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O.lilD;AH XAPAKTEPHCTHKA PA.IiOTbl 

AKT)'aJihHOCTb 

AKT)'liJihHOCTb uaCTmuneii pa6oTJ>I oupe,!1eJUieTC» .!IB)'Mll coCTaBJIHIOinHMH. 

C 3KCnepUMeHmaJlbHOU mo~KU 3peHUR HHTepec K ll3)"'eHHIO CBOHCTB ll30TOUOB reJIHH, 

JlllTHH H ,!1pyrHX JierKHX H,!1ep, a TaKJKe peaKnllll C HX yqaCTHeM paCTCT B CBH3ll C B03MOlKHOCTbiO 

IIOJI)"'eHHH BbiCOKOHHTeHCllBHb!X ll)"'KOB pa,!1HOaKTllBHbiX H,!1ep H pa3BHTHeM YCKOpllTCJibHOll 

TexunKn. l1ccne,!1osaune nepe,!1a'in ueiirpouos B ».llepubrx peaKnHHX, uarrpnMep, 6He + 197 Au, 

ll03BOJUICT ll3)"'aTb KaK CTpJKTYPY JierKHX H,!1ep-cuapH,!10B, TaK . H CBOllCTBa THlKCJib!X H,!1ep

MHIIIeHell. He,!1aBHHe 3KcnepnMeHTbi Bb!HBHJIH ueo6br'iuJ>Ie oco6euuocTH peaKnnii c PMOM nerKnx 

cna6ocBH3aHHbiX »,!1ep. B qacTHOCTH, ceqeun» cnu»HH» B no,!16apbepuoii o6naCTH .!IJUI peaKnuii 

6He + 197 Au, 6He + 209Bi n 8He + 197 Au 3Ha'iuTeJihHO npeBbiiiiaiOT ceqeun» CJIHHHHH .!IJUI peaKnnii c 

MPOM 4He. Ceqeune o6pa3osaun» H30Tona 198Au B peaKnnn 6He + 197 Au npu oKono6apbepub!X 

3HeprHHX ,!10BOJibHO BeJIHKO ( UQpH,!1Ka 1 6), 'iTO 3aMCTHO npeBJ>IIIIaeT ceqeune CJilll!HHll, ll03TOMy, 

OCHOBHb!M KaHaJIOM o6pa30BaHHH 3TOrO ll30TOna l!BJil!eTCH nepe,!1aqa HCHTpOHa. BbiX0,!1 H30TOUa 

196 Au npll OKOJI06apbCpHb!X 3HeprHHX CYiiiCCTBCHHO npeBbiiiiaeT pC3YJibTaTbl paC'ieTOB CJIHHI!llllc 

ncnapeunl!, a npn 3HeprnHX MHoro Bb11IIC 6apbepa . npeBbiiiiaeT n BhiXO.ll H30Tona. 198 Au. 

l13MepCHlll! ITOJIHbiX CC'iCHllll peaKnnii 4•6He + 28Si ll 6•7•9Li + 28Si ITOKa3aJill, 'iTO ITOJIHOC CC'iCHllC 

peaKnHH C l!,!1pOM 6He 3aMCTHO npCBbiiiiaCT' UOJIHOC CC'iCHlle peaKnHH C H,!1pOM 
4
He BO BCeM 

nccne,!1osauuoM ,!1Harra3oue 3Heprnii 5-60 A M3B, 'iTO MOlKCT 6J>ITb o6o»cueuo 66JibliiHMH 

pa3MCpaMll l!,!1pa 6He. 0,!1HaKO llOKa He UOJI)"'llll ITOJIHOro 06'bl!CHCHllH TOT <lJaKT, 'iTO B 

OTHOCllTCJibHO YJKOM ,!1llaiia30He 3Heprnii 10-30A M3B UOJIHOC Ce'iCHHe"peaKnHH C H,!1pOM 
9Li 

3Ha'illTCJibHO npCBbiiiiaeT UOJIHb!C CC'iCHllH peaKnHH C H,!1paMll . 6•7Li, llMCIOinllMH 60JibliillC 

3Ha'ieHHH 3KcnepnMenTaJibHoro cpe,!1HCKBa,!1paTH'iHOro 3apH,!1oBoro p8.!1nyca. 

C meopemu~eCKOU mO~KU 3peHUJI B HH3K03HepreTII'iCCKHX H,!1pO-l!,!1CpHbiX CTOJIKHOBCHHl!X 

nepe,!1aqa HYKJIOHOB (nfllJillllX nepepacnpe,!1CJICHHe).MOlKCT urpaTb BaJKHYIO pOJib H npOl!BJIHTbCl! 

KaK HCUOCpe,!1CTBCHHO B KaHaJiax HYKJIOHHbiX nepe,!1a'i, TaK ll B ll3MCHCHllll llOTCHnuaJibHOll 

3Heprllll CHCTCMbl, 'iTO B CBOIO O'iCpC,!1b npHB0,!1llT K ll3MCHCHlliD CC'iCHllll · OT,!1CJibHb!X KaHaJIOB 

(uanpnMep, CJIHHHHH) H nonuoro ceqeuHH peaKnnn no cpauneuniO c MO.!ICJihiD c ueu3Meuuoii B 

X0,!1C CTOJIKHOBCHHH HYKJIOHHOH UJIOTHOCTbiO. TaKOC ll3Meneune llOTeHnllaJibHOll 3HeprHll TaKJKe 

MOlKCT CJIYlKllTb 060CHOBaHllCM BBe,!1CHlll! 3aBllCllMOCTH OT 3HeprHH ll op6HTaJibHOrO MOMCHTa B 

<!JeHOMCIIOJIOrH'ieCKllC ITOTCHI!llaJibi, llCllOJib3YCMb!C B HCKOTOpbiX TCOpeTH'iCCKHX M0,!1eJIHX. 

B naCTo»mee speMH .!IJUI onncauHH nepe,!1a'in HYKJIOHOB ucnoJib3YeTC» PM TeopcruqecKnx 

M0,!1CJICll ll IT0,!1X0,!10B, B qaCTHOCTll, 6opHOBCKOC npH6JilllKCHllC MCT0,!1a llCKaJKCHHbiX BOJIH 

3 



(Distorted Wave Born Approximation, DWBA), HecmulloHapHhiii MCTO.l( 'XapTpll-eliOKa, 

ypasHeHmr'JlaHJKeBeHa, HecTaUIIOHapHoe ypasHeHIIe Illpe.l(IIHrepa. Ilp116JI11JKeH11e DWBA He ,l(aeT 

803MolKHOCTII aHaJIII3a .l(IIHaMIIKII npoiiCXOM!l{IIX npoueccos. Pacqerbi c npiiMeHeHIIeM 

HeCTal{IIOHapHOfO MCTO,l(a Xaprp11-eli0Ka Tpefi)'IOT fiOJiblllOfO BpeMeHII BbJqllcJieHIIll II IIOKa 

BbJTIOJIHJIJOTCJI Ha ,l(OCTaToqHO KpYJIHOll CeTKe C marOM IIOpJI,l(Ka 0.8 cpM II TOJibKO ,l(JIJI Jl.l(ep 

TJilKeJihlX II . cpe.l(HIIX Mace. Yp3BHeHHJI JlaHlKeBeHa CO CJIY'I3llHbiMII CIIJI3MII, BKJIJOqaJO!l{lle 

CTeTieHII CBOfiO.l(bl, OTBeqaJO!l{lle 33 M3CCOBYJO aCIIMMerpiiiO II nepep3CTipe.l(eJieHIIe HYKJIOHOB 

TaKlKe npnMeHIIMbl TOJibKO ,l(JIJI Jl,l(ep TJilKeJibiX H cpe.l(HIIX Mace. Ilepe.l(aqll OT,l(eJibHbiX HYKJIOHOB 

np11 CTOJIKHOBeHIIJIX C yqaCTIIeM JierKIIX Jl.l(ep rpefi)'IOT fioJiee TOqHoro KB3HTOBOfO OTIIICaHHJI, 

KOTOpOC B03MOlKHO Ha OCHOBe qiiCJieHHOfO perneHIIJI HeCT3l{HOHapHOfO ypaBHeHIIJI Illpe.l(IIHrepa 

,l(JIJI BOJIHOBblX cpYJIKl(llll HYKJIOHOB (KJiaCTepoB) B cpe.l(HeM TIOJie Jl.l(ep, ,l(BIIlKYJUIIXCJI TIO 

KJiaCCIIqeCKIIM TpaeKTOpllliM. ,lJ;aHHblll MCTO,l( ofiecneqiiB3eT KB3HTOBOe OTIIICaHIIe HeCKOJibKIIX 

He3aBIICIIMbiX q3CTIIl{, HarJIJI,l(H)'lO BII3YaJIII33l{IIIO ,l(IIH3MIIKII IIpOIICXO,lUI!l{HX npOl{eCCOB II 

fihlcrpOry BbNIICJieHIIll H3 MeJIKOll CeTKe C IIIarOM 0.1-0.2 cpM, MeHhiTIHM, qeM p3CCTOJII!IIe 

OCl{IIJIJIJil{llll TIJIOTHOCTII BepOJITHOCTII ,l(JIJI O,l(JlOqaCTIIqJlbiX COCTOJIHIIH. 3TO TI03BOJIJICT 

.l(OCT3ToqHo ToqHo BbJqiiCJIJITh npocTp3HCTBeHHYJO CTPYKTYPY BOJIHOBhiX cpYJIKUIIii HYKJIOHOB H 

KJI3CTepoB. HeCMOrpll Ha YKaJaHHbJe npeiiMyll(eCTBa, ,!(3HHblll MeTO,l( TIOKa IIpiiMeHJIJICJI ,l(JIJI 

OTIIICaHIIJI HefiOJibiTIOfO qnCJI3 peaKl{llll. lfCCJie,l(OBaHIIe B03MOlKHOCTH fioJiee lllllpOKOfO 

IIpiiMeHeHIIJI :noro MCTO,l(a ,l(JIJI OTIIIC3HIIJI pe3Kl{llll C pll.l(OM JierKIIX Jl.l(ep II IIHTep11peTal{llll 

3KCTiepm.ieHTaJibHbiX ,!(3HHbiX onpe.l(eJIJICT TeopeTIIqeCK)'lO 3KryaJibHOCTb TeMbl IICCJie.l(OBaHIIJI. 

