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Bnaxos R.n., KanawauKoB B.n. P4 - 8923 

TeopuH aKycTuqecKoro cnuuosoro peaouauca ua sneKTpoaax 
npoBOAHMOCTH. D. MaKpOcKonaqecKHe ypasHeHHH 

BbiBOAHTCH ypasueHHH 6anauca TeMnepaTyp KHHeruqecKHX H cnaHOBbiX 
CTeneueA CB060Abl sneKTpOHOB npOBOAHMOCTH B cna6ouenuHeAHOM pelKHMe 
aKycTuqecKoro cnauosoro peaouauca (ACP). HaAneHbi crauaouapHbie pewe
HHH srux ypasueueA. OueuesaeTCH B03MOJKHOCTb B03HHKHOBeHHH stjxpeKTa 
Osepxayaepa npu H8CbJWeuuu ACP u neTeKTHposaHHH ACP no peaouaucuoMy 

H3MeHeHHIO fiOABHJKHOCTH. 

Pa6oTa Bblnonaeua B Jla6opaTopHH TeopeTuqecKoA cj>uauKH OHHH. 
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Theory of Acoustic Spin Resonance on Conduction 
Electrons. II. Macr0scopic Equations 

The temperature balance equations are derived for the 
kinetic and spin conduction electron degrees of freedom 
in slightly nonlinear regime of acoustic spin resonance 
(ASR) • The stationary solutions of these equations are 
found and discussed. A possible observation of the 
Overhauser effect in the saturation of ASR and a detection 
of ASR by the resonance change of the mobility are ,. 
considered. . 
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1. YpaaHeHu.R 6aAaHca •eMnepa•yp 

B nepBOi 'I&CTB H&CTOJIIQei pa60TW /
1

/ Mhl DOCTpOBJIB 

Bhlp~eHBe ADJI DOnHOi MOIQHOCTB, nornoiQeHHOi 3neKTpO

H&MB npOBO,IUIMOCTB B cna60HenBHeiHOM pe)I(J(Me &KyCTB

'IeCKOrO CBBHOBOrO pe30H&HC& IACPI. llonH&JI MOIQHOCTb 

cKna,IJ;wsaeTCJI B3 3HeprBB, nornoiQae:woi B e,IJ;BHB~y spe:we

HB KBHeTB'IeCKBMB lno,IJ;cBcTeMa k I B cnBHOBWMH lno,IJ;

cHcTe:wa s I cTeneHJIMH cso6o,IJ;w 3neKTPOHOB. 3TH senH'IHHW 

CBnbHO OTnB'IaiOTCJI ,IJ;pyr OT ,IJ;pyra B 3&BBCBMOCTH OT 

TOrO, B K&KOM H3 KaH&nOB nepe,IJ;&'IH 3HeprHH nornoiQeHBe 

HMeeT pe30H&HCHhli xap&KTep. AHanorH'IH&JI CBTya~HJI HMeeT 

MeCTO, H&DpHMep, B TeOpHB KOM6HHHpOB&HHOrO pe30H&H

ca 121. B ycTaHOBBBme:wcJI pe)I(J(Me HacwiQeHHJI ACP ,IJ;OJDKHW 

CYIQeCTBOB&Tb CT~BOH&pHWe HepaBHOBeCHWe TeMnepaTypw 

{3k H {3 
8 

DO,IJ;CHCTeM k H s, OTnB'IHWe K&K ,IJ;pyr OT ,IJ;pyra, 

T&K B OT Te:wnepaTypw pemeTKH. CHcTe:wy ypasHeHHi 6anaHca 

ADJI ManbiX OTKnOHeHHi TeMnepaTyp o{3k ( t) H o{3 8 (t) ner

KO HaiTH C DOMOIQbiO HepaBHOBeCHOrO CT&THCTH'IeCKOrO 

onepaTopa 11.2.101, nocTpoeHHoro B pa6oTe /1/ *. 
3ansme:w onepaTopHwe ypasHeHBJI ,IJ;BHlKeHHJI ADJI ra

