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EynahiHCKH M.; EanHKe T., I1oa-MHxali P., 
Mapynoa H.3., Mopoaoa B.A., MyMHHOB T.M., 
Cy6oTOBH'i M., ¢ySI X., Xon6aea 11. 
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I1ayqeHHe B036y)KJ1eHHbiX COCTOHHHH OKOnOM8I"H'ieCKOI'O SIJlpa · 
, 147 Gd 

l13MepeHbl apeMeHa )KH3HH ypOBHeli 1152,0 KSB ( ~ o;2o HCeK), 
1292,0 KSB (~ 0,20 HCeK), 1411,7 KSB ( ~0;35 HCeK) H yrnoaag raMMa
raMMa KOppenSIUHSI KacKaAOB (694-1152), (140-1152) KaB. YcTaaoaneH 
cnHH ypOBHSI 1152,0 KaB - 5/2. 

llpenpHHT 061.e,ZlM}IeHHOro HHCTHTyTa .H,!lepHbiX HCC.ne,[IOBaiDdt 

,lzy6aa, 1974 

@1974 06'beOUHeHHbiU UHCIIIUIIIY" JJOepHbiX UCC/IeOOBQHUU ,4y6Ha 

I 

' I'!' 

l: 
I 
;. 

I 

B HaCTO.Hll\ee apeM.H npo.HBn.HeTC.H 6onhlll:oil liinepec K 
H3yqeHHIO CTJ>YKTyphl COCTO.HHHH OKOllOMaruqeCKHX .H~ep: 

· IIpuMepoM TaKoro .H~pa MomeT cnymHTh. 147Gd • .H~po 147·Gd 
HMeeT o~HH ueiiTpou BHe 3aMKHYTOH o6onoqKu N ;,82 u non
HOCTLIO 3anonHeHHbie npOTOHHbie o6oiJOqKH 2d S/2 H lgl,/2 . 
B uaweil pa6oTe npoH3BO~unocL H3yqeuue cocTO.HHHH 14 Gd , 
B036ym~aeMLIX npu pacna~e 147 Tb / T ~ = 1, 7 . ttaca/ 
MeTo~aMH TaMMa·raMMa yrnOBhiX KOppenHUHH H H3yqeHH.8 
apeMeH )I{H3HH ypoBHeH. IlpH aminu3e 3I;<CnepHMeHTanLHhiX 
~aHHhlX Mbl HCllOllb30BanH pe3ynLTaThl~ npe~CTaBneHHhie 

B pa6oTax / 1- 6/. 
., 

3KCIIEPHMEHTAJibHA.JI lJACTb 

a/. IlpuzomoeAeHue paouoaKmue11ozo ucmottiiUKa 
. ~ . 

Pa~uoaKTHBHhiH u3oTon ·147 Tb 6Lm ;rtony•Ieu a peaKuuu 
rny6oKoro paclUenneHHH TaHTanoaoil MHIIIeHH np:H o6nyqeuuu 
ee Ha BHyTpealieM nyqKe npoToHoB cuaxpouuKnoTpoaa JI.HII 
OH.HH / EP =660 M3B, I·= 2·,3 MKA/. Pa~uoxuMuqecKH¥H 
MeTo~aMH HJ o6nyqeHHOH MHIIIeHH Bhi~engnaCb q,paKUHH 
H30TOllOB Tep6H.8. )l.anee C llOMOil.\hiO MarHHTHOrO Macc-cena
paTopa 17 I oT~ena .HC u PX JI.HII OH.HH q,paKUHH Tep6HH 
pa3~enHnacL no MaccaM u H30TOn 147Tb ime~pHncH B aniOMH
HHeByiO !llonLry TOllll.\HHOH 5 MKM. HcToqHHK ~ng H3MepeHHH 
raMMa-raMMa yrnoBLIX KoppenHUHH nonyqancH pacTaopeuu
eM !llonLrH c pa~u.oaKTHBHhiM npenapa TOM B conHHoii KucnoTe. 
)l.nH npoae~eHHH apeMeHHLIX H3Mepeauil ucnonL30BanacL 
qacTL pa~uoaKTHBHoro HcToqauKa, · aue~peuuoro B !llonLry. 

3 



.. 

. ; ~. 

