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06rnmr xapaKTep11c111Ka paGoTr.r 

B 11a11Ho11 paooTc. H]JC.'\CT'dR!leHhr 3Kcnep11MeHrn1>Hhie pe3y;1r,rnThI no ll3Mepe111110 

3JICKT]JH4ecKoro cjJopM-cjJaK"ropa :r' Me3oHa H HCHT]JOHa B o6JiacTH KBaAparn nepeAaaaeMoro 

YCTb!JlCX-HMnyJll,ca Q2 2: 0.5 rs8
2

, H CCMHHHKJIKHHBHOfO 3JICKT]JOJlO)f()l,CHllll 3aplDKCHHblX nHOHOR ~HI 
npoTOHe 11 ACrlT]JOHe R 06J1ac111 H113Kl1X ::l!lepmi-i, OXBaTbIBaJOII\HX o6JiaCTb HYKJIOHHbIX pe30HaHC<?B .. 

Ope,D.CT'dBJICHilbIC j\aHIIblC llRJl5IIOTCll Ha1160J1ee T04HbIMH H j'HHKaJibHbIMH B j'KaJaHl~IX 

KHIICMaTH4CCKHX OOJ13CTllX, 11 cop;eplKaT BalKHyKl Ha}"IH}'KJ 11HcjJOpMa[\HIO 0 CTp}'K'IJ'PC n110Ha, II 

HeihpoHa, tjJaKTilpH3UI\HH CC4CHl1ll npH MaJihIX 3Hepnrnx, H KBapK-aApOilHOH JlYaJlhHOC11l. Pa6oTbl 

BhinOJIHe11r,1 B J1a6oparnp1111 HMe1rn ToMaca illKecjlcj:Jepcoua (CWA) Ha nyYKax ycKopwre.rrn CEBAF B 

1997-2004 roAaX R paMKax Epc!>V!-J Lab COTJJYAHH4ecrna. 

AlgyaJ!h11ocn. pa6oThI: TeopeTH4ecK11e n 3Kc11ep11MeHT'dJlbHb1e 11ccJieA0BaIIHll CTJJYK'l)'pr.1 

aApOHOB }IRJllllOTCll OAHOH 113 l\CHT]lllllbHhlX H aK'l)'aJihHhlX 3a)l;a4 cjJHJHKH BblCOKHX ::rneprm"1 11 

3JleMe11rnp11r,1x YaCTHl\. 3Kcnep11MeHThI 110 paccemm10 4aCTH!I, Ha4aT1>1e Pe3epcjJopAOM, noCJiy)KH.nH 

11CT\lYH11KOM 6ecuc1111oii 11mpopMau1m 0 B11yrpe1rnci-i ClpYK'IJ'PC OCllORHhlX COCTIIBJUllOiltHX Marep!IIL 

CeroAllll Mb! 3HaCM, 4TO npOTilllbl II HCllT]JOHhl COAeplKaT T]Jl1 KBapKa, a MC30Hbl llBJlllKlTCll 

KOMOHHaunefi KRapKa H al!T11KRapKa. KnapKH CRll3aHbl Apyr c APYfOM rmooHaMH, a MX 

R3aHMOACllcTBHC OllHChJRaeTCll KBaHT\lBOll xpoMOA11HaMHKOH (KX,U). 

OfoiapylKCHl!e R. HaYane 30-ThlX nJAOB aHOMaJJhHblX MarHHTilblX MOMCHTOB nporoHa !I 

HCl1T]JOlla nOCJij'lKllJIO npllMhlM yKa3aHl1CM Ha llllllHY11C y HHX CT]JYJ<'l)'pb!. PacceiIHHe 3JICKlpOIJ()R 

OCT'dCTCll Jlj'411111M MeTOAOM )J)lll H3j''lCHl1ll 11JIOTHOCTH pac11peAeJJCHl1ll 3ap»Aa llyKJIOHOB 11 llAep. OAHll 

HJ nepB1>1x on1>1ToR no H3)"1eHHlo 3JICKT]JOMarn11THOH crpYJ<'J)'pbI HyKJioHa sneKT]JOHaMH 61>1JI 

Bhll10JIHeH XocjJmranrepoM n 50-1>1e rllAhl, 4TO no3nommo oueHl1Th 3apllAOBbll1 pa.r:r,11yc npoTOHa -0.8 

cj:JM. B 11acrollntee BpeM51 cpaBHHTe.JihHO .xopomo 113secru1>1 3JieKTp114ecKH11 cjlopM-cjJaKrop 11poroua 

o: .a.o 3Ha'lCHl1ll Q2 
= 9 (f3!3/c)2 

11 Marn11ru1>1il cj:JopM-cj:JaKrop G.fi AO 30 (f3B/c)
2. lll3Mepemje 

cj:JopM-cpaKTOpOR Hei1TpOHa 113MHOro TJlYAHee. JJ;m 3TOfO HCl10Jlb3j'IOTCll llApa ACITTe]JHll HJJH ,He c 

Bbl4CTIJM Rl<JJaAa OCT'd.%HhlX Ilj'KJIOHOB llApa. Op11 3TOM TOYHOCTh onpeAeJJCHl1ll 3aBl1CHT OT MOAC.111 

11yKJIOil-HYKJIOllllOro B3allMO)\CikTBl1ll. KpoMC T\lfO, BeJ1114Illla a;; MaJia, ll R H3MCJlllCMOM CC'ICllllH 

4acm )\OMM!rnpycT BKJia)\ Man11m1oro cjlopM-cjJaKTopa. BCJieACTRHl1 3TOro, a;; H3BCCTCH 04CHb lrnOX(l. 

K HaYaJiy 3Kcnep11MCIJTaJiblloi"1 nporpaMMhl CEBAF-a, 11paKTI!4ecKH 0TcyrcTBOBan11 T04Hbie Aamn.re 

G;.'. R OOJlaCT!I Q2 ~ 0.5 (r:iB/c)2_ 00AOOIH!H Clfl)'aIUlll CJIOlKl1JiaCh II Jl,JU! 3llpi11\0ROfO cpnpM-cjJaJrn>pa 

7t-Me3011a. nmrn,. ilBJIHKJIHHHCll npocrei1111ei-i KRapKOBOl1 Cl1CTeMOfl, xapaKrep113yercll TO;lhKO 

3JICKT]ll14CCKl1M cjlopM-cjlaKTOJlOM. 

K Ha4a;1y l 997 r. To•1111>1e 3HaYCH11ll n110H11oro cj:JopM-cjJaKropa cy111ecrsoeaJI11 TOJlhKo n 

oonacTH Q2 < 0.3 cr:iB/c;)
2
, llOJIY4CHHble R 3KCnepllMCllTaX 110 ynpyroMy. Jr- e paCCCllHH!ll. Op11 

RblCOKHX Q2 cj1opM-CjlaKTOp F, MOlKHO H3MCpllTb B 011hlTaX HX 3JlCKTpopo)K)J,CllH}I Ha np0To11e. TaKl!e 

ll3MCpC1Illll CYlllCCTllOllll!lll llllJlllTh AO 3Ila'ICllllH Q2 = 9.9 cr:iB/c)
2, 110 llX TO'IHOCTb Oh!Jla HH3Ka, a 

JHaYeHHll F, 3aRJJ~CJlll OT IIpllMCllllCMblX 11pH amu1113e MOACJ!Cfl H MCTOAOR paJACJICHHil npoAOJibf!Ol'.J 11 

11011cpc•111or"r KOMll!ll!el!Thl L'l''IClll!ll. nn11y<1c1111c HOC1UllCpllhlX HHlll!hl:X Jl,ilSJ F, H G;.'. B oom1crn 

HhH.::or..:.11x <i2 
Gi.1.110 ncchl\ta ah:1yai1i,1101'1 'Jana\.,1ci"'! 11 co<.:Talt'rnJ10 w:11ony '.JKc11cp11Mc11Ta.r1i,11or1 

nporpaMMbl Hall C. 
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.ilpyroii 06J1acn,10 11CCJICAOBaH11ll 06.~ana10111e11 llll1POKl1Ml1 noTeHUHll.llhHblMll 

no1Mo>K11ncTI1M11, 6i.1J10 113yYeHllc cjJaKTop111au1111 ceYe1111s1 11 KBapK-anpnmmii )lyllJlhHOC..-rH n 

npoueccax ceMHHHKJIKl311BllOrD 3JICKTpOpO)f()l,CHHll 3apll>KCHHhlX flHOHOR np11 OnlOCHTeJibHO HH3Kl1X 

:i11epr1rnx. KaK H3Bccrno, npH Rh1coKHX 3Heprniix B paMrnx KX.U Mexa11H3M o6pa3oBaH~ anpoHoll 

MO)KflO paccMaTpHBaTh KaK pe3yJihTaT noyx KBa311-HeJasm:11M1>1x npoueccos: paccemme BHPlJ'll.llhHoro 

cjJOTOHa Ha KBapKC H noCJICnyKllllaJI anpOHH3aUl!ll KBapKa. npH HH3KHX SHCprHllX TaKOH fllllJ.XOA 

HenpaBOMO'lCH, H GoJiee eCTeCTBCHHO paccMaTpHBan, B3aHMOIJ.CHCTBHe B paMKax KOJIJICKTHBHblX 

creneHeii cs0Gonb1 c npHBJIC'lCHHCM pell.llhHblX cpH3H4ecKHx Me3oHoB 11 6apHOHOB. B STOM CJI)'Yae 

HaHBHO 0)!(11)1,aTu npOCl)'Kl cpaKTOpH3aUHIO CC4CHl!ll. OnHaKO HC HCKJllO'lll.llaCh Bll3MO)KHOC11> 

cy111e<-"TBOB8Hl1ll scpcj:>eKTa, nono6Ho Kl!apK-alJ.pOHHOl1 )lyll.llbllOC11l, Ha6JIIOACHHOro B 70-bJC r<llJ.hl 

BmoMoM H fHJIMalloM Jl)lll HHKJll03HBHOro paccem1~. Om1 0G1rnp)')KHJIH, 4To HHKJll03HllllblC 

CTpYKTypHblC ¢YHKUHH HYKJJOHa, 113MepeHHhlC np11 11113Kl1X 3Ha4Cll~X SHeprnii, rpynn11py10TCll 8)1,0J!h 

KpHBhlX, npC)l,CKa3aHHblX no na11HhlM H3 rnyG0Ko-11eynpyrofl o6JJaCTl1. 

ECJIH KBapK-anpnHHM )lyaJlhHOCTh llMCCT MCCTO H Jl,llll CCMHHHKJll03HBHOro SJICKTpOpO)f()l,CHIUI 

nHOHOB npll HH3KHX SHepnrnx, TO 31J.CCb TO)KC MOlKHO O)KHIJ.aTh scj>cj>eKT, nonoGHblH BmoM­

f11JIMaHOl!CKOMy. B smM CJiyYae 3Ha4eHHll cj:>parMCHTaUHllllllhlX cpyHKUHii KBapKoo, H3BJIC4CHHble H3 

CCMHl111KJll031lBllOro 3JICKTpnpo>KAClll1ll nmma np11 llH3KllX :meprirnx, Gy!J.YT ycpeJJ,llllTI>Cll BOKpyr 

Kp11n1>1x; ::iKc..-rpanom1ponaHHhlX no 11.aHHblM H3 rny6oKo Heynpyroii o6nacm. ECJ111 6yneT 'noKa3aHa 

ll113Kll-SHCpreTH4CCKaSJ cjJaKTOp113aUllll ce'lell~ II KBapK-aJJ,pOHHall JJ,YaJJbHOCTh, TO OTKpO!OTCfl 

11111pOKl1C 803MOlKll0<-'11l Jl)lll llCCJIC)J,OBaHHll cpyHKUHH pacnpeJJ,eJJCHHll napTOHOB npH 60Jiblll11X Xe 

(noJIH npOJJ,llJlhHOro llMflYJibCa HYKJJOHa, YiJOCllMOii napTOHOM) II cj>parMCHTilUHOHHblX cpyHKUl!H 

KBapKOB B oGJiaCTH 60JiblllHX z (11.0JII! SHepr1111 BHpl)'aJibHOro cporo11a, yHOCHMOii KBapKOM), 4TO 

llRJlllCTCll Kpai1He aKl)'aJibHOH, HO 11 TpYAHOii 3a11.a4eii npH Bb!COKHX SHeprHllX (BBl1)1y Mll.llOCTH 

CC4CHl!ll). 

Ue.m, H 3!!jja4H pa60TbI: OcHOBHofl 3aJJ,a4ei1 SJBHJIOCh H3Mepe1me sJieKTpH'lCCKHX cjJopM­

cjJaKTOpoB 11eiiTpoHa ( G;,) 11 n1-1011a (F
1

) B o6nac,-rn GoJihllIHX Q2 
11 ce'!eHHll ceMl1HHKJJI03HBHoro 

3JICKTpOpO>KJJ,CHl!ll 3apmKCHllblX nHOHOB Ila npoTOHC II ncfiTpcJHe B oGJiaCTH Hl!3KHX s11epr11ii, 

BKJJIO'lasI o6naCTu HYKJJOHHbIX pe3mrnHcOB. Uem, paG0Tu1 - noJJY'!CHHe TO'IHbIX sKcnepHMCHTll.llbHblX 

JJ,aHHhlX 0 CTpYKTypC nmrna ll 11ci"rrpo11a, H npoecpKa cjJaKTOpH3aU111! 11 KBapK-aJJ,pOHHOH )lyaJlbllOCTH 

np11 HH3KHX :meprirnx. 

O<TheKT HCCJJe!lona1111i1: J.1ccne11.oeaJiocb Kea311ynpyroe pacceii1111e noniipH3oBaHHbIX 

3JICKTpllllOR 1111 !IOJ!llpll30BaHllOll II 11enoJlllp1!30BaHHOii 11.eiirep11eeoi1 M11ll!CHH. J.13MCpllJJOCb CC'lCHHC 

;>KCKJllll3HBllOro H CCMllHllKJll031lRllOro 3JICKTpOpO)KIJ.eHHll 311pll>KCHHblX nHOHOB Ha npOTOHe H 

ncl1TCp11H. 

MeTOAbI HCCJ1enomu111i1: npose11.em1e sKcnepHMeHmB no paccellHHIO nom1p113onu1111h1x 

:mcKTJlll!lon 11a nom1p1nonarn1rn"\ MHlllCHH H 113Mcpc1mc acHMMCTpllH nyYoK-M11111c111o. Pacccm111c 

flOJillpH30Bll11HblX 3JICKTpOHOB Ha 11enoJlllpH30Bal!llOH JJ,eiirep11eBOH Ml!lllCllll II 113MCpCllllC 

llOJillJJ11311Ulm 11ei"rrpoHOR OT)J,U'lH. 3KCKJ!Rl31!BHOC I! CCMl!lll!KJIKl3HBHOC ::ineKTpO(lO>l\,llCllllC '" Ha 

npornHe H 11.e1irep1-111. 
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Ha\"lllall 11on1-1311a pa6oTbI: Bnepnb1e 11a ocHcme nposcµ,e1111i.1x 11cc.1cJJ.ona1rni"1 110J1y'lc'llhi 

lllll160Jiee TOYllblC :JKCllCIJllMCllTHJlhllhlC JHaYCHHll )l)lll 3JICKTpll'lCCKOro cpopM-cjJaKTopa !1ei"npCH!a 1,;~ 

npH 3Ha4emrnx llCIJCJl)lllll(l['() 'ICTbipCXMepHOl'O HMllYJlbca 02 = 0.5, 1.0, 1.13 II 1.45 (r:iB/c)
2 

11 rpopM­

cpaKTopa 3apmKc111101" 1111011<1 /·~ np11 0 2 
= 0.6, 0.75, 1.0, 1.6 11 2.45 (r:iB/c)

2
. 3rnro y;1.a:1oc1. 

JV>CTll'lh Ja L"'ICT llL"IJ<>:11>m1rn111rn y1111KaJihlloro a.~eKi-po1rnoro 11yYKa ycKop1ne.ns1 CEBAF (n '"'~' 

4Hc;1c, nonHp1no1H11111orn) 11 KoMn;1eKc11oii :JKcnep11MeHT'dJlbHoii 6a3"1 Hall C, cocTOlllllei1 113 ~uyx 

ni.1coK0To'l11i.1x Ma1"1111T1.1i.1x cncKTpoMeTpoR (HMS H SOS), lKl1)1Ko-noJJ,opo;1.11rn"\ 11 )1"1;1KO­

ACHTep11enoi1. II TBC)l)l,01°1 (rpa11y!111poBaHHni1) nOJillp1130RaHHOii MllllleHH, HCHTpOIH!Clro )J,CTeKTOpa M 

HCHTJJ01111oro nom1p11MCTpa. Bee 3To noJBOJtHJio csecrn K MHllHM)'MY c11cTcMaT11<1ecK11e m11116K11 fl 

llOJIY4HTI> llllH6oJiee TO'lllhlC 311a4Cll~ cj:>opM-cj:>aK11lpOB HCHTpOHa H mmHa B ;'(alllloli 

KHHeMaTH'lCCKOH o6JJacrn. l1cc.DC)l.OBaHHll CCMHl1HKJl!0311BllOro ::JJICKTpopo>K,:\CHHll llllOllOB Ha s1;ipa.\ 

ROIJ.Opo11.a 11 ACllTC)lHll ll03BOJIHJlll BrtCpBhlC l\OKa3aTI, cy111ecrnonam1c Kllt1pK-a;1po111mfi llY<L1hllOCTll II 

cj:JaKTOp1!3au1rn CC'ICllllll B ofinacru Hl13KHX ::JHeprHii. 3aBHCllMOCTll 113MepC11HhlX CC'ICHllH 01 

napaMCTpa z H OT 11011epe<111orn HMllYJihca Me30Ha, OTllOIIICHHe cj:>parMCHT'dUIHlllHblX cpyuKLJltll 

D- ID+ u "cy11ep-0T1w111e1111if' 1rnxo11.iiTcll n xopomeM cornac1m c npeJJ,cKa1aHllllMH TeopeTH4ecK11x 

MllJICJlei'.i BhlCOKllX :.i11cprn(1. 

