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3auuna .IJ:HCCeprnu1rn COCTOHTC.R (( )) 2006 ro.IJ:a B 
« __ » 'iaCOB Ha 3aCe)laHHH JlllCCepTaUHOHHOro coeeTa .n:-720.001.06 B 
Jla6oparnpuu .R.IJ:CpHblX peaKuHit 06'bCJlHHeHHoro HHCTHT)'Ta .R.IJ:CpHblX 
ucCJie.IJ:OBaHHR, r . .ll:y6Ha, MocKoecKOR 06Jiacn1. 

C JlHcceprnuueli MO)l(HO 03HaKoMHTbC.R e Hlli 06l>e.IJ:HHeHHoro HHCTHT)'Ta 
H.IJ:CpHLIX HCCJIC.IJ:OBaHHR. 

Aernpe<\>epaT pa3ocnaH « __ » 2006 ro.IJ:a. 

YqeHLIR ceKpeTapb :;;q::sr-. a 
A.r.rroneKo .IJ:HcceprnuuoHHoro coeern 

KaH.IJ:H.IJ:aT <\>H3HKO-MaTeMaTWieCKHX HayK 

06~aH xapaKTepHCTHKa pa60TLI 

AKTVaJJLHOCTL TeMLI. .5I.nepmu1 <PparneHTfillIDI 6hlrra on<phITa 

60 rreT Ha3a,L{ rrpH H3yqeHHH KOCMHqecKHX rryqeif., Kor.na 6hIJIO 

o6Hapy)l(eHO rrmrnrreHHe g,nepHbIX <l>parMeHTOB rrpH B3aHMO,L{eHCTBHH 

peJij{THBHCTCKHX rrpoTOHOB c pa3JIHqHhIMH MHllleffj{MH. bhIJIH 

o6Hapy)l(eHbl <PparMeHThI Tj{)l(erree a qacTHU: H rrerqe, qeM ocKOJIKH 

.nerreHHj{, B HacToglllee apeMg OHH cTarrH Ha3hIBancg <Ppa2Me11maMu 
IlpoMe:JIC)lmOllHOU Maccbz (<I>ITM, 3 :'.S Z :'.S 20). B 50x ro.nax 3TOT 

J<l><l>eKT 6hrn o6Hapy)l(eH a 3KcrrepHMeHTax Ha ycKopHTeJlj{X. B 1982r. 

6hIJIO OTKpblTO MHO)l(eCTBeHHOe o6pa30BaHHe <I>ITM (g.nepHM 

M)'JlbTH<l>parneHTfillHj{) rrpH B3aHMo.neikTBHH 
12

C(250 MJB/ttyKJI.) c 

sr.n:paMH <PoT03M)'JihCHH Ha ycKopHTerre I>eaarraK B I>epKJIH. 3To 

Ha6mo,neHHe CTHMYJIHpOBaJIO MHOrne TeopeTffqeCKHe Mo,nerrH 

pa3BHBaTh rrpHBJieKaTeJibttyIO H,L{elO 0 TOM, qTo MHO)l(eCTBeHHOe 

o6pa30BaHHe <I>ITM MO)l(eT HMeTh OTHOllleHHe K <l>a30BOM)' nepexo.ny 

:>JCU0KOCmb-2Q3 B g.nepHOH MaTepHH. 

XapainepHCTHKH rrpmlecca CHJihHO 3aBHCjJ:T OT axo,nHoro KaHarra, 

T.e. no cyllleCTBy, OT COOTHOUieHHj{ Me)l(,Zl)' TeIIJIOBOH H KOJIJieKTHBHOH 

KOMIIOHeHTOH 3HeprnH B036y)l(,L{eHHj{, CBj{3aHHbIMH c C:>KaTHeM, 

apallleHHeM H .ne<l>opMaI.lHeH: npoMe~TOqffOH cHcTeMhI. KonneKTHBHM 

KOMIIOHeHTa MO)l(eT 6bITb oqeHh 3HaqHTeJihHOH ,L{Jlj{ coy.napeHHH 

Tj{)l(eJiblX HOHOB, rrpHBO,L{j{ K IJOj{BJieHHIO, TaK Ha3hIBaeMhIX, 

,L{HHaMHqecKHX 3<l><l>eKTOB, H OHM MOryT 6b1Tb orrpe.neJij{IOillHMH ,L{Jlj{ 

pe3yJihTaTa coy.n;apeHHH. TaK rrpH .nocTaToqHo CHJihHOM C)l(aTHH .na)l(e 

XOJIO,llHOe H,ZlpO pa3BaJIHBaeTCH Ha KYCKH Ha CTa,nHH ,lleKOMIIpecCHH. 

CHTYfillHH 6JIH3Ka K 3TOM)' B l{eHTparrhHhIX coy.napeHHHX rrpH 3HeprID1x 

(200-400) M3B Ha ttyKJIOH. B 3TOM crryqae crre.nyeT roaopHTh o 

".llHHaMHqecKoii" MYJihTH<l>parMeHTal{HH, Kor.na B3aHMo.neH:cTBHe 

Me)l(,Zl)' CTaJIKHBalOillHMHCj{ g,npaMH corrpOBO)l(,L{aeTCH C)l(aTHeM, 

6hICTPhIM BpameHHeM H H3MeHeHHeM <PopMbl B036y)l(,L{eHHOro H,ll.pa. 

TepMO.llHHaMHqecKHe Mo,nenH 3.lleCh He pa6oTaIOT. 

,npyroH: rrpe,neJihHhIH crryqaif (rrpH HCIIOJih30BaHHH rrerKHX 

peJij{THBHCTCKHX HOHOB) - "TerrnoBM MYJibTH<l>parneHTfillIDI", Kor.na 

3HeprID1 B036y)l(,L{eHHj{ g.npa rroqTH l{eJIHKOM TeIIJIOBaH, H pearrH3yeTCH 

6JiaI'OIIpID1THaH cmyal{HH ,llJij{ rrpHMeHeHIDI TepMO,L{HHaMHqecKHX 

IIO,AXO,llOB B OIIHCaHHH H,ZlepHoro <l>a30Boro nepexo.na ")l(H,L{KOCTh-ra3". 

B 'JTOM crryqae .llHHaMHtJeCKHe 3Q>Q>eKThI cTaHOBncH npeHe6pe)l(HMO 

I 



Ma.JlbIMH. .[{pyrnM fIOJIO)l{HTeJibHbIM MOMeHTOM B HCfIOJib30BaHHH 

rrerKHX HOHOB .sJBJUleTC.sJ TO, 1ITO B 3TOM crryqae see <}lparMeHTbI 

o6pa3yIOTCji OJJ:HHM HCT01IHMKOM - Me,nJieHllO JJ:BH~lllMMC}i 

crreKTaTopoM MHIIIeHH, 3HeprHji B036y~eHH.sJ KOTOporo rrpaKTHtJeCKH 

noJIHOCTblO TenrroBa.sJ. Ha 41t ycraHOBKax <l>A3A H ISiS 6bmo rroKa3aHO, 

tJTO TenrroBa.sJ MYJibTH<jlparMeHTaD;HH npottcxo.n:HT rrpH B3aHMo.n:eiicTBHM 

rrerKMX peJI.sJTHBHCTCKHX tJaCTHI.l ( p,p, 3 
He, 

4
He, 

12
C,7f ) c T.Sl)l{eJibIMH 

MHIIIeHHMH, M <jlparMeHTbI MCnyCKaIOTC}i H3 B036y~eHHOro H.n:pa­

OCTaTKa nocrre ero pacrrrnpeHmi:, npoHcxoMmero rro.n: .n:eH:cTBHeM 

TerrrroBoro .n:aBrreHH.sJ. 

HaKoTIJieH orpoMHbIH 3KcrrepHMeHTaJibHbIH MaTepHa.rr B 

HCCJieJJ:OBaHHM .sIJJ:pO-}i,llepHbIX B3aHMOJJ:eHCTBHH rrpH pemlTHBHCTCKMX 

3HeprH.sIX c HCIIOJib30BaHHeM TpeKOBbIX (ny3blpbKOBbIX H HCKpOBbIX 

KaMep ), HJJ:epHbIX <jloT03MYJibCHH H aKTHBaD;HOHHOro aHaJIH3a. 0.n:HaKo, 

.n:eTaJibHaJI MH<jlopMaQM.sJ 0 MexaHH3Me H BpeMeHHOH lIIKaJie rrpoQecca 

MO)l{eT 6bITb rrorrytJeHa TOJibKO c HCIIOJib30BaHHeM MHOro.n:eTeKTOpHbIX 

41t CHCTel\I. 

Ocuoettau gem.. QerrbIO HacToHmeli pa6oTbI HBJI.sJeTCH 

mytJeHMe IlOBe.n:emui: pa3pe)l{eHHOH H.n:epHOH MaTepHH rrpH 

TeMrreparypax HH)l{e KpHTHtJeCKOH, COOTBeTCTBYIOllleH <}la30BOMY 

rrepexo.n:y ")l{H.llKOCTb-ra3" . .VhytJeHHe TeIIJIOBOH MYJibTH<jlparMeHTaQMH 

Il03BOJI.sJeT pelliaTb 3yY 3a.n:aqy. 3TOT rrpoQecc npOHCXOJJ:MT rrpH 

B3aHMOJJ:eHCTBHH peJIHTHBHCTCKHX JierKHX tJaCTHI.l C TH)l{eJIOH MHIIIeHbIO, 

Kor.n:a :meprH.sI B036y~eHH}i jl,[lpa-ocTaTKa HBJI.sJeTCH IIOJIHOCTblO 

TeTIJIOBOH. 3To HOBbIH MHOroTeJibHbIH npoQecc pacrra.n:a OtJeHb ropHtJero 

H.n:pa (crreKTaTopa MHIIIeHH), rrpOHCXO.llHlllMH c 3MHCCHeH HeCKOJibKHX 

<!>TIM. 

