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cneKTpOCKOilllH BbICOK03HepreTll'IecKoro 7-113ny'leH1UI .. C BbICOKOll acp-
cpeKTIWHOCTblO perncTparimi. ' ' ' '. . ' 

B pea.KQWIX c T.IDKenbIMII HOHaMu perurTHBIICTCKIIX aHeprn11 TaK)Ke 

0HR'lHTellb1-IYIO pOllb urparoT KOlllleKTUBHble npoQeCcbl,.ripo.lIBnHeMble, 

'B 'IRCTHOCTH, B MHOrO'lRCTII'lHblX KoppellHQIIHX ' - Hanpa:eneHHbIX no

. TOKax aµ;epHoii: MRTepuII. liCJieµ;oBaHIIe noµ;o6Horo poµ;a KOlllleKTUBHbIX 

· acpcpeKTOB noo13om1eT nony'laTb IIHcpopMfillHIO o HOBbIX cBoi'i~TBax nµ;ep-

Hoii MaTepmi ( B pen.lITIIBHCTCKIIX Hµ;epHo -.lIµ;epHbIX ~T<>llKH~>BeHirnx) 

OTJill'lHbIX OT CBOHCTB .lIµ;epHC>I'i MaTepHH Haxoµ;.lill\eIICH B ~CH~>BHOM co

CTO.lIHHU II Heµ;ocTaTO'lHO IIDBecTHb1x, nocKOllbKY OHH o6bl'!HO mmne

Kannci. Moµ;ellbHOH 0KCTpanOJI.lIQHeii npu HyneBOH TeMnepaType, o6bl'l

HOH • .lIµ;epHOH. IlllOTHOCTll HRCblll\eiilJH (po ,,; 0:17 cpi.c3) H 0Hep,rueii 

CB.lI0ll (EB~:-' 16MaB). Mccneµ;oBaHIIe IlOBeµ;eH_ll.lI MRTepun B aKCTpe

MallbHbIX ycnOBHHX, XOTOpble µ;ocTuraIOTC.lI BHYTPII HeIITpOHHbIX 0Be3µ;, 1 

npII B3pbIBe cynepHOBOH, lllIH Ha nepBbIX 0Tanax, o6pa30BR~IDI BceneH

HOH; • CB.lIBRHbl C ', cpyHµ;aMeHTallbHbIMH 0aµ;a'l~MII cp110IIKH MaKp<>Mnpa. 

IloaToMy nonyqeHIIe aKcnep1IMeHTaJibHoii 1mcpopMa.QHH o_ CBOHCTBax 

.!Iµ;epHoii MaTepuil: BHe o6nacTu.c nnoTHOCTbIO HRCblll\emi.lI p0 HMeeT 

cpyHµ;aMeHTMbHoe BHa'leHue. Oµ;HaKo ·u0:0a. orpaHn'leHHoro 'lncna II 

BpeMeHHOro MRWCTa6a Ha61110µ;eHu.!I 'KOCMH'leCKUX 06beKTOB uccneµ;oBa

Hll.!I, B HaCTO.!Ill\ee BpeM.lI, IlO)Kany11, eµ;HHCTB~HHO B00MO)KHbIII cno~o6 

uccneµ;oBaHH.lI .lIµ;epHoii MaT.epnn B acTpeMMbHbIX ycnOBU.lIX "· }J;OCTmKe

Hne XOTH-6bl II, He6onbllIOM o6beMe oµ;HoBpeMeHHo BbICOK~n: TeMnepa

TYPbI n nnoTHOCTH Hµ;epHon: MaTepun -T.e. ·o6pa.3oBaHue u uccireµ;oBa" 

HHe CBOHCTB Hµ;epHoii MaTepuu .B rop.lI'leii H cnnbH~ c,KaTOH 3oHe, o6pa-

3YIOll\enc.lI B peaKQHJ!X C T.lI)KellbIMH lIOHaMH peJIHTHBHCTCKHX 0Heprnii. 

BbicKa:JaHHoe B, p.lIµ;e pa6oT npeµ;rionmKeHue,. 'ITO. napaMeTpbl c,KH

MaeMOCTH . .lIµ;epHOH MaTepuu MO:iKHO CBJI3aTb.,C KOllH'leCTBeHHbIMH H.a-

6~10p;eHIIJIMll IlOTOKa ,, 'laCTHQ H3 rop.!I'leii 30Hbl, HanpaBneHHoro BHe 

IlllOCKOCTH peaxunn, nocny)I(HllO CTHMYllOM nccneµ;oBaHirn KOlllleKTHBHbIX 

IlOTOKOB 'lRCTII~ B.pell.lITIIDHCTCI(lIX .lIµ;epHo -JIµ;epHbIX CTOlIKHOBeHUJIX. 

He~a.Biio o6Hapy)I(eHHhIH ·acpcf>eKT :rianpaBJieHHOro IlOTOim npOTOHOB B 

nepneHµ;HKYmIJ>HOM' OTHOCIITCllbHO IllIOCKOCTH peaKQHH HanpaBneH~III, 

'CM;[l'6iC'squeeze"c::nit''), 6blll HH;epnpeTIIpOBaH KaK IlOTOK 'l~CTHQ un' 

rop.lI'leii: OOHbl: 8ToT IlOTOK, TaK,Ke, KaK n IlOTOK. -iac,i,nu B IllIO~KO

CTi1' peaKQUH ("side-splash"), B paMKax MHOrnx TeopeTu'le,cKUX npep;

~T~Bneiiuii: {16], Henocpeµ;cTBeHHO CBH3aH.c ypaBHeHneM cocTOJIHII.lI JIµ;ep-
•• < '. '' • • • ~ ' • , • • 
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Hoi'1 MaTep1m B rop.s:"Ien: ooHe. Oµ;Haxo, B OTJIII"!He -OT "side-splash" 

noToxa i't3y"leHn:e "squeeze out" 0cpcpexTa He Hy)Kµ;aeTCSI B o~eHKe BJin:

.s:mrn noToxa "bounce off" -qacTn:~- Ha6moµ;aTeJien:, pacnpocTpaHmo~e

roc.s: B nnocxocTH peax~n:n,Ha 0xcnepn:MeHTaJI1,Hhle p;aHHhle. Ilo0T0My 

aKTYaJibHOe 3Ha"!eHUe B nocneµ;Hee BpeM.s: npn:o6peJia i3aµ;a"la nony"le

mrn 0KCnepn:MeHTaJibHOiI n:HcpopMa~n:lI no xapaKTepn:CTIIKaM 0Mn:Ccn:n: 

"!aCTII~ BHe IlJIOCKOCTlI peaK~IIII B llllipOKOM µ;uanaaoHe Mace, oap.srµ;oB 

n: ux KlIHeTII'lecxon aHeprn:u. 

IleJ!.b_!<) __!i~CTO.S:1.1.J;en: _Ea60Thl .S:BJI.S:eTc.s:: 

a) Cooµ;aHue 0KCnepuMeHTaJibHblX ycTaHOBOK ll panpa60TKa Me

TOµ;UK, · Il03BOIT.S:IOI.I.J;lIX npoBoµ;uTb MHoronapaMeTpOBhle KOppeJISI~lIOH

Hhle 0Kcnep1IMeHTbl Ha nyqxax T.s::iKeJIEIX IIOHOB µ;mI ll3MepeHn:.S: BhICOK0-

0HepreT11"1eCKIIX 1-KBaHTOB C BhICOKIIM 0HepreTn:"leCKIIM panpellleHn:eM 

ll 0cpcpeKTlIBHOCTblO pern:cTpa~Im. ' 

6)Co3µ;a.Hn:e 0xcnepn:MeHTaJibHOM y~TaHOBKII "cnuH- cneKTpOMeTp" 

µ;n.sr lI3MepeHn.s: MHO)I{eCTBeHHOCTII M'Y HJI3K00HepreTn'lecKn:x 1 ~KBaHTOB 

E'Y=50x0B-;-2M0B B Bhlµ;eneHHhIX KaHanax peax~un npu Bhlcoxon: 3a

rpym{e µ;eTeKTopcm~ 

B )IlpoBeµ;eHne 0xcnepnMeHTaJibHhIX uccrreµ;oBaHn:H ·oco6eHHOcTen: 

'0MHCCIIll BBrK B COBnaµ;eHlilI C a.:.-qaCTlI~aMu B WlipOKOM µ;uanaooHe 

yrnoB IIX 0M11ccun: B peaxu;u.s:x npu 0HeprIDix uoHoB.8-10 M0B/ A. 
r) Mccneµ;oBa~IIe oco6eHH0CTCII aMIICClIII "laCTII~ P, -d, t, 3He, 4He, 

B qaCTHOCTlI yrJIOBhIX a3IIMYTaJil,HblX Koppen.s:~IIH'-B 3aBllCIIMOCTII OT 

RX 6bICTpOT B .s:p;epHO -.s:µ;epHhIX CTOJIKHOBeHIDIX IlplI 0Heprun: IIOHOB 

1 I'0B/HYKJIOH. 

B coOTBeTCTBlIII ~ yKa3aHHoii ~eJiblO B µ;uccepT~llOHH<>H pa6oTe 

CTaBSITCSI II pelllaIOTC.S: cneµ;yIOI.I.J;IIe oaµ;aqn: 

.:.ucrneµ;oBaHn:e BOOMO)I{HOCTell oµ;Hoµ;eTeKTOpHhIX MeTO)l;lIK cneK

TpOCKOil11ll BhICOK00HepreT1I'ieCKOro '"Y-ll3JIY'leHlI.S:; 

-co3µ;aHne n: pac"!eT napaMeTpoB MHoroµ;eTeKTOpHoro Csl(Tl) cneK

TpoMeTpa BblCOK00HepreTlI"leCKOro '"Y-lIOJIY"leHlrn; 

-npoBeµ;eHn:e 0HepreT11"lecxux xan:u6poBOK cneKTpoMeTpa 

B µ;n:ana30He E'Y=( 4-;-100)M0B; 

-panpa6oTKa II co3µ;aHue. cmrn-cnexTpoMeTpa, pa60Taro1.1.J;ero npn: 

6onblllOM c"!eTHon: IIHTeHClIBHOCTII Moµ;ynen: cneKTpoMeTpa, c co6cTBeH

HhIM BpeMCHHblM pa3pellleHUeM .6.tmmrn~6HC npn: Euopor= 50 xaB; 
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, -H3MepeHue ::mepreTH'lecKoro cneKTpa BbICOKoaHepreTu'lecKoro 

,71mrry'leHIDI E7 =(5+20MaB) B coBna;a;eHuu c O'.-:'IaCTHQaMH, aMHTJipy
eMbIMH noµ; yrrraMH 0a~0°, 140° B peaKQlllIX: ecTsn+20 Ne. (164MaB), 
ecTsn +2° Ne,(196MaB). 

:cH3MepeHue yrrrOBbIX. a3HMYTaJibHbIX KOppeJI.lIQHH aMHCCHH 3ap.lI~ 
)KeHHbIX 'laCTHQ• P;· d, t, 3He;3He B 3aBIICHMOCTH OT ux.6bICTpoT B 

peaKQllII 209 Bi + 2.08 Pb (l raB/HYKJioH). · 

Hay'IHaJI HOBH3Ha H npaKTII'leCKaJI QeHHOCTh pa60Tbl: 

BnepBble H3MepeH~ 3aBHCHMOCTH.,napaMeTp~B, ruraHTCKIIX p;u
nOJibHbIX pe30HaHCOB (r,I(P) OT yrrra '3MHCCHH 3ap.lI)KeHHOll '!aCTHQbl B 
peaKQH.lIX: ec'I;Sn + 20 Ne (164MaB), "cTSn + 20 Ne (196MaB). 

IloKa□alio, 'ITO napaMeTp p;e<J>opMaQuu .lip;epHoii cucTeMbI KaK nc
TO'IHIIKa ,-KBaHTOB np.lIMOro ,-pacna;a;a r,n:P' 60Jibllle )l;JI.lI Bnepe;a; JieT.lI
mH:x: 0ap.lI)KeHHblx >JacTIIQ no cpaBHeHHIO co crry'laeM Ha□a;a; rreT.limIIx 
'laCTHQ B o6eHX ll3y'laeMbIX peaKQH.lIX. IIorry'leHHaJI BeJIH'IHHa napa
MeTpa ;a;e<J>opMaQHH COCTaBHOll .lI)l;epHOH CIICTeMbl B COBnap;eHH.lIX ,
KBaHTOB C Bnepe;a; rreT.limHMII 3apiDKeHHbIMH 'laCTHQaMII B peaKQHH 
ecT Sn + 20 Ne (164MaB) cocTaBurra /3= 0. 7, c Ha0a;a; JI.lIT.limIIMH ncriapu

TeJibHbIMlI 'laCTIIQaMH COCTaBHJia /3= 0.2. Bemt'llIHa ;a;e<J>opMaQHlI /3= 
0. 7 xapaKTepHa ;a;rr.lI p;e<popMaQHII µ;BoiiHoii .lip;epHoii cn:cTeMbI,, 

, Ha OCHOBaHHlI norry'leHHbIX ;a;aHHbIX, ucnOJib3Y.lI npe;a;noJIO)Kemre 
o TaureHQMaJibHOM BbIJieTe a-'lacTIIQ onpeµ;erreHo 3Ha"IeHn:e napaMeTpa: 
;a;e<J>opMaQn:n: ;a;Boiiuoii .lI;a;epuoii cn:cTeMbl ;a;rr.lI µ;Byx yrrroB noBopoTa n: 
OQeHeHa BepXH.lI.lI rpaHMQa BpeMeHlI H3MeIIeHn:.lI BeJilI'IHHbl rrapaMeTpa 
p;e<J>opMaQHlI OT /3 0;7 ;a;o 0.2 paBHaJI ~10-21ceK: 

IlpoBeµ;eH cpaBHHTeJibHbIH auarrH0 o;a;uo;a;eTeKTOpIIbIX MeToµ;uK pe
rn:cTpan;lIII B8rK HaOCHOBe CQlIHTlIJIJI.lITopoB N al(Tl), CsI(Tl), BaF2, 
BGO, Ha ocnoBe aHa□a pac'!n:TaH n: co0;a;aH MHoro;a;eTeKTOpHbI:ii C sl(Tl) 
,-cneKTpoMeTp C BbICOKHM aHepreTH'leCKHM pa□pellleHHeM lI a<J><peKTH-• 

BHOCTbIO pern:cTpan;n:u B nn:Ke norrHoro n9rrromeHH.lI '.}'KBaHTOB BbICOKOH 
aHeprn:n:: E7 =(10+50MaB) n: H3MepeHbI xapaKTepn:cTHKH cneKTpoMe
Tpa. 

