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06w,a.JI xapar.:mepucmur.:a auccepmav,uu. 

AKTyanbHOCTh TeMhI. rny6oKo Heynpyroe paccej!Hlfe (rHP) nenTOHOB Ha HYK­

noHax lI ll.Upax yMe .uonroe npeMjj llBJil!eTCjj MOlllHbIM HHCTpyMeHTOM lICCJie.IlOBaH-

1rn CTPYKTYPhI MaTep1rn. IllIOHepCKlJe 3KCnepuMeHThl B KOHUe rneCTH.UeC$1TbIX ro­

.UOB n SLAC, Kor.ua 6hma o6HapyMeHa MacrnTa6HM 11HnapIIaHTHOCTh 11, .ueC$1Th neT 

crryCTll, JIOraplI<pMlI'lCCKOe HapyrneHIIe MacuITa6HOll 1rnnapl!aHTHOCTll, rrpIIBeJilI K 

pa3Bl!THIO KBaHTonoii xpOM0.UHHaMIIKH (KXIl) KaK Teop1111 CllJihHhIX n3a11Mo.ue11CTB11ii 

11 COJ.UaHHIO KBapK-rrapT0HHhlX Mo.ueneii a.up0HOB. IlaJibHeiirnne l!CCJie.UOJ,aHlill 1130-

CIIHHOBOH aCCIIMeTpHll B rHP lI 3KcrrepIIMeHThl C yqacTl!CM IIOJillp1130BaHHbIX 'laCTHU 

npnnenn B BbIBO.UY O B03MOMHOM HapyrneHHlI lI30CIIHHOBOll CllMMeTplIII KBapKOB B 

HYKJIOHe 11 K CIIHHOBOMY KplI3H~Y, IIOCTaBlIB non COMHeHire crrpaBC.UJIHBOCTh rrpaBlIJI 

cyMM roTT<ppII.ua, EbepKeHa II 8nnIIca-IlMa¢¢e, TeM caMhlM. yKaJan Ha 6onee cnoM­

HYIO CTpyKTypy HYKJIOHa, 'leM 3TO rrpe.urronaraJIOCb paHee. 

Bee 3TO npeM5I C'll!TaJlOCh, 'ITO B Ka•recTne HyKJIOHHOll MIIrneHl! MoryT 6hITh 

IICIIOJih30BaHbl KaK rrpoTOHhI, TaK lI ll.Upa, rrpll 3T0M 51.Upa paccMaTp1rnaJilICh KaK 

Ha6op KBa3lICB06o,uHhIX HYKJIOHOB. TaKM KapTl!Ha B 60JihIIleii CTerreHll 0CHOBhIBaJI­

aCh Ha rrpe.urroJIO)l{eHirn, 'ITO 3HeprIIeii CBll3lI B ll.Upe 11 51.UepHbIMll 3<p<peKTaMlI MOMHO 

npeHe6pe'lh no cpanHeHIIIO c rrepe.na'leii 3HeprIIII n rHP. 8To rrpe.ucTanneHIIe 6hIJIO 

pa3pyrneHo n 1982 ro.uy OTKphITlleM EMC - 3<p<peKTa n 3KCrrepuMeHTax EnporreiicK­

oil: M100HHOH Konna6opaUIIII rro IIccne.uonaHIIIO OTHOIIleHII5I CTPYKTypHoil: <pyHKUlilI 

(C<P) MeneJa .K CTPYKTypHoii <pyHKUIIll .ueil:TepIIll. B peJyJihTaTe CTano 5ICHO, 'ITO 

II3-3a 3<p<peKTOB CBll3HOCTll CTpyKTypa HYKJIOHa MeHl!eTCll HeTpllBllaJibHhIM o6pa30M. 

IloJMe, Ha ocHone 6oraToro 3KCrrep11MeHTaJihH0ro MaTep11ana rro EMC-3<p<peKTY, 

rrorry'leHHoro KOJIJia6opau11l!Mll NMC (CERN) u E139 (SLAC), 6bIJIO ycTaHOBJI­

eHo, 'ITO Ka'leCTBeHHO CTpyKTypa HYKJlOHa MeHl!eTC5I 0.UllHaK0BhIM o6pa30M BO Bcex 

51.Upax rrpu A > 4, a Kom1qecTneHHM 3BOJ1IOUIIll EMC - 3<peKTa c 11JMeHeH11eM A 

B 3T0ll o6JiaCTll MO)l{eT 6hITh 06b5ICHeHa 3BOJIIOUIIeii ll.UepHOH IIJI0THOCTlI. O611-

aCTh A '.S 4, r.ue MOMHO OMll.UaTh Ka'leCTBeHHhle ll3MeHeHlljj B none.neHlill OTH~ 

orneHllll C<P 51.Upa II HYKJIOHa, n 3T0M CMhlCJie 113yqeHa cna6o. Ilo3TOMY HaII6onee 

llHTepeCHhlM npe.ucTaBnl!eTCjj aHanllJ 3non10un11 EMC-3<p<peKTa rrp11 A :S 4. Kpo­

Me Toro, 6oJihIIlllHCTBO cymecTny10mux u rrnaHupyeMhIX 3KcrrepuMeHT0B n SLAC, 

CERN 11 HERA rro rrponepKe rrpamm cyMM KXIl 11 ll3BJie'leH11IO C<P HYKJI0Ha 113 

.uaHHhIX II0 rHP Ha nerKlIX 51.Upax Tpe6yIOT rrpeUII3ll0HH0ro ll MO.UeJihHO - HeJanu-

GE) t1lfa;~i;;,L4il V.1::1.ryT1· 
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CIIMOro aHaJIII3a 3q>q>eKTOD CD513HOCTII D TaKIIX rrpoueccax. 

