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High~Energy Scattering of Particles with · 
Anomalous Magnetic Moments ~n Quantum Field Theory, 
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The asymptotic form S-u• ,\ t\«S of the scattering am
plitude of particles with anomalous magnetic moments 
is calculated in nonrenormalized quantum field theory. 
The eikonal type representations have been obtained for 
the nucleon-nucleon scattering. In this case taking into 
account of the anomalous nucleon magnetic moment leads 
to the addition of a number of amplitudes that describe 
the spin flip of the scattered particles in the process 
of scattering. It is shown that in the asymptotic form 
s .. M the renormalization problem does not appear. 
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BeeoeHue 

Ycneumoe onHcaHHe 3KcnepHMeHTanLHLIX )l.aHHLix Ha 

OCHOBe $eHOMeHonorHt{eCKHX 3HKOHanLHLIX MO)l.eneH: / l , 2/ 

CTHMynuposano 6onLwoe qucno pa6oT no o6ocHoBaHHIO 

H HCCne)l.OBaHHIO 3HKOHanLHOrO npu6niDKeHH.JI npH BLICOKHX 

3HeprH.JIX B KBaHTOBOH TeOpHH llOn.JI / ?.- 8/ . 0)l.HaKO 3TH 

pa60TLI B OCHOBHOM llOCB.JIJJ.{eHLI HCCne)l.OBaHHIO nepeHop

MHpyeMLIX B3aHMO)l.eHCTBHH 3neMeHTapHLIX qaCTHIJ, . llpH 

3TOM 6LinO nonyqeHO 3HKOHanLHOe npe)l.CTaBneHHe )l.n.JI 

aMnnHTY)l.LI pacce.JIHH.JI .ll.BYX qacTHIJ, 6e3 yqeTa HX CllHHa 

B o6nacTH 6onLwux 3Hepruu u ManLIX nepe)l.aq HMnynLca. 

llpe)l.CTaBn.JieT HHTepec HJyqeHHe 3HKOHanLHOrO npu-

6nH>KeHH.JI B HenepeHopMupyeMLix BJaHMO.D.eH:cTBH.JIX / 9 I . 
B HacTO.JIJJ.{eu pa6oTe paccMaTpusaeTC.JI BJaHMO)l.eucTBHe 

qacTHIJ,LI, o6na)l.aiOJJ.{eH aHOManLHLIM MarHHTHbiM MOMeHTOM, 

c 3neKTpOMarHHTHLIM noneM A
11 

(x). KaK 6LinO OTMeqeHo 

p.ll)l.OM aBTOpOB / 9-12/ , xapaKTepHLie oco6eHHOCTH Henepe

HOpMHpyeMLIX TeOpHH npO.IIBn.JIIOTC.JI nHWL npH yqeTe 6ec

KOHet{HOrO MHmKeCTBa )l.HarpaMM. ll03TOMY B )l.aHHOH pa6oTe 

npOBO)l.HTC.JI CYMMHpOBaHHe BCeX neCTHHt{HLIX H KpoccnecT

HHt{HhiX )l.HarpaMM <l>eHHMaHa C llOMOJJ.{LIO Me TO)l.a $yHKIJ,HO

HanLHoro HHTerpuposaHH.JI. 

llonyqeHLI npe)l.CTaBneHH.JI 3HKOHanLHOrO THna )l.n.JI aM

llnHTY)l.LI "HyKnOH-HyKnOHHOrO" pacce.JIHH.JI B o6naCTH BLI

COKHX 3HeprHH H npH ManLIX nepe)l.aqax HMnynLCa. llpH 3TOM 

yqeT aHOManLHOrO MarHHTHOrO MOMeHTa llpBBO)l.HT K )l.0-

6aBneHHIO p.ll)l.a aMllnHTy)l., KOTOpLie OllHCLIBaiOT nepeBOpOT 

cnuHa pacceusaiOIIJ,BXC.JI qacTBIJ. B npou.ecce pacceHHBH. 
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IloKa3aHo, 'ITO B acHMnTOTHKe s -. oo ; It\ << s npo6neMa 
nepeHopMHPOBKH He B03HHKaeT. Pacc}loTpHM pacceHHHe 
.I\BYX HYKJIOHOB C aHOMaJILHhiMH MarHHTHhiMH MOMeHTaMH 
B o6JiaCTH BhiCOKHX 3HeprHH H npH $HKCHpOBaHHhiX nepe,I\a
'laX. AMnJIHTY.I\Y pacceHHHJI 6y,I\eM HCKaTL no $opMyJie 
lcM./3, 13/ I 

