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06m;aSI xapaKTepiiCTIIKa pa60Tbl 

AKTYa.JihHOCTh TeMhi. CToJIKnosenu5I TR>KeJihrx imnos 5IBJI5IIOTC5I 

o,n;nuM H3 ocnoBHbiX uncTpyMeHTOB ucCJie,n;osamrl1: B 5I,Ll.epnoi1 cPH3IIKe. Bonh

rnoi1 ; Bbr6op .. B03MO:lli:nbiX KOM6unau;ui1 .CTMKIIBaiOIIJ,IIXC5I. 5I,Ll.ep H pa3H006-

pa3IIe na6niO,n;aeMhiX · ~pou;eccoB .. CTHMynuposano . npose,n;enue MHO:>KeCTBa 

5I,Ll.epno-<PII3WiecKHX aKcnepuMeHTOB·. · 0 ,n;noi1 H3 ocnoBHhiX ux u;eJihiO 5IBmieT

c5I ucKyccTBennoe nonyqenue u u,n;enTHcPHKaiJ;Im pa3JIIIqHhiX. HYKJIII,Ll.OB.' 3a 

BCIO HCTOpHIO 5I,Ll.epHOi1 cPH3HKH 6biJIO nail,n;eno 6onee 3000 5I,Ll.ep, 60JibiiiHH

CTBO H3 KOTOpbiX 5IBJI5IeTC5I npOTOiiOII36hiTO,'IHbiMH. IJpe)J.CKa3biBaeTC5I cyiiJ,e

CTBOBaHHe enie OKOJIO 3000 npeHMyll},eCTBeHHO nei1TpOHOH36hiT9qllbiX 5I,Ll.ep, 

II03TOMY IIOHCK MeTO,Ll.OB HX IIOJiyqeHII5I OCTaeTC5I )J.OCTaToqno a,KTYaJibHOi1 

3a,n;aqel1: cospeMennoi1 5I,n;epnoi1 <Pu3HKH. . . . . 

OcnoBHbiMH MeTo,n;aMII nonyqenu5I nei1Tpo!rou36hiToqnbiX 5I,Ll.~P 5IBJI5I

IOTC5I, peaKu;uu <PparMe~Tau;uu, · ,n;enenii5I u MnoroilyKJIOHHhiX ·~epe,n;~q. Hep

Bbie ,Ll.Ba MeTO,Ll.a IIpHMeH5IIOTC5I ,Ll.JI5I CIIHTe3a HYKJIII,Ll.OB B IIIIIpOKOM ,Ll.Hana30He 

Mace, no ne npiiro,n;nhr ,n;n5I nonyqenu5I 5I,n;ep T5I:>Kenee. ypana. ,lJ;n5I uccne-: 

,rioB!lHH5I o6JiaCTH HeH3BeCTHbiX Iiei1TpOHOH36hiTOqHbiX . H3C>TOIIO~ T5I:>KeJihiX 
•• ' • < • > • • '<' ' 

3JieMeHTC?B npe,n;JiaraeTC5I HCIIOJib30BaTb peaKIJ;HH MHOrOHYKJIOHHbiX nepe,n;aq_, 

npoilcxo,n;5I~ue s rny6oKoneynpym'x cTonKnoseim5Ix T5I:>KeJihiX ilonos. Onu 

xapaKTepu3yiOTC5I 3naquTeJihHbiM IiyKJIOHHhiM o6MeHoM u ,n;Ficcml:au;uei1 KII

neTWieCKOi1 aneprHII <J>parMeHTOB. B pe3yJibTaTe OTKpbmaeTC~ M'Ho:>KeCTBO 

BhiXO,Ll.HbiX KaHaJIOB peaKIJ;IIII, H B KaqeCTBe IIpO,Ll.YKTOB o6pa3yiOTC5I ,n;ec5ITKII 

II COTHII 5I,n;'ep B6JIII3H IICXO,Ll.HbiX CHap5I,Ll.a H MHIIIeHII. 

. B. nepBbiX 3KCiiep~MeHTaX no IICCJie,n;osan~IO peaK~Hi1 rny6oKone

ynpymx nepe,n;aq 6hiJIH o6napy:>KeHhi II u,n;eHTIIcPIIIJ;IIposanhi B:ecKOJrbKO .n.~ 
C5ITKOB noBhiX 5I,Ll.ep, o6na,n;a10pwx nei1Tpo~HhiM u36hrTKOM [1]. CTano 5Ic

no, qTo npou;eccbr MnoronyKJIOHHbiX nepe,n;aq, npoiiCXO,ll;5IIIJ,He B ,n;annhrX pe

aKIJ;II5IX, npe,n;cTaBJI5IIOT co6oi1 nepcneKTIIBHhii1 MeTo,n; · nonyqenii5I KaK ner

KHX [2], TaK u T5I:>KeJihiX [3] · nei1Tponou36brToqnbiX 5I,n;ep. KpoMe aToro, pe

aKu;uu rny6oKoneynpyriix nepe,n;aq 5IBJI5IIOTC5I ynuKaJihHhiM MeTo,n;oM nony

qeHH5I Tpy,Ll.H03aCeJI5IeMhiX BbiCOKOCIIIIHOBblX HeKOJIJieKTIIBHblX COCT05IHHi1 B 

T5I:>Ke.IThrX 5I,Ll.pax, KOTOpbie ila:>KHbi ,Ll.JI5I cneKTpocKonuqecKIIX H3Mepenui1 [4] . 
. llcCJie,n;osaniie irei1Tponoii36hrToqnbrx 5I,n;ep Tecno CB5!3ano c npo6ne

Moi1 o6pa3oBaHH5I T5I:>KeJihiX aneMeHTOB so Bcenennol1:. Cornacno cospeMen

HbiM npe,Ll.CTaBJieHII5IM, O,Ll.HIIM II3 OCHOBHbiX IICTOqHHKOB o6pa30BaHII5I XII-: 

MuqecKIIX aneMeHTOB tifi.ij~..2KBJI£31LB.O Bcenennotti5IBJI5IeTc5I r-npou;ecc 
·Y ":1.HO•TeXHHIIeCK3H 

6H6JiHoTeKa 

OHBH 



acTpo<PII3IIqecKoro HYKJieOCIIHTe3a. T511KeJibie XIIMIIqecKIIe aJieMeHThi CIIHTe-

3IIpJIOTC51 II3 JierKIIX 3a cqeT 6hiCTpOrO 3aXBaTa HefiTpOHOB, · COnpOB01K)J.a

IOIIJ;erOC51 ,8-pacna)J.OM o6pa3JIOIIJ;IIXC51 HefiTpOHOII36hiTOqHbiX 5I)J.ep. ,ll;aHHhie 

0 Maccax, nepiiO)J.ax noJiypacna,n;a II ,n;pyriiX xapaKTepiiCTIIKax HefiTpOH~ 

II36biTOqHbiX 5I)J.ep, OC06eHHO 06Jia)J.aiOIIJ;IIX MariiqeCKIIM qiiCJIOM HefiTpOHOB 

(N = 50, 82, 126), oqeHb sa1KHhi )J.JI51 onpe,n;eJieHII51- ,n;eTaJihHoro cu;eHapii51 

r-npou;ecca. HaiiMeHee II3yqeHHOfi 5IBJI5IeTC51 o6JiaCTh s6JIII3II 3anoJIHeHHofi 

HefiTpOHHofi o6oJioqKII N = 126. . · · 

,ll;mr npoBe)J.eHII51 3KCnepiiMeHTOB no noJiyqeHIIIO HefiTpOHOII36biTOq

HbiX 5i:,n;ep B peaKIJ;II5IX MHOrOHJKJIOHHhiX nepe,n;aq He06XO)J.IIMO. C03)J.aHIIe Ha

)J.e1KHhiX TeOpeTIIqeCKIIX MO)J.eJiefi, CnOC06HbiX He TOJibKO OniiCaTb OCHOBHhie 

xapaKTepiiCTIIKII• ,n;aimoro TIIna peaKu;nfi, Ho II ,n;ocTaToqHo Toq~o paccqii

TaTh ceqeHII51 o6pa3osaHII51 KOHKpeTHhiX npO)J.YKTOB. O,n;~ofi II3 Mo,n;eJiefi, y,n;o

BJieTBOp5IIOIIJ;IIX 3TIIM Tpe6osaHII5IM 5I~JI5IeTC51 MHOrOMellHbiH )J.IIHaM~qeCKIIH 
no,n;xo,n; Ha ocHose ypasHeHIIfi JlaH1Kem~ira. BoJiee Toro, qacTnqHo 6Jiaro,n;aJ:m 

TeOpeTIIqeCKIIM pa60TaM, BbiiiOJIHeHHbiM B paMKax )J.aHHOrO nO)J.XO)J.a [5-8]; 
s HaCT05IIIJ;ee speM51 rnlipoKo o6cy1K,n;aeTC51 II · aKcnepiiMe~TaJihHO IIccJie)J.Y

eTc51 B03M01KHOCTb noJiyqeHII51 HefiTpOHOII36biTOqHbiX II30T~nOB T5I~e.iibiJ{. II 
csepxT511KeJihiX aJieMeHTOB s peaKu;mi:x MHoroHyKJIOHHh~x nepe,n;aq [9-i2]. •: 

Il;eJibiO ,n;aHHofi pa6oThi 5IBJI5IeTc51 Ii.ccJie,n;osaHIIe peaKu;IIfi MHoroHyK

JIOHHhiX nepe,n;aq, npoiiCXO)J.5IIIJ;IIX s rJiy6oKoHeynpyriix cionKH:ciseHII5IX T51-:-

1KeJihiX IIoHos, KaK MeTo,n;a noJiyqeHII51 HefiTpOHOII36hiTOqHhiX II30Tonos T51-

1KeJihiX II CBepXT511KeJibiX 3JieM(mTOB, B TOM qiiCJie eiiJ;e HeiiCCJie)J.C>BaHHhiX, B 

paMKax MHOrOMepHOfi MO)J.eJIII 5I)J.pG-5I)J.epHbiX CTOJIKHOBeHIIfi, ocH'osaimofi Ha 

ypaBHeHII5IX JlaH1KeBeHa. 

,ll;m.i )J.OCTII1KeHII51 nOCTaBJieHHOH u;eJIII He06XO)J.IIMO 6biJIO peiiiiiTb CJie

)J.YIOIIJ;IIe 3a,n;a~m: 

1. PeaJIII30BaTh B paMKax )J.IIHaMIIqecKofi Mo,n;eJIII B03M01KHOCTh MO)J.eJIII

posaHII51 CTOJIKHOBeHIIfi 5I)J.ep; IIMeiOIIJ;IIX ,n;e<PopMIIpOBaHHJIO <PopMy B 

OCHOBHOM COCT05IHIIII, npii IIX pa3JIIIqHofi B3aiiMHOH OpiieHTaiJ;IIII. 

