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OEIUAfI XAP AKTEPHCTHKA P AEOThI 

AKTyaJI1>nocT1> TeMhl 

B rrocne,IJ;mrn ro,n;M 3Ha1IHTenoHO Bbipoc MHTepec K rrpo:u;eccaM 

CTOJIKHOBeHIDI TSDKeJibIX .SI,IJ;ep rrpH 3HeprmIX B6JIM3M KYJIOHOBCKoro 6apbepa, 

o6ycJIOBJieHHbIH He,n;aBHMMM ycrrexaMM B CMHTe3e CBepxnDKeJibIX .SI,IJ;ep. IIpH 

CJIM.SIHMM ,IJ;Ba)R'.)l;bI-MarHqecKoro .SI.n;pa 48Ca c MMIIIeH.SIMM-aKTMHM,ll;aMM B JUIP 

OI1JIH srrepBbie 6omM CMHTe3MpoBaHbl cBepxT.SI)R'.eJihie 3JieMeHThI c Z = 112-

118. IIonyqeHHe HOBhIX cBepxT.SI)R'.eJibIX 3JieMeHTOB .SIBJI.SieTc.SI o,n;Holi M3 

Ba)R'.HeHIIIMX 3a,IJ;aq COBpeMeHHOH .SI.n;epHOH <PM3MKM. 3TM MCCJie,IJ;oBaHM.SI 

IIO,Il;TBep)R'.,n;aIOT B03MO)R'.HOCTb cy:rn;ecTBOBaHM.SI OCTpOBa CTa6MJibHOCTM B6JIM3M 

rrpoTOHHbIX o6onoqeK z = 114 (a, B03MO)R'.HO, M z = 120, 122) M HeHTpOHHOH 

o6onoqKM N = 184. B CB.SI3M c TeM, qTo 249Cf .SIBJI.SieTc.SI HaH6onee T.SI)R'.eJibIM 

aKTMHM)l;OM, KOTOpbIH MO)R'.eT 6hITb MCIIOJib30BaH B KaqecTBe MMIIIeHHoro 

MaTepHana, ,IJ;JIH CMHTe3a CBepXT.H)R'.eJibIX 3JieMeHTOB c z > 118 Heo6xo,n;MMO 

MCIIOJib30BaTb peaK1(MM c 6onee T.SI)R'.eJibIMM HaJieTaIOIQMMM MOHaMM 50Ti, 54Cr, 

58F e. ,I(m1 rronyqeHMH MH<i>opMa1(MM 0 B03MO)R'.HOCTM o6pa30BaHMH HOBbIX 

CBepXT.SI)R'.eJibIX .SI,IJ;ep B TaKMX peaK1(MHX Heo6xo.n;MMbI 6onee rny6oKMe 

3KcrrepMMeHTaJibHbie MCCJie,IJ;OBaHM.SI MexaHM3MOB peaK1(MH. 

OcHOBHhIMM KaHanaMM peaKI(MH c TSI)R'.eJihIMM MOHaMM .SIBJI.SIIOTCH yrrpyroe 

M KBa3Hyrrpyroe pacce.SIHHe, peaK1(MM rny6oKo-HeyrrpyrHx rrepe,IJ;aq, 

KBa3H,n;eneHHe, o6pa3oBaHHe cocTaBHoro .SI.n;pa c rrocne,IJ;y10:rn;HM ero 

,IJ;eB036y)R'.,IJ;eHMeM MJIM ,IJ;eJieHMeM. IlpH TaKOM MHOroo6pa3MM BbIXO)l;HbIX 

KaHaJIOB peaKQMM )l;JI.SI Mccne.n;oBaHIDI )l;MHaMMKM B3aMMO.n;eliCTBM.SI ,n;Byx 

T.H)R'.eJibIX .SI.IJ;ep Heo6xo,n;HMO o:u;eHMBaTb BKna,n; Ka)R'.,n;oro rrpo:u;ecca B ceqem:i:e 

peaK1(MM. 

B peaK1(M.SIX c T.SI)R'.eJibIMM MOHaMM rrpo:u;ecCbI IIOJIHoro CJIMHHM.SI M 

KBa3H,n;eneHM.SI HBJI.SIIOTC.SI KOHKYPMPYIDIIJ;MMM. CooTHOIIIeHMe BKJia,IJ;oB ,n;eneHM.SI 

M KBa3M,IJ;eneHIDI B IIOJIHOe cetJeHMe B3aMMO,n;eHCTBMH MOHa M MMIIIeHM CMJibHO 
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3aBHCHT OT CBOMCTB BXO,[(HOro KaHarra peaKI.J;HH, TaKHX KaK MaCCOBaSI 

aCHMMeTpH.sI, ,[(ecpopMau;H.s:c B3aHMO,[(eMCTBYIOI.I.I;HX .s:c.[(ep, 

KyrroHOBCKoro rrapaMeTpa Z1Z2 , 3HeprHSI HarreTaIOI.I.I;ero HOHa, BHOCHMhIM B 

CHCTeMy yrrroBOM MOMeHT. ,I(m1 CBepxTSI)KeJibIX CHCTeM rrpou;ecc KBa3H,[(eJieHH.sI 

CTaHOBHTC.sI ,[(OMHHHpYJOI.I.I;HM, IIO,[(aBJI.sI.sI KaHarr cpopMHpoBaHH.sI COCTaBHOro 

.s:c.[(pa. 

Pa3.[(eJieH11e rrpo.[(yKTOB peaKu;Hii CJIHSIHH.sI-,[(eJieHH.sI H KBa3H,[(erreHHSI 

.sIBJI.sieTC.sI CJIO)KHOM 3KcrrepHMeHTaJihHOM 3a,[(aqeii, qTo o6ycrraBJIHBaeT 

He06XO,[(HMOCTb rrpoBe,[(eHH.sI MHOrorrapaMeTp11qeCKHX 3KcrrepHMeHTOB c 

H3MepeHHeM KaK MO)KHO 6oJibIIIero qHCJia Ha6JIIO,[(aeMhIX xapaKTepHCTHK 

B3aHMO,[(eMCTBH.sI ,[(Byx .sI,[(ep, TaKHX KaK MaCCOBbie H 3HepreT11qeCKHe 

pacrrpe.n;eneHH.sI cpparMeHTOB peaKu;Hii, a TaK)Ke 6onee rny6oKoro H3yqeHH.sI 

CBOMCTB corryTcTBY:IOII(eii 3THM rrpou;eccaM 3MHCCHH nerKHX qacTHu;. 

IleJib pa60Thl COCTO.sIJia B IICCJie,[(OBaHHH CBOMCTB MaCCOBbIX H 3HeprenrqeCKHX 

pacrrpe,[(eJieHHM cpparMeHTOB ,n;erreHH.sI H KBa3H,[(eJieHH.sI, rrorryqeHHhIX B 

peaKI.J;II.sIX c HOHaMH 22Ne, 26Mg, 36S H 58Fe, Be,[(yll.I;IIX K o6pa3oBaHHIO H30TOIIOB 

266,271 ,274Hs *, rrpH 3HeprH.s:cx BhIIIIe H HH)Ke KynoHoBcKoro 6apI>epa, a TaK)Ke 

xapaKTepHCTHK HeiiTpOHHOM 3MIICCHH, ,[(JI.sI rrorryqeHH.sI KpHTepHeB pa3,[(eJieHHSI 

rrpou;eccoB ,[(eJieHH.sI H KBa3H,[(eJieHIISI CBepXT.sI)KeJihIX COCTaBHhIX CHCTeM. 

Ha 3amury BhIHOCHTCH cJienyromue pe3yJI1>TaThl: 

1. Pe3yJII>TaTI>I H3MepeHHM MaccoB0-3HepreTIIqecKHX pacrrpe.[(erreHHM 

6HHapHbIX cpparMeHTOB, o6pa3yIOI.I.I;HXC.sI B CJie,[(yIOI.I.I;HX peaKI.J;H.sIX: 

22Ne + 249Cf, 26Mg + 248Cm, 36S + 238U H 58Fe + 208Pb rrpH 3HeprH.s:cx BhIIIIe 

H HH)Ke KynoHoBcKoro 6apoepa. 
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2. Pa3pa6oTaHHbIM MeTo,n; pa3,n;eJiemu.r npou;eccoB cmurnHJ.r-,n;eneHM.H M 

KBa3M,D;eJieHM.H Ha OCHOBe aHaJIM3a 3HepreTM1:IeCKMX pacnpe,n;eneHMM 

cpparMeHTOB peaKU:llll. 

