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ccne)l.OBattttfi (0115111) no a)l.pecy: 141980, yn. :/Kon110-K10p11 6, r. ,D,y6Ha, 

[oCKOBCKa51 o6JJaCTb. 

3JJeKTpOHHOfi Bepc11efi )l.HCCepTau,1111 MO)KJ-10 03HaKOMl1TbC5I Ha oqrn-

11aJJbHOM cafiTe Ofrhe)l.11ttem1oro 11HCTMTyTa 51)1.epnbIX 11ccne,[1,0Bamffi B 

tttj}OpMaU,MOHHO-TeJ1eKOMMYHl1Ka1.1,110HHOfi cwr11 <l1HTep1-IeT~ no a)l.pecy: 

ttps: //dissertations.jinr.ru/ ru / Dissertations/ CalendarThesisDefenses. 

neYaTttofi aepc11efi )l.11ccepTa1.1,m1 MO)KHO 03ttaKOMWl'bC51 B Hay•1110 

~x11119ecKofi 6116m10TeKe 0115111 (r. ,D,y6tta, MocKOBCKa51 06mt<" I'1>, y J1. 

{on110-K1op11 , )1.. 6). 

.BTOpeq)epaT pa30CJ1a11 « 1 s » t...11 2021 l'O)\rt . 

Y" .. 1e11btfi ceKpwrapb 1\11ccepTa1\1101111oro coBeTa 

<all,lJ,HAaT cPH3HKO-MaTCMaTH'IC'CKHX 11ayK (< A .I '. I lrn11•1w 

06rn;aa xapaKTepHCTHKa pa6oThI 

AKTYaJihHOcTh TeMbI. CToJJKnoBen1151 T5l)KeJJb1x Hottoa 5IBJ15!10Tc5I 

O)J,Hl1M 113 OCHOBHblX HHCTpyMeHTOB HCCJlC)J,OBaHl1fi B 51,JJ,epnofi cPH311Ke. BOJlb­

wofi BbJ6op B03M0}KHb!X KOM6HHall,HH CTaJJKJ.rnaIOlll,HXC51 51,JJ,ep 11 pa3H006-

pa3He na6mo,JJ,aCMblX npou.ecCOB CTHMYJlHpOBaJJO rrpoBe,JJ,e!'rne MHO}KCCTBa 

51,JJ,CpHO-cPH3l1 YCCKl1X 3KCnepttMCHTOB. 0,JJ,HOfi l13 OCHOBHblX HX 1.1,CJlb!O 51BJl51CT­

C51 11CKYCCTBCHHOe ITOJlyYe1rne 11 M,JJ,CHTMcPMKau,1151 pa3Jll1'{!Ib!X HYKJlH)J,OB. 3a 

BCIO MCTOpmo 5l,JJ,ep11ofi cPl13l1Kl1 6bIJ10 Hafi,JJ,eHO 6oJJee 3000 51,JJ,ep, 60Jlbllil1H­

CTBO l13 KOTOpblX 51BJ151CTC51 rrpOTOHOl136bITOYHblMl1. Tipe,JJ,CKa3bIBaeTC51 cy111,e­

CTBOBa11rre e111,e OKOJlO 3000 rrperrMyllI,eCTBCHHO HefiTpOHOJ136bITOYHb!X 51,JJ,ep , 

Il03TOMY TIOl1CK MCTO)J,OB Y!X IlOJlY'-ICHl151 OCTaeTC5I ,JJ,OCTaTOYHO aKTYaJlbHOfi 

3 a,JJ,a'-lefi COBpeMeH HOR 51,JJ,CpHOit ¢113l1Kl1. 

OcHOBHhIMM MeTo,JJ,aMM noJJy'-leH115I Hel1TpOHOtt36blTO'-IHbIX 51,JJ,ep 51BJ151-

IOTC51 peaKll,1111 tj)parMeHTall,YIH, )J,CJlCHl151 H MHOrOHYKJlOHHb!X nepe,JJ,a'-1. Tiep­

Bbie ,JJ,Ba MCTO,JJ,a npHMCH51!0TC51 )J,Jl51 Cl1HTC3a HYKJJl1)J,OB B llIHpOKOM ,JJ,Malla30He 

Mace, HO He rrp11rO,JJ,llbl )J,Jl51 TIOJlY'-IeHl151 51,JJ,ep T51)KCJlee ypaHa. ,2J,Jl51 11CCJle­

,JJ,OBaHl151 o6JlaCTl1 HCl13BCCTHblX HefiTpOH01136blTO'-!HblX l130TOilOB T51}KeJlblX 

3JlCMCHTOB npe,JJ,JJaraeTC51 11CTIOJlb30BaTb peaKll,11'11 MHOrOHYKJlOHHblX rrepe,JJ,a'-1 , 

rrpOHCXO)J,51llJ,l1C B rJJy60KOHeyrrpyr11x CTOJ1KllOBeH1151X T51)KeJlblX 1101108. 01rn 

xapaKTepH3y10TC5I 311a'-IHTeJ1bHbIM HYKJlOHHhlM o6MeHOM rr ,JJ,Hcc11rrau,11el1 K11-

HeT11'-leCKOfi ::ineprH11 ¢parMeHTOB. B pe3yJJhTaTe OTKpbmaeTC51 MHO}KCCTBO 

Bb!XO)J,Hb!X KallaJJOB peaKll,11l1 , l1 B KaYeCTBe npO,JJ,yKTOB o6pa3yIOTC51 ,JJ,CC51TKl1 

l1 COTHM 51,JJ,ep B6Jll.13l1 11CXO)J,Hb!X c11ap51,JJ,a H MHllICHM. 

B nepBblX aKcrrep11MeHTax no 11ccJJe,JJ,0BaHmo peaK11,rrfi rny60Ko11e­

ynpyrrrx rrepe,JJ,aLJ 6h1Jll1 ofarapy)KCHbl l1 H)J,CHTl1cP11U,11pOBaHbl HCCKOJlbKO ,JJ,e­

C51TKOB HOBbIX 51,JJ,ep , o6JJa,JJ,aIOllI,MX HefiTpOHHbJM 1136bITKOM [1]. CTano 51C­

no, '-ITO npou.ecCbl MIIOrOHYKJlOHHblX nepe,JJ,aY , rrpo11CXO)J,5llll,l1C B ,JJ,aHHblX pe­

aKll,1151X, rrpe,JJ,CTaBJ151IOT co6ofi rrepcneKTMBHb!l!! MCTO)J, IlOJlYYCHl151 KaK Jler­

KHX [2], TaK rr T5J}KeJlbIX [3] netl.Tpo11orr36b1TOYHbtX 51,JJ,ep. KpoMe aToro, pe­

aKll,HH rJJy60KOJieyrrpyrHX nepe,JJ,a'-1 51BJ15110TC51 y1111KaJJbHb!M MCTO)J,OM ITOJly­

'-!CHl151 TPY,JJ,H03aceJJ51CMhIX BbICOKocrrttHOBbIX ueKOJJJJeKTl1BHbIX cocT051Httfi B 

T51)KeJlblX 51,JJ,pax, KOTOpb!e Ba}KHbl )J,Jl51 crreKTpOCKOTil1'-ICCKHX l13Mepe1rnfi [4]. 
HccJJe,JJ,0Ba1111e aefiTpOHOH36blTOLI!IhJX 51,JJ,ep TeCHo CB513aHo c rrpo6JJe­

MOit o6pa3oBaHH51 T51)KeJlbIX ::iJJeMeHTOB BO BceJJe1111otl.. CornacHo coBpeMeH­

HhIM rrpe,JJ,CTaBJlCHJ151M, O)J,HMM 113 OCHOBHblX HCTO'-IHl1KOB o6pa30BaHl151 Xl1-

Ml1YCCKl1X 3JleMCHTOB T51}KCJ1CC )KCJ1C3a BO ~,o/4nS!Jell <l'fa''ff'2 r- rq;IO.!J,PCC 

~nnHu1 ntf·; ~::r.~~ ,.,u.ur.-. 
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acTpo¢11311'-lecKoro HyKneoc111-1Te3a. T5I)KeJJb1e x11M11 '-lecK11e ::iJieMeHTbI c11ttTe-

311py10Tc5I 113 JJef'Kl1X 3a C'Jfa 6bJCTporo 3axBaTa ttet!TpOHOB, corrpOB0)KAa­

I01ll,eroc5I ,8-pacrraAOM o6pa3yI01ll,11XC5I HeitTpOHOM36bITOLIJlbIX 5IACp. ,D;a1111blC 

o Maccax, rrepMOAax rroJiypacrraAa 11 Apyr11x xapaKTCp11cT11 Kax 11ct!Tpo110-

1136b1To'lttb1x 51Aep , oco6e11110 o6JJaAalOIU,11X M(-1f'H'IC'CKllM 'IM('JIOM llC'ti'l'J>OllOll 

(N = 50, 82, 126) , 0'1Cllb Ba)f<llbl l \Ji51 Oll[)CN'Jl('l!lnl / \(''l'<tJll,1101 '() ( ' l\<'llf\j>ll>I 

r-npou,ecca. Ha11Me11cc 11 3y•1c11110H >11JJl>l<'' l'C'>1 06; 1ac"1' 1> 116; 111 ·111 ·rn110; 111<'111101l 

HeitTpouHoi1 060JJOL1K11 N = 126. 

,[l;JJ5I npoBeAe111rn 3KC11CpMMCllTOB no llOJIY'ICll1110 11ct1·1·po1101n61>1'1'0'I 

Hb!X 5IAep B peaKU,M5IX MllOf'OllYKJIOHllbIX rrepeAaLJ 11eo6XOAMMO C03Aa1111c 11a­

Ae)KHblX TeopeT11'JeCKl1X MOAeJJeit, crroco6ttb!X lie TOJlbKO OIIMCaTb OCJIOBl!ble 

xapaKTep11cT11K11 Aa1rnoro T11na peaKu,1111, HO 11 AOCTaTOLIHO TOLJHO pacc<Jtt­

TaTb ce'-leHM5I 06pa30BaH115l KOHKpeTHbIX npOAYKTOB. 0AHOit 113 MOAenei1 , YAO­

BJieTBOp5IIOlll,11X 3Tl1M Tpe6oBaHl15IM 5IBJrneTC5I MHOf'OMepHblit Al1HaM11L\eCKttit 

nOAXOA Ha OCHOBe ypamrna11i1 JlaH)KeBeHa. BoJJee Toro, <JacT11L\HO 6JJaroAap5I 

TeopeT11'-lecK11M pa6oTaM, BbIIIOJJHeHHbIM B paMKax Aam10ro IIOAXOAa [5- 8], 
B HaCT05Illl,ee BpeM5I llI11pOKO o6cy)KAaeTC5I 11 3KCnep11MeHTaJibHO 11CCJJeAY­

eTC5I B03MO)KHOCTb f!OJ!r1eHl15I HeitTpOH01136bITOL\HblX M30TOIIOB T5I)KeJiblX M 

CBepXT5I)KeJJbIX 3JJeMewroB B peaKU,115IX MHOf'OHYKJIOHHb!X rrepeAa'l [9- 12]. 

