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1. Baell.eHHe 

CaoftCTB8 KpKCT8.Tl.TlOB 1 B 9.119M9HT8pHOft gqeftKe KOTOporo H8XOilKTCR 

HeCKO.TlbKO aToMoa, K3y'leHbi llOCTaTO'IHO xopo~o~~o. Oco6eHHOCTbiO cneKTpa aoa-

6y)Kil9HKii: T8KOft CHCT9Mbl RB.T1R9TCR H8.T1H'IK9 OIITKt:(9CKKX <i!OHOHHb!X B9TB9ft 1 

OTil9.T19HHblX OT 8KyCTK'19CKHX IUe.TlbiO, Be.TIH'IHH8 IU9.T1H 38B!!ICHT OT pa3HHUbl 

MBCC aTOMOB H CH.TlOBbiX IIOCTORHHbiX, npH T9MIIepaTypaX Bbllll9 TO'IKH Il.T18B

.T19HHR HC'I9389T ll8.TlbHHii: IIOpMOK B paCIIO.TlO>K9HHH 8TOMOB 1 qTO npHBOilHT K 

pRilY H3MeHeHHii: B (jloHOHHOM cneKTpe. B HacToRmeii: pa6oTe HayqaiOTCR Bbi

coKo'laCTOTHbie B036y)KIJ.9HHR B llBYXKOMIIOHeHTHOH )KHIJ.KOCTH npH TeMnepaTy

pax, H9CKO.TlbKO npeBbllll8lOIUHX TeMnepa Typy Il.T18B.T19HH g, 11 CC.T191l0B8HH9 KO.Tl

neKTHBHblX B036y)KIJ.9HKft
1 

Xap8KT9pH09 apeMR KOTOpb!X MH0£'0 M9Hblll9 xapaK

l'epH0£'0 Bp9M9HH llH4J(jly3HH ( .. to-l3CeK) 1 06bit:(H0 np01i3BOilHTCSI B KB83H

KpHCT8.Tl.TlH'I9CKOM npK6.TlH)K9HHH. B 9TOM rrpH6.TlH)KeHKH nono>Ke'IHR paeHoeecHSI 

Kone6.TIIOIUHXCR 8TOMOB HeiiOilBH)KHbl H pacrrpeiJ.e.TleHbl C H9KOTOpOH <i!YHKUHeii: 

g( R) • EcTecTaeHHbiM o6o6meHHeM KB83HKpHCTannHqecKoii: MOile.TIH Ha cnyqaii: 

llBVXKOMIIOH9HTHOft )KHIJ.KOCTH SIB.T1SI9TCSI BB91l9HH9 Tpex (jlyHKUHft pacnpell.e.Tle

HHSI: ll.TlSI OTHOCHT9.Tl' !I<' '0 p8CIIO.T10)K9HHSI 8TOMOB KB)KJl0£'0 COpTa H Jl.TlSI pac

IlO.TlO>K9HHSI 8TOMOB Oll.H0£'0 COpTa OTHOCHT9.TlbHO 8TOMOB llPY£'0£'0, 

!1cnO.Tlb30B8HH9 TBK0£'0 npH6.TlH)K9HHSI He ycTp8HS19T ace TPYilHOCTH, CBSI-

38HHbie C OTCYTCTBH9M Tp8HC.T1SIUHOHHOH CHMMeTpHH CHCT9Mbl, 06bi'IHO IIOT9H

UH8.Tl B38HM01l9HCTBHSI llBYX 8TOMOB H8 M8.Tlb!X paCCTOSIHHRX 6.TIH30K K IlOTeH

UHB.TlY B38HM01l9HCTBHR TBepllhiX c(jlep. 3TO 38TpyllHS19T paCCMOTpeHHe KB83H

KpHCT8.Tl.T1Ht:(9CKOii: Moll.em~: B rapMOHH'IeCKOM rrpH6.TIH)KeHKH. KpoMe .Toro a 

CII.T18B8X M9T8.Tl.TlOB
1 

KOTOpblMH RB.T1SI9TCSI 60.Tlb!UHHCTBO CM9IIIKB810IUHXCSI )KHIJ.-
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KOCTeil:, HMeeTCSI .QanbHO.Qeii:CTBYIOillee KynOHOBCKOe B38HMO.Qeil:CTBHe, 8 .Qanb

Heil:lll9M Mbl He oygeM K8C8TbCSI STHX BOIIpOCOB H IIpOBe.Qe.:l;! paCCMOTpeHHe 

.QnSI .QOCTSTO'IHO rna.QKHX KOpOTKO.Qeii:CTBYIOillHX IIOTeHUHanOB B rapMOHH'IeCKOM 

rrpHOnH)J{eHHH, 0.QH8KO rronyqaeMbie HH)J{e ljJOpMynbi MOryT Oh!Tb HCIIOnb30B8Hbl 

