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§1, B B e n e H H e 

Mbl 6yneM paccMaTpasaT& cacTeMy, onpeneneaay10 raMan&ToaaaaoM 

4 .... .... .... .... .... 

+g r n<.p<k 1 )dk1 >B<k
1 

+k
2

+·k
3

+k
4

). 
1=1 

3nec& HHTerpanbl 6epyTCH no o6nacTH 

.. .. 
lkl<f, lk l<f 

nsyMepaoro npocTpaHCTBa, 

1,1, '!.{acTo acnon&ayeTCH a anile& raMan&ToHaana (1) B. ljlopMe 

1 ... ... .... 2 2 ... .... 
H=-· f dk(IT(k)'rr(-k)+(k +!L) </>(k)</>(-k)]+ 

2 

(1) 

( 1 I) 

rne N - CIIMBOn HOpManbHOI'O npOH3BeneHHH 
/2/ 2" 

npu 3TOM napaMeTpbi M 

8 !L 2 CBH3SIIbl COOTHOllleHI!aM 

(2) 



H eoOTHOWeHHeM (3) i Et =v~t2+:k2 • Kax n3aeeTno, Teopng B03My-

meHIIif B paeeMaTpHBSeMOM eny'lae eos:teplKHT es:tHHeTBeHHbiJ! HenpHBOs:tHMblil 

paexos:tHIIIHileg rpacflnx - rpacflnK eo6eTaeanoii aneprnn BTOporo nopHs:tKa: 

H"( ') 4·41 2 J ·p,p =--- g 
2EP 

dkl dk2 dk3. 

2Ek 2Ek 2Ek 
I 2 3 

, (2" )2 
8(k +k +k -p)8(p -p) --

1 2 3 v 

1 + ------~1 ____ __ ] . 
Ek+Ek+Ek +E E + E +E -E 

kl k2 It_ p I 2 3 P 

TaKHM o6pa3oM, Bbi6op Benn'IHHbi 81-1 2 B (1') 

d~ dk dk 
811 2 = 4 • :4! g2 f I 2 3 

~k2+k3-p) 
[ -· "'"--"---

2Ek 2Ek 2Ek 
I 2 3 

Ek +Ek +Ek + E 
I 2 3 P 

8 (k I +k2 + k 3 -p) 
+. -.....!'--.:....~:.--

Ek + Ek + Ek -E 
I 2 3 P 

(3) 

o6eene'IHB8eT OTeyTeTBHe paeXOs:tHMOeTei! B TeOpllll B03MyllleHHJ!: eenn pae

eMSTpHBSTb s:tBa noenenane qneaa (1') xax B03Mymeane, To Bee nopHs:tKH Teo-

pHil B03MyllleHHll IIO KOHeTaHTe eBH31l g OK83biB810Teg KOHe'IHblMH, 

1,2, B HSeTOHIIIel! pa6oTe Mbl npnMeHHM B paeeMSTpllBSeMOM s:tByMep

/1/ 
HOM enyqae MeTOs:t pa6oTbl • npn IIOIIbiTKe IIOeTpOHTb pewenne ypSBHeHHH 

lllpennarepa HO =.\0 
(4) 

B~3HHK810T paeXOs:tllMQeTn, Bee OHH, Os:tHSKO, MOryT 6b!Tb OTHeeeHbl 38 e'leT 

HeKOTOpOrO MHOlKHTeng B {) • HMenao, eenn 

1' w=exp[-
2
-z(f) J,</>(k)<f>(-k)dk ], 

rs:te Z (f)- cPYHKUHH, onpes:teneHHSH ypaBHeHHeM ( 13), H 

!l=w!l', 

TO Bee K09cPcPHUHeHTHble cPYHKUil11 1 onpes:tenHIOIIIHe cPYHKUHOHan {) ' , HMeiOT 

KOHe'IHblil npenen npn f ... .. • 
/3/ 

B s:tByMepHOM eny'lae, KSK ll B Os:tHOMepHOM 1 s:tnH s:tOeTSTO'IHO MSnbiX 

' 3HS'leHHii KOHeTaHTbl Mz oeHOBHOe eoeTOHHHe - BblpOlKs:teHO, Cny'ISH Bbl-

pOlKs:teHI!OrO H !leBblpOlKs:te!IIIOrO BSKyyMa paeeMSTpHBSIOTeg OTs:tenhHO B S3 H 

