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r.R.CMHpHoB 

RCCJIELI,OBAHRE A-3ABRCRMOCTR 
f JIYBOKOHEYIIPYfOfO PACCE5IHH5I JIEIITOHOB 
R EfO CJIELI,CTBH5I LI,JI5I IIOHRMAHH5I 

'.3<1><1>EKTA EMC 

HanpaBJieHo B :lKYPHaJI «5i:~epHaR q>H3HKa» 



1. BBe,nemrn 

MccJie,noBamrn: 3q>q>eKTOB ncKa,KeHHH cTpJKTJpHoii: q>JHKUHH HJKJioHa 

F2 ( x, Q2 ) .si:,nepnoii: cpe,noii: - :1ifjifjenm EMC-·ne TepHIOT cBoeii: aKTJaJihH0CTH 

CIIJCTH 6oJiee qeM .necHTh JieT c M0MeHTa HX rrepBoro na6JIIO,D;eHHH B 0IIhITax no 

rJiy6oKoHeynpyroMy pacce.si:HHIO (rHP) MIO0H0B Ha .si:.npax ,KeJie3a n .ne11Tepn.si:. 

06 3T0M CBH,nCTCJihCTBJIOT ne,naBHHe ny6JIHKaUHH 06 HJyqeHllll A-3aBHCHMOCTll 

rHP 3JieKTpOHoB B 3KcnepnMeHTe E139 (CJIAK) [1), coo6menn.si: o pe3JJihTa

Tax nccJie,noBaHmI rHP MIO0H0B Ha .si:,npax B 3KcnepHMeHTax E665 ( <l>HAJI) [2) 

H EMC (UEPH) [3), a TaK,Ke ny6JinKaunn o Mo,neJI.si:x, pa3BHThIX ,nJI.si: onncann.si: 

.si:,nepHhIX 3q>q>eKTOB B CTPYKTYPHhIX q>JHKUHHX Ha BCeM .ZJ:OCTJilH0M ,nmI II3Me

peHIIH HHTepBane BhepKeHoBcKoii: nepeMeHnoii: x [4, 5). Ilo.n ucna:Hee1tu1I.«u rrpn 

3T0M II0HHMaIOTCH 0TKJI0HeHHH OT e,nnHHU:hl oTH0IIIeHIIH rA ( x) = F.f ( x) / FP ( x), 

r.ne Ff(x) H FP (x) HBJIHIOTCH cTpJKTYPHhIMII q>JHKU:IIHMH, H3MepeHHhIMH B 

rHP JienTonoB Ha .si:,npe c Maccoii: Au .si:,npe ,neii:Tepn.si:, c HopMnpoBKoii: Ha o.nnn 

HJKJIOH. 

C narneii: ToqKn 3peHn.si:, npo6JieMe A-3aBIICHMOCTH .si:.nepHhIX 3q>q>eKTOB B 

TeopeTnqecKHX pa6oTax y,neJIHJIOCh HaMHoro MCHhIIIe BHIIManm:1, qeM B0IIpo

cy HX X-3aBHCHM0CTH. B 3HaqnTeJihHOH CTeIIeHII 3T0 CBR3aH0 C MCTO,nliqecKHMH 

Tpy,nHOCTHMH noJiyqennsi: ,naHHhIX B 3KcnepnMeHTax no rHP JienT0H0B na 6oJih· 

ll!OM qncJie JI,nep. TaK, nanpHMep, MaKCHMaJibH0e q11cJIO si:,nep, llCil0Jih30BaHHOC 

B 11c~Jie.noBaHHRX B CJIAK [1), cocTaBJIHeT (He cq11Tasi: .neii:Tep11si:) B0CCMh, HO 

T0JihK0 .ZJ;JIH o6JiaCTll x > 0,2 (o6JiaCTh EMC-3q>q>eKTa). IlanHhle MIO0HHbIX 

3KCIIepHMeHT0B B .3TOH Kl1HeMaT11qecKOH o6JiaCTH IlJI0XO o6ecrreqeHhl CTaTllCTH· 

qecKH 3a 11cKJI10qeHlleM onh!Ta BUilMC [6), r.ne rroJiyqenhl pe3JJihTaThl .ZJ;JIR 

.n:Byx .si:,nep. B rrpoTHB0II0JI0,KH0CTh 3KcrrepuMeHTY E139 (CJIAK), MIO0HHhle 

3KCnepuMeHThl o6Jia,naIOT B03M0)KH0CTRMll perucTpau;1rn BT0pnqnhIX MIO0H0B, 

BhmeTa10mux no.n o<JeHh MaJihIMll yrJiaMu (nopsi:,nKa 2 Mpa.n B 0IIhITe NMC), 

qTo II03B0JIReT u3yqaTh si:.nepHhIC 3q>q>CKThl B o6JiaCTll 3Kpam1poBaHHR 

(x < 0,07) H aHTH3KpaHHpoBaHHSI (0,07 < x < 0,2). 

