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».nepHhIX wccne.nosaHnfi. 

ABTOpeqJepaT paJocnaH «_» _____ 2012 r. 

Y'-leHhlH ceKperaph .nnccepraunoHHoro cosera, 

KaH,nn,naT QJH3IIKO-MaTeMaTH1Iec1m:~ 

TioneKo 

AH,npefi reoprneBI1'-I 

XAPAKTEPIICTIIKA PAEOTbl 

AKTVaJibHOCTb npo6Jiel\tbl: Tipo6JieMa B3aHMO.D:eHCTBII.H H.D:ep C HeHTpOHHhlM rano 

y)Ke MH0ro neT, C M0MeHTa ero 0TKphITII.H, HBmreTC.H rrpe,nMeTOM 3KCIIepnMeHTaJihHhIX II 

TeopeTn'-!ecKnx nccne.nosaHHH. Oco6eHHOCTH cTpyKrypoI ranoo6pa3Hb1X x.nep .nomKHbl 

rrpo.HBJI.HTbC.H npn IIX B3aHM0,neHCTBIIII C .npyrHMII H.D:paMII. TaKne ».npa .HBJI.HIOTC.H 

cna6ocB»3aHHI,IMH, 'ITO .D:0JI)KHQ rrpHB0.D:HTh K ysenn'-leHHIO Bepo»THOCTefi IIX pa3BaJia, 

KOTOpblH M0)KeT conp0B0)K.11:aTbC.H rrocne.nYIOIUHM CJIH.HHHeM ».npa 0CTaTKa (Kopa) C 

».npoM MHllleHH HJIH nepe,na'-IH HYKJI0H0B. Oco61,1ii HHTepec Bbi3h!BaIOT peaKIJHH Ha 

rry'IKe 6He C o6pa3oBaHHeM C0CTaBHblX H.D:ep H HX rrocne.ny101n:HM pacrra,noM no 

KaHaJiaM HCrrapeHH.H HefiTpOHOB IIJIH .neneHHH. HecMoTp.H Ha II0'ITII Tpll.D:UaTHJieTHIOIO 

HCTOpl!IO ll3)'1IeHH.H 6He HHqJOpMauu» 0 ero CBOHCTBaX, a TeM 6onee 0 MeXaHl!3Me ero 

B3am.rn,nefiCTBll.H C ,npyrl!Mll H.11:PaMH .11:0CTaTO~IHO IIp0TIIBOpequna. 3Tll rrpOTl!B0pe'IH.H 

CBll.D:eTeJibCTBYIOT 0 Tpy.D:HOCT.!IX IIOCTaHOBKll 3KcrrepuMeHT0B Ha IIY'IKax 

pa,nnoaKTIIBHI,IX H.D:ep, K0TOpble orrpe,nen»IOTCH 0TH0Cl!TeJibHO cna6oi1 

HHTeHCIIBH0CTI,IO BT0pH'IHI,JX II)"IKOB, 'ITO He II03B0JI.HeT rronyqaTb CTaTHCTll'IeCKll 

Ha,ne,KHble pe3yJioTaTbl, oco6eHHO B o6JiaCTII 0KOJI0 6apbepHblX 3HeprHH. KpoMe 3Toro, 

.11:Jl.H llCCJie,noBaHH.H qiyHKUIIH B036y)K.1J:eHll.H B lllllp0KOM ,nuarraJOHe 3Heprui1 (5-70 

M:iB/ A) rrpllX0.11:llTC.H napbI!pOBaTb 3HeprnIO rryqKa, 'ITO JaTpy.nm1eT II0CTaH0BKY 

3KcrrepHMeHm H B HeK0TOpblX cnyqa»x yneJII!'II!BaeT 3HepreTH'IeCKIIH pa36poc 

BT0pll'IHOro rryqKa. Bee 3TO rrpHBO.D:IIT K neo6xo,nHMOCTII IICII0Jib30BaHHH ,neTeKTOpHbIX 

CHCTeM C Bb!COKOH :iqiqieKTHBHOCThlO peruCTpaIJIIII, MOHoxpoMaTHJaIJI!II BT0pll'IHOro 

rryqKa II rrpHBe,neHI!.H 3KCIIepHMeHT0B rro.n rrepe,nHHMII yrnaMH. 

3TH ycnoim» 6blJIH BbIII0JIHeHbl HaMII n rrpouecce rrpone,neHI!H OIIHCaHHblX HH)Ke 

3KCrrepHMeHTaJibHbIX 3KCIIepHMeHTaJibHbIX IICCJie,noBaHilll. 

rJiaBHaH UCJib pa60Tbl: lfayqeJIHe oco6eHHOCTeH, IIpOHBJI.HIOIIJIIXC.H rrpH 

B3aHMO.D:eHCTBIIII cna6ocB»3aHHbIX x,nep-
6Li, 6

He, C ,npyrHMH x.n:paMII. B pa6oTe 

HJyqannc1, lllttpHHbI HMIIYJibCHbIX pacrrpe.neneHHfi 4He H3 paJnana 6He H 
6Li Ha 

pa3JIH'IHhIX ».n:pax MHllleHH n .n:HarraJoHe :ineprufi 10MeV/A<E<46MeV/A, c uenhIO 



noJiyqemrn: HHq>OpMaum1 o HaJIIlqilil Il CTIJYKTYPe rano B R.npax 6He Il 6Li. DhIJIIl 

mMepeHhI q>yHKUilil B036y)KJ{eHHR peaKUiltt noJIHoro Il HenOJIHOro CJIIlRHilR 6He Il 6Li c 

pa3JIIlqHhIMil R,LlpaMil rrpll :meprnll B6Jlll3Il KYJIOHOBCKOro 6aphepa C :mepre-mqecKilM 

pa3perneHileM He xy)l(e ±400 K3B. ,[{JIR TaKOfO po.na IlCCJle.[IOBaHilH 6hma pa3pa60TaHa 

Il C03,LlaHa MeTO.[IIlKa Il3MepeHilR xapaKTepHCTilK R,LlepHhIX peaKUilH Ha rryqKax 6He C 

IlHTeHCilBHOCThlO .no I 0
7 

c·
1
' a TaK)l(e MOHOXpOMaTll3aUilil pa,LIIlOaKTilBHhIX rryqKOB 

ycKopeHHhIX IlOHOB rrpll c6poce IlX 3Heprnii .no KYJIOHOBCKOro 6apbepa Ha 

ycKOpHTeJihHOM KOMIIJieKce DRIBs. 

Ha 331UUTV BLIH0CHTCH CJICJlVIOIUUe 0CH0BHble pe3VJILT3Tbl: 

I. 3KcrrepHMeHTaJihHhie 311aqeHilR IIIIlpilH IlMIIYJlhCHhlX pacrrpe.neJieHIIH 
4
He, 

rroJiyqeHHhIC ll3 pa3BaJia 6He Il 6Li Ha pa3JIIlqHbIX R,Llpax MilIIIeHil B IIIIlpOKOM 

.nHarraJOHe 3HepmH (oT I0M3B/A .no 46M3B/A). 

2. Me-ro.nnKa MOHOXpOMaTil3aunn rryqKOB ycKopeHHhIX HOHOB Ha ycKopnTeJlhHOM 

KOMIIJleKce DRIBS B6Jlll3Il KYJIOHOBCKOfO 6apbepa C IlCIIOJlh30BaHHeM 

MarHilTHOro crreKT}JOMeTpa MCII-144 Ha BhIBe,LleHHOM rryqKe Il BHyTpeHHero 

rrpo6HHKa Ha rryqKax BHYTPil UilKJIOT}JOHa Y-400. 

