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1. Baei:teHn:e 

Boa6y)KJleHHbI9 C0CT0SIHII.11 
1 

:;o,Gd nccnei:toBanHCb paaee aBTopaMH 

/1-8/ B 6 /1-3/ pa6oT • pa OTBX rrpn: nccneJl0BBHHH IT03HTp0HH0ro pacrrai:ta 

1:;0 Tb 6 uo Gd C 6bmO ycTaHoaneao, 'ITO rrepBbiit B03 Y)KJl9HHblit ypoBeHb 

+ aHeprneit 638 KaB HMeeT CITHH n: tJeTH0CTb 2. 

faMMa-nytJn c aHeprneit 510 KaB aa6nroi:tanncb B pa6oTe 121 rrpn nay-

1:;o Tb 14/ 1 :;05 ( ) uoGd • tJean:n: pacrraaa n B pa6oTe B peaKunn m a , 4n 

B pa6oTe 151 nccnei:toBannCb cneKTpbl raMMa-nytJeti:, K0HBepCH0HHbIX aneKT-
1 :;o 1:;o 

poHoB n noanTpoHoB npn pacrrai:te Tb n npeano)KeHbI ypoBHH Gd c 

aHeprneti: 639 KSB (2+), 1138 K:3B (3-), 1209 K:3B (4+), 1516 KaB, 1640 KaB, 

1790 K:3B " 2085 KSB. Hei:taBHO B pa6oTe 161 B SIJl9pHbIX peaKUHSIX 139 La • 

( 
16 O, Sn i:;o Tb n 141 Pr ( 12 C, 3n ) 1:;o Tb 6bm nonytJeH n ni:teHTH-

150 Tb T cjmunpoaaa naoMep c nepnoi:toM rronypacnai:ta ½ = ( 6,0.:!:.0, 2) MnH. 

ABTOpbI pa60Tbl 161 aaenn ypoBHH 1:;0 Gd C aHeprn:SIMH 638 K:3B ( 2+)' 

1288 K:3B (4+), 1134 K:3B (3-) n 1700 K:3B (5-). ABTOpbl pa6oTbI 171, 

nayqag H30MepHbl9 C0CT0SIHHSI H30T0IT0B Tep6HSI /6/' rrpei:tn0)KHnH cxeMy 

uo. uo Tb + ypoa11eit Gd , aacenSieMbIX rrpn pacrrai:te naoMepa ( 9 ) • Ehmn: 

BB9Jl9Hbl ypoBHH c aHeprmIMH 638 K:3B ( 2+), 1288 K:3B ( 4+), 2·116 KSB ( 6+l 

2554 K:3B (8+) n: 1134 K:3B (3-), 1700 K:3B (5-), 2211 KaB (7-). Oi:tHOBpe

MeHH0 c pa6oToit 171 IT0SIBHnacb pa6oTa 181 , a K0Topoit rrpn: pacrrai:te 
1:;0 1:;J 3 • 1:;0 

Tb , rronytJeHHoro B peaKun:n: Eu ( He , 4n ) Tb , 11a6nroi:ta-
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150 + -
nHCb YPDBHH Gd C aHeprHHMH 638,05 K9B (2 ); 1134,35 K9B (3 ), 

<I 

1288,4 K9B (4+), 1700,9 K9B (5-), 1936,8 K9B (6+), 2116,1 K9B (6+), 

2211,2 KaB (7-), 2392,5 kaB, 2554,4 KaB (8+) H 2906,0 KaB. B 191nay-
150 151 150 

qeHhI Boa6y)l{JleHHhre cocTOHHHH Gd B peaKUHH Eu ( p , 2 n ) Gd • 

ABTOpbl pa6DTbl 191 IIpH HCCnenoBaHHH Boa6y)KneHHhIX COCTOHHHii: 
150 

Gd 

nayqann crreKTphr e - , y H e - - ,y -coBrraneHHii: H H3Mepnnn yrnoBbre 

pacrrpeneneHHH raMMa-KBaHTOB OTHOCHTenbHO HarrpaBneHHH rry'IKa IlpOTOHDB. 

B 9TOii: pa6oTe orrpeneneHhl CIIHHbl H 'leTHOCTH pnna B036y)KneHHhIX COCTOH-

150 + -
HHii: Gd C aHeprHHMH 638, 1 :!:. 0,2 K9B ( 2 ) • 1134,6 :!:. 0,3 K9B ( 3 ) • 

+ ( + 1288,3 :!:. 0,3 K9B (4 ), 1430,2 :!:. 0,2 K9B 2 ). BBeneHbl T8K)Ke ypoBHH 

c aHeprHHMH 1518,4; 1700,7 H 1947,4 KaB. 

148 ( ) llaHHhIX o pacrrane Tb T ½ = 66 MHH IID'ITH He 6hmo. l1aBecT-

Ho I 101. 'ITO rrepBb!ii: Boa6y)l{JleHHbiii: ypoBeHb 2+ 148 Gd eCTb 784 K9B. 

B 161 IlpH H3y'leHHH pacrrana H30MepHbIX COCTOHHHii: Tep6HH 6bm o6Hapy)KeH 

naoMep 
148 

Tb c rrepnonoM rronypacrrana T ½ = ( 2, 1 ;!:_0, 2) MHH. Ha6mone

HhI ypoBHH 784 K9B (2+) H 1415 K9B (4+) 148 Gd • ABTOpbl 171 , HCIIDnb-

/6 148 
3YH naHHhie pa60Tbl I. BBenH B036y)KneHHbie COCTOHHHH Gd C 9Hep-

rneii: 784 K9B (2+), 1415 K9B (4+), 1811 K9B (6+), 2693 K9B (8+) H 

+ + +) 4087 K9B (8 1 9 1 10 • 
150 

B HaCTonmeii: pa6oTe naMepnncn rrepnon rronypacrrana Tb 

( 3,48 :!:. o, 16) qaca, HCcnenoBanHCb crreKTpb! KOHBepCHOHHh!X aneKTpOHDB, 
150 . 

raMMa-nyqeii: H raMMa-raMMa-coBrraneHnii: rrpn pacrrane Tb ( T ½ 
148 Tb = 3,5 qaca) n ( T ½ = 66 MHH). ITpenBapHTenbHbie peaynbTaTbl 

• 148 Tb 150 Tb aaannaa crreKTpoB raMMa-raMMa-coBrraneHHH rrpn pacrrane . H 

orry6nHKOB8Hbl B pa6oTax I 11, 121. 
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2. 8KcrrepnMeHTanhHaR qacTb 

a) flp1n·oT0BneHne 

H l 50 Tb .-

paanoaKTHBHbIX 148 Tb 

PaarroaKTHBHhie rra0Torrb1 Tep6rrg rronyqanrrch B peaKUHRX pacmerrneHnR 

TaHTana rrpoTOHaMH C 9Heprnen 660 M 9B Ha CHHXpOUHKnoTpOHe 011.HH. 