BnepBbie npoBe;a;eHo KOJIH'leCTBeHHOe cpaBHeHn:e aKcrrepHMeHTaJib
HbIX )l;aHHbIX no KOJIJieKTlIBHbIM noTOKaM 'laCTlIQ BHe nrrocKOCTH peaK

QIIH )l;JI.lI p 1d, t, 
3
He, 4He B 0aBn:cn:MoCTlI OT napaMeTpa 6bICTpoTbl 

Y B µ;nana□OHe · BnJIOTb )l;O 6bICTpOT CHCTeMbl QeHTpa Mace B .lIµ;epHO 
-.lI;a;epHbIX CTOJIKHOBeHlI.lIX 209Bi + 208 Pb npH aHeprn:n: 1 raB/HyKJIOH. 
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Anpo6aQll.lI pa60TbI. 

Pe.JyrrbTaTbI pa6oTbI ;a;o~rra;a;biBaJIIICb Ha: ceMn~apax JlflP OIIH,ll; ll.fl<I> 
. P:n-:e,K, 't{exmx, a TaIOKe: > • 

- XXXVIII Co~~maHim no n:;a;eplioi1 cneKTpocKonmI II CTPYK'l'ype 
aTOMHoro ;µ;pa (BaKy, anp~m~· 1988r.); . 

- XL ,CoBemaHim·no.lI;a;epHOUCneKTpOCKOTIIIII lI CTpyKType aTOM-
Horo .lip;pa (JleHirnrpa~, anperrb 1990r.); · · · · · 

· ·~ INTERNAJ.'IONAL WORKSI,IOP on GROSS PR9P.E,RTIES 

OF NUCLEI .AND NUCLEAREXCITA'.l'IONS XX, (llirshegg, Klein

walsertal, ,A.:11stria; Jan11ary 199~, p.33. J 
> - Me)Kµ;yuapo;a;Hmi UlKQJie-ceMIIHape no qm::mxe T.lI)KenbIX llOHOB 

(,I(y6Iia, }4ait 1993). . . 

: XXIII Mazurian Lalces Summer School on Nuclear Physics, Pi~ 
aski, Poland, August 18-28, 1993. · .· 

Ha 0am11Ty BbIHOC.lITCjJ: crre;a;yromne noJIO)Kemuru peayrrbTaTbl: 

1; Con;a;aHI,lll MHOi'oMop;yrrbHblll N al('J'l) cnnH-CTICKTpOMep no
OBOJI.lieT. ll:3Mep.lITb MHO)l{eCTBCHHOCTb 1-1mrry"leH1rn B.Bbl;a;erreHHbIX Ka-
Harrax peaKQllll C T.lI)KeJibIMII lIOHaMII, C BpeMeHHbIM paapeweHneM 

~t= 6Hc npu·En'opor= 50;K:lB npn cqeTHblX aarpyoKax B TpaKTaX cneK~ 
TpOMeTpa (5x105HMil'X ceK-1.). . 

2; .Co0AaHhlf1 MHor~;a;eTeKTopHbill Csl(Tl). cneKTpoMeTp ;a;rr.lI ua
MepeHii.lI BbICOKOaHepreTH"!ecimro ,- 1mrry"leHnir Anana□oiia aHeprmi 
1 +50MaB o6rra):laeT BbICOKHMll aaepr.eTnqecITTIM. pa0pewem1eM 

(.6E(IlIIITIB)i5_1MaB~l0%) .u aip<J>ei<TlIBHOcTbIO perncTpaQ1iu B m1Ke 

noJIHOrOc llOI'JIOmeHlI.lI. 
. . . 3,P~pa6~T~~Iii. MeTOA :3Hepre'l'U"leCKoii. KaJII16pOBKll ,-cneKTpo-

MeTp~ <>,<:HOBaHH@ll Ha perucTpa:qim 1-pacna;a;~ ypoBHH . . 

izc· (J"=l+·~:T~l} E-y = 15:.1 M:3B,U,Me::30~IIOii c6CTaBJI.lIIOmeii KOCMll

qecxoro mmy"leHirn, nooBOJI.lieT IlpOBO~llTh xarrii6poaxy B Allltila3.0He AO 
100 MaB TalOKe n B "on-line" pe)KHMe; 

.· 4. · 3~pemC;TI)lIPOBaHHhli1 noBbIWeHHblii BblXOA. BbICoKooHepreTn
.' qecxoro ,-mmy"leHIUI B AHaTia30He aHeprnii 9+ 17MaB B COBilaAeHim C 

rrerKlIMH ::rap.!I)l{eHHbIMH "!aCTllQa.MH(Jl3't{} B naBIICHMOCTll OT yrmi IIX 
aMitCClllI. l> peax~nitx: CCT Sn+ 20Ne(164MaB), CCT Sn+ :2° Ne( 196M~B), 
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corrracHo CHCTeMaTHKe, COOTBeTCTByeT ')'-KBaHTaM np.11Moro pacnaµ;a 

r,I(P B COCTaBHbIX Hµ;paX:.raM1m -CTieKTp CO.CTOUT ll3 HeCKOJlbKIIX'·KOM

TIOHeHT, napaMeTpbI KOTOpbIX 3aBHC.lIT OT yrrra aMIICCHII JI3"9:. L ',I(rrH 

yrrra aMIICCilH JI3"9: 0=0° norry'-IeHHOe OT~OllleHIIe pacw;enrreHHbI~ KOM

IlOHeHT E-y1, E-y2 corrracHo r11µ;poµ;1ma1\m'-IecK01i Moµ;errn np11Boµ;11T re 
Bem1'-I11He µ;ecpopMau;nn cocTaBHoro .11µ;pa /3=0.7, .'-IT_o xaparcTeptto µ;rr.11 

µ;ecpopMau;1m µ;BOIIHOII Hµ;epttoi°1 cHcTeMhI. 

5: ,I(rrH peaKu;nu ecTSn+ 20N e(164MaB) norry~eHo, B :i;rpeµ;norro

n(eHHII TaHreHu;IIaJibHOII aMIICClUI 3apH:iKeHHbIX .'-IaCTHll;, 3Ha.'-IeHne ·Be

JIH'-IHHbI rrapaMeTpa µ;ecpopMau;m; µ;BOIIHOII Hµ;epHOII cncT~MbI µ;rr.11 µ;Byx 

yrJIOB TIOBOpOTa H ou;eHeHa, BepxHHSI rpam1u;a BpeMeH:i,I .If3MeHeHirn Be

JlH'-IHHbI napaMeTpa µ;ecpopMall;HH OT /3 0.7 µ;o 0.2 pa~3HM ~10-21ceK. 

6. IIorry'-IeHHbie B pem,u;nn 209 Bi+208 fb npn aHepnm,1 ,raB/Hy~rroH 

µ;aHHbie no napaMeTpaM aMIIccm1 3apmKeH,tthIX. '-IaCTIIIJ; p, _d, t, 3H e, 
4 He B 3aBIICIIMOCTU OT HX 6bICTpOT BO BCeM µ;uarra3oHe 6bICTpOT BIIJIOTb 

µ;o 6bICTpOT cpauep-6orra, MHO:iKeCTBeHHOCTII 3apmKeHHbIX '-IaCTHll;, a3II

MYTaJibHOrO yrrra µ;JIH µ;Byx nmrnpHbIX yrrroB. B 23° II 40° B rra6opaTOpHOil 

CHCTeMe KOopµ;IIHaT BnepBbie TI03BOJIHIOT KOJIII'-IeCTBeHHO cpaBHIITb Be

Jlll'-IHHY TIOTOKa '-IaCTIIll; -1mo6apOB, '-ITO oco6eHHO Ba)KHO µ;rr.11 npHMOro 

cpaBHeHirn pa3lllI'-IHbIX Moµ;eJibHbIX rroµ;xoµ;oB. 

7. lfoMepeHHaH aCIIMMeTpHH · pacnpeµ;erremrn no a3IIMYTaJibHOMY 

yrrry µ;JIH. JI3"9: B o6JiaCTII µ;o 6bICTpOT cpa1':iep6orra rrporropu;HOHaJibHa 

HX MaCCOBbIM '-IIICJiaM. IIorry'-IeHHbie aKcrrepHMeHT~bHbie µ;aHHbie H~

xoµ;IITC.!I B COOTBeTCTBilII C rrpeµ;norro:il(eHIIeM KOMHCIJ;eHTHbIX Moµ;erreu 

3MIICCHH '-IaCTHIJ;. 

CTpyKTypa u o6beM pa6oTbr: 

,I(uccepTau;n.!I cocTOIIT II3 '-IeTbipex rrraB, H3 Ke>TOpbI~ rrepBbIX 

TPII IIOCBHrn;eHbI HCCJieµ;oBaHI~~ B 4lll3HKe ~l'l3KH£miepruii,' '-IeTBepTall 

-, <pII3IIKe peJIHTHBHCTCKHX aHeprIIµ, ~ o6ui.ero 3aKincr•:1eii:i'ijl. ',I(ncc~pTa:.. 

ll;H.!I coµ;ep)KHT J50 CTpai1:1iu; TeKcTa [BKJIIO'-I'M pHCYHKH), 72 pncyH~a, 
10 Ta6rr11u; II CIIHCOK' ~llTepaTypbI II3·113 iiaIIMeHOB~HliH. '' ' ' ' 

·1 • '· ' . ' 

CO,I(EP)KAHHE P ABOTblr 

Bo· BBeµ;eHIIH o6ocHOBaHbI aKTYaJibHOCTb II Ban(HOCTb IICCJieµ;yeMbIX 

B · µ;uccepTau;'Iin np66rreM, ,ccpopMyrrnpOBaHa u;eJib · pa6oTbI, np1rneµ;eHbI 
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OCHOBHble pe3yJibTaThI, Il3JIO)KeHbI OCHOBHble IlOJIO)Kemrn, KOTOpbie BbIHO

C.!ITC.!I Ha 3alll;HTY II npHBOµ;HTC.!I KpaTKOe coµ;ep)KaH:He µ;nccepT~ll_n no 

rrraBaM. 

B rrepBoii rrraBe paccMOTpeHhI HeKoTopbie oco6eHHOCTH µ;eBo.J6y)Kµ;e

HHH npo;a;yKTOB pearcu;nH C TJI)KeJibIMH HOHaMH HH3KHX OHeprnii ( miep

rnn IIY'-IKa ~10 MaB/HJKlloH), BBeµ;eHbI ocHOBHhle noH.!ITrut, :rtcnOJihoy

eMbie B µ;uccepTau;uoHHOU pa6oTe B nocrreµ;y10rn;nx Tpex rJiaBax. IlpoBe

µ;eH aHaJIHO OKCnepnMeHTaJibHbIX µ;aIIHbIX O xapaKTepHCTHKax OMHCCHH 

7-KBaHTOB np.!IMOI'O pacrraµ;a peooHaHCa B pa3Jill'-IHbIX KaI:laJiax peaK

u;m':i C T.!I)l{eJibIMH HOHaMH HH3KlIX OHeprnii. 