U:enn n 33,!(3'1H p360Tbi 

IlepBOll l{eJibJO HaCTOJI!l{ell p360Tbl JIBJIJieTCJI npoBe,l(eHIIe TeoperllqecKOfO OIIIICaHIIJI 

11poueccon 11epe.l(3qll HeiirpoHon B H113KO::JHepreTIIqecKIIX Jl.l(epHbiX pe3KUIIJIX c yq3CT~eM nerKIIX 

Jl.l(ep-CHapJI,l(OB 3•6He H 11pC.l(CTaBHTCJibHbiM H360pOM TJilKeJihlX Jl.l(ep-MIIIIIeHeii H3 OCHOBe 

qucneHHoro perneHHJI HecTal{HOH3pHoro ypasHeHHJI Illpe.l(IIHrep3. BTOpaJI uenh p360Thi 

3aKJIJOqaeTCJI B OfibJICHeHHH pa3JIIIqllii B :mepreTnqeCKHX 33BHCHMOCTJIX IIOJIHblX ceqeiJHll pe3Kl{llll 

6
He + 28

Si II 
4
He + 28

Si, a TaKlKe 9Li + 28Si H 6•7Li + 28Si Ha OCHOBe HeCTal{HOHapHoro OIIIIC3HIIJI 

llepepacnpe.l(eJieHIIJI BHeiiiHHX HeiirpOHOB Ji.l(Cp 6He H 9Li. B CBJI311 C 3THM B pafioTe TIOCTaBJICHbl 

CJie,l(YJOmlle 33,!(3qu: 

1. BbmOJIHHTh p3cqerbi ceqeHIIii o6pa30B3HIIJI 1130TOHOB 44•46Sc s peaKUIIII 3He + 45 Sc, 46Sc s 

pe3KUIIII 
6
He + 45

Sc, 65Zn s peaKl{llll 6He + 64Zn, 196•198 Au s peaKUIIJIX 3•6He + 197 Au c 

yqeTOM IIpOl{eCCOB 11epe.l(3qll HeiirpOHOB II CJIIIJIHIIJI Jl.l(ep C IIOCJie,l(YJO!l(IIM IICII3peHIIeM 
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q3CTIIl{ 113 COCTaBHOfO ll.l(p3; BbiTIOJIHIITb H3 3TOH OCHOBe Cp3BHeHIIe II aHaJIII3 

3KC11Cp11MeHTaJibHblX ,!(3HI!blX. 

2. lfCCJIC,l(OBaTb 33BIICIIMOCTb ceqeHIIll 11epe.l(3qll OT 3Heprn11 II CBOHCTB CTaJIKIIBaiO!l{IIXCJI 

Jl.l(ep. 

3. lfccne.l(oB3Th ponh 11epep3C11pe.l(eJieHIIJI BHeiiiHIIX CJI36ocBJI33HHhiX HeiirpoHoB n 11pouecce 

CTOJIKHOBCHIIJI 6He + 28Si II 9Li '1- 28Si C l{eJibJO o6nJICHeHIIJI oco6eHHOCTeii 

3KC11Cp11MeHTaJibHbiX ,!(3HHbiX 110 IIOJIHbiM ceqeJliiJIM YKaJaHHblX peaKl{llll II !IX OTJIIIqllii OT 

.l(aHHhiX ,l(JIJI peaKUIIii 
4
He + 28

Si 11 
6

•
7Li + 28

Si. 

4. lfccJie,l(OBaTh CBOHCTB3 OCHOBHbiX COCTOJIHHH Jl,l(ep 
3
H, 

3
•
4
•
6
He, 

6Li, 9Be B paMKax KBaHTOBOll 

33,!(3qll rpex II qC'fblpCX TeJI Ha OCHOI!,C cpeiiHM3HOBCKIIX KOHTIIJlYa!IbHbiX IIHTCrpaJIOB B 

eBKJIII,l(OBOM (MHHMOM) npeMeHH, a TaKJKe B o6onoqeqHoii MOACJIII. PerneHne ::JToii Ja,l(aq11 

TI03BOJIIIT 060CHOB3Th Jl3qaJibHhie YCJIOBHJI ,l(JIJI BOJIHOBbiX cpYJIKl(Hll HeHTpOHOB Jl.l(Cp

CH3pll.l(OB 3•6He, yq3CTB)'Klll{IIX B IICCJie.l(yeMbiX peaKl{IIJIX. 

0CHOBHhiC TIOJIO:lKCHHH, BhlHOCHMb!e H3 33ll{HTY 

1. 

2. 

3. 

H3 ocHone qncneHHoro perneHIIJI neCTauiiOH3pHoro yp3nHeHIIJI IllpeAIIHrep3 npone.l(eHbi 

p3cqeThi ceqeHIIii ,l(JIJI 11poueccon nepe.l(3qn ( cphma n IIOAXBam) HeiirpOH3 B peaKuiiJIX c 

yqacTneM Jl.l(ep 3He CHe + 45 Sc 11 3He + 197 Au) n 
6
He (

6
He + 45

Sc, · 
6
He + 65

Zn 11 

6He + 197 Au). lfccneAOB3Hhl Jasllc~MOCTII ceqeHIIii o6pa30BaHIIJI 1130TOIIOB 
44

•
46

Sc, 
65

Zn, 

196•198Au OT :mepr1111 CTOJIKHOBeHHJI H CBOHCTB Jl.l(ep-MHIIIeHeii. IlonyqeHO XOpOIIIee 

comacne c ::JKCIIepnMeHTanhHhiMH .l(aHHhiMII 110 ceqeHIIJIM o6pa30BaHIIJI YKaJaHHbiX 

1130TOIIOB 11p11 COBMeCTHOM yqeTe 11p0l{CCCOB nepe.l(3qll HeiirpoHa II llpOl{eCCOB CJIIIJIHIIJI

HC113peHHJI B paMKax CT3TIICTHqecKOll MO,l(eJIII. 

Ilpe.l(JIOlKeH cp11311qeCKHll MeX3HII3M; K3qeCTBeHHO OfibJICHJIIO!l{Hll H3fiJIJO,l(3CMble 

ocofieHHOCTII IIOJIHbiX ceqeHHll _PeaKl{llll 4•6He + 28
Si H 

6
•
7
•
9Li + 28

Si. H3 OCHOBC pemeHIIJI 

HecmuiiOH3pHoro ypasHeHIIJI Illpe.l(IIHrep3 p3ccqnTaH3 II011p3nKa K OIITIIqecKOMY 

IIOTCHl{llaJiy, 3aBHCJI!l{aJI OT 3Hepr1111, qTO BllepBbie 1103BOJIIIJIO IIOJiyqiiTb XOpornee 

com3cne pacqeros c ::JKC11ep11MeHTaJihHhlMII A3HHhiMII 110 IIOJIHhiM ceqeHIIJIM YKaJaHHhiX 

peaKUIIii. 

Pa3p360TaH II peaJIII30BaH HOBblll aJifOpHTM p3cqera ::JHepmH II IIJIOTHOCTII BepOJITHOCTII 

OCHOBHbiX COCTOJ!HIIll JierKHX Jl,l(ep 1!3 OCHOBe cpeiiHM3HOBCKIIX KOHTIIJlYa!IbHbiX 

IIHTerpanOB B CBKJIII,l(OBOM BpeMeHH C IICIIOJib30B3HIICM llapaJIJieJibllbiX BbJqiiCJICIIIIll 1!3 

rp3cpllqecKIIX 11poueccopax (TexHonomn NVIDIA CUDA). AnropHTM 3H3qiiTeJihHO 

coKpall{aeT npeMll pacqera (6onee qeM B 100 pa3) 110 cpasHennJO c o6bi'IHhiMII 
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Bbl'IllCneHIUIMII II C~eCTBeHHO pacnmpHCT B03MOJKHOCTII MCTO,lla ,!1JIX llCCne,IIOBllHIIH 

C!ICTeM C fiOnb!IIIIM 'IIICnOM CTerreHeH CBOfiO,llbl. 

4. IJpoBe,lleHbl paC'ICTbl OCHOBHbiX COCTOHHIIH H,llep 3H, 3.4•6He, 6Li, 9Be II rronyqeHO cornacJie 

c 3Kcrrep!IMeHTanbHbiMJI ,llaHHbiMJI. PeJynbTaThl Bbi'IJicneHJIH JicrronhJOBaHbi .llnH 

YTO'IHeHJIH OIIJICaHJIH peaKullil C H,llpaMll 3•6He. 

Hay'IHaH HOBHJHa 

1. Brrepsbie rrpose,lleHbi pac'ICTbi ceqeHuil nepe.llaqu HeiiTpOHOB MH JHa'IJITenbHoro 'IJicna 

peaKuJiil c yqaCTJieM nenciiX H,~~ep-cHapMOB 3•6He JI rrpe,IICTaBJITenbHbiM Ha6opoM THJKenbiX 

H,llep-M!IIIIeHeil Ha OCHOBe 'IHCneHHOrO MCTO,lla peiiieHJIH HeCTauJIOHapHoro ypaBHeHJIH 

lllpe.!IJIHrepa c yqeroM crrJIH-op6JITanbHoro BJaJIMO.lleilcTBJIH HYKnOHOB. 

2. IJoKaJaHO, ~0 B o6pa30BaHJie ll30TOIIa 198Au OCHOBHOH BKnan BHOCIIT Cpb!B HeHTpOHa C 

H,~~ep 3•6He, rrpouecc cnJIHHJIH c nocne.!IYJOli!llM JicnapeHJieM qacUiu JIJ coCTasHoro H,llpa 

,11aer npeHe6pelKJIMO Manbiil BKnan; nonyqeHo xopoiiiee cornacJie peJynhTaTOB pacqeTOB c 

3KCrrep1IMeHTBnbllb!Mll ,llaHHb!Mll. IlOKaJaHO, ~0 o6pa30BaHlle ll30TOIIa 196Au B peaKullll C 

MPOM 3He ofiycnosneHO IIO,IIXBaTOM HeiiTpOHa H,llpOM 3He. 