i(217)
4o<4

l (p 1+P2 -q1 -q2)T(p1 ·P2 ;q1 ,q2) = 

· o e o 
=expl-..!....fdz dz ---D (z -z )--1 x 

2 1 2 0A (z ) p a I 2 o A (z } P a 
Ill 

3 3 
xFN(PI ,ql\A)F N (p2' ~\A)\ A=O' 

r,I\e F 3N(p., q. I A) (i =1,2)- aMnJIHTy,I\a pacceHHHH HYKJioHa 
I I 

I Pi H p i - HMnyJILCLI HYKJIOHa .I\O H nocne pacceHHHHI Ha 
BHeUIHeM BeKTOpHOM none eA J1 (x) (;f-A J1 (x) = 0) , KOTO
pa11 B 3HKOHaJILHOM npH6JIH>KeHHH HMeeT BH,I\ /I4/ 

F 3 ( \A) -;;(q)Jd i(q-plx T p,q =- -- xe x 
N 2m 

x ( ~ exp li! ";jll[p, y(.;) ]A
11 
(x- 2p.;)d .;}) a= 

0 
u (p) • 

121 

3,I\eCL HCnOJIL3yeTC11 COKpa~eHHaJI 3allHCh: 

j 11 [p, y(.;)] =- ep 11 - idp v y 11 (.;)- p11 y v <.;> ]av 131 

Ty- CHMBOJI ynopH.I\O'IHBaHHH y -MaTpHULI no nepeMeHHOH/IS~ 
a CnHHOphl u (q) , u (p) Ha MaCCOBOH noBepXHOCTH Y.I\OB
JICTBOpHIOT CB060,I\HOMY ypaBHCHHIO )l.HpaKa H yCJIOBHIO 
HOpMHpOBKH u (q )u (q) = 2m • 

IloCJie nO,I\CTaHOBKH B Ill $opMyJILI 121 H BhlnOJIHCHHJI 
BapHa:UHOHHOrO .I\H$$epeHUHPOBaHH11 HMeeM 

H217)
4o<4l(p 1 +p 2 -q1 -q2)T(P1•P2 ;ql,q2)= 

4 

-;;(q11-;;(q2) JJi dxk exp[i(qk-p )xkJT}'1 Ty2 x 
(2m) 2 k=1 

a2 oo 00 

x (---expl4i f d.;- 1 f d.;2j~ [pl'y(.;11J x 
aa 1aa2 a1 a2 

141 

X n;V (x1- X2- 2P 1.; 1 + 2P2 .;2 \ j ~ (p 2' y(.;-2))) a
1 

=a
2

=0u(pl )u(p2) • 

B $opMyne 141 paccMaTpHaaeTCH pacceHHHe anepe,I\, no3-
TOMY 6LIJIH ony~eHLI pa,I\Ha:UHOHHhle nonpaBKH K pacceHBaiO
~HMCJI 'laCTH:UaM. 

)l,aJILHeHIIIHe Bhi'IHCJieHHJI npOH3BO,I\11TC11 TO'IHO TaK >Ke, 
KaK H B pa6oTe/13/. 0KOH'IaTeJILHO Bhlpa>KeHHe ,I\JIJI aMnJIH
TY.I\hl pacceJIHHJI B CHCTeMe UeHTpa MaCC CTaJIKHBaiO~HXCJI 
TIJTHU P1=-p2 =p

2
,t =(qi-pi) 2 =-t-.2,(i=l,2)B o6nacTH s-.oo, 

s - -> 0 llpHHHMaeT BH,I\ 

-> 

T(s,t)=-2is!,& !,& 
q I '12 

• ii\b_i i Xu(b) 
f db

1
e I e r (b)-lllfl ~,& , 151 

I2 PI p2 

r,IJ;e 1/J p , 1/Jq - 06hi'IHLie .I\BYXKOMllOHeHTHLie CnHHOpbl, a 
Xo (b) - $a3a, cooTBeTCTBYIOI:UaH KYJIOHOBCKOMY pacceHHHIO. 
0Ha onpe,D;eJIHeTcH $opMyno:B: 

