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l.BeeneaHe 

B aacToHmee epeMH 6onbmoe BHI!MaHHe ynenHeTcH 113y~eHIIID pacnana 

p81J.I!08KTI!BHbiX Mep ~nepeXOIJ.HOfi o6naCTII MGlKIJ.Y ccjlepll~eCKHMII II ?llnbHOIJ.e­

cjlopMIIpOBBHHbiMH H1J.p8MH. 

;.· 

B nallaofi pa6oTe 113y~anllcb KOpOTKOlKIIBYWIIe (nepiiOIJ. nonypacnana 

MGHbWe 30 MIIHYT) HefiTpOHOIJ.OcjJIIUIITHhle MPB HGOIJ.IIMa II npa3G01J.IIM8 C MaC­

COBblMH ~IICnaMII A < ·140, KOTOpble MOlKHO OTHSCTII K HIJ.PBM nep~XOIJ.HOfi 

.o6naCTH. 

J130TOOHblfi COCTBB H801J.IIM8 II npa3801J.HM8 O~GHb cnOlKeH, BCnelJ.CTBIIG 

'!ero B03HHKaiDT 6onhwlle aKcnepHMeHTanbHhle TpynaoCTII np11 HX 113y'!eHUII 

MOTOIJ.BMH .SilJ.epHOfi .cneKTpOCKOOHH. J11J.eHTIIcjJHK8UIIH 1130TOOOB 3TIIX aneMeH­

TOB OC068HHO 38TPY1J.HHEiTCH npH 11CnOnb30B8HHII p81J.II08KTIIBHhiX IICTO~HIIKOB, 

nony'!eHHbiX B pe3ynbTaTe peaKUHfi rny6oKoro pacmenneHIIH 6e3 nocnenyiD-

. mero npHMeHeHHH Macc-cenapaTopa. 3THMII TpynaocTHMH MOlKHO' o6'bHCHIITb· 

/2-5/ 
pa3HOI'nBCHH nHTepaTypHbiX iJ.BHHbiX B HIJ.OHTIIcjJHKBUHI! 1!30TOOOB HGOIJ.HMB 

nnH !!3Y~8HHH pacnana KOpOTKOlKHBYWIIX 1!30TOOOB HeOIJ.IIMB II npa3801J.HM8 0 

nony~eHHhiX B peaKUHHX rny6oKoro pacmenneHI!St ranonHHHH, HaMil 6hma npH­

MeHeHa 6onee 6hiCTpaH 3KCnepi!MGHTanbH8H MGT01J.IIK8 BblfJ.GneHHH HG01J.HM8 

I 8- Hi/ 
AI! npa3GOAI!M~ 1!3 o6ny'IGHHOfi MHWGHII II fiOCneayiDWGI'O H3Y'l8HIIH 

I'BMMa-cneKTpOB HX H30TOOOB. 

no aaw11x 11ccnenoeaH11fi 6hmH H3BeCTHhl ueno'IKII P?cnana aefiTpoao­

necjJHUHTHbiX 1130TOOOB H601J.IIM8 II npa3G01J.HM8, npi!BGIJ.GHHbiG B Ta6n11ue 1; 

3 
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140 
Nd 

139 Nd 

138 Nd 

137 
Nd 

136 
Nd 

IM Nd 

i34 Nd 

Ta6muta 1 

Ueno~KH pacnana uaoTonon neonuMa.H 

npa380AHM8 C MBCCOBhlMH ~HCnaMH A< 140 

3,3nn. 140 3,4 MHH 140 
CTa6, 

{3+, ( 
Pr Ce 

{3 +. ( 

5,5~acx29,7MiiH t39P 4,92 ~ac 139 
Ce 

140 All. 
(3+ r {3 +. ( • f 

5,2~ac 138 Pr 2,2~acx1,5 MHH 138 CTa6. 
{3+ ,( {3+. f 

~ Ce 

.. 139 La 

40MHHX22MHH 137 Pr 76 MHH 137 Ce 34,4~a& 9,0'laC 137 La 
{3+,( {3 +,( {3 +. ( 
55MHH 136 Pr 13 15MHH 136 Ce CTa6, 

{3 +. ( {3+ ,f 
I 

? 135 27MHH 185 Ce 17,2~ac , 135 La Pr 
{3 +, f {3+ ,f 

? 134 Pr 17 MHH 134 Ce 72 ~ac 134 La 
{3 + ,f {3+ ,( 

? X 
133 Pr 133 Ce 97MHH 5,4~ac 133 La 

{3+ ,( 

2, 3KCnepHM8HTanbH8H ~8CTb 

HeilTpOHOASqll!UHTHble H30TOllhl npa380AHM8 H H80AHM8 6hinH nony~eHhl 

IIO pe8KUHHM I'{ly60KOI'O pa.cm(mneHHH npH o6ny~eHHH MHmSHH I'BAOnHHHH B 

tjlopMe nopomKoo6paanoro KOMnneKca ( NH 4 ) 2 . [ Gd DTIIA ] * na BHemHeM 

ny~Ke npoTOHOB cunxpouuKnoTpoHa Ol1.Hl1 c aneprHeil 660 Man. Bee MHme­

HH COCTaBnHn 0,5 +- 0,7 !', 1 Bp8MH o6ny~eHHH - 5 +- 15 MHHyT 1 HHTSHCHBHOCTb 

ny~Ka - 4•10
11 

np/CeK, llnH Tp8HCllOpTHpOBKH MHWOHH C MSCTa 'o6ny~eHHH 
/8/ 

B XHMH~SCKYJO na6opaTOpHIO 6hin8 npHM8H8H8 llH8BM8TH~8CK8H llO~Ta , 

OTaenenHe nponyKTOB HnepHhiX peaKUHH oT MaTepuana Mnmenu npouanonunocb 
" /10/ . 