MnweHrr TaHTana o6nyqanrrch Ha BHyTpeHHeM rryqKe rrpoTDHOB CiiHXpOUHKnOT

poHa B TeqeHrre o, 2 - 2 qacoB. PaarroaKTiiBHbie IiCToqHiiKH Tep6ng rr MOHO-

l48Tb ,, 150 Tb rraoTorrHhre rrcToqHrrKrr .. rronyqannch MeToaaMrr, orrrrcaHHh1Mrr 

B pa6oTe 1131 • 

6) HccneaoBaHne crreKTpoB KOHBepcrroHHhIX aneKTpo

HOB 

CrreKTpb! KOHBepcrroHHhIX aneKTPOHOB B o6nacTrr ManbIX aHeprnn rrc

cneaoBanHCh C IlOMOIUhlO 6eTa-crreKTporpacpoB 1141 C 0/lHOPO/lHb!M Mal"HHT

Hb!M noneM n c IlOMOIUhlO Si (Li) -crreKTpOMeTpa / 15/ rr aMrrnnTy/lHOI"O 

aHannaaTopa AH-4096. TonmrrHa qyBCTBRTenhHoro cnog Si (Li) -aeTeK

Topa 2,5 MM, rrnomaah - 80 MM2• 8HepreTrrqecKoe paapeweHne cneKTpo-
152 , 

MeTpa 2,6 KaB Ha nrrHrrrr K-121 Eu • OTaenbHble y'llaCTKii crreKTpa KOH-

150 Tb BepcrroHHh!X aneKTpOHOB rrccneaoBanHCh c IlOMOIUhlO 6eTa-crreKT-

poMeTpa c llByKpaTHOH cpoKycrrpOBKOH rryqKa aneKTpOHOB /16/ Ha yron rry2. 
PeaynhTaTbl rrccneaoBaHRR crreKTpOB KOHBepcrroHHhIX aneKTpoHOB Ii Bh!BO/lbl 

rrepexo "OB B 
150 

Gd " 
148 

Gd 6 O MynhTiiITOnhHOCTii ,.. ,. CBeaeHbl B Ta nrr-

llbl 1 ll 2. 

B) HccneJloBaHrre crreKTpoB raMMa-nyqeft 
150 148 

CrreKTpbI raMMa-nyqefi Tb rr Tb rrccneJloBanrrcb c rroMOIUhIO 

rronyrrpoBO/lHIIKOBhIX Ge (Li) -JleTeKTopoB c qyBCTBRTenhHbIMii o6oeMaMrr 

3 3 3 
0,5 CM I 8,2 CM Ii 38 CM • Ha prrcyHKax 1-4 rroKaaaHbl crreKTpb! raMMa-

l50Tb 148 G nyqeft rr Tb , naMepeHHbie c rroMOillhIO e (Li) -aeTeKTopoB 

c qyBCTBHTenhHbIMii o6oeMaMrr 8,2 cM3 rr 38 cM
3

• B Ta6nrruax 3 II 4 rrpn

BeJleHhl 9KCrreprrMeHTanhHbie JlaHHh!e 06 aHeprngx II OTHOCRTenhHh!X IiHTeH-

.. 
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Tad.1un~a I 
"' OTHOCHTeJlbHWe HHT8HCHBHOC?H KOHBepCHOHHWC 3Jl8Kti0HOB H 

BWBOAW O MYJlbTHnOJlbHOCTH HeKoropwx nepeXOAOB B 50Gd 

H EpK3B Ir lK cillaxcn. (X,I{ ?80:(!•X 103 
nn My JlL THll • 

103 El E2 MI 

1. 412,0 12,7,;tl,'.3 70:.7 '.3J, 6,!J,8 6,5 19 J6 MI 

2. 4'.37, 7 D,6,!1,4 62,!14 28,!7 5,6 15,'.3 '.30 II 

'.3. 496,2 210:.IO 140,!14 4,1,!0,5 4,2 II,l 22 El 

4. 566,8 I7,0.:t2,0 '.3'.3,:!:7 II, 8.!,2, 6 '.3,I 8 15,'.3 E2+JII 

5. 569,6 '.36,0.:t4,0 65,:!:8 II,O.!,I,7 '.3 7,8 15,I E2+Jll 

6. 6J8,2 1000 1000 6,1 2,J 6,1 II,2 E2 

7. 650,5 50,0.!,5,0 4'.3.!,5 5,'.3,!0, 8 2,25 5,9 II E2 

8. 792,'.3 64,0,!6,0 48,!5 4,6.:t0,7 I,5 '.3,8 6,8 E2 

9. 81'.3, 0 9,0.:tl,'.3 <:9,6 <6,5 1,4 '.3, 5 6,J (E2) 

