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3anaanbiaaromee nenenae 
246

Es u 
240

Bk rrocne 

38XB8T8 

P7 - 10797 

BneK TpOHHOI"'O 

npell.CTBBneHbi peaynbT8Tbl 3KCnepHM8HTOB no H86nJOll8HHIO 38TI83Jlb!B8K>

mero neneHHSI Heft:TpOKOll84JHnHTHbiX Mep
246 Es H 

240 Bk nocne aneKTpOHHOI"'O 

aaxaaTa. HaoTOTibi 248 Es H 240Bk 6btnH nonyqenbi, cooTaeTcTaenno, :e pe

axnHHX 238u(1~+3 ,6n) H 232 Th(14 N.6n) • BepostrHOCTb aanaallbiBaioruero 
llelleHHSI COCTasnster 4 • J0-5 H llliSI 246 Es H 1•10-5 llliS1 240sk, Tiony
qeHHhie peaynhTBTbl Cp8BHHBBIOTCSI C H3MepeHHbiMH panee BepOSITHOCTSIMH 

aanaa.abtaaromero neneHHSI npyrHX smep. 

Pa6oTa BbmonHeHa a J1a6opaTopHu 5-l.llepHbiX peaKUKH 011HH. 

Coo6aaeRRe Oth.e.lliiReDOrO RRCTBTYT& •nepRWX RCCJleJlOB&RRli. ,lly6H& 1977 

P7 - 10797 
Gangrsky Yu.P. et al. 

Delayed Fission of 
246

Es and 
240

Bk after 
Electron Capture 

Results of experiments on delayed fission of neutron 
deficient nuclei 246 Es and 240Bk after electron capture 
are presented, Isotopes 246 Es and 240 Bk were produced 
in the reactions 23Su(l4N+3, 6n) and 232 Th(14 N.6n) ,res
pectively. Probability of delay~d fission for 

2~Er is 
4 ·10 - 5 and for 240Bk- 1· 10-5 • The results obtained 
are compared with the delayed fission probabilities mea
sured earlier for other nuclei, 

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

CommUDication of the Joint Institute for Nuclear Research. Dubna 1977 
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B 1966 -I967rr B Jiac5opaTopuu Jin;eplillx pea~~ Ol1illf 6un oT

RPHT II.2/HOBHA BH!J; pacnan;a Jin;ep- aanas~Baromee n;eneHHe. rrpoHcxo

na:ll!ee HS BOS6yltll;8Hliii!X COCTOSIHH:li1 SBCeJIIleMHX npz 31l8KTpOHHOM aac:

BBTe HeiTpOHOlJ;eQJ!fiUITI:WX iill;ep 228Np (TI/2 = I MHH), 232Am(T1; 2 = 

Ia4 MHH)a ~niTr/2 = 2 1 6 MHH). B ll;BilbHeAmux paOOTBX (cM.,HarrpH

Mep,/3/) 6HIIO llOR838H0 1 q'J.'O STO ilBII8HHe ll;OIIEHO HM6Tb MeCTO KBR 

ll;JIII HeiTpOHOll;e~KUHTHHX 1 TBR H Hei'J.'pOHOH36HTO~X Hll;ep. B pa60Tax 

/ 4
a
5/ HSMH C006ll!&ll0Cb 0 38U83~B8DmeM n;erreHHH HeiTpOHOH36HTO~HX 

HSOTOITOB Pa C MSCCOBHMH qHCilaMH A = 238 H 236. 

HaMepeHHHe SHaqeHHH BepOHTHOCTeA aauaa~Bavmero n;erreHMH 

STHX HSOTOITOB ORB38nHCb oqeHb HHSRHMH (IQ-8 - I0-9 OTHOCHTell~HO 

noUHoro qftCIJ& p -npeBpB1116Hll'!). ~eTarrbHoe wayqeHHe rrpouecca, npo

Hcxona:ll!ero CO CTOilb M&IIOI BepOHTHOCTbD 0 BeCbMB 38TpJ!I;aHT81lbHO. 

