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H3uepeBW "';K4»4JepeBIDIanhBwe CeqeBBJl DO,ZlnoporoBoro o6p830sa
RIU K+-Me30BOB B JlHaDa:sORe HMny.m.COB 0.675 - 1.15 r3B/c B CTOJDC

ROBeRBJIX npoToBoB C 3Beplleii 1.7 r3B C JlJlPaMH Be II Cu. Pa60Ta BhI
DOllJleBa Ba ~o"yCllpYlOlQeMAJlPORBOM CDelCTpoMeTpe (C!'AC). ABa
nB3 "';a&BIIIX CBQeTenJocTByeT B DOnJo3Y npeBanRpOBallllJl: npJlMoro Me
Xa&H3Ma 06P830BaJDlJl ..aOB08. 

Double differential cross sections of K+ production from Be and Cu 
targets by protons at 1.7 GeV had been measured. Secondary bons in 
the momentum range 0.675 - 1.15 GeVIc were detected by Focusing 
Hadron Spectrometer (FHS). Data analysis evidences for prevalence 
of first chance collision production mechanism. 

Fmc. - 9, Cll2l00K ~T. - 20 HS.M. 



1. BBe,lleHUe. 

IhmYJIhCHhle paCnpe,l(eJIeHHSl HyKJIOHOB B .a.n;pax C MaCCOBhIM 'DICJlOM 60
nee 4 H3ytIa.JIHCL B TaKHX npolleccax KaK BhI6HBaHlfe mepm.rx: 4>parMeHTOB 

(p,d), paccemme 3JleKTPoHoB Ha j[JJ;pax (e,e' ), KBa3uynpyroe pacceKHHe 

3neKTpoHoB (e,e' p) H npOTOHOB (p,2p). Pe3YJThTaTOM 3THX Hccne,l(OBa

mrii 6LIJlo nOJIy'qeHHe 06nmpHOH RH$OpMa.IlHH 06 O,l(HOHYKJIOHKbIX BOJIHO

BhIX 4JYJfKllHllX K,nep B 06nacTR HMIlyJThCOB, He npeBbImaIODlHX rpa.H:KUY 

<l>epMH. B:bICOKOHMIIYJIbCHaJI (.n:ByXHyxJIOHHaJI:) KOMnOHeHTa pacnpe,l(ene

HIIK, B03HHKaIOJIJ;aJl H3-3a Ha.JIIAHK B SI,ZJ;pax: HYKJIOH-HYKJIOHHLIX KOppeJI.s:

:Qri, H3yqaJIacL B (e,e' )-peaxUWIX UpR 60JILllIHX nepe,ZJ;aHHLIX HMIIyJILCax 

[1] H B $oTO.a.n;epHhlx (1' ,p) npoueccax [2]. 
AJThTepHaTHBHLlM HCTOqmmOM HH4JOPMa.IUIH 06 wmym.CHOM pacnpe

.n;en:eHHH .JI,lJ;epHbIX JIYKJIOHOB R, B qaCTHOCTH , 06 ero BHCOKOHMIIYJILCHOU 

KOMlIOHeHTe MOEeT .smmI.ThCil npouecc nO.IUloporoBoro 06pa30BaHHiI: a,ZJ;po

HOB Ha azwax. llo.nnoporOBbIMH npmUlTO Ha3LIBaTL peaKIJ;mf p0.2K.n;eHHil 

qaCTHIl 3a npeneJIaMH KHHeMaTHKH CTOJIKHOBemUI CB060.n;HblX. HYKJIOHOB. 

llpeHMymecTBoM no.n;noporoBhIX npoueCCOB cnYJKHT TO 06CTO.i:TeJThCTBO, 

qTO .n;e$HIlHT 3HeprHH CTOJIKHOBeHHil cym:eCTBeHHO COKpamaeT "tIHCJIO B03

M01K.HhtX KaHaJIOB 06pa30BaHHK H3yqaeMLIX a..n;pOHOB. 

B nocne.n;Hee BpeM.B: 60m.IDOH: HHTepec TeOpeTHKOB If 3KCnepHMeHTaTO

pOB BbI3LIBaeT 06HapyEeHIILIH B BepKJIH [3J R n031Ke no.n;TBep1K.n;eHIIbIH B 

napMllITa.n;Te [4) 3«})«})eKT aHOMaJILHOrO yCHJIeHHil BldXO,l(OB nO,l.UIOpOrOBLIX 

a,o;poHoB B CTOJIKHOBeHjIX cpe.zom:x .s:,nep. ,Un:.s: 06'bjICHemlSI 3Toro XBJ1eHlUI 

HCn0JTh30BaJIHCb pa3HbIe H,lleH OT HaKOnneHHjf 3Hepnm B npoMe.1KyTOq}fL{X 

6apHoHfI:MX pe30HaHcax [5) ,no MO,IUi<pHKa.u;IiIH CBOUCTB qaCTIlU B smepHoH 

cpe,ne [6], CBK3a.HHLIe c 01KH.naeMh1M yBeJIH'IeHHeM nJIOTHOcTlJ B o6nacTH 

nepeXpMTH.K CTaJIKHBaIOIIJ;IfXC.s: g,u;ep. llocJIe.n;mm 3«})4>eKT oc06eHHo HHTe

peceH, nOCKOJThKY M01KeT 6b1T1> CB.H3aH C qaCTII'lHlUM: BOCCT3.aOBJIeHHeM 

KHpaJIbHoi CHMMeTpl1lH npH B1>ICOKOH a.n;poHHoH nnOTHOCTH. 

HenaBHo aHOMaJILHOe YBeJIWleHHe ceqellHH pOE,neHHjI no~noporoBLIX 

aHTHrrpOTOHOB B d A CTOJIKHOBeHIUlX no cpaBHemno C p A-pea~l'Inm: npH 

TOU .xce 3Hepnm Ha HYKJIOH CHap.a.n;a 6bIJ1o o6Hapy1KeHO B KEK [7J. GTO 

yKMLIBaeT Ha He,nOCTaTO'qHOe nOHHMaHlie pOJIH Slnpa-MmIIeHH B nO,l(no

porOBLIX npolleccax, Tax: KaK .n;eHTpOH He M01KeT cymecTBeHHO lI3MeHHTb 

a:.n;epHYIO IIJIOTHOCT1>. 

ITo H3n01KeHHLIM npH'lHHaM nOJIyqeHHe HOBhIX 3KCnepHMeHT3JThHldX 

,na.HHbIX no no.n;noporoBoMy p01K.n;emno a.llpOHOB B npOTOH-jl,D;epHLIX CTOJIK

HOBeHH5IX H HX KOJIlfqeCTBeHHoe oIllICaHHe XBJIjleTCil He06xo,l(HMbIM maroM 

Ha rryTII K 06'bil:CHemno Cne:QH~HqeCKHXj[llpo-.1l.llepHLIX .s:BJIeHHii. 

B HaCTOmJ;eH pa60Te 6LIJIR 113MepeHLl cneXTpbI no.n;noporOBLIX K+
Me30HOB, p01K.n;eBHlilX BO B3aHMO.lleikTBHH npOTOHOB C il,l(paMH 6epHJlJIIDI 

H Me,ZJ;H. BM60p nonOEHTeJThHO 3apJDKeHHbIX KaOHOB MOTHBHPOBaH TeM, 
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qTO H3 BCeX a,llpOHOB OHH HMeIOT CaMbIe MaJIlite CeqeHHX B3aID.140,lleUCTBHX 

C HYKJIOHaMH. 

