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1,1"

'li 

I 
,I'~ Heynpyroe pacceaaae HeHTpoHoB B crexnax noxaasraaer, qTO nnorl 

HOCTh KOJle6aTeJlbHhIX COCTOHHHH B HHX B 06J1aCTH HH3KHX aaepraã, fI ({) ~ 

~ 10 M3B, 3aMeTHO npeasnuaer CneKTpaJIhHYIO nnOTHOCTh qaCTOT axycrn'I'l~' 
uecxax KOJle6aHHH, a B MeTaJIJlHqeCKHX CTeKJlaX OKa3hIBaeTCH asnue cnexr~ 

jl paJ:IbHOH nnOTHOCTH qaCTOT cooTBeTcTBYlOmHX nOJlHKpHCTaJIJlHqeCKHX q,a3 
} (CM. /11 H, nanparaep, /2/ ). Hayxeaae BhHHHHH aMop$H3auHH aa xoneõa-

TeJlhHYJO rennoesncocrs MenUIJIHqeCKHX cnnaaoa nozrraepacnaer cyurecrao1, BaHHe H36hITOqHOH nnOTHOCTH xorreõarerrsnsrx COCToaHHH B aMop<!>HQH cpà· 
se B 3TOH xce 06J1aCTH 3HeprHH /3/ . 

XOpOllIO H3BeCTHhI TaK:>Ke naaxoreraneparypnsre aHOMaJIHH B crexnax 
npa T :5 1 K, xoropsre 06hlqHO CBH3hmalOT c HaJIHlfiIeM cneUHcpHqeCKHX 
B036y~eHHH rynnensaoro rana c aaepraeã n ()J < 0,1 M3B, npennozcea
HhIX B /4,5/. I1cCJle,nOBaHHe H~ c rror-roursro aeynpyroro pacceanaa HeHT
pOHOB ae npOBo,nHJIOCb, H, KaK nOKa3bm3.lOT ouemca B /6/ ,OHO npençraa
JlHeT C060H aecsr-ra CJlO:>KHYIO sanasy. 

nOHBJleHHe HH3KOJle:nouUHx KOJle6aTeJlbHhIX B036y~eHHH, KaK 11'8"
 
HeJIbHOrO, TaK H peaonaacaoro rarra, MO:>KHO CBH3aTb, B pasncax õonee 0'6

meu Mo,neJlH /7/, c. B03HHKHOBeHHeM Heo,nHOHMHhIX aTOMlihIX noremraa

JlOB, 06YCJlOBJleHHbIX q)JIYKTyaUUHMH 6J1H:>KHerO nopanxa B TonOJlOrHqeC~H'


t~' aeyrropanoxenaoã CHCTeMe. Ilpn 3TOM B3aHMo,neHCTBHepe30HaflCmIX;
 
1, CRTIbHO aarapsaoaaxecxax KOJle6affiiH KBa3IDIOKaJIbHOrO rana c aKYCTHqe~


KHMH <pOHOHaMH H 06'bHCHHeT nOBhIllIeHHYIO nJlOTHOCTb KOJle6aTeJlbHbIX 
II COCTORHHH B crexnax, aaômonaewryio npa He)';.~yroM pacceaaaa HeHTpoHOB 

B /1,2/ li npa H3MepeHHH TeIDIoeMKOCTHB 3. • 
B HaCToHI.IJ;eH paõore paccsrarpaaaerca oõutaa TeopHH aeynpyroro pac

li

1- ' 
ceaaaa HeHTpOHOB B CTeKJIax. nÓMHMO -pacceanaa na .n;nHHHOBOJlHOBhlX KO

'11 

1 

II 
Jle6aHHHx axycraxecxoro rana - cpOHOHax, xoropoe 06CY~aJIOCb, aanpal' 
Mep B /8,9/, B paõore YlfilThmaeTcH cnenarpasecxoe nna CTeKOJl paccea
..lille na CHJlbHO aarapMOHHqeCKHX KOJle6aHHHx (KJ:IK). ,llnH onacaaaa no
cnenaax HCnOJlb30BaHO nceanocrraaoaoe npencraaneaae, KaK B MOneJlH 

\oi,1 B/4,5/,nsyxypoaaeasrx CHCTeM HO c npyroá tPYHKuueH pacrrpenerreaaa
;,1',. 

3HeprHH B036Y)K)J.eHHH. B nepaor-r pasnene norryueao o6I.IJ;ee asrpa
:>KeHHe MH CeqeHHH aeynpyroro pacceaaaa, B pasnene 2 paccsrorpeao pac
ceaaae na KJIK , B pasnerre 3 - na cpoHoHax, a B pasnene 4 npoaeneno cpas
HeHHe HHTeHCHBHOCTeH 060HX THnOB pacceaaaa H nano xaseçraeaaoe corto
CT3.BJleHHe c 3KcnepHMeHTOM. 

11".t.7." -'.•- ~\ ~.nCTlnyr \ 
I ~t::t 

lla"':7IjL.~<t ~... ' :' - ~:':J:.;:·qml 
r:\.'ii- !I '";'...·:11 A.u~ ._l!-~__~. 
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1.	 OEll{EE J;3hIPA)I(EHI1E .D.JUI CEQEHI1H PACCEHHI1H
 

HEMTPOHOB
 

.D.H<p<pepeHI.J;HaJIbHOe cesenae paCCeHHHH HeHTpOHOB, OTHeCeHHOe K 3JIe

MeHTY TeJIeCHOrO yrrra df! H HHTepBaJIY 3HeprHH dE, COrJIaCHO 06l.lJ;eM 

.reopan BaH XOBa MO)l(HO sanacars B CJIe~YIOl.lJ;eM BH~e (cM.,HanpHMep(10/) :' 

d 20' P 1 N ~ 
--=-- L a i a j F ij (K , (jJ) , (1) 
dndE Po N i. j 

rne fi -; = PO - P H fi ú) = E O - E - H3MeHeHHe HMnYJIbCa H 3HeprHH 

HeHTpOHa npa pacceanaa, PO' E O = P~ 12m H ,P. E = P 212m - HM
v 

nyrrscsr H 3HeprHH nanaromero H pacceaaaoro HeHTpOHa, a a i - aMllJIHTY

zra pacceanaa HeHTpOHa na i -M anpe. KOppeJIHUHOHHaH <PYHKUHH 

-iúJt -iKr i (O) i~ rj (t)1
F ij (:, ú») =- J dte <e e > ==
 

2nfi
 -00 

(2)
~~ ~.... 

