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B3aHMO,AeiicTBHe JI,AepHwx cnHHOB c 3neKTpoHaMH npo

BO.AHMOCTH B npOBO,AJIJneM KpHCTanne, KaK npaBHnO, npHBO· 

,AHT K 3Ha'IHTen:&HOMY yuenH'IeHHIO JI,AepHOB nonJipH3a~HH 
o6pa3~a. ,II.nJI 3TOrO HYlKHO, 'IT06hl KHHeTH'IeCKHe H CnHHOBble 

CTeneHH CB060,Ahl 3neKTpOHOB He HaXO,AHnHCh B COCTOJIHHH 

paBHOBeCHJI no OTHOWeHHIO ,Apyr K ,Apyry /I/ .HapymeHHe 

paBHOBeCHJI Me)l()ty KHHeTH'IeCKOB H cnHHOBOB nO,ACHCTeMa

MH ,AOCTHraeTCJI, HanpHMep, HacwmeHHeM 3neKTpOHHOrO 

napaMarHHTHoro pe3oHaHca B nepeMeHHOM MarHHTHOM none 

l3~eKT Ouepxay3epa /2/ I ana pa3orpeuoM KHHeTH'IeCKHX 

CTeneHeii CB060,Ahl B CHnhHOM 3neKTpH'IeCKON none l3~eKT 
flteepa 13 I I. 

Bonpoc o B03MO)I(HOCTH Ha6nJO.AeHHJI.AHHaMH'IecKoii JI,Aep

HOii nonJipH3a~HH npH HaCbiJneHHH aKyCTH'IeCKOrO CnHHOBOrO 

pe3oHaHca I ACP I Ha 3neKTpoHax npouo,AHNOCTH .AHCKy

THpouancJI eme B nepuwx pa6oTax no TeopHH AC P I 4, 5 I. 
B pa6oTe r epaCHMeHKO I 4/ 6wn C,AenaH BhiBO.A, 'ITO npH Tex 

ycnoBHJIX, npH KoTopwx cymecTuyeT ACP, nonJipH3a~HJI 

JI,Aep ,AOn)I(Ha oTcyTCTBOBaT:&. 0.AHaKo, KaK noKa3an MaKo

wa6a B /5/, npH HacwmeHHH ACP Ha .AOCTaTO'IHO B.hiCOKHX 

qacToTax MO)I(HO O)I(H,AaT:& Ha6nJO,AeHHJI 3~eKTa Ouepxay-

3epa ITo'lliee - ero aKycTH'IecKoro aHanoral. 

KaK B cnyqae 3ITP /6~TaK H B cny'lae Acp/7~HepasHo
uecHoe COCTOJIHHe 3neKTpOHOB npOBO,AHNOCTH NO)I(eT 6h1Th 

ODHCaHO B TepMHHaX 3~eKTHBHhiX o6paTHhiX TeMnepaTyp 

KHHeTH'IeCKOB H CDHHOBOB DO,ACHCTeM, DpH'IeM OTHOCHTen:&· 

HOe yBenB'IeHHe JI,AepHOB CDHHOBOB nonJipH3a~H OKa3b1BaeT

CJI nponop~HOHan:&HhiM pa3HOCTH 3THX TeMnepaTyp •. 

BnHJIHHe OTKnoHeHHJI KHHeTB'IecKoii TeMnepaTypw3neKT

poHOB OT paBHOBeCHJI Ha ,AHHaMH'IeCKyJO JI,AepHyJO DOnJipH-

3a~HIO B 3~eKTe Ouepxay3epa paccMaTpHuanoc:& B pa6o-
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I 

Tax /B/. TaM 6LIJIO noKa3aHo, 'ITO B ycnoBHJIX uepasuosec

HOCTH KHHeTH'IeCKHX CTeneHe:ii: CB060~LI yseJIH'IeHHe IIOJIJlpH· 

3aUHH onpe~eJIJleTCJI 3clxlleKTHBHLIM napaMeTpOM HaCLIIUeHHJI 

3IJP, 3aBHCJIIUHM OT MeXaHH3MOB peJiaKCaUHH 3HeprHH 

3JieKTpOHOB H B3aHMO~eHCTBYIOIUHX C HHMH ~JIHHHOBOJIHOBLIX 

li>OHOHOB. 

