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"Ill 

S u m m a r y 

In order to take into account the contribution from 
the exchange of both finite number of hard quan~a. and 
infinite number of soft virtual particles to the'scattering 
amplitude, the closed form of the scattering amplitude in 
terms of functional integrals/1/ is used (1). The contri
bution of the finite number of the exchange quanta {"hard 
mesons") to the amplitude is singled out by·means of the 
identity (3). By a subsequent approximate calculation of the 
functional integrals {straight-line path approximation/1/) 
the contribution of the selected quanta is exactly conserved 
{eq. (5)). Neglecting the correlation between the hard and 
soft exchange in eq. (5) the elastic form factors of the 
scattering particles may be picked out. In so doing the 
contribution of the hard quanta is described by the exact 
perturbation series {eq. 8). It is reasonable to suppose 
that the amplitude in the form (8) describes the high 
energy scattering to wide angles/9/. This is in agreement 
with the Wu-Yang conjecture/?/ about the role of the elastip 
form factors in high energy scattering. 



BhlCOKti3HepreTHqecKHe npoueccw, B KOTOpbIX B3aHMOAeHCTBHe 

OCYll\eCTBJUieTCH 3a cqeT o6MeHa "MHrKHMH" BHPTyanbHblMH qacTHQ~

MH x/ , MOryT 6bITb npoaHanHJHpoBaHbl B KBaHTOBononeBOM nonxone 

AOBOnhHO AeT~nhHO. KaK XOpOUIO:H3BeCTHO, TaKOii Mex,aHH3M B3aHMO· 

nencTaHH npHBOAHT K 3HKOHanhHOMY npencTaaneHHIO aMnnHTytih1'pacce.H • 

HHH npH BhICOKHX 3HeprH11x/1 / , KOTopoe xopoUio cornacyeTcH,c 3Kcne

pnMeHTanhHhIMH naHHhIMH /2/. 
HecoMHeHHhIH HHTepec npencTann11eT ttccnenonaHHe pontt "mecT

Knx" 06MeHOB x/ B TaKHX B3~HMOAeHCTBHHX, HX BnHHHHe Ha 3HKOHanh· 

HYIO cpopMy aMnnHTYAhl H B03MO:>KHOCTb onncaHHH pacceHHHH 1_1a 6onbIIIHe 

yrnhI. EcnH npennonO:>KHTh, qTo cyIQeCTBeHHbIH BKnan B aMnnHTYAY BIIO· 

CHT npoueCCbl C yqacTHeM TOnbKO KOHeqHoro qttcna :>KeCTKHX KBaHTOB, 

TO ecTeCTBeHHO nonblTaThCH pa3BHTb TeopHIO B03MyIQeHHH no qHcny 

TaKHX KBaHTOB C nonHhlM yqeTOM BKnana OT BCex MHrKHX BHpTyanbHhlX 

qacTHQ. lionhIIIHHCTBO nonhITOK peUieHHH nanHOH JanaqH npennpHHHMa'

nocb B paMKaX cpyHKQHOHanbHOro MeTona/3 / . 3To o6'hHCHHeTCH TeM, 

qTo HMeHHO B TaKOM nonxone npoueCCbl c yqacTHeM nHIIIh MHrKHX o6MeH~ 

HbIX KBaHTOB MoryT 6hJTb paCCMOTpeHbl Han6onee nocnenonaTenbHO H 

npOCTO. 

KaK H3BeCTHO / 4 / , npH nocTpOeHHH aMnnHTYAhl Toro HnH lJHOro 

npouecca cpyuKQHOI:JanhHhIM MeTOAOM npennapttTenhHO Heo6xonttMo nony

'IHTh IPYHKQHH rpm1a paccettna10IQHxc11 qacTHU: no BHeUIHeM KnaccttqecKOM 

none. Ilptt HaxomneHHH TaKoH «pyHKQHH rpHua 3TO none pa36HnaeTcH Ha 

MHrKyIO H :>KeCTKYI0 KOMnoueHThI, H npn peUieHHH CO0TBeTCTBYIOIQero 

·ypanuemrn CTPOHTCH TeopHH,BOJMYIQenun no mecTKOH KOMnoueuTe. On

naKo uenb3H penHTHBHCTCKH·HHBapHaHTHblM cnoco6oM onpenenHTb II?· 
HHTHH MHrK0CTH H :>KeCTK0CTH BHeUiuer,o non.H, a TaK:>Ke n~cnenonaTenb· 

HO pa3BHTb TeOpHIO B03MyIQeHHH no :>KeCTKOH COCTaBnHIOIQeH. 

