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"The relative importance of spin 
dependent amplitudes has often 
been assumed to decrease as s .... 
This has been based partly on 
wishful thinking and partly in 
the belief in various theoretical 
models". 

Sig~d Nilsson 
(Herceg Nevi. 1968) 

II 1. Beeneaue 

8AKOH81IbHOe npeJlCT8BIIeHHe JliiSI 8MDIIHTYJlbl pacCeSIHHH CDHHOpHb!X 

'18CTHU BOepBbie 6blll0 DOny'leHO B paMK8X JlBYXKOMDOHeHTHOA, HepenSITHBHCT

CKOA TeopHH ( ypasaeaHe lllpenHHrepa) I II. Bb!coKosaepreTH'IecKoe pacceHHHe 

JlHp8KOBCKHX '18CTRUt B OCHOBHOM, HCCII9JlOB81IOCb JliiSI KYIIOHOBCKOrO DOIIK/2/. 

nHllib H9Jl8BHO DOSIBHII8Cb CT8TbSie rne p8CCMOTpeHbl CK81ISipHbiA H OCeBJlOCKa

IISipHbiA DOT9HUH81Ibif3/ o 

B aacTosrmeA pa6oTe Mbi nallHM BbiBOil sAKoHancaoro npellcTasneHHR lliiSI 

8MDIIHTYilbl paCC851HHSI llHP8KOBCKOA '18CTHUbl Ha npOH3BOIIbHOM rnallKOM DOTeH

UHane. 

naHH8R 38Jl8'18 pemaeTCR B p8MK8X MeTOJl8 ~yHKUHOH81IbHOrO HHTer

pHpOB8HHSie npHMeaeaHe KoToporo nonpo6ao paccMOTpeao B pa6oTe/4/ sa 

DpHMepe pacCeSIHHSI CKBIISipHbiX '18CTHUo 

B 112 6ylleT nonyqeao aaMKHyToe npellcTaBneaHe lliiSI aMnnHTYilbi pacce

HHHR 'lepea ~YHKUHOH81I&HbiA HHTerpallo npH STOM cymecTB9HHO HCilOII&3yeTCR 

CDHHOpHaSI ~YHKUHSI fpHHa,. YllOBIIeTBOPRIDlliBR ypaBHeHHID BTOporo DOpSIJlKB 

' ( TaK aaabiBaeMasr KBallpHposaaaasr ~YHKUHR fpHHa). Mbi noKa)KeM, 'ITO aMnnH-
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TYJlbl paCC9SIHIUI
0 

DOny'I9HHbl9 C DOMOWb!O nepeXOil8 H8 M8CCOBY!O DOBepXHOCTb 

o6bi'IHOft H KB8JlpHpOB8HHOft tflyHKUHH fpHH8 0 COBD81l8!0To 

§3 DOCBSIW9H BbiBOilY aftKOH8J1bHbiX npe)lCT8BJ19HHft )lJlSI aMmtHTYil pacce-

SIHHSI, 06cy}l{)l8!0TCSI CJ1Y'I8H CK8J1SipHoro, nceB)lOCK8J1SipHOro, B9KTOpHoro, 8KCH-

8J1bHOrO, TeHaopHoro noTeHuHanoB. KaK oKaaanoc&, npH pacceHHHH BbiCOKOaHep

reTH'IeCKHX '18CTHU HGHC'I938!0WHA BKnall B CDHH-tflnHrr-aMDJ1HTYilY MO*eT )l8Tb 

J1Hlllb T9H30pHblft DOT9HUH8J1, 

§ 2, npe)lCT8Bn9HH9 8MDJ1HTyllbl pacceSIHHSI B BH)l9 

tflyHKUHOH8J1bHOrO HHTerpana 

0npelleJ1HM 8MDJ1HTYilY pacceHHHSI CDHHOpHOft '18CTHUbl H8 npOH3BOJ1bHOM 

noTeHuHane IJ(x) , KBK o6&I'IH0 1 c noMoUI&IO npelleJI&Horo nepexona: 