B TO Ke Bpeua TaKOe H3yqeHHe npe~CTaBnHeTCR BaEHHM
1 

ITOCKORbKY 

nocrre BHRCHeHHH MexaHHSMa sarras~BaDmero n;erreHBH sTaT rrpouecc 

MOliHO 6H1IO 6H I'ICIIOilb30BBTb ll;JIFI !1CCilell;OBBHHH CBOACTB iill;ep, 3HaqH

T81lbHO Yll;81I8HI:WX OT OclllBCTH P -DTBOHilbHOCTH 0 B qaCTHOCTH ll;IIK 

onpen;erreHKR napaMeTpo.e 6apbepo.e nerreHI'IH, Eo1IbWBi! (no cpa.eHeHHD 

C H80TOIT8MH Pa) BepOHTHOCTb 38ITB3ll;UB8Dll!ero n;erreHKa GEHll;88TCil ITPH 

nepexon;e R 6orree TJIXeiiHM iin;paM, o611ana~M 6ollbmea n;e1IHMOCTbD 

npH TOI ze SHeprHH B036yxn;eHBH. 
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D HBCTO.fiUjeit paOOTe OIIHCbiBBDTCR OIIIITbl ITO Ha6monem!ID Banaa

IJ,UBBIOII1CrO uenemm 11 naMepuHHIO BepoRTHOCTH aToro rrpouecca rrpH 

l{-38XEBTC HeiiTpOHf'D;e<lJHUHTHblX RD;ep 246£ S l1 240BK, 

CBoiiCTBa 246[ S Oblffii H3yqeHIJI paHee B pa6ote / 6/, IJ KOTopoll 

oun ycTaHoBncH rrepHOU rronypacrrana T1; 2 = 7,7±0,5 MHH. 11 ouno 

ITOKa3aHO, qTo OCHOEHblM IJHUOM paCITBD;B :lTOro RZWa RE~eTCR K-3aXBaT, 

rrpoucxowrlllH~ B 90% cnyqaeE (B IO% cnyqaeB rrpmrcxoD;HT CX,-pacrran 

c aHeprHei1 cJ... -qacTnU E = 7,33 LlaB). HaoTorr BK c A= 240 no 
""' naCTOHL\CrO Bpe!JeHH 8ItCITCpi1MCHTaJihHO He HadJIFJ,11aJICSI, 

B Ta6mrue I rrpuEOWITCR naBeCTHble na aKcrrepHMeHTa 161 1:1 

oomuaer.ruc no cncreMaTHKe 17 •81 cBo:ilcTBa pacrrana .Finep 246£ S n 

;~4QBK. 

T a d a K g a I. 

CPoilc T l'S !H\C _.J ::;-1G E s H 21° DR 

Hupo 1I/2 Ed. , LlaB QEc , l.faB EC/d.. I % 
MI!H 

216£s 7,7 7,33 3,65x 90 

240J3K '1,0x - 3,84x rooX 

X .PC 3,Yilb:i'DTLJ pacqeTOB /7,8/ . 
3HeprWI 13 -p~crraua >~ccnenyeMhiX RD;ep (>~, cnenoBaTenhHo, MBK

cnManhHBH aHeprHR B036ylltneHKl! noqepHHX) Mana no cpaBHeHiiiO c oxw:

naeMoii .EucoTofi 6ap&epoB ueneHM noqeprunc Rnep 2~f H 24°Cm , 
KOTOpaH OJU!3Ka K EenRqHHe 6 l.13l3 / 9/ (HMeeTCR B BZD;y BHCOTB HBl1-