x/ CTporoe onpeneneHHe "MSffKHX" H "meCTKHX" BHpTyanbHblX 
KBaHT0B 6yneT naHO B nocneny101QeM HJno:>KeHHH. 
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B HarneM no,nxo,ne k ,na1moii 3a,naqe ncnoJIL3yeTCH TO'-IHoe' 3aMKuy

Toe Bhlpa)l(eime B cpopMe cpyHKUHOHaJibHOro HHTerpana ,IJ;JIH <PYHKUHH rpn

Ha BO BHernneM KJiaCCH'leCKOM none /s/ . IlyTeM npOCThIX MaTeMaTH'-le

CKHX npeo6pa30BaHHH H3 nony'-leHHOro TaKHM )Ke o6pa30M Bblpa)l(eHHH 

,!l;JIH aMTTJIHTY.IJ;bl pacceHHHH BbI,IJ;eJIHeTCH BKJia,n, o6ycJIOBJieHHhlll o6MeHOM 

KOHe'-IHhIM '-IHCJIOM KBaHTOB. )];anee, npn nocne,nyroiueM npH6JIH)KeHHOM 

Bhl'-IHCJieHHH cpyHKUHOHaJihHhIX HHTerpaJIOB /'-ITO COOTBeTCTBye_T nepexo,ny 

K MHrKHM KBaHTaM/ BKJia,n BbI,IJ;eJieHHOro '-IHCJia BHpTyaJihHblX '-laCTHU 6y

,neT Y'-IHThIB3-TbCH TO'-IHO. 3TH TO'-IHO Y'-IHTh1BaeM·b1e o6MeHHhle KBaHTbl H 

6y,neM Ha3hIBaTh )l(eCTKHMH. 

Ilpo,neMOHCTpHpyeM H3JIO)l(eHHbIH Bblllle no,nxo.n Ha npHMepe pac

ceHHHH .IJ;BYX '-laCTHU a CKaJIHPHOH MO.IJ;eJIH ·£int ,-,g t/J:*t/J ¢. . IlpeHe6pe

raH BKJia,IJ;OM OT IlOJIHPH3aUHH BaKyyMa, aMTTJIHTY.IJ;Y pacceHHHH .IJ;BYX qac -

THU IlOJIH tp MO)l(HO npe,ncTaBHTb B cne,nyroiueM BH,IJ;e / l , 61: 
i(p1-q1)b 

2 4 C f(q
1
,q

2
;p1'p

2
)=cg fd be · D (b). 

• /1/ 
2 f[,;,4 ]+oo 1·/52. DC . l)Jl...1\ I",\ 2. DC "l • TI ( u v exp 11 -

2 
J k x x J k U/\ exp 11 g J 

1 
x x 12 , 

k=1 k --,oo 

r,ne 

i; xDc x jk = ff d4 z 1 d 4z2 ii (z1) De ( z 1 - z2) jk (z 2)' 

+oo (4 ) k t; 
j (z) = f d(o [z+ (=!.) b -2 f vk (71)d71-2((qk0(i;)+pk0(-())], 
k --CXl 2 0 

ii,k "' 1,2. 

TaKaH 3anHCh aMTTJIHTY.!l;bl pacceHHHH COOTBeTCTByeT y'-leTy Bcex 

,nnarpaMM THna npe,ncTaBJieHnoii na pnc. 1. 

~ 
s--

p%. 

- " n C • '.J IJ .. I c < I 

Puct 

4 
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Ilocne,n;mrn: 3KCIIOHeHT8. B cpopMyne /1/ Y'IHTbIBaeT o6MeH KBaHTa

MH 11om1 cf, _Me)KjY paccenaa10w;nMnc11 qacTHIJJLMH, B TO apeMH KaK BLI· 

pa)KeHHH exp lif hxDcxjk I (k =1, 2) 11pe,n;cTaBJIHIOT co6oii BKna,n; B aM

IIJIHTy,n;y 3a C'leT pa,n;na:QHOHHhIX 11011paBOK K paccenaarow;HMCH qacTH:QaM, 

, KaK H3BeCTIIO, y'leT TOJihKO MHrKHX Me30HOB /11one cp / ocyw:ecT-

BJI.HeTCH 11yTeM 11pn6JIH)KeHHoro Bhl'IHCJieHHH cpyHK:QHOHaJibHhIX HHTerpa

JIOB 110 84v./11pn6nmKeHHe IIPHMOJIHHeHHhIX 11yTeii /t/ /. B ,n;narpaMMHOH 

TexirnKe ~TO. COOTBeTCTByeT cne_,n;yromeii a.1111p0Kc'i1Mil:QHH :npo11ara TOPOB 

pOB IIOJIH 1/! 

