMAJNBbHBIH TOJYNDOBOAHHKOBEIA MaTe-
pHaJ, WJIH BBOAS B HCXONHBIH MaTepuasn NpuUMecCHble LEITpbl C
YpPOBHSIMH HeOOXOAUMOH IVYGHHBL B MOJIOCE 3aNpelieHHBIX 3Hep-
ruf.

Pexomﬁnﬂauua HEPABHOBECHBIX JJICKTPOHOB H JIbIDOK

ITpumecHble 1eHTPH], a TakkKe AedeKThl KPHCTAIHUECKOH pe-
IIeTKH, HalpuMep NYCThble Y3JIbl, B KOTOPBIX OTCYTCTBYET aTOM, HJIU
«JIMIIHHE» aTOMbl OCHOBHOI'O BeleCTBAa, BHEADEHHBIE B peIIeTKY
KpHCTaJl1a ¥ Bhi3blBalolllHe BO6U3U cebs ee HCKaXKeHHe, Ype3Bbl-
YaHHO CUJIBHO BJIUSIIOT HA BpeMs KH3HH HepaBHOBECHBIX HOCHTe-
Jeit. BBoAst nmpuMecHble LEHTPbl C M3BECTHBIMH CBOMCTBaMH, HJH
ya1aJdsi HeHyKHble BpeJHble IPHMeCH, BO MHOTHX CJyJasx yaaercs
ynpasJ/siTb 3HAaYEHHEM BPEMEHH KHM3HH HepaBHOBECHBIX HOCHTe-
Jiell, KoTopoe onpefiesisieT He TOJBKO UYBCTBUTEJNbHOCTb M HHEp-
LIHOHHOCTb (DOTO3/JIEeMEHTOB, HO U K. M. J. Npeo6pa3oBaHUSA Hep-
rud, Ko3OULHEHT yCHIeHUS MNOJYNPOBOJHHKOBBIX TPUOLOB, a
Tak¥Ke 3JIeKTPHYECKHH IIyM, HaKJaJAbIBaIOIIHACA Ha MNOJIe3HbIi
CHIHaJl B ITOJNYNPOBOJHUKOBBIX TTPUGOpax.

Xapakrep peKOMOGHMHAUHH H COOTHOLIEHHe BeposTHOCTell Ge3-
M3JyyaTeJbHbIX N1€pexoJoB, KOria 3Heprus, 3aTpaueHHas Ha Ho-
HHU3auuIio, NEePeXoJUT B TEMJIOBYIO, H H3JyuaTesbHbIX, KOTAa BO3-
Oy:K/JeHHbIH KDHCTaJ/JI HCIYCKaeT CBeT, T. €. JIOMHHECUUPYET, Ur-
paeT MEPBOCTENEHHYIO POJb NPH CO3AaHHU TIOJYNPOBOLHAKOBBIX
MCTOYHHKOB CBETa H ONTHYECKUX KBAHTOBBLIX F€HEPaTOPOB, U Ja-
3€epoB.

BepueMmcst k cxeMe npouecca (GOTOHOHU3ALUH, H300paKeHHOH
Ha puc. 3. B uzeanbHOM KPHCTaJlle Y JEKTPOHOB U IBIPOK, BO3-
HUKILKX NPH MOrjoleHud (PoTOHA, UMEETCS CJAeAYIollas BO3MOK-
HOCTb PEKOMOUHHPOBATh: HX YHEPrUsl MOMKET NPeBPaTHTbCS BHOBb
B 3JIEKTPOMAarHUTHOE H3Jy4YeHHe, T. €. NOABUTCA (DOTOH; dHEprus
9JIeKTPOHA M ABIPKH MOXKET MepeHTH B TEMI0oBoe BO30Y:KIAeHHeE,
KBaHThl KOTOPOTrO Ha3blBAIOT (POHOHAMHU; BO3MOKEH H CMellaHHbIi
npouecc — HenyckaHie (DOTOHA MeHbllell SHepruu U OJHOBPEMEH-
HO OJHOTO HJIH HECKOJIbKHX (POHOB.

TinatenpHble HCCNe40BaHHS MPOUECCOB PeKOMOGUHALMM TOKa-
3aJ4, 4To HaubGoJsee BEPOATHHI Te U3 HUX, B KOTOPHIX 3aKOHbI CO-
XpaHEHHS 3HEPrHH H HMIYJbCA BLINOJHAIOTCH Oaarogaps y4acTuio
HeCcOBepUIeHCTB KpHUCTa/Jla: NPHMECHBIX LEHTPOB, CMeLlEeHHBbIX
aTOMOB M NYyCTHIX y3/10B (BakaHCHi), MOCAEACTBHH HEMPABU/b-
HOro pocTa KpHcTasJa, HasblBaeMblX AHCAOKAUHAMH H, HakOHeL,
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Hen36e:XHOMY HECOBEpIIEHCTBY JIOGOr0 KpHUCTala: ero MoBepX-
HOCTH, Ha KOTOPO#l OGpbIBaeTCsA NepHOAHYHOCTb NPaBHIbLHOIO pacs
NOJI0XEeHHST aTOMOB.

OnHa u3 BaXKHBIX 3afauy (QH3UKH NONYIPOBOJHHKOB COCTOHT 8
H3Y4YeHHH H TECPETHUYECKOM TpeJCKa3aHHH CBOHCTB TeX HJH HHBIX
JIOKaJNbHbIX LEHTPOB, MPOCTEHIMHMH H3 KOTOPHIX SIBJSIOTCS HOHO-
pbl 5-fi TPyNNbl M aKuenTopsl 3-i rPpynnel B KPUCTA/JIaX repMaHHust
H KpeMHHs. 3HauHTeqbHO GoJiee CJIOKHBI MPOLECCHl, MPOHCXOMIs-
liMe NPH YYaCTHH Tak Ha3blBaeMblX MHOI'03apsIHBIX LEHTPOB —
HanpuMep, 30/10Ta HJIU MelH B repMaHuu. Takue HEHTPH B OJHUX
YC/JOBHAX MIPalOT BPEAHYIO POJb KaTaJH3aTOPOB PeKOMOHHAUHH,
Pe3KO yMEHbINAIOUIUX BpeMs *KH3HH I1ap HepaBHOBECHBIX [10CHTE-
Jielt 3apsja, B IPYrHX — OKa3blBalOTCsS MNOJEe3HBIMH, TaK Kak 0.a-
Tolaps npuMecHOH (OTOMOHH3ALMHU BO3HHKAET CeKTpaJjbHasi 06-
JacTb (DOTUYYBCTBUTENIbHOCTH, KOTOPOHl He HMeeT YHCTHI repma-
HuM.

B pesysapTaTe HccnegoBaHHNt CBOHCTB NpPHUMECHBIX I[EHTPOB B
BaJIEHTHBIX MOJIYNPOBOJHHKAX yJaJ0Ch JOCTHYb LE@HHBIX NpPaKTH-
YeCKHX De3yJbTaTOB B CO34aHHH (POTONEMEHTOB, 3J1€MEHTOB Ma-
MATH CYETHBIX MaLIHH, HOJYNPOBOAHHKOBBIX NETEKTOPOB YacCTHI]
H MHOTHUX APYTHX IpUOOPOB.

HHrepecHolt npo6neMoil NpencTaBAsieTCS BhISCHEHHE pOJIH
npuMeceil uiaH AeeKTOB KaK KaTaJlH3aTOPOB CBeUeHHs, [I0BHIIIAO-
LIHX BEPOSATHOCTb PpeKOMOHHALUHMH C HCNYCKAHHEM (POTOHOB,

JJeKTPORABIE MpOUECCH B EEORHODOXHBIX MOMYMPOBOJHAKAX.
P—N -nepexofist

Bo MHOrux npakTHueckuX safavax, B MepBYIO ouepenb — s
Tnpeobpa3qBaHus NepPEeMEHHOTO TOKA B NOCTOSIHHBIH, JJIsT BhIAese-
HHSl CUT'HAJIOB HH3KOH uacTOThl, npeobpa3oBaHHS M IeHepauuu
xosie6aHyil B pafiuOTeXHHKe, HEOOXOAMMO UCIIO/Nb30BATh TaK Ha3bl-
BaeMble He/lMHelHble 3/€MEeHTHl 3JeKTpUuecKux neneil, I[IpamMepom
HeJIMHEHHOTO 3J1eMeHTa MOXKeT ObITb BAKYYMHBIH AHOJ C TOPSIYUM
katogoM. IlpuHunn neficTBus Takoro JAHOJZa B KaueCTBE BBINpS-
MHUTeNsl TOKa WM JEeTEeKTOPa XOpoulo H3BecTeH. §I He ocTaHaBJ/H-
BalOChb Ha HHTEPECHOM BOIpPOCe Pa3BHUTHS NPUHIHIOB H METOJ0B
BBINPSMJIEHHST TOKA, HO HaNOMHIO, YTO B PafHOTEXHHKE, B HayaJe
ee pa3BUTHS, NOBCEMECTHO MNPUMEHSJIM NOJYNPOBOJHHKOBLIE Je-
TEKTOPbI C TOYEUHbIMH KOHTaKTaMH. [TepBoHauanbHble KpUCTAJIH~
yecKHe JeTEeKTOPhl CTpajaju MHOTHMMH HeJAOCTATKaMH U Ha MHOro
JeT OblJIM BhiTeCHeHbl Oosiee cTaOUJIbHBIMH THOKHMH B HCIOJb30-
BaHHH BaKyyMHHIMU auofaMH. OTKpbITHE BO3MOXKHOCTH yIpaBJe-
HUS aHOAHLIM TOKOM JHOJa H3MEHEHHMEeM MOTeHIHasNla CEeTKH INpHu-
BeJIO K NOJJIMHHON PeBOJIIOLHH B TeXHHKe pajHolpHeMa H rexepa-
MK PaJlHOBONH H YTBEDPK/AEHUIO BAKYYMHBIX NpHOOPOB B TEXHHKE.
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TMpaxkTHyecKHe NpUMeHEeHHs NONYNPOBAHHKOB B 3TH OBl OTpa-
HUYMBAJIUCh, B OCHOBHOM, BBLIMPSIMJIEHHEM TOKa B MaJjoH 3>Hepre-
THKe, HCIIOJb30BaHHEeM (POTO3/IEMEHTOB M NOCTENEeHHHIM BHEApe-
HUEM B TEXHHKY TEPMHCTOPOB, TEPMO3JEMEHTOB H XOJOAHIbHLIX
yCTPOHCTB.

Boso6HoBieHHe HHTepeca K APYTrUM IpPaKTHYECKHM MNpliMeHe-
HHSIM OJIyIIPOBOAHHKOB, B NepPBYIO ouyepelb — IJIs1 J€TeKTpPoBa-
HUSl CHUTHAJIOB, GBbLIO CBA3aHO C Pa3BUTHEM PalHOJIOKAUMH B FOAL
BTOpOK MHPOBOH BOHHB. Heob6XoaHMOCTb B CO3ZAaHHH OOJBIUHX
cepuii MOJYIPOBOAHHKOBHIX J€TEKTOPOB C YCTOHUMBHIMH HAEHTHY-
HBIMH XapakTepHCTHKaMH{ NoTpeboBasa Iepexona K HOBBIM MeTo-
JlaM CBEPXTOHKOH OYMCTKH HCXOJHOTO HOJIYNPOBOJAHHUKA H HCNOJIb-
30BaHHUIO JJIS POM3BOACTBA NPHGOPOB MOHOKDUCTAJJIOB €I CTpPO-
ro KOHTPOJIMPYEMBIMH cBolcTBaMH. B KauecTBe mnepcneKTHBHBLIX
marepHanoB Ha 3Toi craguu B 1945—1948 ronax Oelix ucmpo-
60BaHbl KPeMHHH, repmaHuil, 60p H HEKOTOpbIe JpyrHe HOJAyNpoO-
BOJHHKH.