llO M8TOAHK8 1 OllHCBHHOli B pa60T8. '· 

06ny~eHHhlll KOMnneKC paCTBOpHnH B BOAS H3 pac~eTa 25 Mn, Ha OAHH 

I'p8MM KOMnneKCa B npHCyTCTBHH 10 MI', K8THOHHT8 llay3KC 50 x8 C pa3M8-

p0M 38pHa (20:!: 5) MKM, PanH08KTHBHhl8 npOAYKTbl HAepHb!X peaKUHH, CTa-

6HnH3HpOB8HHhl8 B tjJOpMe TpOXIHlnSHTilb!X HOHOB 1 B T8~8HH8 1,5-2 MHH COp-

4 
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l 
611poaarm ua cMone, KoTopyro oTnenrum ueHTpl!¢yrllpoaa!i:lleM. 3aTeM cMony 

npOMhiBanll BOAOfi II nepeHOCI!nll B M11KpOXpOM8TII'IeCKyiO KOnOHKY ( h =9Q Mn, 

rP = 2 MM), 38ttOnHeHHYIO KBTIIOHI!TOM .naySKC 50 x8 C pa3MepOM 3epeH 

(20:!: 5) MKM B NH t- !jlopMe. 3niOI!poaaHIIe penKo3eMenbHhiX sneMeHTOB .113 

KOnOHKII ttp0113BOAIIITII paCTBOpOM a -OKC1!11306yTIIpaTa 8MMOHIISI' ( a - 0116) 

c pH 4,75. ripll_llcnonb30BaHIIII 0,28 M pacTaopa a. - 0116 'IIICThili npe­

navaT HeOAIIMa nonyqaeTCH qepe3 15-17 MIIHyT nocne KOHUa o6nyqeHIIH B 

o6'beMe 4 Kanenb (pi!~. 1). a B cnyqae ttpi!MeHeHIISI 0,30 M paCTBOpa snro­

eaTa, 'lepe3 13 MIIHYT B · o6'beMe OAHOli Kattnll (Bh!XOA OKOITO 50%, np11MeC11 

COCeJUIIIX sneMeHTOB MeHbWe 3%); .nnH Bhi):leneHIISI npa3eOAIIM8 IICITOITb30Banll 

0,30 M 11 0,33 M pacTBopa ~ - 0116, 

,UnSI IICCITeAOB8HI!SI reHeTII'!eCKOfi CBSI311 IIS06apOB riiliiMeHSinCSI MeTOA, 

. /9/ 
noAp06Ho on11CaHHhili B pa6oTe • PaAIIoaKTIIBHhie 1130TOtthi peAK03eMenbHhiX 

sneMeHTOB ( P33) npeABapiiTenbHO BKITI0'!8IOTCSI B KOMnneKC .nTrJA B BOA­

HOM paCTBOpe, f1p11 IIX pacnaAe AO'!epHIIe npOAYKThl no s!jl!jleKTY CullnnapAa­

lJanMepca Bh!XOASIT 113 COCTaBa KOMnneKCa II CTa61!ITII311pyiOTCSI B ljJopMe 

TpeXBaneHTHhiX IIOHOB, KOTOphie 3aTeM 8ACOp611pyiOTCSI CIIITbHOKIICnOTHhiM Ka-

TIIOHIITOM ( Wofatit·- KPS , Dowex - 50 II OTAenSIIOTCSI !jlllnbTpOB8HIIeM, 

fipouecc OTAeneHI!Si MOJKeT 6b!Tb noBTOpeH MHOrOKp8THO 'lepe3 38AaHHhie IIH-

Tepaanhi apeMeHII • 

.nnSI IIAeHTII!jJIIKBUIIII HOBhiX 1130TOnOB HeOAIIMa STOT MeTOA OTAeneHIISI 

AO'!epHIIX npOAYKTOB 6biiT npi!MeHeH B Bap118HTe, KOrAa pa3AeneHIIe npoAyK­

TOB S!AepHhiX peaKUIIfi ·Ha OTAenbHhie sneMeHThi He Tpe6oaanocb, 3TO 3Ha­

'IIIT, 'ITO cpa3y nocne KOHUa o6nyqeHI!H MOJKHO npo113BOA11Tb HaKon~eHIIe 11 

OTAeneHIIe AO'!epHIIX npOAYKTOB, .nnH STore 2r KOMttneKca ( NH
4

)
2 

(Gd JlTrJA) 

paCTBOpeHHOrO B BOAe (2 Mn) C 113BeCTHhiM 113.6hiTKOM .nTrJA o6nyqanll Ha 

BhiBeAeHHOM ny'!Ke npOTOHOB, fiocne 'o6ny'leHIIS! pacTBOp pa36a,BITS!ITII AO 75 MIT, 

.. II A06aBITSinll onpeAeneHHOe KOITII'!eCTBO raAOITIIHIISI, f1p11 STOM 1136hiTOK KOMn­

neKC006pa30B8TenSI nonHOCTbiO ITIIKBIIAIIpyeTCSI, II C STOre MOMeHTS AO'!ep­

HI!e npOAYKThl H8'111H8IOT CTa611ITII311p'OBaTbCSI B IIOHHOli ljJOpMe (Ha'!ano HaKon­

neHIIS!), fioTOM AO'!epHIIe npOAYKTbi BhiAenHITI!Cb no BhiWeOniiC8HHOMy MeTo-

AY, TaKIIlt H8KonneHj{li npaii3BOAIIITII ITS!Tb, BpeMSI HaKonneHIISI - Tpll MIIHy-

Thi, Manhili IIHTepaa.n HaKonneHIIH 6hm Bhi6paH AnSI Taro, 'IT06hi npenoTapa-

5 
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TliTb H8KOnneHii9 OOnbWOI'O KOnli'I9CTBa 1130oapOB 
135 

