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- Onpe.neneHbi BbiXO.nbi npo.nyKTOB .neneHHH npH o6nyqeHHH U
231 

HOHBMH Ne
22 

B o6naCTH 

MaccoBbiX 'IHCen OT 72 .no 179 H nocTpoeHa KpHBSH pacnpe.neneHHH aapn.na. CpeaH H30Tonoa Tu 
113 

6bin HaA.neH HOBbiA H30TOn 1 Tu c nepHo.noM nonypacna.na 7 18 ±_0 1 5 qac H E y 0 140±_0 102 Msa. 

I.Brandstetr, 1\t.Krivanek, J.Maly I 

I. ~vara I T.S.Zvarova I Sh~ Hung- guei 

YIELDS OF SOME FRAGMENTSIN 
BOMBARDMENT OF HEAVY NUCLEI WITH 

MUJ, TICBARGED IONS 
U. FISSION OF U 2 "'BY Ne 

22 
IONS 

Abstract 

The yields of the fission products in irradiating U 238 with Ne 22 ions were determined in the 

region of the mass numbers from 72 up to 179, and the curve of the charge distribution was plotted. A 

new isotope of Tu 113 with the half-life 7.8 + 0.5r and the gamma line with the energy E =0~40 + 

0.02 MeV was found among the Tu isotopes. 
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Ba:lKHblMH rrpO.llYKT8MH pe8KUHA TSI:lKenbiX Sl.ll e p C MHOr038pS1JlHblMH HOH8MH SIBnSIJOTCSI Tp8HC

ypaHOBbie aneMeHTbi c BbiCOKHM Z • B 6onblllHHCTBe cny:qaea cocTaaHoe Sl.llp0 1 o6pa3yJOllleecg 

II pH CnHSIHHH 6oM6ap.llHPYJOllleA '18CTHUbl C Sl.llpOM MHllleHH 1 .llenHTCSI, .[leneHHe COIIpOBO:lK.ll8eTCSI 

HcrrycKaHHeM 6onbll10ro 'IHcna H e ATpOHOB H 1 B03M O:lKH0 1 3apSI:lKeHHbiX qacTHU, KpHaag 38BHCHMoc-

/1 2/ 
TH BblXO.llOB IIpO.llYKTOB .lleneHHSI OT M8CCOBOro 'IHCna HMeeT O.llHOrop6bilt BH.ll 

1 
H 6onbll1YIO 

rronylllHpHHY. Orrpe.lleneHHJO BbiXO.llOB rrpo.llyKTOB .lleneHHSI rrpH o6ny'leHHH MHllleHeA c Z 5 90 

MHOr038pSI.llHblMH HOH8MH 6binH IIOCBSillleHbl TOnbKO TpH pa60Tbl: H3y'lanOC b .lleneH!fe U HI HOHa-

13 /1/ 238 z.~/2/ 232 18 22/3/ 
MH C 1 U HOHSMH N H Th HOHaMH 0 H Ne • B rrepBbiX .llBYX pa6o-

Tax orrpe.llenSinHCb J:lblXO.llb l IIpO.llYKTOB .lleneHHSI TOnbKO B cpe.ll}\elt '18CTH KpHBOA 1 B rrocne.llHelt 

pa6oTe - TOnbKO Bb!XO.llbl p e .llK03e MenbHblX aneMeHTOB, Yf3 cPOpMbl KpHBblX BH.llH0 1 'ITO C pOCTOM 

Mac coaoro 'IKcna .llenSi lllerocg Sl.llpa yaenH'IHBaJOTCSI BbiXO.llbi B o6nacTH TSI:lKenbrx ocKonKoB. 

B HaCTOSillleA pa6oTe 6bmH orrpe.lleneHbi .llenHTenbHbre BbiXO.llbi aeKoTopbiX H30Torroa a o6-

nacTH M8CCOBb!X 'IHCen OT 72 .llO 179,. EonblllOe BHHM8HHe y.llenSinOCb OIIpe.lleneHHIO Bb!XO.llOB 

TSI:lKenbiX pe.llK03eMenbHb!X aneMeHTOB, 

3KcrrepHMeHT8nbH8SI '18CTb 

06ny'leHHe : 

MHllleHb 
2 2 

H3 MeTannH'IeCKOrO ypaHa pa3MepOM 10 X 20 MM H TOnlllHHOlt 30 Mr/CM o6nyqa-

22 
Ne aa BHyTpeHHeM rry'IKe UHKnoTpoHa MHoro3apSI.llHbiX HOHOB OHHH. B HeKoTo-nacb HOH8MH 

pbiX cnyqagx rrpHMeHSinacb MHllleHb B BH.lle cnog U 3 08 , HaaeceHHoro Ha ToncTyJO Me.llHYJO ox-