IlPaKTH'lCCK!lll 3Ha411MOCTh IIOJI)T'iCllI!blX pC3VJ1bTaTOB: .Um1 11ACHTHcjJHKaUH11 4acruu Uhl.111 

pa3pa6oTaHhl ll COJ;J.aHhl )J.Ba MHoroKaHaJibHblX Jll1BHCBbIX ACTCKTOpa H3 CBHllUOBOfO CTeK.'!a, 

nopornnb1ii 4epeHKORCKHi1 c4CTYHK 113 aspOIJ.)KeJJa. Co3JJ,a11 m11p0Koarmepryp111>1ii JJ,eTeKTnp 

HCl1TpOHOB. Ilpc,a,11olKClla 11 peiun-nomlHa CllCTeMa KOHTpOJill ll KaJIH6poBKll yCTaHOBKll, MCTOil a11a.;1111a 

:iKcnepHMCllT<UlhllhlX na11ui.1x c y'leToM :icpcpeKTHBHocreil )J.CTeKTopon 11 B03MlllKHhlX ncrrep1 .. 

nnnyYCHHblC :iKcncp11Me11T<UtbllhlC pe3yJihT<ITbl no3BOJIHJIH ocy111ccm1111, conncTdMem1e 11 oTfinp 

MC>K,lly cy111ecrny10111HMll TeopcTH4CCKHMH pac'leTaMH, 01111 CTilMym1pomUtll pa3RHTHe CT'dpblX II 

reHepm111KJ 11on1>1x Teopc1114ecK11x noJJ,XOIJ.OB. On11pa.S!cb Ha noJIYtJCHHbie 3)1,Ccb pe3yJibTaThl, 01>L1 

npHHllT piin IHJRhlX :>Kcncp11Me11TaJ1hHhlX npoeKTon no H3Mepemuo :JJICKl"pH'lecKHX cpopM-cjlaKTopoB 

llCllT)lO!lll II rmo11a II 11pllHC)\CHl110 6oJiee Jl,C1Wlhllh1X llCCJICJJ,ORUllHl"l CCM11HHKJll03HRl!lll'O 

:rncKrpopolK.iw111rn 7l 1r K-Me1011on, KaK Ha JJ,e1kTBy10111eM ycKop11TeJie CEBJ\F, TaK H 11a 

11pocKnipycMoM Cl:BJ\F-12. 

ABTIJP llhlllO.<;!:fJ: ILa JallilflY CJIC!!VIOll!llC OCllOBllblC llOJIO)KC!llill: 

1. UnpCl\C!ICllllC :.i;ll'K'l]Jll'ICCKOn> cjiopM-tjJaKTOpa 11cfrrpo11a c;.' np11 311<l'JCHHllX KBa)J.p:1 r;1 

ncpeJJ,anaCMCll'll 'lt:Thl)JC.\-ll.\111Y:ll.ca 02 
= 0.5 II 1.0 f3B

2
/c

2 
MCTll;\OM ll~Mcpc111rn "nyYOK-MlllllL'llb 

acllMMCTplllt'" B pcaKl\1111 KIHl'll1YllPYrCJrCJ paccem11rn llJlO)l,OJtbll() llO!lllp11301Hlllllh1X J!lCKTpOllOB Ila 

11o;rnp111ona1111ori M11111c1111 1i(e. c'n)p 

2. Unpe,rl,CJICllllC :.>:ICK1p11'1CCKlll'O cjJopM-cjJaKTOpa HCllTplHlll o;: npH 311a'ICHHllX KBa,1p:rra 

ncpena1111ol'(l 'ICTbl)JCX-JIMll)':lbCU Q2 = 0.45, 1.13 II 1.45 f38
2
/c

2 
MCTO;\OM 113Mepe111rn 

··ac11MMcrp1111 11cln11011on trr;1a'IH" B pcaKUllll KBa111ynpyroro pacccm11rn npo.Qo;11,110 

llDJil1p113Jlllal!llhlX ;)JICKllJllllllB Ila llCllOJillpH3llBUHllOll MlllllCIHI d(e, e'n)p c 113MepC1111l'\1 

110Jrnp11Jat11111 11ci"npt>11on m:r1w111. Co11ocTaBJic1rne 110J1y4c1111i.1x pc3yJ11>T<rron c cy111c<.:Tny1011111\111 

,
11.HllllhlMll. 
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3. Onpe.QeJTeH11e sJJeKTpH<iecKoro cjJopM-cpaKmpa 3apJI>KeHHoro nuoHa F. a 06nacn1 ncpc.Qa<i 

KBa.QpaTa <ien,1pex-uMnym,ca Q2 
= 0.6+2.45 (faB/c)2. B <iaC'fHocrn: a) 113MepeHue ce'leHJm 

sne'KTpopo~eHuJJ 1r• Ha B~.Qopo.Qe H(e, e' 1r')n u npone.QeH11e pa3.QeJJeHHJl npo.QonbHOH u 

nonepe'!HOH KoMnoHeHT; 6) onpe.Qene11ue 3Ha<ieHHJl F, cpaa11e11HeM H3MepeH110I1 npo.QoJJbHOH 

KoMnoHeHTu1 ce'leHHJl u 1• c npe.QcKa3am-rJIMH TeopeTM'!ecK11x MO.Qe.JJeI1; a) 113Mepem1e 

O'!HOllleH11JI tr• I tr- Ha .QeI1TepllH u .QOKa3aTeJThcTno ·.QOMllHaH'!HocTU JJ:llarpaMMbl OJJ:Hon110HHoro 
o6MeHa np11 K11HeMaTMYecK11x yc;,1oa11J1x 3KcnepHMeHToa F • . 

4. Pe3yJJ1>Tan,1 11cCJJe.QoBaHttJI cpaKTOptt3aQttH ceYeH11JI u KBapK-a.QpOHHOH .l\YMI>HOCTU np11 HH3Kllx 

s11epr11J1x e npoQeccax ceMllHHKJJI03HBHoro sneKTpopmKeHHJl tr' Me3oHoe Ha H 11 D. Pe3yJJbTaTbl 

H3MepeHHH z, x H P, 3aBHCHMOCTeH ce'!eHHH, OTHOl!JeHHH PJ!l\a KOM6HHal(HM ce'!eHllH H HX 

COTlOCTaBJJeHue c .QaHHblMH Bb!COKl!X 3Heprm'l. 

Crpmypa H o6'beM pa60Th1: .Il11ccepra1.111JI COCTOllT 113 eee.QeHHJl, flJITH mae, 3aKJJ10YeHHJI 11 

np11JJO)!(eH11JI; CO.Qep)!(lf1: 350 CTpaHHl( neYaTHoro TeKCTa, BKJl!O'!aJI 123 PHC}'HKa, 43 TaOJIHl(l>I H 
CflHCOK JJHrepapypb! H3 340 11a11MeHooa1111!1. 

Anpo6anHJI nomenn&IX PC3YJihTaTOn: Pa6on,1, nono)!(eHHbie e ocHoey JJ:HccepraQ11u, 
Heo.QHoKpa'!Ho .QoKJJa,a;i,rnanuc1> Ha HayYHhlx ceMttHapax EpeaaHcKoro cjJll3H'lecKoro 11Hcnnyra 11 

JLab, 06c~an11c1> Ha MHTiiHrax KOJJJJaCiopaQHH Hall C, a T'dK)!(e. a BeJzy1.1111x 3apy6e)J(Hr,ix QeHTpax, 

T'dKl!x KaK 011>!11 (.Ily6Ha), NIKHEF (Amsterdam), DESY (Hamburg) 11 gp. 01111 JJ:OJ1o)!(eH1>1 Ha 

ceKl(HJlX AMepuKaHcKoro <Ptt3H<JecKoro Oon~ecT!la, 11peJJ:CTaBJJeH1>1 e pJI.Qe Me)!(.[(YHapo.QHMX 
KoucpepeHQllH, KaK, HanpuMep: 

• 7-th Int. Conference Electron Nucleus Scattering, Elba, Italy, June 2002; 

• SPIN-2002, 15th Int. Spin Physics Symposium, Grenoble, France, April 2002; 

• CIPANP-2006, 9"' Conference on the Interactions of Particle and Nuclear Physics, Puerto Rico, 
May 30, 2006. 

rty6JmKllIIH]f IIo TeMe JJ:ttccepraQ1111 ony6JJHK0BaH1>1 21 CTaTbH n ~Hanax Phys. R~~- Lett.; 
Phys. Rev; Nucl. Instr. and Meth.; M3a. AH PA 11 a Tpy.Qax KOHcpepeHl(HH. 

Co.Qep)!(!II1He pa6on.1 

BBeJiel!He CO.QepJKHT KpaTKoe on11ca1Itte II Hay'!HOC OUOCHOBUHHC npouJJCMaTHKll, YKaJaua 

aKryaJJhHoCTb H3Y'ICHHJI cTpyKrypi,1 a11po11on, n •1acTI1oc..'T11, nHolfa u Hefrrp<ma. OGc~acrcn 
R<DKl!oc·n. llCCJIC.Qona11111'i KBapK-agpo11Hrn'i JzyaJJhllOCTH II cjlaK'rop113al(HJI CC'!CHWI ceMHHHKJll03HBHOro 

sJJeKTpopo>K.Qemm npll HH3KHX J11epmnx, oGcy>K.QaercJI CAJI3h Me)!(Jzy rny6oKo-neynpyroi1 u 
JlC30ll<lllCllO!l OOJIHCTS!Mlf. 

B nepeml l'J'laae ga11 ou3op ::JKc11cpttMe11nU11>111>1x u Teopcm<JecKHx MeTO.QOB 11cCJJe.QoBaHm1 

CTJJYKTYPbi a.Qponoe, np11Be.QCHbl OCl!OBHb!e .[(OCTI1:>Ke1!11l! TeOp!m, 11MeeTCl! 0030p paHee npoBe,QeHHb!X 

3KcnepttMCHTMbllblX HCCJJC.QOBaHHH. 06ocHoBaHa Ba:>KHocn, 11 HCOUXO)\HMOCTb TO'lHhlX H3MepeH11ii 

3JJeKTpH'lCCKOro cpopM-cj:laKTopa flCHTpOHa 11 fllfOHa. l13Jlo)!(eHbl OCHOBbl np11fll(Hfla KBapK-agpoHHoii 

JzyaJJhl!OC..'TH 11 cj:laKTOplf3al(HH ceYef!lfJI. 3Hanue 3J'leKTpH'leCKoro cj:lopM-cj:laKTOpa HCHrpo11a a;,'. " 
lllHpOKOH OUJJacm no Q

2 
Ba)!(Ho KaK )J)JJI YTO'IHC!111ll HU!llllX npC.QCT'dRJJe11111'i () CTpyKrypc 11e1'iTpo11a H 

npoaepKH TeopeTtt'lecK11x no.Qxogos, TaK H )J)JJI noHHMaH11l! CTpYKTYPM ll.Qep. Sonce 50 ner cpH311KH 
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npHKJJa.r\blBalOT 11e11MonepHb1e ycHJJMll MJI M3Mepe1111l! pacnpeJJ:eneHHll 3apllJia a HeHTpOHe. .[l;u1 

H3MepeH!1l! G;; HaH60Jiee acpcpeKTI1BHblM MCTOl\OM llBJJlleTCll pacCellHHe 3JJCKlpOHOB Ha lll\pC 

gel!rep11JI. 0AHaKo, )l)UI ecex paHHHx H3Mepenm1 a; xapaKrepHbl 6on1>ume oum6KH, ce11JaHHb1e c 

3UBl1CHMOl.'TblO nonyqeHHblX pe3yJJbTllTOB OT npuMeHJ!eMol! MOJJ:eJJH ll.[(pa H HYKJJOH-ttyKJJOHHOro 

eJa11Mo.Qer1cmWJ. B pl!ge CJJy<Jaen np11MeHe1111e reXHHKH PoJeH6JJ10ra 61>1JJ0 ocHoBHblM 

orpaHH'lHBalOl!(HM cpaKTOpOM TOl.JHOCTH H3MepeHHH. c l!OllllJICHHeM ny<iKOB IIOJllljlH30BaHHhlX 

3JJeKTpOHOB H pa3BHTI1eM TeXHHKH flOJJllpH30BaHHblX Ml111!eHeii CTMO BOJMOlKHblM nponege1me 

TO'IHbIX H3Mepel!HH 3JICK1'pH'!eCKOro cpopM-cpaKTOpa HeH'TpOHa. 

0CHOBflblMH MeTO)l.UMll HJMepeH!UI G;~ C HCllOJJb30BaHHCM flOJJlljlll30BaHHblX 3JJeKTpOHOR 

llBJJlllOTCll: a) KBa3Hynpyroe paccellHHe IIOJJllp1130BaHHblX 3JJCKTpOHOB Ha flOJJllpH30Baf!HOM .QeHTepHH 

d(e, e'n)p; 6) KBa3Hynpyroe pacce1m11e flOJ!l!p1130BaHHblX 3JJCKTpOHOB Ha HCIIOJ!llpH30BaHHOM 

Aeiirep1111 c H3Mepe11ueM noirnpu3aQHl1 11el!Tpo11on OTJJ:a'IH d(e, e'n) p 11 c) KnaJuynpyroe paccemrne 

noJ111p11JosaHH01x aJieKTpoHoa Ha noMpH30BaHHOM renu11-3 3 He(e, e'n)pp. I1p11 smM Hel1Tpo11b1 

11puo6pera10T noMpH3al(HIO nocpegCTBOM MexaHH3Ma OT,IJ.a'IH, H BeJJH'll!Ha nepe)laHHOH ll0Mp113al(l!H 

nponopuHoHMbHa 3JICK1'pH'leCKOMY cpopM-cpaKTOpy 11el1Tp0Ha. Oniowe11ue npo,11.oJJbHoii (p;) H 

nonepe'IHOH (p~) KOMIIOHeHT noMpH3aUHH HeiilpOHa OTJ!3'lH npllMO CBJI3aHO c OTHO!lleHHeM 

3JJeKTpH'leCKOro H MarHl!THOro cpopM-cjJaKTOpa HeiilpOHa a; I a;I : 

p; - -..fi& a; 
p; - .Jr(J + T) G;~ 

.[{JJSI 113Mepemm KOMTIOHeHT IIOJJllpH3al.lHll llCOOJJb3YeTCll HCHTpOHHblH IIOJlllpllMeTep. npeHMYU(el."TBOM 

3TOro MCTO)la llBJIJ!eTCll He'l)'BC1BllTeJJbHOCTb K a6COJJ!OTHOMY 3Ha'leHH!O flOJJllp113al.lHH nepBH'lHOro 

lly<iKa H aHaJJll3Hpyiou1eI1 MOlIUlOCTll flOJJS!pHMeTpa. Eonee OCTpOYMHblH sapllaHT 3TOro MeTO.[(a ( 

OCHOBaHf!b!ll Ha npeQeCCHH COHHa HCHTpOHa OT.Qa'!H B MarHH'IHOM nOJie) npttMeHeH B HameM 

sKcnepHMeHTe 893-038 [5-10]. Bo BTOpOM MeTOge (ny<ioK-MHmeHb aCHMMeTpHJJ) HJMepJieTCJI 

aCHMMeTpllll ce'!eHHll, KOrAa IIOJillpH33UWI BJJ:OJlb HanpaBJJeHHJ! lly<iKa ( (]' + ) H npOTllB ( (]' - ). 

MaKCHMaJJbHblH scpcpeKT JJ:OCTl!raeTCll, KOrAa no.rmp1133l(HJ! MHllleHH HaXOAllTCll B nJJOCKOCTll 

paccel!HHll H, B To >Ke epeMJJ, nepneH,IJ.HKYJJSipHa HanpaBJJeHHIO HMnynbca BHp'!yaJJbHoro cpoTOHa. 

l13MepeHHe aCHMMC'TpHH ce'lef!WJ ll03BOJJlleT npllMblM o6pa30M onpe)leJJl!Tb OTHOllleHHe a; I G~'t : 

A'' = u. -u_ = -2~ tan(B,)G;G~ 
"' u. +u_ (G;}2 +T[l+2(l+r)tan 2 (B,/2)](G,~1 ) 2 

CneJIOBaTeJJbHO, npu .QaHHOM Q2
, 3Hal! BeJJH'lHHY MarHHTHOro cfJopM-cfJaKTopa a.;~, MO>KHO 

onpege.1m11, G;,'.. 3)lCCb TaK)!(e ll0Jlllp113al(Hll ny<!Ka, Ml!lllef!H If 3cpcpeKTllBHOCTI> CaMoro HeHTpOHHOro 

AeTeKTOpa npl!Mb!M o6pa30M He BXOJ!llT B npHBe.QeHHOe Bblpa>KeHHe, OJJ:HaKO HX MaKCHMaJJbflb!e 

3Ha'leHl!ll )!(eJJa~bHbI H3 coo6pa)!(eHWJ 'l)'BCTBHTeJJI>Hocrn K HJMepl!eMOMY scpcfJeK'.fY. TaKoi! MeTOI! 

onpe.QeJJeHllll a; HCfl0Jlb30Bafl B HameM. 3KCnep11MeHTe E93-026 [3-4]. AflaJJH3 cyu1ecmy10ll(HX 
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MHpOBhlX pe3yJ1b'mTOB K HaYany HalllliX H3Mepemu1 llOKa3<1JI ueo6XO)l,HMOl.'Tb npo11e11.emm TO'lllblX 

H3MepeHHH G; B o6JlaCTH Q2> 0.5 faB
2
. 

Oco61>11'.\ HHTCpec npe)l,CTallJU!eT HCCJleJJ;OB8HHe CTpyK'JYPbl 6oJJee npOCThlX 3APOHOB, B 48CTHOCTH, 

Japl!lKCHHoro lt-MeJoHa. 3JleK'lpOMarHHTHall CTpyKiypa n110Ha, KaK 48CTHUbl c HYJ1CBblM cnHHOM, 

xapaKtepH3YeTCJI 0)1,HHM tj>opM-cj>aKTOpOM F". nHoH JlllJU!CTCJI CBJl33HHblM COCTOJIHHCM .a:uyx KllapKOB. 