Harrnau HOBHJHa. BrrepBbie 3KcrrepHMeHTaJibHO .n:oKa3aHo • JJ:Jiji ropH1IHX ~i:.n:ep (E > 300 M3B), rrorrytJaeMbIX Ha peJI.sJTHBHCTCKHX 

nytJKaX p, 4He, 12C, 1ITO HcnapeHHe qacTHQ CMeHReTCR npoQeCCOM 

TeilJIOBOH R.n:epHOH MYJibTH<jlparMeHTaD;HH. 3To HOBbIH MHOroTeJibHbIH 

THII pacna.n:a B036y)l{.n:eHHhlX RJJ:ep, npH KOTOpOM npOHCXOJJ:MT 

MHO)l{eCTBeHHaJI 3MHCCH.sl <l>TIM. 3To npoQecc B3pbIBHOro THna, 

npOHCXOMlllHH 3a BpeMR ~10-22c (50fm/c). CTOJib KOpOTKOe BpeMR 

BnepBble ycTaHOBJieHo B npe.n:cTaBJieHHOH .llMCCepTal.lHH nyTeM TOHKOro 

aHaJIH3a yrJIOBOH KoppeJI.sJ:QHH reHeTH1IeCKH CBR3aHHhlX <}lparMeHTOB. 
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TipH nepexo.n:e oT npoTOHHoro nytJKa K 6onee TR)l{eJibIM 

6oM6ap.n:HpyIOlllHM tJaCTHI.laM cneKYpbl KHHeTHtJeCKHX 3Heprnli 

CTaHOBRTCR 6onee )l{eCTKHMH. BnepBbie 3KcnepHMeHTaJThHO JJ:OKa3aHO, 

1ITO 6orree )l{eCTKHe cneKYpbI KMHeTHtJeCKHX 3HeprnH: o6ycJIOBJieHbl 

pa.n:HaJibHbIM KOJIJieKTHBHbIM IlOTOKOM B <PparMeHTHpyromeM R.n:pe B 

MOMeHT pa3BaJia, BbI3BaHHoro 6onee 3Ha1IMTeJibHbIM pa3orpeBOM 

cneKTaTopa MMllieHH Ha nytJKax 
4He H 

12C (a cne.n:osaTeJibHO H 6onee 

BbICOKHM TennoBbIM .n:aBrreuHeM). BbmerreHHe KorrrreKTHBHOH 

KOMTIOHeHTbI M3 KHHemtJeCKOH 3HeprnH <jlparMeHTOB H aHaJIH3 ee 

KOppeJI.sJ:QHH c 3apRJJ:OM <}lparMeHTa Il03BOJIHJIH IlOJIY1IMTb HHTepecttyIO H 

HeO)KHJJ:aHttyIO HH<jlopMan;HIO 0 npocrpaHCTBeHHOH KOH<jlHrypan;mI 

CHCTeMbl B MOMeHT pa3BaJia: . norrytJeHa 3aBHCMMOCTb cpe.n:HHX 

pa.n:HaJibHbIX KOOp.llHHaT <l>TIM OT MX 3apR.n:a. 0Ka3aJIOCb, tJTo cpe.n:mUI 

pa.n:Ha.rrbHa.sJ Koop.D:HHaTa <}lparMeHTOB yMeHblliaeTCR c yBeJIHtJeHMeM Z 
3HatJHTeJibHO 6hlcrpee, tJeM npe.n:cKa3bIBaeTcR B SMM. 0TKJioHeHHe 

JJ:aHHbIX OT npe.n:cKa3aHHH CTaTHCTHtJecKOH Mo.n:errM 

MyrrhTH<jlparMeHTaD;HH CBR3aHo c TeM, 1ITO Mo.n:errb npe.n:norraraeT 

OJJ:HHaKOBYIO BepORTHOCTb o6pa30BaHH.sl <!>TIM B JII060H JJ:OCyYilHOH 

TotJKe cHcTeMbI. B .n:elicTBHTeJibHOCTM 3TO He TaK, 6orree u1)1{eJib1e 

<}lparMeHTbl npeifMYmecTBeHHO po~aIOTCR 6JIH)l{e K Qettrpy CMCTeMhl, 

tJTO YKa3bIBaeT Ha ueo.n:uopo.n:Hoe pacnpe;:i:erreHMe nnornocm B cHJibHO 

B036y~eHHOM jl,[lpe. 

Ha JalllH!Y BLIJlBHralOTCH CJieJJVIOlllHe OCHOBHLie DOJI03\eHHJI : 

1. C03;:i:aHa nepBa.sI B MHpe 47t-ycTaHOBKa cI>A3A .ZJ:JI.sJ M3ytJeHH.sJ 

TenrrosoH: MYJibTH<jlparMeHTaD;HH BbICOKOB036y~eHHbIX crreKTarnpoB 

MHllleHH, o6pa3yIOIIJ.HXCR B coy.n:apeHH.sJX JierKMX peJI.sJTHBMCTCKHX 

MOHOB C jl,[lpaMH. 

2. BnepBbie 6hmo .n:oKa3aHO B 1994r. nyTeM H3MepeHIDI 

cpe;:i:Hero BpeMeHH 3MHCCHH <}lparMeHTOB, 1ITO TeTIJIOBaJI 

MYJibTH<jlparMeHTaD;HR - ;:i:eHCTBHTeJibHO HOBbIH, MHOroTeJibHbIH THil 

pacna.n:a rop.s11IHX R;:i:ep, a He IlOCJie.ZJ:OBaTeJibHOe H He3aBHCHMOe 

HcnapeHMe tJaCTHI.l. B HaH6onee "1IHCTOM" BM.ZJ:e TenrroBaJI 

MYJibTmp parMeHTaD;HR HMeeT MecTo npH coy;:i:apeHHH peJI.sJTHBMCTCKHX 

npoTOHOB c R.ZJ:paMH. 

3. c yseJIH1JeHHeM 3HeprnH nytJKa cpe;:i:HRR MHO)l{eCTBeHHOCTh 

<l>TIM pacTeT, HO .n:ocrnraeT HaCbIIIJ.eHH.sJ npM 3HeprID1X, npeBhIIIIaIOIIJ.HX 

6 f3B. 3TO Ha6JIIO;:i:eHHe He y;:i:aeTCR OilHCaTb B Ypa.D:HI.lHOHHOil 
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.UByxcryrreHqaTOH MO)leJIH: BHyTplUI)J;epHhlii KaCK~ + CTaTIICTWieCKaJl 

Mo.uem, MYJihTm}lparMeHTau;HH. )l;enaeTCJI BhIBO.ll, qTo BHyTpHJ1.UepHhrn 

KacK~ rrnoxo orrHchrnaeT cnolicTBa ocTaToqnhIX J1.Uep (A, Z, E*), 
oco6eHHo B o6nacnr 6onhlIIHX 3Heprnli Bo36y)l()leHHJI, r.ue H 

rrpoHCXO)lHT MHOroTeJibHhIH pa3BaJI Jl)lep. 

4. )l;JIJI 6onee ~eKBaTHOro OITHCaHHJI CBOHCTB 

cpparMeHTHPYIOIUHX Jl)lep pa3BHTa 3MITHpHqecKaJl npou;e.uypa yqeTa . 

.uonOJIHHTeJibHOro c6poca 3HeprHH H MaCCbl Ha CT~HH pacmHpeHHJI 

Jl.Upa (3a cqeT TenrroBoro .uasneHHJI) rrepe.u proBarroM. 3To .uerraeTCJI 

BBe)leHHeM o.unoro napaMeTpa «Cl», KOTOpblli Bbl6HpaeTCJI H3 YCJIOBHJI 

corrracHJI c 3KCnepHMeHTOM no cpe.uHeJi MHO)l(eCTBeHHOCTH <f>parMeHTOB. 

TaKHM o6prooM, norryqaeTcJI MO.Ueno RC + a + SMM, KoTOpaJl 

ycnemHo orrHchrnaeT pacnpe.uerreHHJI <l> ITM no MHO)l(ecTBeHHOCTH H 

3apw, cneKTpbI KHHeTWiecKHx 3HeprHli, yrnoBhie pacrrpe.uerreHHJI .llJIJI 
coy.uapeHHli p + Au. 

5. 3rn Mo.uerrh ycrremHo onHchrnaeT pacnpe.uerreHHJI rro 

MHO)l(eCTBeHHocrn H 3apJ1.uy cpparMeHTOB, H .llJIJI coy.uapeHHH 4He +Au, 
H 

12
C +Au, qTo yKaJhIBaeT Ha To, qTo no 3THM xapaKTepHcTHKaM npH 

rrepexo.ue OT npoTOHOB K 6onee TJl)l(eJihIM 60M6ap.uHpy10m;HM qacTHIJ;aM 

B MeXaHH3Me peaKIJ;HH HHqero He MeHJICTCJI: BO Bcex crryqaJlx -
TenJIOBaJl My Jlh THcpparMeHTaIJ;HJI. 

6. ITpH rrepexo.ue oT npornmmro rryqKa K 6orree TJl)l(eJihIM 

60M6ap.UHPYIOIUHM qacTHl{aM crreKTpbI KHHeTHqecKHX 3Heprnli 

CTaHOBHTCJI 6orree )l(eCTKHMH. 3To Bbl3BaHO nOJIBJieHHeM KOJIJieKTHBHOH 

KOMITOHeHThI B crreKTpe KHHeTWieCKOH 3HeprHH cpparMeHTOB. Ona 

CBJl3ana c p~HaJihHhIM KorrneKTHBHhIM noToKoM B cpparMeHTHpy10m;eM 

Jl.llpe B MOMeHT pa3Barra, BhI3BaHHoro 6onee 3HaqHTeJihHbIM proorpeBOM 

cneKTaTopa MHlliCHH Ha rryqKax 
4He H 12C (a CJIC)lOBaTeJibHO H 6onee 

BbICOKHM TenJIOBhIM .llaBJICHHeM). 

7. BnmenenHe KonrreKTHBHoii KOMnoHeHThI H3 KHHeTHqecKoli 

3HeprnH r}>parMeHTOB H aHaJIH3 ee KoppeJIJIIJ;HH C 3apJl)lOM cpparMeHTa 

II03BOJIHJIH norryqHTh HHTepeCHyIO H HeO)l(H)laHHyIO HHcpOpMal{HIO 0 

npocTpaHCTBCHHOH KOHcpHrypau;HH CHCTCMhl B MOMeHT proBarra: 

norryqeHa 3aBHCHMOCTh cpe)lHHX p~HaJihHhIX KOOp)lHHaT <I>ITM OT HX 

3apJ1.ua. 0Ka3aJIOCh, qrn cpe.UHJIJI p~HaJihHaJl KOOp)lHHaTa cpparMeHTOB 

yMeHhmaeTCJI c yBeJIHqeHHeM z 3HaqHTeJibHO 6bICTpee, qeM 

IIpe.ucKaJhIBaeTcJI B SMM. 0TKJionenHe .llaHHhIX OT npe.ncKroaHHH 

CrnTHCTHqecKOH Mo.n;enH MyrrhTHcpparMeHTal{HH CBJl3aHo c TeM, qrn 

MO.llCJlh npe.urronaraeT 0.llHHaKOBYIO BepOJITHOCTh o6pa30BaHHJI <I>ITM B 
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JII06oli .uocryrrHoH ToqKe cHcTeMhI. B .uelicTBHTCJihHOCTH 3TO He TaK, 

6onee TJl)l(eJibie cpparMeHThI npeHMYIUCCTBeHHO pO)l()laIOTCJI 6JIH)l(C K 

u;eHTpY CHCTeMbI, qTo YKaJhIBaeT Ha HCO.llHOpo.n;noe pacnpe.n;eneHHe 

IlJIOTHOCTH B CHJlhHO B036y)l()leHHOM Jl.D;pe. 

8. ITpoBe.n;ettHhie Hccrre.n;oBaHHJI rrpHBO.llJIT K 3aKJI10qenH10 o TOM, 

qTo, necMOTpJI Ha o6mHli ycnex CrnrncTHqecKoH Mo.uenH 

MyrrhTHcpparMeHTaIJ;HH, onHcaHHe ycnoBHH B MOMCHT proBarra 

B036y)l()leHHOro Jl)lpa CJIHlliKOM ynpom:eno B 3TOH MO)lCJIH . 

Hccrre.n;oBaHHe 3HepreTHqecKHX cneKTpOB cpparMeHTOB J1BJIJ1eTcJ1 

3cpcpeKTHBHhIM CIIOC060M norryqeHHJI HHcpopMaIJ;HH 0 KOHcpHrypau;HH H 

.UHHaMHKe Jl)lepHOH CHCTCMhI B MOMeHT pa3Barra. 