CymecTByeT, o.nnaKo, 11 .npyrasi: rrpuqnHa, CBR3aHHaR c Bhl6opoM no.nxo,na 

.ZJ:JIR 113yqeHHR A-3aBHCllMOCTH, a llMeHH0: BCe rpynrrhl rrpe,ncTaBJIRIOT pe3JJih· 

TaThl ll3Mepennii: npn !pllKCllpOBaHHOM 3HaqeHllll x. IloJiyqeHHaR TaKHM o6pa-

30M BCJinqnHa rA CJia6o MeirneTCH C pocT0M A llJill )Ke B0BCC He 3aBHCHT OT A 
B 0KpCCTH0CTll ToqeK XJ, XIJ, XJIJ, B KOT0phIX rA= 1. IlpnMCHRR ,ZJ;JIR OIIHCaHHH 

A-3aBHCHMOCTH CO0THOIIICHHC 

(1) 

noJiyqa10T [1), qTo o:( x) H3MeHReTCH OT ~ 0 .no -0,04 B HHTepBane 0,2 < x < 0, 7 
n OT -0,04 .no +0,04 B HHTepBaJie 0, 7 < x < 0,9. BhIBO.ZJ: 3TOH pa6oThl COCT0HT 

B TOM, 'ITO B Ka,K,noii: ToqKe x oTnorneHne o-A / o-0 (paBHOe 0THOIIICHHIO · F.f / FP) 



yMeHbUiaeTrn npIIMepHo J1orapmp1i,rnqecKM :rr.o 3Haqemrii A= 197 6e3 KaKIIX

JIII6o yKa3aHIIH Ha 3cpq>eKT HaCbill(eHII.H [1]. AHaJIOrIIqHbili BbIBO,ll CJie:rr.yeT II3 

pe3JJibTaTOB, rroJiyqeHHbIX B :rr.pyro:ii o6JiaCTII nepeMeHHOH X ( o6JiaCTb .a:rr.epHoro 

3KpaHIIpOBaHII.a) B 3KcnepIIMeHTax no rHP MIOOHOB Ha .a:rr.pax [3, 7]. 
HecMOTp.H Ha oqeBHJJ.HYIO Ba:lKHOCTb 3TIIX pe3JJibTaTOB, HX npnMeHemre )lJI.H 

TeopeTIIqec1rnx paCCMOTpeHHH A-saBIICIIMOCTII 3aTpy:rr.HeHO II3-:--3a ClIJlbHOH Kop

Pf;Jl.HUIIII napaMeTpa a( X) C X-3aBHCIIMOCTbIO BeJIIIqHHbl rA, KOTOpa.H. JlO CHX 

rrop_ ue BOcnpoII3BO,llHTC.H TeopeTnqecKHMH pacqeTaMH HH B 0,llHOH H3 npe,llJIO

)KeHHbIX MO)leJie:ii. roBop.a. 3TO, Mbl, KOHeqHo, HMeeM B BHJJ.Y He I\'.aqecTBeHHOe 

corJiacne, KOTopoe o6ecneqIIBaeT no:rr.aBJI.aromee 6oJibllIIIHCTBO MOJJ.eJie:ii [8], 
a. KOJrnqecTBeHHOe corJiacne, KOTopoe JlOCTHraeTC.H JIHlllb ,llJI.H orpaHuqeHHbIX 

HHTepBaJIOB x. Heo6XO,lllIMO OTMeTIITb ycnex pa6oTbl [4], B KOTopo:ii noJiyqe

HO. xopoUiee KOJiuqecTBeHHOe onucaHue )lJI.H BeJIIIqHHbl rA(x), H3MepeHHOH Ha 

.a:rr.pax 4 He H :rr.e:iiTepu.a. 8TOT pe3JJibTaT JlOCTHrHyT paccMOTpenueM .HJJ.ep

Horo 3KpamrpoBaHH.H B KXII MOJJ.eJIH coBMeCTHO c runoTe3o:ii o pacm101Ce1wu 

HJKJIOHa B.TOM BH)le, KaK OHa,npe,llJIO:lKeHa B pa6oTe [9]. CorJiacue pacqeTOB c 

3KcnepnMeHTOM 3aMeTHO yxy:rr.UiaeTc.H npII nepexo:rr.e K .a:rr.paM C u Ca. 

• IIJI.a noJiyqeHH.H 6oJiee IIHq>opMaTHBHbIX :rr.aHHbIX no A-3aBHCHMOCTH B pa-

6oTe [10] npe:rr.JiaraeTC.H onpe:rr.emITb acnMnToTuqecKne 3HaqeHH.H napaMeTpa 

a(x), KOTOpbie OTBeqaroT cJiyqaro 6ecKoHeqHoro .HJJ.epHoro BemecTBa: A-too. 

8To npeJJ.JIO:lKeHue. Bee :lKe ne ycTpaH.HeT. KoppeJI.HUHH. PaccMaTpHBaeMa.H B 

[10] 3KcTpanoJI.auu.a rA KaK .11,uueuuou q>JHKUHII A-1/ 3 B ToqKy A= oo BecbMa 

npo6JieMaTuqua: KOHeqHble 3KcnepuMeHTaJibHble OUIH6KH B Ka:lK)lOH TOqKe X He 

no3BOJ1.HIOT o6Hapy:lKHTb. B03MO)KHble OTKJIOHeHH.H OT JIIIHeHHOH 3aBHCIIMOCTH. 