2. Onpe,n;eJIIITh rJio6aJibHhie napaMeTpbi pa3pa6oTaHHofi )J.IIHaMIIqecKofi 

MO)J.eJIII Ha OCHOBe aHaJIII3a 3KCnepiiMeHTaJibHbiX )J.aHHbiX no ceqeHII5IM 

o6pa30BaHII51 npO)J.YKTOB peaKu;IIfi rJiy60KOHeynpyriiX nepe,n;aq B pa3-

JIIIqHbiX CIICTeMaX, BKJIJOqaJOIIJ;IIX KaK c<PepiiqeCKIIe, TaK II ,n;e<PopMIIpo

BaHHbie B OCHOB[IOM · COCT05IHIIII· 5I)J.pa.-·· ·-----::1 
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3; I1cCJie)J.OBaTb. oco6eHHOCTII npoTeKaHII51 . npou;eCCOB · MHOrOHJKJIOHHbiX 

nepe,n;aq B CIICTeMaX, KOTOpbie COCT05IT II3 5I)J.ep, pa3JIIIqHbiX no Macce, 

II30CniiHJ, <PopMe B OCHOBHOM COCT05IHIIII, npii pa3HbiX 3Heprii5IX CTOJIK

HOBeHII51. 

4. J1cCJie)J.OBaTh B03M01KHOCTb noJiyqeHII51 HefiTpOHOII36biTQqHbiX II30TG

nOB T511KeJibiX II CBepXT511KeJihiX 3JieMeHTOB, B TOM qiiCJie eiiJ;e HeiiCCJie,ri.o

BaHHbiX, B peaKIJ;II5IX MHoroHyKJIOHHhiX nepe,n;aq. PaccqiiTaTb ceqeHII51 

o6pa3osaHII51 3TIIX HJKJIII)J.OB II JCTaHOBIITb IIX 3aBIICIIMOCTb OT 3Hepriiii 

CTOJIKHOBeHII51. 

OcHOBHhie rroJIO)KeHIUI, BhiliOCIIMhie Ha 3a:UJ;IITy: 

1. ,ll;IIHaMIIqecKa51 M:o,n;eJih 5I,n;p0:.5I,n;epHhiX cTOJIKHOBeHIIft, ocHosaHHa51 Ha 

ypasHeHII5IX JlaH1KeseHa, o6o6IIJ;eHHa51 Ha CJiyqafi Mo,n;eJIIIposaHII51 pe

aKu;IIfi C yqacTIIeM 5I)J.ep, ,n;e<PopMIIpOBaHHbiX B OCHOBHOM COCT05IHIIII. 

2. Bbi6op OnTIIMaJibHhiX n~paMeTpOB )J.IIHaMIIqeCKOfi MO)J.e~III )J.Jl51 oniica

HII51 peaKIJ;IIH MHOrOHJKJrOHHbiX (rJiy60KOHeynpymx) rrepe,n;aq B IIIIIpo

. KOM )J.IIana30He Mace CTaJIKII:BaiOIIJ;IIXC51 5I)J.ep: 

3. AHaJIII3 ~JIII5IHII51 B3aiiMHofi oimeHTau;IIII 5I,IJ;ep, ,n;e<PopMIIposaHHhiX B oc-. . . ~ ' . ,- ' . . -

HOBHOM COCT05IHIIII, Ha )J.IIHaMIIKJ IIX B3aiiMO)J.eHCTBII51. 

4. Pe3yJihTaThi pacqeTos aKcnepiiMeHTaJihHo-Ha6JIIO)J.aeMhiX xapaKTepii

CTIIK peaKIJ;IIH MHOrOHJKJIOHHbiX nepe,n;aq )J.JI51 IIIIIpOKOrO Ha6opa CTaJI

KIIBaiOIIJ;IIXC51 5I)J.ep II 3Hepriifi peaKIJ;IIII. 

5. TeopeTwiecKoe o6ocHOBaHIIe . Bbi6opa onTIIMaJihHOfi KoM6IIHau;IIII 

CHap5I)J.-MIIIIIeHh II 3Hepriiii' peaKIJ;IIII )J.JI~ yBeJIIIqeHII51 BhiXO)J.a HefiTpo

HOII36hiTQqHbiX T511KeJibiX II CBepXT511KeJII::IX .5I)J.ep. 

HayqHaa HOBII3Ha: . 

1. ,ll;opa60TaHa MHOrOMepHa51 )J.IIHaMIIqecKa51 MO)J.eJib 5I)J.pG-5I)J.epHbiX 

CTOJIKHOBeHIIfi, npiiMeH5IeMa51 K OniiCaHIIIO peaKIJ;IIH MHOrOHJKJIOHHbiX 

(rJiy6oKoHeynpyriix) nepe,n;aq. 06JiaCTh npiiMeHeHII51 Mo,n;eJIII 6hiJia pac

IIIIIpeHa, OT qaCTHOrO CJiyqa51 CTOJIKHOBe.HIIH c<PepiiqeCKHX 5I)J.ep K. 06-

IIJ;~MJ CJiyqaJO CTOJIKHOBeHIIH C. yqacTIIeM 5I)J.ep, IIMeiOIIJ;HX ,n;e<PopMII

pOBaHHJIO <PopMy B OCHOBHOM COCT05IHIIH. fipe)J.JI01KeH JHIIBepCaJibHbiH 

Ha6op napaMeTpOB )J.IIHaMIIqeCKOH. MO)J.eJIII, n03BOJI5IIOIIJ;HH )J.OCTaTOqHO 
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xopomo ormcaTh IIMerorn;IIeca 3KCITepiiMeHTaJihHhre ,n;annhre 110 snepre

TIIqecKIIM, yrJIOBbiM, 3ap.H,!J;OBhiM II MaCCOBbiM pacllpe,n;eJieHII.HM ITpO,!J;YK

TOB peaKIJ;IIH rJiy6oKOHeyiTpyriiX llepe,n;aq )J;JI.H IJ,eJIOrO pa,n;a CIICTeM, OT 

40Ca + 2ospb ,n;o 238U + 248Cm. 

2. B11epBhie B e,n;IIHOM 11o,n;xo,n;e II3yqen miipOKII:ii ciTeKTp BOITpocoB, Kaca

rorn;Hxca B03MO:/KHOCTII ITOJiyqeHII.H HOBbiX T.H:>IcE~JihiX .II CBepXT.H:/KeJihiX 

a,n;ep B peaKIJ,II.HX MHOrOHYKJIOHHhiX llepe,n;aq, a IIMeHHO: 

• BJIII.HHIIe Macchr II ne:i1Tponnoro II36hrTKa cnapa,n;a B peaKu.iiax Mno

ronyKJIOHHhrx ITepe,n;aq c T.H:IKeJio:ii ne:i1TpOHOII36hrToqno:i1 MIImenhro 

na ceqeHII.H o6pa30BaHII.H MIImenello,n;o6HhiX ITpO,!J;YKTOB., 

• Bhr6op MIImenii ,n;Jia ciinTe3a T.H:IKeJihrx II cBepxTa:IKeJihrx sJieMenToB 

B peaKIJ,II.HX MHOrOHYKJIOH~hiX ITepe,n;aq. 

• BJIII.HHIIe ITpou.ecca BhiHY:IK,D;ennoro ,n;eJieHII.H n'a o6pa3oBaniie T.H:IK&: 

JibiX ITpO,!J;YKTOB B peaKIJ,II.HX MHOrOHYKJIOHHbiX ITepe,n;aq. 3aBIICII

MOCTh Bhrxo,n;a Ta:tKeJihiX ITPO,!J;YKTOB oT snepriiii peaKIJ,IIII. 

IlpaKTlPiecKa» 3Ha'IMMOCTh. Pa3pa6oTannaa MnoroMepnaa ,n;II

naMIIqecKaa MO,ri.eJib HII3K03HepreTIIqecKIIX .H,D;po-a,n;epHbiX CTOJIKHOBeHIIH C 

YHIIBepCMbHbiM na6~pOM llapaMeTpO~ 'M~keT 6biTh IICITOJib30BaHa ,ri.Jr.H. Ha

,D;e:IKHOrO pacqeTa pa3JIIIqHhiX ,n;II¢¢epeni:J;IIMhHhiX ceqenii:ii ITpou.eccoB MHo

ronyKJIOHHhiX ITepe,n;aq, HpOTeKaiOIII;IIX B rJiy60KOHeyiTpyriiX CTOJIKHOBeHII.HX 

T.H:IKeJibiX .H,D;ep. cho MO:IKeT 6hiTh Kpa:iine. Ba:IKHO. ITpii IIOCTaHOBKe COOTBeT

CTBYIOIIJ;IIX 3KCITepiiMeHTOB. 

B qacTnOCTII, pe3yJihTaThi pacqeToB, BhiiiOJinennhre B paMKax pa3-
. . . 

pa6oTaHHO:i1 MO)J;eJIII, 6biJIII yqTeHbl )J;JI.H ITpOeKTIIpOBaHII.H 3KC11epiiMeHTaJih-
, . . 

HhiX ycTaHOBOK, lip II ITOCTaHOBKe 3KCITepiiMeHTOB 110 peaKIJ,IIHM, MHOrOHYKJIOH

HhiX ITepe,n;aq, a TaK:IKe ITpii aHaJIII3e IIX pe3yJihTaTOB, B Be,!J;YIIJ;IIX MIIpOBbiX 

· a,n;epno-¢II3IIqecKIIx Jia6opaTopiiax: J151P 0115111 (,Ilj6na), GSI (fepManiia), 

GANIL (cflpaHIJ,II.H) II YniiBepciiTeT lOB.HCKIOJI.H (cfliiHJI.HH,!J;II.H). 

.,il;OCTOBepHOCTh II3JIO:IKeHHhiX B pa6oTe pe3yJihTaTOB o6eciTe

qiiBaeTC.H )J;OCTaToqno TOqJibiM IIX COrJiaCIIeM C y:IKe IIMeiOIII;IIMIIC.H 

3KCITepiiMeHTaJihHQ-II3MepeHHhiMII xapaKTepiiCTIIKaMII peaKIJ,IIH rJiy60KOHe

yllpyriiX ITepe,n;aq. OT,n;eJihHhre pe3yJihTaThi ,n;IIna1mqecKo:i1 Mo,n;eJIII, ocnoBan

noii. Ha ypaBHeHII.HX Jlan:IKeBena, HaxO)J;.HTC.H B COOTBeTCTBIIII C BhiBO,D;aMII, ITD

JiyqeJIHbiMII B paMKax ,n;pyriiX TeopeTIIqeCKIIX IIO,!J;XO,!J;OB K OIIIICaHIIIO CTOJIK-

6 

j 

l 

r 

I 

! 
I 

I 
\' 

noBeniiii. T.H:IKMhiX IIOHOB TaKIIX, KaK GRAZING, Mo,n;eJih ,n;Boii.noii. a,n;epnoii. 

