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XAPAKTEPHCTIIKA PAEOThl 

AKTyaJihHOCTh upo6JieMLI: IIpo6neMa B3aHMo,n:eiicTBH51 51,n:ep c HeliTpOHH1IM rano 

y)Ke MHoro neT, c MOMeHTa ero OTKp1ITll5I, 51BJI51eTC5I rrpe,n:MeTOM 3KCIIepHMeHTM1H1IX ll 

TeopeTff':IecKrrx rrccne,n:oBaHHH. Oco6eHHOCTH cTpy1<Typ11 ranoo6pa3H11x 51,n:ep ,n:omKH1I 

rrpo5IBJI51T1C5I rrprr HX B3aHMo,n:e:HcTBHH c ,n:pyrHMH 51,n:paMH. TaKHe 51,n:pa 51BJI51IOTC51 

cna6ocB5I3aHH1IMH, qTo .n:omrrno IIpHBO.IJ:llTb K yBeJIHqeHHIO Bep051THOCTe:H HX pa3Bana, 

KOTOp11:H MO)KeT corrpOBQ)K,ll;aT1C51 rrocne,n:yiorn:n:M CJIH51HHeM 51.IJ:pa OCTaTKa (Kopa) c 

51.IJ:poM MHIIIeHH HJIH rrepe,n:aqJI HYKJIOHOB. Oco611.H HHTepec B1I3bIBaIOT peaKUHH Ha 

rry"l!Ke 6He c o6pa30BaHHeM cocrnBH11x 51.IJ:ep rr HX rrocne.n:yroll(HM pacrra.n:oM no 

KaHanaM ttcrrapemrn: HeiITpOHOB HJIH .n:eneHH51. HecMoTp51 Ha rro"C:ITH TPH.IJ:UaTHJieTHIOIO 

HCTOpHIO H3y"C:IeHH5I 6He n:mpopMaU:II5I 0 ero CBOMCTBax, a TeM 6onee 0 MexaHH3Me ero 

B3aHMO,n:e:HCTBH51 c .n:pyrnMH 51,n:paMH .IJ:OCTaTQqHQ rrpOTHBOpe"C:IFIBa. 3TH rrponrnope"C:IH51 

cBn:,n:eTen1crnyroT o Tpy,n:Hocrnx rrocraHOBKH 3Kcrrepn:MeHTOB Ha rryqKax 

pa,n:HoaKTHBH1IX JI,n:ep, KOTop11e orrpe.n:en51IOTC51 OTHOCHTeJI1HO cna6o:H 

HHTeHCHBHOCT1IO BTOpH"l!HhIX IIY"CJKOB, "C!TO He II03BOJI51eT rrony"C:IaTb CTaTHCTH"C:IeCKH 

Ha,n:e)KH11e pe3yn1raT11, oco6eHHO B 06nacn1 oKono 6ap1epH11x 3Heprn::H. KpoMe :noro, 

.IJ:JI5I HCCJie,n:oBaHH5I cpyHKU:HH B036y)K,n:eHH51 B IIIHpOKOM .n:n:arra30He 3Heprrr:H (5-70 

M3B/ A) rrpHxo,n:HTC51 Bap1HpoBaT1 3Heprmo rryqKa, "l!To 3aTpy,n:H5IeT rrocraHOBKY 

3KcrrepHMeHTa H B He1<0Top11x cny-qa51x yBemrqrrnaeT 3HepreTH"lleCKHH pa36poc 

BTOpH"l!Horo rryqKa. Bee 3TO rrpHBO.IJ:HT K Heo6XO.II:HMOCTH HCIIOJI130BaHH5I .n:eTeKTOpH1IX 

CHCTeM c BhICOKOR 3cpcpeKTHBHOCT1IO perHCTpaU:HH, MOHOXpOMaTH3aU:HH BTOpH"l!HOro 

rry"l!Ka u rrpHBe,n:eHH5I 3KcrrepHMeHTOB rro.n: rrepe.n:mrMH yrnaMH. 

3TH ycnoBH5I 61rnH B11IIOJIHeH1I HaMH B rrpou:ecce rrpose.n:eHH5I OIIHCaHHhIX HH)Ke 

3KCrrepHMeHTM1H1IX 3KCIIepHMeHTM1H1IX HCCJie.D,OBaHHH. 

rJiaBHaSI ueJIL pa6oThl: l13y-qeHrre oco6eHHocTeiI, rrpo5IBJI5IIOrn;Hxc5I rrpH 

B3aHMo,n:e:HcTBHH cna6ocB513aHH1IX 5IJJ:ep- 6Li, 6He, c ,n:pyrnMH 5I)lpaMH. B pa6oTe 

v 4H 6H 6L· H3Y"CJMHC1 nmprrH11 HMrryn1cH11x pacrrpe,n:eneHHII e H3 pa3Bana e H 1 Ha 

pa3JIIfqH1IX 5I)lpax MmIIeHH B )lllaIIa30He 3Hepmli 10MeV/A<E<46MeV/A, c u:err110 
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IIOJiyqemur HHcpopMaI(HH 0 H<lJIHqrrn H CTpyKType rarro B 5!,Il;pax 6He H 6Li. DbIJIH 

H3MepeHbI cpyHKI(HH B036y:>I<,UeHH5! peaKI(HH IIOJIHOro H HeIIOJIHOro CJIH5IHH5I 6He H 6Li c 

pa3JIHqHbIMH 51,n:paMH rrpH :meprnH B6JIH3H KYJIOHOBCKoro 6apbepa c 3HepreTHqecKHM 

pa3perneHHeM He xy)Ke ±400 K3B. )J;JI51 TaKOro po,n:a rrccJie,n:oBaHHH 6brna pa3pa6ornHa 

H C03):(aHa MeTO.IJ:HKa H3MepeHH5! xapaKTepHCTHK 51,n:epHbIX peaKI(HH Ha rryqKax 6He c 

107 -1 HHTeHCHBHOCTbIO ,[(0 c , a TaK)l(e MOHOXpOMaTH3aI(HH pa,n:HoaKTHBHbIX rryqKOB 

ycKopeHHbIX HOHOB rrpH c6poce HX 3HeprnH: .n:o KYJIOHOBCKOfO 6apbepa Ha 

ycKop1neJibHOM KOMIIJieKce DRIBs. 

Ha 3aIIJ,HTV BhIHOCHTCH CJie,!1,yromu:e OCHOBHhie pe3yJILTaTbl: 

1. 3KcrrepHMeHTa.JibHbie 3HaqeHH5I rnrrpHH HMIIYJibCHbIX pacrrpe,n:eJieHHH 4He, 

6H 6L· IIOJiyLieHHbie H3 pa3Ba.Jia e H 1 Ha pa3JIH':IHbIX 5!,Il;pax MHIIIeHH B IIIHpOKOM 

,n:Harra3oHe :mepnrn (OT 1 OM3B/ A .n:o 46M3B/ A). 

2. MeTO.IJ:HKa MOHOXpOMaTH3aI(HH rryqKOB ycKopeHHbIX HOHOB Ha ycKoprrTeJibHOM 

KOMrrneKce DRIBs B6JIH3H KYJIOHOBCKoro 6apbepa c HCIIOJib30BaHrreM 

MarHHTHoro crreKTpOMeTpa MCII-144 Ha BbIBe,n:eHHOM rryqKe H BHyTpeHHero 

rrpo6HHKa Ha rryqKax BHYTPH I1HKJIOTpoHa Y-400. 

