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§1. BeeoeHue 

/t-4/ B pa6oTax , r~e paccMaTpHaaeTcH Mo~enh KBaH-

TOBOH TeOpHH CKanHpHoro nonft C CaMO~eHCTBHeM g rp 
4 
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~ Wpe~HHrepOBCKOM npe~CTaBneHHH, .yHKQHOHan OCHOBHOrO 

COCTOJIHHJI npe~CTaBnfteTCft B BH~e 
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.YHKQHH a ( k), C 4 .,, onpe~enftiOTCft npH no~cTaHOBKe 

I l/, /2/ a ypaaHeHHe Illpe~HHrepa. EcTeCTBeHHhiM o6pa30M 

B03HHKaeT 3a~a"'a 0 no~c"'eTe cpe~HHX no OCHOBHOMY 

COCTOJIHHIO BH~a 

-2K 
fcp(p)¢(-p)rp(q)cp(-q) ... e 8¢ . /3/ 

!l(p, q.,, )= ~-----,----------
Je-2K 8¢ 

llo~c"'eT aenH"'HH BH~a /3/ Heo6xo~HM, HanpHMep, ~nft 
nocTpOeHHft HOpMHPOBaHHhiX O~HO"'aCTH"'HhiX COCTOftHHH. 

1.1. ):lHarpaMMHaJI TeXHHKa no~C"'eTa TaKJJX1 ,cpe~HHX 
no TeopHH B03MYIQeHHH pa3BHTa B pa6oTe flt · 'B pJI~e 
cny"'aeB, O~HaKO, TaKaJI TeXHHKa OKa3hiBaeTCJI He.U,O<;TaTO"'· 

HOB; oco6eHHO 3TO OTHOCHTCJI K cny"'aiO ~BYX 13
/ H Tpex 

npocTpaHCTBeHHhiX pa3MepHOCTeH, KOr~a .YHKQHft a( k) 
B /2/ OKa3b1BaeTCJI OTpHQaTenhHOH B HeKOTOpOH o6naCTH 

H3MeHeHHft napaMeTpa k, TaK 'ITO B HyneBOM npH6nH~e
HHH, 6e3 y"'eTa .yHKUHH C 4 ,C 6 ... a/2/, HHTerpanhi, 

BXO~JIIQHe B "'HCnHTenh H 3HaMeHaTenh .OpMynhl /3/, 
pacxo,nJITCJI. 
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1.2. B Hacro.llmeii pa6ore MLI ynyqwHM reopHJO B03-
Myi.QeHHH 3a cqeT CYMMHpOBaHHJI HeKOTOpLIX 6eCKOHeqHLIX 
Knaccoa ~HarpaMM. HawHM peJynLTaToM .IIBn.lleTc.ll BLipa)f(e
HHe /28/ ~nJI MOMeHTOB H ypaBHeHHe /26/ ~n.ll <i>YHKU:HH 
{J (k), BXO~JII.QeH B /28/. 

1. 3. MLI nepeif~eM K CHCTeMe C ~HCKpeTHLIM Ha6opOM 
CTeneHeH CB060~LI, TaK qro HMDynLC k 6y~eT npHHHMaTL 
3HaqeHHJI 

k.=hj, j=0,±1,±2 ••• 
1 

IlpH 3TOM HHTerpanLI B /2/ nepeii~yT B CYMMLI 

/4/ 

fdk-oh~ • /4'/ 
1 

Pa3~enHM nocne 3Toro aenHqHHy /2/ Ha ~ae qacTH: 
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)¢(-k
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/56/ 
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+5.3.Jh I C6 (k

1 
,-k

1 
,k. ,-k

1 
,k

1 
,-~1 )x 

J • J . 1 1 . 12 2 3 3 
112 3 

xcp(k. )¢(-k. ) ¢(k
1 

)¢(-k
1 

)c/>(k. )\¢ (-k
1 

')+ ••• 
· 11 11 2 2 13 3 

B K O Ka)f(~aJI nepeMeHHaJI cp (k j ) BXO~HT BMeCTe C KOMD
neKCHO CODp.ll)f(eHHOH aenHqHHOH cp ( -k j ) ; K 

1 
"= K - K O • 

1.4. BLI~eneHHLie B Ko qneHLI COCTaBnJIIOT HHqTO)f(HYIO 
qaCTL BCeX qneHOB K , O~HaKO HMeHHO OHH onpe~en.IIIOT 
BKna~ OT Ka)f(~OrO qneHa K B cpe~Hee /3/ B HH3WeM 
DOp.II~Ke TeOpHH B03Myi.QeHHH; B BLICWHX DOp.II~KaX TeOpHH 
B03Myi.QeHHH BKna~LI K O H K 1 O~HOrO DOpJI~Ka BenHqHHLI. 
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1.5. <l>yHKU:HOHanLI K O H Kz ~aiOT a~~HTHBHLie BKna~LI 

a /26/; aenHqHHa /20/ onpe~en.lleTCJI K 0 , aenHqHHa /27/ -
K 

1 
• Cne~yer OTMeTHTL cymecraeHHYIO pa3HHU:Y Me*~Y 

aenHqHHaMH /20/ H /27/: B TO apeMJI KaK /20/ CO~ep)f(HT 
Ka)f()J;YIO <i>YHKU:HIO C 