3. Pe3yJII>TaThI M3MepeHMM cel:JeHMM 3axBaTa M ou;eHKa Bepo.HTHOCTM 

CJIM.HHH.H ,D;JI.H peaKU:MM 26Mg + 248Cm ll 36S + 238U, IIOJIYl:feHHa.H ll3 

aHaJIM3a MaCCOB0-3HepreTMqecKMX pacnpe,n;eneHMM. 

4. Pe3yJII>TaTI>I M3MepeHMM nonHoli MHO)l(eCTBeHHOCTM HeliTpOHOB M ee 

pa3JIO)l(eHM.H Ha npe,n;- ll IIOCT,D;eJIMTeJibHYIO KOMIIOHeHTbI, MX 

3aBHCMMOCTb OT MaCCbl <l_:>parMeHTOB ,D;JI.H peaKU:MM 26Mg + 248Cm, 

36s + 23su n ssFe + 20sPb. 

274 * 5. BnepBbie 6I>mo o6Hapy)l(eHo 6nMo,n;aJII>Hoe ,n;eneHMe Hs , noJiyqeHHoro 

B peaKU:MM 26Mg + 248Cm npn Hal:JaJibHOM 3HeprMM B036y)l(,n;eHmI 35 M3B. 

OcnoBnhle pe3yJI1>TaT1>1 u nayquaSI HOBH3Ha 

BnepBI>Ie M3MepeHI>I MaccoB0-3HepreTwiecKMe pacnpe,n;eJieHIDI 

cpparMeHTOB ,n;eJieHM.H M KBa3n,n;eJieHM.H ,n;m1 peaKU:MM 26Mg + 248Cm. BnepBbie 

ll3MepeHbl IIOJIHa.H, npe,n;- ll IIOCT,D;eJIMTeJibHa.H MHO)l(eCTBeHHOCTM HeMTpOHOB 

,n;n.H peaKu;nii 26Mg + 248Cm, 36S + 238U n 58Fe + 208Pb. BnepBI>Ie ,n;n.H pa3,n;eneHIDI 

npou;eccoB CJimIHM.H-,n;eneHll.H H KBa3H,D;eJieHM.H 6bIJI IIpHMeHeH MeTo,n;, 

OCHOBaHHblM Ha aHaJIM3e xapaKTepMCTHK 3HepreTnqecKMX pacnpe,n;eneHHM 

cpparMeHTOB HCCJie,n;yeMbIX peaKu;Hli. BnepBbie o6Hapy)l(eHo .HBJieHHe 

6 m * MMO,D;aJibHOro ,n;eJieHM.H COCTaBHOro 51,D;pa Hs ' IIOJiyqeHHOro B peaKU:HH 

26Mg + 248Cm npn HaqaJihHOM 3Heprmi B036y)l(,n;eHH.H 35 M3B. 

IlpaKTUqecKaB 3HaquMOCTh paoOThl 

Pa3pa6oTaHHhIM MeTo,n; aHaJIM3a MaccoBbIX H 3HepreniqecKHX 

pacnpe,n;eJieHMM MO)l(eT 6hITb MCIIOJib30BaH ,Il;Jl51 perueHM51 llIMpOKoro KJiacca 

3a,n;aq, CB513aHHbIX c MCCJie,n;oBaHEieM npou;eccoB CJill51Hll.H-,n;eneHH51 ll 
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KBa3H)l;eJieHH5.l, rrpoTeKmorn:Hx B peaKI.J;H5IX c T5I)l(eJibIMH HOHaMH. IloJiyqeHHbie B 

pa6oTe 3KCnepHMeHTaJibHbie .n;aHHble MOryT HCTIOJib30BaTbC5I )l;JI5I npoBepKH 

TeopeTHqecKHX MO)l;eJieii, OTIHCbIBaJOrn:Hx rrpo:u:ecc B3aHMO)l;eMCTBH5I T5I)l(eJibIX 

51.n;ep. 

Anpo6agnH pa6oThl 

OcHOBHbie pe3yJihTaTbI pa6oTbI 6I>IJIH rrpe.n;cTaBJieHbI Ha cJie.n;yiorn:Hx 

HayqHbIX MeporrpH5ITH5IX: 

• "The study of the characteristics of neutron emission in the reactions with 

48Ca ions", The International Conference on Nuclear Physics At Border 

Lines, Lipari (Messina), Italy, May 21-24, 2001. 

• "Fission and Quasi-Fission of Nuclei Produced in the Reactions with 48Ca 

Ions", The International Symposium on New Projects and Lines of 

Research in Nuclear Physics, Messina, Italy, October 24-26, 2002. 

• "Neutron Emission in Fission and Quasi-Fission", The International 

Symposium on Exotic Nuclei (EXON 2004), Peterhof, Russia, July 5-12, 

2004. 

• "Neutron Emission in Fission and Quasi-fission ofHs". The International 

Symposium on Exotic Nuclei (EXON 2009), Sochi, Russia, September 28 

- October 2, 2009. 

• "Competition between fusion-fission and quasifission in the reactions 

with heavy ions leading to the formation of Hs". The International 

Conference on Dynamical Aspects of Nuclear Fission (DANF 2011 ), 

Smolenice Castle, Slovak Republic, October 17-21, 2011. 

• "Fusion-fission and quasifission in the reactions with heavy ions leading 

to the fonnation of Hs". The International Conference on Nuclear 

Structure and Dynamics II, Opatija, Croatia, July 9-13, 2012. 
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CTpyKrypa JlHccepTaguu 

,[(:accepTm:.:i;:m1 COCTOHT H3 BBe,n:eHH51, qeTbipex rJiaB, 3aKmoqeHH51 H CIIHCKa 

JIHTepaTypbI. )J;:accepTall,li51 co,n;ep)KHT 118 CTPaHHU: ManrnHorr:acHoro TeKcTa, 

BKJIIoqaIOI.lI,HX B ce651 12 Ta6JIHlI,, 46 pHCYHKOB H CIIHCOK JIHTepaTypbI H3 122 

HaHMeHOBaHHH. 

Bo BBe)leHHH paccMaTpHBaeTC5I HayqHa5I rrpo6JieMa, ,n:aeTC51 o6ocHoBaH:ae 

ee aKTYaJibHOCTH. CqmpMyJI:apoBaHa u:eJib pa6oTbI, H3JIO)KeHbI ocHOBHbie 

IIOJIO)KeHH51, KOTOpbie BbIHOC5ITC51 Ha 3allI,HTY' rrpHBO,II;HTC51 KpaTKOe co,n;ep)KaHHe 

,n::accepTalI,HH ITO fJiaBaM. 

B nepeoii rJiaee rrp:aBe,n:eH o63op rrpou:eccoB, rrpoTeKaIOI.lI,HX B peaKlI,li5IX 

c T5I)KeJibIMH :aoHaMH. OcHOBHoe BHHMaH:ae y,n;eJI5IeTc51 CBOHCTBaM rrpou:eccoB 

CJIH5IHH51-,IJ;eJieHH5I H KBa3H,II;eJieHH51. ,[(aH KpaTKHH o63op JIHTepaTypHbIX ,n;aHHbIX 

no TeMe ,II;HCCepTalI,HH. 

BTopaH f'JiaBa IIOCB5IllI,eHa OIIHCaHHIO 3KCrrep:aMeHTaJibHOH ycTaHOBKH 

,n;mr H3MepeHH5I xapaKTepHCTHK 6:aHapHbIX cpparMeHTOB peaKlI,HH H 

corrpoBo)K,n;aIOI.lI,eii 3Mttcc:a:a HeihpoHOB. IIpHBe,n;eHo KpaTKoe orrwcaHHe 

,n;ByxrrJiet.JeBoro BpeM5IIIpoJieTHoro crreKTpoMeTpa CORSET, ·a TaK)Ke 

HeiiTPOHHoro crreKTpoMeTpa DEMON. IIpe,n;cTaBJieHbI ocHOBHbie rrapaMeTpbI 

3THX crreKTPOMeTpOB. 

