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�ˆˆ Ë¨§¨±¨ ‘a´±É-�¥É¥·¡Ê·£¸±µ£µ £µ¸Ê¤ ·¸É¢¥´´µ£µ Ê´¨¢¥·¸¨É¥É ,

‘ ´±É-�¥É¥·¡Ê·£, �µ¸¸¨Ö

� ¸¸³µÉ·¥´  ¸µ¢µ±Ê¶´µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ¡ Ô´¥·£¥É¨Î¥¸±µ° ¸É·Ê±ÉÊ·¥ ·µÉ -
Í¨µ´´ÒÌ ¶µ²µ¸ ¢ Î¥É´µ-Î¥É´ÒÌ ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤· Ì ·¥¤±µ§¥³¥²Ó´µ° µ¡² ¸É¨. �  µ¸´µ¢¥
 ´ ²¨§  § ¢¨¸¨³µ¸É¨ ¨´¥·Í¨µ´´ÒÌ ¶ · ³¥É·µ¢ µÉ ³µ³¥´Éµ¢ ±µ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö ·µÉ Í¨µ´´ÒÌ
Ê·µ¢´¥° ¸¤¥² ´Ò § ±²ÕÎ¥´¨Ö µ ¢§ ¨³´µ³ ¢²¨Ö´¨¨ ¸µ¸¥¤´¨Ì ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸. �·µ¢¥¤¥´Ò · ¸-
Î¥ÉÒ ¢ · ³± Ì ³µ¤¥²¨ ¤¢ÊÌ¶µ²µ¸´µ£µ ±µ·¨µ²¨¸µ¢  ¸³¥Ï¨¢ ´¨Ö. �µ²ÊÎ¥´Ò ¶ · ³¥É·Ò ³µ¤¥²¨ ¤²Ö
14 ¶ · Ö¤¥·, ¢±²ÕÎ Ö 10 ¸²ÊÎ ¥¢ ¶µ²µ¸ ¸ Kπ = 0− ¨ 1−. � ¡²Õ¤ ¥É¸Ö ±µ··¥²ÖÍ¨Ö ¶ · ³¥É· 
¸³¥Ï¨¢ ´¨Ö ¸µ ¸É·Ê±ÉÊ·µ° Ê·µ¢´¥° ¢ · ³± Ì ±¢ §¨Î ¸É¨Î´µ-¢¨¡· Í¨µ´´µ° ³µ¤¥²¨. „²Ö 170Yb
¶·µ¢¥¤¥´ · ¸Î¥É ¸ ÊÎ¥Éµ³ ¢µ§· ¸É ´¨Ö ³µ³¥´É  ¨´¥·Í¨¨ ¸ ·µ¸Éµ³ ¸¶¨´ . �¡´ ·Ê¦¥´Ò ´µ¢Ò¥
Ê·µ¢´¨, ¶·¥¤¸± § ´´Ò¥ ³µ¤¥²ÓÕ.

Experimental data on energy of level of rotational bands in rare-earth even-even deformed nuclei
were considered. Calculations were made in the approximation of two band mixing. Dependence
of inertial parameters on spins of rotational levels in bands was used. Parameters of model were
obtained for 14 pairs of bands including 10 cases for bands with Kπ = 0− and 1−. The correlation
between established mixing parameters and those calculated in the frames of quasiparticle-vibrational
model was found. Calculations were made for 170Yb taking into account the increasing of moment of
inertia with angular momentum. New levels predicted by rotational model with including of Coriolis
interaction were found.

‚‚…„…�ˆ…

ˆ§ÊÎ¥´¨Õ ¸É·Ê±ÉÊ·Ò  Éµ³´ÒÌ Ö¤¥· ¶µ¸¢ÖÐ¥´µ µ£·µ³´µ¥ Î¨¸²µ Ô±¸¶¥-
·¨³¥´É ²Ó´ÒÌ ¨ É¥µ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨°. “¸²µ¢´µ µ´¨ · §¤¥²ÖÕÉ¸Ö ´ 
· ¡µÉÒ ¸ Î¥É´µ-Î¥É´Ò³¨ Ö¤· ³¨ ¨ ¸ Ö¤· ³¨, ¢ ±µÉµ·ÒÌ ¨³¥eÉ¸Ö µ¤¨´ ¨²¨ ¤¢ 
´¥¸¶ ·¥´´ÒÌ ´Ê±²µ´ . �É¤¥²Ó´Ò¥ ³ ¸¸¨¢Ò ¸µ¸É ¢²ÖÕÉ Ö¤·  ¸µ ¸É ¡¨²Ó´µ°
±¢ ¤·Ê¶µ²Ó´µ° ¤¥Ëµ·³ Í¨¥°. ‘ ³Ò° ¡µ²ÓÏµ° ¨§ ´¨Ì ¢±²ÕÎ ¥É ·¥¤±µ§¥³¥²Ó-
´Ò¥ ¨ ¡²¨§±¨¥ ± ´¨³ Ô²¥³¥´ÉÒ. Œ ¸¸µ¢Ò¥ Î¨¸²  É· ¤¨Í¨µ´´µ µ£· ´¨Î¨¢ -
ÕÉ¸Ö Î¨¸²µ³ ´Ê±²µ´µ¢ µÉ A = 150 ¤µ A = 190. ‘É·Ê±ÉÊ·  Î¥É´µ-Î¥É´ÒÌ Ö¤¥·
¢ ÔÉµ° µ¡² ¸É¨ ¶µ¤·µ¡´µ ¨§ÊÎ ² ¸Ó ¤µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö 2Ä3 ŒÔ‚. ‚µ
³´µ£¨Ì ¸²ÊÎ ÖÌ ± ¦¤µ¥ ¨§ ¸µ¸ÉµÖ´¨° µÉ´¥¸¥´µ ± µ¶·¥¤¥²¥´´µ° ·µÉ Í¨µ´´µ°
¶µ²µ¸¥, ¨ ¶·¨ ÔÉµ³ ¶·¥¤¶µ² £ ÕÉ, ÎÉµ ¥¸²¨ Ê·µ¢¥´Ó µ± § ²¸Ö ¢´¥ ¶µ²µ¸, Éµ
¶·¨ ´ ±µ¶²¥´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¤²Ö É ±µ£µ µ¤¨´µ±µ£µ ¸µ¸ÉµÖ´¨Ö
´ °¤ÊÉ¸Ö ¤·Ê£¨¥ Î²¥´Ò ¶µ²µ¸Ò ¨ µ´ Éµ¦¥ µ± ¦¥É¸Ö ¸·¥¤¨ ´¨Ì.
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‡ ¤ Î  ¨¤¥´É¨Ë¨± Í¨¨ ¸µ¸ÉµÖ´¨° ¶µ ¶µ²µ¸ ³ Ê¸²µ¦´Ö¥É¸Ö ¶µ ³¥·¥ Ê¢¥-
²¨Î¥´¨Ö Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö. ˆ³¥¥É¸Ö ´¥ µÎ¥´Ó ³´µ£µ Ö¤¥·, £¤¥ ¨¤¥´É¨-
Ë¨Í¨·µ¢ ´Ò ¶µ²µ¸Ò, Ê Î²¥´µ¢ ±µÉµ·ÒÌ Ô´¥·£¨Ö ¶·¥¢ÒÏ ¥É 2,5 ŒÔ‚. �Éµ
¢Ò§¢ ´µ ¶µ¢ÒÏ¥´¨¥³ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¸ ·µ¸Éµ³ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö. ‘É -
´µ¢¨É¸Ö É·Ê¤´¥¥ Ô±¸¶¥·¨³¥´É ²Ó´µ ¢ÒÖ¢¨ÉÓ ¢¸¥ Ê·µ¢´¨ ¨ Ê¸É ´µ¢¨ÉÓ ¨Ì ¸¢µ°-
¸É¢ , Ô´¥·£¨Õ, ¸¶¨´, Î¥É´µ¸ÉÓ, ³µ³¥´É ¨ ¸¶µ¸µ¡ · ¸¶ ¤ . ’µ²Ó±µ ± Ê·µ¢´Ö³
µ¶·¥¤¥²¥´´µ° ¸É·Ê±ÉÊ·Ò ¶·¨¢µ¤¨É β-· ¸¶ ¤, ±Ê²µ´µ¢¸±µ¥ ¢µ§¡Ê¦¤¥´¨¥, ·¥ ±-
Í¨Ö ¶¥·¥¤ Î¨ ´Ê±²µ´  ¨²¨ ¶¥·¥§ ·Ö¤±¨. ‘ ·µ¸Éµ³ Ô´¥·£¨¨ ¶ ¤ ¥É § ¸¥²Ö¥³µ¸ÉÓ
Ê·µ¢´¥° ¢ ·¥ ±Í¨ÖÌ (n, γ) ¨ (n, n′γ). ’ ±¦¥ ´¥¢¥²¨± ¤¨ ¶ §µ´ ¸¶¨´µ¢ Ê·µ¢´¥°,
±µÉµ·Ò¥ ³µ¦´µ ´ ¡²Õ¤ ÉÓ ¶·¨ Ô´¥·£¨¨, ¶·¥¢ÒÏ ÕÐ¥° 2 ŒÔ‚. ‘± §Ò¢ ¥É¸Ö
¢²¨Ö´¨¥ Î¨¸²  K Å ¶·µ¥±Í¨¨ ¶µ²´µ£µ ³µ³¥´É  ´  µ¸Ó ¸¨³³¥É·¨¨ Ö¤· .

ˆ§ µ¡Ð¥° ± ·É¨´Ò ¢Ò¤¥²ÖÕÉ¸Ö ¤²¨´´Ò¥ ·µÉ Í¨µ´´Ò¥ ¶µ²µ¸Ò, ±µÉµ·Ò¥
¢µ§¡Ê¦¤ ÕÉ¸Ö ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨. Šµ£¤  µ¡· §Ê¥É¸Ö ¢Ò¸µ±µ¸¶¨-
´µ¢µ¥ ¨· ¸Éµ¢µ¥ ¸µ¸ÉµÖ´¨¥ ¶·¨ Ô´¥·£¨¨ ¢ ´¥¸±µ²Ó±µ ŒÔ‚, Éµ ¥£µ · §·Ö¤± 
µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢´ÊÉ·¨¶µ²µ¸´Ò³¨ ¶¥·¥Ìµ¤ ³¨ ¢¶²µÉÓ ¤µ ´¨§±µ¸¶¨´µ¢ÒÌ ¢µ§-
¡Ê¦¤¥´´ÒÌ Ê·µ¢´¥°. �É  µ¸µ¡¥´´µ¸ÉÓ · §·Ö¤±¨ Ê·µ¢´¥° ¶µ²µ¸ ¢Ò¤¥²Ö¥É ¨Ì ¨§
¡µ²ÓÏµ£µ Î¨¸²  ¤·Ê£¨Ì ¸µ¸ÉµÖ´¨°. �±¸¶¥·¨³¥´É ³ ¶µ¤µ¡´µ£µ ·µ¤  Ê¤¥²Ö²µ¸Ó
µ¸µ¡µ¥ ¢´¨³ ´¨¥ ¢ É¥Î¥´¨¥ ¶µ¸²¥¤´¨Ì 20 ²¥É.

ˆ³¥¥É¸Ö ¶·¨´Í¨¶¨ ²Ó´ Ö É·Ê¤´µ¸ÉÓ ¢ ¨¤¥´É¨Ë¨± Í¨¨ ¢Ò¸µ±µ¢µ§¡Ê¦¤¥´-
´ÒÌ ¸µ¸ÉµÖ´¨°. �´  § ±²ÕÎ ¥É¸Ö ¢µ ¢§ ¨³´µ³ ¢²¨Ö´¨¨ ¸µ¸ÉµÖ´¨° ¸ µ¤¨´ -
±µ¢Ò³ ¸¶¨´µ³, ´µ µÉ´µ¸ÖÐ¨³¸Ö ± · §´Ò³ ¶µ²µ¸ ³. �Éµ ¢µ§¤¥°¸É¢¨¥ ³µ¦¥É
¡ÒÉÓ ¢¥²¨±µ, ±µ£¤  Ê·µ¢´¨ · §¤¥²¥´Ò ´¥¡µ²ÓÏ¨³ Ô´¥·£¥É¨Î¥¸±¨³ ¨´É¥·¢ -
²µ³. �´µ ³µ¦¥É ¸± §Ò¢ ÉÓ¸Ö ¢ ¸¤¢¨£¥ Ô´¥·£¨¨ ¨ ¢ ¨§³¥´¥´¨¨ ¢¥·µÖÉ´µ¸É¨
γ-· ¸¶ ¤  · §²¨Î´µ° ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨. � ³ ¨§¢¥¸É´  ¶·¨Î¨´  ¢§ ¨³´µ£µ ¢²¨-
Ö´¨Ö Å ¢§ ¨³µ¤¥°¸É¢¨¥ Šµ·¨µ²¨¸  ¶·¨ ∆K = 1 ¨²¨ ¸³¥Ï¨¢ ´¨¥ Ëµ´µ´µ¢
· §²¨Î´µ° ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨. �¥ ¨¸±²ÕÎ¥´µ, ÎÉµ ³µ£ÊÉ ¢µ§´¨±´ÊÉÓ ¤·Ê£¨¥ ¢§ -
¨³µ¤¥°¸É¢¨Ö, ±µÉµ·Ò¥ ¢Ò§Ò¢ ÕÉ ´ ¡²Õ¤ ¥³Ò¥ ÔËË¥±ÉÒ.

‚ ¡µ²ÓÏ¨´¸É¢¥ ¨¸¸²¥¤µ¢ ´¨° ¢§ ¨³´µ³Ê ¢²¨Ö´¨Õ ¶µ²µ¸ Ê¤¥²¥´µ ³¥´ÓÏ¥
¢´¨³ ´¨Ö, Î¥³ µ´µ § ¸²Ê¦¨¢ ¥É, ¨ ÔÉµ ³µ¦¥É ¶·¨¢µ¤¨ÉÓ ± µÏ¨¡± ³ ¶·¨ ¨´-
É¥·¶·¥É Í¨¨ ¸µ¸ÉµÖ´¨°. ‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¤¥² ¥É¸Ö ¶µ¶ÒÉ±  · ¸¸³µÉ·¥ÉÓ
¸É·Ê±ÉÊ·Ê 168Er ¨ ¡²¨§±¨Ì ± ´¥³Ê Ö¤¥· ¸ ÔÉ¨Ì ¶µ§¨Í¨°.

1. Œ…’�„ˆŠ� ˆ‘‘‹…„�‚��ˆŸ

‚§ ¨³µ¤¥°¸É¢¨¥ ´Ê±²µ´µ¢ ¢ Ö¤·¥ ¶·¨´ÖÉµ ¢Ò· ¦ ÉÓ ± ± ¢§ ¨³µ¤¥°¸É¢¨¥
¸µ¸ÉµÖ´¨° ¸ µ¤¨´ ±µ¢Ò³¨ ¸¶¨´ ³¨, ±µÉµ·Ò¥ ¢ ¸¨¸É¥³¥ ¢µ§¡Ê¦¤¥´´ÒÌ Ê·µ¢-
´¥° · ¸¶µ²µ¦¥´Ò ´¥ µÎ¥´Ó ¤ ²¥±µ ¤·Ê£ µÉ ¤·Ê£ . �ËË¥±É µ¡Ê¸²µ¢²¥´ ¸³¥Ï¨-
¢ ´¨¥³ ¢µ²´µ¢ÒÌ ËÊ´±Í¨°, ±µÉµ·µ¥ ¢¥¤¥É ± ¨§³¥´¥´¨Õ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö
± ¦¤µ£µ ¨§ ÊÎ ¸É´¨±µ¢, ± ¨§³¥´¥´¨Õ ¤·Ê£¨Ì Ë¨§¨Î¥¸±¨Ì ¢¥²¨Î¨´: ³µ³¥´Éµ¢
¨ ¢¥·µÖÉ´µ¸É¥° γ-¶¥·¥Ìµ¤µ¢ · §·Ö¤±¨.
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ˆ§¢¥¸É´Ò ¨ Î ¸Éµ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¤¢  ³¥Ì ´¨§³ : ¢§ ¨³µ¤¥°¸É¢¨¥ Šµ·¨µ-
²¨¸  ¨ · §²µ¦¥´¨¥ ¶µ Ëµ´µ´ ³ · §²¨Î´µ° ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨. ‚´¨³ ´¨¥ §¤¥¸Ó
Ê¤¥²Ö¥É¸Ö ¶¥·¢µ³Ê ¨§ ´¨Ì.

�¸µ¡¥´´µ¸ÉÓÕ ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥· Ö¢²Ö¥É¸Ö ¨Ì ¸¶µ¸µ¡´µ¸ÉÓ ¢· Ð ÉÓ-
¸Ö µÉ´µ¸¨É¥²Ó´µ µ¸¨, ¶¥·¶¥´¤¨±Ê²Ö·´µ° µ¸¨ ¸¨³³¥É·¨¨. ‚ ¸¶¥±É·¥ ¢µ§¡Ê-
¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¢· Ð¥´¨¥ ¶·µÖ¢²Ö¥É¸Ö ¢ ¢¨¤¥ ·µÉ Í¨µ´´µ° ¶µ²µ¸Ò, ¸¢Ö-
§ ´´µ° ¸ ± ¦¤Ò³ ¢´ÊÉ·¥´´¨³ ¨²¨ ±µ²²¥±É¨¢´Ò³ Ê·µ¢´¥³ ¢ Ö¤·¥. ƒ ³¨²ÓÉµ-
´¨ ´ ¸¨¸É¥³Ò § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥ ¸Ê³³Ò

H = Hin + Hrot + ∆H,

£¤¥ Hin ¸µµÉ¢¥É¸É¢Ê¥É ¢´ÊÉ·¥´´¥³Ê ¨²¨ ±µ²¥¡ É¥²Ó´µ³Ê ¤¢¨¦¥´¨Õ; Hrot Å
¢· Ð¥´¨Õ Ö¤· ,   ∆H Å Éµ° ¸¢Ö§¨, ±µÉµ· Ö ¸ÊÐ¥¸É¢Ê¥É ³¥¦¤Ê · §²¨Î´Ò³¨
¢¨¤ ³¨ ¤¢¨¦¥´¨Ö. ‚¸¥ ³µ¤¥²¨ Ö¤¥· ¶· ±É¨Î¥¸±¨ ¸¢Ö§ ´Ò ¸ ¢ ·Ó¨·µ¢ ´¨¥³
Î²¥´µ¢ £ ³¨²ÓÉµ´¨ ´ , ±µÉµ·Ò¥ ¢Ìµ¤ÖÉ ¢ ∆H . ‚ µÉ¸ÊÉ¸É¢¨¥ ¸¢Ö§¨ ¢¨¤µ¢
¤¢¨¦¥´¨Ö §  ¢· Ð É¥²Ó´ÊÕ Ô´¥·£¨Õ µÉ¢¥Î ÕÉ ËÊ´±Í¨¨ DJ

MK.
�·µ¸É Ö  ¤¨ ¡ É¨Î¥¸± Ö ·µÉ Í¨µ´´ Ö ³µ¤¥²Ó ¤ ¥É ¶µ¸ÉµÖ´¸É¢µ ³µ³¥´Éµ¢

¨´¥·Í¨¨ �. ‘µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö Ô´¥·£¨¨ Ê·µ¢´¥° ¢ ¶µ²µ¸¥ µ¶·¥¤¥²ÖÕÉ¸Ö
ËÊ´±Í¨¥° ‚¨£´¥·  DJ

MK:

E(J) = (�2/2�)J(J + 1). (1)

‡´ Î¥´¨Ö ¨´¥·Í¨µ´´µ£µ ¶ · ³¥É·  A = �
2/2� ³µ¦´µ µ¶·¥¤¥²¨ÉÓ ¤²Ö ± ¦¤µ°

¶ ·Ò Ê·µ¢´¥° ¸µ ¸¶¨´ ³¨ J ¨ J ′. ‚ ¸²ÊÎ ¥ J − J ′ = 1

A(J) = [E(J) − E(J − 1)]/2J. (2)

‚ ¸²ÊÎ ¥ J − J ′ = 2 ¨´¥·Í¨µ´´Ò° ¶ · ³¥É· A+ ¨²¨ A− µ¶·¥¤¥²Ö¥É¸Ö Ëµ·-
³Ê²µ°

A+(A−) = [E(J) − E(J − 2)]/2(2J − 1). (3)

‘¨³¢µ²µ³ A+ µ¡µ§´ Î¥´Ò ¨´¥·Í¨µ´´Ò¥ ¶ · ³¥É·Ò ¤²Ö Ê·µ¢´¥° ¸ Î¥É´Ò³¨
¸¶¨´ ³¨, ¸¨³¢µ²o³ A− Å ¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨. �  µ¶ÒÉ¥ µ¶·¥¤¥²Ö¥É¸Ö
§ ¢¨¸¨³µ¸ÉÓ A µÉ J , ±µÉµ· Ö Ì · ±É¥·¨§Ê¥É ¸¨¸É¥³Ê ¢µ§¡Ê¦¤¥´´ÒÌ Ê·µ¢´¥°
Ö¤· . �´  ³µ¦¥É ¨³¥ÉÓ · §²¨Î´Ò° ¢¨¤.

„²Ö ¨§µ²¨·µ¢ ´´µ° ¶µ²µ¸Ò Ì · ±É¥·´µ ¶² ¢´µ¥ ¸¶ ¤ ´¨¥ ¨´¥·Í¨µ´´µ£µ
¶ · ³¥É·  A ¸ ·µ¸Éµ³ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¨²¨ ³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨-
¦¥´¨Ö ¸µ¸ÉµÖ´¨Ö ¢ ¶µ²µ¸¥. �´µ ¸¢Ö§ ´µ ¸ ¶µ¸É¥¶¥´´Ò³ Ê³¥´ÓÏ¥´¨¥³ ¸¨²
¸¶ ·¨¢ ´¨Ö ¸ ·µ¸Éµ³ Ô´¥·£¨¨. �Éµ ¸¢µ°¸É¢µ ¡Ò²µ ¶·µ¢¥·¥´µ ´  ³´µ£¨Ì ¶µ-
²µ¸ Ì [1]. �¤´ ±µ ¤µ¢µ²Ó´µ Î ¸Éµ ¶² ¢´µ¸ÉÓ ´ ·ÊÏ ¥É¸Ö. �·µ¨¸Ìµ¤¨É ÔÉµ,
±µ£¤  ¸· ¢´¨É¥²Ó´µ ¡²¨§±µ ´ Ìµ¤ÖÉ¸Ö Ê·µ¢´¨ ¸ µ¤¨´ ±µ¢Ò³¨ ¸¶¨´ ³¨ ¨§ · §-
²¨Î´ÒÌ ¶µ²µ¸ ¨²¨, É¥³ ¡µ²¥¥, ±µ£¤  ¶·µ¨¸Ìµ¤¨É ¶¥·¥¸¥Î¥´¨¥ ¶µ²µ¸. �µÔÉµ³Ê
´ ·ÊÏ¥´¨¥ ¶² ¢´µ¸É¨ ¢ Ìµ¤¥ A(J) ³µ¦¥É ¸²Ê¦¨ÉÓ ¶·¨§´ ±µ³ ¢§ ¨³µ¤¥°¸É¢¨Ö
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¨²¨ ¶¥·¥¸¥Î¥´¨Ö ¶µ²µ¸. Š ¸µ¦ ²¥´¨Õ, ´¥ ¢¸¥£¤  ³µ¦´µ ´ °É¨ ÉÊ ¶µ²µ¸Ê,
±µÉµ· Ö ¢²¨Ö¥É ´  ¶µ²µ¦¥´¨¥ Ê·µ¢´¥° ¢ · ¸¸³ É·¨¢ ¥³µ° ¶µ²µ¸¥ ¨ ´  Ìµ¤
A(J), É ± ± ± Î ¸Éµ ¤²Ö ÔÉµ£µ ´¥¤µ¸É ¥É Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. �·¨
Ô´¥·£¨¨ ¡µ²ÓÏ¥ 2 ŒÔ‚ ¢µ§· ¸É ¥É ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¨ É·Ê¤´µ Ê¸É ´µ¢¨ÉÓ,
± ±¨¥ ¨§ Ê¦¥ ¨§¢¥¸É´ÒÌ ¨²¨ ¶µ±  ´¥ ¨¤¥´É¨Ë¨Í¨·µ¢ ´´ÒÌ ¶µ²µ¸ ¸¨²Ó´¥¥
¤·Ê£¨Ì ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸  ´ ²¨§¨·Ê¥³µ° ¶µ²µ¸µ°.

�¸µ¡Ò¥ ¸²ÊÎ ¨ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¢§ ¨³µ¤¥°¸É¢¨¥ ¸ ¶µ²µ¸ ³¨, Ê ±µÉµ·ÒÌ
Kπ = 0+ ¨²¨ 0−. ‚ ¶¥·¢µ³ ¸²ÊÎ ¥ ¶µ²µ¸  ¸µ¤¥·¦¨É Éµ²Ó±µ ¸µ¸ÉµÖ´¨Ö ¸ Î¥É-
´Ò³¨ ¸¶¨´ ³¨,   ¢ ¶µ²µ¸ Ì ¸ Kπ = 0− ¨³¥ÕÉ¸Ö Éµ²Ó±µ Ê·µ¢´¨ ¸ ´¥Î¥É´Ò³¨
¸¶¨´ ³¨. ‘µ ¸Éµ·µ´Ò ÔÉ¨Ì ¶µ²µ¸ ´ ¡²Õ¤ ¥É¸Ö ¸¶¥Í¨Ë¨Î¥¸±µ¥ ¢µ§¤¥°¸É¢¨¥
´  ®¶µ²´Ò¥¯ ¶µ²µ¸Ò. �·µ¨¸Ìµ¤¨É ¨ ´ ¡²Õ¤ ¥É¸Ö ¸¤¢¨£ Éµ²Ó±µ Ê·µ¢´¥° ¸
Î¥É´Ò³¨ J ¢ ¶µ²µ¸ Ì ¸ Kπ = 1+ ¨²¨ 2+ ¨ Éµ²Ó±µ Ê·µ¢´¥° ¸ ´¥Î¥É´Ò³¨ J
¢ ¶µ²µ¸ Ì ¸ Kπ = 1−. �É¨ µ¸µ¡¥´´µ¸É¨ Ê¤µ¡´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¶·¨  ´ ²¨§¥
¢§ ¨³µ¤¥°¸É¢¨Ö Ê·µ¢´¥°.

’µ²Ó±µ ± Î¥¸É¢¥´´µ¥ · ¸¸³µÉ·¥´¨¥ Ê·µ¢´¥° ¸ ¶µ²µ¦¨É¥²Ó´µ° Î¥É´µ¸ÉÓÕ
¸ Ô´¥·£¨¥° ¶·¨³¥·´µ ¤µ 1,5Ä2,0 ŒÔ‚ ³µ¦´µ ¶·µ¢¥¸É¨ ¢ Î¥É´µ-Î¥É´ÒÌ Ö¤· Ì.
‡¤¥¸Ó µ¡ÒÎ´µ ¨§¢¥¸É´µ ´¥¸±µ²Ó±µ ¶µ²µ¸ ¸ Kπ = 0+, ¢±²ÕÎ Ö ¶µ²µ¸Ê µ¸´µ¢-
´µ£µ ¸µ¸ÉµÖ´¨Ö, ¨ ¶µ²µ¸Ò ¸ Kπ = 2+, ´¨¦´ÖÖ ¨§ ´¨Ì É· ±ÉÊ¥É¸Ö ± ±
γ-¢¨¡· Í¨µ´´ Ö ¶µ²µ¸ . �¡ÒÎ´µ Ê·µ¢´¨ ¸ Kπ = 1+ ´ Ìµ¤ÖÉ¸Ö ¶·¨ ¡µ²Ó-
Ï¥° Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö. ‚ · ³± Ì ¢§ ¨³µ¤¥°¸É¢¨Ö Šµ·¨µ²¨¸  ¨³¥´´µ µ´¨
µÉ¢¥Î ÕÉ §  ¸¤¢¨£¨ Ê·µ¢´¥° ¢ ¶µ²µ¸ Ì ¸ Kπ = 0+ ¨ 2+.

� ¸¸³µÉ·¥´¨Õ É ±¨Ì ÔËË¥±Éµ¢ ¡Ò²¨ ¶µ¸¢ÖÐ¥´Ò · ¡µÉÒ [2Ä5]. ‘² ¡Ò³
³¥¸Éµ³ ¢ ÔÉ¨Ì ¨¸¸²¥¤µ¢ ´¨ÖÌ Ö¢²Ö¥É¸Ö ´¥§´ ´¨¥ ¸É·Ê±ÉÊ·Ò Ê·µ¢´¥° 1+ ¨,
¸²¥¤µ¢ É¥²Ó´µ, ´¥¢µ§³µ¦´µ¸ÉÓ µ¶·¥¤¥²¨ÉÓ ¸¨²Ê ¢§ ¨³µ¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 
³¥¦¤Ê Ê·µ¢´Ö³¨ µ¶·¥¤¥²¥´´µ° ¸É·Ê±ÉÊ·Ò. ‚µ ¢¸Ö±µ³ ¸²ÊÎ ¥, ¤²Ö · ¸Î¥Éµ¢
´Ê¦´µ ¶·¨´¨³ ÉÓ ¢µ ¢´¨³ ´¨¥ ´¥ ´¨¦´¥¥ ¨§¢¥¸É´µ¥ ¸µ¸ÉµÖ´¨¥ 1+,   ´¥±µ-
Éµ·µ¥ ÔËË¥±É¨¢´µ¥ §´ Î¥´¨¥ ¶µ ·Ö¤Ê Ê·µ¢´¥° 1+. �É  ¶·µÍ¥¤Ê·  É·¥¡Ê¥É
·Ö¤  ¤µ¶ÊÐ¥´¨°. ’·Ê¤´µ ¶·µ¢¥¸É¨ Î¨¸²¥´´Ò°  ´ ²¨§, ¨ ¢ ¤ ´´µ° · ¡µÉ¥, ± ±
¨ ¢ [1], ¶·¨¢¥¤¥´Ò ¶·¨³¥·Ò ¢§ ¨³µ¤¥°¸É¢¨Ö Ê·µ¢´¥° ¸ Kπ = 0+ ¨ 2+. ‚
Ö¤·¥ 166Yb, ± ± ¨ ¢ 162Dy [1], ´ ¨¡µ²¥¥ ´ £²Ö¤´µ ¶·µÖ¢¨²¨¸Ó ÔËË¥±ÉÒ ¸¤¢¨£ 
Ê·µ¢´¥°.