TaKIIM o6pa3oM, rrpo6rreMa 3q>q>eKTOB cna3HOCTII B rHP, c O.llHoi'1 cTopoHhI, IIH­

TepecHa KaK rrpaKT11qeCKM 3a,llaqa Dbl,lleJieHIIH IIHq>OpMaUIIII O CTPYKType Heihpo­

Ha 113 H,llepHbIX ,llaHHhIX, a C .llpyroii CTOpOHhl, - II3yqeH1Ie CBOHCTB CBH3aHHOrO 

HJKJIOHa II03BOJIHeT rrry6Me IIOHHTh ero CTpyKTypy II rrpnpo,lly HYKJIOH-HJKJIOHHOro 

B3aJIMO,lleHCTBl!H. Oco6eHHO JIHTepeCHhlM B 3TOH CBH3JI rrpe,llCTaBJIHeTCH n3yqeH-

11e II3MeHeHirn norrapII3aUIIOHHhIX CBOllCTB CBH3aHHOro HJKJIOHa II 3BOJIIOUIIH 3q>­

q>eKTOB CBH3HOCTII' c II3MeHeHIIeM aTOMHOro HOMepa H,llpa. Pewemie 3TOii 3a,llaq11 

Tpe6yeT pa3pa60TKII peJIHTIIBIICTCKII KOBapIIaHTHOro MO,lleJibHO He3aBIICIIMOrO ITO,ll­

XO,lla K OITIICaHIIIO rHP B paMKax TeOplIII ITOJIH. 

Il;eJib pa60Tbl COCTOIIT B pa3pa6oTKe peJIHTIIBJICTCKII KOBapliaHTHOro II MO­

,lleJibli:O-He3amicIIM0I'O ITO.llXO,lla K 1ICCJie,lloBaH1IIO peaKUIIII rrry6oKo Heynpyroro pacce­

amrn rrerrTOHOB Ha rrerKIIX anpax B paMKax q>opMaJIII3Ma BeTe-CorrnIITepa II ,lleTaJihH­

OM IICCJie,llOBaHl!lI 3q>q>eKTOB
0 

,lleq>opr.mUIIII CBH3ammro HJKJIOHa, npOHBJIHIOIUIIXCH B 

3TIIX npoueccax npoueccax c yqacTIIeM norrap1nonaHHhlx II Herrorrap1I30BaHHhlX qac­

TIIU, a TaK2Ke aHarr113e 3BOJIIOUIIII EMC - 3q>q>eKTa c II3MeHeHIIeM aTOMHoro HOMepa 

a.npa. 

Hay'IHM HOBH3Ha H rrpaKTH'IeCKM :u;eHHOCTb. B ,lllICCepTaUIIII rrpe,llJIOlKeH 

perraTIIBIICTCKII KOBapliaHTHhlH IlO.llXO,ll ,llJIH aHaJIII3a 3q>q>eKTOB CBH3HOCTII B rrenTOH­

H,llepHOM rrry6oKO HeyrrpyroM pacceHHIIII. Pa3pa60TaHHhle MeTO,llhl MoryT 6b!Th nplI­

MeHeHhI npn aHaJill3e 3KCnepIIMeHTaJibHhIX ,llaHHhlX C ueJih!O ll3BJieqeHII51 l!Hq>OpM­

au1rn o CTpJKType HeiiTpoHa, np1I nponepKe rrpaBIIJI cyMM KX.II II auarr113e 3KCrrep11-

MeHTaJihHhlX ,llaHHhlX no rHP Ha rrerKIIX H,llpax. BrrepBbie MO,lleJihHO-He3aBIICIIMblM 

o6pa30M II. 6e3 nne,lle1rna nneIIIHIIX napaMeTpoB npe,llCKa3aHa 3BOJIIOUIIH EMC - 3q>­

q>eKTa np1I 2 :; A :; 4. 

Horryqennhle pe3yrrhTaThl no3Borra10Trrry61Ke noHHTh np1IpO.llY cna3aHHoro cocTo­

HHIIH HYKJIOHOB ua MIIKpOCKOIIIIqecKOM ypOBHe. 