-i K r. iK r .
 
<e 11 e J
 >ú) 

onacsrsaer npOCTpaHCTBeHHO-BpeMeHHYIO KOppeJIHUHIO B pacnOJIO:>KeHHH 

anep, KOOp,lJ;HHaThl KOTOphlX B MOMeHT BpeMeHH t aanaíorca oneparopasra 
; i (t). Craracrauecxoe cpernree <... > BhlqHCJIHeTCH no paBHOBecHOMY 

COCTOHHHIO CHCTeMhl N qaCTHU. 

TIpe~nOJIO:>KHM, tITO nperaennaa 3aBHCHMOCTb rcoopnanar aTOMOB 

B CTeKJIe MO:>KeT 6hITb sanacaaa B 06l.lJ;eM BH~e: 

; i (t) =' li i + ~ i (t) + ti; i (t) •	 (3) 

rne li. = < rI' (t) > - paaaonecasre nOJIO:>KeHHH aTOMOB, rcoropsre 3Ma
1	 ~ 

IOT TOnOJIOrHqeCKH HeynOpH,lJ;OqeHHYIO ceTKY Y3JIOB B CHCTeMe, U i (t) 
cr-reruenae aTOMOB aKYCTHqeCKOrO 'FHna H Xi (t) - xaparcrepnsre ~JIH CTe

KOJI ~HHaMHqeCKHe CMel.lJ;eHHH, onHChIBaIOl.lJ;He CHJIbHO aHrapMOHHqeCKHe 

KOJIe6aHHH KBa3HJIOKaJIbHOrO THna. TIpoeKUHOHHhlH oneparop t i = 1, ec

JIH i -H aTOM ysacrnyer B KJIK, H t i = o ,lJ;JIH OCTaJIbHhlX aTOMOB. KOH

N 
ueHTpaUHH TaKHX aTOMOB, 00 = (l IN) ~ ti' 06hltIHO MaJIa: 00 ....10 -4,.	 .1 

HO 3aBHCHT OT MeTo~a npHrOTOBJIeHHH oõpasua. 
YtIHThlBaH (3), KOppeJIHUHOHHYIO <PYHKUHIO (2) aanaurer-r B BH~e 

~.... ~ 

.... -iK(R i -R j ) + + 
(4)F ij (K, YU) = e <A i B i \ A j B i > co , 

-lI-+ 
r~e	 

~~ 

il,<Ui i~; i ti íx X i 

A i e B. e == (1 - ti) + t i e (5)
1 

2 

Ynpyroe pacceanae B (1) onpenenaerca aCHMllTOTHtIeCKHM nOBe~eHHeM 

BpeMeHHoH KOppeJlHUHOHHOM <PYHKUHH B (2) npn t -+ 00. Bsnnrran yn
PyrHH BKJla~, onpenenar-r neynpyryio COCTaBJIHlOl.lJ;YlO pacceanaa. OHa ona
ChlBaeTCH KOppeJIHUHOHHOH <pYHKUHeH 

~ -+ ~ 

~ -+ -iK(Ri-Rj) -w i -Wj + 
Fi,(x,ú»)=e e e {<ôBilôBj>ú) + 

J	 • 

. (6) 
+ + . + 

+ fi f i < DA i IDAj >co + fi ..<aA i IaB J >to + f j <aBi Iss j >ú) I , 

rne onyurensr qneHhl c npOH3BeneHHeM ôA i oB i H naeneasr 0603HaqeHHH: 

~-+ 

iK U i -w i
 
<Ai> <;::e > = e ôA i = A i - <A i > ,
 

-+-+	 (7) 
íx X i
 

<B i > =(l-t i ) +t i <e > == f i' 5B i'= Ri -<Ri>'
 

YtIHThIBaH, qTO KOHueHTpauHH aTOMOB, yqaCTBYIOIUHX B KJIK, 06hltIHO Mana 

H nosroray f i "" 1, neynpyroe ceseaae paccernran 3amlllle~ B BH~e 

2u_) l+N(cu) ~ -w -w -iJ1"(R.-R.)( d :::L __ k' a a e l e je 1 J x 
dndE inel rrN lj i jPo 

(8) 

. 11 .... 22 (-+) 12 -+ 21"') Ix Im { X ij (K ,ú») + X' tj K, co + X ij (K, ú» + )( ii (I<, ú) , 

rne aseneasr ~HHaMHqeCKl1eBoCnpHHMqHBqcTH: 

ay ::: _ «C(a)+1 C(Y) » (9) 
X ij i J coI 

Bblpa:>KaIOlIJ;HeCH uepea zrayxaperaennste 3aIla3~hIBaIOIUHe t:PYHKUHH I'paaa: 

1111 (1) (2)	 -1 
«AIR»ú)' ,C 

i 
=oA i • C i =oB i ; N(ú»)=(exp(txu)-l] 

Ilepnsrü xnen B (8) orracsraaer ueynpyroe pacceaane aeírrpoaoa na axycra
QeCKHX KOJIe6aHHHX aTOMOB, BTOpOH - na KJIK, Tpenu1: H xeraeprsrâ - :H:H

Tep<pepeHI.U10HHoe neyrrpyroe pacceaaae. 

