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Af'.nypa38KOB A .A . , rpoMOB K . H., >Ken eB >K.T., 
KanH:HH HKOB B .r. , fl Hn TaK H. , H a3ap oe Y . K., Yp6aHe u H. 

0 cxeMe pacna.na t se Er 

P 6-3496 

Yf c cne.llOBBHbl CIT 8KTpbl r aM Ma- nyqe l! , KOHBe pCHOHHbiX 3n eKTpOHOB if {3 + -
pac na.n t sa Er • 0 6Hapy)!( eHbi HOBbi e raMMa- nepex O.llhi 270 , 2 94 ,1 H 341 ,6 

K 3~ , 8BO.llSITCSI H OB ~te y pOBHH B cxe~i e pacna.na IS! Er C 3HeprHSIMH 160,3K3B 
(2 ) , 408 ,9 K3B ( 1 ) , 4 2 5 ,6 K3B ( 1 ) • Onpe.neneHbi Myn bTHnonbHOCTH n epexo
.llOB 386,9 K3B 1 358,3 K3B H 34 1,6 K3!1, 0ueHHB810TCSI MynbTHITOnbHOC TH HeKo
TOpb!X .npyrHx raMMa- nep exo.noa . 

Y CT8HOBn9Hbl KB8HTOBbl 8 X8p 8KT8pHCTHKH ypOBH 9lt C 3HeprHSIMH 6 7, 2 K3B 
(2- ) H 454 ,2 K3B ( 1- ) . Onpe.neneHa pa3HOCTb Mace SJ.nep tse Er H tse Ho 
( 1860 _! 60 K3B) . 0 6ry )!( .naeTCSI CX P.Ma pac na.n a 1 sa Er 

TipenpKHT 06'b9,1lHHe'KBOrO HBCTHTyTa SIA9pBbiX HCCne,llOB8BHio 

.ny6Ra, 1967. 

Abdurazakov A.A., Gro m ov K.Ya . , Zhel ev Z h.T. , 
K a linnikov V.G. , Liptak J ., Naza:·ov U .K., U r ban ec J . 

On th e D ecay Mod e o f H B Er 

P6- 3496 

Gamma-ray a nd conve r s i o n e l ectro n s p ectra , a nd (3 +--<J. ecay 
o f H BF:r a r e investigat ed. N e w y-tr a n s iti o n s o f 270 ,.. 2 94. 1, a nd 
341.6 k e V a r e o b s erved. N ew l ev e l s o f e n e r g i es 160. 3 ( 2l, 
408.9 keV {1+), a nd 4 25 ,6 k ev(1) a r e introdu c ed into the decay mode 
of t oB F: r . The multipo l a riti es o f tra n s iti o n s a r e determi~ed t o b e 386. 9, 
3 58. 3 , a nd 3 4 1.6 k e V. The multipo la riti es o f s o me o th e r y -tra n s i-
t i o n s are estima ted • 

Q uantum c h a r a cte ris tics o f 67. 2 kev(2l a nd 454 . 2 k eV( 1l l evel s 
a r e dete r m; n ed. T he mass d iffe r e n ce o f 15BEr a nd l oB Ho nuc l e i i s 
found t o b e (1860 + 6 0 k ev) . 

T he d ecay mode o f t oB F: r i s d iscu ssed. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1967. 



B HacTosnnee apeMll 'IHCno aKcrrepHMeHTBJJbHbiX H TeopeTHqecKHX pa6oT, rrocaH

meHHbiX H3y'!eHHIO B030YlK.lleHHb!X ypOBHel! He'!eTHO-He'!eTHb!X ll.llep, O'!eHb orpaHH'!eHHO. 

noaTOMy IIpe.llC TBBJllleT HHTepec IlOJlY'IHTb 9KCIIepHMeHTBJ1bHb!e .llBHHbre 0 CXeMe pac

IlB.llB 
158 

Er • 

Yl30TOII 9p0Hll C MBCCOBb!M 'IHCJlOM A =158 Ob!Jl OTKpb!T B .L!y6He .L!aerrpoa-
/1 / 

CKHM IIpH H3y'!e HHM IIpO.llyKTOB 0011Y'!eHHll Ta -MHWeHH IIpOTOHBMH C 9HeprHel! 

E p =660 M a a. CaeneHMH o pacrrane 158 E r 
ObrnH rrony'!eHbr a rrocnenyromHe 

rO,llbl IIpH H3y'!eHMM CIIeKTpa KOHBepCHOHHb!X 9Jle!{Tp0HOB H Il03HTpOHHOrO H311y'!eHMH 

/ 2,3,4,5/ E 158 H 
B pBOOTBX • bl110 YCTBHOBJleHO H30MepHoe COCTOllHHe .llO'!epHoro o 

c aaeprHe l! 67,2 KaB. nepHO.ll br rronypacrrana 158 Er (T 112=2,3 ~ 0,1 '!),H30Mep-

HOro (T 112 = 27 MHH) H OCHOBHOro (T
11 2 

= 10,9 :!:_ 0,6 MHH} COCTOllHHl! 
10 8 

flo HBH6onee TO'IHO ObiJJH H3MepeHbr CTeHcTpeMoM H IOaroM 151• B yKa3aH-

HbiX pBOOTBX OblJlH pB3HOrJJBCHll B OIIpeneneHHH KBBHTOBb!X XBpBKTepHCTHK OCHOBHOrO 

M H30MepHOrO COCTOllHHi1 l OS flo 
• 3KcrrepHMeHTB11bHbre HccnenoaaHHll pacrrana 

10 8

E r .llO HBCTOllWero apeMeHH Ilp8KTH'!eCKH orpaHM'IHB811HCb H3y'!eHHeM 

/ 6 / crreKTpa KOHBepcHoHHbrx aneKTpoHoa. Ton b KO B Henaaae i1 pa6oTe flera pna M np. 

y -crreKTp pa3 aeneHHoro M30Torra !58 F:r 
HB CUHHTH1111llUHOHHOM 

y -c rreK T poMeTpe. 

