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Xol!HBUKH c., MopeK T., neKep n.K., KsMnHCTbl T., P6-5879 
neTp030nHH K. 

Hccnenoaaane D036YiK!lell!IbiX ypoan<~ii Hnep 196 Pb n 194Pb 

YpoBHH qeTHblX lf30TOllOB CBHHUB nccne~oBanHCb npn pacnane lf30TOITOB 
BncMyTa, nonyqeaHblX B peaKUifHX 181 Ta( 22Ne, xn/03-"Bi H 181 Ta( 20Ne, xn) 201-"Bi. 
B pe3yllbTaTe npoaeneH!IblX n3MepeHnii y -cneKTpoB II y-y -coananeanii HaMII 
npennoiKeHbl cxeMbi ypoanetl 196 Pb n 1

.
94 Pb • 

~Cflla, 1971 .. 
Chojnacki s., Morek T., Peker L.K., KempistY T., 
Petrozolin K. 

P6-5879 

Investigation of Excited Levels of 196 Pb and 194 Pb Nuclei 

Levels of even-even lead isotopes were investigated at the 
decay of bismuth isotopes produced in reactions 181 Ta( 22 Ne:xn) 203-"Bi 
and 181 Ta(2°Ne, xn) 201-"Bi • The level schemes of 196 Pb and 194 Pb 
were assumed on the basis of the measurements of gamma-spectra 
and gamma-gamma coincidences. ~' 

Com.m.aaleatloa• of the Joint ln1tltate for Nuclear Re1eareh. 

Dalma, 1971 



1. BaeAeHne 

HccneAoaauue ypoauen 'nonyMarn"leCKHX' sAep noasonseT nony"laTb 

CBeAeHHll 0 KBa3H"laCTH"lHb!X HeHTpOHHb!X uno npoTOHHb!X COCTOliHHliX H TeM 

CaMb!M 06 oco6eHHOCTliX OCTaTO"lHOrO B3aHMOAefiCTBHll HefiTpOHOB HiiH npOTOHOB 

B SIApax. K TaKHM liApaM OTHOCliTCll u "leTHbie uaoTonbi Pb , noaTOMY 

HX B036yJKAeHHble ypOBHH OKa3anHCb 06'beKTOM MHOrO"lHCneHHb!X 9KCnepH

MeHTanbHbiX H TeOpeTH"leCKHX uccneAOBaHHfi. K HaCTOliWeMy BpeMeHH B SIApaX 

CBHHUa C A~ 198 npu pacnaAe SIAep BHCMYTa H B SIAepltblX peaKUHliX no-

MHMO ypoauen c .I = 2 +; 4 + BbiSIBnmoTCll ypoauu Tuna I = 5 -; 

7 -; 9- / 4 / ( Ta6n. 3), KOTOpble 6binO npHHliTO HHTepnpeTHpOBaTb KaK 

ABYXHefiTpOHHbie ypoBHH Tn~a n1 (I 1_3; 2 )n iO , rAe I = p 3/2; p 1 /2; 

I 5/2, a TaKlKe PliA Apyrux ypOBHefi. 0AHaKO AO CHX nop He 6bin0 HHKaKHX 

6 
196Pb H 194pb • 

caeneHnfi o ypoaHliX 6onee nerKHX uaoTonoa 

B HaCTOllwefi pa6oTe anepBbie npeAnpnH!'!Tbi noucKn ypoaHefi SIAep, 

B036ylKAaiOWHXCll npu {3 +- € pacnaAe I 
96

• I 
94 81 0TMeTHM, "'TO AO CHX 

nop aTH uaoTonbi Bi 6binH H3BeCTHbl TOnbKO KaK a - uany"laTenn. 

B pSine TeopeTH"leCKHX pa6oT 6hlno npencKaaauo, "'TO B nerKHX uaoTonax 

Pb c A ::; 200 ypoaeHb c = 9- AOnlKeH nelKaTb HHlKe ypoBHll c 

I ,;;, 7- H acneACTBHe 9TOrO 6b!Tb AOnrOlKHBYWHM H30MepHbiM COCTOliHHeM. 

