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1. B none HHTeHCHBHOH non~pH30BaHHoH aneKTpoMarHHTHoH BonH~
 

pacnpeneneuae HocHTeneH no HMnynbCY CTaHOBHTC~ aHHaOTponHblM,
 
T.e. npOHCXOAHT, KaK rOBop~T, onTH4eCKoe BblCTpaHBaHHe HMnynbcoB 
/OBH/ aocarenea , HHTep<t>epeH~HR B03H~KalOll4eH B nOCTORHHblX nonax 

atHMMeTpHH pacnpeAeneHHR H OBH npHBOART K TOMY, 4TO KHHeTH4e­
CKHe Koa<t><t>H~HeHTbl nepeCTalOT YAoaneTBopRTb COOTHoweHHRM OHaarepa. 
3TO 06CTORTenbCTBO 06YCIlaBnHBaeT B03HHKHOBeHHe <t>OTocTHMynHpoBaH­
HblX /<1>C/ a<t><t>eKTPB, aanpeuteuaux B OTCYTCTBHe sonaa . . 

Me*AY <PC ranbBaHOMarHHTHblMH /HIlH aKYCToaneKTpOHH~MH/ a$<t>eKTa­
MH H TepMOMarHHTHblMH HMeeTC~ BamHoe paanH4He. An~ cy~ecTBoBaHHR 

nepB~X OBH HocHTeneH He Tpe6yeTcR - AOCTaT04HO BnHRHHR nOIlRpHaa­
~HH nOAcseTKH Ha pacceRHHe HOCHTeIleH <t>oHoHaMH HIlH npHMeCRMH. Tep­
MOMarHHTHble a<t><t>eKTbI npH aTOM He B03HHKaIOT, nOCKonbKY OHH npHH­
~HnHaIlbHO HymAalOTcR B aHH30TponHH <t>YHK~HH pacnpeAeneHHR. ~O CHX 

-nop aTa oc06eHHOCTb <PC TepMOMarHHTHblX a<t><t>eKTOB OCTaBaIlaCb Heaa­
Me4eHHOH, a HX TeopHR, He Y4HTblBalO~aR OBH HOCHTeneH, BblHY*AeHa 
6~Ila npHBIleKaTb AonOIlHHTeIlbHO TenIlonpOBOAHOCTb peweTKH /1/ /B non­
HOCTblO'BblpO>f<.qeHHblX nonYl1pOBOAHHKax/. 

B pa60Te TeopeTH4eC~H H3Y4eHO BnHRHHe OBH HOCHTeneH Ha TepMO­
MarHHTHble a<t><t>eKT~ ·npH Me*aOHHblX onTH4eCKHx nepeXOAax /n.2/ H npH 
BHYTPH30HHOM norno~eHHH CBeTa /n',3/. 3neKTpH4~CI(HII1 BeKTOp (~}, 
aneKTpOMarHHTHOH BonHbl ne*HT B nnOCKOCTH, nepneHAHKynRpHoH K Ha­
npRmeHHOCTH MarHHTHoro nona H(OZ 11 11) . 3 <t><tleKTbl paCC4HTaHbI B nH­
HeHHOM npH6IlHmeHHH no H H rpaAHeHTY TeMnepaTypbl. B~60p HccneAye-, 
MblK a<t><t>eKToB onpeAenReTcR nH60 Bo06~e HX OTCYTCTBHeM 6e3 nOA­
CBeTKH /HanpHMep, nonepe~H~H a<t><t>eKT HepHcTa - 3TTHHrcrayaeHa 
/H3/ B nOIlHOCTblO BblpomAeHHOM aIleKTpOHHOM raae/, nHGo HX 4eTHO~ 

3aBHCHMOCTblO Ol MarHHTHoro non~ B OTCYTCTBHe BonHbI /HanpHMep, 
npoAonbHblH a<t><t>eKT H3/. B nHHeHHOM ~pH6nHmeHHH no HHTeHcHBHoCTH 
nOAcaeTKH <t>YHK~HR pacnpeAeneHHR HMeeT BHA 

o (p; F) = 0(0) + 0~1) Pl /p + o~2k) p. P /p'2 + ••••
 
1 1 I 

k /1/
 
(1) -+ -+ (1) -+ (1) -+ (2) -+.-+
 

Oi (p; F)=Oi (p;OJ+SOk (p;O)FkF j .. 0ik (p, F) - Fi Fk
 
(1) -+ -+ -+

npH4eM o. (p; F) = O 'B, OTCYTcTBHe nOCTOflHHblX nonea /p - HMnynbc 
HotHTenfl/ • 

2. nepeHAeM K nOCTpoeHHIO TeopHH aHOManbH~X TepMOMarHHTH~X 

3<t><t>eKToB Ha $oTOBoa6ymAeHH~x 3neKTpOHax nPH MemaOHHOM nornOl1\e­
HHH cseTa B ~eHTpOCHMMeTpH4H~X nonYl1pOBOAHHKax. 

Ir O~n~eaArleÜHhit\ KHC~ l 
Oer;BísJi ll.n:C",enOBIUd 

I;àrth H~ I ~TC:U lA 
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KHHeTH4eCKoe.ypa8HeHHe AnR ~YHK~H~ paçnpeAeneHHR ~OT03ne.KTP~­
H08 8 OAHOpOAHblX nOCTOflHHblX 3neKTpH4eCKOM H HeKBaHTYlOll4eM MarHHT­
HOM nOnRX C Y4eTOM r euepauaa H 'YXOAa HOCHT,ene~ HMeeT BHA:l2-.4/: 

an~ p ... an'" ...... 
-X-:+ (_:,V n"')+(eE+úl [p;It],-.:r-:) = St[n"' G(p)-,Q(p), /2/p] + .a t me P H a1J 

rAe St[np ] onacuaae'r CTonKHOBeHIo1f1 anexrpouoa c ~oHoHaMIo1 Io1I1H npa­
MeCRMIo1 : 