3. 3KcrrepHMeHTaJibHbie 3aBHCHMOCTH ceqeHH5! o6pa30BaHH5I 2n-HcrrapHTeJibHbIX 

OCTaTKOB ,I(JI5! peaKI(HH 206Pb(6He,2n)210Po H 204Pb(4He,2n)210Po B OKOJI0-

6apbepHOH o6naCTH 3HeprnH (E/Bc=0.6+ 1.3). 

4. 3KcnepnMeHTa.JlbHbie pe3yJibTaTbI no cpyHKI(H5IM B036y)l<.IJ:eHH5I o6pa30BaHH5! 

rrcrrapHTeJibHbIX OCTaTKOB, rronyLieHH:bIX B peaKIIH5IX IIOJIHoro CJIH5IHH5! 

6Li+209Bi, a TaK)Ke H3MepeHHbie cpyHKIIHH B036y)I(,n:eHH5I o6pa30BaHH5I H30TOIIOB 

208• 210Po, B peaKU:HH HeIIOJIHOfO cmrnmrn: 6Li + 209Bi --+ 4He + 211Po H 

rrocne,n:yromnM rrcrrapeHHeM HeHTpOHOB, B IIIHpOKOM ,n:HaIIa30He 3HeprHH 

(E/Bc=0.75+1.7). 

5. Pe3yJII>TaTbI H3MepeHH5! yrnoBbIX pacrrpe.n:eJieHrrH: yrrpyroro H Heyrrpyroro 

pacce5IHH5! 6Li B peaKIIHH 6Li+12C rrpH 3Heprnrr E(6Li)=63 M3B, , a TaK)Ke 
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yrnoBbie pacrrpenenemrn yrrpyroro II Heyrrpyroro pacce5IHII5l 12C B peaKUIIII 

12C+12C rrpn ::meprnII E(12C)=121.5 M3B. 

OcHOBHhie pe3yJihTaTbI H HarrnaH HOBH3Ha 

BrrepBbie: 

Ha ycKopIITenbHOM KOMrrneKce DRIBs 6brn BbIIIOJIHeH l(HKJI nccnenoBaHIIli B 0Kono-

6ap1>epHoli o6nacTn 3HeprnH: Ha pannoaKTIIBHOM rryqKe 6He. 

TionyqeHa HHcpopMau:m1 o rraparrnen1>Holi cocTaBJI5IIOII(eli nMrryn1>cHoro pacrrpeneneHH5l 

6He rrpn 3HeprIIII 10 M3B/ A II 6Li rrpII 3HeprII5IX 18 II 46 M3B/ A. 

Pa3pa6ornHa H lICIIOJlb30BaHa B 3KCI1epIIMeHTaX MeTO,JJ;HKa, COBMell(aIOII(a5I 

rrpel(H3IIOHHbIH MarHHTHbIH crreKTpOMeTp H BbICOK03cpcpeKTHBHbIH aKTIIBaUHOHHblH 

amurn3, KOTopa5I KOTOpa5I II03BOJIHJia rrpoBeCTII rro.ri:o6Hble HCCJie,JJ;OBamrn. 

TionyqeHa IIHcpopMaUH5I 0 ceqeHH5IX peaKI(IIII rron6apbepHoro CJIII5IHIIII 6He+206Pb. 

06Hapy:a<eHHO 3HaqIITeJibHOe ( 1000 pa3) ycIIneHne ceqeHH5l rron6apbepHoro cmuIHH5l 

B 3TOH peaKI(HH. 

06Hapy)KeHo yBenuqeHne ce'leHH5l rrepe,n:a'IH KnacTepa ( d) B6nm11 KynoHoBcKoro 

6ap1>epa B peaKI(HH 6Li+209Bi. 

IIpaKTnqecKaH 3HaquMOCTh 

Pa3pa6omHH1>1:H B HaCT05III(eli pa6oTe MeTO)l MarHHTHoro crreKTpoMeTpa B 

CO'leTaHHH c aKTHBal(HOHHbIM aHaJIH30M II03BOJI5IeT HCCJie)lOBaTb peaKI(Hil c 

pa;::i:HoaKTHBHbIMH rry'IKaMII HH3KOH HHTeHCIIBHOCTH (~106c-1), KaK B J15IP OM5II1 Ha 

ycKopHTeJibHOM KOMrrneKce DRIBs, TaK 11 B .upyrnx ueHTpax. Tiony'leHH1>1e )laHH1>1e 

rrpencmBJI5IIOT HHTepec .IJ:JI5l )laJihHelirnero nccne.ri:oBaHH5I cTpyKTYPbI 3K30T11qec1<11x 
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5!,Uep KaK B 5!,UepHhIX peaKu;irnx, TaK :u: B ,Upyrnx o6nacrnx nayKn, narrpnMep B 

acTpocjm3HKe. 

Annpo6aum1 paooThI 

3naq:u:TeJihHa5I qacTh pe3yJihTaTOB 6hrna rronyqena BrrepBhie. Pe3yJihTaThI 

llCCJie,UOBaHHH rrpe,n:CTaBJI5IJIHCh aBTOpOM Ha Me)K,UynapO,UHhIX KOHcpepem::i;H5IX H 

COBeII(aHH5IX: 

1 VII Open Scientific Conference of Yang Scientists JINR Dubna February 2003 

(ycTHhIH ,UOKJiaLJ:) 

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

17-21 June, 2003, Moscow, Russia 

(rrocTepnn1H: ,n:oKnan) 

3 LIV International Meeting on Nuclear Spectroscopy and Nuclear Structure 

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

(ycTHhIH ,UOKJia,U) 

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

2004 

(rrocTepHhIH LJ:OKJia,n:) 

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

(ycTHhIH LJ:OKJia,U) 

6 International Meeting "XV th Colloque GANIL", Giens, France,29.05.2006 -

02.06.2006 
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(rrocTepHbIH ,[(OKJia,n:) 

7 57 International Meeting on Nuclear Spectroscopy and Nuclear Structure 

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

(ycTHbIH ,[(OKJiaJ() 

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

19, 2009 Cheboksary Russia 

(ycTHblH ,ll;OKJiaJ() 

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

- 03.10.2009 

(rrocTepHbIH ,[(OKJia,n;) 

Pe3yJibTaTbl HCCJieJ(OBaHHH orry6mIKOBaHbI B BOChMH CTaTb5IX B pecpepHpyeMbIX 

)KypHanax. 

CTpyKTypa 11 o6i.eM pa6oThI 

)J;HccepTarurn COCTOHT H3 BBe,n;eHH5! ' 4 rnaB, 3aIOIIO'!eHH5!, rrpHJIQ)KeHH5! H CIIHCKa 

JIHTepaTypnL 

Bo BBep;en1111 paccMaTpHBaeTc5! rrpo6neMa, o6ocHOBhrnaeTC5I aKTYMhHOCTh H 3a,n:atIH 

Hccne,n;oBaHH5!. CcpopMynHpoBaHa u;enb pa60T1>I H KpaTKO mno)KeH MaTepHan 

,[(HCcepTaU:HH. 

IlepBaH rJiaBa rrpe,n;crnBn5IeT om1cam1e oco6eHHOCTeli B3aHMo,n;elicTBH5! nernHx 

3K30TH'!eCKHX 51.z:i;ep. 3,n:ecb TaK)K~ co,n;ep)KHTC5! JIHTepaTypHbIH ofoop HCCJie,n;oBaHHH, 

rrpoBe,n;eHHhIX ITO 3TOH TeMaTHKe. I1pHB0,[(5ITC5! aHanli3 HMeIOII(HXC5! 