6onhmero MaKCl!M.)'l-18 UEYrop6oro oaphepa). B CBSI3H c 3THM rrpv. ITJ!aHY!pO

BaHHH Ollb!TOB He npV.XO,l\HJIOCb paCC'l>lTb!BaTh Ha ClOJ!hWYIJ BepOJITHOCTh 

4 

aana3.J\biBaDI!lero .1\eJieHHH. flzwa 246E S ~ 24<1m no nyqa llilCb E pear'-

Iml!X 238U (I4N ,6n)246f S z 232yh(I4N ,6n)240BK. lVm nocTM7!temm 

HaHOOr.brue~ qyBCTBHTenhHOCTH 6una Bb16paHa MeTOD;MKa 0 HaKnOHHOH 

MHWCHbD 1 II03EO~BmaR ~eKTl1BHO HCIIOnhBOBBTh OOnhruOe KOnHqeCTBO 

pa6oqero BemecTBa H peanMBOBBTh TOKH HOHOB Ha MHmeHh D;O !0 MKA, 

06nyqanRCh MRmeHH 238[] 11 232Jrh, HaHeceHHUe Ha Mell;Hble oxna1!tnae

MUe D;epEaTenR H HMeDmHe ~eKTHBHYD TOnmRHY C yqeTOM HaKnOHB 

OKOnO 5 Mr,CM-2• 06nyqeHKH ITpOBOD;l1nHCh HB BHJTpeHHCM rryqf\e 1130-

XpOHHOrO UKRnoTpoHa Y-200 ]flF OHHH. 
CXeMa Oilb!Ta IIOKa3aHa Ha pHC. I. MBKCHManhHan aHeprKH HOHOE 

14 N +3, rrana~>!IIHX Ha rroBepXHoCTh MHmeHeii, cocTaB~na 92-94 MaB, 

qTo COOTBeTCTByeT MBKCHMyMy ~j~UHH B036y~D;eHKH peaKUHfi (14A{.6n) 

Ha ypaHe l1 TOpHH / 6/, 

ilpOHBBO!l;HHOCh HeCKOr.bKO UHKHOB 06nyqeHKH D;nHTCHhHOCThiD 

30 MHH (B OIIbiTaX c 238U) If !5 MHH (rrpg o6nyqeHlm: 232 Th). ITo 

OKQHqaHHH KB~D;oro UHKHB 06nyqeHKH MHmeHH ITpHBOD;HnHCb B KOHTBKT 

C TEepD;OTenhHHMH TpeKOBHMH D;eTCKTOpBMH OCKOnKOB D;eneHKH (naBCBHO-

Bali IIJI6HKa TOJimHHOH 15 MKM). 

Ha BpeMff 06nyqeHH~ D;eTCKTOpH 1 BO HBOCEaHHe ITOREneHHR 

Ha HHX ®oRa OT o6nyqeHHR HeiiTpOHaMH,BHHOCHHHCh B aamameHHOe 

OT paD;M:BUHH ITOMemeHHe, .1{~ orrpeneneHHR EpeMeHHOft 38BHCHMOCTH 

aanaa~Ba~ero aeneHRH rrepHoD;HqecKH rrpoHBBoD;Hnac& cMeHa neTeK

TopoB qepe3 HHTepE8nbl 1 6nH3KHe K HBEeCTHOMY D;~ 246E;) H OJitHD;a

eMOMY n~ 240sK rrepaonaM rronypacrrana. 

Ha pzc.2 rrpeD;CTBBneHH peaynbTBTH HBMepeHHii qHcna OOKOnKOB 

Ha D;eTeKTopax. BpeMeHHBR BBBHCHMOCTh qgcna aaperHcTpHpOEBHHHX 

OCKOnKOB B peaKUHH 2JBr; + I4f1 HMeeT cnoJKHldl BHD; 1 KOTOpHA, rro

Bi!IUIYOMY 1 He OIIHCHBBeTCJr OitHOI BKCIIOHCHTOI • .1{~ BHRCHeHIDI rrpz

qi!Hbl aroro rpe6yvrCR nanLHelwHe aKcrrepHMeHTH. 
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P~jc. I. 

2 

37;/ I 
I 

I 

Cxe;.Je 8i\CITCji:H.1l:.~T~--. 