Bee pe3yJihTaThI IIorryqeHhI BnepBhie. 

IlpaKTH'lecKaH geuuocTL J!HCcepTagnn. B ,nHccepTau;HH 

propa6oTana KOM6HHHpOBaHHaJl MO)leJih Jl)lepHOH 

MYJibTHcpparMeHTau;mr RC+a+SMM Ha rryqKax peJIJITHBHCTCKHX 

qacTHu;. nhICTpaJl CT~HJI B3aHMo,neiicTBHJI onHchrnaeTCJI KaK 

BHyTPHJl.llCPHhIH KaCK~. Ha CT~HH pacmHpeHHJI Jl)lpa rrepe.u pa3BaJIOM 

HCnOJlb3YCTCJI pll36UlnaR 6 Ouccepmaf<UU 3MIIHpHqeCKaJl npou;e.uypa 

yqeTa .n;onoJIHHTCJThHOro c6poca 3HeprHH H MaCChI. 3TO .nenaeTCJI 

BBe.uem1eM O.ZJ;Horo napaMeTpa «CI», KOTOpbIH BbI6HpaeTCJI H3 ycnOBHJI 

cornaCHJI c 3KcnepHMeHTOM no cpe.uHeH MHO)l(eCTBeHHOCTH cpparMeHTOB. 

Pacn~ ropJ1qero ocTaToqHoro Jl)lpa paccMaTpHBaeTcs:: B paMKax 

CTaTHCTffqCCKoii Mo.n;enH MYJihTHcpparMeHTal{HH. Propa6ornHHaJI 

KOM6HHHpoBaHHaJl MO.D;eJib ycnemHo HCnOJih30Barracb )lJIJI 

cpaBHHTem,Horo aHaJIH3a 3KCnepHMeHTaJihHbIX .llaHHbIX no Jl)lepHOH 

MYJThTHcpparMeHTal{HH Ha rrytJKax peJIJITHBHCTCKHX npoTonon, J1,nep 

reJIHJI H yrnepo.ua. MeTO.llhI H pe3yJthTaThI Hccrre,noBaHHH ropJl'!HX J1,nep 

(E* > 300 M3B) MoryT naliTH npHMeHeHHe B cpH3HKe aTOMHoro J1.n;pa H 

3JieMeHTapHbIX qacTHIJ;. 

Anpo6agna 11ncct"pTagnn. Pe3yJihTaThI, Bome.umHe B 

.llHCcepTaIJ;HIO, Heo,nHOKpaTHO .llOKJl~hIBaJIHCh Ha CCMHHapax JI5II1, 
cneu;HaJIH3HpOBaHHOM naytJHOM ceMHHape no peJIJITHBHCTCKOH Jl.D;epnoii 

cpH3HKe JIB3, CCMHHape naytJH0-3KcrrepHMeHTaJihHOro OT)leJia Jl.llCPHOH 

cneKTpOCKOITHH H p~HOXHMHH JI5II1, Ha Me)l()lyHapo.n;Hoii mKone­

ceMHHape no 4>H3HKe TJl)l(eJihIX HoHoB ()l;y6Ha, 1993 r. ), Ha XXII 
MC)l()lyHapo,nHOM COBCIIJ;aHHH no CBOHCTBaM Jl.D;ep (XHpmer, ABCTpHJI, 

5 



1994r.), Ha BTOpOM Me)f()zyHapo,n;HOM CHMII03lf)'Me IIO H,n;epHOH 

<i>parMeHTfillHH (CaHKT-TieTep6ypr, Poccm1, 1994r.), Ha XV 
KOH$epeHU:HH IIO $H3HKe 51,n;epHoro .n;eneHHJI (CaHKT-TieTep6ypr, 
Poccmi:, 1995r.), Ha Me)f()zynapo,n;HoH IIIKone-ceMHHape no $H3HKe 
TJ1)1(eJ11>IX HOHOB (.IJ:y6Ha, 1997r.), Ha IX Me)l()l;yi-rnpo,n;Hoii 
KOH$epeHU:HH 110 MeXaHH3MaM j[,ZJ;epHbIX peaKU:HH (BapeHa, lfranHJI, 
2000r.), Ha Me)l()l;yHapo,n;HOM pa6ot:JeM COBeI.l(aHHH IIO pemITHBHCTCKOH 
H,n;epHoii $H3HKe (BapHa, Eonrap1u1, 2001r.), Ha VIII Me)l()l;yHapo,n;Hoii 
Ko1-1$epeHU:HH rro j[.n;po-MeptthIM B3aHMo.n;eiicTBmlM (MocKBa, PoccHH, 
2003r.), Ha 18ii Me)l(.n;yHapo,n;HOH KOH$epeHU:HH IIO <l>a30BhIM 
rrepexo,naM B CHJlhHO B3aHMo,n;eiicTByi-oiu:eii MaTepHH (Tipara, llexl{jl, 
2004r.), Ha LV HaU:HOHaJJhHOH KOH$epeHU:HH no Mepttoii $H3HKe 
(CattKT-IleTep6ypr, Poccl{jl, 2005r.), Ha Me)l(.n;yHapo.n;HoM pa6ot:JeM 
COBeI.l(aHHH IIO MYJlhTHc}JparMeHTailHH (KaTaHHj[, HTaJJJ{jl, 2005r). 

Ily6JJnKayun. BKJIT-Ot:JeHHble B .n;ucceprau:Hi-o pe3yn1>TaT1>1 
orry6nHKOBaHbl B 31 pa6oTe. 

CTpympa u 061.eM .l!HccepTayuu. .lJ:HccepTau:J{jl 
COCTOHT H3 BBe,lleHHH, t:JeThipex rnaB H 3aKJ11-0qeHHH, co.uep)l(HT 98 
CTPaHHU: TeKcTa c 43 pHcyHKaMH, 6 rn6nHU: :u 6H6nHorpacpHt:JecKHii 
CIIHCOK JJHTeparyphI H3 97 HaHMeHoBaHHH. 

CO,ItEPXCAHHE ~~CCEPTAU~~ 

Bo BBe.lleHHH KpaTKO .n;aHo o6ocHoBaHHe aKTYaJJhHOCTH 
H Ba)l(HOCTH :uccne.n;osaHJ{jl MHO)l(eCTBeHHoro o6pa30BaHHj[ <I>IIM. 

B nepBoii r JlaBe H3JlO)l(eHa rrocTaHOBKa cpH3HqecKoii 3a.n;aqH. 
IIpe.ucrnaneHbI pacnpe.n;eneHHH no MaccaM cppameHTOB (CM. pHc. 1) B 
cpyHKU:HH MHO)l(ecrneHHocTH nerKHx 3apj[)l(eHHhIX qacTHU (JI3lJ, Z::;2), 
nonyqeHHhie npH B3aHMO,lleHCTBHH 4He(14.6 r3B)+Au. IloKa3aHO, qrn 
)lJlj[ He60JlhIIIHX 3HaqeHHH MHO)l(eCTBeHHOCTH JI3lJ pacnpe.ueneHHe no 
MaCCaM BKJJJOqaeT B ce6H ,ZJ;Be KOMIIOHeHThl. 0.n;Ha H3 KOMnOHeHT 
co.n;ep)l(HT TH)l(en1>1e cppameHThI c MaccaMH, 6nH3KHMH K A=80 H, B 
OCHOBHOM, COCTOHT H3 cpparMeHTOB .ueneHJ{jl. BKJia.n; 3TOH KOMnoHeHTbl 
6blCTpo 1fcqe3aeT c ysenHqeHHeM MHO)l(eCTBeHHOCTH JI3lJ, qTo 
OTPa)l(aeT Bo3pacTaHHe 3HeprHH so36y)l()l;eHHH. 
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BTOpM KOMIIOHeHTa COCTOHT H3 JierKHX Mace H IIpHCYTCTByeT B 
pacnpe,lleJieHHH IIO MaCCaM )lJlj[ acex MHO)l(eCTBeHHOCTeH JI3lJ. 
Maccoaoe pacnpe,lleneHHe a 3TOM perHoHe xopomo onHc1>rnaeTCj[ 

cTeneHHoii cpyHKUHeii A-t .JlJlj[ Mace a .n;Hana3oHe 10 ::; A ::; 40. E1>rna 

c.uenaHa ou:eHKa nonHoro nonepet:JHoro ceqeHHH npou:ecca 
cppameHTfillHH )lJlj[ B3aHMO,lleHCTBHj[ 4He+Au: <lMF :::::: 400mb, qTO 
cocTaBJlj[eT 3Hat:JHTenhHYIO qacTh OT nonHoro Heynpyroro nonepeqHoro 
ceqeHHj[ (15-20%). BenHqHHa <lMF CBj[3aHa c <l/MF (nonepeqHoe ceqeHHe 

o6pa30BaHHj[ <I>TIM) npocTbIM Bbipa)l(eHH:eM: 

<lMF= <l/MF/<M1MF>, 

r.ue MIMF - MHO)l(ecrneHHOCTh co61>ITHH, B K0Top1>1x 06pa30BaH1>I <I>IIM. 
Onpe.ueJlj[eTCj[ cpyHKUHj[ OTKJIHKa Q(MA,M) ycTaHOBKH <I>A3A, KOTOpM 
.uaeT aepouHoCTh perncTpau:1·rn MA cpparMeHTOB, .JlJlj[ co61>IT:Hj[ c M 

cpparMeHTaMH. <l>yHKI(Hj[ OTKJIHKa BKJIIOqaeT B ce6H Bepoj[TIIOCTh 

":"' 1QI 

~ 
::t: 102 

~ 
g .,, 
x 
1i 

·~ ~"S 
f(.."() 

Ov 
~~ 

~0 
J t' 

co YI H ;;--..~~11U~•U•~•l,---..~-v I 

~fl) 
0 

a so 100 1!5G ~~ 
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Puc. I. Pacnpe.n;enenue no MaccaM <PparMeHTOB B ipyn~HH MHO)l(ecTBeHHOCTH 
JI3q, nonyqeHHOe B peaKQHH 4He(l4.6 faB)+Au. 
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TJ)HrrepoBattIDI, nponopu;HoHaJibHYIO M, H aepo.si:THOCTb penICTPaIJ;HH B 

,[(M<D MA cpparMeHTOB m ocTaBIIIHxc.si: nocne TPHrreposaHIDI M-1 
HCXO,lJ;HbIX cpparMeHTOB, KOTOpa.SI onHChIBaeTC.SI 6HHOMHaJibHbIM 
pacnpe.n;eneHHeM. <Dyma.i;H.si: OTKJmKa HMeeT cne.n;y10rn;Hli BH,n:: 

Q(M M) = M! pMA (1- P)M-1-MA 

A• MA!(M-1-MA)! ' 

r.n:e P=Nr.172, N - 1rn:cno .n;eTeKTopoa ,ll,M<l>, E - cpe.n;H.si:.si: 3cpcpeKTHBHOCTb · 
perHcTpau;HH cpparMeina O,L{HHM .n:eTeKTOpoM. 