B paMKax CTaTUCTH'IeCKOI'O no;a;xoµ;a rrpH OilllCaI:llIH ce'!eHHJI npou;ecca 

7-pacnaµ;a rnraHTCKIIX peooHaHCOB BMeCTO ce'!eHHJI o6paTHOI'O npo

u;ecca S llCilOJib3YIOTCJI ce'!eHMe <pOTOIIOI'JIOlll;eHHJI Ha OCHOBHOM COCTO~ 

JIHim Hµ;ep, rµ;e B OTOH o6JiaCTH E'Y= [ 10-20 MoB] µ;oMMHHpyeT B03-

6yn<;a;em1e II30BeKTOpHbIX rIIraHTCKllX µ;IITIOJibHbIX pe30HaHCOB. !Io clTOll 

rrpII'IIIHe rrpou;ecc OMIICCHII BbICOKOaHepre'f'a'IeCKOI'O ,-H3JIY'IeHII.lI E-y= 
[ 10-20 MaB] CBJl3bIBaIOT C KaHaJIOM npJIMOI'O ,-pacnaµ;a r,I(P Ha B03-

6y)Kµ;eHHble COCTOHHIIJI .11;a;pa. H3 CTaTMCTH'leCKOll TeOplm pacnaµ;a co

CTaBHOI'O JIµ;pa cJie;a;yeT yBeJIII'IeHIIe Bhlxoµ;a )KeCTKIIX (E > lOMaB) 

,-KBaHTOB C pocTOM aHeprIIII B036y)Kµ;eHHJI JIµ;epHbIX CHCTeM, H He 

;a;omKHhI Ha6mo;a;aTbC.!I KoppeJIJiu;1m Men<µ;y Bhlxoµ;oM B8rK II napa

MeTpaMII BXO}l;HOI'O KaHaJia pearcu;IIII, HanpIIMep,oTHOllleHIIIO MaCCOBbIX 

'IHCeJI JIµ;ep IIOHOB II MHllleHIIH - Al/ A2. HaMII 6bIJIO noKa3aIIo {3,4,5], 

'ITO MexaHimM 9MIICCHII B8rK IIMeeT 6oJiee CJIO)KHJIO npIIpo;a;y, '-IeM 

C'IHTaJIOCb paHee [6,7], II 'ITO ,-rrnaHTbI II3Jiy"IaIOTC.!I Ha nepBOli CTa

µ;IIH o6pa30BaHII.lI n pacna;a;a COCTaBHblX JIµ;ep. 
Ha MIIllleHJIX 68zn, 112sn, 1420s, 153Eu, 150Nd, 130Tl, 181Ta, 159Tb, 165Ho, 
232Th 6bIJIII rrpoBeµ;eHbI aKcnepIIMeHThI no m3MepeHIIIO Bblxo;a;a B8rK c 

E > lOMaB c IIOHaMII 15N 20Ne 22Ne 40 Ar 64Zn np:u: panJIII'IHbIX aHep-
'Y ' ' ' ' ' 

rirnx B-KaHarrax o6pa30BaI:IHJI COCTaBHOI'O JIµ;pa II MHOI'OHYKJIOHHbIX ne-

peµ;a"I. 8Tn µ;aHHble aI:laJIII31IpOBMHCb no rrapaMeTpaM: aHeprHII Ha_ ey
KJIOH IIOHOB Haµ; KYJIOHOBCKHM, 6apbepoM, OTHOllleHIIIO MaCCOBbIX 'IRCeJI 

JIµ;ep IIOHOB_ H MIIWeHHH - Al/ A2 II aHeprIIH B006y2Kµ;eHH.lI cocTaBHoro 

JIµ;pa E*. Bbmo noKa3aIIo, "ITO aKcnepnMeHTaJibHbre ;a;allHbie Haxoµ;JITC.!I 

B JIBHOM pa3HOI'Jiacxm C pac'IeTOM, BbIIlOJIHeHHhIM B paMKax.cTaTIICTII

'IeCKOM TeopIIH {8]. B -qacTHOCTH B pearcn;rurx: 64Zn(290MoB) +68 Zn; 
20 N e(llOMoB) +112 Sn, npnBoµ;Jirn;llX K oµ;HoMy cocTaBHoMy JI;a;PY 132 Nd, 
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30, . .; uc , + 19~11 .. A 40Ar +159Tb . 1 u m 
A. 40Ar + 159Tb 3Q • C + Au· 

25 D 15N + 1920s I:,. 40Ar + nat Sn ,, • 
15N + "'os 1:,. 4oAr + nat Sn. 

e22N +1s1T .. . . • 22Ne +1s1Ta 
20 ~ e a 

0 20Ne +112Sn · ·. 20 o20Ne +u2sn 
15 15 

10' 10 

5 5 

0 0 
0.1 1.0 

A1 / A 2 
I 0.1 1.0 
(N/Z~~-(NIZ\I (A/ Al) 

PHc. 1.1:' CucmeMamu'K:a 6b1xoaa ')'-'K:6aumo6' 6 auana3oue' 

E'Y=/12-14 M3B} 6 p"ac"leme ua oJuo o6pa30Bauuoe cocmaBuoe JIJpo Y 
*10-

4
_ CnpaBa - 6 3aBucu.M.ocmu.om MaccoBou acuMMempuu'(omuome

uuJI Mace JIJep ua11,ema101Lte20 uoua u Mumeuu), caeBa - om npou3BeJe

uuJI 3apJIJoBou acUMMempuu u MaccoBou acu.M.Mempuu ( c/4,. me'K:cm). , 

. B 6rrl'InKl'IX no aHeprnir' Bon6y2Kµ;emrn E*, KOMfonian;:n:.ax, aKcrrep:mAeH

TaJibHo Ha.6rrroµ;arrcn:, B oTrr:n::.i:n:e OT TeopeTH'lecK:n:x ripeµ;cKanaH:n:u, nHa

'IHTen:bHO 6oJibWHll BbIX0p; B8rK B CIIMMeTpH~HOll peaK4:n:n: 64 Zn (290 

MaB) + 68Zn ITO cpa:imeHHIO C peaKn;:n:eu 20Ne (110 MaB) + 112Sn. 
II peµ;cTaBJieHHaii'Ha puc: ·l. 1 ( crreBa) Cl'ICTeMaTHKa 'Bhixop;a BbICOKOaHep0 

reTH'lecKiJ:x 1-KBaHT0B B µ;uana:::rnHe 'E~=[12-14· MaB] B pac'leTe Ha 

Op;HO o6panoBaHHOe C0CTaBH0e .ap;po Y *10-4 B lICCJietJ;0BaHHbIX peaK

D;H5IX B naBlICHM0CTlI OT rrap'aMeTpa MaCCOBOll acl'IMMeTplIII ( OTH0We

HID! Mace .aµ;ep HaJieTaIOil\ero IIOHa II MlIWeHII Ai/ A2) IIOKa3bIBaeT rrrra

BHbIH'pocT BbIX0p;a B8rK c yBerru-.:i:eHHeM MaCCOB0ll acIIMMeTplIII CTaJI

KI!BaIOil\l'IXC51 Hµ;ep: Oµ;naim, na pucyHKe ;~K2Ke na6rrroµ;·aeTcH ~epery) 

MpHOCTh BeJilI'IlIH Bblxoµ;a y OTHOCHTeJibH0 KpIIBOli cpiITlipOBaHu.ii. Ba
rree perjrrHpHrui iiaBHClIMOCTh Bblxoµ;a Y·µ;ocTuraeTcsi rrpl'I y<IeTe TaIOKe 

lI nap51p;OBOU aClIMMeTplIH CTaJIKlIBaIOil\HXC51 .a~ep, TaK, Ha puc. l. l( cnpa

Ba) rrpep;CTaBJieFi:a 3aBHCl'IMOCTb BeJilI'IHH y OT rrapaMeTpa rrp6n::rneµ;e

Hl'I51 MaccoBoii 'n napHµ;oBou acHMMeTpltn BX0p;Horo KaHarra,·orrpeµierreH-' 

HOU Bbipa2KeHIIeM: -(N/Z)1-(N/Z}2-*Ai/A2. B 6orree II03Hl'IX pa6o-" 
Tax, rrocB.illl\eHHI>ix uccrreµ;oBaHl'IIO rrpeµ;paBHOBec~ou- aMirccim: · B8rK · 

rip.iIMoro' pacrraµ;a r,r:t;P B peaKD;ll51X C T5!2KeJiblMlI l'I0HaMH, CM. [17] l1 
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CCbIJIKll B Iie11,· TaK2Ke 0TMe'IaJI0Cb nHa'IIITeJibHM 'IYBCTBIITeilbHOCTb 

Kanarra "npeµ;paBHOBecH011 aMuccm1 r,r:t;P" oT rrapaMeTpa napHµ;oBoii 

acuMMeTp1m Bxoµ;Horo KaHarra peaKn;m1. On;eHKY BKrraµ;a KaHaJI0B pe

aKn;mt npUB0P:.5111\lIX K o6paooBaHIIIO II pacnaµ;y r,r:t;P BeTKOH rrpnMoro 

1 -pacnaµ;a MmKHO npoBecTn aHammupyH Bxoµ;Hou yrrroB01'i: MoMeHT Iinp, 
nacerrHeMbIU B p;aHH0M KaHane peaKn;:n:n rrpu o6paooBaHIIII 6rrunK011 K uc

crreµ;yeMm'i: cocTaBHOtt .flp;epHou cncTeMe·. C aTou n;errbro HaMII 6blmt npo

Bep;eHbl IInMepeHlrn BeJIII"UIHbl cpep;Hell 1- MH02KeCTBeHH0CTll < }.1"( >: 

B coamiµ;eHHlI C ')'-KBaHTaMll aHepreTn'leCKoro µ;nanaooHa r,r:t;P, B na

BlICHM0CTlI OT aHepruu B8rK, B peaKD;lIHX 64Zn (290 MaB) + 68Zn; 
20Ne (110 MaB) + 112Sn. npHBO)l,Hll\elt K o6paooBaHIUO 5Ip;epHOll Cll

CTeMbl 132 Nd* lI HCil01Ib30BaHO C00TH0WeHIIe CBH3ll cp eµ;Hero BX0µ;Horo 

yrnoBoro MoMeHTa I;np qipan,1eHTOB peaKn;Irn c cpeµ;Heii 1 - MHmKe

CTBeHHOCTbio < M'Y >: Iinp ~ 2 < lvl'Y > +.6.J 
rµ;e .6.I - cpeµ;HIIII yrrroBoii M0MeHT yHoCIIMbllI ucnapuTenbHblMH 'la

CT11n;aMu. B "cIIMMeTplI'IHOii" peaKD;IIII 64Zn + 68Zn Ha6rrrop;arrcH cna-

6blll pocT Bem1~nrnbr < M-,_ >~14 µ;o < lyf'Y >~15 B naBIICIIM0cTu oT 

E'YB µ;uarrarioHe aHeprnii E'Y=(3+8MaB) c nocneµ;yroll\HM Bbixoµ;oM Ha 

nrraTo npu E"/=(8+16 MaB). B TO BpeM.fl KaK ;1µrn "HeCHMMeTpn~1-
Hoii1' peaKD;lIH 20 Ne + nzsn Ha6mo)l,aJIC51 nHa'II1Te1IbHblII pocT cpe

)l,Hell ')'-MH02KeCTBeHH0CTII oT < M'Y >~9 µ;o < M..., >~15 B µ;uanaooHe 
E"/=(3+16MaB) .. OnHCaHHblll B rrraBe aHaJIII3 II0Kaoan, 'ITO B npo

n;eccbl,,. corrpoB0}Kp;aIOil\IIeC.fl aM11cc11en ,-1rony<Iemrn µ;uarranoHa aHep

r11ii E'Y=(3+8MaB) µ;aroT nHa'lnTeJibHbill BKnaµ; KpoMe KaHana crrII.flHirn 

TaK)Ke II µ;pyrue KaHaJibl peaKn;Im C MeHbWIIM BX0)l,HbIM yrJIOBblM M0-

MeHTOM (MeHbwe1':i: BeJilI'IHHOII rrapaMeTpa < M'Y > ), a HMeHHo: 

I)·lfoMepeiIHbJe < M'Y > µ;rrH peaK~nn: 
20Ne (110 MaB)+112Sn B COBIIaµ;eHIIit C B8rKE"/=(8+24MaB) COOT~ 

BeTCTBYIOT B0nM02KH0MY BKJiaAY KaHan0B Kny60K0Heyrrpyr11x nepep;a'l 

(B 0CHOBHOM npon;ecey cmmamrn HaJieTaromero llOHa Ne II 5I)l,pa Sn C 

nocneµ;yroin;nM panBarroM .IJ:.HC, T.e. "sticking" npo~eccy ); 

. 2 J linMepeHHble < M~ > p;riH peaKn;1m: 20 Ne ( 110 MaB} + 
112Sn B COBnaµ;eHIIIi'c B8FK E--,=(3+8MaB) C00TBeTCTBYIOT KaK lIC

rrapi1TellbHblM KaHaJiaM, TaK .II B03M02KH0MY BKnaµ;y KaHaJI0B Kny6oKo

Heynpyrnx rrepeµ;a'l, µ;1151 KOTOpbI?C xapaKTepao Ka'leHne 51Apa noHa Ne 

no noBepxHoCTII $!µ;pa MnweHII Sn ( "rolling" npon;ecc) ; · 

. IlpuBeAeHHaH 3KCnepIIMCHTMbHaH naBHClIM0CTb< M'Y > OT 
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0Heprm1 1 -H:JJiy'lemrn He corrracoBanacb c npep;cTaBJieHHHMII .cTaHp;~p

THOII Mop;emr BO:J6y)Kp;emrn r,qp B KaHane norrHoro cmrn:~urn c nocrrep;y

IO~UM CTaTllCTII'leCKUM pacnap;OM r,n;P, CM [3J, corrracHo .l{OTOpbIM p;on.

:.-K~O Ha6n:10p;aTbc.11 yBem1'lem1e BMxop;a B8rK c yBemI'leHireM 0Hepr:m1 
. ' ' . . 

