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1. BBE.IlEHHE 

CxeMa aos6Y*AeHH~x ypoaHeH 166Er a o6nacTH 3HeprHH AO 
2,5 M3B xopowo HSy~eHa B pesynbT8Te HCCneAOB8HHH K8K pacnaAa 
166Tm H l66 Ho, TaK H fiAePH~X peaKLIHH l l-&l . B pa6oTe 121 Hs­
MepeH~ K03~HLIHeHT~ BHyTpeHHeH KOHeepCHH /KBK/ nepeXOAOB, 
pa3pfllii8IOUIHX ypOBHH 2133,0 H 2160,3 K3B 166Er, onpeAeneH~ HX 
MynbTHnOnbHOCTH H B~nOnHeH 8H8nH3 npHBeAeHH~X eepOJITHOCTeH 
Ml- H E2 -nepeXOAOB. 0Kasanocb, ~TO 3TH nepexoA~ He noA~H­
HfllOTCJI npaeHnaM AnarH. HHTeHCHBHOCTH y-ny~e~, paspJ~lKSIO~Hx 
ypOBHH 2133,0 H 2160,3 K3B, B OCHOBHOM 06ofiCHeH~ H8 OCHOBe 
npeAnOnOllleHHJI, ~TO HX BOnHOB~e ~YHKLIHH COAeplK8T KOMnOHeHT~ 
c K =2 H K = 3. Yrny6neHHbiH aHanHS eosMOM<eH nocne yTO~HeHHfl 
MynbTHnOnbHOrO COCT888 3THX y-nepeXOAOB. HcnOnb30B8HH~H M~­
TOA y- y yrnOBbiX KOppenfll.IHH nOSBOnfleT yTO~HHTb MynbTHnOnbHO­
CTH, KOTOpble Ol.leHeHbl p8Hee H8 OCHOBe npHMeHeHHJI K03~Hl.IHeHTOB 
BHyTpeHHeH KOHBepCHH / 3/ . .(lnJ~ HSMepeHHH ~YHKLIHH y-y yrnOBbiX 
KOppenAl.IHH HCnOnbSOBanacb YCT8HOBK8, COAeplKa~afl OAHH G~Li) ­
H AB8 NaJ(Tl) -AeTeKTopa 16 1 • 

2 . nPHrOTOBnEHHE HCT04HHKOB 

B XOAe HCCneAOB8HH~ HCnOnbSOBanHCb HCTO~HHKH l66Yb/ T~ 
57, S ~/ ... 166 Tm I T ~ = 7, 7 ~1, YA06H~e acneACTP -e lHOro 

nepHOAa nonypacnaAa MaTepHHCKOro H30TOna 166 Yb. npH P8AHOaK­
THBHOM pacnaAe 166 Yb B03HHK8eT OAHH HHTeHCHBHbiH y -nepeXOA 
C 3HeprHe~ 82 K3B, KOTOP~H He ASeT BKn8A8 B HSMepJ~eMble cneKTp~ 
coenaAeHHH. 

HcTO~HHKH 6~>~nH nony~eHbl e peaKLIHH rny6oKoro pac~enneHHfl 
T8HT8na npOTOH8MH C 3HeprHeH 660 M3B H8 CHHXPOLIHKnOTpOHe na-
6opaTOpHH AAePH~x npo6neM OHHH. nocne xpoMaTorpa~H~ecKoro 
p83AeneHHJI peAKOSeMenbHbiX 3neMeHTOB ~p8Kl.IHA HTTep6HA p83AenJ~­
naCb Ha 3neKTPOMarHHTHOM Macc-cenapaTope. An~MHHHeeaA ~nbra 
C BHeApeHHbiM P8AH08KTHBHbiM HCT04HHKOM 166 Yb p8CTB0pfln8Cb 
B 0 1N paCTBOpe HCl B BOAe. HCT04HHK B lKHAKOM COCTOAHHH 
noM~~anc11 e nneKcHrnacoey;o aMnyny pasMepoM ~ 4x8 MM. 

