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II 2 31
B pacorax " rroJIytleHhI :31tcrrepHMeHTaJIóHhle naaase no cpe,lUlliM 

MHO~eCTBeHHOCTHM,KMIIYJIóCHHM H yrROBhIM pacnpe,neReHHaM OhICTpHX He~Tpo
HOB ( Pn ~ I faB/c), oCípaSOBaHHhIX B nponeccax pp -, Pli. C- , 
PlO~ e. -BsaHMo.n;aAcTBd npl'I HMIIyJIócax 10 H 300 faB/c, a raxae aaaaorax
ase ,naHHbIe.IJ;J1f.l Ji- P-, ai- ~ i C - CTOJIKHOBeHHit npli 4; 7 li 40 faBI c. 

B HaCTOHme~ paOOTe HSyqaIDTCH aTl'I ~e xapaKTepl'ICTl'IKH ~ OhICTphIX 
HeitTpoHoB B l'IHKnIDSl'IBHHX rrponeccàx: 

p + P ---. n -+: X ~ (I) 

p + IZC-l tt + :x (2) 

nplI Pp =4,2 faB/c B YCJIO:BlffiX 411 -reoMeTpHl'I.IlOJIytleHHhIe aKCrrepHMeH
TaJIóHhIe ,naHHHe CpaBHHBaDTCH c paCtIeTaMR no AYH,IJ;-Mo,neJIH (pP-BSaH
Mo.n;eitcTBIDI> R no .n;.YOHeHCKOMy BapBaHTY sacsanaoã Mo,neJnl (,IU(M) ,nJm

/1-41pC - BSaHMo.n;eitcTBHit, a TaREe c paRee noJIYtIeHHhIMB peSYJIóTaTaMH • 
IloMKMO aTOro onpe.n;eR8HbI CetIeHHH B3aHMo,neftcTBRH OhICTPHX HeftTpoHoB c 
~paMH yrJIepo.n;a ~ oOpaSOBaHHH SBes,n c ~CJIOM saPHZeHHHX ~CTBn 

n±~ 3 rrPB P = I; 1,7 B 4,2 faBio, KOTQPhIe HeoOxo,ItIDdhI npB' onjieneas-
HBB aqxpeRTHBHOCTB HX peI'ilCTpan;1m , H BSMepetIH cYMMaPHHe HMIIyJIóChI 
BTOpB~HX HeftTpaJIóUHX sBes,n no KMnY~caM SapHE8HHhIX ~CTBn B HHX. 

aKCIIEPmtEHT.A.1l:bHHI lIATEmAJI 

3KcnepHMeHTaJIbHuR MaTePBaJI ORn rr0JIYtIeHC noMOmPD ,nByxMeTpoBoft 
rrponaHoBoit (CsHs) nYShIpD~OBoft KaMepH, oo~eHHoft npOTOHaMH c 
Pp =4,2 TBB/c H8 CBHXPO~soTpoHe !B3 O~.BRno .n;Ba~ npOCMOTpeHO 
OKOJIO 14 ThIORtI CTepeOCHBMKOB. H8 ROTOpHX peI'ilCTpBpOBaJIBCD COOhITBH 
TOJIóKO c O,IUmM rrepBBllliH)! B3àKuo,neftcTBBeM na cImMRe.B aqxpeKTBBHoit 
OORaCTH KaMephI ORnO HaQ,neKo 4324 HeyDpyrHX p(CsHs) - BSaHMo,neftcT
W H 346 BTOpBtIHhIX asean c tnlCROM sapaEeHHIa·tmCT~ n± ~ 3, oõpa
SOBaHHHX BTOpBllliWJm HeitTpaJIbHHMl! tIaCTBn8MB ( 

II 
11· - SBeS,IUi). 

~KTJlBHOCTD .n;BoitRoro npocMoTpa .IJ;J1f.I Haxo~eHIDI nepBBtIHHX 
asean c n± ~ 2 osasazacs paBHoA P:: 99%, a .IJ;JI.R: MaJIoJIYt{eBHX "::t:. <: 2 
anean COCTaBWI8 ~ S5%. a<M>eKTBBHOC'rD Haxo~eImH " n' " asesn COCTa
BBRa ~ 98%. 

IloporoBoe SH8tIeHBe BMITyJIóoa HelTpoHa ,nAH oOpasoBaH~.n~sBes,n 
c n±~ 3 npB BSaHMo,neftcTBBH c ~paMH yrRepo,na ij BO~opo,na MeRDme 
1 raB/c.O.n;HaKo noJIYtIeHHhIe B aRCnePBMeHTe HMllYJIóCHhIe pacrrpe,neReHRR 
HeftTpoHoB H npoBe,neHHhIe OneHRB, OCHOBaHHhIe Ha aHepreTBtIeCKOM nOBe,ne
Hl1IB nORHHX Heynpyrn cetIemUt np- , n /i.C - B8aHMo,neftcTmút noza
aaza, tITO 96% ~ n " - aaesn c n.:t~ 3 00J)83YJJTCH npH :HMIIyJIócax HeftTpo

.. --...~~~.;..~ 
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HOB Pn~ I raB/c.B CBR3M c aTHM no~eHHHe ~aHHHe OTHOCHTCR B QCHOB
HOM K Pn?- I faB/c·. 

MeTo~~ecKHe BonpocH aKcnepHMeHTa paccMoTpeHH B 15/.Y~eT non

DaBoK' H8. llJoHoBHe IIpoueccH B 'tffiCJIO ..nu - 3Be3~, onpe~eJIeHHe HMIlYJTh
11261COB H yrJIOB BHJIeTa He~TpOHOB OllHcaHH B " .~HOBHe npoueCCH,BH3

BaHHHe "c.JIY'lffiihmr~m" He~TpOHaMI1 M He~TpaJThHHMll CTJ;laHHHMll -qaCTMUaMM 
COCTaIDiJIk! ~ 4%. 

