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Moaenh IOKaBhi B TpexMepnoM npocTpancTee-epeMeHH 

Hcnonh:;,yeTcSJ MeTOll aenpueollHMhiX Koa!f>tjli!UIIeHTHhiX ¢YHKUHll. OT, pac:
XOlli!MOCTel! M0)1{1!0 1!36aBI!TbCSJ :;~a C'!eT: a) ll06aenei!I!R B raM!InbTOIIH8H 
KOIITp'lneHa nepeHOpMI!pOBKII. MaCChi Me30Ha H 6) BbJllene!IHSI H3 C06CTB8HIIQ

ro cjJyaKUIIOHana raMHnbTouaaaa cneuaanhHO noao6paaaoro 6ecKoHe'!aoro 

MHO)KI!TenR. 

Coo6JQeHMe 061.e.mrHeHHoro HHCTHTyTa MepHNX HCCJie.llOBaHHii 

,lly6Ha, 1974 

Zastavenko L.G. P2 - 7724 
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Yukawa Model in the Three-Dimensional Space-:-Time 

The method of irreducible coefficient functions is 
used. One can get rid of the divergences by a) adding 
the counterterm of the meson mass renormalization to the 
Hamiltonian and.b) by extracting a specially selected 
infinite'miltiplier from the Hamiltonian eigenfunctional. 
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§1. B6eoenue .,-': ·~'.~ .. 

.. 
B pa6oTe /I.: Mhl pacnpocTpaHHnH M.eTo.A pa6o.T · 2:;:-5/ mi · 

·• · . cny'laii npHCYTCTBHJI t.faCTH~ <l»epMH H paCCMOTpenH MO,Aem, 
.. lQKaBhl B ,AByMepHOM npocTpaHCTBe-BpeMeHH •. ·. . 

:::,: 3Ta MO,Aem, CO,Aep:>KHT paCXO,AHMOCTL C06C;BeHHOH :mep
rHH Me 30Ha /H3 'IHCna HenpHBO,AHMhiX ,AHarpa:MM paCXO,AHTCJI 
TOnLKO ,AHarpaMMa BTOporo''nopJI,AKa - lbepMHOHHaJI neTn.R 

· _c .AByM.a' Me~O-HHLIM~ KOH~aMH/ •. Pacxo,AHMOCTL ycTpaH.RCTCJI 
-~BBe,AeHHCM B raMHnLTOHHaH qneHa nepeHOpMHPOBKH ~MaCChi 

" Me3oHa. C MaTeMaTH>iecKoii TO~u(H 3peHH.R MO,AenL s~eCLMa 
nox~~a Ha paccMoTpeHHYIO H~MH paHee MO.AenL g I¢ 112. ···. 

1. .B.HacTOHil{eii pa6oTe MLI paccMoTpHM MO.AenL IOKaBLI 
~, Tpe:XM:·epHoM npocTpaHcTse-speMeHH: Ha :h~T pa3 qucno 
pacXO,A.Ril{HXC.R ,AHarpaMM C06CTBeHHOH 3HeprHH Me30Ha 
BOJpacTaeT: O,AHa · ,AHaq)aMMa, HMCHHO, 'YllOM.RHyTa.R BLillle 
clJejn.iHOHHa.R neTnH C J\ByM.R ~e3oHHLI~H K'ou~a-MH, 6y~eT 
paC.XO.AHTLC.R- nHHCHHO, HeKOTOphle ,ApyrHe.)J.JiarpaMMhl, Ha-:. 
npHMep Ta. :>Ke nerng C C06CTBeHHOH;. 3HeprHeii · lbepMHOHa 
Ha O,AHOH H3 clJepMHOHHbiX nHHHH, 6y,AyT pa.cxo.iJ.HTLCH nora
PHclJMH'IeCKH •. 3aMeTHM, 'ITo.co6cTBeHHa.R 3Hepdt.R lbepM:Hollos · 
s paccMaTpHsaeMoii M·o.Ae·nH KoHeq:Ha /sBH.AY He'leTHocTJi: 
llOJlhiHTerpanLHOH lPYHK~Hll npOHCXO,AHT KOMUCHCa~HJI pacxo--._. 
,AHMOCTH; B 'leThlp~xlb_epMHOHHOM cnyqae no TOH )K~· fiPJ!liHHe 
npoHCXO,AHT UOHH:>KCHHe noi).R,AKa paCXO,AHMOCTH ,A.O norapHclJ-
MH'IeCKOH/. ·c ·. .~ 1

. • 

1.1. PaCXO,AHMOCTH; B03HHKaiOil{HC B Hallleii MO,AeiiH,llpH 
UO,AC'IeTe MaTpH~hl·pacce.RHH.R no TeOpHH B03MYil{CHHH 161 

0-
.ycTpaH.RIOTC.R; KaK H3BeCTHO, ~~e,AeHHeM B raMHnLTOHHaH 
'lneHa. ~epeHOpMHpOBKH MaCChi- MC 3 OHa 

.oH·~ i_BM 2 (P) f¢(k)¢(-k)dk 
:. 2 ' . .. '.• . .. . 