3. H3MEPEHHR y- y YrnOB~X KOPPEnHUHA 

npoBOAHnHCb HSMepeHHJI yrnOB~X KOppenAl.IHH pa3nH~H~X y-ny4eH 
C y-ny48MH nepeXOAOB B p0T8l.IHOHHO~ nonoce OCHOBHOrO COCTOJI-

I flt'kJUI" - ...... . ll.!iCTIITJT 
U e JIIW.~ .r.JO..ai 

CJ.it;JI. lOTt:KA 
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HHA C 3HeprHeH 81 K38 (2i ... 0 ~) H 184 K38 (4 + .. 2+) .110KHa11 B 060HX 
C~HHTHnnA~HOHH~Y TpaKTaX nocneAOBaTenbHO yCTaHaBnHeanHCb Ha 
OAHHaKOB~X 3HepreTH4eCKHX HHTepeanax, COOTBeTCTByiO~HX y-nepe­
XOAaM C 3HeprHeH 81 H 184 K38, a TaK~e Ha COCeAHHX y4aCTKaX 
KOMnTOHOBcKoro pacnpeAeneHH~ /pHc. 1/. CoenaAeHHA /pHc. 1 H 2/ 
perHCTpHpoeanHcb Ge(Li) -AeTeKTOPOM. Yrnoeoe nono~e~~HHTHn­
nA~HOHHbiX AeTeKTopoe I 8 = 90 ° , 135 ° H 180° I MeHAnOcb ~HKnH4ec ­
KHM 06pa30M C BpeMeHeM 3KCn03H~HH 200 C. npH B~4HCneHHH AnA 
BCeX KACKaAOB K03~H~HeHTOB Akk ~YHKUHH yrnOBOH KOppenA~HH 
Y4HTbleanHCb cny4aHHble coenaAeHHA H coenaAeHHA c HMnynbcaMH 
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PHc.1. 0AHH04Hb1H y-cneKTP H 
cneKTp coenaAeHHH c y-ny4aMH 
81 K38 AnA y - ny4eH B oonaCTH 
3HeprHH 580-810 K38. Ha 
BCTaBKe noKa3aH y4aCTOK 
cneKTpa C B~paHHbiMH OKHaMH. 
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PHc.2. 0AHH04H~H cneKTP 
~KTPbl coenaAeHHH C 
y - 11y4aMH 81 1-1 184 K38 

AnA y -ny4ei1 e o6nacTH 
3HeprHH 1600-2100 K38. 

OT KOMnTOHOBCKOro pacnpeAeneHH~ APYrHx > -nepexOAOB. BeOAH­
nHC b nonpaBKH, o6ycnoeneHH~e CMe~eHHeM HCT04HHKa OT reoMeTpH-
4eC KOrO ~eHTpa H KOHe4H~MH TenecH~MH yrnaMH Ge(Li)- H NaJ(Tl) -
AeTeKTOpoe. Pe3ynbTaT~ H3MepeHHH /co eceMH eeeAeHH~MH nonpaeKa­
MH/ npHBeAeH~ B Ta6n. 1. 

npH aHqnH3e H3MepeHH~X 3Ha4eHHH K03¢~H~HeHTOB ~YHK~HH yrno­
B~X KOppen~~HH C HCnOnb30BaHHeM MeTOAa ApHca-BHAeH6eKa M~ HCXO-

v 166 E v t 3/ · AHnH H3 cxeM~ ypoeHeH r, npeAnO~eHHOH e ,H npHHHManH, 
4TO y - nepeXOA~ C 3HeprHei1 81 K38 (2+ .. O~H 184 K38 ( 4+ .. 2+) ~B­
n~IOTC~ 11 4HCT~MH11 E2 -nepexoAaMH /pHc. 3/. 

Ha OCHOBaHHH pe3ynbTaTOB aHanH3a K03~H~HeHTOB A~2 KaCKa­
AOB 594 - /184/- 81; 672 - /705/- 81 H 681 - /184/ - 81 K38 
OnpeAeneH MynbTHnOnbH~H COCTaB nepeXOAOB 594, 672 H 691 K38 
/Ta6n. 2/. 