2. Onpe:rr.enemi:e aem.,:qnubl ncKa2Keunn: cTpyKTypuon: q>ynKn;nn 
HYKJIOHa, ue 3aBHCHI.n;en: OT X ll Q2 

B npOTHBOnOJIO)KHOCTb cymecTBJIOll(HM no:rr.xo:rr.aM, paccMaTpnBa10IUHM A· 
3aBHCHMOCTb rHP pacce.HHH.H JienTOHOB Ha .HJJ.pax B TepMHHax 6e.11,u'lU'/l,b! om

'/1,ow,e'J{,UJI rA npu q>HKCHpOBaHHOM 3HaqeHIIH x, B HaCTO.HIUe:ii pa6oTe BBO,llHTC.H 

noH.HTIIe 6e.11,u'lU'/l,bl uct.:a;)JCe'J{,UJI M(A) cTpJKTypuo:ii cpyHKUHH HJKJioua, onpe

:rr.eJI.HeMo:ii no OTKJIOHeHH.HM rA OT e,llHHHUbI. B HeKOTOpOM HHTepBaJie ( X1, x2)
Tor:rr.a A-3aBHCHMOCTb rA npe:rr.cTaBJI.HeTc.H B BHJJ.e 

rA(x, A) = J(x, M) , (2) 

r:rr.e, corJiacHo HaUieMy onpe:rr.eJieHuro, 6e3pa3MepHbIH napaMeTp M(A) '/1,e 3a6u

cum OT x u paBeH HJJIIO, ecJiu Ha Bce:ii )lJIHHe HHTepBaJia rA ~ 1 . HacTO.HIUIIH 

no:rr.xo:rr. OCHOBbIBaeTC.H Ha ripe:rr.cTaBJieHHH O coxpaHeHHH noJIHoro HMnJJibCa Hy

KJIOHa, nepeHOCHMOro napTOHaMH, BCJie)lCTBHe qero lICKa:lKeHHe CTpJKTYPHOH 
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q>JHKUHH .HJJ.epuo:ii cpe:rr.o:ii B TOqKe x, a, CJie,llOBaTeJibHO, H BeJIHqJrna OTKJIOHe

HH.H rA OT e,llHHHUhl, He MoryT paccMaTpHBaTbC.H He3aBHCHMbIMH OT HCKa:lKeHIIH 

B coce:rr.He:ii ToqKe x + .D.x. 
TaK :lKe, KaK H B :rr.pyrux no:rr.xo:rr.ax, Mbl paccMaTpHBaeM IICKa:lKeHII.H 

cTpJKTYPHhlX q>JHKUIIH He3aBHCHMO OT 3HaqeHH.H KBa:rr.paTa nepe:rr.aBaeMoro 4-
IIMnJJibca Q2

, npu KOTOpOM noJiyqeHa BeJinquua rA. OcHOBaHHeM )lJI.H 3TOro 

cJiy:lKaT BbIBO,llbl 0 Ue3aBHCHM0CTH rA OT Q2 B o6JiaCTII 0,2 r3B2 < Q2 

< 200 faB2 [1,6,8 ]. 

Ilpn Bbl6ope K0HKpeTHoro im:rr.a q>JHKUHH f(x, M) Mhl ucxo:rr.IIJIII H3 B03-

MO:lKHOCTII cpaKTOpII3aUHII X 3aBIICHMOCTII rA B o6JiaCTII 0,003 < X < 0,7 B 

COOTBeTCBHH C oco6eHHOCT.HMH noBe,lleHII.H rA B Ka:lK)lOM H3 Tpex IIHTepBaJIOB 

(1) 3KpaHHpOBaHH.H, (2) aHTJI3KpaHnpOBaHH.H u (3) EMC-arfirfiet.:ma: 

rA(x,A) = xm1 (1 + m2)(l - m3x), (3) 

r:rr.e napaMeTpbI m; rrpe:rr.cTaBJI.HIOT co6o:ii BBe:rr.eHHble BbIIIIe BeJIIIqJIHhl ircKa:lKe

un:ii M(A) JJ.JI.H Tpex paccMaTpHBaeMbIX HHTepBaJI0B. 

3. Auam•l3 .n:aHHblX a ·o6JiaCTll 0,003 -~ x ~ 0,7 

IIJI.a onpe:rr.eJieHH.H napaMeTpoB m; pe3JJibTaTbl H3MepeuII:ii rA B 06J1acn1 

0,003 ~ x ~ 0,7 Ha pa3HbIX .HJJ.pax arrrrpOKCIIMIIpOBaJIHCb Bbipa:lKeHUeM (3). 
PaccMaTpHBaJIIICb :rr.aHHble HOB0ro IIOKOJieHII.H 3KCIIepnMeHTOB, BblnOJIHeHHbIX 

C nOMOll(bIO rHP MIOOHOB II 3JICKTpOHOB C MHHIIMaJibHbIMII CTaTIICTuqecKIIMH 

II cIIcTeMaTIIqecKnMII OUIII6KaMII, a TaK)Ke :rr.auuble 3KcrrepuMeHTa EMC, rroJiy

qeHHble ua .HJJ.pax Cu Ca B o6JiaCTH 3KpanIIpoBam1.H [12]. Tpe6oaaJiocb, qTo6bl 

:rr.m1 ·Ka:lK,llOro H3 .H,llep HMeJIHCb :rr.aunble BO Bce:ii o6JiaCTH x. 

