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Bnepaue YTBep)l{AeH~e o TOM, 4TOpaCnaA 160Er np0I-1CXOAI-1T 
Ha Hel-13BecTHblllí YPOBeHb 160Ho , pacnononreauuã Ha HeCKOIlb-KO Kl-1nO
3neKT pOHBOIlb T BblWe 1-130MepHOrO /TIh = 5,02 4ac/ 2 - -COCTOflHltlfI 
/Pltlc. 1/, õsrno CAenaHO B ~ 959 rOAy l l1 . OCHOBaHltleM AnR aroro YT
Bep)l{AeHItIR nocnyxun TOT 4>aKT, 4TO HItI eAItIHCTBeHHb,1Ií B036Y)I{AaeMblllí 
B pacnaAe YPOBeHb 2-, KOTOp~1Ií pa3pR)I{aeTCR B OCHOBHoe COCTORHl-1e 
E3 raMMa-nepexOAOM c 3Heprltlellí 60 K3B, HItI TeM 60nee OCHOBHoe 
5+-COCTORHl-1e 160Ho He MorYT 6blTb KOHe4HblMItI AnR paapeureuaor-o 
ItInltl OAHOKpaTHO 3anpeuteHHoro 6eTa-pacnaAa 4eTHO-4eTHoro RApa
160 +

Er(I" = O ). XapaKTep ~eTa7nepeXOAa oAH03Ha~HO B~TeKan Aa
)I{e 1t13 rpy6011í O~eHKItI 3Heprltll-1 pacnaAa WOEr: He 60nee 1 M3B 
/B ero 0neKTpe He Ha6n~AaeTcR H~ n03It1TpOHHOro, HItI aHHltlrltlnR~ItIOH

Horo 1t13nY4eHItIR/. 
nOcneAY~utltle gecflTltlneTItIR, B Te4eHltle KOTOP~X MeTOAOM aTOMHoro 

nY4Ka 6bJIl 1t13MepeH Cnl-1H OCHoBHoro COCTORHItIR 160Ho - I = 5/ 2 / , 

Ha oCHOBe 6e1a-pacnaAa 100Ho YCTaHOBneHa nOnO)l{ltITenbHaR 4eTHOCTb 
ar-or-o COCTORHItIR 13/, cyurec r aexuo YTo4"'eHa pa3HOCT-b Macc J60Er 

- 160Ho Q+ = 330 ±30 K3B /4/ 14 õe r a-riepexon 0,4H03Ha4Ho onpeneneu 
KaK pa3peweHH~IIí, nl-1Wb YCltlnltlBanltl'3TO YTBep)l{AeHltle ltI 3acTaanRnltl 
BeCTItI ace õonee HacTollí41t1Bblllí nOItlCK YPOBHR 1+ 160Ho B pacnane 
WOEr. OAHaKo HeoAHoKpaTH~e nOn~TKItI ItIAeHTItI$14QltlpOBaTb YPoBeHb 
oxaaanac s 6e3ycnewHblMItI /5-7/. 

B BblnonHeHHOM 3KCnepltlMet-tTe HaM Y-AanoCb Ha6n~AaTb B pacnane 
160 E r E1 raMMa- nepexon , KOTOPb,1Ií noaeonse r onpeneneuuo YCTaHo
BItITb 3HepreTItI4eCKOe nonO)l{eHltle ~ xapaKTepltICTItIKItI 3Toro ypOBHR. 
~ccneAOBaHa HItI3K03HepreTItI4eCKaR 06naCTb cneK~pa 3neKTpoHOB 
ltI raMMa-KBaHTOB, ItICnYCKaeM~x B pacnaAe WOEr. H3MepeHltlfI cneKT
pa 3neKTpOHOB aunonueaa npa nOMOutltl 3neKTpOCTaTItI4eCKOro cnexr> 

pOMeTpa- 3neKTpOHOB ESA-50 /8/ 

c 3HepreTItI4eCKItIM pa3peWeHltleM 
0··,.-- 1~~Er92 _ - 9 3B /K14,4 57Th / . Cnexr p

2B.5B h 
raMMa-1tI3nY4eHItIR ItICCneAOBaH 
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TOpOM, KOTOPbl~ IIIMeeT 3HepreTIII4eCKOe paapeureuae ~ = 20 O 3B , 2
/Ka 55Fe/ 11I paasepu 30 MM X ~6 MM. 