2.PACCEHHHEHEATPOHOBHÀKBA3HJIOKAJIhHWX
 

KOJIEEAHHHX
 

BBH~y HH3KOM KOHueHTpaUHH aTOMOB, ytIaCTBYlOlllHX B KJIK, MO/KHO 

npe~nOJIO:>KHTb, tITO B OT~eJIbHOM KJIK yuacrayer He60Jl~maH H30JlHpoBaH

3 



HaH rpynna aTOMOB, KOTOpyIO MO:JKHO paccsaarpaaars KaK "MOJIeKYJIY", 

B3al1MO~eHCTBYIOI.IJ;YIO c aKYCTl1qeCKl1Ml1 KOJIe6aHl1HMl1. Ü603,Haql1M KOOp

,lJ,l1HaThl aTOMOB, OTHOCHI.IJ;l1XCH K e-MY KJIK (e -H "MOJIeKYJIe"), KaK 

Xi (f) 11 aaener-r JIOKaJIhHhle nopraansnsre xoopnnna'rsr ,ll;JIH naaaoro 
KJIK: 

eÀ(e) = ~17 ;~(f)~i(e)J~. (10)
 
i
 ç; L 

rne ê ~ (f) - aercropsr nOJIHp113aI..J.l111 MO,ll;hl À ,ll;JIH i -ro aTOMa c vrac
COH Mi' H113KOJIe)IÇaI..I.U1e' MO,ll;hl B036Y:JKAeHl1H "MOJleKYJlhl" COOTBeTCTBY

IOT Cl1JIbHO aHrapMOHl1qeCKl1M KOJIe6aHl1HM B 3cPcPeKTl1BHOM HeO,ll;HOHMHOM 

noTeHI..J;l1aJIe U(e) (CM. /7/). B paõore /2/, narrpnraep, B KaQeCTBe TaKl1X 

B036Y:JKAeHl1H paCCMaTpl1BaJIl1Cb JI116pal.J;110HHhle MO,ll;hl rerpasnpa Si o 4 • 

Y~ThIBaH JIl1IlIb zraa H113IlIl1X ypOBHH, raMl1J1bTOHl1aH KJIK sanaurer-r B ncen
.n;OCnl1HOBOM npencraanenaa (CM." aanpnr-rep, /12/) : 

z "'x x '" z Z _h

H = LHe = LEeS e + l(ÀeS + x eSe )u(J?:), (11)ef f' f 
a "a a 

rne Se - oneparopsi crraaa S =1/2, E e = f 1 f -fof' À f ~ À e 
KOHCTaHThl B3al1MO,ll;eHCTBl1H KJIK c JlOKaJIbHOH ,ll;ecpopMaUl1eH u-(f t = u f1. (f) . 
C06cTBeHHhle aaepraa f ne 11 BOJlHOBhle cPYHKUl1l1 tf; ne rrsyx Hl1:>Ia-1l1X 

YPOBHeH n = 0,1 onpenenmorca 113 ypannenaa H etf;ne = f nf t/J nf . 
XOTH raMl1JIbTOHl1aH (11) l1MeeT 1'01' :JKe Bl1,ll;, , QTO 11 acnonsayer-rsiá 

B MO,ll;eJIl1 TYHHeJIbHhlX B036Y:JK,neHl1H, B HaIlIeH MO,ll;eJIl1 nCeB,ll;OCnl1HOBOe 

npencraanenae (11) HBJlHeTCH nnms Y,ll;06HOH cP~pMOH Olll1CaHl1H Cl1JIbHO 

aHrapMOHl1QeCKl1X KJIK. I1pl1 3TOM npn ycpenaenaa no pacnpenerrenmo KJIK 
6Y,ll;eM npennonarars, QTO, B OTlll1Ql1e 01' nocToHHHOH llJIOTHOCHI B MO,ll;eJll1 

rynaensru.rx B036Y:JK,ll;eHl1H, pacnpezienenae anepruü KJIK E l1MeeT rropen
ueBCKl1H Bl1,ll; npa E:s E O : 

P(E) = ~O L\ 
(12)

7T (Er-=--Ê)2~~ , 

c napar-rerpar-m pacnpeneneaaa: E r - xaparcrepaoü aaepraeã KJIK, umpn
HOH t1 .... E r 11 l1X KOHl.J;eHTpaUl1eH no = (N f / N) ; E O - MaKCl1MaJIbHaH 

anepraa KJIK (E O » E r ) . 
TIceB,ll;OCnl1HOBOe npencraanenae Y,ll;06HO TaK:JKe npn aHaJI113~ BOCnpl1

l1MQlIBOCTl1 (9) ,ll;JIH KJIK, nOCKOJlbKY II03BOJlHeT rrpencraaars oneparop 
B i B (5) B nane (CM., aanpar-rep, ;' 12/) 

-+-+
il( x . x z 

e 1 = ai (K) Ie + 2f3 i (K)S e+ 2'Yi (I()S e (13) 

rne aaenensr cPOpMcPaKTOphl ,ll;JIH e-ro KJIK: 
-+-+ 2 2 

,a i (I() = ~ r dee iK x i {I 1/1 O(e) I + I0/ ~ (e) I l , 

-{ 

-+-+ 

I d f e iK Xi f3 i (K) tP (e) r/J 1 (ç) ,o

(14) 

'Yi (K) = ..L rd é i:; i t [t/J O(e) I2 - 11/1 1 (e) I 2 } • 2 - se 

Bsrsacneaae cPopMcPaKTopOB rpeõyer onpeneneaaoã MO,ll;eJIl1 KJIK. B CJIY

uae ,ll;OCTaTO~O 60JlbllIOM BeJIl1Ql1Hhl no'rennaansnoro õapsepa, pasnenmoure
ro naa COCTOHHl1H: "rrenoe" 0/L(e) 11 "npaaoe" t/J R(e) , otienrca l1X l1MeeT 