B HacTollmel! pa6oTe, HB pll.llY c HccnenoaaHHeM crreKTpa KOHaepcHoHHbiX 

aneKTpoaoa, rrpoae neao H3y '!eHHe Y -11y'!el! H Il03HTpOHHOrO H311y'!eHHll, B03 HH-
BB 

KaromHx rrpH pacrrane F:r 
Y -rrepeXO.llbl C 9HeprHllMH 

270, 294, I H 341,6 K9B. BaonllTCll HOBbie ypOBHH C 9HeprHllMH 160,3 K9B ( 2-), 

408,9 K9B ( J+) H 425,6 K9B ( 1-). YcTBHBBJlHBBIOTCll KBBHTOBb!e XBpBJ(TepHCTHKH 

ypoaaer~ 67,2 K9B (2-) H 454,2 Kaa ( 1-). OrrpeneneHbr MY11bTHrronbHOCTH rrepexonoa 

386,9, 358,3 H 34 I ,6 Kaa. OueHHBaroTc5! MY11bTHII011bHOCTH HeKoTopbr x npyrHx y - rre-

pexonoa. 
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3KcnepHM9HTanbHhl9 pe3yDbT8Tpl 

CneKTp y -Jiy'!e l! 
188

Er HCC/l9JIOB8DCSI npH noMOIUH y -cne KTpoMeTpa c 

Ge(Li) JlSTeKTOpOM. npH H3y'!eHHH 'Y -cneKTpa 6h!D HCil0 Db30B8H JlSTeK T Op C 

3 
'IYBCTBHTeDbHhl M 06DeMOM 5 CM H pa3peiU8 10IUell CilOC06 HOCTbiO H8 DHHHH 1332 K 3B 

I 
8° Co OKODO 5 KSB. PerHCTpaUHSI 'Y -Dy '!e l! IlpOH3BOJIHD8Cb C n o MO IUbiO 2048-Ka -

HSDbHOrO aMnDHTyJIHOPO aH8DH3 aTopa. nnSI onpeJI9D9HHSI OTHOC HT9 D b Hhi X HHT9 HCH B HO-

CTel! y-Dy'!el! HCnODb30BaDaCb KpHB8SI sqxpeKTHBHOC TH JI9 T e KTO pa , K OT Op8S1 6h!D8 

nony'leHa no y -ny<IaM 
22

•
24 

Na • 
48 

Se H 
189 

Yb • norp eiUH OCTb B o npeaen e HHH 

HHTeHCHBHOCTel! y -DHHHl!, BHOCHMaSI npH 3TOM, 6b!D8 He 6onee 10% . 

HcTO'IHHKOM cny~Hna ~paKUHSI s p6HSI, nony'le HHa SI B peaynbTa T e rny6oK o ro 

pacmenneHHSI TaHTana npoToHaMH c sueprnel! 660 Mas. 0 6nyqe nne npoaoannoc b 

B T9'19HHe 2 '18COB. IS>p8KUHSI Er Bhi!l9DSinacb xpoMaTorpa~H'I9CK H. H 3 M e p e HHSI 

H8'1HH8/lHCb 06b!'IHO • '!epe3 2,5 '!aCa IlOCDe npHPOTOBD9HHSI HCTO'IHHKOB - C Te M , 'IT0-

6~ HCKDIO'IHTb BKD8Jl KOpOTKO~HBylUHX H30TOilOB ap6HSI, a TaK~e H HX !l0'!9pHHX a K-

189 Er ~&9 Ho 189 Dy 187 E r 
THBHOCTel! 36 MHH. 33 MHH~ 24 MH H. 

107 IH 
Ho -----'·• Dy ). 

18 MI!H, 

faMMa-cneKTp H3 Y'I8DCSI B o 6 naCTH 3He prHH 50 4 3000 K3B. B C il9KTpe , CHSITOM 

B TaKHX yCD OBHSIX, Ha6 DIOJiaDHCb Y -DY'IH, B03 HHK810IUHe n p H p a c naa e 
16 1 

Er 

US Er H HX JlO'IepHHX H30TOilOB, a TaK~e 0'19Hb cna6o n p OSIBHDHCb CHDbH b!e 'Y -nepexo -

Jlbl IUEr H tao F.r ... 180 Ho . npu H!leHTH~HK8UHH 

Mbl npHHHMaDH BO BHHMaHH9 OU9HKH nepHO!lOB nonypacnaaa y -DHHH I! H DHTepa-

/ 6-10/ 
TypHb!e !laHHbl9 06 H30TOnax, KOTOpb!9 IlOMH~O 1 8~r n p HCyT C T BOBaDH B Ha -

IUSM npenapaTe. 