B HaCTOliWefi pa6oTe npennpHHliTbl nOHCKH TaKHX COCTOliHHfi II noKa3aHO, "'TO 

nepHOA HX nonypacnaAa T j2 < 2 MHH. 8To U03BOnSieT CYAHTb 0 TOM, "'TO 

ypoaun· c I = 9- nelKaT He HHlKe, a Bbiwe ypoBHll c = 7-. 
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• 

·nKCIIepi!MSHT 

r J' 
, He~TpOHOAS~IIU>.~llbie 1130TOI!bl BIICMyTa 6binll rrony'leHbl B peaKUIISIX 

IBITa ( 22He, xn )203-•8; II IBITa ( 20He, xn ) 201-•8; 

MIIWSHII ( MeTannll'l9CKII9 ~Onbi'II TOnWIIHOii ,. 3 MI'/ CM
2

) o6nyqan11Cb Ha 

BbiBeAeHHOM rry'lKe T.!IJKenhiX IIOHOB UIIKnoTpoHa Y-300, EbinH 113MepeHhi 

~YHKUIIII aoa6yJKAeHII.!I, Macconoe 'liiCno .!IASP - rrpoAyKTOB peaKUIIII - orrpeAe-

n.!InOCb riO 113M9H9HIIIO Bb!XOAOB y - rrepexoAOB c 113MeHeHneM aaepr1111 

rraAa!OWIIX T.!IJKenbiX IIOHOB 1 a TaKJKe riO AaHHbiM 0 ·rrepHOAaX rronypacrraAa 

Ha6nroAa9MbiX 'Y- niiHH~. npll I!OIICKaX 1130MepoB B 1130TOIIaX CBIIHUa 

o6ny'lan11Cb AOBOnbHO TOnCTbiS MIIWSHII ( .. 0, 1 MM) 113 BOnhljlpaMa C SCTSCT

BeHHbiM 1130TOI!HbiM COCTaBOM, 3TO o6ecrre'l11Bano IIOny'leHIIS cpaay HeCKOnb-

KIIX naoTorron nccneAyeMoro aneMeHTa. YcnoJKHeHIIe y - CIISKTpOB B 

aTOM cny'lae He MeWaeT o6HapyJKeHIIIO 1130MepHbiX COCTO.!IHII~, TaK KaK 

y - rrepeXOAbl MelKAY ypOBH.!IMII C I = 4+; 2+; 0+ 1 KOTOpb!S AOnlKHbl 

corrpoaoJKAaTh pacrraA aTIIX 1130Mepoa, xopowo 113BeCTHbl. nocne o6ny'leHII.!I 

IICTO'lHIIKII 'lepe3 2 MIIH, rrepeHOCIIniiCb K AeTeKTOpy, HaMepeHII.!I Y -crreKTpOB 

I!pOBOAIIniiCb Ha Ge(Li)- ASTSKTOpe o6~eMOM 13 CM3 C paapeweHHSM 

4,5 KaB, H3MepM11Cb TaKJKe CI!SKTpbl y- y - COBIIaA~HIIil, .lln.!I aTOI'O 

I!piiMSH.!InaCb CXeMa COBIIaAeHII~ / 6 /; B Ka'leCTBS AeTeKTOpOB HCIIOnb30Ba

nncb KPIICTann Ge ( Ll) o6~eMOM 13 cM3 11 KpllcTann HaJ( Tl) paaMepoM 

2u X 2 .. , 
3, PeaynhTaTbi naMepeHII~ 

a) 196 81 11 194 8;, 

19681 6bm rrony'leH B peaKUII.!IX 
181

Ta ( 
22

He, 7n 
196 81 II 

181 20 196 . 22 Ta( He, Sn ) 8i rrp11 aaepr1111 IIOHOB He - 150 Man 11 

20 He- 110 Maa. OrrpeAeneHHbi~ HaMil rrepnoA rronypacrraAa aToro 1130Torra 

·r~ = 4,6 :!:., 0,5 MIIH, 06HapyJKeHHbl9 y.:..niiHIIII B {3- pacrraAe 
196

81 

11 ilx IIHTeHCIIBHOCTII rrplineAeHbi B Ta6n11ue 1, HaMepeHII.!I y -y - coarraAe

HIIH IIOKa3anll
1 

'ITO rrepeXOAbl 372 KaB, 688 KaB II 1048,5 KaB o6pa3y!OT KaC

KaA, Y'liiTbiBa.!I IIX IIHTeHCHBHOCTII , MOJKHO rrocTpoiiTb ~parMeHT cxeMbi 

ypoBHe~ 196Pb 1 IIOKa3aHHbl~ Ha piiC, 1. 
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194 81 obm nony'leH B peaKUHSJX 181 .Ta ( 22 He, 9n ) 194 81 H 