B036yEp;emrn CllCTeMbI Hap; npacT_ lllIHIJeH, ( CO,OTBeTCT_BeHH?, yMeHb-

IlleHIIeM < M-y > ). 8TOT q>aKT CBHp;eTeITbCTBOBarr' o_ HaJill'lllII p;pyrn;,c 

MeXaHH3MOB 0MHCClUI B8rK, Ha1:1p11Mep 7-pacnap;a r,n;p Ha Ha'lMbHOM 

0Tane .11p;epHoi'x peaKI.i;xrn npn q>opMIIpoBamm ,UHC. 
B pa6oTax [9,10] B Ka'leCTBe IICTO'lHIIKa B8rK 6bIJI paCCMOTpeH Mexa

HII3M, CB.!13aHHbUI C Il3MeHeHneM q>opMbI p;BOIIHOH .!Ip;epHOH CHCT~Mbl Ha 

nyTII ee 0Bon:10u;11n. B pa6oTe (10] npoBep;eH nop;xop; B paMKax rup;pop;u

HaMn'lecKox'i Mop;en:n c ncnorrb:JOBaHiieM napaMeTp1mau;nH q>opMhI np;ep

HOII cucTeMbI H3. pa6oThI: [ 11 J. Hccn:ep;oBamrcb p;Ba MexaHH:JMa H3JIJ'le

mrn B8rK:- B nepBOM IlJIOTHOCT,b HYI(JIOHOB C'lIITarracb IlOCTOJIHHOII II 

paccMaTpHBaJIOCb KBap;pynoJibHOe H3JIY'leHire; - BO BT~pOM npep;norra

rarrocb B_o36y,Kp;em1e B CIICTeMe H30BeKTOpHbIX KOJie6aHIIH IlJIOTHOCTH H 

Y'lIIThrnanacb JIHillb HH,Kattman Mop;a, KoTopan onIIchrnaeTcJI KaK r,n;P.B 

cq>epII'leCKOM .!Ip;pe C 3aBllCJl~HM OT BpeMeHII pap;HycoM, paBHbIM p;JIIIHe 

COCTaBHOII CHCTeMbI. Pac'!IITaHHbie BbIXOp;bl B8rK E-y'.::::'.(12~14 M0BJ 

npn cq>epII3alJ;IIII CIICTeM 64 Zn + 68 Zn 20 Ne + 112 Sn COOTBeTCBeHHO 

. B paMKax nepBoro nop;xop;a COCTaBIIJIII 5x10-s 11 lx10-6 ' a BO. BTOpOM 

43x10-
4 

H 34x10-4
, npn'leM nocrrep;Hne p;aHHbie corrracy10Tc.11 c TeHp;eH

u;uen cncTeMaTIIKII, npep;cTaBJieHHoi'1 Ha pnc.1.1, a 3Ha'leHue pac'leTHbIX 

BeJIII'lHH BbIXop;a B8rK p;rr.11·peaKu;m1 64Zn + 68Zn OKa:JMIICb 6JIH3KH 

K 0KcnepIIMeHTaJibHbIM. TaKHM o6pa30M npep;nOJIO)KeHHe 06 0MIICCIIll 

B8rK, cooTBeTCTByro~ux np.11M0My pacnap;y I',II;P B npou;ecce 0Bo

rrrou;uII p;BOHHOH .11p;epH011 CIICTeMhI norry'lIIJio B p;aHHOH pa6oTe Korru

'lecTBeHHOe nop;TBep)Kp;eHue .. ,Uanee B rnaBe npxrnep;eHo KpaTrme onIIca

HIIe 0KcnepnMeHTaJibHblX II TeopeTII'leCKIIX pa6oT' IlOCBJI~eHHbIX llC,

CJiep;oBaHIIIO 3aBIICllMOCTII q>opMbI 0HepreTII'leCKIIX cneKTpOB B8rK OT 

napaMeTpOB p;eq>opMall;llll np;epHbIX CIICTeM .. B OKOH'laHIIll rrraBbl pac

CMOTpeH pnp; 0KCnepnMeHTMbHbIX pa6oT, B KOTOpbIX uccrrep;oBarracb 

KOHKypeHlJ;Il.11 npou;eccoB 0MIICCIIII B8rK, .HeHTpOHOB II nerKIIX 3ap.11-

)KeHHbIX 'laCTIIlJ;. 06Hapy,KeHHbie 0q>q>eKTbl "oxna:aq::,;eHII.11" cneKTpOB 

'lacTIIlJ; aBTOpbI IIHTepnpeTupoBann K;tK JKa:JaHne Ha 0MIIccuro B8f.'K 
p;o 06pa:JoBaHn.11 cocTaBHoro,.11p;pa. 

Bo BTopon rnaBe npnBep;eHo onucaHue II aHaJIII3 MeTop;nK perncTpa-
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Pnc. 1.2: 3a6UC'UMOCmb 6e,11,U"tUU er:C)l npu E-y=10 M3B aaJI 
e( o a) 

c14uumu,11,,11,J[mopo6 BaF2, BGO om paauyca R U 6blC0mbi 14u,11,uuapa L 
-cae6a; 'pac1temubie cne'l'Cmpbl BGO-aeme1Cmopo6 {nyu'/'Cmupbi) ua 3'/'CC

noueu14ua,11,bubie cne'l'Cmpbi nep6u1tublx 1 -'l'CBaumoB - cnpa6a 

ll;llll B8rK. KpaTKO OilIICaHbI OCHOBHble MeTOp;IIKll "-y-cTapTa" II, "X

CTapTa" npnMeHJieMbie p;n.11 perncTpau;nu 1 -KBaHTOB :mepreTII'lecKoro 

p;nana:JOHa r,ri:P B peaKlJ;llJIX C TJI)KeJibIMll IIOHaMII. IloKru3aHbI IIX npne

My~eCTBa II Hep;ocTaTKII, a TaKJR:e npnBep;eHbI OCHOBHbie proyJibTaTbl, 

IlOJIJ'leHHble C npnMeHeHIIeM onncaHHbIX MeTOp;IIK. IlpoBep;eHHble HaMll 

nccnep;oBaHne Bhixo;a;a B8rK, B MeTop;nKe "X-cTapTa", .B peaKu;nsrx c 

TJl)KeJibIMII, llOHaMII IlOKru3aJIII, 'ITO ;-KBaHTbl,. COOTBeTcByro~IIe no CII

CTeMaTIIKe np.!IMOMY pacna;a;y ruraHTCKIIX p;IIllOllbHbIX pe30HaHCOB ll3 

COCTaBHoro .11;a;pa, o6pa.oyIOTCSl TaK:tKe B KaHaJiax rliy6oKO Heynpyrnx 

nepep;a'l, T .e. B npou;ecce 0BOJII01J;IIII p;BOHHOH. sr;a;epHon: cncTeMbl. OT

MeTIIM, 'ITO peannooBaHHrur B ;a;nccepTau;IIII MeTO,Ii;IIKa perIIcTpau;un 

B8I'K B coBnap;eHIIII c oapsr)KeHHbIMII 'laCTIIlJ;aMII no HeKoTopbIM na

paMeTpaM (He'lyBCTBIITeJibHOCTb K KOCMII'leCKOMY q>oHy II T.;a;.) 6mroKa 

K MeTo;a;nKe "X-cTapTa". 

.IJ:anee npnBep;eHbI OCHOBHble xapaKTepIICTIIKII Op;Hop;eTeKTOpHbIX -y-cneK

TpoMeTpOB, IICilOJib30BaHHbIX B p;aHHOH pa6oTe. IlpoBep;eH aHaJIII3 xa

paKTepIIcTIIK o;a;HOJJ;eTeKTOpHbIX Cll;IIHTIIJIJISllJ;IIOHHblX -y-cneKTpoMeTpOB 

Ha ocHoBe cu;nHTIIJIJIJITopoB NaI(Tl), CsI(Tl), BaF2, BGO lJ;IIlIHH;a;pn

'lecKon: q>opMbI. ProyJibTaThI pac'!eTa IlOKru3aJIII, 'ITO yliyqllleHIIe cnex-
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TJ>OCKOIIII"IeCKIIX xapaKTepIICTIIK Op;HOMO)l;YJibHbIX Cll;lIHTIIJIJI5lll;lIOHHhlX 
- . . . . 

µ;eTeKTOpOB nyTeM yBeJIII"IeHirn reoMeTpII"IeCKIIX paaMepoB HC"IepIIbl-

BaIOT ce6SI µ;ocTIIrrur HeKoToporo "nnaTo". 3arpynKa µ;eTeKTopoB oT · 

<pOHOBoro II3JIY"IeHII.lI HeIITpOHOB, nponopn;noHaJibHa o6beMy Cll;llHTIIJI

JI.lITOpa, B , CB.ll3II C 'tJeM npn: pa6oTe C oµ;Hoµ;eTeKTOpHblMll ,-cn_eKTpo

MeTpaMII npn: perIIcTp~IIll ,-IIDJiy"IeHirn llHTepecyeMoro )l;IIaIIa:JOHa 

tmeprHII MO)KHO OIITHMll3llpOBaTb napaMeTpbl µ;eTeK'Topa. TaK, HanpH

Mep, OTHOWeHIIe "IllCJia ,-KBaHTOB naperHCTpllpOBaHHbIX II IIIIKe IIOJI

HOro nornoru;eHH.lI c(Pic) K ~mcny c(total) 1 -KBaHTOB E-r=lO MaB, uno

TponHo pacce.lIHHhlX B BGO µ;eTeKTop µ;ocTnraeT ''nnaTo": 
c( Pie)/ c( total)~70%. 

npu napaMeTpax p;eTeKTopa: R~lOcM h~32cM, rµ;e R,L- paµ;uyc u BhI

coTa µ;eTeKTopa, COTBeTCTBeHHO: ,na npon;ecc HenonHoro aHepronorno

ru;eHn.lI ,-oony"IeHH.lI Bee 6onee II 6onee OTBe'tJaeT rpaHH"IHM 6oKOBM 

o6nacTh. Ha puc.1.2. {cneBa) np:~rnep;eH~r 3Ha"IeHll.ll B npon;eHTax Be

JIH"IHH c(Pic)/c(total) )l;JI.ll cn;nHTIIJIJI.lITopoB, BaF2, BGO n;umrnµ;pn"Ie

cKon cpopMbl B 3aBHCHMOCTH OT pap;uyca R ll BblCOTbl ll;HJIHHp;pa L. 

Ilo ocn a6cn;ncc OTJimKeHa BhlCOTa n;nmrnp;pa L [cMj, pap;nychr Ry Ka

:lKp;on KpIIBon cnpaBa. AHanorn"IHoe noBep;eHIIe OTHoweHIIH Ha6nroµ;a

eTc.lI µ;JI.ll Bcex paccMoTpeHHhIX cn;IIHTIIJIJI.llll;IIOHHhrx Ma-repHanoB. Pac

"IHTaHHhre <pyHKll;IIII OTKJIIIKa O)l;HO)l;eTeKTOpHblX 1 -CIIeKTpOMeTpOB yrm-

3aHHhlX MaTepHaJIOB Ha 0KCIIOHeHn;HaITbHble nepBH"IHhle 1 -CIIeKTpbl ll , 

6onee CJIO)KHbie, JiopeHn;-KpIIBble Ha 0KCIIOHeHn;IIaJibHblX IIbep;ecTanax, 

- CIIeKTpbI, 0MHTnpyroru;He IIp.lIMOH ,-pacnaµ; r,n;P Ha Bon6y)Kµ;eHHhle 

YPOBHH .iip;epHOII CllCTeMhl, IIOKa:JaJIII O)Kllp;aeMble IICKa)KeHll.ll napaMe

TPOB annapaTypHbIX cneKTpOB. Tax Ha pIIC. 1.2 ( cnpaBa) npep;cTaBJieHbl 

pac"IeTHble cneKTpbI BGO-µ;eTeKTopoB (nyHKTIIpbI) Ha 0KcnoHeHn;II

aJibHhie cneKTPhl' nepBH"IHbIX ,-KBaHTOB, KpIIBhlMII Ha pIICYHKax npeµ;-

. CTaBJieHbl penynhTaTbl <pIITHpOBaHII.lI: Ilony'tJeHHhie napaMeTpbl acpcpeK

TllBHOll TeMnepaTypbl nepBH'tJHOrO 'Y-'CITeKTpa T=0.98 MaB COCTaBnrm: 
0.85, 0.89, o:89 [MaBJ p;JI.ll BG01( 0 75 x 25 MM), 

BG02(0 46 x 60MM.) II NaI(Tl)(0 75 x 25 MM), cooTBeTcTBeHHo, 

PenyJihTaTbl rrpoBep;eHHoro aHaJIH3a BIIOCJiep;CTBIIe IICIIOJib30BaJIIICb B 

OIITIIMII3an;HH reoMeTpIIH 0KCIIepHMeHTa ll B BhI6ope OIITHMaJihHbIX µ;mr 

nOCTaBJieHHo:ii 0Kcnej)nMeHTaJI:6Ho11 naµ;a"III p;eTeKTOpOB, 

• B -Ka'<JeCTBe aJibTCpiiaTMBHoro pewemrn perIICTpan;un B8rK µ;anee 

paCMOTpeHbl MHorop;eTeKTOpHbie ,-cneKTpoMeTpbI. B · KpaTKOM o6nope 
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paCCMOTpeHbl OCHOBHbie MeTO)J;IIKII perIICTpan;mr B8rK: aHTIIKOMIITO

HOBCKlle cneKTpoMeTpbl, "cyMM-CIIeKTpOMeTpbI"' aHHIIrIIJI5lll;IIOHHhie 

cneKTpoMeTpbr. II poBep;eHhl pac"IeThI cpyHKn;ui'r. OTKJIIIK·a Ha MOHOaHep

reTn:'tJecKoe ,-II31IY"IeHIIe B µ;naIIa:JOHe µ;o 50 MaB, ir pac~nTaHhl OCHO

BHhie napaMeTpbr: acp<peKTIIBHOCTII, 0HepreTH"IeCKOe paapewemre II T.µ;. 

