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B lInCTOM rEPMAHIIII 


A. JI.KapY3C1iuli, K. B. EeTq.iep I>, E. r. }f(YPKUH. 
E. M. EaJ1.Tep 

3RcnepllMeBTa:IbBO Ba6moj:\a:mcb MarBllTBbIe oeUII;r:HILI,1I11 no::rymllpllßbl .1llHun 
'1aTe.lbHoii peRoMonBanllil a;IeRTpOHHO-;:IblP0'lIIbIX Ralle:Jb B repMaUlHl (:JIIBlUl 
709 .1/.36). nOl\aaallO, '1TO Ha6moAaeMble OCIl,11:I:IJl]J;lUl llOffiHO OO'bIlCHIITb C nO)f(\lUbIO oe­
UII:X::UUlIlÜ n::rOTBOCTII I10ClITt:'.lPii 3apH;Ia PlI B l;an.1JlX. BLlB(':\eRO rOOTBOllll'lllH' ~!(,;I,;lY 
dEp/E F II dPII/Pn. Ha OCHOTW IWToporo (' V'lPTO~1 OCUn;r.1HI1I1Ü Pli Ohl:J<l DLl'inr:Hm,\ 
,laBIlCIDHlCTb no;rymllpßllLl JIllHlln tJ.E OT MarBllTBOrO llO;HI. I'aC'I('T1WH J,PlIßäH XIJPOllW 
eor:tlaeyeTcH C aKCnepHMeHTaJIbBLlMH AaHBhIMB. 

RaR OhI;IO :mcnepnM{'JJTa.lhHo oOHapya;C'uo [ , ], DO;IUag BHT{'HCUBHOCTb 

peJWMOBBalJ,nOHHOro 1l3JI)"JeHng II3 :meKTpoHHO-~bIPO'IBbIX Hane.:Ih (alU-o 

B repMaHIIII oClJ,nJI.'mpyeT B MarnnTIIOM no:lC. Ke;IAbIill II emmB [~] nOna38­

JIß, "ITO npß Ha:mmeB1IU MarmlTlIoro no.'Ul nOHBJIHIDTCH ocn;nmmpyIDrnlIe lJ;O­

6aBKIf H cBooo;J,Jloii JflC'pnm H H paBHoBC'cDOH DJIOTBOCTH BOClITeJIeii 3apH;m 

B aAK B paooTax [3.4] DpIlMemmnCb U!.WYJIhCHOe B030YiK,J,eHlle II mmYJIbC­

HaH pefI1CTpan;IlH CHrHUJIa HHTerpa;IbHoii (DO CDeHTPY) 1I3:I)"laTeJIhOoii pe­

HOM6IlHan;ßll (UUP) B repMamm, 'ITO II03BO.rrn.:IO HCCJIeAOBUTh KHBCTIIl,y OC­

lJ,ßJVlHnIIH nIlP, onpe,lemUh oenllJIJIHn;Ilß paBHOBeCHoii DJIOTBOCTII UOClITeJIeii 

3apH,1l;U PlI B 3AR B MarHHTBOM Done, a TaHiKe IIO;I)"""<IBTh On;eHKY Be:Ul'UlHhI 

:KBaBTOBoro BblXO,la. 

113BecTBo, "ITO B OTCYTCTBHe MarHuTBoro DOJIH epopMa cneHTpaJIhBOÜ JIH­

BHH H3JI}"""<IaTeJIhBOn peKoMOHHan;lIR aAR CBH3aHa C 3Hcprneii <Dep~m: 
EFCf':Jp''', OTRYAa CJIe;a.yeT B03!.fOiKHOCTh On;eBRR DJIOTHOCTU HOCHTe;rrell H3 epop­

MhI JIßHIU! P]. TIpu HaJIOiKeHHH MarmITBOrO nOJIH CBH3h Mcm.r\Y E p n Pll yc-o' 
JIOiKOHeTCH, D03TOMY IIpe.r\CTaBJlHJIO ßBTepec DpOBeCTII IICCJIe,1l;OBaHße epOPMbJ .. 

JIßBHU 3]:(K B aaBHCHMOCTII OT MarHIITHoro DOJIH. 