PaAIIIQIII30TOn 160Er nOnY4eH B peaK~1II111 rny60Koro paC~enneHIIIH 
npJ.1 06nY4eHIIIIII,MIIIWeHIII J.13 TaHTana npOTOHaMIII C 3Heprllle~ 640 M3B 
Ha <t>a30TpOHe JUIn OH.RH. llocne XIIIMIIl4eCKO~ 0411lCTKIIl 10CTbIBwe~" 

B Te4eHIIle 60nee CYTOK MIIlWeHIII 11I3 Hee nYTeM pa3AeneHIIlH peAK03e
MenbH~X 3neMeHTOB Ha XpOMaTOrpa$J.14eCKO~ MIIIKpOKOnOHKe 6~n B~Ae

neH 3p611l~, cOAep~a~lIl~ K 3TOMY BpeMeHIII B OCHOBHOM pa~1Il0HYKn1llAbl 

160Er 11I 165Er /11I He60nbWYIO nplllMeCb (.< 2%) 165Tm 11I 67Tm - 11I30
TonOB TynIllH/. TOHKHe IIICT04HIIlKJ.1 3neKTPQHOB 1Il3rOTaBnlllBanlllCb Tep
MIII4eCKIIlM IIlCnapeHlIleM 3p6111H B BaKYYMe Ha anIOMIIlHIIl~BYIO nOAnO~KY. 

HcnapeHllle npoBoAlIlnOCb nplll T = 12000 C C TaHTana, Ha KOTOP~~ 

npeABaplllTenbHO 3neKTponlllTIIl4eCKIIl HaHOClIlnCH npenapaT. HCT04HIIlKIIl 
raMMa-1Il3nY4eHIIlH nonY4anlllCb BbrnaplllBaHlIleM He60nbWIIlX 06beMOB 3P
6I1leBO~ $paK411l1ll, KOTopaH neplllOAIIl~eCKIIl 0411l~anaCb Ha xpOMaTorpa
$1Il4eCKO~ KonOHKe OT A04epHero 160Ho • OCTaBaBWIIl~CH nplll 04111CTKe 
160Ho , a r aiose cneuaansuo BbIAenHBWIIl~CH 11I3 r ynaeaoü $paKu.1II111 
165Er 6blnlll IIIcnonb30BaHbl B 1113MepeHIIlHX 14I1lCTbIX" /llpenepHblxll/ 
cneKTpOB 0~e-3neKTpOHOB 11I peHTreHO~CKoro 1Il3nY4eHIIlH AIIICnp0311lH 
11I ronbMIIlH COOTBeTCTBeHHO. 
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PHc.2.CneKTpw 3neKTpoHoB 160Er /a/ H L-o~e cneKTp rOnbMHH 
H3 pacnana 165Er /6/, H3MepeHHbIe c nOMO~bfO 3neKTpOCTaTHQeCKOrO 
cneKTporpa~a ESA-50. 
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0630p.Hble cnexrpu anexr poxoa , IIlCnycKaeMblx B pacnane 160Er 

11I 165Er B AJ.1ana30He 3,,3 - 8,3 K3B /06nacTb L -oxe-onexrpouoa/ , 
nplllBeAeH~ Ha plllc.2. BIIlAHO, 4TO B cneKTpe WOEr nOMIIIMO L-o~e
3JleKTPOHOB ronbMIIIH 11I L-0~e-3neKTpoHoB AIIIcnp03111H OT pacnaAa H-a
Kannlll-BalO~erOCH A04epHero 160Ho .Io~e-cneKTp Dy aHaIlorlll4eH npIII
BeAeHHOMY Ha plllc.26, HO CABIIIHYT Ha - lla 38 B CTOPOHY M~HbWIIIX 

3Heprlll~ 11I B 1,5 pa3a cna6ee no IIIHTeHcIIIBHoCTIII/ Ha6nlOAaeTcH rpyn
na IIlHTeHCIIlBHblX 11I Y3KrtX nIllHIIl~, «oropue He MorYT 6blTb oruec euu 
K o~e-cneKTpaM ronbMlllff 11I AIIICnp03Y1H. bonee HarnHAHO 3TO AeMOHCT
plllpyeT plllc.3, rAe nOKa3aH~ TonbKO 06naCTIIl 3TIIlX nJ.1H~~ / Allla