B uacTOJIIUe:ii: pa6oTe paccMaTpHBaeTCJI auanorH'IHaJI 3a

~aqa ~JIJI cnyqaJI uacLIIUeHHJI ACP ua 3JieKTpouax nposo~u

MOCTH. B ~am.He:ii:weM 6y~eT IIOKa3aHO, 'ITO Me>K~Y 

34l4leKTOM Osepxay3epa B pe>KHMe 3IIP H ero aKyCTH'IecKHM 

auanoroM cyiUeCTByeT ~aneKo u~yiUee no~o6ue, KOTopoe 
r-1 

no3BOJIJleT ~JIJI cny'laJI ACP nonL30BaTLCJI HeKOTOPLIMH 

pe3yJILTaTaMH, IIOJiy'leHHLIMH B TeOpHH 3IJP. 

PaccMoTpHM nposo~JIIUH:ii: KpHcTaJIJI, no~sepruyTLI:ii: B03-

~e:ii:cTBHIO yJILTpa3ByKoso:ii: BOJIHLI. CucTeMy CBJI3aHHLIX 

Me>K~Y co6o:ii: ypaBHeHHH 6aJiaHCa o6paTHLIX HepaBHOBeCHLIX 

TeMnepaTyp IIO~CHCTeM KpHCTaJIJia {3 j , j = k, s, f , n : 
KHHeTH'IeCKHX (k) H CIIHHOBLIX (s) CTeneHeH CB060~LI 3JieKT· 

pouos (e), pacceusaTene:ii: (e) -ll>ououos (p) H npHMece:ii: 

(i) H Jl~epHLIX cnHHOB (n) B pe>KHMe ACP nerKo nony'IHTL 

MeTo~oM uepasuosecuoro cTaTHCTH'IeCKoro onepaTopa/9/. 

)J,JIJI OTKJIOHeHHH OT paBHOBeCHJI o {:J o = {:J 0
- {3 , j = k, s, f, n , 

J J 
r~e {3 - o6paTHaJI pasuosecHaJI TeMrrepaTypa, 3Ta cu-

cTeMa HMeeT BH~: 

r~e 

4 

Lkk(e) 0 f3k +Lks<e> 8 f3s -Lke<e> 8 f3e +Qk = 0 • 

Lsk(el of3k + Lss<e>Bf3s -Lse<e>of3e + Qs = 0, 

/1/ 
Lke(el ofJk + Lse(e) 0f3s -(Lee<et Lee (T))ofJe = 0, 

Lke(n) of3k + Lse(n)0 f3s -<Lee(n;+Lnn(T))of3n=0, 

0 

L jj '(m) = f dten (H j (mh Hi '(m) (t))' 
-oo 

0 ft • • 

L mm '( T)= f dte <H m (T) 'Hm '( T)( t)), 
-oo 

• - _1_[Ho ,Hem]' 
Hj(m)- i h J /2/ 

. 1 
Hm(TF ih-[Hm,Hm.J· 

"~ 

liti~ 

' [ '!j:· 

~.·;0 
i 

·.~ 

·~ 
.\·! 
";! 

3~ecL H · H Hm - raMHJihTOHHilHW OTAeJILHWi no~cHcTeM, 
Hem B ifmT - raMHJihTOHHaHW B3aHMO~eiCTBBJI Me)l(.l{y HHMH 