Kor11.a SJICKTpOH pacceHnaeTCSI Ha 0)1.HOM H3 KBapKoB, Heo6xo,a:HM oGMeH, MHHHMJM, O.a;HHM 

fJllOOHOM, 4T06bl coxpaHJITh KBapKH B nape. TiocKO!lbKJ nepe11.aHHblH HMny!lbC )1.CJlHTCJI Me>KJJ;y 

rn10oHaMH, TO o)IO!,a:aeTCJ1, '!TO pe>KMM nepiyp6aru11Horo Kxn .[l,llll cpopM-cj>aKTOpa nHoHa F" .a:onlKeH 

Ha6nlO)l,8ThCJI npH GoJlee HH3KHX 3Ha'leHH'IX Q
2
, 'lCM .[l,llSI tjJopM-!jlaKTOpOB HyKJlOHOB (r.a:e TpH KBapKa 

)l.OJl>Kllbl o6MCHHB8ThCSI, MHHHMJM, .11.ByMSl fJllOOHaMH). 3Ha'leHHe 38pll)l.OBOro cjlopM-cjlaKTOpa nHOHa 

xopo1110 onpe.a;eneHo npH 60J1bll!HX Q
2
• Ha HHJ!lleM ypoBHe Kxn npH Q2 -+ oo OlKH.11.aeTCJI 3HaYeHHe 

a 1.2 
F"(Q 2

) = 81Z' gt . KOTOpoe 33BHCHT TOJlbKO OT KOHCTaHThl CHJlbHOfO B3aHMO)l.CHCTBWI a,, a ee 

HOpMHpOBKa cjlHKCHpOBaHa KOHCTaHTOH /,, ' KOTOpaSI onpe)l.eJISieTCJI H3 npouecca CJlaGoro pacna.a:a 

nRoHa (1Z'-+ µ + vµ). CneJl.YeT no)J.'lepKHyn,, '!TO 3Ha'IHTenbHOe pacxo~eHHe Me>KJJY 

npe,a:cKaJaHWIMH reoperuyecKHx Mo.11.eneii Jl,Jlll !jlopM-cjlaKTOpa nuoHa (HanpHMep, pQCD, CQM, 

Lattice H r • .a:) tta(JJ110)l,aercll n oGJla<..'TI! 60J11>11mx Q
2
• To1.JH1>1e H3MepeHHll F" e mHpoKoii oGnaCTH Q

2 

KpaiiHe 88)!(Hbl H Jl,Jlll noHHM8HHll oco6eHHOCTCH nepexo.a:a Kxn H3 nepiypGaTHBHOro pe)IO!Ma K 

HenepiypGaTHllHOMY (or MllrKHX K )KCCTKHM a3aHMo,a:eikTllHllM). K Ha'lany 1997 ro.a:a cpopM-cjlaKTOp 

nHoHa F, .11.0CTaTO'lHO TO'iHO 6b!JI H3MepeH TOJlbKO B o6naCTH Q2 
.11.0 3H8'1CHl!H 0.28 rsB

2 
B CERN-e II 

npouecce ynpyroro x-e paccellHWI. 3TOT MCTOll. nolllOJllleT nony'IHTb TO'iHl>!e I! MOJl.CJlbHO 

He3aBl!Cl!Mble H3MepeHHll F,, Ho ero B03MOlKHOCTH no Q2 
orpaHH'iCHbl . .llnll onpe.11.eneHHll cjlopM­

cjlaKTOpa llHOHa B o6JlaCTH 60J1bUIHX Q
2 

MOlKHO l!CIJOJ1b30BaTh peaKUHIO HX SJICK7p006pa30B8Hifll: 

e + p -+ e' + 1l'+ + n . KnlO'iCBblM MOMCHTOM TaKOro SKcnepHMCHTa JIBJlSICTCll Bb!AeJICHl!e npo.a;oJ1bHOH 

KOMIJOHCHTbl ce'iCHWI. tJro6bl o6ecne'!HTh STO, HeOGXO)l.HMO nonHoe 3H8HHe (l!JIH H3MepeHHe) 

R3HMYTaJlbHOH 3RBHCHMOCTH )l.HcjJcpepem.111an1>HOro ceqeHHSI, H Jl,JIJI Ka~oro 3Ha'ICHHll Q2 
npOB0.11.HTh, 

MHHHMyM, )I.Ila H3Mepemrn npH pa3Hb!X 3HR'ICHHllX noJIS!pH3RUllH BHP1)'aJibHOro cjloTOHa {.cr.nSl 

pa3.11.eneHHll O'L H O'r ). B sKcnepHMeHTaX, npone.a;eHHblX B DESY, CEA H Cornell JJ.O<..'TllfJ1H 3Ha'leHwr 

Q2 -10 fsB
2
, 0.11.HRKO llOny'!CllHble pC3YJlbTa11>1 HMeJIH 60J1blll)'IO HeOnpe.11.eneHHOCTh H CHJlbHO 

3aaucenu OT np11MeHJ1eMbIX npH aHaJIHJe reopeTH'ICCKHX Mo,a:eneii. B pl!JJ.e CJIYliaee He npoeo.11.HJJocb 

pa3)1.eJICHHe KOMllOHCHT CC'lCHHll, H 0'1. H3BJ1CKaJICJI npo<..'Tb!M Bbl'IHTaHHeM H3 o6111ero ce'leHHll 

MOJl.eJlbH0-01.lCHeHHOro 3Ha'leHHJI O'r. 

.llnJI Bbl)l.eJieHHJI cpopM-cjlaKTOpa H3 3KcnepHMCHTaJlbHblX )l.aHHblX Tpe6yeTCJI 3H8HHe 

3aBHCHMOCTH ce'leHHll OT t, KBRJJ.paTa 'lCThlpeXHMnyJlbCa nepe11.aHHOfO OT BHp'l)'aJibHOro cporoHa K 

HyKJloHy. Hero'IHOCTH e JHaHHH t-JaBHCHMocTH npHBOAJIT K onrnGKe onpe.11.eneHHll F,. Pll.11. 

reopeTH'ICCKHX nowm.a:oe 61>L11 pa3BHT .cr.nsi aHan113a sKcnepHMCHTaJlbHblX .11.aHH1>1x. 011.Hoii 113 

KJJaccH'leCKHX Mo.a;eneii llBJlllCTCJI MO)J.eJlb GopHoBCKHX 'IJICHOB, B KOTOpoii aMIJJlH'l)')J.a npoQecca . 

npe11.cTaRJlllCTCll 8 011.a:e cyMMl>I aMnJlH'l)'i!. cpeHHMaHoRCKHX ,a:HarpaMM ecex MeXaHH3MOB, BHOCllll\llX 

BKJiaA n npoQecc e + p-+ e' + 1l'+ + n. B npocreiimeii GopHoBcKoii MO)l,eJIH npe11.noJJaraeTCS1, 'iTO np11 
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po:>K,!1.e111111 n11011on nncpc;1 ,1,o,,1111111pyer iJ.11arpaMMa 011.nonHoHHorn o6MeHa. B 3To:vi c:1yYac. n 

ce'lemm npo11ccca no:vi1111HpycT 11po:1on1>11al! K0Mnotte11rn a 1., KOTOpa51 npl!MhlM o6pa3oM CRH'Ja1rn c 

3JleKrpHYCCKHM cjiopM-cpaKTOpoM 111101m F',: 

a,,.~1 · (t-M;)g~vs(t)F}(Q',t). 

Ll,pyrall rpynna Mo.~CJ1ci1 oc110Ra11a 1rn reop1m Pe11.)Ke, Kor11.a of>Mel! Yacnn1 c n1>1coK~1i! Maccolr 11 

cnHllOM yY11Tbmac-rcs1 11po11anrrnpaM11 PeJl.)Ke. Jlruncc corm1c11e Mo,11,en11 c 3KcnepHMCHT'd.%1!hlMll 

11.a11111>1M11 .Qoc11m1yTo 11p11 y<rcTc Pc.n,>Kc rpacKmpHi1 c 06Mc110M p H TI. cf>opM-cpaKmp mmua 3;icc1, 

napaMCTp113YCTCSI MO!l()IJ();JcM B BllJ\C 

F,(Q 2 )=(1+Q2 I A~r 1 , 

r.[(e TOJlhKO 011.1111 cnof>oP,u1>11"1 napaMeTp A2
, . Cyn\e<..'TB)'IOU\He aKcnep11MCHTaJibHh!e 11.aHH1>1e no r-: 

Xopomo onHChJRalOTCll MOJ(C.%10 llpH 3Ha'lCHHH napaMCTpa A~ = 0.462 r::iB2
. CTpll am1.H113e 1!8llll!X 

11.a11H1>1x [ 11-13] Mb! eocno111>Jona;1uc1> MOll.eJiblO, pa3pa6ornHHOl1 Vanderhaeghen, Guida! H Lagct 

(VGL). 3a noCJie)l,HHe f())l,hl Ha 6a3e Kxn GblJl pa3BHT PllJl. JJ;pyrHX MO)l,eJICH, B KOTOpblX KJllO'leRan 

po!lb npHJJ;aercll cpopM-cjJaKropy nHoHa (QCD Sum Rules, Lattice QCD, Quark Hadron Duality. 

Constituent Quark Model). CTpoeepKa 3THX MO)J.eJJeI1 6bLlla Kpa1'1He 3aTpyll.HCl!a 113-3a orcyrcrn1is1 

TOYHblX 3KCnepHMeHT'dJlbHhJX )\al!HblX II 06JlaCTH 60JlhlllllX Q2
. CTpe)l,CT'dBJll!eMblC 3)J.eCb HOBblC II 

necbMa TO'lHbie peJyJJ1>rar1>1 r:, nonyYeHHhre e ::iKcnep11MeHTitX Hall C ( FK -1 u F, - 2) [ 11-13 J, B 

JHa'lHTeJlbHOil crenem1 3a11w11rnT yKa:iam1yio ny<..'TO'I)'. 

LlpyrHM HCTO'll!HKOM 1111cpopMal.lHll () <..-rpyKiype a.[(pOHOB llBJllleTCll rny6oKo-Heynpyroc 

JJen-ro11-11y1<.10H paccemrne (DIS) 11 3JleKTpoo6pa3osam1e Me3oHoB n npouecce rny60Ko-11eynpyroro 

ceMl1llllKJ110311RHOro paccemnrn (SIDIS). 3KcnepHMeHThl rny6oKo-Heynpyroro paccellHHll 11.0KaJa.'rH. 

YTO HyKJlOHbl CO<..'TOllT H3 TOYCYHO-no.a:o6HblX H KBa3H-CB060)l,HblX naproHOB. Ce4CHHC TaKOl'O 

npouecca MO)KHO npe.r<<..'TaRI1Th B llHJJ;C KOM6HHRUllH )J.Byx CTpyK'JYPHblX cpyttKl.lHH (F 1 H F2), CBll3aHHblX 

c pacnpe11.eJJeHHllMl! KllapKon H aHTHKBapKoB. B npouecce DIS MOlKHO H3yYa11, TOJlbKO cyMMapnr.111 

::icpcjJeKT Rcex KRapKOR, H Her .r<oc1yna K pacnpe11.eneHHi!M OTJJ;eJibHb!X napTOHOR. TaKyKJ ROJMO>KH<lL'Tb 

npe.r<crnRJil!er ::>JJeKTpoo6pa3onaH11e MeJoHoB 11 npoQecce SIDIS. B aKcnep11MeHT'dX SLAC H EMC 
61>1JJ0 l\OKaJ1t110, 'JTo np11 n1>1coK11x :>ueprirnx Mexm111JMhl paccem11rn BHp1y1wi.11i.11l cpofo11-K11ar1o:. 11 

i\!L1bl!Ciirmrn a,11,pom!Jal\l!H KBapKa ~JaKTOp1ny10TCJI, 4'11l n03BOJlllCT rrpoROJJ.lf'l1> HCCJIC.QORHHllll K<IK 

cpYf!KIUlll pacnpc11eJJCH!rn napTOllOB, raK 11 cpparMeHT!ll.lllOHHblX cpyllKUHii KRapKOR. llpH Hll3KllX 

:Jllcpnrnx 1n-Ja J\OM111111py10111ci1 poJJH pe3011a11cmiro MCX<lllHJMa cj1aK·mp111awrn ceYCH1rn Mo~;c·r 

11apylllHThCll. 01111aKO, l!C 11CK.:110'!aJl!lCb R03MO)KHOCTb, 'ITO )I.Im CCM111HIKJ1103HRHOro paccem!l1ll Mo~;CT 

11MeTb MCL.'TO :icpcpCKT, atJa.'IOl'll'lHblH B.1110M-fi1J1M8HORCK0(1 A)'anbHOCTH, Ha6J1K>)l,aB!Jil1HCll ;i;rn 

npo11ccca 1mKJ11m1m11oro pacccl!Hlrn. X_oTll noc'l)'JJHpyercl! 0611111M11 cnoficTBaMll KX.U, 11.HHaMHYCcKail 

CYll\HOCTh KBapK-a.Qp011110!'1 A)'aJ!bHO<..'TH OCT'dCTCll CTJlOXO noHllTOH. 0)1,HaKo, OH~\ )(OmKHa npollBJll!ThCll 

R p<13!1114HbJX npo1~cccax 11 K.1111cMaTH1.JeCKHX nepeMeHHhIX. C)'luecrnoea1111e <paKTopH3al.llfll ce4e111rn H 

KBapK-li)l,pOHHOH Jl.Y!!Jlbl!OCTH np11 6oJJee HH3KHX 3HeprHllX OTKpOIOT 11i11poKHe R03MO)KHOCTI! ;!.'Ill 

)l,eTaJibHOro HCCJICJJ.0Ralll1ll napTOHHblX ¢YHKU11H pacnpe)l,eJlCHHH II cpparMCHTal.lllOllflb!X cpyHKUHft R 

K11HeMaTI1YecKHX o6~ac.'Tl!X, rpy.Q110 )l,OC1YIJHhIX )J)lll aKcnepHMeHroR RhlCOKHX aHeprni!. 
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OcHOBHOH 1.1e.n1>10 3KcnepHMeHTa E00-108 Hall C 61>1JJ0 H3y4eHHe mrne,IJ,eHHJI ce4emrn 

CCMHHHKJlI03HBHOro 3JleKTpOpOlK,IJ,CHHll nIHJHOB npll 11113KHX 311CprHllX II IHIX())K,IJ,e1rne B03MO)f{H0ro 

!I,Ya.llbHOfO JJOBCAeHHJI Me)f{)J,Y pe30HaHCHOH 11 r:nyuoKo-Heynpyroi\ oGJJaCTIIMH. TioCJJeAHiIJI 4aCTh 

rnaBbl nocsm11eHa o63opy pa3Jlll'iHbIX MO,IJ,eJJeH cpparMeHTal(HH KBapKOB H MeTO,IJ,OB HX onpe,IJ,e.neHHJI. 

0TMC'leHbl cy111ecmymu111c K tta4aJJY <iKcnepHMCHT'd E00-108 neKoTI>pbIC yKa3airn.si (Corneli 11 

HERMES) o cpaKTOpH3al.IHH ceYeHHJI np11 HH3KHX 3Hepmllx. Hanrn pe3yJJ1>rnT1>1 Kacam111HecJI 3TOI1 

rnaRbI ony6JJHKOBaHbI s pa6orax [l-2]. 

Bo sropoli ma.Be npHBe,IJ,eHbI 061l(He cseAeHHJI 06 ycKop11TeJJe CEBAF. llaHbl noAp06Hble 

onHcattllJI <iKcnepHMeHTallbHOH annaparyp1>1 Hall C, 3JJeMeHTOB TpaKTa 3JJeKTpOHHoro nyYKa, 

CHCTeMhl H3MepeHHll H KOHTpOJlJI ero napaMeTpOB (nOJJO)f{eHllJI, pa3MepoB, HHTeHCHBHOCTH). B 3TOH 

rnaee on11catt1>1 6a30Bbie MarttHTHbie cneKTpOMeTphI Hall C, cocTaB AeTeKTOpoe, sxo,IJ,m1111x B HHX, 

3JJeKTpoHHKa, cHcreMa tta6opa AaHHbIX. ITpHBe,IJ,ettbl cBeACHllJI o nonJipH30BaHHOM 3JJeKTpOHHOM 

ny4KC H 0 nomipHMCTpHH. OnHCaHa npol(e)J,ypa KaJJH6poBKH ACTeKTOpOB, H CHCTeMa HX 

MOHHTOpHpoBamm. TipHBC,ll,CHbl CBCACHHll 0 HCt,"raHAapTHbIX y3Jlax annapa1)'phl, pa3pa60TaHHhIX .!l,JIJI 

BblllOJJHeHHll oGc~aCMbIX B AHCCCpT'dl[HH 3KcnepHMCHTOR, T'dKHX KaK nOJJllpH30BaHHall ACHTepHeBall 

MHIIICI!b (ND3), llCHTpOHHblH ACTCKTOp H llCHTpUHHblH noJJllpHMCTp. 

CEBAF (p11c. l) - 311l si.1coKOHI1TeHcHBHhIH, BblcoKo4acTOTHhiil ycKopHTCJJh uenpep1>1mmro 

ny4Ka (CW), pa60T'<1I011111i\ Ha 4at,'TOTC 1497 Mfu. 3JieKTpOHbI, ycKopeHHMe ,IJ,o 3Hepm11 45 M3B B 

I!H)f{eKTope, 11anpaBJIJIIOTCll Ha North Linac, r,IJ,e c noMoII\bIO 20 pamm4aCTOTHbIX (RF) 

csepxnpOBO)J,llll!HX ycKopl!IOillHX OTCCKOB Ha611pa10T 3Heprmu 400 M3B H 4Cpe3 noJiyKOJ!bl(CBOH 

oTceK BXOMT B South Linac. · 

rn•i·, 

~/ 
t , .. 

~~:: __ .. - ~-.l 

P11c. l CxeMaTH4CCKHH BH,IJ, ycKopHTCJJbHOro KOMnJieKca CEBA<P 

TaM OHM Ha611pa10T AOilOJIHHTeJJhHYIO 3HeprHIO 400 M3B, TIOJIY4all B HTOre 3a O)J,HH npoxo)J, 

(pass) cyMMapnym 3Heprnm 800 M3B. Uanee oHH MoryT n1160 BbIBOAHTbCJI, JIH6o cHosa 

HanpaBJil!TbCll B North Linac )J,11ll CJIC)J.YIOII!Cro 1.111KJJa ycKopeHHll. TipoXOM nllTHKpaTHoe ycKopeHHe 

(MaKCHMaJlbl!OC 411CJHl), 3!1CK'rp011hl MOl'yT HMC11> 311epn110 4 f3B. Tiocnc JIIOOOll KpaTIIOCTl1 

ycKopeHHll 3JlCKTpUHhI MOryT HanpaBJJl!ThCll e mo6uii H3 TpCX 3Kcnep11MeHTMbH1>1x 3aJIOB A, B HJIH C. 