MBnbTOHBaHoB DO,Il;CHCTeM KBHeTH'IeCKBX H CDBHOBWX CTene

Hei CB060,IJ;hl 3JieKTpOHOB Hk ( t) B H5 ( t) 

_!_Hk(t) = _a_Hk(t) +iL(t) Hk(t) = 
dt at 
aHu ( t) 

at +iLHu\t) + i~ [Hu(t) ,Hsr(t)] + iLH k, 

_!!_ H ( t) = _i_H ( t) + iL ( t) H 8 ( t) = 
dt s · at s 

* Jiy,IJ;eM Be3,IJ;e Hcnon~»30B&Tb o6o3H&'IeHHJI pa6oTwl
1 I . 

CcwnKB Ha cl»op:wynw 3Toi pa6oTw ,IJ;aiOTCJI c npH6asneHHeM 
~cl»pw 1 nepe,IJ; nopJI,IJ;KOJtWM HOMepo:w cl»op:wynw. 
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aH 8 r(t) 

-at + iLH 8 r ( t) + i~ [ H8 r ( t) , Hkf ( t)] + iLH 8 . /1/ 

YcpeAUHM 3TH ypaaHeHHS no cTaTHCTHllecxoMy onepa
Topy /1.2.7/, pa3JIOlKeHHOMY .140 liJieHOB BTOporo nopS.14Ka 
no cMew;eHHSM. IlonyqaeM: 

_L<Hk(t)>t = Qk(t) + Rk(t), 
at 

a t at < H s ( t) > = Q8 ( t) + R 8 ( t} . 
/21 

3AeCL R k ( t) H R8 ( t)- cxopocTH penaxcauBH TeMnepa TYP 
8(3k H o(3 s K paBHOBeCHbiM 3HalleHHSM: 

0 tt . . 
Rk(t) =f dt 1e 1 1(Hk(E)•Hk(f)(t1 ))o(3k(t+t 1) + 

-oo 

+(HkCEl, Hs(f)(t 1)) o(3 8 (t+t 1)+(Hk(C) ,Hk(t 1))o{3k(t+t 1)+ 

+ ( H k < El , H s ( t 1) ) 8(3 
8 

( t + t 1 ) l , 131 

a aeJIHliHHa R8 ( t) nonyqaeTcs H3 131, ecJIH 3HaliKH k H s 
noMeHSTb MeCTaMH. 

Qk ( t) H Q 
8 

( t} eCTb MrHOBeHHble 3HalleHH.ft MOw;HOCTeH, 
ITOrJIOW:eHHbiX KHHeTHlleCKHMH H CnHHOBbiMH CTeneHSMH CBO· 

60Ahl, npHlleM 

Qk(t)=j:_<[l\r(t),H
8

r(t)l>0 +<.t H (t)+iLH (t)> 1 +<iL~> 2 , 
th ~t 

'"( )', "( \) n· ") ---·u·-- ~~--·-Po- .'--->l=~P ----'-\Py·<--->z=;:,p(---1-"Pz• 

/4/ 
r)J,e \p 

1 
H 'lp 

2 
- qneHw nepsoro H BToporo nops.n,Ka B pa3-

nolKeHHB cTaTBCTBllecxoro onepaTopa 11.2. 7 I no creneHsM 
cMeiUeHBH. BeJIBliBHa Q 8 ( t) 3anBCbiBaeTcs auanorBliHO. 

4 

,_. 

~ 

.;. 