3. IloKaJaHO, ~o B cnyqae o6paJOBaHJIH JIJOTOIIOB 44
•
46Sc, 64Zn npoueccbi rrepe,lla'lll 

HeHTpOHOB II CnJIHHJIH H,llep C rrocne.!IYJOli]llM llCITapeHJieM 'laCTJiil ll3 COCTaBHOrO H,llpa 

,llaiOT COJIJMepJIMbie BKnanhi; rronyqeHo xopoiiiee cornacJie c 3KcnepJIMeHTanbHbiMJI 

,llaHHb!Mll. 

4. Brrepsbie ,11a11o o6'bxcHeHJie Ha6niO,llaeMbiM oco6eHHOCTHM rronHhiX ceqeHJiil peaKullil 

4
•
6
He + 28

Si II 6
•
7

•
9Li + 28Si Ha OCHOBe peiiieHJIH HeCTailllOHapHOro ypaBHeHJIH llJpe,IIJIHrepa 

II HarnH,llllb!X $JI3JI'IeCKIIX rrpe,IICTaBneHJIH 06 ll3MeHHeMOH B xo,rie CTOnKHOBeHJIH BHeiiiHeil 

HeHTpOIIHOH OfionO'IKe cnafiOCBH3aHHbiX H,llep-CHapH,IIOB 6He II 9Li; nonyqeHO XOpOIIIee 

cornacJie pacqeTOB c 3KcrrepJIMeHTanbHbiMJI .llaHHbiMJI. 

5. BnepBbie npoBe,lleHbl paC'ICTbl OCHOBHb!X COCTOHHIIH nerKJIX H,llep 3H, 3•4•6He, 6Li, 9Be B 

paMKax MCTO,lla <!JeiiHMaHOBCKIIX KOHTIIJIYBnbllb!X llHTerpanOB C llCITOnb30BaHJieM 

- napannenbHbiX Bbi'IJICneHJiil Ha rpaqmqecKJIX npoueccopax (TexHonornJI NVIDIA CUDA); 

peJynbTaTbl paC'ICTOB cornaCYJOTCH C 3KCnepJIMeHTanbHb!Mll ,llaHHb!Mll. 

TeopeTJI'IecKaH u npaKTuqecKaH JHa'IJIMOCTh pa6oTbi 

Onpe,11eneHJie MexaHJIJMOB JI KniO'IeBbiX napaMCTpOB, BnllHIOli!IIX Ha nepe.lla'IJI JIYKnOHOB B 

HJI3K03HeprerJiqecKIIX MepHhlX peaKuJIHX c yqaCTJieM nenciiX x,11ep, JIMeeT 6onbiiiYJO HayqHo

npa~qecKYJO 3Ha'IJIMOCTb. IJpoBe,lleHHhle paC'ICTbl ,llaiOT B03MOlKHOCTb fionee DOnHO 
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JICCne,IIOBaTb <lJ!I3JI'IeCKJie npoueCChl, .CODpOBOlK,llaiOli]Jie KaCaTenbHb!e CTOnKHOBeHJIH aTOMHb!X 

Mep, JI BbiHBJITb snJIHHJie CTPYKTYPbi nencJix H.llep-cuapMOB II csoiiCTB THJKenbiX Mep-MJIIIIeHeil 

Ha npouecchl nepe,lla'IJI HYKnOHOB (IIIJinJI JIX rrepepacnpe,11eneHJIH). Brrepsb!e y,11anocb o6'bHCHJITb 

3Kcnep11MeHTanbHbie ,llaHHbie .llnH peaKullil 3He + 45Sc, 3He + 197 Au, 6He + 45Sc, 6He + 64Zn, 

6He + 197 Au, 6He + 28Si JI 9Li + 28Si. OcHOBHaH 'laCT'b YKaJaHHhlX 3KcrrepJIMeHTanbHbiX ,llaHHbiX

nonyqeHa B. na6opaTOpllll H.llepHbiX peai<uJiil JIM. r. H. <I>neposa (JUIP) 06'be.!IJIHeimoro 

llHCTJITYTa H,llepHbiX llCCne,IIOBaiillll (QIUIM), r . .zzyfiHa. 

JIH'IIIb!H BKJI3tl COHCK3TCJIH 

OcHOBHhle peJynhTaThi, JIJnoJKeHHhle ,p ,IIJiccepmuim, rronyqeHbi mi'IHO asTopoM. AsTop 

npllHJIMan HeiiOCpe,IICTBeHHOe yqaCTJie BO BCeX 3Tarrax Ha)"'HO-llCCne,IIOBaTenbCKOll pafiOTbl ITO 

TeMe ,llllCCepTauJIJI - B rrpoBe,lleHJill paC'ICTOB, HaiiJICaHllll KOMUbiOTepHbiX nporpaMM, ofipafiOTKe, 

aHanJIJe II OfiCYJK.lleHJill rronyqeHHb!X pe3ynbTaTOB, UO,llrOTOBKe CTaTeil K rryfinJIKaullll. 

Anpo6anuH pa60Thi 

PeJynhTaTbi ,IIJiccepTauJIJI .!IOKnanhiBanJICb Ha cne.!IYJOli!llX KoH<!JepeHuJIHX: 

1. LXV MeJK.!IYHapo,IIHaH KOH<lJepeHuJIH no H,~~epHoil $JIJJIKe <OI.npo 2015. HoBbie ropJIJOHTbi 

B o6nacTJI H.llepHoil $JIJJIKJI, aTOMHoil, <!JeMTO- II HaHoTeXHonomil», CaHKT-I1eTep6ypr, 

PoccJix, 29 JIIOHH- 3 JIIOM 2015 r. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

XXI International School on Nuclear Physics and Applications & International Symposium 

on Exotic Nuclei (ISEN-2015), Varna, Bulgaria, 6- 12 September 2015. 

MeJK.!IYHapO,IIHaH Ha)"!HaH KOH<lJepeHullH «Ilapannenbllbie Bbl'IllCni!TenbHb!e TeXHOnOmll 

(IlaBT) 2016», ApxaHrenbcK, PoccJix, 28 Mapm- 1 anpenx 2016 r. 

MeJK.!IYHaPO.!IHaH fleTHHH CyrrepKOMIIbiOTepHax AKaneMIIH, MocKBa, Poccnx, 23 JIIOJIH - 2 

HIOnx 2016 r. 

International Workshop on Few-Body Systems (FBS-Dubna-2016), Dubna, Russia, 4 - 7 

July 2016. 

7th International Conference <<Distributed Computing and Grid-technologies in Science and 

Education» (GRID 2016), Dubna, Russia, 4-9 July 2016. 

VIII International Symposium on EXOtic Nuclei (EXON-2016), Kazan, Russia, 4 - 10 

September 2016. 

66 MelK.!IY'IaPO.!IHaH HayqHax KoH<!JepeHuJIH <OI.npo-2016. McrronbJOBaHne H.llepHo

$JIJH'IeCKIIX MCTO,IIOB B HaYKe II TeXHJIKe», Capos, PoCCJIH, 11 - 14 OKTHfipx 2016 r. 
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9. 25-th International Seminar on Interaction of Neutrons with Nuclei:' «Fundamental 

Interactions & Neutrons, Nuclear Structure, Ultracold Neutrons, Related Topics», Dubna, 

Russia, 22-26 May 2017. 

10. 36th International Workshop on Nuclear Theory, Rila Mountains, Bulgaria, 25 June- 1 July 

2017. 

11. International Conference <<Mathematical Modeling and Computational Physics, 2017» 

(MMCP2017), Dubna, Russia, 3 -7 July 2017. 

12. XXII International School on Nuclear Physics, Neutron Physics and Applications, Varna, 

Bulgaria, 10 - 16 September 2017. 

13. 26th Symposium on Nuclear Electronics and Computing (NEC'2017), Budva, Montenegro, 

25-29 September 2017. 

14. The 3rd International Conference on Particle Physics and Astrophysics (ICPPA-2017), 

Moscow, Russia, 2- 5 October 2017. 

Pe3yJILTaTLI .r~nccepTaUHll TaKJKe ,!IOKJia,!ILIBaJIIICL II o6cyxmaJIHCL na nayqHLIX ceMnnapax 

Jla6opaTOpllll 11,!1epHLIX peaKQllll liM. r. H. ll>nepoBa (JUIP) II Jla6opampnn TeopeTHqecKOll 

cpi13IIKII liM. H. H. EoroJIJ06osa (JITIP) 06oe,!IHHennoro HHCTllryTa 11,11epHLIX nccne.r~osanHii 

(OIUIH), a TaKJKe rpyrrnLI TeopcrnqecKoii II BLjql!CJIHTeJILHoii cpi13IIKII JUIP OIUIH. 

Pe3yJILTaTLI ,!IHccepTaunn BOIIIJIH B pa6ozy «0co6ennocTn MexaHH3Ma peaKUHii co 

CJia60CB113aiiHb!Mll JierKliMll 11,!1paMH>> (aBTOpLI: c. M. Jlyn11HOB, 10. r. Co6oJieB, A. c . .ll:eHliKIIH, 

B. A. MacJioB, M. A. HaYMeHKO, IO. 3. IleHHOHlKKeBHq, B. B. CaMapHH, H. K. CKo6eJieB, 

A. Kymep, 51. Mpa3eK), KOTOpa11 6Lma y.r~ocToena noompHTeJILHoii npeMHH OIUIH 3a 2016 ro.r~. 

Ily6JIHK3QHH 

Ilo MaTepuaJiaM ,!lliCCepTaQHH ony6JiliKOBai!O 19 pa6oT, 5 ll3 KOTOpLIX - CTaTbll B 

peQeH3npyeM&IX nayqn&IX ll3,!1aHn11X H3 cnncKa BAK. 

CTpyKTypa n o61>eM .r~uccepTaQHH 

.ll:nccepTaQll11 COCTOHT ll3 BBe,!leHH11, Tpex rJiaB, 3aKJIJOqeHH11 ll CnliCKa JIHTepaTYPbl. 06beM 

.!lliCCepTaQllll - 148 CTPaHHQ, BKJIJOqa11 55 pncyrrKOB ll 7 Ta6JIHQ, CnliCOK JlliTepaTYPbi CO,!IeplKliT 

198 HaliMeHOBaHllll. 

8 

;.. 