B pe3yJibT'dTC Ka)J(,IJ,bJM H3 3Kcnep11MeHTaJJbHblX 3aJJOB Mo)f{eT nony41111, nyYoK c 3Heprneii 800 MsBxi 

(rAe i =1+5), HHTCHCHBHOt,'TbIO AO 100 MKA 11 4aCTOTOH 499 Mn1 (11mpmia 6a114a -1.7 nl1KU-CCK, 

IIHTepB<UI MC)K,!J.Y 6a114aMII -2 HaHo-ceK). B HaCTOilllleC BpCMJI MaKCllMaJlbHall 3HCpnrn ycKOpHTCJl51 :::: 
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6 f3B. 3JJeKTpOllflf,I(I KaHa.1 3KcnCpHMCHTallbHOro 3aJJa c OCHa111eH CHCTCMOH l13Mepemrn no!ln>Kellf!)f 

(BPM), 3HeprHH Ii pa3MCpOA ny'lKa. llnll H3MepeH11ll TOKa IlyYKa 11cnoJJb3YIOTCll AAa MOllH11lpa 

(BCM1,2), KOTOpb!C B HHTCpRanc TOKOR IO+ 100 MKA o6ecne4HBalOT TO'JHOC.'Tb H3Mepemrn ,1y411re, 'IC~I 

0.5'X>. TaK KaK pa3MCph1 ycKopCHHoro IlyYKa KpaiiHe MaJJbl (< 200 MKM, FWHM), TO ;1.lH 

paBHUMepHoro pacnpcJ[e,1e1mll BblAeJllICMOH TenJIOTI>I B MHlllCHH nyYOK c nOMOlllblO ABYX pacTCjlOH 

(OblCTpHM H MCJJ)IClllilll.f) l!C[JCJ[ MllllleHhl() pa3Ma3hIBaeTCll AO pa3Mepon 2x2 MM2. 

YcKopHTeJJb CEBAF llB!lllCTCll TaK)f{e HCTO'JHHKOM noJ!llpH30BaHHbIX 3JJeKTpOHllB. Ha 

HH)f{CKTope nom1p113ona11111>1e :meKTpOHbt nony'laIOT o6ny'leHHCM cjJoroKaTI>Aa GaAs nyYKOM 

Q11pKynllpHo nnJJ11pn3ona11H1>1x cpoTOHOB. TipHMe11ett11e cjJoTOKaTOAa GaAs Ha no)J,11o)f{Ke GaA!As 

Il03BOJ!HJIO AOCTH4h ITO!lll,PH3al.IHII AO 85% H HHTCHCHBHOCTH AO 100 MKA. Hanpaa1eHHe npO,ll,OJ!bHOil 

IlOJillpHpH3a[\HH riyYKa MO)f{IIO MCHllTI> nepHO,ll,H'JCCKH (±1) B 3aBHCHMOCTH OT Tpe6osam111 

3KcnepuMeHTa. CxeMaTM4CCKHii RHA cTaHAapmoii annapa1)'pbl Hall C npuBeAeH Ha pnc.2. 

Short Orbit 
Spectrometer 

·:=:::::::> 

Hi!:lh'Momentum 
Spectrometer 

P11c.2 CxeYiaiw-iecKoe pacnoJJo)f{eHHe cneKTpOMCTpOB HMS H SOS B Hall C 

On coL'TOJ1T H3 ,<J,Ayx MarHHTHhIX cneKTpoMeTpOR, HMS H SOS. CneKTpOMCTp Bb!COKHX HMnyn1>coB 

(!IMS) llMCCT npoJICT1Iy10 fony 26 M H cnoco6CH afllUIH3HpcrnaTh '!aCTHl(hl c MaKCHMaJibllhlM 

l1MnyJibCOM ,ll,O 7.4 f38/c. MarHHTO-OJJTH4CCKHH KaHan 3TOfO CJJCKTpOMCTpa COCTOl1T 113 TpeX 

KRa)J,pynoJihHbIX JJHH3 11 onHoro mmon1>Horu MarHHTa (see 3JJeMeH11,1 HBJIJoTrn ceepx-npono,IJ,llll~HMH). 
B pe)J(l1MC tjJ0Kyc11poBKH "To4Ka-B-T04Ky'' HMS 06ecne411saeT 3axBaT no re.necHoMy yrny n 

HMJJYJJbCY 8 MH!lH-CTCpa,fl, H 20%, COOTBCTl,'TBCHHO. CneKTpOMeTp sos COCTOHT 113 TpCX o6bI4HbIX 

(TenJibIX) MarHHTOB H CIIOCOOCH aHaJJH3HpOBaTI, 'JaCTHllhl AO MaKCHMa,JlbHOfO HMnyJibCa J .74 f::iB/c. 

sos HMCCT npoJieTHyl<l 6a3y 1 OM, HMnyJibCHblH 3aXBaT 40%, H JaXBaT no TeJJeCHOMY yrny - I 0 

McrepaA. On npeAHa3Ha4eH )J,11ll pemCTpaQHH KopoTKolKllsyu111x 4aCTH!\. HMS n SOS HRJ!llIOTc~ 

B,epTHKaJJbHO-aHaJJH3HpyI<m[HMH cneKTpOMCTpaMH, OJJTH4CCKall OCb KOTOpblX OTHOCHTe!lhIIO 

ropH30HT'dJlbHOH IIJIOCK0t,'Tl1 COCTaBJ!llCT yron 25° H 18°, coomeTCTBeHHO. I1Mny!lhCHOe pa3pemem1e 

o6eHX cneKTpOMeTpUB JJY4Uie, 4CM lxl0"
3
, a yrJIOBOe pa3pemeHHe -2Mpa,IJ,. 
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KoMnJJeKT )leTeKTOpcrn ii 06011x cneK'f1JOMeTpax H)leHTHYe11. OH cocrn11T 113 ABYX naKcrna 

)lper1cpoBbIX KaMep, KOTOpbie cJJy)KaT )l/Ill HOCCTaHORJICHllll TpaeKTopHH '-H\C,"1111.(. CneKTpOMe"llJbl 

OCll<llllCHbl YCThipbMll pl!AaMll CI.(1111THJIJ!llUIWl!llhlX CYCT'IHKOB, cJJylK<lll(HX .11/lll cpopMHpORallllll 

1p1irrepa 11 BpeMlT-npoJJeTHblX HJMepe1111i'.!. JJ..rm 11ACHTI1tjJHKal.(1111 nHllllOB fl 3JlCKTpOl!OR, KU)K)lbll1 113 

CllCKTpOMeTpOB OCHall(CH noporc>BbIM raJOBblM YepeHKllBCKHM )leTeKTO]JOM H KaJJOpHMeTpoM. Tip11 

npoBCJICHHl1 3Kcncpl!MCHTIUihHblX 113MepeHHIJ "F, -2" r 12] 11 "Me3CJH JIY<LijHTll" [I 5] )l/rn pa3)l.eJJCl!llll 

11:-p 11 11:-K, cneKTpOMeTp HMS 61>1JJ ocHall(CH YepeHKcrncKHM ,0,eTeKrnpoM a:;ipo)l)Kem1 c 

KoJtjlcpHu11eHTOM npeJJoMJJeH11ll 11 = 1.030 11 1.015 [21]. CxeMaT11YecK1111 IHI!\ naKCTa l\CTeKTOpcrn 

HMS np11Bc,[\eH 1m p11c. 3. CJJe,[\yeT nn)J,YCpKHYTh pom, JJHBHeB1>Ix l\Cl'eKTOpcm np11 paJ,[\eJJeH1111 Jr I e. 
06JJal\al1 BbICOKHM pa3peII1eH11eM (5 % np11 I f3B), Kanop11MeTp1>1 noJsonmoT no,[\aBJJllTh n110H1>1 

JlyYlllC, YeM -102
, coxpamm np11 3TOM ::icpcjJeKTMBHOCTb perHCTpal.(1111 3JJCKT]JOIIOR -99.5%. CJJoHcTall 

CTpyK1ypa KaJJO]JHMCTpOR no3BOJJlleT, 11apll)\y c flOJJHhIM 3HeproBhI)\CJJem1eM, onpe,[\eJJH11> 

3llepreTl14ecKHe norep11 yacTHU B Kall(AOM 113 4-x CJJoeB, '!TO MO)KCT CJIJ)Kl1TI, .o.onoJJHl1TeJJhHhIM 

]Jhl'-lal"OM pelKCKL(HH. 

Ori!1 Cl'oml)fls 

··-··n 

.. 1 1·1 [" ]-····'; ............ ';' 
I ':. ' 
j ,. 

·I , ··--·u 

4«ogol 

six s1Y 

iGJ ~ 

·l· 
I 

,...,T,j ,...,m Ml'Ja1$ , •• 1.uo .. 1-No~ 

Guc..r.nkov 

Ca!i:mmeter 
S?X s2v 

P11c. 3 CxeMaTHYecKoe npeJJ.CTaBJJett11e KOMnJJeKTa neTeKrnpoR c11eK11JoMCTpa HMS 

Ba}KllhIM ::>JJCMCHTOM R cncKTpoMeTpe HMS )11151 Hl\eHT11cjJ11Ka111111 n11011on llB!lllCTCll TaK)Ke noporoBhiil 

'IC]JCllKOllCKlli"I C'ICTYHK a3pO)J.lKeJJll. 06JJa,[\all 6oJJbl!lOi"I anepzyprn\ JICTCKTO]J llMCCT BblCOKYIO H 

ml'l'lll panHoMepHym no nJJOllla.Ill1 :;icj:>cpeKTHnHocn, H c11oco6e11 cpy11Ku1101111ponaT1> 6e3 oco61>1x 

113MCIJCHl1H xapaKTC]JHCTHK )\0 3arpYJOK -700 Kfl.1. ,[rill Irn6opa )\liHHblX, K<UlH6poBKH )J,CTeKTO]JOB H 

socnaHonneHI151 TpeKoB 11cnoJJ1>30BaJJHCb crnHJJ.apTHble npo11eAY]JhI, pa3pa6ornHHhie B Hall C. 
3Kc11cp11MeHTbI E93-021 11 E00-108 11cnoJJ1>Josan11 cneKTpOMCTphl HMS 11 SOS JJ,Jlll perncTpa111111 

pac-.:emrnorn ::ineKTpoim B con11aAC111111 c po)K)leHHbIM a.QpottoM. B pll.~e CJJY'HlCB HMS HCIIOJJh3osancll 

n KOM61111au1111 c APYrHMH ,[\eTeKmpaMH. HanpHMep, B ::iKcnep11MeHTC Gen-I (E93-026) (3-4) 

:;i11eK11J01Ib1, pacceimH1>1e OT n0Mp113ona1moi1 M11meH11 N03 n peaKu1111 d(e, e'n)p, 

pcrncTp11ponan11c1> B HMS, a HeI1Tpo111>1 OTl\a'IH - H HCHTpllHHOM JJ.eTeKrnpe .(ND), pa3MCil{CHHOM Ha 

pacCTOllHHH -4 M OT MHIJICHH. Hef!TpOHHbIH )\CTeKTO]J COCTOllJI H3 5-Tll CJJOCR nJJUCTI1KOBbIX 

C'ICTYIIKon, nepel\ K0Top1>1M11 ohIJJo ycn1110Rne11011na rno>1 a11T11c0Rna;(lt'rc:11.11i.1.x C'iL'l"'lllKon. B npymM 

3KC11Cp11MeHTe Gen-2 (E93-038) JJ,Jlll onpenenel·lllll a;; H3MCpllJJacb acl1M\1CTJJllH llCHTpOHOR OTl\<IYll B 

peaKuHH d(e, e'n)p n 11er1TpoHHOM nonllp11MeTpe. CTp11 ::>TOM 11cno,11>Jon<Lijaci. Me111,a.11Ka npeuec:c1m 
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..:111rna llCllTjJOllOll, KO ropall ocyJI(CCTRJJllJJaCb )\11110Jlhllh1M Mal llllTOM, paJ\1CIJICllHl·IM 

IIOJJllp11MCTJlOM. B KOllile 3TOH rnaBbl 01111caHa 6a30BalJ nporpaMMa MOil,C."111JlOBallllSI 

Pe3y.%T'dTbl Kaca101nHecs1 :iTOit rnaRhl ony6JJHKOBaH1>1 R paoornx (19-21). 

ncpe.1 

SI1v1C. 

Tpe'Thll mana 1111cccprnu1111 nocBllJI\eHa JKcnep11MeHT<L%HOMY 11cCJie)lORa111110 tjmp:-i-cpaKrnpa 

Jr" - MCJoHa. 3)lecb m111caH1>1 )\Im 3Kcnep11MeHT'd (E93-02 I 11 EO 1-104) 3KcK.'ll0311IIH<>ro 

JJJCKTpopO}f\,!\CHHll 111101108, R1>1110JJHeH111>1e B 06nac111 KBal\paTa nepeJ1aHH01·0 '-ICT1>1pcxMcp11orn 

11Mnyn1>ca Q2 
= 0.6-2.5 (f'J8/c)

2 
(Ta6n1111a I). 06a :3Kcnep11Me11rn 11c110,11>Jona.m1 HMS 11 SOS 

cneK'ipOMC11Jhl JJ,Hil perncTµaUHH Ha coBna,JleHHl1 Jf' MC30HOR (HMS) H paccelJII1IhIX 3JICKTpOllOll 

(SOS), npOJJYKTOB pcaKI.(1111 e- + p ~ e' +Jr++ n. B H3MepeimllX 11cnoJJ1>JoR<L111c1> 4 CM lKI1;(Ko­

BO)lopo)lHall II lKll.~KO-,WHTep11eBal1 MH11IeH11. 

K1111eMamK11 61>IJJH m,16paH1>I TaKMM o6pa3oM, 'IT06hI 06ecneY11Tu MaKCHMaJJhHYJO ooJJacTh no 

Q
2

, KaK Ml11IHMyM, npH .D.BYX 3HaYCHI1llX nOJJll]JHJa111111 BH]JTYaJJbHOro cpomHa B. 

Ta6m111a I 

I 
r-

Exp 

1----
I 

F,-2 

Q2 

(GcV/c)
2 

0.6-1.6 

1.6-2.5 

w !ti 
--- ·, 

Eo 
1 

(GcV) (GcV/c)
2 

(GcV) ! 
' 

1.95 0.03-0.150 2.445-4.0451 

2.22 I 0.093, 0.189 3.779-52461 

__ J • -- ·----- --- - _[ 

3m y,[\aCTCll 11JTCM KOM6I111Ul1HH ABYX HJMepeH11l1: "Hl13Kall :;meprHll-60nblllOll yro,1 paccel!HHli" II 

"s1>1c0Kall JHepnrn- Ma%1l1 yron paccellHHll", '!TO 11 1103HOJJlleT npoBOl\HTu Lrr pa311eneH11e ceye111rn 

npn KU)K.Il-OM H3MC]JllCMOM 3HaYeHHl1 Q2
• JJonOJJHl1TeJJhHO K 3111M 113MepeHl1llM, cjJopM-cpaKTOp fllj(lfJ<I 

11p11 Q2 = 2.15 (f:iB!c)2 61>1JJ onpe)(eJJeH HJ aHaJJH3a l\l!HllhJX 3KCnep11MeHrn EO 1-107. 

LfHc.10 pc1ui1>111>1x co6bITHll H(e,e'Jr+)n noJJy'laeTcll MCTOl\OM np11MeHe111rn pllfla Kp11Tcp11c11 

oruopa Yacmu. RhIYIITUllHll RKJJa)J,a CJJyYaHHblX COBflll)lCHHH, co6hl111H o6pa30RallllhlX OT Al CTCll<>K 

KpHore1rnoi1 MIIllIClllL 3TO YHCJIO KoppeKTHpyeTC51 Ha MepTBoe RpeMll 3!1CK'lpOllllKll II IHI 

:icjJcpeKTHBIIOCTh penICTpHpy10111cil anrrapapyphl. .[(1rnee, HO]JMll]JOBaHIIbie 'IHCna co6hiTI1H BL'CX 

113Mepe11rn'1 np11 )\aHHOil KllHCMaTHKe ycpe,[{IUllOTCll c Y'ICTOM HX CllOTBCTCTBYJOl!IHX BeCOB. 

llirn norrmcplKl\CHllll i10MHHallTHOC'I11 ,[\HarpaMMhl O,[\IIOnllOHHOro OOMCJia Iljll1 KalK,[\OH Q' II -l 

Il]JOB0)\11Jll1Cb 113MCpellHll 3JJeKTpOpcrn:.r\ell11ll Jf. II 7l' MC30HOR Ila 11efrrpo11e. B l:.lY'H!C 

l\OMHljaJITI10cT11 ,[\HarpaMMbl OJ1Ho11110H11oro o6MeHa OTH0111e1111e Jr' Irr-. )J.Jlll l!J.\pa 11ci'.!Tep1rn )lo.1~'110 

paBH51ThCll en11111111e. Ha11111 peJyJJhTaTI,1 noKaJaJJH, 4TO np11 3llaYCflllllX -t, np11 KOTop1>1x 11poso;i.11.111c·i. 

113MepeHHll tjmpM-tjJaKTopa F,, nei'.!c"TBl1TeJJbHO, Jr+ I Jr- ""I, 4TO flOl\TilC]J>K)\aCT l\OMI1HaHT11DL" rh 

,~11arpaMMhl O)J,IIOfll10HlllffO o6MCllll [ 14]. 

,[Lri51 yc1paHCHl1ll an11apmypHhlX H ]JHAH<ll.\IHlHllhlX :;icpcpeKTOR Ha 11'3.\1C]JlICMhlC l\alllll,IC 

npoBOl\llJJHch Mo11Tc-KapJ10 pacYCThl. Onpc)lCJJCllHC cc4e111rn peaKl.(llH H (e. e' rr' )11' B Ka)l<,·111.\1 
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KHHeMaT!lYeCKOM G1me (ia311poR<t.~m:1> Ila OTHomeHHH HOpMl!poeaHHblX BhlXOll:OR Hal111:CHHhlX 

3KCT1CpHMellTa.JlbllO H Mop:em1pona11HCM: 

(do- I dt)"" = (Yc,p I f'.itc )(do-/ dt)uc. 