-> -> 

-iklbJ.. 
2 -· 2 -> 

X (b)= __:-fdk _e __ _,-- = _.:__K ~1[b \ ); 
0 (2 -.2 l 2 k 2 217 0 -t.: 

77! /1 + l 
161 

-> 

K 0 ~I b rl) - $yHKUHH KeJILBHHa Hyneaoro nopH,I\Ka, a Bhlpa-

>KCHHe i\ 2(b) paBHO: 

['12(b)= ~ (l,aiz)(l,-a2z)Trl Tr2 x 

00 00 -> 1 -> ->1 -> 

X expl2eK f dr1 f dr2 [yl (rl). al + Y2 (r2 ).a.l]Do(b, T )+ 
-oo -oo 1 2 
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00 00 ->1 ... ->j_ ... 
+ 2i K 

2 f d T l f dr 2 [y 1 (r 1 ) • a .l Y 2 (r2 ) • al + 
-oo -oo 

... 1 ... 1 1 1 
+ y (r ) • y (r

2
) a a J D 

0 
(b )} ( ) ( ) 

1 1 2 r1 T 2 r1 T 2 a -a 
1z 2z 

b 
.. " 

- b T 1 T 2 - 1 - p1 T 1 + p 2 T 2 • /71 

IlepeH,!J,eM K UHnHH,!J,pH'IeCKHM KOOp,!J,HHaTaM hl = p = p• ~., 
n =(cos¢, sin¢) , cp • a3HMyTanLHLIH yron B nnOCKOCTH (x, y). 
)J.anee BBO,!J,HM e,!J,HHH'IHLIH BeKTOp ~ =(-sin¢; cos cp ), ( f: • n;) = 0 

... L ( ) ... ( ) ...... 

... 

H pa3nO)KHM y: T. ==f3 T. no BeKTOpaM n, m • 
I I I 

~ A 4 A ~ 

f3(r.) = f3 (r.) •n + f3 (r.) • m, 
1 n 1 m 1 

A ... ... 
f3 (r .)= f3(r.) • n, n I I 

" f3 (r.)=iJ(r.).;, (i=l,2). 
m 1 1 

/8/ 

... 
J,!J,eCb HH,!J,eKCLI (n, m) yKa3LIBalOT npoeKUHH BeKTOpa f3(r.) Ha 
-> -> I 

{n, m) COOTBeTCTBeHHO, a HH,!J,eKC i (i = 1, 2) • Ha 'laCTHUY, 

lc KOTOpOH MLI HMeeM ,!J,eno. 

MaTpHULI /ie<ri) (f=n,m; i=l,Q) o6na,!J,aiOTCBoiicT-

BOM aHTHKOMMyTaTHBHOCTB no HH,!J,eKCaM f: 
A ;1\ A A 

f3ef3k + f3kf3e = - 28 fk (f.k=m,n); /9/ 

H CBOHCTBOM KOMMyTaTBBHOCTH npH pa3nB'IHLIX 3Ha'leHHHX 

B r: 

,. A A A 

f3 (r ) f3 ( T ' ) - f3 ( T, ) f3 ( T ) = 0 , 

(i -1 j ; i ' j == 1' 2 ) . 
/10/ 

Y'IBTLIBaH 

6 

im(r 1)~ m(r
2
) = [fhr 1)- ~n(r 1 ).~ H{:3\r 2)- ~n (r 2).;] 

" A ... ... 
=f3(r1)f3(r2)- f3n(r1)f3n( 7 2'' 

OKOH'IaTenLHO npe,!J,CTaBH.M r12(b) B cne,!J,yiOI~eM BH,!J,e: 

r (b) = _l (1 , a ) (1, -a ) 1 1 X 
12 4 lz 2z T} T2 

00 00 A A 

x(expl2exl dr11 dr2 [{3n(r 1)-f3n(r 2 )JapD 0 (p
7172

) + 

00 00 A ,. 

+2iK~dr 1_~ dr2 f3n(r 1 ){3n(r 1 Ha~+a71 a 72 1Do(p 7172 )+ 

00 00 A A l l 
+ 2iK 2 f dr J f dr2 f3 (rl ){3 (r2 )a a Do<P ) I)( )( ). 

