
:, 
,~ 

:;1!'.t 

,l£ .. 
.;.~ 
.·. 

; ...... ~"); ·. 

U.f"\. Ulf"\fuUu3Uuf"\ Uli4Ul.J 
t;f\t;4Uuf"\ :bf"\flf"14US."" MJUSt"isms 

UWU1WUW PwfU2tif:l 'ltu21wu 

Uf"\s.n~4n~u or'Lfun~4LnuU3t"I~ ~n0rotsuaf"\Uubflf"\ 
<U4.UuU4Uun~raSULf ~U<Dn~u 

u. 04.16. - «Ufl2mlffl, UlWJlni.u4wu uwulJfll.jubnfl h UlflbqbnwlfwlJ 
6wowqwJraubpf1 ~flqfllfw» uwulJwqflUlmpJwllp 

~flqfll.jwllwpbUWUl~lfwlfwCt qfllllnLjajmlJCibrtl't rablf uw6mfl 
qflUlw4wfJ WUUlfl~wCrfl hw1guwu Wl1lblJwfunumra1wu 

U b 'lUUQ.f"\r' 

bnL.wu 2006 

EPEBAHCKllllil <1>11131114ECK111VJ lllHCTlllTYT 
lf1MEHlll A.Ill. MMXAHHHA 

.ll.aWbffH HamaAbH 5axwueeHa 

V13MEPEHV1E BEPOffiHOCTV1 2 -x HYK/\OHHblX 
KOPPEAHUV1Vl B fi.ll.PAX 

' ABTOPE<PEPAT 

.auccepma1.1uu HI coucKaHue y1.1eHo(l cmeneHu KaH.au.aama 
cpU3UKO-MameMamU48CKUX HBYK no cne1.1uaJ\bHOcmu 01.04.16 

"cl>U3UKa R.4pa, 3J\8MeHmapHblX 1.1acmuu u KOCMUl.l0CKUX Ay1.1eu". 

'i.: ,. 

,"'i 
,{'!-' .• 
· l_-:-

:,v 

EPEBAH 2006 

l
-:"""B,~uTit.·1;r:!l. N'.·~:,;~ · -~~~~~f 

I ' ! I : ' '\'"'· : 

aeyqt',. . . . ... n:u ' 
OIJ~1u1~.·1':-"1 , 

------- - ..•• -- - ·-~ •. ..I 



UmbGwfunumpJWLI pbtlwfJ hwuUlWUlt.lbL t criuwOfl :bflqf14wJfl 
flliuUlflUlnLUlnul 
QllUlw4wCt 11.b4wt.lwp' !bflqtlwp. qflm.rinLtmnp 

Liflll Cillwijnufl t:Jri.flJwu (bp.:I>]?.) 
"lw2Lnnuw4wu au1111flllwfunuCibri' !bflquwra. qflUl. 11n4lllnf'l 

U.(. Th\uihJUlb.g (bp.:I>]?.) 
!bflqowra. q)lm. rab41iw6m 
'll.i:{.'lhqm1uip.hhqn 
(5!hM>hp.unu imp., Utrv) 

U11w2wLnwfl 4wquw4t;pu1mra1mCi' l:ipuwlifl U1tnnw,4wr. hwtlw1uwnwCr 
"lw2LnUJwCimp1n~ua 4lilJwCiw1m t 2ooaia. CinJbUpbpfl j4--f1u l!twllo 14:00 
bpuwCifl !bpqflltwJtt fluutnfluimmmu qnrionn Pn<-fl 024 llwuQwqfllllw4wu 
junph("lfl.nLU (bf'lhWfi-36, UtflfuwlijWCI bllPWJ("IUbf1fl lll~ 2): 
ULnbCiwtunumpjWU[} 4WflbLfl t 6wGnpwfJWL l:iri!bfl-fl qf1Wl'J.Wf1WCJnul 
Ubrillwqflpli WOWJ2t.lW6 t 2006,a. hn4lllbllpbpfl 14-flCI 

Umub111qpuiuiqtuh }unphpajl qpmmqmb. 
pmpmnuimp, ~pqtfmF· q]lin. Iplqmnid~Jf:w"PI T::.'1.Q,.uiqwcuwb 

--==:.-:.-=.-:.-::=:..~--==------=-----'"'!'--..--=-;;.~~-w-a · -·-----·---...;--

TeMa AUccepmauuu ymsep}[(.lleHa e EpeeaHcKoM cpu3u"ecKoM uHcmumyme 

Hay"HblU PYKOBOL!UmeAb: ,llOKmop cpU3.- Mam. H8YK 
EruHH K. W. 

Otj)uuuaAbHble onnoHeHmb1: AOKmop cpu3.- Mam. HayK 
AraHbJIHU A.O. (Ep<l>VI) 
MH.llU.llam cpU3.- Mam. HSYK 
.ll.ermJtpeHKO n. B. ( T JNAF, USA) 

Be.aymasi opraHu3auuH: EpesaHcKull rocy.llapcmeeHHblll 
yHueepcumem 

3amuma cocmoumcff 14 Hosi6psi 2006 r. e 14:00 "acos Ha 3ace.L1aHuu 
cAeuuaAu3uposaHHoro cosema BAK PA 024, aellcmeyiomero s EpesaHcKoM 
cjruau"ecKoM uHcmumyme (375036, r. EpesaH, yA. 5pambes AAuxaHJIH 2 ). 

C ,auccepmau,uell MO)KHO 03HaKoMumbCSI s 6u6AuomeKe Ep.<Plll 
Aernopecpepam pa3oCAaH 14 oKmH6psi 2006 r. 

,., 
,·~ ... 

. If" 
"' ,!\'\· ,._ ..... 

YtteHblU ceKpemapb cneu. cosema ~ -ii' 
-op <j>u3uKO-MlU!l0MamU-k Hay.V.~/...£1" a3a3HH ,, 

-~ 

if 
~ r 

05WAfl XAPAKTEPll1CTll1KA PA50Tbl 

B Hacmosimell pa6ome npe.l1cmasAeHbl sKcnepuMeHmaAbHble 
r,e3yAbmambl no KBa3uynpyroMy pacceJIHUIO sAeKmpoHOB Ha siapax 3He, 
He, 

12
C, 56Fe B peaKUUU A(e,e') npu Hal.laAbHblX 3HepruJIX 4.46 rsB u 

4.7 rsB U B KUHeMamu1.1ecKoll o6Aacmu Q2~0.6 rs82, Xs = Q2/2MNV > 
0.8. Bb16paHHasi KUHeMamuKa no3BOAUAa nposecmu aHaAU3 B paMKax 
MO.ll0AU KOpomKO,lleucmsyiow.ux HYKAOHHblX KOppeAJIUUll (KHK) [4, 5) 
Lll\JI noAy1.1eHUJ1 uHtj:>opMauuu no B3auMoAellcmsuio 3AeKmpoHos co 
CKOppeAUpOBaHHblMU HYKAOHaMU. npoB0L10HO cpaBH0HU0 noAylleHHblX 
pe3yAbmamos c meopemu1.1ecKUMU MOLlel\JIMU. 

AKmyaAbHocmb pa6omh1. HecMompH Ha no1.1mu 
C0MULl0CJlmUAemHIOIO ucmopu!O UCCA0,llOBaHull B JIL10pHoll cpU3UKe, see 
ew.e He JICHa .LiemaAbHaH cmpyKmypa SI.Lipa Ha scell wKaAe 
paccmoJ1Hue/uMnyAbC. CorAacHo cospeMeHHblM npe.l1cmasAeHUJIM, HL!pa 
Morym paccMampusambcH, c xopowuM npu6AU)K0HUeM, KaK CBH3aHHb1e 
cucmeMbl HYKAOHOB c L1BYMJI cpa3aMU pa3L10AeHHblMU B UMnyAbCHOM 
npocmpaHcmse . 

.LloMUHupyiow.aH cpa3a, 3a Komopyio omsecmBeHHa 
npumsirusaiow.asi .LiaAbHOL!eucmsyiomasi 1.1acmb .l1BYXHYKAOHHoro (NN) 
B3aUMO.l1ellcmBUJI MO)Kem 6blmb UHmepnpemuposaHa KaK H038BUCUMble 
0,4UH04Hbl0 HYKAOHbl, L1BUJKYW.U0CJI B cpeaHeM nomeHUUaAe [6]. 3ma 
cpa3a xopowo noHsima u onucb1saemcsi 060Ao1.1Hou MOAeAblO H.l1pa, 
BKAIOl.la101Uell nonpaBKU Ha LlaAbHO.l1ellcmsyiomue KOppeASIUUU Me)l(L!Y 
HYKAOHaMU (7). 