CneKTp KOHBepCHOHHblX 3D9KTpOHOB a p6HeBOl! ~paKUHH HCCD9!lOBaDCSI Ha Tpex 

/ II / 
6eTa-<:neKTporpa~ax c nocTOSIHHbiM M arHHTHbiM noneM • f p aaynpoaKa no a u e prH-

SIM IlpOH3BO!lHD8Cb no KOHBepCHOHHbiM DHHHSIM 
16<Ho , a aeprHH KOTOpblX H3 M 9p9 H bl 

I 12-14/ 
C TO'IHOCTbiO 0,02% • To'!HOCTb Ha!UHX Oil p eJieneHHII SHeprH l! DHHH l! KO H-

BepcHOHHblX aneKTpOROB 
188

Er 6h!Da ae xylKe 0,05%. HcTO'IHHKH !IDS! 6 eTa-cneKTpo-

• / 15/ 
rpa~B POTOBHDHCb M9TOJIOM 3D9KTpODHTH'19CKoro o c alK!l9HHSI Ha nnaTHHOBYIO 

nposono'IKY !lHSMeTpoM 0, I MM. 3neKTpOHhi perHcTpHposanHcb ~oTonnacTHHKaMH TH

na P - 50 MK. HucTeHCHBHOCTH Koaae p cHOHHbiX sneKTpouos onp e aensinHCb MeTo!lOM, 

I 161 
onucaHH~M B pa6ore • HccneaoaancSI cneKTp sneKTpoaos BHyTpeuuel! K OHBepcHH 

B HHTepsane aueprHH oT 20 ao 2000 KSB npH pa3pemaJOmel! c n oco6uocTH n p u 6 opos 
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0,05%. OueHHBan cKopoCTb y6biB8HHH HHTeHCIIt>HOCTH III!HIIi'l KOHBepcHOHHbiX 3neKTpo-

HOB a nocnenoaaTenbHO 3KCIIOHHpoBaHHbiX fjlo T onnacTHHax, M b l M Oriiii OT06 p8Tb III!-

Hill!, l!HTeHCIIBHOCTb KOTOpb!X y6b!B8II8 C nep!!OllOM IIOIIypac nana ( T 112 = :.!,3!_0, 1 '!8C). 

KoHaepcHOHHbi e 3IIeKTpOHbi, ao3HIIK8IOWI!e np11 pacnane n o qepHe ro 
1 ~ 8 Ho , IICKIIIO'!a-

/ !01 
II!!Cb no pa3HOCTII K • - L I , - L II , - L 

111
-nHHIII1, a TaKx<e no naHHbiM pa60Tbi , 

KOTOpan Obin8 BbiiTOIIHeHa H8 TOM l!<e 6eTa - cneKTporpa{jle. 

0ony'!eHH b !e ll8HHbie IIp!!BeneHbl B T86II, 1 II 3, illKa na IIHTeHCIIBHOCTe ii 

Y -rrepexonoa Bbi6paHa TaK, 'IT06 b i OTHOUJeHI!e Ik I I y nnfl nepexona 218, 2 K3B 

HB Ho, KOTOpb! J1 H8XOlliiiiCSI B p8BHOBeCI!II C 
1 ~ 8 E:r , p8BH fi iiOCb TeopeTl!'! e CKOM y 3 H8 -

'!eHHIO a nnSI rrepexona THrra E2. C p aBHHBaH s Kcrrepa M eHTBIIbH bie OTHom eHHn 

I 17 I 
I k /I y anSI n pyrHx nepe xonoa c TeopeTH'!eCI<l!MII 3Ha'!eHHHMH ak , Mbi onpe -

nenHIIl! MYIIbTl!IIOIIbHOCTl! HeKoTopbiX n e pexonoa a nnpe 1 ~ 8 Ho ( Ta6n. 3). B Ta6n. 1 

H 3 nnSI rrepexonoa 314 ,9 11 294,1 K3B naeTcSI rrpenen HHTe HCl!BHOCTeii y -ny qe fi , 

T8K K8K OHII COBII8ll8IOT C Y -rr epexo naMH 
161 

F. r C 3H e prHSIMH 3 14,9 H 295,5 K 3B . 

f8 MM8 -IIepeXOllbl 310,8 H 248,6 K3B COBII8ll8IOT C Cl!IIbHb l M l! IIHHIISIMH 
1 ~ 9 1!o, BKII8 ll 

KOTOpb!X 6biii Y'!TeH, OepeXOllbl C 3HeprHSIMl! 76,3; 89,7 H 93,05 K3B B Y -crreKTp e 

rrpoSIBHIIl!Cb o'le Hb cna6o. HHTeHCHBHOCTb Y -nyqeif 3 THX rrepexonoa 6 bwa non-

C'IHTa Ha no l!HTeHCH BHOCTSIM ~oHaepcHOHHbiX IIHHHH c Hcrron b30B8Hl!eM TeopeTH'!eCKHX 

3H8'!eHHii K03{jl{jlHUl!eHTOB KOHBepC!!l! a k ( M 1) 

CpaaHeHHeM 3Kcnepl!MeHTaiibH biX OTHOUJeHHA HHTeHCIIBHOCTeli L 
1 

, - L II , -

- L Ill - KOHBepC!!OHH biX IIHHHl! C Teope TH'!eCKHMII 3H8'!eHHSIMII K03{jl{jll!UileHTOB KOHBe p -

Cl!l! 6biiiH OIIpeneneHbl MYIIbTl!IIOIIbHOCTH y -nepeXOllOB 67,2 H 71,9 K3B (Ta6n , 2), 