BM,ll; (CM. /12/) 

a i (I() =:: COS (K di) " f3 i = i sin (I( di) • Y i (K) =:: p cos (Kd i) , (14a) 

rne 2d i - 06JIaCTb CMeI.IJ;eHl1H i -ro aTOMa npa KJIK, p = <o/L / o/R > 
- exp (- À) - MaJIhlH l1HTerpaJI nepeKphlTl1H• 

B npencraaneaaa (13) neynpyroe pacceamre na KJIK B (8) sanacsr
BaeTCH B aane 

L ~ + N(w) L 2(~~) I 0e(l() 1 ~ Imx~(w), (15)
düdE KJlK Po N f,a=x,z 

rne CTpYKTYPHhIH cPaKTOp ,ll;JIH f -ro KJIK 
-+-+
 

2 I ~ - -w i -iKR i (3 ( ) I 2
 
1la 

e 
x (K) I'&" aie e i K I + 

i G e 
(16) 

~ (Ti -2w· 
+ i .ç e ~ e . 1 113 i (K) I 2 , 

a la: (K) I 2 onpenerraerca (16) npn aaxreae (3 i (K) na Y i (K) ; ã i 

xorepearnaa aMIIJIl1TY,ll;a paCCeHHl1H, a (J i - aercorepearnoe cesenae pac

CeHHl1H nrra i -ro anpa. CooTBeTcTBeHHo, nepaoe crraraevroe B (16) orrncsr
aaer KorepeHTHYIO COCTaBJlHIOrn;yIO paCCeHHl1H. ,Ill1HaMHQeCKaH ~OCnpl1HMQH
BOCTb X Ê = - «Sp ISxe »w Onpe,ll;iJlHeT pesoaaacaoe pacoeaaae 
c B036Y:JK,ll;eHHeM KJIK, a X p = - <<ô Se! ôS f >> w - xaaaaynpyroe pac

ceanae, CBH3aHHOe c peJIa~CaUHeH KJIK. PaCCMOTpHM o6a nxnana, YQl1ThIBaH 

HBHhlH BH,ll; <PYHKUHH x~ (w) , nOJIYQeHHhlX B ofiurer-r nane ,ll;JIH raMHJIhTO-

HHaHa (11), nanpmvrep, B paõore 113!. ' 

,IlnH nonepevaoá BOCnpHHMQHBOCTH X ~ (cu) == x (cu) HMeeM 

COrJIaCHO /13/ npencranneaae T 

2w r T(w) 
Im X (cu) = ES ------------------- (17) 

T 2 
[E 2 -2wR (w) -w2]2+[2wrT(cu)~

T 

., 5 



I
 

rne S = - <8 é> <>< (1/2) th (,BE /2) - CpeLI,HHH saceneaaocrs 
H BBeLI,eHbI AeH:CTBHTeJIhHaH H MHHMaH 4aCTH MaTpHUbI penaxcarraa 
N T (CU + i s ) = 2R T (CU) - i2rT (cu) , onacsraaronreã B3aHMOLI,eHCT

. BHe KJIK c aKYCTHtIeCKI1MH Q:>OHOHaMli (AnH MeTaJIJIH4eCKOro 'CTeKJIa 
H C 3JIeKTpOHaMH npOBOLI,HMOCTH). TIpHBeAeM 3AeCb H3 /13/ JIHIllb nsrpaxce
HHe AJIH r T(CU) B CJIY4ae CJIa60H CBH3H KJIK c cPoHOHaMH: 

r (cu) = ~cth $EF"b (cu) "" ..!!-1\(j)DEZ(w)cth~, (18)T 4cu 2 p S 2T 

rne BBeAeHbI cnexrpansnaa rrnOTHOCTh arcycrasecrcax Q:>oHàHOB Z (cu) "" 
"" 3cu 2/ co 3 ,6e3pa3MepHaH KOHCTaHTa CBH3H A = (1/311) (cuD / cu c ) 2 

2/V), 2((Jo"" sqo' q~= (611 (1)~ =211 2S 5 p / \.\x 1 • 3LI,eCh s 

ycpenneaaaa CKOpOCTb 3BYKa, P = M/v - rrnOTHOCTb, v - 06'beM na 
OLI,HH aTOM. B3aHMoLI,eH:cTBHe KJIK c 3JIeKTpOHaMH npOBOLI,HMOCTH B crryuae 
MeTaJIJIH4eCKHX CTeKOJI cymecrseaao JIHIllh B ofinacrn HH3KHX rer-meparyp, 
E ~ 0,1 M3B (cvr., nanpar-rep, '14/), H n03TOMY LI,aJIee He Y4HTbmaeTCH. 

3aMeHHH reneps CYMMHpOBaHHé no e B (15) na HHTerpHpoBaHHe 
no 3HepI'HHM B036Y)f(,[I,eHHH: KJIK c pacnpenerrenaeicr (12), AnH cPYHKUHH 
pesoaaacaoro paccenaaa nOJIY4HM 

Eo 

S K nK (K , cu) = [ 1 + N«(d) 1 .r P (E) d E Ia : (K ) I2 1- Im X ~ (w) 
o r 11 

(19) 

r l ! N ((d) I < :G p (K) i 2 <, P _1__ o T (~ ). 
(r) O cu D 

TIpeLI,nOJIaraH, 4TO CTPYKTYPHblH cPaKTop (16) ue 3aBHCHT cyutecraenao 
2OT E, M~I BBeJIH ero cperiuee 3Ha4eHHe < ! G ê(K) !2 > e = (l/N p) f I GY 1

