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1. INTRODUCTION 

The functional integration method is an imprescriptible means 

of investigation in many branches of contemporary science [1, 2]. One 

of the main areas of its employment is quantum field theory [3]. This 

me t h od appeared to be the convenient tool as this enabled one for 
the first time to perform the theoretical and numerical investigation 

of nonperturbative characteristics in quan t um gauge theory (e.g. [4]). 
The idea of utilizing the functional integrals in Quan t um Physics ex
pres s e d by R. Feynman served as a basi s for the co n t empor ary constru

ctive quant um field theory [5]. The successive realization of cons
t r uc tive program has led to the mathematically rigorous construction 

of qua n tum fields in two-dimensional and some three-dimensional mo
dels of Eu clidea n field theory (o.g. [6J). Signi f i ca n t suocess has 

been achieved r ec ently in oonstruoting the local relativistic inter

a c t i ng fields in 4-dj.mensio:tl1l1 space-time [7]. One of the most simple 
ways of as signiUB a speoified mathematIcal meaning to funotional in

tegrals in quantum f i e ld theor y and providing the numerioRl ca lcul a 
tions is the introduction of ap a co-t ime l a t t i c e . 'l'h e employment of 

lattice rogulur i zlltion t urno f unot i onu l i ntogrul o int o or d i nary one a 
of high dimension (~1 05 ). 'rhe Monte Ca r l o mothod io usua l ly a pp l i ed 

to evaluate these intogrul e. ~mny numor1ol1l r ooulto i mpor t unt to th 

physioal thoory huve boon ob t a i nod in th I 0 way [oj. Wh on p or forming . 
the lattice oompu t u t i on o on o hun to ux t z-upoLu t a t ho r e oul t o t o t h e 

continuum l i mi t [8,4]. 'l'h i u non-ni mpl o problem nut-von lUI un O]l j oot of 

Lnve a t Lgnt Lon f or lIIu ny uuthor o [ 9- 14]. Au it II/La hoon poLn t ud ou t in 
[9]. t h e p ro bLom o f r umovuI of t he f lnU o- ol zv or r oo to uml t i ll. lnttio 
Ilrti fuc tu lu ' 1ul 118 l.n MO llto Cur-Le ou lou l n t lo no wor u lIt u lli ud I nuu:rr io i 

on t l y . Tho nt l,omp t ll of r lluo hl nc t hu oon t l nu um 11rnit numor l oul l y by 
oompu t a t l on on lnt t Loou wi l;h doo ru nnLng npuo Lnr; uuu n.LLy f ull oll [ 9 .10] . 

C:vo n tho compu t u tLonu wlLh tho ruo ord Ln tb Lc o ul zo D ( up to ;!O4 po ln tD) 

on t ilo CHA Y oo mp u t or UO no t n.l Low to c o l ri ll 0 1' t ho u op ond un c « o r rll 

u Lt n on Lho tuttl oo lJplloi ne [11J . Boni ullll t ha l, tho ll1r l'l oult lu ll or 
tlrnp l oyl ng tho In ttioo MOil LO Curlo rna Lhotl Ln c r nu no wl l h Il (J o ro l.1I 1 1n~ LhG 

l u LLlo o ..pnoi nc [11J. :Jomo UIl LhOl' 1J n r-o o n~ llUo u nowl1uyu I n /lon r ohl ne 
f or t hu I mpr ovQd mod i ! l on tion u oL' t ho no tl on r un e tlollLl 1 [ 1 ;JJ, und /Ll 

11 0 I n t ho I nv a . U /SotiOI\ll 111r ao tly I n tho oon ti nuum limit [ l ~- I U] . I~II

I' l oy rnunt 0 1' tho Ju t t Lc u rUl)ulnrllm Lloll u llLn..L lll /l lIomo otho r 11 1'0 \) 1 0 10/1 

Il IJ wol t , Ilinon t!: whl oh i ll Li m 10"n or uon t I nuum LOllol ogy on tho ,l n t 

