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irUJtrY11r Jf~epHbiX UCC.Ife~06aHUU ,[ly6Ha 

BBE,llEHHE 

TeopeTHqec~Hi ~HanH3 ca~icTB oqeHb TH~enwx Hnep 
IIpHBOnHT K BbiBOnY 0 cymecTBOBaHHH o6naCTH CpBBHHTenbHO 
nonro~HBYIUHX H30TOIIOB a6nH3H naa~n&I MarHqecKoro Hnpa 
"298 . 114, KOTOPYIO HHorna· Ha3biBaiOT "OCTpOBOM CTa6Hnb· 
HOCTH". TaKoi BbiBOn cnenyeT H 3 !IJyHnaMeHTanhHbiX rrpe.r( • 
CTaBneHHi 0 BnHHHHH o6onoqet{HbiX 'J!IJ!IJeKTOB Ha ycTofiqH· 
BOCTb Hnep OTHOCHTenbHO CII()HTaHHOrO .neneHHH H non· 
TBep~naeTCH MHOroqHcneHHbiMH TeopeTHt{eCKHMH pa6oTaMH, 
rrocaHmeHHhiMH JToi rrpo6neMe /1-3 I. . · 

OnHaKo rrpH pacqeTax· KOHKpeTHhiX caoicTB caepXTH· 
~enhiX Hnep BO:iHHKaiOT 6onbiiiHe TpynHOCTH, KOTOpbie npe~
ne acero cBH3aH&i c HeorrpeneneHHOCThiO B ou;eHKax apeMeH 
~H3HH. oTHOCHTen&Ho crroHTaHHoro nenenHH ( T CJJ. ), H~;tH· 
6onee rronHhiMH no HacToHmero apeMeHH HBnHIOTCH pacqeThi 
BpeMeH . ~H3HH CBepXTH~enbiX Hnep' C 104 S Z · :5 130 
H 172 ~ N ::; 191; a&monHeHH&Ie ct>ai3eTOM H HHKCOM 14~ 
TipHBeneHHoe B JToi pa6oTe 3HiqeHHe· TcJJ. ·nnH naa~nw 
MarHqecKoro Hnpa ' 298 11.4 · cocTaBnHeT 10 19 ± 10 

neT. 
Bec&Ma · cno~eH ,a on poe o rrepcrreKTHBHOCTH pa3nHt{HhiX 

rryTei HC~yc_c.TB:HH. oro cHHTe3a caepxTH~en&IX Hnep. OnHHr.: ~~-·. 
H3 TaKHX ·rryTeH MO~eT . HBHTbCH HCIIOnh30BaHHe peaKIJ;HH · 
IIOnHoro CnHHHHH Hnep MHIIIeHH H TH~enbiX HOHOB · C o6pa:-
30BaHHeM' B036y~neHHoro·cocTaBHoro Hnpa Ii: rrocnenyro
IUHM HcnapeHHeM HefiTpOHOB. · B peaKUHHX .TaKoro THIIa . 
c HOHaMH oT B no Ne 6~;mo ycrremHo cHHTe3HpoaaHo 
6onee naanu;aTH H30TOIIOB JneMeHTOB 102·105. C pOCTOM 
aTOMHOrO ~OMepa COCTaBHOrO Hnpa KOHKypeHIJ;HH neneHHH 
C HCIIapeHHeM HefiTpOHOB CTaHOBHTCH 6onee CHnhHOfi, t{TO 
IIpHBOnHT ~ 3·Haq~Tenh.HOMY yMe~biiieHHIO ceqeHHfi o6pa3o· 
BaHHH TpaHc!IJep:Mri:eahiX Hnep. 3TO o6CTOHT.enbCTBO nenaeT 
ac·e · 6onee cno~Hoi 3anaqy i:iocnenoaaTenL.Horo CHHTe3a 
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HOBLIX 3JieMeHTOB. 0.n:HaKO . CHTyaU:HH MO)KeT 6LITL 6orree 
6m1rorrpHHTHOH, eCJIH o6pa3yiOIU:eecH rrpH IIOnHOM CJIHHHHH 
COCTaBHOe H.D:PO OKa3Liaae·TCH JJ:OCTaT01JHO 6JIH3KO pacrro
JIO)KeHHLI~ K .n:eHTPY !'ocTpoaa cTa6nrrLHOCTH". ITo .n:a.HHLIM 
MopeTTO /S/cni6urrn3upyroi.Qee .n:eiicTane o6orroqeK coxpa~ 
HHeTCH BIIJIOTL JJ:O 3HeprHH B036Y)KJJ:eHHH - 30 M3B H,. 
eCJIH :iueprHH B036Y)KJJ:eHHH COCTaBHOrO HJJ:pa He rrpeBLIWaeT 
CYI.QeCTBeHHO 3TOH BeJIH1JHHLI, TO. MO)KHO Ha.D:eJITLCH Ha 
.D:OCTaT01JHO 60JILWHe Ce1JeHHH o6pa30BaHHH CBepXTH)KeJILIX 
a.n:ep /.no 10 ~30 eM 2 I /tS/. .• 