U:eJihIO AaHHOit pa6oThI 5IBJI5IeTc5I 11ccneAOBau11e peaKu,Mi1 MHoroHyK­

JJOHHbIX rrepeAa'l , np011CXOA5I1ll,11X B rJiy60KOHeyrrpyr11x CTOJIKHOBeHl15IX T5l­

)KeJiblX 110HOB, KaK MCTOAa noJJy'-leIIl15I Hei1TpOHOM36bITO'lHblX l130TO!IOB T5I­

)KeJibIX 11 CBepXT5I)KeJJbIX 3JleMeHTOB, B TOM LJl1CJJe ew,e Hel1CCJieAOBaHHblX, B 

paMKax MHOf'OMepHOit MOAem1 5IAP0-5IAepHblX CTOJIKHOBe1rntl, OCI!OBa1rnoit ua 

ypamreHM5Ix JlaH)KeBeHa. 

,[l;n5I AOCT11)Ken115I rrocTaBJiettHoit 1.1,eJI11 Heo6xOAl1MO 6hrJio peUI11Tb cne­

AYIOII.1,11e 3a,n;a<JH: 

1. PeaJI113oBaTb B paMKax Al1HaM11<JecKoit MOAeJitt B03MO)KHOCTb MOAeJJ11-

poBaH115I CTOJJKHOBe1111it 5IAep, 11MeIOW,l1X Ae¢opM11pOBaHHYIO ¢opMy B 

OCHOBHOM COCT051Hl111 , nptt 11X pa3Jil1'JHOit B3aMMHOtl op11eHTaI.1,ttl1. 

2. OnpeAeJJwrh rJJ06a11bHb1e rrapaMeTpbI pa3pa60Ta1rnotl AMHaMttL1ccKofi 

MOAem1 Ha OCHOBe a11aJI113a 3KCnep11MeHTaJibHblX AaHIIb!X no CC'ICllH>IM 

o6pa30BaHM5I npOAYKTOB peaK1.1,11it rJiy6oKOHeynpyrttx nepe,r\a'I ll JHI ' ! 

JJtt'lHbIX c11cTeMax , BKJ110L\a1ow,11x KaK c¢epM'-IeCKHe, TaK 11 N'<l)OJ>MllJH> 

BaHHble B OCHOBl!OM COCT05IHl111 5IApa. 
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3. MccneAOBaTh oco6e1111ocTtt npoTeKa111151 rrpou,eccoB MHoroHyKJIOHHblX 

nepeAa'l B Cl1CTeMaX, KOTOpb!e COCT05IT 113 51Aep , pa3JIM'lHblX !IO Macce, 

1130Cnm1y, ¢opMe B OCHOBHOM COCT05IHMl1 , np11 pa3Hb!X 3HeprM5IX CTOJIK­

HOBeHl15I . 

4. MccJJeAoBaTb B03MO)KHOCTb noJJy'-leHM5l HeitTpOHOH36hITO'lHbIX H30TO­

noB T5I)KeJJblX M CBepXT5I)KeJJb!X 3JieMelITOB, B TOM 'lMCJie ew,e HeMCCJ!eAO­

BaHHbTX, B peaKU,tt5IX MHoro11yKJJOHHhIX nepeAa'-l. Pacc'lMTaTh ce'-le1rn5I 

o6pa30BaIIM5l 3TMX HYKJIHAOB 11 ycTaHOBMTb 11x 3aBMCHMOCTb OT ::iHcpr11H 

CTOJJKHOBeHl15l. 

OcHOBHhie rrono:>KeHHH, BhIHOCHMhie Ha 3arn;HTy: 

1. ,l],MHaM11L\eCKa5I MOAeJib 5IAP0-5IAepHb!X CTOJJKHOBeHttit , OCHOBaHHa5I Ha 

ypaBHellH5IX Jla11)KeBeHa, 0606w,e1rna5! na cnrrai1 MOAeJI11poBaHM5l pe­

aKU,ttit c yL\aCTHeM HAep, Ae¢opMMpOBaHHb!X B OCHOBHOM COCT05II!MH. 

2. Bb16op onTttMaJibHbIX napaMeTpoB AHHaM11'leCKOi1 MOAeJIM AJ15! orrMca­

Hl15I peaKU,Mit MHOf'OIIYKJIOHHb!X ( rny60Kotteynpyr11x) nepeAa'-l B w11po­

KOM AMalla30He Mace CTaJJKMBaIOII.1,MXC5l 51Aep. 

3. AHaJJH3 BJJH5!HM5! B3al1MHOit opt1eHTa1.1,11M 5!Aep, Ae¢opM11poBam1b1x B oc­

HOBHOM COCT05IHHl1 , Ha AMHaMHKY VIX B3 aMMOAeitCTBH5!. 

4. Pe3yJJbTaThI pac<JfaoB ::iKcnep11MeHTaJibHO-tta6moAaeMh1x xapaKTeptt­

CTMK peaKU,Mit MHOf'OHYKJIOHHb!X nepeAal.J AJl5l WHpOKOf'O ua6opa CTaJI­

Kl1BaIOUl,l1XC5! 5!Aep M 3Hepmit peaKU,MM. 

5. TeopeTHI.JecKoe 06octt0Bam1e Bb16opa onT11MaJJbnoit KOM6Mttau,Htt 

CHap5!A-M11WeHb M 3HeprMM peaKU,11H AJl5l yBCJ111'-leJitt5l BblXOAa 11et!TpO­

HOM36blTOL\HblX T5I)KeJJb!X M CBepXT5l)KeJibIX 51Aep . 

Hay'IHaH HOBH3Ha: 

1. ,[J;opa60Ta11a MllOf'OMepua5l AJ-lllaMML!eCKa5l MOAeJib 5!AP0-51AepHb!X 

CTOJIKHOBeHHit , npHMCJ!5leMa5l K OTIMCall1110 peaKU,11it MHOf'OHYKJJOHHb!X 

(rJJy60Ko11eynpyrttx) nepeAaI.J. 06JJaCTb np11MeHett115! MOAeJJ11 6b1JJa pac­

urnpe1rn OT I.Jacnroro CJJy'la5l CTOJIKHOBeHttit c¢epM'-!eCKMX 5!Aep K 06-

w,eMy cJ1yI.Ja10 cTOJJKHOBe1rni1 c yyacT11eM HAep, 11Memw,11x Ae¢opM11-

poBaHHy10 ¢opMy B OCHOBHOM COCT05Il!Hl1. IlpeAJIO)KeH YHMBepCaJJbHblit 

1rn6op napaMeTpOB AttHaM11'-lecKoi1 MOAeJJ11, rro3BOJI5IIOW,ttit AOCTaTOL\HO 
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xopowo om1caTb 11Me1ow,11ec5l 3Kcrrep11MeHTaJibHhre ,ll,aHHb1e no ::iHepre­

TwrecK11M, yrJIOBbIM, 3ap5I,ll,0BblM 11 MaCCOBblM pacnpe,ll,eJieH!151M npo,ll,yK­

TOB peaKL\11tl rJ1y60Ko1reynpyr11x nepe,ll,a'-I ,ll,JI51 L\eJioro p51,ll,a c11cTCM, OT 

4oca + 20spb ,ll,O 23su + 24scm. 

2. BnepBb1e B e,ll,11110M 110/ \XO/\C 113y'1c11 11111 po1<11 ti c11c'K'1'p 11011 poc ·on, 1rnrn 

IOW,11XC51 B03M0)1(110CTl1 I IOJIY'ICI 11151 I IOllhl X 'l'>l>1<i 'J1 hlX II <"llC'J >X'l'>llhi' JI hi\ 

51,ll,ep B peaKl\1151X MllOl'OllYKJIOllllblX llC'PC/\<V I, a llM< ' llllO: 

• BJ1115l1111 e Macchi 1111et1Tpo111101'01136b1TKa c 11ap>1;\a B pea1<1\H>1x M110-

ro11yKJJ01111b1x ncpc,ll,ac1 c T51)f(eJiot1 llCi1Tpo11011361xroc111ot1 M11UJellblO 

Ila cec1e1J1151 o6pa30BaHl151 M11WeHeflO,ll,061lblX npO,lJ,YKTOB. 

• Bbr6op M11weH11 ,ll,JI51 c111ne3a T5l)l(eJ1h1x 11 cBepxT5l)l(eJih1x ::iJ1eMe11ToB 

B peaK[\1151X MHOrOHYKJIOHHb!X nepe,ll,a'-1 . 

• BJ111mrne npo[\ecca BbIHY>K,ll,eHrroro ,LJ;eJ1e1rn51 Ha o6pa3oBairne T5l>Ke­

JlbIX npO,ll,yKTOB B peaK[\1151X MHOrOHYKJJOHHb!X nepe,ll,al.J. 3aBl1C11-

MOCTb Bb!XO,ll,a T51)1(eJ!b!X npO,lJ,YKTOB OT 3Hepr1111 peaK[\1111. 

IIpaKTH'IeCKa~ 3Haq11MOCTh. Pa3pa60Tam1a51 MHoroMepHa51 ,L1;11-

aM11 '-lecKa5I MO,ll,eJI b 11113K03HepreTl1 '-leCK11X 51,ll,p0-51,LJ;epHbIX CTOJI KHOBetrntl c 

H11BepcaJibHbIM Ha6opoM napaMeTpOB MO)f(eT 6bITb 11Cf!OJJb30Balla ,ll,Jl5l Ha­

e>KHOro paC'-IeTa pa3JIWfHb!X ,ll,11cPcPepeH[\11aJlbHblX Ce'-leHHii rrpO[\eCCOB MHO­

)HYKJIOHHbIX nepe,ll,acr, npoTeKa1ow,11x B rny60KOHeyrrpyr11x CTOJIKHOBeHl15TX 

;r)KeJ!bIX 51,ll,ep. '.:ho MO)KeT 6bJTb Kpat11rn Ba)KHO np11 nocTaHOBKe COOTBeT­

rny1ow,11x 3KCnep11MeIITOB. 

B c1aCTHOCTl1, pe3yJibTaTbl pac'-leTOB, BblITOJIHeHHbie B paMKax pa3-

160Tarrnoti MO,ll,eJ111, 6bIJ111 yqTeHhI ,ll,JI51 npoeKT11poBaH115I 3Kcnep11MeHTaJib­

;,1x ycTaHOBOK, np11 nocTaIIOBKe 3KCnep11MeHTOB no peaKL\115IM MHOrOHYKJIOH­

~1x nepe,ll,a'-1 , a TaK)l(e np11 aHaJil13e 11X pe3yJibTaTOB, B Be,ll,YW,11X M11p0Bb!X 

:i;epHo-¢11311qecK11x JJa6opaTop115lx: JI5IP 0115U1 (,ll,y61rn), GSI (fepMai11151), 

ANIL ( <DpaHL\1151) 11 Y H11Bepc11TeT lOB5ICK10JI5l ( <D11HJJ5IH,ll,l15I). 

