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.QeCHMHpOB r.M., neTKOBB H.n. P2 - 11126 

CrpyKTypa npOTOHB H KB83BDOTeHUHBnbHoe ODHCBHBe npOTOH
sneKTpOHHOrO B38HMoaeACTBHH C ¢opM~KTOp8MB o6mero BHaa 

PaccMorpeaa crpyKrypa nporoaa a aaao Kaaaanoreanaanbaoe ona-
caaae nporoa-aneKrpoaaoro eaaaMoaeAcraaH. npoae~eao cpaaaeaae Kaaaano
reanaanoa, nocrpoeHHbiX no aayM aapaaHTaM Kaaaanoreauaanbaoro noaxoaa 
noryHOBB H Taaxenaaae. npHMeHeH nepBbiA BBpHBHT 3TOro noaxoaa C HCDOnb-
30BBHH8M aayxapeMeHHOA ~HKUHH rpHHB H ~IHMBHOBCKOA Kana6pOBKH. 
CrpyKTypa npoToaa onacaaa npa aaeaeaaa ~opM~KTopoa o6mero aaaa 
a npa6na~eHHB pacceHHHH. 

KaaaanoTeauaan nocrpoea a 'leTbipexKoMnoaearaoll aapaKoacKoA <jlopMe. 
Baaay cno~aocTH peaynbrara aanacaa TOnbKO rnaaHhiA 'lnea. Caenaa nepe
xoa K naynaeacKoMy aayxKoMnoaeHTHoMy npeacTaaneHH~ a nocrpoeao HH3Ko
aaepreTH'IecKoe npa6na~eaae. B TBKoA ¢opMe MO~Ho npoaecrH cpaaaeaae 
peaynbTBTOB1 nony'leHHbiX B aayx BBpHBHTBX KB83HDOTeHUH8nbHOrO noaxoaa. 
Ha MBCCOBOA DOBepXHOCTH KB83BDOT8HUH8nbl COBD8AB~T. nepBbiA aapHaHT 
DOAXOA8 DpHBOAHT K DOHBneHB~ HOBbiX 'lneHOB1 HBHO 38BHCHmBX OT 3Hepraa, 
ltOTOpble onpeaeneHbl TOnbKO AHpaKOBCXBM sneKTpH'!eCKBM ~opM<jlaKTOpOM. 

Pa6ora Bhmonaeaa B na6opaTOpBH reopeTH'IeCKOA ~H3BKB OHHH. 

Coo&qeue OCh.e .... euoro UCTSTYT& U8piiMX SCCJieAo....a. ,Ay6B& 1978 

Decimirov G.'\1., Petkova N.P. P2 - 11126 

Proton Structure arxi Quasi potential Description 
of Proton-Electron Interaction with Form Factors of 
General Type 

Proton structure arxi quasipotentlal description of proton
electron interaction are considered. 'The comparison of quasipo
tentials constructed by two versions of the Logunov and 'I'avkhelidze 
quasipotentlal approach has been performed. The first version has 
been applied with the use of Green's two-time functions and of the 
Feynman calibration. 'The proton structure is described by introdu
cing form factors of general type in the scattering approximation. 
A quasipotential has been constructed in the 4-component Dirac 
form. Due to the complexity of the result, one principal term 
has been written only. 'The transition to the Pauli 2-component 
representation has been made and the )ow-energy approximation has 
been constructed. 'This form allows one to compare the results 
. obtained · in two versions of the quasi potential approach. On the mass 
shell quasipotentials coincide. In the first variant new terms 

appear explicitly deperxient upon the energy arxi determined by 
.the Dirac : electric form factor. 
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§ 1. B ABYX npeAWA~HX pa6oTal
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6wna paccuoTpeHa 