L.l ou [1 ~] . I n l.i1 l l1 oo nnc o t t on II numlurr or nu t hor e OUOOQool vo l y 1111V n 

l op	 Lho mll Lhot l o r llo lll' t/rL III' h ll l;lvo l'Q lSuhld ~~4l LlO ll or quun t um 

III th oor y In tho cou t Lnuum [1 ~.1 ~-:Z ;1] . 'l'hl ) nbi11ty or !, or f or m! r 

"
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numeri ca l calculations in cont i nuum i s connected ~~ th the developmen t 

of func t ional integrel s computat i on method. Si gnif i cant progre ss i n 

this a r ea has be en a chi eved l ast year s [ 23 J. The probl ems of measure 

in f un ct i ona l integra l [ 24J play an i Mp ortant r ole bo t h f or the s t Udy 
of cont i nuum l i mi t in co ns truc tive quantum f i e ld t heor y and fo r the 
muneri ca l calcula t ions . IIere and bel ow we sha l l denot e by t he func t i 
onal i nt egra l (a s disti nc t from a "pa t h i ntegra l " ) j u s t an i nt egral 
wi t h respect t o a given mea sure i n t he defini t e func t i onal spa c e . 
The impor tant r e su l t s of cons t ruct i ng t he func t i onal mea ffUre i n t he 
qua nt um f ield t heory have be en ob tai ned recently [ 18 , 25- 29] . Part i 
cul ar l y , the Buc l i dean measure f or the el ec t r omagneti c fie ld i s ob
t a ined [26J , t he funct i onal mea s ure i n Lagr angian gauge theories i s 
defi ne d [27 J, the Gaussian measure on ax t ended Gr a s srnanian a lgebr a 
for f e rmi on f unctional integral s is cons t r ucte d [ 29] . One 0f the ar
eas wher e t he mea sur e t heor y i s the mo st pr of oun dl y elaborated i s e 
t wo- di men s ional quantum f iel d t heor y with po l ynomial i n t er ac t i on s of 
boson fi e l ds [ 30]. The nmt hemat ically r ie; or ouB const ruc t i on of' the 
Gaus s i an mea sure i n P('f )~ - model is gi ven i n [31] . l 'hi s model en
ab l es one t o study , in par t iCUl ar, such proces se D a fJ pha s o t r a ns i t i on n , 
cr i tical phe nomena , interac t i on of particles , sca t ter i ng and bound 
s tatos . 'I.'ho P('I')2 - theory is i nve s t i e;a t ed by many author fJ . I n papor 
[ 32] , e . g. , the beh Aviour of t he va cuum energy den £li ty i n t he i nfi 
ni t e vol umo i ll n tudI nd in the f r-umewor-k of t hi D modo L, 

I n pnpor r.[ :l3 . 3'i] wo have der i ved for t he f' u nc t f.onn L i ntocrnl o 
w l, th Caun nf a ll mnu nur- u lJO W? new appr-o xf.mation f orlmll llu ex nc t on n CI IlIJll 
of t he p o Iy n onrl nI f' u n c t.donnLn of an a r bi t r a r y givon c\ogro e. Til 

f ormulae pr ovi de t. h ~ WilY of comput a t i on of physi ca l qunn tit1 0n dil' u
c t ly i n c ont Lnuum limi t. We us ed the s e f ormulae i n par t i cu lar cune 0 

the cond1tionul W1unur mo uaur-e i n our c omp u t a t t ona of }o'uyrunwl put h 
integralfJ in Kuol i doun quunt um mechani cs [J 5- J S] . Au uho wn t huru , t h 
employmont o r our f ormul uo Leads to t he evaluat i on of tho ordi nary 
i nt egr al EJ of II l ow d LmenuLo rr , t ha t al l ows one t o us c t ho dotul'lu1ni ll
t i c me t hodrr ( qu/ul rllt u1'o r ormuLua ) and gives the os s enti a l (by lUI or 
de l' ) oconomy of c ompu t ur t Lmu un d memory versus t he La t t Lou Mon t il Oa

r Io c omp u t a t Lonu , 1'ho uno of t llll upp r-ouch t o the f unc tional 1.1I t ugra l ll 
tha t d oe n no t nuod t ho IJ pn oo- t1mo d Lnor o t Lze t Lon , enabl od t o por f or m 
t he auc c c ue r u I numo rLcu I Ilt udy of t ho t opol ogioal succe pt i hi 11 t y wid 
t he e- vao ua enorgy [Jli] . 