4
, C 6 ••• TOnLKO O~HH pa3 H nHHeHHO, 

/2~/ co~ep)f(HT aceaolMO>KHLie creneHH H npoHJBe~eHHJI 
<l>YHKU:HH C 4 ,C 6 ... TaKHM o6pa3oM, cae~eHHe K JaMKHy
TOMY HHTerpanLHOMY ypaaHeHHIO y~aeTCJI nHWL ~n.ll HHTer-

panOB 
-2K rre )=f¢(eJ¢(-e )e 

09 d¢(k 1 ), /6/ 

nonyqeHHLIX H3 /3/ JaMeHoii K Ha K 0 • Boo6me )f(e ~n.11 
HHTerpana /3/ ~ocrHrHyTLIH nporpecc orpaHHqHaa,eJ· c.11 
nepexo~OM OT CTapoit <l>opMLI TeOpHH B03MYID:eHHH / l K 
Hoaoit, nonyqeHHOH cyMMHpoaaHHeM HeKOTOphlx 6ecKoHeq-

HLIX Knaccoa ~HarpaMM. 

1.6. BolMO)f(HOCTL caecTH no~cqeT HHTerpana /6/ K 
peWeHHIO HHTerpanLHOrO ypaBHeHHJI OKa3LIBaeTCJI ~OCTaToq
HOH ~n.ll npeo~oneHHJI cneu:H<l>HqecKOH TPY~HOCTH c no~cqe
TOM cpe~HHX /3/, so 3HHKaromeit a cnyqae ~ayx npocTpaH
CTBeHHLIX CTeneHeH CB060~LI; MLI paCCMOTpHM 3TOT cnyqait 
B §3 B u:en.IIX HnniOCTpaU:HH CTeneHH l<l><l>eKTHBHOCTH Hawero 

MeTo~a. 

1. 7. B §4 ~aH BLIBO~ <l>oPM.Yn I 17 I- I 19/ no MeTo~y 
nepeaana; 3TOT BLIBO~ JIBnJieTCJI HeaKKypaTHLIM, HO MLI 
npHBO~HM ero .KaK caoero po~a MHeMOHHqecKHH npHeM ~n.11 
6Licrporo nonyqeHHJI pe3ynLTa'Ia HaCTO.IIID:eit pa6oTLI. 

1.8. B §5 MLI npHMeHHM HaW MeTO~ K no~cqeTy HHTerpa
na /35/, onpe~en.IIIOID:ero TOqHyiO <i>YHKU:HIO rpHHa qaCTHU:LI 

B TeOpHH C CaMO~eHCTBHeM 

4 8ff.=-8¢ • /7/ 

11HTerpan /35/npHHa~ne>I\HT, oqeaH~Ho, Knaccy HHTer
panoa /3/. <l>opMyna /25/-/26/ ~n.11 HHTerpana /35/ npH
HHMaeT BH~ /37 I, /38/, coana~aiOID:HH c npocyM-
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MHPOBaHHOH tf>opMOH TeOpHH B03MYI.QeHHH, B KOTOpOH 
Bee nHHHH • )I(HPHLie, TaK "'TO OCTalOTCJI TOnLKO CKeneTHLie 
.u.uarpaMMLI co6cTaennoii 3Hepruu /no aepwnnLI na.u.o yqu
TLIBaTL Bee, a He TOnLKO HeiipHBO.ZJ.HMLie/. 

1.9. cf>opMyna /3/ OXBaTLIBaeT TOnLKO rnaBHLie MO• 
MeHTLI; 06I.QaJI tf>opMyna HMeeT BH.ZJ. /BLIIIHWeM ee TOnLKO 
.ZJ.nJI "'eTLipex HMIIynLCOB/ 

d'(pl,p2-'p3,p4 )=¢(pl)¢(p2)rp(p3) rp(p4 )= 

= BP +p 
I 2 

BP + P 
3 4 

d(pl ,p3 )+ 8PI +p3 

+8 8 d( 
PI+ P4 P2+ P3 PI ,p2 )+ 

+8 X( 
PI+ P2 + P3 + P 4 PI ,p 2 'p 3 'p 4 ) • 

8 
p2+ p 4 

d(pl,p2)+ 

/3a/ 

J.u.ecL "'epTa caepxy o6oJHal.faeT ycpe.u.nenue /no cocToJI
HHIO /1/ HnH, HaiipHMep, /8/'/; tf>yHKUHH d(p, q) onpe.u.eneHLI 
tf>opMynoii /3/ /unu cooTBeTCTBYIOI.Qeii tf>opMynoii .u.nH co
CTOJIHHJI /8/ /; 

