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Pa6oTa BmronHeHa B Ja6opaTopHH H,ZtepHwc npo6ne11 

06,;~a:enoro HHCTHTyTa H,ZtepHWC HCCne;zi:oBaHKii. 

Hayqmnt PYKOBO;zi:IIITem;: R8H;zi:H;zi:aT qJH811fR0-118Te■a'l.'llqecmtX: H8YR 

it.l!YJITSM. 

CltpHD;K8JI1,BH8 OmIOH8HTI,I: ;zi:oRTOP q>HSHRO-ll~Te11amqecRJ11X H8YR 

ll.II~IICIIOB, 

;zi:OK!rap (pl!8HKO-ll8Te11amqeCKHX H8YR 

P~H~SYJffiKAPHEEB. 

Be:ztYDtee HaytIHo-nccne;zi:oBaTem:.cKoe yqpez;zi:emre: HHCTHTyT 

aToeott 8Heprn111 HM. H.B~KypqaToBa, MOCKBa. 

AB!rapeq>epa!' pasocnaH · " 11 I978 r. 

88Jl!l[T8 ,ll;JICCepTSD;Kllf COCTOHCH n Jt I978 r. Ha sace-

,ll;8HHH Cnen;aanHSllfp0B8HHOro YqeHoro COBeTa np111 Ja6opaTOPHllf 

QepHiiX npo6ne■ arum, .l!y6Ha, MoCKOBCRott 06nacT111. 

C ,ll;HCCepTaD;Kel IIOllltHO 08H8~01fflTI>CH B 61116mt0Texe OOHH. 

YqeHIDi cexpeTapb CoBeTS 

KaH;zi:K.ll:ST (pl!SH1t0-11aTe11amqec.mtX: RSYK ll.A.EATYCOB. 
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IIocno OOTSHOBKH B Be~eoTB8 OTPHU8T8nbHHll MD-11880H 88XBSTH

BS8!CH H8 STOIIHYD op6HTy C 6om;lllllH SHaqe:imeM rnaBHOrO KB8HTOBOro 

ucna n, o6pasyn 118808TOH /I/. SaTeld llllOH, ITYT8U OEe- Ill pa;zi:111a

u;JOHlllllC nepexo;zi:ol! ;no,c_mraeT HDHDit 118808TOIIHYD op611Ty IS , 

O'flt1,lt8 8SDS'fll888!tCH HOUHWI HJ!iPOU no peaKD;Klf /'- + _(Zrl./) ~ 

- ('zl-1 1 /V+1)+ v H:llllf pa·ona;naeroH Ha sneKTpoH, HehpuHo H 

8HffH8~Tpl!HO. Snepl'lffl BOS6yQOHJIH 06paaOBBl!1l!Orocn H;n;pa 

cootaBnHOT 15 + 20 MsB, qTo ;zi:ocTaToqHo ;nnH nocne;zi:ylll{ero ;zi:enem1n 

Qpa. iteneHHe npn STOii nponcxo;nHT o sanas;zi:W3aime11 no OTHomeHHD 

K 110118HTy o6paaOBSHRH JlllOHHOro 8TOIIS C xapaKT8pHlill Bpeueneu 

DBmt OTp:lUl8TOJU,HOro IIOOH8 HO Hl[llltHOii op6ne IS Jl8808TOll8 ( aa

nas;zi:ID!81ltl8C ~exeDe). 

~8CTBOB8mt8 6espa;nHB:qlOHHl:IX nepexo;zi:OD B THllltOllllX 118808TOU8X 

6uno npcAc;msoHo 1unopoH 121 n TeopefflqacKH paBpa6oTaHo 

Sapeium!l II HoBHO:EHll 131. IIepnoe oxonepmieRT8JII,HOO HB6JIX¥t8HHC 

a®cK~3 6WIO o;zi:enano D'I%0 ro.zty rpynnoll B.ll.IIOHTOKOPBO / 4/. 

IIpa 6espa;i:tnOnHOHHOH nepexo.zte BM80YO uonycKSHHfl H880p8HfiOHOBCKOro 

msnyqoimn npoucxo,lll'IT nonocpe.zto!rlleHHan nepe;zi:aqa sHeprnn H.Z!PY, 

npuno;zi:n ero B nos6Yl'J(ennoo coo!ronmr.o.IIocxoney 2p-Is nepexo.zt 

HBIDlC?CH on~xTp:;:.qecmt].(llnon~Hl:W, uo:no ronopn!r!, o ~ou,. qTo 

<SespaJv.ta~onnoo B086y:]tCHH8 OTOllUOro _ H.?tPO BHO.lIOrll'lHO _ ~anonbHOU'J 

norJIOl!,OIUID 1lOHOBROPl'8Til'I8CKOro ane1trpOY8l'BIITBOro H8JlytI8ImlI. 
. .. 

8HOpNlI 2p-!s nepexo;nn ,lt.llfi ;lt8nHJ10IXOH H;zi:Op llOCKOJII,KO ITp8BHll!QG~ 

6 l!lD _" 'll~O np:IBO,ltra' K <Sos~E'.8~0ltHO!JY ~~on.m lIJlll, KOH npilllf15:0. . 

o6wmo rOBOpll'lD, K lll'HOBOHHOJIY ,lt8Jlflml!) t.lTOUUOro H,Zlp{l. 