3. 3KcrrepHMeHTaJihHhie 3aBilCilMOCTil ceqeHilR o6pa30BaHilR 2n-Hcrrapm:eJihHhIX 

ocTaTKOB .[IJIR peaKUiltt 206Pb(6He,2n)21°Po Il 
204

Pb(4He,2n)21°Po B OKOJio-

6apbepHoii o6JiaCTil 3HeprnH (E/Bc=0.6+ 1.3). 

4. 3KcrrepHMeHTaJihHhie pe3yJihTaThl ITO q>YffKUilRM B036y)l(,LleHilR o6pa3oBaHilR 

IlCIIapHTeJlhHhIX OCTaTKOB, IIOJiyqeHHhlX B peaKUilRX IIOJlHOfO CJlilRHilR 

6Li+209Bi, a TaK)l(e Il3MepeHHhie Q)YHKUilil B036y)l(,LleHilR o6pa30BaHilR Il30TOIIOB 

208
• 

210Po, B peaKUHil HerroJIHOro CJIHRHHR 
6
Li + 

209
Bi -+ 

4
He + 

211
Po Il 

IIOCJle,LlyIOIUilM IlCIIapeHileM HettT}JOHOB, B IIIIlpOKOM ,LIIlaIIaJOHe 3HeprHii 

(E/Bc=0. 75+ I. 7). 

5. PeJyJihTaThI Il3MepeHHR yrnoBhIX pacrrpe.neJieHnii ynpyroro Il Heyrrpyroro 

pacceRHilR 6Li B peaKUHil 6Li+12C rrpH :meprnH E(6Li)=63 M3B, , a TaK)l(e 

2 

---r 

yrnoBhie pacrrpe.neJieHHR yrrpyroro Il Heynpyroro pacceRHilR 12C B peaKUHil 

12
C+

12
C rrpll 3Hepmll E(1

2
C)=l21.5 M3B. 

OcHOBHble pe3VJILT3Tbl II nay'IHaH H0BH3Ha 

Brrepsb1e: 

Ha ycKOpHTeJihHOM KOMIIJieKce DRIBs 6hm BhIIIOJIHeH UHKJI uccJie,LloBaHHii B OKOJI0-

6apbepHoii o6JiaCTil 3Hepmii Ha pa,LIHOaKTilBHOM rryqKe 6He. 

IloJiyqeHa IlHq>OpMaUilR O rrapanJieJlhHOH COCTaBJlRIOIUeii IlMIIYJlhCHOro pacrrpe.neJieHilR 

6He rrpu 3Hepmu IO M3B/ A H 6Li rrpH 3HepmRx i 8 u 46 M3B/ A. 

Pa3pa6oTaHa Il IlCIIOJlh30BaHa B 3KCrrepHMeHTax MeTO.[IHKa, COBMemaIOIUM 

rrpeUil3IlOHHhlH MarHilTHhIH crreKT}JOMeT}J Il BhICOK03q>q>eKTilBHhIH aKTHBaUilOHHhIH 

aHaJIIl3, KOTOpM K0TOpM II03B0JlilJla rrpoBeCTil rro.no6Hhie IlCCJle,LIOBaHilR. 

IloJiyqeHa HHq>OpMaUHR o ceqeHHRX peaKUHil rro.n6apbepHoro CJIHRHHH 6He+206Pb. 

O6Hapy)l(eHHO 3HaquTeJihHoe ( I 000 pa3) ycuJieHue ceqeHHR rro.n6apbepHoro CJIHRHHR 

B 3TOH peaKUilil. 

O6Hapy)l(eHO yseJiuqeHile ceqeHilR rrepe.naqu KJlaCTepa ( d) B6JIIl3Il KYJIOHOBCKOro 

6apbepa s peaKUilil 6u+209Bi. 

IJ paKTll'ICCKaH 3113'1IIM0CTL 

Pa3pa6oTaHHhIH s HaCTORIUeii pa6oTe MeTO.[I MarHilTHOro crreKTpOMeT}Ja B 

coqeTaHilil C aKTilBaUHOHHhlM aHaJIIl30M II03B0JlReT IlCCJle,LIOBaTb peaKUilil C 

pa.nuoaKTHBHhIMil rryqKaMil HI13KOH IIHTeHCilBHOCTil (-106c"1), KaK B JUIP OI15111 Ha 

ycKopuTeJihHOM KOMIIJieKce DRIBs, TaK Il B .npyrux ueHTpax. IloJiyqeHHhie .LlaHHhie 

rrpe,LICTaBJlRIOT IlHTepec .[IJlR .[laJlhHeiirnero IlCCJle,LIOBaHilR CTpyKTYPhI 3K30TilqecKilX 

3 



R~ep KaK B MepHbIX peaKUHRX, TaK. H B ~pyrHX o6nacrnx HayKH, HanpHMep B 

acTPOq>H3HKe. 

Annpo6amm pa6oThl 

3ttaqHTeJibHM qacTb pe3yJibTaTOB 6bIJia nonyqeHa BnepBbie. PeJyJibTaTbl 

HCCJie~oBaHHH npe~CTaBJIRJIHCb aBTOpOM Ha Me~yHapo~HbIX KOHq>epeHUHRX H 

COBeI.UaHHRX: 

VII Open Scientific Conference of Yang Scientists JINR Dubna February 2003 

(yCTHbIH ~OKJIM) 

2 VIII International Conference on Nucleus-Nucleus Collisions (NN2003) 

17-21 June, 2003, Moscow, Russia 

(nocTepHbIH ~OKJIM) 

3 LIV International Meeting on Nuclear Spectroscopy and Nuclear Structure 

(NUCLEUS-2004) June 22-25, 2004 Belgorod, Russia 

(ycTHbIH ~OKJIM) 

4 International Symposium on Exotic Nuclei EXON 2004,Peterhof, Russia, July 4-12, 

2004 

(nocTepHblH ~OKJIM) 

5 IX Open Scientific Conference of Yang Scientists JINR Dubna February 2005 

(ycTHbIH ~OKJIM) 

6 International Meeting "XVth Colloque GANIL", Giens, France,29.05.2006 -

02.06.2006 

4 

(nocTepHblH ~OKJIM) 

7 57 International Meeting on Nuclear Spectroscopy and Nuclear Structure 

(NUCLEUS-2004) June 24-29, 2007 Voronezh Russia 

(yCTHbIH ~OKJIM) 

8 59 International Meeting on Nuclear Spectroscopy and Nuclear Structure June 15-

19, 2009 Cheboksary Russia 

(yCTHbIH ~OKJIM) 

9 International Symposium on Exotic Nuclei EXON 2009,Sochy, Russia, 27.09.2009 

- 03.10.2009 

(nocTepHbIH ~OKJIM) 

PeJyJibTaThl IICCJie~OBaHIIH ony6JIIIKOBaHbl B B0CbMII CTaTbRX B peqiepHpyeMblX 

)Kypttanax. 

CTpVKl)'pa II 06LCM pa60Tbl 

)];HccepTaUHR COCTOHT Il3 BBe~eHHR ' 4 rnaB, JaKJIJOqeHHR, npIIJIO)KeHJrn H cnIICKa 

JIIITeparypbi. 

Bo BBC!lCHIIII paccMaTPHBaeTCR npo6JieMa, o60CHOBbIBaeTCR aKryaJibHOCTb H 3Maqlf 

IICCJie~OBaHIIR. CqiopMyJIIlpOBaHa uenb pa60Tbl II KpaTKO ll3JIO)KeH MaTepHaJI 

~HccepTaJ:lIIII. 

