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KaK H3BeCTHO, B HaCTOHI.I.J;ee BpeMH 60JlbIllOH mrrepec BhI3hIBalOT rJIy601xoneyrrpyr-ae B3aHMO.D.eHCTBHH 6hICTphlX JIenTOHOB C aTOMHhlMH H.D.paMH. 

nenTOH-H.D.epHOe B3aHMO.D.eH:CTBHe HBJIHeTCH npar-repoxr npocreàuieã anep
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HOH peaxuan, B KOTOpOH MorYT npOHBHTbCH nexoropsre OCHOBHhle ocoõea

HOCTH MexaHH3Ma neyrrpyroro B3aHMO.D.eHCTBHH C ytIaCTHeM anep. 

B tIaCTHOCTH (CM., nanpar-rep, 11 '), B crryuae nenTOH-H.D.epHOrO B3aHMO

.D.eH:CTBHH Y.D.06HO HCCJIe.D.OBaTb npOCTpaHCTBeHHO-BpeMeHHhle CBOH:CTBa 

anevrerrrapnoro JIenTOH-HYKJIOHHOrO B3aHMo,ueH:CTBHH. 

Ha COBpeMeHHOM srane 'pa3BHTHH reopaa Mhl ae MO:>KeM "H3 nepasrx 
npHHlJ;HllOB" paCCtIHTaTb npOCTpaHCTBeHHO-BpeMeHHhIe xapaKTepHCTHKH HH 

JIenTOH-H.D.epHOrO, HH JIenTOH-HYKJIOHHOrO B3aHMO.D.eHCTBHH. Hartpar-rep, 
B par-ncax KBaHTOBOH XpOMO.D.HHaMHKH He06xo.lI.HMO BBO.D.HTb .D.OnOJIHHTeJIb

nsre npennonoxceuan , rre ShITeKalOI..UHe H3 CaMOH: reopna, O MexaHH3Me 

06pa30saHHH Ha6JIIO.D.aeMhIX na onsrre tIaCTHU; H3 KBapKOB-napTOHOB. TI03TO

MY 60JIbIllOe pacrrpocrpaaeaae nOJIYtIHJ1H pa3JIHlJHbIe MO.D.eJIH, B pavncax 

KOTOphIX nhITalOTCH nOJIytIHTb HeKOTOpylO HHcPopMaU;HIO O CBOHCTBax B3aH

MO.D.eHCTBHH na MaJIhIX paCCTOHHHHX. B TaKHX nO.D.XO.D.ax H.D.PO HBJIHeTCH 

KaK 6bI reaeparopor-t HOBbIX tIaCTHU; - lJaCTHlJ;bI pO)f(,lI.aIOTCH na O.D.HOM H3 

HYKJIOHOB anpa . .fI.D.PO HBJIHeTCH TaK:>Ke H .D.eTeKTOpOM - poacneansre tIaCTHlJ;h1 

B3aHMO.D.eHCTBYIOT C OCTaJIbHhIMH HYKJIOHaMH anpa. l-kCJIe.D.YH TaKHe B3aHMO

.D.eH:CTBHH, MbI nsrraeraca nOJIYtIHTb HOBYIO HHqmpMaU;HIO O xaparcrepe npo

TeKaHHH npouecca B anpe, Cyurecrnyer npoexr 3KCnepHMeHTa (B par-ncax 

COTpY.D.HHtIeCTBa 2-MeTpOBOH npOnaHOBOH: xar-repsr) no HCCJIe.D.OBaHHIO ae

yrtpyrax B3aHMO.D.eH:CTBHH: HeH:TpHHO C pa3JIHtIHhlMH HApaMH na cepnyxon

CKOM YCKOpl-iTeJIe 12 I. 

B .D.éU-1H0H: paõore Mbl npOBO.D.HM pacsersr no HeH:TpHHO-H.D.epHOMY B3aH

MO.D.eHCTBHIO npn YCJIOBHHX, 6JIH3KHX K nJIaHHpyeMoMY 3KcnepHMeHTY. 

PaCtIeThl npOSO.D.HJIHCb no MO.D.eJIH MHoroKpaTHoro pacceHHHH pO)K~alOI.I.J;HX

CH tIaCTHU; B H.D.pe C ytIeTOM 3JIeMeHTOB npocTpaHcTBeHHo-BpeMeHHoro Pa3BH

THH npou;ecca B3aHMO.D.eHCTBIDI. KaK H B pa60Te / 1 I, Mbl HCnOJIb30BaJIH MO

.D.eJIb .D.JIHHbI cPOpMHpOBaHIDI (30Hhl Q:>OPMHpOBaHHH) , BhltIHCJIeHHH npOBO.D.H

JIHCb MeTO.D.OM MOHTe-KapJIo. Pa60Ta HO,CHT B 3HatIHTeJIbHOH: CTeneHH MeTO.D.H

tIeCKHH xapaKTep. Mhl XOTeJIH nOCMOTpeTb, KaKHe pe3YJIbTaThl MO)KHO O)KH

.D.aTb Ha OnhITe B paMKax cymeCTBYlOmHX MO.D.eJIeH, KaKOBa tIYBCTBHTeJIb

HOCTb pe3YJIbTaTOB K 3JIeMeHTaM npOCTpaHCTBeHHO-BpeMeHHoro pa3BHTHH 

3JIeMeHTapHoro vN-B3aHMO.D.eHCTBHH H T ..D.. 