HanGoJsiee uucTble W coOBeplleHHBIE KPHUCTaJJIbl BHauajle yaa-
JIOCh BBIPACTHUTh U3 repMaHusi. PasMepsl OTHEeNbHBIX MOHOKpHC-
TaJIJIOB BCKOpe ObIIU IOBEIEHBHl A0 CaHTHMEeTpa B JHaMeTpe H
HEeCKOJIbKHX CAaHTHMETPOB B IJIMHY, a UHCTOTA — JO 3HAUEHHS,
NpeBbLILIABIIEr0 LIECTh AEBATOK, T. e. 99,99999% atomoB repManus,
WM MeHee OJHOI'0 aToMa IpUMecH Ha MMJIJIMOH aTOMOB repma-
Husi. B Hacrosiee BpeMs B HOJyIPOBOAHUKOBOA TeXHHKe CTaBHT-
Cs1 BONPOC O JeBATOH MK HecaTol neBATKe. [nisi HarorosJieHus
KPYIHBIX CHJIOBBIX NPHGOPOB HepeAKO BBIPALIHBAIOT MOHOKpHC-
TaJJibl JHaMeTpoM 1o 5—8 cu.

PeuaiomumM o6cToATEICTBOM IJ/151 OTKPHITHS HOBBIX NpHMeHe-
HUIl MOJYNPOBOAHHKOB 0KasaJ/JoCch TO, YTO HCCJIefoBaTeNH Blep-
Bble NOJYYUAH BO3MOXKHOCTb CTaBHTb 3KCMEDHMEHTHl B YCJIOBHSX
YHCTOTH! BELIECTBA, '€OMETPHH, pacnpejeneHHst 3JeKTPUUECKHX
noseit, ycJAOBHH MOIJIOIIEHHS CBEeTa, NONYCKaIOLIUX NpPsIMOe HC-
No/b30BAaHHE KOJIMYECTBEHHBIX Npe/JCKa3aHHH TEOPHH 3JIeKTPOH-
HBIX 1IPOLIECCOB.

HiMeHHO B pe3yJsbTaTe 3THX BO3MOXKHOCTEH yJnan0oCch CO34aTh
BHYTPH KPHCTAJIJIOB FepMaHHs, a 3aTeM KPEeMHHUs U IPYrUX MoJay-
IIPOBOJHUKOB HCKYCCTBEHHBIE 3JIEKTPHUECKHEe HEONHOPOIHOCTH —
TaK Ha3blBaeMble 3/1eKTPOHHO-ABIPOYHbIE Nepexonsl uau P—N-ne-
pexojbl, OCHOBHbIE CBOHCTBA KOTOPBIX OblIM mpejpckasanbl B 1938
rony coserckuM ¢usnkoM bB. M. J1aBHIIOBBIM M YaCTHYHO H3Y-
yensl Torna xe A. @, Hopde u A. B. Hodde B ycnosusx, gonyc-
KaBIIHX JHUIb KaUeCTBeHHOe CpaBHeHHe C TeopHeii.

IMpencraBum cefe, 4TO ABa MOHOKpPHCTA/N/Na HOJYIPOBOXHHKA,
B OJHHUX H3 KOTOPBIX IpeoGJialaeT 3AeKTPOHHAS IPUMECHAs JIeKT-
ponposoaHocts (N), a B npyrux aelpounas (P), ymanoch coemu-
HUTb B €AHMHBIH KpHcrai. CxeMa Takoro KpHUCTa/ljla MOKa3aHa
Ha puc. 5.

Ha rpanuue 31exTpOHHOH H AblpouHOii oGJacTell BO3HHKaeT
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CKaYOK TIOTEHIHAaNa, KOTOPOMY COOTBETCTBYeT K3006paKeHHbIH Ha
cxeMe u3ru6 30Hbl NPOBOAHMOCTH H BaJIEHTHOH 30HBL. DJEKTpHue-
cKoe IoJie, CYyLIeCTBylolllee B MOTPaHMYHOM CJOe, T. €. BHYTpH
P—N-nepexosna, OTTaNKUBaeT 3JeKTPOHbl BHYTpb N-obJacTH, a
IblpKH — BHYTpb P-o6mactu. Mexay ogHoponusimu P- u N-o6na-
cTAMH obpa3yeTcsi C/l0H NOJYNPOBOAHHMKA, OOeAHEHHBIH HOCHTe-
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Puc. 5. 3ouHBIE CXeMBl ¥ KOHUEHTPALHS 9JeKTPOHOB 7 U JAbl-

poK p B KpucTramie ¢ P — N-nepexopom:

a — KPUCTa/J B YCLOBHSIX DaBHOBECHH; O — HHIKEKLHH He-
paBHOBECHBIX HOCHTeJell (NMpsiMOil TOK); 8 — BO3HHKHOBEHHE

o6eaHEHHOro cJsosi, KaK Obl Au3JeKTpuKa (o6paTHoe Hamps-
KeHHe)

JAMH 3apfifa, T. €. BHYTPH KpHCTa/1a Kak OBl NOSIBNSIETCH MPO-
cl0MKa AH3JeKTpHKa. BHyTpH 3TOrO C/10s1 BCIEACTBHE OTTECHEHUS
9JIEKTPUUECKHM II0JIeM NOABUKHBLIX HOCHTe/NeH 3apsna, 3apsibl
HOHOB NpHUMecell — JOHOPOB U aKLENTOPOB — He CKOMIIEHCHPOBa-
Hel. M3 o6nactu N B o6sacte P ckBo3b oGeqHEHHBIH CJI0H MOryT
NONAacTb TOJBKO T€ 3J1€KTPOHbI, SHEPrUs KOTOPHIX MPEBBIMIAET Bbl-
COTY CKauka NoTeHUHasa, AHAJOrHYHO 3TOMY, U3 obnactd £ B 06-
viacTe N MOT'yT MONacTb TOJIBKO T€ JbIPKH, HEPTHSI KOTOPHIX 10-
CTaTOYHO YA aJieHa OT Kpasl BaJeHTHOil 30HHI.

Benencrsue TensoBoro Bo3Oy:xKaeHHsl B MOJYNPOBOAHMKE BO3-
HHMKAlOT 3JIEKTPOHBI M AbIpkU. Ecnn, Hanpumep, mapa Hocuresneil
o6pasoBanach B P-06/1aCTH H 3JeKTPOH A0 PeKOMOHHALMH ychea
mnepeMecTuTbca 10 P—N-nepexona, To 3/eKTpHUECKOe MOJie npu-
TAHeT ero B N-o6mactb. B orcyTcTBHe BHelIHero HamnpsiKeHus
NOTOK PaBHOBECHBIX 3JIeKTPOHOB H3 obGnactd N B oGnaacth P B
CpeaHeM YPaBHOBGLIMBAETCA BCTPEYHBIM NOTOKOM. PaBHOBecue B
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KPHCTaJjle COXPAHSAETCS, T. €. MOJHBIH TOK CKBO3b P—N-mepexon
pasen HyJw0. Ecan npunoxute kK P—N-nepexony pasHoCTb NOTeH-
uuanos V,s; TakuM 06pasoM, uTo6r P-o6sacTb Gbiia MOX OTpH-
HaTe/bHBIM NOTEHUHAJ0M OTHOCHTe1bHO N-o6sacTd, T. €. NOKaTh
Munyc Ha P-o6aactb u miioc Ha N-06/1acThb, KaK 4acTo roOBOpAT B
TeXHHUKE, TO BEJIHYHHA CKayKka TIOTeHnHana. Ha P—N-nepexojae
yBeauuutcs Ha Beauundy V,q,s Ilpu suauvenun Vo5, xoTOpOE
Ha3blBAalOT O06paTHBIM Hanpsi:KeHHEeM, NPEBHIIAIONIEM HECKOJbKO
JeCATHIX BOJIbTA, NOTOK 3JeKTPoHOB U3 N-o6mactu B P-o6jacTh U
NOTOK ABIPOK M3 P-o6sactu B N-o6jacThb npekpaTuTcs, TakK Kak
SHEPTHH TEMJIOBOTO BO3OYKIEHHSI HOCUTEJNEH, HMEIOlIHe BEJHUHHY
nopanka kT, oKaxyTcs HeJOCTAaTOUYHBIMH AJIsi MPEOJOJIEHHST CKau-
Ka noreHununasja., O6parHoe HampsiKeHHe PasbeJUHHT LEMb, HIH,
KaK 4acTo roBopsT, 3anper kpucraaa ¢ P—N-nepexonom Tak xe,
KaK 3anupaercss BAKYYMHBIH JHORN C TEPMO3JIEKTPOHHLIM KaTOJLOM.

Onnako NOTOK 3/MeKTpoHOB U3 P-o6aactu B N-06/1acTh H MOTOK
HAbIpoK U3 N-o6saacty B P-06s1acTh, 0GyC/l0BJIEHHBIE TEMJIOBOH Te-
Hepauueil nap HocHTeseli, He 3aBUCAT OT BHELIHEro HaNpAKEHHUS,
H NO3TOMY CKBO3b 3amepThill Kpucrami ¢ P—N-nepexonoMm Bce ke
HOHIET TOK, MpaBxa, oueHb cjaabblil. TOT TOK HA3BLIBAIOT TOKOM
HacbieHus. [1noTHOCTh Toka HachillleHHs 0603HAYaOT CHMBOJIOM
J; . 3HayeHHe IJIOTHOCTH 3TOTO TOKA 3KCIOHEHUHANbHO PACTET C
TeMIepaTypoil U SKCIOHEHIHANbHO NajaeT C yBeJIHYeHHEM IIHPH-
HBI 3aTIpeleHHOH NOJOoCH NonynpoBofHuKa E, .

Pasymeercss, o6paTHae HanpsikeHue Ha P-—=N-nepexone
HeJb3si YBEJHUUBATh 10 GeckoHeyHOCTH. [IpH HEKOTOPHIX iIpeielb-
HBIX 3HAUEHHAX BO3HHKAeT aBJeHUe Npobosi P—N-nepexona, KOTo-
poe GbiBaeT 06YCJAOBJIEHO HArpeBOM INOJYNPOBOLHHKA 3a cyeT 00-
paTHOro TOKa HJIM TaK HasplBaeMoil yJapHoit HOHH3aLHel, Koraa
HOCHTENH 3apsiia, YCKODPSAsICh B CHJIbHOM 3JIEKTPHYECKOM TIoJie
pHyTpu P—N-nepexona, noJiyualoT crnocoGHOCTb I'€HepHPOBaTh
HOBbIE€ HOCHTEJIH, U TOK PE3KO BO3pacTaerT.

BenencrBue sBjeHusi 1npo6osi, KaXKAbI H3 MHOTOUYHC/AEHHBIX
THTIOB NOJYNPOBOXHHKOBBIX BLINPSIMUTENEH U TPHOJLOB, TaK Hasbl-
BaeMbIX TPaH3HCTOPOB, HMeeT XapaKkTepHOe NpeAeabHoe pabouee
HanpsiKeHk e.

[IpuMensisi criennanbHble, HECKOJBKO YCI0XKHeHHBIe P-N-me-
pPEXOMibl CO CJIOEM UHCTOro, COGCTBEHHOTrO NMOJYNPOBOJHHKA MEXIY
npuMecHeIMH P- 1 N-o6GJacTsiMH, ylaeTcsl NOBBICHTB pabouee Ha-
npsixkedue Ha P—N-nepexonax, HanpuMep B KPHCTa/IaX KpeM-
HHS, A0 HECKOJIbKHMX THICSY BO.IbT, B cpaBHeHuH ¢ 5—10 BonbTamu
B [EPBHIX NMOJYNPOBOAHHKOBBIX BLINPAMHTENAX M3 MOMHKPHCTAJ-
JINUECKOH 3aKHCH MEIH.