3KCIIepHMeHTaJI1HhIX pe3yJihTaTOB no HCCJie,n;oBaHIIIO HaH6onee xapaKTepHbIX KaHMOB 

peaKU:HH co crra6ocB5I3aHH1IMH 51.z:i;paMH, TaKHX KaK, peaKu;Hli yrrpyroro H Heyrrpyroro 

pacce5IHH5I, peaKI(lIH CJIH5IHH5I H rrepe,n;atIH tiaCTII HYIOIOHOB, peaKD;HH pa3BaJia H aHaJIH3 
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HMIIYJibCH:bIX pacrrpe,n:eJieHHH. 3TOT aHaJIH3 IT03BOIDieT c<PopMyJIHpOBaT:b ITOCTaHOBKY 

3a,n:acm, H IIOKa3bIBaeT aKTYaJibHOCTb rrpo6JieMbl. 

Bo BTopoU: r Jiase orrHCbIBaIOTC5I coBpeMeHHbie 3KcrrepHMeHTaJibHbie MeTO.UbI 

H3MepeHH5I HMIIYJibCHbIX pacrrpe,n:eJieHHH <PparMeHTOB rrpH pa3BaJie pa3JIMt:IHbIX nerKHX 

3K30TH"tJeCKHX 51,Uep. lfa aHaJIH3a cne.uyeT, "tJTO HaH6onee rrpeI(H3HOHHOH MeTO)J;HKOH 

51BIDieTC51 HCIIOJib30BaHHe MarHHTHOro crreKTpOMerpa. IlpHBO,ll;5ITC51 

3KCIIepHMeHTaJibHble H3MepeHH51 HMIIYJibCHbIX pacrrpe.ueJieHHH 4He IIOJiy"tJeHHbIX H3 

pa3BaJia 6He H 6Li Ha pa3JIIl"tJHI:.IX 51,Upax MmneHH B mHpOKOM .UHaIIa30He 3Hepnm (OT 

1 OM3B/ A .uo 46M3B/ A). IIpoBO.UHTC51 aHaJIH3 rroJiyqeHHI:.IX B 3KcrrepHMeHTax ,n:aHHbIX 

ITO mHpHHaM IlMIIYJibCHbIX pacrrpe.ueneHHH c I(eJibIO rronyqeHH51 3aBHCHMOCTH mHpHH 

HMIIYJibCHbIX pacrrpe.n;eJieHHH OT aTOMHOro HOMepa MHilleHH H 3Hepnrn IIY"tJKa, a TaK)l(e 

OT 3HeprHH CB513H HeHTpOHOB B 3THX 51,IJ;pax. Ha OCHOBaHHH 3THX .UaHHbIX ,neJiaIOTC51 

BE.IBO.Ubl o HaJIHt:IHH H CTPYKType rano B 3THX 51,npax. 

3KcnepHMeHT ITO H3MepeHHIO HMIIYJibCHbIX pacnpe.ueneHHH 4He rronyt:IeHHbIX H3 

pa3BaJia 6He rrpoBO.UHJIC51 Ha ycKopHTeJibHOM KOMIIJieKce DRIBs c HCIIOJib30BaHHeM 

MarHHTHoro crreKTpoMerpa MCTI-144. A H3MepeHHe HMIIYJibCHbIX pacrrpe.ueneHHH 4He 

IIOJiyt:IeHHI:.IX H3 pa3BaJia 6Li rrpoBO.UHJIOCb Ha ycKOpHTeJie Y-400M c HCIIOJib30BaHHeM 

.UByx MeTO,lJ;HK: MHOrOCJIOHHOro rronyrrpOBO.UHHKOBOro TeJieCKOIIa H MarHHTHOro 

B .n;aHHOH rnaBe rrpHBe,lJ;eHO KpaTKOe OIIHCaHHe H .uaHbl OCHOBHbie rrapaMeTpbI 

MarHHTHoro crreKTpOMeTpa MCTI-144, ncrroJih3yeMoro .UJI51 H3MepeHH51 HMIIYJihCHbIX 

pacrrpe.ueneHHli rrpo,nyKTOB pa3BaJia. 

,[(mI H3MepeHH51 HMIIYJibCHbIX pacnpe.ueneHHH rrpo,nyKTOB pa3BaJia 6He HCIIOJib30BaJIHCb 

.IJ;Be MHmeHH, nJ)l(eJIM (30JIOTO) ll nerKasr (yrnepo.n). MnmeHH BbI6HpaJIHCb HCXO)J;51 H3 

Toro, l:ITO MexaHH3M pa3BaJia pa3JIH"tJaeTC51 - Ha T51)l(eJibIX 51,npax OH rrpOHCXO.UHT B 

OCHOBHOM rro.u .neliCTBHeM KYJIOHOBCKHX CHJI, a Ha nerKHX - rro.n .ne:HcTBHeM 51.I(epHI:.IX. 

B pe3ynbTaTe 3KcrrepHMeHTa 6bIJIH H3MepeHbI pacnpe,neneHH51 rrapanneJibHOH 

COCTaBJI51IDm;eli HMIIYJibCa 4He, rronyt:IeHHOro rrpH pa3BaJie 6He Ha 51.n;pax 30JIOTa H 

yrnepo.ua. ll3MepeHHe rrpo.uoJII:.HOro HMIIYJibCa B cny-qae T5I)!(eJIOH MHmeHH HCKJIIOtiaeT 

BKJia,U OT KYJIOHOBCKOro OTKJIOHeHH51, KaK 3TO IIMeeT MeCTO rrpH H3MepeHHH 
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rrorrepe11Horo llMIIyn1ca, TaK KaK rrpo,z:i:OJibHbIH 1IMIIYJI1C He 'IYBCTBllTeJieH K 

.z:i;mpcppaKI!lIOHHOMY yrrrnpeHHIO I1 OTpa)KaeT Jlllillb CB513b cpparMeHTa B 51.z:i;pe [1]. 

Pe3yn1TaThI H3Mepem1H: rrpe.n;cTaBneH11 Ha puc. 1. Tionyi:reHHbie pacrrpe.z:i;eneHH51, 

OIIliCbIBaJillCb cpyHKI!I151Mli raycca. KaK Bll.ll:HO I13 pucyHKOB, Ha6nro,z:i:aIOTC51 Y3Klie 

11Mrryn1cH11e pacrrpe.z:i;eneHH51 (cr = 28-29 M3B/c). Ecnu 611 6He 6bm 06b111H1IM, He 

ranou.n;anhHhIM 51.z:i:poM, TO 3Ta Benui:r1rna .z:i;omrrna cocraBJI51Tb oKono 1 OOM3B/c [2]. 

ManM ill1IpHHa HMrryn1cHoro pacrrpe.z:i;eneHH51 rro.z:i;rnep)l{.z:i:aeT 3K30TH'IHOCTb 51.z:i;pa 6He n 

HaJill'!lle B HeM rano (HJili CKHHa). 