IO. 821,0 20,0.:t2,0 <9,6 <-2,9 I,4 J,5 6,2 EI 

II. 880,0 45,0.:t'.3,0 40.!4 5,4.:t0,7 1,2 J 5,J III 

12. 1207,5 <2 46,!6 >140 0,7 1,6 2,6 EO 

I'.3. 1429,5 J'.3,0.:t2,0 ..::::6,5 ~1,2 0,52 l,D 1,7 EI 

14. 1452,6 5I,5.:t2,5 <5,8 <0,7 0,5 1,1 1,7 El 

15. 1517,'.3 41,0.:t'.3,0 8.:t2 1,2.:tO,J 0,46 I 1,4 E2 

16. 1591,5 24,0,!I,5 7,!2 I,8.:t0,5 0,4'.3 0,96 I,J II 

IlpH!i8l(a1rn:e: IlpH pacqere 3KCnepHK9HT8.JILHWX 3Hall8H!dt ol K npHBIUlaJIOCI, t 
l(TO nepeXOA C 3HeprHiR 6'.38,2 K3B tHna E2 
(d.i<reop.= 6,1.10-3

) 
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TadJIHna 2 

Oraoczren1,awe aareHCKBH0CTK K0HBepcH0HHWX 3JleKrp0H0B 
H MYJ11trHnon1,aocr1, Heitoropwx nepexo,J;OB B 148Gd 

j)i! Ep lt3B Iy- IK d.. It a1tcn. ol K reop. x I03 
nn· 

X 103 MyJJhTHDOJlhH, EI E2 MI 

...., I. 142,0 6,8,:t0,7 2IO,:t50 I20,:t24 IOO 450 640 EI 

2. 489,I 295,:t17 275,:t55 3,6,.:t0, 7 4,J II,3 23 EI 
, J. 631,I 133+5 250,:tSO 7,4,:tl,5 2,4 6,2 II,5 E2 

4. 783,4 1000 1000 3,9 I,5 .'.3,9 6,9 E2 

5. 1077,I 138,:tB ..c::IOO ~2,8 0,85 I,95 J,3 (E2) 

IlpHKeqanae: IlpH pacqere axcnepawearanhHHX suaqeHHi ciKDPHHHMB.noc1,, 
qro nepexo,1; c auepr111ea 78.'.3,4 KaB rHna E2(ct1<reop. =3,9.Io-3). 
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Pnc. I. CneKTp raMMa-ny'ieii Tb B o5nacTH aneprnii 11.0 2100 KaB: 

a) cneKTp raMMa-ny'ieii:, H3MepeRRbiii: C Il0M0mhIO Ge (Li) -11.eTeKTopa 
38 cM3 C HCil0nh30B8RHeM cpHnbTpa-nornoTHTem1 (3 MM Pb + 0,5 MM 
+ Cd + 0,5 MM Cu ) , 5) y'iacToK cneKTpa raMMa-ny'ieii, H3MepeRRbiii: 
c Il0M0lllhIO Ge(Li) -11.eTeKTopa 8,2 CM3. . 
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+ 0,5 MM Cd + 0,5 MM Cu ) • 
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peHHbtll: C IlOMOmbIO Ge (Li) -lleTeKTOpa 38 cM3 

C n:cnonb30BaHn:eM <!in:nbT-
pa-nornoTn:Tem1 ( 3 MM Pb + O, 5 MM Cd + O, 5 MM Cu ) • 
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TaC!JIHUa 3 

3HeprHH H OTHOCHTehbH~e HHT8HCHBHOCTH rawm.-Ayqea, 

B03HHKaD~Hx npH pacna~e 150Tb 

u Ey,K3B 1, H 
Er,K3B 1, nn nn 

l 2 J l 2 3 

1. Ki;t. 8IO.:t60 26. 954,6.:t0,5 I.3,0.:t2,0 

2. KJ3,,.. 150.:t8 27. 961, 5.:tO, ff-) ,...._,5 

3. Kp_; J5.:t4 a) 3,3.:tl,O 28. 1041,0.:tl,O 

4. 412,0z0,5 12,7.:tl,J 29. 1045,0.:t0,9 2I,O.:t2,0 

5. 437,7±,0,4 IJ,6±,I,4 JO. 1074,I±,0,5a) 12,0.:tJ,O 

6. 496,2.:t0,2 210±,IO JI. 1167,9.:tO,Sa) 7,0.:t2,0 

7. 5II,O.:t0,2 282.:tJO a) 32. II75,3.!0,5 8,5,!2,0 

8. 525,2~0,4 9,5±,I,5 JJ. 1207,5,!0,J <2 
a) 9. 558,l,!0,4 ,_,5 34. 1274,4.t,0,5 5,0,!2,0 

IO. 566,8,!0,5 17,0,!2,0 )5. 1290, 9,!0, 4 25,0,!2,0 

II. 569, 6.:tO, 4 36,0,!4,0 J6. 1295,0.:tO,ti8-) ,.._,7 

12. 574,2±,0, ,,a) ,..,5 37. 1316,9.:t0,4 5,4.!I,O 

IJ. 603,0,!0,3 a) 6,0.t,2,0 38. 1343,I,!O,~) 7,8.!2,0 

14. 638,2.:!;0,2 1000 a) 39. 1349, 4,!0, 6 1795.:!;I,5 

15. 650,5.:!;0,2 50,0.:!;5,0 40. 1387,4,!0,ff-) ,.._, 5 

16. 701,0.:tl,cfl) 4,5.:!;l,O 41. 1429,5.:!;0,6 JJ,0,!2,0 

17. 748,l,!O,~) II,0,!2,0 42. 1444,8.:t0,6 13,5,!I,5 

18. 773,0,!0,ff-) ,_, 5 4). 1452,6,!0,4 51,5,!2,5 
a) 19. 779,31_0,5 7,5,!2,0 44. 1517,3,!0,4 41,0.:tJ,O 

20. 792, 3,!0, 4 64, 0,!6,0 45. 1524,6.:tO,ff-) 6, 6,!0, 7 

21. 8I'.3,0,!0,5a) 9,0.:!;I,J 46. 1540,5.:!;0,6 6,21_1,5 

22. 821,0,!0,5 20,0,!2,0 47. 1591,5,!0,4 24,0,!l,5 

23. 880,0,!0,5 45,0,!J,O 48. 1688,9.!0,s6) I0,0,!3,0 

24. 948,0,!I,O 15.,.0,!2,0 49. 1771,I±,0,5 8,0,!2,0 

25. 952, 01_0, f!-) IJ,0±,2,0 50. 1776,.3.:tl,3 a) 7,0±,2,0 
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npOAOnxeHH8 ?adnHUli J 