/4/ 
na:lK.llaeMyJO IIO.llnO:lKKY, pacrrono:lKeHHYID IIO.ll OCTpbiM yrnoM K rry'IKY npH o6ny'leHHH ypaHo-

22 <~+ 
Bb!X c!Jonbr TOK HOHOB ( Ne ) 6bin OKOnO 1 MK8 1 II pH o6ny'leHHH HaKnOHHOlt MHllleHH C U 

3 
0 I 

oH .llOCTHran aecKOnbKHX .lleCSITKOB MKa. MaKCHManbHag aaeprHH HOHOB paaagnacb 145-150 Mas. 

npo.llOn:lKHTenbHOCTb o6ny'leHHSI 6bma OT 1 1 5 .llO 8 '18COB, 

XHMH'IecKaH o6pa6oTKa 

Bo BCeX cnyqagx KpOMe OCKOnKOB .lleneHHSI Bbi.llenSinHCb T8K:lKe TSI:lKenbie 8KTHHH.llHbie ane-
/5, 6/ 

MeHTbl Cf, Fm, Mv • noaTOMY MeTO.llHKH Bbi.lleneHHSI rrpO.llYKTOB .lleneHHH 6binH rrpHcrroco6-

neHbl .llnB aToA uenH, 

/3/ 
Pe.llK03eMenbHbie aneMeHTbi Bbi .llenHnHCb no MeTO.llHKe ~ rrpHBe.lleHHoA a pa6oTe • .[lng 

yny'lllleHHSI O'IHCTKH rrocne oca:lK.lleHHH cPTOPH.llOB pe.llK03eMenbHbre aneMeHTbi ( P33) rrepeoca:lK.lla-

nHCb B BH.lle OKCanaTOB H p83.llenHnHCb Ha KOnOHKe CO CMOnolt .[layaKc-50x12 12 MK naKT8TOM 

8MMOHHH, .[lng OIIpe.lleneHHSI XHMH'IeCKOrO Bb!XO.ll8 IIpH paCTBOpeHHH MHllleHH BMeCTe C HOCHTeneM 

LaCl 3 
.ll06aangnocb H3BeCTHoe KOnH'IeCTBO Am 3 ~ 

UHpKOHHA Bbi.llengnca H3 ciJHnbTpaTa rrocne OT.lleneHHB pe.llK03eMenbHbiX a neMeHTOB H O'IH

lllancH .llByKp8THb!M OC8:lK.lleHHeM cPTOpUHpKOH8T8 6apHSI H MHH.llanHT8 Z r • 

3 

/ 



nannaAKA K3 <PKnbTpaTa rrocne oca.>KaeHKSI ¢TopKaoB P33 oca.>KaancSI P d 12 K rrocne 

paCTBOpeHKSI Pd aBBlKabi OCB.>KaanCSI aKMeTKni"nKOKCKMOM . n ocne paCTBOpeHHSI B uapCKOA 

BOaKe paCTBOp aenKnCSI Ha aBe "'SCTH. 8 nepBOA - noBTOpS!nOCb OCa.>KaeHKe aKMeTKni"nKOKCK-

112 
MaTa Pd K K3Mepgnacb aKTHBHOCTb ocaaKa, BO BTopoA - onpeaenSincH Pd no aoqepHeMy 

112 
A~ • 

Yioa K 6pOM OTaemmKCb OT OCTSnbHbiX OCKOnKOB OTI"OHKOA K 3KCTpSKUKeA. Yioa OT 6pOMS 

OTaen51nC51 OTI"OHKOA B npKCYTCTBKK HKTpKTS. nocne O"'KCTKK OCa.>KaanCSI A~~ K AgBr 

Tennyp. cf:>KnbTpaT nocne oTaeneHK51 P33 BbiiiapKBancH aBa pa3a c KOHUeHTp. HBr no"'TH 

aocyxa, oca.>KaancH Fe (0H)
3 

K Tennyp Bbiaen51nC51 aByKp8THbiM BOCCTSHOBneHK e M ao Me Tanna 

cepHKCTbiM I"830M. 

rannHA. nocne aKcTpaieuuu a¢KpOM oca.>KaancH 6eH30KHOKCKMOM Mo nOTOM 

Bi 
2 

S s Ga 
4 

[ Fe ( C N ) 
6 

] 
3 

• 

PyTeHHA. nocne B biaeneHH51 lPTOpKaOB K .. ao6aBneHH51 H2S04 K K ro.- B TOKe B03ayxa 