G~1,-:,m:t~i. r.;:~ 

l'!i;.tptW =Jll!;i.~ 

EJE:,:;mitOTEKA 



B nocne.ZJ:mte rom1 B omrn chma nocTaBneHa cepmr 3KcnepmrnHTOB 

/S ,6 , 7 I no l!.3Y'-lem!IO ]leJiemm pa anwrnux THl!Cenux H]lep 0TpunaTeJir,

H11Mu MJOOHaWI, npuqe1.1 ocHOBHoe BHUMaHue 6uno o6pameHo Ha nponecc 

6eapa,llUa~OHHOro B036Yl!(.ZJ:6Hllff aTOMHOro H]lpa. !Io cymeCTBY l.!U 

UMeeM 3.ZJ:ecr, ]leno C @oTO.ZJ:eJieHUeM, HO TOlII,KQ B npucyTCTBIUf OTpll

naTeJir,Horo MlOOHa Ha MeaoaTOMHOfi op6UTe !S • nnff Tffl!CelIUX ,lleM

ll;HXCff H]lep op6uTa Is HaXO,llHTCff Ol!eHr, 6mrnKo K H]lpy, T8K l!TO 

MHJOH noqTU nOJIOBllHY c:aoero Bpeuemr lltl'l3Hll npoBO.llllT BHYTPlf Meao-

8TOMHOro H]lpa, ll3MeHffff ere KYlIOHOBCKYHJ 3Heprmo. C r,rnMeHemieu 

g_iop!.!bl ff.Zl:fa npu era )leg/opua~H npOUCXO,llHT H3MeHeHHe 3Heprlll! 

KYJIOHOBCKOrO B3aHMO.ZJ:ettCTBHff M!OOH~ _c 8TOMHblM MPOM. 8TO 03HatiaeT 

TaKllte uaMeHeirne aHepr1-rn _cBffsH MIOOHa :a ueaoaToue .ZJ:emrnierocff 

R,Zl;pa no Mepe H3M8Hemrn ero !IJOPJ.fol 1 _l!TO npHBO;J;llT K H3MeHemrn 

6apr,epa .ZJ:elieHHff ff.ZJ:P8 1.1eaoaTOMa / 3/. 

B pa6oTe / 3/ 6apr,ep .zteneHHff H.ZJ:pa Bbll!llCJifflICff C ytreTO!l 060-

lIOtiel!HblX rronpaBOK, H pacqeTbl noKaaamr, ~TO B npHCJTCTBHH MHJOHa 

Ha HHllCHell op6HTe Is npoHCXQ.llllT yMeHEme!Ul:e npoHunaeMOC'ffl noTeH

~8lII,HOro 6apr,epa. Iloal!Ce E~aH,llep u M10Jinep / 9/.npo:ae]lllf. 6oJiee 

TOl!Hble oneHKH BJWffHHff OTPIIUBTelII,HOro MlOOHa HB 6apr,ep ,lleJiemm 

B CJiy,Iae H]lpa M6308TOM8 236u. CorJIBCHO IIX pBCl!8T8M, WOPM8 

.llByrop6oro 6apr,epa ,ll6lI6HHff H8M8Hff8TCff ,liOBOlII,HO CHJII,HO, oco6eHHO 

B o6nacm BTOporo ~1!HHMJM8. BemttrnHa C,llBHra H30MepHoro COCTOffHHff 

.llOCTl'lraeT HeCKOJII,l:tHX COT 3lieKTpOHBOJII,T. 

ij31.1eHeHHe cliopMu 6ap:i;epa B cnyqae M!OOHHOro 8TOM8 cnOHT8HHO 

)leMmerocH uaouepa, KaK paHee JR881:lBanocr, B pa6oTe /IO/, uol!CeT 

npHBeC'ffl K H8M8H61illl0 era CBOilCTB. TaK, BClie)lCTBH8 yueHr,meHHff 

BblCOTbl BHyTpeHHero 6apr,epa no OTHOmeHHIO K BHemHeuy, .ZJ:OllllHO 

YM8Hl,llll'IT1,Cff M Bpellff 3lI6KTpouarHHTHOrO nepex-O,lla H8 :aropoff S!1lli 

B nepByll. 
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Enyu /~I/ ,,13 cpaBHeIDrn -BeJIHqHH 11peue1m lKU8Hl! M!OOHHoro 

8TOll8 238 U I YCT8HOB1I8HHUX" npa J}erUCTpanun. BKTOB aanaa,Zl;UBaJ<?- · 

mero ,ll8lIOHlm (76 :t LHC) ·H· nyTeU •Ha6mmeHHff 8118KTpOHOB - OT 

pacn8,lla· MHJoHa (88 :t :4 He), np1rmen K npe.ZJ:nonmiteHHHJ c,> '6onr,mott 

-· BepOffTHOC'ffl. aacenemm cnOHTaIIHO .ll81Ifflll6rDCff H80Mepa Me808TOM8 

238u B 6e8p8.ZJ:H8~0HHl:lX nepexo]laX M!OOH8. C nOHBlI8HHeM 3TOJ:i 

rnnoTe8bl. nocne,Zl;OBaJIO MHOro :mcnepl!M8HT8JJI,Hl,IX pa60T C· ne111,10 

Ha6JJKJ.lleHim pacna)la ·cnoHT8HHO .ZJ:8Jlff!ll6rOCff l!80Mepa IJIOOHHOro 8TOM8 

u yroqHemm Bpeuemr lltl!8Hl! ueaoaTOMa. 

