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06r:u;a.H xapaKTepHCTHKa ,JJ;HCCepTaIJ;HH 

AKTYaJihHOCTb TeMbI. 0TKphITMe H ncc.rre,z:ipBaHMe peaK11,Mit r.rry6oKoHe

yrrpyrMx rrepe,n;aq (PfHII), B KOTOpbIX IlpOHCXO,[\HT IlOJIHa51 ,n;nccnnall,H51 

KHHeTMqecKoit arrnprnn CTOJIKHOB€HH51, Il03BOJIHJIH IlO-HOBOMY IlO,IJ;OMTH K 

MexaHM3MY B3anMo,n;elicTBH51 ,n;Byx 51,n;ep. B OTJinqrrn OT ,n;e.rreHH5I H noJI

Horo CJIH51HH51 51,n;ep PfHII 5IBJI5IIOTC51 OTKphITbIMII peaKll,H51MH. ,Ll;BoitHa51 

51,IJ;epHa.H CHCTeMa (,[(5IC), KOTOpa51 cpopMIIpyeTC51 B OJTMX peaKll,II.HX, yqacT

ByeT O,IJ;HOBpeMeHHO B ,IJ;BYX 51,IJ;epHbIX rrpo11,eccax. 0Ha OJBOJIIOll,IIOI-IHpyeT no 

KOOp,IJ;IIHaTe MaCCOBOH ( 3ap51,IJ;OBOH) aCHMMeTpIIII H B TO )Ke BpeM.H pacna

,z:i;aeTC51 (pe% n,n;eT 06 aHCaM6Jie ,IJ;.HC) H3 BCex npoMe)KyToqHbIX KOHcpH

rypa11,nit. Bhrxo,n;hr npo,z:i;yKTOB n ocHOBHhre xapaKTepncTnKn aTnx peaK-

11,nit xopomo ofrb.HCH.HIOTC51 OJBOJIIOll,MeH ,IJ;.HC B paMKax MHKpOCKOIIHqecKO

ro TpancnopTHoro rro,z:i;xo,n;a. 

CJinBaIOill,nec.H 51,IJ;pa He nocbIJiaIOT cnrHaJioB, KOTOpbre II03BOJIHJIH 6hr 

pacKpbITh MexaHII3M aToro 51,IJ;epHoro npo11,ecca. PerncTpMpyIOTC.H JIHIIIh 

rrpo,n;yKThI pacrra,n;a Bo36y)K,IJ;eHHoro cocTamrnro 51,n;pa. I1m:];>opMall,H51, no

Jiyqerma.H npn MCCJie,z:i;oBaHMH PfHI1, 6bIJia ncrroJib30Bar:ra ,IJ;JI.H pacKpbITM.H 

Mexarrn3Ma cpopMMpOBaI-Ilrn COCTamrnro .H,IJ;p. 0Ka3aJIOCb, '-ITO OCHOBHbIM 

co,n;ep)KarrneM npo11,ecca nomroro cJIH.HHM.H .H,IJ;ep 51BJI51eTc.H cpopMnpoBamre 

,IJ;.HC H ee ,IJ;Mcpcpy3M51 B HanpaBJie!IHM B03pacTaHM51 MaCCOBOM (3ap51,IJ;O

BOit) acHMMeTpHH. 9TOT IIO,IJ;XO,IJ; K OilHCaHHIO npoI.J,ecca IIOJIIIOro CJIM.HHII.H 

.H,IJ;ep no.rryqMJI Ha3BaHMe KOHI.J,eIII.J,HH ,l],BOMHOM .H,IJ,epHOH CHCTeMhI. Ha OCHO

Be OJTOM KOHll,eIII.J,HM npe,IJ;JIO)KeHa H pa3BHTa MO,IJ;eJib CJIM51HH51 51,IJ;ep (,D;SIC 

MO,IJ;eJib)' KOTOpa.H BnepBbie II03BOJIHJia y'!eCTb KOHKYPeI'Ill,IIIO Me)K,IJ;y IIOJI

HbIM CJIH.HHMeM H KBa3M,IJ;eJieHMeM, o6'b51CHMTb 6oJiblllOM Ha6op OJKCIIepM

MeHTaJibHbIX ,n;aHIIbIX M c,n;e.rraTb p.H,IJ; ycneIIIHbIX npe,IJ,CKa3aJ:IMM. 

9KcnepHMeHTaTOpOB npHBJreKaeT B03MO)KHOCTb MCilOJib30Bamrn peaK-

11,MH IIOJIHOrO CJIM51HII51 ,IJ;JI.H CMHTe3a HOBbIX aJieMeHTOB. I1 ,n,eitCTBMTeJibHO, 

Bee HOBbie TpaHCMe:H,IJ;eJieeBbie aJieMeHTbI (Z > 101) 6bIJIM CMHTe3MpOBaIIhI 

B peaKI.J,H.HX IIOJIIIOro CJIII.HHM.H. IlpH CJIH.HHHII 51,IJ,ep 48Ca c aKTMI-IH,IJ;aMH B 

J15IP OI15II1 BnepBbie 6hrJIM CMHTe3HpoBaHhI .H,IJ;pa aJieMeHTOB 114-118 H 

IIOJiyqeHbI np.HMbie aKcrrepnMeHTaJibHbie ,IJ;OKa3aTeJibCTBa cyI11,eCTBOBaHH.H 

CBepXT5I)KeJibIX 51,IJ;ep, KOTOpbre 06.rra,n;aIOT IIOBbIIIIeHI-IOH ycTOH'!HBOCTbIO no 

OTHOIIIeirnIO K n-pacrra,z:i;y H CIIOHTaiffIOMY ,n;eJieHIIIO. CmITe3 CBepXT.H)Ke-
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JibIX 3JieMeHTOB rrpo,LJ;OJI:IKaeT OCTaBaTbC51 Ba:IKHbIM HarrpaBJI8HHeM HCCJie

,I.l;QBairn:it B 51,LJ;epHOH cpH3HKe, 'ITO CTHMYJIHpyeT COOTBeTCTByIOm;Me Teope

TH'leCKMe HCCJie,LJ;OBaHM51. 8KCIIepHMeHTbI rrpoBO,II51TC51 BO MHOrHX HayqJ-IbIX 

u;eHTpax. 

IlepBhie Mo,n;eJIH, npe,n;Jio)KeHHbie ,IIJIR pac'leTOB ce'!eHH:it o6pa3oBaHirn 

COCTaBHbIX 51,z:i;ep, BbIHY:IK,II8HbI 6bIJIM MCTIOJib30BaTb cyru;ecTB8HHO ynpo

m;eHHYIO Kapnrny aToro a,n;epnoro npou;ecca. B paMKax 3TMX Mo,n;eJie:it Ha 

nepBbIX rropax y,n;aBaJIOCb OIIHCaTb HM8IOII.J;Heca 3KCIIepMM8HTaJibllbie ,IIaH

Hbie. 0,n;HaKO rrpH ,n;aJihH8Hill8M pa3BHTHH 3KcnepHMeHTaJibHbIX HCCJie,n;o

Bairn:it, H rrpe)K,n;e BCero npH HCIIOJib30BaHHH 6oJiee MaCCHBHbIX HaJieTa

IOII.J;HX 51,IJ;ep (Z1Z2 ~ 1600), B03HHKaJIH CHJihHbie rrponrnope'-IH51 Me:>K,IIY 

pac'leTaMH H ,IIaHHbIMM 3KCIIepMM8HTOB. 9TH pacxmK,IIeHmI, ,Il;OCTMraIOm;Me 

necKOJihKMX rrop5I,LJ;KoB, yKa3hIBaJIM Ha nea,n;eKBaTHOCTh rrpe,IIrroJiaraeMoit 

KapTMHhI rrpou;ecca rromrnro cJIMRHMR 51,IIep peaJibHOMY 51,n;epnoMy npou;ec

cy. B peaKIJ;H51X c MaccHBHbIMH 51,IIpaMM CHCTeMa, o6pa30BaBIIIa51C51 Ha cTa

,IIHH 3aXBaTa, c 6oJibIIIOil: Bep051THOCTbIO 3BOJIIOIJ;HOHHpyeT B KaHaJI KBa-

3H,IIeJieHH51, T.e. pacna,n;aeTC5I Ha ,IIBa cpparMeHTa 6e3 cpopMnpoBaHirn co

cTaBHoro 51,LJ;pa. 9ToT KaHaJI ne y'lMThIBaJic51 B paMKax cyru;ecTBOBaBIIIHX 

MO,D;eJieil:. TeopeTH''-IeCKHH aHaJIH3 KOHKypeHIJ;HH Me)K,LJ;y CJIH51HHeM M KBa3M

,n;eJieHHeM oqeHb Ba:>KeH ,D;JI.a IlOJIHOIJ;8HHOro OIIMCaHM51 rrpon,ecca CJIH51HH51 H 

rrpe,IICK83amrn HaH6oJiee OIITHMaJibHbIX peaKIJ;HH ,IIJI51 3KcnepMM8HTaJibHO

ro :113yqenH.a. Oco6oe BHHMamrn y,n;eJI.aeTc5I anaJIH3Y 3aBHCHMOCTH ce'-rn1rnil: 

HCIIapHTeJibHhIX OCTaTKOB OT H30TOTIHOro COCTaBa CTaJIKMBaIOm;HXC51 51,IIep. 

Ha:1160Jiee ycnellIHo:it, '-IeM cyru;ecTBoBaBmHe panee Mo,n;eJIH, .aBJIReTc51 

MO,Il8Jlb ,Il;5IC, pa3pa60TKe FI o6oCHOBairnIO KOTOpO:it IlOCB.aru;eI-Ia ,n;aHHa51 pa-

6oTa. B 3TOil: MO,IJ.eJIH BnepBbie 6hIJIO OIIHCaHo CJIH51HHe T51:>K8JibIX 51,IIep M IIO

JiyqeHhI peaJIHCTHqHbie ou;eHKM ,IIJI51 ce'leHHil: o6pa3oBaHH5I CBepXT51:>KeJibIX 

51,IIep. B OTJIHqHe OT ,n;pyrHx Mo,IIeJie:it CJIH5IHH51, r,n;e KOJIJieKTMBHO:it Koop

,LJ;HHaTo:it, B,IIOJib KOTOpoil: IIpOHCXO,IIHT CJIH.HHHe, .HBJI.H8TC.H OTHOCHTeJibHOe 

paccToanne Me:>K,IIY u;enTpaMH 51,IIep R, B Mo,IIeJIH ,Il;5IC CJIH.HHHe npe,n;cTaB

JI51eTca KaK ,IIBH:>KeHHe no KOJIJieKTHBHOll KOOp,IIHI-IaTe MaCCOBO:it aCHMMeT

pHH. T.e. CJIH.HHHe OIIHCbIBaeTC.H KaK 3BOJIIOIJ,H.H ,Il;5IC K COCTaBHOMY 51,IIpy 

3a cqeT rrepe.n.aqn HYKJIOHOB H3 JierKoro 51,IIpa B T.H:>KeJioe. KBa3H,IIeJieHHe 

paccMaTpHBaeTC.H KaK pacIIa,n; ,Il;5IC. 06oCHOBaIHie BbI6opa KOJIJieKTMBIIOH 
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KOop,n;1maTbI, OTBeTCTBeHIIOM 3a C.1IH.HI·IMe, - HHTepecttaa TeopeTaqecKa.H 

3a,n;a"l!a. 

PeaKI.J;HH rronHoro cmrn:mrn Ha pa,zzy c PrHIT n peaKJ:J;M.HMH ¢parMeHTa

l.IHH ,n;ann: B03MO:IKHOCTb rronyqaTb .H,n;pa c rrpe,n;eJibHbIM qn:cJIOM rrpOTOHOB 

)l;JI.H ,n;amrnro Macconoro qn:cna. MMeHHO B peaKl.IH.HX rromrnro CJIH.HHH.H 

BIIepBbie Ha6mo,n;aJIHCb HOBbie BH,Ll;bI pa,n;n:oaKTHBHOro pacrra,n;a, o6ycJIOB

JieHHbie 60JibllIHM ,n;e¢Hl.IHTOM HeMTpOHOB: 3aIIa3,ll;bIBaIOII.lee ,n;enerrne, HC

rrycKaHHe 3aila3,Ll;hIBaIOil.IHX rrpOTOHOB, ElMHCCH.H rrpoTOHOB H3 OCHOBHOro 

cocTO.HHH.H. HeKoTOpbre CHJihHO He:i1:TpoHo,n;e¢H1lHTHbie .H,n;pa, HarrpHMep, 

H30TOIIbI 6ap1rn:, paccMaTpHBaIOTC.H B Ka"l!eCTBe KaH,n;n:,n;aTOB ,Ll;JI.H Ha6mo

,n;eHH.H KJiacTeptto:if pa,n;1maKTHBHOCTH. TeopeTnqecKa.H ou;euKa ceqenH:if n:x 

o6pa30BaHH.H, TaKHM o6pa30M, .HBJI.HeTC.H Ba,)KHOH ,D;JI.H IlJiaimpoBaHH.H ElKC

rrepHMeHTOB. 

B BhII-Iy:IK,n;eunoM M crronTaHIIOM ,n;Boll:HoM ,n;eneHHH aKTHHH,D;OB oco6br:i1: 

HHTepec BbI3bIBaeT ::i¢¢eKT 6n:Mo,n;aJibHOCTH, T.e. HaJIH'-IMe HH3KO H BbICO

KOEJHepreTH'!eCKHX MO,Il, ,IJ,eJieHH.H. Bo3MO:IKHOe 06'b.HCHe1me MO,Il, ,n;eJieHH.H 

OCHOBaHO Ha armmise IlOTeH1lHaJibHOH EJHeprn:H rrpe,n;pa3pbIBHOM KOIIcPHry

pal.IHH, rrpe,n;cTaBJI.HIOII.l8H co6ofi ,II.5IC. qaCTO 6n:Mo,n;aJibHOCTb CB.H3bIBaeT

C.H c pa3JIH'!HbIMH ,ll;OJIHI-IaMH ,n;enerrn.H, IIOJiyqeJIHbIMH rrpH :IKeCTKOH CB.H3H 

Me:IB:,n;y 3ap.H,1J;OBOH H MaCCOBOH acnMMeTpH.HMH B rrpe,n;pa3pbIBHOM KOI-IcPH

rypal.IHH. He3aBn:cnMoe paccMoTpeune EJTHX acnMMeTpnfi MO:IKeT rrpn:BeCTH 

K HOBOH HHTeprrpeTau;nn M0,11; ,n;eJieHH.H. 