I 2 J I 2 J 

51. 1786,2.:!;0,5 23,0,;t'.3,0 74. 2750,5.:tl,Oa) .....,3 

52. I858,0,!I,d1) ~4 75. 2844, O.:tO, 5a) 4,8,:tO,J 

53. 1900,6,!0,5 8,7.:!;0,5 76. 287I,8.:!;0,5a) 5,0.:!;0,J 

54. I912,7.:!;0,5a) 5, 6.:!;0,8 77. 2883,2.:!;0,~) 5,I.:!;0,5 
a) 55. 2015,2.:!;0,4 16,0.:!;2,0 78. 3034,2.:!;I,2 5,0,:tl,O 

56. 2037, O,:tl, 2 II,O.:t2,0 79. 3083,8,:t0,4a) 4,8,:t0,6 

57. 2089,0,:tI, 0 19,5,:tI,O 80. 3094,4.:!;0,~) 2,3.:t0,6 

58. 2II4,l,:tl,3 a) 6,0.:tI,O 81. JI33,0.:!;3,oa) ~2 

59. 2147,4,:t0,5a) IJ,0.:!;1,5 82. 3264,0.:!;3,dl) .- 5 

60. 2179,6,:t0,5 4,0.:tl,O 83. 3383,2.:!;2,0 ,_.. 3 

61. 2193,7.:!;0, 8a) 3,5.t0,5 84. 3404,0.t2,0a) ~5 

62. 2206, 5.:!;0, 5a) IJ,0.:!;2,0 85. 3424,0.:!;2,oa) J,O,tI,O 

63. 2313,0.;tI,Oa) 5,3.:!;0, 6 86. 3604, O.:t2, OS,) I,O.:t0,4 

64. 2.'.364,I.:!;0,5a) IJ,0.:!;2,0 87 • .'.3660,0.:!;2,a8-) I,I.:t0,4 

65. 2395,5.:!;0,5 8,5,!0,8 88. J677,0.:t2,a8-) 0,8.:tO,J 

66. 2409,0,:t0,5 5,2.:!;0,5 89. J7J5,0,:t2,0a) I,6.:t0, 1~ 

67. 2425,I,:tO,J IJ,0.:!;2,0 90. J779,0,:t2,d1) 1,6.:!;0,J 

68. 2488,5.:!;I,dl) ~7 91. 4113, O,:t.'.3, cf-) 2, 5,:tO, 4 

69. 2538,0,:t0,5 7,0.:tI,O 92. 42IJ, O,:t3, cf-) I, O,:tO, J 

70. 2558,0.:!;2,0 ~2 9J. 4294,0,!3,0a) 1,6.:!;0,4 

71. 2590,8,:tO,sa) J,6.:!;0,J 94. 4323,0.:!;3,0a) I,I.:!:.0,4 

72. 2705,4,:t0,5a) 4,6.:tO, 7 95. 44 IJ, O,:t'.3, oa) 0,6,:t0,2 

73. 27J5,5,:t0,8a) 8,0.:!;I,5 96. 4454,0,:t3,cf1) 0,9.:!;0,2 

IlpHKeqaHHe: a) IlepeXOAH He pa3ue~eHH B cxeue pacnaAa. 



Ta<lJJKUa 4 

3HeprHH H OTHOCHren»HYe HHT8HCHBHOCTH raoa-nyqei, 
B03HHKaD~Hx npH~pacnaAe 148Tb 

• H E0 ,K3B lo »:I& Ey9K3B 1, 
nn nn 

1. Kot. 600,:t.'.30 26. 1472, 4,:tl, Oa.) .'.3,8.:!:I,9 

2. KJf II4,:t6 27. 1522, 6,:tO, 4&) 6,6.:tl,6 

.'.3. Kfi~ .'.30,:t2 28. 1589,1.:tD,8 .'.3,0.:tO, 7 

4. 142, O,:t0,.'.3 6,8,!0,7 29. 1595,9,:t0,2a) 12,5.:tI,.'.3 

5. 489,1,:t0,.'.3 295,!17 .'.30. 16.'.37,2,!0,5 12,9,!2,.'.3 

6. 5II,O,:t0,l 440,:tl6 .'.31. 1675,2,:t0,4a) 2,8.:t0,5 
7. 6.'.31,1,:t0,.'.3 D.'.3,:t5 .'.32. 1717,2.:t0,4 18, 5,;t2, 0 

8. 78.'.3,4,:t0,2 1000 .'.3.'.3. 17.'.36,0,:tl,O ,__..1,6 

9. 807, 2.:!:,0, 4a) 4,6.:!:,1,0 .'.34. 1798, 6.:t0,.'.3&) 7, 5,!0,8 

10. 8.'.39,8.:!:,0,4 a) 4,9.!l,O .'.35. 18D,5,;t0,5a) 4,9,:t0,9 

II. 957,9.:!:,0,2 9, O,!l, 6 .'.36. 1826, 7,;t0,.'.3 15,I,!4,8 

12. 997,2,!0,f!-) 5,2.:!:0,8 .'.37. 1846, 1,!0, 6 8,1.:!:2,I 

l.'.3. 1006,2,!0,.'.3 II,8,:tI,4 .'.38. 1860,1.:t0,2 65,2.!2,4 
4 a) I • 1048, .'.3,:tO, .'.3 6,0.:!:I,.'.3 .'.39. 1909,8!,0,8 4,1.:!:I,O 