.LlpyraJI cpa3a - pe3yAbmam ommaAKusaiomeu 
KopomKoaellcmsyiomell 1.1acmu NN - s3auMo.l1ellcmsuJ1, KomopaH 
co3Aaem npocmpaHcmseHH0-6Au3Kue, UMny AbCHO-KoppeAuposaHHble 
napbl HYKAOHOB, maK Ha3blBaeMble, KOpomKOL10UCmByiomue KoppeAJIUUU 
(KHK). l/13y1.1eHue 3mol) emopol) cpa3bl Jl.l1epHoro semecmsa ea)l(HO no 
pHLlY npUl.IUH: 
- so-nepBblX, .l1AJI mo1.1Horo onucaHusi si.Liep c nomeHuuaAaMu 
KOppeAJIUUll Vi (i=2, 3 ... ) 

H = p2/2M + V2(r1 ,r2) + V3(r1 ,r2,r3) + .... 
- eo-smopblX, ecAu cuAa KoppeAHu,uu .L1ocmamo1.1Ho seAuKa, 3mo 6yaem 
UM0ffib Ba)l(HOe npUAO)K0HUe, a UMeHHO: 

a) r Ay60KO CBJl3aHHble HYKAOHbl Morym 3Ha"Uffi0AbHO 
MoaucpuuuposambcJI (s pa3Mepe, pacnpeL!eAeHuu KBapKos u m. a.). 
CAeAosameAbHO, uccAeL!oBaHue paccesiHUJI Ha HYKAoHax U3 KHK 
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MolKem npe.llocmasumb yHuKaAbHble .llaHHbl0 no MO.llucpuKa1.wu 
CUl\bHOCB.ff3aHHblX HYKAOHOB, Limo OLl0Hb BalKHO .llMI nOAHoro noHUMaHUff 
cmpyKmypbl HYKAOHOB B ueAOM. 

6) KHK, ffBAffffCb cA0.Llcmsu0M KoM6uHauuu npum.Rrusatomux u 
ommaAKusatomux s3auMo.Ll0ucmsuu HYKAoHos (csoucms .LlAUHHblX u 
KopomKux 06Aacm0u nomeHuuaAa NN), co3.llatom s .R.Llpax HYKAOHHble 
o6pa30BaHUff c nAOmHOCmffMU B H0CKOl\bKO pa3 npeBblWalOW.UMU 
cpe.llHIOIO nAomHocmb ff.ll0pHoro s0w.ecmsa. Tunu1.1Hb10 MelKHYKAOHHble 
paccmo.RHWI B Kopp0AffUUU - 1 cpM, B mo BpeM.ff KaK cpe.llHUe 
M0lKHYKAOHHb10 paccmo.RHU.ff s .R.Llpe -1.7 cpM. CAe.Llosam0AbHo, 
nAomHocmb Mamepuu BHympu Kopp0A.Ruuu .llOAlKHa s ~ 4 pa3a 
np0socxo.L1umb cp0.LlHIOIO nAomHocmb ff.llepHoro s0w.ecmsa, 1..1mo 
cpaBHUMO c nl\OmHOCmblO U.0HmpaAbHOU o6Aacmu ( Kapa ) H0UmpoHHblX 
3Be3.Ll, a 3Hallum, u3yll0Hu0 .LlUHaMUKU KHK noMolKem AYllW0 noH.Rmb 
.LlUHaMUKY CBepxnAomHblX 3803.ll. 

LI.a He.LlaBH0ro speM0Hu 3KcnepuM0HmaAbHb1e CB0.lleHUff o KHK 
HOCUl\U KOCB0HHblU xapaKm0p, limo 6bll\O o6ycAOBl\eHHO omcymcmsueM 
cooms0mcmsytow.ux 3KcnepuMeHmaAbHblX ycAosuu. 3anycK AUHeuHoro 
ycKopumeA.R CEBAF (napaM0mpb1 Komoporo U.Ll081\bHO no.llXO.Ll.ffm .Lll\ff 
uccAe.lloBaHUff 3a.Llallb no.Llo6Horo po.Lla) npe.LlocmasuA B03MOlKHocmb 
3aH.RmbC.ff rAy6oKUM U3ylleHU0M 3ffiOU o6Aacmu cpU3UKU. Ill, B03MOlKHO, 
HauAyllwuu cnoco6 U3M0pumb sepo.RmHocmb KHK e .R.llpax, 3mo -
BblCOK03HeprullHOe UHKl\I03UBH00 pacce.RHU0 31\eKmpoHa Ha ff.Llpe 
A(e,e'), KOr.Lla npu H81\0lK0HUU onpe.ll01\eHHblX orpaHUl.16HUU Ha 
KUHeMamullecKu0 n0peMeHHb1e, MOlKHO noAaramb, 1.1mo pacce.RHue 
npoucxo.Llum Ha HYKAOH0 U3 KHK. 

UeAb pa6omhl. U0Ab10 .LlaHHou pa6omb1 6b1Ao U3BAel10Hue 
np.RMblX .llOKa3ameAbcme cyw.0cmeosaHUff 2-x HYKAOHHblX KHK u 
U3MepeHue s0po.RmHocmu ux o6pa3oBaHu.R e .R.Llpax. 

CxeMa BhlnOAHeHUR. lll3M0p0Hue cel10Hu.R UHKAI03UBHoro A(e,e') 
B3aUMO.ll6UCmBUff u UCCl\e.LlOBaHU0 omHOWeHUff Cell0HUU 

A2cr(A1)/A1cr(A2). B Ka1.10cms0 .R.llpa A2 6b1Ao Bb16paHo .R.Llpo 3H0 c xopowo 
U3B0cmHou BOAHosou cpyHKuueu, a s Kallecmse .R.Llep A1 -

4He, 12C, 
56

Fe. lll3yllaAaCb Xs - 3aBUCUMOCmb omHOW6HUU B UHmepBal\e 0 2 = 0.6 + 
2.6 r3B2 npu x8 > 0.8. 3.llecb x8 = 0 2/2mv - 6bepKeHoBcKa.R nep0M0HHa.R, 
0 2 

- KBa.llpam nepe.llaHHoro ff.llPY 31\0KmpoHOM llemb1pexuMnyAbca, v -
nepe.llaHHa.R 31\eKmpoHOM .R.llpy 3Hepru.R. 
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Hav11HaR HOBU3Ha pa6omb1. 3mo n0pBblU 3Kcn0puMeHm, B 
KomopoM 6b1Au n0Ayll0Hbl .llaHHble Ha .R.llpax 3H0, 4H0, 12C, 56Fe e 
O.llUHaKOBblX 3KCnepUM0Hmal\bHblX ycAOBU.ffX. 
Bn0psb1e 3KcnepuM0HmaAbHO oueH0Ho 3HalleHue uMnyAbca Pmin(x8 ,02) 
= 275±25 M0V, HalluHa.R c Komoporo pacc0.RHU0 6y.L10m npoucxo.llumb 
Ha HYKAOH0 U3 2-x HYKAOHHblX KHK <Pmin(x8,02) - Hal.lal\bHblU UMnyAbC 
coy.Llap.ReMoro HYKAoHa ). 
Bn0psb1e 3KcnepuMeHmaAbHO oueHeHbl a6coAtomHble s0po.RmHocmu 2-x 
HYKAOHHblX KHK s .R.Llpax 3He, 4He, 12C, 56F0. 
Bn0psb1e Ha6Ato.LlaAc.R emopou yposeHb no cK0uAuHry s omHoweHuu 
celleHuu A2cr(A1)/A1 cr(A2) npu x8 > 2.25. 

flpaKmu11ecKaR LJeHHocmh oa6omb1. Pa3pa6omaHbl u 
omAalK0Hbl npou.0.llypb1 no no.llcllemy 3cpcp0KmusHocmu perucmpauuu 
31\0KmpoHa npUM0HUm01\bHO K KOHKpemHOMY 3KCn0pUM0Hmy u .lll\ff 
KOHKpemHoro npouecca. 

Co3.llaHa cucm0Ma nporpaMMHblX naKemos .lll\.ff MO.lleAuposaHusi 
u aHaAu3a cpU3UllecKux npoueccos. 

noAylleHHble 3KCn0pUM0Hmal\bHbl6 pe3yAbmambl Morym 6blmb 
ucnoAbJOBaHbl .lll\ff nposepKu meopemullecKux MO.ll01\0U, a maKlKe npu 
aHaAu3e pe3yAbmamos uccAe.LlosaHuu e o6Aacmu 31\eKmpopolK.llSHUff 
Ha .R.llpax. 

Asmop BblHocum Ha 3alJ/umy CAe.11no1L1ue pe3yAhmamb1 u 
BblBO.llbl pa6omb1: 
1. c BblCOKOU mollHOCmblO no.llmBeplK.lleHO cyw.ecmBOBaHue CK0Ul\UHra 
(nocmo.RHHOU 38BUCUMocmu) B Xs - 3aBUCUMocmu omHOW0HUff cel.10HUU 
pacce.RHU.ff Ha m.RlKeAblX .R.llpax K celleHuto Ha .R.llpe 3He s o6Aacmu 1.4 :s; 
Xs :s;2.0, I.Imo, B CBOIO 01.1epe.llb, ffBUl\OCb no.LlmBeplK.LleHUeM 
meopemulleCKUX npe.LlnOAOlKeHUU 0 no.llo6uu BblCOKOUMnyAbCHblX 
BOl\HOBblX cpyHKUUU scex ff.Ll0p. 
2. 3KcnepuMeHaAbHO onpe.lleA0Hbl 3HalleHUff cKeuAuHroBblX cpaKmopos 
.LIA.ff o6Aacmu 1.4 :s; x8 :s;2.0 B MO.lleAu KHK seAUl.IUHa .LlaHHoro 
cKeUAUHrosoro cpaKmopa ecmb omHoweHue eepo.RmHocmeu 2 -x 
HYKAOHHblX Koppel\ffUUU B ff.llpax Au 3He. lllcxo.llff U3 llero 6bll\O C.llel\aHO 
3aKl\IOll6HUe, limo waHCOB .lll\ff AI06oro HYKAOHa B 4He, 12C, 56F0 6blmb 
BOBl\el.leHHblM B 2-x HYKAOHHOe KHK B 1.96, 2.51 u 3.00 pa3 601\bWe, lleM 
.LIA.ff HyKAoHa B Sl.llpe 3He. 
3. Ori/?e.lleAeHbl, coomsemcmsyiow.ue HallaAy cKeuAuHra, 3HalleHUff 
(Xs,O ), limo no3BOl\Ul\O: 
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4. BnepBble aKcnepuMeHmaAbHO onpe.lleAumb 3HalleHue uMnyAbca 
Pmin(x8,02