Cpe~HRH OlliM6K8 B onpe~eJIeHEH HMIIYJIDCOB 0~H03ap~HX ~CTHU OKO
JIO ;::;;' II%,0Ilm6KH B onpeneaeaaa ynna BHJIeTa He~TJ;lOHÇl. ne npeBbIlIlaIOT 
~ 0,50 • 

Ha~eHHHe npM npocMoTpe Bce 4324 nepBHqHHX B3aRMO~e~CTBRH c y~e
T9~ OITk!CaHHHX BHille nonpaBoK 6UJIE CTaTMCTH~eCKH pa3~eJIeHH Ha pp- M 
~ C.- C06HTMH COrJIaCHO M3aeCTHHM ce~eHEHM aTHX B3aRMO~e~CTBk!H 
( 6'~~ = (26,0±I,0)M6H, <5;.fc ~50±IO) M6H) 17 ,s/ . B C06HTIDIX 2Ke c 
3aperMCTpMpOBaHHO~ li n li - 3Be3~oit (346 C06HTmt) B3aH.M0~e:ticTBk!R npo

TOHOB c ~aMI1 yrJIepo~a B~eJIRJIk!Cb ~~7ex B3aMMO~e~CTBk!~ B nponaHe 
no mmyaJIbHHM KpHTepMHM, OrmCaHHHM B • IIo aTRM KpMTepk!HM BEmeJIReT-
CH (70±3)% Heyrrpyrmc p'S/.C - C06HTM~. OCTaBUIaRcR me ~CTb (~ 30%) 

no xapaKTepHCTMKaM nonooaa pp - B3aJlMO~e:ticTm.sw :li noaroay npaoaa-
JIRJIaCb CTaTMCTJ/PleCKH' K p'te. -B3a:HM0~e:ticTBll:HM. 

~ yqeTa HeHTpoHoB, He npOB3aKMO~e:ticTBOBaBmRX B 8~eKTHBHoM 06~eMe 

KaMepH, BBO~JIk!Cb "reOMeTpM~eCKHe Beca" ~ :KB.2l\I(0~ aaperacrpajoaaa-

HOH 11 n "- 3Be3~H: -1.. 

Wn::: [1 - exp (- fiLÜ, (3) 

r~e~ f -,IVmHa nOTeImMaJIbHOrO npocera He:ttTpoHa OT nepaaxaoã 3Be3
~H no rpaHl1[(C1 a~eKTMBHoH ooaacra KaMepH; 

L:~/nQ~~~~- cpe~ ~Ha cB06o~oro llp06era He:aTpoHa c HMllYJIbCO~ 
Pn ; n. - lIHCJI(I) MOJIeKyJI B I CM3 nponana c .p <CsHS)=0,43 r/cM ; 
~~l:~)- ce~eHHe Heyrrpyroro B3aKMO~eHCTBHR He:ttTpOHa c ~aHHHM Pn C 

MOJIeKYJIo:a nponana , 06paSOBaBlIlerO n. li. - 3Bes~y c r1:± ~ 3.3~0 ceseli 

HHe B~CJIRJIOCD q yg&TOM ce~eHl1:ti B3aMMO~e:aCTBHH He:aTpOHOB c ~aMn 
".t~~ /T.f3/ ( f7:t.~~ sonopona Õ np 'M ~m.m: yrJIepo~a 5n C ) : 

r-' n.t~3 3 (5 f1:t~3 g 6 n:t~~ (4)
un(é,HS) = n C + np 

n.:t~3 
3Ha~eImH eInp B sa"C~OCTH OT BeJIHlllUm E:MlIJ]IDca He:aTpoHa npen-
CTaBJIeHH na pHcYHKe I ' • T~ lte ~, B M6H noaaae HeynpyrHe cexe-
HIDI np - B3aHMo~e:acTBd' (~~p ) S.Ra pHcyHKe 2 npH.~e~eHH saase
~rni~ HeynpyrHX ce-qeImI n,&c! - B3mnm~e:acTBH1! (õ;c) no naa

x) IIpe~noJIaraeTcH,-qTo <5Áf ~ õt~ H ef~/~C = Õ;/~C . 

2 

".t~3
3KcneJ;lIDJIeHTaJThHHe ~aHHHe .IWl SHa-qeIm:a õ'nt! OTCYTCTHYIOT B JIk!Te

f7,.1-3
paTYJ;le.IIoaTOMY ~ onpe~eJIeImR ~t7é B 3aBRCIDJIOCTM OT MMIIYJIbCa HeHT
pOHa 6HJIa nJ;lOBe~eHa cne~aJIbHaR MeTo~~eCKaH pa60Ta (eM. ~e). 

OIIPEllElIEffi1E C~ .BSAMMo.J1lltcTBIDt HEl1TPOHOB C JULPAMl1 
YrJIEPO,UA C OEPA30.BAillillv1 3BE3n C n..:t~3 IIPM 1,0; 1,7 M, 4,2 faB/c 

f1i~3
,1J,m:r onpe~eJIeHllH Õ n c! 6wm npocMoTpeHH cImMIm é ~ByxMeTpoBo~ 

nJ;lOnaHOBo~ RaMepH, 06~eHHo:ti ~e~TpOHaMR nJ;lM KMllY~cax 1,0; 1,7 H 
4,2 faB/c Ha HyKJIOH Ha CRHXpO~30TpoHe KB3 OMRM.Ha CHH.MKaX OT6Rp~JIHCD 
BSak!MO~e~CTBk!H ~eHTpoHa c MOJIeKYJIOH nponaHa c 06pa30BaHMeM CTpHllllHH

rOBoro npoToHa: 
d + C3 HB ~ Ps + n (C3 Hs). (5) 