H ycpeAHeHHYIO 6e3pa3MepHYlO CneKTpaJIhHYIO flJIOTHOCTh COCTOHHHH:: 

f O (20)no adf • _. ~ th_f_ 2VY(f,v) > ,o T (v) {
11 (f - f) 2 i- ô 2 TT 2t [f2-vR(v)-v2]2+4v2y2(f,V)o 

r 

rne nnenensr õespaaxrepur.re neper-renasre: v = úJ / cu ' f = E / CU o ' ô=n 
= L\/cuD H t = ( 1/ (3cu n)' TIpH 3TOM 

Y (v, e-) "'" _1- f
T 

(cu) = 1\ 3 f V 2 cth ~- • (21 ) 
cu O S""': 2t 

B oõurer-r CJIY4ae aHaJIH3 4aCTOTHOH H rer-meparypaoá 3aBHCHMOCTH 
CneKTpaJIhHOH: rrnOTHOCTH (20) rpeõyer 4liCJIeHHOrO HHTerpHpOBaHHH. ,1lnH 
Ol.J,eHOK paCCMOTpHM ABa npenensnstx CJIY4aH: 

.1) y(v, s ) «f, y(v, s ) «a ~ f « 1 

B nepaor-r CJIY4ae npH6JIH)!(eHHOe HHTerpHpOBaHHe LI,HHaMH4ecKoH:' aocnpn
HM4HBOCTH LI,aeT 

n ÔD (v) ---?.th~ 
T (20a)

11 2t (f - v) 2 + ô 2 
r 

1
Bo BTOpOM CJIY4ae nOCJIe HHTerpHpOBaHHH no pacnpeneneamo P (f) ~ 

no Ô(f - f r) nOJIY4HM 

( 2( 2v Y(f r ,v)
\ o 

T 
(v) n th_r_ r ---------- (206)

o 2t 11 (f 2 - v 2)2 + 4v 2)12 (f ,v) 
r ' r 

CneKTpaJIhHaH nnOTHOCTh (20a) HJIH (206) MO)!(eT 6bITh LI,OCTaT04HO BbICO

KOH:, O T (v "" f r ) » no npa B « 1 HJIH Y (f r) «1 B 06JIaCTH t :5 f r . 
ConOCTaBJIeHHe ee C cPOHOHHOH: llJIOTHOCThlO COCTOHHHH: 6YLI,eT npOBeLI,eHO 
B pa3LI,~JIe 4. 

KBa3Hynpyroe 'pacceHHHe B (15) onpeLI,eJIHeTCH npOLI,OJIhHOH: BocnpH-
Z '13 IHM4HBOCTblO: X e(cu) == x L(W)' KOTOPYIO CorJIaCHO . npeLI,CTaBHM B BHLI,e 

cu r L (w) 
ImX (cu) = X o -~-_. (22) 

L L (j) 2 -r- r 2 (w ) 
L -1 

rne CTaTH4eCKaR npOLI,OJIhHaH BocnpHHM4HBOCTb X ~ :--: [4T ch 2( E/2T)] 
H 3aTYXaHHe,·.CBH3aHHoe c npOLI,OJIbHOH: peJIaKC<\l.J,HeH, HMeeT BHLI, 

I' (ru) = - _1_ ImN «(u) = -1._ I(l - th ~- cth E + --f!:!.) F" (cu + E) r 
. L Xo L Sw XO 2T 2T 

L L 

(23) 

(l - th..§.- cth ~~) F" (E - co ) I .
 
I 2T 2T
 

r 
<!>YHKl.J,HH F "(cu) .onaosraarouian B3aHMOLI,eH:CTBHe KJIK c cPoHoHaMH, onpe
LI,eJIeHa B (18). TIpH w o HMeeM r L (Ú) -4 O) ''" (1/2)cth(E /2T) F"(E) "'"-4 

= 2 r T «(u = E) . 
TIOLI,CTaBJIHH (22) B (15\) H BbmOJIHHH ycpennenae no 3HeprHHM E 

c cPYHKl.J,HeH (12) aHaJI.orH4HO (19), LI,JIH HHTeHcHB,HOCTH tcaaaayrtpyroro 
pacceaana nOJIY4HM 

J Eo 
4 , _1_ O (~_) r P(E) dE - Im X L (cu)

L o TTcu cu 
n n2) 0« 'f Ô « Y (li, (r ). 

r ' 
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li 

ir 
H 

no f O 8df 1 ~YL (11, d	 li1 
(24) 111 f -·----:-2 ;

tr ' (f - f) 2 + Ô "t ch 11 2 + y
L
2 (11

' 
f)

~D o r ~ ~ 2t 
rne saenem.r ôespaar-repm.re neper-renasre, KaK H B (20), H y L (11, i:) 
= rL(W)/CVD' YtIHThIBaH, tITO OCHOBHOH axnan B 

naer 06JIaCTb tIaCTOT 11 --+ O H rrorraraa Ô« f r H 

nOJIYlJlfM 

no 1 211 YR(f r ) 
DL (11) - ---- 

7Tt h 2 f r 11 2 + 4y 2 (f ) 
C 2t t r 

xaasaynpyroe paCCeHHHe .\ 
YL (11 = O, i:) = 2Y T (f r ) , 

:;1
(24a) 

i 
I 

BOJ1ee nOJIHhlH aHaJ1H3 HHTeHCHBHOCTH xaaaaynpyroro pacceaana (24) 

C ytIeTOM (23) rpeõyer tIHCJIeHHOrO HHTerpHpOBaHHH. Hercoropsre npenens
nsre CJIytIaH cPOPMYJIhl (24) paccr-rorpem.r B 161 ,lJ.JIH MO,neJIH TYHHeJIbHhlX 

B036Y)K,neHHH. B UeJIOM »ce 3KCnepHMeHTaJIbHOe naõmoneane xaaanynpyro
ro pacceanaa (24) npencraanaer aecsr-ia CJIO)KHYIO sanany BBH,ny ,nOCTaTOq IHO CHJIbHorO ynpyroro pacceHHH!I B crercnax (CM., HanpHMep,/21 ). 