..... ~ 

"';-· 

': 

·' 

'·· ... .\' 

• 
.. , ., __ ,_ ·_,L/ 

6f.~Annapamypa 

-~~ 
:f·l 

;\ 

'f" 

........... 

·llpOH3BO,ll;H
... , nOCb C · ITOMOI.QbiD MHOrOKaHanLHOrO BpeMeHHOrO aHanH3a TO.:. 

~'"'pa / 9/, cofipaHIIOrO Ha .6a3e MarHHTHOro 6eTa- cneKTpOMeT
pa H CUHHTimriHUHOHHOro raMMa.:.-cneKTPOMeTpa.~ H3:MirpeHHH~ 
npo~o.nunuch B pe>KuMe e-y- 3a,nep:>KaH-HbiX coana,neH.Hii .. : ., .-. 

: PE3YJibTATbl 3KCIIEPHMEHTA 
. ~~:·._ 

~- HaMepeituJl. zaMA.ta- zaMMa yzAoebrx KoppeAJIZJUii 

. ~.-: 

,·:, 

.. ... 

({ 

llpu H3y'IeHuu pacri.a.na 
147 

Tb Mhl H3Mep:iinu raMMa
raMMa yrnoahle. KoppenHUHH .nnw KacKa.noa /14o-·us2; u · 
/694.;.1.152/ KaB. Ilpu -noM ·a KaHane - Nai(Tl)- .neTeKTopa . . \ 
C- ITOMOI.QbiO .n;mppo--fJLIX OKOH Bbi)J;enHnHCb raMMa-nepeXO)J;hl . 
c:.3HeprHHMH'--694,1 H 1152;0 K3B H··.naa :mepreTH'ieCI<HX ... 
OK-~a ,nmi o6n8:cTH KOMITT(>HOBC~OrO_ pacnpe,neneHHH 3a CO_O~;~ "'-'· 
BeTCTBYJOI.QHMH ~-lPOTOITHKaMH.· ,.3'!0 H03BOnH.iiO HCKniO'IHTb 

.BKiia.n OT coana,neHHii KOMITTOHOBCKoro.pacnpe.neneHHH,npyrux 

. raMMa-K_BaHTOB B cneKTpe · COBna,neHHH H3y'iaeMoro;Kac
Ka,na. Ilpu o6pa6oTKe 3KcnepHMeHTa.rii.HbiX ,naHHLIX yqliTLIBa-

. _nHCb nonpaBKH H~ cnyt{aHHble COBna,neHHH, ~ B K03lPlPHUHe_HTbl - _ 
Y'rnoahlx .. KoppenHuuii. aae.neHLI nonpaBKH Ha TenecHLie yrn:br _.,. . 

. ·.nnH:·c.,"G!( U) -.n_eTeKTopa 110 1 u .ziiiH KpHcTanna Nai(Tl)(1; 1/. 

. 3HatieHH.Il K034JqmuHeHTOB yrnOBbiX KOppenHtiHH ')J;JIH KaCKa,ll;OB 

4 __ 

.. . ' .. ";-' '• \" .. _. . . 

·i 

~ .. 
. ,. 

~. ·::.. 
'~.~. 

........... 
'!' ...... 

f, 

~ I 

-~ . ~ ~ 1 

· /140-1_152/ u /694-1152/ npuae.neiiLI B ma6A. 1. Ilpu aHanu-
3e 3KCnepHMeHTanLHbiX pe3ynLTaTOB Mbl HCXO,ll;HnH H3 CXeMbl 
pacrra.na 147Tb, · npuae;:J;eHHoii a pa6oTe 141: 3Ha'IeHue crru-

. . I~ d. 
Ha 7/2 ,nnH OCHOBHOrO COCTOHHHH G 6LinO OIIpe,neneHO 
3KCIIepHMeHTanLHO / 1S/. · . · . : 

KacKa.n /140-1152/ .,-KaB ·pa3pH:>KaeT rrocne.noaaTenLHO 
B036y:>K,neHHble ypoBHH C 3HeprHHMH 1292,0 H 1152,0 K3B 

. 147' . 
B OCHOBHOe COCTOHHHe 

147
Gd. lf3y'ieHHe yrnOBbiX pacrrpe-

,neneHHH raMMa-nyqeii Gd, B036y:>K,naeMLIX B peaKUHH 
l44Sm(a ,n) 147Gd /6/ , IIPHBO)J;HT aBTOpOB pa60Tbl K 3a-

