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1 06~aJI xapaKTepHCTHI(a paOOTbI. 

1.1 AKTYaJihHOCTh IIccne;a;oBaHHH. 

B. Ha'-Ialle soi ro;a;on B HHKlIIOmIBHblX pea1n:i;1rnx rrepenap.rr;a;Kri' peri:zTIIBHC

TCKIIX .a;a;ep Ha .l!p;pax 6bllIH 06Hapy)KeHhl 3KtlOTWICCKIIe ·fl-1mo6apH:E>Ie CO

CT,01!Hirn:. Ilp:i1 rrepenap.ltµ;Ke Ha .lip;pa:x: • .6.-rrnK 0Kan1,marrc.lI cp;nIIHYTbIM Ha 

~ 70 M3B B CTOpOHY MCHbWIIX rrepeµ;aq 3Hepnm II yrmrpeHHbIM rrpIIMepim 

n µ;na pa::la no cpanHeHnro co cnoIIM aHarroroM npn nepenap.lip;Ke Ha noµ;o

poµ;e. 8TII cnmkTna He Mormr 6bITb 06'!,.licHeHbI n npeµ;norro)KeHnn pmKµ;e

Hirn ,6...;m:306ap Ha KBam1cno6op;HbIX HJKlIOHax, 'ITO TIOClIJ)KIIlIO TIOBO)];OM 

µ;mr BbI)];BIDKeHIIJI rnrroTenbI o npmmrreHIIH HeTpimIIallbHbIX KorrrreKTIIBHbIX 

icpcpeKTOBD nap.lip;ono-o6MeHHbIX peaKn;rrnx [9, 10, 11]. 
. OAHaKo, c O)J;HOII CTOpOHbI OCTaDalIHCb HC.lICHbIMII KOHKpCTHble DII)J;bI 

Hpeµ;norraraeiIOII K0/IlICKTIIDHOCTII, c µ;pyron: CTOpOHbI 61,rno yxanaH0 He

CKOllbKO O)J;HOHJKlIOHHblX npm:i;eccon, KOTOpbie TeopeTH'ICCKII M0rlIII 6bl 

HMIITIIponaTb, KOlllICKTHBHOCTb. TaKM neoµ;nonna'IH0CTI, CD.linana npe)K)J;C 

ncero C IIHKlII03IIBHbIM xapaKTepoM nepnona'!allbHbIX 3KCnepHMCHTOB. Bon

HHKlla Hacyw;HaJI TIOTpe6HOCTb B 3KCKlII03HBHOM uccrreµ;onamm peaKD;IIII 

uepenap.lI)];KII. 

HacToJiw;M 'µ;IIccepTan;n.lI HnrrieTCJI op;HOII nn nepn1,rx pa6oT n µ;annoM 

narrpanrremm. 

1._2 ~QeJih pa6o·rhI.' 

:U:errbIO pa60TbI .lIDll.lICTC.lI ycTaHODlICHIIC HCKOTOpbIX DII)J;0B KOlllICKTH-
• ; < J/ ''.,~-~--' , . ' ,q 

DHbIX 3!pq>eKTOB H IIX DKrraµ;a D IIOlIHoe CC'ICHIIe npori;eccoB rrepenap.lI)];KII 

(7 Li,7 Be) u (3 H,3 He) Ha ocHonamrn aHarrnna A-namrcmrocTn ce'!eHIIII 

3TIIX peaKI:i;IIH II TOII0~ornqecKIIX II HMIIJllbCHbIX 'xapaKTepIICTIIK peaKD;HII 

( 3 H, 3 He) , rrorry-iieHHhlX n aKcrrepnMeHTax co cTpHMepHoii Ka:Mepon:. 
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1.3 Arrpo6au;m1 ·pa60TbI H rry6JIHKaD;HH . 

Pe:JyllbTaThl ;a;nccepTaIJ;IIII ;a;oKrrap;hlBaJIIICb Ha ceMIIHapax Jia6opaTO

p1III BhlCOKIIX :meprnii O6'bep;nHeHHOro II~CTIITyTa JI;a;epHbIX IICCJie;a;onamrn, 

Ha Me2K;a;yHapo;a;HoM ceMIIHape no rrpo6rreMaM q>II:JHKII BbICOKHX :meprIIii 

(,II;y6Ha, ceHT.lI6p1, 1992 r.)' Ha CIIMIIO:JIIyMe ",I(e_JibTa-II:30 6apa n .Hp;pax" .. · ' . . 
(Touro, Mair 1993 r.) n orry6m1KonaHbl B pa6oTax [1-7]. 

1.4 ABTOp naID;HID;aeT CJie~yIOID;He OCHOBHbie penyJibTaTbl. 

1. Co:J;a;aHa aDTOMaTmmponaHHM CHCTCMa KOHTporr.lI TpIIrrepa CTpll

MCpHOH KaMepbI ycTaHODKII rI-:IBC, ITO:JDOlIIIDlllCII ocyIIICCTDJI.lITb HC

npepbIBHhlll KOHTpOllb :Ja napaMeTpaMII ITY'!Ka, pearnMaMII pa60Tbl 

;a;eTCKTOpon II :JaITII~l>IBaTb GKcnepIIMeHTaJibHYIO HHq>OpMaIJ;IIIO Ha Ma

rHIIT,HYIO rreHTY c u;err1,10 nocrre;a;y10II1ero off-line aHamma. 

2. I-:lnMepeH1>1 noJIHhle ce'!emrn peaKu;Hii (7 Li ,7 Be) n (3 H,3 He) Ha H, C, 

Al, Cu II Pb. O6Hapya-:eHa 6orree c1rn1>Hrur, 'ICM ;a;rrJI rrepIIq>ep1PieCKHX 

npou;eccon, A-nan11cIIMOCT1> GTIIX ce'!eHnii:. 

3. IIorry'IeH1>1 TonorronPJecnre xa1,aKTeprcTIIKH peaKIJ;HII (3 H,3 He) Ha . . 

Mg 11 Ne. O6Hapy1KeH1>I co6hlnrn C TOITOJIOrII.lIMII ,HCDO:JM~))KHbIMII 

npII 11epenap.llp;Ke Ha Knam1cno6o;a;H1>IX HYKJioHax, npII'IeM rpynna c_o-

6bITIIH c HeKnanIIcBo 6 o;a;H011 Tonorrornei'r ( 01r, 1 p) oKanhlnaeTC.lI o;a;Ho:ii 

IIn HaII6orree BepO.lITH1>1x. YcTaHonrreHa KoppeJIJIIJ;IIJI cpe;a;Hm1.nepe;a;a'-rn 

GHepr1m II Tonorrorrrn co 61>1Tnii nepenap.ll;IJ;KII (3 H,3 He) , '-ITO yK_anb1-

na~T Ha HeKacKa;a;~hlii xapaKTep o6panonamrn nTo·p~r~~~1x 'I~cT{r~. 

4. I-:lnMepeHI,I u npoanammup~naHI,I KIIHCMaTII'IeCime xap·aKTCpIICTIIKII 

DTppII'IHl>IX. 'IacTI!II, conpoBoa-:;a;aIOIIIIIX nepen:i.p.Hp;Ky (3 H,3 He).. B 

co6hlTII.lIX c TonorrorrIJIMII (l1r,0p) n (l1r,lp) ofornpy1Kena npI~MCCb 

He L.\-uno6apHhlX KaHarron. ,I(irn TonorroruII (11r ,Op) norrr1eHa K0JIII'Ie

cTneHnrur 0D;CHKa 3TOII npIIMCCII. 
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2 Co~ep)KaHMe p;HccepTa:u:nu. 

