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§ 1. BaeAeHae, cpopMynapoaKa aaAS'iH 

Ill 
B HSCToHwell paooTe M&I npoAonlKaeM HS'iSToe paHee accneAoaa-

HHe CK8nS!pHoro HeliTpanbHOrO nonS! B CBOOOAHOM OT p8CXOAHMOCTell cnyqae 

OAHOll npOCTpaHCTBeHHOll CTeneHH CBOOOAbio 

3SMeHoll 

-K 
u e 

rAe e -K - tPYHKUHOHifn OCHOBHOrO COCTOSIHHSI rSMHnbTOHHSHa: 

4 

+. g f ll ( rP (k l ) dk l ) 8 ( k I + k2 + k 3 + k 4 ) 1 

l=l 

(1) 

a K a u -cTeneHHb!e tPYHKUHOHanbl ( A.4 ), ( A.4' ), ypaaHeHae WpeAHHrepa 

Hn >. n 

Ill 
npeoop830B8HO B paooTe K BHAY ypaBHeHHll (A,6) H (A,lQ) AnSI onpe-

AeneHHSl tPYilKUHOHana OCHOBHOrO COCTOSIHHSI H tPYHKUHOHanoB B030Y:lKAeil-

H biX COCTOSIHHll COOTBeTCTBeHHO (aAeCb H Aanee ( A,4) 1 ( A,6) .,,-<tJopMy-

111 
n&I (4 ), (6 ) ... paooT&I ), 

YpSBHeHHSI (A,6), (A,lQ) He COAep)!<:8T HeonpeAeneilHOll BenH'IHilbl 

aHeprHH OCHOBHOrO COCTOSIHHSI H MOryT Ob!Tb peWeH&I CT8HA8pTHblMH M8Te

. M8TH'ieCKHMH MeTOA8MH ( B CO'JeTSHHH C .OOpbiB8HHeM), 

1,1, T8KHM 00p830M MO:lKHO nony'IHTb peweHHe ypaBileHHSI OCHOBHOrO 
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COCTOHHHH H .Z:WH ypaBHeHHH B036y:>KaeHHblX ~oCTOHHHl! - Ha6op pe-

W8HHl!1 COOTB8TCTBYIOIIIHX oaHO'l:SCTH'l:HbiM COCTOHHHSIM1 aayX'l:SCTH'l:Hb!M 

COCTOHHHHM H TSK ,aanee, Do cPH3H'l:8CKOMy CMblcny ni06biM aayM 

HMnynbCaM P1 1 P 2 MO:lKHO COfiOCTSBHTb aByX'l:SCTH'l:HOe COCTOHHHe pac-

C8HHHH u(p 1, p2), COOTB6TCTBYIOIIIee B3SHMHOMy pacceHHHIO aayx oaHoqac

TH'l:HbiX COCTOHHHl! C nepBOHS'l:SnbHbiMH HMnynbCSMH p H p 1 U (p ) H u(p ) 
0 

1 2 1 2 
<l>yHKUHOHan 9TOrO COCTOSIHHSI HMeeT BH~ 

p p 

u(pl ,p2) •·fy2 l 2 (kl,lr2 )¢ (kl)dk1 dk2 o (kl +k2 -p 1 -p 2 (2) 

p1• p 2 
4 

+: f r (k 1 , k 2 , k 3 , k 4 . > n 
4 s~t 

(</> (kl ) dkl ) 0 (k +k + k + k -·p -p ) 
l 2 3 4 l 2~ 

+· • 

rae napa y 
2 

, y 
4 

cyT& aHanHTH'l:eCKHe cPYHKUHH g npH g>·o ; y 
4 

, y 
6 

, 

HC'!e3SIOT npH g .. O; .Y:jPz(k
1 

,k
2

-) npH g .. 0 CTpeMHTCH K npeaeny 

a (k1 -p 1 )o (k 2 -P 2 > + s (k1 -p 2 )o('k 2 "';' p 1 > • 

EcnH A P , A P H Ap P - aHeprHH cocTOHHHl! 
1 2 l. 2 u (p 1),u(p 1 ) H u(ppp

2
)• 

TO aon:>KHO 6b!Tb 

A- .. A +A 
pl,p2 PI P2 

(3) 

!1/\e:>Kay TeM 1 H3 CHCTeMb1 ypaa!leHHl!1 OfiHCb!BSIOIIIel! aByX'l:SCTH'!Hb!e COCTOHHHH
0 