OCHOBHOE CO)J;EPIKAHHE PAEOTbl 

Bo BBC/I:CHHH oficyxmaeTCJI aiCryaJILHOCTL pafiOTbl H MOTHBaiJ;HJI npOBO/I:HMLIX 

HCCJieii:OBaHHll, ll:aeTCJI KpaTKHll 0630p no TeMe ,!IHCCepTaUHH. 

B nepsoii rJiase npe,!l!lolKeH u peaJIH30BaH aJiropuTM napaJIJieJILHLIX BLJqncnenuii :mepmii -

H nJIOT~OCTeif Bep011THOCTH ,!1!111 OCHOBHLiX COCT011HHll MaJIOHYKJIOHHLIX CHCTeM MeT~),!IOM 

KOHTHHYaJILHLIX HHTerpaJIOB ll>eiiHMaHa. I1CnOJIL30BaHlle napaJIJieJILHLIX BLJqucJieHHll n03BOJIHJIO 

,!IOCTllqL YCKOpeHll11 BpeMeHII pacqeTOB fioJiee qeM B 100 pa3 no cpaBHeHli!O C nOCJie,!IOBaTeJILHb!Mll 

BLJqliCJieHHJIMII. nLIJIII BLIIIOJIHeHLI pacqcrbl ,!1!111 11,11ep 3H, 3•4•6He, 6Li, 9Be II nOJiyqeHO xopomee 

COrJiaCI!e C 3KCnepHMeHTaJILHLIMII ,!laHHLIMII J]O 3HeprHliM CB113ll 3TliX 11,11ep H no 3ap11,!10BOMY 

pacnpe.r~eneHHJO .!IAA Mpa 3He. 

ll>eiiHMaHOBCKHii KOHTHHYaJILHLiii liHTerpaJI (HHTerpaJI no TPaeKTOpHliM HJIII nponaramp) 

,!1!111 qaCTIIULI C MaCCOll m H KOOp,!IHHaTOll q B eBKJIII,!IOBOM BpeMeHII 't = it npe,!ICTaBAAIOT B BH,!Ie 

npe.r~ena MHoroKpanwro HHTeqJaJia 

KE (q,T;q0 ,0)= lim J-··J exp{-.!, ±[m(q4 -qk-1)
2 

+V(q4 )d't]lrNdq,dq2 ••• dqN-l• 
z~:, n •=• 2d't f (1) 

r.r~e V(q.) noTeHQHaJILHa11 3f!eprH11, q.=q('t.), 'tk=kd't, k=O,N, qN=q, 

C=[ m/(27!MT)r. 

IlapaJIJieJILHLie B&JqucJieHHll K E ( q, 't; q, 0) ,!1!111 cpuKcuposanHoro 't BbiiiOJIH11JIHCb MeTO.!IOM 

MonTe-Kapno no cpopMyJie 

KE(q,T;q,O)"'(_!!!_)I/
2

(exp[- d'tfv(q4 )]) , 

21tn't n k=l O,N 

(2) 

f,!le yrJIOBb!Mll CK06KaMll ( ) o6?3HaqeHO ycpe,!IHeHHe nO CJiyqaifHLIM TpaeKTOpli11M 

Q = {q0 ,q1, ••• ,qN_1,qN}, q0 = qN = q, q, = f(q,kd't), N = 't I d't c TOqKaMH {q1 ,~ •• ,qN_1}, 

nMeJOmnMn MHoroMepHoe rayccoao pacnpe.r~enenne B cooTBeTCTBliH c cpopMYJIOii (1 ). Iloae.r~eHne 

nponarampa B npe.r~ene npn 't ~ oo 

KE(q,T;q,O)~I'I'0 (q)l2 
exp(- ~'t). lnKE(q,T;q,O)~Inl'l'o(qt- ~'t, 't~OO (3) 

C o6o6meHHeM pacqeTI!Oll CXeMLI Ha TpeXMepHblll CJiyqaif H CliCTeMbl HeCKOJ!bKHX qaCTHU fiLIJIO 

liCnOJib30BaHO ,LIM H3XOlK,!IeHHJI 3Hepmn £ 0 ll KBa,!lpaTa MO,!Iy!IJI BOJIHOBOll cpyrrKQHH I 'I' l 
OCIIOBI!OfO COCT011HH11 JiefKliX MaJIOHYKJIOI!IIbiX Jl,!lep. Ilpu pacqcrax npuMeHj!JiliCL 6e3pa3MepHLie 
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rrepeMCHHb!C q =qfxo' KE =KExO' v = V(q)/Eo' Eo =Eo lEo' m=m/lno' 'f.= 'tfto' t..'f.=i):r:fto' 

r):(e noCTOJIHHLie x0 =14JM, E0 =1 M3B, m0 - Macca rreiiTpona, 1
0 
=ff~ox;/n,l.57·10-n c, 

b
0 

=t0E 0 /h,.,0.02412. 

,l(mJ: JI):(Cp 
2
•
3
H, 

3
•
4
He 6billH HCIIOJ!b30BaHbl 3!lJ!lJeKTHBHb!C rrapHb!C l.ICHTPMbHb!C H)'KJIOH

H)'KJIOHHb!C IIOTCHI.IHMbl C OTTaJIKHBaTCJibHb!M KOpOM B !lJopMe C)'MMbl 'Tpex rayCCOBb!X 

JKCIIO!ICHT, IIO,!I06Hb!C II3BCCTHOMY IIOTCHI.IIIMY M3Y (piicyrroK 1a). 
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PIIcyrroK 1. (a) IloTCHI.IIIMLI B3aiiMO.lleiicTBIIJI rreiiTPorra II rrpoTOna c rraparrrrerrLHLIMII cnuHaMII 

v.~:(r) (CIIJIOIIIHaJI JIIIHIIJI), C aHTIIIIaparrJICJ!bHb!MII CIIIIHaMII V,~~(r) (T04C4HaJI JIIIHIIJI), HC 

3aBIICJI!niiH OT CIIIIHOB V,_p(r) (IIITPIIX-nyrrKTIIpHaJI JIIIHIIJI) II B3aiiMO,liCHCTBIIJI .liByx O,liii!IaKOBb!X 

H)'KJIOHOB V,_n(r) = v;~;(r) (IIITPIIXOBaJI JIIIHIIJI). (6) 3aBIICHMOCTb JIOrapii!lJMa nporraraTOpa 

b~1 lnKE OT CBKJIII,liOBa BpCMCHII 'f. ,!IJIJI JI):(Cp 2H (rrycTb!C TpeyroJibHHKII), 3H (rryCTbiC Kp)')KKH), 

3
He (3aiiOJIHC!IHb!C Kp)')KKII) II 4He (3aiiOJIHCHHbiC TpeyrOJibHIIKII): JIIIH~II- pe3yJILTaTbl JIIIHCHHOH 

perpecCIIII; pacqeT MCTO.!\OM MonTe-Kaprro ,!IJIJI n = 7 ·107 TPaeKn)piiii c rnaroM ceTKII t..'f. = 0.01. 

Bhl6panrrLre 3HaqenliJI napaMCTPOB rroTCHI.IIIMOB o6ecrre4IIJIII 6rrii30CTb BbJqiiCJieHHLIX c 

IIOMOrnbiO !lJOPMYJI (2), (3) 3Ha4CHIIH 3Hepruii CBJI3II Jl):(ep 2•3H, 3•4He K 3KCIICpiiMCIITaJibHb!M 

311a4CHIIJIM (piiCYHOK 16 II Ta6JIIII.Ia 1 ). 

Pe3yJILTaTLI pacqeToB nrroTHOCTII aepoJITHOCTII 1'1'0 (x,y,cos9)1
2 

,liJIJI JI,llpa 3He a 

KOOp,liiiHaTax JIK06II x,y IlOKa3aHbl Ha p11CyrrKe 2. 

PaC4CTb! ,liJIJI JI):(ep 6He, 6Li, 9Be IIpOBO,liiiJIIICb IIOXOlKIIM o6pa30M. 
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Ta6rru1.1a 1. Cpaanen11e TeopeTI14CCKIIX 11 JKcnepiiMCHTMLHhlX 3Haqerruii JHepruii CBJI3II ,liJIJI pMa 

JICrKIIX JI):(Cp. 

ATOMHOC 3KCIICp11MCHTaJibHOC TeopeT114CCKOe3Ha4eHIIe,MJB 

Korr4J11rypal.IIIJI 
MPO 3Ha4enlle, MJB c v:_:(r), vn~~(r) c V,_P(r) 

2H n+p 2..225 2.22±0.15 ) 

3H n+n+p 8.482 8.21 ± 0.3 8.23 ± 0.3 

3He n+p+p 7.718 7.37± 0.3 7.46 ± 0.3 

4He n+n+p +p 28.296 30.60 ± 1.0 30.68 ± 1.0 

6 9=90° 6 9=45° 

CC8 

oro 

P11cyrroK 2. Tonorpa!lJIIll IIJIOT!IOCTH BCpOJITHOCTII 1'1'0 (x,y,cos9)1
2 

OCHOBHOfO COCTOJIHIIJI Jl):(pa 

3He (n + p + p) ,!IJIJI t = 10 (CMOTPIITC p11CYHOK 16). YKa3allbl BCKTOpbl x,y B KOOp,liiiHaTax JIK0611 

II IIpiiMCpb! IIOJ!OlKCHIIJI HCHTpOHOB (nyCTb!C KpyJKKII) II IIpOTOHOB (3aKpaiiiCHHb!C Kp)')KKH~. 

