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High-Energy Scattering of Composite Particles 
in the Functional Approach 

The method is sugges_ted for constructing the scat
tering amplitudes involving compound particles with the 
help of the functional integration in the quantum field 
theory. The Obtained expression for the amplitude of the 
elementary particle scattering by the compound particle 
(deuteron) in the high energy region is transformed irito 
the Glauber representation of the scattering amplitude 
on weakly coupled system. 
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BeeOeHue 

B pJI~e pa6oT I I-S/ 6wn pa3BHT Me To~ nocTpoeHHJI 
8MDJIHTY~hl pacceJIHHJI B I<B8HTOBOH TeOpHH DOJIJI C DOMOIQhiO 
I<OHTHHyaJihHhiX HHTerpaJIOB. 

Tai<oe npe~cTasneuse aMDJIHTy.n;w oi<a3anoch none3HhiM 
DpH HCCJie,IJ;OBaHHH B3aHMO,IJ;eHCTBHJI 3JieMeHTapHhiX qacTHU 
B HHc)pai<paCHOH 06JI8CTH / 2/ H B 06JiaCTH BhiCOI<HX 3Hep
rHH /I/. 

B .n;auuoi pa6oTe .n;enaeTCJI nonwTI<a pacnpocTpaHHTh 
3TOT no.n;xo.n; ua cnyqafi, I<or.n;a B pacceJIHHH yqacTBYIOT 
COCTaBHhle qacTHUhl. ,lJ;JIJI ODHCaHHJI COCTaBHhiX qacTHU 
B JIOI<aJihHOH TeOpHH DOJIJI HCDOJih3yeTCJI mopMaJIH3M, pa3-
BHThiH QHMMepMaHOM / 4/ , HHWH,IVKHMOH /SJ H .n;p. / 6 /. 

llnau pa6oThl cne.n;yiOIQHii. B nepsoM naparpac)e I<paTI<o 
H3JiaraeTCJI MeTO)J; ODHCaHHJI COCTaBHhiX qacTHU BJIOI<aJIJ.
HOH TeopHH DOJIJI, npe.n;no>KeHHhiH B pa6oTaX / 4- 6 /.Bo BTo
poM naparpac)e nyTeM nepexo.n;a ua MaccosyiOnosepxuocTh 
B pe.n;yi<UHOHiiOii c)OpMyJie aMDJIHTy)J;a pacceJIHHJI C yqaCTHeM 
COCTaBHhiX qacTHU 3aDHChiBaeTCJI B BH)J;e I<OHTHHyaJihHhiX 
HHTerpaJIOB. B TpeTheM naparpac)e HCCJie,n;yeTCJI BhiCOI<0-
3HepreTHqeCI<Oe nose.n;euse uai.n;euuoi aMDJIHTy.n;w pacceJI
HHJI. llonyqeuuaJI nps 3TOM c)opMyna cornacyeTcJI c rnay-
6eposci<HM Dpe.n;cTaBJieHHeM aMDJIHTY,IJ;hl BhiCOI<03HepreTH
qeci<oro pacceJIHHJI ua cna6ocBJI3auuoi cHcTeMe. B 3ai<JIIOqe
HHH o6Cy)l(,llaJOTCJI pe3yJihT8Thl pa60Thl H B03MO)I(}Ihle DYTH 
o6o6~eHHJI npe.n;no>Keuuoro no.n;xo.n;a. 

§1. PeoyK14UOHHa.R t/JopMyAa 011.11 npo14eccoe pacce.RHUJI 
C yt~ac•ueM COCJI06HbiX 'IOCJIUI4 

PaccMoTpHM Mo.n;enh ci<anJipHhiX ueiiTpanhHhiX "nyi<no
HOB" /none t/1 (x )) I~ B3aHMo.n;eiicTBYIOIQHX co CI<aJIJIPHhiM 
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Me30HHLIM noneM ¢ (x)': ~ int = g 1/1 2(x )¢ (x). Jiy.u;ewc'IJI-

TaTL, 'ITO B ,naHHOH MO,D;enH MOryT B03HHKaTL CBJ13&mmWe 

COCTOJIHBJI .D;BYX HyKnOHOB C DOnHOH MaC COB M B CYMMapBWM 

HyneBLIM CDBHOM. B 3TOM cnyqae onepaTop 3HeprBB-BMnym.

ca paCCMaTpBBaeMOH CBCTeMLI p2, KpOMe C06CTBeiiJIWI 

3Ha'leHBH m 
2 

·B p. 2 , COOTBeTCTBYJOIIJ,HX 'laCTBIJ,aM nonei t/J B 

¢ , BMeeT TpeTLe .D;BCKpeTuoe 3Ha'leuse M 2. CBI3&1111oe 

COCTOJIHBe .D;BYX KBaHTOB DOnJI 6y.u;eM ycnOBHO Ha3LIBaTh 

.u;eiTpOHOM. )J;nJI BeKTOpa COCTOJIHBJI.,D;eHTpOHa ~~d> BLI

DOnHJIIOTCJI Cne,nyroiiJ,He COOTHOWeHBJI: 

2. 2 
p ~~d>=M ~~d>' 

<Oj¢(x)l~d>=0, <011/J(x) l~d >=0, 

< o 1 .p (x > 1/1 (y) 1 ~d > .;, o . 