SIBnenve ymapHOH HOHM3aUHMH B TOJYNPOBOAHHKAX, T01POGHO
H3y4eHHOe COBETCKHMH (H3HKaMH, B nepsyio ouepens B. M. By-
JIOM M €ro y4eHHKaMH, NpeJicTaBjaser COO0A ONMH U3 NPOuECCOoB
reHepauud HepaBHOBECHBIX HOCHTEJEH 3a CYeT SHEPTHH MNPHJIO-
’KEHHOI'0 H3BHE 3JIEKTPHYECKOro nojA. DTO ABJEHHE MOXKET ObiTh
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HCTIONIb30BAHO, B YAaCTHOCTH, AN BO3OyXXIeHHUs HHPpPaKpacHOro
PeKOMOUHALHOHHOTO U3/1YU€eHHs MOy POBOIHUKOB.

BepHemcst K BONDPOCY O MPOXOXKIEHHH 3JEKTPHUECKOrO TOKa
ckBo3b P—N-nepexon, Ha 3TOT pa3 B Cyuae, KOria K nocjienHemy
npuioxKeHo Hanpsikenue V,, B NpAMOM HJIH NPOMYCKHOM Ha-
npasnenuu (MuHyc K N-obnacty, mioc k P-o6aactu). B stom cay-
YaeT CXauoK noTeHuuasa Ha P—N-nepexole yMeHbLIMTCH Ha Be-
auyuny V ,, , uTo obaeryaer NpcHUKHOBEHHE AbIPOK B N-odaacts
H 3/1eKTPOHOB B P-06./1aCTb.

IIpoHHKHOBeHHE HEPABHOBECHHIX HOCHUTENEH B UYXKYIO 00J1aCTs
107, AefiCTBHEM MOJsI, IPUJIOKEHHOrO B NPSIMOM HalpaB/aeHUH, Ha-
3biBaloT uHxkekuned. IIpsimoit Tok ckBo3b kpucrann ¢ P—N-nepe-
X0I0M GBICTPO BO3pacTaer C BeJHYUHOH NPUJIOKEHHOrO HampsiKe-
HMS H, €CIM CKauyoK TnoTeHUHasa Ha P—N-nepexone ucuesaer,
IJIOTHOCTL TOKA ONlpelesisieTcsl yxe He cBoicTBaMu P-nepexona, a
COTIPOTHBJICHHEM OCTaJIbHOM YACTH MOJIYIIPOBOJHUKA H KOHTAKTOB.
Bonbramnepuylo xapakrtepuctiky P—N-nepexona, T. e. 3aBHCH-
MOCTb NJIOTHOCTH TOKa J OT NpPHJIOXKEHHOro HalpsiXKeHHd BbIpa-
JKaloT Gopmyaoii: ’

LA
J=17; [e*T — 1]

Sra ¢opMysa He omUChIBaeT siBJieHHs MNPOGOsT MPHU GOJNBLIAX
0oOpaTHBIX HaNpSKEHHSIX U He YUHTHIBAeT HeH30exKHOe BJHUSTHHE
CONPOTHBJIEHHS] 00bEMA NMOJYIPOBOLHUKA M KOHTAKTOB NPH 60Jb-
wnx 3Hayenusx J. OnHako BO MHOTHX cayyasiX, koria P—N-nepe-
XOABI HCIOJB3YIOT B KauecTBe BhINPSIMUTE/IEN HJIY JEeTEKTOPOB, OHa
JIOCTaTOYHO TOYHA JJ15l TEXHHUECKHX PacyeToB.

TlonynpoBofiEKOBEle TPHOAB (TPaH3MCTOPSI)

B nsobperenHbix B 1948 rogy mnonynpoBOZHHKOBHIX TPHOAAX
IS YCHJIEHHS MOILHOCTH 3JIEKTPHYeCKHUX KoJjebaHuii GbliH Hc-
NoJb30BaHBl J1Ba cBOHcTBa P—N-nepexonoB B KpHUCTalJax: BO-
NePBBIX, BOSMOXKHOCTh, B€CbMa HE3HAUUTEJbHO MEHSA NpsMoe Ha-
nps:keHue Ha P—N-nepexosie, pe3Ko MeHSITh TOK HHXKEKIIUH H, BO-
BTOPHIX, CHJbHOE BJIUSIHME A006aBOYHOH KOHUEHTPALMH HHXKEKTH-
POBaHHBIX HOCHTEJICH Ha BOJNbTAMMEPHYIO XapaKTEePUCTHKY 3amep-
Toro P—N-nepexona.

CoBmecTuTh 3TH JBa CBOHCTBA AJs mMoJyueHus ddderra ycu-
JIEHH S, HCIIOJIb3YEeMOro B Hallld AHH B COTHAX MHJIJIHOHOB TpaH3H-
CTOPOB, yldasoch, CO31aB [Ba BCTpeyHXx P—N-nepexoaa B oa-
HOM KpHCTaJjje, T. e. CTpyKTypy Buga P—N—P unu N—P—N1,

! B repManueBHIX TPHONAX, HCCAELYs KOTOpHle aMepHKaHCKue (H3HKH
Bepaun, Bparren u lloknn otkpuliu B 1948 r. adpderT ycuneHusi, HCmonab3osa-
auce He P—N-nepexonbi, @ ToYeyHble BHINPAMJSIOUIHE KOHTAKTH MeTasI-rep-
manuft. OgHaKo, KaK GblIO MOTOM NOKa3aHo, NMpH (GOPMOBKE KOHTAKTAa BO3HHU-
Kaer P—N-nepexon. dddexT ycuieHHs ObIT OTKPEIT CIy4afiHO, a 3aTeM 06b-

ficHeH TeopeTHuecku. Tpuomwt e ¢ P—N-mepexojamu BHYTPH KPUCTalI0B
CO3JaHbl BIOCAEACTBHU BIOJIHE CO3HATE/bHO.
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Takoi KpHCTaJJ MOJNYTPOBONHAKA, BKAIOUCHHEIH B 37eKTPHIECKYIO
CXEMY B KayeCTBe YCHJIHTeJNs MOIIHOCTH, H300paKeH Ha pHC. 6.
JleficTBHEe NOJAYNPOBOAHUKOBOrO TPHOAA aHAJNOTHYHO NEHCTRHUIO Ba-
KYYMHOTC TpHOZAa: HeGo/blliie H3MEeHeHHS HanpsAKeHdd B UelH
BXOLHOTO CHIHaJa BBI3BIBAIOT pe3KHe KoJeGaHHs MJIOTHOCTH TOKa

b B
N, 7
PN p
: '1'5
L LU
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Puc. 6. YcuneHue nmepeMeHHOTQ 9/J€KTPHYECKOTO CHFHaMla TOJAYNpPOBOJ-
HUKOBRIM TpHOZOM ¢ P—N-nepexonom:
A — Bxon; b — sMurrep; B — koanekrop; I' —BbIXOA.

HHXEKIHH HOCHTesell CKBO3b JMeBblii P—N-nepexon B CPEAHION
npocaoHKy nonynpoBoaHuka N-tuna. dtor P—N-nepexog Hasul-
BalOT SMHTTEPOM.

BaxHast 0co6eHHOCTb TNOJYNPOBOAHHKOBOTO TPHOXA COCTOHT
B TOM, YTO B TOHKOH TPOMeXYTOYHO# oGnactu (6a3e) HHMKEKTH-
poBaHHbIe HOCHTeNH (B HaleM cayuyae AbIpKH) DUDOYHIHDYIOT K
npaBomy N—P-nepexony, a He ApeiiQyIOT B CHIbHOM 3JIEKTpHYe-
CKOM TI0JIe, KaK 9JIeKTPOHBEI B BaKyyMHBIX Jamnax. [lo mepe mud-
¢y3nn CkBO3b 6a30BBIA CJIOH yacTh HepaBHOBECHHIX ABLIPOK yclle-
BaeT PeKOMOHHHPOBaThb C 3JeKTpoHaMH. Pasymeercsd, 3ta yactb
HocHTeJell He BOXOAUT 1o npaBoro N—P-nepexoia, Ha3blBaeMoro
KOJIJIEKTOPOM, H 3a CYeT peKOMOHHALHH YCHJIeHHe CHrHajla Ma-
JLaer.

Kak xe ocyuecTBiasiercs ychieHHe MOLIHOCTH, €CNH NOTepd
Ha peKOMOHHAUHIO HeudGeXHbl H YyCHAeHUS no Toky Her? Orser
COCTOUT B TOM, YTO CONPOTHBJIEHHE 3aMepTOro KOJJEKTOPHOro
N—P-niepexona oueHb BEJIHKO, H H3MeHeHHe NaJeHus HanpsxKe-
HHMsA Ha HeM BcaeAcTBHe AHGPDY3HM H3MeHsIOLlerocs NOTOKA HH-
JKEKTHPOBAHHBIX HOCHTeJeHl COOTBETCTBEHHO TaK xXe Benuko. C
NIOMOLIBIO OJHOTO TIOJNYIPOBOLHHKOBOTO TPHOAA MOXKHO NONYYUTH
ycusenne no mounocty 8 10 000 pas.

CpaBHHTe/IbHAs MelJIEHHOCTb M (bY3HH HepaBHOBECHBIX HOCH-
Teseli ¢KkBO3b 6a3y TpHoJa OrpaHHuYMBaeT BEepXHHIl mpejea vac-
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TOTHl CHI'HaJlad, XOTOPHIH CNOCOGEH YCUAMBATh TPaH3HCTOP.
Haun6osee npocroii cnoco6 pacunpenuss 06;1acTd paboyux 4acToT
TpHOJa ¢ P—N-nepexofnaMH COCTOMT B YMEHbIIECHHH TOJIHHE
6a3bl, pUBOASIILEMY K COKpallleHHIO BpeMeHH mpoJera. Hiurepec-
HBI TIpHeM, TO3BOJIMBIIHI YCHIUBATh BHICOKOYACTOTHBIE CHrHa-
JIbl, COCTOMT B nepexoje oT Auddy3un k apeiidy Hocutenei B 6a-
3e, UTO JOCTHTAeTCsl CO3LaHHeM B Hell 3JIeKTPHYECKOro IoJs.

JocTurayTel 60JbLIHe yCHeXH B CO3ZAHHH T[ePMaHHESBLIX H
KPeMHHEBBIX TPHOLOB, LIHPOKO HCHOJIb3yeMbIX B COBpPeMeHHOil
paiHo3JeKTPOHHKE OT alnapaTryphl IJIsi KOCMHUYECKHX HCCJENOBa-
HUii 00 TPaH3UCTOPHHIX NpueMHUKOB. [losynpoBOgHHKOBAS 3/1EKT-
POHHKaA CTaJja 3a OJHO JNeCATHJeTHe OJHOH u3 HaunboJiee MOLIHBIX
U nepejoBbIX 00/1acTell TEXHUKH,

Goroshdberr B KpHCTANMAX ¢
P— N-Tiepexojiame

BepHeMcs K BONMPOCY O NeACTBUH 3JEKTPOMATrHUTHOTO H3Jyue-
HUS Ha TOJIYNPOBOAHHK, HAa 3TOT pa3 — Ha HEOJHOPOAHBIH KpH-
cTaJJ, B KoTopoM co3gan P—N-nepexon. OxasbiBaercs, uTo B OT-
JIHYHe OT OAHOPOJAHBIX KPUCTAJIJIOB, I'le BO3HHKHOBEHHE HepaBHO-
BECHBIX HOCHTeNell B OCHOBHOM IPOSIBJISIETCS B U3MEHEHWH IIpo-
BOIUMOCTH, Ha P—N-nepexoie BO3HHKaeT Pa3HOCTb IOTEHIHAJOB
V ¢, HasriBaeMas (hOTO-3/1eKTPOABHKYULEH CHJIOH; OHAa BO3pac-
TaeT C YBeJHYEHHEM HHTEHCHBHOCTH BO30YKAEHHS.