§2, B §4 BbiBes:teHhl perynHpH30B8HHble ypaBHeHHH B036ylKs:teHHbiX eoeTOHHHl!, 

4 

B npnnolKeHHHX s:taHbl cflopMynhl, Bb1p8lK810111He napaMeTp M 2 
'Iepe3 r • 

g , f i H3 HHX, B 'ISeTHOeTH, BHs:tHO, 'ITO enyqSHM §2 H §3 eOOTBeTeTBYIOT 

pa3Hhle o6naeTn 3Ha'leHHii M 2 
• 

1,3, YpaBH9HHH §2 II §3 OIIHebiBSIOT eHeTeMy B38HMOs:tei!CTBYIOIIIHX qae

THU. 3TH ypaBH9HHH nony'leHbl UpH Bbl6ope ( 3) nepeHOpMHpOBO'IHOii (TO eeTb 

norapncflMH'leeKH 60nbWOJ!) '!SeTH MaeeOBOrO napaMeTpa, 0TnH'IHbli! OT (3) 

HB aenH'IHHY 0 (In f ) Bb!6op 81-1 2 UpHBOs:tHT K ypaBHeHHHM, OIII!eb!BSIOIIIIIM 

eneTeMY qaeTHU e 6eeKOHe'IHO 60nbiiiOii Maeeoit IIOKOH "' In f i B38HMOs:tel!

eTBHe MelKs:tY 9THMII 'ISeTI!USMH lle'le3aeT IIpH f -+ oo • 

rne 

§2, HeBblpOlKs:teHHOe OCHOBHOe eoeTOHHHe 

npes:teTSBilM cPYHKUHOHan {) 
0 

OCHOBIIOrO eoeTOHIIHH B Blls:te 

K= 

n = 
0 

e 
-•K 

1 ..... -+ ... .... 
-( {, a(k)<f>(k)<f>(-k)dk + 

2 

... 
+·f. c4 (k I' k2,k3 ,k4 

+ f C 6 (k I' k 2 ' • • • ' k6) 

4 ... .... ..... ... ... 

"(<f>(kl)dkl )8(kl+k2+k3 + k4) + 
I 

6 ... .... ... ..... ... 

" (<f> (kl )dkl) 8(kl+k 2+ •.• k6). 

Torna 113 (1 ), (4) eneay10T ypaBHeHnH 

2 ... 2 2 ... ..... ... .... ... ... ... 
a (p)=p +m +:6 J(C 4(p,-p,k,-k)-C4 (0,0,k,-k))dk, 

l:4 c4 c;l;2,;3,;4>= 2 g+15 J csc;l,;2,;3,;4,k',-k)dk, 

l:eCeCP 1 .···P6 l+2·t2[C 4C 4 l= 28 JC 8 (pl' ... ,p6 ,k-k)dk 

(5) 

nng orrpeneneans( xoacP4tnuneHTHbiX .pyaxunii a c4, cs• •• 3neeb, KaK 

HB/1/,/3/ . 

l:D l: 
1=1 

a (k 1 ), 

L . . t 



2 2 ... .... ... 
m =M +6 JC

4
(0,0,lk,-k)dk, 

[ C 
4 

C 
4 

]( k 
1 

, k 
2

, k 
3

, k 
4 

) k 
5 

, k 1 ) = simm ( k 
1 

, k 
2 

••• k 
6 (6) 

I 

... ... ... ... ... ... .... ... ... ... ...... 
C

4
(k

1
,k

2
,k

3
,-k

1
-k

2
-k

3 
)C

4 
(k

4
,k

5 
,k

6
,-k

4
-k

5
-k

6
). 

/1/ 
B OTnH'IIIe OT a paCCMSTpllaaeMOM nayMepHOM cny'Iae ypaaHeHI!H (5) 

He LlOUyCKSIOT UpSIMOI'O nepeXOLlS K npeneny f -+ oo , 1160 UOlliiHTerpanbHhle 

abipalKeHI!SI a (5) Upll 6onbWIIX k y6blaSIOT KSK k -
2 

0 • TSK 'ITO IIHTerpa

nbl npn f ... .. HeorpaHn'IeHHO pacTyT. 

2.1. ,UeJ!CTaiiTenbHO, UpiiHHa 

c
4

,.,2g/I
4

, 

c6 .. -4[C4C4]/Is, (7) 

c 
8 

.. -12 [ c 
4 
c 

6 
] I I 8 

II UOLlCTaana 8TII abipalKeHIISI B IIHTerpanbl 0 HSXOLliiM 

dk ... ... , . 
-+ -+-+... Ok it)]dk--6[a(p)-a(Ol}f ..... -+ -+ • 

5J[C (p,-p,k,-k)-C4 (0,' ,- - [a(p)+a( k)][a(O)+a(k)] (8) 
4 . 