/4-6/ 
KaK 6wno DOKa3aHO B pa6oTaX , COCTaBHLIM 'laCTB-

IJ,aM MO>KHO CODOCTaBBTL noKanLHLIB nopeHIJ,-BHBapBaBTIIJ.Iii 

noneaoi onepaTop B(x), KOTopwi awpa:>KaeTcJI qepe3 ocsos

uoe none t/J (x) cne.u;yroiiJ,HM o6pa3oM: 

B(x) =8im T [t{J(x +e).p(x- e)] 

e-+ 0 z~2 <e> ' 
/1/ 

r.u;e KOHCTaHT& nepeHOpMBpOBKB CBJI3aHHOrO COCTOIBBI Z c 

ODpe.u;enJieTCJI COOTHOWeHBeM 

-ipx ... M 
Zc({) =-ifdxe Kx <T(I/1(01/1(-01/J(x+e).p(x ~):C, ./2/ 

M ll 2 
K =a a + M 

X /l 
P2= M2 . 

B OTnB'IBe OT 6e3p&3MepHOi KOHCT&HTLI nepeHOpMBpOBKB 

3neMeHTapuoi qacTBIJ,LI Zc BMeeT pa3MepHOCTL e - 2 • 

Bae.u;eHHLiii T&KBM o6pa3oM onepaTop cocTaauoi 'laCTIDUol 

B (x) y.u;osneTsopJieT acBMDTOTB'IeCKOMY ycnoBBJO B 4H>p:u:a

nB3Me JleMaHa, CBM&H3BKa B UBMMepMaHa ll I. 

4 

B paMKaX 3THX npe.u;nono>KeHHH MO:>KeT 6LITI• DOCTpOeHa 

pe,D,yKIJ,HOHHaJI 4lopyyna, CBJI3blBaJOIIJ,aJI MaTpH'IHhlH 3neMeHT 

S-MaTpuu,w c aaKyyMHLIM cpe,D,HHM xpouonoruqecKoro npo

H3Be,D,eHHJI noneawx onepaTopoa. ,D;n.11 npou,ecca pacceJIHHJI, 

ODHCLIBaiOIIJ,ero nepeXO.D. f COCTaBHLIX 'laCTHIJ, H m 3neMeH

TapHLIX B £' COCTaBHLIX H m '3neMeHTapHhlX 'laCTHIJ,, 3Ta 

4lopMyna HMeeT cne.u;yroiiJ,HB: au.u;: 

out 
<p' , ... p' k , ... k ', IP , ... ,p 

1 £' 1 m 1 e 
in 

,k ' ... ,k > 
1 m 

e +rn+ e +m , e m e , m -ip.x. -ik.y-+ip'x' +ik 'y' 
1 1 J J s s r r 

f .n n n n 
1=1 j=1 s=1 r=l 

e x 

~M~ 

xdx.d.y.dx'dy' K Km<T(B(x 1) .•. B(x 0)1/l(y1 ) ... tf;(y )x 
1 J s r xi y. t m 

J 
... M ... 

x B(x ') ... B(x ',)1/1 (y 
1
' ) ... 1/J (y ', )> K , K m, /3/ 

1 m m 0 xs yr 

OTMeTBM, 'ITO B 3TOM 4!opManH3Me ueT HHKaKHX nepe

MeHHLIX, OTHOCJIIIJ,HXCJI K BHyTpeHHeMy ,D;BB>KeHHIO COCTaB

HLIX qaCTBIJ,. llOJTOMY ODBCaHBe COCTaBHOH 'laCTHIJ,hl OKa-

3LIBaeTCJI 4!opManLHO DOnHOCTLIO 3KBHBaneHTHLIM ODHCaHHIO 

JneMeHTapHOB qaCTHIJ,LI. 

§2. llpe()c•aeAeHue a.wnAuJIIy()bl pacceJIHUJi c y~acmueM 
COC.Q6HbiX ~QCJIIUII 6 eu()e KOHIIIUHYOAbHbiX UHIIIezpaA06 

llps nocTpoeHBB aMnnsTy.u;w pacceJIHBJI c yqacTBeM coc

TaBHLIX 'I&CTBIJ, BCDOnL3yeM pe,D,yKIJ,BOHHYIO 4!opMyny /3/, 
paccMoTpeHHYIO B npe.u;w.u;yiiJ,eM naparpa4le. B cnyqae pac

ceJIHBJI qacTBU.LI nonH 1/J /uyKnoHa/ Ha cocTaBHOH qacTsu,e 

/.u;eiTpoue/ BMeeM cne.u;yroiiJ,ee awpa>Keuae .u;nH aMnnuTy.u;w: 

. 4 (4) )T( . )-1(277) 8 (p1+P2 -q1-q2 q1,q2,pl,p2-
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.4 2 iq X • 
=.1 I II dx d k k-iPkY 

k=I k yke k 
-+ m -+ M 
K K X 

xI x2 

<-- m <-- M 
x<T (l/J(xi)B(x 2)¢(yi)B(y2))1J Ky Ky, 

I 2 
/4/ 

r.ne pI , q I H p 2 , q 2 - HMnyn&cbl HyKnoua H .neiiTpoua .no H 
nocne pacceJIHHJI COOTBeTCTBeHHO. 

llocne no.ncTaHOBKH /1/ a /4/ aMnnHTy,na T oKa3biBaeTcJI 
Bblpa)KeHHOH qepe3 BaKyyMHOe cpe,nHee TOnbKO onepaTOpOB 
nonJI 1/J : 

i(277)
4 

o(
4

)(pi +P2-qi-q
2
)T(q I'qipi,p2)= 

= ~CI 
2 . 
II dx kdy e ' q Jl k- i Pk Y k 
k=l k 

X 
/5/ 

-+m-+M <-m<-M 
x K K < T ( ljJ (x I) 1/J (x 2) 1/J (x2 )1/J (y I )1/J (y 2 )1/J (y 2))>

0 
KY K , 

x 1 x2 I y 2 

r,ne KOHCTaHTa nepeHOpMHpOBKH CBJI3aHHOrO COCTOJIHHJI Z C 
onpe,nenJieTcJI cllopMynoii /2/: Zc= fim Z 6~ ). 