2. TIpoBe,neBBe B3MepeBBii. 
3xCnepHMeHT 6hIJI BLtIIOJIHeH Ha BHYTPeHHeM nytIKe npOTOHHOro CHH

xpoTpoHa HT3<1>. BTOpHtlHhIe qacTliUH, p01K.ltaIOIIJ.:HeCR no,ll yrJIOM 10.5 

rpa,llycoB BO B3aBMo.n;eHcTBHRX npOTOHOB C KHHeTIReCKOH 3HeprHei 1.7 r3B 
C TOHKIIMH (50-1OOMKM) MHIIleHJIMlI H3 6epWLlIIUI 8 MeAH, per8CTpllpO

BaJlHCb ,llBYXCTynelNaTbIM <l>OxyClipYIOIIJ;Hl\4 A.z:q>OHHhlM CneKTPoMe'l'pOM 

(wAC), COCTOJIIIJ;HM H3 .IUJYX OTKJIOHDOm;HX MarHRTOB H .IUJYX ,lly6JIeTOB 

:rrna.n;pynOJThHbIX JIHH3. HMIIyJIbCHOe pa3pemeHHe cneXTPOMeTpa COCTaBJIR

eT ±1%, aKCenTaHC dp dO/p-1. 10-5 MCp%. llmma MaI'HHTHOro KaHana 

OT MlIDIeHB ,ll0 nocne,nHero CqeTqmca, yqacTByromero B u.neHTHct>HKaIJ;BH 

KaoUOB, paBHa 31 ueTPY. CxeMa 3KCnepHMeHTaJIbHOH yCTaHOBKH nOX83a

Ha Ha PHc.l. CneKTpOMeTp OCHa.m;eH .lUIct>ct>epeHUHaJIbHhIM qepeHKOBCKHM 

CqeT'lHKOM CD [8] H JlByMSl CHCTeMaMH H3MepeHHXBpeMeHH: TOF-l Ha 6a

3e 17 MeTpOB MeE,Uy ctnIHTHJInnJO:mn.IMH cqeTtlHKaMH 81,84 H TOF-2 Ha 

6a3e 11.5 MeTpOB MeJKJlY cqe~a.MH 82, 84. LlJU[ Ha6mo,lleHWl IIOJI01Ke

HID[ If ct>oPMLI nyqx8 BO BTOPOM 4loxyce Ma.I'HHTHOro KaHaJIa HCnOJIb3yeTCH: 

.IUJyxKoop,ZJ;HHaTHaJI nponopllHOHaJThHaJl KaMepa 1. 

Pa.n;HaTOpoM .nuct>ct>epeHUHaJThHOrO qepeHKOBCKoro c-qeTtmKa CJ!YXUJI 

KpHCTaJIJI KBapua TommmoH 16 MM. BhIXo.n;.KIllee H3 pa.z:UIaTOpa qe

peHKOBCKoe H3J'lY'IeHHe K+-Me30HOB perHCTpupOBaJIOCb ,llHCTaHnHOHHO 

ynplmmieMhlM KOJIbUOM 83 12 ct>oTOYMHo1KHTeJIei <1>3Y-130. MaxopHTap

RaJ[ cxeMa cOBna,lleHHi BLlpa6aTLIBaJIa CHI'HanLI, COOTBeTCTByrolIlHe O,ll

HOBpeMeHHOMY cpa6aT:&IBaHHlO 8, 9 H 10 ct>oTonpHeMHHKOB KOJIbua. JI,rrx 

Ka.1K)1;Oro HMIIYlThC8 K+-Me30ROB 3HaqeHHR a4>eXTHBHOCTeH 1]8, 1]9, 1]10 6bTJIH 

H3MepeHbI Ha nyq:Ke npOTOHOB, HMeB)~ TY xe CKOpOCTb, "qTO H KaOHbI. 

Y roJI qepeHKoBcKoro H3JIY'tleHHH IIHOHOB npeBbIIIlaJI yro.rr nOJIHoro BHyT

peHHero oTpaxeHHg H CBeT OT IIHOHOB OCTaBaJICH: BHYTpH P3,llH3Topa. B 
3TOM CJIyqae,UBa 4>OTOYMH0E.HTemI <Il3Y-115 M, HaXO,ll.RlIJllecx B OnTH"leC

KOM KOHTaKTe C KpHCTaJIJlOM, reHepupOBaJm CHrHaJIbI aHTHCOBna.neH:Hli. 

TpHrrep ~X B1JI,ZJ;eJIeHHg pe,Z(KHX Co6:EaITHH p01K,Zl;eHHg no,nnoporoBbIX 

K+-Me30HOB Ha 60JIbmOM ct>OHe 1t'+-Me30HOB H npOTOHOB BKJIIO"qaJI CHrHa

JThI CHCTeMLI TOF-1, HacTpoeHHoH Ha BpeMjJ npOJIeTa K+-Me30HOB, cur

HaJI MaJKOpHTapHOH cxeMhI, COOTBeTCTBYIOI:UHH cpa6aThIBaHlIlO 8 <!lOTOYM

H01KHTen:eu KOJThn;a qepeHKoBcKoro c'tJe~a H Tpe60BaHHe OTCYTCTBHlI 

CHrH8JJOB aHTHCOBlla,lleHHH. 

IUmeTlNecKaJl 3HeprIDl npoToHHoro nyqxa KOHTpoJIHpoBaJIaCb nyTeM 

H3MepeHHH: yCKopKlOmeH qaCTOThI CHHXpOTpOHa H 6hIJIa H3BeCTHa C TOq

HOCTblO OKono 4 MaB. 

HMIIYJILCld JIOrlNeCKOH 3JIeKTpoHHKH nocTynaJIH B KpeHT CAMAC
BEKTOP, BhtIIOJIno~ CJleAyroIIJ;He $ymcrnm. npH nODJIeHHH TpHrrep
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HOI'O CHI'Ha.rra.:
 
- H3MepeHHe BpeMeHH nponeT3o TOF-2 KaoHOM paCCTOmIDI Me1K,ZJ;Y cqeT

'lHKaMH 81, 84 ,nnK Tpex B:bl6pa.HHhIX CHrHaJIOB Ma.1KOpHTapHoH cxeMhI
 
cOBua,nelJHi,
 
- 3anHCb xoop,nHHaT npoxmK,neHBil qacTHIlL1 qepe3 nponopnuOHaJIbHytO
 
KaMepy,
 
- 3&HeCeHBe B perUCTp 'tlHCJI& 1r+-Me30HOB, npome,zmmx -qepe3 cneKTpO

MeTp 330 K8.)K,ZJ;hIH c6poc yCKOpUTeJlil,
 
- 3aHeCeHHe B perHCTp yCKopilIOmeH qaCTOThI,
 
- nepe,naq3o HH4lopMarnm B 3BM,
 
- 6nOKRpOBaHBe YCTaHOBKH Ha BpeMSI nepe,naqu HHcpopMamm .
 

nn.K npueMa H nepBINHOH o6pa60TKH ,na.HHEaIX BCnOnb30BaJIaCb a,n;3on
THpOBaHHaJl K yCJIOBHDl 3KcnepHMeHTa CUCTeM30 c60pa H BU3YaJIH3aJUIH 
,D;aHHbIX ME8.KAON, HHCTaJIJIHpOBaHHaJl Da IBM PC. 

Onep3oTopy yCTaHOBKH 6L1JIa ,D;ocTyrma HHtPopMamuI B BH.ne rucTO
rpaMM Ha 3KpaHe ,ZJ;HCIlJleg 0 BpeMeHH npOJIeTa TOF-2, Koop,ZJ;HHaTax Tpe
KOB qacTHn B nponoPInloHaJIbHOH KaMepe, yCKopilIOm;eu -qaCTOTe CHHXpO
TpoH3o Ii cpe,llHei HHTeHCHBHOCTH 1r+-Me30HOB B KaHane cneKTPOMeTpa. 

H,neHTHqufK&UHK K+-Me30HOB 6:bIJIa Ha,ne1KHOH npu Bcex H3MepeHHbIX 
HMIIyJIbcax KaoDOB. IIpHMep cnexTpa TOF-2, u3MepemlOro npu HMIIYJIbce 
0.615 r3B/c Ha 6epHJIJDleBOH MHlIIeHH, cooTBeTCTBYXOIIJ;HH HaHMeHbmeU 
BemI'lHHe OTHOmeHHK K+ : 1r+ : p = 1 : 2.1 x 10+5 : 4.5 X 10+6 , npu
Be,neH Ha Puc.2. O-rq-eTJlHBO BH.neH ImK, co,nepxa.rqIDI 185 K+-Me30HHblX 
C06LITHH. lIHoHHbtH H npoTOHIIbIH <POHhl B 06.nacTB 655 It 1100 KaHaJIOB, 
COOTBeTCTBeBHO, DOJIHOCTbIO OTCYTCTBYIOT. E,nHHCTBeHHOe <}loHoBoe Co6bI
THe Ha6mo.llaeTCK npaBee oT KaomlOro IDIK3o. 

1f3MepeHHe .llH«lxl>epeHUHaJIbHbIX ceqeJlllJi: DO,lPIOporoBOro pox,n;eHWI 
K+-Me30HOB Ha K,ZJ;pax Be U Cu 6WlH npOBe,neHLI npH 5 tPHKCHpoBaHHbIX 
HMIIYJIbcax: 0.615, 0.806, 0.94, 1.05 Ii 1.15 r3B/c. 

3. 06pa6oTxa ,lXaHBbIX U BbJ1IRcneBRe CeqeUuB. 