Ta6nHua 1 

3KcnepHMeHTanbH~e 3Ha4eHHA K03~H4HeHTOB yrnoB~X 
KOppenAUHH B 166 Er 

KacKaA /K3B/ 11-I-(I')-Ir A22(t\A 22) A44(~A44) 

705-81 2+-2+-0+ -0,064 (6f -0,30 (S) 

779-81 3+-2+-a+ -O, II2 (8) -0,009 (27) 

2052-81 3:+"-2+-a+ -O,oa:> (IS) -0,02 (3) 
208)-81 3+-2+-0+ -0, 059 (2S) -0,02 (S) 

2092-BI 3+-2+-0+ +0,00 <•> -0,03 (9} 
I653-I84 3--4+-2+ -O,IOO (I4) 0,000 (23} 

1868-184 3+-4+-2+ -0,207 (7) -0,107 (IS) 
1895-184 3+-4+-2+ -0,266(12) -0,127 (22) 

S94-(I84)-81 3+-4+-2+-a+ -0,008 (II) -0,031 (20) 

672-('705)-81 2--2+-2+-a+ +0,009 (II) -0,031 (20) 

1691-(184)-81 4+-4+-2+-a+ -0,021 (12 ) +0,031 (20) 

758-(672)-(705)-81 2-,3--2--2+-2+-a+ -0,023 (26) -0,132 (50) 

SI0-(184)-81 s+-4+-2+-a+ -0,12 (3) +0,02 (6) 

165~(184)-81 3--4+-2+-a+ -0,012 (3I) +0,009 (60) 

I868-(I84)- 8I 3+-4+-2+-a+ -0 ,188 (I2) -0 ,173 (21) 
I895-(I84)-81 3+-4+-2+-a+ -0,26 (3) -O,I4 (7) 
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Ta6n1-14a 2 

CMecH MY1lbTHn01lbHOCTei1 y - nepexoAOB e 166Er 

E1 ~.yJ!I.THllO.Il:MiOCTb 0 
(K3B K3 J<llK / 3/ 83 1-1(6) liaCTOJ!IISM I JIJ>yrae ooOOTa 

594 .E2 99 ,9?% .E2 + (0,03 ~·M>% MI 5 + 00 - ? , 7 -26 7 -9 ~~ !9 14/ 
672 El EI + <O OI~ M2 < -O or 

691 E2 93, 2% .E2 + (6 ,8 ± 1,4)% M1 - 3 ,7.! 0,5 -10 ~r 14/ 
-3 , 3~1 : 2 151 

705 E2 99, 8% E2 + (0 ,20;t0,08)% MI 22 + 13 -21 III 
- - 7 -19 j 8 /51 

?58 MI MI + " 321 E2 

779 E2 98,~ E2 + (0, 4 ± 0 ,2)% UI -8,4;!; 0 , 7 IO 
-r$!0 14/ 

-30 III 
BIO E2,1U E2 + ~0, 35% IU ~ -17 -20:4 14/ 

-a~rg 151 
1653 . EI EI +<O a 1.12 £ -0 03 

1868 E2 +~13% IU 92,4% .E2 + (7,6 ~· a>% m -3 49 ..{),04 
• -0 or 

1895 E2 + liiOS% 141 87,~ E2 + (I2,6:,t0,3)% I.!I -2,59 ;tO,OI 

2052 .E2 + (20;tiO)%MI 97,5% E2 + (2,5 ~:~)~ !.U -7 ,0 ~ 8·§ 
2080 E2 + o o+30 >%MI -10 96,4% E2 + (3,6 :5 ·~>% r.u 52 T 1,5 

- • - 0 5 

2092 E2, !.II 93% E2 + (? : ~:5>% f:il -3,65 ~:~ 

KacKaA 705 - 8 1 K38 CBR3~BaeT y - eH6pa4HOHHOC COCTORHHe 
I TT 2+ ¥ 86 TT + 13 1 = C 3HeprHeH 7 K38 H OCHOBHOC COCTORHHC I = 0 . AHa-
JlH3 K03¢$H4HCHTOB ~YHK4HH yrJlOBOH KOppeJlAUHH 3TOrO KacKaAa 
npHBOAHT K MyllbTHnOJlbHOCTH AllR nepeXOAa C 3HeprHeH 705 K38 
THna E2+(0,20 ±0,08)J{ML ManaR npHMecb KOMnOHCHTa Ml xapaKTepHa 
AllR pa3pRAKH y -eH6pauHOHH~x ypoeHei1. Ha PHC.4 noKa3aH rpa~HK 
ApHca - BHAeHfieKa AllR raMMa-nepexOAOB 779, 2052 H 2030 K3B. 