.Il:ocTOBepHOCTb 113JIO)KeHHbIX B pa6oTe pe3yJibTaTOB o6ecrre­

rnaeTC51 ,ll,OCTaTO'-IHO TOLfHb!M 11X cornac11eM c y>Ke 11MeJOUJ,11Ml1C51 

:cnep11MeHTaJ!bllO-l13MepeH Hb!Ml1 xapaKTep11cT11KaM11 peaKL\11tl rny60KOl!C-

1pyr11x nepe,LJ;al.J . 0T,ll,eJ!bHbie pe3yJibTaTbl ,ll,l1HaM11'-IeCKOVI MO,ll,eJ111, OCllOH<W 

JM Ha ypaBHeHl151X Jia11>KeBe1rn, 11aXO,LJ;5ITC5I B COOTBeTCTBl111 c BblBO/\aM II , JI() 

l '-IeHHbIMJ1 B paMKax ,lJ,pyrnx TeopeTWieCK11X nO,ll,XO,LJ;OB K or111cam110 ("'!'OJI I( 
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HOBett11ti T51>KeJihIX 110110B TaK11x, KaK GRAZING, MO,LJ;eJih ,ll,BOiiHo:ti 51,lJ,epHoV! 

c11cTeMb1 11 ttecTal\110HapHbiii MeTO,ll, XapTp11-<DoKa. 

Anpo6au;11~ pa6oThI. OrnoBHb1e pe3yJibTaThI pa6oTbI ,LJ;OKJia,LJ;bIBa­

JIMCb Ha CJ!e,ll,y!OW,11X Me)l(,ll,yHapO,ll,llb!X KOH¢epeH[\1151X: 

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

2017); 

2. 3ace,LJ;aH11e nporpaMMHO-KOHCYJ!bTaTl1BHOro KOM11TeTa 0115!11 no 51,ll,ep­

HOVI ¢11311Ke (,ll,y6Ha, Pocc115I, 11IOHb 2018) ; 

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

August , 2018); 

4. 9V! Me)l(,lJ,YHapo,LJ;Hbii-1 c11Mno311yM no 3K30Tl1'-lecK11M 51,lJ,paM EXON18 

(IleTp03aBO,ll,CK, Pocc1151, CettT516pb 2018); 

5. 4th International Conference on Nuclear Structure and Dynamics 

NSD2019 (Venice, Italy, May, 2019); 

6. 6951 Me>K,lJ,YHapo,ll,Ha51 KoH¢epeHL\1151 no 51,lJ,epHotl cneKTpocKon1111 11 

CTPYKType aTOMHoro 51,ll,pa « 5!,ll,P0-2019» (,LJ;y6tta, Pocc115I , 11IOJib 

2019). 

J111qHhiii BKJia.n;. ABTOP np11H11Ma.rr aKTl1BHOe y'-lacT11e B nocTaHOB­

Ke HayLIHb!X 3a,ll,aLI ,ll,11CCepTa[\1111, pa3pa60TKe Bbl'-Il1CJll1TeJibHb!X a.rrrop11TMOB, 

npoBe,LJ;eHl111 pac'-IfaOB, aHaJil13e noJiy'-IeHHbIX pe3yJibTaTOB, Harr11cat11111 CTa­

Tetl 11 11X no,ll,rOTOBKe K ny6J111Ka[\l1l1. JI11LIHO aBTOpOM 6bIJia o6o6w,eaa MHOro­

MepHa5l ,ll,11HaM11LfeCKa51 MO,LJ;eJJb 51,LJ;p0-51,ll,epHbIX CTOJIKHOBeHl1VI Ha cJiyLiaV! MO­

,ll,eJ111poBaHl151 CTOJIKHOBe1rnfi c yLiaCTJ1eM 51,ll,ep, 11Me!OW,11X ,ll,e¢opM11poBam1y10 

¢opMy B OCHOBHOM COCT051Hl111, npe,LJ;JIO)KeH cnoco6 pacnpe,ll,eJieHl151 3Hepr1111 

B036y>K,ll,eHl151 Me)f(,ll,y npO,lJ,YKTaMM peaK[\1111 B 3aBl1CHMOCTH OT BpeMeHH ee 

npoTeKaHl151, a TaK)f(e noJiyLieH Ha6op napaMeTpOB ,ll,11HaMl1LfeCKOii MO,ll,eJ111. 

l1ccJ1e,ll,OBaH115I oco6e1mocTetl rrpoTeKamrn peaKL\11tl MHOrorryKJIOHHbJX 

nepe,ll,acr B c11cTeMax 51,ll,ep, xapaKTep113yeMh1x pa3JI11LIHOii Maccotl, 113ocn11-

HOM, a TaK)Ke ¢opMOH 51,ll,pa B OCHOBHOM COCT051Hl111, 6bIJl11 Bb!IlOJIHeHbl np11 

onpe,LJ;eJimow,etl po;rn aBTopa. Pe3yJJbTaTbl pac'-lfaoB, npe,ll,CTaBJJeHHbie B ,ll,HC­

cepTal\1111, 11 OCHOBHbie nOJIO>KeHl151 , BblHOCl1Mble Ha 3aw,11Ty, noJJyLieHbl Jl11Lfll0 

aBTOpOM. 
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Ily6JI11Kau;1111. OcttOBHbie pe3yJlbTaTbI no TeMe ,LI,11ccepTau,1111 113no­

)KeHbI B 11 ne'-laTHbIX 113,LI,a!-Jl151X, 9 113 KOTOpblX ony6n11KOBaHbl B )Kypttanax, 

peKOMett,n.oBaHHbIX BAK, 11 BKJ1IO'-le11ttb1x B c11cTeMb1 u,11T11p0Batt115I Scopus 11 

Web of Science, 2 - B MaTep11anax Kott¢epettu,11tl. 

KpaTKoe co,n;ep)KaHHe pa6oThI 

Bo BBe,n;ettHH 06oc110BbIBaeTc5I aKTYaJJbHOCTb 11ccne,LI,0Batt11fi, npo­

BO,Ll.11Mbrx B paMKax ,LI,aHHOfi ,ll,l1CCepTaIJ,l10HHOfi pa60Tbl, npl1BO,LI,l1TC5! ofoop 

1-1ay'-lHOii Jll1TepaTypb1 no 113y'-laeMofi npo6neMe, ¢opMynMpyeTC5! u,enh, cTa­

B5JTC5! 3a,LI,a'-ll1 pa60TbI, c¢opMyn11poBattbl ttay'-1Ha51 HOBl13Ha l1 npaKTl1'-leCKa51 

3J-Ia'-ll1MOCTb npe,LI,CTaBJ151eMOfi pa60Tbl. 

IIepBa~ rJiaBa nocBmu,etta TeopeTw-recKoMy no,LI,XO,LI,y K 011Mcatt1110 

peaKIJ,l1ll MI-IOrOI-IYKJlOHHblX nepe,n.a'-I - MHOrOMepHOtl ,ll,l1HaMl1'-leCKOfi MO,LI,eJll1 

5!,LI,p0-51,LI,epHbIX CTOJ1KHOBe1111fi, OCHOBaHHOfi 1-ra ypaBIIelil151X JlaH)KeBelia [8]. 
B 3TOM no,n.xo,LI,e Cl1CTeMa CTaJ1Kl1Ba1oru,Mxc51 51,LI,ep onMCbrnaeTC51 tta6opoM KOJ1-

neKTl1BlibIX CTeneHefi CB060,LI,bl: paCCT051Hl1e Me)K,LI,y u,e11TpaMl1 51,LI,ep, rrapaMeT­

pbl 3JlJ11111C011,ll,aJlbliOfi ,LI,etj:>opMaIJ,mf 06011x ¢parMeHTOB, 3ap51,LI,OBa51 l1 MaC­

COBa51 aCl1MMeTp1111. 8T11 napaMeTpb! 3a,LI,aJOT ceMetlCTBO 51,LI,ep!ib!X ¢opM, a 

TaK)Ke pacrrpe,n.eneH11e 3ap51,LI,a, KaK ,LI,J151 pa3,LI,eJieH11brx 51,n.ep, TaK 11 ,LI,J151 co­

cTaBIIOfi c.11cTeMbr. TaK>Ke B Ka'-leCTBe cTeneHefi cB060,n.b1 paccMaTp.11Ba10TC5I 

yrnbl IIOBOpOTa 06011x ¢parMeI-ITOB l1 BCefi Cl1CTeMbl KaK u,enoro. 

CTOJIKHOBer-111e ,LI,Byx T51)KeJlbIX 51,n.ep paccMaTp11BaeTC5I B MO,LI,en.11 KaK 

11enpepbIBHb1fi TpexcTynew1aTb1fi npou,ecc. H a nepBOM 3Tane cTanK.11Ba1oru,M­

ec51 51,LI,pa 11pl16Jll1)KaJOTC51 ,LI,pyr K ,LI,pyry, Ha CJle,LI,yIOIIJ,efi CTa,LI,l1l1 npOl1CXO,LI,l1T 

06pa30Ba11.11e .11 ,LI,aJlbttefiwa51 3BOJ1IOIJ,l151 e,LI,.11ttofi cocTaBHOfi c.11cTeMb1. B KO­

He'-IHOM l1TOre npOl1CXO,LI,l1T pacna,LI, e,n..1111ofi C.11CTeMbl Ha ,LI.Ba ¢parMeHTa, KO­

TOpbie pa3neTaIOTC51 B npOTl1BOIIOJ10)!(Hbie CTOpO!ibl B Cl1CTeMe u,eHTpa Mace. 

B ,n.11HaMM'-leCKOM nO,LI,XO,LI,e na oc110Be ypaB11e1-111fi Jia11)KeBe11a KonneKTl1BHa51 

51,LI,epHa5! ,ll,.l1IiaM.11Ka OTil1CbIBaeTC51 no aHanor11l1 c ,ll,Bl1)KeHl1eM 6poyHOBCKOfi 

'-!aCT.11IJ,bI (KOJ1JleKT.11BHbJe CTeneH.11 CB060,LI,b!), 110Meru,eHHOfi B TepMOCTaT, o6-

pa30BaHHbl fi BCeMM OCTaJlbHbIM.11 cTeneH5!Ml1 cBo6o,LI,bI. C McTeMa ypam1e1-rntl 

JlaH)KeBeHa cocTo.11T 113 Knacc11'-lecK.11x ypamieH11fi ,LI,Bl1)KeHl151, Y'-ll1Tbrna1oru,Mx 
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Cl1J1Y TpeH.1151 11 CJly'-lafiHyIO c11ny 

{

Qi= L µijPj, 

Pi =;driving - L 'YijµjkPk + L eij(j(t), 

j ,k j 

(1) 

KOTOpb!e CB5!3aHbl ,LI,pyr c ,n.pyroM '-lepe3 ¢nyKTyaIJ,l10HHO- ,LI,.11CCl1IlaIJ,110HI-lYIO 

TeopeMy: 

eikekj = 'Yij~*. 