KniO'ieHHIO, 'ITO CIIHHbl COCTOHHHH 1152,0 H 1292,0 'K3B 

::;; 5/2. IlpH aHanH3e· Mbl HCIIOnL3yeM TaK:>Ke ~aHHhie. OTHOCH
TenLHO MynLTHIIOnLHOCTH rrepeXO)J;OB 119,7 K3B (Ml) , 
139,9 K3B (E1), 694,1 KaB(M1) u 1152,0 K3B (E2) H3 pa6o
Thl/5/, r.ne 6LmH rrpoae,neHhl H3MepeHHH · oTHocinenhHhiX 
K03lPlPHUHeHTOB KOHBepCHH. TaKHM. o6pa30M, JJ,i.mycTHMOe. 
3Ha'ieHHe · CIIHHOB ,nnH COCTOHHHH 1152,0. K3B I = 3/2- HnH 
5/2- a ,nnH COCTOHHHH 1292,0 K3B ·I =1/2 + ,3/2 + , 5/2 + 
HJIH 7 /2+ . . 

-Ilpu aHanu3e yrnoBhiX KoppenHuuii I puc. 1/ ucKnro•mnuch 
IIOCneJJ,OBaTeJibHOCTH CIIHHOB 5/2 - 3/2 - 7/2 H 7/2 - 5/2 -
7/2 H3- 3a Toro, 'ITO .nnH paccMa TpuaaeMoroKacKa.na 3·Kcrre
puMeHTaJILHoe 3Hal.JeHHe Ai He rrepeceKaeT coon~e.TcTayro
l.QHX 3JIJIHIICOB, H MynLTHIIOnLHOCTb nepeXOJJ,a 1152,0 .K3B, 

paBHa.H.·E2 +(16:5±6,0)%M3 H3·3a 6onLWOH rrpHMeCH M3 KOM
IIOHeHfbl. TaKHM o6pa3oM,ocTaiOTC.H cne.nyiOIIJ;He B03MO:>KHoc-. ·'' . 

. Tli )J;JIH IIOCne,noBaTenLHOCTH CIIHHOB H3yqaeMhiX COCTOJIHHH 
H MYJibTHIIOnhHOCTH rrepexo,na C 3Heprileii: , 11,52,0 K3B: 

. .,". 
. ' ";,'! . 

E2+(2,5 ±2,0)% M3 c 8(1152) > 0; 1/2-3/2-:-7/2 

3/2 -5/2-7/2 M1 +(15,5± 7,0)%E2 c 8 (1152) > o I 
HJIH Ml+(74,5±9,5)%E2 c 8(1152) > 0 

M1 +(1,5 ± 1,5) %E2 c 8(1152) <0 5/2-5/2-7/2 
unu M1 +(99,5± 0,5)% E2· c 8(1152) >0. '" 

_lionee orrpe.neneHHhie BhiBO)J;LI Mhl rrony'IHM rrpa aHanH3e 
cne.nymi.Qero KacKa,na. 

KacKap; /694-1152/ K3B a,neT Me:>K,ny B03,6y:>K,neHHbiMH 
ypOBHHMH 1846, 1; 1152,0 K3B H OCHOBHbiM COCTOHHHeM 
147 Gd. MynLTarronLHOCTH rrepexo.na 694,1 K3B'u ao3Mo:>K-
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Hble. 3Ha'leHH.II CllHHa 3/2 HnH 5/2 ,11,n.11 B03'6y)K,IJ,~jmoro COCTOH-. 
HlfH 11S2,o K3B>·,IJ,onycKaiOT cne.D.YIOIUHe· 3H~'I-ilHHH: CllHHa 
,11,n.11 ypOBH.II. 1846,1 K3B: 1/2, 3/2, 5/2 HnH 7/2. IlpH ,IJ,Ony
I.QeHHH 3Ha'leHH.II MynbTHllOnbHOCTH' nepexo:na· 1152,0 1bB -