-oo -oo rn m T1 T2 r1r2 alz -a2z 

/11/ 

)J.m1 ynpmueuHH nonyqeuuoii clJopMynLI /11/ paccMoTpHM sua

qane pacceHHHe He3apH)KeHHbiX 'laCTHU C aHOManbHLIMH 

MarHHTHbiMH MOMeHTaMH • 

a/ p a C C M 0 T p B M p a C C e H H H e H e H T p 0 H a H a 

u e ii T p o u e, T .e. B clJopMyne /11/ nonO)KHM e = 0, K -1 0 , 
TOr,!J,a )J,nH rnn(b) nony'IHM cne,!J,yiOmee Bbipa)KeHHe: 

l r (h)=-0,a1 )0,-a2 )1 T X 
nn 4 z z r1 r2 

00 00 A A 

x(exp{2iK 2 f dr1 f dr2 f3n(rl)f3n(r2)[ap
2
+a7 ar ]Do(Pr r) + 

- oo -oo 1 2 1 2 
00 00 A A 1 1 

+ 2iK 2 f dr1 f dr2 f3 (r1)f3 (r2)ar aT D o<P )l)( )( ), 
rn m l 2 7172 alz -a2z 

/12/ 

3aMeTHM, 'ITO nepsLiii qneu a clJopMyne /12/ paaeu 
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00 00 ..., "' 

2iK2 f dr
1 

f dr
2

{3 (r
1
){3 (T 

2
)(a 2 +a a JD

0
(p ) = 

-oo _ 
00 

n n p T l T 2, T 1 T 2 

=- 2iK 2 TdT
1 

Tdr2 {3n(r 1){3n (T 2:o< 2l (b1 )o(TcT2:o(T1 +r i = 
-oo -oo 

= - i K 2 ~ ~ 0 ( 2) ( b l ) , 
1n 2n 

1131 

" 
3.neeb f3in He 3aBHeHT OT T i;(i=l,2).Y'IHTb1Ba.H eOOTHO-

00 00 

meHHe 1101 
HMeeM 

H paBeHeTBO J dT1 J dT2aT aT Do<Pr T )=0, 
-oo -oo 1 2 1 2 

00 00 "" A 

T T exp 12 i K 2 J dT J dr2 (3 ( T I) {3 ( T 2)a a D (p ) l 
T} T 2 _

00 
1_

00 
m m T} T

2 
0 T

1
T

2 

= expl2iK2~lm{3A2m Tdrl {dr2aT 
-oo -oo I 

a D
0 

(p ) I =I. 
T 2 Tl T 2 

1141 

B pe3ynLTaTe aMnnHTy.na pacce.HHH.H HeiiTpoHa Ha HeiiTpoHe 

npHHHMaeT BH.IJ; 
-> 

- - -> i.~b l 
T (s , t) = - 2 i s t/1 t/1 f db 1 e 

nn ql q2 ~ 
X 

-> 

x !(cos[-K 2o(2)(bl)J -1) 

- [;1 x~\ [;2 x ;] z sin [ -K 2o (2) (bl)) }t/Jpl tjJ p
2 

/15/ 

llpH nonyqeHHH <llopMynLI 1151 6Lmo y'ITeHo paBeHeTBO 
" .. 2 

(f3Inf32n) = l • 
EenH npe.neTaBHTb cos H sin B BH.IJ;e 3KenoHeHTbl, 

TOr.IJ;a HeTpy.IJ;HO BH,IJ;eTb, 'ITO 1151 Bblpa:lKaeTe.H CYMMOH 
HHTerpanoB lpaeee.HHHe Bnepe.n, L'l ::: 0 I THna 

f pdp[e ±iK2o(2{;) 
0 - 1 ] . /16/ 

3 "<2l .t.. u I u ,IJ;eeb HMeeM ,IJ;eHO e u -~yHKUHeH B03HHKaJOI1\eH H3-Ja 

8 

• 

HenepeHopMHpyeMoro B3aHMo.neiieTBH.H 191 I no.n 3HaKOM 
3KenoHeHTbl. fi03TOMY Bee ,IJ;aHbHeHWHe Bhi'IHCHeHH.H Heo6-
XO.IJ;HMO npoBo.IJ;HTL c perynapHJauHeii. B npanolKeHHH A Bhi
'IHen.HeTeJI HHTerpan 1161, B OKa3hiBaeTeJI, 'ITO OH paBeH 
Hymo nocne CHJITH.II peryn.llpH3aUHB. 3TOT peJynLTaT .IJ;OBOHL
HO O'leBH,IJ;eH Bcne,IJ;eTBHe CHHLHOH OeUHnHJIUHB llO.IJ;hiHTer