2.1 Bnep;emrn: 
; ' !·.-! ';"/. 

· '.Bo :nneACHim';a,aeTCJI o66op cocToJrnmr rrpo6rre:Mhl no:J6prqi;emrn .6.-1mo-

6api;1 n .Hp;pax Ha 110ucHT Hamrcamrn ;a;ncccpTau;mr, o6ocHODbIBaeTcE Heo6-

xo;a;nl\.IOCTh 3KCKlII0:3IIBH0rO II:JY'-ICHII.lI peaKIIIIII rrepe:3ap.lI)],KII pemITIIBIICT

CKIIX IIOHOD II npIIDO)],IITCJI KpaTKOC C0)],Cp)KaHIIC pa60TI,I. 

2.2 Thana 1. O6m.~e 0ITHCamre 8KCIIepnMenTaJibHOli ycTaHOBKH. 

8KcrrcpII11CHTbl, OITIICi1HHbIC. D ;a;ncccpTaIIIIII; obllIII DbIIIOJIHCHbl Ha Ha 

II}"IKC CIIHXpocpa:JOTp0Ha on.rrn C II0l\.101.1\bIO CIICKTpOl\.ICTpa rl'IBC. 

Bech Kol\mrrcKc arrrrapaTyp1,1 110:-KHO p,in;o;cmITl> Ha Tlrn 'rnCTII: cTpn11ep-
1 • , •• • , , u . , , • Hitfi Kmrepa. -TpIIrrep· CTpII1re1moII Kitl\!Cpbl II aDT01HlTII:3IIponaHnan CII-

C'l'Cl\.rn I,OIITp<irrn ·Tpnrrepit CTpIIMCpnoii KUl\.ICpbI. 

• CTp:mVIepaan: 1:<airepa: · , Ociiqnofr crrc~Tpo1reTpa· TIIBC Jin:iJicTc.lf 

CTl)lll\ICpHM. KitMCiia C 'l}'DCTDIITCJibHbll\.I o6'bCl\I0~I 2.0 X 1.0 X o:G11;l' I Ha

X0)];JIIIIHJICJI Il 1rnrHIITH0M IIOJIC mmpmKCHH0CTbIO 0.9 Trr II narrolIHCHHlliI 

HC0H0M rrpII aTMoccpepHOM ;o;anrrcmm. 

CTpIIMCpHM KaMcpa ·o6rra)],aCT npel\.ICHCM rraMlITII" rropJI;a;Ka -HCCKO;Jl,-

KIIX l\IIIKpoccKyH;a;: 81.'o IIO:JD0lilICT 3JICKTponm:e Tpnrrcpa ycni'Tb rrpIII-ItITb 

pclllCHIIC o perncTpaIIIIII co 61>ITIIlI rrpc)I~;a;c, 'ICM IIC'IC3HCT nommaIIIIlI n;a;orrl> 

TpCK0il 'IiU::TIIII. C ;a;pyroII .CT0p0Hbl Dl)l'l\.IlI mtl\.IJITII orpaHII'IIIDa('T ;IJ;OII}T;JI

MYIO u~TencnnnocTh riy'IKa ncmPIIIHOII IIopn;a;Kit 4x10 1 'IaCTIIIJ; n IIIIKlI rrpn 

;IJ;lIIITCllbHOCTII. 11ri:1rna "'.300 1IIIJIJIIICCK}'H/:(. 

• BpeMa,:b~lFll,IJ,KI~ n1,rcoKonoJibTH0ro reHepaTopa cocTarirrn<'T 1wnorr1,Ko 
' ' . ~ 

ceKyH;a;, IloaToMy, pcrncTpa11nn co6uTirn D0'Jl\.IO)KHa TOITbKO o;a;nH pa:1 aa 

11mm ,DblD()/);a ri:pn mty:JC 'MC)Kp;y IIIIKllal\.III OKOJ10 9 C<'K)'H)l,. / 

C:Mnmcm, n3 Mg (.(56 r / n1'2) }TT,rnanrrunarrac1, upmrepno- n GO n.1·0T 

nxofinoro .0K1rn, 1':a1H;p1,1 u,, •1To61,1 na6e)KaT1> _n1,1coKonorr1>TIIhIX rrpo 60.t•n, 

mn.:1cma.Jiac1,_,p._cpsJJ;mtrr1,n1>1ii KouTeiiucp c 1mi'maponu1m cTPIIKal\m. KOTO-
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phlii rrpoµ;ynanc.H anoToM. 

'IpHrrep CTpHMepHO~ KaMepbI - 3TO CIICTeMa CTO.Hl.QHX rrepeµ; II IIO

cne KaMepbI CD;IIHTIIlilI.HD;IIOHHhlX C'IeT'IIIKOB. Ha OCHODaHIIII 3HeproDhlp;ene

HHif D aTJIX c'IeT'II:IKax IIpIIHIIManoc1, pewemre o perncTpan;un co61,1TII.H [2]. 

· C'!eT'IJIK A, ycTaHonneHHhIII nepeµ; nxop;HhIM OKHOM KaMep1,1, HacTpa

unanc.H Ha perucTpan;mo IIJ'IKOBhlX .Hp;ep, a C'IeT'IHKII rpyrrrrhl C, pacrro-. 

!IO)KeHHhie na KaMepoii,. - Ha perncTpan;mo .Hp;ep c nap.Hp;o~ Ha ep;IIHIID;y 

6on1,we nap.Hp;a rrepDII'IHhlX .Hp;ep. Ilpn conrraµ;emm n npeµ;enax panpernaro

rn;ero npeMeHII cxeM conriaµ;em1ii: ( ~10 He) IIMnyn1,con co ncex c'IeT'IIIKon, 

DKlIIO'IeHHhlX n TpIIrrep, Bhipa6aTbIBanc.H IIMIIYlihC narrycKa CTpIIMepHOII 

KaMephl. 

8neKTpOHHhle aKcrrep11MeHThI IIMenII cneµ;yrn;ue OT!III'IH.H. B¥YTPIIKaMep

Ha.H MIIUleHh OTOJ:i;BIIranacb n CTopoey OT IIY'IKa, a rrepep; DXOJ:i;Hhl!-f OKHOM 

KaMephl ycTaHanmrnannch cMeH.HeMhle MHWeHII nn C,CH,Al,Cu n Pb. 

Oco6eHHOCT.II aKcrrepIIMeHTon no. II~MepeHIIIO nonHhlX ce'Iemn'i nepenap.Hµ;

KII (7 Li,7 Be) m_>Tpe6onanu rrpuMeH.~Hirn p;ononHIITenhHhlX p;eTeKTopon rpy-

11rr1,1 B,, pacnonmKeHHhlX Me.1Kp;y cMeH.HeMoii: MIIIiieHhlO II nxop;HhIM OKHOM 

KaMephl. 

HeK0Top1,1e c'IeT'IJIKII rpynrrhl C ucnon1,nonanIIch xaK aHanIInIIpyrollJ,He, . . ' 

T.e. DhlKlIIO'IalIIICh II:3 n;enII <f>opMIIponaHirn TpnrrepHoro 11Mrryn1,ca, II C HUX. 

