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AKTJ8JU,HOCTI, npo6ReMU. TorroTesa O CJll(8CTBOB8HllH 06R8CTH IlOB!IDleH~ 
HOH CT86HJU,HOCTH smep C z ~· II4 H N ~ 184 rrpRMeKBeT BHHM8HH8 MHOrHX 

HCCR8,I(OB8T8R8H. MHoro~CR8HHUe T80!J8TH1!8CIW8 MO,neRH ,nOBOJU,HO.XOJX)WO 
corRBCYDTCR C 8KCrrepHMeHT8Jll,HUMH ,naHHUMB, HO rrpH aKCTpailOJl/IIlRRX B 
06R8CTI, H8H8B8CTHUX smep pesyJU,T8TH pacqeTOB OTRHq8DTCR 60JU,WOH He
orrpe,neReHHOCT1>D. TaKHM o6pa80M, Ha6m:meHHe CBepXTmK8JIHX 8R8M8HTOB 

IlPHB8RO 6H K 8H8qHT8Jll,HOMY nporpeccy B IlOHRM8HBH CTpoeHRR 8TOMlillX smep. 

B COOTB8TCTB.lm C CJll(8CTBYXIIIHMH B H8CTORll(ee BpeMR rrpe,ncTaMe
HHRMH, e,nHHCTB8HHUM rrpoueccoM, KOTO!JHH B Ra6opaTOpHHX YCROBWIX 
M0lll'.8T Il!JHB8CTH K o6pa80B8HIDJ CB8PXTmt8JIHX R.nep, murmoTCR nnepaue 
peaKUHH C TR1K8JIHMR HOHBMH, IlplritJ8M H8H60Ree rrepcrreKTHBHHMR rrpe,nCT8B

RRDTCR P88KilBH IlOJilloro CRHRHRR C IlOCR8~ll!IBM .neB086Ylll'.n8HH8M COCT8B
HOro smpa IlYT8M HCilYCKBHHR H8CKOJU,KHX HeltirpoHOB. Bo8MOl!HOCT1, HCilOJU,-
80B8HBR r.iry60KOHeynpyrmc rrponeccoB Tarotte H8Yq8Jiac1,, o,nHBKO HCCRe
,nOBBHBR, npoBe,neHHHe B .Il.BIJMWTa,nTe (\llPr), noKB88JIB, qTo MHOroHyKRoH
HHe peaKURB rrepe,naqH, rro-B~OMY, H8R1>8R B H8CTORll(ee BpeMR pacCM8T

PHB8T1> K8K ajxpeKTHBHHlt M8TO,n IlORYqeHWJ CBepXTmteJIHX R.nep. 
B IlOCRe.nHHe ro~ HHT8HCHBHO pa3BKB8RCR M8TO,n CHHTesa CHJU,HO 

.neJI.Rll!HXCJI R.nep B peaKilBRX CRHRHWI HO HOB Ar , Ti , Cr- H T .,n. c 
MaruqeCIUOIIH SJ.npaMH, HarrpHMep, H80TOil8Mll: CBHHil8. YMeH1>meHHe aHepr.1m 
B086Ylll'.n8HWI KOMITaya.n-smpa Il08BOM8T aifqleKTHBHO JM8H1>WHTh BepORTHOCTh 
ero ,neReHWI rrpH rrepexo,ne B OCHOBHOe COCTORHHe. 

3TOT M8TO,n MOl!eT· 6HTh rrpHMeHeH ,nM CHHT888 CB8PXTmt8JIHX 8R8M8H

TOB, ecRH B KSqeCTBe 60M6ap,nnpy1I11HX HOHOB HCilOJU,8JDTCR R,npa 48ca 
B KOM6HHBilHH c TRl!eRUMH HSOTorrBMH Pu , Am , Cm. 3TH KOM6HH8Il.lm 
SIB11RlOTCR, rro-B~IU™OMY, H8H60Ree 6RarorrpMTHHMH H c TOqitH speHM 
CBOliCTB npo~KTOB peaKUHlt: OHH ,I(ORJ!HH 6HT1> CP8BHHT8R1>HO 6RH8IUI K 
Il811TPY rrpe,nnoRaraeMolt o6R8CTH CT86BJU,HOCTH. 

IloHCK CBepXTmK8JIHX smep cpe.nu npo~KTOB peaKilBlt npe,nCT8BM8T 
co6oil qpe5BHq8i!HO CROl!HYD ~aqy, T8K KBK B8p0RTHOCTI, RX o6p880B8HRR 
,noRl!HB 6HTh MBRa H CBOHCTBB BX HeHSBeCTHH. IIoaTOMY 8HaqHT8JU,HHff 
HHTepec npe,nCT8MRDT 8KcnepHMeHT8R1>HH8 HCCRe,nOBBHBR, IlM1> KOTOpHX -
IlORJq8HHe HOBOil HHqiopM8IlHH O 88KOHOMepHOCTRX o6paaOB8HM H pacna,na 
CP8BHHT8Jll,HQ CJl860 BOS6ylll'.I(eHHHX COCT8BHHX smep B TpaHcq,epMH8BOH 
06R8CTH, 8 T8Kl!e O CBOHCTBBX pacna,na HOBHX H8HTPOHO,n84)HilHTHHX HSOTO
IIOB c Z ~ 100, 6aphepH ,neReHWI KOTOpHX no cooelt rrpHpo,ne, IIO-BH.IU!MOMY, 
,nORlltHll 6HTh B H8KOTOpolt CT8Il8HH 8H8ROrHqHH rrpe,nCK888HHHM ,nM CBepx-
TRJ!8JIHX JI,nep. 
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3TH HCCJie.n:oBaHWI B nocJie.n:Hee Bpewr npno6pe.lIM oco6y10 BKTyaJibHOCTb 
B CBH3H C nRBHHp0B8HHeM neJIOli cepHH 3RCnepHMeHTOB no C.llHTB3Y HOBHX 
3JleMeHTOB Ha HB.ItaBHO C03.It8HHOM MOl!lHOM YCROpHTeJIB - U.llMOTpoHe T.IJJKeJIHX 
.llOHOB Y-400, a TaRJKe C .llHTeHCHBHUM pa3BHTHBM 3TOro HanpaMBHHH HC
CJIB.ItOB8HHH B 4).ll3HtJBCKHX HBYtJHHX UBHTpBX EBponu H CIIIA. 

UeRh pa6ow saRJlKl'IaJiach B ns~emm 38KOHOMepHocTe.li peaR.UIDi noJI
Horo CJlMHM C HOHBMH C A ;;,,, 40 C TO~ spemm HCCJIB,ItOBBIIHR B03MOJK

HOCTH CHHTB38 CBepXT.IIlKBRUX H,n:ep B 8H8JIOr.HtJHHX peaKUHRX, a TBRJKB B 
. npoBe.n:eHHH 3RcnepHMBHTOB no CHHTB3Y CBBpXT.IJJKBRUX MBP B peaKUH.HX G 

.IIOHBMH 48ca. 
HarrnaR HOBH3H8 H npaRTH"!eCRBR UBHHOCTb 

IlpoBe,neHO HCCJIB.IJ:OBBHHB R.ItBPHHX ~earuuti!: CHHT838 HOBHX HBHTPOHO
.n:~THHX H30TOilOB. IlOR83SHO, t{TO peaRUHH Tlma (HI, xn) C HB60Rb-, 

moa 3Hepr.HeH B036y~n:eHHH COCTBBHOro ~a (20-35 MaB) MOrYT 6HTI, 

n~BHBHH ~ no~BHM cnoHTBHHo-.neRSJmHXCH H30TOilOB 242 Fm H 
2 Ku , RoTopue B 'ASHHofi pa6oTe Ha6JIIQita.lIMch BnBpBue, npHtJeM ~ 
nsoTonoB Pm o6HapyJKeHo H3MBHeHHe xapaRTepa saBHCHMOCTH nepno~a 
IlOJIYpacna.na ~T tJHCRa HBHTpoHOB. 

M3~8.lIMCI, o6pa30B8HHB H pacn~ CR860B036yll!.nBHHHX TpaHcqiepMHBBHX 
COCTaBHHX n,nep. BnepBHe B peBRUHRX C TmteJIHMH HOHBMH Ha6Jmn:BROCI, 
HCilapeHHB H3 COCTSBHOro MPS o,nHoro HBHT!)OHa. }1,Jm n.npa 254102 BilBPBHB. 