B paamI"IHhIX pe2KHMax pa6oTbI MHoroMoµ;ynhHor~ CsI(Tl) cneKTpo

MeTpa [14]. 

TpeTh.lI rnaBa nocBHru;eHa onucam110 conµ;aHHhIX MeTop;nK II 0Kcnepu

MeHTa TIO H3Y"IeHIIIO 3MIICCllll B8rK B COBnap;eHHll C 3apmKeHHbIMII 'tJa

CTllll;aMII B peaKn;1rnx: ecT Sn+ 20 Ne (1641\,foB), ecT Sn+ 20 Ne (196MaB). 

MHoroMop;yJihHhIH CUHHTHJIJIHUHOHHhIH N aI(Tl) cnHH - cneK

TpOMeTp npep;cTaBnHeT co6oir TOHKOCTeHHyro cT~hHYIO peaKn;II~H

HYIO rmMepy ccpep1I"IecK011 _cpopMbI, Tonru;HHOII cTeH 0.5 MM, BOKpyr 

KOTopoii pacnonmI{eHbI 6 Nal(Tl) 063x 63 MM µ;eTeKTopoB c <pOTO

yMHmKIITenSIMII <t>8Y-8.5. Ilpeµ;ycMoTpeHa B03M02KHOCTh nnaBHoro 1m

MeHeHH.lI · TenecHoro yrna <p µ;eTeKTopoB, ux opIIeHTan;uII 11 rocTIIpo

BKU OTHOCHTen_bHO MIIWeHU. 8neKTpOHHM ·cncTeMa cyru;ecTBeHHO OT

JIII'tJaeTCH OT. paHee paapa6oTaHHblX ycTaHOBOK' TeM, 'ITO IIO]IHOCTbIO 

ycTpaHem:i: u~eanorirn Ma;1wpnTapH01I cxeMbI coBnaµ;emrn, Ha 6aae Ko

Topon OHll. 6bimI OCHOBaHbI, 1];0Il01IHIITeJlbHO BKJIIO'tJeHbl CIIeKTpOCKOIIU

'tJeCirne TpaKTbl Ka)Kp;oro Mop;yn.ll. ,Il;mr n-1 p1i3p;eneHirn lICII01Ib30BMHCb 

6noiu1 "BpeMSI ~ n;ncppoBon Koµ;" npn"IeM cTapToBbIM c1irHanoM cny)Knn 

TpnrrepHhllI noru"IecKIUI c1irHan Hecyru;uir 'mi ce6e µ;ononHnTenbHYIO 

nmpopMan;nro O rOTOBHOCTII KOIITponnepa KpenTa o6pa6oTaTh µ;aHHoe 

co6bITUe. ,Il;aHHblll TpurrepHbllI curHaJI MO)KeT 6b!Tb naµ;ep)KaH OTHOCII

TenbHO MOM~HTa <pH3II'tJeCI(OrO co6bITII.lI Ha 500 - '800 HC, 'ITO Il03Bommo 

pean1moBaTb CIICTeMy 6h!cTporo npep;npon;eccopHoro aHamma. BBeµ;e

Hne B CllCTeMy c6opa cneKTpOCKOIIH'tJeCKHX KaHMOB Moµ;y~eir II03Bommo 

ycTaHaBJIHBaTb ·"off-line" TO"IHhie 0HepreTH"Iec1me noporu ·cpa6aTbIBa

mrn _Mop;yneH, 'ITO Tpyp;HO cp;enaTb B 6bICTpbIX BpeMCHHblX TpaKTaX. 

BpeMeHHoe panpewem1e 6en µ;ononHHTeJibHbIX KoppeKn;m'i Ha aHepreTn

'tJecKyro 3aBHCHMOCTb BpeMeH cpa6aTbIBaHirn COCTaBIIJIO b.t(nWTTM) ~ 6 .. 

He npu nopore perncTpan;uu Enopor d 50 KaB npu ycnoimu cTapTo

Bo:ii narpynKH TpurrepHoro µ;eTeKTopa: 1 x 101 HMII. ceK-1 u narpynKe 

B Ka)K)J;OM Mop;yne CIIIIH -cneKTpOMeTpa 5 X 105 llMII.CeK-l. llm,1epe

HII.ll npoBOp;HJIHCh Ha ,-ncTO'tJHHKe 6°Co. ,Il;n.ll nony"IeHirn a6conroTH011 

acpcpeKTIIBHOCTII perncTpan;mr f! Ka)Kp;oro Moµ;yn.ll cmm-crreKTpoMeTpa 
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Puc. 1.3: CsI(Tl) -y-cne1-ornp0Memp, 1Co11,cmpy1-omuo11,a.K cxeMa 

( c.11,eoa). Cnpaoa - cne1Cmpb1 -y-1Coa11,moo np.KM020 pacnaaa 11,a bc11,ooiwe 

cocm0.Jl"/1,Ue 0036y:>1eaemto20 yp06"11,.Jl J1' = 1+, T=1 12C, 3aCell,.JleM020 6 

pea-x:'4uu: p+12C Ev=150 M3B. 

ncnorrbnOBanacb MeTop;IIKa Kann6poBKII c noMOJ..I.I.bIO HPGe peHTreHo

BCKor.o p;eTeKTOpa. 

MHoroMop;yJihHbIH CQHHTHJIJIJI:QHOHHbij{ crreKTpoMeTp 11a 

ocHoee C sl(Tl) KpHcTaJIJioe p;JI.H perHcTpaQHH -y- KBaHTOB H 

::3ap.H)KeHHhIX qacTHQ npep;cTaBrr.aeT co6011 c6opKy II3 7 Cll;IIHTIIrr~ 

II51Il;IIOHHhI_X p;eTeKTOpOB, CM. pnc.1.3 ( crreBa ), Ha .oCHOBe KpIICTarrrroB 

Csl(Tl) qiopMbI np.aMoyrorrhHhIX npnnM B ocHoBe KOTOpb1x_rre2KaT,npa

BHIIhHhie llleCTIIrpaHHIIKII )];IIaMeTpOM onIICbIBa10111.eii OKPY)KHOCTH 100 

MM., BbICOTa npH3M COCTaBrr.ae; 150 MM [14). 8HepreTil'IeC~oe pan: 

pemeHne p;e'J,'eKTopoB cocTaBrr.arro dE662 KoB = 12 -17 % p;rr.a E--i= 662 

KaB H tnnT = 1 MKC. p;rr.a panrrII"<IHhIX aKneMnrr.apoB p;eTeKTopoB. B rrraBe 

KpaTKO onucaHbl OCHOBHbie npo6rreMbl aHepreTII'leCKIIX Kanu6poBOK -y

cneKTpOMeTpOB B BbICOK03HepreTII'leCKOM p;uananoHe, np1rnep;eHbl onH

caHIIe IICnOIIb30BaHHblX MeTO)];lIK KaJIII6pOBOK KOCMII'leCKIIMII Me30HaMII, 

naperucTpnpoBaHHhIX B Bhip;erreHHhIX HanpaBrreHnnx n pac"<IeTbI aHeprea 

Tll'leCKHX noTepb MenOHOB B Cll;IIHTllIIII51Il;HOHHOM KpllCTaJirre p;eTeKTOpa 

"B nap;aHHbIX HanpaBIIeHHHX. IIpep;cTaBrreHbl onucaHne H_ 6rroK-CXeMa CII

CTeMbl c6opa p;aHHblX cneKTpOMeTpa, npHMeHeHHOll p;rr.a l-I3Mepemrn -y

KBaHTOB II HeHTpOHOB B cnOHTaHHOM p;erreHI-IH 248Cm, KOTOpoe npo

Bep;eHO C n;eIIbIO npoBepKH B03MO)KHOCTil ocy111.ecTBIIeHHH "n--y" panp;e

rremrn BpeM.a- nporreTHOH MeTop;I-IKo:ii. B Ka"<IecTBe cTapTOBoro p;eTeK

Topa OCKOIIKOB p;erreHl-!51 ncnoIIb30BaJICJI ranoBblll Cll;IlHTI-IIIII51Il;IlOHHblll 

p;eTeKTOp C KCeHOHOBbIM HanorrHeHI-IeM, nonBOIIHBlllllll Bblp;err.aTh co6bI· 
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TH.a cnoHTaHHOro µ;erreHI-IH 248Cm oT a -pacnaµ;a. BpeMeHHOe panpe

mem1e 6en nonpaBOK Ha naBI-ICIIMOCTb BpeMeHH cpa6aTblBaHHH Tpnr

repa OT aMnrrIITy)];hl cnrHana, µ;rrH -y-KBaHTOB E--i> 4MaB cocTaBHIIO 

b..TnumM::::=7Hc. IlpI-IBeµ;eHbI penyrrhTaTbl TecTa cneKTpoMeTpa -y-K.BaH

TaMn pacnaµ;a J?r = 1+, T=l ypoBHH 12G E-y= 15.1 MaB. IIpoBepKa 

q>yHKn;nii OTKIIHKa cneKTpoMeTpa c pac"<IeTHhIMH Ha MOHOaHepreTn

"<IecKoe ""f·H3rry"<IeHIIe OHepreTI-I'leCKOr~ µ;nananoHa rw npOBOp;HIIaCb 

C ncnOIIb30BaHileM npHMoro -y-pacnaµ;a Ha OCHOBHOe COCTOHHne B03-

6y)Kp;eHHOro ypoBH51 J?r = 1 +' T= 1 12G, nacem1eMoro B peaKD;I-IH: p+12C 
Ev=150 MoB. Ha pnc.1.3 (cnpaBa) rroMaHhl~H KpHBhIMH npHBeµ;eHhI 

OHepreTn"<IeCKIIe. cneKTpbI -qacTI-Ill;, naperI-IcTpI-IpOBaHHblll B n;eHTpanb

HOM Moµ;yrre cneKTpOMeTpa: 

a) - "1n1~rr.l"- cneKTp Ha6paHHblll B 6orrblllell 0KCn03HD;I-Ill, yMeHb

meH B 20 pan p;rrH npI-IBeµ;eHI-I.a K. 6m1nK0My no MacmTa6y coTBeTCTBHIO 

cneKTPY "r )"; 

6) - cneKTP "cyMMa", aHeprHH perI-IcTpHpyeMhIX "<IaCTHn; B n;eHTpaJib

HOM Moµ;yrre CKIIa)];bIBa.Jiacb C OHeprnei-i "<IaCTHil;, nepepacceHHHbl_X B 60-

KOBbie Moµ;yrrH cneKTpOMeTpa; 

r )"HHKrr.2"- cneKTp B MeHbmeH aKcnonI-In;Illl. 

µ;) _· cneKTp "aKTIIB. naJ..I.I.HTbl", co6bITIDI oanIICbIBaJIIICb B cneKp B 

TOM crry"<Iae, KOrµ;a aHeprHH nepepacCeHHHblX. "<IaCTilll; B . 60KOBbIX MO

µ;yrr.ax He npeBhillla.Jia 50 KaB, npu OTOM 6b1iru norry"<IeHbI Haurry"<Imne 

cneKTpOCKOnII"<IeCKHe xapaKTepHCTIIKH (8 ::::= 0.59 MaB) 

CneKTpbI "6)", "r)", "µ;)" norry"<IeHhI B "off-line" o6pa6oTKe p;aHHhIX. 

IIo ocH a6cn;Hcc OTIIO)KeHa llHeprl-IH E-y; KpnBhIMH I-Ino6pa)KeHbI pe

nyrrbTaThI x2 annpOKCHMan;nn cneKTpOB <PYHKD;I-Ieii: 

F(E--i) = A :; + B e-o.s(<E--,~E10>)2 
-yl 

(1.1) 

lfo pI-IcyHKa Bllp;Ho, 'ITO "I-IHKrr_." cneKTphl B paHoHe E-y ::::= 15 MoB · -

mnpoKne (8 ::::= • 1.0 MoB) p;a)Ke npH nHa"<InTerrhHOH CTaTHCTHKe Ha~ 

6opa. B TO BpeM51 KaK cneKTp "cyMMa" CM. "6)", HMeeT_ B paHoHe 

E-y ::::= 15 MoB 6orrblllYIO CTaTI-ICTllKY B cpru3HeHHil c ''.r )", oa c-.'ieT 

y"<IeTa C06blTllll HenOIIHOrO OHeprOBhlp;erreHll51 B. D;eHTpaIIbHOM MOp;yrre; 

ll rry"<IllIHe, no cpaBHeHHIO C HHKIII0::31-IBHblMI-I, cneKTpOCKOnll'leCKI-I~ IIa

paMeTpbl (8 ::::= 0.69 MaB). TaK norro)KeHHe nnKoB E-r0cyM. ::::= 15.0.MoB, 

E-yosup. ::::= 15.1 MoB B o6oux cneKTpax "cyMMa" n "aKTHB. oa111.." He 
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Pnc. 1.4: 1 -cne,cmpbi ( c,11,eaa) u ux om'H,0ULe'H,Ue ( cnpaaa), a coana
ae'H,UU C O'.-"l.aCmU'ija.MU, noa y211,0.M, "0°" - ( 'H,e3a'ICpaULe'H,'H,bte ?Cpy:HC'ICU 
-(~E- E}-rne,11,ec,co'n "0°"); "140°"-(3an0,t1,'H,e'H,'H,ble ?Cpy:HC'ICU, - '/COl1,b"14e-
60iL (E J-aeme?Cinop "140° "): 