B pa6oTax / 6 ,7! Bnep:aue. C,Zl;e118HQ conocTaBJJeHHe, .ZJ:8HHbIX 

o :aepoaTHOCTl! .,llenemrn Mep 232Th, 235,238 U' 237 Np IL 239,242Pa 

OTpnnaTeJII,Hbll.rn l.!!OOH8Ml1, H. OHO OTpallteHO B ,lll!CCepTannn. B ,llHCCep

T8nifll· T810le npHBO.llffTCff peaynr,TaTll HCCJie,Zl;OB8Hl!ff OTHOCHTeJJEHOfi 

BepoHTHOCTU .ll8lI8Hllff PMB cpe,llHHX H Tff1lte1IhlX imep nHOH8!.!U, KOTO"". 

pue nOJiytreHbl C nQMOIJll,H) .ZJ:H81Ie:KTpHl!6CIDIX ]leTeKTOpOB /I 2 ,13/. 

Ha:aecTHO' tJTO npu norJJomeHHH OCTBHOBHBlllHXCff OTpnnaTe1II,HhlX 

nHOHOB 8TOIIHl,IJ.( H.ZJ:pOM. npoHCXO.llHT 60111,maff nepe]latia BHepruH, H 

B npHHUHne BCff M8CC8 IrnOH8 (-140 MaB) MOl!CeT. rrepettrn B SHeprHHl 

B08Cl~eHHff ff.1l.P8. Corna CHO oueH}(al.l /I 4/' aHeprnff B086y;ameHHff 

* cocTaBnffeT BeJIHqHHY 50 MaB <<E < 80 MaB. IlpH TaKofi aHepnm 

B086T,17J;eHHff OCHOBHHM KaHa11011 pacna.zia 8TOIIHOro H.ztpa ffBJUieTCff 

HCijapeHlrn HefiTpOHOB H ]leJieHHe. !IOBT(,)lly HCClI8.llOB8HHe OTHOCHTeJII,HOlt 

BepOHTHOCTU .ZJ:81IeHHff ff]l.ep OTPl!U8T81II,HblMl1 mrnHal.!lf B mnpoKOII .lll!B

naaoHe M8CCOBOrO tJUC118 A npe,Zl;CT8B1IffeT onpe){eJJeHHbllt HHTepec 

c Toqiru apemm nayqemm pacna,lla ClfJII,HOBQ86YJK.lleHHWC H,llep. Kpoue . 

Toro, CHCTeM8TlfK8 .ZJ:8HHhlX 06 OTHOCI!Te1Il,HOll :aepoHTHOCTR ]lenemm 

ff.ztep Me,Zl;JJeHHblMH nHOH8Ml! no8BOJJffeT npoBepUTI, Te HID!· rrnue. llO]leJJI,

Hble npe]lcTaBJJemm, 1rcnon:i;aye11ue np11 onuc_aHmi npouecca norJJomeHHH . 

lllfOHOE ,ileJJffll\Hlll!Cff ff.llPBlm /IS/. 
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,l!Hc~epTanHH COCTOHT H8 nHTH rnaB, BB8,ll8HHH.H aaKJimqeimH. 

B nePBol rnaBe paccuoTpeHa BepoaTHocTI> BSXl!s~s otpHna,en»Horo 

MJ>OH8 8TOIIHHllPI fUtP81ffl. 8TOT BOnpoc TeopenqecKH 6Hn H3y,l6H 

IlpHll8KOBHM /16/, HII xe no:nyqeHo BHpazeHHe .ztnH BepoHTHOCTH 

.ztaHHoro nponecca. Cornacuo /l6/, ~ nponecce aTouuoro 2anaTa 

IIIOOHS ,llOlillteH CYJ!t8C!rl!OB8T» H80TOllHID1 ai»eKT, KOTOJ)lil llj)HB~HT 

K yveHDmeHHIO B8pOHTHOCTH aaxBaTa C yBennqeHHeM ~HCna HeRTpOHOB 

(A- Z) npH .ztaHHOM ~cne npoToHOB Z. Hsnpl!llep, ecnH Bpe11H 

l!HBHH lleB08TOIIS 238U COCT8BnHeT 76 HC, TO ]1nfi 235 u OHO 

,llOlllltHO COCT8BnHT» B8HHqHHy. 1 6JIHBKYJ) K 65 BC. 0.ztHSKO, KSK llOKa-

8HB8ET nocne.ztHH8 3KCnepHMeHTH, Bpe11eHa lDIBHH 118808TOIIOB YK8B8H

HWC HBOTonoB ypaHa npaKmqecKH He peanHqam!t'CH ue:r;zty co6ol. 

B pa6oTe /l7/ nonyqeua 6onee cna6aH 88BHCHIIOCT» BepOHTHOCTH 

fi.1t8pHoro 88XB8T8 IIIOOH8 OT ~cna HelTpOHOB, qeu B /I6/. 

Bo BTopon rnaBe onHcaHs 11eTO.ztHqecrote paspa6oTrot, 06ecne-

1IHBalOlllHe BHCOKOe Bpe11e1moe paapemeHHe npH perHCTP8nHH OCKOHKOB 

.zteneHHH HOHH88UHOHHOfi KaMepott .zteneHHH, KOTOpaH ll08BOnH8T npo

BeCTH H8MepeHHH O,llHOBp8M8HHO C p8BHHMH ,ll8nHl!lHIIHCH BemecTBaw, 

qTo B8l!HO B onpe.zteneHHH OTHOCHTen»Horo BHXO,ll8 .zteneHHH ftlt8P 

,llnH p88HWC H80TOllOB. 

