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�μ²Ó É¥´§μ·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ μ¶¨¸ ´¨¨ Ô³¨¸¸¨¨
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¢ ´¥°É·μ´´μ-¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ¶ Ì ´¨±¥²Ö

�  μ¸´μ¢¥ ¸¨² ‘±¨·³  ¸ ÊÎ¥Éμ³ É¥´§μ·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¤ ´μ ³¨±·μ-
¸±μ¶¨Î¥¸±μ¥ μ¶¨¸ ´¨¥ ¢¥·μÖÉ´μ¸É¨ Ô³¨¸¸¨¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, ¸μ¶·μ-
¢μ¦¤ ÕÐ¥° β-· ¸¶ ¤ Î¥É´μ-Î¥É´ÒÌ ´¥°É·μ´´μ-¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ¶μ¢ ´¨±¥²Ö ¸
³ ¸¸μ¢Ò³¨ Î¨¸² ³¨ A = 74−80. � ¸Î¥ÉÒ ¢Ò¶μ²´¥´Ò ¢ ±¢ §¨Î ¸É¨Î´μ³ ¶·¨-
¡²¨¦¥´¨¨ ¸²ÊÎ °´ÒÌ Ë § ¸ ÊÎ¥Éμ³ ¤¢ÊÌËμ´μ´´ÒÌ ±μ³¶μ´¥´É ¢μ²´μ¢μ° ËÊ´±Í¨¨
¸μ¸ÉμÖ´¨° ¤μÎ¥·´¥£μ Ö¤· . ‚ · ¡μÉ¥ μ¡¸Ê¦¤ ÕÉ¸Ö ¸±μ·μ¸É¨ β-· ¸¶ ¤  ¨ ¸¢μ°¸É¢ 
´¨¦ °Ï¥£μ ±¢ ¤·Ê¶μ²Ó´μ£μ ¢μ§¡Ê¦¤¥´¨Ö 74,76,78,80Ni. �μ± § ´μ, ÎÉμ μ¸² ¡²¥-
´¨¥ ´¥°É·μ´-¶·μÉμ´´μ£μ É¥´§μ·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¨¢μ¤¨É ± ¸ÊÐ¥¸É¢¥´´μ³Ê
§ ³¥¤²¥´¨Õ β-· ¸¶ ¤  ¨ Ê¢¥²¨Î¥´¨Õ ¢¥·μÖÉ´μ¸É¨ Ô³¨¸¸¨¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°-
É·μ´μ¢.
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The Impact of the Tensor Interaction on the β-Delayed
Neutron Emission of the Neutron-Rich Ni Isotopes

The neutron emission of the β-decay of 74,76,78,80Ni is studied with the Skyrme
interaction taking into account the tensor terms. Calculations are performed within
the quasiparticle random phase approximation. The coupling between one- and two-
phonon terms in the wave functions of the low-energy 1+ states of the daughter
nuclei is taken into account. It is shown that the strength decrease of the neutron-
proton tensor interaction leads to the substantial increase of the half-life and the
neutron-emission probability.
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ˆ§³¥·¥´¨Ö ¨ É¥μ·¥É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö β-· ¸¶ ¤´ÒÌ Ì · ±É¥·¨¸É¨±
Ö¤¥· ¢¡²¨§¨ ¤¢ ¦¤Ò ³ £¨Î¥¸±μ£μ Ö¤·  78Ni ¨¸±²ÕÎ¨É¥²Ó´μ ¢ ¦´Ò ¤²Ö ·¥-
Ï¥´¨Ö ¶·μ¡²¥³Ò r-¶·μÍ¥¸¸  [1]. �³¨¸¸¨Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ § -
Î ¸ÉÊÕ Ö¢²Ö¥É¸Ö ¥¤¨´¸É¢¥´´Ò³ ¨¸ÉμÎ´¨±μ³ ¨´Ëμ·³ Í¨¨ μ¡ ¨Ì β-¸¨²μ¢μ°
ËÊ´±Í¨¨ [2, 3]. �·¨ ÔÉμ³ ÊÎ¥É É¥´§μ·´μ£μ ´Ê±²μ´-´Ê±²μ´´μ£μ ¢§ ¨³μ¤¥°-
¸É¢¨Ö μ± §Ò¢ ¥É ¸ÊÐ¥¸É¢¥´´μ¥ ¢²¨Ö´¨¥ ´  £ ³μ¢-É¥²²¥·μ¢¸±¨¥ (ƒ’) ¶¥·¥Ìμ¤Ò
¢ μ±´¥ β-· ¸¶ ¤  [4].