... 
TSK KSK LlnH 6onbWIIX k a ( k) '" k , TO IIHTerpan 3/leCb "' In f nanee 

15JC (k ... ,k ,k_.k ,k,-k)dk=6C (k , ... ,k) I f 
6 1 2 > 4 4 1 4 l= I 

C
4
(k,-( k

1 
-k

1
) 

l:
4

+·2 ak 

... 
d k + 

... .... ... ... ... ... ... .... ... ... ... .... 
... ... ... -+ 

+ 36 simm (k 
1
,k 

2
,k 

3
,k 

4
) f 

C 4 (k 1 ,k 2,k, -k
1
-k 

2 
-k )C 4 (k 3 ,k4 ,-k,-k3-k4+k~ k ... 

I +2 a 
4 k 

3necb nepahlii qneH IIMeeT nopS!LlOK aenu'IIIHhi In f BTOpoii Upll f -+ oo 

:TpeMIITCH K KOHe'IHOMY Upeneny; aoo6rue HeCnOJKHSH KOM611HSTOpliK8 llSeT1 a 

6 

I 
l 
'I 

., 

npn6nnJKeHIIII (7), cnenyiOmyiO aenu'Iuay· pacxonmnel!cSI 'ISCTII IIHTerpana 

JC2+ndk 
~ .... ... _. 

n(n'+2) .. .. .. ... ... ... .. .. ... n C
4
(k,-k,k

1
,-k

1
) 

-· f.C~.fk ,k , ••• ,k ,k,-k )dk .. 6 C (k
1
,k2 , ••• ,k ) I fdk .(g) 

ur'!/ 1 2 n n n ..,. 
2 l=l I +2a(k) 

n 

2,2, HTaK, ace IIHTerpanhl a (5) HeorpaHII'IeHHO pacTyT (KaK In f ) C 

pOCTOM f • noaTOMY Henb3SI OlKIILl8Tb 0 'ITO ace K08qxp11UIIeHTHble q,yHKUIIII 

a , C 4 , C 6 o • , Upll f -+ oo CTpeMHTCSI K KOHe'IHbiM UpenenaM, 3aMeTIIM 0 

OLlHSKO, 'ITO 6onbWI!e aenii'IIIHbl aXOLlHT a ( 8), ( 9) aeCbMS cneunq,u'IeCKIIM 

o6pa30M0 IIMeHHO, TaK, 'ITO ace OHII MOI'YT 6biTb OTHeCeHbl 'TOnbKO 38 C'IeT 

q,yHKUIIII a • Mbl nonoJKIIM 

a(p) = b(p)- Z, (10) 

I'Lle Z - 60nbWOe 'IIICno, KOTOpOe, KSK Mbl UOKSJKeM, MOlKHO abi6paTb TaK, 

qT06bi ace q,yHKUIIII b , C 4 , C 6 , • , Up II £-+ oo CTpeMIIlliiCb K KOHe'I-

HbiM UpenenaM, 3aMeTIIM, 'ITO COOTHOWeHue 

a (0) =· m, , 

cnenyromee 1!3 ( 5), 11 ( 10) Tpe6yeT 3aMeHbi m Ha HOahlil: napaMeTp r : 

r = m + z = b (0 ) ; ( 11) 

He 3SaiiCSIIUIIfi OT • nepenliChlaaeM ypaaHeHI!H (5) a anne 

2... 2 2 ... ... ... ...... ... ... ... 
b (p)= p +r +2z[b(p)-r]+6 fdk[C

4
(p,-p,k,-k)-C

4
(0,0,k,-k)], 

·u 
4

C
4 

=·2g+4ZC
4 

+ 15 f c 6 d k , 
( 12) 

u
8

C
8

+-4[C
4

C
4

].=6ZC
6 

+·28 JC
8

dk. 

3necb 

... 
b(p I ) • u = I 

n 
!=I 

7 



3aMeHHB lj!OpMynhl (7) Ha 

c ... 2g/u4 

cs .. --4[C .c4 1/ us 

II llOBTOpSISI M8HHnynHUHII nyHKTa 2,1 1 y6eJK,QaeMCSI1 'ITO npH Bhi60pe Z .. 
dk 

z = 3 g f '+ 

{b(k)+r)2 
( 13) 

paCXO,QHMOCTH B npaBOi!: 'I8CTH ( 12) He B03HHK810T ( 'IneHbl C Z KOMlleHCII-

pyroT pacxo.QIIMOCTH IIHTerpanoe), TaKHM o6paaoM, ypaeaeHHSI 

-+ 
2-+ 2 2 -+ -+ -+-+ -+ -+ -+ b(p)-r 

b (p) =P +r +6 f dk [C (p,-p,k,-k) -C (O,O,k,-k)+g _ _:,:...__, __ , 

(b(k) +'t )
2 

] . 
............. 