CHIIManacb TO!IhKO aMIIlillTYJ:i;Ha.H IIH<pOpMaD;II.H. 

ABTOMaTH~HpOBaHHaJI CHCTeMa KOHTPOJUI TpHrrepa CTpHMep

HOH KaMepbl 61,ma rrocTpoeHa Ha 6ane MIIKpo-8BM. 8neKTpOHHKa-60; 

pa60Tarorn;e11 Ha !IIIHIIII c 8BM EC-1055 [1]. MIIKpo-8BM ncrron1,nona-. 

nac1, p;!I.H ynpanneHII.H aneKTpOHHhlMII Mop;y!I.HMII n CTaHp;apTe KAMAK' n 

KaK rrpoMe)KyTO'IHhlH 6y<f>ep. p;!I.H xpaHeHII.H rrpIIH.HToii n n;HKne ycKopeHII.H 

IIH<popMan;nn. Ha 8BM EC-1055 ocyrn;ecTD!I.Hnach aKcrrpecc-o6pa6oTKarro

ny'IeHHhlX n n;nxne p;aHHhlX, aHamm11ponanoc1, TeKyrn;ee cocTO.HHIIe ycTa

HODKII II nenacb naIIIICh Ha MarHIITHJIO neHTy. Bnarop;ap.H TaKOH µ;nyXMa

illHHHOH opraHIInan;nn yp;anOCh .COBMeCTIITh c op;Hoii: CTOpOHhl yµ;o6cTDO 
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yrrpann,eHII.H, 6noKaMII KAMAK ;( apxnTeKTypa 8neKTpoHIIKII-60 opIIeHTII

ponaHa Ha nap;a'III yrrpannemrn), c µ;pyroi'I cTopoHhl yp;onneTnop.Hnac1, rro

Tpe6HoCTh n 6on1,rnoM ( ~500K) o6'heMe onepaTIIBHOII naM.HTii (n ocHODHOM 

p;n.H xp~Hemrn p;nyMepHhIX pacrrpeµ;eneHIIII) II Heo6xop;IIMOCTh nanncn Ha 

cTaHµ;apTHhle CMeHHhie HOCIITelIII IIH<pOpMan;IIII 6on1,woii eMKOCTII (n TO II 

µ;pyroe, o6ecrre'IIIDana EC-1055). 

, AnToMaTnnuponaHHaJI CIICTeMa npep;Ha:ma~anach p;n.H cnep;yrorn;IIx n;e-

neII: 

• KOHTpOlih' llHTeHCIIBHOCTll IIY'IKaj 

• KOHTponh a<f><peKTIIBHOII npeMeHHOH pacTJI)KKll rry'IKa; 

• KOHTpOlih Hanop;Kll IIY'IKa Ha MIIillCHhj 

• KOHTponh pe)KIIMon pa6oThl c'IeT'IIIKon Tp1irrepa; 

• nanIIch Ha MarHIITHYID neHTY aMIIlIIITyp;Hoii:, Koopµ;1maTHOH II µ;p. IIH

<f>opMan;nII p;n.H rrocneµ;yrorn;ero off-line aHanIIna. 

IloJiy"IeiIHe ny"IKa TpHTHJI H ero xapaKTepHCTHKH. IIocKOlihKY 

ycKopeHIIe .Hp;ep TpIITII.H corrp.H:,KeHo c cep1,enHhIMII TeXHH'IecKIIMII rrpo6ne

MaMII ( TpIITIIH cIIlihHO pap;IIoaKTIIBeH), Mhl ncnon1,nona~II nTopII'IHhIH TpII

TnenhIH ny'IoK, <f>opMIIpyeMhIH nn <pparMeHT0D renII.H-4,- ycKopeHHoro µ;o 

12 raB/c . IlrIOK, BhIBep;eHHhIH II:3 ycK0pIITClI.H, rronaµ;an Ha µ;orrolIHII

TelibHYIO MIIrneHh II:J non:IIcTIIporra ( oKono 4 r / cM2 
) • Bc.H rrocneµ;yrorn;aJI 

'IaCT:b·KaHana (TPII rronopoTHhIX MarHnTa n ceMh µ;y6neTOB !IIIHn)· µ;nnHoH 

oKono 100M,,.HacTpaunam1c1, Ha TpaHcrropTIIponKy ny'IKa 3 H c nMnyn1,coM 
·!.,,. -~,,. 

9 raB/c;, --. 

IIponepKa, cocTaBa IIY'IKa IIOKa:Jana, 'ITO npIIMeCII K TpIITillO B ny'IKe 

npeHe6pe)KIIM0 Man1,1. 
:,-

Cpep;HIIH nMnyn1,c .ip;ep TpIITII.H 6hln paneH 9.10±0.06 raB/c, a nonHa.H 

illIIpIIHa IIMIIY!IhCHOrO CIIeKTpa ·. Ha II0lI0BIIHe BhlC0Thl - OKO!IO 1 raB j C 

(nnMepeHII.H nponop;II!IIICh C II0M0lll;hlO CTpIIMepHOH KaMephl). 
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2.3 Th:aiia 2: '8neKTpOHHhie OKCIIepuMeHTbl IIO. HOMepeHHIO' IioJI~ 
HhIX ce"<JeHHH peaKqHH (3H,3He) H (7Li,7Be) H ce"<JeHHH H::J-:
MeHeHH.a: nap.a:;t\a 7Li .Ha H,C,Al,Cu H Pb. 

Ilp1i'nnMepeHHH rroJIHhIX ce'<leHHH peaKqHH (3H,3He) na,rr.a'Ia cBo

~IITCJI K onpe,rr.erreHIIIO ,ll.OlIII '!aCTIIII; c napJI,ll.OM 2 na MIIllleHhIO [4].' CMeHH~Ie 

'M11lllem1 ycTaHaBmmarr11c1, Ha Bxo.rr.e B MarHHT' CII-41. '1eTblpe C'!eT'IIIKa 

·rpyITITbl C panMe~alIIICh na MarHIITOM ITpn6mmnTellbHO B 5 MeTpax OT MII

rneHII. C11rHarrbl c nepBoro c'!eT'IIIKa aT011 rpynllbl no,rr.aBam1c1, 'Iepen 'rrn

HeHHbie BopoTa Ha aHarrnnaTop NT A -1024. CnrHarrbl c Tpex ocTarr.1>HbIX 

C'!eT'IIIKOB C no,rr.anarriJ:c1, Ha ,ll.HCKpIIMHHaTOphl, rroporn KOTOpbIX BhlCTa

BlIJilIHCb TaK, 'IT06bl nepoJITHOCTb cpa6aThlBaH1rn °c'IeT'IIIKa OT perrHTIIBII

cTCKoii: o,rr.Honap.ll,ll.HOH '!acTnu;1,1 61,ma 6M oKorro 0.5. KoMaH,rr.a ·( cTpo6) 

Ha II:JMepeHHe aMITlIIITY)J;bI II~ITyrr1>,ca co C'IeT'IIIKa C1 ITo,rr.anarra~b ITPII 
' " ' ,·' . ' ' ' 

o,rr.HonpeMeHHOM cpa6aT1>rnamnr c'!eT'IIIKa A II c'IeT'IIIKOD C2, C3 II C4. Ma-

rHIITHoe IT0lle ITO:JBOllIIJIO ITpOITYCTIITb ITepDII'IHbIIfrrrioK II '!aCTb BTOpH'I

HbIX ITpOTOHOB MIIMO C'Ie'D'IIIKOB rpyrrrrbl C. Yc-raHODKa rroporon 4>opMIIpo

naTerre:ii no,rr.anll.llrra per.HCTpa,µmo o,rr.HonapJI,ll.HbIX 'IaCTHIJ; ,rr.o. nerrII'IH.HbI 

~ 0.53, c-,rr.pyroit CTOpOHbl ,rr.a2Ke rrpn :)Ha':IIITellbHOM,,rr.pe:ii4>e,Koa4>4>mi;n

eHTOB iIIrreHII.ll; <1>8Y a4>4>eKTIIDHOCTI, perHCTpan;nn 'JaGTIIIJ; c 3ap.ll,ll.OM 2 

o ~Tanarrac1,. ITpaKTII'IeCKII panHo:ii 10.0%. 

