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8 nocneAHHe rOAbl B'KBaHTOBOH CTaTHCTHqecKOH ¢H3HKe nonyqnn lliH

pOKOe pacnpocTpaHeHHe MeT~A TeMnepaTypHbIX ¢YHKUHH fpHHa, KaK ABYX-

/1/ /2/ 
BpeMeHHbIX ( 38Il83Ab!B8IOIUHX H onepelliaIOIUHX) , T8K H npHqHHHbIX 

ITpH 8TOM ·6naroaapSI npOCTb!M aHanH_THqecKHM CBOlfCTBaM ABYXBpeMeHHblX 

¢YHKUHH fpHHa yaaeTCSI OTHOCHTenbHO npOCTO H8HTH pellieHHe pa3nHqHblX 

aaaaq B MeTOAe ypaBHeHHfi ABH*eHHSI ansi ¢YHKUHH fpHHa, XOTSI ucnonh3ye

M8SI OObJqHo B 3TOM M9TOAe npoueaypa pacuenneHHSI MHOroqaCTHqHbIX ¢YHK

UHH fpHHa He· SIBnsieTCSI BnonHe OAH03HaqHQH, C apyroH CTOpOHbl, B MeTOAe 

nprrqHHHbIX ¢YHKUHH fp1rna AHarpaMMHaSI TeXHHKa Il03BOnSieT npoBeCT_H cyM

MHpOBaHHe onpeaeneHHoro Knacca anarpaMM H oueHHTh ToqHOCTh caenaH

HbIX npn6nH*9HH·H, XOTSI BbJqHcneHHSI B 8TOM MeToae HOCSIT 6onee cno*Hb!H 

xapaKTep, 

HaM npeacTaBnsieTCSI B03MO*HbIM npn perneHHH uenoro psiaa aaaaq 

OO'b9AHHHTb npeHMyIUeCTBa OOOHX MeTOAOB T8KHM o6pa30M, qTQObl,. nonh3Y

.HCb 6onee npoCTb!M M9TOAOM ypaBHeHHH ABH*eHHSI ansi, ABYXBpeMeHHbl~ 

¢yHKUHH fpHHa, KOHTpOnHpOBaTb npoueaypy pacuenneHHSI COOTBeTCTBYIOIUHM 

anarpaMMHbIM aHamraoM,CyTh aToro noaxoaa ocHoBaHa Ha TOM ¢aKTe, q-:ro 

aana3Ab!B8IOIUHe·, onepe*aIOIIIHe H npnqHHHb_Ie ABYXBpeMeHHb!e ¢YHKUHH fpH~ . 

Ha HMeIOT OAHH H Te *e ypaBHeHHSI ABH*0HHSI H OTnHqaJOTCSI nHllib aHanHTH-
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<· 

qeCKHMH CBOHCTBaMH, KOTOpbie He BllHHIOT Ha npouenypy pacuenneHHH. Tioa

TOMY B peaynbTaTe onpeneneHHOI'O pacuenneHHH MbI Bceri:ra MO)KeM nony

'lHTb ypaBHeHHe naii:COHa B HBHOM BH)le )lllH npH'lHHHbIX cpyHKUHll fpnHa, 

nnarpaMMHbill aaanna KOTOpOI'O no3BOnHeT 0)lH03Ha'lHO onpenenHTb TO'lHOCTb 

naaHoro pacuenneHHH. 

