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1. Baet1eH11e 

naHHaH padoTa HBnHeTcH npononlKeHHeM padoT [1,21 no 
HccnenoBaHHD sneKTpopacmenneHHH neaTpoHa B peaKUHH ed -t enp. 
B padoTax [1,21 npoBeneH neTanbHhla aHanHs np-BsaHMoneacTBHH B 
KoHet:iHoM cocTOHHHH CBKC) H ycTaHoBneHo, t:iTo BKnan BKC B 
cet:ieHHe peaKUHH 3aBHCHT OT KHHeMaTHt:ieCKHX ycnoBHa 3KCnepH
MeHTa, MOl!CeT nocTHraTb donbwoa BenHt:iHHhl, H ero HYl!CHO 
yt:iHTbJBaTb. I1oKa3aHO TaKl!Ce, t:iTO cymecTByeT odnacTb, B KOTOpoa 
BKnan BKC OTHOCHTenbHO HeBenHK H snecb cnpaBennHBO HMnynbCHOe 
npudnHlKeHHe. I1osToMy B Kat:iecTBe nepBoro wara uccnenyeM 
npoHBneHHe KBapKOBOa CTpyKTYPhl HyKnOHOB B cet:ieHHHX peaKUHH 
sneKTpopacmenneHHH neaTpoHa B HMnynbcHoM npudnHlKeHHH. EcnH 
OKal!CeTCH, t:iTO BKnan HeBenHK, TO, Hcnonb3YH pesynbTaThl padoT 
[1,2), MOl!CHO OlKHnaTb, t:iTO 3TOT 3qiweKT dyneT Man H c yt:ieTOM 
BKC. Ecnu l!Ce BKnan donbwoa, TO sTo osHat:iaeT, t:iTo sneKTpo
pacmenneHHe t:iyBCTBHTenbHO K KBapKOBoa CTPYKType HyKnOHOB '. H 

HeodxonHMo ero nanbHeawee HccnenoBaHHe c yt:ieToM BKC. 

2. Pac4eT crpyKrypHo~ ~YHK~HH t1e~rpOHa c Y4eTOM 
3~eKTOB aHTHCHMMeTpH3a~HH 

BonHoBaH ~YHKUHH nByx HyKnOHOB KaK wecTHKBapKOBoa 
•CHCT9Mbl nonl!CHa dhlTb aHTHCHMMeTpHt:iHa OTHOCHTenbHO nepecTaHOBKH 
KBapKOB [3,4,5): 

IA) = A [{~ ~ } .q,Ch) Cr)], 
~ IIICSI 

A A 

A=1- }:P.J, 
i' j l 

i eI, j eII, 

A 

rne A - aHTHCHMMeTpH3aTop no nepecTaHOBKaM KBapKOB 
pasHhlX 3q-KnacTepoB CI= 1,2,3; II= 4,5,6), a 

A 

(1) 

i H j H3 
onepaTop 

nepecTaHOBKH P .. - npOH3BeneHHe npocTpaHCTBeHHoa, cnHH-
lJ "' "' "SI "'c 

H30CnHHOBoa H UBeTOBOa qacTea: pij = p~j .pij .pij; ~I<II> 
BOnHOBhle ~YHKUHH BHYTPeHHero nBHl!CeHHH KBapKOB B HyKnOHax; 



wC~)(r) - BOilHOBaH ~YHKUliH OTHOCliTenbHoro llBliKeHliH KnacTepoB; 
N~ -HOpMlipOBOqHhlfi MHOKliTenb. 