Bo BTOpoii fJI3BC c!lJOPMYJI11pOB3Ha MO,!ICJ!h ,liJIJI paC4CTOB nepepacnpe,!ICJICHIIJI II CC4CHIIH 

nepe):(a4H HCHTpOHOB npii CTOJIKHOBCHIIJIX C yqaCTIICM J!CfKHX JI):(Cp Ha OCHOBC peiiiCHIIJI 

HCCTal.IHOHapHOfO ypaBHCHIIJI llipC):(IIHrepa ,!IJIJI ,liByxKOMIIOHCHTHOH ClliiHOpHOH BOJIHOBOH 

IPYHKLIIIII neiiTPOHa 'I' '7 (: J 
ili~'l'(r,t) = {-~6+~ (r -fi (t))+V2 (r -F, (t))+ V}J (r -fi {t))+f&> (r -F, (t))}'l'(r,t), . (4) at 2m 
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r,11e Ji;, Ji - rroTeH~IHIJibi cpe.11nero rroJIJI, ,!leiicTBYIOI~ero na neiiTpoH B jJ,11pe-c!Iapg,11e n jJ,!Ipe

MHIDeHH, VjJ, V};) - COOTBeTCTBYJO~He OIIepaTOpbi CIIIIH-Op611HIJibHOrO B3aHMO,!IellCTBHjJ, B 

KOM611Ha~HH C KJJaCcnqecKHMH ypaBHeHHjJMII ,!IBH)J{eHI!jJ ~eHTpOB aTOMHbiX jJ)Iep ~ ( t), ~ ( t) . 

HaqanbHbie BOJIHOBbie cf!YHK~HH 'I' neiiTpOHOB 6b!JIH BbNHCJieHbi B paMKax o6orroqeqnoii 

MO,!Ierrn c rrapaMeTpaMH, o6ecrreqnnruo~nMn 6rrn30CTb JHepmii OT,!IerreHI!jJ neiiTpoHa K 

3KCIIepHMeHTaJJbllbiM 3HaqeHHjJM. ,llruJ H30TOIIOB reJII!jJ rrpe,!IJIOlKeHa HOBAA cflopMa cpe,!IHero IIOJIJI 

C MaKCIIMYMOM B ~eHTpe jJ,!Ipa, yqHTbiBaiO~AA OTTaJIKHBaTeJibHblll KOp HYKJIOII-IIYKJJOHHOrO 

B3aHMO,!IellCTBI!jJ H CBOllCTBa TOqHbiX BOJIHOBbiX cflynK~IIll OCHOBHbiX COCTOjJHHll MaJJOHYKJJOI!HbiX 

CHCTeM, Haii,!leHHbiX B rrraBe 1. ,lVJg jJ,!Ipa 3He 3TO IIp!!BO,!IHT K rryqmeMy ( IIO cpaBHei!HIO C II OJ! eM C 

MHHIIMYMOM B ~ei!Tpe g,11pa) COrJiaCI!IO MelK,!Iy TeopcrnqecKHM H 3KCIIepnMeHTaJibHbiM 

3apg,11oBbiMH pacrrpe,11errenngMn. 

XapaKTepnAA KapTnna H3MeneHI!jJ rrrroTnocrn nepogTnocTn p = I'I' J + I'I' l HeiiTpona rrp11 

ero CpbiBe B XO,!Ie CTOJIKHOBeHI!jJ jJ,!Iep 3He + 45Sc IIOKaJaHa Ha pncynKe 3. 

::. 
-& 
;:. 

10.-~~--~~--~.---~----~r----.----~~--~--~ 

a 6 6 

0 

-10 He Sc 

-10 0 -10 0 -10 0 
X, cpM X, cpM x,cjJM 

P11cynoK 3. IIpnMep 3BOJIIO~nn IIJIOTHOCTH nepogTnocTH neiiTpoHa g,11pa 3He (crrena) n rrpo~ecce 

CTOJIKHoBeHng c MPOM 45Sc ( crrpana) rrp11 JHepmn Ecm = 6.5 MJB n rrpn~eJibHOM rrapaMeTpe 

crorrKnonenng b = 1.5 cf!M; parrnycbi oKp~nocTeii paBHbi JcflcfleKTI!BHbiM parr!!ycaM g.11ep 

R1 = 2.2 cf!M, R, = 4.5 cf!M. Xoey npeMeHn cooTBeTCTnycr pacrrorrolKeHI!e pncynKon a-6-B. 

Ilo BOJIHOBOll cflynK~HH 'I'(r,t) HeiiTpOHa B pa3JieTaiO~HXCjJ IIOCJie CTOJIKHOBeHI!jJ g,11pax 

orrpe,!leJIJIJIHCb 3aCeJieHHOCTH O,!IHO~eHTpOBbiX COCTOjJHHll la,(tl H BepomHOCTH W,(b,E,t) 

HaxOlK,!IeJII!jJ HeiiTpOHa B OKpeCTHOCTI! i-ro g,!lpa (3,11eCb b rrpn~eJibHbill rrapaMcrp 

CTOJIKHOBeHng, E - 3Heprng B CHCTeMe ~eHTpa Mace). ,lVJg HeiiTpOHa, rrepBOHaqaJJbi!O 

rrpnnarrJie)J{a~ero g,11py 1 (nrrn 2), nerrnqnna p(b,E) = lim~(b,E,t) (11rrn p(b,E) = limW,(b,E,t)) 
t-+<O t-+oo 
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j, 
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1 
J 
1 

rrpe,!ICTaBJIJieT · Co6oii BepomHOCTb IIOTepH HeiiTpOHa jJ,!IpOM ) (HJIH 2). 3zy BeJII!qHHY MO)J{HO 

rrpnHjJTb Ja nepogTHOCTb JaxnaTa neiiTpoHa ,11pymM MPOM 6e3 yqcra rrpnn~nrra Ilayrrn. Ilp11 yqcre 

rrpnH~nrra Ilayrrn nepogTHOCTb 3axBaTa panna CYMMe Jacerrennocreii cocrogn11ii, ne 3aHjJThJX ,110 

CTOJIKHOBeHI!jJ 

p(b, E)= lim ~]a, (t{ 
,_ k 

(5) 

Ceqenne rrepe,11aq11 Bbiqnc=ocb IIYTeM IIHTerpnponaHI!jJ nepogTHOCTH rrepe,11aqn HeiiTpOHa 

p( b,E) rro rrpn~errbHbiM rrapaMeTpaM b 

00 

cr(E)=2n f p(b,E)bdb, 
I>,!. 

(6) 

r,11e rrpn~eJibHbiii rrapaMeTp bmin cooTBeTcTnycr TpaeKTopnn c paccTognneM nanMeHbmero 

c6rrnlKeHI!jJ Mep ~in = ~ + R,. B crryqae peaK~nii 3He + 45Sc, 3He + 197 Au, 6He + 45Sc, 6He + 64Zn 

)IJ!jJ TpaeKTOpHii C IIpll~eJibHbiM IIapa.V!eTpOM CTOJIKHOBeHI!jJ b 2:: b8 H paCCTQjJJifieM Hai!Mel!billero 

c6rrl!lKenng g,11ep ~in (b, E) 2:: R8 (r,11e b = b8 cooTBeTCTBYeT ~in = R8 , R8 - rrorrolKeHne nepm!!Hbi 

eyrroHoBcKoro 6apbepa) nepomnocTb rrepe,11aqn neii:Tpona c xopomeii ToqJIOCTbiO crrra)J{nnanacb 

3aBHCHMOCTbiO 

p(b,E) ""exp[ A(E)-B(E)~in(b,E)], (7) 

a rrpn paccTOjJJIHII Hai!MeHbmero c6JII!)J{enng ii,11ep R1 + R, ::;, R.ru. (b, E)::;, R8 rrpnnnManacb pannoii 

p(b8 ,E). 

,llruJ peaK~HH 6He + 197 Au nerrnqnna bmin n cf!YHK~ng p(b,E) orrpe,!leJIJIJII!Cb no-,11pyror.ty, c 

yqeTOM B03M0)J{H0CTH COXpaHeHHg ~eJJOCTHOCTII a.-qaCTHqnoro OCTOBa jJ,!Ipa 6He IIpH ,!IBHlKeHI!II 

qepe3 rronepxnocTHYJO o6naCTb g,11pa 197Au. Ilpn cpbiBe neiiTpona n peaK~IIH 6He+ 197Au na BH,!I 

cflynK~Hn p(b, E) ,!lonorrunTeJJbHO ·· BJJHjJJI .. ·. pe3onaHCHbiii xapaKTep TynHennponamm MelK,!Iy 

BbiCOKOJie)K~I!MH ypOBHjJMH jJ,!Iep. 

IlpH aHaJJII3e 3KCIIepHMeHTaJJbHbiX ceqeHHll 06pa30BaHHjJ H30TOIIOB TaK)J{e yqHTbiBaJJaCb 

B03M0)J{}JOCTb HX o6pa30BaHHjJ rrYreM CJII!jJHI!jJ . CTaJJKHBaiO~HXCjJ jJ)Iep C ITOCJie)IYJO~IIM 

HCHapeHHeM HYKJJOHOB II a-qaCTH~. C 3T0ll ~eJibiO HCIIOJ!b30BaJIHCb BbJqHCJIHTeJJbHbie KO,!Ibl ,11JIJI 

pacqeTOB CeqeHHjJ CJII!jJHI!jJ H o6pa30BaHHjJ HCITapMTeJibHbiX OCTaTKOB B CTaTHCTJfqecKOll MO,!IeJJH, 

.!IOCT)'I!Hhie B 6roe 3HaHHii NRV (http://nrv.jinr.ru/). Pe3yJihTaTbi pacqcron ceqenlljJ o6proonanlfjJ 

H30TOIIa 46Sc B peaK~HH 3He + 45Sc C yqeTOM CJJJfjJHJfjJ-IfCIIapeHJfjJ IIOKaJaHbl Ha p!!CynKe 4a. 