~ ... o 
EcnH ue Y'IHTbiBa Tb TO)K,necTaeuuocTb qacTHll H 3cllclleKTW 

nonJipH3aUHH BaKyyMa, TO 3-qaCTH'IHYIO cilYHKJlHIO rpHHa 
a npaaoii qacTH /5/ MO)KHO npe,ncTaBHTb a cne,nyiOllleM BH,ne: 

G(x 1' xi Yl'Y2 )= < T(¢ (x I)l/J(x 2)1/J (x 2)1/J ( YI )1/J (y 2)1/J(y i>>o = 

3 i dz 0 Dc(z-z) 0 lx 
= (-i) exp I- 7 I dzi 2 8¢(zi) I 2 o¢ (z2) 

X G ( X 1' y I I ¢ ) G ( X 2 ' y 2 I ¢ )'G ( y 2 ' X 2 I ¢ ) I ¢ = 0 ' 

/6/ 

6 

r .ne G (X , y I ¢ ) - cilYHKllHJI rpHHa HyKnoHa 1/J BO BHeWHeM 

none¢ (z) . 
4»yHKUHJI G (x,y I ¢ ) y,noaneTaopJieT ypaaHeHHlO 

[- a all + g ¢ (x)- m 2 ] G ( X, y I ¢) = - 0 ( X- y ) , 
ll 

cilopManbHOe peWeHHe KOTOporo MO)KHO 3anHCaTb B BH,ne 
clleiiHMaHOBCKOrO HHTerpana no TpaeKTOpHJIM 

oo -im2r 4 r 
G(x,yl¢)=i I dre I [o v]0 expl igidzj(z)¢(z)lx 

0 

r 
xo(4)(x-y-2 I v(71)d71), 

0 
/7/ 

r.ne j(z) npe,ncTaBnJieT co6oii KnaccH'IeCKHii TOK HyKnoua 
/TO'IHee, ero npOCTpaHCTBeHHYID nnoTHOCTb/ 

r (4) r 
j(z)= Id 71 o (z-x+2Iv( 77 ')d 77 '), 

0 0 

b 4 

[ 
0 4 v ] h = _e_x_p _1 _-_ia_I_v_

2 
_<77_)_d_77_l_q:J...._d_v_(_17 _) --

a b 2 4 
I exp I -i I v ( 71) d 71 I II d v ( 71 ) 

a 71 

llocne no,ncTaHoBKH /7 I a /6/ BapHaUHOHHoe ,nHcllcilepeu
uHpoaaHHe nerKo awnonuJieTcJI, a pe3yn&TaTe nony'IHM 

. 2 
3 3 00 -1m 'k 4 7 k 

G(x
1
,x

2
;y

1
, y2)=(-i) II (i I drke I [o vk]O )x 

k=I 0 

3 c (4) r I 

xexplig 2 1 jn ·D ·imlo (xi-yi-2Jv1(77)d77)x 

n<m 

(4) 
7
2 (4) 

7
3 xo (x -y -2 I v

2
(77)dry) 8 (y -x -2Iv (77)d77). /8/ 

2 2 0 2 2 03 
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HyKnOHHLIC TOKB onpe,IJ;enJIJOTCJI cne,IJ;yiOUUI.MB BLipa:>KeHBJI.MB: 

7 i (4) 7 i 
j . (z) = f de-o ( z- x . + 2 f v. ( 7J) d 7J ), (i = 1 , 2) , 

1 0 1 e- 1 

T3 (4) 
j (z) = f d e-o ( z- y 

2 3 0 

r3 

+2 f v
3

(7])d7] ). 
e-

B 4Jop.Myne /8/ BCDOnb3YCTCJI COKpa~CHHaJI 3aDBCb: 

j Dcj =f dz dz j (zi)Dc(zi-z
2

)j (z
2
). 

n m I 2n m 

llepexo,IJ; K a.MnnBTy,IJ;e pacceJIHBJI ocymecTanJieTcJI nyTe.M 
BLI,IJ;eneHBJI B 4JyHKUBB rpBHa 

2 -ipiyi+iqfi 
G(qi,q2;pi ,p2)= f ,n dxidyi e G(xl'xtyi,Yt/9/ 

1=I 

nomocoa (pi-m2)-I(q~-m2)-~pi-M2)-I(q~-M~:-I KoTopwe co
Kpa~aJOTCJI c .MHO:>KBTenJI.MB {pr-m2)(q1- m2 )(p2-M2 )(q2- M 2) ' 
B03HBKaiOUUI.MB B pe,IJ;yKUBOHHOH 4Jop.Myne /5l B pe3ynJ.TaTe 
,IJ;CHCTBBJI onepaTopoa Kneii:Ha- rop,IJ;OHa. 

,lJ;nJI :noii: uenB a 4Jop.Myne /8/ y,IJ;o6Ho 3a.MeHBTb 
exp I I ig2j Dc j ml cne,IJ;yJOUUI.M awpa:>KeHBe.M: 

n<m n 

(e ig2j2Dcj3-1)(e ig2jiDc(j2~j3) -1). 