H3MBpeaa BHRRB Ha 3JIBRTp0HHHH saXBa.T. 
IlpoBe,n:eHH OilHTll no CHHTB3Y H30TOilOB 3JIBMBHTOB C z?:; 108 B 

peaRUHRX C HOHaM.ll 48ca. AHaRH3 3RCil8pHMBHTaJibHHX ,nBHHHX O MeXBH.ll3MB 
peaRUIDi CRHHHM .ll TeopBTH"IBCR.llX oneHOR CBOliCTB CBBPXTRJKeRUX!IpO'AJRTOB 
( 48Ca,xl'I) perum;lrli Il03BOJIHJI (m;eJiaTl, BUBO.It O,TOM,'ITO,B OIIUTax IIO~eHU 
BBpXHHe rpaHHUH BpBMBH·lK.ll3HH COOTBBTCTBYBlllHX HJRJIH,ItOB. 3TH pesyRl>
TaTH .llMBIOT UBHHOCTI, ,n:AA no,nroTOBKH HOBHX 3RCITBp.l!IMBHTOB no C.llHTB3Y 

CBBPXTRJKBRUX 3JIBMBHTOB. 
ConepJKBHHe pa60TH 
)lHccepTBUWI COCTOHT H3 BBe,neHHR .ll ORTH rRBB. 
BBeneHHB RBAAeTCR BHHOTBUHeH pa60TH. B HBM JR83aHO HB 8KTJ8Rb

HOCTI, npo6JIBMH, CWoPMYRHPOBaHa UBRb pa60TH H np.llBe,neHH OCHOBHHB 
pe3JJII,T8TH, IlOJIYtJBHHHB BBTOpoM. 

rJiaB8 1 IlOCBRmBHa paCCMOTpBHHID OCHOBHHX npe.n:cTBBJIBHirn O saROHO

MepHOCTRX o6pa3oBaHHR TpaHcqiepMHBBHX MBP B peaKUHRX C.IIIDIHM C 

TRJKeJIHMH HOHBMH H CBOHCTB8X P~HOBRTHBHOro pacna.na 3THX n.nep. 
IlonepetJHOB ce"!eHHe peaRUHH CRHRHM onpe.n:eAABTCR.Bep0HTHOCTI,10 .ItBYX 
nponecCOB! o6pa80BaHM COCTaBHOro MP8 H ero.nepexo.na B OCHOBHOB 
COCTORHHe. KpaTRO OilHCBHH MO.IteRH, ROTopue 06H'!HO HCITORb3JIOTCH ,nM 
pactJ~THHX OUBHOR. 

PaccMOTpeH MeTo.n CHHTesa TpaHcqJeIJMHBBHX MBP B PBBRUHRX C HOHBMH 
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TRlKBJlBB Ar. Ero OCHOBHOe npeHMJl!lBCTBO CM3aHO C B03MOlKHOCTblO ITOJIY

"IBHM COCTaBHHX n,n:ep, HMB!ClUHX He6oJII,wylO aHepr.lllO B036y~n:eHM 
((HH~ 20-25 MaB) 6Jiaro,n:apn npHMBHBH.lllO B R8"1BCTBB MHWBHBH MarH"IBCKHX 
R,IJ,Bp Ph HRH Bi • Ilepexo,n: T8RHX COCTSBHHX MBP B OCHOBHOe COCTORHHB 
npoHCXO,IJ,.llT npBHMJIJlBCTBBHHO nocJie .llCilYCK8HHR BCero· 2-3 HBHTpoHOB. 

TaK KBR B 06JI8CT.ll TpBHC4l8pMHBBHX MBP rJiaBHHH nponecc, JMBHblli81ClUlill 
BHXO,n: npo,IJ:YKTOB peaKUHH CJIMHM - ,nBJIB~.lle COCTSBHOro R.n:P8, MOJKHO 
noJiaraTh, tJTO YMBHblliBHHB 'IHCJlB ncnymeHHHX HeliTpoHOB Ha e,n:HHIDlY np.ll

BO.ItHT K YBBJI.lltJeH.lllO nonepe"!HOro CB"IBHHR HS WSKTOP Crn/rf)-
1

, KOTOPHH 
MOlKBT HMeTh BBJlli'IHHY ,n:o ro2• B peaKUMX c_HOHSMR Ar, Ti , Gr H T • .n:. 
6UJI BilBpBHB CHHTB3Hp0B8H Pfl,It H30TOilOB C Z = 100, I02, I04, 106 H 

I07. 
B 8TOH rRBBB pac;cMOTPBHHi' KpDMB roro, 38BHC.llMOCTH 6apbepoB 

,n:eJIBHHR H nepno.noB noJIYpacna,n:a Tp~mcqiepMHeBHX smep OT tJHCJIS HBHTpo
HOB · N 11. aTOMHoro HoMepa Z H Mero.nu .0:x pactieTa, a T8KlKB noJIYtiBH

HHe B pe3JJII,T8T~ TBOpBTH"!BCKHX OUBHOK npe,nCR838HHR IlOBl:llllBHHOH CTa-
6.HJibHOCTH OTHOCHTeJII,HO cnOHTaHHOro ,neJIBHHR n.nep c Z ~ II4 H N ~ 184. 
J1,Jm IlOJIY'lBHM TBKHX cnepXTmtBRUX n,n:ep MOJKBT•6HTI, TBKJKB npHMeHBH 

MBTO,n: Clq!T838 B peaKURRX IlOJIHOrO CJIRRHHR °. 60M6ap.n:HPY!ClUHMH ll.OHSMH 

TaJKeJiee aproua. 
B onHT8X, UBJII,10 KOTOPHX 6HJI Cll.HTB3 CBBpXTHlKBJIHX 3Jl8MBHTOB B 

pe8KUHRX C HOHSMH Ar , Zn , ~ e , Kr- HBH3BeCTHHB HYKJIH,n:H He H86JllO

,n:aJill.Cb, IlPHBe.n:eHH BBpXH.He rpaHRUH nonepetJHHX ce"leHHH H3Y"!8Blllll.XCR 

peaRUHH. 
IlpH IlJ18Hll.poB8Hll.ll. HOBHX OilHTOB B 3TOM HanpaBJIBHHll.: npll. BH6ope 

OilT.llM8JlbHHX KOM6HH8UHH Mll.WBHb-"!8CTH!l8, 3HBprHH 60M68p,D,.llpy!ClUHX HOHOB, 

cnoco60B-.neTBKTHPOB8HM npo,nyKTOB peBRUHH H T.,n:.,- 6oRl>moe 3H8tieHHe 
HMBIOT ~aHHHB O _38KOHOM8pHOCTHX o6pa80B8HHR B p88KUMX CJIHRHHR cnoH
T8HHO .n:e.nsmui:xcn H30TOilOB TpaHC4JBPMHBBHX 8JIBMBHTOB H CBOHCTB8X HX 

pa,n:H08KTHBHOro pacn~a. 
B rJI8Be TI OilHC8H8 3KCnepHMBHT8JlI,H8H MBTO,nHRB, npHMBHHBmBRCH npH 

H3ytieHHH CHHTB38 TpBHcqiepMHBBHX MBP B peaKUHRX CJl.llHHHR C TRJKeJIHMH 

ll.OH8MH. 
P8CCM8TPHB8DTCR KOHCTPYKU.llli M.HmBHHHX J3JIOB, Il03BOJIRIClU.ll8 HCITORb-

30B8Tb ·:nHTeHCll.BHHB IlOTOKH YCKOpeHHHX HOHOB np:n o6~eHHH H30TOilOB 
CBHHil8 H BHCMYT8 - 3JlBMeHTOB, 06JIB.n:81ClUHX BHCOKO:A JieT~eCThD, 8·T8Kllte 
pa,n:HOSKTHBHHX 8JIB¥BHTOB B TeX CJIY"l8RX, KOr~a Tpe6oB8~0CI, 06JIY'l8Tb 
MHWBHH H3 Pu, Am, Cm H_ Ra. B OITHT8X, r.n:e npe.n:CT8MRJI8. HHTepec pe
rHCTpBUHR . .ItOJlrOJKHByuuIX npo,nyKTOB ~e8RUHH, HCilOJlI,80B8RaCI, HBilO,nBll.lKHSH 