Jl:rrJI Ka2K,rr.oro ne~ecTna (CH2, C,.Al, Cu II Pb) nc:qorr1,nonarrIIc1> MII-:

. ,IlleHII panHoii Torr~nH1>1. Jl:rr.ll Ka)K,rr.oii TO!-(IQ~HbI nwmcrrHrr9c1, ce'!eHIIe Ilepe

nap.lIJJ;KII II. penyrr1>TaT1>1 ycpe,rr.H.lllIIICb. Ce'IeHiie ITepenap.ll,ll.KII Ha no,rr.opo,rr.e 
_,· - •'' :- ,, ' . ' . , . . ,. . · ... '' 

13bI'IIICIT.lIIToc1, ITO penyrr1>TaTaM aKcIT9nIII{IIH c MIIllleH.lIMI!_ Im C H CH2.• 

Ce'IeHII.ll ITepenap.ll,ll.KII n1>I'IIICIT.lllIIIC1> no 4>opMyrre: 

A WM ..'..kWqi 
(J ce = tNa k€p \',. 

· Berrnmrna Wqi nbl'I1IcrrJirrac1, ITO cITeKTpy· n 6enMIIllleHHoii aKcrromuim1 : 
N . 

·W<15 = 7'°, r,rr.e Nqi - 'Incrro oTC'ICTon n ,rr.nyxnap.ll,ll.HOM IIIIKe n aKcnep11MeHTe 

6en MIIllICHII, a No - ITOlIHOe 'IIIClIO ITepnII'IHbIX .ll,ll.ep, rrporne,rr.rnnx 'Iepen 
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) .\ 
t ! 

C'IeT'IIIK A na BpeM.H aKCITO:JIIIJ;~III. 

' Berrri'InHa WM nnnrreKarrach II:J cneKTpa n' aKCITO:JIIIJ;IIII C l\fllllICHblO 

lVM= fi?., rtI,e JV2, No~' 'mc~a" 0Tc~1~'ion n ,rr.nyxnap.ll,ll.HOM mrKe II no nceM 
~ ' ' 

CIICKTpe COOTnCTCTnCHHO. 

''Koa4>4>1in;1ieHT ocrra6riemrn nrrKa l\fllllICHb~ paneH k = exp( -~(Jin)-

3,rr.ecb C'IIITarioc1,, ~ITd' CC'ICHIIJI Heynpyroro nnaIIMO)J,CIICTnII.ll TpIITII.ll II 

remIH~3 rrpnMepHo o',rr.1maKonbl · II panHbI (Jin: 8KcrrepnMeHTarr1>Hble nerrn:. 

~IIHhI aTnx ce'IeHIIII 6bIITII D:J.l!Thl Iin [12, 13]. 

. 84>4>eKTIIBHOCTb p'erncTpan;nq €p panHa nponnne,rr.eHIIIO arrn;paTypnoii 

a<t><I>eKTIInHocTII E~nn,n~, onpe,rr.errHeM:011 HeyripyrirMn nt1aII1ro,rr.~11cTnnnm n 
ne~ecTne C'IeT'IIIKon (~lOcM nrracTIIKa), n nonp;yxe (~ 5.5M) II no n~o~ 

,ll.HOM n DhlXO)];HOl\f 0KHa'.X CT})IIMCpHOII KaMCpbI ( ~ 2Ml\f IllICKCIIrrraca), n re

OMeTpII'ICCKOII ncpO.lITHOCTII Ereo~i rronap;amrn rrepenap.ll)KCHH0I'O .l!Apa 3He 

n C'IeT'TIIKII rpynrrbI C. 3HaJI (Jin, M02KHO pac'mTaTI, ~:nn:n~- ,· BemI'IIIHa 

E;eoM · pacc'IIIT1>rnamic1, ITJTeM Mop;errnponamrn ycTaHoKII MeTogbl\i MoHTe:.: 

Kaprro. OKOH'IaTerr1>Ho nemI'IHHy .Ep MhI c'IIITarrn panno11 

€p = Eann,Bn · EreoM = 0.84 · 0.90 = 0.76 ± 0.06 

Jl:rrH H::JMepeHn.a: rroJIHhIX ce'IeHHH peaKIJ;HH (7Li,7 Be) Hco6xo,rr.nMo 

onpe,rr.err.l!Tb p;orrro •mcTnn; caap.llp;ol\I 4 na MnrncH1>10 [3]. KaK u n crry~ 

'Jae peaKn;Im (3 H,3 He) n n;err1, <l>Qpl\mponamrn CTpo6a 61,rnn. nKlIIO'IeHhl 

HCCKOllbKO C'ICT'IHKon (c'IeT'IIIKII A, B1 -';-B3, C1 II C5). 

· Hirnmne noporn ;u;ncKpIIMIIHaTopon cTpo6upyrornnx C'IeT•inKon rpyITrr 

B II C ycTaJranrrunam1c1, TaK, ~ITo6w KmKp;1>111 nn HIIX pcrncTpnponarr Hp;po 
1-. ~,'t, ~ • ·' I ' ' ' 

c napH.rr.oA\3_ ~- nepoHTHOCTbK) oKorro 0.2, (:)To c O,ll.HOII cTopoHhI o6cc-

ne'nrnarro 6orree DhlcoKoe, 'ICM n .aKcrrepnMeHTC ( 3 H e,3 H) . ,· rrop;anrrcnnc 
,,,, .. . '• -., .- , . 

penICTpan;un rrepnrPI~:bIX .ll)J;CP, ,('ITO D~mnaHO 6orrce )KCCTKIIl\III ycrronn

.lIMII pan,rr.erremrn 'IaCTiin; no nap.llp;y ), C p;pyroi'I CTOpOHhl a<t><t>eKTIInHOCTb 
. - . ' ,, ·., - . " 

perncTpan;lm rrcpcnapH2KcHHhlX .llp;cp 7B.~ ocTanarrac1, 6m1nK011 K 100%. 

O,rr.HaKO npn TaKOII ,rr.onollbHO ~KCCTKOII ycTaHonKC noporon Korrc6amrn pc-
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:iKIIMOB · pa6oTI,I C'leT,'IIIKOB MoryT npIIBO;J;UTI, K cyrneCTB~HH,hIM II:JMCHe-, 
•. · . -t • ,·. .: . . . 

HIIJIM :J<P<t>eKTIIBHOCTil perncTpau;rm 6eprrnmrJI~ 7 .. H<~o6xoµ;IIM1>1{1 K~HTpOllh 
',' . ··/. ', . ' :,, ; ·,) •'· 

HenpephIBHO ocyrn.ecTBlIJilICJI .. C nOMOlll.hIO aBTOMaTimuponaHHOII CIICTCMhl 
;"t; ._,., . >. - . .· - ,. , ' ,,: ' 

KOHTpOlIJI. 