CIICTeMhi II necTaiJ,IIonapnhrii. MeTo,n; XapTpii-cfloKa; 

Arrpo6au;M» pa6oThi. OcnoBHhre pe3yJihTaThi pa6oThi ,n;oKJia,D;biBa

JIIICh Ha CJie,!J;YIOIII;IIX Me:IK,D;YHapO,!J;HbiX KOH¢epeHIJ,II.HX: 

1. 35th Mazurian Lakes Conference on Physics (Piaski, Poland, September, 

2017); 

2. 3ace,n;aniie ITpOrpaMMHQ-KOHCYJihTaTIIBHOrO KOMIITeTa 0115111 ITO .H,D;ep

HOH ¢II3IIKe (,Ilj6na, Pocciia, 11ronh 2018); 

3. 53rd Zakopane Conference on. Nuclear Physics (Zakopane, Poland, 

August, 2018); 

4. 9ii. Me:IK,n;ynapo,n;nhrii. CIIMII03IIYM no 3K30TIIqecKIIM a,n;paM 'EXO N 18 

(IleTpo3aBo,n;cK; Pocciia, CenTa6ph 2018); 

5. 4th International. Conference on Nuclear Structure and Dynamics 

NSD2019 (Venice, Italy, May, 2019); 

6. 69a Me:IK,n;ynapo,n;naa Kon¢epeniJ,II.H ITO a,n;epnoii. ciTeKTpocKoriiiii II 

cTpyKType aToMnoro a,n;pa «51,ll;P0-2019» (,Ilj6na, Pocciia, 11roJih 

2019). 

JlM'IHhiH BKJia.n;. ABTop ITpiiHIIMM aKTIIBnoe yqacTIIe B ITOCTanoB.,

Ke nayqHhlX 3a,n;aq ,!J;IICCepTaiJ,IIII, pa3pa60TKe BhlqiiCJIIITeJibHhiX MrOpiiTMOB, 

ITpOBe)J;eHIIII pacqeTOB, aHaJIII3e ITOJiyqeJIHbiX pe3yJihTaTOB, HaiiiiCaHIIII CTa

Teii. II IIX IIO)J;rOTOBKe K lly6JIIIKaiJ,IIII. JIIIqJIO aBTOp_oM6biJia o6o6rn;ena MHOro

MepHa.H ,!J;IIHaMIIqecKa.H MO,D;eJih a,n;po-a,n;epHbiX CTO~KHOBeHIIH Ha CJiyqaii. MD

,n;eJIIIpOBaHII.H CTOJIKHOBeHIIii. c Y!JaCTIIeM a,n;ep, IIMerorn;IIx ,n;e¢opMIIpoBannyro 

¢opMy B OCHOBHOM COCTO.HHIIII, llpe,D;JIO:IKeH CIIOC06 pacllpe,n;eJieHII.H 3Hepriiii 

B036y:IK,D;eHII.H Me:IK,D;Y, ITpO,!J;YKTaMII peaKIJ,IIII B 3aBIICIIMOCTII OT BpeMeHII ee 

ITpOTeKaHII.H, a TaK:IKe IIOJiyqen na6op llapaMeTpOB ,!J;IIHaMIIqecKOH MO)J;eJIII. 

11cCJie,n;oBaHII.H oco6ennocTeii. ITpoTeKaHII.H peaKIJ,IIii. MnoronyKJIOHHhiX 

11epe,n;aq B ciicTeMax a,n;ep, xapaKTepii3yeMhiX pa3JIIIqnoii. Maccoii., II30CITII

noM, a TaK:IKe ¢opMOH .H,D;pa B OCHOBHOM COCTO.HHIIII, 6hiJIII BbiiiOJIHeHbl ITpii 

o11pe,n;eJiarorn;eii. poJIII aBTopa. Pe3yJihTaThi pacqeTOB, ITpe,n;cTaBJieHHbre B ,n;IIc

cepTaiJ,IIII, II OCHOBHhie ITOJIO:IKeHII.H, BbiHOCIIMhie Ha 3aiii;IITy, IIOJiyqeHhl JIIIqJIO 

aBTOpOM. 
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IIy6JIMKau;nn. OcnoBnbre pe3yJihTaTbi no TeMe .n;uccepTall,HH H3Jio

)KeHhi B 11 neqaTHbiX H3,JJ;aHH5IX, 9 H3 KOTOpbiX ony6JIHKOBaHbi B )Kypnanax, 

peKoMen,n;oBaHHhiX BAK, u BKmoqennhrx B cncTeMbi ll,HTHpoBaHH5! Scopus u 

Web of Science, 2 - B MaTepuanax Koncl>epeHll,HH. 

KpaTKOe co,n;ep)KaHHe pa6oTbi 

Bo BBe,n;eHMM o6ocnoBbiBaeTc5! aKTYaJihHOCTh uccne,n;oBanuli, npo

BO,JJ;HMbiX B paMKaX ,n;aHHOH ,JJ;HCCepTall,HOHHOH pa60Tbi, npHBO,JJ;HTC5I 0630p 

nayqnoli JIHTepaTypbr no H3yqaeMoli npo6neMe, cl>opMynupyeTC5I ll,eJib, CTa

B5ITC5I 3a,n;aqu pa60Tbi, CcPOPMYJIHpOBaHbi nayqna5! HOBH3Ha H npaKTHqecKa5! 

3HaqHMOCTb npe,JJ;CTaBJI5IeMOH pa60Tbi. 

IIepBa.H rJiaBa noCB5IIll,ena TeopeTuqecKoMy no.n;xo.n;y K onucanuro 

peaKll,HH MHOrOHyKJIOHHbiX nepe,n;aq - MHOrOMepHOH ,JJ;IIHaMHqeCKOH MO,JJ;eJIH 

5I,JJ;pD-5I,JJ;epHbiX CTOJIKHOBeHHH, OCHOBaHHOH Ha ypaBHeHH5IX JlaH)KeBeHa [8]. 
B aTOM no.n;xo.n;e cncTeMa CTaJIKHBaiOill,HXC5I 5I,JJ;ep onucbmaeTC5I na6opoM KOJI

neKTHBHhrx CTeneHeH CB060,JJ;bi: paCCT05IHHe Me)K,JJ;y u;eHTpaMH 5I,JJ;ep, napaMeT

pbi 3JIJIHnCOH,JJ;aJibHOH ,n;ecl>opMall,HH 060HX ci>parMeHTOB, 3ap5I,JJ;OBa5! H MaC

COBa5! aCHMMeTpHII. 9TH napaMeTpbi 3a,JJ;aiOT CeMeHCTBO 5I,JJ;epHbiX cPOpM, a 

TaK)Ke pacnpe.n;enenue 3ap5I,n;a, KaK ,JJ;JI5! pa3,n;eJieHHbiX 5I,JJ;ep, TaK H ,JJ;JI5! co

CTaBHOH cncTeMbi. TaK)Ke B KaqecTBe CTeneneli cBo6o,n;hr paccMaTpHBaiOTC5I 

yrJibi nOBOpOTa o60HX ci>parMeHTOB H · BCeH CHCTeMbi KaK ll,eJIOrO. 

· CToJIKnoBenue ,n;Byx T5I)KeJihrx 5I,n;ep paccMaTpHBaeTC5I B Mo,n;eJin KaK 

nenpepbiBHhrH TpexcTynenqaTbiH npoll,ecc. Ha nepBOM aTane CTaJIKHBaiOill,H

ec5! 5I~pa npH6JIH)KaloTC5I ,n;pyr K ,n;pyry, Ha CJie,JJ;yiOill,eH CTa,JJ;HH npOHCXO,JJ;HT 

o6pa3oBanue H ,n;anbnelirna5! 3BOJII01I,H5! e.n;unoli cocTaBHOH cncTeMhi. B Ko

neqnoM HTOre npOHCXO,JJ;HT pacna,n; e,JJ;HHOH CHCTeMbi Ha ,JJ;Ba cl>parMeHTa, KO-
. I 

TOpbie pa3JieTaiOTC5! B npOTHBOnOJIO)KHbie CTOpOHbi B CHCTeMe ll,eHTpa MaCe. 

B .n;unaMuqecKOM no.n;xo.n;e na ocnoBe ypaBnenuli Jlan)Kesena KOJIJieKTHBHa5! 

5I,JJ;epna5! ,lJ;HHaMHKa OnHCbiBaeTC5I no aHaJIOrHH C ,JJ;BH)KeHHeM 6poyHOBCKOH 

qaCTHll,bi ( KOJIJieKTHBHbie CTeneHH CB060,JJ;bi), nOMeill,eHHOH B TepMOCTaT, o6-

pa30BaHHbiH BCeMH OCTaJibHbiMH cTenen5I~m' cBo6o,n;hr. CncTeMa ypaBHeHHH 

JlaH)KeBeHa COCTOHT H3 KJiaCcHqecKHX ypaBHeHHH ,JJ;BH)KeHH5!, yqHTbiBaiOill,HX 
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CHJIY TpeHH5! H CJiyqaftnyro CHJIY 

'{· qi = Lf.LijPj, ' . 

. Pi =;driving'- L /ijf.LjkPk + L (}ij~j(t), 
. . j,k j 

(1) 

KOTOpbie CB5!3aHbi ,n;pyr C ,n;pyroM qepe3 cPJIYKTyall,HOHHD-,JJ;HCCHnall,HOHiJ:yro 

TeopeMy: 

(}ik(}kj = /ij~*. 
3,n;eCb qi H Pi - KOJIJieKTHBHbie CTeneHH CB060,JJ;bi, paCCMaTpHBaeMbie B MD

,n;eJIH, H COOTBeTCTBYIOill,He HM HMnyJibCbi, f.Lij = lmij ~-l npe,n;cTaBJI5IeT Co-

6oft o6paTHbiH TeH30p HHep1I,HOHHbiX K03cPcPHll,HeHTOB, /ij - TeH30p TpeHim, 

(}ij - aMnJIHTy,n;a cnyqalinoli CHJibr, ~i(t) - cJiyqalina5! Benuquna, o6pa3yro

Ill,a5! pacnpe,n;eJieHHe raycca, a ~* - 3TO 3cPcPeKTHBHa5! TeMnepaTypa 5I,JJ;pa, 

yqHTbiBaiOill,a5! HyJieBbi~ KOJie6aHH5! ,JJ;JI5! cPHHHTHbiX KOJIJieKTHBHbiX 'MO,JJ; ,JJ;BH

)KeHH5!. ,Il;BH)Kyill,a5! cuna Fdriving, BXO,JJ;5!Ill,a5! B CHCTeMy ypaBnenHH Jlan)KeBe

na ( 1), Bbipa)KaeTC5! qepe3 qacTHbie npOH3BO,JJ;Hbie OT CB060,JJ;HOH 3HeprHH no 

cooTBeTCTBYIOill,HM KOJIJieKTHBHhiM Koop.n;unaTaM. Pernenue ypaBnen~li · Jlan

)KeBena npoBO,JJ;HTC5! qucnenno c fiCnOJih30BanneM pa3HOCTHOH cxeMbi Xbrona. 