3an:n:camIbIe Ha XeCTKHH ,nBCK 3BM <PaHJIbI, COOTBeTCTByIO:m;He Ka,)K

,nOMY HMIIyJIbcy K+ -Me30HOB, aH8JIH3HpOBaJIacb C :QeJlbIO onpe,neJlemu[ Be
JIH'tlHH oTHomelIllH: tDlCeJI K+ H 1r+-Me30HOB. KaJK,D;oe C06:bITHe CO.llepXaJIO 
HHcpOPManmo 0 Tpex BeJlH~lJmaX TOF-2 nJli[ BhI6paHHhIX 8,9 Ii 10 cpa6a
TIdBa.IIHii <l>3Y ~cp4lepeHUHaJIbHoro qepeHKoBcKoro C"tIeT'lHKa. KpuTepu
eM npaBItlJILHOH H.neHTHtPHKaJ.UiIH 6blJ10 COBna.neHHe B npe,n;eJIax CTaTHCTH
qeCKHX onm6oK BeJIWIHH oTHomeHllii: 

Ns = N g = N lO (1) 
1]8 179 7]10 

r.lle 1]8, 1]9, 171O-3tP-peKTHBHOCTIt perUCTpa:QHH K+ -Me30HOB, COOTBeTcTBy
lOIIJ;He cpa6aTlJIBaHHIO 8, 9 II 10 <l>3Y KOJThua tlJoTo-yMHolKHTeJIeH qepeH



4. 

KOBCKoro c;qeT"tIHKa. IIoCKOJIbKY paBeBCTBO (1) BhIIIOJIlUlJIOCb JlJlj( Bcex 3KC

n031tllHii, 'lHcno KaOHoB NK+onpe.l(enj[JJoc:b KaK Ns/l1s, TaK KU CT8THC

TWIeCKaJl onm6Ka 3TOro OTHomelfHj( 6WIa HaHMeHbmeu. Ibul BbTqHCnemHI 

B~NK+ / N1r+ UCnOJIb30BaJlOCb npocyMMHpoBawlOe 3BM KOJ!HqeCTBO 

1r+-Me30BOB B .nawlOH 3Kcn03mnm. llpu onpe.n:eneHHH NK+ yqHThIBaJIOCL 

He6oJIbmoe « 5%) no.u;aBJIeHHe K+-Me30HOB CHCTeMOH aHTHCoBna.u;eHHii, 

npe.zm:a3HaQeWIOH .u;lliI peJKeKIJ;lm WlOHOB. 

BeJIHIIHHbI .l(H«t>«t>epeHIniaJIbHLIX ceqemr.R 06pa3oBamul K+-Me30HOB C 

HMI1YJIbCOM: pi BhlqftCJHLJIHC:b no epopMYJIe: 

(2) 

r.ne d2
(j / dpdn(p~+ )-.nH«t>4JepeHnHa.IThHoe CeqeHBe po)K)J;eHH.iI 1r+ -Me30HOB C 

HMIlymcoM pi , NK+ (Pk+ )/N~ (p~+)- BeJllflmHa OIDICaHHOro BhI1IIe OTHO

meHH.iI, CK+(pi) H Cll'+(pi) - nonpaBKH, CB.iI3a.HHble C pacna.,nOM Me30HOB, 

HX MHoroKpaTHloIM paCce.iIHHeM: H .iI,lJ;epHhIM B3aHMo.neHCTBHeM B BemeCTBe 

cneKTPoMeTpa. IIoCKOJIbKY B (2) BXOP;UT OTHomeHHe CK +/C1r+, cymecT

BeHHO pa3HhIMH OKa3hlBaJOTC.iI TOJl:bKO nonpaBKH Ha pacna.nhl Me30HOB. B 
CeqeHHll 06Pa30BaHHll K+ -Me30HOB npH HMIIyJThcaX 0.675 H 0.806 r3B/c 

6LUIH BHeCeHbl. nonpaBKH 10% u 5%, yqHTLIBalOmHe 60JThmee no CpaBHe

HHIO C 1r+-Me30HaMH MHOrOKpaTHoe pacce5IHHe Me.nJIeHHLIX KaoHOB. 

A6coJllOTIlhIe 3HaQemu: ,Au«t>«t>epeHQH8JIbHhlX ceQemm o6pa30BaJmll 1r+
Me30HOB B HHTepeCytomeM Hac .u;ua.na30He HMIIyJILCOB Ha 1l.lXpax Be u Cu 
IIpH 3HepI'lDl npOTOHOB 1.7 r3B 6LIJIH H3MepeHhI paHee B OT.neJILHOM 3Kcne

pHMeHTe. BemI"tIBlIhl 3THX ceqemm d2
(f /dpdO [M6.cp-l.(raB / C)-I] npH

BeJleHbI B Ta6Jnm;e 1. IIorpeImlocTb a6COJIIOTHOH HOpMHpOBKH ceqemm: co

CTaBJllleT 18%. 

Ta6JIuu;a 1. 

P1r+, r3B/c 0.675 0.806 0.940 1.05 1.15 1.28 
Be 54.8 47.3 27.6 16.7 9.58 4.50 
eu 85.5 68.2 44.0 24.7 15.7 7.90 

Ta6mm:a 2 co.neplKHT BeJ1H'IHHbI HHBapHaHTI£bIX ceqemm Edo"/ d3Jr 
[MK6.cp-l.r3B- 2 c3] no.nnoporoBoro 06pa30BaHHll K+-Me30HoB B JlHana

30He HMIIYJIbCOB 0.675-1.28 r3B Ha g.npax Be U eu no.n .n;eHcTBueM rrpo

TOHOB C KHHeTH"tIeCKOH 3HeprHei 1.7 r3B. npHBe.l(elIHble omu6KB HOCgT 

CTaTHCTHtleCKHX xapaKTep. 06mag ,nng Bcex HMIIym.COB KaOHOB omu6Ka, 

CBJI3a.HHaiI C a6COJllOTHOH HOpMHpOBKOH ImOHHhlX ceqemm II norpenmoc

TLIO BBe.n;eBHJI nOrrpaBOK, COCTaBJUIeT 20%. 
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~a6J1Bn;a 2.
 

PK +, r3B/c 0.675 0.806 0.940 1.05 1.15 1.28 
Be 121 104 43.6 1.07 2.8 0.072 
eu 308 212 87.7 33.3 8.4 0.34 

3&BHCHMOC~HHSapH&BTHlIIX ceqemm OT HMIIYJILca KaoHOB B na6oparop

HOH CHCTeMe nOX3SaH3 H3 PHc.3. Ce'leHHe DpH p=1.28 r3B/c B3i:TO H3 [9]. 

4. AU8Jl1I3 ,Q8BBhIX. 

4.1. MeX8JlH3MhI uo,nuoporoBoro ofipa30BaBB1 IC80BOB. 
H3-3& .llecflu.QHT& 3HeprHH CTOnKHOBeHHJI 3& nO.IlIlOporoBoe 06p830B&

HHe K+ -Me30HOB MorYT 6hITL OTSeTCTBeHHLI .llBa MexaHH3Ma. ITepBLlii

pOJK,ll,eHHe KaDHOB B onHocTyneH....&TOM (npJlMOM) B3&HMOneikTBHH HaJleT&
IOmero npOTOHa c BHyTpUmepHLtM HYKJ10HOM, Hec~ .llOCT&roQHO 60J'1L
mOB BCTpeqJ{hIji mmymc (pHc.43). BTOPOH -JJ;ByxcTynelNaTbIH (K8.CK3,o;
HLIii ) npo:uecc, B:KJIIOqaIOmnH B ce6i: 06pa30BaHHe 3HeprH'lHoro 1f'-J4e30Ha 

B nepBoM CTOJIKHOBeHHH c anepHLIM HYJUIOHOM H pOlK.o;eHHe Kt Me30Ha DO 

B3a.HMOlleHCTBHH DHoHa C .npyrBM HYJUIOHOM JUlpa-MHlIIeHH (pHc.46). 

----K+ ,..----""'"1# 
----------.....---A·
P --N p 

----[
+

---A 

A A-1 A A-1 A-2 
(a) (6) 

PBe.4 JluarpaMMY po)J(,IleBR. K+-Me30BoB B Up.&MOM (a) B 
ICaCKaJlBOM (6) upoueccax. 

B 060HX BapH&UT&X npOTeKaHHg pea.KI.lHH H3 aupa .llonXOla 6hITb H3Bne
qeHa .ll0nOnHHTenLHaJl 3HeprKJI.,lJ;OCT3TOqJf&J! ,lliIJI pOAK,n;eHHJl K +- M.e~OHa.. 

