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Ha no;rOBUHI' BhICOThl Kaif\~OH nO.'10Chl cupaBa « 12) h) U C.'IeBa «( _1 /2) h) OT 

MaKCH~tYMa COOTBeTCTBYIOT nanpß;I,eHHß, npUBeil.eHHhIe B Ta6.1:. 2. I1pn olIpe

~e:IeHDll Be:mtmn :MeX3HIItIPC KßX ßanpRif,eHßH ßcnO:Jb30Ba.'IUCh peay..'IhTaTLI [51. 
cor.laCHO IWTOPLIM C,:{Bnr Ha 1 CM-1 nO.J:IOChI TO Ko.leoaHßH cooTBeTcTDyeT 

;J.:m pemeTI\It GaAs HanpRif,I'UlIIO fiO Kr/MM2 • I1pu pactJeTax npe;UIO.laraJIOCh, 

tJTO Ha no.lnpOBIIHIIOH nonepxHocTII (111) ;J.eHcTBYlOT l\1eX3IIßtJeClme Hanlm

meHHfI, HepneH;ulKy.'IflplIh\e n.l0CKOCTII (111). TaKuM 06P330:\I. C YBeJIutJe

HHeM pa3:\tepa aepH3 a6paannCl paCTj"T KaK Cpe)l.Hße MßKpOCKonlitJeCKlie 

CmUMaIOIll.He nanpRil,emlfl. Tal< II xapaKTepHeTU"leCKue HanpSlmemUI, COOT

BeTCT13YlOIll.Ue IIO.1YIlIlIpHHe Q:>OHOllHbIX no,lOC. 

B 3ah.llO"lCUUe MOil,HO c,:{e.laTh BhIBO,Il" tJTO B np0l.\eCce MeXallU"leCKOH 

no:mpOBKII B nOBepXHOCTHOM C.l0e GaAs B03HßKalOT 3natfUTe.1hHhle lIfIIKPO

CKonfPleClme HanpR<ReHUR C,RHM3IOIll.ero H paCTSlrllBaIOIll.erO xapaKTepa, 

aa:\I{'THO npeBhlmaIOIll.Ue paapymaIOIll.He MaKpoc KOnU"leCKße nanpHfKeHßH, 

1\0TOphle ;J.OCTurHYThI 13 OnhITaX no HcnhITaHHHM Ha ClliaTHI' [j]. 
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JIeHlmrpa~ 

MArHHTHbIE OCD;H.1IJIßD;HH .1IIOMHHECn;EHn;HH 
3.1IEKTPOHHO-;tI.blPO'IHbIX KADEJIb B rEPMAHHH 

C IIPHMECbIO MblmbßKA 

A. Jl. Hapyaclwü, H. B. BemlJAep,l B. r. }/(YPKUU, 
B. n. A~eu08 

B MarHHTHOM nOJIe IIHTeHCHBHOCTb JIIOMHHeCl.\eHI\HH H3 3JIeKTpOHHO

;IlhIP0"lHhIX KaneJIb (3)]J\) B Ge OCI\HJIJIHpyeT B 3aBHCHMOCTH OT BeJIH"IHHhl 
npH:IOmeHHOro nO:IH [1. 2]. HaMH OhlJIO nOKaaaHO PI, 'ITO OCI\HJIJIßI\HII HH

TeBCHBBOCTH BLI3BaHhl MarBliTHLIMH OCI\HJIJIßl.\HBMH paBBOBeCBO:Ü: nJIOl'HOCTH 

BOCHTeJIeÜ 3apJI;ila B 3,IJ;K B cor..'IaCHH C TeOpeTH"IeCKHMH npeNIO:IOmeHHHMH 

neJIJJ:hlma H CHJIHHa [ 4 
]. 

