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Y4eHhlM ceKperapb cneu. coee-ra. ~ 

.UOKTOP q)H3.-MaT. HayK ?.. (/~ fa3a3l!H 3, . .lJ. • 

061IlaH xapaKTepHCTHKa paOOTbl 

AKTyanbHOCTb pa60Tb1. 

CoBpeMeHH1>1e ycKopHTeJIH .ll!UOT rrpaKTif'IeCKH Heorpa.mrqeHm.ie B03MO:lKHOCTH }lJlll 

IIOJI)"IeHIDI Il)"IKOB 3apmKeHH:&IX qac~ c pa:llII!'IHh!Mll MaccaMH H :meprIDIMH - npOTOHOB, 

JI}lep reJIHJI, THiKeJib!X HOHOB. Co BpeMeHH IlOJIBJieHIDI II)"IKOB rrpOTOHOB H TJI:>KeJThIX l'IOHOB 

BhlCOKHX 3HeprHH HCCJie}lOBaHHIO 06pa:ioeamn1 OCTaTOqHhlx JI}lep B Bbl3bIBaeMbIX HMH 

peaKI1Hl!X Ha pa3J:rnqHb!X MllIIIeIDIX IlOCBJIIl(eHO 60JibillOe KOJIH4eCTBO pa6oT, IIOC'rpOeHbl 

3MnHpli'feCKHe CHCTeMannm H C03}laHbl TeoperI!'IeCKHe MO}leJIH. CTOJIKHOBeHIDI HOHOB rrpH 

peJIJ1THBHCTCKHX 3Hepnrnx - qpe3Bbl'rnmm CJIOJKHhIH rrpouecc. B pe3yJibTaTe 

Bb!COK03HepreTJ1'1eCKOH JI}lepHOH peaKU!ili MOryr 6bITh rronyqem.1 KaI< CTa6IDibHbie, TaK H 

pa.n;HOfil<THBHbie, B TOM q:wcne }laJieKHe OT JIHHHH CTa6HJibHOCTI1, JI}lpa. 06pa:ioBaHHe 3THX 

ll}lep o6yCJIOBJieHO }lOBOJThHO pa:3H006pa:im.1MH npoueccaMH - OT pe!ll<I!HH c Bb!JieTOM O}lHOro 

li1IH .l(Byx H)'KJIOHOB, Bbl3BaHHhlX He TOJibKO H He o6JI3aTeJibHO CID!bHb!M B3aHMO}leHCTBHeM, 

HO H B03MO:lKHOH 3JieK'rp0MarHHTHOH }lHCCOUHarrneii HaJieT!UOII1ero JI.Upa IDIH JI.upa-MllIIIeHH B 

KyrroHoecKoM rrorre - ao peaKUHH co MHO:>KeCTBeHHbIM o6pa:JOBaHHeM <l.>parMeHTOB 

rrpOMe:acyToqHOH MaCCbl, rrorryqHBmHX Ha:Jeairn:e MJlThTH<l.>parMeHTarrnH. 

B rrocrre}lHee BpeMlI HHTepec K HCCJie}lOBaHIDIM peJUITHBHCTCKHX JI.upO•JI}lepHb!X 

B3aHMO}leHCTBHW B03Jl0C no HeCKOJibKHM np:wnmaM. Bo-rrepBbIX, HCCJie}lOBaHHe 

MHO){(eCTBeHHoro o6pa30BaHHll JI.[(epm.1x qiparMeHTOB npOMelK)'ToqHOH MaCCbl 

(MYJibTH<l.>parMeHTOB) II03BOJIJieT CY.lIHTh 0 COCTOfilmli BemecTBa B ycJIOBIDIX, aa.neKHX OT TeX, 

KOTOpb!e xaparcrepH3JlOT llOBe,[(eHHe JI.Uep B OCHOBHOM COCTOJllllill. OcHOBHb!M rrpe;:i;MeTOM 

HCCJie}lOBa.mlli rrpH 3TOM HBJ!JleTCJI ypaimeHHe COCTOHHIDI H.llepHoro Beru:ecTBa. Pe3yJibTaTh! 

Ta:KHX Hccne.llOBamlli Heo6xo.rmMbI }llUI acTpo<l_>H3WiecKHX npHJIO){(emrn. IIpe;:i;rrorraraeTCH, 

HanpHMep, 4TO B 11pouecce o6pa:30BaHHll Heil:'rpOHHbIX 3Be3}l H B3JlhlBOB csepXHOBhlX 

npeo6rra.n:aroru:He TepMO.IIHHaMH'ieCKHe yCJIOBIDI rro.uo6Hbl TeM, npH KOTOpbIX IIpOHCXO,LUIT 

MYJibTH<l.>parMeHTfillID!. Bo-BTopi;1x, rrocKOJihKy BO e3aHMO.lleiicTBlili peJIJ1THBHCTCKHX HOHOB 

rrpH 6om,u:rnx np:wuen&HbIX rrapaMerpax cneKTaTopi:.1 MllIIIeHH 11 HaJieTaromew qacT.IIT(I.I 

rrpHo6peTaIOT 60Jib!Ilyro 3Heprmo B036y)f(}leHIDI H B TO )Ke BpeMJI MaJIO ClKHM!llOTCJI [1], TO 

nepH<l.>ep:wmn.re B3aHMO.!{eHCTBIDI HOHOB IIpH Bb!COKHX 3HeprHllx JIBIDllOTCJI H,[(eaJibHb!M 

cpe.llCTBOM .llJIJI H3yqeHIDI TepMam.Hoii Mym.m<l.>parMeHTau1rn 6e3 yqeTa 3<J.><l_>eKTa CiK!ITllJI. B­
TpeTuHX, 3KCIIepHMeHTaJibHble ,[(aHHhle no B3aHMO}leHCTBIDO HOHOB He06XO,lIHMhl np:w 

pemeHlili TaKHX aKT)'aJibHbIX 3a,[(aq, KaJ( rro.nyqeHHe BTOpH'!Hl>IX rryqKOB pa.n;HO!IKTIIBHb!X 

JI.llep. !IOMHMO 3TOro, HHTepec K HCCJie.[(OBaHIDIM JillPO-ll.llepHl>IX B3a:liMO.lleHCTBHW 

CTHMJJIHpyeT co3.llaHHe HOBbIX 3R:cnepHMeHTarrbHI>IX ycTaHosoK. HarrpHMep, B GSI 
()J;apMIIITa.n;T, repMaHIDI) 003.llaH HOBb!H MarHHTHb!H cerrapaTOp, TI03BOIDl!On:rnil: 

H}leHTH<l.>rurnposaTh IIpOJlYKThl peaia:olli B O'!:eHb mHpOKOH MaCCOBOH o6rracm, OT Jiel'KliX c 

A<20 ii;o TJI)l(em,rx OKOJIOMHIIIeHm.rx [2]. 
ToqH&Ie 3KcnepHMeHTaJibH&Ie }l!lliHhle o ceqemmx o6p!13oBaHIDI rrpo.ll)'KTOB 

JI}lepm.rx pearo:rnii, OXBaTb!BaIOIIIHe illHpOKYIO o6rraCTb 3HeprHi1 H p!l3Jll!:qHhlX KOM6HHamill: 

HaJieTaIO!llaJI qacTHua - MHIIIeHb, Heo6XO.lll1Mbl TaJOKe .llJIJI rrpOBepKH TeOpeTH'{eCKHX 

MO}leJieH, TIOCKOJThKy HH 0.[(Ha H3 HMeIOIIIHXCll Ha cerO)lIDIUIHHH aem. MO}lerreii llOJIHOCThIO He 

BOCIIpOH3BO,lIHT 3KCnepHMeHTaJibHble }laHHhle. 
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TaKHM o6pa30M, IIOJiyqemre HOBblX 3KCrrepHMeHTam>HblX .n:amn.1x no pea.KUIDIM Ha 

KOHKperH:C.IX JI)lpax, H ycTaHOBJieHHe CynJeCTBOBaHHJI o6mHX CBOHCTB, xapaKTepH3YJOIUHX 

rrpouecc B3aHMO;n;eiiCTBHJI, JIBJU!!OTCJI aKTyaJIJ>HblMH, HO BCe eme OTKpblThlMH BOlipOCaMH. 

I(eJJblO HaCTOHllleH pa6oTbl JIBJU!eTCJI HCCJie.D;OBaHHe JI.D;pO-JI,D;epHb!X B3aHMo;n;e:iiCTBHH. 