/1/ 
·-

3' 

~· ... ,.. 



;,' . 

. ':~ 

e ua,nne)l(B.U{e no,no6pauuoii«i>YHKilBe:ii oM (r) j e - MaKeH- +(A(pi,p2)a:._(pi )a+(p2) +Q(p.I,p2)a~(pi)a..:.. (p2 ))o{pi-p 2-:k)], 
uanLHLiii uunynLe/. MLI, o,nuaKo, paeeMaTpHBaeu ,npyrym ' .. · · , 

3a,naqy: MLI eTpOHM peweuu.s:'ypaBueuua illpe,nuurepa · .3Be3,nO'IKa ua,n B o6o3Ha,qaeT · ~oMn}leKeuoe. · eonpa)l(euue, 

(H-E) il = 0 , : /2/ 

eOOTBeTeTBYIOU{He eoeTOJIHHIO BaKyyMa, O,nHO'IaeTH'IHLIM eo
eTOJIHHJIM Me30Ha H 4lepMHOHOB H TaK. ,nanee. ,l(a:>Ke noene 
BKniO'IeHHJI B rauHnLTOHHaH qneua I 1/ npH noeTpoeHHH 
peweHHH ypaBHeHHJI illpe,nHHrepa ~03HHKaiOT paexo,nHMOeTH. 

1.2. Bee OHH, o,nHaKO, MoryT . 6LITL OTHeeeHLI 3a e'leT 
HeKOTOporo MHO:>KHTeng B il. HMeHHO, eenu-

~ = exp l ~- Z( e) I cp(k)cp (-k)dk), /3/ 

r,ne 

1 2 1 V
2 

z = - 1T g [ &t ( e; v) - - + 0( - ) ) 
2 4 e2 

/4/ 

H 

n =W n ', /5/ 

TO Bee K034Ml>HUHeHTLI «i>YHKUHH, onpe,nenJIIOU{He il ~. HMeiOT . . . 

KOHe'IHLIH upe,nen npH ·. e -+ oo • 

1.3. raMHHLTOHHaH HaWeii MO,nenu: OTHH'IaeTCJI OT ue
nonL30BaHHOrO B II I nuwL quenoM npoeTpaueTBeHHLIX eTene
ueii . cao6o,nLI. ,D;na y,no6eTBa 'IHTaTenx MLI BLinuweM ero: 

H=h.+h 1 , . /6/ 

h = J d 2p E (p) x [a* (p) a (p) + a* (p) a (p) ] -
+ + - -

2 

.!_ I d2k o. 
- 2 o¢(k)o¢(-~) /7/ 

+ g f dp
1
dp

2
dk ¢(k)[-B* <Pr· p 2 )a+ (p1 )a_ (p2 )o (p1 +p2+ k) 

4-

I 
J 
l 

r· 
.! 
l,j 

!j 

hi = ~ I dk.(k
2
+ M2 ;cp(k)¢{-k) + (M

2
y-g IA(p,-p)d~)¢(0) 

. . 

+ g{dpi dp2.dk B (pi, p2 )a: (pi) a~ (p2) ¢(k) o(p_I+P 
2

-:- k) 

1 2 2 
+ T [ M y - I E(pJ dp ] o ~0) • 

. .. 

·/8/. 
· : 3,neeL Bee uuierpa.Jibl 6epyTcJI no O'leHL 6onLwoii o6nacTH 

( e ... 00 )·: 

lkl < e I PI< e 

E (p) = v' p 2 + v 2 = ,l p 2 + p 2 + v 2 , 
X y . 

A (pi ' P 2 ) = u (p i> * a 3 u (p 2) ' 

C (p p ) = v(-p. )* ai'v(-p ) 
I' 2 2 3 1 ' 

B (p'·~,,p 2 ) = u*Jpi)ag (~p 2 ); 

. /9/. 

/10/ 

/11/ 

/12/ ·-· 

u(p) H v(p) eyTL co6CTBeHHLie «i>YHKUHH 'onepaTopa ,l(Hpa:. 
Ka 

d(p) =a p +a p· + a v = a p +a v /13/ 
I X 2 y 3 3 ., 

• .. 

e nono:>KHTenLHOH H OTpH:u;aTenLHOH 3HeprHeii ±E(p),HOpMH- -
poBaHHLie Ha e,nHHHUY, npH'IeM 

a p· . 
v(p )_=,p· 

1
. a3 .~l(p) ~-. /14/:,··:,, 

.:·· ~ 

5 . ~ .......... ·•. -

·. 