.Arrpo6a:u;ux pa6oT@. Pe3JJihTaThl .llIIccepTaUIIII HeO.llHOKpaTHO .llOKJia,llhIBarr­

lICh II 06cy)K,llarr11cb Ha ceMIIHapax Jia6opaTopIIII TeopeT1IqecKoii q>II3IIKII HM. H.H. Bo­

rorr106ona Ol15III, Jia6opaTop111I TeopeT1IqecKoii II a,llepHoii q>II3IIKII .IIBrY, q>II3JiqecK­

oro q>aKyJibTeTa PocTOKCKoro II BoHHCKOrO YHIIBepCIITeTOB (repMaHIIa), lplI3IIqecKIIX 

q>aKyJihTE:Tax ToKIIiicKoro II XIIpocnMcKoro YHIIBepcIITeToB, Yn1IBep1ICTeTa XoKK­

aii.llo, Xnpoc11Ma, OcaKa, Ko6e, ToKuiicKoro lIHTIITyTa 5I.llepHoii <l>II3IIKII (5Irron-
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1m), a TaKMe rrpe,llCTaDJIHJilICh II ,llOKJia,llbIBaJIIICb Ha Me)K,llyHapo,llHhIX CIIII03IIJMax 

".IleiiTpOH 95" II ".IleiiTpon 97'' (Ily6na, Pocc11a, 1995 II 1997), "PerraTIIBIICTCKne 

acrreKThI MarroqacTlI'IHhlX cIIcTeM" (Ily6ua, PoccIIa, 1997), Me)K,llyHapo.llHhIX pa60-

q11x coBemaHIIRX "OH5IH-TaiiBanb" (.Ily6na, PoccIIa, 1995), "Cn11n-97" (.Ily6na, 

PoccIIH, 1997)' "IlepeceqeHIIH Me)K,lly MHrKIIMII II )KeCTKIIMII B3aIIMO,lleHCTBIIHMII 

B rHP" (raii,lleJib6epr, repMaHIIH, 1997), ·"Ilpo6rreMhl MarroqacTIIqHhIX CIICTeM B 

H.llepuoii q>II3nKe II CMe:lKHhIX o6rracTax" (TpeHTO, HTarr11a, 1997), "By.llJI:QIIe Ha­

npaBrreHIIR B KBapKoaoii a,llepuoii q>II3IIKe" (A.llerra11,lla, ABcTparrIIa, 1998), Me)K,llyHa­

pO.llHOii KOH<pepeHUIIII "MeTO,llhl CIIMMeTplIII B q>II3IIKe" (.Ily6ua, PoCCIIH, 1995), Me:lK­

.llyHapO,llHOH lllKorre IOHECKO no TeopeTIIqecKOH q>II3IIKe (C.-IleTep6ypr, PocCIIH, 

1997), MelK,llJHapO,llHOM ceMIIHape no npo6rreMaM q>II3IIKII BhlCOKIIX 3HeprIIii "Perra­

TIIBIICT CKaR anepHM q>II3IIKa II°KBaHTOBM xpOMO,llIIHaMIIKa" (.Ily6Ha, PocCIIH, 1996). 

Ily6JIHKa:QHH. Ilo MaTep11arraM ,llIICCepTaUIIII ony6JIIIKOBaHO ,lleCHTh pa6oT. 

O61>eM H CTPYKTypa .nnccepTa:u;un. 1I11ccepTaUIIH COCTOIIT 113 BBe,lleHIIH, Tp­

ex rrraB II 3aKrr10qeHIIH . .IlIIccepTaUIIH npe,llcTaBrrena Ha 103 cTpaHIIuax TeKcTa, 

BKJIIQqaeT 10 p1ICJHKOB, 7 Ta6JIIIU, CITIICOK JIIITepaTyphl COCTOIIT II3 100 HaIIMeH-

OBaHIIH. 

CoaepJ1Ca1iUe pa6ombi 

Bo BBe,neHHH 060CHOBh1BaeTCH aKTyarrhHOCTh TeMhl, q>opMJJIIIpyeTCjl npe,llMeT 

II uerrb ,llIICcepTaUIIII, a TaKMe ,llaeTCH KpaTKOe omrcaHIIe CO,llep)KaHIIR ,llJICCepTaUIIII. 

IlepBM rJiaBa ,llIICCepTaUIIII IIMeeT BBO,llHhlH xapaKTep. BHeii q>OpMyrr11pyeTCH 

ITOCTaHOBKa 3a,llaqn II MeTO,llbl peweHIIH. 

B §1 BBO,llHTCH OCHOBHhle IIOHHTIIH II onpe,lleJieHIIH, IICITOJih3yeMble npII aHaJI­

II3e rHP. PaccMaTpnBaIOTCH OCHOBHhle TeopeTIIqecKIIe MeTO,llhl II np116JIII1KeHIIH, 

He06XO,llIIMhle ,llJIH OIIIICaHIIH rHP Ha H,llpax . .IlaeTCH KpaTKIIH o63op II3BeCTHhIX B 

JIIITepaType MO,llerreii EMC-3q>q>eKTa, rrpIIMeHaeMhIX ,llJIH aHaJIII3a rHP Ha H.llpax. 