0CHOBHble 3a.n;a•m: H3MepeHHe a6COJI!OTHblX ceqeHHii o6pa30BaHHH IlpO.n:yKTOB peaKUH:ii 
12

C + 
112

•118•
120

•
124

Sn, CpaBHeHHe rronyqeHHblX 3KCnepHMeHTaJibHb!X pe3yJI:&TaTOB c 

pe3yrr:c.TaTaMH npOTOH- H .n:eiiTpOH- JI,D;epHbIX pea.KUHR; npoBe.n;eHHe CpaBHeHHJI rrorryqeHH:&IX 

3KCnepHMeHTaJibliblX .n;aHHblX c MO.D;eJibHblMH; H3}"ieHHe HBJieHHH H30CJie:iirrHHra ,!IJIJI 

npo;n;yKTOB paccMaTpHBaeMbIX peaKUH:ii; H3MepeHHe H30MepHblX OTHOWeHHH HeKOTOpblX 

IIpO.D;YKTOB H o6cyJK)leHHe BJIHHH:lrJI o6onoqe"IHblX 3<jJ<jJeKTOB Ha BeJIH"IHHY H30MepHb!X 

OTHOmeHH:ii. 

Hay•rna11 HOBH3Ha pa60Tbl COCTOHT B TOM, qTo BnepB:&Ie norryqeH:&l ,!J;aHHbie no 

ceqeHHJIM npo.n:yKTOB B3aHMo.n;e:iiCTBID! pemrTHBHCTCKHX HOHOB 
12

C c o6orameHHblMH 

MHWeHJIMH OJIOBa 112•118•120•124Sn B rrrnpOKOH MaCCOBOH o6JiaCTH. 

BnepB:&Ie OIJeHeHO 3Ha"IeHMe K03<J.i<J.iHIJHeHTa CHMMeTp.HH B ypaBHeHHH COCTOJIHID! 

pa3pe)!(eHHOH TepMarr.H30BaHHOH JI;n;epHOH MaTepH.H c HCIIOJl:&30BaHHeM ;n;aHH:&IX, nonyqeHHbIX 

MeTO,!J;OM HaBe,n;eHHOH aKTHBHOCTH. 

BnepBhle o6Hapy;rceHo BJIHJIHHe o6orro'ie"IHbIX 3<J.i<jJeKTOB Ha 3Ha"ICHHJI H30MepHbIX 

OTHomeHH:ii np.H BblCOKHX :meprHJIX. 

IlpaKTH'leCKaH u;eHHOCTb. IlonyqeHHble pe3yJI1>TaTbI MoryT 6bITb HCIIOJl:&30BaHbl 

.ll:JlJI npoBepKH H pa3BHTHJI MO.n;erreli .11;n;epHbIX B3aHMO;n;eHCTBHH. 
IlpOH3Be.n;eHHaJI npH IIOMO~ rrapaMeTpa H30CKeiirm:Hra MyJI:&TH<jJparMeHTOB 

oueHKa K03cl><jJHU.HeHTa cHMMeTpH.H B ypaBHeHHH cocTOHHID! pa3pe)!(emmro 

TepMaJIH30BaHHoro BemecTBa Heo6xo,D;HMa npH Mo,n;err.Hposamm: acTpo<jJH3H"IecKHx 

IIpOIJCCCOB. 

Pe3yJJbTaTbl H OCHOBHbie IlOJJO)KeHHH, BblHOCHMble Ha 3amuu: 

• a6COJIIOTHbie 3Ha"IeHID! Ce"IeHnli o6pa30BaHID! IIpO,D;YJCTOB B311HMO,D;ei!:cTBID! HOHOB 
12C c o6orarueHHb!MH H30TOIIaMH OJIOBa 

112
·!!

8
•
120

•
124

Sn; 3apH.D;OBbie H MaCCOB:&Ie 

pacnpe;n;erreHHH rrpo.n:YKTOB 3THX peaKUH:ii; nposepKa KOHUerruHii <J.iaKTopH3aUHH 

IIpH cpaBHeHHH npOTOH-, .n:eiiTpOH- H .11;n;po-.11.n:epm.IX peaKUHii; cpaBHeHHe 

lIOJIY'leHm.IX 3KCnepHMeHTaJI:&H:&IX .n;aHHblX c MO,!J;eJI:&HblMH c HCIIOJlb30BaHHeM 

Mo.n;eneii INC+SMM n LAQGSM; 

• 3aBHCHMOCTb ce-qeHH:ii npOJJ;yKTOB peaKUH:ii 12C + n 2
,l1S,l

20•124Sn OT IlpOTOH­

HeiiTpOHHOfO COCTaBa MHWeHeH H npo.n;yKTOB; o:a;eHKa K03<jJ<J.in:a;neHTa CHMMeTpH.H 

ypaBHeHHH COCTOHHIDI JI,n;epHOH MaTepH.H B TepMarr.H30B8HHOM pa3pe)!(eHHOM 

COCTOHHHH c HCIIOJI:&30BaHHeM rrapaMeTpa H30CKei!:JIHHra; 

• onpe.n:erreHne H30TOIIH'ieCKOH TeMIIepaTYPhl B peaK:a;HHx pacrueIIJieHHH; 

• aHaJIH3 H30Mepm.Ix OTHomeHHii H BJIHHHHH 060JIO"Ieqm.1x 3<J.i<J.ieKTOB Ha HX 

3HaqeHHH. 

4 

Arrpo6au;u11 pa60Tbl. OcHOBHbJe pe3yJlbTaT&I ;n;KccepTaD.HOHHOii pa6oTJ>r 6blJIH 

rrpe;n;cTaBrreHJ>J Ha eJKero;n;H:&IX MelK.llYH8PO.ll:Hb!X KOHCpepeHUID!X «NUCLEUS 2008, 2009, 

2010, 2011» (Pocc1rn); a TaK)!(e NPAE - Kyiv 2008; Isomers in Nuclear and Interdisciplinary 
Research (INIR-2011) (PoccHJI). 

I1y6JJHK&D;HH. Ilo TeMe ;n;accepTaUHlf orry6JIHKOBaHO 4 CTaT:&H B Beeymnx HayqH&IX 

~Harrax, .n;Be pa6oTbI - B c6opHHKax MaTepnarroB MelK.llyHapo.n;Hl>IX KoH<J.iepeH:a;Hii. CrrncoK 

ny6JIMKaunii IlpHBO,!:(HTCJI B KOHUe aBTOpe<jJepaTa. 

06'beM H CTpyKTypa )J,HCcepTaD;HH. ,ll;MccepTaD.HJI COCTOHT H3 BBe.n;eHHJI, qeTbipex fJlaB H 

JaKJI!OqeH:lrJI, co.uep:l!CHT 104 CTpaHirU:&I, BKJIIOqalQWHX 12 Ta6JIHU, 27 pHCYffKOB H CIIHCOK 

JIHTeparyp:&I H3 116 HRHMeHOBaHHH. 

KpaTKoe co11ep;rcaHHe 11HccepTagHH 

Bo BBCJJ,CHHH KpaTKO OIIHCaH:&J KaHaJibl JI.D;pO-JI;n;epHbIX B3aHMO;n;eiicTBHii IIpH 

pemrTHBHCTCKHX 3HeprHJix, o6oCHOBaHbl Heo6XO;n;HMOCT:& H aKTyaJlbHOCTh II0.£(06HbIX 

Mccrre;n;oBaHHii, c<jJopMyrrMpOBaHbI uerra H 3a;n;aq.H nccrre;n;oBamur. 

063op JIHTepaTypHbIX ,!J;aHHblX IlpOBO;n;HTCJI no OT,[{eJI:&HOCTH B K~OH rnaBe, npa 

Heo6xO;n;HMOCTH - pa3.n:erre, B COOTBerCTBHH c TeMaTHKOH. 

Ilepsa11 rJJaBa cocTOHT H3 Tpex qacreii: OIIHCaHIDI ycrroBHii npoBe.D:eHHJI 

3KCIIepHMeHTa, OIIHCaHID! MeTo,[{a Hase;n;eHHOH aKTHBHOCTH, HCIIOJI:&3yeMoro B ;n;aHHOH pa6oTe 

.ll:JlJI pac"IeTa ceqeHJrn o6paJOBaHHJI ocTaToqHJ>rx JI,n;ep-npo.D;yKTOB, a TaIOKe npHBe;n;em1 

IIOJiyqelilible 3KCnepHMeHT8JlbHbie 3Ha"IeHHJI ce-qemlli IIpO.D;YKTOB peaKUHii 
12C + 1!2,l!S,l20,l24Sn IIpH 3HeprHH B3aHMO.D;eHCTBHJI 2.2 r3B/H)'KJIOH. 