HcnoJib3YIOTc.si: .n:ae B03MO)l(HOCTH ,[{JI.SI nonyqeHH.SI HCXO.n;Horo 
pacrrpe.n:eneHH.SI no MHO)l{ecrnenttocTH W(M) H3 H3Mep.si:eMoro 

pacnpe.n:eneHIDI WA(MA). B nepBoM cJiyqae .n:enaeTc.si: npe.n:noJio)l(eHHe o 

cpopMe Hcxo,n:Horo pacnpe.n:enemUJ. ITpe.n:nonaraeTc.si:, qro 3TO <DepMH 
<Pyma.i;m1: 

W(M) = PlJ _p , 
1 +exp( 2) 

~ 
qTo cne.n;yeT H3 pacqeTOB, c,n:eJia.HHbIX B paMKax CTaTHCTHqecKOM 

Mo.n:enH MYJihTH<i>parMeHTal(HH. Hcxo,n:Hoe pacnpe.n:eneHHe W(M) 
napaMeTPH3yeTc.si: (P1, P2, P3 - napaMeTPbI <DepMH pacnpe.n:eneHmi:). 
,ll,anee, .n:enaeTc.si: csepTKa Hcxo.n:Horo pacnpe.n:eneHIDI c cpyHKIJ;He:H: 
OTKJIHKa no <PopMyne 

WA(MA) = L Q(MA,M)·W(M). 
M=MA+I 

ITonyqeHHa.si: <PYHKIJ;H.si: Hcnony,3yeTc.si: ,[{JUI cpHTHposaHH.H 
3KCnepHMeHTaJibHbIX ,L{a.HHbIX, qTo .n:aeT B03MO)l(HOCTb nonyqHTb 

3naqeHIDI cso6o,n:HhIX napaMeTpos. Bo BTopoM cJiyqae npoHcxo,n:HT 

np.si:Ma.si: peKOHCTPYKilIDI Hcxo.n;Horo pacnpe.n:eneHH.SI W(M) c 
HCnOJib30BaHHeM o6parno:H cpyHKIJ;HH OTKJIHKa Q" 1(M,MA): 

M --1 

W(M )= L Q-1(M ,MA)·WA(MA). 
MA=O 

06paTHa.SI <PYHKIJ;ll.SI OTKJIHKa Haxo,n:HTC.SI H3 COOTHOIIIeHH.SI: 
0·1·0 = i. 

06e rrpoIJ;e.n;ypbI .n.a10T rropa3HTeJibHO 6mf3KHe pe3yJII>TaTbI. ,ll,enaeTc.si: 

CpaBHHTeJibHbIB aHaJIH3 nonyqeHHbIX cpe,n:HHX MHO)l(eCTBeHHOCTeM 

<DITM .z:tJI.SI peaKIJ;Hii p(2.1 r3B)+Au, p(3.6 f3B)+Au, p(8.1 r3B)+Au, 
4
He(4 f3B)+Au, 

4He(14.6 f3B)+Au, C(22.4 f3B)+Au c pacqeToM, 

BbIITOJIHeHHbIM B paMKax TaKHX Mo,n;eneil, KaK: MoOellb BHympUROepHozo 
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1<acKaOa (RC) + MoOellb pacwupR10Ufe2ocJ1. U3llY'W10Ufe20 ucmo'lHUKa 

(EES); RC 11 MoOe!lb cmamucmu'leCKoii .MyJ1bmu<jJpaZMeHma11uu (SMM); 
RC H SMM c BKJI10qe1rneM npe.n:pasHoBecIDI. fioKaJatto, qTo 

3KcnepHMeHTaJihHbie 3Haqemui: cpe,n:HeH MHO)l(eCTBeHHOCTH BhIXO,WIT Ha 

Hacb1rn;eHHe npn 3HeprIDix oKono 6 f 3B, qTo MO)l(eT 6hITh o6ycnonrreHo 

Hacb1rn;emieM 3Heprmr s036y)l(.n:em1.si: .si:.z:tpa-ocTaTKa. C,rr,enaH nn.mo.n:, 'ITO 

KaCKa,n: c rrpe.z:tpaBHOBeCHOH 3MllCCHeM HJIH 6e3 Hee He MO:II<eT onncan,. 

CBOHCTBa cneKTaTopa MHIIIeHH B mnpOKOM ,rtHana'30He ::meprn:H 

HaJieTaIOIIlHX qacTHIJ;. ITpe.n:rrmI<eHo 3MnHpnqecKoe peme1me 3TOM 

npo6neMhI. 3HeprmI B036y)l(.[temui: E;c .si:.n;pa-ocTaTKa AR rroJiyqaeMa.si: B 

KaCKa,n:e yMeHbIUaeTC.SI Ha <PaKTOp a H rrepeXO,llHT B 3Heprmo 

B036y)l(.[teHJUI EMF <PparMeHmpy10mero .Sl.!l.pa, r.n:e a eCTb OTHOIIIeHHe 

3KCnepHMeHTaJihHOM H pacqenrnil cpe,n:HeH MHO)l{eCTBeHHOCTH 

< Mexper > a = ,ll,pyrHMH CJIOBaMH, yMeHbIIIemie 3HeprmI 
< MRC+SMM > 

s036y)l(Jl:eHH.S1 pasHo !J.E = (1- a)· E;c. HJ KacKa,n:Hhrx pacqerna 

H3Becrno, qTo E;c nponopIJ;HOHaJibHO noTepe ttyKJIOHOB B rrpoIJ;ecce 

KacKa,n:a MRc, T.e. !:lE = (1- a)t:1MRc, r.n:e £ 1 HBJI.SieTc.H: cpe.n;Heii 

3Hepni:eil so36y)l(.[teHID1 Ha o.n;HH ncrrymeHHbIB B npou;ecce KacKa,rta 

ttyKJIOH. YMeHhmeHHe Maccosoro qHcna M, cooTBeTCTBYIOlllee 

yMeHhIIIeHHIO :meprnn B036y)l(.[teHIDI, ec:n, AA = MI &2 , r.z:i;e &2 -

3cp<PeKTHBHa.SI cpe.z:tHAA :meprn>I, yHoCHMa.sc O,li.HHM HyKJioHoM. ITonaraJf, 

qTO &2 = £ 1, nonyqaeM M = (1- a)MRc. :ha 3MIIHpHqecKa.si: 

KOM6HHHpoaaHHa.SI Mo,n:eJih o6o3HaqaeTcsi: KaK RC+a+SMM. 3apsi:,UhI, 

MaccbI H :mepreTnqecKHe xapaKTepHCTHKH <i>parMeHmpy10mux H.Uep 

,llJI.SI 3TOH rrpoIJ;e.n;yphl npe,llCTaBJICHLI B Ta6JI. 1 ,llJI.SI pa3miqHJ>IX 

B3aHMO,n:eHCTBYIOW:HX CHCTCM. 3HaqeHIDI napaMeTPa a paBHhI 0.93, 0.76, 
n 0.53 (.n;JI.SI p + Au), 0.49 H 0.25 (,l{JI.SI He + Au), 0.22 (.llIDI C + Au). 
3aMeTHM, qTo 3HeprHH B036y)l(.[teHH.SI, npe,n:CTaBJieHHbie B Ta6mIIJ;e 1, 
.SIBJI.SIIOTCSI TeilJIOBbIMH no onpe.n:erreHHIO. fIOJIHasI 3HeprnH B036y)l(.[teHH.SI 

E:F TOJihKO HecKOJibKO Measi:eTCH c yBeJIHqeHHeM 3HeprnH rry~a. B 

TO)l(e CaMOe BpeM.SI 3HeprH.SI B036y)l(Jl:eHH.SI Ha ttyKJIOH pacTeT, 

IlOCKOJihKY MaCCOBbie q1fCJia .Sl,llCp-ocTaTKOB yMeHbIIIaIOTC.SI, a cpe,n:H.Sl.SI 

MHO)l(eCTBeHHOCTh <DITM OCTaeTC.SI nOCTO.SIHHOH. 
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E qaCT. tfaM. Pac'IeT Mo.n;en1> 

f 3B M1MF M1MF ZR AR ZMF AMF ER EMF 

1.82 77 189 76 185 310 589 RC+SMM 

2.16 p 1.7±0.2 1.02 72 176 62 145 119 266 RC+PE+SMM 

1.69 77 188 75 183 288 564 RC+a+SMM 

2.52 76 187 74 181 371 676 RC+SMM 

3.6 p 1.9±0.2 1.34 70 171 55 134 148 385 RC+PE+SMM 

1.89 75 184 73 175 282 568 RC+a+SMM 

3.58 75 183 73 175 488 808 RC+SMM 

8.1 p 2 1±0.2 1.85 68 167 53 128 177 462 RC+PE+SMM 

2.0 72 176 67 158 259 529 RC+a+SMM 

3.89 75 184 73 177 484 836 RC+SMM 

4.0 4
He 1.7±0.2 1.56 68 167 54 130 176 428 RC+PE+SMM 

1.77 73 177 69 161 238 502 RC+a+SMM 

4.47 71 173 66 159 723 1132 RC+SMM 

14.6 4
He 2.2±0.2 3.06 63 153 48 116 377 824 RC+PE+SMM 

2.19 64 154 48 103 183 404 RC+a+SMM 

4.04 67 163 64 153 924 1216 RC+SMM 

22.4 12c 2.2±0.3 2.85 60 146 47 113 638 1026 RC+PE+SMM 

2.17 59 139 41 86 207 415 RC+a+SMM 

Ta6mnw I: Pac'leTH1>1e xapaKTepHCTHKH S1.Upa-ocTaTKa npw 

B3aHMO)leHCTBHH nerKHX 3apH)f(eHHblX 'laCTHU c 30JIOTOH MHIIIeHbJO. ZR ' AR ' 
ER - cpe.nHwe 3Ha'lemrn 3apH.na, MaccoBoro 'lHCJia H :meprm1 B036y)l()lettw.S1 

(M3B) .UJTSI Bcex tteynpyrwx B3aHMO.UeHcTBHH. M1MF , ZMF , AMF , EMF - cpe.nttee 

'lHCJIO <I>ITM, 3apH.na, MaCCOBOro 'lHCJia H 3HeprnH B036y)l()leHHH (M3B) )lJIH 

co61>ITHH c wcnycKaHHeM <I>IlM. IlorpeIIIHOCTh onpe.nenettHH AMF cocTaBJTHeT 

3%-14%, a EMF - 10%-20%. MHttHMaJThtthie OIIIH6KH coorneTCTBYJOT TIY'fKY 

p(8.1 faB), a MaKCHMaJI1>H1>1e - ny11KY 
12C(22.4 faB). 
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BToPaB n1aea nocBH:ID;eHa onpe.n;enemuo apeMem-rnH: IIIKaJlbl 