6bliiO HCCIIellOB8HO Hll CIIeKT[JOMeTpe C llBOl!-

HOi! llBYXKp8THOI1 {jlOKYC!!pOBKOl! nyqKa H8 yron "y2. VfcTO'IHHKOM CIIYli<HII8 {jlpaK -

Ul!SI 3p6HSI, B blneneHH8 SI 113 Ta -MHUJeHH qepe3 4 qaca n o cne KOHUa o6ny'!eHl!SI, 

H CTO'!Hl!K rrpHroTOBIISIIICSI MeTonoM B bmapHB8HHSI ¢paKUHl! s p6Hn Ha aniOMHI-!HeayiO 

IIOlliiOlKKY p83 M ep8MH 0,8 X 15 MM TOIIUIHHOH 5 MK. Vf31Ve p eHl!SI H8'1HH81Il!C b qepe3 

'18C IIOCIIe KOHU8 pa3neneHHSI . 3a 3TO BpeMfl KOpOTKOlKIIBy !llHe 11 3 0TOIIbl E: r 

( T 162 !> 30 MHH) p8CII8ll81Il!Cb IIp8KTH'!eCKH IIOIIHOCTbiO, E biii Y'!TeH M81Ibl l! BK II8 ll 

I Er + 
160 

Ho B f3+ -ciieKTpe . 06Hapyl!<eH b l 4 KO M IIOHe HTbl f3+ -113IIY'!e ~ll!H 
C rpaHII'!HblMH 3HeprHSIMl! 1300 !_ 30; 1850 !_ 25 ; 2890 II 700 !_ 60 K3B, HHTeHCHB

HOCTb KOTOpbiX y6biBana c rrepHonoM nonypacrrana T 
112 

= ( 2,4 :t_ 0,2) q a c. KoMrro

HeHTbi C rpaHH'!Hb!Mll 3HeprHSIMl! 1300 , 1850 II 2890 K 3 B, K8 K 6biiiO IIOK83 8HO B pa6 o-

l 101 "8 
Te , OTHOC SI TCSI K pacrrany Ho. KoMIIoHeHTa (3+ - C IICKTpa E ~ 700+60 K3B 

rp. -

5 



npi!Hanne>KIIT pacnany 158 Fr 
141 

0THOCIITBllbHWB IIHTBHCIIBHOCTII fl03HTpOHOB Dll~ 

KOM!lOHBHT J3QO If 700 KBB COCTBBnSliOT I : 0,15 COOTBBTCTBBHHO, 

06cy>KneHHB pe3ynbTBTOB, CxeMa pacnana 
158 

Er 

1>8 •.• 
OcnonHoe cocToSlHIIB . 68 '·' 90 1KaK 11 y acex npyr11x •reTIIO-'IeTlii.IX 11!\Bp, 11MB-

+ J~~ 

BT KBBHTOBbiB X8p8KTBp11CTI1KII 0 , XapaKTBpiiCTIIKH OCHOBIIOrO COCTO~HIHl 0
_ llo 

I 181 ' 
91 

MO~<>!O onpeneniiTb no npaa11ny rannaxepa-MowKoBcKoro, cor nacHo KOTopoMy 

OHII UO!llKHbl 6b1Tb 5+, BC!lH 67 II 9) HBiiTpOH H8X0115!TCI1 B roCTO~HIHIX 
--1101 

p 7/2 [ >23 I+ n 3/2 [5211 B pa6oTe 6bJ!lO ycTaHoBnBHO, 'ITO ocnonHol1 yponBHb 

l>'llio IIMBBT IIMBHHO BTY CTpyKTypy. 8 11BHHOM Cny'!ae ~ -p8Cfl81l B OCHOBHOB 

COCTOSl HilS "
8 

llo CH!lbHO 38!lpBWBH II paC!l81l ~~~Er llO!l>KBH OCyJUBCTB!l5!TbC5! '!epe3 

ypoBHII C M8!lbiMH CflHHBMII, 

nn~ BW~CHBHIISl CfliiHB 1130MBpHoro ypoBHSl HB06X01111MO onpelle!liiTb MYllbTH!lO!lb

HOCTb nepBXOUB 67,2 KBB. VJ3 TBO!l, 2 C!lBUYBT, 'ITO BBpO~THBSl MY!lbTII!lOllbHOCTb 

3TOrO nepBXOUB 1'3 · ilaHHOB O!lpBUB!lBHIIB HB 5!B!l5!BTC5! CTpOriiM, TBK KBK UllSl BTOll 

/17 I 
311Bpr>!ll OTHOWBIIHSl TBOpBTH'IBCKHX K03¢<jliiUHBHTOB KOHBBpCIIII H8 fl01J060!l0'1-

KBX L .-L .-L 1lll5! MY!lbTII!lO!lBff E2. 1'3 II F.4 npaKTII'IBCKII coana-
I II ill 

llBIOT II ycTBHOBIITb KBBHTOBbiB XBpBKTBpiiCTIIKH 1130MBpHOrO COCTOSlHIISl 38TpyUHIITB!lb

HO, Q6pBTIIMC5! K 3KC!lBpHMBHTB!lbHbiM <jlaKTBM, KOTOpblB llBIOT B03MO>KHOCTb yCTBHOBIITb 

cnnH 11 '!eTHOCTb 1130Mepnoro ypoBHSl, 

MynbTIInonbHOCTb F: 2 nepexo11a 67,2 KBB IICK!liO'IBBTCSl TeM, 'ITO TpynHo ox<11-

llBTb 1130MepHbiil nepexo11 Tll!la F:2 c TBKOIJ aneprHei!. OcTaBTCSl 11ae B03MO~<HOCTH: 