Pr II 
J3.4Pr 

, !130TO-

llbl UepiiSI, 00p830B8BWII9CSI· B nocneAOBaTenbHO BbiAeneHHbiX !ppaKUIISIX1 qTAe-

c.i+ /11 I 
nSinll nyTeM 3KCTpaKUIIll e qepe3 'leTbipe qaca nocne Ha'lana Ha-

KOnneHIISI, KOI'Aa 1130oapb! 
135 

Pr II 
134 

Pr npaKTII'!eCKII nonHOCTbiD pacna-

L!nH 113MepeHIISI I'8MM8-Cll9KTpOB 1130TOHOB H90AIIM8 II npa390AIIM8 II 

noqepHIIX nponyKTOB IIX pacnana llcnonb30BancSI raMMa-cneKTpoMeTp c ne-

3 
TeKTopoM Tllna Ge ( Li) c 'IYBCTBIITenbHbiM oo'beMOM 6,3 eM 11 aHepreTII-

'IeCKIIM pa3peineH~eM 4,2 K3B np11 3H9pi'Iill' 1332 K3B, !13MepiiTenbHaH· TeXHII­

Ka1 a TaKllie MeTOAIIKa cnollieHIISI 11 oopaooTKa cneKTpoB nonpooHo on11caHbi 

/12/ 
B paooTe 

3. HoBbill 1130Ton 
133 

Pr 
59 74 

npli 113y'leHIIII raMMa-cneKTpOB 1130TOHOB npa3eOAIIMa HaMil Obln oo­

HapyllieH I'aMMa-nepeXOA. C 3Heprllell: 133 K:'lB 1 IIHTeHCIIBHOCTb KOTOpOI'O YObi-

BaeT c nep11onoM nonypacnana T% = (7! 3} MliH, AKTIIBHOCTb C AaHHblM 

nepHonoM nonypacnana He npiiHannelliiiT K pacnany paHee 113BeCTHhiX panllo­

aKTIIBHhiX 1130TonoB npa3eOAIIMa, 3Ta aKTIIBHOCTb MOllieT ObiTb IIAeHTIIcpiiUII­

poBaHa KBK HOBbiH 1130TOn npa3eOAIIM8, 11n11 K8K 1130MepHOe COCTOSIHIIe B on­

HOM 113 1130TonoB npa3eOAIIMa 11n11 uepHSI, . 

PacCMOTpiiM B03MOlliHOCTII IIA9HTIIcpiiK8UIIII STOll aKTIIBHOCTII. npennono-

lliiiM, 'ITO ooHapyllieHHaSI aKTIIBHOCTb ~ 

MepHOe COCTOSIHIIe B OAHOM 113. 1130TOnOB UepliS11 KOTOpoe Oopa3yeTCSI np11 

pacnane COOTB9TCTBYIDIU9I'O 1i30oapa Pr ' , 'Y:TOObl npoBepiiTb 3TO npenno­

nOlli9HIIe1 HapSIAY C 113Y'I9HII9M cneKTpOB I'BMMa-nyqell: 1130TOnOB npa3eOAIIM8 B 

I!AeHTII'IHbiX ycnOBIISIX oony'leHIISI II XIIMII'19CKOI'O pa3neneHIISI Obinll 113Y'I9Hbl 

cneKTpbi raMMa-nyqell: 1130TonoB uepi!SI, B STIIX cneKTpax Mhi He ooHapyllill-

nn raMMa-nyqell: c S!lepr11ell 133 K3B 11 c T % = ~ 7! 3} MIIH1 'ITO OTBep-

raeT npennonOlli9HII9 0 CyiUeCTBOBBHIIII 1130M9pHOI'O COCTOSIHIISI C T Y2 = (7 !3} MIIH 

B 1130Tonax uepiiSI, 

Ecn11 T% = (7! 3} MIIH - nep11on nonypacnana 1130MepHoro cocTOSIHIISI 

OAHOI'O 113 113B9CTHb!X 1130TOHOB npa390AIIM81 TO TBKIIMII SIApaMII 9I'O MOI'yT 

Ob!Tb! 137 Pr ' 136 Pr ' 135· Pr ' 134 Pr· • 

7 



.UonycTIIM, 
137 ~ 

T ~ = ( 7:3) MIIH - nepiiOA nonypacnana Pr • B Ta-

KOM cnyqae B03MOlKHOC 1!30MCpHOe COCTOSIHIIC AOnlKHO ObiTb BblWC OCHOBHQ-

137 ( I'O COCTOSIHIISI Pr T ll = 76,13 Mil H) II IIMCTb 3HCpi'lUO E > 133 K3B. 
ll yp.-

TOI'A8 1!30MepHOe COCTOSIHIIC. E yp.::: 133 K3B AOnlKHO pa3pSilK8TbCSI B ·oc-

HOBHOe l!·nll B030YlKACIIHOe COCTOSIIIIISI 
137 

Pr , -11n11 
137 

Ce , 'ITO oyAeT 

TpeooaaTh BbmonHeHIISJ cnenyJOtniiX ycnoa11ll: 

1. MynhTIInonhHOCTb raMMa-nepexoAa c aHepr11ell 133 K3B 11 c T~ = 

(7 + 3) MIIH, pa3pSilK810tnei'O 1130MepHOe. COCTOSIHIIC E > 133 K9a, nonJK-
yp.-. 