(nony'leHHOl! npH noaCTSHOBKe (2) B (9), (6)), paseHCTBO (3) He yCMSTpHaa

eTCH, .UnH TOr01 'IT06b1 paseHCTBO (3) CTano 0'18BHaHb!M1 Haao npeo6pa30BSTb 

ypaBHeHHe B036y:>KaeHHb1X COCTOliHHl! K apyroMy BHay, 8TO npeo6pasosa

HHe H HBnHeTCSI OCHOBHbiM Coaep:>KSHHeM HSCTO!IIIIe l! pa60Tbl, 

1,2, 0HO CBOllHTCH K nepexoay OT cPYHKUHH rp (p) - KSK He3SBHCHMOl! 

nepeMeHHOl! - K cPYHKUHH U ( p) - cPYHKUHH o.z::iHO'!SCTH'IHoro COCTOHHHH 

C HMnynbCOM p , 

4 

~.. . . 

5 

§ 2, Dpeo6pasoaaHHe 

¢yHKUHIO oaHO'l:SCTH'l:HOrO COCTOHHHH Mb1, HeCKOnbKO H3MeHHB Q(i 

Ill. 
'l:8HHSI · 1 3SfiHWeM B BHae: 

3 

u(p) a.p(p.) +:fyp (k ,1: , k . ) n (</> (1:, )dk, )o (1: +k 2+1: 3 - p 
3. 1 2 3 l•·l . 1 

p 5 
+fy (k 1 ,1: 2 ... k.)ll (</>(k 1)dk1 )o(k

1
+·k

2
+· ... k 5 -p) 

5 a l•~ . 1 

+: 

u · (p ) onpeaenl!eTCn KSK peweHHe ypasHeHHSI 

I 

H'-u(p) •· AP u(p) , 

rae 

2 

H '·"' 
1 0 

fdk r -2· o.p(k) s.p(::JC) 
OK 0 

+ orf>(k > . ~ " " , 1 

nepex.oanmee a ¢>(p) npH g .. 0 , 

2.1 •. <l>opManbHbiM o6pameHHeM 'cTeneHHoro pnaa• (4) nanl!eTCH 

p 3 
</>(p) .. u(p) '+:Jf' (k, k , 'k ) n (u(k ) dk ) 0 (k +k +k -p 

' 3 1 2 3 1•·1 l l 1 2 3 

+Jf'p(k ,k 
5 1 2 

5 
•••• k ) n ((u ('k ) dk ) 0 (k +k +: ••• k 5 - p ) 

5 1•·1 l l 1 2 

3aec& 

p p r
3 

(k
1 

,1: 1 , k 3 >·· -·r, (k 1 ,k 2 , k 3 > 

r; (k,, k2, ••• k 5) .. ·-·rsp<k., k2, ••• k 5 ) 

p-k -t 

+- 3 ~(1:1 ,k
2 

, ••• 'k J r, p (k 
1
,rr. 2 , p-k 1 -1: 2 > r, 1 2

(1 3 ,t 4 ,"' 

5 



lCTOl!HHI! - Ha6op pe-

HHliM, .rtBYX'l8CTH'lHbiM 

IMbiCny mo6biM .llBYM 

l'lHOe COCTOl!HHe pac

SIHHIO .rtBYX O.rtHO'lSC-

1 H p
1 

t u(p
1
)H u(p

2
). 

lc 2 - p 1 -p 2 ( 2) 

: +k + k + k -·p -p ) 
I 2 3 4 I 2• 

g>'O ; y • y • 
4 8 

tHTCll K npe.neny 

(3) 

yxqacTH'lHble cocTOl!HHll, 

ITBO ( 3) He YCMSTpHBa

' Ha.ao npeo6paaosaTb 

'• 3To npeo6paaosa

pa6oTbi. 

') - KSK He38BHCHMOI! 

'H'lHOI'O COCTOl!HHll 

t, 
I 

I 
I 
I 

§ 2. npeo6p830B8HH6 

<l>yHKIIHIO O.rtHO'lSCTH'lHOI'O COCTOl!HHll Mbl, HeCKOnbKO H3M6HHB 060aHa

/}/ . 
'leHHll · , aannweM B BH.rte: 

3 

u(p)•cf>(p) +:Jy: (k1,k2,k3 >l!,l}.P<kl)dkl )o(kl+k2+k3 -p ) 

p 5 
+ fy

5 
(k

1 
,k 

2 
••• k 5 ) f!.

