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<l>nepoB r .H. H llP• 

PeaynbTSTbl nouCK0B caepXTS!lKenbIX sneMeHT0B 
B reoTepMan&HblX B0llaX nonyoCTp0Ba YeneKeH 

D7 - ll 724 

B011a reoTepMan&HhIX HCT0'IHHK0B nonyocTpoaa YeneKeH, 6oraTaR 
TS!lKenbIMH neTy'IHMH MeTannaMH, nponycKanac& 'lepea Konouuy, co11eplKaawy10 
850 Kr aHHOH006MeHHOll CMOnb1.- AKTHBHOCTb cnottTSHH0ro 11eneHHSI o6paa
ll0B Ha6n1011anacb C n0M0WblO 11eTeKTOpOB MH0lKeCTB8HH0ll 3MHCCHH HellTpO
H0B. CKOpOCTb C'leTa cnollTaHH0r0 neneHHSI C0CTBBHna - 1/cyTKH llnR 20 Kr 
HaCblllleHH0ll CM0nbI H -5/cyTKH 11ng cyxux np0llYKT0B, nony'leHHblX npu 
CMblBe MHHepan&H0ll ¢paKUHH co 170 Kr CM0nbI. IlpHBOllSITCSI oueHKH aenu
'IHHbl ii, K0T0pble cne11y10T H3 pacnpe11enettHSI aaperHCTpHP0BaHHblX co6b!THll 
no KpaTHOCTSIM (ii ~2-4). IloKa3atto, 'IT0 B03M0lKH0CTb aarpS13HeHHSI o6paauoa 
uaoTonoM 252 cc Manoaep0RTHa. PaccMaTpuaaeTcg 061,gcueuue· tta6nronaawe-
rocg s¢¢eKTa cnouTaHHbIM 11eneuueM , . noaoro np11ponnoro nyKnuna, 
npuna11nelKa11lero K o6naCTH CBepXTS!lKenhIX sneMeHT0B. 

Pat5oTa BbmontteHa a na6opaTOpHH gnepHblX peaKllHll OIHll1. 

npenpeHT O61,enueeeeoro uHCTHTYTa gnepHbIX uccnenoaaeun. Ily6ua 1978 

Flerov G.N. et aL D7 - ll 724 

Results of the Searches for. Superheavy Nuclei 
in the Cheleken Penninsula Geothermal Waters 

The water rich in heavy volatile metals from the Cheleken 

~

nninsula hot springs was passed through a column containing 
0 kg of anion-exchange resin. The s,f. activity of the samples 
s measured by neutron multiplicity detectors. The counting rate 
spontaneous fission events was about 1 count per day for 20 kg 
saturated resin, and about 5 counts per day for the dry deposits 

tained by the elution of the mineral fraction from 170 kg of resin. 
l'he ii value estimates following from the multiplicity distribution of 
detected events are given to lie between 2 and 4, It il shown that 
the possibility of contamination of the samples with 

25 
CC is unlikely, 

The explanation of the observed effect as being due to the spon
taneous fission of a new naturally occurring isotope of a superheavy 
element is considered to be the most probable. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Oubna 1978 

© 1978 O6bellHHeHHblil HHCTHTYT 1111epHbIX HCCne110BBHHil Ily6Ha 

1. BBEJ(EHHE 

. 1 , 
He.uasuo HaMH B Bell(e.CTBe HeK0T0pblX MeTeopHT0B, 

0THOCHUIHXCH K KnaccaM yrnHCTbIX H HepaBH0BeCHblX X0H.U· 
pHTOB, 6brn o6uapy)f(eH paHee HeH3BeCTHhIH CII0HTaHH0 
.uenHUIHHCH HyKnu.u. Auanu3 peJynhTaT0B MHoroneTHHX 3K· 
crrepu~eHTOB II0 II0HCKY caepXT.Jl)f(enhIX 3neMeHT0B B rrpu
po.ue ·

2
- 6 H peJynhTaThl rrepBhlX 0IIhIT0B II0 XHMHlJ.eCK0· 

MY K0HQeHTpupoBaHHID 3T0ro HyKnu.ua 171 II03B0nHnH Bhl" 
CKaJaTh rrpe.urrono)f(eHHe o ero rrpuHa.une)f(H0CTH K o6nacTH 
caepxTH)f(enLIx 3neMeHTOB /CT3/. O.uHaKo .uanLHeiirnee 
HJ ytJ.euue ero caoiicTB Ja TPY.UHeHo HJ - Ja Manora KonutJ.ecT • 
Ba MeTe0pHTIIOro BemecTBa, .U0CTYilH0ro JtnH uccneJJ,oBaHHH. 

Ilpu pa6oTe C o6pa3QaMH MeTe0pHT0B BeC0M 0Kono 
'11 10 K2 y.uaaan0Ch perucTpllp0BaTh 1 

, IIPHMepHo 0JJ,H0 co-
6hlTHe CilOHTiHHoro .ueneHHH a He.uenm; a npo.uon)f(HTenh· 
HhIX 0ilhITax 6brno 3aperHCTpHpoBaH0 Bcero 42 co6hITHH. 
Ecnu rrepuo.u rronypacna.ua Hoaoro HyKnu.ua rrpe.nrrono)f(H· 
TenhH0 paBeH 109 .11em /3TO 6y.ueT no.upaJyMeBaThCH a.uanh· 
HeiirneM/' ero K0HQeHTpaQHH B MeTe0pHTH0M aemecTBe 
C0CTaBnHeT 1-10 14 

2/2, unu )Ke 2 .1010 aT0M0B B 0JJ,H0M 
KHnorpaMMe. 

