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3acTa~eHKO n.r • . P2 - 7590 

8bi'lHCneHH9 MSCCbl OJlHO'laCTH'lHOI'O B036ylKJl9HHOI'O COCTOSIHIUJ 

a npocTellwel\: MOAenH ltsaaToaoll Teopaa nonSI 6e3 TeopHH 

B03M}'W9HHit .. 

Coo6palKeHHSI penSITHBHCTCKOll aaaapaaHTHOCTH n03aonSiroT BN'lHCnHTb 

MSCOY O)lHO'l8CTH'lHOI'O B036yJKJl9HHOI'O COCTOSIHHSI B MO)lenH g [ rp 
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peweHHSI 38ll8'1H OTb!CKSHHSI C06CTB9HHblX 3HS'l9HHH" ypaBH9HHSI B036YlKJl9H-

HblX COCTOI:!HHA. 

Coo6U\eHMe 06be,IJ)tHeHHOro KHCTMTyTa .H,D.epHhiX KCCJie,D.oBaHK.Ji 

,lbr6Ha, 1973 

Zastavenko Ii.G. P2 - 7590 

Calculation of the One-Particle Excited State 
Mass· in the Simplest Model of Quantum Field 
Theory without Perturbation Theory 

·consideration of relativistic·invariance allows one 1 
to calculate the mass of the one-particle excited state 
in the model g [rf> 4 ]2 without solving ·the problem on search 
for eigenvalues of the excited state equation. 
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B npe.l(hiAYI.l.\eii pa6ore /I/ BhiCKaJa.Iio npe.l(nono)l(eHHe, 

'ITO ,l(8HH8H pauee /2,3/ CHCTeMa ypaaHeHHH OCHOBHOro 

COCTOHHiiH ll03BOnHeT llOCTpOHTh lf>yHKI.(HOHan ;~~HOBHOro 
COCTOHHHH B MO,l(enH C C8MO,l(eHCTBHeM g ¢4 B .l(ByMep-

HOM npOCTpaHCTBe -apeMeHH BO BCCM ,l(HanaJOHe H3MeHeHHH 

KOHCTaHThi CBHJH 0 <.g < oo H Maccoa9ro napaMeTpa t/2/.:, 

B uacTOHI.l.\eii pa6oTe Mhi npo.l(Oll)I(HM paccMoTpeuue/I/ 

H nony'IHM ciJopMyny, ll03BOllHIOI.l.\YIO nyTeM 'IHC.neHHhiX pac-. . . 
'leTOB onpe,l(enHTh KBa,l(paT MaCChi O,l(HOlJaCTH'IHOrO B03-

6y)l(,l(eHHOrO COCTOHHHH. 

1. Cua~mna Mhl paCCMOTpHM cnyqaii ueBhlpO)I(,l(eHHOro 

OCHOBHOrO COCTOHHHH. 

3aMeHa nepeMCHHhiX /1/ pa60Thl /I/ npHBO.D.HT CHCTCMY 

ypaBHCHHH OCH~~HOrO COCTOHHHH K B~.l(y, onpe.l(eneHHOMY 

ciJopMynoii /2/ Toii )l(e pa6oThi,·H ypaaneHHH O.l(HO'iaCTHlJHoro 

aoJ6y)l(,l({muoro cocTOHHHH /lf>opMyna /17/ pa6oThi /3 I I. 
K.BH.l(y 

~ ~ ' ' 

w(q,£) -A (q;c-I) =-3 J tq(q,s,-s ;c-1.)ds ;' 
3 . . . . . 

-1 ·. . -1 . 
(w(q,d-S )t'l i.2.3;£ ) =2D (1,2,3,-q;c ) 

3 3 4 . : ' . 

-10 ( t~d 2,3, s,-s: ,-I )ds, 
.. ) 

/1/ 

3 
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(Cil ( q, f) -S5 ) t '1(1 ,2,3,4,5; £ 1 ) =.3 x 10
6 

(1,2,3;4,5, -q; c-!_) 

+2x3[04 t~] -21Jti(1,2,3;4,5,s,-s; c-1 )ds. 