160ErMIl I 

HIV Hv 

165E'r 
> 

:E 
~ :

:E :E 
:> 

-J :::E: 

160Ho 

200 300 ~OO 

HOMEP KAHAJIA 
PHc.3. CneKTpw 3neKTpoffOB B p;Hana30He 4,9-5,8 K3B H3 pacnap;a 
169Er /a/, 165Er /6/ H 160J-Io /B/, H3MepeHHbLe c nOMoII\bfOESA-50. 
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PHc.4. CneKTp 3neKTpOHOB WOEr 

B o6nacTH N, o -KOHB epCHOHHblX 
nHHHH HaHAeHHOrO raMMa-nepexo
rra . 
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na30H 4,9-5,8 K3B/ S cneXTpax 
160Er / a/, 165E r /6/ \;1 160Ho 
/BI, \;1 p\;1c.4. 

ConOCTaB\;1B pa3HOCT\;1 3Hepr\;1~ 

3T\;1X n\;1H\;1~ c pa3HOCTRM\;1 3Hep
r\;1~ CBR3\;1 3neKTpOHOS M-, N
\;1 O-nonoõonove« rOnbM\;1R /9/ 

/cM.Ta6n.l/, M~ \;1AeHT\;1$\;14\;1pOBan\;1 \;1X KaK M-, N \;1 O-KOHSepC\;10H
H~e n\;1H\;1\;1, np\;1HaAne~a~\;1e raMMa-nepeXOAY B RApe rOnbM\;1R. Pacxo~

Ae~\;1e B Ben\;14\;1HaX pa3HOCTe~ AnR 60nbW\;1HCTBa n\;1H\;1~ He npeB~waeT 

1 3S. 

~ 
U 

Aanee 6~na npoBeAeHa Cep\;1R \;13 Tpex nocneAOBaTenbH~X \;13Mepe
H\;1~ cneKTpa 3neKTpOHOB mOEr, B pe3ynbTaTe KOTOPO~ YCTaHoBneHo, 
4TO \;1HTeHC\;1BHOCT\;1 3T\;1X n\;1H\;1~ YMeHbwa~TCR c T~ = 26,8±2,0 4ac. 
3T\;1 $aKT~ n03S0nR~T cAenaTb YTBep~AeH\;1e, 4TO M~ \;1MeeM Aeno 
c raMMa-nepexoAoM, np\;1HaAne~a~\;1M pacnaAY mOEr. 

AnR onpeAeneH\;1R a6con~THoro 3Ha4eH\;1R 3Hepr\;1\;1 raMMa-nepexo
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Aa npOBeAeH~ \;13MepeH\;1R cneKTpa 3neKTpOHOB \;1CT04H\;1Ka, cOAep~aB
crJ 
~ 

(T) "" <;» 
o. ::r: 

:s: 
wero CMeCb \;130TOnOB 160Er \;1 57 Co. Ocyuiec TB\;1B rpaAY\;1pOBKY 
cneKTpOMeTpa no K-, ~d-' L2 - \;1 Ml-KOHSepC\;10HH~M n\;1H\;1RM nepexo
Aa 14,41302/32/ K3B /1 / 57 Co , Mbl HaWn\;1, 4TO 3Ha4eH\;1e 3Hepr\;1\;1 
E1 ratv1Ma-nepexOAa B pacnene 160Er paSHO 7, 133 ±O , O10 K3B. OTMe
T\;1M, 4TO np\;1SeAeHHaR norpeWHOCTb BKn~4aeT B'ce6R B03MO~H~e 

C\;1CTeMaT\;14eCK\;1e OW\;16K\;1, CSR3aHH~e c TeM, 4TO AOCTOBepHO He\;13
BeCTHO, KaKoe X\;1M\;14eCKOe COeA\;1HeH\;1e 3p6\;1R \;1Men\;1 Mbl B \;1CT04H\;1Ke, 
\;1 n03TOMY SO~H\;1Ka~T norpeWHOCT\;1 S 04eHKe pa60T~ B~XOAa \;1 X\;1M\;1
4eCKoro CAS\;1ra. 