·. ·--·: 

·~ ... 



a 1 , a 2 , a3 - ~aTpHUhl IlaynH, a±. (p~, a ±-<P> .. _- one
pa TOphi YHH>iT<))KeHHJI u' 'po)K,l{eHHJI. 4lepMHOHa H aHTH4lepMHO
ua I 3TH qacTHUhl OTJIH'IaiOTC.Il TOJILKO 3HaKOM 3ap.ll.l\a/. 

llneu c M 2 ·a /8/ y)Ke co,l\ep~T ,l\o6aaxy /1/. · 
3Ha'leHH~ napaMeTpa y a /8/ MO)KHO ab16paTL no Caoe

MY ycMoTpeHHIO /eM. /II ·, nyHKThl 2.2.2 H 2.5 H 4lopMyny· 
/18//. 

1.~. PaccMoTpeuue uacTO.IIIUeii pa6oThl 6JIH31CO K ahlnon
HeHHOMY a pa6oTe· I 41 ~ r,l\e pa3o6paHa MO,l\eliL g ( cp 4 ] 3 ·, H 
HMeeT MaJio o6IUero c paccMoTpeuueM Toii )Ke MO,l\eJIH 

6 111 . a pa OTe • . .. ··· · .. 
Ilpeo6pa3oaaHHe /5/ anoJIHe aHaJiorH'IHO CXO,l\HOMY npe

o6pa3oaaHHIO, pa60TLI 141 H: C.OOTaeTCTayeT "6TCKOHe'IHOH'. 
nepeHOpMHpoaKe. aOJIHOaoii 4lYHKUHH" a pa6oTe 17· ; a HaW eM. 
H3JIO)KeHHH 3Ta "nepeHOpMHpOaKa" ahlrJIJI,l\HT, no- aH,l\HMOMY, 
ropa3,l\O. npoJUe. ~· 

1.5. Bhi'IHCJieHHe KOHTHHyaJILHhiX HHTerpanoa THna uop
Mhl ocuoauoro cocToRHH.Il a MO.l\eJIH 141 npaae,l\eHo a §3 
pa6on~/8/. 

. \,: ~ ' 

§2. 0CH06HOe COCI/IOJIHUe 
.;, 

Bse,l\eM, xax H a I II, cocTo.IIHHe 1 0 > 4lepMuouuoro 
aax~yMa H 6y,l\eM ucxa TL ocao88oe cocTO.IIHHe Mo.IienH a' aH,l\e 

rAe 

B 

6. 

-K n
0

=e IO>, 

K =I P2n,r 
.·; n+r>O ·· 

.·/15/ 

/16/ . 
P = fC 

··~ . 2n,r 2n ,r 
(pl' p2 , ... ,p ; ql , ... q ; k1. , ... k ) 

, .. n n · r 

n . . . r 
n (a+* (p )a* (<f~-)dpidq 1 ) n (¢(k. )dk.')" 
1 i - . 'j=l J • . J 

n r 
' '8 ( - I (p

1 
+ q . ) + I k . ) . 

I I 1 J /17/ 

. i 

:I 

I 
I 

· ,lJ;JIJI , onpeAeJieHHJI K034l4lHUHellTHhiX 4lYHKUHH C2n,2 no
nyqaeM CHCTeMy ypaaHeHHH /cp. ypaaHeHHJI''/37/ pa6o
Thl 111 /: ·. 

(r i +1)(r 2'-1) 
C2n,ri 2n,r + I · 'C . -

4 
[ C 2n. ;r_. + 1· C 2ri .r.:+-1':] 

n +n = n . . · . . . I I " •· . . , 'J! 2 I 2 ·· ·· · · ·· · · 
r 1+r 2=.r 

(n1+1)n2 .[C2(n1+l);r1-::-1 +2g 4. <:2. a *1 > 
n2,r2 

'_;.:: 

+g[ -A,C2n,r-l ] +g[C,C2n,r.:...l, ] /18'n . • i.;· 

. (r +l)(r;2 ) 

2 
f C2n,r+2 · (p1•···Pn;q 1 , ••• qn;k 1, •• ;kr,s,-s)ds 

2 -
-g(n+1) symm (k 1 ,k2'.~.kr) fdadfj 8 (a+~+ kr) 

B *(a • f1 >c;n.-2,r-1 <Pr •·•·Pn ,a; q l'"'q ~-,{1; k 1 : ... k~-1) ! 
npH n ... 0 ~ r'=2 ic' JieBOH ·'laCTH. '/18/ c.Jie,AyeT A06aaHTL 
'IJieH -k~-M 2, npH n =1 , r =1 - 'IJieH -2gB(p 1 ,q 1) 
u, aa:Koaen, npa n =0 , r= 1 'IJieB 2(g f A(p,-p)dp -M2y) .. 