.llnH o6ecneqeimH nyqmel paspemaDIItel .cnoco6HOCTH HOHHBSJUiOHHOI 

Kalleps MU HCll0HD80B8nH nonynpOBO,llHHKOBH8 npe.ztyCHJIHTenH 

BpeueHHWI KaHano11 ·JIS/ .ztmi: perncTpeUHH HIIIIYH»COB TOKa, 

HHIOlllHXCH npH ,ll8H8HHH rotep B HOHH88nHOHHOI K811epe /19/. 

HYTOe BpeveHHOe paspemeHHe COCT8Bllfl8T FWH/VJ: 2,4 BC. 

C 6HOTpHII 

IIOHB -

.l{ocTHr-

EnoK-CX8Ma OllHT8 no Hccne.ztOB8HHE .zteneHHH fUt8P HS nyqxe 

OTpHnaTen»HWC JmOHOB H llHOHOB npe.ztCT8BneHa HS pHc. I. CHCT8118 

.ztnH HB11epeHHH BpeueHHoro pacnpe.zteneHHH aKTOB .zteneHHH H,llep 
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llllOHSIIB COCTORT HB IIOHHTOpHl:lX CnHHTHJIJIHnHOHHW[ »e11e~KCB I ,2,3 ,4 
F ~~ ,..~ 

H K8118PH .zteneHHH. Tpemn cqeTqHK npe~C18BnHe! co6ol ,llHCK 

TOJIIIU'IHOfi I MM H ,llHSMeTpOM, COBTI8,ll8IOIIIHM C TIOBepXHOCTDIO cnoH 

.ztena~erocH BemecTBa, HaHeceHHoro ua an10:r.mHHeBol ~oHDre. CqeTtniK 

8HTHCOBil8,ll8HHH 4, Bwt8HHIOmHI 8KT OCT8HOBrot MIOOH8 B KaMepe, 

BunonHeH B BH;z{e CT8K8Ha, B KOTOpOM BCT8BHH8TCH KSMepa .zteneimll. 

t'tlm.fUNQ N.11 

===:,. 
}J- n)"<OM 

--
p-cmoft-umop 

PHc. I. EJIOK-CX8M8 CHCTellH ,llHH HBMepeHHH BpeMeHHOro 

pacnpe~eneHHH 8KTOB .zteneHHH H;z{ep OCT8HOmiB

mmmcH OTPH!l8T8n»HHIIH IIIOOH8MII .. H llHOHBMH. 

CurHanH c Ka11epi. .ztenemrn, · nocne npoxol!,lleHHa ripe~ycHnHTenn K 

6i.cTporo ycRnHT8JIH; OT6Hp8DTCH qiop11HpOB8Tenei.i', IlOBBOHHlDmHM 

awqieK'fllBHO oT6peCHB8Tli lllj'IIOBI.e HlfflYJllC!l. IlOllyqeHHyD B · p-eanI>HHX 

axcnepllK6HT8H»Hl:lX ycnOBBHX pespemSDO'Jl cnooo6HOCTD CHCT8KH 

~4a perzcrpanzn a.KTOB ~eneHma xapaxrepisyer pwc.2. 
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IlpH11,E)_lleHH8 JlllH}1H; 3,U8plKKl! !i O,llHOBHClpaTO_pOB. B,. ,118.JU/OH CX8M8 

06ecne-q1rnaeT. neo6xo,n;1rnyio nocJie,n;oBaTeJII,HOCTI,_ IIOflBJieHnfl Cl!rH8JIOB 

"CTapT" 11. "CTon" ,1!Jlfl rrpamrn:r,Holl .pa60T!1 ;13pe1m;-:-aMTIJil1TYllHOro .. 

rrpeo6pa3oBaTeJifl. 

N;"f 

i 
,11__..:_ 

1:~ T-

"'' · 7 

lHNp +ir 

F .. MM.44nu, 

i 
' 

~,i) 
~;, •. 4:JO '!!Oil f,OO 

Puc. 2. CneKTP BpeMeHttoro pacnpe,neJieHHfl aKTOB ,neneHl'lfl 

MIOOHaMn. EMKOCTI, Kauepbl CF = 250 nj; ypoBeH:r, 

8JII,(Il8-8KTHBHOCTlt ~106 pacrr./c; l.\6Ha ltaH.- 0,43 HC. 

llepBU!J maroM onpe,zieneHHfl OTHOCl!TeJII,HOll BepOHTHOCTl'I )leJief!lm 

)lJifl BCex UCCJI8,1lOB8HHblX H.Ztep 6blJIO li3Mepemrn OTH~CHTeJII,HQH BepoaT

HOCTlt )IeJieHl!fl ;rpm ,l!Byx li 30TOIIOB ypaHa. B ;ll8JII,HetlmeM, ,llJifl .llPYrilX 

R,1lep, ·oHa 6mm onpe,11eJieHa OTHOCUTeJILHO o,nnoro 1!3 n-soTonoB ypaHa. 