06nyqeHHe MHWeHeii OJIOBa 1!2,l!S,I20•124Sn HOHHbIM IIyqKOM 12C rrpn 3HeprH.H 

2.2 r3B/H)'KJIOH IIpOB0,1J;HJIOCb Ha HYKJIOTpOHe B 06'be,!J;HHeHHOM HHCTHTYTe g,n;epHbIX 

HCCJie,[{OBamlli (OI1fil1,ll;y6Ha). MmrreHH rrpe,D;CTaBJIJIJIH co6oil: CJIOH MeraJIJIH"IeCKHX cj;JOJibf. 

c uerrb!O perncTpauHH KOpOTKQ)Kl'!BynJHX H ,!:(OJITQ)!(HByII(HX parrHOaKTIIBHbIX 

3rreMeHTOB 6i;mo npoBe,!:(eHo JJ:Ba He3aBHCHM&IX o6nyqeHHJI. ,lJ;nJI perncTpa:a;nH 

KOpOTKO)!(HBynJHX pam;:OaKTHBHblX 3JieMeHTOB MHWeHH l!S,I
20•124Sn o6nyqaJIHCb B TeqeHHe 

0.7 q, 0.D:HOBpeMeHHO o6nyqarroc:c. IIO 3 CITO.II K~OH MHWeHH. IlOJIHOe "IHCJIO qacTHU rryqKa 

COCTaBJIJIJIO 6.3·1010
• lfaMepeH:lrlI y-cneKTpOB Ha HpGe-;n;eTercrope 6blJIO Ha"IaTo crryCTlI 15 

MHH rrocne o6rryqeH.HJI. ,lJ;nJI pernCTpauHH ;n;OJifO)Kl'!BynJHX pa;n;HOaK'l'HBHblX 3JieMeHTOB 

;n;pyroii Ha6op MHWeHeil: 112
·1!8, 

20•
124

Sn 06JiyqaJic.11 B Te"IeHHe 10.8333 q_ IloJIHoe q1rcrro 

qacmu IIyqKa COCTaBJIJIJIO 2.3875-10
12

. 0;n;HOBpeMeHHO o6nyqaJIHCb IIO 3 CJIOJI MHIIIeHeii 
118

•
120

•
124

Sn H o;n;HH CJIOH MHWeHH msn. H3MepeH:lrlI y-cneKTpOB Ha HpGe-;n;ereKTopax 6blJIH 

HaqaT&I crrycTH - 4q IlOCJie o6JiyqeHHJI H IIpOBO;n;HJIHCb c onpe.n;eJieHHOH nepHO.ll:H"IHOCThlO B 

TeqeHHe rrpHMepHO ro.z:i;a. 

JI.upa IIpO.n:YKTbI n.n:eHTH<jJHUHpOBaJIHCb ITO 3HeprIDIM H HHTeHCHBHOCTJIM 

xaparcrepHblX y-rrHHHii H rrepKo.n;aM rrorrypacrrarra. H3MepeHHe y-crreKTpoB rrpoBo;n;HJiocb .D:JIJI 

Tpex CJIOeB KIDK,!IOH H3 MHWeHeli l!S,l
20•124Sn B o6oHX CJiyqaJIX, qTO .uarro B03MO)l{H0CTb 

3aperHCTpHpOBaTh OCTaToqHble JI;n;pa c MaJlbIMH ceqeHHJIMH o6pa30BaHHJI. ,Z:V:ur o6pa60TKH 

y-crreKTpoB 1rcrroJI:&30Barrcg rrporpaMMHJ>IH rraKeT DEIMOS [3]. 

ll3MepeHO OKOJIO 120 ceqemlli o6pa30BaHHJI IIpOJJ;yKTOB .ll:JlJI KalK,llOH H3 MHWeHeii. 

3HaqeHHH ceqeHHii npHBe;n;em1 B paJ;n;erre 1.3 rrepBo:ii rrraBhl. 
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BTopaH rJiasa ;:u1ccepTa1urn IIOCBl!WeHa ODHCaHmo 3apll.[(0Bb!X H MaCCOBb!X 

pacrrpe)leJieHHH IIPOllYKTOB peaKUHH 
12

C + 112
•
118

•
124Sn H HX cpasHemno c peaKIIID!MH 

p, d + 112
'
118

•
124Sn IIpH 6.rrn3KHX 3HeprHl!X. 

B pa3.[(eJie 2.1 OIIHCaH crroco6 llOJiyqeHHll MaCCOBb!X pacrrpe.[(eJieHHif. IlOCKOJibKY 

HCIIOJib3yeMblH MeTO,[( aKTHBauHOHHOro aHaJIH3a II03BOJil!eT H3Mepl!Tb JIHl.Ilb ce"!eHHl! 

pa)lHOaKTHBHbIX ll)lep, TO ,[(lll! OIIHCaHHl! pacrrpe.lleJieHHif ceqeHHH o6pa30BaHHl! HYKJIH.llOB ITO 

MaccaM H 3apl!.llaM Heo6xO.llHMO HMeTh aHaJIHTHqecxoe Bbipa:>KeHHe, rrpellCTaBJillIDmee co6o:H 

3aBHCHMOCTb OT A H z H ,[(aIOll{ee B03MO:lKHOCTb on;eHHBaTb ce"leHHl! HeH3Mepl!eMbIX 

rrpollyKTos. B KaqecTBe anrrpoxcHMHpyrome:H <PYHKUHH .[(Jill oueHKH cetieHH:H HeH3Mepl!eMbIX 

rrpOllYKTOB HCIIOllb30BaJIOCb Bb!pa:>KeHHe, KOTOpoe rrpe)lCTaBJilleT co6o:H MO.llHIPHKaUHIO 

cpopMyJibl Py.llCTaMa c )leC.s!TblO rrapaMeTpaMH H II03BOJilleT IIOMHMO rrpOllYKTOB pacruerrrreHHl! 

Yl:J:HTb!BaTb TaK:>Ke BKJia,[(bI nerKHX H OTHOCHTeJibHO JierKHX (A ;;:: 22) 3JleMeHTOB B MaCCOBYIO 

KpHByro: 

a(Z, A)=exp[a1+a2A+a3A
2+£l4A3+(a5+<Zi;A+a7A

2) IZp-Z)a8]. (1) 
IlapaMeTpbl a1 - a4 orrpe.o;elll!IOT cpopMY MaCCOBOH KpHBOH, as - a1 - urnpMHY 

3apl!.llOBoro pacrrpe.[(eJieHHl!. IIapaMeTp ag xapaKTepH3yeT cpopMy 3ap.si.[(oBoro pacrrpe.llerreHHl! 

lllil! .llaHHoro MaccoBoro '!Herra A. 3HatieHHe a8 = 2 cooTBeTCTByeT pacnpe.o;eneHHIO faycca, 

MeHbl.IIHe 3HatieHHl! BellYT K 6orree l.IIHpOKOMY pacrrpe,D;erreHHIO. 3ap.sillOBoe pacrrpe.llerreHHe 

rrpe.llIIOJiaraeTCll CHMMeTpH'IHbIM OTHOCHTeJibHO HaH6orree sepO.s!THOro 3apH.o;a Zp: 
Zp= a~+a10A2 

• (2) 
3HatieHHl! rra,paMeTpOB a1-a10 6b!JIH IIOrrytieHbI cpHTHpOBaHHeM 

3KCIIepHMeHTaJibHb!X 3Ha"leHHH cetieHHif IIpO,D;yKTOB peaKUHH 
12C + 112

•
118

•
120

•
124sn 110 

cpOpMyJie ( 1). <l>HTHpOBaHHe IIpOBO,D;HJIOCb 110 OT,D;eJibHOCTH WU! KIDK,X(OH H3 MHl.IleHeii 
112Sn, 

118Sn H 
124Sn rrpH rroMOII(H rrporpaMMb! OriginPro8. 

Ml 
=· ~- .~'<:·'~ 10 2J 3l 40 00 6J 70 00 9J 100 110 12J 

~l .. ~.·~ 
10 2J 3l 40 00 6J 70 00 9J 100 110 12J 

1 ~".,~·~ 
10 2J 3l 40 00 6J 70 00 9J 100 110 12) 

A 

Puc. 1. Maccosb1e pacrrpe;:i:erreHHl! rrpo,D;yKTOB peaKUHii 
12C + 112

•
118

•
124Sn. TotIKH 

rrpe.llCTaBlllllOT co6oii: 3KCIIepHMeHTaJibHbie )laHHbie, B KOTOpb!X He)lOCTaIOll{He KOMIIOHeHTbl 

)lOIIOJIHeHbI pactieTHb!MH. KpHBbie IIOrry'leHb! Ha OCHOBe napaMeTpH3an;HH. 