)J.nH 6onee J{eTanbH0ro H3ytJ.eHHH CBOHCTB H0Boro HJ· 
nytJ.aTenB, BKnIDtJ.aH onpe.ueneHHe Il0PH.UK0Boro H0Mepa H 
Maccoaoro tJ.ncna, ueo6xo.uuMo nonytJ.eHue ero a JHatJ.HTenh· 
HO 6onhllIHX K0nHtJ.eCTBax H K0HQeHTPHP0BaHHe B o6pa3Qax 
He6onbllIOro Beca. C 3TOH uenhID HaMH 6bIJIH rrpe.unpHHHThl 
3KCnepHMeHThl no Il0HCKY H0B0ro HJnytJ.aTenH B MaTepuanax 
JeMHoro IIP0HCX0)f(.UeHHH. EcnH 3T0T HJnytJ.aTenh .ueiiCTBH· 
TenbH0 rrpuua.une)f(HT K o6nacTH CT3 H o6pa3oaancH npu 
HYKneoCHHTeJe 3neMeHT0B ConuetJ.HOH CHCTeMhl, TO cne-
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AYeT O)KHAaTh, qTo ero cpeAHHH pacnpocTpaHeHHOCTh B 

BeIQecTBe 3eMnn npnMepHo Ta )Ke, qTo n B MeTeopnTax 

THna yrJIHCThIX XOHAPHTOB. 

IIpeACI<a3aHHH xnMnqec1<nx ceoiicTB CT318 ,91 , K co

)KaneHn10, HeAOCTaToqHo HaA(~)KHhl, qT06hI MO)KHO 6Lmo 

C AOCTOBepHOCThlO yKa3aTh Ha PYAhI H MHHepaJihI, B I<OTo

phIX OHH AOJDKHhl KOHI.J;eHTpnpoBaThCH. OAHaKO, OCHOBhIBa

HCh Ha noJIO)KHTeJihHhIX pe3yJihTal'ax ynoMHHYThIX BhIWe 

3KcnepnMeHToe 171 no TepMoxpoMaTorpainqec1<0My H3Bne

qeHHIO HOBoro HYKJIHAa H3 Be~eCTBa MeTeopnTaAnneHAe 

H Ha npeACKa3aHHRX O cpaBHHTeJihHO BhICOKOH neTyqeCTH 

3JieMeHTOB C aTOMHhIMH HOli-{epaMH 108-116 B JJieMeHTap

HOM COCTOHHHH HJIH B BHAe OKHCJIOB H XJIOPHAOB, CJieAOBano 

o6paTHTh BHHMaHne Ha npnpOAHhie o6'heI<ThI, B KOTOPLIX 

OHH AOil)KHhl I<OHI.J;eHTPHPOBaThCH 6naroAapH 3TOMY CBOHCT

By. 

B HaCTOHIQeH pa6oTe B KaqeCTBe o6'heKTa AJIR noHCI<a 

H H3BJieqeHHH CT3 6Lma BhI6paHa BOAa reoTepMaJihHhlX 

HCToqHHI<0B nonyocTpoea qeJieKeH /roro;. BOCTOqHhIH Kac -

nnii/, 6oraTaH TH)KeJihIMH neTyqnMHMeTannaMH/CM. ma6A.l/, 
· /12/ 

KOTOphie, no cy~eCTBYIO~HM npeACTaBJieHHRM • BhIAe-

Jl0HIOTCH BMeCTe C APYrHMH neTyqnMH KOMnOHeHTaMH H3 

cpaBHHTeJihHO Mano AHi~epeHUHPOBaHHOrO Be~eCTBa MaH

THH. B 30Hax rny6HHHhIX pniTOBhlX pa3JIOMOB. 3eMHOH KOphI, 

. KOTOphie np~CJie)KeHhl Ha noJiyOCTpOBe qeJieKeH, 3TH JJie

MeHThl 3axea ThIBaIOTCH XJIOPHAHhIMH Ha Tpneeo-1<aJihUHe -

BhIMH pacconaMH. CoAep)KaHHe TH)KeJihIX neTyqnx MeTan

JIOB /Tannnii, CBHHeu /lo; / B BOAe qeneKeHCI<HX CKB8.)KHH 

npnMepHO B 100 pa3 6oJihWe, qeM B OKeaHCI<OH BOAe, npn 

o6~eii MHHepaJIH3aUHH CBhIWe 200 2/1<2, qTo B 10 pa3 

npeBhIWaeT KOHI.J;eHTpaunro coneii B OI<eaHCI<OH BOAe. Konn

qecTBO BOAhl, I<OTOpoe B npHHI.J;Hne cpaBHHTeJihHO nerI<o

MO)KeT 6hITh ncnOJih30BaHO AJIH H3BJieqeHHH CT3, COCTaB

JijfeT MHJIJIHOHhl 1<y60MeTpOB. 

IlpHHHMaH BO BHHMaHHe, qTo rnaBHhIMH MHHepaJihHhIMH 

KOMnOHeHTaMH qeneKeHCKHX pacCOJIOB HBJIHIOTCH COJIH iiaT

PHH, KaJihUHH H Apyrnx JJieMeHTOB nerqe )KeJie3a, . HaM 

npeACTaBJIHJIOCh uenecoo6pa3HhIM nonhITaThCH CI<OHI.J;eH

TpnpoeaTh TH)KeJihie 3JieMeHThl MeTOAOM HOH006MeHHOH 

xpoMaTorpainn, HanpaBJieHHOH Ha H3BJieqeHHe B03MO)KH0 

5 



Puc. 1. Cop61,1UOHHQJI 1(0/IOHKa Ha ycm,;e C1(6QJICUHbl. 