Ha JI3LIKC TCOpBB B03.MYmCHBH 3TO COOTBCTCTBYCT yqeTy 
TOnbKO ,IJ;Barpa.M.M, npe,IJ;CTaBneHHLIX Ha pBC. 1, B OT6pacw
BaHBIO ,IJ;Barpa.M.M, DOKa3aHHLIX Ha pBC. 2. fiocne,IJ;HBC ,IJ;Ba
rpa.M.MLI 

pj_ 
1 

CJt 

p~ q,._ 

Puc. 1 

8 

p1 ... 1 > '?1 >s EJI>h ~~Q n c z } vt 

p,._ )) ~ l ) 1~ )_ ) /'2 I ' ' I ~ 
Puc. 2 

o6pamaroTcJI a Hyn~o Ha .Maccoaoii: noaepxHoCTB B He ,IJ;aJOT 
BKna,IJ;a a a.MnnBTY,IJ;Y pacceJIHBJI. 

llocne TaKoii 3a.MeHLI 4Jop.Myna /8/ a BMnyn~ocBo.M npe,IJ;
cTaaneHBB npBBB.MaeT cne,IJ;YIOUUIH BB,IJ;: 

Cfg, 

. 3 2 -ipkyk+iq kxk 3 . oo 

G ( q I ' q 2 ; p I ' p 2) = (- 1 ) I!_ f dx k dy k e ( n l f d T X 
k-I a=I 0 a 

-im2 r 3 x e a f [ 4 r a ig2 I j D c . 8 v ] )e I i li 
a 0 

2. c. 
i ~ J 20 I 3 - 1) X (e 

ig2jiDcj +i g2jl Dc j3 
x(e 2 

(4) T I 

-1)8 (x
1 

-y
1
-2Jvi (7]) d7J)X 

0 

T T 
(4) 2 (4) 3 

X 8 ~X - y - 2 f V 2( 7J) d 7J) 8 ( X 2- y2 - 2 f V ( 7J) d 7J ) • 
2 2 0 0 3 

/10/ 

fiO,IJ;CTaBB.M 3TO BLipa:>KCHBC B 4Jop.Myny /5/ B BLIDOnBB.M 
BHTerpBpoaaHBe no x 1 ,x 2 c no.Mom~oro 8 -4JyHKUBii. llocne 
3aMeHW 4JyHKUBijHanbHWX nepe.MCHHWX v t7J) -+ vI( 7]) + q I , 
v. (7J) -+ v. (7J ) + -

2
2 ( i = 2 , 3 ) nonyqae.M 

I I 

. 4 (4) • ) 
1(277) 8 (pl+P2 -ql-q2)T(pl,p2,ql,q2 = 

9 



=g
2 

fim (p 1
2 -m 2 )(q~-m 2 Xp:-M 2 )(q: -M 2 )x 

P2 q2...m2 
I' 1 

P2 q2->M2 
2 , 2 

2 i(q.-p.)y. oc i(q~-m~r. 
x II f d y i e 1 1 1 f dr. e 1 1 x 

i=1 0 1 
q2 

oo i ( -t- m ~(r2 -tr 3 ) 

x f dr2 dr3e x 
0 

/II/ 

3 T. I ig2A j Dcj 
xii f[o 4

v.] 
1

(j Dcj Xj Dc(j +j ))fdA
1

dA
2
e 12 x3 

i= 1 1 0 2 3 1 2 3 0 

2\ . De(. . ) 
i g /\2j 1 J2 + J 3 

xe 
T T2 q 3 q 

8(
4

) 12 f (v (17) + ---1 )d77- 2f(vaC77)+ -.j)d77 I. 
0 2 2 0 

B c1Jop¥yJie {II/ 6b1JIO HCDOJIL30BaHo TO)K)J.eCTBO e R -1 = 
= R 0f d A e R • ,nanee, MeHJIJI nopJI~OK HHTerpapoaa-

3 oo Tk 3 oo oo 

HHJI II f drk f d~ => II f d~ k f drk ... H nepexo~JI K uo-
k =1 0 0 k k= 1 0 ~ k 

BbiM nepeMeHHbiM 

7 k->Tk+~k' 

~I 
y I -> y 1- 2 f ( v 1 (77 ) +q 1 ) d 17 , 

0 

~2 q 
Y ->Y - f (v (77) _._ J)dn 2 2 0 2 . 2 ., 

~3 
J ( 1/3 ( 17) + ~) d77 ' 

1/ (77)-> 1/ (77 )-(q -p, )0 (~ -77 ), 
1 1 1 1 I 

v. < 11) --- v. < 11 ) - .L c q2- p2) e c ~. - 17 ) c ti = 2 , 3) , 1 1 2 1 

npeo6pa3yeM ciJopMyny /II/ K cne~yiDII{eMy BH~y: 

10 

/I2/ 

i( 2rr)
4 

o(
4
)(p +P -q -q )T(q ,q ;p ,p )=g2 fim (pi-m2)(q}-m~x 

I 2 I 2 I2I2 22.,2 
pi,q1 m 

P2 q2_. M2 
2' 2 

2 i(q.-p.)y.3 4 Tk 
(p;-M2)(q~-M~.II fdy.e 

1 1 1
IIf[o vk] ~x 

1=1 1 k=1 ~k 

oo i(q~-m2)r 1 +i(p~-m 2)~I 00 oo 

x f dr 1 d~I e f dr2dr3 f d~2 ~ :r 0 0 0 

q2 2 pi 2 
i(..l-m )(TI+T2)+i(4-m )(~2+~3) 

x e 4 
X 

~2 
xfdzDc(y -z)(j 2(z)+j

3
(z))Dcl2f (v (77)+~) d77-

1 0 2 2 

~3 
q2 

-2 f(v (77)+-)d 77l 
0 3 2 

1 c 

fdA1dA 2explig
2

A1 j:[Jcj +ig 2 A2 ji D (j
2

+j
3

)1x 
0 3 

T +~ T +~ 
(4) 2 2 q 3 3 q . 