MHO)l(eCTBeHHOH 3MHCCHH <l>ITM, 'ITO H:BJIH:eTCH: KJIJO'IeBbThi MOMeHTOM B 

IlOHHMaHHH npouecca MyJibTHlpparMeHTa!lHH. 11MeeT JIH MeCTO 

nocne.n;oBaTeJibHM H He3aBHCHMM 3MHCCHH: <l>ITM, HJIH npoHCXO,D;HT 

MHOroTeJibHbIH pacna.n; c IlO'ITH "o.n;HoBpeMeHHOH" 3MHCCHeii 

«i:>parMeHTOB? "0.n;HOBpeMeHHbIM" Ha3bIBaeTCH: o6pa30BaHHe Bcex 

11cxo.n;H1>IX «l:>parMeHTOB 3a apeMeHa Kopoqe, 'IeM BpeMH KYJIOHOBCKoro 

B3aHMO,D;eHCTBHH: Me)K,lzy «i:>parMeHTaMH "tc - xapaI<TepHoro BpeMeHH 

ycKopeHHH: B KYJIOHOBCKOM none HCTO'IHHKa, 3a KOTOpoe «i:>parMeHT 

np1106peTaeT 63% OT KOHe'IHOH KHHeTH'IeCKOH 3HeprnH. IlpH 3TOM 

B03Mo:>KHO BTOpH'IHOe, 6onee Me,llJieHHOe 11cnapeHHe H)'KJIOHOB M a­
qacTHU 113 B036y)l(.JleHHbIX 11cxo.n;HhIX qiparMeHTOB. B .n;aHHoli rnase 
H3MepH:eTCH: cpe,n;HH:H: C,ll;BH)l(Ka BO BpeMeHH Me)l()J;y MOMeHTID.IH BbIJieTa 

.n;ayx «i:>parMeHTOB "tem· IloKaJaHO, 'ITO "tern < "tc, .llJIH: B3aHMO)J;elfcTBIDI 
4He + Au np11 3Heprn11 HaJieTaro:rn;11x a-qacr.rtu 14.6 f3B, T.e. B 3TOM 
cnyqae HMeeT MecTo MHoroTeJibHbrn pacna.n;, a ne nocne.n;oaaTeJI1>Hoe 11 

He3aBHCHMoe 11cnapeH11e cpparMeHTOB. Cpe,n;HHH apeMeHHOH HHTepaan 

MC)l()J;y nocne.n;oBaTeJibHO 11cny:rn;eHHbTh{H cpparMeHTID.fH 3aBHCHT OT 

cpe,n;Heii MHO)l(eCTBeHHOCTH <l>IlM: 
T M-11 

rem =-M-1 I-·, 
n=I n 

H npHMepHO paBeH cpe.n;HeMy BpeMeHH )l(Jl3HH "t. ,ll.JIH: onpe,n;eJieHHH: 

BpeMeHHOH IIIKaJibI npouecca npOBO)J;HJICJf aHaJIH3 KoppeJIH:UHOHHOH 

«l>YHKilHH ,n;Byx <l> TIM H3 o.n;Horo co61>ITHH: B «l>YHKilHH 11x 

OTHOCHTeJibJ-IOro yrna. KoppeJIH:UHOHHM cPYHKUIDI npeTepneBaeT 

MHHHMyM npH E>rel = 0, npo11cxo,n;H::rn;11H: H3-3a KYJIOHOBCKoro 

orraJIKHBaHIDI Me)l(.lly coana.n;ruo:rn;11M11 qipameHTaMH. BenH'IHHa 3Toro 

3cP«l:>eKTa CHJibHO 3aBHCHT OT cpe.n;Hero apeMeHH )l(M3HH "t. B .nattttoif 

rnaBe onpe,n;eJIH:eTCH: BpeMeHHM IIIKaJia 3MHCCHH <l>ITM H3 cpaBHeHIDI 

3KCnepHMeHTaJibHOH KoppeilllUHOHHOH cPYHKilHH c pacqernoii .n;m1 

MHoroTeJibHbIX KYJIOHOBCKHX TpaeKTOpHH, B KOTOpbIX "tern 6epeTCH: B 

Ka'IecTBe napaMeTpa. 

.ll:JIH: H3y'IeHHH: yrnoBbIX KoppeJIH:UHH cl>pameHTOB B cPYHKilHH HX 
OTHOCHTeJibHbIX yrJIOB H3MepH:Jiacb CKOpOCTb COBna.n;eHHH CHrHaJIOB 

TpHrrepHoro TeJiecKona i H CIJ;HHTHJIJIH:IJ;HOHHOro C'IeT'IHKa k: 
dY;(E>;k)/dnk= Y;k. KoppeJIH:IJ;HOHHM cPYHKIJ;HH: C1(E>re1) onpe,n;eJIH:Jiacb KaK 
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OTHOllleHHe Yik K CKOpOCTH cqeTa B TOM )Ke CU:HHTHJIJUITOpe k, HO 

TpHrrepyeMOM "y,nan:eHHbIM" TerrecKonoM j, .llllil KOToporo E>;k > 90°. 
06e CKOpOCTH cqeTa HOpMHpOBaJIHCb Ha qJICJIO TpHrrepHbIX OTcqeTOB. 

CyMMHpOBaHHe no pa3HbIM TerrecKonaM i ,naeT: 

N1 
Ct(ere,) = CLJ';k(E>;k). N,YJk, 

r.ne i = 1- 5, k = 1- 64 H c .HBJIHeTCH HOpMHpOBoqHoH KOHCTaHTOH. 

3aMeTHM, 'ITO HCnOJib3yeMoe onpe,nerreHHe KoppeJijJI{HOHHOH <l>YHKU:HH 

npHBO,llHT K KOMneHcau:HH pa36pocoB 3<l><l>eKTHBHOCTeH TerrecKonoB, 

CI{HHIBJIJijJTOpOB H BJIH.HHHH yrrroBOH aHH30TpOnHH no OTHOllleHHIO K 

HarrpaBrreHHJO rry11Ka. B npe,ncTaBJieHHOM aHarrH3e yqJ{ThJBan:cH pacna.n 

ropHqHx <l>parMeHTOB nepe.u HX perHcTpan:HeH. Haqan:bHOe BpeMH 

.llBH:lKeHHH Ka)l(,lloro lflparMeHTa B co6bITHH B.llOJib KYJIOHOBCKOH 

TpaeKrnpHH BbI6Hpan:och reHeparnpoM crryqaJ.i:HbIX qJ1cerr B 

COOTBeTCTBHH c Bepo.HTHOCTblO pacna,na CHCTeMhl: P(t) ~ exp(-th:), r.ne r 

- cpe,llHee BpeM.H )l(H3HH <l>parMeHmpyI-Orn:ero HCTOqttHKa. PHc. 2. 
IIOKa3bIBaeT 3KCrrepHMeHTa.IThHhie .llaHHhie H pe3yJibTaThI pacqeTa 

pacnpe.uerreHHH OTHOCHTeJibHbIX yrrroB COBIIa,llaI-Oll{HX cl>parMeHTOB. ):(rr.H 

yMeHbllleHHH CTaTHcmqecKOH norpellIHOCTH HCIIOJib30Ba.ITCH Beeb 

MaccoBbIH .llHaIIa30H perncTpHpyeMbIX cl>parMeHTOB (6 ::; A ::; 30). 
PacqeT 6hlrr BbIIIOJIHeH ,llJijJ 3HaqeHHH 't paBHbIX 0, 100, 400 H 800 fm/c . 

HaHrryqrnee corrracHe 3KcnepHMeHTan:bHbIX ,naHHbIX H pacqeTa 

COOTBeTcTByeT MrHOBeHHOMY pacna,ny. 3KcnepHMeHTa.ITbHaH ToqKa ,.!{Jlj{ 

25° OTCTOHT OT TeopeTHqecKoH KpHBOH .nmi 't = 1 OOfm/c 6orree, qeM TpH 

CTaH,llapTHhIX OlllH6KH. 0TCJO,lla Mbl MO:lKeM 3aKJIIOqHTb, qTo cpe,nHee 

BpeM.H )l(lf3HH cl>parMeHTHpy10rn:eH: CHCTeMbl onpe,nerreHHO MeHbllle, qeM 

70 fm/c. TaKHM o6pa3oM, o6pa3oBaHHe <I>ITM npoHcxo,ZJ;HT B pe3yrrbTaTe 

MHOroTeJibHOro pacna.na ropj{qJ{X pacnrnpHIOll{HXC.H H,ZJ;ep. 

Ilpo.ueMOHCTpHpoBaHa MO,lleJibHaH ycTOH'IHBOCTh pe3yJibTaTOB pacqeTa 

K 3aBHCHMOCTH OT BpeMeHH pacna,na B036y)l(,lleHHbIX cl>parMeHTOB Ii OT 

o6'beMa CHCTeMhI B MOMeHT pa3Ban:a. 
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Puc.2. Pacnpe)lenettue OTHOCHTCJThHhIX yrnoB Me)J()ly JlBYMR <l>IIM (6:5 
A 90). CnMBOJTht - 3KcnepnMeHTaJihHhle )laHHhte. KpHBhte pacc'IHTaHhI )lJTR 

pa3JIB'IHhIX BpeMeH )f(ff3HH r <l>parMeHTHPYJO~eH CHCTCMhl: CnJTOlllHaR JlHHHR -

r =O, rryttKTHptthte mrn1rn - pac'leT )lJlR r = I 00, 400 " 800fm/c. 

rJiaBa 3 nOCB.Hll{eHa onpe,ZJ;eJieHHIO CKOpOCTH HCTOqttHKa B 

peaKUHHX p(8.1 f3B) + Au, 4He(4 f3B) + Au, 4He(14.6 f3B) + Au, 
C(22.4 f3B) + Au. IloKa3aIIO TaK:lKe, qrn npon:ecc 

MYJibTHcl>parMeHTau:HH cooTBeTcTByeT o6'beMHoMy pacna.ny 

pacrnHpeHHOH CHCTeMbI. 

B pa3,nerre 3.1 ,ZJ;JijJ npoBepKH 6JIH30CTH H3JIYqaI-Oll{eH CHCTeMbl K 

TenJIOBOMY paBHOBeCHIO c,nerraH aHaJIH3 3aBHCHMOCm nonepeqHOH 

CKOpOCTH /31. cl>parMeHTOB yrrrepo.na B <l>YHKI{HH HX npO,llOJibHOH 

CKOpOCTH /311 ,llJIH 0.1lHHaKOBhIX HHBapHaHTHbIX nonepeqHbIX ceqeHHH B 
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feaKI.lIDIX p(8.1 f::iB)+Au, 
4He(4 P3B)+Au, 4He(14.6 f3B)+Au H 

2C(22.4 f3B)+Au. Ha pHc.3. IIOKa.JaHa 1KcnepHMeHTaJibHrui: 

3aBHCHMOCTb P.i OT /311 cpparMeHTOB yrnepo,lla .WI.SI B3aHMOJJ.eiicTBIDI 

4He(14.6 f3B)+Au. TotfKH, OTBe'IaIDllJ;lie O,llHOMY TeJieCKOny, Jie)J(aT Ha 

OJI.HOH npnrnii, npoxo.wuueli -qepe3 /311 = 0 H /31 = 0' IIOCKOJibK)' HMeIOT 

O,lllIHaKOBbIH na6opaTopHhlH yron 0na6· JlHHHH - pe3yJibTaT 

4JHTHpoBaHirn 3KcnepnMeHTaJibHbIX ,llaHHI>rx oKpy)J(HocnrMH, ,llIDI 

KOTOpbIX CKOpOCTh HCTO'IHHKa f3ucrno~HUKQ (IIOJIO)J{eHml u;eHrpOB 

OKPY)J{HOCTeli) H CKOpOCTb cpparMeHTa /JqJnM (pa,llH)'C OKpy:>I<HOCTH) 

OTHOCHTeJibHO HCT01IHHKa 6nIJIH CB060,llHbIMH napaMerpaMH. BH,llHO, 

r:rro 3MHCCIUJ cpparMeHTOB yrnepo,lla IIpOHCXO,llHT H30TPOIIHO B CHCTeMe 

OJUIOro ,llBIDK)'IIIeroc.si: paBHOBeCHOro HCTO'IHHKa, IlOCKOJibK)' 

3KcnepHMeHTaJII>Hhie 3Ha'IeHHj{ xopomo OIIHChIBaIDTc.si: oKpy)l(HOCT.sIMH. 