1
<.P (k 1) dk 1 )o (k 1 +·k 2+·· •• k 5 -P ) 

1 
(4) 

+: 

u · (p) onpe.nenl!eTCl! KSK peweHHe ypasHeHHll 

I 

H'.u(p) 2· AP u(p) 

r.ne 

2 

H' "' f dk [ --}· &.p(k5
8
s.p(:Ji.5 

OK 0 
+ ocf>(k) · ocf>(-k).' 1 

nepeoco.rtl!wee B cf>(p) npH g-o 0 • 

2.1 •. <PopManbHbiM o6paweHHeM 'cTeneHHoro pl!.rta' (4) l!Bnl!eTCl! • 

3 
cf>(p) .. u{p)'+:JrP(k,k ,'k )D (u(k )dk )o(k +k +k -P) 

• 3 I 2 3 l•·l l I I 2 3 

5 
, • , , k 

5
) fi ((u ('k

1 
) dk l ) o (k I +k +:, • • k - p 

l-1 2 5 

5 

(5) 

(6) 

(7) 

(8) 



.... 

2.2, PaCCMOTpHM ynoMSIHyToe B n. 1.1 • .llBYX'ISCTH'IHOe COCTOSIHHe pac-

CeSIHHSI u 
pl •P2 

• 0Ho onpe.oenReTCR ypaBHeHHeM UJpe.llHHrepa 

H
1 

u .. A u 
p l'p2 

(9) 

<BMeCTO TOI'O 'IT06bl HCK8Tb npe.llCTSBneHHe U (p
1
,p 

2
) 'pSI.llOM' no CTeneHSIM </> 

llpe.llCTSBHM 3TOT lPYHKUHOHan 'pSI.llOM' no CTeneHSIM U : 

u(p ,p ) = f XPI P2· (k ,k ) u(k )u(k )dk dk 8(k +k -p -p 
12 2 I 2 I 2 I 2 I 2 I 2 

PI P2 d 
+JX.c (k 1 ,k 2 , k 3 ,k 4 ) (u(k 1 )dk 1 )8(k

1 
+k 

1
+k

3
+k

4 
-p

1 
-p

2
) 

l=·l 

(10) 

+· • • 

llO.llCTBBHB {JQ) B (9}, nony'IHM 

I P . P .2. • 
H u(p ,p )=fX I =tk ,k , } (A +A } ll (u(k )dk ) 8(k +k -p -p ) 

I 2 2 I 2 k I k 2 1= I I 1 I 2 I 2 

p p 4 

)0 (u(k )dk )8(k +• .. k -p -'P '} 
let I I I 4 I 2 

f X 1 2 (k , ••• k ) (A +A +A +A 
4 1 4 11:

1 
1t

2 
11:

3 
k-4 

+·. • • ( 11) 

1 · PI p2 . 
-T·fda db Y(a,b) [ 2•1X2 (a, b) 8(a + b -p

1 
-p 

2 
) +. 

p p 2 

+4•3X I 2(a,b,k ,k )0 (u(k )dk )8(k +k +a +b -p -p 
4 I 2 I= ·1 I I I 2 I 2 

p lp2 2 

+6·SX 8 (a,b, k 1 , ••• k 4 )
1
!!

1 
(u(k

1
)dk

1 
)8(k

1
+k

2
+k

3
+k

4
+a+b-p

1
-p

2
) 

+ • • • • I .. 

3.oecb 

Y(a,b)=.fdk 
8 u (a) 

8¢> (k) 

6 

.· 8 u (b). . (12) 
8.¢> ( -k) 

I 
1 
l 
1 ! 

I 
l 
! 
1. 

1 .. \f· I ~ \ 

),1,·.,. ~~ 
d 

t ,, 
:·II 

1 
Jill 

\i] 

I.Ja CTb ( }} ) 0 CO.llep:>K8Ul8SI Y 0 B03HHK8eT OT .lleACTBHSI .llBYX B8pH 

npOH3BO.llHbiX nepBOI'O 'IJleHa (6) Ha p83Hble cpyHKllHOHMbi u(k ' , 
I ' 

OCT810Ul8HCSI '18CTb cpyHKllHOHana H I u · ( . p 
0 

p ) , C y'leTOM ypae 
I 2 

onpe.oenRIOlllero u (p ) , npeo6paayeTCR K BH.lly He co.oep:>Kll 

'18CTH ( 11 ) , 

~.3. C noMOlllbiO ( 4) H ( 7) nonyqaeM cTeneHHoe paano:>KeHHe 

Hana ( 12) : 