24 

22 

20 

18 -
• 3KCn. 6He -> 4He + x 

· ·· ····· cr = 100 MaB/c 

~ 16 - - - - cr = (28 ± 1) MaB/c 

:r: 14 

b 12 -§ 10 
>< 8 J.i m 

6 

4 

2 
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Puc. I I1Mny.rtbCHbze pacnpeoellewwz 4He nollylfeHHbze u1 pa1eaJla 6He Ha Ropax Au 

TiocKOJibKY rrpe,z:i:CTaBJI51eTC5I llHTepeCHbIM cpaBHllTb 5IJJ:p0 6He c ero I13o6apoM 6Li, 

my11an11cb TaK>Ke HMrryn1cH11e pacrrpe.z:i;eneHH5I cpparMeHTa 4He, rrony11eHHOro H3 

pa3BaJia 6Li. l13MepeHH5! rrpOBO.ll:HJlllCb c IIOMOII(bIO JJ:BYX MeTO,I(liI{ rrpII pa3Jili1IHbIX 

3HeprH51X: 

B rrepBoM cnyqae 3aMe,n:neHHhIH rryqoK 6Li rrpoxo,n:un qepe3 MHorocnoliHhIH 

rronyrrpoBOJJ:HHKOBbIH TenecKorr. Ponh MIIilleHH B 3TOM TenecKorre Hrpan o.n;HH H3 
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rronyrrpoBO,[(HIIKOBhIX .z:i;eTeKTOpOB, KOTOphIB 5IBIDIJ1C5I aKTIIBHOH MIIIIIeHhIO, c KOTOpo:H 

CHIIMaJIC5I liE CIIrHaJI. I1.z:i;eHTHcjJIIUIIpoBaB c IIOMOm;hIO rrepBhIX ,[(BYX liE ,[(eTeKTOpOB 

rrpOXO)l(,[(eHIIe 6Li ,[(O MIUIIeHH, H o6Hapy)l(HB Ha BhIXO,[(e 4He, Mhl orrpe,nenmm 

HMIIYJihCHOe pacrrpe,neneHHe 4He (pHC. 2). 3Heprn5I 6Li B 3TOM 3KCIIepIIMeHTe 

cocrnBJI5IJia 109 M3B. C aHanortt:i:rHoli MeTOAHKOH 6hrno H3MepeHo tt:MrrynI>cHoe 

pacrrpe,nenem1e 8Li rronyi:reHHoe 1:13 pa3Bana 9Li Ha 30JIOToli MHIIIeHH. 3KcrrepnMeHT 

rrpoBO,[(HJIC5I Ha ycKop:rnene Y-400M, l:I BTOpH'IHhIH rryi:roK 9Li IIOJIY"llaJIC5I Ha ycTaHOBKe 

KOMEAC. EI>rn rrony-qeH rryi:roK 9Li c oi:rncTKOli ~ 90% H 3HeprHe:H 21 M3B/A. B 

pe3yJII>TaTe 6I>rno rrony"CJeHo HMrrynhcHoe pacrrpe.n:eneHHe c IIIHpI:IHOH cr=44±2 M3B/c. 

Kai< H B cny-qae 7Li rronyi:rnnocI> rrpoMe)KyToi:rHoe 3Hai:reHne - 6onhIIIe i:reM y 6He HO 

MeHI>IIIe t.IeM y CHJibHO CB5I3aHHhIX 51,z:i:ep (ptt:c. 3). 

-

50 

45 

40 

35 

~ 30 

::i:: b 25 -
~ 20 

:a 15 
al 

10 

5 

• 3Kcn. 6Li -> 4He+X 
- cr = (54 ± 3) M38/c 

0-1--.--..--r--r--T---i--.--.--r-r--r--r---r---r.......,__,,.--,--,,.--,.--,.--,.......-, 

450 500 550 600 650 700 750 800 850 900 950 1000 

P(M38/c) 

Puc. 2. lfMnyflbCHble pacnpeoe1zeHu5l 4 He no!lyi-teHT-tbie u3 pa3ea!la 6 Li ua ftopax Si. 

8 



1.2 

1.0 

0.8 

Cf) 0.6 
"O 
Qi 
·:;.. 0.4 

0.2 

0.0 

.A. 3Kcn 9Li -> 8Li+n 
--cr=44 ± 2M:;B/c 

1060 1080 1100 1120 1140 1160 1180 1200 1220 1240 1260 1280 1300 

P (MeV/c) 

Puc. 3. li'll4nyflbCHb1e pacnpeoeJ1e1-1ufl 8 Li no!lyl..fe1-11-1b1e us pas6a!la 9 Li 1-1a Ropax so!loma. 

TaKHM o6pa3oM, B pe3yrrnTaTe 3KcrrepHMeHrn o6Hapy:)l<HJ1C5l: ,n:ocrnTOLIHO HHTepecHbIH 

cpaKT - ,D;JI5l: 6He lllHpHHa HMrrymcHoro pacrrpe,n:erre:HH5l: a-qacrn::o;, rrorryqeHHhIX m ero 

pa3Barra, OKa3arrach ~ 30 M3B/c, B TO BpeM5l: KaK lllHpHHhI HMIIYITbCHbIX 

pacrrpe,n:erreHHii, rrorryqeHHbIX H3 proBarra 6Li OKa3arrHcb ~ 50 M3B/c, xorn ,n:rr5l: 

06i,1qHbIX 51:,n:ep 3Ta BeJIH'IHHa o6bI'IHO COCTaBJI5l:eT OKOJIO 95 M3B/c [2]. 3To 

IIOKa3bIBaeT Ha rrpoMe)KyToqHoe IIOJ10)KeHHe 6Li Me)K,n:y rarroo6pa3HbIMH Ii o6hP:rHbIMH 

51:,D:paMH. 

)J;n5J: 6orree rrorrHoro aHarrma, 6nmn: myqeHbI paHee rrorryqeHHbie 3Kcrrepn:MeHTarrbHbie 

,n:aHHbie, 'IT06hI pacnrnpHTb crreKTP rrpHMeH5l:eMbIX MHllleHeli H 3HeprHii. )J;JI5J: 6oJibllleii 

Harrr5l:,D:HOCTH ,n;aHHbie 3aBHCHMOCTb rrpe.ucrnBrreHa B BH,n:e rpacpHKa (pHc.4). 
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3Heprr.u1 OTp,eneHM.fl HYKIIOHa, M38 

Puc. 4. CucmeMamw<a Utupw-t u.Mny!lbCHblX pacnpeoe1ze11uil ppa2.Me11moe U3 pa3eana 

pa3JlUt/HblX JZOep 8 3a6UCUJ'vtocmu om 3Hep2UU C6R3U 0011020 UJlU oeyx rteumpOH06 6 3rnUX 

Ropax. 

BH,L(HO, cITO Ha6mo,n:aeTC}l IIJiaBHOe yBeJIHIIemre nrn:pHHbI c pOCTOM :meprnH CB}l3H. 

EcnH IlOCMOTpeTb Ha cxeMy ypoBHe.H: 6Li, TO MO)KHO ymi:,n:eTb, T.JTO 3HeprmI OT,L(eJieHirn 

,L(eMTOHa OT 6Li (l.47M3B) cyru:ecTBeHHO OTJIH'!aeTC}l OT 3Hepnrn: OT,L(eJieHH}l n+p (3.7 

M3B). IllHpHHa HMIIYJibCHOrO pacrrpe,ll;enemrn: 3aBHCHT B OCHOBHOM TOJibKO OT 3HepmH 

CB}l3M M3Mep5IeMoro cpparMeHTa B 51,ll;pe. l13 pHc.4 BM,L(HO, T.JTO BapHaHT 6Li---j-4He+n+p 

ny11IIIe cornacyeTcH c rrony11eHHOM 3aBMCMMOCTbIO. TaKHM o6pa30M, eCTb ocHOBaHne 

nonaraTb, 'ITO 3TO TaK)I<e OTpmKaeT (n-p)-rano ,L(JI}l o+ (3,563 M3B) ypoBH5I 6Li. 