B /18/ BCDOJIL30BaHhl Te )Ke 0603Ha'leHBJI, 'ITO B /1/, 
nyuxT 2~2 . . One~Top .h _B. aacTO.IIIUei pa6o~e c~,l\ep)I()IT 
no cpasaeBHIO ·c1/1/ .J19/.BOBf10 4lY_IIKUHIO C(p1 ,p 2 ), · . 
D03T_OYY o6.03Ba'leB:Be : [ A, c2n r ] pa60,Thi'II I\"· . y Hac 
pa3pOCJIOCL AO ' -~ , 

[ A,C.2n',r _]+[C,C2n,r];. 

3AeCL 41YBKUHJI A AeBCTByeT,.ICaK H B/ll, /42/, Ba HY· 
DyJILChl 41epYBOBOB, a.4lYBKUH.Il C AeBCTByeTaBaJIOrH'IBhiW 
o6pa30Y Ba BYnyJILChl aBTB41ePYBOBOB. . 

7.· 



Ilo.n;o6uoll<, no.n;6epeM y 'tax, qro()LI _ H3 · ypaBHeHHH 
/18.0,1/ cne,D;OBano 

COl== 0; /19/ 

3THM 3aUHCh ypaBHeHHH /18/ ynpOCTHTCJI. 
· IIepenumeM ypaBueuue /18.0.2/, xax 3To 6Lm~ c.n;ena

uo B /I , B BH,D;e 

2 2 2 ) C (k,-k)-k -m == 6 I [C 04 (k,-k,s,-s - · 02 . 

-C 
04 

{O,O,s,-s)]ds 

- g f [ B * (a , -a- k ) C 
2
l a; - a- k; - k ) 

- B * (a , -a ) C 21 (a ; -a ; 0)] d a . /18.0.2a/ 

3.n;ecL 

2 
m - 6 f C 04 (O,O,s,-s)ds 

2 
+g_JB*(a,-a )C 21 (a; -a; O)da==M • /20/ 

2.1. HuTerpa~LI B /18/ cne.n;yeT 6paTL no o6nacTH 

· lai,J/31". lsJ< £. /9az 

2.2. B . oTJI_H'IHe oT 111 u ;s;. a· rio,z:io6ao· / 4/ ypaBueiiuH 
/18/ ue .n;onyc:KaroT npHMoro nepexo.n.a K npeiJ.eny f '""· u6o 
HHTerpanLi B /18/ Heorpauu'iieHHO pacTyT npif f -• oo. •. :, . " 

2.3. )J;nx ,D;OKa3aT.enLCTBa npOHTepupyeM .. /18/,. TOr,D;a. 
B npaBOH 'laCTH B03HHKHeT, B 'laCTHOCTH, HHTerpaJI . 

. 2 . 
g( n+l) fB*(a,f3)dadf3symm(ki,k

2
, ... kr) 

/21/ 
• {r I +l)(r 2+1) _ . 
~ .O(a+f3+kr) . 4 [C2n ,ri+IC2n 2,r2·+I]/~n+2,f-I, n +n =n+l . I . .· I 2 · 

r +r =r-1 
I 2 

a· 

. . 

.. 

. : .. 

xo~opwi np~ n 2 =1 , r 2 =0, ~ :n i=l , r,1 ~=:=0 .n;aeT ~ICJia.n; 
< ~ • " .. 

gr/2 symm {k I, k 2 , ... k r ) 

C 2n}PI ····Pn ;91 ,: ... qn ~- ki , ..• kr) 

I dad,BB*{a,,B)C2I(a;,B;-kr )o(a+.,B+kr) • /22/ 

E {a)+ E { ,8) - C 02 { k r • - k r ) + ·::£ 2n, r 

Cornacu_o /18.2.1/ u~eeM 
I 

C 2I(a;,B;-kr) =2gB{a,,B)/l:2I+ .•• , /23/ 

U03TOMY BeJm'IHHa /22/ JiorapH«lJMH'IeCKH pacTeT npH. f-+oo • 

2.4. HTaK, Bee HHTerpanwno a, ,8 · B/18/ueorpauuqeu
·. HO paCTYT c pocTOM e. II03TOMY Henh3JI 0)1(11,D;aTL, 'ITO BCe. 
K03"""HUHeHTHWe «lJyHKUHH C 02 , C 03 , C 2t , •u ·.. : npH 
f -• oo CTpeMJITCJI K KOHe'IHWM npe.zlenaM. 3aMeTHM, O,D;HaKO, 

'ITO ueorpaHH'IeHHO paCTYIUHe npH f -+ oo BeJIB'IHHW BXO,D;JIT 
B /18/, /22/ BeCLMa cneUB«lJH'IeCKHM o6pa30M, HMeHHO TaK, 
.'ITO BCe OHH MOryT 6WTh OTHeceHLf.TOHhKO 3a C'leT «lJyHKUHH !41 .. ·. .· . . . . .. ' . . c02 /cp. · , nyuKT 2.2/. . 