I - lJBC'I'b Tr3 ,-:·c,·;rv. rrylJJ\a HOHIJP 
11 N +3 ; 

2- f,!Cll;lr'': o:~2:::l\8Ct11lii EO[\Oll ll;8ll:K8T81Ih WIUCHH C 

i~HJ!eHbt'J :/ ; 

3 - 1l;8TCET\pH OCI\OJII;Op l;·31i8Him, IT.[JHEOL\Hl.'lr!C E I\Ol!T8!{T 

C f-h!liWHbK' !-l8 --'f8I.tl peri'!CTf8l\!HI. 

6 

,J 

; I 

J 
1 

Nt 

23~h(14N.Gn )24oBk 
23BU(1~ Gn )246Es 

' 
20 

10 

T1;2=5 ± 2 M~H 

\lf 
9 
8 
7 
6 
5 

4 

3 

2 

\ l 
1 oL-~~5~--1~0~~15~~2~0~0~1~0~2~0~3~0~4~0~50~670~t(~M~~~H~) 

Pnc, 2. BpeMeHHLie pacrrpeneiiemr.a Tf·CFOE " peam~an:x. 

TL.y1IKTl!pOM H8H8C8H8 p8ClJ8TH8il 38H1Cl1MOCTb UIL'I 

TI/2 = 7,7 It.iiH. 
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B ceyqae peaKU,fH! 232Th + l4jV, HBII.PBBJ18HHOli HB noeyqeHHe 

240BKa Mil TBKXe BH~M BKTHBHOGTb U8Jl8HHH. KpHBBff paCTIBUB B 3TOM 

cJiyqae cooTBeTcT:eyeT nepuoey T
1

; 2 =5±2 rAmi, qTo xopomo corJiacyeT

c;:r c o~n;aeMHM rrepnouoM nonypacrraua UJIH 
24

0nK. 

nJIR orrpeueneHHR qHCJ18 OCKOJIKOBa KOTOpHe MOKHO OTH8CTZ K 

sana3!l,biBBIOlii8MY UeJieHmo 246ES H 
240BK, rrpmrsBOQHJICJI 8H8JIH3 B03MOlli

HHX HCTO~HKOB WoH8. ilpH HCCJ18UOB8HHH 38II83!l,biB810018rO U87I8HHK 

H30TOnOB Pa 6biJIO IIOK838HOa qTo IIOMHMO T.PHEH8JlbHOrO IPJHB CIIOH

T8HHOro U8Jl8HflJI B8l!I8CTB8 MHilleHH H8 UOCTBTO~O HH3KOM ypOBH8 ce

qemiH I'IM8CJT M8CTO WoH, CEfl38HHhlll C U8JI8HH8M RIJ,ep Ml11l18Hk! IIOU 

U8HCTBH8M 38II83!l,biB8Rll!IHX H8HT.POHOB H JKeCTIWrO ~ -1'13JIY'I8HHR 1 COIIpO

BO~U8IDl!l8rO pacna4 II.POU,YKTOB U8Jl8HHRa Ck!JlbHO yiJ,8Jl8HHh!X OT o6nac

TH f> -cTa6!'1JlbHOCTH. B npeHe6pellteHHrf H3M8H8HH8M pacnpe,IJ;8JI8HHI! , 

BbiXOUOB II.PH IJ,eJieHHH B p83J1Hqnb!X peaK~ 9TOT 4oH nPmEeH 6h1Tb 

rrpH6JIH3NrT8JlbHO IIpOIIOpUNrOH8JleH IIOJIHOMY KOJIH'I8CTBY OCKOJIKOB MrHO

BeHHoro ueneHHJI, o6pasyrol!lkiXCJI B MzmeHH sa :ece :epeMJJ: aKcrrepHMeHTa. 

nJIR oueHKH ypo:erur WOHa OT aToro a!lJPeKTa MH orrpeueJlliJIH IIOJIHHi! 