CornacHO (1) llilH BOilHOBOfi ~YHKUlili HaqanbHoro COCTOHHliH 
(llefiTpOH) liMeeM: 

A 

Ii) = +. ID), 
l 

ID) = {iln}cs I. WMi, 
i 

C2) 

rlle M. - npoeKUliH nonHoro MoMeHTa J = 1; I. 
l l 

(Ii= 0). BonHOBhle ~YHKUlili KaKlloro li3 HYKilOHOB 
- li30CilliH 

BKm)qaKlT 
CliMMeTpliqHyKl npocTpaHCTBeHHYKl li aHTliCliMMeTpnqHyKl UBeTOBYKl 
qacTn: 

i = i (n) •ic . p p ., p' i = i C() •ic. n n n C3) 

~YHKUliH OTHOCliT9IlbHOro llBHKeHliH HyKnOHOB WMCr) liMeeT Blill: 

1 u Cr) " u Cr) 
= -·-

0-·t + I: (2m 1µ11M.) ·Y Cr) ·x -2
-, 

-I.Irr r Mi ml, µ l l 2ml µ r 
WM. Cr) 

l 
C4) 

_ 1 1 1 1 
rlle Xµ - er Ecr (2 cr1 2 cr2 11µ) ·(z T 1 2 T 2 100) •ia Tia T, 

, 1 1 2 2 
1 2 

Tl ,T2 

iaT - CliMMeTpliqHaH CilliH-li30CilliHOBaH ~YHKUliH HyKnOHa. 
B KaqecTBe i CT)) li i ( () BbidepeM ~YHKUlili B MOll9Illi P n 

rapMoHnqecKoro ocunnnHTopa: 

iPCT)) = CO/rr) 3
/

2 ·expC-OCT):+T)!)/2), 

in(() = CO/rr) 3
/

2 ·expC-OC(:+(!)/2), 

rlle T/ ,T/ ,( ,( - KOOPllHHaThl HKodH; Q - OCUHililHTOPHhlfi napaMeTp 
1 2 1 2 

CB pacqeTax Q = 1 raB/c). 

AHanornqHQ 3annrneM BOilHOBYKl ~YHKUliKl KOHeqHoro COCTOHHHH, 
Y:t!liTbIBaH TOilbKO IlilOCKlie BOilHhl: 

A 

If> = + lfpw>· 
f 

(5) 

lfpw> = i CT)) •ic.i C() •ic.xM·expCiCKR + k r)), p p n n np 

2 

~ 

rlle K = k + k - nonHNfi HMnynbc npoToHa n HefiTpoHa; 
P n .. . 

k = 1/2·(k - k) - liX OTHOCliT9IlbHbtlt HMilYilbC. np p n 
ITpn pacqeTe CTPYKTypHOfi ~yHKUlili H~pa, ceqeHHfi H T.n. 

orpaHnqnMCH TOilbKO HyneBofi H IlPOllOilbHOfi KOMilOH9HTaMli 
allpOHHOro TOKa (1): 

1M M = ldr·eiqr.(flpCr) Ii)= 
i r 

1 6 A • A 

= N:"r. I: e ·(f I A e 1qr A Id)= 
i f k:1 k PW 

= 10 . [ 30 - L 3A, ij ] 
~ Mi Mf i j Mi Mf , 

(6) 

rlle q - HMilYilbC,nepellaBaeMb!H ll9liTpOHY BlipTyanbHbIM ~TOHOM: 
q = k + k; Q = Cw,q) - 4-HMnYilbC ~TOHa. p n 

rL r 

X 
a d 

Pnc. 1. PaanHqHhle aHTHCHMMeTpH3aUHOHHhle BKilallhl B 
CTpyKTYPHYKl ~YHKUHKl ll9liTpOHa (nOHCHeHHH CM. B TeKCTe). 

TaKliM odpa30M, 1M M 
i r 

KOMdHHaUHH "odbJqHoro" 

npellCTaBnHeTCH B Blille mrnefiHoit 
e . 

1° = I: e ·(f I e 1qr Id), 
Mi Mf k:t k PW 

TOKa 

KOTOphlfi HCilOilb30BancH B (1,2), H H9KOTOpofi "llodaBKH" aa cqeT 

aHTHCHMMeTpH3aUHH J~~j = [ ek(fpwl eiqr pi. Id). ITpH pacqeTe 
l f k:1 . J 

nocnellHero MaTpHqHoro aneMeHTa TOKa HeodxollHMo paanHqaTb llBa 
cnyqaH: k ~ i,j, T.e. B3aHMOlleliCTBHe BlipTyanbHOro ~TOHa 
npoHCXOllHT C KBapKOM, He aaTparHBaeMb!M nepecTaHOBKOfi 
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C,niiarpaMMa Ha pll'.c. la), If k = i 
B3all'.MO,IletlCTByeT C "odMeHHb!M" KBapKOM, 
HYKJIOHa (,nll'.arpaMMa Ha pll'.C. ld). 