141 
2.5. Mw nono)I(HM, xax B (lopMyne /8/ pa6oTw , · 

C : {k,-k) = b{k) +Z, 
02 

/24/ 

r.n;e Z - !ilYHKUBJI OT f. KOTOpYJO, KaK MW'UOKa:>KeM,'M0)1(110 
BW6paTb TaK, 'IT06hl BCe «lJyHKUHH b(k) , C n·r ,(nr)~(Q,2) , 
npH f ... oo CTpeMHJIBCh K KOHe'IHhlM npe.n;eJiaM. COOTHOWeHHe 
C 02 (0,0) =m, cne.D;}'IOIUee H3/18.0.2a/, Tpe6yeTBMec
Te c /24/ 3aMeHLI m ua HOBLIH napaMeTp r , · 

r =; m -:Z, /25/. 

He 3aBHCJIIUHH OT f. 
BBe.n;eM o6o3uaqeuue: 

a 2n ,r ::£ 
2n, r -rZ 

.9 



--n r 
=I (E(p.) +E(q._ )) + I b(k.) 

i =I l I j=} J 
c /26/' 

,-'>-

H nepenHwe~ I 18/ B BH.Ae 

C a 
2n,r 2n, r 

+ ! 
n1+n 'f n 

1) ' ] (r +1) (r2+ [C I C2n ,r +I 
( I , 2nj,r t 2 2 

r1+r2=r_ 

(n l+l)n 2 . C 

+g [C2( +0 r -1 2n2.,r 2 4 nl ' I 
B*]) 

+g[A,C2n,r-1 ·J+g[C,C2n,r-·l ] 

' ; 

(r +l)(r+ 2) 
- 2 > - J C 2P, r +I (p

1 
, ••• p ; q ; ... q ; k , ..• k ,s,-s)ds 

n l n I r 

-gsymm(k 1,k 2, .•. kr) J dadf3 B*(a~,B) [o(a+,B+k r)x 

' 2 
x(n+l} C2 2 I (pl, ... p ,a;ql, ... q ,,B;kl, ... k I) "' - "~ n + , r - n n r-

+ r g B ( a ' 8) o (a+ f3 ) 
[E(a) + E(,B) 12 C2n,r (pl, ... pn;q 1~ ... q ;k , ... k . )]. .. n l r 

/18".n . r 6/ 
' 

3.AeCL 2n tr> 1; npH (n.r)=(l,I) "K npaaoii qacTH 
cne,Aye-;r ITpH6aBHTL qneH 2gB(p,q), npH (n,r)=(O, 2) 
ypaBHeHHe cne,Ayer B~nHcaTL oco6o. 0Ho, cornacHo 
/18.0.2a/, /24/, /25/, HMeeT BH.A 

2 2 2 
b (k) = k +T + 

ro 

:~ 
!. 
'{ 
i 

,...,. 

I~ 
(~ 

~~,: 

I . 

.
-- .}1 -~ 

-. 

! 
., \ 

.; . 

+.6 J Lc04 (k; .:..k, ~, -s):-c04 (o~o;~.;, -S.) Jds~ _ · ·: · 

;;_;•g fda[B*(a,-a-k}C (~; -a-k; -k) 
' - - ': - 21 ·:-< . . 

/18_~0;2~/ . 

2 g . ' 2 
-B*(a,-a )C2"l (a;-a ;0)+ IB(a,-~) I (b(k)-r)]. 

2E
2

(a) 
:· .. B /185/ npHHHTO 

- g2 
Z=-J 

4 

d 2a ~ 
2~-: fB("- 2 

E (a) a ' -a.) f /27/ 

flpHHHMaJI BO BHHMaHHe /12/ H nonL3YHCL- 06LJI-IHOH 
npH pa6ore · c peweHHxM:~ ypaaHeHHH ,[{upaKa 1-exliH-Koii 
wnypoaaHHH, npeo6pa3yeM /27/ K 

l ~ -

2.- ,2. 
2 d a a 

z = ~4 f -<--~r 
E a 1. 

. /28/ 

. 
qJ:O .. COBna,AaeT C /4/. · ' 

- 2.6. flOBTOp.RH. MaHHnynH~HH nyHKTa 2.3,. y6e>K,AaeMc~~ 
qro B ypaaHeHHHX /18. n. r 6/, (nr) I (02} He B03HHKae-r 
pacxo.AHMocreii npH I' • "" • 

flO.ACTaBHB B /18.0.26/ BMeCTO /23/ 

C 21 (p ;q ;k) =2gB(p ,q)/a
21 

+ ...• -
/23a/ 

nonyqHM .AnH nocne,AHero HHTerpana a/18.0.26/a~pa>KeHHe 

2 2 
2 2 !B (a,-a-:-'"k )f I B(a,-a) l· 

- g 'r d a{ 2 '' - 2' + 
E(a)+E(a+ k}+ b(k) ·· 2E(a)·+ r-

2 -
f B( a , -a ) ! .. ( b (k ) _ r ) ]. · 

-+-.-- 2- . ' 