H B 00ill8M cnyqae. JlnSI 9TOrO IIOTpeoyeTCSI nH!Ilb BOCIIOnb30B8TbCSI MeTO.QOM 

rrceB.QOIIOTeHUHana .QnSI yqeTa KynOHOBCKOro B38HMO.Qeii:CTBHSI H IICeB.QOrapMO

HH'I8CKHM IIpHOnH)J{8HH8M .QnSI y'leTa CHnbHOrO aHrapMOHH3Ma KOneoaHHH a TO

MOB B paayrrOpSI.QO'IeHHOH CHCTeMe, 8 II,2 rrony'leHO Bbipa)J{eHHe .QnSI COOCTBeH

HhiX '18CTOT KOneoaHHA .QBYXKOMIIOHeHTHOil: )J{Jf.QKOCTH, D OCKOnbKY aHanH3 3TOrO 

Bblp8)1{8HHsi B OOilleM cnyqae 38Tpy.QHHTeneH, B II,3 paCCMOTpeHa O.QHOMepHaSI 

UeiiO'IKa C B3~HMO.Qeii:CTBH8M M8)K.Qy OnH)J{aH!IlHMH COC8.QSIMH, 8TOT IIpHMep 

HnnJOCTpHpyeT Ka'leCTBeHHhie OC008HHOCTH OCHOBHOrO pellleHHSI. 06Cy)J{.Q8HHe 

IIpOBO.QHTCSI B II,4, 

Chi 

2, JlHCII9pCHOHHaSI 3aBHCHMOCTb B JlBYXKOMI!OH8HTHOH 

)J{H.QKOCTH 

PaccMoTpHM CHCTeMy Nl aTOMOB MaCChi M I H N2 aTOMOB MaC-

M2 B3aHMO.Qeii:CTBHe M8)J{.QY KOTOpbiMH OIIpe.QenSieTCSI IIOTeHUHanaMH 

VII , V 22 , V 12 , faMHnbTOHHaH CHCT8Mbl 3aiiHlll8M B BH.Qe: 

··-.. 
N t ->p 2 N2 ->2 N t -> ... 

H ~ I ~ Ps l ~ It ( R ... ... ) 
= ~ 2M+=: 2M +-2 V ~-Rs+ul-ul + 1- t J-1 2 I j 

N N t N2 N N 
(I) 

I 2 22 ... ... l 12 ... ... 2 I 21... ... 
+- l V (R -R +u -it)+ --l l V (R -R.+.t -~.)+Lll V (R -R.+~ -~ ), 

2 1.f,. j I i I i 2 1=1 i=l I l I l 2 I= I i=l I J 1 l 

... ... ... 
r11e p1 - HMrrynbc aroMa i , R 1 - rrono)J{eHHe pasaoaeCHSI aroMa, u 

1 
-

CM9IlleHHe H3 IIOnO)J{eHHSI paBHOBeCHSI, DocneJlHHll 'lneH B raMHnbTOHHaHe BBe

AeH AnSI CHMMeTpH3aUHH .QanbHeii:!IlHX BbiKnaAOK, 

Orrpe.QenHM ljJypbe-rrpeoopaaoaaHHe rroTeHUHana aaaHMoaeii:CTBHSI 
a ......, ....., ....., 

...... (217) ... lk(r 1-r 1) 
V(r 1 -r.)=-N ~V(k)e . (2) 

J k 

4 

·~'· 
1lJ, 
-~ 
•I 

·,:.t,. 

l, 

··~ 

., ~-

: 
,•.' 

~ I i. 

·~ 

l
~~i~ 
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3JleCb HMeeTCSI B BHJlY rrepeXOA OT HHTerpHpOBaHHSI K CyMMHpOBaHHIO, D09TOMy 

. (217 )3 
rrepeA aHaKOM cyMMhi nosiBnS!eTCSI MHO)J{HTenb N . nonaoe 'IHCno aTOMOB 

B CHCTeMe N , 0o'beM Ha· OAHH aTOM rronaraeM paBHbiM 8.D.HHHUe, DonO)J{9HHSI 

paaHoaeCHSI.aTOMOB C'IHTaeM pacnpe.QeneHHhiMH c i]JyHKUHeil: f 1~K' (R1 
R

1 
), 

aepXHHe HH.D.eKCbi KOTOpoil: ITpHHHMa!OT 3Ha'leHHSI 1 ,2, B 3aBHCHMOCTH OT Cop

Ta aTOMOB /l/, 8TO AOIIYill8HHe COCTaBnS!eT OCHOBY KBa3HKpHCTannH'I8CKOrO 

npHonH)J{eHHSI. DpHHUHrrHanbHhie rpyAHOCTH onpeAeneHHSI ljJyHKUHH pacrrpe.nene-

HHSI a.necb He o6cy)J{IlaJOTCSI. 