Ha 0 biTb TIIU8 E3 Unll 6onee BbiCOKOI'O UOpSIAK8, T8K KaK MynhTIIUOnbHOCTII 

6onee H113KOI'O UOpSIAK8 He MOI'YT oO~SICHIITb 3H8'1CHIISI nepi!OA8 nonypacna-

A8 D03MOJKHOI'O 1130MepHOI'O COCTOSIHIISI, 

2 • n onHaSI H8'18nbH8SI IIHTeHCIIDHOCTb I'8MMa-nepeXOA8 C 3HCpi'I!ell 

133 K3B II C T 'h = (7: 3) MIIH He AOnJKHa· npeBhiW8Tb 31i~'leiii!SI nonHOI'O 

'IIICna pacnanoa aa ypoDHII 
137 

Ce 

To eCTb: 

< J +J J nonn. 133 'i.f3 + 'i.e t =O 
t ~o t =0 

(1) 

B C!IeKTpe raMMa-ny'lell 1!30Tonoa npaaeOAIIMa Mhl na6nJOAaeM raMMa-

nepexoA C aHeprueil 161,0 KSD II C T~ = 76,6 Mill!, KOTOpblll: IIAeT C nep-
137 /3/. 

BOI'O B030YlKACHHOI'O COCTOSIHI!SI Ha OCHOBHOe B SJAPC Ce , 113 CXeMbl 

137 /3/ . pacnana Pr uaaecTHO, 'ITO IIHTeHCIIBHOCTb raMMa-ny'!ell c aaepr11ell 

161,0 KaB cocTaanSieT oKono onHoro npouenTa or nonHero '111cna pacnanoa 

137 Pr , noaTOMY ycnOBIIC 2 MOlKHO nepeUI!C8Tb B BI!Ae 

1 nonn. 133 < 100 J 
t=O 

y-161 

t ~o 

(2) 

npennonaraSJ raMMa-nepeXOA c aneprllell 133 K3D TIIU8 E3 ( ycnoaue 1)' 

Mhl pacc'lnTanll nonny10 HHTencuanocTb aToro nepexona u raMMa-nyqeil c 

aHeprueil 161,0 KaB. HnTencuaHOCTII nepexonoa 6htnl! npuaeneHhi K MOMen-

TY ape Menu t = 0 (KoHen o6ny'leHnSJ). 3na'!eHue naqanhnoil non noll unTen­

cuanocTu raMMa-nepexona 133 KaB naMHOI'o npeahiUiaeT naqanhiiYJO unTeH-

CIIBHOCTb I'8MMa-nyqell: 161,0 K3B J nonn.133 
t=O 

8 

= 1300 jy 161,0 , 'ITO 
t =0 . 
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npOTHBope'IHT ycnoBHIO 2. TaKHM o6pa3oM 1 npeanonoJKeHHe o cymecTBOBaHHH 

B li.Qpe 
137 

Pr H30MepHoro COCTOl!HHll C T 1; 2 = ( 7 + 3) MHH MOlKHO OTBepr­

·HYTb, 

AnanorH'IHhie paccyJK.QeHHll H p_ac'IeThi 1 npoBe.QeHHhie ·.Qnll l!.Qep 
136 Pr, 

135 Pr 
1 

134 Pr 
T8KJKe n03BOnliiOT HCKniO'IHTb B03MOlKHOCTb cymeCTBOB8HHll 

H30MepHoro COCTOl!HHll C T 1j 2 = (7: 3) MHH B STHX. li.QpaX, 0cTaeTCll 9.QHH­

CTBeHH8ll B03MOlKHOCTb npHnHC8HHll 06HapyJKeHHOfi 8KTHBHOCTH C T 1; 2 

= (7-.+ 3) MIIH HOBO MY H30TOny npa3eO.QIIM8, 3TH Mil 1130TonaMH MoryT 6b!Tb 

1130TOnhi npa3eO.QIIM8 C M8CCOBhiMII 'IHCnBMII A~ 133, 

B cneKTpe raMMa-ny'Iefi ljlpaKUIIII npaaeoanMa HaMn 6hinll o6HapyJKeHhi 

raM.Ma-ny'IIII np11naaneJKam11e K pacnaay 
13~Ce ( T- 1; 2= 97. MHHx1 T

1
;

2 
= 

= 5,4 'Iaca) 11 
132 

Ce ( T 
1
;

2 
= 415 qaca). 3To H3BeCT,Hhie raMMa-ny'III c 

SHepr11efi 9711 KSB 
133JtCe ; 13010 KSB 

133 Ce; 132 10 KSB 132 Ce , raM­

Ma-nHHHfi, npiiHa.QnelK8IUHX K pacna.Qy 1130TOnOB ueplill C MaCCOBhlM 'IIICnOM 

A ::; 1311 B cneKTpe ljlpaKUHII npaaeo.QIIMa He o6HapyJKeno, 3Ha'IIIT1 raMMa­

niiHHH 
133 

Ce 11 
132 

Ce MoryT noliBIITbCll· TonbKO aa C'IeT pacnaaa cooTBeT-

CTBYIOIUIIX 11306apOB npa3eO.QIIM8 -
133 

Pr H 
132 

Pr • 

npetinonOlKIIM1 'ITO 8KTIIBHOCTb 1 y6biB810IU8ll C T 1; 2 = (7: 3) MHH 1 on-

peaenl!eT nepno.Q nonypacnaaa HoBoro H30Tona 132 Pr , npn STOM .QOnJKHbl 

B036yJK.QaTbCll ypoBHII ·
132 

Ce 1 H raMMa-ny'IH c sHeprHefi 133 KSB aonJKHhi 

H.QTH C O.QHOro H3 STHX ypOBHefi, 

/14/ 132 
ABTOpbl pa60Thl H3y'IanH B036yJK.Q9HHhle COCTOl!HHll Ce , npu 

aToM He 6hmo o6HapyJKeno raMMa-nepexoaa c sHeprnefi 133 KSB, l1a cxe-

• "132 /14/ 
Mhl ypOBHeH Ce H3B9CTH01 'ITO C8MhiM HHTeHCHBHhiM nepeXO.QOM liB-

nl!eTCll raMMa-nepexoa c sneprHefi 32514 KSB, B nayqennoM naMa cneKTpe 

raMMa-nyqefi Mhi ne o6HapyJKIInH raMMa-nHI!HH c TaKHM anaqenneM aneprHH, 

nosTOMY 8KTHBHOCTb C 

nypacna.Qa 
132 

Pr. 