B aacToHmeii: pa6oTe MbI nponeMOHCTpnpyeM aToT nonxon aa npnMepe 

aHI'apMOHH'leCKOI'O KpHCTanna, I'Jle Y'lHTbIBaIOTCH Bee nopHJlKH aarapMOHH3-

Ma, H no:3TOMY aanaqa C TO'lKH apeH.HH nnarpaMMHOll TeXHHKH npencTaBnH-

-eTCH )lOCTaTO'lHO cnO)KHOii:. 0TMeTHM, 'lTO no)lOOHbill nonxon ncnonb30Ban-

,I, • /3/ 
CH paaee, HanpnMep, npn paCCMOTpeHHH aneKTpoH-'l'OHOHHOH CHCTeMbI 

. /4/ . 
npn nccne)lOBaHHH JlHHaMHKH KpHCTanna C npnMeCHMH • nnH aHrapMO-

HH'leCKOI'O KpHCTanna C yqeTOM HH3WHX nopHJlKOB aHrapMOHH3Ma peaynbTa-
. /5/ 

Tb! OOOHX MeTO)lOB cpaBHHBanHCb _B pa6oTe 

1. YpaBHeHHSI ijBH)KeHUH ,gnH rbyHKUHll fpnHa. 

HenpuBo,gHMbie dlVHKUHH fpHl:la~ 

PaccMOTpHM aHrapMOHH'leCKHll KpHCTann,coCTOHIUHll H3 N aTOMOB Mac

Chl M 'raMHnbTOHHaH KOTOporo aanHWeM B BH)le 

H = }: 
f 

➔ 2 ➔ 

_.:L_ + U (Rt 
2M 

,-... , RN), ( 1 ) 

rne Pr H ~f =I'.+ ;f - onepaTOpbl HMnynbCa H IWOPJlHH8Tb! aTOMOB, pac-
➔ ➔ 

nonQ)KeHHb!X B yanax perneTKH f= <Rf > • CpenHee < ... > Bbl'lHCnHeTCH no 

paBHOBeCHOMY COCTO,HHHIO KPHCTaniia npH naHHOll TeMnepaType 0 = k T • Paa-

"- naraH noTeHUHanbHYIO :3HeprHIO KpHCTanna U B 6ecKOHe'lHblli PHJl. no 

CMeIUeHHSIM aTOMOB ti f H nepeXO)lSI K OObl'lHblM onepaTopaM PO)K)leHHH at 
/6/ 

H YHH'lTO)KeHHSI a k cpOHOHOB, aanHrneM raMHnbTOHHaH ( 1 ) B BH)le : 

4 

f 
,. 
I 

·J 
I 
1. 

I 

I 
! , 

'i/ 

I 
I 
I 

t 
j 

~ 

Wk + 00 

H = ~ 
k 4 

Bk Bk+ ~ 
n=O 

1 
l 

I n. k
1 

••• kn 
Vn(kt••• kn )Aki 

' 
A 

kn 

I'Jle BBe)leHbl 6onee YllOOHbie onepaTOpbI 

Bk 

Ak 

+ + 
ak-a-k =-B_k 

+ + 
ak+a_k=A_k 

H 

V (k k) ...- ;;/1+ ... +;;; 
n t•·· 

0 
= ~ e n n 

ft ••• f n 

<e'k Ve· > 
1 1 

y2MN (()Kt y2MNwkn 

➔ 

➔ V ➔ ➔ 
(ekn fn, U(ft•••fN) 

(2) 

(3) 

➔ ➔ 

rne k=(k,j),-k=(-k,j) - KBa3HHMnynbc, j -HoMep MOJlbI cpoHoaa. BeKTo-, · 

pb! nonSipH3aUHH ; k H 'laCTOTb! cpOHOHOB (() k 6ynyT onpeneneHbl HH)Ke. 

BBe)leM JlBYXBpeMeHHbie cpyHKUHH fpnHa 

G ,(t-t')= « A (t); A+ ,(t') .», 
kk k k (4) 

6 3 6 /1 / • 
rne Mb! nonbayeMCSI O 03Ha'leHHSIMH y apeBa : JlBOHHb!MH yrnOBb!MH 

CKOOKaMH 0003Ha'laeM ycpenHeHHe no aHCaM6n10 fH66ca C nonHblM raMHnb

TOHHaHOM (2) KOMMyTaTopa OT orrepaTOpOB B npencTaBneHHH feii:3eH6epra 

H YMHO)KeHHe Ha-i0(t- t ') nnH aana3)lbIBaIOIUHX, i E)(t, - t) )lnSI onepe)KaIOIUHX H . . 
- i T nnSI npH'lHHHb!X cpyHKUHll fpHHa. <l>ypbe-npencTaB~eHHe no BpeMeHH JlnSI 

cpyHKUHll fpHHa ~anHrneM B BH)le 

G ,(t-t')=-1-
k k 21T 

f 
- iW(t-t') 

dwe G ,(w). 
kk (5) 

Y'lHTbIBaH npaBHna KOMMyTaUHH )lnH onepaTOpOB Ak ' Bk ' KOTOpbie ner

KO nony'lHTb H3 nx onpeneneHHSI, nonyqaeM cneny10mee ypaBHeHne JlBH)KeHHSI 

JlnH cpyHKUHll fpHHa (4): 
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2 2 
~- Gkk,(t-t ')= 2wk okk' o(t- t') + ai 

00 

1 vn (-k,l...n)«Al(t) ... 1\(t);A;,(1~) », • +2 Wk L L (6) n=l n ! I ••• n 

➔ 

I'/le h(k
1
j 

1
) 11 T.ll. 