B §2 paccMaTp1ma10Tca ocHOBHhie MeTO.llhI qiopMaJIII3Ma BeTe-CorrnnTepa. Ilpo­

BO.llIITCR aHaJIII3 MaTpllqHoro 3JieMeHTa OT BpeMeHn-ynopH.llOqeHoro npOII3Be,lleHIIH 

JIOKaJihHhlX onepaTOpOB C ITOMOl:Qh!O TexHIIKII MaH,neJihCTaMa. Ilp1IBO,UIITCH BhlBO.U 
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ypaBHemrn: BeTe-ComuITepa. I1ccneny10Tc.a cBoii:cTBa a1mJIHTYilhI BeTe-ConmITepa 

n aHam!3npyeTc.a pa3JIO:lKeHJre no crrnHopHOMY 6a311cy. 

BToprui: rJJaBa rrocB.ameHa H3JIO:lKeHnIO Teopnn rHP nerrTOHOB Ha neii:TpoHe. 

B §1 rrpenrraraeTc.a·MoneJihHO-He3am1c11~hrii: rionxon K aHamny rHP Ha neii:Tpoue, 

oc110Bauuhlii: Ha MeTonax cpopMaJIII3Ma BeTe-ConmITepa. McrroJih3y.a cooTuoUieuue 

YHIITapHOCTII: 

Wµv(P, q) = 
2
~ Im Tµv(P, q), (1.1) 

CB.ll3hlBaIOIUee anpouuy10 'IaCTh aMIIJIJITYilhl rHP Wµv(P, q) (anpOHHhlll TeH3op) 

C aMIIJIIITYilOII KOMIITOHOBCKOro pacce.auu.a Brrepen Tµv(P, q) II OCHOBHbie CBOHCTBa 

HYKJIOHHhlX cpyHKUIIH rp1rna, BhIDOilllTC.ll Bbipa:lKeune IlJI.ll aMIIJIIITYilhl rHP Ha neii:­

TpOHe. IloKa3aHo, 'ITO C IIOMOlllhlO TeXHIIKII MaHneJibCTaMa B B'hepKeHOBCKOM rrpe­

nene MO:lKHO rrpoBeCTII cpaKTOp1!3aUIIIO "6oJibllIIIX" II "MaJibIX" paCCTO.llHIIH II BhI­

pa3IITh aMrrJI11Tyny rHP B TepM1rnax aMrrmITyn BneMaccoBoro HyKJIOHa (WJf,) 11 

auT11uyKnoua (W%v): 

D . I d
4
k N (p ) N I d

4
k N (p ) N Wµv(P, q) = (21r)4 Wµv 2 + k, q f (P, k) + (21r)4 Wµv 2 + k, q f (P, k), 

rne JN(N)(P, k) - cpynKUHll pacrrpeneneum1 uyKnoua (auT11uyKnoua) B neii:Tpoue, P 

- IIOJIHhlll IIMIIYJihC neii:Tpoua, k- OTHOCIITCJihHhlll IIMIIYJihC HYKJIOHOB, CBl!3aHHh!X B 

neii:Tpoue, q- IIMIIYJihC, rrepenaHUhlll neii:Tpouy paCCC.llHh!M JieIITOHOM. 

Ilp1rnonnTcll auam!3 ocuouii:hrx uueMacconhrx 3cpcpeKTon B arrJIIITyne rHP cu.a-

3aHHoro HyKrrouaua: 

- uapyinemrn yciioinrn Kam16pOBO'IHOH l1HBapI1aHTHOCTII nm1 CBl!3aHHOro uyKJIOua; ' . ,· " 

- BKJiana a·HTIIHYKJIOHHhIX CTerreHeii: CB06onu; 

- 3aBHCHMOCTII_ OT OTHOCIITCJibHOH 3Heprm1 CB.ll3aHHh!X H)'KJIOHOB. 

B rrpII6JIII:lKeunn.MaJI~ii OTH~CHTCJibuoii: 3Heprnn uyKnouon B neii:Tpoue rrony'Ieuo 

Bhrpa:lKeuIIe IlJill aMrrJIIITYilhI rHP c y'IeToM nueMacconux rrorrpanoK. IloKa3auo, 'ITO 

B 3TOM rrpn6JIII:lKCIUm rrepBbIM.H IlBYMll 3cpcpeKTaMH MO:lKHO rrpeue6pe'Ib. 

Ilorry'Ieuo_ Bb!pa:lKCHl'.l.C IlJlll C<I>. neii:Tpoua F2(x), Bh!IlCJICHhl B~Jiailbl cpep111n -

IlBH:lKCHnJI; 3cpcpeKThI CBJI3HOCTII · II nnyxHyKJIOHHhre 3cpcpeKThl. AuaJI11T11'IeCK11 rro­

Ka3auo, 'ITO B pCJIJITIIBIICTKOM IIMIIYJihCHOM rrp116JI11:lKeunn BhIIIOJIHllIOTCll onuonpe­

MCHHO 6apnouuoe 11 3HCprCTH'Ie·cKOC rrpamma cyMM. IlpHBOilllTCll CBll3h MC:lKilY 3TIIMII 

rrpammaMn cyMM II yenon11e111 uopM11ponK11 IlJill aMIIJIIITYilhI BeTe-ConmITepa. Ilo­