1 p =0 

0 p" 0 
BP = 

/HMeeTCJI B BH.ZJ.y, "'TO HMnynLCLI p1 ,p 2 
•• IIpHHHMaiOT 

.u.ncKpeTHLie JHa"'eHHJI - nyHKT 1. 3/. Benuquua X a tl>op
Myne /3a/ paana nyn10, ecnu ycpe.u.nenue npoHJBO.ZJ.HTCJI 
no pacnpe.u.eneHHIO /8/ /u6o ono unaap"aHTHo npu rrpe
o6paJoaanuu 

la(k) 
rp(k) .. e rp(k), -a (-k) = a(k ), 

a He TonLKO npu npeo6paJoBaHHH TpancnJIUHH 

¢ (k)-+ e ika ¢ (k)' 

KaK pacnpe.u.enenue /1//, o.u.naKo .u.n.11 pacnpe.u.eneHHJI /1/ 
aenH"'HHa X OTnH"'Ha OT HynJI. t{To6LI y6e.ZJ.HTLCJI B nocne.u.· 
HeM, .lJ.OCTaTO"'HO paCCMOTpeTL BenH"'HHY /3a/ B cnyqae 

6 

._.:1 
;"tl 

~-~~' 
i 
'~ 

'1/ 

'' 

l\ 
t\~ 

\ 
I 

o.u.u-oii npocTpaucTaennoii u o.u.noii apeMenuoii cTerrenu coo-
6o.ZJ.LI n~u g .... 0 •Kor.u.a npuro.u.ua o6LI"'HaJI TeopH.II BOJMY" 
I.Qenuii 1 I; rrepBLIH ueucqe JaiOI.QHii qneu Bbipa)l(eHHJI X pa
BeH 

-4!h3 C4(PI•P2 ,p3 ,p4) 

[2ha(p
1 

)][2ha(p 
2

)][2ha(p 3 )][ 2ha(p 4 )1 
Benuquua X nponopuuouanLHa h-I, a To apeMJI KaK 
!l(p, q)- h-2 ; 8 nacTOJII.Qeji pa6oTe MLI paccMaTpH8aeM 
TOnbKO 6onLWYIO 8enH"'HHY fl.; Heo6XOAHMO, O.ZJ.HaKO, HMeTb 
8 8H.ZJ.Y, "'TO, HanpHMep, 4-qacTH"'HaJI !IJyHI<UHJI rpuna /ee 
MO)I(HO no.ZJ.C"'HTaTb no MeTO.!J.Y §5/ onpe.u.enHeTCJI HMeHHO 
8enH"'HHOH X, 

llO.ZJ."'epi<HeM, "'TO MOMeHTbl 8H.ZJ.a /3a/ cne.u.yeT y'IHTbl" 
8aTb IIpH nO.ZJ.C'IeTe cpe.ZJ.HHX 8H.ZJ.a 

~ 
JG(pl ,p2 ,p3 ,p4) ·" ¢ (p,.)dpj {j(~p.)o 

Jd J J 

1.10. 113 tf>opMynLI 8H.ZJ.a /3a/, /28/ cne.u.yeT 

[ n n I 1-n 
rp(p)rp(-p)] = ·, +O(h ). 

( 2h (a(p) + f3 (p))] n 

BLI80.ZJ. 3TOH !IJopMynLI .u.aeTcH 8 cneuuanLHOH pa6oTe /? 1. 

§2. CyMMUpoeaHue ouazpaMM 

B 3TOM naparpal~Je 8LI8e.u.eM, MeTO.lJ.OM cyMMnpo8aHHJI 
.ZJ.HarpaMM, !IJopMynLI /25/, /26/, onpe.u.enHIOI.QHe MOMeHTLI 
/3/ pacnpe.n.eneHHJI I 1/. 

HaqneM c ropaJ.ZJ.O 6onee npocToil Ja.ZJ.a"'H no.u.cqeTa 
MOMeHT08 /9/ H nony"'HM .lJ.flJI 3THX MOMeHT08 !IJopMynLI 
/14/-/16/ 8 nynKTax 2.1-2.2. ,LJ;anee. /nyHKT 2.3/ pac
CMOTPHM 6onee CnO)I(Hble MOMeHTLI /6/ pacnpe.n.eneHHJl 

Ooo 
-Ko 

=e /8/ 

/!IJopMynLI /18/·/20/ /; TonLKO rrocne JToro Mbl 6y.u.eM 
8 COCTOJIHHH Bbi8eCTH OI<OH"'aTen&Hble !IJopMynbl /25/, /26/. 
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2.1. HaqaeM c Bbi'IHCJieHU:.II U:HTerpana 

-2 (1< +I< ; 
. fcp(k)cp(-k)e 02 ·o ijdcp(k) 

1104( k)= l i ' 191 
f e -2 I< 02 -2 I< 04 IT d¢ (k ) 

J J 
r.z:te K 02 H K 04 - O,llHOpO,llHble CTeneHH ,llBa H 'leTblpe 

COOTBeTCTBeHuO 'laCTH <i>YHKIJ;HOHaJia K O 151: 

2~<0/cp) +2K
0
icp )= h .I a(k)cp(k)cp(-k) + 

.- k 
3 

+2h I C 4 (k,-k,p,-p)cp(k)cp(-k)cp(p).cp(-p). 
k,p 

1101 

MMeeM, oqesH.z:tHo, 

-2~ 00 ( / 

fcp(k)cp(-k)e 
2 

I .::_(K
04

/Hdcp(k
1

) 
n=O n! J 

110/k)= 

-2Ko2 n n 
00 (-) 

f e I -,- (K 04 ) IT dcp(k
1

). 
n=O n J /111 

Cornacao npaBHJiaM, .z:taHHbiM B pa6oTe 11~ nonyqaeM 

3 

1 4 .3h C4 (k,-k,p,-p) 
11o4(k)= --I + 

2a(k)h 1! P (2a(k)h) 2 2a(p)h 

p,q 

8 •. 4 ~ 
+ -rJ 4. 