�¤´¨³ ¨§ μ¸´μ¢´ÒÌ ¶μ¤Ìμ¤μ¢ μ¶¨¸ ´¨Ö § ·Ö¤μ¢μ-μ¡³¥´´ÒÌ Ö¤¥·´ÒÌ ¢μ§-
¡Ê¦¤¥´¨° Ö¢²Ö¥É¸Ö ±¢ §¨Î ¸É¨Î´μ¥ ¶·¨¡²¨¦¥´¨¥ ¸²ÊÎ °´ÒÌ Ë § (�‘”) ¸ ÔË-
Ë¥±É¨¢´Ò³¨ ¸¨² ³¨ ‘±¨·³  (¸³., ´ ¶·¨³¥·, [5Ä8]). ’ ±¨¥ · ¸Î¥ÉÒ ´¥ É·¥-
¡ÊÕÉ ¢¢¥¤¥´¨Ö ´μ¢ÒÌ ¶ · ³¥É·μ¢, É ± ± ± μ¸É ÉμÎ´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¶μ²Ê-
Î¥´μ ¸ ³μ¸μ£² ¸μ¢ ´´Ò³ μ¡· §μ³ ¸ É¥³ ¦¥ ¸ ³Ò³ ËÊ´±Í¨μ´ ²μ³ ¶²μÉ´μ¸É¨
Ô´¥·£¨¨, ± ± ¨ ¸·¥¤´¥¥ ¶μ²¥. ˆ§ÊÎ¥´¨¥ ¶·μÍ¥¸¸  ³Ê²ÓÉ¨´¥°É·μ´´μ° Ô³¨¸-
¸¨¨, ¸μ¶·μ¢μ¦¤ ÕÐ¥£μ β-· ¸¶ ¤  Éμ³´ÒÌ Ö¤¥·, É·¥¡Ê¥É ÊÎ¥É  ¸¢Ö§¨ ¶·μ¸ÉÒÌ
Î ¸É¨Î´μ-¤Ò·μÎ´ÒÌ ±μ´Ë¨£Ê· Í¨° ¸ ¡μ²¥¥ ¸²μ¦´Ò³¨ (¤¢ÊÌËμ´μ´´Ò³¨) ±μ´-
Ë¨£Ê· Í¨Ö³¨ [9]. �Éμ ¤¥² ¥É ´¥μ¡Ìμ¤¨³Ò³ · ¸Î¥É ¢ ¡μ²ÓÏμ³ ±μ´Ë¨£Ê· Í¨-
μ´´μ³ ¶·μ¸É· ´¸É¢¥. ‘¥¶ · ¡¥²¨§ Í¨Ö μ¸É ÉμÎ´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ‘±¨·³ 
¶μ§¢μ²Ö¥É μ¡μ°É¨ ÔÉÊ É·Ê¤´μ¸ÉÓ ¨ ¶·μ¢μ¤¨ÉÓ ¢ÒÎ¨¸²¥´¨Ö ´¥§ ¢¨¸¨³μ μÉ ±μ´-
Ë¨£Ê· Í¨μ´´μ£μ ¶·μ¸É· ´¸É¢  [10Ä12].

–¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²Ö¥É¸Ö ¨§ÊÎ¥´¨¥ ¢²¨Ö´¨Ö É¥´§μ·´ÒÌ ±μ··¥²Ö-
Í¨° ´  ¢¥·μÖÉ´μ¸ÉÓ Ô³¨¸¸¨¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, ¸μ¶·μ¢μ¦¤ ÕÐ¥°
β-· ¸¶ ¤ 74,76,78,80Ni, ¨ ÔÉ¨³ ³μÉ¨¢¨·μ¢ ´ ¢Ò¡μ· ¶ · ³¥É·¨§ Í¨° ¨§ ¸¥·¨¨
TIJ [13]. ˆ´¤¥±¸Ò I ¨ J μ¡μ§´ Î ÕÉ Í¥²Ò¥ Î¨¸²  μÉ 1 ¤μ 6, ±μÉμ·Ò¥
μ¶·¥¤¥²ÖÕÉ¸Ö É ±, ÎÉμ¡Ò § Ë¨±¸¨·μ¢ ÉÓ ¢±² ¤Ò É¥´§μ·´ÒÌ Î²¥´μ¢ ¢ ¸¶¨´-
μ·¡¨É ²Ó´Ò° ¶μÉ¥´Í¨ ²:
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α = 60(J − 2) (ŒÔ‚ · ”³5), (2)

β = 60(I − 2) (ŒÔ‚ · ”³5), (3)