'MeTO~Ka B~eJIeHk!R c~eB peaKUHR (5)no~p06HO OllHcaHa ~IO/. 
'Iaxae C06HTllH cooTBeTcTByI!JT c.n.yqa.HM n (CeHS) - coy,napeHM.Cpe~ scex 

li t.t1 •
HatmeHHWC C06HTH~ I~ n(C,)H6) peaKIUlIH (5) HaxO~Cb lIHCJIO c.nyqaeB
 

. í1+ 23 ) . .
NnlC~ Hi') c n t;? 3 (sa nCRJII)~eHHeM Ps ), xoropoe M onpeneaaao
( 
cexeaaa BSa1l1M0~ettcTBHH He:aTpoHoB. npa ( n± ~ 3), c MoJIeKYJIoíl nponaaa 

B saBHCHMOCTR OT HMlly~ca HeATpoHa: . .
 
nJ. ~ 3 n:!: >3 /,. n I t.n {6.)
 

<5 (C
3 H

S) ::: ~n(C~H.)·:G"n(cJ~a) . Nn(CJHr},n
in in '; i.n *)

r~e' Gt(C Hg) =.3 fJn fi -+ g.6np. .' . . -,.. ;'
3 

B racaaue 2 np~~cTàBJreHa cTaTHc.TBRB BSfUP40~e:acTBHil N(n<cSfls» iii 
..lltL l.n. /t:J/ T .Heynpyrmc: ri rt(C~ Hs) B <5 n(CjI-l,) ., aM .JIte npHBo,nJiTCH no;ryqeH..-

HHe no !foPMYJIe (6) :malleHRfI 6"~lC3HI) M 6'~t~3, npH Ptt. =1,0;1, 7 

M 4,2 faB/c.3TM SHa-qeJmH ~JIH 6'n:~3(f\ ljU,.)B M6H npMBe~eHH aa pHc.2. 
npyrne 3Ha~eHWl 8TOA BeIDI"tDUiH noirrreHII B npe~oJIoJlteHID'l nonoõaa aaepre

TM-qecKoA saBHCRMOCTR ce-qeHH:a 1'-11.[- H P-P I I BSaRMO~eitcTmII npH 
n:t ~ 3 B MHTepOOJIe iIf1UIYJIbCOB 4+40 raB/c 11 ~JI.ll tlp - H n/tê 

BSaHMO~e:ticTBk!il.B aTOM npennOJIOJlteHHH SHa-qeHHH
 
n, ~3 nt~3 . 

Õ -[' = ~. ô Ln (7)n &11 n C'
~hP , n#~3 

B npeneaax norpernlIOCTH '9Ha~eHWl Õn-~ HS (7) npH Pt1 ~ 2 faB/c cor-
JIacyDTcH c 8KCnepHMeHTaJIbHO onpe~eJIeHHHMH'SHa-qeHRHME G;~~3<PMc.2). 
IIPH P ~ 1,7 faB/c <PoPMYJIB (7) ~aeT saRUeHHHe 3Ha-qeHB!i ce-qeHHI

n 
(CM.nyHKTEpHaH KPHB8JI). 

)E) IlpH onpe,neJIeHHH Nl~r3 H~ BwntTaJIBCD pe~cTpp!pyeMaH
 
( Pp ~ 160 MaB/c) B ny3HP:OKOBOA KaMepe 'lffiCTb (70%) BCS,rpyrmc
 

njD -B3aRMo~e!CTnaa, 3Ha-qeHHH ce-qeHHI KOTOpHX ~aHH B S .
 

.3 



Ta6mma I. CTaT~GT~Ra eooHTH~ 

~Il asaa N.f.Mo,neílcTBHH Neoo• 11 N;(w) 

~ 

n"~3Ha pHCYHKe 2 IlpHBe,neHhI SHaqeHllH 6'}'I-C B salillCHMOCTH OT PI1.. • 
B OOJIaCTH Pn~ 4,2 faB/c pacxeru IlpOllSBo,ILIi.J&C:n IlO WoPMYJI8 (7) , a B 
OOJIaCTH Pn!f 1,7 faB/c HCIlOJlb30BaJiliC:n aRCIlepHMeHTaJIbHHe SHaqeHIDI

n ~3 .Gn!é npa Ptl =1,7 H 1,0 faB/c (CM. 'I'aOJI.2).OIIpe,neJIeHHhIe cexe-
IDIH BSaHMo,rr.eíicTBHH OHCTphIX HeíiTpoHoB ( P ~ I faB/c) c H,I(paMH yrJIe
pena IlpH n;t.?:- 3 B saBHCHMOCTll OT PI1.. HCIlOJThSOBaJllic:n ,!CJI.ff onpenene

pp HllH a~eRTHBHoCTH perHcTpaUllll HeHTpoHoB B ,naHHoH paOoTe.1114 75.t9 623j:82 1
n 

pli.[! 3438 264±16 2613±I73 CPFJLHíIH MHO~TBEHHOCTb :HERTPOHOB,OEPA30BAHHIDC 

250 o o ,oG,,"lnp) 9 9 99
ll"ln(ncJ(Gn,.. "'P) (••".(nC)) 

35 

30 ,,/t
t ? 

150 0-6i,,(nC) 
• -6'"UI(I1C)(_~..-425 ~A' 
l:J.-6'"tu(nClC'-tftlllplpo''''''['1J) 

20r ?
9 100 /'*

o -6in(np)151 9 '" /*
lJ. -6n, ,,(np) 

/"
f

50 
10 

t" 
1 2 3 ... 5 6 ]

6, I 8 9 lO 

Pn (r.8A:) 

Pn, r'8/c 
2 6 10 14 18 22 

Pac.I. ~9~9HHa BS~0'92CTBKa u92T-Pae.2. C9~9HKH B3BRMO~9iCTBHH H9~T
pOROB C npOTOHaMK 7,8 :0 - llanH09 pOROB C ~aMH yr~9pO~; o _ 
H9ynpyr09 C9~9ID19; L1 - C9'll9RJ49 Oó- 'llOJIH09 H9ynpyr09 C9~9lm9;A _ 
paaosaaaa 3B9S,IUi Cn+ ~ 3. C9~9Ha9 A7IR oopaaosaaaa 3B93,IUi , 

- cri ± ~ 3, Bbm1M9HH09 no ~PMY~9 /7/. 
& - ~9 HacTo~9i paóoTH. 