B 3TOH rJiaBe TaK)Ke H3JiaraIOTC5I OCHOBbI MeTO,Il;OB IIOJiyqeHH51 MaCCOB0-

3HepreTHqecKHX pacrrpe,n;eneHHM 6:aHapHbIX cpparMeHTOB, a TaK)Ke 

3HepreTHqecKHX H yrJIOBbIX pacrrpe,n;eJieHHH HeiiTpOHOB. 

B TpeTbeii: rJiaee rrpHBO,Il;5ITC.sr pe3yJibTaTbI H3MepeHH.sr cet.JeHHH H 

MaCCOB0-3HepreTHt.JeCKHX pacrrpe,n:eJieHHH 6:aHapHbIX cpparMeHTOB, 

o6pa3yIOI.lI,HXC5I B CJie,II;yIOI.lI,HX CHCTeMax: 22Ne + 249Cf, 26Mg + 248Cm, 36S + 238U 

H 58F e + 208Pb rrptt 3Hepr:a.srx HH)Ke :a Bbime KYJIOHOBCKoro 6apbepa. 

IlpHBO,II;5ITC5I pe3yJibTaTbI rrpoBe,n;eHHOro aHaJIH3a MaCCOB0-3HepreTHt.JeCKHX 
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pacrrpe,n;eJieHHM rrpo,n;yKTOB peaKI.J;HM, H ,n;aeTC51 ou;eHKa Bep05ITHOCTH CJIH5IHH51, 

c,n;eJiaHHaH Ha OCHOBe 3TOro aHaJIH3a. 

3KcrrepHMeHTbI rrpoBO,IJ;HJIHCh Ha ycKopHTeJie Y-400 Jla6opaTopHH 

a:,n;epHbIX peaKI.J;HM HM. <l>nepoBa B ,ny6He rrpH 3HeprHHX rryqKa HOHOB 22Ne -

102 H 127 M3B, HOHOB 26Mg - 121, 125, 129, 143 H 160 M3B, HOHOB 36S -

173, 179, 186, 198 M3B, HOHOB 58Fe - 289, 297, 305, 315, 324 M3B. MmrreHH 

H3rOTOBJIHJIHCh rryTeM HaIIbIJieHirn H30TOIIOB 

238UF 4 (200 MKr/cM2), 248Cm (170 MKr/cM2) H Ha 

yrnepo,n;Hhle rrneHKH TOJIIIIMHOM 50-60 MKr/cM2, o6orar:u;eHHOCTh MHIIIeHeM 

COCTaBJIHJia 99 .9%. 

Ha pHCYHKe 1 rrpe,n;cTaBJieHhI MaccoB0-3HepreTHqecKHe pacrrpe,n;eneHHH 

c}:>parMeHTOB Bcex qeTbipex H3yqaeMbIX peaKI.J;HM ,IJ;J151 ,n;Byx 3HeprHM - BhIIIIe H 

HH)l(e KYJIOHOBCKoro 6apnepa. 

30 60 90 120 150 180 210 30 60 90 120 150 180 210 30 60 90 120 150 180 210 30 60 90 120 150 180 210 240 

Macca tjlparMeHTa (a.e.M.) 

P11cyuoK 1. ,l(ByMepHbie pacrrpe.n;eneHIDI BbIXO,ri:oB ¢parMeHTOB peaKD;irii B 3aBHCHMOCTH OT 

HX MaccbI H rronHoii 1arneTH"qecKoli ::meprHH ( M, TKE) . 
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BH,n;Ho, qTo ,n;a)Ke npH 6JIH3KMX 3Heprm1x Bo36y)K,n;eHH51 MaccoBo-

3HepreTMqecKMe pacnpe,n;eneHH51 ( M, TKE) ,ll;JI51 3THX peaKUHH CHJII>HO 

OTJIHqaJOTC51. B cny-ciae ,ll;BYX caMI>IX aCHMMeTpM"CIHblX KOMfomauHM: MHIIIeHb­

HOH npH 3HeprHH B036y)K,n;eHH51 BI>IIIIe KynoHoBcKoro 6apnepa pacnpe,n;eneHH51 

( M, TKE) HMeIOT xapaKTepHyro ,n;n51 .n;enemrn: HarpeTI>IX 51,n;ep TpeyroJII>HYIO 

cpopMy. c yMeHI>IIIeHI·IeM acMMMeTpMH BXO,ll;HOro KaHana cpopMa pacnpe,n;eneHMH 

3aMeTHO MeH5IeTCH. B cny-qae peaKUHH 368 + 238U npH BDICOKOH 3HeprHH 

B036y)K,ll;eHH51 pacnpe,n;eJieHHe BCe eru;e CHMMeTpH"CIHO, O,ll;HaKO B o6JiaCTH 

aCHMMeTpH"CIHbIX Mace Ha6nro,n;aeTC51 TIOBbIIIIeHHbIH BblXO,ll; cpparMeHTOB. IlpH 

HH3KOH 3HeprHH B036y)K,n;eHH51 pacrrpe,n;eJieHHe CTaHOBHTC51 acHMMeTpH"CIHbIM. 

11, HaKOHeu, ,n;mI caMOH CHMMeTpH"CIHOH peaKUHH c HOHaMH )KeJie3a, Mbl 

Ha6nro,n;aeM aCHMMeTpH"CIHbie MaCCOB0-3HepreTH"CJeCKHe pacnpe,n;eJieHH51 KaK 

npH HH3KOH, TaK H npH ,n;oBOJII>HO BI>ICOKOH ( ~ 25 M3B BI>IIIIe KynoHoBcKoro 

6apnepa) 3HeprM51X. 

,[(JI51 peaKUHH 22Ne + 249Cf H 26Mg + 248Cm npH Bl>ICOKHX 3HeprHHX 

B036y)K,n;eHH51, Kor,n;a o6ono-cie-ciHI>Ie 3cpcpeKTbl He HrpaIOT 3Ha"CJMTeJibHOH poJIH, 

MaCCOBI>Ie pacnpe,n;eJieHH51 cpparMeHTOB xopoIIIO OTIHCbIBaIOTC51 O,ll;HHM 

rayccHaHOM c napaMeTpaMH, COOTBeTCTBYIOIIl;HMH CBOHCTBaM OCKOJIKOB 

,n;eJieHH51, rrpe,n;CKa3aHHblMH )KH,ll;KOKaneJII>HOH MO,ll;eJibIO ,ll;JIH cny-qaH 

OTHOCHTeJibHO HarpeTDIX 51,ll;ep. 3aBHCHMOCTM cpe,n;HeH KHHeTH"CJeCKOH 3HeprHH 

(TKE)(M) H ee ,ll;HcnepCHH a;KE (M) OT MaCCbI HMeIOT napa60JIH"CJeCKYIO 

cpopMy, xapaKTepeyIO ,n;JI51 npouecca ,n;eneHH51. 0,n;HaKo ,ll;JI51 peaKUHH 

26Mg + 24sCm npH 3HeprHH Ha6JIIO,ll;aIOTC51 

3Ha-ciHTeJII>Hoe OTKJioHeHHe 3KcnepHMeHTaJII>HI>IX ToqeK (TKE)( M) OT 

napa6oJibl B CTOpoHy 60JiblIIHX 3Ha"CJeHHH B ,ll;BYX o6JiaCT51X Mace OCKOJIKOB -

,ll;JI51 aCHMMeTpH"CIHbIX Mace, H B o6JiaCTH CHMMeTpH"CIHbIX OCKOJIKOB B6JIH3H 

M ~ A/2. B 3aBHCHMOCTH ,n;HcnepcHH KHHeTH-ciecKoli 3HeprHH a:KE (M) 
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Ha6mo,n;aIOTC5.I CTaTHCTIP.JeCKH 3HaqfIM:Oie HeperyJI5.IpHOCTH, rrpHqeM B o6naCTH 

CHMMeTpHqH:orx Mace. YBeJIHqemrn B:orxo,n;a B pa:H:oHe Mace 70-100 a.e.M. ,IJ;JI5.I 

peaKI.J;HH 26Mg + 248Cm rrpH 3HeprHH B036y)l(,JJ;eHH5.I 3 5 M3B MO)l(eT 6:on:o 

BhI3BaHo HaJIHqHeM rrpou;ecca KBa3H,IJ;eJieHH5.I, TaK KaK 3HeprH5.I B3aHMO,IJ;eHCTBH5.I 

Ha ~ 10 M3B HH)I{e 6ap:oepa. KaK H3BeCTHo, B cnytiae B3aHMo,n;e:H:cTBH5.I CHJI:OHO 

,n;ecpopMHpoBaHHI>Ix H,n;ep rrpH 3HeprH5.IX HH)l(e KynoHOBCKoro 6ap:oepa MoryT 

CKa3bIBaT:OC5.I 3cpcpeKThI HX B3aHMHOH opHeHTaI.J;HH, rrpHBO,IJ;5.III.J;He K yBeJIHtieHHIO 

BKJia,n;a KBa3H,IJ;eJieHH5.I. 