nepeXOA~ KaCKaAa 81 0 - I 184/ - 81 CBR3b1Bao:n B036YIKAeHHble 
COCTORHHR C 3HeprHRMH 1075, 265 H 81 K38 C OCHOBHbiM COCTOR­
HHeM. Ha OCHOBaHHH 3Ha4eHHR A2 nepeXOAa 810 K38 /pHc.5/, pa3 -

rr + ---
PRIKa~ero ypoaeHb c I =5 y-aH6pa 4HOHHOi1 nonocbl, onpeAene-
Ha ero MYJlbTHnOJlbHOCTb KaK E2 C B03MOIKHOH npHMeCb~ KOMno­
HeHTa Ml AO 0,35%. 
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PHc.6. rpa$HK ApHca-BH­
AeH6eKa AnR KacKaAoe 
1653-184, 1868-1 84 H 
1895-184 K3B. 

Ha PHC. 6 noKa3aHa 3aBHCHMOCT b A 2 OT napaMeT pa CMecH Q 
AflR nepeXOAOB 1653, 1868 H 1895 K3B. MynbTHnOflbH~e COCTaB~ 
3THX y - nepeXOAOB, OnpeAeneHH~e Ha OCHOBe ABO~H~X KaCKaAOB 
/pHc.6/ H TPO~H~x, c HeHa6n~AaeM~M nepeXOAOM, xopowo cornacy­
IJ~e>KAY co6o~. CpeAHHe 3Ha4eHHR Q AnR ecex HccneAyeM~x 
y -nepeXOAOB npHBeAeH~ B Ta6n . 2. 

4. 06CYlK.llEHHE 

Pe3ynbTaT~ H3MepeHH~ no3eanR~T onpeAenHTb 3KcnepHMeHTanbHOe 
OTHOWeHHe npHBeAeHH~X eepORTHOCTe~ E2-nepeXOA0B C YPOBHe~ 
2133 H 2160 K38 Ha ypOBHH POTa~HOHHOH nonoc~ OCHOBHOrO co­
CTORHHR KaK 

B(E2; 3 -4) 

B(E2; 3 -2) 
I y (3- 4) 

Iy (3- 2) 

Ey(3-2) ] 5 Q(3-4) 

E y(3 -4) Q (3-2) 

rAe Ey , I y , Q o6o3Ha4a~T 3HeprHH , HHTeHCHBHOCTH H AOnH E2 
B CMeCH COOTBeTCTBY~HX y -nepeXOAOB. Hcnonb3YR 3Ha4eHHR 3Hep­
rHH H HHTeHCH BHOCTes:i y -nepeXOAOB, OnpeAeneHH~X B pa6oTe I S/ , 
nony4aeM CfleAY~He 3Ha4eHHR 3THX COOTHOWeHHs:i: 

6 

B(l868, E2, 3 -4) = 0,36(14) 
B(2052, E2, 3-4) 

B(1895, E2, 3 - 4) = 0,28(3) . 
B(2080, E2, 3 -4) 

nony4eHH~e 3Ha4eHHR xopowo coenaAa~T c pe3ynbTaTaMH pa6oT~ 12~ 
3TO HeyAHBHTenbHO, TaK KaK npOBeAeHH~MH on~TaMH YCTaHOBneHO , 
4TO AOnR npHMeCH MYnbTHnOnbHOCTH Ml HeeenHKa e paccMOTpeH-
H~X y - nepeXOAaX. 

lioe~MH CBeAeHHRMH RBflR~TCR AaHH~e 0 npHMeCH MYflbTHnOnbHOCTH 
Ml B nepeXOAaX C YPOBHeH 3 +: 2133 H 2160 K38 Ha YPDBHH nonoc~ 
OCHOBHOrO COCTORHHR, 8 Ta6n. 3 AaH~ OTHOWeHHR npHBeAeHH~X ee­
pORTHOCTe~ B(Ml) -nepeXOAOB C YPOBHeH 3+ Ha HH>Kene>Ka~He co­
CTORHHR. 0THOWeHHR B(Ml) -nepeXOAOB, pa3pR>Ka~HX 3TH COCTOR­
HHR Ha ypOBHH 4+ H 2+ nonoc~ OCHOBHOrO COCTORHHR , 6nH3KH K 
3Ha4eHHIO 0, 75, npeAcKa3aHHOMY npaeHnaMH AnarH AnR K

1 
= 1. 