6 

I 
I 

6onee urnpoKoro Ha6opa ::rneMeHTon TH)Kenee )KeJie3a. OnhIT 

no H3BJietJ:eHHIO TH)KeJihIX 3JieMeHTOJ;l 113 tJ:eJieKeHCKOll BO.D,bl 

6bin npone.D,eH'' 111 C noMOIL\blO BIIIIIIJI•n11pH.D,HHOBOH aHHOHO· 

o6MeHHOH CMOJibI. 1Iepe 3 KOJIOHHY C 850 1(2 CMOJibI 6bmo 

nponyIL\eHO OKOJIO 2000 M
3

no.D,hl /CM. puc. 1/. 
Co.D,ep)KaHne p,i:.IJ.a 3JieMeHT0B -. -B ,.HllChIIL\eunoii: cMone 

onpe.D,emrnocb Heii:Tpomrn • aKT11nau;nonHhIM, penTreHocpmoo -

pecueHTHbIM H .D,pyrJIMH MeTO.D,aMH aHaJIH3a. B na6/I. 1 
npune.D,eHhl nonytJ:eHHble cpe.D,HHe KottuenTpau;u11 3JieMeHTOB 

n HCXO.D,HOM paccone 11 n nacbIIL\eHHOH CMOJie. OTMeTHM, 

lJ:TO KOJIH•1ecTBO )KeJie3a, UHHKa, TaJIJIHH H CBHIU~a. naii:.D,eH· 

uoe B CMOJie, COOTBeTCTBOBano noJIHOMY HX H3BJietJ:eHHJO 

ncero H3 50 M 3 BO.D,hI. 
- !I,' 

H3MepeHHH aKTHBHOCTH cnoHTaHHOro .D,eJieHHH B uacbl· 

me1rnoii: CMOJie 6bIJIH npone.D,eHhI C IIOMOll{bIO pa3BHThIX HaMH 

BhICOKOtJ:YBCTBHTeJibHbIX MeTO.D,HK. 

2. MET0/1,HKA 3KCIIEPHMEHTOB 

3KcriepHMeHTbI IlO HafinIO.D,eHHIO IIpHpO.D,HOrO 113JiytJ:aTenH 

npOBO.D,HJIHCh MeTO.D,OM perncTpau;uu MrHOBeHHhIX HeiiTpo-

110B CilOHTaJrnoro .D,eJieHHH. XapaKTepHCTHKH .D,eTeKTOpon, 

npuMeHHBUIIIX~H .D,JIH. perHCTpau;nu co6bITIIH MHO)KeCTBeJIHOH 

3MHCCHH ueii:TpOHOB, IIO.D,po6no om1caHhl pauee 11 ,21 ' II03 • 

TOMY Mhl JIHUib Koponco OCTaHOBHMCH Ha npnmume HX ,.D.eii

CTBHH H npnne.D,eM OCHOBHhie rrapaMeTphI. 

B 6noKe 3aMeJJ.JIHTeJIH /rrapacpnn nnn oprcTeKno/, n u;euT~ 

pe KOTOporo HaXOJ].HJICH ofrheM J].JIH IIOMell{eHHH HCCJieJ].yeMhlX 

o6pa3u;on, pacnonarannc1, rrporropu;H0Han1,n1,1e ctJ:eTtJ:HKH, ua

nonneHHhie 
3He npn JJ.annemrn 7 amM. HeiiTpou1,1, ncnymeu

Hhie H3 06pa3u;a, rrocne 3aMe.D.nemrn: c 6onh11IOii: nepoHTH0CThIO 

3axna ThIBaJIHCh HJ].paMH 3He , ·u B03HHKaBIIIHe 3apH)KeHHbie 

'IaCTHIJ;hl /npoTOH H TpHTOH/ perHCTpnponaJIHCh nponopu;uo

HaJihHhlMH CtJ:eTtJ:HKaMH. B uaCTOHll{eii pa6oTe HCnOJih30Ba· 

JIHCh J].Ba Heii:TpOHHblX .D,eTeKTOpa, HeCKOJihlCO OTJIHtJ:an

UIHeCH no. CBOHM rrapaMeTpaM. 8 OJ].HOM H3 HHX HaXOJ].HJIOCb 

54 CtJ:eTtJ:HKa, n MUKCHMaJibHaH nepOHTHOCTh perncTpau;nn 

Heii:TpOHOB npn lJ:YBCTBHTeJihHOM 061,eMe 6 JIHTPOB COCTan

JIHJia 58o/o. B .D,pyroM J].eTeKTope HaXOJ].HJIOCh 28 ClJeTtJ:HKOB, 

7 
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BeJIH'IHHa 'IYBCTBHTeJILHOro 06-LeMa COCTaBmma 10 JIHTPOB, 

MaKCHMaJILHa.ll BepO.llTHOCTb perHCTpauHH HeiiTpOHOB - 38o/o. 

XapaKTepHLIM npHJHaKOM CilOHTaHHOro ,neJieHH.ll B ,naH

HbIX yCJIOBH.llX .llBJI.llJIOCL Ha6mo,neHHe TaKHX co6LITHH, B Ko

TOpbIX nponopUHOHaJILHbIMH 3 He - C'leT'IHKaMH Ja onpe,neJieH

HbIH HHTepBaJI BpeMeHH perHCTPHPOBaJIOCL ,nBa, TPH HJIH 

6onee HeHTPOHOB. 3TOT HHTepBaJI 6LIJI Bb16paH paBHLIM 

250 MKC C y11eTOM Toro. o6CTO.llTeJILCTBa, 'ITO cpe,nHee 

BpeM.ll )KHJHH HeHTPOHOB B CHCTeMe ,neTeKTOpa COCTaBJI.ll

JIO 50-70 MKC. IIOHCK co6LITHH CilOHTaHHOro ,neJieHH.ll 

ocymecTBJI.llJIC.ll C IlOMOmLro cneuHaJILHOH 3JieKTpOHHOH cxe

Mbl, JanycK KOTopoii npoHcxo,nHJI BCHKHH paJ npH hoHBJie

HHH O.IJ;HHO'IHOro HMilYJILCa C mo6oro HJ 3He - C'leT'IHKOB. 