Bocnonb3yeMCSI Jianee xopOIIIO 113BeCTHbIM B /lllaI'paMMHOll TeXHHKe 

np11eMOM BBe]leHIISI Henp11BO/lllMblX q>yHKUllll fp11Ha, 8To no3BOnllT HBM OT

cyMMIIPOBaTb 6eCKOHe'IHYIO nocne/l_OBaTenhHOCTb /lllBI'paMM caMOCOI'nacoBaH

HOI'O nonsr II TeM caMbIM·· TO'IHO y'leCT~ riepeHOPMllpOBKY q>OHOHHblX :crnepI'llll 

II Bep!IIIIH V n B caMOCOI'naCOB8HHOM q>OHOHHOM none. 

Henp11ao/l11Mofi (i r) n -~acTll'IHoii q>yHKU11eii fp11H.a 6y/leM Ha3bIBaTh 

4>YHKUIIIO, KOTOpasr He MO)KeT 6bITb CBe/leHa nyTeM pacuenneHIISI K q>yHKUIISIM 

fp11Ha 6onee H113KOI'O nopSI/lKa, 'ITO · Ha /lll8I'paMMHOM SI3b!Ke 03Ha'!aeT, 'ITO 

Henp11BO/lHMaSI q>yHKUIISI fp11Ha He CO/lep~IIT co6cTBeHHO 9HepreTll'leCKIIX -qac

Teii B np116n11)KeH1111 caMocornacoBaHHOI'O nonsr. 8To onpe/leneH11e c y'leToM 

CIIMMeTpllll 4>YHKUIIII fp11Ha no nepecTaHOBKe KOMMyT11pyro11mx Me)K/lY co6oii . u 

onepaTopoB A1, ... /\ n 3an1111IeM B BM/le: 

+ i r i r 
«AI ( t) ... A ( t); A , ( t,) » = « Al ... A I » 

n k n 

(7) 
n-2 

=«A1•··An I»- L 
n- m l r 

C <A 1···A >«Al ... A I» n m+ n m 
m= I 

I'/le Cn-m = Cm =nl/m f (n-m) ! 
n n • Onpe]leneH11e (7) MO)KeT 6b1Th nepen11-

CaHo B BIi/le TO)K/leCTBa ]lnSI pa3nO)KeHIISI npOll3BOnhHOll q>yHKUHII fp11Ha no 

HenpllBO/lllMbIM q>yHKUII_SIM fp11Ha, KOTOpbie, B CBOIO O'lepe/lb, onpe]lenmoTCSI 

113 (7). B pe3ynhTaTe nony'laeM ¢opManbHoe TO'IHoe pa3no)KeH11e: 

6 

f4 
" 

i 
~ 

l 

n 

«A 1 ... Anl»= L 
m=l 

Cm<A 1 ... A >«A
1 

••• A 
n m+ · n m 

• 
>>Ir 

C
l .. 

= ;, < A2 
2 

. .. An~«AI I»+ en <Aa ... An>« Al A2 I»+ 

3 I (8) 
+ C n < A 4 ••• A n > I « A I A 2 A 3 I » - C 3 < A 2 A3 >«A 1 I» } + ••• 

n-2 
+l«A 1 ... An I»- '£ Cn<Am+l" .. An>«A 1 ... Am 

Ir » 
m=l 

I'/le Mb! y'lnll, -qro cornaCHO onpe/leneH11IO paBHOBeCHb!X nono)KeHHll 8TOMOB 

<Ai>= 0 • 1-IT06bi C/lenaTb 9TO pa3nO)KeH11e 38MKHYTbIM, He06XO/lllMO npoBe 

TH nO/l06Hoe )Ke pa3nO)KeH11e ]lnSI KOppensru110HHbIX q>yHKUllii. nnsr 9TOI'O MO)KHO 

BOCnOnb30BBTbCSI cneKTpanbHOll TeopeMoii, CBSI3bIB8IO!IIeii KOppenSIUIIOHHbie 

/1/ 
q>yHKUIIII M 4>YHKUIIII fpMHa , TTepeXO/lSI K q>yphe-pa3nO)KeHIIIO no BpeMeHH 