H3oMepHbJJ1 nepexo11 Tllna F4 (KBBHTOBbie xapaKTepHCTHKH ypoBHSl 67,2 KBB -I+) 

Hlli!-F:3 (xapaKTepHCTHKH ypOBHSl 2-), 

Ecn11 cniiH 11 '!eTHOCTb 113DMBpnoro ypoaHSl 
+ 

I , TO cymecTayeT TOnbKO 

OllHB B03MO~<HOCTb 1l!l5! IIX 06'b5!CHeHII5!, B HMeHHO p 7 /2 -[ 523 ] -n 5/2 -( 523 ] . 

8 3TOM cny'!ae ,'l-pacnan C OCHOBHOrO COCTOSlHHSl 
1
~
8
F.r HB H30MepHblil ypoBeHb 

I.~S llo II C Hero B OCHOBHOB COCTOSIHIIe US f)y 6bJ!l 6bi pa3peu!f~HHbiM He3anep>K8H-

llblM( fog ft o 4,n-4,R ) . 3TO 03H8'18!l0 6bi, 'ITO C 3TOrO COCTOSlHIISI ,CIO!l>KHbl 

6hJ!lll 6bJ HB6!l101lBTbC5! HBII60nee IIHTeHCIIBHbiB f3 -nepeXO.clbi. Me>Kay TeM npH 

pacnane II30Mepaoro cocTOSlHIISl 
1
~
8 

llo ae na6n10naeTCSl /3+ -pBC!lB,CI B OCHOBHOe 

158 I 101 
COCTOSlHIIe Oy 

6 

~ 
j 

:I 

J 

npl! pacnane us f'r 

67,2 Kan (puc. 

CUCTO~!HHI I~S lio 

,-pun'?Hh ~~~ flo 

I) np11~1er: 
I 101 

' T 

HC HaGni• 

67,2 1<3ll HCKniO'llliOTC~. nc 

110jlCXOD HMeeT MynbTHnon 

1130:dt~pHOrO CO\.TOHJH1ii l!;'if 

<f>DKTOp TOpMo>KeJJIIIl, 

C 11Cfl0!lb30B8HHBM TBOpCTI 

F' TOp~· 

XapaKTepiiCTIIKII 113o: 

npoTOH-HBnTpOHHWMII COCT 

+ n 3/2 -[ 521 I 11 p 1/2 + [ 41 

nyTeM OUH0'18CTII'IHOrO fl• 

He UO!l>KBH 6bJTb TBK BB!lll 

ypOBHIO C BHBpriiBlJ 67,2 t 

nepBXOll MOJ:<eT 6bJTb 06M 

1/2-l 523 I II n 5/2-

npellflO!lBraeMbie KB~ 

pBCCMBTp11B8TbC5! KBK p 7 

M3 MynbTIIflOllbHOCTII 

CTIIKII ypOBHSl 139,1 KBB ) 

3BCeneHHOCTII ( ~ 78%) II 

IIMeTb cneny!OWYIO CTpyKT 

p !/~ 

XapaKTepHCTKKII ypo 

TOHOM II HetlTpOHOM B CC 

I~ 
B cxeMe pacnaaa 

( )+), 425,6 K3B ( )-) II 4 

HOCTH YKB38HHhlX ypOBHetl 



::>C TH 003 l!T J)O ifOB .'ln>I 

HH O , 

?-Y e T H hi X $1 n ep , I-t Me -

::> C OC TOri' IIIHl 

cor naCHO KO T OJ)OMY 

• C TO~ HJ.I S"J X 

'I T O OC HOO HOA ypooe Hb 

- pacnan B OC HOBHO e 

ocywec TBnA TbC H '-1 epe3 

Jnpenen HTb MynbTHn onb-

tA M ynbT>lOOnbHOC Tb 

~HM , TBK KBK an~ 3 TOfi 

11 7 I 
::>C IIH Ha nono6on o '-l -

n p aKTH'-IeCK II c o o n a -

:OC T O A HIIH 3a T pyllH>! T e nb-

' B03 M Q)I( HQCTb y C T8 HOB>!Tb 

·aeTC5l nee B0 3 MON<HOCTH: 

' P OB HR 67,2 K 3 B - I+ ) 

cyweCTByeT TOnbKO 

523 I - n 5/ 2 - [ 523 I . 

Ha 113 0Mep Hhl H ypoBe Hb 

pewe HHhlM He3ane p m a H-

) C OC T OR HIIA !lOn)I(H b l 

, ,, Me)l(n y T eM n p 11 

+ - p ac n an B OC HOB HOe 

r 

~l 

' 

np11 pac n ane l OS f. r HHTeHCI! BHOC T b y - ne p exon o e ( T a 6 n. I) Ha ypo e eHb 

67 , 2 K 3 B ( p u c . 