EcJIH nocne npHxo.na JanycKaromero cHrHaJia B Te11eHHe 

250 MKC Ha6mo,naJIC.ll O,IJ;HH, ,IJ;Ba HJIH 6onee Il0CJie,nyromHX 

HMilYJILCOB, npoHCX0.IJ;HJia perHCTpauHH TaKoro co6LITH.ll c 

yKaJaHHeM ero KpaTHOCTH /,nByXKpaTHOe, TpexKpaTHOe H 

T .,n./. liOJILWOe JHa'leHHe .IJ;JI.ll IlOBLIWeHH.ll. Ha,IJ;e)KHOCTH 

pa60Tbl ycTaHOBOK HMeJia JailHCL .IJ;JI.ll Ka)K,noro co6LITH.ll 

HHTepBaJIOB BpeMeHH Me)K,ny HMilYJILCaMH H HOMepoB C'leT

'IHKOB, B KOTOPLIX 6LIJIH JaperHCTpHpoBaHLI HeiiTpOHLI. 

,[J;JI.ll HCKJIIO'leHHH <l>oHa, BLIJLIBaeMoro KOCMH'leCKHMH 

Jiy'laMH, ycTaHOBKH IlOMemaJIHCL B COJIHHYIO waxTy Ha rny-

6HHY 1100 M BO.IJ;HOro 3KBHBaJieHTa. IIpH 3TOM HeiTpOHHLie 

,neTeKTOpbl 6LIJIH JamameHLI CHCTeMoi C'leT'IHKOB reiirepa

MIOJIJiepa, HMilYJILCLI KOTOPLIX 6JIOKHpOBaJIH perHCTpauHIO 

HeiiTpOHOB. O6mHi BH.IJ; ycTaHOBOK B COJI.llHOi ·rnaxTe, a TaK

)Ke .neTeKTop B npouecce c6opKH noKaJaHLI Ha puc. 2 H 3. 
B yKaJaHHbIX YCJIOBHHX C'leT O.IJ;HHO'IHLIX HMilYJILCOB, 

o6ycJIOBJieHHLii B OCHOBHOM aJIL<l>a-pacna,noM ypaHa H To

PH.ll, BXO,n.Hmax B MaTepHaJILI 
3
He -c11eT'IHKOB, COCTaBJI.llJI 

OKOJIO 50 1/"lac. O,nHaico y)Ke .IJ;JIH .IJ;BOHHLIX CJiyqaiHLIX 

COBna,neHHi YPOBCHL <l>oHa 6Lm HaCTOJILKO HHJKHM, 'ITO 

B Te'leHHe CTa cyTOK He 6LIJIO JaperHC.TPHPOBaHO HH o.n

Horo no.no6Horo co6LITHH. BBe,neHHe B 'IYBCTBHTeJILHbIH 

o6'LeM ,neTeKTOpa o6paJUOB, KOTOPLie HCCJie,noBaJIHCL B Ha

CTO.Hmei pa6oTe, npaKTH'ICCKH He IlPHBO.IJ;HJIO K yBeJIH'ICHHIO 

C'leTa O.IJ;HHO'IHLIX HMilYJILCOB. 

IIpH BLI6paHHOM MeTo,ne Ha6mo,neHHH CilOHTaHHOro .ne

JieHH.ll 3<l><l>eKTHBHOCTL ero perHCTpauHH JaBHCeJia OT cpe.n-· 
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Hero 'IHCJia MrHOBeHHLIX HeHTPOHOB ,neJieHH.ll "ii H COCTaB

JI.HJia OT 15-3Oo/o(ii',,.2) .no 2 5Oo/o(v> 4 ). TaKHM o6paJOM, 

npH HaJIH'IHH B 'IYBCTBHTCJILHOM o6°i.eMe 2-101° aTOMHLIX 

.H,nep, HCnLITLIBaIOIUHX cnOHTaHHOe ,neJieHHe C nepHO.IJ;OM 

nonypacna.na 1O9 Aem, cKopocTL c11eTa ,noJI)KHa 6LIJia co

cTaBJIHTL 5-10 co6LITHH B ro.n. ,[J;JI.ll o6paJUOB BeCOM 10 KZ 

3TO COOTBeTCTByeT KOHUeHTpauHH 10-15 rpaMMa Ha rpaMM. 

KaJIH6pOBKa annapaTypLI npOHJBO.IJ;HJiaCL c nOMOIULIO 

HCTO'IHHKOB cnOHTaHHOro ,neJieHH.ll 238 U ( 'ii ... 1,99 ), 
242 Pu (ii'-2,141) a 252 Cf( v "'3,756). ,[J;aHHLie KaJIH6pOBOK 

npe,ncTaBJieHLI a ma6A. 2. OtiH HaXO.IJ;.llTC.ll BO BJaHMHOM 

cornacHH ,npyr c ,npyroM. 

3. 3KCIIEPHMEHTAHbHblE PE3YHbTATbl 

IIepBa.ll cepHH HJMepeHHH 6Lma npoae,neHa c 9 KZ Ha

CL1meHHoii CMOJILI. B Te'leHHe 88- cyTO'IHOH 3KCnOJHUHH 

6LIJIO JaperHCTPHPOBaHO 42 co6LITH.ll, rJiaBHLIM o6paJOM 

.IJ;ByKpaTHLie H TpexKpaTHble /CM. ma6A. 2/. CKOPOCTL 

C'leTa, TaKHM o6paJOM, COCTaBHJia nO'ITH 0,5 I/cymKU 
H 6Lma B TpH paJa 60JILIIIe' 11eM npH HJMepeHH.llX C 06-