6 

I 

' 

• 

' I 

I 

I 
I 

Ha pHc. 1 rrpHBe;:i:eHbI rronYl:J:eHHbie MaccoBble pacrrpe.lleJieHHl! p;JIK npo,D;yKTOB 

peaKUHH 
12

C + 112
•
118

•
124Sn. KaK MO:>KHO 3aMeTHTb, Bee TpH Kp.llBble HMeIOT CXO:>KYIO 

U-o6pa3HYIO cpopMy. B o6JiacTH pacruerrrremrn .llIDl Bcex Kp.l!BbIX Ha6JIIO.llaeTc.si pocT ceqeHHii: 

c yseJIHtieHHeM 3HatieHHif A. B MaccoBo:H o6rracTH 40 < A < 60 ceqeHHl! o-A rro'ITH He 

MeHl!IOTCl!. B 3TOH o6rraCTH B npon:ecc 06pa30BaH.11.s1 IIPO.llYKTOB MOrYT .l!MeTb BKJia)l K8K 

pacmerrrremre, TaK .11 MYJibTHcpparMeHTaU.11.s! .11 ;:i:eJieHHe [4]. K o6rracrn A < 40 MOryT 

OTHOC.l!TbCl! npo.n:yxTbI cpparMeHTan;HH .II MYIIbTHcpparMeHTau.11.11. 

B pa3)lerre 2.2 rrpe.llcTaBJieHbI 3apl!.llOBble pacrrpe.lleJieHHl! peaKUH:H 12C + 112
•
118

•
120sn, 

IIOCTpoeHHble rrp.11 IIOMOII(H IIOJiyqeHHb!X rrapaMeTpOB. 

HcrrOJib3y.si 3Ha'IeH.llll rrapaMeTpOB a9 H a10, 6bill.ll orrpe.lleJieHbI 3HatieH.llll HaM6orree 

Bepol!THoro 3apl!Jla Zp 3apl!JlOBbIX pacrrpe)leJieHHif no cpopMyrre (2) JlJill Tpex MHl.IleHell: 
l!Z,l!S,!24Sn. CpaBHeHHe 3T.llX 3Ha'leHHif JlJill MHUieHeii: c pa3lIH'lHb!M HYKJIOHHbIM COCT8BOM 

(N/Z(u2Sn) = 1.24; N/Z(118Sn) = 1.36; NIZ(124Sn) = 1.48) IIOKa3bIBaeT, 'ITO rrorro:>KeHHl! 

MaKCHMYMOB 3apl!1lOBbIX pacrrpe)lerreHH:H Zp rrpo.n:yxTOB, rrorryqeliHbrx H3 6onee 

Hell:TpOHOH36bITO'IHOii: MHl.IleH.11, cMemaroTc.si B cTopoey Heii:TpoHOH36b!TO'IHbIX H30TorroB. Ha 

pHC. 2 rrpHBe)leHbl 3aBHCHMOCTH OTHOl.IleHHH (N/Z)p HaH6oJiee BepOl!THb!X IIPOllYKTOB OT 

MaccoBoro tIHcrra rrpOJlYKTOB (A) WU! Tpex MHUieHeii: ns.m,I24Sn. KaK BHJlHO H3 pHCYHKa, 

paCXO)l(JleHHe 3aBHCHMOCTeii: )lJill pa3JIH'IHb!X MHUieHeii: HaH6oJibmee B o6JiaCTH T.s!:>KeJibIX 

l!,D;ep rrpO,D;yKTOB, o6pa30BaHHbIX rrpH rrepe)laqe He60Jibl.IIHX 3HeprH:H B036y)l(JleHH.si. .niur 
OTHOCHTeJibHO JierKHX :meMeHTOB (A - 22-24) Ha6JIIO)laeTC.s! CJia6oe B03pacTaHHe Ce'IeHHH 

o6pa30B8HHll HeHTpOHOH36b!TO'IHbIX H30TOIIOB H3 6oJiee HeHTpOHOH36bITO'lHOH MHl.IleHH. 

TaKHM o6pa30M, MO:>KHO 3aKJIIO'lHTb, 'lTO see IIpO,D;yKTbl, Ha3aB.llCHMO OT MexaHH3Ma HX 

o6pa30B8HHl! H BJI.11.s!HIDI HcrrapHTeJ!bHoro rrpon:ecca, o6rra.llaJOT crroco6HoCTbro "3anoMHHaTb" 
Ha'laJibHOe NIZ COOTHomeHHe CHCTeMbl. 

1.4 

1.3 

Cl. 

~ 1.2 

~ 

1.1 • izc +msn 
--~~ AUHUR cma6UA1tHOcmu 

10 20 30 40 50 60 70 80 90 100110120 

A 

Puc. 2. 3aBHCHMOCTb OTHomeHHif (NIZ)p 
HaH6oJiee BepOl!THbIX rrpo.n:yxTOB OT 

MaccoBoro qHcJia rrpo.n:yxTOB A WU! Tpex 
MHUieHeii: us,u2•124Sn. 

B pa3.lleJie 2.3 rrpoBe)leHO cpaBHeHHe MaccoBb!X pacrrpe)lerreHHll: p, d, 12C + ussn 
peaKn;HH. HcrroJib3y.si 3KcrrepHMeHTaJibHbie )laHm.re no cetiemrnM o6pa30BaHHl! rrpOJlYKTOB 

peaKD;HH p (8.1 f3B) + !!8Sn, d (3.65 A faB) + 118Sn, rrpHBe.!(eHHble B pa6oTax [4], 6bma 

rrpoBe,D;eHa anrrpOKCHMan:Hll ceqeHHif HeH3Mep.sieMbIX rrpO.llYKTOB Ii ITOJiyqeHbl M8CCOBb!e 

pacrrpeJleJieH.11.s1 3THX peaKUH:H Bbil.IleH3Jio:>KeHHbIM crroco6oM. 

YtIHThIBal!, 'ITO a rrpe;:i:eJiax paccMaTpHBaeMb!X 3HeprH:H BbIITOJIH.s!eTCll ycJIOBHe 

rrpe)leJibHOH cpparMeHTauHH [5], MaCCOBble pacrrpe)leJiemrn IIpOJlYKTOB peaKUH:H p + 118Sn, 
d + msn cpasmraaJIHCb c MaCCOBbIM pacrrpe)lerreHHeM peaKD;HH 12C (2.2 A faB) + 118Sn. 
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Ha6mo)laJiach cxoJKeCTh 1qmBhIX H CilBHr Ha onpe)leJieHHhIH cj_JaKTop, 'l:TO cornacyeTCJI c 

r:imoTe30H 0 cj_JaKTOpH3auHH, rrpemonaraioweli, 'l:TO ceqemiJl npO.!IYKTOB B HOH-JrnepHb!X 
peaKUHllX npeBh!IIlaIOT ceqeHHll npO.izyKTOB B npOTOH-ll)lepHb!X peaKI.UiJlX Ha cj_JaKTOp, paBHh!H 
omomeHmo cooTBeTCTBYJOm:HX noJIHhIX ceqeHHli pea1crrn:H:. B o6nacTH A < 40, 
0IT1:1cb1sarom:eli npO.!IYKThI MYJihTHcj_JparMeHTamrn, o6pa30BaHHhre npH neHTpaJihHhIX yAapax, 
Ha6mo)laeTCll 3Ha"!HTeJihHOe IIOBhIIIIeHHe ceqeHHli o6pa30BaHHll H30TOilOB, o6pa30BaHHh!X B 
HOH-ll)lepHh!X peaKUHllX no cpaBHemno c rrpOTOH-JI)lepHh!MH peaKUHllMH. 

B pa3)lerre 2.4 rrpoBe)leHo cpaBHeHHe 3KcrrepHMeHTaJihHh!X )laHHhIX c MO)leJihHhIMH. 
Ha pHc. 3 rrpHBe)leHhI 3KcrrepHMeHTaJihHhie H pacc'IHTaHHhie rrpH rroMom:H MO)leJIH INC + 
SMM (Mo)lerrh BHYTpHH)lepHoro KacKa)la + MYJihTHcj_JparMeHTa1I1'IOHHaJI MO)leJlh) [6] 
Maccosh!e pacrrpe)lerreHHH )lJIJI peaK!IHH p (8.1 f3B), d (3.65 A f3B), 12C (2.2 A f3B) + ll 8Sn 
c yqeTOM rrpe)lpaBHOBeCHOH 3MHCCHH qaCTHll (B paMKax rrpe)lpaBHOBeCHOH 3KCHTOHHOH 
MO)leJIH II3M [7]) H 6e3 Hee. PacqeThI rrpose)leHh! ilHCCepTaHTOM, rrporpaMMa rrpe)locTasneHa 
rrpocj_JeccopoM A.C. EoTBHHa. 