H C TepMOCTaTOM (T),a Qk H Qs - 3BYKOBWe MOIJ.liiOCTH, 

iiOrJIOIUeHHWe KBHeTH'IeCKOi H CIIHHOBOi IIO~CHCTeMaMH, 

BLI'IHCJieHHWe B pa6oTe /7/, 
Ypasueuse 6anauca s~epuoi no~cHcTeMw /'leTsepToe 

ypaBHeHBe CHCTeMW /1/ I II03BOJI.a:eT cpa3y BWpa3HTh o(J 
n 

qepe3 o{Jk B 8(3
8 

H HaiTH OTHOWeHBe {Jn/(3, Onpe~eJI.HIOIUee 
B BWCOKOTeMnepaTypHOM npB6JIB>KeHBB ~BHaMH'IeCKYIO IIOJI.H

ps3ausro .a:~ep nps uacwiUeHBB ACP I 1/. Bso~.a: qacToTw 

pen:aKCaUBH IIPOAOJihHOi HaMarHB'IeHHOCTB .HAepHWX CIIHHOB 

npB HX B3aHMOAeiCTBBB C 3JieKTpOHaMH B C TepMOCTaTOM • 

Vne B VnT• COOTBeTCTBeHHO, IIOJiy'laeM BWpa>KeHHe: 

{3n 
-=-

{3 

fJk (
1 

·* lt) s ) v ne --TJ----
{3 wn vne+vnT 

~'nT 
+ ----·-' 

vne+ 1'nT 
/3/ 

rAe ld 
8 

B w
8 

- 3eeMaHOBCKBe 'laCTOTW 3J1eKTpOHHWX H 

Ps 
.HAepHWX CIIBHOB, COOTBeTCTBeHHO, a BeJIB'IHHa 7J *"' 1- -·-

{1 
k 

urpaeT poJIJ. 34MiJeKTBBHoro napaMeTpa uacwiUeHHJI ACP. 

)J,JIJI Hee MW MO)I(eM HaDHCaTJ.: 

8{3 k - 13{3 13{\ 
TJ*= s =7]0- --), 

f3 13{3 s 

/4/ 

13(:3 s 
rAe 7J = -.--

(:3 
- 3Ha'leHBe napaMeTpa HaCWIUeHBJI B 

o6W'IHOi TeopBB ABHaMH'IeCKOi JIAepHOi IIOJIJipB3aUBB/l/. 

qaCTOTi.l penaKCaUHB l'ne H VnT BXO.I{.HT B 4>opMyJiy /3/ 
TOJILKO B BHAe OTHOWeHH.H, KOTOpoe Bhlp&)l(aeTC.H npOCTO 

qepe3 KoppenBUBOHHWe c)yHKUBB /2/. 0Tuoweuae BfJk I Bfj s, 

onpeAensroiUee napaMeTp 11*, B csoro oqepeAJ., onpe

AenseTCJI OCTaJihHWMB ypaBHeHB.HMB CHCTeMW /1/. 
Ilpa aH&JIH3e WBPBHW JIHHBB ACP sl 1016wno noKa3aHo, 

'ITO pe30HaHC AOCTaTO'IHO xopomo Ha6JIIOAaeM /BMeeT AO• 

CTaTO'IHO Y3KBe JIBHBH/ TOJihKO B CJiy'lae, KOrAa cpeAH 
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n ... 
onepaTopos T (q), BXO.D;JIUUIX B raMBnLTOHBaH B3aBMo-
.D;eicTBBJI 3neKTpOHOB CO 3BYKOBOB BOnHoi /B 0603Haqe
HBJIX /IO/ /: 

-n -+ i -+ icut n -+ 
H f(t)= l: ell .(q)U (q)e T (q), 

e ... -1 
in q ....... 

n-+ p.ala2'''... ...JJ. aLa2 1qxj 
T (q)= T (q) = l: l~.P. P .... , e 

j J J J 

/5/ 

....... 
... ... 1qx j 

BMeiOTCJI onepaTopw Tn(q)=S11 <q>= ~ ·s~ e , pasawe 
J 

,_1 

4JypLe- KOMnOHeHTaM nnOTHOCTB pacnpe.D;eneHBJI CnBHa. 3TOT 
cnyqai peanalyeTcJI B KpBcTannax TBna Bi , Si , InSb , 
CdS npa pa3naqawx MexaHB3Max B3aBMO.D;eicTBBi lneKT
poaawx CnBHOB CO 3BYKOM /Il/,,nanee MLI 6y.D;eM paCCMaT
pBBaTL BMeHHO 3TOT cnyqai. 