Tho fo l lowi ng ohur- no t c r- i.e t Lca of meanur-o, uuoh a ll t ho oovur-Lunco 
an d t he moan v u l uo , I U'O of pri no1pal oi l':n1 t10 1l.1100 i n 0 tudying t hu 1'1'0
bloffio oonour nod Lho fu no Liona l ffi UD.llUr O i no l udi ng tho oonut r uotJ on ot 

approximation f ormulae f or f un ctional integrals . I n t hi s pap er we de
rive fo r t he ker ne l of the covarianc e opera t or of the P(~~ -functi
onal me a sure t he r epresentat ion i n t he f orm of t he expan s i on ove r the 
e i genf un ct i ons of some boundary prob l em for t he hea t e qua t i on . As an 
ex ample , the two cases of the i ntegration domains with di ff erent con
figur a t ions are cons i de r ed . 

2 . BASIC DEFINITIONS 

The Lagrangian of t he P(~~ -model i s writt en as fo llows (31J: 

2:t. (cp(x») = ; i (V'P)2 + I m2 'P (x) +). P(tfI(x)): (1) 

Here )( E R2; 'P(,<) E J '(R') - the space of the ge ne r alized f unc tions 
of moder a t e i ncr ease; P i s a bounded f r om be l ow pol ynomial . The 
space of t he basic functions i ll a Schwarz 'lJ s paoe of r api dl y deore 
asing func tions .,J(R) 2 

• The value of CP at th e ba s i c functi on 
f E .J(R2 

) i s given by 

'f(n E <CP, f > " ) 'f(K) f(>() d r . 
R2 

Th Wl ck' lJ or dori ng ("Wi c k' 0 co l on" ) i n dof i nod UlJ 

; 'P(x1"': • &m 
lIP-oo 

["/2)L 
J-o 

i I 
(-0 n. J 
(1? -2jJ! j! 2 

. " 2 ' 
k~ (x ) {lfJlM} . J 

' 
( 2 ) 

wher e 

If.. (x) •	 f If(lJJ 0;, I( {:f} clll, - lmplil u O u ~-o t r o! t h t hld 'f I 
R2 ' d 

¢'lA,1t (1) · JIll h (Je(x-1J) - t hu " Umll LU' ll u" 0' - f uno U on 

- 2h f C (R), h(j) ~ ~I f 1,(1) "1 • J.u 
R'

k. (x) . <(.,.1' I k ~ , J( > . 
llll rtl K I II U covurI uncc oporu t or' o f th ll IIW II ~1I1' 1l [l.ll. K(',J) - <',/(1> 
( II co n t Lnuoun n Ollllogonu r u t od IJlllno/U' f on n 0 11 t h t! peodu o L o f UPI\OQII 

(RZ) J(	 -<:f(R' » : 

K(f. c;)	 · JC<'f,, >- j(fJ]l <'t', 9- > - .fC 9-J] elf-( If) , 

whln' r(~} - J< 'f. f > rJjJ ( 'f') - ~ h ll 1IIl)' UI vu l. ue o r IIIQ LU III I' rp ( lf') • 

1 11 t lu~ UQquol WI. hflLl lim (f) . 0 w l.L ho ll ~ .UlY l .l lll l ~ u t.l onll of 

/"en. r a.l. .l. Ly . 
'I'h tl IIIlJ U DIl I' I n t hl, p ao J '(R ') I 1I11 rl ll ll d UII rou owlI (:.11 ] 

;1 
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First t he me a sure in f i ni t e volume A c R2 