/2/ 

r,n;e k. - HMIIYJILChI BHpTyanhHhIX Me3oHOB. 

• faKHM o6pa30M, B 3TOM np,n6m1)KeHHH ~pOH3Be,n;eHHH pki C'IH· 

TaIOTCH 3qJqJeKTHBHO 6onee Ba)KJlbIMH, 'leM ki kj (1i f' j). . TOJihKO B TaKOM 

CMhICJie H HCTOJIKOBhIBaeTCH B ,n;aJihH.eiirneMIIOHHTHe "M1IrKHX" Me30HOB. 

KaK cne,n;yeT H3 cpopMyJILI /2/, TaKY:W a1111poKCHMa:u;mo 6onee Kop

peKTHO paCCMaTpHBaTb He KaK llpH6JIH)KeHHe MHrKHX BHpTyaJibllhIX KBaH

TOB, a KaK 11pe,n;110JIO)KeHHe 06 OTCYTCTBHH KOppeJIH:QHH Me)K,n;y OT,D;eJibllbI· 

MH o6MeHaMH BHpyTaJihHhIMH qacTH:QaMH, TaK KaK KoppeJIH:QHOHHhIH 'IJieH 

k i k i B 11po11araTopax 011ycKaeTc11: • . . 

qT06bI BhI,D;eJIHTh TO'IHhIH BKJia,n; KOHe'IHOro 'IHCJia KBaHTOB, KOTO· 

pble Mhl ycJIOBHJIHCh Ha3bIBaTb ")KeCTKHMH", ,D;OCTaTO'IHO c,n;enaTh cne
,n;y10mee 11peo6pa30BaHHe. 3KCIIOHeHTY' CTOHW:YIO 110,D; 3HaKOM HHTerpana 

110 d>.. B /1/' 3a11nnieM C IIOMOW:hIO TO)K,D;eCTBa 

/3/ 

,ll;nH IIPOCTOThl pacqeTOB orpaHH'IHMCH a cpopMyne /3/ cnyqaeM 

·N =O, 'ITO 6y,n;eT cooTBeTCTBOBaTh yqeTy o6MeHOB o.n;HHM H ,D;BYMH 

)KeCTKHMH KBaHTaMH /coOTBeTCTBeHHO 11epaoe H BTOpoe CJiaraeMoe B 

KpyrJihIX CK06Kax B_ / 4/ /. 
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.. 2 4 i(p1-q1)b C 

I ( q
1

, q
2 
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2 

) '" g J d be D (b) c 

2 
4 

+"'- g 2 • 
2

1 ia>..i i1 xD xj2 
11( Jlo '1.; I explii2 jkxDcxjk l)(l+•ig J >.. c!Adaj1 xDcxj2 c ). /4/ 

kc·l -~. 0 

C,D,BHr <PYHKU.HOHaJibHbIX nepeMeHHhIX BO BTOPOM CJiaraeMOM B qiop

MyJie /4/ IlO3BOJI.ffCT nepeneCTH 3aBHCHMOCTb OT 11 ; (TJ) B IlOKa3aTeJIH 

3KCnoneHT' H IlO'.lTOMY Bhl,D,CJleHHhlH o6MCH He 6y,D,eT y)Ke 3aBHCeTb OT 

cnoco6a B3.ffTH.ff <PYIIKU.HOHaJibHhIX HHTerpaJlOB. 

HcnoJih3yeM nptt6JIH)KeHnyro ou.enKy .II.JI.ff mnerpanoB no l/v. 
/nptt6JIH)KCHHe np.H M onu11e HHhIX nyTeii I 1 I /, 'ITO cooTBCTCTByeT ytJ~TY 

JIHlllb M.ffrKHX MC3OIIOB: 

J[o4 V l+oo /[,,l ~e...::Fl11l> 
-N - :, 

+"" < F [ ,, ] > oc jl o ,, l F [ v ]. 
-N, 

Teneph aMilJIHTy,D,a paCCC.ffHH.ff npe,D,CTaBHMa B CJIC,D,YIOI.J..ICM BH,D,e: 

2 2 g2 d 4k 1 1 
. )- _g_ 11 I cxpr•i- [-- ~(-?--

l( q 1, q2, P1, P2 -- µ2- t i=l 2 . (2rrf /t ·-k- k· t2kqi 
_1 _l,I+ 

k
2 

+2kp_ 
J 

2 r 
. g4 4 d4kDC(b) i(pr<[1tk)b2_ +N ik Jx,J-2ikxrat(xt)(-1) 