B HaCTOHIll.eH paOOTe BnepBLIe cooom,aeTCJI 0 Ba6JIIOp;eBHH MarHHTBhlX OC

I\H:IJIHI\HH H H3MepeHHH BpeMeBH )RH3BH 6ectfJoHoHHOH JIHHHH 3,IJ,K npH 

736 MaB. 06BapymeHhI cyIll.eCTBeBHhle pa3JIll1JHJI B KHHeTHKe JIHBHH 736 MaB 

B cpaBBeBHH C JIHBHeii LA 709 MaB. 
3KcnepHMeBThl npOBO,D.HJIHCb npH T 1.50 K Ha 	 OOpa3I\ax n-Ge C KOB

3I\eBl'pal.\HeH npHMeCBhIX aTOMOB As N" ~ 7.1015 CM-: • I1cnOJIb30BaJIaCb HM
nym,CHaJI YCTaBOBKa, onHcaBBaH B [3 J. Ha pHCYHKe nOKa3aBhl aKcnepH

MeBTaJlbHO Ba6JIIO,Il,aeMhle MarBHTHble OCl.\HJIJIRl.\HH HHTeHCHBBOCTH JIIOMHBeC

I\eBI\HH LA-.'IlIHHß npß 709 MaB (pHCYHOK, a) H 6ectfJoHoHHoH JIHHHH npH 

736 MJB (pUCYHOK, 6) ;ilJIR pa:lJ1H1JHhlX BpeMeB aa;ilepmKII nOCJIe OKOH"IaBHR 

HMnYJIbca BoaoY)R,D.eBHß OT GaAs-JIaaepa. BH;ilHO, 1JTO OTBOCHTeJIbBaSl 8.101

nJIHTyna OCI\HJI:ISlI\UH 6ectfJoHoHHoH JIHBHH npaKTH"IeCKH He aaBHCHT OT Bpe

MeBH aanepiRKH t, B TO BpeMSl KaK OTHOCHTeJIbBaß aMnJIHTyna OCI\HJIJIßI\HH 

1 4l1l3K'IecKsl IlBCTHTyr YIDlBepeBTeTa r. mTyTTrapT, 4lpr. 
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;5. r 
r don a. 

>ll;HIlKOB~, 

HO 

LA-.JIHHHH paCTeT C BpeMeHe}1 t. 1l0C:Je~HlffI awweKT paHee Haomo,n:aJlCH 

;IJR LA-."IHHHH H B qnCTOM Ge [3). BpeMH /KR3H11 LA-:IßHHH B npHMeCHOM 

n-Ge COCTaB:UleT 01\0.'10 36 MI\CeK., '1TO COBßa,laeT C Be.'lßqHHOH " ;:J:JlH lJHCTOrO 

Ge [3]. 
CBOllCTBa oeCWOHOHHOH :IHHHH np" CTanHOHapnOM Boa6Y/K,!!,eHlfH ßCC,le

5,:xona.1ßCb B pH,le paOOT 1- 7 J. B tJaCTHOCTß, B (7 J 01>1.;10 06HapyareHo paa.'1U

'Ine B wopMe LA-:IßHIIH n JlJIHIHI 736 MaB, lJTO 6bl:1O npßOlfcauo BoaUßI\UOBe

UJIIO B 8;:I.K «BupTya.lhHbIX CBRaaHHhIX COCTORHßll», OOycJI0B:JeHHLlx npß

MeCHhI.\HI aTO~la~fH As. O,lHUW npeJ;no,,10/KeHße () «BupTya.:IbHhIX COCTORHI1ffX» 

He MOiHeT 06b.fICUHTh pa3."IHlJßH BpeMeUHhIX aaBIICHMOCTeH LA- II 6ec4>0

HOHHOD nllH1Ill, ßOC}iO.'lhRy BHpTya.lbHhIe eOCTOHHlUI ,n:OJIiKHhI Bcern:a Haxo

nnThCH B peaoaaHce C peaJlbHhIM COCTOHU1IeM 8,J,K. C ,!!,pyroB CTOPOHhI, npn 
960~'1N' BblCOKIIX Te~IDep3Typax (4.2" K) B Ge [8] 11 B Si 1 , 10] Ha6.1Kl;:J:aIOTCH 
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napa~I~TpO~1 ;J:JH KpllBblX RB:Jf!(;TCR ßpe~1I1 aa;;epanm t nOC:T'" OHOH'taHIIIl HMnY:Tbca Boa6)'»'<:\eHUf! 
n D =7 ·10" CM-', T=1.;'" K. a :I\JHIl.R C HCIlYCHalmeM LA 41oHoHa (709 M3B), 6 - 6ec4Iollomraf! 

ilHHI!lf! (736 MaB). 