• E2+(2,5±2,0)%M3 · c o<l152)>0 umt Ml+(l,5±1,5)%E2 c 
o (1152) < 0 ~ 3KcnepHMeHTanhHOe 3Haqeuue Ko34>4Jauue:HTa 
yrnoaoii · :KoppenHUHH I puc. '2/ HCKmoqaeT B03MO)KHOCTb 
3Ha'leHH.II CllHHa 3/2 ,11,n11 ypoBH.Il1152,0 K3B, 1/2·,1J,nH ypOBHeii 
1292;0 :H 1846,1 K3B. ,D;anhneiiwuii ananH3 Ka~i<:a.D.a/694 -
1152/ K3B He ,11,aeT B03MO)KHOCTH C,IJ,enaTb Bbl60p Me)K.IJ.y cnH-
,HaMH 3/2, 5/2HnH 7/2 .nnH cocTOHHJIH 1846,1 K3B; ,11,ony~Ka11 
npu':3TOM npHMeCb E2. B nepexo,IJ,e 694,1 K3B OT: 1,5 ,11,0 780/o . . -. ~ . . . 
H3 auanH3a paccMaTpuaaeMbiX aapuaHTOB. 
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Puc. 2. Tpa(/JuK Apuca- Buoeu6eKa OA.R KacKaoa /694 
1152/ K3B. 

E. H3Mepe1Jue epeMeH JtCU3HU ueKomopbiX ypoe_ueii 
"" 147,Gd . . B .Rupe · • 

· HaMH 6hma npe,IJ.npHHHTa nonhiTKa onpe,IJ.enHTh speMeHa 

:>KH3HH ypOBHeH 147Gd C :meprHHMH 1152,0-; 1292;0 H 

1411,7 K3B, O,IJ.HaKO orpaHH'IeHHOe BpeMeHHOe pa3pemeHHe 

.YCTaHOBKH 'IT03BOnHnO onpe,IJ.enHTh TOnhKO BepXHHe iipe,IJ.enhi 

nepHO,IJ.OB nonypacna~a 3THX COCTOHHHii KaK 0,20; 0,20; 
0,35 HCeK COOTBeTCTBeHHO. 

Ha puc. 3 np:Hse,IJ.eHhi speMeHHhie cneKTPhi cosna,IJ.eHHH 

(K-120)(y) H (K-140)(y ). KoHBepcHOHHhie 3neKTpOHhl Bhi,IJ.e

nHnHCh B KaHane "CTOIT", a raMMa- ny'IH - B KaHane. "CTapT" ~ 
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KaK BHJJ:HO H3 pHCYHKa, cneKTPLI 3a.o:ep:>KaHHLIX coBna.o:eHHii 

npaKTH'IeCKH He OTJIH'IaiOTCH OT CIIeKTpOB MrHOBeHHhiX COB-

. na.o:eHHH Ha · 6° Co. IlpaBLie CKJIOHLI KPHBLIX (K-120)( y) H 

(K-140) ( y) no3BOJIHIOT oueHHTL nepHOJJ:LI nonypacna.o:a JJ:IIH 

ypoBHeii 1411,7 K3B I T~ $. 0,35 HCeKI H 1292,0 K3B 

IT~ $. 0,20 HceKI '.a Hl neB:bie CKJIOHLI - .o:n.s~ ypoBHeii 

1292,0 K3B, 1152 K3B/T~ :5- 0,2 HCeKI, COOTBeTCTBeHHO. 

IIony'leHHLie pe3yJILTaTLI no3BOJIHIOT oueHHTL BepoHTHOCTH 

nepeXOJJ:OB, pa3pH:>KaiOIUHX paCCMaTpHBaeMLie COCTOHHHH, 

oTHOCHTeJILHO o.n:Ho'laCTH'IHLIX 3Ha'leHHH I ma6A; 3/. AuaJIH3 

BepoHTHOCTH nepexo.o:a 120 K3B 6LIJI npoBe.o:eu B npe.o:nono

meHHH cnRHa ypoBHH .1411~7 K3B KaK 712 + . Pe3'ynLTaTLI 

R3y'leHRH yrJIOBhiX pacnpe.o:eneHHH raMMa-nyqeii: /6/ II03BO

JIHIOT ~'IHTaTL 3TO 3Ha'leHRe CIIHHa npeJJ:IIO'ITHTeJILHhlM ITO 

cpaBHeHHIO C .o:pyrRMH. 