01JeBHJJ:HLIH H~.ll:OCTaTOK MeTO.D:a CHHTe3a CBepXTH)KeJILIX 
HJJ:ep B peaKU:HHX IIOIIHoro CJIHHHHH·cocTOHT, o.n:uaKo, B TOM, 
1JTO .. IIpOJJ:YKTLI TaKHX peil.KU:HH Beer .n:a HBJIHIOTCH HeHTpo
HOJJ:eliJHU:HTHLIMH. TaK, uau6orree TH)KeJILie CHHTe3upoaaHHLie 
H30TOIILI 104.-ro H 105-'ro 3JieMeHTOB. OTCTOHT OT JIHHHH 
,B-cTa6nrrLHOCTH ua 10-15. ueiiTPOHOB. Hau6orree Y~Toii-
1JHBLIH· H30TOII 298J14 /n:eHTp "OCTpOBa :CTa6HJILHOCTH"/ 
.D:OJI)KeH 6LITL (3 - CTa6HJILHLIM H He MO)KeT 6LITL llOJiy1JeH 
3THM MeTOJJ:OM B JII06LIX peaJILHLIX KOM6HHaU:HHX MHWeHL
qacTnn:a. B . .TaKoii CHTyan:uu nepcrreKTHBHOCTL peaKU:HH 
IIOJIHOrO CJIHHHHH orrpe.n:errHeTCH B03MO)KHOCTLID IIOJiy1JeHHH 
HJJ:ep, .D:OCTaT01JHO 6JIH3KHX K . .D:Ba)K.IJ:LI MarH1JeCKOMY 298 114. 
06oJI01JeqHLie 3dJdJeKTLI B. TaKHX Hi:J;pax MOryT 6LITL JJ:OCTa
T01JHO CHJILHLIMH; -~IT06bi o6ecrre1JHTL IIOBLIWeimyro YCTOH.,. 
1JHBOCTL·OTHOCHTeJILHO CIIOHTaHHOrO .n:erreHHH H 3aMeTHyiO 
aerruquuy ce:qeHHH o6pa3oaamiH. ·. · 

. 06mi.cTI:. · H,nep a6rriJ:3H Z = 114 ·u N = J 84, no .n:aHHLIM 
<l>aii3eTa. H HnKca, npe.n:cTaarreua. Ha puc. 1. Puc. 2 .n:aeT 
rrpe,nCTaBJieHHe. 0 · .n:edJopMaU:HH · "OCTpOBa. CTa6HJILHOCTH", 
KOTOpaH npOHCXO.D:HT, •eCJIH pacqeTHLie 3Ha1JeHHH BpeMeH 
)KH3HH OTHOCHTeJILHO crroHTaHHoro .n:erreHHH yMeHLWHTL B 
10 10 pa3. BorrpocLI CHHTe3a ·caepXTH)KeJILIX H,nep B pea:K
U:HHX llOJIHOrO CJIHHHHH 06CY)KJJ:aJIHCL B pH,ne TeopeTH1JeCKHX 
pa6oT /6,7/ • 3Kcrrepu~eHTaJILHO uccrre.n:osarrncL peaKU:HH 
c uonaMH ·· Ar, Zn u K.r .• · . PaccMoTpHM KpaTKo pe3yrrL-: 
TaTLI 3THX 3KCIIepHMeHTOB. 

B 1967 . r •. TOMIICOH ;H .n:p. /B/ HCIIOJIL30B~nif: 'pe'aKU:HIO' 

248 c~ + ~OAr ~:c: ueJILIO cuu:re 3a CBepxT H)KeJIL~X H,!J;ep c . Tt;,> 
> 10 9 ·ceK •. liLma rrorryqeua aepXIiHH rpauuu:a ceqemnr 

·o6pa3oBaHHH CBepXTH)KeJILIX HJJ:ep 10 - 32. . CM 2 • llpu 
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Puc. 1. 06rracTL IIOBbiWeHHOH Y~TOH1JHBOCTH csepxTH)KeJILIX 
JI,iiep B6JIH3H Z ::=. 11'4 H './{ = -{84 no' ,naRHLIM pa6oTLtf4/.Tou
KHMR JIRHRJIMR IIOKalaHO IIOJIO)KeHRe _H30T'oiiOB C yKa3aHHLIMR 
ua pucyHKe ·'.rrepno.rtaMH : norrypacnrt.na fa ro.U.ax/. IIpepLI
BHCTLIMH JIHHHHMH _pa3rpaHI{1JeHLf,:y,qaCTKH, B Ka)K.IJ:OM H3'' 
KOTOPLIX npeo6na,ilaeT orrpe.zieneHHLIH :THll pa,nnoaKTHBHOrO 
pacna.n:a I a ·f3 'nrrH. ·c.n. ~ CIIOHJaHiioe''.nerreHHel. CHMBOria
MH IIOKa3aHO ·'IIOJIO)KeHHe COCntBHLIX H,ne"p, o6pa3yiOJUHXCH 
a .'peaKU:HHX 23.2Th + 7~ Ge .· n 2:J.8u + · · 76ae . ( • ::) ; 
238u + 68 Zn 8 243 Am + 68zn ( A ) ; 208pb + 84Kr n 

232rh + 84Kr (x) ; .24,8Cm+ 40Ar (.• ) • B KaqecTBe npHMepa 
B03MO)KHOH 3Boinon:iiu cocTaBHLix· H,nep B · p5afU:HHX Ta~oro 

: THIIa: cTperrKaMH rroKa3aH pacna.n H.npa . 
0 122, o6pa3o

aaawerocH npn CJIHHHHH , 232Th H · 76Ge: IIocrre. ucrrapeHHH. 
4 Heii'ipoHOB H 6-TH .nocrre.n:'osa-ferii.iiLIX. aKTOB .a· -pacna.n:a 
u K:~3axaaTa': no'· 11.n::Po'· npespaiUathc'H ·a ,:H3i:>Ton 288112 , ' 
Ko"fop~iii riorr)K-eH ·.n:enu~Lc~;cnoii1'a!!,H~.· c; :T y, -1 qac:· ~~·_,, · · · 

' ~- -- . ; " . . ._ . ~ . ·. ' . .. . ~ - - ·- . . ' . ~ -

·.-i 

s.~ 



HCIIapeHHH 3-5 HeiiTpOHOB H3 COCTaBHOrO .H,npa 288114 .IJ:OJDK
Hbi o6pa30BaTbCH H30TOIIbi, y,naJieHHble Ha 13-15 HeHTpOHOB 
oT uenTpa "ocTpoBa cTa6nnLlioc-fn'', n nXrrepno,nLI 11onypac-
11a,na MOryT 6biTb MHOro MEiHbllle' 10-9 CeK, KaK 3TO BH.IJ:HO 
H3 pnc. 2. . . . . 