"u = F -{ e- V(~) d.'P. 
/ 'j\ KM, , 

is i n t r oduce d 

(3) 

whe r e 

YeA) = J; P(lf(x»: c1 x; 
A Kp 

Z =~(Ii) = Je-V(I1)C{'P
K 

' 
btl 

Th e Wi ck's orderi ng is pe r foTIned here wi t h res pec t to t h e free cova 

r iance ope r a t or Kfl [3 1] . dlfll(M i s 0. Gaussian measure with ' the cova

riance Kell satisfying the Diri chlet bound ary conditions on Gll\ - t he 

boundary of the re gion 1\ and with the me an v a l ue J (/ ) = O . The c o 

vari anc e ope rator and the mean value defi ne the Gaussian measure i n 

the unique way [ 23J , Le . , on the s pace ,J '(R 2) there e x i s t s the uni 

qu e Gau ssian meas ure d 'PK with the covariance K and the mean 
e qua l s ze ro . 

The i mpor t an t r esult obtained by Glimm and J affe [ 31]i s the 

proof o f t h e exist ence of the measure in infinite v olume . Thi s moa

sur e is constructed as a l i mi t of the c on s ider e d above measu~e s in 

t h e f ini t e v ol ume s . Name ly , i t ha s bee n pr ov ed t hat under certai n 

c ond i t i ons on P and if f € C: the sequence of characteri s t ic f un

c t l ona l a 

5" ifJ = 1e i If (f) rift}, 

o f f ini t e volumo me llllu r e ll ha ll the l i mi t 

$ {f J .. eim 5/\ {n 
111' liZ 

and the l i mit I ng l'u nc t LonuL SlfJ sati sfi e s the Euc l i de an ux i.omn of 

a n a l y t i c i t y , rugu l lu 'l t y , invuri anc e with reopect t o uhi! tu , r-o t nt.Louu , 
and re fl e c t i OlIll t h lL t l u IIllCO/JfJury t o c on s t r uc t quuu t um f iold [ 3 1J. 

Thus , t ho o pu r u Lo r o bu er-v nbl o u de f i ne d as tho uvo ruguu OVUl' th, 

va cuum u t u t o o r lul ul 'ILUU III'; flc l d u .f1. c a ll be o b t u.in ed by lhu a vn l u
u t i on o f t lw r une t l unu l J.n t ugr uI 

J Up{· ). f: P('f'M ): /( d X'/ F( 'P) d 'f/( ~ ~ 
,J '(I1) ~ fI' 

< fl. / F('I') /J1. > . t.m 
1\ r Rl S e~p {-A J:P(f(r »/(, dxJvi tp/( M 

.J'(II) II 

It J II u n uu u tl ul lhu \. 1Il1l1'. I' IA . ;~ t.h'J ru no rm ulLa u tl onu 111 P('{'),A - 1lI0

del IU 'U r u duc ed t o lh.. uu b t r uc tl ou o u u nuo t ..d wI t h t hu Wick 'lI 01'111J

r Lllg ( ;n. J . u., t.h.. d lv ur /!, tl lllI.l,w 1. 11 Lhll p J'o llou t.ud Qx pr u l1 lJ1. o /l ( 01' t.h 

o buu rv u b l u u do IIIl I u r i r.. · . 

3 . THE KERNEL OF THE COVARI ANCE OPERATOR OF P(lf)2 -ME ASURE 

I n many cases i nc l Uding the co n s truc t ing of the apprOXimati on 

fOTInu l a e f or the functi onal int egrals it i s necessary t o h~v e the ex

plici t exp r e ssion f or the c ovariance op era t or K • Wri ting K(f.~) i n 

tho fOTIn 

K(f,~) = J J( ()(.~ ) {(x) 9(t) 0/)( dl' 
RZ~R 2 

c ons i de r its i nte gral k e r ne l )((~~) x,'j ER 2 

J{ (x.:! ) :; J 'f(J() If('!) d CPK ' (4) 

J I( R 2) 

For t he me a s ure covariance ope rator I( ~II with t he Di r i c hle t boundary 

cond i t ion s on ClA - the bo undury of arbi t r a r y r egion "c R2 there 

ex i s t s t he r e pr e s e n t a t i on fo r the kernel through t he i n t egr al wi t h r e 

s po c t to t he oondit i onal Wie ne r me a sur e [ 3 1] 