3arrH!IleM raMHnbTOHHaH (1) B BHAe: 

......, ....... -+ ....., ...... 
Nt ... 2 N ... 2 

PI 2 Ps 3 NK NK' _, ' ... _, , lk(RI-Rj+uf-uj) (2 ) 3... 3 KK KK ... 

-;-I, l l .I Jd R 1d RJ11 (R1-R1 )V (k)e • (3) H .. I--+ I-+ 
l=•t 2M I l=t 2M2 N KK k I J~l 

M HO)J{H renb 
l 

T ITOS!BnSieTCSI H3-3a .QBOHHOrO HHTerpHpOBaHHSI ITO OO'heMy ... ... 
N ljJyHKUHH, aaaHCS!Illeil: ronbKO or paaHOCTH Koop.nHHaT R 1 - R 1 • Bae.neM 

ljJOHOHHhle nepeMeHHhie, ITOilOOHbie KaHOHH'IeCKHM nepeMeHHbiM KpHCTannH'IeC-. 

KOti pellleTKH (eM,, HarrpHMep, /2/) 

->a u, l 
"'-=.I yN k 

... a -i I 
p =-= k fv'N 

a ....... 
e ( ( j ] jk) lk R I 

+ a 
e 

e -
v'M I 

([i]!k)v'~ 

... 

A (k), 

-lk R
1 

e B ( k ), 

.... 
rAe k o6oaHa'laer rrapy ~k , j) k - BOnHOBOil: B8KTOp, 

neoaHHti HnH HOMep BeTBH, 

( . ( 4) 

- THIT KD-

Orrpe.QeneHHe BeKTOpOB nonS!pH3aUHH, BBe.QeHHOe 3.[1.8Cb, HeCKOnbKO OT

n!i'laeTCSI OT OObi'IHOro, Jleno B TOM, 'ITO B BbiopaHHOti CXeMe paCCMOTpeHHSI 

paaynopS!Il0'18HHOil: ABYXKOMITOHeHTHOJ.i CHCTeMhl Henb3SI BB8CTH ITOHSITHSI ane

MeHTapHOH Sl'leHKH C oaaHCOM. Do9TOMY Mbl BBenH B Ka'leCTBe apryMeHTS 

BeKTOpa IIOnS!pH38UHH <jlyHKUHIO ( i ] , KOTOpaSI rrpHHHMaeT 3Ha'leHHSI 1 HnH 

2 a aaBHCHMOCTH or roro, K KaKoMy copry rrpHHaAne)J{HT aToM. B cnyqae ...... 
lkrK 

pe!IleTKH C oa3HCOM TaKOe OrrpeAeneHHe 3KBHBaneHTHO SaMeHe e(K!k) ... e(K!k)e , 

rAe 
... 
r 

K 
- pa.nHyc-BeKTOp aTOMa K B sneMeHTapHoil Sl'leii:Ke. 0'1eBHilliO, 
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'ITO TaKaS! 3aMeHa He HapywaeT CBOfiCTB ITOJJS!pR38UROHHb!X B8KTOpOB 1 8CJJR 
+ 

nocnenHRe Bhi6pttHhi TaK 1 'IT06bi e ( k) = e (- k ) • n o-npe)I{HeMy RMeeM yc-

JIOBRSI 38MKHYTOCTR 1i opToaopMRpOBaHHOCTR B BRne: 

+ k 
lea (KI. )e 

K,a J 

k 
a(KI )=o., 

j , JJ 

1i k 
I e (K I . 

J 
{3, k -0 0 

) e ( K I · ) - a{3 KK 
J 

(5) 

PaCKJ!allbiBaSI ITOT8HUR8JibHYJO SHeprRJO B pSin ITO CM8IIJ8HRSIM li ITOJ!b3YS!Cb OIT

peneJJ8HRSIMH ( 4) 1 nepenuweM raMHJJbTOHHaH B cpoHOHHhiX nepeMeHHbix: 

l + 00 l KK' 
11=-

2 
IB (k)B(k)+ l, l -V (k 1 ... k )A(k

1
) ... A(k ), 

k KK n= I n! n n n (6) 

rne 

KK (2rr) 3 NK NK, 

V (k
1 

.... k )=(-)I I I 
n n N E mf,E <? 