-+ -+ -+ -+ -+ -+ · C4(pl,p2,p3,p 4) 
c 4 u4 .. 2g+ fdk [15 C 6 (p 1,p2 ,p,3 ,p4 ,k ,-k)+ 12g .. 

2 
1. 

(b(k) + r) ( 14) 

.. cs 
C u+4[C C ] ... ·fdk[28C

8
+18g--, .. =----

es 44 (b(k)+r)2 

SIBnSIJOTCSI peryngpH30B8HHOi! ljlopMOi! ypaBHeHIIH (5), 

2,3, llpn o6pb1B8HIIH CHCTeMhl (14) He06XO.QIIMO B nocne.QHeM H3 B3SITbiX 

ypaeaeani!: BhiKIIHYTb npaeyro 'IaCTb uennKoM, a He fCn+ 2 dk 11nn C
0
fdk/(r+bck))2 

OT.QenbHO, IIH8'Ie B03HIIKHyT paCXO.QHMOCTH, 

2,4, PeiUeHHe CIICTeMbl ( 14) ll03BOnSieT, B 'I8CTHOCTH, Bbipa3HTb napa

MeTp M
2 

'Iepea r , g , f ; nony'Ieaaoe BhlpaJKeane cornacyeTCSI c (3) 

(eM, llpnnoJKeHHe 1). 

§3, 8hipOlK.QeHHOe OCHOBHOe COCTOSIHHe 

/3/ 
llO.Q06HO 1 nonOJKHM. 

<f>(k) =·tfr (k) +f38{k ), 

.. 
npe.QCTaBHM K, K·"' - Jn 0 O B BH.Qe 

8 

), 

J 
t ~ 

1 ... ~ ~ .... 
K=-[C .,U(O)+·fa(k).,U(k).,U(-k)dk+ 

2 I 

... 3 ... ... ... .... ... 

+ JC 3 (k 1,k 2 ,k 3 ) n (</J(k
1
)dk

1 
>BCk

1
+k

2 
+k

3 
> 

1=1 

..... .... ..... .... 4 .... .... ... ... ... ... 

+ f.C 4(k 1 ,k2,k3,k4 ) ll(tfr(k 1 )dk 1 )8(k1+k
2 

+k 3+k4); 1=1 . 

+· •••. 
/3/ .QnSI onpe.QeneHHSI KOS!jllj!HUIIeHTHhiX ljlyHKUIIil nony'IaeM ypaBHeHHSI (cp, 

ypaeHeHIIe ( 19) II cnenyJOIUHe) 

2 2 -+ -+ z C 1 a (0) =·2M {3 + 8 g {3 3 + 3 f C 3 {k, -k, 0) dk , 

3 ... .... ... .... ... ... .... ... 
- 2-·C C3(p,-p,O)+a 2(p) .. p2 +M 2+i2~:{32 +6fC (p,-p,k,-k)dk, 

I 4 . 

4 

2 
c lc4 (pl,p2 • P3 • 0> + I3 c3 (p 1;;2 • ;3 > = 

=8gf3+ 10 fC
5
(p1,;2

,p .. 
3
,k,-k)dk, 

5 -+ -+ -+ -+ 3· 3 
-- C 1 C s ( P u•• P 2 • P 3 ' P 4 • 0) + · I 4 C 4 + -' [ C 3 C 3 I ·"' 

2 4 

=2g+15 fC (; ,; ,; ,; ,pk,-k)dk, 
6 ! 2 3 4 

6 -+ -+ -+ 3·4 
- cl cs (pi •P2 , ... , Ps ,O) + Is cs +·2--[c3 c4 1 

2 • 4 

= 21 { ,C 
1 

(pI , "' , p S , k, -k) dk
1

, 

9 

(15) 



Bbi6epeM 3Ha'leHRe C 1: 

c1 =-·2 f3 z, 

R ~epeitlleM OT a (;) K HOBOit HeR3BeCTHOil: lflyHKURR b (p): 

a(p)=b(p)-Z, 

aenR'IRHy Z , KaK R paaee, 6ylleM C'IRTSTb orrpelleneaHoil: lflopMynoil: (13), 

rile r = b ( 0 ) • nocne a_Toro MOJKHO rreperrRcaTb ypaeHeHRSI ( 15), Ha'IRHBSI 

c TpeTbero, B BRile: 

u c - 8 g f3 = r d k [ 1 o c 5 <; . ; . ; . k. -k > + 3 3 I 2 3 

-+-+-+ -+-+-+ -+ 2 
+:3g(3C3(pl,p2,p3) +·4f3C4(pl,p2,p3, O)Y(b(k)+r) ], 

3· a .... ... ... ... _, .... ... 
u C +- [C C ]-2g=fdk [lSC (p ,p ,p ,p ,k,-k) + 