KHHeM&THKa B nO,llnoporOBOM 06p&30BaHHH qacT~ Hrpa.eT 60nee Ba.JKHylO 
pOJIb, ....eM B Ha.o;noporoBhIX nponeccax. IIotlTH OqeBH,ZJ;HO, 'ITO H&a6onee cy

mecTBeHHoH BeJIHllHHOH, onpe.o;enJUOmei CelJeHHe no.o;noporoBoro pox,Ile

HHJ:, JlBJ1JIeTCI BepOJlTHOCTb HaHTH B Upe HYJUIOH C HMnyJIhCOM q ~ qmin , 
rae qmin-MHHHMaJILHoe 3H3'1eHHe HMnyJIbC&, KHHeM&TUtIeCKH Heo6xo,llHMoe 

,llJU( 06pa.3a.BaHHj[ K+ -Me30Ha C Ha.6mo.llaeMLIMH napa.MeTpaMH. TIocxom· 
xy pacnpC.llenCHH.ll HyxnOHOB B a:npe 6WCTpO y6usaeT C pOCTOM HMnynLcoB, 
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60nee BepOS:THLIM ens:eTCS: npouecc, Tpe6yIOIIJ;HH ,nJUI cBoero ocymecTB
neHRS: MeHh:umx B~ HMnyJlhCOB. 

BeJlH'lHHa TpeXMepHoro HMIIyJThCa qmin M01KeT 6LITh HaHAeHa 113 3aKOHa 
COxpaaeHHI 3HeprHH-HMIIYJIhCa. ,Unll 06pa30Ba.HH.J: K+-Me30Ba B npKMOM 
nponeCce OB 3a.nHCldBaeTCJI: B BH,ne: 

(Po +q- Pk)2 ~ (mA + m)2. (3) 

3necl> po(Eo,Po) H PK(Ex , px) - 4- HMIIYJThChI HaneTaIOmero npOTOHa H 

,neTexTHpyeMoro xaOHa, q(E, qj-4-HMlIYJIbC lI)lepHoro HYKJIOHa, rnA H m 

-MaCChI A-rmIepOBa H HYKJIoBa. 3HaK paBeHCTB& COOTBeTcTByeT nopory 
peannm. 

BHeMaccoBOCTl> BXO,D;J[IT(ero B BepXHIOIO BepIIIHHy .lllfarpaMMbI HYKJIo
Ha (p:wcAa) ,n;OJDKHa 6LITb yqTeH& Tpe60BaHHeM coxpaHeBHS: 3Hepnm
HMIIyJIbca B HlDKHei Bepnnme ,D;HarpaMMbI. 

(4) 

BhI6paHHaJI 4l0pMa BhIpa.1Kemm (3), (4) o6ecnellHBaeT B:bIIIOJIHeHHe 3a
KOH& coxpaaeHIDI 3Hepnm: - HMIIYJIbca .nml Bcei pea.KllHH. BeJIWIHHY E 
Haii,zJ;eM H3 (4) , yqJiTLIBaJ[ qTO 1412/M1_1 MaJIO. 

E = m - TA-l - (MA- 1 +m - MA) = m - TA-l - € 

3,D;eCb TA_I-KHHeTWleCKaJI: 3Hepnu: Jlnpa OTna~ A-I, E'-cpe,n;HJl,j[ 3Hep
I'HJ: OT,neJIeHHJ: HYKJIOHa OT Inpa A, m-Macca nOKOS: HYKnOH&. KBanpaT 
34J<l>eKTHBHoH MaCCM BKpTya.JIbHOro HyKJIOHa 

r}1.e m* = m-l; 

HepaBeHCTBO (3) o6pamaeTCSI B paBeHCTBO H& nopore pe~, r,n;e 
geE, ifmin). PaCCM&TpHBaJl BhIpaJKeHHe (3) ,D;JH[ cnyqaJI BCTpeqJfOH KHHe
M&THKH HaneTaIOmero npOTOHa H .J:,lJ;epHoro HYxnOH& H&XO,lU{M ypaBHeBHe 
.n;n,j[ onpeJleJIeHHJI: qmin 

1 
q:mnM (MA- 1+m* +Eo-EK)-2qmin(PO-PK cosOK)+2Ex(Eo+m*)

A-I 

2pOPK cos8K - 2Eom" + Mf = 0 (5) 

3necI> EK,PK,OK - 3Hepnu, HMIIYJThC H yron BhIJIeTa K+ - Me30Ha,
2Mr = (mA +m)2 _m - m*2 - mk. 

BhI60p B~ l-CpeJlBHX 3HeprHH OTJleJIeHHjI HyxnoHoB OT JI~ep Tpe
6yeT HeKoToporo nO.i:CHeHBJI:. l!I3BJIeqeHHLIe H3 }1.a.HIIhIX no Ha,nnoporo
BLIM (e, e'P)-peaKUHD4 BenwmH:hI E OX:&3hIBaIOTCJl nOBOJIbHO 6oJIbIIIHMH: 
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l(Be)=22 M3B, l(Cu)=36 M3B [11]. C ,D;pyroH CTOpOIllaI "3 3KCnepKMeH
Ta (9] H3BeCTHO, qTO B peaKUHH nO,D;nOpOI'OBOrO pO)J{)];eHHjJ K+ -Me30HOB 
YMelIbmeHHe 3HeprHH CTOJIKHOBeHH.H Bcem Ha 25 M3B npHBO,IJ,HT I{ 3Ha'tlH
TeJIbHOMY nanemno BepO.HTHOCTH p0JK,IJ;eHHjl. llo- BH.n.HMOMY, B3aHMo1leH
CTBHjJ npOTOHOB C CHJIbHO CB.H3aHHhIMH B j[,l(pe Hyx:nOHaMH BHOCiIT MeHb
mHH BKJIa,D; B CeqeHHe, qeM B3aHMo.n;eCTBUjl co cna60 CBj[3aHHbIMH. ll03

TOMy MIi[ BhI6paJIH e(Be)=2 M3B, €'(Cu)=6 M3B. K o6cYJK.ZJ;emno 3Toro 
Bonpoca Mh1 BepueMCj[ B pa3,D;eJJe 4.4. 

Pe3YJIbTaThI pemeHHjJ ypaBHemI.lI (5) ,nllSI yCJIOB:JtIH Bh1l10nHeHHOI'O HaMH 
3Kcnepm..t:eHTa npe.n;CTaBJIeH:bI B Ta6JIm1e 3. IIpH paC'IeTe nOJIaranOCb, l.:ITO 
KHHeTlNeCKaJI: 3HeprH.H npOTOHHoro nyq:Ka To = 1.7 r3B, yrOJI BhlJIeTa 
KaOHa B na6. CHCTeMe 10.5°. 3.n.ecb H ,ZJ;a.nee Heo6xo,Il.HMbIe ,11,JI.H paCl.:IeTOB 
MaCChI .H,IJ;ep 6hIJIH B3j[TLI H3 [10]. 

Ta6JIRIla 3. 
3HaqeHBj[ qmin (M3B/ c) ,nJIj[ pa3HbIX HMIIyJIbCOB K+ -Me30HoB, 

pO)f{,l(aIOIIJ;HXC.sI npH B3aHMo,ZJ;eHcTBHH npoToHoB CH,ZJ;paMH Be H Cu. 
(O,Il.HOCTYTIeWlaTLIH nponecc • 

p/.:+,r3B/c 0.675 0.806 0.940 1.05 1.15 1.28 

Be 0.025 0.070 0.144 0.226 0.333 0.581 
Cu 0.047 0.093 0.166 0.247 0.351 0.560 

nepeH,n;eM Tenepb K XapaKTepHCTHKaM ,l(ByxCTyneH'IaTOm npon;ecca. 