2 
Y(a,,b) =B(a+b) +JY

2
(a, b ,k

1 
,k

2 
)0 (u(k

1
)dk

1 
)8 (a+b -k 

1 t==·t 

4 

+:fY4 (a,b ,k 1 ,k 2 ,k 3 ,k 3 ) 0 (u(k1 }dk 1 )8 (a+b -k
1
-k

2
-k

3 
-k.c 

1•·1 

+: •••• 

Onpe.oenHB KoacjJcjlanBeHTHbie cjJyHKllHH zn(p,k;k 
1
,k

2
, ... kn) paano:>K• 

~ 
8 ¢> (k ) 

.. 8 (p-k >+:fz <P, k; k ,k > n (u(k )dk >8 <P -k -k 
2 I 2 l=·t 1 I 1 

+: ••• 

T8K 0 'ITO 

p 

z 2 ( p • k ; k 1 • k2 ) .. 3 y 3 ( k • k 1 • k 2 ) 

z
4 

(p ,k; k
1 

, ••• k
4 

)=Sy:(k ,k
1 

, ... k
4

) + 

• p p-11:1-k 
-6S1mm(k 1 ,k2 ,k3 ,k4 )y3 (k ,k 1 ,p -k 1 -k }y 3 (k 2 ,k 3 , k~ 

nerKO HSXO.llHM 

Y2 (p,q ;k 1,k 2 }= z 2 (p ,-q; k
1
,k

2 
}+z

2 
(q,-p; k

1 
,k

2 
} 

7 



:BCTH'IHOe COCTOIIHHe pac

WpellHHrepa 

(9) 

1)'pHLlOM' ITO CTeiTeHIIM ~ 

IM U : 

ik 8 (k + k -p - p 
2 I 2 I 2 

(10) 

)dk )8(k +k -p -p ) 
I I 2 I 2 

l )dk1 )B(k +• .. k -P -p ·} 
I 4 I 2 

( 11) 

-p 2 ) +; 

+ b -pI-p 2 ) 

), .. , 
rr--' ' ( 12) 

''~-. 
f 
i( 
-~ 

l.Ja CTb ( 11) 1 COLlep>Kamag Y 1 B03HHKaeT OT Llel!CTBHH LlByX BapHaQHOHH.biX 

npoHaBODH.biX nepBoro qneHa (6) Ha paaH.ble lPYHKUHoHan.bl u(k ' 
1 

u (k ) 
1 

' J OCTaiOIUaHCSI '!aCTb lj>yHKQHOHana HI U' ( p , p ) , C y'leTOM ypaBHeHHH (5), 
I 2 

onpenengromero u (p ) , npeo6paayeTCg K BHLly He conepmamel! Y 

'laCTH (11), 

:.!,3, C ITOMOIUbiO ( 4) H ( 7) nonyqaeM CTeiTeHHOe paano>KeHHe lPYHKUHO

Hana ( 1~) : 

4 

+:fY4 (a,b ,k 1 ,k 2 ,k 3 ,k 3 )D (u(k1 )dk 1 )8 (a+b-k
1
-k

2
-k

3
.-k

4
) 1=·• 

+: •••• 

OnpenenHB Koalj>lj>HnHeHTHbie lj>yHKUHH zn(p,k;k 
1
,k

2
, ... kn) paanomeHHeM; 

8 u( p ) 

8 </> (k ) = 8 (p-k )+:fz (p, k; k ,k ) 0 (a(k )dk )B (p -k -k - k 
2 I 2 l=·l I I I 2 

+: ••• 

nerKO H8XOLlHM 

7 

(13) 



y4 (p,q; kl ,.,,lk4)=·%4 (p,-q;kl''" k4)+·z4(q,-p; kl , ... k4) 

+:simm(k 1 ,~ ,k
3

, k
4

) z 2(p,p -k1 -k 2 ; k 1 ,k 2 ) z 2 (q,q -k
3 

-k
4 

;k
3 

,k 4 ) 

2.4; Ha ( 11) H ( 13). Haxo.llHM cne.llyromyro ¢opMy ypasHeHHH IlJpe.llHH-

repa: 

AP P-At 
I 2 _I 

p p 
- At ) . X J 2 (k 1 , k 2 ) 

2 

1• 2 PI P2 = --,;-·JX2 (a,b) Y2'(a,b;k1 ,k 2
)8(a+b -p1 -p 2 ) da db 

3•4 PI P2 _ _:_..1 X ·~a,b, k ,k )8 (a+ b }da db 
2 . 4 1 2 

(A -A -A -·A 
p p t t t 

I 2 1 2 3 

--A 
k 

4 

p ,'p 
X 1 2(k , k , k 

4 I 2 3 
k 

4 
) ... 