181 Ta( 20 He, 7n ) 194 81 npH aHeprHH HOHOB :l2 He- 175 Maa H 
20He-

145 Maa cooTBeTCTBeHHo. OoaapylKeHbi 'leTbipe y - nepexo.aa (noKaaaHbi 

a TaonHue 2), pacna.aaromHecsr c T~ = 2,0 ±. 0,3 MHH. HaA.aeHHbiA HaMH 

nepHo.a nonypacna.aa oTnH'IaeTcst oT aenH'IHHbi ·r~ = 62 ceK, ncinyqeaHoA 

a paooTe /5/, B KOTopoA H3y'lancSJ a- pacna.a 194 81 , HaMepeHHSJ 

y-·Y - coana.aeHHA noKaaanH, 'ITO nepeXOAbl 965 K3B, 575,4 K9B H 280 K9B 

COCTSBnSJIOT K8CK8A, Y'IHTbiB8SI HX HHT9HCHBHOCTH, MOlKHO nocTpOHTb ljlpar-

194 
MeHT cxeMbi ypoaHeA Pb , npHae.aeHHbiA Ha pHc. 1. 

) 
200-194p, 

0 noHCKH H30M9p0B B SJApaX , 

BbinH npe.anpn;astTbl noHCKH npe.acKaaaHHbiX a paooTe /7/ .aonrolKH

aymHx H30MepHbiX COCTOSJHHil c I =9-. BcneACTBHe oonbmoro 3H8'19HHSJ 

HX cnHH8 TSilKenbie HOHbl - HaHny'lmHA HHCTpyMeHT AnSI B030YlKA9HHSJ TaKHX 

ypOBHeit, l10H8MH 18 0 H 160 Mbl oony'lanH MHIIleHb H3 BOnbljlpaMa C 

eCTeCTBeHHbiM H30TOnHbiM COCT8BOM, 'ITO ooecne'IHBano nony'leHHe HYlKHbiX 

H30TOnOB Pb , ~aKT nony'leHHSJ STHX H30Tonoa npoaepsrncsr no HaaecT-

HbiM y - nepexo.aaM, conpoaoJK.aaromHM fJ - pacna.a Pb , 'LJepea 

2 MHHYTbl nocne oony'leHH>I Ha'IHHanHCb H3MepeHHSI, T8K 'ITO MOlKHO obinO 

Haonro.aaTb nepHOAbi nonypacna.aa c T ~ = 2 MHH + aecKonbKO .aHeA, 

PeaynbTSTbi onb!TOB obinH oTpHUaTenbHbi, OlKHAaeMbiX .aonrolKHBYIIlHX H30Me

poa a 194 - 201Pb Mbi He aamnH. B paooTe 
181 aaTop aaMeTHn a fJ- pac-

na.ae 200B1 - nepeXOAbi c T~ = 11 '18COB H BbiCKaaan MHeHHe, 'ITO OHH 
. 200 

B03HHK810T npH pacna.ae H30Mepuoro COCTOSJHHSJ Pb I a 9-. Llnsr npoaep-

KH sToro npe.anonolKeHHSI Mbl Hccne.aoaanH pacna.a 
20081 , nonyqeHHoro 

B peaKUHH ecT Pt + II s . HO H30MepHbiA ypoaeHb He Obin ooHapylKeH. 

nocne OKOH'I8HHSJ paoOTbl HaM CTano. H3B9CTHO 0 nOAOOHbiX noHCKaX /9/ 

H30Mepa a 200 Pb , 3TH peaynbTaTbi xopomo no.aTaeplKixaroT HalllH .aaHHbie, 

4, OocyJK.aeHHe. 

Llnst nony'leHHSI CBeAeHHit 0 CnHH8X H '19THOCTSJX Hait.aeHHbiX H8MH 

ypoaaeA 194•196 Pb paCCMOTPHM A8HHble 00 ypOBHSJX oonee TSJlKenbiX 
198-200 

H3oTonoa Pb , npHae.aeHHbie a TaonHue S H aa pHcyaKe 1, 
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Bnaao, 'ITO saepri!R paccMaTpnaaeMbiX ypoaaei!: nnaaao MeHReTCR c 1!3MeHe

HI!eM 'II!Cna aei!:TpoHoa a Rllpe, 8Ta nnaaHOCTb no3aonSieT sKCTpanonnpoaaTb 

Kpi!Bble B oonaCTb C H = 114,112, Ha OCHOBaHI!I! TaKOi!: SKCTpanonRUI!I! 