K uacTO.HII.leMy BpeMeHn: ofarapy:IB:eHo n nccJie,n;oBaHo BIIJIOTh ,n;o Bbrco

KHX CTIHHOB MH02K8CTBO IIOJIOC OTPHI.laTeJibHOH '18THOCTH c K =0 rrpaKTH

qeCKH BO Bcex H30Torrax aKTHHH,Ll;OB. BmKHhIH Bonpoc aBJI.HeTc.H nn: ,IJ,e

¢opMal.lna, Hapynraroll.laa HHBepcnor-myro CHMMeTpHr-o, cTaTnqecKo:H HJIH 

,n;mrnMn'!ecKoiI. BoJibllIHe BeJIH'!HHbI BepoaTHOCTe:li El H E3 rrepexo,n;oB 

Me:IB:,n;y ypoBH.HMH ofrbe,n;rm:emrn:if IIOJIOCbI yKa3bIBaIOT Ha 6oJibIIIYIO KOJI

JieKTHBHOCTb MO,Il;hI, OTBeTCTBeHHO:tl 3a II05IBJieHHe HH3KOJie:IB:all.lHX ypoB

He:H OTPHI.laTeJibHOH "tfeTHOCTH. Mo:IB:Ho rrpe,n;rroJI02KHTb, '!TO mmepcHOHHO

acnMMeTpH'!Hbre ¢opMbI eCTb CJie)l;CTBHe a-KJiacTepH3al.IHH a,IJ,ep H rrpoaB

JieHHa CHJibHO aCHMMeTpH'-IllbIX ,II.5IC. 
IJ;eJibIO pa6oTbI 5IBJiaeTCa IIOCTpoeHne H 060CHOBa1rne MO,IJ,eJIH ,Ll;BOMHOM 

a,n;epHofi CHCTeMbI ,n;na OIIHCaHHa IIPOI.lecca CJIH.HHH5I H peaKl.IHM rny6oKO-
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1rnyrrpyr11x rrepe,n;aq, pa3pa6oTKa cxeMhI pac"!eTa ceqemrt\: IIcrrapIITeJihHhIX 

OCTaTKOB, BKJIIO"!aro:uzyro B ce6.a KOHKypeHI.I;HIO Me)K,n;y IIOJIHhIM CJIII.HirneM 

H KBa3H,D;eJieI-IHeM, rrpe,n;JIO)Keirne OIITIIMaJibHbIX peaKu;IIfir ,ll;Jl.H TIOJiyqerrna 

He:tl:TpOHO,D;eq:>II:u;IITI-IbIX II30TOIIOB a,n;ep, OIIIICaHIIe B paMKax Mo,n;eJIII OCHOB

HbIX xapaKTepHCTHK ,n;eJieHII.H, KJiacTepHM IIHTepnpeTaIJ;II.H pacnrenJieHII5I 

TIO "I8THOCTH B CII8KTpax HII3KOJie)KanrHX COCTO.HHIIH a,n;ep. 

Har1Ha.H HOBH3Ha. 

• ITocTpoeHa 11 o6ocHoBaHa Mo,n;eJih ,n;Bo:t\:no:t\: a,n;epHofir CIICTeMhI, B Ko

Topo:t\: BnepBbie yqTeHa KOHKypeH!IH5.I M8)K,ll;y IIOJIHbIM CJIII5.IHHeM H 

KBa3H,D;eJienneM. B aTof!r Mo,n;eJIH rrpo:u;ecci,r nomroro CJIH5.IHH5.I II KBa-

3II,D;eJieHrra - 3TO ,D;Hcpcpy3IIOHHbie rrpou;ecCbI no KOOp,D;HHaTaM Macco

BO:t\: acIIMMeTpHH 'r/ H OTHOCIITeJibHOrO paCCT05.IHH5.I R COOTBeTCTB8HHO. 

Mo,n;eJib ,Il;.HC ,n;aJia B03MO)KHOCTh o6napy)KHTh HOBbie Ba)KHhie oco-

6enuocTH nonuoro cn11.a1rna: I) rroaBJieHIIe crreu;IIcpIIqecKoro BHYT

peHnero 6apbepa CJIH.HHH5.I no 'T}; 2) KOHKypeuu;mo M8)K,ll;Y IIOJIHbIM 

CJIII.HHIIeM II KBa3II,D;8JI8HII8Mj 3) ,ll;OMIIHIIpyronra.H pOJib KaIIaJia KBa-

3II,D;8JI8HH5.I B peaK!III5.IX XOJIO,D;HOrO II ropaqero CJIII5.IHII.H, rrpIIBO,ll;.Hil!HX 

K o6pa3oBairnIO TpaIICaKTHHH,D;OB. IloKa3aI-IO, 1'.J:TO npe,n;cKa3aHHe ce-

1'.J:8HII:t\: o6pa30BaHII5.I IICTiapnTeJibHbIX OCTaTKOB H8B03MQ)KHO 6e3 KOp

peKTI-IOro pacqeTa Bepo.HTHOCTII CJIII5.IHII5.I . 

• IloKa3aim, 1'.J:TO H3-3a KOIIKypeH!IIIII M8)K,ll;y IIOJIHbIM CJIII.HIIIIeM II 

KBa3II,ll;eJieHH8M Bep05.ITHOCTb cpopMIIpoBaHH5.I COCTamwro .a,n;pa CHJib

HO yMeHbIIIaeTC.H c yMeHbllI8HH8M MaCCOBOH aCHMMeTpIUI naqaJibHOH 

,Il;.HC. IlpII"l'.J:HHO:t\: 3Toro 5.IBJI.H8TC5.I yBeJIII'I8HIIe BHyTpeHHero 6apbe

pa CJIII5.IHII5.I 11 yMeHhIIIe1-rne 6apbepa KBa3H,D;eJieHII5.I. KaK cJie,n;yeT II3 

narue:t\: MO,D;eJIII, IICTIOJib30Barrne CIIMMeTpII"IHhIX KOM6mrn:u;II:t\: CTaJI

KIIBaIOnrIIXC5.I .a,n;ep ,D;JI.H IIOJiy"l'.J:eHH.H CBepXT5.I)K8JlhIX 3JieMeJ-ITOB c HII3-

KHMII 3HeprII5.IMII B036y)K,D;8HH.H npnBe,n;eT K 01'.J:8Hb MaJihIM ce"!eHII5.IM 

CJIH.HHII.H. Ilpe,n;JIO)K8HhI M8TO,D;hI BbI"IIICJI8HII5.I BepO.HTHOCTII CJIII.HHII5.I. 

Ilonyqer-mhre BeJIII"l'.J:HHhI naxo,rr,aTC.H B xopomeM cornac1rn c II3BJie•rnu

HhIMII H3 3KCTiepHM8HTa 3Ha1'.J:eHH5.IMH. 

• HccJie,n;oBau11e ,n;11HaMIIKII CJIII5.IHII5.I B a,n;na6aT11qecKoM no,n;xo,n;e no-
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Ka3aJIO, 'ITO paCC'l:HTaHHhie Bep05ITHOCTH cmrn:mrn HaMHOro 6oJibIIIe, 

'ieM aKcrrepHMeHTaJibHhie 3Ha"!eHH5I. KpoMe Toro, noJiy"IeHI-Ia5I H30-

Tomra5I saBHCHMOCTh Bep05ITHOCTH CJIH5IHH5I npOTHBOIIOJIO)KHa SKCIIe

pHMeHTaJihHOH. ITosToMy ,IJ,JI.H o6'MICHeHH5I aKcnepHMeHTaJihHhIX ,IJ,aH

HhIX ,IJ,OJI)KHhI cyI1IeCTBOBaTh orpaHH"I6HH5I Ha 6hICTphIH pocT me:iIKH 

H ,IJ,BH)KeHne K MeHhmeMy y,n;nnHeHHIO CHCTeMhI. MnKpocKonn-qecKH 

o6ocHoBaHo cyI1IeCTBOBa1-rne TaKHX orpanw-rnHn:iI. ITmmsano, 'ITO KOH

qrnrypau,H.H ,D;IIC HMeeT BpeM.H )KH3HH COIIOCTaBHMOe co BpeMeHeM 

peaKII,HH. ITepexo,IJ, M6)K,Il,Y ,IJ,Ha6aTH"!ecKHM n a,IJ,na6aTH"!eCKHM rro

Temi;HaJiaMH rrpoHCXO,IJ,HT M6,IJ,JieHHee, "<JeM KBa3H,IJ,eJieirne, H CHCTeMa 

He HMeeT ,n;ocTaTO'l:HO BpeMmui:, '-IT06hI "sa6bITh" o cTpyKTypnoM 3a

rrpeTe. Cpami:eime suepreTn"!eCKHX rroporoB ,IJ,JI5I nommro CJIH.f!HH.fl 

B B03MO)KHbIX KaHaJiaX cmrnHH.fl no3BOJI5IeT rOBOpHTb 06 SBOJIIOII,HH 

.D:IIC K COCTaBHOMy 51,IJ,py JIHIDb no MaCCOBOH aCHMMeTpHH. 

• BnepBbre o6'b5ICHeHbI sKcnepnMeHTaJihHhie ,n;amihrn no CHHTe3y cBepx

T.fl)KeJihIX .H,n;ep B peaKII,H.fIX XOJIO,Il;HOro CJIH5IHH5I H rrpe,IJ,CKa3aHbI ce-qe

HH.H o6pa30BaHH5I HcnapHTeJibHbIX OCTaTKOB ,Il;JI.H p5I,IJ,a peaKII,Hi1 rop5I

-qero CJIH.HHH.fl. ITpe,n;cKasaHbI H30TonH'l:ecKHe Ten,n;enu,nn STHX ce-qe

HH:ti:. B peaKII,Irnx XOJIO,IJ,HOro CJIH5IHH5I HCnOJih30BaIIHe He:ti:Tponoo6o

rani;eHHhIX HaJieTaIOI1IHX 51,Il,ep npHBO,Il;HT K ceqemrnM, conocTaB¥IMbIM 

c ce"!eHH.HMH ,IJ,JI5I peaKu,n:ti: co cTa6HJihHhIMH 5I,IJ,paMH. Ce"IeHne o6pa-

30BaHH5I HcrrapHT6JibHbIX OCTaTKOB 3aBHCHT OT npoH3Be,Il,eHH5I ce"!e

HH.fl CJIH5IHH5I H BhDKHBaeMOCTH cocTamrnro R,Il,pa. ITosToMy peaKII,HH 

rop51qero CJIH5IHH5I c MeHbIDHM "IHCJIOM I-IeHTpOHOB B MHIDeHH B onpe

,IJ,eJieHHOM HHTepBaJie MoryT 6bITb ,IJ,aJKe npe.n;no'l:THTeJibHe:ti: ,Il,Jl5I no

Jiy'IeHH5I CBepXT.fl)KeJibIX .a.n;ep, "!eM HCIIOJih30Bairne 51,n;ep-MHIIIeHHH c 

60JibillHM ne:iITpOHHbIM H36bITKOM. 

• IT0Kasa1m B03MO)KHOCTh nony"!eHH.fl cHJihHO Hei1TpoHo.n;ecpHII,HTHhIX 

H30TOITOB T.fl}KeJibIX 5I,IJ;ep B peaKII,H5IX CJIH5IHH5.I c ceqeHH.HMH 6oJibme 

1 n6. ITpe,n;JIO}KeIIhI KoM6mrau,nH a,n;ep ,IJ;JI.fl nony-qenn.a a,n;ep OKOJIO 

100sn B peaKII,H5IX rrepe,n;a-q II a,n;ep OKOJIO 114Ba B peaKII,H.HX CJIH.HHH5I. 

• Ha ocnoBe pa3BHTo:iI Mo,n;enn .D:5IC npe,n;Jio}KeH MeTO,IJ, pac"!eTa Mac

COBhIX H 3ap.H,[\OBbIX pacnpe,n;eJieHHH npo,n;yKTOB ,n;eJieIIH.H, a TaK 
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)Ke 3aBHCHMOCTH cpe,n;Hero 3Ha'!eHHH IlOJIHO:it KHHeTH'IeCKO:li aHeprHH 

(TKE) cj:>parMeHTOB ,n;eneHHH OT Macchi nerKoro cj:>parMeHTa. Ha ocHo

Be He3aBHCHMOro paCCMOTpemrn MaCCOBO:it H 3apH,D;OBO:it acHMMeTpH:tl: 

npe,n;JIO)KeHa HOBaH HHTepnpeTaD;HH a¢¢eKTa 6HMO,D;aJibHOCTH B ,n;e

JieHHH TH)KeJibIX aKTHHH,ll;OB. YcTaHOBJieHo, '!TO pasHbie MO.D;bI ,n;ene

HHH COOTBeTCTBYIOT pa3HblM coce,n;HHM 3HaqeHHHM sapH,n;OBOfi acHM

MeTpHH npH O,ll;HHX H Tex .:>Ke HJIH CJierKa OTJIHqa1oin;HXCH 3HaqeHHHX 

MaCCOBO:li aCHMMeTpmi. 