1·2 . . 
-rJda db v4 (a,b; k 1 , k2 ,k3 ,k 4 

xp I p2 ( a,b)8(a+b -P -P 
2 I 2 

(14) 

3-4 p p 
--"-·fda db simm (k ,k ,k ,'k ) Y (a,b; k ,k ) X 

1 2
(a,b ;k ,k ) 

2 I 2-3 4 2 I 2 4 3 4 

8 (a +:b +: k 3 +:k4 -pi - P2 ) 

-~fda db XPI P2 (a,b, k ,k ,k ,k )8 (a+ b ) 
2 · e 12 3 4 

8 

2.5, Dp11 TSKOit cpopMe 381IIICII COOTHOUl8HIIH S.ll.lliiTIIBHOCTH Tllna (3) 

HB1IHIOTCH CT01Ib :>Ke O'leBII.llHhiMII, K8K, H81Ip11Mep, B 38.ll8'le 0 B38HMO.lleii:CTBHII 

.llBYX '18CTHU.ll1IH Hepe1IRTIIBIICTCKOI"O ypasHeHHR IlJpe.llHHrepa ( B IIMnynbCHOM 

npe.llCT8B1IeHIIH ) : 

p2 p 2 
I 2 

(-2 -+--2---) 'P (p ,p )+ JV(p 1-p -q +q )'P (q , q )8 (p +P -q -q l dq dq =E'P(q , q ) 
m m 12 2121212 12'12 12 I 2 · . 

3.ll8Cb COOTHOWeHHR (3) C1I8.llYIOT 113 npe.ll1I01IO:>KeHIIR 0 I"1I8.llKOCTH 1IOT8HUHS-

na V ,_ .ll068BK8 K V CIIHI"Y1IllpHOit 'ISCTII V(p)-oV(p}+6(p ) HapywaeT a.ll-

.lliiTHBHOCTb, 

§ 3, 3aK1IIO'IIITe1IbHbie 38Me'ISHHR 

Dpeo6paaosaHHe § 2 acnonb3yeT O.llHO'ISCTII'IHoe peweHHe ypasHeHHR 

IlJpe.llHHI"epa .ll1IR ynpOUl8HHOit aanHCH 8TOI"O ypaaHeHifH, 9PH311'leCKH npOH3Be

.lleHHOe npeo6paaOB8HHe COOTBeTCTByeT '18CTH'IHOMy y'leTy H HCK1IIO'leHHIO 

CSMO.lleii:CTBIIR - HMeHHO TOil: ero 'ISCTH, KOTOp8R OTBeTCTB8HH8 38 o6paao

B8HH~: O.llHO'ISCTH'IHOI"O COCTORHHR, _ 0.llH8KO npO.ll01I:>K8HHe nporre.llyphl § 2 .ll1IR 

1IOiiHOI"O y'leTa CSMO.llel!CTBHR nyTeM BK1IIO'leHHR B p831IO:>K8HIIe ( 1 Q) CTene

Heit 4JyHKUHOH81IOB CBR38HHbiX .llBYX'ISCTH'IHb!X II 6onee C1IO:>KHbiX COCTORHIIit 

eC1IH TSKOBbie HMe!OTCR ) , rro-BH.lliiMOMy, HeB03MO:>KHOe 

TI 01IHbll! y'leT C8MO.llel!CTBHR MO:>KeT 6b!Tb npoHaBe,lleH MeTO.llOM 3KI.Ir 

/2/ 
Teii:Ha , Hawe :>Ke npeo6paaosaHHe ( § 2) npe.llrrpHHRTO c 6onee yaKoit 

rre1Ib!O - y6e.llHTbCR B CllpaBe.llHBOCTH He06XO.lliiMbiX COOTHOWeHHit S.ll.lliiTIIB

HOCTH (3), KpoMe TOI"O, cpopMa (14) ypasHeHHR .llBYX'l8CTH'IHOI"O COCTOHHHR, 

B8p0RTHO, y.llo6Hee, '!eM nepBOH8'181IbH8R <jlopMa ypaBHeHHR IlJpe.llHHI"epa ( TH-

na (A.10) ). 

nonb3y!Ocb cnyqaeM BblpaaH.Tb 6narO.ll8pHOCT.b 8K8.lleMnKy M.A. MapKo

BY aa HHTepec K pa6oTe • .H secbMa o6RaaH TSK:>Ke E.H. 3axapbeBy H 
. ~/ 

M.H. IlJapoxosy, o6paTHBWHM Moe BHH.MaHHe Ha pa6oTY • 
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