Jl1rn pa3)(eJICHllll npO)(OJ1bH011 H nonepeYHOH KOMilOHeHT ceYeHHll CHaL(a.na Bbl)(eJUIJlHt:b 

HHTepcjJepeHUllOHHblC KOMilOHeH11>1 CCYCHHll. LlJm sroro npOBO)(HJlOCb cpaBHCHHe 

3Kcnep11MeHTBJlbHblX II MO)(eJlbHO-paccYI.JTaHHblX CC'ICHllA np11 pa3Hb1X 3Ha'!eHHllX a3H~bHOro 
yrJla q;,. J1yqmero cornacMll )(06HB8Jll!Cb OilTHMll3au11ei\ BblpalKCHllil ,Il.Jlll KOMnOHCHT CC'ICHMll B 

MO)(CJ1H. 

d 2o- do- do- ~do- do-
27r--=--T +c--1• +v2e(l+t:)--1Lcosq.> +c--1Lcos2q.> 

dtdq.>, dt dt dt " dt • 

,llanee, HCilOJ!h3Yll SMnHpH'lecKHe Rb!paJKCHHll, paCC'll1Th!BaJIHCb l1 Rbl'IHThlBBJlHCb 

m1repcjJepeHUHOHHble L(JlCHbl 113 Bbllllenp11Be)(eHHOro Bh!palKCHHll )J)ID CC'ICHHll. B HTOre OCT'dCTCll 

npoCTal!, J1!11leHHO 3aRHClllI~all OT e, KoM6HHaU11ll nonepe4HOM H npo,a:oJJbHOM KOMilOHCHT CC'ICHHll: 

do- do- do-
27r- =--T + t:--1· . 3)(eCb npHMCHllCTCll H3BCCTHal! TCXHl!Ka Po3eH6JIIOTa, HCT10Jlb3YIOll~al! 

dt dt dt 
3Ha'ICHHC do-/ dt, H3MepeHHbIC npH )(Byx 3Ha'!eHHllX noJlllp113aUllll BHp1)'8JlbHOro cjJOTOHa (t:, II &2). 

I -~ 
"C 

6 

4 

2 

0 

~ 

0 2=1.60 
e c;L 
•crT 

iii 
'" 

~ !I !I! 

! 
....... -... -......... -----------

2 

1 

0 

0.05 0.1 0. 15 0.2 0.25 0.1 

-t (GeV2
) 

0 2=2.45 

!I! 

--- ------ ------ .. -- --... 

·. 

0.2 0.3. 0.4 

-t (GeV2
) 

P11c. 4 CpasHeHHe H3MepeHHhIX a L H O-r KoMnoHeHT ce'!eHHH c MO)(eJiblO VGL_ 

Ha p11c. 4 np11se11:eH1>1 H3MepeHHbie o-1• H O-r KOMilOHeHTbI ce'!eHHll BMCCTC c pac'!eTaMH VGL/Pe)(lKe 

M0)1CJ1M .[l)lll Q2 = 1.60 II 2.45 f::i82
. 8H)(HO, '!TO MO)(CJlb BeCbMa XOpOillO OilHCbIRaCT IlpO)(OJlbll)'IO 

KOMflOJICHTY CCYCHHll, IJTO RalKHO )J)ID onpe)(e.JICHHll F,. MMeeTCll Cl1JlbHOe pa3HornacHe MelK)(y 

H3MepeHHbIMll 11 pac'leTHbIMH 3Ha'leHHllMH O-r . 3Ha'ICHHe F,, onpe)(eJUieTCll cpasHeH11eM npoAOJlbHOM 

14 

KOMntJHCHTbI ceYeHHll c MOll:eJiblO VGL/Pe11:JKe, e Koropoii cjJopM-cjJaKTop m10Ha napaMC1JJH3yeTcll e 

cjJopMe 

F,(Q2) =(I+ Q2 //\2,r'. 

Ha pHt:. 5 IlOKa3aHbl 113MepeHHblC HaMH 3Ha'ICHHll F. BMCCTe c )(aHHblMll HCKOTOpblX )(pyrnx 

3KCnepHMCHTOB H pll)(a TeOpeTil'ICCKHX npe)(CKa3aHHil. l13MepeHHhlC HaMH JHa'ICHHll npaKTH'ICCKl1 

llBJllllOTCll C)(HHCTRCHHblMll H HaH60J1ee TO'IHblMH B OOJlaCTH Q2 > 0.5 r::iB
2 

(He t:'lllTilll CT'dpblX II 

HCTO'IHbIX 11:aHH1>1x Cornell 11 DESY). ,llaHH1>1e HaxO)(l!TCll s xopomeM corna1:1111 c npe)(cKa3aHHllMH 

QCD H CQM, OHH yKa3bIBBIOT Ha B03MOJKHoe Hac1>1111eH11e 3Ha'leHl!ll Q2 F, R 06.~acm Q2 > 2.0 f::iB
2

. 

OcHOBH1>1e pe3yJ1hTaThI STOH rnasbI ony6J111KosaH1>1 B pa6oTax [ 11-14]. 

--·le··-·······~-

u.; 
"' 0 0.6 

* AmendoUa 7t+e elastics 
• Previous p(e,e·1Cin 
• JL.11lb 1997 
• JLab2003 
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Q2 

P11c. 5 CpaeHeHHe JJyq11111x H3MepeHHH F, c reopeT11'1eCKHMH npe)(cKa3aHl1llMH 

qeTBepTaJI rnasa IlOCBlllJICHa onHcaHHIO 3KCnep11MeHTBJlbHblX 113MepeHHii SJICK1}Jll'ICCKOro 

cpopM-cjJa!_(TOpa HCM1}JOHa G; np11 Q2 
= 0.5 H 1.0 (fsB/c)

2 
(£93-026) 11 np11 Q2 

= 0.45, 1.13 11 1.45 

(laB/c)
2 

(E93-038). B sKcnep11MeHre E93-026 (G£,,-1) H3Mepl!Jlacb cn11H-3aBHClllllal! 'laCTb ce1JeHl1ll 

paccel!HHll noJlllpH30BaHHblX SJICK1}JOHOB OT IlOJJllpH30BaHHOM 11:eiirep11esoii MHllleHH (N03) H 

BbI1J11CJlllJJac1> acllMMeTpHll A;,,=(o-.-o-_)/(a.+o-_)=aG;G,:1 1[(GZ)2 +,B(G.;'1 )
2

], me a 11 p 
llB.lllllOTCll KHHeMaTH'!eCKl1MH napaMe"IpaMH. B STOM SKcnepHMCHTe H3 coo6paJKeHHH 3arpy30K 

HeHTPOllJ:l,Oro )(ereKTOpa H COXpaHCHMll f10JlllpH3aUHH MlllJICHll (20%) orpaHll'IHBaJIHCb 

HHTeHCHBHOCTblO nyqKa -100 HA I1oJJllpH3BUHll ::ineKTpoHHoro nyqKa H3Mepl1Jlacb nonllpHMe"IpoM 

MoJIJiepa 11 11:eplK8Jlaci, Ha yposHe -80 %. 

KBa:mynpyro paccel!HH1>1e sneK1JJOHbI perttCTPHPOBaJIHcb n HMS, a Heii"IpOHbI oT)l:a'lH OT 

peaKJ\HH d(e, e'n)p A l!CHTpOllllOM )\CTCKTOpc. 311cpnrn H ynihf pCri!<.,"1]1llllflH 11pOJ1YKTOB pcaKLlffff 
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s1>1611parrnc1> n coorneTn111111 c 1arneMaTHKoli ynpyroro paccel!HHll )l)lll Q2 
=0.5 11 1.0 (faB/c)

2
• 

3Ha4eHl1ll G;; orrpe.[\eJ15Vll1Ch rryTeM cpaBHeHllll 113MepeHHblX aCllMMeTpllH A;,, c pac<ieTHb!Mll 

3Ha4eHl!llMll 113 MO.[\eJJHponaHllH. B 113MepeHHb!e acHMMeTpf!H BBO.[\llJ!llCb pH)], rronpaBOK, OCHaBHail 113 

KOTOpblX -3.8±1. l % 6hw1a CB513aHa c rrepe3apllll;KOH llpOTOHOB B CBllHU:OBOH 3aUU1TC HethpoHHOro 

.[l,CTeKTOpa. Pac<ieTbl rrpoBO.[\llJ111Cb B MO.[\eJlll ApeHXOBeJJJ!. Be.nl1411Ha a; Bapb11posanacb B npene.nax 

±50 % no cpasHeH1110 c Galster, H orrpen=nocb ee orrmMaJ1bHOe 3Ha<ieHne (MeTOJJ,OM MllHMMH3au:1111 

x2 ). AcHMMeTpHll A;,, llbl411CJlllJlaCb ,ll)lll pllp;a 'IYB<:."TllHTeJlbHh!X KllHeMaTl14eCKl1X rrapaMeTpOB, 11 !10 

pa3HllU:e 3Ha'leHl1H G;; ou:eHllBaJlllCb CllCTeMam<iecK.He O!l!ll6KH. Ha pllC. 6 noKa3aHbl pac'leTHble II 

H3MepeHHbie 3Ha<ieHllH A:J ,11)lll 11a116onee 'l)'BCTBHTeJibHbIX KHHeMaTH'leCKHX BeJIHYllH E;,ypo,,/),,q 11 

8,~;· rrp11 3Ha4eHll11 Q2 
=0.5 P:iB

2
. 

0.1 

0.08 

a) 

: 1 
~ O.OG .: • ,;- ! ·~ ± I . 

o.<l4 -I ~ . . I · 
·I · · i.o i.5 

0.02 -- • O.!.I 1.~I 

... t b] 
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190 

P11c.6 l13MepeHH1>1e 11 pacc<J11TaHH1>1e (KpllBb!e) 311a<ieHl!ll acttMMeTpllll )l)lll 11a1160Jiee qyscm11TeJJhHbIX 

KllHeMaT11'!ecK11x napaMeTpOB E;(a),yp0 ,(b),.9,,q(c) 11 B;;'(d). 

3Ha'!eHHll G~, rroJiy<ieHH1>1e 113 ::iKcrrep11MeHTa E93-026, 11a116o~ee T04Hble cpeJJ,11 noJJ,06111>1x 

3KCrrepHMCHTOB (noKa3aHbl Ha p11c.7 BMecre c H3Be<.."J'Hb!Mll !10Jlllp1130BaHHb!Mll ,a;aHHbIMll): 

G; (Q2=0.5)=0.0526±0.0033±0.0026 11 G;. (Q2
=1.0)=0.0454±0.0054±0.0037 (nepBM OllllloKa -

CTaTllCTH'leCKal!, a BTOpM - CllCTeMaT11'1eCKM). ITony<ieHHb!e HaMH pe3yJibTaTbl xopomo corJiaC)'IOTCSI 

c napaMeTpll3au11eti Galster-a. 0TMeTHM, '!TO JJ,Ba 113MepeHllll np11 Q2 
= 0.5 faB

2
, npoee11;eHH1>1e 11aM11 

c MllTCpRaJIOM R 2 rona l!aXOJJ,HTCSI R xopomeM corJiaCllII. 
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• E 93-026 (pre Ii mi nary) 
• E93-02G (98) 
L::. 3He (e,e'n) Mainz 
0 d (e,e'n) NIKHEF 
o d (e,e'n} Mainz 

0.5 1 

Q 2 (GeV/c) 2 

Puc.7 Cpa1rne1mc llll!llHX H3MCpe1rnH G;-1 CJIY'llllI1MH !10JI51p113al(liOHHh!Ml1 )J,aHHb!Ml1 

B 3Kcnep11MeHTC E93-038 ( GHii -2) Mb! onpeJJ,eJli!Jlll OTHO!lleHllC G~/ a~·, MeTOJJ,OM nOJIS!pllMeTpllll 

HeliTpOHOB oTJJ,aYH . .!lo 80 % npoJJ,oJihHo rroJillpH30BaHHbie aJieKTpOHbl c llHTeHCllBHOCThIO -100 MKA 

p·acce110an11c1> OT 15 CM )Kl!)l,Ko-JJ,eliTep11esoli M11rneH11. Paccel!HHbie 3JieKTpOHbI, KaK 11 s cny<iae (GE" -

1), perm.'Tp11poean11c1> e Marn11TH0M cneKTpOMeTpe HMS. K1meT11<JeCKM aHeprirn HeliTpoHoll 

onpeJJ,eJil!Jiac1> no speMeH11 npomm1 113 M11meH11 AO aHan11311pyiou1ero JJ,ereKrnpa. HeiiTpoHHi.111 

noJil!p11MCTp H3Mepl!Jl ac11MMe1p1110 HeiiTpoHoB OTJJ,a'lll 113 peaKUHH d(e,e'ii)p. Y1."TI11100Jic11111i1fl 

nepeJJ, noJillpllMCTpoM JJ,llnOJibHbili Marn11T ocymeCTBJll!JI npeu:ecc1110 cn1111a 11eliTpoHoB. Marn11T HMCJI 

sepTHKaJlhHblll 3a3op 8.25 HH'I II MarHllTHOe noJie n0'1111 BepTl1KaJibHOro HanpaBJICHllll. AcHMMeTpHSI 

HeliTpoHOB (~) 1t3MepSIJiacb np11 pa3HbIX 3HaKax yma npeu:ecc1111 (±x) cn11Ha HeiiTpoHa, 11 Gpanoch 

OTIIOil!Cl!llC 17 = .;- 1,;·' KOTOpoe npl!Mh!M o6pa30M CBll3aHo c OTHOil!eHlleM 3JieKTpll'!eCKOfll II 

MarHHT11oro cpopM-cpaKTopon HCHTpOIIa c;;; q;•, - [(I+ 17)/(l-17)] tan X· 3Ha<Je1111e G,;'1 ou:eHllll<UIOCh 

110 cpttl)' 113RC<:.'1llh!X MHpORb!X ,ll,a!IHh!X1 11 onpeJJ,eJJllJiaCb ReJIH4111Ia G;;. Jl1rn IIJ10BCpKH TO'lf!OCTII 

113MepeHllH II OL(CHKll CH<:.'TCMam'leCKHX OIIIllOOK HeKOTOpbie H3MepeHHll aCllMMeTpHll !lOBTOpl!JlHCh 

np11 113Me11emrn 311aKa noJillp113au1111 aJieKTpoHHoro ITY4Ka. TaKoli .McTOA noJnoJISIJI cyn1ecTBem10 

yMeHb!lll1Th c11cTeMamYecK11e onm6K11. Oco6oe BHllMaHHe np11 aHaJill3e p;aHHbIX YAeJIHJIOCh y<iel)' 

SIJJ,epHb!X acjJcjJeKTOB, T'dKHX KaK B3allMO)l,CHCTBHe B KOHC'IHOM COCTOHHllll (FSI), II Me30HHh!M 

ooMel!HbIM TOKaM (MEC). D.nll arnro npoeoJJ,llJIHcb JJ,eTaJibH1>1e MoHTe Kap,10 MOA~Hpoeamm. 

BalKHy10 poJih c1>rrpan11 TeopernqecK11e pacYeTbI ApeHXOBeJIH. 01111 noKa31>1Ba10T, YTO R 

:JKCllCp11Mt:II'l11X KB<l311YIIPYnll'O pacccm11rn c JI.RO!l!IOll nom1p1!3lll\f!Cll KOM!lOllCI!Thl !IOJ1SipH3lll!lll1 

11e{1TpnHa OTJJ,a'lll HeyYBCTRHTeJibHbI K llJJ,epHbIM acjJcjleKTaM. l13Mepemrn E93-038 npoBO)l,llJillCh npll 

3I!a<ie111rnx Q2 = 0.45, 1.13 11 1.45 (faB/c)2
. B KaYeCTBe np11Mepa !la p11c.8 npnneneHhI peJyJibTaTbl 

H3MepeHHor1 ac1tMMeTpHH q np11 Tpex ymax npeu:ecc1111 cn11Ha 11eiiTPOHa .[\JIH Q2 
= 1.136 (faBic)2. 
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---~--~~~~~~~~~~~--------~~~~~--~.------~------------------~~~~~~~-~~~~~~~~~---
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-10 

·15 
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Q 2 
- 1.136 (GeV/c) 2 (n,p) Asymmetry Data 

a) 

50 100 150 

X • -90° ,Clr.dr • 1.12 b) 

-----,- ·~--.--~-.---~--,, 
7:'1ndr .. i.o'~ 

350 400 450 

10 X. _ +so·~ x.21ndr;. o.ss cl 

~ _: ~+tt+-+irt+~,++±±+,9+t1++tttt+t1t++f+ .. st-fit tt if 1 t 1 +~ fil 11-
0 J-r.:+ · t1r+++Thr' l tt'r+--T-Twcrt 

-10 

0 

; - -3.11 ± 0.25 % 

10 20 30 40 
Runs 

I ; • 3. 1a ± o.2s % I 
-50 10 20 30 

Runs 

PHc.8 113MepeHHfill acHMMerp1rn ,; npH yrnax npeuecc1111 x = 0° (a) H ± 90° (b H c) 

311mtt1eHl!ll OTHomeHHH G~/G.;', 11 G,;',, non)"leHHble 113 :>Kcnep11Mellrn E93-038 11p1111eJ(ellhI n 

Taumiue 2. nepBfill oum6Ka CT'dTIICTH'leCKfill, a B1Upfill - Cl1CTCMarn'leCKa51. 

Ta6nmw 2. 

i---; 
i·--
i i---
1-
i ___ _ 

Q' > (GeV I c)' 

0.447 

1.136 

1.450 

g=G;1G;1 

-0.0761±0.0083± 0.0021 

-0.1310±0.0100± 0.0030 

-0.1900±0.0160± 0.0040 

--·------- -
G.;·, I µ,,G" G" .. 