„²Ö ¶µ²µ¸ ¸ Kπ = 1− ¢§ ¨³µ¤¥°¸É¢¨¥ ¸ ¶µ²µ¸ ³¨ ¸ Kπ = 0− ¶·µÖ¢²Ö¥É¸Ö
¡µ²¥¥ Î¥É±µ, É ± ± ± ÔÉ¨ ¶µ²µ¸Ò ´¥·¥¤±µ · ¸¶µ²µ¦¥´Ò ¡²¨§±µ ¤·Ê£ ± ¤·Ê£Ê
¨ Ê¤ ²¥´Ò µÉ ¤·Ê£¨Ì ¶µ²µ¸ ¸ µÉ·¨Í É¥²Ó´µ° Î¥É´µ¸ÉÓÕ. ‡¤¥¸Ó ¢µ§³µ¦´µ
¶·µ¢µ¤¨ÉÓ ¶·µ¸ÉÒ¥ ¢ÒÎ¨¸²¥´¨Ö ¸¤¢¨£  Ê·µ¢´¥°.

2. ��’�–ˆ���›… ��‹�‘› C ��‹�†ˆ’…‹œ��‰ —…’��‘’œ�

2.1. �µ²µ¸Ò µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö. ‚ [1] ¶·¨¢¥¤¥´Ò ¸¢¥¤¥´¨Ö µ ¶µ²µ¸ Ì
µ¸´µ¢´ÒÌ ¸µ¸ÉµÖ´¨° ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥·, ¨ ¢ Î ¸É´µ¸É¨ ¨§µÉµ´µ¢ ¸ N =
100. „¥É ²¨ ¸µ¤¥·¦ É¸Ö ¢ É ¡². 39 · ¡µÉÒ [1] ¨ ´  ·¨¸. 1. ‚ Ìµ¤¥ A+(J)
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�¨¸. 1. ‡ ¢¨¸¨³µ¸ÉÓ µÉ J ¶ · ³¥É·µ¢
¨´¥·Í¨¨ A+ ¢ ¶µ²µ¸ Ì µ¸´µ¢´ÒÌ ¸µ¸Éµ-
Ö´¨° ¨§µÉµ´µ¢ ¸ N=100

�¨¸. 2. ‡ ¢¨¸¨³µ¸ÉÓ µÉ J · §´µ¸É¥° ¶ -
· ³¥É·µ¢ ¨´¥·Í¨¨ ∆A+ ¢ ¶µ²µ¸ Ì µ¸-
´µ¢´ÒÌ ¸µ¸ÉµÖ´¨° ¨§µÉµ´µ¢ ¸ N=100

¢ 168Er ´ ¡²Õ¤ ¥É¸Ö ´¥¡µ²ÓÏµ° ¸± Îµ± ¶·¨ J = 14. � £²Ö¤´µ µ´ ¢¨¤¥´ ´ 
·¨¸. 2, £¤¥ ¶·¨¢¥¤¥´  § ¢¨¸¨³µ¸ÉÓ ∆A+ µÉ J . ‚ ¸µ¸¥¤´¥³ ¨§µÉµ´¥ 166Dy
ÔÉ   ´µ³ ²¨Ö É ±¦¥ ¢¨¤´ , ´µ µ´  § ³¥É´µ ³¥´ÓÏ¥. ‚ µ¡µ¨Ì Ö¤· Ì ¶µ±  ´¥
´ ¡²Õ¤ ²¨¸Ó ¶µ²µ¸Ò, ±µÉµ·Ò¥ ³µ£²¨ ¡Ò ¢Ò§¢ ÉÓ ¸± Îµ± ¢ Ìµ¤¥ A.

‚Éµ·µ° ¸± Îµ± ´ ¡²Õ¤ ¥É¸Ö ¶·¨ J = 18 ¢ 170Yb, 172Hf ¨ 174W. �´
Î¥É±µ ¢¨¤¥´ ´  ·¨¸. 2 ¶µ · §´µ¸É¨ §´ Î¥´¨° ¸µ¸¥¤´¨Ì ·µÉ Í¨µ´´ÒÌ ¶ · ³¥-
É·µ¢ ∆A+. �µ±  ´¥É Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ ¸µ¸ÉµÖ´¨ÖÌ, ¢Ò§¢ ¢Ï¨Ì
´¥·¥£Ê²Ö·´µ¸ÉÓ ¢ A+.

�Ê¦´µ µÉ³¥É¨ÉÓ ¢ ¦´ÊÕ µ¸µ¡¥´´µ¸ÉÓ, ¸¢Ö§ ´´ÊÕ ¸ ¢§ ¨³µ¤¥°¸É¢¨¥³ ¶µ-
²µ¸ µ¸´µ¢´ÒÌ ¸µ¸ÉµÖ´¨° ¸ Kπ = 0+ ¸ ¤·Ê£¨³¨ ¶µ²µ¸ ³¨. Š ¶µ¸²¥¤´¨³ ¢
¶¥·¢ÊÕ µÎ¥·¥¤Ó µÉ´µ¸ÖÉ¸Ö γ-¶µ²µ¸Ò. ‚µ ³´µ£¨Ì Ö¤· Ì γ-¢¨¡· Í¨¨ µ¡· §ÊÕÉ
´¨¦ °Ï¥¥ ´¥·µÉ Í¨µ´´µ¥ ¸µ¸ÉµÖ´¨¥. …¸É¥¸É¢¥´´µ, ÎÉµ ¶·¨ · ¸¸³µÉ·¥´¨¨ · §-
·Ö¤±¨ γ-¶µ²µ¸Ò ÊÎ¨ÉÒ¢ ²µ¸Ó ¢§ ¨³´µ¥ ¤¢ÊÌ¶µ²µ¸´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¸ ¶µ²µ-
¸µ° 0+

1 . ‚ ÔÉµ³ ¶·¨¡²¨¦¥´¨¨ ¢ ¸¢µ¥ ¢·¥³Ö Œ¨Ì °²µ¢Ò³ ¡Ò²¨ ¶·¥¤²µ¦¥´Ò
¶µ¶· ¢±¨ ± ¶· ¢¨² ³ �² £¨.

‘µ¢µ±Ê¶´µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ± §Ò¢ ¥É, ÎÉµ ¶·¨´ÖÉÒ¥
¶·¥¤¸É ¢²¥´¨Ö É·¥¡ÊÕÉ ÊÉµÎ´¥´¨Ö. � ¸¸³µÉ·¥´¨¥ ¶µ¢¥¤¥´¨Ö ¨´¥·Í¨µ´´ÒÌ
¶ · ³¥É·µ¢ ¢ γ-¶µ²µ¸ Ì ¶µ± §Ò¢ ¥É, ÎÉµ ¢µ ¢¸¥Ì Ö¤· Ì ´ ¡²Õ¤ ¥É¸Ö É ±µ¥
¸¨£´ ÉÊ·´µ¥ · ¸Ð¥¶²¥´¨¥, ±µÉµ·µ¥ µ¡Ê¸²µ¢²¥´µ µ¶Ê¸± ´¨¥³ Ê·µ¢´¥° ¸ Î¥É-
´Ò³¨ ¸¶¨´ ³¨ µÉ´µ¸¨É¥²Ó´µ Ê·µ¢´¥° ¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨. �·¨´¨³ Ö, ÎÉµ
¢§ ¨³µ¤¥°¸É¢¨¥ ¶·¨¢µ¤¨É Éµ²Ó±µ ± · ¸É ²±¨¢ ´¨Õ,   ´¥ ± ¸¡²¨¦¥´¨Õ Ê·µ¢-
´¥°, ³Ò ¶·¨Ìµ¤¨³ ± ¢Ò¢µ¤Ê, ÎÉµ §´ Î¨É¥²Ó´µ ¸¨²Ó´¥¥ Î¥É´Ò¥ Ê·µ¢´¨ γ-¶µ²µ¸
¢§ ¨³µ¤¥°¸É¢ÊÕÉ ´¥ ¸ ¶µ²µ¸µ° 0+

1 ,   ¸ ¶µ²µ¸ ³¨ ¸ Kπ = 0+, ¶µ¸É·µ¥´´Ò³¨ ´ 
¢µ§¡Ê¦¤¥´´ÒÌ Ê·µ¢´ÖÌ. �µ²ÊÎ¥´´Ò¥ · ´¥¥ ¶ · ³¥É·Ò ¢§ ¨³µ¤¥°¸É¢¨Ö ³¥¦¤Ê
¶µ²µ¸ ³¨ ¸ K = 0 ¨ 2 ¢ ¶µ¶· ¢± Ì Œ¨Ì °²µ¢  [6] ± ¶· ¢¨² ³ �² £¨ Ö¢²ÖÕÉ¸Ö
ÔËË¥±É¨¢´Ò³¨,   ´¥ ¤¢ÊÌ¶µ²µ¸´Ò³¨ ¢¥²¨Î¨´ ³¨.
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‚ ¶µ²µ¸ Ì µ¸´µ¢´ÒÌ ¸µ¸ÉµÖ´¨° ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥· ¢¶¥·¢Ò¥ ¡Ò²µ
µ¡´ ·Ê¦¥´µ Ö¢²¥´¨¥ ¡¥±¡¥´¤¨´£ , Éµ ¥¸ÉÓ ¨§£¨¡  ¢ § ¢¨¸¨³µ¸É¨ ¨´¥·Í¨µ´´µ£µ
¶ · ³¥É·  µÉ ¸¶¨´  J ¨²¨, ¢ ¤·Ê£¨Ì ±µµ·¤¨´ É Ì, ¢ § ¢¨¸¨³µ¸É¨ ³µ³¥´É 
¨´¥·Í¨¨ µÉ Î ¸ÉµÉÒ ¢· Ð¥´¨Ö Ö¤· . ‚ [1],   · ´¥¥ ¢ [7] ¡Ò²µ Ê¸É ´µ¢²¥´µ,
ÎÉµ ¢ ¨§µÉµ´ Ì ¸ N = 90 ¡¥±¡¥´¤¨´£ ¢Ò§¢ ´ ¶¥·¥¸¥Î¥´¨¥³ ¶µ²µ¸ µ¸´µ¢´µ£µ ¨
β-¢¨¡· Í¨µ´´µ£µ ¸µ¸ÉµÖ´¨°. �¥¤ ¢´µ µ¶Ê¡²¨±µ¢ ´Ò ¤ ´´Ò¥ µ ´µ¢µ³ ¸¶¥±É·¥
Ê·µ¢´¥° 164W [8, 9]. ˆ§ ¶·µ¢¥¤¥´´µ£µ  ´ ²¨§  ¸²¥¤Ê¥É, ÎÉµ ¢ ÔÉµ³ Ö¤·¥, ± ± ¨
¢ ¸µ¸¥¤´¨Ì ¨§µÉµ´ Ì ¸ N = 90, ¨· ¸Éµ¢ Ö ¶µ²µ¸  Ö¢²Ö¥É¸Ö ¶µ²µ¸µ° µ¸´µ¢´µ£µ
¸µ¸ÉµÖ´¨Ö,   ´ Î¨´ Ö ¸ Ê·µ¢´Ö ¸ J = 14 ¨· ¸Éµ¢µ° ¸É ´µ¢¨É¸Ö β-¶µ²µ¸ .

‚ ¤·Ê£¨Ì Ö¤· Ì ¡¥±¡¥´¤¨´£ ¢Ò§Ò¢ ¥É¸Ö ¶¥·¥¸¥Î¥´¨¥³ ¸ ¤·Ê£¨³¨ ¶µ²µ¸ ³¨.
�¥±µÉµ·Ò¥ ¨§ ´¨Ì ´ Î¨´ ÕÉ¸Ö ¸ Ê·µ¢´¥° ¸ Jπ = 8+ −12+. �É¨ ¶µ²µ¸Ò µ¡· -
§ÊÕÉ¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¢´ÊÉ·¥´´¨Ì ¶·µÍ¥¸¸µ¢ ¢ Ö¤·¥, ¶·¨¢µ¤ÖÐ¨Ì ± ²¨±¢¨¤ Í¨¨
¢ ±ÊÊ³  ±¢ §¨Î ¸É¨Í ¨²¨ Ëµ´µ´µ¢. ˆÌ ´ §¢ ²¨ S-¶µ²µ¸ ³¨, ¨²¨ ®¸Éµ±£µ²Ó³-
¸±¨³¨ ¶µ²µ¸ ³¨¯. ˆ³ ¤ ²¨ µ¶·¥¤¥²¥´¨¥ Å ÔÉµ ¶µ²µ¸Ò, ±µÉµ·Ò¥ ¢Ò§Ò¢ ÕÉ
¡¥±¡¥´¤¨´£ ¢ ¶µ²µ¸ Ì µ¸´µ¢´ÒÌ ¸µ¸ÉµÖ´¨° ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ¸ ´¨³¨.

�·¨³¥·µ³ Ö¤· , £¤¥ Ê¸É ´µ¢²¥´  ¶·¨Î¨´   ´µ³ ²¨¨ ¢ § ¢¨¸¨³µ¸É¨ A+(J),
¸²Ê¦¨É Ö¤·µ 166Yb. �  ·¨¸. 3 ¶µ± § ´Ò ¤¢¥ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨ Ê·µ¢´¥° Å
¶µ²µ¸  µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¨ S-¶µ²µ¸ , ±µÉµ· Ö ´ Î¨´ ¥É¸Ö ¸ Ê·µ¢´Ö ¸ J = 8.
‚¨¤´µ, ÎÉµ ¢ S-¶µ²µ¸¥ Ê·µ¢´¨ · ¸¶µ²µ¦¥´Ò ¡²¨¦¥ ¤·Ê£ ± ¤·Ê£Ê, ¶ · ³¥É·Ò
A+(J) ³¥´ÓÏ¥, §´ Î¨É, ³µ³¥´ÉÒ ¨´¥·Í¨¨ ¡µ²ÓÏ¥. �É¨ µ¸µ¡¥´´µ¸É¨ ¸¢Ö§ ´Ò
¸ ¨§³¥´¥´¨¥³ ¢µ ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·¥ 166Yb. ˆ§³¥´¥´¨Ö ¤µ¸É ÉµÎ´µ Ê¸Éµ°-
Î¨¢Ò, É ± ± ± ¶µ²µ¸  ¶·µ¸²¥¦¨¢ ¥É¸Ö ¤µ Ê·µ¢´¥° ¸ ¡µ²ÓÏ¨³¨ ¸¶¨´ ³¨, ¢¶²µÉÓ
¤µ J = 38. � Î¨´ Ö ¸ Ê·µ¢´Ö ¸ J = 16 µ´  ¸É ´µ¢¨É¸Ö ¨· ¸Éµ¢µ° ¶µ²µ¸µ° ¨

�¨¸. 3. �¥·¥¸¥Î¥´¨¥ ¶µ²µ¸Ò µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¨ S-¶µ²µ¸Ò ¢ Ö¤· Ì 164Yb (a) ¨
166Yb (¡). —¨¸²  ³¥¦¤Ê ²¨´¨Ö³¨ Å ¨´¥·Í¨µ´´Ò¥ ¶ · ³¥É·Ò, µ¶·¥¤¥²¥´´Ò¥ ¶µ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¥° ¶ ·¥ Ê·µ¢´¥°
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¶µÔÉµ³Ê Ö·±µ ¶·µÖ¢¨² ¸Ó ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨. „µ Ê·µ¢´Ö ¸ J = 26
´ ¡²Õ¤ ² ¸Ó ¨ ¶µ²µ¸  µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö (·¨¸. 4).

Š ± ¢¨¤´µ ¨§ ·¨¸. 3, ¶·µ¨¸Ìµ¤¨É ¶¥·¥¸¥Î¥´¨¥ · ¸¸³ É·¨¢ ¥³ÒÌ ¶µ²µ¸.
—¨¸²  ³¥¦¤Ê ²¨´¨Ö³¨ Ê·µ¢´¥° ¤ ÕÉ §´ Î¥´¨Ö ¨´¥·Í¨µ´´ÒÌ ¶ · ³¥É·µ¢ A+.
�Î¥¢¨¤´µ ¡µ²ÓÏµ¥ §´ Î¥´¨¥ A+ (16Ä14) ¢ ¶µ²µ¸¥ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¨ ¢Ò-

�¨¸. 4. ‡ ¢¨¸¨³µ¸ÉÓ µÉ J ¶ · ³¥É-
·µ¢ ¨´¥·Í¨¨ A+ ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ¶µ-
²µ¸Ò µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¨ S-¶µ²µ¸Ò
¢ 164Yb ¨ 166Yb

¶ ¤¥´¨¥ ¢´¨§ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ÉµÎ±¨
¤²Ö S-¶µ²µ¸Ò, ±µÉµ·µ¥ µ¡ÑÖ¸´Ö¥É¸Ö
µ¡ÒÎ´Ò³ · ¸É ²±¨¢ ´¨¥³ Ê·µ¢´¥°. � 
·¨¸. 4 ÔÉµÉ ÔËË¥±É ´ £²Ö¤´µ ¢¨¤¥´ ¶µ
Ìµ¤Ê ¨´¥·Í¨µ´´ÒÌ ¶ · ³¥É·µ¢. …¸²¨
µ´ µ¡Ê¸²µ¢²¥´ ¢§ ¨³µ¤¥°¸É¢¨¥³ Šµ·¨-
µ²¨¸ , Éµ µ´µ ¶·µ¨¸Ìµ¤¨É Î¥·¥§ ¥Ð¥ ´¥
µ¡´ ·Ê¦¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¸ Kπ = 1+.

�· ±É¨Î¥¸±¨ ¶µ²´ Ö  ´ ²µ£¨Ö ¨³¥-
¥É ³¥¸Éµ ³¥¦¤Ê Ö¤· ³¨ 166Yb ¨ 164Yb.
�Éµ ¢¨¤´µ ¨§ ·¨¸. 3 ¨ 4, £¤¥ ¶·¨¢¥¤¥´Ò
¤ ´´Ò¥ ¤²Ö µ¡µ¨Ì Ö¤¥·.

‚ · ¡µÉ¥ [7] ¡Ò²¨ ¸µ¡· ´Ò ¤ ´´Ò¥
µ ¡¥±¡¥´¤¨´£¥ ¢ ¶µ²µ¸ Ì µ¸´µ¢´ÒÌ ¸µ-
¸ÉµÖ´¨°, µ¶Ê¡²¨±µ¢ ´´Ò¥ ¤µ 1986 £. ‡ 
¶·µÏ¥¤Ï¨° ¶·µ³¥¦ÊÉµ± ¢·¥³¥´¨ ´ ±µ¶¨²¨¸Ó ´µ¢Ò¥ ¸¢¥¤¥´¨Ö ± ± µ ·µÉ Í¨µ´-
´ÒÌ ¶µ²µ¸ Ì µ¸´µ¢´ÒÌ ¸µ¸ÉµÖ´¨°, É ± ¨ µ ¤·Ê£¨Ì ¶µ²µ¸ Ì, ´  ´¨Ì ¢²¨ÖÕÐ¨Ì
¨ ´ ·ÊÏ ÕÐ¨Ì ¶² ¢´Ò° Ìµ¤ A+(J). �·¨³¥·µ³ ¸²Ê¦ É Ö¤·  164Yb ¨ 166Yb,
¸¢¥¤¥´¨Ö µ ±µÉµ·ÒÌ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 3.

2.2. ‚µ§¡Ê¦¤¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¸ Kπ = 0+ ¨ 2+. ‚ ¡µ²ÓÏ¨´¸É¢¥ ¤¥Ëµ·-
³¨·µ¢ ´´ÒÌ Ö¤¥· ¢ µ¡² ¸É¨ ·¥¤±¨Ì §¥³¥²Ó ¶¥·¢Ò¥ ´¥·µÉ Í¨µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö
¨³¥ÕÉ Kπ = 0+ ¨²¨ 2+. �´¨ Î ¸Éµ · ¸¶µ²µ¦¥´Ò ¡²¨§±µ ¤·Ê£ ± ¤·Ê£Ê ¶·¨
Ô´¥·£¨¨ 0,7Ä1,4 ŒÔ‚. ‘µ£² ¸´µ ¢¨¡· Í¨µ´´µ° ³µ¤¥²¨ µ¦¨¤ ¥É¸Ö ¶µÖ¢²¥-
´¨¥ µ¤´µËµ´µ´´µ£µ β-¢¨¡· Í¨µ´´µ£µ Ê·µ¢´Ö ¸ Kπ = 0+ ¨ γ-¢¨¡· Í¨µ´´µ£µ
Ê·µ¢´Ö ¸ Kπ = 2+. �· ±É¨Î¥¸±¨ ¢µ ¢¸¥Ì Ö¤· Ì ´ ¡²Õ¤ ¥É¸Ö γ-¢¨¡· Í¨µ´´µ¥
¸µ¸ÉµÖ´¨¥ ¨ µ¸´µ¢ ´´ Ö ´  ´¥³ ¶µ²µ¸ . —Éµ ± ¸ ¥É¸Ö β-¢¨¡· Í¨°, Éµ §¤¥¸Ó
¶µ²µ¦¥´¨¥ ¸²µ¦´µ¥. ‚ ¨§µÉµ´ Ì ¸ N = 90 ÔÉ  ¶µ²µ¸  · ¸¶µ²µ¦¥´  ´¨¦¥
¢¸¥Ì ¤·Ê£¨Ì ¨ µ¡² ¤ ¥É ¸¢µ°¸É¢ ³¨, ¶·¥¤¸± §Ò¢ ¥³Ò³¨ ³µ¤¥²ÓÕ, · ¸¸³µÉ·¥´-
´µ° ¢ [1]. ‚ ¤·Ê£¨Ì ¨§µÉµ´ Ì ¢¸É·¥Î ÕÉ¸Ö ´¥¸±µ²Ó±µ ¡²¨§±¨Ì ¸µ¸ÉµÖ´¨° 0+

¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¶µ²µ¸Ò. ‘·¥¤¨ ´¨Ì É·Ê¤´µ ¢Ò¤¥²¨ÉÓ β-¢¨¡· Í¨¨. �·¨Î¨-
´µ° Ö¢²Ö¥É¸Ö ¸³¥Ï¨¢ ´¨¥ ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ÔÉ¨Ì ¶µ²µ¸ ¸ Kπ= 0+ ¨ ¢²¨Ö´¨¥
¡²¨§±µ · ¸¶µ²µ¦¥´´ÒÌ γ-¶µ²µ¸. ‚ [2Ä5] ¨¸¸²¥¤µ¢ ²µ¸Ó É ±µ¥ ¸³¥Ï¨¢ ´¨¥,
´µ §¤¥¸Ó ´¥¢µ§³µ¦´µ ¶·Ö³µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ Šµ·¨µ²¨¸ , ¨ ¢ É¥µ·¥É¨Î¥¸±µ¥
· ¸¸³µÉ·¥´¨¥ ´¥µ¡Ìµ¤¨³µ ¢±²ÕÎ ÉÓ ¸µ¸ÉµÖ´¨Ö ¸ Kπ = 1+. ’·Ê¤´µ¸ÉÓ § -
±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ±µ£¤  ¤µ¸Éµ¢¥·´µ ¨§¢¥¸É´Ò Ê·µ¢´¨ 1+ ¨ ¶µ¸É·µ¥´´Ò¥ ´ 
´¨Ì ¶µ²µ¸Ò ¢ · °µ´¥ 2 ŒÔ‚, Éµ ´¥É µ¸´µ¢ ´¨° ¤²Ö ¢Ò¡µ·  É¥Ì ¨§ ´¨Ì, ±µÉµ·Ò¥
¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸ · ¸¸³ É·¨¢ ¥³Ò³¨ ¶µ²µ¸ ³¨. �Ê¦´µ ¶·¨´¨³ ÉÓ ®ÔËË¥±-
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É¨¢´ÊÕ ¶µ²µ¸Ê¯ ¸ Kπ = 1+ ¨²¨ ¶·¨³¥´ÖÉÓ ³¥Éµ¤ ¶µ¤£µ´±¨. �·¨ µÉ¸ÊÉ¸É¢¨¨
¸¢¥¤¥´¨° µ ¶µ²µ¸ Ì 1+ ¶µ²µ¦¥´¨¥ ¥Ð¥ ¡µ²ÓÏ¥ Ê¸²µ¦´Ö¥É¸Ö.

�  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó ¢¸¥ · ¸¸³µÉ·¥´¨Ö ´µ¸ÖÉ ¶· ±É¨Î¥¸±¨ ± Î¥¸É¢¥´´Ò°
Ì · ±É¥· ¶µ Ê± § ´´Ò³ ¶·¨Î¨´ ³. � ·Ö¤Ê ¸ · ¡µÉ ³¨ [2Ä5] ¢ [1] ´  ·¨¸. 26
¶·¨¢¥¤¥´ ¶·¨³¥· ´¥¶µ¸·¥¤¸É¢¥´´µ£µ ¢§ ¨³´µ£µ ¢²¨Ö´¨Ö ¶µ²µ¸ 0+

2 ¨ 2+
1 ¢

162Dy. �² ¢´Ò° Ìµ¤ ¶ · ³¥É·µ¢ ¨´¥·Í¨¨ A+ ´ ·ÊÏ ¥É¸Ö ¢ ³¥¸É¥ ¶¥·¥¸¥Î¥´¨Ö
ÔÉ¨Ì ¶µ²µ¸ ¶·¨ J = 11−12. �´ ²µ£¨Î´Ò¥  ´µ³ ²¨¨ · ¸¸³µÉ·¥´Ò ¢ ¤·Ê£¨Ì
Ö¤· Ì.

‘µ¸¥¤¸É¢µ ¶µ²µ¸ ¸ Kπ = 0+ ¨ 2+ ¶µ§¢µ²Ö¥É ¢ÒÖ¢¨ÉÓ µ¸µ¡¥´´µ¸ÉÓ ¨Ì
¢§ ¨³µ¤¥°¸É¢¨Ö. �´  ¸¢Ö§ ´  ¸ µÉ¸ÊÉ¸É¢¨¥³ Ê·µ¢´¥° ¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨ ¢
¶µ²µ¸ Ì ¸ Kπ = 0+. �µÔÉµ³Ê ¸µ¸ÉµÖ´¨Ö ¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨ ¢ γ-¶µ²µ¸ Ì
³µ¦´µ ¸Î¨É ÉÓ ´¥¢µ§³ÊÐ¥´´Ò³¨, ¶µ ±· °´¥° ³¥·¥ ¸µ ¸Éµ·µ´Ò ¶µ²µ¸ 0+,
Éµ£¤  ± ± Ê·µ¢´¨ ¸ Î¥É´Ò³¨ ¸¶¨´ ³¨ ¨¸¶ÒÉÒ¢ ÕÉ ®· ¸É ²±¨¢ ´¨¥¯. �Éµ
¢§ ¨³µ¤¥°¸É¢¨¥ ¶·¨¢µ¤¨É ± ¸¤¢¨£Ê ¤¢ÊÌ ¶µ²Ê¶µ²µ¸ ¢ γ-¶µ²µ¸¥.

2.3. ‘¨£´ ÉÊ·´µ¥ · ¸Ð¥¶²¥´¨¥ γ-¶µ²µ¸Ò ¢ 166Yb. �  ·¨¸. 5 ¶µ± § ´ 
§ ¢¨¸¨³µ¸ÉÓ ¨´¥·Í¨µ´´ÒÌ ¶ · ³¥É·µ¢ A µÉ J ¢ γ-¶µ²µ¸¥ 166Yb. „µ ¸¶¨´µ¢
6 ¨ 7 ¸¨£´ ÉÊ·´µ¥ · ¸Ð¥¶²¥´¨¥ ¢ 166Yb ´¥¢¥²¨±µ ¨ ´¥ µÎ¥´Ó µÉ²¨Î ¥É¸Ö µÉ
· ¸Ð¥¶²¥´¨Ö ¢ ¤·Ê£¨Ì Ö¤· Ì. � Î¨´ Ö ¸ J = 8 ´ ¡²Õ¤ ¥É¸Ö ·¥§±µ¥ Ê¢¥²¨Î¥´¨¥

�¨¸. 5. ‡ ¢¨¸¨³µ¸ÉÓ µÉ J ¶ · ³¥É·µ¢
¨´¥·Í¨¨ A, A+ ¨ A− ¤²Ö γ-¶µ²µ¸Ò
¢ 166Yb

· ¸Ð¥¶²¥´¨Ö, ¶·¨¢µ¤ÖÐ¥¥ ¤²Ö J = 10
¨ 12 ± ¨´¢¥·¸¨¨ Ê·µ¢´¥° ¢ γ-¶µ²µ¸¥.
�·¨Î¨´  ´ ¡²Õ¤ ¥³µ£µ ÔËË¥±É  Ö¸´ 
¨§ ·¨¸. 6. �µ ³¥·¥ ·µ¸É  J ¸¡²¨¦ -
ÕÉ¸Ö Ê·µ¢´¨ ¸ µ¤¨´ ±µ¢Ò³¨ ¸¶¨´ ³¨ ¢
¶µ²µ¸¥ ¸ £µ²µ¢´Ò³ Ê·µ¢´¥³ 1043 ±Ô‚,
JπKi = 0+02. �Éµ ¶·¨¢µ¤¨É ± µ¶Ê¸-
± ´¨Õ Ê·µ¢´¥° ¸ Î¥É´Ò³¨ ¸¶¨´ ³¨
¢ γ-¶µ²µ¸¥ ¨ ± Ê¢¥²¨Î¥´¨Õ Ô´¥·£¨¨
Ê·µ¢´¥° ¢ ¶µ²µ¸¥ 0+

2 .
Š ·É¨´  ¨§³¥´Ö¥É¸Ö, ±µ£¤  ¶µÖ¢-

²Ö¥É¸Ö S-¶µ²µ¸ . ‡ ³¥É´µ¥ ¢²¨Ö´¨¥
´  γ-¶µ²µ¸Ê ¶·µ¨¸Ìµ¤¨É ¸µ ¸Éµ·µ´Ò
Ê·µ¢´¥° 10+ ¨ 12+ S-¶µ²µ¸Ò. �´¨
· ¸¶µ²µ¦¥´Ò ³¥¦¤Ê Ê·µ¢´Ö³¨ ¸ ÔÉ¨³¨

¦¥ ¸¶¨´ ³¨ γ-¶µ²µ¸Ò, ¨Ì · §¤¢¨£ ÕÉ, Ê¢¥²¨Î¨¢ Ö §´ Î¥´¨¥ A+(12). ‚ ¸¢µÕ
µÎ¥·¥¤Ó, ¶·µÖ¢²Ö¥É¸Ö ¢§ ¨³´µ¥ ¢²¨Ö´¨¥ 0+

2 - ¨ S-¶µ²µ¸. “·µ¢´¨ 8+ ¨ 10+

S-¶µ²µ¸Ò ´ Ìµ¤ÖÉ¸Ö ³¥¦¤Ê  ´ ²µ£¨Î´Ò³¨ Ê·µ¢´Ö³¨ 0+
2 -¶µ²µ¸Ò, ¢Ò§Ò¢ Ö ¢

´¥° ¡µ²ÓÏµ¥ §´ Î¥´¨¥ A+(10) ¨ ³ ²µ¥ §´ Î¥´¨¥ A+(10) ¢ S-¶µ²µ¸¥. ‚§ ¨³-
´µ¥ µÉÉ ²±¨¢ ´¨¥ Ê·µ¢´¥° 8+ ¨ 10+ µÉÎ¥É²¨¢µ ¢¨¤´µ ´  ·¨¸. 6.