9BOJII01I,H5! 5I,JJ;epHOH CHCTeMbi onpe,n;eJI5IeTC5I JiaH,JJ;IIIacPTOM noTeHll,H

aJibHOH 3HeprHH. IloTeHll,HaJibHa5! 3HeprH5! B3aHMO,JJ;eHCTBH5! CTaJIKHBaiOI1J,HX

C5! 5I,JJ;ep BbiqHCJI5IeTC5! B paMKax· MaKpD-MHKpOCKOnnqeCKOrO nO,JJ;XO,JJ;a, OC

HOBaHHOrO Ha ,JJ;Byxu;enTpOBOH o6onoqeqnoH MO,JJ;eJIH [13]. ,Il;JI~ CHCTeMbi CO

npHKOCHYBIIIHXC5I 5I,JJ;ep K03cPcPHll,HeHTbi HHepll,HH f.Lij BbiqHCJI5IIOTC5! B rH,JJ;

pO,JJ;HHaMHqecKOM no.n;xo.n;e Bepnepa-Yunepa [14], a cooTBeTCTBYIOill,He Koacl>

cPHll,HeHThi TpenH5! Iii - B Mo,n;enu o.n;noTeJihHOH B5!3Koc:rn [15]. B Mo,n;eJIH 

yqnTbiBaiDTC5! npoll,eCchr nyKJIOHHbiX nepe,n;aq H .n;uccunall,HH KHHeTnqecKoH 

3HeprHH elll,e ,JJ;O KOHTaKTa5I,JJ;ep, KOTOpbre naqunaiOTC5! Ha paCCT05IHHH ,n;eH

CTBH5! 5I,JJ;epHbiX CHJI "' 2 cPM. TpancnopTHbie K03cPcPH1I,HeHThi, COOTBeTCTBy

IOlll,He CTeneH5IM CB060,JJ;bi MaCCOBOH H 3ap5I,JJ;OBOH aCHMMeTpHH ,JJ;JI5! cnyqa5J: 

pa3,n;enennbrx 5I,JJ;ep, paccqnThiBaJIHCh H3 cKopocTH nyKJIOHHhiX nepe,n;aq >., a 

,JJ;JI5J: yqeTa ,JJ;HCCHnall,HH 3HeprHH OTHOCHTeJibHOrO ,JJ;BH)KeHH5! BBO,JJ;HTC5! cPOpM

cl>aKTOp. pa,JJ;HaJibHOrO TpeHH5! no aHaJIOrHH C MO,JJ;eJibiO IlOBepXHOCTHOrO Tpe

HH5! [16]. 
B .n;aniloli .n;uccepTall,HOHHOH pa6oTe 6hma ycoBeprnencTBOBana ucxo.n;

na5! BepCH5! MHOrOMepHOH ,JJ;HHaMHqecKOH MO,JJ;eJIH CTOJIKHOBeHHii: T5J:)KMbiX 

5I,JJ;ep, OCHOBaHHOll Ha ypaBHeHH5IX JlaH)KeBeHa [8]. 
9 



• Jf3yqen nonpoc o pacnpe,n,eJieHIIII :=mepriiii B036y*,n,enii.H Me*,n,y npo

,lJ,YKTaMII peaK~IIII MnoronyKJIOHHhiX nepe,n,aq.< BhiJio o6napy*eno, '-ITO 

pa3,D,eJieHIIe nOJIHOll 3HeprHII B036y)K,D,eHII.H MeJK,D,y cf>parMeHTaMII 3a

BIICIIT OT BpeMeHII B3aiiMO,D,eUCTBII.H .H,D,ep II II3MeH.HeTC.H OT npaKTII'-Ie

CKII paBHOrO pa3,D,eJieHII.H ,li,JI.H 6hiCTphiX CTOJIKHOBeHIIll ).1,0 nponop~II

OHaJihHOrO MaccaM cf>parMeHTOB - ,D,JI.H ,D,JIIITeJihHhix peaK~IIi1. Y'-IeT 

BpeMeHHOll 3aBIICIIMOCTII 3TOrO npo~ecca C xapaKTepHhlM BpeMeHeM 

nepexo,n,a r = 2 · 10-21 c no3BOJIIIJI YJIY'-IIIIIITh corJiaciie pacqeToB 

C 3KCnepiiMeHTaJihHD-Ha6JIIO,D,aeMhiMII II30TOnHhiMII pacnpe,n,eJieHII.HMII 

npO,D,yKTOB B MaCC-aCIIMMeTpii'-IHhiX peaK~II.HX. 

e 06napy)KeHO, '-ITO IIHTeHCIIBHOCTh HYKJIOHHOrO 06MeHa CIIJihHO 3aBIICIIT 

OT . MaCChi CTaJIKIIBaiO~IIXC.H .H,D,ep. Xopoiiiero oniicanii.H 3KcnepHMen

TaJihHhix ,n,aHHhiX no MaCCOBhiM II 3ap.H,lJ,OBhiM pacnpe,n,eJieHII.HM npo

,lJ,YKTOB, o6pa3yiO~IIxc.H n peaK~II.HX rJiy6oKoneynpyrHx nepe,n,aq oT 
58

Ni + 208
Pb ,li,O 

238U + 248Cm, Y,ll,aJIOCb ,li,OCTIIrHYTh nyTeM BBe,n,eHII.H 3a

BIICIIMOCTII CKOpOCTII HYKJIOHHhiX nepe,n,aq OT nOJIHOU MaCChi CIICTeMhi: 

.\"" Arot· 

• Ilpe,n,JimKen cnoco6 Mo,n,eJIIIponanH.H peaK~IIi1 c yqacTIIeM .H,n,ep, ,n,ecf>op

MIIposannhiX B OCHOBHOM COCTO.HHIIII. ,II;JI.H peiiieHII.H 3TOU 3a,D,a'-III, IIC

nOJih30BaJIIICh. CJie,D,yiO~IIe npii6JIII)KeHII.H: 

1. PaccMaTpHBaiOTC.H npe,n,eJihHhie cJiy'-!aii B3aHMnoi1 opHen~a~IIII 
.H,n,ep, Kor,n,a Ka)K,D,hii1 cf>parMenT MO)KeT 6hiTh opiienTIIposan ;m6o 

B,li,OJih, JIII60HO,ll, np.HMhiM yrJIOM K OCH, COe,D,HH.HIO~efi IIX ~eHTphi. 
TaKIIM o6pa3oM, B cJiyqae, ecJIII o6a .H,D,pa IIMeiOT ,n,ecf>oJ?MIIpo~an
nyro cf>opMy B OCHOBHOM COCTO.HHIIII, B03HIIKaeT '-IeThipe Ha'-!aJihHhiX 

B3aiiMHhix opiieHTawm .H,n,ep: (0,0), (0,7rl2), (7rl2,0), (7rl2,7rl2),' 
npii KOTOphiX MO,D,eJIHpyiOTG.H CTOJIKHOBeHII.H .H,D,ep. ,II;IIcf>cPepeH~II-~ 

aJihnoe ceqeniie peaK~IIII Bhi'-IIICJI.HeTc.H nyTeM ycpe,n,nenii.H no B3a

IIMHhiM OpiieHTa~II.HM. Ilpii 3TOM npe,n,noJiaraeTC.H, '-ITO Ce'-!eHIIe pe

aK~IIII JIIIHeUHO 3aBIICIIT OT OpiieHTa~IIll CTaJIKIIBaiOJAIIXC.H .H,D,ep. 

2. PeJiaKca~II.H opHeHTIIposannou .H,D,epnoi1 CIICTeMhi K aKCIIaJihno

CIIMMeTpii'-lnou npOIICXO,li,IIT B nanpaBJieHIIII, nepneH,D,IIKYJI.HpHOM 

OCII, COe,D,IIH.HIO~efi ~eHTphi cf>parMeHTOB, II He II3MeH.HeT paCCTO.H

HIIe Me)K,n,y ~enTpaMII cf>parMeHTOB. B aTOM cJiyqae ceMeiicTna opii

enTIIponannhiX II aKCIIaJihHD-CIIMMeTpU'-!HhiX cf>opM .H,D,epHOU CUCTe-
10 
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Mhi MOryT 6hiTh CB.H3aHhi qepe3 napaMeTphi 3JIJIIInCOII,ll,aJihHOll ,n,e

cf>opMa~UII cf>parMeHTOB. PeJiaKca~ml: opHenTnposannoi1 .H,n,epnoi1 

· CUCTeMhi K aKCIIaJihHQ-CIIMMeTpii'-IHOll peaJIII3yeTC.H B nOTeH~llaJih

HOll 3Hepmu npu no~O~II 3KCnOHeH~IIaJihHOrO cf>opM-cf>aKTOpa, 3a

BIIC.H~ero oT npeMenu B3anMo,n,ei1cTBII.H. XapaKTepnoe speM.H 3Toro 

npo~ecca, noJiyqennoe B paMKax ,n,unaMnqecKoii.Mo,n,eJIII, cocTaBJm-
eT 10-21 c. . . 

B Kon~e rJiaBhi o6cy*,n,aeTC.H na6op napaMeTpOB Mo,n,eJIII, KOTOphie, 

rJiaBHhiM o6pa30M, 3a,D,aiOT BpeMeHHYIO 3aBUCIIMOCTh MHOrOMepHOll nOTeH-. 

~IIaJihnoi1 anepruu, Ko3¢¢II~HeHThi pa,n,IIaJihnoro Tpenu.H II Tpenu.H CKOnh-
. ' ' 

)KeHU.H, CKOpOCTh HYKJIOHHhiX nepe,n,aq II paCCTO.HHUe Me)K,D,y nonepXHOCT.HMII 

.H,D,ep, Ha KOTOpOM Ha'-!UHaeTC.H ,lJ,IICCIIna~II.H KUHeTII'-IeCKOll 3Heprnii II 06MeH 

nyKJionaMn. I1ccJie,n,yeTC.HIIX BJIII.Hnue na aKcnepnMeHTaJihno-na6Jiro,n,aeMhie 

XapaKTepUCTIIKII npO,D,yi<;TOB peaK~IIII. 