- " -
ai ::·\_ __ .... _ _a~ ~ 10] ~-?>······· p+118s'J 

100 .. a)_~-
• I o.I .... ._. • 

~ 101 I • - 1t+112$') 

t'J b 

aJ ll 40 :Ll ro 70 ro ro 1ro 110 m 

b)~ "' l ---·, - ... -· - ' ""' 10 '· _,,,• l.O - . ~ ~ - ., __ ,___ d+i18s'J • 
t'J b 

I I I I JI I I Ii I I I I 
.03lll40:Llali000 

r l O ""i:'f: .~- ' IQ ~:e:·· ID 

~ 10 
I j I j I I I I I I I I I ' I I I I (.+ :~ ~ 

10 !) 3) 40 9) 6'.l iO 8J 9J 100 110 121 

A 
Puc. 3. Maccosble pacrrpe)leneHID! pea.KIIHii 
a) p + 118Sn (8.lf3B); 5) d + 118Sn (3.65 A 
f3B); B) 12C (2.2 A f3B) + 118Sn. ToqKH -
3KCrrepHMeHTilJibHble IIOJIHhle H305apHble 
ceqemrn, B KOTop:r,rx He.110CTaroIIIHe ceqeHID! 
)lOIIOJIHeHol paCC"!HTa.HHDIMH no iJ.>opM)'Jie (1), 
KpHBole nonyqeHol Ha OCHOBe arrrrpOKCHMBIIHH, 
rncTorpaMMLI - pac"!e'l'DI no MO.!leJIH INC + 
SMM c y'!eTOM ( CIIJIOIIIHBll JIHHIDI) H 5e3 
yqeTa (ll!TpHXOBSll JIHHIDI) II3M. 

8 

121 

1t+116$') 

3l ll 40 9l ro 70 ro ro 100 110 13l 

C)~-1•"-trf''l.J•,.1""'1.fL11rtr.&~ •• J "" -

tic+124ai 

10 2J ll 40 SJ aJ 70 00 9J 100 110 13l 

A 
Puc. 4. Maccoa:r,re pacnpe,D;eneHID! peaKIIHii 
a) izc + msn; b) 12c + 11ssn; c) i2c+124sn. 
ToqKa - 3KcnepHMeHTaJILH01e IIOJIHbie 
H305apHble ceqeHHJl, B KOTOpo!X He)lOCTaIOWHe 
ceqeHHJI ,[IOIIOJIHeHbl paCC"!HTaHHolMH no 
<i>OPMYJJe ( 1 ), KpHBble nonyqeHol Ha OCHOBe 
arrnpOKCHMaIIHH. lllTpHXOBall ruCTOipaMMa -
pacqeT no M0.!1eJIH LAQGSM03.01, cnJJOWHBll 
rHCTOrpaMMa - pacqeT no MO)leJJH 
LAQGSM03.S 1. 

,J:WyraH HCilOJih30BaHHall )lJIJI cpasHeHHll c Hall!HMH 3KCrrepHMeHTaJihHhIMH 
)laHHhIMH MO)leJih - MO)leJlh LAQGSM (Jloc-AnaMoccKaH' sepcHH KBapK-rmooHHoli 
cTpyHHoli MO.ZJ;eJIH). Y!cnoJih30BaJIHCh .nse sepCHH MO)lem:1 LAQGSM - LAQGSM03.01 [8] H 
LAQGSM03.Sl [9]. Ha pac. 4 rrpHBe.neHbl MaccOBhie pacrrpe)leJJeHHH peaK1IHii 
12

C + 112
•
118

•
124

Sn, rronyqeHHhie 3KCIIepHMeHTaJihHO H rrpH IIOMOIIlH MO)leneli LAQGSM03.0l 
H LAQGSM03.Sl. KaK MOJKHO 3aMeTHTh, MO.!leJih LAQGSM03.Sl, yqHThIBarowaJI rrponecc 
MYJihTHcj_JparMeHTaUHH, xopowo corrracyeTCJI c 3KcrrepHMeHTOM, B OTJJH"C[HH OT MO)leJIH 
LAQGSM03.01. 

Hcxo)lll H3 rronyqeHHhIX pe3yJJhTaTOB MOiKHO JaKJIIO"!HTh, "!TO rrpH 
paccMaTpHBaeMh!X 3HeprHHx rrpouecc M)'!IhTH<iiparMeHTanHH KaK KaHan .n:es036yJK)leHHH 
IIOCJieKaCKa)lHOfO JI)lpa arpaeT BIDKHYJO pO!Ih )lJIJI IIpO,ZJ;)'KTOB c MaCCOBhIMH "!HCJiaMH BIIJIOTh 
.n:oA=70. 

TpeThH rJiaBa COCTOHT H3 IIllTH qacTeH. 

B pa3)leJie 3.1 paccMaTpHBaeTCJI H30TOIIH'l:eCKHH 3cj_iipeKT (HJIH H30CKelirrHHr) 
OTHOIIIeHHe ceqeHHil: O)lHOro H Toro JKe H30TOIIa H3 MHIIIeHeH c pa3JlH"C[Hh!M H30TOIIH'leCKHM 
CO)lepJKaHHeM B 3aBHCHMOCTH OT TpeTbeH rrpoeKI(HH H30CIIHHa !3 = (N - Z) I 2 [2 *]: 

R21 = Y2(N,Z)IY1(N,Z)) = exp(C + Bt3), (3) 

r)le Y2 H Y1 ceqemill o6pa30BaHHll rrpOA)'KTa H3 HeHTpOHOH36hITO'IHOH H 
HeHTpOHO.ZJ;eqJH!IHTHOH MHilleHeH COOTBeTCTBeHHO, c H B rrapaMeTph! cj_JHTHpOBaHHll. 

IIpose)leHHhlli B HacToJim:eH: pa6oTe aHaJIH3 ceqeHHil: rrpoeyKTos, o6pa30BaHHhIX 
!IpH B3aHMo.n:eliCTBHH HOHOB 12C c o6oram:eHHhIMH H30TOIIaMH OJIOBa 112

·1!
8
•120•124Sn IIOKa3aJI, 

'ITO H30TOII 3cj_iipeKT Ha6mo)laeTCll )lJIJI rrpoeyKTOB, o6pa30BaHHhIX B pe3yJlhTaTe pa3JI!!.'1Hhrx 
KaHaJIOB peaKIIHii [2*]. Bee 3acj_JHKcapoBaHHhie rrpO)lyKThI 6hIJIH pa36HThI Ha Maccosh!e 
o6JiacTH: A<40, 40<A<60, 60<A<80, 80<A<90, 90:'.SA<IOO H 100:SA:S110. Ha pac. 5, s 
Ka"!eCTBe rrpHMepa, rrp:ime)leHa 3asHCHMOCTh R21(t3) )lJIJI o6nacm 40<A<60. 

R21 

-1 

"'scl/ 
"'Kkf 

~;;,-';s~ 
"\! /t 
"'co./ ! 
~ • "ct> 

"S =<,/f"Mn 7 "·"s.; 

0 

s=:u.74;:o.<n 
SO='h21 

2 

t, 

Puc. 5. 3asacHMOC'I'h R21 OT t3, rrocTpoeHHaK )lJIJI rrpoeyKToB Maccosoli o6rracTH 

40 < A < 60, o6pa30BaHHb!X B MHIIIeHllx 
112

Sn H 
124

Sn . IlpJIMaH rrorryqeHa <iiHTHpOBaHHeM no 
cpopMyne (3). 
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3Ha'!emrn napa.MeTpoB B, noJI)"'lemu.re rrpH qrn:rnposamm 3KcrrepHMeHTaJibHbIX 

D:aHHbIX no Ce'!eHIDIM o6pa30BaHIDI rrpo.uyKTOB pa:mH'IHDIX MaCCOBbIX o6JiaCTeli H nap 

MHIIIeHeil: 124Sn/112Sn (M, = 12), 120Sn/112Sn (!YI, = 8), 124Sn/u8Sn (M, = 6), 
124

Sn/
120

Sn 

(M,=4), cpaBHHBaJIHCb co 3Ha'!eHIDIMH rrapaMeTpOB B, noJiyqeHHDIMH rrpH <j_JHTHposaHHH 

ce'!eHHii npoeyKTOB, o6pa30BaHHDIX B peaI<UIDIXP +Sn (E = 0,66; 3.65; 8.1 faB) H d +Sn (E 
= 3.65 A GeV) (D:aHHE.Ie no ceqemrnM B3HTLI H3 pa6oT [4, 10]) c HCIIOJib30BaHHeM Tex lKe 

3JieMeHTOB, <!TO H B CJI)"Iae HOHOB 12C B Ka?K,llOH H3 MaCCOBLIX o6JiaCTeH. 
AHll.llH3 noJiyqeHmrx ,naHm.rx noKa3aJI, '!TO 3Ha"!eHIDI napaMeTpOB B paczyT c 