BhIl.:IHCJIHM qmin ,lVIll BTOPOH CTa,ZJ;HH npouecca, nOJIaI'aJI, lITO Ha nepBoH 
CTanHR 06pa30BaHH.Sl 7r-Me30Ha HaneTaIOIIJ;Hi{ npOTOH CTaJlKHBaeTca: C HYK
nOHOM, Hecy~BCTpe'tJHlitii HMIlYJIbC 110M3B/ C. 9TO 3HalIeHHe COOTBeT

cTByeT MaKCHMyMy pacnpenenemm BHyTpRK,II;epHhIX HyKJIOHOB, HSBecTHLIX 
U3 (e, e'P)-peaKUHH. 1IJI.H npOCTOThI paclIeToB 6y,Il.eM nOJIaraTL, lITO llHOH, 
P0)K.n;aroII.J;HHca: B nepBOM CTOJIKHOBeHIDI pN' -+ 1rN N (CM. pHc.46) nony
'IaeT MaKCHMaJIbHO B03M02KHlilH HMIIYJThC mar.P1r' TIPH OIIHCaHHOM BbIllie 
yqeTe BHeMaCCOBOCTH HYKJIOHa N' BeJlWlltHa 3Tom HMnyJIbca B CHCTeMe 
neHTpa Mace HaJIeTaIOm;erO npOTOHa H N' MOEeT 6hITb 3aIIHCaHa B BR,n;e: 

r,ne SpNI-KBa.n;paT 3HeprHH CTOJIKHOBeHH.sI, 

SpNI = (Po +qf = m 
2 + m*2 - q2(l + :B) 

*
+2[Eo(m* - 21t 

2 
) +Poq]. (7)

B 

IIocne JIopeHD;-npeo6pa30BaHHSI B JIa60paTOpHyIO CHCTeMY (cHcTeMy IIO
KOH .a:.n.pa-MHmeHH) HaXO~HM ,11,JIjJ To = 1.7r:1B 

TA~P1r = 1.512r3B/c; TA~E1r = 1.519r:1B 
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MHHHMaJILlII:alH HMnyJILc JI.D;epHoro HyKJIOHa N" Ha BTOpoi CTamm ,IlByx
cTyneH'laTOro DpOnecca M01KeT 6h1TL Bai,neB H3 3a.KOHa cOxpaHemnI 3Hep

nIH - HMIIyJIbca B BepDIHlle In{arpaMMLI TrN" ~ K+ AO; (CM.pHC.46). 

(8)
 

PemeHHe 3TOro ypaBHeBllS: c ~eTOM BHeuaCCOBoCTB HYJUIoHa N" npB

BO).J;HT K ypaBueHHIO nO).J;o6HoMY (5) C 3aMeHOH napa.u:eTPoB 6oM6apJnlPy

lOm;ero npOTOHa (Eo, po) Ha BhfqlfCJIefIHhIe BhUIIe napaMeTPhI 7f - Me30Ha 

(E1f",P1f), H3M:eHeHHlO Be.JIWIHBLI M&CCId smpa - OCTaTKa H MaccOBOro q,neHa 

M. 

q~inM1 (MA-2 + m* + E1r - EK ) - 2qmin(P'If - PK cos9AJ + 2Ek(E1f" + m*) 
A-2 

-2p1fPkCos91;-2m*E1r+Mi = 0, . r,ne Mi = mi -m;-m*2- mi; (9) 

H3 ypaBHeHHil (3) u (8)BHmIO, qTO nopor pOJK,neHHJl K+-Me30Ha nHO

.HOM HIDKe nopora p01K,1lemu: npOTOHOM, nOCKOJThKy npH O,nHHaKOB:bIX 3Ha

qemUIX q II Ple KBa..npaT HHBapHaHTHOH: MaCCLI H~eTeKTHPyeMoBCBCTeMLI mx Mem,me, qeM(mA + m)2. 
3aBHCHMOCTD M:HHHMa..JII:,HOro HMIIYJlLca j[).J;epHoro HyxJIOHa N", KHHeMa

TliftIeCKH He06xo,llHMoro.lVIH ocymeCTBJIeHBH peaxmm OT HMIIYJThca .n:eTeK

THpyeMO:ro K&OHa. B ycnOBWIX oIIHcaBllOro HIDKe 3KCnepBMeHTa nOKa3aHa 

Ra Puc.5. CHMBOJThl: "0" COOTBeTCTByIOT p02K,lJ;eIlHIO Tr -Me30Ha B nep

BOM aKTe B3a.HMo,neHCTBHJl Ha HenO,ltBH1KHOM HYJUloHe, CHMBO~ " V" 
p0JK,llemuo Ha H}'KJI0He, BecymeM BCTpetrnLIi BMIIyJThC 110M3B / c. 3a
qepHeBIfhIMH CKMBOJIaMH nOKa3a.Hh1 MBlIHMaJIbHLIe HMDYJIDCLI ,WIll ollHO

CTYJIelAaTOro npo~ecca, npBBe,ll;eHH:bIe B Taf>Jnme 3. C,ll;BBr KpHBOU ,nJIH 

ql = 110M3B/ C OTHOClfTeJIbHO ql = 0 BllpaBO B.D;OJTh OCH Pic OTpaEaeT 

YBeJllNeIlHe MaKCHMaJThHOH 3HeprHH nepBoro CTOJIKHOBemu: {CM. 4>opMY

JILl (4), (5».BYKBaMH K.L. (Kinematical Limit) OKOJlO npaBblX TOqeK KpH

BLIX 0603HaQem..r KHHeMaTll'leCKBe rpa.HHllhl ,llrut: p0JK,ZJ;emu: K+ -Me30Ha 

npH Bcex HMIIYJThcax uyKJIOH& Nfl, pa3pemeHHbIX 3aKOHaMH coxpaueBHll 

3HepnIH - BMIIyJThca B x.nepHou BepIIImle. 

IIpoBe.n;eJDIoe CpaBHeBHe KHHeMaTHKH ,IlByx Mexa.HB3MOB p02K,D;eHHJI yxa.

3:bIBaeT H& BepOHTHOe ,1l0MHllHpOBamte npHMoro MeXa.mI3M& po:lK,lleHHSl 

K+-Me30HOB C HMIIYJThCaMH 60Jlee 1.0 -;- 1.1r3B/ c. 
113 pHCYHK& 5 B~HO, qTO m.myJILChI BHYTPHsr,nepHhIX HYKJIOHOB KmleMa

TFleCKH Heo6xo.llH:M:ble ).J;nJl polK,D;eHRJI HH3K03HeprHtIIUJX KaOHOB B ,ZlByx
cTYlleHQaTOM npouecce MeHLme, qeM B O,nHocTyneHq&ToM. O,D;HaKO 3TO He 

n03BOJIJleT c,Z(e.naTb BhIBO,n 0 npeo6JIaJlaJOm;eM BKJIa;J;e Kacxa..zUlOro npo

neCC&B pOJK,ZJ;eHHe K+-Me30HOB C HMIIyJIhC8.MH MeHbme 1.1 r3B/c. neJIO B 

TOM, 'ITO BepOJlTHOCTb ,ll;ByxCTyneJllIaToro npou;ecca co,u;epJKHT ,u;Ba Ma.JThIX 

~aKTOpa: Bep01ITHOCT:b pO)K));eHHJI 3HeprH'lHoro DHOHa H BepOJlTHOCT:b ero 
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CTOJIKHOBeHWI C npyrHM HyKJIOHOM .sInpa-MHllIeHH. IIo3ToMY Bonpoc 06 

OTHOCHTeJlbHhIX BKJIanaX nByx MexaHH3MOB MoxeT 6hITh pemeH TOJlbKO 

nYTeMMO.lleJIhH03aBHCm.n.rx pacqeTOB. TaKHe pacqeTLI (12,13,14], npOBe

neHHLle·He3aBHCHMO TpeMj[ rpynrraMH aBTOpOB, nOKa3a.mf, .qTO B nOJlHhIe 

CeqeHHj[p01K,IleHHH -K+ -Me30HOB C nOqTH uyJIeBhIMH HMIIYJIbCaMH K CHC

Te1r!e neHTpa Macc [15] OCHOBHOH BKJIa,n; ,n;aeT KaCKan:H1JIH MeXaHH3M. K 

COXaJIeHHIO, pe3YJThTaTLI Mo.n:eJThHHX pacqeTOB He 6eccnopHhI, no llplfllH

He HCnOJTh30BaHHJI nJIOXO H3BeCTHbIX: _:BeJlKlDIH CeqeHHH B3a.HMOneHCTBHH 

a.zq>OHOB B ilAepHOH cpene. 