Hac HHTepecywT cpeAHHe so speMeHH ypasHeHHs /2/, 
OnHCbiB8.10w;He CTauHOHapHbiB 6a.naHC TeMnepaTyp nOACBCTeM. 
IlpHMeHS.ft K 3THM ypaBHeHHSM onepaUHIO ycpeAUeHH.ft no 
BpeMeHH /1.2.11/·, 6yAeM HMeTb C TOliHOCTbiO AO liJleHOB 
BTOporo nopSAKa no B3aHMOAeBCTBHIO 3JieKTpOHOB C pemeT
xoii: 

Rk = R k ( t) =. L k k < fl of3k + L ks < e l of3 s , 

/5/ 

Rs=Rs(t) = Lsk(f}of3k+Lss(f) of3s, 
rAe 

0 ft . • 

Lij(f)= f dte (Hi(f)•Hj(£)(t)), 
-oo 

1 [ . . 
Hi ( £) = Th Hi , Hee J , 1 = ( k , s) . 

2. ·MoUIHoc•u, nozAOflleHHWe noocuc•eMaMu k u s 

Mw He 6yAeM npHBOAHTh 3AeCL npocToe, HO rpouo3A
xoe BhlliHCJieHHe nornow;eHHhiX MOw:HOCTeii I 4/, orpaHH
liHBaSCb JIBWb npHBeAeHHeM KOHeliHOrO pe3yJibTaTa: 

-- o a H ~) aH (t+ t ) 
Q = Q (t) = (3 J dt ettl(A _--=!.__, ef 

1 ~/6/ 
k,s k,s -oo 1 k,s at at 

rAe onepaTOpbl A AeBCTBYIOT COrJiaCHO npaBBJiy: 
'"k,s 

A A j dt e -< t e itL _1_ [ H o ' A ], 
k,s 

Ho 
k,s 

0 • i h k,s 

= f r dt e-ft 
0 

itL H ' e k,s f .... + 0' 

171 

a CK06KB (---,---) 03HallaiOT KOppeJIBUHOHHble 4JyHKUHB 

/1.2.14/. 
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ITone3B&JI nornomaeMaJI MO~OCTb Q pasua /eM. 
/1. 2. 13//: 

Q = Qk + Q s = {3 t dt1 ett1( a Her ( t) 
-oo at 

aHer(t+t 1 ) 
) = 

/8/ 

=f3 ~ w 2 Rei I <llj0 (q)<ll~:~ui{q)u-i'(-q)G!,{q,w} l, 
nn q ii' 

BJIB, BBWMB cnosaMB, no.o; 3B&KOM umypa Ak + A = 1. 
llpu auaJIB3e nmpBHw JIBHBi ACP 6wno noK~3auo /l '/ , 

'ITO pe30HAHC BMeeT ,IJ;OCT&TO'IHO Y3KBe JIBHBB TOJibKO B CJiy
qae, KOI",IJ;& cpe.o;B onepaTOpOB rro{q) , BXO,IJ;JI~X BO B3aBMO
,IJ;eBCTBBe 3JieKTPOHOB CO 3BYKOBOB BOJIBOB: 

- n -> i ... iwt n -> 
Her ( t) = I_, <ll_i {q) u (q) e T (q) , 

in q 

-> -> 

Tn ( q) 11a1a2 ••• _, f1 a1 a2 iq· xj 

_ T ( q) = ~ IS i Pi Pi ---, e l, 
J 

-> --> 
f1 --> f1 iq•X· 

BMeiOTCJI onepaTopw S (q) = ~ S i e J , pasuwe cllypbe-
KOMnoueuTaM nnoTHOCTB pacnpe.o;eneHBJI cnuua. ~anee MW 
6y.o;eM paCCM&TpBB&Tb BMeHHO 3TOT CJIY'IAB. 

HTaK, nycTb cnBHosoe B3&BMo.o;eicTBBe 3JieKTpouos co 
3BYKOM BMCeT BB,IJ; 

-11 _, i _, iwt f1 .... 
Her = ~ <ll _ i ( q) u ( q) e S ( q} 

iflq 
f.L ± /9/ 

Cornacuo / 1/ npu TaKoi CTPYKType Her MW BMeeM o.o;uy 
JIBHBIO ACP ua qacToTe w"' w 8 c nmpuuoi 1, onpe.o;enJie
Moi cllopMynoi /1.3.17a/. 