Ka3auo, 'ITO ·Bhrpa:lKemie, CBJI3hrna10mee C<I> nue111acconoro uyKnoua n cno6onuoro 
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uyKJIOHa IIMCCT CJICilYIOIUIIII mm: 

F.N( ) _ F.N( ) Mv - 2EN dFJ'(x) 
2 X - 2 X - X---

2EN dx ' 
(1.2) 

rne EN= Jk2 + mi - :rncprirn uyKnoua, x = -q2/(2(P/2 + k) · q) - rrepeMeuua.a 

B'hepKeua nm1 uyKnoua. TaKoi'1 J'ICT uueMaccouoii: necpopMarum uyKnoua rro3uorr.aeT 

06'h.acu11Th EMC-3cpcpeKT u OTHOUicu1111 C<I> nefITpoua 11 113ocKan.apuoro uyKnoua. 

IloKa3auo, 'ITO B uepeJI.llTIIBHCTCKOM rrpeneJie uocrrpOH3B0Il.llTC.ll pC3YJihTaThl Hepe­

JI.llTHBHCTCKOfl Me30H-HYKJIOHHOfl MOilCJIII II 1110nem1 x-rescaling. Ha OCHOBC 3TOro 

ycTaHOBJICUa CB.ll3h !lle:lKny BHCI\HlCCOBOfl necpopMau11ef1 CBl!3aHHOrO HYKJIOHa II Me30-

HHhIMH rrorrpanKal\rn, IIOJIJ'IaCMh!Mll B uepCJil!THBIICTCKOH Me30H-HYKJIOHHOfl MOnem1. 

B §2 IIOJIJ'ICHhI ub1pa:lKemrn nn.a C<f> nei°ITpoua g1 u b1• IlpouonnTCll auamn 

BeKTOpuoii: aCCIIMCTj)llll CB.ll3aHHOrO HYKJIOHa C Y'ICTOM CB.ll311 BeKTOpuoii: aCCIIll!e­

TpHII II C<f> g1 u 6'hepKeuoncKoM rrpencnc: Af(x) = 2xgf(x)/FJ'(x). IloKa3auo, 'ITO 

BHeMaccona.a necpopMaUllll BJilll!CT ua BCKTOPHYIO aCCIIMCTJ)IIIO CBl!3auuoro HYKJIOHa. 

Ilonrreuo cooTHOUiem1e Me,Kny neKTopuofl 3:ccn111eTp11e11 CBl!3auuoro II cuo6onuoro 

HYKJIOHOB: 

A
N( , _ AN( ) _ Mo - 2EN dAf (x) 
i x J - i x 2EN x dx . (1.3) 

8TO Bbipa:lKeu11e IIOKa3hIBaCT KaK BHCMaCCOBM necpopMaUllll MCHJICT IIOJillp!13aUIIO­

HHhIC CBOHCTBa CBJI3auuoro HYKJIOHa. Ilanee IIJ)OBOilllTCll auaJill3 TeH30pHOH accn-

MCTp1111 IlJlll neii:Tpoua, 113 KOTOporo CTaHOBIITCll llCHO, 'ITO H3MCHCHIIC IIOJillpH3-

au11onHhIX CBOHCTB CBJI3aHHhIX HYKJIOHOB ne OKa3hIBaeT BJIIIJIHl!ll Ha TCH30pny10 

aCCIIMCTpllIO neii:Tpona. 

B §3 auam13npyeTCll B03MO:lKHOCTh ll3BJIC'ICHl!ll 11ncpopMau1111 0 MOMenTax C<f> 

neii:Tpona II rrpanmrnx cyMM KXIl 113 JIIlCJ)HhIX naunux. IloKa3aHo, '!TO 11crrOJih3Yll 

neii:TpOH B Ka'ICCTBC 1130CKUJillpHoro uyKJIOHa IlJlll rrponepKII rrpamma cyMM roTT­

cpp11na, MO:lKHO 113BJIC'lh 113 3KCIICJ)IIMeHTa BCJill'IIIHY, KOTOpa.a CBl!3ana C IICTIIHHhllll 

3Ha'ICHIICM IIHTerpaJia roTT<pj)IIIla CJICilYIOlllllM o6pa30M: 

1 1 

Io = j dx (2Ff(x) - 2Ff(:i:)) = j dx (Ff(:i:) - Ff(x))- (Mo - 2EN)o Ff(O). 
X X 771 

0 0 

IlocKOJihKY 3Ha'ICHIIC C<I> HYKJIOHa B nyne HC 113BCCTHO 11, cynJI IIO IIOCJICilHIIM 3KC­

rrep1IMCHTaJibHh!M naHHhIM NMC, 6hIC,Tp0 paCTCT rrpn X CTpCMlllllCMCll K HYJIIO, 

TO 113BJIC'ICHHM TaKHM o6pa30M BCJIII'Il!Ha TCM CIIJihHCe rrepeouemmaeT HCTHHHOC 
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3Haqem1e IIHTCrparra fOTTCjlpn.ua, qeM 6rrmKe K HYJIIO 6epeTC.sI HlDKHIIII ITpe.uerr IIHTC­

rpnpoBamrn Xo B peaJibHOM 3KCITCpi!MCHTC. IlocKOJihKY ITOCJIC.UHI!C 3KCITCp11MCHThl 