A6comoTd8fl BepOfl:l'IlOCTI, )le.nemm JI,ztep OTplll.\.STeJII,HUMH U!OOH8Mlf 

orrpe:zie.nmrac:r, Halffl )tJlfl ypaHa-23B. ll1IH 3_Toro- W-O;llHOB_peMt;HHO -c 

jj 

r 

per11cTp8ll,,lea OCKOJIKOB ,n;eJieHl1fl ypana l13Mepnm1 IDITeHCl-lBHOCTI, 

uesopeHTreHoBcKoro u;:inyiieHl!fl aJIJOMilHl1fl, ncrrom3ye1rnro B Ka'!eCTBe 

,ziepJKaTenfl MHID8Hl'l l'l 3JI8KTpO,Zl;OB. 1iCIIQJII,3Yfl 113B8CTHYJO Bem'l'!lrny 1201 
11HT8HCllBHOCTH 2p-l5 rrepexo;na Ha 0,Zl;liH 8KT OCTaHOBKl'l MIOOHa 

B 81I!Otll1Hl!l'l t MN onpe,n;eRHJIU 'IHC1IO OCT8HOBOK B HeM. lJHC3IO OCT8HOBOK 

tlJOOHa B ypaHe 61mo orrpe,zieJieHO no li3Be"CTHOtl II Z 11 
- 38Bl1Cl1MOCTl! 

,ll_]lfl ilep~flTIIOCTl! rioca:ziKH MIOOHa B ·pasmPIHblX B8Il(8CTB8X /I ,21 /. 

TpeTI,fl rJiaBa nocBHmeHa aKc;epnMeHTan:r,1mM pea~mTaTaM n nx ·. 
. . . 

cpaBH0Hl1IO C .llPYrl1Ml1 l1M8IOil(l!Ml1Cfl ;ll8HHb!Ml1. O.zttrn 113 Tlilil1'1HblX 

cneKTOpOB BpeMeHHOrO ~acrrpe,1teJieH1m C06b!Ttill ;ll6Jl0Hl'lff, Bbl3B8HHOro 

OCT8HOBliBlIIl1Ml'ICfl OTP,11I.18T~JII,1:!HMl'I !JIOOH8Ml1, lIOK83aH H8 PIH.:. 2. RaK 

BH,ll_HO 1!3 p11cyHKa, 3TO pacnpe,11eJiemrn COCT011T !13 ,JJ,BYX KOMIIOll8HT: 
. - . . 

MrHOB8HHOl1 l'I 38Il83;llb!B8!0!!\6l1 'l8CT6M cneKTpa. ITO 38II83,llblB8IOIU011 _ 

tJaCTr'I yCT8H8BlIHBaeTCH BpeMH lltH3Hli !JIOOHHoro 8T0,!48, H OHO BnepBble 

onpe.zteJieHo ,1t1IH 237Jvp a 242Pu / 7/ (Ta6n. I.). 
, ' 

ITonytJeHHble 1rn 3T'AX .. pacnpe,lleJieHl'IM OTHOlII8Hllfl BblXO,ll_OB MrHOBeH"'.' 

Horo l! 38lI83;llblB8IOl!1ero ,zteJiem'll1 ,l\.I!H K8JK,l\Oro H30TOIIa ;ll8Hbl B T86n. 2. 

Bt!XO,l\ ,l\8JI0Hl'IH Ha 0,!{1111 8KT OCT8HOBRI1 MIOOH8, BM6CTe C :zipyrmm 

8H8JIOrH'lH11Mt'I ,ll8HHbllm, rrpl1B6,l\6H B Ta6JI. _3. Ha_6JIIO;ll88TCfl CllJIJ,HOe 

p8CXOJK,l\elme BblXO;lla, . orrpe,lleJieHHOro, C O;llHOl1 CTOj)OHbl, HaUillM 

M0T0i];OM / 6 •231, C ,ztpyron - (IIOT03MYJinCl10HHl1M 11 pa;lll'IOXl1M11tJ0CKl1M 

MeTO,lla!.IU f 22/. 

Ta6mu~a I. Cpe:ziHee Bp0Mfl lltl-!3HH MIOOI!a 

B ,ll;6Jlflll(lfXCfl fl,llpax (He.) 

232 Th. 2351/ 238U 23Wp 239Pu 242 · Pu. 

87 :I: 4 75 ,6 ± 2,3 76 ±. I· 72 t 2 70 ± 3 , 79 ± 5 
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Ta6Jrnua 2. OTHomeHHe l3hlXO.zta MrHOBeHHoro 
.11eneHHH K sanas.111IBarom5MY. 

P a 6 0 T ll 
}i 80 TOIT!J 

l{Ha!J; U .ztp/c.?/ Ea.ztHK H JJ.P / 27 / HaCT. _pa6nTa 

232Th 0,064±0,022 - 0 ,030±0,012 
235y 0 ?IIIi:O ,021 0,094±0,027 0,17 ± O,OI 

23au o.072:0,014 0 1000:1:U,024 0,071:1:0,003 

KOlltOKapy H .ztp.127/ Eyua u JJ.p.12:l/ HaCT. pa6oTa 

237.Np 

239Pu 

242Pu 

0,43: 0,09 0,28 -t. 0,04 

0,33 ± O,OI 

0,42 -t. 0,02 

0,4I -t. 0,04 

Ta6mnia 3. l!aHH!Je no BhlXO.ztY .zteneHHH 
Ha O.ztHH 8KT OCTaHOBKH MDO!la. 