· B 1970-72 r.r.. B Opc3 11pe,n11pnnn:Manncb IIOIIbiTKH 
clinTe3a cBepxTH)KeJILIX H,nep B peaKuniix c noHaMn Kr • 
Mnlllenn H3 Pb , -Th ; n U ·o6ny.'laJIHCb nonaMn 84 Kr c 
3Heprneii "' 500 M3·B • .[(ocTnrnyThiH B 3THX 3·KcllepnMeH~ 
J:aX llpe,neJI 'IYBCTIJHTeJibHO.CTH COOTBeTCTBOBaJI Bepxneii 

cao . 
!l 
0 

l· 
~· 
~ 

...:;,.. 

·fZ6 

120 

{f/i 

108 

172. . 11& Ill! 190 

· {,luC/10 . HeumpoHo~ 

Pnc. 2. 06nacTL. IIOBLimennoii ycToiiqnaocTn cBepx"I;H{KeJILix 
H,nep B6JIH3H Z = 114 H 'N :;= 184 110 ,naHHbiM pa60Tbif4/.fipn- . 
Be,neHHLie B 3Toii pa6oTe 3naqennH 11epno,noB 11onypac11a,na 
OTHOCHTeJibHO CIIOHTaHHOrO ,neJieHHH yMeHbllleHbl Ha ciJaKTOp 
1010. 06o3naqennH Te )Ke, 'ITO n na pnc. L 
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rpannue ceqennH' o6pa3o:BaH:n11 .5.10:30 eM 2 11pn r·~ > 
> 10-7 ceK 19~ Cne,nyeT oTMeTHTh,. 'ITO 11po,nyKThi peaKunii 
C . HOHaMH KpHIITOHa TaK)Ke, 110-BH.IJ:HMOMy, He.IJ:OCTaTO'IHO 
6Ji:Ji:3KH · :K ueiiTpy · "ocTpoBa cTa6nrrLiiocTn'' n MriryT .iiM:eTL 
11epno,i(LI ll'onypac11a,nEt :Men blue 10 -·7 I eM:. pnc: 2/. · ·· · · 

Ollpe.nerienHLiii nnrepec · c noii To<u(n 3pennH 11pe,ncTa~ 
JIHIDT ·peaKUHH ·c 'noH:aMn Zn 238 U+66zn n 243 .Am -1-68 Zn :io-· 

. ' . ' ~' 
TOpbie ,naioT B03MO)KHOCTb CHHTe3HpOBaTb: . .fl,npa,. 6_onee 
'6nn3KHe K 29~ 114r: O,nnaK<? n TaKne 3KCIIepnMeHThi, necMoTpH 
Ha 6onee BbiCO~yio, 'leM B OllbiTax C HOHaMH Kr, 'IYBCTBH-· 
1-eni>nocl-i>; ne IIPHBenn K IIOJIO)KHTeJibHhiM pe3yJILTaTaM /10/. 
BepxnHH rpannua ceqennH o6pa3oBaHHH cBepxTH)KeJILIX H,ne'p 
B . peaKUHHX C HOHEi.MH. Zn . COC.TaBJIHeT 5.10 - 32.CM 2 • 

AnariH3HPYH cBoiicTsa cBepxTH)KeJILix H;:J:ep c y<IeToM 
,nocTyrrHLIX · KoM6nH:aunii · MHIIleliL-qacT.Hua, CsueuKnii 
llpnJti_en' K BblBO.IJ:Y, 'ITO pe'aKJlHH 23 2 Tb' ~ . : 6 Ge HBJI.HeTCH, 
B03Mo>Kiro, nan6onee 11epc11eKTHBIIO~ /11 (. B pa6oTe CB.H~· 
TeuKoro n Uanra '/6'/ c.nenan BhiBo,n, 'ITO ceqeJiile o6pa'3o':Ba
H.HH ca~pxTH)Keni;I~ '· Hnei. a peaKun.Hx · · Th + :ae· · Mo)KeT 
cocTaBJIHTb. ·10 - 30 eM .· .• TaKoe 3Ha<Ienne cne.ziyeT, · llo
BH.D:HMOMy, paccM.~Tpn'saT~ I<aK BepXHHH ~pe,nen BCJie,ncTBHe. · 
HeOIIpe,neJieHHOCTH. BOUeHKe HeKOT.OpbDC qJaKTOpOB~ KOTOpbie 
MOryT CHJibHO IIOHH3H.Tb sen'n•!Jiny Ce'leHHH /3HeprHH B03-
6y)J(,neHHH coc'faBHOro .. Hnpa, . BJIHHHHe BH.3KOCTH Ji.Jiepnoro 

· BemecTBa/. C noii TO'IKH 3peimH o6~nM·-:-Ji ilail6onee 
. cymec'i'BeHHbiM ·_ae.nocTaT~OM 3,KC·II·epnMe'lnoB c: HOHaMH Ar ' 
zn'· ':H Kr :Hsn.HeTCH HX. Mana.H 'IYBCTBHTeJihHOCTb. . .. · .·· ··. 

'. • ' . • •j •" ·: 

.[(n11 llpOBe,neHHH 3KCIIepHMeHTOB 110 CHHTe3y . CBepx·-
1 T.ft)f(eJibiX· .H,nep B 'peaKUHHX C HOHaMH repMaHH.Ii 6biJI C03,nan 
ClleUHaJibHbiH · llmi3MeHHhiH HCTO'IHHK HOHOB, 1103 BOJIHIOiuHH 
pa6oTaTb · c T:Bep,nhndli MaTepnanaMn. ·C TaKiiM ncTo'lnnkoM 
OCYJUeCTBiiHJIOC:6 YCKOpeHHe HOHOB J;"epMaHHH Ha TaH,neM
UHKJIOTpOiJ:e 'OHJIH. · ·libiJI IIOJiyqen BHyTpeHHHH IIY'IOK YCKO:-· 
peHHbiX HOHOB C·HHTeHCHBHOCTbiD ,no 10 l1 '1/CeKH 3Heprneii 
600- M3B · ( ~6Ge)'n 620 M3B :( 74Ge) na: MaKcnMaJILHOM
pa,nnyce.: · un:KnoTpona Y -'200 /BTopriii ·cTyrrenn Tan,neM
UHKJIOTpona/. 3To···no3BOJIIlJiO: npoBO.IJ:HTh: 3KCIIe<pnMeHTLI 110· 
CHHTe 3Y CBepXT JI)KeJibiX' .11,nep. C 'IYBCTBHTeJibHOCTbiO. ,no· 
10:-35 CM -2 .; 
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·: · Han6onee 3clJ<beKTHBHLI,M cnoco6oM oGHapy)l(eHnH.caeyx
TH)I(enhlx H.IJ.ep, o6pa3yromnxcH B. peaKUHHX c noHaMn 7 Ge 
n· · . 76 'Ge~, ,HBnHe:icH pernc:rpaunH aKTOB cnoHramioro :.ne.Jie
HHH. IloKa3amihiii Ha · pnc. 1 ~npnMep pacna.ria n3oTona 