Ha pHCYHKe 2 IIOKa3aH:OI pacrrpe,n;eneHH5.I IIOJIHOH KHHeTHtieCKOH 3HeprHH 

TKE CHMMeTpHtIHI>IX ocKOJIKOB c MaccaMH A/2 ± 20 a.e.M. ,IJ;JI5.I peaKI.J;HH 

26Mg + 248Cm. KaK BH,JJ;HO H3 pHcyHKa, rrpH 3HeprHH B036y)I{,JJ;eHH5.I 35 M3B 

pacrrpe,n;eJieHHe TKE orrHc:ornaeTC5.I cyMMOH .JJ;Byx rayccHaHoB c IIHKaMH, 

rrpHxo,n;5.III.J;HMHC5.I Ha 214 H 232 M3B. 3aMeTHM, tITO rrpH crroHTaHHOM ,n;eneHHH 

T5.I)l(eJI:orx H30TorroB Fm, Md, No H Rf Ha6nro,JJ;aeTc5.I 6HMO,n;an:oHa.sI cTpyKTypa 

MaCCOB0-3HepreTHtieCKHX OCKOJIKOB [ 1]' o6ycnoBJieHHaH rrpOHBJieHHeM 

ccpepHqecKHX o6onotieK Z = 50 H N = 82 cpa3y B ,n;Byx ocKonKax. B HX 

MaCCOBOM pacrrpe,n;eJieHHH rrpHCYTCTBYIOT ,JJ;Be KOMIIOHeHThI Y3Ka.sI 

CHMMeTpHqHa.sI c BhICOKOH TKE ~ 232 M3B H CHMMeTpHqHaH KOMIIOHeHTa co 

3HaqHTeJI:oHo 6on:ome:H: nmpHHOH H MeH:ome:H:- TKE ~ 200 M3B, OTBetiaIOII.J;a5.1: 

CTaH,n;apTHOMY ,n;eneHHIO 3THX H,n;ep. B HarneM CJIYtJae IIHK c HH3KOH 3HeprHeH 

(3aKpameHHaH cepbIM o6JiaCTh Ha pHC. 2) COOTBeTCTByeT CHCTeMaTHKe 

Ba:H:on:or [2], a c BhICOKOH (3amTpHXOBaHHa.sI o6nacT:o) - 3HatieHHHM, 

rronyqeHHhIM ,Il;JI5.[ BhICOK03HepreTHtieCKOH KOMIIOHeHThI rrpH CIIOHTaHHOM 

,n;eneHHH T5.I)l(eJI:orx .sI,n;ep B pa:H:oHe Fm. Cne,n;oBaTeJI:oHo, B peaKI.J;HH 

26Mg + 248Cm rrpH Hatian:OHOH 3HeprHH Bo36y)l(,n;eHHH cocTaBHoro .sI,n;pa 3 5 M3B, 

Ha6nro,n;aeTC5.[ 6HMO,IJ;aJihHOe ,n;eJieHHe 274Hs *. 

B OTJIHtIHe OT peaKI.J;HH 26Mg + 248Cm, r,n;e OCHOBHhIM KaHaJIOM 5.l:BJI.sieTCH 

,JJ;eJieHHe COCTaBHOro 5.I,D;pa, H peaKI.J;HH 58Fe + 208Pb, r,n;e, Hao6opoT, ,IJ;OMHHHpyeT 
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KBa3H,n:erreHHe, B crry-qae 36S + 238U o6a npo:u;ecca BHOC5IT 3Ha"llHTeJibHhIM BKJia,n: 

B ceqeHHe peaK:QHH, H npou;e,n:ypa pa3JIO)KeHH5I MaccOBbIX pacnpe,n:erreHHH Ha 

KOMIIOHeHTbl, COOTBeTCTBYJOI:QHe 3THM npou;eccaM, CTaHOBHTC5I 

Heo,n:H03HaqHoii. B CB513H c 3THM 6bIJI npoBe,n:eH aHaJIH3 3HepreTH"CJeCKHX 

pacnpe,n:eJieHHM OCKOnO"CJHOIIO,n:06HblX npo,n:yKTOB Bcex H3yqaeMbIX pea:K'.:QHM. 

* 
0.03 ECN 

35 MeV 

0.02 

,-... g: 0.01 

~ 
~ 0.00 * 
~ 0.03 ECN 
::E 

r:o 64 MeV 

0.02 

<TKE> =218±1 Me 
crTKE =22.6 Me V 

<TKE>=215±1 Me V 
crTKE =22.5 Me V 

140 160 180 200 220 240 260 280 
TKE(M3B) 

* 
0.03 ECN 

<TKE>=2 l 0±2 Me 

0.02 

0.01 

0.02 

35MeV 

<TKE>=220±1 MeV 
crTKE=24.4 MeV 

140 160 180 200 220 240 260 280 
TKE (M3B) 

PucyuoK 2. Pacnpe~enemrn: nonHoli KHHeT1rc1ecKoli 3Hepr:a:a B o6nacT:a Mace cpparMeHTOB 

A/2 ± 20 a.e.M., nonyqeHHhIX B peaKIJ;HIDC 26Mg + 248Cm H 36S + 238U. 

KaK BH,n:HO H3 pHcyHKa 2, rrpH BDICOKo:H: 3HeprHH B036y)K,rt;eHH5I 56 M3B 

pacrrpe.n:eneHHe TKE CHMMeTpH"llHbIX Q;>parMeHTOB peaK:QHH 36S + 238U HMeeT 

6nH3KYJO K rayccoBo:H: Q;>opMy. Ho ,n:McrrepcH5I ero 3HaqHTenbHO BbIIIIe 

(595 ± 4 M3B2), 1:1eM 3TO cne.n:yeT H3 CHCTeMaTMK ,rt;JUI .n:eneHH5I COCTaBHoro 

5I,rt;pa (502 M3B2), Tor.n:a KaK B peaK:Qli5IX c HOHaMH 26Mg li 22Ne npli BbICOKHX 

3HeprH5IX B036y)K,n;eHH5I pacrrpe.n:eneHHe TKE Q;>parMeHTOB xopoIIIo 
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OIIHCbIBaeTC5.l rrpH IIOMOIII;H o,n;Horo rayccHaHa co cpe,n;HHM 3Ha"IIeHHeM H 

,n;HcrrepcHeH, COOTBeTCTBYIOIII;HM 3THM CHCTeMaTHKaM. 

TeopeTH"IIecKHe pac"IIeTI>I [3], ocHoBaHHI>Ie Ha ,n;HHaMH"IIeCKHX ypasHeHm.1:x 

,n;BH)I(eHH5.l JlaH)I(eBeHa, IIOKa3aJIH, qTo rrpH CTOJIKHOBeHHH T5.l)I(eJIDIX 51,n;ep Ha 

IIOBepxHOCTH IIOTeHI.J;HaJihHOH 3HeprHH, KpOMe ,n;OJIHHDI ,n;Ba)K,n;hI MafH"IIeCKOfO 

CBHHu;a (Z = 50 H N = 82), Ha6mo,n;aeTC5.l ,n;oJIHHa ,n;Ba)K,n;DI MarH"IIecKoro 011osa 

(Z = 50 H N = 82), rrpHso,n;51m;a51 K MaccoBOH acHMMeTpHH ~0.1. TaKHM o6pa3oM, 

B peaKI.J;H5IX c T5.l)KeJiblMH HOHaMH MO)KHO BhI,D;eJIHTh KaK MHHHMYM TPH MO,lJ;bl, 

K c)?opMHpOBaHHIO ,n;eJIHTeJibHOIIO,n;o6HhIX 

aCHMMeTpH"IIHa5.l KBa3H,n;eJIHTeJihHa5.l Mo,n;a, o6ycJIOBJieHHa5.l BJIH5IHHeM 51,n;epHbIX 

06011oqeK Z = 28, 82, H N = 50, 126, CHMMeTpH"IIHa5.l KBa3H,n;e1111TeJII>Ha5.l Mo,n;a, 

orrpe,n;eJI5IeMa5I o6oJIO"IIKaMH z = 50 H N = 82, H HCTHHHOe CJIH5IHHe-,n;e11eHHe, 

Be,nym;ee K c)?opMHposaHHIO CHMMeTPHqHDIX <}lparMeHTOB. MhI rrpe,n;rro11o)KHJIH, 

"IITO B c11y-qae peaKI.J;HH 36S + 238U CHMMe'TpH"IIHDie c)?parMeHTDI MOryT 

o6pa30BhIBaThC5.l B 3THX Tpex rrpol(eccax, II03TOMY ,l1;J15.l orrpe,n;eJieHH5.l HX 

BKJia,n;oB pacrrpe,n;e11eHHe TKE 6I>mo orrHcaHo CYMMOH Tpex rayccHaHOB. 0,n;HH 

H3 HHX COOTBeTCTByeT rrpou;eccy ,n;e11eHH5.l (3aKparneHHa5.l 0611aCTh Ha pHC. 2). 