Ilpa swqucneHBB MO~OcTei, nornomeHHLIX 3neKTpoa
HLIMB nO,D;CBCTeMaMB, B / 7/ 6LinO noKa3aHO, qTo B 3TOM 
cnyqae aa pe3oaaacaoi qacToTe cu = cu s BLmonHJieTcJI 
COOTHOWeHBe 

Qk ::: r 
____E_ 

Q s cus 
/6/ 

r.D;e r /l - WBPBHa pe30HaHCHOi nBHBB. 0,D;HaKo c .D;pyroi 
CTOpOHLI BMeeT MeCTO B COOTHOWeHBe l /l << cu 5 , JIBnJIIO
I.QeeCJI ycnosaeM aa6nm.D;aeMOCTB nBHBB. Cne,D;oBaTenLHO, 
MLI MO)I(eM cqBTaTL, qTo 

Qk::o, Qs ::Q, /7/ 

r.D;e Q - nonHaJI 3BYKOBaJI MOUUIOCTL, nornoi.QeHHaJI 3neKT
poHaMB npOBO,l.J;BMOCTB, JIBHOe BLipa)l(eHBe .D;nJI KOTOpoii 
nonyqeao B /10/, 

HeTpy.D;HO 3aMeTBTL, qTo B paccMaTpasaeMoM cnyqae 
OTHOWeHBe OTKnOHeHBB HepaBHOBeCHLIX TeunepaTyp OT pas
HOBeCBJI He 3aBBCBT OT nornoi.QeHHOB MOUUIOCTB, a TOnLKO 
OT xoppenJIU:BOHHLIX WYHKU:Bi a cooTBeTCTBeHHO B xoaeqaoM 
cqeTe onpe,D;emieTcJI MexaHB3MaMB pacceJIHBJI, npBBO.D;JI-

6 

{_, 
.;-:;~ .. 

l: 
> 

'\'. 

\ 

( 

J 
-:~ 
'! 

}' 

.··t 

I.QBMB K penaKCaU:BB KBHeTBqecKoi B CnBHOBOB 3HeprBi 
3neKTpOHOB npOBO,D;BMOCTB, IlpB paCCMOTpeHBB 3TBX Mexa
HB3MOB Y.D;06HO BBeCTB cne.D;YIOUUie 0603HaqeHBJI: 

L ss (p) 
---
L PP (Tl 

L kk (p) K 
--------, s 

L PP (Tl 
Kk = a.= 

I 

L ss (i l 
--------. 

L kk (p l 
/8/ 

A. IlycTL npeo6na.D;aiOI.QBM MexaHB3MOM penaxcau:aa KB
aeTaqecxoi B 3eeMaaoscxoi 3Heprai JIBnJieTCJI pacceJIHBe 
aa aKyCTBqecKBX WOHOHaX, T.e. Lkk(f) =Lkk(p) B Lss(ffLss(pl· 

HcnonL3YJI COOTHOWeHBJI, BMeiOUUie MeCTO Me)l(,l.J;y pa3-
naqHLIMB KOppenJITOpaMB /8/ B3_ nepBLIX Tpex ypaBHeHBi 

' /1/ nonyqaeM: 

Kk Qs Qs 
8f-3t= 8(3k,8f3k=- - <l+Kk},8~s=---

l+Kk Lkk(p) Lss(p) 

<l+~es). 