2 E(a) 
. /29/ 

II 



... JleriCO BH,ACTL,. 'ITO 3TO BLipa)KCHHC CTpeMiiT.CJI K KOHC'I· 
-HOMY np~,Aelly npH f ~ .oo. . • ' . . . . . ' , 

HTax, ypaBHCHHJI /186/ ,AonycxaiOT nepexo.A x npe,Aeny 
f-> oo 6e3 B03HHKHOBCHHJI pacxo.AJIMOCTCH. 

2. 7. B nopH,AKe HH4lopMaiUIH o cxopocTH y6w:aciHBJI xo34l-
41HIUICHTHLIX 4!YHKIUIB npH 60llLWHX 3Ha'ICHHJIX HMJIYllLCOB 
np:BBe,AeM 4lopMynw: 

. . . . . . -2 ' . . 
c~o ( p ; - p) = 0 (I p 1- . ) npH I p , ... 00 ' 

! ; 

-2 
C 

0 3 
( k

1 
, k 

2 
, k 

3 
) = 0 ([max ( I k 

1
1 , I k 2 1, Ik3 1) ] ), 

/30/ 

/31/ 

. . . . .. . . ' ,· ·-2. 
C

04 
(k

1
, k 

2
, k

3
, k 

4
) ,;.Q([rnax(l k 1!,1 k

2
1J lk 

3
1.1 1{

4
,1)1 ·. ), 

'/32/' 

cp •. 4lopMynLI /471, /48/, /48a/ pa6oTLI II I. 
Ko3iWJHUHeHTHLie 4lyuxuxx y6hiBaiOT cna6ee, qey B ·cny

qae ,AByMepHoro npocTpaHCTBa·BpCMCHH, BCJlC,ACTBHC 60J1L• 
wero qucna npocTpaHCTBCHHLIX.HHTerpauxii. «<»opMyna /32/ 
CBH,ACTCJlLCTBYCT 0 HC06XO,AHMOCTH npoH3Be,AeHHOrO B 4lop-" 
Mynax ·/18.0.2ah /18;0.26/ x··/20/ 'Bi.I'IHT~iil~~ :BenH'IHHLI' 

6 J C
04 

.(O,O,s,-s)ds. ... ~' 

«<»opMyna /32/ noxa3LIBaeT T~IOKe, ~T<? HHTerpan 

C 
0 4 

(k , -k , s, -s) ds 

J . b(s ) . 

B paCCMaT~HBaeMOA MO,ACllH, B OTllH'IHC OT /
4

/ , CXO.AHTCJI; 
JI03TOMY nepBLIH HHTerpan B npaBOH 'laCTH 4!opMyll /18/ 
ue ,AaeT BKlla.Aa B /27/. · 

2.8. Ilo JIOBOAY OTCYTCTBHJI paCXO.AHMOCTeii B ypaBHCHHJIX 
/186/ C,ACJlaeM CllCAYJOIUCC 3aMe'laHHC •.. IlPH HTCpHpOBaHHH 
3THX ypaBHCHHH /KaK B JIYHKTC 2.3/ B03HHKalOT, B 'laCTHOCTH;' . . 

'lllCHLI 

12 

_ 2 g (r + 1)( r + 2 ) 
2 

~-
Jds 0 I0 2lC2ni,r 1 C2n 2,r 2 Bl 

' 4 0 2.b( ) . ' n +n =n+l 
I 2 · 2n,r + S 

r
1
+ r = r+t 

2 . 

KOTOpLIC npH n l = r I = 1 H n 2-= r2 = l ,l\alOT BKJla,A 

n -I 
- ~ c2 ~ f ds {n(o2 + 2b(s))] 

4 n,r i=I n,r 

[C 21 (pi ;-p. -s ;s )B*(p. ,-·p.- s) 
I 1 I 

+C (-q -s·q ·s)B*(-q.-s q·)] 
21 i ' i ' i . ' i ' 

CO,ACp:>KaiUHH paCXO,AJIIUYIOCJI 'laCTL 

g2 . n 
--C ~ 2 . 2-n,r I 

-l 
fds[(E(s)+h(s))b(s)] ··· 

-
2 ·. 2 [ IB ( P . , - P. -s) I + 1 B (- q. -s, 9: ) I ] 

_I I . 1 J 

/MLI yqnu /23a/ /. 

/33/· 

O.z.HaKo npu HTepupoBaHHH ypaBHCHHii /186/ Bo:iHHKaiOT· 
TaK:>KC 'lllCHLI 

{r+l}(r+2) [A+C,C 2 ] -g J n,N-l 
2 ds, 

a + 2b{s) 
2n, r . 