1.003± 0.006 0.0550±0.0060± 0.0016 

1.057± 0.017 0.0394±0.0029± 0.0012 

1.044± 0.024 0.0411±0.0035± 0.0013 

Ha p11c. 9 noKa3aHbl pe3yJJ1>T'dTbI G,;~ H3 J(Byx HamHX sKcnepHMeHTOR E93-026 11 E93-038 BMeCTC c 

nyqm11M11 MllpOBblMH )l.aHHbIMH. KaK Bl1)l.HO, ttamu pe3yJlbT'dThl npu Q22'.l .O (fsB/c)2 3Ha<JllTCJlbHO 

n1>1111e, 'leM npe)l.cKa3hIBaeTCll napaMeTpH3au11eii Galster. Mb! nponen11 uos1,111 cjJ11T conocynuocrn 

ncex )l.aHHblX 11cn0Jl3yll MO.D,HQJHUHpoBaHHblH Bap11aHT napaMepTH3aU1111 Galster-a B BH.o,e: 

G" (0 2 ) = -- ap,,r G (0 2) 
.\/ - J+br D - ' 

r.n:c µ,, = --1.91 sTO aHOManbHblH MarHllTHblH MOMeHT HeHTpOHa, r 3TO KllHeMaTI!'leCKHH napaMeTp 

onpe)l.enlleMbiii B1>1palKeH11eMr = Q' /4M,;, 11 Gn = (l+Q 2 /o.11r2 llRJJlleTCll A11non1>Hoii 

napaMeTp113auueii. Jlyqmee cornactte c sKcnepHMeHTanbHbIMH AaHHblMfl HaMH AOCTHrttyro 11p11 

3Ha'lemm napaMeTpOB a= 0.886± 0.22 11 b = 3.29± 0.31. 

Oc11onI11>1e pcJyn1>rnT1.1 :>Trn"t rnaBhI m1y6n11Kona111>1 n pa6ornx [3-1 OJ. 
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Q 2 [(GeV/c)2
] 

1.4 1.6 1.8 2 

P11c. 9 M11poni.1e Jl.Rllllble JJ,llJI a;. Hamn pe3yJibT'dTbl llBJill!OTCll Ha116onee TO'IHblMH 

IIsrnu! (3aKJI!O'IHTCJlbH~ rnaaa JJ.11cceprauH11 nocsmueua 113yqeH1110 KBapK-a.!\pOHHoii 

.oyanh!IOCTll B npouecce CCM111111KJll03HBHOro 3!IeKTpopolK,O.eHl1ll 3apl!lKeHHblX nl!OHOB Ha npoTOHC H 

Jl.CHTpOHe. I13MepeHmI 3Kcnep11MCHT'd E00-108 npoBOJJ.11Jll!Cb Ha 4 CM :>K11J(K0-BOAOPOJ\Hoii II )Kl1J(K0-

11e1hep11enoii MlllllCHH npu 311L'J11"11H ny'lKa E=5.479 rsB. Paccel!Hllh!C 3JlCK1p0Hhl perm,"TpHpORllJllfCI> 

mi comianc111111 c 111m1mM11 11 c:nc1GpOMC'Ipax HMS H SOS. YT061>1 nponcpHTb cjJaKTop11Jm11110 

c:c<1c1111H, Mhl m.16p~u111 K1111n1:r111Ky 11JMcpcm111 CJJc1zy10111HM o6pa:ioM. B nepny10 o'lcpe111>, 11p11 

<jJHKCHpoBallHOH KllHCMllTHKe n11p1yan1>Horo <jJoTOHa (x = 0.32 11 Q2 = 2.3 fsB2/c2
) 1mpbHpOlllUIH 

z = E, Iv (Aomo s11epru11 n11p1)'an1>Horo cpoTOHa, yuocHM)'IO n110HoM) B llHTepnane z = 0.3+ 1.0. 

Ope.o,nonanm cj)aKn1p11Jau1110 <.:e'le1111SI, Mb! Jl.OJl:>KHbl O:>KHJ(a11, noBeJJ.eH11e, 06yCJ10BJieHHoe z-

3an11c11MOL."Tb10 cpparMe11rnu11011111>1x cjlYHK!lllH. Ha BTOpoM srnne H3MepeHHii, cjJ11Kc11pYSI 3Ha'lett11e z = 

0.55, Mb! RapbHpOBaJlH TOJlhKO x-napaMeTp BHpl)'anbHOro cpoTOl!a. B 3TOM cnyqae 113MeplleMoe. 

ce'lCHHe qyscTB11Ten1>110 K rj1y11KUHllM pacnpe)l.eneHllll napTOHOB. HaKotteu, Ha Tpe11.eii craJ(tm 

113Mepett11ii Mb! 113yqan11 3an11c11MOCTh ce'leHl!ll OT BeJill'lllHbI nonepe'!Horo 11Mnym,ca 11110Ha. ,!11s1 

3TOro, cjJHKCHPYll z = 0.55 II x = 0.32 MeHl!JIH yron )l.eTeKTHpyeMoro m1ona OTHOCHTeJlbl!O 

HanpanneHl!ll s11p1)'anb11oro rj)()TOHa f}"I s npe.a;enax o0 + 8°. Tip11MeHllll cTatt.n:aprny10 npoueJzypy 

a11an1na J(llHHblX, )!,ml Ka>K,!l,Oll cepHH H3Mepettm1 Mb! nony'lIIJlll HOpMHpo0a11Hoe 'lllCJlO COOblTHH, 

nonpaaneHHoe 11a scj1cj,eKT1rn11ocT1> pemcTpau11li, norep11 113-3a 6JJOKHposoK, H Kp11Tep11ii oruopa 

qacnn1: Y"P =NI c,,,,Q,,,,. il'rn yqern BKJla)l.OB n110HoB oT pacna)l.a p 0 
-Me3ottoR, paJ(HaUHOHHoro 

"XROcrn" 3KCKJ110311RllO p<))K;lCllHhlX lll10HOB H yCTpaHeHl!ll scpcjleKTOB annapal)'pHhIX HCKa)l(CHl1ll 

npOROJ\llJIMc.;b MOJJ.C.~11pomrnw1 ,. 11cnoJJb30Batt11eM c.;ooTBeTCTBYJOll\llX Mo,a,ene11 J(Jlll ce'leHm1 R SIMC. 

EcnH 3<U1o:>Ke1;11mll R pac'!cTax .VIOJ\eJJh xopoma, TO 3Ha'!ettHe ce'leHllll 113Mepl!eMoro npouecca n 

KllHeMaTI!'leCKOM i-61IIIC MO~;Jll) npl!MO Bbl'IHCJillTI> HCXOJ\ll HJ OTHOlllCHHli HOpMHpoBaHHblX RblXOi!,Oll 

3KCnepHMCllTil II MOJ\CJlll >',:,,, I Y,,'f(. H COOTBeTCTBYJOUtenl ce'lCHHll MO,~eJlH a-,;/C. KllK 

19 



a;," = (l','," I Y,'u- )a_;w. B nporpaMMe SlMC MbI 11cnoJ11>3onan11 cjJopMy ccYeHHll cCMllHHKJ1Kl3HBH01·0 

::rneKTpopo>K,IJ,CHHll nllOHOB, 0Gu1enpHHll'I)'lO npH BblCOKHX ::rnepnrnx: 

da dN 
d0.,dE,dzdP,'drp =dz b·exp(-bP,')f(rp), 

r,[(e dN Id== 'L,/,~q(x, Q 2)D"_,, (z, Q 2
), f(qi) = ( l +A cosqi+B cos2qi)/2n, P,- nonepeYHb!H HMnyni,c 

nmma, a "b" napaMeTp HaKJloHa P,2 
-pacnpe,!\eJJCIJHll. 3aGerall Rnepe,!\ OTMeTHM, YTO B HCCJle,!\yeMoii 

HaMH KHfleMaTHYeCKOH o6nacTH, Mbl noKa3arm, YTO MO.lKHO npeHe6peYb a3HMyraJlbHOH 

3an11c11MOCThK> (T.e. MO.lKHo ynpocTI!Tb e1>1pa.lKeH11e ,a,rrn ceYeHHll, npHHHMM A "' B"' 0). Mbt TaK.lKe 

00Hapy:>KHm1, YTO Q2 
3an11c11Moc11, SIDIS ceYeHHll B H3MeplleMoii HaMI! Kl1HeMarnYecKoii o6nacru 

orn11YaeTCll OT nosep;eH11l!, xapaKTepHoro ,a,rrn Bh!COKHX :lHeprnii. Jl.rm nyYmero cornacm1 c 

3Kcnep11MCHTaJlbflblM11 .D;aHHblMH npml!JlOCb BB0,!\11Tu Q2 
KoppeKUHIO B ceYeH11e MO)\CJ111 [17]. 

I1cno.rJb3Yll cj:>parMeHTaU110HHhle ¢YHKUl111 11 c!JYHKU1111 pacnpe,!\eJJCH11ll napTOHOB npH Bb!COKHX 

3Heprli5IX, Mhl ll0JlyYl1Jlll xopomee OllHCaHl1e )l)lll Z-3aBl1C11MOCTeH ce'!eHl1H 11:• Ha nponrne 11 

)\CHT]JOHe np11 z < 0.7 (pHc.10). 
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P11c. 10 3an11c11Moc111 ccYem1il peaKum1 1.
2H(e.e'11:•)x OT z. Ha6mo,!\aeTCll xopomec 

cornac11e c 0.)Kl1)\aHl151MH BbICOKHX 3Hepmil (Kp118ble) np11 z :s 0.65. 

Jlni! KI1lleMaTI1Kl1 )\alllIOro 3Kcncp11Me1ITa ( P, -0) Knap;paT 11e)\OC,,"f'dlO!l(eH MaCCbl CB513!lll c napaMeTpOM 

z cooTHomeHHeM M_; = M~ + Q2 (1/ x-1)(1- z). Cnep;onaTCJlbHo, 6on1>moe oTKJI0HeH11e p;aHHMX npH 

Z > 0.8 OT Kpl!BblX MO)\CJ111pOBalllrn, R OCHOBHOM, OTpa:>KaeT scj:>cpeKT yN--'> 71:/). nepexop;a. Dp11 

3HaYCHilllX M; > 2.5 r:iB
2 

COBOKYllHOCTI> 
0

00JlhllIOro KOJlHYCCTBa pe3oHaHCOB npHBO)\HT K 

11<.:Kyccme1111oii rna,o.Ko11 z-3an11c11MocT11, KaK 11 o:>KH,!\UCT<.:H H3 MO,!\CJ1Hpona11m1. HuKmieu, 6hI<..'TjJOC 
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nap;eHHe pe3yJlbTaTOB MO,!\eJJHpoaaHJrn no ..:paBHCHl1Kl c 3K<.:nepHMCHTOM npH GOJlbllIHX z MO.lKCT 61>111, 

HCKYCTBeHHblM. <PparMeHTal.(110HHblC cj:>yHKUHH nnoxo 113MepeHhl )l,JJll 3HaYeHHH z > 0.7, 11MOrYT6b!Th 

6oncc I"Jla.D;KHMH, YeM 11cnon1>30R!lfihl R pacYeTaX. Cornac1-1c 11a11111x )\a11111>1x, nonyYeH111>1x np11 

3H!lYHTCJlbHO Hl13KHX SHepnrnx, OXBaThlBa!OlllllX )\alKC pCJOIHlHCHYIO 06nac11,, c npeACKa3aHl151MH, 

Ga311py!0llll!MllCll Ha )\aHHblX BblCOKHX 3Heprnil (Kp11Bble Ha pHC. JO), llBJllleTCll BCCOMblM 

noTBep)!~aIOJl\HM apryMeHTOM cj:>aKTOpH3aI\lil1 CCYC!il!ll. 

EoJlbllIOH 11Hrepec npe.D;CT'dllMIIOT 3KcnepHMeHTaJlbHbIC HCCJ1C)\OBaHl1ll OTHOlllCHHH ceYeHHH 

3apll)!<eHHhIX n110110B 1t/n', 11 d Ip (p;eilTpoH/Ro.[(opol\) omomeHm1 )I,llll n+ H n'. 3KcnepHMCHTdJlhHo 

3TH OTHOU1CHH51 nerKO 113Mep1111.. 0Hl1 cso6o.D;Hbl OT annapa'I)'pHblX HCKa.lKe1111ii, MHOrHC 

Heonpe,!\eJJCHHOCTl1, CB513aHHble c aGcOJllOTHOH HOpMHpOBKOH H pa,!\HaL{HOHHb!MH nonpanKaMH, B HHX 

COKpau(aJOTCll 11, TeM caMblM, OHl1 MOryT C.JJYlKHTb .ll)Jll cpaBHCl!Hll c 11pe11.cKa3!lHl1i!MH TCOpCT!14CCKllX 

Mop;eneil .. ,, 

Z-3aBHCl1MOCTH OTiiOlllCHHH 11:· I ir" .ll)Jll npOTOHa 11 )\eHTpOHa H!lXOAlJTCll B 

YAOBJleTBopHTenbHOM cornac1111 c npep;cKa3aH11nM11 MOAeJJH LUND 11 113MepeHHilMl1 Cornell (nycTu1e 

oKpy.lKHoCTH). KaK 11 o.lK11p;aeTCll 113 Mop;en11 LUND, :>To oTHomeHHe CJJaoo 3an11cBT OT x. BenH4tma 

OTIIOlllCHHil 11:• / 71:" )l)lll npOTOHa B cpCAHCM HaXO,!\HTCll Ha ypOBHe -2 (pnc.11 a,b), (HCKJllOYall 

ofmac11, z > 0.8, r,!\e AOMl1HHpyeT 3KCKJ1103HBHOC po)!(,l(eHHe 11:· ). 3To OTllOlllCHHe npllMO OTpa.lKaeT 

KBapKOBYlO CTJJYK1YPY npOTOHa (uud) 11 nHOHOB ( ud ,[l,J15l 11:· 11 'iid )J)lll ir" ). 

.. ~·ai-·::-H;:~;,;;--~ 
l; .2 . • .,r1·tl!,jL.·,il-·-·'~++•v1•----~---------H ~Ii? • ! ; ! ' T . ++... • ' ~ z . , .. .. I, 

15 ~. ' . "• '••• I t 

o.~ ~-----·-~·--·-----··-----~-----------·------------·----1--; 

0.4 0.6 0.8 

2.5. 

z 
3 f c) Deuterium 

2.5 

? 
z• ).5 

M f~~~~·~;~:~:"!~:t: 
0,6 I 
z 0.8 

J.S 
3 .. 

~ .. 
z 

],:ii 

1 

o.s
0
j · 

3.5 

b) H;•drcgen 

OJ 0.4 
x 

d) Deulreriurn )(/r:d' 
M 

o.s 0.6 

4136 I 48. 
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x 

P11c. 11 z 11 x -3as11c11MocTH oruomcH11» 11:· I 11:- Ha BOl\OpOl\e (a,b) 11 p;eiirep11il (c,d) 11 npep;cKa3aHHll 

MO,!\eJJH LUND (rncrnrpaMa). TiycTbJe oKpy.lKHocrn ,!\aHH1>1e Cornell 

Jlnll p;eiiTpOl!a OTHOlllCHHe 11:• / 71:" 11MCeT TeH)\CHUHIO K pOC'I)' OT -1.5 )\0 -2.0 c pOCTOM z OT 

0.5 AO 0.9 (p11c.l I c), B TO speMi! KaK OHO npaKTI14CCKH OCT'dCTCl! Ha yposHe -1.5 BO BCCH OOJiaCTll 

x=0.2 + 0.6 (pm;.11 d). 3-m pc3ymmtT :itj}(peKrn napTOHHOI1 CTJlYK1YP"' nponnrn H ir• Me3011oa, 11 z-

3ao11c11Mo<..'TC1:1 cjlplll'MCl!'ni1um11111.1x cjJyllKIUllt KHapKoR. O-mo111c111rn 11opMI1pOBllllllJ.IX iu,JXO)\Oll 

)\CllTpOH/nporoH (dip) JJ.11ll 7t' 11 n' MC30IH>B noYTH He 3llBHCl1T OT x 11 z KaK II npep;CKU3bIBaCTCll B 

MO,!\eJJH LUND. no BCJIHYI!fle Z-3<1Bl1CHMOCTH 3111 OTHOllJCHl1il Ha -13+ 16% 6oJlhllle, YeM 
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npeACKa3h!BaeTCll (pHC. 12). 311ecb TaIOKe Ha6JJJOAaeTCl! CHJJbHhlH scjJcjJeKT 3KCKJll03HBHOro po)l(AeHHll 

71:± npH 60JJbll!llX Z. 
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P11c. 

12 z 11 x-3ae11c11Mocm OTHOtlleHHll D/H AJJ5! n• (a,b) 11 n· Me30HOB (c,d). Hennoxoe cornac11e c 

npeAcKa3aHH5IMH MOAeJIH LUND (cnnomHan rucrorpaMMa). 

Jl;ur )IOnOJJHHTellbHOro )10Ka3aTeJJbClBa cpaKTOp113aUllH, llCnOJJb3Yll 113MepeHHbie ce'!eHH5! 

po~eHl!ll 11:• Me30HOB Ha p II d, Mb! COCTaBl!Jill KOM611Hau1111, He 3aBllC5!111He OT cpparMeHTaUllll 

KBapKOB (CJ!e):(OBaTeJJbHO, He 3aB!IC5llJ.llle OT z). ilpe):(noJJaran 3ap5IAOBYJO II 1130TOn CllMMepT!IIO 

cpparMeH111u110HH1>1x ¢YHKUHH B np116nm1<eH11H LO ce'!eHH5! ceMHHHKJII03HBHoro o6proonaHH5! "' Ha 

nporoHe H Aei1Tep1111 MO)f(HO npeACTaBllTh B BHAe: 

a; Cf:; 4uD• + dD- + 4uD- + dD', er,;· oc ( 4D• + D")(u + d) + ( 4D- + D')(u + d), 

a; Cf:; 4uD- + dD• + 4uD• +Jo-, er,;· oc ( 40• + D")(u + d) + ( 4D- + o•)(u + d). 

n pe11e6perru1 RKJJaAaMtt CTpaHHhtX KBapKon, rorn omomctrnii cyMMht 11 pa3Hocn:11 ce'!eHHii 11a 

npOTOHe H Aei1TepHH HMeeM: 

R+ = a;+a; 4u+4u+d+d, 
,,,, a,;+a,; 5(u+d+u+d) 

a• -a; 
.P~ 

R;,i = o-;-o-;; 
4u.-d. 