• Ilpe,n;noJio.:>KeHo, qTo cj:>opMbI H,n;pa acHMMeTpHqHbie no oTHomemuo K 

npocTpaHCTBeHHO:it HHBepcHH noHBJIHIOTCH BCJie,D;CTBHe KOJIJieKTHBHO

ro ,ll;BH)KeirnH no KOOp,D;HHaTe MacCOBO:it aCHMMeTpHH. 9To ,ll;BH)KeHHe 

onpe,n;eJIHeT O,ll;HOBpeMeHHO ,n;e¢opMaD;HH KaK "!eTHO:it, TaK H HeqeT

HOit MYJibTHnoJibHOCTe:lt B paMKax Mo,n;eJIH ,.z:t;.H C ,n;aHo KaqecTBeHHoe 

H KOJIHqecTBeHHOe o6'bHCHeHHe CBO:tl:CTB (aHeprH:li ypoBHefi noJIOCbI, 

BepoHTHOCTe:li E.X (.X=l,2,3) nepexo,n;oB BHYTPH nonocbI H 3aBHCHMo

CTH pacin;enJieHH.H no qeTHOCTH OT yrJIOBoro MOMeHTa) IlOJIOC aJibTep

HaTHBHO:it qeTHOCTH. 

,ll;ocTOBepHOCTb pe3yJibTaTOB KOHTpOJIHpOBaJiaCb nocpe,n;CTBOM MHOro

qHcJieHHblX cpaBHeHHii c HMeIOID;HMHCH aKcnepHMeHTaJibHbIMH ,ll;al-IHblMH. 

IlpaKTH"leCKa.H n;eHHOCTb pa60Tbl. Ilpe,n;Jio)KeHHa.H Mo,n;eJib aKTHBHO 

HCnOJib3yeTC.H ,ll;Jl.H aHaJIH3a aKcnepHMeHTaJibHbIX ,ll;aHHbIX no peaKD;HHM 

CJIHHHHH H peaKD;H.HM nepe,n;aq, a TaK)Ke ,n;JIH npe,n;cKasaHH:li pesyJihTa

TOB nJiaHHpyeMbIX aKcnepHMeHTOB. B ,n;HccepTaD;HH npe,n;Jio)KeH Ha6op aKc

rrepHMeHTOB, IlOCTaHOBKa KOTOpblX II03BOJIHT BblHBHTb Ba)J(Hble 3aKOHO

MepHOCTH B3aHMO,n;eiiCTBH5'1 TH.:>KeJiblX H,n;ep, IIOJiyqHTb HOBbie HeH3BeCTHbie 

HefiTpOHo,n;e¢HD;HTHbie H30TOilbl H pacKpbITb npHpo,n;y KOJIJieKTHBHblX B03-

6y)K,n;eHH:it OTpHIJ;aTeJibHOfi qeTHOCTH. Ilpe,n;cTaBJieHHbie pe3yJibTaTbl rrpe,n;

CTaBJI.HIOT HHTepec H qacTHqHo Y*e HamJIH ce6e npHMeHemrn B pH,n;e poc

CHiiCKHX H 3apy6e)KHbIX n;eHTpax (OI1.Hl1, Ml1<I>l1, Hl1l1.H<I> MrY, GS!, 
GANIL, ORNL). 

Ha 3a.In;HTY BbIHOCSITc.H cJie,n;yro~:u:e pe3yJibTaTbI: 

• IlocTpOeHa H o60CHOBaHa MO,n;eJib ,D;JIH OIIHCaHH.H KOHKypeHD;HH Me)K

,n;y IIOJIHbIM CJIHHHHeM H KBa3H,D;eJieHHeM B peaKD;H5'IX CJIH.HHH5'1 TH-
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1KeJibIX 51,rr,ep. IloKa3aHo, qTo rrpou,ecchr rronHoro CJIHmnrn H KBa.3H

,n;eneHH51 - 3TO ,rr,mpcpy3HOHHhie rrpou,ecChI, COOTBeTCTBeHHO, no KO

op,rr,mraTaM MaCCOBOM aCHMMeTpmr II OTHOCHTeJihIWro pacCT051HH51 B 

,IJ;BOMHOM 51,LI,epHOM ClICTeMe, 06pa.30BaBmeii:C5! B MOMeHT CTOJIKHOBe

mrn 51,n;ep. Mo,rr,enb ,D;.HC rro3BOJIHJia BIIepBhre o6'b51CHHTh rra,rr,errne 

ceqeHH5! o6pa30Bamrn IIcrrapHTeJibHhIX OCTaTKOB c poCTOM rrpOII3Be

,n;eHII5! 3ap5!,I\OB CTaJIKIIBaIOID,IIXC51 51,n;ep H IIpe,n;cKa.3aTb OITTIIMaJibHhie 

3Hepr:rm B036y1K,n;eIIII5! COCTaBHhIX 51,n;ep. Ilepexo,n; M8)K,Il;Y ,n;na6aTHqe

CKIIM H a,n;Ha6aTHqecKHM IlOTeHD,llaJiaMH npoIICXO,lJ;HT Me,n;JieIIHee, qeM 

KBa.3H,n;eneIIHe. CpaBI-rerrne paccqHTaHHbIX ::rnepreTHqecKIIX noporoB 

,IJ;JI51 ITOJIIIOro CJIH5IHH5! B B03MO:>KHbIX KaHa.Jiax CJIH5IHII5! IT03BOJI51eT 

roBOpIITh 06 3BOJIIOll,HH ,D;.HC K COCTaBHOMY 51,D;py II3-3a T8Il.JIOBbIX 

c:j:>nyKTyau;Hit JIHllih no MaCCOBOH aCHMMeTpHH. 

• Ilpe,rr,JIO)Kena cxeMa pacqeTa cel'.JeIIHfi o6pa3oBaHH5! IIcnapIITeJihHhIX 

OCTaTKOB. 8TII ceqeIJH5! 3aBIIC51T OT npoII3Be,n;emrn Bep05ITHOCTII CJIII-

51Hl15! H BhDKIIBaeMOCTII cocTaBHoro 51,n;pa. Mo,n;eJib no3BOJIHJia Bnep

Bhre OITIICaTb 3KCnepHMeIITaJibHhie ,rr,aIIHbre no XOJIO,Il;HOMY CJIH51HHIO H 

c,rr,enaTh ycnemHhie npe,n;cKa.3aHH51. IloKa3arrn, qTo Bepo5ITHOCTh cpop

MHpoBarm:.a COCTammro 51,IJ;pa CHJihHO yMeHbIIIaeTC5! c yMeHhIII8HHeM 

MaCCOBOH aCHMMeTplllI BO BXO,IJ;HOM KaHaJie peaKD,HH. 06Hapy)KeHo, 

qTo B peaKD,ll51X XOJIO,lJ;HOro CJIH51HH51 HCITOJib30BaHHe HeMTpOI-IOo6ora

ID,eHHbIX Ha.JieTaIOID,HX 51,LI,ep rrpHBO,lJ;lIT K ceqeuH51M, COilOCTaBHMbIM c 

ce'lerrn.aMII .n;n.a peaKD,IIM co cTa6HJihHbIMH 51,n;paMM. Hall:,n;eHhI H30TO

rrhr aKTlIHll,Il;OB, npH HCilOJih30BaHHH KOTOpbIX B KaqecTBe MHIIIeHeit 

ce'leHH51 o6pa.30BaHH5! HcnapnTeJihHhIX OCTaTKOB B peaKD,H51X rop51qe

ro CJIH51HH51 6y,n;yT MaKCHMaJibHbI. 

• Ha:H:,n;enhr orrTHMaJihIIhre peaKI:t;nH CJIH5IIIH5! ,rr,n.a rro.JiyqeIJII51 HeH3BecT

ffbIX ueitTpOHo,n;ecpHD,HTHbIX H30TOITOB T51)K8JibIX 51,LI,ep. Ilpe,n;Jio:>KeIIhI 

peaKD,HH rrepe,n;aq ,Il;JI51CHHTe3a51,n;ep OKOJIO 100sn H peaKD,HH CJIH51HH51 

,IJ;JI51 no.JiyqeI:IH51 51,n;ep OKOJIO 114Ba. 

• B paMKax pa3BHToit Mo,n;enn npe,n;.Jio)KeH MeTo,n; pacqeTa MaccoBhrx, 

3ap51,!l;OBhIX H suepreTnqecKn:x pacrrpe,n;e.JieHHll: rrpo,n;yKTOB ,n;eneHH51, c 

ITOMOill,bIO KOTOporo xoporno OTIHCbIBaIOTC51 3KcnepnMeHTaJibHbie ,n;au-
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Hbre. Ha ocHoBe He3aBHCIIMoro paccMoTpeHII5.! MaccoBofi II 3apR,n;o- I 
BOH acHMMeTpHii rrpe,n;JIO:>KeHa HOBa5I IIHTepnpeTau;:irn scpcpeKTa 6II
Mo,n;aJibHOCTH B ,n;enemrn: T5.!:>KeJibIX aKTHHII,ll;OB. YcTaIIOBJieHo, "-ITO 
pa3Hbre MO,ll;bl ,n;eJieHII5.! COOTBeTCTBYIOT pa3HbIM coce,n;HIIM 3Ha"tJeHll5IM 
3ap5.!,D;OBOH acIIMMeTpIIII rrpll O,IJ;HHX II Tex )Ke IIJill CJierKa OTJill'-IaIO-
ru;HXC5.! 3Ha"tJeHll5.!X MaCCOBO:fi acIIMMeTpIIII. 

• TioKa3aHo, "-ITO cpopMbI 5.!,D;pa aCIIMMeTpII'-IHbie no OTHOIIIeHIIIO K rrpo
CTpaHCTBeHHOH HHBepCHll Il05IBJ15IIOTC5.! BCJie,D;CTBHe KOJIJieKTIIBHOro 
,ri;BmKeHII5.! no Koop,n;IIHaTe MaccoBo:tl acIIMMeTpHH. Ha ocHoBe SToro 
rrpe,n;JIO)KeHa npIIHIJ;IIIIHaJibHO HOBM HHTeprrpeTaIJ;II5.! pacru;ermemrn 
no "tJeTHOCTlI B cneKTpax HII3KOJie)Karu;IIx B036y:>K,n;eHIIH H30TOIIOB 
T5.l:>KeJibIX 5.1,n;ep. ,Ll;ano Ka"tJeCTBeHHOe H KOJIH'tJeCTBerurne o6'b5.!CHeHIIe 
OCHOBHbIX CBOHCTB IIOJIOC aJibTepHaTHBHOM "tJeTHOCTII. 

Anpo6au;1rn pa6oTbI. Pe3yJihTaThI, rrpe,n;cTaBnem-:ir.,re B ,n;IIccepTau;mr, ,n;o

KJia,IJ;bIBaJIIICh II o6cy:>K,IJ;aJIHCb ua Hay-<IJibIX ceMirn:apax B Jia6opaTOpHH 
TeopeTH"-IecKo:tl: cpmIIKH HM. R.H. Boromo6oBa 06'he,n;Hnennoro HHCTIITyTa 
5.1,n;epHbIX nccne,n;oBarmfi, B HHCTHTyTe TeopeTH'iecKofi cpll3HKII YnHBepcII

TeTa r. fncceHa (repMaHII5.!), 1m nay'-IHhIX ceMIIHapax Me:>K,n;yHapo,n;HhIX 
nay'iHhIX u;eHTpoB B fepMaHIIII (GSI), <I>paHD;IIII (GANIL) II KIITae (IMP), 
a TaK:>Ke rrpe,n;cTaBJI5.!JIIICb II ,D;OKJia,D;bIBaJIIICb Ha Me)K,n;yHapo,D;HbIX KOHcpe
penu;II5.IX ''Tours symposium on nuclear physics III" (Tours, France, 1997), 
"Nuclear Shells - 50 Years" (,Ll;y6Ha, 1999), 11 1st International Conference 

on the Chemistry and Physics of the Transactinide Elements 11 (Seeheim, 
Germany, 1999), "International Conference on Nuclear Physics" (Berkeley, 
USA, 2001), "5th International Conference on Dynamical Aspects of 
Nuclear Fission" ( Casta Papernicka, Slovakia, 2001), " 10th Yukawa 
International Seminar on Physics of Unstable Nuclei" (Kyoto, Japan, 
2001), "3d International Conference on Fission and Properties of Neutron
Rich Nuclei" (Sanibel Island, USA, 2002), "International Symposium 
on Exotic Nuclear Systems" (Debrecen, Hungary, 2005), "Extremes of 
the Nuclear Landscape" (Zakopane, Poland, 2008), "10th International 
Conference on Nucleus-Nucleus Collisions"(Beijing, China, 2009). 
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Tiy6JIIIKau;1rn:. IIo MaTepna.naM ,rr,nccepTa:u;nn orry6JIHKOBaHa 21 pa6oTa B 

H3,n;amrnx, peKoMen,n;oBaHHhIX BAK )J;JI.H ,n;oKTopcKHX ,n;nccepTan;H:ti. Crrn

coK pa6oT rrpIIBO)J;HTC.H B KOII:a;e aBTOpe¢epaTa. 

JIH"<IHbIH BKJia,n; aBTOpa. lfa pa6oT, BhIIIOJIIieHHhIX B coaBTOpCTBe, B )J;HC

cepTan;mo BKJIIO'IeHhI pe3yJihTaThI, IlOJiy'IeHHhie JIH6o JIII'IHO aBTOpOM, JIII-

60 rrpH ero orrpe,n;eJI.Hroru;eM y-qacTIIII B nocTaHOBKe 3a,n;a-q H pa3pa6oTKe 

MeTO)J;OB IIX pemeHH.H. 

06'beM H CTPYKTypa ,ll;liCCepTau;HH. ,lJ;IIccepTan;H.H COCTOHT H3 IIIeCTII 

rJiaB o6ru;IIM o6'beMOM 193 CTpaHHD;, BKJIIO'Ia.H 20 Ta6JIIIIJ;, 95 pHCYHKOB H 

CIIIICOK IJ;HTIIpyeMOH JIIITepaTypbI 113 261 HaIIMeHOBaI-IHH. 

Co,z::i;ep::>KaIIHe pa6oTbI 

Bo BBe,n;eHHH o6cy)K,rr,aeTc5I aKTYaJihHOCTh pa6oThI n MOTHBan;II.H npo

BO,lJ,IIMhIX HCCJie,n;oBarrnH:, ,n;aeTC.H KpaTKIIH o63op TIO TeMe ,n;nccepTaD;MII. 