/9/ 

3.D;ecL B03MO)I(HLI cne.D;yiOI.QBe qacTHLie cnyqaa: 
a/ 4Joaoaw nepe,D;aiOT 3HeprBIO TepMocTaTy 6wcTpee, 

qeM nonyqaJOT ee B3 3neKTpOHHLIX nO.D;CBCTeM 

Lpp(T)»Lkk(p)»Lss(pl BnB . 1» K k >> K s • 

Tor.D;a swpa)l(eHBJI /9/ .D;aiOT: Q 
5 

Bf3e=Kkspk, Bf3k=- L , 
kk(p) 

Qs 

8{3 s =- L ss (p) 

BnB 

8~k 
8~o « 8f3k«8/3 , -- << 1, TJ* = 1f, 

( s 813 s 
/10/ 

T .e. npa CBTyau:aa pasaosecaocTB woaoaaoi no.D;cBcTeMLI 
JI,D;epaaJI nonJipB3aU:BJI npoacxo.D;BT KaK B o6wqaoi Teopaa 
3IIP. 

6/ llepe,D;aqa 3HeprBB no KaHany k-+ f npOBCXO,l.J;BT 6LICT
pee, qeu yTeqKa no KaHany f-+ 'I, a CKOpOCTL 3TOii yTeqKB 
npeswwaeT cxopocTL nocTynneHBJI no xaaany s ... f : 

L kk(p )» Lpp(T) ~> Lss(p) _H Kk>> 1 >> K5 , 

7 
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H3 /9/ COOTBeTCTBeHHO H:Wee:w: 
Qs 

~f3e= 8f3k, 8f3k ==- • 
L pp(T) 

~-0~ ---
tJs- Lss(p) 

HnH 

of3k 
of3e == of:3k « of3s , af3: « 1, 11 * ==.,. /11/ 

B 3TOM cny'lae HepaaHoaecHocn. l)oHoHoa He anBJieT Ha 
CKOpOCTL penaKCaUBB 3neKTpOHHWX CfiBHOa, HO onpe,AenJieT 
CKOpOCTL .penaKCaUBB KBHeTB'IeC_KOB 3HeprBB. ,lJ;nJI napa
MeTpa Hacw~~.teHBJI· :ww ODJITL nony'IIIJIB 3HaK9MW:ii pe3ynL
TaT. 

af ~OHOHW riepe,AaiOT 3HeprBIO TepMOCTaTy Me,AneH
Hee, 'leM nony'laiOT ee B3 3neKTpOHBWX fiO,ACBCTeM: 

L kk(p)» Lss(p)» LppO') BnB 

CooTaeTcTaeHHo B3 /9/ cne,AyeT: 

Kk»Ks>>l. 

Qs Qs 
8(3 ==- -~ -

• B L pp (T) 
8f3e == ofJk. ofJk ==-

L pp(T) 

BnB 

8{1n= 8{:3 == ofJ 
c. k s 

ofJ k -
--=1, 
ofJ s 

l'J * == 0' /12/ 

a 3TO 03Ha'laeT, 'ITO fiOnJipB3aUBJI JI,Aep OTCYTCTayeT. 
B cny'l".lJIX 6/ B a/ peana3yeTcJI CBTyauBJI "l)oHOHHoro 

Y3Koro ropna". PenaKcaiul• 3Hepraa 3neKTpoHoa onpe,Aen,H
eTCJI nponycKaTenLHo:ii cnoco6HOCTLIO KaHana f ... T B 
Ha6niO,AaeTcJI pa3orpea l)oHOHHo:ii no,AcBcTeMw. B npoMe)l(y
TO'IHOM MeQy 6/ B a/ cny'lae aLipa)l(eHBJI /9/ UpBBO,AJIT K: 

of3~c 
---= 
o(:3s 

K 
s 

l + K 

l'J 
ry* 

l + K s 
'/13/ 

s 

T.e., ecna l)oHOHHaJI no,AcBcTeMa_ 3aMeTHO OTKnOHJieTCJI OT 
paaHoaeCBJI, CTeneHL JI,AepHOB fiOnJipB3aUBB npB 3TOM Me
XaHB3Me pacceJIHBJI onpe,AenJieTCJI aenB'IBHo:ii napaMeTpa 

8 

~' 

J 

If 
,· ;j_ 

·\ 

> 
,)'; 

! 

I 
II 

K s • CsTyauaa 6/ . B a/ co,Aep)l(a TCJI a tllopMynax I 13/ 
KaK rpaHB'IHWe CJiy'laB. 