B naCTOHm,en pa(lOTe :mcnepmleUTil.'IhHO n3yqaJIaCh epopMa JIlIHDll H3JIPHl­

Te:lbIIo:fI PC'RoM6unaD)ID a):(J\ C IIcnYCHaIIII8M LA-epoBona (709 M3ß) B Mar­

BßTBbIX HOJIgX ,:1.0 32 "1),3. ÜDhIThI DponO;:J;nJIllCh Ha 06pa3n;ax q:UCToro rep~laIJUH 
n-THDU (ND~101~ CJI- 3

) pa3Mepa~m 5X5XO,3 .4t.lt\ DOMem,aeMbIx B cBepxnpo­

BOAnIl~nii cO,lenouA npu TC'~mepaType ffiDI\HOro re.1UH T = 1.5 K. l\IarulITHOe 

DOJle UbIJIO Dapa;rIJleJIhHO KpUCTa:IJIOrpaepRTfeCKOii OCll [100] oopa3DoB. He­

pannOBeCHbJe HOCHTeJIH 3apH;la reHepnpOBa':ITICh C DOMornhlO IT~mYJIhCHOro 

GaAS-JIa3epa 1II0nUJOCThID ~ 1 0 6T B lIMDYJIhCe lJ;JInTeJIhHOCTblO 2 .~(KCe"l), C 'la­

CTOTOÜ nOBTOpeHIJH HMDYJIhCOnl tLZI?, Bo n30effiaRHe Deperpena T\fOmnOfTh 
,la:wpa pacupC';:.IC'JIflJIaCb npmwpno ITn nCt'ij nOBepxHocTn oopa:Jnon (~O.2 C.lfe). 

1I3;IYQenHc H3 06pa3n;OB aHMIß3npOBaJIOCh C nOMom,hIO MOHoxpOMaTopa M):(P-2 
11 perucTpnpOBaJIOCh nMnY;IhcBbIM rE'pMalllIeBbIM epOTO;:UIO,lOM co npe?-H:'ITCM 

cpaoaTbIBaHIIH ~1 MKcex. ):(JIH yneJIII'IeHUH OTHomeBIIH curna;I/mYM UCDOJIh­

!) TIpllKOMaII;nIpOBaII Ba !jlllan'leCl:oro HBCTllTVTa VHBB('VCIITeTa r. IlITYTTrapT. cllpr. 

aOBaJIaeh TeXHUJ; 

1I1IfllYJIhea 2 .lt~;, 
Ha pncYIIKe 

no.rrymnpnHbI :IIJ 

MepeBnoü Ba n 
OCn;lIJI:IfIn;nOIIBhJ: 

n;un 3]:(K (JInHl 

Rng DPOBO~lIJII1 

Bn 3a;:r,eplKlUI ~ 

COlll BoaOYffi;l.en: 

pernCTpan;lIll t =: 

ObI.::IO nOKaaano 

npn TaKO;\l Bpe: 

HHTeHCUBHOCTI, 

TeJIhBOll peKo~d 
l\13JIhHa TI C:J al 
B MarUITTllml 

TIpn HyneB 

11 n OTCYTcnme 

JIfl DO:IB:ln CUf 

pnoa .;nIHnll 
peKQ!,lOlIUanmJ 

CYMMC :mepn 

3.'1eJ'TpODOB H 
+E/). Dpn : 
HIITHoro DO:UI 

JIITBBB oY;J,t 
cyr.nwü ::lFfeI 
Me1KYTHOB J 
(J)ep:mI 11 C04 

)lblpOK. Tah :f 

HO npeHe6pe' 
Ilpoana,lJ1 

n.loTHOCTll III 

BR.!13.;:I. D OC!J.ll 

HOll paUOTe, ' 

HO Dpeueüpel 

n;nn 	[I] OT H 

'-' 	qeCKHX oceif. 

qTO A.'IH O;J,H 

Bell JI3HiJ,ay 
n;HH 3]],K [I 
BeAJIHBO BbI] 