15. 1077,l,:t0,2 I.'.38,!8 40. 2099,I.!0,5 10,0.!2,o 

16. 1087,.'.3.!0,4 20,0,!2,6 41. 2126, 5,!0, 4 11,0.:!:1,4 

17. 1105,0.!0,7 9,0,!.'.3,2 42. 2131, 1.!0,.'.3&) 6,2.!0,5 

18. II65,6!,0,.'.3 .'.3,5.:t0,4 4.'.3. 2150, 2,!0, 4&) .'.3,6.!1,0 
19. 1212,0.!1,<f) ,_,2 44. 2164,5.!0,5a) 2,9.:tl,O 

20. 122'1, .'.3.:!;0, 4 IO, 7.:tO, 7 45. 2184, 6.:!;0,2 14,.'.3,;tl,5 

21. I.'.340, 7.!0, 7 a) 5,8.!1,.'.3 46. 2241,1.:t0,9 5,1.!1,6 
22. 1401,4.!0,2 25,0,:t.'.3,5 47. 2247,1,:tl,a8) 4,2,!1,2 

2.'.3. 1422,7.!0,6 2,7.!I,O 48. 228.'.3,4.!0,5a) 4,2.:!:1,I 

24. 1446, 6.:t0,.'.3 8,6,:t2,0 49. 2.'.305, 6.!0, 5a) 9,7.:tl,2 

25. 1466,0.!0,.'.3 2,8.:!;0,8 50. 2.'.327, 5,:tO, ~) 4,.'.3.!1,.'.3 
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llPOAOHEeHHe taOnH~Y 4 

I 2 J I 2 

5I. 2338,I.:!:.0,9a) 3,6.:!:.I,O 57. 2659,7.:!;.0,6a) 

52. 2356,0+0,9a) 3,0.:!:.I,O 58. 2693,5.:!:,0,6 

53. 2560, 6,!0, ff-) 3, 6,!I, 0 59. 3123,0+I,5a) 

54. 2486,7.:!;.0,8 4,1.:!:.I,3 60. 3579,I.:!:,0,5a) 

55. 2610,6.:!:,2,0 ,-,2,5 6I. 3729 7+0 6a) ' - ' 
56, 2628,3.:!:,2,0 ,__.2,0 62. 3829,8.:!;.0,ff-) 

IlpHMe\laHHe: a) flepexoAY He pa3M&llleH1i1 B cxeue pacna.-.a. 

TaOmn.ta 5 

Pe3ynotarY auana3a cnextpoB ralOla-ralOla-coBnaAeHHa 
npH pacnaAe 150Tb 

496 5II 
566,8 
570 638 651 7':J2 

496 + + + 

511 +? + 

570 + 

638 + + + + + 

651 + 

792 + 

821 + + 

880 + 

952J + + 
954 

3 

3,8.:!:.I,5 

4,3.!I,O 

7,7.!2,I 

6,0,!2,4 

3,1.:!:.I,O 

6,1.:!:I,I 

·---· --

880 

+ 

+ + 

IlpHMe\laHHe: 3HaKOM "+" orueqeaw HaOnEAaeMwe COBDaAeHHH 
rawa-nyqet. • 
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148 u - 150 "Tb cnaHoCTHX raMMa-nyqen npn pacnane n Tb • YKaaaHHhie B 

Taonnuax OllillOKll onpeneneHHH OTH0CHTenhHhlX llHTeHCllBH0CTefi He BKnroqa.. 
IDT B ceon norpernHocTn, 06ycnoaneHHh1e HeToqHoCThID B orrpeneneHnH aqiqieK-

THBH0CTII perncTpaum1 raMMa-nyqett. 3qiqieKTHBHOCTh perncTpaunn raMMa-
133 

nanyqeHHH orrpenennnach C II0M0mhro KannopoBoqHhIX llCT0qHHK0B Ba 
152 56 226 

Eu , Co n Ra • OopaooTKa raMMa-cneKTpoB npoaonnnach rrpn 

II0M0mH 3BM ,, MnHCK-2" C ncnonh30BaHHeM CBeToBoro KapaHnarna / l 7 / ll 

nporpaMMhI "'KaToK .. I 181• ITpn onpenenemm aHeprnii raMMa-nyqefi B 
226 

KaqecTBe rpanyupoaoqHhIX ncnonhaoaannch aHeprnn raMMa-nyqefi Ra , 

137 Cs ll 56 
Co • HHTeHCHBHOCTh raMMa-nyqefi B npoueHTax Ha pacrran 

148Tb H 150 Tb orrpenennnacb nyTeM cpaBHeHIIH llX C llHTeHCllBH0CThID Ha-

5nronaeMoro peHTreHoBCKoro nanyqeHIIH. B peaynhTaTe nonyqeno, qTo 

llHTeHCHBH0CTh raMMa-nyqefi c aHepruefi 783,4 KaB C0CTaBnHeT (86:t.10)% 

Ha pacnan 
148 

Tb ' a HHTeUCHBH0CTh raMMa-nyqeif C 8Heprnefi 638,2KaB 
150 

cocTaBnneT ( 72 ±. 9) % Ha pacrran Tb • lfa aHannaa crreKTpoB raMMa-
1 50 

nyqefi onpeneneHo, qTo Tb ( T½ = 3,5 qac) pacrranaeTcH nyTeM nc-
. ( ) 148 rrycKaHIIH Il03HTp0H0B B 11,3 ±. 1,2 % cnyqaeB Ha onIIH pacrran ll Tb 

( T ½ = 66 MHH) - B ( 20, 2 ±. 2,0) % cnyqaea Ha onnH pacrran. 

r) OnpeneneHHe K08qlqJllUHeHTOB BHyTpeHHefi 

K 0 H B e p C ll ll ( KBK) H M y n b T ll Il 0 n b H 0 C T ll II e p e X On 0 B B H n p a X 

150 Gd H 148 Gd .-

B Taonnuax l n 2 rrpencTaaneHhI aKcrrepuMeHTanhHhie n TeopeTuqecKue 

3HaqeHHH K08<pqlllUHeHTOB BHyTpeHHefi K0HBepCHll pnna nepexonoB B nnpax 
150 . 148 

Gd u Gd • 3KcrrepnMeHTanhHhJe aHaqennn KBK, KaK BHnHo na Tao-

nnu, onpenenHnllCh rryTeM H0pMnpoBKH aKCIIepHMeHTanhHhlX naHHhIX 0TH0CH-

( 
150 

TenhHD nepexonoB TIIIIa E2 B nnpe Gd -0TH0CHTenbH0 nepexona c 
148 

aueprneil: 638,2 KaB, B nnpe Gd -oTHocnTenhHo rrepexona c aneprneil: 