Ilycts Ha kpucrann ¢ P—N-nepexogaMu mnajfaeT CBETOBOH
NOTOK, TMOIVIQUIAOIMHACS No 3akoHy @, = (1—R)q@.,e—*, rae
¢ , — MHTEHCHBHOCTb Majalollero MOHOXPOMAaTHUYECKOro CBeTa,
X — pacCTosiHHe OT NMOBEPXHOCTH, @ — KO3((hHUHEHT MOrJIOMIeHH
H R — oTpaxaresnbHas CNOCOGHOCTb [OBEPXHOCTH MOJYIPOBOLHU-
Ka (puc. 7). Ecan sHeprus (OTOHOB NpeBbIIIAaeT LWIHPHUHY 3anpe-
wenHot monocel E, , B KpucTansie 6ynyT BO3HHKATh HepasHOBeC-
Hble HOCHTEJH, IPHYEM CKOPOCTh HX reHepaniu GyneT MakCHMa.Ib<
Hoi1 B6/IM3U NOBepXHOCTH. BeneacTsie pekoMGHHANMKM Ha TOBEpX-
HOCTH U B 006beMme, o P—N-nepexona HOHAYT He BCe HepaBHO-
BeCHBIE HOCHMTEJH, a Jullb YacTh UX. Eciu 3aMKHYTh HaKOPOTKO
P u N-oGnacty KpucTajjia, BO BHeLIHeH Lend noteuer (OTOTOK,
cusa Kotoporo 6yJeT MpONOPLHOHANBHON MHTEHCHBHOCTH Najalo-
mero cBeta. Kpome storo, 3HaueHue ¢OTOTOKA KOPOTKOTO 3aMBbl-
KaHHs1 NOBOJIBHO CJIOXKHBIM O00pasoM 3aBHCHT OT Koa(ddHLHeHTa
TIOTJIOLEHHS] CBeTa U OT BPEMeHHU JKH3HH HePaBHOBECHbIX HOCHTE-
Jlell B HOJIyNPOBOJHUKE,

Takum 06pasom, ocBelleH b nonynpoBoauug ¢ P—N-nepexo-
J0M TnpeAcTaBisieT coboil reHepaTOp 3JEKTPUUYECKOH IHEPriH, B
KOTOpPYIO IpeBpallaercsl 3HEPrust CBETOBOro noroka. JPdekTus-
HOCTb Npeo6pa30BaHusi SHEPTHH, T. €. K. 1. . MOJOGHHIX ¢oTonpe-
ob6pasoBareJieil AJs1 3HEPTHH COJHEYHOTO H3JYYEHHS [0 TEOPETH-
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4eCKUM OLEHKAM CMOXeT GbiTh HoBeieH 10 25—28%. Sto mpe-
AeabHOE 3HAUEHHe B NEePBYI0 OYepelb Onpene/siercs BELOOPOM
ONTHMAJBbHOH LIMPHHBEI 3aMpPELIeHHO MOJIOChl NPHMEHHAEeMOro
neaynpoBOJAHHKA, 8 TAKXKe CKOPOCTbIO 06'beMHOM U TI0BEPXHOCTHOH
peKkoMGHHAUUU H 3aBHCHMOCTHIO K03 puLUHeHTa MOMVIOLIEHHS
cBeTa OT AJHHBI BoMHbL OnTuMa/jbHas WHPHHA 3aMpelleHHOU
— noJochl AMs npeo6paso-

N P BAHHS SHEPTHH COJIHEdY-
. HOTO H3Jy4eHHsl JIEKHUT
mexay 1,2 98 u 1,6 3s.
Onun u3 HauboJee
H3YyUeHHBIX H OCBOEHHBIX
C TEXHOJIOTHYECKOH TO4<
KM 3peHHs] NOJylpPOBOA-
HUKOB — KpeMHHH, 3a-
nachl KOTOpPOro B 3eMHOM
Kope HeucyepnaeMsl,
uMeeT IUHPUHY 3ampe-
IIEHHOH MOJOChl, 6/u3-
Ky K 1,1 28, Kpemune-
Bhie (oTonpeobpasona-
TeJH, U3 KOTOpbIX cobu-
paloT coJiHeuHble Oara-
ped IS KOCMHYECKHX
HCCJIeIOBAHUH,  HMEIOT
K. . A. 10 15—16%, pe-
KOPAHBIN 1 yCTPOHCTB,
npeBpallalouIuX colHey-

HYIO 3HEPruio B 3JICKTPH-

gl

CtemobBoi nomox

2

YECTBO.

B npunumne BoO3-

AP,uc. 7. Kpucrann ngnynposon.nuxa ¢ P—  MOXKHOCTM HCIIOJIH30Ba-
-NepexoloM, NpeoGpasylouthii CBETOBYIO o
3HEPTHIO B 3J/IeKTPHUECKYIO. HUS COMHEUHbIX GaTapeit

R — cOnpoTHBIEHUE HATDPY3KH. B SHEpreTHke OrpOMHBI.

Ha kaxngwiit kBazpar-
HbIH METP 3eMHOIl NMOBEPXHOCTH, OCBEILEeHHOH BEICOKO CTOSILIHM
CousnneMm (643 mMONyAHs), mMagaeT CBETOBOM MOTOK MOIIHOCTHIO
oxkoJ0 kuJoBarTa. Ecau Obl ynanoce npeo6pas3oBath B 3JEKTpO-
3Heprui0 CBETOBOH NOTOK, MOTJIOLIEHHKIH neckaMu nycThini Kapa-
KyM, 1ot sHepruu xBatHJo Obl Ha ob6ecneuyenue Bcero CoBeTcKo-
ro Coro3a. He uck/ioueHa BO3MOXKHOCTb TOFO, YTO MOCJeE pelle-
HHS NPOGJEeMBl yNpaB/asieMblX TEPMOSIIEDHBIX peakuUuii OKaKeTrcs
SHEPreTUYECKH BBLITOJAHBIM [IpeBpalllaTh B 3JIEKTPHYECTBO MOIL-
Hele CBETOBHE MOTOKH, BBIXOMSILHE M3 CBepXHArperoil 06JiacTH
NJ1a3Mbl,

OnHako HECMOTPS Ha YCrelHoe Pa3BUTHE CMeUHAIbHBIX BHIOB
npUMeHeHHs CcoJIHeyHblx Garapeil, B MepBYyIO ouepelb /IS HCKYyC-
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CTBEHHBIX CHYTHHKOB, HMEIOTCS BeCKHE TIDHUMHBI, OrpaHHIUBAIO-
Lye NoKa HX LIHPOKOe BHEADEHHe B HapOJHOE XO3sHCTBO.

I'naBnas npuynHA — YHCTO HKOHOMHUYECKOrO Xapakrepa — co-
CTOMT B BBICOKOH CTOMMOCTH MOHOKDHCTAJIIHUECKOrO KPEMHHS,
onpeje/sieMoll CJAOXKHOCTbIO amnnaparypel, HCIOJAb3yeMOH Aad
OYMCTKH ¥ BbIpalliBaHHS KPHCTAJIOB H HX TocJjenymouiei obpa-
6oTku. Peskoe ynemeBneHHe KpeMHHEBBIX (oTonpeoGpasoBate-
Jieil, BePOATHO, NOC/JEeNYyeT 32 NepexoJ oM OT MOHOKPHCTaJ1H1eCKO-
Io MaTepHuasa K HapalllHBaHHIO TOHKHUX CJIOEB KPEMHHS WJIH ApY-
TOro NOJYNPOBOJAHMKA Ha MeXaHHYeCKH NPOUYHYIO NoAJN0XKKY. TeH-
JeHUHH Pa3BHTHS COBDEMEHHOI TEXHOJOTHH MOJYNPOBOLHHUKOBBIX
MaTepHaJioB NO3BONSIOT INPEANOJOXKHTb, YTO 3Ta 3ajaya Oyaer
pellieHa B HeJla1eKOM OyLyLIEM.

Kak v ¢oTonpoBoauMocTh B OJHOPOJHBIX KPHCTaNJaX MOaY-
NPOBOAHHKA, (OTO3AC U (QOTOTOK B NONYyNpoBOAHHKAX ¢ P—N-ne-
pexofaMH OueHb yJOoGHO HCIOJb30BaTh AJs HpHeMa cjabblX cBe<
TOBBLIX CHTHaJOB, oTo3nementhl ¢ P—N-nepexogamu, pagorato-
llHe B BEHTHJIbHOM pexKHMe, 6e3 BHELIHero HCTOUHHKA 3JeKTpHye-
CKOil 3HepruH, HMeIOT, KaK BbIPa)KalOTCA B DaXHOTEXHHKE, OUeHb
HUM3KHH ypoBeHb LIYMOB, OJHAKO, H BeJHYHHA CHTHaJa, COOTBeT-
CTBYIOILLero cJiaboMy CBETOBOMY IOTOKY, AJs1 HUX HeBelHuKa. Takue
(0oTO3JIeMeHTE Ha OCHOBE IMOJIyNPOBOAHHKOB CelleHa, WM CepHHU-
CTOTO KaJMHS, UCNOJIb3YIOTCS, HAaNpuMep, B (POTOIKCINOHOMETPAX,
KOTOpHIE Bce yallle BBOMAT B KOHCTPYKIHH COBPEMEHHBIX oOTO- U
KuHoannaparoB, Jlyis yBenuyeHHs] BeJIHYHHB CHTHasla, KOTOPHIM
(hoTo3/1eMeHT OT3bIBA&TCS Ha H3MeHeHHe CBeTOBOro MOTOKa, 4acTo
HCTIOJIb3YIOT BHElIHee HanpsAMKeHHe, nMpUKaaabsiBaeMoe K P—N-ne-
pexoly B 3anupamolleM HanpaJaeHUH. JII060H NONYyNpOBOAHUKO-
BB (POTO3/JIEMEHT B KaKOH-TO Mepe HHEpLUMOHEH, T. e. UMEET Xa-
paKTepHCTHYECKOe BpeMsl HapacTaHHsl CHTHaJa A0 MakKcHMaJb-
HOTO 3HayeHHs, DTO BpeMs [Js CHJIbHO IOrJOLIAeMOro CcBeTa
onpeneasiercss ray6uHoil pacrnonoxenuss P—N-nepexoza u moi-
BHXKHOCTBIO HocuTedefl. CreunajbHble KOHCTPYKUHH MaJoHHEp-
ILHOHHBIX (POTO3/1EeMEHTOB, co3naHHble B PU3UKO-TeXHUUECKOM HH-
cruryte M. Hodde B JleHudrpane, HMelOT HHEPUHOHHOCTb MeHee
10-8 cek, TakyIo XKe, KaK y BaKyyMHbIX ()OTO3/71eMEHTOB WU $HOTO-
3JIEKTPOHHBIX YMHOKHTeNeH.

HOHWDOBO}IHHKOBHQ JIeTEKTOpbl 3aDAHERHBIX YaCTHI M raMma-KBaHTOB

Bhile yXe ynoMHHanach ujaes HCIONb30BAHHS TBEPABIX Be-
uiecTB AJIS PETUCTPalMM U ONpelesieHHsT 3HepruH 3apsikKeHHBIX
yacTHIl BBICOKOH 3Heprud. Bosepalasice K 3TOMy Bompocy, €Hau-
HeM C pas3JIMyuil MeXAYy BUAAMU MOHU3aUUM: TEPMUYECKOH W ONTH-
YeCKOH — resepanyeil HepaBHOBECHBIX HOCHTeJiell PH TOPMOxKe-
HHH OGBICTPOH yacTHlbI B BellecTBe. DTO TOPMOKEHHE, T. €. NOCTe-
NEHHOe yMeHbIIeHHe KHHETHYEeCKOH 3HePrud 4YacTHL, HalpuMmep
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@-1aCTHIBI HIH GBLICTPOrO 3MEKTPOHA, OCYLLECTBASAETCS BCJASACTBHE
B3aUMOJAEHCTBHUS 3JEKTPHUECKOro MOJs 3apsiaa 4acTHLUB! CO BCeMU
3/EKTPOHAMHU BellleCTBa, KaK C BaJeHTHbIMH, CBI3aHHBIMH Haubo-
aee cnabo, Tak U C 3JEKTPOHAMU BHYTPEHHHX OOOJIOYEK aTOMOB.