A A 

F(p ,q I B)= fim ii (p -m )G (p, ql B) (q-m )u , 
p2,q2 ... m 2 P q 

(1) 

rile 
G ( p, q IB) - tflyp&e-o6paa G (x, y I B) - tflyHKUHH fpHHa ypaaHeHHSI D.HpaKa: 

[ i a -m + iH x) ] G (x , y I Bl = - 8 
4 

( x- y ) . 
( 2) 

X 

CnHHOpbi ii H u Ha MaccoBoft noBepxHoCTH yJloBneTBopHIOT cBo6ollHOMY 
p q 

ypaBH9HH!O D.Hp8K8 H ycnOBH!O HOpMHpOBKH U U = 2m p p 

D.nSI TOrO 'IT06bi fiOJ1HOCTbJO HCDOJ1b30B8Tb peayn&T8Tbl pa60Tbl/4/, yuo6-

HO BBeCTH KBallpHpOBBHHYIO tflyHKUHJO fpHHa (}_ (x,y I B) , CBSI38HHYIO c G(xyiB) 

COOTHOIU9HH9M: 

A 

G ( xy I B)=[ i a X+ m +A B (X)] 'G A (X' y I B). ( 3) 

3)leCb A - H9KOTOpOe DOCTOSIHH09 'IHCJ10o KOTOpOe H830B9M napaMeTpOM KB81l-

pHpOB8HHSI, 

ct>yHKUHSI (\ (xy I B) noll'IHHSieTCSI ypaBHeHHIO 

4 

·-·--------

2 "'(,\) "' 2 . . 4 
[(ia) +2b (x)ia+lll,(x)-m]G (xyiB>=-8 (x-y), 

X ~ A (4) 

r)le 

"' A "' "' 2 
Ill A = L m( I -A ) + A i a X ] B + A B 

( 5) 
"'<A> "' "' 
b = L[By +Ay BJ. 

fl. 2 fL fL 

QqeBHilHO, 'IT0 1 ITO OIIpe)leneHHJO, Ilp8B8SI '18CTb tflopMyJlbl ( 3) He 38BHCHT OT A, 

no)lCT8BJ1SISI (3) B (1),6y)leM HM9Tb: 

lpx-lqy A "' 
- A · 4 4 

F ( p' q I B)= Eim u ( p- m) I J d X d y e L i a + m +A B (X)] X 
p2,q24tn2 p X 

x G.\ (x,y I B) l<q-m )uq 

B rrpHno*eHHH I Mbi rroKa*eM, 'ITO Bbipa*eHHe 

f
l d 4 lpx -lqy 

x y e "' 
B(x) GA (xy I B) 

2 2 

( 6) 

( 7) 

He HMeeT fiOJ1JOC8 B TO'IK9 p = m 
1 9CJ1H KOMilOH9HTbJ B( X) -HHTerpHpye

Mb!e QJYHKIIHH, Y'IHTb!B8SI STOT tflaKT1 8MilJ1HTYilY pacceSIHHSI HeTpyJlHO ripe)lCTa-

BHTb B BH/le: 

F(p,ql B)=-
1
-ii [ Eim (p 2-m 2 )(q 2 -m2 )GA (p, ql 

2m P p ~ q4 m:! 
B)] u 

q ( 8) 