PaCClW1 

TPOHOB B M 
MOiKBO aaD' 
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Bbln. 3 (!J) 

fIlII 
[IE.lb 

,1 :Um",_11.l.1Y!'-· 
(.lI1BIIH LI­
IWMOll\hlO oc­

[!Je'I!II(' ~H';k!V 

111 BWIl!l':It'lIa 

mBaR X"!"JllIO 

TenCIIBHOCTh 
e.1!, (3,[(1\) 
P] nOI-\a:jd­
)YIOID;IIe .'1;0­

'.leü aapfna 

II mmy.1bC­
'üJIhH OÜ pe­

mrTImy OC­

1l0CIITeJIeil 
. Be.1IPIHHbI 

aJIbBoft .1II­

il <I>ep~m: 
~ft IIa IPOP­

'1' n . \'C-O'~ 
Hie 'qrOP~IhI " 

m 1I3nyqa­
g) B Mar­

replIfanIIH 

CBepxopo­

.farHIITDOe 
300B. He­

nY:IhCHorn 
~ce,. C qi)­

MOm;nOrTh 
~(j.2 C.l'O) , 

[Jf! MLJ, P-2 
II prMr Il (,::'1 

\1 ßcnOJIh­

rapr, <l>pr. 

30Ba.'IaCI, TeXHIma CTPOUlIpYIOIII.ero UBTerpupOBaBßH C ,tl.JIHTeRhBOCThIO CTpo6­
ßMOYJIhCa 2 .Hh'Ce~., 

Ha pßcymw nOna3aBbI 3I\cnepIIMenTaJIhHbIe peay.'lhTaTbI 00 a8BßCUlIIQCTU 
nO.1ymnpIIIIhI ':IIIBIIU LA - 709 .,>,(;)8, T. e. cneKTpa.'lhllOÜ mIlpUBbI JIIInmI, U3­

MepeflHOÜ na ypOBBC 0.5 OT MdnCHMaJIbHOll nHTeucnBIIOCTn Im"". 06BaPYifiCH 
OCn;IIJI.1HIJ,IlOBHbIÜ 3q){lleKT: nO.:IymupnBa mIBnu n3:Iy....laTe.:IbnOll peKOMOUHa­

n;ßn 3LJ,h: (mnUUI LA - 709 .~J8) OCI\IIJIJIUpyeT B MarHIITHOM nOJIe. 1I3Mcpe­
BßH npOBO;I.ßJIßCb npII BpeMe­

1::.[, ,'Ilii om/! ej,BII aa,tl.epifiI\II Me/J\LJ;y nMnY;Ib­ • l- /1 
1,1 I

COM BoaUYII\;::(eIInn n MOMeBTOM 

pernCTpan;lllI t=1O Jmcel'i.. RaH I 
6bI.10 00Na3aBO B pa60Te [~ ], 

npn TaKOll1 BpeMeBn aaAepifiKII 

UBTl'HCnBIIOCTb JIIIBnn IIaJIyqa­
TeJIhBOll peKoMonBan;DU MaKClI­
Ma;JbHa II c.n:a60 oCn;U.'I.1IIpyeT 
B MarHlITHOllf lIOJIe. 

TIPH By.'1eBOÜ TeMDepaType 
u B OTCYTcTBlIe MarBnTBoro no­
.'IH no;maH clIeRTpaJIbBaH IDU­

pUBa :mUlID lI3.'1~"lJaH'.lhHOÜ 
Pl'!;O)[OUllaUIIII 3AR panBa 

cym.te aneprnii $epMlI ;!IJIH 

öJIel:TpOHOB II ;!IbIpOK (Ep'+ 
+E/). TI plI ua:JOlReHllII Mar­
JHlTHOrO nOJIH nonnaH mHplIBa 
JIIIIIIIlI 6y.:rCT olIpe;-(r,llIThclI 

c)":Imoii öHepreTII'IeCI\IlX npo­

MeifiYTKOB Mem,tl.Y ypoBlIeM 
<l)f'P~III II COOTBeTcTBYIOm;ml !TH3mUM ypOBBeM JIaB,tl.ay ,:IJIH 3JIeKTpOHoB U 

nbIllOh. Tal, I;a" npu nanmx ;iNcneplIMeBTa.n:bHbIx YC.10BlIHX kT<t:.EF , TO ~lOm-
110 npeHeOpe'lfb TeMnepaTypllhlM pa3MbITIleM ypOBBH <I>epMu. 

