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06m;ag xapaKTepMCTHKa pa60Thl 

A1qyaJibHOCTh TeMbI. 

3a BpeM51 11eene,D,0Bamrn npoueeca ,D,enemrn aTOMHblX ~I,D,ep HaKorrneH 6oJJhillOH o6neM 

3KerrepHMeHTaJibHOH HHCpopMaIJ,HH, aHaJJH3 KOTOJJOH TI03BOJ1HJI Bbl51BHTb H o6b51CHHTb 

OCHOBHhie 3aKOHOMepHOCTH ,D,aHHOro 5!BJ1eHH51 - BbIXO,lJ,bl Mace H 3ap51)l,08 oeKOJJKOB ,D,eJJeHH51 H 

pacnpeJJ,e11eH115I HX no KHHen1LJeeK11M 3HeprH51M. CymeeTByeT CHJ1hHa5I B3aHM03aB11e11MoeTh 

Me)KJJ,Y sem1LJ11HaMH OOJIHOH Kl1HeT11LJeeKOH 3Heprn.H, Maee-aeHMMeTpHeH H 3Heprnei1: 

B036y)K)l,eHl151 OCKOJIKOB enOHTaHHOro 11 HH3K03HepreTH'LJeeKoro JJ,enemrn 51)],ep. 3TH 

napaMeTpbI onpe,D,eJI5IJ{)Te51, rnaBHbIM o6pa3oM, pa3pbIBHOH KOHqrnrypau,11ei1 51)],pa. 3Heprn51 

KYJIOHOBeKoro B3aHMO,D,ei1:cTBH5I nocne pa3phrna 51,D,pa nepexo,D,HT B KHHeTHLJecI<yJ{) 3Heprmo 

o6pa30BaBillHXe51 OeKOJIKOB JJ,eJ1eHH51, a 3Heprn51 JJ,ecpopMall,HH 8 3Heprmo B036y)K)J,eHH51. 

ITpHMeHeHHe KynoHoseKHX noneti 11 eJJO)KHOH KapTHHbl noTeHu,HaJihHOH 3Heprm1 B 

npoeTpaHeTBe )l,eq)OpMaIJ,HOHHbIX KOOJJ)l,HHaT Jl.BYX51,D,epHOH e11eTeMbl Il03BOJ151eT OIJ,eHHTb 

epe)l,Hl1e BeJIH'IHHbl OCHOBHbIX xapa1<TepHCTHK. ,il;JI5I o6b51CHeHH51 )l,HCnepeHH MaCCOBb!X H 

3HepreTHLJeeKHX paenpe)l,eJieHHH oeKOJIKOB )l,eJieHH51 Heo6XO)l,HMO paCCMaTpHBaTb He TOJlbKO 

noTeJ·IU,11aJ!bHYJ{) 3Hepn!J{) 51,D,pa, HO H ,lJ,HHaMHKY npou.ecca )l,eJieHH51. f1pH H3MeHeHHH cpopMbl 

51,D,pa Ha nyn1 OT Ce)l,JIOBOH TOLJKH )J,0 TOLIIUJ pa3pbIBa OCB060JJ,HBWa51C51 3Heprn51 v LJaCTH'LJHO 

nepexo,DJ'IT B npeJJ,KHHeTH'-IeCKYIO 3Heprmo OCKOJIKOB JJ,eJieHH51. lJaCTb 3HeprHH Liv 
pacxoJJ,yeTe51 1-ra B036y)K)J,e1:rne KOJIJleKTHBHbIX eTeneHeH CB060)l,bl 51)],pa (Jl.HilOJibHbIX 

KOJJe6aHHH, KOJie6aHHH 8. Hanpasnemrn rreprreH)J,HKYJ15IpHOM OCH )J,eJJeHH51), a YaCTb, 

BCJJeJJ,CTBHH HaJ1HLJH51 51.D,epHOH B513KOCTH, 6y)l,eT rrepeXO)l,HTb BO BHyTpeHHI{JI-0 3HeprHI{J 

JJ,emrn.i,eroc51 51)],pa. Cero,D,H5I He 11MeeTC5I )J,OCTaTOLJHoro KOJJHLJeCTBa 3Kcnep11MeHTaJJhHbIX 

.D,aHHbIX, KOTOpbie 003BOJ1HJ1H 6bI ou,eHHTb pacrrpe,D,eJJeHHe 3Hepnrn Liv H H3BJ1eLJb 

l1H(l)OpMaU,HI{J 0 )J,HHaMHKe ,D,e11e1urn 51)],ep. 3KcnepHMeHTaJlbHa51 HHcpopMaIJ,H51 518HO 

He,D,ocrnToY1-rn ,D,1151 rrocTpoeHH51 nonHoti MO)l,e11H mrnaMHKH 51,D,pa. Cyw,ecTByI{Jw,He MO,D,e1111, 

o6b51CH51!-0W,He OT)J,eJJbHbie np05!BJ1eHH5! )J,HHaMW-IeCKHX npou,eccoB, 11aCTO )J,aJ{JT 

nponrnopeYHBhie pe3ynhTaTbI. TaKHM o6pa30M, B cpH3HKe JJ,enemrn eyw,ecTByeT u,eJlhIH 

JJ51JI. npo611eM, C8513aHHb!X c )J,HHaMHKOH rrpo1~ecca, )J,1151 peweHH51 KOTOJJbIX Heo6XO)J,HMbl HOBbie 

6011ee no,D,po6Hhie 31<cnep11MeHTaJJhHb1e Hcc11e,D,0BaHH5I. TaKHe HOBhie JJ,aHHhie MoryT 6bITh 

no11yYeHbl KaK cosepweHCTBOBaHHeM cyw.ecTBy1-0w,ei1 MeTO,lJ,HKH HCCJ1e)J,OBaHH51, TaK H 

npHMeHeHHeM HOBblX MeTO)J,08. B ,D,aHHOH pa6oTe OCHOBHOe BHHMamre y,D,e11eHo rrpHMeHeHHJ{J 

HOBOro opHrHHaJJbHOfO MeTO)J,a 4rc-raMMa cneKTpOMeTpHH OCKOJJKOB B H3yLJeHHH 

cno1na1rnoro ,D,e11emrn 11 MeTOJJ,MKe 2v cneKTpoMeTJJHH Mace ocKOJJKOB JJ,eJJeHI151. 

CospeMeHI-Ihie 4rc-raMMa-cneKTJJOMeTphl npe,D,CTaBJI5!I-OT co6o:H onT11MaJihHYI{J wapoo6pa3HYJ{J 

c6opKy 6011hworo KOJIHLiecTBa HPGe ,D,eTeKTOpoB c aHTHKOMITTOHOBCKOH 3aw,11Toi1. B HHX 

JJ,OCTHraeTC51 BbICOKa51 3ClJcl)eKTHBHOCTb perncTpau1rn y-JiycieH, OTJlHLIHOe I<aLJeCTBO 

cneI<TpoMeTp1111ecKoi1 HHq)opMaUHH H nosbIWeHHa51 paJJ,11auHott1-:1a51 CTOHKOCTb. Bb1coI<a5I 

MO)l,YJibHOeTb JJ,eTeKTHPYJ{)llJ,eH CHCTeMhl TI03BOJ151eT perncTpOBaTb y-KBaHTbl c 60JibWOH 

MHmKeCTBeHHOeTbIO. Per11cTpaUH5I xapai<Tep11cT11qecKoro y-113Jiy11eHH5I naphI ocKOJIKOB 

f103BOJI5IeT O)J,H03HaLJHO, B c11yqae LJeTHblX OCKOJIKOB, onpe,D,eJIHTb HX 3ap51)J, H Macey. 

Ha oeHOBe TaI<Oro rIO)J,XO)l,a 6bJJIH nonyc1eHbl HOBble xapaKTepHeTHKH COOHTaHHOro )J,eJJemrn 
252Cf. BnepBbJe )J,Jl51 )J,BOHHOro 11 TJJOHHOro JJ,eJieHH51 onpeJJ,elleHbl BbIXO)J,bl KOppeJIHpOBaHhlX 

nap ocKOllKOB JJ,eneHH51. TaK)Ke BITepBhre H3MepeHhI a6cOJlJ{JTHhie se1111LJl1Hbl 

MHQ)KeeTBeHHOeTH Hcnyw,eHHblX HeHTJJOHOB JJ,eJieHH51, HHTerpaJlbHhie xapaKTep11eTHKH 

3MHCCHH y-KBaHTOB (rrOJIHa51 H cpe)l,H5151 3Heprn51 H MHmKeeTBeHHOCTb Ha OJJ,HO )J,eJieHHe) B 

3aBHCHMOCTH OT l\1aCebl OCKOJIKa H JlOJIHOH KHHeT11LJeeKOH 3HeprHH. IToJiyLJeHHbie 

xapaKTepHCTY!KH 003BOJ151I-OT H3BJiel!b 113 no11Horo raMMa eneKTpa CTaTHeTHLJeeKy10 H 

poTaLI,HOHHYIO COCTaBmnow,He. CTaTHCTHl!eC!<a5! eoeTaBJI5£J{Jlll,a5! OTBeLJaeT 3a eH51THe LJaCTH 
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OCTa'fOlIHOH (nocne 31\111CC11l1 Hef:iTpoHOB) 3HeprmI B036y)K)J,eHl151 OCKOJIKa, TOf)J,a KaK 

pOTaI.l,110HHa.51. - OTBellaeT 3a CH.51.Tl1e OCTal{)UJ.efOC51 B036y)K)J,eI-IIrn 11 OCHOBHYI{) qacTb pa3HI1ll,bl 

cn11HOB B036y)K)J,eHHOfO l1 OCHOBHOro COCT051Hl1M. ITonylleHHhie CBe)J,eHl151 06 3MI1CCl111 y
KBaHTOB nposep.51.IOTC51 nyTeM conocTaBJieHH51 c )J,OnOJIHl1TeJibHbll\111 )J,aHHbll\111 06 

3HepreTHlleCKOM 6anattce npou,ecca .n:enemrn. 

Dp11MeHeH11e ;:i:attttoro 3Kcnep11MeHTaJ1bHoro no.n:xo.n:a TI03BOJIHJIO nonyq11Tb HOBhie 

CBe)J,eHl1.51. 06 yrnoBbIX MOMeHTaX OCKOJIKOB .n:enemrn, COCTaBJI51IOru;HX pa3Hbie napbl. 

Donyqem-1b1e .n:aHHbie no3Bon11n11 oue1111Tb 3Hepr1110 or116mom11x (nonepe%1x) s116pau11i1, 

c])OpM11pyl{)UJ.!1X yrnosol1 MOMeHT, 3Heprmo )J,eC])OpMaI.J,HH 11 MOMeHTbI HHepu,1111 OCKOJIKOB B 

MOMeHTe pa3pbIBa. 

TaK)Ke aKTyaJibHO paccM0Tpett11e oco6eHHOCTei1 BhIXO)J,a ocKOJIKOB B cnoHTaHHOM 11 

BbJHY)l<)J,eHOM )J,eJieHHl1 c T0l{Kl1 3peHH.51. np11MeHemrn 3T11X OCKOJIKOB B KaqecTBe HCT04HHKa 

HeHTj)OHOl136bITOLJHhlX 51)],ep ,Il.Jl51 yc1<op11TeJihHbIX KOMnneI<COB pa)J,HOaKT11BHbIX 110HOB. 

31<cnep11Me1-1TaJibHbie 11 paCLJeTHble pe3yJibTaTbI IlOKa3aJil1, 4TO no,IJ.XO)J,, OCHOBaHHbIH Ha 

np11MeHeH1111 peaKU,1111 cpoTO)J,eJieHl151, TI03BOJI51eT nony1111Tb pa,Il.HOaI<T11BHbie 51,Il.pa-OCKOJIKH c 

BblCOKOH I-IeHTpOHOH36bIT0l{HOCTbfO c 11HTeHCl1BHOCTblO, Heo6XO)J,11MOH )J,Jl51 ycKopeHI151 11 

npose.[(eH11.sI 3Kcnep11MeHTOB. TaKOM 11cTOLJHHK Hei1TpOHOH361noqHbIX pa.[(HOaKTl1BHhIX 51,IJ.ep, 

npe,I1.CTaBJ15Jl{)m11I1 3ne1<TpoHHbii1 yc1<0p11TeJ1b c 3Heprneti ycKopeHH51 30 -50 M3B c MHIIIeHbIO 
238U, 51BJI51eTC51 KOI-JKypeHTOCnoco6HblM no OTHOWeHHIO K 60JibWl1M I1 ,I1.0p0fl1M 

yc1<0p11TeJibHbIM KOMnJieKCaM, np11MeH5llOUJ.l1M B Kaqecrne 11CTOl{H11Ka peaKI.J,1111 ( d,f) ' (p,f) HJil1 

11cnoJ1h3y1ow.11M 5l,LI,eptt11i1 peaKTOp. TaKVIe ll.eHTpb1 Haxo,LI,51TC51 Ha CTa,IJ.HH npoeKT11poBaH11J1 11 

npopa60TKl1 OT,LI,eJibHblX LJaCTeH B nepe,LI,OBbIX na6opaTOj)1151X M11pa. 

Oc1IOBHaSI qeJih. 

Uenb10 11acT05Jmeti pa60TbI 5IBJUieTc.sI: 

- onpe,LI,eH11e He3aBHCl1Mh!X BblXO,Il.08 Koppen11poBaHHhIX no 3ap5I,I1.Y nap OCKOJIKOB B )J,BOHHOM 

11 Tj)OHHOM )J,enemm; 

- l13ylleH11e pacnpe,LI,enemrn BblXO,LI,a nap OCKOJIKOB B ,ll,BOHHOM 11 TpOHHOM )J,eJieHH11; 

- nonr1e1rne 3KCnep11MeI-ITaJibHh!X ,LJ,aHHblX 06 11HTerpaJibHhlX XapaKTepHCTl1KaX MfHOBeHHOM 

3Ml1CCl111 raMMa KBaHTOB, 11X MHmI<eCTBeHI-IOCTl1, noJIHOH 11 cpe)J,HeH 3Heprl111 ,Il.Jl51 TpOHHOfO 

,LJ,eneHI-rn; 

113y11eH11e MeXaHVI3Ma 3Ml1CHl1 CTaTl1CTl14eCKHX 11 poTaUHOHHblX raMMa KBaHTOB, 

OTBel..[mOm11x 3a pa3p5I.D,KY 3Heprn11, 11 cn11Ha nepBl1l{HhIX OCKOJIKOB ,IJ.eJieH1151; 

- OI.1,eHKa yrnosbIX MOMeHTOB nepBV!l{HhlX OCKOJIKOB B )J,BOHHOM 11 TpOHHOM ,LJ,eJieHHH; 

- 113yc1e1rne 3aBl1Cl1MOCTl1 3Hal..[eHVIH yrnoBblX MOMeHTOB OT MHO)l(eCTBeHHOCTl1 Hei1TpOHOB, 

3Heprml ,LI,eq)QpMau1111, MOMeI-ITa Irnepu,1111 11 Mace OCKOJIKOB; 

- pacCMOTpe1111e oco6eHHOCTei1 Bb!XO)J,a OCKOJIKOB ,IJ.eJieH115I B pa3J1I1l..[HbIX peaKI.l,11JIX c ll,eJibl{) 

HX np11MeHeHVI5I B KalleCTBe nylJKOB pa,n11oaKTl1BHblX HeHTpOHOH36bIT0l{HblX 51,Il.ep; 

- pa3pa60TKa 11 peanl13aI.l,115I HOBb!X MeTO,Il.H4eCKHX nO,Il.XO)J,OB 11 MaTeMaTl1l..[eCKOro 

06ecneqeJ-11151 o6pa6oTKH 3Kcnep11MeHTaJ1bHbIX ,LI,aHHbIX, ,LJ,JJ.51. BbITIOJ1HeH115J YKa3aHHbIX Bh1we 

11CCJie)J,OBaHl1H. 

Hayq1rnn HOBHJI-rn. 

DpeJJ,nmKeH 11 pea11113osaH HOBblH 3Kcnepl1MeHTaJibHhitt MeTo,z:i: onpeJJ,eJieHH.51. 

He3aBJ1Cl1MblX BbIXO,Ll,OB OCKOJlKOB )l,eJieHl1.51. - BbIXO,Il.OB KOppen11poBaHHbIX nap OCKOJIKOB. c 
np11MeHeH11eM Bb!XO.D,a KOppenVIpOBaHHbIX nap OCKOJIKOB BBe,LI,eHa HOBa.51. MeTO)J,11Ka 

onpe,LI,eJieHl1.51. a6coJII-OTHOfO ll,eJJOYHCJieHHOfO 3Haqemrn MHO)KeCTBeHHOCTl1 HeHTpO HOB 

)l,eJieH11.sI, B TOM Y11cne l1 Hynesoi1 MHm1<ecTBeHHOCT11. Onpe,LI,eneHbI He3aBHCl1Mbie s11xoJJ,hI 

BTOpJ1llHhlX 11 nepBHl{HblX KOppeJ111posaHHbIX nap no 51)],epHOMY 3ap.51.,LI,Y OCKOJIKOB. 
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BrrepBbie rronytieHo pacrrpe,D,enemie MHO)KecTBeHHOCTl1 ttetl:TpOHOB 3ap5l,ll,OB&1x nap 

ocKOJJKOB ,LJ,eneHl151 Zr-Ce, Mo-Ba, Ru-Xe 11 Pd-Te B )J.11ana3oHe OT 0 ,LJ,O 10 HeHTpOHOB Ha 

,lJ,ene1-rne. ,[(n51 rrap ocKOJJKOB Mo-Ba o6ttapyn<eHo ll:BYXMO,LJ,aJibHOe noBe,ll,eH11e 

MHmKecTBeHHOCTl1 11cnap11Blll11xc51 Hei1TpOHOB. Onpe)J.eJieHo, YTO rrepBa51 MO,ll,a 51BJ151eTC51 

o6mei1 ,LJ,JI51 orr11caH115I rroBe,LJ,emrn MHmKeCTBeHHOCTl1 )J.JI51 Bcex rrap ocKOJIKOB. Ha6JIIO,lJ,eHo, 

YTO pacrrpe,D,eJieH11e MHmKeCTBeHHOCTH napbl Mo-Ba OTJ1!1YaeTC51 OT ,D,pyrnx nap OCKOJll<OB 

.D,enemrn noBbrrneHHbIM BhIXOJl.OM 3M11cc1111 Hei1TpOHOB. Onpe)J.eJieHo, YTO 51,D,pa Ba, KOTOpb1e 

OTBel!al-OT 3a BblCOKYfO 3Ml1CCl1f0 Hei1TpOHOB, HaXO)J,5ITC51 B rnrrep,ll,eqlOpM11poBaHHOM 

COCT05IHl111. 

BrrepBbie orrpe,D,eJJeHbI BbIXO,lJ,bI ocKOJIKOB 6e3Hei1TpOHHoro ,ll,eJieH115I, np11 KOTopoM 

npo11cxo,lJ,11T xono,LJ,HmI cpparMeHTalJ,1151 - KOJIJieKTHBHoe ,LJ,BIDKeH11e HYKJIOHOB B ,ll,eJJ51lll,eMc51 

51,ll,pe. lb pe3yJibTaTOB 3KCrrep11MeHTa onpe,D,eJieH ,ll,l-1aTia30H 3Heprni1 B036y)K,ll,eHl151 OT,ll,eJibHbIX 

nap OCKOJIKOB, KOTOpblH COOTBeTCTByeT OCHOBHOMY COCT051Hl1f0 B03Hl1KaIOlll,11X OCKOJlKOB. 

Ha6mo)J,eJ-Ia HOBa51 o6JiaCTb XOJIO,ll,HOM 11 )J,eqlOpM11poBaHHOi1 cpparMeHTalJ,1111 B pai1oHe 51)],ep, 

6mrnrnx K MamqecKHM 51,ll,paM c Z=28 11 N=50. TaioKe onpe,LJ,eJieHbI Macchi 51,lJ,ep, 

yciacTBy10m11x O)J,HOBpeMeHHO B xono,LJ,Hoi1 11 ,ll,ecpopM11ponaHHOi1 cpparMeHrnu,1111. BnepBbie 

Ha6mo)J,eHO XOJIO)J,HOe CI1MMeTp11YHOe )J,CJ1CH!1e. 

PaCCMOTpeHbI CBOHCTBa ,!IJ!fIOJibHblX 11 KBa,ll,pynoJJbHbIX raMMa-KBaHTO np11 pa3p51,LlKe 

B036y)K)J,eHHb!X COCT05IHl1M OCKOJlKOB ,LJ,eJieH1151. OpoaHaJll1311pOBaHbl 11X OCHOBHble 

xapaKTep11CTl1Kl1 B 3aB!1Cl1MOCTYl OT noJIHOM K11HeT!11-JeCKOM 3Heprn11 11 MaCCbI OCKOJJKOB. 

0051CHel-Ia 11X pOJJb B KOHKypeHTHOM npou,ecce - pa3p51,ll,Ke 3Hepnrn 11 yrnosoro MOMeHTa 

OCKOJIKOB .D,eJieHH5I. IlposepeH 3HepreTW-JeCKl1H 6anaHC ,lJ,BOHHOro ,LJ,eJieHl15I 252Cf B 

3aBl1Cl1MOCTl1 OT MaCCbl 11 Kl1HeTW-leCKOM 3Hepnrn OCKOJ1KOB. IlonyYeHbI HOBbie CBe,LJ,eHl151 0 

pacnpe,ll,eJJeHHH 3Hepnrn B036y)K,LJ,eHl151 OCKOJIKOB B 3aB11Cl1MOCTl1 OT 11X MaCCbI 11 noJJHOH 

1<111-1ern'-1ec1<0i1 3Hepr1111. 

OpH 11CCJie,LJ,OBaHl111 TpOtiHoro )l.eJJeHirn BnepBbie no11yYeHbl CBe)l,eHH51 06 HHTerpaJJbHblX 

xapaKrepHCTHKax 3MHCC!111 raMMa-1<BaHTOB B 3aBHC11MOCTl1 OT Kl1HeTl1YeCKOH 3Hepnm, 3ap5I,ll,51 

11 Macchi TpeTbei1 qacnrn,bl. 

Orrpene11eHbI cpenm1e yrnoBbie MOMeHTbI nap OCKOJIKOB .IJ.BOi1Horo 11 Tpoi1Horo ,IJ.eneH115I 
252 Cf c 3M11cc11:ei1 51,D,ep He. Y crnHOBJieH p5!.IJ. 3aB11c11MocTei1 3HaYeHHH Ben11Y11H yrnosoro 

MOMel-ITa OT BbIXO,LJ,a Mace l1 MHO)KeCTBeHHOCTH 11cnapeHHbIX HeHTpOHOB H3 OCKOJJKOB 

.D,e11eH1151. Ha6nro,LJ,eHa 3as11c11MOCTb aMrrJIHTY.IJ.bI nonepeYHbIX Ko11e6att11i1 11 3HaYeH11i1 

yrnoBblX MOMeHTOB OCKOJlKOB OT 11X ,IJ.ecpopMalJ,110HHOM 3Heprn11 11, CJ1e,IJ.OBaTeJibHO, MOMeHTOB 

111-1epu,1111 BO BpeM5! pa3pbIBa Jl.BYX51,ll,epHOM Cl1CTeMbl. 

Ha,lJ,O OTMeTHTb, YTO MCTO,ll,11Ka 11CCJie)J,OBaHl15I cnoHTaHHOfO ,LJ,eJieH!151 252Cf np11MeHI1Ma 

TaK)Ke np11 11ccne,LJ,0Bam111 ,LJ,e11e1-11151 6oJJee T5f)KeJJbIX 51,D,ep. 

Ha OCHOBe npo,IJ.eJiaHJ-Ib!X 3KCnepHMeHTOB 11 aHa11113a )J,aHHbIX ITO BbIXO)l,aM OCKOJJKOB B 

pa3HblX BH,IJ.ax BblHY)K)J,eHHOfO )J,eJJeHH5I npe,IJ.JIO)KeHo np11MeHeH11e peaKU,H11 cpOTO,lJ,eJleHH51 B 

IG:l'-leCTBe 11CTOYH!1Ka Hei1TpOHOl136hJTOYHblX pa)J.110aKTI1BHblX 51,n:ep. Ilpe,n:JIO)J<eHHblM cnoco6, 

6naro)J,ap5I pe3oHaHCHOMY rrpHHIJ,Hny peaKU,11H cpoTO)J,eJieHH51, n03BOJJ5IeT nonyYHTb np11 MaJ1bIX 

3Hepr!15IX B036y)KJl.eH!15! ,lJ,OCTaTOYHYIO 11HTeHCHBHOCTb nytIKOB c 6oJJbillOH 

HeHTpOH0!136bJTO'-lHOCTb!O. 

OcHOBHbie pe3YJ1hTaTbI, BbIHOCHM1>1e na 3alUHTy. 

1. 060CHOBaH 11 rrpHMeHeH B 3KCnep11MeHTe HOBb!H MeTOJl. onpe,n:eneHl15I He3aBHCHMblX 

BbIXO,lJ,OB OCKOJJKOB ,n:eJJeHH5J - BblXOJl.OB r<oppe1111posaHHbIX nap. c npHMeHeHHeM Bb!XO,LJ,a 

KOppem1poBaHHblX no 3ap5I,ll,Y nap OCKOJJKOB BBe,n:eHa MeTO,lJ,HKa onpe,n:eJie!-1115! a6COJJfOTHOfO 

3!--ia4eHvr51 MHO)KeCTBeHHOCTH 1-1ei1Tpo1-10B ,LJ,eJieHl151. Onpe,n:e11e1-1b1 He3aBHCHM&Ie BbJXO)J.bI 

BTopvr'-IHhIX 11 nepB114HblX 1<oppe1111poBaH1-IhIX nap no 51,n:epHoMy 3ap51Jl.Y ocKoJIKOB. BnepBbie 
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nonyc1eHo pacnpe,IJ,eneHtte MHmKecTBeHHOCT11 HeHTpOHOB 3ap51,Il,OBhIX nap Zr-Ce, Mo-Ba, Ru

Xe l1 Pd-Te ocKOJlKOB ,nsoi1Horo ,neneHH51. Hai1,neHo, LITO noBhillleHHa51 3Ml1CCl151 HeHTpOHOB 

(u=G-10), KOTOpa51 Ha6mo,neHa TOJlbKO y naphl Mo-Ba, B03MO)KHa, KOr,n:a OCKOJ1Kl1 Ba 

HaXO,Il,51TC51 B nmep,n:ec}lOpM11poBaHHOM COCT051Hl1l1. 