Oco6eHHOCThIO ycTaHOBKuµ;rr.a IInMepemra ce'leHm'i peaKu;rm (7 Li,7 Be) 
•• ' ,•• e ( '•• • • •• 

JIBlIJieTCJI TaK:iKC ncnollh:JOBamre Tpex. aHammupy10w.ux C'leT'IHKOB ( C'leT-
. · - . . . '; 

'IIIKII C2, .Ca H C4). C n0Mom1,10 anToMaTimuponaHHOII cuc,TeM1>1 KOHTporr.a 
' . ' \ " ' . ' 

nerrac1, noco61>1TIIHHaJI namrc1, Ha MarHIITHJIO rreHTY :JHepron1,rµ;erreHm1 D· 
•i ., ' '· ' · 1 

3TIIX C'leT'IIIKax II DO DCCX C'ICT'IIIKax, DKlIIO'leHHhIX D,CTpo6. Off-line aHa-
' ' ' ' ~ ' • • l ~' ' ' • 

lIII:J :lTIIX µ;aHHhIX nonDomm yrry'lrnIITh panµ;euemre .aµ;ep 7 Li II 7B e no 

n~p.aµ;y. 

Ilpou;eµ;ypa ~.orrY;'IeHIIJI ce;'ICHIIH peaKD;IIII {7Li,7 Be) norrHOCThIO aHarro

r~'IHa omrcaHHoii: µ;rr.a crry'laJI nepenap.aµ;KII (3 H, 3 He) . Jl:rr.a :JTIIX P.ac<JeToD 

Mhl IICIIOllh:JOBalIII II:JMepeHHl>Ie HaMII ce'ICHIUI Il:JMeHeHIIJI.:Jap.aµ;a 7 Li, C'III-
', t - • . • ' ' . 

Tall IIX paDHhIMII CC'ICHIIJIM Heyrrpyroro B:JaIIMOµ;encTDIIJI .aµ;ep 7 Li II 7 Be c 
• : ' , • J ' ·- ' 

JIµ;paMII. 

Ce'IeHHJI nnMeHeHIIJI nap.aµ;a 7 Li BhI'IIIClIJilIHCh no <popMyrre: 

_ A 1 N3M / No 
ace - - tN . n 1\T /N, i 
, . , A iv3 0 · · · 

( nµ;ec1, N3 II No - 'llIClIO OTC'ICTOB B Tpexnap.aµ;HOM nnKe II DO BCCM CllCKTpe 
~ ~ 

cooTBeTCTDeHHO D :JKcrronIIu;un 6en MIIrneHn, a N3M II No _:_ Te 2Ke 'IIICJia 

D 3KCnO:JlID;HH C MllllICHhIO.) 

Anan:e:o ce'IeH:e:~ rrepeoap.Hµ;K:e: (7Li,7Be) :e: (3H,3He) noKanhIDaeT 

6orree 61,rcTphlii pocT ux A-namrcIIMOCTII no-cpaBHeiiu10 c ce'leHIIJIMII nepu~ 

<pepu'lecKnx npou;eccon ( cM.pIIc. f u Ta6rr. 1, 2). A~na:auc11MocT1>Ce'leHuii: 

nepu<J>epn'IecKux npou;eccon Mhl 6paiui ' · D DIIµ;e 

aper~ (A!13+AV3 ....:b)~b (b-rrapaMeTp nepeKphITIIJI, a ~b-onpeµ;erurnT 

Ha6op npnu;ellhHhIX napaMeTpOD, rrpII KOTOphIX DO nnairMoµ;eii:cTBllll y'la

CTDyeT TOllhKO He6orr1,rna.a µ;olIJI HyirroHoB.) 
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6 ' . 
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. I I 

--=+}J__ pt 
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./ 

2.0 -:3.0 4.0 5.0 6.0 7.0 

Ai1/3 

Puc. l: Ce'IeHlIJI Heynpymx B3alIMO~eIICTBlIII (a), q>parMeHTaIJ;lllI·{6) JI~ep II ce'!eHlIJI 
neproapJI~K~ {7 Li,7 Be) (13). 

Mmn. ace (M6) ace (M6) Mnw. ace (M6) RI - R2 

H 170±30 0.18±0.05 H 0.71 ±0.06 0.36±0.02 -
. :C 650±20 0.29±0.03 C 1.96 ± 0.15 I. 1. 
. Al 900±50 0.42±0.04 Al. 2.55 ±0.20 1.30±0.05 1.22. 

Cu 1500±50 0.53±0.05 Cu 3.42 ±0.27 1.75±0.10 1.53 

· Pb' 2700±100. 0.84±0.08 Pb 4.88 ±0.39 2.49±0.09 2.14 

' Ta6rr.1. Ce'IeHlIJI II3MeHeHlIJI oapJIAa 
7 Li ~:J>ea:_KD;llll (7 Li, 7 Be) . ' 

-7,;., -~ 

Ta6rr.2. Ce'!emrn peaKu;1111· (3 H,3 He) . 
1 . • 

Rl ~ uce(C)O"ce(At). 

R2 ~ - 1 -(A 113 + A 1/ 3 .'.... 0.54) uce(C) t p 

. Corrrac~rn (8) npou;ecchl 6e:JMC::30HHOH panp~AKH. ~-un~6ap f;j.N-+ N N 

;J;OII)KHI,I i::rp~riµ;IITh i, A-naBIICIIMOCTll CC'ICHIIH nepenap.Hp;KII Bi~a 
ace ~ a(A:13 +·A,!13 _: b) + f)A;/3. <PUT Harnux p;amihlX He npoTOBOJ)C'llIT 

aTOMY TeopeTII'ICCKOMY rrpeµ;cKanaHIIIO. 
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2.4 Thaaa 3. 8KcnepHMeHThI co cTpHMepHOH KaMepoii no Hoy
'leHHIO nepeoapJIAKH (3H,3He) Ha Mg H Ne. 

IlpII oopaoOTKe <f>HJibMOBOrO MaTepHaJia OT6IIpamieb gJUI ImMepe

HIIH erry'IaII nepenapHgKII (3 H,3 He) Ha MIIIIIeHII II pa6oqe:M rane KaMep1,1 He

oHe. KpIITepIIeM OT6opa 61,ma panHIIIJ;a nrroTHoeTn nommaIJ;IIII Ha TpeKax 

go II noerre npegri:orraraeM011 TO'IK~ riepenapHgKII. IIrroTHoeTb uoanna:Qrm 

Oil;eHIIBaJiaeb BimyaJibHO. 

Ilpn npoeMOTpe qJOTOMaTepIIaJia OT6IIparrIIeb nee Kagphl, rge 6bIJIII XOTb 

KaKIIe-TO npII3HaKII II3MeHeHirn IIOHiinall;IIII Ha ny'IKOBbIX rpeKax. 0To6paH

Hbie eo6hlTIIH II3MepHJIIIeb. IIoeKOJibKY TIIIIII'IHaJI TO'IHOeTb II3Mepemrn 

KpIIBII3HbI 2+3%, a KPIIBIIniia TpeKOB remrn II TpHTirn OTJIH'IaeTeH 6orrec, 

'IeM n 2 pana, penyrr1,TaT unMepemrn gaeT nnorrue aage)KHyro u;a;eaTIIqJII

Kall;IIIO eo6hlTIIH. 