panbHOro BhlpruKeHHJI. 
TaKHM o6pa3oM, aMnnaTy.na pacce.IIHB.II, o6ycnoBneHHa.ll 

TOnLKO BlaHMO,IJ;eHCTBHeM aHOMaHLHhiX :MarHBTHhiX MOMeH
TOB .IJ;BYX H€UIIIpOH06, B 3HKOHanbHOM npH6niDKeHHH npH 

aeHMllTOTHKe s -> 0() ' It I<< s paBHa Hymo. 
0TCIO,IJ;a BO Beex nocne,nyiOil\HX Bbl'IHCneHH.HX 6y,neM 

npeHe6peraTb B 3KenoHeHTe <ilopMynLI 1111 BTOpLIM cna
raeMblM, npHBO.D;.ftll\HM K o -<llyHKUHH, Bene,IJ;eTBHe CHHbHOH 

OeUHHH.IIUHH. 

Bl PaceMoTpHM paeeesHHe 

npoTOHe. Tor.na .IJ;n.H r {b) HMeeM np 

, . l 
I np (b)=40,alz)(l,-a2z )TTl TT2 x 

00 00 " 

HeiiTpOHa Ha 

x(expl2eK_1 dT1 _[dT2{3n(T11apD0 (pT
1 72 ) + 1171 

00 
" " 1 1 

+ 2iK J drl fdT2{3m(T1){3m(T2)aT aT Do<Pr T )J)(a )(-a ) . 
-oo -oo I 2 l 2 1 z 2z 

00 

O'leBH.IJ;HO, T T 
2 

- ynop.H.IJ;O'IeHHas 3KenoHef!Ta eoBna.naeT 
e 06bl'IHOH H3-3a eOOTHOWeHH.H /10/, T.e. f:3m(T2) He 3a
BHeHT OT T 

2 
• Tor.na BTOpOH 'IHeH B 3KCllOHeHTe <llopMyHLI 

/14/ paBeH Hymo 6naro.nap.H HHTerpHpoBaHHIO no T2 OT 
-oo .no +oo .Cne.noBaTenLHO /eM. /13/j, 

1 r (b)= -0, al )(1 '-a 2 ) T X 
np 4 z z r 1 

00 00 ,.. ' 1 1 
x(expl2eKJ dr

1
Jdr2 {3 (T 1Ja D0(p 7 )})( )( ) 

-oo -oo n P 1 T2 alz -a2z 
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= exp I i [; 1 x; ] z X 1 (b )I • /18/ 

B pe3ynLTaTe .u.n.11 aMnnHTY.U.bi pacce.RHH.II ueiiTpoua ua npo
TOHe nony'IHM cne.u.yro~ee 3HKOHanLHoe npe.u.cTaaneuue: 

... ... ... 
... i~b.J. i[a1xn]zxfbl 

1 (s, t) = -2 i s l/1 l/1 f d bl e I e -llt/J l/1 
np ~ q2 PI P2 

eK x 
1 
(b) = -a K

0 
<11 I p I ) , I b I = p • 

217 p 
/19/ 

MuTerpupy.R B cl>opMyne /19/ no yrnoaoii nepeMeuuoii, 
HMeeM: 

T ( s, t) = ljJ ljJ [ f 
0 

( s, !\) + ia 
1 

f 
1 

( s, t\) ] l/1 t/J , 
np ql q2 Y P1 P2 

/20/ 

r.u.e 
00 

f (s,~)=-417isfpdpJ (~p)[cosx -1], 
0 0 0 1 

00 

f (s, ~) = -417 s f pdp J 
1 
(~p) sin X I" 

1 0 

3.u.ecb £ 0 (s,~) H f 1(s,~) onucbiBaJOT npoueccbl 6e3 nepeao
poTa H C nepeBOpOTOM CnHHa COOTBeTCTBeHHO. 

c/ PaccMoTpHM pacce.RHHe npoToua ua 
n poT o He. ,ll,n.11 3Toro npe.u.cTaBHM I ~P (b) a au.u.e 

r (b) =.!._(l,al )(l,-a2 )r*(b)( l )( l ) ' /21/ 
P P 4 z z P P a 1 z - a2 z 

r.u.e r~;(b) onpe.u.en.ReTcB cl>opMynoii 

00 00 A A 

r* (b)=Tr TT (expl2eKf drl fdr2 [f3n(rl)-/3n(r2)]apno<Pr T) 
PP l 2 -oo -oo 1 2 

00 00 

+ 2iK2 f drl f dr2 !3m(rl)f3m(r2)aT aT Do<Pr T )1) .• 
1 2 1 2 

/22/ 

10 

I 

l 
! 