X 8 I 2 f ( 1/2 ( 17) + ....!. ) d 17 - 2 f ( l' ( 17) + -22 ) d 17 I . /I3/ 
0 2 0 3 

B ciJopMyne /I3/ paccMaTpaaaeTcJI pacceJIHHe anepe~. To 
eCTL DOJio:>KeHO p. =q. ( i = 1, 2) H ODyll{eHbl pa~Hai{HOHHble 

1 1 
DODpaBKH K JIHHHJIM DOJIJI t/J • 

TenepL 3aMeTHM, 'ITO HHTerpanwnor1 H~1 ~aiOTDOJIIOc
Hwe MHO:lKHTeJIH (pi2...m2)- 1 ( q f-m2 )-I . Ilo:noMy B ciJopMyJie 
/I3/ MO:lKHO DepeBTH Ha MaCCOBYJO DOBepXHOCTL DO BHeWHHM 
JIHHHJIM HYKJIOHa, HCDOJIL3YJI COOTHOWeHHe /B/ 

fim a Joo dr ia r -a 
a->0 o e f(r)=if(oo), 

II 



HMeiOIUee MeCTO ,D;nJI ruo6oi KOHe'IHOB cllYHKUHH f ( T ). 

BBe,D;eM HOBble nepeMeHHLie HHTerpHpoBaHHJI t 1(i = 1, ... ,4) : 

~ 00 
11 

r 1 +r2 =t 1 ,r
1

-r 2 =t 2 ,f dr
1
dr

2 
... =.l.fdt1f dt

2 
... ; 

0 2 0 -11 

00 ~ 13 
e 2 + e 3 = t 3 • e 2 - e 3 = t 4 • I d c;-2 de 3 ... = ~ I dt 3 I dt 4 .. . . 

0 0 . -13 

BcnH C'IHTaTb, 'ITO .D;eiTpoH - cna6ocBJI3aHHaJI cHcTeMa, 
TaK 'ITO M::: 2m , TO HHTerpanw no d t l H d t 3 ,D;aiOT 
nomoca, COOTBeTCTB[IOIIUie BHeWHHM nHHHJIM ,D;eBTpOHa: 
(p~ -M2 )-I H ( q 2 -M 2 )-1 . TeM caMLIM ne£exo,D; 
Ha MaCCOBYIO noBepXHOCTb B pe,D;YKUHOHHOB cllopMyne/ /non-

X+b 
HOCTbiO OCyLQeCTBneH. C nOMOIUbiO 3aMeHW Y l = --

2
-

y2 =X ;b B cllopMyne /13/ H HHTerpHpOBaHHJI no dx 

MO)I(JIO Bbl,D;enHTb 0 -cllyHKUHIO coxpaHeHHJI 4-HMnynbca 
o<4>(p +p -qi -q 2 ). B pe3ynbTaTe aMnnHTy.D;a pacceJIHHJI 
HyKno

1
Ha Ja ,D;eBTpOHe npHHHMaeT BH,D; 

i(qCpl)b +oo +oo +oo 
T(s,t)=- 4ig 4 Eim f dbe f dt2f dt

4
f[o 4v

1
] x 

A A -oo -oo -<><> 
I' 2-> "" 

A 
1

2 12 
A--

f [o 4v ] I+ 2 
2 

I 2 

f [ 4 ] c X+b I o v3 f dz D { - - z x 
1 

-(A2+ _!_) 
2 

14 2 
-(A-~ 

2 2 

t 
-(A 2+ ....:.1.) 

2 
x [ j

2
(z) + j

3 
(z)] Dc{2 f 

0 

q2 
(v (7J)+ -)d7J -

2 2 

12 

I 

l 

t4 
-(A 2-T l 

q2 
-2 f (v3(7J)+T)d.,Jlf 

0 0 
d 

l il2 ,\ . c 
,\ f d,\ lJ2D i 

I o 2e 3 

xe 

2\ c (. . ) 
i1 /\2i 1° J2+ J 3 (4) Al+t2/2 

0 l 2 f 
q 

( v (7J) + 2 ) 

-(A2+t4/2) 2 2 d7J 

t 
A -....:..%. 

1 2 q 
2 f ( v <11) + .2) d 11 I . 

3 2 
-(A2- ~) 

X 

/14/ 

ToKH B cllopMyne /14/ onpe.D;ensroTcs cne.D;yiOIIUIM o6pa3ou: 

. +oo (4) X +b 7J 
1 (z) = f d 11 o l z - -- -2 q 11 - 2 f v (cf ) d cf I , 

1 -oo 2 1 0 1 

t2 
Al+-

2 (4) b 7J 
j

2
(z)= f d718 {z-~- q271 -2fv2(cf)dcfl, 

t4 2 0 
-(A2+ 2) 

12 

AcT (4) x-b 7J 
j (z) = f d71 8 {z- -- -q271 -2 fv3(cf)dcf I. 
3 t4 2 0 

-(A --) 
2 2 . 