3 3 
Jh C4(k,-k,p,-pJ3h C4 (p,-p,~-qJ 

[2ha(k)]
2 

[2ha(p)] 2 2ha(q) I, 

3 . 3 
3 h c 4 (k,-k,p, -p) 2 h c 4 (~-q ,k,-k) 

3 +·-
[2 ha(k)] 2ha( p) 2h a( q) 

1121 

+ 

3.z:teCb lj>aKTOpHaJibl B 3HaMeHaTemiX B03HHKaiOT OT pa3-

JIO>KeHHJI 3KCllOHeHThi, B OCTaJihHOM 'IHCJieHHhiH K031jJ4>~
UHeHT onpe.z:tenJieTcJI 'IHCJIOM paJJIH'IHbiX cnapu:sauu:ii I CM. 1 ~ 
llYHKT 2.71. 

8 

't 

I. 

' 

2.2. rpalj>H'IeCKH Ka>K,llOMY lj>aKTOpy I< 04 B 1111 CJie-

.z:tyeT llOCTaBHTh B COOTBeT<:iTBHe rpynny H3 'leTblpex TO'IeK, 

Ka>K)lOMY cnapHBaHHIO - JIHHHIO, COe,llHH.IIIOIUYIO ,llBe TO'IKH. 

3TH )lBe TO'IKH MOryT npHHa.z:tJie>KaTb JIH60 O,llHOMY H TOMY 

>Ke lj>aKTopy K 04 lo.z:taoii rpynnel, nu:6o pa3Hi.IM lj>aKTopaM 

/pa3JIH'IHbiM rpynnaMI. JIHHHIO, COe,llHH.IIIOIUYIO pa3Hhle rpyn

llhl, 6y.z:teM Ha3biBaTh ,llJIHHHOB, coe.z:tHH.IIIOIUYIO ,llBe TO'IKH 

o.z:tuoii rpynnbl - KopoTKoii. 113 sceii cosoKynaocTH CB.II3HhiX 

,llHarpaMM, BXO.zi.IIIUHX B n -biB 'IJieH pa3JJO>KeHHJI /111, 
paCMOTpHM caaqana JIHiub TaKKe ,llHarpaMMhi, 8 KOTOpbiX 

ueKoTopbie ABe TO'IKH Ka>K.z:toro HJ lj>aKTopos ~< 04 CBJIJaHLI 

IKopoTI(OBI JIHHHeB. 3aMeTHM, 'ITO KOpOTK}'IO JI.HHHIO B 

.nauuoii rpynne MO>KHO nposecTH .z:tBYMJI paJJIH'IHhiMH cno

co6aMH. flocrte ycTaHOBJieHHJI KOpOTKHX JIHHHH B Ka>K,llOB 

rpynne Ko4 OCTaiOTCJI ,llBe CBOfiO.z:tHhie TO'IKH; BCJit<aJI 

CBJI JHaJI * .z:tHarpaMMa, OTBe'laJOIUaJI· n -MY qneuy I 11 I, 
HMeeT BH)l u;enO'IKH H3 rpynn TO'IeK, CBJI3aHHbiX ,llJIHHHhiMH 

JIHHHJIMH; IJ;ellO'IKa Ha'IHHaeTCJI JIHHHeB, COe,llHHJIIOIUeB nepayiO 

rpynny c cp (k) ,H KouqaeTCJI JIHHHeii, coe.z:tHHJIIOIUeii nocne.z:t

HIOIO rpynny C pJ-k) • lJHCJIO pa3JIH'IHhiX ,llHarpaMM TaKOrO 

BH.z:tapaBJiO, O'leBH,llHO, 2"n!; 3,lleCb n! -qHCJIOB03MO>KHhiX 

nepecTaHOBOK lj>aKTOpOB K 04 B,llOJih u;enO'IKH, 2 - 'IHCJIO 

CllOC060B llO)lCOe,llHHeHHJI ,llJIHHHbiX JIHHHB K .llBYM CB060)lHhiM 

TO'IKaM .z:taauoii rpynnhi. TaKHM o6pa3oM, cyMMa paccMoT

peuaoii COBOICYflHOCTH ,llHarpaMM pasHa 

111o/k) = 
oo n 
I (-12) 

n=O 

fdpC;; (k, -k, p,:... p) n 

--------1 = 
2 a(k) 2 a( p) 

1 [ 
2ha(k) 

1 dp ' -1 
=-[2a(k)+12f-C4 (k,-k,.p,-pJ] • 

h . 2l(p) 1131 

PacwupHM ·Teneph npu:se.z:twuit IC' /131 JCnacc .z:tHarpaMM: 

npe.z:tCTaBHM 'IHCJIO n B npe.z:tcTaBJieHHH I 111 B BH,lle 

n =m+n 1 +n 2 +••• +nm , 

* HanOMHHM, 'ITO 1\./121 cne.z:tyeT Y'IHThiBaT& TOJI&JCO 
CBJI3Hble· .nu:arpaMMbl I fl · nyHJCT 2. 7 I. 
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I . 