MOJKeT ObiTb caenaHO 3aKnroqeane, 'ITO aepxHni!: ypoaeHb KacKaaa a 

196 Pb - 2109 KSB aepoRTHee acero, I!MeeT 7-, a a Mpe 
194

Pb 

1817 KSB 5-. Hl!lKHI!e ypoBHI! c I = 4+ I! I = 5- a 
196 

Pb 

cornacHo pnc, 1, 6n1!3KI! apyr apyry. DosToMY ·y - nepeXOII 372 KSB C 

ypOBI!ll 2109 KSB I = 7-, cKopee acero, naeT Ha ypoaeHb c = 5-, 

a ae I = 4+, B STOM cny'lae ypoael!b 1737 KSB I!MeeT I = 5-, 

y - nepexoa 372 KSB ecTb nepexoa Tnna E2, a 

- Tnna E3; 

y - nepeXOII 688 KSB 

TaK KaK B KalKIIOM 1!3 OOOI!X cneKTpOB OOHapylKeHO TOnbKO no Tpl! 

I!HTeHCI!BHbiX y - ni!HI!I! - 'lneHbl paCCMOTpeHHbiX BbiWe KaCKSIIOB1 Hanoonee 

I!HTeHCI!BHbie {3 - nepeXOilbl I!IIYT Ha I!X aepXHI!e ypOBHI!o DosTOMY MOlKHO 

OlKI!IlaTb, 'ITO cnnH 194Bi I= 5(6), a 196si I= 7(8). 0TpnuaTenbHbii!: pe-

3ynbTaT noncKOB aonroJKI!BYWI!X 1!30MepHbiX cocTORHI!ii ( I = 9-) a 

194 - 200 Pb 
1 

B CBOIO O'lepellb 1 CBI!IleTenbCTayeT 0 TOM, 'ITO B STHX MpaX 

ypOBHI! C = 9- HaXOIISITCSI BbiWe ypoBHSI C I::: 1- I! MoryT pa3pSilKaTb- · 

CR Ha HI!X obiCTpbiM E2-nepexoaoM. Ha pncyHKe 3 npeacTaaneHbi aaHHbie 

o6 ypoaHSIX Pb , nony'leHHhle a pe3ynbTaTe pac'leTOB /1-3/ a npeanono~· 

lKeHI!I!
1 

'I.TO STO 'II!CTO Hei!:TpOHHbie ypOBHI!, l13 pi!CYHKS BI!IIH01 'ITO yKa3aH

Hbie pac'leTbi a oownx 'lepTaX nepeaaroT xapaKTep 3SBI!CI!MOCTI! sHeprl!l! 

ypoaHefi OT 'II!Cna HefiTpOHOBo Han6onbwl!e pacXOJKileHI!ll Ha6nroaaiOTCSI anSI 

ypOBHSI C I = 5-. KpoMe Toro, BI!IIHO, 'ITO, cornacHo pac'leTaM, ypoaeHb 

c = 9- onycKaeTCSI HI!JKe ypoaHR c I = 7-, Toraa KaK aa onoxTe 

sTo a 200 - 198 Pb He I!MeeT MecTa, CneayeT 3aMeTI!Tb, 'ITO npn Teope-

Tl!'leCKOM aHann3e ypoaaen 1!30Tonoa canHua c A < 204, ao cnx nop He 

y'II!Tbiaanacb ao3MOlKHOCTb ao36yJKaeHI!R npoToHHbiX ypoaHei!: 1!3 3anonHeH-

HOfi ooonO'IKI! Z = 82
1 

TaK KaK C'II!TanOCb 1 'ITO OHI! IIOnlKHbl nelKSTb O'leHb 

BbiCOKO, noao6Ho npoTOHHbiM ypoaHRM 
208Pb I! 