0.18 
0.16 
0.14 

-10.12 
co.. 0.1 

0.08E 
0.06 
0.04 
0.02 

n(14.6 GeV) +Au= C + ... 

\ 
0 F I ' ' ' ' I '-'-'--'-'--'--'--'--'--'---'--'--"----'---'~-'---'--'--'--'---'-'--'-'-_._. 
-0.15 -0.1 -0.05 0 

~II 
0.05 0.1 0.15 

PHc.3. CUMBO!laMU npeocmaB!leHbl 3KcnepUMeHmaJlbHble 3HaileHWl 

npooollbHou u nonepe•mou cKopocmeu ( /311 u P.i ), coomBemcmBy10UJUX 

oowtaKOBblM UHBapuaHmHblM nonepe'lHblM ce<JeHUHM (Elp2)cf N!dpdQ 
8 peaKlfUU 4He(l4.6 I'3B)+Au. 
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Cpe,llHHe 3Ha"tJ:eHH.sI f3ucmo~HuKa HaXO,ll.sITC.sI B ,llHaIIa.30He (0. 01-
0. 02)c H 6JIH3KH K 3Ha'IeHH.sIM CKOpOCTeli HCTO'IHHKOB, nony'IeHHbIX B 

pac-qernx no RC+a+SMM .llII.sI scex cny-qaes 3a HCKJIIO'IeHHeM 
4He( 4 

f3B)+Au, r.n;e pac'IeT )J.aeT MeHblllee 3Ha"tJ:eHHe CKOpOCTH HCTO'IHHKa. 

Pac-qerni:.1e cpe,llHHe 3Ha'IettH.si: cKopocTeli HCTO'IHHKa: 

-2 
0.76-10 p(8.l f3B) +Au 

-2 4 
1·10 He(4 f::iB) +Au 

-2 4 
1.36·10 He(14.6 f3B) +Au 

-2 12 
1.7·10 C(22.4 f3B) +Au. 

Attan113 3aBHCHMOCTH cKopocrn HCTO'IHHKa OT cKopocTH <l> TIM 
noKa.JhrnaeT, 'ITO B3aHMO,llelicTBHH p(8. l f3B) +Au, 4He(14.6 f3B) +Au, 
12C(22.4 f3B) + Au MOryT 6hlTh OIIHCaHbI O,llHUM HCTO'IHHKOM, B TO 

BpeMH: KaK B cny-qae 
4He(4 f3B) + Au CKOpOCTb HCTO'IHHKa pacTeT c 

yseJIH"tJ:eHHeM 3HeprnH <l>TIM, 'ITO CBH:3aHO, BH,llHMO, c 60JiblIIHM 

nepe.n;attHhIM HMnyIIhCOM .si:JJ.py-ocTaTI<y. 

B pa.3.n;ene 3.2 onpe.n;eJI.sieTc.si: nnornocTb CHCTeMbI B MOMeHT 

pa.3BaJia cneKTaTopa MHIIIeHU. ,[(JI.sI OTBeTa Ha 3TOT Bonpoc 6bIJIO 

H3MepeHO pacnpe.n;eJieHHe OTHOCHTeJibHbIX CKopocTeH COBIIa,llaIOIIIHX 

<l>TIM ,ll,JI.sl 6oJiblIIHX KoppeII.sIIJHOHHbIX yrnoB (150° - 180°) B peaKIJHH 
4He(14.6 f3B)+Au. Kwttern-qecKHe 3HeprnH q,parMeHTOB onpe.n;eJIHIOTC.sI, 

B OCHOBHOM, ycKopeHHeM B K)'JIOHOBCKOM none q,parMeHTHpy10mero 

.si:.n;pa. Cne.n;oBaTeJII>HO, cKopocTh cpparMeHTa "lJ:YBCTBHTeJihHa K 

KOHqmrypau;HH CHCTeMbI B MOMeHT pa.3BaJia. 

l13MepeHHOe pacnpe.n;enemie OTHOCHTeJibHbIX CKopocTeH, 

COBila,ll,aIDIIIHX <l>TIM, C)J.BHHYTO B o6JiaCTb MeHblilHX OTHOCHTeJibHbIX 

CKOpocTeli no cpaBHeHHIO c pac"tJ:eTOM, BbIIIOJIHeHHbIM ,ll,JI.sI 

noaepXHOCTHOH 3MHCCHH, 'ITO H:BJI.sieTC.sI apryMeHTOM B IlOJib3Y 

06'beMHOH 3MHCCHH cpparMeHTOB. IlOCJie KOJIH'IeCTBeHHOro aHaJIH3a 

.n;aHHI>IX B paMKax RC+a+SMM 6hmo noKa.JaHo, 'ITO 3MHccH.sI 

q,parMeHTOB npOHCXO,ll,HT H3 pacmupeHHOH CHCTeMbI co cpe.n;tteM 

IIJIOTHOCThlO B 3-4 pa.3a MeHbllleli, "tJ:eM HOpMaJibHM nIIOTHOCTb. 

AttanorH'IHI>Ili BI.IBO.ll. cne.n;yeT H3 aHaJIH3a cneKrpoB KHHeTH"tJ:ecKHx 

3Heprnli q,parMeHTOB. Cne.n;osaTeJibHO, MYIIhTHcpparMeHTaIJH.sI 

npe,ll,CTaBJI.sleT co6oli npouecc, npoHCXO,ll.sllileH B CIIHHO,ll,aJlbHOH 

o6JiaCTH. 3TOT BbIBO,ll, cornacyeTC.sI c pe3yJibTaTaMH aHaJIH3a BpeMeHHOH 

IIIKaJibI, npe,ll,CTaBJieHHbIMH BO BTopoli rnaBe, r.n;e nOKa.3aHO, 'ITO 3TO 
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oqem, 6LICT}JhIH rrpoo;ecc. 

lh aHanma ,n:aHHbIX ,n:IDJ B3IDIMo,n:eiicTBIDI p(8.1 f3B) + Au 
.n:enaeTc.sI ai,mo.n: o cymecrnoaamrn: .n:syx xapaKTep11cTHqecKHx 061,eMoB. 

11epahlli o6neM orneqaeT 3a o6pa3oBaHHe rrpe<}>parMeHTOB, KoTOphle 

B3aHMO,lleHCTBYIOT Me)l{,ll)' co6oiJ jl)J,epHbIMH CHJiaMH. ,Z:{aHHbIB o6beM 

IIOJIY1IaeTC.sI H3 aHaJIH3a 3ap.sI,n:OBbIX pacrrpe,n:eJieHHH H paaeH (2.6 ± 
0.3)V 0. Bo arnpoM xapaJCTepHOM o6neMe rrpeKpamaeTc.si AAepttoe . 
B3aHMO,lleHCTBHe Me)l()zy rrpe<}>parMeHTaMH. ll:anee OHH 
B3IDIMO,n:eikTBYIOT TOJibKO nocpe,n:CTBOM K)'JIOHOBCKHX CHJI. ,Z:{attHbIB 
o6beM MO)J(eT 6bITb IIOJI)'qeH H3 aHaJIH3a rarneTl{qeCKUX 3HeprHH 
<}>parMeHTOB H rronyqaeTc.sI paaHbIM (5 ± l)V0• Bnepahle TaKa.sI attanorn.si 

Me)f(,l(y rrponeccoM .n:eneHH.sI H rrpoa,eccoM MYJibTH<}>parMeHTailHH 6hlJia 
npoae.n:etta B pa6oTe L0pez H Randrup, KOTopa.si Ha3bIBaeTc.sI "TeopH.sI 

AAepttoH: MY Jih TH<}>parMeHTailHH". 
B pa3,n:ene 3 .3 rrpe,n:cTaaJieHhl yrnoa1>1e pacrrpe.n:enemrn 

$parMeHTOB yrnepo.n:a B na6opaTOpHOH CHCTeMe KOOp,n:HHaT, 
rronyqeHHhle B peaKI~H.sIX 4He(4 f3B) + Au, 4He(14.6 f3B) + Au, 
12C(22.4 f3B) + Au. Pacnpe.n:enemui: HMeIOT accHMeT}Jm-O B rroni,3y 

MaJibIX yrJIOB, IIO.SIBJieHHe KOTOpoH: o6ycJIOBJieHO ,llBH~IUHMC.sI B,llOJib 
rry~a HCTOqffHKOM. ,Z:{aHHbie xopomo OIIHCbIBaIOTC.sI MO,lleJibHbIMH 
pacqeTaMH, 3a HCKJIJOqeHHeM (KaK H ,llJI.sI CKOpOCTH HCToqHHKa) 
reJrneaoro rryqKa c ManoH: 3HeprHeli. B 3TOM cnyqae nepe,n:HHe yrJibI 

6onee Bhl,lleJieHbl, ~o MO)J(eT CBH,lleTeJibCTBOBaTb 0 60JibIIIeM 
rrepe,n:aHHOM HMrryJibCC no cpaBHeHHIO c MO,lleJibHhlM rrpe,n:CKa3aHHeM, 
qTo, B CBOIO oqepe,n:b, .n:om1rno rrpHBO,llHTb K 60JibIIIeH CKOpocnt: 

HCTOqffHKa H 6onee KPYTOMY yrnoaoMy pacrrpe.n:erreHHIO. ,Z:{anee B 3TOM 
pa3,n:ene 6hIJI BblllOJIHeH cpaBHHTeJibHblll aHaJIH3 3apjl)J,OBhlX 
pacrrpe.n:eneHHH <l>ITM rrpH B3aHMO.JJ;eHC'IBHH peIDITHBHCTCKHX rrpOTOHOB, 
reJIH.sI H yrnepo.n:a c 30JIOTOH MHmeHbIO. 11oKa3atto, qTo so acex 
B3IDIMO,lleHCTBH.sIX 3ap.sI.JJ;OBbie pacrrpe.n:eJieHIDI rronyqaroTC.sI 6JIH3KHMH H 
xopomo on11c1>maIOTCSI RC+a+SMM Mo.n;eJibIO. OcHOBHoe rroae.n:eHHe 

3ap.sI.JJ;OBbIX pacnpe.n:eneHHH xopomo OITHChlBaeTC.sI H CTeneHHbIM 
--c 

3aKOHOM Y(Z) ~ Z . obIJIH rronyqeHbI cne.n:y10m11e 3Haqe11ID1 

rrapaMeT}Ja t: 

p(2.1 f3B) 

p(3.6 f3B) 

t = 2.17±0.08; 

t = 1.90±0.06; 
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p(8.1 f3B) t = 1.88±0.06; 

4He(4 f3B) t = 1.93±0.06; 

4He(l4.6 f3B) t = 2.0±0.1; 

12
C(22.4 f3B) 't =2.1±0.1; 

12C(44 f3B) t = 2.6±0.1. 