St [n...p ] = 2 L [W..., ... n..., - W... ~ , n- ], /3/. p' p"'p p p ... l' P 

anecs W-p ... p' .. B.;pORTHOl;Tb nepexoaa anexrpoua 101~ COCTORHIo1R 
c KBasHIo1MnynbcoM p B COCTORHHe c KBa31011o1MnynbcoM .p~ m c - 3$$eK­
TIo1BHàR Macc~ anex rpoaa B SOHe npOBOAIIIMOCTH, úlH·· ~Io1KIlOTpOHHaR 4a­
CTOTa. 4neH reHepa~Io1H B npeAnOIlomeHHIo1 nYCTO~ aQHbl npOBOAIo1MOCTH 
101 aanoru-euuoü BaIleHTHO~ SOHbl AJlR ~eHTpOCIo1MMeTpIo14HbIX Kplo1CTaIlnOB 
6ea Y4eTa ro<t>plo1pOBKH BaIleHTHO~ aOHW paaeH 

... p. E.!L 
G(p) = Gol 1 + agik...:.J..~: + ••• 1ô(c -co), /4/ 

p 

... -+Ôik gik= fifk - T-:,f = F/F, Go = KJ/Og(€o), K - BeIllo14101Ha no­

pRAKa K03<t><t>III~lo1eHTa norno~eHIo1R HenonRpHaoBaHHoro cBeTa, J,n·· Io1H­
TeHCIo1BHOCTb H 4aCTOTa CBeTa, a - Benlo14101Ha nopRAKa 1, aaBIo1CR~aR 

OT THna onTIo14eCKorO'nepexOAa, g(c) - nnOTHOCTb COCTORH~~ B aOHe 

n~OBOAHMOCTIo1, c = ccp, Co = my(O -'C g) /(m~. + m c ), mV' - 3<f><t>eK-
T~BHaR Macca HOCIo1TeIlR B BaneHTHO~ aOHe. 4neH, Y4Io1TWBalO~lo1~ YXOA 
HOCHTeIle~, Bw6epeM B HsoTponHo~ BIo1Ae: . 

n-+ 
Q(p) = --h---. O(T -:c), /5/

Te \.C} 

Te (c) - BpeMR mlo13HIo1 anexrpoaa , O(x) - cryneuxaren l1>YHKLtHR, T .. 
TeMnepaTypa peweTKIo1 B 3HepreTH4ecKHx eAIo1HH~ax. 

PeweHlo1e ypaBHeHIo1R /2/ H~eM B BIo1Ae paanomeHHR no cl1>eplo14ecKIo1M 
rapMoHIo1KaM /1/. YcnoBlo1e, npH KOTOpOM B pasnomeHlo1101 /1/ MomHO ot­
paHH4101TbCR TpeMR nepBWMH 4neHaMH, HMeeT BHA 

(~T T /p2)' « 1, /6/e . p2 p3 

-1 \rAe Tpi = max(Tpi ,CtJH J, Tpí - Io1MnYllbCHOe BpeMR peIlaKca~HH AJ1R 
i-~ rapMoHIo1KIo1 ~YHK~HIo1 pacnpeAeneHHR. nOAcTaBIlRR /1/ B /2/, nony­
4101M cIo1cTeMY ypaBHeHlt1~ AJlfl onpeneneuaa n(O) , n(1) 101 ~ (2) B J1~He~­

HOM npH6IlH~eHHIo1 no E,V'r ~ ~HTeHcIo1BHoCTH CBeTa; 

2 

/ 

an (O) ~ n (O)
_1_ ..~ I cg(c) [n(O) + T ]1 + Goô(c - Co ) == -~) :O(T -c),g(c) ac T (c) a;- Te \.c } C 

/7/ 
...(1) ri! ...(1) P ~ an (O)" 2 aíl (2)
 
n =-:CLl T lh;ú ] - ~(_.V T + -. I·V T) --


H pl m aT 5 aT 

... an (O) 2 .a 3 ... (2)-+
-.eE T 1- + --:T 1---(P en E), /8/p ap 5p 3 p ap 

(2) ...... (2) ..... (2) ~] () 
nik + úlHTp2 [h x n - n x fi ik = -:aGTp20 Ô c -.cO gik' /9/ 

anecs T '0 = (co)· Peuiaa CIo1CTeMY ypaBHeHIo1~ /7/-/9/ B IlIo1Hei1­Tpi 
HQM nPH~nlo1meHIo1Io1 ·no MarHIo1THOMY nonlO 101 nOACTaBIlRR Ha~AeHHYIO $YHK­
~1011O n(l) B l1>0PMYIlY AIlR nIlOTHOCTIo1 3IleKTplo14eCKoro TOKa 101 nnOTHOCTH 
nOTOKa 3Heprlo1lo1, nOIlY4HM 

ii == a ik Ek - {3 ik V k T , /10/ 

Wi == Yik Ek - K ik V kT , /11/ 

r ne KIo1HeTIo14eCKIo1e K03<t><t>Io1~HeHTbl a ik (fI), (3 ik <li), Yik (j~I), K ik (H) 
paaua 

... e-2 n 2 
a. k (H) =-- I < T 1 > oi k - co H < T P1 > li i k I ­

1 m c P 

/12/ 

- ra21gik - CLl H(2 Tp 10 + Tp 20 ) lIip gPk + CLl HTp2<APlIPk I, 

-+ en 2 
(3ik (H) = - rn; 1< Tp 1 ">T ô ik - CLl <' T >T lI I -

H p1 ik 

/13/ 
- P,82!gik - CLlH(Tp 10 + 2T p2dUiP gPk + 2CLlHTp2~iP uPk l , 

-+ en
 
Yik (H) = ~! < c TP 1 > Ôik - W H < e Til > ui k I + Y2 1(2 - rHg ik ­

/14/
- úlHTp20(Uie gfk - gif UPk)] - 2CLlHTpIOUiP gek (1 - r) I, 

.+ n 
K ik (H) == nr;l < up1>Tôik - CLl H< °;1 >T lIik I - PK2 !g ik ­

-2CLlHTp20(Uie ~k - gieUek) - ~ Tp10Uie gek l , /15/ 

(Uik == Cikfhe)· 
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1211 

npY1 BblBOAe 
-:r / 2 (T )- f , Tpi 

pasua 

2v'2~: 
a =·-r... «ze2 1511 

2y2 me' 