Mbl OTKa3aJIIIeb OT nonbITKII perIIeTpall;HII neex 6enrry'IeBbIX nepenapH

;a;oK B HeOHe (T.e. erryqaeB, Kor;a;a HeT napH)KeHHhlX 'IaeTIIIl; KpOMe TpIITIIH II 

reJIIIH). AHaJIIIn. noKanarr, ~To 1;n-na Heonpep;erreHHOeTu noJio)KeHirn nepwu- _ 

Hhl H pH;a;a MeTOp;II'IeeKIIX npo6neM aqiqieKTIIDHOeTb IlOIIeKa TaKIIX eo6hl

THH M~)KeT eyII];eeTBeHHO OTJIII'IaTbeH. OT 100%. 

,lJ;orui Il<.'Te(.IHHhlX nepP'3apHp;OK B MIIW.eHII, Oil;eHirnaeTeH HaMH eyII];e

eTBeHHO MeHbrneii: 1 % ;a;rrH eo6bITHH, eonponmK;a;aIOI..QI:lXeJI nerryeKaHIIeM 

XOTH 61,1 o;a;aoii BTOpII'IHOII qaeTIIIl;nI (rrog nTopH'IHbIMII qaeTIIIJ;aMu MbI 
•, , 

3p;eeb 6_ygeM IIOHIIMaTb nee Ha6rrro;a;aeMhle 3apH)KeHHbie 'IaeTIIIl;hl KpOMe 
, .. ' :. ' •.j ·, 

3 H II 3 He), II OKorro 1 % ;a;mi: 6enrryqen1,1x errrrnen nepenapH;a;KII. 

B ~aJibHeii:iueM Mhl 6yµ;eM Ha3bIBaTb nee IIOJIO)KHTellbHO napH)KeHHble 

BTOpII'IHble 'IaeTIIIl;bl npOT()HaMII, a OTpIIIl;aTeJibHO napH.iKeHHble - 7r-

MenoHaMI1. To'IHaH n;a;eHTilqJHKaI];HH BTOpII'IHbIX napH.iKCHHbIX '-IaeTIIIl; no 
-.· . . ,. ' -•" ; ;.'' .- : ' - '' ''. ·,·' '. 

mmyaJibHOH nJIOTHOeTH lIOHimaI];IIII B eTpnMepaoii: KaMepe naTpJAHIITep:~_:-
. . . ' \· , ' . . . . '·' 

Ha. O;a;HaKo, KaK IIOKanaJIII e_nell;IIaJibHbie MeTOp;II'-IeeKue IIeerre;a;oBaHirn, rrpn-
• • • 'I. • • • ' : ; _,,, : : • ~ 

MCeII p;pyrIIX 'IaCTIIIl; (aarrpIIMCp, pelIHTIIBIIeTeKIIX 0JieKTpOHOB U II03IrI'p,o~ 

HOB) He IIpeBbIWaIOT 3+4 %. 

10 

B Ta6JIIII];e i rip1in'egcHbl TOII~Ji~fH'leCKHe xap~icTe,pHCTHKH pe

~KqHH ( 3H,3H~) , T.~.-:;a;aHH~IC O •i1;~Jie OTpi1~ciTeJibHblX IIII~HOD (N;~) II 

11poT0Hon (Np), eonpono~i-:garoI..Qnx npoIJ;eee ncpenapH;a;Kn Ha ~mwem; (Mg) 

11 r~;e KiLMepbI (Ne)[5). · . 

N1r- Np Mg Ne Cpe;a;ani'r nMnyrr1,e 3 He (raB / e) 
0 0 765 5 8.915±0.015 
1 0 653 32 8.735±0.016 
0 1 224 23 8.803±0.026 
1 1 138 IO 8.562±0.042 
0 2 . 41 IO. 8.639±0.064 
1 2 17 12 -

1 3 ·3 4 -
0 3 9 2 -

2 0 4 1 -
2 1 6 - -

2 2 1 - - >,: 

1 3 - ,4 -

1 . 4 _, . 3' -
., .. 

0 4 - 1 -

neero : 1861 104 

· Ta6m1u;a 3: Pacrrpep;enem1e co6h!Tll11 rrepeaapHp;KII (3 H,3 He) rro TorronormIM ii cpep;mn'i 

IIMilYJihC 3 He B co6b!TIIHX C Han6one~ BepOHTHbIMII TOilOJIOrillil\!Il. 

Ilpn ncpenapH;a;Kc Ha KBanueno6o;a;HnlX HJKlIOHaX Hµpa-1\IIIWCHII IIJIII H;a;pa

CHapHga nonMO)KHbI TOJinKo Torronornu (01r,Op), (b,Op) n (l7r,lp). _Ha6op 

)Ke 0KerrepHMCHTaJibHblX Tononorm1 OKan1,maeTeH 6ora•1c. 

HeK~anneno6o;a;HM Tononormr.(01r,lp) ---='o;a;trn 113 Hau6orree nepcrnTHhIX; 

TOnOJIOrIIIJ ... ,lfcTO'IHIIKOM 0TIIX npoTOHOB HB~HIO-ic.H, KaK l\Ihl ITOJiaracl\I, 
,Y,-,• , ..... 

1:JPOIJ;eeebl 6e3Me30HHOII panp11;a;K11 !),.Op ---+ np L),.-11no6ap1,1, non6y;.K;a;cunoi'1 
' I ' ' 

B Hp;pe-MHWCHII. 
'< 

, ,,CorrraeIIO Ha~IIIIM. Oil;~!.IKUl\~ B . rpy~IIC _e TOIIOJI()rUCII ( Q1r ,Op)· ceTb IlpII

Meeb eo6bITIIII; ·11eo6'bHeHIIMbIX P'.1~na,11;aMir Knanueno6o;a;m,1x f),...:uno6p,p no 

KaHarry !),. 0 ·---+ n 1r~; IIo-nn;a;uMoMy nol!BJICHIIC 0TIIX <;o 61>1Tni'1 TaK;.Kc o,6yeno-
. ,. . ' ' ' -' - , . 

BJICHO npol];eeea:MII 6enMC30HHOII panpH;a;Kn !),.On---+ nn II f),_-p---. nn . 
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B IIOJII,3J OToro·ronop.lIT II KHHeMaTHqecKne xapaKTepHCTHKH pe

aKD;HH (3H,3He) . ,Ue11cTBIITerr1,Ho, cpep;H.lIJI rrepe;a;aqa ::rneprnu n c6-

6hlTIIJIX (01r,Op) (rrocrre yqeTa KBamiyrrpyrIIx rr~pe:Jap.Hp;oK) 0Ka:J1,mae.TCJI 

6mimcoiJ: K nemPume rrorryqeHHOH ;a;rrJI co61,rTIIII c BhlJieTOM ep;1rncTneH

Horo rrpoTOHa II cyI..QecTBeHHO MeHbUie, 'leM p;rr.lI co6hlTIIU c Torrorrorireu 

(b,Op)(cM.pIIc. 2 II Ta6rr. 3). 

400~------------------------~ 
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P....., = 6.81 GeV/c 

X X * * I XXX ~*•• 
llUU 'f xxxlift;l;*lff:IP«l•+ 

(/) ..... 
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. ~ 600 
Q) 

'+-
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,._ 
Q) 
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:::, 
z 

6) 
. ; 

"7i-.. 

