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§1. BeeoeHue 

B pa6oTe It/ 4Jyuxuuouan ocuosuoro cocTOJIHHJI B xsau
Tosol TeopHH cxanJipuoro ueiTpanLuoro nonJI c caMo~ei-
CTBHeM 4 

H' = 211g fcp(x) dx 
npH OTCYTCTBHH BblpO)I(JI.eHHJI OCHOBHOrO COCTOJIHHJ! npe~
CTaBJieH B BH,l(e 

-K 0
0

= e , 

r~e K - "cTeneuuol pJI~" 

K(cp)=; lfa(k)cp(k)cp(-k)dlc + 

4 
+ f c (k ,k ,k ,k Jll (cfJ(k 1Jdk 1 J a(k 1+k 2+k 3 +k 4 J 

4.1 234i...t 

+ ••• '· 
/1/ 

Mw 6y~eM . noHHMaTL paccMaTpHsaeMoe cxanJipuoe ueiT
paJILHoe none C caMo~eHCTBHeM KaK CHCTeMy C ,l(HCKpeTHLIM 
ua6opoM cTeneuel cso6o,nw. Tor~a HHTerpanw B /1/ 
CJie~yeT UOHHMaTL KaK HHTerpaJILHWe CYMMbl, HanpHMep, 

k i = h·i, i = 0, ± 1 , •••• 

B uacTOJIIUei pa6oTe paccMoTpHM liJyHKUHIO 

p[k 1'k2 ,kJ••• ], 
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nonyqeHHYID HHTerpauue~ nnOTHOCTH BepOHTHOCTH 10
0

! 2 1N 
IN -uopMa/ no aceM nepeMeHHLIM ¢ ( k; ) , 3a ncKnroqeuu
eM ¢(p1 ),¢(-p 1 ),¢(p 2 ),¢(-p~/H ¢(0),ecnu cpe.n:u queen 
p 1 , p 2 , p 3 ecTL HYJIL/, H nonyquM oqenL npocTyro ciJop
Myny 

¢(Pa>¢ (-pa) 
. - + ... 

2tl(pa) 1 
p(pl, P2 ,p3 ... )= ~ ...j 2TT!l(pa) e /2/ 

/3.n:ecL nocne.n:oaaTeJILHOCTL p npe.n:nonaraeTcH co.n:ep-
u a 

:>Kall.leH BMeCTe C ,D;aHHLIM BeKTOpOM, HanpHMep, P, H eMy 
npOTHBOnOJIO:>KHLI~ -p, TaK qTo B npOH3Be,D;eHHH /2/ Ka:>K,D;LI~ 
qneu, KPOMe cnyqaH p ~o, BXO.D:HT .n:aa pa3a; aenuquua 

a !!!. (k) onpe.n:eneua KaK MoMeHT 

2 
l!i.(p)=I0 0 cp(p)¢(-p) I;J d¢(k

1 
)IN 

J 
/3/ 

2 
pacnpe.n:eneHHH 0 0 1 N. ToqKaMH B /2/ o6o3uaqeuLI qneHLI, 
.n:aiDIUHe ucqe3aiDII.lH~ B npe.n:ene h -+ 0 BKna.n: B HHTerpan 

I P ( Pz 'P 2'P 3•••) ~ d¢ ( P a ) • 

1.1 He npe.n:cTaBJIHeT Tpy.n:a nonyqnTL ciJopMaJILHLie BLI
pa:>KeHHH . .D:JIH uopMLI 

2 
N=In 0 qd¢(k 1 ) 

H BCeB03MO:>KHLIX cpe,D;HHX II~ B 3KCnOHeHTe OCTaBHM JIHWL 
nepBLI~, KBa,D;paTHqHLI~ no ¢, qJieH K, (1) ; OCTaJILHLie 
pa3JIO:>KHM B cTeneHHLie PH.D:LI. HaM noua.n:o6HTCH HHTerpaJILI 

I 

I exp [ - h I a (k 1 ) ¢ (k 
1 

) ¢ ( -k 
1
)] II d ¢ (k 

1 
) 

TT 
=0 ..J---=No 

1 ha(k1 ) 

4 

.~I. 
'~ 
):; 
~i 
ll( 

:,~ 
:,,, 
i.~,! 

'\. 

I 
' ~t· 

i: 

I .. 