IIpoana.u:3npyeM 3ilBIlcmlOCTb 3IIcprnn <Dep~m B MarlIlITBOM Done OT 
lI.10TH()(,Tll IlocIITe.lcn 3apR;J.a. COr.13ClIO RC.:I;J.bIIDY II Cn:mny [2], OCIIOBnou 

BKla;J. B OCll,D.l.:IHll,lIn B OO.litCTn MarnDTIlbIX no.leu, paCOlaTplIBaeMon B ,llaH­

Boii paUOTe, p;O.1meu UbITb OUyc.l0B.1CU 3:IeKTpOHaMlI, a BH:la.'1;OM AUPOK l\Iom­
BO IlpeHeOpe'lb; 310 c.le;J.yeT TaEii>C lI;l aIIII:wTpOflIlOll 3aBlIClIJ\WCTn OCll,n.l:IH­
Ilnii (I] OT HalIpaB:IenUH M,HHIITHoro nOJlfI H OTBOClITC.lbHO RplIcTa.l:wrpa<pu­

QCCKIIX ocen. AOloumupYIOIII.nii BK.'1aLJ; 9JIeKTpOBoB B OCIlll':l:IlIn;nn CBfI3aB C TeM, 
'ITO A.llI Oil,BIIX U TCX me nO.:Ien AO 30 'K,3 Il.bIpKU lIMeIOT 60:Ibmee 'InC:IO ypOB­

Beil JIaH;:J;ay, lJCM ,meKTpOUbI, U D09TOMY OBU ll.aIOT MaJIbIn Brula;!I B OCn;UnJIH­

IlllU 3AR [6]. MOifiBO ClJUTaTh, lJTO ,tl.JIH LJ;bIPOR B 310n 06naCTU DO.left ClIpa­

Be;!IJrnBO BbfpamelIlIC 

dE/ jdPH ~~ (1)
E/ PlI 3· 

PaccMoTpIIM CDCTeMY 3.1CHTpOBOB B aAK nJIOTHOCTb COCTOHBlIll ;.I,.'IH 3JIeR­
TPOBOB B MarBIITIIOM llO:Ie v11 (E, s) ;!IJIH C.'IyqaH 11 anIl:lOTpODBbIX Il.0JIIIB [7] 
\fOlliBO 3anlICaTh B BDLJ;C (8] 

3aBlIcmWCTh nOJIYllmprlHhl JIBlIniI 1I:l.1Plr!Tü.lbROii 
peJ;O~I[j.Il!laIUm a.D:R (anIma LA - 709 .'1:18) n paB­
HonecHoi! IJ.:JOTHOCTH HOCHTeJIen B a.D:H OT MarSIIT­
Horo nO.ln; 'l'OtIHH - :lNCDepruleHTa!IhHMe, crr:IODl­
naH 1,pllllan - DaC'Ie'l'HfIIl l>DIIBaH nO,lymHpnm,T, 

TIJ"HI('l'IIP - n.'lO'l'HOCTb HOCHTe:Wß B 3;:J;R [~l 

(2) 

12 mYPHan 3KcnepH~Iell'l'alThHolt H TeOpeTR'leCKoll. 4>R3HKH. No 9 
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PlI 

r.J:c ~tB=eh!muc - ~1Urnt'TOH Bopa; mlJ - MUCea eBo60;:J;noro 9JIN'Tpona. m 

~lacca B:rOTHoeTlI rOCTOaßIlii.; wi=ell/m,c, n1, TI gi - IJ;BIClOTpOHBan lH1CTOTa, 
 [1] B. C. Eara('R, 1 
Il,ImmJTpOIlHaH MaCC~\ TI g-Wal\TOP ::J.1t'l\TPOIIOH B i-n ;:I:o;mnc .J;JHl ;:J;DHIIOro Ha­ TII'ICbMa BiRST 
TIpan:remUJ ::IlarnTITHoro no:m; s - CDJIHOBOe qnc:ro, n - nm.rep ypOBHl1 JIHH­ [2] JI. B. Ke.:JJl:hlID, 
.J;ay, E - :meprnH. [3] B. B. fnnO;:IMaJ 