B pe3YJIbTaTe pa3pa60TaHa MeTO.D.HKa BhltIHCJIeHHH:, COCTaBJIeHhl npo

rpaMMhl, KOTopble MO)KHO 

u~ecTBYIOI..UHX MO.D.e.JIeH H 

C 3I<:cnepHMeHTOM. 

6Y.D.eT HCnOJIb30BaTb' .D.aJIee MH 

nOJIYtIeHHH HOBOH: HHQ:>opMalJ;HH 

--~ ..----tli Jt.C.i h lj( i~ril.iH IUicmyr

r !I~~~MX H'C~eJOR!U31 J 

YTOtIHeHHlI cy

npH cpaBHeHHH 
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(1) 

(2) 

rne 7 - BpeMH .u.BH)KeHHH tlaCTHIJ;hI OT TOtlKH poacnenaa zto TOqKH B3aHMO

.u.eHCTBHH, a o - ceseaae B3aHMo.u.eHCTBHH CcPOpMHpOBaBillHXCH qaCTHIJ; c HYK

JIOHOM (snaveaae a o npa pa3JIHtlHhIX 3HeprHHX MhI 6paJIH M3 axcneparaen

TOB) , 7 o  napar-rerp, <f>OPMYJIY (1) MO)KHO sanacars B nane 

(1 -Qmo/{3'Y)
a = ao - e . 

Pacxer, B OCHOBHOM, npOBo.u.HJICH no MO.u. eJI H , no.u.P06HO onHcaHHOH 

B / 1 '. B OTJIHtlHe OT pa60ThI/ I I, B KOTOpOH xapaKTepHCTHKH tlaCTHIJ; H3 v N

B3aHMo.u.eHCTBHH passrrpstaanacs no ycpenaenasrra HHKJII03HBHhIM nan

HhIM, snecs MhI HCnOJIb30BaJlH paccaaramrsre sapaaee ornensnsre vN-co6hI

THH. B COOTBeTCTBHH c 3HepreTHtleCKHM cnercrpor-r HeHTpHHO 6hlJIO CMo.u.eJIH

pOBaHO ~ 10000 vN-B3aHMo.u.eHcTBHH, naaasre acex 3THX B3aHMo.u.eHcTBHH 

sarracansr lia JIeHTY~ KaK B /1 /, MhI CtlHTaJlH, tlTO cexeaae B3aHMo.u.eHCTBHH 

"tlaCTHIJ;hI" c HYKJIOHOM B anpe paBHO 

-7/70
a=ao(l-e ), 

3.u.eCb Q - .u.JIHHa npo6era tlaCTHIJ;hI B anpe OT TOqKM ee p0)K,[(eHHH no TOtlKH 

B3aHMo.u.eHcTBHH, mo = 1/70"' (3 - CKOpOCTb qaCTHIJ;hI, 

MhI paCCtlMThIBaJlH ~ 10000 B3aHMo.u.eHcTBHH HeHTpHHo c H.u.paMH Cu 
H Pb (TaKYIO CTaTHCTHKY rrpennorrar-aror naõpars B paCCMaTpHBaeMOM axcne

pHMeHTe). Oco6oe BHHMaHHe y.u.eJIHJIH HCCJIe.u.OBaHHIO qYBCTBHTeJIbHOCTH 

pa3JIHtlHhIX o.u.HOtlaCTHtJ:HhIX xapaKTepHCTHK BTOpHtlHhIX tlaCTHIJ; no OTHO

IlleHMIO K H3MeHeHHIO napaxrerpa mo . 3aMeTHM, qTO 3HatleHHIO mo ~'OO COOT

BeTcTByeT 06hItlHaH KaCKa.u,HaH Mo.u.eJIb. B pa6oTe/ 1/ npn mo =0,4 r3B 

nOJIYtleHO xoponree COrJIaCHe reopaa c 3KcnepHMeHToM. 