)J.n• 3Toro cnyqaJI noJIHaJI nornomaeMaJI Mo~oCTb 

pasua: 

Q - Re G ~ 11( q, w) 
If' 

12+ (flws- w) 2 

6 

j 
1 

1 

' 

f1 --> O t(f-iW) ,..Jl --> -~£ --> 
G_ 11 (q,w) = f dte (~ (q) ,S {-q,t}, 

-oo 

r = ( sfl ( q). , s - 11 ( -q) ) , f1 = ± • 

3TO BWpa:>KeHBC, BWBe,IJ;eHHOe B pa60Te / 1< COOTBeTCTBy
eT CJie,IJ;YJO~ei annpOKCBMaUBB BpeMeHHOB KOppeJIJIUHOHHOH 
cllYHKUBB nJIOTHOCTB cnuua: 

11 ... - 11 ... f1 ... - 11 ... r·t 
(S (q),S (-q,t)) =(S (q),S (-q,t )) 0 e ,/10/ 

r.o;e KOppeJIJITOp (-- -, ---} 0BW'IBCJIJieTCJI 6e3 y'leTa CTOJIK· 
HOBHTeJibHOI"O H ,IJ;Bcll«ilY3HOHHOI"O ywupeHBJI JIHHBB H paBeH 
I exp(if1w 8 t). 

PaccMoTpBM Tenepb o6IUBe cllopMym.I .o;nJI Q k u Q 8 • 

H3 COOTHOWeHBH /6/ B /9/ BMeeM: 

2 ~ --> i ::t 2 ° tiE -iw) f1 --> -11 -• 
Qk,s=f3~w \~<ll-i(q)u (qJ\ Refdte (J\, 8 S (q),S (-q,t)./11/ 

f1 q 1 -Q<l 

OueuuM 3TH senH'IHHW, npHHHMaJI annpoKCHMaUHIO Tu
na /10/: 

f1 ... - 11 .... o , f1 ... -~£ .... r't 
( Ak , 

8 
S ( q) , S ( - q , t) ) = ( A k, 

8 
S ( q) , S ( -q, t) ) 0 e , 

/12/ 
0 

r.o;e onepaTopLI A k ,s onpe.o;eJIJIIOTCJI cllopMynaMH /7 I npu 
II = H0 = Hk + H 

8
. KoppenJITopw (--- ,---)0nerKo BW'IHCJIJIIOTCJI 

s npe.o;cTasneuuu BTopuquoro KBaHTosauuJI. HMeeM: 

H ~ + H ~ ( k,s) + 
o = ..::. f 1 a1 a 1' k s = ..::. f 1 · a 1 al ' 

( 1) ' 

r.o;e /1/ - KBaHTOBWC 'IBCJia 3JieKTpOH& B COCTOJIHBH C 3Hep
rueii £ 1 , a a-ti , a 1 - onepaTopw po:>K.o;euuJI H yHB'ITO:>KeHHJI 
3JieKTpouos. Tor.o;a: 

w (k ,s) 
0 f1 -> 21 f1 -> + 

Ak sS {q) =I S2t(q) a2al 
' 2,1 w 21 /13/ 

h (JJ21 = < 2 - f h'·' (k ,s) - (k ,s) (k s) 1 ' ~ 21 - f 2 - ( 1 , 
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Tenep:&, npa:weBJUI npa BW'IllcneBRR ICoppenJITOpa 1101 Teo
pe:wy Baxa R no.ncTaan•• pe3yn:&TaT B ~p:wyny 1111, nony
'lae:w: 

0 t ( . ) ... ... 
Re J dte f -IW (I\ s sf.l (q) 's-P. (-q, t) 

' -oo 

~ 
2,1 

c) k ,s) 
21 

(.()21 

-f3bw21 

t -e fl(l-f2) 2 r 2' 
{3hw 21 r + (w21.-cu) 

-p. ... 2 
IS21(q)l 

TaiCRM o6pa30M, MW MOlKeM o.u;eBRTh OTBOCRTeJI:&B)'IO 
aenR'IRBY norn01.u;esswx MOI:nBOCTei Q k R Q 8 . B npese6pe
lKeBRR nmpRBoi nRBRR ACP a:wee:w: 