T 1/2 = 7:3 MIIH He MOJKeT onpeaenl!Tb nepHOJ:I no-

nocne.QHefi B03MOlKHOCTbiO H.Q9HTHijJHK8UHH HOBOfi 8KTHBHOCTH C T1; 2 = 
= ( 7 + 3) MHH l!Bnl!eTCll npnniiC8HHe ee K pacna.Qy H30TOna 

133 
Pr , npu-

Be.QeM eme O.QIIH apryMeHT B nonb3Y TaKOfi H.QeHTHijJHK8UHII, 

6 pa3.Qene 2 STOfi CT8Tbl! Oni!CaH M9TO.Q H8KOnneHHll H Bhi.Qenei!Hll 

.QO'IepHIIX npO.QYKTOB pacnana HeO.QHMa H3 KOMnneKCHOrO C09.QIIIl9l!Hll B paCT-

•, 



BOp. TaKHX BhiAeneHnfi 6hinO rrpOB8118HO 5, 'BpeMSI HaKOIIneHHli COCTaBnSinO 

3 MHH. B ABn?HefiWeM. H3 .3TH X paCTBOpOB BbiAenSinHCb BTOpH'IHbl8 AO'IepHHe 
4+ . 

H30TOIIbl uepHli B BHI18 . Ce . H H3y'lancSI HX I'SMM8-CII8KTp C IIOMOWb!O 

rronynpoBOAHHKOBoro raMMa-crreKTpoMeTpa. B raMMa-crreKTpax uepnSI 6hmn 

o6aapyJKeHbi raMMa-imHnn, rrpnHaAneJKawne K pacrraAy 
133 

Ce (97,1 KSB n 

130,0 KSB). OrrpeAeneane rrepnoAa rronypacnaAa MaTepnHcKoro nao6apa no 

HHTSHCHBHOCTH I'SMMa-nHHHfi 97,1 KSB H 130,0 KSB IIOCneAOBaTenbHO HSKOII­

neHHbiX rrperrapaTOB U8pHli1 IlpHBOilHT K 3H8'18HHIO T1; 2"' 6 MHH. naHHSli aK­

THBHOCTb HeCOMHSHHO 06SI38Ha pacrrany MSTepHHCKHX H306apOB 
183 Ce 1 a · 

HMSHH~ 133 
Pr ann 

133 
Nd • 

AKTHBHOCTH C T l/
2
"' 6 MHH1 113B8CTHbl8 BO !jlpaKUHH HeOJlHMa, IlpH-

• 133 Nd 
IIHC8Hbl K pacrrany 1!30TOIIOB H8011HM8 C A ~ 134. npeArronaraeTCli, 'ITO 

uMeeT nepuoA rronypacrrana T1A 1 Mil H. To ecTb, aKTIIBHOCTb c T 
1
;

2 
"' 

"' 6 MHH OT!lOCHTCli K pacrrany 
133 

Pr. 

COBOKYIIHOCTb I1pHB8118HHblX apryMeHTOB II03BOnlleT 38KniO'IHTb 1 'ITO 

o6HapylKeHH8li HOB ali aKTHBHOCTb C T 1; 2 = ( 7 ~ 3} MHH OIIpeAenHeT IlepHOil 

rronypacrraAa HOBoro naoTorra 
133

Pr , npn pacrraAe KOToporo nany'laiOTCI! 

raMMa-ny'ln c saeprnefi 133 KSB. 

134 
4. CxeMa pacnana ~ 9 Pr 7~ 

134 17 I 
P acnan Pr c T 1; 2 = ( 17 ~ 2) MHH nay'lancg B pa6oTe • Ehmn 

06!lapylKeHbl I'8MMa-nepeXOJlbl C SHepi'HliMH 409,0; 640,0 H 960,0 KSB H orrpe­

Aene!la rpaHn'IHaSI saeprn11 {3+ -pacrrana •. 
122 16 134 134 /14/ 

B peaKUHH Sn ( 0 , 4 n) Ce Boa6yJKnanncb ypoBHH Ce • 

npn STOM 6hinO YCT8HOBneHO CyWeCTBOBSHHe KB83HpOTSUHOHHOfi rronOCbl C 

11 . + + + + /14/ 
I K = 2 0; 4 0; 6 0; 8 0. ABTOpbi pa6oTbi orrpenennnn saeprnn n 

OTHOCHTenbHhie HHTeHCHBHOCTH I'8MMa-nepeXO/lOB 1 pa3piDKaiOin.lfX 9TH COC-

TOliHHli. 
134 

B ABHHOfi pa6oTe npononJKeHo nay'leHne pacrrana Pr • B crreKTpe 

raMMa-ny'lefi naoTonoB npaaeonnMa 6hinH o6HapylKeHhi raMMa-ny'IH, KOTOpbie 
134 

no nepnoAy nonypacrraAa npnrrncaHhi K pacnany · Pr • SKcnepnMeHTanb-

Hhle ASHHbi6 1 nony'leHHhle HSMH, cpaBHHBaiOTCli C ABHHblMH APYI'HX · SBTo­

/7 14/ 
poB ' · ( Ta6nnua 2). 
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Ta6n11ua 2 

3Ha'leHIISI aaepr11ii II OTHOCIITenbHbiX IIHTeHCIIBIIOCTeii 
134 

raMMa-nyqell, B03HIIK8JOIUIIX np11 pacnaae · Pr 

17/ 
E y (KaB) 

409,0 

640,0 

960 

E /14/ 
y K3B 

409,2 

639,3 

813,9 

,907,0 

946,5 

.LlaHH8SI pa6oTa 

E y (KaB) J y ( OTH,eA) 