J]..'IH HHnpaB:IeHHn !,mrnnTnoro nO:HI D.J:O:Ih OCH [100] Bce qeThlpe ~O.lllllhI rrpIJRT <I>I1AH ( 
Jlnmnaaf'lITIIhI. TaN KaK g.:::::: 1,7 [~], TO ;'WH c.rryqan n~ 1 npene6peraeM ClllI ­ [4] K. B. BeT.l:(JIep, 
HOBhIM pacJ.IJ,enneHBeM. BnoAll BOBble ooOana'lCIIIIH, [5J Thomas K. Lo. 

f!!F e=EFe-!i.w/2, x=hw/15r', (3) 	 J. C. Hcnsel. P 
tt, 385, 1972. I 

no:ryqe:M BhIpameHBe ;:J;.lH n.l0THOCTH HOCHTe.lei aapHp;a PH B SJ].K B MarnlIT­ [6] A. C. AJIeHCeen 
HOM nmle: HeROB. B. E. C 

67, 109, Hi73. 
(4) 	 [7] M. Blackman. 1 

[8] 	 H. B. EpaBilT, 
CTP, 189. E. M.J].a.rree Ilo:ryqaeM BblpaiIWHHe p;:m OTHOlIIeHlIJI .10rapH<pMUqeeIUIX npOIl3BO;:J;­ l 
CTp. 175.HhIX f!! Fe U pn: 

(5) 
}:lAGN 

KaK CJle;weT Ha BhIpamennH (5), npn nepeceqcnnn n-ro yponnH JIaH,Ll;ay 


C ypoBHeM <I>epMu (nx=1) nO.lomeHBe ypOBHH <I>epMH He aaBlICBT OT n.10THO­
 A, 
CTB, a onpe;neJl.fIeTC.fI nOJIOmeBBeM 9Toro ypOBBH JIaB,Ll;ay. nOJlYlIIBpUHa .1BIInB 

U3:ry'tJaTc:rI>Boi peKOMOBBaIJ;l1B S,l],h' B MarHBTBOM no:re tlE npOnopIJ;IlOBaJII>Ha 	 Magnetic oscil 
Be:rBqBBe 2) f!! p'+f!!Fh. MCnO:I1>3Y.fI COOTHOlIIf'HBn (1) n (5), MomBO no.l}"'tJUTb observed for electl 
BhIpameHue ,n;JIH .ilOrapH<pMB'tJeClwß npoIlaBo;:J;Holl no:rymIlpuHhI .'IHHllU B 3aBIl ­	 oscillations obsen 
CH~lOCTH OT nJlOTHOCTB pn B MarnHTHOM Bone: 	 charge carriers p, 

on basis of whicl: 
......... )'1/ "m}2c
d(tlE) {/CF' }2 ( 1 	 half-width 4E on ---=-= ·2 1-nx' ----+ 

(fj' r"+f!! ,h (1-nx) 'I> 	 agreement with th 
1,~n n=O 

(6) 

M3 COOTHomeBlUI (6) H 9RcnepRMeHTaJIhHblX naHRhIX )l;JI.fI oC:IJ;H.'lJI.fID;UÖ 

BJlOTHOCrn HOCUTeJIei B S.n;R B MarHUTHOM BOile [4] Obl.1ID. BLPIHCJIem.1 MeTO- 0 .'. 

,n;OM HTepaIJ;Ili OCD;HJIJI.IID;IlH BOJIYIIIHPIlHhI JIJIßIlB H3.'I)"'tJaTe.'II>HOR peROMOHHa- ' 


:IJ;1m S.n;R. .n;ml nOJIeR. B KOTOPhIX n=O, yqIlThIBa:IOCb CBIlHOBOe pacm;emIenne 


BOCJIe;nnero i)JIeRTpOHHoro ypOBHR: JIaR;nay. PaCqeT npOH3BO;nHJICR: BO <POpMY-


JIe (6), HO BMeCTO mi IJO;J;CTaB:m.rr8Ch CßIlHOBaR: Macca m,,=2mo/g,. Ha PUCYH-


Re BOKa3am..J 3aBBCHMOCTh PH OT MarHlITHoro nO:JR: [4] U BLPIHCJIeHHa.fI Ha oe­


HOBe ee aaBHCHMOCTh BOJIymupHHhI JIBHHII tlE OT H JJ;JIR: m/mi=O,22/0,13 [2]. 