NMC .ua10T 3Ha'le1rne J0 (x0 = 0.004) = 0.2281±0.0065, TO MO)KHO ITpe.ucKa3aTh, qTo 

ITpO.UBlffa.sICh B o6rraCTh BCC MCHhlllllX X MO)KHO ITPII HCKOTOpOM Xo = Xi ITOJiy<llITh 

3HaqeHire, BOCCTaHaBmma10ruee ITpammo cyMM foTTcjlpII.Ua J0 (x0 = xi) = 1/3, a 

ITOTOM n ITCpCOUCHIITh ero. TaKnM o6pa30M, .uerraeTC.sI BhIBO.U O TOM, '!TO B 3KCITC­

PIIMCHTax ITO rHP Ha .!ICHTpOHC II ITPOTOHC ITpaBIIJIO cyMM fOTTcjlpII.ua Hapy!lleHO 

II qTO 113 3TIIX 3KCITCp11MCHTOB HCB03M0)KH0 ll3BJie'lh TOqHOC 3HaqCHIIC IIHTerparra 

fOTTcjlpII.ua. 

B crryqae ITOJI.sipll30BaHHOro pacce.simrn BhIBO.UllTC.sI COOTHO!llCHIIC MC)K.!IY ITepBhIM 

MOMCHTOM C<:t> 91 ( X) .!ICMTpOHa II ll30CKaJI.sipHOro HYKJIOHa: 

I I 

1 / 0 / N (Mn - 2E)o N 

1 
_ 1.po dx9 1 (x) = dx91 (x) -

2
m {x91 (x)}x=O, 

2 0 0 

(1.4) 

r.ue Po - BCpO.s!THOCTh D-BOJIHhl B .ueihpoHe. I1ocrre11H11e 3KCITCpllMCHThl KOJIJia6op­

au1111 SMC 11 El43 ITO ll3MepeH1110 C<f:> ITpOTOHa 91 yKa3hIBaIOT Ha To, qTo x9f (x) 

CTpeM11Tc.si K HYJIIO ITp11 x cTpeM.sirueMc.si K Hyrr10. TaKl!M o6pa3oM, MO)KHO 3aKJI10q11Th, 

qTo ITepBhIH MOMeHT C<f:> .ue11Tp0Ha 91 conITa.uaeT c ITepnhIM MOMeHTOM C<f:> H30CKa­

rr.sipHoro HYKJIOHa C TO'lHOCTh!O .!IO cpaKTOpa .UCITOJI.sipll3aUl!ll 1 - ~Po. l13BJieqeHHa.sI 

TaKIIM o6pa30M ll3 3KCITCpl!MCHTOB ITO ITOJI.sip1130BaHHOMY fHP Ha .UCHTpOHC 11 ITpOTO­

He KOM6l1Haumr MOMCHTOB C<f:> .uaeT 3Ha'ICHl!C l!HTerparra E-hepKeHa: 

1 
P 2f0 - . Ss = 2r1 - I 1 - ~Po (1.5) 

Ilocrre.umie 3KCITep11MCHThI SMC ITOKa3hIBaIOT, qTo TaKa.si KOM611Hau11.si MOMCHTOB 

nocITpo11Jno1111T 3Ha~eHHe ITp~n11rra cyMM EbepKeHa S8 = 0.195 ± 0.029, KOTopoe 

Haxo1111Tc.si B corrrac1111 c ITpe.ucKaJaH11eM KXll S8 = 0.186±0.003 ITPll Q2 = lOGeV2,. 

TaK11M o6pa3oM, 3KCITep11MeHThl ITO ITorr.sip113oBaHHMY fHP Ha .ue11Tp0He 11 ITpOTOHe 

IT03B0JI.sl!OT 3aKJIIO'Il!Th, qTO ITpaBl!JIO cyMM EbepKeHa BhIIIOJIH.sI:CTC.sI. 

TpeTb.8 r nasa ITocn.sirueHa o6o6rueHIIIO pa3BIITOro ITO.UXO.lla .urr.si aHaJIII3a fHP 

Ha .si.upax 
3
H, 

3
He, 4He, a TaK)Ke aHarr113y A- 3aBIICIIMOCTll EMC-3cpcpeKTa. 

B §1 rrp11B01111Tc.si 0606meH11e pa3BnToro B rnane 2 ITO.!IXO.lla .un.si_ aHanIIJa fHP 

Ha .si.upax 
3
H, 

3
He, 4He. I1oKa3aHo, 'ITO al',IIIJIIITY.Ua rHP Ha 6onee T.sI:)KCJIOM, qeM 

6 

1 
J 

,) 

7 ·l······1r,, 
~•: __ ••< ____ .,_/;_ ~•• I 

(b) 

0.9 [ 

' ] 
o.9 r ... 