T80~a 2. Ce~eImR n/te - H t1.(CsH8)':" BS8MMo,neicTmIit c n , ~ 3 

Pn N NL11. #1 ns ~ ... in
 
G'n(Ch),MÓH 

r-»» 
n'?-3
(raB/c) tl(CsH8) n(CsHa) n(Ch) n''13

G'r(t'~H~,M6H c:JÚ')MÓH ÕnpJ MÓH 

1,0 2356 1952 92±10 696±15 36+6
1,7 \ 1427 1272 

lQ±2,5 0,72±0,13
S33±lB 748±15 223;t12 65;t4 3,5 ±0,34,2 1762 1626 942±31 866±15 55S±15 146±5 14,5 ±O,6 

4 

B PP -B3A11MO.llEL1CTBWIX 

B Tao~e 3 IIpe,ncTaBJIeHa IIo~aH cpe,nHHH MHO~eCTBeHHOCTh HeHTpo
HOB E OHCTphIX HeRTpOHOB <Nf(W» ,OOpaSOBaHHhIX B pp-BsaHMo,neíicTBHHX 
IlpH 4,2 faB/c. TaM JKe ,!CJI.ff cpaaaeaaa npnsenens anaxenaa (éN! (W») ,nJIfl 
pp-BSaHMo,neMcTBH.M Ilpl1 10 1\ 300 faBic, a TaKlKe,nJIR: 1j- p -BSéWMO,I(9n
CTBHH IIpl1 4;7 R 40 faB/c /1,2,3,8/. 

KaR B~O 11S TaOJIHUH 3, cpe,nHHe MHO~eCTBeHHOCTn HeRTpoHoB He 
saBHCHT B npenenax ouaoox OT sHeprRE BsaMMo,neHcTBM B HHTepBaJIe 

Pp =4~300 fsB/c B pp - CTOJIKHOBeHHHX H B UHT6pBaJIe P - =4-;40 faB/csr 
B rr-p - BSal1Mo,neficTBRHX. 

Ms ,naHHhIX IlO .( N~r1 {Pp» MOiKHO onenars Koa~eHT nepeaapanaa 
HyI\JIOHOB B pp-BSal1Mo,neHcTBRffX.MsBecTHo, qTO Koa~:u;neHT IIepesapH,IJ;Rli 
B TI':p - BSaHMo,ne:tl:cTBIDIX o< ( p~ 11 ) = <N~n >jj-p • B coynapeaaax xe 
IlpOTOHOB c IlpOTOHaMM BOSHllKaeT ,I(oIlOJIHETeJI:bHuM ECT01IHEK OHCTPUX ("JIE_ 
.ILEPYIDmnx") HefiTpoHoB BCJIe,nCTIDl:e IlepesapH,I(ICH HaJIeTaIOIljerO IlDoToHa.l1x 
1IMCAO B cpe~eM oy~eT IlpnOJiliSHTeJIhHO paBHO cpe,I(HellBepoHTHOCTl1 Heyrr
pyro:l1: nepeaapamcr Q( ( P 4) n, ). OTcIO,na MOJKHO C~Ta T:n1 qTO 

ol (p-rt) = (NI1)PP 
(8) 

~ 

Oneiremrae IlO (8) SHalIeHUH ol ( p...." n) IIpe,nCTaBJIeHH B raozane 3. 
Ms ,naHHhIX TaOJIEI.J;hI 3 CJIe,nyeT, qTO d.. ( p~ n ) B npenezax Olll1100K ne sa
BHCHT OT IlepIDl:1IHOM aHepI'HH H TIDIa BsaUMo,nei1cTBl1ll (rr:p HJIH pp) a , 
TaRliM oOpaSOM,JIBJI.fIeTC,fI Ilpl1MepHO IlOCTOffimOH B8JIE'tffifIOH B EHTepBaJIe 
HMIIYJI:bCOB 4+300 faB/c. 
~ orrnCaHRfI a~poHHhIX BSaHMo,nellcTBHR 111l1pOKO l1CIlOJI:b3yeTcH Mo,neJI:b, 

paspaOoTaHHaH ~SHKaMR r.]YH.ILa (EM),KoTopaH HeIIpephIBHo paSBRBaeTCH H 
B HaCTO.qmee BpeMH OIIllCHBaeT Bce Ilpo:u;eCChI BsaRMo,neRCTBHH qaCTHU H 
H,ILep IlpE BHCOKKX aHepr.aHX. OHa pacc~aeTCH B ~3HlIeCKHe :u;eHTpu B BH,ILe 
Y.lKe rOTOBhIX IlporpaMM ,nJIR 3HM, lITO IlOSBOJIR8T OUCTPO ee OCBaHBaTh 11 
IlpEMeHHTh ,nAR BH~CAeHHH ROHRpeTHHX IIpo:u;eCCOB. 
rrpe,nCTaBnHeT RHTepec IlpHMeHeHHe aTOM Mo,ne~ IIpl1 OTHOCl1TeJIhHO HHSKHX 
aneprnax ( E =4~6 fsB) ~AR onpezreaeaaa OOJIaCTll eê Ilpl1MeHHMOCTl1 