4 4 4 3 3 I 2 3 4· 

( 16) 

... -+ -+' -+ -+ -+ -+ ... -+ 2 
+ 3 g( 4C4(pl,p2,p3 ,p4)+·Sf3C5(pl,p2,p3,p4,0))/(b(k)+·r) ], 

3· 4 -+ . ~ -+ -+ -+ -+ ... 
u 

5 
C

5 
+2 -

4
-(C 3C

4
]= f dk( 21 C

7 
(p

1
,p

2 
, ••• , p5,k, -k) + 

-+ -+ -+ -+. -+ -+ ... -+ 2 
+3g(SC

5
(p], ... ,p5)+,6{3 C 6 (p

1
,p2 ,p3 ,p 4 ,p5 ,0))/(b(k)+r) ], 

3,1, llpeHe6peJKeM B (16) rrpaBbiMH '18CTSIMH, orrpenenHM H3 TaKRX ypaB

HeHRit lflyHKUHR C .3 , C 4 , C 5 , o o o H ITOilCTaBHM 3TH lflYf!KURR B rrpa

Bble 'laCTII (16). PaccMOTpeaue, rrono6aoe rrpoeelleHHOMY B rryHKTe 2;1, no-

K83b!BaeT, 'ITO rrpR 3TOli ITOilCTaHOBKe paCXOiliiMOCTR He B03HHK8!0To 

· 3.2. Hcrronb3yR Bbi6paHHoe BbiWe 3Ha'leHue C 1 11 lflopMyny (13), rre-

perrRweM BTopoe ypaaaeaue cucTeMhl (15) B cnenyroweit aKeneaneHTHoil: ~flop-

Me: 

10 

it 

1 

,., 
.r.il 

,I 
'·.\ ,t:~, 

~~( 
II 
dt 

l
'C 
"! 

I 
i\ 
'\· 

i' 

( 

b 2 (p) = p 2 +:r 2 + 6 f d k [ c 
4 

(p, -p, k. -k) -C 4 (O,o,k, -k )+ 

(17) 
. .. 3{3 .. .. . .. 2 

+.g(b(p)-r +--·(C (p,-p, O)-C3(0,0,0)))/ (b(k) + r) ] .• 
2 3 

31leCb KOHCTSHTS r r = b ( 0) , orrpenenSJeTCSI COOTHOWeHReM 

8 g f3 2 + f d k [ 6 c4 co,o, k', -k >- 3 C3 < k. -k, O)/ < 2 (3) l + 

(18) 

+ 3{3 Z C 3 (0,0,0)-r(r-Z)= 0, 

KOTOpoe cnellyeT R3 (17) R rrepBbiX llBYX ypaeHeHRfi CRCTeMbl (15). 

3.3. llpR6ITRlKeHHO OITpenenRM C 
4 

CITOC060M ITYHKTS 3.1; ITOilCTSBRB 

rrony'leHHOe BblpalKeHRe B ( 17), y6eJKil89MCSI 0 'ITO paCXOilRMOCTefi He B03HR

KaeT, llpR 3TOM RallO Y'I9CTb 0 'ITO, BBRily rrepeoro ypaBHeHRSI (16), BenR'IR-

'!18 . 

f 
Ca(k, -k, 0) dk -·{3 Z 

b(k)+b(;) 

KOH9'1H8 (TO eCTb CTpeMHTCSI K KOH9'1HOMY rrpeneny rrpR HeorpaHR'IeHHOM poe-

Te rrapaMeTpa o6peaaHRSI ) • TeM JKe rryTeM MOJKHO y6ellRTbCSI, 'ITO ypaa-

HeRRe (18) lflaKTR'IeCKR He COileplKHT 6onbWRX eenR'IRH (THITS Z ): OHH 

B38HMHO KOMITeHCHpyiOTCSI, TBK 'ITO ( 18) CBOilRTCSI K 

8gf32=r2+ ... 

3.4. YpaaHeHUSI (16), {17). (18) R ecTb ypaaaeHnSJ, orrpenenSI!Owne 

OCHOBHOe COCTOSIHHe B cny'lae, Korna OHO BblpOlKil9HOo 

11 



§4, 8oa6ylKA9HHhie COCTOSIHIISI 

Co6CTB9HHble cpyHKiliiOHanbi B036ylKA9HHbiX COCTOS!HIIii Mbi0 KaK II B pa
/1/ 

6oTe , npeACTSBIIM B BI!Ae np0!!3B9AeHIIS! 0 O 118 H91!3BeCTHblil: cpyHK-

IliiOHan u : 

0=u0 
0 

3AeCb 0 O - cpyHKiliiOHan OCHOBHOI'O COCTOSIHIIH, 

4,1, B cnyqae HeBblpOlKA9HHOI'O BSKyyMa M!>I 6yAeM IICK8Tb u B Bll-

Ae CTeneHHOI'O PSIA8 no HeqeTHbiM CTeneHSIM cp ! 