OTI"OHHnCSI R u 0 
4 

c nocneayiOmKM nornomeHHeM B 5 N HCI K BOCCTSHSBnKBSnC51 M8I"HKeM 

ao MeTanna. 

l-13MepeHKe 

BhiaeneHHbie K30TOnhi 6binK KaeHTKlPKUHpoBSHbi no nepHoaaM nonypacnaaa. B HeKOTOpbiX 

cnyqa51X onpeaenHnKCb TSK.>Ke y -cneKTpbi H 3Hepi"H51 • f3 -K3ny"'eHKSI'. f3 -aKTHBHOCTb npe-

napaTOB H3MepHnacb Ha TopuoBoM c"'eT"'KKe MCT-17, y - cneKTpbi CHK M anHCb npK n oMomH 

CUHHTHnnHUHOHHO ro cneKTpOMeTpa C KpKCTannOM Naf 30 X 20 M M H CTOKSH8nbHOI"O SHSnK38TO

pa HMnynhCOB. Pac"'e T ceqeHKA o6pa3oBaHH51 oTaenbHbiX paaKOK30TOIIOB rrpoK3BOaKnc51 c y"'eTOM 

reoMeTpKK, rronpaBoK Ha caMonornomeHKe, nornomeHKe B cnoe B03ayxaJ B OKOillKe C"'eT"'KKa K 

Ha oTpa.>KeHKe oT noano.>KKH . To"'HOCTb oqpeaeneHH51 ce"'eHKA ne.>K KT B npeaenax :!:_30%, B HeKo

TOpbiX cnyqa51X OI11K6Ka MOI"na aoCTKI"8Tb 50%. 

Pe3ynhTSTbi H o6cy.>KaeHK51 

npii o6nyqeHKK 
23 8 22 

U HOHaMK Ne o6pa3yeTc51 cocTaBHoe Hapo 
260 

102 • npii 3Hepi"KK 

HaneT8IOll.{eA qacTKUbl 6,5 MaB Ha HyKnOH, npH KOTOpoA Mbl pa6oTanK, BepOS!THOCTb 38XB8TS TOnb

KO "'SCTK HaneTaiOmero Siapa He 6yaeT npeBbiillaTb 10-15%
171

• CocTaBHoe Hapo nerKo aenKTC51 1 

/6/ 
T8K K8K no aaHHbiM TapaHTHHS , OTHOill e HHe Bep051THOCTH aeneHK 51 K Bep051THOCTK KcnycKSHK51 

HeATpOJIOB B oaHOM 8KTe ( r f /rm) anSI Siaep C Z > 100 10. noaTOMY IIpH o6ny-

"'eHHH 
2$1 22 

U KOH8MH Ne , B OCHOBHOM 1 aen KTC51 
26() 259 

Hapo 102 HnK 102 • 3Hepi"K51 B036y .>Kae-

HH51 a e n51ll.{e!'O C51 Hapa, KOTOpS51 B H8illeM cnyqae aoCTHI"SeT 80 MaB, npHBOaHT K yBenK"'eHKIO 

"'Kcna HyKnOHOB ( HeATpOHOB), ucnycKaeMbiX npH aeneHKH. K TOMy .>Ke aenHmeecst Hapo stBn51eT

C51 HeATpOHoae¢HUHTHbiM. noaTOMY HaK6onee Bep051THblft 38pHa Z,. OCKOnKOB C aaHHbiM M acco

Bb!M "'HCnOM ae 6yaeT, rro-BHaKMOMy, O"'eHb OTnH"'8TbC51 OT H8K6onee CT86HnbHOI"O Hapa Z A' 

T.e. CTa6Hnb!lbie K30T0nbl B03HHK810T CO 3H8"1KTenbHb!M He3SBHCHMblM BbiXOaOMj B03MO.>KHO aa.>Ke 

o6p830BSHKe staep C HeaOCTSTKOM HeftTpOHOB. nna onpeaeneHHl1 KyMynHTHBHhiX BblXOaOB H3 9K

cnepHMeHTanbHbiX aaHHhiX Heo6xoaHMO 3H8Tb KOnH"'eCTBO HCJIYCK8eMbiX HeftTpOHOB H lPYHKUHIO 

/3/ 
pacnpeaeneHKst 3apHaa npH aeneHHH • KonH"'eCTBO BbineTaiOmllx HeiTpOHOB onpeaenstnoc~:. 