5 



"CH11:y'.lI2/. OITllCaH11e lÍflls11~ecRoro CMHc~a Mo~eJ~!401~JBaHHoH aa KBaH
Ta6Allua 3. Cpe~H~MHO~eCTBeHHocTb BTOpH~HX HeRTpoHoB TOB011 XPOMO~HaMllRe(KXn),Mo~O HaHTll B 06sopax ' • 

B pp-BSaHMà~eRCTBHHX H SHa~eHHR KOa~UHeHTa ~POHH B ]M paccM8Tp11BaIDTcR KaR npOT~eHHHe o~oMepHHe 06~eRTH, 

neynpyrcã nepeaapaaxa o< ( P ~ n ) co~ep~mlle UBeTHHe RBapKll.llpll CTO~KHOBeHllll a~pOHOB RBapKll B ueHTpa~
HOH 06~aCTI1: BsallMo~eHcTB;yroT (I :- RBaPKll), a Rpafume KBaPKI1: (I1:nM 

THn PO.J <NLn(W) o< (p~n)BSaMM-R raB/c . zN; (w) > n 

pp x)4,2 0,56±0,07 0,70+0,04 0,35±0,02
 
pp 10,0 0,70±0,I4 0,6 ±0,I

- X/)
3/ 0,30±0,05
 

pp 300,0 0,65±0,07 0,75±0,08 0, 38±0,04
 

']I-p cJ.3/ 0,30±0,04 0,39±0,04 0,39±0,044, /3/
fI-P 7,5 0,28±0,06 0,37±0,06 0,37±0,06 
m-p 40 ,0/3/ 0,28±0,04 0,37±0,04 0, 37±0,04 

x) rrO~~eHH no napUHa~HUM ce~eHHRM!8/. 

TaóJmIIa 4. Heynpre pP-BSaIDv'IO~e~CTBIDI npa p~4,2 ThB/c 
1:1 ;wX 

3Rcn, JIM <' P>,
~n(, '> 3Rcn. JIM

r~8/c. 

<YL+ > 2,94±0,08 2,39±0,04 < P,/IYL> - I,70±0,06
<ra,; '> I,30.±,0,04 I,37±0,04 - O,32±O,OI-c P.J,.'>< n..11.> 0,70.±,0,04 0,63±0,04 0,60±0,02 0,6I±0,04« PjJr>-c n: -> 0,27+0,02 0,20±0,04 < n:» 0,26±0,OI 0,26±0,02'" - P.L+« ~+'>O, 7 ±0,3 0,8I±0,04 « p'" > - 0,64±0,OI 
< n-n> 1,8 ±0,3 2,2 ±O,I JI,,»+> - 0,23±0,OI< P..L
<"k:t'>~ 0, 7± 0,1 0,8 ±O,I < f'. '1)0> - 0,60±0,OI 

./I 

x) lIaCTb naansx no.nyqeHH l1S paóol8/ 

~I 
~llKBaPKI1:) npO~OJDKaIDT ~BI1:JlteHI1:e 11 HaTRrHBaIDT UBeTHHe CTpyHH. OHH 06H~0 

HaSHBaIDTcR: .JllI,I(Hpyrom:HMI1: ( L- KBaPRaMIV. C Te~eH11eM BpeMeHH aTH CTPYHH 
PBYTCR: , 11 B pesYJThTaTe TyHHe~Horo 06paSOBaHIlR 11S BaKYYM8 qli -nap

W"(. 
06pasyeTcR CllCTeMa a~poHoB.lloc~e paapHBa CTPYHH (oTPYHa.~poH+ocTa
TOR) OCTaTOK CTPYHH ~parMeHTllpyeT ~a~ee HesaB11C11MO no~06Ho YMsHbmSH-
HOR ROITll11 nepBoHa~a~bH~fi CTPYHH. 
~ pac~eTOB pp-BSaI1:M0~eR9TBI1:H np11 P = 4,2 raB/c MH I1:7nJ~soBa

All BepcIDO nporpaMMH JIYJI,IJ;-MoHTe-Kap~o, ~eTaJThHO orracannyn B 4. Pac
~STH npOBO~~JD Ha EC-I061 OijffM 6es BBe~eHI1:R HOBHX napaMeTpoB no 
cpaBHeH11ID c 4 .KaR YJlte oTMe~a~ocb, ~ rr-p - BsallMo~eRCTBllH aTO 
np11BO~l1T R SaH11JlteHflIDCpe~ero ~c~a HeRTpOHOB<n ' B 1,5-2 pasa noM 

CpaBHeHI1:ID c aKCnepHMeHTOM np11 p =4 ~ 5 raB/c H y,n0~eTBOP'!2JDHOMY 
orracanan a~poHHHX nponeccos c nOMo~IO JIM npH p ~ 10 raB/c • 

B raczane 4 ~aeTCR: cpaaneaae/gac~7ToB no JIM H ~aHHHX no pp- asan
Mo~enCTBllRM, no~eHHHX B pa60Tax ,15. 

KaR ~o ns Taó~.4, cpe~ne xapaRTepncTHKH nnOHQB II HYKn0HOB 
B Heyrrpyrnx pp-BSaHMO~enCTBRRX xopomo OITllCUBaIDTCR JIM. 3TO CBRSaHq c 
Ma~HM ce~eHHeM sa~oBOoóMeHHHX npoueccoB B PP-BSaHMO~e~CTBRRX II 

B JIM, B OTJm~e OT tip- coy;n;apemra npa rex JKe aHepI'RRX /4,8,12/. 
OCHOBHyJD pOJTh B aTnx npoueccax llrpaDT nep11~epH~ecKHe BSaHMO~e~CTBIDI 

HyKnOHOB c 06paaOBaHI1:eM lls06ap (~), ~TO xopomo y~THB8eTCR B JIM 
BBe~eHlieM npO~OJThHOrO qJasoBoro OÓ.DeMall pOJJr,D;eH11eM ~pOHOB ~ V( 6)

. /4 8/
MYJThTHn~eTaMll B H118llIHX COCTO.fIHWiX ' .06paSOBaHlle MeSOHHHX peSOHaH-
COB npll aTnx aHepraax HecymecTBeHHO /87. 