O,IlHaKO cymeCTByeT 3KCnepHMeHTaJlhHaJI: B03MO.1KHOCThP83JIH'n{Tb nBa 

o6cy1K,llaeMhIX MexaJm3Ma nyTeM aHaJm3a 3aBHCHMOCTH ceqemrn pOJKne

HHH KaOHoB OT MaccoBoro 'tIHCJIa .sl,ZJ;pa-MHmeHH. B CeqeHHe ,n;ByxcTyneH

q3TOro npOl~ecca BXO,n;UT BepO.sITHOCTL CTOJIKHOBeHHH 7r-Me30Ha C HyKJIO

HOM Hnpa, nponopUHOHaJIbHaJI ,llJll{He np06era 1IH0Ha B ilApe. II03TOMY A
3aBHCHMOCTh KaCKanHOro nponecca .n:OJUKHa 6hITh cHiIbHee, qeM npjUdoro 

Ha BeJIH'tIHHY "oJ A1/3" 

4.2. A-3aBBCHMOCTb CeqeH'IBH o6pa30BaHHJl K+-Me30HOB. 

06LI'tlHo 3TY 3a.BUCHMOCTh xapaKTepH3ymT BeJIH'tlHHOH nOK33aTeJIH CTe

neHH.. Q' npu onucamm 3KCnepHMeHTaJIhHIiLX HHBapuaHTHhIX ceqemm fA
.pYHKIlHeH BH,n;a 

fA = E:~ = cAa 
;, (10) 

In!..u. 
rne C-KOHCTaHTa, Q-BeJIHqHHa nOKa3aTeJlJI CTeneHH. Q' = In~ • 

A2 

TIoCJWJThKY 3KcnepUMeHT BLIlIOJIHeH TOJIhKO Ha nByx .sl,ZJ;pax, Ty .1Ke 3a

BUCDMOCTb M02KHO xapaKTepU30BaTh OTHomeHHeM R = fu .l A2 

Ha PHc.6 nOKa3a.HL1 3a:BHCHMOCTH a (HIDKHlUI qaCTb pucYHKa) If 

R(Bepxmur qaCTb) OT HMIIYJIhca K+- Me30Ha. BeJ1HqHHhI 0' H R npo Pk+=
=1.28 r3B/c, H3MepeHHble Ha TOB: xe yCTaHOBKe npH To =1.7 r3B B3.sI

ThI H3 [9]. OTMeTHM, qTO'noJIi:IhIece-qellIDl 06pa30BaHHj[ nOJIO)J{HTeJThHO 

3apj[)J{eHHbIX KaoHOB C HMnynbCaMH- OKO~O 0.4 r3B/c XapaKTepH3ylOTcll 

Be.JIH'CmHaMH R?10 (15]. KaK'BH,n;HO 1:13 Puc.6. cpe,n;Hee 3HaqeHHe R (HJIH 
a), nOJIyqeHHoe B HacTOmleM 3KcnepBMeHTe HeCKOJIhKO MeHLme, qeM B 

[9], rne, COrJIaCHO aHaJlH3Y ainopoB,rJIaBHhIH BKJIa,ll, B CeqeHHe BHOCHT 

O,lJ;HocTyneHqaTW MeXa.HH3M pOJK.ll,eHUll K+-Me30HOB. 

TaKHM 06p830M Ha6Jl1O,n;aeMLIH XapaKTep A-3aBHCHMOCTH .sIBJI.sIeTCH 

3KCnepHMeHTaJIbHbIM CBH,D;eTeJThCTBOM npe06JIana:rom;ero BKJIana np5lMoro 

npouecca B 06pa30BamuI K+-Me30HOB B ycnoBHKX BhillOJIHeHHoro 3Kcne

pHMeHTa. 

4.3 CneKTphi K+ -Me30HOB.
 

HMeIOllJ.aJlC.R cerO,UH.R 3KcIIepHMeHTaJIhHaH HHepOPMalUlH 0 nHepepepeH
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IJ;HaJILHLIX CeqeHHKX no,n;nOporoBro 06pa30BalIlUI K+ -Me30HOB B rrpOTOH

Jl,ZJ;epHhIX B3aID40ne:icTBHn: HCqepIIblBaeTCJl,nBywI pa60TaMH [9,16]' TIpI

Moe cpaBHeHHe H3MepeHHLIX ceqemm HeB03MO)KH0, nOCKOJIbKY OSH nonyqe

HL1 B cym;ecTBemlO pa3HLIX KBHeM3TWIecKax 06nacTiIX. 3KCUepHMeHT [9] 
BLIIlOJUleH npH O.ltHOM «J;»HKCHpOBaHHOM BMIIYJlLce K+ -Me30HOB (1.28 I'3B/c), 
BWIeTaIODIHX IIO,n; yrJIOM 10.5° non ,n;eHCTBUeM: npOTOHOB C KHHeTIAeCKBMH 

3HeprHnm OT 1.65,n;0 2.9 r3B.1lH4l«J;»epeHQRaJILHLIe CeqeHH.H: B pa60Te [16] 
nOJIycIeHLI ,n;JIJl 06pa3oBaHRJl KaoHOB C mmyJIbCaMH OT 0.4 lJ,0 1.1 r3B/c 

no,n; yrJIOM 40° npH o6JIyqemm: MmIleHHi: rrpOTOHHLlM IQ"IKOM C 3HeprHei 

2.5 r3B. lIa.HIIll.IH 3KCnepBM:eHT npOBe,n;eH npH ~HKCHpOBaHHOH 3HeprIm 
npoTOHOB 1.7 r3B , yrne BLIJIeTa 10.5° H .ZJ;Hana30He KaoHllhlX HMIIYJlLCOB 

0.675-1.15 r3B/c. 

HeCOMBeHHO none3HO 6LIJIO 6bI HaHTH TaKYIO nepeMeHHYIO, B 3aBIilCB

MOCTH OT KOTOPOR Bce 3KCnepHMeHTa.JI1I,HMe CeqeHBJl BIdI'Jlll,lJ;eJIH 6L1 ymI

BepCaJThHllilM 06pa30M. IIpH aHaJ1H3e ,n;a.HHLIX no no,n;noporoBMY poHUJ;eHHlO 

1r, k 11 P B .K)l;po-j[,lJ;epBhIX CTOJIKHOBemux [17] 6hIJ10 3a.M:eqeHO ymmep
CaJILHOe nOBe,n;eBHe ceqemm: 06paaoBamul pa3HhIX a,n;pOHOB KaK. 4>YHKIUfH 

E* = E:hr +T* r,n;e E;hr-nOpOI'OBOe 3H3qeHHe 3HeprHH B CHCTeMe :qeHTpa 

Macc HH,nBH,ZQTa.JILHOro CTOJIKHOBeHHI HYKJlOHa .smpa-cu:apXJJ;a Ii HYKJIOHa 
j[,llpa-MHlIIeHH; T'"-KHHe'I'lNeCKaJI 3Hepru.a: ,n;eTeKTHpyeMoH qacTHIW B TOR 

Ie CHCTeMe. ABTOPbI [17] Ha6mo,lJ;anu xopomee OIIHCaHHe BCex nonyqeH
HhIX HMH ,n;aHHHX npocTOH 3KCI1oHeHI:(HaJILHOH 3aBHCHMOCTbIO. 06pa6oTKa 

,IJ;a.HH:bIX [9,16] 11 BmIOJIHemmro HaMIl 3KCnepHMeHT3 no no.n;noporoBOMY 

06P830BaHHIO K+ B npOTOH-j[,llepHhIX CTOJIKHOBeHH.&:X nOKa3aJI8, 'l{TO XOTil 

nonyqeHHLte B KaJK,lJ;OM 113 3KCIlepHMeHTOB ,n;H4>~epe~8Jlbmae CeqeHHJl 

MoryT 6L1TL OIIHCaHM 4lyuKllHei 

f = Aexp(-E* / Eo), (11) 

HO a6coJIIOTHLIe Be.JIH'IHIni[ ce'tlemm R xapaKTepHHX napaMeTpOB HaJUIO
HOB Eo ,n;aJIeKH .zq>yr OT ,n;pyra • YCOBepmeHCTBOBaHUe nepeMemlOH E* ny
TeM BKJIIOtleHlHI B Hee KHHeTUqeexoB 3HeprHH He,n;eTeKTHpyeMoH CHCTeMhI 

(AO,N) HecKOJThKO c6nmKaeT ,n;aHKhIe, HO He npHBO~H:T K yHHBepCaJThHOH 

HX 3aBHCHMOCT1I OT E*. 
BhlIIIe 6WIO BbICKa3a.HO npe,n;nOJIOlKeHHe, qTO Ha.H60J1ee cym;ecTBeJl.hTU 

napaMeTpOM, orrpe,n;eJnUIIOID;HM BepOJlTHOCTb 06P830BaHUJl nO,D;nOpOI'OBF.aIX 
qacTHn B Pa3HhIX KHHeMaTuqecKUX ycnOBHilX, .H:BJHleTC.H: MHHBManLHaJI Be

JIHtmHa HMIIYJThca .a:.n;epHoro HYKJIOHa qmin, He06xo,l(HM:aJl ,IJ;JI.H: npeo,nOJIeHIDI 
nopora peaxInm B IIpHMOM npon;ecce. 3aBUCRMOCTH ,ZJ;HtlJepepeHInlaJThHbtX 
ceqe:mtii pOlK,neHB.H: K+-Me30HOB OT qmin, IIo.nyqeHHlJIe B Tpex HMelO:m;HXC.H: 

B HameM pacnop.uKemm 3KCnepHMeHTax npe,n;CTaBneHhI Ha PHc.7. BH,lI;
HO, QTO Bce H3BeCTHLIe ,n;a.HHIi[e rpymmpYIOTC.a: B ,n;OBOJIbHO Y3KHe nonocLI. 
Ha6mo,n;aeMaJ( ymmepCanDHOCTb ,n;aeT B03MOlKHOCTb npe,n;CKa3aTb CeqeHHS: 

nO,llnopororo 06Pa.30BaHH.S: K+-Me30HOB B JII06F.aIX KHHeMaTuqeCKHX ycno
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BHKX C TOtIHOCTbIO OKono 50 %,. 'tITO O'tleHb none3HO npH nJIaHHpOBaHHH 

HOBLIX 3KCnepHMeHTOB. 