UepBaH . rJiaBa npe~CTaBJIReT onIICaHile oco6eHHOCTeii B3aIIMO~eHCTBHR nerKIIX 

3K3oruqeCKIIX R~ep. 3~ecb TaK)Ke co~ep)KHTCR JIIITeparypHblH o63op IICCJie~oBaHIIH, 

npoBe~eHHbIX no 3TOH TeMaTIIKe. ITpHBO~CR aHaJIIl3 IIMeIOI.UIIXCR 

3KCnepHMeHTaJibHbIX pe3yJibTaTOB no IICCJie~oBaHIIIO HaI16onee xapaKTepHbIX KaHaJIOB 

peaKUIIH co cna60CBR3aHHblMII MPaMII, TaKIIX KaK, peaKUHH ynpyroro II Heyrrpyroro 

pacceRHHR, peaKUHH CJIIIRHIIR II nepe~aqII qaCTII HYKJIOHOB, peaKUIIH pa3BaJia II aHaJIIl3 

5 



HMnyJihCHhIX pacnpe.neneHHH. 3TOT aHanll3 n03BOmieT cqiopMynnpoBaTh noCTaIIOBKY 

3a,1la'IH, ll nOKa3hIBaeT aKTyanhHOCTh npo6neMhl. 

Bo BTopoii rJJaBe onHCh!BaIOTCH COBpeMeHHhie 3KCnepnMeHTallhHhie MeTO,llhl 

ll3MepeHHH HMnyJihCHhIX pacnpe.neneHHH qiparMeHTOB npn pa3Bane pa3nnqHhIX nerKHX 

3K3oTHqecKnx »:,nep. 113 aHanma cne,nyeT, qTo Han6onee npe11n3HOHHOH Mero,nnKoii 

HBJI»:eTCH HCnOJih30Bam1e MarHHTHOro cneKTpoMeTpa. TipHBO,nHTCH 

3KCnepHMeHTallhHhie ll3MepeHHH HMnyJihCHhIX pacnpe.neneHHH 
4
He nonyqeHHhIX ll3 

6H 6L· pa3Bana e H I Ha pa3JIHqHhIX Mpax MHIIleHH B umpOKOM .nnanaJOHe 3Hepnrn ( OT 

10M3B/A ,no 46M3B/A). TipoBo,nnTc»: aHanH3 nonyqeHHhIX B 3KcnepnMeHTax ,naHHhIX 

no rrmpHHaM HMnynhCHhIX pacnpe.neneHHH C 11eJihlO nonyqeHHH 3aBHCHMOCTII umpHH 

HMnyJihCHhIX pacnpe.neneHHH OT aTOMHOro HOMepa MIIIIIeHH H 3Heprnn nyqKa, a TaK)Ke 

OT 3Heprnn CBH311 HeiirpOHOB B 3THX »:,npax. Ha OCHOBaHHII 3THX ,naHHhlX ,neJiaIOTCH 

BhIBO./lhl O Hannqnn H crpyKrype rano B 3THX »:,npax. 

3Kcnep11MeHT no ll3MepeHHIO HMnyJihCHhIX pacnpe,neneHHH 
4
He nonyqeHHhIX ll3 

pa3Bana 6He npoBO.[{IIJICH Ha ycKopnTeJihHOM · KOMnJieKce DRIBs C ncnOJih30BaHHeM 

MarHHTHoro cneKTpoMerpa MCTI-144. A H3MepeHne HMnynhCHhIX pacnpe,neneHHH 
4
He 

nonyqeHHhlX H3 pa3Bana 6Li npOB0,1lllJIOCh Ha ycKOpHTeJie Y-400M C HCnOJih30BaHneM 

.llBYX MeTO./lHK: MHOfOCJIOHHOro nonynpOBO./lHHKOBOro TenecKona H MarHHTHOro 

aHannJa. 

B ,naHHOll rnase npnBe,neHO KpaTKOe onncaHHe H ,naHhl OCHOBHhie napaMerpbl 

MarHHTHoro cneKTpoMeTpa MCTI-144, ncnonhJyeMoro ,nn»: H3MepeHH»: nMnynhCHhIX 

pacnpe,neneHnii npo,nyKTOB pa3Bana. 

,l(n»: 113MepeHHH HMnynhCHhIX pacnpe.neneHHH npo,nyKTOB pa3Bana 
6
He HCnOJih30BallHCh 

,llBe MHIIIeHH, TH)KeJia»: (30JIOTO) ll JierKa»: (yrnepo,n). MnIIIeHH BhI6npanncb HCXOM 113 

Toro, qTO MexaHH3M pa3Bana pa3JIHqaeTCH - Ha TH)KeJihIX H,1lpax OH npOHCXO,llllT B 

OCHOBHOM no.n ,neiiCTBHeM KYJIOHOBCKIIX cnn, a Ha nerKHX - no.n ,neilCTBHeM »:,nepHhIX. 

B peJynhrnTe 3KcnepnMeHra 6hmn 113MepeHhI pacnpe,neneHH»: napannenhHOH 

COCTaBmllOll(ett IIMnynhca "He, nonyqeHHOro npn pa3Bane 
6
He Ha »:,npax 30JIOTa H 

yrnepot(a. l11MepeHne npo,nOJihHOro HMnynhca B cnyqae TH)KCJIOH MHIIIeHII HCKJIIOqaer 

BKJla)( OT KYJIOHOBCKoro OTKJIOHeHHH, KaK 3TO HMeeT MeCTO npn H3MepeHHll 

6 

nonepeqHoro HMnynhca, TaK KaK npo,nOJihHhlH H:\IIIy.1hC He qyBCTBHTCJieH K 

./lHqJqJPaKI.lllOHHOMY YIIIHpeHHIO II orpa)KaeT JlllIIIh CBll3h qiparMeHTa B »:,npe [ 1]. 

Pe3yJihTaThl H3MepeHHH npe,nCTaBJieHhl Ha pnc. I. Tio.1yqeHHhie pacnpe,neneHHll, 

OnHChlBallHCh 4JYHKI.1Hl!MH raycca. KaK BH./lHO H3 pucyHKOB. Ha6n10,naIOTCll Y3Klle 

HMnynhCHhie pacnpe,neneHHll (cr = 28-2~ M3B/c). Ecnu 6h1 6He 6hm o6hNHhIM, He 

ranon,nanbHhlM MPOM, TO 3Ta BennqnHa ,llOJl)KHa COCTaBJIHTh OKOJIO 100M3B/c [2] . 

Mana»: umpHHa IIMnynhCHOro pacnpe.neneHHH no,nTBep)K,naeT 3K30TllqHOCTh »:,npa 6He II 

Hannqne B HeM rano (HJIH CKIIHa). 