TaKHM o6paaoM,aMrrnHTY/lhr pacceHHHSI (1) H (8), rrony'leHHhie c rro-

MOIUbJO rrepeXO/l8 H8 M8CCOBYJO 

IIHH fpHH8 0 COBIT8/l8IOT, 

BcneucTBHe orrpeueneHHSI 

fiOBepXHOCTb 06bJ'IHOif H KB8/lpHpOB8HHOif QJYHK-

caMolt <jlyHKIIHH G A H Toro, 'ITo Bbipa*eHHe 

( 7) He aaeT BKJ18ll8 B 8MilJIHTylly paCC9SIHHS1 1 HHK8KOif 38BHCHMOCTH OT A 

B I1p8BOA '18CTH <jlopMyJihl (8) He cyrueCTByeT, 

Mbi rroKa)KeM paBeHcTBO Bbipa)KeHHii /lnSI aMrrnHTYllbi ( 1) H (8) c rro

MDWhiO TeopHH BD3MyweHHSI B rrpHno*eHHH II 

J.1crron&ayH AnSI <jJyHKIIHH G (x, y J B) aaMKHyToe rrpeacTaBneHHe qepea 
A 

<jJyHKIIHOHt!JlhHbili HHTerpan/ 5/ H BbilleJISISI fiOJIIDCa p 2-m 2 
1 

q 2-m 2 , K8K 

8TO C/lenaHO B pa6oTe/ 4/, .Qn51 8MfiJ1HTY/lb1 pacceSIHHSI ( 8) fiOJly'IHM BbipalKeHHe: 
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l(p-q)x 4 oo l "" 

F(p,q)IB)=.L
2 

; fd 4xe j[8 w l TY L"'IJIIiiO)fdaexp{iafde:IH<x le>Uu, ("') 
mP .-,a 0 -oo · q • 

rile 

!I 
' '"<A) "' .. (A) .. (A) 

"'(xi 0=l2w (,)+2 p®(e)+2q8(-()] b (x(+41 A (x f ;,_ b ( x (-tab ( x e) ( 10) 

e 
xe=x+2pEHe>e+ 2q e<-e>e+ 2[ w ('1/)d'l/ 

1 • e>o 

e<e>= I t· e= o 
... B w exp 1- i j cJa ( e )d e I 

[Bwl "' 
wOA 

_.., ... 
0, e< o 

]Bw expl-~f..w 11
(e)d e I 

( 11) 

Ty - CHMBOn 'ynopRJlO"'HBaHHSI' Y -M8TpHUe 

§3. 3AKOH8nbHOe npH6nHm8HH8 

/4/ 
KaK noKaaaHo B pa6oTe , npH pacceHHHH qacTHU BhlCOKoA aHeprH~ 

H8 rnaJlKOM ITOT8HUH8ne B apryMeHT8 (11) MOmHO rrpeHe6pe"'b 38BHCHMOCTb~ 

OT !jlyHKUHOHanbHOA rrepeMeHHOft w ( Tf ) C TO"'HOCTb~ JlO "'n8HOB1 HC"'838~lUHX 

npH p 
0

, q 
0

-+ oo • npyi"HMH CnOB8MH, OCHOBHOft BKn8Jl B !jlyHKUHOH8nbHblft HIJ-

Terpan B (9) Jl88T Tp88KTOpHSI CB060JlHO 

MH Po npH ~ > 0, q o - npH ~ < 0 

JlBHmymeftCSI "18CTHUbl C HMnynbca

H npoXOJlRWeA qepea TO"'KY X 

npH ~=0 , rae ~ - co6cTBeHHoe speMR. 

nnR rrpOCTOTbl paCCMOTpHM c¢epH"19CKH-cHMM9TpH"'Hbl8 ITOT9HUHBnbii 

He 38BHCRWH8 OT BpeMeHH1 H OI"p8HH'IHMCSI nHmb ManbiMH yrnaMH p8CC8SIHHSI 0 

KOr)la MOmHO rrpeHe6pe'lb 38BHCHMOCTb~ OT napaMeTpOB nepeJl8"1H HMnynbC8 

B83Jle, 38 HCKn~'I8HH8M rrepBOft :3KCflOH8HTbl B ( 9) /4/ 1 8 T8Kme OTO*)l8CTBHTb 

flOBOpOT CflHH8 p8CC8HB8101118ftCSI '18CTHUbl C H3M8H8HH8M CrrHpanbHOCTH/3/. 