£¤¥ ρq , Jq (q = n, p) Å ¶²μÉ´μ¸ÉÓ ´Ê±²μ´μ¢ ¨ ¸¶¨´-μ·¡¨É ²Ó´ Ö ¶²μÉ´μ¸ÉÓ
´Ê±²μ´μ¢. �É³¥É¨³, ÎÉμ ¶ · ³¥É· β μÉ¢¥É¸É¢¥´ §  ¸¨²Ê ´¥°É·μ´-¶·μÉμ´´μ£μ
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É¥´§μ·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö. ’ ± ± ± ¤²Ö ¶· ¢¨²Ó´μ£μ μ¶¨¸ ´¨Ö Ô´¥·£¨¨
ƒ’-·¥§μ´ ´¸  ´¥μ¡Ìμ¤¨³μ μÉÉ ²±¨¢ ÕÐ¥¥ Í¥´É· ²Ó´μ¥ ¸¶¨´-¨§μ¸¶¨´μ¢μ¥ ¢§ -
¨³μ¤¥°¸É¢¨¥ [14], ³Ò μÉμ¡· ²¨ É¥ ¶ · ³¥É·¨§ Í¨¨ TIJ , ¤²Ö ±μÉμ·ÒÌ ¢Ò¶μ²-
´Ö¥É¸Ö Ê¸²μ¢¨¥ G′

0 � 0,1 [15]. ‚ ÔÉμ° · ¡μÉ¥ ³Ò ¨¸¶μ²Ó§Ê¥³ ¤¢¥ ¶ · ³¥É·¨-
§ Í¨¨ Å T43 ¨ T45, ±μÉμ·Ò¥ ¸μμÉ¢¥É¸É¢ÊÕÉ ¸¨²Ó´Ò³ (β/α = 2,0) ¨ ¸· ¢´¨-
É¥²Ó´μ ¸² ¡Ò³ (β/α = 0,7) ´¥°É·μ´-¶·μÉμ´´Ò³ É¥´§μ·´Ò³ ¢§ ¨³μ¤¥°¸É¢¨Ö³
(μÉ´μ¸¨É¥²Ó´μ ´¥°É·μ´-´¥°É·μ´´ÒÌ ¨ ¶·μÉμ´-¶·μÉμ´´ÒÌ É¥´§μ·´ÒÌ ¸¨²).

1. Œ…’�„

„¥É ²Ó´μ¥ ¨§²μ¦¥´¨¥ ³¥Éμ¤  ¤²Ö μ¶¨¸ ´¨Ö Ë· £³¥´É Í¨¨ ƒ’-¶¥·¥Ìμ¤μ¢
β-· ¸¶ ¤  ´¥°É·μ´´μ-¨§¡ÒÉμÎ´μ£μ Ö¤·  ³μ¦´μ ´ °É¨ ¢ · ¡μÉ Ì [9, 16, 17].
‘·¥¤´¥¥ ¶μ²¥ μ¶·¥¤¥²Ö¥É¸Ö ·¥Ï¥´¨¥³ Ê· ¢´¥´¨° • ·É·¨Ä”μ±  (•”) ¸ ¸¨² ³¨
‘±¨·³ . ‘¶ ·¨¢ ´¨¥ É· ±ÉÊ¥É¸Ö ¢ ¶·¨¡²¨¦¥´¨¨ � ·¤¨´ ÄŠÊ¶¥· Ä˜·¨ËË¥· 
(�Š˜) ¸ ±μ´É ±É´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³:
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(4)