E. llycTL pacceJIHBe Ha aKyCTB'IeCKBX l)oHoHax onpe
,AenJieT penaKC:&UBIO KBHeTB'IeCKO:ii, a paCC~JIHBe Ha HeMar
HBTHLIX npaMecJix - penaKcauBIO 3ee:waHoacKo:ii 3Hepraa 
3neKTPOHOa: L kk (f)= L kk (p) , L ss (f)= L ss(i)• Tor,Aa B3 
cBcTe:ww /1/ aHanorB'IHWM o6pa30M nonyqaeM: 

l 
l +-

ofJ k Kk 
--== 
8f3s 1 + a i 

. /14/ 

1 + 
Klta i 

3,AecL MLI BMeeM .An• paaHoaecHLIX l)oHoHoa ( K k « 1): 

ofJlt 

8{:3 s 

a. 
I 

1 + a i 
ry* 

__ .,_ 
1 +a i 

B ,AnJI CBJiltHO HepaaHoaeCBWX ciK>HOHOa (K k » 1): 

8(:3 It 

8{:3 s 

K kai 

1+Kkai 
1J * = 

l'J -------. 
1+Kkai 

/15/ 

/16/ 

lb nony'leHHOB CBCTeMLI COOTHOWeHB:ii /10/, /13/, 
/15/, /16/ MO)I(HO C,AenaTL CJJe,AyiOII.tee 3aKniO'IeHBe. TaK 
KaK npa HaCW~UeHBB paccMaTpaaaewo:ii HaMB nBiiBB ACP 
w "" w s pa3orpea KBHeTB'IeCKOB fiO,ACBCTeMW He MO)I(eT 
npeawwan. pa3orpeaa CfiBHOao:ii fiO,ACBCTeMW, HaB60nLWBB 
pa3orpea o{Jk = 8(:3 s ,AOCTBraeTCJI npB CBTYaUBB "I)OHOH
HOrO Y3KOrO ropna", KOr,Aa aMeCTe C KBHeTB'IeCKoii' pa-
30rpeaaeTCJI B· .OHOHHaJI fiO,ACBCTeMa. llpB 8(3 k = 8{:3 

8 
, 

O,AHaKo, 34JclleKTBaHw:ii napa:weTp HaCLIII.teHBJI ACP o6pa~~.ta
eTCJI a HYJiL. 3To · 03Ha'laeT, 'ITO JI,AepHaJI nonJipB3aUBJI 
He 6y,AeT Ha6niO,AaTLCJI una 6y,AeT o'leHL cna6o:ii. Cne,Ao
aaTeJJLHo, KpBTepBB pa3orpeaa KBHeTB'IeCKBX CTeneHe:ii 
Ca060,ALI 3neKTPOHOa a COOTaeTCTBYIOdtax CJJy'laJix:· K

8 
>> 1, 

9 

I __________________ __ 



a i >> 1 , K k a i >> 1 JIBnJIIOTCJI B TO >Ke BpeMJI KpBTepHJIMH 
acqe3HOBeHBJI JI~epaoi nonJipa3auaa. Haa6onLwee 3Haqe
aae nonJipH3auaa ~ocTaraeTcJI npa aaaMeHLWeM pa3orpeae 
KHHeTaqeCKBX CTeneaei CB060~LI 3neKTpOHOB. Tor~a TJ*= TJ 
a JI~epaaJI nonJipB3aUBJI onpe~enJieTCJI napaMeTpoM aacw
mea:HJI pe3oaaaca, BBO~BMOM B o6wqaoi Teopaa 3cWleKTa 
Oaepxay3epa. 