I exp[-h I a(k1J¢(k 1 )¢(-kJ Jl I ck 1k 2 ••. k.2n 
kzk:rk:Jn 

cp (k 
1

) ¢ (k 2 ) ••• ¢ (k :In) II [ d¢ (k 1 J] ... 

n 1 

;,= 'N 0 [ k ~~ •. ~n k 1,-k 1'k2,-k7 ••• kd-~ 9-;;: ( k J) 
+ •.•• ] 

TOqKaMH 0603Haqeua COBOICYDHOCTL (2n -1)!! -:-1 1UleHOB, 
r.n:e cnapHBaHHe DpOH3Be,D;eHol HHaqe, qeM B BLIDHCaHHOM 
nep:aoM qneue. llpH no.n:cqeT.e uopMLI B03HHICaeT 6onLwoe 
qucno qneuo:a, 

N= N0 (1+I), 

ICa)I(,D;OMY H3 ICOTOPLIX COOTBeTCTByeT onpe.n:eneHHLii CDOC06 
cnapu:aaHHJI, onpe.n:eneuuaJI .n:uarpaMMa; :aenuquHa 
C kz, k , ••• k COCTaBJIJieTCJI H3 DpOH3Be,D;eHHiiC03cMIH-. 

UHeHTHtix cllyificuui C 4 , C 6 ••• • KaiC OICa3biBaeTCJI; HOpMa 
MO)I(eT 6LITL npe,D;CTaBJ1eHa B BH,D;e 

N = N 0 exp ( I ' ) , 

r.ne I' co.n:ep)I(HT JIHWL Te qneuw H3 I, ICOT~PLIM cooT· 
BCTCTBYIDT CBJI3Hble ,D;HarpaMMLI. 

PaccMoTpHM .n:anee HHTerpan 

y = I 0 ~ z ( ¢ ) II d cp (k I ) , .,, 
r.n:e 

Z(cp) =I Y(k
1

,k
2 

••• ~2j¢(k1 )¢(k 2 ) ••• ¢(k711 ). 

KaK u pauLwe, .D:JIJI Y nonyqaeM npe.n:cTa:aneHHe B BH.D:e 
CyMMLI 60JILWOrO qucna qneHOB, Ka)I(,D;OMY H3 ICOTOPLIX 
cooTBeTcT:ayeT .n:uarpaMMa. Mo>KHo noKa3aTL, qTo :aeJIHqH· 
Ha Z = Y I· N pa:aua cyMMe Tex qneuo:a, KOTOPLIM cooTBeT· 
CTBYIDT CBJI3Hble ,D;HarpaMMLI. fiOJIHHOM, Ha ICOTOpOM CTpO· 
JITCJI ,D;HarpaMMLI, 6y,D;eM Ha3biBaTL npOH3BO,ll;JIIUHM. 
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1.2. HaM noua.no6HTC11 cne.nyromee onpe.neneuue. 

OnpeoeAeHue 

CB113HYIO .nuarpaMMY MLI 6y.neM HaJLIBaTL c. uecB113Hoii:, 

eCJIH CB113L ee .D:BYX HeKOTOpLIX qacTeii: ocymeCTBJI11eTC11 

TOJILKO qepe3 npOH3BO.D:11mHii: ITOJIHHOM; CB113HYIO .LJ:HarpaMMy 

MLI 6y.neM Ha3LIBaTL C. CB113HOH, eCJIH OHa He 11BJIJieTCJI 

C. HeCBJI3HOH. flopJI.LJ:KOM .D:HarpaMMLI 6y.neM Ha3LIBaTL 'IHCJIO 

JIHHHH, COe.D:HHJIIOmHX ee C llpOH3BO.LJ:JimHM ITOJIHHOMOM. 

IlpuMep 
)J,uarpaMya 

3 I h C 4 (k,q,p,- k-q-p)h C 4 (-k,-q,-p,k+HP) 

q.p [2ha(k)]2 2ha(q)2ha(p)2ha(k + q+ p) 
C llpOH3BO.LJ:JimHM llOJIHHOMOM cp(k) cp (-k) JIBJIJieTCJI C. CBJIJ· 

Hoii:, a .nuarpaMMa 

3 3 I h C4 (k ,-k, q,-q) h C 4 (p,-p,f,-f) 

q.f [.2 ha( k)] 2 [2ha(p)] 2 ·2ha(q)2ha (f ) 

C llpOH3BO.D:JimHM llOJIHHOMOM cf> (k}cp(-k)cp(p)cp(-p)'-c. He

CBJI3HOH. 

C. HeCBJI3HaJI .D:HarpaMMa llOpJI.LJ:Ka n JIBJIJieTCJI npOH3-

Be.D:eHHeM /c KOM6HHaTOpHLIM K034xiJin{HeHTOM/ C. CBJ13HbiX 

.nuarpaMM nopJI.LJ:KOB n 1 , I n; = n • llepexo.nJI B npuae

.D:eHHLIX BLIWe H HM DO.LJ:06HLIX DpHMepax OT CYMM K HHTer

paJiaM, JierKO y6e.D:HTLCJI, 'ITO C. CBJI3HaJI .D:HarpaMMa 

/nro6oro nop.R,AKa/ ecTL BeJIH'IHHa -h-~ c. HecBJIJHaJI .nuar

paMMa, JIBJIJhOD.taJICJI npoHJBe.D:eHHeM HeKoToporo qucna 

m c. CBJI3H;LIX .nuarpaMM, O'leBH.D:Ho, nponopuuoHaJILHa h-m. 