3,LI,eCb Qi 11 Pi - KOJ1JleKTl1BHbie CTeneHl1 CB060,LI,bl, paccMaTpl1BaeMbie B MO­

,n.en.11, .11 COOTBeTCTBYJOIIJ,.He l1M .11MITYJibCbl' µij = lmij 1-1 
npe,LI,CTaBJ15!eT co-

6oii o6paTHbltl TeH30p 111-1epIJ,l10HHbIX Koa¢¢11u,MeHTOB, 'Yij - TeH30p TpeHl151, 

(}ij - aMnJ1.11Ty,LI,a cny'-lafiHOM Cl1Jlbl, (i(t) - CJly<-IafiHa5! BeJ1.11'-l.11Ha, 06pa3y10-

ru,a51 pacnpe,LI,ene1-rne raycca, a Tt - 3TO a¢¢eKT.11BHa51 TeMnepaTypa 51,LI,pa, 

Y'-ll1TbJBaJOIIJ,a51 HyJleBble KOJ1e6a1-1.1151 ,ll,J151 tj:>H Hl1THbIX KOJ1JleKTl1BHbl X MO,ll, ,Ll.Bl1-

)KeHl151. ,lJ,Bl1)KYIIJ,a51 Cl1Jla Fdriving, BXO,ll,5IIIJ,a51 B Cl1CTeMy ypaBHeH.11fi Jia1-DKeBe-

11a (1), Bbipa/KaeTC51 '-!epe3 '-!aCTHbie rrp0.113BO,ll,HbJe OT CB060,LI,HOfi 3Hepr11l1 no 

cooTBeTCTByroru,11M KonneKTl1BHbIM KOOp,LI,11HaTaM. Pewer-me ypaBHeHMfi JlaH­

)KeBe1-1a rrpoBO,LI,11TC51'-mcnennoc11crronb30Ba1meM pa3HOCTHOii cxeMbI Xb10Ha. 

8BOJ1JOIJ,l151 51,LI,epHOfi C.11CTeMbl orrpe,LI,eJ15JeTC51 na1-1,n.rnatj:>TOM IlOTeHIJ,11-

aJlbHOfi 3Heprn11. IloTeI-llJ,l1aJlbHa51 3Hepr1151 B3al1MO,LI,efiCTB.1151 CTaJ1Kl1BaIOIIJ,l1X­

C51 51,LI,ep Bbl'-IHCJ151eTC5! B paMKax MaKpO-Ml1KpOCKOIIl1'-!eCKOrO IlO,LI,XO,LI,a, oc­

HOBaJrnoro Ha ,n.Byxu,erITpoBofi o6ono'-le'-motl MO,LI,en11 [13]. ,lJ,n51 Cl1CTeMbI co­

npl1Koc1-1yBw11xc51 51,LI,ep Koa¢¢11rr11eHTbl 1111CpIJ,l1l1 µij Bbl'-!HCJ151IOTC5! B rl1,LI,­

pO,LI,.11HaMl1'-leCKOM no,LI,xo,n.e Bep1-1epa-Y11nepa [14], a cooTBeTCTBy1or.u,vie Koa¢­

cPMrr.11e1-1TbI Tpe1-11151 'Yij - B Mo,n.en11 O,LI,ITOTeJlbHOtl B513KOCT.11 [15]. B MO,LI,eJ111 

y'-ll1TbIBaJOTC5! rrpou,eccb1 HYKJlOHHbIX nepe,LI,a'-1 l1 ,n.11ccMrrarr.11.11 Kl1HeTw-1ecKotl 

3Heprl1.11 eru,e ,ll,O KOHTaKTa 51,LI,ep, KOTOpbi e Ha'-ll1HaJOTC51 Ha pacCT05!J-111l1 ,LI,efi­

CTBl151 51,LI,epHbIX c11n '"" 2 tj:>M. Tpa1-1cnopTHb1e Koa¢¢viu,MeHTbr , cooTBeTCTBy­

JOru,Me CTeneH51M CB060,LI,bl MaCCOBOl1 VI 3ap5!,LI,OBOl1 aCHMMeTpH.11 ,ll,J15! CJ1y<-I a51 

pa3,LI,enen1-1b1x 51,LI,ep, pacc'-l.11Tbrnanvicb l13 cKopocT11 1-1yKnOHHbIX nepe,n.a'-1 >., a 

,LI,J151 y'-lfaa ,ll,l1CCHnaIJ,.11l1 3Heprnl1 OTJ-10Cl1TeJlbHOrO ,ll,Bll/KeHl151 BBO,ll,l1TC5! ¢opM­

tj:>aKTOp pa,LI,HaJlbHOro TpeHl15! no aHanorl1l1 c MO,LI,eJlblO IIOBepxHOCTHOro Tpe-

11115! [16]. 
B ,JJ,a1rnoi:t ,n.11ccepTaIJ,l10HHOfi pa6oTe 6b1na ycoBepwencTBOBaHa l1CXO,ll,-

1-Ja5! BepC115! MHOroMepHOfi ,Ll.l!HaM.11'-!eCKOl1 MO,LI,eJil1 CTOJlKJ-IOBeJ-rnfi T51)KeJlb!X 

51,JJ,ep, OCHOBam 10!1 Ha ypaBHeH.1151X JlaH/KeBeI-la [8]. 
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• lfarrett Bonpoc o pacnpe)l.eJiemm ::itteprirn B036y)K)l.emrn Me)K)l.y npo­

)l.yKTaM11 peaK11,1111 Mttoro11yKJIOHHbIX nepe)l.a<r. Bb1JI0 o6Hapy)KeHo, <ITO 

pa3)l.eJieH11e noJIHOl1 ::ittepr1111 B036y)K)l.e1rn51 Me)K)l.y cpparMeHTaM11 3a­

B11c11T OT BpeMeHl1 B3al1MO)l.el1CTBl151 51,[1,ep 11 113Me1rneTC5I OT npaKTWie­

CKl1 paBHOro pa3)l.eJieHl151 )l.Jl51 6bICTpb!X CTOJIKllOBe1111l1 )l.O nponop11,11-

0HaJibHOro MaccaM cpparMeHTOB - )l.JI51 )l.Jil1TeJihHbIX peaK11,11:i1. Yc1eT 

BpeMeHHOH 3aBl1Cl1MOCTl1 3TOro npo11,ecca c xapaKTepHb!M BpeMeHeM 

nepexo)l.a T = 2 · 10- 21 c no3BOJ111J1 YJJYLillll1Tb corJiac11e pac'-!eTOB 

c 3KCnep11MeHTaJibHO-Ha6JIJO)l.aeMblMl1 1130TOTIHb!Ml1 pacnpe)l.eJieHl151Ml1 

rrpO)l.yKTOB B Macc-aCl1MMeTp11'-1HbIX peaKll,1151X. 

• 06ttapy)Ketto, <1To l1HTeHCl1BHOCTb HYKJJOHHoro o6MeHa Cl1JibHO 3aB11c11T 

OT Macchi CTaJIK11Ba10UJ,11xc51 51)].ep. Xopolllero on11cai-m51 sKcnep11Me11-

TaJibHb1x )l.aHHblX no MaCCOBbIM 11 3ap51)l.0Bb!M pacnpe)l.eJleHl151M npo­

)l.YKTOB, o6pa3yJOUJ,l1XC51 B peaKll,1151X rny60KOlleyrrpyr11x nepe)l.aLJ OT 

58Ni + 208Pb )l.O 238U + 248Cm, y)l.aJIOCb )l.OCTl1rHyTb nyTeM BBe)l.eHl151 3a­

Bl1Cl1MOCTl1 CKOpOCTl1 HYKJIOI!HbIX nepe)l.a'-1 OT DOJIHOl1 MaCCbl Cl1CTeMbl: 

Arv A;ot· 

• Ilpe)l.JIO)KeH cnoco6 MO)l.eJJ11poBatt115I peaKu,1111 c y'-!aCT11eM 51)].ep , )l.ecpop­

M11poBaHHbIX B OCHOBHOM COCT051Hl111. ,Il;JI51 pellleHl151 3TOl1 3a)l.a1.Jl1, 11C­

IIOJ1b30BaJil1Cb CJie)l.yIOUJ,l1e rrp116J111)Kett115I: 

1. PaccMaTp11Ba10Tc5I npe)l.eJihHhie CJ1y<Ia11 B3a11MHO:i1 opHettTa11,1111 

51,[1,ep, KOr)l.a Ka)K)l,biil. cpparMeHT MO)KeT 6b!Tb op11eHTl1pOBaH Jil160 

B)l.OJlb, JI1160 TIO)]. 11p51Mb!M yrJJOM K OCH, coe)l.11H5!IOUJ,el1 11X 11,ewrpbl. 

TaKHM o6pa30M, B cJiy'-lae, ecJIH o6a 51)].pa l1Me10T )l.ecpopMttpoBaH-

11y10 cpopMy B OCHOBHOM COCT051Hl1H, B03Hl1KaeT 1.JeTblpe HaLiaJibHbIX 

B3al1MHbIX op11eHTau,1111 51,[1,ep: (0,0), (0,7r/2), (7r/2,0), (7r/2,7r/2), 
rrp11 KOTOpbIX MO)l.eJI11py10TC5I CTOJIKHOBeHl151 51,[1,ep. ,[l;11¢¢epettll,l1-

aJibHOe ce'-le1rne peaKu,tt11 BbILil1CJI51eTC51 nyTeM ycpe)l.tteHH51 no B3a­

l1MHbIM op11ettTall,l15IM. Ilp11 3TOM npe)l.DOJiaraeTC51 , 1.JTO ceLJettHe pe­

aKll,Yll1 Jll1Hel1HO 3aBl1Cl1T OT optteHTatI,1111. CTaJIKHBaIOllJ,l1XC51 51,[1,ep. 

2. PeJiaKcau,1151 op11ewl'l1p0Batttto:i1 51)l.epHol1 c11cTeMbI K aKCHaJibHO­

c11MMeTp11Littol1 np011CXO)l.11T B ttanpaBJieIIHl1 , nepneH)l.HKYJI51pHOM 

oc11, coe)l.11H5!JOUJ,el1 u,e1ITpbI cpparMeHTOB, 11 He 113MeH51eT paCCT05l-

1111e Me)K)l.y u,ewrpaM11 cpparMeHTOB. B 3TOM CJJy'-!ae ceMeilcTBa op11-

eHTttpoBaHIIbIX l1 aKCl1aJibHO-CHMMeTpl1'-1HbIX cpopM 51,[1,epHOH CHCTe-
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Mb! MOryT 6bITb CB513aHbl Liepe3 napaMeTpbl 3JIJll1IlCOl1)l.aJibHOl1 )l.e­

cpopMau,1111 cpparMeHTOB. PeJJaKcau,1151 op11eHT11poBaHHOl1 5l)l.ep11ol1 

CHCTeMbl K aKCl1aJibHO-Cl1MMeTpl1'-llIOl1 peaJI113yeTC5I B TIOTeHU,HaJib­

HOl1 3ttepr11H npH DOMOllJ,11 3KCDOJJeIIU,11aJibHOrO cpopM-cpaKTOpa, 3a­

Bl1C51UJ,ero OT BpeMe1rn B3aHMO)l.el1cTBH51. XapaKTepHoe BpeM51 sToro 

npou,ecca, TIOJiy'-leHHOe B paMKax )l.l1HaM111.JeCKOIT MO)l.eJlH , COCTaBJ151-

eT 10- 2l C. 