3 _, 3_, KK _,. ...,... KK, _., 

I d Rr d R m f Cm ( Rr Rm ) v ( q ) X 

..., _, ; ,n a a 
lq (Rf- Ill' n i q b Em 

x e 1=1 

a a ik.it 
"rrn ( k) ~ ~f ]k)e e . --- -

V Mf N 

( k I ) ,, 

~ 7 

ikR 

ea([m]lk)e m 

yM N 
m 

Oneparopbi A ( k) H 8 (k) o6nanaJOT cnenyiOlliHMH caoticraaMH: 

[ B(k )A+(k)l=o , , [ A(k )A (k ') ]= 0, [ B (k )B (k ') ]= 0, 
kk 

+ + 
A(k)= A (-k), B(k),-B ( -k). 

PaccMoTpRM ypaaaeaue nnSI cpyHKURH fpuaa 

+ 
(t-t')=«A (k,t); A (k',t' )». {; 

kk 

6 

(7) 

(8) 

(9) 

·~ 

'.

;.'' 

. 
' __...__ 

H3 ypaBHeHHH nBH)KeHHSI nnSI oneparopoa A(k,t) 

J"OBCKOM npencTaBJJ8HHH C raMRJ!bTOHHaHOM (~): 

d 

1 B(k,t) B rafi3ea6ep-

iJt A(k,t)=B(k,t) 

d "" l KK 
id-B (k,t)= I, l(--)

1
l Vn (-k.k

2
, ... ,k )A(k

2
) ... A(k ) 

t KK n=l n-1 .k2'"kn n n 

(10) 

nony'laeM ypaBH8HH8 ~JIH cpyHKURH fpRHa (9): 

(i _dd )
2 

G ., (t -t ') = o (t-t ')o 
t kk kk 

+I I :?ri VK~ (-k,k ... k )x 
, n=l n · k .. k n+ 1 n 

KK I n 

+ 
X« A ( k 

1
) ... A (kn ); A ( k ', t' ) >>. 

( 1 i) 

KaK R a cnyqae KpHCTaJJJJH'IeCKOH peweTKH 1 Mhi nonaraeM paBHbiMl! ayn 

'IJJ8Hbl B pa3JJ0)1<8HHR SH8pJ"RH 1 JJRH8H!Ibl8 ITO CM8IU8HRSIM aTOMOB. TI03TO 

CYMMRpOBaHH8 B ITOCI18llH8M Bb!pa)K8Hl!l'l H8'1HH88TCSI C enRHHUb!, 

C OBepruaSI cpypbe-npeo6pa30BaHH8 cpyHKU\{Jil fpHHa 

00 , 

1 -lw(t-t ) 
G ,( t- t ' ) = - J e G , ( w ) d w • 

kk 217 "" kk 

B rapMOHw<~eCKOM npR6JJH)K8HHH nonyqaeM nnH cpyHKUHR Gkk 'I'( (d ) 

HHe 

w
2 

Gkk' (w) =Okk'+ l 
KK' 

l VKK ( -k . k ){; 
k J 2 J k! k 

( uJ ). 

(12 

ypaaae-

( 13 

PaccMoTpHM MaTpHUY V~K (-k, k ') nonpo6aee. Cornacao onpeneneHHJO (7) 

HM88M: 

, (2 ) 3 NK NK , , ~ -> -> 

V KK ( k k , ) - 77 ~ .., .., I d 3 R d 3 R f KK ( R R ) V KK ,( ) I q ( R f - Rm ) 
2 - ' - -3 r m1E "1 f m fm f m q e N . q 

iqa iq{3(~([P]Ik_l__ e-ikRf_ :U([~]Jk)_ e -lk'f:J( J3 ~f]IJ~..:_)Pl~,~-
yMp yMm yMP 

(1 -•, ... 
P ([m]lk) lk Rm ----e v'M m 

BseneM cpyHKUHJO pacnpeneneHHSI 
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N N ' , _, __, K 

gK K ( R R ' ) =· I 
K ' -> 

I r KK < R 
i=l lj I 

.. ll. ll. ,!l ·, > 
1 

1=1 

H onpe~enHM ee $ypbe-npeo6paaoBaHHe 

KK 
g (R)= I Kk 

q g ( q ) e 

... ... 
-I q R 

Onpe~eneHHe ¢YHKUHH pacnpe~eneHHH (15) 8KBHBaneHTHO o6hiqHoMy: 
N N • , I K K ............ 

gKK (R)= < -N I I 0 (R-RI +Rj)>, 
K 1=1 J=l 

(15) 

(16) 