I 

r,IJ.e m , n1 , n 2 ,... - ueoTpliu;aTeJILHLie u;enLie 'IRena. Pa-
3o6&eM K 04 Ha llp0H3BC)J.CHHJI 

n m "1 "m 
K 04 = K 04 K 04 •• • K 04 j 

JTO MO~HO C,IJ.eJiaTL n! 
cnoco6aMH. Ecnu .IJ.JIJI 

m! n 1 ! ••• nm 
. . 1 2 0 "I ,IJ.aHHOro., , ·1 = , , ••• m, nl > , COCTaBHM H3 K

04 
u;e-

IIO'IKY HaJIO)J.06He paCCMOTpeHHLIX BLIWe, H3 KOTOpoft rJIJI,IJ.JIT 

Hapy~y TOJILKO ,IJ.BC CB060,IJ.HLIC TO'IKH Ha'laJia H KOHIJ;a 

IJ;CIIO'IKH. )J;anee B •i ·M MHO~HTCJIC K 04 H3 'IHCJla KtJ4 

pa30pBeM . 6LIBWYID npe~,IJ.e KOpOTKYID JIHHHID H 3aMCHHM 

ee Ha )J.Be ,IJ.JIHHHLIX, COC,IJ.RHJIIDIIJ;HX ,IJ.aHHLiii MHO~HTCJIL 

K04 CO CB060,IJ.HLIMH TO'IKaMH MHO~HTCJIJI K~~ • CyMMH· 

py.1 no seeM ueoTpau;aTeJIJoHLIM 3Ha'leHRJIM m , n 1 , n 
2

, ••• , 

IIOJiyqaeM ,IJ.JI.R paCWHpeHHOft COBOKYIIHOCTH ,IJ.HarpaMM npe,IJ.
CTaBJICHHe 

"" 2 fl o4 (k) = I 
m=O 

m 
(-12) -21aa(k) 

dpC 4 (k,-k,p, - p) 
[ I -X 

2a(k) 2a(p) 

"" n ( I (-12) I 
n=O 

dqC4(p,-p,q,-q) J"Jm= 
2a(p)2a(q) 

=h-1
12a(k)+ 12 I dpC4 (k,-k,p,-p). 

d -1 -1 
• [ 2 a r p J + 12 I --L c 4 ( p, - p, q, - q J 1 I • 

2a(q) 

1 

,LJ;anJouelwee npo,IJ.on~euae onacauuol npone.IJ.YPLI, oqe

BR.IJ.HO, ,IJ.aeT )J.JI.II CYMMLI COOTBCTCTBYIDIIJ;ero KJiaCca ,IJ.Har
paMM: 

fl - 1 
"" 04 211( a(k) + 71 (k )) 

/14/ 

3,IJ.ecJo 71(k) - 4Jyilt<:IJ;RJI, orrpe.IJ.eJieHHa.R RHTerpanJoHLIM ypas
HeHHeM: 

10 

~· 

2Tf(kJ .12 I dp c4 (k,-k,p,-pJ 

2[a(p)+Tf(p)] 
/15/ 

fiOCKOJILKy paCCMOTpCHHLift KJiaCC ,IJ.HarpaMM HC'ICPIILIBa
CT DCC ,IJ.HarpaMMLI, TO 

00 L\ikJ- t\,4 (k) • /16/ 

TaKHM o6pa30M, M~ IIOKa3aJIH, 'ITO BLI'IHCJICHHe 6eCKOHC'I· 

HOMepuoro HHTerpaJia /9/ CBO,IJ.HTCJI K peWCHHID HHTerpaJIL
uoro ypaBHeHHJI /15/. 