Kasanocsk Obl, 6J1aronapst TOMY, 4TO SHEPTUH CBsI3H 3JEKTPOHOB
BHYTPEHHUX 06OJIOUEK BeJIHKH, CPeNHsAsA 3Heprus oO6pa3oBadus
3/1eKTPOHAa H JABIPDKH JOJI’KHA 3HAYUTEJbHO MPEBBILATh LWHPHHY
3anpelleHHol M0JOoCH MNOJNYNPOBOAHUKOB, cocTaisioulyio 0,1—
3 s8. B nmeficTBHTENIbHOCTH, BCAEACTBHE HEKOTOPHIX ocobeHHOCTeH
uend NpOLECCOB Pa3MeHa JHeprHH ObICTPBIX YACTHI B TBEPHOM
TeJie CPeAHsIS SHePrus, 3aTpaudBaeMasi Ha Napy HOCHTeJeH, JHIIb
B 2,5—3 pa3sa GoJibllle, yeM MIHPHHA 3anpeLleHHoH nosockl. llernb,
WY KacKal, fmpolecca pa3McHa 3HepPrud BKilOyaer B cebsi Hcmyc-
KaHHe MSITKHX PEHTreHOBCKMX KBaHTOB, UX [OIVIONIEHHE B TOM XKe
KpHUCTaJsJe, TeHepalto BTOPHYHbIX, TPETHUHBIX U T. . Nap HOCH-
TeJiell U TelioBOe BO30YXXAeHHe KPHCTaJJIHYeCKOH pelleTKH.

SIBnienne ynapHOH MOHH3aUHUM 3apSIKEHHBIMH yacTHLAMH Hau-
Gosiee MOAPOGHO H3YUYEHO B Cjayyae BaJqeHTHBIX [OJNYIPOBOAHH-
KoB—repMaHusi 1 KpeMHuA. OcoGeHHO BaXHOe OGCTOATENLCTBO,
NO3BOJISIOLLEE HCIOJb30BaTh NMOJYNPOBOAHUKH HE TOJBKO LSl OG-
HapyXKeHHs, HO H [Js ONpeleNeHHs SHeprud MAH, Kak NPHHATO
rOBOPUTH, CIIEKTDOMETPUH SAEDHBIX H3JY4YeHHH, COCTOHT B TOM,
YTO CPEeRHAsS SHeprus reHepaldy napbl He 3aBHCHUT OT 34€pPrud
3apsKeHHOH YacCTHIbL.

Perucrpauus U cneKTPOMETpUs ramma-jaydeit H peHTTeHOBCKO-
ro M3/JyuyeHHs BO3MOXKHa BCJIENCTBHE TOrO, YTO NPH B3aUMOAEHCT-
BUY C BELLEeCTBOM KBAaHTOB BBHICOKON 3HEPrHH BO3HHMKAIOT OEICTPbIE
371eKTPOHBI, KOTOPbIE, B CBOIO Ouepefb, TeHEPHPYIOT GOJbIIOE YHC-
JIo Tap HepaBHOBECHBIX HOCHTeJIEM,

Takum o6GpasoM, HeMeAJIeHHO MOcCJe NMPOXOXKIEHHS 3apsKeH-
HOM YacTHIbl KHJH B3aUMOIEHCTBHSI KBAHTA BBICOKON 3HEpPruu ¢
KPHCTAJIJIOM TIOJIYIPOBOAHUKA B [OCTEeHEM BO3HHKaeT 6oJee HIH
MeHee IJIOTHOe 06/1auKo MOHM3alUUH, BHYTPH KOTOPOTO COCTOSIHHE
ropsiuiX HOCHUTeJell B KakoH-TO Mepe MOXOXKe HA NJIa3My B HOHHU-
aupoBanHoM rase (puc. 8). [Ipouecc reHepaunu 3aHuMaer Bpemd,
He MpeBblLLIAOLIee HeCKONbKHX NEepHON0B TEeMIOBBIX KosneSaHuii
KPHUCTaNAHYECKOH pelieTku — Bcero okosio 10-12 cex. B pnanbheii-
meM, geficTBHe MOJMyNPOBOLHHKOBOIO CUeTUMKA HJIH CIEKTpOMeTpa
OYeHb NOXOXKe Ha JleHcTBHe OGLIYHOH HOHM3aHHOHHOH KaMvepH ¢
TJI0CKUMHU daekTponaMu. Kak rosbko Benencreue nugdysnu nior-
Hoe 06JlauKo Maa3Mbl HOCUTE/Mell HeCKOJIbKO PacIlIbIBETCS, 3JeKT-
puueckoe moJge, NpPUJIOXKEHHOE K M[OJyNnpOBOAHHKY, BhI3biBaeT
ZLpefip HOCHTeNeH.

CxkopocTb nepeMelleHusi HOCHTesell B MoJe, NPONOPLHAOHANb-
Hasl HanpsIXKeHHOCTH nons £ U noABUXKHOCTH HOCHTENelt p, A0JK-
Ha OblTb IOCTAaTOYHO GOMBIUOA A/ TOro, yTo6bl BpeMs mpoJera
GbIJIO 3HAUUTENIBHO MEHbLIE BPEMEeHH XXH3HH, 00YCJIOBJIEHHOTO pe-
koMmGuHauueil. Kpome toro, ueM Mewblle BpeMs [posieTa HOCH-
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Tesell, TeM GbICTPee HapacTaeT 10 MaKCHMyMa HMNYJbC TOKa
CKBO3b KpHCTAaJL H COOTBeTCTByIOLllI/Iﬁ UMTYJAbC HaMNpsi2Keund, no-
llaBaEMbIﬁ Ha BXCA yCMJ'lI/ITeJleOﬁ CHUCTEMBI H aMHJIHTyl!,HbIﬁ aHa-
N1A3aTopP. Muorue us KOHCprKuI/Iﬁ NCAYIPOBOAHUKOBBIX CHETUH-
KOB HMEIOT BpeMsi HapacTanus uMnyJ/bca Menee 10-7 cex, B npun-

L
y A
\
\ T
L |
+\ -
! EAR !
i P |
R\ '
: +_\t - : /_
p' +.__ +__ l”
\ 4\ + |
= | & I
| -3 |
] B )
i -

Puc. 8. Cxema monynpoBOZHMKOBOTO CYUETUMKA YaCTHI C LIHPOKON
06/1aCThi0 CHABHOTO 3/MEKTPHYECKOro MoJA:
A — nyTh 3apsiKenHol yacTullsl; B — o6nacrts woHu3auud; B —
obsacTb cuiabHoro mojs; I' — BXoa ycuautens.

LM BO3MOXKHO oOCyllecTBieHHe U Gosnee OBICTPOACHCTBYIOIUHX
CYETYHKOB.

B 3aBucuMocTH OT METOZOB W3rOTOBJEHUS TOAYIPOBOIHHKO-
BBIX IETEKTOPOB YaCTHLl HJM FaMMa-KBaHTOB HX Ha3blBAIOT:

a) cuerunkaMu ¢ P—N-nepexogavy;

6) cueTUHKAMH C MOBEDXHOCTHBIM 6apLepoM;

B) cuetunkaMu tuna P—I—N.

IlpuHuunuanbHoro pasiuuus B ux AeiictBuu HeT. IlepBeiMu
TIONTYNPOBOAHUKOBBIMH CUETUYHKAMM OBLJIH TepMaHHEBble CUETUHKU
¢ P—N-nepexonoM, 3anepTeiM NPHJIOKEHHBIM OGpATHHIM Hamps-
)KeHueM. BHauaJsie, npH MCMO/Nb30BAHHH €CTECTBEHHOM HEGO/ABLION
TOJILHHBl 06eIHEHHOTO CJI0S, TAKHE CUYETUUKH FOAHAUCH JHUIIb A
perucTpauiy yacTHl C BHICOKOH MJIOTHOCTbIO HOHH3AUHH H MaJjibiM
npoberoM, B NIepBYyIO ouepens NJs a-yactuu. Benegcrsue toro, uro
B si4epHOH (HU3HKe, B KOCMHUYECKHX HCCAENOBAHUAX, MEAHiluHE H
ApPYTHX o6sacTsX HeoOXONHUMO DPErHCTPHUPOBaTh MAJHMHHOMPOGEXK-
Hble YacTHIBl H clabonoriollaeMoe raMma-usjyueHue, BecbMa
axkTyaJsjeH BOINpoc 06 yBenHueHHH pabouero o6bema NOJAYIPOBOI-
HHMKOBBIX CUETYHKOB, DTOT BONPOC MOXKeT GbIThb peuieH aufo my-
TeM HCNOJb30BaHHA OY€ilb YHCTHIX KDHCTANJOB TepMaHHs npu
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noHuxeHHo# Temneparype (uToGbl MOHM3HTb (OHOBBIH TOK, CO3-
NaloWHil WIYM Ha BXOJe YCHJHTeNs ), NUGO NyTeM HCKYCCTBEHHON
KOMIeHCallud AOMHHHPYIOLed MNPHMeCH NpHUMeCbI0 MPOTHBO-
[OJIOXKHOTO THIIA.

OueHb HHTEPECHBLIM M LEHHBIM OKa3ajcs NMpHeM BBeleHHS My-
TeM Jpefidha B 3MEKTPHUYECKOM II0OJIE JErKONOABHIKHON NpUMECH —
JIUTHS — B KPHUCTaJ/bl repManus. Tak HasbiBaeMble ApeiioBbie
repMaHueBble CYeTUYMKH HMEIOT pabouHe CJOM TOJIUHHON B He-
CKOJIbKO MHJIJIMMETDPOB, YTO MNO3BOJSI€T ONPeAeNnsiTh IHEpruu He
TOJNIbKO TSXKENBIX YacTHL, HO U 0eTa-uacTull, H TaMMa-KBaHTOB C
OUeHb BBLICOKOH TOUHOCTBIO.