I I I I 0.8 0.8 
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 

X X 

P11c. 1.1. (a) OTHOWeH11e C<I> F/(x)/F:f(x). (b) OTHoweH11e C<I> F/(x) K C<I> Aei1TpoHa 

Ff (x) (A = 4) 11 K KOM611Hau1111 C<I> (2Ff (x) + Ff(x))/3 (A = 3). nyHKT11p Ha P11c. (a) 

oTo6pa>t<aeT pe3yJ1bTaT pac4eT0B AJlfl Aei1Tpotia A = 2. Pe3ynbTaTbl AJlfl A = 3, 4 noKa3aHbl 

cnJ10WHblMl1 Kp11Bb1M11. 

.uenTpOH .si.upe Bhipa)KaCTC.sI He TOJlhKO qepe3 HYKJIOHHhie aMITJIIITY.llhl, HO II aMITJI­

IITY.!lhl rHP Ha cB.siJaHHhIX KnacTepax HJ .UByx u 6onee HyKnoHOB. IlpIIBO.llllTC.si: 

BhiBo.u .siBHoro Bhipa)Kemrn .un·.si a.upoHHOro TCH3opa nerK11x .si:.uep. IlonyqeHo Bh1pa:iKeH­

IIe .un.si C<f:> F2 .si.uep 3H, 3He, 4He. I1oKa3aHo, qTo C<f:> 3TIIX .si:.uep Bhlpa:iKCHhl 

qepe3 C<f:> .si.uepHhIX cpparMeHTOB II TpexMepHOe llMITYJihCHOe pacITpe.ueneHIIe 3TIIX 

cpparMCTOB. 8To II03BOJIIIJIO ITpOBCCTII q11cneHHhIH pacqeT OTHOillCHII.sl C<f:> 3TIIX .si:.uep 

K C<f:> II30CKan.sipHoro HYKJIOHa II C<f:> .ue11Tp0Ha He ITpII6era.si K pellleHIIIO ypaBHCHII.si 

EeTe-CorrITuTepa .urr.si Tpex- II qeThlpexnyKrroHHOH CHCTCMhl. PeJynhTaThl pacqeTOB 

rrpHBC.UCHhl Ha Pnc. 1.1 II 1.2. PIICYHOK I.la .UCMOHCTpllpyeT 3BOJI!OUll!O OTHOillCH-
'• . 

11.si: C<f:> .si:.upa n HYKJioHa. Bn.uHo, qTo B ITpoMe:iKyTKe 2 ::; A s; 4 iia6n10.uaeTc.si: 

HeTpllBllaJihHa.sI A-3aBllCllMOCTh .UJI.si: 3TOro OTHOillCHll.sI, ITpuqeM, Ha6rr10.uaeMoe Ha­

ChIIUCHl!C A-3aBl!CllMOCTll BOCITpOI13B0.llllT HaChIIUCHllC HYKJIOH-HYKJIOHHhIX CllJI. l.fac­

JICHHhIH pacqeT .urr.si OTHOilleHn.si: C<f:> .si.uep K C<f:> .ueiiTpoHa, ITpe.ucTaBrreHHhlii Ha 

pHCYHKC 1.16 ITOKa3bmaeT, qTO B OTJillqne OT T.sI::lKCJihlX .si:.uep ITPll A s; 4 KapTl!Ha 

EMC-::icpcpeKTa cymeTBeHHO MeHeTc.si:. TaK, norro:iKeHHe ToqKJI, r.ue OTHOillen11e .urr.si 

4He o6paruaeTC.sI B C.UllHIIUY C.UBHHYTO B o6rraCTb 60Jibllll!X X (xa=0.919) no cpaBHCH-
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1.2 ,......_ 
X ...__, 

[ A=4 0 
N 

LL 
........._ 1.1 
,..--.,. 

X ...__, 
0 
:r: 

N 
LL 

0.9 

0.8 
0 0.2 0.4 0.6 0.8 

X 

P11c. 1.2. 0THoweH11e C<t> F?e(x)/Ff(x). 3Kcnep11MeHTanbHb1e .o.aHHble SLAC E139 

11306pa>KeHbl 4epHblMl1 Kpy>KKaM11, .o.aHHble NMC - nycTblMl1 KPY>KKaM11 . 

mo c TJl)KeJibIMll Jl,npaMII, .l(JIJI KOTOpbIX X3 = 0.84-0.86, B TO BpeMJI, KaK IIOJIO)KeHIIe 

3TOii: TOqKIJ .l(JIJI 3He (x3 = 0.855) rrorra.naeT B 3TOT llHTepBaJI. Ha pllCJHKe 1.2 _rro­

Ka3aHO, qTO rrorryqeHHOe rrornmeHIIe OTHOIIIeHIIJI .l(JIJI 4He HaXO.l(llTCJI B corrracm1 C 

IIMeIOIUllMllCJI 3KCrrepIIMeHTaJihHhIMII ,naHHhIMII . 