)rBerurqeHHeM MaCCOBbIX "IHCeJI npO,ll)'KTOB ,llJIH Bcex paCCMOTpeHHDIX CHapSI,llOB H nap 
MHIIIeHeli [2 *]. l!ICXO,llSI H3 3TOro MOlKHO npe,!lnOJIOlKHTb, '!TO 3Ha'!eHHe napaMeTpa B CBSl3aHO 

c MeXaHH3MOM o6pa30BaHHSI SI,llep OCTaTKOB. 
,[(ml TSl)KeJIDIX rrpo.uyKTOB c MaCC8.MH, 6JIH3KHMH K MaccaM MHIIIeHeil:, H 

o6pa3oBaHHDIX, cKopee scero, B peaKD;IDlx pac1IIennemrn, 3Ha'!eHHe napaMeTpa B npHMepHo B 
)lBa pa3a rrpesocxo,llHT 3Ha"!eHHe napaMeTpa ,llJIH JierKHx rrpo,nyKTOB (7$A::s28). ,[(ml 
npOJlYKTOB c MaccaMH MeJKey 3THMH .llBJMSI rpynna.MH, napaMeTp B HMeeT npoMeJKYTO'!HOe 
3Ha'!eHHe, <!TO MO)KeT YKa3bIBaTb Ha TO, <!TO B rrpouecc o6pa30BaHHSI 3THX npo,llyKTOB HMeIOT 

BKJia,ll pa3JIH"lm.re KaHaJIDI (MYJibTH<j_JparMeHTaQHSI, pacmenneHHe) [ 4, 1 O]. 
B CJI)"Iae peaKQHil: c IIpOTOHaMH npH 3HeprHH 0.66 r3B napa.Me-rpa B He MeHS!eTCSI 

BO Bcex paCCMOTpeHHbIX MaCCOBbIX o6JiaCTHX H HMeeT 6ommoe '!HCJieHHoe 3Ha'!eHHe. 
CornacHo [11] no 03HaqaeT npeo6na.urume rrpoueccoB pacmel1.lieHIDI H rny6oKoro 

pac1IIeIIJieHHSI npH <j_JopM:HpOBaHHH KOHe'!HbIX npO,ll)'KTOB. 
Pa3,lleJI 3.2 nOCBHIUeH <l_Ja30BOMY nepexo.uy )K:H,llKOCTb•ra3, nocKOJlbKY 

nocne.uyroI!lHe pa3,lleJibl rJiaBLI OTHOCSITCSI K xapaKTepHCTHKa.M B036y)K)leHHoro si.npa B 
COCTOSIIDm <j_Ja3oBoro nepexo.ua. 06cy)K)leHLI ycnoBHSI, He05XO,llHMDie ,llJISI CYIIIeCTBOBaHHSI 
<j_JaJoBoro nepexo,na, TeopeTH'!ecKHe npe,llIIOCb!JIKH nepexo.ua, ocHOBaHHLie Ha cxoJKeCTH 
HD:epm.ix CHJI c CHJiaMH B3aHMO,lleHCTBHSI B KJiaCC.H'!eCKOH )Kl'I,llKOCTH, npHBe)leHDI IIpHMepbI 
3KcnepHMeHTaJIDHoro no.uTBeplK,lleHHSI CYIIIeCTBOBaHHH <l_Ja30Boro nepexo.ua. 

B pa3.uene 3.3 rrpoBe,lleHa ouemca KoJ<j_J<l_i:HUHeHTa cliMMeTpHH B ypasHeHHH 
COCTOSIHHSI pa3pe)KeHHOM ropH'!eil: lI,llepHOH MarepHH [3*]. B 60JIDIIIOM KaHOHH"!eCKOM 

npH6nmKeHHH, pa3BHTOM B pa6oTe [12] npH paCCMOTpeHHH ceqeHHil: o6pa30BaHIDI npO.uyKTOB 
MYJibTH<j_JparMeHTaUHH B ,llByx HD:eHTH'!HDIX peaKUHSIX c pa3lIH'!HDIM .H30TOn.H'!eCKHM 
COCTaBOM MHIIIeHH (.HJIH CHaplI,lla) C'lliTaeTCH, 'ITO TeMnepazypDI T paccMaTpHBaeMLIX CHCTeM 
O)lHHaKOBbl, H napaMeTpbl H30CKeil:.rr:HHra Bb!paJKWOTClI qepe3 pa3HOCTH XHM.H'!eCKHX 
rroTeHUHaJIOB npoTOHOB H HeliTpOHOB paccMaTpHBaeMDIX cHcTeM: o.=LJµ,,IT, H P=Llµ/T 
(o.=B/2). B pa6oTe TaKlKe noKa3aHO, '!TO cymecTByeT onpe.neneHHalI cBSI3b MelK,[l)' 
napaMeTpOM H30CKeliJIHHra a MYJIDTH<j_JparMeHTOB H K03<l_i<l_i:HUHeHTOM 3Hepr:HH CHMMeTpmI y 
B ypaBHeHHH lI,llepHoro COCTOHHHSI Baliu3eKepa. '.:ha CBH3b Bb!palKaeTCSI cne.nyromHM 

OTHOIIIeHHeM: 

y (Zf Z~) 
a= -4T A~ - A~ (4) 

r.ne A1' Z1 H A2, Z2 - MaccDI H 3apsi,llbl JJ;Byx paccMaTpHBaeMbIX MYJIE>TH<j_JparMeHT:HpyroI!lHX 
CHCTeM, T-TeMIIepaTypa C.HCTeM, o.=B/2- napaMeTp H30CKeil:JIHHra. 

B HaCTOHIUeil: pa6oTe npOBe,lleHa OUeHKa K03<l_i<l_iHUHeHTa 3Hepra.H CHMMeTpmI y B 
ypasHeHHH coCTosimrn ropH'!ero pa3pe)KeHHoro SIJlepHoro sem:ecTBa c HcnOJID30BaHHeM 

10 

3Ha'!eHHii napaMeTpOB H30CKelilIHHra MYJIDTH<j_JparMeHTOB c 3apSI.llOBDIMH '!HCJiaMH Z = 4 - 12, 

o6pa3oBaHHb!X B peaKUHSIXp + !!2,llS,!
20

•
124Sn, d + 112

•
118·120

•
124Sn IIpH :meprHH 3.65 A r3B. 

IlOJIJ'leHHO oueHO'!HOe 3Ha'!eHHe r"" 10-13 M3B [3 *]. 
B pa3JJ;eJie 3.4 onHCbIBaeTClI Hcnom3yeMb!H )J;JllI oueHKH TeMrrepazypbl HCTO'!HHKa 

<j_JopMHpOBaH.HlI MYJibTH<j_JparMeHTOB MeTO,ll, Ha3bIBaeMblH MeTO)lOM ".llBOHHOro 
H30TOI1.H'!eCKoro OTHomeHHSI" HJIH MeTO,llOM "TepMOMeTpa" [4*]. 3TOT MeTO,ll ycnemHO 

HcnoJIE.3yeTcsi D:lilI npoeyKTOB MYJibTH<j_JparMeHTaUmf [13]. B pa6oTe [4*] o6cyJKD:aeTcsi 
B03MOlKHOCTb IIpHMeHeHHSI BbIIIIeH3.JIOJKeHHOro MeTO,lla K npO,llJKTaM pacI!leIIJieH.HlI, 
o6pa30BaHHb!X no.u B03,lleHCTBHeM Bb!COK03HepreTH'!eCKHX npOTOHOB. 

McnoJIE>3YlI 3Ha'!eHHlI ce"!eHHii o6pa3oBaHHSI H30TOIIOB CKaH,llHlI H3 pa3JIH'!HbIX 
MHIIIeHeil:, o6pa30BaHHblX no.u B03,lleHCTBHeM IIpOTOHHbIX IIyqKOB rrpH 3Hepr.HlIX B o6JiaCTH 

rrpe,lleJIDHOH <j_JparMeHTaUHH, B3S!TbIX H3 pa6oT [4, 10, 14], paCC'!HTaHa H30TOnH'!eCKaSI 

TeMnepaTypa Tapp D:lilI nap npO.llYKTOB (
47

Sc/48Sc) I (43
Sc/44Sc), (

46
Scf8Sc) I (44Sc/46Sc). 

Mcxo,llSI H3 noJiy'!eHHbIX 3Ha'!eHHH Tapp MOlKHO 3aKJllO'!HTh, '!TO ,llJISI MHIIIeHeil: c 63 ::; A ::; 208 
rrpouecc pacr:uenneHllil rrpoHcxo.uHT npH e,llHHOli TeMIIepaType. 

3HepreTH'!eCKOH 3aBHCHMOCTH TeMnepazypDI, paCC'!HTaHHOH MeTOLJ:OM ,llBOil:Horo 
H30TOI1.H'!eCKOro OTHOIIIeHHSI D:JilI paccMaTpHBaeMDIX rrap npOeyKTOB, B ,llHaIIa30He 

0.3 ::; E ::; 300 r3B He Ha6JIIO,llaJIOCb, BepOlITHO B pe3yJIE.TaTe Toro, '!TO perHCTpHpyeMbie 
rrpouyKTDI pacmeIIJieHHSI o6pa3yroTca B npouecce rrocJie.llOBaTemm.rx HcrrapeHHii 
nocneKacKa)J;Horo SIJJ;pa. 