flpH 3TOM HMeeTCJI B BH.D:Y, 'ITO npoH?BO.D:JimHii: DOJIHHOM 
HMeeT BH.LJ: 

n 
Z(cp)=ll(cp(k 1 )cp(-k

1
) ~ 

a a a 

TaKHM o6paJoM, npu no.ncqeTe aenH'IHHbi Z cne.nyeT 

Y'IHTLIB8!TL C. CBJ13HLie .D:HarpaMMLI TOJILKO BToporo /HaH

MeHLWero B03MO)f(Horo/ nopJI.LJ:Ka. 

1.3. 0TMeTHM, 'ITO peJyJILTaT /2/ He laBHCHT, oqe

BH.D:HO, OT KOHKpeTHOrO BH.LJ:a CaMO.LJ:eHCTBHJI, yKa3aHHOro 
B uaqane pa6oTLI. 
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1.4. )J,OKa3aTeJILCTBO, .D:aHHOe B §2, cymecTBeHHO HC

llOJILJyeT llOJIO)f(HTeJILHOCTL «<JyHKL(HH a( k) npH BCeX k ; 
B .D:eHCTBHTeJILHOCTH, «<JYHKL(HJI a( k) 06Jia.naeT 3THM CBOH

CTBOM TOJILKO B CJiyqae O.D:HOH/llpOCTpaHCTBeHHOH H O.LJ:HOH 

BpeMeHHOH CTeneHH CB060.D:bl t/. )J,JI11 60JILlllero q~c7a 
npocTpaHcTBeHHbiX CTeneueii: CB060.D:bi /eM., uanpnMep, 2 I 
«<JYHKL(HJI a(k) OTPHUaTeJILHa B HeKOTOpOii: 06JiaCTH H3Me

HeHHJI k ,· B 3TOM CJiyqae, .LJ:JIJI llO.D:C'IeTa MOMe,TOB /4/ 
cne.nyeT noJiblOBaTLCJI 6onee CJIO)f(HLIM cnoco6oM 3 •41. u~ 
pe3yJILTaT /2/, no-BH.D:HMOMy, OCTaeTCJI B CHJie. 

1.5. Cne.nyeT oroaopHTLCJI, 'ITO «<JopMyna /2/ ue .naeT 

B03MO)f(HOCTH llO.LJ:C'IHTaTL, HanpHMep, HHTerpan BH.LJ:a 

Je - 2 ~ 8cpf G(p
1
,p

2
,p

3 
,p

4 
)ll(cp (p

1
)dp

1 
)o (IpJ: /a/ 

'IJieHbl, BbinHCaHHbie B /2/, .D:afOT B /a/ BKJia.D: TOrO )f(e 

llOPJI.D:Ka BeJlH'IHHbi, 'ITO H 'IJleHbl, 0603Ha'leHHbie B /2/ Toq

KaMH - 3TH 'IJleHbl B03HHKafOT OT yqeTa C. CB113HbiX .D:Har

paMM 'leTBepToro H 6onee BbiCOKHX llOPJI.D:KOB. 

1.6. qTo6bi nyqwe nonnb «<JopMyny /2/, nepeii:.neM 

B 4JopMyJ1e /1/ /B .D:HCKpeTHOM npe.LJ:CTaBJieHHH/ K HOBbiM 

nepeMeHHLIM 

,fh' cp (k)= x(k); 

Tor.na /1/ npnMeT BH.D: 

K=J.... [ Ia(k) x(k)x(-k)+ 
2 

+h I C 4 (k
1
,k

2
, k

3
,k

4
)X(k

1
)x(k

2
)x(k

3
)x(k

4
)+• .. ]. 

k1+k2+1J +k,rO 

TaKHM o6paJoM, ucxo.nHoe pacnpe.neneHue /1/ caMo HMeeT 

BH.D: /2/ /XOTH «<JyHI<UHH a(k) H (2_"',.(k))-l - pa3Hble/. 
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§2. )loKa3allle.llbCIII80 tftOPMY.IIbl /2/ 

PaccMOTPBM seJIB'IBHLI: 

d/k)= f 0: [~(k)cp(..,.k)] n 9 dcp(k
1 
)/N. /4/ 

IIpe>K.D;e scero, BLIDBWeM JIBHoe BLipa>KeHHe d 1 (k)': 

1 d/k)= l:!.(k)= -4.3 I 
2ha(k) q 

C 4 (k,-k,q,-q) 
---~----+ 
[2ha(k)] ~h2a(q) 