CeqeHHe o6pa30BaJ!HjJ H30TOITa 46Sc IIOCJie HCI!apeHJfjJ H3 KOMIIaYH.li-MPa ,!IByx rrpOTOHOB, 

BbNHCrrennoe c rroMo~biO KO,!Ia CTaTHCTI!qecKoii MO,!IeJJH 6aJbi 3Hannii NRV, ,11acr xopomee 
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cornacne c 3KcrrepnMeHTaJILHLIMH ,n;aHHLIMH, a naii,n;ennoe c noMOinLIO Ko.n;a PACE4 OKa3LIBaeTcH 

3aMeTH0 MCHLIIIIIM. C)'MMa ceqeHHll rrepe,n;aqn ll CJiliHHIIH-IICIIapCHIIH B 060HX CJI)"laHX 

OKa3LIBaeTCH 6JIH3KOH K 3KCIICp1IMCHTaJILHLIM ,D;aHHLIM IIpH :meprHHX BLIIIIC K)'JIOHOBCKOrO 

6apLepa. I13JIOM B ceqeHHII IIepe,n;aqn B 06JiaCTll K)'JIOHOBCKOrO 6apLepa CBH3aH C TCM, qTO npH 

3TIIX 3HCprHHX BCT)'IlaeT B ,ZJ;CHCTBIIC npOI.lCCC CJIIIliHIIll, KOTOpLill pC3KO orpanHqHBaeT 

,ZJ;aJILHClllllllll poCT ceqCHIIH nepe,n;aqn, a B03HIIKaiOin1Ill 3aTCM HC60JILIIIOll CIIa,D; o6yCJIOBJICH TCM, 

qTO npn 60JILIIIIIX 3Hepr1IHX CTOJIKHOBCHIIll HCHTpOH HC ycneBaeT nepe,n;aTLCll. 

Cpaanenne 3KcrrepnMenTa.rrLHLIX ,n;annLIX no BLrxo,n;y li30Torra 44Sc a peaKnlln 3He + 45Sc c 

TeopeTnqecKliMH pacqeTaMII noKa3ano na p11cynKe 46. Tio,n;xaaT neiiTpona ll,n;poM 3He n3 ll,n;pa 45Sc 

,n;aeT OCHOBHOli BKJia,ZJ; B o6pa30BaHIIC ll,n;pa 44Sc. 8 IIHTepaa.rre 3Hepmii OT 10 ,ZJ;O 15 M38 

BCpOliTHOCTL IICIIapeHIIH a-qaCTIII.lhl ll3 KOMnayn.n-x,n;pa CTaHOBIITCH COnOCTaBliMOll C 

3KCnep11MCHTaJILHLIMII ,D;aHHLIMII. 8 l.lCJIOM, pacqeT ,ZJ;aeT XOpOIIICC COrJiaCIIC C 

3KCnep11MCHTaJILHLIMII ,n;aHHLIMII. 
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P11cynoK 4. (a) Ceqen11e o6pa3oaannx 1130Tona 46Sc: 3Kcrrep11MCHTaJILHLre ,n;annLre (Kaa,n;paTLr), 

pacqeT ,D;JIH nponecca rrepe,n;aq11 ( CnJIOIIIHal! JIIIHIIll) ll C nOMOinb!O KO,D;a CTaTIICTllqCCKOll MO,D;CJIII 

6a3LI 3Hannii NRV ,D;Jill npouecca CJIHl!HIIli-IICnapenHH ,n;ayx rrpoTonoa (2p, IIITpiiXOBal! JIIIHIIll), !IX 

. C)'MMa (IIITpiiX-IIynKTIIpHal! JIIIHllll), ToqeqnalJ JlliHIIll - pacqeT CeqCHllll CJIIIHHIIli-IICIIapeHHll C 

noMOinLIO Ko,n;a PACE4 11 cooTBCTCTBYIQinal! C)'MMa c ceqenneM nepe,n;aqn (IIITpiiX-nynKTIIpHal! 

JIIIHHll c 2 ToqKaMn). (6) Ceqen11e o6pa30BaHII» n3omna 44Sc: 3Kcnep11MCHTaJILHLie ,n;annLre 

(KBa,n;paTLI), pacqeT ,D;JIH rrpouecca nepe,n;aqn ( crrnoiiinal! JIHHIIll), pacqeT c noMOinLIO Ko.n;a 

CTaTIICTnqecKoii Mo,n;enn 6a3LI 3nan11li NRV .nn» rrpouecca CJIHliHHli-HCIIapenHH a-qaCTHllLI 

(IIITpHXOBal! JIIIHHH), IIITpllx-nynKTnpnaB JIIIHHH - C)'MMa ceqennii ,n;JIH npoueccoa rrepe,n;aqn n 

CJIIIHHIIH~liCnapeHHH, ToqeqnalJ JIIIHllll - ceqenlle CJIIIliHIIH. 3,n;eCL II ,n;a.rree CTpCJIKa- KYJIOHOBCKIIH 

6apLep V8 • 
/ 
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Cpaanen11e 3KcnepnMeHTaJILHLIX ,n;annLrx no BLrxo,n;y 1130Tona 198 Au a peaKI.lllll 3He + 197 Au 

c TeopeTnqecKHMn pacqeTaMII noKa3ano na p11cynKe Sa. Ceqenne o6pa3oaanHH 3Toro li30Torra 

nocne ncnapenHH H3 KOMrrayn.n;-H.n;pa ,n;syx npoTonoa, BLrqncnennoe c rroMOinLIO Ko,n;a 

CTaTHCTHqecKoii MO,ZJ;CJIII 6a3bi3HaHllll NRV, 0Ka3aJIOCL Menee 10"2 M6, If He nOKa3aHO na rpaqmKe. 

Ma.rroCTL . ,nann oro ceqenllH CBll3aHa c 6oJILIIIoii BCJI!fqllnoii eynonoBcKoro 6apLepa, · 

rrpeiTHTCTBYIOmero BLmery npoTonoB. Paccqi!Tannoe ceqenne rrpouecca rrepe,n;aqn xopoiiio 

COrJiaCyeTCll C 3KCnepllMCHTaJILHLIMII ,D;aHHLIMll. 

Tipn 3nepriil!X HliJKe eynonoacKoro 6apLepa pC3yJILTaTLI pacqeTa ceqenHH nepe,n;aqn 

neiiTpona ,n;JIH ll30Tona 198 Au OKa3LIBaiOTCH 6onLIIIe 3KcnepHMCHTaJILHLIX J:)aHHLIX, a ,D;JIH ll30Tona 

46
Sc - cymeCTaenno 6onLIIIe. 3m MOJKHO o6ol!CHliTL rrpeo6na,n;anneM nepe,n;aq!f neiirpona B 

B036YJK,D;CHHLIC COCTOl!HllH li,D;pa-MlllllCHll, qTo ,ZJ;OJIJKHO conpOBOJK,D;aTLCll )'MCHLIIICHllCM 

KliHeT!fqecKOll 3Hepmll c6JilllKCHllll ll,n;ep, yaeJinqenlleM 3HaqeHllll J?...in ll TCM CaMLIM CHlllKCHHCM 

BCpOliTHOCTll rrepexo,n;a. 
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PHcynoK 5. (a) Ceqen!fe o6pa30BaHHH li30Tona 198Au: 3KcnepllMenTa.rrLnLre ,n;annLie (Kaa,n;paTLI) If 

pacqeT ,D;JIH npouecca nepe,n;aq!f c yqt;TOM (crrnoiiiHal! · nnnHH) If (,n;nll cpaanenHH) 6e3 yqem 

npnnunna Tiaynn (IIITpliXOBal! JIHHllll). (6) Ceqenlle o6pa3oaanHH li30Tona 196Au: 

3KCrrepnMeHTaJILHLie ,n;annLre (Kaa,n;paTLI), pacqeT ,n;JIJ! npouecca rrepe,n;aqn ( crrnoiiiHal! JIHHllll), c 

IIOMOinb!O KO,ZJ;a CTaTHCTllqecKOll MO,ZJ;CJIH 6a3bl :maHllll NR V ,D;Jill IIpOI.lCCCOB CJillliHIIH C 

HCnapeHHCM a-qaCTlll.lhl (IIITpiiXOBal! JlliHliH), .ZJ;Byx npOTOHOB ll .ZJ;Byx HCHTpOHOB (2p2n, IIITpllX

nyHKTllpHal! JlllHllll); TOqeqnalJ JIHHHH- ceqeHHC CJIHHHIIH. 

Cpaanenne 3KcrrepnMenTaJILHLIX ,n;aiiHLIX no BLrxoey li30Tona 196 Au a peaKUHll 3He + 197 Au 

c TeopeTllqecKnMn pacqemMH rroKa3ano na pncynKe 56. Ceqenlle o6pa3oaanHH li30Tona 196Au 

IIOCJIC llCIIapeHHH a-qaCTHllhl ll3 KOMnayn,n;-H,npa npH 3HepmHX BLIIIIC KYJIOHOBCKOro 6apLepa 
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cymeCTBCHHO (ua ,!IBa nop»,!!Ka) HlllKC 3KCnep11MCHTaJihHhiX ,llaHHhiX. 3TO 06bl!CHlleTCJI Bh!COKIIM 

KynoHOBCKIIM 6aphepoM, npenl!TCTBYJOIIIIIM BhlliC'fY a-qaCTIII.{hl 113 KOMnayu,ll-ll,llpa C 60nh!IIIIM 

3apMOM. KaK BII.!IHO 113 p11cyuKa 56, pacqeT ceqeullll no,!IXBaTa uell.Tpoua MPOM 3He 113 l!,llpa 197 Au 

.11acr xopornee cornac11e c 3Kcnep11MCHTaJihHhiMII ,llaHHhiMII. 

Cpasueu11e 3Kcnep11MeHTaJihHhiX ,llaHHhlX no BhiXO.llaM 1130Tonos 198 Au 11 196 Au B peaKI.{IIII 

6He + 197 Au nOKa3aHO Ha p11cyuKax 6a II 66, COOTBCTCTBeHIIO. QqeBII,!IHO, ~0 B ,llai!IIOM cnyqae 

BKna,!IOM CnllliHIIJI II nocnC.liYJOIIICrO IICnapeHIIll B 3KCnep11MCHTaJihHh!e ,llaHHh!e MOlKHO 

npeue6pe%,~ qTO CBl!3auo c 6onhrnoli sen11q11uoli rynouoscKoro 6aphepa, npelll!TCTBYJOlllero 

BhllieTY a-qacTIII.lhi. BhiX0.!11130TOIIa 198 Au B peaKUIIII 6He + 197 Au YJKC llccne,lloBancl! pauee, uo 6e3 

oueuKII B03MOJKHoro BKna,lla npouecca cnlll!HIIli-IICnapenllll. 
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P11cyuoK 6. Ceqeulll! o6pmoBaHIIll 1130TonoB 198Au (a) 11 196Au (6) B peaKI.{IIII 6He + 197Au. 