2. Onpe,n:eneHbI BbIXO,Il,bI OCKOJlKOB 6e3HeHTpOHHOfO ,Il,BOHHOfO ,n:eJieH!151, np11 KOTOpOM 

npol1CXO,Il,l1T XOJIO,LI,Ha51 cpparMeHTall,l151. _I.fa pe3yJlbTaTOB 3KCnepHMeHTa OLI,eHeH ,n:ttana30H 

3Heprni1 B036yn<,n:eHl151 OT,n:eJibHbIX nap OCKOJIKOB. Onpe,n:eneHa HOBa51 o6naCTb XOJIO,n:HOH l1 

,n:ecpopM11poBaHHOH c})parMeHTaLI,11tt B patl:oHe 51,Il,ep, 6JIH3Kl1X K MarHLieCKHM 51,n:paM c Z=28 H 

N=50. TaioKe onpe,IJ,eneHbI Macchi 51,Il,ep, yYaCTBYIOill.He B xono,n:HoH l1 ,n:eqmpM11poBaHHOH 

q)parMeHraLI,1111 o,n:HoBpeMeHHO. BnepBhie Ha6mo,n:eHo xoJIO,LI,Hoe CHMMeTpHLJHOe ,LI,eJiem1e. 

3. TioJiyYeHbl HOBb!e ,IJ,aHHbie 0 pacnpe,IJ,enemrn 3Heprm1 B036y)l<,IJ:eHl151 B 3aB!1Cl1MOCTl1 OT 

MaCCbl H TIOJlHOH KHHeTl1YeCKOH 3Heprl111 OCKOJlKOB ,Il,BOHHOro ,n:eneHJ151 252Cf. PacCMOTpeH 

MexaHl13M 3Ml1CCl111 raMMa-nyYeH, OTBeYaIOI1J.l1H 3a pa3p51,Il,KY 3Hepr11l1 11 yrnoBoro MOMeHra, B 

3as11c11MocT11 OT nonHoi1 K!1l-JeTHLrecKoti 3Heprttl1 11 MaCCbI OCKOJlKOB. Onpe,IJ,eneHhI 3HaYeH115I 

yrnOBbIX MOMeHTOB OCKOJlKOB ,n:eJieHl151 11 paCCMOTpeHbl CB51311 BHyTpeHHl1X 11 KOJIJieKTl1BI-lbIX 

nepeMeHHbIX npH cpopM11poBaH1111 yrnoBoro MOMeI-Ira. 

4. BnepBbie np11 11ccne,n:oBaH1111 Tpoi1I-Ioro ,n:eneHH51 nonyYeHbI He3aBl1Cl1Mbie BbIXO,Il,bI 

BTOpHYHbIX I1 nepBWIHblX Koppen11poBaHHblX nap no 3ap51.Ll.Y OCKOJIKOB. Tiony1.1eHO 

pacnpe,n:enerrne MHmKeCTBeHHOCTH HeHTJJOHOB 3ap51,Il,OBbIX nap. HaI1,n:eHhI 3aB11c11MocT11 

HHTerpaJlbHblX xapai<Tep11CT!11<ax 3Ml1CCl111 raMMa-KBaHTOB B 3aBHCl1MOCTl1 OT KHHeTHLJCCKOH 

3Heprn11 51,n:ep He, Be H C. Onpe,n:eJleHbI cpe,n:HHe yrnoBhie MOMeHTbI nap ocKOJIKOB Tpoi1Horo 
2s2Cf v H B v ,n:eneHl151 c 3M11CCl1eH 51,n:ep e. bl5IBJie1rn 3aBHCl1MOCTb 11X 3Ha4emrn OT aMnJil1TY,Il,bl 

nonepeLIHblX KOJie6arrnti, ,D,ecpopMaLI,HOHHOH 3Heprmr 11 MOMeHTOB HHepLI,1111 OCKOJIKOB Ha 11X 

npe,n:pa3pbIBHOH H pa3pbIBHOH cra,n:1rnx npou,ecca ,D,eneH115I. 

5. Tim<a3aHo, LITO pea1n:urn cl)OTO,IJ,eneHH51 MO)J(eT 6hIT1 ycneurno 11cnonh30BaHa ,LI.J151 

nonytICHl15I 11HTeHC11BHbIX pa,n:11oaKTl1BHbIX HeHTpOHOl1361ITOlJHbIX rryt.IKOB 51,Il,ep cpe,II,HI1X 

Mace. 

1IpaKT11•1ecKaH ueuuoCTh pa60T11. 
Pa3pa6oraHHbie MaTeMaT11Yec1rne cpe,n:cTBa onpe,LI,enemrn cnnollIHOH cocraBnmomei1 no,LI, 

,n:11c1<peTHbIMI1 cneKTpaM11, MeTO,IJ, nonytJeHl15I cp11311tJeCKl1X cneKTpOB 113 113BeCTHbIX 

anapaTypHblX cneKTpOB 11 MeTO,n: C)l<aTl151 11 11306pmKeHl151 3KCnep11MeHTaJihHbIX ,n:aHHblX 

np11H5ITb1 11 BKJlIOLJeHbI B o6me.uocTynHyIO 6116m10TeKy nporpaMMHhIX cpe,n:cTB ROOT 

(Li,EPH) ,LlJ15I o6pa6oTKH 11 I1306pa)lceHH51 3KCnep11MeHTaJibHbIX ,n:aHHblX. 

HOBb!H MCTO,Ll, nonyLJeH!15I KOppen11poBaHHbIX Bb!XO):(OB OCKOJIKOB ,IJ,eJleHl15I 11, 

cne,n:oBaTeJibHO, onpe,IJ,eneHI151 a6comon1oro uenoq11cneHHoro 3HaYeHl151 MHmKeCTBeHHOCTI1 

Hei1Tpo1-10B ,n:eneHl151 np11MeHHM B He,n:ecTpyKTHBHOM onpe,neneHHH 3ap51,n:a H MaccoBoro LI!1cna 

tte113secTHoro ,n:en51rn:eroc51 Bern:ecTBa. 

TionyYeHHbJe ,n:aHHbie no HHTerpanbHbIM xapaKTep11CTl1KaM raMMa-KBaHTOB np11MeHl1MbI 

np11 npoeKTHpOBaHHl1 5!,Il,epHbIX ycraHOBOK 11 11X pa,n11aLI,!10HHOH 3al1J.11Tbl. 

Pe3yJihTaThI pa60TbJ 11H11u,1111poBanH TeopeT11YecK11e 11ccne,n:oBaH1151 Hati,D,eHHbIX 

,lll1HaM111.1ecKHx 3cpq)e1<TOB. Pa6oTbI BKn10i.1ett11 B 6my )J,aHHbIX Isotope Project (BepKn11). 

3Kcnep11Mei-rraIIbHbie 11 pacLJeTHbie pe3yn1TaTbI no np11MeHeH11IO cpoTo,n:eJieH11~ B 

KaLJeCTBe HCTOYHI1Ka pa,n:11oaKTl1BHb!X HOHOB nem11 B OCHOBY npoeKTOB .[(PMBc (OI15II1, 

.[(y6Ha) 11 ALTO (Opce, <I>paHLI,1151). Cyrn:ecTBy10m11i1 11cToLJH11K pa,L1.11oaKTI1BHbIX HOHOB B OK 

P11)J.)K (CWA) TaK)Ke nnaH11pyeTc51 3aMeH11Tb Ha HCTOYH11K, ocHoBaHHhIH Ha peaKu1111 

cl)OTO)J,eneJ-11151. 
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Anpo6au1rn J!HCceprngm1. 
Pe3y11hTaTbI, BOWeJJ.w11e B ,LJ,11ccepTaumo, .LJ.OKJlaJJ.b1Ba1111cb Ha ceM11Hap51x JI5IP 11 1-1a 

Me)K.LJ.yHapO,Ll,1-lblX KOHcpepeHU,1151X, WKOJlaX 11 ceM!1Hapax: Me)J<,II,yHapO,Ll,HOH IIIKOJle-ceM!1Hape 
no cp11311Ke T51)KeJlhIX 1101-10B (.IJ:y6Ha, Poccl151, 1996 r., 2002 r.), Me)J<,LJ,y1-1apo,LI,1-1oi1 
KOHcpepem.1,1111 no ,LI,mrnM11Y.ec1rnM acneKTaM JJ.ene1-11151 51JJ.ep (qacTa-Tian11epHI1Y.Ka, CnoBaKI151, 
1995 r., 1998 r., 2001 r., 2007 r.), Oce1-IHeM M11T111-1re no 51,LI,epHOH cpI13!1Ke AMep11KaHcKoro 
cjrn3w-1ecKoro o6w,ecTBa (AcHJIOMap, CWA, 1993 r.), Me)l<,LI,yHapo.LJ.HOH Ko1-1¢epeHUI1I1 no 
coBpeMeHHOH TeMaTHKe B 51,LI,epHoti cp11311Ke (ByxapecT, PyMhIHl151, 1993 r.), Me)K,LI,y1-1apo,LI,HOM 
pa6oLJeM COBew,aHHH no ,LJ,eJleHHl-0 51,LJ,ep I1 cneKTpOCKOnHH npo,LI,yKTOB ,LI,eJieHI151 (Ce!1CCI1HC, 
<DpaHU,!151, 1994 r., 1998r.), Me)l<J1.yHapo.uHoi1 Ko1-1¢epe1-1u1111 no cpI13HKe Ha 6on1w11x 
ycTaHOBKax raMMa-,LI,eTewropoB (BepK1111, CWA, 1994 r.), Me)J<J1.yHapOJ1.HOM pa6oLJeM 
coBewamrn no rapMOHHH B cpH3HKe (<P1ma.II,e111cp1151, CWA, 1994 r.), fop.II,oHcKOH 
paJJ.11ox11M11LJec1<011 1<01-1ClJepe1-1u1111 (HbI-O JJoH.rr.01-1, ClllA, 1995 r.), Kompepe1-1u11H 
EBponeticKoro qrn3w.1ec1<oro o6w,ecTBa qm3HKI1 no .LI.HHaMHKe B HH3K03HepreT11LJecKoi1 
5l,LI,ep1-1oi1 qm3HKe (CaHKT TieTepc6ypr, Pocc115I, 1995 r.), Me)l<J1.yHapo.LJ.HOM Koop.II,I1Hau1101-11-10M 
c0Bewa1-111H no 5l,lJ,ep1-1oi1 cpV1311Ke, Konna6opau1151 3ana,lJ,-BOCTOK, (Ca1-1,LJ,aHCKH, Bonrap1151, 1995 
r.), Me)K,Ll,yHapo.I1,1-1oi1 Ko1-1¢epeHu1111 no 5l,Uep1-1oi1 cp11311Ke (TieKHH, K11rni1, 1995 r.), 
Me)K.Il,yHapo.II,HOH WKOJle no HayY.HOMY 11 MaTeMaTHLJeCKOMY l1306pmKeHHl-O (3rreHreHM, 
fepMaH115I, 1996 r.), Me)l<.LJ.y1-1apo.I1,HOH KOHcpepe1-1u1111 no 3K30T11LJecKHM 51J1.paM 11 Maccax 51.Il,ep 
(Apne, <DpaHUI151, 1995 r., Bellaire, CWA 1998 r.), Me)KJ1.yHapo.II,HOH 1<01-1cpepe1-1u1111 no HOBOH 
Tex1-1111<e BbILJHc11e1-111i1 B cpH3HLJec1<11x 11ccne.II,0Ba1-1115lx (J103a1-1a, illBei1uap1151, 1996 r., Kp11T, 
fpeLIH51, 1999 r.), Me)l<J1.yHapOJ1.HOM pa6oLJeM COBeUJ,a!-111!1 no HCCJie,II,OBal-1111-0 OCKOJ1KOB 
.I1,ene1-11151 (Be1-1e.I1,11KT6oi1ep1-1, fepMaH115I, 1996 r.), Me)l(,I1,y1-1apo.LJ.HOM pa6oY.eM c0Bel.ll,a1-11111 no 
l'v1aCWTa61-10My KOJ1J1eKTl1BHOMY .Il,BvDJ<eHmo aTOMHbIX 51,LI,ep (Bpo110, I-fran115I, 1997 r. ), 
Me)J<J1.yHapo,nnoM pa6oLieM coBel.ll,amrn no qn"3111<e aTOMHbIX 51.LJ.ep (Moc1rna, Pocc115I, 1998 r.), 
Me)J<JJ,y1-1apo,LI,1-1oi1 KOHcpepeHI.1,1111 no )J,eneHmo 51.Il,ep 11 1-1ei1Tpo1-101136h1ToY.HbIM 51.II,paM (CaHKT 
EH,LI,p!DBC, lllorna1-1.I1,115I, 1999 r.), Me)K.I1,y1-1apo.rr.1-10M pa6oLJeM coBel.ll,aH1111 no 
Hl13K031-1epreT11Y.ec1<11M pa,LI,11oaKTl1BHbIM HOHHbIM nyY.KaM (.IJ:y6Ha, Pocc115l, 1999 r.), 
Me)K,LI,ynapo,LI,1-1011 KompepeHU11H no nyLJKaM pa.I1,11oaKTHBHbIX 51.II,ep (,[(HBOH, <PpaHUH51, 2000 r.), 
Me)KJ1.yHapo,LI,HOM pa6oLJeM cOBemaI-11111 no cpH311Ke J.J:eneH115I 51,II,ep (06HHHCK, Pocci-rn, 2000 r.), 
Me)K,I1,y1-1apo,n1-10M KOHrpecca no BbIL-JI1CJ111TeJibHOH I1 npHKJla.II,HOH MaTeMaTHKe (JleyBeH, 
Eenr115I, 2000 r.), Me)J<,LlyHapo,nnoM pa6ot1eM coBewaHHH no HOBOH Tex1-111Ke BbIL-JI1C,I1,e1-111i1 B 
cjrn311qecKYIX Yiccne,noBaHH51X (Kp11T, fpeUH51, 2001 r., MocKBa, Pocci-rn, 2002 r.), 1-1a 3 5-51 
WI<one no cptt3HKe (3aKona1-1e, Tionowa, 2000 r.), Me)KJ1.yHapo,I1,HOM CI1Mno311yMe no 
cjJy1-1p,aMeHTanhHbIM cBoi1cTBaM MaTepm1 (Ea,n Xo1-1ecjJ, f epMa!-11151, 2000 r.), Me)K,IJ,y1-1apo,ll,HOH 
KOHCjJepeHU,HH no )J,HI-IaMHKe )J,e11emrn aTOMHbIX KJJacTepOB 11 51,IJ,ep (Jlyco, TiopTyraJJH51, 2001 
r.), Me)K,IJ,y1-1apOJ1.HOM ceMHHape no B3aI1Mo,IJ,ettcTBHIO Hei1Tpo1-1os c 51.ll,paMH (.IJ:y61-1a, PoccH51, 
1997 r., 2001 r.), Me)!<,IJ,yHapO,ll,HOH KOHcpepe1-1u1111 no ,IJ,eJJeHHfO 11 CBOHCTBaM 
1-1ei1TpoH01136bITOLJHbIX 51,IJ,ep ( CaH116en Ai1neH,n, ClllA, 2002 r.), Me)l<J1.yHapo,nHoM 
c11Mno311yMe no 3K30THLJec1<11M 51,IJ,paM (TieTeprocjJ, Pocctt51 2004 r.). 

I1v6mrn:auHH. 
B1unot1eHHb1e B ,lJ,11cceprnuHto pe3ynoTaTbI ony6JIHKOBaHbl B 85 pa6ornx. 

CTJJYinvpa H o6beM ~HccepTau1m . 
.IJ:11cceprnuH5I COCTOl1T H3 BBC,IJ.eHH51, n51TI1 rnaB, 3aKJ11-0LJeHH51 11 npHJlO)l(eHl1H, CO,LJ,ep)KHT 139 
CTpa1-111u TeKCTa c 70 pHCYHKaMH, 20 Ta6m1uaMH I1 6!16J1HOrpacp11qec1<HH cnHCOK J1HTepaTypnl 
113 133 HaHMCHOBaHHH. 
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Co)l,ep:arnmrn )l,ttccepTaQmI 

Bo BBe.ueuuu KpaTKO JJ,aHo 06ocH0Ba1me aKTyanbTOCT11 11ccne)J.0BaH11i1 ,!J,HHaM11YecK11x 

xapaKTep11CTl1K rrpou,ecca )J,eJieH115I 51,[(ep. 06ocHOBaHO rrpHMeHeHHe HOBbIX MeTO)J,11K 

crreKTpOMeTp1111 MfHOBeHHbIX raMMa-KBaHTOB c TIOMOW.bI-0 4n-MyJibTl1,!J,eTeKTOpHOH Cl1CTeMbl 11 

MeTO)J,111<11 )J,BOHHOro speMeHH rrponern. llpe)J,CTaBJleHbl OCHOBHbie u,eJIH pa60Tbl. 

B ne1moil: rJiaBe H3JlmKeHa noCTaHOBKa 3Kcnep11MeHTa, JJ,aHo 01111cau11e xapaKTep11cT111< 

)J,eTeI<TOpOB, np11MeH5IeMblX B 3KCrrep11MeJ-ITaX, 11 np11BeJJ,eHO TI05ICHeH11e oco6eHHOCTeH 

o6pa60TJ(l1 ITOJlyt-IeHHblX )J,aHHbIX. 

B nepBoH 1rncT11 JJ,aHHOH rnaBbI KpaTKo rrpHBO)J,5ITC5I xapaKTepHCTHK11 4n-
MYJ1bTH)J,eTeKTOpHoro crreKTpoMeTpa Gamrnasphere, cocTOJIW.ero 113 110 .ri:eTeKTopoB 113 

CBepX411CTOrO repMaHH51 (HPGe), Ka)K)J,b!M l13 KOTOpbIX HMeeT o6oeM - 300 CM3. B pa6oTe co 

cneKTpOMeTpOM yJJ,eJ15IJ10Cb 60JlbWOe BHl1Ma1-111e T04HOCTl1 orrpe.ri:enemrn ero 3cpcpeKTl1BHOCTl1, 

a TalOKe rronyYeHHID T04Hb!X CBe)J,eHHH 0 q)OpMe 3aperncTpI1pOBaHHbIX raMMa-cneI<TpOB 

O)J,HO- 11 )J,ByxnepexoJJ,HbIX l1CTOlfHHKOB, HY)I<HbIX np11 onpeJJ,eJleHHl1 ero MaTp111l,bI OTKJ1111<a. 

,[(mr aHaJI113a, rrony-1:1aeMbIX Ha 4n- raMMa-crre1<TpoMeTpe JJ,aHHbIX, 6brn pa3pa6ornH crroco6 

BbJlll1TaH1151 cpoHa 11 orrpeJJ,eJleHH5I HHTeHCl1BJ-IOCTH 11l1KOB B crrer<Tpax )J,Byx-, Tpex- 11 n-MepHblX 

COBf!a)J,eHl1M raMMa-KBaHTOB c np11MeHeH11eM 111-ITepaKTHBHOro HeJ111HeHHOro anrop11TMa. ,[(JI5I 

onpe)J,eJleHl151 rrpaBHJlb!-IOCTH C)J,eJiaHHblX ou,eHOK 11HTeHCI1BHOCTeH fll1KOB l1Cfl0Jlb3YIDTC51 

pa3mf4Hble 1<pHTep1111, KOTOpble 113BeCTHbl B raMMa cneKTpOMeTpHH. 

3¢cpeKT11BHOCTb cpa6aTbIBaHH51 anropHTMa rrposep51JlaCb Ha MO)J,eJIHpOBaHHbIX, a TaK)Ke l1 Ha 

3KCrrep11MeHTaJlbHbIX O)J.HO-, )J,Byx- 11 TpexMepHbIX raMMa-cneKTpax CITOHTaHHOro .ri:enemrn 
252Cf (p11c. l). BbIXO,ll,bl BTOpl14HblX KOppem1poBaHHbIX OCKOJIKOB y onpe)J,eJ151Jll1Cb c 

rrpHl\1eHeI-Jl1eM cllOPMYJlbI: 

r,D,e V(Ey 1,Ey2) npe)J,CTaBJ15leT o6oeM n11Ka rrp11 3Hepnrnx Ey1 11 Ey2, a1 11 a 2 -Ko3cpcp11u,11eHTbI 

BHyTpeHI-IeH KOI-1Bepcm1, 81 11 82 - 3ClJcpeKTHBHOCTl1 perncTpau,1111 raMMa-KBaHTOB l1 (Iy1 ,ly2) -

Bep051THOCTl1 3Ml1CCl1l1 raMMa-KBaI-ITOB. 

PMC. 1. Cne1onpbl rr-coenaoemtu C110r//11WIH020 Oe!lel-/Ufl 252Cf 00 u nae.rte BblltUmal-IUJl cjJoua. 
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B 11ccne.n.osaHHH raMMa-3MHCCHH H3 TpOHHoro .n.eneHH51 252Cf np11MeH5IJIC5! L.\E-E MeTO)J. 
onpe.n.enemrn 3ap51.n.a H. :meprmi: nerKHX 51,n;ep, conpoBmK)J.aIOllJ,H.X ,n:Ba T5I)KeJIDIX ocKOJIKa. 
y CTaHOBKa - cneKTpOMeTp nerKH.X 51,[(ep - COCT051Jia H.3 8 L.\E-E TeJieCKOnOB, pacnoJimKeHHhlX 
no .n.syM cTopoHaM MHIIIeHH H3 252Cf. Ha p11c. 2 noKa3aHo pa3Mememi:e O.D.Horo nneqa Si -
JJ;eTeKTOpOB, COCT051UJ,ero H3 4 TeJieCKOnOB. 

E Si ' 
20x20 mm, 400 r .. 1m 

E 

zs2Cf •/" .6.E SI 

~ lOxlO mm, 101-tm 
........ 

"·~ ,,1, .... , ......... --------....... ........ 
h': " /Au . 2s2 \ 

~3.BJl --- Cf \ 
3x:JQ f!Sl'SJ 

Tl Au I 
l.511 45 / 

'·, .. f' / 

''- / 
......... _______ ..,.. 

P11c. 2. I'eoMempu1.JecT<.oe u306paJ1ce1-1ue 001-1020 mzel.fa ycma1-1oeT<.u Oflfl ucc!leooea1-1ufl 
mpoi/1-1020 oe!le1-1ufl 252 Cf cocm0Ri1Je20 u3 1./embipex meJtecKonoe. Ha pucy1-1Ke npeocmaefleT-ta 
T<.01-1cmpyKlfU5l Muwe1-1u u npueeoe1-1bz paccmoRHUfl LJE- u E-oemeKmopoe om Muwe1-1u. 

CHrHaJihI, nocTynaIOUJ,H.e OT TenecKonos, 06pa6aThrnan11cb CTaH.D.aprnoi1 aHanorosoi1 11 
u11qlposoi1 3ne1<TpoHH.KOH. C11rnan TpHrrepa, B03Hl1I<aIOllJ,11H npH O.D.HOBpeMeHHOH 
perncTpaum1 .D.eTeKTopaMH TenecKona, 06ecneq11BaJI CHHxpoHH3aU11IO c pa6oTOH 
cneKTpoMeTpa Garnmasphere. Bc51 nonyqeHHa51 1rncpopMauI-rn o perncTpau,HH nerI<oH qacTHUhI 
(3Heprn51 H3 L.\E- H E-.n.eTeKTOpOB, HOMep TeJieCKOna, 3Heprn51 raMMa KBaHTOB, HOMepa 
)J.eTeKTOpOB cneKTpOMeTpa) 3ailHCbIBaJiaCb nooqepe.D,HO Ha MafHHTHhJe HOCHTeJIH. 
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P11c.3. 31tep2enntttecKoe pacnpedene11ue ne2Kux ttacmu14 mpou11020 OeJ1e11uJI 252Cf 

CopT11poBKa Koppem1poBaHHbIX .IJ,aHHbIX npoBomrnacb noc11e OKOHYamrn 3KCnep11MeHTa. 
3HepreTJ11-1ecKoe pacnpe.IJ,eJJeH11e nern11x YaCTHU: Tpot1Horo .IJ,e11emrn 252Cf npirne.IJ,eHo. Ha 
pMc.3 TioJJyYeHHble pe3yJlbTaTbl HaXO)J,51TC51 B cornac1111 c pe3yJJbTaTaMI1, noJJyYeHHbIMYl 
;::i,pyrHMYJ aBTOpaMI1. 

Cner<TpOl\1eTp KopceT c ;::i,onomnneJJbHbIM Ha6opoM raMMa-;::i,eTeKTopoB 11cnoJJb30BaJJc51 B 
3Kcnep11Me1-1Tax no onpe)J.eJJeHwo xapaKTepHCTHK raMMa-1rnaHTOB cnoHTaHHOro ;::i,eneHl151 
252Cf. Cne1<TpoMeTp KopceT npe)J.cTaBJJ51eT co6ot1 )J.Byxn11eYeByJO CHCTeMy cTapT- l1 cTOn
;::i,eTeKTopoB, pa60Ta1"0w,11x no np11H11,Hny 113MepeHl151 BpeMeHH npo11ern nernoro 11 T511Kenoro 
oc1<0JJKa (p11c.4). Maccb1 11 K11HeT11YecK11e 3Hepr1111 ;::i,Byx ocKOJJKOB onpe)J.e11511111cb c 
np11MeHeH11eM xopowo 113Becnroro MeTO)J,a KI1HeMaTl1YeCKl1X COB1la)J,eH11H Ha )J.ByXnJJeYeBOH 
CYICTeMe. 