) = 275±25 MeV, HalluHasi c Komoporo paccesiHue 6y.L1em 
npoUCXO.llUmb Ha HYKAOHe U3 2KHK, limo, B CBOIO Ollepe.llb no3BOAUAO, 
ucnOAb3YSI BOAHOBYIO cpyHKIJ,UIO .lleumpoHa, 
5. BnepBble nocllumamb a6coAJOmHble aeposimHocmu 2-x HYKAOHHblX 
KHK B Sl.llpax 3He, 4He, 12C, 56Fe. 
BblBO.ll: 
- B A106ou MoMeHm B st.llpax 3He, a 4He, 12C, 56Fe Mo)l(em 6b1mb 0.12, 
0.30, 1.14 u 6.44 2-x HYKAOHHblX KHK, coomsemcmBeHHO. 
6. BnepBble Ha6AIO.ll8ACSI Bmopou ypoBeHb HO CKeUAUHry npu Xa > 2.25, 
limo HBAsiemcsi CUAbHblM apryMeHmoM B noAb3Y MO.lleAu KHK. 3mo 
nepBble Ha6A10L1eHUR 3-x HYKAOHHblX KHK B st.llpax. 
noAylleHbl npe.llBapumeAbHble LlaHHble: - U3MepeH amopou 
cKeUAUHrOBblU cpaKmop. B MO.lleAe KHK amo omHoweHue 
seposimHocmeu 3-x HYKAOHHblX KoppeAsiuuu B HLlpax Au 3He. CorAacHo 
amoMy, waHCOB LIAR K8)1(L10ro HYKAOHa B 4He, 12C, 56Fe 6blmb 
BOBAel.feHHblM B 3-x HYKAOHHble KHK B 2.33, 3.05 u 4.38 pa3 6oAbW9, 
lleM .aAsi HYKAoHa B stL1pe 3He; 
- onpe.lleAeHbl 3Ha4eHusi (x8,0

2
) , Pmin(x8,0

2
), HallUHasi c Komopb1x 

Ha6A10.aaemcsi CKeUAUHr. 3mo no3BOAUAO, ucnOAb3YSI BOAHOBYIO 
cpyHKUUIO 

3
He, Bbl4UCAUmb 83N (3He) = 0.0018±0.0006 - BeposimHocmb 

3-x HYKAOHHblX KHK B 3He (pacl.fembl M. CapKCSIHa) u Ha OCHOBe amoro 
u U3MepeHHblX cKeUAUHroBblX cpaKmopos r,acllumamb seposimHocmu 3-
x HYKAOHHblX KHK B st.llpax 4He, 1 C, 56Fe=(0.42%±0.02±0.14), 
(0.55%±0.02±0.14), (0.79%±0.02±0.14), coomaemcmseHHo.CorAacHo 
amuM .aaHHblM, npUXO.llSIUJ,aSICSI Ha OLIUH HYKAOH BeposimHocmb 3-x 
HYKAOHHblX KHK Bo scex st.llpax MeHbwe coomsemcmay10w.ux 
seposimHocmeu LIAS! 2-x HYKAOHHblX KHK 6oAee lleM Ha nopH.llOK. 

Au1.1Hoe v1.1acmue asmopa s Bbmo11HeHuu pa6ombr. Bb1pa3UAOCb 
KaK B KOAAa6opamuaHou pa6ome, a UMeeHo yllacmue B CMeHax npu "on­
line" Ha6ope Ll8HHblX, maK u B BblnOAHeHUU cneuucpulleCKUX 
UCCAeLIOBaHUU no meMe .ll8HHOU pa6ombl. OCHOBHOU BKAa.ll asmopa 
omHOCUmbCSI K "off-line" aHaAU3Y LlaHHblX, cocmosiw,eMy KaK U3 
o6pa6omKu .llaHHblX 3KcnepuMeHma E2 (KoMnb10mepHasi o6pa6omKa 
nomoKa .llaHHblX, 3anucaHHblX B BU.lie Ntuple - cpaUAOB (PAW++)). maK u 
MoHme-KapAo MO.lleAuposaHuu KaK coomsemcmsy10w.eu .llaHHoMy 
aKcnepuMeHmy KOHcpurypauuu ycmaHOBKU CLAS, maK u 
paccMampuaaeMblX npoueccos, ueAblO KomopblX 6b1Ao HaXO)l(.lleHue, 
HaKA8.llb1BaeMblX Ha 3KcnepuMeHmaAbHble BblXO.llbl B9COBblX 
MHO)l(UmeAeu. C1011a omHocsimcsi: 
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- UMnAeMeHmauusi MUWeHeU, npuMeHeHblX B 3KCnepuMeHme E2 B KO.ll 
GSIM - GEANT - reHepamop ycmaHOBKU CLAS, 
- no.llcllem aKcenmaHca, 3HepremullecKux u uMnyAbCHblX nomepb, 
onpe.lleAeHue "cpu.llyuuaAbHOU o6Aacmu", yllem pa3HUUbl s nepBUllHoU 
3Hepruu nyllKa, om6op "xopowux" cpauAoB .llaHHblX, om6op xopowux 
co6b1muu. 

CmpVJ<myna u o6b eM .ouccepmayuu . .lluccepmauusi cocmoum 
U3 BBe.lleHUSI, 4emb1pex rAaB u 3aKAIOlleHUSI u U3AO)l(eHa Ha 110 
cmpaHuuax, BKAIOLl8SI 57 pucyHKOB, 8 ma6AUU u 83 HaUMeHOBaHUR 
uumupyeMou Aumepamypbl. 

ny611uKayuu: OcHOBHOe CO.llepJKaHUe LIUCCepmauuu ompa)l(eHO 
s cmambsix [1], [2], [3], 

a maK)l(e, npe.llcmaBASIAOCb Ha e)l(erDL!HblX KOHcpepeHU,USIX B 
CEBAF 2000 - 2006 rr., u .llpyrux MeJK.llyHapo.llHblX KoHcpepeHu,usix: 
- Lund, Sweden,june 13- 16, 2001, 
- BARYONS 2002, J/ab, March 3 -8 2002, 
- FIA/JLAB Workshop on DEUTERON, 27 - 29 March, 2003, FIU, 
Miami, 
- Grenoble - France, 14 - 17 october, 2003. 

lt1Hmepec K pe3yAbmamaM, noAylleHHblM B .llaHHOU pa6ome u ee 
aKmyaAbHocmb HawAu ompa)l(eHue B cmambe MapKa CmpuKMaHa, 
Hane1.1amaHHOU B JKypHaAe "Gem Courier", Volume 45, Number 9, p. 37, 
November 2005 r. 

Co.llepxaHue pa6omb1 

Bo sse.oeHuu o6ocHOBblBaemcsi aKmyaAbHocmb BbmOAHeHHOU 
pa6omb1. KpamKo U3Aaraemcsi cocmosiHue meopemullecKux u 
3KCnepUMeHmaAbHblX UCCAe.llOB8HUU no cmpyKmype Sl.llpa. noKa3aHO, 
limo LIAS! 6oAee .llemaAbHOro noHuMaHusi cmpyKmypbl st.Lipa Heo6xo.llUMO 
noHUMaHue .llUHaMUKU B3aUMO.lleucmBUSI nepBUllHOU l!acmuu,bl co 
CBSl38HHblM HYKAOHOM. 

r11asa 1 nocssiw.eHa onucaHu10 cpopMaAU3Ma 
KopomKo.lleucmsy10w.ux HyKAoHHblX KoppeAsiuuu, KHK - KOMnaKmHblX 
KOHcpurypauuu Sl.llepHblX HYKAOHOB, OCHOBHblMU CBOUCmBaMU KOmopblX 
SIBJ\SllOffiCR "KopomKue" paccmOSIHUSI Me)l(.llY HYKAOHaMU (nopSIL!Ka 
pa3Mepa HYKAOHa -10-13cM) u BeAULIUHa UMnyAbCa HYKAOHa 
3Ha1.1umeAbHO npesocxoL1siw.asi uMnyAbC <l>epMu (kF -250-270 MaB/c). 
KHK B03HUKa10m u uc4e3a10m BHympu st.llep. 0.llHUM U3 npstMblX 
npORBAeHUU KOpomKOL1eucmsy10w.eu cmpyKmypbl RBARemcH 
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cyw.ecmBOBaHue 3HallumeAbHOU BblCOKOUMnyAbCHOU KOMnOHeHmbl B 
BOAHOBOU cpyHKUUU (Bel>) ff.llep. 