HH3K03HepreT11qecKyro KOMIIOHeHTY B pacrrpe,n;e11eHHH TKE Mhl accol(HHpyeM c 

rrpou;eccoM aCHMMeTpH"IIHOfO KBa3H,n;e11eHH5.l ( llITpHXOBa5.l JIHHH5I), a 

BhICOK03HepreTHqecKyIO - c CHMMeTpH1IHhlM KBa3H,n;e11eHHeM (rryHKTHpHa5I 

JIHHH5I). 

TaKHM o6pa3oM, MI>I orr11can11 pacrrpe,n;e11eHH5.l TKE ,n;1151 0611acTH 

CHMMeTpHqHJ>IX Mace c)?parMeHTOB H, c11e,n;oBaTeJII>HO, ITOJiyqHJIH COOTHOIIIeHH5.l 

BKJia,n;os Tpex rrpou;eccos B 3TY 0611acTh. 3Ha5.l 3Ha"IIeHH5.l BKJia,n;a rrpou;ecca 

,n;e11eHH5.l B ce"IIeHHe 3axsaTa ,n;M 0611acTH Mace c)?parMeHTOB A/2 ± 20 a.e.M., 

MO)KHO OIIHCaTb MaCCOBhie pacrrpe,n;e11eHH5.l, HCIIOJ1h3Y5.l 3TH 3Ha"IIeHH5.l B 

Ka"IIeCTBe BeCOBDIX K03c)?c)?Hl(HeHTOB. Pe3yJII>TaTI>I OIIHCaHH5.l MaCCOBhIX 

pacrrpe,n;eJieHHH IIOKa3aHhl Ha pHCYHKe 3. 
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22Ne +z49Cf -7211Hs* 26M +z4sCm -7z14Hs* 36S +z3su -7214Hs* 

s E* 
CN 

4 29 MeV 
,-.., 3 

[§. 2 
= 
Si] I 
I::[ 
Q.) O+--.,..---'"¥'~ 

~ 5 52MeV 
'-' 4 
I::[ 

§ 3 

20 2 

I 

40 80 120 160 200 240 
Macca ( a.e.M.) 

40 80 120 160 200 240 
Macca (a.e.M.) 

80 

40 

0 

'isoo 

~ 
t; 400 
'-' 

§ 
0-f-;""--~=~,,__,_-l'l-,-I ~ 0 

46 MeV ill 

2 

56MeV 

40 80 120 160 200 240 
Macca (a.e.M.) 

4000 

2000 

0 

5000 

4000 

3000 

2000 

1000 

0 

21 MeV 

u ' 
33MeV 

u 
0 
0 

40 80 120 160 200 240 
Macca (a.e.M.) 

PucyHoK 3. MaccoBbie pacnpe.n;enemrn: <J?parMeHTOB peaKIJ;:EiH 22Ne + 249Cf, 26Mg + 248Cm, 

36S + 238U H 58Fe + 208Pb. Kpy)l(KH - 3KcnepHMeHTaJibHbre 3Hal!eHH51, 3aKpameHHa51 cepbIM 

IJ;BeTOM o6JiaCTb - BKJia,Il; ,n;eJieHH51, 3aIIITpHXOBaHHa51 o6JiaCTb (,n;JI51 peaKIJ;HH 22Ne + 249Cf, 

26Mg + 248Cm) - BKJia,JJ; KOMITaKTHOro CliMMeTplil!HOro .n;eneHH51, TOJICTbie JIHHHH - BKJia,n; 

KBa3H,n;eJieHH51. 

06bI"IJHO B peaKII;IHIX c n1:>KeJibIMM MOHaMM <PopMHpOBaHMe 

acMMMeTpM"l!HbIX KBa3M,IJ;eJIMTeJihHbIX <PparMeHTOB CB.SI3bIBaIOT c BJIMHHMeM 

o6ono"IJeK Z = 82 M N = 126. ).J;elicTBHTenI>Ho, ;:i;nH peaKI(MM 48Ca + 238U [ 4] 

MaKCMMaJibHbIH BbIXO,Il; COOTBeTCTByeT <PparMeHTaM c Maccoif 208 a.e.M. 

O;:i;HaKo, Ha cpopMHposaHMe acMMMerpM11Hoif KBa3M;:i;enMTeJihHOH MO,IJ;hI, 

IIOMMMO o6oJIO"lleK z = 82 M N = 126 B T.SI:>KeJIOM OCKOJIKe, TaK:>Ke MOryT BJIMHTb 

M 3aMKHYTI>Ie o6ono"IJKM Z = 28 M N = 50 B nerKoM, 1lTO MO:>KeT rrpMBeCTM K 

C,Il;BMry KBa3M,IJ;eJIMTeJibHhIX IIMKOB. TaK, B cny-qae peaK1(MM 64Ni + 238U [ 4] 

MaKCMMaJibHbIH BbIXO,Il; aCMMMeTpH"l!HbIX KBa3M,IJ;eJIMTeJibHhIX OCKOJIKOB 

rrpMXO,Il;MTCH Ha 215 a.e.M. ( TH:>KeJibIH OCKOJIOK), Tor;:i;a KaK B peaKI(MHX c 6onee 
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JierKMMM Ha.JieTaIOru;MMM MOHaMM IIMKM c,n:BMraeTC.SI B CTOpmzy CMMMeTpMqHbIX 

Mace [5], M ,n:JI.SI CMCTeMbI 36S + 238U MbI Ha6JIIO,n:aeM IIMK B o6JiaCTM 200 a.e.M .. 

Mcxo.n:.si M3 rrpocToli rMrroTe3bI o HeM3MeHHOH 3ap.si,n:oBoli IIJIOTHOCTM, MO)l{HO 

JierKO rro,n:cqMTaTb MaCCbI T.SI)l{eJioro M JierKoro OCKOJIKOB, COOTBeTCTB)'IOIIJ;Me 

BCeM 3TMM o6oJioqKaM. B Ta6JIMI(e 1 npMBe,n:eHbI no3MI(MM BbiqMcJieHHoro 

TaKMM o6pa30M T.SI)l{eJioro KBa3M,n:eJIMTeJibHoro IIMKa MH Shell ( 3HaqeHMe 

ycpe,n:HeHo no BCeM o6oJioqKaM). 3HaqeHM.SI MH Shell xoporno corJiacyroTc.SI c 

IIOJiyqeHHbIMM 3KcnepMMeHTa.JibHblMM ,n:aHHbIMM, KpOMe ,n:Byx HaM60Jiee 

aCMMMeTpMqHbIX peaKIJ;MH 26Mg + 248Cm M 30Si + 238U, r.n:e IIMKM 3aMeTHO 

cMem;eHbI B cTopoey MaccoBoli CMMMeTpMH. KoJiw1ecTBO HYKJIOHOB o6MeHa ,n:JI.SI 

3TMX peaKI(MH 3HaqHTeJibHO 6oJibIIIe, qTo MO)l{eT fOBOpHTb 0 TOM, t{TO CHCTeMa 

)l{MBeT 6oJiee .n:mneJII:.Hoe BpeM.SI .n:o Toro KaK pa3,n:eJIMTbC.SI. B cJiytJae 6oJiee 

CMMMeTpHqHoro BXO,n:Horo KaHarra MaKCHMYM BbIXO,n:a acHMMeTpHtJHOH 

KBa3H,n:eJIHTeJibHOH KOMIIOHeHTbI B 3KCnepHMeHTa.JibHbIX MaCCOBbIX 

pacnpe,n:eJieHH.SIX npMxo,n:MTC.SI Ha ycpe,n:HeHHoe 3HaqeHHe MH Shell ,n:JI.SI. o6oJioqeK 

Z=82,N= 126HZ=28,N=50. 