BpeMemrne pa3pewerrne Ka)K,LJ,oro n11eqa cocTaBJJJIJJO ::; 150 nc, reoMeTpw-iec1<0e 
pa3peweH11e CTOTI-)1,eTeKTOpa no x, y KOOp)J,11HaTaM COCTaBJJ51J10 1 MM. MeTO)J.HKa Yl3MepeHYI51 
Mace YI K11Hen1LieCKHX 3Heprni1, 11cnoJJh3yeMa51 Ha ycTaHOBKe KopceT, npe;::i,cTaBJJ51eT co6oi1 
xopowo 113BeCTHb!H MeTO)J. Kl1HeMaT11LieCKI1X COBila)J,eHHH, OCHOBaHHblH Ha BpeM51-nponeTHOH 
MeTO)J,HKe (TaK l-Ia3bIBaeMb!H 2v-MeTO)J.l1Ka). 
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position sensitive 
stop detector 
x, y, TOF 

mass resolution : 
2 a.m.u 

Target 

( TOF-start detector 

solid angle - 0.3 sr 

angular 
resolution - 0.3° 

Pl1c.4. llpumrunuaJ1b1-1a5l cxe.111a pa3.111eu1eT-tu5l oemeKmopoe cneKmpo.111empa Kopcem. 
Paccmo5lrtu5l cmapm- u cmon- oemeKmopoe om .111uU1eT-tu 252Cf cocmae!l5l!lo 20 .111.111 u 140 )\4JH, 
coomeemcmeertrto. 

,[(aHHb!H MeTO)J, TI03BOJUieT onpe)J,eJl!1Tb a6COJllOTHbie 3Ha4eHI151 KI1HeT!14eCKOH 3Heprn11 

nepBHLIHbIX ocK0111<0B. CyMMapHbie pacnpeJJ,e11eH11i1 Mace 11 K11HeT11qecK11x 3Heprni1 ocKOJlKOB 

xopowo cornacy10TC5I c I13BeCTHb!Ml1 )J,aHHb!MI1 CTIOHTaHHOro )J,eJleHI151 252Cf. 0THOWeHYie 

J\1aKCl1MaJlbHOfO Bb!XO)l,a aCl1J'v!MeTpl14HOro )J,eJleHl151 K BbIXO)J,Y CI1MMeTp11qHoro )J,eJleHl1}1 

nonyYeHO 6onee KaYeCTBeHHbIM, qeM B no,no6HbIX 3KCnep11MeHTax, KOTOpble npOBO,lJ,I1Jll1Cb c 

l10Hl13au,110HHoi1 KaMepoi1. XapaKTep11cT11K11 pacnpe.n:e11eH11i1 TaK>Ke Haxo,n:51TC51 B cornac1111 c 

o6 w,enpl1 H5!Tb!MH. 

Perncrpau,1110 raMMa-KBaHTOB 06ecneq11Ba110 6 Nal(Tl) ,neTeKTopoB u111111H,n:pw-1ecKoi1 

cpopMbI crnH,napTHbIX pa3MepoB 3x3 ,n1oi1Ma. BpeMeHHoe pa3peweH11e .n:eTeKTopoB cocTaBJI51JlO 

7 He. Hx 11HTerpa11&Ha5! 3cpcpeKTHBHOCTb B ,n:11ana3oHe 0, 1 - 5 M3B cocTaBHJla 1,5%. 
Jia6opaTOpHble raMMa-cneKTpbl, 3a 11CKJlJOqeH!1eM perncTpaumi: raMMa-KBaHTOB TIOJlHOro 

nornow,eHl1}1 I1CKa>KeHbl B ,neTeKTOpe pacce51HHblMH raMMa-KBaHTaMI1. TioJiyqeH11e 

cpH3l1YeCKHX xapaKTepHCTHK 06 3Ml1CCHl1 raMMa-KBaHTOB Tpe6yeT peweHI151 3a)J,aYJ1 

noJiytieHHH qm3w-:1ecKoro cne1npa 113 113BeCTHoro annaparypttoro cneKTpa. AnnapaTypHbIH 

cne1<Tp Yn B ,n11ana30He 3Heprni1 OT 1 ,non MmKHO npe,ncrnBHTb B BH,n:e: 

[Y1 J [Rll Y2 = R21 

Yn Rn] 

LRu=l, 
i,y 

Rij o6o3HaLJaeT cpyHKUI110 OTKJlHKa .n:eTeKTopa l1 Xij - cp11311qecK11i1 napaMeTp. MaTpttu,a 

cl)YHKU,11l1 OTKJll1Ka 6b1Jla TIOJlytieHa 113 Ka11116pOBQqHbIX cneKTpOB c np11MeHem1eM 

11HTepnonmum B ytiaCTKax raMMa-3Heprni1, r.n:e Ka11116poBoqHa5I 11HcpOpMall,11}1 OTCYTCTBOBaJla. 
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Pttc.5. CneKmp 2aJ11Ma-Kea11moe 56Co, 3ape2ucmpupoemmbzii cneKmpoMempoM Gammasphere 
(Gepx1m l/QC111b), u 110CJZC npoiwoypbl npUJ\1CHCHU5l MampU1jbl 0111/{]lUKa (HU:JICHfl l/QC711b). 
llomwe KO!lUlJecmeo u.Mny!lcoe coxpa1-1eno . 

.[(;rn peweHH5I :noi1 3a,LJ,aLJH rrpHMeHeH Heocu,ttmrnpyI-OmHi1 HTepaIJ,HOHHhIM MeTo,LJ,. I1p11Mep 

3CiJcl)eKTHBHOCTl1 MeTO,LJ,a l1JIJ1JOCTpttpyeT pHc.5, noI<a3hIBaI-OmI:Ii1 crreKTp raMMa-KBaHTOB, 

3aperncTp11poBaHHhlH crreKTpoMeTpoM Gammasphere. TaKa5I )Ke MeTO,LJ,HKa 6brna np11MeHeHa 

,LJ,JI51 Nal(Tl) ,LJ,eTeKTopoB. 

BTopaH r JI a Ba nOCB5ImeHa 113yqemuo He3aB!1Cl:IMbIX BbIXO,LJ,OB OCKOJIKOB ,LJ,BOMHOro l1 
r? 

Tpoi11-10ro ,LJ,eJiemrn -'-cf. KaK 6b1JI0 noKa3aHo B paHHHX 3KcnepHMeHrnx no 113yqeH111-0 

3Ml1CCl1l1 J\ffHOBCHHb!X raMMa-1rnaHTOB B cnOHTaHHOM l1 BbIHY){<,LJ,eHHOM ,LJ,eJieHl1l1, 

He3aBl1Cl1Mbte Bb!XO,Ll,bl OCKOJIKOB ,LJ,eJieHH5I COOTBeTCTBYIOT l1HTeHCHBHOCT5IM MfHOBeHI-IblX 

(11cnymeHHbIX ,LJ,O 13-pacna.D,a) raMMa-1rnaHTOB l13 rrepsoro so36y)K,Ll,eHHoro cocTo51Hl15I Ha 

OCHOBHOe COCT051Hl1e lJeTHO-lJeTHOro 5I,LJ,pa-oc1<0JI1<a ,IJ,eJieHl15I. 3KcnepHMeHTbl no 113y<JeHHl-O 

,LJ,Boi11-1oro ,LJ,eJie1-11151 npoBO,LJ,l1JIHCh Ha MYJITH,LJ,eTeKTOpHoM cneKTpoMeTpe Gammasphere, B 

flOJIOCTH KOTOporo 6bIJI pa3MemeH 3aKpblTb1H l1CT04Hl1K 252Cf . 3aperHCTp11pOBaHHblM aKTOM 

,LJ,eJieHl15I C4!1TaJIOCb, KOf,IJ,a B penrnMe COBITa,LJ,eHHH cpa60TaJIO 2 I1 6onee ,IJ,eTeKTOpOB. 

0THOCHTeJibHble BbIXO,I.l,hl nap OCKOJIKOB c 4eTHbIMl1 3HalJeHH5IMH MaCChl 11 3ap5I,D.a 

onpe,LJ,eJI5IJil1Cb 110 l11-ITCHCl1BHOCTl1 yy-COBITa,IJ,eHl1H, b6yCJIOBJieHHbIX y-rrepexo,LJ,aMH C rrepBOrO 

B036y)KtlCHHOf0 ypOBH51 2+ B OCHOB!-IOe COCT051Hl1e 0+ B KmK,LJ,OM l13 51,II,ep. B TOM CJiyI.Jae, KOf,I.J,a 

Ot]HH 113 napHb!X OCKOJIKOB HMeJI HelJeTHOe 3HaLJeH11e MaCCbI, BbIXO,I.l, napbl OCKOJIKOB 

HaXOt]l1JIC51 no cyMMe HHTeHCl1BHOCTeH yy-coBnatieHttH, o6pa3yeMhIX y-nepexo,LJ,OM 2+-0+ B A

lJCTI-101\1 51,II,pe 11 BCeMH y-rrepexotiaMH, Be.Ll.ymttMH B OCHOBHOe COCT05IHHe, B A-HeI.JeTHOM 

ocKOJIKe. B cJiytiae .Ll.BYX A-HeI.JeTHbIX OCKOJIKOB paccMaTp11saJiach cyMMa HHTeHCHBHOCTei1 yy
COBila)J,eHHH no BCeM KOM611HaLI,l151M y-nepeXO,UOB, Be,LJ,ym11x B OCHOBHOe COCT051HHe B Ka)K,LJ,01\1 

113 OCKOJIKOB. 11HTeHCHBHOCTb yy-coBrra,LJ,eHHH onpe,LJ,eJ15IJ1aCb no HHTeHCl1BHOCTl1 

COOTBeTcTByI-Om11x nl1KOB B ,LJ,ByMepHOM crreKTpe c yLJeTOM 3cpcpeKTl1BHOCTl1 perncTpau.1111 

raMMa-KBaHTOB ,LJ,eTeKTOpaMH 11 Bep051THOCTH BHyTpeHHeH KOHBepc1111 ,LJ,aHHbIX rrepexo,LJ,OB. 

Hati,LJ,e!!HbJe OTHOCHTeJibHbte BbJXO,LJ,bl nap OCKOJIKOB 6brn11 nepeBe,IJ,eHbI B He3aBHCl1MbJe 

Bb!XO)J,bl c np11Me1-1em1eM e,LJ,11HOH !-IOpM11pOBKl1 Ha ,LJ,aHHble 0 He3aBHCl1MbIX Bb!XO,LJ,ax. 

0oJiylJeHJ-lble TaKHM o6pa30M l130TOITHbie pacnpe,LJ,eJieHl15I tJJ15I BOCbMH 3JieMeHTOB, nOI<a3aHbl 

1-ia p11c. 6. 
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Oco6eHHOCThlO MeTO,n:111<11 ,n:aHHoro 31<cnep11MeHTaJ1hHoro no.n:xo.n:a HBJrneTcH B03MO)KHOCTh 
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P11c. 6. He3aeucuMble 6blXOObl emoputf1-tblX ocKO!lK06 J1e2Kou u nm:J1CeJ1ou 2pynn oeou1-1020 
cnomnmmo20 oe!lertttJL 252Cf - no!l1-tbze CUM60!lbl. B Katfecmee cpae1-1e11uJL noKa3aHbl 
JlUlnepamypHble OQHl-lble. 

Kan<.n.a.H Ha61110.n.aeMa.H napa ocKOJlKOB o6pmyeTcH nocne 11cnapemrn onpe.n.eneHHoro '"lHCJia 

Hei1TpOHOB v 113 nepBH'"lHbIX ocKOJlKOB v =AF - A; -A~, r.n:e AF o603HaYaeT Macey 

)J.en.Hw,eroc.H .H,n:pa 11 A' 1, A' 2 - Macchi ocKOJlKOB nocne 3MMCCHM Hei1Tpottos. ITo3ToMy, 

npocyMMHposas Bb!XO)J,hl nap OCKOJIKOB, KOTOphie COOTBeTCTBYIOT 3MHCCMl1 0,1,2,3 H T.,[(. 

Hei1TpOHOB, MO)KHO nony'"lMTh pacnpe.neneHHH MHO)KeCTBeHHOCTM HeiiTpoHOB .LJ.J15I pa311M4Hh!X 

3Ha'"leHMM napbl H)J.epHblX 3ap.H.LJ.OB OCKOJlKOB. 

TaKOH MeTO,D, onpe.neneHHH MHO)l(eCTBeHHOCTH HettTpOHOB B .n.eneHHM .n:aeT B 

cpaBHeHHH c .n.pyrn:MH MeTo,D,aMM B03MO)J<HOCTh onpe.neJIHTh a6coJIIOTHbie u;eJIO'"lHCJieHHbie 

3Hat.JeHH5I KOJIHqecTBa MCIIapeHHhIX HeMTpOHOB 11 TaK)Ke .n.aeT B03MQ)l(HOCTh orrpe,n:eJIHTh 

sepO.HTHOCTh o6pa30BaHH5I rrapbl TaKMX OCKOJIKOB, 113 KOTOpbIX 3MMCCM5I HeMTpOHOB He 

npOHCXO)J.HT. 

Ha p11c.7 npe.n:cTasJieHhI pacnpe)J.eJieHMH MHmKecTBeHHOCTM HettTpoHoB ,D,JIH nHTH 

3apH.JJ.OBhIX nap ocKOJIKOB 252Cf. ,[(nH t.IeT11pex 3apH.D.OBbIX nap ocKOJIKOB Zr-Ce, Ru-Xe, Pd

Te 11 Nd-Sr pacnpe.n:eneHHH MHon<ecTBeHHOCTM Hei1TpoHoB xopowo on11c1rna10Tc.H 

rayccOBhIMH KpMBblMH. 3apH)J.OBaH napa Mo-Ba OTJlHqaeTCH OT .ll.PYrHX IlOBhIWeHHblM 

BhlXO)J.OM 3MHCCHH HettTpOHOB H3 nap OCKOJlKOB, o6pa30BaHHhIX nocne 11cnapemrn ceMH H 

6onee Hei1TpoHoB. KaK BJil.ll.HO Ha p11c.8, pacnpe,LJ,eneH11e MHO)l(eCTBeHHocrn Hei1TpoHOB 

xopowo Mm1rno on11caTh rayccos11M pacnpe,LJ,enettHeM. ITapa Mo-Ba KpoMe KOMIIOHeHThI, 

KOTopa.H npHCYTCTByeT B OCTaJlhHhIX napax, co.n:ep:>KHT BTOpy10 KOMTIOHeHTy c nOBhillleHHhlM 

cpe.UHHM 3HaqeHHeM MHO)l(eCTBeHHOCTM HettTpOHOB. 
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P11c. 8. Pacnpeoene1-1ue no .1111-1o:J1ce

cmee11Hocmu v Ollfl napbl OCKO!IKOB 
Mo/Ba. 

¥I3 aHaJ1113a JJ,aHHhIX Ha p11c.8 rrp11 rrpeJJ,rroJJmKemrn cyuwcTBOBaHtt5.! JJ:BYX OTJJ,enbHbIX MOJJ, 
JJ,enemrn B clJOpM11poBaH1111 napbl Mo-Ba qJparMeHTOB rronyLieH orrTttMaJibHblH Ha6op 3Hatiem1tl 

TKE- cpe;:i:tt5.!5.! KHHeT11l1ecKa5.! :mepr115.!, crTKE - ee cpeJJ,H5.!5.! JJ,ttcrrepcH5.!, A11 - cpeJJ,H5.!5.! Macca, 

er AH - ee JJ,11cnepc115.1, 11 E;~ - :rneprirn B036y))<JJ,eHH5.!. I1epBa5.! MOJJ,a JJ,eneHH5.! HMeeT TH no Boe 

3HaLieHHe cpeJJ,Hetl: KHHeT11tiecKoi1 3Hepn111 ocKOJIKOB TKE =189 M3B co cpeJJ,HHMH MaccaM11 

AM 0 =106,3 11 A8a=145,7 11 cpe)J,Hl1Ml1 3Hepr115.!MI1 B036y)K)J,eHH5.! E~0 =12 M3B l1 E~a=15 
M3B. BTOpa5.! MOJJ,a JJ,erre1-1115.1 ;:i:n51 nepBHLIHbIX rrap ocKOJIKOB 106Mo- 146Ba, 107Mo-145Ba 11 108Mo-
I44 --

Ba 11MeeT cpe)J,I-1ee 31-rnLiemre KttHeT11tiecKotl 31-1eprn11 TKE =153±3 M3B 11 cpeJJ,HHe 

3HalJeHI-rn :meprn11 B036y)KJJ:eHH51 E~JE~a =(16-24)/(40-45) M3B, cooTBeTCTBeHHO, rrp11 

OTHOWeHl111 HHTeHCHBHOCTeH rrepBOH 11 BTOpOH MO)J,bl 0, 14. )J;n51 3HeprnH B036y)l()J,eHH.SI 40-45 
M B 14s-6B v v v ,h 

3 51)],ep a OTHOWeHHe nonyoce11 npeJJ,rronaraeMOH 3Jll1llCOHJJ:aJibHOl1 'jJOpMbl MO)KHO 
oueH11Th 6mI3KOH K 3, LITO xapa1uepHo rnnep)J,ecjrnpMau,1111. 

KpoMe CTaHJJ,apTHOH MOJJ:bl ;:i:eneHHH I1 MO)J,bl, npeJJ,CTaBJl.SllOIUeH rop.S!tiee ,D.ene1-111e c 
60J1bllil1M lJl1CJlOM 11cnapeHHbIX 1-1ei1TpOHOB, MQ)KHO Ha6nIOJJ,aTb TaIGKe napbl cpparMeHTOB, 113 
KOTOphIX Hei1TpOHbI He 11cnap11n11cb. Xono,D.HaH MO,D.a ,D.eneHHH 3KcnepttMeHTaJibHO 

1-1a6n10JJ,anacb ,D.Jrn nap 1 ~~Mo - 1 ~~Ba, 1 ~~Mo - 1 i~Ba, 1~~Mo- 1i:Ba 11 '~riZr-'i~Ce. 
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104 Mos2 

148Ceso 

16+ 
3462.6 

12+ 3258.3 

144 Baaa 

576.6 (2) 

146Ba90 
2886.0 

800.0 (5) 1osM054 2666.9 14+ 

12+ 
2631.0 12+ 

10+ 2475.0 559.4 (4) 104 Zr 64 

2458.3 
10+ 

580.1 (5) 622.6 (8.6) 
12+ 2316.2 

734.1 10+ 
2050.9 

785.1 (14) 
108 Mo 66 (15) 2044.3 

10+ 
766.0 (8) 

8+ 
1724.2 569.2 (10) 

1689.9 573.6 (12) 8+ 1753.410+ 

8+ 8+ 
1470.7 1550.2 

148 Ba 92 

642.7 (41) 
{16) 662.7 

1264.9 
655.1 624.5 

8+ 524.0 (22) 509.3 (33) 8+ (21) 

6+ 1081.5 
1090.7 (32) 456.8 (28) 957.7 6+ 1034.8 450.8 925.7 6+ 961.4 6+ 

839.0 5+ 808.1 6+ 
6+ 6+ 519.7 (73) 527.0 

(65) 511.6 (45) 431.4 (70) (52) 473.6 (54) 444.5 386.0 
384.8 561.8 530.0 4+ 

563.7 

513.2 4+ 523.2 4+ 453.0 
4+ 4+ 4+ 452.1 

(85) 330.7 (72) 370.8 4+ 
332.3 (68) 351.1 (75) 294.8 (67) (93) 192.8 2+ 192.9 312.1 

2+ 
2+ 

180.9 172.1 2+ 158.2 140.0 2+ 2+ 2+ 192.8 (100) 180.0 (100) 172.1 (100) 199.3 (100) 192.9 158.2 (100) 140.0 (100) 
O+ O+ O+ O+ O+ O+ O+ 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

S, =4701 keV S,.= 7681 keV S,. = 5011 keV S,, = 6981 keV S,= 5932 keV 50 =6621 keV S,, = 6311 keV S,, = 6041 keV 

Pvrc. 9. Ypoeliu pomcnru01-11-1ou nollOCbl oc11oeHoco cocmofllrufl nap oc1<.ol!Koe c Hy11eeoil 
3Muccueil r1et1111po1we, 1<.omopbze 11a6.rz1ooa11ucb e 3KcnepuMemne. S11 - 31-1ep2uJl cefl3u 11eumpona. 

Vb )J,aHHblX, npvrBe)J,eHHblX Ha p11C. 9, BV!)J,HO, 4TO ::rnepr115I CB5I311 HetiTpoHa S11 MeH5IeTC5I OT 4,7 
)J,0 7,7 M3B VI 3Hepnrn nocne)J,Hero B036y)K)J,emmro COCT05IHl15I OCKOJ1Ka OT 1265 ,no 3558 K3B, 

coorneTcrne1-IHo. Ha ocH0BaHvr11 nonyLJeHHbIX pe3yJJhTaTOB Mm1rno 3aKJ1I04HTb, 4TO npvr 

XOJIO)],HOM 6e3HetiTpOHHOM cno1-naHHOM )J,eJieHHH 252Cf npOHCXO,Ll,HT XOJ10,Ll,Ha5I cpparMeHTaLI,V!H 

- KOJIJieKTV!BHOe ,Ll,Bl1)!<eHJ1e 60JibWOH aMOJIV!TY,Ll,bI, npH KOTOpOM npOHCXOJl:HT rrepeCTaHOBKa 

onbworo 4HCJia HYKJIOHOB. Xono,L1,trn5l c!)parMeHTal.l,H51 B cnoHTaHHOM ,n:enemrn H B ,L1,eneHvrvr 

TenJIOBblMV! 1-IeHTpOI-IaMV!, KOr,Ll,a K11HeTV!lJeCKa5! 3HeprH51 OCKOJIKOB 6Jil13Ka K 3HepreTl14eCKOMY 

BbIXOJJ,y peaKu,1111 Q, 1-1a6mo,L1,anacb B cnoHTaHHOM ,n:enemnr 252Cf paHbrne. MeTo)J, 

onpe)J,eJleI-11151 Bb!XO,Ll,OB nap OCKOJJKOB n03BOJll1JI onpe,II,eJJHTb, 4TO B HaCT05llll,eM XOJIO,Ll,HOM 

,L1,ene1-111vr, KOr)J,a 3Heprvr51 B036y)!<)J,eHV!51 He ,Ll,OCTHraeT :rneprHH CB51311 HeHTpOHa, OCKOflKH 

pmK)J,atOTC51 c ,.D,ecpopMaU,I151Ml1, 6Jl!13Kl1Ml1 K )J,ecpopMaU,H.51M HX OCHOBHOro COCT051HH51. H113Ka51 

3HeprnH B036y)K)J,CHH51, 1-1a6mo)J,aeMa5l B pacna,LJ,e nepBbIX 4-8 ypos1-1et1 OCHOBHOro COCT05!Hl15! 

OCKOJlKOB, y1<a3bmaeT Ha TO, 4TO OCKOJIKl1 pmK)J,aIOTC51 B OCHOBHOM COCT051HH11. 

BbIXO,LJ,bI ocKOJIKOB Tpo11Horo ,IJ,eJieHHH nony4e1-1b1 H3 MHoroMepHbIX raMMa-cneKTpOB c 

np111YJeHCHl1CM MCTO,/J,HKH, KOTOpa5I V!CCTOJlb30BaJiaCb B onpe,.D,eJieHJ111 BhIXO)J,OB ,Ll,BOHHOfO 

,IJ,eneH11H. TaK)Ke nony4eHbI pacnpe)J,ene1-11151 MHO)KeCTBeHHOCTH 1-1ei1TpOHOB Yn H w11p111-1b1 

pacnpe)J,eJieHHH a 11 , KOTOpbie ,LJ,JI5I naphl Zr/Ba cocTaBHJJH (v 11 ) =2,9(1) 11 a 11=l,4(l), ,Ll,1151 napbI 

Mo/Xe COCTaBJll1 (v 11 ) =2,9(1) l1 a 11=1,25(10) (pHc.10). 
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BblXO)lbI 1rnppem1posaHHbIX nap, nonyYeHHbie B 3KcnepHMeHTe, HecyT HHtjlopMaU,HI-O o 

pacnpe)leneirnH 3HeprnH B036y)K)lCHl151 nepBHYHbIX OCKOJlKOB npH onpe)leJieHHblX 3ap51)laX 

OCKOJlKOB. 

r• ., 
·u··" ...... 

~ 1 'u.· 

v 

0.3 

0.2 

0.1 

5 i) 7 8 

Zn1Ba 
.. ·- .... ':it1) .: • .li1r/' = .L>\ . . 

a= 1.4(1) 

0 1 2 3 4 5 G 7 8 

v 

P11c. 10. PacnpeoeJternte Jvt1t0J1cecmeeJ-tHOcmeii J-teumpoJ-toe v 1<.0ppe!lupoeartrtbzx nap oc1<.0J1K06 

Mo/Xe u Zr/Ba. 

Ilpouecc )lCB036y)K,.[lCHl151 OCKOJJKOB 11CCJJC)lOBaH MO)leJ1HpOBa1rneM c np11MeHeH11eM KO)la 

PACE2, KOTopr,1iit rrnTbrnaeT 11cnapeH11e yrnosoro MOMeHTa B Ka)K,.[lOM ware KacKa,.[la. 