B KOHU,e rJiaBbI o6cy)K)l.aeTC51 rm6op napaMeTpOB MO)l.eJJ11 , KOTOpb1e, 

rJiaBHbIM o6pa30M, 3a)l.a!OT BpeMeHHyto 3aBl1Cl1MOCTb MHOrOMepHOl1 noTeH­

ll,YlaJibHOl1 3Hepr1111, K03cpcptt11,11eHTbl pa)l.l1aJibHOro TpeHl151 11 TpeHl151 CKOJib­

)KeHl151, cKopocTb HYKJlOHHbIX nepe)l.a'-1 11 paccT05IH11e Me)K)l.y noBepxHOCT51Ml1 

51,[1,ep, Ha KOTOpOM Ha1.JHHaeTC51 )l.HCCHDall,1151 Kl1IJeTHLieCKOIT 3Heprl1H l1 o6MeH 

HYKJJOHaM11. l1ccJJe)l.yeTC51 ttx BJ11151HHe Ha s Kcnep11McnTaJib110-11a6mo)l.aeMh1e 

xapaKTepHCTl1Kl1 npO)l.yKTOB peaKll,HH. 

BTopaSI rJiaBa rrocBm11,eHa HCCJ1e)l.0Ba11mo npou,ecca ypaBIJOBelll11Ba­

Hl15I 3ap51)l.a (charge-equilibration) HJIH BeJ111c111HbI N / Z (N / Z-equilibration) , 

npo51BJI5l!Olll,eroc51 B peaKu,1151x MHoronyKJJOllllbIX nepe)l.aLI. 8ToT npou,ecc 1m-

6mo)l.aeTC5I B Cl1CTeMax, COCT05Illl,l1X 113 51,[1,ep c pa3JIH1.JHb!MH 3Ha<JeHl151Ml1 

N / Z , 11 3aKJIJO'-laeTC51 B nepepacnpe)l.eJJeH1111 11yKJIOHOB Me:)K)l.y cpparMeHTa­

MH TaK, 1.JT06bJ Ml11111Ml1311pOBaTb noTellll,l1aJlbllYIO 3Hepr1110 11X B3al1MO)l.el1-

CTBH51. Bbrno noKa3aHo, '-!TO MexaHH3M 3Toro npou,ecca onpe)l.eJ151eTC51 JlaH)l.­

lllacpTOM noTe11u,11aJibHOli sHeprHH B Koop)l.1111aTax Z 11 N 11 3aKmo'-laeTC51 B 

nepeKpeCTHOM o6MeHe HeliTpOHaM11 H npOTO!IaMl1 Me)K)l.y CHap51)l.OM l1 Ml1-

llleHblO. ,[l;JJ11TeJ1blIOCTb ypaBHOBelllttBai11151 seJJwmHhr N /Z, 113BJ1e'-ICHHa51 113 

pac'-lfaOB )l.Jl51 pcaKll,1111 58Ni + 208
Pb, COCTaB11Jia 0.5 -10- 21 

c. 8TH pe3yJ1bTaTbl 

HaXO)l.51TC51 B xopollleM COrJiaCHl1 c )l.pyrHMl1 pac'-leTaM11 , BbIDOJIHeHIIb!Ml1, IIa­

np11Mep, B paMKax Ml1KpOCKODH1.JecKoro 11ecTau,110HapHoro no)l.xO)l.a XapTp11-

<l>oKa. 

Pe3yJibTaTbI aHaJIH3a BhIXO)l.OB KOHe'-IHbJX npO)l.yKTOB B peaK11,1151x 58Ni , 

64Ni + 208Pb, TIOKa3aHHble Ha p11c. 1, )l.eMOHCTp11py10T 3Ha'-lwreJibHOe BJJH-

51HY!e npou,ecca ypaBHOBelll11BaH115I 3ap51)l.a Ha ¢opM11poBaH11e npo)l.yKTOB 

MHoronyKJJOIIHbIX rrepe)l.aLI. B peaKu,1111 58Ni + 208
Pb, 113-3a HaJ1111.J115I npo­

u,ecca ypaBHOBelll 11BaHl151 3ap5l)l.a, 3ap51)l.OBO-aCl1MMeTpH 1.JHbie npO)l.yKTbl (Fe, 

Cr, Po, Rn) l1Me10T 6oJiee BbtCOKHe ceLierrn51 06pa30BaH115I, '-leM B peaKu,H11 

64Ni + 208Pb. He CMOTp51 Ha 3TO, BbIXO)l.bI l130TonoB c Hatt6oJibllll1M Hel1TpOH­

HbIM 1136bITKOM OKa3bIBalOTC51 60J1bUJe B peaKl.I,1111 
64

Ni + 208
Pb. 
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P11c. 1: l130TOnHhie pacnpe)J,eJJeH11H KOHe'IHhIX CHapH/l,O- H M11U1eHeno)J,06HhIX 

cpparM€HTOB, o6pa3yIO!ll,llXC51 B /l,Byx peaKU,llHX: 
58Ni + 208

Pb np11 3H€prH11 

Ec.m. = 270 M3B (cnnoU111b1e poM6h1 11 TOJlCTbl e r11cTorpaMMb1) 11 
64 Ni + 208

Pb np11 

3Hepr1111 Ec.m. = 268 M3B (oTKpbITbie TpeyroJlbH11Kll 11 TOHK11e r11cTorpaMMb1). 

r11CTOrpaMMbl - pe3yJlbTaTbl paC<JfaOB, fl0JlY'l€HHbl € B paMKaX )J,Opa60TaHHOH MO)J,€Jlll, a 

Cl1MBOJlaMll o603Ha'l€Hbl 3KCnep!!M€HTaJlbHbl € )J,aHHbl € 113 pa60T [17, 18]. 

Tpe Th.SI rJiaBa nocB5Illl,etta ttccJ1e,D,osamno xapaKTepttCTMK npo,nyK­

TOB, o6pa3y!OW,MXC5I B peaKl..l,M5IX MHOrOI-IYKJIOIII-Jb!X nepe,D,a'-1 c Y'laCTMeM 5!,D,ep, 

MMe1ow,11x ,D,e¢opM11poBaHHYIO ¢opMy B OCHOBHOM COCT05IHMl1. 0,D,HOi1. 113 3a­

,D,a'-1 3TOi1. rJiaBhl 5IBJI5IeTC5I anpo6a1..1,1151 pa3pa6oTaHHOrO no,D,XO,D,a ,D,J15I MO,D,eJ111-

poBaH1.rn CTOJIKIIOBeH11i1. T5I:>KeJihIX 51,D,ep, 11MeIOW,MX ,D,e¢opM11pOBaHHYIO ¢op­

MY B ocHOBHOM cocT05IH11M. BTopa5I 1..1,eJih - STO 11ccJ1e,D,0Ba1111e B03HMKaIO­

w,ttx np11 3TOM op11eHTal.l,MOHHbIX s¢¢eKTOB, KOTOphre HenpeMeHHO 0Ka3bl ­

Ba!OT BJIJ15IIfl1e Ha ,D,v!HaM11Ky npoTeKaHM5I CTOJIKHOBe1mi1. 11, COOTBeTCTBeI-IHO, 

Ha ¢opMttpoBa1rne pacnpe,D,eJ1eH11i1 npo,nyKTOB no yrnaM BbIJieTa, K11HeT11qe­

CKOi1. sHepnrn, MaccaM 11 aTOMHhIM HOMepaM. T aKy10 11t1¢opMa1..1,tt10 MO:>KHO 

M3BJie<Jb M3 aHaJl l13a 3KCn epttMeH'.raJibHbl X ,D,aHHbIX, llOJiyqem-IhlX ,D,JI5I peaK-

1..1,1111. c y<.JaCTMeM !10XO:>KMX, HO OTJIWJa!OW,l1XC5I CBOei1. ¢opMOi1. B OCHOBHOM 

cocT05IHMM, 5!,D,ep. B ,D,am1oi1. ,D,ttccepTa1..1,11ott11oi1. pa6oTe 6hIJIM npoaHaJIM3ttpo­

BaHhl HeCKOJlhKO np11MepoB TaKMX Cl1CTeM: 
144Sm + 144Sm, 154Sm + 154Sm M 

2os p b + 2osP b, 23su. 

B cttcTeMax 
144Sm + 144Sm 11 

154Sm + 154Sm MaJIOBepo5ITHhI npo-

1..1,eccb1 CJil15IHM5I-,D,eJ1eJJ l15I 11 TIOCJie,D,OBaTeJibI-IOrO ,D,eJieHM5I T5I:>KeJiblX npo,nyK­

TOB, TI03TOMY 01!11 oqeHh y,D,06Hhl ,D,JI5I 113yqem rn peaK1..1,11i1. rny6oKOHeynpyrnx 

12 
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P11c. 2: (a) YrJJOBhie 11 (6) 3HepreT11<1ecK11e pacnpe)J,ene111rn npo,nyKTOB peaKu;1111 , 

noJJyYeHHble B peaKU,llHX 
144Sm + 144Sm 11 

154Sm + 154Sm np11 311eprnHx Ec.m. = 500 11 

485 M3B COOTB€TCTB€HHO. r11cTorpaMMaM11 060111a'-!ellbl pe3yJibTaThl pac'-lfaOB, a 

CllMBOJihI n0Ka3b1Ba10T 3Kcnep11MeHTaJJhI1b1e )J,aHHbie [19]. ITy11KTHpHaH rHCTorpaMMa 11 

poM6b! COOTB€TCTBYIOT peaKU,11H 
144Sm + 144Sm, COJlOUlllaH rHCTOrpaMMa II 

KPY)f{Kll - peaKu,1111 
154Sm + 154Sm. 

nepe,D,a'-1 f 19]. ,Il;11HaM11<.JecKa5I MO,D,eJih 5!,D,p0-5!,D,epHhrx CTOJ1KJJOBe1111t1 xopowo 

01111cana 11Me10w,11ec5I ,D,aHHbie no yrJIOBhIM 11 sHepreT11qecK11M pacnpe,D,eJ1e1rn-

5IM npO,D,YKTOB, o6pa30BaJ!llblX B peaKl..l,Ml1 
144Sm + 144Sm (CM. p11c. 2). I1p11 

MO,D,eJ111poBaH1111 peaK1..1,1111 
154Sm + 154Sm c yqfaoM B3a11M11ot1 op11e11Ta1..1,1111 

CTaJIK11Ba1olll,11xc5I 5!,D,ep y,D,aJIOCh xopowo on11caTh sHcprcT11 LICCKoe 11 3ap5I,D,O­

Boe pacnpe,D,eJ1eH115I npo,D,yKTOB peaK1..1,tt11, HO pe3yJihTaTbJ pacYeTOB yrnosoro 

pacnpe,D,eJieHl15I CO,D,ep:>KaT HeCKOJlbKO lll1KOB, 11e Ha6mo,D,aCMblX 3KCnep11Me1-1-

TaJibHO. OH11 B03Hl1Ka!OT 113-3a orpatt11<.Jemroro q11cJJa yyw.rb1BaeMb1x B MO,D,e­

JIM B3al1M!Tb!X op11eHTa1..1,11i1. 5!,D,ep. 