Ta6J111u;a 1. Ilo3II~IIII TJ.[)Kerroro IIIIKa B MaccosoM pacrrpe,n;erreHIIII «i:>parMeHTOB. MHexp II 

MHShell - 3KcrrepIIMeHTaJII>HO orrpe,n;erreHHoe II paccqIITaHHOe II3 o6onoqeK rrono)l(emur IIIIKa, 

COOTBeTCTBeHHO. 

KomfqecTBO 

PeaKU:M.SI Z1Z2 MHexp MHShell HYKJIOHOB CcbIJIKM 

o6MeHa 
26Mg+ 24scm 1152 180 202.5 68 HamM .n:aHHbie 

30Si + 23su 1288 178 199.3 60 K. Nishio[5] 

368 + 23su 1472 200 202.5 38 HamM .n:aHHbie, K. Nishio[5] 

4oAr + 23su 1656 204 204.5 34 K. Nishio [ 5] 

4sca + 23su 1840 208 208.5 30 E.M. Kozulin[ 4] 

64Ni + 23sU 2576 215 216.5 23 E.M. Kozulin[4] 
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PeaK11;11H 26Mg + 248Cm H 36S + 238U Be,n;yT K o6pa3oBaHHIO o,n;Holi H Toli 

COCTaBHOH CHCTeMDI 214Hs* 

' 
o,n;HaKo IIOJIO)l(eHlrn acHMMeTpl:PIHbIX 

KBa3H)J;eJIHTeJibHhIX IIHKOB B MaCCOBOM pacrrpe,n;eneHHH CHJibHO OTJIHqaIOTC51. B 

cnyqae 6onee CHMMeTpHqHoro Bxo,n;Horo KaHana KYJIOHOBCKHH cpaKTop Z1Z2 

BbIIIIe, H, cne,n;oBaTeJihHO, CHJibI KYJIOHOBCKOro OTTaJIKHBaHH5I 6oJibIIIe, qTo 

MO)l(eT rrpHBO,lJ;HTb K MeHI>IIIeMy BpeMeHH B3aHMo.n;ei1:cTBH51. TaKHM o6pa3oM, Ha 

cpopMHpOBaHHe aCHMMeTpHqHbIX cpparMeHTOB KBa3H)J;eJieHH51, IIOMHMO 

o6onoqeqHbIX 3cpcpeKTOB, BJIH51IOT CBOHCTBa BXO,ll;HOro KaHaJia peaKD;HH, rrpHqeM 

He TOJibKO Ha KOHKypeHD;HIO ,n;eJieHH51 H KBa3H,IJ;eJieHH5I, HO H Ha CBOHCTBa 

caMoro rrpo:u;ecca KBa3H,n;eneHH5I. 

IlpoBe,n;eHHbIH aHanH3 MaCCOB0-3HepreTHqecKHX pacrrpe.n;eneHHH 

cpparMeHTOB peaKD;HH II03BOJIHJI BbI,lJ;eJIHTb BKJia,n; rrpo:u;ecca CJIH51HH51-,n;eneHH5I, 

H CJie,n;oBaTeJibHO, o:u;eHHTb BepO.SITHOCTb CJIH51HH51 PcN, KOTOpa5I orrpe,n;emieTC.sI 

KaK Bep051THOCTb o6pa30BaHH51 COCTaBHOro 51,n;pa IIOCJie Toro KaK ,ll;Ba 

B3aHMo,n;ei1:cTBYIQIII;HX 51,n;pa corrpHKOCHYJIHCb. CeqeHH5I o6pa3oBaHH.sr 

HCIIapHTeJibHbIX OCTaTKOB .n;n.sr 3THX ,n;Byx peaKD;HH COCTaBJI51IOT rrop.sr,n;Ka 

HeCKOJibKHX IIHK06apH [6, 7], H HX BKJia,n; B ceqeHHe CJIH51HH51 oqeHb 

He3HaqHTeJieH. Ilo3TOMY p CN MO)l(HO o:u;eHHTb KaK OTHOIIIeHHe Me)l(,n;y qHCJIOM 

co6bITHH, COOTBeTCTBYIOIII;HX rrpo:u;eccy .n;eJieHH51 COCTaBHoro 51,n;pa corJiaCHO 

rrpoBe,n;eHHOMY aHaJIH3Y MaCCOB0-3HepreTHqecKHX pacrrpe,n;eJieHHH, H BCeMH 

,n;eJIHTeJibHOIIO,lJ;06HbIMH co6bITH51MH. 

Ha pHcyHKe 4a rroKa3aHI>I rronyqeHHbie Bepo51THOCTH CJIH51HH.sr ,n;AA 

peaKD;HH 26Mg + 248Cm H 36S + 238U. IlpH 3HeprHH B3aHMO,n;ei1:CTBH51 B paH:oHe 

6apoepa o:u;eHeHHbie Bep051THOCTH CJIH51HH.sI p CN COCTaBHJIH ~ 7 0% H ~ 1 7%, 

cooTBeTCTBeHHO. KaK cne,n;yeT H3 3KcrrepHMeHTaJII>HbIX ,n;aHHI>Ix, cBolicTBa 

BXO,lJ;HOro KaHaJia CHJibHO BJIH.sIIOT Ha ,lJ;HHaMHKY peaKD;HH, H p CN 3HaqHTeJibHO 

y6ornaeT B cnyqae 6onee CHMMeTpHqHoro Bxo,n;Horo KaHana, oco6eHHO B 
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rro,n:6apoepHoli 06nacn1, TaK KaK rrpou;ecc KBa3H,n:eneHmI rro,n:aBmieT rrpou;ecc 

CJIH5IHHJI-,n:eJieHI151. 

a) 
1 

0.1 

-p- 26Mg + 24sCm 

-b- 36s + 23su 
I 
I 
! 

0. 0 1 +--.~---r----,--+-...----,r--r---r-~-r-,--,----i 
-10 -5 0 5 10 15 20 

Ec.m.- EBass (M3B) 

103 6) 

26Mg + 24sCm 

36s + 23su 

······· o 36S + 238U (K.Nishio J 1 0-3 +--.--.--.-~----.---.----.-~_,___.,---,--"-t 
-20 -10 0 10 20 30 

Ec.m.- EBass (M3B) 
PHcyHOK 4. Bepo51THOCTb cmrnmrn H cetieHH51 3axBaTa ,n;JI51 peaKUHH S + U H Mg + Cm. 

Ha pHCYHKe 4 TaK)J(e rrpe,n:cTaBJieHDI rronyqeHHoie ceqeHHH 3axBaTa ,n:AA 

peaKI.J;HH 26Mg + 248Cm H 36S + 238U. ,[(JIH peaKI.J;HH 36S + 238U TaK)J(e IIOKa3aHDI 

pe3yJioTaTbI H3 pa60TbI [8]. 

B 11eTBepToii rJiaBe H3JiaraIOTCH pe3yJioTaTDI H3MepeHHH yrJIOBhIX H 

:rnepreTHqecKHX pacrrpe,n:eJieHHH HeHTpOHOB, rronyqeHHbIX B peaKI.J;I15IX 

26Mg + 248Cm, 36S + 238U H 58Fe + 208Pb. IIpHBOMTCJI pe3yJioTaToI aHaJIH3a 

H3MepeHHbIX xapaKTepHCTHK HeHTpOHHOH 3MHCCHH. 