„²Ö µ¶¨¸ ´¨Ö ´ ¡²Õ¤ ¥³ÒÌ ÔËË¥±Éµ¢ ¸²¥¤Ê¥É ¶·µ¢¥¸É¨ · ¸Î¥É ¢ ¶·¨-
¡²¨¦¥´¨¨ ³´µ£µ¶µ²µ¸´µ£µ ¸³¥Ï¨¢ ´¨Ö, ÎÉµ ¸¢Ö§ ´µ ¸ É¥Ì´¨Î¥¸±¨³¨ ¨ Ë¨§¨-
Î¥¸±¨³¨ É·Ê¤´µ¸ÉÖ³¨. Š ´¨³ µÉ´µ¸¨É¸Ö ¨ µÉ¸ÊÉ¸É¢¨¥ ¸¢¥¤¥´¨° µ ¶µ²µ¸ Ì ¸
K = 1, ´¥µ¡Ìµ¤¨³ÒÌ ¤²Ö · ¸Î¥É .
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�¨¸. 6. �¥·¥¸¥Î¥´¨¥ É·¥Ì ¶µ²µ¸: 0+
2 -, S- ¨ γ-¶µ²µ¸Ò ¢ 166Yb

•µ¤ §´ Î¥´¨° A− ´  ·¨¸. 5 ¶µ± §Ò¢ ¥É ¨Ì ¶² ¢´µ¥ Ê³¥´ÓÏ¥´¨¥ ¢ µÉ²¨Î¨¥
µÉ Ìµ¤  A+. �Éµ µ§´ Î ¥É, ÎÉµ §  ¸¨£´ ÉÊ·´µ¥ · ¸Ð¥¶²¥´¨¥ ¨ ¨´¢¥·¸¨Õ
Ê·µ¢´¥° ¢ γ-¶µ²µ¸¥ µÉ¢¥Î ÕÉ ¸µ¸ÉµÖ´¨Ö ¸ ¶µ²µ¦¨É¥²Ó´µ° Î¥É´µ¸ÉÓÕ.

ˆÉµ£µ³ · ¸¸³µÉ·¥´¨Ö ·¨¸. 5 ¨ 6 Ö¢²Ö¥É¸Ö ¢ÒÖ¢²¥´¨¥ ¸²¥¤ÊÕÐ¨Ì µ¸µ¡¥´-
´µ¸É¥° ¸É·Ê±ÉÊ·Ò 166Yb.

1. � ¡²Õ¤ ¥É¸Ö · §²¨Î´µ¥ ¶µ¢¥¤¥´¨¥ ¶µ²Ê¶µ²µ¸ ¸ · §´µ° ¸¨£´ ÉÊ·µ° ¢
γ-¶µ²µ¸¥. „²Ö ¸µ¸ÉµÖ´¨° ¸ ´¥Î¥É´Ò³¨ J ¶·µ¨¸Ìµ¤¨É ¶² ¢´µ¥ Ê³¥´ÓÏ¥´¨¥
A− (·¨¸. 5) µÉ 16,04 ¤µ 11,00 ±Ô‚. ‚ ¶µ²Ê¶µ²µ¸¥ ¸ Î¥É´Ò³¨ J §´ Î¥´¨Ö A+

Ê³¥´ÓÏ ÕÉ¸Ö ¡Ò¸É·¥¥. �Éµ ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ ·¥§±µ ¢µ§· ¸É ¥É ¸¨£´ ÉÊ·´µ¥
· ¸Ð¥¶²¥´¨¥ ¢ γ-¶µ²µ¸¥ ¨ ¤ ¦¥ ´ ¡²Õ¤ ¥É¸Ö ¨´¢¥·¸¨Ö Ê·µ¢´¥°: ¸µ¸ÉµÖ´¨Ö ¸
J = 10 ¨ 12 · ¸¶µ²µ¦¥´Ò ¸µµÉ¢¥É¸É¢¥´´µ ´¨¦¥, Î¥³ c J = 9 ¨ 11.

2. � ¡²Õ¤ ÕÉ¸Ö ´¥·¥£Ê²Ö·´µ¸É¨ ¢ Ìµ¤¥ Ê·µ¢´¥° ¶µ²Ê¶µ²µ¸Ò ¸ Î¥É´Ò³¨ J
¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¢ §´ Î¥´¨ÖÌ A+. “·µ¢¥´Ó 10+ ± ± ¡Ò ¶·¨¤ ¢²¥´ ¡²¨§±¨³
¶µ Ô´¥·£¨¨ Ê·µ¢´¥³ S-¶µ²µ¸Ò. �Éµ ¶·¨¢µ¤¨É ± ³ ²µ³Ê §´ Î¥´¨Õ A+(10) =
8, 70 ±Ô‚.

�´ ²¨§ γ-¶µ²µ¸ ¢¸¥Ì ·¥¤±µ§¥³¥²Ó´ÒÌ Î¥É´µ-Î¥É´ÒÌ Ö¤¥·, ¶·µ¢¥¤¥´´Ò°
¢ [10], ¶µ± § ² Ê¤¨¢¨É¥²Ó´ÊÕ µ¸µ¡¥´´µ¸ÉÓ 168Er. …¸²¨ §¤¥¸Ó ¨ ¸ÊÐ¥¸É¢Ê¥É
¸¨£´ ÉÊ·´µ¥ · ¸Ð¥¶²¥´¨¥, Éµ Î¥É´µ-´¥Î¥É´Ò° ¸¤¢¨£ Ê·µ¢´¥° ´ ¸Éµ²Ó±µ ³ ²,
ÎÉµ µ´ ¸· ¢´¨³ ¸ ¶µ£·¥Ï´µ¸ÉÓÕ ¨§³¥·¥´¨° Ô´¥·£¨¨ γ-¶¥·¥Ìµ¤µ¢. �Éµ µ§´ -
Î ¥É, ÎÉµ ¢²¨Ö´¨¥ Ê·µ¢´¥° ¸ Î¥É´Ò³¨ J ¶µ²µ¸Ò µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¶µ²´µ-
¸ÉÓÕ ±µ³¶¥´¸¨·Ê¥É¸Ö ¢²¨Ö´¨¥³ Ê·µ¢´¥° ¸ Î¥É´Ò³¨ J , · ¸¶µ²µ¦¥´´Ò³¨ ¢ÒÏ¥
γ-¶µ²µ¸Ò. Š ± ¢¨¤´µ ¨§ ·¨¸. 33 ¢ [1], ¸µ¢¸¥³ ¶µ-¨´µ³Ê § ¢¨¸¨É A µÉ J ¢
γ-¶µ²µ¸¥ 170Yb,   É ±¦¥ ¶· ±É¨Î¥¸±¨ ¢µ ¢¸¥Ì ¤·Ê£¨Ì Ö¤· Ì ·¥¤±¨Ì §¥³¥²Ó.
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� ·ÊÏ¥´¨¥ ¶² ¢´µ£µ Ìµ¤  ¶ · ³¥É·µ¢ A+ ¢ ¶µ²µ¸ Ì µ¸´µ¢´ÒÌ ¸µ¸ÉµÖ´¨°
¨ Ö¢²¥´¨¥ ¡¥±¡¥´¤¨´£  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¸²ÊÎ ° ¢§ ¨³µ¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ ,
±µ£¤  µ´µ ¶·µ¨¸Ìµ¤¨É ´¥ ´¥¶µ¸·¥¤¸É¢¥´´µ ³¥¦¤Ê ¶µ²µ¸ ³¨ ¸ Kπ = 0+ ¨ 2+,
  Î¥·¥§ · ¸¶µ²µ¦¥´´Ò¥ § ³¥É´µ ¢ÒÏ¥ ¸µ¸ÉµÖ´¨Ö ¸ Kπ = 1+. ‚ §´ Î¨É¥²Ó´µ°
¸É¥¶¥´¨ ÔÉµ µÉ´µ¸¨É¸Ö ± ¶µ²µ¸ ³ ¸ Kπ

i = 0+
i , i = 2, 3 . . . , ¨ ± γ-¶µ²µ¸ ³, ÎÉµ

¡Ò²µ ¶·µ¤¥³µ´¸É·¨·µ¢ ´µ ¢ÒÏ¥. �·¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¢ÒÏ¥ 1,5Ä2,0 ŒÔ‚
¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° § ³¥É´µ ¢µ§· ¸É ¥É, ¶µ¡²¨§µ¸É¨ µ± §Ò¢ ÕÉ¸Ö ¶µ²µ¸Ò ¸ · §-
²¨Î´Ò³¨ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ K . �·¨ ´¥¡µ²ÓÏµ° · §´µ¸É¨ Ô´¥·£¨¨ Ê·µ¢´¥°
¸ µ¤¨´ ±µ¢Ò³¨ ¸¶¨´ ³¨ ¢ ¶µ²µ¸ Ì ¸ ∆K = 1 ³¥¦¤Ê ´¨³¨ ¢µ§´¨± ¥É ¢§ ¨³µ-
¤¥°¸É¢¨¥ Šµ·¨µ²¨¸ , ¢ ·¥§Ê²ÓÉ É¥ ±µÉµ·µ£µ ¶·µ¨¸Ìµ¤¨É ¸¤¢¨£ Ê·µ¢´¥° ¨ ¨Ì
· ¸É ²±¨¢ ´¨¥. �ÉµÉ ÔËË¥±É µ¶¨¸Ò¢ ¥É¸Ö Ëµ·³Ê² ³¨

EK,K+1 = X/2 + AJ(J + 1) ± 1
2
[Y 2 + 4b2J(J + 1) − K(K + 1)]1/2, (4)

£¤¥ Î¥ÉÒ·¥ ¶ · ³¥É·  ³µ¤¥²¨ X , A, Y ¨ b µ¶·¥¤¥²ÖÕÉ¸Ö ¶µ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³ §´ Î¥´¨Ö³ Ô´¥·£¨¨ Ê·µ¢´¥°. ‡´ ± ®+¯ ¶¥·¥¤ ±¢ ¤· É´Ò³ ±µ·´¥³ ¢
Ëµ·³Ê²¥ µÉ´µ¸¨É¸Ö ± Ê·µ¢´Ö³ ¢¥·Ì´¥° ¶µ Ô´¥·£¨¨ ¶µ²µ¸Ò, §´ ± ®Ä¯ Å ±
Ê·µ¢´Ö³ ´¨¦´¥° ¶µ²µ¸Ò. �Éµ ¸µµÉ¢¥É¸É¢Ê¥É · ¸É ²±¨¢ ´¨Õ,   ´¥ ¸¡²¨¦¥´¨Õ
Ê·µ¢´¥° ¸ µ¤¨´ ±µ¢Ò³¨ ¸¶¨´ ³¨.

�·¨³¥´¥´¨¥ Ëµ·³Ê² (4) ¸¢Ö§ ´µ ¸ ¤¢Ê³Ö µ£· ´¨Î¥´¨Ö³¨.
1. “Î¨ÉÒ¢ ÕÉ¸Ö Éµ²Ó±µ ¤¢¥ ¶µ²µ¸Ò, Éµ£¤  ± ± ¶µ¡²¨§µ¸É¨ ³µ£ÊÉ ´ Ìµ-

¤¨ÉÓ¸Ö Ê·µ¢´¨ ¤·Ê£¨Ì ¶µ²µ¸, ±µÉµ·Ò¥ ¸²¥¤Ê¥É ¶·¨´¨³ ÉÓ ¢µ ¢´¨³ ´¨¥, ´µ ÔÉµ
¸¨²Ó´µ Ê¸²µ¦´Ö¥É · ¸Î¥ÉÒ.

2. � · ³¥É· A ¶·¨´¨³ ¥É¸Ö µ¤¨´ ±µ¢Ò³ ¤²Ö ¢¸¥Ì Ê·µ¢´¥° µ¡¥¨Ì ¶µ²µ¸.
‚µ-¶¥·¢ÒÌ, µ´ ³µ¦¥É ´¥¸±µ²Ó±µ µÉ²¨Î ÉÓ¸Ö ¤²Ö ± ¦¤µ° ¨§ ¶µ²µ¸. ‚µ-¢Éµ·ÒÌ,
µ´ ´  ¸ ³µ³ ¤¥²¥ ´¥¸±µ²Ó±µ Ê³¥´ÓÏ ¥É¸Ö ¢ ¸¢Ö§¨ ¸ µ¸² ¡²¥´¨¥³ ¸¶ ·¨¢ -
´¨Ö ¸ ·µ¸Éµ³ ¸¶¨´ . �µ ÔÉµ° ¶·¨Î¨´¥ ¸²¥¤Ê¥É µ¦¨¤ ÉÓ Ê³¥´ÓÏ¥´¨Ö ¸µ£² ¸¨Ö
· ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨ Ê·µ¢´¥° ¶·¨ J ≥ 10.

�É¨ µ£· ´¨Î¥´¨Ö ¨´µ£¤  ¨£· ÕÉ µ¶·¥¤¥²ÖÕÐÊÕ ·µ²Ó. ‚ 168Yb ¨§¢¥¸É´Ò
¶µ²µ¸Ò 2+ ´  Ê·µ¢´¥ 989,85 ±Ô‚ ¨ 3+ ´  Ê·µ¢´¥ 1451,7 ±Ô‚. „²Ö ´¨Ì ´¥-
¸µ¢³¥¸É¨³Ò Ê· ¢´¥´¨Ö (4), µ± § ²µ¸Ó, ÎÉµ Y 2 < 0. �µ-¢¨¤¨³µ³Ê, ¨³¥ÕÉ¸Ö
¤·Ê£¨¥ ¶µ²µ¸Ò, ¨ ´¥µ¡Ìµ¤¨³ ¨Ì ÊÎ¥É. ˆ´É¥·¢ ² 285 ±Ô‚ ³¥¦¤Ê Ê·µ¢´Ö³¨
3+31 ¨ 3+21 ¤µ¸É ÉµÎ´µ ¢¥²¨±, ÎÉµ µ¸² ¡²Ö¥É ¨Ì ¢§ ¨³´µ¥ ¢²¨Ö´¨¥.

�µÌµ¦ Ö ¸¨ÉÊ Í¨Ö ´ ¡²Õ¤ ¥É¸Ö ¢ 184W. ”µ·³Ê²Ò (4) ¤ ÕÉ ´¥¸µ¢³¥¸É¨³Ò¥
·¥§Ê²ÓÉ ÉÒ ¶·¨ · ¸Î¥É¥ ¸³¥Ï¨¢ ´¨Ö ¸µ¸ÉµÖ´¨° ¶µ²µ¸ 2+

1 , 903,28 ±Ô‚ ¨ 3+
1 ,

1425,01 ±Ô‚. �¤´ ±µ ¶·¨ · ¸Î¥É¥ ¸³¥Ï¨¢ ´¨Ö ¡µ²¥¥ ¡²¨§±¨Ì ¸µ¸ÉµÖ´¨° 2+
2 ,

1386,33 ±Ô‚ ¨ 3+
1 , 1425,01 ±Ô‚ ·¥Ï¥´¨¥ ¡Ò²µ ´ °¤¥´µ. �µ²ÊÎ¥´ ¶ · ³¥É·

¸³¥Ï¨¢ ´¨Ö b = 19, 06 ±Ô‚. „ ²¥¥ · ¸¸³µÉ·¥´µ ¸³¥Ï¨¢ ´¨¥ ¶µ²µ¸ 2+ ¨ 3+ ¢
¨§µÉµ´ Ì ¸ N = 102 ¨ 104.
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3.1. ‘³¥Ï¨¢ ´¨¥ γ-¶µ²µ¸Ò ¸ Kπ = 2+ ¨ ¶µ²µ¸Ò ¸ Kπ
i = 3+

1 ¢ 174Hf.
— Ð¥ ¢¸¥£µ ´¨¦´¨³ ´¥·µÉ Í¨µ´´Ò³ ¸µ¸ÉµÖ´¨¥³ ¢ Î¥É´µ-Î¥É´ÒÌ ¤¥Ëµ·³¨-
·µ¢ ´´ÒÌ Ö¤· Ì Ö¢²Ö¥É¸Ö γ-¢¨¡· Í¨µ´´Ò° Ê·µ¢¥´Ó ¸ µ¸´µ¢ ´´µ° ´  ´¥³ ·µ-
É Í¨µ´´µ° ¶µ²µ¸µ°. �·Ö³µ¥ ±µ·¨µ²¨¸µ¢µ ¸³¥Ï¨¢ ´¨¥ ³µ¦¥É ¶·µ¨¸Ìµ¤¨ÉÓ ¸
Ê·µ¢´Ö³¨ ¶µ²µ¸ ¸ Kπ = 1+ ¨ 3+. �´µ É¥³ ¢¥·µÖÉ´¥¥, Î¥³ ¡²¨¦¥ · ¸¶µ²µ¦¥´Ò
¸³¥Ï¨¢ ¥³Ò¥ ¶µ²µ¸Ò. �·¨³¥·µ³ ³µ¦¥É ¶µ¸²Ê¦¨ÉÓ Ö¤·µ 174Hf.

’ ¡²¨Í  1. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 174Hf, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É· ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ
i = 3+

1

3 Å 1336,48 ≡ 1336,48 ≡ 0 10
4 13,35 1442,66 ≡ 1442,66 ≡ 0 17
5 Å Å 1573,0 Å 24
6 Å Å 1727,7 Å 31

�µ²µ¸  ¸ Kπ
i = 2+

1

2 Å 1226,77 1239,0 Ä12 Å
3 12,76 1303,36 ≡ 1303,36 ≡ 0 10
4 11,40 1394,6 ≡ 1394,6 ≡ 0 17
5 11,36 1508,2 1511,1 Ä2,9 24
6 11,15 Å 1652,6 Å 31
7 10,86 1798,0 1818,8 Ä20,8 37
9 10,53 2167,1 2225,7 Ä59 50

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2343, 65 ±Ô‚; Y = 13, 69 ±Ô‚;
A = 12, 34 ±Ô‚; b = 6, 16 ±Ô‚.

� ¸¸³µÉ·¥´¨¥ ¤ ´´ÒÌ µ · ¸¶ ¤¥ 174Ta ¨ µ Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ [7, 11] ¶µ-
§¢µ²Ö¥É ÊÉµÎ´¨ÉÓ ¸¨¸É¥³Ê ¢µ§¡Ê¦¤¥´´ÒÌ Ê·µ¢´¥° 174Hf ¨ µÉ´¥¸É¨ ± γ-¶µ²µ¸¥
Ê·µ¢´¨ ¸ J ¤µ 15 ¨ ± ¶µ²µ¸¥ ¸ K = 3 Ê·µ¢´¨ ¸ J = 3, 4 ¨ 5 (É ¡². 1). � ¸Î¥É
¸³¥Ï¨¢ ´¨Ö Šµ·¨µ²¨¸  ¶µ± § ², ÎÉµ ¶·¨ ¶·¥¤²µ¦¥´´ÒÌ §¤¥¸Ó Ê·µ¢´ÖÌ 3+ ¨
4+ ¶µ²µ¸Ò ¸ K = 3 ¶µ²ÊÎ ¥É¸Ö µ¡ÒÎ´µ¥ ¤²Ö ¶µ¤µ¡´ÒÌ · ¸Î¥Éµ¢ ¸µ£² ¸¨¥ ¸
Ô±¸¶¥·¨³¥´Éµ³ ¢ γ-¶µ²µ¸¥. ‡´ Î¥´¨¥ ¨´¥·Í¨µ´´µ£µ ¶ · ³¥É·  A = 12, 34 ±Ô‚
´¥ ¢ÒÌµ¤¨É §  ¶·¥¤¥²Ò ¸¨¸É¥³ É¨±¨. ‘ ³µ¥ £² ¢´µ¥ Å §´ Î¥´¨¥ ¶ · ³¥É· 
¸³¥Ï¨¢ ´¨Ö b = 6, 16 ±Ô‚ Ì · ±É¥·´µ ¤²Ö ¸µ¸ÉµÖ´¨°, ±µÉµ·Ò¥ ¨³¥ÕÉ £² ¢´µ¥
±¢ ´Éµ¢µ¥ Î¨¸²µ N = 5. �µ [12], §¤¥¸Ó ¶·µ¨¸Ìµ¤¨É ¸³¥Ï¨¢ ´¨¥ Ê·µ¢´¥° ¸
K = 2, nn512 ↑ 521 ↓, 84 % ¨ K = 3, nn512 ↑ 521 ↓, 100 %.

3.2. ‘³¥Ï¨¢ ´¨¥ γ-¶µ²µ¸Ò ¸ Kπ = 2+ ¨ ¶µ²µ¸Ò ¸ Kπ
i = 3+

1 ¢ 176Hf.
‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ¸¢¥¤¥´¨Ö µ ¸¢µ°¸É¢ Ì ´¨¦´¨Ì ¶µ²µ¸ ¸ Kπ = 2+ ¨ 3+

¢ 176Hf. • · ±É¥·´µ° Î¥·Éµ° γ-¶µ²µ¸Ò Ö¢²Ö¥É¸Ö ¥¥ § ³¥É´µ¥ ¸¨£´ ÉÊ·´µ¥
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’ ¡²¨Í  2. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 176Hf, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É· ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ
i = 3+

1

3 Å 1577,57 ≡ 1577,57 ≡ 0 1,5
4 12,25 1675,95 ≡ 1675,95 ≡ 0 3
5 12,26 1798,40 1798,9 Ä0,5 6
6 12,16 1944,47 1946,2 Ä1,7 8
7 12,33 2116,8 2118 Ä1,2 12
8 11,75 2304,7 2314 Ä9 15

�µ²µ¸  ¸ Kπ
i = 2+

1

2 Å 1341,31 1371,5 Ä30 Å
3 17,42 1445,80 ≡ 1445,80 ≡ 0 1,5
4 11,80 1540,30 ≡ 1540,30 ≡ 0 3
5 18,75 1727,8 1658 70 6
6 11,18 1862,0 1800 62 8
7 17,44 2106,5 1966 140 12
8 11,15 2284,8 2156 128 15

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2734, 03 ±Ô‚; Y = 128, 8 ±Ô‚;
A = 12, 056 ±Ô‚; b = 5, 70 ±Ô‚.

· ¸Ð¥¶²¥´¨¥. ‡´ Î¥´¨Ö ¶ · ³¥É·µ¢ A Î¥·¥¤ÊÕÉ¸Ö: µÉ 18 ¤µ 11Ä12 ±Ô‚. ‚
¸·¥¤´¥³ µ´¨ § ³¥É´µ ¢ÒÏ¥, Î¥³ ¢ ¶µ²µ¸¥ ¸ K = 3. � ¸Î¥É ¶µ± § ², ÎÉµ µÎ¥´Ó
Ìµ·µÏµ ¢µ¸¶·µ¨§¢µ¤ÖÉ¸Ö Ê·µ¢´¨ ¶µ²µ¸Ò ¸ K = 3 ¨ ¶²µÌµ Å ¸ K = 2. �·¨
ÔÉµ³ ¢±² ¤ µÉ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ²µ¸ ³ ² ¨ ¸µ¸É ¢²Ö¥É 1Ä15 ±Ô‚. � · ³¥É·
¸³¥Ï¨¢ ´¨Ö b = 5, 70 ±Ô‚ µ± § ²¸Ö ¡²¨§±¨³ Ê 176Hf ¨ 174Hf. � ¸Ìµ¦¤¥´¨¥
¤²Ö γ-¶µ²µ¸Ò Î ¸É¨Î´µ ¸¢Ö§ ´µ ¸ ¥¥ ¢§ ¨³µ¤¥°¸É¢¨¥³ ¸ ¡²¨§±µ · ¸¶µ²µ¦¥´-
´µ° ¶µ²µ¸µ° ¸ Kπ

i = 0+
3 ¸ £µ²µ¢´Ò³ Ê·µ¢´¥³ E(0) = 1293, 12 ±Ô‚ ¨ E(2) =

1379, 37 ±Ô‚. � ¸É ²±¨¢ ´¨¥ Ê·µ¢´¥° ÔÉ¨Ì ¶µ²µ¸ ¶·¨¢µ¤¨É ± µ¶Ê¸± ´¨Õ ¢
γ-¶µ²µ¸¥ Ê·µ¢´¥° ¸ Î¥É´Ò³¨ J . � ³ ´¥ Ê¤ ² ¸Ó ¶µ¶ÒÉ±  ¶·µ¢¥¸É¨ · ¸Î¥É,
¸Î¨É Ö ·¥¶¥·´Ò³¨ Ê·µ¢´¨ ¸ J = 3 ¨ 5. “· ¢´¥´¨Ö (4) µ± § ²¨¸Ó ´¥¸µ¢³¥¸É¨-
³Ò³¨.

3.3. ‘³¥Ï¨¢ ´¨¥ ¶µ²µ¸ ¸ Kπ
i = 2+

2 ¨ 3+
1 ¢ 172Yb. ‚ 172Yb ¨§¢¥¸É´Ò ¤¢¥

¶µ²µ¸Ò ¸ Kπ = 2+ ´  Ê·µ¢´ÖÌ 1465,87 ¨ 1608,49 ±Ô‚ ¨ ¤¢¥ ¶µ²µ¸Ò ¸ Kπ = 3+

´  Ê·µ¢´ÖÌ 1171,38 ¨ 1662,81 ±Ô‚ [13]. � ¸¸³µÉ·¥´¨¥ ¶µ± § ²µ, ÎÉµ ·¥ ²Ó´µ
· ¸¸Î¨É ÉÓ ¸³¥Ï¨¢ ´¨¥ ¢µ§³µ¦´µ Éµ²Ó±µ ³¥¦¤Ê ¸µ¸ÉµÖ´¨Ö³¨ ¸ Kπ

i = 2+
2 ¨

3+
2 . „¢ÊÌ¶µ²µ¸´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¤·Ê£µ° ¶ ·Ò ¶µ²µ¸ ´¥ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¶µ

Ê· ¢´¥´¨Ö³ (4).
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’ ¡²¨Í  3. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 172Yb, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É· ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ
i = 3+

2

3 Å 1662,81 ≡ 2700,64 ≡ 0 10
4 10,80 1749,21 ≡ 1749,21 ≡ 0 18
5 11,36 1862,80 1859,7 3,1 25
6 12,10 2007,98 1994,1 13,9 33
7 Å Å 2152,3 Å 40

�µ²µ¸  ¸ Kπ
i = 2+

2

2 Å 1608,49 1619,9 Ä11,4 Å
3 15,36 1700,64 ≡ 1700,64 ≡ 0 10
4 12,80 1803,11 ≡ 1803,11 ≡ 0 18
5 12,39 1927,02 1928,7 Ä1,8 25
6 12,35 2075,27 2077,6 Ä2,3 33
7 Å Å 2249,9 Å 40

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 3080, 15 ±Ô‚; Y = 18, 03 ±Ô‚;
A = 11, 804 ±Ô‚; b = 6, 79 ±Ô‚.

‚ É ¡². 3 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É . ‡´ Î¥´¨¥ ¶ · ³¥É·  ¢§ ¨³µ-
¤¥°¸É¢¨Ö b = 6, 79 ±Ô‚ ¡²¨§±µ ± ¶µ²ÊÎ¥´´Ò³ ¤²Ö 174Hf ¨ 176Hf. ‚ 172Yb
ÔÉ¨ ¶ · ³¥É·Ò ¸µµÉ¢¥É¸É¢ÊÕÉ ¢§ ¨³µ¤¥°¸É¢¨Õ ¸µ¸ÉµÖ´¨° ¸µ ¸É·Ê±ÉÊ·µ° 2+,
nn512 ↑ 521 ↓, 87 % ¨²¨ 11 % ¨ 3+, nn512 ↑ 521 ↓, 100 %,   É ±¦¥ 2+,
pp411 ↑ 411 ↓, 8 % ¨ 3+, pp404 ↓ 411 ↓ [12].

‚ ¦´ Ö µ¸µ¡¥´´µ¸ÉÓ ¶µ²µ¸Ò 2+
2 ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ Ê·µ¢´¨ 2+, 1608,49 ±Ô‚

¨ 3+, 1700,64 ±Ô‚ · §¤¥²¥´Ò ¡µ²ÓÏ¨³ ¨´É¥·¢ ²µ³. ‡´ Î¥´¨¥ A(3 − 2) =
15, 36 ±Ô‚ ¡µ²ÓÏ¥ ¸µ¸¥¤´¨Ì §´ Î¥´¨°. �ÉµÉ ÔËË¥±É ¢Ò§¢ ´ ¢ÒÉ ²±¨¢ ´¨¥³
¢¢¥·Ì Ê·µ¢´¥° ¶µ²µ¸Ò 2+

2 ¸µ ¸Éµ·µ´Ò ¶µ²µ¸Ò 3+
2 . ‚ÒÉ ²±¨¢ ´¨¥ ´¥ µÉ´µ¸¨É¸Ö

± ¸µ¸ÉµÖ´¨Õ 2+, 1608,49 ±Ô‚. ‚Éµ· Ö µ¸µ¡¥´´µ¸ÉÓ ¸µ¸Éµ¨É ¢ ¢µ§· ¸É ´¨¨
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° A ¸ ·µ¸Éµ³ J ¢ ¶µ²µ¸¥ 3+

2 (É ¡². 3).

4. ‚‡�ˆŒ�„…‰‘’‚ˆ… Š��ˆ�‹ˆ‘� ‚ ��‹�‘�•
‘ �’�ˆ–�’…‹œ��‰ —…’��‘’œ�

Š ± Ê¦¥ ¡Ò²µ µÉ³¥Î¥´µ, µÎ¥´Ó Î ¸Éµ ¸ ³Ò³ ´¨§±¨³ ´¥·µÉ Í¨µ´´Ò³ ¸µ-
¸ÉµÖ´¨¥³ ¸ ¶µ²µ¦¨É¥²Ó´µ° Î¥É´µ¸ÉÓÕ Ö¢²Ö¥É¸Ö γ-¢¨¡· Í¨µ´´Ò° Ê·µ¢¥´Ó, ¨´µ-
£¤  Å β-¢¨¡· Í¨µ´´Ò° Ê·µ¢¥´Ó. ‚ · ³± Ì ¢¨¡· Í¨µ´´µ° ³µ¤¥²¨ ¤¥Ëµ·³¨-
·µ¢ ´´ÒÌ Ö¤¥· µ¦¨¤ ¥É¸Ö Î¥ÉÒ·¥ µ±ÉÊ¶µ²Ó´ÒÌ ¸µ¸ÉµÖ´¨Ö ¸ Kπ = 0−, 1−,
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2− ¨ 3− ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ Ê·µ¢´¨ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸. �·¨ ÔÉµ³ ¶µ²µ¸ 
¸ K = 0 ¨³¥¥É ¢ ¦´ÊÕ µ¸µ¡¥´´µ¸ÉÓ Å ¢ ´¥° µÉ¸ÊÉ¸É¢ÊÕÉ ¸µ¸ÉµÖ´¨Ö ¸ Î¥É-
´Ò³¨ ¸¶¨´ ³¨. �·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ Šµ·¨µ²¨¸  ¸ Ê·µ¢´Ö³¨ ¶µ²µ¸Ò ¸ K = 1
¢ ´¥° ´¥ ¢µ§´¨± ¥É ¢²¨Ö´¨Ö ´  Ê·µ¢´¨ ¸ Î¥É´Ò³¨ ¸¶¨´ ³¨, ¨ ÔÉµ ¤¥² ¥É ¡µ²¥¥
´ £²Ö¤´Ò³ ¢§ ¨³´µ¥ ¢²¨Ö´¨¥ ¶µ²µ¸ ¸ K = 0 ¨ 1.