6 

-------~--

B aTHX npeJlrronomeHHRX crrHHOphl u P H u q 1 HBnsr~mHeCR peme&Hg;-

MH CB060.UHOI"O ypaaHeHHSI nHpaKa ( CM., HarrpHMep,/6/) I B 8CHMITTOTHK8 npH

HHM810T BH.U: 

1 
u = < 11 if I I P"l > '~' ...;;; q q 

-+-+ 
; = 'II p(l. +)Viii 

p I PI ( 1 2) 

r,ue IJI H IJI - 06bi"'Hbl8 .UBYXKOMilOH8HTHbl8 CflHHOpble p q 

BseaeM o6oaHa"l:e~HR xiL = ( t,-;) ; ; = ( z, ~ 1 ) H Bh!6epeM oc~:. z 

-+ 
BJlOnh HMnynhca p TorJla c y"'~ToM scex BbimeyKaaaHHbiX rrpH6nHmeJtHA 

JlnR aMnnHTYJlhl pacceRHHSI (9) H8TPYJlHO nony"'HTb cneJly~wee aAKOHanbHQe 

npeJlcTasneHHe/4/: 

F ( p, q) = 211 8 ( p 
0

- q 
0

) f(p, ij) 

( 13) 
1 ........ _,. 

J
d 2 X ip-q) 

x e 
l 

f(p' q) =- i p iii z p 

... -+ 
[f(x )-1J'P 

l q 

3Jl8Cb 

A ~ 
-+ •x 

f(x,)=L(l,a)T LeY 
~ 2 z y 

1 
] ( ) . ( 14) 

a 
z 

~ (.JJI. ( 15) 
""dz I .. c.\> [ -+":.cA> X =f.__:. 2pb (r)+ _<1\(r)+iab 

y _ ... 2p 
z 

.. <A) 
( r.oe b , 41, eM. ( 5)). 

" .. CA> 
npH"18M 0 ecnH 2 p b "' p npH p -+ "" 

z 0 
, TO 6onee nocne.ooBaTen~Ho 

6y.aeT npeHe6peqb B ( 15) BTOpbiM cnaraeMbiM, T.e. 

~ ""dz .. (,\) 
X =f -p·b (r). 

y _ ... p 
( 16) 

z 
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)\. 

B npoTHBHOM cny'lae X ... 0 y npH p 0 ... oo , H cywecTsyeT oonacTb aaeprHA, 

r~e cnpaBe~llHBO nepsoe OOpHOBCKOe npHOllH*9HH9o 

npH nony'leHHH «<JopMyn ( 13)-( 16) B J;lbipa*eHHH (9) obma c.nenaaa sa

MeHa nepeM9HHOft 2 p ~ "' z /4/ t II OSTOMY HY*HO HM9Tb B BH~y, 'ITO Y -MaT-
,, z 

pHUbl B Xy 1 BOOOW9 rOBOpS1 1 saBHCSIT OT Z 1 KaK OT ynopSI.llO'IHBaiOwero 

HH.nexca. .. 

noTeHuHan B(x) ecTecTseaao npe.ncTaBHTb xax cyMMy cxanHpaoro, nces

~ocxanHpHoro, B9KTOpHOr01 aKCH8llbHOrO H T9H30pHoro IIOT9HUH8110Bo Pac

CMOTpHM B OT.ll9llbHOCTH K8*.llblft H3 STHX IIOT9HUH8110Bo 

nonbsySICb IIpOH3BOllOM B 3Ha'I9HHH napaMeTpa KBa.npHpOBaHHSI (CMo §2), 

oy~eM Bb!OHpaTb IIOCll9.llHHA +1 HllH -1, pyKOBO.llCTBYSICb HCKlliO'IHT9llbHO npo

CTOTOA Bbipa*eHHSI .llllSI b• (A) • llpyroft Bb!OOp A llHWb 3Ha'IHT911bHO ycno*
J.L 

HSI9T Bb!Klla.llKHo 

1) CxanHpHbiA noTeHuHan [If = V ( r) 

Hs 4lopMyn (5) nony'IHM 

(-) 2 ... 
bJ.L .. o cllc->(r)=-V (r)+(2 m+i at)V(r). 