cTPYKTypa npoToHa H 6wno .~taHo KBa3HnoTeHI(HanhHOe onu

caHHe DpOTOH- 3neKTpOHHOrO B3aHMO,AeiCTBH.B. 3neKTpO • 

uarHBTHa.& cTpyKTypa npoToHa onucwaanac~t sse.~teHBew 

npOCTWX YO,AenhHWX c)opMtllaKTOpOB H CTpOBnC.B KBa3HDOTeH

I(Han no Depsouy sapuaHTY KBa3HDOTeHI(Ban~tHoro DOAXOAa 

JioryHOBa H TasxenB,A3e/S/ C DOMOllthiO DOnHOi ABYXBpe· 

MeHHOi c)yHKI(HB rpBHa DpH HCDOnh30BaHBH o6W'IHOi c)eiH· 

MaHOBCKOi KanH6pOBKH. PaC'IeTW senBCh B COOTBeTCTBBH 

C pa6oTaMH 14 •51 . 3neKTpH'IeCKHi c)opMc)aKTOp ,IJ;upaxa 

H uarHHTHWi c)opYtllaKTOp fiaynH BW6BpanHCh B TO'IHOM 

COOTBeTCTBBH C pa60TaMH 16 •71 , B KOTOpWX KBa3BDOTeHI(Ban 

CTpOHnC.& DO BTOPOMY BapHaHTY Klla3HDOTeH.QHanhHOro DOA-

· XO,Aa131 C DOYOuthiO MaTpH'IHWX 3neMeHTOB MaTpHI(W pac· 

ce.&HH.& ua uaccosoi nosepxHOCTH. Uen~> HaCTO.&utei pa6o

TW - cpaBHeHBe KBa3HDOTeHUBanOB, CTpOHBDIHXC.B DO 060BM 

BapHaHTaY KBa3HDOTeHI(HanhHOrO DO,AXO,Aa JloryHOBa H 

TasxenB,A3e s DpH6niDKeHHH o.AHoc)oTOHHoro o6ueHa. B
111 

6wno ycTauosneHo cosDa.~teHBe Ha waccosoi DosepXHOCTH 

COOTBeTCTBYJODtBX KBa3BDOTeHI(BanOB B HH3K03HepreTH'IeC· 

KOM DpB6n1DKeHBB ABYXKOYDOHeHTHOi naynBeBCKOi c)opMW, 

s/2/ oxa3anoc1. Heso3MO)K]IWM c.~tenaTh no.~to6Hoe cpas

HeHHe. B /1.21 6wna DOCTpoeHa TaiOKe o6uta• 'leTwpex~ 
KOMDOHeHTHa.B ,ABpaiCOBCKa.& c)opMa K~.3HDOTeHI(Bana, .BBHO 

3asuc.auta• oT 3Hepruu. BBB.AY · cno)K]IOCTH: pe3yn~tTaTa 

3aDBCaH TOnhKO rnaBHWi 'lneH KBa3HDOTeHI(Bana. 

B pa6oTax /8,91 ~aycTOB paccuoTpen KBa3HDOTeHI(Ban 

OAHo4M>TOHHOrO 06MeHa CHOBa C DOYOuthiO BTOporo BapHaHTa 

KBa3HDOTeHI(HanhHOrO DOAXO,Aa, He BBO,A.B YO,AenhHWX c)opM· 
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41aJCTopos B JlBHoi cllop:we. llpH:weHeHa JCynoHoscxas JCans6-

posJCa. llpe)lJlolKeHo nonJolOBaTitCJl "npH6nHlKeHHe:w pacce•

HH•", B JCOTOpOM TOJIItiCO DpOCTp&HCTBeHHa• 'I&CTit nepe,Jl&'IH 

HMDYJIItC& B CHCTeMe neHTpa Mace He RC'Ie3aeT. 3TO 03Ha

'l&eT M&JIWI BWXO,Jl 3& M&CCOBYIO DOBepXHOCTit, H B T&JCOM 

DpH6JIHlKeHHH B03MOlKHO DOCTpOeHHe JCB&3HDOTeHI{Hana C 

toPMcllaJCTOp&MH o6mero BH,Jl&, 6e3 HCDOJIIt30BaHH_. ICOHJCpeT· 

HWX MO,JleJIJ.HWX npe,llCT&BneHHI. T&ICYJO CXeMy MOlKHO HC

nonJolOBaTJo H a pa:wxax nepaoro sapHaHTa JCBalBDOTeunaan~o

Horo DO,JlXO,Jl&. 

12. HHlKe 6y,JleT paccwoTpeuo npoTou- :meJCTpouuoe 

B3&HMO,JleiCTBBe B DpH6JIHlKeHBH O,JlH~OTOHHOro o6MeHa 

/eM. pucyHOK/. 3JieiCTpoH Dpe,JlDOJiaraeTc• 6eCCTpyJCTYPHWM 

' E 1 +£ 
(1) -.... 

yfl E, +£ 

.... 
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.... 
-P 

(2)= 
E -( 

2 
rtJ. 
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k 

-> 
-q 

E -( 
2 

(1) 

(2) 
' 