OpHako repMaHHeBble CIIEKTPOMETDHUECKHE NEeTEKTOPbl C JIH-
THEM HeyCTOHUHBH M TPeOYIOT NMOCTOSIHHOrO XpaHEHHsSI NPU HHU3-
Koil TeMnepartype. B Hacrosillee BpeMs 3azaya COCTOHT B TOM,
yTo6bl JOBECTH I'€pMaHHMEBLIE JETEKTOPbl A0 AOCTAaTOYHO BOCIIPO-

PasButue TBepAblX CYETYHKOB 3apsKeHHbIX 4YacTHUL H raMMa-KBaHTOB

Fonut
(ykazau-
Hble npH- CueTynKH Hocrouncraa Hepnocratku
61u3u-
TeJIbHO)
1944 Teepavie HoHH3auHOHHble|Bo/bIIas TopMO3- |SIBAeHHe mosmpH3a-
KaMepbl Ha OCHOBE JH3-|HAad CIOCOGHOCTb. |UKH.
aneKTpukoB: aimas, AgCl |[Tpocrora Pa36poc BenuunHbl
UMIyJbca
1948 CUHHTHANAUHOHHBIE cyeT-|Bucrpora aeftctBus |Caoxuocts. Bob-
yHKH (JIoMHHOGOD + oTO- | Bo3MOKHOCTD e rabapuThi
3/IeKTPOHHBIH YMHOXH-|Go/IbIIMX 06bEMOB
TeJb) CLHHTHJIATOPA
1951 I'epmanuessle cueTuukH c|IIpocTora, otcyrter- |Tenkuit paGounit
P—N-nepexopamy, BHe MOJISIpH3aUuu |Choit (paboTa TOMb-
KO C TSXKeJbIMH 4a-
CTHIAMH)

1957— | Tepmanuenble cueTunxu c|Boabuioit paGounii |Heo6xonumocts
1964 pasHbIMH THIAMH KOMIeH-|oGbeMm. OXJaXAeHHA NpH
cauuu (3071010, JHTHIA). |Pekopnuele cnekt- |pabote

poMeTpHyecKHue Ka-
YecTBa.
1959— | Kpemunessle cuetunxku Ha|Bousbiuoit paGounit |HenocraTounsie
1964 OCHOBe COGCTBEHHOTrO H|oGbeM. TOPMO3HbIE Croco6-
KOMIIEHCHPOBAHHOIO KpeM-|Xapouine CneKTpo- |HOCTH MJA y-ly4ei
HHA, MeTpHUeCKHe KayecT-
Ba. BosmoxHocts
pa6oThl OpH KOM-
HaTHOH TeMmepary-
e
1964 CueTunky Ha OCHOBe MOJY- ?O)Kunaemue). Tpynxoctu BeIpa-
NPOBOAHUKOBBIX coenuHe-|Pa6oTa npu KOM-  [IHBAHHA OJHOPOA~
Huli: CdTe, CdS u ap. HATHON U BBHICOKHX |HBIX MOHOKPHCTAJ-
TEMNepaTypax J0B



N3BOJHOrO H YCTOHYHMBOTO COCTOSIHHS, a TaKkKe CO3laTh NOynpo-
BOAHHKOBBlE JE€TEKTODbl U3 APYTHX BellecTB, KOTophle paboTann
Obl TpH KOMHaTHOH U NOBBIILEHHEIX TeMIIepaTypax.

Haunb6osee mnepcneKTHBHBIMH BeleCTBAMH NpeACTaBAAIOTCA
KPEMHHUH, TeNJypUA KaAMHs H HEKOTODble Npyrue NoaynpoBOXHH-
KH C LIMPHHOH 3anpelleHHOHR noJockl Gonee 1,2 8. Manast miaot-
HOCTh KPeMHHs 3aTpyAHsIeT ero HCIOJNb30BaHHE IJIsi PEerucrpa-
UHH ramMma-kBaHToB. OpfHaKO COBEpIIEHCTBO MOHOKPHCTaJJI08
JI06Oro U3 MOJNYNPOBOJHHUKOBBIX COENHHEHHH B HacTosLHil Mo-
MEHT CHJIBHO YCTYMNaeT COBeplIeHCTBY MOHOKPHCTAJIJIOB repMaHHusd
n kpemuus. IlosaTomy cienyer oxHAaTh, 4TO B G/uKafLIde rogul
CYETYHKH H3 MOJYNPOBOAAHKOBBIX COEJAHHEHHH OYAYT ycTyLaTh no
paspelleHnio repMaHHeBbIM 0 KDEMHUAEBLIM,

HOJIYHPOBO}IHHKH Kak HCTOYHHKH CBeTa

Wuxekuusi HepaBHOBECHBIX HOocHTesel ckBo3b P—N-nepexon u
yAapHasi MOHU3AUHUS 3JEKTPOHAMH MJU JABIPDKAMM 3a CuUeT 3Hep-
THU TMPUJI0KEHHOr0 K NOJNYIPOBOJHHKY 3JEKTPHUECKOTO MOJIsl 1103-
BOJIIIOT CO3LaBaTh B HEKOTODPOH YacCTH KPHCTAJJIOB CHJbHble OT-
KJIOHEHHS] OT pPaBHOBECHS.

CuJIbHO HepaBHOBECHBIE COCTOSIHHSI MOTYT OBITh CO31aHbl Tak-
XKe M nmyTeM 60M6apAHPOBKH IOJYNPOBOJHHKA IYYKOM YCKOPEH-
HBIX 3JIEKTPOHOB.

Bos3BpalieHHe nOJNyNpOBOJHHKA B pPaBHOBECHOE COCTOSIHHE
BCerja CONpPOBOXKJAeTCsl BHICBEULNBAHHEM YaCTHI 3allaCeHHON He-
PaBHOBECHBIMM HOCHTEJNSIMH SHEpruu, T. €. JIOMHHeCleHLHe,
KOTOPYIO B (hH3MKe NMOJYNPOBOAHHKOB YacTO HA3bIBAIOT PEeKOMOH-
HaUHOHHLIM CBeueHHeM. TUNHUHBIA CNeKTP PpeKOMGHHAIMOHHOro
CBeUeHHsI MOJYNPOBOJAHHKA MoKa3aH Ha puc. 9. HauGosee uHreH-
CHBHOE M3JlyueHHe OGLIYHO COOTBETCTBYeT 3JHeprusM (HpoToHOB,
GJIM3KHM K IIMPHHE 3anpelleHHol nonockl E, . IT0 HaNyueHue Aas
IIHPOKO HCIOJNb3YeMBIX B PaJHO03/JEKTPOHHKE BeLIeCTB — repMma-
HUSl H KPEMHHS — JIEXKHT B HEBHAUMOMH, HHppakpacHoH o6JjacTi
cnekrpa, Co6cTBeHHOE U37ydeHHe, CBA3aHHOE € HeNMocpeACTBeH-
HBIMU MeXIY30HHBIMH IlepexofaMH, OGbIYHO YaCTHYHO MOIJIOILAeT-
Cs B caMOM KpHUCTaJJle, H U3 KPUCTaJlJla BRIXOAUT JIMIIbL YaCTh €ro
MOTOKa, CBsI3aHHAsi C aKTaMHM peKOMOHHAUHUH, NPOUCXOAALUMH
Hella/lieKo OT MOBEPXHOCTH KPUCTaaa.

HanGosiee KOPOTKOBOJNHOBasS 4acCTb ClleKTpa pPEKOMOHHAUHOH-
HOT'O H3JIyUeHHs, CBSI3aHHAs C CYIIeCTBOBAHHEM B 30HAX 3JICKTPO-
HOB M IBIPOK C NOBBLILUEHHO# KHWHETHYECKOH 3Heprueil, oOHapyxH-
Baercsl TOrxa, Koria B KpHUCTaJle UMeeT MecTO YyaapHasi HOHH-
3anus T..e. NpH npo6oe 3anepTeix P—N-nepexoaoB uiu Apd GoM-
6apaupoBKe MOJYIPOBOAHHKA 3apsiKeHHbIMH 4YaCTHLAMA HJH
KBaHTaMmu Gonblioit 3Heprud. Hanpumep, kpeMHHI B TaKHX yCJo-
BHAIX HCIIyCKaeT BUJUMBIH CBET B KPacHOU W JaKe XKeaTOH yacTH
cnektpa. OgHaKo oTHOCHTe/NbHAA HHTEHCHBHOCTb PEKOMOHHALHOH-
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HOTO H3JIyYeHHs, CBS3aHHOTO C TOPSYHMH HOCHUTENSAMH, Kak mpa-
BUJIO, HEBEJIHKA.

B nocnennee Bpemsi o6Hapy:KeHO, YTO BeCbMa HHTEHCHBHOH B
OTAE/]BHBIX CJyYasiX OKa3biBaeTCsi NMPHMeCHas 4acTh clekTpa. B
paGoTax, BEIIONIHEHHbIX COBeTCKUMH HccaenoBatensamu C. M. Pois-
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Puc. 9. Cxema crmekTpa peKoMGHHALHOHHOTO CBeUeHHS 1OJIYyNpO-
BOJHUKA:

A — coGcTBeHHOe HM3nyueHue (MeXKAy3oHHble nepexoin); b —

NpUMECHOe H3/yyeHHe; B — u3JyueHHe, CBA3aHHOE C TOPAYMMHU

3JeKTpOHaMu U Abipkamy; Eg — wupuna nonocnl 3anpelieHHBIX
IHepruf.

kunbiM, . H. HacnemosuiM, A, A. Poraueswim u B. B. Llapenko-
BeiM B Du3uko-texHuueckom uHcrturyte uM. Modde, 6b10 obHa-
PY:KEHO, YTO MOJYNPOBOAHAKOBOE COeJHHEHHE apCeHHd TaJ/lius
(GaAs), uMelollee UIMPUHY 3anpelieHHON moJsiockl okosio 1,5 3s,
npu BO30YKAEHHH WMHKekuued ckBo3p P—N-nepexox ucmyckaer
HHppakpacHee H3/lyuyeHHe HeoObIYafiHO BBICOKOH OTHOCHTEJIbHOH
SIPKOCTH.

Beuio BbisicHeHO, uTo B Kpucraanax GaAs, comepxaliux mnpH-
MeCh IIHHKA, BEPOSITHOCTb H3JyuaTeNbHOH peKOMOHHALHH C HCAYC-
KaHueM (OTOHOB ¢ 3Heprueil okoso 1,5 38, MouTu paBHa eLUHHLE,

B naabHefimeM 3T0 06CTOSITEIbCTBO OBLIO HCIOJNb30BAHO NPH
OCYILECTBJIEHHH MEPBOrO0 B MHpe MOJYNPOBOJHHUKOBOIO Jlasepa,
HJIM ONTUYECKOro KBAaHTOBOro reHeparopa. Bompochl, cBsizanHble
C KBAaHTOBLIMH FeHEPaTOpaMHu, BHIXOASAT 32 Npele/bl Haulell TeMbl,
HO sl yOOMsiHy o0 HAesiX, ChilpaBUIMX B JAaHHOM cJjydae pemniaio-
LIYIO POJIb.

st [OoCTHIKeHHsT pekyMa HHIVUHPOBAHHOTO H3JYyYeHus, B
KaKOH-TO Mepe aHa/IOTHYHOro pe3oHaHCy B KAAaCCHUECKOH {H3HKe,
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CYLIeCTBOBAHME HEPABHOBECHBIX HOCHTENEeH B 30HaX HEOGXOIUMO,
HO He JIOCTaTO4HO. JIWIIb NMpH OoueHb BBICOKON CTEMeHH OTKJAOHe-
HHSI OT PaBHOBECHS, KOTOPO€ XapaKTepi3yeTcs TaK Ha3blBaeMbIM
BLIDOXKJIEHUEM DacfpefesleHHs 3JIEKTPOHOB HJIH ABIPOK NO I4EePTHH
B 30HAaX, AOCTUralOTCA YCJNOBHUS, NP KOTOPBIX BO3MOXKHO HCMyC-
KaHHe KOTepeHTHOro n3ayyeHus. CJI0OBOM KOTepeHTHBI{ BhIpaxaiotr
0COGBINl XapaKTep M3JYyyYeHUs, COCTOSIIUMA B TOM, 4YTO KoJeGaHUA
BCEX 3JIEMEHTAPHBIX CBETOBBIX BOJH CHH(A3HBI U BMECTO XAOTHUE-
CKOr'o CIIOHTaHHOrO cBeueHUs oGpasyeTcs HanpaBJeHHBIA W CTPO-
ro MOHOXPOMATHYECKHH NMOTOK 3/IEKTPOMATHUTHOTO M3JyUeHH .