J(~/J('I) = j c(t i m2t JJM (w) c(ty6J . ( 5 ) 
o C~ j [~t J 

Tho f uno tional i n t egration i n ( 5 ) Ln po r r crmad over tho uo t CJ(,~Jo,t.] of 

oo nt i nuous r uno t Lonu GJ (T:) . T: f! [0, t J , oatiofy ing t he oond i Hon 

CJ (o) " X I (;J(t) :>. 'I . /loro Y.bI\{W) in tho ohuruo t or i otic f unotion of 

t hu pa t ho t hut do no t havo pointo o f I n t or uuo t Lon wi t h dl\, 1. o • • 

O. if 3 o to, t J: () ( ZOo) ~A 
j ~Ii {W) :: 

{ 1 , o t hllr wLu 

A S wo arc Ln t u ru n t ud i n	 Urn • Wll O W l 1I00umu wi thou t th l1mitn t1 0n 
}, f ll ' 

of 1ot8 /lu r a l i t y t lm t If , y. • 1\ \ 1M, I 1n t.ho o uoo X C ,) 1\ d/ or 
o bv t ouu t ha t .X (X,I ) a 0 • If wo donate 

C:' t [O, t] a {W(t") ' CCo,t j i &J (o) a)(, t.Jm-l ' ' J(r ). I\ \ 1I.1 \II r . [o,t l} , · (6) 

t han 
.... -m"1: r [ . m 

1 
-ri -i. f 

) Q lv (.J • ) M(I(,Y, b) ~i('l ) • Jcil 
e	 (7) ell (o, tJ 

1t,~ 

vol ume a t tho .a L C~W (o, i ] .i ll t h whor o M ( I<, ~ . t ) • me s c: [O,t J x,'! l o lont to llute n ni ne t he
'r hlllJ. i n ord o r t o b t ldn J( ..,,f1t'1) 

lI/loLlonlll vo l um f tho . 0 L o f two - ,U m	 ml1 0nAl oon tin UOU_ on' llh... . ' 1 
olid II or t h l .eamo"t whlohh t lxo,1 va. l " o " At. Lh mo n t ru no t Lone wi 

,I 
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onl y the values of the interior of the given region ~ • The main re 
sul t of this paper is f ormulated i n the f ollowing 

Theor em 

For an arbitrary bound ed cormect ed r egion /I c R2. with t he pi ecewi s e 

show that such the pat h s W o do no t cont r i bute t o .l (x,!_t) • Ge
nerally speaking, it does not fo llow from U [GJo('T: )] " 00 thatotf U[t.Jo(t)]dr" 00 , so t he va l ue of the functional under the integral 

o 
sign i n ( 9 ) may be different from zero f or t he path ~o • However , 
as shown in [40J ' the trajectories that t ouch the boundary without 

smoot h boundary IJ!I the Wiener vo l ume M:;: mesc"Co,t] is the so lut ion of t he 
)( ,~ 

f ollowing boundary problem : 

oM::;: ~.4l/.M ; x,~ ~ A \ iM.'. t >0 
~t ~ 

M (x,~,o) :: ~(~ -X) , ( 8){ I 
M (x ,~, t)!1 d A " 0. 

d 2 al 

where 
X:: (~:J ; ~ :: (~:) ; til :;: o~/ (JIJ/t 

Pr oof. 

As it Lo known [ J 9 ] I t he co ndi t ional Wi ener in tegral 

·t 
r - rut-o» ely; 2 

2(x,~,t) " J e 0 " ... GJ , x, ~ e R ( 9) 

CX,llo, t] 