Ko::>cjlcpHu,HeHTbI Tpai-1cMHCCHH JJ,Jrn ::>M11cc1111 nenrnx 1:1acTHU. (n,p,a) onpe)leJieHbI c 

npmv1ettett11eM noTeHu.11anoB om11qecKoiit MO)leJIH. CaM npou.ecc )leBo36y)l<)leHH51 

npoMO)len11posaH c np11MeHeHHeM CTaTHCTMYecKoi1 Teopmr Xay3ep-<I>ew6axa. ):(1151 Ka)I<)loro 

51)lpa l1 J(a)K)lOVt 3Hepnrn B036y)K)leH!151 npOMO,.[len11poBaHO 104 KacKa)lOB pacna)la. IlnOTHOCTb 

yposHeiit onpe,.[lernrnacb MeTO,.[lOM fHJib6eprn-KaMepyHa. Pac1:1eTb1 npoBO,.[lHJIHCb B )lMana3oHe 

3Heprniit 1-40 M3B. Pe3y JibTaTbI pac4eToB npe,.[lcTaBJieHbI Ha p11c. l l. 
J;b cpaBHeHH51 BH)lHO, LJTO MHO)KeCTBeHHOCTb HeiiITpOHOB B TpOHHOM )leJieHHH MeHbWe Ha 0,7 

0,9 HeiitTpotta B cpaBHeHHH c )lBOMHbIM )leJieHHeM, LJTO npu cpe)lHeiit 3HeprnH ~ 7 M38, 

YHOCl1MOVt HeiitTpOHOM, npe)lCTHBJI5leT pa3HHU.Y B noJIHblX 3HeprM51X B036y)l<)leH!15I nap 3Hp51,.[!,0B 

B TpoiitHOM H ,.[lBOMHOM )leneHHH B 5,2 - 6,1 M3B. 

Ha)lo OTMeTHTb, LJTO HaJIHLJHe )laHHbIX o BhIXO)lax Koppen11poBaHbIX napa no 3ap5I)lY 

OCKOJIKOB, II03BOJll1J10 onpe)leJil1Tb Bb!XO)lbl nepBHl{HbIX OCKOJIKOB 6e3 np11MeHeHl15! 

3Mmlp11LieCKHX nO)lXO)lOB. 
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P11c. 11. Om11ocunie11bHbLe GbZXOObZ emopittmbzx .Macc nap ocKom<oe Zr-Ba u Mo-Xe. TeMHblMU 

CUM60llClMU OmMetteltbl 9KC11epiuvteHJnCtllbHbZe u CBel11llUJ\1bl - pacl/el11l·lble 6blXOObl emopul/HblX 

MC/CC. CnJZOZUHOll JtUlmeu 110KCl3ClHbl nep6ULll!ble 6blXOObl MC/CC OCKOllK06 mpoz/1-1020 oeneHUfl 
?j?C'f' ~ A R - - :J c 9Muccueu fluep e. 

r mrna 3. CBe,UeHl151 06 3Ml1CCHl1 MrHOBeHHbJX raMMa-KBaHTOB nonytieHbl B 3KCnep11MeHTe, 

KOTOpb1i1 rrp0Bo,U11nc51 c rrp11MeHeH11eM crreKTpoMeTpa .naoi1Horo BpeMeH11 rrponern KopceT. B 
3TOM 3Kcrrep11MeHTe 6brno 3a)l,ei1crnoBaHo 6 CIJ,HHTl1JJJJ51U,HOHHblX NaI(Tl) raMMa-.neTeKrnpoB, 

06ecneL£11BaKJlll,l1X H3Mepem1e 3Heprn11 H MH0)1<ecrneHHOCT11 raMMa-rrnaHTOB. B rrpou,ecce 

o6pa60TKH noJJyc1e1-1a MHOfOMepHa51 MaTpHu,a KoppeJJHpOBaHHbIX .naHHbIX, H3 KOTopoi1 

113BJJe4eHbl xapa1nepHCTl1Kl1 3Ml1CCHH raMMa-KBaHTOB B 3aB11Cl1MOCTl1 OT K11HeTHYeCKOH 

31·Iepfl111 11 MaCCbl OCKOJJKOB. c u,eJJblO rronyc1eHH5! rrpaBl1JJbHOM cpH3HlJeCKOH 11mjmpMaU,HH 

raMMa-cneKTphI rrpownH )J,OTIOJJH11TeJJhHy10 o6pa6oTKy. CHaYana 6r:,rna rrpoBe.neHa HX 

KOppeKT11pOBI<a OTHOCHTeJJbHO rrp11cyTCTBYKJlll,ero 3cpcpeKTa ,[(onnnepa, ITOCJJe Yero c 

np11MeHeH11eM MaTpHL~bl OTKJJHI<a B rrpoue.nype 11X )J,eKOHBOJJK)IJ,1111 rronytieHbl 113 anapaTypHbIX 

crre1npoB qm311Yecrrne cne1CTpbI. 

Ha pvic.12 rrOica3aHhI OCHOBHbJe, TpexMepHhie 3aBHCl1MOCTH MHO)KecrneHHOCTH (MY), 

non Ho ti 3HeprnH ( EY) H cpe.Ll,Hetl 3Heprn11 ( EY) B 3aBHCl1MOCTH OT Maccr:,1 A ocKOJJKa vi 

nonHotl K11Hen14ec1<otl 3J·1epn111 TKE. B TpexMepHhIX 3aa11c11MOCT5!X OTYeTJJHBO BhI)J,emnoTC51 

06J1aCTH MaKCl1MaJJbHblX KHHeTHlleCKHX 3Heprni1 c BblCOKHMl1 cpe.nHeH 11 ITOJJHOH :rneprneH 11 

MH011<eCTBeHHOCT10 raMMa-1rnaHTOB, 11crrymeH1-IbJX s rrpou,ecce XOJIO.[(Horo .nenemrn. KpoMe 

y)1<e pmiee 113aecTHhJX nap Mace c rroBbJWeHHhIM BhJXO.[(OM B XOJIO.[(HOM .neneHHH s 

3KCnep11Me1--1TaJibHblX ,UaHHblX no MHTerpaJJbHblM xapaKTepHCTHKaM BH.[(Hbl HOBbJe o6JJaCTYI 

XOJJO.[(HOro .nenemrn. lleTKO BbI.[(eJJ51eTC51 XOJIO.[(HOe CHMMeTpH4HOe .neneHMe rrpH 126/126 

(Ag/Ag) 11 06J1aCTb 6m13Ka51 MarH4eCKl1M 51,UpaM 82/170 (Ge/Dy), 78/172 (Ge,Zn?/Dy,Er?), 

76/176 (Zn/Er) 11 72/180 (Ni/Yb) 113 06nacT11 51)l,ep 6JJH3KOH K MarnqecK11M L!l1CJ1aM Z=28 11 

N=SO. B c1Co61<ax rrp11ae)J,eHhI 6onee sepo5ITHhie 3ap5I)l,bI Ha6JJt0)l,aeMbIX Mace OCKOJJKOB. 

3HaKOM sonpoca noMel!eHhI cnyc1a11 Heorrpe)J,eJJeHHoro 3ap51.na 51)],ep. TpexMepHhie 
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xapa1uepHCTHKH TaK)KC D03BOJ1!1Jll1 attaJll1311pOBaTb BbI,LJ,e11ett11e 3Hepr1111 raMMa-1rnaHTOB B 

0611aCTl1 ,LJ,e(lJopMttpoBaHHOro ,Ll,CJ1CHl151 B npH Maccax 96/156 (Sr/Nd) c nOJTHOH KHHCTHYCCKOH 

3Heprneti 129 M3B 11 np11 Maccax 102/150 (Zr/Ce) c nonHOH KHHeTw1ec1<ott 3Heprneti 128 
M3B, rJJ,e BhIJJ,eJT5JeTc51 6onhllle raMMa-KBaHTOB B cpaBHeHHH c xo110,LJ,HbIM JJ,e11eH11eM. 

l1HTepeCHO OTMCTl1Tb, lJTO pa3HHU.a MC)KJJ,Y Kl1HCTHYCCKHMH 3Hepr1151Ml1 XOJ10,Ll,HOro l1 

JJ,eclJop1vrnpoBaHHOro ,LJ,eJleHH51 COCTaBJ15JeT 83 11 78 M3B Jl,Jl5! nap OCKOJ1KOB 96/156 (Sr/Nd) 11 

102/150 (Zr/Ce), COOTBCTCTBeHHO. 

l1HTerp11poBaH11eM LJCTb1pexMepttoro cneKTpa (TKE, A, My, By) no MHmKeCTBeHHOCTH 

no BCeM MaccaM A 11 KttHeT11T..JecK11M 3Heprn51M TKE nonycmM cneKTp raMMa-KBaHTOB (Ey, My). 

Pe3yJlhTaT cyMM11pOBaHl15! np11BeJJ,eH Ha pHc.13, r,LJ,e no OC5!M OpJJ,HHaT OTJTO)KCHbI Ey - 3Heprtt51 

raMMa-KBaHTOB H dMy.ldEy - MHmKeCTBeHHOCTb ,LJ,J15! umpttHhI KaHana dBy=50 K3B. CyMMa no 

sceM JHeprwrM Ey paBHa MHO)KCCTBeHHOCTH (MY). 

230 2,00 
220 2,50 
210 lg~ ,......, 200 

ca 190 4'5 
(1) 180 5'08 
2! 5'5 

170 6'00 

w 160 ~:58 
:::c:: 150 7'50 
I- 140 8'00 

130 8°50 
9'00 

120 9'50 
1 0,0 

230 2,00 
220 2,38 

2,75 
210 3'13 

,......, 200 3,50 
ca 190 3,88 
(1) 180 

4,25 
2! 4,63 

170 5,00 
160 5,38 

w 5,75 
:::c:: 150 6'13 
I- 140 6,50 

130 6,88 
7 ,25 

120 7 ,63 
8,00 

230 
0,70 220 0,72 

210 0,74 
,_, 200 8:H ca 190 
(') 180 o·r 2! 170 8' 5 ' 7 ........ 160 0'90 w 150 0'92 

:::c:: 0'94 
I- 140 0°96 

130 0'98 
120 1 '8 1 ' 

1 : 1 

P11c. 12. Tpex.Mepribze 3aeucuMocmu JH7-tD:J1cecnweHrtocmu (MY), n01mou 3Hepzuu (BY) u 

cpeo11e1:i 3uep2uu ( EY) e 3aeucw11ocmu om Maccbl A ocKOJtKa u noJtriou Kuriemu'-leCKOU 

37tepzuu TKE. JJ;wm1wcmb U3o6pa:JtceuuJZ coomeemcmeyem .11mo:J1cecmee1mocmu (MY) u 

nomwu u cpeo11eu 311ep2uu e M3B. 
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KaK BI1)J,HO 113 pHc.13, cneKTP COCTOI1T 113 )J,BYX LJaCTeH - )J,Byx, no CBoetl npHpO)J,e, pa3HbIX 

Bl1)J,OB pacnatJ,oB. Ma1<c11MaJJbHaH 3M11cc11H B 0611acTH 3HeprHH 0, 1-1 M3B, B ocHOBHOM, 

BbI3BaHa pornu,110HHblMl1 nepexotJ,aM11, c npeo611a,I1.aI-OI11,ei1 MYJJbTHTIOJJbHOCTbI-O E2, 
OTBec1aiom11MH 3a 11cnapem1e yrnosoro MOMeHTa ocKOJJKOB. BTopaH l.faCTb cneKTpa, 

11orap11q)Ml11.JeCKl1 cna)J,aIOII.I,aH c yse1111LJeHHeM 3HeprHH raMMa-KBaHTOB, OTHOCHTCR K 

HepOTaU,110HHbIM CTaTHCTHl.feCKHM pacna,Il.aM H3 0611aCTH, KOTopaR orpaHHl.feHa 3Heprnei1 

CB5I3H HetlTpOHa 11 «11paCT>> TIOJJOCOH. CTaTl1CTlfl·IeCKHe nepeXO)J,bl HMeI-OT npeHMyII.I,eCTBeHHO 

tJ,11nomHy1-0 MYJlbTHTIOJIHpHOCTb. Hx 3HepreTHl.fec1<y1-0 3aBHCHMOCTb MO)l<HO onHcaTb 

QWpMyJlOH 

0, 1 
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w ... 1 E-3 I' "C -... I 
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P11c. 13. :Jgc11epuJV1emnaJZbrtblU c11e1"np McltoeeHHblX zaMMa-Keartmoe (c11Jzoumwm Jtumm) 
c1101mw1mo20 c)eJte1tuJ1 252 Cf. ll!mpuxoeam-taJt 7<.pueaJt ozpmtUttUBaem o6JtaCmb c 
npeuMyu1ecmee1-mou :JMuccueu cmamucnru'-tecwux zaMMa-7<.eaumoe. 

dMr = En+1S(E A.) ex (-_s_J 
dE y Y' p T ' 

y 

rtJ,e S(Ey,A,) CHJlOBaH QJYHKU,11H, 1<0TopaH )J,JlH MYJJbTHno1rnpHocT11 El (A,=l) RBJJReTCH 

flOCTOHHHOM 11 T - 3Q)(jJeJ<THBI-Ia5I TeMnepaTypa, OTHOCRII.I,aRCR K «11pacT» nonoce. 

B pe3y11bTaTe MaTeMaT11L1ec1<oi1 notJ,rOHKl1 onpetI,eneHo, LJTO 3Ml1CCI1R cTaTHCTHLJec1<11x raMMa

KBaHTOB cocrnsnHeT ~ 11 % OT scetl raMMa-3MHCCHl1. HaKJJOH cneKTpa MrHOBeHHbIX raMMa

I<BaHTOB JJ,eJJeHl1R 252Cf xapaKTep113yeT 3Cj)(pe1rn-rn1-1aR TeMnepaTypa T=0,40 M3B. 

Ha p11c. l 4 no1<a3a1-1i,1 3as11c11MocT11 3HaLJe1-111i1 no111-1oti cpe,II,Hetl 3Heprn11 (Er), 
MHQ)KeCTBeHHOCTl1 (My) 11 cpetI,Hetl :rneprn11 ( Ey) )J,JJ}l scex raMMa-KBaHTOB 11 

CTaTl1CTH'lCCKl1X COCTaBJ15IlOII.l,11X cneKTpOB 3THX BeJ111l.fHH B 3aBl1Cl1MOCTH OT TIOJlHOH 

K111-1eT11LJeCKOH 3Heprn11 TKE. B11tJ,HO, LJTO MHO)l<eCTBeHHOCTb (Mr) B tJ,11ana30He 

KH HernLJeCK11X 3Heprnti 120-180 M3B flOl.fTH He MeHHeTCR, HO np11 3Hepnrnx 60J1bille cpetI,Hetl 

KHHCTl11.JeCKOH 3Hepr1111 TIOCTeneHHO yMeHbillaeTCH, 1.JTO CBH3aHO c yMeHbilleHHeM 3Hepr1111 

B036y)K)J,eHH5I OCKOJlKOB. I10,II,061-1y10 3aBI1Cl1MOCTb MQ)J<HO 1-1a6mo,I1.aTb 11 )J,1151 fIOJJHOH 3Hepr1111 
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raMMa-KBaHTOB (EY). CmibHoe yMeHbwe1rne (MY) l1 (EY) B o6nacTl1 TKE 6oJ1bwe 200 M3B 

conpoBmK;:i:aeTC5I yse11w1em1eM cpe;:i:Heti 3Heprm-1 ( EY) 3a cqeT 3Ml1CC1111 113 cna6o 

,LI,ecpopM11posaHHbIX ocKonKOB, yqacTByt0m11x s npouecce pa3pbrna. KaK Bl1,LI,HO 113 
3aB11c11Mocrn 6onee Bepo5ITHol1 MaCCbI <A> OT TKE, cpe,11,H5I5I Macca T5I)KeJ1bIX ocKOJ1KOB 
not.ITH n11Hei1Ho yMeHbwaeTC5I ,ll,O 210 M3B. I1p11 3Heprn5Ix 6onbwe 210 M3B cpe,LI,H5I5I Macca 
y11<e cna6o yMeHbWaeTC5I 11 orpaHl14eHa 0611aCTbl-O OKOJ10Marw-iecKl1X 5!,ll,ep-OCKOJ1KOB c 
A=132-134. 
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P11c. 14. 3aeucu.MOCl17b nomwu cpeamu 31tep2uu (Ey)' MHO;J/Cecmeemtocmu (My) O!t5l ecex 

2aMAtet-Kem1moe u ic<: cmamucmul.{ec1wu cocmaen511ouwi"i B JaeucuMocmu om nom-tou 
KUHemul/eCKoit 31-tepzuu TKE. n OJllfole CUMGO!lbl npeacmaBGJl5llOm MHOJ/CecmeertrtOC711b, 

nycmbze - 311epzu10. B 1-1u;;1c1-1efi ttacmu pucymw - JaeucuMocmb cpea1-1ei'i 3Hepzuu (Er) 
(nO!lllble CUMGOJlbl) u 6onee eepo~mmafl J\ltacca OC7<.0Jtl{Q (3Ge300l./KU) G 3QBUCUMOC/11U om 
KUJtemuiteCIWll 97-tepzuu TKE. /{a111tble npueeae1-tbl K 007/0M aKmy aene1-tUJl. /{flfl /-lQ2JlflOl-lOC111U 
npueooumcR ¢01-toebzu cneKmp 1<u1-1emut1ecKux 91-tepzuu. 

):(pyra5l 1<apT11Ha 1-ia6n1D,ll,aeTc5I np11 3M11cc1111 crnT11cn1qec1rnx raMMa-KBaHTOB. KaK Bl1,LI,HO 113 

p11cymrn, cpe,LI,H515l 3Heprn51 (E~TAT) 11 MHO)!<eCTBeHHOCTb (M~TAT) He 3aBHC5lT OT 

K11Hern4ecKoti 3Hepr1111 B ,LI,11ana3oHe KHHernLJec1rnx 3Heprni1 OT 120 ,LI,o 230 M3B. Hx 

3Ha4eHHR ,LI,J15l cpe,LI,Hel1 3Hepnrn (E~TAT) 11 MHmKeCTBeHHOCTl1 (M~TAT) cocTaBJI5IJ-OT 1,9 M3B 
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11 0,7 raMMa-KBaHTa, COOTBeTCTBeHHO. Cne,IJ.yeT OTMen!Tb, LITO TOr,IJ.a CTaTHCTW-IeCKHH raMMa

KBm-IT B cpe,IJ.I-IeM YHOCHT :rneprmo 2,7 M3B, LITO B TPH pa3a 60JI1llle, tieM ,II.ml KBa.LJ,pynoJibHOH 

3Ml1CCl1H. 3TO 06CT05ITeJlbCTBO ,IJ.aeT npaso yTBep)K,Il.aTb, LITO CTaTHCTHLieCKHe raMMa-KBaHTbl 

COBMeCTHO c Het'!TpOHaMH ,IJ.eJleHl151 yqacTByIOT, B OCHOBHOM, B 3HepreTW!eCKOH pa3p5I,IJ.Ke 

B036y)K)l,eHHbIX OCKOJIKOB ,IJ.eJleHH5I. Ha p11c. l 5 npe,IJ.cTaBJieHbl OCHOBHble HHTerpaJibHble 

xapaKTepHCTHKH raMMa-3Ml1CCJ1H B 3aBHCHMOCTH OT MaCCbl OCKOJIKa. 
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PHc. 15. 3aeucuMocmb nomwil cpeoueu 31-1ep2uu (Er), M110;;1cecmee1-11-1ocmu (Mr) 0115l ecex 

caMMa-1<em1moe u ux cmamucmuttecKou cocmae115l10u1eu e 1aeucuMocmu om MaCCbl A 
OCl<.OlllW. II OllHbze CUMBO!lbl npeocmaBB!lfl70111 MHOJ!cecmee7-IHOC/11b, nycmble CUM60llbl -

::;11ep2wo. B 1-1u;;1c1-1eii ttacmu pucy11Ka - 1aeucuMocmb cpeoueu 311ep2uu ( EY). 

B 3aBHCHMOCTH (MY) OT A ocKonKa npo5IBJI5IIOTC5I c11n1H1Ie cj)JlyKTyauvivi, KOTop11e 0Tpa1Ka1-0T 

BJlH~II-!He CTpyKTYPbl OCKOJIKOB. Do):(06HbJe qJJlyKTyaU,HH, HO B o6paTHOM HanpaBJieHHH, 

Ha6m-0):(a10Tc5! B 3HaLieH1111 BeJIHLIHH cpe,IJ.Hei1 3Heprnvi ( EY) B 3aBHCHMOCTH OT MaccbI A 

OCKOJlKa. Jib TaKOfO 3qJcj:>eKTa CJle):(yeT, LITO npH yserrHLieHim ,IJ.ecj:>opMaU,HH OCKOJlKa, cpe,LI.H5I5I 

3Heprn5I ( Ey) Hcnyw.eHHOro raMMa-KBaHTa yMeHblllaeTC5I, HO HX KOJlHY.eCTBO 

MHO)KeCTBeHHOCTb (My) yseJIJ1LIHBaeTC5I. 

Ha6mo)l,em1oe pasHosecue 11 np11BO,ll,HT K TOMy, Y.TO nonHa5I 3Heprn5I raMMa-KBaHTOB 

CJia6o MeH5IeTC5I c H3MeHemieM MaCCbl OCKOJIKa H cj:>JiyKTy11pyeT c aMnJIHTY,ll,OH He 60JibWe 
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0,5 M3B 01<0110 cpe.n.Hero 3Ha4emrn (Er)= 6,8 M3B. Bo qrny1<Tyau,1151x rronHoti 3Heprn11 

np05IBJ15llOTC5l l13BeCTHbie cjrnyKTyau,1111 c rrepHO,Il.OM ~ 5 MaCCOBblX e,n,HHHU,, KOTOpble C03,1J,aHbl 

nep110)J,WIHOCTblO .n.ecpHil,11TOB Mace 3HepreTH4eCKOfO Bb!XO)J,a Q B .n.eneHHH. 

4, 0 ...,._-..----.---.-...---.----.----.--.--...----.....- 4,0 
3,5 CTaTHCTH'1eCI~He y-pacna,n:hl 3,5 

3,0 <t: > ~~ 3,0 
lk·~-·:~- -~,._._..** ; 

2,5 ~ 2,5 t"') 

A cik, <E > Q-1-9P- o ~ ~ 
~:-2,0 -\K~r o 0 o~Ar 2,0 '"';'" 
~ 00 0 Q 00 I\ 

v 1,5 1,5 ~( 

1,0 <M1> 1,0 A" 
(.IJ 

0,5 0,5 v 

0,0 0,0 
80 100 120 140 

A 
160 180 

:-

P11c. 16. Ocrtoe1tbze xapm<n1epucmu1<u cmamucmuwc1<ou 3Muccuu 2aMMa-1<.em1moe e 
JaeucuMocmu om JvtaCCbZ oc1<.o!l1<.a A. ,l{amtbze npueeoeHbZ K ooHoMy a1<.my oe!leHUfl. 

B 3M11cc1111 cTaT11cn11-1ec1rnx raMMa-KBaHTOB, KaK MmKHO Ha6n10.n.aTb Ha p11c. 16, 

MHO)KeCTBeHHOCTb (M~TAT) 11 I10J1Ha5l 3Heprmr (E~TAT) B 3aBHCl1MOCTl1 OT MaCCbl A OCKOJ1Ka 

np05IBJ15llOT .n.pyn1e CBOHCTBa. B pacnpe.n.eneHI111 MHO)KeCTBeHHOCTl1 Ha6n10.n.aIOTC5l MaJ1bJe 

cjrny1<Tyau,1111 c HeKOTOpblM 3aBblilleHl1eM B o6naCTl1 Cl1MMeTp114HOfO .n.eneHl15l 11 

0KonoMarn4ecK11x 51.n.ep c A=128-132 11 6onee cna6bie cpnyKTyau,1111 B o6nacrn 6onhwoti 

aCl1MMeTp1111 Mace OCKOJlKOB. B pacnpe.n.e11eH1111 cpe.n.Heti 3Heprn11 (Sy)' 11crrapeHHOH raMMa

KBaHTaMl1, B Tex )Ke o6nacT5lX Mace oc1<on1<0B Ha611m,naeTc5l noBbIWeHHbIH Bb1xo.n. 3Heprm1. Ha 

OCHOBaHHH Ha6rr10.n.aeMoro MO)KHO CKa3aTb, 'ITO MexaHl13M BblpaBH11BaHl15l IlOJlHOH 3HeprnH 3a 

ctieT nponrnorronmrrnoro so3.n.eticrn1151 MHmKecrneHHOCTl1 11 cpe.n.Hei1: 3Heprn11 B npou,ecce 

CTaTI1CTHl\eCKOH 3Ml1CCHl1 raMMa-KBaHTOB He pa6oTaeT. 

Eo11ee .n.eTanbHbie cse.n.emrn 06 3M11cc1111 raMMa-KBaHTOB rronyqaeM rroc11e rrp11se.n.eH115l 

pe3ynbTaTOB K O)J,HOMY aKTY .n.eneHl15l 11 Macce A OCKOJ1Ka. ,I(aHHbie, nony4eHHbie rrocne TaKOH 

HOpMHpOBKH, np11se.rr.eHbl Ha p11c.17. l13 3Tl1X .n.aHHblX Bl1)l,HO, l\TO Ml1Hl1MaJ1bHbie 3Hal\eHl15l 

sen11tI11H onpe.n.en5IIOT oc1<onK11, CTPYKTypa KOTOpbIX onpe.n.e11eHa Mar114eCKHM 111111 6n113KHM K 

MarnlleCKOMY 4l1CJ1Y 5lrrep. 
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P11c.17. 3aeucuMocmb noJ1Hou cpeo1-1ez~ ::;11ep2uu (EY), MHO:Jtcecmeemwcmu (Mr) OJtfl ecex 

zaMMlHWaHmoe, e cpeo11eil '-lacmu pucymw - JaeucuMocmb cpeolteil ::;Hepzuu (Er) u e 

11u:J1c1-1di i1acmu npueeoeHbl xapm,mepucnna<u c1110mucmu'-lec1mx ee;1ui1w1(E~TAT) u (M~TA'r) 
6 JaGUCUJ\llOCJnU 0171 MGCCbl A OCKOJtKa. fl Olli-Ible CUMGOJlbl npeOCJ11G66Jl5l10111 
M1t0:J1cecmeew-1ocmb, nycmbze cuMGOJtbl - ::>Hepzwo. f{armbze npueeoeHbl K ooHoMy Gl{!ny 
oe;zertU5l u J\ltacce OCKOJlKG. <l>onoeoe Maccoeoe pacnpeoeJte1-1ue npueooumcfl Oflfl l{({2JlflOHOC111U 
( Kj)UBOfl C OGYMfl 11Ul<aJ14U). 