B (8)' onpe/len11M cneKTpanbHbie nnoTHOCTII KoppensrUHOHHb!X q>yHKUllll, IIH

Terp11pysr KOTOpble no '18CTOTaM, nony'!IIM q>opManhHOe TO'IHOe pa3nO)KeH11e 

II ]lnSI KoppenSIUHOHHbIX q>yHKUllii: 

n-1 
.,_. m . I Ir 

<Al ... An>= m-:'.:1 cn_1<Am+2··· An > < A1 ... Am+! > 

1 
= C 1 < A n- 3 

... A 
n 

2 
> < A 1 A 2 > + C n-1 < A 4 ••• An > < A1 A 2 A 

3 
> + 

(9) 
3 1 

+ en- I < A "5 ••• A n > {<A l A 2 A 3 A 4 > - C 3 < A 3 A 4 > < Al A 2 > } + 

n-3 

+l<A 1 ... An >- ~ 
m=l 

cn".'..1< Am+ll ... An> [ ~ ... Am+! >Ir l l , 
+ 

I'/le Mb! BBen11 A k, = A n+l II npoll3Ben11 38TeM O'leBll/lHYIO 3aMeHy HH/leKCOB 

no cpaBH~HIIIO c (8). 

P a3nO)KeH11e (8) n03BonsreT npoBeCTII '18CTll'IHOe cyMMllpOB8HHe BKna

/lOB B ypaBHeHIIII (6). PaCCMOTpllM BKna]l npOH3BOnhHOI'O m -I'O 'lneHa·_pa3 

no)KeHijSI 113 (8) B ypaBHeHHII (6): 
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"" 
I __ l_ I· I 

n !: 
( 

m Ir 
v+I -k,l. •• m,m+l. .• n)C <A +1···A )«A1···A I» n . n m n m 

n=m 1 ••• m m+I ••• n 

1 

m! 
I 

Ir "" l · 
«A 1 ••• Ami» I -- I V 

1 
,(-k,l...m,l' ... n')<A , ... A,">= 

1 ••• m it ,:: 0 n '! 1 '••• n' m+ +n 1 ·n 

1 
m! 

I 
1 ••• m 

V +I ( - k ' 1. •· m ) « A I •.. A I >> i r m .m 

I'Jle BBe)leHa peHOPMHpOBaHHaSI BeplllHHa, KOTOpaSI c ytJeTOM (3) HMeeT BHJl 

"" V (l...n) I 
n 

:S e 

fl••• fn 

o·'=O 

➔ it ➔ ➔ 

ik 1t:1+ ... +lknfn 

1 
n, ! 

I 
1 ' ••• n' 

V ,(l. .. n,l' ... n')<A
1

, ••• A ,>= 
n+n , n 

➔ 

➔ V 
(ek~ 

y'2MN wk 
I 

➔ Vi ) ➔ ➔ )> 
(ek~- <U(R

1 
.•• RN 

y2MN Wkn 

(11) 

flpOBOJlSI IIOJl06Hoe cyMMHpOBaHH·e 110 n B KB)l{JlOM tJneHe pa3ll0)K0HHSI B 

(8) H Y'IHThIBaSI, 'ITO m:: n <"" I 3811HllleM ypaBH0HH0 (6) JlllSI cpypbe-KOM

IIOHSHT cpyHKUHfi fpHHa B BHJle 

w
2 

Gkk,(w)=2wk okk'+2wk '£ V2(-k,kl)Gk k,(w)+ 
kl I 

"" 
+2wk :S 

n=2 

1 t 
n ! t. .. n 

~ ir 

vn+I (-k,l...n) G, ... nk' (w)' (12) 

I'Jle ,Mb! Bb!IlHCanH OTJl0llbHO 'IlleH C V 2 , KOTOpblfi orrpeJlensieT 3Heprmo cpo

HOHOB B 1IpH6llH)K0HHH caMocornacoBaHHOI'O cpOHOHHOI'O rronsi. nefiCTBHTenb-

HO, BbJ6HpaSI 'ISCTOTbl cpoHOHOB wk H BeKTOpbl rronSipH38UHH e k cornaCHO 

ypaBHeHHIO 

M ea 
kl 

2 
w 

kj 

"' 

= :s 
e~ 

~ -1:ce -; ) Va V ~ < U ( I{ I ... R~) > I ~ =0 ' 
ekl e f m 

q>yHKUHIO V 2 IIpHBOJlHM K JlH8I'OHallbHOMy BHJly! 