206 
Pb Tnna p 1 ( h 9/2) 

I = 5-, Mbi XOTI!M o6paTI!Tb BHI!MSHI!e Ha TO, 'ITO a p
2 

(s l/2) c 

nei'KI!X 1!30TOUSX CBI!HUS UpOTOHHbie COCTOSIHI!SI1 UO-BI!Ili!M0'1Y• I!I'paiOT 

oonbWYIO pOnb B ¢JopMI!pOB8HI!I! CBOfiCTB H1!3KI!X ypoaHefi, 
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4T06bl npOAeMOHCTpllpOBaTb 9TO, HanoMHIIMt "110 HlllKHIIil npoTOHHbill 

ypoaeHb 206Pb (p11c. 2.) 3403 K9B c I = 5- cllnbaee acex APYI'IIX 

( lg It = 6,3) aacenneTcn np11 {3 - pacnaAe 
206 

Bi [ I 6+ p( h t/2 ) • 

n ( p 
3

;
2 

+ I 
5
;

2 
) 1 • TaK KaK OAHOKpaTHo-aanpemeHHbill {3 - nepexoA 

p ( S j2 ) -+ n ( p J/l } , B 9TOii: o6naCTII S!Aep OH OTnllqaeTCS! Ha aero Tllna 

MaKCIIManbHOll aeponTHOCTb!O (II ManhiM aaaqeHIIeM lg It ). 

. C OOTB9TCTB9HHO y - nepexoA Tllna E 1, CBSI3biBaiOIUIIll aTOT npoToll-

.I = 5- C HlllKHIIM ypOBH9M I = 4+, nocne y- nepe-
Hblii: ypOB9Hb C 

XOAa 4 + -+ 2+ II 2+ -> 0+ - CaMblll IIHTeHCIIBHbill: B,.\ y - cneKTpe 

206 Bl • HlllKHIIe ypoBHII c 5- B 
204 Pb , 

202 
Pb 11 

194 Pb o6naAaiOT 

TaKIIMII JKe oco6eHHOCTS!MII aaceneHIIS! II pa3pS!AKII (piiC, 2,3), noTOMY ypOBHII 

c I ·= 5- a 104 Pb 202 Pb , 204Pb , a TaKJKe aaanoi'II"lHbie ypoBHII 

B 
196,19B,200Pb , no-BIIAIIMOMy, COAepJKaT 3Ha"liiT9nhHY!O npiiM9Cb npoTOH-

HblX COCTOS!HIIfi TIIOa p1 ( h 9; 2 ) p2 ( S j2 ) 

ABTOpbl BblpalKaiOT 6naroAapHOCTb aKaAeMIIKY r,H, ¢>nepOBY 3a IIHTepec 

K pa6oTe, P. EpoAe 11 A. ronb"leBCKOMY - aa noMO!Ub B 113MepeHIISIX, a 

TaKJKe rpynne aKcnnyaTaUIIII UIIKnoTpoHa 1-300, o6ecne"liiBWeii: xopomyro 

pa6oTy ycKopiiTenn. 
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PyxonHCb nocTynHna.B H3A8TenbCKHA OTAen 

21 HIOHH 1971 rona • 

. Ta6JIH~a I. 

r -nepexO,Itbl B 196 Pb .. 
• . 

!37,6 . 336,8 372.0 688.0 : 1048,6 • . 
IO,t2 16+2 46,t5 62;t5 • IOO . 

. - • 

Ta6mma 2. 

t -nepexo.ztH B I94 p b • 

280.0 575,4 595,3 965.0 

70±5 87+8 2.3,t2 IOO .. 
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Pnc. 1, CxeMbi ypoaaefi nerKnx 'leTHbiX naoTonoa canaua • 

.. 
:'BI 

6t 

Ot 
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Pnc, 2, t:lacTb CXeMbl ypOBHefi 'leTHbiX H30TOllOB CBHHU8o 
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Ta6mma 3. 

3HeprHH ypOBHe£! qeTHUX H30'!0DOB CBHHita 
' 

~ 2+ 4+ 5- 7- 9-

206 Pb 803,3 - 3404 2200,3 2658,5 

204 l>p 899,3 1273,9 2257' 7 [>2186] 2185,6 

202 'Pb 960,7 1382,9 2040,4 £>2170 I 2169,7 

200 Pb 1026,5 1488,8 1908,6 2153,8 [>2154] 

198 Pb 1063,5 1625,9 1823,6 2141,6 [>2142] 

196 Pb 1048,6 - 1746 2109 f>2109] 

i 194 Pb 965 1540,4 1820 - -. • . 

Experiment 

....----------· 
4t -----2•----------

Theor~ 

....... -4• ----2· 
oL_g-.-=--,-.--.-~.~,M~-~~~H~m~a~o~n~I~I~~~M~~M 

N N 

Puc. S. Cpaauenue aKcnepuMeHTanbHO uaomo~:taeMblX u pacc'luTaHHblX 
TeopeTH'IeCKH /2/ ypoBHeil. 'leTHbiX H30TOnOB CBHHU8o 
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