Pa60T11· 

ran6panT u .ztp.122/ 

]!JitOH H JJ.p. 122/ 

232Th 

IleTpamxy u .ztp.1221 O,OI8 • 0,012 

EeHOBHIJ;KUfl H .ztp./22/ 

qynreu u .ztp./6/ 0,0043 • 0,0010 

raBpHHOB u .ztp./23/ 0~0049 + 0,0009 

EaepTUrn ii .ztp.1221 

8 

238 U 

<0-,25 

{
0,.15 -t. 0,06 

0,07 ± 0,03 

0,07 -t. 0,008 

0,031 .:t- 0,007 

O,I3 • 0,05 

i 
~ 
! 

~ 
ii 

CpaBH8HHe onpe.zteneHHOro Halm BpeMeHH lllli3HH M8308TOYa C JJ.BH

HllMH .ztpyrux BBTOpoB, Il01Iyt,18HH!JMH KaK perncTp8UHeil aKTOB .zteneHHH, 

T8K H nyTeM H861ID,1!8HHH aneKTpOHOB OT pacna.zta MIDOHa, ITOKaS!JBaeT, 

B ocHOBHOM, ux xopomee cornacue. 06pamaeT Ha ce6H BHHMaHHe coB-

na.zteHHe BpeYeH ~HSHH YIDOH8 B ypaHe-238, onpe.zteneHHhlX HaMH H 

B pa6oTJ24/ pa3H!JMH MeTo.ztaMH ( 0 p;Hee Ha6JIIq'llaBmeMCH pac

XOllt,1!8HHH W Y'J{te roBOJJR1IH B!Jme). 

B ~eTBepToll -rnane o6Cy-J!t.1!8IDTCH pesy1IDT8T!J HCC1I8JtOB8HHH 

.zteneHIDI 11.ztep OTPKU8T81IDH!lYl'I MIDOH8W. 

BpeuH U8HH p831IHllHlilX MOOHHhlX aTOYOB onpe.zte1IH1IOCD, B OCHOB

HOM, IlpH perHCTpaUHH sneKTPOHOB OT pacna.zta mlOHa Ha ueaoaTOJ.!l:IOff 

op6.HTe. J{nH Jt81IHIIU'IX-CH ll,1!ep OHO T8Klte 6!JJIO onpe.11e:rreilo nyTfill 

H3M8peHHH BpeMeHHoro pacnpe.zteneHHH 8KTOB .11eneHHH, Bll8BaHHoro 

nornomeimeM MTOOHa 8TOMHllM HJJ.POM. 

BeJIRtmHa,BpeueHH XH8HH MIDOH8 H8 aTOMHOfl op6HTe onpe.ztenHeTCH 

o6paTHOfl BemPmHOH nepOHTHOCTH ll,1!epHoro saxnaTa MIDOHa, 06cy-J1t

.ztemron B nepBOH rJiaB~ TeopeTHtreCKH-e BHaqeHHH BepOHTHO-CTH 38XB8T8 

B o6nacm ,nenHIIU'IXCH ll,1!ep, _xax npas1rno, npe1rnmallT -aKcneproiem:a.JibHO 

ycTaHOB1I8HH!le BeHHlll'IH!J, XOTH B c;nyqae R30TOTIOB IlJIYTOHllR pas

HHIJ;8 BpeMeH XH8H.H JtJIH STHX H,llep H8XOJ1,HTCH B npe,nenax Teope -

THqecm o:im~aeMoro. 

8xcnepHM8HT81IDH0 Ha6JIIO.ztaeMyro TelI,lleHUHID XO.zta BepOHTHOCTR 

ll,1!epHOro BaXB8T8 MIDOHa THXeHHlm !I,1!paMH B 38BHCHMOCTH OT qucna 

HettTpOHOB xopomo OimC!IB8DT pacqeT!J /I7/. 

KaK Y7'e 9TueqanocD, urHOBeHHOe .11eneHue lI.ll~P npu 6espa~11a

UHOHHOM B036y-J!t,1!81IBH Mb! pacCM8TpllB88M KaX ~OTO.zteneH.He. IlOSTOyY· 

w cpaBHHBaeu BepOHTHOC!l'D 6espa.ztllBUHOHHOro J1,eJieHHH c BepOHT -

HOCTI,D ~OT0,1!8JI8HlllI npH B086yllt,1!eH.HH ll,1!ep MOHOSHepreTHqecKHYH 

rauua-KB8HTaMH COOTBeTCTByromen SHeprnH. CeqeHHe ~OTO.zteneH.Hff 

ll0Ap06HO uayqeHO JlliOrHMH rpynn8llH1251 • 
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.Puc •. 3 •. Cpamiemie B8POffTHOCTll 

6espawrnruwuuoro ;Qenemrn .• (P 0 ) 

ff,llep aRTl.'!HU,llOB C B!lPOflTHOCTI,10 

(!JOTO;QeneHHfl (Pr). 

Pnc. 4. 0THOC~Te~I,H8fl. BepOflT

HOCTI, ;neneHHff fl;Qep OCTaHOBUB

IJIU!JliCfl m'IOH3Mll. Toim11 - H311JU 

,l(3HHhie; KpHB!le - pac~eTblfIS/. 