CMem_eHbl B HH3KmmepreTH'!ecKyIO o6JiaCTh. 8KcnepnMeHTaJihHOe IIC

cnep;OBaHJie cneKTpoB B8rK B .;a;nana□oHe :meprnii E7 =(5-:-20MaB) B 

peaKIJ;IDIX ecT Sn+20 N e(164MaB), ecT Sn+20 N e(196MaB). npOBop;IIJIIICh 

Ha nyqKe T.SDKeJihIX IIOHOB u;nKJIOTpoHa Y-400 JUIP Ollffl:I. · 
lfo_M~peiimr nP.0Bop;1mIIch Ha TOHKoii MIIUieHII ecT Sn. 3a

p.sDI<:eHHble qacTIIIJ;bl perIIcTpIIpOBaJIHCh TeJieCE:OIIOM KpeMHJieBhIX p;e

TeKTOpOB, n KOJibIJ;eBbIM KpeMHIIeBbIM p;eTeKTopoM noµ; yrrraMn: 0 = 

0°, 0 = 140° OTHOCIITeJibHO ocn nyqKa, coOTBeTCTBeHHo. CneKTphI 

1 -KBaHTOB ;a;mr peaKIJ;IIII 112Sn+ 20Ne (164MaB), Sn+ 20Ne(196MaB) 

npep;CTaBJieHbl Ha pnc.1.4 a),6),( crreBa) rp;e He□aKpaUieHHbIMII KPY2KKaMII 

nOKa3aH cneKTp ,-KBaHTOB, □aperncTpnpoBaHHbIX B COBnap;eHJIII C Bne

pep; rreTJillJ,IIMII a-qacT~aMII (~E - E)-TenecKon "0°", nanorrHeHHbIMH 

KPY2KKaMII - B coBnap;eHIIII c Ha□ap; rreTJilU,IIMII a -qacTnu;aµn KOJihIJ;eBOII 

(E)-p;eTeKTOp "140°" (yMHO)KeH Ha cpaKTOp 10) : . 
B peaKIJ;IDIX: a) ecTsn + 20Ne (164MaB); 6ycTSn + 20Ne (196Ma_B). 

KpIIBbIMII Ha pncyHKax npIIBep;eHhl proyJihTaTbl q>IITIIpOBaHIHr' cneK

TpOB cpyHKIJ;IIflMH, CM. HmKe. Ha pnc.1.5 a), 6) ( cnpaBa) npep;cTaBJieHbl 

OTHOUieHIDI BbIXO)];OB ')'-KBaHTOB, II3MepeHHbIX B COBnap;eHIIJIX 
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C 0: -"IaCTIII.l;aMII, JieTJI~IIMII Bnepe,a; H Ha□ap;: 

ll□BeCTHO, '!TO BbIXOp; BbICOKOaHepreTII'!eCKIIX ')'-KBaHTOB cym_ecTBeH

HO □aBIICIIT OT aHepruu B0□ 6y)K;i::r.eHIIJI COCTaBHoro 1tp;pa [8]. B pa6oTe 

[12] TaUKe OTMe'!aJIIICb He60JibUIIIe, no cpaBHeHHIO C aHeprue11 B03-

6y)Iq:i;emrn np;epHOll CIICTeMbl Enc B paccMaTp1maeMbIX peaKIJ;IIJIX, pa□-

Jlll'!IUI cpep;HIIX KIIHeTH"!eCKHX 0Heprnii O'.-"laCTIIIJ;, 0MHTHpyeMhIX nop; 

nepep;HIIMII II 3a)J.HIIMH yrrraMI-I. 

IloaToMy, B crryqae: a) ecm1 06pa□0Bam1e n ,-pacna;a; r,ri:P rrpmmo

UIJIII □a BpeMH, 6oJibUiee 10~20 ceK. (nocrre 0MIICCIIH HcnapHTeJihHhIX 

a -qacTuu;·, BpeMH aMIIcc1m KOTOpbIX cocTaBJIHeT 10-20ceK ), cnep;o

BaJio O)KHp;aTh, '!To o6a 1 -cneKTpa 6yp;yT 6mmKn no cpopMe. 0,a;HaKo, 

7-crreKTp, CBH3aHHblII C a -"IaCTI-IIJ;aMH "Brrepep;"(cBeTJible TO'!KH) cy

m_ecTBeHHO OTJIH'!aeTCH OT cneKTpa, COOTBeTCTBYIO~ero a -qaCTIIIJ;aM 

"Ha□a;a;" (qepHbie TO'!KII) 6) ecm1 06pa□0Bam1e II 7-pacna;i::r. 

r,ri:P I1pOII30IllJIII p;o 0MllCCllll IICnapenTeJibHbIX qacTuu;, HO rrocrre 0MIIC

CIIII npe;i::r.paBHOBeCHbIX(Bpe1-rn 0MIICCIIII KOTOpblX OIJ;eHHBaeTCJI '.::::l0-22ceK 

[12]), TO )J.OJI)KHO Ha6rrrop;aThCJI yMeHbllleHIIe OTHOUieHirn BbIXO)];OB ,

KBaHTOB, COOTBeTCTBYIO~HX a -qaCTIIIJ;aM 
0

"Bnepe;i::r." II "Ha□a;i::r."' TaK KaK 

aHepnrn B0□6y)K}];eHIIJI .Hp;epHOII CIICTeMbl BO BpeMJI 0MHCCI-UI ,-KBaHTOB 

MeHbllle B CJIY"Jae ncrrycKaHIUI. ')'-KBaHTOB rrocrre npe,a;paBHOBeCHblX a -
qacTIIIJ;. 

Op;Haim B aKcnepI-IMeHTe aTo He TaK, nocKOJihKY rrpu E7 >8MaB OTHOUie

Hne Bo□pacTaeT, KaK BH)J.HO n□ puc.1.4 a), 6) ( crrpaBa). Crre;i::r.oBaTeJihHO, 

onncam1e npon;ecca o6pa□oBamrn r,ri:P u ero np1tMoro 1 -pacna;i::r.a c no

mm;un 6arraHca aHeprnn Bo□6y)Kp;eH1rn cocTaBHoro 1tp;pa He no3BOJIJieT 

nOJIHOCThIO o6bHCHHTb 0KCnepnMeHTaJihHbie ;i::r.aHHbie. C ;i::r.pyroi'I CTO

pOHbl HCnOJib30BaHHe npep;rrmKeHHOII B pn;a;e pa6oT Mop;eJibHOii 3aBII

CHMOCTH napaMeTpOB r,I(P OT q>OpMbl l-I3Jiyqarom_eII CIICTeMbl II,rIIIl0-

Te3bl TaHreHD;llaJibHOII 0MIICCHH JI31I II03BOJIIIJIO o6bJICHIITb 0Kcrrepu

MeHTaJihHbie pe□yJibTaTbl. KaK noKa3aHO B [15] l];JIJI peaKIJ;HH 12C+180 Er 
yroJI BhIJieTa nap.H)KeHHblX '!aCTHI.J; B aCHMMeTpII'!HOH peaKIJ;IIII TeCHO 

CBJI□aH c yrnoM noBopoTa n;a;epH011 cucTeMhI. lIHa'!e roBop.H, □ap1t
)KeHHbie qacTUIJ;bl, ncrrycKaeMbie no;a; yrJIOM 6mmKIIM K HYJIIO MO)I(HO 

OTHecTII K MOMeHTY caMoro Ha"IaJia o6pa□oBamrn p;B01~rnoii: JIµ;epHOII 

CHCTeMhI. llcnapuTeJibHble □apJI)KeHHbie qacTHIJ;bI, perncTpnpyeMbH~ B 

nap;He11 rrorryccpepe, oTBe'!aIOT KOH<pnrypau;nu cocTaBHOII .Hp;epHOII cu

cTeMbI 6mmK011 K cocTaBHOMY n;i::r.py. IlocKOJihKY aHepnrn r,ri:P CBJitJaHa 
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c <J>opMoii II3l1Y'larorn;ei'i: cncTeMbl, MO)KHO mKnµ;aTb, 'lTO B ::mepreTn

'leCKIIX CIIeKTpax B8rK, II3MepeHHblX B COBIIap;eHim C nap.!I)Ke¥Hb!MH 
'9'.aCTIII.l;aMII noµ; pa3lllI'lHbIMll yrrraMU 6yµ;eT Ha6rrroµ;aTbC.!I cyrn;ecTBeH
Ha.!I panmi:n;a. Ifo pnc.1.4 OT'leTllttBo BIIp;Ho pacrn;errrremi:e IIIIKa r,I(P Ha 
p;Be COCTaBll.lIIOI.l.\IIe. rmip;KIIMII KplIBbIMII_II306pa,KeH pac'leT C HCIIOllb-
30BaHneM CTaHµ;apTHoro rrpeµ;cTaBlleHH.!I C HCIIOllb30BaHHeM ;Il;BYXKOM

IIOHeHTHOr.o rropem:~IIaHa: 

Y"I = C f(Ery, T1) + f(E"I, T2) L(E"I) 

rµ;e: f(E T) E"I (-!2.) "I• 1 = T2 exp 1:,1 

ryl 

E"lr91 

L(Ery) = C1 {E2 _ E2)2 + E;
1
r;1 

gl "I . 

f(Ery, T2) = E"I ex/-~) 
T~2 
E"lr92 

+ C2 (E;2 _ E~)2 + E;2r;2 

(1.2) 

(1.3) 

(1.4) 

rµ;e: Egl ll Eg2 - :meprim, a r gl II r gl - illIIplIHbI rrepBOII II BTOpo:u: KOM
IIOHeHT r,nP, COOTBeTCTBeHHo; C1 ll C2 - K03cpq>un;neHTbI Cllll rrepBoii 

n BTopoii KOMIIOHeHT pacrn;errrreHHoro penoHaHca, Try1, Try2 - 3cpcpeKTH

BHbie TeMrrepaTyphl. IlapaMeTpbl 3Heprn:u: E9 1 n E92 Mop;ellbHO cB.!I3aHbI 
C µ;ecpopMan;ue:u: .!Ip;epHO:U: CIICTeMbI - ,-lI3llY'laTell.!I. Mo)KHO IIOCTaBIITb B 
COOTBeTCTBlle pa3Hlln;e 3Heprnn Me,Kp;y ;Il;BYM.!I KOMIIOHeHTaMII CTeIIeHb 
µ;ecpopMan;nu fIC. B TaKoM rrpeµ;cTaBrreHIIH II3 nnrrmKeHHoro B rrraBe 

aHamma MO)KHO 3aKllIO'llITb, '9'.TO µ;ecpopMan;n.!I lICTO'lKHKa ,-KBaHTOB 

60llbille B crry'lae BIIepeµ; rreT.!IllJ;lIX '9'.aCTlIU IIO cpaBHeHHIO co crry'laeM 
Hanaµ; rreT.!IllJ;lI:U: 'laCTIIU B 06e1IX nny'leHHbIX peaKD;lI.!IX. B µ;aHHO:U: MeTo

)l;lIKe [15,16] orrpeµ;err.!Irrncb rrapaMeTpbI pacrn;enrreHHblX r,I(P p;rr.!I orrpe
µ;erreHH.!I K03cpcpnn;neHTa µ;eq>opMan;mr /3 II3llY'laIOrn;Hx .Hp;epHbIX ClICTeM, 
arrrrpOKClIMHpoBaHHbIX 3lllIIICOHp;aMlI Bparn;eHH.!I, rµ;e MO)l;bI KOlllleKTlI

BHbIX KOlle6aHlI:U: r,I(P MoryT B03HlIKaTb B)l;Ollb oce:u: ClIMMeTplilI 3lllIII

COIIl];OB. B 3TOM crry'lae crren;ncpn'IeCKoe OTHomemie Cllll BeTBeii IIp.!IMOrO 

1 -pacrra;a;a pacrn;errrreHHblX penoHaHcoB orrpeµ;eJ'rneTC.!I Bbipa)KeHIIeM:' 

Sgl 2 S91 1 - = - -BbIT.!IHYTOe Hµ;po; -
~2 1 ~2 2 

-CIIllIOCHYTOe Hµ;po 

(1.5) 

OTHOilleHIIe 3Hepr1IH r,I(P Bbipa:m:aeTCH 'Iepro OTHOilleHHe 60llbille:U: IIO
llYOCII K MeHbilleii norryocn 3lllIIICOHp;a Bbipa)KeHHeM: 

Eg1 = 0.911 d + 0.089 
E92 

18 

/3 = (d - 1) d-1
/

3 (1.6) 

rµ;e d- OTHomem1e 6orrbmeii norryocn ClIMMeTpIIII K MeHbmeii, /3- Ko3cp

cpun;neHT ·µ;ecpopMan;m1 . 

TABJII1Il;A 1 .. ' 

"x2
'' 'arrrrpoKCIIMan;nH 3KCII~P,IIMeHTallbHbIX ,- CII~KTpOB: 

Eny'flf.a = 164 [M3B} E~y~a= 196 [M3B] . 

rr?'paMeTpbI . ,-,[(eTeKTOp riapaMeTphl '. .I(eTeKTOp ' 

'pa~Jeia .·. "_0~"·. "140°" 
·,,' ·' "00"' "140°." ·pac"<IeTa 

: ·:) Egi ' . 9.1 •·· 10.0 E91 10.9 10.6., 
{ 

E;2 · .16.7 13.2 E
9

2·•, .. __ 13.9 12.4 

r 91,r92 2:4 3.0 rg1,rg2 
.. 