Ha pHC. 1-5 nOKa3aHhI paccsnranasre pacnpeneneaaa. Ha pnc.I H 2 
rrpaaenensr HMnYJIbCHhle cnercrpi.r nMOHOB H3 vCu- H vPb-B3aHMo.u.eHCTBHH 

npn pa3HbIX 3HaqeHHHX napar-rerpa mo. BH.u.HO, tlTO cpenane aaeprna nHO~OB 

H3MeHHIOTCH npn paCCMOTpeHHhIX 3HatleHHHX na 10-15%. B cnercrpe 7T-Me30

HOB TaK)Ke MO)KHO Ha6JIIO.u.aTb snanarem.nsre H3MeHeHHH ripa nepexone 

OT onaoro 3HatleHHH mo K npyror-ry. KaK H CJIe.u.OBaJIO O)KH.u.aTb, 60JIee 

TH)KeJIhle anpa-rannreaa ynoõnee .u.JIH HCCJIe.u.OBaHHH. 3cPcPeKTa cPOpMHpoBa

HHH tlaCTHIJ;. 

Ha pac.S H 4 npaaenensr pacnpenerreaaa MHO)KeCTBeHHOCTH oõpaao

BaBIllHXCH HYKJIOHOB, a TaK)Ke aerro-sapana Q = n" - n". 3.u.ecb TaK)Ke 

3aMeTHa onpenerreaaaa tlYBCTBHTeJIbHOCTb paCCtlHTaHHhIX BeJIHqHH npa H3

MeHeHHH mo. 

'Y = 1/.)1 - {32 • 

. 'I 

(., 

• 
*IIOCJleOHue pesynsraru 

UM OJlfl'OPY2UX noneú. 

2 

õunu nOJIYlJeHbl íl.II.TeMHUK08bIM U UCnOJlb308MUCb 

w lOW 
vCu 

0.15 

0.1 

o. 

0.1 0.5 1.5 2 p. 

Puc.1. HMnYJlbCltble pacnpeàenenun nuo
uoe, POÕUBUiUXCfl B VCU-(J3aUMOOeuCT
euu. 3Ha1leHllfl napauctpoe 1110+00 (-) 
U mo= 0,4 TJB (- - o). Cpcàuue suauenun 
UMnYJlbCOB paenu p= (0,814 ± 
± 0,005) rJB/c npu mo+oo li p=(0,898± 
±O,005) rJBjc npu 1110=0,4 r3B. 
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Puc.2. HMnYJlbClIble pacnpeàenenun nuo
HOB, POOUBUiUXCfl B vPb-B3aUMOOeiícrBuu. 
3HaIJeHUJl napauetpoe mo"' OO (--) 

U 1110 = 0,4 rJB (- - o). Cpeànue 3HaIJeHUJl 
UMnYJlbCOB paeuu p=(0,746±0,005)r3B/c 
npu mo ~ u p= (0,867 ±0,005) Fsli]«00 

npu mo = 0,4 r3B. 

Puc.3. Pacnpeàeneuun no MHOJICeCr8eHHO
cru HYKJlOHOB, POOU8UlUXCfl B vCv-esauuo
àeücteuu. 3liaIJeHUfl napauetpoe paeuu 
mo ~ (--) U mo =0,4 r3B (- - o).00 

Cpeànue 3HaIJeHUfl unoxecreennocreü 
N= 3,16 ± 0,03 (mo ~ 00/, N= 2,79 ± 
± 0,03 (mo = 0,4 r3B) .• 

3 



1 

Puc.s. Pacnpeàenenus HeTTO-3apJlOíJ Q = n+--n- '1aCXUI{, 

pOOU8UlUXCJl 80 83aUMOOeUCreuu nCUTpUHQ c ueàsto. 
r:-,
" ,	 3ílalleHUJl napascetpoe mo + oc (--j li mo = 0,4 rJB 

[:> o}. Cpeõuue 3HaIJeHUJl Q paenu: Q = 2,05 ± 0,02 
(mo + <Xl) U Q-= 1,91 ± 0,02 ("10 =0,4 r3B). 

0'3

~0,2 
I 

0,714 1--10,1
 

0.67Sh
 
2 4 6 Q 0,2 

Puc.S. Pacnpeàeneuue no MHOJICeCT8eHHOCTU 0,1
HYKflOH08, POÕU8WUXCJl ,8 VCU-83aUMooeUCT


8UU U eunereeusux 8 saõntoto nonycifiepy.
 
3HaIJeHUJl napa.Merp08.' mo + oo (_.-),
 

mo =0,4 r3B (- - o). Cpeõuue snasenus MHO


JlCec!.8eHHocTeu n== 0,532 ±0,005 (--) ~
 
U n= 0,454 ±1J,004 ( mo =0,4 r3B). , o 1 2 n
 

Ha pac.õ noKa3aHhI pacnpenenenaa "KYMYJIHTliBHhIX" HYKJIOHOB. 