BwqacnJIJI B JIBHOM BB.D;e KOppenJJUBOHHLie 41YHKUBB 121, 
MJI napaMeTpoB K s , a i a Kk a i no nopJI.D;KY Benaqaaw 
nonyqaeM: 

K = s 

~ 2 
«g- go)~)2 10 'bA2 h5w2 s 2 f3 4 

m s 
0 I/2 2 I/2 

m £ g 11 

.· 2 

1111 

a i = ((g 
2N. e 4 h6 w. p{:) qF 1181 

2 TT I S ell(--), -g 0>~) A2 3 2 2, q
0 

mo m (0( g r 

K ai=((g-g0 )~)2 
mo 

4 4 9 2 4 5 
rr n 0 Nie h w

5
ps /1 

-23/2 5/2 2 2 5/2 
m £ 0 cg 11 

qF 
til<-> . I 19 I 
~ 

1 1 2 Bm11 6rrn e 2 
ell ( x) = (- + - 2 ) In (1 + x ) - 1 , q = ..j --, Q = ..j _Jl......:..._, 

2 X h2 U f 11 
0 

r,D;e m0 B g 0 - Macca B g -41aKTOp CB060.D;HOrO 3neiCTpOHa, 
IDB g- 3cWleKTBBHLie Macca B g -41aKTOp B KpBCTanne, 
n0 - KOHUeHTpauaJI 3neKTPOHOB, N i - KOHUeH1'pauaJI npaMe
cei, e - 3apJI~ 3neKTpOHa, S - CKOpOCTL lByiCa, f O -

.D;B3neKTpaqecKaJI nocTOJIHHaJI, p - nnoTHOCTL KpacTanna, 
A - .Ae41opMauaoHHLii noTeauaan, 11 - xaMaqecKai noTea-

uaan, £ g - wapaaa lanpeiUeHoi lOHLI. 
B pa6oTe /7 I 6wno npoBe.D;eao cpasaeaae JIBHLIX BLipa

>Keaai .D;nJI napaMeTpoB aacwiUeHBJI ACP a o6wqaoro 3llP 
B nepeMeHHOM MarHBTHOM none. B paccMaTpasaeMoM HaMa 
cnyqae ~nJI napaMeTpa "'* BMeeM: 

10 

1 

I
. t: 

1 
TJ*= I 

Lss(f) ii11 
w 2lft11~(~)U (~)j211L(~) rl1(w) /20/ 

r ~w) + (p.ws -(<)) 

llapaMeTp aacwiUeHBJI napaMarHBTHoro peloaaaca "~np B 
nepeMeHBOM none c aMnnaTy~oi MarHBTHoi BH~YKUBB BI 
.D;aeTCJI aaanoraqawM swpa>KeHaeM: 

1 2 + _ VJ.s 
"lnp = -L---(wsgllo BI > ~S ,S > , 1211 

ss (e) . vJ.2 + (w - w ) 2 
s s 

r.D;e IL 0 - MarHBTOH Eopa, a v + s - qacToTa penaKcauaa 
nonepeqaoi ICo:wnoaeHTLI nonaoro cnaaa. ,lJ;nJI OTHoweaaJI 
060BX napaMeTpOB B TOqiCe pe30HAHCa W=W s BMeeM: 

L- VJ_s 

"~np - r 11 

II ell
11. <~> U i <~ > l 2 

i -J 

(gil JJI) 2 

- v J..S B f 2 
- ~<s->, 

1L I 
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r.D;e B f - Mar&BTHaJI BH.AYICUBJI 3cWleiCTBBHoro nepeMeaaoro 
nonJI, no CBOe:My .D;eiCTBBIOHa CRBHL13neiCTpOHOB 3KBBBaneHT
HOro lBYICOBOi BOnHe. 

B •a6A. 1 a 2 lnpaBe.D;eaw lHaqeHRJI Is rayccaxi:Mar
HHTHLIX BH.D;YKURB 3cWleiCTRBHLIX nonei: B ICpRCTannax THROB 

Ta6nuua 1 

MarHHTHhie HHllYKUHH aljlljleKTHBHhiX noneft npa aaaHMoaeii

CTBHHX COHHOB CO 3ByKOM aeljlopMBUHOHHOro (d),n&eao

aneKTpH'lJeCKOro (p), HljleTOBCKoro (e), MarHHTOJlHnon&Horo 

(m) THROB 

MexaHH3M Bd BP Be Bm 
f f f f 

KpncTann 

Ge 1,1.10 I 0 1,6.10-5 9,0.10-II 

Si 1,2.10I 0 1,6.10-9 7,5.10-11 

IriSh 8,0.102 4.10I 2,4.10-7 2,5.10-12 

CdS 1,9.10 2 5.101 2,1.10-5 1, 1.10-9 
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Ta6nHua 2 