B cllopMyne /14/ nepei.D;eM K cllypbe-npe.D;cTaBneHHIO MJI 
8 - cllYHKUHH H npH'IHHHoi cllYHKUHH D c ·: 

8 (4) 4 . l f v + fv I - f d a Ia <f v2 + .fi'-3 ) 
2 3 - --e 

(217 )4 

13 



4 
c d k c 

D I f v + f v l = f - D (k) exp I ,ik ( f v
2 

+ f v.3 ) !. 2 3 (21T)4 

JaMeHa ciJyHKIJ;HOHaJibHhiX nepeMeHHhiX 

v
2 

(71) -+v
2

(17) +a -k () ( -17), 

v (TJ ) -+ v (71 ) -a+ k () ( -17 ) 
3 3 

noJBOJIJieT y6paTb cnaraeMble, JIHHeiiHble no vi ( 17) (i =2, 3 ) , 
B noKa3aTeJie 3KCnOHeHTbl B /14/, B peJyJILTaTe HMeeM: 

t2 
A+-

T(s,t)=2g2 f d4b e i(qi-Pf )h 
4 -too 4 I 2 

«<l(Al'Att) f[8 vi_] f[8 v
2

_] 
""""" t 

-(A2+1) 

A - t 2 

f[84v] I 2 
t4 

-(A2-2) 

c X+b . I 
fdzD 1---zl[j

2
(z)+j

3
(z)] fd.\exp x 

2 0 

xlil.\jiDc(j
2
+j

3 
)I A. -+oo (i=1,2), 

I 

r,IJ;e 

<I! (A I• A2 , t) = -----------

-ig2Jdt2dt4f d4ad\ Dc (k) x 
~ (2rr)8 

;t-oodt f d 4 a iq i' t 2 + 2 i a 2 A 
J c --e 2 

-oo (2 rr )4 X 

. 2' 2A . ( k) I . 2' . DC, tq2at+ 1a I +tq 2 a- t I~ 1\)2 13 
x e 4 f d.\ e 

0 

/15/ 

2 rl'\ c x I exp [ -.ig f __ _7_...::D_..:.:(k~) _____ _ 
4 2 2 ]-11 

C TOKaMH ( 2 rr) (k + 2 ak +q k ){k + 2 ak -q k) 
2 2 

14 

I 

-too (4) b J 
j (z) = f d 17 8 I z -~ - 2 q TJ - 2 v ( 17' ) d 17 'l , 

I -oo 2 I 0 I 

AI +t2/2 (4) 17 
j(z)= f d718 lz-~-(q 2 +2ah-2f[v(77')-2 2 0 2 

-(A
2
+ t

4
/2) 

-kiO( -77')]d77'l, 

t 
AI-~ 

2 

j 3( z) = f (4) x-b ( 2 ) 
d17 8 I z- - - q- a 17-

2 2 
t4 

-(A2- 2) 

17 
- 2J [ v 3 (17 , ) + k I() ( -17 , ) ] d 17 , } 

A,-++oo, i =1,2. 
I 

3,IJ;eCb HCnOJib30BaH JIBHbiH BH)J; KOHCTaHTbl nepeHOpMHpOBKH 
CBJI3aHHOrO COCTOJIHHJI Z c, Ha:ii,IJ;eHHbiH B npHJIO)KeHHH /ciJop
MyJia 114/. 

ToK j i (z) B ciJopMyne /15/ npe,IJ;cTasmieT co6o:ii cKa-
nBpuyro nJIOTHOCTb TOqequoro KJiaCCHqecKOrO HYKJIOHa,,IJ;BH
)Ky~erocJI no TpaeKTOPHH, KOTopaJI Ja,IJ;aeTCJI uaqaJILHbiM 
H KoueqHhiM HMnynLCOM I pi H q i cooTBeTCTBeuuo/, oT
HOCHTeJibHOH KOOp,IJ;HHa TOH b "= Y I - Y 2 H ciJyHKD;HOHaJibHOH 
nepeMeHHOH 20 f 71 vi (g)dg ' OnHCbiBaiD~e:ii OTKJIOHeHHe OT 
npBMOJIHHeiiuoro nyrH. YqHThiBaJI 3To, nonyqeHHyro ciJopMyny 
)J;JIJI aMnJIHTY,IJ;bl pacceJIHHJI MO)KHO paCCMaTpHBaTb KaK KOH
THHyaJibHyro CYMMY no BCeB03MO)KHhiM TpaeKTOpHJIM HYKJIO
HOB B npou;ecce pacceJIHHJI. 

15 



§3. AcuMn•o•u .. ecKoe noeeoeHUe QMIIAU•yow pacce.RHUJI 
HYKIIOHQ HQ oeiJ•poHe npu 6biCOKUX 3HepZUJIX 

Pacc:woTpBM acaunToTB'IecKoe nose,aeaae a:wnJIBTYAW 
pacceJIHBJI /15/ B npe,D;ene swcoKBx 311epraii: s -+"" 

2 
npa 

f!IBKCBpOBaHHWX nepe,D;aHHWX BMnym.cax -t =-(qrp1) « S 

/pacceJIHBe snepeA/. Bw'IBcneuae npose,D;eM B cucTeMe 
neuTpa Mace cTanKBBaiOUlHXCJI qacTan p 

1 
= - p 

2 
B uanpa

BBM OCL Z no BMDynLCY p I·: 

pI = ( pI 0 ' O ' O ' p z ) ' p 2 = ( p 20 ' O ' O ' - p z ) 

2 
s = (pi + p2 ) 

2 
= (piO +P2o) ' 