,Il;JI5I TaKJ1X T5I:>KeJlb!X Cl1CTeM , KaK 
208

Pb + 208
Pb, 

238U' 3ITa'-ll1TeJib­

Ha5I ,D,OJ15I o6pa30BaBilll1XC5I npO,DyKTOB pacna,D,aeTC5I c o6pa30BaHMeM OCKOJI­

KOB ,D,eJJeHM5I. ITpou,eccy nocJ1e,D,0BaTCJ1bnoro ,D,eJiemrn no,D,Bep:>Ke11b1 Ha1160J1ee 

T5I)KeJJb1e neps11qttb1e npo,nyKThT , ceqe1111e 06pa3osa111151 KOTOpbIX pe3KO na­

,D,aeT C yBeJJWieJ-Jl1eM aTOMllOrO llOMepa npo,D,yKTa. chO np011JlJllOCTp11pOBa­

IIO Ha p11c. 3 Ha npttMepe 3ap5I,D,OBoro pacnpe,D,eJJeHl15I npo,nyKTOB peaK1..1,1111 

208Pb + 208Pb. Pe3yJJhTaThI paCLICTOB, cooTBeTCTBy1ow,11e KOHe<.JHhIM npo­

l WKTaM , xopowo COrJ1acy10TC5I c 11Me!Olll,11MMC5I 3KCnep11MeHTaJibHblMl1 ,D,aII-

11 blMl1 [20]. 9KCTIOHeHl..l,11aJibllb!i1. cna,D, CeL1e1111tl o6pa30BaHl15I npo,nyKTOB T5I-

13 
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Prrc. 3: 3ap51,JJ,OBoe pacrrpe,JJ,eJieHtte KoneqnhIX rrpOA)'KTOB, nonyqennhIX B peaKU,MM 

208Pb + 208Pb rrptt 3neprHM E c.m. = 786 M3B. Pe3yJihTaTbI pacqeTOB ,JJ,JI51 nepBH'lHhIX M 

KoneqnhIX cpparMeHTOB o603Ha'leHbl lllTPMXOBOH If CllJIOlllHOH rMCTOrpaMMaMM. 

CttMBOJihI cooTBeTCTByIOT 3KcrrepttMeHTaJibHbIM ,JJ,attttbIM [20] (noKa3ano B MaClUTa6e, 

llOCKOJibKY ll.CXO,JJ,Hble ,JJ,aHHbie npHB€,JJ,€Hbl B rrpOH3BOJibHblX €,IJ,MH11U,ax) . IloKa3aHbl 

BKJia,JJ,bI rny6oKoneyrrpymx rrpou,eccos (1) M rrocne,JJ,OBaTeJibHOro ,JJ,eJieH115! (2). 

)KeJiee MIHIJemr B peaKU,lUIX MHOrOHYKJIOHHblX rrepe,II,a'I TaK)Ke xapaKTepeH 

,!l,Jl51 6oJiee MaCClfBHbIX ClfCTeM. 

BoJihIIJOii lfHTepec c TO'IKlf 3peHH51 H3y'-!eHH51 opHeHTau,110HHhIX 3¢­

¢eKTOB B paMKax pa3pa6oTaHHOii MO,II,eJil1 npe,II,CTaBJI5IIOT CTOJIKHOBeHl151 

160Gd + 186W np11 OKOJI06apbepHbIX 3HeprH51X CTOJIKHOBeHl151 , B KOTOpb!X 

o6a rrapTHepa 11MeIOT Bb!T51HYTYIO ¢opMy 51,II,pa B OCHOBHOM COCT051Hl111. Ha 

pHCYHKe 4 npe,II,CTaBJieH rrp11Mep BKJia,II,a pa3JIH'-!Hb!X Ha'-!aJibHbIX op11eHTa11,11ii 

51,II,ep B MaCCOBOe pacnpe,II,eJieHlfe nepB111-IHb!X npO,II,yKTOB peaKIJ,Hl1, o6pa3y!O­

Ill,HXC51 npH OKOJIO- 11 Ha,II,6aphepHbIX 3Heprm1x Ec.m. = 462, 502 If 860 M3B. 

IlepBbTe ,II,Ba 3ttac1eH1151 npH6JI11)KeHHO cooTBeTCTBy10T KYJIOHOBCKOMY 6apbepy 

,II,JI51 op11eHTa11,11ii « BeplliHHa K 6oKy» H « 6oK K 6oKy» . Ha1160J1bIIJa51 3HeprH51 

3Ha'Iw.reJihHO rrpeBbIIIJaeT KYJIOHOBCK11ii 6aphep. 

BJIH51H11e op11eHTa11,1rn 51,II,ep na ,II,lfl-IaMHKY CTOJIKHOBen11ii naH6o­

Jiee CHJihHO rrpo51BJI51eTC51 rrp11 Ha11MeHhllieii 3HeprHH Ec.m. = 462 M3B 

(CM. p11c. 4a). CTaJIKHBaror.u;HeC51 51,II,pa HHTeHCHBHO B3aHMO,II,eiiCTBy10T rrpH 

Ha'-laJibHOii OpHeHTaU,H11 « Beplli11Ha K BeplliHHe» (CM. rHCTOrpaMMY 1 Ha 

pHC. 4a), a CTOJIKHOBeHlf51 « 60K K 6oKy» , 51BJI51IOI.ll,HeC51 110,II,6apbepHbIMlf ,!l,Jl51 

3TOii 3HeprHH, xapaKTepH3yeTC51 CHJihHO rro,II,aBJieHHbIMl1 HYKJIOHHhIMlf rre-
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Pttc. 4: Maccosbie pacnpe,JJ,enen1151 neps11LJttb1x npOA)'KTOB peaKU,MH 160Gd + 186W, 

paccLJ11TaHttb1e ,JJ,JI51 Tpex 3Heprttfi Ec.m. = 462, 502 M 860 M3B. fttcTorpaMMaMM 

llOKa3aHbl pe3yJibTaTbl ,JJ,JI5! CTOJIKHOB€HHH « BeplUHHa K seplUHH€» (1), « BepI1111Ha K 

6oKy» (2), « 60K K BepI1111H€» (3) If « 60K K 6oKy» (4). 

pe,II,a'-laMl1 (CM. rl1CTOrpaMMY 4 Ha pHC. 4a). IlpH yBeJIH'-leHHH 3HeprRl1 pe­

aKIJ,lf11 11a 40 M3B, HHTeHCHBHbie HYKJIOHHbJe rrepe,II,a'-!11 na6mo,II,a10TC5I ,II,JI51 

Bcex Ha'-laJihHbIX OpHeHTaIJ,Hii (CM. pHC. 46) If COOTBeTCTBYIOI.ll,lfe pe3yJibTaThl 

pac'IfaOB CTaHOB51TC51 6Jilf)Ke ,II,pyr K ,II,pyry, 11 CJie,II,OBaTeJibHO, Menee '-!YB­

CTBHTeJihHb!Mlf K Ha'-laJibHbTM OpHeHTaU,lf51M 5!,II,ep. IlpH HaH60JibIIJetl 3HeprHlf 

Ec.m. = 860 M3B (10 M3B/ HYKJIOH) op11eHTaU,HOHHhre 3¢¢eKThI 11C'-le3aroT 

(CM. pHC. 4B). Ilo,II,06HbIM o6pa30M Ha'-laJihHbie OpHeHTaIJ,11H CTaJIKHBalOI.ll,HX­

C5! 5!,II,ep BJ!l15llOT Ha 3HepreTH'-!eCKHe If yrnOBbie pacrrpe,II,eJieHH51 npo,II,yKTOB, 

orrpe,II,eJI5leMhie BhICOToii KYJIOHOBCKoro 6apbepa H yrnoM KacaTeJibHhIX CTOJIK­

HOBemrii ( J-Ie ITOKa3aIW). 

PeaKu,1151 160Gd + 186W 6brna H3y'IeHa 3Kcnep11Me11TaJib110 ua ycTa­

HOBKe CORSET B J15IP 0115!11 rrpH 3Heprtt51X Ec.m. = 462, 502 M3B [12]. 

CpaBnemre pe3yJihTaTOB pac'-leTOB c 3Kcnep11Me11TaJ1b11b1M11 ,II,allHbIM11 noKa-

3 aHo Ha pttc. 5. PaccreTHhre ,II,aHHbre, npHBe,II,eH11b1e ua p11c. 5 , Y'-lHTbrnaroT 

ycJIOBl151 3KCnep11MeHTaJihHOii pemcTpau;1111 npo,II,yKTOB KaK no yrnaM BbIJie­

Ta, TaK If ITO 3HepreTJ11-TeCKOMY If MaCCOBOMY pa3peIIJeIIl1!0. 

Ilpe,II,JIO)KeHFia51 cxeMa MO,II,eJIHpOBaHH51 CTOJIKHOBeHHii c y'-laCTHeM ,II,e­

¢opMHpOBaHHb!X B OCHOBHOM COCT051111111 51,II,ep fl03BOJ151eT ,II,OCTaTOLJHO TO'-!HO 

011HCaTb 3KCnepttMeHTaJibHbJe ,II,alll!ble no 3HepreTH'-!eCKHM , MaCCOBb!M l1 yr­

JIOBb!M pacrrpe,II,eJieHH51M rrpo,II,yKTOB peaKu;tti1 rny6oKoHeynpyrHx nepe,II,a'-1. 

B qeTBepToU: rJiaBe rrp0Be,II,e110 HCCJie,II,oBanue peaKu;Hii MHoronyK­

JIOHHhIX nepe,II,a'-! c rracTtteM aKTl1Hlf,!l,OB. 5I,II,pa aKTHHl1,!1,0B HMelOT Bb!T51Hy­

TYIO ¢opMy B OCHOBHOM COCT051HHH If HX B3alfMHa51 optteHTaIJ,lf51 OKa3bIBaeT 

cyr.u;eCTBeHHOe BJll151Hlfe Ha ,!1,HHaMHKY rrpOTeKaHlf51 peaKU,lfll C lfX ycraCTHeM. 
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P11c. 5: 9ttepreTH'-leCKHe, MaCCOBbi e 11 yrJIOBbie pacnpe)l,eJiettH51 nepBH'-!HblX npOAfKTOB, 

noJiy<1ettttbI X B peaKu,1111 160Gd + 186W npH ABYX :meprHHX Ec.m. = 462 H 502 M3B. 

C11MBOJiaMH o6o3Ha'-lettbl 3Kcnep11MeHTaJihttb1e )l.aHHbl e ll 2J, )f{Hpttbie rHCTorpaMMbI 

nOKa3bIBaJOT pe3yJibTaTbl pac<1i:\Toa, ycpe)l,HeHHbie no B3aHMHbl M opHeHTal\IUIM 51)],ep 

cttapH)l.a H Mttlllett11. TpeyroJibHHKaMH H lllTpHxOBbI MH rncTorpaMMaMH o6o3tta'-!eHbI 

3ttepreTH'-leCKHe pacnpe)l.eJiellH51, COOTBeTCTBY!Oll\He MHll1e11eno)l,06HblM cj:>parMeHTaM c 

A > 200. B pacqfaax y<IHTbIBaJIOCb 3Kcnep11MeHTaJibttoe pa3pellle1rne (FWHM) 12 M3B 

no 311epr1111 11 3 e,n;HHHl\bl no Macce. 