113 3Tl1X .uaHHblX BH)J,HO, lJTQ MI1HHMaJlbHble 3Hat.JeHI15I BeJ1H4HH onpe,ll.eJ15IlOT OCKOJ1KH, 

CTpy1nypa KOTOpblX onpe.ue11e1-1a Marttt.JeCKJ1M HJlH 6J1H3Kl1M K Marni1ec1<0My t.JHCJlY 5IJ1ep. B 

Hm1rne11 LJaCTH pHc.17 no1<a3aHhI 3HatieHH5I cpe)J,1-1ei1 3HeprnH ( EY). 3Hat.J11TeJlhHoe yBeJlHt.JeHHe 

( 8y) B o6JlaCTYI A<90 l1 129-134 CBI1,D,eTeJ1bcTByeT 0 CHJlbHOM BJll15IHl111 o6oJl04el.JHOH 

cTpy1nyph1 oc1<0111<0B Ha 3MHccmo raMMa-KBaHTOB .ueJleHI151. M1:-1m1<ecTBeHHOCTh (M~TAT) 11 

nosrna51 3Heprn51 ( E~TAT) cTaTHCTJ1liec1rnx raMMa-KBaHTOB, noJlytieHHhie nocne 1:-1opM11poBirn 

Ha O)J,HO )J,eJleH11e 11 Macey, 11MelOT TaIOKe n11noo6pa3HblH xapaKTep B 3aBl1Cl1MOCTl1 OT MaCCbl 

OCKOJll<a A. :Vb nonyl.JeHHb!X pe3yJlbTaTOB cne.uyeT, 4TO B npou,ecce 3MHCCHl1 CTaTHCTHl.JeCI<HX 

raMMa-KBaHTOB 6oJTbWe 3Heprn11 OCB06mK)J,aeTC5I 113 JierKOH rpynnbI OCKOJIKOB. I-fa 3THX 

.uaHHblX Ta101<e cne.uyeT, tITQ 3a nOBbIWeHHYIO 3MHCCHIO CTaTHCTHl.JeCK11X raMMa-KBaHTOB B 

0611acrn Mace 118-134, 11306pa)!<e1rny10 Ha p11c. 17, OTBel.JaIOT ocKOJ1Kl1 nernotl rpynnb1 H 3a 

nOBbJWeHHYIO 3Hepr11IO B 06nacn1 60JibWOH ac11MMeTp1111 Mace - OCKOJ1Kl1 T51)KeJlOH rpynnbl. 
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31-1epreTw-1ecK11i1 BbIXOJJ. B JJ.ene1-11111 252Cf 11 ero 6ana1-1c Mmr<1-10 nposep11Tb c np11Me1-1e1-111eM 

)J,aHI-!blX 0 nOJlHOH 31-1eprn11 raMMa-KBaHTOB 11 c np11Bneqe1-111eM )J,aHHbIX 06 3Ml1CCl111 

1-1ei1TpOHOB .nene1-1115!. y CJ10Bl1e 3HepreTl14eCKOfO 6ana1-1ca MO)KHO Bblpa311Tb Ka!C 

Q = TKE + En + Ey = TKE + Eexc , r)J,e E11 - non1-1a51 3Heprn51, y1-1ece1-11-1a51 HcnapeHHbIMl1 

1-1ei1Tpo1-1aM11, Ey - non1-1a51 31-1eprmr, y1-1eceH1-1a51 3MHCCHei1 raMMa-KBaHTOB. 

E +E 
n Y 

P11c. l 8. 3a(ntcwwocmb 31-tepzuu eo36yJ1CdeHwz E* om nom-wu KUHemu'-tecKou 31-tepzuu TKE 
OCKo.mwe oe.lleHWl 252Cf B ltUJICfteu '-lacmu pucym<a - 31-tepzemu'-leCKUU BblXOd Qexp, 

no.rtytteltllblll G 3KCnepUJHe7-tme U Q11z Gbl'-IUCJleHHblU 170 oepeKmy MQCC. 

3as11c11MOCTb 31-1eprn11 so36y)K)J,e1-11151 E,* H 3HepreTH4eCKOro BbIXOJJ.a Qexp, nonyqe1-11-1oro B 

3Kcnepmv1eHTe 11 Qth - pacLieT1-1oro, OT non1-1oi1 KHHeT11LiecKoi1 31-1eprn11 ocKOJlKOB TKE 
TIOKa3aHbl Ha p11c. 18. :Yb pe3yJibTaTOB BI1)],HO, 4TO 3Heprn51 B036y)J<JJ.eHT51 TI04Tl1 JlHHeHHO 

yMe1mrneTc5! c Hapacrn1-0w,ei1 1<m1eT11t1ecKoi1 3Heprnei1 ocKOJlKOB TKE. Ha6m-0JJ.aeMaH 

pa3Hl1Ua 31-IaLieHHH Qth 11 Qexp no BCeH WKane Kl1HeTH4eCKHX 3Heprni1 npe,ncTaBJ151eT 2,4 M3B, 

l!TO MOrJlO B03HHKHYTb B npouecce 1<an116poBKH O)J,HOro, 11J111 06011x 3Kcnep11MeHTOB. 

113 pe3yJlbTaTOB, noI<a3aHHblX Ha pHc.19, Bl1JJ.HO, 4TO 3Heprn51 B036y)K)J,eHl151 )'.IBJ15leTC)'.I 

cl)YHKLu1ei1 MaccbI ocKonKa A. MmKHO yTsep)KJJ.aTb, LITO cl)YHKUHOHaJlhHYfO 3as11c11MOCTb 

onpe.nenHeT npouecc Hcnape1-11151 1-1ei1Tpo1-10B. B 11ccneJJ.yeMOM JJ.l1ana3oHe Mace ee cpe,IJ.Hee 

3Hat1em1e cocTas11no 35 M38. 

31<cnep11MeHT no TpOHHMY )J,eJleHHfO 6b!Jl npoBe,IJ.eH c np11MeI-1eHHeM .6E-E TeJleCKOOOB, 

CMrHaJl KOTOpblX ,IJ.aBaJl 111-!Cpoprviaumo 0 3apH,ne lJaCTHUbl M ee Kl1HeTH4eCI<OH 3Heprn11, M 

cne1upoMeTpOM Gammasphere, KOTopblH perncTpHposan 3Heprmo raMMa-KBaHTOB M 11x 

KpaTHOCTb. CneKTpbI KpaTHOCTl1 no1<a3aHbI Ha pttc. 20 B nesoi1 LiaCTM. 
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P11c. 19. 3aeucu111ocmb 311ep2uu eo36y:>1coertufl E* , En - no!lrtou 31-1ep2uu, y1-1ece1-1r1ou 

ucnapertllblMU 11eilmpo1wMu u Er - 110J11-1ou 3ttep2uu, y1-1ecewwu 3Muccueu 2aMMa-1<.ea1-1moe, e 
Jaeucu/1-tocmu om MaCCbl A m5lJtce.rzo20 OCKOJlKa. 
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PVIc.20. CneKmpbt KpamHblX coenaoemru 2aMMa-1<eaumoe (.rzeeafl ttaCTnb) u pacnpeoe.11em1e 
M1tOJ1cecmeem1ocmu 2aJV1Ma 1<.em1moe (npaeafl i1acmb) npu 3Muccuu He,Be u C npu mpou1-t0M 
<)e11ellUU 151Cf 

MHO)KecrneHHOCTb raMMa-KBaHTOB B )l,enemrn, KaK 11 B mo6oti 51)].epHoH peaKUHH, 

crnrncTw-recK11 pacnpe.neneHa. TiycTb TaKoe pacnpe.neneHtte xapaKTep113yeT cpyHKU,l151 f(M), 

TOr.na ee cpe.nHee 3Ha4eH11e nonyY11M 113 cpopMyJlhI: 
co 

(M~0T) = f f(M)dM, 
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PacnpeJJ.enem1e MH0)1<ecTBem-1ocT11 f(M) B .ll,aJlbHei1weM CLJ11TaeM rayccoBbIM, r)],e (My) -

cpeJJ.J-UUI BeJHIYHHa pacrrpe)],eJleHl15l c )],l1Cnepc11ei1 <J. c rrp11MeHemieM KOM611HaTOpHOfO 

npHI-Ill,Hna MO)KHO Bblpa311Tb Bep05ITHOCTb Toro, YTO 6yJJ.eT 3aperncTp11poBaHO p raMMa

J<BaHTOB N JJ.eTeKTopaM11: 

Pt1 = (~Jt,(~JQj(l- NQ)M-iW;(Pl , 
rLI,e Q Bb!pa11rneT OOilHYl-0 cpe)],HlOIO 3Cpcl)eKT11BJ-IOCTb perncTpll,11!1 0)],HHM )],eTeKTOpOM 11 

K03cpclrnu11eHTbl Wj(P) Bblpa)l<al-OT KOM6I1Hall,11JI T.H. «CKpblTbIX COBITa)],eHHH». Orrpe)],eJleHHe 

CBOHCTB cpyHKll,1111 f(M) rrpoB0)],11J10Cb MeTO)],OM Ml1Hl1Ml13all,Htl cpyHKll,1111 x2, cpaBHeHHeM 

paCLJeTJ-IOH 11 3KCrrep11MeHTaJlbHOH Bep05ITJ-IOCTeH. TionyYeHHble pe3yJlbTaTbI 0 

pacnpe)],eneJ-11111 MHmKeCTBeHHOCTl1 raMMa-KBaHTOB B TpOHHOM )],eneH1111 252Cf c BbIJleTOM He, 

Be 11 C noKa3aHbI B npaBOH yacrn p11c.20. Pe3ynhTaTbI 3Kcnep11MeHTa IT03BOJ111Jll1 rronyY11Tb 

TaK)Ke HOBble CBe)],eHJ.rn 0 BeJ111'-I11He cpe)],HeH MHmKeCTBeHHOCTl1 (My) B 3aBl1Cl1MOCTl1 OT 

K11HeTw1ecKoi1 3Heprmr He, Be H C B l1HTepBanax 3Heprn11 2 M::iB JJ.I15I He 11 3 M::iB IJ:Il5l Be 11 

ITOKa3aHbl Ha p11c.2 l. 

......, 7 f ~'-'-'-oI~I aJ 
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P11c. 21. 3aeucuMocmb 3Ha'-temtu u1-1me2pa!lbHblX xapaKmepucmuK 2aMMa- KGal-tlnoe e 

mpOl~lflOM oene1-1uu 252Cf om KUHemutteCKOU '3Hep2uu He, Beu c. 

vb nonr1eHJ-IbIX 3aBl1Cl1MOCTel1 Bl1)],HO, LJTO np11 Kl1HeTJ1LJeCJ<HX 3Hepfl15IX EHe> 12 M::iB 

MHQ)KeCTBeJ-IHOCTb 11 ITOJll-Ja}l 3Heprn2 raMMa-I<BaHTOB yMeHbwaeTC}l c yseJ111YeHHeM 

Kl1HeTJ1LieCKOH 3Hepr1111, KaK 3TO l1 0)[(11)],aJlOCb. 

B 06nacT11 E<12 M::iB MHmKeCTBeHHOCTb 11 nonJ-Ia5l 3Heprmr raMMa-KBaHTOB yBen11Y11BaeTC5l c 

yBeJ111YemieM KHHeTJ1LJecKoi1 3Heprn11 He. B TOH )Ke 06nacT11 Hati)],eHo 3HaYHTeJlbHOe 

yBenw1e1-111e BbIXOJJ.a 132Sn. Ha6mo.ll,aeMbie 3aBHCHMOCTH 5IBJ15IIDTC5l npe,n:nocbrnKoti K no11cKy 

HOBOro MexaHJ13Ma o6pa30Bar-nrn nenmx 3ap5I)KeHHblX LJaCTHll, c MaJlblMl1 Kl1HeT¥IYeCKHMl1 
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3HepnrnM11. B 1rn-1.1ecTBe cpaBHeI-1115! np11BOJJ,5ITC5I JJ,aHHhre, no11r1eHHbie B pa6oTe COBMeCTHO co 

3HaYeHl15IMl1 11HTerpa11bHbIX Be11!1l-Il1H )J,BOMHOro ,ne11eH115I. 

Ta611. 1.CpaeueHue u1-1me2pa!lHbZX xapaKmepucmuK 3Muccuu 2aJV1Ma-1<.eaumoe oeouH020 u 
111p0i'Irt020 OefleNUR. 

(0r) [M3B] (Er) [M3B] (MY) 

He 0,951±0,025 6,6±0,2 7,09±0,12 

Be 0,992±0,057 6,8±0,3 6,87±0,8 

c 0,958±0,069 6,5±0,5 6,83±0,4 

.[(soi1Hoe ,nene1-rne 0,880 7,3 8,2±0,3 

lfoTBepTaSI rnaBa nocBemeHa 113y4eHl11-0 yrnoBbIX MOMeHTOB B )J,BOHHOM 11 TpOHHOM 

,neneHI1I1. I1p11 onpe,nenemrn yroBoro MOMeHTa OCK011KOB rrp11MeH5IJlC5I MeTO)J,, OCHOBaHHbIM Ha 

onpeJJ,enemrn 11HTeHCl1BHOCTeI1 raMMa-nepeXO)J,OB npH ,II,eB036y)K)J,eHl1H «HpacT» I10110Cbl Ha 

ocHOBHoe cocTomrne LJeTHo-qeTHoro oc1<0111<a ,ne11emrn. HoBhie B03MmKHOCTH pa3BHTH5I 3Toro 

MeTo)J,a no5IB111111cb c co3,II,aH11eM 4rc-raMMa-,neTer<Topa Gammasphere 11 no11yqem1eM 

,neTa11bHblX cxeM ypoBHdi OCK011KOB ae11eHl15I . .[(eTaJlbHOe 11cc11e,n0Ba!-1He MHOrOKpaTHblX 

COBna,neH11i1 raMMa-1maHTOB, 11cnymeHHbIX 113 )J,BYX o6pa30BaBWl1XC51 B nape OCKOJIKOB 

,nenemrn, no3so115IeT nonyq11Tb 6011ee no,II,po61-1b1e ,II,aHHbie, xapaI<Tep113y10m11e yrnoBbie 

MOIVJeHTbl OCK011KOB. I13BeCTHO, lJTO B036y)K)J,e1-111e (3ace11e1-111e COCT05IHl1M p0Tal..I,110HHOH 

nonocb1) onpe)J,e11e1-10 pacnpe,ne11e1-111eM yrnosoro MOMeHTa 5I)J,pa-ocr<o111<a noc11e 11cnape1-11151 

Hei1TpOHOB 11 CTaTl1CTl1LJec1rnx raMMa-KBaHTOB. I1oc11e 01..1,eHKH BKJla,[(a 11crrnpeHl15I HeHTpOHOB 

11 CTaTl1CT11qec1rnx faMMa-r<BaHTOB ,Ll1151 yrnosoro MOMeHTa MQ)KHO 11CI10Jlb30BaTh 3HaLJeHl151 

11HTeHCl1BHOCTei1 raMMa-nepeXO,[(OB pOTaLI,110HHOM I10110Cbl 11 MQ)KHO ITOJ1Y411Tb pacnpe,ne11eH11e 

yrnoBbIX MOMeHTOB 11 11x cpe,nHero 3HaLJeHl15I. PacqeTbI npoB0,[(11Jll1Cb c np11MeHeH11eM 

crnT11crnqecKoro r<o,II,a PACE2, KOTOpbIH np11MeHJIJlC5I npH pacYeTe 11cnapemrn 11 

BOCCTaJ-IOB11emrn nepBHlJHbIX Mace ocKOJlKOB. CTaT11CT11qec1<11e 1<ac1<a,[(bI MO,II,e1111posa1111cb c 

npmv1e1-1ei-111eM cjiopMa11113Ma Xay3ep-<Dern6axa c o,n11HaKOBbIMH napaMeTpaMH, r<aK 11 B c11y4ae 

BOCCTaHOB11eI-11151 nepBJ1llHb!X Mace OCKOJlKOB. 

B pe3y11bTaTe o6pa6oTKH JJ,ByMepHbIX yy-cosna,neH11i1 no11yqeHbI HHTeHCl1BHOCTl1 

nepexo)J,OB Jll151 138Xe, 140Xe 11 144Ba. B rn611.2 npe,z:i:crnB11eHbI l1HTeHc11BHocn1 raMMa

nepexo)J,OB Me)!<)J,y ypoBH5IMH OCHOBHb!X nonoc )J,1151 H30Tona 104Mo 11 51,II,ep pa31111LJHblX 

H30Tonoa Ba, KOTOpb1e o6pa3yI-OTC5I oJJ,HoapeMeHHO c 104Mo np11 11cnapeH1111 pa3Horo q11c11a 

Hei1TpOHOB 113 nepB11LIHbIX OCK011KOB (v= O+ 10) np11 cpopM 11poBaHHH 11cc11e,z:i:yeMblX nap 

OCK011KOB. 

Ha p11cy1-1r<e 22a 11306pan<eHa 3aBHCHMOCTb cpe,z:i:mi:x yrnoBbIX MOMeHTOB, y1-1oc11MbIX 

raMrvia KBaHTaM11, ,[(1151 104Mo OT no11Horo q11cna 11cnapeHHblX 1-1et1TpoHoB. YrnoBoi1 rvioMeHT 

OCKOJlKOB 104Mo pacTeT, KOf,II,a l!l1C110 1-1el1TpOHOB MeH51eTC51 11C 0 )J,O 5, a 3aTeM na,II,aeT np11 

i~aJlbHel1rnervi yaenw1eH1111 L!l1CJJ,a 11cnapeHHbIX 1-1eI1TpOHOB. I13rvie1-1e1-111e yrnoBoro MOMeHTa 

ocKOJlKOB Ba 11MeeT rn1<y10 )Ke 3aKOHOMepHOCTb. Ha p11c. 226 LiepHbJMH TOLIKaM11 

H3o6pmKeHbI cyMMapHbie yrnoBbie MOMeHTbI 11ccne,II,yeMbIX Ba-Mo nap, no11yLJeHHbie 

cyMMHpoBaHHeM 3HaLJeI-111H TOYeK 113 pHc.22a 11 226. CBeTJlbJMbI Toq1<aM11 npe,ncTaB11e1-1b1 

yrnOBbie MOMeHTbl rrepBHYHbIX OCK011KOB Ba-Mo, KOTOpbre 6binI1 orrpe,II,eJleHbI B pe3y11bTaTe 

yLJeTa yrnoBoro MOMeHTa, YHOCHMOrO Hei1TpOHaMl1. c yBeJlHYeH11eM MHQ)KecTBeHHOCTl1 

Hei1TpOHOB B ,[(Hana30He OT 0 )J,0 4 Ha6moJJ,aeTC5I poCT yrnoBoro MOMeHTa rrepBHLJHblX Ba-Mo 

OCKOJlKOB, a 3aTeM, np11 ,nam-1eI1weM yBeJIHYeHl1H LIHCJla HCnapeHHblX Hel1TpOHOB, HMeeTC51 

aI-IOMaJlbHOe ITOBe,II,eHHe yrnoBoro MOMeHTa OCKOJIKOB - npH yBeJ1Hqe1-11111 L!l1C11a 11cnapeHHb!X 

25 



HdiTpOHOB HeT pOCTa yrnoBoro MOMeHTa OCKOJ1KOB. Ilo TaKOMY noBe)J,emno yrnosoro 
MOMeHTa MO)KHO cy,nHTb, qTO B Tex co6b!Tl15!X )J,eJJeHHJ! 5!)J,pa, B KOTOpb!X o6pa3yIOTCJ! 
ocKOJJKH, B03HHKaeT 6011hwa51 ,neq)opMau,mr. B f JiaBe 2 6hIJJO noI<a3aHo, qTO napa Ba-Mo 
252Cf BhI)J,eJJJ!eTCJ! cpe,n11 ,npyr11x '-IeTHbIX pa3,ne11eHMM no 3ap51,naM nOBblIIJeHhIM BhIXO)J,OM nap 
ocKOJJKOB, 06pa3y10m11xc51 noc11e 11cnapemrn ceMH 11 6011ee He:l1TpOHOB. TaI<oe n0Be,nett11e 
BhJxo,nos o6oJ!CHJ!eTCJ! Ha1111q11eM ,nByx MO,l( )l.eJJeHHJ! np11 Ba-Mo 3ap5I,ll,OBOM pa3,ne11eHHH 
252Cf. IlepBaJ! MO.ll.a 11MeeT 06I>1qHoe 3HalfeH11e BemilfHHhI cpe,nHe:l1 TKE=189 M3B, a BTopa5! 
ornw-iaeTC5I MaJJhIM 3Ha1rn1-rneM TKE=154 M3B 11 BHOCHT 6011hwo:l1 BKJJa,n B 06pa3osaH11e nap 
OCKOJIKOB, KOTOpbie no11yY:aIDTCJ! 11cnapeH11eM 60JihWOf0 Y:HCJia He:l1TpOHOB. 

Ta6n. 2 . OmHocume!lbHbze uHTneHCU6rtocmu WMMa-nepexooo6 MeJ1coy ypo6HflMU nonoc 

oc1-10611020 cocmoflHUfl 104 Mo. HHmer1cu6r1ocmu nepexooo6 omrtopMupoeaHbZ ua 

w11ne71cueuocmu 2+ -f0+ nepexoooe. 

0CKOJJOK JJ:ono11H. Iv (J) 
OCKOJ10K 4+~2+ 6+~4+ 8+~6+ 10+~8+ [h] 

Iu'!Mo 1 "~Ba 0,79(14) 0,05(5) 3,87(3) 
to4Mo. 14/Ba 0,73(10) 0,35(10) 0,10(6) 4,10(10) 
to4Mo. 1'+0Ba 0,59(2) 0,29(2) 0,08(3) 0,045(15) 3,94(37) 
!V'+Mo 14)Ba 0,86(3) 0,37(1) 0,09(1) 0,033(9) 4,79(21) 
104M O· 144Ba 0,79(2) 0,41(1) 0,08(1) 4,60(16) 
I04Mo. 14.)Ba 0,97(6) 0,39(2) 0,17(2) 0,013(10) 5,05(36) 
to4Mo. l'+LBa 0,57(6) 0,35(3) 0,16(2) 4,20(30) 
104Mo. 141Ba 0,59(7) 0,22(2) 3,60(33) 
to4Mo. 14uBa 0,32(8) 0,06(6) 2,80(6) 
iu4Mo u1:1Ba 0,20(10) 2,40(8) 
!'f~Ba !V'+Mo 0,09(9) 0,37(2) 2,20(5) 
140Ba w4Mo 0,78(3) 0,75(1) 0,21(3) 0,025(19) 5,30(5) 
l'l'IBa io4Mo. 1,00(2) 0,20(4) 0,48(1) 0,005(3) 7,30(8) 
14.!Ba to4Mo. 0,67(3) 3,75(39) 
i"uBa 104Mo. 0,28(9) 2,60(4) 
13l:\Ba w4Mo 0,2(2) 2,40(5) 

Ha p11c. 22r npe.D;CTaBJJeH BKJia,n BTopoii MO,[(bI ,LJ,e11emrn B o6pa3oBaHHe 11ccne,nyeM&IX Ba-Mo 
nap OCKOJIKOB, KOTOpbIH 6b!JI noJiyt.IeI-1 B pe3yJihTaTe aHaJJI13a BbIXO)J,OB nap BTOp11Y:HhlX 
OCKOJIKOB. 811,nHO, Y:TO 11MeeTCJ! Koppemlll,115! crra,na yrnoBoro MOMeHTa OCKOJ1KOB <Jy>Mo , 
<Jy>sa 11 aHOMaJJhHOro noBe,nemrn yrnosoro MOMeHTa nepB11Y:HhlX OCKOJIKOB c BKJia,[(OM 
BTOpoi1 MO)J,bl B o6pa30BaH11e HCCJie)J,yeMbIX Ba-Mo nap. TaKa5! KOppeJJ5Ill,115! J!BJl5leTC5l 
)l,0TIOJlH!1TeJJhHh!M apryMeHTOM B IlO)l,,Ll,ep)!O(Y nmOTe3hl 0 HaJJH'-ll111 ,nsyx MO)J, ,neJieHHJ! ,Ll,JlJ! 
Mo-Ba naph!. 
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P11c. 22. 3HaitemtJZ cpeowux Y2!l06blX MOMeH/1106 OCT<O!ll<.oG 104 Mo (a) u oono.rrHume!lbHblX 7{ HUM 

oc1<.o11K06 Ba (6) o6pa30GaeiuuxcJZ noc;ze ucnapemtJZ pa3J1uimo20 l/UC!la Hei'unpottoG v,110111 U3 
nepGittlllblX OCIWlll<.oG; (e) cyMMGpHble Y2JZ06bze MOMeHTnbZ nap OCT<O!lT<OG 104Mo+Ba (i1ep1-tble 

11101./KU - <J? Mo + <J? Ba , ceem.rzbze moi1gu - cpeo1-1ue y2!lOGbZe MOMeHmbz nepGUlfHbZX 
OCKOJZK06) ; (2) Ol11liOCUTJ1eJlbl-tblU GK!lao 61110pou MOObl Oe!leHUJl 6 o6pa306a7-tue UCC!leoyeMblX 
nap oc1<omwe. Maccoebze lfUC!la oonO!lHumeJZbHbZX ocKO!lT<OG 138-148 Ba. 

P11c. 23. CyMJ11tap11bze JHai1e1-tufz y2.r106blX MOMemnoe O!lJl nap Ba-Mo (ceem!lble molfKU) u Ce-Zr 
(i1ep1tbze moi11<.u) oc1<.0J1KOG e JaeucuMocmu om MaCCbl n1Jl:J1ce.rw20 oc1w11Ka. Y2J10Gb1e 

AW.rvtell/11bl npeocmae.rzel-tbl OltJl oeyx CJZylfaee, 1<.02oa OCl<.O!ll<.U ucnapmom 06a (v=2) u itembtpe 

(v=4) ne(1mpo1-ta. WmpuxoGbze JZUHuu- GbZXOObl Ba-Mou Ce-Zr nap oc1<.o!lKOG. 