(ll'.Jilf j), Kor.na ipOTOH 
npll'.we,nwll'.M ll'.3 .npyroro 

McnoJib3YH CBOHCTBa Cll'.MMeTpll'.ll'. MaTplfqHb!X SJieMeHTOB 
OTHOCll'.TeJibHO nepecTaHOBOK pa3JIIfqHb!X KBapKOB ll'.3 O,IlHOro 
KJiacTepa, IlOJIHYD nonpaBKY OT aHTll'.Cll'.MMeTpll'.3aUll'.lf MOJKHO 
npe,ncTaBll'.Tb B Bll'.,Ile: 

I: 3A,ij = 3·(fpwl 
ij Mi Mf 

/qr1 p 
14 

Id)+ 6·(fpwl iqr2 P Id), e 14 C7) 

If .nanbHettwaH 3a,naqa CBO,Illl'.TCH,K BblqlfcJieHll'.D MaTplfqHb!X SJieMeHTOB 
llBYX Tll'.IlOB. Bb!,neJill'.M B Hll'.X UBeTOBYD If Cilll'.H-ll'.30Cilll'.HOBYD qacTll'.: 

3A, 14 =re . (icic1 pC 1icic) . [ Rk ·<x I pSI Ix > + 
Mi Mf k:l k f p n 14 p n i o Mf 14 M1 

6 
k SI ]. 

+ L R2·<xM I p14 Ixµ>' . (8) 

k:1 . f 

PacqeT UBeTOBOH If Cilll'.H-ll'.30Cilll'.HOBOH qacTett .naeT 

(.Pc.Pel pc 
f p n 14 iic.Pc)_ = 1 

p n 1 3 ' (:tMf I p~ I :tMi > 
1,•,r: . 

= - c:r UMi Mf 

Cne,noBaTem,Ho, 

JMi M/ - h· J1 ek. ( R~. 6MrM/ t R~· µ. 6Mrµ] . (9) 

3,necb R~ If Rk -pa.nnaJibHbie ll'.HTerpanhl ,nnH S- If D-BoJIH 
0 2 

COOTBeTCTBeHHO: 

l 3 3 3 3 * * -iCKR+k r) iqr 
Rk = -· JdR dr d71 d71 d~ d~ i C71H C~) e np e k 

o Y4rr 1212p n 

u Cr) 
pr i (71H C~) ..L_r, ClO) 14 p n 

3 3 3 3 * * 
Rk, µ = L (2m

1
1µ 11M.) JdR dr d71 d71 d~ d~ .P C71H C~) · 2 1 1212p n 

ml 

iCKR+k r) iqr k 
·e np e 

u Cr) A 

pr i C71H C~) __,L_r ·Y Cr). 14 p n 2m
1 

4 

Cll) 

- , 

~ 

llettcTBll'.e npocTpaHCTBeHHott qacTll'. onepaTopa nepecTaHOBKlf 
I • • • 

Ha q>yHKUll'.D tpC r) Ilpll'.BO,Illl'.T K odMeHHb!M ll'.HTerpaJiaM 

3/2 . - 5n Cr2+r' 2) +' 3 n rr' 
P~4 ipCr) = @~rr] ·. Jdr' e 32 Io ·ipCr'). C12) 

OnycKaH · ·rpoM03llKlfe MaTeMaTll'.~ecKne Bb!KJiallKlf, npnBe,neM 
OKQHqaTeJibHOe Bb!paJICeHll'.e llJIH TOKa:' 

JM M Cq,k ) = 4rr·fr·{ ¢0 
• 6M M - (2 M. -MrlMf llM) · 

· n i f•. Y4rr if l 

C13) k = q - k . 
P n· . [ ¢ . y M -~ Ck ) - ¢ . y M -M Ck )]} , . 1 2 i r n 2 2 i f.• p , 