HO BBe~eHHe npoMe*yToqHoa $yHKUHH pacnpe~eneHHH f noaBonHeT 6onee 

ecTeCTBeHHbiM o6pa30M nepeii.TH OT CyMMHpOB8HHH no paBHOBeCHbiM nonO*e

HHHM 8TOMOB K HHTerpHpOB8HHIO no o6'beMy CHCTeMbl: 
KK' 

EcnH BepXHHe HH~eKCbl M8TpHUbl V 2 (-k, k) COBITa~aiOT, HanpHMep, 

K= K , 1 , BhiPa*eHHe ( 14) c yqeroM onpe~eneHHi1 · ( 15) H ( 16) npa-

HHMaeT BH~: 
3 

v2tt (-k, k ')=~.::1. ~ 
N~ <I 

.............. , 
_, _, _, _, 1 I lq (R-R ) 

JlRd
3
R'g

11
(R-R')V (q)e iqaiqf3 

-t<l 
....,._,. -+-+, 4,-+ f3 -lkR -lkR lk R 

O!k)e O!k')(e -e )(e 

... 
11i'R' 

-e ) = Mtc 

·a 
= (

217
) ~ ~ f d 

3 R d 
3R ' g 

11 
( q ' ) V 

1 1 
( q ) i q a i q f3 e -t<l 0! k ) e f3 01 k ' ) x 

N 3 -· _,., q q 

1 I tc;:-;:·>c;-~·> 
M;" e e 

1;(;._;) -+ --+... ....,. -+ , 
l(q-q )(R-R ) 

....,. , ... , ·-l> -· --+, .... .... , -1 ...... , _,. 
IR (k -k) l(q-q+k)~-R ) tk(k -k) 

+e e - e e e 

•<~r-~+Jt><~-; '> .~ '<;_;,, 
-e e l = 

( 17) 

= (2~) 
9 
~ I gl 1 ( q ' ) V 11 ( q ) i q a i q f3 ,. -t<l (l I k)e f3 01 k ') Ml 8 ( k-+- k-+ ' ) X 

N .. -+, 
Q q 1 

X 12 8 ( q - q .. ' ) - 8 (q -~' + C> - 8 ( q
4

- q '+ k~) l. 

8 

'if\'\ 1 
,.'·L'•·,; t~: .. :· 
''tt_;·l'i 

' ' ,. 
;\)1 

' ~\l. 
'',,I 

' 

~~· I 

\· 
L I' 
·~1.' 

·l 
,•t,.-

I ( 

. ·~ 

l 
( 
f 

I 

12 
V· 

2 

9 

(-k,k ') .. (2rr) I :I g 12 (q ')V 12 (q)iqa iq,B8(k-k ')x 
N 

3 .... -+, 
q q 

I e +a(1Jk)ef3(1Jk':J 0 (q-q ... ')- ta (~ (lJk) 0 (q ... -q '+ k)-
M1 yM1 M2 

e +a(llk)e,B (2Jk') 8 (q-q '-k) + 

v'M1M2 

+a 
e (2Jk)e ,B(2Jk') 8 (q-q') I. 

M2 

( 18) 

22 
MaTpHUbi V 

2 
(-k,k') 

21 
HV2(-k,k') H8XOaHM C noMOllibiO ¢opMyn (17) H 

(18) npOCTOH 38MeHoii. HHaeKCOB, 

3aMeTHM, qro VKK (-k,k '), o (k-k') . 3ro cne~CTBHe 3aKOHa coxpa-
2 

HeHHH k (HO He KB83HHMITynbC8 1 K8K B cnyqae KpHCTannaqeCKOH pellieTKH). 

fl08TOMy pemeHHe ypaBHeHHH ( 13) HMeeT BH~: 

1 
G ( w) = ---·----

kk 
2 

w - I VKK 
KK' 2 

(-k, k) 

;'' 

{19) 

floniOca $yHKUHH fpHHa (19) onpe~enHIOT cneKTp B036Y*~eHHH paCCMaTpHBae-

MOM CHCTeMbi: 

w 2 
,. I 

k KK 

KK' v (-k. k), 
2 (20) 

9 



2 
wk 

SIBnSIIOTCSI co6CTBeHHbiMif 3Ha'!eHIISIMII, a ea (K I k ) - co6crseHHhiMif BeK-

ropaMH ypasHeHHSI 

2 a KK' f3 , 
w ( k) e ( K I k ) == ;, D af3 ( k ) e ( K I k ), (21) 

KK 
rAe D a{3 ( k ) - AIIH8MII'!eCK8SI Ma TpHUa, aneMeHThl KOTOpoil orrpeAen~l!OTC S1 