paJuaMH MeTeopHTOB /1/ 

Co.nep*aHii:e ypaHa B o6paJuax onpe,neJIHJIOCL Me To -

.IJ;OM aKTHBaUHH peJOHaHCHLIMH HeiiTpOHaMH B rpaqJHTOBOH 

npHJMe, B UCHTpe KOTOpoii HaXO.IJ;HJiaCL CHCTeMa HJ ypaHa 

H 6epHJIJIH.ll, 06ny11aeMa.ll TOPMOJHLIM H3Jiy'leHHeM MHKpo-

TpOHa C 3HeprHeii 3JieKTpOHOB 15 M3B. KoJIH'leCTBeHHOe 

onpe,neJieHHe KOHUeHTpaUHH ypaHa npoH3B0.IJ;HJIOCL no HH

TeHCHBHOCTH xapaKTepHLIX JIHHHi y-cneKTPOB ,nayx H3Jiy

'laTeJieii, 239 U /23,5 MUH/ H 239Np/2,35 OHJI/. B OT

,neJILHOM onLITe npOBO.IJ;HJIOCL BLI.IJ;eJieHHe 239 Np H3 npe,n

CTaBHTeJILHLIX o6paJUOB CMOJILI, 06ny11eHHLIX 60JILIIIHM no

TOKOM HeiTpOHOB B .H,nepHOM peaKTOpe. ,[J;JI.ll .nonOJIHHTeJIL -

Horo KOHTpOJI.ll noJiy'leHHLIX .naHHLIX npHMeH.llJIC.ll MeTo.n 

onpe,neJICHH.ll ypaHa no TpeKaM OCKOJIKOB BLIHY)IC.IJ;eHHOro 

,neJieHH.ll TenJIOBLIMH HCHTPOHaMH, KOTOPLie Ha6mo.naJIHCL 

C nOMOJULIO TBep,noTeJILHLIX ,neTeKTOPOB. 

IIo .naHHLIM aHaJIHJOB, npoae,neHHLIX paJJIH'IHLIMH Me

TO,IJ;aMH, 6LIJIO Ha,IJ;e)f('.HO ycTaHOBJieHO, 'ITO KOHUeHTpaUH.ll 
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Ta611ut1a 2 

Bee Bper.::1 f 
'ilICJIO COOUTl1l.l C Kl]UTl!OC'.'I,J•) ll 

Tim 06pa3eU 
BKcnepn- (Kr)( CYTI'JI) (%) n ... 2 n -3 n,.. 4 n-5 n---=ir 
MeHTa 

Ha6.IDO,Ite- IID.cumclillaJI 
mxe roe- cuo:m 
Tlllll!OCTll. ;,J;mepa.m,HasI 
lICC.'IO,eye-l'lpS.Kl.CUI ~ CULI
J.lllX 0~ Ta.'! co .1. 70Ia' 
pO.SUOD CUOJlll. 
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6 

cI>0HOBUe Eea o6pasua O 
nsuepe-

mm 
OprcTcMo IO 
Ii.Dapu IO 
Srumc:& - OJ:l!C!, I5 
:a:eJicaa *** 

238u 
242Pu 
238 U 
242 Pu 
252Cf* 
238 U 
252 Cf 
252[,f ** 

88 
IO 
7 
6 

IO 
IO 
20 
50 
70 

I6 

27 SI IO I 
38 28 I4 I 
40 23 9 3 

54 I7 6 2 

27 0 0 0 

40 0 0 0 

54 0 0 0 

38 0 0 0 
27 0 0 0 

27 0 0 0 

27 
27 
S8 
38 
28 
40 
40 
54 

26626 3085 220 
31251 4229 321 
19074 2989 246 
41522 8409 984 
77570 
121 
3200 
3967 

3329G 7961 
28 2 

1431 SS3 
2680 II59 

0 0 
0 I 
I 0 
I 0 

0 0 
·O 0 
0 0 
0 0 
0 0 

0 0 

23 0 
I4 l 
I2 0 

I05 I8 
i2s8 rso 

0 0 
64 7 

298 &1 

* libmO 3aperHCTpHpoBaHO TaIOKe 8 co6bITHH C KpaT· 

HOCTblO 7 H 1 co6hlTHe c KpaTHOCTblO 8. 

**libmO 3aperHCTpHpoBaHO TaIOKe 41 co6hlTHe C KpaT· 

HOCTblO 7 H 2 co6bITHJI c KpaTHOCTblO 8. 

*** XHMHqecKH qucThlH peaKTHB. 

12 

ypaHa B CMOJie COCTaBJIHJia /2-3/· 10-8 z/z, TO eCTb BBC· 
15 

cne,z:i;yeMOM 06pa3u;e co,z:i;ep)KaJIOCb OKOJIO 5 -10 aTOMOB 
238 U. IIo:noMy cl>oH OT CllOHTaHHOro ,z:i;eJieHHJI ypaHa He 

npeBbIWaJI O,IJ;HO co6hlTHe 3a BpeMH H3MepeHHH. 

B ,IJ;aJibHeiiweM 6hl.nH HaqaTbl OllbITbl no llOBbIWeHHIO 

. KOHD;eHTpau;HH o6Hap~eHHOH aKTHBHOCTH nyTeM CMbIBa 

pa3JIHqHbIX XHMHqecKHX 3JieMeHTOB C HaChliu;eHHOH CMOJibl. 