HSKJlOHH8H MHIIIBHb C pa60tJHM CJIOBM, H8HBCBHHHM H8 ITO,n:JIOJKRY, OXJ18lK,D;8B
MJIO BO,ItOH. EcJIH aeo6xo,n:.HMO 6HJIO o6ecnetJHTI, BllJIBT HS MHmeHH gn:ep 
OT,It8~H ~ perHCTpBUIDI cnoHT8HHOro ,n:eJIBHM npo,n:yKTOB (HI, xn) peaK-
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PHC. I. CxeMa 8KCnepru.1eHTaJII,HOil 
YCT8HOBKH C BP8lll8DUl8HCR HBKJIOH
HOH MHW8HI,D .ItJIR o.6.nyqeHHR HSO
TOnOB CBHHUB: I_- BPBUIBIClllHliCR 
KOHYC, Ha BHyTpeHHlllO noBepXHOCTI, 
KOTOporo H8H8C8H pa6oqHH CJIOH. 
l\,tlllil8lill, 2 - CJIXU(RHH8 ,It8T8KT0pll 
OCKOJIKOB CDOHT8HHOro ,It8JI8HHR, 
3 - nyqoK HOHOB, 4 - KOJIJIHMaTOp. 

Uffif B9 BP8MR 06.nyqeHHR, npHMeHR
JIBCb BP8lll81C111aRCR MHlll8Hb Ha TOHKOli 
DO,ItJIOl!CK8. 

CneruraJU,HaR KOHCTPYRnHR, 
noSBOJIRBW8R perHCTpHpoBSTb KOpoTK0-
l!tHBYlllH8 npO,n:yKTH p88Kllrui, 6HJia 
paspa6oTaHa ,ItJIH 06.nyqeHHR TOJICTOH 
CBHH.UOBO:li MRmeHH. Ha pHc. I .naHo 
ee cxeMBTHqecKoe HS06paxe1rne. 
CBHHen HaHOCWICR Ha BHYTP8HHIOD 
KOHHqecKYD noBepXHOCTI, BP8lll8Jl!l8-
rocR B.m.mHHeooro UHJIH.!Uij)B, pac
noJioxeHRyD no.rt yrJioM 12° K Han
paBJierum nyqKa HOHOB. TBKHM o6pa-
30M, smpa OT,ItaqH OCT8H8BJllnlaJill:Cb 
HB paCCTORHHH Bcero I-2,5 Mr/cM2 

OT noBepXHOCTH MRmeHH, qTO COS,Ita
BSJIO BOSMOlKHOCTI, 84418KTHBHOH 
per.HCTpa.mm OCKOJIKOB cnoHTaHHOro 
,It8JI8HHR npo,n:yKTOB pemtnRfi. CTa-
6RJitHOCTI, pa6oqero CJIOR 06ecneqH
BaJiac1, 6HCTpHM BP8lll8HH8M 
(,Ito 24000 06/MHH) H ,ItOCTaTOqHo 
BHCOKO:li T8nJionpoBO,ItHOCTI,D nO,ItJIOXKM. 

.IJ.nR 06.nyqeHHR 226Ra 6HJia . 
cos.ztaHa yciraHoBKB, cxeMa KOTopoil · 
.It8H8 Ha PHC. 2. Ee KOHCTPYKilHR 
npaKTHqeCKH IlOJIHOCTI,D HCKJ!Dq88T 

• BOSMOlKHOCTI, P8.ItHOaKTHBHoro s_arpRs
H8HHR OKPYMIClll8H cpe.ztH BCJI8,ItCTBHe 

nonB,ItBHHR B 8TMOcipepy WlH B KBMepy YCKOPHT8JIR 226Ra HJIH·npo,ItYKTOB 
ero pacna.zta. 

B STOH ~e rJIBBe KpaTKO paCCMOTP8HO npHMeHeHHe pa,ItHOXHMHqecKoro 
Bll.It8JI8HHR npO.ztYKTOB peaKUH:li .ItJIR ycTpaHeHHR.HCTOqHHKQB qioHa npH pe
rHCTpaUHH cnoHT8HHOro ,It8JI8HHR HJIH aJI$-pacna.zta ,ItOJirOlltHBYlllHX R,Itep. 

~8T8KTHpoBSHH8 OCKOJIKOB CllOHT8HHoro ,It8JI8HHR OCYlll8CTBJIRJIOCb C 
nOMOUlhD TB8p.ztOT8JU,HllX Tp8KOBHX ,It8T8KTOpoB: CJIJJ,It, JiaBC8HOBOH nJieHKH 
WlH cnenHBJibHHX qioC(paTHHX CT8KOJI • .IJ.nR perncTpaUHM 8JI:bq)8-pacn8,Ita 
HCilOJib30B8JICR 8JI:bq)8-CD8KTpoMeTp C Si (Au} nOJIYilpoBO.ItHHKOBHMH ,It8T8K
TOpaMH. 

13_rJiaBe III onHC8Hll SKCrrepHMeHTll no HsyqeHHD peaKUHtt CJIHRHWI 
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PHc. 2. CxeMa aKcnepHMeHTaJII,HOli YCTBHOBKH .ItJIR 06.nyqeHHR pa,ItHeBOI 
MHU18HH: I - ~HJII,Tpll, 2-- HBCOC U80JIHTOBHA, 3 - JIOBYWKB p8,ItOH8, 
4 - repM8THqHHff UHPKYJimUIOHHHI aacoc, 5 - JIOBYl!IKa M8CJia, 6 - 6aJI
JI8CTHHA o6~eM, 7 - OTKBqKB, 8 - KOJIJI8KTOP, 9 - c6opHHK R,Itep OT,It8qH, 
IQ - ,Il8T8KT0pll. 

ycKopeHHHX HOHOB 40Ar- H SOri c R,ItpaMH 204- 207PI,, npHBO,IUJUIHX K o6pa
SOB8HHI> HOBHX H8RTpoHO.IteqlHUHTllHX HSOTOnOB ~epMHR H Kypq8TOBWI, a 
T8K1t8 Oill,TTH no CHHTesy B peaKUHH 233 u +22 Ne cnOHTBHHO .It8JIRU18rOcR 
HSOTOna 250I02 /I/. · 

3KcnepRM8HTll npoBO,ItHJIHCI, HS BHB8.It8HHOM ny~e UHKJIOTpoHa Y-300 
JI.HP OWilf • .IJ.nR 06.nyqeHHR _HSOTOnOB CBHH.US HCDOJihSOB8JIBCI, KOHCTPYKUHR 
C BP8lll8D!l8RCR MHW8HI,D (pHC. I}. YCJIOBHR OnHTOB ,Il8Hll B T86JI. I. 

B pesyJII,T8T8 06.nyqeHHR HOHSMH 40Ar- MHmeHR, o6oraineHHO:li HSOTO
nou 204Ph, Ha6~8JlCR pacnB,It HSB8CTHHX HSOTOnOB 244 Fm (TI/2'" 3,3 MC} 
n 246 F' m ( T I/:t= I , 2 c} - npo,ItYKTOB peSKUH:li CJIWIHWI 40 Ar- c R.ItPBMH 
206p1,-208ph, co.nepl!BBWRMHCR B MRlll8HR, a T8KI8 .Hs.nyqaTeJII, C 6oJiee 
KOp<)TKRM B~eMeHeM USHR. BHJI npoBe,neH onHT no o6~emm HOHSMH 40Ar-. 
Mm118HH HS 06p1, (Ta6JI. I}, qTQ UOSBOJIRJIO oneHHTI, nepHO.It no.nypacnB,Ita 
H8HSB8CTHOro HS~8T8JIR. IloJIYq8HH8R B8Jmll:HH8 paBHS T!/:t' 0,8 :t 0,2 MC. 