Ilocne pa:cnyTbiBaHH.II f3e(ri) (f =n,m ;i=l,2) -MaTpuu: nony-
'IHM cne.u.yro~ee BblpaJKeHHe /eM. npuno:>Keuue 6/: 

"' e 
r*(b)= £ oo 

(2 eK /3ln) 1 
A e 

(- 2 e K /3 ) 2 

PP I 
2n 

el = o e2 = o fl! e 
X 

I 
2" 

e 
00 00 1 e 

00 00 2 

· x f d~1 ••• f d~e rr 
-oo -oo 1Jl

1
=I 

:r ~ (p, e ) f d7J l •• • f diJe fl :r; (p, 1J ) X 
Jli-oo -oo 2~=I Jl2 

~ +JL 2 A A 

Xexpl8iK2(-l) /3I /32 :f
0
(p,e ,1J )J, 

m m Jli JL 2 
/23/ 

r.u.e 
00 

~ * (p' ~ ) = f dr a D (p' T ' ~ ) , 
0 Jli -oo 2 p 0 2 JL I 

00 

~* (p, 11 ) = f dr Ia D
0 

(p , r I , 11/.L.. ) • 
O JL2 -oo p ';! 

EcnH npe.u.cTaBHTb 

X o (p, ~. 7J) = _i - [ l - i 170 (p 2- 97) J , 
(217) 2 p 2 - ~1J 

TO 0 -$yHKIJ;Heii no.u. 3HaKOM 3KCnOHeHTbl $opMyilbl /23/ 
MO:>KHO npeue6pe'lb BCne,IJ.CTBHe CHilbHOH OCIJ;Hnn.IIIJ;HH 3KCno
HeHTbl exp I io(p2- ~1J) I /eM. npuno:>KeHHe A/. 

TaKHM o6pa3oM, ocTaaweec.R BblpaJKeuue 6y.u.eT Ko
He'IHbiM/Il,I2/, T.e. B paMKaX 3HKOHanbHOronpH6nH:>KeHH.II 
npH aCHMnTOTHKe S-+ 00 npo6neMa nepeHOpMHpOBKH He 
B03HHKaeT. 

B 3aKnJO'IeHHe npuae.u.eM aMnnHTY.U.Y pacce.RHHB, cnpa
ae.u.nuayJO B nepBbi.X .u.syx nop.R.IJ.Kax pa3no:>KeHHB no K • 

,ll,n.11 3Toro npeue6pe:>KeM 3Kcnoueuu:uanLHbiM MHO:>KHTeneM 
B /23/, a pe3ynLTaTe nony'IHM: 

r (b) = .! (l; o:
1 

}( l ; -a
2 

) X 
pp 4 z z 

K e "' A l l /24/ 
X exp I - [ /31 - /3 2 ] a I( (JL I pI ) I ( )(- ) . 

217 n n p~'O alz a 2z 

II 



Ilocne llO,IJ;CTaHOBKH /24/ B /5/ H HeKOTOpbiX HeCnO)I{}lbiX 
BblqHcneHHH ,IJ;ilJI aMnnHTYAhl pacCeJIHHJI npOTOHa Ha npOTOHe 

HMeeM 

T(s,t)=t/J t/1 !f 0(s,~)+f1 (s,~,a 1 ,a 2 )+f?(s,~,a 1 ,a2 )1t/J t/1 .j25/ 
q2'll - plp2 