�¨¸. 7. � ¸¶µ²µ¦¥´¨¥ ¶µ²µ¸ ¸ Kπ = 0− ¨ 1− ¢ 156Gd

� ¡²Õ¤ ¥É¸Ö · ¸É ²±¨¢ ´¨¥ Ê·µ¢´¥° ¸ µ¤¨´ ±µ¢Ò³¨ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨
J . ‚ ¶µ²µ¸ Ì ¸ K = 1 ÔÉµÉ ÔËË¥±É ¶·¨¢µ¤¨É ± ¸¤¢¨£Ê ¶µ²Ê¶µ²µ¸Ò ¸ ´¥Î¥É-

�¨¸. 8. ‡ ¢¨¸¨³µ¸ÉÓ µÉ J ¶ · ³¥É·µ¢
¨´¥·Í¨¨ A, A+ ¨ A− ¢ ¶µ²µ¸¥ ¸ Kπ =1−

¢ 156Gd

´Ò³¨ J ¢´¨§, ¥¸²¨ ¶µ²µ¸  ¸ K = 0
· ¸¶µ²µ¦¥´  ¢ÒÏ¥, ¨ ¢¢¥·Ì, ¥¸²¨ ¶µ-
²µ¸  ¸ K = 0 · ¸¶µ²µ¦¥´  ´¨¦¥.
‡¤¥¸Ó µ¶ÖÉÓ ¶·µÖ¢²Ö¥É¸Ö ÔËË¥±É ¸¨£-
´ ÉÊ·´µ£µ · ¸Ð¥¶²¥´¨Ö, ± ± ÔÉµ ¡Ò²µ
¢¨¤´µ ¤²Ö γ-¶µ²µ¸. ‚ ´¥±µÉµ·ÒÌ Ö¤-
· Ì µ´ ¶·¨¢µ¤¨É ¤ ¦¥ ± ¨´¢¥·¸¨¨
Ê·µ¢´¥°, ±µÉµ· Ö ¡Ò²  · ¸¸³µÉ·¥´ 
¢ [14]. Ÿ¢´Ò° ÔËË¥±É ´ ¡²Õ¤ ²¸Ö ¢
Ö¤· Ì 156Gd ¨ 170Yb. Œ¥´¥¥ µ¶·¥¤¥-
²¥´´Ò¥ ¤ ´´Ò¥ ¨³¥ÕÉ¸Ö ¤²Ö 154Gd ¨
154Sm, ¤²Ö ±µÉµ·ÒÌ ´¥ Ì¢ É ¥É ´ ¤¥¦-
´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

�±¸¶¥·¨³¥´É ¶µ± §Ò¢ ¥É, ÎÉµ £µ-
· §¤µ ·¥¦¥ ¤·Ê£¨Ì µ±ÉÊ¶µ²Ó´ÒÌ ¶µ²µ¸

¶µÖ¢²ÖÕÉ¸Ö ¶µ²µ¸Ò ¸ Kπ = 3−,   · ¸Î¥ÉÒ ¶µ ±¢ §¨Î ¸É¨Î´µ-¢¨¡· Í¨µ´´µ°
³µ¤¥²¨ [12] ¶µ± § ²¨, ÎÉµ Ê·µ¢´¨ ¶µ²µ¸ ¸ Kπ = 3− ¸² ¡µ ±µ²²¥±É¨¢¨§¨·µ-
¢ ´Ò. �µ ÔÉµ° ¶·¨Î¨´¥ ¨Ì Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö µ± §Ò¢ ¥É¸Ö ¡µ²ÓÏ¥°, Î¥³
Ô´¥·£¨Ö ¤·Ê£¨Ì µ±ÉÊ¶µ²Ó´ÒÌ ¸µ¸ÉµÖ´¨°.
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4.1. ‘³¥Ï¨¢ ´¨¥ ¶µ²µ¸ ¸ Kπ = 0− ¨ 1− ¢ 156Gd. Ÿ¤·µ³ ¸ ¸¨²Ó´Ò³
¸¨£´ ÉÊ·´Ò³ · ¸Ð¥¶²¥´¨¥³ ¨ ¸ ¨´¢¥·¸¨¥° Ê·µ¢´¥° ¢ ¶µ²µ¸¥ ¸ Kπ = 1− Ö¢²Ö-
¥É¸Ö 156Gd. ‚ ´¥³ ÔÉ  ¶µ²µ¸  ´ ¡²Õ¤ ² ¸Ó ¤µ ¸µ¸ÉµÖ´¨° ¸ Jπ = 21− [7, 14],
(·¨¸. 7, 8, É ¡². 4). ‚ ´¥¤ ¢´¥° · ¡µÉ¥ [15] ¶·µÖ¢¨²¨¸Ó ¢Ò¸µ±µ¸¶¨´µ¢Ò¥ ¸µ-
¸ÉµÖ´¨Ö, ±µÉµ·Ò¥ ¢µ§¡Ê¦¤ ²¨¸Ó ¢ ·¥ ±Í¨¨ 150Nd(13C, α3n) ¶ÊÎ±µ³ ¨µ´µ¢
13‘ ¸ E = 65 ŒÔ‚. �¥£¨¸É· Í¨Ö γ-±¢ ´Éµ¢ ¨ γγ-¸µ¢¶ ¤¥´¨° ¶·µ¢µ¤¨² ¸Ó

’ ¡²¨Í  4. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 156Gd, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É· ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 1−

1 Å 1242,50 ≡ 1242,50 ≡ 0 28
2 19,31 1319,74 1312 8 Å
3 Ä7,27 1276,11 ≡ 1276,11 ≡ 0 103
4 24,05 1468,51 1456 12 Å
5 Ä6,04 1408,13 1390 18 175
6 24,79 1705,61 1683 23 Å
7 Ä4,83 1637,96 1585 53 248
8 24,34 2027,42 1992 35 Å
9 Ä3,83 1958,46 1862 96 321
10 23,44 2427,24 2383 44 Å
11 Ä3,04 2360,37 2221 139 394
12 22,35 2896,8 2857 40 Å
13 Ä2,58 2829,6 2663 167 467
14 21,32 3427 3413 14 Å
15 Ä2,57 3350 3188 162 540
16 20,41 4003 4052 Ä49 Å
17 Ä2,62 3914 3794 120 614
18 19,11 4602 4772 Ä170 Å
19 Ä2,08 4523 4483 40 687
20 Å Å 5576 Å Å
21 Å 5182 5254 Ä72 760

�µ²µ¸  ¸ Kπ = 0−

1 Å 1366,5 ≡ 1366,5 ≡ 0 28
3 17,24 1538,9 ≡ 1538,9 ≡ 0 103
5 14,43 1798,7 1796,5 2,2 175
7 Å Å 2133 Å 248
9 Å Å 2561 Å 321

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2567, 8 ±Ô‚; Y = 68, 1 ±Ô‚;
A = 10, 30 ±Ô‚; b = 36, 6 ±Ô‚.
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´  Ê¸É ´µ¢±¥ GEMINI, ¢±²ÕÎ ÕÐ¥° 12 ¤¥É¥±Éµ·µ¢ ¨§ Î¨¸Éµ£µ £¥·³ ´¨Ö ¸
 ´É¨±µ³¶Éµ´µ¢¸±µ° § Ð¨Éµ°.

ˆ¸¶µ²Ó§µ¢ ´¨¥ ¸µ¢·¥³¥´´µ° É¥Ì´¨±¨ Ê¸±µ·¥´¨Ö ÉÖ¦¥²ÒÌ ¨µ´µ¢ 13‘ ¨,
£² ¢´Ò³ µ¡· §µ³, ¢Ò¸µ±µÔËË¥±É¨¢´µ° Ê¸É ´µ¢±¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éµ¢ ¸
±µ³¶ÓÕÉ¥·´Ò³  ´ ²¨§µ³ § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ³´µ£µ±· É´ÒÌ γγ-¸µ¢¶ ¤¥´¨°
¶µ§¢µ²¨²µ ¶·µ¤¢¨´ÊÉÓ¸Ö ± ´¥¨§¢¥¸É´Ò³ · ´¥¥ ¢Ò¸µ±µ¸¶¨´µ¢Ò³ ¸µ¸ÉµÖ´¨Ö³.
�µ¢Ò¥ ¤ ´´Ò¥ ¶µ²ÊÎ¥´Ò ´¥ Éµ²Ó±µ ¤²Ö ¶µ²µ¸ ¸ ¶µ²µ¦¨É¥²Ó´µ° Î¥É´µ¸ÉÓÕ,
¢±²ÕÎ Ö ¶µ²µ¸Ê µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö, ´µ ¨ ¤²Ö µ¡¥¨Ì Î ¸É¥° ¶µ²µ¸Ò ¸ Kπ =1.
„ ´´Ò¥ ¨§ · ¡µÉÒ [15] ¨¸¶µ²Ó§µ¢ ´Ò ¢ É ¡². 4.

‚ ¶µ²µ¸¥ ¸ Kπ = 0− ¨§¢¥¸É´Ò Ê·µ¢´¨ ¸ J = 1, 3 ¨ 5 (É ¡². 4). �É¨ ¤ ´´Ò¥
¶µ§¢µ²ÖÕÉ ¶·µ¢¥¸É¨ ¢ÒÎ¨¸²¥´¨Ö É¥µ·¥É¨Î¥¸±¨Ì §´ Î¥´¨° Ô´¥·£¨¨ Ê·µ¢´¥° ¶µ
Ëµ·³Ê²¥ (4) ¸ ÊÎ¥Éµ³ ¸³¥Ï¨¢ ´¨Ö ¶µ²µ¸ ¶µ Šµ·¨µ²¨¸Ê,  ´ ²µ£¨Î´µ ¶·µÍ¥-
¤Ê·¥, ¶·¨³¥´¥´´µ° ¢ÒÏ¥. ‡¤¥¸Ó ¨³¥ÕÉ ³¥¸Éµ É¥ ¦¥ ¤µ¶ÊÐ¥´¨Ö µ ¤¢ÊÌ¶µ²µ¸-
´µ³ ¸³¥Ï¨¢ ´¨¨ ¨ µ ¶µ¸ÉµÖ´¸É¢¥ ¨´¥·Í¨µ´´µ£µ ¶ · ³¥É·  A. � ¨¡µ²ÓÏ¥¥
· ¸Ìµ¦¤¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ É¥µ·¥É¨Î¥¸±¨Ì §´ Î¥´¨° Ô´¥·£¨¨ Ê·µ¢´¥°
¸ ´¥Î¥É´Ò³¨ J ´ ¡²Õ¤ eÉ¸Ö ¶·¨ J = 9−19. �·¨ ÔÉ¨Ì ¦¥ ´¥Î¥É´ÒÌ J µ± § -
²¨¸Ó ´ ¨¡µ²ÓÏ¨³¨ §´ Î¥´¨Ö A− (·¨¸. 8).

4.2. ‘³¥Ï¨¢ ´¨¥ ¶µ²µ¸ ¸ Kπ = 0− ¨ 1− ¢ 170Yb. ‘¨£´ ÉÊ·´µ¥ · ¸Ð¥¶²¥-
´¨¥ ¨ ¨´¢¥·¸¨Ö Ê·µ¢´¥°, µ¡´ ·Ê¦¥´´ÒÌ ¢ 156Gd, ¶·µÖ¢¨²¨¸Ó ¢ Ö¤·¥ 170Yb. Š
´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¢ ´¥³ ¨§¢¥¸É´  ¶µ²µ¸  ¸ £µ²µ¢´Ò³ Ê·µ¢´¥³ 1364,41 ±Ô‚,
1−, ¢ ±µÉµ·ÊÕ ¢Ìµ¤ÖÉ ¸µ¸ÉµÖ´¨Ö ¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨ ¤µ Ê·µ¢´Ö 4017,8 ±Ô‚ ¸
Jπ = 17− [7, 16Ä19] (·¨¸. 9, É ¡². 5). ‚ ÔÉµ° ¶µ²µ¸¥ ´¥ ¡Ò²µ µ¶·¥¤¥²¥´´µ¸É¨
¢ §´ Î¥´¨¨ ±¢ ´Éµ¢µ£µ Î¨¸²  K: 0 ¨²¨ 1.

‚ · ¡µÉ¥ 1998 £. [20] ¶µÖ¢¨² ¸Ó ¨´Ëµ·³ Í¨Ö µ ´µ¢µ° ¶µ²µ¸¥, ±µÉµ· Ö
¢±²ÕÎ ¥É Ê·µ¢´¨ ¸ Î¥É´Ò³¨ ³µ³¥´É ³¨ Jπ = 4−−16−. ‘ ³Ò° ´¨§±¨° ¨§

�¨¸. 9. � ¸¶µ²µ¦¥´¨¥ ¶µ²µ¸ ¸ Kπ = 0− ¨ 1− ¢ 170Yb
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’ ¡²¨Í  5. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 170Yb, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É· ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚
Eexp − Eth, ±Ô‚

∆, ±Ô‚
B = 0 B = −2, 7 Ô‚ B = +3, 7 Ô‚

�µ²µ¸  ¸ Kπ = 1−

1 Å 1364,41 ≡ 1364,41 ≡ 0 Ä0,01 26
2 15,17 1425,09 1431,4 Ä6,3 Ä6,3
3 Ä4,70 1396,91 ≡ 1396,91 ≡ 0 Ä0,5 97
4 22,05 1573,3 1576,8 Ä3,5 Ä2,6
5 Ä6,31 1510,4 1507,2 3,2 Ä0,3 174
6 23,63 1793,8 1805,6 Ä11,8 Ä7
7 Ä5,79 1712,7 1699,4 13 Ä1 252
8 24,03 2097,1 2117 Ä20 Ä6
9 Ä5,04 2005,3 1974,1 31 1 330
10 23,59 2478,1 2511 Ä33 Ä1
11 Ä4,06 2387,9 2331,6 56 Ä8 409
12 22,45 2927,5 2988,8 Ä61 4
13 Ä2,73 2855,4 2772,0 83 39 488
14 20,78 3438,1 3550 Ä112 6
15 Ä1,29 3401,3 3295,5 106 108 557
16 19,19 4013,7 4193 Ä180 19
17 0,11 4017,5 3902,0 115 231 646

�µ²µ¸  ¸ Kπ = 0−

1 Å 1512,35 ≡ 1512,35 ≡ 0 Å Å 26
3 17,53 1687,51 ≡ 1687,51 ≡ 0 Å Å 97
5 Å Å 1951 Å Å Å 174
7 Å Å 2299 Å Å Å 252

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2835, 2 ±Ô‚; Y = 96, 81 ±Ô‚; A = 10, 38 ±Ô‚;
b = 39, 51 ±Ô‚.

´ ¡²Õ¤ ¥³ÒÌ Ê·µ¢´¥° ¨³¥¥É Ô´¥·£¨Õ 1573,3 ±Ô‚ ¨ Jπ = 4−. ‡´ Î¥´¨¥ K ´¥
¡Ò²µ Ê¸É ´µ¢²¥´µ.

‚ [14] ¨ ¢ ¤ ´´µ° · ¡µÉ¥ ¶·µ¢¥¤¥´  ¨¤¥´É¨Ë¨± Í¨Ö ¶µ²µ¸Ò ¸ Kπ = 1−.
�¤´Ê ¥¥ ¢¥É¢Ó ¸µ¸É ¢²Ö¥É ¨§¢¥¸É´ Ö ¶µ²Ê¶µ²µ¸  ¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨ ¨ ¸¨£-
´ ÉÊ·µ° a = 1, ¤·Ê£ÊÕ Å Ê·µ¢´¨ ¸ Î¥É´Ò³¨ ¸¶¨´ ³¨ ¨ ¸ ¸¨£´ ÉÊ·µ° a = 0
(É ¡². 5). �¸´µ¢ ´¨Ö³¨ ¤²Ö ÔÉµ£µ § ±²ÕÎ¥´¨Ö ¸²Ê¦ É ´¥¸±µ²Ó±µ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ Ë ±Éµ¢.

1. ‚ ¸¶¥±É·¥ 170Yb ¨³¥¥É¸Ö ¸µ¸ÉµÖ´¨e 1425,09 ±Ô‚, 2−, ¨§¢¥¸É´µe ¨§
β-· ¸¶ ¤  170Lu [17, 18], ±µÉµ·µ¥ ¤µ¶µ²´Ö¥É ´ ¡²Õ¤ ¥³ÊÕ ¢ [20] ¢¥É¢Ó ¶µ²µ¸Ò
¸ Î¥É´Ò³¨ J .
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�¨¸. 10. ‡ ¢¨¸¨³µ¸ÉÓ µÉ J ¶ · ³¥É·µ¢ ¨´¥·-
Í¨¨ A, A+ ¨ A− ¢ ¶µ²µ¸¥ ¸ Kπ = 1−

¢ 170Yb

2. � ¡²Õ¤ ¥É¸Ö µ¡Ð¨° ¶² ¢-
´Ò° Ìµ¤ ¢ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨
¨´¥·Í¨µ´´ÒÌ ¶ · ³¥É·µ¢ A+, µ¶-
·¥¤¥²¥´´ÒÌ ¤²Ö ¸µ¸ÉµÖ´¨° ¸ Î¥É-
´Ò³¨ ¸¶¨´ ³¨. ˆ´¥·Í¨µ´´Ò¥ ¶ -
· ³¥É·Ò A− µÉ´µ¸ÖÉ¸Ö ± Ê·µ¢-
´Ö³ ¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨. ‡´ -
Î¥´¨Ö A+ ¨ A− ¢ÒÎ¨¸²¥´Ò ¤²Ö
± ¦¤µ° ¶ ·Ò Ê·µ¢´¥° ¶µ ·µÉ -
Í¨µ´´µ° Ëµ·³Ê²¥ ¨ ¶µ± § ´Ò ´ 
·¨¸. 10. ‡¤¥¸Ó ¢¨¤´µ, ÎÉµ ÉµÎ±  ¤²Ö
A+ (J = 4) · ¸¶µ²µ¦¥´  ¢ÒÏ¥, Î¥³
¸²¥¤Ê¥É ¤²Ö ¶² ¢´µ£µ Ìµ¤  § ¢¨¸¨-
³µ¸É¨ A+ µÉ J : A+(4)= 10, 59,
A+(6)= 10, 02 ±Ô‚. �É  µ¸µ¡¥´-

´µ¸ÉÓ ¨³¥¥É ¶·µ¸Éµ¥ µ¡ÑÖ¸´¥´¨¥, ¥¸²¨ ÊÎ¥¸ÉÓ · ¸É ²±¨¢ ´¨¥ Ê·µ¢´¥° ¶µ²µ¸
¸ K = 1 ¨ 3. ‚ ¶µ²µ¸¥ ¸ K = 3 ´¥É ¸µ¸ÉµÖ´¨Ö ¸ J = 2, ¨ µ´  ´¥ ¢²¨Ö¥É
´  ¶µ²µ¦¥´¨¥ ¸µ¸ÉµÖ´¨Ö ¸ JπK = 2−1. ‚ Éµ ¦¥ ¢·¥³Ö µ± § ²¨¸Ó ¡²¨§±µ
· ¸¶µ²µ¦¥´´Ò³¨ Ê·µ¢´¨ ¸ J = 4. ˆ§¢¥¸É´µ Ô±¸¶¥·¨³¥´É ²Ó´µ¥ §´ Î¥´¨¥
E(4−1) = 1573, 3 ±Ô‚. “·µ¢¥´Ó 4−3 ¶µ±  ´¥ µ¡´ ·Ê¦¥´ ¢ ¶µ²µ¸¥ ¸ K = 3,
  · ¸Î¥É´µ¥ §´ Î¥´¨¥ Ô´¥·£¨¨ E(4−3) = 1559(5) ±Ô‚. �´µ ¶µ²ÊÎ¥´µ ¶ÊÉ¥³
Ô±¸É· ¶µ²ÖÍ¨¨ §´ Î¥´¨° A ¢ ¶µ²µ¸¥ ¸ K = 3 [16]. � ¸É ²±¨¢ ´¨¥ ¤¢ÊÌ ¡²¨§-
±¨Ì Ê·µ¢´¥° ¸ J = 4 ¶·¨¢µ¤¨É ± ¶µ¤´ÖÉ¨Õ ¸µ¸ÉµÖ´¨Ö 4−1 ¨, ¸²¥¤µ¢ É¥²Ó´µ, ±
¶µ¢ÒÏ¥´¨Õ A+(4). �Í¥´±  ¶µ± §Ò¢ ¥É, ÎÉµ ¸¤¢¨£ ¸µ¸É ¢²Ö¥É µ±µ²µ 10 ±Ô‚.

3. ˆ³¥¥É ³¥¸Éµ  ´ ²µ£¨Ö ¢ ¶µ¢¥¤¥´¨¨ ¶µ²µ¸Ò ¸ Kπ = 1− ¢ · ¸¸³ É·¨¢ -
¥³µ³ Ö¤·¥ 170Yb ¨ Ìµ·µÏµ ¨§¢¥¸É´µ° ¶µ²µ¸Ò ¸ Kπ = 1− ¢ Ö¤·¥ 156Gd. �¡ 
Ö¤·  µ¡² ¤ ÕÉ Éµ° µ¸µ¡¥´´µ¸ÉÓÕ, ÎÉµ ¢ ÔÉ¨Ì ¶µ²µ¸ Ì ¨³¥¥É ³¥¸Éµ ¨´¢¥·¸¨Ö
Ê·µ¢´¥°, Éµ ¥¸ÉÓ ¸µ¸ÉµÖ´¨Ö 2− · ¸¶µ²µ¦¥´Ò ¢ÒÏ¥, Î¥³ 3−, 4− Å ¢ÒÏ¥, Î¥³
5−, ¨ É. ¤. (¸³. ·¨¸. 8 ¨ 10).

�¸µ¡¥´´µ¸É¨ ¶µ²µ¸ ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ ¢§ ¨³µ¤¥°¸É¢¨¥³ Šµ·¨µ²¨¸  ³¥¦¤Ê
¶µ²µ¸ ³¨ ¸ Kπ = 1− ¨ 0−. …¸²¨ ¢ 156Gd ¶µ²µ¸  ¸ Kπ = 0− Ìµ·µÏµ Ê¸É ´µ¢-
²¥´ , Éµ ¢ 170Yb ±  ´ ²µ£¨Î´µ° ¶µ²µ¸¥ µÉ´¥¸¥´ Éµ²Ó±µ Ê·µ¢¥´Ó 1512,35 ±Ô‚,
1−. Š ´¥³Ê ¤µ¡ ¢²¥´ ¶·¥¤²µ¦¥´´Ò° ¢ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ Ê·µ¢¥´Ó 1687,51 ±Ô‚,
3−0.

�µ²µ¸  ¸ Kπ = 0−. �¶·¥¤¥²¥´¨¥ ¶µ²µ¦¥´¨Ö Ê·µ¢´Ö 1687,51(31) ±Ô‚,
3−0. „²Ö ±µ··¥±É´ÒÌ ¢ÒÎ¨¸²¥´¨° ¸²¥¤Ê¥É §´ ÉÓ, ¶µ ±· °´¥° ³¥·¥, ¶µ²µ¦¥´¨¥
Ê·µ¢´Ö 3−0 ¢ ¶µ²µ¸¥ ¸ K = 0, ±µÉµ·µ¥ ¡Ò²µ ¤µ ¸¨Ì ¶µ· ´¥¨§¢¥¸É´µ. �¥·-
¢Ò³ Ï £µ³ ¢ ¢ÒÎ¨¸²¥´¨ÖÌ §´ Î¥´¨° Ô´¥·£¨¨ Ê·µ¢´¥° ¸ ÊÎ¥Éµ³ ±µ·¨µ²¨¸µ¢ 
¢§ ¨³µ¤¥°¸É¢¨Ö ¡Ò²µ ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ¶ · ³¥É· ¨´¥·Í¨¨ ¢ µ¡¥¨Ì ¶µ²µ¸ Ì
µ¤¨´ ±µ¢ ¨ ¥£µ §´ Î¥´¨¥ ¸µ¸É ¢²Ö¥É A = 10, 2 ±Ô‚, ± ± ÔÉµ ¶µ²ÊÎ¥´µ ¤²Ö ¶µ²Ê-
¶µ²µ¸Ò ¸ Î¥É´Ò³¨ ³µ³¥´É ³¨ ¢ ¶µ²µ¸¥ ¸ K = 1 (·¨¸. 10). � ¸Î¥É´Ò¥ §´ Î¥´¨Ö
Ô´¥·£¨¨ ¤²Ö ¸µ¸ÉµÖ´¨° ¸µ ¸¶¨´ ³¨ ¤µ 8 µ± § ²¨¸Ó ¡²¨§±¨³¨ ± Ô±¸¶¥·¨³¥´-
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É ²Ó´Ò³, ³ ±¸¨³ ²Ó´µ¥ · ¸Ìµ¦¤¥´¨¥ ¸µ¸É ¢¨²µ 19 ±Ô‚ ¤²Ö Ê·µ¢´Ö ¸ J = 7.
‡´ Î¥´¨¥ Ô´¥·£¨¨ Ê·µ¢´Ö 3−0 ¸µ¸É ¢¨²µ 1684 ±Ô‚. �´µ ¶µ¸²Ê¦¨²µ µ·¨¥´É¨-
·µ³ ¤²Ö ¶µ¨¸±µ¢ ÔÉµ£µ Ê·µ¢´Ö ¢ ¸¶¥±É·¥ ¸µ¸ÉµÖ´¨°, ±µÉµ·Ò¥ µ¡· §ÊÕÉ¸Ö ¶·¨
· ¸¶ ¤¥ 170Lu, Jπ = 0+ [18]. “± § ´¨¥³ ´  Ê·µ¢¥´Ó ¸ ¡²¨§±µ° Ô´¥·£¨¥° ¸²Ê-
¦¨É ´ ¡²Õ¤¥´¨¥ ¸µ¸ÉµÖ´¨Ö ¸ E = 1690 ±Ô‚ ¢ ·¥ ±Í¨¨ (d, t), ¥£µ ¸¥Î¥´¨¥ µÎ¥´Ó
³ ²µ, ¨ ´¥ ¸¤¥² ´µ ¢Ò¢µ¤  µ §´ Î¥´¨ÖÌ JπK . � ¸¶ ¤ Ê·µ¢´Ö 3−0 µ¦¨¤ ¥É¸Ö
γ-¶¥·¥Ìµ¤ ³¨ ´  Ê·µ¢´¨ 2+ ¨ 4+ ¶µ²µ¸Ò µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö,   § ¸¥²¥´¨¥
³µ¦¥É ¶·µ¨¸Ìµ¤¨ÉÓ γ-¶¥·¥Ìµ¤ ³¨ ¸ ¨§¢¥¸É´ÒÌ Ê·µ¢´¥° 1−, 2− ¨²¨ 2+, ´ °-
¤¥´´ÒÌ ¢ [18] ¨ ¶·µ¢¥·¥´´ÒÌ ¢ [20]. �´ ²¨§ ¸¶¥±É·  γ-¨§²ÊÎ¥´¨Ö 170Lu ¶µ-
± § ², ÎÉµ ÔÉ¨³ Ê¸²µ¢¨Ö³ Ê¤µ¢²¥É¢µ·Ö¥É Ê·µ¢¥´Ó ¸ Ô´¥·£¨¥° 1687,51(31) ±Ô‚.

‚ É ¡². 6 ¶·¨¢¥¤¥´  Ô´¥·£¨Ö ¤¢ÊÌ γ-¶¥·¥Ìµ¤µ¢ ¸ ÔÉµ£µ Ê·µ¢´Ö ¨ Î¥ÉÒ·¥Ì
γ-¶¥·¥Ìµ¤µ¢, ¥£µ § ¸¥²ÖÕÐ¨Ì,   É ±¦¥ ¨Ì µÉ´µ¸¨É¥²Ó´Ò¥ ¨´É¥´¸¨¢´µ¸É¨ ¢
Ï± ²¥ [18]. ˆ§ É ¡². 6 ¢¨¤´µ, ÎÉµ ¢µ§³µ¦´Ò¥ γ-¶¥·¥Ìµ¤Ò ¤ ÕÉ ¡²¨§±¨¥
§´ Î¥´¨Ö ¥£µ Ô´¥·£¨¨. �·¨ ÔÉµ³ ¸²¥¤Ê¥É ¨³¥ÉÓ ¢ ¢¨¤Ê, ÎÉµ Ô´¥·£¥É¨Î¥¸±¨¥
¸µ¢¶ ¤¥´¨Ö ¢ µÎ¥´Ó ¸²µ¦´µ³ ¸¶¥±É·¥ 170Lu ´¥ Ö¢²ÖÕÉ¸Ö ¡¥§Ê¸²µ¢´Ò³ ¤µ± -
§ É¥²Ó¸É¢µ³ Éµ£µ, ÎÉµ ¶¥·¥Ìµ¤Ò · ¸¶µ²µ¦¥´Ò ¨³¥´´µ ¢ ¤ ´´µ³ ³¥¸É¥ ¸Ì¥³Ò
¢µ§¡Ê¦¤¥´´ÒÌ Ê·µ¢´¥°. �Éµ ¡Ò²µ Ô±¸¶¥·¨³¥´É ²Ó´µ ¶µ± § ´µ ¢ [20] ³¥Éµ¤µ³
γγ-¸µ¢¶ ¤¥´¨° ¸ ¸Ê³³¨·µ¢ ´¨¥³  ³¶²¨ÉÊ¤ ¨³¶Ê²Ó¸µ¢. Š ¸µ¦ ²¥´¨Õ, ¢ µ¡-
§µ·¥ 1996 £. [17] ´¥ ÊÎÉ¥´Ò ¡µ²¥¥ · ´´¨¥ · ¡µÉÒ [18, 19],   ³Ò ¨¸¶µ²Ó§µ¢ ²¨
Ê¸·¥¤´¥´´Ò¥ ¢ µ¡§µ·¥ [18] §´ Î¥´¨Ö Ô´¥·£¨¨ ¨ ¨´É¥´¸¨¢´µ¸É¨ ¶¥·¥Ìµ¤µ¢.