Dp11 aHam13e ,n:aHHblX 06Hapy)1<e1-ra 11HTepecHa5l KOppenmJ,115! Me)J<.D,Y BblXO,lJ,OM OCI<OnKOB 11 

3J-IaL1e1-rneM yrnoBoro MOMeHTa. Ha p11c. 23 npe.n:cTaBneHhI 3aBl1CHMOCTl1 cyMMapHoro 

yrnoBoro MOMeHTa nepB11LJHb!X nap OCKOJIKOB OT MaCCOBOro q11cna UDI<enoro OCI<OnKa ,n:n5l 

.D,BYX cnyqaeB, KOr.D,a OCKOnKl1 HcnapmoT .D,Ba 11 qeTbipe Hei:iTpOHa. llhpHXOBblMH nHH115IMl1 

.n:aHbI He3aB11c11Mh1e BhIXO.lJ:bI ocKOJIKOB, B35lTbie 113 n11TepaTypHbIX .n:aHHhIX. Ka1< MmKHO BH,LJ,eTb 

H3 pMCYHKa, MMeeTC5l qeTKa5l 1<oppeJ15lLl,M5l Me)l{,ll,y Bb!XO.D,aMl1 OCKOnKOB 11 3Ha4eHHeM yrnosoro 

MOMeHTa. TaK KaK pacnpe.n:ene1-rne Bb!XO.D,OB OCKOnKOB qJOpMMpyeTC5l 6naro.n:ap5I .D,HnOnhHb!M 

KOJie6aHH51M .n:em1w,eroc5l 5!.D,pa, KOTOpble B03HJ1Ka!-OT np11 ,lJ,BHJI<eHl1H 5!.D,pa K pa3pbrny, 

o6Hapy)KeHJ-Ia5l KOppeJI5ILl,115l y1<a3bJBaeT Ha CHJlbHY!-0 CB5l3b JJ.BYX KOnJieKTHBHblX CTeneHeH 

CB060JJ,bl, .n:11nOJIHblX 11 nonepeLJHbIX Kone6aHHH. 
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Ta6n. 3. 011u-1ocume;1bHble u1-11ne1-1cueHocmu nepexoooe oc1<0J1K06 mpour1020 oe!leHUfl 252Cf c 

:JMuccueii He. A o6osHattaem cpeor11010 Macey nepeul/Ho20 oc1<0m<a, (J\F - no!lyl/eHltbnt 

cpeoHuil y2J1oeoil MOMemn u ( J)BF - cpeo1-1uu y2J1oeou MOMeHm oeou1-1020 Oe!lertufl npueooumcfl 

c Ketttecmee cpae1-1eHUfl. 

Iy I Iy 
I 

Iy 
I Iy I A I (J)TF [ti] I (J)BF [ti] 4+_2+ 6+_4+ 8+-6+ 10+-8+ . 

wozr 1 9,48(7) 0,19 101,43 4,7(7) 5,00 
102zr 1 0,48(8) 0,26 103,01 4,9(7) 5,35 

106Mo 1 0,50(10) 0,09 106,56 4,2(10) 4,63 
t38Xe 1 0,51(9) 0,26 0,11 140,49 5,3(8) 5,46 

14oXe 1 0,57(9) 0,29 0,12 141,63 5,6(10) 8,35 

t42Xe 1 0,56(10) 0,30 143,28 5,3(12) 
!44Ba 1 0,69 0,30 145,58 6,3(10) 5,87 

I46Ba 1 0,45 0,27 147,03 5,8(10) 4,72 

TipM onpe,IJ,eJiemrn yrnoBoro MOMeHTa OCKOJIKOB TpOJ1Horo JJ,eJieHIUI c 3MYICC!1ef1: He 
npMMeH5IJiacb H,IJ,eHT111rna51 MeTO)J.HKa. Pe3yJibTaTbI np11Be,IJ,eHbI B rn6n. 3. 
Yb pe3yJibTaTOB np11Be)J,eHHblX B Ta6JI. 2, 3 H pHC. 24 CJieJJ,yeT, l.JTO y KOppemipOBaHHblX nap 
yrnoBOH MOMeHT yMeHbWaeTC5l c HapaCTal-Olll,HM KOJIWieCTBOM 11cnapeHHblX HeMTpOHOB, 4TO 
LJeTKO Ha6JII-O)J,aeTC5l 11 B ,Il,BOHHOM )J,enemrn. 

Ha pMc.24 np11Be)J.eHa 3aBHCHMOCTb cpe)J.Hero yrnoBoro MoMeHTa OT 1<on11qecTBa 
11cnapeHHblX HeJ1TpOHOB )J,Jl5l KOppenMpOBaHHbTX nap OCKOJIKOB 106Mo 11 140Xe. 

TipM cpaBHeHl111 3aBHCHMOCTei1 113MeHeHH5l 3Ha4eH11!1 yrnoBoro MOMeHTa OT 
MHQ)KeCTBeHIIOCTH Hei1TpoHOB B )J,BOMHOM ,IJ,eJieHHH BH)J.HO, l.JTO yrnoBOH MOMeHT 
yMeHbWaeTC5l c HapacTa1-0w.eJ1 MHO)l<eCTBeHHOCTblO 11cnapeHHbIX HeMTpOHOB co CKOpOCTbl-0 

~0,71fi/n ,IJ,JI5! 104Mo H ~0,34.ti/n )J.JI5! 1130Tonos Ba. 

flonyLJeHHbie CBe)J.emrn 06 yrnoBblX MOMeHTax ,IJ,aI-OT B03MQ)KHOCTb orrpe,Il,eJIHTb 
Hel<OTOpble ,Il,HHaM11l.Jec1rne xapaKTep11CTl1Kl1 OCKOJIKOB ,IJ,eJieHl15l Ha 11X rrpe,ll,pa3pb!BHOM 
CTa)J.1111. Mo)J.eJib ocu.11nnm.1,11!1 ,n:eJT5llll,eroc5l 51,Il,pa IT03BOJI5leT onpe,Il,eJIHTb .IJ,ec}lopMau,11IO 
OCKOJIKOB Ha npe,Il,pa3pbIBHOM cpa3e ,n:BmKeHl15l )J,eJI5llll,eroc5l 51,n:pa B ,n:ecpopMaU,110HHOM 
npocTpaHCTBe. Cpe)J.HHH yrnOBOM MOMeHT B MO,IJ.eJil1 orrpe,II.eJieH I<aK: 
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P11c. 24. 3aeucu.Mocmb 3Ha~ettuu cpedttezo y2J1oeo20 .MOMemna nap ocKO!lKOe < J > om 

KO!llt'tecnw~a ucnapemtblX 1-1eilmpmt0e v. Lfep1-1b1e CUMBO!lbl -:: pe3yJtbmambi ;ngou1-1020 deJtemtfl 
c 31\ntccueu Jtdep He, ceemJZble cu.MeOJZbl - pe3yilbl1W111bl oeoutto20 deJtemm -5 Cf 

(I)=~ _ _!_' 
2y0 2 

r;l,e Yo npeACTaBJUieT aMnJ111Ty,ny orn6aI-OW,11X OCU,11J1J15IU.11H p0Tall,110HHOH MO,.Qbl npeA 

pa3pbIBOM }1;1,pa. TaKjKe ee Mmrrno paccMaTp11saTb 1caK HeonpeAeJleHHOCTb MecTonoJ1mKeHl15I 

y)Ke cc]rnpM11posasw11xc}1 ocKOJlKOB. Mo,nenb TaK)Ke onpeAeJl}leT 3HeprnI-O orn6aI-Ow,ei1 MO.JJ,bI: 

Ebend = 1i2 I y~ , r,IJ.e yo=c/z. 
AMilJil1TY.JJ,a orn6alDW,11X OCU,11J1Jl}lll,11H 3aBl1Cl1T OT pa,n11yca wei1Kl1 .JJ,eJl?IW,eroc?I }1,.Qpa 11 )J,J111Hbl 

60JibWOH n0Jlyoc11 ,neqrnpM11pOBaHHOro OCKOJ1Ka. 

I1cnOJib3Y}1 1caneJ1bHYIO MO)J,eJlb 11 113BeCTHYfO BeJ111'-Il1HY K03cpcp11u,11eHTa KBa,npynoJlbHOH 

,nec]rnpMau,1111 j32, 3HeprnI-O ,LJ.ec])OpMau,1111 ocKOJlKa EoEF(i32) onpe,neJ111M 113 113secTHoro 

ypaBHeHl1}1: 

EDEF(j32 ) = E~(B5-l +2x(Bc -1)), 

rAe E~ =22,92·A213 - nosepxHOCTHaR 3Hepnrn He,LJ.ec])OpM11poBaHHoro }1,.Qpa 11 napaMeTp 

.uem1Mocrn x=Z2/(50A). Bs 11 Be - nosepxHOCTHa}l 11 KYJlOHOBCKa}l 3Heprn11, 3aBHC5IW,!1e OT 

.uecj)OpMau,1111. B CJIY'-Iae, KOr,na }1,I(pO 11MeeT ,LJ.ecl)OpMau.1110 B OCHOBHOM COCT05!Hl111, 3Heprn5! ero 

.uecj)OpMau.1111 Bbl'-Il1TaJlaCb OT OOJlHOH .uecpopMau,1111 c np11MeHeH11eM npOCTOfO np116JlmKeHl15!: 

EoEF = E0Er(i32)-EDEF (13~.s.) · 
J(JI}l 06pa3y1ow,11xc51 OCKOJlKOB B MOMeHT pa3pbIBa 51,Ll.pa MQ)KHO TaK)Ke ou.eHl1Tb napaJ1JleJ1bHblH 

111 11 nonepe'-JHblH h l'vlOMeHTbI mrepu.m1 OTHOCMTeJlbHO OCH ,nenemrn. 

Il.p11 ou,eHKe K03CjJcp11u.11eHTOB .uecjJopMaU,Hl1 6b!J1 B35!T pa,n11yc wei1Kl1 c=l,3 cpepMH, 4TO 

cooTBeTCTByeT pa,LJ.11ycy a-LJaCTHIJ.bl. Pe3yJlbTaTbI ou,eHOK 3Hepnm ).l,eqJOpMau.1111 EoEF 11 
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MOMeHTOB 1mepu1rn 111 l1 h, KOTOpbie rrp1106peTaeT OCKOJlOK np11 pa3pbrne l1 :rneprn51 
orn6aIOw,et1 MOJ:i:bI EBEND, rroKa3aHbI B Ta6Jl.4. MoMeHTbI 1rnepu1111, np11Be,LJ,eHHhie B Ta6Jrnue, 
C'-ll1TaJll1 paBHb!Ml1 0,5 OT I1X TBep)J.OTeJlbHOfO 3Ha'-IeHl151. 
Tip11 cpaBHemu1 3Hepr1111 ,LJ,ecpopMau,1111 EDEF BH,LJ,Ho, qTo ee 3HaqeH11e 6n113KO K :rnepr1111 
B036y)J<,Ll,CHl15!, KOTOpa51 oueHeHa rrp11 BOCCTaHOBJleHl1l1 rrepB11qHbIX Mace OCKOJlKOB, 113 qero 
CJle,LJ,yeT, qTQ yrnoBOH MOMeHT B03Hl1KaeT rrp11 nepexop;e 6apbepa )J.eJl51ll.l,HMC5! 5!,Ll,pOM. 
I1p11Lfl1HOH HecornacoBaHHOCTH oueHeHHbIX 3HaLfeHHM 3Heprn11 B036y)K,Ll,eHH51 11 3Hepr1111 
neclJOpMau1111 HeKOTOpbIX OCKOJlKOB OKa3brnaeTC51 ,Ll,OBOJ!bHO Cl1JlbHOe BJll151HHe pa,LJ,11yca wei1Kl1. 

Ta6Jl. 4. Cpam-temte cpeoHux y2Jtoeb1x MOMeHmoe, aM11J1umyo nonepe'LHblX oc71UJtJt5ll-JUU Ya, 
Ot/e11eHHblX K03cjJrpUtfUOtm08 K8aopynOJtbllblX oepopMatfUU /J2, 371ep2uu ozu6alOU/UX 
OClfUJlJl.?llfUU EsEND1 3Hepzuil oepopMaifUU EDEF u npOOOJtbl/020 u nonepettH020 I( ocu oeJteHUfl 

MOMemnoe u1-1ep71uu 111, J..L OJtfl ocKomwB mpou1-1020 oeJteHU5l 252Cf c 3Muccud't flOep He. 

(J) Yo 13 2 13 ~.s. EB END EoEF h J11 (A) 
[ti] 

[pa,LJ,.] [M3B] [M3B] [1i2/M3B] [1i2/M3] 

lUuzr 4,7 0,17 0,554 0,358 1,09 12,4 35,13 6,53 101,43 
102zr 4,9 0,164 0,609 0,369 1, 17 14,5 40,06 6,48 103,01 
146Ba 5,8 0,135 0,755 0,199 1,73 22,8 76,7 16,78 147,03 
I44Ba 6,3 0,130 0,817 0,164 1,87 24,5 80,91 11,24 145,58 
138Xe 5,3 0,152 0,555 0 1,35 19,1 60,18 11, 16 140,49 
140Xe 5,6 0,145 0,640 0,116 1,50 21,6 71,65 10,79 141,63 
142Xe 5,3 0,152 0,542 0,145 1,36 18,0 58,74 11,29 143,42 
106Mo 4,2 0,188 0,371 0,369 1,29 3,9 28,62 8,69 106,56 

Cne,LJ,yeT O)]rn,Ll,aTb, LfTO pa.u11yc wei1K11 MeH5leTc51 c H3MeHeH11eM ac11MMeTp1111 Mace ocKOJIKOB. 
Ha 3TOH CTa,Ll,1111 ,Ll,B!1)KeHl151 51,D,pO HaXO,Ll,l1TC5! B XOJIO)l.HOM COCT05!Hl111 11 noqT11 BC5! CB06o.uHa51 
3Heprn5! peaJl113oBaHa B .uecj)OpMau1m )l.eJlmll.eroc51 51.Upa. Ha p11c 25. rroKa3aHa 3aB11c11MOCTb 

BeJll1LJl1Hbl yrnoBoro MOMCHTa (J) OT 3Heprn11 .uecpopMau1111. 

lfa l13JlO)]<eHHOrO cne.uyeT, LfTO B reHepau,1111 yrnoBoro MOMeHTa, KpOMe KOJlJleKTHBHblX 
nepeMeHHbIX - pornu1rn l1 B116pau11t1 B 3Haq11TenhHOH Mepe, yqacTByeT 3Hepr1151 )l.ecpopMau1111 
nyTeM OCB060)K,Ll,eHl15! He6oJibllIOM ee qacTl1 (EBENo=1+2 M3B) Ha B036y)K,ll.eHl1e rrorrepeqHb!X 
OCU11JIJ151U11H. 3HaLfeHJ15! oueHeHHbIX MOMeHTOB HHepu1111 OCKOJIKOB )l.eJleHl15! B TOqKe pa3pbrna 
6Jil13Kl1 3HaqeHl15!M, rronr1eHHbIM ,Ll,Jl5! rrepBOfO Ml1Hl1MyMa 6apbepa H30MepoB )leJleHl151 
Cl1JlbHO .uecjwpM11pOBaHHbIX 5!,D,ep. 

Ha p11c.25 TaIOKe np1rnep;eHa 3aB11c11MOCTb 3Ha'IeHHM y0 - aMITJlHTY.UbI B116pau11i1 OT 
3Heprn11 p;ecjJopMau,1111. B11,LJ,HO, 4TO c yBenw1em1eM 3Hepr1111 ;:i:ecpopMau,1111 aMnJI11Ty.ua 
nonepeLJHblX KOJle6aHI1H CHIDKaeTC51 11, COOTBeTCTBeHHO, yrnoBOM MOMeHT yBeJ1!1'IHBaeTC5!. 
J13 1m6nIO.uaeMoro MmKHO 3aKmOLil1Tb, LfTO onpe.uenmomyID ponb np11 rettepau1111 yrnosoro 
MOMeJ--ITa OCKOJlKOB l1MeeT l1X .uecpopMaUl15! Ha CTa)l1111 6Jil13KOM K TQqKe pa3pbIBa 11 B caMOH 
ToqKe pa3pbrna. 
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u aMnJZumyobz nonepelfHblX 

OC7<.0JZKOG OeJZeHUJl HO cmaouu 

IhITa51 rJiaBa noCB51lll,eI-Ja aHaJil13Y Bh!XO)J,a OCKOJIKOB .JJ,enemrn B BbIHY)K)J,eHHOM .JJ,enemm 

TpaHcypaHOB, KOTOpblH npoBe)J,eH c u.eJJblD l1X npHMeHemrn B KaqecTBe pa)J,HOaKTHBHblX 

HetlTpOHl136bITOYHb!X nyYKOB HOHOB. flyYKVI pa,Il,HOaKTHBHbIX HeHTpOHOVl36hITOYHblX 51,Il,ep 

Bbl3bJBal-OT oco611i1 l1HTepec c T0'-11(1.1 3peHVl51 pa3Bl1Tl151 51,Il,epHOH cp11311KVI VI, CJie.IJ,OBaTeJJbHO, 

yrny6JJeHl151 3HaHHH 0 CTpOeHHl1 MaTep1111. 

floc11em-rne )J,eC5IT1111enie 6on1woe BH11Mam1e B 51.IJ,epHOH cp11311Ke y.D;e115leTC5I reHepau.1111 VI 

ycKopeHHID pa)J,11oaKTHBHhIX 51.IJ,ep. flporpecc yCKopttTe111HoH TeXHHKH rro3so111111 3aHHMaThC51 

sonpocaMH ycKopeHH5! .IJ,OCTaTOLJHO HHTeHCVIBHhIX nyLJKOB TOJJhKO B KOHU.e npownoro BeKa. B 

HaCT05!lll,ee speM51 B MHpe pa6oTaeT I1JII1 HaXO,Il,.51TC.51 Ha CTa)J,1111 C03)J,aHI1.51 HeCKOJlbKO ycTaHOBOK 

111111 npoeKTOB pa)J,110aKT11BHblX nyLJKOB 110HOB. Ha COBpeMeHHblX KOMn11eKcax ycKop11TeJTeH 

np11MeHmoT peaKu.mo .D,eJTeH115! 238U npoToHaMVI c ::rneprnei1 1-50 f3B (CERN, KEK, ISAC

TRIUMF), 611cTp11M11 HetiTpoHaM11, reHep11posaHH&IM11 .D,ei1TpoHaM11 c 3Heprnei1 120 M3B 

(npoeKT Spiral 2 faH11n) 11 TennoB&IMH Hei1TpoHaM11 51.D,epHoro peaKTopa (npoeKT MAFF, 

MIDHxeH). ITp11MeHeH11e s11coK03HepreT11YecK11x npoToHoB npvi .D,enemm vi cpparMeHTaLI,Hl1 

TpaHcypaHOB )J,aeT OCKOJTKH B OCHOBHOM H3 o6JTaCTl1 npoTOHOl136bITOLJHbIX 51.D,ep. ,[(eneHHe 

6&ICTpblM11 HeHTpOHaMH, KOr.D,a 3Hepnrn B036y)I<)J,eHl1.51 CJTO)l<HOro .51,D;pa )J,OCTHraeT 25 - 30 
M3B, rn101<e He no3BOJTl1T no11yLJaTb ocKOJIKl1 c 6on1w11M l136hITKOM HetlTpoHoB scne;:i:cTs1111 

6011&woro K01111YeCTBa 11cnap11BWl1XC.5! 113 Hl1X HeHTpOHOB. 

ITp11 CHHTe3e cBepxT.5!)1<e1111x .51.D;ep 11 H3yLJeHHH .JJ,e11emrn T5I)KeJJbIX .51.IJ:ep ( KOJTJTeKT11BHa51 

AHHaM11Ka MHOfOTeJJhHblX CHCTeM) HH O.IJ,Ha 113 KOM611Hau,11i1 nyLJOK-MHIJJeHb He ;:i:aeT B 

npou,ecce C11H5!Hl151 51.IJ:pa c HetiTpOHHOH o6onollKOH N=184. B cny'-rne, Kor;:i:a l1CTI011h3YIDTC51 

caMbie 11etlTpoH011361notrn11e 51.D;pa M11weH11 244Pu, 248Cm 111111 249Cf 11 rryc10K 48Ca, B npou,ecce 

CJ1YrnHl15l C}}OpM11py10TC5I 51.[lpa B 11X OCHOBHOM COCT051Hl111, y.D;aJTeHH&Je Ha 7-9 MaCCOBblX 

e.D,HHHU. OT 0611acT11 nos&1wem1oi1 cTa61111&HOCT11. ITp11MeHeH11e pa;:i:11oa1<THBHbIX nyllKOB 

l10HOB, KOTOpble !1Me!DT Hei-1TpOHOl136bITOqHoCTb 60JJbIJJe 48Ca MO)KeT pewaTb 3TY npo6neMy. 

ITpviMeHeHHe TOpM03Horo H3JiyqeHH.51 3JTeKTpOHOB np11 nonyqeHHH 3K30Tl1YeCKHX 51.D;ep 

51BJl5IeTC51 ocHoBotl npoe1<rn ,[(PHEC - c}Ja3a II (OI15II1). BTOpa.51 cpa3a npoe1<Ta op11eHrnposaHa 

Ha no11yc1e1-rne pa;:i:11oaKTl1BHhIX 11yc11<0B Hei1TpOHOH36bITOLJHhIX .51.D;ep. Cellemre cpoT05IJJ:epHotl 
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peaKLU111 518Jl5IeTC51 O)JJIHM 113 OCHOBHb!X napaMeTpOB np11 BbI6ope MHIIJeH11. Onpe,UeJl5IeT 

YlHTeHCHBHOCTb re1-1epau,1111 OCKOJIKOB .uenemrn. 

B tjJOT05!,L1,epH11x peaKIJ,l15IX MmKHO Ha6m-o,L1;an:, 3HeprernqecKyID o6JiaCTh, r.n:e noJIHoe cet.IeH11e 

nornow;eH!151 cr(E) yseJll1LIHBaeTC51 B HeCKOJ!bKO pa3 OTHOCHTeJibHO ceqemrn rrp11 .D,pyrnx 

:JHeprm1x. Ta1<a5I o6nacTb Ha31rnaeTc5I rnrattTCKHM )JJmOJihHbIM pe3oHaHCOM pe3oHaHcHoi1 H 

Ha6m-o,LJ,aeTC51 B o6Jiacrn 3Heprni1 Ey~13-15 M3B B TmKeJlbIX 51.LJ:pax. 

CTpH BbI6ope Mttwem1 (HCTO'-lHHKa Hei1TpOHOYI36bJTOlJHb!X 51.D,ep) Heo6XO,LJ,HMO CTpeMl1TbC51 [( 

TOMy, l.JT06b! OHa o6ecneqirnaJia MaKCHMaJibHb!H BblXO,L( 51,ll,ep c MaKC!1MaJibHOi1 

Hei1TpoH0!136bITOlJHOCThID. EcTeCTBeHHO, np11 3TOM Heo6xo,ll,HMO yqecTb ,ll,OCTynHoCTb 

MaTep11aJia MHWeH11 B ,LJ,OCTaTOLIHOM KOJ!l1t.IeCTBe, 06ecnet.IeH11e TeXHOJ!OrHeH 113fOTOBJieHl151 

Ml1UieH11, TOKCWIHOCTb 11, B He nocJie,ll,Hei1 Mepe, ee CTOHMOCTb. B Ta6JI. 5 rrp11Be,IJ,eHbI 

OCHOBHbie xapaKTepHCTl1KH - HHTerpaJIHOe celJemie cjJoTO,L(eJieHl151 O'yf, TaM )Ke fIOKa3aHa 

BepXH5151 rpamnJ,a l1HTerp11poBaHl15! ceqemrn 11 Hei1TpOHOH36bITOLIHOCTb MHIIJeHl1, 

npe,IJ,crnsne1rna51 B qJopMe on-10wemu1 N/Z - KOJI11qecTBa HeHTpOHOB N K rrpoToHaM 51,Upa Z. 
KaK H3Becrno, ornowettHe N/Z ,IJ,eJl51W:HXC5! 51,nep coxpaH5leTC5l B 3Hat.J11TeJibHOH cTeneHH 11 B 

OCKOJ1Kax B03HHKaIOW:HX B npou,ecce ,IJ,eJieHIUI. 

Ta6nmJ,a 5. Hwne2pa!lb11oe cet1e1n1e cjJomooe!lertufl ayF, 311ep2emutfecKuii JtUMUm 
w1me2pupoeClltufl u 11eilmp01t0U36bl!nOttNOC7nb N/Z 5lOep oeflellUfl. 

O'yF 3Hepr.JIMMMT N/Z 
[M3B·MK6apul [M3B] 

232Th 370 18,3 1,577 
n.iu 2444 17,8 1,533 
LJ4u 2260 18,3 1,543 
2JsU 1791 20,0 1,554 
LJDU 1450 18,3 1,565 
n8u 1085 18,3 1,587 

LJ/Np 2278 18,3 1,548 
LJ~Pu 2146 17,8 1,542 
L'l'IPu 1860 30,0 1,596 
L4tAm 2291 20,0 1,537 
24JAm 2228 20,0 1,559 

H3 ,IJ,aHl-Ib!X CTOKa3aHHbIX B Ta6. 13 BH)J,HO, l.JTO HaH6om:,wy1-0 Hei1TpOHOJ136bITOl.JHOCTb 
244 138 244 . 