J, 

3. PACCEHHHE HA <I>OHOHAX 

Heynpyroe pacceanae HeHTpoHoB na aKYCTHtIeCKHX KOJIe6aHHHx aTO

MOB onpenerrnerca nepasn-r tIJIeHOM B (8), KOTOphlH B O,nHOcPOHOHHOM npa
6JIH)KeHHH orracsrsaerca CJIe,nYIOIJJ;eH cPYHKUHeH pacceanna: 

N1 L a.a.eS h (K,	 w) = [ 1 + N(w)] 
p	 N ., 1 J 

1, J 

1	 --+--+ f --+ .....
x [ - - Im «K U i I K ti j » 

tr 

-w. 
l 

-w· -il1(R.-R.) 
e J e 1 J x 

(25 ) 

W + í e 
] 

. 

YtIHThIBaH, tITO B ,nJIHHHOBOJIHOBOM npH6JIH)KeHHH aKYCTHtIeCKHe CMern;eHHH 

aTOMOB npH6JIH)K~HHOonHChlBaIOTCH nnOCKHMH BOJIHaMH /8,91 : 

..... --+ 
iq R. a	 1 a 1 

U.	 ~ e À e U qÀ ' 
1 qÀ qJ NM 

cP0HOHHYIO cPYHKUHIO I'pnaa B (25) rrpencraaara B nane 

'~ -+ --+ --+ (26 )iq(Ri- R j) (--+ -+ )2 1_1--+ --+ 1--+ --+«ui K	 U. K» =- L e Ke qÀ
J W	 2NM qÀ	 2 - W ÀW q 

8 

rne M = (l/N) ~ M i - cpennaa vracca aTOMOB, e ~À H W qÀ "" S À q - BeKTO

pst nOJIHpH3aUHH' H tIaCTOThl aKYCTHtIeCKHX KOJIe6aHHH (À = 1,2 - nonepex
HhlX H À = 3 - npononsnsrx) , S À - CKOpOCTb 3BYKa. <I>YHKUHH pacceaaan 
B 3TOM npH6JIH)KeHHH npHHHMae'T.BH,n 

)S h(K, W 
p 

r,ne 

iG
qÀ 

(K) \ 2 

1 2 W 2
=[l+N/w)]-N' L 10 À(K)[ ----:- ô(w -w 

qÀ q Iw \ ' 

..... -+ ..... 
1 - -Wi -i (K -q} R. (~ê qÀ)

e 1= - f	 L a . e -=::-IN i } JM 
..... --+ 2 

ai -2w i (K e qÀ )1+-L -e --- 
N i. 4" M 

2 
À)' (27) 

q 

2 
+ 

(27a) 

- CTPYKTYPHhlH cPaKTOp O,nHOcPOHOHHoro pacceaaaa.fIepnstü tUIeH B (27a) 

onacsrsaer rcorepenraoe, a BTOpOH -HeKorepeHTHoe paCC~HHHe (cp. c (16) ) . 

Ycpe,nHeHHe CTPYKTypHoro cPaKTopa no HanpaBJIeHHIO BeKTopa pacceHHHH 

;; npnaoznrr K CJIe,nYIOrn;eMY'Bhlpa)KeHHIO ,nJIH cPYHKUHH pacceaana (27) 19/ : 

2
K Z(W) ~K HK 

Sph (K, cv) = [1 + N(cv)]"M- ~- [lo (K) + I O (K)] ,	 (28) 

rne nnenem.r CneKTpaJIbHaH nJIOTHOCTb cP0HOHHhIX COCTOHHHH: 

1 
Z (w) =	 -, L ô(lw I - cv qÀ ),

3N qÀ 

H CTPYKTypHhle diaxropsr xo repearaoro H 

B ,nJIHHHOBOJIHOBOM npH6JIH)KeHHH (q «K) 

cPOPMYJIOH 

~K 1 1 K 2 2 
I (K) = - r dz I [(K + q o	 2' o

-1 

1 2 --+ 2 --+ 2
x["2(l-z )(\e q 1 \ + \e q2 \ 

(29) 

nexorepearaoro pacceanaa. 
nepasrã H3 HHX orracsraaerca 

.1,1! 
+ 2 Kqz ) 1x 

(30)1 
2--+ 2 1 

) +z \e q3 I 1"" F.f dzIo(K + qz), 
-1 

rne q - cpe,nHHH HMnYJIbC rponoaa npn aanaaaoü tIaCTOTe ú) ~ sq , 

K 1 - - -w i -w· sin (KR i j ) 
lo (K) = - ~ ai a j e e J ---, R ij IR i - li j I (30a) 

N lJ K R ij 

HHTeHCHBHOCTb ynpyroro rcor-epearnoro pacceaana. Tlpa BhlBo,ne (30)
--+ 2 

6hillO YtITeHO, tITO B npenene ,ll.JIHHHhIX BOJIH Ie qÀ I = '1. Hexoreperrrasrã 
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1:[

·1
 
BKn~ B (28) nponopQHOHaITeH HHTeHcllBHocTH ynpy1'o1'o HeKo1'epeHTHo1'o 

pacceanaa: 

I HK (K) = -.!.. 2, ~ e -2w i . (31) 

O' N i 4" 
OTMeTHM, tITO rcorepearnoc pacceanae B CTeKJIaX HOCHT ,lJ.HePePY3HhIH xapax
Tep, nOCKOJIhI<y B HHX, B OTJIHtIHe 01' KpHCTaITJIOB, 3aKoH coxpaneaaa KBa

3HHMnYJIbCa :. = -;. ±"q (-; - aexrop 06paTHoH peiuerrca) ae BhlllOJI

HHeTCFí, XOTH OHO li HMeeT tIeTKO BhlpaJKeHHYlO 3aBHCHMOCTb or aexropa 
pacceanaa K (B OTJIHtIHe 01' aexorepenrnoro pacceaaaa) , onpenenaer-ryro 
xorepearnsna ynpyraxr diopr-npaxropor-r (30). Ka'K H B KpHctaITJIaX, pae
ceanae na rpoaoaax c q« K npoacxonnr "c nepeõpocor-r", K01',na HM

nYJIbC HeH1'pOHa OT,lJ.aeTCH aceü CHCTeMe. 