HeKOTOpOe 0TflH4He MO>KeT 6~Tb B~3BaHO npHMeCbD KOMnOHeHTOB 
C K f = 1 H K f = 2 B nonoce OCHOBHOrO COCTORHHR C K =0, a TaK>Ke 
B03MO>KHO~ npHMeCb~ KOMnOHeHTa C K

1
=0 B Ha4aflbHOM COCTORHHH. 

3TH npHMeCH 6~ea~T HeeenHKH, TaK KaK Mana pa3HH~a 3KcnepHMeH­
TaflbH~X H pac4eTH~x OTHoweHH~ B(Ml) . Ho rnaeH~i1 pe3ynbTaT 
3aKm'l4aeTCR B TOM, 4TO OKa3aflCR Man~M KOMnOHeHT C K I =1 
B Ha4aflbHOM COCTORHHH. 3TO BHAHO no pe3yflbTaTaM, npHBeAeHH~M 
BO BTOpOH H TpeTbe~ CTpOKax Ta6n.3. npHBeAeHH~e eepORTHOCTH 

B(M1) - nepeXOAOB Ha y -eH6pa~HOHHYIO nonocy Ha l-72 nOpRAKa 
OOflbWe, 4eM Ha nonocy OCHOBHOrO COCTORHHR. 3TO, C 0AH0~ CTO-

Ta6nH~a 3 

3KcnepHMeHTanbHOe OTHOWeHHe npHBeAeHH~X BepORTHOCTe~ 
M1 - nepeXOA0B c YPOBHe~ 3+: 2133 H 2160 K38 

OTHomeHHe YpoBeHL 2133 K3B YpoBeHL 2160 K3B 

B(MI; 3 - \ ) 
0 ,94 .:t 0 ,20 0,9 + 0,2 

B(MI ; 3 - 2g ) - 0 ,5 

B(MI ; 3 - 21 ) 
9 6 +2 ,5 69 +IO 

, -2,0 -35 B(MI; 3 - 2g ) 

B(MI ; 3 - '7 ) 
89 .:t 25 I3 ± 5 

B(t.U; 3 - 4g ) 
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pOH~, onpaBA~BaeT BHBJ1HS, CAenaHH~H B pa6oTe 121, rAe npeAnO­
naranOCb, 4TO BOJ1HOB~e ¢yHK~HH ypOBHeH C 3HeprHeH 2133 H 
2160 K38 COAepli(BT TOJ1bKO KOMnOHeHT~ C K "' 2 H K • 3. C APYrOH 
CTOpOH~, HOB~e ABHH~e nOSBOJ1~~T YT04HHTb BHBJ1HS, BBeA~ B BOn­
HOB~e <llYHK~HH KOMnOHeHT~ C K I = 1. An~ nOATBepli(AeHH~ 3TOrO, OA­
HBKO, He06XOAHMO yT04HHTb MYJ1bTHnOJ1bH~H COCTBB H APYrHX nepe­
XOAOB, HAYIIIHX C 3THX ypOBHeH Ha ypOBHH y -eH6pa~HOHHOH nonoc~. 

Hs on~TOB no yrnoe~M y-y KOppen~~H~M ycTaHoeneHa MYJ1bTH­
nonbHOCTb nepexoAa 2092 K36, pasp~li(B~l!lero ypoeeHb c 3HeprHeH 
2173 K38. ~On~ Ml B nepeXOAe HeBenHKa, KBK H B nepeXOABX 
2052 H 2080 K36. Ha OCHOBBHHH 3THX ABHH~X MOJI(HO npeAnOJ10li(HTb, 
4TO ypOBeHb 2173 K36 C I rr = 3 + no CBOHM CBOHCTBBM nOXOJI( HB 
6J1HSKHe no 3HeprHII1 ypOBHH C I"= 3 + 2133 H 2160 K38, TO eCTb 
B HeM BeJ11-1KI-1 KOMnOHeHT~ BOJ1HOBOH <llYHK~HH C K = 2 H K = 3. 

B saKJ11~4eHHe as Top~ e~pall(a~T rny6oKyl:> 6na rOABPHOCTb T. M. My­
MI-1HOBy Sa nOAAepli(Ky H nOCTO~HH~H HHTepec K pa6oTe, H.A.ne6e­
AeBy ..., HryeH KoHr 4aHry sa np...,roToeneHHe npenapaToe HTTep6H~. 
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