TpeTb.H r JiaBa CO,ll;ep)KMT OTIMCaHH:e MeTO,L(MKH MOHOXpOMaTII3au:rm nyT.JKOB 

ycKopeHHhIX HOHOB Ha ycKopnTeJibHOM KOMnneKce DRIBs B6mr3n KYJIOHOBCKoro 

6ap1epa c Mcnorr13oBam1eM MarHMTHoro cneKTpoMeTpa MCIT-144 Ha B1rne,n:eHHOM 
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rryqKe H BHyTpeHHero rrpo6HHKa Ha rryqKax BHYTPH IJ;HKJIOTpoHa Y-400, KOTopM 

II03Borrrrrra rrorryqHTb 3HepreTrrqecKoe pa3perneHrre He xy:>Ke ±400 K3B rrprr 

HHTeHCHBHOCTH rryqKa 2*107 c-1. H3MepeHbI cpyHKU:HH B036y)I(,n:eHH51 peaKU:HH CJIH51HH51 

6He co 206Pb c o6pa30BaHHeM HCITapHTeJibHhIX OCTaTKOB rrocrre HCITYCKM 2-x 

HeiITpOHOB B o6rracrn: 3HeprnH: B6JIH3H 6apbepa CJ1H51HH51 (E/Bc=0.6-;-1.3). A TaK:>Ke 

cpyHKU:HH B036y)I(,n:emrn peaKL(HH ITOJIHOfO H HeIIOJlHOfO CJIH51HH51 6Li c 51,n:paMH Bi B 

rnrrpoKOM ,n:narra3oHe 3HeprniI ( E/Bc=O. 75-;- l. 7). 3rn pe3yrrnTaThI 6brnn ITorryqeHbI c 

HCITOJib30BaHHeM HaMH rrpe,n:rrmKeHHOH BbICOK03cpcpeKTHBHOH aKTHBaU:HOHHOH 

MeTOJJ:HKH. 

3KcrrepnMeHTaJ1bHO 

206Pb(6He,2n)210Po 

206Pb(6He,2n)21 oPo 

H3MepeHHbie cpyttKU:HH 

H 208Pb(4He,211)210Po rrpe,n:CTaBJieHbI Ha Pnc.5. 

peaKUHH 

CeqeHrre 

peaKU:HH B MaKCHMyMe B COOTBeTCTBHH c pacqeTaMH ITO 

CTaTHCTHqecKOH MOJJ:CJ1H (CM. ITYHKTHpHyID KpHBYIO) ,n:omi:rno 6nITb Mano, TaK KaK ee 

MaKCHMYM pacrronmKeH rrpn 3Heprn51x HmKe KynoHOBCKOro 6ap:r,epa. 0,n:HaKo, H3 

ITpe,n:cTaBJICHHbIX Ha 3TOM prrcyHKe 3KCITepHMCHTaJ1hHhIX ,n:aHHbIX BHJJ:HO, qTo ,n:a)I(e rrpn 

3Heprnrr qacTHU: 6He Hn:ace KyrroHOBCKoro 6api,epa peaKL(HH 206Pb + 6He, ceqeHHe 

o6pa30BaHH51 210Po - rrpo,n:yKTa rrocne rrcrrapeHH51 H3 COCTaBHOfO 51,n:pa 2-x HCHTpOHOB -

cocraBJI5IeT 3aMeTHoe 3HaqeHne ( ~ 10 M6H). TaKHM o6pa3oM, H3 ITorryqeHHbIX HaMH 

,i:i:aHHbIX BHJJ:HO, lJ:TO Ha6rrIO,n:aeTC51 cymecTBCHHOe yBeJ1HlJ:eHrre ceqeHHH peaKUHH 

CJIH51HH51 51,n:ep 206Pb c 51,n:paMH 6He B6JIH3H 6apnepa ITO cpaBHeHHIO c pacqernMH ITO 

CTaTHCTHqecKOH Mo,n:errrr. Ha TOM )KC pncyHKe ( CIIJ10IIIHa51 KpHBa5I) ITOKa3aHbI 

pe3yJ1hTaTbI pacqeTOB Bep051THOCTH peaKU:HH IIOJlHOro CJ1H51HH51 c rrocrre,n:yIOIL(HM 

HCITapeHHeM 2 HeHTpOHOB no JJ:BYXCTyrreHqaTOH Mo,n:enrr CJIH51HH51 [4]. 
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Puc. 5. 3aeucuMocmu cetteHufl o6pa3oeaHufl 2n-ucnapume!lbHblX ocmamKoe O!lfl 

peaKljUU 206Pb(6He,2n/10Po (•) u 204Pb(He,2n/10Po (o) KaK rjJyHKljUU omHouteHUfl 

3Hep2uu e cucmeMe iJeHmpa Mace K 3Hep2uu Ky.rz0Ho6c1w20 6apbepa (E,1/B,). 

llyHKmupHble u cn!loutHaR KpUBble 63flmbl U3 pa6ombl [3} u coomeemcmey1om 

cmamucmuttecKou MoOe!lu (o!lR peaKiJUU 206·208Pb(6·4He, 2n)Po210 ) u MoOe!lu 

nocJ1eooeame!lbH020 CflURHUR [3, 4] (O!lfl peaK4uu 206 Pb(6 He, 2n)Po210 ), 

coomeemcmeeHHO. 

Ha P11c. 5 .nmr cpaBHeHmr npe.ncrnBrreHa cpyHKUH51 B036y)K,nemrn ,nJI51 peaKUHH 

208Pb(4He,2n)2 10Po, B KOTOpoii o6pa30BhIBaJIOCh TO )Ke COCTaBHOe 51,npo 212Po, tITO ll B 

crryqae c IIY"t!KOM 6He. lfaMepemrn rrpOBO.[(HJIHCh HaMH Ha UHKJIOTpOHe 

lOB51CKIOJlhCKOro YHHBepcHTeTa (<DHHJI51H.I(ll51) c IIOMOIUhIO OIIHCaHHOH BhIIIIe 

~ c ~ ~ 206Pb(6H 2 )11op aKTHBaUHOHHOH MeTO.I(IU<H. paBHeHHe ceqemrn: .[(JI51 .nsyx peaKUHH e, n 0 

TX 
208Pb(4He,2n)210Po, xi IIOKa3hIBaeT Ha 3Ha"tJHTeJihHOe BJIH51HHe BXO.I(HOfO KaHarra 

peaKUHH Ha npouecc cmurnH51. B crryr:rae peaKUHH co crra6o-CB513aHHhIM 51,npoM, 

CJIH51HHe c OTHOCHTeJihHO BhICOKOH Bep05ITHOCThlO MO)l{eT npoTeKaTh B 
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rny6oKorro,z:i:6apbepHoH: 06nacn1 3HeprnH:. Xopornee cornactte 3KcrrepHMeHTanhHhIX 

cpyHKl(HH B036y)KJJ:eHH51 c pacqeTOM ITO ,z:i:ByxcTyrreHqarnH: MOJJ:eJIH CJIH51HH51 JJ:JI51 

peaKl(HH 206Pb(6He,2n)2'0Po CBHJJ:eTeJibCTByeT 0 TOM, qrn rrponecc IIOCJie,z:i:oBaTeJibHOH 

rrepeaaq:rr HeH:TpOHOB JJ:JI51 cna6oCB513aHHhIX 51,z:i:ep, IIO-BITJJ:ITMOMy, 51BJI5IeTC5I OCHOBHhIM 

cpaKTOpOM, BJIH51IOIUHM Ha Bep051THOCTb CJIH5IHH5I 6He rr 206Pb rr yBeJI:rrqHBa:EDIUHM 

cel.JeHHe peaKl(HH B rny6oKorroa6apbepHoli o6nacTrr. 

KpoMe Toro, 6hmo rrpoBe,D;eHo 3KcrreprrMeHTanbHoe ttccneaoBaH:rre peaKl(HH rronHoro H 

HerronHoro CJIH5IHH5I 6Li c 51,n:poM Bi B rrrnpoKOM .nrrarra3oHe 3Heprrrli ( E/Bc=0.75+1.7). 