+ !I-- f d bf----'-.,_ C II ( r dx, C 
(2rr/ µ 2 - k2 r=1 _;,., 

expi,i
2
g

2 J d4/ -/---
2 

...::j (I';,, ,k,x )j ·(-Y;v ,k,x )',I) 
(2 rrf µ· _ y r r r r r r 

if'-"J1r1a i·, 2rch i .··(l'··k·J·<1'- k·J i 
• I\ UI\ exp :Ia" g . -f --? ..... 11 , ''1' ,xl J,, - •''2, ,x., . ' /5/ 
0 0 (2rr ,l...J.'- " -

r,ue 

+oo r 

j (f; vt,k,xr)ocf d,;expl-iie(z+C::..lJb -2 f11 (7J)d11 + 
r -oo· 2 o' 

,; 

t ,; 
+2(-1) kJ(0(x r-TJ )- 0(-71))d7J-2a,(,;),;I,; a, (,;)=qr0(,;)+p,0(-,;). 
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Beeb 3q>q>eKT, o6ycnoaneHHhIH o6MeHOM M.SffKHMH Me30HaMH, co

,nep)KHTC.fl B IIOKa3a Ten.fix 3KCIIOHeHT' B TO BpeMH KaK o6MeH o,nHHM " 

,nByMH )KeCTKHMH KBaHTaMH rnen ToqHo. AHanornqHo, nonh3YHCh qiop

Mynoii /3/, MO)KHO 6binO 6bI nonyqHTh aMIInHTy,ny pacceHHHH ,nnH 06-

MeHa npOH3BOnhHhIM, HO KOHeqHhIM qncnoM )KeCTKHX Me30HOB. 

EcTeCTBeHHO npe,nnonO)KHTh, HCXO,n.fl H3 aHanorHH C IlOTeHUHanh

HhIM pacceHHHeM, qTo TaKoe npe,ncTaBneHHe aMTTnHTY.l.lhl, yqHTh1Ba10mee 

)KeCTKHe o6MeHhl, ,non)KHO OIIHChIBaTh BhICOK03HepreTHqecKoe paccemrne 

Ha 6onhIIIHe yrnhl, TO eCTh TaKOH cnyqaii, Kor,na acHMIITOTH'leCKOH ne

peMeHHOH HBnHeTCH He TOnhKO 3HeprHH ·s =(pl +P2 )2 , HOH nepe-· 

,naqa t = (PI - ql )2 
KaK cne,nyeT H3 q>OpMynhI /5/, BKna,nhI MHrKHX H )KeCTKHX KBaH

TOB, ecnn qncno nocne,nunx 6onhIIIe o,nHoro, c1rnppennpoaa11L1 3a c'leT 

UHTerpnpoBaHHH 110 cJ4 k H d xj 

B ,nanLHeiiIIIHX pacqeTax npeHe6pe)KeM 3TOH KoppenHuneii H onyc

THM 3aBHCHMOCTh OT k B IIOKa3a TenHX 3KCIIOHeHT BO BTopo~ cnarae -

MOM B q>OpMyne /5/. 3TO cpa3y IIPHBO,nHT K BhI,neneHHIO q>OpMq>aKTOPOB 

pacceHBaIOIUHXCH qacTHU B Bhipa)KeHHH ,nnH aMIInHTy,nhI / 71 : 
2 

.!.¢i(t) 

f(s,t)~( e 
2 

r,ne 

1 2 1 eil1 ti 
---) ➔--- . 

k 2+2kp
1 

16 rt :J ti 
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"' 
~ (u)=· f cle edeb ( - 1 - + !. 
2 (2111 e2-µ2 -(e'2-2ep ixe 2 -2eq/ <£2 +2eq ixe2. 

. - - . 1 .Ko(µ I bµ.. 1J 
<I> (s)+'<I> (u) ➔ - -------. 

1 ' 2· · ·s · · ,4 11 · 

), 
+.ie P2 J 

/7/ 

' ' 2 ' 
)];eiicTBHTenhHO, BLipa:>KeHHe ·exp(t <I> ( t )) npeACTaBmieT co6oii 

ynpyrHii cl>opM<l>aKTOP pacceHBaIOll\eHC.H qacTHUhI, Bhl'IHCJieHHhIH B npH-

6nH>KeHHII MHrKHX Me3onoB Is/ . ·· 
KaK cneAyeT H3 acHMnTOTH'leCKHX ouenoK /7 /, HMeHHO 3TH MHo

:>KHTe.nH 6YAYT onpeAeJIHIOll\HMH npH ·s H :ltil ➔.00 • Ilo3TOMY' nocneAHeii 

3KCilOHeHTOH B <1>11rypllhIX CK06Ka:X B cl>opMyne /6/ MO:>KHO npeHe6pe'lb. 