HMe1-oT 51,IJ,pa Pu 11 - U. H3oTon Pu B HY)I<HOM KOJI11t.JecTBe HeCKOJ1bKHX rpaMM He 

.nocTyneH. l13oTonbI 241 '243 Am, 237Np 11 233 '234U c BbICOKHM HHTerpaIIHhIM cet.IeH11eM ,L(JI51 

MHWeH11 rn10Ke He no,LJ,XO,LJ,51T no npwurne MaJioro Bh1xo.ua Hei1TpoHol136bIT04HbIX 51,Uep. B 
cnyqae H30Tonos Am 11 Pu Ha,LJ,o yLJ11TbIBaTb 11x BbICOKYID TOKCHLIHOCTb. 113 KOMMepqecI<11 H 

TeXHOJlOrHl.JeCKH ,L(OCTYf1HbIX 1130TOnOB 232Th, 235U, 238U, 237Np 11 239Pu 1130TOn 238U 
01<a3brnaeTC51 6onee no.uxo,LJ,5IUJ,11M MaTepHanoM. Op11 paccMoTpeHHH np11MeHeH115I 51.Uep c 

Bb!COKOH HeHTpOHOl136b!TOlfHOCTblO Ha,[l,O yqecTb, '-ITO c yBeJIHlfeI-rneM Hei1TpOHHOH 

!136bJTOLJHOCTH BpeM51 )l<H3Hl1 yMeHbWaeTC51, lJTO HaI<Jia,L(bIBaeT orpaHHLieHH51 Ha HX 

npHMeHe1-111e. OrpaHH'-Il1Ba1-0m11M TaK)Ke oKa3brnaeTc51 BpeM51 ,D,Hcpcpy3HH 11 3cpcpy31111 113 

rvrnweHH. Pa3pa6oTaHO HeCKOJibKO HOBb!X TeXHOJlOrHH c LJ,eJibl{) yBeJil1t.JeHl151 ,[],11cpcpy31111 H3 

M11weH11. Pa3pa6ornH p51,11, MaTepHanoB Ml1IJJettetf Ha 6a3e Kap611,LJ,a ypaHa UC2 11 cjJyJinepeHhI 

co BCTpoeHHbIMl1 aToMaMH U, KOTopb1e o6o3HaLialDT UCx. ITepcneKTHBHbIMH oKa3bIBalDTC51 

UCx MaTep11aJibI, 113roTOBJieHHb1e Ha ocHoBe nopowKOBOH TexHonor1111 c nJIOTHOCTblD 
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p~ 10-:-12 r/cM 3, KOTOpb1e np11 TeMnepaType 2000-:-2500°C 06ecne1.J11BaI-OT BhICOKYfO ,ll:mpy3mo 

OCKOJlKOB )J,eJleHI151. 

C ylJeTOM Bb1co1<otl HeHTpoH1136bJTOYHocrn, BenwrnHhI ceyemrn cpoTo)J,eneH115!, ,ll,OCTYITHOCT11, 

TeXHOJl0f!1YeCKl1X B03MO)l<HOCTeH 113fOTOBJleHirn nopOllIK006pa3HhIX mm nop11CTbIX 

MaTep11anoB, TOKCW·IHOCT!1 11 u,eHbI, rrpe)J,ITOl.JTI1TeJlhHhIM 1130TOOOM ,ll,JUI Ml1llleH11 5IBJl5leTC51 
23su. 

PacYeT 3HepreT.11YecK11x crre1<TpoB raMMa-nyYei1 11 .11x yrnosoro pacrrpe)l.eneHl151 

rrpoBO)J,11JlC51 c rrp11MeHem1eM rrporpaMMHoro rrpo)l.yKTa GEANT4. PacLJeThI yrnosoro 11 

3Hepreniyec1<0ro pacrrpe,1l,eJiem1i1 TOpM03Horo 113Jiy1.JeH115l, B03H111<aI-Ol1Iero B rrpouecce 

TopMmKeH115! 3JieKTpoHoB c 3Heprnei1 25 11 50 M3B B M11llleH11-pa.n11aTOpe 113 W TOJIIll,HHOH 3,5 

MM, rrpoBO)J,11Jil1Cb )l,JI5l nyLJKa 3JieKTpOHOB c rayccOBhIM pacnpe,ll,eJleHl1eM 0Jl0THOCTl1 

3JieKTpOHOB. ,U11aMeTp nyLJKa Ha flOJIOBl1He BbICOThI COCTaBJ15IJI 6 MM. TolJHOCTb pacLJeTa 

3Hepren1qecI<11x crreI<TpoB 11 yrnoBbIX pacrrpe,1l,eJieHHH B 06nacT11 3Heprn11 3JieKTpOHOB 

Ee=0-:-50 M3B He rrpeBhICHJia 10%. B rrpou.ecce pacqern )l,eTaJihHO aHan11311posan11cb 

3JleKTpOMarm1THb!e npou,eCCbl, 1rncafOl1IHeC5l e-/e + B3al1MO)l,eHCTBl1H 110Hl13au,J.rn, 

aHHlffl1JI5IIJ,J.rn 3JleKTpOH-fl03.!1TpOHHhIX rrap, TOpM03HOe 113JlyYeHHe 11 MHOfOKpaTHOe 

pacce5!H11e. ITp11 B3aHMo,nei1cTBl1H raMMa-KBaHTOB y1.JHTbIBanc51 qJOT03Jie1<Tp11qecK11i1 3cpcpeKT, 

pacceHH11e KoMrrToHa H pmK)l,emrn nap. 

Y rnosa51 3aBHCl1MOCTh, nonyqe1-rna51 B pacLJeTe, nposepHnacb B 3KCnep11MeHTe c 

np11MeHeH11eM peaKLI,HH 58Ni(y,n)57Ni c 3HepreTl1LJeCKl1M noporoM 12,2 M3B. <:Donbra 113 Ni 

pa3MepoM 60x60 MM2 11 TOJIW,111-IOH 50 MKM 6brna o6nylJeHa Ha paCCT05!Hl111 14 CM OT 

KOJ-!BepTOpa. 3Heprn5! 3JieKTpOHOB c TOKOM 14 ~LKA COCTaBHJla 25 M38. ITocne o6nyqeHl15! 

c]JOJlbfa 6brna pa3pe3aHa Ha KBa)J,paTbI pa3MepoM 5x5 MM2. KmK)J,bIH 3JieMeHT M03al1Kl1 

npoBep5!JlC5! Ha HaJl!1LJl1e aKTl1BHOCTl1 57Ni. I11-1TeHCl1BHOCTb raMMa-nepeXO)J,HOfO pacna)J,a c 

3Heprnei1 1378 K3B np.11Memrnacb )J,Jl5l onpe)l.eJieHH5! OTHOC!1TeJlbHOH 11HTeHCI1BHOCTl1 

TOpM03Horo 113ny1.JeHH5! B onpe)J,eneHHotl TOLJKe. Ha p11c.26 noKa3aHhI I13MeHeHI151 

MJ-ITeHCl1BHOCTl1 TOpM03HOfO l13JlylJeHl15l B rop1130HTaJihHOM (X) 11 BepTHKaJihHOM (Y) 
HanpaBJieHH5!X OTHOCHTeJlbHO OCH rryYKa 3JleKTpOHOB. 
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P11c. 26. Onmocume!lbrta5l Ultl11ellCU6flOC171b 2aJ\1MCl-7<.6CIHl1106 HCI paccmoRHUU 14 CM om 

T<orwepmopa (] 20pU30Hl11CIJllt0/VI «X» u eepmUT\aJlllOM r1cr11paeJ1eHufl.X. 0 - pe3yJ1b111a111bz 

9KcnepuMertma, • pacl/.e1111tb1e- 311aite7tU5l. 
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Pttc. 27. 3aeucuNwcmb y2JZa Ma7{CUJ11GllHOU u1tme11cum-1ocmu a om 3rtep2uu 2aMMa K6a1tnwe Er· 

KaK BH)J,HO Ha pHC. 27, MaKCHMaJJbHa}l HHTeHCHBHOCTb TOpM03HOro 113JJYYemrn B 

3aBHC11MOCTl1 OT 3HeprHI1 ~OTOHOB noJJyYaeTC5! no)], He HyJJeBbIM yrnoM BbIJJeTa a. 113 
cpaBHeHH5! paCLJeTHbIX l1 3KCnep11MeJ-1TaJJbHblX OTHOCl1TeJJbHblX 11HTeHCHBHOCTei1: BH)J,HO, LJTO 

pe3yJihTaTbl nOYTH H,UeHTHlJHbl. Ilp11 OU,eHKe CKopocn1 cllOTO.LJ,eJJeHH5! 238U B 3aBHCl1MOCTl1 OT 

:rneprn11 3JJeKTpOHOB Ey y,IJ,o6Hee pa6oTaTh c HHTerpaJJHbIM ceYeH11eM )l.eJJeHH5!. CeLJeH11e, 

110JJyc1e1-rnoe HHTerp11posa1-111eM pac11eTHoro ceLieHirn, no1<a3aHo Ha p11c. 28. 
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Pvic. 28. lfm11e2pa!lbHOe celf.e11ue 
pomooe11ertufl Yint, npeocma6!lem10e 
6 KOJllftfBCl116e Q/01106 OeJZeltidt Ha 

3Jte1<111po11 - N/e- e JaeucuMocmu 
om 311ep2uu 3JleK111po11oe Ee. 
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P11c. 29. lf1-1me2pa!tbHbZU ebzxoo 
pomooe.T1e1tUfl 6 3aeucuMocmu om 
mo.TIU/Wt bl MUUte1-1u 238 U Tol./,KU
npeocmaG!lflTOm peJyJZbmambz 3KC
nepuMe1tma, Kpueafl - pe3yJZMWmbz 
pacl-f.ema. 



l1ccne)J,yeMa5J MJ1WeHh COCTOl1T 113 KOHBepTopa :rneKTpOHOB (TopM03HOH Ml1WeH11), 
nornoT11Te1rn He3aTopMmKeHHhIX 1ne1npoHOB J.13 Al 11 caMoi1 MHWeHH. IlornoT11TeJih 
:rne1<TpOHOB BHOCl1T npeHe6pe)KHO MaJiblH BKJia)J, B 113MeHeH11e TOpM03HOro crreKTpa 11 B 
OJIOTHOCTh )J,eJiemrn. lJT06b1 OI.J,eHl1Th BJil15IHl1e MaTep11ana KOHBepTopa Ha 11JIOTHOCTb )J,eJieHl15l, 
paccreThl npOBO)J,11Jll1Ch KaK )J,Jl5! MJ1WeHl1 6e3 KOHBepTopa, KOr)J,a TOpMmKeH11e 3JieKTpOHOB 
np011CXO)J,l1T B MaTep11ane Ml1WeHl1, Tai< 11 .I(Jl51 M11WeHl1 c KOHBepTopoM 113 w 11 
MeTaJIJil1LJec1<0ro U. Tonw,HHa pa.Ll,11aTopa Bh1611paJiach OTHoc11TeJibHO pa)J,11au110Httoi1 .LJ,Jil1HhI 
X )J,JI51 1Jie1<TpOHOB c 3Heprnei1 25 11 50 M1B. llfa rroJiyt-IeHHbIX pe3yJibTaTOB 6brn ouetteH 
11HTerpaJibHbIH Bbixo.n )J,eneH115l B 3as11c11MocT11 OT TOJIW,11HhI M11weH11. CpaBHem1e 
BoJirncneHHhIX 3HaqeH11i1 c 3Kcrrep11MeHTaJihHbIMl1 noKa3ano xopowee cornac11e. Pe3yJioTaT 
cpasttemrn noKa3aH Ha p11c. 29. 

PacLJeTbI rrJIOTHOCTl1 ,lJ,eJieH115l npoBe,lJ,eHoI TaK)Ke )J,JI5l .LJ,Byx rpaH11qHhIX no nJIOTHOCTl1 
Ml1LUeHei1. B reoMeTp1111 6ecKoHeLIHO 6onbwoi1 M11weH11 I.J,11Jil1H.D,p11LJecKoi1 cpopMbI B Kal!ecTBe 
MaTepHana M11weH11 npttMetteHhI nopow1<006pa3HbIH qJyJinepeH UCx c 16 aT0MaM11 yrnepo,D,a 
Ha 1 aTOM U c ornowem1eM LJacTeti 1Ul6C B MaccOBbIX e.LJ,11H11uax 55% U+45% C 11 

nJ10THOCThfO p=l,5 r/c1v1 3 11 MmueHo UC2 - Kap611,1J,a ypaHa c ITJIOTHOCThfO p=12 r/cM3 . 
Pac'-1eTbI np0Bo)J,11n11cr, .LJ,JI5J 3Heprn11 3JieKTpottoB 25 11 50 M1B, c pamraTOpaMH 113 W 11 

U )J,JI5J UCx 11 UC2 MHWeHeti. Ha p11c. 30. noKa3aHoI pe3yJihTaTbI pacl.JeTOB ITJIOTHOCTH .LJ,enemrn 

pr B o6oeMe M11weH11, '-ITO ,lJ,aeT npe.ncTaBnett11e o TerrnoBoti 3arpy3Ke M11wett11. Ilo 
11306pa)!<eHHfO nJ10THOCTl1 .neneHM5l B 11JIOCKOCT11 pp=2nvpr MO)KHO cy)J,HTb 06 OITTHMaJibHOH 
reorvieTp11LJecKoti c}JopMe M11weH11. Ha p11cyHKax Ta!{)Ke noKa3aHoI HHTerpanHhie 3HaLJeHl151 
sep051THOCTM )J,eJ1eHM5J B 3aB11Cl1MOCTl1 OT pam1yca y t(r) 11 TOJIW,11Hbl y t(z) MHWeHl1. B Ka)!<)lOM 
pacLJeTe np11H11Manoch 108 reHepau11i1. 

Ta6m1qa 6. I'eoMempuiteCTwe pa3111epb1, 1110.rtu}wia Z, paouyc R 4UJ1w1opui1ec1wu Muu1e11u onJt 
pa31tb1x 1wM6itHai1uii paouamop-MuuteHb u cnyi1aii 1w2oa paouamopoM 6bzn Mamepuan 
_\tUUteflU. OmT-tOUtemte elf - cpeOT-tee KOI!Uttecmeo 3.rteKmpOHOG, Gbloaeaeiuee 00710 aeneHue u v 
- o6oeM, G K01110pOM Gbl360HO 80% Oe.rteHUU. 

Ee [M1B] I MHUieHb Z [MM] R [MM] elf V fcM3] 

u 14 6,7 620 1,97 
UC2 26 8,8 688 6,57 
UCx 260 150 1102 1,84.104 

25 W+U 14 14,2 933 8,87 
W+UC2 26 14,6 961 17,4 
W+UCx 256 88 1161 6,23.103 

U+UCx 196 69 741 2,93.103 

u 17 6,1 229 1,99 
UC2 26 10, 1 246 8,33 

50 UCx 300 86 363 6,97.103 

W+U 15 10,3 307 5,00· 
W+UC2 27 12,4 319 13,0· 
W+UCx 280 77 398 5,22.103 
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PHc. 30. Il!tonutocmb cjJomooe11em.1fl e Muwe11u UCx c n;1omuocm10 p=J,5 zlc.l\l Ko1-1eepmop 

W, 11101( nyitKa 3JteKmpo110G le= 20 Mi\A, ::;11ep2ufl Ee=25 M::;B. PF - nJlOlnllOCmb oeJZeHWl 6 

o6oeMe [c- 1.MJV(3 ], Pi - 11Jl01117IOCJnb oeJZeHUfl 6 11JlOCKOCl71U [c-1.MM-2 }. BepOfll111-IOCTnb y 
oe11emtfl N16 3aGUCUMOCl71U om ouaMempa r u 1110llUJUHbl z [MM} MuiueHU (rtUJICHQfl l./aCmb 

pucy11Ka). 

B Ta6JI. 6 npe,Ll,CTaBJieHbI OCHOBHbJe xapaKTepHCTI1KH pa3JIJ1l-!Hb!X KOM6Irnau,11M:au,Hi1 pa,LJ,HaTOp

MMWeHb. 06o3HaLJem1e U npe,LJ,cTasm1eT Mern11JI11Yec1<11tl: ypaH, UC2 - 1<ap6HJJ. ypaHa 11 UCx -
cl)ynepeH. 06o3Hat1emrn W+ 11 U+ onpe,LJ,em11-0T MaTepHaJI KOHsepTopa. ITocne MCKJl1-0YeH115l Vl3 

o6cy)J(,Ll,eHl1H MeTaJIJIH'·IeCKOro ypaHa 113-3a HeB03MO)KHOCTH ,Ll,J1(ptj_)y31111 OCKOJIKOB ,LJ,eJieHHH, 113 

pe3yJibTaTOB, np11Be,LJ,eHHblX B Ta6JIHLI;e 811,Ll,HO, l.JTO 3cpcpeKTHBHbIH o6oeM, npe,Ll,CTaBJIHl-OW:11H 

80% Bb!XO,LJ,a OCKOJIKOB, MeirneTCH OT HeCKOJlbKHX CM3 ,Ll,O HeCKOJibKHX TbICHY CM3• I1p11 yqeTe 

ycnoBMH 6bICTpoti m1cM)y31111 ocKOJIKOB ,LJ,e11eH11H 113 o6oeMa M11rneHM omHMaJihHOH 

oKa3bIBaeTCH c6op1m W+UC2 11JIH UC2, 1<0Topa51 no3BOJIHeT co3,LJ,aTb KOMnaKTHYI-O M11rneHh c 

MMH11MaJ1HbIM o6beMOM. 

KaK cJie,LJ,yeT 113 pe3yJibTaToB pacLJeTOB flJIOTHOCTl1 ,LJ,eJieH115l s ITJIOCKOCTl1, noKa3aHHhIX 

Ha pMC. 30, c6op OCKOJIKOB ,LJ,eJieHlUI Ha,LJ,o o6ecnelJHTb B HeCKOJibKHX TOLJKaX no Hapy)KHOH 

llOBepxHOCTM MHWeHH, HO TaIOKe H co CTOpOHbl Topua Ml1WeHH. YseJIMLJem1e CKOpOCTl1 11 

3Cj)(j)eKTl1BHOCTI1 ,Ll,HCpcpy31111 OCKOJIKOB MO)KHO o6ecne411Tb KOHCTPYKLI,11eH MHWeHH B q)OpMe 

c6op1rn, COC'raBJieHHOH 113 OT,LJ,eJlbHb!X ,Ll,HCKOB Kap6M,IJ.a ypairn. 
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Ou.eHKa BbIXO,Ll,OB OCKOJlKOB ,LJ,eJleHl15! !13 peaKU,!111 qJOTO,LJ,eJleH!151 238U(yxn,f), He06XO,Ll,11MblX 

npH aHaJll13e B03MQ)KHOCTeH C03,LJ,amrn nY'°'IKOB HeHTpOHOI136bITOLIHhIX 51,Ll,ep, Tpe6yeT B 

11HTepBaJle Mace 80::;A::;l 60 11 3ap51,Ll,OB 51,Ll,ep 28sZ::;60 HMeTb CBe,n:eH!151 0 11X He3aBl1Cl1MbIX 

BbIXO,LJ,ax. Mo,lJ,eJlb He 11cKmKeHHoro 3ap51,Ll,OBoro pacnpe,Ll,eneHirn (UCD) 11n11 Zp-MO,LJ,eJTb 

no3BOJ1511-0T Cl1CTeMan1lJeCKl1 OU,eHl1Tb 3ap51,I.1,0Bble pacnpe,LJ,eJleHH51 OCKOJlKOB ,IJ,eJleHH51 c 

npHMeHe1rneM cyw,ecrny10w,11x 3Kcnep11MeHTaJlbHbIX ,lJ,aHHblX. B 3TOM pacnpe,Ll,eJleH1111 

npe,LJ,nonaraeTc51, lJTO OTHoweHHe t.rncna npoTOHOB K tJ11cny HYKJTOHOB A B Ka)l<,lJ,OM l13 

OCKOJJKOB TaKoe )Ke, KaK 11 B )J,eJ15ll.UeMC51 51,Ll,pe. 

Pe3yJTbTaTbI pact.reTOB He3aBHCl1MbIX 11 KYMYJJ51THBHbIX BbIXOAOB q)OTOJJ,enemrn 238U 
npHBe,LJ,eHbI Ha pHc. 31. MHorne 113 11ccne,IJ,yeMbIX OCKOJTKOB B c11ny CBoeV! CTPYKTYPbI 

HaX0,1J,51TC51 B l130MepHOM COCT051Hl1l1. BblXO,I.1,bl OCKOJlKOB B !130MepHOM COCT051Hl1l1 6b1Jll1 

onpeJJ,eJleHbl c npHMel-IeHl1eM CBe,LJ,eHHH 06 I130MepHOM OTHOWeHHH q OT)J,eJlbHhlX OCKOJlKOB 

,LJ,eJleHJ15!. Tor,IJ,a BbJXO,Ll, OCKOJlKa B !130MepHOM COCT05IHI1!1 MO)l<HO Bbipa3!1Tb COOTHOWeH11eM: 

Yn (A, Z) = Y(A, Z)- Y(A, Z) . Pe3yJlbTaTbI npirneJJ,eHbI Ha pttc.32. BenHl!HHbI He3aBHCl1MbIX 
l q + 1 

BbIXOAOB clJOTOJJ,eneH115l 238U, nonyqeHHbie nyTeM pacqeTa, npoBep5IJTHCb .1J.J151 l130TonoB Kr 11 

Xe B 3Kcnep11MeHTe. B pe3yJlbTaTe o6pa6oTKH raMMa-cneKTpos, 3aperncTp11posaHHhIX Ge(Li) 

,LJ,eTel<TOpOM, nonrreHbl He3aBHCl1Mble BblXO)J,bl l130TOfIOB Kr I1 Xe. Hx 3Hal!eHl151 npHBe)J,eHbl 

COBMecnIO c pacqeTHblMH 3Hal!eHl151Ml1 He3aBl1Cl1MhlMbIX BbIXO)J,OB B Ta6Jl. 7 11 8. 

?38 
Ta6n.7. He1aeucUMbze GblXOObl Yexp u3omonoe Kr e OOHOM oe!le1-1uu - U mopM03HblM 
UJflytte11ueJw c Ee=25 M3B. /l,!lfl cpaerte11ufl npueooflmCfl pacttemHbzee 31-1atte11ufl 1-1e3aeuCUi\1blX 

91 
ebzxoooe Y. '3KcnepuJvteHma!lbHble 3HatteHufl npueeoeHbl K pac4em1-1o;wy ebzxooy Kr. 

Yexn [% l Ynacq [%] 
~\!Kr 1,0 1,2 

\1 1Kr 2,5 2,5 
YLKr 2,2 1,9 
'}jKr 0,67 1,0 

?J8 
Ta6n. 8. He3aeucu.Mbte eblXOObl Yexp u3omonoe Kr e oOHOM oe!leT·tuu - U mopM03libZM 
u3.rtyl/eTtUeM c Ee=25 M3B. /l,llfl cpam-temm npueoOflmCfl pacttemHbzee 3HatteH~J'e3aeucuMblX 
Bbzxoooe Y. '3KcnepuMeHma.rtbHbze 3HatteHUR npueeoeHbl K pacttemHoMy Bbzxooy Kr. 

Ycxn [%] Y nac•1 ['Yo] 
u 1Xe 0,98 1,1 
lj~xe 2,0 2,3 
tJ\IXe 3,2 3,2 
14uXe 2,9 3,1 
141Xe 1,7 2,1 
l4LXe 0,8 0,86 
14.lxe 0,25 0,26 
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38 40 42 44 46 48 50 

PMc. 31. Ky.Myflfll11UBHbte BblXOObz ocKO!lKOB oeJZeHUfl a ocHOBHOM cocmoflHuu npu 
738 

cjJomooe.rzeHuu - U mopM03HblJH U3.rzylfeHueM 3JZeKmpoH06 c 31-tepzuei't Ee=25 M3B u cpeOHUM 

1110KOlvt le = 20 Ml<a. 

96 98 

1>5x109 /s 
109 - 5x109/s 
5x108 -109/s 
10° - 5x108 /s 
107 -108/s 
106 -107 /s 
105 - 106/s 
<105/s 
stable 

PHCYHOK 32. KyMyflfll11U6Hble BbZXOObl OCKO!lKOB oe.rzeHUfl 6 U30MepHOM COC1110flHUU npu 

qJomooe;ze11uu 238U mopM03llblM u111ytte11UeM 3JZe1onp01-toB c 311ep2ueu Ee=25 M3B u cpeOHUM 

1110KOM le = 20 J\!IK. 

CTpl1 06nyc1emrn M11weH11 238U ee aKT!1BHOCTb ysenwmsaeTc51 3a ClJeT HaKOOJleHl151 

OCKOJlKOB JJ,eJleHl151, J-IaKOI1JleHl151 Tp!1Tl151 l1 TpaHcypaHOBblX 3JleMeHTOB 11 TaK>Ke aKTl1BaU,l1l1 

KOHCTpy1<u110HHbIX MaTep11anos M11weHl1. Ha1<011neF111e paJJ,11oaI<Tl1BHbIX ocKOJlKOB JJ,eneHl151 

B 06beMe MMWeHl1 11 yBeJlYJL!eHMe ee aKTMBHOCTH HMeeT CJ10)!(HblH xapar<Tep !13-3a 
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pa3H006pa31151 CBOHCTB OCKOJIKOB. bbln npoBe,LI,eH aHaJTl13 Ha1<0rrneHHOH aKTl1BHOCTl1 1130TOCTOB 

11 11X 1130MepHb!X COCT051HHH 890 OCKOJIKOB ,LI,enemrn. 

Pe3ynhrnT Ta1<11x pacLieTOB ,LI,JUI He,LI,eJTbHOro u.111<na o6nyqemrn: noKa3aJI11, YTO B 

,L(OJiroBgeMeHHYID aKTHBHOCTb Ml1WeHl1 BHOC51T OCHOBHOH BKJla,LI, 1130TOCTbl: 144Ce (T112=284,9 

,LI,H51), 1 6Ru (T112=373,6 ,LI,Hei1), 147Pm (T112=2,62 Y.), 125Sb (T112=2,76 q.), 96Sr (T112=28,8 'I.) 11 
137Cs (T112=30 neT). 0Hl1 Bee xopowo 113BeCTHbl, KaK OTXO,L(bl, o6pa3yIDw,HeC51 B 51,LI,epHb!X 

pea1<Topax. 