<t>OPMYIl 1121 - 1151 npennonar-anocs , 4TO Tpi (f)­
f f3 - T, BeIl/;14HHbl a2' 2 'Y2 /;1 "2 COOTBeTCTBeHHO 

3/2 
2 ~ f3 - l-,
00fO Tp10Tp20' 2 4y-2~e .e a 00 Tp10 T T

p20 

3/2 
Y2=' ~ ,aeOO(O T 10 T 201511 p p 

YcpeAHHB < ...>, < ..• >T' 

00 3~ an(O)(2meT)3/2
< ...> = -, --.,..---.-~...... ,f x 

3172 n O 

3/2 5.~ 
(2 me) T 

<"'>T=--~---'f
00 

311 n O 

<!>YHKI..l/;1R n (O) paaua 

AI 
(O) (A) Te(fO)OO 

n(x) = n(x) = --~r---'Ô(x 

51 
(O) (5) ,i.,.,. 3/2 -:x 

4y2me'"
,1<2 = . '2 

·u:_ 
.aOOTp 10 T

p20 

nOIlY4/;1M (x = f I T): 

---. ( •••) dx ax 

3/2 an(O) 
x ~( •••)dx.

aT 

f O 

11615/2 
f O 

T 

1171 

1181 

n =·n = ~~ 11 + yO(x -,1) f -..'l;.r-,e Ydy J~(Te(T»> T (T))/201(x) (x ) (2 me T )3/2 f1 Y , 

rAe y= Tf (T)ITe (T),{}(X) - c ryneuva'r aa <!>YHK4/;1R. 

Tenepb, 3HaR K/;1HeT/;14eCK/;1el K03<t><t>/;14/;1eHTbl, MomHO paCC4~TaTb 
TepMOMa~H/;1TH~e 3<t><t>eKT~. PaCCMOTp/;1M HeKOTop~e Ha/;160Ilee BamH~e 

/;13 H/;1X AIlR HeBblpomAeHHblX nOIlynpoBOAH/;1KOB. Peayns r aru npJ.1BeAeM 

AIlR CIlY4aR pacceRH~R HOC/;1TeIle~ Ha aKYCT/;14eCK/;1X <t>OHOHax np/;1 

Te (T) » Tf (T). 

nonepe4H~~ 3<t><t>eKT Hep~CTa - 3TT/;1HrcraY3eHa 

nYCTb MarH/;1THOe nOIle H HanpaBIleHO BAOIlb OC/;1 OZ, B HanpaBIle­

H/;1/;1 OC/;1 OX np/;1IlOmeH rpaA/;1eHT TeMnepaTYPW IB HanpaBIleH~H OCJ.1 Oy 

nOAAepm/;1BaeTCR /;130TepM/;14eCK/;1~ pem/;1M/, 06pa3e4 raIlbBaH/;14eCK/;1 pà­

30MKHYT BO acex HanpaBIleH/;1RX, F <;'·XOY. nonepe4Hbl~ 3<t><!>eKT H3 3a­

KIl~4aeTCR B B03H/;1KHOBeH/;1/;1 B nonepe4HOM Ino OTHOWeH/;1~ K HanpaBIle­

H/;1RM li ./;1,V TI aanpaaneaaa OY nOCTORHHoro 3IleKTp/;14eCKOro nOIlR E : y
2 -,1

E y = = -. (a f3 ) (a - a a ) V x TE H3 xx f3 y X -, a y x xx xx x y yx 

- xo ) , Xo = T" (Te(.T) « Tf (T)), 1191 

x {} (x O -v) 

, .r:,;-' Tn 1 (T) 
= -:~, ~... ·H V x T --o 

4 m cC 

4 

a 1
2~-: -'V T sin 2t/J ­

4 aO e x 

_.~. ~~c'V xTI~(Y;'~ptr)-,(cos 
2t/J -,i I)rPIO -:T

p20 
nos 21/J] + 

[( V;;-' ())(2 1 -I • 2 1+ 2 Xo Tp 10 + 2 Tp20 -'r: Tp2 T cos t/J -:3) -:2 ~P20 (sm I/J -'3)] l , 

rt 4 e 2n 
rAe t/J - yron MemAYVx T(OX) /;1 1", aO = 3F' --mc-'Tp 1 (T) - 3IleKT­

,I I' ponpoBoAHOCTb nOIlynpoBOAH/;1Ka B 30He npOBOA/;1MOCT/;1 B OTCYTCTB/;1ei 
BHeWH/;1X norteei. nepaoe cnaraexoe 

Heet>oTOCT/;1MYIl/;1p08aHHbl~ nonepe-muã 
B HeBblpomAeHHblX nOIlynpoBOAH/;1KaX 

r aeaoe B 121 I, OTIl/;14HOe OT HYIlR 

M03AC, a TpeTbe - <t>C nonepe4Hw~ 

U\eH/;1R /;13 121 I nOIlY4aeTCRla2=OI 
3$<t>eKTa H3 AIlR HeBblpomAeHHblX nOIlynpOBOAH/;1K08:/5, 6 /, a np/;1 OTKIlI04e­

HH/;1 MarH/;1THOrO nOIlR IH=OI M3 1211 cIleAyeT <t>opMYIla AIlR <!>C none­

pe4Ho~ TepM03AC /riocrienaa» nOIlHOCTblO oõycnoaneua OnT/;14eCK/;1M au­
CTpaMBaH/;1eM MMnYIlbCOB Hoc/;1TeIle~/. 