£¤¥ Pσ Å ¸¶¨´μ¢μ-μ¡³¥´´Ò° μ¶¥· Éμ·; ρ(r1) Å ´μ·³ ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ´Ê-
±²μ´μ¢; ρ0 Å ¶²μÉ´μ¸ÉÓ Ö¤¥·´μ° ³ É¥·¨¨. ‚¥²¨Î¨´  f μ¶·¥¤¥²Ö¥É μÉ´μÏ¥-
´¨¥ ¸¨²μ¢ÒÌ ¶ · ³¥É·μ¢ T = 1 ¨ T = 0 ¢§ ¨³μ¤¥°¸É¢¨° ¢ ± ´ ²¥ Î ¸É¨Í Ä
Î ¸É¨Í . ‚ ÔÉμ° · ¡μÉ¥ ³Ò ¨¸¶μ²Ó§Ê¥³ f = 1, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ·¥ ²¨§ Í¨¨
SU(4)-¸¨³³¥É·¨¨ [18],   É ±¦¥ ¢Ò¡¨· ¥³ μ¡Ñ¥³´μ¥ ¸¶ ·¨¢ É¥²Ó´μ¥ ¢§ ¨³μ-
¤¥°¸É¢¨¥ (η = 0). � · ³¥É· V0 = −270 ŒÔ‚ ·”³3 Ë¨±¸¨·Ê¥É¸Ö É ±, ÎÉμ¡Ò
¢μ¸¶·μ¨§¢¥¸É¨ · §´¨ÍÊ ³ ¸¸ ¸μ¸¥¤´¨Ì ´¥Î¥É´ÒÌ ¨ Î¥É´μ-Î¥É´ÒÌ Ö¤¥· ¢ μ¡² -
¸É¨ 78Ni [19, 20]. �¤´μÎ ¸É¨Î´Ò° ±μ´É¨´ÊÊ³ ¤¨¸±·¥É¨§¨·Ê¥É¸Ö ¶μ¸·¥¤¸É¢μ³
¤¨ £μ´ ²¨§ Í¨¨ £ ³¨²ÓÉμ´¨ ´  •” ´  ¡ §¨¸¥ ¢μ²´μ¢ÒÌ ËÊ´±Í¨° £ ·³μ´¨-
Î¥¸±μ£μ μ¸Í¨²²ÖÉμ· . ŒÒ · ¡μÉ ¥³ ¢ · ³± Ì ±¢ §¨Î ¸É¨Î´μ£μ ¶·¨¡²¨¦¥´¨Ö
¸²ÊÎ °´ÒÌ Ë § (�‘”), ¢μ²´μ¢Ò¥ ËÊ´±Í¨¨ μ¤´μËμ´μ´´ÒÌ ¸μ¸ÉμÖ´¨° Ö¢²Ö-
ÕÉ¸Ö ¸Ê¶¥·¶μ§¨Í¨¥° ¤¢ÊÌ±¢ §¨Î ¸É¨Î´ÒÌ ±μ´Ë¨£Ê· Í¨°. �¸É ÉμÎ´μ¥ ¢§ ¨³μ-
¤¥°¸É¢¨¥ ¶μ²ÊÎ¥´μ ± ± ¢Éμ· Ö ¶·μ¨§¢μ¤´ Ö ËÊ´±Í¨μ´ ²  ¶²μÉ´μ¸É¨ Ô´¥·£¨¨
¶μ ´μ·³ ²Ó´μ° ¨ ¶ ·´μ° ¶²μÉ´μ¸É¨ ´Ê±²μ´μ¢. „¨ £μ´ ²¨§μ¢ ¢ £ ³¨²ÓÉμ´¨ ´
¢ ¶·μ¸É· ´¸É¢¥ μ¤´μËμ´μ´´ÒÌ ¸μ¸ÉμÖ´¨°, ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¸¨¸É¥³Ê ²¨´¥°´ÒÌ
Ê· ¢´¥´¨° �‘” ¤²Ö ´ Ìμ¦¤¥´¨Ö Ëμ´μ´´ÒÌ  ³¶²¨ÉÊ¤ ¨ Ô´¥·£¨° μ¤´μËμ´μ´-
´ÒÌ ¸μ¸ÉμÖ´¨° [21,22]. •μ·μÏμ ¨§¢¥¸É´μ, ÎÉμ ¸¥¶ · ¡¥²Ó´Ò° ¢¨¤ μ¸É ÉμÎ´μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ§¢μ²Ö¥É ´ °É¨ Ô´¥·£¨¨ �‘” ± ± ·¥Ï¥´¨¥ μÉ´μ¸¨É¥²Ó´μ
¶·μ¸Éμ£μ ¸¥±Ê²Ö·´μ£μ Ê· ¢´¥´¨Ö [22]. ‚ ¸²ÊÎ ¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ‘±¨·³  ÔÉ 
¶·μÍ¥¤Ê·  ¡Ò²  ¢¶¥·¢Ò¥ ¶·¥¤²μ¦¥´  ¢ · ¡μÉ¥ [23]. ‚ [11, 12, 17] ¤²Ö μ¶¨-
¸ ´¨Ö £ ³μ¢-É¥²²¥·μ¢¸±¨Ì ¨ ¸¶¨´-¤¨¶μ²Ó´ÒÌ § ·Ö¤μ¢μ-μ¡³¥´´ÒÌ ¸μ¸ÉμÖ´¨°
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¶·μ¤¥³μ´¸É·¨·μ¢ ´  ¶·¨³¥´¨³μ¸ÉÓ ¸¥¶ · ¡¥²Ó´μ°  ¶¶·μ±¸¨³ Í¨¨ Í¥´É· ²Ó-
´μ£μ ¨ É¥´§μ·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ‘±¨·³  ± ± ¢ ± ´ ²¥ Î ¸É¨Í Ä¤Ò·± , É ±
¨ ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í .