Bripoxaenue pacnpeieneHus 3SHEpruil 3JeKTPOHOB B 30HAX
XapakTepHO [/t MeTassIoB, a TakXe AJs CHJIbHO JerHpoBaHHLIX
NpUMecsiMH NOJYyNpoBOAHHKOB. B o6biunoM P—N-mepexose, rae
KOHILEHTPAailHH PaBHOBECHBIX HOCHTesell HeBeJNIHKH, NOTOK HHXKEK-
THPOBAHHBIX HOCHTeJell He MOXKeT JOCTHYb OYeHb BBICOKOH MJIOT-
HOCTH, TaK KakK 3amac Hocurejeli HepocraroueH. OpHako B
P—N-nepexose, BO3HUKAIOUIEM Ha TPaHHIE CHUJIBHO JIErHPOBaH-
HBIX IoJIyMeTaJJInyeckux ob6Jacteidl MoJyTpoOBOAHHKA, BO3MOKHA
HHXKEKIHsl HepaBHOBECHBIX HOCHTEJeH, JocTaToyHas AJs OCyLlect-
BJIEHHSI peXHMa reHepalHH KOrepeHTHOro cBeTa.

HecMotpsa Ha GosbLine ycnexu B MpUMEHEHHH 3J1€KTPHUYECKOM
HHXEKUHH AJIs1 CO3[]aHHsi MOJYNPOBOLHUKOBBIX KBAHTOBBIX TeHe-
paTopoB, 3TOT MeTOJ MOKa He NMO03BOJseT AOCTHUb GOJBLIMX MOLI-
HOCTefl H3JyueHHs, TaK Kak 06beM H3/iyuaTesss HEBENHK #d YCJO-
BHS TelJIOOTBOJAA YacTH MOABOAMMON 3HeprUH, 3aTpayuBaeMol Ha
HarpesB o6beMa NoJYNPOBOJHHKA BHe H3Jyualollero ciaos, Hebaa-
TONpPHSATHBL,

ITapannenbHo ¢ TeXHUYECKHM YCOBEpPLIEHCTBOBAHHEM HHXKEK-
IHOHHBIX NMOJYNPOBOAHHKOBBIX KBAHTOBBIX I'€HEPATOPOB BeLyTCs
HHTEHCHBHbIE IOMCKH HOBHIX BELECTB, B KOTOPBIX MOXKHO J0OHUTHCH
HCIyCKaHHA KorepeHTHOro KajayueHua. Hamo saMeruts, uto cama
1o ce6e BbHICOKAasi BEPOSITHOCTb H3J1yuaTe/IbHOH peKOMOGHHAUUH He
€OCTaBJIsgeT AOCTAaTOYHOr'O NPH3HAKA TaKOH BO3MOXKHOCTH, TAK KaK
KpaiiHe BaXXHYIO pOJib HrPaeT BepOSITHOCTh IOIJIOLLEHUS CBeTa
CBOBOJHBIMH HOCHTRNSMMU,

B uacTHOCTH, B KpHCTa//iaX KPeMHHS, JETHPOBAHHBIX HEKOTO-
PBIMH TIPHMECSiMH, BePOATHOCTb H3JyuaTeJbHOH peKoMOHHALHH
yepe3 ypoBHHM NmpHMecedl BecbMa Beanka. OJHako BcaeacTBHe
CUJIBHOTO TOIVIOUIeHHsI CBeTa CBOGOJHBIMH HOCHTEJNSIMH, MPUBOIS-
Lero K noTepsM 3HEPTHH H, BO3MOXKHO, HEKOTOPbIX APYTHX npu-
4YMH, HallpuMep, HEBLICOKOH pacTBOPHUMOCTH NpHuMecei, BOGHThLCA
HCNyCKaHMs KOrepeHTHOro U3/1YYeHUs KpeMHHeM NOKa He YAaJoCh.

B uccnenosanusx ocobeHHocTell H3nyyaTenbHOH pekOMGHHa-
HHH B MOJNYNPOBOJAHHMKAX NPU BLICOKHX YPOBHAX BO36YKAeHHH
GOJBIIYIO POMIb CHITPAET MEeTOJ HMNYJIbCHOH 60MGapAHPOBKH 3/1€K-
TPOHHBIMH MY4YKaMH BHICOKOH miotHocTH. HecMoTps Ha HekoTopoe
YCJIOXKHEHHe, CBA3aHHOE ¢ HeoOXOAUMOCTBIO HCMOJb30BaHUA
9/JEKTPOHHOH HMNYJbCHOH yCKOpHTENBHOH TpPYGKH, a TadKe Ha
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MeHbWYI0 3(p(eKTHBHOCT, Npeo6pa3oBaHyusi 3Hepruu (He BHILIE
30—40%), aToT MeTOX Kan OueHb MHTEPECHble HOBbIE PE3YJIbLTATHI.
BaxHoe npeuMyu1ecTBO 3J1€KTPOHHOH G0oMOapAHPOBKH 3aKJIIO-
4aeTcs B TOM, YTO OTpaHHYEHHe, CBSI3aHHOe C HEOGXOAHMOCThIO
co3gaBath P—N-nepexonx, ornafaer. DTo OCOGEHHO LEHUO M
pa6oThl ¢ MOJYNPOBOJHUKAMU, HMEIOIIMMH LIHPOKYIO 3ampelleH-
nyl0 noJsiocy (2—3 3J1eKTPOHOBOJIbTA), U3NYUYAIOUIHMH BUILHMBIH
cser. Hanpumep, co3nath BripoxkneHHbli P—N-nepexox B cep-
HHCTOM KaJMHH, HACKOJIbKO HaM H3BECTHO, 110 CHX TI0p He ylaercs.
OnHako, MCNOAb3Ys] KODOTKHE HMIYJbChl OBICTPBHIX 3JIEKTPOHOB,
yAanoch Hab/104aTb BHIMMOE KOrepeHTHOe H3JyueHHe 3TOro Be-
mecTBa. DTHM METOLOM TaKKe MOJyYeHO KOTepeHTHOe HajyueHue
HECKOJIbKHX TOJIYIIPOBOAHUKOB B HH(ppaKpacHoit o6JacTi cnekrpa.
Pasymeercs, ¢ ToukM 3peHHs TNPAKTHKH, HeNOCPEACTBEHHOE
npeobpa3oBaHHe 3NEKTPOSHEPrHH B BHIUMBI{ CBeT Hanbosee NpH-
BJIeKaTeNIbHO BCJEACTBHE NpocToThl nutanud., Kak ¢usuzeckoe
siBJIeHHEe JIeKTPOJIIOMHHEeCeHn sl H3BecTHa naBHo. Eue B 20-x ro-
nax O. B. JloceBbiM OBIIO OTKPHITO CBeueHHe Kap6uaa KpeMHHUS
npH NPONYCKaHHH 3JIEKTPHUECKOTO TOKa CKBO3b BBINPAMJSIOLINE
KOHTaKThl, AHa/u3 YCJIOBHH omnbiToB JloceBa MO3BOJISIET OLHO-
3HAYHO YTBEPXK/aTh, YTO CBEUEHHE NPU NPONYCKAHHH TOKOB B NpH-
MOM HamnpaBJ/leHHH CKBO3b KpucraJjubl SiC ¢ ecTecTBeHHO (cayyaii-
HO) BO3HUKWIMMH B HUX P—N-nepexofaMu WM CKBO3b TOUEUHBHIE
BLINPAMJISIONME KOHTaKTH MeTasa — SiC OpoucXOomnao BCIAELCT-
BHe MHXKEKLUHH H peKoMOHHAUUH HepaBHOBecHbIX Hocurteneil. C
Moell TOYKH 3peHHus, OblJIO OBl cCIpaBeAJUBO HAa3BaTh sIBAeHHE HH-
JKeKIHH HepaBHOBECHBIX HOCHTeJeH B MOJyNpoBoAHHKax 3pdex-
ToM JloceBa. DTHM Ke 3amMeyaTeNbHEIM COBETCKUM (PU3HKOM GbLIO
BIepBble 0OHapyXXeHO M CBeueHHe BCJEACTBHE YJapHOH HOHH3a-
LMY, BO3HHKaBIIee Npu o6paTHOM HaMpsiXKeHHH; CIEKTP 3TOro
H3J1y4eHHs OBl CABHHYT B CTOPOHY GoJjiee KOPOTKHX BOJIH.

B Hacrosilee Bpems nocne npeojosieHus: GONbIIMX TPYALHOCTEH
NpH ocyuiecTBleHHH JHPPYy3HH npuMeceil B kapOHL KpeMHHs
IO. I1. MacnakoBy ¢ COTPpYIHHKaMH H APYIUM HCCJIeNOBaTeNsIM
yIa/0Ch CO34aTh KpHCTaIL ¢ P—N-niepexonaMy 1 106UThCS IpH
HHXKEKIHH HOcHTejeli MHTeHCHBHOH JIIOMUHECIEHUUY B pasHbIX
cnexkTpaJbHbIX 06J1acTaX, B YaCTHOCTH, KpacHOH U xeartoil. MaJo-
raGapuTHble H Oe3blHepUHOHHBIE 3JEKTPOJIOMHHECUEHTHLIE 3Jje-
MEHTBHl HaXOASIT IPUMeHeHHe B CUETHO-pellalouIuX YCTPOHCTBAX U
NpejCTaBaAgIoT 60bIIoA NPUHIKHNIHANBHEIA HATEpec A pa3BUTHS
HOBBIX METONOB B TeseBHAeHuH, OAMH M3 HEJOCTATKOB HHIKEKLH-
OHHBIX 3JIEKTPOJNIOMHHECLEHTHBIX 3JIEMEHTOB COCTOMT B TOM, UTO
OHHU MOTPeOJAIOT CPAaBHUTENBHO OOJBIIOH TOK NPH MaJoM iepena-
Jie HallpsPKeHUs] H UMEIOT MaJlble pa3Mephl.

Hsnyyenne nmaMn JHEBHOro CBeTa, WIHPOKO HCNO.JIb3YCMBIX B
HallM JHH, TaKXKe NpeicTaBjasieT co60il CBeueHHe NMOJYNPOBOJAHU-
KOB C LIMPOKOH 3anpelieHHON M0J0COH, MK KpHcTanaogpochopos,
B036y:K/JaeM0oe HHTEHCHBHBIM, HO He YAOOHLIM /i oCBelledHsa H3-
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JiydeHHeM ras3oBoro paspsiaa. B atux snamnax ucrnonabsyercda mpe-
o0pa3oBaHue 3HEPTHH CBeTa OJHOTO CMNEKTPadbHOrO COCTaBa, C
60.1b1110}1 3Heprueil POTOHOB, B CO3HATENBHO BHIGpaHHOE CBEUEHHE
noaynpoBoauukoB. OaHaKo MeTOA BO30Oy:KAeHHS CBedeHHUA [0-
BOJIbHO CJIOXKEH: HeoOGXOJXMMO HMETh 3aNnasiHHyI0 KOGy HJIH TPY6-
Ky, colepKallylo ra3 HId MNapbl MeTajna H INOKPHITYIO ClloeM
kpucraniopoctopa. Tlpocroit mMeron Bo3OykAeHHS 3JEKTPOJIO-
MUEHeCUEHIHH, He TpeOyOUINA AJIs CBOEIO OCYIUECTBJEHHS KpU-
CTaJI0B CTPOro omnpeneneHHoil reoMerpun ¢ P—N-nepexonamu,
6bi1 pasBuT (GpaHuy3ckuM Hccaenosartenem Iecrpuo B 30-x ro-
Jax ¥, HeCMOTpSl Ha OCTaloUlHecs] HeSICHOCTH B TEOPEeTHYECKOM
00bsICHEHHH, HalleJ UHTePeCHble NMPpaKTHYECKHe NPHMeHeHUs,

Meron, npeanoxenuslit Jlectprno, 3akmoyaercas B TOM, 4TO
NOTYNPOBOLHUK ! B BUJEe MeJKOKDHCTA/JIHYECKOTrO MOPOIIKA, yac-
TO B3BElIEHHOTO B AM3JEKTPHUeckoH cpele, HAImpHMep, Mpo3pay-
HOH TJacTMacce, NOMeLAIOT MeXAY NJacTHHAMH KOHJIeHCaTopa,
Ha KOTOphle MOJaHO MepeMeHHOoe HampsaxKeHue. B Takoil a/iekTpo-
JIIOMHHECIEHTHOH siuefiKe BO3HHKAeT CBeyeHHE B BHJAE BOJIH SIPKO-
CTH, HMEIOUIHX YABOEHHYIO YacTOTy IOBTOPEHHS B CPaBHEHHH C
YacTOTOH NPHJIOKEHHOro NMepeMeHHOro IoJs.