8 

(13) 

1 1 
f 
\ 
1,' 

2wk 
"' • 2 
v2 (-k,k1 > =wk okk 

. I 
(14) 

flocne 3TOI'O ypaBHSHHe { 12) MO)KHO 381IHC8Tb .B BHJl0 ypaBHSHHSI nafiCOHa 

0 0 
G ,( w ) = G ( w ) o , + G ( w ) • :S 

kk k kk k 
"" 1 

I V (- k, 1... n) G
1

1 
r k , ( w), { 15) 

f n+t ...• n D. 1 ••• n n=2 

I'Jle HyneBaSI cpyHKUHSI fpuHa 

0 
Gk (w) = 

2w k 

2 2 
(16) 

w - w 
k 

OIIHChIBaeT pacrrpocTpaHeHHe u CaMocornacoBaHHOI'O" cpOHOHa 6e3 3aTyXaHHSI, 

a HellpHBOJlHMble cpyHKUHH fpHHa C n ~ 2 OIIHCbIB8IOT B03MO)KHble rrpouecCb! 

Heyrrpyroro pacceSIHHSI, llpHBOJlSilllH0 K 3aTyXaHHIO H JlOIIOllHHTSllbHOfi rrepe

HOPMHpOBKe, 'IaCTOTbl caMocornacoBaHHh!X cpoHOHOB, 

fl onytJeHHOe TO'IHOe ypaBH0HH0 nafiCOHa (15) JlllSI llpH'IHHHh!X cpyHKUHfi 

fpu~a M0)K0T 6hITb H3o6pa)K0HO rpacpH'ISCKH C IIOMOlllblO 06hI'IHbIX rrpaBHll 

JlHarpaMMHOfi TSXHHKH, B cxeMaTH'ISCKOM BHJl0 3Ta 38IIHCb rrpHBeJleHa Ha 

pHC. 1, I')le TO'IHbie cpyHKUHH, fpnHa H306pa?l(0Hbl )KHpHblMH llHHHSIMH C Kpy)K-

G 
• 

Go 
a<> 

+L 
n:2. 

---~ 
-
~ '\n. 1~~ 

PHC, 1. 
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KOM, ayneBble - TOHKHMH nnHHSIMll, YpaBHeHne ( 11) .rtnsr nepeHopMnpoBaHHOH 

BepIIIHHbl V 
n 

, nao5pa>KeHHoii: KBa.rtpaTHKOM, cxeMaTnqecKn npnBe.rteHo BO 

BTOpoii: CTpoKe qepea llCXO.tlHYIO BepIIIHHY, nao5pa>KeHHYIO B BR.rte TOqKn, n: 

m -qacTn:qHyIO KOppensrun:oHHYIO qiyHKUHIO, n:ao5pa>KeHHyIO CBeTllbIM Kpy>K-

KOM C m >KHpHblMH nnHHSIMH. 

2. ITpn:5nn:>KeHHoe onpeneneHne <byHKUn:ii: fpn:Ha 

KaK BH.tlHO, ypaBHeHne ( 15) OKa3bIBaeTCSI He3aMKHYTbIM, TaK icaK O.tl

HoqacT_n:qHasr qiyHKUHSI. fpnHa CBSI3aHa C n -qacTn:qHoii: ( n ::: 2) Henpn:BO.tlHMOH 

qiyHKuneii: fpnHa, KoTopasr no onpeneneHHIO He MO>KeT 5bITh ynpomeHa, Mo>K

Ho, O.rtHaKO, npennonO>KHTh, qTo HenpHBO.tlHMbie <pyHKUHll fpnHa 5onee Bbl

COKOI'O ITopsr.rtKa, OITHCbrna10mne · Koppensrun:10 5onhIIIOI'O qncna <pOHOHOB, 

5bICTpo aaTyXaIOT, n: ITOSTOMy MO>KHO o5opBaTh 5eCKOHeqHblll PSI.rt B ( 15) Ha 

HeKOTOpOM 3HaqeHHH n • B peaynhTaTe CHCTeMa ypaBHeHn:ii: .(9), (11), 

(15) MO>KeT 5bITh peIIIeHa C TOH >Ke ToqHOCThlO,. 3aMeTHM 1 qTo paano>Ke-

Hn:e ITO HeITpHBO.tlllMbIM <pyHKUHSIM. fpn:Ha ITO cymeCTBY COOTBeTCTByeT n:a- \ 

BeCTHOMY KYMYllSIHTHOMy paano>KeHHIO .rtnsr ITpOH3BO.tlSIIIIeii: qiyHKUllll H . IIIHpO-