„²Ö ÊÎ¥É  ¸²μ¦´ÒÌ ±μ´Ë¨£Ê· Í¨° ¢μ²´μ¢Ò¥ ËÊ´±Í¨¨ 1+-¸μ¸ÉμÖ´¨° ¤μ-
Î¥·´¥£μ Ö¤·  (N − 1, Z + 1) § ¶¨¸Ò¢ ÕÉ¸Ö ¢ ¢¨¤¥ ¸Ê¶¥·¶μ§¨Í¨¨ Î²¥´μ¢ ¸ · §-
²¨Î´Ò³ Î¨¸²μ³ Ëμ´μ´´ÒÌ μ¶¥· Éμ·μ¢ [22,24]:

Ψν(JM) =

(∑
i

Ri(Jν)Q+
JMi +

∑
λ1i1λ2i2

Pλ1i1
λ2i2

(Jν)
[
Q+
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Q̄+

λ2μ2i2

]
JM

)
|0〉,

(5)
£¤¥ ¨´¤¥±¸ λ μ¡μ§´ Î ¥É Ê£²μ¢μ° ³μ³¥´É,   μ Å ¥£μ z-¶·μ¥±Í¨Ö ¢ ² ¡μ· -
Éμ·´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É. ƒT-¢μ§¡Ê¦¤¥´¨Ö £¥´¥·¨·ÊÕÉ¸Ö ¤¥°¸É¢¨¥³ μ¶¥· -
Éμ·  Q+

λμi|0〉, Éμ£¤  ± ± Q̄+
λμi|0〉 Å μ¤´μËμ´μ´´Ò¥ ¢μ§¡Ê¦¤¥´¨Ö ·μ¤¨É¥²Ó¸±μ£μ

Ö¤· . ˆ¸¶μ²Ó§ÊÖ ¢ ·¨ Í¨μ´´Ò° ¶·¨´Í¨¶, ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¸¨¸É¥³Ê ²¨´¥°´ÒÌ
Ê· ¢´¥´¨° μÉ´μ¸¨É¥²Ó´μ  ³¶²¨ÉÊ¤ Ri(λν) ¨ Pλ1i1

λ2i2
[16], ±μÉμ·Ò¥ ¨³¥ÕÉ É -

±μ° ¦¥ ¢¨¤, ± ± ¢ ±¢ §¨Î ¸É¨Î´μ-Ëμ´μ´´μ° ³μ¤¥²¨ [22, 24], ´μ ¢ μ¶¨¸ ´´μ³
³¥Éμ¤¥ μ¤´μÎ ¸É¨Î´Ò° ¸¶¥±É· ¨ ¶ · ³¥É·Ò μ¸É ÉμÎ´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö · ¸-
¸Î¨ÉÒ¢ ÕÉ¸Ö ¸ ¸¨² ³¨ ‘±¨·³  [16]. �·¨ ¨§ÊÎ¥´¨¨ ¢²¨Ö´¨Ö Ë· £³¥´É Í¨¨
¸μ¸ÉμÖ´¨° 1+, ´ °¤¥´´ÒÌ ¢ �‘”, ¢ ¦´μ ÊÎ¥¸ÉÓ ¤¢ÊÌËμ´μ´´Ò¥ ±μ´Ë¨£Ê· Í¨¨
[1+

i ⊗ 2+
i′ ], É. ¥. ¶μ¸É·μ¥´´Ò¥ ¸ ±¢ ¤·Ê¶μ²Ó´Ò³¨ ¢μ§¡Ê¦¤¥´¨Ö³¨ ·μ¤¨É¥²Ó¸±μ£μ

Ö¤·  (N, Z) [9,16]. �·¨ ¶μ¸É·μ¥´¨¨ ¢μ²´μ¢μ° ËÊ´±Í¨¨ ¸μ¸ÉμÖ´¨° 1+ ¢ μ±´¥
β-· ¸¶ ¤  ÊÎ¨ÉÒ¢ ²¨¸Ó μ¤´μ- ¨ ¤¢ÊÌËμ´μ´´Ò¥ ¸μ¸ÉμÖ´¨Ö ¤μ 19 ŒÔ‚. �·¨
¶·μ¢¥¤¥´¨¨ · ¸Î¥Éμ¢ ³Ò ÊÎ¨ÉÒ¢ ¥³ μ¤´μÎ ¸É¨Î´Ò° ±μ´É¨´ÊÊ³ ¤μ 100 ŒÔ‚.
’ ±μ° ÊÎ¥É μ¤´μÎ ¸É¨Î´μ£μ ±μ´É¨´ÊÊ³  ¶μ§¢μ²Ö¥É ¶μ²´μ¸ÉÓÕ ¨¸Î¥·¶ ÉÓ ¶· -
¢¨²μ ¸Ê³³ ˆ±¥¤Ò, S− − S+ = 3(N − Z). �¤´μ¢·¥³¥´´Ò° ÊÎ¥É É¥´§μ·´ÒÌ
±μ··¥²ÖÍ¨° ¨ ÔËË¥±Éμ¢ ¸¢Ö§¨ 1p−1h- ¨ 2p−2h-±μ´Ë¨£Ê· Í¨° ¶μ§¢μ²Ö¥É ´ ³
´¥ ¨¸¶μ²Ó§μ¢ ÉÓ ÔËË¥±É¨¢´Ò° Ë ±Éμ· ¶μ¤ ¢²¥´¨Ö ¸¨²Ò ƒ’-¶¥·¥Ìμ¤μ¢ [25].