10 t hc no Lut Lo n o f t he pzc ul. om 

~.c ::;: ..! 4u,.l - U(tI) 1 t > 0 
iH 2" If 

( If)) 
~ (JI,'J ' 0) • o(y · «) ,{ 

. .c(x,¥, t ) - O . 
1~1 "' _ 

In o rd ur t o ru Ll uoo Ll ICl 1 11t eg ro.t 10n domain in ( ')} t o tl w 110 t or t il 

p u t hn wh l.oll IU' U uomp l o t u I y oon t uinod i n tho g Lve n r ugl ol1 1\ C R 2 

lL 10 1I11 r r l o l.wlIt to l, yt U(~} bo o quu l to .Lnrtllity llvo r y wlllu '" UlIL

lJi ,10 " nllli Oil l.t. u lIolllll lm'y 011 • S l mu 1. t m lOou n l y , t llli z uro bo un 

u u.r y c u ud I t Lunu Oil 011 nhuu 1.c1 lIu l rnp o uud t o J! (X, y, i ) . P u r Lhu1'

111 0 1'0 , U ' WtI lI ", t U .O I lI lI l ,l lJ " WIl nhu l l II v1 dwn tl y o b I n l.n 

l.(X,'jlt) • /t1(A'.y, i ) 1'0 " X, ':I CJ " . I nd u o d , 1'0 1' nl.1 III I LII II l'.J ("t) 1'1'0 111 

X t o 1 If (LJ c10 UII 110 1, IHlV II (l OI IILII Ill' IIl IIH ~ Il Ctl OIl w l lh al\ L111. I) 
vu.luo of t ll o l n Lu lf,l',uld 1.11 ( ')1 11 u qun l t o Lilli 1I1111 y . 011 LII.., o Lilli I ' 

IIIUHI, i f f or .IOIIIU (,,)0 Lhwr " 'Jx ! II Lc LIm po ln t et:o wh oro We,(r. ) f() l\ , tllull 
JlJ (c.Jo( r . l] • ee • III o rd lll ' tu uOlllp l.., t ll LII'I 1'1' 0 01' IL III uur t .l o I un t t u 

cro s s ing i t form the set of measure ze r o with re sp ect t o the co n
di t ional Wiener me asur e in the space of continuous functions . This' 
c ircums t ~~ce is connect ed with the fact that the condi t i onal Wiener 
mea s ur e is co nce nt r a t ed on the se t of the Holder co ntinuous func ti ons 
with the index ~ < 1/2 (i .e ., on the nondi fferentiable functi ons ) 
and . no t on all the functions continuou s on segment . The se phe nomena 
themsel ve s are of particular int er est and shoul d be s tudi e d el sewhere . 
This result , a s app lied t o the probl em under co nsideration , mean s 
that t he traj ectories GJo touching aA in a co un t able number of 
points do not contribute to in t egr a l ( 9 ), i .e . , the e qual i t y 

.l ( l(,'I' t) =/of (x,:; ,/:) ho lds . Thus the proof of the theorem i ll complete . 

Corol lory 

l'he kernel of t he covurLuncc oper a t or of P(~)l - mea sur e can be e xp
r e s s ed i n t ho form I 

1((l<,:fJ = L ~ ?n(lI} ~ (~) ( 11)
£:,, ~ nrr : » X' l EO 1\ \ eM •n m 

wher e En are the oigonvo.luo u und eLgu nfu nc t Lorm o f t he pr ob-an d 7" 
l em 

{ -f "7 ('j = E 1(,) X E ,,\ a/\ 
( 12 ) 

7(x) ::;: 0 , X E' Cll\ 

Lnduud , 1 f ox pund Lng t h u o Lut Lo n M(X,er,f) of t ho p ro bl etn ( U) o vu r 
Lhu u Lgun tunc t Louu of t il bou nd ury Il r o bl li lll ( 12 ) [41 1, WQ ob t uf,n 

- ~" t
M()(,~ ,t) ,. 7n(x) 7,,('j ). 