4 



npH6nH3H·TenbHO nyTeNI CpSBHeHHSI Bh!XOLlOB H30TOnOB 
liS 

y 
9$,91 

Zr R 103.101 
u • Bru H 

12 .1~ 
Ga C BhiXOLlBMH H30TOnOB naHTBHHLlOB B npeLlnOnO:>KeHHH, 'ITO KpH'B8SI Bh!XO.LlOB CltMMeTpHq-

HB, KpoMe TOro, npOBOLlHnSCb OUeHKB STOR aenH'IHHbl no H3BeCTHOR SHeprHH B036y:>KLleHHSI 
/3/ 

22 
npH HaqanbHOR SHeprHH HOHOB Ne 145-150 Msa cpeLlHee 'IHCno BbineTaJOWHX HellTpOHOB, pac-

C'IHTBHHO,e TBKHM CnOC060M, COCTSBnHeT "'12 , 3aBHCHMOCTb pacnpe.lleneHHSI 38pS!Ll8 npH Llene

HHH Bb!pa:>KaeTCSI CTBTHCTH'IeCKOll cpyHKUHell 

KoHCTBHTa 

LlBM nap H3o6ap 

p = ----,'1':::=-_ 
yrrc 

C a BhiwenpHBeLleHH~ll cpopMyne 6h!na onpelle.II€'Ha npH6nH3HTenbHO no Bbixo-
143 u3 149 u9 u6 I 1u 166 I 166 

Ce I Pr , Nd I Pm , Sm Ev , D Y H o • 

MeTOLlOM nocneLlOBaTenbHbiX npH6nH:>KeHHll c Hcnonb3oaaHHeM BhiXOLlOB acex SKpaHHpoaaH

HhiX S!Llep 3HB'IeHHe STOA KOHCTBHTbl 6bJnO YTO'IHeHO H OHB OK838nac b p8BHO!l 2,1 ( pHC, (), 

HaH6onee aepoHTHhiH 3BPHL1 pacc'IHTbiBancH cornacHO 

/9 10/ 
LlB ' H nponopuHoHanbHoro pacnpeLleneHHH 

rHnOTe38M OLlHHBKOBOrO CM9WeHHSI 38pS1-

/11/ 
38pS!Ll8 ; 3HS'IeHHSI Z A 6panHCb H3 pa60Tbl 

/12/ 
KopHenna nyqwee COrnaCHe 6bJnO LlOCTHrHyTO npH npHMeHeHHH rHnOTe3bl OLlHHBKOBOrO CMe-

weHHSI 3apS1L1B B npeLlnono:>KeHHH, 'ITO HcnyCKaeTCH 12 HeATpOHOB, Pa3HOCTb 

eT 0,5-1 ,5. 

¥13 SKCnepHMeHTBnbHhJX BhJXOLlOB 6bJnH 38TeM paCC'IHTBHbl KyMynSITHBHbJe BbiXOLlbl Ll.JIS! Ka:>K

LlOrO MBCCOBOrO 'IHCna, nony'leHHbJe aenH'IHHbl BhiXOLlOB npOLlYKTOB LleneHHSI npHBeLleHbl B Ta6nH

ue 1 H HB pHC. 2. 6bJnO HLleHTHcpHUHpOBBHO 49 H30TOnOB C MSCCOBhiMH 'IHCnSMH OT 72 LlO (79, 

6narOL18pS! 60nbWOlt HHTeHCHBHOCTH ny'IKB HOHOB Ne 
22 

npH o6ny'leHHH H 'leTKOMy p83LleneHHJO 

P33 (pH c. 3) Mhi MornH onpeLlenHTb BhiXOLlhi LleneHHSI H30Tonoa acex peLlK03eMenbHbiX sneMeH-· 

/3/ 161 
TOB, TaK :>Ke KBK H B nepaoll pa6oTe 6hinH o6Hapy:>KeH.bl TOnbKO LlBB H30TOna Tep6HSI: T b 

16S 
C 6onee BhlCOKHM H Tb C 6onee HH3KHM Bb!XOL18Mfl 1 qeM STO cneLlyeT H3 KpRBOR BbJXOLlOB, 

+ 
Bo cppaKUHSIX Tu , Er R Ho 6bJno LlOKa3aHo npRCYTCTBRe f3 aKTRBHhiX R30TOnoa. ¥13 

161 
HeATpOHOLlecpHURTHhiX R30TOnoa yllanocb RLleHTHcpRUHpoaaTb Tu 

CpeLlH R30Tonoa Tu 6hin HBltLleH HOBhill {3 H3ny'laTenb c nepROLlOM nonypacnalla 

T"'7,8:!_0,5 qacoa H SHeprHeA y -R3nyqeHRH 0,40:!_0,02 Msa (ao3MO:>KHOlt 0,48 Msa) (pRe. 4 ). 
113 