OT KOTOpLIX JIOCJlC -CIUC O,AHOH HTepaUHH B03HHKalOT, B '!aCT-
HOCTH, qneHLI 

g2 (r+1Hr+2) 
2 f 

ds 

a2n,0~b(s) 

[ A+ C , C 2n, r ] 

[A +C, ], 
a 2n ,r+l 

CO,Aep:>KaiUHC paCXO,AJIIUHHCJI BKJla,A 

13 



i 
I 

2 n ds 
: g c . 'I· J ---...,....-~:-: z--- 2n,r·--- i=l· - ~(s)[E{s)+~(s)] 

: .... 

· [A{p , p +s)A(p +S, s)+C{ q., q. +S)C (q +S, q )] . :f34/ 
i i i I I· i ·i .. 

' . 

C no:MOIQLIO /11/, /12/ nerxo y6eAHTLCJI, qTo paCXOAH• 
:MOCTH /33/ H /34/ COKp&JQaiOTCJI. , 

§3. Bo36yxlJeHH~>Je coc•oJIHUJI 

CornaCHO /I/_ §4, KOHCTPYKWIJI B036y)I(,QeHHWX COCTOJI• 
HHi B paCCY&TpHB&eYOB YOAenH HYeeT BRA -

n = u n
0 

=e-K U,IO>· :•. . . 
/35/•J 

3AeCL 0 O • .OCHOBHOe COCTOJIHHe /15/ H U • PJIA no nepe· 

YeHHWY cp, a; • 

U n (p)::::. 'I 
n 1, n ~r 

pn 
J r ( p

1 
, ••. p ;q 

1 
, ••• q ;k , .•• k ) 

n
1 

,n
2 

,r n -n 1 . r 

n
1
=n2+n 

t ·. ... -, r . , n1 n2· r 
n (a* (p

1
)a::<q 

1
)dp

1
dq

1
) x n (c/J(k 1)dk1 )8( 'Ip +'Iq -'Ik1-p). 

1=1 + j=1 I l I l I 

3AeCL 
n<: 0; n1 

t_= min(n
1
,n

2
)=l 

n 2 • n ~ 0; 

nl 
X~ ll (a*(p )dp ), ecna n<O; 

i =t+l + i i . 

X =1, ecna n=O; 

14 . 

/36/ 

--.....-.. 

X = .if (a,* (q )d q j ; 
f:: t+l - . i . . I 

ecna n > 0 /37/• 

/3&YeTHM, 'ITO onepaTOpW K H U KOYYYTHpyiDT/. ·pac;.; 
CYOTpHM AeHCTBHe raMHnLTOHHaHa Ha COCTOJIHHe /35/. 
C yqeToM I),Jop:wyn 

;...K -K 
a(p)e = e [-[a(p), K] +a (p)], 

• -K -K 
a (p )a(p )e 

I 2 
= e [ -[ a (p. ) , K ] +a (p ) ] 

1 . - I 

[-[a(p
2 

), K ]_. +a (p
2 

)] = 

=e-K [[a(pi),K]_[a(p
2 

),K ]_ -[a(p
1 

), [a(p 2 ),K] _]+ 

-[a(p ),K] a(p )+[a(p ),K] a (p )+a(pifa(p 2 )] 
I- 2. 2..,. I 

/38/ 

H I),Jop:wyn /6/-/.8/ npeo6pa3ye:w ypauueuue illpeAHHrepa . 
/2/ K BHAY . 

U [-E 0+h 1 +KK -hK]I 0 > 

+ (-A+ h~ )U I 0> + J ~ ..£!1-dk 10> + 
8cp (k) Bcp(-k) -

+ g J d a df3 8(a+f3+ k )B *(a,f3) cp (k) 

([a (a),K] a·({3)-[a (f3),K] a(a))UI0>=0> 
+ - - - - + . /39/ 

E =E 0 +A, /40/ 

Tax 'ITO A ecTL :meprHJI B036ylK,QeHHJI. 
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·1; 

B /39/ nepBLIH •meH HC'Ie3aeT B CHJIY ypaBHeHHH OCHOB
HOrO COCTOHHHH /eM. dJopMyJiy /35/ pafiOTLI /1/ /; H3fiaB
JIHHCb o-i- onepaTopoB norno~eHHH a{. non~qaeM H3~/39/ 
CHCTeMy ypaBHeHHH 

·r pn ( ~ -A) 

+ 

16 

n n r 
1 2 

n In2 r 

~ 
1) (r · + 1) pn C ' ]-t 

('t+ 2 )[r,, t 2••z+l 
( 2 DID:fi+ n 'I - n; = n I-n 2 

n ' + n ' + 2n '= n + n 
2 I 2 I 

r1 + r 2=r 

(n + l)n I r B * 1 
+g [C2n'+2,r -1. nin~rl 2 . 2 

n2(n '+ 1 ) . pn . 
+g [f' , ' C , B*]} 

2n +2,r
2
-I 2 n 1n2 r 1 

+g[-A+C, r 1 . n
1
n

2
r-. 