06ocHOBhIBaeTC5I aKTyaJihHOCTh TeMbI ,n;nccepTan;1rn, ¢opMyJinpyIOTC5I oc

HOBHhie u;eJIII, IIO)J;'IepKnBaeTC.H Hay'II-Ia.H HOBII3Ha npoBe,n;eHI-IhIX IICCJie,n;o

BaHIIH, a TaK)Ke ,n;aeTC.H KpaTKIIll o63op npo6JieM, )J,JI.H peIIIerrn.a KOTOphIX 

IICilOJII>3yeTC.H npe,rr,JIO)KeIU-Ia5I M0,11;8Jlh. 

06pa3oBarme ,D;5IC 6hrJio o6napy)KeHo rrpII IICcJie,rr,oBarrn:e PfHII. 0Ka-

3aJIOCI>, 'ITO npon;ecc TIOJIHoro CJIIIHHII.H .H,n;ep TaK)Ke MO)KHO OTIIICaTh, KaK 

¢opMIIpOBaI-IIIe ,D;5IC H ee ,D;aJihHe:HIIIa.H 3BOJIIOIJ;H.H B HarrpaBJieHHII B03-

pacTairn.H MaccoBo:ti (3ap.H,n;0Bo:i1:) acIIMMeTpIIII. 9ToT no,n;xo,n; K orrncanmo 

rrpou;ecca nomrnro CJIII.HHII.H .H,n;ep rroJiy'iIIJI Ha3BaHIIe rrnnn;erru;IIII ,n;Boil:noil: 

.H,D;epHoil: CIICTeMbI. Ha OCHOBe 3TOH KOHD;enn;Hn npe,n;JIO)KeHa H pa3BIITa 

MO,IJ;eJib ,IJ;5IC, KOTOpa.H BnepBbie II03BOJIIIJia y'IeCTh KOHKypenn;mo Me:IK,n;y 

IIOJIHhIM CJIII.HHHeM II KBa3II,IJ;eJierrneM, ofrh.HCHIITb 6oJibllIOH na6op 3KCIIepII

MeHTaJihHhIX ,n;aHHbIX H c,n;eJiaTh p.H,n; ycnemHhIX rrpe,n;cKa3arrn:i1:. ,Il;JI.H OIIH

caUH.H ,I1;5IC ueo6xo,rr,rrMhI cJie,n;ymm;ne KOJIJieKTIIBHbre Koop,n;rmaThr: pac

CTO.HHIIe Me)K,n;y n;euTpaMH .H,IJ;ep R, MaccoBa.H (3ap.H,n;0Ba.a) acnMMeTpII.H 

rJ = (A1 -A2)/(A1 +A2) (rJz = (Z1 -Z2)/(Z1 +Z2)), r,n;e Ai (Zi) - MaccI>r 

(3ap.H,ll;hI) .H,n;ep ,D;5IC, II ,n;e¢opMaTI;HII .H,D;ep ,IJ;5IC. 

KpaTKo II3Jiara10Tc.H cym;ecTBOBaBIIIIIe ,n;o uamIIx pa6oT Mo,n;eJIII, KOTO

pbre ll03BOJI.HJIH paccqIITbIBaTb ce'ieHIIe rromrnro CJIH.HHH.H, TOJibKO ecJIH 

ono coBira,n;aeT c ce-qenrreM 3axBaTa. IIo,n;-qepKHBaeTc.H, 'ITO B OTJiff<rne OT 
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,n;pyrnx MO,IJ;eJieH: CJIHaHMa, r,n;e KOJIJieKTHBHOii KOOp,LJ;HHaTOH, B,IJ;OJib KOTO

poH: npoHcxo,n;MT CJIMarrne, aBmreTca R ( mrn y,n;nmrerrne cncTeMbI), B MO

,n;eJIM ,L1;51C cJIMaI-IMe rrpe,n;cTaBJiaeTca KaK ,n;BHfKeI-Ine ITO 71. KBa3M,n;eJieI-Ine 

paccMaTpnsaeTca KaK pacrra,n; ,L1;5IC, T.e ,IJ;BHfKenne K 6oJiblliHM R. 
,Ll;aeTca o63op 3KCIIepHM€HTaJibI-IbIX 5IBJie1rnH:, ,IJ;JI5.I o6baCHeHM5.I KOTOpbIX 

npnMerrneTca rrpe,n;JiofKeHnaa Mo,n;eJib. 8To peaKn;r-rn cmrn1ma, rrpMBo,n;arn;Me 

K o6pa30BairnIO CBepXT5.I)KeJibIX a,n;ep, CHHT83 I-IeliTporrn,n;eqmn;HTHbIX a,n;ep 

B peaKn;nax cJIMJII-IHa YI peaKn;Max nepe,n;a-q, 6HMo,n;aJihI-IOCTh B ,n;enerrnn Ta

)KeJihIX a,n;ep lI pOJib rrpe,n;paspbIBHbIX KOHCj;rn:rypan;HH: B cpopMMpoBaI-IHH 

xapaKTepIICTHK rrpo,n;yKTOB ,n;eJieHHa, HH3KOJiefKarn;He KOJIJieKTHBHbie co

CT05IHH5I OTpnn;aTeJibHOH: t.JeTI-IOCTH. 

B rJiaBe 1 pa3pa6oTaHa TeopeTH'iecKaa Mo,n;enb (Mo,n;eJib ,L1;5IC) ,n;na 

OIIHCainrn KOHKypeHD;HH MefK,n;y IIOJIHbIM CJIH5IIIHeM H KBa3H,D;eJieI-IMeM. O,n;
HOBpeMeHHO paCCMOTpeHbI rrpon;eccbI ,n;Hcpcpys1rn ITO OTHOCHT8JibHOMy pac

CT05IHHIO RH MaccoBoii acn:MMeTpnn TJ. Ba:IKHbIH: MOMeHT aBomon;nII ,L1;5IC 

K cocTaBHOMY a,n;py - rroaBJieI-Ine 6apbepa CJIH5IHHa Bjus no MaccoBoii 

aCIIMMeTpIIII. chrepreTIIt.JeCKHH IIOpor ,IJ;JI5I IIOJIHOrO CJIH5IHH5I, CB5!3aHHbIH 

c 3THM 6apbepoM, I-IaMHoro MeHbIIIe, -.:reM aI-Ieprna "extra-extra push" B 

MaKpOCKOIIH1IeCKOH: ,D;MI-IaMHt.JeCKOH: Mo,n;eJIH. 8TOT Halli pesyJibTaT xopOillO 

cor.rracyeTca c 3KCITepMM8I-ITaJibI-IbIMH ,n;aHI-IbIMH no CHI-ITesy CBepXT5I)K8JibIX 

3JieMeI-ITOB. IloKa3aHo, l'..JTO H3-3a KOI-IKypeI-ID;HH Me:IK,n;y IIOJII-IbIM CJIH5II-IH8M 

H KBasn,n;eJieHHeM BepoaTHOCTb cpopMHpOBaI-IH5.I COCTaBI-Ioro a,n;pa CHJihI-IO 

yMeI-IbIIIaeTca c yMeI:Iblli8I-IHeM MaCCOBOH: acMMMeTpHH 'T/i na-.:raJihI:IOH: ,L1;5IC. 

Ilpu-.:i:nnoft 5.IBJiaeTca yBeJint.JeHne BI-IyTpemrnro 6apbepa CJIH5IHHa Bjus c 

yMeHbIIIeI-IHeM 'T/i· KpoMe Toro, us-sa yBeJIMt.JeI-IH5.I KYJIOI-IOBCKoro OTTaJIKH

BaHHa c yMeI-IhIII8HHeM 7/ "KapMaH" B a,n;po-a,n;epHOM ITOTeHn;HaJie CTaI-IO

BHTC5.I O"IeHb MeJIKHM. Ceqmme o6pasoBanna ncrrapHTeJibI-Ioro ocTaTKa B 

paMKax Mo,n;eJIH ,L1;5IC MO:IKI-IO npe,n;cTaBHTb B BH,n;e 

0-ER(Ec.m.) = L ac(Ec.m., J)PcN(Ec.m., J)Wsur(Ec.m., J), 
J=O 

r,n;e a'c(Ec.m,, J) - rrapn;naJibHOe ce-qeune saxBaTa, PcN(Ec.m" J) H Wsur 
- Bep05ITHOCTh CJIH1IHH5.I H BhDKHBaeMOCTb rroJiyt.JeHHOro COCTaBHOro a,n;pa 

B HHTepecyrorn;eM Hae KaI-IaJie. Ec.m. - :meprH5I CTOJIKI-IOB8HHa B CHCTeMe 

u;eHTpa Mace. 
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PHc. 1: 3aBHCHMOCTh ce'!eHHii: 

o6pa3oBaHmi: ucrraprrTeJihHhIX 

OCTaTKOB OT 3Hepruu Ec.m. 
,LI.JIB peaKu;rrii: 100Mo+100Mo 
(a) H noPd+n°pd (6). Pe-

3YJihTaTbI pac'!eTOB B paM

Kax OIITH'J:eCKOii: M0,11;8JIH, MO

,Ll.GJIH IIOBepXHOCTHOl'O Tpe

HHH, ,Ll.HHaMH'I8CKOH MaKpo

CKOIIH'IeCKOM MO,LI.GJIH H Ha

meii: MO)l.eJm IIOKa3aHhl rryHK

THpHoii: JIHHHeii:, KOpOTKHMH 

IIITpHXaMM, ,ll;JIMHHblMH IIITpH

XaMH H CIIJIOIIIHOM JlHHMeii co

OTBeTCTBeHHO. 9KcrrepMMeH

TaJibHbie )l.aHHbre IIOKa3aHbl 

KBa,n;paTHKaMH . 

B nepBOM pas,n;eJie rJiaBhI paccMaTpHBaIOTC5! oco6em10cTH CJIH.HHH.H 

T5!)KeJihIX .H,n;ep. Ha rrpHMepe CHMMeTpH'-IHhIX peaKn;mil: 100Mo+100Mo H 

110Pd+110Pd IIpOB0,1J;HTC5! cpaBHHTeJihHhIM aHaJIH3 cyrn;ecTBOBaBIIIHX MO

,n;eJieit cJIH.HHmI. Ce'-IeHHa cpopMHpoBaHH5! cocTaBHoro a,n;pa 6bIJIH noJiy'-Ie-

HbI B paMKaX OilTH'-IeCKOM Mo,n;emI, M0,1J;8JIH c IIOBepXHOCTHbIM TpeHHeM, 

MaKpocKOIIH'-IecKoit ,n;miaMH'-IecKoit Mo,n;eJIH. Pacc'-IHTaHHhre ceqeHH.H HC

napHTeJibHbIX OCTaTKOB He COOTB8TCTBYIOT 3KCIIepHM8HTaJihHhIM ,n;aHHhIM 

(pHc. 1). PasJIH'-IHe oco6eHHO BeJIHKO )J;JI.H peaKD;HH 110Pd+110Pd. Ha6mo

,n;aeMoe H8COOTB8TCTBHe o6'h5!CH5!8TC5! OTCYTCTBH8M KOHKypeHIJ;HH CJIH5!HH5! 

H KBa3H)J;eJieI-IH51 B cyrn;ecTBOBaBIIIHX no,n;xo,n;ax K OIIHCaI-IHIO CJIHZIHH5! T5!

)K8J1bIX 51,n;ep. YqeT 3Toit KOHKypeHD;HH B paMKax uaIIIeit MO,D;eJIH II03Bo

JIHJI o6b5ICHHTb CHJibHOe YM8Hbill8HHe ceqeIJHM HCIIapHT8JILHhIX OCTaTKOB 

B 3THX peaKD;H5IX. 

BBO.D;HTC5! orrpe,n;eJierrne noTeHD;HaJihHOit sueprHH ,IJ;.5IC KaK cpyHKD;HH 

sap5!,lJ;OBOM (MaccoBoit) aCHMMeTpHH, yrJIOBoro MOM8I-ITa, paCCTOZIHH.H Me)K

,n;y n;eHTpaMH ZI,n;ep H napaMeTpOB HX ,n;ecpopMaD;HH. ,Il;Jia HaXO)K,ll;8HH51 Be

JIHqHHbI PoN B IIO'-ITH CHMMeTpHqHhIX peaKD;H.HX npe,n;JIO)KeH cTaTHCTH'-Ie-
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CKMH rro,n;xo,n;, T.e. Bepo5ITHOCTII CJIM5IHM5I M KBa:3M,D;eJieHM5I orrpe,n;eJI5IIOTC5I 

IIJIOTHOCT5IMII COCT05IHII:fi: Ha COOTBeTCTBYIOID;MX 6apbepax. Mo,n;eJib IIOJIHO

ro CJIMHHMH, B KOTopofi: PcN ~ 1, rroKa3aJia 6oJibIIloe pacxo)K,n;eHMe c aKc

rrepMMeHTaJibHbIM ,n;aHHbre ,n;JIH peaKJ:J;MM 124Sn+96Zr. HarrpoTIIB, B Mo,n;eJIM 

,II;.HC ,ll;JI5I IIO'!TII CHMMeTpM'!HOH CMCTeMbI BeJIII'IMHa PcN MHOrO MeHhIJie 

e,n;mrn:u;r,r, 'ITO II03BOJI5IeT xopOIIlO OIIMCaTb 9KCIIepHMeHTaJibHbie ,n;aHHbie. 