npOAOIlbHW~ He4eTHW~ 3<t><t>eKT HepHcTa - 3TT/;1HrcraY3eHa 

nYCTb li 11 OZ, F (-·XOY ,VxT ~ o, VyT = o, 1 = o, roraa B Ha­
npaBIleH/;1/;1 rpaA/;1eHTa TeMnepaTYPW(OX) B03HHKaeT nOCTORHHoe 3IleKTpH­

4eCKoe none ITepM03AcI E x = 'a Xx (H) . V x T. npOAOIlbHbl~ 3<t><t>eKT H3 

3aKIl104aeTCR 8 /;13MeHeH/;1/;1 TepM03Ac 

CR BeIl/;14/;1HO~ /}. a = (H) -. a (O)axx xx 
no MarH/;1THOMY nOIl~ 6e3 nOACaeTK/;1. 

paBHa 

/}.a = H Il sin 21/J~,1(1...:-. 2x T 

<t>OPMYIlbl 121 I npeACTaBIlReT c060~ 

3<t><t>eKT H3, 06bl4HO cyU\ecTBY~U\/;1~ 

6e3 nOACBeTK/;1:/5,6/. Bropoe cna­
/;1 npllt H =0 - <!>C nonepe-n-aa r ep-' 

3<t>et>eKT H3. npM OTKIlID4eH/;1/;1 OCBe­

/;13SeCTHbl~ peayns rar nonepe-raoro 

o)2mec ao 2 p10 O p20 

TaK/;1M 06pa30M, npoAoIlbHbl~ 14>CI í3<t><t>eKT H3, KaK B:lV./S .17:/ Bbl­

4/;1CIleH <PC npOAOIlbHW~ He4eTHw~ 3<t><t>eKT H3 B HeBwpomAeHHWX nOIlY­

BOAH/;1KaX np/;1 BHYTP/;130HHOM norIloU\eH/;1/;1 cseTa/, RBIlReTCR He4eTHblM 

no MarHI-1THOMY nOIlIO. 3AeCb OTMeT/;1M yrIlOBYID 3aB/;1C/;1MOCTb 'sín 21/J, KaK 

B :/7:/, HO nOA4epKHeM, 4TO npOAOIlbHbl~ He4eTHb!~ 3<t><t>eKT H3 nOIlHOCTblO 

06YCIlOBIleH OBVi 3IleKTpOHOB, /;1 OH /;1C4e3aeT npH OTKIlI04eH/;1/;1 OCBeU\e­

H/;1R. 

np/;1 3KcnepHMeHTaIlbHOM /;1CCIleAOaaH/;1/;1 aH/;130TpOnHO~ <t>OTonpOBOAM­

MOCT/;1:/8/ Ha~AeHO, 4TO OTHOUJeH/;1e a I aO - 10.3 -10 -4, 4TO r apaarw­
2 

pyeT Ha6IlIOAeH/;1e npeACKaaaHHWX 3AeCb 3<t><I>eKTOB. 

3. PaCCMOTp/;1M B03HHKHOBeH/;1e TepMOMarH/;1THWX 3<t><t>eKTOB B nOIl­

HOCTblO BblpomAeHHblX nOIlynpoBOAH/;1KaX B np/;1CYTCTB~1V1 naaepuoã nOA-

B MaFH/;1THOM nOIle, onpeAeIlReT­

/;1 RBIlReTCR 4eTHblM 3<t><t>eKTOM 

B HaweM CIlY4ae BeIl/;14HHa /}.a 

+ (l -,8x ) T [ , 1221 

5 



caeTKH, a~3~aa~~e~ aHYTpH30HHble nepexoA~.nonynpoBoAHHK C4HTaeM 
OAHOPOAH~M, H3Ha4anbHO H30TpOnH~M H C KBaApaTH4H~M aaKOHOM AHC­
nepCHH 3neKTpOHOB. 6YAeM HCXOAHTb 1013 KBaHTOBOrO KHHeTH4eCKOrO 
ypaBHeHHR AnR HH3K04aCTOTHO~ 4aCTH $YHK4HH pacnpeAeneHHR 3neKTpO­
Hoa a none KnaCCH4eCKoro' MarHHTHoro nonR HH CHnbHO~ 3neKTpOMar­
HHTHO~ BonHbI :/9,10/: 

anp p anp -oi> -+ anrt 2 00 2 -+ -+ 
~:+ _:--::;-:+ (eE + Ú)H[p,I1], ~) = 2" I ICTt I 2 Je (a, k).
at m ar	 aP k K e=-:oo 

.;~/23/ 
. H~+ t(l-np )(Nlt + l)-n p(l-np+lt) Nk HHrp+1t~'fp -:cu 1t -: Hl) + 

+ [np_1t(I-~ )Nlt -np(l - n jt_lt)(Ni + 1 )] 8(CP_i-:(p + WIt -:e d) 1, 

rAe C~ - MaTpH4HblH 3neMeHT onepaTopa 3neKTpOH-~OHOHHoro B3aHMO­
Ae~cTBHR, Jf (x ) - ~YHK4HR 6eccenR BeU4eCTBeHHoro aprYMeHTa, k , CU

ltH Nlt - aonHOBO~ eexrop , 4aCTOTa H 4Hcno aanorn-eaaa ~OHOHoa, a'llll< 
= e F/ mn, 0-:4aCTOTa H3nY4eHHR Ih = 1/. B AanbHe~weM orpaHH4HMCR 
cnY4aeM, KorAa OTHoweHHe Me~AY cpeAHe~ 3HeprHe~ 3neKTpOHa B none 