383,0 '·8 

409,2 100 

556,7 22 

639,0 36 

965,6 14 

KaK BIIAIIO 113 Ta6n11Ubl 2, I'8MMa-nepeXOAbl C aHepi'IIeii 383,0 II 556,7KaB 

B aaaaoll pa6oTe o6aapyJKeHhi BnepBbie, Ha p11c, 2 npiiBeaeaa aononHeHHaSI 
.134 

HaMil cxeMa ypoBHeii Ce • 

Ha OCHOBe aHepreTII'IeCKOI'O 6anaHC8 II Y'I8T8 BbiCOKOil IIHTeHCIIBHOCTII 

I'8MMa-nepeXOAOB 556,7 II 965,6 KSBJ MOlKHO BBeCTI! B CXeMy ypOBHeii 
184 

Ce 

HOBblii ypoBeHb C aaepr11eii E 965,6 K3Bo 3TOT ypoBeHh paa-
yp 11 + 

'pSilK88TCSI K8K B OCHOBHOe COCTOSIHII8 I K=O 0,T8K II 118 ypOB8Hb C 3Hep-

I'IIeii E = 409,2 K3B II KB8HTOBbiMII XapaKTepi!CTIIK8MII I 11 K = 2 + ,0. 
yp. 

noaTOMy 1 ypOBIIIO C aaepr11eii 965,7 KSB MOJKHO np11ITIIC8Tb KB8HT0Bbi8 XapaK-

TepiiCTIIKII I 11 = 2 + • KpoMe Toro, CllnhHaSI aaceneHHOCTh aToro ypoBHSI 

ll03BOnSieT npeanonOJKIITb 1 'ITO OH SIBnSieTCSI ~ KB8311-I'8MM8-BII6paUIIOHHb!M" 
11 + 

ypoBHeM c I K = 2 2. Aaanorll'lllbie ypoBHII 6binll HHTepnpeTHPOBaHbi B SIA-
132 

pax: 54 Xe7s 
134 136 ' 132' 

56 Ba 78 • 58 Ce 78 • 56 Ba 76 

npeanonOJKIIB MynhTI!nOnbHOCTb Tllfi8 E2 anSI nepeXOAOB 556,7 II 

965 16 K3B, Mbl paCC'IIIT8nll OTHOIU8HIISI npHB8A8HHbiX BepOSITHOCTeii I'8MM8-

nepeXOAOB c "KB8311-raMMa-BII6paUIIOHHoro, ypoBHSI ( E = 965,6 KaB 
+ + yp. + 

I" K = 2 ~) Ha ypoBHII c I 11 K = 2 0 ( E = 409,2 KaB) 11 I11 K = 0 0 
yp 

( OCHOBHOe COCTOSIHIIe), 3TH paC'18THbie A8HHb18 .npiiB8A8Hbl B Ta6n11ue 3, B 

11 
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He it lKe npnee.QeHhi aaanorH'IHhte pac'leThi .Qmi 5!.Qep: 
182 

Xe , 
134 

Ba , 
136 

Ce 

H 132 Ba • 

Ta6nnua 3 

0THOWeHH5! npHBe.Q.eHHbiX Bep05!THOCTeit raMMa-nepeXO.QOB, 

ll.QYWHX C.'KB83H-raMM8-BH6paUHOHHbiX" ypOBHeit (i
17

K =2+2) 

I 17 K + 11 + 
Ha ypOBHll = 2 0 H · I K = 0 0 

8aeprn5! nepexo.Q nepeXO.Q 

H /1,5/ Kea::in-ril.M- MelK.Qy MelK.Qy 
B(E2)[2+2 ,.o+ O] .Qpa 

M8-BH6p, ypoB- COCT05!-

H5! I17 K=2+2 HII5!MH 

2+2_.o+o 

E K3B Ey K3B /IY yp 

132 Xe 1298,0 1298,0 5 
~4 78 

15364Ba 78 1168,0 1168,0 1,8 

I!! Ce78 1090,4 1090,4 36 
132 
~6 Ba 76 1032,0 1032,0 10 
134Ce 

965,6 ·965,6 14 ~8 76 

0THOWeHHe npnee.QeHHbiX BepOSITHOCTeit 

COCT05!-

HH5!Mll B(E2)[2+ 2 .... 2+0] 
2+2 .... ~+o 

Ey K3B Iy 

630,0 95 680 

563,0 6,0 I80 

538,9 100 95 

567,8 20 40 

556,7 22 25 

B E 2 ( 2 +2 -+ 0 +o} 
B E2(2+2_.2+0) 

MeH5!eTC5! 

OT 6eCKOHe'IHOCTH .QO ~0,1 npH nepeXO.Qe OT ~OHOHHOit MO.Qenn C~epH'IeCKHX 

SI.Qep K MO.Qenn CHnbHO.Qe~OpMHpOBSHHblX SI.Qep, n 0 Mepe y.QaneHH5! II.Qep OT 

aanonneHHhiX o6ono'l.eK ( Z = 50 n N = 82), OTHoweHne npnee.QeHHhiX ee­

poaTHOCTeit .QOnlKHO B TSKOM cny'lae yMeHbW8TbC5! 1 'ITO H· Ha6mo.QaeTCII B 

Ta6n~ue 3, 

TaKHM 06pa30M1 MOlKHO C'IHT8Tb BBe.QeHHblit H8MH ypoBeHb C 3Heprtmit 

965,6 KaB 'Keaan-raMMa-en6paunoHHbiM" ypoeaeM c I 17 K o 2 + 2 • 

13 
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135 Pr 
5, CxeMa pacnaaa 69 7 6 

HaoTon 
135 

Pr c nepHoaoM nonypacnaaa T 1/2 = 22 MHH 6bin OTKpb!T 

B 
/13/ 

1954 roay ," Y CT8HOBneHo; 'ITO rrpH 11any-136 Pr pacnane 

'1810TCll IT0311Tp0Hbl C I'p8HII'IHOfi SHepi'IIefi E = 2500 ± 100 KSB II I'aM-
rp. /1 13/ 