Bo BTopoM p83,n;eJie Mo,n;eJib o6o6m;aeTc5I na cJiy'!afi: acIIMMeTpH'IHhIX 

peaK:a;Hfi:. TioMIIMO CTaTMCTM'!eCKMX acrreKTOB B ,II;.HC OKa3bIBaIOTC5I Ba)K

HbIMM ,n;1maMM'!eCKHe acpcpeKTbI, IIOTOMY '!TO MaCCOBa5I aCHMMeTpM5I ,II;.HC 

B 3TMX peaK:a;M.HX 6y,n;eT yMeHbIIIaTbC5I co BpeMeHeM. ,Il;JI5I orrpe,n;eJieHH5I 

KOHKypeH:a;HH Me)K,n;y IIOJIHbIM CJIM5IHMeM M KBa:3M,D;eJierrneM B acMMMeTpH'I

HOH ,II;.HC IICIIOJib3yeTC5I ypaBirnime <PoKKepa-IlJianKa ,n;mI Ha6opa KOJIJieK

THBHbIX Koop,n;nHaT M corrpH)KeHHhIX HMIIYJibCOB (ry, Pry, R, PR)· 9To ypaB

HeHMe II03BOJI5IeT paccMaTp1rnaTb o,n;HoBpeMe1rno ,n;BII)KeHne no R II ry, a 

TaK )Ke BhI'IMCJIHTh Bepo5ITHOCTb PcN npeo,n;oJieHMH 6apbepa cJIM5IHII5I no 

fl· I1cnonr,3yeMhI:fi: Koa¢¢mrIIeHT TpeHM5I cpaBI:IIIBaeTc5I co 3Ha'!erm£MM, 

rroJiyTieHIIhIMII H3 auaJIII3a peaKu;Mfi: rrepe,n;a'!. PeIIIa5I cMcTeMy ypaBHerrnfi: 

Ha rrepBbie II BTOpbre MOMeHTbI ¢YHK:a;HH pacnpe,n;eJieHII.fl B ypaBHeHMII 

<PoKKepa-IlJia:nKa H rrpe,n;noJiaraa BH,D; aTo:fi: ¢ynKD;HII, BhPrnCJI£eM PcN. 
,II;pyro:it crroco6 Bbl'lIICJieHII5I Bep05ITHOCTII CJIM.HHMH - MCIIOJib30BaHHe Bbl

pa)KeHII5I KpaMepca ,D;JI5I noTOKOB Bep05ITHOCTH -qepe3 BHyTpeHHMH 6apbep 

CJIMHHII£ M 6api,ep KBa3M,n;eJieima. B aToM cJiy'!ae ne Tpe6yeTca rrpe,n;rro

JIO)Kerma o BH,D;e cpyHKI!MH pacnpe,n;eJieHM5I. 

·tfro6r,r IICCJie,n;oBaTb 3aBMCMMOCTh PcN OT MaccoBofi: acHMMeTpHII 

'r/i Ha'!aJibHofi: ,II;.HC, paccMoTpeHbI peaKI!MM 40 Ar+206Pb, 76Ge+170Er, 

86Kr+160Gd II 110Pd+136Xe, rrpIIBO,D;.HID;He K O,[\HOMY M TOMY )Ke COCTaBHO

MY £,n;py 246Fln. B:nyTperrnMfi: 6apbep CJIM5IHIIH Bjus ,D;JI.H na'laJibHOH ,II;.HC 

yBeJIH'lIIBaeTC.fl c yMeI-IbIIlerrneM 'r/i· c ,n;pyro:it CTOpOHbI, rJiy6mm IIOTeI-II!II

aJibHOrO KapMmrn Bqf B H,n;po-a,n;epuoM rroTeH:u;IIaJie yMeHbIIIaeTca c yMeHb

IIIerrneM 'r/i ,n;mr naqaJibHofi: ,II;.HC. CJie,n;oBaTeJibno, O)KM,n;aeTca yMeHbIIIe

rme ce-qermH CJIII5IHII5I c yMeribIIIerrneM r/i. PHc. 2 H 3 ,n;eMOHCTpHpyroT xo

poIIIee corJiacIIe Me)K,n;y BeJIR'-rn:HaMM PcN, rroJiy'!eHI-IbIMH B ,n;Byx pa3HbIX 

rro,n;xo,n;ax. TioaToMy, ,n;Jia pacTieTa ceTieimii: cmrn:mrn MO)KHO HcnoJib30BaTI:. 

nau6oJiee npocToit II3 aTHX no,n;xo,n;oB. MmrnMaJihHbI:ii H36hITOK KHHeTH'!e-
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CKO:ti 3Hepnrn: t::.E Bhlme BXOAJIOro KJJIOHOBCKOro 6apbepa, npH KOTOpOM 

CJIH.HHHe CTaHOBHTC.H B03MO:>KHbIM B Hamett Mo,n;eJIH, HaXO)l;HTC.H B xoporueM 

corJiac1rn c 3KCllepHMeHTaJibHbIMM ,n;aHHbIMH. 

10-• 

10-2 

10-5 

10-6 
136Xe+110Pd 

l0"70 5 10 15 20 25 30 35 40 

<IE (MeV) 

PHc.2. 3aBHCMMOCTb BepmITHoc

™ CJIMS'IHH.H OT f:::.E ,ll;JI.H pea.K

D;Hii, Be,n;yrn;Mx K COCTaBHOMY H,ll;

py 246Frn. McIIOJib3osarrocb pe

meHMe ypasHeHnit Ha nepBbie H 

BTOpbre MOMeHTbI. 

10-• --ii 
0. 10"" 

10-6 

~ 
10"10 5 10 15 20 25 30 35 40 

AE (MeV) 

PHc.3. 3aBMCMMOCTh sepo.sTHoc-

TH CJIH.HHM.H OT t:.E ,ll;Jl.H peaK

n;utt, se,n;yrn;ux K COCTaBHOMy H,ll;

py 246Frn. McIIOJib30BaJiocb BbI

pa.1KeHMe KpaMepca. 

B TpeTbeM pas,n;eJie KOHKypeHn;H.s Me)K,n;y cJIH.HHHeM H KBasH,n;eJie

HMeM paccMaTpMBaeTCH B KBa3HCTan;HoHapHOM IIpM6JIIi)KeHHH. Ilpe,n;no

JiaraeTcH, qTo IIOcJie sKcnoHeHn;HaJibHoro pocTa 3a nepexo,n;Hoe speM.s 

Ti CKOpOCTH IIOTOKOB Bepo.HTHOCTH Ai(t) qepe3 COOTBeTCTByIOID;He 6a

pbepbl ,n;ocTHraroT acHMIITOTHqecKHX 3HaqeHHii >.-[< r. B 3TOM cJiyqae 

PcN = A1j;;,8 /(A1j;;,8 + A1iJ). IloKasaHo, qTo BbI'iHCJieHHe PcN c yqe

TOM nepexo,n;Horo apeMeHH npHBO,ll;HT K yMeHhmeHHIO PcN B peaKD;H.HX 

136Xe+136Xe M 110Pd+136Xe MaKcHMYM Ha 30 %. B ,n;pyrHx paccMaTpHBa

eMbIX peaKn;H.sx BJIH.HHMe nepexo,n;Hoii CTa,D;HH He3Ha'iHTeJibHO. B OTJIH'iHe 

OT CJIY'ia.H 6oJibIIIHX 3Hepmtt B036y:»c,n;eHH.H ,ll;5I c rrpH MaJibIX 3HeprmIX 

sos6y:>K,n;eHM.H Heo6xo,n;HMO y'iHTbIBaTb o6oJio'ie'iHhre scpcpeKTbI H ,n;ecpop

Man;HH .s,n;ep ,ll;5IC. IlocKOJibKY B pea.KD;HH 48Ca+244Pu TH:>KeJioe H,ll;PO ,n;e

cpopMMpoBaHO ,ll;a)Ke B Ha'iaJibHOfi ,ll;5IC, yqeT ,n;ecpopMan;MH .a:,n;ep IIpHBO-
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,z.t;HT K 6oJiblllHM Bjus no cpaBHemno co 3Haqemr.HMH, BbI'tlHCJieHHbIMH co 

ccl:>epnqecKHMH .H,z.t;paMH. 9cl:>cl:>eKTbI ,n;ecl:>opMa~H npHBO,D;.HT K yMeHbllle

HHIO Bjus B peaKIJ;H.HX XOJIO,z.t;Horo CJIH.HHH.H, r,n;e .H,n;pa BO BXO,Lt;HOM KaHaJie 

noqTH ccl:>epH'tlecKHe. Pac'tleTHbie pesyJibTaTbI no aHepreTH'tleCKHM noporaM 

CJIH.HHH.H H ceqeHH.HM o6pasoBamrn HCIIapHTeJibHbIX OCTaTKOB HaxO,Lt;.HTC.H B 

xopollleM corJiacm:I c cyru;ecTBYIOIIJ;HMH SKcnepHMeHTaJibHbIMH ,n;aHHbIMH. 

B qeTBepTOM pas,n;eJie npHBO,z.t;HTC.H cxeMa pac'tleTa ce'tleHH.H o6pasoBa

H:H.H HCIIapHTeJibHbIX OCTaTKOB B paMKax npe,n;Jio:>KeHHOi.i: MO,D;eJIH. Ilpe,n;

CTaBJieHO BblqHcJieHHe Bepo.HTHOCTH BbDKHBaHIDI .H,n;pa TIO OTHOIIIeHHIO K 

,n;eJieHHIO c HCIIOJib30BaHHeM Mo,n;em:t cl:>epMH-rasa ,Lt;JI.H IIJIOTHOCTH ypoB

Heit 06cy:>K,n;aeTC.H 3aBHCHMOCTb TeopeTHqecKHX pesyJibTaTOB OT HCITOJib-

3yeMbIX rrapaMeTpoB. HaH6oJiee CHJibHoe BJIH.HHHe OKa3bIBaeT oTHollleHHe 

napaMeTpOB ITJIOTHOCTH ypoBHeli B ,n;eJIHTeJibHOM H HCrrapHTeJibHOM KaHa

Jiax. IloK83aHa SKBHBaJieHTHOCTb y'tleTa saTyxaHH.H o60JIO'lle't1HbIX acl:>cl:>eK

TOB B 6apbepe ,n;eJieHH.H H napaMeTpe ITJIOTHOCTH ypoBHei.i:. 06cy:>K,D;aeTC.H 

BblqHcJieHHe 6apbepoB ,Lt;JI.H SMHCCHH sapIDKeHHbIX 'llaCTHD; H3 B036y:>K,n;eH

HbIX .H,D;ep. 

B rJiaBe 2 o6ocHOBbIBaeTcJI npe,n;Jio:>KeHHa.H Mo,n;eJih ,II;.HC. Mo,n;eJIH, Ko

TOpbre paccMaTpHBaIOT cl:>opMHpOBairne COCTaBHOro .H,n;pa H II03BOJI.HIOT HaM 

on;emrnaTb Bepo.HTHOCTb CJIH.HHH.H PcN, OTJIHqaroTc.H Bhr6opoM KOJIJieKTHB

HbIX nepeMeHHbIX, no KOTOpbIM npeHMym;ecTBeHHO rrpOHCXO,Lt;HT CJIH.Hirne. 

CooTBeTCTBeHHO, MO:>KHO BbI,D;eJIHTb ,z.t;Ba rro,n;xo,n;a: ,n;Ha6aTH'tleCKHfi H a,n;Ha-

6aTnqecKHil:. B ,z.t;Ha6aTH'tleCKOM rrpH6JIH>K6HHH, K KOTOpoMy OTHOCHTC.H Ha

ma MO,D;eJib, HCXO,Lt;.HT H3 Toro, "ITO CJIH.HHHe rrpoTeKaeT ,ll;OBOJibHO 6bICT

po, 3a BpeM.H rrop.H,z.t;Ka 10-20 c. 3a CTOJib KOpOTKHfi HHTepBaJI BpeMeHH 

CTPYKTYPHhiil: sarrpeT ( CJie,n;cTBHe rrpnnn;Hrra IlaynH) coxpan.HeTc.H H rrpe

II.HTCTByeT cym;ecTBeHHOMY npoimKHOBeHHIO O,ll;I-IOro a,n;pa B ,n;pyroe. Ilo

STOMY e,n;HHCTBeHHbiil: OTKpbITblil: IIYTb K COCTaBHOMY .H,n;py - SBOJIIOIJ;H.H 

IIO KOOp,D;HHaTe MaCCOBOil: aCHMMeTpHH. 

B rrepBOM pas,n;eJie paccMoTpeHo CJIH.HHHe B p83JIH'tlHbIX CHMMeTpH'i

HhIX H rroqTH CHMMeTpHqHbIX peaKIJ;H.HX IIO a,n;Ha6aTHqecKOMY cn;eHapHIO: 

1) Illei.i:Ka 6bICTpo pacTeT IIOCJie KOHTaKTa .H,n;ep H o6'be,D;HI-IeHHa.H CHCTeMa 

(MOHO.H,lJ;pO) OKa3bIBaeTC.H B ,ll;OJIHHe ,n;eJieHH.Hj 2) COCTaBHOe .H,ll;pO cl:>opMH

pyeTC.H H3-3a ,Lt;HcPcPY3HH K MeHbllleMy y,n;JIHHeHHIO (HJIH OTHOCHTeJibHOMY 
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paccTo>Iumo R) B 3TOI1 ,r:t;OJIHHe. )J,JIH pac'IeTa rroTetm;naJihHOM rroBepxuocTH 

IICIIOJih30BaJiacb .iwyxu;enTpOBaH 060Jio'Ie"!ua51 Mqn;eJih (TCSM). CrrycK B 

,Il;OJIHHY ,IJ;8JI8Hll5I MbI paccMaTpnBaeM ,IJ;IIHaMH"I8CKH, pernaH KJiaCCII'IeCKIIe 

ypaBH8HH5I ,[\Bll)K8HH5I c MaCCOBbIMII napaMeTpaMn, BbI'IHCJieHHbIMH B npH-

6JIII:>KeHHII Bepuepa-Ymrnpa, H Koa¢qmr.:i;MeHTaMH TpemrnMII, rroJiy'IeHHhI

MH H3 cPJIYKTYaIJ;HOHIIO-,[\HCCHIIaTHBHOro COOTHOIIIeHH>I. 3aTeM B ,n;omrne 

,n;eJieHH>I BbI'-IHCJI5IJIHCb CKOpOCTM IIOTOKOB Bep05ITHOCTH 'Iepe3 6apbepbI 

CJIII>IHH51 n KBa3n,n;eJiemrn, n Haxo,n;HJiacb Bepo>ITHOCTh cmrnnn>I. MccJie

,n;oBarrne .n;mraMHKH cJIH5IHH51 B paMKax a,n;na6aTn'IecKofi TCSM rroKa3aJio, 

'-ITO B 60JihllIHHCTBe peaKu;nfi IIOJIJ'-IaeMbie Bep05ITHOCTH CJIH5IHH5I HaMnoro 

6oJihIIIe, "!eM sKcrrepnMeHTaJihHbre 3Ha'IeHn>I (CM. pHc. 4). IfaoTOIIH'IecKaa 

3aBHCHMOCTb Bep05ITHOCTH CJIH5IHirn, a TaK)Ke 3aBHCHMOCTb OT aCHMMeTpHH 

BO BXO.r\HOM KaHaJie HeBepHbI B a,n;Ha6aTH'IeCKOM paccMoTpeHHH. IIoaTo

MY ,n;Jia o6'b>ICHeHHe aKcrrepnMeHTaJihHhIX ,n;aHHhrx ,r:t;OJI)KHhI cym,ecTBOBaTb 

orpaHH'-IeI-IH51 na 6bICTphri1 pocT rnefiKH n ,[\BH)Keune K MeI-IbIIIeMy R. II0Ka-

3auo, '-ITO pOCT rne:tlKH MO)K6T 6bITb 3Ha'IHT8JibHO 3aMe,n;JieI-I B cJiy'-!ae 6oJiee 

aKKypaTI-Ioro pac"!eTa IIOTeI-In;HaJibHOM :meprHH B 3aBHCHMOCTII OT pa3Me

pa IIIeiIKH H HCIIOJib30BaHH5I MHKpOCKOIIH'-IeCKHX MaCCOBbIX rrapaMeTpOB. 