ArmpOKCHMa.QHH ~YHXllHeH f = Cexp( -qmin/qo) )J;aHHbIX HacTomueH 

pa60ThI H ceqemm, nOJIyqeHHbIX B [9] npH TOH Ie 3HeprHH npOTOHoro nyq
Ka ,nJUI K+ -Me30HOB C mmym.COM 1.28 r3B/C nOKa3aHa Ha PRc.8 a,6. MH

HHMa.JILHLle HMIIyJIbChI qmin BbNHcneHLI AJHl npo~ecca p01K,lleHH.il KaOHOB 

B npBMOM npou;ecce (CM.Ta6nuu;y 3). Toqx}l npH MHHHMaJlhHOM HMIIyJIbCe 

PK +=O.675 r3B/c He BKJIIOtIeHhl B annpoKCHMaIUfiO, TaK KaK OHM: HaxO.n;.aT

C.B: oqeHl> 6Jm3KO K nopory peaKUHH. BH,ZJ;HO, tITO BbI6paHH<UI 3aBHCHMOCTb 

xopomo OrmChlBaeT CeqeHHiI, H3M:eHilIOID;IIeCll Ha TpH nopJl.1lK3 BeJIWDUihI. 

llapaMeTphl Ha.KJlOHOB cneKTpOB qJ,Be) =61.7 M3B/c H CliCu)=65.0 M9B/c 

'lHCJleHHO xapaKTepH3ylOT 3KcnOHeHInlaJThHOe na,n;eHHe BepmlTHOCTH HaH

TH B 5I,llpax HYKJlOHbl C Bce 60JIbIIIHMH HMIIyJIhcaMH. 

BhIIIOJIHeHHa.B: TaKHM JKe o6pa30M arrnpOKCHMaruUI ,naJ:IHIUX pa60TLI [9], 
OTHOCmnuxC.il K TOH: Ie 06JIaCTH QmimnoK33LIBaeT, tITO ~Be)=66.0 M3B/c, 

~cu) =75.0 M3B/c. YBeJIHquBalOmeeC.il C pOCTOM MaCCOBoro 'tIHeJIa anpa 

MHIIIeHH He6oJIbmoe « 15%) pa.3Jmtnle napaMeTpOB HaKJIOHa cneKTpOB 

CBH3aHO, no-BH,ZJ;HMOMy, C IIOrJIOmeHHeM KaOHOB B .a,nepHoM Bem;eCTBe. Ec

JIH IIpH ~HKCHPOBaHHOMHMIIyJThCe K+-Me30HOB [9] nonpaBKa K BeJUfllHHaM 

CetIeHHH nocTO.ilHlla, TO B YCJlOBIUlX BhlIIOJIHeHHOrO HaMH 3KCnepHMeHTa 

K30HhI C 60JTh1IIHMH RMIIYJIbCaMH nOrJIomatOTClI CHJThHee. 3TO 03HaQaeT, 

'tITO UpH JlI060M yqeTe nornOmeHHH nOnpaBKa K cetIeHIDIM 6Y,lleT yBeJmlJ:H

BaTLCll C pOCTOM HMIIyJThCOB K+-Me30HOB. BCJ1e.n;cTBHe 3TOro. BeJ1H'nfilL1 

napaMeTpOB HaKJIOH3 Qo OKaJKyTCil 60JIbnIHMH H COrJIaClle C pe3yJIbTaTa

MH pa6oT:bI [9], nO-BH,nHMOMy, 6y,neT JIrmnw. O,nHaKO s,neCb 1I ,ZJ;anee MLI 

6y,neM npHHe6peraTb 3<P<PeKTOM nOrJIom:eHHlI, TaK KaK H3 Bcex a,npOHOB 

K+-Me30Hhl HMeIOT HaHMeHbmee CeqeHHe B3a.HMo,neHcTBH.il C uyKJIOHaMH. 

B pa60Te [9] DpHBe,neHLI aprYMeHThI B nOJTh3Y pO)K,l(eHH.B: K+-Me30HOB 

B O,nHocTyne1£qaTOM npOI~ecce. B03MOXHOCTb coBMeCTHoro OnHCaHHjJ ,naH

HhlX ,nByX 3KCnepHMeHTOB .aBJljIeTCH eme o,nHHM CBH,ZJ;eTem.CTBOM npeo6JIa

,naIOmero BKJIa,ZJ;a O,ZJ;HocTyneWlaToro MeXaHH3Ma pOI,n;emHl: K+-Me30HOB B 

ycnOBH.B:X omiC3HHoro 3KcrrepHMeHTa. 

4.4. Mo~e.rrbHoe OIIHCaBHe cneKTpoB KaOHOB 

HaH60JIee TeOpeTHqeCKH pa3BHToH Mo,nen:r,IO llna: onHcaHlIjJ no,n;noporo

Boro o6pa30BaHIDI a,npOHOB B UpOTOH-AAepHhIX H a:.npo-a:,nepHJlD( CTOJIKHO

BeHHn BBJIileTCg Mo,neJTh CBepTrrn (Folding Model) [18,19,14}. COBna,ne

JUle a6COJIIOTHbIX Be.TIWmH CeqeHHH KaK ~YHKnHH qmin C nonyqeHHMMH B 

[9] (PHc.7) II Ha6JI1O,naeMblH xapaKTep A-3aBHCHMOCTH CBH.u;eTenbCTBYIOT 

B nOJIb3Y ,ZJ;OMHHHpOBaHH.B: O):(HocTynelNaTOrO MeXaHH3Ma pOlK,neHIU[ K+
Me30HOB. IT03TOMY HaMH 6hIJIa npe,nnpmIllTa rrOIThITK3 OIIHC3Tb IIOJIyqeH

HhIe 9KCnepJIMeHTaJThHble cneKTpbI B paMKax BapHaHTa MO,ZJ;eJIH CBepTKH 

,lI;JU nplIMoro npOIIecca. 
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CornacHo MO,lleJIH HBBapUaHTHOe CeqeHHe 06pa3oBa.mu: K+ -MeSOHOB Ha 

.-.np&X MOlKeT 6laIT:& 3a.nHCaHO B BUAe CBepTKH m.mYJILCHOro pacupe.neneHUSl 

HyIUIOHOB B .sr,npe C Ce-qeHHeM POJK.neHH.K KaoHa B CTOJIKHOBeHHH C OT.neJTh

IILIM ll,IJ;eplIhIM HyKJI0BOM. 