CPFJJBRH MHOJKECTBEHHOCTh WCTPUX ( Pn ~ I raB/c) HEaTPOHOB, 
OEPA30BAH1illX B pI2 C -BSAMMOJJ.EV1CTBIDIX 

B Ta6~ue 5 np11Be~eHa MHOJlteCTBeHHOCTb 6HCTPUX HeHTpoHoB, 06paso~ 

BaHHHX B P C - CTO~KHOBeHHRX np11 Pp =4,2 raB/c ..1lJm cpaaaenas TaM 
Jlte nPHBe'l,H cpe~l1e MHOJlteCTBeHHOCTB ~~ pI2C - Bsa11,~,eHCTBllH np11 
10 raB/c 11 p20N~ - BSaHMO~e~CTBllR np11 300 raB/c .KaR ~o 

l1S ~aHHHX, cyurecraeanoro BOSpaCTaHHR sHa~eH11fi «Nt >PC c yBeJlli~eHlleM 
nepBll~oro llMITynnca He Ha6~aeTcR. 3RCnepllMeHTa~HHe SHa~eHI1:R 

'1 (N:>PC cpaBH11BaAllCb c paC~eTaMll no nKM,RoTopue npOBO~JlliCb nYTeM 
pOSHrplIDla 11cKyccTBeHHHX "snesn", c ~eToM aRcrrep11MeHTaJThHHX yc~oBI1:ii 
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I· 
Taônnna 5.	 Cpe~ ~foxeCTBeHHOCTh HeMTpoHoB c 

~ 

p~ I faB/c li pC - BsalfMo,n;eíicTBIDrx . 
Pp,faB/c <N/rw) <Nf~J.ll{M R; -'" <fII!:>pc

<Nl>pp 
}l 

4,2 0,76±0,05 0,60 I,34±0,26 

10,0 0,89±0,08 1,02 I,20±0,23 'I
300,0/21 I,08±0,06 

TaÔ~a 6.	 Cpe,n;Hlfe 1fMTIYnhCH ÔHCTpHX HeMTpoHoB \ 
B pp - lf pC-BSaHMo,n;eMCTElfRX 

í 
J. t. 

Pp,faB/c (PI?J{w»)pp ,faB/c ir; (W)pc,faB/o <P" ~c,faB/c (~) 'I 
~ 
I 

1,834,2 I.,9±0,I I,8iO,I	 I 
I 

10,0 2,5±0,I 2,7±0,I 2,9	 
I 
I 

~~nL ,,- - PP 
lo. __ pC

0.3 
- pC (I;lK~ 

l::> -pp- n e x
 
-PC.,..n+,X
 

-
• 

-pc- n e x (fi.") 0.2
 

0.2 

'I~~ 
\	 + 

10 20 

j \ I 

i 

~
to 20 ao 4.0 ' 5D Pn<r>M) 

PRo.3. llMny~OHHe pacnpeAe

JIeHIDI ÔHCTpHX HeiiTpOHOB
 
(P ~ I raB/c) B HeynpyrRX
n 
pp- R pI2C-BS8KMo,n;eHCTBHRX PHc.4. Pacnpe,n;eneHH8 Ô~OTpUX He~Tpo

npn Pp = 4,2 raB/o. KpHOOR 
 HOB B pp- H pI2C-BS8HMOA8HCTBMRX npR

pesYJIhTaT paCqeTa no ~ JWIR
 4,2 faB/c no yrJIaM (t9-IJJI. ) B JI.o. K. 
pI2C-BS8KMo,n;e~OTBMR. 

8 

Haô~~eHlfR ,Me~o,n;oM MOHTe-Kap~o,EaHK Mo,n;e~pOBaHHHX OOÔHTlfH OOCTa~
eT 16940 "sBes,n;". M3 Tl~mmH 4 BH,1l;HO, 'ITO op8BHeHlfe ope.rureif MHOJKeOT.,.. 
BeHHOOTlf HeMTpoHoB B p C - OTO~KHOBeH1fRX o paO'IeTaMM no nKM ,n;aeT 
OOBn~eHlfe B J~e,e~ax aKOnepHMeHTa~HHX OlliRÔOK• 

B paôoTe 6 llplfBO,IJ;1fTOH ope.n;HflH ~~JKeOTBeHHooTh llpOTOHOB o 
P > I faBio (Nt >pc =0, 9±0, I B P C - BS8HMo.n:efioTBlfíIX llplf 

4,2 faBio, 'tITO oor~aoyeToR o nnnyqeHHO~ B HaoTo~eM paôoTe 
ope.rureH MHOJKeOTBeHHooThro ÔHOTPHX HefiTpoHoB llplf aTOM JKe nepB1f~OM 

lfMllYJlli oe : 
l(Nn >PC =0,76 i 0,05.	 . 