" 
Pe r- I'orml ng Lllo I.II Log l' I\L 10II ovu r t I II li X (l I " ( ~ }, WII dL r uc t Ly ob t ru. n 

(11) • 

Thu e OIlOI' x preIJu10n f o r J( (x,y) tl' /ll lJlIlllI o n thu 11 111\111) o f t h 

l'ug10n 1\ • [ II Lhl nex t ne o t Lon WQ o U1I 1I 1d,u ' LI ItJ Lwo OXIUIIJl I.u lJ 0 f 1\ 
or t llu 11 11111' 1" " lInll who ll LIlli pr-ob l.cm ( 1;0 0 /111 h'J uo Lve d uxp l Lu Ltl.y , 

4 . I';XAMPI. IW 

U OJlIII II ,,,' Ll w I ' ll If, 1.(111 1\ oj' Lito l'uo L,ul/1,1I1 n r ullilpul l\ - r-a,Q] ,,[-8, 61. 
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Applyi ng t he met h od	 of s e paration of variables we g e t [41J 

00 -E t 
M()(,~ ,i) =: .L e n,n" 7 (x)? (~)
 

1'11, 11.1.=1 n.h" n1h,,'
 
where 

jf2(n'I'12.)f" n ::: - -.i. + 2
. ~ 2- 2 a' 8' 

17 (1L) - ~ S' n.1(' S· n, X"
(f4n1 ~ - W Ln --0:- !h ' Lh -g-Ih ' 

Af t e r i n t e grating ov er t we ob t a i n for	 J( (](, '!) 

"'" 2. 2. l.:l. - IJ!. {)( 1/.)::: 1.. ~ (m' +Jf 1'1, + Jr 1'11. ) sinn,rr )( S'nnl,. 1(' K S'n I!J![ IL >in n:l.JT u: 
~... 'If a8 L 2 0. ' Z g 2 L It f I 6 2 ' a if. 6 0.. 

111, 11.1.= 1 

Le t u s c on s i de r now the c a s e when /\ is a ci r c le , 't;;; 7 0 • Int r odu

c ing the p olar c oor dinate s and supp o s i ng 'f '" If ( 7. , ~, t ) • we h ave 

of _ .i.[.i. c ('l. <l !P ) + .i. 'b 2 1" ]
~ - 2 '( ai lit t ' ·M!.	 "L E [0, '20 ) 

iJ" E [O,21f] 'f{l., ,,, o) ::: 6(~-X) , 
t > O ( 

'f ('4,,tJ; t ) ;: 0 , 

'fhe omp Loyme n t o f t he mo t h od of nopur-at Lon o f vurl ubl oo 

'f("l ,rJ, t ) - R ( 'l.)r:p(ft ) T(t ) 

g i ve a I n l h Ln c n ao r41 ] • 
, -1 ( p (/t )) 2 

1
M()(, t:t ) • f. r ( Jf..,.l o E. n [ :In ( f~) )] 2} e-1 -f.- t 

h - O K'_f 

1" 1 • Aln)	 (h ) 

• [JI1 ( !k / )( ').(!(»n ~ COS h t>"", +.111 ( -!S.. 1)(' I) SLn n ~ Sin n l'."t l :111 (PI( Ill-I) 
~ , ~	 I . a , 

WhOl ' U 

n,.o ~ . Q't ct9 1'
)(

1' 
n a [

~ 
~.	 (1l. ci"-0 .". .

3 

j l1 (p) l u t he n t1 l f llllo t .l.on or n - t h ord fllr l f.~h ) h Lh I( - u. 
[ ' 0 0 L ot fIIq uu tiOIl I" ( p ) • 

II 

After i ntegrat ing ov e r t we find 

00 00 2. (h) -1
 
J!.?JA()(',:t)::;; L {JtZ'lO EI1[:1~(p~h)t[m2+±(~/J} ~
 

11-0 1(=1	 'to 

(~) (h) J)
)( JI1 (~/)(I) J" (tt-I:r~' (COS n~ cos n~ + Sin nD:,. Sin n"'t). 

The derived expressions for 'Jt.~... (x,:!) a r e the basis for the c ons t 

ruction of approx i mat i on formul ae f o r t he f unctional i ntegrat ion in 

the s pace .JI(A). 