nepeA.neM K UHllHHllPH,.'I9CKHM KOOp.llHH8T8M ; :J. = p d-; n"" (cos (:) , sin (:) ) • 

Tor.na .nm1 MaTpHu&xr<x.J.) (eM. (14)} aaA.neM B&xpa:>KeaHe 

" 1 IX(P) ... 1 
[' (xl.)= 2-. e (l, u z)Y (x:J. )( ), ( 17) 

u 
z 

r.ne 

X ( p ) == - ...L.. F dz L V
2 

( r ) - 2 m v ( r )] 
2pz -oo 

( 18) 

" 
00 d z ... ... y ( X I ) = T y • exp I - f -- [ y ( z ) n a • v ( r ) + y 8 ( z ) a v ( r ) Jl . 

i -oo 2p P z 
z 

PaCKlla.llb!BaSI ( 18} B pSI.ll IIO Y 8 H p8CCT8Bl1SISI Y -MaTpHUbi B COOTBeT-

CTBHH c ynopH.llO'IHB8IOWHM HH.nexcoM, nony'IHM/7 I 

m 

" oo (-y ) m oo d s 
Y =I - 3-l!I f __ J a V(sJ 

m=O m!' J=l ~ 2p z 8 J 
, p)Hcosx (p, s

1
, .. s )+ 

m m 
( 19) 

+ i y n sin X ( p , s , ... s ) 1 , 
m I m 8 

;(:, 
I' 

! 
r~:' •T,·I 

,:;'\I 
:•,,,1;\vi 

i'q11, 

•>::\il,il ' ,,,,~ ' 

.. ,,t,i' 
·,· .~ '. '\!'! 

::: I ~ \' 

~i~·J,r 

:,, 'i' 
1(:: •. ,''1 

.,,ti~li! '··.':'·\1],' 
Jt J,ll 

:: '\'li 
', i: 