Qk= 

k -{3bw w 
=77 ~ f3w2i<ll_: (cj}u. <'i>I21S;i<vl2 1-e f1 (1-f2) k 21 o(w:1+w;-<V~ 

p.iq 1 I f3hw w
21

+ w:1 
1141 

Qs = 

-pbw s 
=77 ~ f3w21<1l~(q)ui(q)I21Sit(q)l21-e f1(1-f2) :21 s o(w:1+w:1-cu} 

f3hw w21+w21 

H3 3TRX awpalKeHRi BB.AHO, 'ITOBTO'IICepe3oHasca (w=w:=w8): 

Qk= 0 ' Qs = Q. 

B cny'lae ICOHe'IHOB mRpRHW 

r 
Qk = - Qs « Q s = Q · 

ws 

nRHRR r << w s nony'lae:w: 

1151 

3To 03Ha'laeT, 'ITO npa sacwa:neHRR pacc:waTpRaae:woi 
nRBRR ACP no'ITR BCJI 3BYICOBaJI MOI:nBOCT:&, nornoa:nessa• 
CRCTeMOB, nOCTynaeT no ICaHany "3BYICOBaJI BOnBa "'"' 3JieJCT• 
pOHHWe CnRBW". TO'IHO TaiCaJI lKe CRTya:nRJI RMeeT MeCTO 
B cny'lae o6w'IHoro napa:warHRTHoro pe3osasca BHeo,ABo
po.nso:w nepeweHHOM :warHBTHOM none. 

8 

3. C•afiUOHapHbJe peweHUJI 

HTaiC, B CTa:QBOHapHOM CJiy'lae CBCTeMa ypaBHeHBB 12/ 
npBHHMaeT BB,IJ; 

Lkk ( f) 0 /3k + ~s ( f)0f3s = 
0 ' 

1161 
Q s + Lsk ( f) 0f3k + Lss( f) of3s = 0 · 

0TCIO,IJ;a Cpe,AHHe OTICJIOHeHBJI TeMnepaTyp npH C11a60M Hacw· 
I:QeHBB ACP nony'laiOTCJI B aa.u;e 

Lkk (e) 
If' 2 ~ i ->,2 

of3 =-~ f3w l~<ll i u (q)! ---------
8 .... , 2 2 i - L L -L L o 

~tq r +(p.w -w) kk(f) ss(f) ks(f) sk(l) s 

Lks(O 
8(3 = -of3 s L 'D) 

k kk ~ [ 

1171 

KoppeJIJI:QHOHHWe $yHI<:QBB Lij (e) , ODHCWBaiOI:nBe /nroneccw 
penai<ca.u;sa TewnepaTyp, BW'IBCn.HJIBCb B pa6oTaX' 3· • 

H3 $opwynhl I 17 I BH,IJ;HO, 'ITO o6e Tewnepa Typw npa 
sacwi:QeHBB ACP oTI<JIOHJIIOTC.Il oT paBsosecswx 3Ha'leHBi, 
DpB'IeM ,u;o6aBI<H I< HBM 3aBBC.IlT OT 'laCTOTbl 3Byi<a pe30· 
HaHCHblM o6pa30M B 3aMeTHO OTJIH'IHbl OT HYJI.Il JIHUib 
B Y3I<Oi o6nacTH ~ r B611H3H 'laCTOTW UJ s. YBenB'ICHHe 
TCMDepaTypbl I<HHeTB'ICCI<BX CTCDCHCH CB060,l.\bl o{3 k OI<a· 
3DIBaeTc.ll nponopnaosaJibHO 8{3 8 , npa'leM B o6w'IHWX yc-
1IOBH.IIX K03~H:QBCHT nponop.u;BOHaJibHOCTH ropa3,AO MeHbWC 
C)l,HHH:Qbl / 41 I CM. o.u;eHI<H I<OppeJI.Il:QHOHHblX $yHI<D;BH L ij ( r) 
B /3/ j. 