··Q" 

=-+--
+ 

··p--
-t- "p7i-.. 

"'2p" --+--. 

0 1000 200 400 . 600 800 

Q (MeV) 

Puc. 2: (a) - AaHHbie II3 [9-11], (6) - Koppemr~IIH Tonm10rm1 co6bITIIn II nepeAa'III 
,meprim Q = EH - EH. npn nepe3apHAKe (3H,3He) Ha MarHmI. 

<I>opMa crreKTpa II cpep;H.lIJI oHeprIIJI rrpoToHOB n rpyrrrre (01r,lp) 

{94±6MoB) CBIIp;eTelII,CTByeT 06 IIX Hencrrapn:TeJII,HOM rrpoIICXO)Kp;eHIIII. 

Cpep;HIIH )Ke ripo,a;orr1,H1,1ii: IIMrryi:r1,c ~THX rrpoToHon rrpuorru:J11Terr1,Ho paneH 

IIOlIO~IIHe c6poca IIMIIJJibCa .lI)];pOM-CHap.lip;OM .. 

Ifa pncyma 3 nup;Ho, 'ITO co6hlTIIJI c TorrorrorIIe:ii (01r,Op) Ii (Oi,lp) 
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(T.e. rrpon;ecchl 6e:JMe:JoHHoii pa3p.Hp;KII .6.-1mo6apbI) JIBJIJIIOT<;!JI op;Hoii: II~ 

HaII6orree na;.irn1,1x rrpII~IIIH, rrprmop;JII..QIIX K cp;nury II yUIIIpeHIIIO .6.~IllIKa 

Ha KApax. Boo6nie ~(e pncyHOK 3noKa:JhlBaeT, q~o BTOpII~HI,Ie 'l~C~~I,I 

06pa3y10TcJI B op;HoM II TOM ;.ice B:JauMop;~n:cTBIIII BMecTe c rrepe:Jap.HAKO:ii, 

a Hen pe3yrr1,TaTe Kau1x..:rrn60 rrocrrep;yIOI.QIIX rrpon;eccon (Trrrra KacKap;a). 

PaccMoTpIIM Terrep1, co6hlTIIJI c Tohorrorne:ii (l1r,Op) . .J];rrJI KBa:Jucno-

6op;Horo MexaHII:JMa rrepe3ap.lI,Il;KII OTO CaMI,I:U: nepO.lITHhlll KaHaJI peaKD;IIII. 

IIycTb pop;1IBUiaJICJI irna:Jucno6op;Ha.H .6.-rr:Jo6apa pacrrarrac1, Ha IIIIOH u Hy

KrroH .. Torp;a MO)KHO HarrucaTI, crrep;y101..Qee COOTHOUieHIIe Me)K;IJ;Y cpep;HIIMII 

rrpop;oJII,HI,IMII IIMIIJJibCaMII OTIIX HYKJIOHa Il IIIIOHa II cpep;HIIMII npop;OJII,

HhlMII IIMilJlibCaMII reJIII.lI II TpllTII.lI 

PlaH-PlaHe > ptN+ pl-ir (1) 

(T.K. cyMMapHhlH cpep;HIIH rrpop;orr1,HI,Ill IIMrryrr1,c ncex ocTaJibHhlX "He .6.

II:Jo6apHhlX" <pparMeHTOB MIIUiemI IIOJIO)KIITerreH [14, 151). 

Mo)KHO TaK)Ke rroKa:JaTh, 'ITO p;JIJI pacrra11;a .6. -+ N 1r c TO'IHOCTbIO n 

HeCKOJII,KO npon;eHTOB BI,IIIOJIHJieTC.lI nprr61III)KeHHOe paneHCTBO 

ptN = </?;:EN>~ E*N = 3.6 (2) 
pl < EA.E• > E• 'Ir m,i. 'Ir 'Ir 

·cooTHOUieHIIJI 1 u 2 p;aIOT nepXHIOIO rpaHIIIzy p;rrJI cpep;Hero npop;orr1,Horo 

IIMnyrr1,ca rrrroHon ( n crryqae, ecrrII nee OHII o 6pa:JyIOTCJI OT pacrrap;on KBa:JII

cno6op;HbIX .6.-u306ap) P 1-ir ~ 85MoB/c. 8KcrrepnMeHTarr1,Hoe )Ke :JHa'leHue 

cpep;Hero npop;orr1,Horo IIMrryrr1,ca rrrroHoB panHo 230 ± lOM oB / c, II, 'ITO 6hl 
. . 

cp;erraTb OTY nerrII'IIIHY panHo:ii: 85-Mon/c, Hap;o oT6pociiTb KaK MIIHIIMYM . . 

30% co6hITHii" c Ha116orree )KeCTKIIM:II ITIIOHaMII. 
___ ;~;• ,,.,. _. . 

Co6hlTID£ c T~norrorII~H (l1r,lp) xapaKTepnnJIOTC.lI 6om,Uie:ii nepep;a'le:H 

::rneprm1, HO cpep;H~:ii: rrpop;orrMlhlH nMnyrr1,c nIIOHOB (164±.17 MoB/c) Mem-.. 
IIIe, 'leM n crryqae (l1r,Op). 8KcnepIIMeHTMbHOe :JHa'IeHIIe OTHOIIIeHIIJI 

cpep;HIIX :qpop;orri,HI,IX IIMIIJJII,COB npoTOHa II IIIIOHa OKa:JhlBaeTCj[ paBHhlM 

1.4±0.2. 8To O:JHa"lae'.I;', 'ITO II n rpyrrne c TorrorrorIIeii (l1r,lp) TaK)Ke na-

6rr10p;aeTCJI :3Ha'IIITeJII,HaJI rrpIIMeCI, He .6.-pe:JOHaHCHI,JX COCTO.lIHIIH. 
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2.5 . 3ai<.ri:io:..ieii:i-re. • 

B naronoqemrn q:JC>p1fYITIIPYIOTC.lI penym,TaTLIH _BLI~();a;1,1 ;a;nccepTaIIII~ 
' ) , . ' : .. ' t ; : . ' ' • .• ~~ ·: '. ' • • ' • ' • . ' , - ! ! 

OHHOII pa60TLI, K0T0pLie C0CT0.lIT B crre;a;y10meM. 
,'. ' - ; . • ', ' • • ·, . ' • .. ._; • ' : ; " , . ; ~ '-. " ,'°" • ., I.' '. \ > ~ .·.,. 

1. .HaMII nnepBhte II3MepeHLI C T0qHQCTLIO ~10% II0ITHLie ceqeml.ll peaK-, 

'IIlIII·IIepenap.lI)JiH (3 H,3 He) H (7 Li;7 Be) npn BLICOKIIX :meprII.lIX. Ana

mm A .:naBIICIIMOCTII 3TIIX· ceqeHHII·IIOKan1,rnacT 6orrce 61,1cTp1,1{1 pocT 

ce"!eHIDI no cpanHeHIIIO c pocToM ce"reHu{r nepucpepIPICCKHX Hpouec

,_, COB.:B pa6oTe [8] 6:urro lIOKanano, qTO npoIICCCLI 6cnMe30HHO{I pa3p.ll;a;~ 

'"KII Li-nno6ap1,1 B .llp;pax ;a;omKHLI npHB0;rJ;IITb K lIO.lIBITCHIIIO B A-naBIICH

M0CTH rrorrn1,1x ce'-1emd1 rrepenap.llp;rm crraraeMoro rrporropIIH0narr1,noro 

A;13. <t>nT naumx ;a;ann1,1x He rrpoTimope'-rnT 3T0MY TcopcTwrncKoMy 

rrpe;a;cKanaHIIIO. 