Pa3,lleJI 3.4 nocssimeH CHCTeMaTH3aUHH <j_JparMeHTOB npoMeJKYTO'!Hb!X Mace [5*]. 
AHaJIH3 3Kcnep.HMeHTaJIDHDIX ,llaHHLIX rro ce'!eHHSIM o6pa30BaH.HlI <j_JparMeHTOB 
rrpoMe)KJTO'!HbIX Mace (MymTH<j_JparMeHTOB) nOKa3bIBaeT, '!TO CTeneHHOH 3aKOH xoporuo 

OllHCbIBaeT pacnpe.neneHHSI <j_JparMeHTOB no 3apliey cr(Z1) - Z/ .HJIH Macce cr(A1) - A/. 3To 
o6'bHCHlieTClI cymecTBOBaH.HeM <l_Ja3oBoro nepexoua lKH,llKOCTb-ra3, IIpOHCXOMI!lHM B roplI'!eli 
lI,llepHOH MarepHH rrp.H KpHTH'!eCKOH TeMIIepaType, ,llOCTHraeMOH npH 06JI)"IeHHH JI,llpa­
MHIIIeHH BbICOK03HepreTWieCKHMH a,llpOH8.MH HJlH HOHaMH. CTeneHHOH 3aKOH pacnpe.ueneHHSI 

ceqeHHil: o6pa30BaHHSI MYJIDTH<j_JparMeHTOB cr(A1) - A/, cr(Z1) - Z/ , me i: : 2-3, a cr(A1) H 

cr(Zj) - nOJIHble H306apm.re H.lIH H30TOITHLie ce'!eHHSI, npeAIIOJiaraeTCJ! B HeKOTOpbIX 
COBpeMeHHDix MO,lleJilIX, TaKHX KaK CTaTHCTH'!eCKall MYJibTH<j_JparMeHTauHOHHalI MO)J;e.Jib 

(CMM) [6], nepKOJIHUHOHHalI MO)J;eJID [15]. -

B pa6oTe [5*] npoBe,lleHa CHCTeMaTH3aUHl! 3Ha'!eHHH i:, nOJI)"!eHHblX IIpH noJJ;rOHKe 

no CTeneHHOMY 3aKOHY 

cr(A1) = aAj' , (5) 
H.lIH 

cr(Z1) = a'Z/ (6) 
I!OMHMO ceqeHHil: IIpO.llYKTOB peaKQHil: 12C + ll2,l1S,l20,l24sn c rrpoMeJKYTO'!Hb!MH 

MaccaMH (7 $A ::; 39), 6E>IJIH Hcnom3oBamr 3Ha'!eHHSI ceqeHHli o6pa30BaHllil <j_JparMeHTOB, 

3aperncTpHpOBaHHDIX MeTOAOM l:!.E - E H3 pa6oT t16, 17], a TaKJKe pa,llHOaKTHBHbIX 
<l.iparMeHTOB, noJiyqeHHLix MeTO,llOM HaBe,lleHHo:H aKTHBHOCTH H3 pa6oT [ 4, 10, 18]. 

Ha pHcYHKax 6, 7 B Ka'!ecTBe rrpHMepa, rrpe,llcTasJieHDI HexoTOpDie 3aBHCHMOCTH 
ce'lemm o6pa30BaHHSI <j_JparMeHTOB OT MaccoBoro '!Herra A1 HJIH 3apJ1.ua Z;; rrpocj>.HTHpOBaHHDie 
rro <j_JopMyrraM (5), (6). 
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-, 

AHarrH3 .D;aHHbIX noKa3arr, qTo napaMeTP 't npmmMaeT 3Ha<reHIDI 2 - 3 KaI< B cnyqae 

60.m.mmc :meprHli Hanenuorn:Hx <racTHU, npH KOTOphIX :mepnrn B036y)K.D;emrn 

nocJieKaCKa,D;Horo il,D;pa TaJ<OBa, "'ITO cpa30BhIH nepeXOD: )KH,!l;KOCTh-ra3 HMeeT MeCTO, TaK H B 

cnyqae HH3KHX 3HeprHH He Be,D;ylllHX K cpa30BOMY nepexo.D;y. Ta.KHM o6pa30M, CTerreHHair 

3aBHCHMOCTh (5), (6) c nOKa3aTeJieM 't = 2 - 3 He iIBMeTC)l ,!l;OCTaTO"'!HhIM IIpH3HaI<OM 

cpa3oBoro rrepexo.D;a [5*]. 
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z 
PHc. 6. (a)-3aBHCHMOCTh ceqemm 

cpparMeHTOB rrpoM~O"!HhIX Mace, 
o6pa30BaHHhIX B peaKUHH d + 120 

Sn, OT HX 

MaCCOBOro 'IBCJia. (6)-3aBHCHMOCTh 

ceqemm cpparMeHTOB rrpOMeieyTO'IEbIX 
Mace, o6pa30BaHHhIX B peaKUHH p+

118
Sn, OT 

HX 3apirii;oBoro "!Herra ,lJ;aHHhle rronyqeHhl 
MeTOD:OM HllBeD:eHHoli aKTHBHOCTH. KpHBJ>Ie 

nonyqe:m.r cpHTHpOBaHHeM no cpopMyJiaM 
(5), (6). 
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PHc. 7. (a)-3aBHCHMOCTh ce<remrn 

cpparMeHTOB !IpOM~O'Ilil>IX Mace, 
o6pa30BaHHhIX B peaK!lHH p + Au, OT HX 

MaCCOBOrO 'IBCJia. (6)-3aBHCHMOCTh 

ce<remm cpparMeHTOB !IpOMeJKYTO"IHhIX 
Mace, o6pa30BaHHbIX B peaKllHH e + Au, OT 
HX MaccoBoro "IHCJia. ,lJ;aHHhre rronyqe:m.r 
IIplIMOH perncrpauim <J.iparMeHTOB MeTOD:OM 

M - E. KpHBJ>Ie rronyqeHI>r cpHTHpOBaHHeM 

no cpopMYJie (5). 

qeTBepTaH rJiaBa .l(HCCepTamrn IIOCB.runeHa H3yqemno H30Mep:m.rx OTHOmeHllli. 

B rrepBOH qacTH rnaBbI npHBe,D;e:m.r 3HaqeHwr H30Mep:m.rx OTHomemrn .wm 17 nap H30MepoB H 

npoBeD:eHo cpaaHemre c pe3ym.TaTaMH, rronyqeHHJ>IMH npH 06.rryqemm Tex )Ke MHmeHeli 

rrpOTOHHbIMH H ,D;eH'I'pOHHl>IMH IIyqKaMH. 

Bo BTopo:li: <racTH rJiaBbl o6cy)K)J;aeTcJI BJIHJIHHe o6ono'Ie"IHhrx 3cpcJ.>eKToB Ha 

3Ha'l:emrn H30MepHbix oraomemm [6*]. AHaJIH3 H30MepHhlx OTHomeHH:li: H30TOIIOB 

l~~ln59, 1i~In61' 1iMn62• 1l~In68• 1i~Cd69• o6pa3oBaHHJ>IX IIpH B3aHMOD:eHCTBHH 

12 

) 

> 

) 
) 

BbICOK03HepreTH'l:eCKHX HOHOB 
12

C (E = 2.2 A f3B) c o6orarn:eHHbIMH MmIIeHJIMH 
118

·
120

•
124

Sn, 

KOTOpb!e OKOJIOMarH'!Hbl no 'lHCJIY npOTOHOB, HO ,D;ecpopMHpOBaHbl no 'IHCJIY He:li:'I'pOHOB, 
nOKa3hIBaeT, 'ITO H30MepHbie OTHOUieHH)l paCTYT no Mepe yBeJIH'ieHHir 'IHCJia HeHTpOHOB 

(pHc. 8) (MaKCHMaJibHaiI D:ecpopMaw·rn l!,D;pa HMeeT MeCTO rrpH N= 66). 

12 

10 

6 8~ • l ~ 
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N 

Puc. 8. 3aBHCHMOCTh H30MepHbIX OTHOUiemrn IIpOD:YKTOB, o6pa30BaHHbIX B MIDJieHirX 

• -
118

Sn; • -
120

Sn; .A- 124
Sn, OT <rHCJia He:li:'I'poHOB 3THX npO,!J;YKTOB. 