C<J C T O<TH H>I 1 ~ 8 ll o 

I) n pn Mepuo pao H a nonuo :-..~y ••n c ny pa c nan oo H3 0 " I e p Ho r o ( 67,2K 3B ) 

I 101 
, T . e . 3aMe TH or o f! - pac n ana HB 1!3 0MC J)H b1H 

HC Ha Gn !Ouae T c >I • T a KI!M o6pa3o M , crniH " 'H?THOC T b I+ nnH y po B H>I 

6 7 , 2 K3B ll CKn!O'IlliOT C'J , n o •T OMy M o ;· HO C '-I H T B T b yc T a HO On C HH biM , 'ITO 1!30 Me J) H b iJ1 

110 J) C X0ll J1 M8eT M y n b T H n OnbH OC T b II K O.:l HTO Obl e X.~pai< TC p HC T HK >l OC IIOBHO r' O I! 

+ 
n o n/K ll bl 6 b!T b 5 H 2 C O O T ne T C T Be HHO . 

<l> a KTO J) T OJ)MO)I(e i!H>I, Dbi'IH C ne HH I~ Iii 118 OC :iOB8HHit 3 KCnep >! M C HT 8 nbHLI X ll llHH b i X 

C HC OOnb30B8HHeM T eopC T H '!eC KHX J HB '!e HH H K0 3 QXjli1UH ' ' HTOB KOHBepC H H , p aBeH: 

F' TO p M . 1,5 • 10 4 

X apaKTep>!C T>l K>l H3D M e pHor o yponHR Mor yT 6 u T b o 6pa3ooa u w c n e n y!OWIIM>l 

n pO TOH - HeJ!TpOH H bl M >l C OCTOfiHHAMH p 7/2 - ( 523] - n 3/2+ ( 651] p J/2 +(411} + 
' 

+ n3/ 2 -[ 52 1 ] H pl/2 + [ 411]- n 5/2 -[ 523] . B bi C B e '-IH Bll HHe ne p B biX n oyx npo HCXO!l>lT 

n y T e "' OlJHO'-IBCTII'-IH Or O n epex orta , tjlaKTO p T OpMO ll<eHI!H /Jn A n epOA THOC TH K ' JT Oporo 

H e lJOn )l(e fl 6hlT b T BK nen iiK , 3TH C006pa )l(e HIIA OO~BOn >I IOT n p 110HC 8 T b 1!30MepHOMY 

y po B HIO c au eprnefl 67 ,2 K 3 B K o Hqlllry p a u niO p 1/ 2 + [4 11 J - n5/ 2 -[ 523 l, " n 3 o Mep H biA 

n e p e XO.ll MO l :<e T 6b!Tb 0 6 bACH e H 113Me He HU eM COC TOAHII fi .llBYX '-lllC TIIU p 1/ 2 + ( 411) .. 

7/ 2 - [ 523 l II n 5/2 - [ 523] ~ n .1/2 - [ .'i21 I . 

npennonaraeM b le KB8 HTOBble X.:lpO KTepHC T !ll( >l Y P OBII A 143 , 5 I< 3D ( 2-) MOry T 

p8CCM8 T p ii BB T bC51 K8K p 7/ 2- (411 ) - n 3/ 2+ (li .'i1] . 

!13 M ynb T IInonbHOC T II n e p e xona 71, 9 K 3 B ( T a6n . 2) c nenyeT, '-I T O xa p aK T epH

CT >! K II ypoBH>I 139 ,1 K 3 B I ; 2-; 3-; C ni1H b i 2 " 3 IICKniO'-IBIO TC >I 113 - 38 6onbUJOI! 

3 acen e HHOCTII ( .. 7 8 % ) 11 Manoil o en n'-II!Hbi fo g f t = 5,6. T aKoe coc T o>I HII e MO)I(e T 

IIMeTb cneny!OlllYIO C T py K T y py: 

p 1/ 2 + [ 411 1- n3/ 2- [ 521] . 

X apaKT epncTHKII ypOB IW 1 6 0,3 K3B ( 2-), B 0 3MON<HO , o6pa3oBB H b i 3 T IIMII >J<e n p o

TOHOM II Het!T pO HOM B COC T O>I HII II p J/2+( .\1 1} + n 3/ 2 -( 52! } · 

B c xeMe pacn ana 
1 ~ 8 

F.r n p e nnona r a10T C>I ypo n H>l c a Hepr>!>IMU 408,9 K 3 B 

(I+), 425,6 K 3B (1-) H 4 5 4,3 K3B (1-) . B e nwmua fog It 11 npoueHT 3acen e H -

HOCTH y KB38 HH b i X y p OBHet! IIp ii B e .U eH bl H8 p 11 C , J. 
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161 
B pa6oTe Jlerapna H np. 6bm aaeneH npennonolKHTenbHo ypoaeHb 1045KsB, 

KOTOpbtfl pa3pS!lK8eTCSI llBYMSI nepeXOil8MH, 906 H 977 K3B,H8 ypOBHH 67,2 K9B 

( 2-) H 139,1 KSB ( 1-). 3TH nepexonbt npH pacnane taa F.r naMH He na6monanHcb. 

no-BHilHMOMY, OHH OTHOCSITCSI K pacnany la~lo , 8KTHBHOCTb KOTOpro oqef!b 

6btCTpo !!apacTaeT npH pacnane 
168 

F.r 

I 101 
H KOTOpbll1 HMeeT CliOlKHYIO CXeMy pacna-

na 

c 700+60KsB) no 
rp -

06napylKeHH8SI KOMilOHeRT8 ll03HTpOHHOrO Hany'leRHSI ( E 

nepHony nonypacnana (T 
112 

• 2,4 ::!:.. 0,2 qac) MOlKeT npHnannelKaTb nH6o 
168

Er, 

nH6o noqepneMy 
1
~
8 

Ho OnnaKo sTy KOMnoneHTY nenb3SJ npHmtcaTb pacnany 
168

1i o, 

TaK KBK ecmt ona npi!HannelKana 6bt 
1
~
8 

llo , TO llOnli<eR 6bin 6bt R86n!Oil8TbCSI 

B036ylKaeHHbifi ypoBeHb 
1
~
8 

Dy c oqenb 6onbrnon aaceneHHOCTbiO H aneprHefi oKo-

no 2500 KSB. YpoaeHb c TaKot1 aHeprnen H 6onbrnon aa<;eneHHOCTbiO B cxeMe pacnana 
t5s I 101 