783,4 KaB). ITpn cpaBHeHnn Harnnx peaynhTaToB c peaynhTaTaMn paoOTh/91 

naonronaeTCH oonhrnoe pacxo)l{JleHne B aKcrrepnMeHTanhHhIX aHaqeHHHX a k 

nnn rrepexona c aHeprneil: 412,0 KaB. BoaMo>KHo, aToT rrepexon oT-
150 

BeqaeT TaK>Ke aa paapnnKy npyroro ypoBHH B Gd. 
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n) l1ccnenoaaHHe cneKTpoB raMMa-raMMa coananeHHfi 

CneKTpbl raMMa-raMMa-COBnaneHHH H3y'lanHCb C IlOMOIUb!O ABYXMep

Horo aHanH3aTopa C umppOBbIMH OKHaMH Ha 6a3e 3BM "MHHCK-2" /19/. l1c-

nonh30BanHCb ABa Ge (Li) -neTeKTOpa C 'lyBCTBHTenbHhIMH o6'beMaMH 

3 60 
25 CM H pa3p8lll8HH8M 4,5 K3B Ha raMMa-nyqax 1332 K3B Co • B 

K8'18CTBe HCTO'IHHKOB l 
48 Tb H l 

50 Tb HCilOnb30BanHCb MOHOH30TOilHbI8 

npenapaThr. B Ta6nHue 5 caeneHbI peGynhTBTbI aHanHGa cneKTpoB raMMa-
150 

raMMa-coananeHHfi npH pacnane Tb • ITpH aHanHGe cneKTpoB coena-

neHHfi raMMa-nyqefi B Ka)KAOM cnyqae Y'IHThrnancH BKnan oT coananeHHfi 

C KOMilTOHOBCKHM pacnpeneneHH8M cneKTpa. IT pH pacnane 
14 

B Tb C raMMa

ny'laMH 783,4 KaB Ha6n10nanHcb coananeHHH raMMa-nyqefi c aHeprHHMH 

489, l; 631, l; 1077, l; 1087,3; 1446,6 KaB. 

1 50 150 

3. CxeMa pacnana Tb--. Gd 

Ha pHcyHKe 5 npencTaBneHa cxeMa pacnana 150 Tb --. 150 
Gd,npen-

naraeMaH Ha ocHoBe peGynhTaToB HccnenoaaHHH cneKTpoB raMMa-nyqefi, 

KOHBepcHOHHbIX aneKTpOHOB H cneKTpOB raMMa-raMMa-coBnaneHHfi. YpoBHH 

150 Gd , BBeneHHbie Ha OCHOB8 aHanH3a Cil8KTpoB raMMa-raMMa-coBnane

HHfi, OTM8'18Hbl Ha pHCYHKe KPY)KK8MH, OCTanbHbl8 ypoBHH BB8A8Hhl Ha OCHO

Be aHepreTH'l8CKOro 6anaHCa H 6anaHca HHT8HCHBHOCTefi. Ha 3TOM pHCyHKe 

150 Gd npHB8A8Hbl T8K)K8 B036y)KneHHbl8 COCTOHHHH • Ha6n10naeMbl8 . npH 

150 b ( + ( . /7 8/ pacnane H30Mepa T 9 ) T ½ = 6,0 MHH) • , a TaK)Ke ypoBHH 
150 Gd , Ha6n10naeMb1e npH HccnenoBaHHH peaKUHH 

151 
Eu ( p , 2n 

150 Gd 191 • AHanH3 cneKTpOB raMMa-nyqefi H KOHBepCHOHHhlX aneKTpOHOB npH 

150 Tb 6 ·Eo pacnane npHaen Ko Hapy)KeHHIO nepexona THna c aHeprHefi 

1207,5 KaB, 'ITO Il03BOnHno HaM BB8CTH ypoBeHb C aHeprHefi 1207,5 K3B 
+ 150 

(0) B Gd. Ha6n10naeMaH pa3pHnKa pHna ypoBHefi nepexonaMH orrpe-

neneHHofi_MynhTHnonbHOCTH Il03BOnHeT ypoBHHM C 3HeprHefi 638,2; 1134,4; 
• 

1207,5; 1288,7; 1430,1; 1452,2; 1518,0; 1701,5 H 1955,5 KaB IlpHITHCaTb 

17 
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,8°l-l5S44 18..__2554 

--2J9l,5 

1n--11n.z 1n--------z111 
,.,--2115.1 6'-----2'tffi 

-19'?' 15•)--f9J6,8 

-1700,1 (5·>-1JtX:t.9(5·>---va, 

--1518,4 

(:M--'UJ0,1 

(4+>--r2'8&J ~' ,♦-1288 

,T------11J4,B ,._ Qr--n.,; 

Z'-638J 2'- 2°--638 

a',,,,.,,,.,o O'_,o 0~ o· 

':P<Jaa :t,d,a ,soGd I" .. .. 

t6 1,3 

~ 

272fJ,O 3,5 
0 1,2 

:µds• 

,., ,.. 
2424,9 '·' 

,., 
2409,1 3.6 1.2 

2089,0 

2083,0 

195S,5 

2,; 
2,, 
2,1 

.I.' 

1101,S 2,: 

1.5 
1.S ,.. 
1.3 

2-~1r~ Q•('720t"11KII 

c T 

L1511,o 

,.. 

145 
14 

1,3 
1.S 
1.2 ,., ,., ;,,, 

L 
I 

'·' ,., 

JZ.4 6.1 

o _,. -n 
cypK38 (f.♦p•J7. 'f Ir 

150 1 50 
Pnc. 5. CxeMa pacrrana Tb _. Gd • HesaqeptieHHhre KpymKn Ha 
ypoBHHX o503H8'18IDT, 'ITO ypOB8Hb IIOllTBepmnaeTCH COBII8ll0HllHMll. CneBa 
rrpnBeneHbI Boa5ymneHHhie cocTOHHllH l50 Gd , ua5nronaeMbie rrpn pacrrane 
naoMepa 150 Tb 17,Bt, a TaKme ypoBHn l50 Gd , ua5nronaeMbre npn nccne-
noBaunn peaKunn 151 Eu ( p , 2 n ) 150 Gd 191. 
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Ii,. 
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+ - + 4+ + + ( - ) + CIUIHbl 11 '19TH0CTb 2 ,3 , ''0 , , 2 , 1-, 2 , 5 , 4 , C00TBeTCTBeHH0. 