2 2 
eonuu 101 3Heprlo1e~ ~OTOHa Mano. / f3 = e F2 10 « 1/, rorAa ~YHK4H~ 

mO 

pacnpeAeneHHR MO*HO HCKaTb nYTeM Io1Tepa4H~ no f3 a BHAe /1/, 
101 ypaBHeHHe /23/ pacnaAaeTCR Ha CIo1CTeMY 1013 Tpex ypaBHeHH~,rAe 

ypasHeHHe AJlR ti (1) HMeeT BHA 

aô(1) -+(1) (1) -+ -+ a (O) 2 2 
(-a :+ ~:+Ct1I[li.n ],..P..)=-:e(Â,L)-!-+~ ~ IC-+I (a, k)'

t rp 1\f p} P P ap 2 k k 

. (2N"k + 1)[(x~1)()t+ t).P+ lt) _:(X(l)(fjl)' p)][8(f lt-fi' -O) -2 8(f p +lt- f p ) +
p+ 

/24/
+ B(f-+ ,.-:f-+ + O)] _,J..-.L(p3 eô( 2>A, iL)


p-It p 5p" ap • P ,
 

~ . 
-+ f-+-' -+;t. V(

3AeCb A=·E* -:	 P ·v T, E* = I!j -: -, ( - XHMH4eCKH.~ nOTeH­
eT e (O)o 

uaan aeurecr aa , X(l) (d onpenenae'rca lI>opMyno~ 1013:/0 / , a ~YHK4HH n ,t 
Hn( "2) Ha~AeHbI s :'/11:/ AJlR cnyvea , KorAa nII OZ • BnHHe~HOM npa-
6m('l~eHHH no H H AJlR npOH3BonbHO~ opl1eHTa4HH MarHHTHoro nona 
n (2) paBHo

ill 

6 

(O) ~. o
ri~2) = rp2 (d f3 K cth K :tr (t)i..!..e (f -:Oh/l-.-: f ( )«( -,O) I. 

lk 4 r (O) 2 f
p1	 /25/ 

~ "" " -+• 19ik -: CU H r p2 (d [li	 x g -: g X h 1ik 1, 

rne K = Vs \ / 2 rnO /2T. VS - CKOpOCTb 3BYKa B BeU4eCTBe, rp1(2/f) ­
BpeMR penakcaua« AnR nepaoa H BTOpO~ rapMOHHK, CHMBOn [ o ik 03­•• ] 

1 ft..........-+
 

Héi4aeT Lil x g -: g X ti ],k= Cof he g mk-:ginfrnfkhe, (rnek - eAHHH4H~~
1 1 rn	 ... 

aHTHCHMMeTpH4Hbl~ TeH30p rpe r ser-o nopaaxe , r (O)(f) - paBHOBeCHaR 'CliYHK­
4HR pacnpeAeneHHR 3neKTpOHOB. 

PewaR ypaBHeHHe ./24/ 101 nOACTaBnRR Ha~AeHHoe B~pa~eHHe AJlR 
fi(1) B $OpMynbl AflR nnOTHOCTH 3neKTpH4eCKoro rOKa H nnOTHOCTH no­
TOKa 3HeprHH, nonY4HM AnR COOTBeTCTBY~~HX ~opMynaM /10/ H /11/ 
KIo1HeTH4ecKHx K03~~H4HeHToB CneAY~~He Bblpa~eHHR: . 

(O) (1) (2) 
= + + '	 /26/a ik aik aik a ik 

e 2n(O) 
aik '", -m-'« rp1 (f)(8ik -:WHT p1 (f) Uik) », (Uik = f ike he), /27/ 

(1) e'2n	 2 
aik "'-m--{Tp1 (O)<Tp1(f»Àik-:<Tp1(f)Aik> -:WH[Tpl(O)<T~l(f»Àieuek+ 

/20/ 
+ r~l (O)<rp1(f).>uie Àek-<T~l(f)(AieUek+ uie Aek»JI, 

ai~)=e~ {<Tp1 (f)ll >gik -cuH[<Tpl(f)ITp2(f»(uie gek- gie ufk) + 

/29/ 
+ <r~1 (l)!l >uif gfk]l, 

(O) (1) (2) 
f3ik = f3 ik + f3 ik + f3 ik ' /30/ 

fli(tO) - !!!.-:« (f - ()r (t)(B' - WH T 1(t) Uik»> •	 /31/mT p1 1k P o 

f3~~)= ~; trp1(O)«l-:()Tp1(f»Ài~-'«t-'~T:l (f)A ik> + 

+ CUH«f -:()r~1 (f)(Aie uek + uie Afk» -:cu H TP1(O)[ < (f -:()r';1 (f) > À1euek + /321 

+ Tp1(O) «l-:()Tp 1(f»Uie Àekll, 

(2)
 
f3ik'" ~1<Tpl(f)11>1gik-'~[<Tp1(dITp2(f»1 +
(uie gek -·gieUek) 

/33/
+ <r~ 1(f) 11 >1 U if gf k l! , 
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Yik = yl{j)+ yf~) + yJ2), 
/3 LI / 

y(O)= Tf31'(kO)='~:«(é-:()' l(é)(Ô'k-:(UH' l(é)U'k»>'
ik fi P 1 P 1 135/ 

'( en 2
y-l)=-Ulr (0)<, (é»Àik-:«é-:()' l(e)A'k> -:rk fi p P 1 P .1í 

2 2 
-:(UH [O 'p1 ,(O)<,p 1(d > À if U fk+ U, P1(0)<,p1 (é) >Uif À fk­ /36/ 

-:«e -(ht1(f)(Aif Uek -+- U if A f~>])' 

/2) =~{ < (e -:(h (é) 11'>gik -:(UH [«é -:(h Irp2 (é) > • 
ik p t p 1(e)fi . 