RpY:HmaltIB H300pailieHbl 9KCBepUMeHTaJII>m..Je TOqRß 3aBUCHMOCTH Bo:rymHpn­

ß'bl JIHHln: LA-709 .~36 OT MarnIlTHoro nOJIR:. 113 cpaBneHHH BUJJ;HO, qTO xa­


paKTep OCIJ;H:JJIfID;HR tlE xopomo OImCblBaeTCfI paCqeTRon: KPHBOn:. 


ABTOP'hI BhIpammOT o:raro,n;apHOCTh JI. B. Re:J;:rhIIIIY U A. n. Cn;mny 3a 

Bo:re3Hble JJ;BCRYCCHn. 

<I>1'I3H'1eCKlIH IInCTIITYT IIM. TI. H. JIef}eAeBa TIocrymma 1l pe):\aKII,IDO 
AI,8il,eMIIII lIaYK CCCP 15 anpeJIIl f 975 r. 

!) OCD;lIJIJIJIll:lD!! cneRTpaJIbBOI mlil'pDBbI JmBIm, 1'I3MepeBlloi Ha ypoBB'e 0,251"""", 
IIMelOT TaKYIO lf\e OTHoclfTe;u..nylO Be:Iß"mny, RaR II OCUII:I.:uJ:II,1Iß nO:IymnpUHb! .1IInHlI. 
TIoaTOMY MomBO C'lnTaTh. 'lTO OCUJIJI.:JlIl\1m nOJIymlIVIIBbI llKBHB&.'lt'B'TB'hI OCllH.:I.'IIiIlHlIM 
nO.lIBoii cneKTpa.'lbBOii me:pllBbI .lIBHBlI. 
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Tporra, m­

an 'HleTOTil, 

llaUlIOfO na­

POBIIl1 Jlan­

f,) pe ,1.0.1 II Tl bI 

wraeM Cllll­

(3) 
Ii B ManmT­

(4) 

""-" 
x IIpon3BOk 

(5) 

)BIHI .:1aB,1.ay 

T OT II:JOTIIO­

tIpDBa .'InBilD 
op:qnona.:Jbna 
no IIO.':V'tJBTb 
J:BHH B ;18Bil­

+ 

(6) 

OC4.....-.'lfIII.ßB 

CJIelThI MeTO- 0' 
peKoMoßHa­

)aCmeIIJIeßHe 

[ IIO <POpMY­
'{. Ha PllCYH­

~BBaf! Ha 0(' ­

1,22/0,13 [T 
I no.1ymHpn­

)l;HO, 'ITO xa­

Cll.'mny aa 

18 B peAaRlJ.ßlO 
mpenll 1975 r. 

lOBRe 0,25T"'4.l:, 
IlpHHbl .'IßRIIß. 
ocnß:rllllmUIM 

MarIlßTUble OClJ.ß:r:umnn nOllyrnnpnubI nmnm nIOMliIueClJ.eulJ.liIll f09f 
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MAGNETIC OSCILLATIONS OF THE LUMINESCENCE LlNE 

HALF·WIDTH OF ELECTRON·HOLE DROPS 


IN PURE GERMANIUM 


A. L. Karuzsky, K. W. Belzler, B. G. Zhurkin, B. M. BaUer 

Magnetic oscillations of the radiative recombination line half-width is experimentally 
obser\'ed for electron'}lolc drops in germanium (LA line, 709 meV). It is shown that tl!r 
oscillations observed may be rxplained by invoking oscillations of the density of 
charge carriers PH in the drop~. A relation between dEp/Ep and dplI/(JH is derived 
on basis 01 which (with allowance for oscillations 01 PB) thc dependence of thr line 
half-width AE on magnetic fjeld strength is calculated. The calculated curve is in good 
agrerment with the experimental data. 
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