< • • .l : 

304 . . - 232 . 76 . 
. 122, o6pa3yromerocH B · peaKunn ..... ·. Th( 'Ge, 4n) ,HBnH-

e:rcH .zioc:ra:roqHo ·:rnnnq~hiM ·.nnH npo.nyKTOB peaKunii ( Ge, xn) 
n· fGe, axn) B .naHHoii o6nac:rn H,nep. l13o:ron 3 0 4122 ;::(on)l(eH 
IiMeTh cpaaHn:renhHO 6onbluoe · apeMH )I(HJHH o:rHocn:renhHO· 
cnoHTaHHoro .neneHHH /T -"' 10 10 ceK/ n aeci.:Ma Manoe <. 
o:rHocn:renhHO a -'pacna.na / Ta "'10 -s ceK/. Ilocne cepnn . 
a -pacna.noa cn:ryaunH .nomtma H3MeHHThCH, nocKonhKY na-. 
pH,ny. c yaennqeHHeM Ta YM€HbiiiaiOTC~ apeMeH_a." )I(n3HJ:I 
OTHocn:renhHO · 3neK:rpoHHoro· Jaxaa:ra n cnoii:raHHoro .nene
H~H .. B 'H36paHHOM mi.MH K~HKpeTHOM cnyqa~ nocne.[(~:Ba
:re.ilhHOCTb. aKTOB a ~pac·na,na H-. 3'm!KTPCHIHOrO ,. 3axa'a:ra 
npn:Bo.nn:r .K '11,npy :Z88 112, i<o:ropoe · .non)I(HO licnhiT~ma·Th 
cnon:raH~~e .nene_Hne f 'rYl ~ 1 qat. AHanornqHaHcnrya~nH 
nM~e:r Mec:ro npn pacna.ne ,npyrnx nepBHl{HhiX' npo,nyK:roa 
'peaKUHH no:rmor,o CHIUIHH~ 232''Th c HOHaMn 74 Ge H 76 Ge npn' 
n·cnapeHim 2,3 u 4- xHeii:rpoHoa. AnL<lJa- pacrra.n Jiit.ep 302-306122 : 
npilao.nlii :B KoHeqHoM cqere k cnoHTaHHo' .nen}l:mnMcJi · 
HyKnn.naM c • rrepno.naMn nonypac~a.na oT i ceK .no 1 ro.n.a. 
IIonpMy · 3Kciiepn:MeHranhiiaH M:e:ro.nn~a-.nomima no3BO~H'J;h . . . ' . . ' - .. -- . 
c MaKCHManhHoii qyac':ran:renhHOCThiO pernc:rpnpo:Ba:rh. cnoH.-
TaJIHOe ,neneHne H.30T<lnOB C Bpe~eHaMH )l(ll3H~ B TaKOM 
.nnana3oHe. .; . -. 

. YKa3aHHhiH: .nnana30H nccne.noaancH c·.IIBYMH Me:ro.naMH .. 
Q,nnH. H3 HHX 6bin. paccqn:raH Ha- nOHCKH cpaBHHTenhHO 
.nonro)I(HBymnx ,nJo:ronoa. caepxnl)l(enhiX JneMeHTOB c TY:l. 
OT·. HecKonhKHX. qacoa .no 1 r,o.na, B:rophiM MeTo,IJ.oM npoao
.nnnnch :noncKn nJo:ronoa c .. T Y2 ,_o:r; necKonhKHX, Mnnnuce
KYH.D. .; .no •.. 1-2 .nHeii. CneunanhHhiMH:. 3KcnepnMeHTaMH 6hlno 
noKaJaiio, _q:ro no:reHunanhHhle .nc:roqHn~n clJoiia He,npenHT"" 
CTByiOT . 06Hap~eHJ!JO C~epXT,H~enhiX H,nep, ()6pa3yiO~HXCH 
B p_eaKUHHX. c .ceqenn.eM c'ahlrne JO -3,~· c~,2 ~- . 

IIoncKH. . .nonro)l(n_symnx H3o:r.orroa o_cy~ec:ranHnnch .npn 
o6nyqeHnn· .:roncThlx Mnrneneii:. n3 Me:ran.irnqecKor:o :ropnH 
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/30 MKM/nonaMn· 14·Ge ll:. 76 Ge c wiKcnManLHoii 3Heprneii. 
TaKnM o6pa3oM ncnonhJoaancH aech .nnanaJoH 3Heprnii 
HOHOB, B KOTOpOM npOHCXO.IIHHO H,nepHOe B3aHMO,neiicTBHe 
TOpHH II repMaHHH. . ... 7 

'. . 