yaRlIe JIIIHlI1f .11OMßHeCneHnßß, 06YCJIOBJIeBBbJe KO:MII.TIeKCaMß CBH3aBBhIX 

aRCßTOBOB. r.la,lRafl OeCWOBOBHaH .mHHH, KOTOpaH BCer.!l.a BB.!I.Ha B nplIMeC

HOM Ge npß 6o:ree HHaKHX TeMoepaTypax, 06ycnoBJlena, no-BB.!I.HMOMY, TeM, 

'1TO B aTY .1ßHHIO .:\a1OT BRJIa.!l. Mnoro paaJIH'IHhIX CBHaaHHhIX aKCBTOHHhlX HOM

llJlel\COB. Apr:pleHTo:'I B nOJlh3Y TaROR TO'IKH apeHHH HBJIH10TCH ,J;aHHhIe 

no BpeMeHH iKII3HU; 6wJO YCTaHOB:IeHO, lJTO BeJIHlJHUa 'r 6ec4>ouoHuoii .'1H

ußn MeHHeTCH OT 50 MI'ceR. npH Ma.:IhIX aa;'l,epiKRaX noc.1Ie HMnYJIbCa Boa6YiK

;'I,eUlfH npHMepuo ;J,O 70 MI\CeK. npH 60JlbIDHX aa.n;epiKRax. OIIhIThI co CßeRTpaJIb

UhThl pa3pemeJIne~I IIORa3a.:Iß, '1TO 60JlhmHe BpeMeHa mB3Hß COOTBeTCTBYKlT 

HOPOTKOBO;XHOBO~IY }ipaKl JIßHHU 736 MaB (HaH6oJIbmee -:: ~ 95 MKceK. 6hIJIO 06

HapYiKeuo P;:lR c:ra60R JIHHHH CBHaauuoro 3KCHToua npn ~ 739 MaB) ß lJTO 

Be.1I1'IHHa " Y·.MeHhlIlaeTCH K ;PßHHOBOJlUOBOMY Kpa1O. RaH OhIJlO o6uapYiKeuo 

110B ] BpeMH HUI3HU <1RCßTOHUhIX HOMnJleRCOB YMeHbmaeTCH C POCTOM HO

Mepa ROMnneKca, 'ITO COOTBeTcTByeT MeUhmHM 9UeprHHM CBmm. Oenu;mmliBl 

oec.pOHOHUoiI :IIlHim cBHp;eTe.lbcTBYKlT 0 TOM, lJTO nOJlHOe 'IßCJlO CBH3aHHhIX 

9KCBTOUBhIX KOMll.'1eRCOB MeUHeTCR: npß UaJIOiKeHHH MarnHTHOrO nO:IH. Ta
Roe H"MeueBHe ßpHMO CBH3auo C nJlOTHOCTh1O nOCHTe:leii aapHp;a B 8,D,K, 

TaR KaK YBeJlHtJeUlIe II::IOTUOCTß B 8,D,R npHBO,ll;HT R YMeUbmeUHlO lJßCJIa CBH

aaUUhIX 9RCHTOUUhIX KOMDJIeRCOB, B uao60pOT. OTCKl,n:a CJIei!U'eT, qTO OCD;H:l 

1i <l>lIJI!IKU Toep;;oro Tenu, Bhln. 10, 1975 r. 
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.1ßnnu OeCIPOpMeHHOii .1HHHH CBßaaHbT C MarHUTHIßI nO.,eM TO:IbHO KOCBeHHO. 

y CTaHOB.leHHLIll 3l\CnepH~H?HTa.'hHO IPaHT Hella~reHHOCnl OTHOClITC.lhHOii a~l
n.1IITYlLI MarHllTHblX OClIlI.,.lßlIIlÜ :rHHHH 736 ,\I;,B C porto,! BpeMCHli a,l:wpilam 

t (pncynoK, 6) 1'al\iI~e )lOiI,HO oG1>ßCHIITh, YlllIThlBaß nponcxoiIqeHne ;nofl Jllf 

HIU! 	lla CBßaaHH},]:\: ;rKCIITOHHf,IX HOMIf.1CHcon. ,JCüc1'BlITe.'bHo, KaH Or,r.l0 IlO

KaaaHO B [3 J, MarHH1'HOe nO.le Bbl3hIBaeT OCI~n.l.'fH\lm n.l01'HOCTll ß 3;U\, 
npHBO,J,ßm,ue K OClIII:I.1ßl\IIß'\1 Bpe'\ieHIl innSHU LA-.'UHUU, 11 HaI, C.1e:lCTßlIe 