B :JneiCTpOHHWe clloPMcllaJCTOpW He BBO,JlJlTC ... Jiy,JleM DOJIIt30· 

BaTitCJl 0603B&'I8BHJlMB, JCOTOpWe BBe,JleBW B pa60T&X /1,2 / • 

CTpyKTYPY npoTo&a MOlKBO y'leCTit, BBO.IlJl :ttclleJCTBBBYJO 

DpOTOBBYJO B8pmBBy CJie,JlYJOIIlero BB,Jl&: 

2 . e v 2 r zey p(k )+lg-u k f(k ), 
fl fl 2M f.lv 

\/1/ 

r,Jle p (k2 
) - 3JI81CTpB'IecJCHI .JlBp&JCOBCJCJd toPYciNLKTOp, 

f (t-2 ) - D&yJIBeBCJCBI M&r-TBWI toPMtllJCTOp, k ,. ( k v) -
'leTwpexaeJCTop nepe,Jla'IB RMDYJIItca. Kax o6w'IBo, tyaxn.a 

f (k2 ) B p (k 2 ) C'IBT&IOTCJl BOPMBpOBaBBitiMB yCJIOBBJlMB 
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p (0) -1 • f (0) = 1. B npa6JIBlKeHBB paccesHHJl MOlKHO aa-

,DHC&Tit 

p(lc2)=p (k 0
,' )xp( t2), f( /c2 )zf(k0

, k)=f(k2). 

Cne,Jly .. 
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, nocne .llOBOJIItHO .llJIHHHWX BW'IHCJie

HHI c acnonJo30BaHHeM o6w'luoi cllelu:wauoscJCoii xa

JIH6poBJCB MOlKHO DOJIY'IHTit JCB&3HDOTeHI{H&JI B '18TWpex

ICOMDOHeHTHOI .llBP&ICOBCICOI top:we :. 

V (p, q, E ) .. e2 A +(p)A+ (-P) x 
1 2 

... ... ... 
... (2E-Qm -QM-Pm-PM-2Iki)(I-a1 ·a2 ) 

X I p (k 2 ) + .... .,. ... 
21 kJ (E-Q - P -lk!)(E-Q -P -lk!) 

m M M m 

+igf(~2) (E-Qm -QMXyoyfl)l[( yoa~)21k\- (yoaJL·k) 2] 
... ... ... 

4 M I k I (E - P -Q - I k I )(P -Q + I k I ) 
M m M M 

. f(t!2 (E-Pm -PM)(yo/ )l[(yoa; )21kl +(yoafl ·k)2] 
-~ ~ ) + ... ... ... 

4M\kJ(E-QM-Pm-lk\)(QM -PM+\kJ) 

( 0 ll ) [( 0 0 ... 
+igf(k2) Y Y 1 Y all )2(Q,;c PM )-(y0a~·k)2 l 

2M[(P -Q )2 -12] I X 

M M 

+ + -> 
X A1 (<t)A2 (-q )+ ... /2/ 

S • p -q - Tpex:wepsaa nepe,lla'l& BMnyn.~oca, E·E 1+E 2 -
DOJIB&Jl 3BeprBJl CBCTeMW, BCe B8JIH'IBBitl - B CBCTeWe 

neHTpa wacc/. 
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].D,eCJ. 3aDBCaH, KaK B B pa6oTaX 11 •21 , TOnhKO rnaBHWB 

"'JJeH KBa3BDOTeHnaana. MolKBo DOny'IBTJ. B ocTanJ.awe 

"'JJeHW B 06Kna.D,KaX CO BCeYB KOY6BHanBJIYB 3HaKOBDpOeK· 

naoHHWX oDepaTopoa: 1++1 ... 1- ·I, I· ·1 ... 1++1,1· -1 ... 1- -1. 
KaK B3BeCTHO, OHB He .D,aiOT BKna.D,a B HB3K03Hepre· 

TB'IeCKOY DpB6nJDKeHBB, D03TOYY B He 3aDBCaHW. 