IlpH H,It8HTRqiRKSUHH STOro HT98T8JIR MOlKHO 6HJIO cpasy HCKJil)qHTI, 
HS pBCCMOTpeHHR Jl8rKH8 HSOTOilH 2 9, 238cf, TaK KBR npH aHepr1m 40Ar 
B6JIHSH KYJIOHOBCKOro 6ap1,epa B8pDRTHOCTI, COOTB8TCTBYDIIHX peaKUH:li M8JI8. 
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TAE1ll1UA 1 

YCJIOBM SKcnepHMeHTOB, ueJibD KOTopux 6UJI CHHTe3.H30TOilOB 
242Fm, 250I02 H 254Ku. ' 

fl,nepHSJJ 
pearuum 

233u +22Ne 

206Pb +40Ar 

204Pb +40Ar 

:3Hepriur 
HOHOB 
(MsB) 

I20 

225 

225 

206Pb +40Ar 203-225 

206Pb +50Ti 245 

208Pb +48Ti 255 

HBMepmillllrli
cR.HHTePlJBJl 
nep.HO,ItOB 
noJJYpacna,na 

(MC) 

O,I - 2,5 

0,2 - 5,0 

o,r - 2,5 

0,2 - 5,0 

0,2 - 5,0 

O,I - 2,5 

0,3 - 7,5 

0,3 - 7,5 

HHTerpaRb- lb!cJio IlepHo.n 
Hlif! IlOTOK co6u- IlOJJYpacna,na 

HOHOB TIDf ·. (MC) 

4.IOI6 

I,9.IOI6 

5,3.IOI6 

2,5.IOI6 

2,4.IOI6 

2,4.IOI5 

I,7.IOI5 

I,5.IOI5 

60 

78 

208 

88 

I2 

24 

I5 

I3 

I 

0,25 .:t 0,05 

4 

0,8 .:t 0,2 

o,a 

4 

0,5 .:!: 0,2 

TaKHM o6pasoM, HYlltHO 6IlJIO., paCCMOTP8T!, ,ItB8 pearuum: 
2
0½1c40Ar, 2n)242 F'm H 204P1(40Ar, 3n)241 F'm • B:wH npoiie.neHu onu

TH no IlORYtJ8HHD HSOTona 242 r:-m E pearuum 206P1(40Ar· 4n). B STHX 
OilHTax ,ItAA YM8Hbmemm qJOHa OT CilOHTBHHoro .neJieHRH 244 F'm, npo,eyKTa 
(2n) pearuum, 06RYtJ8JiaC!, TOHKSJI (0,6 Mr/cM2) CBHHUOBaJI MJ1!11leHb IlpH 
SHeprHH HOHOB 40Ar 225-203 MsB. B STHX YCJIOBHRX peaicuHJI 
2

06p1(40Ar, 5n)241 J:'m Ha6JID.n8T!,CJI He MOrJia HS-38 MBJIOli BeJIHtJHHll 
nonepeqHoro C8'J8HHR, HO aKTHBHOCT!, C nepHO,ItOM IlORYpacna,na 0,8 MC 
Ha6.nn.naJiac1,. 0Ha MOrJia.._ TaKHM o6pasoM, 6HTb,IlORY'iieHa TOJI!,KO B_pea~
UHJIX 206p1(40Ar, 4n)24~F'm wm 206p1(40Ar, 3n)243F'm o.nHaKo . . 

CpaBHeHHe ee BHXO.l{OB Ha MJ1!11leHJix, o6orameHH!lX 204p1 H 2ffiP:E,,noSBOJUWO 
npHliTH K B!lBO.IlY, 'ITO E HBWHX onuTaX Ha6JIIUlaJICJI HSOTOil 242i:-m 
CT1;z= 0,8 ± 0 2 MC). . 

Hsoron 254Ku (TI/z= 0,5 ± 0,2 MC) 6UJI CHHTeSHpoBSii B pearuum 
206

P1(5°ti' 2n). Ero H,It8HTHq).IIK8.IlM npoBe.neHB Ha OCHOBSHmt aHBJIHSa 

6 

1 

f 
I. l. 

i 
•· 

I. 
'• 

pactJeTHux WYHK!llifl EOs6ym,neHM peaKUHa 206P1(5°ti, xn), KOTopua nosBo
.JIHJl HCKJID'JHT!, H3-paCCMOTp8HM peaK.UHJO 206P1c5Dri, 4n), a TaKJKe 
206Pu50ri, 3n). · . 

l!SOTOil 250102 6UJI IlORYtJ8H B ~eaKIUIB 233 U + 22Ne. B onuTe HCilOJII,-
30B8JI8C!, TOHKaJI MHW8H!, (I.,1 Mr/CM u 203). Il!iJieT8BWHe HS MHW8HH smpa 
OT.l{atJH nona,naJIH Ha TOH~ BpamaD11~CJI• 8JID.WHH8EllA c6oprum, nepeHOCHB
mmi npo.eyKTll peaKUHli K CJIIUlJIHllM .l{8T8KTOp8M OCKOJIKOB .zteJieHHJI. YCJIOBHR 
onuTa .ztaHu B Ta6JI. 1. Ha6.nn.naJICJI CilOHTSHHO .l{8JIRll1miCJI HSJiyqaTeJib C 
nepHo.ztoM noRYpacna.zta 0,25 + 0,05 MC, ROToputt H,IteHTHWHUHP0BBH KSK 
Hsoron 25~02 - npo~KT (5~ pearunm. PaccMoTpeHHe pactJeTHUX WYHKUHa 
BOS6ym,nemm peaKUHH 33u c22N e, xn) IlOR88llB88T, 'ITO peaKUHJI 
233u (22Ne, 5n)250I02 .l{OJilltHa HM8Tb MaRCHMaJII,Hllfl BllXO,It. IlpaB.na, IlpH 
.ztaHHUX SKCnepHMeHTaJibHUX YCJIOBHJJX cpaBHl!MHfl BHXO.l{ MOlteT HM8T!, (4n) 
peSKUHJI, O,ItHaKo ee npo.eyKT - H8B8CTHllfl HSOTOil 251102 HCilllTIIBBeT, 
B ocHOBHOM, aJI$-pacna.n (T1;z= 0,8 c). CBoffcTBa .ztPYr.HX HSOTonoB 
102 8Jl8M8HT8, W8PMHR H M8H.l{8Jl8BHR, KOTOpue! B IlIJHHUHile, MOrJIH 6llTb 
IlORYtJeHH B STOM 8RcnepHM8HTe, T8Klt8 HSBeCTHY, BCe OHH HM8DT cymecT
B8HHO 60JibmHe BpeMeHa USHH H JIBJIRl'.lTCJI 8JI$-H8RY'J8T8JISJMH. AHaJIHs 
CBOaCTB CilOHTaHHO ,neJIRll1HXCR HSOMepoB TaK1te IlOSBOJIReT HCKJilltJHT!, RX HS 
paCCMOTpeHHJI. . 

CpaBH8HH8 H3MepeHHUX nepHO.l{OB T1;2 HSOTOilOB 242rm' 250102 H 
254Ku C oueHRSMH nepHO,ItOB HX aJI$-pacna.zta IlOR88llB8~T, 'ITO .ztM STHX 
HYKJIH.ItOB OCHOBHllM RSHaJIOM pacna.zta SlllJIJJeTCR CilOHTaHHOe .neJieHHe. Ha 
pHC. 3 npe.ztCTaBJieHa CHCT8M8THR8 nepHO.l{OB IlORYpBCna,na Tf/z".ItM tJ8THO
'J8THllX R,Itep C z ,1, IOO. MolltHO BH,It8Tb, 'ITO BpeMR 1CH3HH H80Tona 25~02 
Ha TPH nopR.ztRS B8JIH'JHH!l M8Hbme, 'J8M coce,ItHero 'J8THOro R,Itpa 252102. 
:3TO, IlO-BH.l{HMOMY, RBJIR8TCR CJl8.l{CTBH8M 38ROHOM8pHOCTH, CBR38HHOli CO 
CT86HJIH3HPYJmHM MliHHH8M Il0.l{060JIO'JRH N = 152. 