OTHOllieRlfe ope.rurliX MHOJKeOTBeHHooTeM ÔHOTpHX HefiTpoHoB B pI2 C•lf 
pp 727To~KHOBeIDI.fIX (OM. TaÔ~. 5) OlfOTeMaTlf'tIeOKH coasure e,n;lfHID:(H.lIo nan
HIDt MHOJKeOTBeHHOOTR HefiTPoHo~, oÔpasoBaHHHX OT. nepesa~K1f Ha~e

Taromero npoToH8, O,IJ;nHaKOBH B pI C - H pp - BsaHMo,n;eíioI~.BHqTR lfS 
Oômero KO~'tIeOTBa ÔHOTPHX HefiTpoHoB, oôpaSYIDmHXOR B p C-R pp-OTO~K
HOBeHHRX, ~OTh HefiTpOHOB OT llepes8pgnKR na,n;aromero npOTOHa,no~ 

OTHollieHHe MHOJKeOTBeHHOOTefi ÔHOTpHX HeRTpOHOB,BHÔlfTHX lfS MEllieHefi 
(pJ1iC):
 

0,76 - 0,34
 
R (f';;Y" = 1,9 ± 0,3 •
 

0,56 - 0,34
 

OOHOBllB8RCh na ,naHl:lHX/ 2/, M01tHQ sanacars R(N~ {' =<~) ,T.e. 
'IROJIO BHYTp~epHHX OTo~KHoBeHHfi Ha o.ruro pI2c - BSaHMo,n;e~OTB1fe 
c 'V "7 = 1,90 i O, 30 • 

MMIIYJIbCilllE M YI'JIOWE PACllPE,1LEJIEHWI WCTPliX BTOPWlllliX
 
HEt!TPOHOB B PP - M pI2c - B3AVlMO.ILFJtCTBWIX
 

Ha PROYHKi23 nOK8SaHH RMnYJIhOHHe paonpe.n:e~eH1fR ÔHOTPHX HeKTpo
HOB B pp - lf P C - BS8RMo,n;eHCTB1f.fIX npR 4,2 faBio B ~.o.K.,r~eI2 

on~omHaR KpRBaR - pesYJIhTaT paO'tIeTa, llpoBe,n;eHHoro no nEM ,n;~ p C
BSaKMo,n;e~OTBRM.~O, 'tITO nEM y,no~eTBOpRTeJIhHO oor~aoyeToR o aKone
pRMeHTa~HHMR ,n;aHHHMH.Ms pROYHK8 3 TaKJKe ~o, 'ITO oneKTpH·ôHOTpHX

12HeHTpoHoB B pp - H P C - BSaHMo,n;e~OTBR.fIX llplf 4 faBio B npe,n;jiJX 
ouaoox cosnananr H RMeroT nonoõayn llx>PMY, K8K lf npa 10 ThB/o • 
O.n;HaKO o YBeJIR'tIeHHeM llepBR~OM 8HeprRH KMITYJIhOHHe cneKTp~ BTOPR'tI-
HHX ÔHOTPHX He~T~oHoB t2aHOBHTCR XeOT'Ie (TaÔH.6),xOTH cpe,n;HHe MHO
xeCTBeHHOOTR B pp-) P C - BSaRMo,n;e~oTBRHX oOBna,n;aIDT B npe,n;e~ 

omn60K TaÔJI. 3,5. aTO TaKEe ~O no OOOTBeTOTB~ 3Ha'tI8HRHM 
ope~ RMITYJIhOOB ÔHOTPHX He~TpOHOB npR 4,2 R 10 r~B/( ,KOTOP~ npR
Be,n;eHH B T8ÔRRne 6. 3TOT X8 a~Kj2~eeT MeOTO lf .n;JIH lI-P1 rr- C - co-
y;n;a~eImM n1J1I 4, I ; 7, O R 40 !'BB/o • 
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Pacrrpe~e~eHHR rro yr~aM ( Jrn~. )\OliCTpHX He~TpOHOB B ~.C.K. 
(pIW.4) OOHapYJKHB81OT ITMK BITe~~ H liMeIOT rr'pEMepHO O,IUlliaKOBIDi xapaz
Tep pacrrpe~e~eHH~ B pp - E P C- CTO~KHOBeHHRX.O~aKO C YBe~~éHEeM 

aHeprnH B3aRMO~e~CT~/cTeneHD KO~UMH Olit2PHX He~TpOHOB Brrepe~ 

B ~.C.K. YC~B8eTcR'· .Pac~eTli no ~ ~~ p C - B38MMO~enCTBM~ 
BocrrpOH3BO~T aKCrrepliMeHTa~Hlie pacrrpe~e~eHHR. 

3A.K1IKJqEfillE 

B HaCTORmeH paOOTe rro~yqeHH 3Ha~eHMR a~eKTMBHHX ce~eHH~ Bsan
MO.I\e~CTIDI~ OHCTpHX ( P ~ I faB/c C n,t~ S) HeilTpoHoB c JmpaMM yrJIen 
po~a	 rrpn HMITYnDcax I; 1,7 H 4,2 faB/c (cM. Tao~.2). 

B aTo~ xe paOOTe rro~eHH cpe~e MHOXeCTBeHnOCTlI, HMnY~CHlie 

E yr~oBHe ~acrrpe~e~eHHR BTOpn'llRbJX OHCTPlllC (P tl ~ I. ThB/c)	 He~TpoHoB12 .
B pp -.n p C - CTO~KHOBeHIDIX rrpE Pp:=' 4,2 raB/c.STR ~aHHHe CPaB
mIBaIOTCH c p:Jie~/0IIyOJrnKOBaHHHMH HaMB aHa~OrlIlffiHMH ~aHHw.m rrpli_10 
II SOO raB/c ' , a razae c ~ffiIHHMH ~ OliCT'pbJX He~TpoHoB B II p, 
r 12c - B3an:MO~eilcTBID!X npa 4;7,5 li 40 fsB/c.H3 cpaaaarezsaoro 
anazaaa Momro cneaars c~e~Y1Omne 3aKJIIO~eHID!: 

I. naHHHe ~acToRmeil II paHee orrYOJlJilKOB8HHbJX 11-31 paooT rr03BO
JIJD)T c~eJraT:o BHBO~ o HeSaBHCItIMOCTn B npenezax OIDnOOK OT allepnm 
B3aHMO~e~c~ÉRR cpe~eil MHOXeCTBeHHoqTB BTopn~HX HeilTpoHoB c 
I ThB/c B pp -, P C - CTo~~oBeHIDIX B m.my~CHOM lIHTepBaJIe 
(4,2-300) ThB/c E: B rr--p, rr- C - B38KMO~eilcT.BIDIX B HH~epBaJIe 

(4+40) rsB/c. B TO ~e BpeMR cpe~ MHOXeCTBeHHOCT:b BTOpHlllilllC OHCT
PHX HeilTpOHOB Cli~HO 3aBHcnT OT Tlirra ~pOHa -CHap~a (rr-HJIB P ). 