51:rr.po 8KcrrepIIMeHT l.J:ucJio -roqeK 

He NMC (11] + SLAC [l] 18 + 14 

C EMC (12] + NMC (11] + SLAC [1] 9 + 18 + 14 

Ca EMC (12] + NMC (11] + SLAC [1] 9 + 18 + 14 

Cu EMC (3] 10 

Mb! He BKJIIOqaJiu OTHOCIITeJibHJIO HOpMIIpOBKY :rr.aHHbIX pa3HbIX 3KcnepII

MeHTOB B KaqecTBe CBOOO,llHOro rrapaMeTpa, XOT.H cpaBHeHIIC pe3JJibTaTOB H3-

MepeHH.H rA rpyrrrraMII EMC II NMC B o6JiaCTII 3KpaHIIpoBamrn Bhl.HBJI.HeT oqe

BHJJ.Hbl:ii CIICTeMaTIIqecKIIH C,llBIIr. BMeCTO 3TOro Mbl JICIIOJlb30BaJIII IIOJIHYIO no

rpeUIHOCTb :rr.aHHbIX Bcex 3KCnepuMeHTOB, onpe,lleJieHuyro KBa:rr.paTJiqHbIM CJIO

)KCHIIeM cTaTIIcTnqecKo:ii II cncTeMaTIIqecKoii: oUin6oK B Ka)KJJ.O:ii ToqKe. Iln.H 
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Bcex .!l,L{ep norry'IeHo xopomee cotrracue c 3aBIICIIMOCTbIO (3), xapaKTepu3yro-

meecx 3Ha'IeHIIHMII x2 Ha cTeneHb cBo6o,nhl (x 2 
/ cT .CB.) ::; 1. 

Pe3JJibTaTbI arrrrpOKCIIMaI.:(IIII IIOKa3aHbl Ha puc.1 CIIJIOIDHbIMII JIIIHIIHMII. 

)( I I --<l, l )( Ha6rrro,naeMoe corrracue CBH.D;eTeJibCTBJeT o TOM, 'ITO paccMaTpIIBaeMax x-3a-

BIICH:MOC;b (3) HBJIHeTCH JHIIBepcarrbHOM .D;JIH Bcex .!I.L{ep u 'ITO BeJIII'IIIHa HCKa-
000 0 :lKeHIIM m; pacTeT C yBeJiuqenIIeM A. 3natieHIIH rrapaMeTpOB m; B 3aBHCIIMOCTH .- ...... -.. -81'.38 

::, 

OT A npIIBe.n;eHhl Ha puc.2. Omu6KH 3Ha'IeHIIM ma MeHbille pa3Mepa TO'IeK na (J 

,J;-j .., 
rpaqmKe. Bee TpII rpynnbl TO'IeK IIMeIOT no.no6nyro A-3aBIICIIMOCTb,6JIII3KJIO K -=-o 

C, ":'o C, g: ~ 
I --- ... (') ... ;::! A1fa. Pe3JJibTaThl annpoKCIIMaI.:(IIII Bhlpa:lKeHIIeM 

~ (J (J 
(J Q ~-::-. . ::; ::i :! ~N~ (l)ZW w 

m; = k;A1fa (4) 
0 ◄ <I <I -SS:N ;:l 

k, () 
IlOKa3aJIH, 'ITO TOJibKO rpynl!a TO'IeK m2 xopomo corrracyeTCH C (4): x2 /cT.CB. = r·;! ';::!· ;::! 

'l'o I I i~ 1,16. I(aHHble II3 Bcex Tpex o6rracTeii: yKa3bIBaIOT na HaChlII.:(eHIIe A-3aBHCHMOC-.. 
Q,) - TH rrpu A > 20. Ha6rrro,naeMax 3KcnepuMeHTaJibHaH A-3aBHCIIMOCTb rrapaMeT-;:i' 
<::l ~ 

;e - poB m; rro,no6Ha 3aBIICHM0CTII, npe.n;Jio:lKeHHOM B pa6oTe [13] .D;JIH pacCM0Tpemrn 
(') -o;---~ 3<p<peKTOB HCKa:lKeHIIH CTPJKTJPHOM <pJHKI.:(IIII HJKJI0Ha B paMKax M0.D;eJIII Tpex-'--- ..__ 

HJKJI0HHhlX Kopperrxnuii: II rrpe,ncTaBrreHHoii: B BH,ne p.!I.L{a no cTenenxM A: 
::: <::l 

'?o I I I '?o 
Q,) () 
;::! ' 

. ( ) ( 1 1.145 0.93 0.88 0.59) .. .. ~~-
C'! .. .. 

~ 
Ill d co C'! ... .. O! = ~ IO 

0 A = N 1 - AI/a - A2/a + f1 + A4fa - A5fa ' (5) .. .,: ci ci ... .,: 0 ci 0 ci 1rl-
(x)a';J/(x)IQ'J (x)0'J/(x),./J 

<::l ~ -A.. -- -.,, 
r.ne nopMupoBO'IHhlM K03<p<pIII.:(HeHT N=0,27. TaKax A-3aBHCIIMOCTb 0TBetiaeT <O ~ 

)( I I .. ~ ~ l )( 
;::!.:::.. 'HCKJIIO'IeHIIIO II3 paccM0TpeHIIH BJIHHHIIH HJKJI0H0B, rrpuna.nrre:lKalI(HX II0Bepx-;:3 

g, t) H0CTII .!I.L{pa. HapHc.2 rrapaMeTp 8(A) II0Ka3aH TotietIHoii: JIIIHIIeii:. TaK :lKe KaK 
co 000 :::~ ' II 3KcnepuMeHTaJibHble ,naHHhle, 8(A) IIMeeT Ten,neHI.:(HIO K HaCbIII.:(eHHIO A-3a-...... 