3HatJeHHe HSMepeHHOI'O B Oil!lT8X nep110,na IlORYpacna,na 254K u He 
npoTHBOpetJHT Ha6.nn.nSBmeHCR .ztM 6oJiee TRJC8JIHX HSOTOilOB RypqaTOBM 
MOHOTOHHOH SaBHCHMOCTH B8poRTHOCTH CilOHTaHHoro .l{8JI8HHR R,Itep OT 'JHCJI8 
HeRTpoHOB. HHTe~ecHO OTM8THTb, 'ITO nepHO,n 242 F'm TOJII,KO E 4 pasa 
Kopoqe nepHo.na 44 F'm , TBKHM o6pasoM, pesRoe YMem.meHHe BeJIHtJHH 
Tf/z" ,1tJIR tJ8THYX H30TOilOB W8JJMHR C ff< 152 ycTynaeT M8CTO 60JI88 
IlJiaBHOli 38BHCHMOCTH, X8paRTepHOli .l{M RypqaTOBM. :3To, BOBMO!tHO, 
RllJISleTCR CJI8,ItCTBH8M H8MeHeHHJI qJOJ)Ml:l 6ap1,epa ,neJI8HHR, B 'J8CTHOCTH, 
YM8HbW8HHJI BllCOTll ETOporo MBRClfMYMB, KOTOpufl onpe.neMeT IlOBWe~ 
CTa6HJII,HOCTb H30TOil8 weJlMlIR c N = 152 • .Il)IR HSOTOilOB 244 rm n 24 Fm 
8 T8Klt8 BCeX H8B8CTHllX llBOTOilOB KYP'JBTOBM, BpeMeHa lCHSHH, T8KHM 
o6pa30M, 38BHCRT TOJibKO OT npo~aeMOCTll nepBOI'O 6apBepa H l!M8DT 
BeJIH'lliHY nopR,ItKa MHJIJll!ICeKyH,D;H. 
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PRC. 3. CHCT8M8THKB rrepHO~OB 
CllOHT8HHOro ~eReHWI 'i8THO
'l8THUX HSOTOnOB C 2 = I0(}-104. 

lIT8K,. Il0Ka3BHO, 'ITO peaKURH 
THna {HI, xn), B KOTopux·aaeprwr 
BOS6yz.ztemm COCTBBHllX sutep cpaB
HHT8JU,HO H8B8JUIKa { 2(}-35 MaB), 
MoryT 6UTb np.HMeHeHU J1)1IJ CRHTesa 
H8HTpoHO~eqJl!llliTHllX HSOTOilOB SR~ 
M8HTOB, 6apbepu ~eReHWJ KOTOpux, 
IlO-B:il,lUIMOMJ, B 3HS'IRT8JU,HOH CT8-
Il8Hl! aaaROrR'IHll npe~CKBSSHHUM .n.,ISI 

sutep B6JUiSH ueHTpa "OCTpOBB CTa-
6WII,HOCTH" ( Z = II4, N =. I84). 

rJiaBB IY llOCBJruleHa HSy'lemm 
peBKIJ.d HOHOB 48ca c R~BMK TI, Pb 
H Bi, B KOTOpux o6pasyJJTCR CJI860 
B000YllUi8HHll8 COCTBBH~e ~ 253IOI, 
256I02 H 257I03 / 2 , 31. B OllllTBX 
perHCTpHpoBBJIHCb ~ORrOUBY~He 
H30T0llll KaJIHqx>pHHR H qiepMHR, npo
~KTll pacn~a imep, o6pa30BBBWl!XCR 
B pe8KUHRX CJIHRHlUI. 

HsoTonu 2460f 254Fm, a 
T8Kllt8 252Fm H 25~m , ~AA KOTO
pux HSMepeHU CJMM8pHUe BllXO~li, 

H,neHTH4JilllHpoBBJ1HCb KBK no aHepr.r.m ~-qacTiu, TBK H no riepHo~ 
no.nypacn~a. YCROBHR onuTOB H pesyRbTSTli HSMepeHHH ~8Hll B T86R. Il. 
B llRTOH KOROHKe TB6RHUll npHBe~eHU 3KCnepHMeHT8JU,Hli8 RHTerpaRLHlie 
nonepeqHue ceqeHHR, npocJMMHpoBBHHue no BCeM BOSMOlltirnM HcnapxTeJU,H!IM 
K8H8R8M, B8~HM K o6pa30BBHJW ~aHHoro H30Tona: 

E = NJ to , 
8KCn. Ikrk2(I - e to)e- tl(I-e- t2)~ 

r~e N - 'IHCRO HMllJRbCOB B nHKe, J,.. - llOCTORHHBR pacn~a Ha6JIJJ.nS8MOro 
H30Tona, I - HHTerpaJU,Hliit llOTOK HO HOB, kr - xm,mqecltltii BHXO~, 
k2 - 8qlqJ8KTHEHOCTb C'i8T8 8RbqJS-'18CTHU, to - BP8MR 06.nyqeHR!I, tr -

BP8MR, npowe.nwee OT KOHUS o6RJ't{8HHR ~o Ha'i8JI8 HSMepeHrur, t2 - Bpe
MR HSMepeHIDI, ~~ - B8JIH'IJHHB, paBHBR 'IHCJIY aToMOB Mm11eHH B cRoe, 
B KOTOpoM aHeprHR ny'lKa HOHOB JM8Hblll88TCR Ha I MaB. . 

8KcrrepHMeHTll rrpoBe~eHH npH 8Hepl'HJIX 6oM6aw,;npynllRX HOHOB 48ea, 
6JIHSKHX K KYROHOBCKOMY 6apbepy, ll08TOMY rrpe~oRarMOCL, 'ITO B8Cb 
SKcnepHMeHTSJU,HO HSMep8HHllit BHXO~ H30TOITOB Fm H Cf CBR38H C pas
JIH'llillMH KaHSJiaMH ~eB036y~eHWJ COCTBBHOro ~- )J.nJI pac'tleTa COOTB8T
CTBYIIIIHX norrepeqHUX ceqeHHH 6UR HCll0Jll,30BSH MeTO~, OCHOBBHHllff Ha 
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YCROBWI 

PeaKUHR 

ecTTI +48ca 

208pb +48ea 

209Bi +48ca 

TABJIBUA Il 
8KCITepHMeHTOB no HsyqeHJm B38HMO~eHCTBWI HOHOD 48ca 

. C H30Tonm.ra Pb, Bill Tl. 

HHTerpaJU,- MaKcHMaJU,- Ha6JID-
HUI llOTOK HM 8H8pt'M ~88Mlill 

HOHOB HOHOB (MaB) ·nsoTorr 

s,r.ro15 223 246cf 

252Fm 

I,I9.Io16 224 246cr 

L 8KCll. 
(c.f. MaB) 

(I, 3.tO, 2) .ro-3D 

( 2, otO, 5) .ro-31 

(4,ot□,s) .ro-29 

252F'm} 30 
255 i:-m (I,2±0,2).ro-

254rm (4,2+0,a> .ro-30 

9,3.ro15 236 246cr (3, 9±.0,8) .ro-31 

252F'm} □-3r 
255F'm . (9,3±I,6).I 

CTSTHCTH'l8CKOM pacCMOTpeHHH B036YllUi8HHOro COCTBBHoro R.l(p8 B qiepMH
rasoBOM rrpH6JIHJ!t8Hmf ~AA ITROTHOCTH ypoBHeil 12, 31_ Bu6op 'IJHCReHHllX 
3Ha'!8HHH na_paMeTpoB pacqeTa OCHOBUB8RCR HB paCCMOTpemrn: 8KCrrepHM8H
TMLHUX ASHHllX, ITOJIY'l8HHHX npH H3J'i8HHH qiyil1{!J.W!: B036YJ1Ui8HHR pe8KUHil 
206, 2D7p1(40Ar, xn), a TaKxe norrepeqaux ceqeHHH (xn) peaKUrui c 
TRJ!t8JIHMH HOHSMR (A ;, 40) B o6JiaCTH TpaHcqiepMHeBuX COCTBBHliX sutep. 

CpaBHeHHe P83JJU,T8TOB pacqeTa C 8KCnepHMeHT8JII,HllMH ~8HllliMH 
llOKasaRO, 'l'!'O BO llC8X CJlytlSRX <, pac-g/o SKCIT. R8llCHT B rrpe~eRSX 
qiaKTOpa 0,34-I,3. STO MOllHO paCCM8TpHB8TL KBR Ka'l8CTB8HHOe corJiacne 
pac-geTHliX H 8KCnepllM8HT8Jll,HllX BeJilNHH CBH,n8T8Jll,CTBYIIIl88 0 TOM, '!TO 
npH nepexo~e.OT 60M6ap~PYIIIIHX HOHOB 40Ar K HOH8M 48ca OCHOBHll8 
xapaKTepHCTmtH B38HMO~eRCTBHR llpaltTlN8CKH He H3M8HBDTCR. 