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¶·¨¡²¨¦¥´¨Ö · §·¥Ï¥´´ÒÌ ¶¥·¥Ìμ¤μ¢ ¶¥·¨μ¤ ¶μ²Ê-
· ¸¶ ¤  ¤²Ö ¶·μÍ¥¸¸  β-· ¸¶ ¤  ¢ÒÎ¨¸²Ö¥É¸Ö ± ± ¸Ê³³  ¢¥·μÖÉ´μ¸É¥°
ƒ’-¶¥·¥Ìμ¤μ¢ (¢ ¥¤¨´¨Í Ì G2

A/4π) ¸ ¢¥¸μ³ ¢ ¢¨¤¥ ËÊ´±Í¨¨ ”¥·³¨ [26]:

T−1
1/2 =

∑
k

λk
if = D−1

(
GA

GV

)2 ∑
k

f0(Z + 1, A, EGT
k )B(GT)k. (6)

‡¤¥¸Ó D = 6147 ¸ ¨ GA/GV = 1,25; EGT
k = Qβ − E1+

k
Å Ô´¥·£¨Ö ƒ’-¶¥-

·¥Ìμ¤μ¢. �´¥·£¨¨ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° 1+
k ¢ ¤μÎ¥·´¥³ Ö¤·¥ E1+

k
μÉ¸Î¨-

ÉÒ¢ ÕÉ¸Ö μÉ ´¨¦ °Ï¥° ¤¢ÊÌ±¢ §¨Î ¸É¨Î´μ° Ô´¥·£¨¨. ‘±μ·μ¸É¨ β-· ¸¶ ¤ 
μ¡μ§´ Î¥´Ò ± ± λk

if . ‚μ²´μ¢Ò¥ ËÊ´±Í¨¨ (5) ¶μ§¢μ²ÖÕÉ ´ °É¨ ¢¥·μÖÉ´μ¸É¨
ƒ’-¶¥·¥Ìμ¤μ¢ B(GT)k. ‡´ Î¥´¨¥ Ô´¥·£μ¢Ò¤¥²¥´¨Ö β-· ¸¶ ¤  μ¶·¥¤¥²Ö¥É¸Ö
¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

Qβ = ΔMn−H + B(Z + 1, N − 1) − B(Z, N), (7)
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£¤¥ ΔM = 0,782 ŒÔ‚ Å · §´μ¸ÉÓ ³ ¸¸ ´¥°É·μ´  ¨  Éμ³  ¢μ¤μ·μ¤ ;
B(Z + 1, N − 1) ¨ B(Z, N) Å Ô´¥·£¨¨ ¸¢Ö§¨ ¤μÎ¥·´¥£μ ¨ ·μ¤¨É¥²Ó¸±μ£μ
Ö¤¥· ¸μμÉ¢¥É¸É¢¥´´μ.

‚ ¸¨²Ê · §²¨Î¨Ö ¢·¥³¥´´ÒÌ ³ ¸ÏÉ ¡μ¢ β-· ¸¶ ¤  ¨ ¶μ¸²¥¤ÊÕÐ¥° Ô³¨¸-
¸¨¨ ´¥°É·μ´μ¢ ³Ò ¶·¥¤¶μ² £ ¥³ ¸É É¨¸É¨Î¥¸±ÊÕ ´¥§ ¢¨¸¨³μ¸ÉÓ ÔÉ¨Ì ¤¢ÊÌ
¶·μÍ¥¸¸μ¢. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¢¥·μÖÉ´μ¸ÉÓ Ô³¨¸¸¨¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ Pxn,
¸μ¶ÊÉ¸É¢ÊÕÐ¥° β-· ¸¶ ¤Ê ´  ¢μ§¡Ê¦¤¥´´Ò¥ ¸μ¸ÉμÖ´¨Ö ¢ ¤μÎ¥·´¥³ Ö¤·¥, ³μ¦¥É
¡ÒÉÓ · ¸¸Î¨É ´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³ [27]:

Pxn = T1/2D
−1

(
GA

GV

)2 ∑
k′

f0(Z + 1, A, EGT
k′ )B(GT)k′ . (8)

�±´μ Ô³¨¸¸¨¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ μ¶·¥¤¥²Ö¥É¸Ö §´ Î¥´¨¥³ Qβxn ≡
Qβ−Sxn, £¤¥ Sxn = B(Z+1, N−1)−B(Z+1, N−1−X) Å Ô´¥·£¨Ö μÉ¤¥²¥´¨Ö
x ´¥°É·μ´μ¢ ¢ ¤μÎ¥·´¥³ Ö¤·¥. ‚ ¸²ÊÎ ¥ · ¸Î¥É  ¢¥·μÖÉ´μ¸É¨ Ô³¨¸¸¨¨ μ¤´μ£μ
´¥°É·μ´  μ±´μ Ô³¨¸¸¨¨ μ¶·¥¤¥²Ö¥É¸Ö ± ± Qβ2n � EGT

k′ � Qβn, Éμ£¤  ± ± ¤²Ö
¤¢ÊÌ ´¥°É·μ´μ¢ EGT

k′ � Qβ2n.