Bonee Toro, s aKTHHH,D,HOfi rpyrme naxo,D,5ITC51 navi6onee T5l:>Kenb1e xttMw1e­

CKvie 3J1eMeHTbl , ,D,OCTYTIHble ,D,J15I 3KcnepttMettTa. I103TOMY peaKU,MM c y'-laCTM­

eM aKTHHH,D,OB npe,n,cTaBJ15IlOT oco6blfi MHTepec ,D,J151 l1CCJle,D,OBaHM51 B03MO:>KHO­

CTV! noJly<leHM51 HefiTpOHOl136blTO'-lHblX l130TOTIOB T5I:>KeJlblX l1 csepXT51:>KeJlb! X 

3JleMeHTOB B npou,eccax MUOrOHYKJlOHHblX nepe,D,a'-l. 

Ilpo6JleMa 06pa30Ba1rn5I Hatt6onee MaCCMBHb! X 51,D,ep B CTOJlKHOBe-

111151X ,D,Byx aKTl11Uf,D,OB 11CCJle,D,OBaJlaCb 3KCI1ep11MellTaJlbHO ,ll,J151 peaKU,Mfi 

238U + 238U / 248Cm [21 23]. Ce<ieHH5I o6pa3osattvi51 npo,D,yKTOB T51:>Kenee M11-

meH11, M,D,eI-ITM<PlfJJ,V!pOBaHHbie pa,D,MOXHMM'-leCKV!MV! MeTO,D,aMM , TIOKa3aHbl Ha 

pt1c. 6. CooTBeTCTsyroru,lfe pe3yJlbTaThI pac'-!faos xopowo cornacy10Tc5I c 3KC­

nep11MettTaJlhHbIMH ,n,aHHbIMH. B 3TMX peaKU,M51X ceqe1rne 06pa3osa11115I 51,D,ep 

T5I :>Kenee MHWeHM 3KCl10HeHU,l1aJlbllO yMeHbIIJaeTC5I c yseJlM'-lettMeM MX aTOM­

noro HOMepa. ,Ll;J151 IIOJly'leHH51 KOHKpeTHOro 51,D,pa CMCTeMa 
238U + 248

Cm HMe­

eT npettMyru,ecTBO npt16Jltt311TeJlhHO s '-leTbipe nop51,D,Ka no ce'leHHJO B cpastte-

11vit1 c KoM6ttHau,ttefi 238U + 238U. Cornactto pac<ieTaM , peaKU,M51 
238U + 254Es 
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P11c. 6: I130T011Hbie pacnpe,LI,eJiettH51 KOHe'IH b l X npOAfKTOB T5f)f{eJiee MHllle1rn , 

n oJiyqe1rnb1e a CTOJI KHOBeHHHX aKTHllH,ll,OB. To11 K11e, ny11KTHpHb1e H TOJICTble 

rHCTOrpaMMbl COOTBeTCTBYIOT pe3yJibTaTaM pac<1eTOB )l,Jl51 peaKU,HH 
238U + 238U (E = 7.5 

M3B/ ttyKJiott), 
238U + 248

Cm (E = 7.4 M3B/ 11yKJI011) 11 
238U + 254 Es (E = 7.3 

M3B/ nyKJiou). 9Kcn ep11MettTaJihHb1e )l.a11 11 b1c ,LI,JI51 peaKU,HH 
238U + 238U (TpeyroJ1b 11H KH) 

B351Thl H3 [21], a ,LI,JI51 238U + 248
Cm (Kpyr11) 111 pa60Tb1 1221. Ha1160Jiee TmKeJib1c 

ll3BeCTHbie H30T0Hbl )l,aHHbIX XllMWieCKHX 3JICMellTOB 060111a<1e11bI BcpnI KaJibllblMH 

nyHKTHpHblMH JIHlll151MH . 

npMBO,D,11T K ,D,OnOJlHM'l'eJlbHOMY ¢aKTOpy yBenw-1emrn BblXO,Ll,OB npO,D,yKTOB c 

Z > 99 eru,e ua TPlf nop51,D,Ka. TeM He Me11ec, cec1e111151 06pa30Ball1151 csepx­

T51:>KeJlbTX 3JleMeHTOB B ,D,aHHOH peaKU,1111 OC'raIOTC51 c1pe3BbIYafi 11 0 MaJlbl MM 

,D,J151 3KCnep11MeHTaJlbHOfi M,D,eHTl1cPI-1KaU,lflf I la COBpeMellllbl X ycTaIJOBKax (lie 

f!OKa3aHbl Ha pl'IC. 6). 
B TO :>Ke BpeM5I, ceqett115I 06pa30Ba1111 5I 11 e1-1ccne,n,osa1111b1x HefiTpo110-

t136b1TO'rnhrx 1130TOITOB TpattcypaHOBbIX 3J1CMCIITOB B 3Tl1X peaKU,115IX ,D,OCTa­

TO<\Hbl Bb!COKl1 ,D,J151 npoBe,D,eHH5I COOTBeTCTBYIOILl,lf X onbITOB Ha COBpeMeHHOH 

3KcnepttMeHTMb11ofi annapaType. TaK, corJiac110 pac<ifaaM, s CTOJ1KIIOBe11vi51x 

238U + 248Cm MOl'YT 6b!Tb f! OJ1JLieIIbl 11eCKOJlbKO llOBblX HefiTp0110lf36bITOY­

HblX M30T0f!OB 6epKJ!lf5I c ce<ielll151Ml1, npeBbIWaIOill,lfMl1 1 MK6, a ,D,Jl 51 Cl1HTe3a 

HeCKOJlbKV!X HOBblX l130T0110B KaJIHcPOPlllf51 If 3HllWTeHHlf51 no11a,n,06w1'C5I ,D,0-

CTHrHYTb cec1e11t15l nop51,D,Ka 0.1 MK6. H a pwcyHKe 7 110Ka3aHhl ce<iell l15l o6pa-

30Bairn51 npO,D,yKTOB peaKU,l111 238U + 254Es c z > 91, ttaJlO)KeHJible Ila KapTy 

H3BeCTHbIX HYKJil1,D,OB. B11,n,Ho, YTO s ,n,aIIn ofi peaKu,vivi MO:>KeT 6hITb ttccne­

,n,osaiia ,D,OCTaTOYHO 60JlbWa5I o6naCTb 11elf3BeCTHblX HeHTpOHOlf36bITOYllblX 

lf30TOnOB T5I)KeJlb!X 3JleMeHTOB, Ha'-lm-Ia5I OT ypaHa 11 BTIJ10Tb ,Ll.O MCII,D,CJICl3"151, 

c ce<ieHM51MM 6onee 1 MK6. 
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P11c. 7: Ce"!ett11H 06pa30Batt11H KOHe"!HblX npOAfKTOB B peaKu,1111 238U + 254 Es np11 

Ec.m. = 900 M3B, 113o6pa)f(eHHbJe noaepx KapTbI 113BeCTHblX HJKJ111,ll,OB. KottTypttbie 

111Hl111 nOKa3bIBa10T BeJll1"111IlY ce<1e111151 B J!OrapHcpM11"!eCKOM MaCuJTa6e c maroM B 0,ll,HH 

nopH,ll,OK. 

Ha np11Mepe peaKU,1111 238U + 238U 6hIJ10 Il0Ka:3aIIO, 'lTO Bb!XO)J,bl T5I)Ke­

lbIX HetiTpOHml36bITO'lHbIX 51,D,ep CJ1a6o 3aBl1C5IT OT 3Hepr1111 CTOJ1KHOBeIIl151. 

~nanorwrnoe rroBe,n,ermc 6b1JJ0 rroJJyqeHo panee [8] ,n,JJ5I ce<JeH11t!: 06pa:30Batt115I 

1etiTpOH01136hITO'lHb!X 5!,D,ep c 3allOJ1HeHHOR ttet!:TpOimot!: o6oJJOqKot!:N = 126 

: peaKU,115IX 
136

Xe + 198
Pt, 

208
Pb. B TO *e BpeM5I, ce<Jett115I 06pa:30Batt115I x11-

rn'-lecK11x ::iJJeMeHTOB T5I)KeJJee M11rnemr ,D,JJ5I peaKu,1111 238U + 238U 11MeroT 

HCpreTWieCKYJO 3aBHCl1MOCTb c xapaKTepHbTM MaKCHMYMOM np11 3Hepr1111, 

OOTBeTCTByIOlll,et!: BbTCOTe IlOTeHU,l1aJJbHOro 6apbepa B3al1MO,D,et!:CTBl15I )J,J15I 

1p11eHTaU,l1l1 « 60K-K-6oKy» . 

Mo,n,eJJ11poBa1111e peaKu,11t!: MHorottyKJJOHHhIX nepe,n,a<J B pa:3JJH'lHhIX 

:oM611HaU,115IX CTaJJKl1BaIOU.~11XC5I 5!,D,ep c aKTl1Hl1,D,HOti Ml1lUeHblO IT03BOJ111J10 

'CTaIIOBHTh, '-!TO BbI6op 1ia1160JJee MaCCl1BHOro CHap5I,D,a 06ecrre<J11BaeT 06pa­

OBaH11e KOHe'lHb!X rrpO,D,yKTOB T5I)KeJJee Ml1III8Hl1 c Ha1160J1b1Ill1M HefiTpOH­

lblM 1136hITKOM. H a p11cyuKe 8 rr0Ka:3a11b1 pe3yJJhTaTbI pac'-lfaoB ce<JeHttt!: 06-

>a:30BaH115I T5I)KeJJbix 5!,D,ep c c111cJJOM Het!:TpoHoB N = 162, 06pa:30Batttth1x B 

>eaKU,l15IX 48Ca, 136Xe, 23su + 251Cf. 

0TM8Tl1M, 'ITO TOJ1bKO ,D,Ba 5!,D,pa 113 3TOti rpyrrrrbl - 267Db l1 270H s 

ibIJ1l1 Cl1HTe311poBalibl KaK rrpO,D,yKTbl pacrra,n,a OCTaTKOB 11crrapeHl15I, o6pa­

:oBaHHbIX B peaKu,1151x CJJ H5IIIH5I [24, 25]. OcTaJJhHhTe 5!,D,pa c N = 162 rroKa 
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P11c. 8: PacYbHbie ceYeHHH o6pa3oBaHHH H)l,ep c "IHCJJOM aei!.Tpouoa N = 162, 

o6pa3oBaHHbIX B CTOJ1KHOBeH11Hx pa3JJH"!Hb1x cHap51,1J,OB c M11llieHb10 251 Cf. To"!e"!Hb1M11, 

nyHKTHpllblMH 11 CilJlOlliHblMH rHCTOrpaMMaM11 ll0Ka3aHbl pe3JJlbTaTbI, ilOJlJ'IeIIHble )l,J151 

peaKu,111! 
48

Ca + 251
Cf, 

136
Xe + 251

Cf 11 
238U + 251

C f COOTBeTCTBeHIIO. 