3Kcrrep:rrMeHT fam BhIIIOilHeH Ha ycKOpHTeJie Y 400 fla6opaTOp:rr:rr 51.z:i:epHbIX peaKUHH 

OH5IH c rrcrroJih30BaHrreM rryLJKa HOHOB 6Li c 3HeprrreH: 55±0.6 M3B. ,[(JI5I rronyqemrn 

rryqKa c BhICOKHM 3HepreTrrl.JeCKHM pa3perneHrreM B pa6oTe rrcrroJih30Banc5I MeTOJJ: ero 

MOHOXpOMaT:rr3al(HH c IIOMOII(bl{) MarHHTHOro aHan1narnpa. ,[(JI51 perrrcTpao;HH 

rrpo,n:yKTOB peaKl(HH rrpnMeH51JIC51 aKTHBal(HOHHhIH MeTO,n:. Ehm:rr H3MepeHhI 

3HepreTHLJecKrre 3aBHCHMOCTH BbIXOJJ:OB rrpo,z:i:yKTOB pa3JIHl.JHblX KaHanOB peaKl(HH. ,II:JI51 

Bbil.JHCJieHH5I cel.JeH.HH KOHKpeTHbIX KaHanOB peaKl(HH no a-pacrra,z:i:y rrpo,z:i:yKTOB 3THX 

peaKl(HH YLIHThIBanach, IIOMHMO IIOTOKa 6oM6ap,z:i:HpyIDliIHX qaCTHl(, 3cpcpeKTHBHOCTb 

perrrcTpal(rrrr ncrroJih3yeMhIX aeTeKTopoB ( oHa fama He xy)Ke 3 0% ), qHcno 

o6pa3oBaBIIIHXC51 51,z:i:ep c yqeTOM Bepo51THOCTH anbcpa-pacrra,n:a, a TaK)Ke 3a,z:i:ep)l(Ka no 

BpeMeH:rr .no HaLJana KmK,z:i:oro mMepeH:rrli rr BpeM5I H3MepeHH51 a-pacrra.na HaBe,n:eHHOH 

aKTHBHOCTH B Ka)l(Jl:oli MnrneHH. Pacq:rrTaHHhie TaK:rrM o6pa30M 3aBHCHMOCTH ceqeHHH 

OT 3HeprHH L(JI51 peaKl(HH IIOJIHOro CJIH51HH5I c IlOCJieJJ:yIDliIHM HcrrapeHHeM HeHTpOHOB 

rrpe,z:i:crnBJieHhI Ha Pttc.6. 

H3 pttcyHKa BHJJ:HO, 'ITO Bo Been o6nacTH 3Heprnli :rrMeeTC5I xopomee cornacue 

II3MepeHHhIX cpyHKl(HH B036y)KJJ:eHH51 c pe3yJihTaTaMIT, rronyqeHHhIMII B pa6oTe [6]. KaK 

cne,n:yeT II3 rronyqeHHhIX JJ:aI-IHhIX B rro,n:6apbepHoH: 06nacn1 3Heprnli Ha6nroaaeTC51 

OTHOCHTeJihHO BhICOKa5I Bepo5ITHOCTh rrpol(ecca cJIII51HII51. Cne,n:yeT OTMeTIITh, qTO 

3KCIIepIIMeHTanbHbie cpyHKl(HH B036y)J<L(eHII5I ncrrapHTeJibHblX peaKl(HH xoporno 

cornacyroTC51 c pacqeTaMH no CTaTIICTIIqecKOH MOJJ:eJIH [5]. 

13 



103 6L' 2099· 1+ I • . . . .. .. • 
..--. 
\0 

• l'fl 
~ 102 

CJ;:: 
s; 
:c D 
CJ;:: 

101 'V. s; 

5 
(]) 
s; 
:c • 3n (]) 
::T ., 4n ().) 

(_) 
10·1 • Sn 

BC D 3n [Dasgupta] 
\J 4n [Dasgupta] 

10·2 i 
30 40 50 60 

Ena6 (MaB) 

Puc. 6. ([JyHKifUU e036y;)lcOeHUR 06pa3oeaHUR ucnapumeJtbHblX ocmamKoe, noJZyLLeHHblX e 

peaKifURX noJtHOzo CJtURHUfl 6 Li+209 Bi. 3KcnepuMeHmaJtbHbze 3HaLteHU5l, noJZyLLem-tbze e 

Hacmo51,uwu pa6ome, npeocmaeJteHbl cu.MeO!laMu II, v; ti OHR 3,n 4n u 5n 

ucnapumeJZbftblX KaHaJtoe, coomeemcmeeftftO. ,l{Jtfl cpaefteftUfl, 3KcnepuMel-tmaJtbl-lbZe 

iJal-tHbze U3 pa6ombz [6] no Jn u 4n ucnapumeJZbl-lbZM Kal-taJtaM npeocma6JleHbl 0, 17 

cuMeoJZaMu. Kpuebze coomeemcmey10m pacLtemaJvt no KOOY ALICE-MP [5]. 

B cny-qae peaKL(HR HenOJrnoro cmurn1u1 rrpoHcxo,nnT CJIH5IHHe o6pa3oBaBI1IHXC5! 

cpparMeHTOB (4He II d) B pe3yJihTaTe pa3sana 6Li c 51,npoM MHllieHH. Han6onee 

Bep05ITHhIM npou:eccoM, IIO-BllJJ:HMOMy, 5IBJrneTC5! IIOrJIOll!eHn:e 06pa30BaBI1IHXC5! 

.n:eH.TpoHoB H3-3a MeHhlliero 3Ha'!eHH5! KYJIOHOBCKoro 6ap:oepa. CJIH5IHHe ,n:eH.TpoHoB c 
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51,n:paMH MmIIeHH ITO cpaBHeHHIO c anr,cpa- '!aCTHU:aMH TaK)l(e 6onee rrpe,n:rrO'ITHTeJibHO, 

HCXO.I1:5I H3 3Ha"tJ:eHHH Q-pea1rn;rrn: 

tO 
::2: -b 

6Li+209Bi-t4He+ 211 Po (Q= 5.8 Me V) 

6Li+209Bi-t2H+ 213At (0= - I 0. 7 Me V). 

o 209Bi(d,fusion) [Ramler] 

6 209 Bi(6Li,x)210Po [Dasgupta] 10° 
• 209Bi(eli,x)2oaPo 

• 209Bi(6Li,x)210Po 
10-1 ~-~-~-~-~-~-~~ 

0 

0.5 1.0 1.5 2.0 
EcM/Bc 

Puc. 7. cJ>yHKlJU5l e036y:J1CoeHu5l 06pa3oew-1u5l uJOmonoe 208· 210Po e peaK'lfUU 6Li+209Bi. 

3KcnepUMeHma!lbHble JHal./eHU5l npeocmaeJteHbl • u • cuMeo!laMu, coomeemcmeeHHO. 

f{!l5l cpa6HeHWl, 3KCnepUMeHmG!lbHble OGHHbze U3 pa6ombl {7} no nO!lHOMY C!lU5lHU70 6 

peaK'lfUU d+209Bi npeocma6JleHbl 0 cu.;vieoflaMu, a maK:J!Ce pyHKlJU5l e036y;)fcoeHu5l Oll5l 

peaKlJUU 209Bif Li,x/10Po [8] 66UOe /).. CUM60!l06. 