6.8.4 ~ 
+-~ 

3 3 
h h c 4 (k,q,p, -k-q-p) c 4 (-k,-q,-p,k+ q+ p) 

2 qp 2 
[2ha(k)] 2ha (q)2ha(p) 2ha(-k- q-p) 

+ ••• = A+·B +C+ ••• /5/ 

3,neCL MLI y,nep>KanB TOnLKO 'lneHLJ, 3aBBCJI~He OT C4, H B 

CTerreHB, He BLIWe BTOpoii. Y,nep>KBBaJI B K TOnLKO 'lneHLJ 

C a(k) B C4 , HMeeM 

02=e 
0 

.,-Ia I a(k)cp(k)cp(-k) oo 
1 k I-

11=0 ·sf /6/ 

3 ~ 
(-h I c 4 (k1, k

2
, k 

3 
,lc

4
) ¢ (kp¢ (k 

2 
J ¢ (k 

3
)¢ (k _,)). 

k1+k2 +k
3 

+k
4

=o · 

Bw.nenBM B swpa>KeHim /4/ 'lneHLI, JIBnJIIO~HecJI cTerreHJIMH 

BXO.IlJIIQBX B /5/. IIpe,ncTaBHM 'IBCna n B s B BH,ne 

n .. a+ b 7 c 

/7/ 
s= b + 2c 

8 

TaK, '1To6w nony'IHTL a MHO>KHTeneii BH,LJ;a rrepaoro 'lneHa 
/5/, b MHO>KBTeneii BH,LJ;a BTO~OrO 'lneHa /5/ H C MHO>KB· 
Teneii BH,LJ;a TpeTLero 'lneaa /5/. CooTBeTCTBYJO~ee pa3-
6HeHue S -oii CTerreHB B /6/ MO>KeT 6LJTL BLIIIOnHeHO 

(b+2c)! 
cnoco6aMH; aHanorH'IHoe pa36BeHHe n- oii CTe-

b! (2c)! 1 2 

rreHH (cp(k)cp(-k) B /4/ 1IpOH3BO,LJ;HTC11 ( a!~·!c! ) cno-

co6aMu; .nanee, 2c MHO>KHTeneii 
3 2c 

(-h I C4 (k 1 ,k21 k3 ,k4 )c/>(k 1)c/>(k 2)¢(k3 )cp(k 
4

)) 

MO>KHO o6'Le,nHHBTL B napw (2c-1)!! cnoco6aMH. ,LJ;anee 
[c/>(k) cp(-k)] a ,LJ;aeT B RHTerpane /4/, /6/ 

a 
a! (A) , 

b 3 b 
[cp(k)cp(-k)] [-h I C

4
(k

1
,k

2
,k

3
,k

4 
)cp(k 1)cp(k2 )cp(k3)cp(~J] 

.naeT 
- b 

(b!) 2 (B) , 

c 6 2 c 
[cp(k) cp(-k)] [h (IC4 (k1 ,k2 ,k 3,k4 )c/>(k1)¢(k~c/>( k3)cp(k4 )) ] 

.naeT ( c!) 2 (2C) c • 

3,LJ;eCL A , B H C - rrepBLIH, BTOpOH H TpeTBH 'lneHLI /5/ 
COOTBeTCTBeHHO. TaKBM o6pa30M, rrpe,ncTaBnHeM BLJpa>Ke
HHe /4/, /6/ B BB,LJ;e 

a 2 b 2 c 
d/k)= I a! A (b!) B (c!) (2C) 

(b+2c)!(2c-1)!! ( n! / 

(b+2c)! b!(2c)! a!b!c! 

('4=-1 )!! 1 
IIo.ncTaBHB e~e (2 c J! = 2 cc! ' rrony'IHM 

n 
d (k) = n! I 

a b c 
n!A B C 

n a+b+c=n a! b ! c ! 
= n! (A+B +C). 
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Tat<HM o6pa3oM, Mbi npaxo,nHM I< clJopMyne .nmr MoMeHTOB 

/8/ 

COOTBeTCTBYIOIUeit pacnpe,neneHHIO /2/. CMemaHHble MOMeH· 
Tbl BH,na 

no.nc'IHTbiBaiOTCJI af{anorH'IHO. 
B 3at<niO'IeHHe Bblpa)l(aiO 6naro.napaoCTb at<a,neMHKY 

M.A.Mapt<OBY 3a HHTepec I< pa6oTe. 

.numepamypa 

1 . .n.r.3ac•aaeHKo. TM• 7, 20 /1971/. 
2 . .n.r.3ac•aaeHKO. TM• 9, 355/1971/. 
3 . .n.r.3acaaaeHKo. llpenpuHa OH.RH P2- 5760, ,lfy6Ha, 

1971. 
4 . .n.r.3acaaaeHKO. llpenpuHa OHRH P2-7116, ,lfy6Ha, 

1973. 
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