-q2/ . 
¢ Cq,k) = e O. [P Ck).~ 2ipCk )I Ck)]+ ipCk )JCq,k )I Ck), o n o n . n o n n n o p 

-q2/ 
¢ Cq,k) = e n. [ p Ck) + 2ipCk )I Ck)], 1 n 2 n n 2 n 

¢ Cq,k) = ipCk )fCq,k )I Ck), 
2 n n n 2 p 

- C5q2+ 2Ck2- k2))/50 -3/2 -k2·8/50 
/Cq,k) = e n P , ipCk) = 5 en 

n n 
n 2 

· · · 3 -ror plCk) = Jdr r u1Cr)JiCkr), IiCk) = Jdr r uiCr)JiCgkr)e 

Ni H Nr Haxo.nHM H3 ycnoBll'.8 HbpMHpoBKH: (i' Ii) = 6M, M H 

(f' If)= C2rr) 8 ·6CK-K') ·6Ck - k' ). Henocpe,nCTBeHHble pacqeTbl 
np np 

.naDT N: = 10 If ~ = 10 · ( 1 + 3/53
/
2 ·expC-2 ·lc~P/O)] .~ 10. 

Ranee Bbl,IleJIHM B RBHOM BH,Ile siflq,eKT aHTHCHMMeTpH3aUHH B 

CKeRJIHHrOBOR CTpyKTYPH08 q,yHKUll'.H .neRTpoHa [ 1, 2, 6] : 
, k . . 

max< q, y> 

FCq,y) = 2rr · J \vLCq,y,k ) k dk . C14) 
IYI n n n 

3.necb y - CKeHJIHHroBaR nepeMeHHaH, 
Mll'.Hll'.MaJibHb!tl .nonyCTll'.Mbltl no KHHeMaTll'.Ke 
cneKTaTopa ll'.3 ypaBHeHll'.H: 

onpe.nenReMaa KaK 
ll'.MIIYJibc HYKJIOHa-

w + md = Cm2 + q2 + y2 + 2qy)1/2 + Cm2 + y2)1 ✓2. 
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A.npoHHIIB TeHaop WL oTnHqaeTcH OT o6hlqHo HcnonhayeMoro WL 
BhlneneHHhlM MonenhHhlM ~OpMq)aKTOpOM exp(-2q2 /Q): 

2q2/ 
WL = e. n.wL, WL = 4rrc2J +D · I: I 1M. M 1

2
• 

i Mi Mf 1 f 

HBHO 

C 15) 

TioncTaBHB (13) B (15) H BhlilORHHB Bee cyMMHPOBaHHH, nocne He
cnOJCHblX npeo6pasoBaHHH nnH CTPYKTYPHOH ~YHKUHH (14) nonyqaeM: 

FCq,y) = F
0
Cq,y) + FACq,y), (16) 

rne F (q,y) ecTh CKefinHHroBaH CTPYKTypHaH ~YHKUHH "deco 
CTPYKTypHhlX" HYKROHOB, HCJ:"IORh3yeMaH B [1,2,6), a FA(q,y) 
no6aBKa aa cqeT aHTHCHMMeTpH3aURH: 

F Cq,y) 
0 

ly+ql [ ] = 2rr· J p2 Ck) + p2 Ck) k dk 
IYI o n 2 n n n 

(17) 

ly+ql { [ , · ] FACq,y) = 2rr· J 4pCk) p Ck) I Ck) + p Ck) I Ck)+ IY I n o n o n 2 n 2 n 

+ 4p2 (k ) [I2ck ) + I2Ck )] + p2 (k ) /2Cq, k ) [I2ck ) + I2Ck )]+ 
non 2n n I'\ op 2p 

q2/ 
+2 e Ope k ) / C q, k ) f p Ck ) I Ck ) + p Ck ) I Ck ) P C cos-& )+ 

n n ~ o n o p 2 n 2 p 2 np 

+ 2pC k ) (I Ck ) I Ck ) + I Ck ) I Ck ) P C cos-& ) ) ] } k dk . n o n o p · 2 n · 2 · p 2 np n n 