“¸É ´µ¢²¥´¨¥ Ô´¥·£¨¨ Ê·µ¢´Ö ¶µ Ï¥¸É¨ γ-¶¥·¥Ìµ¤ ³ ¤ ¥É ¤µ¸É ÉµÎ´µ
¡µ²ÓÏÊÕ ¢¥·µÖÉ´µ¸ÉÓ ¥£µ ¤µ¸Éµ¢¥·´µ¸É¨, µ¸µ¡¥´´µ ¸ ÊÎ¥Éµ³ Éµ£µ, ÎÉµ µ´
¶·µÖ¢¨²¸Ö ¢ ·¥ ±Í¨¨ (d, t) ¢ µ¡² ¸É¨ Ô´¥·£¨¨, £¤¥ ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¥Ð¥ ´¥
µÎ¥´Ó ¢¥²¨± . ‚ ¶µ²Ó§Ê ¸ÊÐ¥¸É¢µ¢ ´¨Ö Ê·µ¢´Ö 1687,51 ±Ô‚ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É
¡ ² ´¸ ¨´É¥´¸¨¢´µ¸É¨ γ-¶¥·¥Ìµ¤µ¢. ˆ´É¥´¸¨¢´µ¸ÉÓ · §·Ö¤±¨ Ê·µ¢´Ö ¸µ¸É -
¢²Ö¥É 8,7 ¥¤., ¶µ [18], É ±µ¢  ¦¥ ¢ ¶·¥¤¥² Ì ¶µ£·¥Ï´µ¸É¨ ¨´É¥´¸¨¢´µ¸ÉÓ ¥£µ
§ ¸¥²¥´¨Ö: 7,4 ¥¤. „²Ö ¨§¢¥¸É´µ£µ É ±¦¥ ¨§ · ¸¶ ¤  170Lu, ´µ · ¸¶µ²µ¦¥´´µ£µ
´¥³´µ£µ ´¨¦¥ Ê·µ¢´Ö 1396,6 ±Ô‚, 3−1 ¨´É¥´¸¨¢´µ¸ÉÓ · §·Ö¤±¨ · ¢´  11 ¥¤.,

’ ¡²¨Í  6. “·µ¢´¨ ¨ γ-¶¥·¥Ìµ¤Ò ¨§ [18], µ¶·¥¤¥²ÖÕÐ¨¥ ¸µ¸ÉµÖ´¨¥ 1687,51(31) ±Ô‚,
3−0 ¢ 170Yb

Jπ
f Jπ

i Ef , Ei, Eγ , E(∆E), Ik, Iγ ,
±Ô‚ ±Ô‚ ±Ô‚ ±Ô‚ µÉ´. ¥¤. µÉ´. ¥¤.

2+0 3−0 84,3 Å 1603,8 1688,1(5) 0,33(10) ·. 5,9
4+0 3−0 277,4 Å 1410,4 1687,8(4) 0,40(20) 2,8(3)
3−0 1− Å 2939,56 1252,1 1687,5(4) 0,53(14) ·. 2,7
3−0 1− Å 3179,7 1492,1 1687,6(6) 0,5(3) ·. 3,5
3−0 1− Å 3195,30 1507,80 1687,50(20) < 0,3 1,00(15)
3−0 1− Å 3273,2 1585,8 1687,4(4) 0,16(10) 0,20(2)

�·¨³¥Î ´¨¥. ·. Å · ¸Î¥É´µ¥ §´ Î¥´¨¥; ¶·¨´ÖÉµ αK(E1; 1603, 53) = 5, 6 ·10−4;
¤²Ö ¶¥·¥Ìµ¤µ¢ 1− → 3−. ˆ¸¶µ²Ó§µ¢ ´Ò É¥µ·¥É¨Î¥¸±¨¥ §´ Î¥´¨Ö ±µÔËË¨Í¨¥´Éµ¢
±µ´¢¥·¸¨¨ αK(E2).
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¨´É¥´¸¨¢´µ¸ÉÓ ¥£µ § ¸¥²¥´¨Ö 9 ¥¤. �Ê¦´µ ¶µ³´¨ÉÓ, ÎÉµ Ê·µ¢´¨ ¸ J = 3 ´¥
³µ£ÊÉ ´¥¶µ¸·¥¤¸É¢¥´´µ § ¸¥²ÖÉÓ¸Ö ¢ β-· ¸¶ ¤¥ 170Lu, Jπ = 0+ ¨§-§  ¡µ²ÓÏµ°
· §´¨ÍÒ ¢ ¸¶¨´ Ì.

�¶·¥¤¥²¥´¨¥ ¶µ²µ¦¥´¨Ö Ê·µ¢´Ö 1494,7(2) ±Ô‚, 3−3. ‚ 170Yb ¨§¢¥¸É´ 
¶µ²µ¸  ¸ Kπ = 3−, ´µ ¢ ´¥° ¶µ±  ´¥ ¡Ò²¨ µ¡´ ·Ê¦¥´Ò Î²¥´Ò ¸ Jπ = 3−

¨ 4− [17]. “¸¶¥Ì ¢ µ¡´ ·Ê¦¥´¨¨ Ê·µ¢´Ö 3−0 ¤ ² ´ ¤¥¦¤Ê ´ °É¨ £µ²µ¢´µ°
Ê·µ¢¥´Ó ÔÉµ° ¶µ²µ¸Ò 3−3 ¢ · ¸¶ ¤¥ 170Lu [18, 19]. �·¥¤¶µ¸Ò²±µ° ¶µ¸²Ê¦¨²
· ¸Î¥É ¶µ²µ¦¥´¨Ö ÔÉµ£µ Ê·µ¢´Ö ¸ ÊÎ¥Éµ³ ¢§ ¨³µ¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ . ‚ ·¥§Ê²Ó-
É É¥ ¡Ò²  ¶µ²ÊÎ¥´  µÍ¥´±  E(3−3) = 1482 ±Ô‚. �µ¨¸±¨ · §·Ö¤±¨ ¨ § ¸¥²¥´¨Ö
Ê·µ¢´Ö γ-¶¥·¥Ìµ¤ ³¨ ¨§ ¸¶¥±É·  170Lu ¶·¨¢¥²¨ ± ·¥§Ê²ÓÉ ÉÊ, ¶µ± § ´´µ³Ê ¢
É ¡². 7. � °¤¥´µ ¤¢  ¶¥·¥Ìµ¤  · §·Ö¤±¨ ´  ¶µ²µ¸Ê µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¨
¢µ¸¥³Ó ¶¥·¥Ìµ¤µ¢, ±µÉµ·Ò¥ ³µ£ÊÉ § ¸¥²ÖÉÓ Ê·µ¢¥´Ó ¸ ¢ÒÏ¥²¥¦ Ð¨Ì ¸µ¸ÉµÖ-
´¨°. ‡´ Î¥´¨¥ Ô´¥·£¨¨ 1494,7(2) ±Ô‚ ¨§³¥´¨É¸Ö Éµ²Ó±µ ´¥§´ Î¨É¥²Ó´µ, ¥¸²¨
¨¸±²ÕÎ¨ÉÓ ´¥±µÉµ·Ò¥ ¨§ ¶¥·¥Ìµ¤µ¢, ±µÉµ·Ò¥ ³µ£ÊÉ · ¸¶µ² £ ÉÓ¸Ö ¢ ¤·Ê£¨Ì
³¥¸É Ì ¸Ì¥³Ò Ê·µ¢´¥°.

‚ ¶µ²Ó§Ê ¶· ¢¨²Ó´µ¸É¨ ¶µ²ÊÎ¥´´µ£µ ·¥§Ê²ÓÉ É  ¸¢¨¤¥É¥²Ó¸É¢Ê¥É ¡ ² ´¸
¨´É¥´¸¨¢´µ¸É¨ ÊÌµ¤ÖÐ¨Ì, 6,8 ¥¤., ¨ ¶·¨Ìµ¤ÖÐ¨Ì, 9,6 ¥¤., ¶¥·¥Ìµ¤µ¢,   É ±¦¥
É  ¦¥ ¢¥²¨Î¨´  § ¸¥²¥´¨Ö Ê·µ¢´Ö, ± ± ¨ ¤²Ö µÉ³¥Î¥´´ÒÌ ¢ÒÏ¥ ¸µ¸ÉµÖ´¨°
3−1 ¨ 3−0. �É³¥É¨³, ÎÉµ ¢ É ¡². 7 ¢µÏ²µ ´¥¸±µ²Ó±µ · ´¥¥ ´¥ · §³¥Ð¥´´ÒÌ
¶¥·¥Ìµ¤µ¢.

�µ²ÊÎ¥´´Ò° ·¥§Ê²ÓÉ É ¶µ§¢µ²Ö¥É ¸¤¥² ÉÓ ¤¢  ¢Ò¢µ¤ .
1. Œ¥Éµ¤ ÊÎ¥É  ¢§ ¨³µ¤¥°¸É¢¨Ö Šµ·¨µ²¨¸  ¨³¥¥É ¶·¥¤¸± § É¥²Ó´ÊÕ ¸¨²Ê.
2. ‡´ ´¨¥ ¶µ²µ¦¥´¨Ö ´¥¨§¢¥¸É´ÒÌ ¤µ ¸¨Ì ¶µ· Ê·µ¢´¥° ¶µ§¢µ²Ö¥É ²¨¡µ

¸¤¥² ÉÓ § ±²ÕÎ¥´¨¥ µ ¸É·Ê±ÉÊ·¥ Ê·µ¢´¥° Ö¤· , ²¨¡µ ¶µ¤É¢¥·¤¨ÉÓ ¨²¨ µÉ¢¥·£-
´ÊÉÓ ¸¤¥² ´´Ò¥ ¢Ò¢µ¤Ò. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ¶µ¤É¢¥·¦¤¥´µ § ±²ÕÎ¥´¨¥ µ ¢§ ¨-
³µ¤¥°¸É¢¨¨ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸. Š ¸µ¦ ²¥´¨Õ, ¢ ·¥§Ê²ÓÉ É¥ · ¸¶ ¤  170Lu,

’ ¡²¨Í  7. “·µ¢´¨ ¨ γ-¶¥·¥Ìµ¤Ò ¨§ [18], µ¶·¥¤¥²ÖÕÐ¨¥ ¸µ¸ÉµÖ´¨¥ 1494,7(2) ±Ô‚,
3−3 ¢ 170Yb

Jπ
f Jπ

i Ef , Ei, Eγ , E(∆E), Ik, Iγ ,
±Ô‚ ±Ô‚ ±Ô‚ ±Ô‚ µÉ´. ¥¤. µÉ´. ¥¤.

2+0 3−3 84,3 Å 1410,4 1494,7(4) 0,40(20) 2,8(3)
4+0 3−3 277,4 Å 1217,30 1494,7(2) 1,3(3) < 4,50(15)
3−3 Å Å 2939,56 1445,1 1494,5(3) < 0,3 0,80(4)
3−3 Å Å 3013,7 1445,1 1494,9(15) 0,13(7) 1,30(5)
3−3 Å Å 3055,4 1560,2 1495,2(5) < 0,15 0,28(3)
3−3 Å Å 3113,9 1619,6 1494,3(11) 0,27(7) 2,0(1)
3−3 Å Å 3140,46 1645,5 1495,0(3) 0,14(5) 0,43(2)
3−3 Å Å 3180,3 1685,6 1494,7(3) 0,19(5) 1,30(15)
3−3 Å Å 3195,30 1700,76 1494,54(30) 0,36(5) 3,00(10)
3−3 Å Å 3273,2 1778,8 1494,4(4) 0,08(3) 0,54(5)
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Jπ = 0+ ´¥ ´ °¤¥´µ § ¸¥²¥´¨Ö ´¨ µ¤´µ£µ Ê·µ¢´Ö 4−, ¢±²ÕÎ Ö ¨ Î²¥´ ¶µ²µ¸Ò
¸ Kπ = 3−.

� ¸Î¥É ¶µ Šµ·¨µ²¨¸Ê. “¸É ´µ¢¨¢ ¶µ²µ¦¥´¨¥ Ê·µ¢´Ö 3−0, ³Ò µ¶·¥¤¥²¨²¨
· ¸Î¥É´Ò¥ §´ Î¥´¨Ö Ô´¥·£¨¨ Ê·µ¢´¥° Eth ¸ ÊÎ¥Éµ³ ¢§ ¨³µ¤¥°¸É¢¨Ö Šµ·¨µ-
²¨¸  Ê·µ¢´¥° ¶µ²µ¸ ¸ Kπ = 0− ¨ 1− (É ¡². 5). �É³¥É¨³ µ£· ´¨Î¥´¨Ö ³µ-
¤¥²¨: · ¸Î¥ÉÒ ¶·µ¢¥¤¥´Ò ¢ ¶·¥¤¶µ²µ¦¥´¨¨ ¢§ ¨³´µ£µ ¢²¨Ö´¨Ö Éµ²Ó±µ ¤¢ÊÌ
¶µ²µ¸; ¶ · ³¥É· ¨´¥·Í¨¨ A ¶·¨´ÖÉ µ¤¨´ ±µ¢Ò³ ¤²Ö µ¡¥¨Ì ¶µ²µ¸ ¨ ¤²Ö ¢¸¥Ì
Ê·µ¢´¥° ¶µ²µ¸Ò. ‚Éµ·µ¥ ¤µ¶ÊÐ¥´¨¥ ¶·µÉ¨¢µ·¥Î¨É ¨§¢¥¸É´µ³Ê ¸¢µ°¸É¢Ê, ¶µ
±µÉµ·µ³Ê ³µ³¥´É ¨´¥·Í¨¨ ¸µ¸ÉµÖ´¨° ¶µ²µ¸ Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ·µ¸Éµ³ ¸¶¨´ 
¢¶²µÉÓ ¤µ É¢¥·¤µÉ¥²Ó´ÒÌ §´ Î¥´¨° [1]. �µ-¢¨¤¨³µ³Ê, ¸ ÔÉ¨³ ¸¢Ö§ ´µ ¢µ§-
· ¸É ´¨¥ · §´µ¸É¥° Eexp − Eth ¸ ·µ¸Éµ³ ¸¶¨´  ¤²Ö ¸µ¸ÉµÖ´¨° ¸ Î¥É´Ò³¨
¸¶¨´ ³¨, £¤¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ´¥ ÊÎÉ¥´µ,   ¢ÒÎ¨¸²¥´¨Ö ¶·µ¢¥¤¥´Ò ¶µ Ëµ·³Ê²¥
Eth = E0 + AJ(J + 1) c ¶µ¸ÉµÖ´´Ò³ §´ Î¥´¨¥³ A, ±µÉµ·µ¥ ·¥ ²Ó´µ ¤µ²¦´µ
Ê³¥´ÓÏ ÉÓ¸Ö, ¶·¨¢µ¤Ö ± Ê³¥´ÓÏ¥´¨Õ Eth, ÎÉµ ¨ ¶·µ¨¸Ìµ¤¨É, ± ± ¢¨¤´µ ¨§
É ¡². 5. ‚µ§· ¸É ´¨¥ · §´µ¸É¥° Eexp −Eth ¤²Ö Ê·µ¢´¥° ¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨
³µ¦´µ ¶µ´ÖÉÓ É ±¨³ µ¡· §µ³, ÎÉµ ¢§ ¨³µ¤¥°¸É¢¨¥ ´  ¸ ³µ³ ¤¥²¥ ¸² ¡¥¥, Î¥³
¶·¥¤¸± §Ò¢ ¥É ³µ¤¥²Ó Šµ·¨µ²¨¸  ¤²Ö Ê·µ¢´¥° ¸ ¡µ²ÓÏ¨³ ¸¶¨´µ³. ‘²¥¤Ê¥É
¨³¥ÉÓ ¢ ¢¨¤Ê, ÎÉµ ¶µ²µ¸  ¸ K = 1 · ¸¶µ²µ¦¥´  ´¨¦¥, Î¥³ ¶µ²µ¸  ¸ K = 0, ¨
´Ê¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ Ëµ·³Ê²Ê ¸µ §´ ±µ³ ®Ä¯ ¶¥·¥¤ ±µ·´¥³. �²ÓÉ¥·´ É¨¢´Ò³
µ¡ÑÖ¸´¥´¨¥³ ´ ¡²Õ¤ ¥³µ£µ ÔËË¥±É  ³µ¦¥É ¡ÒÉÓ ¢²¨Ö´¨¥ ¤·Ê£¨Ì ¶µ²µ¸.

‡´ Î¥´¨¥ ∆, ¶·¨¢¥¤¥´´µ¥ ¢ ¶µ¸²¥¤´¥³ ¸Éµ²¡Í¥ É ¡². 5, Ê± §Ò¢ ¥É ´ 
¢±² ¤, ±µÉµ·Ò° ¢´µ¸¨É ¢ Ô´¥·£¨Õ Ê·µ¢´¥° ¶µ²µ¸Ò ¸ K = 1 ¢§ ¨³µ¤¥°¸É¢¨¥ ¸
¶µ²µ¸µ° ¸ K = 0 ¨ ´ µ¡µ·µÉ. �´ µ¶·¥¤¥²Ö¥É¸Ö ± ± · §´µ¸ÉÓ Ô´¥·£¨¨ Ê·µ¢-
´¥°, ¢ÒÎ¨¸²¥´´µ° ¸ b = 0, ¨ Ô´¥·£¨¨ Ê·µ¢´¥°, ¢ÒÎ¨¸²¥´´µ° ¸ µ¶·¥¤¥²¥´´Ò³
¢ ·¥§Ê²ÓÉ É¥ · ¸Î¥Éµ¢ §´ Î¥´¨¥³ b. „²Ö 170Yb µ± § ²µ¸Ó, ÎÉµ b = 39, 51 ±Ô‚
(É ¡². 5). ’ ±¨³ ¦¥ µ¡· §µ³ µ¶·¥¤¥²¥´Ò §´ Î¥´¨Ö ∆ ¤²Ö 156Gd (É ¡². 4),
170Er (É ¡². 19) ¨ ¤²Ö ¤·Ê£¨Ì ´Ê±²¨¤µ¢. ‚±² ¤ ∆ µÉ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ²µ¸ ¤²Ö
Ê·µ¢´Ö ¸ J = 13 ¢ 170Yb ¸µ¸É ¢²Ö¥É 488 ±Ô‚ ¨ µ± §Ò¢ ¥É¸Ö ¢ 5 · § ¡µ²ÓÏ¥,
Î¥³ · ¸Ìµ¦¤¥´¨¥ Eexp − Eth = 83 ±Ô‚ (É ¡². 5). ’ ±µ¢  ¦¥ ¸¨ÉÊ Í¨Ö ¤²Ö
Ê·µ¢´¥° ¸ J = 15 ¨ 17. ˆ§ ÔÉµ£µ ¸µ¶µ¸É ¢²¥´¨Ö ¸²¥¤Ê¥É, ÎÉµ ¢§ ¨³µ¤¥°¸É¢¨¥
Šµ·¨µ²¨¸  ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± Ê¤µ¢²¥É¢µ·¨É¥²Ó´ÊÕ ¢ ¶µ²ÊÎ¥´´ÒÌ ¶·¥-
¤¥² Ì ³µ¤¥²Ó ¤²Ö ¸µ¸ÉµÖ´¨° ¸ ´¥ µÎ¥´Ó ¡µ²ÓÏ¨³¨ ¸¶¨´ ³¨ ¤µ J ≈ 10� ¢
¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤· Ì.

“ÉµÎ´¥´¨¥ · ¸Î¥É . „²Ö ¶µ²ÊÎ¥´¨Ö ²ÊÎÏ¥£µ ¸µ£² ¸¨Ö ·¥§Ê²ÓÉ Éµ¢ · ¸Î¥É 
¸ µ¶ÒÉµ³ ¨, ¢ ± ±µ°-Éµ ¸É¥¶¥´¨, ¤²Ö ÊÎ¥É  Ê³¥´ÓÏ¥´¨Ö ¶ ·´ÒÌ ¸¨² ¸ ·µ¸Éµ³
J ¢ ·µÉ Í¨µ´´ÊÕ Ëµ·³Ê²Ê ¤µ¡ ¢²ÖÕÉ ´ ·Ö¤Ê ¸ Î²¥´µ³ AJ(J + 1) ¸² £ ¥³µ¥
BJ2(J + 1)2. �·¨ ÔÉµ³ µ¡ÒÎ´µ¥ §´ Î¥´¨¥ B ¢ 102−103 · § ³¥´ÓÏ¥, Î¥³
A, ¨ B ¨³¥¥É µÉ·¨Í É¥²Ó´Ò° §´ ±. �µ Ê¸²µ¦´¥´´µ° É ±¨³ É· ¤¨Í¨µ´´Ò³
µ¡· §µ³ Ëµ·³Ê²¥ ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò §´ Î¥´¨Ö Ô´¥·£¨¨ Ê·µ¢´¥° Eth ¸ Î¥É´Ò³¨
J , ¨ ¢ É ¡². 5 ¶·¨¢¥¤¥´Ò · §´µ¸É¨ Eexp − Eth. ‡´ Î¥´¨¥ ´µ¢µ£µ ¶ · ³¥É· 
B = −2, 7 Ô‚ ¶µ²ÊÎ¥´µ ± ± ¸·¥¤´¥¥ §´ Î¥´¨¥ ¶µ Ê·µ¢´Ö³ ¸ J = 10−16. “¤¨-
¢¨É¥²Ó´µ Ìµ·µÏ¥¥ ¸µ£² ¸¨¥ ¸ µ¶ÒÉµ³ ¢ ¶·¥¤¥² Ì µÉ −6 ¤µ +6 ±Ô‚ ¶µ²ÊÎ¥´µ
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¤²Ö ¢¸¥Ì Ê·µ¢´¥°, ±·µ³¥ ¶µ¸²¥¤´¥£µ, ¸ J = 16. �¥±µÉµ·µ¥ ¢Ò¶ ¤¥´¨¥ Ê·µ¢´Ö
¸ J = 2 ¡Ò²µ µ¡ÑÖ¸´¥´µ ¢ÒÏ¥, ¢ ¶. 4.2, ± ± ·¥§Ê²ÓÉ É ¢²¨Ö´¨Ö ¶µ²µ¸Ò ¸ K = 3.
�Ê¦´µ µÉ³¥É¨ÉÓ, ÎÉµ §¤¥¸Ó ¨¸¶µ²Ó§µ¢ ´ Éµ²Ó±µ µ¤¨´ ¸¢µ¡µ¤´Ò° ¶ · ³¥É· B,
µ¸É ²Ó´Ò¥ Î¥ÉÒ·¥ µ¶·¥¤¥²¥´Ò ¶µ Ê·µ¢´Ö³ ¸ ´¥Î¥É´Ò³¨ ³µ³¥´É ³¨ J .

�´ ²µ£¨Î´ Ö ¶·µÍ¥¤Ê·  ¡Ò²  ¶·¨³¥´¥´  ± ¶µ²Ê¶µ²µ¸¥ ¸ ´¥Î¥É´Ò³¨ ¸¶¨-
´ ³¨ ¨ ¸¨£´ ÉÊ·µ° a = 0. �µ Ê·µ¢´Ö³ ¸ J = 5−11 ¡Ò² µ¶·¥¤¥²¥´ ¶ · ³¥É·
B = +3, 7 Ô‚. �´ o± § ²¸Ö ¶µ²µ¦¨É¥²Ó´Ò³, ¨ ¶µ²ÊÎ¥´µ ¢¥²¨±µ²¥¶´µ¥ ¸µ-
£² ¸¨¥ ÔÉµ£µ ¶ · ³¥É·  ¸ µ¶ÒÉµ³ ¤²Ö ¸µ¸ÉµÖ´¨° ¸ J = 1−11 (¸³. É ¡². 5).
�¤´ ±µ ¶µ²µ¦¨É¥²Ó´Ò° §´ ± ¶ · ³¥É·  B ¶·µÉ¨¢µ·¥Î¨É ¶·¥¤¸É ¢²¥´¨Ö³ µ¡
Ê³¥´ÓÏ¥´¨¨ ¶ ·´ÒÌ ±µ··¥²ÖÍ¨° ¨ ·¥§Ê²ÓÉ É ³ ¶µ ¶µ²Ê¶µ²µ¸¥ ¸ Î¥É´Ò³¨ ¸¶¨-
´ ³¨. Š ± Ê¦¥ µÉ³¥Î ²µ¸Ó ¢ÒÏ¥, ¶µ ± ±¨³-Éµ ¶·¨Î¨´ ³ § ¢ÒÏ¥´µ ¢²¨Ö´¨¥
¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ²µ¸, ¨ ¶µ²µ¦¨É¥²Ó´Ò° §´ ± B Ö¢²Ö¥É¸Ö ¤µ¶µ²´¨É¥²Ó´Ò³
Éµ³Ê ¶µ¤É¢¥·¦¤¥´¨¥³.

„²Ö ¤·Ê£¨Ì Ö¤¥· ´ ¡²Õ¤ ¥É¸Ö ¡µ²¥¥ ¸²µ¦´ Ö ± ·É¨´ . � ¶·¨³¥·, ¤²Ö
156Gd ¨ 170Er ´¥ Ê¤ ¥É¸Ö ¸¤¥² ÉÓ É ±¨Ì Î¥É±¨Ì ¢Ò¢µ¤µ¢ µ ¢²¨Ö´¨¨ ¶µ¶· -
¢µÎ´µ£µ ¸² £ ¥³µ£µ, ± ± ¤²Ö 170Yb.

’ ¡²¨Í  8. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 154Gd, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É·Ò ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ A−, ±Ô‚ A+, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 0−

1 Å Å Å 1241,27 ≡ 1241,27 ≡ 0 38
3 Å 1,04 Å 1251,63 ≡ 1251,63 ≡ 0 134
5 Å 8,47 Å 1404,1 1343,17 60,93 234
7 Å 10,39 Å 1674,1 1519,06 155,04 335
9 Å 10,78 Å 2040,5 1779,86 260,64 437
11 Å 10,52 Å 2482,3 2125,68 356,62 538
13 Å 9,98 Å 2981,3 2556,61 424,69 640
15 Å 9,27 Å 3519,1 3072,69 446,41 741
17 Å 8,83 Å 4102,0 3673,93 428,07 843
19 Å 8,56 Å 4735,5 4360,35 375,15 945
21 Å 8,30 Å 5415,8 5131,94 283,86 1046
23 Å 8,00 Å 6136,2 5988,73 147,47 1148
25 Å 7,62 Å 6883,3 6930,70 Ä47,4 1250

�µ²µ¸  ¸ Kπ = 1−

1 Å Å Å 1414,42 ≡ 1414,42 ≡ 0 38
2 Ä4,23 Å Å 1397,52 1418,56 Ä21,04 Å
3 36,6 20,27 Å 1617,12 ≡ 1617,12 ≡ 0 134
4 Ä7,14 Å 11,61 1559,99 1567,66 Ä7,67 Å
5 Å Å Å Å 1908,90 Å 234

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2613, 08 ±Ô‚; Y = 96, 23 ±Ô‚; A = 10, 65 ±Ô‚;
b = 50, 89 ±Ô‚.
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4.3. �µ²µ¸Ò ¸ Kπ = 0− ¨ 1− ¢ 154Gd. ’·¥ÉÓ¨³ Ö¤·µ³, ¢ ±µÉµ·µ³ ´ ¡²Õ¤ -
² ¸Ó ¨´¢¥·¸¨Ö Ê·µ¢´¥° ¸ Î¥É´Ò³¨ ¨ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨ ¢ ¶µ²µ¸¥ ¸ Kπ = 1−,
Ö¢²Ö¥É¸Ö 154Gd. �¸µ¡¥´´µ¸ÉÓÕ ÔÉµ£µ Ö¤·  µ± § ²µ¸Ó µÎ¥´Ó ¡²¨§±µ¥ Å 10 ±Ô‚
¢³¥¸Éµ µ¦¨¤ ¥³ÒÌ 100 ±Ô‚ Å · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê Ê·µ¢´Ö³¨ ¸ J = 1 ¨ 3
¢ ¶µ²µ¸¥ ¸ K = 0 (É ¡². 8). ‚ ·¥§Ê²ÓÉ É¥ ¶·µ¢¥¤¥´´µ£µ · ¸Î¥É  µ± § ²µ¸Ó
¸· ¢´¨É¥²Ó´µ ¡µ²ÓÏ¨³ §´ Î¥´¨¥ ¶ · ³¥É·  ¸³¥Ï¨¢ ´¨Ö b = 50, 89 ±Ô‚ ¨ §´ -
Î¨É¥²Ó´µ ÌÊ¤Ï¨³ ¸µ£² ¸¨¥ · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨
Ê·µ¢´¥°.

4.4. �µ²µ¸Ò ¸ Kπ = 0− ¨ 1− ¢ 162Er. �É³¥Î¥´´ Ö µ¸µ¡¥´´µ¸ÉÓ 154Gd ¢
¥Ð¥ ¡µ²ÓÏ¥° ¸É¥¶¥´¨ µÉ´µ¸¨É¸Ö ± 162Er (É ¡². 9). ‚ ¶µ²µ¸¥ ¸ Kπ = 0− Ê·µ¢´¨
1− ¨ 3− · ¸¶µ²µ¦¥´Ò ´  · ¸¸ÉµÖ´¨¨ 4,6 ±Ô‚, ´µ ¢ ¶µ²µ¸¥ ¸ Kπ = 1− ´¥ ´ -
¡²Õ¤ ¥É¸Ö ¨´¢¥·¸¨¨ Ê·µ¢´¥°. ‚ µÉ²¨Î¨¥ µÉ 154Gd ¢ ÔÉµ³ Ö¤·¥  ´µ³ ²Ó´µ¥
§´ Î¥´¨¥ ¶µ²ÊÎ¨²µ¸Ó ´¥ ¤²Ö ¶ · ³¥É·  ¢§ ¨³µ¤¥°¸É¢¨Ö,   ¤²Ö ¨´¥·Í¨µ´´µ£µ
¶ · ³¥É· : A = 6, 07 ±Ô‚ ¢³¥¸Éµ µ¦¨¤ ¥³ÒÌ 10Ä11 ±Ô‚. Š ± ¨ ¢ 154Gd, µ± -
§ ²µ¸Ó ¡µ²ÓÏ¨³ · ¸Ìµ¦¤¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ¢ÒÎ¨¸²¥´´ÒÌ §´ Î¥´¨°
Ô´¥·£¨¨ Ê·µ¢´¥°.