B 3aKJIIO"!eHHH npHBe)leHbl OCHOBHbie pe3ym.TaTbI, nonyqeHHJ>Ie B ,!l;HCCepTauHOHHO:li: 

pa6oTe: 

• Enepebze H3MepeHbI ce'l:eHIDI o6pa30BaHIDI npo,D;yKTOB peaI<UHH 12C + m,m.izo.124sn npH 

3HeprHH 2.2 A f3B, Ha OCHOBe KOTOpbIX IIOC'I'pOeHbI MaCCOBbie H 3ap)l,!l;OBbie 

pacnpeii;eneHID1. CMemeHHe MaJ<CHMYMa 3apJID:OBoro pacnpeii;eneHID1 B cropoey 

He:li:'I'pOHOH36bITO'l:HbIX npoii;yKTOB H3 5onee He:li:'I'pOHOH36J>ITO'IHO:li: Mmnemr, 

B03PaCTaIO!llee c MaCCOBl>IM 'IHCJIOM <lJparMeHTOB, CBH,!l;eTem.CTByeT 0 cnoco6HOCTH 

IIpO,!l;YKTOB "3arrOMHHaTb" Ha'l:am.Hoe N/Z COOTHOllieHHe CHCTeMbI, IIpH"IeM na 

crroco5HocTJ> coxpaHJieTCll D:JI)l Bcex MaccoBI>IX o6nacreli npo,D;yKTOB. CpaBHeHHe 

3KcrrepHMeHTam.HI>rx .D;aHHr.rx no peaKUH)!M p, d, + 118
Sn c pac'l:erHbIMH no MO)leJIH INC 

+ SMM H 
12C + 112

•
118

•
124

Sn no MOD:eJIH LAQGSM03.Sl ii;arro yii;oBneTBopmenb:m.re 

pe3ynr.TaTbl [1 *]. 

• Hccne.D;OBaHo iIBJieHHe H30cKe:li:JIHHra. Pe3ym.TaThr, cpasHeHbl c ii;aHHbIMH peaKUHli, 

HHHUHHpOBaHHbIX IIpOTOHaMH H ,D;eH'I'pOHaMH Ha Tex )Ke MHilleH)!X. IloKa3aHO, "ITO 

BeJIH'l:HHa rrapaMe'I'pa H30CKe:li:JIHHra 3aBHCHT OT MeXaHH3Ma o6pa30BaHH)l IIpOJl)'KTOB Ii 

He 3aBHCHT OT THIIa HaJieTarorn:e:ii 'l:aCTlllU>I [2 *]. 

• OueHKa K03cpcJ.>:mmeHTa CHMMe'IJ'HH y B ypaBHemm cocTOJIHID! ropgqero pa3pe)KeHHoro 

ir.D;epHoro BemecTBa c HCIIOJlb30BamreM rrapaMe'I'pa H30CKe:li:JIHHra, rronyqeHHoro D:JIJI 
npo,D;yKTOB Mym.HcpparMeHTauHH peaKUHli p, d + 112

•
118

•
120

•
124

Sn (E = 3.65 A f3B), ,D;ana 

3Ha'l:emre y"' 10- 13 M3B [3*]. 

• HccJie,D;OBaHa B03MO:>KHOCTh npHMeHeHHJI MeTOJla ii;so:li:Horo H30TOIIHOro OTHOllieHHJI 

D:JI)l onpeJleJieHIDI TeMrrepazypbI HCTO"lmrKa cpopMHpOBaHH)l K npO,D;yKTaM 
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pacmermeHHS!. IlOKa3aHO, 'ITO B 3TOM CJiy-qae IIOJI)"leHHoe 3HatieHHe HeJTh3S! CtIHTaTb 
KOJIHtieCTBeHHOH oueHKOH [4*]. 

• IlpH IIpOBe.n:eHHH CHCTeMaTH3aUHH cetieHHH o6pa30BaHHS! cpparMeHTOB 
rrpoMe:>KyTOtIHbIX Mace, o6pa30BaHHb!X B peaKUHSIX, HHHUHHpOBaHHb!X rrpOTOHaMH, 
.n:eil:TpOHaMH, :meKTpOHaMH If HOHaMH 12C c pa3lllft{Hb!MH HatiaJibHhlMH 3HeprHSIMH, 
I10Ka3aHO, 'ITO a) cetieHHSI o6pa30BaHHSI cpparMeHTOB rrpoMe)K)'TO'IHbIX Mace 
rro.n:sepraroTcsr cTerreHHoMy 3aKoHy pacrrpe.n:erreHHSI cr(A1) - Aj', cr(Z1) - Zj' ; 6) rrpH 
cpa30BOM rrepexo.n:e )KHJlKOCTh - ra3 CTerreHHOH IIOKa3aTeJib 't IIplrnHMaeT 3HatieHHSI 
't = 2 - 3, 'ITO, 0.D:HaKO, He S!BIDieTCS! .!J:OCTaTO'IHhlM ycrroBHeM <l>a30Boro rrepeXO,lla [5*]. 

• lliMepeHbl H30MepHbie OTHOIIIeHHSI ,[lIDI HeKOTOpbIX rrpO.llYKTOB peaKUHH: 
12C + 112

•
118

•
120

•
124Sn. IloJiytieHHbie ,llaHHbie cpaBHeHbl c ,ll;aHHbIMH rrpOTOH- If ,lleHTpOH­

HHHUHHpOBaHHbIX peaKUHH:. Bnep6bte 3aMetieHo, 'ITO BeposrTHOCTb o6pa3oBaHHSI 
BhlCOKOCIIHHOBOro COCTOS!HHS! (.n:rrsr H.n:ep, OKOJIOMarHtIHhlX no 'IHCJIY rrpOTOHOB) rrpH 
paccMaTpHBaeMhlX 3HeprHSIX B3aHMO,lleHCTBHS! 3aBHCHT OT CTerreHH .[le<j>opMauHH (no 
'IHCJIY HeHTpOHOB) S!,llpa OCTaTKa [6*]. 
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Abstract 

The thesis is devoted to the investigation of the high-energy nucleus-nucleus 

interaction - the residual nucleus cross sections calculation, discussion of the 

reactions mechanisms, and dependence of researched processes on targets and 

residual nuclei N/Z composition. 

The enriched tin isotopes 112
•
118

•
120

·
124Sn were irradiated at the Nuclotron of 

the JINR (Joint Institute for Nuclear Research at Dubna) by 12C ion beam with the 

energy of 2.2 A GeV. The induced activity method was used. By HpGe detectors the 

y-activity induced in the targets was measured. The radioactive nuclei were identified 

by half-lives and energies of the characteristic r -lines. The obtained spectra were 

processed by the software package DEIMOS. Absolute cross-sections of about 120 

residuals were obtained from each target. 

Based on the experimental values of the cross-sections the mass and 

charge distributions were obtained. The charge curves analysis shows that the most 

probable product from neutron-rich target shifts to the neutron-rich area. 

The results were compared to p, d + Sn reactions data. The comparison 

shows that the cross sections in ion-induced reactions exceed the cross sections in 

proton-induced reactions on a certain value, which confirms the factorization 

hypothesis. 

Experimental data was compared to model calculations. INC + SMM (Intra 

Nuclear Cascade + Statistical Multifragmentation Model) and LAQGSM03.S1 (Los 

Alamos quark - gluon string model) models were used. The results of comparison are 

in good agreement with experimental data. 

The targets choice allows us to make conclusions about the dependence of 

results on targets' and residual nuclei's N/Z ratios. The isoscailing phenomenon was 

studied, which observed in all residual nuclei's mass range. The obtained data were 

compared with the p, d + 112
•
118

·
120

•
124 Sn reactions results. The isoscailing 
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phenomenon analyses indicate that the value of isoscailing parameter changes 

depending on the mechanism of residual nucleus formation. 

The value of the symmetry energy parameter y in the nuclear equation of 

state was estimated using isoscailing parameter for the light residual nuclei as equal 

to r "' 10-13 MeV. These data are also important for astrophysical applications, 

because it is assumed that the thermodynamic conditions in processes of the neutron 

stars formation and the supernova explosion and the liquid-gas phase transitions in 

nuclear matter the same. 

The application of the double isotope ratio method for spallation products 

source temperature estimation was discussed. 

Systematization of the residual nuclei in 7 s A s 39 mass range was made. 

The power dependence of fragments cross-sections on their mass and charge 

numbers was discussed. Beside data obtained in this work, the literary data obtained 

by different methods were used. It is shown that for the multifragments formed in 

liquid-gas phase transition proce~s cr(Afl - A/; cr(Z1) - Z/ dependence is noticed 

with the power value 2 - 3, which, however, cannot be considered as sufficient 

condition of liquid-gas phase transition. 

The obtained isomer ratios were discussed. The dependences of near magic 

residual nuclei (according to the number of protons) isomer ratios on its deformations 

was observed. 
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