Cym,ecTBOBamrn TaKMX orpaI-IH'-Ierrnfi 03I-Ia"!aeT, "ITO KoH¢Mrypar.:i;1rn ,JJ,.HC 

MMeeT BpeMa :>KH3HII, corrocTaBIIMoe co BpeMeHeM peaKIJ;HH. KaK pa3 sTo 

II rrpe.n;rroJiaraeTC51 B MO,D;6JIH ,JJ,.HC, KOTOpa51 xopOIIlO OIIHChIBaeT 3KCIIepH

MeI-ITaJibHbie ,n;aI-IHbre. 

Bo BTopoM pa3,n;eJie 06cy)K,n;a10Tc>I ,n;IIHaMH'-IeCKHe orpaHII'Ierrna Ha CJIH

>IHIIe T>I.iKeJibIX >I,n;ep. MaccoBbre rrapaMeTphr rroJiy"IeI-IbI MHKpOCKOIIII'IeCKH 

B TeopHH JIHH€HHOro OTKJIHKa. I1crroJih30BaJiaCb a.n;na6aTH'I€CKa5I H ,IJ;Ma6a

TH'I€CKa51 cf:>opMyJIHpOBKH TCSM. MaccoBhiil rrapaMeTp ,[\JI>I mefiKH rroJiy

qHJIC>I rroqTH B 30 pa3 6oJibllie, 'I€M B rH,n;po,n;mrnMH'IeCKOM rrpH6JIH)K€HHH. 

l13-3a 9Toro napaMeTp lli6HKII M€H518TC51 Me,n;JieHHO H MO)J<eT C'-IIITaTbC.51 

tj)HKCHpoBaHI-IhIM Bo BpeM>I CJIH>IHHH. IlpH sToM 3uaqeHH.51 PcN, BhI'IHCJieH

I-Ihre B a,n;Ma6aTH'-IeCKOM rro,n;xo,n;e K ,D;BH:>KeHmo no R, rrpaBIIJihI-IO 3aBHCaT 

OT I-Ia'IaJibHOro 3Ha'IeHH51 'f} BO BXO,Il;HOM KaHaJie, HO 3HaqHT€JibHO 3aBbI

meHbI TIO cpaBH€HHIO c 9KCIIepHM€HTaJibIIbIMH ,n;aHIIbIMH. qT06hI OIIHCaTb 

sKcrrepHMeuTaJibHhie ,n;anHhie, Heo6xo,n;HMO paccMoTpeTb CTPYKTypnhrfi 3a

npeT Ha ,n;BFI::>KeI-Ine K MeHhlliHM R. ,Il;JI>I sToro rrpe,n;Jio)KeI-Io BhI'IHCJieune 
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PHc. 4: 3aBHCHMOCTh 

Bepml'.L'HOCTH CJIH.HHH.a 

OT 3Ha':leHH.a Av (OTHO-

CHTCJihHOe y,n;JIHHCHHC 

CHCTeMhI, rrpH KOTO

pOM OHa OKa3brnaeTc.a B 

,n;oJIHHe ,n;eJieHn.a) ,n;JI.a 

YKa3aHHhrx 

Be,n;yrn;nx K 

peaKu;n:H:, 

o6pa3oBa-

HHIO COCTaBHOrO .a,n;pa 

246Frn. 3Ha':leHH.a PcN, 
H3BJIC':ICHHbie H3 SKCIIC

pHMCHTaJibHblX ,n;aHHbIX, 

IIOKa3aHbl ropH30HTaJib

HblMH JIHHH.HMH. 

,n;1rn6aTH"'!ecKoro noTemi;HaJia KaK Mepbr cTpyKTyprroro sarrpeTa. ,lJ,Ha6aTH-

-qecKHil IIOTeHD;ITaJI OKa3aJIC.H no,n;o6err noTeHD;HaJiy, BbI'IHCJieHHOMy c no

MOIIJ;bIO npon;e,rzypbI ,IJ;BOHHOM CBepTKH, KOTOpbIM MbI HCnOJib3yeM B MO)l;eJIH 

,1],5IC. 
B TpeTbeM pas.n;eJie paccMoTpeH rrepexo,n; OT ,n;Ha6aTHKH K a,n;Ha6aTHKe. 

8TOT nepexo,n; .HBJrneTC.H 6oJiee Me,n;JieHHbIM, '-IeM KBa3H)l;eJieime, H CHCTeMa 

He HMeeT )l;OCTaTO"!HO BpeMeHH, "!T06bI "sa6h!Tb" 0 C'rpyKTYPHOM 3arrpeTe. 

B pesy.rrhTaTe coxparrneTca 6oJibIIIoli 6apbep )l;JI.H )l;BH:tKeHH.H K MeHbIIIeMy 

R. ,II,1rnaMn"'!eCKnli .n;Ha6aTH"!ecKHli rroTemi;na.rr ,n;a:tKe t.J:epes BpeMR paBuoe 

BpeMeHH :tKI13HI1 Ha"!aJibHOM ,II,5IC HMeeT Ol.J:eHb 60JiblIIOM 6apbep CJIH.H

HH.H no Rn, cooTBeTCTBenno, BepORTHOCTh CJIH.HHH.H no R He3Ha"'InTeJibHa 

)l;JIR KOM6mmu;H:iJJ:, npnBo,n;am;nx K o6pasoBanmo 246Frn. Hy:tKHO OTMeTHTh, 

"'ITO rrpn BbI"!HCJieHHH )l;HHaMH"!eCKHX noTeHu;HaJIOB HCilOJib30BaJIOCb MHHH

MaJihHO B03MO:>KHoe BpeMa peJiaKcan;H11 ,n;m.1 rrepexo,n;a Me:tK,n;y ,n;Ha6aTHt.J:e

CKHM H a,n;Ha6aTHqecKHM rroTeHn;HaJiaMH. PaccqnTaHHhie suepreTH"'!ecKne 

rroporH ,IJ;JI.5! IlOJilroro CJIHSIHIUI II03BOJISIIOT c,n;eJiaTb BhIBO,IJ;, "'ITO ,II,5IC SBO

JIIOu;HmrnpyeT K COCTaB1IOMY n,n;py no MaCCOBOM aCHMMeTpHH (pHC. 5). 
B rJiaBe 3 HccJie,n;yroTcs.r H30TOIIH"'!ecKHe TeH,n;errn;HH B peaKD;H.5IX CJIH

.HHH.5!, rrpnBo,n;.5Im;Hx K o6pasoBaHHIO cBepxT5DKeJibIX a,n;ep. B nepBoM pas-
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Pnc. 5: BepmITHOCTb CJIH.HHH5! PcN 
B peaKIJ;H5!X, Be,n;yIIJ;HX K o6pa30Ba

HHIO 246Fm c aHeprnei!: Bos6y:1K,n;e

HH5! 30 MaB, KaK cpyHKIJ;H.a Macco

eoi!: aCHMMeTpHH BO BXO,ll;HOM Ka

HaJie. Pe3yJibTaT a,n.rm6aTH'leCKO

ro paccMOTpeHH5! CJIH.HHH.a TIO R 
Tipe,n;c·raeJieH TIJHKTlipHoii JIHHHei!:. 

BepxHHi!: Tipe,u,eJI Bepo5!THOCTH CJIH

.HHH.a TIO R, TIOJiy'leHHbii!: B ,Ll;HHaMH

'lecKoM ,n;na6aTH'leCKOM TIOTeHu;Ha

Jie, TIOKa3aH IIITpHXOBOH JIHHHei!:. 

Bepo5!THOCTb cJIH5!HH.a B KaHa.ne TIO 

'f/ rrprr 3aKpbITOM KaHaJie cmrnmrn 

rro R TIOKa3aHa CTIJIOITIHOi!: JIHHHei!:. 

,n;eJie paccMaTpirnaIOTC5I B03MO./KHOCTH HCIIOJib30BaHH5I H€HTpOHOif36bITO'f-

HbIX HaJieTaIOru;IIx 51,IJ;ep B peaKu;Hax xoJio,n;noro cmurnna. BJiaro,n;ap.a Herr

TpounoMy H36bITKY MO)KHO IIOJIY'fHTb 60JiblIIYIO CTa6HJibHOCTb ( 6oJiblIIYIO 

Wsur) cocTaBirnro a,n;pa. O,n;rmKo Bepo.HTHOCTb nomrnro CJIH.HHH.H PcN, KO

Topa.a 3aBHCHT OT a,n;epHOH CTpyKTypbI HOT KOJIH'feCTBa ueliTpOHOB, pac

IIOJIO)K€HHbIX BbIII.Ie 6JIIDKaHIIIHX 3aMKHYTbIX o6oJIO'f€K B CTaJIKIIBaIOru;HXC5I 

.a,n;pax, TaK.IKe O'feHb BaR<Ha H MO)KeT KOMneucnpoBaTb yBeJIH'feHHe Wsur 
rrpH BbI'fHCJieHHH Ce'feHII.H 06pa30Banm1 HCrrapHT€JlbHbIX OCTaTKOB (]'ER· 

Pac'feTHhie pe3yJibTaTbI Haxo,n;.aTca B xopoIIIeM corJiac1rn c HMemru;HMHC.H 

aKcnepMMeHTaJibI-IbIMII ,n;aHHbIMH. Bnr'fIICJieHH.H ,IJ;JI.H Bcex peaKu;Hil: 6bIJIH 

BbITIOJIH€HbI c O,IJ;HHM II TeM )K€ ua6opoM rrapaMeTpOB H rrpe,n;noJIO./KeHHH. 

lfaoTOTIH'IeCKa.H 3aBHCHMOCTb (]'ER, rJiaBHbIM o6pa30M, orrpe,n;eJI5ITCR Bepo

.HTHOCTRMH CJIH.HHHR II BbI./KHBaHHR. :Ifa I-IaIIIeil: MO,IJ;eJIH CJie,n;yeT, '!TO HH

TeHCHBHbie ny'fKII H€HTpOH006oraru;eHHbIX .a,n;ep 6y,n;yT IIOJI€3HbI ,LJ;JI.H no

JIY'f€IIH.H Ta)KeJihIX aKTHHH,IJ;OB, HanpHMep, Fm, KaK noKa3aHo B Ta6JI. 1. 
B peaKIJ;H.HX XOJIO,IJ;HOro CJIH.HIIHR HCTIOJib30BaIIHe H€MTpOH006oraru;enIIbIX 

HaJieTaIOru;Hx .a,n;ep npHBO,IJ;HT K BeJIH'fHHaM (]'ER, COITOCTaBHMbIM c ce"LJ:eHH

.HMH ,n;Jia peaKu;Hli co cTa6HJibHhIMII a,n;paMH. EcJIH HHTeHCHBHOCTb pa,n;110-

aKTHBHbIX rry'fKOB MeI-IhIIIe, 'feM nr-rTeHCHBI-IOCTh rry"LJ:Ka cTa6HJihHhIX a,n;ep, 
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TO BpeM5I o6Jiyqemr.a c pa,n;IIoaKTIIBHhIM rryqKOM ,D;OJIMHO 6bITh 60JihIIIe, 

qTo6hr ,n;ocTHrHyTh Toro Me caMoro rrpe,n;eJia B ceqennn. 

113 pacqeTOB no narneit MO,n;eJIH CJI8,l1;0BaJIO, '-ITO 3JieMeHT 118 He Mor 

6hITh noJiyqeH B 3Kcrrepn:MeHTe B LBNL, nocKOJihKY crER < 0.01 n6. T.e. 

MO,ll;8Jlh ,Ll;.HC OKa3aJiaCh e,n;MHCTBeHHOM, KOTOpa.a YKa3aJia rm OIIIM6oq

HOCTb pe3yJihTaTOB 3Toro 3KCIIepHM8HTa, KOTOpa.a II03:tKe 6hIJia rrpH3Hana 

B LBNL. 

Ta6JI11u;a 1: 9Hepnrn B036y*,n;eHH.a EcN cocTaBHoro si:,n;pa, Beposi:THOCTb cmrn
mrn Pc N, ce<IeHMe 3axBaTa er c, BepoaTHOCTh BhDKimaHMR Wsur, n TeopeTn•recKoe 
crtj}R H 3KcnepHMeHTaJibHOe cr1tJ;, ceqeHHR o6pa30Bamrn MCnapnTeJibHbIX OCTaTKOB 

,n;Jisi: peaKu;nit, Be,n;yru;nx K o6pa30Bamno 51,11.ep Fm, 11 ,n;mr HeKOTOpbrx peaKu;n.H xo
JIO,n;Horo CJIMRHMSI. 