TaKHM 06pa30M, cYMMapHoe (KorepeHTHoe H HeK01'epeHTHoe) Heynpy

roe O,lJ.H0ePoHOHHoe pacceanae B CTeKJIaX OKa3bIBaeTCH rrponopnaoaarrsasrra 
HHTeHCH~lIoCTHnOJIHOrO ynpyroro pacceaaaa I O(K) : 

K 2 Z (cu)
S h (K, w) = [ 1 + N (á) )1 z:- -- 10 (K) , (32) 

p M 2ú) 

tITO n03BoJ1HeT paCCtU1TaTb ePYHKQHlO O,lJ.H0<P0HoHHo1'o pacceaaaa (32) ,eCJIH 

HH~eHcHBHoCTb I O(K) H3BeCTHa H3 He3aBHCHMblX H3MepeHHH yrrpyroro 
pacceaaaa (CM. /2, 9/ ). 

4. OBCY)I(,UEHI1E 

C01'JIaclJO nOJIytIeHHhlM B nacrornueâ paõore pe3YJIbTaT~M nOJIHYlO 

ePYHKUHIÔ aeynpyroro pacceanaa, ytIHThlBaH (8), (32) H (19), MO:>KHO 3a

TIHCaTb B anne 

, K 2 Z'(á)) x ) 2 1 (ú))1 (33)
S(~, ú)) =[l+N(ú))]\ -- --Io(K) +<\Qf (K \ >f --DT' - ,

M 2ú) ú) O W O 

rne Mhl ne ytIJIH BKJIa;::r.a HHTep<pepeHIUloHHhIX tIJIeHOa (cr«. (8)) H OnyCTH" 

JIH BKJIa,lJ. xaaaayrrpyroro pacceaaaa na KJIK (24). CpaBHeHHe ePYHKIUlH 

nOJIH01'O pacceaaaa (33) c 3KcnepHMeHTaITbHO H3MêpeHHoH HHTeHCHB

HOCTblO neyrrpyroro pacceaaaa H He3aBHCHMÓe BbltIHCJIeHHe O,lJ.H0<P0HOHHO

1'0 BKJIa,lJ.a (32) n03BOJIHeT onpenemrrs HHTeHCHBHOCTb ",lJ.06IDJotIHo1'o" 

pacceaaaa, xoropoe Mbl CBH3blBaeM c pacceaaaer-r na KJIK - BTOpbIM xne

HOM B (33). 

nO~06HbIH pacxer 6hIJI npoaenea B paõore /2/ npa aaanase neyrrpyro

1'0 pacceanaa B CTeKJIe Si02 •. TIOJIytIeHHhlH aBTOpaMH ,lJ.OnOJIHHTeJIbHbIH 

BKJIa,n B pacceanae ~Z (v) ... 10 -2 (TrQ) -1, KOTOphIH OHH CBH3aITH c JIO

KaITbHhlMH JIH6paQHOHHhlMH Korte6aHHHMH H30JIHpOBaHHOH rpyrmsr rerpa

3,lJ.pOB Si O 4' OKa3aITCH CpaBHHMhlM c nnOTHOCTblO l'YHHeJIbHhIX COCTQHHHH 

10 

B CTeKJIaX, H3BeCTHOH H3 ,lJ.pY1'Hx 3KcnepHMeHTOB, H n03BOJIHJI KatIeCTBeHHOf
;, q6'bHCHHTb H36hlTOtIHYlO B 3aKOHe LJ:e6aH ( ... T 3) reruroexncocrs, Ha6JIlO,lJ.ae
~ ; MYlO B CTeKJIaX npa T... 1 +- 10 K. AHaIT01'HtIHaH ,nonOJIHHTeJIbHaH nnor

HOCTb,KOJIe6aTeJIbHhlX COCTOHHHH: ~Z (v) ... (3-:- 4) ·10 -3 (M3B) -1, fla

6JIlO,naeTCH B MeTaITJIHtIeCKHX CTeKJIaX B 06JIaCTH 3Hep1'HH tú) ~ 10 M3B 

(CM. 0630p /1'1, § 7.6.3). I13MepeHHH JKe H36hlTOtIHOH TennoeMKOCTH, B03

HHKaIOmeH npa aMoPePH3aQHH MeTaJIJIHtIeCKHX cnnaaoa, npHMO yrcaasiaaer 
na KBa3HJIOKaJIbHhlH xaparcrep nOHBJIHlOmHXCH npa 3TOM ,nonOJIHHTeJIbHhIX 

KOJIe6aTeJIbHhlX B036YJK,lJ.eHHH (CM. /3/) . 