Bbip8)KeHIISIMH (17), (18) II ycnOBHSIMII (E): 

a a f3 ...,. . ...,,.. 
tt (217) 11 11 ! It(_.)[ tt -+) _.It-+ _.tt-> )] 14..., 12(_.) 2t_.) 21(...._. 1 D {3 (k) == -- I ~ V q 2 g (q - g (q+k )-g (q-k + V ~q1g q + V ~q g q/ 

a N -q M I 

I 2 .,3 
Da(3 (k) "'- (2rrJ N-

a {3 -+ -+ * q q- I v 12 ( q) g I 2 ( q- k) + v 2 I (q ) g 2 I C~p k ) I 
q y'MtM2 (22) 

3 a{3 -+ 2 2 (217) 11 o· 2 2 -> 2 2 ""'I 2 2 -+ 2 2 -+ -+ 12 -+ 12 2 I -+ 2 I -+) 
D f3 (k) = -- I J.....L.. ! V (q )[2 g (q,- g (q+k) -g (q-k)]+ V (q)g (qh V (q)g (q I 

a N -q M2 

0 21 (k)= _(277f 2 lit y21(q)g 21(q-k)+V t2(q)gt2 Cif-+k) 1. 
af3 N ;{y~ 

2 1 

YcnosHeM cymecrsosaHIISI peweHIISI OAHopouHoro ypasHeHIISI (21) SIBnSieTcH pa-

BeHCTBO Hymo AeTepMHH8HTa 

10 

I DKK ' ( k)- w 2 0 0 I = 0. 
af3 af3 KK' (23) 

DO/lCTaBnSISI Bblp8)KeHIISI (22) B (23) II pelliaSI rrony"'eHHOe yp8BH9HII9 

OTHOCIITenbHO W 
2 

, orrpeAeniiM IICKOMYJO AllcrrepCIIOHHYJO aasiiCIIMOCTb, TaK, 

JlnSI IIpO/lOnbHhiX OIITII"'eCKOH If aKyCTII'IeCKOH BeTBeil nony'!HM: 

It 22 ---------------------
w 2 (k) = D +U + v' _! (DII + 022 )2- Dll D22+ DI2D21 

2 - 4 ' (24) 

I'/le 

3 ( ) 2 .... 
Dtt(k)== (277)'I .!_ __i.k__{ytt (<j)[2glt(q)-g"Ui+k)-gu(<f-k)l+ 

N ;; M
1 

k2 

+ v 12 (q) g 12 ( q) + v 2 1 ( q) g 2 I ( q) I. 

Dpo113Be/leM rrepexo.ll or cyMMIIposaHIISI 
3 -> 

(277) I _. J d q 
N ~ 

K IIHTerpHpOB8HIIIO 

11 c yqeroM orrpe/leneHIIil (2), (16) rrony'IIIM: 

D
11

(k)=.1. Jdtl{g 11(R)[I-coskR]¢ 11 (R)+g 12(R) ¢ 12(R)+g21 (R) ¢ 21 (R)I. 
Mt (25) 

3AeCb 

¢KK'(R)._t_ yKK'(R). 

aR2 

12 2 -> 1 2 12 -> -> 
D (k ) = -==.-:. J d R ¢ ( R ) g ( R ) cos k R • 

v'MIM2 (26) 

22 21 
nnSI D (k) II D (k) IIMeeM aaanOI'II'IHbie Bbtpa)KeHHSI. ¢yHKUIISI (J) 

2 (k) 

HeO/lH03H8'1H8. nnSI K8)KJlQI'O 3H8'1eHIISI k IIMeeTCSI AB8 peweHIISI ypaBHeHIISI 

(23), COOTBeTCTBYIOtUIIX OIIT11'19CKOH II 8KYCTH'IeCKOH BeTBSIM aneMeHTapHbiX 

B036y)KAeHIIH, 8 cny"'ae KpiiCTannll"'eCKOH peweTKII MQ)KHQ Bbi6paTb OAH03-

H8'1HYIO 4JyHKUIIJ0 0 p8CCM8TpiiB8SI C06CTBeHHhle '18CT0Thl B CXeMe paCIIIIIpeH

HhiX aoa. OrcyrcTBHe yrropSIAO'IeHHocTII B )KIIAKOCTH nenaeT HeB03MO)KHbiM 

TaKoe paccMorpeHIIe, T,K, rroHSITHe aoHhi EpHnnJOaHa B aToM cnyqae He orr

peAeneHo, Mbt ornmKIIM o6cy)KJleHIIe aroro sonpoca AO cneAyJOruero paanena, 
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rae 6yaeT paccMoTpeaa oaaoMepHa~ paaynop~ao~eaaa~ ueno~Ka, an~ KOTopoA 