BTopaa rJiaBa nocn.H~ena IICCJie,n,onanuro npo~ecca ypannoneiiinna

nu.H 3ap.H,n,a (charge-equilibration) nJiu seJIII'-IIIHhi N I Z ( N I Z-equilibration), 

npO.HBJI.HIO~erOC.H B peaK~II.HX MHOrOHYKJIOHHhiX nepe,n,aq. chOT npo~eCC na-

6JIIO,D,aeTC.H B CUCTeMax, COCTO.Hlfi,IIX I13 .H,D,ep C pa3JIII'-IHhiMII 3Ha'-!eHII.HMII 

N I Z, II 3aKJiroqaeTC.H B nepepacnpe~eJiennii nyKJIOHOB Me)K,n,y cf>parMenTa

MII· TaK, '-IT06hi MIIHIIMII3IIpOBaTh nOTeH~IIaJihHYIO 3HeprUIO IIX B3aUMO,D,efi

CTBU.H; BhiJIO noKa3ano, '-ITO MexaiiH3M 3Toro npo~ecca onpe,n,eJI.HeTc.H Jian,n,

IIIacf>ToM noTen~naJihHOi1 aneprHII B Koop,n,unaTax Z u N u 3aKJiroqaeTc.H B 

nepeKpeCTHOM 06Mene HefiTpOHaMU II. npOTOHaMU Me)K,D,y CHap.H,li,OM II MII

IIIeHhiO. ,II;JinTeJihHOCTh ypasnoneiiinnanu.H BeJIII'-IIIHhi N I Z, II3BJieqenna.H II3 

pacqeTOB ,li,JI.H peaK~IIII 58Ni + 208Pb, COCTaBIIJia 0.5 .·10-21 C. 9TH pe3yJihTaThi 

na.Xo,n,.HTC.H B xopoiiieM corJiacuu.c ,n,pyrHMU pacq(haMH, BhiiiOJinennhiMII, na

npnMep, B paMKax MUKpOCKOnnqecKoro necTa~IIOHapnoro rro,n,xo,n,a XapTpii~ 
~OK~ . 

Pe3yJihTaThi anaJin3a Bhixo,n,on Kone'-IHhiX npo,n,yKTOB B peaK~n.Hx58Ni, 
64Ni + 208Pb, nOKa3aHHhie na puc. 1, ,n,eMOHCTpnpyiOT 3Ha'-IIITeJihHOe BJIII

.HHUe npo~ecca ypannoneiiinnanu.H 3ap.H,n,a na cf>opMnposanue npo,n,yKTOB 

MnoronyKJIOHHhiX nepe,n,aq. B peaK~IIII 58Ni + 208Pb, II3-3a HaJIII'-III.H npo

~ecca ypaBHOBeiiiiiBaHII.H 3ap.H,n,a, 3ap.H,lJ,OBo-aCUMMeTpii'-IHhie npO,D,yKThi (Fe, 

Cr, Po, Rn) ·nMeiOT 6oJiee BhiCOKne ceqenH.H o6pa3onanu.H, '-!eM B peaK~IIII 
64Ni + 208Pb. He CMOTp.H na 3TO, BhiXO,lJ,hi II30Tonon c nau6oJihiiiUM nei1Tpon-

HhiM II36hiTKOM OKa3hiBaiOTC.H 60Jihiiie B peaK~IIII 64Ni + 208Pb. · . 
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1if'r-~~--~~~~--~~--~r-~--~~~~--~ 

~ ~~~ Pt l Hg l Pb ] l Po - l Rn l Ra ~~~ 

PIIc. 1: H3oTorrrrhre pacrrpe,rviJieHII.H Korreqrrh!x cH:ap.H.n.o- II MIImerrerro.n.o6rrhiX 

¢parMeHTOB, o6pa3yiOID;IIXC.H B,ll.Byx peaK~II.HX: 58Ni + 20!Pb IIpii :mepriiii 

101 

Ec.m. = 270 MaB (crrJIOillHbie poM6bi II TOJICTb!e riiCTOrpaMMb!) II 64Ni + 208Pb rrprr 

arreprrrrr Ec.m. = 268 MaB ( OTKpb!Thie TpeyroJibHHKH H TOHKHe riicTorpaMMbi). 

fHCTOrpaMMbl --' pe3yJibTaTbl pacqeTOB, IIOJiyqeHHb!e B paMKax ,ll.Opa6oTaHHOil: MO,ll.eJIH, a 

CliMBOJiaMU 0603rraqeHb! 3KCIIepHMeHTaJibHb!e ,ll.aHHb!e li3 pa6oT (17, 18). 

TpeTMI rJiaBa noCB5IIII,eHa IICCJie)J,oBamno xapaKTepiiCTil:K npo.rzyK

TOB, o6pa3yiOIII,IIXC51 B peaKIJ;II51X MHOPOHYKJIOHHhiX nepe,11,aq C yqaCTIIeM .51)J,ep, 

IIMeiOIII,IIX )J,e<f>opMIIpOBaHHYIO <f>opMy B OCHOBHOM COCT051HIIII. 0)J,HOi1II3 3a

)J,aq 9TOit rJiaBhi 51BJI51eTC51 anpo6aiJ;II51 pa3pa60TaHHOrO ITO)J,XO)J,a )J,JI51 MO)J,e.im

pOBaHII51 CTOJIKHOBeHIIit T51)KeJihiX 51)J,ep, IIMeiOIII,IIX )J,e<f>opMIIpOBaHHYIO <f>op

MY B OCHOBHOM cocT051HIIII. BTopa51 u;eJih - aTo nccJie)J,oBaHIIe B03HIIKaiO

III,IIX npii 9TOM OpiieHTaiJ;IIOHHhiX s<f><f>eKTOB, KOTOphie HenpeMe!fHO 0Ka3hl.:. 

BaiOT BJIII51HIIe Ha )J,IIHaMIIKY npOTeKaHII51 CTOJIKHOBeHIIitii, COOTBeTCTBeHHO, 

Ha <f>opMIIpOBaHIIe pacnpe)J,eJieHIIit npO)J,yKTOB no yrJiaM · BhiJieTa, KIIHeTIIqe-

. CKOit 9Hepriiii, MaCCaM II aTOMHhiM HOMepaM. TaKyiO IIH<f>OpMaiJ;IIIO MO)KHO 

II3BJieqb II3 aHaJIII3a 9KCnepiiMeHTaJihHhiX )J,aHHhiX, noJiyqeHHhiX )J,JI51 peaK

IJ;IIit C yqaCTIIeM nOXO)KIIX, HO OTJIIIqaiOIII,IIXC51 CBOeit <f>opMOit B OCHOBIIOM 

cocT051HIIII, 51,11,ep. B )J,aHHoit )J,IIccepTaiJ;IIOHHoit pa6oTe 6hiJIII npoaHaJIII3IIpo

BaHhi HeCKOJihKO npiiMepOB TaKIIX CIICTeM: 144Sm + 144Sm, 154Sm + 154Sm-II 

2ospb + 2osPb, 23su. 

B CIICTeMax 
144

Sm + 144
Sm II 154Sm + 154Sm MaJIOBepo51THhi npo

u;ecchi CJIII5IHII51-)J,eJieHII51 II nOCJie)J,OBaTeJihHOrO )J,eJieHII51' T51)KMhiX npO~K

TOB, no::iTOMY OHII oqeHh Y,ll,06Hhl )J,JI.51 II3yqeHII51 peaKIJ;IIit rJiy60KOHeynpyriiX 
/ 
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Puc. 2: (a) YrJIOBh!e II (6) arrepreTrrqecKrre pacrrpe.n.eJieHII.H rrpo.n.yKTOB peaK~HH, 

rroJiyqerrrrhre B peaK~H.HX 144Sm + 144Sm H 154Sm + 154Sm ~PII an'eprH.HX Ec.m. = 500 H 

485 MaB cooTBeTCTBerrrro. frrcTorpaMMaMII o603rraqeHhi pe3yJihTaTbi pacqeToB, a 

CliMBOJ!bl IIOKa3b!BaiOT 3KCqepHMeHTaJibHbie ,ll.aHHbie [19]. TiyHKTHpHa.H rHCTOrpaMMa li 

poM6bi COOTBeTCT~YIOT peaK~lili 1448m + 1448m, CIIJ!OillHa.H rHCTOrpaMMa li 

KPY)KKH - peaK~HH 154Sm + 154Sm. 

nepe,11,aq [19]. ,ll;IIHaMIIqecKa51 MO)J,eJih 51,1J,p0-5I)J,epHbiX CTOJIKHOBeHIIit XOpOIIIO 
I . • 

OniiCaJia IIMeiOIII,IIeC51 )J,aHHhie no yrJIOBhiM II 9HepreTIIqeCKIIM pacnpe)J,eJieHII-

.51M npO)J,yKTOB, o6pa30BaHHhiX B peaKIJ;IIII 
144

Sm + 144
Sm (eM. piiC. 2). ilpii 

Mo.rr:eJIIIpOBaHIIII peaKIJ;IIII 154Sm + 154Sm. C yqeTOM B3aiiMHOtt opiieHTaiJ;IIII . . . 

CTaJIKIIBaiOIII,IIXC51 51,1J,ep y)J,aJIOCh xoporno oniicaTh sHepreTIIqecKoe II 3ap51,1J,o-. 

BOe pacnpe)J,eJieHII51 npO)J,yKTOB peaKIJ;IIII, HO pe3yJihTaThl pacqeTOB yrJIOBOPO 

pacnpe)J,eJieHII51 CO)J,ep)KaT HeCKOJihKO niiKOB, He 'H:a6JIIO)J,aeMbiX 9KCnepiiMeH

TaJihHO. 0HII B03HIIKaiOT II3-38: OrpaHIIqeHHOPO qiiCJia yqiiThiBaeMbiX B MO)J,e-

JIII B3aiiMH,hiX OpiieHTaiJ;IIit 51)J,eR. . 