] 

(r+ l}(r +2) 

2 
J 

k
1
, ••• k r,s,-s)ds 

pn 
r n

1 
n

2
r +2 

. ' 

( p 1 , ••• p ; q , ... q ; 
n 

1 I n 2 

- g ( n 
1 
+ 1)(n 

2 
+ 1) symm (k 

1 
, k 

2
, •.. k r ) J dad {3 B * (a , {3 ) . 

r pn 
·. n1 + l, n2 + 1 ,r-1 (p1 , ... p nl' a; q 1 , ... q_n2 '{3; k1 ·:··k r-1) o(a:f3+kr );· 

·j41.n
1

.n2 .r/ 

. -

· .. 
--<·o} 

. '. 

3~ecL o6o3Ha'leHHH no.·c~ecTBY Te )l(e, 'ITO u/18/; .uanpx
Mep, 

n1 n2 r' 
~ =.I. E(p.) + -~ E(q

1
)+ ~C 02 (k,-k). /42/. 

n1n2r. i=1 I i=1· i=1 . 

3.1. IJO~OfiHO TOMY, KaK 3TO C~enaHO B §2, Mo)taio llO,;. 
Ka3aTL, qTO peryJIHpH30BaHHas dJopMa ypaBHeHHH /41/ no,;. 
nyqaeTCH H3 /41/ 3aMeHOH dJyHKUHH :£ n ~ r Ha 4lyuic· 
UHIO a 1 

n 1n 2r 

a = ~ -rZ, 
. n n r 

. n1 n2 r 1 2 
/43/ 

H COOTBeTCTBeHHO 3aMeHOH noche~uero HHTerpana Ha 

-g fda dtJ B* (a,{3) [symm(k 1,k2 , ... k, )(n 1+l}{n 2 +1) 

rpn . . n+l,n +1,r(P
1 

, •.. p ,a;q
1

, .•• q ·,{3;k·1 , •.. k )o(a+tJ+k) 
1 2 nl n 2 r-I r 

B(a, ,9) 8 (a+,9) pn ·. . . · . · . r · (p , ... p ;q , ... q ;k , .. ;.k )l. 
( E (a ) + E ( {3 )) 2 · n In 2r I n I I n 2 I .. r 

'+rg 

. ,/44/ 
TaK H3MeHeHHOe ypaBHCHHe /41/ MLI 6y,iteM ·Ha3WBaTL 
ypaBHCHHCM /41a/. HHa'le _MO)I(HO cxil3aTh, 'ITO ypaBHeHHe 
/41a/ nonyqaeTcx BLI'IHTaHHeM H3 npaBoii. H .neso:H qacTH 

/41/ BCJIH'IHHLI · • · 
rzr pn 

n In2r 

Ypasueuxe /41a/ ue co~ep)I(HT pacxo~H:Mocie:H /cp. nyHKTLI 
2.3 .H 2.8, a TaK)I(e ypaBHeHHe /18/ pafiOTLI /4//. 

3.2. Ypauueuxe /41a/ ~aeT ~H 3HeprHH .A(p) o~o
q,epMHOHHoro COCTOJIHHH /'IHCJIO n .. B /36/ paBHO +1/:BLipa-: 
)l(euxe g 2 d 2k · · · >·:; 

A (p) = E (p) + 2 J CLI (k) 
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'-""";. 

.'• 

-.' ~ 

........ ~ 

. ~·-

- ·.~ (.1 

-~- '. ...~ 

,.,;· 

.. :: 

[/A (p,p·'l; k) A (P+ k~,p ) 

E(p+k)+ w (k)-E(p) 

2 
. I B (p, -p -k) I . 1 + 0 ( g 4 ) • . . 

E(p'+k)+w (k) + E (p) 

1451 

2 2 . ·' . . . 
3~ecL w (k) = y k +r , onpe~eneHHe r CM. 1251. l-:136aa-'. 
nJIJICL B 1451 OT A H B npH UOMO~H 1111, 1121 H npoH3-
Be~JI wnypoaaHHe H e~e HeKoTop:bie npeo6pa3oBaHHJI; MO)KHo 
npe~cTaBHTL:I45/~a a:H.tie ·· · · .· · · .· 

2 
. gQ 

A(p) +E(p) + E(p) 146/ 

I Q ~T p He 3aBHCHT I, cooTBeTcT~yro~eM penJITHBHCTcKoii 
3aBHCHMOCTH :;meprHH OT HMnynLca·· tJ : 

,A(p)= VP2+.V2 + 2g2Q + •.. 147/ 
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