Ha pHCYHKe 5 IIOKa3aHbI 3aBHCHMOCTH MHO)J(eCTBeHHOCTeH HeliTpOHOB OT 

MaccoI <}lparMeHTa ,n:JIJI Bcex Tpex peaKu;ttli 26Mg + 248Cm, 36S + 238U H 

58F e+ 208Pb rrpH rrpH6JIH3HTeJII>HO o,n:HHaKoBoli 3HeprHH Bo36y:1K,n:emrn. Ha 

BepXHHX rraHeJIJIX qepHbIMH JIHHHJIMH IIOKa3aHDI ,n:HaIIa30Hbl Mace <}lparMeHTOB, 

.IJ:JI51 KOTOpbIX 6oIJIH IIOJiyqeHbI 3HaqeHH51 HeliTpOHHbIX MHO)J(eCTBeHHOCTeM. 
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B cnyqae peaKu;Mif 26Mg + 248Cm M 36S + 238U 3aBMCMMOCTM rrpe,n;- M 

IlOCT,n;enMTenbHOH MHO)KeCTBeHHOCTeH B o6nacTM CMMMeTpHqHhIX Mace 

<l_lparMeHTOB 90-180 a.e.M. Be,n;yT cefo1 CXO,ll;HhIM o6pa30M. 3HaqeHM51 

rrpe,n;,n;enHTenhHOH MHO)KeCTBeHHOCTM rrpaKTHqecKM 

COBrra,n;aIDT, HeCMO'Tp51 Ha TO, qTo rrpoBe,n;eHHhIH B ,n;aHHOH pa6oTe aHanM3 

MaCCOB0-3HepreTMqecKHX pacrrpe,n;eneHHH I10Ka3an, qTo B o6naCTb 

CMMMeTpMqHhIX Mace <PparMeHTOB B cnyqae 36S + 238U, KpOMe rrpou;ecca 

,n;eneHM51 COCTaBHoro 51,Il;pa, TaK)Ke BHOCMT BKna,n; rrpou;ecc CMMMerpHqHoro 

KBa3M,n;eneHH51. TaKoe COBrra,n;eHHe TeopeTMqecKMe 

rrpe,n;rrono)J(eHH5I, qTo rrpou;ecc CMMMeTpHqHoro KBa3H.n;eneHH5I JIBnJieTCJI 6onee 

Me.n;neHHhIM, qeM rrpou;ecc aCHMMeTpMqHoro KBa3M.n;eneHH51, M MMeeT 

BpeMeHHOH MacrrITa6, xapaKTepHhIH ,n;nJI rrpou;ecca CM5IHMJI-,n;eneHM51. 

26Mg + 24s Cm ~ 274Hs 36s + 23su ~ 274Hs ssF e + 2osPb ~ 266Hs 

* EcN =48 MeV * EcN=46MeV * EcN =48 MeV 
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PHcyHoK 5. ~ByMepH:r:.Ie MaTp:m.~:r:.1 (M,TKE) (Bepxmi:e rraHe1m); MaccoB:r:.Ie pacrrpe,z:i:erremu1 

¢parMeHTOB ( CIIJIOIIIHbie JIHHHH) H IIOJIHruI ( 3Be3;:i;oqKH ), rrpe;:i;- ( TpeyroJibHHKH) H IIOCT­

( KBa;:i;paTbI) ,D;eJIHTeJibHble HeliTpOHHble MHO)KeCTBeHHOCTH KaK <l>YHKIJ;HH OT MaCCbl 

cpparMeHTOB (HH)KHHe mUieJIH) ,ll;JUI peaKIJ;HH 26Mg + 248Cm, 36S + 238U H 58Fe+ 208Pb. 
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B crryqae peaK:u;I-rn: 36S + 238U 3aBHCHMOCTb Mpre HOCHT rrapa6orrHqecKHH 

xapaKTep c MaKCHMYMOM B pa:H:oHe CHMMerpHqHbIX Mace H 3aMeTHO 

yMeHbIIIaeTc.sr p;mI acHMMeTpHqHbIX cpparMeHTOB. YMeHbIIIeHHe Mpre c 

yBeJIHqeHHeM MaCCOBOH aCHMMeTpHH MO:>KeT 6bITb CB5I3aHO co 3HaqHTeJibHbIM 

BKJia,[J;OM rrpo:u;ecca KBa3H,n:eneHH51 B o6naCTH aCHMMeTpHqHbIX Mace 

cpparMeHTOB. 

qTO KacaeTC.sI IIOCT,D;eJIHTeJibHOH MHO:>KeCTBeHHOCTH HeHTpOHOB (Mpost), TO 

,n:mi: o6eHX peaKIJ;HH OHa JIHHeHHO yBeJIHq1rnaeTC5I c yBeJIHqeHHeM MaCCbI 

OCKOJIKa. 3TO 03HaqaeT, qTo 3HeprmI B036y:>K,n:eHH51 p;eJIHTC.sI Me:>K,n:y 

<}lparMeHTaMH rrporrop:u;HOHaJibHO Macce B COOTBeTCTBHH c )J(H,lJ;KOKarreJibHOH 

MO,D;eJibID. 

B cnyqae peaK:u;HH 58Fe + 208Pb rrpe,n:,n:eJIHTeJibHa.sI MHO:>KeCTBeHHOCTb 

3HaqHTeJibHO HH:>Ke ,ll;JUI Bcero ,D;HaIIa30Ha Mace cpparMeHTOB, qeM B cnyqae .D;Byx 

6orree acHMMeTpHqHbIX peaKI.J;HH. 3To CB.sI3aHO c TeM, qTo B peaKIJ;HH c HOHaMH 

:>KeJie3a rrpo:u;ecc KBa3H,n:erreHH.sI .sIBJI.sieTC51 ,ll;OMHHHpYffiI:u;HM. 3aBHCHMOCTb 

IIOCT,n:eJIHTeJibHOH MHO:>KeCTBeHHOCTH OT MaCCbI ,n:mi: '.HOH peaK:u;HH OTKJIOIDieTC.sI 

OT JIHHeH:HoH:, H ,n:rrH TH:>Kenoro cpparMeHTa Mpost 3HaqHTeJibHO HH:>Ke, qeM 

O:>KH,n:anocb 6b1 B cnyqae JIHHe:H:HoH: 3aBHCHMOCTH. Oco6eHHOCTbID ,n:aHHOH 

peaKI.J;HH 5IBJI5IeTC5I TOT cpaKT, qTo O,ll;HH H3 rrapTHepoB BO BXO,ll;HOM KaHane 

peaKIJ;HH - ,[J;Ba:>K,[J;bl MarHqecKHH CBHHe:u;, BCJie,D;CTBHe qero co6bITH5I 

KBa3H,n:eneHH51 Tpy,n:Ho OT,n:eJIHTb OT co6bITHH rrpo:u;eccoB yrrpyrHX, 

KBa3HyrrpyrHX H rny6oKo-HeyrrpyrHx rrepe,n:aq. Ifu:3KHe 3HaqeHH.sI 

IIOCT,n:eJIHTeJibHOH MHO:>KeCTBeHHOCTH HeH:TpOHOB B o6naCTH aCHMMeTpHqHbIX 

<}lparMeHTOB MOryT 6bITb CB513aHbI c rrpHCYTCTBHeM BKJia,n:a co6bITHH peaKI.J;HH 

rny6oKo-HeyrrpyrHx rrepe,n:aq. 
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B 3aKJiroqeuuu H3JIO)l{eHhI ocHOBHhie pe3yrrI>TaThI, rrorryqeHHhie B 

,[(HCCepTaU:HOHHOH pa6oTe: 

l13MepeHhI MaccoB0-3HepreTHqecKHe pacrrpe,n;erreHH.H cpparMeHTOB 

peaKr:i;H:H: 22Ne + 249Cf, 26Mg + 248Cm, 36S + 238U , 58Fe + 208Pb B IIlHpoKoM 

,n;Harra3oHe 3HeprH:H: B036y)l{,n;eHH5I cocTaBHhIX 51,n;ep OT 20 ,n;o 65 M3B. 

y CTaHOBJieHO, qTo OCHOBHbIM KaHaJIOM peaKU:HH 22Ne + 249Cf H 

26Mg + 248Cm .HBJI5IeTC5l ,[(eJieHHe COCTaBHOro .H,n;pa. )];AA peaKU:HH 36S + 238U 

Ha6mo,n;aeTc.H 6oJihlllOH BKrra,n; KBa3H,n;erreHH5I. B crryqae peaKU:HH 58F e + 208Pb 

,[(OMHHHpyrorn;HM rrpou;eccoM 5IBJI5leTC.H acHMMeTpHqHoe KBa3H,[(eJieHHe. 