24 

22 

20 

18 -ci: 16 
GI 
:z: 14 
I-
.2, 12 

g: 10 
~ 8 JI 
m 6 

4 

2 

0 
350 

4
He (

6
He + Au) I 

400 450 500 550 600 

P (M38/c) 

e 3KCn. 'He -> 'He + X 
········a= 100 M38/c 
- - - · a = (28 ± 1) M38/c 

650 700 750 

Puc. 1 HMnyllbCHble pacnpeiJe!lemm 4 He noJ1y11e1111b1e U3 pa36Glla 6 He 11a RiJpax Au 

TioCKOJihKY npe,ncraBJilleTCll llHTepeCHhlM cpaBHHTh »:,npo 6He C ero 11306apoM 6Li, 

ll3Y'JallllCh TaK)Ke HMnynhCHhie pacnpe.neneHHH qiparMeHra 4He, nonyqeHHOro ll3 

pa3Bana 
6Li. I13MepeHHll npOBO,llllJIHCh C nOMOlllhlO .nsyx MeTO./lHK np11 pa3JIIlqHhIX 

3Hepr11»:x: 

B nepBOM cnyqae 3aMe,nneHHhlll nyqoK 6Li npoxo,nnn qepe3 MHOfOCJIOHHhltt 

nonynpoBO,llHHKOBhltt TenecKon. Ponh MHIIIeHH B 3TOM TeJICCKone 11rpan 0,llHH 113 
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rronyrrpoBO.L(HHKOBbIX .nereKTOpOB, KOTOpblll JIBIDIIlCJI aKTHBHOll MHIIIeHbIO, C KOTOpoi1 

CHHManc,i: M CHrHan. 11.neHTmpHIIHpoaaa C IIOMOIIIbIO rrepBbIX ,nayx !!E ,neTeKTOpOB 

rrpOXO)K.L(eHHe 
6Li .no MHIIIeHII, Ii o6Hapy)KHB Ha BbIXO.L(e 4He, Mbl orrpe.nenJinli 

liMIIYilbCHOe pacrrpe.neneHHe 
4
He (pHC. 2). 3Heprn,i: 6Li B 3TOM 3KCrrepHMeHTe 

cocTaBIDina 109 M3B. C aHanorli'rnoi1 MeTO,nHKOH 61,mo H3MepeHo HMrryn1,cHoe 

pacrrpe,neneHHe 
8Li rronyqeHHoe H3 pa3aana 9Li Ha 3onorni1 MHIIIeHH. 3KcrrepHMeHT 

rrpOBO.L(IillCJI Ha ycKOpHTerre Y-400M, Ii BTOpHqHblll rryqoK 9Li rrorryqanc,i: Ha ycTaHOBKe 

KOMEAC. 61,m rronyqeH rryqoK 9Li c oqHCTKoi1 ~ 90% H 3Heprnei1 21 M3B/A. B 

pe3yrr1,rnTe 61,mo rrorryqeHo HMrryrr1,cHoe pacrrpe.nerreHHe c IIIHpHHoi1 cr=44±2 M3B/c. 

KaK Ii B crryqae 
7Li rrorryqHJIOCb rrpoMe)KYTOqHoe 3HaqeHHe - 6orrbIIIe qeM y 6He HO 

MeHbIIIe qeM y ClillbHO CBJI3aHHbIX ,i:,nep (pHc.-3). 

50 

45j 
40-l 

-:- 351 
i 30 

l 25 

~ 20 

.a 15 
OJ 

10 

5 

1 
4He (6u + Si), '=u=109 MaB 

• 3Kal. \_j -> 4He+X rJn- - cr = (54 ± 3) M38/c 

0 I 1 , 1 T' 1 • 1 1 • 1 1 ... 1 • 1 1 • 1 
450 500 550 600 650 700 750 800 850 900 950 1000 

P(M38/c) 

Puc. 2. HMnyJ1bCHb1e pacnpeoe!leHWl 4 He noJ1y11eHHb1e u3 pa3eaJ1a 
6 Li Ha Ropax Si. 
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1.2 

1.0 

0.8 

"' 0.6 
"O 
ai 
·;;;. 0.4 

0.2 

0.0 

8
Li{9Li+ Au) Eu=18 MeV/A 

A 3Kcn 9Li -> 1Li+n 

--u=44 :1: 2M3B/c 

-0.2 +-...--~~-~~...--~~-~...--~~-~~...--~~~ 
1060 1080 )100 1120 1140 1160 1180 1200 1220 1240 1260 1280 1300 

P (MeV/c) 

Puc. 3. HMnyllbCHble pacnpeoe!leHWl 8Li noJ1y,1eHHb1e U3 pa3ea!la 9Li Ha Ropax 30!loma. 

TaKHM o6pa30M, B pe3yJibTaTe 3KCrrepHMeHTa o6Hapy)KfIJICJI .L(OCTaTOqHo liHTepeCHblll 

!paKT - .L(JIJI 6He IIIIipHHa IiMIIYJibCHOro pacrrpe.nerreHHJI a-qacTHII, rrorryqeHHbIX li3 ero 

pa3Barra, 0Ka3anacb ~ 30 M3B/c, B TO BpeMJI KaK IIIIipHHbI HMrryn1,cHbIX 

pacrrpe.nerreHHi1, rronyqeHHbIX H3 pa3Bana 6Li OKa3anHcb ~ 50 M3B/c, XOTJI .nrr,i: 

06blqHI,IX ,i:,nep 3Ta BenHqJiHa 061,1qHo COCTaBmieT OKOJIO 95 M3B/c [2]. 3TO 

IIOKa3bIBaeT Ha rrpoMe~oqHoe IIOJIO)KeHHe 6Li Me)K.L(Y ranoo6pa3HbIMii Ii 06b1qHI,IMli 

,i:,npaMH. 

,[{ID! 6onee IIOJIHOro aHanli3a, 6bIJili li3yqeHbI paHee rrorryqeHHbie 3KCIIepHMeHTanbHbie 

.L(aHHbie, qTQ6bI paCIIIIipHTb crreKip rrpHMeHJieMbIX MUIIIeHei1 Ii 3Heprni1. ,[{rr,i: 60JibIIIei1 

HarJIJI.L(HOCTli .L(aHHbie 3aBHCHMOCTb rrpe,ncTaBJieHa B BH,!l;e rpacpHKa (pHc.4). 
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:i: 60 
>'S 
s 
:c 
:!l 50 
~ 
Cl) 

g- 40 
" l:!. 
~ 30 
:c 
" Jl 

;. 20 
C 
::e 
s 

~ 10 
:c 

(
6Li = 4He+d) <5u = 4He+n+p) 

i 6Li2 ~ 
6, • 

0 , EB HaCTORl!laA pa6oTa 

Q 
9Li 

a ■ flMTepaTypHbl8 A3HHbl8 

3 0 ... nMTepa PHbl8 A3HHbl8, cpeAH8HHbl8 

0.0 0.5 1.0 1.5 2.0 2.5 , · 3.0 3.5 4.0 
3HepntH OTAeneHMH HyKnoHa, M38 

Puc. 4. Cucme;,wmuKa utupu11 UMnyllbCHblX pacnpeoeJ1e11uu rppa2Me11moe U3 pa36alla 

pa3.1U'l1lblX JlOep 6 3a6UCtlMOCfflU Om 3Hep2UU C6Jl3U 0011020 WIU 06YX 11eumpOH06 6 3fflUX 

ROpax . 

BH.[(HO, 'ITO Ha6mo.naeTC.H 11mumoe yseJIH'leHHe rrmpHHhl C p0CT0M :meprHH CB.H3ll. 

EcrrH II0CM0TPeTh Ha cxeMy ypoBHeii 
6
Li, TO M0)KH0 YBII.[(eTb, 'ITO :meprH.H 0T.[(eJieHH.H 

.neiiTOHa OT 
6
Li (1.47M3B) cymecTBeHH0 0TJIH'IaeTC.H OT 3HeprnH 0T.[(erreHH.H n+p (3.7 

M3B). lllHpHHa llMIIYJihCH0ro pac11pe.nerreHH.H 3aBHCHT B 0CH0BH0M TOJihK0 OT 3HeprnH 

CB.H3ll ll3Mep.ireMoro qiparMeHTa B .ir.npe. Jfa pnc.4 Bll.[(H0, 'ITO BapHaHT 
6Li➔ 4He+n+p 

JIY'Illle cornacyeTC.H C 11orrytieHHOH 3aBHCIIM0CThlO. TaKIIM o6pa30M, eCTb 0CH0BaHHe 

11orraraTh, 'ITO 3TO TaK)Ke oTpa)KaeT (n-p)-rarro .nrr.ir o+ (3,563 M3B) ypoBH.H 6Li. 