lJ:ro6bi H36e)l(aTb · TIOTepb ca'epXTH)I(eHbiX npoftyKTOB a·· 
npouecce o6nyqeHHH II3- Ja Harpe Ba II pa,nnaUIIOHHhiX no: . .: 
ape)I(.IieHIIii, 61>mn · · npii:H~Tbi Mephi .nnH Ha,ne)I(Horo oxna)l(
~eHnH MIIIIIeHeii. TeMnepa:rypa MIIIUeHeii B n'pou:ecce o6ny- . 
qeHHH He npeBbiiUana 60 ° C. IlOCKOHhKY<lJH3HKO-XIIMHiiecKIIe 
CBOHCTBa. CBepXTH)I(enhiX 3HeMeHTOB' Heii3BeCTHhl; a HeKO-:
TOphie aa:rophi npe.ric:l\a3hiBaro:r nx noBhiiiieHHYIO ne:ry<i:ecTh 112~ 
npoao.nnniich cne~nan_hHhie onbiThr, a·Ko:rophiX II3MepHncH. 
o:rHocn:renhHhiii _'ablxon _IIJo:ronoa Ac, · Ra II Rn. B 3.TIIX 
orrhi:rax Me:rannnq~cKne :ropiieable 'qionhrH 66nyqannch paJ
nnqHhiMn no aemi:quHe II nnoTHOC~II HIITerpanbHhiMH noTOKa~ 
MH HOHOB repMaHHH. 0THOCHT.enhHhiH BhiXO)J; II30TOnOB·Ac, 
Ra -II Rn oc:raaancH ITPII 3T

1

0M HeH3MeHHhiM. -
.B 3KCnep1I,MelJTaX ~0 CIIHTe3y .· CBepXTH)I(e~bi?C H,nep 

HHTerpanhHhiH nOTOK IIOHOB Ha TOHCTbie TOpHeBbie MHIIIeHII 
COCTaBIIIT 2,7~10 IS IIOHOa·74 Ge H -2,4.10 15-IIOH.OB. 76_Ge. 
IIoc;.e· o6nyqeHnH :ropneBhie MIIIIIeHn npoKa:rhmaniich '.no 
:ronmiliihi .'r-:2 . M:i<M · n. Ja:reM rroMeii.(aniich a :~oHiai<-r· cO' 
cTeKHHHHhiMII .. ,ne:r·eKTOpaMH OCKOHKOB .neJieHHH C o6enx 
c:ropoH, q:ro noJaonu,no,pernc:rpnpoaa:rh o6a .oc:KoJiKa a Ka)l(
.noM a:Kr~ · .nenen'HH.' 3<b$eK:rnimoc~h. pernc:rpau:IIn: o.cKoJ;_I:Kba 
coc:raamma .900/o. BcH rrpou:e.nypa .OT .KOHIJ:a o6nyqeHni . .no.' 

· ~aqan<l: 3~Cn!J31Ulii~ 3aHHMana; ~-.6 ;~mcoa~, ,
1

, •. · ... _ . _ .. , 

3a BpeMH , 3Kcn03HUHH, KQTOpoe COCl;aBHHHO. · .- JOQ 
,nHeii .zi:rrH MIIIIIeueii:; o6ny4:emihix HOHaMII ' 74 Ge_II· 76 .Ge'" 

'.;-· _, • ~ . • : . • . <. . • Jo - ••• ·-.-- ~ • • 

6hmo. Japernc:rpnpoaaHo . .acero :TI>!I aK:ra cnoH:raHHoro· .Ite
neHnH.. 113 . HHX .nna . aK:ra 6-bmii, ,Jap~rnc:rpnpoBaHhi 

· ·c .. MIIIIIeHhro, . o6ny':leHij:oii ,noHa_MII. ?4 Ge. C,:rom. -HH3-
Knii ypoBeHb; JclJ<lJeKTa U03BOHHeT .yc_TaHOB~Tb.HHIIIb Bepx; 

HIOIO rpaHnuy ceqeHIIH o6paJoaaHIIH .nonro)I(IIBYlUIIX caepx:rw< 
)l(enhiX .H:U,ep a peaKUHHX 232Th + 7 4Ge Ii. 2~2 Th+76 Ge, Ko:r.opaH 
COCTaBnHeT < 10-.34 CM.2. •> • ••• • •• ·.• ; ·:.. . • ,_ • 

• -~. CxeMaTn:qecKnii an.n ycipoiicr~a .nnH nonc:Koa ·Kopo:rKo
)I(HByru;ux :caepXT.H)I(enhix· H.IIep noKa3aH Ha·piic.: 3. IIpo,nyKThi 
peaKUHH' nonHoro CHIIHHIIH- H.IIep 'T~pnH II repMaHHH Bhi61IBa ,., 
nnch'; __ Ii3 MnrneHn· ·:romuiiHpii 5. Mr/cM 2 --II. nona.nami Ha 

·. · .. g 
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PHc. 3. CxeMa 'perHcTpaulfH Kop(nl<o:>KHBYIUHX cnoHiaHHo 
,IJ;en.JIIUHXC.JI npO,IJ;YI<TOB peilKUHii: 1 .. _ ny'IOK: HOHOB 'Ge ; ' 
2 ,- cllonhra HJ THTaHa; .3 - BO,IJ;HHoe oxna:>K,IJ;eHHe; 4 - spa-. 
IUaJOIUHHC.JI ,IJ;HCK -. c6opHHK npO,ll;Y;KTOB .JI,IJ;epHbiX peal<UHH; 
5 ;. ,IJ;eTeKTOpbl OCKOnKOB ,IJ;eneHlfH; 6 ·-. MHWeHb (232Th,. ZJ!U), 

o: . '': - • - . • t 

c6opiiHI< - apamaromHiicH .IlHCK c ao,IJ;HHbiM oxna:>K,IJ;eHHeM, 
KOTOpbiH nepeHOCHn. HX 'K ":ne·TeKTopaM .. QCKOnKOB ,l:(eneHH$1. 
B Ka'lecTae .neTeKTopoa ocKoni<o·a Hcnonb'3oaa.i~acb noniiMe'p~ 
Ha.JI nneHI<a /naacaH/. IlpH MaKcHManbHoii.ci<opoc1-8 aparile
HHH ,IJ;_HCKa 400 oG/MHH MQ)l<HO. ObinO. perilcTpHpOBa Tb CUOH
TaliHcie .neneHHe c 'ne'pJid.riaMH :n:onypacrra.na: cabrwe 5 M.c.ei<. 