2. II pH Hccrre;a;onamm peaKIIIIII rrepe3ap.llp;KH (3 H,3 He) na MIIllICHH rm . 

Mg, pacrrorrmKeHHOU BHYTPII qyncTBHTeITLHOro O 6'LeMa CTpnMepHo{I 

KaMepLI, o6Hapy;.KeHo, '-ITO ~upnMepHO B 20% crryqaen Ha6rr10p;aIOTC.lI· 

co6LITH.ll C TOIIOITO_rneii: HCB03MO)KHOH npn rrepenap.llp;Ke Ha KBa3HCBO-
;: , • • ''. I 

6<>,;a;HoM HyKiione. Ilpn 3T0M o6Hapy;.Kena KoppCIT.lIIIII.lI T0IIOIT0rIII:I co-

61,ITIIIIITCpenap.ir;a;1rn II cpe;a;ncn rrepe;a;aqn 3Heprmr, '-ITO yKaiJi,rnaeT na 

. nerfacKap;HLIII xapaKTep o6pa3y10mnxc.ll rrpn rrepe3ap.llp;Ke BTopnqn1,1x 

qacTIIII. 
., 

e • ' • • • • '~ ' 

3. O6napy;.KeHbI co61,1TH.ll c Torrorrorncii: (On ,lp) nenonMmKnon rrpn rrcpe~ 

;ap.llp;K·~ -~rn Knanncno6o;a;noM nyKrrone 1~· BHOcJimc:rr ~12% BKrra;a; n cc~ 
,· , ; . ' ' . ,. . . ~ ~ .- -. ,." ' ·:. 

"ICHHe ncpenap.llp;Kn (3 H, 3 He) . <Pop Ma crreKTpa 3TIIX npoTonon II nx 

cpe~fl.ll.ll 3Ji~p;IU[ (94±6 MaB) CBH~CTeITI,~TBYCT o6nx nenc~apHTCITL

H01~ ~poncxmK;a;cm{u. Cpe;a;m1i1 ·~1~•~;a;~~~~~1ii u~rry~[~ \.";;I~ 'np~~~H~~ 
f • ~ •·. - <· 

rrpn6mmIITCITLIIO panen IIOITOBIIHC c6poca HMrryrr1,ca .llp;poM-Ciiapllp;CiM. 
. . . r . . . - ·f; -<-,,-.t(;:···".:."r'-J 

4. -YcTaH01,3rreHo, :"ITo n co61,1Trrnx c •Torrorrorrre{1 (0n,0p) IIMCCTca. c;ymc:: . ' . 

CTTICHHM 'IiJ,CTL co6LITHH, HC .lIBIT.lllplLIIIXC.lI ClIJ.'-HtlIMH KBa::rnyrrpyr.o{x: 
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nepenap.llp;KII n rrepe3ap.llp;Kn c no36y;.J(p;eHneM 1manncno6op;Iiofr Hefrr• 

parr1,non Li-uno6ap1,1, pacrran11Ienc.ll no K~narry Li0 -+ nn° . .. Cpe;a;nnn: 

IIMrryrr1,c nepenap.lI;.J(eHHoro rcmrn-3 n co6LITII.lIX c Torrorroruefr (0n,Op) 

u {On,lp) 0Kan1,maeTc.lI 6rrII3KIIM, "!To yKan1,maeT Ha anarroruIO Me)K;a;y 

3TIIMII KanarraMII rrepenap.llp;KII. MLI cqnTae~1, qTo co6LITII.ll C 3TIIMII 

Torrorrornnm .lIBIT.lIIOTC.lI crryqaJIMII 6e;nre30HHOII panp.llp;KII .Li-nno6ap, 

non6y:,Kp;eHHLIX n .llp;pe-MullieHu no KanarraM Li0p-+ np (;a;IT.ll co6LITIIII . 
(0n,lp)) 11 ,'.i-p-+ nn, Li0n-+ nn (;a;rr.ll co6LITIIII (0n,Op)) . 

5. Cpc;a;m1{1 c6poc IIMnyrr1,ca iI;a;poM-CHap.llp;OM B co61,ITII.lIX C TOIIOJ'~:0-. 

rn.lIMII (0n,lp) n (0n,0p) oKanunaeTc.ir MCHLllIIIM, qeM n co6LITII.lIX c 

Han6orree nepo.lITHOII Torrorrorne{1 (ln,0p). 3To yKanLinaeT Ha To, qTo 

rrpo~ecCL1 6enMe3onnofr panp.llp;Kn Li-nno6ap, .lIBJI.lIIOmuec.lI rrpIIMepoM 

KOITITeKTIIBHLIX 3<p<peKTOB, rrp1mop;.lIT K CTOITI, ycnITCHHHO o6cy;.J(p;aIO

mIIMC.lI cp;nnry H ywnpennIO Li-rrnKa Ha .llp;pax (cM. pnc. 2). 

fi. HaMu ycTaHonrreHo, "ITO cneKTpLI rnrnnon n co6LITII.lIXC_ Knanncno60-

;a;n1,1MII TorrorrorrrnMII (11r,0p) n (ln,lp) 0Ka31,rnaIOTC.lI crrnllIKOM )KCCT

KHMII, qT061,1 6LITI, 06'L.lICHCHHLIMII pacrra;a;aMII Li~1mo6ap. Ha ocirn

BaHIUI rrpone;a;eHHoro KIIHCMaTII'-ICCKOro aHamma MLI C'-IIITaeM, qTo 

ne MeHcc _30% IIIIOHOB n rpynne (ln,0p) IIMCIOT ne Li-pe3oHaHcHyIO 

npupo;a;y. B rpynnc ·(ln,lp) TaK)Ke IIMCCTC.ll aHarrorwrnaH npn~1ec1,. 

IIcToqHJJKOM no;a;o6HLIX )KCCTKIIX IIIIOHOB Morrru 61,1 6LITL, narrimMcp, 

npouecc1,1 KorepCHTHOro pmKp;CHII.lI IIIIOHOB Ha .lI;a;JJC.'-CHap.llp;C. 

l'.ITaK, npr COBOKYIIH0CTI, norry'ICHHLIX naMII ;a;aHHLIX .lICHO CBII)];CTCITL-
'f ... --~•. ' ' 

cTnycT o,cyLL1etTBCHHon porrn MHorouyKrroHHLIX (KorrrreKTIIBHLIX) 3<p<peK-

TOB B peaKIIIl.llX rrepcnap.llp;KII pcrr.lITIIBIICTCKIIX .llp;cp. OTII 3<pq>CKTI,I .lIB

IT.lIIOTC.lI TIO Kpafrneii Mf PC O)];HOU nn Ba)KHCIIllIIIX rrpIPIIIH, rrpIIBO;rJ;lILLIIIX K 

ynrnpeHIIIO II c;a;m1ry .llp;epHoro Li-IIIIKa rro-cpaBHCHIIIO C Li-IIIIKOM, na6rrIO

AaeMLIM npu nepcnap.llp;Ke na npoTonax. 
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