r.n;e £ 0(s,~)- aMnnHTy.n;a pacceJIHHJI 6e3 nepesopoTa cnHHa, 

po iXo 
£ 0(s,~)=-2i17sl1 x~ IpdpJ 0(~p)le [cosx 2 + l] - 2 I; /26/ 

0 

f 
1 

(s ,:\, a
1

, a
2 

) - aMnnHTy.n;a pacceHHHH c o,n;HOKpaTHhiM ne

pesopOTOM CllHHa, 

f (s,~a ,a ) = 2i17s[a xl2 -1 1 x a 2 ] x 
l 1 2 1y y /27/ 

oo iXo 
xipdp] 1 (~p)e sinx2 , 

0 

f2 (s,~,a 1 ,a2 
) - aMnnHTy.n;a pacceHHHH c ,n;syxKpaTHLIM 

nepesopoToM cnHHa, 
00 • 

IX 
f (s,~,a ,a )=2i17sa xa Ipdpe 0 [cosx -1] x 
2 1 2 lx 2x 0 2 

J l(~p) 
x [Jo (~p) + ---- J 2(~p) 1 + 

~p 
/28/ 

oo iXo 
+ 2i17sa

1 
x a

2 
I pdpe 

y y 0 

J 1(~ p) 
[cos x

2 
-U[- + J 2 (~p) l . 

~p 

3,n;eCL HCllOilb3yeTCH o603HaqeHHe 

/29/ x (p)=2x (p) =~a K <11 \p\). 
2 1 17 p 0 

AsTOPhl Bblpa~aroT rny6oKyro npH3HaTenLHOCTb 
li.M.Iiap6arnosy, M.K.BonKosy, C.II.Kynernosy, B.B.Hec
TepeHKO, A. T .<I>HnHnnosy Ja nno,n;oTsopHbie o6cy~,n;eHHH 
H ueHHble 3aMeqaHHH. 

12 

IlpwwJICeHue A 

3.n;ecb BblqHcneH HHTerpan /16/ 

A = fp dp[ e ±iK2 (}2l(p) 
0 - l] /A.l/ 

(2) -> 
B 3KcnoHeHTe co,n;ep~HTCH o (p) -$yHKUHH, KO-

TOpaH B03HHKaeT H3-3a HenepeHOpMHpyeMOrO B3aHMO,IJ;eii
CTBHH. Il03TOMY He06XO,IJ;HMO BBeCTH perynHpH3aUHID. B 
,n;aHHOM cnyqae 

00 2 
8(2) (p) = fim - 1- I kdk e-ap J

0 
(kp) = 

a .... o 217 0 

= fim 
a .... o 

l 
--e 
417a 

p2 

4a. 
/A.2/ 

Ilocne llO,IJ;CTaHOBKH /A.2/ B /A.l/ H 3aMeHbl nepeMeHHOH 
p2 

HHTerpHpOBaHHH e 4a ~ t nonyqHM 

. 2 
00 + IK d ----t 

A = fim 2a I _t [ e 417a - l ] 
a->0 0 t 

. . iK 2 iK 2 
= ftm 2a I Et [ ± --] - fn [ --J - C I ~ 0, 

a -->0 417a 417a 

r,n;e C - llOCTOJIHHaH 3iinepa. 

13 



IlpuAoxeHue E 

B 3TOM npanmKeHHH paccMaTpa:aaeM nepexoA OT T7 . 

(i = 1,2) ynop.IIAO'IeHHOH 3KCnoHeHTbl /22/ K 06bi'IHOMY Jibl
palKeHHIO /"pacnyTaTb" /3 f (r i ) (~ = n, m; i = 1, 2) MaTpH· 
U.bl, no TepMHHonoraa Cl»eiiHMaHa I 15 I I. )l.nJI 3Toro aae

AeM o6o3Ha'leHHJI 

00 

g)* (p ' r ) = I dr a D (p ) ' 
0 j -oo j p 0 T k T j 

(itk; i,k=1,2), /:6.1/ 

00 " 

~ **( p, r ) = I dr {3 ( r ;a ~ (p ) • 
0 2 -<X> l m l Tl 0 7 I 7 2 

/:6.2/ 

B 3THX o6oJHa'leHH.IIX $opMyna /22/ npHHHMaeT BHA 

I'* (h)= T 
2eK j dri~ (7I)~~~p, 7I) 

(e -oo 
0 T X 

pp 7 I 72 /6.3/ 
00 00 

" " - 2eK I d 7
2 

{3
0 

~7 
2 
)~0 (p, 7 

2
)+2K2 J d 7 .J3m ( r 2 )~ ~0 * (p, 7 2 ) 

x[e -oo -oo 2 J). 

IIepexoA oT T q , T 7 2 ynop.IIAO'leHHbiX 3KcnoueHT K o6bflf· 
HbiM BblpalKeHHJIM COBepwaeTCJI ABYM.R nocneAOBaTenbHbiMH 
waraMH, cua'lana T

7 
H JaTeM T7 • HcnonLJY.R Bblpa-

1 . 2 
n 

)l(eHHe ex = I ..?:__ ' JanuweM: 
n=O n! 