150 
Ha pnc. 6 nn.11 cpaBHeHII.11 c Ha6monaeMbIMII ypoBH.HMII Gd npIIBe)leHbl • 

146 148 
Bo36Y:>K.ll9HHb1e cocTo.HHII.11 coceaHIIX .11aep Nd II Sm ( N = 86). 

4. CxeMa gacnana 
148 Tb -> 148 Gd 

148. 148 
Ha p11cyHKe 7 npeacTaBneHa cxeMa pacnaaa Tb ➔ Gd. YpoBHII 

148 
Gd , BBe)leHHbI9 Ha 0CHoBe aHan113a cneKTp0B raMMa-raMMa-CoBnaaeHIIii, 

0TM9'19Hbl Ha p11cyHKe Kpy:>KKaMII. Ha ST0M p11cyHKe an.11 cpaBHeHII.11 npIIBe-

148 ' 
)l9Hbl TaK>Ke B036y:>K.ll9HHb19 C0CT0.HHII.11 Gd ' Ha6moaaeMbie np11 pacnaae 

II3oMepa 
148 Tb ( 9+) /7 / ( T ½ = 2, 1 MIIH). ITp11 pacqeTe 3Ha'leH11ii 

lg f r np11 pacnaae 
148 Tb 3Ha'leH11e pa3H0CTII Mace 

148 Tb- 148Gd 6bmo 

/20/ 
B3.HT0 paBHbIM 5362 K:3B o 

Ha6nroaaeMaH pa3p.11aKa p.11aa ypoBHeii nepexoaaMII onpeaeneHHoii Mynh

T11nonbH0CTII Il03B0n.11eT ypoBHHM C aHepr11eii 783,4; 1272,5; 1414,5 II 

1860,3 K:3B np11n11caTb CillIH II qeTH0CTb 2+, 3-, 4+ II (2+) C00TB9TCTB9HHO. 

Ha p11c. 8 npoBeaeHo cpaBHeHIIe pacnono>KeHIIH B036y:>K.ll9HHbIX C0CT0HHIIii 

144 146 /21/ 148 
coceaH11X .11aep c N = 84; Nd , Sm II Gd • 

5. O6cy)Kllen1Ie P93VnbTaToB 

Ha p11c. 9 Il0Ka3aHo pacnon0>KeHIIe aHanorlI'IHbIX HII:>KHIIX C0CT0HHllii 

an.11 coce.llHIIX .11aep raaonlIHIIH • .llaaHb1e o pacnono:>KeHIIII Bo36y:>K.ll9HHbIX 

ypoBHeii 
146 Gd B3HTbl 113 pa6oT 

122•231 • ABTOpbl pa6oTb! 1221 Ilpll IIC-

4 
cneaoBaHIIII B036y:>K)leHHblX COCTOHHIIH H)lep raaonIIHIIH B peaKUIIHX ( He ' 

3 
xn ) II ( He ' xn ), IICil0nb3YH o6orameHHbie Mlllll9Hll II30T0il0B caMa-

. 2+ plIH, Ha6nroaanlI Hll:>KHIIe C0CT0HHIIH B H)lpax raaonlIHIIH c aHeprIIHMII 

152. 150 148. 
344, 2 K9B - Gd ' 637 K9B - . Gd ' 790 K:3B - Gd ' 1065 K9B 

1~ 1« 
- Gd II 921 KaB - Gd • KaK BII.llHO 113 p11cyHKa 9, Ha6nroaaeTc.11 
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-3901,1 0,5 7,2 

' ' '\,~ - 1, 3513,6 1,3 6,9 

,,. .. ~.,"~ ,; ,., 
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5•---1811 12•J 

4•---1415 
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1,li • ,·\>- .,~2694 0 1,0 7,3 

- 1.!.t:-t~,~1 '\~~2629:5 1,2 7.3 
I I i 1,~-2610,4 1

•5 i.2 
2519,5 1, ~ ~h ,j)~~i,~ 2500,2 2, 
2420,6 2, 

I I I !I lw-"'~'t-~ 2312,4 1. 

I I : 

~ '-" 2230,2 . ~ 
11 I I '?I , (!,'\,! 2184,6 3, 

1, I 11 I I .;,·~·~'~ I, I I ~ ,o 1810,1 1, 
I I I 11 I I 1860,3 17,, 

I I 11 I I 
I l II I I 

.,o ~,.~, 
1-ll'' () I II I ,.,'?l':.'\.~1 

l II I i' ~~◊""-
I I I 1 

I 

---184 

I 1:l I 

I I l ij~ 
'183,4 

I . I 
0 //, , ,, // 

0 

r "'~d 
54'-.:I 84 

,.sTib 
r n 65 I I 83 , T,, =66 M11H 

f, 

8,2 
21,1 

26,3 

6,9 
6,5 

6,5 

Puc. 7. CxeMa pacnaaa 148 
· Tb -+148G d • · H esaqep'leHHbie Kpy)KKH aa ypoB

HRX o6osHa'laIDT, 'ITO ypoBeHb ITO.QTB0p)K.Q80TCR COBITa.QeHHRMH. CneBa npH-

Be.QeHbI Bos6y)K.Q0HHbie COCTOstmrn 
148 Gd ' Ha6nID.QaeMbie npH pacna.Qe 

usoMepa 148 'Gd 171. 
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+ + + 150 148 
nanoM B rroee.ueHHH ypoBHeil: 2 , 4 , 8 B 06nacT11 sz.uep 'Gd H Gd, 

'ITO MO:lKeT CBH.[leTenbCTBOBaTb O pe3KOM naMeHeHHH CTPYKTypbl 3THX ypoB

Heil:. B coce.uHeM sz.upe 
152 

Gd 1241 Haomo.uaroTcsz KBaanpoTaunoHHbie rro-• 
nocb1: poTaUHOHHaSl nonoca OCHOBHoro COCTOSlHHSl o+ H rronoca, OCHOBaHHaSl 

Ha 5eTa-en6paUHOHHOM o+ COCTOSlHHH, Tor.ua KaK B sz.upe 150 Gd Haonro.uae

MbJe COCTOSlHllSl C aHeprneil: 1207,5 K3B (0+) 1 1288, 7 K3B ( 4+) H 1430, 1 KaB 

+ ( 2 ) MO:lKHO HHTepnpeTnpoBaTb KaK tJneHbl .ueyxcpoHOHHoro TpnnneTa. 