KO HCITOnhayeTCSI B KnaccnqecKOH CTaTHCTnqecKOH MexaHnKe CHCTeMbl N 
/7/ . 

qaCTllll • ,npn: STOM 05bJqHo yqeT y>Ke HeCKOllhKHX ITepBbIX qneJiOB paa-

no>KeHnsr ITpHBO.tlHT K .tlOCTaToqHo TOqHoMy OITHCaHHIO CHCTeMbl, 

. /6/ 
B. HacTosrmeM n:ano>KeHnn, cnenysr pa5oTe , Mb! riaccMoTpn:M TOnb-

KO ITpOCTeii:IIIn:e .tlBYX<pOHOHHbie HeyITpyI'n:e ITpoueCCbl pacceSIHHSI, KOTOpbie 

OITHCbIBaIOTCSI .tlByxqacTn:qHoii: qiyHKUHeii: 

(I) . + 
G , , (w) =«A A , I A , » 

pp k p P k W ( 17a) 

H CBSI3aHHbIMH C Heft <pyHKUHSIMH fpnHa 

10 

(2) + 
G , , ( w) = f < B A , I A , » . PP k P p k W 

( 171 

(~ . + 
G pp 'k, ( w ) = « BP BP, I A k, >> w ( 17< 

ct>yHKUHH ( 17) OITHCbIBaIOT BCe B03MO>KHble ITpoueCCbl po>K.rteHH SI n: ymiqTo~ 

HHSI qioHOHOB ITPH BaanMo.rteii:CTBnn: Tpex <pOHOHOB, BbIITHCbIBas'i ypaBHeHHSI 

.tlBH>KeHHSI .tl~SI STHX qiyHKUHH H OI'paHn:qnBaSICh B ITpaBbl~ qacTSIX ypaBHeHH 

TOllhKO O.tlHO- H .tlByxqacTnqHb!Mll cpyHKUHSIMH fpnHa, ITOnyqn:M aaMKHYTYIO 

. " IT . 5 161 . 
CHCTeMy Tpex ypaBHeHHll, Ollh3YSICh peaynhTaTaMH pa OTbl , 3.rteCh Iv 

ITpnBe.rteM TOllhKO OKOHqaTenhHblll peaynhTaT .rtnsr cpyHKUHll fpnHa (17a) 

. (1) 
G , , ( w ) = 2 F ( p, p ' , w ) :£ 

PP k k 1 

P.rte 

,. 
V3(-p,-p', kl )Gk k,(w), 

1 

1 
F ( p, P, ,w) = 2 

( N +N ,) ( w + w , ) 
p p p p 

(N -N ,)(w - w , ) 
p p p p 

w 2 -(w +w,)
2 

p p. 
w2 -(w -w,)

2 

p p 

( 18 

(19 

+ . 
n: NP =<AP AP>, ITo.rtcTaBnsrsr (18) B ypaBHeHne (15), P.rte yqnTbrnaeTcsr 

nn:IIIh ITepBbIH qneH paano>KeHn:sr c n =2 , ITonyqn:M aaMKHyToe ypaBHeHne 

Llaii:coHa: 

G 1 w ) = G 
O 

( w ) o ,. + G 
O 

( w ) ~ 
kk k kk k k 

1 

!]kk (w) Gk k' (w)' 
t· 1 

. (2( 

I'.rte MaCCOBblll oriepaTop O.tlHOqacTn:qHOH qiyHKUHll fpnHa nMeeT BR.rt: 

!lkk (w)= '£ v3 (-k,p,p ')V3 (-p',-p,kl)F(p,p',w ). (21 
1 pp 

11 



(2) + 
G , ,(w)=«B A ,[A,» , 

pp k p p k W 

( 17c) 