Ma-ny'lll C SHepi'Hefi ~ 80 KSB1 ~ 290 KSB H "' 300 KSB 1 , 

HaMil OhinH o6HapylKeHbi eme aaa raMMa-nepexoaa np11 113y'leHIIH -cneKT-
• 135 

pa raMMa-nyqefi 1130Tonoa npa3eoaHMa1 npiiHaanelKaiUHX K pa~naay Pr • 

YTo'IHeHbi saepi'IIH paaee 113BeCTHbiX raMMa-nepexoaoa 11 anepBbie onpeae­

neHbi HX IIHTeHCHBHOCTH, TaKlKe yTO'IHeHo 3Ha'leHHe nep11oaa nonypacnaaa 

135 Pr nepHoa nonypacnaaa 1 onpeaeneHHhifi no cnaay HHTeHCHBHOCTII raM-

Ma-nyqefi 135 Pr 
1 oKa3ancg paBHbiM T 1j 2 = (27~3) MHHo 3KcnepiiMeH-

TanbHbie aaHHbie o raMMa-nepexoaax 
135 

Pr rrp11aeaeHhi a Taein11ue 4, 

Ta6nHua 4 

3Hepi'HH II OTHOCHTenbHbie IIHTeHCIIBHOCTH 
135 

raMMa-nyqefi 1 B03HIIKBIOIUHX np11 pacnaae 59 Pr 76 

Ey KSB 
. 

8315 

21410 

29710 

48510 

67810 

97410 

'r OTH, ea. 

---
40 + 5 -
40 + 5 

toox 

412!018 

710! 115 

cna6al! 

npHMe'IBHIIe 

HHTeHCHBHOCTb npiiHl!Ta 

3a 100 ea. 

Hcnonb3Yll sTII aaHHbie 1 Mbi npeanolKHnll q,parMeHT cxeMbi pacnaaa 
135 

Pr 

(pile. 3), np11 nocTpOeHIIII sTofi cxeMbi 11cxoa11nn 113 6anaaca saeprnn 

H IIHTeHCH.BHOCTefi I'BMMa-nepexoaoB, 

K COlKaneHIIIOI HMeiOIUIIXCSI SKCnepiiMeHTanbHbiX pe3ynbT8TOB He.QOCTa-

TO'IHO .Qnll HHTepnpeT8UIIH B036ylK.QeHHbiX COCTOSIHHfi 
135 

Ce , Ho MOlKHO 

rrpe.QnOnOlKIITb 1 'ITO KBBHTOBhle XapaKTepiiCTIIKH nepBOI'O B036ylK.QeHHOI'O COC-

TOliH1151 E = 8315 KSB1 O'leBII.QH01 6y.QyT I 
17 = 3/2+, .LlefiCTBHTenbH01 yp. 

14 
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H3 CHCTeMaTHKH CBOiiCTB OCHOBHhlX H nepBblX B036y)KACHHhlX COCTOSIHHii SIAep: 

!29 131 .. 133 . 13~ . 
~ 2 T1 77 , 64 Xe 77 , ~ 6 Ba 77 , 6nH3KHX K HAPY ~8 Ce 77 , BHAHO 

.(pHC, 4) , 'ITO nepBOe B036y)KA8HH08 COCTOSIHHC AOn)KHO HM8Tb 3Hepi'H!O 

I TT + 
E ,...., 100 K3B H KBaHTOBble XapaKTepHCTHKH = 3/2 , 

yp. 

6, Honhre II30Tonhi 
134 

Nd II 
13 ~ Nd 

npn H3y'leHHH I'aMMa-cneKTpa HCOAIIMOBOii lj>paKUIIH, llOMIIMO I'aMMa­

nepeXOAOB, B03HHKa!Oll.lHX npii pacnaAe II3B8CTHblX II30TOllOB HCOAIIMa, 6hinii 

06Hapy)KeHhl I'aMMa-nepeXOAhl, IIHTCHCHBHOCTb KOTOpblX y6hiBaeT C nepiiOAOM 

nonypacnaAa nOpHAKa HCCKOnhKIIX MIIHyT, 

B nepBOM 3KCll8piiM8HT8 AnSI_ onpeAeneHIISI MaCCOBbiX 'IIICen HOBhiX aK­

THBHOCTeii 'lepe3 12 'laCOB nocne KOHUa o6ny'IBHIISI 113 paAIIOaKTIIBHhlX npe-

napaTOB HCOAIIMa BhlABnSinCH o6pa3QBaBllllliiCH uep11ii, XoTH B HCOAIIMOBOii 

lj>paKUHII npiiMBCII npa380AIIMa 6hinll M8Hblll8 1%, B I'aMMa-cneKTpe BbiAeneH­

HOI'O uepiiH 6hrnll o6aapy)Kellbl raMMa-nepeXOAhi, npiiHaAne)Kall.liie K pacnaAy 

IU IU 
Ce ( T l/2 = 17,2 'laC), 3TO HBHO CBIIASTenbCTByeT 0 nanii'IIIII Nd 

B ero lj>paKUHII, 0 nanii'IIIII 
134 

Nd BO lj>paKUIIII HBOAHMa B 3TOM )1{8 OllblTe 

TPYAHO 6 binO nony'IIITb AOCTOB8pHbl8 CBE'lABHIIH, n6o nepiiOA nonypacnaAa 

' 134 Ce COCTaBr.SieT 72 'laca, II. K TOMY )1{8 B I'aMMa-cneKTpe Ht'll!iJonee 1111-