PeaKL\1111 EcN PcN O"c Wsur 
(}"th .exp 

ER O"ER 

(M3B) (M6) 
00Zn+• '~Yb-+"00Fm+2n 26.0 4x 10 ·• 9.6 8xl0 ' 0.3116 
76zn+l74Yb-+24sTu1+2n 23.0 2x 10-3 8.8 6x10-4 10.6 n6 
76Ge+l70Er-+244Fffi+2n 24.6 5x 10-4 8.4 3x10-4 1.3 H6 1.6:'.t~ H6 
54Cr+2o~Pb-+261 l06+ ln 16.0 9x 10-4 4.6 lx10-4 0.4 116 0.5:'.:g:f: 116 
54Cr+2ospb-+260106+2n 20.4 3xl0-3 4.5 3 x 10-5 0.4 n6 0.28:'.:8:8~ n6 
54Cr+209Bi-+w2107+ln 15.9 2x10-4 4.5 3x10-4 270 n6 163:'.:3! rr6 
ssFe+2ospb-+265108+ ln 15.5 3x10-5 4.0 4x10-4 48 n6 65.8:'.:~:~ rr6 
ssFe+2osPb-+264108+2n 19.5 l.5x10-4 3.9 1x10-5 5.9 n6 4.5:'.:t7 rr6 
ssFe+200Bi-+266109+ ln 15.7 6x10-6 4.0 5x10-4 12 rr6 8.8:'.:3·! rr6 
62Ni+2osPb-+269110+ ln 12.3 4.5x10-6 3.5 5x10-4 7 n6 3 5+b rr6 • -1.8 
64Ni+2osPb-+211110+1n 10.7 lx10-5 3.4 5x10-4 17 n6 15:'.:~ rr6 
10Ni+2osPb-+211110+ ln 13.5 7x10-s 3.1 5x10-3 1.1 n6 
14Ni+2osPb-+2s1 no+ ln 15.0 6x10-s 3.0 2x10-2 3.6 rr6 
1sNi+2osPb-+2s4110+ 2n 17.5 2x10-7 3.0 6x10-2 36 rr6 
64Ni+200Bi-+212111+1n 10.5 2x10-6 3.4 6x10-4 4.1 n6 3.5:'.:t~ n6 
Bszn+2ospb--+21s112+ ln 10.0 2.5x10-6 3.0 3x10-4 2.3 rr6 < 1.2 rr6 
70zn+2ospb-+2n112+1n 9.8 lxl0-6 3.0 6x10-4 1.8 rr6 1.0:'.:/d n6 
sozn+208pb-+286112+2n 15.7 7x 10-9 2.6 lx10-1 1.8 rr6 
6szn+209Bi-+216113+ ln 9.6 lxl0-6 2.9 lx10-4 290 ¢6 
1ozn+209Bi-+21s113+ ln 10.6 4x 10-7 2.9 2x10-4 232 ¢6 <600 ¢6 
74Ge+2ospb-+2s1 n4+ln 12.5 2x10-s 2.5 2x10-3 100 ¢6 
76Ge+2osPb-+2s3114+ln 12.4 4x10-9 2.5 2x10-2 200 ¢6 
7BGe+2ospb-+2ss114+ln 14.2 5x 10-10 2.1 2x10-2 21 ¢6 
s2ce+2ospb-+2s9114+2n 16.3 lxl0-9 2.0 1x10-1 200 ¢6 
B4Ge+2ospb-+291114+2n 18.5 2x10-10 2.0 2x10-1 80 ¢6 
86Ge+2osPb-+294114+2n 20.4 4x10-10 2.0 4x10-2 32 ¢6 

Bo BTopoM pa3,n;ene paccMoTpeHa H30Tonn:•1ecKa.a 3aBHCHMOCTh ceqerrn:ti 

B peaKn;rrnx xono,n;Horo cJin:.mnrn. Bepo.aTHOCTH CJIH.aHn:.a n: BhDKIIBarrn.a, OT 

npOII3Be,n;e1m.a KOTOphIX 3aBIIC5IT ceqeHH5I HcrrapnTeJihHhIX OCTaTKOB, qyB

CTBHTeJihHhI K qIIcJiy neil:TpOHOB B .a,n;pe-cnap.a,n;e. Onpe,n;eJieHHhie peaKn;n:n 
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XOJIO,ll,I-IOro CJIIJHHIUI c MeHhIIIIJM 'IIJCJIOM HeiITpOHOB rrpe.n,rro"tJ:TIJTeJihI-Ieli, 

"tJ:eM peaKn;mI c 6oJibilllJM '-IIJCJIOM HeliTpOHOB B H,n;pe-cnapH,n;e, ,n;.rrn IIOJiy

"tJ:eHIJH sJieMeHTOB c Z=112 IJ 114. OrrTIJMaJihHhre s1rnprHIJ Bos6y*.n,eHHH IJ 

KOM6mmn;im IJ3 CTaJIKirnaIOID;IJXC5! 51,D;ep, TaKIJe KaK 67>68Zn, 73>74Ge+208pb, 

rrpe.n,Jio)l(eHhI ,D;JI5! sKcrrepHMeHTaJihHOM rrpoBepKH. CIJcTeMaTIJ'IecKoe sKc

rrepHMeHTaJihHoe llCCJie,n;oBairne STIJX peaKu;nrr neo6xo,n;IJMO ,D;JIH IIOHHMa

HHH poJIH rro,n;o60JIO'IKIJ N =162 rrpn Z > 110. IIpe,n;Jio)l(eim ncrroJib30BaTb 

67,68zn IJ 73 >74Ge Ha Mnme1-rn ll3 209Bi ,IJ;JI5! CllHTe3a 113 H 115 SJieMeHTOB 

COOTBeTCTBeHHO. 

Bo TpeTbeM pas.n,eJie paccMoTpena nsoTOIIIJ"tJ:ecKaH saBHCHMOCTh ce"tJ:e

HHM B peaKI.J;H5IX rop5I'Iero CJIH5IHHH. Ha npHMepe pnc. 6 BH,n;Ho, 'ITO pe

aKTI;HH c MeHbillHM '-IHCJIOM ueliTpOHOB B MHIIIeHIJ B orrpe.n,eJieHIIbIX HHTep

BaJiax A BhrrJIR,ll,HT ,n;a)l(e rrpe.n,rro"tJ:THTeJibHeil ,n;JIH rroJiy'leHH5! cBepxTH)l(e

JihIX H,ll,ep, 'l8M .51,ll,pa-MHIIIemr c 60JibillHM ueilTpOHHbIM IJ36bITKOM. 3Ha"tJ:e

IIHe PcN cTanoBHTC5! 6oJinrne c yMeHbrne1rneM A B 6oJibIIIIJHCTBe paccMoT

peHnhrx cJiy"<IaeB. B STIIX peaKn;Hax sHa'Ienne Q H, TaKIIM o6pasoM, EcN 
yMeHhmaIOTC.51 c yMeHhrnenIIeM A B paccMoTpenHbIX HHTepBaJiax. ,Il;ocTyrr

Hbre Ha MOMeHT pac"tJ:eTOB SKCIIepnMeHTaJibHbie .n,aHHbie xoporno OIIHCbIBa-
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IOTC5I, 'ITO II03BOJUieT I-Ia,IJ;85ITbC71 Ha rrpaBHJihHhie rrpe,n;cKasamrn. Ilpe,n;no

JiaraeMa.a norpernnocTh naurnx BbI'IHCJieHHi1 aER naxo,n;MTC51 B npe,n;enax 

¢aKTopa 2-4. Ifa Hanrnx BhI'IIICJie1rn:i1 MmKHO o:arn,n;aTb ,r:t;OB0.11hHO 6oJib

rnne ceqemrn, HeCKOJihKO rr6, B peaKD;H51X c rry'IKOM 48Ca na aKTHHH,IJ;HhIX 

MHIIIeH.Hx 229Th, 235,236U, 240-242Pu, 243,245,247,250cm. B peaKn;n51x c aK-

THHH,n;aMn HCIIOJib30Bairne I-IeHTpoHoo6orarn;eHHbIX Ha.JieTaIOin;HX 51,n;ep 47K 
H 5°Ca IIpHBO,Ll;HT K 3Ha'!eHH51M O"ER, COIIOCTaBHMbIM C Ce'IeHH51MH ,IJ;JI51 pe

aKn;HH c 48Ca. 

B rJiaBe 4 nsyqamTczr B03MO.)KHOCTH nonyqenH51 rreil:TpoHo,n;eq:rnn;nT

HhIX .a,n;ep B peaKD;H51X rromrnro CJIH5IHH5I H peaKn;H.HX rrepe,n;aq. B rrep

BOM pas,n;eJie ,n;eMOHCTpu:pyeTC51, 'ITO KOIIKypenn;H51 MG.)K,IJ;y HCIIap:rrTeJibHbI

MH KaHaJiaMH B T51.)KeJibIX HeHTpOHO,LJ;e¢nn;HTHbIX 51,n;pax rrpaBHJibHO OITH

CbIBaeTC51 B narne.lt MO,L1;6JIH OKOJIO MaKCHMYMOB cPYHKD;HH B036y.)K,n;eHH.H. 

11pe,n;naraIOTC51 peaKn;IIH CJIII5IHH5I ,IJ;JIZ! nonyqemrn IIeHTpOHO,n;ecp:rrn;HTHhIX 

H30TOIIOB 6apH5I, r,n;e rnaBHbIM KaHaJIOM ,n;eBos6y:1I<:,n;emrn 5IBJI5IeTC5l :rrcna

peH:rre 3apa:tKeHHhIX qacnm;, c KOTOpbIM KOHKypupyeT 8MHCCH5I Hei1TpOHOB. 

Bo BTopoM pas,n;eJie o6cy.)K,n;aeTcZI nonyqerrn:e HOBbre Hei1TpoHo,n;ecp:rr

n;:rrTHhIX H30TOIIOB aKTMHH,ll,OB B peaKD;H5IX CJIII5IHM5I. ,II;mr CMHTe3a He.lt

Tpmrn,n;ecpnn;HTHbIX a,rr,ep 223- 227Pu MO.)KHO HCIIOJib30BaTb xn :rrcnap:rrTeJib

Hhie KaHaJibI B peaKD;HZIX 24Mg+204•206•208Pb H 26Mg+204•206Pb, KOTOpbie 

npHBO,IJ;HT K ce'!eH:rr.aM (0.1-50) H6. B axn ncnap:rrTeJibHOM KaHaJie peaK

n;:rr.lt 4°Ca+190•1920s MO)KHO 0.)KH,IJ;aTb ceqeHHH 3-20 n6. 51,n;pa 218- 222Pu 

MO:tKHO IIOJIY'IHTb B xn HCIIapMTeJibHhIX KaHaJiax peaKn;:rri1 40,44Ca+184W 

n 32S+192Pt c 2 n6< a~1R <8 n6. 

PeaKn;nn 28Si+192Pt, 23Na+204Pb H 27 Al+204•206Pb rro,n;xo,n;aT ,n;m1 no

nyqeuna cooTBeTCTBenHo 214- 216U 223 - 225Np H 228- 230 Am c ce'!eHHJIMH 
' ' ' ' 

6oJibllie, 'IeM 1 n6. He.ltTpono,n;ecpnn;:rrTHhie a,rr,pa 228- 231Cm (234- 238Cf) 

MO:tKHO IIOJIY'IMTh B xn HCIIapHTeJibHbIX KaHaJiax peaKD;MH 28•30si+204Pb 

( 34S+204,206Pb) c ceqeHH5IMH (0.5-20) H6 ((0.1-20) 116). Bo.nee CHMMeT

pH'U-Ibie peaKn;nn 44Ca+190•1920s npHBe,n;yT K nonyqennm :rrsoTorroB Cm c 

ceqeHH.HMH MeHhllIHMM rrp:rrMepHo B CTO pas. O,n;naKo OHH rro3BOJIJIT noJiy

'IHTh 5!,LJ;pa 6mI3KMe K JIMHHH rrpOTOHHOH CTa6MJibHOCTH. 

B neil:TpoHo,n;eqmu;nTHhIX ZI,n;pax rrpe,n;naraeTCZI :rrsy'IaTh pOJih o6ono'IKH 

N = 126, nccJie,n;yH BpeMena :rrx .)KH3HH OTHoc:rrTeJihHO o:-pacrra,n;a. B aToil: 
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o6JiaCTH TeopeTH'iecKHe 3Ha"'!eHH.fI Ta Kpa:RHe TIYBCTBHTeJihHhI K HeitTpoH

HOMY TIHCJIY H3-3a npoxo)K,n;eHH.H H30TOilH"'leCKOfi nocJie,n;oBaTeJihHOCTH qe

pes MarH'ieCKOe 'iHCJIO. 

B TpeTbeM pas,n;eJie noKasaHa B03MO)KHOCTh noJiyqeHH.H a:,n;ep oKoJio 

100Sn B peaKI:i;Ha:x nepe,n;aq, PaccMoTpemre npoBe,n;eHo MHKpocKOITH'IecKH. 

BhIXO,D;hI 3K30TH'ieCKHX a:,n;ep 3aBHC.HT OT CTpyKTyphI CTaJIKHBaro:uzyrxc.a 

a:,n;ep. IIoJiy'IeHHe ,n;aHHoro H30Tona MO)KeT 6bITh onTHMH3HpoBaHo co

OTBeTCTByrom;HM BbI6opoM peaKI:i;Irn. B qacTHOCTH, ,n;Jia: CHHTe3a HefiTpo

Ho,n;ecl>Hn;HTHoro 100sn, peaKIJ;H.H 54Fe+106Cd KaJKeTCH caMofi a<I>cl>eKTHB

HOil: no cpaBHeHHIO c peaKIJ;H.fIMH 56Fe+106Cd, 64Zn+106Cd, 58Ni+106Cd, 

58Ni+112Sn H 40ca+106Cd H3-3a ,n;ocTaTO'iHO HH3Koro 6apbepa H MaJIOro 

3apg,n;0Boro ,n;peficpa K N / Z-paBHOBecmo. ToJihKO nepBH'iHbie HeitTpoHo

,n;ecl>Hn;HTHbie H30TOilhI c 9Hepmeil: Bos6y)K,n;eHH.fI MeHbme 100 MaB MoryT 

Bbl)KHTb B CHJibHOfi KOHKypeHIJ;HH c 3MHCCHefi sap.a)KeHHbIX 'IaCTHIJ;, 'ITO 

HaKJia,D;bIBaeT ,D;OilOJIHHT€JibHbie orpaHH'i€HH.fI Ha yrJIOBbie MOMeHTbI, ,n;aro

m;He BKJia,n; B ce'IeHHe. 