�Ò²  ¶·µ¢¥¤¥´  · ¡µÉ  ¤²Ö ¢ÒÖ¸´¥´¨Ö ¶·¨Î¨´  ´µ³ ²¨¨. ‚ 154Gd ¨ 162Er
³µ¦´µ µ¸É ¢¨ÉÓ ¡¥§ ¢´¨³ ´¨Ö Ê·µ¢´¨ 1−1 ¨ 1−0 ¨ ¢§ÖÉÓ ¢ ± Î¥¸É¢¥ ·¥¶¥·µ¢
¤¢¥ ¶ ·Ò: 3−0 + 3−1 ¨ 5−0 + 5−1. �É  ¶µ¶ÒÉ±  ´ Éµ²±´Ê² ¸Ó ´  É·Ê¤´µ-
¸É¨. ‚ 154Gd ´¥ ¨§¢¥¸É¥´ Ê·µ¢¥´Ó 5−1 (É ¡². 8), ÌµÉÖ µ´ ³µ£ ¡Ò § ¸¥²ÖÉÓ¸Ö ¢
β-· ¸¶ ¤¥ ¢Ò¸µ±µ¸¶¨´µ¢µ£µ ¨§µ³¥·  154Tb. ‚ 162Er (É ¡². 9) ¢ ¶µ²µ¸¥ ¸ K = 1

’ ¡²¨Í  9. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 162Er, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É·Ò ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ A−, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 0−

1 Å Å 1352,17 ≡ 1352,17 ≡ 0 17,24
3 Å 0,46 1356,77 ≡ 1356,77 ≡ 0 73,38
5 Å 6,24 1469,12 1401,74 67,38 137,64
7 Å 8,20 1682,25 1493,04 189,21 204,15
9 Å 8,93 1985,98 1632,00 353,98 271,57
11 Å 9,10 2368,19 1819,08 549,11 339,43
13 Å 8,99 2817,75 2054,47 763,28 407,54

�µ²µ¸  ¸ Kπ = 1−

1 Ä Å 1506,36 ≡ 1506,36 ≡ 0 17,24
2 16,82 Å 1572,83 1513,39 59,44 Å
3 8,40 11,69 1623,23 ≡ 1623,23 ≡ 0 73,38
4 Å Å Å 1598,44 Å Å
5 Å 5,91 1729,63 1796,71 Ä67,08 137,64

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2834, 24 ±Ô‚; Y = 119, 70 ±Ô‚;
A = 6, 07 ±Ô‚; b = 34, 36 ±Ô‚.
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¸É· ´´µ¥ ¶µ²µ¦¥´¨¥ ¨³¥¥É Ê·µ¢¥´Ó 5−1. „²Ö ´¥£µ ´¥µ¡ÒÎ´µ ³ ²µ §´ Î¥´¨¥
¨´¥·Í¨µ´´µ£µ ¶ · ³¥É·  A−(5 → 3) = 5, 91 ±Ô‚ ¢³¥¸Éµ µ¦¨¤ ¥³µ£µ §´ Î¥´¨Ö
10Ä11 ±Ô‚. ’ ±¨³ µ¡· §µ³, ¶·¥¦¤¥ ¢¸¥£µ ³Ò ¸É ¢¨³ ¶µ¤ ¸µ³´¥´¨¥ ¶· ¢¨²Ó-
´µ¸ÉÓ ¨¤¥´É¨Ë¨± Í¨¨ Ê·µ¢´Ö 5−1. �µ ¶·¨ ÔÉµ° ¨¤¥´É¨Ë¨± Í¨¨ (É ¡². 9)
¶µ²ÊÎ¨²¸Ö Ê¤¨¢¨É¥²Ó´Ò° ·¥§Ê²ÓÉ É · ¸Î¥É  ¶ · ³¥É·µ¢. �·¨´Ö¢ §  ·¥¶¥·´Ò¥
Ê·µ¢´¨ 3− ¨ 5− µ¡¥¨Ì ¶µ²µ¸ (¢ É ¡². 9 ¶·¨´ÖÉÒ 1− ¨ 3−), ³Ò ¶µ²ÊÎ¨²¨ ÉµÎ´µ
É ±¨¥ ¦¥ ¶ · ³¥É·Ò A = 6, 076 ±Ô‚, X = 2834, 2 ±Ô‚, ÎÉµ ¨ ¢ É ¡². 9. �¤´ ±µ
´¥ Ê¤ ²µ¸Ó ¢ÒÎ¨¸²¨ÉÓ ¶ · ³¥É·Ò Y ¨ b, É ± ± ± Ê· ¢´¥´¨Ö µ± § ²¨¸Ó ´¥¸µ¢³¥-
¸É¨³Ò³¨ ¤²Ö ¤¥°¸É¢¨É¥²Ó´ÒÌ §´ Î¥´¨° Y ¨ b, É. ¥. Y 2 < 0, b2 < 0. ‚ ¤·Ê£¨Ì
Ö¤· Ì ´¥¸µ¢³¥¸É¨³µ¸ÉÓ Ê· ¢´¥´¨° ¸¢Ö§Ò¢ ² ¸Ó ¸ ¢²¨Ö´¨¥³ ¸µ¸¥¤´¨Ì ¶µ²µ¸.

�¥§Ê²ÓÉ ÉÒ ¶·µ¢¥¤¥´´µ£µ  ´ ²¨§  ¶µ± §Ò¢ ÕÉ, ÎÉµ, ´¥¸³µÉ·Ö ´  Ê¸¶¥Ì¨
É¥Ì´¨±¨ Ô±¸¶¥·¨³¥´É , ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö Ö¢´µ ´¥¤µ¸É ÉµÎ´Ò ¸¢¥¤¥´¨Ö µ ¢µ§-
¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ ¸µ ¸· ¢´¨É¥²Ó´µ ´¥¡µ²ÓÏµ° Ô´¥·£¨¥° (¤µ 1,5Ä2,0 ŒÔ‚),
±µÉµ·Ò¥ ¨§ÊÎ ²¨¸Ó ¢µ ³´µ£¨Ì ¤¥¸ÖÉ± Ì · ¡µÉ. ‚µ§³µ¦´µ° ¶·¨Î¨´µ° ¸¤¥² ´-
´ÒÌ ¢Ò¢µ¤µ¢ ³µ£ÊÉ ¸²Ê¦¨ÉÓ ´¥ÉµÎ´µ¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

�·¨Î¨´  ´ ¡²Õ¤ ¥³µ£µ ÔËË¥±É  ¢ ÔÉ¨Ì ¤¢ÊÌ Ö¤· Ì ´¥ Ê¸É ´µ¢²¥´ , ´µ
³µ¦´µ ¢Ò¸± § ÉÓ ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ¶·¨ ¶· ¢¨²Ó´µ¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ µ´  ¸¢Ö§ ´  ¸ · §²¨Î´µ° ¤¥Ëµ·³ Í¨¥° Ê·µ¢´¥° µ±ÉÊ¶µ²Ó´µ° ¶µ²µ¸Ò.
…¸²¨ §¤¥¸Ó ´¥ ¸± §Ò¢ ¥É¸Ö ¢²¨Ö´¨¥ ¤·Ê£¨Ì ¶µ²µ¸, Éµ ´¥¸µ¢³¥¸É¨³µ¸ÉÓ Ê· ¢-
´¥´¨° ³µ¦¥É ¡ÒÉÓ µ¡Ê¸²µ¢²¥´  ¡²¨§µ¸ÉÓÕ Ö¤¥· 162Dy ¨ 154Gd ± £· ´¨Í¥
¤¥Ëµ·³ Í¨¨. �  ÔÉÊ ³Ò¸²Ó ´ ¢µ¤¨É ¸¨¸É¥³ É¨±  ¶µ²µ¸ ¸ K = 0 ¢ ¨§µÉµ´ Ì ¸
N = 88 [7]. ‚ ¡µ²ÓÏ¨´¸É¢¥ ¨§ ´¨Ì Ê·µ¢´¨ 3− ¢ ¶µ²µ¸¥ · ¸¶µ²µ¦¥´Ò ´¨¦¥,
Î¥³ 1−, ¨ ÔÉ¨ Ö¤·  É ±¦¥ · ¸¶µ²µ¦¥´Ò ´  £· ´¨Í¥ µ¡² ¸É¨ ¤¥Ëµ·³ Í¨¨, ´µ
Éµ²Ó±µ ¸ ¤·Ê£µ° ¸Éµ·µ´Ò, ¨Ì ´¥ µÉ´µ¸ÖÉ ± ¤¥Ëµ·³¨·µ¢ ´´Ò³ Ö¤· ³.

4.5. �µ²µ¸Ò ¸ Kπ = 0− ¨ 1− ¢ 154Sm. ‚ ÔÉµ³ ¨ ¶µ¸²¥¤ÊÕÐ¨Ì ¶µ¤· §-
¤¥² Ì · ¸¸³µÉ·¥´Ò ¶ÖÉÓ ´Ê±²¨¤µ¢, ¢ ±µÉµ·ÒÌ · ¸Ð¥¶²¥´¨¥ ¶µ²µ¸ ¸ Kπ = 1−

´¥ ¸Éµ²Ó ¢¥²¨±µ, ÎÉµ¡Ò ¢Ò§¢ ÉÓ ¨´¢¥·¸¨Õ Ê·µ¢´¥°, ¨ ¢ ´¨Ì ´¥É É ±¨Ì µ¸µ¡¥´-
´µ¸É¥°, ±µÉµ·Ò¥ µÉ³¥Î¥´Ò ¢ 154Gd ¨ 162Er ¤²Ö ¶µ²µ¸ ¸ Kπ = 0−.

‚ 154Sm ¶µ²µ¸Ò 0− ¨ 1− µÉ¤¥²¥´Ò ¤·Ê£ µÉ ¤·Ê£  ¡µ²ÓÏ¨³ Ô´¥·£¥É¨Î¥-
¸±¨³ ¶·µ³¥¦ÊÉ±µ³, ¡µ²¥¥ 500 ±Ô‚. ‘ ÔÉ¨³ ¸¢Ö§ ´µ ¡µ²ÓÏµ¥ §´ Î¥´¨¥ Y ¨
´¥¡µ²ÓÏµ° ¢±² ¤ ∆ µÉ Ô´¥·£¨¨ ¢§ ¨³µ¤¥°¸É¢¨Ö (8-° ¸Éµ²¡¥Í ¢ É ¡². 10).

4.6. �µ²µ¸Ò ¸ Kπ = 0− ¨ 1− ¢ 158Gd. �¸µ¡¥´´µ¸ÉÓÕ 158Gd ³µ¦´µ ¸Î¨-
É ÉÓ ®¸É ´¤ ·É´Ò°¯ É¨¶ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ²µ¸ ¸ Kπ= 0−¨ 1−. �´µ ¶·¨¢µ¤¨É
± µÎ¥´Ó § ³¥É´µ³Ê ¸¨£´ ÉÊ·´µ³Ê · ¸Ð¥¶²¥´¨Õ ¢ ¶µ²µ¸¥ ¸ Kπ = 1−, ±µÉµ·µ¥
Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·¨ ¢µ§· ¸É ´¨¨ J . ˆ ÔÉµ ¶·µ¨¸Ìµ¤¨É ¶·¨ Éµ³, ÎÉµ ¢µ§· ¸É ¥É
· ¸¸ÉµÖ´¨¥ ³¥¦¤Ê Ê·µ¢´Ö³¨ ¸ µ¤¨´ ±µ¢Ò³¨ ¸¶¨´ ³¨ µ¡¥¨Ì ¶µ²µ¸. � ¸¸ÉµÖ-
´¨¥ 1−0Ä1−1 · ¢´µ 286 ±Ô‚,   7−0Ä7−1 Å 568 ±Ô‚. ‚µ§· ¸É ´¨¥ ¸²¥¤Ê¥É ¨
¨§ §´ Î¥´¨° ÔËË¥±É¨¢´ÒÌ ¨´¥·Í¨µ´´ÒÌ ¶ · ³¥É·µ¢ A−. „²Ö É·¥Ì Ê·µ¢´¥° ¢
¶µ²µ¸¥ 0− ¸·¥¤´¥¥ §´ Î¥´¨¥ A− ¸µ¸É ¢²Ö¥É 13,1 ±Ô‚, ¢ ¶µ²µ¸¥ 1− Å 7,4 ±Ô‚
(É ¡². 11).

• · ±É¥·´µ, ÎÉµ ¢ ´¨¦´¥° ¶µ²µ¸¥ ¸ K = 1 A− ¢µ§· ¸É ¥É ¸ ·µ¸Éµ³ J ,
  ¢ ¢¥·Ì´¥° ¶µ²µ¸¥, £¤¥ K = 0, ´ ¡²Õ¤ ¥É¸Ö Ê¡Ò¢ ´¨¥ A−. �Éµ ¶·µ¤¥³µ´-



‘Œ…˜ˆ‚��ˆ… ‘�‘’�Ÿ�ˆ‰ ��‡‹ˆ—�›• ��‹�‘ 893

’ ¡²¨Í  10. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 154Sm, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É·Ò ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ A−, ±Ô‚ A+, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 0+

1 Å Å Å 921,39 ≡ 921,39 ≡ 0 1,26
3 Å 9,10 Å 1012,35 ≡ 1012,35 ≡ 0 7,45
5 Å 9,35 Å 1180,66 1184,67 4,01 18,27
7 Å 9,63 Å 1431 1429,46 1,54 33,22
9 Å 9,68 Å 1760 1750,59 9,41 51,75
11 Å 9,60 Å 2163 2148,64 14,36 73,27
13 Å 9,46 Å 2636 2624,13 11,87 97,28

�µ²µ¸  ¸ Kπ = 1+

1 Å Å Å 1475,69 ≡ 1475,69 ≡ 0 1,26
2 9,88 Å Å 1515,56 1513,82 1,37 Å
3 11,56 10,89 Å 1584,56 ≡ 1584,56 ≡ 0 7,45
4 9,67 Å 10,48 1661,9 1653,68 8,22 Å
5 11,24 10,54 Å 1774,25 1771,85 2,4 18,27

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2357, 11 ±Ô‚; Y =550, 65 ±Ô‚; A = 9, 99 ±Ô‚;
b = 22, 46 ±Ô‚.

’ ¡²¨Í  11. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 158Gd, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É·Ò ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ A−, ±Ô‚ A+, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 1−

1 Å Å Å 977,09 ≡ 977,09 ≡ 0 8,7
2 11,64 Å Å 1023,6 1026,5 Ä2,9 Å
3 3,00 6,45 Å 1041,59 ≡ 1041,59 ≡ 0 46,1
4 14,67 Å 9,66 1158,9 1069,3 Ä10,4 Å
5 1,75 7,49 Å 1176,4 1172,4 4,0 98,9
6 16,29 Å 9,68 1371,9 1393,6 Ä21,7 Å
7 1,36 8,23 Å 1391 1377,6 13 158,7
8 Å Å Å Å 1699,4 Å Å
9 Å 8,65 Å 1685 1660,7 24 222,2
10 Å Å Å Å 1855,9 Å Å

�µ²µ¸  ¸ Kπ = 0−

1 Å Å Å 1263,46 ≡ 1263,46 ≡ 0 8,7
3 Å 13,94 Å 1402,86 ≡ 1402,86 ≡ 0 46,1
5 Å 13,13 Å 1639,27 1639,0 0,3 98,9
7 Å 12,28 Å 1958,6 1964,1 Ä5,5 158,7
9 Å Å Å Å 2374,2 Å 222,2

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2199, 8 ±Ô‚; Y =268, 9 ±Ô‚; A =10, 195 ±Ô‚;
b = 34, 82 ±Ô‚.
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¸É·¨·µ¢ ´µ ¤²Ö 156Gd (·¨¸. 8), 170Yb (·¨¸. 10) ¨ ¢¨¤´µ ¨§ É ¡²¨Í ¤²Ö ¤·Ê£¨Ì
Ö¤¥·.

4.7. �µ²µ¸Ò ¸ Kπ = 0−, 1− ¨ 2− ¢ 160Dy. ‚ 160Dy µÎ¥´Ó ¡²¨§±µ · ¸-
¶µ²µ¦¥´Ò ¤¢¥ ´¨¦´¨¥ ¶µ²µ¸Ò ¸ K = 1 ¨ 2 (É ¡². 12 ¨ 13). ‚ ¶µ²µ¸¥ ¸
Kπ = 0− ¨§¢¥¸É´Ò Éµ²Ó±µ ¤¢  Ê·µ¢´Ö 1−0 ¨ 3−0 (É ¡². 12) [21, 22]. �µ²µ¸ 
¸ K = 0 · ¸¶µ²µ¦¥´  §´ Î¨É¥²Ó´µ ¢ÒÏ¥ ´¨¦´¨Ì ¶µ²µ¸, ¨ ÔÉµ Ö¢²Ö¥É¸Ö ¶·¨-
Î¨´µ° Éµ£µ, ÎÉµ ¤·Ê£¨¥ Ê·µ¢´¨ ¶µ²µ¸Ò ¸ K = 0 ¤µ ¸¨Ì ¶µ· ´¥ ´ ¡²Õ¤ ²¨¸Ó
¢ ± ±¨Ì-²¨¡µ Ö¤¥·´ÒÌ ¶·µÍ¥¸¸ Ì. ŒÒ ¶·µ¢¥²¨ · ¸¸³µÉ·¥´¨¥ ¢ ¤¢  ÔÉ ¶  ¨
¶µ²ÊÎ¨²¨ ·¥§Ê²ÓÉ É ¸ ÊÎ¥Éµ³ ¤¢ÊÌ¶µ²µ¸´µ£µ ¸³¥Ï¨¢ ´¨Ö.

�µ²µ¸Ò ¸ Kπ = 0− ¨ 1−. ‚ É ¡². 12 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¸³¥-
Ï¨¢ ´¨Ö ¸µ¸ÉµÖ´¨° ¸ K = 0 ¨ 1. �¥µ¡ÒÎ´µ ¡µ²ÓÏ¨³ µ± § ²¸Ö ¨´¥·Í¨µ´´Ò°
¶ · ³¥É· ¤²Ö ¸µ¸ÉµÖ´¨Ö 3−0 Å A− = 15, 38 ±Ô‚. Œµ¦´µ ¡Ò²µ µ¦¨¤ ÉÓ,
ÎÉµ Ê·µ¢´¨ 1−0 ¨ 3−0 ´ Ìµ¤ÖÉ¸Ö ´  · ¸¸ÉµÖ´¨¨ 100 ±Ô‚,   ´¥ 154 ±Ô‚, ± ±
´ ¡²Õ¤ ¥É¸Ö ´  µ¶ÒÉ¥. �± § ²µ¸Ó Ê³¥·¥´´Ò³ ¸µ£² ¸¨¥ · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨ Ê·µ¢´¥° ¢ ¶µ²µ¸¥ ¸ K = 1.

�µ²µ¸Ò ¸ Kπ = 1− ¨ 2−. �·¨¢¥¤¥´´Ò¥ ¢ É ¡². 13 ¤ ´´Ò¥ µ ¸³¥Ï¨¢ ´¨¨
¡²¨§±¨Ì ¶µ Ô´¥·£¨¨ ¶µ²µ¸ ¸ K = 1 ¨ 2 ¶µ²ÊÎ¥´Ò ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ·¥¶¥·´ÒÌ
§´ Î¥´¨° Ô´¥·£¨¨ Ê·µ¢´¥° 2+ ¨ 4+ ¢ µ¡¥¨Ì ¶µ²µ¸ Ì. ‚Ò¡µ· ·¥¶¥·µ¢ ¸¢Ö§ ´
¸ É¥³, ÎÉµ ´ ¡²Õ¤ ¥É¸Ö ¸¨²Ó´µ¥ ¸¨£´ ÉÊ·´µ¥ · ¸Ð¥¶²¥´¨¥ ¢ ¶µ²µ¸¥ ¸ K = 2,

’ ¡²¨Í  12. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 160Dy, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É·Ò ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ A−, ±Ô‚ A+, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 0−

1 Å Å Å 1489,49 ≡ 1489,35 ≡ 0 4,4
3 Å 15,38 Å 1643,3 ≡ 1642 ≡ 0 24,1
5 Å Å Å Å 1910 Å 53,1

�µ²µ¸  ¸ Kπ = 1−

1 Å Å Å 1285,60 ≡ 1285,60 ≡ 0 4,4
2 18,27 Å Å 1358,67 1343,21 15,46 Å
3 6,71 11,33 Å 1398,94 ≡ 1398,94 ≡ 0 24,1
4 17,03 Å 12,60 1535,14 1529,41 5,73 Å
5 5,15 10,43 Å 1586,6 1609,30 Ä22,70 53,1
6 16,73 Å 11,46 1787,3 1822,01 Ä34,71 Å
7 Å Å Å Å 1921,04 Å 87,2
8 Å Å 10,85 2112,8 2221,01 Ä108,21 Å
9 Å Å Å Å 2336,47 Å 123,9
10 Å Å 10,74 2521,0 2726,41 Ä205,41 Å

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2721, 75 ±Ô‚; Y = 194, 94 ±Ô‚; A= 13, 3 ±Ô‚;
b = 20, 96 ±Ô‚.
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’ ¡²¨Í  13. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 160Dy, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É·Ò ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ A−, ±Ô‚ A+, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 1−

1 Å Å Å 1285,60 1304,5 Ä19 0
2 18,27 Å Å 1358,67 ≡ 1358,67 ≡ 0 12
3 6,71 11,33 Å 1398,94 1435,9 Ä378 25
4 17,03 Å 12,60 1535,14 ≡ 1535,14 ≡ 0 39
5 5,15 10,43 Å 1586,6 1656,2 Ä70 53
6 16,73 Å 11,46 1787,3 1798,8 Ä11 68
7 Å Å Å Å 1962,9 Å 83
8 Å Å 10,85 2112,8 2145,2 Ä32 98
9 Å Å Å Å 2355,0 Å 113
10 Å Å 10,74 2521,0 2583,2 Ä62 128

�µ²µ¸  ¸ Kπ = 2−

2 Å Å Å 1264,75 ≡ 1264,75 ≡ 0 12
3 3,65 Å Å 1286,70 1315,4 Ä28 25
4 12,46 Å 8,63 1386,44 ≡ 1386,44 ≡ 0 39
5 2,24 6,77 Å 1408,5 1478,7 Ä70 53
6 15,49 Å 9,47 1594,7 1591,4 3,3 68
7 1,39 7,91 Å 1614,1 1725,5 Ä111 83
8 16,79 Å 9,60 1882,7 1877,9 4,8 98
9 1,03 8,44 Å 1901,2 2057,4 Ä156 113
10 17,07 Å 9,47 2242,6 2255,2 Ä12,6 128
11 1,00 8,65 Å 2264,7 2474,3 Ä210 144
12 16,78 Å 9,24 2667,5 2714,6 Ä47,1 159
14 Å Å 8,93 3149,8 3259,1 Ä109 190

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2495, 6 ±Ô‚; Y = 70, 88 ±Ô‚; A = 10, 65 ±Ô‚;
b = 15, 40 ±Ô‚.

¨ µ´µ ¢µ§· ¸É ¥É ¸ Ê¢¥²¨Î¥´¨¥³ ¸¶¨´  J . �  Ô´¥·£¨Õ Ê·µ¢´¥° ¸ Î¥É´Ò³¨
¸¶¨´ ³¨ ¶µ²µ¸  ¸ K = 0 ´¥ ¢²¨Ö¥É.

�Ò²¨ ¶µ²ÊÎ¥´Ò ¸É ´¤ ·É´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·µ¢ ³µ¤¥²¨ (É ¡². 13). � ¸-
Î¥É´Ò¥ §´ Î¥´¨Ö Ô´¥·£¨¨ Ê·µ¢´¥° ¸ Î¥É´Ò³¨ J µÎ¥´Ó Ìµ·µÏµ ¸µ£² ¸ÊÕÉ¸Ö ¸
Ô±¸¶¥·¨³¥´Éµ³ ¢ ¶µ²µ¸¥ ¸ K = 2 ¨ §´ Î¨É¥²Ó´µ ÌÊ¦¥ ¢ ¶µ²µ¸¥ ¸ K = 1.
�¥ ¢¨¤´µ ¶·¨Î¨´Ò ÔÉµ° · §´¨ÍÒ. � ¸Ìµ¦¤¥´¨¥ · ¸Î¥É  ¸ Ô±¸¶¥·¨³¥´Éµ³ ¤²Ö
¸µ¸ÉµÖ´¨° ¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨ ³Ò ¸¢Ö§Ò¢ ¥³ ¸ ¢²¨Ö´¨¥³ ¶µ²µ¸Ò ¸ K = 0.

4.8. �µ²µ¸Ò ¸ Kπ = 0−, 1−, 2− ¨ 5− ¢ 162Dy. Ÿ¤·µ 162Dy ¶·¥¤¸É ¢²Ö¥É ¸µ-
¡µ° ¶·¨³¥·, ±µ£¤  µ¸ÊÐ¥¸É¢²Ö¥É¸Ö Ö¢´µ¥ ¢²¨Ö´¨¥ ¸µ¸ÉµÖ´¨° ¶µ²µ¸ ¸ ∆K = 2
¨ ¤ ¦¥ ¸ ∆K = 5. �Éµ ¡Ò²µ µÉ³¥Î¥´µ ³´µ£µ ²¥É Éµ³Ê ´ § ¤ ¢ ±´¨£¥ [12].
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�¨¸. 11. � ¸¶µ²µ¦¥´¨¥ ¶µ²µ¸ ¸ Kπ = 0−, 1−, 2− ¨ 5− ¢ 162Dy

�¨¸. 12. ‡ ¢¨¸¨³µ¸ÉÓ µÉ J ¶ · ³¥É·µ¢ A
¢ ¶µ²µ¸¥ ¸ Kπ = 1− ¨ A− ¢ ¶µ²µ¸ax ¸
Kπ = 1− ¨ 0− ¢ 162Dy

‡¤¥¸Ó ¸· ¢´¨É¥²Ó´µ ¡²¨§±µ · ¸¶µ²µ-
¦¥´Ò ¶µ²µ¸Ò ¸ K =0 ¨ 2, E(3− 2)=
1210,10 ±Ô‚, E(3− 0)=1357,77 ±Ô‚,
  ¶µ²µ¸  ¸ K = 1 ´ Ìµ¤¨É¸Ö §´ Î¨-
É¥²Ó´µ ¢ÒÏ¥, E(3− 1)=1739, 1 ±Ô‚
(·¨¸. 11 ¨ 12, É ¡². 14 ¨ 15).

�µ²µ¸Ò ¸ Kπ = 0− ¨ 1−. ‚
É ¡². 14 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨-
¸²¥´¨° ¸³¥Ï¨¢ ´¨Ö ¶µ²µ¸ ¸ Kπ= 0−

¨ 1− ¶µ ¤¢ÊÌ¶µ²µ¸´µ° ³µ¤¥²¨ Šµ·¨-
µ²¨¸ . �  ·¨¸. 11 ¶µ± § ´µ, ÎÉµ ¶µ-
²µ¸Ò · §´¥¸¥´Ò ´  370 ±Ô‚. �Éµ
¶·¨¢µ¤¨É ± ´¥¡µ²ÓÏµ³Ê ¸¨£´ ÉÊ·-
´µ³Ê · ¸Ð¥¶²¥´¨Õ ¢ ¶µ²µ¸¥ ¸ K = 1

(·¨¸. 12) ¨ ± ´¥¡µ²ÓÏµ° ¤µ¡ ¢±¥ ± · ¸¸Î¨É ´´µ° Ô´¥·£¨¨ Ê·µ¢´¥° µÉ ±µ·¨µ²¨-
¸µ¢  ¢§ ¨³µ¤¥°¸É¢¨Ö. ‡¤¥¸Ó ¤µ¡ ¢±  ¸· ¢´¨³  ¸ · §´¨Í¥° Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¨ · ¸Î¥É´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨.

�µ²µ¸Ò ¸ Kπ = 1− ¨ 2−. ‚ ¶µ²µ¸¥ ¸ K = 2 ¨§¢¥¸É´Ò ·µÉ Í¨µ´´Ò¥
¸µ¸ÉµÖ´¨Ö ¸ J ¤µ 13 (É ¡². 15). �¥±µÉµ·µ¥ · ¸Ìµ¦¤¥´¨¥ ´ ¡²Õ¤ ¥É¸Ö ¢ Ô´¥·£¨¨
Ê·µ¢´¥° 6− ¨ 12− ¢ [23] ¨ [24], ¨ §¤¥¸Ó ¶·¨´ÖÉÒ §´ Î¥´¨Ö ¨§ [24].

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ ·Ö¤ µ¸µ¡¥´´µ¸É¥° ¶µ²µ¸ ¸ K = 0 ¨ 2.
1. ‚ ¶µ²µ¸¥ ¸ K = 0 ¨³¥¥É ³¥¸Éµ ´ ·ÊÏ¥´¨¥ ¶² ¢´µ¸É¨ ¢ Ìµ¤¥ § ¢¨¸¨-

³µ¸É¨ A−(J). �¥ ¢¨¤´µ ¶·¨Î¨´Ò, ¶µ ±µÉµ·µ° · ¸¶µ²µ¦¥´Ò ¢ÒÏ¥ ÉµÎ±¨ ¶·¨
J = 5 ¨ 9.

2. ‚ ¶µ²µ¸¥ ¸ K = 2 ¶² ¢´Ò° ¢´ Î ²¥ Ìµ¤ A(J) ¶·¥¢· Ð ¥É¸Ö ¢ § ¢¨-
¸¨³µ¸ÉÓ ¸ ¸¨²Ó´Ò³ ¸¨£´ ÉÊ·´Ò³ · ¸Ð¥¶²¥´¨¥³. ‚´¨§ µ¶Ê¸± ÕÉ¸Ö ÉµÎ±¨ ¶·¨
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’ ¡²¨Í  14. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 162Dy, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É·Ò ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ A−, ±Ô‚ A+, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 0−

1 Å Å Å 1275,77 ≡ 1275,77 ≡ 0 2
3 Å 8,20 Å 1357,77 ≡ 1357,77 ≡ 0 12
5 Å 8,95 Å 1518,80 1506,1 13 29
7 Å 9,10 Å 1755,5 1722,5 33 52
9 Å 10,16 Å 2101,1 2008 93 78
11 Å 9,61 Å 2504,6 2365 140 107

�µ²µ¸  ¸ Kπ = 1−

1 Å Å Å 1637,19 ≡ 1637,19 ≡ 0 2
2 13,58 Å Å 1691,56 1672 20 Å
3 7,92 10,20 Å 1739,1 ≡ 1739,1 ≡ 0 12
4 14,11 Å 11,46 1852,0 1800 52 Å
5 11,26 12,47 Å 1963,6 1921,5 42 29
6 Å Å Å Å 2002 Å Å

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2876, 46 ±Ô‚; Y =356, 8 ±Ô‚; A =9, 185 ±Ô‚;
b = 19, 41 ±Ô‚.