;:3 -:!'! ... - ... uuu <.) -le BHCIIM0CTH. C Il0M0II.:(bIO npoCTOH 3aMeHhl H0pMIIp0B0'IH0ro MH0:lKIITeJIH B Bbl-

Ii al - ;g 
0 ~ .. C, g: C, .. A...:::.. pa:lKeHIIII (5) Mhl norryqaeM TPII JIIIHHII, y.noBJieTB0pIITeJibH0 corrracyromHeCH c 'o 'o g .... .. --- ... Q,) 

3KcrrepIIMeHTaJibHbIMII 3aBIICHM0CTHMII m;(A) II Il0Ka3aHHbIMII Ha pnc:2 B BH,ne· 

~i (J(J~ ~-::i:: 
::i :Ii .,, 

!-'l CIIJI0IDHbIX KpHBbIX. WZ(I) ;': <::l 

O ◄ <I ◄ 0 <::l A.. TaKHM o6pa30M, C0BOKJIIH0CTb paccM0TpeHHbIX .n;aHHbIX yKa3bIBaeT na cy-,., ~ 
:; b'! ·mecTB0BaHIIe JHHBepcarrbHOM .D;JIH Bcex Tpex o6rracTeii: A-3aBHCIIMOCTH BeJIII'III-,,: <::l 

N I 14- ~ .,~ ;:,, ;e HbI HCKa:lKennf1 k;M(A) cTpJKTJpHoii: <pyHKI.:(HII HJKJI0Ha, y,noBJieTBopnTeJibHo (') 
'o Q,) !-'l 

OIIHCbIBaeMOII Bblpa:lKeHIIeM (5) . ... 0.., 3 
;e 

,_; ;e 
~ 

Q,) 

A.. ;::! Q,) 

0.., ::: 4. AmtJUl3 ,naHHhIX B o6JiaCTH 0,2 ::; x::; 0,7 

.. I I I'?= 
Ta qacTb <popMJJihl (3), KOTopax OTBeqaeT 3a OIIHCaHne IICKa:lKennii:, Ha-

'o 6rrro,naeMbIX B o6rracTII EMC-:Jgjgjer.mai c T0'IHOCTbIO .no 3HaKa napaMeTpa ma· .. ... 
\ N .. .. ca Ill ,._ IO N ... ... O? Ill ,._ IO 

COBrra.naeT C JIIIHeMHOM 3a~IICIIMOCTbIO, rrpnMeHHBmeii:cx B [14, 6, 15] .D;JIH KOJIII-.,: .,: ci ci ci ci .,: .,: 0 ci ci ci 

. . (x)o'J/(x),./J (x)0'J/(x)~'J tieCTBeHHbIX oneHoK 3<p<peKTa EMC rrpH 0,2 ::; x ::; 0,6. Ilocrre o6Hapy:lKeHIIH 

3<p<peKTOB 3KpaHIIpoBaHIIH II aHTII3KpannpoBaHIIH JIIIHeMHaH 3aBIICIIM0CTb 

~ 
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m.(A) 
I 0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

-0.1 
0 

(Barshay,Rein -1990) 

A**(1/3) ----

----_ .. 
~-----

···············•·.•··············· 

I .••••••••••••••••••••·i=1 

~ . ---~---

16 32 48 64 80 

A 

Puc.2. 3a6ucu.Mocmb 6C.4U'lU1tbl ucx:a:J1Ce11,uii, m; cmpyx:myp11,oii, efiy11,x:v,uu 11,y

x;.4011,a om amo,,1,1,11,oii, .MllCCbl Kapa A, n0Ay'le1t1ta1I 6 06.4acmu 1Iaep11,020 ::mpanu

po6aUUJI - i=l, aumu;mpa11,upo6a1tu1I -i=2 u EMC-3gjgjex:ma - i=3. To'!le'!l1ta1I 

x:pu6aJI coomBemcmByem gjax:mopy b(A) {13}, a cnAoUL1tb1e x:pU6ble n0Ay'le1tbl 

y,,1,1,11,o~e11,ue.M b(A) 11,a 1top,,1,1,upo60'l1/,blU gjax:mop, C6_oii, a.,,,J[ X:a:J/Caou U3 'mpex 

2pynn mo'!lei:,;. Ily11,x:mup1tb1.Mu .tiU1tUJI.MU nox:a3a11, pe3yAbmam annpox:cu,,1,1,av,uu 
_ 31ta'!le1tuii, m; 3ll6UCU.M0Cffib!O 6uaa k;A I/3 
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1]. 
i ~ ; 1 
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it 
);' 
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6oJibIIIe He rrpHMemrnach .n:mr onncaHHH ,n:aHHhIX. HaIIIa ToqKa 3pemrn,. H3JIO

}I(eHHaH BbIIIIe, COCTOHT B TOM, qTo H 3Ta qacTb .n:aHHhIX no rA, paCCMOTpeHHaH 

OT.Zl:eJihHO OT OCTaJihHhIX, ,n:aeT HmpopMaUHIO no A-3aBHCHMOCTII HCKa}I(eHHM 

CTPYKTypHoii <p)'HKUIIII HYKJIOHa. Ha ocHOBaHHII 3Toro Mhl ocymecTBIIJIH an

npoKCHMaumo ,n:aHHhIX no rA(x) B o6nacTH 0,2 ::; x::; 0,7 Bhipa,KeHIIeM 

rA(x) =a - bx. (6) 

BhIJIH B3HThl"-rA(x ), nonyqeHHhle B [1] Ha H,n:pax He, Be, C, Al, Ca, Fe, Ag 

ir Au, a TaK}I(e ,n:aHHhie pa6oT [6] (Fe) H [3] (Cu). Haii,n:eHHhle 3HaqeHHH 

napaMeTpa b(A) KaK <pyHKUHH A npHBe,n:eHhl Ha pnc.3. Ha pnc.4 noKa3aHhI 

3HaqeHHH KOOp,n:IIHaTbI TOqKH nepeceqeIIHH npHMOM JIHHHH" ( 6) C JIHHHeii 

r'4(x)= l, BhP-IHCJieHHhle B COOTBeTCTBHH c 

xu(A) 
a(A) - 1 

b(A) 
(7) 