)J;JI5I cpaBHeHH5I Ha pnc. 7 rrpHBe,n:eHbl ,n:aHHbie ITO peaKUHH CJIH5IHH5I d+209Bi H3 pa6oTbl 

[7]. Bn,n:Ho, 'ITO xo.n: cpyHKUHH B036y)l<,n:eHH5I rr a6coJIIOTHbie ce<IeHH5I B o6orrx cnyqa5Ix 

(peaKurrrr HeITOJIHOro CJIH5IHH5I c 6Li ll peaKUHH IlOJIHOro CJIH5IHH5I d+209Bi) COBIIa,n:moT. 
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B pa6oTe [8] 6nIJI rrpoBe,n:eH aHaJIM3 peaKI.J;I:IH 9Be+208Pb M 180+198Pt ' B KOTOpnIX 

o6pa3yIOTC5I cocTaBHnie 5I.IJ:pa pa,n:oHa, Te )Ke, qTo I:I B crryqae peaKu;I:IH: c 6'7Li , Ha 

BMCMYTOBOH MIUIIeHH. <PyHKJJ;I:IH B036y)K.IJ:eHH5I B 3TOM crryqae TaK)Ke xopomo 

OIIHCnIBaIOTC5I CTaTHCTffCieCKOH MO.IJ:eJinIO. KaK IlOKa3aHO B 3TOH pa6oTe, BKJia.IJ: 

rrpou;ecCOB, CB5I3aHHbIX c rrepe,n:aqell: qacTHJJ; 5I.IJ:PY-MHIIleHH, rrprrBO.IJ:5III1eH: K 

o6pa3oBaHHIO I:I30TorroB Po H At rrpeHe6pe)!<I:IMO Man ( < 2% OT O'xn ). 3TO rro3BOJI5IeT 

c.n:erraTn .n;Ba Ba)!<HblX .n;rr5I Hae s1rno,n:a: so-rrepB11x, o6pa3oBaHHe H30TOIIOB Po H At He 

rrpoI:ICXO,I(I:IT qepe3 KaHarr IlOJIHOfO CJIH5IHI:I5I (CF) B peaKJJ;I:I5IX c HOHaMH 6Li; BO-BTOp:bIX, 

B peaKJJ;I:I5I?C c HOHaMI:I JII:ITH5I I:IMeeTC5I 60JI1IIIOH BKrra.n: OT peaKJJ;I:IH HeIIOJIHOfO CJIH5IHH5I. 

qeTBepTaH rJiaBa nocB5III1eHa yrrpyroMy pacce5IHI:IIO 6Li Ha 12C I:I 12C Ha 12C . 

PaccMaTpI:IBaIOTC5I pa3rrrrqH11e 3KcrrepI:IMeHTaJII:.HI:.Ie MeTo.n;11 I:I3MepeHH5I yrrroB11x 

pacrrpe,n:erreHrrll: ynpyroro rr Heyrrpyroro pacce5IHH5I. B HacT05III1eli pa6oTe 

rrcrroJII:.30Barrc5I MarHHTHI:.IH aHaJII:I3 c HCITOJII:.30BaHI:IeM MCIT-144. ITpoBe.n;eHI:.I 

H3MepeHI:I5I yrrroBI:.IX pacnpe.n;erreHrrii yrrpyroro H rrepBoro Bo36y)K.n;eHHOro ypoBH5I 

pacce5IHH5I 51.n;ep 6Li c 3Heprrrell: 63±0.5 M3B Ha 51.n;pax MHIIIeHI:I 12C B ,n:Harra3oHe yrrros 

OT 10 .no 95 rpa,n:ycoB B CHCTeMe 11eHTpa Mace. 0rrI:IC1IBaIOTC5I, npoBe.n;eHHI:.Ie HaMH, 

pacqeTDr yrrroBI:.IX pacnpe.n;erreHI:IH yrrpyro I:I Heyrrpyro pacce5IH11x 51.n;ep 6Li B paMKax 

onTHqecKoH: Mo.n;enrr rr MeTo,n:oM DWBA, cooTBeTcTBeHHO. Ilpe,n:nmKeHa 

rrapaMeTpH3au;1rn <tieHOMeHOJiorn:qecKoro OIITHqecKoro IIOTeHu;rrana B3aI:IMO,n:eiicTBH5I 

5I.IJ:ep 6Li B IIIHpOKOM .n:rrarra30He Mace 5I.n;ep MHIIleHH, KOTOpa5I Heo6xo.n;rrMa ,ZJ:JI5I aHaJIH3a 

.n;aHHhIX, Kornp11e 6y,n:yT rronyqeH11, Ha pa,n:HoaKTHBHOM rryqKe 6He. TaKHM o6pa30M, 

rrpe.n;JIO)!(eHHa5I MeTO.n;rrKa, II03BOJII:IT rrpOI:I3BeCTH rrpe1II:I3HOHH1Ie H3MepeHH5I yrJIOBbIX 

~ 6H pacrrpe.n:eneHHI:I yrrpyroro pacce5IHH5I Ha ycKopeHHOM pa.n;HoaKTHBHOM nyqKe e Ha 

ycrnHOBKe DRIBs rrpH HHTeHcHBHOCTH rryqKa He MeHee 108c-1. 
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Puc. 8. H3MepeHHble u pac1.JemHble ourjxjJepem1ua!lbHble cel.JeHWl ynpy2020 u 

Heynpy2020 pacceftHUfl 6 Li 7-la 5topax 12 C. Cn!loutl-lble cuMBO!lbl 3KcnepuMeHma!lbl-lbze 

oal-ll-lble npu E = 63 M3B, no!lytteHHbze e oaHHOU pa6ome, cn!loutHafl u nyHKmupHafl 

KpUBble - our/.Jr/.JepeHljUG!lbl-lOe Ce1.JeT-1Ue ynpy2020 paccefll-IUfl, paCC1.Juma1-11-1oe no 

onmu1.JecKou MOOe!lu O!lfl E = 63 u 59.8 M3B, coomeemcmeeHT-lO. Wmpuxoeafl KJJUBa.fl -

ou¢¢epel-llJUa!lbHOe Cel.JeHue Heynpy2020 pacce.fll-lUfl 12C(Li, 6Li/2C* (2+, 4.44 M3B), 

pacct/umaH1-1oe MemoooM D WBA. Tpeyw!lbHUKU - cet/eHUfl ynpy2020 pacceftHUfl, 

u3Mepe1-1Hble e pa6ome [9] Oil.fl oaHHoit peaKlJUU npu 311ep2uu 59,8 M3B, 3Be300l.JKU -

ce'-leHufl Heynpy2020 paccefll-IU.fl npu 31-1ep2uu 63 M3B, U3Mepe1-11-1bze e pa6ome [l 0]. 
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KpoMe Toro, c HCIIOJib30BamreM MeTO.ll;HKR MarHHTHoro crreKTpOMeTpa, 6ornn 

rrpon3Be,n:eHbI H3Mepenmr yrrroBbIX pacrrpe,n:errennli yrrpyroro n Heyrrpyroro pacceaHn5I 

51,n;ep 12C c :rnepmeii 121,5±0,8 M3B na a,n;pax Mmrrenn 12C B ,n:narra3one yrrroB oT 18 

.n:o 50 rpa,n;ycoB B cncTeMe :o;eHTpa Mace. OrrHchrnaeTca anarrn3 orrpe.n:erreHn5I pa,n;nycoB 

)J;JUI OCHOBHOro n B036y)l()J;eHHbIX COCT05IHHM c IIOMOIIl;bIO .n:n<PpaKIJ;HOHHOro MeTO,n:a. B 

pe3yrrbTaTe anarrn3a yrrroBbIX pacrrpe,n:errenn:H: rrorr~eHbI 3KcrrepHMeHTaJibHbie 

CBH,n:eTeJibCTBa TOro, tITO pa,n;nyc B036y)K)J;eHHOrO COCTOHHHH 0+ (7.65 M3B) B a,n;pe 12C 

cymecTBeHHO 6oJibIIIe pa,n;nyca KaK OCHOBHOro COCTOHHHH, TaK n COCTOHHHH 2+ ( 4.44 

M3B). 