peweaHe oTnH~aeTc~ 6onhwefi aarn~aaocTh~o 

3o flHH9HH8SI ueno~Ka 

PaccMoTpHM nHHeAHy~ ueno~KY 2N 8TOMOB asyX COpTOB C M8CC8MH 

m H m 0 ATOMbi oaaoro copTa pacnono>KeHhi noo~epeaHo c aToMaMH 
I 2 

apyroroo Ka>Kabtfi aTOM saaaMoaeikTsyeT TOJihKO c 6nH>K8HlliHMH coceaHMH, 

rroTeHuHan B38HMoaefiCTBHSI V ( r) o PasHoseCHbie nono>KeHH~ aTOMOB <iJHK

CHpOB8Hbl 1 R 38/l8H8 cPYHKUR~ pacnpe!leneHR~ OTHOCRT9J1bHbiX p8CCTO~HHH Me>K-

ay rrono>KeHR~MR paBHOBeCH~ cocellHRX aTOMOBo OrpaHH~RMCH paccMoTpeHHeM 

CRCT9Mbl B rapMOHR~eCKOM npH6JIH>K9HHH 1 rapMOH!t"19CKY~ CHJIOBY~ llOCTOHH-

ay~ o6oaHa~HM a . 

faMRJ1bTOHH8H 3811Hlll9M B BRae: 

2 

p2n+l a ---+-
N 

I 
2 2 

I [(u-u )+(u -u )] 
K,l,-1 2n 2n+ K 2n+1 2n +I+K 

N Pin ~ 
H=l ---+ l 

n,O 2m
1 

n=O 2m
2 

4 n=O 

=~LB+(k)B(k)+~£ l !_l [U(~~-Ik!R2n e(2lkt) 1~~n+K 
k 4 n=DK=t,-tN k k 

1
_ 12 _1-M e ----e :\(11 1 ) 

I' 2 - • v I \}M2 

e(2l!. 1 ) tk 1 R 2n+l e(llk 1) 
+ !1 ( ---- c - ----

1=1,2 -'M vM" Y 2 I 

lktR:Jn+l+K 
e )A(k

1 
)] • 

(27) 

CMbiCJI BC9X BBeaeHHbiX aaecb BenH~HH TOT >Ke, ~TO H B COOTB9TCTBYlOIUHX 

cl>opMynax no2. Onpe!lenHM napHy~ ljlyHKUH~ pacnpe!leneHHH 

N 

g(R)=.!_ 
N 

l < o (R-R 2 +R 2 1)+ o(R-R 2 +R2 1) > 
0 

n n+ n n-
n= 

li 38111illl9M raMRJlhTOHH8H B Bli/l9! 

J
2 

f dR dR 'g (R-R ') [!I ((ll~ 
1=1,2 VM: 

I 

H = J:- l B + ( k ) B (k ) + ~- l 
k '~ klk2 

tk 1R 
e 

e(21 k1 ) tk
1 

R 

---e )A(kt )+ II ( c(~~) elkiR- e(llkt) e tkiR )A (kl )]. 

t=l,2 \}M \}M v'M 2 2 I 

12 

(28) 

(29) 

Tionh3YHCh npaBHJ18MH KOMMyTaUHH onepaTopoB A (k) , B (k) , nony~HM anH 

9J19M9HTOB aHH8MH~eCKOH M8TPHUbl CJ191lY~UIHe Bb!p8>K9HHSI! 

2a 2a 
0 =-, D .. -, 

It M I 22 M2 

a 
0 = 0 .. - -- I d R g ( R) cos k R. 

12 21 VMtM2 (30) 

PellleHHe aeTepMHHaHTHoro ypasHeHHH (23) B aToM cny~ae HMeeT BHil! 

w 
2 

(k ) • a ( _l_ + -
1
- ) + a V ( !_ - Ml ) + -\r [ I d R g ( R ) cos k R ] 2 • 

Mt M2 - Mt 2 M I 2 
( 31) 

3To pellleHHe npu M 1 = M 2 npHHHMaeT ljlopMy, xapaKTepay~ anH KB83HKpHc

Tannu~ecKofi Moaenu 

w 
2 

(k) ""-w f d R g( R) 0- cos k R ). 
( 32) 

Cc!>opMynupyeM Terreph npasana Bhi6opa aeaaBHCHMbiX pellleHHH ypasae

HHSI (23) o CucTeMa N ~acTHU llOJ1>KHa HMeTh N aeaasHCHMblX pellleHHH. 