Ho OTCYTCTByeT , ll=r"OMy KOMilOHeHTY C rpaHHqfiOft 3HeprHeil 700 K3B MO:>t<-
168 

HO OTHOCHTb TOlibKO K pacnany F:r · 

6onblli851 HHTeHCHBHOCTb 38CeneHH51 ypOBHSI 139,1 K3B ll03BOnSJeT C'IHT8Tb, 

qTo H86liiOileHH851 ll03HTpOHH8SI KOMilOHeHT8 CBS!88H8 C p8Cil81lOM H8 3TOT ypoaeHb. 

llet!CTBHTenbHO, Bbi'IllCneHHOe llpH 3TOM llpenrronOlKeHHll OTHOP•eHHe llHTeHCllBHO

CTeil aneKTpOHHOrO ll ll03llTpOHHHOrO pacnana paBHO 180. nony'leHHOe TeOpeTHqec-

Kll OTHOllieHHe -120, T.e. 3Tll 3f!aqeHHSI B npenenax TO'IHOCTll ( TO'IHOCTb OllpeneneHHS! 

llHTeHCHBHOCTll noaHTpOHOB neaeni!KB -::!:_50%) coananaJOT. 3neprHSJ pacrrana l68Er ... 

l~BIIo Torna p8BH8 ( 1360 ::!:_ 60) KSB. 

PeaynbTBTbl HayqeHHn y -cneKTpa noaaonSJIOT cnenaTb aaKniO'IeHHe, qTo 

CYMM8pH851 HHTeHCHBHOCTb y -nyqej;! Bbtllie 400 K3B He llpeBbllli8eT 2% OT 

nonnoro qHcna pacnanoa 
168

Er B cxeMy pacrrana He paaMell!eHbi rrepexonbt c 

3HeprHHMH 195,4 ll 239,0 KSB, HHTeHCHBHOCTb KOTOpb!X COCTaBnHeT OKOnO llByX 

nponeHTOB Ha pacnan 
168

Er. 
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TAEJilriUA I 

8BeprHH H OTBOCHT6HbH~e HHT6HCHBHOCTH raMUa-nyqe~ H 3H6KTpOHOB 
BHYTpeBHeli KOHBepcHH IS~ r . 

~B K 1.., /.., /..., Ih1 /{ I, lnoAiiu/J 

67,20 - <300 6000 6000 3000 800 - 16100 
7l ,90 13000 1400 IIO 17 200 80 2200 17000 t. 3000 
76,30 1200 CJIOJI, en ox. CJIOli. cno:11. - 2SO 1600 
89,70 400 40 CJiaCl. - - - 130 SBO 
93 ,OS soo CJIQa, - - - - 180 740 
94,10 CJIOlll:, 

l9S,4 80 12 ,-3 - ~3 - 230 330 
239,0 20 -3 - - - - 90 liS 
248,6 ~20 (CJIOll) - - - - - 400 420 
270,0 - - - - - - ~60 ~60 

286,S 6 cnaCl. - - - - ~60 ~66 

294,1 3 - - - - - ~40 ~ 43 
310,8 3S 4 - - - - 3SO 390 
314,9 CJIOJI, - - - - - """90 90 
341,6 3 - - - - - 2SO 2S3 
358,3 25 3 - - - - 300 330 
386,9 6S 10 ~2 - 3 - 1000 lOBO 
2!8,2 rooo* 8000 

llpHY648HIIe: :It- HHT6HCHBHOCTb K-218, 2 !SSHo~aXO,ZV!ll(8HCH B paBHOB6CHII C lSSEr ~ npiiHHT8 38 1000 e;n;, 
H HOpMIIpOBK8 np0113Be;n;eHa no K03 ~eHTY KOHB6pc1111 E2-nepexo;n;a 3TO nHHHH. 
CJIOJI. - nHHHH CHOllH8H; CJI8Cl. - JIHHHH CJI8Cl8H, 

:Jneprl1lr 
nepexo;n;a 

(K3B ) 

67, 2 

Ta6JJHL\a2 

Onpe,IIenem!e JJYJJbT HTIOJibHOCTill '( - nepex o;n;oB npl'l pacrra,IIe I58 £r 

UeT o;n; 3Kcnep l1!.! . 
onpe;n;ene- 3Hat~eHHH 

HIUI MYJJbTI1-
IT OJI:SH OCTH 

l,: J., 
I • I 

-< 0, 05 
T () , () '} 

Teop e THt~ecKHe 3 Hat~eHMR 
JHBO,!\ 0 

EI E2 EJ E4 HI !.!2 UJ ~,14 LlYi!bHtnOJJb-
nocTII 

0,0 0, 04 0, 016 0, 014 12 ~6 9, 7 7, 2 5, 5 23 
f'l 0 " " 



::: 

341,6 
358,3 
386,9 
218,2 

3 
25 
65 

rooo* 

3 
10 ~2 3 

250 
300 

1000 
8000 

253 
330 

1080 

!IpBU81l8HHe: .IE- HHT8HCHBHOCTD K-218, 2 lSl:lHOL~axO;llHill~HC~ ~-p~-:B~~iecH~-c l58Er ~ npHHHT8 38 1000 e;n. 
H HOpMH pO:BK8 npOH 3:B8)18H8 no K03wqM ~8HTY KOH:BepcBB E2-nepexo;na 3TOH RHHHH. 
cnox. - nHHHH cna~HaH; cna6. - nHHHH cna6aH. 