TaKIIM o6pa30M, KaqecTBeHnoe rrpe.ncKa3aHI1e OTHOIIIeHIIJI C<I> 3He II 4He K C<I> 

.nei'ITpoHa, rrpoBepKa KOTOporo rmam1pyeTCJ1 B TJNAF u HERA, rroKa3brnaeT, qTo 

EMC-3cpcpeKT Ha 6orree TJl)KeJibIX H,npax MO)KHO rroHnMaTh KaK .necpopMaumo rrapTo­

HHoro pacrrpe.nerremrn xapaKTepHoro ,nrrH CBH3aHHoro B 3He HJKJIOHa, KOTopoe MO­

.llllq>IIUIIpyeTCH 3cpcpeKTaMU H,nepHOii: IIJIOTHOCTll. 

'B 3aKJIIO'IeHJUI ccpopMJJIIlpOBaHbl OCHOBHhle pe3JJibTaTbl .nuccepTaUIIII, rrpe.n­

CTaBJieHHhie K 3alllIITe. 

B IIpnJio)KeH11e A BhrneceHbI rrapaMeTpI13aUIIII C<I> HJKJIOHa, IICIIOJih30BaHHhre 

.llJIH qncrreHHhIX pac•reTOB. 

B IlpnJIO)KeH11n B rrpe.ncTaBrreH aHaJIIITnqecKm'i: Bll.ll peIIIemrn ypaBHemrn EeTe 

- Corrm!Tepa c cerrapa6eJibHbIM IIOTeHUllaJIOM, a TaK)Ke BbIHeceHbl rrapaMeTpu3aUllll 

8 

IIMIIJJihCHbIX pacrrpe.ncrreum'i: HJKJIOHOD n H,upax 3H, 3He, 4He, ncrroJib30DaHHhIC ,nrrJI 

'IIICJICHHb!X pac•reTOD. 

Ha 3filUHTY Bhl.[(BnraIOTCH CJie.[(yIOI.Qlle _{)e3yJihTaThl, 

1. Pa3pa60TaH rro.uxo.u K orrucam1ro f'HP n pal\1Kax cpopMarrn3Ma EeTe - Corrrru­

Tcpa. 

2. Ilorry<reHhI CTPYKTYPHhIC cpyHKUllll rrerKux H.Uep_D, 3H, 3He, 4He. 

3. IloKa3aHo, 'ITO EMC - 3!p!pCKT onpd.ueJIJICTCJI 3aBHCHMOCTbIO OT OTHOCHTCJibH­

oro npeMCHH B aMIIJIHTy.uax f'HP CDJl3aJIHb!X HJKJIOHOB. 

4. IlorryqeHO xopOIIICC corrracnc C 3KCIICplIMCHTOM .UJIJI OTHOIIIeHJrn CTPYKTYPHbIX 

cpyHKUJU'i: 4He II D. 

5. Ilpe,ncKa3aHo rrone.ucHne OTHOIIICHHJI CTPYKTYPHOH cpyHKUHH 3He K KOM61rn­

auuII cTpyKTypHhrx cpyuKunf1 p u D. 

6. l1ccrre.uonaua A,-_ 3anncm,10cTh EMC - 3cpcpeKTa. IloKa3aHo, 'ITO .llJIH rrerKux 

Jl.llCP crre.nycT {))KH.l(aTb HCTpllDHaJibHOII A - 3aBHCl!MOCTH, OTo6pa,KaIOIUCH Ha­

CbIIUCHHC Jl.llCl)Hb!X Cl!JI. 

7. l1ccrre.uonaHbI CTpJKTYPHhIC cpynKum1 .neiITpoua g1 u b2 • IloKa3aHo, qTo BCJI­

e.ncTmm .llC!pOpMaUl!H CDJl3aHHOrO HJKJIOHa ~1CHJIIOTCJI ero IIOJIJlpH3aUIIOHHbIC 

CBOHCTBa. y CTaHOBJICHO COOTIIOIIICHHe MC)K.llY BCKTOpHoii: aCCIIMeTpIICll CBJl-

3aHHOrO II CB060,nHoro IIJKJIOIIOB .. -I1orry<1euo, qTo ll3MCHCHile IIOJIJlpll3aUIIHllbIX 

CD?HCTB CDJ13aH11oro IIJKJIOHa HC nmrnCT Ha TCH30pnyro accUMCTpnro .neii:Tpona. 

8: l1ccrre.uonana B03MO)KHOCTh rrponcpKII rrpamma cyMM f'oTTcpp1I,na II E1,epKena 

II IIOKa3aHo, 'ITO 311a•1cm1c IIHTcrparra lOTT!ppil,na !IC MO)KCT 6bITb ll3BJIC'!CHO 

ll3 .neiITpOHHbIX II rrpoTOHHbIX .naHHbIX. Ilpe.nrraraeTCJI _IIP?~epK_~ C IIOMOlllbIO 

.nannhlx no f'HP Ha 3He u 3H. l13y<rCHHbre 3cpcpeKThI CDJl3HOCTII nc nmrnroT na 

ll3DJIC'ICHHOC 3Ha•rcuue rrpamma CJMM E1,epKCHa. 
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