5. CONCLUDING REMARKS 

In particular, it follows from t h e br ief review of the l itera

ture eiven in Introduction that among the tre nds of employ i ng the 

functional integration method in quantum field the ory the f ollowing 

two approachos take an important part. On the one hand, there io a 

development of the methods which use the latt i c e r e e ular izat i on 

nchome inoludill8 the search f o r the new modifica tions of the action 

fWloti onnl wi t h improve d cont i nuum pr op e rt i es i the perfo c t i ng of t he 

latt i c e oomput a t i on a l g ori t hms whi ch employ the Monto Carlo method 

[42], o s p oc i a lly with t h o upp Li.c ut Lcn o f purull el c ompu t a t i ons [43]. 
lu al s o in pz-ogr-ea a , On t ho other hand , t he uppr on oh based on the co n 

t inuum nonp ort urbutiv e r ogu l uri:.: a Li on ill boing uuc oouud.veLy d eve Lop c d , 

An it hun boon p olntod out In [19,1 5], t h l.n nppr'ouch uppe ar-o to be ut 

t r a c t i v o a ll thi s ena bl e s 0 110 to ut udy the In ~ o ro nt ing probl ems , uu c h 

uu oon Ll nuum con f i nomunt und t h o g Ollu r ul nonpo r t u r-bu t I v c pr op ur Li u u 

of quun tum f l.o Lrl Lhllory. We c on ul d e r th l.a np pr-ouoh to be pur-a puo t I VI 

f or Lho numu d 01l1 c u.Lcu l.u t 101111 bc ouuu o t ho pr-ob t omu of ~ hfol ! .1nl Lu 

lJh :o of fo o t lJ LLm ! Lho u o n t Lnuum l l ml L do no L I IJlIlIH U ' 111 I.L duo t o t h 

1L1Jll o ILO O o f 11 11I101I -L l mo d Lnc r o t Lz u bLou , '1'11lJ f nVOIIl' ubl 1il pOll111bl 1 it y of 

th o uu mc rl c n I s t ud y l u g of u l u gu l n ri r l o s 1 1~ t) phll !' o t.rn n s l t l o un I n l hc 

J'Plulluwork o f I:h l l l II PJlI"lJlLoh I.u 111 o n nn .l Lupo unl , ~~ho li folV Illl oPlll 0 1lL o f 

t li ln u p p r ono l. Lu u lu ue l y o on uu o Lud wi t il til .., d l,/ VlIl u pmlln t o f lUI 1 11 u IL o f 

~Il u I'uuo t lou ul 1.II I.<I Il, I 'II1.11 IU) Lho mu t.nomu t l c u l o lJ,lQo Lu 0 11 Lhlo! bt\IJ1o! o r 

L1w 1'1g o r ouo ,Ic) f l u i Ll.o u n 0 f 1II11Il111U ' U III ruuo tL onu.l up u u o u , 'J'h g 1 1101'1,1 

II II I I I/'; u t t e n t l on 1. 0 LhllL I II bUJ ll g p lll .II l )o wll llYII fJ .l . 'l'h" l.nv u u tLgu t.Lo n 

o t' thu uov n r l uu ou " l"l1' l d,O I' o r 1. 110 P ( ep)a f'uuo t l on u l . 1II0lLII U I' 0 Lhllt hun 

b 'I tJlI p Ul' l' ol1lltJd III Li m p l' fl UIII . L IJILIIII I', I II Il II LII I' t owu ru u LlIu o Ollll L.' lltJ 

LJ II II 0 1' 1. 11.. 1Il' I Ll IUl! 1l l'o P ')Ulllp lll.n t l u ll 0 1' 1.1111 " hy ll l.onl o llll l'lIu LloII ' l utl o 

I II o on t l nuum I I I LlltJ r .'I UIl..WO I' !1 0 1' LII' I rnorl u I 111 111111' OUIIUI. ,!tJ I'Il LI.Oll . 'L'h l 

I" I UL I " I ' " I' ll ul l.nll l" "P I" 'Cl lLI IIIIL I " " 1'1l1" " ' I I ,u, 1'," ' th" f ll llll L lo lI ll l l . u L u , ~ -

l ' ll l ll wL U bWOUlllcl LII UIJJIiIOt U III ' f o !' t ll o O Ill I . I I'~ wUI'll u . 
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