2.3. fiO,IJ.06HO TOMy, KaK JTO 6L~JIO C,IJ.CJiaHO B IIYHKTC 

2.2 1 YCTaHaBJIHBaeTCJI CJIC.IJ.YIDIIJ;Hii pe3yJILTaT: CCJIH K
0 

-

4JyHKIJ;HOHaJI /5/ H !lofkJ - MOMCHT 

I¢(k) ¢(-k )e -
2

KQ fi d,P(k.) 
flO(k) = . I I 

I e-2Klfj d¢(k/) 
/17/ 

TO 

1 
fl (k) - , /18/ 0 

211[ a(k) + 71 (k)] 

r,IJ.e BCJIH'IHHa q(k) onpe,IJ.CJI.RCTCJI HHTerpaJILHLIM ypaBHe· 
HHCM 

'1/ (k)=F1 ('f/) /19/' 

2 ? , . c (k -k p -p) dp 
F () -v.. I 4 • ' • •. I 'II=-- + 

2 
a(p) + '1 (p) 

5!!3 
I + 

22 

c6 (k,-k ,p,-p,q,-q J dp dq 
+···+ 

[a(p)+'f/(p)] [a(q)+Tf(qJ] 

I 
C8 (k,- k, p,-p,q, -q, s, ...;s) dp dq ds 

--------------~----------------------------------~--+ 
[a(p)+ 71 ( p)][_a( q)+ 71(q)][ a(s) + 'f/(s)] 

+ ... /20/ 

II 



I 

I 

-2K 
2.4. ,L\nB MOMeHTOB THna /3/ pacnpe.neneHHB e 0 no-

nyqaeM $opMyny 

11cfk,p, ••• )= 
1

. • . 
1 

••• /21/ 
2h[a(k)+7l(k)] 2h[a(p)+q(pJ] 

3,neCb q(k) - $yHKD;HB, onpe,neneHHaB ypaBHeHHeM /19/. 

2.5. Tenepb y)Ke He npe,ncTaBnBeT Tpy,na nony'IHTb 
$opMynbl THna /18/-/21/ ,IJ;nB MOMeHTOB /3/paCnpe,neneHHB 
/1/. llonb3YBCb /5/, npe,ncTaBHM BenH'IHHY 11(k) (3) B BH
,ne: 

2 n 

fcp(k)¢(-k)e..,. Ko ~ (-) K~ f!d¢(k
1

) 
n! 1 

11 (k) = , /22/ 
-2Ko 

fe I 
n! 

n a¢ (k 
1 

J 
J . 

n 
npe,ncTaBHM BenH'IHHY Kz B BH,IJ;e MHOroqneHOB ITO cp H 
llO,IJ;C'IHTaeM nony'IHBWHeCB HHTerpanLI, ITOnb3YBCb $opMynoii: 
/21/; npH 3TOM, KaK H paHbWe, BenH'IHHa 11 (k) onpe,nenHTCB 
KaK cyMMa TOnbKO CBB3HLIX ,nHarpaMM. HMeeM, cornacHo 
/5/: 

'K 1 = K 14 + K 16. + ••• ' 

r,ne, HanpHMep, 
3 

K14 = h I c 4 (k1 ,k2 ,k :Jk4 )¢(k1)¢(k2)¢(~ 3 )¢(k
4

) 
k 1+k2 /: o . ·· · · 
k1+k

3
/:o 

k1 +ki0 

k
2
+k

3
/:o 

k+k/.0 
2 4 

k 3 +k
4

/.o 

H TaK .nanee. Bae,neM o6o3naqeulie 

b (k) = 2 [ a (k) + Tf (k) 1. /23/ 

12 

qneH c n =0 .naeT B /22/ BKna.n [hb(k)]-1 
1 

'lneH c n =1 
BKna.na He .naeT; y'IHTbiBaB e~e qneHbi c n = 2 H n = 3, 
nonyqaeM, cor nacHo /21/ H npaaHnaM pa6oTbl It/: 

1 
11(k)= hb(ij- + 

2 
8.4 1 C 4 (k,p,q,r)dpdqdr8(k+p +q+t) + -3! . f . . + 
2!h [b(k)]2 b(p)b(q)b(r) 

2 
12·6 5 , 1 f C 6 (k,p,q,r,.s,t)dpdqdrdsdt8(k+P+Il+T+S+t) +-. + 
2!h [b(k)]2 b(p)b(q)b(r)b(s) b(t) 

(-) 12.8·3·.3·4! f C4(k,p,q,r)8(k+p+q+t) dpdqdr 
+ 3! h [ b (k) ] 2 - -

C4 (-k,-p,q~r')S(-k-p+ q'+r')dq'dr' , , 
, __ C 4 (-q,7'r 1 -q, -r) +~·· 

b(q )b(r') 

/24/ 
qneHbl C 60nbWHMH 3Ha'IeHHBMH n ,IJ;aiOT a/ HOBbie, 

6onee cnO)I(Hbie HenpHBO.IJ;HMble ,nHarpaMMbi, 6/ u;eno'IKH 
THITa paCCMOTpeHHbiX B ITYHKTe 2.2, o6pa30BaHHbie H3 
CTapbiX ,IJ;HarpaMM; 3TH u;enO'IKH CYMMHPYIOTCB, KaK B ITYHK
Te 2.2 H .naroT .nns aenH'IHHbi /22'/ npe,ncTaaneHHe 

1 11(k)=- .· -I 

2h [ a (k) + f3 (kJ] /25/ 

r.ne aenH'IHHa {3~) onpe,nenseTCB HHTerpanbHbiM ypaaHe
HHeM 

{3(k)= F
1 

( ,B)+F
2 

({3); /26/ 

13 



I 

3,necb F
1 

({3) onpe.nenxeTc.JI cllopMynoii /20/, 
2 

8.4 C4 (k,p,q,r)dpdqdr8(p+k+q+t) 
F ~~)=- --3! J · +··· 2 p 2' 

· 2[a(p) +/3 (p)] 2 [ a(q)+ {3 ( q) ]2 [a(r) +IHrJ] 

/27/ 

Cne,nyJOII.(He qneHbi a /27 I onpe,nen.JIJOTC.JI H3 /24/. 