2 2 2 
t = ( q - p ) = ( q - p ) = -~ I I 2 2 • /16/ 

To'IHO BW'IBCnBTL filyHKilBOHanLHwe BHTerpanw no TpaeJCTo
pBJIM B filopMyne /16/ He y,D;aeTCJI, no3TOMY BCnOnL3yeM 
npa6nBlKeHBe npJIMOnBHeiBWX nyTei /I •2/ BnB 3BICOHanLHOe 
npa6nBlKeHBe, To ecTL npe,D;Dono*BY, 'ITO B paccMaTpasae
MOi ICBHeMaTB'IeCKOi o6naCTB MO)I(HO onyCTBTL B HyKnou
BWX ToKax I 15/ filyaxnaouan~ouwe nepeMeuuwe v 1 (71 ) 
OnBCWBaiOUllle OTKnOHeHBe OT npJIMOJIBHeiHWX TpaeKTOpBi. 
Ha JIJWKe ,D;BarpaYM cl»eiuMaHa TaKoe npB6nB)I(eHBe npaso
ABT IC JIBHeapB3&1lBB ByKnOBHWX nponaraTOpOB no BMnynL
caM BBpTyanloBWX Ye30BOB, TO eCTio IC JaMeHe: 

2 2 -I ~ 
[(q+ I k 1 ) -m 1 -+ (2q I k.), 

I I I 
/17/ 

r,D;e q - BMnynLC HyKnOBa, k i - BMnynLC BBpTyanLHWX 
MeJoHos. OnycKaJI BO scex swpaliCeBBJIX j 1Dc j k' ( k =2 ,3) 
tlyaKnaouanLuwe nepeueuawe v 1 ( i = 1, 2, 3), nony'IBM: 

2 c 2 ci4k -ikb c +<><> +<><> 
ig .\2 j 1D j 2 =ig.\2 f --

4 
e D (k)fd711 Jd77 2 x 

( 2rr) -oc -oo 

/18/ 

16 

4 -ikb 
-.2ip 1k 71 1+ i(p 2+2a)k 112 . 2 f ~ e 

0 
(2p k )x 

=-tg.\2 2 2 2 I 
x e (2rr) k - 11 

xo (k( p
2

+2a)). 

C nOMOII(LIO 0 -fllyHKnHi MO)I(HO BWDOnHHTL HHTerpBpOBaHBe 
no k0 B kz ·· 

ko = kz -
PIO -r P20 

1 

rAe P 10 + P 20 = V s · 
TalC KaK B paccMaTpBBaeMoi o6naCTB S -+oo, TO MO)I(HO 

nonolKBTL k0 "'kz= 0. 3TonpBBOABTKcne,D;yiOII(eMypeJynL
TaTy: 

. 2 \ . DC. . 2,\ . DC . . 2 \ 1 ( I b I ) 
tg /\2 l I l = tg "2 l I l = 1 g /\2 -- KO 11 .1 • 

2 3 2rrs /19/ 

r,D;e K 0 - filyuKnaa KenLBBHa uyneBoro nopJI,D;Ka. 
Ilocne BHTerpapoBaHBJI no db 0 , db z B d.\ 

2 
ll!opMyna 

/15/ npBHBMaeT BB,D;: 

T(s,t)=-2is<l>(t)f d2b ~~lbl iXI(b)+iX2(b) 
. -I- e I e -11, /20/ 

rAe 

g2 
x .(b)=-- K 0(11l b..!. I), 

1 2rrs 

<l>(t) = eim <1> (A1,A 2 ,t), li=1,2. 
A 1-+oo 

Cl>yaKnBIO <f> ( t ) MO)I(HO TpaKTOBa TL KaK ll!opMiilaKTOp 
,D;eiTpOHa, TalC KaK 3TO BWpa)l(eHBe JaBBCBT TOnLKO OT 
B3aBMO,D;eiCTBBJI COCTaBnJIIOUlHX ,D;eiTpOH 'laCTBn. 

IlonyqeuuaJI filopMyna ,D;nJI aMnnBTYAW pacceJIHBJI uyKnoua 
ua ,D;eiTpoue coBna,D;aeT c rnay6epoBCKBM npe,D;cTaBneuaeM 

17 



aMnnBTYAW swcoKo3uepreTHqecxoro pacceAHHJi ua cna6o-' 
CBJi3aHHOH CHCTeMe / 9/ 

-+ -+ 

F(q,k)=-i-Jd'b ••• '"••(br ·;>+'X <;;-!.> 2rrk e <f[le 13 IT -llli>' 

rAe I i·>, I f > - uaqam.uwii H xouequwii sexTopa cocTOJi-
v -+ 

HHJi AeHTpOHa, S - OTHOCHTellLHaJI KOOp,nHHaTa HYKHOHOB 

B AeiiTpoue. 
B nonyqeHHoii HaMH cllop:wyne /20/ HeT 3aBHCHMOCTH oT 

nepeMeHHWX, ODHCWBaiOUUIX BHyTpeHHee ABH)I(eHHe HYKHOHOB 
B AeiiTpOHe. 3TO 06'bJICHJieTCJI TeM, qyo B paCCMa TpHBaeMOM 
cllopManH3Me AeiiTpoHy conocTasnJieTcJI noxanLHWii nonesoii 

onepaTop. 