Il-OJIJ'lBHHafl CilCTe!JaTUK3 B8POflTHOCTt-l {5espa;nnaurroHHOI'O ,'Q8JI8H11ff 

,'QJIH lll8CTll llCCJI8,'QOB3HHhlX HaMll fl,l(Bp npirne;neHa · Ha pile. 3. ·-Otta 

IIOlffi3UBaeT BlillffHTJe H8XO,l(ffll\8rOCff Ha op6llTe Is IJJOOHa Ha .dapr,ep 

;zienemrn .• Ecml npUHflTI, npoCTOti IIOT8HUUaJII,Hhl¾ 6apr,-ep C napatteTpOM 

KpUBU3Hhl hW = 0,6 MaB, TO, Kalt noKammae.T 3Ta ·Cl!CTel.!aTima, 

B llpllCJTCTBllll MIOOH8 6apr,ep ,,lleJieHUff rtOBhlllJaeTCff Ha O ,2 ¼ 0 ,4. MaB,· 

.rrocJie,llHffff, rtffT8ff rnaBa IIOCBffll\8Ha UCCJl8,llOBaHlllO ,nenemrn 

ff,llepJ/:;, C4,,In, Sn, Pr, Tb, Tm, Lu, ia,Jlu,Po,Bi • ·232 Th., 
235(1 ll 238U OCTaHOBllBllJlllMllCff OTPllUaTeJII,HhlMll llllOHa!Jll /l 2,I3/. 

06.rryl!emie MllllleHe11 ·npOM3BO,llUJIO.CI, Ha MC,llllK0-6HOJIOrutteC!WM 

n11ouuou ny,me CHHXpoIJ,J,rnnoTpOHa Jla6opaTop1m ff,1tepH11x npo6neu omm. 
0THOCUT8JII,H8ff nepOflTHOCTI, -,ll8Jl8Hllff JKa3aHHWC 'H,llep 6una 6npel{elieHa 

C llO!JOll\blO xopOlllO OTO:lO:(eHHblX CJIJO;llffHLIX ,'Q8T61iTOpon, !HlXU:ZlUBUJlllXCH 

B KOHTaitTe C 06nyqae1JUMVI MllJ!!8HHMll. Ilpll 8TO.M 6mm C)teJiaHbl OT)\0JIT,

Hue HBMepemrn ;zimr orrpe;nenennfl B03.MO~Horo {l)OHa, o6ycnoBnenuoro 

rrpmJecr,10 ypaua n MaTepuanax MHmeue11. n ;zieTexTopoB c npmrnaemreM 

naBCBHOBLOC ;neTeitTOpOB. 

IIony11eHIJafl ,mcnepHMeHTaJII,Haff 3amlCHMOCTI, -OTHOCHTeJII,HOi1 

nepmJTHOCTH ;nenemrn H,llep c Z = 50 t 92 He rrpOTllBOpett!!T ·'.l'eO

peTIPieCKHM pac'!eTa!I no l!Clf,ll!CO~KaneJII,HOii MO,lleJill. 

,KpoMe Toro , n pa6oTe /lS/ l1nr,HHOBmJ a ;tp. 6mm rrpone;ne1m 

pactieTbl rro nepoflTnoc'ffl ,i'ienemrn H,llep oTpnuaTeJII>Hb!MM nuonmm 

B npe;nrroJio::eeHHll pasml'tHb!X uexannm.1013 nornomemrn oTpauaTonr,uo:ro 

TTUO!ra cnoi:mu:m ffJ(par.iu, IWTOpb!e W]lleC'i'B8HHO O!IllCbJB3IOT -nonyqeu

Hble Hai.Ju ;naHHhle (pnc. 4.). 

B .3TOi1 ·rnaBe Tamm. onncuna.eTCH pesym,TaT .ticcn J,l(onamrn i.oH

K,Ypem~rn MBlltJJ:Y .3MnccHeH ueilTpOHOB n ;nenemrnM B cnyqae rro'I'no..: 

.lll8Hllff llllOHOB H,1tp8MU 232 -rk. lfa :mcnepHUeHTaJII,HhlX HCCJl8)lOBalflti1 

-n 
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peaKI~R rrorno~eHRH. IlROHOB mi TIDltemDC HJtpaX B!3BeCTHO. 'IITO MHO

~eCTB8HHOCT~ Hcnap.HeMWC npH 8TOM HYKJIOHOB, rnaBHNM o6pa30Y 

HettTpOHOB, RMeeT IIIRPOKOe pacnpe'AeJieHHe. ~IDi 'AeJIHII(HXC.fl .fl'Aep 

KOHeypeHrzyI.H.MeJKJ(y 'AeJielllieM H HcnapeHHeM H8fiTpOHOB IlpHBO'AHT 

K CyiiteHHD pacnpe'AeJieHHH MHOEeCTBeHHOCTH HefiTpOHOB /15/, 'IITO H 

noxasaHO axcnepHMeHTaJibHO B Hamett. pa60T~ 1261. 
B saKJIIO'llfilIHHnepelllroJI6HH OCHOBHNe_pesyJibTaTbl pa6oT, OTpa

Y.teHHhIX B 'AHCcepTaUJ,IH ,- KOTOpble uoryT 61,1TI, CqJOPMYnHPOBaHN 

cne'AYriintY- o6pasmif: 