B pa6ornx P.J.Siemens (1982r.) H AS.Hirsch (1984r.) 6bmo 

IIOKa3aHO, ~o BbIXO,ll <l>ITM, IIO)lqHHHIOIUHHC.sI CTerreHHOMY 3aKoHy, 

o6ycnoBneH 6JIH30CThIO pacrra.n:a10meroc.s1 .s1.n:epttoro Bemecrna K 
KpHTl{qeCKOH ToqKe <}>aJoaoro rrepexo.n:a )J(H,D;KOCTh-raJ. Krracc11qecKa.si 
KarreJibHa.sI MO,n:errh <l>Hmepa rrpe,n:CKa3bJBaeT CTerreHHOH 3aKOH 
pacrrpe.n:erreHIDI pa3MepOB KarrerreK )J(H,ll;KOCTH c IIOKa3aTeJieM CTerreHHOH 

<l>YHKllHH t = 2-3 B KpHTHqecKOH TOqKe. 0,n:HaKO, B HaCTO.sIIUHH MOMeHT 

cTerreHHoii 3aKOH xopomo 06n.sicH.sieTc.s1 rrpH TeMrrepazypax MHoro 
MeHbIIIHX, qeM KpJnJlqeCKa.sI. B ,n:aHHOM pa3,n:erre T}JeTbeii rrraBbI 
rroKaJaHo, qTo qHCTa.sI TepMO.JJ;HHaMJlqeCKa.sI SMM Mo,n:eJih xopomo 
OIIHCbIBaeT 3ap.sI,n:OBbie pacrrpe.n:erreHIDI <l>I1M, rro,n:qHH.sIIOlllHeC.sI 

CTerreHHOMY 3aKOtty' c TeMnepazypoii B MOMeHT pa3BaJia cneKTaTOpa 
MHUieHH 5-6 M3B, B TO BpeM.sI KaK KpHmqecKa.sI TeMnepa:rypa (rrpH 
KOTopo:H 11cqe3aeT noBepxHocTHoe HaT.sJ)J(eHHe) paBHa Tc= 18 M3B. 

B qeTsepToii n1aBe rrpoBO.D;HTC.sI aHaJIH3 1arnernqecKHX 

:meprn::H <}>parMeHTOB, B03HHKaIOIUHX B pe3yJihTaTe B3IDIMO,neiiCTBIDI 
rry~oB p(2.l, 3.6 H 8.1 f3B), 

4He(4 H 14.6 f3B) H 12C(22.4 f3B) c 
3orr0Toii MHIIIeHbIO. CrreKT}JbI KHHeT11qecKHx 3HeprHii, nonyqeHH1>1e B 

peaK!lHH p(8. l f3B) + Au, xopomo OIIHCbIBaIOTC.sI MO,n:H<}>Hl.lHpoaaHHbIM 
BapHaHTOM KacKa,n:Hoii H SMM Mo,n:errH. 0,n:HaKo B peaKO:H.sIX, 
IIpOHCXOAAIUHX no.n: .n:eiiCTBHeM 

4He H 
12C, Ha6JIIO,n:aeTC.sI 6oJibIIIee, no 

cpaBHeHHIO c pacqernM, Korr11qecTBo 3HeprJlqHbIX <l>ITM. C.n:enaH Bbmo.n: 

0 HaJIHqJIH KOJIJieKTHBHOfO IIOTOKa CHCTeMhI, B03HHKaIOIUero rro.n: 

.n:eiicTBHeM BhlCOKoro TerrrroBoro ,n:aBJiemrn. 11pe.n:rronara.si JIHHeiittoe 
pacrrpe.n:erreHHe CKOpOCTH IIOTOKa, rronyqeHa CKOpOCTh IIOTOKa Ha 

rroaepxHocTH O. lc KaK .n:JI.sI 4He + Au, TaK H .n:JI.sI 12C + Au 
B3IDIMO,n:eiicTBHH. ,Z:{eTaJibHOe 113yqeHHe KHHernqecKHX 3HeprHH 
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<)lparMeHTOB YKa3hmaeT Ha To, qTO nnKeJihie cpparMeHThI c 6onhmeH: 

Bepo.SITHOCThIO o6pa3yIOTC.SI BO BHYTPeHHeH: qacTH cHcTeMhI. 

B pa3.rtene 4.1 c.rteJiaH aHaJIH3 3KcrrepHMeHTaJihHhIX crreKTpoB 

KHHeTffqeCKHX 3HeprHH <}lparMeHTOB, nonyqeHHhIX rrpH 

B3aHMo.rteHCTBHH peJI.SITHBHCTCKHX npOTOHOB, 
4He H 

12C c 30JIOTOH 

MHIIIeHhlO. 

B o6m;eM cnyqae KHHeTHqecKa.SI 3HeprH.SI <)lparMeHTOB 

06ycn0Bne1-rn TerrJIOBhIM .rtBH)l(eHHeM, KYJIOHOBCKHM orranKHBaHHeM, 

Bpam;eHHeM H IIOTOKOM (E = Eth + Ee + Erot + Eflow). KynoHOBCKa.SI 

3HeprH.SI JHa1mTeJihHO 6oJihIIIe TerrnoBoH:. Bo BTopoH: rnaBe 6hrno 

IIOKa3aHO, qTQ rrpH B3aHMO.rteHCTBHH 
4He(14.6 f3B) + Au BKJia,r{ 

KYJIOHOBCKOH 3HeprnH B cpe.rtHIOIO 3HeprHIO <)lparMeHTOB yrnepo.rta B 

TPH pa3a 6onhme BKJia,r{a TerrnoBoH: 3Hepnrn. 

BKJia,r{ KOJIJieKTHBHOro IIOTOKa )];JI.SI B3aHMO.rteHCTBH.SI p(8. l f3B) 

+ Au 6hrn Ol.leHeH nyTeM cpaBHeHH.SI HJMepReMbIX crreKTPOB 

KHHeTHqecKHX 3HeprHH: <l>ITM c pac'-IeTHhIMH B SMM Mo.rteJIH npH 

OTCYTCTBHH IIOTOKa. yfJ 3Toro aHaJIH3a CJie)J;yeT, 11TO BKJia,r{ IIOTOKa B 

KHHeTHqecKYIO 3HeprHIO <)lparMeHTOB ue npeBbIIIlaeT BeJIHqHHhl Vjlow :::::: 
0.02c. B pa3.rtene 4.1 noKa3aHo, qTQ pacqernh1e crreKTphI <)lparMeHTOB 

yrnepo,rta, nonyqeHHhie rrpH B3aHMO,rteH:cTBHH p(8. l f3B) + Au, 
cornacy10TCR c 3KcrrepHMeHTaJihHhIMH crreKTPaMH. liJIH3Ka.SI cHryal.lH.SI 

Ha6JIIO,rtaeTC.SI ,rtJI.SI crreKTpOB yrnepo,rta B peaKilHH 
4He(4 f3B) +Au, HO 

,rtJI.SI BJaHMo.rteH:cTBHR 
4He(l4.6 f3B) + Au H 

12C(22.4 f3B) + Au 
H3Mep.SieMhie crreKTPhI KHHeTHqecKHX 3HeprHH 6onee )l(eCTKHe, qeM 

pacqeTHhie. TioKa3aHo, qTo nonyqeHHOe OTKJIOHeHHe He MO)l(eT 6h1Th 

o6ycJIOBJieHO 3<}lcpeKTOM yrnoBoro MOMeHTa. ,L{JISI Ol{eHKH pOTal{HOHHOH 

qacTH 3HeprHH Ero1 MO)l(HO paccMoTpeTh o.zrnopo,rtHoe KJiaccHqecKoe 

Bpam;eHHe CHCTeMhI c MaccoH: A H rroJIBoH: pOTallHOHHOH 3HeprHeH: EL. 
Tor.ua cpe,rtH.SI.SI poTaQHOHHa.SI 3HeprnR <l>parMeHTa c Maccoii A<PnM paBHa 

_5\EL)(Ri) (Ero,)/ A<fJTTM - - - -2-, 
3 A R,ys 

r.ue R2 H R·">'" pa.L{HaJihHhie Koop,rtHHaThI <jlparMeHTa H pa.L{JIYC cHcTeMhI, 

cooTBeTCTBeHHo. PacqeT 
12C(22.4 f3B) + Au BJaHMO.rteH:crnH.SI no 

KaCKa,r{HOH MO,rteJIH .uaeT )];JI.SI cpe,rtHero yrnoBoro MOMeHTa crreKTaTOpa 

MHIIIeHH BeJIHqHny L = 3611, KOTOpyro Ha,r{O yMeHhillHTh B IIOJITOpa pa3a 

3a cqeT yMeHhllleHH.SI MaCChl npH ,rtBH)l(eHHH K ToqKe pa3BaJia. 

OKonqaTeJihHa.SI oueHKa BeJIHqJIHhI <EL > .uaeT 3HaqeHHe 5 M3B, a )];JI.SI 

BeJIHqJIHhl <Erot > :::::: 0.04 M3B/nyKJI., KOTOpa.SI Ha nopR,rtoK MeHhIIIe 
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rrpeBhIIIIeHHR 3HeprHH .rtJI.SI nerKHx <l>parMeHTOB. Cne,rtoBaTeJihHo, MhI 

MO)l(eM IIOJiaraTh, qTo npeBhIIIIeHHe 3Heprmi: o6ycJIOBJieHO pa.L{HaJihHbIM 

pacIIIHpenHeM cHcTeMhI. To, qTo noroK pa.L{Hanen, cne.uyeT HJ 

3aBHCHMOCTH HHBapliaHTHbIX nonepeqnJ>IX Ce'IeHHH OT CKOpOCTH <l>ITM, 

r.ue He BH,rtHO 3aMeTHbIX OTKJIOHeHHH OT KpyroBOH CHMMeTPHH. 

B pa3,rtene 4.2 .rtJI.SI OlleHKH 3HeprnH IIOTOKa <jlparMeHTOB 61>rna 

nocqHTaHa pa3HOCTb Me)l()J;y H3MepReMoH: H pacqeTHOH 3HeprHeii <l>ITM. 