2.6. llo.no6uo /21/ .nnx MOMeHTOB /3/ nonyqaeM npe.n
cTaaneuue 

1 
!1 (p, Q, ••• )= ------------ /28/ 

2h [ a( p)+ {3 ( p)] 2h[ a( q) + {3 ( q) ] 

3.necb aenH'IHHa f3 (k) onpe.neneua ypaaueuueM /26/. 

§3. C.tty'lau oeyx npocmpaHcmeeHHbiX cmeneHeu ceo6oot.l 

8 JTOM cnyqae h./ nepBbiH qneu npaaou qacTH /20/ 
pacxo,nHTc.JI: 

f3(k)=3 r apc4(p,-p,k,-k) . + ••• , /29/ 
[a(p)+f3(p)] 

r.ne c4 (p,-p,k,-k)= ~ - + 
cu(p)+cu(k) ••• , 

a(p)= cu (p)-Z + ••• , 

Z ... 3~f dk 
(J) 2 (k) 

cu(k)=V k 2 +1; 

TO'II<aMH Mbl 0603Ha'IHJIH 'IJteHbl, HeCyll.(eCTBeHHble OpH aua
JtH3e pacxo,nHMOCTeH B /29/. HHTerpan /29/, O'leBH,nHO, 
norapHcllMH'IecxH pacxo,nHTC.JI. 

14 

Bae.neM o6o3Ha1.feHHe 

{3( k)- Z =X(k), 
/30/ 

TOr,na /29/ MO)f(HO nepenHCaTb B BH,ne 

dp -3~f dp + 
[cu (p) +cu (k) ]cu(p) cu 2 (p) 

X(k)=3g f 

2 
+ 0 ( g ) = -3 ~(J) (k) f -:--.__;;d"e. ___ + 0 ( g 2 ). 

cu
2

(p) [cu (p) +cu (k)] 

Tai<HM o6pa3oM, .nnx aenH'IHHbl X (k) Mbi nonyqunu 
npe.ncTaaneuue, He co,nep)f(all.(ee pacxo.nHMOCTeii, a HMeuuo 
BeJtH'IHHa X (k) BXO,nHT B 3HaMeHaTenu B Bblpa)f(eHHJIX BH,na 
/28/ ,nJt.JI MOMeHTOB. 

§4. Bt.1eoo rjopt.tyA I 171-/20/ no Memooy nepeea.tta 

PaccMoTpHM HHTerpan /6/, r.ne cllYHI<UHouan Ko on-
pe.neneu cllopMynoii /5/. llepenuweM /6/ a au.ne 

r.ne 

I( k)=? f d~(f) expi-.Jhi C4 (p,-p,q,-q)v(p)v(CjJ-

/31/ 
-5.3h

2
I C (p,-p,q,-q,s,-s)v(p)v(q)v(s)+ ... IK(v), 4 

K(v)=l ll fdcp(r)e -ha(rJcp(r >¢ (~rJ 
r 

•cp(k)cp(-k) 

v(t) 
8 ( --cp(r)cp(-r)l. h 

llo.ncTaBHM c10,na HHTerpanLuoe npe,ncTaanenHe 8 -cllyHI<UHH 
v(r) rl.. 

h h(--YJ(r)cp(-r)) a(r) Ei[v(r)-cp(r)q'>(-r)]=- fda(r)e h 
2rri 

15 



I 

H npoHHTerpHpoaaa no cf>, nonyqHM 

1 
K(v,k)=~onst J Ilda(r) • 

2h[a(k)+a (k)] r 

/32/ 
• expl v(r)a( r)- L fn [ a(r)+ a(r)] I • 

2 

Ilono>KeHHe ce,D;na .a =a 0 
pe,D;eJIHeTCH ypaBHeHHeM 

Bhlpa>KeHHH B 3KCnOHeHTe on· 

v(r) = 
1 /33/ 

2[ a (r) + a
0

(r, v)] 

BblllOJIHHB /cl>opMaJibHO/ HHTerpupoBaHHe B /32/ no MeTO,D;y 
nepeaana, nonyqHM 

I I v(t)a0(r)- ten [ a(r)+ a 0(r, v)] 

K (v, k) = ..El!l§~----- , 
2 h [ a (k) + a 

0 
(k, v) ] 

IlO,D;CTaBHM 3TO Bbipa>KeHHe B /31/ H CHOBa npHMeHHB 
MeTo,D; nepeaana, nonyqHM c yqeToM /33/ 

canst expl I v0(r)a0(r)- -f fn [ a(r) + a0(r,v 0 )] -

l(k)= -----=-------:;---------
2h[a(k)+a (k,v J] 

0 0 
/34/ 

2 
-3h I C4 (p,-p,~.-q)v0 (p)v 0(q)-15h I ... l 

3,D;ec& ae.nHqHHa v0 onpe,D;enxeTcx ypaaHeHHeM ce,D;na 

a
0
(p,v

0
)=F1 [a

0
(.,v0 )], /34a/ 

3KBHBaJieHTHbiM ypaaHeHHJO /19/. 