.ll.aH KpamKUU o63op meopemu1.1eCKUX MO.lleAeU, onUCblBalOW,UX 
3mO HBA0HUe. npu npOB0.110HUU aHal\U3a, npe.llCmaBA0HHOrO B .llaHHOU 
pa6ome, 3a OCHOBY 6bll\U B3llmbl npe.llCKa3aHUll MO.lleAU 
KopomKO.lleucmsyiow,ux HYKAOHHblX KOppeAllUUU (KHK) [4,5] /\. 
cJ>paHKcpypma u M. CmpUKMaHa. B ocHosy Mo.11e11u noAO)l(eHo 
npe.llnOAO)l(eHue o .llOMUHUPYIOW.eM BKAa.lle KHK B BblCOKOUMnyAbCHYIO 
KoMnoHeHmy Bel> H.llep. Mo.lleAb npe.llnoAaraem ucnoAb30BaHue 
31\eKmpOHHblX nyllKOB .llAll UCCl\0.llOBaHUH KOpomKO.lleUcmBylOW,UX 
csoucmB H.llep. LI.All Ha6A10.lleHUH KHK, B nepBylO ollepe.llb, Heo6xo.llUMO 
om.lleAumb co6b1musi, o6ycAOBAeHHble 3AeKmpoH-KHK 
B3aUMO.lleucmBueM om Heynpyrux ulu11u KBa3uynpyrux 
B3aUMO.ll0UCmBUU 31\eKmpOHOB c HeCKOppeAupoBaHHblMU 
HU3K03HeprUl.iHblMU HyKJ\oHaMu, u, Bo-BmopblX, nepe.11aHHasi 3Heprusi 
.llOAJKHa npeBOCXO.llUmb 3Hepruu xapaKmepHble .lll\ll CKOppe11upoBaHHblX 
HYKAOHOB. ABmopbl MO.llel\U noKa3aAu, limo O.llHOU U3 Hau6oAee 
npocmblX peaKuuu, Y.llOBAemsoplllOW.UX o6euM Bb1weyKa3aHHblM 
mpe6oBaHUSIM, llBAllemcsi BblCOK03HeprUllHOe UHKAI03UBHOe paccellHUe 
31\eKmpoHa Ha ll.llpe A(e,e'), Kor.Lia npu HaAoJKeHuu onpe.lleAeHHblX 
orpaHUlleHuu Ha KUHeMamullecKue nepeMeHHble, MOJKHo no/\aramb, limo 
paccesiHue 6y.L1em npoucxo.llumb Ha HYKAOHe U3 KHK. C 3mou u.eAblO, 
B3aUMO.lleucmBue 

e+A~e·+x (1.1) 
aHaAU3UpoBaAOCb B KUHeMamulleCKOU 0611acmu, 3anpew.eHHOU 

.lll\ll pacceSIHUSI Ha U30AUpOBaHHOM noKOllW,eMCll HYKAOHe [4]. 
Q

2 =-- q2 ~1 r3B2
, (a) 

X8 = Q212MNv > 1, (6) (1.2) 
1 r3B > W-MA > 50 + 100 M3B. (B) 

3.lleCb W
2 

= (PA + q)2 = M2A + Q
2(MAlmNXs -1) KBa.llpam 

UHBapuaHmHOU MaCCbl a.llpOHHOU cucmeMbl, o6pa30BaHHOU B peaKUUU, v 
- 3Heprusi BupmyaAbHoro cpomoHa B cucmeMe noKoH SI.Lipa. noKa3aHo, 
limo cyw,ecmBeHHOU oco6eHHOCmblO YCAOBUU 3a.llaBaeMblX Bblp. (1.2), 
llBAllemcsi mom cpaKm, limo om6op KUHeMamuKu x8 > j-1 , r.lle j - ue11asi 
Be/\UllUHa, mpe6yem yllacmull BO B3aUMO.lleucmBuu c BupmyaAbHblM 
cpomOHOM B peaKUUU (1.1), no KpauHeu Mepe, j HYKAOHOB u B 0611acmu 
1< xs <2 6y.llym .llOMUHupoBamb napHble KoppeAllUUU, B 0611acmu 2 < xB 
< 3 - mpoUHble u m . .ll. 

OcHoBHoe npe.llcKa3aHue MO.lleAu KHK - HaAUllUe cKeUAUHra 
(nocmOHHHOU 3aBUCUMOcmu) B X9-3aBUCUMocmu omHoweHUll CelleHUU 

- 8 -

Ha .llBYX Sl.llpax (msiJKeAoro K AerKOMY) (Puc.1 ). 4mo, B CBOIO Ollepe.llh, 
SIBUffiCSI no.llmBepJK.lleHUeM runome3bl 0 no.L106uu BblCOKOUMnyAbCHblX 
BOAHOBblX cpyHKuuu scex Sl.llep. BeAUllUHa cKeUAUHrosoro cpaKmopa 
6y.L1em Mepou omHocumeAbHou sepollmHocmu KHK .LIAS! .llBYX si.llep. A 
U3MepeHue coBoKynHocmu nepeMeHHblX (Q2,x8), npu Komopou B 

omHoUJeHuu celleHuu HallUHaemcll o6Aacmb cKeu11uHra, .llacm 
B03MO)l(HOCmb oueHUmb MUHUMal\bHblU UMnyAbC Om.llallU p;, HallUHaff c 
Komoporo, B Sl.llepHou BOAHOBOU cpyHKUUU 6y.llym .110MuHupoBamb KHK 

"e 

.. 
o.-~~~~~~~~~~~~~~--J 

-u-2..!5 

"' 2 ~~1.5 
~ 1 

;g 0.5 b) 

0 
.. 1.2 1.4 1.6 1.8 2 

x8~212Mv 

Puc.1 TeopemullecKue npe.llcKa3aHusi .llAll omHoweHusi 
R(A1,A2) = (cr(A1,02,xs)IA1)l(cr(A2,02,xs)IA2). 

B rAase 2 npuBe.lleHbl onucaHue u ocHOBHble napaMempbl 
ycmaHOBKU, Ha Komopou npOBO.llU/\CSI .llaHHblU 3KcnepuMeHm: 
- npuBe.lleHa cxeMa u ocHOBHble napaMempbl AUHeuHoro ycKopumeA11 
CEBAF (=> Continuous Elektron Beam Accelerator Facili!YJ, 
cpyHKU.UaHupy10w,ero B T JNAF (=>Thomas Jefferson National 
Accelerator Facili!YJ; 
- .llaHo onucaHue ycmaHOBKU CLAS - 3mo MarnumHblU cneKmpoMemp, 
UMe10w,uu nollmu 4n - aKcenmaHc no me11ecH0My yrAy u n0Kpb1Ba10w,uu 
YrAOBOU UHmepBal\ no omHoweHUIO K HanpaBAeHUIO nyllKa om 8° .LIO 

142°. Ll.emeKmop pa36um Ha 6 O.llUHaKOBblX ceKmopoB­
cneKmpoMempos, 06opy.L10BaHHblX B BU.lie wecmu coBepweHHO 
He3aBUCUMblX MarHUffiHblX cneKmpoMempoB c o6w,eu MUW0Hbl0, 
mpurrepoM u cucmeMou Ha6opa .llaHHblX. CucmeMa perucmpauuu 
llacmuu ycmaHOBKU CLAS cocmoum u3 .llpeucpoBblX KaMep .llAll 
onpe.lleAeHusi mpaeKmopuu 3apsi)l(eHHblX 1.1acmuu, ra30BblX 
4epeHKOBCKUX CllemllUKOB .llAll U.lleHmucpuKauuu 3AeKmpOHOB, 
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CUUHmUAMIUUOHHblX Cl.feml.IUKOB .llMI U3MepeHUSI speMeHU npoAema u 
3AeKmpoMarHUmHblX KaAAOPUMempoB .llASI perucmpauuu AUBHeBblX 
l.facmuu (3AeKmpoHos u cpomoHoB) u HeumpoHos; 
- onucaHa npoue.llypa soccmaHOBAeHusi co6b1muu. 

rAasa 3 nocssi1.UeHa onucaHUIO 3KcnepuMeHma u npoueL1ypb1 
aHaAU3a .llaHHblX. Mbl u3yl.faAu UHKAI03UBHoe A(e,e') paccesiHue Ha 
S1L1pax 4He, 12C, 56Fe u 3He. 3KcnepuMeHmaAbHble .llaHHb1e, Ha ocHoae 
KomopblX npOBO.llUACSI .llaHHblU aHaAU3, 6blAU Ha6paHbl B cepuu 
3KcnepuMeHmoa Ha .llemeKmope CLAS, npose.lleHHblX s .llBa 3mana. Ha 
nepBOM 3mane (1999 r.) 3AeKmpOHbl C Hal.faAbHOU 3Heprueu 4.461 r38 
pacceuaaAUCb Ha MuweHsix 3He, 4He, 12C u 56Fe. KpuoreHH JKU.llKocmb 
6blA 3aAum B UUAUH.llpUL!eCKYIO Sll.feUKY c LIUaMempoM B 1 CM u .llAUHOU 4 
CM, ycmaHOBAeHHYIO B.llOAb ocu nyl.fKa npu6AU3UmeAbHO B ueHmpe 
ycmaHOBKU CLAS. TsepL1asi MuweHb 12C, npe.llcmasAS1101.UaS1 U3 ce6si 
moHKYIO nAacmuHy mOAIUUHOU 1 MM, 6b1Aa cno3UUUOHUpoBaHa BLIOAb 
nyl.fKa Ha paccmosiHUU 1.5 CM om BblXO.llHOro OKHa )f(U.llKOU MUWeHU. Bo 
smopou cepuu U3MepeHuu (2002 r.) 3AeKmpoHbl c Hal.faAbHOU 3Heprueu 
4.471 r3B pacceuBaAUCb Ha msep.llOU MUWSHU 56Fe, a 4.7 r3B-Hble 
3AeKmpoHbl pacceusaAUCb Ha KpuoreHHOM 3He. 3He 6blA 3aAum s 
UUAUHLIPULleCKYIO MUWeHHYIO SILISUKY c .llUaMempoM 0. 7 CM u LIAUHHOU 5 
CM u cno3uuuoHuposaH npu6Au3umeAbHO 3a 4 CM LIO ueHmpa CLAS. 
Taep.llasi 0.15 MM-sasi nAacmuHa, npe.llcmasM1101.UaS1 U3 cefo1 MuweHb 
56Fe 6b1Aa cno3uuuoHuposaHa s ueHmpe CLAS (Ha paccmosiHuu 1.5 CM 
om BblXO.llHoro OKHa )f(U.llKOU MUWeHU 3He). .llaHHble Ha msepL1blX 
MUWeHSIX 6paAUCb npu nycmou Sll.feUKe )f(ULIKOU MUWeHU. Pa3peweHue 
.llemeKmopa CLAS no no3uuuu sepwuHbl npu6Au3umeAbHo 2 MM, 3mo 
n03BOAUAO nOAHOCmblO cpe3amb BKAa.ll MUllJSHHOU SILISUKU B .llaHHble 
maep.llOU MUWSHU. B CAyl.fae )f(ULIKUX 3He u 4He 6blAU CLleAaHbl, 
coomsemcmseHHO, 4 CM u 3 CM cpe3bl no aepwuHe B ueHmpaAbHOU 
l.facmu MUWeHu. 