3,necL 

t! (q I' ... ; £-1) = y~ (PI' .. ) , 

(() (q,£) = _1_A (p), 
Vi 

q = p l ..[ft. , ; 

s 
n 

n . 
I A (q. , c-1 ) 
I . 1 

/1a/ 

1.1. lfJ peJIHTHBHCTCKOH HHBapHaHTHOCTH MO,IJ;eJIH cne,nyeT 

(() (q,£) = y q2+JL2 (£) /2/ 

BenH'IHHa (() (q, c) B · clJopMe /2/ Mo>KeT 6LITL rrony'leHa, 
KaK pe3yJILTaT perneHHH 3a,na'IH /1/ Ha orrpe.neneHHe co6cr
BeHHoro 3Ha'leHHH. 
1.2. HMeHHo, MLI paccMoTpHM rrepnoe ypanHeHHe CHCTeMLI 
/1/ rrpH q .... oo. Pa3naraH /2/ H rro.ncraBJIHH .nnH A(q, r-1 ) 
Bhlpa>KeHHe 

A (q,c-1) = q + -:}-<r-1+.6 f (0 4 (q,-q,s,-s; c-1 ) 
. q 

-04 (0,0,~ ,-s; c-1 ))ds 

+ ... , 

4 

. ' 

., 

cn~.nywmee H3 rrepnoro ypanHeHHH CHCTeMLI/1/./I/, Haii.neM 

JL2 (c) =,-I+ lim { 6 J[04 ( q,-:q, s, -s; c-1 ) 
. -q-+ 00 

/3/ 
-04 (0,0, s,-s; rl)] d s~6q f t:(q,s1 ,-s1 ;i"'I )ds 1 !._' · 

113 'clJopMyJILI /2/ /I/ nerKO IIOJIY'IHTh,- 'ITO B cnyqae 
g-+oo 

0 4 (q ,-q,s,-s ;c-
1
)= 1 f jsj+O(~) 

q + . q /4/ 

TOJILKO rrepBLIH 'IJieH 3TOro Bhipa>KeHHH cyiQeCTBeHeH IlpH 
rroncqere rrpe.nena /3/. ct>yHKU:HH 0 4 (0,0,s,-s; c-1) ~ nxo
,nHIQaH B /3/, MO>KeT 6LITh orrpe,neneHa TOJILKO B pe3yJILTaTe 
'IHCJieHHOrO peiiieHHH CHCTeMbl /2/ /t/. . . . . · 

1.3. HaKoHen:, . ,nnH orrpe.neneHHH 0 ( q-1 ) qacTH cPYHKU:~H 

t i ( q, S, - s; £-1), He06XO,IJ;HMOH ,IJ;JIH 11-0,IJ;C'IeTa rrpe,nena B 

/3/, rrpeo6pasyeM BTopoe H rrocne.nyromHe ypaBHeHHH cHcTe
MLI /1/; rro.ncraBHB q1 = q .... "" . Bropoe ypanHeHH~ /1/, rrpH 
yqere /4/, rrpHMeT BH,n: 

-S2 t~(q,sl ,-sl, £-1) 

2 · -10 Jtq(q,s
1 

,-s
1
,s

2
,-s

2
; £-I) ds 2. 

·lql+lsl:j 5 . 

/5/ 

3,necL Mhl yqnH, 'ITO 

lil(q,c)·-:A(q,t:-1 ) .... o IIPH q ..... oo • 

IIepni.Iii qn.eH rrpanoii: qacTH rpeTLero ypaniieHHH HMeeT 
IIOpH,II;OK BeJIH'IHHhl 0 ( q -2) H ,IJ;JIH HaC He CyiQeCTBeHeH; 
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a,HanorH'IHLIM o6pa30M OT BTOporo qneHa. OC_TaeTCH nHWb 
r . - .... -! • , , - -. ., , -· ---

'laCTb 

2x3x ~-Simm(1,2,3,4) D4 (1,2,3,x';r1 )t~(4,q,-:x;£-I ), 

He co~ep)Kai.QaH q cp_eJJ;H apryMeHTOB D 4 ; TaKHM o6pa30M, 

TpeTLe ypalmeiiHe /1/ IIPHMeT BHJJ; 

q '4 .. -S4 ts (q.~,2,3, ) = 

· 2x3x f. Simm(1 ,2,3,4) D4(1,2,3,x) ti (4,_q,-x) /6/ 

Jc 

-21 I t ~· (1,2,3,4,q, s, -s) ds. 

qeTaepToe ypaaHeHHe /1/ _JJ;acT 

-S t q ( q, 1,2,3;4,5,6) = 
6 7 . 

= Simm(1,2,3;4,5,6)) [ 3x3 i D
6 

(1,2,3,4,5,x) ti(q,6,-x) 

. '4· . 
·+2x5 x 7 o4 (1,2,3,x) t: (q,4,5,6,-x)] 

· -36 I ti (q, 1,2,3,4,5,6, s,- s )ds 

H TaK JJ;anee. 