TaK, nuaefiHaH ueno~Ka OllHHaKOBbiX ~aCTHU HMeeT co6cTseHay~ ~acToTy w (k) 

anH Ka>Kaoro H3 N aaa~eHHA k • flHH9HH8SI UenO~Ka H3 2 8TOMOB aByX 

copTOB HMeeT 4 N pelll9HHH 1 110J10BRH8 H3 KOTOpb!X He SIBJISI9TCSI H938BHCH-

MbiMHo 

Bbi6epeM B Ka~eCTBe H938BHCRMbiX pellleHHH ypaBH9HHSI (23 r Te pellle

HHSI, -KOTOpb!e B npeaene M 1 -+ M2 onpeaenH~TCH ct>opMynofi (32) anH oaao

poaaofi ueno~KHo Ha pH co 1 aao6pa>KeHhi aaBHCHMOCTH w (k) ang aToMHofi 

H llBYX8TOMHOH U9110~9Ko TiyHKTRpH8H JIHHHH COOTB9TCTByeT OT6pOlll9HHhlM pe

llleHHHMo B TpexMepHoM cny~ae He3aBHCHMhie pellleHHSI Bhi6Hp810TCSI 110il06HblM 

o6pa30Mo 

4o 06cy)!{!leHHe 

Tiony~eHHble B KB83HKpHCT8JIJIH~eCKOM 11pH6JIH>KeHHH pellleHHSI (24), (31) 

CBRil9T9JlhCTBY~T 0 TOM, ~TO B CI19KTpe llBYXKOMITOHeHTHOH >KHilKOCTH HMeeT

CSI !U9Jlb M9>Kily OllTH~eCKOH H 8KyCTH'l9CKOH B9TBHMH 9J19M9HT8pHbiX B036y>K

Il9HHH. 0CT89TCSI1 O/lH8K01 H9BbiSICH9HHOH ponb llH!jlcPY3HH 1 y~eT KOTOpol!: MO>KeT 
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. -u 
:s: 

0.. 

npHBeCTH K cymecTaeHHbiM H3MeaeHHHM B cnexTpe. PaccMoTpHM JlBa paapbiBa 

JlHCnepCHOHHOA KpHBOft llpH 3H8'19HHHX k 1 pacnonolKeHHbiX B o6naCTHX, Ko

T0pbl9 COOTBeTCTBYIOT 1-A H 2-A 30HaM opHnn108Ha B KpHCTanne, ci!H3H'IeCKH 

CKa'IOK JlHCnepCHOHHOA KpHBOA 03Ha'laeT, 'ITO npH HeKOTOpOM 3Ha'leHHH k~ 

MoryT pacnpoci·paHHTbCH " THna aona pa3nH'IHOR aaeprHH. Macca aToMoa, 

xone6niOillHXCH B K8lKJlOA BOnae, pa3nH'IHa, TaKaH CHTyaUHSI B03MOlKHa nHWb 

npH aanH'IHH xorepeHTHOCTH a xone6aHHSIX 6onbiiioro 'IHCna 'laCTHU. B lKHJl

KOCTH npH ManbiX k ( nepBblft CK8'10K) Ha'IHHaeT npOSIBnHTbCSI I'HJlPOllHH8MH

'19CKHft XapaKTep KOne6aHHA. DH~~Y3HSI npHBOJlHT K HapyiiieHHIO KOI'epeHTHOC

TH xone6aHHA aTOMOB, TiosTOMY nepBbiA pa3pbiB MOlK9T HC'Ie3aTb JlalKe npH 

TeMnepaTypaX, 6nH3KHX K TO'IKe nnasneHHSI, TipH ysenH'IeHHH k (BTOpoft 

CK8'10K) CBOftCTBa aneMeHTapHbiX B036ylKJl9HHft XOpOIIIO OTIHCbiB810TCSI B paM

KaX xaaaHKpHCTannH'IecxoA MoJlenH, B aToA o6nacTH nony'leHHbiA peaynbTaT 

OTnJi'I89TCH 6onbiiieft H8Jl9lKHOCTbiO, 3aM9THM, 'ITO HM9HHO B o6naCTH BTOpO

I'O CK8'1K8 JlHCnepCHOHH8SI KpHB8SI MOlK9T 6biTb H3y'leHa C TIOMOillbiO Heynpy

I'OI'O pacCeHHHSI HeftTpOHOB, TipeJlCTaBnSieTCSI HHTepeCHbiM 06HapylKHTb 3KCne

PHMeHTanbHO 8HOManHIO B TIOB9Jl9HHH JlHCnepCHOHHbiX KpHBbiX lKHJlKHX CMeceft, 

B saxniO'IeHHe aaTop ablpalKaeT 6naroJlapHOCTb K. TiapnHHbCKOMY H 

H.M. TinaKHJle sa HHTepec x pa6oTe H o6cylKJl9HHSI. 
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