CIIMBOnhi - 3Kcnep11MeHTaJihHhie ,llanHhie, Toqequhie KpiiBhie - pe3ynhTaTh! pacqeTa cnlll!HIIll

llcnapeullll an (a) 11 a3n (6) c noMOlllhiO KO,lla cTaTIICTIIqecKoli MO!l:Cnll 6mhi 3HaHIIli NRV, 

cnnornuax niiHIIll (a) 11 nyuKT11pnax n11n11ll ( 6) - pacqcr ,llnll npouecca nepe11:aq11, cnnornuax n11n11ll 

(6)- C)'MMa ceqeu11li npoueccos nepe11:aq1111 cnlll!HIIl!-llcnapeu!IJI. 

TaKIIM o6pmoM, nonyqeuo xopornee cornac11e c 3Kcnep11MeHTaJihHhiMII ,llaHHhiMII no 

ceqeHIIJIM o6pa30BaHIIJIII30TOnOB 44•46Sc B peaKI.{II11 3He + 45 Sc, 196•198Au B peaKI.{IIII 3He + 197Au, B 

46
Sc B peaKUIIII 6He + 45 Sc, 65Zn B peaKUIIII 6He + 64Zn 11 196•198 Au s peaKUIIII 6He + 197 Au. 

Ocuosuax qacrh YKa3aHHhiX 3Kcnep11MCHTaJihHh!X ).laHHhlX 6Mna nonyqeua c yqacTIIeM JUIP 

mum. 

B TpeTheli r~aoe npose).leuo TeopcrllqecKoe IICCne).losaulle Bnlll!Hllll npoueccos 

nepepacnpe,lleneHllll ueliTpOHOB ua nonHh!e ceqeulll! peaKUIIli c nerKIIMII cna6ocBJI3auHhiMII 
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ll.llpaMII 
6
He 11 

9Li np11 3uepml!X · Elab B .1111anmoue 5-60 A M3B. Ha ocHose perneHIIJI 

uecrau11ouapuoro ypasueHIIll Illpe,!IIIHrepa, on11caHHoro B rnase 2, 6hm npose,lleH pacqcr 

3BOniOI.{IIII BOnHOBhiX cpyuKI.{IIll BHCillHIIX HeliTpOHOB »,llep-cuapl!,!IOB B npOI.{CCCe CTOnKHOBCHIIll C 

»,llpaMII-MIIilleHJIMII np11 pa3nllqHhiX 3HeprllliX. Ilp11Mephl 3BOniOI.{IIII nnOTHOCTII BepOliTHOCTII. 

p = j'PJ +I'P l BHCillHIIX ueliTpOHOB ll,llpa 9p np11 ero CTOnKHOBCHIIII C ll,llpOM 28Si ,llnll 3Hepmli 

E1.w = 2 A M3B, 15 A M3B 11 60 A M3B npiiBC,lleHhi ua p11cyuKe 7. BII.!IHO, ~o noBe,lleHIIe 

nnOTHOCTII BepOl!THOCTII 3aMCTHO OTnllqaeTCJI np11 pa3nllqllhiX 3HeprllliX - np11 HII3KIIX 3Hepml!X 

06pa3YJOTCll <<MOneKynllpHhiC» COCTOl!HIIll, OXBaThlBaiOllllle o6a ll,llpa II HanOMIIHaiOllllle p11C)'IIOK 3, 

llpll llpOMCJKyTOqllhiX 311Cprlll!X ITnOTHOCTh BepOl!THOCTII B 3HaqiiTCnhHOll Mepe KOHI.{CHTp11pyeTCJI 

B 06naCTII MClK,lly ,!IB)'MJI ll,llpaMII, a llpll 6onhi1liiX 3HCprllliX HCHTpOHhl He ycneBaiOT 

rrepepacrrpe,lleniiThCll. 
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P11cyuoK 7. IlpiiMCphl 3BOniOUIIII rrnoTHOCTII sepol!THOCTII BHemu11x HeliTpOHOB ll,llpa 9Li rrp11 ero 

cronKHOBCHIIII c li.!IPOM 
28

Si ,llnll 3uepmli E1.b = 2 A M3B (a,6,e), 15 A M3B (~.o,e) 11 60 A M3B 

(:JtC,3,u). Xo.!IY speMeu11 oTseqacr pacrronoJKeHIIe cnesa Harrpauo. 
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KaqecTBeHIIblii xapmcrep nepepacnpe)J;eneHII.ll BHelliHII.X Heil.TpOHOB npil c6nii.JKeHII.II. li)J;ep 

JaBII.CII.T OT COOTIIOllleHII.ll MeJKJzy cpe)J;HHMH BC]IJiqJIHaMH CKOpOCTH ( v} BHelliHerO Heil.TpOHa B 

li)J;pe-CHapMe II OTHOCHTCilbHOH CKOpOCTH V,.1 li)J;ep B np01.1ecce CTOiiKHOBeHII.ll. Cpe)J;Hllll 

KHHCTJiqeCKal! :meprll.ll (E) cnafiOCBll3aHHbiX HeiiTpOHOB B li)J;pax 6He II 
9Li 6I.IJia OJ..IeHeHa B 

paMKax o6onoqeqHoii MO)J;eilll., npH 3TOM (v} = ~2(E}/m0 • lh OI.IeHKH vre1 - v1 = ~2£..,/~, r)J;e 

Elab - ::~neprll.ll a na6opaTOpHoii CHCTeMe li)J;pa-cnapMa c Maccoii ~ = A!lo H MaccoBhlM qJicnoM 

A , !lo - aTOMHal! e)J;HHHI.Ia MaCChi !lo "' m0 , Cile)J;yeT OI.IeHKa )J;illl OTHOllleHII.ll CKOpOCTeii 

( 
E )1/2 

(~} "'y =: (E;•~ (8) 

3HaqeHII.ll BeiiJiqJIHbl y MOryT CiiYJKHTb Ofiii.IHM KpHTepHeM CTeHCIIH a)J;HafiaTJiqHOCTH 

CTOiiKIIOBeHHll. IJpHHH3KHX 3HCpr!IliX, B Cnyqae V1 << (v} , y << 1, 3a BpeMll npOileTa li)J;pa-CHapl!)J;a 

pli)J;OM C MPOM-MillliCHblO fihlCTpO )J;BillKYII.III.eCll cnafiOCBll3aHHhle He~TpOHbl MOryT o6pa30BaTb 

O)J;HO llilll HeCKOilbKHX )J;BYJ..IeHTpOBbiX «MOileKyilllpHbiX)) COCTOliHHH. B npe)J;eilbiiO 

nea)J;II.a6aTJiqecKOM cnyqae, KOr)J;a v1 >> (v}, y >> 1, HeiiTpoH Ja apeMll nponeTa He ycneaaeT 

nepepacnpe)J;eiiHTI.CliHiiH nepe)J;aTI.Cll Ha MPO-MHllleHI.. 

B paMKax onTJiqeCKOH MO,lleilll. peani.Hal! qacTb IIOTCHJ..IIlaila V(R) )J;illl li)J;ep c 

<<3aMopoJKeHHI.IMH» HeiiTponaMH 6I.ma )J;ononHeHa Hea)J;Ha6aTJiqecKoii nonpaaKoii, so3HHKaiOII.Ieii 

B pe3yiii.TaTe yaenJiqeHHll lliiOTIIOCTH BepOliTHOCTH neil.TpOHOB MelK)J;y IIOBepXHOCTliMH li)J;ep npH 

!IX CfiiiHJKeHHH (pHCYHOK 7 a) 

~(R,E,,b) = v(R)+TJ(E,ab)o~(R,E,ab) (9) 

c ljlym(J..~Heii o~(R(t),Elab) 

o~ (R(t),Elab) = f d 3rop1(r,t)UT (\r -r.,(t)i), (10) 
n 

r)J;e UT(r) - cpe)J;Hee none HeiiTpoHOB a li)J;pe-MHllleHH, op1 (r,t) = p 1(r,t)- p~01(r), p1(r,t) -

lliiOTHOCTb BepOliTIIOCTH BHelliHHX HeHTpOHOB li)J;pa-CHap»)J;a, p~01 (r) - ananomqHaJI lliiOTIIOCTb, 

BhlqJicileHHal! B OTCYTCTBHe B3aHMO)J;eiiCTBHJI 3THX HeiiTpOHOB C MPOM-MHllleHI.IO, f! - OfiilaCTb 

MeJKJzy llOBepXHOCTJIMH li)J;ep, 

TJ(Elab) ={1+exp[ ~((E)-( E; ))Jr, (11) 

(E) = 10 M3B - cpe)J;Hllll KHHCTJiqeCKal! 3HCprll.ll BHelliHHX HCHTpOHOB B Mpe-CHap»)J;C, 

a= 1.8 M::~B. Hea)J;Ha6amqeCKal! nonpanKa o~(R,Elab) YMeHI.lllaeT BhlCOTY VB II CABHraCT 
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anpaao nonoJKeHHe R9 ( Elab) KYiiOHOBCKoro 6api.epa H pa)J;Hyc Rb ; BXOMII.IHii B MHHMYIO qacTI. 

llOTCIIJ..IHaila 

l?a(£..,) = Ra,o +oR8 (£..,), J?.(Elab) = Ra +koR8 (Elab). (12) 

,IV!» MIIHMOH qacm noTeHI.IHaila HCllOilb30BaiiOCb Bb!paJKCHHe C 3KCllOHCHJ..IIlailbHOH. 

3aBHCHMOCTblO 

l -W., r<Rb 

W(r)= r-Rb , 
W.exp( --b-), r<:.Rb 

(13) 

rAe b = 1ljlM, k = 2, Ra = 5.8ljlM Ail» peaKI.IHH 9Li + 28Si. B cnyqae peai<I.III.H c Mpa~m 4He H 6•7Li 

)J;illl peanbHOH II MHHMOH qacTeii MepHoro noTeHJ..IHaila HCnOilb30BailaCI. <lJopMa By)J;ca-CaKCOHa C 

napaMCTPaMH, nonyqeHHI.IMII. llYTeM $HTHpoaaHII.ll yrnoBI.IX pacnpeAeneHHii ynpyroro pacce»HH». 