1.4. llOJJ;CTaBHB B /3/ /4/ H /5/,. IIpHBeJJ;eM /3/ K BHJJ;y 

~t2 (f) = £-I+.lim 6 Ids [ --1 
q->oo I ql +:1 S 

+ q 
A(s; £-I )(q+ I sl) 

. -I 5q 
-D {O,O,s,-s;£ ).- Itq(q,s,-s,s ,-s

2
;£--l)ds

2
]. 

4 A(s;£-1) s 2 . 

/7/ 

6 

I 

I 
l~l' • 
·, 

"!• 
t:. 

'I 

i 

I~ 
I. 
; 

I 
~ 

llepBLie TpH 'lneHa IIO)J;LIHTerpanLHOrO Bbipa)KeHHH JJ;alOT 

Ids [ I q:l+ls:l + A(s;-£-I)-Isl 

A(s;£-I)(Iql+ls I·) 
. -I .. 

-D 4 (0,0,s,-s;£ )]-+ . 
IIpH 'j -> 00 

1 ' -I : · I d s [ - D4 (0, 0, s ' - s ; f ) ] ' /8/ 
A (s; £-I) 

IIOCneJJ;HH~ HHTerpan CXO.IJ;HTCH. 

BaeJJ;e~ o6o3Ha'leHHii 

xn (1,2, ... n; £-1) = 

=lim I q I t ql (q,1,2, ... n; £-1). 
n+ . 

q->oo 

/9/. 

MO)KHO IIOKa3aTL /H3 /5/, /6//, 'ITO 

I 
. · I 1 

x4(s,-s,s2 ,-s2;£- )ds2 =0 ( 8 ) IIpH s -> oo ; 

OTCJOJJ;a, a TaK)Ke H3 /8/ cneJJ;yeT, 'ITO rrocne IIOJJ;C'IeTa 

rrpeJJ;ena /7 I rrpHHHMaeT BHJJ; 

IL2( £) =·£-lt-6 Ids [ 1 (1-5 Ix4 ( s' -s 's2 ':...s2; c 1) ds2) 
A (s; £-1) . · 

. /10/ 
-D4 (0,0, s, -:·.s; £-I)]. 

1.5. BLIIIHWeM Ha OCHOBaHHH orrpeJJ;en.eHHH /9/ H ypaBHeHH~ 
BHJJ;a ./5/, /6/ ypaaHeHHH JJ;nH orrpeJJ;eneHHH aenH'IHH Xn : 

-S.Z x2(1,2;£-I)=2-10 Ix4 (1,2,s 2 ,-s 2 ; £-I) ds 2 , 

1' 



, 

-S4 xi1,2,3,4;f-I) =2x 3 x ~ Sirnrn (1,2,3,4) 

0
4 

(1,2,3,x;f-I ) x
2

(-x,'4;f-I ) -

-21 f x6 (1,2,3,4, s, -s ; f-I )d s , 

-S
6

x
6

(1,2, ... 6) = Sirnrn(1,2, ... ,6) [3x3x fx 

0
6

(1,2,3,4,5,x; f-I)x
2
(-x,6;f-I) 

+ 2x5x -~ 0
4 

(1,2,3,x;tl) x
4 

(-x,4,5,6; c:I)] 

-36Jx8 (1,2, ... ,6,s,-s; f-I )ds, 

/11/ 

C yqeToM nepaoro ypaBHeHHH cucTeMbi /11/ ypaaueuHe 

/10/ MO:lKHO neperrHcaTb B BH.D;e · 

~- p2(f) =f-1+6 fds[-x2(s,...:.s;f-I) 

-04 (0,0,s ,-s; f-l)] . 
/12/ 

1.·6. IlapaMeTp c B /12/ MeHHeTcH B npe.D;enax OT ·o .no +oo. 
Ilpe.D;CTaBJIHeTCH HaHGonee BepOHTHbiM, 'ITO liJYHKI.{HH p2(f ) 
IIOJIO:lKHTeJibHa BO BCeM HHTepBaJie H3MeHeHHH f 3a HCKJIIO

iJ:eHHeM, 6biTb MO:lKeT, HYJIH rrpH f = 00 
• Ilpe.D;IIOJIO)KHM, O.D;