TCHCIIB!Ihlii I'aMMa-nepeXOA, B03HHKa!Oll!llii npn pacnaAe 
134 

Ce c aneprneii 

604 K3B, He paapell!aeTCH OT 6onee HHTSHCIIBHOI'O I'aMMa-nepeXOAa C anep­

rneii 605 K3B, OTHOCS!li.(SI'OCSI K pacnaAy 
135 Ce, 

nnn OKOH'IaTenbHOii IIABHTIIIj>IIKaUHII HOBblX aKTIIBHOCTeii HBOAIIMa II on­

peAeneHIISI nx neplloAa nonypacnaAa naMII 113y'lan11Cb napacTaHIIe n y6hiBa­

Hne HHTCIICHBHOCTeii I'aMMa-nepeXOAOB, B03HIIKa!Oll.liiX np11 pacnaAe H30TOllOB 

HBOAHMa II npa3eOAIIMa B npenapaTaX, nony'leHHbiX MCTOAOM HaKonneHIISI, 

B OAHOM H3 Ollb!TOB, peaynbTaTbl KOTOpOI'O Mbl llpHBOAIIM Ha pnc.· 5 H 8, 

MllllleHb o6nyqanacb 10 MIIH, 

HneHTIIIj>IIKaunn 1130Tona neOAIIMa c MaccoahiM 'IIICnoM 134 ·II onpeAene­

HIIe ero nepnoAa nonypacnaAa npoii3BOA11naci> no na116one"e nHTeHCII.BHhiM 

134 
raMMa-nepeXOAaM pacnaAa Pr ( T 1; 2 ( 17 ~ 2) Mill! )C 3!!8pi'IISIMII 

409,2 II 639,0 K3B, Ha piiC, 5 11306pa)KSI!bl HapacTai!HH II y6hJBai!IISI HHTeH-

16 
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Puc. 5. KpnBhie aHaJinaa HapacTaHHSI n cnaaa aKTIIBHOCTH y -ny"!eli c aHep­
rneli 295 K3B B y, -cneKTpe HeOAHMOBOll ¢paKUHH, 



CI!BHOCTII I'8MMa-nepeXOil8 C SHepi'I!eli 409,2 KSB 
134 

Pr , nepi!Oil nonypac- . 

nalla, onpelleneHHhlli no paanocTaoli Kp!!BOli K 1-K2 ,· OKaaancSI paBHhiM 

(8,5+ 1,5) MI!H, np11 TaKoM )Ke cnoco6e onpeAeneHIISI nep11ona nonypacnana - ; 

no pa3HOCTHOli KpiiBOli I'8MMa-nepeXOil8 C SHepi'I!eli 6.39,0 KSB, 6binO nony­

'!eHO 3Jia'IeJII!e (9+2) MI!H, Ha p!!C, 5, npHBOilHTCSI T8K)Ke KpHB8SI cnana IIH­

TeHCIIBHOCTII I'8MMa-nepeXOil8 C SHeprHeli 405,0 K9B, B03HHK8IOIIlei'O npH pac-

139 m Nd (29 1) 141 H 6 nane naoMepa c nepnonoM nonypacnalla ! MHH • a -

moAaeTCSI xopomee cornac~re nony'IeHnoro B nameM onhiTe aHa'IeHHSI nep~ro­
/4/ 

llB nonypacnalla co 3Ha'IenneM, nony'IeHHhiM B pa6oTe 

111leHTI!cpHKaunSI 
135 

Nd npOH3BOilHnach no llBYM cnoco6aM, B OllHOM 

113 onhiToB, KaK 11 B cnyqae 
134 

Nd , nayqani!Cb napacTaHne H cnan. l!HTeH-

CHBHOCTI! I'BMMa-nepeXOila C 9HeprHeli 297,0 K9B 1 B03Hl!K81011lero npH pac-

nane 
185 

Pr OnpeAeneHHhili no paaHOCTII KpHBhiX K1 11 K2 nep11on nony-

pacnalla 
135 

Nd OKaaancSI paBHhiM (5,5+ 0,5) MHH (puc, 6), B llPYI'OM onht-

Te npiiMeHSinCSI OIIHC8HIIblll B pa3Aene 2 MeTOil llllei!TUcpUKBUIIII HyKnHilOB no 

BTOpii'IllbJM llO'IepHitM 8KTHBHOCTSIM 1 06XOilS!IIlHll Heo6XOiliiMOCTb paaneneHIISI 

¢paKullli aneMeHTOB penKHX aeMenh no·HaKonneHIISI, nep~ron nonypacnana 

135 Nd 
1 orrpelleneHHblll no y6hJB8HHIO IIHTeHCIIBHOCTII I'8MMa-nepeXOil8 C 

aaepr~reli 265 KSB, B03HIIK81011lero np11 pacnalle 
135 

Ce , B nocnelloBaTenh-

HO BbllleneHHhiX rrpenapaTaX uepHS! paBeH (6 + 1) MHH, 

3aKnJO'IeHne 

8 peaynhTaTe HBIIliiX HCCnenOB8HHli B Ta6n11uy H30TonoB HeOilHM8 II 

npaaeonnMa nneneHhl cnenyJOmne ueno'IKII: 

135 Nd 5,5 MUH 185 Pr; 134Nd ~~ 134 Pr I33Pr 7,0 MIIH . 133 Ce 

KpoMe Toro, npellnO)KeH ¢parMeHT cxeMbl ypoBHeli. 
135 

Ce , a 1.1 cxe-

MY yponaeli 134 Ce BBeneH "KBaan-raMMB-BII6paunonHhili" yponenh c aaep-
rr + 

rneli 965,6 K9B H KBal!TOBhiMH xapaKTepiiCTHKaMI! I K = 2 2. 

8 3aKniO'IeHIIe aBTOpbl npHHOCSIT CBOIO 6nai'Oil8pHOCTb CTyneHTY-IlHn­

nOMHIIKy M, KapiiMOBY aa rroMOIIlh. np11 o6pa6oTKe aKcnepnMeHTanhUhiX ·pe­

aynhTaToB no 1130TonaM npaaeOiliiMa, 

19 
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