Kai< OTMe'llanoch BLiuie; 3TO BLipa)KeHHe · 6Lmo OTBeTCTBeHllO 3a o6MeH 

irnrKHMH Me30HaMH Me~~y pa:cceHBaIO~HMHCH 'qacTHu;aMH H B cnyqae 

pacce.HHHH BnepeA ·s•>>:1 'ti -m 2 npHBOAIIJIO K 3HKOHaJihHOH <l>opMyne. 

B pe3yJILTaTe 3TOro aMilJIIITYAa npllHIIMaeT cl>opMy TO'IHOro PHAa TeopHII 

B03MYll\eH11ii no · :>KeCTKHM KBaHTaM, noMHO:>Kemrnro mi ynpyrHe cl>opM-

cl>aKTOPLI pacce11BaIOJUHXCH 'laCTIIU . . . 

g2 
f (s, t) = (e 2<1> (t) g 2 A 4 · ;2 I --·+!i-15-r~ clkDC(b). i(prq1+k)b 

µ2-t 2 (211)4 f µ 2_ k2 e 

2 -too iillx [\-(-lf 2ik x a (x ) 
'Il ( f dx e• r r r r ) }. 

r=l -,oo r 

/8/ 

TaKaH cl>aKTOpll3au;1rn: <l>opM<l>aKTOPOB np11 pacceHHIIII Ha 60JihWlle 

yrJihl cornacyeTCH C MexaHll3MOM BhlCOK03HepreTH'leCKOro B3allMO

AeHCTBIIH, npeAJIO:>KeHHhIM By II JIHrOM / 7/ • 

lionee peaJIIICTll'leCKOH C TO'IKII 3peHIIH 3aBHCHMOCTH OTaCHMilTO

Tll'leCKIIX nepe.MeHHhIX HB.JIHeTCH MO,D;eJih c BeKTOpHhlM o6MeHOM /po.rrh 

Me30HOB IlOJIH cp 11rpaIOT BeKTOpHhie 'laCTIIUhI: if.int =-iigiµ:*' a;, 1/f A 'r.J + 
+g1AJAat/J:*tf, HJIH ,S:_int= gif.Y. t/J 1Aµ /. B 3TOM cnyqae aCHMilTOTH-

11ecK11e ou;eHKII /7 / II 'IJieHhl PHAa ~eopHII B03Myiu;eHHH B cl>HrypHhIX CKo6-

Kax B /6/ 6LIJIII 6LI He y6hrnaIOll\HMII, a paCTYll\HMII 3a C'leT IlOHBJieHHH 

AOilOJIHHTeJILHOH cTeneH11 6onLwoii nepeMeHHOH. 

8 



llCXOAH H3 npeACTaBJJeHHH aMnJIHTYAhl pacceHHHH B qiopMe /8/ AJIH 

CJIY,-IaH BeKTOpHoro o6MeHa MO)KHO AOBO.J1hHO xoporno OilHCaTh 3KcnepH

MeHTaJihHhie AaHHhie no BhICOK03HepreTnqecKOMy p - p- pacceHHHIO na 

60JihIIIHe yrnhl/9/ . 

IIpeAJIO)KeHHhIH· MeTOA yqeTa )KeCTKHX KBaHTOB B npHHI.1,Hile AaeT 

B03MO)KHOCTh HCCJieAOBaTh BJIHHHHe TaKHX o6MeHOB Ha 3HKOHaJihHOe 

npeACTaBJie.HHe aMnJiiITYAhl pacceHHHH /1/. ,ll;JIH 3Toro Heo6XOAHMO, He 

npeHe6peraH KoppeJIHI.J,Heii MHrKHX n )KeCTKHX o6MeHOB, nonyqHTh BhI

COK03HepreTHqecKyIO aCHMilTOTHKY Bhlpa)KeHHH /5/' TaK KaK y)Ke BO 

BTOpOM CJiaraeMOM 3TOH. dJopMyJihl COAep)KaTCH He3HKOHaJihHhie BKJiaAhI 

B aMilJIHTYAY pacceHHHH /lo/. OAHaKO TaKaH 3aAaqa HBJIHeTCH TexHnqe

CK~ oqenh CJIO)KHOii. 

B 3aKJIIOqeHne aBTOphl 6naroAapHT 3a HHTepec K pa6oTe H CTH

MYJIHPYIOII.1,He o6cy)KAeHHH ,ll;.11. li.noxnHI.J,eaa n B .H. IlepayrnnHa . 
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