IlpoBe,[(eHHbIH aHaJIH3 3HepreTHqeCKHX pacrrpe,n;eJieHHH ,[(JI5I o6rracTH 

CHMMeTPHqHbIX Mace cpparMeHTOB AcN/2 ± 20 a.e.M. IIOKa3aJI, "CITO ,[(HCrrepCH5I 

TKE MO)l(eT cJiy)l{HTh KpHTepHeM pa3,n;erreHH.H npou;eccoB ,n;erreHH5I H 

KBa3H,[(eJieHH5I. 

l13MepeHbI ceqeHH5I 3aXBaTa H ou;eHeHa Bepo5ITHOCTb CJUl5IHH5I p CN ,[(J15I 

peaKr:i;H:H: 26Mg + 248Cm H 36S + 238U. 06Hapy)l{eHo, qTo PcN 3HaqHTeJII>Ho 

y6ornaeT B crry-qae 6orree CHMMeTPHqHoro Bxo,n;Horo KaHarra, oco6eHHo B 

no,n;6apoepHoli o6rracTH. 

l13MepeHbI MHO)l{eCTBeHHOCTH HeHTpOHOB ,[(JI5I peaKU:HH 26Mg + 248Cm, 

36S + 238U H 58Fe + 208Pb. 06Hapy)l(eHo, qTo npH HCCJie,n;yeMbIX 3HeprH5IX 

npe,[(,n;eJIHTeJibHa5I MHO)l{eCTBeHHOCTb HeHTpOHOB B o6JiaCTH CHMMeTpHqHbIX 

cpparMeHTOB (AcN/2 ± 20 a.e.M.) crra6o qyBCTBHTeJibHa K npHCYTCTBHID 

npou;ecca KBa3H,n;erreHH5I. B o6rracTH acHMMeTpHqHhIX Mace cpparMeHTOB 

npe,n;,n;eJIHTeilbHa5I MHO)l{eCTBeHHOCTb HeHTpOHOB 3HaqHTeJibHO HH)l{e, qeM B 

o6JiaCTH CHMMeTpHqHbIX Mace. 

BnepBDie 6nrno o6Hapy)l{eHo .HBJieHHe 6HMO,[(aJihHoro ,n;erreHH5I 

COCTaBHOfO .H,[(pa 274Hs *' o6pa3oBaHHOfO B peaKU:HH 26Mg + 248Cm npH 

HaqarrhHOH 3HeprHH so36y)l{,n;eHH5I 35 M3B. 

17 



Cn11coK ny6JI11Kau;11li c ocHOBHbIMM pe3yJinTaTaMM .[{11ccepTau;1111: 

1. 3.M. Ko3yJIMH, A.A. Bora11eB, M.r. lITKMC, IO.M. HTKMC, r.H. KmI')KeBa, 

H.A. KoH;n;paTneB, JI. Kpyna, H.B. IloKpOBCKMli, E.B. IlpoxopoBa. 

BpeM5tnpollemHbzu cneKmpoMemp CORSET Oll5l U3MepeHU5l 6uHapHblX 

npodyKmoe peaK14uu. II Ilp116opn1 M TeXHMKa 3KCnepHMeHTa, T. 51, B.l (2008) 

c. 44-58. 

2. l.M. Itkis, M.G. Itkis, G.N. Knyazheva, E.M. Kozulin, L. Krupa, 

F. Hanappe, 0. Dorvaux, L. Stuttge. Neutron Emission in Fission and Quasi­

fission of Hs. II AIP Conf. Proc. 1224 (2010) 372-376. 

3. l.M. Itkis, E.M. Kozulin, M.G. Itkis, G.N. Knyazheva, A.A. Bogachev, 

E.V. Chemysheva, L. Krupa, Yu.Ts. Oganessian, V.I. Zagrebaev, 

A.Ya. Rusanov, F. Goennewein, 0. Dorvaux, L. Stuttge, F. Hanappe, 

E. Vardaci, D. De Goes Brennand. Fission and quasifission modes in heavy ions 

* induced reactions leading to the formation of Hs. II Phys. Rev. C 83 (2011) 

064613 (12 pages). 

4. M.G. Itkis, F. Goennewein, l.M. Itkis, G.N. Knyazheva, E.M. Kozulin, 

A.A. Bogachev, E. Vardaci. Fusion-Fission of superheavy compound nuclei 

produced in the reactions with heavy ions beyond Ca. II Eur. Phys. J. Web of 

Conf. 17 (2011) 12002 (4 pages). 

5. M.G. Itkis, I.M. Itkis, G.N. Knyazheva, E.M. Kozulin. Fusion-Fission and 

quasifission of superheavy systems in heavy ion induced reactions. 11 Nucl. Phys. 

A 834 (2010) 374c-377c. 

6. l.M. Itkis, M.G. Itkis, G.N. Knyazheva, and E.M. Kozulin. Fusion-fission 

and quasifission in the reactions with heavy ions leading to the formation of Hs. 

II AIP Conf. Proc. 1491 (2012) 350-352. 

18 



[1] E.K. Hulet, J.F. Wild, R.J. Dougan et al., Bimodal Symmetric Fission 

Observed in the Heaviest Elements. II Phys. Rev. Lett. 56 (1986) 313 

[2] V.E. Viola, K. Kwiatkowski, M. Walker, Systematics of fission fragment 

total kinetic energy release. 11 Phys. Rev. C 31 ( 1985) 15 5 0 

[3] V. Zagrebaev and W. Greiner, Unified consideration of deep inelastic, 

quasi-fission and fusion-fission phenomena. II J. Phys. G 31 (2005) 825. 

[ 4] E.M. Kozulin, G.N. Knyazheva, I.M. Itkis et al., Investigation of the 

reaction 64Ni+ 238U being an option of synthesizing element 120. II Phys. Lett. B 

686 (2010) 227 

[5] K. Nishio, H. Ikezoe, S. Mitsuoka et al., Effects of nuclear orientation on 

fusion and fission process for reactions using actinide target nuclei. II AIP Conf. 

Proc. 1224 (2010) 301 

[6] J. Dvorak, W. Bruchle, M. Chelnokov et al., Observation of the 3n 

Evaporation Channel in the Complete Hot-Fusion Reaction 26Mg+248Cm 

Leading to the New Superheavy Nuclide 271Hs. II Phys. Rev. Lett. 100 (2008) 

132503 

[7] R. Graeger, D. Ackermann, M. Chelnokov et al., Experimental study of 

the 238U(6S,3-5n}269- 271Hs reaction leading to the observation of270Hs. II Phys. 

Rev. C 81(2010)06160l(R) 

[8] K. Nishio, H. Ikezoe, S. Mitsuoka et al., Effects of nuclear orientation on 

the mass distribution of fission fragmentsin the reaction of 36S+238U. II Phys. 

Rev. C 77 (2008) 064607 

IlonyqeHO 10 MIOH5! 2013 r. ' 

19 



Orne11araHo MeTO,ll,OM rrp~Moro perrpo.i:i;yu;ttpoBamrn 
c opHrttHana, npe,ll,OCTaBJieHHOro aBTOpOM. 

no,L1m1caHO B neqaTb I 1.06.2013. 
<PopMaT 60 x 90116. EyMara ocjlceTHasr. neqarb ocpceTHaJI. 

Yen. rreq. JI. 1,37. Yq.-113n. JI. 1,03. T11pa»< 100 3K3. 3aKa3 N2 58007. 

¥I3nareJibCK11H ornen 06'he.[lttHeHHOfO HHCTHTyra »nepHblX HCCJienoBaHflH 
141980, r. )ly6Ha, MocKOBCKasr o6n., yn. )Komw-K10p11, 6. 

E-mail: publish@jinr.ru 
www .jinr.ru/publish/ 



 
 
    
   HistoryItem_V1
   PageSizes
        
     Action: Make all pages the same size
     Scale: Scale width and height equally
     Rotate: Clockwise if needed
     Size: 5.709 x 8.465 inches / 145.0 x 215.0 mm
      

        
     AllSame
     1
            
       D:20230301152925
       609.4488
       Preprint_145x215
       Blank
       411.0236
          

     Tall
     1
     0
     1
     1161
     321
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     Uniform
            
                
         3
         AllDoc
         23
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     21
     22
     21
     22
      

   1
  

 HistoryList_V1
 qi2base