3(u. -d.)' 

rAe o6o3Ha'!emrn a; 11 aJ =a;+ a,~ npeACTaBJil!IOT ce'!eHH» sneKTpopol!<I\eHHn "' Ha nporoHe 11 

11e1iTpOHe, a nOA u H d no11pa3)'MeaaeTC5! C)'MMa BaJJeHTHblX KBapKOB ( u. HJll1 d.) H MOpCKllX 

KnapKoe (u 11 d ), T.e. u =u. +u, H d =d. +d. Pe3yJJ1>Tafb1 noIBep~aioT He3au11c11MocTu "cynep­

omomeH11i1" OT z (p11c. 13). 
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P11c. 13 z-JanttcttMocTH "cyncp-cyMM" (a) 11 "cyncp-pa311ocn:i1" (b) np11x=0.32. nonoc1>1 B cpe):(HCH 

'!aCTll p11cyHKa - 3Ha"'!eHH5!, OlKll,[\aeMbJe 113 Pb!COKHX 3Hepmi1. 

Bbl'lllTaHHe BKJJa):\a OT p 0 Me30HOB (oTKpb!Thle Kp)')KKH OTpIDKalOT OTHOillCHl15! nocJJe 

BbI'IHTaHH5!) oco6o He BJJH5leT Ha pe3yJJ1>TaT. CpeAHHe 3Ha'!eH!lll r1THomeHHi1 xopolllo cornacyioTCll c 

npeACKa3aHttl!Mll GRV H CTEQ (mTpHXOBaHbie nonoc1>1). B o6nacrn z > 0.7 tta6JJIO)laeTCl! 3aMeTHoe 

OTKJJOHeHHe OT npe)ICKa3aHHH. 

ilpeue6peral! BKJJa,[\OM CTpaHHbIX KBapKOB H npe)lnOJJaran <J:>aKTOpI13aUlllO, MOlKllO 

HcnOJJb30llaTb ce'!eHH5! 3JJCKTpOpmK,[\eHH5! 1t+ H n· Ha J:(eHTpOHe ,/l,Jlll Bbl'IHCJJeHH5! OTHOl!IeHl1H 

<jJ.parMeHTaUllOHHblX c!>YHKUHH o-(z)I o·(z). B npH6JimKeHHH LO ce'!eHH5! srreKTpopOl!<I\eHH5! 

1(± MC30110B Ila Aer1TpOHC MO)KHO npC)ICTIIBllTI> KaK 

a,;(x,z)-(4D+ +D-)(u+d) 11 a;;(x,z)- (4D- +D•)(u+d), 

oTKy)la AJ]a OTHOltlCHHll ce'!eHHil 3apmKeHHblX mmHOB Ha J:(eHTepHH 6y)leM HMeTu 

a; la,/ =(4D.+D-)1(40-+D'), 113 KOTOporo CJJeil)'eT o-(z)ID.(z)=(4-R)/(4R-I), r11e 

R =a,; (x, z) I a,; (x, z ). Ha 1rn:>Kenp11ee):(e11110M pHc.14 CnJJOillHbtMH (nycTuIMll) Kp}':>KKaMH noKa3aHbI 

3aBHCHM0(,"f'H 3THX OTHOllleHl1H .c Bbl'ICTOM (6e3 BbI'leTa) BKJ!a):(a nilOHOB OT pacna):(a AHcppaKU!IOHHOro 

p 0 -Me3011a, KoTopi,111 cocT'dBJJ5IJJ AO 20%. HamH· pe3yJJbTaThI o- ID+ oTHome1111ii, KaK H 

npe):(cKa3bIBaeTCl! TCOpCTH'ICCKHMH MO,[\CMMll BbICOKHX 3Hepmi1, He 3aB!ICl!T OT x. A Z-3aI!HCHMOCTh 

3Toro oT11rn11cH1rn cormu.:ycTcll c na1111htM11 HERMES, en1e pro noATBep~an npaBOMO'IHOCTb KBapK­

a):(po1111oii JIYallhllOCTll 11,1m cCM111111KJJI03HBttom paccel!HH5!. 0 rMeTllM cpaKT xopomero cornac!lll 

mu1111x 11am1i,1x c pcJy111>m'l1lMll I IE RM ES na:>Ke n 06nacT11 z > 0.75, r11e B caMllX A11cpcpep.eHU!laJJbHhtX 

ce'!eHttl!X 11a6monaeTc11 cy111ccrnc1111i,11'1 RKJJaA oT pe3011a11coB. 3To o6bllCHlleTcll coenaneH11eM 
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OTHOll!el!Hll RKJla)!OR HYKJIOllHblX pc3oHaHCOR npH po)KJ(emrn :rr± Ha npon.JHe H l!CllTj)OHe c cj:>aKTOpoM 

4, KaK 61>1JI0 oTMc'-!eHo B pa6oTc Close-Isgur. 
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P11c. 14 3ae11cHMOCTh 0111omeH11ii D-1 D+ OT x (a) 11 OT z (b). 

CeLJeH115! :rr± Ha nporoHe 11 neH'rpoHe 61>1JI11 11cnoJ11>30BaH1>1 )!,Jill BblLJHCJieH115! x 11 z 

3aBllCllMOCTeJ':1 01l!O!lleHl!ll BaJieH1l!b!X KBapKOB (dv I uv). DoJiy'leHHble HaMll x II z 3a811CllMOCTI! 

uaxo)J.l!TCl! B xopomeM comac1111 c )J.aHHblMH HERMES 11 WA25. Hatt6onee HHTepecHott, 

O)J.HOBpeMeHHO H CJlll:>KllOll '-1ac11,10 Hamero aHaJl113a, l!RJlllJIOCb H3YLJeHHe P, 3aBllCHMOCTii 

CCMHHHKJII03HBHOro ce'-!eHirn. Ci!O)K}JOCTI, 3)1.ecb, B nepey10 O'lepe)J.b, CBl!3aHa c CHJlbHOH KoppeMQHeii 

Me:>K,Dy KllHeMaTH'-lecKHMH napaMerpaMH (nonepe'-!HblM HMnyJibCOM P, 11 a311MYfl\JlbHblM yrnoM <p). Bo 

BTOp1>1x, 113-3a orpaHHLJeHHoro TeJJecHoro yrna Harneii ycTaHOBKH, c yeeJJHLJeHHeM P, 

( COOTBeTCTBCHHO, yrJia MC)K,!ly BHpl)'ailbHblM cjJOTOHOM Ii o6pa30BaHHb!M IlHOHOM) pe3KO 

yMeH1>maeTCl! 3aXRaT no yrJiy <p. OnHaKo, KaK MM ycrnHoBHJJH npH 6onee JJ.CTaJibHOM aHaJJH3e )J.aHHhlX, 

B Hamett KHHCMl\THLJeCKOH o6JiaCTH ( P, :5 0.4 I'sB/c), MO)K}JO 11rnop11poea11, a3HMyraJibHOH 

3aBllCHMOl-"l'hlO. Cne)J.ORl\TeJlbHO, HCC H3MeHe111rn ce'-!emrn npH napbHpOBa!IHH .9,., B yKa3aHHhlX 

npe)J.eJJax MO>KHO npttn11caTu nonepe4HoMy HMnym,cy. Dpe)K,Ll,e ecero Mbl Hauum, '-!TO KOM6HHllQHH 

llTHllllleHJlll CC'-!Clrnil Ha nponrne H .~el'lTj)OllC 11 OTIIOlllCHMC :rr+ I :rr· )J.JJ51 nponma fl )J.CflTj)OHa IIC 

3a1rncl!T oT BeJill'll1H1>1 /~ . Ha p11c. 15 noKa3a1m 3llBHCHMoc11, oTHomeH1rn D- ID• OT nonepc'-!1mro 

HMllYJibCa nmma P, npH x=0.32 ll z=0.55. 3m OTHCllllCHHC llO'lTH He 3l\BHCHT OT P, H xopomo 

comacyeTCl! c nocoTllHHblM 3Ha'-!CHHeM -0.46. Pe3yJ1bT'dTI,1 p11c.15 noJiy'lcHhI H3 owomeHttii :rr+/:rr­

Ha )J.eiiTepHH 6e3 Bb14HTaHH51 BKJia)J.a nllOH OT pacnana p 0 
H c npeHe6pc)KCHllCM poi!H MOpCKllX 

·KaapKOB< YYeT 3THX 3cpcpeKTOB JMCHbmaeT oTHomeH11e D-/ D+ B cpe.a:HeM Ha -5%, njJHBO)J.ll K 

3HaLJeH1110 D- / D+ = 0.43 ± 0.02, 'lTO npaKT11'lecK11 cosnanaeT c JJ.RHHb!MH HERMES. 
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Pttc.15 3aBHCllMOCTh 01110111eH11ii cpparMeHTaUHOHHbIX <l>YHKUllii D-1 D+ or P, 

npeHe6penur a311MY'fll.l'lbHOti 3aBllCHMOCThlO )J.Hcj>cpepeHUHaJlbHOfO Ce4CHHll, Mb! llOJiy'lllJIH P,2 
3an11c11MOCTb JJ.HcpcpepeHUHaJlbHblX CC'lCHHH Ml! ]JO)K,11.CHHJI :rr+ H 1(- MC30HOB Ha npoTOHe H )J.CHTPOHC 

H onpe.a:eJJHJJH napaMeTPb! 11x HaKJioHa (pttc. 16). 

1.2 
o) 7T- on H 2.5 · t;)?T"-ori'H 

1 Q 2 ••• 1i 0.8 
0.¢-Q tt.+.,._ 

.......... ~9.9~9- t LS +-+++ '> 0,6 

•N'•·+if '•1Ht1j <1' l 
~ 0.4 
..0 0.5 ~ 0.2 b=4.78:i:0.:54 b=4.67:i:0.38 
'$. 0.1 0.2 0.1 0.2 -0 a:- 2 c) 71'- on D d) rr• on D 

"O q 3 
N •• 
~ 1.S "'o.:.<:>Q ... 

i:><:iQ¢$ r ...... 
".. 2 ...... 
c: l <?¢g*"·? ····'..t+ "O 

"t> ? .. + ' 
"O 0.5 1 

b-3.84±0.24 b=3.98:i:0.1 6 

0.1 0.2 0 0 0.1 0.2 
PT2 (GeV2) pT2 (GeV2) 

Pttc. 16 3anHCl!MOCTH CC4CHHH 3JICKTPOJJO)K,ll.CHH51 :rr• Ha nporoHe (a, b) H )J.CilTPOHe (c ,d) OT P, 2
• 

3HaLJCllltC "b" )J.Jlll )J.CHTPOHll Clll-'TeMaTH'-ICCKll MCHbllle, 4CM )J,Jlll npOTOHa. 

napaMCTPbl HllKJI!llla "b" <iJllt3KH )J.Jll! :rr• II tr-, KRK )!,Jill npoTOHa, T'dK H )J.Jlll )J.CHTj)OHa. 0)1.HaKo, 

3HR4CHHe "b" .Ml! JJ.CR1fllll!R CllCTCMHTH'-ICCK,H MCHblIIC, LJeM )J.JJ51 nponma. Bo3MO>KHO, '-ITIJ 3TO CBll3aHO 

c MCXaHH3MOM ~1opM11pona111rn noncpc411oro HMnyn1>ca. CornacHo HeKoTOpb!M reopeTH'lecKnM 

npeJJ.CTllBJJCHJ!llM (Anschnino. Kotzinyan, Brodsky H JJ.p.), nonepe4H1>1ii HMnyn1>c a)J.po11a P,, 
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o6pa3yen:n R pe3yJlhT'dTe KOMOHftaUl111 nonepC'IHOfO llMnyllbCa k,' KOTOphlH KBapK 11MCCT JJ.O 

RJaHMOJJ.eiicTBHH H nonepe•moro HMnyn1>ca p,, reHepHpyeMoro B npo1.1ecce cpparMeHTIIUHH KnapKa, 

T.e. P, "' zk, + p, . CJ1e.JzyS1 Anselmino, MOlKHO npeJJ;nonolKHTb, '!TO urnpHHbI pacnpeJJ;eneHHM 

nonepe'!Horo l1Mnyn1>ca KBapKa ( k,) H cjJparMeHTaUHOHHOH ¢YHKUHH ( p,) rayccoRCKHe 11 

CKJll!,11.blBalOTCH KBaJJ.paTI1'1HO, oGpa:iyn nOJlH}'IO IUHpHHy P,. Ha OCHOBamm STOro npeJJ;nOJIOlKeHl{jj .u.rm 

aHaJJl13a P, 3RBHC11MOCTell J\M KalK,O.oro CllYLJM BMeCTO OJJ.Horo napaMe'Ipa HaKJlOHa "b" Mbl BBCJ111 

b: = (µ; + µ; f 1 
, rJJ;e q ;;; Ll HJJH d KBapK, a µ,.,J 11 µ, - U!Hp11Hhl pacnpeJJ;eneH11M no nonepe'IHOMY 

l1Mnym1cy k, .u.rm Ll 11 d napTOHHblX ¢YHKu11ii, 11 p, .wm cpparMCHTilU110HHbIX cpywKuHH. <P11rupysi ace 

ua11111 JJ.aHHble, c eap11au11eii 11111p11H pacnpeJJ.ene1111ii no nonepe'IHOMY 11Mnym.cy .u.rm napro11111>1x 11 

cpparMeHTal.(110HHblX cpyt!KUllH ( µ,., µ,/, µ+ 11 p_ ), OTiiOUJCHHe cpparMeHTaUl10HHblX cJiYHKU11M 

D- ID+, 11 d/u KBapKOB s MOJJ;e.nH, MbI nol1YLJH!1H 11a11!1YLJnree comacne np11 3HaLJeHHHX D- ID+ = 

0.42 ± 0.01 11 d/u == 0.30 ± 0.03, '!TO XOpOUlO cornacyeTCll c OlKH)J.aeMblMH .Will BblCOKHX 3Heprnii 

I 

0 
I 

'~f ~ ~ 
0.3 0.25 I 

~ 
~ 

I ~ ,/J E. I .. 
0.20 0.2 I e 0.20 

~ ~ I .. 
~ + j I I ...::, ..;; 

0.15 0.1 I 0.15 I 

a) •1 
b) I c) I I 

0.10 0.0 0.10 
-0.1 0.0 0.1 0.2 0.3 -0.1 0.0 0.1 0.2 o.s 0.100.15 0.200.250.50 

(µ.)1 ( GeV1) (µ.)1 (GeV8) (µ,.)" (GeV8
) 

P11c. I 7 KoH1yp Ha11eepoRTHblX 3Ha'leH11ii (2<1-KOHl)'p) .u.rm umpHH pacnpeJJ;eneHMM no nonepe'IHOMY 

HMUYJlbCY napTOHOB (PDF) H cpparMeHTaUHOHHb!X cl>YHKUHH KBapKOB. 

B peJyJlbTaTe Hamero CT'dTl1CTil'leCKoro aHMHJa Mbl TIIIOKe npHlllJ111 K 33KJllO'leHHIO, '!TO B npe)J.enax 

Jl.BYX r..'TaH)J.apTHblX OlllHGOK JJ.Jl!I d KBapKa GOJlbillaR UIHpHHa k, pacnpeJJ;eneHIDJ 6onee 

npeJJ.m>'lTIITeJJhHa, 'ICM .wm u KBapKa. A m11p11H1>1 p, pacnpeJJ;ene1111ii Ailll "npeJJ;nO'lTHTeJJ1>Hoi1'' 

(favored) H "Henpenno'!TI!TeJlbHOH" (unfavored) cpparMeHTaUHOHHb!X cjJyHKUHH onHHaKOBbl. 

Oc11oa111>1e peJyllhT'dTbI sroii rnaebr ony6m1KoBaHbl a pa6oTax (15-18]. 

B 33KJIIO'leHHH nepe'lHCJlCHb! OCHOBHb!e pe3yJlbTa1bl, llOllYLJCHHb!e B JJ;HCCepTiiUHOHHOH 

pa6oTe. 0HH CBOJJ,R'l'Cll K CJleJJ,yioIUCMY: 

1. C HcnoJJb3oBaHHeM nYLJKa npOJJ.OJlbHO noJJllpH3oBaHHbIX sneK'IpOHoB 11 noMpH30BaHHOil 

)J.CHTepHeBOH MHlllCHH npoee)l.CHbl H3Mepemrn aCHMMC'IpHH ce'leHHll (aCHMMC'IpIDI "nY1JOK-MHU1ettb") 

KBa3Hynpyrorod(e,e'n)p paccellHIDI. CpaeHeH11e H3MepeHHblX acHMMe'IpHM c pac'leTHo­

OIKH)l.aeMb!Ml1 ll03BOJ1HJ10 

(fsB/c)
2 

(3, 4]. 

c BbICOKol! TO'IHOCTulO onpeJJ;en11Tu 3Ha'leH11e G~ npH Q2=0.5 H I .0 
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2. 311eK1p11'!eCKI111 cpopM-cjJaKTllp 11e11TpoHa OblJI T'dK>Ke H3MepeH MeTQJJ.OM BHam13a 

BCHMMC'IpHH HeI1'IpOHOB OTJJ.!l'IH H npouecce KBa311ynpyroro paccel!Hllll noJJHpl130BaHHblX 3J1CK'Ip0HOR 

Ha HenoIDip11JoRaH1101i nel1Tep11enmi M11111ettn d(e, e'1i) p. B STOM 3KcncpHMeHre 113 cpaetternrn 

SKcnep11MeHTilJihHhlX OTHOlllCHHH BCHMMC'Ipl111 np11 pa3Hb1X yrnax npel\CCCHH c OlKHJJ.aCMblMI! OT 

MOJJ.eJJHpOBBl!Hll 31laLJemrnMH onpe.QeJJllJlOCh OTHOlllCHHC c;1a;·,. ilanee, 11CnOJlh3YR )J,Illl G_;; 
BeJJH'IHHbl, Bhl'IHCJleHHhlC 113 rno6aribHOro cjJHTa MHpOBblX SKcnepHMCHT'dJJbHblX Jl.BHHhlX, HaxO)J.HJIHCh 

3Ha'leHHll G; npH Q
2 

= 0.45, 1.136 H 1.45 (fa8/c)2_ TIOllYLJCHHhle 3KCUepHMCHTar!hflb!e pC3YJlbTBThl R 

YKaJaHHbIX JJ.syx 3Kcnep11MeHTax llllJUIIOTCll Ha116onee TO'IHbIMH cpeJJ.H cyiuecTDyioruttx JJ.BHHbIX no G~, 
OHH CJ1a6o 3aBHCllT OT npttMCllllCMblX np11 aHanHJe TeOpCTH'lCCKHX MOJJ.eJJeii, 06Jla)J.aiuT 

MHHl!MaJlhHblMH CHCTeMBTll'ICCKHMH O!llHOKaM11 11 xopo1110 cornac)'IOTCH c paHee onyGJlHKOBaHHblMH 
naHHblMH[5-IOJ. 