PaccwoTpBM, acxo.u;.11 HJ $opwynw 117 I, B03MOlKHOCTb 
Ha61110,u;eHBJI 3!Wlei<T<l. Oaepxay3epa npa uacwU4eHBH ACP. 
YsenH'IeHBe .11.u;epsoii: non.llpH3aiJ.HH npH Hacw~:neHHH ACP 

I , 
DpODOpli;HOHaJibHO BCJIB'IHHC 1 5/, 

of3 ·- of-3 k s 
1J = 

f3 

9 



w2 Ir -p. -+ i -+ 2 Lkk(f) + Lks(f) 
=I II<1>_

1
· (q)u (q)l ---=-,-----

-+ 2 2 i 
p.q r +(p.w -w) Lu(f)Lss(f)-Lks(f)Lsk(f) 

/18/ 

O~eHRY OTHomeHHe napaueTpa HacwiQeHRa ACP /18/ JC 
napaueTpy HacWIQeHHa napauarHRTHoro pe3oHaHca "'np. 
B6JIR3R TO'IICH W=Ws B nepeueHHOY YarHRTHOY none C au· 
UJIRTY.AOB H 1 : 

"~np. 

2 
(H1 ws gp.o) 

Lss (f) 
2 2 ' 

v2s + ( ws -w) 

v2s (S+,s-) 
/19/ 

r,Ae v 28 - o6paTHoe apeua penaJCca~HR nonepe'IHoii JCouno
HeHTW nonBoro cnHHa. Mw HYeeu, cornacHo /1.3.17a/: 

r , v., + ( g e ) 2 v 
... s m 

H +:\ -:\ + -I = ( S (q, , S ( q,) "' ( S , S ) . 

6y,Aeu npe,AnonaraTL, 'ITO penaJCca~a HepaaHoaecHwx 
3neJCTpOHOB npOBO,ARYOCTH o6ycnoaneHa B3aHMO,AeBCTBHeM 
c aJCyCTR'IeCJCHMH l)oHoHaYH. Tor,Aa/31: 

-Lsk(f) =-Lks(f)"' Lss(f)< Lkk(f) 

H B TO'IICe W = w 8 : 

"' v2s 

-p. -+ i -+ 2 
1~<1>-i(q)u(q)l v2s H1 2 

I = --(-) 
2 r u ( gp. o H 1) 1 

/20/ 
"~np. r 

r,Ae Hi - 31)1)eJCTHBHoe nepeueHHoe uarHRTHoe none, 3JCBH
aaneHTHoe 3BYICOBOB BOJIRe no CBOeMy ,AeBCTBHIO Ha CnHHW 
3neJCTPOHOB. PaccuoTpHM ,Ana npHuepa JCpHcTann Bi, r,Ae 
31CCTpeyyy 3HeprHH 3neJCTpOHOB He ne>JCRT B ~eHTpe HJIR 
Ha rpaHH 30HW 6pHnni03Ha. 6y,AeM C'IHTaTL, 'ITO ACP 
o6ycnosneH ,Ael)opua~HOHHO • CnRHOBWM B3aHMO,AeBCTBH • 
eu /G/ . .An• 3Toro J.nl'laa 31)1)eJCTHBHOe none H r o~eHH
BanOCb MHICOWH60ii 7 , ICOTOpWii Ham en, 'ITO npH OTHOWe
HHH CMeiQeHHA IC nOCTOAHHOB pemeTICH u/a "' 10- 1 H 
w "' 10 9 c-1 

t "i "' 102 rc /HJIR I <llu I "' 10-16
3pZ/. TaiCHY 

o6pa3ou, 

10 

"' v2s 10 
4 

--"' -- --2-' 
"'np r H 1 

'ITO nerJCo YOlKeT 6WTL c,AenaHo 6onLme e.ARR~· 
PaccuoTpHY Tenepb ,Apyroii JCRHeTR'IecJCRii 31)1)eJCT -

pe30HaHCHOe H3YeHeHRe 3neJCTponpOBO,AROCTR/S/ npR Ha· 
cWIQeHRR ACP. B HeawpolK,AeHHOY nonynpoBO.ARRJCe 3neJCT
ponpoao,AROCTb HepaBHOBeCHWX 3neJCTpOHOB npOBO,ARYOCTR 