-2Ke J dr
2 
~0(7 2)~0(p,72) + 2iK 

2 
t'd72 ; m(r2)a 7 ~~*(p,r 2 ) 

T [e -oo -oo 2 J = 

72 
~ f 

"" "" ( 2 ) l (2' ~ 2 IX> 00 IX> "" 

=T I I -eK lK Id~~· .. fMefd11r .. fd11ex 
72 e

1 
= o e

2
= o e 

1
1 e 

2 
1 -oo -oo l-oo -oo 2 

el e2 
" " 

/li .4/ 

x n n ~~(p,f. !a D~*(p,71 'f3 <f. )f3 <11 ) 
11 = lp. =l Ill 71112 112 n Ill m 11 2 

l 2 

14 

" Ynop.II~O'IeHHe MaTpHU.bl {3 e (r2)' (f = n' rn ), ecna OHa YAOB· 
neTBOp.lleT ycnOBHIO aHTHKOMMyTaU.HH /9/, MOlKeT 6b1Tb 
npOH3BeAeHO cneAYIOilJ.HM o6pa30M;. 

qyo6bl nepeHeCTH onepaTop {3
0 

, JaBHC.IIli.\HH oT napa
MeTpa /apeMeHH/ 1;111 , uaneao, HaAo npoKOMMYTHpoBaTb ero 
CO BCeMH onepaTopaMH, 3aBHCJII.I.lH,.MH OT 6onee n03AHHX 
ap"eMeH. IIpa 3TOM c onepaTopoM · {3

0 
OH KOMMYTHpyeT, a c 

f3m- aHTHKOMMYTHpyeT. 3TO 03Ha'laeT: 

rAe 

el 

T n 
p.l= l 

e2 
n 

112 = 1 

" " 
{3n(f,P.I ){3m(711l2) 

o e e .... (. l " e2 I 2 
=<f3l) \f3I ) n n £(1;,, -11, ) , 

n m p.
1
=Ip.

2
=I rl r2 

l l, ecnu 

£ (x) = -1, ecnH 

X> 0; 

X< 0, 

IIoACTaBn.R.R /6.5/ B /6.4/, nony'IHM 

/6.5/ 

" el 2" £2 
<X> oo ~ 2et< {3 In ) (-2iK {3 lm) "" • oo oo oo 

I I ----- f dt; 1 ... f d~ f ~I' .. f d11e x 
e 0 0 = 0 0 1 0 1 -oo -oo 1-oo -oo 2 1 = L2 t I" (.2 . 

e l 
x n 

fll= 1 

e2 
n 

112 = l 
~*(p ,f. )a ~~*<p 71 Jdt; - 11 ) • 

0 Ill 71p.2 ' 11-2 Ill 11-2 /:6.6/ 

IIpoHHTerpapoaaa no 
nonyqaeM: 

d71i (i= 1, ... ,~ 2 ), CYMMHpyeM no £2 H 

15 



" e 1 e 
00 (2eK f3 ) 00 00 l 
~ ____ I_n __ I d~ r·· I d~el n Do<~. ~Ill) x 

e- 0 0 1 -oo -oo 111=1 r L I· 

Ill+ 1 2 A 

x exp I (-1) 4i K f3 1 ~0**.(p, ~ ) I . 
m Ill 

IIi. 7 I 

Ilo,IJ,cTaBmJ.eM IIi. 7 I a 11>.31 H pacnyTLmaeM T r 1 coaepweH
HO aHanorH'IHbi.M nyTeM, B pe3ynLTaTe nony'IHM OKOH'Ia· 

TenLHOe Bhlpa:>KeHHe: 

... e 
r*(h)= ~ ~ (2eKf3 ) 1 PP o.:.. .:.. _____ In 

Ll=O ~= 0 0 -
L 1! 

... e2 
(-2eK f3zn) x 

ez! 

e e 
00 00 1 00 00 2 

xid~~···Id~el II T()(p.~ll !Id7]1···Id7]ezl1 :C()(p.~ll) X 
-oo -oo Ill= 1 l_oo -oo llz= l 2 

111 + llz A A 

x exp lSi K 2 
(- l) f3 IJ3 2m T (p • ~ 111 ' 1) flz) I · IIi 0 Bl 
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