3. TiponeneHbl JJ.Ba 3KCnepl!MCHTa 3KCKJll03HBHoro 3JlCK'IpopolK,O.eHHR 3apRlKCHHblX nHOHOR Ha 

BOJJ.opoJJ,e. MeTOJJ.OM cjmrn H3MepCHHblX JJ.Hcp<j:>epeHl.{HMbHblX CC'ICHHH H npHMeHCHHeM MCT0)1a 

Po3eH6JllOTa llOJl}"iCHbl pa3JJ.eJ\CHHblC KOMUOHCHTb! CC'ICHHll 0'1, '(}'~, (J'lT II <ln. lfa cpaBHCHirn 

JJ.aHHb!X npoJJ.OJlbHoii KoMnotteHThI ceLJeHrrn al c TeopeTH<JecKHMH npencKa3aHHllMH VGL/Regge 

onpe11enettbl 31JB'ICllHR cflupM-cpaKTOpa 7t Me3011a F,. nptt Q 2 = 0.6, 0.75, 1.0, 1.6 II 2.45 (!°":iB/c)2 r I 1-

13]. 3"rH JJ.BHHhlc 11m1uo11ec Tll'!Hhle fl JJ,ocroaepH1>1c B o6nacm 6on1>11111x Q2 11, npaKTHYCcK11, 

llBJJmOTCll )'llHKWihHblMH ll OUJIBCTH Q
2 

> 0.5 (fsB/c)2. LlaHHhle noKa3hlRaJOT, '!TO pe>KHM pQCD ClllC 

He Jl.OC'IlffHYT, X01Jl CCTh yKa3aH11e, 'ITll 3Hll'leHHe Q 2 F, )J.OCTHraeT HaCblll\CHHR B patioHe Q2- 2.0 

(fsB!cf Ha111H pcJyJJhTILThl F,. HaxOMJTCll R YJJ.oBJJeTBopHTeJJbHOM cornac1111 c npcncKaJafll{jjMH QCD 

Sum Rule 11 CQM 11 cJJy)KaT xopomHM KpHTepHeM JJ)m ceneKllHH pa3!1H'IHhIX TeopeTH'!CcK11x 

MOJJ.eneli. Tipone.QCHhl H3McpeHHll ceLJeH11j:j 3KCKJ1!03HBHOfO 3JleKTpopolK)J.eHHll 7t' H 7(- MC30HOR Ha 

)J.CMTepHH. DoKa3aHo, 'lTO Ha JICIDpoHe OTHOlllCHHe 7t+ / 7t- "" I, CJlC)J.OBllTeJlbHO, B KHHCM3TH'ICCKllX 

yc.rrneHHx Ha11111x sKcnepttMeHroe no HJMepeHHIO F, B npouecce Jl.OMHHHpyeT JJ.HarpaMMa on110-

nHOHHoro oGMeHa (llOJlKJCHM JJ.HarpaMMa), KOTOpaR npllMhlM o6pa30M CBll3aHa c cpopM-cpaKTllpOM 
llHOHa (14). 

4. l13MepeHhl CC'ICHl1ll CCMHHHKJ1!03HBHOro 3JleK1POPO>K,ll,eHHll 7(± MC30HOR Ha llpOTOHe 11 

JJ.eil'IpoHc n ouna<.:111 z = 0.3+ 1.0 npH x == 0.32, x = 0.3+0.6 np11 z == 0.5 H a o6nacrn JHa'lc11111i 

nonepcLJnoro 11Mnym,i.:a 110 t; < 0.4 foB/c npH z = 0.55 H x= 0.32. BnepR1>1e nony<reHr,1 np»Mr.1e 

3KC!1CpllMCllTlUlhllhlC JlOKU1UTCJlhCTl!a rj>aKTOplf3au1111 ceLJCHllH CCMHl1HKJli03HBHOro SJleKTpopolKJJ.CHllll . 

n11011on n ounacrn :i11cpn111, oxnaii.i11111011{11x llYKJJ01111r.1c pc3011a11cr.1. Auan11JoM z, x 3aB11c11MocTc11 

ce'!Clll1H oupa30Railllll 7t' II 7t- MC'.lOllOll IHI p 11 d, IIOBCnc111rn OTHOlllCl!Hll pB3Jlll'llfblX KOM61Uial(lllf 

3TIIX CC'ICHHH H OTIIOlllClllIR c/Jpm'MCll'llll(llOllllhl,X cj1y11K11111I J10Ka3aIJo, 'ITll KBapK-a11pom1m1 

JJ.YallbHOCTI, CYII(ecTByeT H npH TILKllX llH'JKllX ::lllCJll'llll.X f 15-J 8]. Tiony•JCllllhlC lf3 Hlllllero 

SKcnepHMCl!Ta pe3yJlbT'dTbl llllXOMJTCll B xoporrrcM COl"JIU<.:1111 <.: llJlCJ\CKllJllllllllMll llhlCOKl!X 311Cpr11(1 

(CTEQ, BKK). 113MepeHbI 3aBHCHMOCTH ce•rc11111i CCM111111i-;11101111111oro JJICK'Ipopo)l(Jl.e111rn •rr 
nonepe•m01·0 11M11y.11>ca mmHoe. TionY'leH111>1e HUMll ·m11 11c11m1 rrnpaMc·1po11 HaKJJ011on Jn1.x 

pacnpCJICJIClllli"I XOJlOlllO cimrncy10Tcl1 c )\llllllblMll BhlCOKllX :JllL'Jll'll(i II II 1::1y60KO-llL'yr1pyron OOJlaCTll 

(HERMES, liM('. Sl./\C). TioKaJaHo, '!TO npu M<lJJhIX :11111•1c111111~ llllllCfll''llllll'O llMllYJlhca 111m11a 
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MOlKHO npeHe6pe4b 3aBHCHMOC..lbKJ HHTerpaJJblHJro ceLJeHHll OT a3HMYf'dJlbHOro yrna rp (113-3a 1104Tl1 

2:r JaxBarn). 

5 .. C031\aHHe HORhlX 11.CTCKTOpoR, pa3RHTIIC HMe!UlllHXCll H pa3pa6oTKa HORhlX MCTOl\H4CCKHX 
110;1xo,~oii ;i•rn n1.1110.n11c111rn OTMC'1c1111i,1x 11cc.nc,~0Bm1rn"1. B 'i<lcT11ocT11: 

61>u111 co3)1.aHhl )\Ba MHoroKaHa.nbHblX 111HpoKo-a11nepzypH1>1x m1BHCB1>1x )leTeKTopa, 
npe11.HaJHa4CllHblX ,u;m ::icptjJeKTHRl!Oro pa311.eJJemrn :r I e B cneKTpOMeTpax HMS/SOS [ 11. 12. 15]; 

- pa3pa6oraH H C03)1.aH 'lepeHKOBCKHH C'leT'lHK Ila 6a3e a3pOJl)KeJ151, KOTOpblH 1103ROJUJ.n pa3)1.emm, 
nl101lbl II KaOHbl (B cpe)le c n = l.015) H pht (npH n = 1.030) [21]; 

- C03,!l,aH lllHpOKoannep·iypHblH ,!l,eTeKTOp HeHTpOHOB, lllJ3BO.n5110lllHH H3Mepsrn, npocTpaHCTBel!l!hlC 

KOOp)l.HHaTbl H 3HeprH!O HCHTpOllOB OT,!l,a'lll C 3HCprHeii ,!l,O 2 f::>B [3, 4); 

- <:03,!l,al!a MHllrOKaHa.nbf!al! CH<:TeMa MOHllTOpHpOBalllrn npeMCflflblX H aMn.nH1)')1.Hh!X xapaKTepHCTHK 
<J,3y )l.CTeKTOpos Hall C Ha 6a3e .na3ep11oro HC..IO'lHHKa cneT'd [3]; 

- 113Y4Cllhl 3aRH<:l1MOCTll aMf!JlM'f"Y,!l,HhlX H RpCMCHllhlX xapaKTepHCTHK tj:JoTO-YMllOlKJITC.neii OT 4a<:TOTI>I 
CHrHa.na H BeJlH'lHHhl cpe,!l,11ero aHOAHOro TOKa <l>3Y [19-20]; 

- pa3pa6oraua npo1.1eAYPa KaJIH6pOBKH, 011THMH3al.IHH xapaKTepHCTHK ACTelCTOpoB, HCl10Jlb3yeMblX )1)151 

perHCTpal.IHH H HAeHmcjmKal.IHH <.JaCTHl.l B 3KcnepHMCHrax (3, 7, 11]. 

HJMepeum,1e 3Ha<.JeHHll a.neKTpH'ICCKoro tj:JopM-tj:JaKropa uei1TpoHa 11 n11ona llBJ15JIOTCll 
HaHGo.nee T04Hb!MH B MHpe. OHi! c.nyiKaT )l,Jlll npoBepKH cy111ecmyallllHX reopeTH'leCKHX 
npe,!l,CKa3aHHH H llBJ!lllOTCll C.."THMy.n11pym11111M cj:JaKTOpOM )lJl5I pa3pa60TOK HOBblX 110)1,XOl\OB 11 HOBhlX 
3KcnepHMeHTa.nbHblX HCCJJeAOBaHHH. riomeplK,D,CHHall HaMH cjJaKTopH3al.IHll CC'leHHll 11 KBapK­
aApOHHall )lyaJ!bHOCll> B npo1.1ecce ceMHHHKJll03HBHOro a.neKTpOpolK,D,eHHll llHOHOB np11 HH3KHX 
::>Hepnmx OTKpbiRalOT lllHpOKHC B03MOlKHOC..IH ,!l,.nll 11.eTam.uoro Hcc.ne)J,lJBamrn pacnpe)J,eJJCHHi1 
napTOHOB, H H3Mepemrn tj:JparMCHTal.IHOHHblX cj:JyHKUI1H KBapKOB B 06.nacm 60.nbll!HX x 11 z, 4TO 
llRnl!eTcl! sec1>Ma TPYAf1oi"1 Jal(a'leil np11 B1>1coK11x ::>Heprirnx. 
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Z.U1l}pn1.tlrhp]l qu111mgt[U10]1]1 Ii pt[mplj-hUiqpnUUIJ]l.1.t hpljUilj]mtpt]Ullt 
ntumtIUwuj1pnttIJ1 uj1ti~L 6 Q.tt.J. tuhpqpwp tthljtnpnCiCihpmj_ 

UlJl'.Dll<I>m,u 

Utnhl.rUI)unumptJmltI! 1.rtjJ:ipt[wa t lih]tnpnu]:i Ii UJ.lmu]:i ti_ hljtnpmqUI!i :j>nptf­

:pmqtnnpCihp]l, Ii 12t[U1plj-hU11}]1n!iU1J]l!i hpljUilj]lnLJ!JIDli 4J.npaUipwpwljwCi hhtnUiqntntfUI!i 

UI]ll}p ]ulrl}J:iplihp]lu: lipq]mlipuhp.f! utnmgtJ.ht hu lilJl.,-p CEBAF wpwqwgmg~p Hall C 

upmhp qptnUitj:Jnpahppg 1997-2003 flfl.: Oqtnmqnp.ah1ntJ. plihnu1gtJ.ma t1hljmnnCiwJ!JCi t}mtu2 Ii 

puhnmgt[ma l}h]tnpnlim1J:iu FJi.pm]u, FJ:ipm]u-t}mtli2 mu]:itfhtnp]:im3J:i ~mtj11Imli d(e, e'n)p 

qpmwtjmpamu np.n2tJ.ht t lih]tnpnuJ:i a; ti_hljtnpmljmu :j>nptf-:J>mljtnnp.J:i tfhbnt]!]ntli.g 

12mnm~mi{:t t}m]umugtJ.ma ]ltIUJ.m1uJ:i Q2 = 0.5 Ii 1.0 (Q.t'-Uc)2 mpcthpuhpJ:i 11hUJ.Pmtf: 

\,h]tnpnuJ:i ti_hljtnp.mljmli :j>np.tf-:j>mljtnnpg ~mi{:ttJ.ht t uUI\i Q2 = 0.5 , 1.136 u 1.45 (Q.t'-Uc)2 

UipdhIJCihpp 11hUJ.PmtI, ljppU1nh1nt[ htnhmptJ.UiaJ:i 1.th]tnp.nuuhp]l muJ:itfhtnp.J:imJJ:i npnztfUI!i 

humppf!, plihnUigtJ.ma i{:tm.li2 L n~·pulmmgtJ.ma 11hJtnp.n!im1J:iu F]lpm]u d(e, e'n)p 

q]:immt}mpo.mtf: LiwmUipt[wb qpuiwpljmuCihpp wp1lJmhpbhph mtfhhU1u2qp]ltnCi tCi Uztjtub 

ljptituwmplj uippmJJrntu: UUb 6zmm13JU1L'ip ~Uii{:ttJ.ht t hh11mlj 2pwbGwJpti flppwjupg lr• 

L'ihqnli]l tpuljumqptj ti_hqtnp.walrtfmlr qtnptJ.mbpf! t.J.]lp.tnnLUil :j>ntnnlrlihp]l puhnUigtfUI!i hpqm 

Uipdhplrhp]l hUitfwp, Q2 = 0.6+2.45 (Q.t4Jc)2 UipdhplihpJ:i l}hUJ.pm.tf, l.j_UitnUiptJ.ht t 
ljtnptJ.map]l (J'L hp.l1mJli.U1ljmu Ii (J'7 1m1umljmu PUlllIDl}!1]l~lihp]:i 1.nmp.mu2mtnnttf: OqtntJ.htntJ. 

VGURegge tfill}htl1g, ~UitJ.ltlma hpljmiumljmu ljtnptJ.mapJ:ig np.n2tJ.h1 hG UJ.]lnh]l qhqmpmqUib 

:pnptf-!ptuqump]l U!pdhplihpg li2tJ.ma Q"-]l.Cihpp hmtfuip, n1mCiIJ tfJ:ituq u2qp]ltn 

tJ.1np&mpuip.uiljuiu tniJJUitlihpCi hG Q2 > 0.5 (Q.t'-Uc)2 t.n]lpmJJ!mtI: Unui2J:iu UiuqUitf 

ljU!tnUlptJ.ht !; guiap tlihpq]luiuhpJ:i tn]lpnLJFnLU ptJ.uiplj-hU!l}p.nUUlJ]lb. hpljuilj]lntpJUlU 

mui11tI!iuiuJ:ip.ntFJm.li 2pwO-Cip L 11hJtnpntip 13ppwjupg lr± uhqnuuhp]l htutimpJui-J:iuljumqJ:itJ. 

q hqtnpwahtfuili q]ltnuitJ.lnp&: 5m39 t tnptJ.ht, np WJ!J- mppntJflntU ljtnp.t.J.ui(lphhp]l L 

:P1rn1quhli1.nuigtfmu :j>mb.ljg]lUI'i.ihpJ:i hmpuiphpm.FJtU'i.i z, x L P, ljUI]utJ.uiamJ!Jmb.1.thpCi mlihb. 

pmpC..p tlihpquiuhp.J:i!i huitnn1lj tJ.uipptuq]la: UUCiIJ qmht hlip, np ltUJCiwl1wCi pL'iUJnllu!J 4J.n12p 
wpcthpGhpp tnppntJpmu (P, s; 0.4 Q.t'-Uc) l1wphl!i t wGmhuht t1mptjwapp wqjlummwt 
tulilumliwJpG t1wtul(wbmp1mli[1: llmJg t mpl(wb, np x=0.3, z=0.55 L Q2=2.3 (Q-t ... Uc)2 

tnl1pmJpmu 2pwbpG L !J-hJtnhppmu pppwjutihppg lr± utqnGGhpp 'hwuwrnw-ptilj!Jntqpt[ 
t1hljmpwbtiL'iwCi l1mpl(wbptihpG mtihti t12uu1ntihtitntuJpfi ljwjut[wampJmfi P, lWJGtuljwCi 

puuim1uf1g: JO-hpm13JwG "b" u1wpwtihmpp wpdhptihpn lr• L ;r- uhqnGGhpp hwuwp L'inm hti 
L'i!1iljwlig flh 2pwb[lp, L ph !J-hJUlpntip qhUJPmtI: Uwl1wJ[l 11h1mpn[lp hUitiwp "b"~p wpdhpCihp[! 
upumht.'iwmpl1 tJ:!nIJp hCi pwU 2pwbap qhu112mu: lUhIJntflJWCi UJwpwuhuipp up2!JCi wpdhp[! 
b = 4.1±0.4 (Q.t4Jc)"2 L'inui t pwpap tlihpqpwlihppg hwJuilip mtJ.1wtGhppli: 

L,21.J.ma lll]ll}Jml!puhpG hqUil!J:i tu 1u.111 l1!JlihL'iwmpljwl1wCi mppntJflCihpmu L mCihli uha 
q{1pMiLUlJUIU Ll7wlitulp11p.1111 Ll: '\,prnlip h'1L'i12 htUUI]j1UlU~JLLIU tip JW[1J2 linp qpmwtpnpa bp[1 
tu11w2tu11l1libJ1j1, npnlip u1.1uu l1u1tnwpljmt.'i bli 1\j1li~L 6 Q.J:'-l tlibpqJ1wJ1 mj1pntJfll1tL'i, L npnliy 
mumt.'iliwuppmt.'ili [!liqqpljt[wb t CEBAF-p wu1wqw 12 Q.tt.J. apwqphpmu: 
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