,ll;JI51 TaKIIX T51)KeJihiXCIICTeM, KaK 208Pb + 208
Pb, 

238U, 3HaqiiTeJih

Ha51 )J,OJI51 o6pa30BliBIIIIIXC51 npO)J,yKTOB pacna)J,aeTC51 C o6pa30BaHIIeM OCKOJI

KOB )J,eJieHII51. ilpou;eccy nOCJie)J,OBaTeJihHOrO )J,eJieHII51 ITO)J,Bep)KeHhl Haii60Jiee 

T51)KeJihie nepBIIqHhie npO)J,yKThi, ceqeHIIe o6pa30BaHII51 KOTOphiX pe3KO na

)J,aeT C yBeJIIIqeHIIeM aTOMHOrO HOMepa npO)J,yKTa. 9TO npOIIJIJIIOCTpiipOBa

HO Ha piiC. 3 Ha npiiMepe 3ap51,1J,OBOPO pacnpe)J,eJieHII51 npO)J,yKTOB peaKIJ;IIII 

208Pb + 208Pb. Pe3yJihTaThi pacqeTOB, cooTBeTCTByiOIII,IIe KoHeqHhiM npo

,1J,YKTaM, XOpOIIIO COrJiacyiOTC51 C HMeiOIII,IIMIIC51 9KCnepiiMeHTaJihHhiMII )J,aH

HhiMII [20]. 9KCnOHeHIJ;IIaJihHhii1 CITa)J, ceqeHIIit o6pa30BaHII51 npO)J,yKTOB T51-
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Pnc. 3: 3apH,!l.OBoe pacrrpe,!l.e.JieHne KOneqiii.rx rrpo,rzyKTOB, r':roJiyqennhrx B peaKu;nn 

208Pb + 208Pb rrpn ~mepmn E c.m. = 786 MaB. Pe3yJihTaTbl pacqihos ,!l.JIH rrepsnqnhrx u 

KOJieqHbiX cpparMeJITOB o603HaqeHbl IIITpllXOBOH ll CIIJIOIIIHOfl rnCTOrpaMMaMH. 

CnMBOJibi cooTBeTCTBYIOT aKcrrepnMeHTaJihHhiM ,!l.aHHhiM (20J. (rroKa3ano B MaCIIITa6e·, 

IIOCKOJibKY llCXO,!l.Hbie ,!l.aHJible IlpHBe,!l.eHbl B IlpOH3BOJibHbiX e,!l.UHHIJ;ax). IJOKa3aHbl 

BKJia,!l.bi rJiy6oKoneyrrpyrux rrpou;eccoB (1) n rroCJie,!l.OBaTe.JibHOro ,!l.eJienna (2). 

)KeJiee MIIIIIemr B peaKIJ,II.HX MHOrOHYKJIOHHhiX nepe.n,aq TaK)Ke XapaKTepeH 

.n,Jia 6onee MacciiBHhix ciicTeM. 

BoJihlliOH IIHTepec e TO'IKII 3peHII.H II3y'Iemia opiieiiTaiJ,IIOHHhiX set>~ 

cl>eKTOB B paMKax pa3pa6oTaHHOH MO)J,eJIII npe)J,CTaBJI5IIOT CTOJIKHOBeHII.H 
160Gd + 186W npii oKoJio6ap-bepHhrx' sHepriiax cToJIKHOBeHII.H, B KOTOphrx 

o6a napTHepa IIMeiOT BhiT5iHyTyiO cPOPMY .H)J,pa B OCHOBHOM COCTO.HHIIII. Ha 

piiCYHKe 4 npe)J,CTaBJieH IIpiiMep BKJia.n,a pa3JIII'IHhiX.Ha'IaJihHbiX OpiieHTaiJ;IIH 

.H)J,ep B MaCCOBOe pacnpe)J,eJieHIIe nepBII'IHhiX IIpO)J,yKTOB peaKIJ,IIII, o6pa3yiO

IIJ,IIXC.H npii OKOJio- II Ha.n,6aphepHhiX 3Heprii.HX Ec.m. = 462, 502 II 860 MsR 
' . . . \ 

IlepBhre .n,Ba 3Ha'IeHII.H npii6JIII)KeHHo cooTBeTCTBYIOT KYJIOHOBCKOMY 6aphepy 

)J,JI.H opiieHTaiJ,IIii «BepiiiiiHa K 6oKy» II «6oK K 6oKy». Haii6oJihiiiaa siiepriia 

3Ha'IIITeJihHO npeBhiiiiaeT KYJIOHOBCKIIH 6apbep. 

BJIII.HHIIe opiieHTaiJ,IIII a.n,ep Ha .n,n:HaMIIKY CTOJIKHOBeHIIii Haii6o-

Jiee CIIJihHO npoaBJI.HeTc.H npii HaiiMeHbiiieii 3Hepriiii Ec.m. = 462 MsB 

( CM. piic. 4a). CTaJIKIIBaiOIIJ,IIeca a.n,pa IIHTeHCIIBHO B3aiiMo.n,eiicTBYIOT . npii 

Ha'IaJibHOH OpiieHTaiJ,IIII «BepiiiiiHa K BepiiiiiHe» (eM. riiCTOrpaMMY 1 Ha 

piic. 4a), a CTOJIKHOBeHII.H «6oK K 6oKy», aBJI.HIOIIJ,IIeca no.n,6aphepHhiMII )J,JI.H 

3Toii 3Hepriiii, xapaKTepii3yeTca CIIJihHO no.n,aBJieHHhiMII HYKJIOHHhiMII ne-
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Puc. 4: · MaccOBble pacnpe,!l.e.Jienna rrepBnqnhrx rrpO,!l.yKTOB peaKu;nu 160Gd + 186W,· 

paccqnTaHHbie ,!l.JIH Tpex anepmii: Ec.m. = 462, 502 ll 860 MaB. rncTorpaMMaMn 

rrOKa3aHbl pe~yJihTaTbl ~.i.m CTO~KHOBennii: «Bepiiinna K Bepiiinne:.- (1), «Bepiiinna K ·. 

60Kp (2), ..:60K KBepiiinlJ:e~ (3) ll «60K K 60Kp (4). 

pe)J,a'IaMII (eM. riiCTOrpaMMY 4 Ha piiC. 4a). Ilpii yBeJIII'IeHIIII 3Hepriiii pe

aKIJ,IIll Ha 40 MsB, imTeHCIIBHhie HYKJIOHHhie nepe.n,a'III Ha6JIIO)J,arOTC.H )J,JI.H 

BCeX Ha'IaJihHbiX OpiieH'FaiJ,IIH ( CM. piiC. 46) II COOTBeTCTBYIOIIJ,IIe pe3yJihTaThi 

pac'IeTOB ~TaHOB.HTC.H 6JIII~e .n,pyr K .n,pyry; II CJie)J,OBaTenhHO, . MeHee 'IYB

CTBIITeJibHhiMII K Ha'IaJihHbiM OpiieHTaiJ,II.HM .H)J,ep. IJpii Haii60JibiiieH 3Hepriiii 

Ec.m. = 860 MsB (10 MsB/HYKJIOH) opiieHTaiJ,IIOHHhie scl>cl>eKThi IIC'Ie3arOT 

( CM. pUC. 4B). IJo.n,o6HhiM o6pa3QM Ha'IaJihHbie OpiieHTaiJ,IIII CTa~K~BaiO~IIX-
. . ' ,' . 

C.H .H)J,ep BJIII.HIOT Ha 3HepreTII'IeCKIIe II yrJIOBbie pacnpe.n,eJieHII.H IIpO)J,yKTOB, 

onp~.n,eJiaeMbieBhiCOTOii KYJIOHOBCKoro 6apbepa n yrJioM KacaTeJihHhiX cTom(-

HOBeHIIii (He IIOKa3aHO). . . 

PeaKIJ,II.H 160Gd + 186W 6hwa II3y'IeHa sKcnepiiMeHTaJI~Ho Ha ycTa

HOBKe CORSET B J15IP 0115!11 npii 3Heprii.HX Ec.m .. = 462, 502 MsB [12]. 

CpaBHeHIIe pe3yJihTaTOB pac'IeTOB c 3KcnepiiMeHTaJihHhiMII .n,aH.HhiMII noKa

saHo Ha piic. 5. Pac'IeTHhie .n,aHHhre, npiiBe.n,eHHhie Ha piic. 5, Y'IIIThiBaiOT 

ycJIOBII.H 3KCIIepiiMeHTaJihHOH periiCTpaiJ,IIII IIpO)J,yKTOB KaK IIO. yrJiaM BhiJie

Ta, TaK II IIO 3HepreTII'IeCKOMY II MaCCOBOMY pa3peiiieHIIIO. 

IJpe)J,JIO)KeHHa.H CXeMa; MO)J,eJIIIpOBaHII.H CTOJIKHOBeHIIH C yqacTIIeM .n,e

cPOPMIIpOBaHHbiX B OCHOBHOM COCTO.HHIIII .H)J,ep II03BOJI.HeT )J,OCTaTO'IHO TO'IHO 

OIIIICaTb 3KCIIepiiMeHTaJihHbie )J,aHHhie IIO 3HepreTII'IeCKIIM, MaCCOBhiM II yr

JIOBbiM pacnpe.n,eJieHII.HM IIpO)J,yKTOB peaKIJ,IIH rJiy6oKOHeynpyriiX nepe)J,a'I. 

B 'leTBepToii rJiaBe npoBe.n,eHo IICCJie.n,oBaHIIe peaKIJ,IIii MHoroHyK

JIOHHhiX nepe.n,aq C yqaCTIIeM aKTIIHII)J,OB. 5J.n,pa aKTIIHII)J,OB IIMeiOT BbiT.HHy

TYIO cPOPMY B OCHOBHOM COCTO.HHIIII II IIX B3aiiMHa.H OpiieHTaiJ,II.H OKa3biBaeT 

cyiiJ,eCTBeHHOe BJIII.HHIIe Ha )J,IIHaMIIKY IIpOTeKaHII.H peaKIJ,IIH C IIX yqaCTIIeM. 
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Pnc. 5: 9nepreTH'IeCKHe, MaccoBbie H yrJIOBbie pacnpe.n;eJienHH nepBH'!HhiX npo.n;yKTOB, 
.,, . . .. 

noJiy'!eHHhiX B peaKI1HH 160Gd + 186W npH .n;syx 9HeprnHX Ec.m. = 462 H 502 M9B. 

· CnMBOJiaMH o6o3Ha'leHbi 9KcnepnMeHTaJihHbie .n;aHHbie (12), :iKnpHbie rncTorpaMMhi 

noKa3biBaiOT pe3yJibTaTbi pac'leTOB, ycpe.n;HeHHbie no B3aHMHbiM OpHeHTa1IHHM H)l;ep 

cHapH.n;a H MHmeHH. TpeyroJihHHKaMH H mTpHXOBbiMH rncTorpaMMaMH o6o3Ha'leHbi 

9HepreTH'!ecime pacnpe.n;eJieHHR, COOTBeTCTBYIOIIIHe MHHieHeiiO)l;06HhiM cpparMeHTaM C . 