CaM npouecc aHaAU3a maKJKe cocmosiA U3 .llByx l.facmeu, 
omAULfalOIUUXCSI nocmaHOBKOU 3a.llal.IU. npu 60AbllJUX 0 2-x 
3KcnepuMeHmaAbHoe UHKAI03UBHoe cel.feHue .llASI scex Sl.llep SIBMlemcsi 
cna.llatow,eu cpyHKUUeu 6bepK8HOBCKOU nepeMeHHOU Xs, 6b1cmpo 
na.llalOW.eU npu 6oAbllJUX X9. nepsasi cma.llUSI UCCA8.llOBaHUU 
nposo.llUAaCb Ha .llaHHblX nepsoro 3KcnepuMeHmaAbHoro 3mana. Ha 
3mou cma.lluu paccMampusaAUCb 2-x HYKAOHHble KoppeAsiuuu ( 1 <X8<2 ) 
[2]. nepexo.ll s o6Aacmb ( 2<X8<3 ) cmaA B03MO.lKeH moAbKo nocAe 
Ha6opa .llonoAHumeAbHou cmamucmuKu (smopou 3KcnepuMeHmaAbHblU 
3man) [3]. 
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B L1uccepmauuu co6AtoL1eHa xpoH0AoruL1ecKaJ1 
nocAe.llosameAbHocmb npoae.lleHusi aHaAU3a u noAyl.feHUJI 
pe3yAbmamos. 

nepe.ll meM KaK nposo.llumb cpaaHeHue noAyl.feHHblX 
3KcnepuMeHmaAbHO cel.feHuu, 6b1A npoL1eAaH psiLI Memo.lloAorul.fecKux 
UCCAe.llOBaHUU, ueAblO KomopblX 6blAO HaXOJKLISHUe 3cpcpeKmUBHOcmu 
perucmpauuu 3AeKmpoHos Ha ycmaHoBKe CLAS, a maK)f(e yl.fem 
B03MO.lKHblX cucmeMamul.feCKUX u CAyl.faUHblX omKAOHeHUU, 
o6ycAOBAeHHblX KaK so3.lleucmaueM reoMempuu ycmaHOBKU, maK u 
Henpe.llBU.lleHHblMU c6osiMU B mel.feHUU Ha6opa .llaHHblX [12, 13]: 

Cma6UAbHocmb 3cpcpeKmUBHOcmu perucmpauuu 
3AeKmpoHOB 6b1Aa npoKoHmpOAUpoaaHHa c nOMOW.blO pacnpe.lleAeHUSI 
HOpMaAU30BaHHOro LIUCAa 3AeKmpoHOB Nq1 (LIUCAa 3AeKmpoHOB 
npUXO.llSllUUXCSI Ha OLIUH BblXOLIHOU 6uH UUAUHL1pa <l>apa.lleSI). 

- 3AeKmpoHbl om6upaAUCb s "cpuL1yuuaAbHou o6Aacmu" 
(o6AaCmb no a3UMymaAbHOMY yrny, r .lle LIAS! LlaHHoro UMnyAbCa u 
noAsipHoro yrAa 3cpcpeKmusHocmb perucmpauuu 3AeKmpoHOB 
nocmosiHHa) ceKmopos .llemeKmopa CLAS. Kpumepuu om6opa 
3AeKmpoHOB BKAIOLfatom B ce6si npucymcmaue ompuuameAbHOU 
mpaeKmopuu B DC, coBMecmHo c curHaAaMu B EC u CC (B .llaHHOM 
cAyl.fae orpaHULIUAUCb curHaAaMu om EC). .ll.MI om.lleAeHUSI 
3AeKmpoHoB om Llpyrux L1acmuu c ompuuameAbHblM 3apsi.L10M (s 
OCHOBHOM 7t- - Me30HOB) 6blAO C.lleAaHO o6pe3aHue no BeAULIUHe 
omHoWeHUSI REc = EEclPe (omHoUJeHue 3Hepruu Bbl.lleAeHHOU B EC K 
uMnyAbCY U3MepeHHOMy B DC) . 

BcAe.llcmsuu pa3Horo poL1a HeonpeL1eAeHHocmeu 
(reoMempullecKux, B Kapme MarHUmHoro noMI, B MamepuaAe 
L1emeKmopa u m. .Lt) U3MepeHHOe 3Hal.feHue UMnyAbca 3apsi.lKeHHOU 
tiacmuUbl MOJKem omAul.fambcsi om ero ucmUHHoro 3Hal.feHusi . .ll.Asi 
noAyl.feHUSI nepBOHal.faAbHOro UMnyAbCa 3AeKmpoHa, 6b1Aa 
ucnOAb30BaHa npoueL1ypa KoppeKmUpOBKU OCHOBaHHaSI Ha ynpyroM ep­
pacceSIHUU [1]. noAarasi, Limo U Hal.faAbHaSI 3HeprUSI 3AeKmpOHa U yroA 
8 U3MepeHbl npaBUAbHO, 3HeprUSI paCC9SIHHOrD 3AeKmpoHa MOJKem 
6b1mb pacl.fumaHa u cpaBHeHa c U3MepeHHOU. OmHOWeHue 3mux .llBYX 
seAULIUH onpe.lleM1emcsi KaK nonpasol.fHblU MHoJKumeAb. OmMemuM, 
L1mo nonpaBol.fHblU MHoJKumeAb 3asucum om yrAoB e u <j>. KpoMe moro 
OH MO)f(em 6b1mb pa3HblM .llASI pa3HblX ceKmopoa. TaKUM o6pa3oM, 
nonpaBKU Ha UMnyAbC 3AeKmpoHa 6blAU onpe.lleA9Hbl KaK cpyHKUUU 
yrAoB e u <p .llMI KaJK.lloro ceKmopa. Kal.fecmao 3mux nonpasoK 
nposepsiAOCb cpasHeHueM W pacnpe.lleAeHUSI (no3uuusi nuKa u wupuHa) 
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B o6Aacmu ynpyroro paccestHust .LIO u nocAe KoppeKmupoBKU uMnyAbca 
3AeKmpoHa. nonpasKu Ha 3Hepremul!ecKUe nomepu B ycmaHOBKe 
CLAS npou3BO.Ll.Rmcsi nocpe.LlcmBoM GEANT cuMyAsiu.uu. CyMMapHble 
uMnyAbCHble nonpaBKU MSHbWe 1 % .LIAS! sceu 3Hepremul!ecKou o6Aacmu 
3AeKmpoHOB. LI.A.ff .LlaHHOro aHaAU3a 6blAO Ba)KHO BblSICHUmb 3aBUC.Rm AU 
UMnyAbCHble nonpaBKU .LIAS! 3AeKmpoHa om x8. Ha puc.2 3ma 
3asucuMocmb noKa3aHa .LIAS! ceKmopa 1. Mo)l(HO BU.Llemb, limo 
npuMeHeHble uMnyAbCHble nonpaBKU .LIA.ff 3AeKmpoHa He 3asucsim om x8 
U HaXO.Llstmcst B npe.LleAaX 0.1 %. nollmU nO.LI06Hble )1(0 .LlaHHble 6blAU 
HaU.LleHbl .LIAS! scex ceKmopoB. 

~ ..... 
.aa. '·°" 

c:~ ~ ~i;1x;·;,;·;.+·· 
o.oa f. 
0.07 ·. 

~~ . 
o.as ~ r ' 1 • , 1 , t 

0 0-25 O...S 0.7$ t 1.2$ t.& 1.7S 2 

x.. 
Lo.004 -· • o ..... [ 

I o.ooa . 
'.J;ro..982 -:- .. + .. • 
~&0.001 : • • • • 

0.90 

~=i O.ff7 -
o_oee . h) 
0..98$ ~ I I I ! . t 

0 ~ ~ " " 1 y ~ u ~ 2 
x. 