05CY)I(,4EHHE. PE3YJib TATOB 

147 
OcHoBnoe cocTOHHHe Gd Momno paccMaTpHBaTL 

B paMKaX 060JIO'Ie'IHOH MOJJ:eJIH KaK COCTOHHHe He'leTHOrO 

HeliTpoHa I N =831 B no.o:o6ono'IKe 2 f 7 j 2 • 

Ilpo6neMa ycTaHoBneHHH npRpo.o:w ypoBHH 1152,0 K3B 

HeCKOJihKO CJIOmHee • .IJ.o HaUIHX H3MepeHHH 3TOMY COCTOHHHIO 

npHnHChiBaJIOCh 3Ha'leHHe cnHHa 312 /J/ IHeHTpOHHOe co-

CTOHHRe· 3p
31
j. l13yqenRe peaKUHRI 44 Sm(a,n) 147 Gd / 6 / 

JJ:OnycKaeT 3Ha'leHRe KaK 312, TaK H 512 JJ:IIH 3TOrO COCTOH

HHH. Haum pe3yJILTaTLI no raMMa- raMMa yrnoBhiM Koppe

JIHUBHM .o:aiOT JJ:JIH ypoBHH 1152,0 K36 e.o:oHCTBeHHoe 3Ha'leHne 

5/2. 3TOT pe3yJILTaT MOmHt> HHTepnpeTRpOBaTL, eCJIH yqeCTh 

To, 'ITO HJJ:PO 
147 Gd HaXOJJ:HTCH B nepexo.o:Holi o6nacTR. 

KpoMe nepBLIX B036y:>~<.o:eHHLIX cocTOHHBH HJJ:ep c N =83 no 

H30TOHaM / 3 / MO)KHO paCCMaTpHBaTL nepBhie B036ymJJ:eH

. HLie cocTOHHRH R3oTonoB ra.o:t>nRHHH c A =147, 149, 151 
I puc. 4/. 

113MepeHHH BpeMeH :>KB3HH nepBhiX B036Y:>KJJ:eHHhiX COCTO

HHHH 164 K3B B 14«td H 108 K3B B 151 Gd co cnRHaMH 

5/2-/12,13/ noKa3~JIR, 'ITO E2 -KoMnoHeHTa 3THX nepexo

JJ:OB yCKOpeHa no cpaBHeHHIO C OJJ:HO'IaCTH'IHhlMH OUeHKaMH. 

TaKoe YCKOpeHHe MO)KHO IIOHHTh Ha OCHOBe MOJJ:eJIH ,ll;e- Ill a-
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nHTa /14/, Y'IHThiBa:IOII{eH B3aHMO~eHCTBHe Me:>K~y He'leTHOH 

qacnu~eii: H KBa~pyrronhHhiMH Kone6aHHHMH ocToaa. )l;nH 

clJaKTopa 3arrp_eTa E2 -K.oMrroHeHThi rrepexo~a 1152,0 K3B, 
B HarneD: pa6oTe rrony'leHa o~eHKa F.(E2) $ 6,4. Ilo3TOMY 

ITO aHanorHH C rrepBhiMH B036y~eHHhiMH ypOBHHMH 
149

•
15lGd 

MO:>KHO cquni.Th, ·'ITO ypoaeHh 1152,0 K3B 147 Gd c 177 = 
=5/2 - HBnHeTcH qneHOM MynhTHrrneTa, o6cynoaneHHoro 

B3aHMO,!l;eHCTBHeM 2+ COCTOHHHH 'leTHO -qeTHOrO OCTOBa 
146Gd 

H COCTOHHHH f 
7

/ 2 He'leTH.OrO HeHTpOHa. Ha pUC. i TaK:>Ke 

H306pa:>KeHhi rrepBhie B036y:>K~eHHhie COCTOHHHH 2 'leTHO

'leTHhiX OCTOBOB ra,!l;OnHHHH 146, 148 H 150. 
BhiHCHeHHe IIpHpO~hi OCTanhHbiX B036y:>K~eHHhiX COCTOH· 

147 . . . 
HHH Gd Tpe6yroT 6onee ~eTanhHoro H3y'leHHH HX KBaH-

Toao-MexaHH'IeCKHX CBOHCTB. 

ABTOphi 6naro.IJ:apHhi P. B.)l;:>Konocy 3a rrone3Hhie ~HcKyc-

CHH. 
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