OQeHHM B CBH3H c 3THM ,lJ.OnOJIHHTeJIbHhIH BKJIa,n B pacceanae, oõyc
JIOBJIeHHhlH BTOphlM tIJIeHOM B (33). YtIHThlBaH HBHhle BhlpaJKeHHH ,lJ.JIH 

CTPYKTypHhlX ePaKTopOB npa paccernraa na KJIK (16) H na diononax (30), 

(31) , nOJIytIHM OQeHKY 

2<I Gê(K)1 >e 2 
--- ... n o <I I3 (K)! >0' (34)
lo (K) t t 

rne n e - cpennee tIHCJIO aTOMOB, ytIaCTBYlOmHX B KJIK. TIOCKOJIbKY cpen
nee 3HatIeHHe ePopMePaKTopa C01'JIaCHO (14) <113 (K) 12 >e .5 1, TO OTH,Ollle

HHe (34) 6JIH3KO K e,lJ.HHHQe. CJIe,lJ.OBaTeJIbHO, ,nJIH OTHOllleHl1.H HHTeHCHBHOC

TeH pacceanaa na KJIK H na ePOHOHax HMeeM OQeHKY 

SKnK (K,á))
 

S ph (K, ú))
 

TIOJIa1'aH snecs
 
M = 60 a.e.xr., 

~z(0 102 
(36)--- "'" -- D (v) "" -- no th -- ----~----, 

Z (v) v T v 2t (I: _ v)2 + B2 
r 

rne Mhl BOCnOJIb30BaITHCb oueHKOH (20a). CJIe,lJ.OBaTeJIbHO, B 06JIaCTH HH3

KHX 3Hep1'HH, v = (á) / ú)O) .... 0,1, ,lJ.OnOJIHHTeJIbHOe neynpyroe pacceanae 
aa KJIK CTaHOBHTCH cpaaaar-rsrr-r C pacceaaner-r na diononax ,lJ.aJKe npa HH3

KOH KOHQeHTPaQHH KJIK. Hartpnr-rep, npa no = 10-
4 

H v = I: r "'" 0=0,1 
B 06JIaCTH rer-meparyp t < v nonyxaer-r C01'JIaCHO (36) 

(1/ Ú)D) D T (á) / á) D) sz (v) 
(35) 

(K 2 /2Má)) z (ú)) Z(v) 

Z (á)) "'" 3ú) 2 / ú)~ H nsrõnpaa xapaxrepnsre 3HatIeHHH K "" 2A, 
l1wo = 30 M3B, nOJIytIHM 31i 2 K 2/ 2Mw O "" 10 -2 , TaK tITO 

10 2 v B 

I
I 

DT(v)!w O 
~Z(v) Z (ú)) "" 10-3 

--~-.--"" 

K 2/ 2Mw
( 

lfTO coornercrayer Ha6JIlO,lJ.aeMO~i B 

nnOTHOCTH COCTOHHHH. 

M9S -1 , (37) 

arccnepar-rearax /1,2/ ,lJ.OnOJIHHTeJIbHOH 

CneQHePHtIeCKaH rer-meparypnaa 3aBHCHMOCTb til (v /2t) B (36) CBH3a

na C nceanocnanoasn« npe,nCTaBJIeHHeM (11) (,lJ.ByxYPoBHeBhIM npH6JIHJKe
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HHeM) ,lJ,JI.I1 KJIK. B 60nee 06w.eH MO.ll.eJIH, YlfHTbIBaroW.eH 603eBCKHH XapaK
Tep B036Y)KJJ,eHHH ,lJ,JI.I1 CHnbHO aHrapMOHH'leCKHX KJIK, 3Ta 3aBHCHMOCTb OT
CYTCTBYeT. 3TY MO.ll.eJIb, a TaK>Ke 60noo .ll.eT8J1bHOe conOCTaBneHHe TOOpHH 
C 3KcnepHMeHTOM npe.ll.nonaraeTC.I1 paCCMOTPeTb B oT.ll.enbHOH pa60Te. 

B 3aKJ1lQqeHHe O.ll,HH H3 aBTOPOB (H.ll.) XOTeJI 6bI n06narO.ll.apHTb 3a 
rocrenpHHMcTBO nHpeKUHlQ HHH HM.B.lCHnpHqa, I'.ll.e 31'8. pa60Ta 6blJIa Ha
'laTa. 
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ByHulJH1l r .M., lIna~ H.M., CTllMeHKOBHq C. , PI7-86-761' 
Heynpyroe paccemme Hem:poHoB B CTeKJ1U 

PaccMOTpeHa MO.ll.em. CTeKJ1a, B KOTOPOH nOMHMO axycTH'leclCHX ¢lo
HOHOB yqHThmalOTCR CHnbHO aHraPMoHuqecKHe HH3KO'laCTOTHble KBa3WIO
K8J1bHble KOJIe6aHH.I1 (lOlK). 1l0nyqeHo 061Uce Bhlpa>KeHHe .ll.J1.I1 ceQeHH.l1 
Heynpyroro pacce.l1HH.l1 H npoBCAeHa oueHKa ceqeuHii paccC.l1HH.11 Ha ¢loHo
Hax H lOlK. 1l0Ka3aHo, 'ITO B 06naCTH HH3KHX :meprHii (2-3 M3B) 06a BKJ1a
.ll.! O.ll,Horo nOp.l1.ll.Ka .ll.a>Ke npH HH3KOH KOHueHTpaUHH ( -10.01) lOlK. 

.. 

Pa60Ta BhlnonHeHa B Ra60paTopHH TeOpeTH'lecKoH ¢lH3HKH OHHH. 

Coo6WeHHe O61.e.D.HHeHHOrO HHcnrryra JIJlepHl>lX KCCneJIOBaHHH.lly6ua 1986 

nepeBOA aBTOPOB 

Vuji<!i~ a.M., Plaldda N.M., 8tamenkovi<! 8.8. P17-86-761 
Inelastic Neutron Scattering in Glasses 

A model of glass is considered where in addition to the acoustic phonons 
strongly anharmonic low-frequency quasilocal vibrations (QLV) are taken 
into account. A general expression for the in~lastic-scattering cross section 
is obtained and the cross sections due to the phonons and QLV are evaluated. 
It is shown that in the low-frequency range (2-3 MeV) both the contributions 
are of the same order even for a low concentration ( -to -4 ) of QLV. 

The investigation bas been performed at the Laboratory of Theoretical 
.... I Physics. JINR. 

PYKOnHCb nocTynHna B H3.ll.aTeJIbCKHH OT.ll.eJI 

26 H0.l16p.l11986 rona. 
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