Puc.2 x8 - 3asucuMocmb nonpaBOK Ha uMnyAbC 3AeKmpoHa .LIAS! O.L!Horo 
ceKmopa. a), Ll.ByMepHoe pacnpe.lleAeHue; 6) Cpe.L1Hee 3HalleHue 
nonpaBOl!HOro MHO)l(UmeASI, noAylleHHOe nocpe.L!CmBOM rayccOBCKUX 
cpumoB y-cAaUCOB. 

- 6blA BBe.lleH nonpaBOllHblU MHO)l(UmeAb Ha aKcenmaHC 
onpe.LleAsteMblU KaK omHoweHue 1.1ucAa peKoHcmpyupoBaHHblX co6b1muu 
K l!UCAY co6b1muu creHepupoBaHHblX B Ka)l(.LIOM KUHeMamulleCKOM 6uHe. 
no.LI peKoHcmpyuposaHHblMU, noHuMaiomcsi creHepupoBaHHbre co6b1musi 
"npony11..1,eHHb1e llepe3 ycmaHoBKy" - <Monte-Carlo - GSIM - GPP -
RECSIS>. LI.A.ff noAyl!eHUst npaBUAbHoro aKcenmaHca .llemeKmopa .LIAR 
.LlaHHOro KaHaAa peaKU.UU, B nepsyio Ollepe.Llb Heo6xo.L1UMO UMSmb 
xopowyio "sxo.llHYIO MO.LleAb" - reHepamop l!acmuu., xopowo 
BocnpOU3BO.llS!lll,UU cpU3UKy U3y1.1aeMOrO npou.ecca. npu U3Yll0HUU 
napHblX KoppeAsiu.uu (1 <x8<2) B Ka1.1ecmse reHepamopa co6b1muu 6b1A 
ucnoAb30BaH KO.LI "lncluzive" [8], peaAu3yio11..1,uu meopemu1.1ecKue 
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) 

pac1.1emb1 UHKAI03UBHblX A(e,e') npou.eccos u pa.L1uau.uoHHblX 
3cpcpeKmOB (.LIAS! UHKAI03UBHblX u 3KCKAI03UBHblX peaKU,UU). .LlAst 
noAyl!eHUSI nonpaBOl!HOro MHO)l(UmeASI Ha aKcenmaHC .LIM! msep.llblX 
(

12C) u )l(U.L!KUX (3He) MUWeHeu, 6bJAU creHepuposaHbl MoHme-KapAO 
co6b1musi. BblXO.ll rettepamopa co6b1muu 6b1A ucnoAb30BaH, .lWI 

noAylleHust omAuKa .llemeKmopa CLAS nocpe.llcmsoM nporpaMM GSIM, 
GPP u RECSIS. nporpaMMHblU KO.LI GSIM peaAu3yem U.lleaAbHyio 
MO.LleAb .LlemeKmopa CLAS. nporpaMMa nocmpoeHa Ha OCHOBe 
reHapamopa GEANT (naKema nporpaMMHoro o6ecnelleHust CERN) u 
no3BOAS!em MO.lleAuposamb omKAUK .L1emeKmopa Ha npoXO)l(.lleHue 
llacmuu,b1, 3Hepremu1.1ecKue nomepu, a maK )Ke ucnycKaHue 
smopullHblX llacmuu npu npoXO)l(.llettuu 1.1acmuu,b1 1.1epe3 pa3Hbre l.lacmu 
ycmaHOBKU. nocAe moro, KaK CMO.lleAUpOBaH OmKAUK U.L!eaAbHOro 
.llemeKmopa, Heo6xo.L1UMO yllecmb ycAOBUst coomsemcm0yio1.Uue 
.llaHHOMY 3KcnepuMeHmaAbHOMY nepuo.lly. 3mo .LleAaAOCb nocpe.llcmsOM 
nporpaMMbl GPP. GPP ucnoAb3yem UHcpopMau,uio omHocumeAbHO 
"MepmBblX11 o6Aacmeu .L1peucpOBblX KaMep u CLl,UHmUAASILl,UOHHblX 
clleml.IUKOB, l.lmo6br y6pamb curHaAbl om 3mou llacmu ycmaHOBKU U3 
BblXO.Lla GSIM. Ll.aAee 6b1A ucnoAb30BaH naKem .LIAS! aHaAu3a .LlaHHblX 
.llemeKmopa CLAS (RECSIS), llmo6b1 soccmaHosumb 3mu co6b1musi, 
ucnoAb3Yst me )Ke Kpumepuu U.lleHmucpuKau,uu 3AeKmpoHa, Komopble 
6b1Au npuMeHeHbl K peaAbHblM .LlaHHblM. LI.AH onpe.L1eAS1HUS1 aKcenmaHca 
K creHepupoBaHHblM .llaHHblM 6b1Au npuMeHeHbl me )Ke cpe3bl, limo u K 
3KcnepuMeHmaAbHblM. 4mo6br socnpou3secmu 3cpcpeKm 6uH-Murpauuu 
B creHepupoBaHHblX .LlaHHblX, reHepamop co6b1muu .LIOA)l(eH 6b1mb 
Bb16paH KaK MOlKHO 6AU)l(e K peaAbHOMY cel!eHUIO. LI.Ast 3moro 6bl/\O 
npo.LleAaHo .llBe ummepau.uu. nonpaBKU Ha aKcenmaHc 6b1Au 
npuMeHeHbl noco6b1muuHo. m.e. Ka)l(.llOe co6b1mue 6b1Ao B3BeweHo 
nocpe.L1cmsoM aKcenmaHcKoro MHoJKumeM1 .LIAS! coomsemcmsyiow.ux 
(xs. ~02) KUHeMamul.leCKUX 6uHOB u cel.leHUSI 6bl/\U Bbll.IUCAeHbl KaK 
cfJYHKLJ,UU Xs l! 0 2

• Ka)l(.L!Oe co6b1mue 6paAOCb c secoM Aicc = NireJNisim, 
r .Lie N'sim u N1rec - l.IUC/\O creHepupoBaHHblX u peKoHcmpyupoBaHHblX 
co6b1muu B i - OM 6uHe aKcenmaHoBcKou ma6AUU.bl. 3ma ma6Auu.a 
CO.Llep)l(Um NqXNx 6uHbl, r .lie Nq u Nx - l!UCAO 6uHOB B 0 2 u x8, 
coomsemcmseHHo. 

- OmHoweHust celleHuu 6b1Au nonpaBAeHbl Ha 3cpcpeKm 
pa.L1uau.uu. Pa.L1uauuoHHb1e nonpaBKU .LIAS! Ka)l(.llOU MuweHu KaK cpyHKUUU 
nepeMeHHblX 0 2 u x8 pacllumb1BaAUCb KaK omHoweHue 

Crad(Xs,02
) = (dcrrad(Xs,02

)/ dcrnorad(x8,02
)) 
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r .lie dcrrad(Xs,02) U dcrnorad(Xe,02), 
coomsemcmseHHo,nonpasAeHHbie u HenonpasAeHHble Ha paL1uauu10 
meopemu1..1ecKue ceL!eHUH. 

- KaK y)f(e ynoAMUHaAocb Bb1we, .llaHHbie coomsemcmsyIOw.ue 
smopou cma.auu uccAe.aosaHUH 6b1Au Ha6paHbI npu pa3HbIX sHeprw1x 
ny1..1Ka Eb. Limo noeAeKAO 3a co6ou Heo6xo.aoMocmb y4ema smou 
pa3HUUbl. 

B rAase 4 onucaHa npoue.llypa aHaAu3a, npe.llcmasAeHbl 
pe3yAbmamb1. npoue.aypa aHaAu3a cocmo11Aa u3 U3BAe1..1eHu11 u aHaAu3a 
omHOWeHUU UHKAI03UBHblX A(e,e') CeLleHUU pacceRHUR 3AeKmpoHa Ha 
pa3Hb1X R.llpax, U3MepeHHblX B O.LlUHaKOBblX KUHeMamU40CKUX YCAOBUHX. 
0mHOW0HUR 3KcnepUMeHmaAbHblX cel..feHUU npe.acmaBARAU U3 ce6R 
omHoweHUR HOpMaAU30BaHHblX, nonpaBAeHHblX Ha aKcenmaHC u 
paL1uauu10 UHKAI03UBHblX BblXO.LlOB 3AeKmpoHa Ha R.Llpax 4He, 12C u 56Fe 
K BblXO.llY Ha R.llpe 

3
He B o6Aacmu Xs > 1. HopMaAU30BaHHble BblXO.llbl 

LIAR Ka)f(.llOro (Xe, 0
2

) - 6uHa pac1..1umblBaAUCb CAe.aylOW.UM o6pa30M: 

dY/d02dxe = (Ne.fL~02ill<sNeNT)(1/Acc) (4.1) 

r .lie Ne. Ne· u NT LIUCAO HaAema10w,ux sAeKmpoHoB, pacceRHHblX 
sAeKmpoHos u R.llep MuweHu coomsemcmseHHO, Ace - nonpaso1..1Hb1u 
MHO)f(UmeAb Ha aKcenmaHc, 0 2 u Xs - pa3Mepbl 0 2 u Xs, - 6UHOB, 
coomsemcmseHHO. 