B TaKoii cllop:we KBa3HDOTeHnaan B 18 •91 He 3aDBCaH, 

B cpaBHeHBe pe3ynJ.TaTOB, DOny'leHHWX DO 060BY aapBaH· 

TaM KBa3BDOTeHnaanJ.HOrO DO.D,XO.D,a, HeB03YOlKHO. llepe • 

XO.D.JI B 121 K DaynBeBCKOYY .D.BYXKOYDOHeHTHOYY Dpe.D, • 

CTaBneHBIO KBa3BDOTeHnBana B DpOB3BO.IJ.JI pa3nOlKeHBe, 

KaK 06W'IHO, DO :wanw:w Dapa:WeTpay HB3K03HepreTB'IeCKO· 

ro Dpa6nJDKeHBJI, DPB coxpaHeHBB HB3mBx DOPJI.D.KOB B pa3-

nolKeHBB, YOlKHO DOny'IBTJ. rnaBHWB "'JJeH KBa3BDOTeHnBa· 

na B cne.D.yiOJneY BB.D.e: 

->-> 2 .... 
U++(p,q,E),e lr(P)[--1-+_1 __ P

2 
+ q2 

->2 2 .... -+ 
k 811 2mMk2 

1 .... .... ck' .;1 >ci.; 2 > > < i)2 _ -q 2 > 2 +--(a •a- + .......; ___ _ 

4mM 1 2 k 2 4mM I k 14 

-> .... 
. pxq -> 1 1 -> 1 1 

-1 (a (---)+a(---))-
4 k 2 · 1 11 2 M2 2 112 m 2 

1 E
2 2 -> 2 -;t 2 

_ -:;- ( 2 -(m+M) _ p +'i 

4lkl3 m+M 11 ) -

131 

1 2 2 
_ - .... -(( E -(m+M) 

8lki4 m +M 

->2 
p2 )2 ( E 2-(m+M)2 _ ~)2)+ 

--- + m+M 11 J1 

. ~ ~.... =+ ... -=+-t 
g -> 1 a • (pxq) . 1 (K•a1)(k ·a2) 

2[ ·2 ........ 1 +-f(k ) --1 +-(a •a -~ )] 
2M 2M 11 I{ 2 2m 1 2 k 2 
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I 11 - m M I ( m + M ) - pe.IJ.ynapoaaHHaJI :wacca cacTe:wwl. 

fl»op:wyny 131 YOlKHO cpaBHBBaTJ. C cllop:wynaYB 12,31 
B3 181 ana I A.31 B3 

19
( BYeJI B BB.D.Y, 'ITO Y'IBTwaaeTcJI 

TOnJ.KO DpOTOHHaJI CTpyKTypa B BW'IBCneHBJI C.D,enaHW HaYB 

B clleiiHYaHOBCKOB Kana6pOBKe, D03TOYY cpaBHeHBe BYeeT 

CYWCn C.D,ena Th B DpB6nJDKeHBB d z1. llpOCTWY o6pa30Y .YOlK· 

HO yCTaHOBBTJ. COBDa.D,eHBe cllop:wyn, DOny'leHHWX DO 060BY 

aapBaHTaY KBa3BDOTeHnBanJ.HOrO DO.D.XO.D,a, C TO'IHOCTJ.IO 

.IJ.O 'lneHOB 

->.... 2 ->2 1 2 2 ->2 ->2 
~U(p,q,E)=e p(k )[-_,-(2~--(m+M) P +q 

4iki 3 m+M -- 11 )+ 

2 2 ->2 ....2 2 ->2 
+ _1_(( E -(m+M) _ ~)2-+(~+M.L_ -~)2)]. 

S!k 14 m+M J1 m+M 11 

141 

/1 2/ 
CO.D,eplKaJnBXCJI B 131. fiO.D.06HWe "'JJeHW 6WnB Bai.D,eHW B ' .• 

Ha :waccoao:i -noaepxHocTB OHB BC'Ie3aiOT, B Dony

'laeTcJI TO'IHOe COOTBeTCTBBe pe3ynJ.TaTOB, KaK 3TO 6wno 

ycTaHoBneHo B B 
11

•41 . B 3TOY upe.D,cTaBneHBB sec~> 
BKna.D, JIBBOI 3aBBCBYOCTB KBa3BDOTeHnBana OT 3BepnlB 

cocpe.D,oTo'leH B "'JJeHax I 41, KOTopwe ODpe.D,enJIIOTCJI TonJ.

KO .D.BPaKOBCKBY 3neKTpB'IeCKBY cllopYcllaKTOPOY p (Jt 2) • 
1 

llneHw TBDa I 41, KOTopwe Dony'IBnBCJ. B 11 •21, BYeiOT aHa

norB'IHWe caolcTaa. 

0.D.BH B3 aBTOpOB 1r .M.~./ BWpalKaeT 6naro.D,apHOC'th 

A. TasxenB.D.3e B P .~aycTosy 3a Done3Boe o6cyliC,Ileuae 
. pe3ynJ.TaTOB pa60TW. 
I 
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