·, 

,1.' ·'! II 
.:·:.· ({ 

r: . 
"i ., .·~1 
ffi. ,I 

·,,1\1.1 
~~~ 

'i 

~-! 

~ 
\
,, 

:, ~~ ,,, .,,\, 
::I· 

··~<:,, 
j,,l~; 

·:·~ ,· 
: ~ i.·l. 1. 

I' 

I 

'

ttii 
"~''' 

,·, 

r.ne 

1 oo m 1 1 8 '•> 0 
X m ( P , s to • .. , s m ) .. -

2
- f dz a V ( r) n e (s l - z ) ; ds ) =I · 
Pz -oo P J=l -1,s< 0. 

" 
0KOH'i8T911bHO llllSI M8TpHUbi r (X :J.) H8All9M Bb!p8:lK9HHe 

" oo 1 2m oo 
['(xJ)=e1X I l ll f ds a V(s 

m=O 2m J•l-oo l "l J 
( 2 p ) (2m)! 

z 

,p)]l cosx +i[ox-;] sin X I. 
2m z 2m 

( 20) 

.. 
2) nces.nocxanHpHbiA IIOT9HUHan L B = v ( r )y G J 

b
(+) 

... o ell (+)(r) = V 
2 ...... 
(r)-iy

6
ay V(r). 

" 
B&I'IHCnHH 4lYHKUHIO [' ( x l) aaanorH'iHO npe.llbi.llyweMy cny'iaiO, nony'iHM 

[ ...... ] ..... 
Bbipa*eHHe THIIa ( 20), r.ne i U X n HY*HO 38M9HHTb H8 ( u n ) 

1 
a 

" 
1 "" 2 

x(p)=-J v (r). 
2pz-"" 

llnH p8CCMOTp9HHbiX BbiW9 IIOT9HUH8110B cyweCTByeT 00118CTb SHeprs!A 

(p o->"" ), r.ne CIIp8B9.lll1HB nepBbiA 'ill9H p83110*9HHSI (20) (m =0), KOTOpbJA 

coena.naeT c pesyn&TaTaMH paooT&x/3/. Ce'leHHH pacceHHHH B I'STHX cny'iafiX 

B npe.nene 0'19Hb BbiCOKHX SHeprHA HC'i93810We Mallblo 

3) BexTopHbiA 

b <+>=A 
J.L J.L 

.. " 
IIOT9HUHan [ B =A 1 

B 9TOM CllY'I89 H HH*e oy.neM paCCMaTpHBSTb IIOT9HUH8llb!1 4-KOMIIOH9HTbi 

KOTOpbiX y.nosneTBOpHIOT ycnoBHIO p A .. 0 ( p 0 ). Tor.na LlllH 4laab1 X y cnpa~e.n-

nHBa 4lopMyna (16). 

nerKO BH.ll9Tb1 'ITO IIpH p8CC9SIHHH H8 89KTOpHOM IIOT9HUH8119 

" [' (X ) I X Cp> 
,l. = e 

00 

X = f dz pA( r) -- ( 21) 
-oo p 

z 

H B 8CHMIITOTHK9 SMIIllHTyaa IIOllHOCTbiO He 38BHCHT OT CIIHHa (CM./2/). 
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.. " 
4) AKcHa~bHbitl: noTeHuHan [ B = y A ] • 5 

(-) 
IToncTaBnHH b .It = ·y11 All 

(eM. (5)} B (16) H (14), nony'IHM 

!.~~ jdz " r(xJ.)=cosx +i agsinx ; X ( 22) 
-oc> p z 

8 aTOM CJIY'i88 OT CnHH8 38BHCHT llHWb 3H8K aAKOH8JibHOA ljla3bl. 

"' 
5) TeaaopHbiA noTeHuHan LB=awFILvL 

"PacnyTaTb" y -MaTpHUbi B ooweM BHile 31l8Cb HSB03MO*HO. PaccMoTpHM 

npOCTOA npHMep: pacceHHHS 'i8CTHUbl C 8HOM8llbHbiM MarHHTHbiM MOMSHTOM 

BO BH8WH9M 9ll8KTpOMarHHTHOM none 

(-) " ... 
F = ( a A - a A ) ; b = a A - a A ; A = ( - V , 0, 0 , 0 ). 

1£V 1£V VI£ I£ I£ I£ .• 

... 
llnH r ( X;,t ) nony'IHM Bbip8>K8HH9 

" 1 Po ~ P,. 1 
r(x,)=-O,a )T expli- jdzly(z)napV(r)+(y

3
-Y. --)a V(r)JI( ). (23) 

_. 2 z y P z-oo o Po z a z 