OmHoweHUR R(A,3He), nonpaBAeHHble maK)f(e Ha scpcpeKm 
pa.auauuu, onpe.aeARAUCb cAe.ay10W.UM o6pa3oM: 

R(A, 
3
He) = (3Y(A))/(AY(3He))(CARaiC3HERad) (4.2) 

r .lie y HOpMaAU30BaHHblU BblXO.ll LIAR .aaHHoro (02, Xe) 6uHa, a 
CA Rad - pa.aUaUUOHHblU nonpaBOLIHblU MHO)f(UITTeAb .LIAR Ka)f(L10ro RLlpa. 
OmHoweHue nonpasoL!HblX MHO)KumeAeu s (4.2) He 3asucum om x8 npu 
Xs > 1, u npu6Au3umeAbHO paBHO 0.95 u 0.92 LIAR 12C u 56Fe, 
coomsemcmseHHO. 
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0.8 1 1.2 1..4 1.8 1.8 2 2 

Xb=Q /2mPu 

Puc.3 3aBUCUMOCmb R{A, 3He) om Xs LIAR 1.4 < 0 2 < 2.6 raB2. noKa3aHbl 
moAbKO cmamucmu1..1ecKue owu6Ku. KpuBble - npeL1cKa3aHUR MO.lleAu 
KHK LIAR pa3HblX 0 2. 

Ha ~uc. 3 noKa3aHbl noAy1.1eHHbie omHoweHUR R(A, 3He) LIAR 
RLlep 

12C u 
6
Fe BMecme c pe3yAbmamaMu pac1.1ema no MOLleAu KHK. 

Bu.llHO xopowee corAacue Me)f(LIY HawuMu LlaHHblMU u pac1..1emoM. 
3KcnepuMeHmaAbHble .llaHHble B pe)KUMe CKeUAUHra 6blJ\U 
ucnoAb3osaHbl LIAR oueHKU omHocumeAbHOU sepoRmHocmu NN 
KoppeARUUU B RLlpe A no omHoweHUIO K 3He. CorAacHo MO.lleAu KHK, 
omHoweHue smux sepoRmHocmeu nponopuuoHaAbHo seAu1..1uHe 
r(A,3He), onpe.lle/\ReMOU CAe.ayIOW,UM o6pa30M: 

r(A,
3
He) = {(2crp + crn)crA)/(Zcrp + Ncrn)cr(3He) (4.3) 

r .lie crA u cr{3He)-UHK/\I03UBHble ce1..1eHu11 A(e,e') u 3He(e,e'), 
coomsemcmseHHO. crp u crn ce1..1eHuR ynpyroro ep u en pacceRHUR, 
coomsemcmseHHO. Z u N - LIUC/\o npomoHos u HeumpoHos s R.ape A 
OmHoweHue 3aL1asaeMoe Bblpa)KeHueM (4.3) MO)f(em 6b1mb 
conocmasAeHHo c U3MepeHHblM sKcnepuMeHmaAbHO omHoweHueM 
R(A,3He) (CM. Bblp. 4.2) CAeLlylOW.UM o6pa30M: 
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r(A,
3
He) = R(A,

3
He)*(A(2crp + crn)/3(Zcrp + Ncrn)) (4.4) 

npuXO.LIRlllaRCH Ha O.LIUH HYKAOH BepoSlmHocmb KHK B ff.Lipe A no 
omHoUJeHUIO K 

3
He nponopu.uoHaAbHa r(A,3He) ~ a2(A)/a2(3), r.Lle a2(A) u 

a2(3) - npuxo.LIRlllUecR Ha O.LIUH HYKAOH sepoRmHocmu KHK 
omHocume/\bHO .L1eump0Ha .Ll/\SI RLiep A u 3He. Mbl onpe.Lle/\ReM 
npuxo.LISllllYIOCR Ha O.LIUH HYKAOH sepoRmHocmb KHK B RLipe 
omHocume/\bHo .LieumpoHa KaK 

a2(A) = r(A,3He) * a2(3) (4.5) 

LI.AR pac4ema a2(A) 6b1Ao ucnO/\b3oBaHo .LIBa 3Ha4eHUR a2(3). 
nepsoe - 3KCnepUMeHma/\bHO no/\y4eHHOe 3Ha4eHUe U3 pa6ombl (7), 
a2(3) = 1. 7 ± 0.3 u smopoe - 3Ha4eHue U3 pac4emos c ucno/\b30BaHueM 
BO/\HOBblX c:j:>yHKL\UU .LI/\SI .L1eump0Ha u 3He, a2(3) = 2.0 ± 0.1 [1 OJ. 

B nyHKme 4.1.4 npuBe.LieHbl umoru nepsoro amana aHa/\U3a [2, 
12]: 

BnepBble 6b1/\u U3MepeHbl omHoweHue ce4eHuu 
UHK/\I03UBHOro A(e,e') pacceSIHWI Ha Sl.Llpax 4He, 12C u 56Fe K 
aHa/\orU4HOMY C040HUIO .LIAR SI.Lipa 3He B O.LIUHaKOBblX KUHeMamu4eCKUX 
YC/\OBURX. 

5bl/\O noKa3aHo: 
- 3mu omHOUJeHUSI He 3aBUCRm om 6bepKeHOBCKOU 

nepeMeHHou Xs (BblXO.LIRm Ha nAamo) npu x8 > 1.5 u 0 2 > 1.4 (laB/c)2 , 

m. e. npu 601\bUJUX UMnyAbcax om.Lia4u. npu 0 2 < 1.4 (laB/ct'no.Lio6HblU 
CKeUAUHr He Ha6/\IO.Liaemcsi. 

- 3mu omH011JeHw1 s peJKuMe cKeU/\UHra He 3asucS1m om 0 2 u 
MeHR10mcS1 o4eHb c/\a6o npu A~ 12. 

3Ha4eHUSI omHoUJeHUSI B peJKUMe CKeU/\UHra 6bl/\U 
ucno/\b30BaHbl .LIM U3B/\e4eHuSI omHocume/\bHou sepos1mHocmu napHblX 
KHK B Sl.Llpax no cpaBHeHUIO c .LieumpOHOM. npuXO.LISIW,aSICSI Ha O.LIUH 
HYK/\OH BepoSlmHocmb KOpomKO.L1eucmsy10W,UX KOppeMIL\UU B SI.Lipe no 
cpaBHeHUIO c .LieumpOHOM npu6AU3Ume/\bHO B 3.8 pa3a 601\bWe .Ll/\ff 4He 
u npu6Au3ume/\bHO s 4.9 u 5.9 pa3a 601\bWe .lll\SI 12C u 56Fe. 

Ha6op .LionoAHume/\bHou cmamucmuKu no3BO/\U/\ nepeumu K 
aHa/\u3y .LiaHHblX .LIAR o6Aacmu x8 > 2 [3, 13]. Vl3MepeHUSI npu Xs > 2 
6b1/\u saJKHbl He mo/\bKO .LIM no/\y1.1eHUS1 .LiaHHblX no 3-x HYK/\OHHblM KHK, 
HO B nepBylO 04epe.Lib, 4mo6b1 no.LimBep.Liumb UHmepnpumal...\UIO 
noAy4eHHblX .LiaHHblX npu xs < 2 nocpe.LicmBoM MO.Lle/\u KHK. Mo.Lie/\b 
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KHK npe.LicKa3blBaem cyw,ecmsosaHue "no/\oJKume/\bHoro" UJara s .xs -
3asucuMocmu omHoUJeHUSI ce4eHuu npu 2 < xs < 3, U3-3a 
nponopl...\UOHa/\bHocmu ain j-ou cmeneHu S1.LiepHou nAomHocmu ij -
nopSl.LIOK KHK) 

a1,yoc f p~(r)dr 
War .LIOAJKeH pacmu c pocmoM amoMHoro seca A 
B om/\U4UU om napHblX KoppeASIL\UU, .llMI cAy4aSI 3-x HYKAOHIHblX 

KHK Hem 4UCAeHHblX pac4emos omHocume/\bHo Ha4a/\a CKeU/\UIHra. 
Bee, 4mo MOJKHO 6bl/\O OJKU.Liamb B .LlaHHOM C/\y1.1ae, amo, ec/\U maKOU 
cKeu/\UHr cyw,ecmsyem, mo Ha4UHambCSI OH .LIOAJKeH r .Lie-mo B 
npoMeJKymKe 2 < x8 < 3 u Ha4a/\bHaSI mo4Ka cKeUAUHra .LIO/\JKHa 61b1Aa 
onpe.Lie/\Umbcff aKcnepuMeHmaAbHO. B amoM omH011Je1Huu 
npe.LicmaB/\ReMble .LiaHHble uMelOm npe.LIBapumeAbHblu xapaKmep. 

B nyHKme 4.2.2 npe.LicmasAeHbl pe3yAbmambl smoporo amana 
aHa/\U3a [3]: 

.Ll.aHHb1e npe.Licmas/\eHHb1e Ha puc.4 noKa3blBa10m mpu 
3KcnepuMeHmaAbHb1e Ha6A10.LieHUff: 

- nepBblU CKeU/\UHr B 061\acmu 1.5 < Xs < 2, KomopblU 
yKa3blBaem, 4mo s amou o6Aacmu .LIOMUHupy10m napHble KoppeAHL\UU. 

- no.Lib eM npu 2.0 < Xs < 2.25. 3mo MOJKem 6b1mb o6b HCHetto 
.llOMUHUpOBaHUeM BKAa.Lia om pacceRHUSI Ha HYK/\OHax BOB/\04eHHbllX B 
.LIBUlKYlllUecH 2-x HYKAOHHble KHK. 