1). COS'AaHa 6blCTpo,1fettcTBYDlllaH MHOrocnollHaH HOHH88IlHOHHaH 

K8Mepa 'A8JieHHH, Il08BOJIHDlll8H pa60T8Tl> O~HOBpeMeHHO O p83HWffl 

HSOTonaMH 'A8Jllll!lerocH B8lll80TBa. IlpHM6H8HHe nonynpoBO'AHHKOBoro 

TOKOBoro npe'AYCHnHTelill, paspa6oTaHHOrO 'All.fl HOHHSaUJ,IOHHOtt 

KaMep1,1 'AeJieHHH, B CO'lleTaHHH C 6JIOK8MH 6blCTpofi aneKTPOHHKH 

Il08BOJIHJIO nony-qHTI, paspemalOIIIYlO cnoco6HOCTI, 'AO 2,4 HC npH 

60JibmOM qJOHe OT aJibq>a-'llaCTHU ( ~106 paCITS'A. c-1 ) B KBMepe~ 

2). Paspa6oTaHN CHCTeMa H Y6TO'AHK8 H3M6p6HHH BpeueHHOro pac

npe'AeJieHHH 8KTOB 'AeJI6HHH, BN3B8HHOro OCT8HOBHBmHYHCH OTpHna

T6JII,HNYH IIDOH81ffl H ITHOH81ffl. 

3}. Paspa6oraHa Y8TOJ{HKB onp6'A8JI8HHH 'IIHCJI8 OCT8HOBO~ IIXlOHOB 

B 'A8JiflllleMCll B8lll8CTB8 nyTeM O~HOBpeueHHOR perHCT~HH altTOB ~eAe

HHR (KaMepa 'A6JI8HHH) H M830p8HTr6HOBCKOro H8JIY'll6HHH (repM8HH6-

Bblfi 'A6T6KTOp). 

4) HsuepeHO BP6M8HHOe pacnpe~eneHHe C06llTH!1 'A6Jl6HHl'I, Bll3BaHHoro 

OCTBHOBHBmHJraCff O!t'pHl{aT6JI1>HllMR V!lOHaMH 'All.fl H30TOITOB 232 Th , 

235 ,238u, 23? Np H 239, 242 Pu • 3To paonpe'Ae~eHHe ·'All.fl H?oTono:a 

237.JVp H 242 Pu noJIYlleHo :anepB!le. 

5) • Yo.TaHOBJI6HO COOTHOmeHne, YrHOB8HHoro :If saITl:l8'A!lB8Dlllero 

;lt6ll6HHtt ~JIR K8:ir;!tOro HS nepelDIOJI6HIWX 8JI6M6HTOB. 

12n 

6). Onpe~eJieH BIDC-O'A 'A6Jl6HHH Ha O'AHH aKT OCTaHOBKH lllOOHa 'AJIH 

:aoex HCOJI6~0B8HHNX 8JI6Y6HTOB. 

7). IlpOB6'A6HO cpaBH8HHe BepOHTHOOTH 6espa~BUHOHHOro ~enemtH 

C ~epOHTHOOT1>D <I>oTO;lt6JI6HHH, KOTopoe noxasblBaeT y:aeJIH'll6HHe 

15ap:r,epa _p;enemnt B n_pHCYTCUHR MDOHa Ha uesoaTOYHOtt op6HTe Is • 

B npe;itllOJIOX8HHH O'AHOrop6oro TIOT6HI1HaJI1>Horo 6ap1,epa C napaMeTPOM 

KPHBH3HH ~t<J= 0,6 MaB YJtaSaHHOe y:aeJIH'l!eHHe c6ap:r,epa COCTaBnHeT 

0,2 + 0,4 MaB. 

8). Wswepeua OTHOCHTen1>HaH :aepOHTHOCTI, ;iteneHHH H,1tep 15 ane

YeHTOB OT oepe6pa 'AO ypaHa OOTBHOBHBll!HlfflC.fl OTPHUaTeX1>HI:Dm IIHO

H8UH. IlOJIY'll8HHN8 3Ha'll8HHH OTHOCHTell1>HOtt :aepoHTHOOTJa ;itell6HHH 

COOTB8TCTByDT pao'l!eTaM, npoBe;iteHHUII Ha OOHO:Be KaneJII,HOtt MO;iteJIH. 

WoOJI8'AOBaHHH, pesym.TaTU KOTOpNX H8llOX8H!l B ~HCC6pT8UJ,!H, 

npOBO;ltHml:01, Ha CHHXPOUHKJIOTpOHe Ja6opaTOpHH HJt6PHNX npo6neM 

OWHH. Pesyn:r,TaT!l ;!tOKna;ltblBaJIHOI, H 06oyJ1t,D;a:rmc:r, Ha Hay-qma: cew

Hapax· laOopaTOPHBJ Ha 3806;1tBHHffX Koim:TeTa no OTPYKTYpe H,1tpa, 

Ha YlleHOY COB8T8 OWHW 110 <l>HSHKe HH3KHX SHeprHA, Ha Jl6llfJtYHapo'A

HllX. xompepeHUHHX no H,1t8pHott ~8lfK6 B 11DHX8He; no !p:lf8llK6 BUCOKHX 

aHeprHI H OTPYKTYpe HJtpa B CauTa~e H Eoo-Anauooe. OHH ony6nH

xo:aaH!l :a BK.Zte npenpHHTOB OWHK H B :irypHanax "H]{epHaH WHSHxa", 

· "Iuclear P~sica•, "Nuclear Instruments and Methods", TJ)Y]lax 

'ynoYHHYT!lX OOB6lll8HHtt H xoawepeHrmttl5,6,7,I2,I3,I8,26/: 
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