3nech P Cx) = 4 C3x2- 1) - nonHHOM ReJKa.Hnpa, k = CE2- m2) 1 ✓2 • 
2 C p p 

q2- k2_ k2 
E = m +w - Ck2+ m2) 1

/
2 cos-& = P n 

p d n ' np 2 k k 
n p 

B OTnHqHe OT Fo(q,y), FA(q,y) conepEiT saBHCHMOCTb OT q 
He TonbKO B npenene HHTerpHpoBaHHH' kl!IAx= IY + qi, HO H B 
IlOAWHTerpanbHOI ~YHKUHH, Hee He ynaeTCH OT!paKTOPH3OBaTb. 

3. Pe3ynhTaT~ H o6c}'ll(~eHHg 

lmcneHHhle pacqeThl F(q,y) npoBonHnHCh C nefiTpOHHhlMH 
BORHOBhlMH ~YHKUHHMH, HafineHHhlMH nyTeM peweHHH ypaBHeHHH 
IllpenHHrepa c "napH:a:CKHM" noTeHuHanoM [ 71 . 

6 

l 

~ 

F(q,Y) (c/MeV) 
, Y= 0 (Mev/c) 9.6·10-• 

- ---- --> 

I 9.2·10-• 

Y=-100 (Mev/c} 
I ,-----------------------------

9.9"10-4 

9.5'10-4 

,,. 

• 

Y=-200 (Mev/c} 
I ,-- -------- ------ ---1.3·10-• 

1.no-• 

5.0-10-6 

2.0·10-• 

2.0·10-• 

1.0·10-6 

7.0·10-a 

I 5.0·10--

5.0·10-' 

2.0·10-• 

2.5·10-• 

uno-a 

0 

, 
I 

Y=-300 (Mev/c} 

( 
Y=-400 (Mev/c) r- ------------- --------
Y=-500 (Mev/c) 

, (
------------------- -----

r-----Y=-~D_D __ _(_~~~ (~) , , 
' 

Y=-700 (Mev/c) 

;::=--------------------, , . 
I 

50 100 150 200 

qz (fm-2} 

250 

PHC. 2.CTpyKTypHaH tYHKUH~ F(q,y): cnnOWHhle KPHBhle -
Fo(q,y) 6es yqeTa S~KTOB aHTHCHMMeTpH3aUHH; nyHKTHP -
aHTHCHMMeTpH3aUHH B FCq,y) yqTeHa cornaCHO (16)-(17). 
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Ha pHC. 2 .noKa3aHa 3aBHCHMOCTb FCq,y) OT q2 npH 
~HKCHPOBaHHbIX 3Ha\leHHRX y. ·CmIO!llHbie KPHBhie COOTBeTCTBYDT 
F C q, y) , a nyHKTHpHbie - IlOJIHO:lt ~YHKU.HH FC q, y) . lfa pHC. 2 

0 

BHllHO, \ITO 3~KT aHTHCHMMeTpH3aU.HH OKa3aJIC$! He3Ha\IHTeJibHhlM H 
cnado B03pacTaeT c pocToM IY I: o.T O + 5 ¾ npH 
IYI = 0 + 500 M3B/c llO · 6 -i- 12 ¾ npH IYI = 600 + 700 MsB/c. 

TipH 3TOM ee CKeftJIHHroBoe noBelleHHecoxpaHReTCR, \ITO H OTpa~eHO 
Ha pHC. 3. 

f(Y) ( c/¥eV) 

10 -3 
,-. .-. . .,,, --al ,r --

, 

10 -4
~ -ioo -600 / 

10 _, 

? 