100 

10 --L.. 
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E -c 0.1 "C 

13 
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iii 
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70 

Puc 9. Y2!loeoe pacnpeoe!le1-1ue ynpy2020 u 1-1eynpy2020 pacceR1-1U5/, 12C e peaK71uu 12C + 
12C npu 31-1ep2uu En.c. = 121.5 M3B. Heynpy20e pacceR1-1ue npoucxooum npu 

6036yJ1Coe1-1uu 2+ (4.44 M3B) u o+ (7.65 M3B) - cocmORT-lUU 12C.Cn!lOZUHClfl 7<.pUBClfl -

pacl/,em no onmul/,eCT<.OU MOOe!lu. 
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113 pn:cyHKa 9 BH.D;Ho xopornee cornacn:e yrnoBhIX pacrrpe.n:eneHn:li rronyqeHHhIX ,r:i:mr 

OCHOBHOro COCT05IHH51 peaKUHH 12C + 12C KaK c mnepaTypHhIMH .n:aHHhIMH, TaK Ii c 

TeopeTn:qecKHM pacqeToM. 

B ,n:aHHOH pa6oTe 6hrno rrpoBe,n:eHo H3MepeHrre yrnoBhIX pacrrpe.n:eneHn:li yrrpyroro n: 

Heyrrpyrnx (4.44, 7.65) KaHanOB peaKun:rr 12C+12C, rrpn: 3Heprnn: E=121.5 M3B, B 

yrnOBOM .IJ:HaIIa30He OT 18 .D;O 50 rpa.n:ycoB B CHCTeMe UeHTpa Mace. 

Do IIOJIO)KeHHIO .n:mppaKI.l;HOHHhIX MHHHMYMOB H MaKCIIMYMOB, 6hIJIH paccqn:TaHhI 

.n:mppaKUHOHHbie pa,r:i:n:ychl LJ:JUI OCHOBHOro Ii 0\7.65 M3B) COCT051HHH. B pe3yJihTaTe 

IIOJiyqn:JIOCh, qTo cpe.n:Hee 3Hal.JeHIIe .n:mppaKUHOHHOro pa.n:n:yca .IJ:JI51 COCT051HH51 0\7. 65 

M3B) 60JihIIIe Ha 0.5 fm l.JeM ):(llil OCHOBHOro COCT051HH51. 3TO cornacyeTC5l c 

pe3ynnTaTOM pa6oThI [11], rronyqeHbIMH rrpn: pacce51HHH a-qacrn:u n: 3He Ha 51,n:pax 12C. 

TaKHM o6pa3oM rro.n:rnep>I<,r:i:aeTC51 qTo pa,n:Hyc cocT051HI:UI 0+(7.65 M3B) (cocT051HH51 

Xolina) aHOMaJihHO 6onhIIIoli. 

B 3aKmoqemrn rrepeqn:cneHhI OCHOBHbie pe3yJinTaTbI, rronyt.JeHHhie B .n:n:ccepraun:n:: 

1. Co3,n:aHa MeTO.D;IIKa H3MepeHH51 xapaKTepHCTHK 51,n:epHbIX peaKun:li Ha rryqKax 6He c 

OTHOCIITeJihHO HH3KOH IIHTeHCIIBHOCThlO c HCIIOJih30BaHIIeM KaK rrpeUII3IIOHHOro 

MarHHTHOro aHaJIH3a, TaK H BhICOK03cj:>cj:>eKTHBHOH aKTHBaUIIOHHOH MeTO.D;HKH. 

2. Co3,n:aH crreun:anII3HpoBaHHhIH rrporp'1;MMHhIH KOMITJieKc ):(JI51 Ha6opa n: o6pa6orKH 

MHororrapaMeTpn:i:reCKIIX 3KCIIepn:MeHTaJihHhIX .n:aHHbIX, rronyqaeMbIX c IIOMOmbIO 

rrpeUII3HOHHoro MarHHTHOro crreKTpoMeTpa MCII-144 

3. Pa3pa6oTaHa MeTO,r:i:IIKa MOHOXpOMaTII3aUHH rryqKoB ycKopeHHhIX HOHOB Ha 

ycKopn:TeJihHOM KOMIIJieKce DRIBs B6JIH3H KYJIOHOBcKoro 6apnepa c n:crroJib30BaHIIeM 

MarnHTHoro crreKTpoMeTpa MCII-144 Ha BbIBe,n:eHHOM rryqKe H BHyTpeHRero rrpo6mma 

Ha rryqKax BHYTPH UHKJIOTpoHa Y-400, KOTopa51 II03BOJIHJia rrnnyt.JHTh 3HepreTn:t.JecKoe 

pa3peIIIeHHe He xy:>Ke ~400K3B rrpH HHTeHCHBHOCTH rryqKa 2*10 7 c-1. 

19 



4.l13MepeHbI rrrn:pI:IHbI IIMIIYJibCHbIX pacnpe.n;enemrli 4He, rronyqeHHbie I:I3 pa3Bana 6He 

6L· H 1 Ha pa3JII:IqHbIX 5!.IJ;pax MHIIIeHH B IIIHpOKOM .IJ;HaIIa30He :meprHI:I, KOTOpbie 

CBH.IJ;eTeJibCTBYIOT 0 HaJIHqIIH rano B 5!.IJ;pe 6He H 0 rrpoMe:>KyToqHoM n-p rano B 6Li. 

5. ITorryqeHbI 3Kcnep11:MeHTaJibHDie 3aBI:ICHMOCTH ceqeHHJI o6pa3oBaHH5l 2n­

HcnapHTeJibHbIX OCTaTKOB .IJ;JI5I peaKI(I:IM 206Pb(6He,2n)210Po H 208Pb(4He,2n)210Po, 

KOTOpbie .n;eMOHCTpnpyIOT, qTo peaKI(II5l CJIII5IHII5l 5!.IJ;pa 6He c 5!.IJ;paMH MHIIIeHII 206Pb 

rrpOIICXO.IJ;RT rrry6oKO no,n; 6ap1epoM. 

6. 3KcneprrMeHTaJibHO H3MepeHbI cpyHKI(HH o6pa30BaHII5I 

IICIIapIITeJibHbIX OCTaTKOB, rrorryqeHHbIX B peaKI(II5IX IIOJIHOro II HeIIOJIHOrO CJ1II5IHI:I5I 

6Li+209Bi. I1oKa3aHO, 'ITO c HaII60JibIIIeli Bep05ITHOCTblO rrpOMCXO.IJ;HT nepe.n;aqa 

KrracTepa d Ha KyrroHOBCKOM 6apr,epe. 

7. l13MepeHbI yrrroBbie pacnpe.n;erreHII5l yrrpyroro II Heynpyroro pacce5IHH5l 6Li B 

peaKU:HH 6Li+12C npH :=rneprnH E6u=63 M3B, H 12C B peaKUHH 12C+12C npM 3HeprHH 

E12c=l21.5 M3B, KOTOpDie .n;eMOHCTpnpyIOT, qTo pa.n;Hyc B036y:>K.IJ;eHHOro COCT05IHM5l o+ 

(7.65 M3B) B 5!.IJ;pe 12C cymecTBeHHO 60JibIIIe pa.n;Hyca KaK OCHOBHOro COCT05IHirn, TaK 

H COCT05IHH5l 2+ (4.44 M3B). 

B rrpHJiomeHHH onHc1rnaeTC5I MeTO.IJ;HKa pacqeTa KirneMaTH'IeCKIIx xapaKTepncTIIK .IJ;J15I 

ynpyroro n Heyrrpyroro pacce5IHH5l n peaKI(HH rrepe.n;aq, 
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