2. ‘‚�‰‘’‚� β-��‘��„� �…‰’�����-ˆ‡�›’�—�›•
ˆ‡�’���‚ Ni

β-· ¸¶ ¤ ´¥°É·μ´´μ-¨§¡ÒÉμÎ´ÒÌ Ö¤¥·, Ê¤ ²¥´´ÒÌ μÉ ²¨´¨¨ ¸É ¡¨²Ó´μ-
¸É¨, ³μ¦¥É ¸μ¶·μ¢μ¦¤ ÉÓ¸Ö Ô³¨¸¸¨¥° μ¤´μ£μ ¨²¨ ´¥¸±μ²Ó±¨Ì ´¥°É·μ´μ¢. �Éμ
¢μ§³μ¦´μ, ¥¸²¨ Ô´¥·£¨Ö μÉ·Ò¢  μ¤´μ£μ ¨²¨ ´¥¸±μ²Ó±¨Ì ´¥°É·μ´μ¢ Sxn ¤μÎ¥·-
´¥£μ Ö¤·  (N − 1, Z + 1) ³¥´ÓÏ¥ Ô´¥·£μ¢Ò¤¥²¥´¨Ö Qβ . Š ± ¢¨¤´μ ¨§ ·¨¸. 1,
·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ §´ Î¥´¨° Qβ ¨ Ô´¥·£¨¨ μÉ·Ò¢  μ¤´μ£μ ´¥°É·μ´  Sn, ¢Ò-
¶μ²´¥´´ÒÌ ¸ ¢§ ¨³μ¤¥°¸É¢¨Ö³¨ ‘±¨·³  T43 ¨ T45, ´ Ìμ¤ÖÉ¸Ö ¢ Ìμ·μÏ¥³
¸μ£² ¸¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¨ ¸¨¸É¥³ É¨±μ° [28,29], ÎÉμ É ±¦¥
μ¡ÑÖ¸´Ö¥É ¢Ò¡μ· ¤ ´´ÒÌ ¶ · ³¥É·¨§ Í¨°. �É³¥É¨³ · §²¨Î´μ¥ ¶μ¢¥¤¥´¨¥ ¢¥-
²¨Î¨´ Qβ ¨ Sn ¢ § ¢¨¸¨³μ¸É¨ μÉ ³ ¸¸μ¢μ£μ Î¨¸² ,   ¨³¥´´μ Ê¢¥²¨Î¥´¨¥
Ô´¥·£μ¢Ò¤¥²¥´¨Ö β-· ¸¶ ¤  ¢ 1,8 · § μÉ 74Ni ¤μ 80Ni ¨ ¶² ¢´μ¥ Ê³¥´ÓÏ¥´¨¥
Ô´¥·£¨¨ Sn ¸ ·μ¸Éμ³ Î¨¸²  ´¥°É·μ´μ¢. � ¸¸Î¨É ´´Ò¥ Ì · ±É¥·¨¸É¨±¨ Ìμ·μÏμ
¢μ¸¶·μ¨§¢μ¤ÖÉ ¶¨²μμ¡· §´μ¥ ¶μ¢¥¤¥´¨¥ Ô´¥·£μ¢Ò¤¥²¥´¨Ö ¨ Ô´¥·£¨¨ μÉ·Ò¢ 
´¥°É·μ´ , ±μÉμ·μ¥ ´ ¡²Õ¤ ¥É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´μ. �·¨ ÔÉμ³ § ³¥É´μ § ¶μ²-
´¥´¨¥ μ¡μ²μÎ±¨ N = 50. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢ ¸²ÊÎ ¥ ´¥Î¥É´μ-´¥Î¥É´ÒÌ
¨ Î¥É´μ-´¥Î¥É´ÒÌ Ö¤¥· ¶·¨ ·¥Ï¥´¨¨ Ê· ¢´¥´¨° �Š˜ ÊÎ¨ÉÒ¢ ¥É¸Ö Ìμ·μÏμ
¨§¢¥¸É´Ò° ÔËË¥±É ¡²μ±¨·μ¢±¨ [30,31]. ‚ ¸²ÊÎ ¥ 74,76,78Cu ¡²μ±¨·Ê¥É¸Ö ´¥°-
É·μ´´ Ö ¶μ¤μ¡μ²μÎ±  1g9/2, Éμ£¤  ± ± ¢ ¸²ÊÎ ¥ 80Cu ´ Î¨´ ¥É § ¶μ²´ÖÉÓ¸Ö
¶μ¤μ¡μ²μÎ±  2d5/2, ±μÉμ· Ö ¤μ²¦´  ¡ÒÉÓ § ¡²μ±¨·μ¢ ´ . ’ ±¦¥ ¡²μ±¨·ÊÕÉ¸Ö
±¢ §¨Î ¸É¨ÍÒ ´  ¶·μÉμ´´ÒÌ ¶μ¤μ¡μ²μÎ± Ì 2p3/2 ¨ 1f5/2 ¢ 74,76Cu ¨ 78,80Cu
¸μμÉ¢¥É¸É¢¥´´μ. “Î¥É ÔËË¥±É  ¡²μ±¨·μ¢±¨ ¢ ¦¥´ ¤²Ö ¶· ¢¨²Ó´μ£μ μ¶¨¸ ´¨Ö
¸¢μ°¸É¢ μ¸´μ¢´ÒÌ ¸μ¸ÉμÖ´¨° Ê± § ´´ÒÌ ¨§μÉμ¶μ¢ ³¥¤¨ [32].
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�¨¸. 1. � ¸¸Î¨É ´´Ò¥ Ô´¥·£μ¢Ò¤¥²¥´¨Ö β-· ¸¶ ¤  74−80Ni ( ) ¨ Ô´¥·£¨¨ μÉ·Ò¢  μ¤´μ£μ
´¥°É·μ´  ¢ ¸²ÊÎ ¥ 74−80Cu (¡). ˜É·¨Ìμ¢μ° ²¨´¨¥° μ¡μ§´ Î¥´Ò ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´-
´Ò¥ ¸ ¸¨² ³¨ ‘±¨·³  T45, ¶Ê´±É¨·´μ° Å ¸ ¸¨² ³¨ ‘±¨·³  T43, ¸¶²μÏ´μ° ²¨´¨¨
¸μμÉ¢¥É¸É¢ÊÕÉ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö [29]