DJIeKTPONIOMHHECLIEHTHblE 3/1eMEHThl MOTYyT HUMeTb BUJ JIeHT
HJIH JIECTOB, KOTOPHIE MOXKHO pe3aTh Ha 4YacTH, NpuOUBaThL rBO3-
ASMH, WK JaKe NMPOCTPENIUBATh MYJSIMH, HE Hapylias HX CBede-
HusA. K coxkaneHunio, ApPKOCTb CBEUEHHSI TAKHX 3JeMeHTOB I0Ka He-
BeJUKa.

IlnasmenH:e fBNEHHS B NOAYNPOBOJHHKAR

CoBOKYyNHOCTb CBOGOXHBIX HOCHTENeil 3apsiga — 3JeKTPOHOB X
AbIPOK B OJYIPOBOAHUKE PeAcTaB/sieT co60I0 cHcTeMy, §JIHU3KYIO
K niaasme. Oco6eHHOCTh MJIa3MEHHBIX SIBJEHUIl COCTOUT B TOM, 4TO
B HAX IVIaBHYIO pOJIb HrpaioT CBOHCTBA BceH M/1a3Mbl, He CBOAA-
LiHecs K B3aHMOAEHCTBHAM € yuacTHeM OT/Ie/bHbIX HOCHTEJEN.

IlBa riiaBHBIX OT/MHYMS NJIa3Mbl B KpUCTa/liax oT GoJiee je-
TaJIbHO M3yUeHHOH IJIa3MBI B ra30BOM pa3psie COCTOSAT, BO-mep-
BBHIX, BO B3aUMOAEHCTBUH NJIa3Mbl HOCHTesell ¢ KoNeGaHUsIMU KpHU-
CTaJVIHYEeCKOH pelleTKH M, BO-BTOPBIX, C BO3MOXKHOCTBIO H3MeHe-
HHS MJIOTHOCTH MJa3Mbl (KOHLEHTpauUHss HOCHTeNdell) B Ype3Bbl-
YaiHO INMPOKUX NpefesaXx — OT HyJS A0 KOHUEHTpauHuil mopsaka
10'8cm~3 u BbIILIE.

KoaaektusHble KoseGaHHS TJIOTHOCTH HOCHTeJeH 3apsaiga u
SJIEKTPHYECKOrO N0Js B NJa3Me HMEIT 4acToTy, NPONOPUHOHAMb-
HYIO KBaIpaTHOMY KOPHIO KOHUEHTPaUHU 3JEKTPOHOB 1; TOUYHEE,
YyacToTa NnJaa3MeHHbIX KojeGaHu -

! TloynpOBONHHKH € LIMPOKOH 3ampelueHHoit mnogocoit (2—3,5 38), Mmo-
gﬂﬂezunpyfomue B BHAMMOA 4aCTH CNEKTPa, 4acTO HAa3bIBAIOT KPUCTaM:0(oCs
opaM,
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rle g — 3apsj 3/JeKTPOoHa, & — AHIJIeKTPHUecKasi NPOHHUIAEMOCTh
Kpucramia u m* — spdekTuBHasg Macca 3JEKTPOHA WJH IbIPKH.
B oTiMyne OT OOLIYHBIX NOMEPEUHBIX 3JEeKTPOMATHHTHBIX KO-
nedaHul, KonebaHUsl KOHUEHTPALUH HOCHTe/ el U 3/IeKTPHIECKOro
noJs B IJ1asMe NpoaoabHbl. Hacrora 3THX KoseGaHHil B MOJynpo-
BOJHHKaX MOXKeT NOXOANTb 10 3HaueHHH wo mopsimka 104 cex—l,
B nocneinHee BpeMs BoNpoc O BO3MOXKHOCTAX BO3OYKAEHHS
HHTEHCHBHBIX NJ1a3MEHHbIX KoJleGaHHH B MONYHPOBOAHHKAX U mpe-
00pa30BaHHAX SHEPTUH C HCIOJIB30BAaHUEM NJa3Mbl B KpHCTasnax
MHTEHCHBHO H3yyaercs. HeckosbKo JieT Ha3ax COBETCKUMH U aMe-
PHKaHCKHMH HCCHeJ0oBaTeqaMH OBlJIO NpejcKa3aHo, UTO MHTEHCHB-
HOe B3aHMOAEHCTBUE 3JIEKTDOHHBIX KOJIJIEKTHBHBIX Kojefauuii c
TEMJIOBEIMH KOJIEOAHUAMH KPHCTaJlsla MOXKeT NPUBECTH K reHepa-
IUH MY YCHJIEHHIO YJIbTPA3BYKOBBIX BOJIH B NONYNPOBOJHHKAX.
INpencraBum cebe, 4TO BAOMb KPHCTA//la NOJYIPOBOJHUKA Iie-
peMelalTes 3JeKTPOHB, Bo BpeMsi cBoero ABHXKeHHS, O{yCJ0B-
JIEIIHOTO, HallpUMep, NPUJIOKEHHBIM K KPUCTaY noJeM, apeidy-
IolllMe B I0JIe 3JIEKTPOHBI B3aUMOMAEHCTBYIOT C KoJieGaHHAMU KpH-
cTanandeckoit pewerkd. KosneGanus Kpucra/ia, Bo3aedcTBys Ha
3/71eKTPOHBI, YCKOPSIOT OJHH H3 HHX H 3aMemisior apyrue. Ecau
BOJIHBI MeXaHUYeCKHX (3BYKOBHIX) KoJeGaHuii pacnpocTpansioTcst
napaJijiesibHO HalpaBJeHHI0 Jpeli(a 3JeKTPOHOB, MOTOK HOC/IEX-
HUX pa3obbercs Ha cjlow MM crycTkd. Ecnu ckopocts apeiipa
2JIEKTPOHOB B 10Je 60Jblle, UeM CKOPOCTb 3BYKOBOIl BOJIHEI, TO,
0GroHsisi 3BYKOBYIO BOJIHY, 3JEKTPOHBI GYI1YyT TepsiTb JHEPTHIO H,
3aMeJIssiCh, CoOBepLIaTh paboTy Hajd BoJHOM, ycuausas ee. Ecau
JKe 3BYKOBas BOJIHA omepexaer Apeid sjekTpoHoB, 6yaeT mnpo-
RCXONHTh 06paTHOe fIBJIEHHE: 3aTyXaHHe 3BYKOBOH BOJIHHI YCH«
JIUTCS,, a COOTBETCTBYIOIAas H0JA HEpruH KoJebaHHH KDHCTajla
nepeiier B 3Hepruio npeiida saekrpoHoB. [lepBHiii cayuaii uacto
Ha3LIBAIOT 3JeKTPOaKyCTHUECKUM 3¢ deKkToM. JTO sBJIEHHe O He-
KOTOpOil cTemeHu moxoxe Ha 3ddekt UepeHkoBa B ONTHKE HIAH
OPHHOHUN NeHCTBHS 3JEKTPOHHOH JiaMnel ¢ Gerylleii BOJIHOH.
DKcllepUMEeHTHl OKa3bIBAIOT, YTO YCH/JIeHHEe 3BYKOBBIX Kose6a-
HHH JeHCTBUTENbHO BO3HHKAET JIHIUDL NPH YCJIOBHH CKOPOCTH Apei-
tha, npepblLIaIOLRH KPUTHYECKOe 3HayeHHe, OJH3KOe K CKOPOCTH
3ByKa B Kpucrajie, B Hacrosiee BpeMsi 3J€KTPOAaKyCTHYECKHH
3¢ deKkT oOHapykKeH B CEPHUCTOM KajMHHU U apCeHu]e raJus.
IloMmumo anekTpoakyctuyeckoro 3dpderra, ¢ COCTOSTHHEM
njiasmbl B NOJYNPOBOAHHKAX CBSI3aHbl HHblEe SBJEHHS, H3yUYEHHE
KOTODBIX NpefcTaBiisieTcss KpaiiHe nepcnekTuBHbIM. Ciofa caenyer
OTHECTH siBJieHHe (DOKYCHPOBKH HJIH LIHYPOBaHHE 06J1aCTH MJa3MbI
BHYTPH KPHCTaJJ/a, BO3MOXKHOCTH BJHMSHHS Ha 3Ty obsacTb Mar-
HUTHBIM T0JIEM, HHTEHCHBHOE peKOMOHHALHOHHOE CBeyYeHHe Ijas-
Mbl U 3;1eKTPHUECKHe KoleGaHus B Hel.



6 kom. Unpekc
70072

Bcem, xro uuTepecyercs HoBeHIIMMA AOCTHXKEHHAMH HayKH B
KYABTYpbl, peKOMEeHAYyeM MOAMACATLCA HA CEPUA HAYUHO-NOMYAAPHBIT
6pemiop u3aaTeAbCTRA « 3HaHAE».

«HOBOE B #H3HH, HAYKE, TEXHHUKE»

12 cepmit ®TOro mHKAa —

Hcropusa Me:xayunapoanan

Murocopun Buoxoras n megununa

Axonomuka Musuka, maTemaTHKa, actponoman
Texnnxa Monoaexnan

Ceancxoe xo3aiicTBO Xuamaa

Aureparypa 1 nckyccTBo EcrectBosnanne u peanras —

nonyJaspHo 1 yBJeKaTeJbHO PacCKasblBalOT O CaMOM HOBOM M ca-
MOM HHTEpPECHOM B BaKHeHlIHX obsacTax 3HaHHil. Ha cTpanunax
3THX GPOLUIODP BEICTYNAlOT U3BECTHbIE COBETCKHE yYyeHble — aKaje-
mukd A, Y. Anuxauos, JI. A. ApuumoBuy, . B. 3enpnosuy, M. 1.
Musnnnconwmukos, A, H. ®pyMKuH u Apyrue; nepBas B MHpe JKeH-
muHa-kocMoHaBT B. B. TepelukoBa, JereHgapHbIi fapTH3aH
C. A. Kosnak, I'epoit Coserckoro Coloza 3. T. Kpenkesb, XKypHa-
JIUCTBI, nUcaTesu, oOUlecTBeHHble W MOJIHTHYECKHE HesiTesH.

I[To cepusam «Hcropus», «®uaocodus», «IKOHOMHKA»,
«TexHuka», «Cenbckoe X03HCTBO», «JIuTepaTypa H HCKYCCTBO»,
«Mexayuaponuasi», «buosorus u MmeauuuHa», «®usuka, MareMa-
THKa, acTpoHOMus», «MoJsiofiexKHasi» BLIXOAHT 2 GPOLIIOPH B Me-
cal obbeMoM 2,5 mned. AUCTA.

I[ToxnucHada weHa:

Ha noayromue — 90 xom.
Ha kBapran — 45 kom,
Ilo cepusam «Xumnsi», «EcTecrBo3HaHue H PeNHTHA» BBIXOIHT
| 6pomtopa B Mecsiit 06'beMoM 3 feu. JHCTa,
[TonnucHas yexa:
Ha noayromwe — 54 kon.
Ha kBapraa — 27 Kom.

B karanore «Cowosneuatu» Ha 1965 rog 3Tu 6pouuopu noMellueHs mnon
HHaekcoM 70064—70075.