/37/ 
(~f gfk -:gif uek ) + «é-:()':l (é) 11 >u i f gfk]}' 

(O) (l) (2)
Kik = K i k + /(ik' + Kik Kr; 'Ôi k /38/ 

(O) n 2
 
Ki k = !ii'i'«(é-:() 'P1(d(Ôi k -:~'P1(é)Uik »>,
 /39/ 

(1) fi 2 2
 
Kik. ='iiiT{U'P1(O)«e-(hp 1(e»Àik-:«é-:() 'P1(é)A ik>-:
 

2 
-'Cl>fI [O,p 1(O) < (é -:(h91 (é) >Àie ue k + U,P1(0) « é -·(hP1(e)> Uif À ek-: 

/40/ 

-«é-,()2':1(é)(Aif uek+ Uie Afk»]), 

K~~)=~{«é-'(hp1(é)[1>1 gik-:(UH[<{é-(.hp/dl'P2(e»1 x 

/LI1/ • 
x(uiegfk-·giellfk) +«é_:()2Tp21(dll>1 llie gek lt, 

KL - peure rovuaa TenIlonpOBOAHOCTb, ycpeAHeHI-1R « ...», < .. .] ***>,
 
< ••• 1***) I-1MelOT BI-1A
 

3 / 2 a (O)(2 fi )
00 

312 n : 
< ... >= -: :fé a C .. )dé, /42/

o é 

1***> =._:2{2m)3~2: je .. )L{é 3/ 2ep2(é)(***)}dé,< ... /43/
15172 fi O aé 

3/2 

< ···1 ***> =_:2(2~) : j e..)Ll (3/2(é -() ep2(é) (***)}d é, /44/1 1517 fi Q aé 

npl-1 paCCeRHl-11-1 3IleKTpOHOB Ha aKYCTI-14eCKI-1X et>OHOHax BeIlI-14I-1H~ 
À lk 1-1 Ai k paBHbl cooTseTCTBeHHO 

Ài k = +'~K cth K,;11 (OH i f k ' /45/ 

A i k =,.1... 13 K cth K t ôik :-:~:..!..: 1 :(ôik + 2f f ) L /46/
6 'P1<O) 160 n Tpl (é) i k 

KaK BI-1AHO ~3 npaaeneuuax <t>OPMYIl, COOTHOWeHI-1R Ouaarepa AJlR 

KI-1HeTH4eCKI-1X K03<t><t>1-14I-1eHTOB B npl-1CYTCTBl-11-1 CI-1Il~H~H 3IleKTpOMarHI-1T­
li 

HOI:1 BOIlHbl aapyuiaor ca , HanpI-1Mep,J3 i k (H) f: J3k i (-H), 4TO 1-1 npaao­
AI-1T K B03~I-1KHOBeHI-1IO aHOMaIlbHblX KI-1HeTI-14eCKI-1X 3<t>et>eKTos. KpOMe TO­I 

f ro, 1-13 /32/ 1-1 /40/ nerxo BI-1AeTb, 4TO AIlR nOIlHOCTblO BblpO>KAeHHOro
 

3IleKTpOHHoro r aaa /3i)1) 1-1 K f~), COOTBeTCTBYIO~l-1e -Y4eTY Al-1nOJ1bt-lóH
 

Aeet>opMa41-11-1 et>YHK41-11-1 pacnpeAeIleHHR 1-1 OTSe4alO~l-1e 3a B03HI-1KHOBeHHe
 

aHOMaIlbHblX TepMOMarHI-1THblX 3et>et>eKTOS, pasua HYIlIO. Cnenoae rens ao ,
 
Y4eT TOIlbKO Al-1nOIlbHOH Ae<t>opMa41-1111 et>YHK41-11-1 pacnpeAeIleHI-1R He MO>KeT
 

06eCne41-1Tb B03HI-1KHOBeHI-1e aHOMaIlbHblX TepMOMarHI-1T~~X 3et>et>eKTOB,
 

1-1 3TO 06"bRCHReT OTCYTcTBl-1e AO CI-1X nop 3aMKHYToH TeOp1-11-1 <PC rep­

MOMarHI-1THblX 3et>et>eKToB. 3ÀeCb OTMeTI-1M TaK»<e, 4TO ai~O), J3i~O),
 
Yi~) 1-1 Ki~O), cooTseTcTBYIOU\l-1e Y4eTY paaor-oeae 3JleKTpOHHoro reaa
 
B nOIle 3IleKTpOMarHI-1THol:1 BOIlHbl, YAoBIleTBopRIOT COOTHOWeHI-1RM OH3a­


repa 1-1 n03ToMY He MorYT CIlY>KI-1Tb npl-141-1HOA B03HHKHOaeHI-1R àHoMaIlb­


H~X KI-1HeTI-14eCKI-1X 3<t>et>eKTos! TaKHM 06pa30M, aHOMaIlbH~e TepMoMar­


HI-1THble 3$PeKTbl nOJlHOCTblO oõycnoaneuu KBaAPynoIlbHo~ Ae<popMa4l-1eA
 

<t>YHK41-11-1 pacnpeneneaaa , T. e. IISHYTPI-130HHbIM" 0llTI-14eCKI-1M BblCTpal-1Sa­


j. Hl-1eM I-1MnYIlbcoB 3J1eKTpoHoB.
 

AaIlee paCCMOTpj;1M aexcropee Hal-16oIlee Ba>KHble 1-13 TepMOMarHI-1THblX
 

3et><t>eKTOB, KaK 1-1 B n.2, npH4eM AIlR onpeAeIleHHOCTI-1 6YAeM C4I-1TaTb,
 
4TO 3IleKTpOHbl paCCel-1SalOTCR npel-1My~ecTBeHHO Ha aKYCTI-14eCKI-1X $,0­

HOHax.
 

nonepe4H~1:1 3et>et>eKT HepHCTa - 3TTI-1HrcraY3eHa 

-+ 
nYCTb MarHHTHoe nOIle H HanpaSIleHO BAOJlb OCI-1 OZ, IlI-1HeHHO no­

IlRpl-130SaHHoe nOIle Ila3epHoH nOnCBe~KI-1 F Ile>KHT B nIlOCKOCTI-1 XOY, 
rpaAl-1eHT re-meparypu npanoxeu BAOIlb OCI-1 OX, 06pa3e4 r ans aaaa­

4eCKI-1 pa30MKHYT BO Bcex HanpaSIleHI-1RX /r = 0/. TorAa nonepe4Hoe 

nOIle H3 paBHO 

J J3 K cth K • /_: l eí (.~[ 3E * = -,------: V X o xFV T sm2lj1 + (UH' 1 e 2 + -2cos2lj1 -: 
I 
i"' y 3Q17e x P 

l ~ /47(
4 2\ -:(2 + "31n 4 +5ln(~'Pl (éF» + 4lnxF]}, 

I rne ljI - yron Me>KAY F 1-1' VxT, "Xo = O/T, X F '= éF/T. 