B Ta6n.2 np\;1BeAeH~ OTHOWeH\;1R \;1HTeHC\;1BHOCTe~ KOHBepC\;10HH~X 

n\;1H\;1~ 3Toro ra~Ma-nepexoAa. nOCKonbKY o6pa6óTKa annapaTYPH~X 
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n\;1KOB KOHSepC\;10HHbIX n\;1H\;1~ npOBOA\;1naCb B npennonoxeana , 4TO 
cnO~H~e L-o~e-cneKTp~ npeACTaBnR~T co6o~ B OKpeCTHOCT\;1 n\;1Ka 
nnaBHoe $OHosoe pacnpeAeneH\;1e /4TO He scerAa BepHO/, TO Ha6n~
AaeMoe CornaC\;1e c OTHOWeH\;1RM\;1 TeOpeT\;14eCK\;1X KBK M-n\;1H\;1~/ll! 
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B npeAenax 20% MO~HO C4\;1TaTb YAoBneTBOp\;1TenbH~M, 4T06bl CAenaTb 
B~BOA o E1-MynbT\;1nonbHocT\;1 3Toro raMMa-nepexoAa. E1 raMMa-nepe
XOA TpKO~ 3Hepr\;1\;1 Aon~eH \;1MeTb, \;1CXOAR \;13 K03~~\;14\;1eHTOB KOH
ae pc \;1 \;1 , 3aMeTH~~ / - 5%/ SblXOA raMMa-KBaHTOB. Mbl \;13Y4\;1n\;1 raM
Ma-cneKTp 160Er \;1 o6HapY~\;1n\;1 raMMa-nY4\;1 c 3Hepr\;1e~ 7,13 K3B 

·1}
'. 
4 

o. o 
l"-j (1) ::t: 

~ ,.Q 

\:$ § @ 
~ :z:: o. 
;:::: E-< 
~ ':s:'O 1-0 (1)

\:$~ ::t: 

h~ ~ ::E 
'"" 

P=l 
(T) 

P=l 
(T) 

ri] 

<1 

::t: 
Ç\J :s: 

\:$ ~ 
~::t: 
;:::: ,.Q 

~ @ 
E-< 

\:$ :s: 
h CJ 

o:: 
~ s ..... 

t=: :E 
C\l 

:E 
00 

:E 
":I' 

:E 
ll':l 

:E 

0,0",1" 

NII 

4 5
 



~ 1ST 

KX	 (Df+Hol
<, 

LX (Df+Ho I ~ 

101 

51 

01	 ~ '" --- --- v\ IlJ " i	 I t1 aoo 'lapa	 4000 . 
H<JmP IWWL\ 

PHC.S. rrH3K~3HepreTH~eCKaH OÓnaCTb CneKTpa ra~wa-H3nyqeHHH 

WOEr , H3MepeHHOrO c nOMO~bID HPGe-AeTeKTOpa. Ha BCTaBKe nOKa3aH 
06HapY/KeHHh1R v -nepexon 160Er B OÔnaCTH LX-H3nYQeHHH ronbMHH IaI 
H BHA "QHCTOrO" LX-cneKTpa ron-bMHH H3 pacnaria 165Er 16/. 

B 06nacTIII. LX-~3nY4eHlllfI I CM. puc , 51. l1cnonb3Yfl AaHHble 06 OTHO
CIIITenbH~X IIIHTeHCIIIBHOCTflX raMMa-nY4e~	 7,13 K3B, LX-nY4e~ 11I KOH~ 
sepCIIIOHHblX 3·neKTpOHOB nepexona 7, l3 K3B, Mbl Ol..\eHlllnlll a6coIllOTHYIO 
IIIHTeHCIIIBHOCTb nepexOAa 7~13 K3B. OHa QKa3anaCb 6n~3KO~ K 1aO% 
Ha pacnaA /3KcneplIIMeHTanbHoe 3Ha4eHue 90±20%1. 