’ ¡²¨Í  15. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 162Dy, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É·Ò ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ A−, ±Ô‚ A+, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 2−

2 Å Å Å 1148,26 ≡ 1148,26 ≡ 0 1,7
3 10,31 Å Å 1210,10 1212,0 Ä1,9 4,2
4 10,87 Å 10,63 1297,04 ≡ 1297,04 ≡ 0 7,5
5 11,13 11,01 Å 1408,93 1403,3 5 11,6
6 10,15 Å 10,60 1530,17 1530,9 Ä0,7 16,4
7 7,68 8,82 Å 1637,74 1680,0 Ä42 21,8
8 13,06 Å 10,52 1845,79 1850,4 Ä5 28,1
9 6,32 9,46 Å 1959,47 2042,3 Ä83 35,0
10 13,76 Å 10,23 2234,59 2255,7 Ä21 43,4
11 4,42 8,87 Å 2331,9 2490,6 Ä159 50,3
12 14,13 Å 9,48 2670,9 2747,1 Ä76 58,8
13 4,15 9,94 Å 2778,7 3025,2 Ä247 67,7

�µ²µ¸  ¸ Kπ = 1−

1 Å Å Å 1637,19 1645,4 Ä8,2 0
2 13,62 Å Å 1691,56 ≡ 1691,56 ≡ 0 1,7
3 7,92 10,20 Å 1739,1 1760,3 Ä21,6 4,2
4 14,11 Å 11,46 1852,0 ≡ 1852,0 ≡ 0 7,5
5 11,02 12,47 Å 1963,59 1966,4 Ä2,8 11,6
6 Å Å Å Å 2103,7 Å 16,4

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X =2707, 30 ±Ô‚; Y =539, 92 ±Ô‚; A =11, 04 ±Ô‚;
b = 15, 12 ±Ô‚.
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�¨¸. 13. ‡ ¢¨¸¨³µ¸ÉÓ µÉ J ¶ · ³¥É·µ¢
¨´¥·Í¨¨ A, A+ ¨ A− ¢ ¶µ²µ¸¥ ¸
Kπ = 2− ¢ 162Dy

�¨¸. 14. ‡ ¢¨¸¨³µ¸ÉÓ µÉ J ¶ · ³¥É-
·µ¢ ¨´¥·Í¨¨ A, A+ ¨ A− ¢ ¶µ²µ¸¥ ¸
Kπ = 5− ¢ 162Dy

´¥Î¥É´ÒÌ J . ‚²¨Ö´¨¥ · ¸¶µ²µ¦¥´´µ° ¢ÒÏ¥ ¶µ²µ¸Ò ¸ K = 0 ¸± §Ò¢ ¥É¸Ö
¢ · ¸É ²±¨¢ ´¨¨ Ê·µ¢´¥° ¨ ¢ µ¶Ê¸± ´¨¨ ÉµÎ¥±, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì Ê·µ¢´Ö³ ¸
´¥Î¥É´Ò³¨ ¸¶¨´ ³¨.

—Éµ ± ¸ ¥É¸Ö ¶·¨Î¨´Ò ¢µ§· ¸É ´¨Ö · ¸Ð¥¶²¥´¨Ö ¶·¨ J > 8, Éµ ³µ¦´µ
¸¤¥² ÉÓ ¶·¥¤¶µ²µ¦¥´¨¥ µ¡ Ê¢¥²¨Î¥´¨¨ ¤µ²¨ ¶·¨³¥¸¨ ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ¸
K = 1 ¢ ¸µ¸ÉµÖ´¨ÖÌ ¸ J > 7 ¢ µ¡¥¨Ì ¶µ²µ¸ Ì. ‚ ÔÉµ³ ¸²ÊÎ ¥ ³µ¦´µ £µ¢µ·¨ÉÓ µ
®¶·Ö³µ³¯ ¢§ ¨³µ¤¥°¸É¢¨¨ Šµ·¨µ²¨¸  ³¥¦¤Ê Ê·µ¢´Ö³¨ ¶µ²µ¸, ±µÉµ·µ¥ ³µ¦¥É
¶·¨¢¥¸É¨ ± ´ ¡²Õ¤ ¥³µ³Ê · ¸Ð¥¶²¥´¨Õ. …¸É¥¸É¢¥´´µ, É·¥¡ÊÕÉ¸Ö · ¸Î¥ÉÒ ¸
ÊÎ¥Éµ³ ¸³¥Ï¨¢ ´¨Ö ¶µ ±· °´¥° ³¥·¥ É·¥Ì ¶µ²µ¸. ’ ±µ£µ ·µ¤  ¢ÒÎ¨¸²¥´¨Ö
¡Ò²¨ ¶·µ¢¥¤¥´Ò, ´ ¶·¨³¥·, ¢ [25] ¤²Ö 166Er.

3. �¡´ ·Ê¦¥´ ÔËË¥±É Î¥·¥¤µ¢ ´¨Ö ¸ ∆K = 4 ¢ ¶µ²µ¸¥ ¸ K = 2, ± ± ÔÉµ
¡Ò²µ ¢¨¤´µ ¨ ¢ ¶µ²µ¸¥ ¸ K = 0. �  ·¨¸. 13 ¸¢¥É²Ò¥ ±·Ê¦±¨ ¸µµÉ¢¥É¸É¢ÊÕÉ
¨´¥·Í¨µ´´Ò³ ¶ · ³¥É· ³ A+ ¤²Ö Ê·µ¢´¥° ¸ Î¥É´Ò³¨ J . �´¨ ¶µ± §Ò¢ ÕÉ
¶² ¢´Ò° Ìµ¤ § ¢¨¸¨³µ¸É¨ A+(J). Šµ¸Ò¥ ±·¥¸É¨±¨ µÉ´µ¸ÖÉ¸Ö ± ´¥Î¥É´Ò³ J .
�µ¤Ñ¥³ ÉµÎ±¨ ¶·¨ J = 9 ¶µ´ÖÉ¥´ ¶·¨ · ¸¸³µÉ·¥´¨¨ ·¨¸. 11. ‚ ÔÉµ³ ³¥¸É¥
¶·µ¨¸Ìµ¤¨É ¶¥·¥¸¥Î¥´¨¥ ¶µ²µ¸ ¸ Kπ = 2− ¨ 5−. �·¨ ÔÉµ³ ¨§-§  · ¸É ²±¨-
¢ ´¨Ö Ê¢¥²¨Î¨¢ ¥É¸Ö · ¸¸ÉµÖ´¨¥ E(9)ÄE(7) ¢ ¶µ²µ¸¥ ¸ Kπ = 2− (·¨¸. 11 ¨
13) ¨ Ê³¥´ÓÏ ¥É¸Ö ¢ ¶µ²µ¸¥ ¸ K = 5 (·¨¸. 11 ¨ 14). „²Ö µ¡ÑÖ¸´¥´¨Ö ¶µ¤Ñ¥³ 
ÉµÎ±¨ A−(13) ´Ê¦´Ò ¤µ¶µ²´¨É¥²Ó´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥.

�µ²µ¸  ¸ Kπ = 5−. ‚ [12] µÉ³¥Î¥´µ ´¥µ¡ÒÎ´µ¥ Ê¸±µ·¥´¨¥ E1 γ-¶¥·¥-
Ìµ¤µ¢ ¸ Ê·µ¢´Ö 5−5, 1485,67 ±Ô‚ ´  ¶µ²µ¸Ê µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö (∆K = 5) ¶µ
¸· ¢´¥´¨Õ ¸ E1-¶¥·¥Ìµ¤ ³¨ ´  γ-¶µ²µ¸Ê (∆K = 3). �Ò²µ ¸¤¥² ´µ § ±²ÕÎ¥-
´¨¥, ÎÉµ ¢ Ê·µ¢´¥ 5−5 ¸µ¤¥·¦¨É¸Ö ±µ³¶µ´¥´É ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¸ Kπ = 0−,
±µÉµ·Ò° Ê¸±µ·Ö¥É ¶¥·¥Ìµ¤Ò K = 5 → K = 0. �¨¸. 14 ¶µ¤É¢¥·¦¤ ¥É ¸¤¥² ´-
´µ¥ · ´¥¥ ¢ [12] § ±²ÕÎ¥´¨¥. ‚¨¤´µ, ÎÉµ ¨³¥¥É ³¥¸Éµ ¸¨£´ ÉÊ·´µ¥ · ¸Ð¥¶-
²¥´¨¥ Ê·µ¢´¥° ¸ Î¥É´Ò³¨ ¨ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨ (±·Ê¦±¨ ´  ·¨¸Ê´±¥). �´µ
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¢Ò§¢ ´µ ¶µ²µ¸µ° ¸ K = 0, ±µÉµ· Ö · ¸¶µ²µ¦¥´  ´¥¸±µ²Ó±µ ¢ÒÏ¥ ¶µ²µ¸Ò ¸
K = 5, ¨ ¶µÔÉµ³Ê ÉµÎ±¨ ¤²Ö ´¥Î¥É´ÒÌ J µ± §Ò¢ ÕÉ¸Ö ´¨¦¥, Î¥³ ¤²Ö Î¥É´ÒÌ J .

�¨¸. 14 ¶·¨¢¥¤¥´ ¢ ´ ¸ÉµÖÐ¥³ µ¡§µ·¥ ¤²Ö Éµ£µ, ÎÉµ¡Ò ´¥ ¢Ò§Ò¢ ²µ Ê¤¨-
¢²¥´¨Ö ¸¨£´ ÉÊ·´µ¥ · ¸Ð¥¶²¥´¨¥ ¢ ¶µ²µ¸ Ì ¸ ¡µ²ÓÏ¨³¨ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨
K . ‚¸¥ Ê·µ¢´¨ ¢ ¶µ²µ¸¥ ¸ K = 5 ¢ 162Dy ¸¢Ö§ ´Ò ¢´ÊÉ·¨¶µ²µ¸´Ò³¨ γ-¶¥-
·¥Ìµ¤ ³¨, ¨ ÔÉµ Ô±¸¶¥·¨³¥´É ²Ó´µ¥ ¤µ± § É¥²Ó¸É¢µ Éµ£µ, ÎÉµ µ´¨ µÉ´µ¸ÖÉ¸Ö ±
µ¤´µ° ·µÉ Í¨µ´´µ° ¶µ²µ¸¥.

‚Éµ· Ö µ¸µ¡¥´´µ¸ÉÓ  ´ ²µ£¨Î´ÒÌ ¶µ²µ¸ ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ³ ²µ¥ ¸¨£´ -
ÉÊ·´µ¥ · ¸Ð¥¶²¥´¨¥, ±µÉµ·µ¥ ³µ¦¥É ¶µÎÉ¨ ´¥ ¶·µÖ¢²ÖÉÓ¸Ö ¶·¨ ³ ²ÒÌ ¸¶¨´ Ì,
·¥§±µ Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·¨ ¨Ì ·µ¸É¥. ‚ 162Dy µ´µ ¸É ´µ¢¨É¸Ö µÎ¥´Ó § ³¥É´Ò³
¶·¨ J > 10 (·¨¸. 14).

4.9. �µ²µ¸Ò ¢ 168Er. �  ·¨¸. 15 ¶µ± § ´µ, ÎÉµ ¢ 168Er ¨³¥ÕÉ¸Ö ´¨¦´¨¥
¶µ²µ¸Ò ¸ Kπ = 0−, 1− ¨ 2−. Šµ·¨µ²¨¸µ¢µ ¢§ ¨³µ¤¥°¸É¢¨¥ ³¥¦¤Ê ´¨³¨
· ¸¸³µÉ·¥´µ ¶µ¶ ·´µ, ± ± ¨ ¢ 160Dy ¨ 162Dy.

�¨¸. 15. � ¸¶µ²µ¦¥´¨¥ ´¨¦´¨Ì ¶µ²µ¸ ¸ Kπ = 0−, 1−, 2− ¢ 168Er

‚§ ¨³µ¤¥°¸É¢¨¥ ¶µ²µ¸ ¸ Kπ = 0− ¨ 1−. �µ²ÓÏµ¥ · ¸¸ÉµÖ´¨¥ · §¤¥²Ö¥É
¢ 168Er ¶µ²µ¸Ò ¸ Kπ = 0− ¨ 1−. ’¥³ ´¥ ³¥´¥¥, ± ± ¢¨¤´µ ¨§ É ¡². 16, ¢
¶µ²µ¸¥ 1− ´ ¡²Õ¤ ¥É¸Ö § ³¥É´µ¥ ¸¨£´ ÉÊ·´µ¥ · ¸Ð¥¶²¥´¨¥, ±µÉµ·µ¥ ¢µ§· -
¸É ¥É ¶µ ³¥·¥ Ê¢¥²¨Î¥´¨Ö ¸¶¨´  ¤µ ¶µ¸²¥¤´¥£µ ¨§¢¥¸É´µ£µ §´ Î¥´¨Ö J = 7.
�·¨ ÔÉµ³ ¢ µ¡¥¨Ì ¶µ²µ¸ Ì ÊÎ¥É ¨Ì ¢§ ¨³µ¤¥°¸É¢¨Ö ¶·¨¢µ¤¨É ± ¢¶µ²´¥ Ê¤µ-
¢²¥É¢µ·¨É¥²Ó´µ³Ê ¸µ£² ¸¨Õ · ¸Î¥É´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨ Ê·µ¢´¥° ¸ Ô±¸¶¥-
·¨³¥´É ²Ó´Ò³¨ §´ Î¥´¨Ö³¨. �µ²ÊÎ¥´µ ´µ·³ ²Ó´µ¥ §´ Î¥´¨¥ ¨´¥·Í¨µ´´µ£µ
¶ · ³¥É·  A = 10, 018 ±Ô‚ ¨ ¤µ¢µ²Ó´µ ¡µ²ÓÏµ¥ §´ Î¥´¨¥ ¶ · ³¥É·  ¸³¥Ï¨-
¢ ´¨Ö b = 35, 44 ±Ô‚. Š ± ¸²¥¤Ê¥É ¨§ · ¸Î¥É  ¶µ ±¢ §¨Î ¸É¨Î´µ-Ëµ´µ´´µ°
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’ ¡²¨Í  16. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 168Er, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É· ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 1−

1 Å 1358,90 ≡ 1358,90 ≡ 0 5
2 11,21 1403,74 1404,93 Ä1,2 Å
3 4,62 1431,47 ≡ 1431,47 ≡ 0 33
4 13,78 1541,71 1545,18 Ä3,5 Å
5 3,24 1574,12 1568,76 5,3 76
6 15,55 1760,76 1765,57 Ä4,8 Å
7 2,47 1795,32 1776,65 19 129

�µ²µ¸  ¸ Kπ = 0−

1 Å 1786,11 ≡ 1786,11 ≡ 0 5
3 12,78 1913,90 ≡ 1913,90 ≡ 0 33
5 11,96 2129,24 2137,24 Ä8 76
7 Å Å 2450,3 Å 129

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 3104, 9 ±Ô‚; Y = 415, 3 ±Ô‚;
A = 10, 018 ±Ô‚; b = 35, 44 ±Ô‚.

³µ¤¥²¨ [26], §¤¥¸Ó ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ´¥°É·µ´Ò ¢ ¸µ¸ÉµÖ´¨ÖÌ n642 ↑ ¨ n633 ↑.
‚ 168Er ¨§¢¥¸É´  ¢Éµ· Ö ¶µ²µ¸  ¸ Kπ = 1−, µ¸´µ¢ ´´ Ö ´  Ê·µ¢´¥ 1936,40 ±Ô‚
[27], ¸ ´¥¡µ²ÓÏ¨³ ¸¨£´ ÉÊ·´Ò³ · ¸Ð¥¶²¥´¨¥³ ≈ 1 ±Ô‚. …¥ ¢§ ¨³µ¤¥°¸É¢¨¥
¸ ¶µ²µ¸µ° 0− ¤µ²¦´µ ¶µ¢ÒÏ ÉÓ Ê·µ¢´¨ ¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨. �¤´ ±µ ´ -
¡²Õ¤ ¥É¸Ö ¨Ì ¶µ´¨¦¥´¨¥, ± ± ¨ ¢ ´¨¦´¥° ¶µ²µ¸¥ [28]. �µ-¢¨¤¨³µ³Ê, ´  µ¡¥
¶µ²µ¸Ò ¸ K = 1 ¢²¨Ö¥É ´¥ Éµ²Ó±µ · ¸¸³ É·¨¢ ¥³ Ö ¶µ²µ¸  0−, ´µ ¨ ¡µ²¥¥
¢Ò¸µ±¨¥ ¶µ²µ¸Ò, ´¨¦´¥° ¨§ ±µÉµ·ÒÌ Ö¢²Ö¥É¸Ö µ¸´µ¢ ´´ Ö ´  £µ²µ¢´µ³ Ê·µ¢´¥
¶µ²µ¸  2136,8 ±Ô‚ [27]. ‚¥·Ì´¨¥ Ê·µ¢´¨ 0−2 ¨ ¤·Ê£¨¥ ¢Ò¨£·Ò¢ ÕÉ ¢µ ¢²¨Ö´¨¨
´  ¶µ²µ¸Ê 1−2 Ê ´¨¦´¥° ¶µ²µ¸Ò 0−1 . �µ · ¸Î¥ÉÊ ¢ [26], ¢µ ¢Éµ·µ° ¶µ²µ¸¥,
± ± ¨ ¢ ´¨¦´¥°, § ³¥É´ÊÕ ¤µ²Õ ¸µ¸É ¢²Ö¥É ±µ³¶µ´¥´É ¢µ²´µ¢µ° ËÊ´±Í¨¨
n642 ↑ −n512 ↑.

‚§ ¨³µ¤¥°¸É¢¨¥ ¶µ²µ¸ ¸ Kπ = 1− ¨ 2−. ‘³¥Ï¨¢ ´¨¥ ¶µ²µ¸ 1− ¨ 2−

¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó ¢²¨Ö¥É ´  Ê·µ¢´¨ ¸ Î¥É´Ò³¨ ¸¶¨´ ³¨. �·¨ ÔÉµ³ ÔËË¥±É
¤²Ö ´¥Î¥É´ÒÌ ¸¶¨´µ¢ ³ ¸±¨·Ê¥É¸Ö ¢§ ¨³µ¤¥°¸É¢¨¥³ ¶µ²µ¸ 0− ¨ 1−. ‚²¨Ö´¨¥
¶µ²µ¸Ò 2− µ± § ²µ¸Ó ´¥§´ Î¨É¥²Ó´Ò³ ¨ ¢Ò§Ò¢ ¥É ¢ ¶µ²µ¸¥ 1− ´¥¡µ²ÓÏµ¥ ¨§-
³¥´¥´¨¥ Ô´¥·£¨¨ Ê·µ¢´¥°. ‡´ Î¥´¨Ö ¤µ¡ ¢±¨ ∆ ´¥¢¥²¨±¨ (É ¡². 17). ‘²¥¤Ê¥É
¸¤¥² ÉÓ § ³¥Î ´¨¥ µ ´¥¡µ²ÓÏµ³ Î¥·¥¤µ¢ ´¨¨ §´ Î¥´¨° A ¢ ¶µ²µ¸¥ ¸ K =2,
¢Ò§¢ ´´µ¥ ¶µ²µ¸µ° 0− Î¥·¥§ ¶µ²µ¸Ê 1−. ‚ ´¥° µ¶Ê¸± ÕÉ¸Ö Ê·µ¢´¨ ¸ ´¥Î¥É-
´Ò³¨ ¸¶¨´ ³¨, ± ± ¨ ¢ ´¨¦´¥° ¶µ²µ¸¥ ¸ K = 1. ‚§ ¨³µ¤¥°¸É¢¨¥ Šµ·¨µ²¨¸ 
Î ¸É¨Î´µ µ¡ÑÖ¸´Ö¥É ÔÉµÉ ÔËË¥±É.
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’ ¡²¨Í  17. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 168Er, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É· ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 1−

1 Å 1358,90 1364,4 Ä5,5 1
2 Å 1403,74 ≡ 1403,74 ≡ 0 1,8
3 Å 1431,47 1466,0 Ä35 4
4 9,86 1541,71 ≡ 1541,71 ≡ 0 8
5 Å 1574,12 1640,7 Ä66 12
6 9,96 1760,76 1759,2 1,5 16
7 Å 1795,32 1896,6 101 21

�µ²µ¸  ¸ Kπ = 2−

2 Å 1369,45 ≡ 1369,45 ≡ 0 1,8
3 Å 1633,46 1630,4 3,1 4
4 10,70 1719,18 ≡ 1719,18 ≡ 0 8
5 Å 1820,48 1826,3 Ä5,8 12
6 10,48 1949,64 1953,7 4,1 16
7 Å Å 2104,0 Å 21

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 2849, 9 ±Ô‚; Y = 162, 2 ±Ô‚;
A = 10, 275 ±Ô‚; b = 8, 49 ±Ô‚.

“Î¥É ¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ²µ¸ 1− ¨ 2− ¶·¨¢¥² ± µÎ¥´Ó Ìµ·µÏ¥³Ê ¸µ£² ¸¨Õ
¢ÒÎ¨¸²¥´´µ° Ô´¥·£¨¨ Ê·µ¢´Ö ¸ J = 6 ¢ ¶µ²µ¸¥ 2−. � ¸Ìµ¦¤¥´¨¥ ¸µ¸É ¢²Ö¥É
1,5 ±Ô‚ ¢³¥¸Éµ Ä4,8 ±Ô‚ ¨§ É ¡². 16. � §´¨ÍÊ ¢ 4,1 ±Ô‚ ¤²Ö Ê·µ¢´Ö 6− ¢ ¶µ²µ¸¥
2− Éµ¦¥ ¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ± ± Ìµ·µÏ¨° ·¥§Ê²ÓÉ É.

‚§ ¨³µ¤¥°¸É¢¨¥ ¶µ²µ¸ ¸ Kπ
i = 1−2 ¨ 3−3 . „µ ¸¨Ì ¶µ· · ¸¸³ É·¨¢ ²¨¸Ó

¶µ²µ¸Ò ¸ µÉ·¨Í É¥²Ó´µ° Î¥É´µ¸ÉÓÕ ¢µ²´µ¢ÒÌ ËÊ´±Í¨°, ±µÉµ·Ò¥ ´¥ ¨¸¶ÒÉÒ-
¢ ²¨ ¶¥·¥¸¥Î¥´¨Ö. ˆ¸±²ÕÎ¥´¨¥ ¸µ¸É ¢¨²¨ ¶µ²µ¸Ò 2− ¨ 5− ¢ 162Dy. ‚ 168Er
´ ¡²Õ¤ ÕÉ¸Ö ¤¢¥ ¶µ²µ¸Ò ¸ · §²¨Î´Ò³¨ ¨´¥·Í¨µ´´Ò³¨ ¶ · ³¥É· ³¨, ±µÉµ·Ò¥
¶µ ÔÉµ° ¶·¨Î¨´¥ ¶¥·¥¸¥± ÕÉ¸Ö ¶·¨ ¸¶¨´ Ì J = 4 ¨ 5. �  ·¨¸. 16 ¶µ± § ´µ
¶µ²µ¦¥´¨¥ Ê·µ¢´¥° ÔÉ¨Ì ¶µ²µ¸,   ¢ [29] ¶µ¤·µ¡´µ · ¸¸³µÉ·¥´Ò ¨Ì ¸¢µ°¸É¢ .
‚Ò¢µ¤ µ ´¥§´ Î¨É¥²Ó´µ³ ¸³¥Ï¨¢ ´¨¨ ÔÉ¨Ì ¶µ²µ¸ ¸¤¥² ´ ´  µ¸´µ¢¥ · ¸¸³µÉ·¥-
´¨Ö ¨´¥·Í¨µ´´ÒÌ ¶ · ³¥É·µ¢ ¢ ¶µ²µ¸¥ 3−, ±µÉµ·Ò¥ ¶µ± §Ò¢ ÕÉ ¶² ¢´Ò° Ìµ¤
¢ § ¢¨¸¨³µ¸É¨ µÉ J (É ¡². 18). �¥ µ¡´ ·Ê¦¥´µ ´¨± ±µ£µ Ê¢¥²¨Î¥´¨Ö §´ Î¥´¨Ö
A(5 → 4) ¶µ ¸· ¢´¥´¨Õ ¸ ¸µ¸¥¤´¨³¨ §´ Î¥´¨Ö³¨, ÌµÉÖ ´  ·¨¸. 16 ¢¨¤´µ, ÎÉµ
Ê·µ¢´¨ 4− ¨ 5− ¤µ²¦´Ò · ¸É ²±¨¢ ÉÓ¸Ö Ê·µ¢´Ö³¨ ¸ É¥³¨ ¦¥ ¸¶¨´ ³¨ ¶µ²µ¸Ò
¸ K = 1. ‚ ¶µ²µ¸¥ 1− ¶ · ³¥É· A(5 → 4) ³¥´ÓÏ¥, Î¥³ Ê ¡²¨¦ °Ï¨Ì ¸µ¸¥-
¤¥°. �¤´ ±µ §¤¥¸Ó ¨³¥¥É ³¥¸Éµ ¸¨£´ ÉÊ·´µ¥ · ¸Ð¥¶²¥´¨¥ ¶µ²µ¸Ò, ¢Ò§¢ ´´µ¥
¶µ²µ¸ ³¨ ¸ K = 0.
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�¨¸. 16. � ¸¶µ²µ¦¥´¨¥ ¶µ²µ¸ ¸ Kπ
i = 1−

2 ¨ 3−
3 ¢ 168Er

’ ¡²¨Í  18. ˆ´¥·Í¨µ´´Ò¥ ¶ · ³¥É·Ò ¶µ²µ¸ ¸ Kπ
i = 1−

2 ¨ 3−
3 ¢ 168Er

Kπ
i = 1−

2 Kπ
i = 3−

3

J A, ±Ô‚ A−, ±Ô‚ A+, ±Ô‚ E, ±Ô‚ E, ±Ô‚ A, ±Ô‚

1 8,34 Å Å 1936,59 Å Å
2 9,40 Å Å 1972,32 Å Å
3 8,75 8,57 Å 2022,33 1999,22 Å
4 9,84 Å 8,97 2097,57 2089,35 11,27
5 9,01 9,04 Å 2185,09 2200,42 11,10
6 9,84 Å 9,35 2303,07 2331,99 10,96
7 9,01 9,39 Å 2429,2 Å Å

‘² ¡µ¥ ¢§ ¨³´µ¥ ¢²¨Ö´¨¥ ¤¢ÊÌ ¶µ²µ¸ ³µ¦¥É ¡ÒÉÓ µ¡Ê¸²µ¢²¥´µ · §²¨Î¨¥³
¢ ¨Ì ¸É·Ê±ÉÊ·¥. ‚ · ¡µÉ¥ [29] ¶·¨¢¥¤¥´Ò  ·£Ê³¥´ÉÒ ¢ ¶µ²Ó§Ê ¶·µÉµ´´µ° ¸É·Ê±-
ÉÊ·Ò ¶µ²µ¸Ò 3−, ¢ Î ¸É´µ¸É¨ ¡µ²ÓÏµ° ³ £´¨É´Ò° ³µ³¥´É, µ¶·¥¤¥²¥´´Ò° ¶µ
¢´ÊÉ·¨¶µ²µ¸´Ò³ ¶¥·¥Ìµ¤ ³. ˆÌ ´¥ ´ ¡²Õ¤ ²µ¸Ó ¢ ¶µ²µ¸¥ 1−, ÎÉµ ¸¢¨¤¥É¥²Ó-
¸É¢Ê¥É ¢ ¶µ²Ó§Ê ´¥°É·µ´´µ° ¸É·Ê±ÉÊ·Ò ÔÉµ° ¶µ²µ¸Ò. ‘¤¥² ´´Ò¥ ¢Ò¢µ¤Ò ¸µ-
£² ¸ÊÕÉ¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éµ¢ ¶µ ±¢ §¨Î ¸É¨Î´µ-Ëµ´µ´´µ° ³µ¤¥²¨.

4.10. �µ²µ¸Ò ¸ Kπ = 0− ¨ 1− ¢ 170Er. ‘É·Ê±ÉÊ·  170Er ¡Ò²  ´¥¤ ¢´µ
Ê¸É ´µ¢²¥´  [30] ´  µ¸´µ¢ ´¨¨  ´ ²¨§  ¢Ò¶µ²´¥´´ÒÌ ¨§³¥·¥´¨° γ-¸¶¥±É·µ¢
β-· ¸¶ ¤  ¨§µ³¥·µ¢ 170Ho ¨ · §²¨Î´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨°, ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó
(n, n′γ). �·µ¢¥¤¥´¨¥ · ¸Î¥Éµ¢ ±µ·¨µ²¨¸µ¢  ¢§ ¨³µ¤¥°¸É¢¨Ö ¨³¥¥É ¤¢µÖ±ÊÕ
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’ ¡²¨Í  19. �±¸¶¥·¨³¥´É ²Ó´ Ö Eexp ¨ · ¸Î¥É´ Ö Eth Ô´¥·£¨Ö Ê·µ¢´¥° 170Er, ¨Ì
· §´µ¸ÉÓ Eexp − Eth, ¶ · ³¥É· ¨´¥·Í¨¨ A, ¢±² ¤ ∆ ¢ Ô´¥·£¨Õ Ê·µ¢´Ö µÉ ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ 

J A, ±Ô‚ Eexp, ±Ô‚ Eth, ±Ô‚ Eexp − Eth, ±Ô‚ ∆, ±Ô‚

�µ²µ¸  ¸ Kπ = 1−

1 Å 1266,64 ≡ 1266,64 ≡ 0 7
2 9,64 1305,23 1307,4 Ä2,2 Å
3 5,83 1340,20 ≡ 1340,20 ≡ 0 22
4 11,59 1432,95 1436,5 Ä3,5 Å
5 5,77 1483,72 1476,3 7 52
6 12,29 1631,2 1639,3 Ä8,1 Å
7 5,26 1704,8 1676 29 92
8 Å Å 1916 Å Å

�µ²µ¸  ¸ Kπ = 0−

1 Å 1824,60 ≡ 1824,60 ≡ 0 7
3 11,08 1935,44 ≡ 1935,44 ≡ 0 22
5 11,97 2150,9 2133,3 18 52
7 Å Å 2413 Å 92

�·¨³¥Î ´¨¥. � · ³¥É·Ò ³µ¤¥²¨: X = 3054, 4 ±Ô‚; Y = 550, 2 ±Ô‚;
A = 9, 22 ±Ô‚; b = 32, 78 ±Ô‚.

Í¥²Ó. ‚µ-¶¥·¢ÒÌ, ¨§ É ¡². 19 ³µ¦´µ ¢¨¤¥ÉÓ, ÎÉµ · ¸Î¥É ¤²Ö ¸µ¸ÉµÖ´¨° ¸
J = 1−7 ¤µ¸É ÉµÎ´µ Ìµ·µÏµ ¢µ¸¶·µ¨§¢µ¤¨É ¨Ì Ô´¥·£¨Õ. ‚µ-¢Éµ·ÒÌ, ¨§ ¸µ-
¢³¥¸É´µ£µ  ´ ²¨§  ¶ · ³¥É·µ¢ ¸³¥Ï¨¢ ´¨Ö b ´¥¸±µ²Ó±¨Ì Ö¤¥· ³µ¦´µ ¤¥² ÉÓ
§ ±²ÕÎ¥´¨¥ µ ¸É·Ê±ÉÊ·¥ ¶µ²µ¸. �µ ÔÉ¨³ ¶·¨Î¨´ ³ ¡Ò² ¶·µ¢¥¤¥´ · ¸Î¥É ¸³¥-
Ï¨¢ ´¨Ö ¶µ²µ¸ ¸ Kπ = 0− ¨ 1− ¢ 170Er. …£µ ·¥§Ê²ÓÉ ÉÒ ¶·¨¢¥¤¥´Ò ¢ É ¡². 19.
ˆÌ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ¸¥·Ó¥§´Ò°  ·£Ê³¥´É ¢ ¶µ²Ó§Ê ¶· ¢¨²Ó´µ¸É¨ ¢Ò-
¢µ¤µ¢ · ¡µÉÒ [30] µ ¸É·Ê±ÉÊ·¥ 170Er.