,I 

<t>Y HK41-11-1 n (O) .1-1 rf>2 onpeAeIlRIOTCR COOTBeTCTBYIOU\I-1MI-1 et>opMYIlaMI-1 :111:( 
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nepBoe CnaraeMOe B Cll~rypHblX cK06Kax /47/, cy~ecTBy~~ee ~. npH 
H = O, npeAcTaBnReT' c06o~ nonepe4HY~ TepMoaAC, KOTopaR 6e3 nOA­
CBeTKH /npH ~ = 0/ He cy~ecTByeT B nonHOCTb~ B~pomAeHH~X nony~ 
npOBOAI-IHKaX 15.6/. 3TO ecrs auanor nonepeuuoã CllOT03AC :/12~ <!>C no­
nepe4HOrO ~aAH03neKTPH4eCKOro/13/HnH CllC nOnepe4HOrO aKYCT03neKT­
pH4eCKOrO: 14/ a$$eKTOB; TonbKO 3AeCb pOnb TRHy~ero nonR HrpaeT 
VxT. BTOpOe cnaraeMoe B /47/ onpeAenReT <!>C nonepe4H~~ 3CllClleKT H3, 
TaKme HMeID~~~ aHanor c CllC 3CllClleKTOM Xonna M AM3 3CllClleKTOM. CllC no­
nepe4H~~ 3$<!>eKT H3 TaKme HC4e3aeT npH OTCYTCTBH~ nOACBeTKH. 

,lV1R cpaBHeHHR Mbl npHBOAMM pacuer nonepeuaoro a$$eKTa H3 
B CHnbHO B~pomAeHH~X nonynpoBoAHHKax, KorAa HymHo Y4HT~BaTb 

IIXBOCT" BblpO>l<AeHHR 15.6/. 8 3TOM cnyuae BO BTOpOM nopanxe no aa­
pO~AeHH~ nonepe4Hoe none H3 paSHO 

E =. -: ~2: .cl!:-1: -!.:V x T • 
o	 c e f F 

rAe	 Jl = er(€ F)/m - nOABHmHOCTb 
4HcneHHble o~eHKH nOKa3~Ba~TI5 14 CO2 /F = 10 8/CM, n = 10 c­

m = 10- 2~ r, f F "" 10-.2 38, T = 
nR H3 K E nopaaxa 10. TaKI-1M 06pa30M, <I>C nonepe4Hbl~ 3CllClleKT H3 
CHT OCHOBHOH BKnaA B 3TO RBneHHe. 

~C	 npoAonbHbl~ 3CllClleKT HepHcTa - 3TTHHrcraY3eHa 

/48/ 

HocHTene~. 
4TO npH nOAC8eTKe na3epoM Ha 

/, 3CllClleKTHBHo~ Macce anexrpouoa 
10 K OTHoweHHe <l>C nonepe-n-or-o no­

BHO­

~ ... 
nYCTb H II OZ. F <;. XOy,Vx T t-

HblH 3~eKT H3 paBeH 

L\a =. {J I<_cth 1<, . .Lili._1_ sin2ljJyx x 
c	 2e o 

+ 151n(p H/ c)
2 I. 

.... 
O, Vy T = O, i = O. Torna nponons­

'{4 + 4104 + 1210x + 
F F 

/49/ 

<!>opMyna /49/ onpenenae r CllC npOAonbHblH He4eTHblH 3CllClleKT H3 
B nonHOCTbID BblpO>l<AeHHblX nonynpoeoAHHKax. OTMeTHM 3AeCb CXOACT80 
yrnoBO~ 3aBI-1CHMOCTH /49/ c yrnoBoH 3aBHCI-1MOCTbID <l>C npo~onbHoro 
He4eTHoro 3CllClleKTa H3 B HeB~pomAeHHblX nonynpoBoAHHKax l 1 . B OTnH­
4He bT:/7~ rAe npoAonbHblH a$ClleKT H3 B HeB~pomAeHHblX nonynpoBoA­
HHKax cy~ecTByeT B KBaApaTH4HOM npH6nHmeHI-1H no MarHHTHOMY nonID 
6e3 nOAceeTKH, B nonaocr so eblpO>KAeHHblX nonynpoeonuakax ~H oe3 
nOAceeTKH He B03HHKaeT 1-1 B cneAY~~l-1x nopRAKax no H. TaKMM 06pa­
30M, <l>C npOAonbHblH 3CllClleKT H3 B nonHOCTbID BblpomAeHHblX nonynpo­
BOAHHKax CYll4eCTsyeT B 114HCTOM BI-1Ae", H npH ero 113MepeHHH HeT 
He06xOAI-1MOCTH ero OTAenRTb OT B03MO>l<HblX 4eTHblX a$ClleKTOB. 

10 

• I 
I 

<!>C 3CllClleKT 3TTHHrcraY3eHa
 
... ....
 

nYCTb HII OZ,F ~:~OY, i = O,VxT = O,W y = 0, a B xanpaane­y 
HJ.1H OCI1 OX Te4eT TOK lx' 3et><l>eKT 3TTI1HrcraY3eHa COCTOI1T B B03HI-1K­

'f7 T·/61 uHOBeHHI1 nonepe4Horo rpaAHeHTa TeMnepaTYP~ vi • KOTOpblH paBeH 

,ix 1 YOtE , IlHyOfF 2 2 2V y T = - - f3l< cth l< { [ - - O - . ]sm2ljJ----: [-cos ljJ-._:+ 
e K L 6 11;) 11 C 511 3 9 

/50/ 
1 4 2 1 

+ 8" (1 + 3 1n 4 + 510(JlH / c ) (3' -. 5 cos 2ljJ)] J. 