3aM9THM 1 'iTO p83llO)K8HH8 nocnellHSrO Bbip8)1{8HHSI B pHil no CTeneHstM 
p . ~ z m2 

( Y 
8 

- Y 
0 

_z_ ) <flaKTH'iSCKH B81l8TCSI no B8llH'iHH8 ( Y 3 -y 0 _z ) =- 2 • 
• Po Po P p 1 z 

TaK K8K ( 1, a )( y -y _z ) ( ) = 0 • floaTOMy BTOpbiM cnaraeMbiM nOll 
z 8 o p0 a z " 

3H8KOM 9KCnOH8HTbl B ( 23) BOOOU!e MO)KHO npeaeope'Ib. Torna llllSI r (X .l) 

nony'IHM cnenyiOmee npocToe Bbipa*eHHe: 

.. ... p 00 

r(xJ.)=chx(p)+[Jixa] shx(p); X =....9-fdza V(r). 
z P,.-oo p 

( 24) 

flOilCTSBllSISI (24) B (13) H HHTerpHpyg B (13) no yrllOBOA nepeMeHHOA 

(cM./1,3/), llllSI aMilllHTYilbl oyneM HM9Tb 

£Cp,q ... )=Wp[f 
0
(Jp-<fl>+<a.IJiH1 (Jp-q ... J )JIPq. ( 25) 

10 

rne 
... ... 

-> p X q 
m =---

Jp x ... qJ 

p 00 

f 0(~) ... ~ fpdp J 0 (p~ Hchx(p)-1] 
2 111 0 

Pz 00 

ft( ~ )= ~ j pdp J t (p~ ) sh X (p). 

3necb J 1 - <f!yHKUHH Beccenst i -ro nopanKa. 

( 26) 

( 27) 

TeH30pHbiA IIOT8HUH8ll - 81lHHCTB8HHbiA1 KOTOpb!A M0)1{8T ll8Tb H8HC'I838IO

U!HA BKll81l B cnHH-<f!nHn-aMilllHTYilY npH 8CHMilTOTH'I9CKH OOllbWHX 9HeprHSIX 

pacceHB8IOU!9ACH 'ISCTHUblo 

8 38KJIIO'I8HH8 OTM8THM1 'ITO cnoco6 HCCll81lOB8HHSI 1 OIIHCbJB88MbJA B H8CTO

SIW8A pa6oTe 1 M0)1{8T ObiTb HCnOllb30B8H llllSI H3Y'I8HHSI 8CHMIITOTH'I8CKOro BHil8 

8MIIJIHTYil paCCSSIHHSI B T80p8THKO-noneBbiX MOilSllSIX/ 4, 8/, 

ABTOp HCKp8HH9 onaronapHT B.M. Bapoawosa 38 IIOCTOSIHH09 BHHM8HH8 

K pa6oTe, a T8K)K8 c.M. BHJISHbKOro, r.B. EljlHMOBa, c.n. Kynewoaa, B.A. MaT

aeeaa, B.B. HecTepeHKO I H.B. ITony6apHHOBa, A.H. CucaKHHa, n.A. Cnerr'leH

KO 38 IIOJI83Hbl8 H CTHMynHpyiOU!HS OOCY)Kil8HHSI, 

ITpHno*eHHe I 

llOK8)1{8M 1 'ITO 

lpx - pq y ., 
J= fim (p 2 -m2 )Jd 4xd4ye B(x) G>.(xyJB)=O. 

p 2.., m2 

2 2 
llnH Bblll8ll8HHSI IIOJIIOC8 ( p - m ) HCnOn&ayeM llp81lCT8Bn8HH8 

~A B BHil8 ljlyHKUHOH8JibHOrO HHTerpana/6/ 

00 

G >.(x,y I B)=i Jdse 
0 

-lm2
8 s 

8 8 4 
J[Bw] C leu] 8 (x-y-2Jw("l)d"1), 

0 0 0 
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( 1-1} 

ljlyHKUHH fpHH8 

< r-2) 



rae 

s s . ~ =:::s • ::::s2 ., 

C[cuJ 0 -Ty exp{ i J d'[2cub(xf)+CI>.(x"-b. (xf)-lab(xf) Jl 

' X'.: X + 2 i W ( 7l ) d 7l o ( CMo 0603HB'I9HHH K <jlopMyn.e 

B ( f-1) 1 HHTerpHpyg: C llOMOillbiO 8 - <j>yHKilHH IIO 
(9) ). DoacTaBnHH ( 1-2) 

X H llpOH3BOaH 3BM9Hy 

nepeMeHHblX W (') ->cu (')+p' nony'I:HM JlnH j BbipB:H<eHHe/4/: 
2 2 

2· 2 oo ls(p -m) " 4 l(p-q)y 