CrmoUIHaH KpHBaH Ha pnc.3 nonyqeHa c IlOMOUihIO Bbipa}I(eHHH (5) c HOpMH

poBoqHbIM MHO}I(HTeneM N = 0,54. KaK cne,n:yeT H3 pncyuKa, nonyqeuuaH. B 

HacToimeM no,n:xo.n:e BeJIHqHHa ncKa}I(eHHii b(A) no.n:o6Ha 3aBHCHMOCTHM m; , 

npHBe,n:eHHhIM Ha pHc.2. HoBhlM pe3yJihTaTOM HBJIHeTCH Ha6nro.n:eHHe cymec

TBeHHhlX rrpoTnBopeqHii Me}I(,n:y ,n:aHHhIMH u 3aBUCHMOCThIO mma CA1l3 _ B To 

}I(e BpeMH Bblpa}I(eHIIe (5) y,n:oBJieTBOpIITeJibHO cornacyeTCH (npn N = 0,54) c 

,n:aHHhlMU BIIJIOTh .n:o 3HaqeHnii A~ 64. IlpH 66nhIIIUX A .n:aIIHhie CBH.D:eTeni.

cT~yroT O TOM, qTQ BeJIHqHHa HCKa}I(eHHH He pacTeT C yBeJIW-leHHeM A, Tor,n:a 

KaK b(A) rrpe.n:cKa3h!BaeT ux cna6h!ii: poCT. 

lb HaIIIero aHaJIH3a, a TaK}I(e U3 pnc.4 cne,n:yeT, 'ITO x u= const. n cocTaBJIJJ:

eT aennqnHy 0,273 ± 0,010. 1 3ToT <paKT, BMecTe c na6nro.uaromHMCJJ: na.puc.3 

pocTOM HCKa}I(enuii ( aMITJIHTY.D:hl ocuunnHunii: rA ( x)) cTpyKTypnof1 q>YHKUHH 

uyKnona, CBH,n:eTeJibCTByeT 06 o,n:HOBpeMeHHOM. pocTe HCKa}I(eJIUM npH yBeJIH

'leHHH A; na'lHHall: c A= 4, B o6nacTJJ:X x < XII H x > xu, 'ITO cornacyeTcll: c 

BhlBO.D:OM. 0 no.n:o6Irn 3aBUCIIMOCTeii: m;. 

34>qieKT ne3aBIICHMOCTH X 11 OT A MO}I(eT 6h!Th UCilOJih30BaH .Zl:JIJl: u3yqemrn 

IICKa}I(eHHH napTOHHhIX pacnpe,n:enennf1 jlj]:epnoii: cpe.n:oii, TaK KaK MaKCHMYMhl 

pacnpe.n:enenuii: BaJieHTHhIX H MOpCKIIX, KBapKOB naxo,n:JJ:TCJl: no pa3Hble CTOpOHhl 

OT KoopmrnaTbl TQqKu XI[. TaK, eCJIH 6bl npeuMymecTBeHHO UCKa}I(aJIOCb pac

npe.n:enenne napTOHOB TOJihKO o,n:noro copTa (nanpnMep BaJieHTHhIX KBapKoB), 

3Haqenne KOOp,n:nnaTbl XI[ II3MeHJl:JIOCb 6bl C pOCTOM ~-

l MbI He 06cy:lK,11aeM A-3aBIICIIMOCTb Koop,1111HaT TO'leK XI II XI J J, I' .ne ,lll1ll KOl1H'leCTBeHHhIX 

Bb!BO,!IOB Tpe6yIOTCll 110Bbl1IleHHe CTaTHCTH'leCKOH TO'IHOCTH II yuel1H'lem1e 'll!Cl1a ll,n:ep, 
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Puc.3. 3aBUCU.MOCmb 6CJ1,U'l,U1/.bl UC1WJ/CC11.UU cmpyr.mypuou ifiyur.v;uu 11.yr.Jtoua 
om amo.,w;uou ~taccb1 xapa A, n0Jty'le11.11.ax B uumepBaJte 0,25, x 5, 0, 7 c no
.M0'lftb10 annpor.cu.,w;av;uu rA( x) Jtu11.eu11.ou 3aBucu.,w;ocmbio. CnJtowuax r.puBa.H 
noJty'leua y.,w;11.0J1Ce11.ue.,w; 8(A) {13} 11.a 11.op.,w;upoBO'l1/.b1u r.o:1ifiifjuv,ue11.m. Ilyur.
mupi-tou Jtuuueu nor.a3au pe3yJtbmam annpor.cu.,w;av,uu nepBb!X 'lemb1pex mo'ler. 
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rA ·= a - bx c Jtuuueu rA =1 
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5. x-3ae11c11MocTb OTHoweu11ii F/1 
/ F/2 

Mbl BOCIIOJih3yeMC}I Bhlpa:lKeHileM (3) II rronytJeHHhIMII B pa3.n.enax 3 II 4 pe:. 