B M11weH11 238U np0Hcxo,LI,11T KpoMe ,LI,BOHHoro ,LI,eneH115! co cpe,LI,Hetl 3Heprnei1 

B036y)!<,LI,eHl151 ~ 13 M3B Ta!OJ<e TpOHHOe ,LI,eJleH11e, KOr,LI,a ,LI,Ba OCKOJlKa conpOBQ)J<,Ll,aIDT Tp11Tl1H. 

PacCMOTpeH11e 3TOro BOnpoca Ba)f<HO B CB51311C pa,LI,HaU,HOHHOH 6e3onacHOCTb!D np11 pa6oTe c 

06nyc1eHHOH M11WeHbID. 

Bepo51THOCTb TaKoro npou:ecca OTHOC11TeJibHO ,LI,BOHHOro ,LI,eneHH51 Hl13Ka. BbIXO,LI, Tp11Tl151 

ou,eH11BaeM 3HaqemreM Y ( 3H) ~10-4 Ha O,LI,HO ,LI,e11em1e. Tor,LI,a rrpH KOJlHqecTBe ,LI,BOHHbIX 

,LI,ene1-111i1 Nr~2·10 11 c·1 6y,LI,eT11po11cxo,LI,HTb HaKonneH11e 3H co c1<opoCTbID ~2·107 c·1. Monrno 

ou:eHHTb, 'ITO B 0,L(HOHe,LI,eJlbHOM U:11KJ1e o6nyqeHI151 6y,L(eT HaKOITJieHO ~12 KbK Tp11Tl151. 

Tip11 o6nyqeHHI1 238U TOpM03HbIMI1 raMMa-KBaHTaMH, 1<p0Me peaKU:1111 cpoTO,L(eJleHl151, 

O,L(HOBpeMeHHO npoHCXO,LI,51T Ha M11weH11 11 .LI:pyr11e 51.LI:epHbie peaKU,HH. CaMbIMH Bepo51THbIMl1 

OKa3brnaIDTC51 cj)QT051,QepHb1e peaKI!HH 238U(y,n)237U, 238U(y,2n)236U, 238U(y,pn)236Pa 11 

238U(n,y)239U. Bo3Hl1KWHe 1130TOCTbl HMe!DT KOpOTKOe BpeM51 nonypacna,LI,a (3a 11CKJ1IDYeHI1eM 

236U) vi B npou,ecce ~-pacna,LI,a o6pa3yIDT a-pa,LI,HOaKTHBHbie H30TOnhI 239Pu, 236Np 11 236U c 

,L(J111HHb!Ml1 BpeMeHaMH nonypacna,LI,a, KOTOpbre c rrpaKTH'IeCKOH TQq!{l1 3peHI151 MQ)KHO CYHTaTb 

6ecKOHe'IHO ,L(JlHHHbIMI1. Vb ceqeHHH paHbWe rrp11Be,L(eHHblX cpOT051,LI,epHbIX peaKI!HH, MO)!<HO 

Ol~eHl1Tb cyMMapHblH Bb!XO,L( Hei:1TpOHOB B 811,L(e: 

Y(nrnT )=(3,5(y,F)+ l ,6(y,n)+2·0fy,2n)+O, 15(y,pn)}2· 1011 =1,3· 1012 c-1 

Tor,LI,a ,LI,onomrnTeJlbHO K c])QTO,LI,eneH1110 6y,L(eT npo11cxo,LI,HTb ,L(eneH11e Hei1TpoHaM11: co 

CKOpOCTblO Y(n,f) ~10 10 c- 1, qyo ,LI,Onom-mTeJlbHO yBeJlH'IHT BblXO,L(bl OCKOJlKOB Ha 6+8%. 

0KOH'IaTeJTbHbJe 3HaqeHl151 aKTI1BHOCTl1 !·IaKOnJleHHblX aKTHHH,LI,OB B 7-,L(HeBHOM 1l,11KJie 

o6nyqemrn np11Be,L(eHbl B rn6n.9. I-fa HaKonneHHb!X aKTl1Hl1,LI,OB TOJlbKO Tp11 ITOCJ1e,L(Hl1X 113 

Ta6n.9 BHOC51T cymecTBeHHb!H BKJla,LI, B aKT11BHOCTb MHWeHH. I1x l10JTHa51 aKTl1BHOCTb 

COCTaBJT51eT AAcT~3 KbK. Tip11 npe,LI,nOJTQ)KeHl111, YTO B Ml1WeHl1 238U 11MeeTC51 1021 - 1022 51,L(ep, 

aKTl1BHOCTb Ha1<0nJTeHHbIX aKTl1HH,L(OB cpaBHHMa c ecTeCTBeHHOH aKTHBHOCTb!D MHWeHH. 

l13 npo,L(eJTaHHOro aHaJTI13a B03MO)KHOCTeH rrp11MeHeHI15I TOpM03HOro H3JTy4eHl151 

311eKTpoHoB c 3Heprnetl Ee=25 M3B H TOKOM 20 µKA cne,LI,yeT, 4TO np11MeHeH11e M11weH11 238U 

B c])QpMe nop11cToro Kap611,a:a 11n11 B cpopMe cpynnepeHa 238U c 11crro11b3osam-i:eM 
v 1011 v 3 cyw,ecTByIDllJ,11X yc1<0p11Tene11 CT03BOJT51eT ,L(OCTI1fHYTb ,LI,eJTeHI111 B ceKyH,LI,y. TO 

06ecneLI11T BbIXO.LI: OT,L(eJTbHbIX 11.30TonoB-OCKOJ1KOB ,L(eneHH51 Ha yposHe ~ 109 /c-1. B KaYecTBe 

cpaBHeHH51 Ha p11c. 33 llOI<a3aHbl Bb!XO,L(bl 132Sn, nonyqeHHbie c pa3Hb!MH rryqKaMH. 11 

Ml1WeH51MH. 

Ta6nHu,a 9. AKmueHocmb aKmUNuooe, HaKonJZeHHbZX B HeoeJZbHOM ifuKJZe o6JZyiteHUfl. 

l130TOil Kon111-1ecTBO H,LI,ep AI\:THBHOCTb [E1.:] BpeMH 
nonypacnaAa 

~.1llPa 236·10 13 
' 

3.1010 9, 1 M11H. 

LJ/u 
1 38· 1017 
' 

1 6·10 11 
' 

6,75 CYTOK 
n~u 162·1014 

' 
8·1010 23,45 MHH. 

Lj';}Np 
1,92· 1016 7. 1010 2,36 CYTOK 

.rn'u 1,03· 1017 96 2,34· 107 JieT 

H/Np 477.10 17 , 4,9· 103 2,14·106 JleT 
Lj';}Pu 2 77· 1016 , 2,53· 104 24, 11·103 neT 
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BbIXO)l Hei1TpoHOl136bITOLIHbJX 51,llep 3aB11C11T OT 3Hepr1111 B036y)1<)leH1111 ,n:en51w.eroc11 

51,Upa. B TaKoM cnyi-iae, 6onee BbirO)lHbIM np11 nonyYeH1111 c11JI1Ho HetiTpoH011361noYHbIX 

OCKOJIKOB OKa3bIBaeTC51 np11MeHeH11e HI13KOH 3Heprm1 B036y)K)leHl1ll np11 ,n:eJieHJ111 11,n:ep, lJTO 11 

CJie)lyeT 113 pe3yJibTaTOB, nOKa3aHHbIX Ha p11c. 33. 

1011 

1010 s n stable isotopes 

10B 

-!:!'! 
108 .-

-0 107 
<D 

>= 106 

105 

104 

-0-0-0- 238U(1 GeV/n, ·t.1012ls) + Be 
-0-0-0- p(1GeV, 8LtA) + 238u 

~ d(150MeVin.100µA}+ 2sau 
___. e-(25MeV. 20µA) + 238u 

103 

102 

101 

10° 
105 110 115 120 125 130 135 

P11c. 33. BblXOO U3017101108 Sn npu oeJZeHUU u cjJpa2MeHlna4uu 238 U. 0 -cjJpa2MeJ-lma4u5l, 

-oeRe11ue-¢pa2A1e1111w4u5l npom01-1aMu, L}. - oene7-1ue 6b1cmpuMu 7-1eump01-taMu, • -
cjJomooene11ue 

B Ta611. l 0 np11Be,n:eHbI ,LI,aHHbJe o Macce M 11we1rn 113 238U, Heo6xo,n:11Moi1 )lJI51 nonyLJemrn 
9 137 6 v 

5x 10 aTOMOB Xe np11 np111v1eHeH1111 nyYKOB npoTOHOB, renJIOBbIX 11 bICTp11x He11TpOHOB 11 

TOpM03Horo l13JIYLJeH115!. B KaYecTBe cpaBHeHH5! np1rne,LI,ett11 oueHK11 no cnoHTaHHOMY 

.IJ,eJieHHID 252Cf. )J;aHHbie xapaKTep113YIDT pa3Hble B03MQ)KHOCTl1 noJiyYeH11ll nyYKOB 

pa,Ll,HOaKTHBHblX HOHOB. 

vb cpaBHeHl151 pa3I1HlJHblX npoeKTOB CJie,n:yeT, LJTO np11MeHeH11e MHKpOTpOHa MT-25 c 

:rneprnei1 ycKopeHHblX 3JieKTpOHOB 25 M3B 11 cpe,n:1-111M TOKOM 20 µKA B KaYeCTBe 11CT011HHKa 

1-1ei1TpOHOJ136bJT011HblX 5!,ll.ep peaJibHO. 3cj:>cpeKT11BHOCTb npI1MeHeHI151 TOpM03HOro 113Jiy11eHl1ll 

Bb!pa)l<aeT TaK)Ke KOJII1lJeCTBO 3JieI<TpOHOB, KOTOp11e He06XO)ll1Mbl ,ll.Jlll pa3,ll.eJieHl15! O)lHOro 
'J'18 

}lJlpa -- U. 

Ta6n11ua 10. HcmoimuKu oe11e11uJL, 
l/ll/11CllCUBHOC111blO 5 x] 09 amOMO@!c"1. 

06ecne1.Juea10u1ue nony1.Je1-1ue u3omona 137 Xe c 

lJyt-IOK MHUieHb ---;, lIHTeHCHBHOCTb Morn,uocTh 

nyqKa nyqKa 
TipoTOHbI (600 M3B) mu (100 r) 50 µKA 30 KBT 

TennoB11e Hei1TpOHbJ mu (0,4 r) 1,6· 109 HCM-ZC-l 

bblCTpbie HeHTpOHbl mu (332 r) 500 µKA 65 KBT 

(Aei1ToH11 130 M3B) 

CnoHTaHHoe ,ll.enemie -'JlCf (0,2 r) 

f aMMa nyi-111 ~~0u (1 or) 20 ~LKA 0,5 KBT 

(311eKTpOHbJ 25 M3B) 
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B 3aBHCHMOCTl1 OT npHMeHeHHoro KOHBepTOpa (6e3, W, U) l1 cpopMbI 238U (UC2, UCx) 

npvi 3Heprnvi 3JleI<TpOHOB Ee=25 M3B noTpe6yeTC51 690 - 1000 3JieKTpOHOB, HO y)Ke np11 

Ee=50 M3B Heo6xo,LJ,11Mo TOJlbKO 250 - 300 3JleKTpOHOB Ha O,LJ,HO ;:i:enemie. 

TiapaMeTpbl MMKpOTpOHa Y)Ke He COOTBeTCTBYIOT napaMeTpaM COBpeMeHHblX 

3JleKTpOHHbIX ycr<op11Terreti. I1HTeHCHBHOCTb ny<1r<a orpatttttieHa MartteTpOHHbIM Bl.f 

re1rnpaTOpoM MOLUHOCTbIO 1,6 KBT. Ero 3aMeHoi1 Ha KJlHCTpOHHbIH Bll rettepaTOp MmKHO 

ysenw-111Tb 11meHCMBHOCTb B 102-103 pa3. KaK cne,nyeT 113 311aqe1111i1 HHTerpanttoro ceqemrn 

)J,eneHM51 (p11c. 28), yBeJI11lleH11eM 311eprn11 3JieKTpOHOB ;:i:o 50 M3B MO)KHO yBerrHlIHTb BbIXO)J, 

pa,L1,110aKTl1BHblX 51)],ep B 3 pa3a 6e3 3Ha1..IJ1MOrO yMeHiueHH51 BblXO,n:a OCKOJlKOB c 60JlbWOH 

Hei1Tpo1101136bITOYHOCTbIO. Tal()Ke Ha;:i:o OTMeTHTb, lITO MHKpoTpOH MT-25 c nylIKOM 

3JleKTpOHOB MOLUHOCTb!O 0,5 KBT COBMeCTHO c UHKJlOTpOHHbIM KOMnneKCOM ECR-4M+U400 

n03BOJUJeT noJly411Tb 3K30Tl14eCKl1e nylIK11 c 11HTeHC11BHOCTblO s107 c- 1 11 3Heprnei1 5-18 

M3B/I-1yKJlOH. Ta1<0i1 BapHaHT npoeKTa MQ)KHO peaJil130BaTb c OTHOCl1TeJibHO HeBblCOKl1Ml1 

3aTpaTaMl1, noTOMY 4TO HCnOJlb3YIDTC51 cymecTBy10w,11e yc1<0p11TeJ111, o6ecneYeHHble 

COOTBeTCTBYIDt:ueH pa)J,11au,110HHOH 3aLUHTOH. 

Y '-111TbIBa5l clm311yec1rne xapa1<Tep11cT11K11 Hl13K03HepreTHllecKoro cp0To)J,enett115l, 

MQ)KHO 3aKJll:OYl1Tb, 4TO ero npHMeHeHHe COBMeCTHO c MHWeHblO 238U B KaYeCTBe 11CT04Hl1Ka 

pam1oaKTl1BHblX Hei1TpOHOH36bJTOLJHbJX 51)],ep 51BJI51eTC51 KOHKypeHTOCnoco6HblM no 

OTHOWeHmO K 60JlbWHM l1 )J,OpOrHM yc1<0p11TeJlbHblM KOMnJleKCOM, KOTOpbre B HaCT05lt:uee 

BpeM51 HaXO,LJ,5ITC51 Ha CTa)J,HH CTpOHTeJlbCTBa B nepe,LI,OBbIX na6opaTOp1151X MHpa. 

OcHOBHhIC pe3yJlhTaThI pa6oThI: 

1. 060CHOBaH 11 npHMeHeH B 3KcnepHMeHTe HOBblH MeTO,LI, onpe;:i:eneHl151 He3aBHCl1MblX 

Bb!XO)J,OB OCKOJlKOB )J,eJleHl15l BblXO)J,OB KoppenHpOBaHHbIX nap OCKOJlKOB. c 
np11MeHeH11eM Bb!XO,ll,a KopperrHpoBaHHblX OCKOJlKOB BBe,n:eHa MeTO)J,11Ka onpe)J,eJleHl151 

a6con!DTHoro 3HaYeHH51 MHmI<eCTBeHHOCTH netiTpOHOB ,LJ,eneHH51. Onpe,n:eJleHbl 

He3aBl1C11Mbie BblXO)J,bI BTOpHlIHbIX l1 nepB114HblX KOppen11poBaHHbIX nap no 51,Ll,epHOMY 

3ap5I)J,Y 11 OT)J,eJlbHbIX OCKOJlKOB 6e3 np11MeHeHH5I nony3Mn11pH4eCKHX MeTO,ll,OB. 

2. TiepBbl i1 pa3 nonyYeno pacnpe.uene1rne MHO)J<eCTBeHHOCTH HeI1TpoHoB 3ap51.UOBbIX nap 

OCKOJlKOB )J,eneHH51. ,Un51 nap OCKOJlKOB Mo-Ba o6Hapy)l<eHO .UBYXMO,LJ,aJlbHOe noBe,LJ,eH11e 

MHO)KeCTBeHHOCTl1 11cnapHBWl1XC5I HeHTpOHOB. TiepBa51 MO,Ll,a He OTJlHYaeTC51 no 

noBe)J,eHmo MHO)Kecrne1-11-1ocT11 OT ;:i:pyrnx nap ocKOJlKOB Zr-Ce, Ru-Xe 11 Pd-Te co 

cpe.LI,Hetl MHO)KecTBe1-11-1ocTbfO v. Pacnpe)J,ene1-111e MHmr<eCTBeHHOCTl1 napbI Mo-Ba 

OTJll1YaeTC5l OT Apyrnx pa3.LI,eneHHH nOBbJWet-IHblM BblXO)J,OM 3MHCCl111 HeHTpOHOB 113 nap 

ocKOJlKOB, o6pa30BaBw11xc51 nocne 11cnapemrn ceMH 11 6onee neI1TpoHoB. Onpe.ueneno, YTO 

nen51m11ec51 51)],pa Ba, KOTOpb1e OTBe4aJOT 3a BbICOKYfO 3MHCCHID nei1TpoHOB, HaXO,Ll,5ITC5l B 

r11nep.LI,ecpopM11poBaHHOM COCT051H1111. 

3. Onpe)J,eJleHbl BnepBbie BbIXO,Ll,bl OCKOJlKOB 6e3HeHTpOHHoro ,LJ,eJleHl15l, np11 KOTOpOM 

np011CXO,Ll,11T XOJ10,LJ,Ha5l cpparMe1-1Tau1rn - KOJIJleKTHBHOe ,Ll,BJ1)l(eHHe, np11 KOTOpOM 51,L1,pa

OCKOJ1Kl1 HaXO,Ll,5ITC5l B OCHOBHOM COCT05IHl111. 113 pe3yJlbTaTOB 3KCnepHMeHTa onpe,LJ,eJ1eH 

,i:~11ana30H 3Heprni1 B036y)K)J,eHl15l OT,LJ,eJlbHblX nap OCKOJlKOB. 

4. Onpe,LJ,eJleHa HOBa5l o6naCTb XOJlO,Ll,HOH cpparMemau,1111 B paHOHe 51,Ll,ep 6Jll13Kl1X 

Marn'-1ecK11M Z=28 11 N=50. TaK)Ke onpe;:i:eneHbI Maccb1 51)],ep, yqacrnyIOw,11e B xono,LJ,HOH 11 

uecpopM11poBaH1-1oti c])parMeHrnu,1111 ou1-10BpeMeHHO. BnepBbie TaK)Ke onpe,L1,ene1-10 

XOJlO,LJ,HOe Cl1MMeTp114HOe )J,ene1111e. 

5. PaccMoTpeHbI CBOHCTBa ,LJ,11nonbHbIX 11 KBaApynoJlbHbIX raMMa-r<BaHTOB B pa3p51,nr<e 

B036y)K,LJ,eHHbIX COCT05IHl1H OCKOJlKOB ;:i:eneHl15l. A1-1am1311poBaHbl HX OCHOBHbJe 

xapaKTep11CTl1Kl1 B 3aBl1CHMOCTl1 OT CTOJlHOH Kl1HeT11YeCKOH 3Hepr1111 l1 MaCCbl OCKOJlKa. 
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IT051CHeHa HX pOJib B KOHKypeHTHOM npou,ecce - pa3p51.JJ,Ke 3HeprmI 11 yrnoBoro MOMeHTa 
OCKOJIKOB )l,ene1-nrn. 

6. ITpoBepeH ::rnepreTw1ecK11i1 6anaHc ..QBOHHoro ..QeneH115I 252Cf B 3as11c11MocT11 OT Macchi 11 
Kl1HeTl1l.JeCI{QH 3HeprH11 OCKOJIKOB. f1onyqeHbl HOBbie CBe)l,eH1151 0 pacnpe.JJ,eJieHlIH 3HeprH11 
B036y)K)l,eHl15l B 3aBl1Cl1MOCTl1 OT MaCCbl 11 noJIHOH Kl1HeTl1l.JeCKOH 3Hepr1111 OCKOJIKOB. 

7. f1p11 11CCJie)l,OBaH1111 TpOHHOro .JJ,eJieHl151 nepBblH pa3 nonyYeHbI CBe.JJ,emrn 0 11HTerpanbHblX 
xapaKTep11CTl1Kax 3Ml1CCl111 raMMa-KBaHTOB 11 3Hal.JeHl151X yrnosoro MOMeHTa nap OCKOJIKOB 

)J,eJieHl151. Ha6mo)J,eHO, LJTO B o6nacrn Hl13Kl1X K11HeT!1l-Iecrrnx 3Heprnti c:-::;12 M3B) 51..Qep He 
pa6oTaeT ,II,pyroi1 MeXaHH3M pa3.JJ,eJieHl151 51..Qpa Ha Tp11 l.JaCTH, OTn11LJaI-Olll,HHC51 OT 
)J,eHcTBy1-0w.ero MexaHl13Ma np11 OCTaJlbHbIX Kl1HeT11YeCKl1X 3Hepr115IX. 

8. BnepBbie onpe..QeJieHbl cpe.JJ,H11e yrnOBbie MOMeHTbI nap OCKOJIKOB )l,eJieHl151 )l,BOHHOro H 
Tpoi1Horo .JJ,eneH115I 252Cf c 3MHcc11ei1 51..Qep He. Ha6n1-0)],etto, LJTO B 06nacT11 3MHcc1111 

HeHTpOHOB v;::::4 cyu.1,ecTsyeT aHoMaJil151 B 3HaYemrnx yrnoBbIX MOMeHTOB. f101<a3aHo, LJTO B 
3TOH o6nacrn MHQ)KeCTBeHHOCTH HeHTpOHOB )l,Jl51 nap OCKOJIKOB Mo-Ba )l,eJI5llll,eec51 51.ll,pO 
Haxo.JJ,HTC5l B r11nep.JJ,ecpopM11poBaHHOM cocT051Hl111. HaH:.JJ,eHa 1<oppenm1,1151 cyMMapHbIX 
yrnoBbIX MOMeHTOB 11 He3aBHCl1MOro Bb!XO)l,a OCKOJIKOB .JJ,eJieHl151, l.JTO yI<a3bIBaeT Ha 
CHJibHYI-O CB513b .JJ,BYX KOJIJieKTHBHbIX CTeneHeH CB060)l,bl )],HTIOJibHblX 11 nonepeYHb!X 
B116pa11,11ti JJ,eJI51lll,eroc5l 5I.JJ,pa. Hai1..QeHa 3as11c11MOCTb ysen11YeH115I yrnosoro MOMeHTa 
OCKOJIKOB OT .JJ,eqJOpMaUHH Ha npe.JJ,pa3pb1BHOM CTa)J,1111 HJIH BO BpeM51 pa3pb!Ba 51.JJ,pa. 113 
lJeTHO-HeLJeTHblX cpny1nyau11H: yrnosoro MOMeHTa OCKOJIKOB B 3aBl1Cl1CMOCTl1 OT 
MHO)KeCTBeHHOCTl1 11cnapeHI-IblX Hei:ITpoHOB onpe.JJ,eJleHa HX 3aB11Cl1MOCTb OT MaCCbl 
nepBwrnoro ocKOJII<a. Onpe.JJ,enetto, lffO 51.JJ,pa He yttoC51T np11 TpottHOM ..QeJieH1111 yrrrosoV! 

MoMeHT seJil1lll1HOH 0, l-0,Sn. Onpe.JJ,eneHo, YTO yrnoBoi1 MOMeHT yMeHbwaeTC51 c 

HapaCTal-Olll,ett MHQ)KeCTBeHHOCTbl-0 HettTpOHOB co CKOpOCTblO ~o, 7 lh/n 11 ~0,34h/n )l,Jl51 

104Mo 11 113ornnos Ba cooTBeTCTBeHHO. 
9. 113 npo..QeJiaHHblX 3KCnepHMeHTOB 11 attaJIH3a B03MQ)KHOCTeti np11MeHeHl15I TOpM03HOrO 

H3Jiyc1emrn 3JieKTpoHoB c 3tteprnei1 Ee=25 M3B 11 TOKOM 20µKA cne..QyeT, YTO np11MeHett11e 
Ml1WeHl1 238U B qJOpMe TIOp11CTOro Kap611.JJ,a 11Jll1 B cpopMe cpynnepeHa 238U n03BOJI5leT 
)J,OCTHrHYTb 1011 )],eJieHl1H B ceKyH.JJ,y, LJTO 06ecneq11saeT BbIXO,U OT,UeJibHblX 

tteHTpoHoH36bITOYHbIX 51,n:ep-oc1<0JIKOB .JJ,eneI-11151 Ha ypoBHe ~ 109/c·1. Onpe.JJ,eneHo, YTO 
6naro..Qap51 pe3oHaHCHOM np11po.JJ,e cjJOTO)J,ene1-11151, np11 3Hepr1111 Ee=25 M3B noTpe6yeTC51 
700-1000 3J1e1npoHOB, HO y)Ke np11 Ee=50 M3B Heo6xo.JJ,HMO TOJibKO 250-300 3JieKTpOHOB 
Ha OJJ.HO .JJ,ene1-111e. YLil1TbIBa51 cjJ11311qec1<11e xapaI<Tep11cT11K11 MO:>I<HO 3aKJII-OLJl1Tb, YTO c 
nyc11rnM 3ne1npoHOB MOlll,HOCTbI-O 0,5 KBT coBMeCTHO c UHKJIOTpOHHbIM KOMTIJieKCOM ECR-
4M+U400 MQ)KHO nonyLJl1Tb 3K30THl.JeCKl1e nyLJKH Hei1TpOHOl136bITOl.JHblX 51.JJ,ep c 

HHTeHCHBHOCTbI-O :::;107 c· 1 H 3HeprneV! 5-18 M3B/ttyKJIOH. TaKOH HCTOLJHHK 
pa.JJ,HOaKTHBHblX Hei1TpOHOH36b!TOl.JHb!X 51,Uep 51BJI51eTC51 KOHI<ypeHTOCnoco6Hb1M I( 

60JlbWHM 11 .ll,OpOrHM ycKOp11TeJibHb1M KOMTIJieKCaM, KOTOpbie B HaCT05llll,ee BpeM5l 
HaXO)J,51TC51 Ha CTa)l,HH CTpOI1TeJibCTBa B nepe..QOBblX na6opaTOpH51X MHpa. 
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