TpeTl,H rJiaBa C0.[(ep)KIIT 0lllfCaHIIe MeT0.[(IIKII M0H0Xp0MaTH3aUHII IIY'IK0B 

ycKopeHHhIX II0H0B Ha ycK0pIITeJihH0M K0MIIJieKce DRIBs B6JIII3ll KYJI0H0BCK0ro 

6apbepa C HCII0Jlh30BaHIIeM MarHIITH0ro ClleKTP0MeTPa MCII-144 Ha BhIBe.[(eHH0M 

10 

11yqKe n BHYTPeHHero 11po6HHKa Ha 11yqKax BHYTPH UHKJI0TP0Ha Y-400, K0T0pa.H 

1103B0JIHJia II0JIYtJHTb 3HepreTII'leCK0e pa3pellleHHe He xy)Ke ±400 K3B 11pH 

llHTeHCHBH0CTll IIYtIKa 2* 107 
c·

1
• lfaMepeHbl q>)'HKUHH B036y)K.l(eHH.H peaKUllll CJIH.HHH.H 

6
He co 

206
Pb C o6pa30BaHHeM llCllapHTeJihHhIX 0CTaTK0B II0CJie llCIIYCKa.H 2-x 

HeiiTPOHOB B o6rracTH 3Heprnii s6rrmn 6apbepa CJIH.HHH.H (E/Bc=0.6+ 1.3). A TaK)Ke 

q>)'HKUHH B036y)K.l(eHH.H peaKUllll II0JIH0ro ll Hell0JIH0ro CJIH.HHH.H 
6
Li C .H.[(paMH Bi B 

lllllp0K0M .[(Halla30He 3Heprnii ( E/Bc=0. 75+ 1. 7). 3TH pe3yJibTaThl 6bIJill II0Jiy'IeHhl C 

IICII0Jih30BaHIIeM HaMll 11pe,nJIO)KeHHOll BhICOK03q>q>eKTHBHOll aKTHBaUHOHHOH 

MeT0.[(llKH. 

3Kc11epHMeHTaJibHO 

206
Pb(

6
He,2n )210

Po 

ll3Mept;HHhie q>)'HKUHH B036y)K.l(eHH.H 

n 
208

Pb(
4
He,2n)21°Po 11pe.ncmsrreHbI Ha 

.[(JI.H 

Pnc.5 • 

peaKUllll 

CetieHne 

206
Pb(

6
He,2n)21°Po peaKUIIII B MaKCIIMyMe B coorneTCTBIIII c pactieTaMII 110 

CTaTIICTII'leCK0ll M0.[(eJIII (CM. IIYHKTIIPHYIO KpIIBYIO) .[(0Jl)KH0 6bITb Marro, TaK KaK ee 

MaKCIIMYM paCII0JI0)KeH llpII 3Heprn.irx Hll)Ke KYJI0H0BCK0ro 6apbepa. O,nHaKO, ll3 

11pe,nCTaBJieHHhIX Ha 3T0M pIICYHKe 3KC11epIIMeHTaJihHbIX .[(aHHbIX BII.[(H0, 'ITO .[(a)Ke llpII 

3HeprnII qacTIIU 
6
He HII)Ke KyrroHoBcKoro 6apbepa peaKUIIII 

206
Pb + 

6
He, cetieHIIe 

o6pa30BaHII.H 
210

Po - 11po,nyKTa II0CJie IICllapeHH.H II3 C0CTaBH0ro Mpa 2-x HeiiTPOHOB -

C0CTaBJI.HeT 3aMeTH0e 3Ha'IeHIIe (-10 M6H). TaKIIM o6pa30M, II3 11orryqeHHhIX HaMII 

.[(aHHbIX BII.[(H0, 'ITO Ha6mo.naeTC.H cymecTBeHH0e yBeJIII'IeHIIe cetieHIIH peaKUllll 

CJIH.HHH.H .H.l(ep 
206

Pb C .H.[(paMII 
6
He B6JIH3II 6apbepa 110 cpaBHeHIIIO C pactieTaMll 110 

CTaTHCTH'leCK0ll M0.[(eJIII. Ha TOM )Ke pIICYHKe (CIIJIOIIIHa.H KpHBa.H) II0Ka3aHbl 

pe3yJibTaTbl pactieT0B Bep0.HTH0CTII peaKUIIII II0JIHoro CJIII.HHH.H C II0CJie.[(YIQIUIIM 

llCllapeHIIeM 2 HeiiTpOHOB 110 .nsyxcTy11eHtiaTOii M0.[(eJIII CJIII.HHH.H [ 4]. 
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208Pb(4He,2n)21°Po 
10

3
1 ")--a-O, 

/ a ' 206Pb(6He,2n)21°Po ,' a ' 

:~ 10
21 \. ! 

1011 =fil~ 
I ' I 

I 

10°j 
...1... I I I 

I 

a 
I I 

0.6 0.8 1.0 1.2 1.4 
E /B 

cm C 

Puc. 5. 3aeucUMocmu ce'leHWl 06pa1oeaHW1 2n-ucnapume!lbHblX ocmamKoe OJ/Jl 

peaK4uii 
206

Pb(He,2n/
10

Po (■) u 
204

Pb(He,2n/10Po (o) KGK <jJyHKt/UU omHoUleHWl 

3Hep2uu 6 cucmeMe 4eHmpa Mace K 3Hep2uu KyJ101wecK020 6apbepa (Ec,/BJ. 

IlyHKmUpHble u Cn!lOUlHaJl KpU6ble 63flmbl U3 pa6ombl [3 J u coomeemcmey10m 

cmamucmu'lecKou MOde!lu (iJJlfl peaK4uii 206
•
208Pb(· 4He, 2n)Po210 

) u MoiJe!lu 

nocJ1eiJoeame!lbH020 C!lWlHWl [3, 4} (dllfl peaK4uu 206 Pb( He, 2n)Po210 
), 

coomeemcmeeHHO. 

Ha Puc. 5 ,nm1 cpaBHeHll51 npe,ncTaBJieHa cpyHKUll51 B036y,K,D;eHll51 .D;JI51 peaKUllH 

208
Pb(4He,2n)21°Po, B Kornpoil: o6prooBbIBaJIOCb TO )Ke cocTaBHoe 51,npo 

212
Po, qrn u B 

CJiyqae C nyqKOM 6He. 11JMepeHll51 npOBO.D;HJlllCb HaMll Ha UllKJIOTpoHe 

I0B5ICKIOJibCKOfO YHllBepCHTeTa (<l>HHJI5IH.D;ll51) C IlOMOIUbIO OilIICaHHOH BbIIIle 

aKrnBa{lllOHHoil: MeTo,nuKu. CpaBHeHue ceqeHuil: .D;JI51 ,nByx peaKUilil: 
206

Pb(6He,2n)210Po 

ll 208Pb(4He,2n)210Po, Il0Ka.3bIBaeT Ha JHaqI1TeJibHOe BJill51Hlle BXO.D;HOro KaHaJia 

peaK{lllll Ha npouecc CJlll5IHil51. B CJiyqae peaK{llllf co cJia6o-CB513aHHbIM 51.D;pOM, 

CJlll5IHile C OTHOCllTeJibHO BbICOKOH Bep05ITHOCTbIO MO)l(eT npoTeKaTb B 

12 

1 
l 

} 

l 

rny60Kono.n6ap1,epHoil: o6JiaCTll :meprnil:. Xopomee cornacue 3KcnepuMeHTaJibHbIX 

cpyHKUllH BOJ6y,K,D;eHll51 C pacqeTOM no ,nByxcTyneHqarnil: MO,D;eJill CJlll51Hll51 .D;JI51 

peaKuuu 
206

Pb(6He,2n)210Po cBu,neTeJI1,crnyeT o TOM, qrn npouecc nocJie,noBaTeJibHOil: 

nepe,naqII HeHTPOHOB .D;JI51 CJia6oCB513aHHblX 51,nep, Il0-1311.D;llMOMY, 5IBJI5leTC51 OCHOBHblM 

cpaKTOpOM, BJlll5IIOIUll¥ Ha Bepo5ITHOCTI, CJIIl5IHH51 6He II 206Pb II yBeJII1qunaIOIUllM 

ceqeHue peaKuun: B rny60Kono,n6ap1,epHoil: o6Jiacrn. 