3YJihTaTaMII ,D.Jlj{ onpe.n.eneHil}I X•3aBIICIIMOCTII OTHOIIICHIIH CTpyKTYPHhIX cpyHK· 

UI1ii:, H3MepeHHhIX · Ha j{.n.pax Ai II A2 c aTOMHoii Maccoii: A > 2. 
BII.D. Bhlpa,KeHI1}1 (3), no.n.06I1e 3aBHCHMOCTeii: m;(A) II Hachlmem1e A-3aBII· 

CIIMOCTII napaMeTpa b(A) .n.n"ii A > 20 rro3BOJI}IIOT c.n.enaTh .n.ea Bhrno.n.a: 

r.n.e 

a) B 06nacTI1 x ~ I 
Ff I I F.f2 = CiX''' , 

a = mi(Ai) - mi(A2) , 

Ci = I + m2(Ai) ; 

1 + m2(A2) 

6) B 06nacTI1 x > 0,1 ,D.JI}I A1 ~ A 2 HJIII Ai,A2 > 20 cnpaBe.D.JIIIBO 

F A'/FA2 ~ I 
2 2 ~ · 

(8) 

(9) 

Mhr orrpe,ll,eJIHJIII aCa/C, ucrroJih3Yj{ 3Ha'leHH}I m 1, rronrreHH~re' ,l],Jij{ CH Ca B 

pa3,ll,eJie 3, a TaK)Ke aCa/Li C IIOMOIIIhlO IIHTepIIOJI}IUIIII Hall,ll,eHHOH 3aBIICIIMOC

TII m1(A). Haii:,ll,eHHhie B cooTBeTCTBHII c (8) OTHOIIIeHH}I Ffa / Ff H Ffa / Ffi 
IIOKa3aHbl Ha pnc.5 CIIJIOIIIHhIMH JIIIHH}IMH BMecTe C pe3yJihTaTaMH H3MepeHHH, 

IIOJIYtJCHHhIMH B pa6oTe [16]. 3aIIITpHXOBaHHOH 06JiaCThlO IIOKa3aHa rrorpeni

HOCTh B a Ca/ Li' onpe,ll,CJI}ICMa}I OIIIH6Koii: mi (Ca) II rrorpeIIIHOCThlO HHTepIIOJij{- -

unn eeJIH'IHHhI m 1(Li). IlpHBe,ll,eHHhre ua pnc.5a .n.auHhre CBII,ll,eTeJihCTBYIOT.B 

IIOJih3Y IIOJIY'ICHHhIX Bhlpa,KeHHH (8) H (9), TOr,ll,a KaK ,D.aHHhie Ha pHc.56 yKa-,. 

3hiBaIOT ua BO3MO)KHhie pa3HOrJiaCH}I MC.lK.ll.Y (8) II 3KcrrepIIMCHTOM. 

6. 3aKJIIO<JeHlle 

B 33KJIIO'IeHHe H3 aHaJIH3a 3KcrrepnMeHTaJihHhIX .n.aHHhIX ITO OTHOIIIeHIIIO 

cTpyKTYPHhIX q)yHKUIIii Ff(x)/Ff(;) B paMKax npe.D.JIO)KeHuoro B HacTO}I

IIIeii pa6oTe IIO,ll,XO,ll,a nonrreHa BCJIII'UIHa cyMMapHhIX IICKa:lKemdi CTPYKTyp

HOH cpyHKUIIII HYKJIOHa .II.JI.Si o6nacTeH 3KpaHIIpoBaHII}I, aHTil3KpaHnpoBaHII}I II 

EMC-:1ifiifier.ma B 3aBHCIIMOcTn OT aTOMHOif Macchr j{.n.pa.A. Haii:.n.eno, 'ITO A-
3aBIICHMOCTII BO Bcex Tpex o6JiaCT}IX IIO,ll,06HhI, 'ITO .n.aeT BO3MO)KHOCTh npe,ll,

CKa3hIBaTh BeJIII'IIIHY 3q>cpeKTOB IICKa)KeHJrn B o6JiaCTH X ~ 1 no pe3yJihTaTaM 

II3Mepemrii: B o6nacTn EM_C-:1efjefjer.ma. 
. IlonyqeHhI KaK xopoIIIee cornacne Me)K,ll,y 3KCIIepnMeHTaJlbHhIMH ,ll,aHHhI

MH II q>yHKuneii: rA(x, A), 3a,ll,aHHOH ypaBneuneM (3), TaK II }IBHhiii: BII.ll. A-
3aBIICIIMOCTII eenwmHhr ncKa)KeHnii M (A) cTpyKTypuow q>yHKUIIH nyKni:ma. 

Haii,ll,eHo, 'ITO Koop,ll,IIHaTa XJ] BTopoii TO'IKH rrepece'leHII}I q>yHKUHII rA(x) II 

JIHHIIH rA = 1 He 3aBIICHT OT A .. 
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, 2ae napa.M.emp a no.1,y1J.e11, U3 a11,a.1,u3a, aauublX no 
Ff/Ff 
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] 

Ifa 3THX q>aKTOB MO)KHO c,neJiaTb cne.uyroruHe BbIBO,ZlbI: 

1) HCKa)KeHHll CTpyKTypnblX qiyHKUHH ( rrapTOHHbIX pacrrpe,neJieHHl[) HYKJIO

Ha, IIpOXBJlllIOIUHeCll B BH,Zle xapaKTepHbIX OCUHJIJIXUHH BeJIH'IHHbl rA ( X) B6JIH3H 

3Ha'Ienux rA(x)= 1, IIOXBJIXIOTCX rrpn rrepexo.ne OT A= 2 KA= 4 2
; 