Paaee /12/ npn 1Il3Y4eHIIIIII YPOBHeVI, B036Y)/{AaeMbIX B flAepHblx peak
I..\IIIf1X, õuno 05HaPy)/{eHO 1+ -COCTGf!Hllle 160Ho , nper epneaajouree 3neKT
POHHbI~ 3aXBaT c nepaonox rtonypacnana 7 MIIIHYT. Mbl nonurarurc s 

o~eHIIITb BpeMfI )/{1Il3HIIl Ha~AeHHoro 

HaMIII I+-YP08HfI no HapaCTaH1Il1O 
sq	 Tln<0.5" 

- t~ l4t--1	 
IIlHTe'Ha-1BHOCTIIl raMMa-nepexoAa~ 7, 1J K3B B IIICT04HIIIKe 160Er ,I t 

I 04111111eHHOM OT A04epHero 11130Tona 
160Ho• 

PHC.&. Pe3ynbTaTw H3MepeHHH 
nepHoga nonypacnaAa I+-YPoBHH 

29- 25 so c 3H~prHeR 67,11 K3B B 100Ho. 

PHC.7. Cxesra pacrrana 160'Er.
l~:E 1'92 o.;r---....;;.;;;....--:;;.;;..- 28.58 h 

W til 
~ 100X C,.=330 1301 

til W Ha plllc.6 nplllBeAeH~ pe
til CD
 

--: OI
 3YIlbTaT~ OAHO~ 11I3 ceplll~ nocne
1. "ai1Il <0.5 IIln AOBaTenbH~X 1Il3MepeHIIl~ IIlHTeH~2-::r:67.1159.98 5.02 h 

CIIIBHOCTIII raMMa-KBaHTOB c 3Hep
5· 0.0 25.6 .In rllle~ 7,13 K3B. no nonY4eHH~M 

160 B 3T~X 1113MepeHlllflX Ol..\eHKaM 
67 H093	 + uypoBeHb I c 3Heprlllelll

''''It 
~	 67,11 K3B IIIMeeT nepllloA nony

pacnaAa He 60nee 0,5 MIIlH 
198% cL/. 

TaKIIIM 06pa30M, nonY4eHH~e 3KcneplllMeHTanbH~e AaHH~e n03BonfllOT 
OKoH4aTenbHo YCTaHOBIIITb cxeMY pacnaAa ffioEr 128,58 4acI Iplllc.7/. 
1-13 OCHOBHoro COC roa H11I fi 0+ flApa 160Er -reoea 3neKTpoHHbl~ 3aXBaT 

(Q( =330(30) K3B./ 4/, log ft=4,8~~:~/13~ c IIIHTeHCIIIBHOCTblO 100% 

Ha pacnaA/7 / npblllcxoAIIIT pa3peweHH~~ He3aAep)/{aHH~~ ~-nepexoA 
Ha COCTOflHlIle I +{ P 112 (5231+n S/2[ '5231\, c 3Heprllle~ 67, 11 K3B 
B flApe 160Ho. l13 3Toro COCTOflHlllfI npOlllcxOAIIIT E1-nepexoA c 3Hep

160Horllle~ 7, 13 K3B Ha 11130Mep B ITI~ = 5,02 4aca, E yp • = 
= 59,98 K3B /14/ I. 
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rOpo~aHKHH B.M. H p;p. P6-87-931 
I10HCK H HaÕJIlOp;eHlIe EI raMMa-rrepexop;a 

0HoC 3HeprHe:ei: 7, 13 K3B B pacnane 160Er ~ 16

B crreKTpax 3neKTpOHOB li raMMa-KBaHTOB, B03HHKaID~lIX nplI 
pacnap;e 160Er, oõHap~eH rrepexop; C 3HeprHeft 7,13 K3B. 3TO 
n03BOnHnO nop;TBepP;HTb rrpep;CKa3aHHoe paHee cy~ecTBoBaHHe 

YPOBHH 1+ B Hp;pe 160 Ho li YCTaHoBHTb ero XapaKTepHcTHKH. 

Paõor a BblTIOnHeHa ~ Jlaõopa'ropna anepnux rrpoõrrex OH5IH. 

Ilperrpanr 06õenrou:!!lHoro HHCTHTyra RnepHbIx accnenonaaaã . .Lly6Ha 1987 

Gorozhankin V.M. et al. P6-87-931 
The Search and Observation of 
EI-Gmmna-Transition with 7.13 keV Energy 
in Decay of 160Er ~ 160Ho 

The EI-transition with 7.13 keV energy has been found . 
in electron and gamma-ray spectrum of 160Er deca~. The I 
energy and other c'harac t er i s t í c s of I +-level in 60 Ho pre
dicted earlier are determined. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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