KpoMe Toro, 61,mo npoBe,neHO 3KcnepuMeHTaJibHOe HCCJie.D;OBami:e peaKUllH IlOJIHOro If 

HenOJIHoro CJIH51Hll51 
6Li c 51,npoM Bi B mupoKOM ,nI1anrooHe 3Heprnil: ( E/Bc=0. 75+ 1. 7). 

3Kcnepn:MeHT 61,m BbIIlOJIHeH. Ha YCKOpllTeJie y 400 Jia6opaTOpllll 51,nepHbIX peaKUllH 

O115IH C IICilOJlbJOBaHlleM rryqKa IIOHOB 6Li C 3Heprneu 55±0.6 M3B. ,[(JI5I IIOJiyqeHil51 

rryqKa C BI,ICOKHM 3Heprern:qecKllM propemeHn:eM B pa6oTe llCIIOJlb30BaJIC51 MeTO.D; ero 

MOHOXpOMaTHJaUllll C IIOMOIUbIO MarHllTHoro aHaJillJaTopa. ,[(JI51 perllCTpaunu 

npo,nyKTOB peaKUHH npn:MeH5IJIC51 aKTHBaUHOHHbIH MeTO,n. bblJIH llJMepeHbl 

3HepreTn:qecKn:e 3aBHCHMOCTll BblXO.D;OB npo,nyKTOB pa.3JillqHI,IX KaHaJIOB peaKUilll . .[(mi 

BI,JqllCJieHll51 ceqeHllH KOHKpeTHbIX KaHaJIOB peaKUllll ITO a-pacna.ny npo,nyKTOB 3THX 

peaKUllH yqn:TbIBaJiaCb, IIOMHMO IIOTOI<a 60M6ap,nupyromI1x qacTllU, 3cpcpeKTllBHOCTI, 

pern:cTpaun:u llCIIOJlbJyeMbIX ,neTeKTOpOB (oHa 61,ma He Xy)l(e 30%), 'IHCJIO 

o6pa.30BaBllllfXC51 51,nep C yqeTOM Bep05ITHOCTll aJibcpa-pacrra.na, a TaK)l(e 3a,nep)l(Ka no 

BpeMeHII ,no HaqaJia Ka,K,D;oro H3MepeHI1il: n BpeM51 HJMepeHil51 a-pacrra.na HaBe,neHHoil: 

aKTHBHOCTH B Ka,K,D;oil: MlllIIeHII. PacqllTaHHbie TaKllM o6pa.30M JaBllCllMOCTH ceqeHllH 

OT 3Heprnll .D;JI51 peaKUllH IIOJIHOro CJlll5IHH51 C rrocne.nyromllM ucrrapeHlleM Heil:TPOHOB 

rrpe,ncTaBJieHbI Ha Pilc.6. 

J13 pucyHKa BH.D;HO, ~o BO Bceil: o6nacTn: 3Heprnil: nMeeTC51 xopo11Iee cornacue 

HJMepeHHI,IX cpyHKUHH B036y,K,D;eHH51 C peJyJibTaTaMH, rronyqeHHI,IMH B pa6oTe [6]. KaK 

cne,nyeT HJ IIOJiyqeHHbIX .D;aHHbIX B rro,n6apbepHOH o6naCTH 3Heprnil: Ha6nro,naeTC51 

OTHOCHTeJibHO BblCOKM Bep05ITHOCTb. npouecca CJIH5IHH51. Cne,nyeT OTMeTHTb, ~o 

3KCrrepnMeHTaJibHble cpyHKUHH BOJ6y,K,D;eHll51 ncnapuTeJibHI,IX peaKUHH ·xopomo 

cornacyI0Tc51 c pacqeTaMH no CTaTncrnqecKoil: Mo,nenn [5]. 
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~ 10° 
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j 
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E11a6(MaB) 

Puc. 6. <PyHKlfUU eo36y:J1Coemm o6pmoeamm ucnapume11bHblX ocmamKoe, no11y•zeHHbZX 6 

6L·+2D9B- 3 peaKlfUJlX nO!IH020 CIIUJIHUJI l I. KCnepUMeHmaJlbHble 3Ha'leHUJl, no11y'leHHble 6 

HacmOllUJeU pa6ome, npei)cmae11eHbl cm1eo11aMu • ~ • Ollll 3,n 4n u 5n 

ucnapume11bHb1x KaHaJI06, coomeemcmeeHHo. /(!Ill cpaeHeHUJl, 3KcnepUMeHmaJlbHble 

oaHHb1e U3 pa6omb1 [6] no 3n u 4n ucnapume11bHbZM KaHaJlaM npeocmae11eHbZ O. V 

CUM60llaJltU. Kpuebze coomeemcmey,om pac'lemaM no Kooy ALICE-MP [5]. 

B cnyqae peaKUHH HeITOJIHOfO CJIH.IIHHII ITPOHCXO)UIT CJIHIIHHe o6pa30BllBWHXCII 

q>parMeHTOB (
4
He H d) B pe3ynhTaTe pa3Bana 

6Li c R~poM MHWeHH. HaH6onee 

BepOIITHhIM npoueccoM, IlO-BH~HMOMY, IIBJllleTCII ITornomeHHe o6pa30BaBWHXCII 

~eHrpOHOB HJ-Ja Mem,wero 3HaqeHHII KYJIOHOBCKOfO 6apbepa. CJIHIIHHe ~eHrpOHOB C 

14 

ll~paMH MHWeHH ITO cpaBHeHHIO C aJihq>a- qaCTHUaMH TaK)I(e 6onee npe~IToqr1neJibHO, 

HCXOM HJ JHaqeHHH Q-peaKUHH: 

lO 
~ 

b 

6Li+209Bi-+4He+211Po (0= 5.8 MeV) 

6Li+209Bi-+2H+213At (0= - 10.7 MeV) . 

103 
□ D D ~□ □ D 

CD □ D ~ ...... , .. ~,..., 
,..., t,. 

~ 
~ ~ 'flf"' t,. ~ f ~ 
r ~ftf 

□ ;pt 
D 2098 . · 1(d,fusion) [Ramler] 

,..., t,. 2098'(6 . 210 
. I L1,x) Po [Dasgupta] 

102 

101 

1 o0 

• 2098.(sL. 20a 1 l,X) Po 

1 ff 1 1 ■ 209Bi(6Li,x)210Po 1 
D 

0.5 1.0 1.5 2.0 
. EcM/Bc 

Puc. 7. <PyHKlfUJl eo36y:J1CoeHUJ1 o6pa3o6aHUJl U3omonoe 208
· 
2/0Po e peaKlfUU 

6
Li+

209
Bi. 

3KcnepUMeHmaJlbHbze 3Ha'leHUJl npeocmae11eHb1 • u • CUM6011aim, coomeemcmee_HHO. 