~C 3CllClleKT MarAmH-PHrH~neA~Ka
 

nYCTb ~ 1I az,; ~.XoY, 06pa3e~ ranbBaHH4eCKH pa30MKHYT e Ha­

npaaneuaax OX,OY/i = i y = O/,VyTx 
PHrH-neA~Ka onpeAenReTcR H3MeHeHI-1eM 
HOM none : 

• .... . f3 Kcth K o T (€ F)
~K	 = K(H) -:K(O) =.-.--'_. IH 

2011 m 

9 8 
. ~ 2'+ 3",104 + 81nx F + 101o(IlH/ c ) J. 

.... 

= O,VxT t- O. 3Clllt>eKT t1arAmH­
TennonpoaoAHoCTH B MarHHT­

H	 ­
..sin2ljJ(..l:!.!!:)yxo x • 

c F 

/51/ 

.... 
<l>C 3Cll<l>eKT PHr~-neA~Ka H 11 oz. VxT ,; 0, F <;..XOY, ix = h = O 
Wy = O 

3Cll$eKT Pl-1rH-neA~Ka 3aKn~4aeTCR B B03HHKH08eHHH nonepe4Horo 
rpaAHeHTa TeMnepaTypbl V y T . 

n r (tF)€F f3KcthK -' 5 HV	 T =-: Dl :yx X . V T {si02ljJ -,_.ffi[cos2ljJ ­oY m K L, 2511 ,F x 4 c 

/52/ 
1 4	 2 .21

-:-(2 +-ln4 + 410xF + 5ln(JlH/c) )(810 ljJ -'-3 .)] L
2 3 

B 3aKn~4eHHe nOA4epKHeM, 4TO Bce paCCMOTpeHH~e . <!>C Tep-
MOMarHHTH~e 3CllClleKTbl B n.3, xapaKTep1-13Y~TCR cnomHOH 3aBHCHMOCTb~ 

OT MarHHTHoro nonR /BBHAY npHCYTCT8HR cnaraeMoro, nponop~HOHanb­
aoro - H10H /. 3a"leTHM raxxe , 4TO c nOMO~b~ npHBeAeHHblX KHHeTH­
4eCKHX K03<t>$H~l-1eHTOB aik , f3ik ' Yik .H Kik npl-1 H :::3 O MomHO Sbl­
4HcnHTb 1-1 <!>C TepMoaneKTpH4eCKHe aCllClleKT~ B nonHOCTb~ B~pomAeHH~X 

nonynpo8oAHHKax. 
Pe3ynbTaTbl HccneAosaHHR AaHHblX H APyrHx <I>C TepMOMarHHTH~~ a~­

ClleKTOB MorYT HCnOnb30BaTbCR AnR perHCTpa~HH nonRpH30BaHHorO H3­
, 11 



nY4eHHR H nOnY4eHHR HH$OpMa~HH 0 AOMHHHPY~~X MeXaHH3MaX paCCeR­
HH" 	 HOCHTene.,. 
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Pyt<onHCb nOCTynHna B H3A8TenbCt<HH OTAen 
6 MaR 1986 rOAa. 

lIIMe.neB r .M. H All. P17-86-292 
TepMOKarHHT~e 3~KTW Ha dnTHqeCKH 
BWCTpoeHHWX HOCHTe.nftX B nonynpoBoAHHKax 

TeOpeTHqeCKH HsyqeHo BJlHftHHe OnTHqeCKOrO BWCTpaHBaHHH HM­
nynhcoB sneKTpOHOB Ha TepMOMarHHT~e 3~KTW B nonynpoBoAHHKax 
B KnaCCHqeCKHX MarHHTHWX nonftx.PaCCMOTpe~ CHTYaqRH. KorAa nH­
Heil:Ho nOJUIpHSOBaHHaR nOACBeTKa BwswsaeT Mell.SOH~e HnH BHYTPH­
SOH~e OnTHqeCKHe nepexo,qw. TepMOMarHHTHwe 3~KTW paccquTa~ 
B nHHeil:HoM npH6nHlI.eHHH no rpaAHeHTY TeMQepaTyPW, HHTeHCHBHOCTH 
nOACBeTKH H B cnaoblK MarHHTHWX nonRX. OOHapy:;tl:e~ S~KTW, aHO­
ManhHO saBHCR~e OT MarHHTHoro nonR, HanpHMep. npOAonhHblil: He­
qeTHWiI: S~KT HepHCTa - 3TTHHrcrayseHa. 

PaOOTa BWDonHeHa B naoopaTopHH TeOpeTHqeCKoil: WHSHKH QHRM. 

CoofilUeHKe 06t.eJ:umeHHoro HHClHT)'Ta Jl,l'.\epHWX Hccne,Q08aHHii. Jly6Ha 1986 

fIepeBoA aBTopOB 

Shmelev G.M. et al. P17-86-292 
Thermomagnetic effects on Optically Alignmented 
Carriers in Semiconductors 

The influence of the crystal momentums of electron optical 
alignment on thermomagnetic effects in semiconductors in clas­
sical magneric fields, is theoretically investigated. The situa· 
tions, in which linearly polarized light bias induced interband 
or intraband transitions, are considered. Thermomagnetic ef­
fects are calculated in linear approximation on temperature gra­
dient, intensity of the light bias and in a weak magnetic 
field. It is discovered the effects, which anomally depending 
from magnetic field, e.g. longitudinal odd Nernst - Ettingshau­
sen effect. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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