10 -6 

. -700 -600 -500 -400 -300 -200 .-100 

Y (MeV /c) 

PHc.3. CKeftJIHHrOBOe IlOBelleHHe CTPYKTYPHOfi ~YHKU.HH 
FCq,y) * f(y) npH dOJiblllHX q2

• CnJIO!llHaR KPHBaR - f(y) de3 
~\leTa aHTHCHMMeTpH3aLJ.HH, nyHKTHpHaR 
aHTHCHMMeTpH3aU.HH 

C yqeTOM 

-' 

J 

0 

KaqecTBeHHO :3TOT :3~KT MO:acHO od~RCHHTb TeM, \ITO 
KBapKOBaR CTPYKTypa llefiTpoHa cy~eCTBeHHa JIH!llb Ha MaJibTX 
paccTORHHRX, B odnaCTH nepe.KpbITHR 3q-KnacTepoB, HJIH npH 

8 

I 

doJib~HX OTHOCHTeJibHbIX HMilYJibCaX HYKJIOHOB B llefiTpOHe. vb (14) 
H (17) BHllHO, \ITO odJiaCTb HHTerpHpOBaHHR BOJIHOBOfi ~YHKU.HH 
llefiTpoHa no BHyTpeHHeMy HYKJIOHHOMY HM~YJibcy c pocToM IYI 
cMe~aeTcR B cTopoHy doJiblllHX HMnYJibCOB. Tio-BHllHMOMY, aHTHCHM
MeTpH3aU.HR dylleT'cy~ecTBeHHa npH donbwHx IYI C IYI ~ 1 rsB/c), 
Hee HyJKHo yqHTbIBaTb HapRllY c llPYrHMH 3~KTaMH: peJIRTH
BH3aU.Hefi BOJIHOBOfi ~YHKLJ.HH lleHTpOHa [8], Me30HHbIMH odMeHHbIMH 
TOKaMH [9,101, 6q-KOH~Hrypan.HRMH [11) H llP-

ABTophl dnarollapRT A.A. roa, n.n. KanTapR, B.K. HyKbRHoBa 
H A. IO. YMHHKOBa 3a MHOrO\IHCJieHHbie noJie3Hbie odcyJK,D:eHHR. 
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BpaTKoacKan E.n., Pe3HHK B,Il., TuToa A.H. 
0 nponaneHHH KBapKOBOH CTpyKTYPbl HYKnOHOB 

B peaKQHH 3neKTpopaclI.lenneHHH AeHTpoHa 

PZ-90-:-394 

PaCCl.lHTbIBaeTCH cKeHnHHI'OBaH CTPYKTYpHaH «i>YHKQHH AeHT

poHa C yqeTOM aHTHCHMMeTPH3aQHH nci' KB,apKOBbIM_ nepeMeHHb!M 

BOnHOBbIX «i>YHKQHH Hal.fanbHOI'O H KOHel.fHOI'O COCTOHHHH B HM

nynbCHOM npu6nH~eHHH, IToKa3aHo, l.lTO B o6naCTH HMe~II.lHXCH 

3KCnepHMeHTanbHblX. AaHHblX 34>«i>eKT OT aHTHCHMMeTpH3aQHH 

COCTaBnneT HecKOnbKO npoQeHTOB H BO3pac~aeT C po_cTOM MO 

AYnH CKeHnHHI'OBOH nepeMeHHOH y, ,l.fTO ·o6ycnoaneHO nponane

HHeM KBapKOBOH CTPYKTypbl HYKnOHOB Ha ManbIX pacCTOHHHHX. 

Pa6oTa BbmonHeHa a Ila6opaTOPHH TeopeTHl.feCKOH 4>H3HKH-: __ _ 

mum.· 

Coo6nteHHe O61oe,llHHe1D1oro HHC'IHTY'f& ~epHJ.,J][ HCCJJeA0BUUIH. ,l(y6aa 1990 

IIepeaoA aaTopoa 

,i 
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Bratkovskaya E.L., aeznik B.L., Titov A.I.' PZ-90-394 
On the Effects.of the Quark Structure 

·of Nucleon in the· Electrodesintegr~tion• 
of a Deuteron · 

The scaling stru~ture· functio~·of a deuteron is cal
•culated with taking into _account.the antisymmetrization 
of both the initial and final state wave funct:ion'. It is 
shown that the contribution of the antisymmetrization in 

'th_e experimental .data region is of· several per cent and 
weakly increases with modulo of scaling variable y •. The 
present result is a direct consequence of noticeable -
effects of the nucleon quark structure at short 'distan-
ces. 

The investigation has .been performed at the.; 
Laboratory of Theoretical Physics, JINR. 
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