HaKo, 'ITO p 2 
( f ) o6pall{aeTCH .B HYJib npH HeKoTopoM no no

:lKHTeJILHOM H KOHe'IHOM 3Ha'leHHH , 

p2(f) >0, f<fo, 
p2(fo) =0 , 

H 'ITO eCTb 06JiaCTb H3MeHeHHH napaMeTpa f , 

fo < f < f 1 
B KOTopoH: IPYHKUHH p2 (f) OTPHUaTeJILHa. Tor.D;a IPYHKUHH 

8 

t i< q, S, -s; £--If; t~.... ·oTJIH'IHbl OT HYJIH JIHIIIL IIpH 

/a/ cf + p2 (f) .? 0 

BHe o6JiaCTH j a/ 3TH' 4JyHKI.{HH .D;OJI:lKHhl 6LITL paBHLI HYJIIO 

TO:lK.D;eCTi)eHHO. IlOCKOJILKY, O.D;HaKO~ napaMeTp 'f: · BXO~HT 
B . onpe.D;en.flioll{He 3TH IPYHKUHH .. ypaBHeHHH aaaJIHTH'IeCKH 

fqepe3 nocpe.D;cTBo aaanHTH'IeCKHx 4JYHKUHii A(q; cl) , 
0 4 ( q; f -I)'. . • . I .. TO 41YHKI.{HH t ~' t ~ ••• .D;OJI)KHbl 6LITb 

auaJIHTH'IeCKHMH IPYHKUHHMH f so sceH: o6nacTH 0 < f < oo ; 

II03TOMY OHH .D;OJI:lKHbl 6LiTb paBHbl HYJIIO TO)K.IJ;eCTBeHHO BO 

sceii o6nacTH 

q 2 + min p2 ( f ) < 0 . 
•f 

' 
O.D;HaKo pacqeT no TeopHH Bo3Myll{eHHii /npH f -+ 0 I 
IIOKa3LIBaeT, 'ITO TaKOH 06JiaCTH HeT. 

TaKHM o6pa30M, liJYHKUHH 11 2(f) ue MO)KeT npHHHMaTL 

OTpHI.{a TeJILHLIX 3Ha'leHHH •. 

TOJibKO. 'IHCJieHHLIH pac'leT; IIOMO)KeT peiiiHTL, KaKaH H3 

paCCMOTpeHHLIX B 3TOM IIYHKTe B03MO)KHOCTeH HMeeT MeCTO 

B ,D;eHCTBHTeJILHOCTH. 

. 2. B CJiyqae BblpO:lK.IJ;eHHOrO OCHOBHOrO COCTOHHHH 3aMeHLI, 

onpe.D;eJieHHLie 4JopMynoH: ' · 

A(p) =v gv2 (/3) + p2 ~ /13/ 

liJopMyJiaMH /5/ pa60TLI /I/ H liJopMyJiaMH 

yP(p , ••• p ) =rq{q , ... q ,{3 ), 
n I n. n I . n · 

P:=qff /14/ 

. 9. 
" 



-· 

,·, 

. ~.-

Y (1,2, ... n; ,8 ) = lim I q I r q ( q , 1,2, .•. n ; ,8 ) , /15/ 
n q ->.oa 

npHBO,IVIT K Bblpa:>KeHHIO 

v2(,8) =.82+Jds[-6Y2 (s,-s;,B) -f£3 (s,-s;,8)] 

AJIH liJyHKUHH v2 ( ,8 ), KOTOpag, cornaCHO /13/, OTJIHqaeTC}I 
JIHIIIL MHO:>KHTeJI.eM g-1 OT KBa~paTa MaCCLI O~HoqacTHqHoro 
B036y:>K~eHHOrO COCTO}IHHH. 3~eCb £ 3 - $yHKUHH, onpe~e
JieHHag CHCTeMoii ypaaHeHHH /6/ pa6oThi /I/, $yHKUHli Yn , 
0 = 1, 2, ... , onpe~eJieHbl CHCTeMOH ypaBHeHHH . 

. -S. Y
1

(0;f3) =613 -6JY3 (O,s,-s; f3)ds; 

-S
2 

Y
2

(1,2;f3) =2+.~ x2x ~ f3t: 3(1,2,0;f3)Y1 (O;f3) 

-10 f '4 (1,2,s,-s;,B ) ds, 

/16/_ 

KOTopaH BbiBO~HTC}I H3 HeHyMepOBaHHOH CHCTeMbl ypaBHeHHH, 
BhmncaHHOH nocne 4JopMyJihi /18/ B pa6oTe 131. ToqHo TaK:>Ke; 
KaK CHCTeMa ypaBHeHHH /11/ BbiBO~HTCH H3 CHCTeMbl ypaa-

, HeHHH /l 7 I pa6oTbi /3/. 

2.1. Ycnoane /10/ pa6oThi /I/ oKaJbiBaeTcH, KaK 3Toro n 
cne~oaano O:>KH~aTb Ha ocnoaannn coo6pa:>KeHHH nyHKTa 3 
Toil :>Ke pa6oThi, ~ocTaToqHbiM AJI}I paaeHCTBa 

lim 1-'-2(£) =lim~ (/3) /17/ 
(->00 .B-+0 
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