~JUI 3TOH u;eJIH 6hlJIO B3JITO 170 KZ HaCbIID;eHHOH CMOJibl, 

KOTOpaH npOMbIBanacb · nocne,z:i;oBaTeJibHO pa3JIHqHblMH 

3JIIOeHTaMu: Bo,z:i;oii, O,lM comrnoii KHCJIOToii H 2M pacTBO· 

paMH conaHoii, a30THOii H yKcycHoii KHCJIOT. /YcnoBHH 

3JIIOHpOBaHHH OTpa6aTbIBaJIHCb{npe,z:i;BapHTeJibHO C noMOID;blO 

pa,z:i;uoaKTHBHbIX HH,IJ;HKaTOPOB. IloKa3aHo, qTo ,IJ;JIH TJl)KeJibIX 

3JieMeHTOB ,Ko3cl>cl>uu;ueHT H3BJieqeHHH 6JIH30K K 9O0/o/. O6Iu;Hii 

o6'beM paCTBOpa nocne 3JIIOHPOBaHHJI cocniBHJI 2500 JIHTPOB. 

lfa paCTBopa Ka)K,IJ;Oro 3JIIOeHTa OCa)K,IJ;aJIHCb ru,z:i;pOOKHCH 

)KeJie3a H 3aTeM cl>occl>aT )KeJie3a. O6Iu;Hii Bee cyxux oca,z:i;· 

KOB COCTaBJIHJI -5 KZ. 

AKTHBHOCTb cnOHTaHHOrO ,z:i;eneHHH nonyqeHHbIX np·o

,IJ;YKTOB H3Mepanacb C nOMOID;blO HeiiTpOHHbIX ,z:i;eTeKTOPOB. 

CKOPOCTb cqeTa C06bITHH ,z:i;eneHHJI OT CYMMbl Bcex oca,z:i;

KOB COCTaBHJia B cpe,z:i;HeM 5 1/cymKU. 3TO COOTBeTCTByeT 

-5O0/o aKTHBHOCTH cnoHTaHHOrO ,z:i;eneHHH HCXO,IJ;HOH CMOJibl. 

llucna 3aperHCTPHPOBaHHbIX co6bITHH H HX pacnpe,z:i;eJieHHJI 

no KpaTHOCTH~ npHBe,IJ;eHbl B ma611. 2. 
lf3 pacnpe,z:i;eneHHH co6bITHii no KpaTHOCTHM, nonyqeH· 

HhlM npu pa3JIHqHhlX 3HaqeHHHX 3cl>cl>eKTHBHOcTH pericTpa· 

D;HH O,IJ;HHOqHbIX HeiiTpOHOB, MO)KHO ou;eHHTb cpe,z:i;Hee qucno 

MrHOB.eHHbIX HeiiTpOHOB i7' eCJIH npe,z:i;nOJIO)KHTb, qTo BeJIHqu

Ha v HMeeT HOpMaJILHOe pacnpe,z:i;eneHHe c onpe,z:i;eneHHoii 

,IJ;Hcnepcueii a2 . Ou;eHKa BenuqHHhl i7 B 3Hatii1TeJibHOH CT~:.:' 

neHH 3aBHCHT OT npe,z:i;noJIO)KeHHJI O 3HaqeHHH a2 H yBeJIH• 

quBaeTCH c yMeHbWeHHeM a 2 • Ilo HaWHM ou;eHKaM, npH 

a2.1,57 /li:3MepeHHoe 3HaqeHHe ,z:i;n,i: 252 cr / cpe,z:i;Hee quc· 

JIO HeiiTpOHOB Ha aKT ,z:i;eneHHJI ,IJ;JIJI H3JiyqaTeJIH, co,z:i;ep)Ka• 

Iu;eroc,i: B CMOJie, ii- 4. EcnH,O,IJ;HaKO, npe,z:i;noJIO)KHTb, tfTO 

a2 -2,6, Hau6onee BepoaTu:oii ou;eHKoii ,z:i;na v 6y,z:i;eT 2,5. 

Ha puc. 4 noKa3aHo pacnpe,z:i;eneHHe co6bITHii no KpaT· 

HOCTHM, nonyqeHHOe CYMMHPOBaHHeM pe3yJILTaTOB H3Mepe

HHH, BhlnOJIHeHHbIX npH pa3JIHqHbIX 3HaqeHHJIX 3cl>cl>eKTHBHO • 

CTH perHCTpau;HH O,IJ;HHOqHbIX HeiiTpOHOB / CM; ma611. 2/. 
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MH0)KeCTBeHH0CTh 

Puc. 4. PacnpeoeAeHue 3ape2ucmpupoaaHHblX co6b1muii no 
KpamHoCmJIM 0/IJI HaCbllJleHHOU CMO/lbl u npooy,cmoa CMbl8a 
co 170 1(2 CMO/lbl. lfepHble mo'IKU C yKa3aHHblMU cmamucmu
'leCKUMU owu6KaMu coomaemcmay10m pe3YAbmamaM, no/ly'leH" 
HblM CYMMUpoaaHUeM oaHHblX U3MepeHUU, 8bJnO/IHeHHblX npu 
pa3/IU'IHblX 3{fl(fleKmU8HOCmJIX pe2ucmpa1-1uu OOUHO'IHblX Heiim· 
pottoa I E = 27o/o; 3Bo/o; 40o/o u 54o/o/. Ha pucyHKe npuae· 
oeHbl maKJ/Ce pacnpeoeAeHUJI no ,cpamttocmJIM, coomaemcmai10· 
w,ue a_Ha/l02U'IHblM U3MepeHUJIM 0/IJI o6pa31J08 

23 
1J • 

246 Cm u 2 52 Cf, a maKJ/Ce O/IJI 2unomeiu..,ecKux U3Ay'lame· 
Aeii cnottmaHH020 i)e/leHWI C 'ii,. 5; a ""2 U C v = 2, 1; 
a2 .. 2, 6. PacnpeoeAeHue O/IJI 252 Cf co2AacyemcJ1 c oaw 
HblMU Ka/lu6p080K /cM. ma6/I. 2/. 