2) rrpH yBeJIII'IeHHH A OT 4 .no ~ 20 qiopMa X 3aBHCHMOCTH rA ( X) He H3MeHX

eTCll, a BeJIH'IHHa IICKa)KeHHH ( aMIIJIIITY.Ua OCUHJIJIXUHH) MOHOTOHHO HapacTaeT 

c yBeJIH'IeHIIeM AB xopoIIIeM cornacnn c rrapaMeTpoM 8(A) [13} (KoTopbIH cny
)KIIT .ZlJlll HCKJIIO'IeHHll 3q>q>eKTa HYKJIOHOB IIOBepXHOCTH ll,Upa). Ha6JIIO,UaeMOe 

rro.no6ue · HapacTaHHll '. M( A) Bo Bcex Tpex paccMoTpeHHbIX o6nacTxx yKa3blBa.eT 

Ha o,nnHaKOBYIO A-3aBHCHMOCTb BeJIH'IHHbI ncKa)KeHirii B Ka)K,noii Il3 mix. 

3) rrpn ,nanbneiiIIIeM yBeJIII'IeHnn A (A> 20) Bemi'InHa ncKa)KeHuii rrpaK

TII'IeCKH He H3MerrneTCllj 

4) OTHOIIIeHH5! cTpyKTYPHbIX <l>YHKUIIii, H3MepeHHbie Ha 51,npax A1 H A2 c 

aTOMHOH Maccoii A > 2, oriIICbIBaIOTCll B o6JiaCTH X ~ l npOCTO~ 3aBHCHMO

CTbIO Bn,na C1x 0
, a B o6JiaCTH x > O,l .UJI5! 6JIH3KHX no A 51,nep, a TaK)Ke npH 

A > 20 qrpaBe.UJIHBO cooTHOIIIeHIIe F/1 
/ Ff 2 ~ 1. 

BbIBO,Zlbl 1) - 3) CBH,ZleTeJibCTBYIOT O BbI,ZleJieHHOCTH 4-HyKJIOHHOH CilCTeMbl 

(x.npa 4 He) KaK cucTeMbI, OTBeTCTBeHHoii 3a cpopMy HCKa)KeHH5! cTpyKTypHoii 

q>yHKUHII nyK.JIOHa. Ilpo6JieMa IlOHIIMaHH5! CTPYKTypbl CB5!3aHHOro B 51,Upe Hy

KJIOHa pa3,nem1eTC5! TaKHM o6pa30M Ha o6'b5!CHeHne MeXaHII3MOB (a) lI05!BJieHII5! 

ocunJIJIXUIIii BeJIH<rIIHbI F2He / Ff n (6) ycnJieHII5! aMIIJIHTY.UbI ocuunJixunii (po

cTa BeJIII<rIIHbl ucKa)KeHIIii M (A)) c yBeJiu<reHneM A. 
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C.r,mpHOB r.11. 
11cCJie,l'.{OBaHHe A-3aBHCHMOCTH rJiy6oKOHeynpyroro pacceSIHHSI 
nenTOHOB Hero CJie,l'.{CTBHSI )'.{JISI noHHMaHHSI aj:)cpeKTa EMC 

.lU-94-278 

IIpe,l'.{JiaraeTCSI onpe)'.{eJISITh A-aaBHCHMOCTh HCKa)KeHHii CTPYKTypHoii 
<PYHKll;HII HyKJIOHa F2(x) ~epHOH cpe)'.{OH no BeJIHqHHe cyMMapHhIX HCKa-

)KeHHH, HaH,l'.{eHHOH B HeKOTOpOM HHTel)BaJie (x1, X2)-
J13 aHannaa ,l'.{aHHhIX no rny6oKOHeynpyroMy pacce.srnmo MIOOHOB n :meKT

poHOB Ha ~pax HaH,l'.{eHO, qTo BeJIHqnHa HCKa)KeHHH ,l'.{JISI Ka)K,l'.{OH ll3 Tpex 
paCCMOTpeHHhIX 06nacTe11 - 3Kpam1pOBamrn, aHTH3KpaHnpoBaHH.sI H EMC-
3(jJ{j)eKma xapaKTepnayeTC.sI 0,1:{HHaKOBOH (c TQqHOCThIO ,l'.{O nOCTO.sIHHOJ'Q KO-
3cpcpn.u;neHTa) aaBHCHMOCTblO OT aTOMHOH MaCChl ~pa A, HaqnHaSI CA = 4. 
CoBOKynHOCTh HMeIO~llXCSI 3KCnepnMeHTaJibHhIX ,l'.{aHHhIX CBH,l'.{eTeJihCTByeT 
o Hachl~eHHH BennqnHhl ncica)KeHnii c poCToM A. 

Pa6oTa BhlnonHeHa B Jia6opaTOpnn cBepxBhICOKHX 3Hepmii 011.SIH. 

IlperrpHHT Ooo,e,111-111e1111oro HHCTHT)'Ta S1,11ep11b1X ·1-1ccne,11osa111-1w. JJ:y611a, 1994 

Smirnov G.I. 
A Study of the A Dependence of the Deep-Inelastic Scattering 
of Leptons and Its Implications for Understanding 
of the EMC Effect 

Dl-94-278 

It is suggested to determine the A dependence of distortions of the nucleon 
structure function Fi(x) by summing the distortions over an interval (x1, x2). 

It was found from the analysis of the data on deep-inelastic scattering 
of muons and electrons from nuclei that the A dependence of distortion 
magnitudes obtained in each of three regions under study, namely shadowing, 
antishadowing and the EMC effect region, follow the same functional form, 
being different in the normalizing factor only. All the available data give 
evidence for the saturation of the distortion magnitude with rising A. 

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