,2.8 3.0 
• ' ,.f,je>.'. ',' ,>' 

B Ta6min;e· 1, rrpeµ;cTaBlleHbI p·enyllbTaTbI "x2
" arrrrpOKClIMan;lllI 3Kcne-

pIIMeHTallbHblX crreKTpOB, B '9'.aCTHOCTH, rrapaMeTpbl 3Heprnn pacrn;e~ 
irneII~oro r,nP; norpemHOCTI{ rrapaMeTpOB Iie' npe~blillaIOT Bellll'IlIH~I 

0.5 M3B. Hanrry-.ime~ COrllll:Clie arrrrpoKC1IMi1pyrorn;eii q>yHK4irn' C ~Kcrre~ 
pnMeHTallbHhIMII µ;aHHbIMII 6bIJ'Ill IIOll)''1eHhI B np116rrJI)l{CHlllI cmiiocHy

TOI{ .!Ip;epiwil cncTeMbI, ii:cnorrb3YH 3T0T :cpaKT ·Mbi cBHnanH :riap~~eTpbI 
CIIll COOTHOllleHIIeM : ~ ~ . ½,' ,, x2'; aHahn::i C>blll 'BbIII0~HeH· C Aairnl>IM 

ycrroBneM. B penyrrhTaTe npoBep;eHHoro aHarrnna 6blna norry'IeHa Bep
XHH.!I rpaHIIIl;a Bpei-.1eH1I ll3MeHemi:ii BeITlI'iIIHbI rrapaue'rpa ·µ;ecpopM'an;nn 
OT /3 0:7 p;o 0.2 p'aBHa.!I ~i0-21 ce~. , , . 

'lfeTBepTa.!I r'naBa' IIOCBH~eHa perncTpauiiir napmKeHHbIX 'IaCTIIU B 
pell.HTIIBIICTCKHX .Hp;epH0 -Hµ;epHhIX CTOllKHOBeHIIHX II· aKcrrepuM'eliTallb

H0MY uny<ieHIIIO 'yrrroBI,IX a:JII~YTallbHbIX Kopperuin;n:u: OTHOCH~ellbHO 

rrrrocKocTII peaKn;nn 3Mnccnn napH)KeHHblX 'lacTii~ B·p'eaK~nn: 209 Bi+208 

Pb rrpn 3Heprrr:ii'(lr3B/iiyKrroH). 'IlepBa.!I "18.C~b' rriaBbI npe):(cTaBJISie'r 
co6oii '• KpaTKoe oii:ricaHne' K0lllleKTIII3H'i,1x IIOTOKOB :.;acTHti' -no;,OKY B 

IIIT0;CKOCTII peaKn;iin "Flow" lI BHe IIITOCKOCTH~ "Squeeze-out"' a TaK)Ke 
' ', ' I ' _; •. ' .' • ; ! •• ,, . , ' ,, • l , 

3KCIIepnMeHTallbHhIM MeTo;a;aM omrcaHHil. IlOTOKOB 'laCTlin;: "AHann::i 

MeToµ;o~ TeHnopa hoToK'a 3:Heprnu'', "MeTo;ri; a.Hal'IH:ia B IIllOCKOCTHno: 
riepe'I~Oro lIMIIYllhCa' II ero M:oµ;n¢~Ka:o;n:Ii" l "aHalllI::l·B• i:Il'IOCK0CTII rrorre

pe'lHbIX CKOpocTeii" ,' "a.HallII3 Me'l'.o;a;OM ·. a3IIM)'TallbHbIX 'Kopp ~1llltl:nii". 
BTop:rur ~aCTb 'rrralii,1 II0C~Hrn;eHa MeToµ;nKe nµ;eHTII<pliKaumf3hpi)KeH

HbIX 'lacTnn;; KOTOpbie perncTpnplm'arrnch ceMIIMoµ;yn'bH1,IM BaF 2 crreK~ 

TpOMeTpOM rrepe~){OT0pbIM' padrrofraraJIC.!I nrracTIIKOBhiii "Veto" ~eTeK~ 
TO~- BaF d ·crieKTp6M~TP ~~6paHH~IH ll3 7cn;IIHTIIllJ'IHtinoir:S~x µ;eT~KTO~ 

poB (KOHCTPYKT~Hhlll arianor BblllI~brrncaHHOio CsI(Tl),~crreKTP~~eT~ 
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II03HQHH BaF 2 
cnerrpoMeTpa ,.._ 

p ·40°· 

' • / 0 

MHW\CHI, ~~-<~/■; • .J3 • 
_,,::~;:.: ~-~---•••"Forward 

~;,;--__1(fo 0 
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~----~----- ------- ~-,.,!''' 
••--., II . 

-...... ..I ---.... ,-~ -r -· i .. 

~ 
"' t!, 
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t 
"' ;,: 

"" =~ 
:,:; 
=r ., ,,, ., 
t: 
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_, 

120° :...100° »o• 6
1
0° 

I -_. \ i. "_40'" I 

1.2 ~ '\ -=· ,-"',. / "lJU" 
1400 ..... I - 41r 
\ .=;;•:J -~!:./JuJ-h/ 

0.8 

0.4 

0 l·-N~M1T~:·."'~~:t"':r:1HN ·~)t,.}]z.~ 

-1.2 0,8 0.4 0 0.4- 0.8 1.2 

Puc. 1.5: I'eoMempu.JI 3'/CCnepuM.euma no u3y11,euu10 y2.tto6blX 

a3uM.yma.ttb1t.bI:z; ?Coppe.tt.JI'lltUiJ. omuocume.ttbuo naoc?Cocmu pea1Ct1tuu a.1,,1,uc

cuu 3ap.JI:>1Ce1t.ubIx 11,acmut1t -6 pea1Ct1tuu: 209 Bi +208 Pb npu 3.uep2uu 

{1I'aB/uy?C.tt01f,r Cnpa6a - 6 npoe1Ct1tUU !fia306020 npocmpaucm6a ua 

n.11,oc?Cocmb nonepe11,uo20 M.OM.euma u 6b1cmpomb1. 

pa) .. CoBMeCTHO c BaF2 cneKTpOMeTpOM _B 0KcnepHMeHTe ucnonhnoBa

nacb ycTaHOBKa "Forward Wall". Hµ;eHTmf>HKaqHJI napJI)KeHHbIX '!a

CTHq npOBOµ;HJiaCb "off-line''. B 5 -MepHOM npocTpaHCTBe. ,l];aHHOe npo

CTp~CTBO co6bITIIH CTpOHlIOCb HCilOllbOOBaHHeM napaMeTpOB, TaKIIX 

KaK "E-veto'\ "E-fast", "E-baf", "Pulse-shape", "E-kin/ A". Ilapa

MeTp -"E-veto" -0HeprHJI BbIµ;eJIHBWMCJI naper~c-:rpHpOBaHHOH ':laCTH

qe:ii B nnac.TIIKOBOM "Veto" -µ;eTeKTope. IlapaMeTp "E-baf'- 0HepreTH

'Iecxn::ii CIIrHan C BaF2 -µ;eTeKTOpa C MaKCHMaJI~HhlM OHa,eHHeM BeJIIl

'IHHbI7'E-baf' B paccMaTpHBaeMOM cofibITHH (Mep;lleHHM°KOMilOHeHTa 

cqH~II!IJljJ:qHoHHoro HMnynhca BaF2). · "E-fast" -0Hep:reTII'Iecrrn:ii C}!~ 

rHan C BaF2 -µ;eTeKTopa C MaKCHMaJibHbIM OHa'IeHIIeM BeJIH'IHHhl "E

ba£'' B paccMaTp1maeMoM co6bITIIH (6bicTpaJI KOMTIOHeHT~ cqnHTIIJIJI.n

quoHHoro -~MilYllbCa BaF;). "Pulse-shape" napaMeTp onpeµ;eJljJ:JICJI OT~ 

HoweHIIeM :,''.,1;;-=.{:jt;• ~ IlapaMe-rp "E-kin/ A" -KHHeTH<iecxrur 0HeprHJI Ha 

HYKJIOH uµ;eHT11cp:m:µ1pyeMon 'IaCTHqbI, onpep;eJijJ:JICJI no BpeMeHII npo

neTa ~acTJi:qbI TOF MeTO}l;lIKOH (BpeMeHiioe panpeineHHe p;eTeKTOp<>B 

no cp<>TOHHOMy. IIIIKY COCTaBJijJ:JlO b.t = 353nc ). AHann:n nµ;eHTIIcpII-

Kaqn:n: oapJI)KeHHhIX 'IacTIIq npoaoµ;rmcJI :nocnep;oBaTeJibHO B onpeµ;eJIH-
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A:i1<MyTanL11oe pacnpenenenHe npoTOnoa 

£(11>,Y) 0=40° 1'~>80 
A~-----~ 
O.fi 
0.4 

.i(\'- :~ 0 O •• , 

/" .,.i~1, ~-. -0.4 0<0-0° "i 
,/: Ati ~h '\ -0.6 •l -0.5 (I O ~ t 

:••·~ ·- i~ \~ -.. . -0 R ... 
~"'' } 1 ·••. . 0 0.4 0.8 1.1 

f I _.-·/:·3:.~ EucTpOTa y 
fl P' '•.; \ ll 

'Cf+:::;!::.:::~~~ ~-l l'°'°o-.o-0 . . 

~ 
•. ,. · .... -0.1 ____ ._ ___ , 

:· -0.2 • l 
- 111tl!111l11111a 
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0 100 200 JOO 
A3HM)'T3Jlbllbl'1 
yron ,p (1·p•11.) 

0.4 0.8 1.2 

SucYpOTII Y 

A31<My-rutbHOC pacnpc1lcnc1111c ne,frponos 

f( ,p,Y) 9 ~ 40°. !\\, > 80 
,-!----'-----, 

:,t, 

~ ...... 
'I-... ~ .. 

0 1110 200 31111 
A3MMyTailbHblll 
yron ,p ( rpan.) 

0.4 
O.l: -0.5 II 11-"i 
0 

-0.l 
" 

_,., 

-0.4 G 
.o.6 o.,o 

0 M 0.8 1.2 
Ewc-1·pon Y O.lf: 0.1 Oo <) 

0 . <) 

-0.1 -0 <I 

--0.l y' 

-0.3 r:. • ~~s .. :L'o "o.s " 
0 11.4 O.!C 1.l 

61,1c-rpo-11t Y 

PIIc. 1.6: A3uM.yma.ttbUO(, pacnpede.tt;U1Le p,d e = 40°, Mp> 80 

HbIX rrnocKOCTJIX p;aHHoro rrpocTpaHcTBa: "E-veto"X"E-kin/ A", "E-baf 

XE-kin/ A" u T.µ;. B rnaBe rr?cneµ;oBaTellbHO np1rneµ;eHo ornrcaHHe rrpn

MeHeHHoro aHari1ma B Ka)Kµ;oii IIO aHaJIImnpyeMbIX nJIOCKOCTeH. 

TpeTbJI '!aCTb rmi.Bbr 'nocBJill\eHa onncaHHIO axcnep:nMeHTa no :nnyqe

HIIIO yrnoBbIX amrMyTaJibHbIX KoppellJIIJ;IUI OTHOCIITellbHO llllOCKOCTH 

peaKqHH 0MIIccnn napmKeHHbIX '!acTIIq B peaKqnn:209 Bi +208 Pb np:n 

aHeprn:n (lraB/HyKnoH). 8KcnepnMeHT npoBoµ;nnc5I Ha ny'IKe ycxopn

TCJIJI SIS GSI, ,I(apMillTaµ;T. reoMeTpirn 0xcnepnMeHTa npeµ;cTaBJieHa 

Ha pnc. i.'5. . 8KcnepnM~HTaJibHbie p;aHHbre Ha6upanncb B µ;Byx aKcno

nn:n;nHX npn yrnax pacnoJIO)l{eHHJI cneKTpOMeTpa OTHOCIITeJibHO OCII 

IIY'l:Ka: 0 = 4QO it 23°, COOTBeTCTBeHHO. PacCTOJIHIIe OT nepeµ;Heii nno

CKOCTII 'cneKTpoMeTpa µ;o MHilleHII COCTaBJIJIJIO 4.3 MeTpa. B Ka)l{;a;of1 

IIO yKao~HHirx 0Kcnon~µ1i:ii Mb! MOrJIII µ;eTeKTIIpoBaTb "-IaCTIIIJ;bI C pan

llII'IHI>iMII OOHaMii pacn:pep;eJieHIIJI no 6bICTpOTaM, BllllOTb µ;o 6bICTpOT 

CHCT~Mbin;eHTpa M~cc, OOHbI ¢aiiep6ona, CM pnc.1.5 (cnpaBa), Ha ~0-

TOpOM npeµ;cTaBJICHa npoexq1rn qiaooBoro npocTpaHCTBa Ha llll~CKOCTb 

norrepe<JHO:ro MoMeHTa II 6brcTpOTbI. Ilo ocu a6cn;ncc OTJimKeHa 6bI

c~poTa· Y~T;,· B ~THocnTeJibHbIX 'e;a;1rnnn;ax YoT11 ~ (Y - YcM )/Y , ·rp;e 

YcM - 6@cTpoTa cncTeMbI n;eHTpa Mace, no ocu opµ;HHaT - rron:epe"-IHhlfI 

IIMIIYllbC' pl. B eµ;I~HII~';1X [ r;B / HYKllOH ]. 3awTpHXOBa,HHbie o6JiaCTII 
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Puc. 1. 7~ 3aBucuMocmb napaMempa nomo-x:a A om omuocume11,buou . 