Bo BC8X Tpex pe8KUHRX COCT8BHU8 JUtpa HM8RH H8't{8Jll,Hll8 COCTORHWI, 
no-c~ecTBy, COBll~8IIIIH8 no aaeprHH B036yz.neHHR H yrROBOMY MOM8HTY, 
ll08TOMY COOTHomeHHR rronepe-gHUx ceqeHHH pa3RR'IHUX KaHaAOB ~8B036y~e
HllR ~OAEW' 6UTb 6RHSKH no B~He. T8KHM o6pa30M, COBOK.YITHOCTL 
8KCnepHMeHTSJll,HllX ~aHHUX IlOSBOAA8T OU8HllTb poRL OCHOBHUX HCnapHT8JU,
HllX KaHSJlOB - (In), (2n) H (3n) (Ta6R. ill). 

B pe8KJUIH 208Pb + 48ca KBHM (2n) llpaltTH'i8CKH ITOAHOCTLD orrpe~e
M8T B!iXO~ HSOTOITOB 254 Pm H 246Cf, ll08TOMJ MOlltHO C'IHT8Tb, '!TO 
HX OTHOmeru,:e onpe~eMeT BWIKY Ha 8R8KTp0HHU1\ saXBST imps 254102 •. 

Oaa cocTaBJIS:eT IO%. 
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TAEJillllA ill 
Pe3yJlhT8Tll pac'leTOB nonepe'!HllX ce-qeHIDi H8H60Aee BepoRTHHX 

RB.HaAOB .neB036yll{,lleHIDI KOMnay~n-smep, o6p83YIIIIHXCR npn CJirulllHH 
HOHOB 48ca c smpaMH 205 , 207T1, 208ph H 209Bi. 

MHwem, 

ecTTt 

208p1 

209Bj 

Ha6.mo
.naeMllH 
H30TOn 

246cf 

252rm 

246cf 

252F'm} 
255F'm 

254rm 

246cf 

252F'm} 
255F'm 

KaH8A 
pearuum 

3n 
O< ,In. 

In 
Ip 

2n 

. In. 

I« 

2n 

3n 

In 
O(n 

e5M8KC(pac-q) 
(cM2) 

2,5.ro-31 

I,l.I0-31 

3,5.ro-32 

4, □.ro-33 

2,1.10-3° 

2,5.ro-31 

I,I.I0-31 

2,1.10-30 

3,4.ro-32 

6,8.ro-32 

3,7.rn-32 

~ rc-q. 
(CM • MaB) 

7,6.10-31 

l,9.10-31 

I,4.10-29 

I,l.10-30 

l,5.10-30 

3,2.10-31 

l,3.10-30 

B rMBe Y onHC8Hll onllTll, ueJlhID KOTOpllX 611A CHHTe3 CBepXTmteJil:lX 
aAeMeHTOB B pea~x c 60MClap,nupYII!IHMH HOH8MH 48ca / 4-6/, a Truute 

on11ru no cHHTesy 108 aAeMeHTa B pea~x c HOHaMH 58rel7l. 
IlpH CJ!IDJ1UUi smep 48ca c TRJKeRllMH H030TonaMH Pu., Am, Cm MoryT, 

B npmnume, 6llT.b IlORJ'leHH HYKRH.llll c 'IHCAOM npoTOHOB Z = II4-Il6· 
n 'lHCAOl\l HeilTpoHOB .N = 172-178, cpaBHHTeJlhHO 6JIH3KHe K npe.nnoAara
eMOMY ueHTPY o6RSCTH nOBllllleHHOH CTaelM.bHOCTH OTHOCHTeJlhHO CilOHTBH
HOro ,lleAeHHR ( Z = Il4, .N = 184). B TO lite BPeMR, 6Aaro.napR TOMY, 
'lTO 48ca - .llBBlK.ll:ll MBrH'leCKoe smpo c 60A.blllliM ,lleqJeKTOM Mace,· aHeprHR 
B036yll{,lleHHR COCTSBHHX smep MOllteT 611Tb HeBeRHRB.: ~ = 20-30 MaB. 

Pac'leTHlle BpeMeHa 'lltH3HH npo~TOB peaKUHil (4 C~! 2n) H (48ca, 
3n) np11 o6RJ'leHHH smep 242Pu , 24 Am, a Ta:ue 246 ,~8cm HaXOMTCR 
B ,llHBil830He OT HeCKOJlhKHX 'IBCOB ,llO HeCKOJlhKHX AeT, Il08TOMY B OilllT8X 

OCYlJ1eCTERHAOC.b ,lleTeKTHpoB8HHe CilOHT8HHoro .neAeHHR ll a;u,qia-pacna.na 
CP8BHHTeJlhHO ,llOArol!Ulllym11x smep. 

IO 

.lJ.mI ycTpaHeHHR HCTO'lHHKOB qx:>Ha npOBO,llMOC.b Ell,lleAeHHe CBepXTRllte
AllX npo.nyKTOB peaKUHn, OCHOE8HHOe HS npe,llCK838HIDIX HX ~H3H'leCKHX ll 
XHMll'!eCKHX CBOHPTB. CXeMa p8,llllOXHMH'leCKOli nepepa60TKH c6o~HHK8 smep 
OT,ll8'lli ,ll8H8 Ha pHc. 4. 

PacraopeH1-1e C6OpHHK 
fl.Qep OT.Qa"IH B ( HN 03 )KOHL\- ., I 

H21 Bb1.11enett1-1e nery"IHX 
3neHeHTOB 

T,v1000°C 

KaHem-1ttoBaR 1-1 cepe6pRHaR 
¢onbrn 

Hg Tl Pb Bi . Po At >90% 
( 112 113 114 115 116 · 117 J . 

H2 

Cynh<!>H.QHafl <!>paKL\Hfl 

3neHeHTbl VI nep1-1O.Qa > 80% 

< Z =108 ~ 116 J 

Am+Fm 

• nosywKa C >KHAKHH 
330TOM 

Hg <10% 
Xe>90% 

(112-:-114 l 

Pnc. 4. CxeMa p8,llHOXHMH'leCKOH nepepa60TKH celopHHKS smep OT,ll8'lH 
B OilllT8X no CHHTeay CBepXTmteAllX aAeMeHTOB. 

3aTeM H8MepRA8C.b SKTHBHOCT.b IlOJIY'IeHlWX o6p83UOB OTHOCHTeA.bHO cnoH
T8HHoro .neAeHHR H HXaJl.bqJS-8KTHBHOCT.b •• HHK8KHX HeH3BeCTHllX H3RJ'l8-
TeAei1 o6HapyllteHo He 611Ao. BepxHHe rpaHHUll nonepe'!HllX ce-qeHHH oelpaso
BSHHR COOTBeTCTBYII!lllX H30TOilOB ,llBHll B T86A. lY. 

BcAe,llCTBHe 60JlhWOli Heonpe.neAeHHOCTH B oueHKax CEOHCTB pacna.na 
CB8PXTRJKeAl:lX smep npe,llCTBBRHAO ~HTepec npoBe,lleHHe OnllTOB no IlOHCKY 
cpe,llH npo,llYKTOB peaKUHil cpaBHHTeA.&HO. KOp0TKOlltHBJmHX CilOHTSHHO ,lleAA
mnxcR HYKAH.JlOB • .lJ.mI H3Y'leHHR 6llAB BllelpaHa peBKUIDI 243Am +48ca, 
TSK K8K B 8TOM CAJ'l8e npaKTH'!eCKH noAHOCT.bID OTCYTCTByeT qx:>H, oelyCAOB
AeHHllil CilOHT8HHllM .neAeHHeM ,llOArGUBJmHX ~nep. B 8TOM on11Te TBKJKe 
orrpe.neAeH Jllllll.b BepxHHH npe.neA none~e'!Horo ce'leHHR oelpasoBaHHR nso
TonoB c Tf '2 • > IO0 MC, CT-:< ~ .10-3 cM2• 