BbiXOD; OCKOJIKOB UeJieHHJI rrpn o6eyqeHHH 
238U H 

232Th HOH8MH 
14N • 

H 3TO KOJIH'I8CTBO COIIOCTaBJII!JiaCb C T8M, KOTOpOe HM8Jl0 M8CTO 

II.PH o6nyqeHHH 238U ~-KB8HT8MH TOpM03Horo H3JIY'I8HHK B OllhlTBX 

no nsy'IeHHID Pa 151. 
ilOJIH08 'IHCJIO OCKOJIKOE OIIp8U8Jlf£Jl0Cb EO BC8X CJIY'IaKX ITO KyMy

JIHTHBHOMy BhiXOUY 140na. UJIH KOTOporo 6HJIO IIpHHI!TO 3H8'18HH8 OTHQ

CHT8JlbHOro BhiXOU8 4,6% H KOTOpoe HSMepJIJIOCb IIyT8M perHCT.PBUBH 

~ -1'13JIY'IeHHJI c aHeprzefi Er= I,6 MaB, rrpHHaunemamero pacnany 

I40Ba- I40La -I40Ce • B pa6ore / 5/ II.PH o6ny'IeHHH 
238U TO.P-

MOSHhiMH ~ -KB8HT8MH C MaKCHMBJlbRO! aHeprzeftr- 30 MaB TIOJIHOe qgcJIO 

OCKOJIKOB !1;8Jl8HHJI 1 o6p83JDl!IHXCJ! B MHIII8HH,COCT8B~Jl0 10
12

• B H8CTD

JI~ OllhiTBX 3TO KOJIH'I8CTEO 6HJIO orrpeueneHO paBHHM 5•10
9 

H 3•10
9 

8 

.. 

(peanuu 238U + 14N If 232Th + IW,crnruercruuiiii'J),r.e.o;.c,:J.:c.~och h 

1!8CKOJlbKO COT pa3 1J8Hb 1Ie. Il.[Ji'!MCpH(J PO CTOJibEO r.:e "'£l3 non: . .<c'! OilTL 

r.JeHh·Je If ri:oH OT paccrnaTpH:eaeMorc ::FI)~'eKra. Y'WT saper·~rcrr;upoEariHhlX 

B pauoTe / 5/ OCKOJli~OE l!OK83hlB88T, 'ITO i~lOH 33 C'!CT 3TOrO ::Jri(.er:Ta 

E orr!lTBX c Es n BK-l.iCHee onHoro c~KOJiKa 3a :ece Eperm :131•18l18HHr1. 

:ljJOCTO.i i:llilJ11:3 liOKil3llllilCT, 'iTO llC~JinlJVTCnCll Tilr~c:e _,(Jli OT C',flHTilH-

HOrO )(8JI8lll1il BCi.:CCTBil l.ll!Ll8!181i (B T'Jll lJ! C,18, I' ,r,e;;CHU! llO;: ,·:e,l

CT!Hi8M ;:OCMElJCCr:Ol\ II CCTCCTBCH!!'J.l jlil,J,V'iil\1'!, I:J.!C!;tW.JGil B ~H:Cfl8JH!!.;el!

TilJlhHOM 3ilJl8 Y-,.'Ul:). 

!l83Ha'IHT8Jibi!OCTb <iJOHa !I COOTBCTCTB!-18 Bp8!.!8HHOrO pacnp8i\CJI8lnlil 

3aperHCTpl1p0BilHHUX B OIIIITax OCKOJIKOB pacna.ny l130TOIIOB ~ 4Gfs H 
24

()BK 

li03BOJII!IOT OTHeCTH H80Jll0!1;8f.;!,;yro BKTilEHOCTb K 38II83iU.IE810u.{€MY D;8118HinJ 

yK838HHHX Jin;ep. ).LJIR OIIp8ll8118L:IJI E8pORTHOCT8M 38II83!l,biBB!Ol!I8L'O UOi!C