-3/2 
a({Jk) - {Jk ' 

TalC 'ITO H3YeHeHHe ee npH HacWIQeHHR ACP, cor nacHo l)op
uyne /17 I, RYeeT BR.A 

Lks(f) 
oa,_!_ ri w21I<I>.}tuil2 /21/ 

a 2 r2 + ( w s - w) 2 
i Lkk (f"ss(f)-Lks(f"sk(f) 

B TO'IICe pe3oHaHca, C'IRTaa, 'ITo/3/_Lks(f)"' Lss(f) < Lkk (f)' 
HaXO,ARY 

2 2 oa - ..!£_ ~ 
a - rvk T 2 

Lkk (f) 
3.AeCL vk = ---'--'-

ckk 
- o6paTHoe speua penaJCca~ nonBoii 

2 2 3 
3neJCTPOHHOB 3HeprHH, ckk = T c = T "2"no' r,Ae c - Tenno-
eMJCOCTb HeBwpolK,AeHHWX 3neJCTPOHOB, I "' ( s+' s- ) "' n 0. 

3TO OTHOWeHRe B peanbHWX HeBWpOlK,AeHHWX nonynpOBO,A· 
HRJCax uolKeT 6wTL nopa,AJCa 10-2 + 10-3 • PaccuoTpeHHwii 

:JI)I)eJCT Ha6niO,Aanca 3JCcnepRYeHTanbHO npR HacwiQeHHR na
pauarHRTHoro pe3oHaHca B InSb. JlerJCo noJCa3aTL, 'ITO 
ycnOBRA Ha6niO,AeHRA 3TOrO 31)1)eJCTa ,AOn>JCRW yny'IWaTbCA 
npR HanR'IRR l)oHOHHoro Y3JCoro ropna B KaHane penaJCca
~R 3HeprRR OT HepaBHOBeCHWX I)OHOHOB IC pemeTJCe. ~eii· 
CTBRTenLHO, ecJIR penaJCca~a 3HeprRR uelK,Ay Tpeua no,A
CRCTeuauR • JCRHeTR'IeCJCRYR R CnRHOBWYR CTeneH&YR 
CB060.AW 3neJCTpOHOB R HepaBHOBeCHWYR I)OHOHaYR - 6y,AeT 
R.ATR 6wcTpee, 'leY nepe,Aa'la 3HeprRR no JCaHany "Hepaa
HoaecHwe l)oHOHW -+ TepYOCTaT", TO 3TH TpR nO,ACRCTeYW 
,AOJDIClllal RMeTb O.ARRaiCOBYJO HepaBHOBeCHYJO TeunepaTypy, 
paBHYJO f3s; B 'laCTHOCTR, o{Jk = 0{3 s. Tor,Aa B l)opuyne /21/ 
0{3 k YO>ICRO 3aYeHRTb Ha 0{3 8 R 31)1)eJCT pe30HaHCHOrO 

II 



H3MeHeHHI 3DeKTponpOBO~HOCTH 

pacTeT B 

npH HaCLIIQeHHH ACP BOJ-

Lkk(E) 

L ss(E) 

-
"" ( . _f-. ) 2 1/k 

hw - » 1 
s v ls 

pa3. ,IJ;pyraJI B03M0)1(110CTb DOJiyqHTb 3HaqHTeJibHOe OTIUIO· 

HeHHe KHHeTHqeCKOH TeMnepaTypLI 3JieKTPOHOB OT paBHO· 

aecHJI cooTBeTcTayeT cnyqaJO, Kor~a ynpyrHe nponeccLI 

pacceJIHHJI 3JieKTpOHOB Ha npHMeCJIX npeo6na~aJOT Ha~ BCeMH 

~pyrHMH MexaHH3MaMH pacceJIHHJI. llpH 3TOM/3/ L kk(E)""-Lks (E) 
H H3 nepaoro H3 ypaaueHHH /16/ MLI nonyqaeM 0{3 k "' 8(3 s . 
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PyKonucb noc•ynUAa e u3oa•eAbcKuil o•oe.11 
27 MaJI 1975 zooa. 