- Bmopou CKeu/\uHr npu 2.25 < x8 < 2.8, Komopb1u yKa3blBaem 
Ha .LIOMUHUpoBaHue B .LiaHHOU 061\acmu 3-x HYK/\OHHblX KOppe/\ffLJ,UU. 

B nyHKme 4.2.5 onucaHa npou.e.llypa no U3BAe4eHuio 
npuxo.LIRw,eucH Ha O.LIUH HYKAOH a6co/\10mHou sepoHmHocmu KHK. 
no/\y4eHHble 3KCnepuMeHma/\bHO CKeU/\UHrOBCKUe MHOJKUme/\U, MOJKHO 
npe.Licmasumb cAe.Liyiow,uM o6pa3oM: 

a2(AJ3He) = a2N(A)/a2N<3He) (4.6) 
aa(WHe) = aaN(A)/a3N(3He) (4.7) 

r .Lie a2N u aaN (no onpe.Lie/\eHUIO) - a6co/\10mHb1e 3Ha4eHUH 
npuxo.LIHlllUXCff Ha O.LIUH HYKAOH sepoHmHocmeu 2-x u 3-x HYKAOHHblX 
KHK, coomsemcmseHHo. 4mo6b1, u3 U3MepeHHblX omHoweHuu 
onpe.Lie/\umb a6co/\10mHb1e 3Ha4eHUR npuxo.LIHW.UXCH Ha O.LIUH HYKAOH 
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Puc.4. Xs - 3asucuMocmb omHoweHuu r(A,3He) = R(A,3He)*(A(2crp + 
crn)/3(Zcrp + Ncrn)) • .LIAR 4He, 12C u 56Fe npu Q2 > 1.4. 

sepo.11mHocmeu KHK - a2N(A) u a3N(A), Ha.Llo 3Hamb aHaAoruL1Hb1e 
sepo.11mHocmu .lll\ff 

3
He. Bepo.11mHocmu a2N(3He) u a3N(3He) Morym 6b1Au 

pac1.1umaHbl nocpe.LlcmsoM xopowo U3BecmHblX BOAHOebIX cpyHKU.UU 
H.llep 

3
He u 

2
0 [11] Bepo.RmHOCmb 2-x HYKAOHHblX KoppeARU.UU e .!I.Lipe 

3
He ecmb npou3ee.L1eHue 2-x HYKAOHHblX KHK s .L1eump0He u 

omHocumeAbHou sepo.RmHocmu 2-x HYKAOHHblX KHK s 3He u 20, 
a2(

3
Het2D). Mb1 onpe.llel\ffeM seposimHocmb NN KHK e .lleumpoHe, KaK 

BepoHmHoCmb moro, Limo HYKAOH B .lleUmpoHe UMeem UMnyAbC p > 275 
M38/c, maK KaK 3mo MUHUMaAbHblU UMnyAbC Om.Lla4U 
coomsemcmsyioiuuu HallaAy cKeUAUHra npu Q2 = 1.4 f382 u Xe= 1.5. 
Ha puc.5 noKa3aHa BOAHoeasi cpyHKU.UR .L1eump0Ha [11]. 
3awmpuxosaHHa.R o6Aacmb coomsemcmeyem eKAa.Lly 2-x HYKAOHHblX 
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KoppeAsiu.uu. Ha1.1aAbHoe 3Ha1.1eHue 3mou o6Aacmu 6b1Ao onpe.L1eAe110 
Ha OCHOBe noAylleHHblX 3KcnepuMeHmaAbHO 3Hal.leHUU .LIAR Q2 u Xe, 
Komopb1e coomeemcmsoeaAu Ha1.1aAy cKeUAUHra. 

10 .. 

i .. -·· ~ 

10 "'
1 

.. 
• •• c - • ., .• ......,,11.2 ........ 0.3 OA 0.5 0.1 0.7 a.a O.t t 

p,{GeV/c) 

Puc.5 BoAHoea.11 cpyHKUU.R .LleumpoHa [11]. 3awmpuxosaHHasi o6Aacmb 
coomsemcmeyem BKJ\a.lly 2-x HYKAOHHblX KoppeAsiu.uu. Ha1.1aAbHoe 
3Ha49HUe 3ffiOU o6Aacmu 6bl/\O onre.Ll9/\9HO Ha OCHOBe nOAY49HHblX 
3KcnepuMeHmaAbHO 3Ha4eHuu .lll\ff Q u Xe, Komopble coomeemcmosaAu 
Ha4a/\y CKeUJ\UHra . 

B 3aKA/Ol./8HUU ccpopMyAuposaHHbl OCHOBHble pe3yAbmambl 
pa6omb1. 

- 1113MeJJeHbl ce1.1eHu.11 UHKAI03UBHoro A(e,e') - pacce.RHUH Ha .R.llpax 
4
He, 

12
C, 56Fe, 3He npu Ha1.1aAbHblX 3Hepru.11x 31\.eKmpoHa 4.46 f38 u 

4.7 f3B. 

Pa3pa6omaHbl u omAa)l(eHbl npoue.Llypb1 no no.Llc1.1emy 
3cpcpeKmusHocmu perucmpauuu 31\.eKmpoHa npuMeHumeAbHO K 
KOHKpemHoMy 3KcnepuMeHmy u .Lll\ff KOHKpemHoro npouecca. 

- Co3.llaHa cucmeMa nporpaMMHblX naKemos .lll\ff MO.lleAuposaHusi u 
aHaAU3a cpu3u1.1ecKux npoueccos. 

- fl13y1.1eHa Xs - 3asucuMocmb omHoweHuu A2cr( A1 )/A1cr( A2 ) B 
uHmepsaAe Q

2 = 0.6 + 2.6 f 382 npu x8 > 0.8. B Ka1.1ecmse ff.Lipa A2 6b1Ao 
Bb16paHO R.LIPO 3He c xo~owo U3BecmHOU 801\.HOBOU cpyHKU.Ueu, a B 
Ka1.1ecmse R.llep A1 -

4He, 1 C, 56Fe. 
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BblBO.llbl 

1. C BblCOKou mol!HocmblO no.llmeeplK.lleHo cymecmeoeaHue 
CKeUl\UHra B omHOWeHUU CelleHUU paccef!HWI Ha mfllKel\blX Sl.llpax K 
ce1.1eHu10 Ha Sl.llpe 3He e o6Aacmu 1.4 :s; x8 :s:2.0 [1, 2]. 

2. Bnepsb1e Ha6Aio.llal\cfl emopou yposeHb no cKeUAUHry npu x8 > 2.25, 
1.1mo flBAflemcfl CUl\bHblM apryMeHmoM B noAb3Y MO.lleAu KHK [1, 3]. 

3. BnepBble, B npe.lleAax MO.lleAu KHK, Ha ocHose 3KcnepuMeHmaAbHO 
nocl.lumaHHblX cKeUAUHroBblX cpaKmopoe, oueHeHbl 
omHocumeAbHble, npuxo.llflLUUecfl Ha O.llUH HYKAOH sepm1mHocmu 2-
x u 3-x HYKl\OHHblX KHK B fl.llpax c A= 4, 12, 56 no omHoweHUIO K 
flLIPY 3He [1, 2, 3]. 

4. Bnepsb1e 3KcnepuMeHmaAbHO oueHeHo 3Hal.feHue MUHUMaAbHoro 
uMnyAbca om.llal.lu Pmin(x8,0

2
) = 275±25 MeV2

, HallUHafl c Komoporo 
pacceflHUe 6y.L1em npoucxo.llumb Ha HYKAOHe U3 2-x HYKAOHHOU 
KHK[1, 2]. 

5. Bnepeb1e 3KcnepuMeHmaAbHO nocl.fumaHbl a6coA10mHb1e 
eepoSlmHocmu 2-x HYKAOHHblX KHK B Sl.llpax 3He, 4He, 12C, 56Fe[1, 3]. 
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uv<1>n<1>mv 
Uztuwuiwu.emu ub11ljw1wg4,w6 bu A(e,e') m]:i.aji 

12bwljghwub11mu 
3
He, 4He, 12c, 56Fe llh2mljub11h L1.11w ttb4ui11nuub11h 

.elJ.wqhwnw<lqwljwu g11uwu hwuw11 Lfm11<lw11w11w4wu mll.Jui(hhp]:i. 
tf2uilpiuih WflllJnLUJ2Ubfl[f qhqmpnb.J:i. l]ih2J:i. 4.461 Q.tLI. L. 4.7 Q.tLI. 
uljqpuw4wu tub11qhwub11h L. 0 2

<!: 0.6 Q.tLI. 2
, xs = 0 2/2MNv > 0.8 

4hubuwuih4w4wCi mh11m1,aub11h uwhllwuub11mu: QuuinLJ.w6 
4hClbllwuih4wCi fanLJl t mlJ.bt quimuiph1 hbuiwqnmmra1mu ljw116wq11nri. 
Cim4tnCiwJhCi ljn1111buwghwub11h (Ltul.t) mh11m1ramu' ttb4m11nCih 
4n1111btwgLJ.w6 Cimlj[nuh hblll lfmltJwqri.bgmiaJWU llwuhu hhlluwlJ.nfl 
u.iwuiljb11wgmu umbri.obtm uu.iwmw4nlJ.: 

U2tuwuiwu9mu ClbflljWjWglJ.w6 t.euUfbflhllbuuiCi hl1 pCmLJtanlJ. 
wnw2huu t. nnnul llhuCmLJU t9uu.ib11flubuuiwt u.iw1uwuub11mu uuiwglJ.bL 
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