PeJyni.TaTI.I pacqcra nonHI.IX ceqeHHii pem<I.IHii 6He + 28Si H 9Li + 28Si xopolllo 

cornaCYIOTC» c 3KcnepHMeH~ani.HbiMH )J;aHHhlMH (pHCYHOK 8). TaKHM o6pa3oM, npeMoJKeHHI.Iil. 

$HJJiqeCKHH MeXaHH3M Ofil>JICHJICT HafiiiiO)J;aeMb!C OCofieHHOCTH llOiiHbiX ceqeHHH peaKJ..IHH. 

2000 a 2200 6 
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PHCYHOK 8. I10i1Hble ceqeHHJI peai<I.IHH 4•6He + 28Si (a) II 7•9Li + 28Si (6), CHMBOilhl 

3KCnepHMeHTailbHble )J;aHHhle: 6He + 28Si II 9Li + 28Si (TOqKJI), 4He + 28Si II 7Li + 28Si (KpYJKKH), 

KpHBhle - pe3yiii.TaTbl pacqCTQB B onmqecKOH MO)J;Cilll C llOTCIII.IHailaMH (9), (13): (a) )J;illl 

Ra = 5.0 $M (cniiOlliHal! ii!IHII.ll) II Ra = 4.8 $M • (lliTPHXOBal! ii!IHHJI), (6) )J;illl Ra = 5.8 $M 

(cnnolliHal! iiii.HII.ll) H Ra = 5.6 $M (lliTpHXOBal! iiHHII.ll); lliTpHX-nYHKTHPHI.Hi iiHHIHI- pelyiii.TaTbi 

pacqCToB Ailll peaKJ..IHii 4He ;+- 28Si (a) II 7Li + 28Si (6). 

B 33KJIIOqeHUH c<lJopMYiiHpOBaHhl OCHOBHble pe3yiii.TaThlll. Bb!BO)J;hl pafiOTbl. 
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OCHOBHbiE PE3YJibTATbl H BbiBO,l);bl 

1. TiposeJJ;eH pacqeT sepoliTHOCTeli II ceqeniili rrepeJJ;aqii neliTpona JJ;JIJI pea~IIli c yqacTIIeM 

JIJJ;Cp 3He II 6He B paMKax MCTOJJ;a, OCHOBaHHOfO Ha pClliCHIIII HCCTal\IIOHapnoro ypaBHCHIIJI 

lllpeJJ;IIHrepa, II rro.rryqeno xopornee comaciie c 3Kcrrepi1MCHTMbHbiMII JJ;aHHhiMII no 

ceqeHl!JIM o6pa30BaHIIJI I130TOIIOB: 

2. 

• 44•46Sc s peaKUIIII 
3
He + 45

Sc, 

• 196•
198 Au s peaKUIIII 

3
He + 197 

Au, 

• 46Sc B peaKUIIII 
6
He + 45

Sc, 

• 65Zn s peaKUIIII 
6
He + 64

Zn, 

• 
196

•
198Au B peaKUIII1

6
He + 197

Au. 

HccrreJJ;osana 3aBIICIIMOCTh ceqenllli rrepeJJ;aqll neliTpona oT 3Hepri111 II csolicTB 

CTaJIKIIBa!Oll\IIXCJI MCp. Y qTena B03MOJKHOCTb o6pa30BaHllll 1130'rOIIOB IIYfCM CJIIIJIHIIJI-

IICIIapeHIIJI; BblJIBJICHa 3aBIICIIMOCTb BKJiaJ];a IIpOl\CCCa CJil!JIHIIJI-IICIIapeHIIJI B ceqeHllll 

o6pa30BaHIIJI I130TOIIOB OT 3HCpfi1II CTOJIKHOBCHIIJI II KOM611Hal\llll cnapliJJ;-MIIlliCHb. B 

crryqae peaKUIIli 3He + 197 Au 11 6He + 197 Au BKJiaAOM CJIIIJIHIIJIIIIIocrreJJ;yiOll\ero 11crrapenllll 

B 3KCIICpiiMCHTaJibllbiC JJ;aHHbiC MOJKHO rrpene6peqb, TOfJJ;a KaK B CJI)"'aC peaKl\llll 

3He + 45Sc, 6He + 45Sc II 6He + 64Zrr, JJ;aHHblll BKJIM 3aMeTCH. 3TO 06bliCHJICTCJI BbiCOKIIM 

IcyJIOHOBCKIIM 6apbepOM, rrpeiiJITCTByiOll\IIM IICIIapeHIIIO IIpOTOHOB II Mb«Pa-qaCTIIl\ 113 

COCTasnoro l!JJ;pa Will peaKl\llll 
3
He + 197

Au I1
6
He + 197 

Au. 

3. flpOBCJ];CHHhlC pacqeTbl yKa3biBaiOT Ha 3«P«PeKTIIBHOCTb MCTOJJ;a, OCHOBaHHOfO na pelliCHIIII 

necmunonapnoro ypasnennll lllpeJJ;nnrepa, JJ;Jill anann3a rrpoueccos rrepeJJ;aqn neliTponos 

B HH3K03HCpreTHqecKHX JIJJ;CpHblX peaKUHJIX C yqaCTIICM JICfKHX J!J];Cp-Cnapl!JJ;OB H 

IIpCJJ;CTaBHTCJlbHOfO na6opa TJIJKCJlbiX MCp-MHlliCHCll. 

4. flpCAJIOJKCH «l>113HqecKIIll MCXaHII3M, KaqeCTBCHIIO 06bJICHJIIOll\llll na6JIIOJ];aCMbiC 

OC06CHIIOCTH IIOJIHblX ceqeHIIll pCaKl\llll 4•6He + 28Si H 
6
•
7
•
9Li + 28

Si CJICJJ;CTBIICM HepeXOJJ;a 

OT aJJ;IIa6aTIIqecKOf0 peJKIIMa K HCaJJ;116aTIIqCCKOMY pelKHMY IIOBCJ];CIIHJI BHClliHCll 

HCUTpOHHOll o6orroqKII liACp-cnapliAOB 6He H 9Li B XOJ];C KaCaTCJlbiiOfO CTOJIKHOBCIIHJI C 

MpOM-MIIlliCHbiO. BBCJ];CHHC HOIIpaBKH K IIOTCHl\HMy, IIOJI)"'CHHOll Ha OCHOBC pClliCHllll 

HCCTal\HOHapHOfO ypaBHCHIIJI lilpeJJ;IIHfCpa, B pacqeTbl B paMKax OIITIIqCCKOll MOJ];CJIH 

BIICpBbiC ll03BOJIIIJIO IIOJI)"'HTh xopornee COfJiaCIIC pacqeTOB C 3KCIICp11MCHTaJibHbiMII 

JJ;aHHbiMH IIO IIOJIHblM ceqenllliM peaKl\Hll 
6
He + 28

Si II 
9Li + 28

Si. 
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5. BrrepBbiC rrpoBCJJ;CHbl pacqCThJ OCHOBHbiX COCTOJ!Hllll JIJJ;ep 3H, -3•4•6He, 6Li,. 9Be B paMKax 

MCTOJ];a «PeliHMaHOBCKIIX KOHTIIHYMbHbiX l!IITCrpMOB C IICIIOJlb30BaHIICM rrapaJIJICJlbllbiX 

Bhi'lncrrennli na rpa4>11qecKHX rrpoueccopax (Texnorrornn NVIDIA CUDA); pe3yJihTaTbi 

paC'leTOB COfJiaCyiOTCJI: C pe3yJihTaTaMII o6orroqeqnoli MOJ];CJIH II 3KCHCpi1MCHTaJlbllblMH 

J];aHHbiMH; JJ;aHHblC pacqeTbl J];a!OT HOByiO B03MOJKHOCTb B paMKax CJJ;IIHOfO IIOJJ;XOJ];a 

IICCJICJJ;OBaTb OCHOBHbiC COCTOJ!Hl!JI MaJIOHYKJIOHHbiX H KJiaCTepHhlX J!J];ep C 

IICIIOJib30BaHIICM CJ];HHOfO na6opa !IOTCHI.\IIMOB. 

Pe3yJibTaThi, IIOJI)"'CHIIbiC B JJ;IICCCpTal\1111, MOryr 6biTb !I0.1C3Hbl Hpll J];aJlbHClllliCM 

IICCJICJ];OBaHIIII IIpOl\CCCOB rrepeJJ;aqn HYKJIOHOB WIIJIII KJiaCTepOB C HCIIOJib30BlliiiiCM BOJIHOBbiX 

«l>YHKI.\IIll, HaUJ];CHHbiX MCTOJJ;OM «PeliHMaHOBCKIIX' KOHTIIHyaJlbllbiX · IIHTerpanoB, B Ka'!CCTBC 

naqanbHhiX ycrrosiili rrp11 peann3al\llll pernennll neCTaunonapnoro ypasnenllll lllpeJJ;nnrepa JJ;JIJI 

HCCKOJibKHX qaCTIIl\ C IIpHMCHCHHCM COBpCMCHHbiX rrapanJICJlbllbiX BbJqllCJIIITCJibllbiX TCXHOJIOfllll. 

3TO ll03BOJIIIT TaKJKe 6orree ACTaJlbHO aHaJIII311pOBaTb pe3yJih_TaThl 3KCIICp11MCHTaJibHOfO H3)"'CHIIJI 

peaKl\llll C JICfKHMII, 3K30TII'lCCKIIMH H paJJ;IIOaKTHBHbiMII liJJ;paMII, IIOJI)"'CHHbiC KaK B 

Jla6opaTOp1111 JIJJ;CpHblX peaKl\Hll HM. r. H. lllrreposa (JUIP) 06bCJ];IIHCHHOf0 HHCTHTyra liACpHbiX 

HCCJICJ];OBaHHll (QIUlH), f. ,!J;y6na, TaK H B JJ;pYfiiX Ha)"'HbiX 1.\CHTpax, a TaKJKC HCIIOJlb30BaTb 

MOACJib JJ;JIJI IIpCJJ;CKa3aHIIJI pe3yJibTaTOB H IIJlaHIIpOBaHIIJI HOBbiX 3KCIICpHMCHTOB. 
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