Y CJIOBHB 06MeHa 

llpenpBHTbl B coo6UleHBJI OHJIH pacchln8.IOTCJI6ecnnaTHO, Ha ocuoue 
B3aBMHOrO 06MeHa, yHBBepCBTeTeM, BHCTBTyTaM, na6opaTOpBJIM, 
6B6nBOTeKaM, HayqHbiM rpynnaM B OT,II;enbHbiM yqeHbiM 6onee 50 CTpaH. 

Mbl O)KH,II;aeM, qTo nonyqaTenB B3,11;aHBii OHJIH 6y,~~;yT caMB npoJIB· 
nJITb BHBilHaTHBY B 6ecnnaTHOii nochlnKe ny6nuxauuii B ~y6uy. B nopJI,~~;Ke 
06MeHa npBHHM8.IOTCJI HayqHble KHBrB, )Kypuanhl, npenpBHThl B BHOrO 

•au,~~;a ny6nuxauuu no TeMaTBKe OHJIH. 
E,~~;BHCTBeHHblii BB,II; ny6nuxauuii:,KOTOpblii: HaM npucblnaT& ue cne,~~;y

eT, • 3TO penpBHThl I OTTBCKB eTa Teii, y)Ke ony6nuxoaaHHhiX B HayqHbiX 
)KypHanax/. 

B pJI,~~;e cJiyqaea Mhl caMB o6paiJlaeMCJI K nonyqa TenJIM Hawux B3,11;a • 
HBii c npoc&6oii 6ecnnaTHO npucnaTb HaM xaxue·nu6o KHBrB BnB 
BhlnBCaTb ,ll;nJI HaWeii: 6B6nBOTeKB HayqHhle )KypHanhl, B3,11;aiOUlBeCJI B BX 
CTpaHaX. 

OT,lleJibHbie 3anpochl 
H3,11;aTenbCKBH OT,II;en e)KerO,II;HO BhlnOnHJieT OKOnO 3 000 OT,II;en&HbiX 

3anpocoa ua BhiChlnKy npenpBHTOB B coo61JleHBii OHJIH. B TaKBX 3a· 
npocax cne,~~;yeT o6JI3aTen&Ho yxa3hiBaT& BH,~~;exc 3anpamuuaeMoro 
B3,11;aHBJI. 

A.r.peca 

lluc&Ma no seeM uonpocaM o6MeHa ny6nuKallBJIMB, a TaK)Ke 3anpo· 
Chi Ha oT,~~;en&Hhle B3,11;aHBJI cne,~~;yeT HanpaanJITb no a,~~;pecy: 

101000 MocKea, 
FAaeHI>lil no'illfaMIII, n/11 79. 
H3oallfeAI>CKuil o111oeA 
06'beOUHeHHOZO UHCIIIUIIIYIIIQ 
JIOepHI>IX UCCAeooeaHUU. 

A,~~;pec ,~~;nJI nochlnKB acex ny6nuxauuii B nopJI,II;Ke o6MeHa, a TaK)Ke 
,ll;nJI 6ecnnaTHOH no,ll;nBCKB Ha HayqHble )KypHanhl: 

101000 MocKea, 
FAaeHI>lU nO'illlaMIII, n/JI 79. 
Jlay'iHO•I/feXHU'ieCKQJI 6U6AUOI/IeKa 
06'1>eOUHeHHOZO UHCI/IUIIYIIIQ 
JIOepHI>IX UCCAeooeaHUU. 