A > 200. · B p~c'!eTax Y'~HThiBaJIOCb 9~cnepn~eHTaJihHOe pa3pemeHHe (FWHM) 12 M9B 

no 9Heprnn H 3 e.n;HHHI1hi no Macce~ 

Bonee Toro; B aKTIIHII,ll.HOfi rpyrrrre HaXO,I1.5ITC51 Haii6onee T5I)K:E\nhre XIIMIIqe

CKIIe clJieMeHThi, ,ll.OCTYIIHbie ,ll.Jl51 9KCIIepiiMeHTa. Il09TOMY peaKli,IIII C yqaCTII

eM aKTIIHII,ll.OB rrpe,ll.CTaBJI5IIOT OC06bifi IIIiTepeC ,ll.Jl51 IICCJie,ll.OBaHII51 B03MO)KH0-

CTII IIOJiyqeHII51 HefiTpOHOII36biTOqHhiX II30TOIIOB T5I)KeJihiX II CBepXT5I)KeJihiX 

9JieMeHTOB B IIpOll,eCcax MHOrOHYKJIOHHhiX rrepe.n.aq, 

Ilpo6JieMa o6pa30BaHII51 Haii60Jiee MaCCIIBHhiX 5I,ll.ep B CTOJIKHOBe-' 

HII5IX ,ll.BYX aKTIIHII,ll.OB IICCJie,ll.OBaJiaCh 9KCIIepiiMeHTaJihHO ,ll.Jl51 peaKli,IIfi 

238U + 238Uj248Cm [21-23]. CeqeHII51 o6pa3oBaHII51 rrpo.n.yKTOB T5I)Kenee MII

IIIeHII, II,ll.eHTII<i:>IIli,IIpOBaHHhie pa,ll.IIOXIIMIIqeCKIIMII ·. MeTO,ll.aMII, IIOKa3aHhi Ha 

piic. 6. CooTBeTCTBYIOili,IIe pe3yJihTaThi pacqeTOB xopoiiio·cornacyroTc51 c aKc

rrepiiMeHTaJihHhiMII .n.aHHhiMII. B 9TIIX peaKli,II5IX ceqeHIIe o6pa3C>BaHII51 a.n.ep 

T5I)KeJiee MIIIIIeHII 9KCIIOHeHli,IIaJihHO yMeHhiiiaeTC51 C. yBeJIIIqeHIIeM. IIX aTOM

HOrO HOMepa. ,1J,JI51 IIOJiyqeHII51 KOHKpeTHOrO 5I,ll.pa CIICTeMa 
238U + 248

Cm IIMe

eT rrpeiiMyill,eCTBO IIpii6JIII3IITeJihHO B qeThipe IIOp5I,ll.Ka ITO ceqeHIIIO B cpaBHe

HIIII c KoM6IIHali,IIefi 238U + 238U. CornacHo pacqeTaM, ·peaKli,II51 
238U + 254Es 
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Pnc. 6: lboTOIIHbie pacrrpe.n;eJieHHH :KoHe'!HhiX rrpo.n;yKTOB TH)!(eJiee MHmenn, 

noJiy'!eHHbie B CTOJIKHOBeHHHX aKTHHH)l;OB: TOHKHe, nyHKTHpHbie H TOJICTbie 

rHCTOrpaMMbl COOTBeTCTBYIOT pe3yJibTaTaM paC'!eTOB )l;JIH peaKI1HH 238U + 238U, (E = 7.5 

M9B/nyKJion), 238U + 248Cm (E = 7.4 M9B/nyKJion) n 
238U + 254Es (E ~ 7.3 

M9B/HyKJioH). 9KcnepHMeH.TaJihHbie .n;aHHhie )l;JIH peaKI1HH. 238U + 238U (TpeyroJibHHKH) 

B3HThi H3 [21), a )l;JIH 238U + 248Cm (Kpyrn)- n3 pa6oTbi [22). Han6oJiee TH)!(Mbie 

H3BeCTHbie H30TOIIhl )l;aHHbiX XHMH'!eCKHX 9JieMeHTOB o603Ha'!eHbi BepTHKaJibHbiMH 

nyHKTHpHbiMH JIHHHHMH. 

.. 
rrpiiBO,ll.IIT K ,ll.OIIOJIHHTeJihHOMY <i:>aKTOpy yBeJIIIqeHII51 BhiXO,ll.OB IIpO,ll.YKTOB C 

Z > 99 eill,e Ha Tpii rrop5I,ll.Ka. TeM- He MeHee, ceqeHII51 o6pa3oBaHII51 cBepx

T5I)KeJihiX 9JieMeHTOB B ,ll.aHHOfi peaKli,IIII OCTaiOTC51 qpe3BhrqafiHO .. MaJihiMII 

,ll.Jl51 9KCIIepiiMeHTaJihHOfi II,ll.eHTII<i:>IIKali,IIII Ha COBpeMeHHhiX ycTaHOBKax (He 

IIOKa3aHhi Ha piiC. 6). 
B ·To )Ke BpeM51, ceqeHII51 o6pa3oBaHII51 Heiiccne.n.oBaHHhiX HefiTpOHO:

II36hrToqHhiX II30TOIIOB TpaHCypaHOBhiX 9JieMeHTOB B. 9TIIX peaKli,II5IX ,ll.OCTa

TOqHhi BhiCOKII,,ll.JI51 IIpOBe,ll.eHII51 COOTBeTCTBYIOili,IIX OIIhiTOB Ha COBpeMeHHOfi 

aKcrrepiiMeHTaJihHOfi arrrrapaType. TaK, cornacHo pacqeTaM, B CTOJIKHOBeHII5IX 

238U + 248Cm MoryT 6biTh IIOJiyqeHhi HeCKOJibKO HOBhiX HefiTpOHOII36hiTOq

HhiX II30TOIIOB 6epKJIII51 C ceqeHII5IMII, rrpeBhiiiiaiOili,IIMII 1 MK6, a ,ll.Jl51 CIIHTe3a 

HeCKOJih~IIX HOBhiX II30TOIIOB KaJIII<i:>OpHII51 II 9llHIIITefiHII51 IIOHa,ll.06IITC51 ,ll.D

CTIIrHyTh ceqeHII51 rrop5I,ll.Ka 0.1 MK6. Ha piicyHKe 7 rroKa3aHhi ceqeHII51 o6pa-

30BaHII51 .IIpO,ll.YKTOB peaKli,~II 238U + 254Es C Z > 91, HaJIO)KeHHhie Ha KapTy 

II3BeCTHhiX HYKJIII,ll.OB. BII,ll.HO, qTo B .n.aHHofi peaKli,IIII MO)KeT 6hiTh IICCJie

,ll.OBaHa ,ll.OCTaTOqHO 60Jihiiia51 06JiaCTh Heii3BeCTHhiX HefiTpOHOII36biTOqHhiX 

II30TOIIOB T5I)KeJihiX ::meMeHTOB, HaqiiHa51 OT ypaHa II BIIJIOTh ,ll.O MeH,ll.eJieBim, 

c ceqeHII5IMII 6onee 1 MK6. 
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23au + 254Es 

Ec.m.= 900 M3B 
KOH84Hble npo,QyKTbl 

KOmi48CTBO He~TpOHOB 

Puc. 7: Ce'leHU51 o6pa3oBaHua KOHe'lHhiX rrpo,JzyKTOB B peaK~uu 238U + 254Es npu 

· Ec.m. = 900 M3B, u3o6pa)KeHHbie rroBepx KapTbi U3BeCTHhiX H .. YKJIU)l;OB. KoHTYPHhle 

JIUHUU IIOKa3hi.BaiDT BeJIU'lUHY Ce'leHU51 B JIOrapmpMU'leCKOM MaCmTa6e C maroM B O)l;llH 

rropa,n:oK. 

Ha npiiMepe peaKIJ;IIII 238U + 238U 6hiJIO noKa3aHo, 'ITO BhiXO)J;hi Ta2Ke

JihiX HeliTpOHOII36hiTO'IHbiX .H,D;ep CJia6o 3aBIIC.HT OT ::mepriiii CTOJIKHOBeHII.H. 

AHanorii'IHOe nose,n;eHIIe 6hr.rio nonyqem) paHee [8].n;na ceqeHIIli oopa30Bamia 

HeliTpOHOII36hrTO'IHhiX a.n;ep c 3anonHeHnoli HeliTpOHHoli o6onoqimliN = 126 

B peaKu;IIax 136Xe + 198Pt, 208Pb. B TO 2Ke speMa, ce'IeHII.H o6pa3oBaHII.H XII

MII'IeCKIIX ::meMeHTOB T.H2KeJiee MIIIIIeHII )J;Jl.H peaKIJ;IIII 
238

U + 238
U IIMeK>T ~ 

:mepreTII'IeCKYIO 3aBIICIIMOCTh C xapaKTepHhiM MaKCIIMYMOM IIpii ::mepriiii, 

COOTBeTCTByiOru;eli BhiCOTe IIOTeHIJ;IIaJihHOro 6apbepa . B3aiiMO,D;eliCTBII.H )J;Jl.H 
. . 

OpiieHTaiJ;IIII «6oK.:K-60Ky». 

Mo.n;eniiposaHIIe peaKu;IIli MHoroHyKJIOHHhiX nepe,n;aq B pa3Jrii'IHhiX 

KOM6IIHaiJ;II.HX CTaJIKIIBaiOIIJ;IIXC.H a,n;ep C aKTIIHII)J;HOli MIIIIIeHhiO II03BOJIIIJIO 

ycTaHOBIITh, 'ITO Bhr6op Haii6onee MacciiBHoro cHapa.n;a o6ecne'IIIBaeT o6pa-

30BaHIIe KOHe'IHhiX npo.n;yKTOB T.H2Kenee MnnieHII c Haii60JihiiiiiM HeliTpOH- . 

HhiM II36hiTKOM. Ha piicy:HKe 8 noKa3aHhi pe3yJihTaThi pac'IeTOB ceqeHIIli o6-

pa3oBaHII.H T.H2Kenhrx a.n;ep c 'IIICJIOM HeliTpoHoB N = 162, o6pa3oBaHHhiX B 

peaKu;IIax 48Ca, 136Xe, 238U + 251Cf. 