/(!Ill cpaeHeHUJl, 3KCnepUMeHmaJlbHbZe oaHHbze U3 pa6ombl [71 no no11HOMY C!IUJIHU/0 6 

peaKlfUU d+209Bi npeocmae11eHb1 0 cUMeo11aMu, a maK:J/Ce <jJyHKlfUJl eo36y:J1CoeHUJ1 OM 

peaKlfUU 209Bi(6 Li,x/10Po [8} eeuoe 11 cUMeo11oe. 

,[J;JIII cpaBHeHirn ua pHc.7 ITpHBe~eHbI ~aHHbie ITO peaKUHH CJIHIIHHII d+209
Bi HJ pa60ThI 

[7]. BH~HO, qTQ XO~ q>yttKUHll BOJ6y~eHHII H a6coJIIOTHbie ceqemrn B o6oHX cnyqaRX 

(peaKUHH ueITOJIHOro CJIHIIHHII C 
6
Li H peaKUHH ITOJIHOfO CJIHIIHHII d+209

Bi) COBIT~aIOT. 
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B pa6oTe [8] 6hlJI rrpoBe,D;eH amuun peru<UIIii 
9
Be+

208
Pb II 

18O+198
Pt , B KOTOpbIX 

o6pa.3yIOTCSI COCTaBHble Si,D;pa pa,D;OHa, Te )Ke, 'ITO H B cnyqae peaKUIIli C 
6

•
7Li ' Ha 

BIICMYTOBOil: MmueHII. <I>yHKUIIII B036~eHIISI B :HOM cnyqae TaK)l(e xopoIIIO 

OIJIICbIBaIOTCH CTaT1IcrnqecKOH MO.D;eJiblO. KaK IJOKa.3aHO B 3TOH pa6oTe, BKJia,D; 

rrpoueccOB, CBH3aHHblX C rrepe,D;aqeii qacrnu H.D;py-MIIIIIeHII, rrplIBO,!l;Hll(eil: K 

o6pa.3oBaHIIIO II30TOIJOB Po II At rrpeHe6pe)l(IIMO MaJI (< 2% OT O'xn ). 3TO IJ03BOJIHeT 

C,D;eJiaTb ,D;Ba Ba)l(HblX ,D;JISI Hae BI,IBO,D;a: BO-rrepBbIX, o6pa.30BaHIIe II30TOIJOB Po II At He 

rrpOIICXO,!l;IIT qepe3 KaHaJI IJOJIHOro CJIIISIHIIH (CF) B peaKUIIHX C HOHaMII 
6Li; BO-BTOpbIX, 

B peaKUIIHX C IIOHaMII JIIITIISI IIMeeTCSI 60JII,IIIOil: BKJia,D; OT peaKUIIH HeIJOJIHoro CJIIIHHIISI. 

qeTBepTaH rJiaBa IJOCBHII(eHa yrrpyroMy pacceHHIIIO 
6Li Ha 

12
C II 

12
C Ha 

12
C • 

PaccMaTPIIBaIOTCSI pa.3JIIIqHI,Ie 3KCrrep1IMeHTaJII,Hble MeTO,!l;bl II3MepeHIISI yrnOBblX 

pacrrpe,D;eJieHIIil: yrrpyroro II neyrrpyroro paccesiHIIH. B nacrnsimeil: pa6oTe 

IICIIOJib30Bancsi MarHIITHbiil: aHaJIII3 c IICIIOJib30BaHIIeM MCIT-144. IlpoBe.D;eHM 

II3MepeHIIH yrnOBI,IX pacnpe,D;eJieHIIll ynpyroro II rrepBoro B036y)l(,D;eHHOro ypoBHSI 

pacceHHIIH H,D;ep 
6Li C 3Heprneil: 63±0.5 M3B Ha Si,D;pax MIIIIIeHII 

12
C B ,D;IIaIIa.30He yrJIOB 

OT 10 ,!J;O 95 rpa,D;yCOB B CIICTeMe ueHTPa Mace. OrrlICblBaIOTCH, npoBe,D;eHHbie HaMII, 

pacqeTbI yrnoBbIX pacnpe,D;eneHIIH ynpyro II ueynpyro pacceHHbIX H.D;ep 
6Li B p_aMKax 

orrTIIqecKoil: Mo,D;eJIII II MeTO.D;OM DWBA, coorneTCTBeHHO. Ilpe,D;JIO)l(eHa 

napaMeTPII3aulIH ~eHOMeHOJIOr1IqecKoro orrrnqecKoro IIOTeHUIIaJia B3alIMO,D;eiicTBIISI 

H,D;ep 
6Li B IIIIIpOKOM ,!l;IIaIJa.30He Mace H,D;ep MIIIIIeHII, KOTOpM Heo6XO,D;IIMa ,!l;JIH aHaJIII3a 

,!l;aHHblX, KOTOpble 6y.D;YT nonyqeHbI, ua pa,D;IIOaKTIIBHOM rryqKe 
6
He. TaKIIM o6pa.30M, 

npe.D;JIO)l(eHHM MeTO,!l;UKa, II03BOJIIIT rrpOII3BeCTII rrpeUU31IOHHble II3MepeHIISI yrnoBbIX 

pacrrpe.D;eJieH1Iil: yrrpyroro paccesiHIIH Ha ycKopeHHOM pa,D;1IoaKT1IBHOM nyqKe 
6
He ua 

ycTaHOBKe DRIBs nplI IIHTeHCIIBHOCTII nyqKa ue Menee 10
8
c-

1
• 
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Puc. 8. H3MepeHHble u pac'lemHble ou<jJ</JepeHlfUaJlbHble ce'leHW! ynpy2020 u 

neynpy2020 pacceRHW! 6Li 11a ROpax 12C. C11J1outHbze CUM60llbl :JKcnepw.1eHmaJ1bHb1e 

oaHHble npu E = 63 M:JB, nolly'leHJtbze e i)annou pa6ome, c11J1out11aR u nynKmupHaR 

Kpuebze - ou<jJ<JJepe111fUaJ1bHOe ce'le11ue ynpy2020 pacceRHW!, pacc'luman11oe no 

onmu'leCKOU MOOellu OJIR E = 63 u 59.8 M:JB, coomeemcmee11110. lllmpuxoeaR KpueaR -

ou<JJ</JepeHlfUaJlbHOe ce'leHue 11eynpy2020 pacceRHWI 
12cf Li.6Li/

2
C* (2+, 4.44 M3B), 

pacc'luma1111oe MemoooM DWBA. Tpey20J1bHUKU - ce'leHW! ynpy2020 pacceRHW!, 

u3MepeHHb1e e pa6ome [9] OllR oa1111ou peaKlfUU npu 311epwu 59,8 M:JB, 3ee300'lKU -

ce'leHW! 11eynpy2020 pacceRHWI npu 311epwu 63 M:JB, U3MepeHHbze e pa6ome [IO]. 
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KpoMe Toro, C HCIIOJJb30BaHHeM MCT0J(HKH MarHHTH0ro CITCKTp0MeTpa, 6bmH 

rrponJBe.neHbI HJMepeHug yrnoBbIX pacrrpe.neneHuii yrrpyroro u Heyrrpyroro paccegHug 

jl,[(ep 
12

C c :meprneii 121,5±0,8 M3B Ha gapax MHIIIeHu 12C B .[(HamnoHe yrnoB oT 18 

ao 50 rpaaycoB B cucTeMe ueHTpa Mace. OrrucbrnaeTcg aHanu3 orrpe.neneHug paauycoB 

,[(JJH OCHOBH0ro H B036y)K.[(eHHbIX C0CTOHHHH C Il0M0IUbIO amppaKUHOHHOro Mernaa. B 

pe3yJJbTaTe aHaJJH3a yrn0BbIX pacrrpe.neneHuii · Il0JJ}"ICHbI 3KcrrepuMeHTaJJbHbie 