EdO' (PA ~ K+X) = Nfd3~(V EM (81/ 2)(PN ~ K+AN). (12)
d~ F d~ 

3.nech ~(V-mmyJl])CHOe pa.cnpe.u;eneHHe BHYTpusmepBMX uyKJIOHOB , 

F = [(Po + q)2 - m 2JL2]1/2 -nOTOKOBLIH 4'aKTOP, 3a.BHClmmUf OT qeThIPex

MepHLtX BMIIYJILCOB H MacC HaJIeTaJOIIlero npOTOHa II .sr,nepHoro HYJUIOHa., 

N-HOPMHPOBOqmnji MH01KHTeJIb, BeJIHtmH& KOTOporo MOlKeT 6HTD BLl'IHC

JIeHa B paMKax rJIay6epoBcKoro llpH6JlH1KemUI, E;;'-HHBapUaHTHOe ce

qeHHe 06Pa30Bamu K+ -MeSOHa C perHcTpHJ>ye:M:bIMH KHHeMaTH'leCKlDlB 

napaMeTpaMH B HH,lUfBB.nYaJIbHOM CTOJIKHOBemm HaJIeTa.rom;ero npOTOH& 

C B,U;epBtlM IfYKJIOHOM npu 3HeprHH 81/ 2, rAe S=(fio + q)2. 
}ls-3a OTCYTCTBWI: Ha.ne1KHlilX 9KCnepHMeHT8JI])HLIX .na.BHLIX no POlK

,lleHHIO K+ Ha HyKJIOHax B6JmSB nopora nonaranocb, "tITO CeqeHHe 

E~(PN -7 K+X) nponopI(l1oHaJlbHO BeJIH'lHHe ct»a30BOrO o6~eMa peaK

2rom npH .IlamIOM 81/ • 

Hamrca.mn.rH HHTerpan .smJIa:eTCa: TpexxpaTHInM, Tax KaK BeJIHlDIHa ce

qemu 3a.BHCHT He TOJILKO OT a6COmoTiIOH: BemItIH1IhI ltil HO H OT .nByx 

yrnoB ero opueHTauHH OTHOCHTeJThHO BeKTOpa HMIIyJILca HaneTaIOm;ero 

npOTOH&. lIHTerpHpOBaHHe no q npOBO.llHJlOCb OT ~in (CM:.Ta.6Jnmy 3 ) .no 

q'fTl(U,onpe.neneHHoro U3 Tpe60BaJlHSl Jl> O. Cne.nYIl pa60TaM [20], [9], HM

nyJILCHOe pacnpe.neneHHe 1l.ZJ;epHJi[X uyKJIOHOB 3a.rmCHBa.JIOCb B BB.ZJ;e CyYMH 

.nByx raycCUaHOB 

1-h i- h i
.(qj = ~exp(-2ur) + u~ exp(-2u~)· (13) 

IIepBLIii 'IJIeH B (13) OIDIChIBaeT o6:hI'IHoe .pepMH-,nBIDKeHHe, BTOPOH

era BlaICOKOHMIIyJThCuyro KOMDOUeHTY. nucnepcus ur CBS3aRa C rpaHBtDIbIM 

4'epMII- mmyJILCOM PF COOTHOmeHHeM ur = iPi- OTHOmeBHe npe,ll9KcnO
h 0'3 

HeHqHa.JIbHhIX KO:3.p~BI(eHTOB '"Y = I-h ~ xapaKTepHsyeT BKJIa.n BblCOKo-

HMIIYJIbCHOH KOMIIOHeHTLI "IfliICJIeHHO 6JIR3KHH K 0.01. ,UnSl paC'IeTOB 6bl

JIB HCnOJTh30BaHlil napaMeTpbl 0"}=0.115 r3B/c, 0'2=0.225 r3B/c h=O.08, 
n0JIY'leHHble B [9] llpH OIIHCa.mm 3HepreTHQeCKOH 3aBUCHMOCTH no.nnopo

roBOro 06Pa30BaHWl 6blCTpLIX K+-Me30HOB. OTMeTHM, QTO C 6m13KHMH 

BeJIKtlHHaMH YKa3aHHhIX B1iDIIe napaMeTpoB B [20] 6hIJIH OIIBCaHbI 3KC

rrepIIMeHTa.JIbHlde ,lI;aHllbIe no 06P830BaHHIO nO,llnoporoBYX a.HTIDlp0TOHOB 

Ha j(.ZJ;pe Me,nu. B pacqeT 6laIna 3aJ101KeHa. OrmCaBBaJI BHIIIe KHHeMaTHKa 

CTOJIKHOBeHIDI npOTOHa C BHeMaccOBhIM :ayKJIOHOM. 
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HHTerpa.n (12) BLItlHCJUlJICll MeTO.D;OM CHMlICOHa. HOpMHpoBKa paC'IeT

IWX 3aBHCHMOCTeH mmapHaHTHLIX ceqelillH poE.D;eHHJI KaoHOB OT ux HM

nyJILca 6LIJIa npOH3Be,ZJ;eHO npH PT;=1.28 r3B/c, r,ZJ;e, KaK YlKe HeO,l{HO

KpaTHO OTMeqanOCb, npe06na,n;aIOIIJ;HH BKJla,Zl B CeqeHHe BROCHT MexaHH3M 

o,I{HocTyneHqaTOrO 06Pa30Ba.HH5I K+ -Me30HOB. E,ZlHHcTBeHHhIM BapbHpY

eMhIM napaMeTpoM BhIIlOJllleHHhIX paCqeTOB 6bIJIa Be.JIHqHHa € -cpe,ZJ;HeH 

3Hepnm: oT,ZleneHHR uyKJIoHa OT ,mpa. BwmCJleHHll nOKa3aJIH, 'ITO Xopo

mee COrJJacHe C 3KCnepHMeHTOM ,ZlOCTHraeTCH npu MaJILIX €, He npeBhIIlla

IOm;HX 10 M3B. 

Ha Puc.9 a,6 pe3YJIbTaThl paCqeTOB (cnnolIIHbIe KpHBhle) npe,ZJ;cT8.BJIe

HLI BMeCTe C 3KCnepHMeHTaJIbHLlMH ,ZlaHHblMH. BeJIlRHllH e .D;JllI: ,mep Be 

H Cu 6hlJlH B311TIil paBHliIMH 2 M3B H 6 M3B COOTBeCTBeHHo. KaqeCT

BO OIIHCaHH5I XapaKTp:R3yeTCll BeJllAHHaMH X2 In.cl.f. "J 1 .wIll 060HX ~ep• 

IIYHKTHpHble KpHBhle Ha pHCyHKax - pe3YJIbTaT BhNBCJIeHHa: ceqellHH npH 

h=O ( CM.~OPMYJIY (13) ). IIywcnq>Hhle KpHBhIe HOPMHPOBam.I B TOllKe 

PK=0.675 r3B/c. BH,ZlHO, 'ITO BHCOKOHMIIyJIbCHaJ£ KOMIIOHeHT3 mmyJIbC

Horo pacnpe,n;eneHHll ,mepHbIX HYJUlOHOB BHOCUT 3Ha'lHMblll BKJIa.ZJ; B ceqe

HH5I 06pa30Ba.BID£ K+-Me30HOB C HMIIYJThCaMH > 1 r3BIc. 

Xopomee COrJlacHe pe3YJILTaTOB pacqeTa C 3KCnepHMeHTOM aBJl5IeTC5I 

TpeTMIM apryMeHTOM B IIOJTh3Y npe06JIa.D;aIOlI(ero B:rma,Zla npsworo Mexa

HB3Ma B ceqemu nO.D;nOporoBoro 06pa30BaHHll K+ -Me30HOB npoTOHaMH B 

H3yqeHHoM ,IUlalla30He HMIIyJThCOB. 

5. 38.KJIIOQeHHe. 
IIpoBe.u;eHllhtii aHaJlH3 nOJJyqeHHbIX ,ZJ;aHH1>IX no 06Pa30BaHmO K+-

Me30HOB CBH,ZJ;eTe.JI:bCTByeT B n0JTh3Y .n:oMHHBpoBaHHa: O,IJ;HOcTyneHtlaToro 

MeXa.HH3Ma B no.nnoporoBoM 06pa30BaHHH K+-Me30HOB c HMllYJThCaMH OT 

0.675.n:o 1.28 r3B/c. 

3TO YTBep)f{,UeHlle OCHOBaHO Ha: 

- B03MO}1{1l0CTH COBMeCTHOrO OIIHCaHHJl H3MepeHHLIX B HaC'roxmeu pa60Te 

cneKTpoB C ,ZJ;a.HHbIMH pa60Tbl [9], r.n:e rJIaBHhIH BKJla,u; B CeqeHHe BHOCHT 

npllMoii MexaHH3M p0JK.IleHHil no,u;nopOrOBLtX K+ -Me30HOB; 

- Ha6JIIO,n;aeMoM xapaKTepe A-3aBItICHMOCTH CeqeHItii; 

- xopomeM OImcamm cneKTpoB B paMKax BapUaHTa MO.D;eJm CBepTKH ,U1UI 

npHMOro npouecca. 

6. BJIaro.u;apHocTH. 
ABTOP:hI B:hIpa.1KaIOT rny6oKylO 6naro,napHocTb B.A.illeuHKMaHY 3a no

MOID;b B npoBe,n;emm H3Mepe:Hlril H K.P.MHXaiLrroBY 3a npe.n:OCTaBJIeHHe 

npOrpaMMhI paCqeTOB If KOHcyJThTaUHH npH ee a.D;anTanHH K ycnOBHXM 

Bamero 3KCnepHMeHTa. 
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