'PyHKUHH (17) OIIHCb!BSIOT BCe B03MQ)KHbie npoueCCbl p0)KJl9HHSI H YHH 1ITO~e

HHSI <pOHOHOB npn B38HM0ll9HCTBHH Tpex <pOHOHOB. BbIIlHCb!BSSJ ypaBHeHHSI 

llBH)K9HHSI ll~SI STHX qiyHKUHH H orpaHnqnBaSJCb B npaBbl~ qaCTSJX ypaBHeHHH 

TOllbKO OllHO- H llByxqacTnqHblMH <pyHKUHSIMH fpnHa, rronyqnM 38MKHYTYIO 
. /6/ 

CHCTeMy Tpex ypaBHeHHH. TI Ollb3YSJCb peaynbTSTSMH pa60Tbl ' 3ll9Cb Mbl 

IIpHB9ll9M TOllbKO OKOHqaTellbHblH peaynbTST llllSJ qiyHKUHH fpHHa (17a) 

. ( 1) 
G , , ( w ) = 2 F ( p, p ' , w ) 

PP k 

rae 

F ( p, p ', w ) "' 
1 
2 

(N +N ;)( w + w , ) 
p p p p 

w 2 -(w+w,)
2 

p p. 

(N -N ,)(w -w ,) 
p p p p 

- I 
w2 -(w -w>)

2 

p p 

(18) 

(19) 

+ 
n NP =<AP AP>. TioJ:1cTaBnSJSJ (18) B ypaBHeHHe (15), rae yqHTbrnaeTCSI 

llHlllb nepBbIH qneH pa3ll0)K9HHSI C n =2 , rronyqHM 38MKHyToe ypaBHeHHe 

nail:COHa: 

G ,(w)= G
0 

(w)o ,. +G 0k(w) :S 
kk k kk k 

1 

!1 (w)G k,(w),· 
kk · k 

!• 1 

(20) 

rJ:{e MSCCOBblH oriepaTop OJ:IHQqacTnqHQH qiyHKUHH fpnHa HMeeT BHJ:l: 

:::::: :::::: 

V 
3 

( - k , p, p ' ) V 
3 

( - p ' , - p, k 
1

) F ( p, p ', w ) • ( 21 ) 
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Tenepb Mb! MO:>KeM sanncaTb ypaBHeHHe .UaiicoHa B rpacpnti:eCKOM BHi:te. B 

CXeMa TH'leCKOM. BHi:te a Ta sanHCb npnBei:teHa Ha pnc. 2, _rite HCllOllI:,30BaHbl 

Te :>Ke o6osHati:eHHSI, .'ITO H Ha pnc. 1. ITpn STOM itnSI Toro 'IT06bI nonyti:eH-

G Go+--<=>--
,-

~ -<+ -Q: + ---0::+-· 
Puc. 2. 

C 

Hoe ypaBHeHHe 6binO 3aMKHYTO H CaMocornaCOBaHo, npH onpei:ieneHHH KOp

penSIUHOHHOii cpyHKUHH B (11) i:tnSI sepwnHHhlX q~cTeii V hocTaToti:Ho yi:iep-
n 

0

:>KaTb nHWb nepBblll ti:neH a pasno:>KeHHH (9), KOTOpblll CBOi:tHTCSI a STOM 

. + 
cnyti:ae K npOH3Bei:teHHJO cpyHKUIIH · THna <A k ,A k >. ITocnei:tHHe Bbl'IHCnSIIOTCSI 

cornaCHO cneKTpanbHOii TeopeMe no Oi:tH6ti:aCTH'IHOii cpyHKUHH fpHHa: 

+ 
< Ak, Ak >"' 

1 00 w 
f dwcth--[-ImG ,(w+idl. 

TT O 2 0 . kk (22) 

Bb1pa:>KeHHe itnSI BepWHHbl V 3 B STOM np~6nn:>KeHHH cxeMaTH'leCKH npHBe-

i:teHo BO BTopoii CTpOKe Ha pnc. 2. 