0TMeTIIM, 'ITO TOJihKO )J;Ba a,n;pa II3 ::noli 'rpynnhi -
267

Db' II 
270

Hs 

6biJIII CIIHTe3IIpOBaHhl KaK IIpO)J;YKThl pacna,n;a OCTaTKOB IICIIapeHII.H, o6pa-

30BaHHhiX s peaKu;IIax cJIII.HHII.H [24, 25]. OcTaJihHhie a.n;pa c N = 162 m)Ka 
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Puc. 8: Pac'leTHh!e ce-qemia o6pa3oBaHua a,n:ep c 'liiCJIOM HeiiTpOHOB N = 162, 

o6pa3oBaHHhiX B CTOJIKHOBeHnax pa3Jin'l~hiX cHapa,n:oB c MnmeHbiO 251 Cf. To'le'lHhiMn, 

IIYHKTllpHb!Mll ll CIIJIOillHb!Mll rUCTOrpaMMaMll IIOKa3aHh! pe3yJihTaTbi, IIOJiy'leHHbie )l;JI51 

peaK~uii 48
Ca + 251

Cf, 
136

Xe + 251
Cf II 238U + 251Cf COOTBeTCTBeHHO. · 

OCTaiOTC.H HeiiCCJie)J;OBafiHhiMII II MoryT 6biTh HOJiy'IeHhi B peaKIJ;II.HXMHOro

HYKJIOHHhiX nepe.n;aq c T.H2Kenoli aKTIIHII)J;HOli MIIIIIeHhiO 251Cf c .n;ocTaTO'IHO 

60JihiiiiiMII Ce'IeHII~IMII, )J;OCTIIraiOIIJ;IIMII B~JIII'IIIH IIOp.H,D;Ka 100 H6, 

B pa6oTe [8] 6hiJIO ycTaHOBJieHo, 'ITO ciicTeMa 136Xe + 198Pt ~BJiaeTca 
O)J;HOli . II3 nepcneKTIIBHhiX KOM6IIHaiJ;IIli CTaJIKIIBaiOIIJ;IIXC.H . .H)J;ep )J;Jl.H IIOJiy-. . 
'IeHII.H HeliTpOHOII36biTO'IHhiX .H,D;ep C 3aiiOJIHeHHOli HeliTpOHHOli 060JIO'IKOli 

N = 126 B peaKu;IIax MHOrOHYKJ.IOHHhiX nepe,n;aq_ CpaBHIITeJihHhili aHaJIII3 

BhiXO)J;OB ,n;aHHhiX IIpO,D;yKTOB B peaKIJ;II.HX 48Ca, 136Xe, 238U + 198Pt IIOKa3aJI, 

'ITO II )J;JI.H ::noli 06JiaCTII .H)J;ep 6onee MaCCIIBHhlli CHap.H)J; IIpiiBO)J;IIT K yBeJIII

'IeHIIIO cooTBeTcTsyroru;IIx ce'!eHIIli. TaKIIM o6pa3oM, Bhr6op 6onee T.H2Keno

ro CHapa,n;a B KOM6IIHaiJ;IIII CTaJIKIIBaiOIIJ;IIXC.H .H,D;ep IIpiiBO)J;IIT K yBeJIII'IeHIIIO 

BhiXO)J;OB T.H2KeJihiX HeliTpOHOII36hiTO'IHhlX IIpO)J;YKTOB B peaKIJ;II.HX MHOrOHyK

JIOHHhlX nepe,n;aq. 

B 3aKJIIO"tJeHHH npiise,n;eHhi ocHOBHhre pe3yJihTaThi pa6oThr, KOTOphre 

3aKJIIO'IaiOTC.H B cne.n;yroru;eM: 

1. ,Il;JI.H BhiiiOJIHeHII.H IIOCTaBJieHHhiX 3a,n;aq MHOrOMepHa.H )J;IIHaMII'IeCKa.H 

MO)J;eJih .H,D;pD-.H,D;epHhlX CTOJIKHOBeHIIli, OCHOBaHHa.H Ha ypaBHeHII.HX JlaH-

2KeBeHa, 6hiJia ycoBepiiieHCTBOBaHa CJie,D;YIOIIJ;IIM o6pa30M: 

• Reanii30BaHa B03M02KHOCTh Mo,n;eniiposaHII.H CTOJIKHOBeHIIli a.n;ep, 

IIMeiOIIJ;IIX .,n;e¢opMIIpOBaHHYIO ¢opMy B OCHOBHOM COCTO.HHIIII, npii 

¢IIKCIIposaHHOli B3aiiMHoli opiieHTaiJ;IIII. Pe3yJihTIIpyroru;ee ,n;II¢¢e-
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penli,HaJihHOe ceqenne peaKli,HH onpe.n,emieTCfl nyTeM ycpe.n,neHHf! 

IIO yrJiaM OpHeHTall,lili CTaJIKHBaiOIIl,liXCf! fi)J,ep BO BXO)l,HOM KaHaJie, 

yqHTbiBaf! TOJibKO qeTbipenpe)l,eJibHbie OplieHTali,Hli. 

e 06napy)KeHa li BKJIIOqeHa B MO)l,eJib · 3aBliCliMOCTb liHTeHCliBHOCTli 

MHOPOHJKJIOHHbiX nepe.n,aq ·oT IIOJIHOH MaCChi CliCTeMbl. 

• YqTena BpeMeHHaf! 3aBHCHMOCTb pacnpe.n,eJieHHf! aneprnn B036y)K

.n,enHfl Me)K.n,y ¢parMeHTaMH. 

2. Ha ocnoBe anaJIH3a ocHOBHbiX xapaKTepHCTHK peaKli,Hil: rJiy6oKoHeynpy

rnx nepe.n,aq y.n,aJiocb onpe.n,eJIHTb Ha6op napaMeTpOB Mo.n,eJin, o6ecne

qnBaiOIIl,Hil: .n,ocTaToqno xopornee corJiacne pe3JJihTaTOB pacqeTOB c 3KC

nepnMeHTaJihHbiMH .n,aHHbiMli B IlllipOKOM )l,Haiia30He MaCC CTaJIKHBaiO

IIl,liXCf! f!)l,ep. . 
3. B3aHMHaf! opneHTali,Hf! fl.n,ep, HMeiOIIl,liX .n,e¢opMnpoBannyiO ¢opMy B 

OCHOBHOM COCTOf!Hlili, 3HaqnTeJibHO BJIHf!eT Ha )l,liHaMHKJ CTOJIKHOBeHHH 

C liX yqaCTlieM H, CJie)l,OBaTeJibHO, Ha pacnpe.n,eJieHlif! IIpO)J,YKTOB peaK

ll,lili no MaccaM, aTOMHbiM noMepaM, aHeprHf!M H yrJiaM BbiJieTa. BJIH

f!HHe B3aliMHOH OplieHTall,lili IIp05!BJif!eTCf! HaH60Jiee CliJibHO IIpli OK0-

JI06apbepHbiX 3HeprHf!X li3-3a 60JiblliOH qyBCTBHTeJibHOCTIJ )l,liHaMHKli 

B3aliMO)l,eil:CTBlif! )l,BJX f!)l,ep K JiaH)l,Illa¢Ty IIOTeHll,liaJibHOH 3HeprHli. C . 

pOCTOM 3HeprHli CTOJIKHOBeHlif! pOJib OplieHTall,liOHHbiX a¢¢eKTOB OCJia-
! . . 

6eBaeT. 

4. Ilpli aHaJili3e ceqeHliH o6pa30BaHlif! Heil:TpOHOH36biTOqHbiX MliilleHeii0-

)l,06HbiX IIpO)J,YKTOB B peaKll,lif!X MHOPOHJKJIOHHbiX nepe.n,aq 6biJIO o6na

py)KeHO: 

e IlpolJ,eCC ypaBHOBelliHBaHlif! 3ap5!)l,a, Ha6JIIO)l,aiOIIl,liHCf! B HeCliMMeT

pnqHbiX no H30CIIHHY KOM6nnali,Hf!X CTaJIKIIBaiOIIl,liXCf! fl.n,ep c npo

TOHOH36hiToqHbiM CHapfl)l,OM li Heil:TpOHOH36biTOqHOH .f\.1liilleHbiO, 

cnoco6cTByeT nepe.n,aqe npoToHOB co cHapf!.n,a na MHrnEm~. O.n,Ha

Ko, IIpli 3TOM JBeJiliqliBaiOTCf! BbiXO)l,bl IIpeHMJIIl,eCTBeHHO IIpOTOH0-

li36biTOqHbiX li30TOIIOB XliMliqeCKliX 3JieMeHTOB Tf!)KeJiee MliilleHli. 

IlOKa3aHO, qTO BbiXO)l,bl Heil:TpOHOH36biTOqHbiX li30TOIIOB 3TliX 3Jie

MeHTOB OKa3biBaiOTCf! 60Jibllie B CJiyqae Bbi6opa Heil:TpOHOH36biTOq

HOrO cnapfl.n,a. 
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• Macca cHapfl.n,a OKa3biBaeT 6oJihrnoe BJIHfi~He na ceqeHHfl o6pa3o

BaHHf! Heil:TpOHOH36biTOqHbiX .. MliilleHeiiO)l,06HbiX IIpO)l,YKTOB B pe

aKll,lif!X MHoronyKJIOHHhiX nepe.n,aq. CorJiacno pacqeTaM, ncnoJib

·3oBanne MaKCHMaJibHO Tfi)KMoro (neil:Tponon36biToqnoro) cnapf!.n,a 

IIpHBO)l,liT K yBeJIHqeHliiO BbiXO)l,a HaH60Jiee neil:TpOHOH36hiTOqHbiX 

li30TOIIOB Tf!)KeJibiX 3JieM~HTOB. 

• PacqeTbi IIOKa3aJIH, qTo npo11,ecc BbiHJ)K)l,eHnoro .n,eJieHHfl• CHJihHO 

orpaHHqliBaeT Bbi)KliBaHHe Tfi)KeJibiX f!)l,ep, KOTOpbie o6pa3JIOTC5! B 

peaKll,lif!X MHoronyKJIOHHbiX nepe.n,aq. Mo.n,eJinpoBanne peaKli,Hil: c 

yqaCTHeM HaH60Jiee MaCCliBHbiX li3 )l,OCTJIIHbiX aKTliHli)l,OB IIOKa3a

JIO, qTO. IIOJiyqeHHe 3TliM CITOC060M CBepXTf!)KeJibiX 3JieMeHTOB xa

paKTepH3JeTCf! qpe3Bbiqail:Ho MaJibiMH ceqeHHf!MH. B To· )Ke BpeMf!, 

B TaKHX CliCTeMax MOPJT 6biTh CliHTe3HpOBaHbl. elll,e HeliCCJie)l,OBaH

Hbie neil:TpOHOH36biTOqHbie li30TOIIbl TpancypaHOBbiX 3Jie.~ElHTOB C 

)l,OCTaTOqHo 6'0JiblliliMli ceqenmiMli ( rv 1 MK6). 

• AHaJIH3 aHepreTnqecKoil: 3aBHCHMOCTH Bhixo.n,oB Tf!)Ke.;rbiX npo.n,yK

TOB Ha IIpliMepe CTOJIKHOBeHliH aKTliHli)l,OB IIOKa3aJI, qTO )l,Jif! IIO

JiyqeHHf! HaH60JibllierO BbiXO)l,a li30TOIIOB TpancypaHOBbiX 3JieMeH

TOB OIITliMaJibHaf! 3Heprlif! HaxO)l,liTCf! B6JIH3li 6apbepa B3aliMO)l,eil:

CTBlifl, KOTOpbiM 06Jia.n,aeT HaH60Jiee KOMIIaKTHaf! KO!f¢Hrypali,Hf! 

OplieHTHpOBaHHbiX f!)l,ep. 
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