HM HCCJieeyeMhlX JID;ep ( If D;OITOJIHliT8Jlb'[QrO IIOQTE8piKU8HHR CBMO['O 

•l18KTa HX 00p830B8HM) npO!i3BOUI'!7IOCb il3M8.[lJIU'I8 L1X IIOiiHOrO EblXOD;a B 

3KCII8pl1M8HT8X. C 3TOH U8Jlbl0 no OKOH'l8Hlill OOIIy'18HHit Milll8Hif paCTE0-

p.fiJIHCb, H3M8PJI8MH8 D;OJ!VI pOCTBO[l8HHOrO M8T8pil8JI8 H8HOCHJIY!Cb 

TOHKHM cnoeM Ha rrounoJKKH u rronyrrpoEo IJ,RHKOB!lM Si-Au neTeK'l'opo;<~ 

perHCTpHpOE8JIOCb <l. -lf3JIY'I8HH8 !IpOQ'{KTOB OCHOEHOii E8TEH pac-

246£ c24fV. rran;a S '-'f, T1 ; 2 = 35,6 q Eo<,= 6, 76 l;l3B) H 

240nK ( 24CCm, T I/2 = 28,7 lUI. EO(, = 6. 26 li!:.Jli). 

B Ta6mme 2 rrpH:eeneHH noeyqeHHHe aHa'IeHHJI :eepoRTHOcTcii 

sanasD;h!BBIOUiero n;eneHwr noc JIB aneKTpOJmoro sax:ea·.·a ;rn;ep 
246Es 

H 240BK 11 COOTE8TCTBYID1!Uf8 ceqeHHJI 3<Ixl'81CTOE 38fl88 llbiEBIO!lj:)rO 

Q8JI8HHJI 3THX Hll8Pt 0 T8KX6 IIOJIHH8 ceqeHHJI (()~ o6pa30B8H~: 

246Es n 240nK, orrpen;eJIHerrue no EhlxouaM n;oqepm!x Huep Cf H Cm. 
[3 :.JTilX )(aHHblX CJI e,n:yeT, 'ITO B8!lOilTHO CT b 3 ana3,l(l.!Bal1li\8f0 )(8R8Hllfl 

246E$ H 240nK. H8CMOT.PJI Ha rron;6apbepHHH xap8KT8p aToro IIpOl\CC-

ca, 3HaqzTeJibHO Bbllll8 COOTB8TCTBYIO!I\HX E8pORTHOCT8M1 H3MepeHHHX 

paHee n;JIJI 238pa 11 236Pa, xoTJI aHaqeHilJI aHeprH~ ~ -lacrran;a 
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T a 6 n rr g a 2. 

CeqeH!MI H EGpOiiTHOCTb 3a!1a3D;blEaKXI!8I'O n;enel!l!fl, 

Hn;po 

246£s 

240BK 

0 9 ,crl-

5.ro-3o 

5,1o-30 

Orcf ,crl-

2.ro-34 

5.10-35 

Prcf 

4.r0-5 

ro-5 

oqeHb 6nH3Rff • oTOT QaRT,l10-EHmfMOMJ 1 0Tpa~eT donee BHCORY~ 

nenrrMOCTb Rn;ep Cf rr Cm no cpaBHeHrr[() c ypaHoM rrprr HKSRHX 

8HepnlRX B036JlKD;CHHH, 

ABTOpH 6naronapHbl r.H.~nepoBy. Kl.U:.OraHec.A:Hy sa HHTepec 

R pa6oTe rr rro7re3HHe o6cyJK!leHif.fi 1 E.A.rEosneBy sa uoMouto rrprr 

rrpopen;eHrrrr 8KcrreprrMeHTOB 1 E.H.MapROEY H rpyrrrre aRcrrnyaTaU5K 

Uv!RnOTIJOH8 Y -200 JiffP sa 008Cl16'16Hll8 Ha.n;e:lltHOH paOOTbl yCKOpliT8JISI, 
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