Ha JT0M )Ke pncyuKe noKa3aHhI pacnpeJJ,eneuttH no KpaT· 

H0CTHM, K0T0pbie JJ,0ll)KHbl 6hmH ua6moJJ,aThCH B TaKOH )Ke 

cepHH H3MepeHHH JJ,nH Cil0HTaHH0r0 JJ,eneHHH 
238 

U ,
246 

Cm H 

252cr a TaK)Ke JJ,nH rnnoTeTff<IeCKHX u3ny'laTeneii c v = 5, 
a 2 =2' H c i7 =2,1; a 2 = 2,6. 3KcnepnMeIITallhHhie pacnpe· 
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,, 
AeJieHHJI no KpaTHOCTJIM co6hITHii MaJIO OTJIH'laIOTCJI OT TO· 

ro, 'ITO CJieAyeT O)KHAaTL AJIJI 252cc. ,ll;JIJI 06'LJICHeHHJl 

Ha6moAaeMoro 34><lieKTa AOCTaTO'IHO AOnycTHTL npHMeCL 
252 Cf B KOJIH'leCTBe OAHOrO aTOMa Ha 5 Z'HaChlll,\eHHOH 

CMOJihl HJIH 2. 1O4 aTOMOB B OCaAKax, nony11eHHbIX B pe:ryn~
TaTe CMhIBa aKTHBHOCTH c 170 KZ CMOJihl • 

OTMeTHM, OAHaKO, 'ITO JIBJieHHe MHO)KeCTBeHHOii 3MHC· 

CHH He:iiTpOHOB Ha6moAaJIOCL B Tpex npo6ax CMOJihl, B_3JIThIX 

H3 pa3JIH'IHhIX 11acTe:ii KOJIOHHhl. Bo3MO)KHOe 3arpJI3HeHHe 

o6pa3noB H30TonaMH Pu , Cm , Cf , KOTOphle npHMeHJIJmCL 

B 3AaHHH Haweii na6opaTopHH B Ka'leCTBe nHKJIOTpOHHhIX 

MHWeHe:ii, KOHTPOJIHpOBaJIOCL nyTeM H3MepeHHJI aJIL~a-aK-
. f';,, 

THBHOCTH npo6. C 3TOii neJILID HaMH npoBOAHJIOCL XHMH'leC· 

KOe H3BJie'leHHe yKa3aHHhIX 3JieMeHTOB. AJIL~a- cneKTphl 

noJiy'leHHhIX npenapaTOB perHCTpHpOBaJIHCL C noMOU,\LIO 

KpeMHHeBLIX noBepxHOCTH0·6apLepHhIX AeTeKTOPOB. B yxa-

3aHHLIX YCJIOBHJIX npeACTaBJIJIJIOCL B03MO)KHhIM o6Hapy)Ke· 

HHe npHMeceii TeXHoreHHhIX TpaHcypaHOBLIX H30TOnOB, xa

paKTepH3YIOll\HXCJI OTHOWeHHeM BepoJITHOCTe:ii aJIL~a-pac,. 

naAa H cnOHTaHHOro AeJieHHJI :::: 200. 'Y'IHThIBaJI, 'ITO B 

xpa:iiHe M cny11ae OTHOWeHHe 'IHCJia anLilia • pacnaAOB K 'IHCJIY 

cnOHTaHHhIX AeJieHHii B 3THX MHWeHJIX 6LIJIO He HH)Ke 105 ' 

MO)KHO YCTaHOBHTL npeAeJI YPOBHJI itioHa, o6ycJIOBJieHHOro 

AaHHLIM HCTO'IHHKOM 3arpJI3HeHH:ii: He 6onee OAHOro ~ene

HHJI B 20 CYTOK AJIJI BCex o6pa3noB, npem:TaBJieHHhIX B 

ma6/l. 2. 3TO 03Ha'laeT' 'ITO C'leT OT AaHHOro HCTO'IHHKa iiioHa 

6hIJI 6onee 'leM B 100 pa3 HH)Ke, 11eM TOT, KOTOphlii Ha6mo

AaJICJI Ha onLITe. )];JIJI CMeCH TeXHOreHHhIX TpaHcypaHOBLIX 

H30TOnOB, KOTOpLie MOrJIH nonacTL B qeJieKeHCKYIO BOAY C aT· 

MocitiepHLIMH OCaAKaMH, 3TOT npeAeJI Ha TPH nopJIAKa HH)Ke. 

OAHaKO HeJIL3JI C'IHTaTL HCKJilO'leHHOii noJIHOCTLIOB03· 

MO)KHOCTL 061.JICHeHHJI Ha6JI10AaBwerocJ1 3iliilieKTa cnoHTaH· 

Horo AeJieHHH qpe3Bhl'laiiHO MaJioii npHMeCLIO 'IHCToro H30· 

Tona 
252 er . .D;e:iiCTBHTeJit.HO, OTHOWeHHe BepO,HTHOCTeii aJIL • 

ilia-pacnaAa H cnoHTaHHOro. AeJieHHH AJIJI 3TOrO H30TOna 

paBHO .. 30 H HaXOAHTCH HH)Ke yKa3aHHOro npeAeJia o6Hapy

~e2"H'1. HecMoTpJI Ha To, 'ITO OTKphITLie 'IHCThle npenapaThl 

er B noMell,\eHHH Hame:ii Jia6opaTOPHH HHKOrAa He npu

MeHHJIHCL, CJieAyeT npHHHMaTL BO BHHMaHHe BQ3MO)Kff0CTL 

BHeceHHJI TaKoro 3arp'13HeHHJI H3 noCTOPOHHHX HCTO'IHHKOB. 

15 



•~---------- ---·-······ 

252 B03MO:>KHhie 3arpH3HeHHH H30TOnOM Cf J].OIDKHhl TIIJ;a-
TenhHO paccMaTpHBaThC.ll BCeMll 3KCnep11MeHTaTopaMI1, KO
TOphie HaMepeHhl npoBOJ].HTh pa60Thl no IlOHCKaM II KOHIJ;eH
TpHpoaaHHIO CilOHTaHHO .n.emnn;IIXCH caepxTH>KenhIX 3neMeH
TOD. 