J = gim '2 (p - m ) j ds e J ISw] J d y e x 

p-> m 0 

~ e e 

x 8 (y+2p s +2 fw (71 )d 71 )C lw+ p]
0

• 
0 

( f-3) 

qT06bi B ( J-3) Bbi/lenHTb IIOniOc, IIpHMeHHM COOTHOW9HHe 

00 l(p~m 2 )s-cs 
Cim(p

2
-m

2
) ib'dse f(s).:f(oo), 

l-+0, P2 -+m2 

"' s 
(rae f- KOH9'1HBH <I>YHKUHH); Ho npH aToM lim 8(x+2ps+2Jwd"l) = 0., 

s ...... 00 'J!!s 0 
TaK KBK B saaaqe pacceHHHH npeanonaraeTcH 8 ( "") => 0; cneaoaaTenbao, 

see Bbipa:H<eHHe ( I-1) pasao Hymo. CnpaaeanHBOCTb aToro <flaKTa nerKo npo

BepHTb B TeOpHH B03MymeHHH. 

DpHno:H<eHHe II 

DoKa:H<eM, 'ITO BMIInHTY/lbi1 onpeaeneHHbie e IIOMOillbiO iflopMyn ( 1) H ( 8), 

eoBIIBllBIOT. PaceMOTpHM1 HaiipHMep, TpeTHH llOPHllOK Bhip8:H<9HHH ( 8) 
1 

KOTOpb!Jf 

rrpeaeTaBHM B BHae: 

rae 

(eM. 

(3) 
L =-

2m F(
3

)( p,q I 8) .: ii J d 4 d 4 l L <3 ~ K <3 >] u 
p kl k2 q (II-I) 

(3) 

L eooTBeTeTayeT nHHeii:HoMy B3aHMoaefieTBHIO B 
(3) 

(5) ), a K Y'IHThiBaeT 

-<A> "' 
ITOTeHUHane [2b ia+¢A] 

"2 BKnaa KBanpaTH'IHOro ITOT9HUHana A 8 

JlnSI L <
3

> rrony'!HM BhipalKeHHe 

~ ,, "' "' "' - "' ,. "' ,, "' "' "' \ ,, " "' 
( B 1 ( p + k1 + m) +A (p- m) 8 ] [ B 2 (p + k 

1 
+ k

2 
+m)-A(p+k 

1
+m)][B

3 
(m+q)-A(p +k 

1
+k

2
+m)B.J 

[m
2
-(p+k )

2
Jlm 2-(p+k +k )2 J 

I I 2 
' 
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.. ~--~. 
~~:~~~iT'"·,c;o,:. ·\· . 

rae: 
.. "' 4 lkx 

8
1

,
2

.: 8(k
1

,
2

) ;.8(k).:Jd x e B (x); B =IJ(-k -k -p+q ). 
3 I 2 

TaK KBK L (S) aaxO/lHTCH ·a (11-1) M9lK/lY CITHHOpBMH 
' (3) 

aopHIOillHMK cso6oaaoMy ypasaeaHIO llHpaKa, anH L 

(3) 
L = 

2m8=
1
(p+' 

1
+m) S

2 
(; +k 

1
+ k.

2
+m) B

3 

2 2 2 2 
[m -(p+kl) ] [m -(p+k 1+k 2 ) ] 

u p· .H U q, 

Hony'IHM! 

" 
8

1 
(p + k 

1 
+mHi

2
8: 

"'' ,, :::::: 

-..\ 
m2 -(p +k 1)2 

-..\8182 
=:: ::::::: [2m-..\(p +k1 + k 2+m)]83 

. 2 2 
m - (p +k

1 
+ k

2 
) 

yaoaneT-

(11-2) 

flei'KO y6ellHTbCH 1 'ITO rroenenHHe llBB cnaraeMbl9 B (11-2) B TO'IHOCTH paBHhl 

BKnany oT K<8 > c o6paTHbiM sHaKoM. TaKHM o6pasoM anH aMnnHTyahi ( 8) 

6y11eM HM9Tb 

F<
3
>(p,ql8)=; Jd 4 kd4 k 

p I 2 

B
1
.(p+,

1
+ mHl 2(p+ k

1
+k

2
+m)B

3 

l.J - ( p + kl ) 2 JL m 2.. ( p + k t +k2) 2 J 
u !I • 

'ITO eoanaaaeT e TpeTbHM nopHilKOM Bbipa:H<eHHH nnH aMnnHTY/lbi ( 1). Aaano

rH'IHO MOI'YT 6b!Tb paceMOTpeHbl 6onee BbJCOKHe nopHaKH. 
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