Y1cXOLlSI 1'13 aenH'IRHhi BhiXOLla, Mhi npeLlnonaraeM, 'ITO sTo, aepOHTHO, Tu , 3To npeLlnono:>Ke-

HRe XOpOWO COrnacyeTCSI C HeLlSBHO ony6nRKOB8HHbiMI'I LlBHHhiMI'I 0 nonyqeHRI'I STOlt BKTHBHOCTI'I 

/15/ 114 11~ 
HnOHCKRMH yqeHhiMH npeLlnono:>KRTenbHO npR peaKURR Yb ( y , p ) Tu (xRMH'IecKaH 

RLleHTI'IcpHKBUHSI He npOBOLlflnBCb), 

PaCC'II'IT8HHOe 1'13 npHBeLleHHOR KpHBOR cpeLlHee Ce'leHHe LleneHHSI B npellenax SHeprRH qac

TI'IUhl OT 150 Msa LlO 105 Msa (KynoHOBCKHA 6apbep) cocTaanHeT npH6nR3HTenbHO 2 6apHa, 

2~3 22 
¥13 cpaaHeHHH KpHBhiX BhiXOLlOB npoLlyKTOB LleneHHSI U HOHBMR Ne , HellTpOHBMR 

/14/ 236 /13/ 
LleneHRSI R U a -qacTHUBMR c sHeprRell 32,8 Msa (pHc, 2) BRLlHO, 'ITO KpRB8H 

2:J 8 22 
BhiXOLlOB npOLlyKTOB LleneHRSI U l'IOHBMI'I Ne H8MHOrO lllRpe 1'1 MSKCHMYM HBXOLli'ITCSI 

OKOnO MBCCbJ 124, 3TO HBXOLli'ITCSI B COrnaCRI'I C OUeHKOll RCnyCKBHHSI 12 HellTpOHOB npR LleneHHI'I, 

BHLlHO TBK:>Ke, 'ITO npH LleneHRI'I 1'13 COCTOSIHI'ISI C BbiCOKOll SHeprRell B036Y:>KLleHRSI yaenR'IHBaeTCSI 

KBK BepOS!THOCTb CI'IMMeTpR'IHOrO LleneHRSI 0 TBK 1'1 aepOS!THOCTb O'leHb HeCRMMeTpR'IHOrO LleneHHSI, 

5 



B 3aKmO'i9HH9 as TOphi C'iHTaiOT CBOHM .aonroM Bbipa3HTb 6naro.aapHOCTb r ,H, ct:>neposy 
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T a 6 n H 11 a 

Y130TOn 
H30TOna neno'IKH H30Tona neno'IKH 

M 6apH KyMynsiTHBHOe Y130TOU M 6apH KYMY1lSITHBHoe 
(M 6apHbd (M 6apHb1 ) 

72 149 
10,21 

Ga 0,35 0,6 Pm 42 

Ga 7 ~ 110 
11,51 0,50 1,2 Pm 35 

u 111 

Br 7 14 Pm 21 32 
l/0 

4 51 
1U 

y 19 Sm :23 32 I 

l/2 111 
y 22 29 Sm 5,7 18 

.3 '" 13~ y 17,5 27 Eu 24 . 
, 

25 32 
,JI'/ 

IS 20 Zf ~u 

l/7 111 
Zr 30 33 Gd 13 19 

113 111 
Ru 36,5 50 Tb 16 23 

101 1U 
Ru 30 52 Tb 0,8 2,2 

109 111 

Rd 47 52 Dy 3,5 7,8 
112 '" Pd 42 68 Dy 4,3 tO 
127 

271 111 

Te 70 Ho 3,2 8,8 
U2 11'1 

Te 12 60 Ho 4,6 8,1 
1U 11, 

I 32 71 Er 2,9 4,2 

I IU 15 71 Er 
1 '11 

2,0 4,5 

140 
21,51 H2 

La 55 Er O,&J 2,8 

141 u, t ,ol La 32 55 Tu 8,3 ' 'f: :'1-
14~ 1 '12 

t, to1 
Ce 35 52 Trt 3,2 

142 

12 31 ,, 
Pr • 50,5 Ttt 0,97 2,2 
14~ 

13,81 HI 
Pr 50 Yb 0,91 1,6 

141 1'1'1 
0,171 

Pr 30 40 Yb t,o 
147 1'1'1 

Nd 35 43 Lu 1,2 t,s 
149 1'11 

Nd 18 32 Ltt 0.23 0,8 
141 

11,31 Pm 40,5 

1 
He3aBHCHMbrll: Bbrxo.a. 
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