16 . 

4.1. TaKHM o6pa30M, npHMeHeHue MeTo,D;a nepeaana 
K HHTerpaJiy /6/ n03BOJIHeT nonyqHTb pe3yJibTaT nyHKTa 2.3 
6e3 YTOMHTeJibHbiX paCCMOTpeHHH nyHKTa 2.2. JICHO, O,D;Ha· 
Ko, qTo no,D;cqeT HHTerpanoa /32/ H 3aTeM /31/ no MeTo,D;y 
nepeaana • He3aKOHHhl, H60 Bblpa>KeHHH, CTOHutHe B 3KCno· 
HeHTe a 3THX HHTerpanax, He co,D;ep>KaT 6on&woro napa· 
MeTpa, KOTOpbiH MOr 6&1 onpaa,D;a Tb npHMeHeHHe MeTo,D;a 
nepeaana. TaKHM o6pa3oM, npaaun&HbiH pe3yn&TaT /34/ 
nonyqeH 3a cqeT KOMneHCaiJ;HH ,D;BYX OWH60K. "BbiBO,D;" , 
cl>opMyn&I /19/ no MeTo,D;y nepeaana cne,D;yeT no3TOMY 
paCCMaTpHBaTb JIHWb KaK BCnOMOraTeJibHbiH npHeM ,II;JIH 
6biCTporo nonyqeHHH 3TOH cPOPMYJibl. 

§5. Bbi'IUCAeHue rfieiiHMaHoecKozo uHmezpaAa OAR 
rflYHKf.IUU FpuHa 

KaK H3BeCTHO /eM., HanpHMep, Is//, tilYHKIJ;HH rpuHa 
6030Ha B KBaHTOBOH TeOpHH 6030HHOrO nOJIH C CaMO,D;eii· 
CTBHeM MO>KeT 6hlTb npe,IJ;CTaaneHa KaK OTHOWeHHe HH • 
Terpanoa 

- If£. (cp) dp 

G(k,q),.. f cp(k)cp(q)e Scf> • /35/ 
J e -f f£ (cp )dp 8 cf> 

IlpHMeHHM K no,D;cqeTy 3TOrO HHTerpana cPOpMyny /25/. )J;JIH 
onpe,IJ;eneHHOCTH npHMeM 

Jf( cf>) dp = L J(p 2+m 2)cp(p)cf> (-p)dp + 
2 ., 

/36/ 4 

+8 J J~cf>(pj )d~ 8(p<p2 +p3 +p4). 

lfHTerpan /35/ · /36/ npuHa,D;ne>KHT Knaccy HHTerpanoa I l/ · 
/3/ c 

a(k)=·i J....(k 2 +m 2 ) 
2. 

c 4 (k 1 , k 2 , k 3 , k 4) = g 

c6 =c
8
= ... =0. 

17 



TaKHM o6pa3oM, H3 1251 rronyqaeM 

8(k + q) 

·a ( k, q) = . [ k 2 m 2 + I. (k) ] 
'l + 

1371 

3.neeb $yHKUHB. I. (k), eornaeHo 1261, 127 I, orrpe.ne:JueTeB. 
HHTerpanbHbiM ypaBHeHHeM (_i =2 {3) 

I. (k )= 12 J ·-d~p ---
~+ m2 +I. (p) 

8·4·3! dpdqdr8(p+q+r+k) 

2! J 
[p ~m2+I.(p) ][ q 2+m2+I.(wq)][r 2+m 2+ I.(r)] 

+ ••• 1381 

3TO rrpe,neTaBneHHe $yHKIJ;HH I. (k) eoana,naeT, O'leBH,[(HO, 
e xopowo H3BeeTHOH rrpoeyMMHPOBaHHOH $opMOH TeOpHH 
B03MyiiJ;eHHH, B KOTOpOH Bee nHHHH - >KHpHbie, TaK 'ITO 
oeTaeTeB. yqeeTb nHWb HeiipHBO.[(HMble ,nHarpaMMbl eo6-
CTBeHHOH 3HeprHH IHO BepWHHHbie ,nuarpaMMbl ,non>KHbl yqa
TbiBaTbeB. Bee, a He TOnbKO HeiipHBO,[(HMbiei.4>YHKIJ;HB. I,(k) 
eeTb, O'leBH.[(HO, He 'ITO HHOe, KaK eo6eTBeHHaB. 3HeprHB. 

6o3oHa /6/. 
I4>YHKUHB. 8 (k + q) B 137 I B .naeKpeTHOM rrpe,ncTaane-

HHH nyHKTa 1.3 3a,naeTeB. $opMynoii 

8(p) = 
.L p = 0 
h 

0 pI= 0 k 
Jlumepamypa 
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