OCTaJOTC5I Hel1CCJie,D,OBa1mbIMl1 11 MOryT 6b!Tb llOJ1rleHbl B p eaKU,115I X Ml!Oro­

HYKJJOHHblX rr epe,n,ac1 c T5I)KeJJot!: aKTl1Hl1,D,HOti M11wetth10 251 C f c ,n,ocTaTO'-!HO 

60J1hll111Ml1 ceLJeHl15IMl1, ,D,OCTHraIOlll,11Ml1 BeJ111Y11 H rrop5I,D,Ka 100 H6. 

B pa6oTe [8] 6b1JJ0 ycTaHOBJJetto, '-!TO c11cTeMa 136Xe + 198P t 5IBJJ5IeTC5I 

O,D,HOR 113 rrepcrreKTHBHblX KOM611ttau,11ti CTaJIKl1Ba1ow,11xc5! 51,D,ep )J,Jl51 rroJJy­

LJeHl15I Het!:TpOH01136bITO'-!Hh1x 5!,D,ep c 3anoJJHeHii0ti 11et!:Tpottttoti o6oJJO'-!KOt!: 

N = 126 B peaKU,115IX MttorottyKJJOHHbIX nepe,n,aY . CpaBHHTeJJbHbiti aHan113 

Bb!XO,D,OB ,n,aIIHb!X rrpo,n,yKTOB B peaKU,l15IX 48Ca, 136Xe, 238U + 198Pt rrOKa:3aJJ , 

LJTO H ,D,Jrn 3TOti 06JJacT11 5!,D,ep 6oJJee Macc11B!lb1ti cuap5I,D, rrpttso,n,11T K yBeJ111-

qeHmo cooTBeTCTBy1olll,HX ceLrettttfi. TaK11M o6pa3oM, Bb16op 6oJJee T51)KeJJo­

ro CHap5I,D,a B KOM611HaU,l1l1 CTaJJKHBaIOW,11XC5I 5!,D,ep llpl1BO,D,l1T K yBeJ1W-TeHl110 

Bh!XO,D,OB T51)KeJ1hlX Het!:TpOHOH36hlTO'-!Hb!X npO,D,yKTOB B peaKU,115IX MHOro11yK­

JTOHHbl X nepe,n,ay. 

B 3aKJIIO'leHHH rrp11se,n,eHbl OCHOBHhle pe3yJihTaTbl pa60Tbl, KOTOpble 

3aKJIJOqaJOTC5I B CJJe,n,y1ow,eM: 

1. ,[l;JT5I Bbll10mie11115I IlOCTaBJJeHHblX 3a,D,a'-l MHOrOMepHa5I ,n,111-1aMw1ecKa5! 

MO,D,eJJb 5I,D,p0-5!,D,ep11bIX CTOJ1KHOBeirnti , OCHOBamia51 Ha ypaBHeHl151X JlaH­

)KeBeHa, 6h1J1a ycoBeprneHCTBOBaHa cJ1e,n,y101L1,11M o6pa:30M: 

• P ean113oBaHa B03MO)KHOCTh MO,D,eJJ11poBairn51 CTOJJKHOBerm ti 5!,n,ep , 

11Me1ow,11x ,n,e¢opM!1pOBaHHYIO ¢opMy B OCHOBHOM COCT05IHl111, llpl1 

¢11Kc11poBaHHOfi B3aHMHOt!: op11e1-1Tau,1111. P e3yJJhT11py101L1,ee ,n,11¢¢e-
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pett11,11a.rrbttoe ce<rett11e peaKu,1111 onpe,II,emreTC51 nyTeM ycpe,II,ttett115I 

no yrnaM op11e11Ta11,1111 CTa.TIKl1BaIOW,11XC51 51,D,ep BO BXO)J,HOM KaHa.rre , 

yq11Tbrna51 TOJibKO •-:ieTbipe npe,II,eJihHbie op11e11Ta11,1111. 

• 06ttapy:>Ketta 11 BKJIIOLJeIIa B MO)J,eJib 3aBl1Cl1MOCTb 11HTeHCl1BHOCTl1 

MHOror1yKJIO!lllb!X nepe)J,a'l OT nOJIHOl1 MaCCbl Cl1CTeMbl. 

• ·~hITeHa BpeMeHHa51 3aBl1Cl1MOCTb pacnpe,II,eJieHl151 3Hepr1111 B036y)K­

)J,eHl151 Me)K,D,y ¢parMettTaM11. 

2. Ha ocHoBe aHa.rr113a oc110BHhtx xapaKTep11cT11K peaKu,1111 rny60Kotteynpy­

r11x nepe,II,aLJ y,II,a.TIOCh onpe,II,eJI11Tb tta6op napaMeTpoB MO,II,eJI11, 06ecne­

'll1Ba10w,11fi )J,OCTaTOYHO xopowee COrJiac11e pe3yJibTaTOB pacLJeTOB c 3KC­

nep11MeHTa.TlbHbJMl1 )J,allllbIMl1 B lll11pOKOM )J,11ana30He Mace CTa.TIKl1Ba10-

lll,l1XC5I 51,D,ep. 

3. B3a11Mtta5I op11eHTa11,1rn 51,II,ep, 11Me10w,11x ,II,e¢opM11poBaHHy10 ¢opMy B 

OCHOBHOM COCT051Hl111, 3 Ha'll1TeJibHO BJil151eT Ha )J,11HaMl1KY CTOJIKHOBeHl111 

c 11X yqaCTl1eM 11 , CJie)J,OBaTeJibHO, Ha pacnpe,II,eJieI!l151 npO,II,yKTOB peaK-

11,1111 no MaccaM , aTOMIIbIM HOMepaM , sHepr115IM 11 yrJiaM BhrJieTa. BJI11-

5IH11e B3al1MHOl1 op11e1iTa11,1111 np051BJI51eTC51 Ha1160Jiee Cl1JlbHO np11 OKO­

JI06apbepHblX 3HeprH51X 113-3a 60JiblllOl1 LJYBCTBl1TeJibHOCTl1 )J,11HaMl1Kl1 

B3al1MO)J,eficTBl151 ,II,BYX 51,D,ep K JiaH)J,lliacPTY llOTeHU,11a.TlbHOl1 3Heprn11. c 
pOCTOM 3Jiepr1111 CTOJIKHOBeHl151 pOJib op11eHTa11,110HHblX ::icl:>cl:>eKTOB OCJia-

6eBaeT. 

4. I1p11 aHa.TI!13e ce'leH11tl o6pa30BaHl151 Hel1TpOH01136bITOYHblX Ml11lletteno­

)J,06HblX npO)J,yKTOB B peaKU,115lX MHOrOHYKJIOHllb!X nepe,II,a'l 6bIJIO o6Ha­

py:>Ketto: 

• I1pou,ecc ypaBHOBew11BaHl15I 3ap51,II,a, Ha6JllO)J,aIOW,l111C51 B ueCl1MMeT­

p!1'-1Hb!X no 1130Clll1HY KOM611ttall,l15IX CTa.TIKl1Ba1ow,11xc51 51,D,ep c npo­

TOHOl136hITO'IHblM C!Iap51)J,OM 11 Hel1TpOH0!136bITO'IHOl1 Ml1llleHhIO, 

cnoco6cTByeT nepe,II,aYe npoTOHOB co cuap51,II,a Ha Ml11lletth. 0,II,tta­

KO, np11 3TOM yBeJIWJl1BaIOTC51 Bb!XO)J,bl npe11Myrn,eCTBeHHO npOTOH0-

!136bITO'IHbIX 1130TOIIOB X11Ml1LJeCKl1X 3JieMeHTOB T51:>KeJiee M111lleHl1. 

I10Ka3aHO, YTO Bb!XO)J,bl Hel1TpOHOl136bITO'IHblX l130TO!lOB 3Tl1X 3Jie­

MeHTOB 0Ka3b!Ba!OTC51 60Jibllie B CJiyqae Bbr6opa Hel1TpOHOl136bITO'l­

I-IOrO CHap51)J,a. 
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• Macca c1-rapH,II,a OKa3brnaeT 6oJihwoe BJil15ltt11e Ha ceLJett115l 06pa30-

BaH115! Hel1TpOHOl136bITO'IHblX M 11werrenO,II,06HhlX rrpO,II,yKTOB B pe­

aKU,115!X MHor011yKJIOHHh1x rrepe,II,a'l. CorJiacHo pacLJeTaM, 11cnoJib-

30Barrne MaKCl1MaJibHO T5l:>KeJioro ( Hel1TpOH01136bITO'IHOro) CHap51)J,a 

11p11BO)J,11'.r K yBeJIHLJeHHIO BbIXO)J,a Ha1160Jiee Hel1TpOH01136bITOYHb!X 

1130TOllOB T5J)KeJiblX 3JieMeHTOB . 

• PacYeTbI n0Ka3a.rr11 , LJTO npou,ecc BbrHy)K,II,ettttoro ,II,eJiett115l c11J1bHO 

orpaH!1'll1BaeT Bbl)Kl1BaH11e T51:>KeJlblX 5l)J,ep , KOTOpbie o6pa3yIOTC5l B 

peaK11,1151x MHoroHyKJIOHHhIX nepe,II,a'l. Mo,II,eJ111poBatt11e peaKu,1111 c 

yqaCT!1eM 1-1a1160Jiee MaCCl1BHblX 113 )J,OCTYilHb!X aKT11Hl1)J,OB ll0Ka3a­

JIO, YTO llOJly<!eHHe 3Tl1M crroco6oM CBepXT51)KeJibTX 3JieMeHTOB xa­

paKTep113yeTC51 qpe3Bbr<iatltto MaJib1M11 ce'leHl151Ml1. B TO :>Ke BpeM5l , 

B TaKHX Cl1CTeMax MOryT 6bl'l'b Cl1HTe311poBaHbl ew,e HeHCCJle)J,OBaH­

Hble Hel1TpOHOl136bTTO'-IHbie 1130TO!lbl TpaHcypaHOBb!X 3JleMeHTOB c 

)J,OCTaTO<rno 60Jibllil1Ml1 ceLJeH1151M 11 ( ,-,,., 1 MK6). 

• AHaJil13 srrepreT11LJecKofi 3aB11C11MocT11 BhIXO)J,OB T5l)KeJ1b1x npo,II,yK­

TOB Ha np11Mepe CTOJIKHOBetrnl1 aKTl11!11)J,OB Il0Ka3a.TI , 'ITO )J,Jl5l no­

JIY'-IeII1151 !JaH60Jiblliero Bb!XO)J,a 1130TOflOB TpaHcypaHOBblX 3JieMeH­

TOB Of!Tl1Ma.Tlblla51 3Heprn5! HaXO)J,11TC5l B6Jil1311 6apbepa B3al1MO)J,el1-

CTBl15l, KOTOpb!M o6Jia)J,aeT tta1160Jiee KOMl1aKTHa51 KOH¢11rypa11,1151 

op11eHT11poBam1hrx 51,D,ep. 
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