. 3HeprHH'HOHOB; 6oM6ap.IlHPYIOIUHX .MHWeHb,'BapLH-· 
poaanacb· c rioMOIUbiD nornoTHTeneii HJ THTaHa, 'a Tai<:>Ke 
nyTeM b:epeMeiUeHHH no pa,IJ;Hycy UHKnOTpOHa. Ilpooer i:.::Bepx ;:· 
T.JI)I{enblx ·npo,IJ;yKTOB peai<UHH Th + Ge npH :meprHH HOHOB 
500 . M3B • ,IJ;on:>KeH .: coc:raanHTb B. a.riroMHHHH · npHMepHo !. 
l:O MKM/13/.' CTonh 6onbma.JI• n)nmHH:a· cno.JI· npen.JITCTByeT.: 
perHcTpaUHH ocKonKoB ,IJ;eneHHH. IIo:rroMy ,IJ;HcK~ c6opHHK : 
6LIJI .HJroToaneH B. BH,IJ;e ycetieHHoro KOHyca ·c yrnoM ·npH . 

' 0 

. OCHOBaHHH 12 ,·Tal< 'ITO H,ll;pa -. npo,IJ;yKTbl peaKUHH nonHOrO. 
· CnH.JIHH.JI B6HBanHCb B<C60pHHK HaKnOHHO K llOBepXHOCTH Ha · 
rny6HHY He· 6onee. 2 MKM. <llOH OT pacceHHHbiXJIOHOB repMa.,. 

10 I 
I' 

. HHH HCKJIIO'IaJIC.R:. cneuHanLHbiM p(;!:>KHMOM TpaaneHHH npH 
o6pa6oTI<e . naacaHa .. ·rronHaH . 3~dJeirHBHOCTb peracTpaUHH 
ai<TOB cnoHTaHHoro .rie.rieiiHH. cocTaBnHna - 50o/o. . . . . 

EbiJIH. npoae:neHbi TnH
2
. cepna o6nv'leHHii, · B I<orop:bix 

. . ,• . . . 23 74 232~ 76 238 . 7'6 
accne,IJ;oaanacb p~aKUHH, Th_+ Ge, Th+ Ge, U. + 'Ge. 
IlOCI<OnbKY 'caepXTH:>Ken'bie .SI.i(pa Mor:yi'. o6pa30BbiBaTbC.SI 
B. peaKUHHX pa3nH'IHOro THna: ('Ge, xn) '('Ge,a xn) H T.,IJ;., 
H3MepeHH.SI, ITPOBO,llHnHCb B •WHpOKOM ,IJ;HanaJOHe 3HeprHii 
HO~OB. -.. OT MaKCHMan~HOH ,IJ;O 3HeprHH, 6nH3KOH I<YnOHOB
C~OMY 6apbepy •. · : .. ·· . ,. . . :. ., . 

. HH B O,IJ;HOM H3 o6ny'leHHH B yi<aJaHHbiX KOMQHHaUH.SIX 
• • ,_- "' •• : ~ • ' • • • < • •• ' J 

MHWeHb·'laCTHUa He y,IJ;anocb Japex:-acTpapoaaTb ai<Tbi cnoH-
TaHHoro ,IJ;en~HHH. YcnoaH:H 3K~nepa:Meinoa a onpe,IJ;eneH:H:bre 
npa 3TOM BepXHHe npe,IJ;.enbl Ce'leHHH o6pa~OBaHHH CBepx
T.SI:>KenbiX H,IJ;ep npe,IJ;cTaaneHbl B. :ra6naue. 

- ' . :- . I . ' .. 
-OECY)f(,l(EHHE 

. Coaoi<yriHoCTb 3I<cnepHMeHTanbHbiX pe JynhTaToB, npe,IJ;
cTaaneHHbiX B ,IJ;aHH:oii pa6oTe, oJmi.qae:r, 'ITO ce~eHHe o6-
,pa3 OBaHH.SI . -~BepXT H:>KenbiX .. H,ll;ep B pea~UHHX 232Th :t- 74 Ge H 
. 232Th / 6 'Ge He npeBbiiiiaeT. 10..:...14 · cM2, ecna a:£ apeMeHa 
::>KH3HH HaXO,IJ;.SITCH B ,IJ;HanaJOHe OT 5 MCeK ,IJ;O 1 :ro,tia. TaKaH 
rpaHHUa B 10 2-105 pa3. HH:>Ke 3Ha'leHHH~ ,IJ;OCTHrHyTbiX 
B 6onee. paHHHX nonbiTI<ax CHHTe,Ja caepxTH:>KenbiX H,IJ;ep, 
H B 10 4 pa3 HH:>Ke . BenH'IHHbl, nonyqeHHOH B.OUeHI<aX 
Ca.neu:Koro a U:aHra. · Peai<uaa Th + Ge . HBnHIOTc.SI Haa-
6onee nepcri'ei<THBiibiM.H C, TO'IKH 3peH~H np:H6riH:>KeHHH. I('" 

ueHT.py "ocTpoaa CTa6HnbHOCTH". ·_-Il03TOMY cne.ziyeT 6onee 
. •j •• ., ; "·, ;; 

,IJ;eTanbHO npoaHanaJapo~aTb nony'I\!HHb~e peJynh!aTbi: 

Kai< y:>Ke oTMetiano'cb, ocHoaiian 1-py,IJ;HocTb a pacqeTax 
BpeMeH :>KH3HH CBepXTH:>KenbiX H,ll;ep CBH3aHa C yqeTOM ponH 
cnoHTaHHoro ',IJ;eneHH.SI. B'pa6oTe <llaiiJeTa H HHI<Ca~Heonpe~ 
,IJ;eneHHOCTb paC'IeTHbiX 3Ha'leHHH napuaanbHbiX BpeMeH :>KHJ• 
HH OTHOcH:renbHO CllOHTaHHOro ,IJ;e.rieHHH(T .c~ ) 'a-pacna,IJ;a ~ 
CTa)~ 3nei<1JlOHiio'ro 3axaan1'(7l83 ) oueHHBaeTcH !lJai<TopaMH 