,ll;JIH peaKIJ;Hfi co 3Ha'iHTeJibHOfi pa3HHIJ;efi sapH,D;OBbIX (MaCCOBbIX) 'iH

ceJI Me)K,n;y BXO,D;HbIM H BbIXO,ll;HbIM KaHaJiaMH H3-3a 9MHCCHH sapg)KeHHbIX 

qaCTHIJ; H3 g,n;ep 6oJiee T.H)KeJibIX, 'ieM HHTepecyrom;Hfi H30TOil, B03MO)K

HO noJiyqemre HeKOTOpbIX 9K30TH'ieCKHX H30TonoB. Cym;ecTBOBaHHe onTH

MaJibHOfi 3HeprHH ,D;JI.H noJiy'ieHHH onpe,n;eJieHHOro H30Tona ,n;eMOHCTpHpy

STC.fI rm npHMepe peaKIJ;HH 328+197 Au. 
B rJia.Be 5 OilHCbIBaIOTC.H OCHOBHbie xapaKTepHCTHKH ,n;eJieHHH B MO,n;e

JIH ,ll;>IC. PaccMoTpeHHe ocHoBaHo Ha npe,n;noJio:>KeHHH, 'ITO xapaKTepHCTH

KH npo,D;yKTOB ,n;eJISHHH, B OCHOBHOM, onpe,n;eJIHIOTCH cl>opMofi ,D;eJIHm;erocg 

a:,n;pa B TO'IKe pasphrna, T.e. K0Hcl>Hrypau;1rnfi ,ll;>IC. KaK cJie,n;cTBHe, ,n;e

<l>opMau;Ha: ,n;eJI.am;efic.a CHCTeMbl B TO'iKe paspbIBa KpHTH'i€CKHM o6pa30M 

BJIH.HeT Ha 3Ha'ieHHe IlOJIHOfi KHH8TH'i8CKOfi 3HepmH (TKE) q,parM€HTOB 

,n;eJieHHH IlOCJie pacna,n;a. IlpH OilHCaimH ,n;eJieHHH MO,ll;SJib ,D;>IC HMeeT MHO

ro o6m;ero c Mo,n;eJibIO TO'iKH pa3pbIBa, HO paCCTOHHHe Me:>K,n;y IlOBepXHO

CT.HMH g,n;ep He HBJI.HSTCH napaMeTpOM. 

IIepBhifi pas,n;eJI nocB.Hm;eH paccMoTpeHHIO MaccoBbIX, 3apH,n;OBbIX 

H 3HepreTH'ieCKHX pacnpe,n;eJieHHfi npo,n;yKTOB 6HHapHoro ,n;eJieHHH. 

IIpe,n;paspbIBHaJI ,ll;>IC Mo,n;eJIHpyeTca: B BH,n;e ,n;Byx Kacarom;HxCH aKCHaJihHO 
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Ta6Jimi;a 2: CpasaeaHe SKcnepHMeHTaJibHbIX (exp) H pacc'!HTaHHbIX (th) cpe,n;anx 

TKE nap <PparMeHTOB ,n;eJieHHH 
<l>parMeHTa~ (TKE)exp (TKE)th 

(MaB) (MaB) 
•0~Th -+ 98Sr + 1~4Te 168 174 
232Th -+sage+ 144Ba 158 153.5 

232Th-+ 114Ru + uspd 153 159 
2socr-+ 74zn + 116Er 159 164.5 
2socf-+ soae + 110Dy 164 169 
2socf-+ ssKr + 162Sm 170.5 177.5 
2s2cf -+ 124Cd + 12ssn 192 198 
2s2cf-+ 74Ni + mYb 159 

258Fzn -+ 126Sn + 132Sn 230 229 
2ssFtn-+ 126Cd + 1s2Te 205 198 
2ssNo -+ 126Cd + 132Xe 204 200.5 

cHMMeTpH'IHhIX BbIT.S:HYTbIX SJIJIHIICOH,ll;OB. OcH CHMMeTpHH sJIJI.HrrcoH,n;oB 

coBna,n;aroT c JIHHMeil:, coe,n;MH.S:IO~eil: HX n;eHTpbI. BapbHpy.H ,n;e¢opMaD;HH 

¢parMeHTOB, Hail:,n;eHbI KOHcPHrypan;H.a CHCTeMbI c MHHHMaJibHO:il: IIOTeHIJ;H

a.JlbHO:il: SHeprHeil:. IlpH cPHKCHpOBaHHbIX MaCCOBbIX H 3ap.a,n;OBbIX 'IHCJiax 

¢parMeHTOB IIOT0HIJ;Ha.JlbHa.a SHeprH.a KaK cPYHKD;H.S: ,n;e¢opMan;H:fi <Ppar

MeHTOB Mo:>KeT HMeTb HeCKOJibKO MHHHMYMOB BCJie,ll;CTBHe 060Jio'le'!HbIX 

a¢¢eKTOB. Pacna,n; CHCT0MbI H3 STHX MHHHMYMOB 3HepreTH'!eCKH 60.Jiee 

Bbiro,n;eH. McnoJih3y.a rroTeHD;HaJihHyro sHeprmo, MbI BbI'IHCJI.S:JIH Bepo.aTHO

CTH o6pa30BaHH.S: p83HbIX KOHcPHrypan;Hil: ,ll;.HC. IloK83aHO xopomee corJia

CHe pact.J:eTHbIX 3ap.a,n;OBbIX pacnpe,n;eJieHHil: c SKCIIepHMeHTaJibHbIMH ,ll;aH

HbIMH. CpaBHeHMe pacc"IHTaHHbIX H sKcrrepHMeHTa.JibHbIX ,n;aiIHhIX (TKE) 

rrpe,n;cTaBJieHo B Ta6n. 2 ,n;ng ¢oTo,n;eneHH.a 232Th, ,n;eJierrn.a 25°Cf, BbI3BaH

Horo TeIIJIOBbIM Heil:TpOHOM, H CIIOHTaHHOro ,n;eJieHH.S: 252Cf, 256No H 258Frn. 
Bo BTopoM pro,n;ene, 3a,n;aBM MaccoByro H 3apg,n;oByro acHMMeTpHH 

He3aBHCHMO, MbI rrpe,n;JIO)KHJIH HOBYIO HHTeprrpeTan;mo s¢<PeKTa 6HMO

,ll;a.JlbHOCTH B ,n;eJiemm T5DKeJihIX aKTHHH,ll;OB. YcTaHOBJieHo, "iTO p83Hbie 

MO,ll;bl ,n;eJieHH5.I COOTBeTCTBYIOT p83HbIM coce,n;HHM 3Ha"IeHH.S:M 3ap5.1,D;OBOil: 

aCHMMeTpHH IlpH O,ll;HHX H Tex :>Ke HJIH CJierKa OTJIH"IaIOID;HXC}l 3Hat.J:eHH5.IX 

MaccoBoil: acMMMeTpHH. BoJibmoe OTJIHt.J:He TKE p83HbIX Mo,n; o6ycJioBJieHo 

CHJibHbIM H3MeHeHHeM 060Jiot.J:e'<IHOil: CTpyKTYPbI ¢parMeHTOB c H3MeHeI-IH

eM 3ap.a,n;OBO:fi acHMMeTpHH, Kor,n;a O)l;HH .H3 <PparMeHTOB 6JIH30K K ,ll;Ba)K,ll;bl 

Marli"<IeCKOMY g,n;py 132Sn. Pe3yJihTaTbI pact.J:eTa ,D;JI.H 258Frn rrpMBe,n;eHbI Ha 

pHc. 7. BH,n;HhI ,n;Be xopomo p83JIH"IHMbie MO,ll;bI. 
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Puc. 7: Pacc'!MTaHHOe (nyHK

'rMpHhie JIMHMM) pacnpe,n;eJiemrn 

KIIH0TM'-IeCKOH aHeprMII (Bepx

H.H5:l '!aCTb) M MaCCOBOe pacnpe

,n;eJieHMe ( HM:>KH.H.H '!aCTb) cppar

MeHTOB ,n;eJieHM.H 258Fln B cpaB

H6HHM c 3KCIIepMM6HTaJibHbIMM 

,n;aHHbIMH (rMCTOrpaMMa). 

Ta6Jimi;a 3: CpaBHeHMe aKcnepuMeHTaJihHhIX (Eexp) M pacc'!HTaHHbIX (Ecalc) 
aHeprMH COCTO.HHMH OCHOBHOH IIOJIOCbI B 238- 232U. 9HeprMM ,n;aHhI B K3B. 

""'oU •oou :i~4u 404u 
L" Eexp Ecalc Eexp Beale Eexp Beale Eexp Beale 

1 680 675 688 644 786 778 563 583 
2+ 45 45 45 45 44 44 48 48 
3- 732 744 744 713 849 846 629 653 
4+ 148 156 150 154 143 155 157 158 
5- 827 863 848 831 963 963 747 774 
5+ 307 316 310 313 296 314 323 320 
7- 966 1025 1000 992 1125 1122 915 938 
3+ 518 520 522 516 497 517 541 527 
9- 1150 1222 1199 1189 1336 1316 1131 1138 
10+ 776 759 782 753 741 754 806 768 
11- 1378 1448 1391 1366 
12+ 1077 1025 1112 1036 

B rJiaBe 6 ycTaHOBJiena camh Me:>K,n;y cocTO.HHH.HMH oTpHn;aTeJibHO:li 

'9:8THOCTH H aCHMMeTpH'IHbIMH ,Il;.HC, JierKoe .a,n;po B KOTOpbIX 5IBJI.H8T

C.H, uarrpHMep, a-1.Jacnrn;eit B rrepaoM pa3,n;eJie pac'lJeT rroTeHIJ;HaJihHO:li 

9Hepnm ,Ll;.HC KaK cpyHK~HH MaCCOBO:li aCHMMeTpHH IIOKa3bIBaeT, 'ITO 

23 



,ll;Jl.H paccMOTpeHHhIX a,n;ep cy:w;ecTBeHHhIM BKJia,n; B ¢opMHpOBairn:e BOJI

HOBOM cPYHKI.J;HH a,n;pa BHOCm JIHIIIb KOH¢nrypau;mr MOI-1051,ll;pa (!111=1) n 

a-KJiacTepHaH ~.HC. ITpnMech acnMMeTpnqHbIX KJiacTepHbIX Km1¢nrypa

u;nil: B KOJIJI8KTHBHhIX BOJIHOBbIX ¢y1iku;nax 51,ll;ep npHBO,ll;HT K acHMM8Tpnn 

no OTHOIIIeBnro K npocTpaHCTBeHHoil: HHBepcnn. ITpe,n;rroJiaraeTcH, qTo MO

uoa,n;po nMeeT HJIH JIHlllh KBa,n;pynoJihHYIO ,n;e¢opMau;mo, nJin c¢epn'Ie

cKyro ¢opMy. Pemeuna ypamreHna illpe,n;mrrepa B rroTerru;naJie no 17 nMe

IOT xoporuo onpe,n;eJieHHYIO 'l6THOCTb. ~JIH IlOCTpoeHna OCHOBHOM TIOJIOChI 

a,n;pa 6epeM HH:IB:ail:mee qeTHoe pemeHne ,ll;JIH 'ieTuoro 3Ha'!eHnH cmrna L, 
,LI;JIH HeqeTHoro L - HH)Ka:itIIIee HeqeTBoe. 06cy)K,n;aroTc.H ,n;eTaJIII pacqeTa 

n 3Ha'!eBne MaccoBoro rrapaMeTpa. 

Bo BTopoM pa3,n;eJie rrpIIse,n;eHbI pac'!eTbr ,n;Jia noJioc aJibTepHaTHBHO:it 

qeTHOCTH. IToJIJ"IeHhI Bhipa:iKeHn.H ,LI;JIH 3aBHCHMOCTII pac:w;ermeHn.a no 'ieT

HOCTH OT cmrna. ITpIIMepbr cpamreHna pacqeTHhIX pe3yJihTaToB c aKcnepn

MeHTaJihHhIMII ,n;aHHhIMII rrpIIBe,n;eHbI B Ta6JI. 3 ,n;JI.a II30TOIIOB ypaHa. 

B TpeTbeM pa3,n;eJie MyJihTIITIOJibHhie MoMeHThI Bhrpa:tKeHhI '!epe3 3Ha

qeHrra 17 n R II BhI'iIICJieHbI sepo.HTHOCTH E>.-rrepexo,n;oB. 9¢¢eKTHBHhr:it 

3apa,n; ,ll;Jl.H El-nepexo,n;OB 6bIJI B3.HT paBHhIM e~ff = e(l + x) co cpe,n;rrnM 

3Iia'l6HII8M K03cPcPIID;Il6HTa IlOJI.HpII3au;nn x=-0. 7. B c.11yqae KBa,n;pyrroJib

HbIX nepeXO,ll;OB 3apa,n; e~f f = e He nepeHOpMnpoBaJIC5!. ~JI.H OKTYIIOJib

HbIX rrepexo,n;oB a¢¢eKTIIBHbIM 3apa,n; e~;~oton = l.2e ,ll;JI.H rrpOTOHOB H 

e~;!eutron = O.Se ,LI;JI.H HeMTpOHOB. ITpHHHMa.H BO BI-IMMaHne KOJIJieKTHB

HhIM xapaKTep MO,LI;eJIII II OTCYTCTBIIe rrapaMeTpOB ,ll;Jl5I rro,n;roHKH ,n;aHHbIX, 

onncaHne 3KCIIepIIM6HTaJibHbIX ,n;amibIX MO)KHO C'-IMTaTh ,LI;OCTaTO'iHO xo

pOilllIM. 

B 3aKmo-<IeHn:n: c¢opMyJinpOBaHhI ocHOBHhre pe3yJihTaThI npe,n;cTaB
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