B paxncax MOAeJIli raxae HYKJIOHhI, BhIJIeTaIOI.IJ;lie B 3a,nHIOIO nonycrpepy, 
B OCHOBHOM 06Pa3YlOTCH aa-sa HaJIliqliR nOrJIOII.J;eHliR nliOHOB B RApe, a TaK· 

xce MHorOKpaTHhIX rrepepacceanaã na HYKJIOHax RApa. C YMeHbllIeHlieM 

mo YMeHblllaeTCH qliCJIO BHYTpliR,nepHhIX rrepepacceanaü, li lIliCJIO "KYMYJIH

TliBHhIX" HYKJIOHOB TaK)Ke YMeHblllaeTCR. 

Harepecao npocnenars 3a li3MeHeHlieM BeJIli1-1HH , onpenenaesnax pas
BliTlieM BHYTpliRAepHOro KaCKaAa B pa3JIliQHhIX anpax B VA-C'fOJIKHOBeHliH 

npa pa3HhIX 3HepnIRX HeihpliHO. B Ta6JI. 1 npaneneasr naamae, xapatcre
paayroume npouecc neynpyror-o asaavroneâcraaa neürpaao c Mep;blO npn 

pa3JIHtIHhIX MaKCliMaJIhHhIX aaepraax HeHTpliHo E (r3B) (nepasrã CTOJIv 
6eu; Ta6JIliUhI) li pa3JIlillHhIX 3HaQeHliJIX napaMeTpa mo (r3B). ,Z:VIR cpaBueHliR 

npliBeneHhI TaK')Ke cooTBeTcTBYIOI.Qli € xapaKTeplicTliKli v N-CTOJIK'HOBeHHH, 

IiCnOJIb30BaI-IHhIX B HalllliX paCqeTax. Bo BTOpOM cToJI6ue Ta6JIIiIJ;hI nOKa3aHhI 
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rpHWHH B.r., EnHceeB C.M. P2-87-859 
Mo,~:teJIHpoamme HeifrpHHo-.R,D;epHbiX B3aHMo.n;eikTBHH 
npH :mepnmx E = 3~30 r3B 

IIpoae.n;eHo TeopeTHqecKoe Hccne.n;oBaHHe rny6oKoHeynpyroro 
HeifrpHHO·.fl~epHOrO B3aHMO,ZJ;eHCTBH.fl npH 3HeprH.R:X 3;30 r3B MeTO,ZJ;OM 
Mo.n;enHpoBaHH.fl. PacqeTbl npoao.n;HJIHCb MeTo.n;oM MoHTe-Kapno npH 
ycJIOBH.fiX, 6JIH3KHX K fiJiaHHpyeMOMy 3KCnepHMeHTY Ha cepnyxOB· 
CKOM YCKOpHTeJie. l1cnOJib30BaJiaC:& MO,ZJ;eJib MHOroKpaTHOrO pacceii
HH.fl qacTHI.\ B R:,D;pe C yqeTOM ,ZJ;JIHHbl HX $OpMHpOBaHH.fl. l13yqeHbl Xa
paKTepHCTHKH BeTB.flll.UfXC.fl npOI.\ecCOB B R:,D;pax CBHHI.\a H Me,ZJ;H npH 
pa3HbiX 3HeprliR:X HeihpHHO H pa3JIHqHbJX napaMeTpax ,lJ;JIHHbl $opMH
pOBaHH.fl. floKa3aHO, qTo BO MHOrHX CJiyqanx ,ZJ;JI.fl HCCJie,ZJ;OBaHH.fl 
npOCTpaHCTBeHHO-BpeMeHHoro pa3BHTH.fl MHO)I(eCTBeHHOrO npouecca 
y.n;o6HO HCfiOJib30BaTL T.fl)l(eJibie .R,D;pa-MHWeHH. 

Pa6oTa BbmonHeHa B Jia6opaTopHH TeopeTHqecKoH: $H3HKH 
OHHH. 

Coo6wettHe 061oe.nHHeHHoro HHCTHTyTa ll.llepHWx HCCJJe.llOBaHIIA • .lly6Ha 1987 

llepeao.n; T.IO . .[J:yM6paH:c 

Grishin V.G., Eliseev S.M. P2-87-859 
Simulation of Neutrino-Nucleus Interactions 
at Energies E = 3:30 Ge V 

Theoretical study of deep inelastic neutrino-nucleus interaction 
at 3.;30 Ge V is made by the simulation method. Calculations are carri
ed out by Monte-Carlo method under conditions close to the planned 
experiment. Use was made of the model of multiple scattering of par
ticles with the length of their formation (formation zone effect) taken 
into account. Characteristics are studied of branching processes in 
lead and copper nuclei at different neutrino energies and parameters 
of the formation length. It is shown that in many cases it is convenient 
to utilize heavy nucleus-targets for investigating the space-time evo
lution of multiparticle processes. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1987 