10,10 , 103. H 10 ~2 coo:raeTcnieHHO I 4/ .Ilpa o6ny'leHHH 
23Jriz.aoHa~a74ae a . 'i6 'Ge. npo,IJ;yi<TaMH · peai<UHii nonHoro 
CnH.SIHHH C HCnapeHHeM 2-4 HeHTpOHOB HBnHIOTC.SI H30TOllbl 

.·u 



3o2:..3o6 i22'~: KoTppi.ie .n:omKiihl ucnhiThiBaTh a -pa~cna.Ic·c:· 
nepno.tta:Mli IJOn.ypacna.rla H)-:s - ·I 0-4 ce:K. · BpeMe:Ha :>KH3HH< 
CITOHni.HHO ;lenHIIiHXCH H.VKJlHllOB, o6pa:hio~HXCH B pe3ynh
TaTe a ;. pacna)ia H..n:ep3_02- 306 122 ,· BapbupyroTcH·B .n:nima3oue 

\ oT: I ceR: .n:o f ro.n:a. EcnH: y:M:euhiiiHTh pac<i:erui.u~ 3HaqeunH 
. 10 . . '.. 302 306 . . 

TcAB IO -· pa3, To·u3oTorri.I - 122 ue H3MeiiHT cBoux 
c~oiicTB, · noc:Konhi<Y .n:n11 uux·T I tcA<<~o-~'b~uaKo ,D,oqep!me· 
ripo.n:yKrhi · ux pacna.n:a' ·fiy.n:y-T ~ JTOM cnyqae · ucnhiThiBaTh . 
CITOHTaHHOe . .tte.JieHHe c BpeMemiMH :>KH3HH OT I MCeK .U:O 
I02 ceK. Mccne.n:oBaHHhiii B ua111ux JKcnepn~eurax .riuaria3ou 
coo'I'BeTcTByeT mipuo.n:aM nonypa.'cnA.n:a oT 5 Mcei< .no I ro.na 
u TaimM o6pa3oM ocuoBHaH Iieonpe:Ueneuuocih a· 3HaqeunHx' 
Bp~MeH :>KH3HH no .UaHJihiM cllaii3eTa H HHKca npaKTHqecKH 
ucKnio~•iae·TcH. · · . · ' ,. 

PaccMoTpHM Teneph B·onpocht, Bo3unKarottilie npu ·oueul<e 
ceqeHHH o6pa30BaHHH cBepXTH:>KenhiX H)lep .B peaKl(HHX" .'. 
nonuoro. cnHHHHH. Ero Benuquua onpe.n:enHeTCH .U:BYMH oc- · 
uoBHhiMH <lJaKTopaMn: ceiieimeM o6pa3oaauu11 ao36y:>K,neuuoro 
COCTaBHOfO H.n:pa·u KOHKypeHUHeH ,neneHHH H' HcnapeHHH 
IieiiTpoHOB B npol(ecce· ero pa3pH.n:Kn>Mcnonh3yeM:'o6hiqHoe 
BbipameHHe . .nnH· ceqeHHH o6pa3 OBaHHH npOJIYKTOB peai<unii. 
rtonHO~O cn~HHHH c HcnapeHHeM X HeiiTpOHoB'B HecKOllbKO 
ynpomeHHOM aH:.n:e: . . X • • • . ' • 

.. . rn . ·. 
a ..;.ac fl (----)f,'· 
... • 1=1 .. r 1 --

}·, 

3.ri~~i> ~ic -'ce_ireHJ:ie o6p~3oaa!i_HH cocT~imoro·H:ziP.{l-'_cJ{>ie"': 
TOM Kpu~uqecKoro. yrno~oro MoM:eHTa;· a tbaKTop1~[ -rfJ 1 ._ •. 

yqHTbiBaeT KOHKypeHUHIO . .n:eneHHH H HcnapeHHH HeHTpOHOB. 
· 'B o6nacin ue.ilenHmu_xcH H:nu cria6o:.nenHI.UHXcH n.nep, 

npif. rn~ rt ; a .:... ~ c ·. .;, ~I 0 -25 eM. 2 '. qTo 6binO noKa,38.HO 
B . 3!(c'iiej:rH:MeHTax . c HOHaMH .. Kr .. i X e 'annoTL . no' A c _; 

;2oolz~.-zy_*. B- J•6nac!u . ..nenHuiuxcn H~~P..ITPH.~ lr1 ~,J.tbaK-
. .. .x. :'rn, ... , ·. .-... _. : .. . ... , . . ·'· . _,. i· ,.. . ... .-'"'-

Top }11 rt }f «,.J: H a << . ac, _B!dec:re C TeM, :Ka1C fihiriO 

·rro~~3~-iio,a. p~6~TJ~(1 6! i~/qp~·.'A':~?-2oo ~ .48->~4~- ~o3~~~~-~ 
• ~ • ~ ,.... • •• : .... , ••• -. ' ' ... "

0
• c.,_,~ .,__ ":'""• . ,. - . < • • •• •. \- ..... - • , - : t .- ' ' -

HO yMeHbiiieHue··. cetJeHHH~"o6pa3otiaHHH . cocTaauoro ·H.npa · 
··;;.,~~-~:......~ .... - .. ~- . . . -~~- - ... - ·'· . 

. 'tijJ1 c\. - . Maccoaoe qncn._o. COCT8.BHqro H.IJ;pa 'a~ p-e~KUHH 
nomto'ro crtHHHHH. A0 - Maccoaoe qucno. 6oM6ap.nupyromux·· 
TH:>KenbiX HOHOB. ·-.. 

. , 
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acne.ncTBHe yMeHbiiieHHH Kp'u'J'uqecKoro ·yrnoaoro MOMeHTa 
H3:.;. 3a 6onbiiiOH .zienHl'.~OCTH, . a . TaK:>Ke' BnHHHHH BH3KOCTH 
H.n:epuoro · _BemecTBa~ HaM npe.ncra-BnHeTcH, o.nuaKo, qTo 

ManaH. BellHlJHHa ~eqeHHH ofipaJOBaHHH cBepXTHJKenbiX H,nep 
onpe,nenHeTcH rnaBHbiM .. o6pa30M KOHI('ypeHl(Heii ,nemiHHH 
u·. ucnapeHHH ~eiiTpouoa. Ba,KueiiiiiHM tllainopoM npu · !1io:M 
'HBnHeTCH 3HeprHH B030y:>K,neHHH cocT~lBHOro H,npa .E*. 