TaKHM o6pa30M, i:tHarpaMMHblll aHanns ll03BOnSieT HaM ycTaHOBHTb 

Oi:tH03Hati:Hoe COOTBeT_CTBHe pesynoTaTOB, OCHOBaHHblX Ha pacuenneHHH, C 

. . • 18-101 
pesym,TaTaMH, nonyti:eHHblMII Ha OCHOBe i:tHarpaMMHOH TeXHHKH ( CM. ) • 

KaK <;:nei:iyeT H3 p11c, 1, BBei:teHHe HenpHBOi:tHMbIX <PYHKUHii fpnHa SKBHBaneHT-

12 

HO cyMMHpOBaHHIO 6eCKOHe'IHOro pSii:ta i:tHarpaMM CaMocornacoBaHHoro uonSI, 

a yi:iep:>KaHHe TOnhKO i:tBYX'laCTH'IHbIX giyHKUHH B ( 15)' cornaCHO pnc. 2' SK

BHBaneHT~O yti:eTy npocTeiiweii neTnesoii i:111arpaMMbl C i:tBYMSI <pOHOHaMH B 

npoMe:>KyTO'IHOM COCTOSIHHH npu Bbl'IUCneHHH Maccosoro onepaTopa qiyHKUHH 

fpnHa. ITom,sySICh. pesynhTaTaMH llH_arpa,MMHoro aHannsa, Mb! MO:>KeM, KpOME 

Toro, oueHHTh TO'IHOCTh ci:ienaHHbIX np116nH)KeH11ii. CoOTBeTCTBYlOIJJ!le oueHKH 

llOKa3b1Ba10T, 'ITO BKnaa nocnei:iy101JJHX qneHOB B pasno:>KeHHH (15) 6yi:teT 

i:tOCTaTO'IHO Man, ecnu Mano OTHOCHTenbHOe CMelJJeHHe aTOMOB. (r11apoi:t11Ha

MH'leCKHii npei:ien itnSI qiyHKUHH fp11Ha ( 4) k ➔ 0, w ➔ 0 Tpe6yeT oco6oro pac-

111/ 
CMOTpeHHSI). KaK n_oKa3aHO B paooTe , Ha OCHOBe IIpHHSITbIX 3i:19Ch 

npn6n11:>KeH11ii AnSI TpexMepaoii MOJ:le1111 KpttcTanna aTa senttti:HHa oKaSbIBaeT

CSI Manoii BllnOTh llO TeMnepaTypbl HeyCTOH'IHBOCTH peweTKH, H noaTOMY 

BKnaJ:lOM nocneJ:lylOIJJIIX qneHOB B ( 15) c llOCTaTO'IHOii CTeJJeHhlO TO'IHOCTH 

MO:>KHO IIpeHeopeti:h. 

CAenaeM HeCKOnhKO 06m11x SaMe'laHHii, ITpeJ:lnO:>KeHHblll B STOH paooTe: 

MeTOll MO:>KeT Ob!Th TaK:>Ke IIOJ1e3eH np11 11ccneJ:lOBaHHH J:lpyrHX C!ICTeM, rJ:le 

J:ln:arpaMMHaSI TeXHHKa SIBnSieTCSI llOCTaTO'IHO cnO:>KHOii, Hanpn:Mep, B KBaHTO""'. 

BOH Teopn:11 MarHeTH3Ma, 3TOT MSTOJ:l ocooeHHO YllOOeH Ilpll paCCMOTpemrn 

HepaBHOBeCHblX npoueccoB, llOCKOnhKY B STOM cnyti:ae Ha OCHOBaHHH <pOpMyn 

Kyoo KHHeTH'leCK!le KOS<p<pHUHeHTbl Bblpa:>KalOTCSI ti:epe3 llOCTaTO'IHO cno:>KHbie 

ll I · 
llBYX'laCTl! 'IHbie ( sana3J:lb1Ba10mn:e) <pYHKUHH fp11Ha , IT ocneJ:lHHe yJ:laeTC.II 

OTHOCHTellhHO npoCTO onpeJ:lennTh B MeTOJ:le ypaBHeH11ii llBH:>KeHH.II, IlpH'ISM 

CJ:lenaHHble paCitenneHU.II MO:>KHO OUSHHTh Ha OCHOBe i:tHarpaMMHoro aHaJ1H3a, 

llOJ:lOOHoro BbIWenpnBellSHHOMY • BbI'IHCJleHn:e :>Ke KHHeTn'leCKHX KOS<pcpn:u11eH

TOB HenocpeJ:lCTBeHHO C llOMOIJJhlO rrpH'IIIHHbIX <pyHKUIIH fp11Ha TpeoyeT np11Me• 

HSHHSI ocooeHHO C/10:>KHOii J:lHarpaMMHOii TSXHHKH. 

B saKn10ti:eHne MHe ob1 xoTenoch no6naroJ:lapnTh .Q,H. 3y6apesa sa 

none3Hbie o6cy:>Kll9HH.II, 
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