:Jneprv.H 
nepexo.n;a 

(K3B ) 

67, 2 

71, 9 

Ta6JJHL\a ;~ 

Onpe.ne JJeJU!e IJYJJbT HnOJJbH OCTfi r - nepexo,n;oB npv. pacna.n;e 

L[eTO,ll; 3Kcnepvm. Te g~e THil e Q KHe 3Ha~eHHR 

onpe,n;eJJ e- 3HalleHHH 
HIUI MYllbTl1- E1 E2 EJ E4 l!I 
llOJI !>HO CT H 

1.,, : J., ..:::: 0, 05 3, 0 0, 04 0, 016 0, 014 12,6 

/..,,: 1..111 1, 0.±0, 2 0, 8 0, 9 0, 97 1, 20 5, 8 

/..., : /.., 121 7.±3 3, 1 0, 04 0, 016 - 12 , 6 

J..,: L, 6, 5.±2 0,79 0, 9 r,oo - 5, 9 

158fy 

Jb!BO,!\ 0 
!.12 UJ ',!4 UYJJ bTHllOJJb-

l!OCTH 

9, 7 7, 2 5, 5 ZJ 
o, 35 0, 09 0, 05 

9, 4 6 ,92 

0 , 39 0, 10 - ;i1 



II 

;:; 

Er 
J::Jll 

67 , 2 
71 , 90 
76 , 30 
89 ,70 
93, 05 
94 , 10 

195,4 
239 , 4 
:!45, 6 
270, 0 
: ~86 , 5 
294 , 1 
310, 8 
314 , 9 
34::: , 6 
355 , 3 
386 , 9 

I" 

13000 
1200 
400 
500 

CliO/.( , 

80 
20 

~ 20 

6 
3 

35 
CJJO :;( , 

J 
25 
65 

ITP!L:.GnAHIE : 

'1:l 

:::' ad JI u u c. '3 

;Jy JibTHITOJlbi!OCTll HCKOTOpL!X n epeXO,l\OB B !i)tp e I 5L llo . 

Ir 

?200 

250 
130 
180 

230 
90 

400 
~ 60 

~ 60 

~ 40 
350 

~ 90 
::so 
JOO 

. ~03 r:XlJl il\i!CJITU JCOHBCf)C!!:l 

3KCIT . ~I 

5, 9 0, 615 
4, 8 0 , 530 
3, 0 0, 350 
2, 7 0, 320 

_ ? 
0, 35 .± O, I 4, 6. 10 ~ 

? 
0, 2 .± 0, 07 2 , 7 . 10-~ 

~ 0, 05 2, 5. 10- 2 

- -
- 0, 1 1,75. 10- 2 

? 
~ o , o75 1, 6 . ro-~ 

o, I.±O, o3 i , 4 . 1o-~ 

~:! . !..._ 

2, 10 
1, 87 
1, 30 

1, 20 

1, 73. IO- I 
') 

9, 5. ro- ·-
s,s. ro-·; 

' ) 

6, o. ro- '
·) 

5 , 5 . 10-~ 

1f, 8. 10-:: 

5, 90 
4, 76 
31 00 
2, 75 

3, 4. IO- l 
I 9 - - I 

' , 10 
I , 75 . I0-1 

I , I7. IO- I 
1, 06 . 10- I 
9, 3 . ro-2 

') ) ') 

o,on.±o, oo4 I , o . ro-~ 3, 6. ro- ·- 7. 1. ro- ·-

:i~ 

64 , 0 
62 , 0 
29 , 0 
24, 5 

1, 7 
0, 5. 10- l 
7, <J . ,;:o- 1 

4, L. I.O- j_ 

4 1 1 . 10- ~ 
3, 6. ~o - j_ 

o, oa. o, o3 9, 9. 10- 3 3, 1. Io- 2 6, 5. 10- 2 

IOOO 01 65.±0, 02 5, 'f. I 0- J 2, 5. 10-:..' 5, J . I0- 2 .l , 'J . IO- .L 

.' , 8 . 10- .L 

.' , 4. 10- l 

-~HDO;\ 0 ::yJJh 
T >:rlOJ!h:10CT! i 

E3 
:;r 

(:.II) 

c.:r). 
( ;n ; 

T:" 
·u 

(':: .L ) 

,::r 
' ;l_) 

\ [l) 

:~.l 

:.:I 
• T 7 
.u. 

nepexo.n;bl 76 , 30 ; 89 , 70 ·93, 05 i :3B B y- cncKTpe npORBIIJJHCb OlJ8 Hb cJiad o , no·:JTo:.:y 1 
YKL\3aHHbiX nep8XO,l\OB ~b!JIH flO.l\C.lJHTa!lll 113 T COp8Tvl lJ8CKOI'O 3HQ.tj8l!llll r;o::H)(J>ll\i18 HTOB f 
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