Cornacuo oueui<aM CBHTel(Ko.ro u ijaura, aenuqu:Ha 

X r. ~ 
.TI ( -"-) 1 cocTaBnHeT npnMepuo IO npu 3Hepruu Bo3-
J=1 r1. 

6y~.neHHH cocTaauoro HJipa 308122 40 MJB, qTo npuao,nuT 
K ceqeHHIO o6pa30BaHHH caepXTH:>KenhiX H,nep B peaKl(HH 
(23 2Th + 76 Ge) IO ~0cM216 • .1Jnonue .nonycTHM:oe yMeHbiiieHmf 

BhiCOThi 6apbepoa .nenemi11 caepxTH:>Keni.Ix 11,nep 'ua. 2 M3B 
/qTo npuMepuo cooTBeTcn~yeT aae.n:eunro ~aKTopa I010 npu 
Ol(eHKe apeMeir :>KH3HH 7!c.n I noHH:>KaeT :ny aenuquuy .no 
I0-5. O.tiHaKo H3 conocTaBneHHH pacqeTHhl~ .naHHbiX 0 6apb
epax .neneHHH 118 I H. JKcnepnMeHTanhHO H3MepeHHhiX · 
ceqeHHH peaKl(HH nonuoro cnHHHHH I 19~ 20/. B o6nacTH 
3neMeHTOB · IOO-I05 cne.n:ye.T, qTo ~ennqnua .E/ .In_); 
.IJ;Oll:>KHa fihiTb eme MeHbiiie. . . . 1 :- rf 

. 3KcnepHMeHTanbHhie .IJ;aHHbie ITO-H3yqeHHIO.IIOpOra CllHH
HHH B peaKl(HH 232 'Th+ 74Ge ITOKaJbiBaiOT, <ITo MHHHManhHaH 
3HeprHH B036y:>K)leHHH COCTaBHOrO .. H,npa 306122. npeBbiiiiaeT 
40 M3B liz I. · BM:ecTe c T,e:M. HJBecTHO, qTo c pocTOM 
3HeprHH B03 fiy:>K.IJ;eHHH BllHHHHe oficinoqeK fihiCTpO. yMeHh- . 
IIIaeTcH _H npuE*·> 30 M3B npa-Kni:qecKH OTCYTCTByeTisl. 
ilOCKOllhKY 6apbep .n:eneHHH CTOnh TH:>KenbiX H,nep, KaK 306J22, 
nenuKoM onpe.nenHeTcH o6onoqequoii non.paaKoii K JH.eprull 
.neciJopMal(HH 11,npa, 3TO o6cTOHTenhcTBo .non:>KHO · npuao:nnTh 
K cymecTBeHHOMY yMeHbllleHHIO rn I n ;_fl. 'cne.noaaTenbHO, 
H yMeHbllleHHIO ceqeHHH o6pa30BaHHH CBepXTH:>KellblX H.IJ;ep. 
· .TaKHM o6pa3oM,' ceqeHiie o6pa3oaaun11 caepxTH:>Keni.IX 
H,n.ep B peaKl(HHX Th + 'Ge . MO:>KeT OKa3aTbCH- · MeHhiiie 
I0~4 cM 2 u JTO no,nTBep:>K.n:ae'I'cH ripe,ncTaaneHHhiMH 3,nech 
JKcnepnMeHTanhHhiMH .naliHhiMH. ·B .n:anhHeiiiiie·M .nn11 cuuTe3a 
CBepXTH:>KenbiX H,nep ITpHHl(HITHanbHO Ba:>KHO ITOBbiuieHHe qya- . 
CTBHTenbHOCTH 3KcnepHM(mTOB, qTo CBH3aHO c cymeCTBeH

.HbiM yaenH<{eHHeM HH-ieHCHBiiocTH .nyqKa TH:>KenbiX, HOHOB. 
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AaTophi npn3HaTenhHhi B.CmiTeUKOMY 3a nnTepecHhie 
H · none3Hbie .. ,IJ;HCKYCCHH ·ITO· ITOBO,ny CBOHCTB H CHHTe3a 
caepxnr>KenhiX- H,nep. Mbi 6naro.napH.hi O.A.OpnoaciH:', 
JI.H.ronqapoay, H.A.,llannnoay, H.K.CKo6eneay, 1i .B .III:H· 
noay H B.A.IUeroneay 3a ITOMOIUh B I.IPOBe,neHHH 3KCnepn· 
MeHToB; H.A.llienaeay n rpynne 3KcnnyaTaunn ycKopnTeneH: 
3a pa3pa6oTKY MeTo.na ycKopeimH Iionoa repMaHnH-11 o6ec· 
neqeiJne pa6oThi Tan,neM·ycKopnTenH ao apeMH npoae,neHHH. . . ~ ' . 
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Jlumepamypa 
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PyKonUCb no~mynuAa e u3cSameAbCKUii ollioeA 
16 aezycma.J973 zooa. 

Ta6JIWJa 

PeaKnHR J!Hana30H aHeprHH HOHOB BepxHSI!I rpaamta 
B3aHl!O.Ite~CTBYillllHX ' ceqel!MSI (cu2) 

cTh., U .(!.13B B JI~c.) 

. ,. 
370 - 430 . 2.I0...;34 

... 

2:12-h 11~G · I + e 390 - 450 I.I0-~4 

420 - 480 2.ro-34 · 

l~O - 460 . r~ro-34. 

2J2Tit+ 76Ge 460 - 520 I.Io..-34 

'51;0 ...:· 570 5.Io.:.,35 

530 - 590 2.l:o-34 

'·"-

430 - 490 J.ro-33 

238U+ 76Ge 5IO - 570 r.w-34 
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