Ilpn paCCMOTpemm B03MOlKHOCTeft CHHTe38 CBepxTmteAllX R,llep npHBAe
KSIOT BHHM8HHe KOM6HH8UHH MHWeHI,-HOH, r.ne, B npHHUHne, MoryT o6pa3o
BllB8T.bCR HeKOTOp11e HeilTpoHO,lle~HUHTHll8 H30TOilll. EcAH npe,llilOAOUT.b, 
'IITO am,qia-pacna.n 8THX H30TOnOB ,n HX .no-qepHHX npo.nyKTOB 6oAee BepoR
TeH, '118MCIIOHT8HH08 ~e.Jiemi:e, B pe3yA.bTBT~ neno'IIKH IlOCAe,llOB8TeAbHHX 
8A.&qia-pacna.noB ,llOAJKHll IlORJ'll8T.bCR smpa, CBOHCTBS KOTOpllX xopomo 
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TAEJil1UA IY 
PesyJibT8Tll OllHTOB no HSytteH:lm pealtil}rl1 I40HOB 48ea c MmlleHJJMH HS Pu , Am H Cm , 

XHMH'l:ecltBSI · Ilpo.IJYKTH Tom pacna.n:a .BpeMeHa usHR IlEe~eJIH noneEettHHX cettem ~cM2l 
(j)pa.KilWI pe~d 246cm 248cm 243Am 242pu 

JieTJtlHe II2-II6 CllOHTSHHOe I ·'180 - I ro,n 2.10-35 2.I0-34 I,5.10-35 10-35 
M8T8JIJIH ,neJieHRe 

°'- pacna.n · 2 '1808-IO .I{H. 5.10~4 5.10-33 5.ro-34 2,5.ro-34 
? ~ EJ:.~ 9 MaB 

Cy Jib(})H.z:tH 108-III CDOHT8HHOe IO ttac-I ro.n 2.10-35 2.10-34 , .I,5.ro-35 · 10-35 
Tmt8JIHX ,neJiea:ae .. 
MeTSJIJIOB 

2.10-34 2.10-33 2.10-34 ro-34 
0( - Ef:cna.n: IO ttac.-IO ,na. .... ?~ .,.:;9 MaB 

~ 

TmteJIHe II2-II6 CDOHT8HH08 I ttac-I ro.n 2.10-35 2.10-34 2.10-35 10-35 
6Jiaropo.z:tHHe ,neJieHRe 
rass 

Cf - F'm 254cf CDOHTSHHOe 60,5 .z:tH. 2,4.Io-3I ?.10-34 2.10-34 
,neJieime 

246cf oc - ~cna.n: 35,? ttaca 3,6.10-28 3.ro-31 ro-32 
E"' = 6, ?6 MaB 

252Fm 0(- ~cna.n: 22,8 ttaca 5,r.ro-32 10-33 ro-:33 
EO( = ? ,04 MaB 



li3BeCTH!,1. IlanpHMep, B peBKUliJIX 233U (48ca, 2n)279IIO 11 231Pa(48ca, 
3nl276rII uenO"!Kl1 BJI.Ld:a-pacna,noB MOrJili 61,1 np11BeCTli K .no"!epttl'lM J"!.nPBM 
255F'.m 11 256Md ~ 256Fm. CooTBeTCTBY!Wllie on1,1T1,1 61,1JI11 HBMli B1,1noJIHett11, 
o,nttaKO aTll R,Ilpa 06HapyJKeH1,1 He 61,1JI11, cS ( 255 F' m ) < 7 .ro-35cM2, 
(5 (256p m ). < 5.I0-35CM2 • 

Bo3MOJKHO, "ITO ,lLllR o.nHoro l1Jll1 HeCKOJII,KliX smep - "lJleHOB uerro"!KH 
8JI1q)B-pacna,na, BKJIDtlBSl HcxO:ntt1,1li H30TOn - npo,nyKT peBKURli (48Ca, Xn), 
OCHOBHOH KBHBJI pacna.na - CITOHTaHHOe ,neJieHlie. IToaTOMy 61mH npone,neH!,I 
aKcnepHMeHT!,1, r.ne per11cTpHpoBBJI11CI, cnoHTBHHO ,neJISlU{lieCSl R.Il~ C 
T1; 2 > 3 Mc np11 06.nyti:eH1111 110HaMH 48ca Mmneueli Rs 231Pa H 32th • 
B 8THX Oill,ITBX CJie_nl,I OCKOJIKOB cnOHTBHHoro ,neJieHliR He H86JI1QnaJI11CI,, 
c:5<(3-4) .I0-35cM2• 

B aTOH JKe rJIBBe OnijC811bl Onl,IT!,1 no CHHTesy H30TOnOB 108 aJieMeHTa 
B peaKUHRX 226Ra +48ca 161 ll 207 , 208P1 +58P e / 7/_·YcJIOBliJI H pesyJlh
TBT!,I 8THX on1,1TOB .naH!,I B TB6JI. Y. 3,nec1, TBKJKe onpe,neJieH1,1 nepXHlie 
rpaHHU!,1 nonepeti:Hl,IX ceti:emm COOTBeTCTBYIWlliX pearui11li. 

TAEJIBUA y 

PesyJI1,TaT1,1 aKcneplillleHTOB no CHHTesy 108 aJier~eHTa. 

Pe8KU11R 06'1,eKT 3HeprM lliITer- tiliCJIO TI/2 (c) u 
HB6JID- PIOHOB pBJILH!,IH 0061,1- (cM2) 
,neHliJI (MaB) llOTOK Tllii Teop. aKcn. 

HOHOB 

207p1 +58F'e CllOHT. 285-300 6,5.I016 0 .5.ro-:-2:· ro-4 <2.ro-35 
,neJI. 

20Bp1 +58F'e CllOHT. 285-300· 2,4.I017 6 3.I0-4 ro-4 <3.ro-35 
,neJI. 

226Ra +48ca CllOHT. 225-235 4,5.I016 0 IO rn-3 <3.I0-35 
,neJI. 

226Ra +48ca 255Fm 225-235 4,5.!016 0 <I0-34 

EcJllI cnpane,nJIHBO npe,nnOJIOJKeHBe O CYm8CTBOB8HBH o6JIBCTH nonmueH
HOli CTa6HJII,HOCTH R,Ilep C z - II4 ll N ~ 184, ll H30T0Ill,I CBepXTRJKeJI!,IX 
aJieMeHTOB MoryT 6!,ITI, llOJI,YtJ:eH!,I B pe8KUHRX CJllIS!HllR c HOH8MH 48ca, TO, 
oti:en~Ho, OHR He Ha6Jll1,ItBJillCI, JIR60 llOTOMY, '!TO nepoS!THOCT!, HX o6paso
BBHRR' HBJKe npe,neJIOB tJYBCTBHTeJII,HOCTll ll36paHHOli MeTo,nmw, JIH60 HX 
npeMeHa llW3HH KOpotJe, ti:eM npe,nnoJiaraJIOCI, npn nOCTBHOBKe Onl,ITOB. 

Ha pnc. 5 MOlltHO BH.neTI,, tJ:TO pactJeTH!,18 3HB'l81ll!Sl npeMeHU3Jm 
cnepXTRJKeJI!,IX R,Ilep, ll0JIY'l8HH!,18 pBSH!,IMll BBTOpBMH, OTJlli'l8IDTCSl H8 HeCKOJII,
KO IlOPR.IlKOB B8JW'll'!Hl,I. Ha STOM JK8 pHCyHKe ,nBH!,1 nepXHH8 npe,n8JI!,1 BP8M8H 
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Fnc. 5. CHCTeMaTJiIBa nepHO,JJ;OB CilOHTaHHOro ,neJieHlUJ tJeTHO-tJeTHUX 
l!30TOilOB c Z = 100-104 H TeopeTnqec:KHe oueHKH',JJ;Jlfl CBepXTffiKe~x 
anep. 06JJaCTl! I :a II COOTBeTCTBYIOT pactJeT8M MaKpo-MHKJlOCKOilHtJecruu.1 
MeTo,noM C HCilOJI1,30B8Hl!eM MO,D;lliIJHUl!JJOB8HHOro nOTeHUl!aJia lOKaBU (I) H 
C l!CilOJll,30B8HHeM MO,JJ;HqJHUHJlOB8HHOro- OCUHJIJIRTOpHoro noTeHUHaJJa (II)• 
IIpe.ncTaBJieHu BepxHHe npe,ne;m, nOJIYtJeHHue B aKcnepnMeHTax~ r,ne · 
HCCJie,JJ;OB8JIHC1> pe8KUHH CJIBRHHR HOHOB 48ca C 248Cm(l), 24 Cm(2), 
242pu(3 ) 243Am{ 4 ), 23Ipa(S), 233U(6)', 232Th(?), 226Ra (8 ), 

a TaKJKe 5~!='e +208ph{9). 