MarHHTHble HHLlYKUHH a<Pcf>eKTHBHbiX noneA npH B38HMoneA

CTBH.Rx COHHOB CO 3BYKOM, o6ycnosneHHbiX CB.SI3biO Me:lKJly 

KHHeTH'ieCKHMH H COHHOBbiMH CTeneH.RMH CB060Jlbi aneKTpOHOB 

(ne4JopM8UHOHHbiA (dT),n&e3oaneKTpHqecKHA (pT), Hcf>eToB-
CKHii (eT) MexaHH3Mbi) 

KpHcTann DpH'IHHa B3BHMoneAcTBHH 

Me:lKJlY fiOJlCHCTeMaMJ+ 

3aBHCHMOCTb B f B'fT B(T 
Ge g -cf>aKTopa OT 

H.Mnyn&ca 6,4.10-1 
0 1 t 1. 10 -6 

3aBHCHMOCTb 

Si g -cf>aKTOpa OT 
0 -6 HMnyn&ca 1,6.10 0 4,0.10 

3aBHCHMOCTb 
InSb . g-cf>aKTOpa OT 

HMnyn&ca 3,0.10 1 2,2.10 1 2, 7.10-6 

HasepcHoHHaH 

BCHMMeTp.fH 
2 2 -5 (nnHH.R T-) 4,9.1 0 3,8.10 4,6.10 

lnSb 

HasepcHoaaaH 

InSb 
8CHMMeTp_r~ _ 

(nHHHH T ->-'- +) 2,0.10 3 
1,5.10 3 1,8.10-4 

HasepcHoHHBH 
CdS 8CHMM eTpHH 6,9.10 5 1,4.10 5 7,5.10 0 

Ge, Si , IriSh , , CdS ,l.\n.H OCHOBHWX MeXHB3Mos cnaH-
3BYI<OBLIX B3aBMO,l.\eBCTBBii/ll/ rrpB \faCTOTe CU=cu

8 
= JoJO F11. 

H3 3TBX Ta6na.Q BB.l\HO, 'ITO CYIQeCTBYIOT cny\faB, I<Or,l.\a OT
HoWeHae /22/ MO)I(eT oi<a3aTLCJJ nop.H,l.\I<a ana 6onLwe e.AB
HB.QW. 3TO 03Ha\faeT, 'ITO ,l.\BHaMB\feCI<aJJ rrOn.HpB3a.QBJI JJ,l.\ep, 
conposo)I(.AaJOIQaJJ ACP, MO)I(eT 6WTL cpaBHBMoi c non.Hpa-
3a.Qaeii, BW3BaHHoii 3flP. Oco6eHHo canLHYIO JJ,l.\epHyJO nonJJ
PB3a.QBIO s pe)I(BMe ACP cne,l.\yeT O)I(B.AaTL s I<pBcTannax 
THrra CdS I cnaa- 3Byi<oswe B3aBMO.AeiicTBBJJ .Ae4JopMa.QBOHHo-

12 

ro H rrLe3o3nei<TpHqeci<oro THna, o6ycnosneHHwe CBJJ3LIO 
Me)l(,l.\y I<HHeTH\feCI<HMH H CDHHOBLIMH CTerreHJJMH CB060,l.\LI 
3nei<TpOHOB/. 

B 3ai<n10\feHHe aBTOp C\fHTaeT CBOHM rrpHJJTHLIM .z.onrOM 
no6naro,l.\apHTL .Z.OI<Topa B.ll.KanawHHI<OBa 3a npe.z.ocTao
neHHe TeMw H none3HWe o6cy)l(.z.eHHJJ pa6oTw. 
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