CBHJ(CTCJJbCTBa TOro, 'ITO paauyc B036y)K.[(eHHOro C0CT0HHHg 0+ (7.65 M3B) B HJ(pe 12C 

cymecTBeHH0 60JJbllle paauyca KaK 0CH0BH0ro C0CT0HHHj{, TaK H C0CTOHHHj{ 2+ ( 4.44 

M3B). 
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Puc 9. Y21108oe pacnpeiJeReHue ynpyww u Heynpyww pacceRHUR 12C 8 peaKIJUU 12C + 
12

C npu 3Hepzuu Eu. = 121.5 M3B. Heynpywe pacceRHue npoucxoiJum npu 

8036y:»eiJeHuu 2+(4.44 M3B) u 0+(7.65 M3B) - cocmoRHuu 12C.C11.1101.UHaJl KpU8aJl -

pac'lem no onmu'lecKou MoiJellu. 
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I-fa pucyHKa 9 BH.[(H0 xopoIIIee cornacue yrnoBbIX pacrrpe.neneHuii rrorry'IeHHbIX .[(JJH 

0CH0BH0ro C0CT0HHHH peaKUHH 12C + 12C KaK C JJHTepaTYPHbIMH J(aHHbIMH, TaK H C 

TeopeTH'ICCKHM pac'IeT0M. 

B .naHHoii pa6oTe 6brno rrpoBe.neHo mMepeHue yrnoBbIX pacrrpe.neneHuii yrrpyroro u 

Heyrrpyrnx (4.44, 7.65) KaHaJJOB peaKUHH 
12

C+
12

C, rrpu :meprnu E=l21.5 M3B, B 

yrnoBoM .nuarrrooHe OT 18 ao 50 rpaaycoB B cucTeMe ueHTpa Mace. 

IIo Il0JJ0)KeHHIO J(Hq>paKUHOHHblX MHHHMYM0B u MaKCHMYM0B, 6hmH . pacc'IHTaHbI 

J(Hq>paKUHOHHbie paauychI MH 0CH0BH0ro H 0\7.65 M3B) COCTOHHHH. B pe3yJJbTaTe 

Il0JJY'IHIT0Cb, 'ITO cpeaHee 3Ha'IeHue J(Hq>paKUHOHHOro paauyca J(JJH C0CT0HHHH 0\7.65 

M3B) 60JJbIIIe Ha 0.5 fm 'IeM J(JJH 0CH0BH0ro C0CT0HHHH. 3TO cornacyeTCj{ C 

pe3yJJbTaTOM pa6oTbl [11 ], IT0JJ}"ICHbIMH rrpu paccegHHH a-'IaCTHU H 3He. na Hapax 12C. 

TaKHM o6pa30M rroarnep)K.naeTCH 'ITO paauyc C0CTOHHHH 0\7.65 M3B) (COCTOHHHH 

Xoiina) aH0MaJJbH0 60JJbIIIOH. 

B 38KJIIOqeuuu rrepe'IHCJJeHbl 0CH0BHbie pe3yJJbTaTbl, rrony'IeHHbie B .nuccepTauuu: 

1. C03,[(aHa MeT0J(HKa H3MepeHHH xapaKTepHCTHK HJ(epHbIX peaKunii Ha rry'IKax 6He C 

0TH0CHTCJJbH0 HH3K0li HHTCHCHBH0CTbIO C HCIT0JJb30BanueM KaK rrpeUH3H0HH0ro 

MarHHTH0ro aHanma, TaK H BblCOK03q>q>eKTHBHOli aKTHBaUHOHHOli MCT0J(HKH. 

2. COJaaH crreuuanmupoBannhiii rrporpaMMHhIH K0MrrneKc J(JJH na6opa u o6pa6oTKH 

MH0rorrapaMeTpH'IeCKHX 3KCrrepuMeHTaJJbHbIX .naHHbIX, rronyqaeMbIX C ITQM0IUblO 

rrpeumuoHHoro MarnuTnoro crreKTpoMeTpa MCII-144 

3. Propa6oTana MeT0J(HKa M0H0Xp0MaTmauuu Il}"IK0B ycKopeHHbIX H0H0B na 

ycK0pHTCJJbH0M K0MITJJeKce DRIBs B6JJH3H KYJJ0H0BCK0ro 6apbepa C HCIT0JJb30BaHHeM 

MarnHTH0ro crreKTp0MeTpa MCII-144 Ha BbIBe,[(eHH0M rryqKe u BHyTpeHHero rrpo6HHKa 

Ha rry'IKaX BHyTpH UHKJJ0Tp0Ha Y-400, K0T0pM Il03B0JJHJJa Il0JJY'IHTb 3HepreTH'IeCK0e 

propeIIIeHne ne xy)Ke -400K3B rrpn HHTCHCHBH0CTH rryqKa 2 * l O 7 c-1. 
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4.l13MepeHI,I umpHHbl lfMilYJibCHbIX pacnpe.nenemiil: 4He, noJiyqeHHbie lf3 pa3BaJia 6He 

lf 6Li Ha pa3JilfqHbIX .impax MlfIIIeHH B IIIHpOKOM ,!l;lfaDa3OHe :mepnm, KOTOpbie 

catt.neTeJihCTBYIOT o HaJilfqlflf rano B .impe 6He H o rrpoMe)I{yTOqHoM n-p rano a 6Li. 

5. ITonyqeHbl 3KCnepHMeHTaJibHbie 3aBHClfMOCTlf ceqemur o6pa30BaHlfH 2n­

HcnapHTeJibHbIX ocTaTKOB ,!J;JIH peaKIJlfll 206Pb(6He,2n)21°Po H 208Pb(4He,2n)21°Po, 

KOTOpbie .neMOHCTplfPYJOT, ~o peaKIJHH CJllfHHlfH .impa 6He C H,!l;paMH MHIIIeHH 206Pb 

rrpoucxo,nm rny6oKo rro.n 6apbepoM. 

6. 3KcnepHMeHTaJibHO H3MepeHbl <pyHKIJHH B036y)I{,!l;eHHH o6pa30BaHHH 

ucrrapuTeJibHbIX OCTaTKOB, noJiyqeHHbIX B peaKIJHHX IIOJIHOrO H HelIOJIHOro CJIHHHHH 
6Li+209Bi. I10Ka3aHO, ~o C HaH60JibIIIeil: BepoHTHOCTblO rrpoHCXO,!l;HT rrepe.naqa 

KJiacTepa d Ha KYJIOHOBCKOM 6apbepe. 

7. 113MepeHbI yrnoBhie pacnpe.neneHHH yrrpyroro H Heynpyroro pacceHHHH 6Li B 

peaKIJHH 6Li+12C npH 3Heprnu E6L;=63 M3B, H 12C B peaKIJlfH 12C+12C npu 3Heprnu 

E12c=l2l.5 M3B, KOTOpbie .neMOHCTpHpYJOT, ~o pa.nuyc B036y)I{,!l;eHHOro COCTOHHHH o+ 

(7.65 M3B) B .impe 12C cymecTBeHHO 6oJibIIIe pa.nuyca KaK OCHOBHoro COCTOHHHH, TaK 

H COCTOHHHH 2+ (4.44 M3B). 

B npHJIO;KeHHH OIIHCbJBaeTCH MeTO,!l;HKa pacqeTa KHHeMaTlfqecKHX xapaKTepHCTHK ,!l;JIH 

yrrpyroro u Heynpyroro paccesrHHH u peaKIJHil: nepe.naq, 
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