; ; ... ... ... 3 .... ... ... ... ... ... 
u=T cf>(p) + Jr (k ,k ,k) 0 (cf>(k )dk )B(k +k +k -p)+ 

I 3 ·I. 2 3 I I I 2 3 
I= I 

; ... ... 5 .... ... ... ... ... ... ... .... 
+ J r (k , ..• ,k > D(cf>(k )dk )B(k +k +k +k +k -p), 

S I S l=l · I I I 2 3 45 5 

D.nH onpeAeneHIIH xoacpcpll!llleHTHbiX cpyHKilllil: 11 aHeprllll aoa6ylKA9HIISI A (p) 

111 
nony· .a eM ypaaHeHIIH (cp. ) , cjlopMyna ( 10)): 

.. .. 
... p p ... ... ... .... 

[A(p) -a(p)] r =-·3Jr (k,-k,p)dk, 
1 3 

.. .. 
p .... ... ... ... ... ... • :-+ p 

[A(p)-:SaJr3 (pl,p2 ,p3 >= 2 c4(PI_,p2,p3, -p >rl -· 

.. 
p ... ... ... ... ... ... 

-·10 J r5(k,-k,pl,p2,p3 )dk, 

.. 
p ... ... ... ... ... ... ... 

[A(p)-:S 5 ]r (p ,p , .•• ,p )=3·1C (p ,p , .•. ,p ,-p) 
. 512 5 612 5 

.. 
rP' + 

I 

... ... ... ... ... ... ... ... ... p ... .... ... ... ... 
+: 2 •Jslmm(pl,p2, ••• ps)C4(pl,p2 ,p3 ,-p~.-p2-p3)r3 (p4,ps,p-p .Ips)-· 

.. 
- p ... ... ... ... ... 

-·21 Jr
7 

(p
1

, ..• p
5
,k,-k)dk, 

12 

i 

\ 

.. 

1 

3AeCb BO BTOpOM ypaBHeHIIII 
... ... . ... ... ... 

·pi +·p2· +:p3 +·p4 +·p5 =· P 

... ... ... ... 
p

1 
+·p

2 
+·p

3 
= p , B TpeTbeM t. 

II TSK Jlanee, llOACTSBIIM 

a.= b - Z 

11 1 - BOCfiOnb30B8BWIICb )lnSI Z BbipalKeHI!eM ( 13), nepenuweM ypaaHeHIISI 

B BI!Ae 

.. .. 
... p ... p ... ... ... p ... 2 

[A(p)-b(p)]r1 =-J.dk[Jr3 (k,-k,p)+3gr
1

/(b(k)+r) 

p .... ... ... . _,. p 

[A <P >- u 3 l r3 -·2 c 4 (pl,p2 • P3 • -p > rl =· 

.. .. 
-+-p-+-+-+-+-+ P-+-+-+ -+ 

=-.Jdk[tor (k,-k,p ,p ,p )+9gr (p ,p ,p )/(b(k)+·r) 2 ] 
5 123 3123 

(19) 

.. .. 
p ... ... ... .. .. ... p 

[A(p)-us]r5 -·JCa(pl,p2,p3,p4,ps,-p)rl -· 

.. 
... ... ... .... ... ... ... ... ... p .... ... ... ... ... 

-·6simm(pl,p2···Ps)C4(pl,p2,p3,-pl -p2-p3)r3(p4,ps;-ps-P4+P)= 

.. .. 
... - p ... ~ ... .... ... . p ... ... ... .... 2 

=·-J.dk[21 r 7 (k,-k,p1,p 2, ••. p 5)+ 1Sgr
5 

(p
1
,p

2
, ... p

5
)/(b(k)+ r) ] 

OnpeAeni!M npu6nl!lKeHHO r3 , r ~ • • • • ypaBHeHI! SIMI! ( 19) 6ea npaBbiX 

qacTeil, llOACTSBIIB HailAeHHbie TSKIIM 06pa30M BbipalKeHIIH B IIHTerpanbi Cnpa

Ba, y6elKA8eMCSI; qTO paCXOJliiMOCTeii He B03HI!KaeT, 

4,2, 8 cnyqae BblpOlKAeHHOI'O BaKyyMa Mbl 6yAeM IICK8Tb U B BI!Jle 

.. .. 
p .... p ... ... 

u =· r 1 t/1 (p > +· Jr 
2 

< k , k 
2 ... ... .... ... ... 

n (tfr(k )dk >B<k +k -P >+ 
I=! I I I 2 .. 

p ... ... .... 