4.11. �´ ²¨§ ·¥§Ê²ÓÉ Éµ¢ · ¸¸³µÉ·¥´¨Ö ¶µ²µ¸ ¸ µÉ·¨Í É¥²Ó´µ° Î¥É´µ-
¸ÉÓÕ. � ¨¡µ²¥¥ µÉÎ¥É²¨¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ²ÊÎ¥´Ò ¤²Ö ¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ²µ¸
¸ Kπ = 0− ¨ 1−, ÎÉµ ¸¢Ö§ ´µ ¸ ¶·¨¸ÊÉ¸É¢¨¥³ ¢ ¶µ²µ¸ Ì 0− Éµ²Ó±µ ¸µ¸ÉµÖ´¨°
¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨ ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¸ ¨Ì ¢²¨Ö´¨¥³ ´  Ê·µ¢´¨ ¸ É¥³¨ ¦¥
¸¶¨´ ³¨ ¢ ¶µ²µ¸ Ì 1−. ‚ ¶¥·¢µ³ ¶·¨¡²¨¦¥´¨¨ ³µ¦´µ ¸Î¨É ÉÓ, ÎÉµ Ê·µ¢´¨ ¸
Î¥É´Ò³¨ ¸¶¨´ ³¨ ¢ ¶µ²µ¸ Ì 1− µ¸É ÕÉ¸Ö ´¥¢µ§³ÊÐ¥´´Ò³¨. ‚ ÔÉµ³ ¶·¥¤¶µ-
²µ¦¥´¨¨ ¶µ²ÊÎ¥´µ Ô±¸¶¥·¨³¥´É ²Ó´µ¥ ¶µ¤É¢¥·¦¤¥´¨¥ · ¸É ²±¨¢ ´¨Ö Ê·µ¢´¥°
¸ µ¤¨´ ±µ¢Ò³¨ ¸¶¨´ ³¨ ¢ · §´ÒÌ ¶µ²µ¸ Ì. �·¨ ÔÉµ³ ¢ ¶ÖÉ¨ · ¸¸³µÉ·¥´´ÒÌ
Ö¤· Ì Ê·µ¢¥´Ó 1−0 · ¸¶µ²µ¦¥´ ¢ÒÏ¥, Î¥³ 1−1,   ¢ ¶ÖÉ¨ Ö¤· Ì Å ´¨¦¥. �´¥·-
£¨Ö ¢µ§¡Ê¦¤¥´¨Ö £µ²µ¢´ÒÌ Ê·µ¢´¥° ¶µ²µ¸ ´ Ìµ¤¨É¸Ö ¢ ¨´É¥·¢ ²¥ 0,9Ä1,8 ŒÔ‚.



904 ƒ�ˆƒ��œ…‚ …. �.

’ ¡²¨Í  20. � · ³¥É·Ò · ¸Î¥É  ¸³¥Ï¨¢ ´¨Ö Šµ·¨µ²¨¸  ¸µ¸ÉµÖ´¨° µ±ÉÊ¶µ²Ó´µ£µ
É¨¶ 

Ÿ¤·µ X, ±Ô‚ Y , ±Ô‚ A, ±Ô‚ b, ±Ô‚

�µ²µ¸Ò ¸ Kπ = 0− ¨ 1−

156Gd 2568 68 10,30 36,60
170Yb 2835 97 10,38 39,51
154Gd 2613 96 10,65 50,89
162Er 2834 120 6,07 34,36
154Sm 2357 551 9,99 22,46
158Gd 2200 268 10,195 34,82
160Dy 2722 195 13,30 20,96
162Dy 2876 357 9,185 19,41
168Er 3105 415 10,018 35,44
170Er 3054 550 9,22 32,78

�µ²µ¸Ò ¸ Kπ = 1− ¨ 2−

160Dy 2496 71 10,65 15,40
162Dy 2707 540 11,04 15,12
168Er 2850 162 10,275 8,49

‚ É ¡². 20 ¶·¨¢¥¤¥´Ò ¶ · ³¥É·Ò ¸³¥Ï¨¢ ´¨Ö Šµ·¨µ²¨¸  ¤²Ö · ¸¸³µÉ·¥´-
´ÒÌ ¢ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ Ö¤¥·.

� · ³¥É· X Ì · ±É¥·¨§Ê¥É ¸Ê³³ ·´ÊÕ Ô´¥·£¨Õ £µ²µ¢´ÒÌ Ê·µ¢´¥° ¤¢ÊÌ
¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¶µ²µ¸. �´  ¸µ¸É ¢²Ö¥É 2,2Ä3,1 ŒÔ‚. �Éµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É
µ ´¨§±µ° Ô´¥·£¨¨ µ±ÉÊ¶µ²Ó´ÒÌ ¢µ§¡Ê¦¤¥´¨° ¢ ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤· Ì.

� · ³¥É· Y Ê± §Ò¢ ¥É ´  · §´µ¸ÉÓ Ô´¥·£¨¨ £µ²µ¢´ÒÌ Ê·µ¢´¥° µ¡¥¨Ì ¶µ-
²µ¸. �´¨ ³µ£ÊÉ ¡ÒÉÓ ¡²¨§±¨ (Y = 68 ±Ô‚ ¢ 156Gd) ¨ · §²¨Î ÉÓ¸Ö ´  0,5 ŒÔ‚
(Y = 550 ±Ô‚ ¢ 154Sm ¨ 170Er). �É §´ Î¥´¨° Y ´¥ § ¢¨¸¨É ¶ · ³¥É· ¸³¥Ï¨-
¢ ´¨Ö b, ´µ ¸¨²Ó´µ ³¥´Ö¥É¸Ö ¢±² ¤ ¢ · ¸Î¥É´ÊÕ Ô´¥·£¨Õ Ê·µ¢´¥°. �´ ¢¥²¨±
¶·¨ ¡²¨§±µ³ · ¸¶µ²µ¦¥´¨¨ Ê·µ¢´¥° ¶µ²µ¸ ¶·¨ ³ ²ÒÌ §´ Î¥´¨ÖÌ Y ¨ µÉ´µ-
¸¨É¥²Ó´µ ´¥§´ Î¨É¥²¥´ ¶·¨ ¡µ²ÓÏµ³ · ¸¸ÉµÖ´¨¨ ³¥¦¤Ê ´¨³¨.

ˆ´¥·Í¨µ´´Ò° ¶ · ³¥É· A µ¡ÒÎ´µ ¨³¥¥É ¡²¨§±¨¥ §´ Î¥´¨Ö ¢µ ³´µ£¨Ì
Ö¤· Ì: A = 9−11 ±Ô‚, ÌµÉÖ ¢ 162Er ¨ 160Dy ´ ¡²Õ¤ ÕÉ¸Ö µÉ¸ÉÊ¶²¥´¨Ö µÉ
ÔÉ¨Ì §´ Î¥´¨°,   ¨Ì ¶·¨Î¨´Ò ¶µ¤²¥¦ É ¢ÒÖ¸´¥´¨Õ. �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ
± ¦¤µ¥ Ö¤·µ É·¥¡Ê¥É ¸¶¥Í¨ ²Ó´µ£µ · ¸¸³µÉ·¥´¨Ö.

•µ·µÏµ ¨§¢¥¸É´µ, ÎÉµ ¨´¥·Í¨µ´´Ò° ¶ · ³¥É· A Ê¡Ò¢ ¥É ¸ ·µ¸Éµ³ ¸¶¨´ 
¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¤µ É¢¥·¤µÉ¥²Ó´ÒÌ §´ Î¥´¨°, ¶·¨³¥·µ³ ¸²Ê¦¨É ·¨¸. 1.
�Éµ ¸¢Ö§ ´µ ¸ Ê³¥´ÓÏ¥´¨¥³ ¶ ·´ÒÌ ±µ··¥²ÖÍ¨°. ‚ µ¡§µ·¥ ¸¤¥² ´  ¶µ¶ÒÉ± 
ÊÎ¥¸ÉÓ ÔÉµÉ ÔËË¥±É ¢ Ö¤·¥ 170Yb. �´  µ± § ² ¸Ó Ê¸¶¥Ï´µ° ¤²Ö Ê·µ¢´¥° ¸
Î¥É´Ò³¨ ¸¶¨´ ³¨ ¢ ¶µ²µ¸¥ ¸ Kπ = 1−. „²Ö Ê·µ¢´¥° ¸ ´¥Î¥É´Ò³¨ ¸¶¨´ ³¨
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¢ÒÖ¢²¥´  ´¥µ¡Ìµ¤¨³µ¸ÉÓ ÊÎ¥¸ÉÓ ÔÉµÉ ÔËË¥±É ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ¶ · ³¥É·a ¢§ -
¨³µ¤¥°¸É¢¨Ö Šµ·¨µ²¨¸  b.

� · ³¥É· b ¸¢Ö§ ´ ¸µ ¸É·Ê±ÉÊ·µ° ¸³¥Ï¨¢ ¥³ÒÌ ¸µ¸ÉµÖ´¨°. �´ ¨³¥¥É ´ ¨-
¡µ²ÓÏ¥¥ §´ Î¥´¨¥, ±µ£¤  £² ¢´Ò¥ ±µ³¶µ´¥´ÉÒ µÉ²¨Î ÕÉ¸Ö ´ ¡µ·µ³ ´¥°É·µ´-
´ÒÌ ¸µ¸ÉµÖ´¨° ¸ £² ¢´Ò³ ±¢ ´Éµ¢Ò³ Î¨¸²µ³ N = 6. ‡´ Î¥´¨Ö b ¸¨²Ó´µ
Ê³¥´ÓÏ ÕÉ¸Ö, ±µ£¤  · §²¨Î ÕÉ¸Ö ´ ¡µ·Ò ¸ N = 5. ‚ ¦´µ § ³¥É¨ÉÓ, ÎÉµ
¶·¥¤¸É ¢²¥´´Ò¥ ¢ É ¡². 1Ä3 §´ Î¥´¨Ö b ¤²Ö ±¢ ¤·Ê¶µ²Ó´ÒÌ ¸µ¸ÉµÖ´¨° ¸µ¸É -
¢²ÖÕÉ ²¨ÏÓ 6 ±Ô‚, ÎÉµ ¢ 5 · § ³¥´ÓÏ¥, Î¥³ ¤²Ö ¸µ¸ÉµÖ´¨° µ±ÉÊ¶µ²Ó´ÒÌ.

‡ ¢¨¸¨³µ¸ÉÓ ¶ · ³¥É·  b µÉ ¤µ²¨ ´Ê¦´µ£µ ±µ³¶µ´¥´Éa ¢ ¸µ¸É ¢¥ ¢µ²-
´µ¢ÒÌ ËÊ´±Í¨° ¸³¥Ï¨¢ ¥³ÒÌ ¸µ¸ÉµÖ´¨° ³µ¦´µ µÍ¥´¨ÉÓ ²¨ÏÓ ± Î¥¸É¢¥´´µ.
‚µ-¶¥·¢ÒÌ, ´¥ ¤²Ö ¢¸¥Ì Ö¤¥·, ¤²Ö ±µÉµ·ÒÌ ¨³¥ÕÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´-
´Ò¥, ¶·µ¢¥¤¥´Ò · ¸Î¥ÉÒ ¶µ ±¢ §¨Î ¸É¨Î´µ-Ëµ´µ´´µ° ³µ¤¥²¨. ‚µ-¢Éµ·ÒÌ, ¶·¨
· §²¨Î´ÒÌ ¶·¥¤¶µ²µ¦¥´¨ÖÌ µ ¶ · ³¥É· Ì ÔÉµ° ³µ¤¥²¨ ¨ µ ¢±² ¤¥ ¢§ ¨³µ¤¥°-
¸É¢¨° ¢ £ ³¨²ÓÉµ´¨ ´ ¶µ²ÊÎ ÕÉ¸Ö · §²¨Î´Ò¥ ¢±² ¤Ò ±µ³¶µ´¥´Éµ¢ ¢ ¸µ¸É ¢
¢µ²´µ¢ÒÌ ËÊ´±Í¨°. �·¨³¥·µ³ ³µ£ÊÉ ¸²Ê¦¨ÉÓ ¤ ´´Ò¥ ¨§ · ¡µÉ ‚. ƒ. ‘µ²µ¢Ó¥¢ 
¨ ¸µÉ·Ê¤´¨±µ¢ [12, 26, 31].

�·µ¢¥·¨ÉÓ ¨ · ¸Ï¨·¨ÉÓ ¸¤¥² ´´Ò¥ ¢Ò¢µ¤Ò ¢µ§³µ¦´µ ¨ ´Ê¦´µ, ¨¸¸²¥¤ÊÖ
¤·Ê£¨¥ ´Ê±²¨¤Ò, ´µ ´¥ ¢¥§¤¥ ¨§¢¥¸É´Ò µ¡¥ ¶µ²µ¸Ò ¸ Kπ = 0− ¨ 1−,   É ±¦¥
¨§µ²¨·µ¢ ´´Ò¥ ¶µ²µ¸Ò ¸ ¶µ²µ¦¨É¥²Ó´µ° Î¥É´µ¸ÉÓÕ ¢µ²´µ¢ÒÌ ËÊ´±Í¨°. „ ´-
´Ò¥ µ¡ ¨Ì Ô´¥·£¨¨ ´¥µ¡Ìµ¤¨³Ò ¤²Ö · ¸Î¥Éµ¢ ¶ · ³¥É·a ¸³¥Ï¨¢ ´¨Ö. �¥ µÎ¥´Ó
¢¥²¨± ¸¶¨¸µ± ´Ê±²¨¤µ¢, ¤²Ö ±µÉµ·ÒÌ ¶·µ¢¥¤¥´Ò · ¸Î¥ÉÒ (¢ [12] ¨ ¢ ¤·Ê£¨Ì
· ¡µÉ Ì) ¸µ¸É ¢  ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ±µ²²¥±É¨¢´ÒÌ µ±ÉÊ¶µ²Ó´ÒÌ ¸µ¸ÉµÖ´¨°.

‡�Š‹�—…�ˆ…

�¨¦´¨¥ ¢µ§¡Ê¦¤¥´´Ò¥ Ê·µ¢´¨ ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥· ·¥¤±µ§¥³¥²Ó´µ°
µ¡² ¸É¨ µÉ´µ¸ÖÉ¸Ö, ± ± ¶· ¢¨²µ, ± ·µÉ Í¨µ´´Ò³ ¶µ²µ¸ ³, µ¸´µ¢ ´´Ò³ ´ 
£µ²µ¢´ÒÌ Ê·µ¢´ÖÌ ±µ²²¥±É¨¢´µ° ¶·¨·µ¤Ò. �Éµ ¢¨¡· Í¨µ´´Ò¥ Ê·µ¢´¨ ±¢ -
¤·Ê¶µ²Ó´µ£µ ¨²¨ µ±ÉÊ¶µ²Ó´µ£µ É¨¶ . �¸µ¡¥´´µ¸É¨ ÔÉ¨Ì ¢¨¡· Í¨° µ¶·¥¤¥²ÖÕÉ
Ì · ±É¥· ¨ ¸¢µ°¸É¢  ¢§ ¨³µ¤¥°¸É¢¨Ö ¸µ¸ÉµÖ´¨°.

‡ ¢¨¸¨³µ¸ÉÓ ¢· Ð¥´¨Ö ¢ Ö¤·¥ µÉ ¤·Ê£¨Ì ¢¨¤µ¢ ¤¢¨¦¥´¨Ö ³µ¦¥É ¡ÒÉÓ ¸¢Ö-
§ ´  ¸ É·¥³Ö µ¸µ¡¥´´µ¸ÉÖ³¨ Ö¤¥·:

1)  ´£ ·³µ´¨Î´µ¸ÉÓ ±µ²¥¡ ´¨°, ±µÉµ· Ö µÉ· ¦ ¥É ¸¢Ö§Ó ±µ²¥¡ ´¨° · §-
²¨Î´µ° ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨ ¨ ¸³¥Ï¨¢ ´¨¥ ¸µ¸ÉµÖ´¨° ¸ · §´Ò³ Î¨¸²µ³ Ëµ´µ´µ¢;

2) ¢§ ¨³µ¤¥°¸É¢¨¥ Šµ·¨µ²¨¸ , ±µÉµ·µ¥ µ¶¨¸Ò¢ ¥É¸Ö ¶·µ¸ÉÒ³¨ Ëµ·³Ê-
² ³¨, ´µ ¢µ§³µ¦´µ Éµ²Ó±µ ¤²Ö ¸µ¸ÉµÖ´¨°, ±µÉµ·Ò¥ · §²¨Î ÕÉ¸Ö ´  1 ¥¤¨´¨ÍÊ
±¢ ´Éµ¢µ£µ Î¨¸²  K;

3) µÉ¸ÉÊ¶²¥´¨¥ µÉ ¶·µ¸Éµ£µ § ±µ´  J(J + 1), ±µÉµ·µ¥ ¢µ§³µ¦´µ §  ¸Î¥É
´¥ ±¸¨ ²Ó´µ¸É¨ Ö¤¥·.

‚ ´ ¸ÉµÖÐ¥³ µ¡§µ·¥ · ¸¸³µÉ·¥´µ ¢²¨Ö´¨¥ Éµ²Ó±µ ±µ·¨µ²¨¸µ¢  ¢§ ¨³µ-
¤¥°¸É¢¨Ö ´  ¨´¥·Í¨µ´´Ò¥ ¶ · ³¥É·Ò ¢ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ Ì.
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„²Ö ¸µ¸ÉµÖ´¨° ¸ ¶µ²µ¦¨É¥²Ó´µ° Î¥É´µ¸ÉÓÕ ´¨¦´¨¥ Ê·µ¢´¨ ¨³¥ÕÉ ±¢ ´-
Éµ¢Ò¥ Î¨¸²  K = 0 ¤²Ö µ¸´µ¢´ÒÌ ¨ β-¢¨¡· Í¨µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¨ K = 2 ¤²Ö
γ-¢¨¡· Í¨µ´´ÒÌ Ê·µ¢´¥°. �´¨ ´¥ ³µ£ÊÉ ¨¸¶ÒÉÒ¢ ÉÓ ¶·Ö³µ£µ ±µ·¨µ²¨¸µ¢ 
¢§ ¨³µ¤¥°¸É¢¨Ö. �´µ ³µ¦¥É ¶·µ¨¸Ìµ¤¨ÉÓ Éµ²Ó±µ Î¥·¥§ Ê·µ¢´¨ ¸ Kπ = 1+, ´µ
ÔÉ¨ Ê·µ¢´¨ ´ Ìµ¤ÖÉ¸Ö ¤µ¢µ²Ó´µ ¤ ²¥±µ µÉ ´¨¦´¨Ì ±¢ ¤·Ê¶µ²Ó´ÒÌ ¸µ¸ÉµÖ´¨°.
— ¸Éµ ´¥¨§¢¥¸É´µ, ± ±µ° ¨§ Ê·µ¢´¥° 1+ ´Ê¦´µ ÊÎ¨ÉÒ¢ ÉÓ ¶·¨ · ¸Î¥É¥.

ƒ ³³ -¢¨¡· Í¨µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ³µ£ÊÉ ¢§ ¨³µ¤¥°¸É¢µ¢ ÉÓ ¸ ¶µ²µ¸ ³¨ ¸
Kπ = 3+. ‡¤¥¸Ó · ¸¸³µÉ·¥´Ò É ±¨¥ ¸²ÊÎ ¨ ¨ ¶µ²ÊÎ¥´Ò ¶ · ³¥É·Ò ¢§ ¨³µ-
¤¥°¸É¢¨Ö Šµ·¨µ²¨¸ . ˆÌ §´ Î¥´¨Ö ¸µ¸É ¢²ÖÕÉ µ±µ²µ 6 ±Ô‚.

„²Ö µ±ÉÊ¶µ²Ó´ÒÌ ¸µ¸ÉµÖ´¨° ´ ¨¡µ²¥¥ Î¥É±¨¥ ·¥§Ê²ÓÉ ÉÒ ¶µ²ÊÎ¥´Ò ¶·¨
· ¸¸³µÉ·¥´¨¨ ¸³¥Ï¨¢ ´¨Ö Ê·µ¢´¥° ¸ K = 0 ¨ 1. � ¸Î¥ÉÒ ¤ ÕÉ §¤¥¸Ó ¡µ²ÓÏ¨¥
§´ Î¥´¨Ö ¶ · ³¥É·  ¸³¥Ï¨¢ ´¨Ö b ≈ 35 ±Ô‚. �´¨ ¸¢Ö§Ò¢ ÕÉ¸Ö ¸µ ¸É·Ê±ÉÊ-
·µ° µ±ÉÊ¶µ²Ó´ÒÌ ¸µ¸ÉµÖ´¨°. ‚ ¤¢ÊÌ · ¸¸³µÉ·¥´´ÒÌ ¸²ÊÎ ÖÌ ¢§ ¨³µ¤¥°¸É¢¨Ö
Ê·µ¢´¥° ¸ K = 1 ¨ 2 ¶µ²ÊÎ¥´µ §´ Î¥´¨¥ b = 15 ±Ô‚.

…¸É¥¸É¢¥´´Ò³ µ¡· §µ³ µ¡ÑÖ¸´Ö¥É¸Ö ¸É·Ê±ÉÊ·´µ¥ · ¸Ð¥¶²¥´¨¥ Ê·µ¢´¥° ¢
¶µ²µ¸ Ì ¸ Kπ = 1− ¨ ±· °´¨¥ ¸²ÊÎ ¨ ¡µ²ÓÏµ£µ · ¸Ð¥¶²¥´¨Ö, ¶·¨¢µ¤ÖÐ¥£µ
± ¨´¢¥·¸¨¨.

�·µ¢¥¤¥´´Ò¥ ¢ÒÎ¨¸²¥´¨Ö Ô´¥·£¨¨ ·µÉ Í¨µ´´ÒÌ Ê·µ¢´¥° ¶µ± § ²¨ ³ ¸-
ÏÉ ¡ · ¸Ìµ¦¤¥´¨° ¸ Ô±¸¶¥·¨³¥´Éµ³. …¸É¥¸É¢¥´´µ° ¶·¨Î¨´µ° ·µ¸É  · ¸Ìµ¦¤¥-
´¨° ¸ Ê¢¥²¨Î¥´¨¥³ ¸¶¨´  J Ö¢²Ö¥É¸Ö ¨§¢¥¸É´Ò° ÔËË¥±É Ê³¥´ÓÏ¥´¨Ö ¶ ·´ÒÌ
±µ··¥²ÖÍ¨°. �´ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢ ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢¨Ö Šµ·¨µ²¨¸  ¨ ´¥
¶·¨´¨³ ¥É¸Ö ¢µ ¢´¨³ ´¨¥ ¶·¨ · ¸Î¥É¥. �¤´ ±µ µ´ ¶·µ¸²¥¦¨¢ ¥É¸Ö ¶µ Ê³¥´Ó-
Ï¥´¨Õ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° ¨´¥·Í¨µ´´µ£µ ¶ · ³¥É·  A+, ¶·¨¢¥¤¥´-
´ÒÌ ´  ·¨¸. 1, 5, 8, 10,   É ±¦¥ ¡µ²¥¥ ¶µ¤·µ¡´µ · ¸¸³µÉ·¥´´ÒÌ ¢ · ¡µÉ¥ [1].
�Ê¦¥´ ÔËË¥±É¨¢´Ò° ¸¶µ¸µ¡ ÊÎ¥É  Ê³¥´ÓÏ¥´¨Ö ¨´¥·Í¨µ´´ÒÌ ¶ · ³¥É·µ¢.

‚ · ¡µÉ¥ ¶·µ¤¥³µ´¸É·¨·µ¢ ´µ ¨¸¶µ²Ó§µ¢ ´¨¥ ¶·¥¤¸± § É¥²Ó´µ° ¸¨²Ò ³µ-
¤¥²¨ Šµ·¨µ²¨¸ . ‚ Ö¤·¥ 170Yb ´ °¤¥´Ò ¸µ¸ÉµÖ´¨Ö ¸ ³µ³¥´É ³¨ 3−, ¶·¥¤¸± -
§ ´´Ò¥ ³µ¤¥²ÓÕ. �´¨ § ¸¥²ÖÕÉ¸Ö ¶·¨ β-· ¸¶ ¤¥ ³ É¥·¨´¸±µ£µ Ö¤·  170Lu,
´¥¸³µÉ·Ö ´  ¡µ²ÓÏÊÕ · §´¨ÍÊ ¢ ³µ³¥´É Ì ¸µ¸ÉµÖ´¨°. ˆ³¥ÕÉ¸Ö ¢µ§³µ¦´µ¸É¨
µ¡´ ·Ê¦¨ÉÓ ´µ¢Ò¥ Ê·µ¢´¨ ¢ ¤·Ê£¨Ì Ö¤· Ì.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. ƒ·¨£µ·Ó¥¢ …. �. // �—�Ÿ. 2000. ’. 31, ¢Ò¶. 6. ‘. 1496.

2. �µ· �., ŒµÉÉ¥²Ó¸µ´ �. ‘É·Ê±ÉÊ·   Éµ³´µ£µ Ö¤· . Œ.: Œ¨·, 1977.

3. Œ¨Ì °²µ¢ ˆ. �., � ¤¦ ±µ¢ …., Š · ¤¦µ¢ „. // �—�Ÿ. 1973. ’. 4, ¢Ò¶. 2. ‘. 1334.

4. Œ¨Ì °²µ¢ ˆ. �. ¨ ¤·. // Ÿ”. 1991. ’. 54. ‘. 1239.

5. ƒ·µ³µ¢ Š. Ÿ. ¨ ¤·. // ˆ§¢. ���, ¸¥·. Ë¨§. 1992. ’. 56. ‘. 36.

6. Œ¨Ì °²µ¢ ‚. Œ. // ˆ§¢. �� ‘‘‘�, ¸¥·. Ë¨§. 1966. ’. 30, º 8. ‘. 1334.

7. �¥²¥´Ó±¨° ‚. Œ., ƒ·¨£µ·Ó¥¢ …. �. ‘É·Ê±ÉÊ·  Î¥É´ÒÌ Ö¤¥·. Œ.: �´¥·£µ Éµ³¨§¤ É, 1987.

8. Simpson J. et al. // J. Phys. G. 1991. V. 17. P. 511.



‘Œ…˜ˆ‚��ˆ… ‘�‘’�Ÿ�ˆ‰ ��‡‹ˆ—�›• ��‹�‘ 907

9. Singh B. // Nucl. Data Sheets. 2001. V. 93, No. 2. P. 243.

10. ƒ·¨£µ·Ó¥¢ …. �., �·²µ¢  ˆ. �. // ’¥§. ¤µ±². 52-£µ Œ¥¦¤Ê´ ·. ¸µ¢¥Ð. ¶µ Ö¤¥·´µ° ¸¶¥±É·µ¸±µ¶¨¨
¨ ¸É·Ê±ÉÊ·¥  Éµ³´µ£µ Ö¤· . Œ., 2002. ‘. 108.

11. Browne E. // Nucl. Data Sheets. 1991. V. 62, No. 1. P. 1.

12. ƒ·¨£µ·Ó¥¢ …. �., ‘µ²µ¢Ó¥¢ ‚. ƒ. ‘É·Ê±ÉÊ·  Î¥É´ÒÌ ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥·. Œ.: � Ê± , 1974.

13. Singh B. // Nucl. Data Sheets. 1995. V. 75, No. 2. P. 199.

14. ƒ·¨£µ·Ó¥¢ …. �. // Ÿ”. 2003. T. 7 (¢ ¶¥Î É¨).

15. Sugawara M. et al. // JAERI Review. 2000. V. 018. P. 27.

16. Grigoriev E. P. // Yad. Fiz. 2002. V. 65. P. 673; Phys. Atom. Nucl. 2002. V. 65. P. 641.

17. Baglin G. M. // Nucl. Data Sheets. 1996. V. 77. P. 125.

18. „¦¥²¥¶µ¢ �. ‘. ¨ ¤·. ‘Ì¥³Ò · ¸¶ ¤  · ¤¨µ ±É¨¢´ÒÌ Ö¤¥·. A = 169, 170. ‹.: � Ê± , 1988.

19. ‚ ¸¨²Ó¥¢  �. ‚. ¨ ¤·. // ˆ§¢. ���, ¸¥·. Ë¨§. 1992. T. 56. ‘. 2.

20. Archer D. E. et al. // Phys. Rev. C. 1998. V. 57. P. 2924.

21. ƒ·¨£µ·Ó¥¢ …. �., „ ¤ ³ÊÌ ³¥¤µ¢ ’. �. // ˆ§¢. �� ‘‘‘�, ¸¥·. Ë¨§. 1987. ’. 51. ‘. 2105.

22. ‡¢µ²Ó¸±¨° ˆ. ¨ ¤·. // ’¥§. ¤µ±². 52-£µ Œ¥¦¤Ê´ ·. ¸µ¢¥Ð. ¶µ Ö¤¥·´µ° ¸¶¥±É·µ¸±µ¶¨¨ ¨ ¸É·Ê±-
ÉÊ·¥  Éµ³´µ£µ Ö¤· . Œ., 2002. ‘. 86.

23. Helmer R. G., Reich C. W. // Nucl. Data Sheets. 1999. V. 87, No. 3. P. 317.

24. X.-Liang et al. // Eur. Phys. J. A. 2001. V. 10. P. 42.

25. �¤ ³ ˆ. ¨ ¤·. // ˆ§¢. �� ‘‘‘�, ¸¥·. Ë¨§. 1989. T. 83. ‘. 815.

26. ‘µ²µ¢Ó¥¢ ‚. ƒ. ¨ ¤·. // �—�Ÿ. 1996. ’. 27. ‘. 1643.

27. Shirley V. S. // Nucl. Data Sheets. 1994. V. 71. P. 261.

28. ƒ·¨£µ·Ó¥¢ …. �., Œ¨Ì¥¥¢ �. ‚. // ’¥§. ¤µ±². 50-£µ Œ¥¦¤Ê´ ·. ¸µ¢¥Ð. ¶µ Ö¤¥·´µ° ¸¶¥±É·µ¸±µ¶¨¨
¨ ¸É·Ê±ÉÊ·¥  Éµ³´µ£µ Ö¤· . ‘�¡., 2000. ‘. 162.

29. ƒ·¨£µ·Ó¥¢ …. �. // Ÿ”. 1999. ’. 62. ‘. 1683.

30. ƒ·¨£µ·Ó¥¢ …. �., ƒ² ¤±µ¢  ˆ. �. // Ÿ”. 2000. ’. 63. ‘. 773.

31. Soloviev V. G. // Part. & Nucl. 2000. V. 31. P. 787.