3aK/110'4€HUe 

B paMkax MeTo.na «l!YHKUHOHanLHoro HHTerpuposaHHJI 
B TeopeTHKo-nonesoii MOAenH fint =g!fi 2 ¢ nonyqeHo 3aMx
HyToe BWpa)l(eHHe AHJI aMDllHTYAW pacceJIHHJI C yqaCTHeM 
COCTaBHWX qaCTHU. llonuaJI 3HKOHallLHaJI 4la3a Oka3WBaeTCJI 
paBHOH CYMMe 3HkOHallLHWX 4la3 pacCeJIHHJI Ha OTAellLHLIX 

COCTaBHJIIOUUIX AeiiTpOHa. 
B oTnuque oT pa6oTw /II/, rAe Tax•e paccMaTpHsanocL 

pacceJiHHe Ha COCTaBHOH qacTHUe B paMKaX KBaHTOBOH 
TeOpHH DOHJI, B HaWeM DOAXOAe 6onee DOCHeAOBaTellLHO 
ocyauecTBHJieTCJI nepeXOA Ha MaCCOBYIO DOBepXHOCTL DpH 
nocTpoeHHH aMnnBTYALI. B pa6oTe /II/ nonJOcHwe MHolkH
TenH BWAenJinHCL MJI Ka)I(AOH COCTaBHJIIOIUeii qaCTHULI 
AeiiTpoHa B OTAe»LHOCTH. B HameM •e cnyqae nepexoA Ha 
MaCCOBYIO nosepXHOCTL BWDOllHJieTCJI no BHeWHHM HMnynL

caM AeiiTpoHa s uenoM. 
3TOT DOAXOA MOlkHO pacnpocTpaHHTL Ha MOAeHL CKallJip

HWX HYKHOHOB, B3aHMOAeHCTBYIOUUIX C BeKTOpHLIM Me30H· 
HWM noneM f int = - i g 1/1 "'all 1/1 All . llpH 3TOM nonyqaeTCJI 
aHanoraqHoe npeACTasneHHe MJI aMnnHTYAW pacceJIHHJI 

Ill 

C 3HKOHanLHWMH «ila3aMH, He 3aBHC.MUUIMH OT 3HeprHH 

g2 
X (b)=- K 0(1lb). 

2rr 

B 3aKnJOqeuae asTopw 6naroAap.aT 3a HHTepec K pa6oTe 
H none3Hwe o6cy)I(AeHHJI li.M.Iiap6amosa H P .H.«<>aycTosa. 

llpwwJtteHue 

* llpu pacceJIHHH 3ne:weHTapuwx qacTHU npo6ne:wa 
BWqHcneHHJI 6e3pa3MepHWX KOHCTaHT nepeHOpMHpOBOK Z B 
peAYKUHOHHOB cllop:wyne npaKTHqecKH He B03HHKaeT, TaK KaK 
no KpaiiHeii Mepe B TeOpHH B03MYJUeH!JH 3TH KOHCTaHTW 
He AaJOT sxnaAa B a:wnnHTYAY pacce.auu.a 101. B cnyqae coc
TaBHLIX qacTHU, ODHCWBaeMLIX llOKaHLHWM onepaTOpOM 

B(x) = fim 
e--+ 0 

T 1/J (x+ e-) 1/f (x- () 

z l/2(e-) 
c 

KOHCTaHTLI nepeHOpMHpOBkH Z c pa3MepHW, H D03TOMY DpH 
nocneAOBa TenLHOM DOCTpOeHHH aMDllHTYALI pacceJIHHJI Tpe-
6yeTCJI ux swqucneuue. 

Haii,ne:w swpa•euue .nn.a Zc :weTo,no:wcllyHKUHOHanLHoro 
HHTerpHpOBaHHJI 

zc -.ie-e: f dx e -ipx 
M 

K < T(!fi((}!fi(-() 1/J (x+e-)1/J (x-e-)> 
X 0 

/ll-1/ 

HcnOHL3YJI TOT )l(e MeTOA, KaK H npH DOCTpOeHHH aMDllHTYALI 
B §2, nonyqHM 

* Cno:Bo"3JI-eM:e:HiapjiaJI" o3uaqaeT, qyo qacTuua s pac-
cMaTpusae:woii MOAeHH ~int = gi/J 2 rp ODHCLIBaeTCJI OAHHM 
onepaTopoM, 1/J(x) una ¢(x). 
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2 2 -ipx i c 
Zc= fim i(p -M) Jdxe expl-

2
JJdz1dz 2D (zcz2 )x 

p2-->M2 

e .... o 

02 
x IG<e,x+e!<t>>G<-e,x-el<t>>l . 
o ¢ (z

1 
) o ¢ (z

2
) ¢ = o 

/II-2/ 

IIocne no,IJ,cTaHOBKH B /II- 2/ (!lopMynw /7/ H awnonHeHH.II sa

pHaUHOHHOrO ,IJ,H~epeHUHpOBaHHJI HMeeM: 

. . 2r -1px 2 oo 1m . 

Zc= i fim (p
2
-M

2
) J dxe (II J dr. e 

1 

2 2 i=l 0 I p,_,M 

~ 4 r. 
J[ o vi] 01) x 

x exp I i g2 
J. * De 1· * 1 I 2 , /II-3/ 

r,IJ,e 
ri (4) ri 

j~(z),..fd77 o (z+2 Jv
1
(77)dlJ), i=1,2. 

I 0 I 
111 

Bw,IJ,eJIJIJI B /II- 3/ DOJIIOCHbiB MHO)I(]ITem. (p 2-M
2

) -I TO'IHO 

TaK *e, KaK 3TO ,IJ,eJiaJIOCL B §2, DOJIY'IHM OKOH'IaTeJILHOe 

awpa*eHHe ,IJ,JIJI Z ·: 
c 

+oo 4 
Z =2 J dt J d a iapt 2+2ia

2 
A 

c 2 -e 
-<><> (2rr)4 

X 

D c (k) I -1], d\ 
x [ exp I - i g 2 J -

(2rr )4 (k 2 + 2ak + pk) ( k 2+ 2 a k - pk) 

A .... oo. 
/II-4/ 
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