+:f r 3 (kl,k2 ,k3 > 
3 ... ... .. .... ... ... 

0 ( t/J ( k ·1 ) d k I)) 8 ( k I + k 
2 

+ k 
3 

-p ) 
1=1 

+· .•• 

llonyqaeM ypaBHeHIIH: 

13 



~ ~ ~ 

... p -+p ... -+-+ 2 p-+ 
[A(p)-a(p)II' =-3 fdk I'3 (p,k,-k)+T·C 1 I' 2 (p,O), 

1 -

; -+'t ........... 
[A(p)-,:£2]1'2=-6 fdki'4(p1,p2,k,-k)+: 

~ ~ 

3 P-o~ 3 -+~ -+I'p) 
+-C I' (p ,p ,0) +-C3(p1,p2 ,-p) -1 ' 

2 3 1 2 2 

~ ~ 

p ..... .... ... ... p ... -+ ... ... ... 
[A(p)- S

3
]I'

3 
(p

1
,p

2 
,p

3
)=-,10 f.dk I' 5 (p

1
,p

2
,p 3,k,-k)+-

4 ... ... ... ... p 

+ 2 c 4 < P 1 • P 2 • P 3 • -P > r 1 + 

3· 2 .... ... ... -+ ... ... ... ; ... ... ... 
. . +·---simm (pl, p2, p3) c 3 (p1 ,p2, -pi-p 2) r2· (p3 • p- p 3) 

2 

.. 
1· 4 p ~ .. ... 

+--,c1I'4(pl,p2,p3 ,o) 
2 

.. ... ......... 
3aecb ao aTopoM ypaaueHlm 

11 TaK aanee. noacTaBIIM! 

P1+P2=P 1 a TPCTbeM ypaaneHlm P
1
+p

2
+P

3
=P 

a(;)=b(p)-Z, 

c
1 

=-2{3 z ; 

aocnonb30B8Blli11Cb ellle cjlopMynoll ( 13), -nepennllleM ypasl!ellllll cneayromiiM 

o6pa3oM: 

~ ~ 

... : ... ; ... .. ... 
[A(p)-b(p)]I'

1 
=-,fdk[3I'

3 
(p,k,-k)+3g 

. p p .. 
1 r +2 f3 r (p,o > 

1 . 2 • I , 
~ 2 

(b(k)+r) 

14 

~ 

... ..... ... 3· l ..... ... ... p 
[A(p)-a ]I'P(p ,p )--·C (p,p ,-p)I' = 

2212 2 312 1 

... ; ..... ... . ... 
=-fdk[6r c· ...... ~ 2I'(p,p)+3f3rp( ...... 4 pl,p2,k,-k)+3g I 2 3 p1.,p2,0 ... ' ] 

(b(k)+r) 2 ' 

(20) 

... ~ 

[A(p)-,a· ]I'P(p ,p ,p )-2C (p ,p ,p ,-p) I'P _, 
33123 4123 1 

... 
..., ... ... ... ... ... ... p ... ... ... 

-·3simm(p1,p2,p3,)C3(pl,p2,-p1-p2)I'2 (ps,p-p3} 

~ 3I'p ~ ... ~ p 
=- f dk [ 10 rp (p ... P~ P~ k~ ~k > 

3 
3 <P1• P2 ,p3 >+ 4f3I'4 <"P ,p~ P~ o> 

5 1'. 2, 3, , - + - g 1 2

1 

3' I 
~ 2 

(b(k)+r) 

KaK II B nyllKTe (3.1) 1 y6e)KlJ88MCll, 'ITO npll I;lOCTpOSHIIII pelliSH!Ill CHCTSMbl 

(20) paCXOliiiMOCTII He B03HIIK810T. 

4.3. HTaK, uaMH nony'lellbi perynllpH3oaaHHbie ypaslfellHll anll onpeae

neUHll B036y)KlJeHHbiX COCTOllllllll • 

B 3aKnJO'leHne Bbipa)KaJO 6naroaapaocTb npocjleccopy ll.H. Enoxnuueay 

11 aKaaeMHKY M.A. MapKoBy 3a HllTepec K pa6oTe. 

npllnO)KeHne 1 

Mbi Bbipa3HM napaMeTp M 
2 

'lepe3 l 1 g 1 e a cny'lae §2. C 

TO'lHOCTblO g 2 , HMeeM 113 ( 14)! 
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.. 
2g 2g dk 4 

c = --+-[ 12 g f. ·-· 6 g·l: f 
.. 2 ... 2 

dk --------]-
U 4 U 4 (b(k )+·r) 1=1 

(b(k)+b(; })(2b(k .. )+u ) 
I 4 

36 ... ... ... _., ... 
-·-- simm(p ,p ,p ,p ) fdk 

c4 <P\.;2,k.-k _;1.;2 )C4(p~P..-k.k..;3-p4) 
u I 2. 3 4 .. 