<t1'oro, K speMeHHoii 3aBlICIIMOCTH O1'HOCU1'C.'lhHon a?w::nuY;J;bI I1Il1'eHCIIBHOCTII 

,;I1mUlHeCn;eHI~IIIl, I10CHO.lhKY MarHJHHOe IIO.,e c;laoo B;nme1' Ha Bpe'lH ilmSHII 

CBßaaHHblX 3HCIITOHHLrx Hmm:Jel,COß, TO OTCfOla cpaay C.1e,1.ye1' 001>HCHeHue 

peay.lb1'aTOB, npe,1.CTaB.,eHHblX Ha pncYHI,e, 6. 
B aaKJIfOlleHHe aBTopbl Bhlpamaf01' 6.,aro,J,apHocTb JJ. B. Ke.l:lblIllY H 

A. II. CmIJIHY 3a n.1o,J,oTBopHoe oocymleHue ;)I,CnepuMeH1'a:rbHhlx pe3Y,lLTa1'oB. 
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MocRBa B OROIl'l3re.1JbHOÜ peAaRIl,IlII 
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1I3JIY'IATEJIbHAß PEKOMBIIHAI1.ßß BII3KCßTOHA 
C llEPEBPOCOM 3KCIITOHA B ,11;PYfYIO CEPßIO 

Il. 11. Xa8J1Cu, K. r. Ilempauo;y, C. A. l~foc.,.a.!f,eH"'o 

1. B HaCTOßm,ee BpeMß YiI,e nO.1YlleHO JIH;J,YlIßpOBaHHOe H3.llY'IeHßt' H3 

6HaRCßTOHHhlX COC1'OßHHii. C n;e.lbfO npaR1'H'IeCl\oro ßcnO:lb30BaHUß a1'oro 

npon;ecca HeooxoÄH~1O ß3Y'lU1'b Bce B03MomHble MexaHU3MLI 1ia:rY'Ia1'e,'lbHOll 

pel\oM6ßHal(ßH 6HaKcß1'OHOB B no.lynpOBO;\HßRax. Oil,HHM 113 1'aHIIX Mexa

Hß3MOB MOmeT Obl1'b ß3.1YQaTe.JblIaß peKO~IOHHalIItß OII3KCUTOHa, B peay.lh· 

TaTe KOTOPOH 0Il.ßH ß3 3RClI1'OHOB Oß3RCJl1'OHa aHHHrn.ll1pyeT, a B1'OPOll nepe

opaChlBae1'Cß B Il.pyryfO ceplIKI. Depeopoe oopaaYfOfQerOCß 3RClITOlla npOIlCXO,llUT 

o.1arOll.apR nepexoÄY o)llloro ßa 3:reI,1'pOHOB B il.pyryfO aOHY. fIpeÄn0

:IaraeTCR, 'I1'O ,fIBa 18-3HCß1'OHa O,lHOll II 1'OI! iKe cepun CBR3bluaID1'Cß B OUöH

CHTOH C 3Heprßeii CBR3U J",. Ü1'HOCH1'e.'bHoe ÄBHineHHe 3KCH1'OHOB B OII3nCH

TOHe 0YÄeM OnßChlBaTb IPYHRl(ßeii 18-THIIH C pa;:UIYCOM a.lI • 
PaCqe1' npOBOÄH1'CR BO B1'OPOM nopH.J;J\e TeoplIH B03MYfQf'HHii. B Ka1leeTBe 

BoaMYfQeDlIR ßcno.lb3ye1'Cß ra:bIßm:>1'OHU8n BaaUMO.J;eÜCTBIIH COOeTBeHHblX 

3.1JeR1'pOllOB ß ,fIblpOK fipHCTa;X.la co eBeTO",1 11 ra?'Iß.1h1'OHHaH Hy.l0HOBCRoro 

B3aUMOÄeik1'BßR a..1Jef\TpOHOB ß AblpOfi, npUBOÄßm,ero R nepeopocy 3.1eK1'pona 

B ÄpyryfO 30HY. PaCCMaTpHBalOTCH npR'\fhJe paapemeHHhlP Mein30HHhie on1'H

qeCKHe nepeXO,1.hl B MO;a,e.'IH nOJlynpOBO;:I.HHKa C IIPOC1'Oii HeBblpomp.eHHoii 

aOHHOH CTPYKTypOH. CJle,J;Yß [11, HaMH nO:IY'Ieno BblpameHHe ÄJlß IPOPMbl no
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