l!UI3HH H30TOilOB C HetJeTHHM ~CJIOM HeilTpoHOB, KOTOpue onpe,neJIRJIHCl, 
clucTpoToii. ,neii.CTB.lrn HalllJix aKcnepHMeHTafilHux r.ieTo.nnK, a_ TaKlKe rpaHHtJ
Hue oueHKn BpeMeH usnn tJeTHo-tJeTHux R.D;ep. MoJKHo B~neTi, tJTO 3TH 
oueHKH, no-cymecTBY, He npoTHBopetJaT pesyJI1>T8T8M TeopeTnqeCKHX pac
tJeTOB. TBKl!M o6pa30M,- npe,nnOJIOlKeHHe, tJTO npo,JJ;YKTU H3Y'l8BlllHXCR peaK
UHff l!MeIOT KOJJOTKHe BpeMeHa lKH3HH, H HCilOJI1,30B8BlllaRCH B H8lllHX onuTaX 
MeTO,JJ;HKa 6UJIB He,nocTaTOtJHO clucTpo,neilcTBYIOllleil, npe,D;CT8BJIReTCR BnOJIHe 
BepoRTHHM. OTOMY npe,nnOJIOlKeHHJO, no-B~HMOMY' He nponrnopetJBT H pe-
3JJI1,T8TU CpaBHeHHR 3KCnepmt.eHT8filHUX BepXHHX rpaHHU nonepetJHUX cetJe
HHff C BeJIHtJHH8Ml!, IlOJIYtJeHHIDl'.H H8 OCHOBe H3BeCTHUX ,I(8HHHX o' MeX8HH3Me .' 
peBKUHH CJIHRHHR, T.K. B ueJIOM pactJeTHUe oueHKH Bullie npe,neJIOB, ,noc
THrttyTHX B 3Kcnep.ll:Mel:IT8,X. 

HeJII,3R, KOHe~rno, HCKJIJOtJl!Tl>, tJTO pe8KUHH CJIHRHHR C TRlKeJiillt.H 
HOH8MH HMeDT HeKoTOpue ococleHHOCTH, npHBO.I(Rllll!e npn yBeJIKqe!Um M8CCU 
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B38HMO,neaCTBYIOlllliX HYKJU!,JJ;OB K :{MeHI,lll0!1l!JO BepORT!IOCTH o6pa30E8HHH co
CTaBHwc R.D;ep C,HH3KOH,3HeprHeH B036YE,JJ;erllIR. 

IlJiaHHp0B8HHe HOEUX _r;acloT B o6JiaCTH Cl!IIT038 CBepXTHlK8JIUX gnep 
Tpe6yeT, T8KHM o6pa30M, C O,JJ;HOit CTOJJOHU, ,JJ;8JJI,Heillllero H3YtJeHl!R Mexa
Hl!3Ma CJil!RHHR CJIOlKHUX H,D;ep l! npoueccon ,neposdyl!i,JJ;eHl!H COCTaEHUX CHC
TeM, c ,npyroi - COBepmeHCTBOB8HHR MeTO,JJ;OB pactJeTa 6ap1,epon ,neJieHHR, 
nepno,nOB noJIYpacna,na H .npyrnx X8paKTepHCTl!K Tpa11cqiepMH0BUX R.JJ;ep C 
YtJ0TOM 3KCnepHMeHT8JII,HUX ,JJ;aHHUX. TeM He Me11ee, HaM npe,ncTaBJIReTCR 
ueJiecooclpasHUM npoBe.nemte onuToB no nccJie,noBam-IJO peaKunil Am+ 48ca 
H Cm+ 48ca C npl!MeHeHHeM 6oJiee tJYBCTBl!T0Jll,HOi1 ll,'.0TO,!ll!KH Ilpl! ycJIOBIU1 
perl!CTpaUlil! 6oJiee KOpoTKOIKHBYlllHX HYKJIB,JJ;OB. 

PcHoBHue pesyJI1>TaTu pa6ow MOJKHO cq:opMym1poBaT1> cJie,nylOllll!M o6pa-
30M: 

I. B peaKUHRX CJil!Rlll!~ C l!OHaMH 40Ar, 50ri H 22Ne CHHT03l!JlOB8HU 
HOBUe cnoHTaHHO .neJ1R111necR H30.TOnu 242F'rn (TI/z= 0,8t0,2 MC), 
25

Dro2 (TI/z= 0,25.!:,0,05 MC) n 254Ku (TI/z= 0,5.!:,0,2 ;c), noJIYqeHu 
oueHKH nonepetJHUX CetJeHHll B M8KCMM.YM8 !liYHKUl!H B036Yl!i,JJ;0HHR ,JJ;JIR 
peaKI.Utif: 

206ph(SOTi,. 2n) 254Ku - GMBKC = 7 .ro-33cM2 , 

204Ph(40Ar 2n)242F'm - r< = I 6 10-33CM2 
' VM8KC ' • ' 

233U ( 22tfo, 5n)25Dro2 - C>MBKC = l,5.I0-33cM2 • 
2. H3Mepem. BUXO,JJ;ll H8KOTOIJUX npO,JJ;YKTOB peaKUHll CJUHlHHR 48ca 

c R,D;paMH 
208P1, 209Bi li 203 , 205rt. IlOJIYtJeHHue .naHm.e npoattaJIHsnpow

HH C nOMOllll>lO MO,JJ;Hipl!UHJJOB8HHO.li pactJeTHOrl nporpaMI,111 ALICE, OCHOB8HHOii 
Ha paCCMOTpeHl!H B030Yl!i,D;8HHOro COCTaBHOro R,D;pa B pa-.urax CTaTHCTHtJec
KOR Mo,neJIH. Onpe,neJieHu nonepe-qnue cetJeHl!R peaKU11il: 

20F1,_ c48 > 5 -32 2 -Tf Ca, In - MaKc = 3,5.IO CM, 
2flfL c48 ) I -30 2 --r-h Ca, 2n - <\,iaKc = 6,0. O c111 , 
209Bi_( 48

ca, 3n) - Gr,iBKc = 3,4.ro-32cri. , 
,1)).(R O,JJ;Horo l!3 npO,JJ;yKTOB pe8KUHH 208P1 +48ca - li30TOna 254102 

o6uapylKeHa IO% BHJJKa Ha aJieKTpoHHh!H saXBBT. 

3. IlpoBe,neHu onuTU no Cl!HTeay B peaKUruix c HOHBMH 48ca ,noJiro
lKHBYllll!X (Tr;2 > I -qaca) H30TonoB CBepXTffiKe~x aJieMeHTOB c 'Z•II4-II6 
H HeiiTpoHO.I(eqJHUl!THUX H30TOilOB C Z = Il0-1I2 (Tf'2• > 0,3 MC), 
IlO;rytieHHh!e BepXHHe rpaHHUU nonepetJHUX CetJeHHH COCTaBJIRJ)T 
r□-34- ro-35cM2• · 

IlpoBe,neHU T8K~e aKcnepHMeHTU no CHHTesy CilOHT8HHO .neJlRllll!XCR 
H30TOnOB 108 8Jl0M0HT8 B peaKUHl! 226Ra +48ca C OUCTpo,neilCTBHeM 3KC
nepl!MeHT8Jll>HOll M0TO,JJ;l!KH I MC n B peaKUl!RX 207 • 208ph + 58 Fe c OUCTpo
,neiicTBl!eM O ,I MC, B8pXHHe rpaHnuu norrnpetJHUX cetJeHl!il C5 < ro-35cM2• 
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AH8Jil13 pesyJihT8TOB :mcnepllMeHTOB C ytieTOM l13BeCTH!,JX ,D;8HHHX 0 
l,leX8Hl13Me pe8RIU1H Il03BOMeT C'll1T8Th, 'tfTO B OlmTax C l10H8Ml1 48ca 
Il0JIY'tf8H!,J rp8Hl1'tfHb1e oueHKll Bper,rnH '1Kl13Hl1 COOTB8TCTBYK11ll1X HYKJlli.IJ;OB. 
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