4 2b(k)+·u
4 

0TCIOila cneJ:tyeT 

.. 
.. .. .. d q 

f C 4 (q,-q,O,O)dq= gf,---- + 
2 d q 2 

6&[f ] -
b(q) +r 

.. 2 
(b(q)+r) 

.. .. 
-· 6& 

2 r dk dq 

... 2 ... 2 ... ... 
(b(k)+r) (b(q)+r') (b(k)+ b(q)) 

-24 g 2 
d k d; d; 0 ( k + ; +';) 

!-----------------------------------... ... ... ... .. .. 2 
(b(k) +:r) ( b (k) + b(q) + r)(b(k )+ b(q) +:b(x) + r) 

3~:tecb B nepsoM 'lnene Kalla, cornacno nepBoMy H3 ypaanenHll ( 14) 
1 

ilOilCTa

BHTb / 

2 .. 
-+ (.., (k) -r) d q 

b(k)=<t>(k)+·3g f + .... 
. 2 

w(k) (w(q)+ r) {w(q}+w(k)) 

B OCTSnbHbiX llOCTBTO'IHO ilpHHSITb 

.. 
b (k ) = "'(k )+ w ( k ) "' v' k 2 + r 

2
• 

TaKHM o6paaoM 
1 

16 

... 2 .... ... 
d q d k 2 ( w ( q)- r) dk d q 

gf, =gf -3g f. •+ 
... 2 2 

b(q)+ r w(k)+·r (w(k)+r) (w(q)+r) (w(k)+w(q))w(q) 

d k 3 g 2 d k 2 2 d k.. 2 
+· ... = g f ·---1 [ f ] + r <r ) -

w(k)+r 2 (w(k)+r)
2 

w(k)(w(k)+r)
2 

.. .. 
dk dq 

- 4'r f ------------1 
(w(k)+r) 2 (w(q)+r) 2 (w(k)+w(q)) 

+ .. 
H )Y'IHTbiBSSI (6), ( 11), HBXOilHM: 

M2 . ( '2 d; 
= r-Z) -6g f----:!.. 

"' (q) + r 

·+·Z ' 2 -4Z 2 +·2Z 2 + 

+
24

&2! dkdq dto(k'+ii+t) 

w(k)w(q)w(x)[w(k)+ w(q) +w (x) 

3~:teCb Mbl He BbinHCbiBaeM KOHe'IHble 'lneHhl nOpSUlKB g2 ; aenn'IHHa Z ' 

oTnn'laeTCSI OT (13) aaMeHoll b(k)-+w (k) , Cornacao (13), (14)-necnoJK

HO y6ellHTbCSI, 'ITO pa3HOCTb Z - Z' eCTb KOHe'IHSSI aenH'IHHa llOpSUlKS g2 ; 

onycKa!l ee, nony'laeM HCKoMoe BbipaJKeHHe .M 2 11epea M r, r g , 

2 2 dk 2 
M =r -6gf---+ 6gr f dk 

+ 
w(k) w(k) (w(k) + r ) 2 

+ 24 g
2 f 

d~dqd; o(k+q+;> 
+· 

£W (k ) W ( q) W (X) ( W ( k ) + W ( q ) + W (X ) ] 

+' .. 

nony'leHHOe npellCTaBneHHe COF'nacyeTCSI C ~OpMynaMH (2) H (3) n, 1,1 H 

npHBOilHT K cneJlyiOlllefi CB!I311 napaMeTpOB r II 11 : 

11 2 = r 2 + 12 1T g r + 0 ( g 2 ) • 

17 



'I IlpunoJKeHHe 2 

IlpHBOltHM 6ea BbiBotta BblpaJKeHue M2 'lepea r , g , f B cny'lae 

BblpOlKltCHHOI'O B,aKyyMa: 

2 
M 2 = _,_r_,_,fi &: f 

2 

dk 
--- + 
(;) (k) 

+:24 &:2 f 
.. ... ... ... ...... 

dk dq dx S(k+q+x) 
+ 

cu(k)cu(q)cu(x)[(u(k)+cu(q)+w(x)] 

+' ••• 

8 g ~2 r
2 +· const • g r +· • • 
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