148 + + + + B sz.upe Gd paccTOSlHHSl Me}K.[ly ypoBHSlMH 0 , 2 , 4 n 8 yMeHb-

146 
ruaIOTCSl, 'ITO xapaKTepHO TaKme .unsz coce.uHHX sz.uep c N = 84: Sm n 

144 . 
Nd. B aTnx sz.upax nMeeTcsz .uea Heil:TpoHa ceepx aanonHeHHoil: o5onotJ-

KH N = 82. 3aTpy.uHeHne B HHTepnpeTaUHH TaKHX COCTOSlHHil: KaK qneHbl 

poTaunoHHoil: nonocb1, xapaKTepHoil: .unsz .uecpopMnpoBaHHhIX sz.uep, nnn · KaK 

qnellbl qJOHOHllblX MynbTHnneToB, BbICTynaromnx B cq>epn'leCKHX sz.upax, a 

TaKme HenpnMeHHMOCTb cpeHoMeHonorntJecKHX cpopMyn npneenn K npe.unono-

/7 I + + + + meHHIO , 'ITO COCTOSlHHSl 0 , 2 , 4 n 8 SlBnSlIOTCSl 'lneHaMn MynbTHnne-
2 150 

TB ( f 7/2 ) • He HCKnrotJeHO, 'ITO B sz.upe Gd HeKOTOPbJe Ha Haonro.uae-

u + + + 171 MbIX COCTOSlHHH 2 , 4 , 8 SlBnSlIOTCSl TBK:lKe qneHaMH MynbTHnneTa 

2 
f 7h ) · 

B paooTe nmonoca /25/ noKaaaHo, 'ITO a sz.upax, B KOTOpbIX. mecTKOCTb 

no OTHOIIIeHHIO K raMMa-KoneoaHHSlM llOCTBTO'lHO BennKa, MO:lKHO paCC'lHTaTb 

aHatJeJme E (02 ) no cpopMyne 

E(O
2 

)= E(2 ) 
' 1 

2E(41 )( E(4 1 ) _ 

1
) 

E (2 
1 

) \-E ( 2 
1 

) 

JO 
3 

E(4
1

) 

E(2
1

) 
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B Ta6n1Iue 8 CBeneHbI peaynbT8TbI OTHOIIIeHIIH 
E (4 1 ) 

E(2
1

) 
E(0

2
) 

E(2
1

) 
9KCila II 

3HaqeH1Ie Ben1IqnH 

nnH Hnep ranonlIHIIH 

E(4 ) 
1 

E(2
1

) 

Teop. nnH HJlep ranon1IH1IH. 

Ta6nnua 6 

E(O) 
2 

aKcn., --- aKn., 
E(O ) 

2 

E (2
1 

} 

aKn., 

Teop. 

Hnpo 
E (4 

1
) E(0

2
) E(0

2
) 

aKcn. '9KCil 0 Teop. 

158 
Gd 

156 
Gd 

154 
Gd 

152 

Gd 

150 
Gd 

148 'Gd 

E(2 ) 
1 

3,29 

3,24 

3,02 

2,19 

2,02 

1,80 

E(2) E(2) 
1 1 

18,2 19,4 

11,8 12,4 

5,54 6, 18 

1, 79 2, 15 

1,89 1, 77 

1,38 

150 

KaK BIIJlHO II3 Ta6nlIUhI, JlnH HJlpa 

p1ITenbHoe cornac1Ie Ben1IqnH 

Gd Ha6nronaeTcH ynoBneTBo-

aKcn. = 1,89 II 
E(O) 

2 

E (2 ) 
1 

Teop. = 1,77. 

Ha QJopMynhI ( 1) BbITeKaeT, qTo, ecnlI Ha6nronaeMbI0 HII3lllll0 ypoBHII 
+ + 148 

2 , 4 HBnHIDTCH KOnneKTIIBHbIMII COCTOHHIIHMII, TO B HJlpe Gd COCTOH-

HIIe ot JlDnlliHO IlOHBnHTbCH np1I6n1I31ITenbHO nplI aHeprnlI 1080 K9B. 

25 



Ecnn paCCMaTpHBaTb HeqeTHhle 65 npoTOH n 83 (85} HefiTpOH B 
. 148 1,50 f 

sr.npax Tb H Tb Ha o5onoqKax d7 fi H 7/ 2 .nnsr npoToHa H HefiT-: 

po Ha COOTBeTCTI3eHHO, TO, cornaCHO o5onoqeqHofi MO.UenH M afiep I OCHOBHO€ 

COCTOSIHlfe 1 50 Tb HMeeT KoHcfinrypaumo 

{ d 
1 f J ) p ( 3/) n ( 7/) • a 

148 Tb l I 
- lp(d; J n(f; J I 

3 2 7 2 

3TH KOH$nrypaUHH .nonycKaJOT 3HaqeHHSI CITHHOB OCHOBHblX COCTOSIHHfi 
148 

Tb H 
150 

Tb 5-, 4-, 3- If 2-. 

11s cxeM pacna.na 3TI{X sr.nep H 3HaqeHHfi lg f T MO;>KHO c.nenaTb Bbl-
148 

BO.U O TOM, qTo 3HaqeHHSI cnnHa H qeTHOCTH OCHOBHhIX COCTOSIHHfi Tb 
150 -

H Tb .non;>KHhI 5brTb 2 • 
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