• 2. Koa~eHT Heynpyro~ nepe3awatIm o( (p..., n ) B rr --p - E: pp 
CTO~KHOBeHHRX B HMTIY~CHO~ oo~acTB (4-300) ThB/c nOCTOHHeH B rrpe~e
JIaX OIÍlRooK a ae 3aIDIcnT OT rrepBH~oil aaepraa E: rana ( Ji - P IDm PP ) 

,: BSaHMO~~ttCTBHil. 

S. no~oone KMITyJIDCH~ n yr~oBHX cneKTpoB OHCTPHX HettTpoHoB 
( Pn ~ I fsB/c) B pp - li pI2C - B3a1IMO~e~CTBID!X rrpn 4 E: 10 rsB/c, 
no-~oMY. YKBSHEaeT Ha nOCTORHCTBO MeX8HH3MOB po~eHKR OHCTpbJX 
HettTpoHoB rrpn 3THX sHeprnRX. 

4. Pac~eTH rro ,l(RM Y~OBJ1eT~pnTeJIDHO cornacynma c n0JIrIemuDJIH 
aKCrrepHMeHTaJIDJlliMH ~aHHHMH B P C - BSaHMo~eAcTBWiX rrpE: 4 II 10 ThB/c. 
~ygn-Mo~e~ xopomo OllECHEaeT oopasoBaHRe llBOHOB BO BS8RMo~eaCTBRHX 

npn pa:4,2 raBIc.. 
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ABTOPH npli3HaTe~HH yqaCTHliKaM COTPY~HE~eCTBa rro HCC~e~OBaHHID 
MHOXeCTBeHHliX rrpoueCCOB Ha rr'porraHoBHx IIy3Hp:bKOBHX KaMepax 3a rrOJIe3
HHe OOc~eHER E rrOMO~ B paOOTe.liaM rrpERTHO rrOOJIarO~apliT:b ~aoopaH

TOB CaMap~CKoro roc~apCTBeHHoro YHEBepCHTeTa 3a npOCMOTp H H3Me
'peRne coOUTEn. 
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6eKMHpaaes P.H. H AP· 
HaY4eHHe o6paaoBaHHH 6wCTpwx HeHTPOHOB (Pn~ 1 raB/c) 
a pp- H pl2c-saaHHOAeHCTBHRx npH Pp= 4,2 raB/c ' 

P1-87-652 

MHo•ecTBeHHOCTH, HHnynbcHwe H yrnoswe xapaKTePHCTHKH BTOPH4HWX 6wcTpwx 
HeHTPOHOB (N~) 8 pp- H pl2c-saaHMOAeHCTBHRX npH P = 4,2 raB/c onpeAeneHW 
B peaynbTaTe HCClleAOBaHHR BTOPH4HWX HeHTpanbHWX 3Be3A, o6paaoaaHHWX HeHTpO
HaMH C p ~ 1 raB/c B nponaHOBOH (CJHa) nyaWpbKOBoH KaMepe. ~aHHWe no pp
aaaHMOAeHCTBHHM cpaBHHBa~TCH C pac4eTaHH no flYHA-MOAenH, a no pi2C-cTOllKHO
aeHHRM ~ C AY6HeHCKHM aapHaHTOM KaCKaAHOH MOAenH /~KM/.3TH peaynbTaTW TaK*e 
conocTaanR~TCR c AaHHWMH npeAWA~Hx aHanorH4HWX pa6oT no n-p, pp-aaaHMOAeH
CTBHHM B HHTepaane HMnynbCOB 4fJ00 raB/c. noKaaaHO, 4TO K03~H~HeHT Hey
npyrOH nepeaaPRAKH u(p-n) B n-p- H pp-cTOllKHOBeHHRX B HMnynbCHOH o6naCTH 
4fJ00 raB/c npHMepHO nOCTORHeH H He aaBHCHT OT nepBH4HOH 3HeprHH H THna 
(n-p HllH pp) B3aHMOAeHCTBHH. Pac4eTW no ~KM H flYHA-MOAenH YAOBneTaopHTenbHO 
onHcwaa~T 3KcnepHMeHTanbHwe Aa~Hwe. 

Pa6oTa awnonHeHa a fla6opaTOPHH awcOKHX aHeprHH OH~H • 
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Bekmirzaev R.N. et al. Pl-87-652 
The Study of Fast Neutron Production (Pn ~ 1 GeV/c) in pp-
and p12c-lnteractions at Pp a 4.2 GeV/c 

MultiVIicity, momentum and angular distributions for secondary fast neu~ 
trons (Nn) in pp- and p12c interactions at P = 4.2 GeV/c have been obtained 
by analysing the secondary neutral stars generated by neutrons with p ~ 
~ 1 GeV/c In a propane (CJHS) bubble chamber. These data on pp- interaction! 
are compared with the calculations on lund model, and those on p12c lnterac 
tions are compared with the Dubna version of cascade model (DCM). These 
results are compared with the data of previous analogous studies on n-p, 
pp- interactions within the 4-300 GeV/c momentum ranqe. It Is shown that 
the coefficient of Inelastic nucleon charge exchange a(~) in n-p and pp
lnteractions is approximately constant and does not depend on primary 
energy and on type (n-p or pp) of interaction. The calculations on DCM and 
lund model satJsfactort"ly describe the experimental data. 

The Investigation has been performed at the Laboratory of High Energies, 
JINR. 
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