4. OECY)KJ{BHHB PB3YJibTATOB 

TaKHM o6pa30M, H3 aceii COBOKYilHOCTll nony'-leHHhlX 
.n.aHHhix cne.n.yeT; '-ITO a 11ccne.n.oaamrnii HaMII reoTepManh -
Hoii ao.n.e nonyocTpoaa qeneKeH, KaK n a 11ccne.n.oaannmxc.H 
paHee MeTeopHTax, o6Hapy)KeHa aKTIIDHOCTb CilOHTaHHoro 
.n.ene1m.a, BO MHOro pa3 npeDhIWaroma,i: aKTHBHOCTh cnoH
TaHHoro .n.eneHHH ypaHa. 

Pe3ynhTaThl MHOrux TIUaTenbHhlX 3KcnepHMeHTOB, npo
ae.n.eHHhIX pauee C uenhIO IlOHCKOB CT3, Il03B0IlHIOT HCKnro
'-IHTh npe.n.nono:>KeHue o nponcxo)K.n.emrn ua6nro.n.aeMoro 3qi
qieKTa 3a cqeT pa.n.uoaKTHBHoro pacna.n.a KaKoro-nn6o 1130-
Tona OJ].HOfO H3 H3BeCTHhIX 3neMeHTOB /H30Mepu,i: unu 
3ana3.n.i.rnaromee .n.enenue/. )].eiicTBHTenhHO, a npouecce 
IlOHCKOB CT3I2 -{,/ npe.n.npHHHManHCb IlOilhITKH Ha6nro.n.eHH.H 

pe.IJ.KHX co6hlTHH cnoHTaHIIOrO .u.eneumi: B uenoM p».n.e 06-
pa3u·oa;. 06orameHHhIX nna THHOBhIMH MeTannaMH, T H:>KenhIMH 
3neMeHTaMH OT ·PTYTH J].O DHCMyTa, peJ].KHMH 3eMnHMH, 
a TaK:>Ke PH.IJ.OM 6onee nerKHX 3neMeHTOB. B OJ].H0M H3 
3KcnepuMeHTOB 121 , HanpuMep, naMH uccne.n.oaanuch o6-
pa3UhI CBHHIJ;a DeCOM J].O 100 KZ. B 3THX 3KCnepHMeHTax, 
npoBeJ].eHHhIX IlPH BhICOKOM ypoane qyBCTBHTenhH0CTH .n.n,i: 
o6pa3IJ;OB, co.n.epx<aBWHX yKa3aHHhie 3neMeHThl B Ka'-leCTDe 
rnaBHhIX KOMilOHeHT, 6binll nony'-leHhl OTpuua TenhHbie pe-
3ynhTa Thl. 

Ilo naweMy MHeHHIO,. cnoHTaHH0 .n.en,i:muiicH HyKnHJ]., 
o6napy>KeHHhlH a rH.n.poTepMax qeneKena, TaK >Ke KaK H 
uyKnn.n., ua6mo.n.aawHiic.n paHeeI1I B MeTeopuTax, np1ma.n.
ne:>KHT K o6nacTn CT3. Mw C'-IHTaeM Heo6xo.n.HMhIM npo
aecTu .n.ononHnTenhHhle 11 eme 6onee TIUaTenhHhie qJH3H
qecKne H XHMH'-leCKHe 3KCnepnMeHThl .n.m1 nony'-leHH.H .n.a11-
HhIX O TaKHX xapaKTepHCTHKax HOBoro HyKnn.n.a, KaK ero 
nop.HJ].KOBhlH HOMep, Maccoaoe '-IHCno II oco6eHHOCTH CilOH
Tamrnro .n.enemrn. 
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HecMoTp» Ha Man1,1e KOHUeHTpan;nn :noro HYKnn.n.a 
/3. 10·

14 
z/z. a Hac1,1meHHoii cMone n a -15 pa3 6on1,we 

B oca.n.Kax, nonyqeHHblX OT CMbIBa c · 170 KZ CMOJibI/, npe.n.
CTaan»eTCH B03MO)KHI,IM npoaecTH 3TH 3KcnepnMeHTb1 C npn
MeHeHHeM BhlCOKO'IYBCTBHTeJibHbIX MeTOJ].OB, a TaJOKe on
pe.n.eJIHTb HeKoTopwe ero XHMH'leCKHe CBOHCTBa. 3To no-
3BOJIHT' KaK MLI Ha.n.eeMcH, npoBOJ].HTb pa6oTy no ero 
H3Bne11eHnro c 6on1,we:ii 3q>q>eKTHBHocr1,10 n H36npaTen1,
HocT1,10. 

ABTop1,1 BLipa)KaJOT CBOJO HCKpeHHIOIO npH3HaTeJibHOCTb . 
3a none3Hble H CTHMy.Jinpyromne .Il.HCKYCCHH npoqi. JI.M.Jle-
6e.n.eay, pe3yJILTaTw MHorone-funx nccne.n.onattn:ii K0Toporo 
C 11eneKeHCJ<:HMH reoTepMaJibHbIMH HCT0'IHHKaMH Il03B0JIHJIH 
CKOHIJ;eHTPHPOBaTb YCHJIH.H Ha 3T0M 0frheKTe; _O.KoHCTaHTH
HecKy, M.KOHCTaHTHHeCKy, A.A.n.aMeKy, npHHHMaBWHM Y'-lac
THe B H3Y11eHHH CBOHCTB HaCLIIUeHHOH CMOJibl; E.Jl.)Kypaa
neao:ii, B.II.Ilepen1,1rntty, JI.Il.Kyn1,Knttoii 3a n0M0IUL B npo
Be.n.ettnn attann3oa 06pa3n;oa. AnTopL1 6naro.n.ap.11T JI.B.Ilaw
Kean11, npoae.n.wyro pa6oTy no HanncattHIO attrnniicKoro 
aapnattTa HacTo»me:ii cTaTLH. 
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