6b1cmpombl y 011,.H 3ap.H:>1CeUUblX "l.acmu-q npu e = 40°, Mp > 80 

<f>anoBoro npocTpa.HCTB!l, -30HhI, oxBaTbIBaeMbie BaF2 cnexTpoMeTpOM 

B nonu::u;m1x 40° II 23° C 3HepreTu:qeCKIIM µ;uananOHOM perHCTpu:pyeMbIX 

'lacTu:u; BITJIOTh µ;o 1500 M3B/ A, 1700M3B/ A cooTBeTCTBe:irno. Penynh

TaTbI unMepeHm'i npeµ;cTaBneHbI Ha pucyHKax Ha puc. 1.6 ( cneBa) ru

cTorpaMMaMu npeµ;cTaBJieHbI yrnoBbre am1:MyTaJihHhre pacnpeµ;enemm 

BbIXOp;a npOTOHOB II p;enTpOHOB OTHOCIITeJibHO ITJIOCKOCTII peaKI.J;IIH B 

naBIICIICOCTII OT IIX 6bICTpOT ( CBepxy BHII3) npII nomr:u;nn cneKTpoMe

Tpa "40°". C :u;eJibIO KOJIH'leCTBeHHOII o:u;eHKH Ha6moµ;eHHbIX 3<f>q>eK

TOB, 3KcneplIMeHTaJibHbie µ;aHHhie, 6bIJIII q>lITIIpOBaHbI q>yHKQIIelI aniI
MYTaJibHOro pacnpeµ;eneH1rn: 

F(¢>) = N{l + Acos(¢>)+ Bcos(2¢>)} (1.7) 

rµ;e N' A, B napaMeTpbI q>IITHpOBaHIIJI. PenyJihTaTbl q>IITIIpOBaHIIJI 

npeµ;cTaBJieHbI Ha pIIc.1.6 ( CJieBa) rnap;KIIMII KpIIBblMII. IloJIO)KIITeJib

Hhie IIJIII ~TpIIqaTeJibHbie 3Ha'leHIIJI BeJIII'lIIHbl napaMeTpa A COOTBeT

CTBYIOT 3MIICCIIII 'laCTII:u; B ITJIOCK0CTII peaK:u;IIII B npHMOM mm npOTII

BOITOJIO)KHOM HanpaBJieHIIH OTHOCIITeJibHO TaHreHI.J;IIaJ!bHOlI COCTaBJI.ff

IO~en IlOTOKa napJI)KeHHbIX 'lacTIII.J;, naperIICTpIIpOBaHHblX p;eTeKTO

paMU "Forward Wall" ycTaHoBim:, T.e'. cO0TBeTcTBYIOT. nonmKIITeJib

HoMy m160 OTpII:u;aTeJibHOMy "flow" a<f><f>eKTY 3MIICCIIII '11lCTIII.J;. ,Il;By

rop6aH CTpyKTypa KpIIBbIX a::JIIMYTaJibHoro pacnpegenemrn .Ha p11c.L6 

( 6oJiblllaJI BeJIU'lIIHa napaMeTpa B), COOTBeTCTByeT 3MIICCHII 'laCTIII.J; 

nepneHµ;UKYJIHpHo nnocKoCTII peaK:u;m1, T.e. "Sgueeze-out" -3q>q>eKTY 

3MIICCIIH 'laCTII:u;. AnIIMYTaJibHaJI 3aBIICIIMOCTb 3MIICCIIII 'laCTUf(, BI,lpa

~KeHHaJI napaMeTpaMII A, B µ;m1 npoTOHOB II µ;enTpOHOB OT napaMeTpa 
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ux OTHocuTeJibHhIX. 6hICTpoT npeµ;cTaBJieHhI, pnc. L6 ( cnpa1m ). : B pe

nyJihTaTe o6pa60TKU µ;aHHbIX 6hma .BblJIBJieHa. 3Ha~Ir1'.f:1IbHaJI ,BeJI~'lIIHa 
1'sgueeze-out" noToKa· µ;JIJI Bcex: uµ;eHTIIq>m:~npoBaHHh!X '1ac~11:u; ,B ,µ;~a~ 

IIa::JOHe 6bICTpOT CIICTeMbl :u;eHTpa Mace (-0.2 < YOTH < 0.2) ~ ,Bb!Cc;)~n:~ 

nHa'lemi:eM B~JIII'lIIHhI nonepe'lHOro IIMnynhca. Ha puc 1. 7 rrpnBep;~Ha 

naBHCHMOCT~ napa:MeTpa A µ;nH 'lac:.C:11:IX P, d, t 3He, 4H~ OT IIX 6bI

CTpOT rrpn: Il03III.J;Hll µ;eTeKTOpa 40° µ;nH :u;eHTpaJibHblX CTQriKHOBeHHlI 

(MHO)KeCTBeHHOCTb 'laCTHI.J; B Ka)Kp;OM CQ6b!THH >-80).· OTpn:u;aTe!lb

Hble 3Ha'leHirn BeJIH'lHHbl .. rrapaMeTpa. A npu ycJIOBHH; "ITO: ,3Ha'le~ne 

BeJIII'lHHbl B ,µ;JIJI·'laCTHI.J; BO BCeM HCCJiep;OBaHHOM µ;uananoHe PbICTpOT 

no a6COJIIOTHOMY 3Ha'leHIIIO He .rrpeBhllllaJIO BeJIII'lHHY 0.1, COQTBe';['

CTBYIOT. npOHBJieHHIO' OTptrn;aTeJibHOro TIOTOKa. 'laCTIU~•B •IIJIOCKOCTH pe

aK:u;IIII µ;nH YoTH <. -'0.(ru 'MaJiblM nonepe'lHbIM II}4ITYJibCOM, .. npn'leM, 

KOJIH'leCTBeHHOe cpaBHeHIIe µ;nH ''laCTHIJ;, 3MHTHpyeMbIX C MH,IIIeHeno

µ;o6HbIMH 6bICTpOTaMII IIOKa::JaJio "ITO BeJIH'lHHa '~fiow~'••:-a<f>q>eKTa·rrpo

nop:u;uoHaJibHa MaCC0BOMY 'lH'cn:y 'laCTHI{ O6Hapy)KeHHaJI 3Ha'lHTeJibH0 
0

60JiblllaJI IIOJIO)l(IITeJibHaJI BeJIH'lHHa "flow" -a<f>cpeKTa.·npo.lIBJIJieTCJI.p;JI.lI 

nccneµ;oBaHHbIX 'laCTIII.J; C B_b!COKHM 3Ha'leHlleM Yo;H > 0,6,,n cpep;HIIX 

·BeJIH'<IHHax nonepe'lHOro, IIMIIYJibCa: 

· B naKJIIO'lemm ·ccpopMynnpoBaHbI' ocHoBHble. peDym,_TaTbI; i:ronyi:ieH-

Hhie aBTopoM ··B µ;IIccep"ra:u;IIoHHOlI pa6oTe: · , , . 

, L Conµ;aH; MHOroMoµ;yrrhHh!lI • N al(Tl) cmrn-cneKTpoMep no-

1JBOJIJII0~1u1: II3MepJITb MfIO)I(eCTBeHHOCTb ')'c.nnrry'leHIIJI B Bbrp;erreHHhIX 

KaHan:ax 'peaKIJ;IIH ·C. T.lI)l(~JlblMII H0HaMIIj c. BpeMeHHblM panpeIIIeHIIeM 

bt= 6Hc npn 'EII~p~'r= 50 KaB npn C'leTHbIX narpyoKax B, TpaKTax cneK

TpOMeTpa (5x105IIMil X ceK-l ). 

···2: Conµ;aH MHoroµ;e'feKTOpHbIM ·Csl(Tl) crreKTpoMeTp p;1IH IIn

MepelinH· BhicoKOGHepreTH'lecKoro · ·1- II3JIJ'leHIIJI ;a;nananoHa aHeprIIn 

1 +50MaB. 06naµ;arol4nn. BbICOKIIMII' aHepreTlt'leCKIIM' panpeIIIeHIIeM ' 

( 8E(IIIDIIB )i5. iMoB ~ 10%) n acpcpeKTHBHdCThIO perncTpa:u;HII B IIIIKe norr-

Horo norrro~eHIIJI. , -' ~ ~ .... ' 

.,,·. 3:Panpa6oTrui II·ocy~ecTBrreH MeToµ; aHepreTn'leCKon'Kann6po

BKII 1 -cneKTpoMeTpa, ocHoBaHHhIII Ha perIIcTpa:u;un ,y-pacnaµ;a· ypoBHJI 
12C (Jn=l+, T=l) E"f = 15.1 MaB II Me30HHOlI CO<;TaBITJIIO~eII KOC

MH'leCK00r0 irmiy'leHII.S:, ~03B01I~IO~IIlI npOBO)l;IITb KMII6p,OBKY B ;a;na-
0 Ila::J0He A~ 100 MaB TaK',i:(e II B "on-line'; pe)K~Me: :· .. 

l I f • .• •: •• < • • .• •' e ' ,,l •• 
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4. 8xcn:epuMeHTaJibHO 11:1MepeH Bhlxoµ; .BbICOKOOHepreTnqecKoro 
,-Hm1yqemrn B-;tJ;H.aII&3QHe aHeprHii 5+17MaB B COBnaµ;eHIIII C nerKlIMII 
oap.srn{eHHhIMll ~acTHitaMH ( JI31I) B OaBHCHMOCTH OT yrna nx aMHccm1 

. ' 

B pea.K~lUIX: 

ecrsri+ 20Ne(164MaB),· ecTsn+ 20Ne(I96MaB). 

3aperHCTJ>HpOBaHblll B axcnepuMeriTe noBbIWeHHhlii. BbIXO;tJ; 1 -KBaHTOB 
B µ;nanaooHe 0aeprHii 9+17MaB cormi.cH°"cncTeMaTIIKe cooTBeTCTByeT 

''"Y-KBaHTaM npHMOro pacna;a;a rnraHTCKOro µ;IInOllbHOro peoOHaHCa B co
CTaBHbIX a;a;pax. '"Y-CneKTp .COCTOllT 110 HeCKOJ'IbKHX, KOMnOHeHT I napa-
MeTpbI .KOTOporo 3aBHCHT OT yrna.aMJICCllll JI3'tJ. ,IJ;na yrna 0MHCCIUI 
JI3"I 0~0° nony'IeHHOe OTHOWeHIIe .pacll\enneHHbIX KOMnOHeHT E..,1' 
E.-y2_ cornacno rnµ;po;a;IIHruJ:II'tJecxoii Mo;a;enn npnaop.IIT ·Kc aem1'I11He ;a;e
q>opMaqnn COCTaBHoro aµ;pa (3=0.1, 'ITO xapaKTepHO ;tJ;llH)\eq>opMaxtIIU _ 
µ;Boiino:ii 11;a;epno1t cHcTeMbl. ·. · · ·. · 

5. ,!1;ll1I ,peaKxtllll CCT'Sri+ 20 N e(164MaB) nonyqena.Bepxmm rpa
HHqa BpeMeli1t-noMeHem1.si BeJIII":IIIHhI napaMeTpa ;a;eq>opMaqnn ·oT (3 0. 7 
;a;o 0.2 paBHruI ~10-21ceK. . ' 

.6. IlpoBeµ;eHa o6pa6oTKa llKCnepHMeHTanbHbIX p;aHHbIX peaKiilUI 
209Bi +20~Pb npll aneprnn 1 raa/HYKllOH. IlonyqeHHble µ;aHHble no na-. 
paMeTpaM aMnccnu oaJ)H)KeHHhIX.'IacT~q p, d, t, 3 He, 4H e B oaalicIIMO~ 
CTII OT lIX 6bICTpOT BO BCeM ;a;n:anaooHe 6bICTpOT BnllOTb ;a;o 6bICTpOT 
q>aiiep-6ona, ·MHO:iKeCTBeHHOCTll 'oapH)KeHHbIX. qacTIIIt; &3lIMYTaJibHOI'O 
yrna ;a;:irn µ;ayx nomipHbIX yrJIOBB 23°. II .40° B Jia6opa-i-opHOH CllCTeMe KO
opµ;nHaT BnepBble noOBOJlHIOT KOJ'Ill'leCTBeHHO cpaBHlI'l'.b BeJ'III":IHHY no-. 
Toxa :qacn1q -HOo6apoa; :.iTo oco6eHHO Ba)KHO ;a;na np.s.tMoro cpaBHemur 
paon_II'IHhIX Moµ;em,nhlx no;a;xoµ,oa. ,. 

7. YcTanoaneno, 'ITO ImMepeHHM acHMMeTpIDI pacnpep;ene~IIUI no 
aoHMyTaJibHoMyyrny ;a;:irn JI31l B o6nacTn ;a;o 6hlcTpoT.q>aiiep6onanpe>
nopqnoHaJibHa~nx :MaccOBbIM :<In:cnaM. Jiony~eHHbie.axcnepHM"eHTaJih'" 
Hhle ;a;anilhle1mxop;IITCH B cooTBeTCTBHH c np·e;a;nono:iKeHIIeM.Koan:iicqeH-. 
THbIX MOp.ene1°icaMI1CCllll.·"t!aC'Tnq; · 

0-cuoBHble. proym.TaTbI,. npeµ;°CTaBJ'IeHHbie. » · ;a;n:ccepTaitiffl, • ony6~uxo
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