B pacqeTe npe.unonaranoch OTCYTCTBHe rroToKa B cHcTeMe. PeJyJI1>TaT 

pacqern npe,rtCTaBJieH Ha pHc.4. fIOKa3aHHble OIIIH6KH BKJIIOqaJOT B ce6.S1 

KaK CTaTHCTHqeCKYIO norpeIIIHOCTb H3MepeHH.SI, TaK H 

CHCTeMaTHqeCKYIO, KOTOpa.SI 61>rna 01.leHeHa B 5% H3 KaJIH6poBKif 

3HepreTffqeCKOH IIIKaJibI. E1>rna c.n:enaHa norr1>1TKa orrHCaHH.SI .rtaHHbIX 

nyTeM .n:o6asneHHR pa.L{HaJibHOH CKOpOCTH )];JI.SI Ka)l(,rtOH qacTHilbI B 

MOMeHT freeze out. .L{pyrHMH CJIOBaMH, B pacqeTe MHoroTeJibHbIX 

K)'JIOHOBCKHX TpaeKTOpHH K TeIIJIOBOMy )lBH)l(eHHIO 61>rna .rto6aBJieHa 

CKOpOCTb pa.L{HaJibHOro paCIIIHpeHH.SI. Tipe.n:nonaranocb O/.UIOpO)J;HOe 

pa.L{HaJibHOe paCIIIHpeHHe, B KOTOpOM CKopocn.. IIOTOKa .SIBJI.SieTC.SI 

JIHHeHHOH <l>YHKilHeii pacCTO.SIHHH qacTHUhl OT uenTPa Mace. CKopoCTb 

qacTHUhI Z, pacnoJio)l(eHHoH: Ha pa.L{eyce Rz, 6panac1> c11e)J;y1-0m;HM 

- 0 Rz 
o6pa30M: Vflow(Z) = Vflow ·--, 

RSY" 

r.rte v~low pa.L{HaJibHa.SI CKOpOCTb Ha IIOBepXHOCTH CHCTeMbl. BeJIIflIHHa 

v~0.. 61>ma B1>16paHa TaKHM o6pa3oM, qT061>1 om1caTh H3Mepem1y10 

cpe.rtHIOIO KHHeTnqecI<yIO 3Heprmo <i>parMeHTOB yrnepo.rta. llHHHeii Ha 

BepxHeM pnc.4. IIOKa3aHa pa3HOCTh cpe.rtHHX 3Ha'ieHHH KHHeTHqecKHX 

3Heprnii )];JI.SI pacqeTa c IIOTOKOM v.~10.., = O. lc If v~10 .., = 0. .L{attn1>1e 

3aMenm OTJilfqaIOTcR OT pac'leTHbIX .ZJ:JI.SI Li n Be. 3To MO)l(eT 61>1Tb 

o6ycnoBJieHo ncnycKaHHeM qacTHU Ha pattHeii CTa,r{HH H3 ropH'Ie:H H 

nnornoii cncTeMw. B noJI1>3y TaKoro npe.n:noJio)l(eHH.SI roBopHT TOT <)laKT, 

qTo ,rtorroJIHHTeJibHa.SI 3HeprHH <l>parMeHTOB Li, no OTHOIIIeHHIO K 

pacqeTHoii BeJiffqHHe, xopoIIIo BH)J;Ha Ha pHc.4. .rta)l(e .ZJ:JI.SI 

<l>parMeHTaUHH rrpOHCXO.ZJ:Hm;eii no.rt .rteHCTBHeM npOTOHOB, r.rte He 

O)l(H)J;aeTCH 3HaqHTeJibHOI'O fIOTOKa. 3Ta OC06eHHOCTb JierKHX 

<)lparMeHTOB y)l(e OTMe'ianac1> rpynnoii ISiS )];JI.SI B3aHMo.rteiicrnH.SI 
3
He(4.8 f3B) +Au. 
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Pnc.4. Bepxnuii pucynoK: 3Hep2UR nomoKa (pa3Hocmb MexiJy U3MepeHHOU 
KUHemu'lecKou 3Hep2ueu rjJpa2MeHma u pac'lem11ou 3Hep2Ueu, noJ1y'leH11ou npu 
omcymcmBuu nomoKa B cucmeMe) 11a HYK!IOH. Humnuii pucynmc 
3KcnepUMeHmaJlbHaJl cKopocmb nomoKa iJJIJl 

12C(22.4 I'3B) + Au 
B3au.MoiJeucmBUR B rjJy11KlfUU 3apJ1.iJa rjJpa2MeHma u cpeiJ11ue om11ocumeJ1bHble 
paiJuanbHble KoopiJuHambl rjJpazMe11moB (npaBaJl wxana), B npeiJnoJ1oxe11uu 
J1UHeu11020 paiJuanb11020 nporjJaWia cKopocmu pacmupe11Wl. Jlu11ueu n0Ka3a11b1 
cpeiJ11ue paiJuanbHble KoopiJu11ambl, noJ1y'le1111ble 6 SMM 
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PacqeT cpe,ll.HHX KHHeTHqecKMx 3HeprMH: cpparMeHTOB TSI)l(eJiee 

yrnepo.n.a .n.aeT 6om,urne, no cpaBHeHHIO c 3KcnepHMeHTanhHhIMH 
,ll.aHHbIMH, 3HaqeHHSI H, KaK BH,ll.HO Ha pHc.4., cna6o yMeHbIIIaeTCSI c 
yBeJIHqemt:eM 3apsr.n.a cpparMeHTa. TaKoe n0Be.n.em1e cpe.n.HHX 3HeprHH: 

noTOKa cpparMeHTOB B cpyHKII;HH HX 3apsr.n.a no~THO, noCKOJihKY OHH 

nponopn;HoHanhHhI ( R;). 3rn BenHql{Ha cna6o MeHsreTcsr B SMM Ko.n.e 

c H3MeHeHHeM 3ap.sma cpparMeHTa, noCKOJihKY npe.n.nonaraeTCSI 
O,ll.HHaKOBllil BepOSITHOCTh o6pa30BaHIDI cpparMeHTOB c 3apSI,ll.OM z B 
mo6oH: TO~e o6'heMa B MOMeHT pa3Bana. 3To npe.n.noJIO)l(eHHe SIBJUleTCSI 

cne.n.cTBHeM MO,ll.eJihHoro ynpomemur, Kor.n.a paccMaTPirnaeTCSI 

O,ll.HOpO,ll.HaSI CHCTeMa c IIOCTOSIHHOH nJIOTHOCThlO p(r) = const ,ll.JUI r :s 
Rsys· PaJimu;a Me)l(,ll.y 3KcnepHMeHTanhHhIMH .n.aHHhIMH H pacqeToM Ha 
pHc.4. 03HaqaeT, qTo pacnpe.n.eneHHe nJIOTHOCTH He SIBJUleTCSI 
o.n.Hopo,ll.HhIM. B .n.eH:cTBHTeJihHOCTH, ecnH cpparMeHThI o6paJyIOTcsr 3a 
cqeT cpnyKryan;HH nJIOTHOCTH, o6pa30BaHHe TSJ:)l(eJibDC <l>TIM 

npe.n.noqrnTeJibHee OKa3hIBaeTCSI B 6onee IIJIOTHOH BffYTPeHHeH qacTH 

pacrnHpSIIOrnerocSI SI,ll.pa. 3To Ha6mo.n.eHHe cornacoBaHo c attanH30M 
cpe,ll.HHX 3HeprHH <l>TIM, BhillOnHeHHhlM ,ll.JUI cpparMeHTaII;HH MHIIIeHH, 
npoHCXO,ll.SlrneH: no.n. .n.eH:CTBHeM peJISITHBHCTCKHX npoTOHOB, r.n.e 
H3MepsreMhie 3Hepnui: MeHbIIIe pacqeTHhIX ,ll.JUI $parMeHTOB TSI:>Kenee Ne . 
3To Ha6JIIO,ll.eHHe CTaHOBHTCSI nOHSITHhIM npH yBeJI~eHHH BepOSITHOCTH 

HaXo)l(,ll.eHIDI TSI:>KeJibIX cpparMeHTOB BO BffYTPeHHeH o6nacrn o6'beMa B 
MOMeHT pa3Bana cHcTeMhI, r.n.e KynottoBcKoe none yMeHhIIIeHo. 
Pacxo)l(,ll.eHHe ,ll.attHhIX c pacqeToM yMeHhrnaeTcSI, HO ocTaeTcSI npH 
HCnOJih30BaHHH KBa,ll.parnqHoro pa.n.HanbHOfO pacnpe.n.eneHHSI CKOpocrn 
pacm11peHHSI. YMeHhmeHHe 3Heprmt: noToKa MSI TSI)l(eJihIX cpparMeHTOB 

Ha6mo.n.aeTCSI H ,ll.JUI n;eHTPaRhHbIX coy .n.apeHHJ'.i TSI)l(eJibIX HOHOB. 3TOT 
3cpcpeKT CTaHOBHTCSI oqeHh Ba)l(HhIM rrpH 3HeprMSIX :SI 000 AM3B H 

cornacyeTCSI c HaIIIHM npe.n.noJIO)l(eHHeM 0 pacnpe.n.eJieHHH nJIOTHOCTH 
ropSiqeli CHCTeMhl B MOMeHT pa3Bana. 

Cpe,ll.HSISI CKOpOCTh IIOTOKa cpparMeHTOB B cpyHKII;HH 3ap.sma 
cpparMeHTa npe.n.cTaBJieHa B HH)l(HeH: qacrn pHc.4. I1onyqeHHhie 
3HaqeHIDJ ,ll.JUI Li H Be cne.n.yeT paccMaTpHBaTh KaK BepxHHH npe.n.en, 
nOCKOJihKY B 3TOM cnyqae B03MO)l(eH BKJla,ll. npe.n.paBHOBeCHOH 3MHCCHH. 

CooTBeTCTBYIOrnHe 3HaqeHHSI OTHorneHHSI pa.n.eycoB ( R2) I ( R,Y,) 
nonyqeHbl B npe,ll.IIOJIO)l(eHHH JIHHeHHOro pa.n.HanbHOro pacnpe.n.eneHHSI 

CKOpocrn pacmupeHHSI H MOryT 6b!Th npoqHTaHbl Ha npaBOH IIIKane 

op,ll.HHaT HH)l(Hero pHc.4. I1yHKTHpHasi: JIHHIDI IIOKa3bIBaeT cpe,ll.HHe 
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P8.l1.HaTibHbie Koop.D.HHaTbI ¢parMeHTOB, cooTBeTcTByiomHe SMM KO.ll)'. 

KaK 6Lmo yrroMSIIfYTO BbIIIIe, pac'!eTHbie 3Ha'IeHHj{ ( R2 ) I ( R.,y.•·) TOJibKO 

cnerKa yMeHbIIIaIOTCSI c pocToM Z, B npornaonono)l(HOCTb 
3KcnepHMeHTanbHbIM .lJ.aHHbIM. 

IloJIHM 3HeprHSI paCIIIHpeHHSI MO)l(eT 6bITb OQeHeHa 
HHTerpHpOBaHHeM 3HeprHH IlOTOKa ¢parMeHTa no )lOCTYilHOMY o6neM)'. 
.z:I:ng O)lHOpO.D.HOH CHCTeMbI nonyqaeTCSI: 

E;~w = l~ A· mN(v~0w)2(1- rN I R .. y.J5, 
r)le mN,rN Macca H P8.l1.HYC .si:.n.pa . .z:I:ng B3aHMO,l1.eHCTBHj{ 12C(22.4 r3B) + 

Au ITOJIHM 3Heprlfg paCIIrnpeHHj{ E;;w ~ (100-130)M3B rrpH cKopocTH 

rroToKa Ha rrnaepxttocTH O.lc. Attanoru'!HbIH pe3yJibTaT nonyqaeTc.si: H 
)lTig B3aHMO)leHCTBHSI 4He(14.6 r3B) +Au. 

B 3aKJUO'lenuu no.n.po6tto npe.n.craaneHbI ocHOBHbie 
pe3yJibTaTbI )lHCCepTallHH H o6cy)l()leHbI HanpaBJieHHj{ .lJ.aTibHeiimero 
pa3BHTHj{ .n.attttoro npoeKTa. B IlpHJI03\'.eHHH .D.attbI Ta6JIHllbI c 
3apSl)lOBbIMH H MaCCOBbIMH pacnpe.n.eneHHSIMH ¢parMeHTOB. 
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