‚ · ¡μÉ¥ [16] ¶μ± § ´μ, ÎÉμ μ¸´μ¢´μ° ¢±² ¤ ¢ ¶¥·¨μ¤ β-· ¸¶ ¤  ¤ ¥É ±μ´-
Ë¨£Ê· Í¨Ö [1+

1 ⊗2+
1 ], É ± ± ± ¸μ¸ÉμÖ´¨¥ 2+

1 ·μ¤¨É¥²Ó¸±μ£μ Ö¤·  (N, Z) Ö¢²Ö¥É¸Ö
´¨¦ °Ï¨³ ±μ²²¥±É¨¢´Ò³ ¢μ§¡Ê¦¤¥´¨¥³, ±μÉμ·μ¥ ¶·¨¢μ¤¨É ± ´ ¨¡μ²ÓÏ¥³Ê
§´ Î¥´¨Õ Ô´¥·£¨¨ ƒ’-¶¥·¥Ìμ¤ . �¡¸Ê¤¨³ ¸¢μ°¸É¢  ´¨¦ °Ï¨Ì ¸μ¸ÉμÖ´¨° 2+

¢ ´¥°É·μ´´μ-¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ¶ Ì 74−80Ni. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ Ô´¥·£¨¨ ¨
¢¥·μÖÉ´μ¸É¨ ¶¥·¥Ìμ¤μ¢ ´  ¸μ¸ÉμÖ´¨Ö 2+

1 ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2. Š ± ¢¨¤´μ
¨§ ·¨¸Ê´± , ·¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨° Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ ¨³¥ÕÐ¨³¨¸Ö Ô±¸-
¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [33] ¨ ± Î¥¸É¢¥´´μ μ¶¨¸Ò¢ ÕÉ § ¢¨¸¨³μ¸ÉÓ μÉ
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�¨¸. 2. �´¥·£¨¨ E
2+
1

( ) ¨ ¶·¨¢¥¤¥´´Ò¥ ¢¥·μÖÉ´μ¸É¨ B(E2, 0+
gs → 2+

1 ) (¡) ¢ ¸²ÊÎ ¥
74,76,78,80Ni, · ¸¸Î¨É ´´Ò¥ ¸ ¸¨² ³¨ ‘±¨·³  T43 ¨ T45. �¡μ§´ Î¥´¨Ö É¥ ¦¥, ÎÉμ ¨
´  ·¨¸. 1. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¢§ÖÉÒ ¨§ · ¡μÉÒ [33]

³ ¸¸μ¢μ£μ Î¨¸² . ‚ ¸²ÊÎ ¥ 78Ni Ô´¥·£¨Ö ¤μ¸É¨£ ¥É ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö,
ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¨§³¥´¥´¨Õ Ô´¥·£¨¨ ¢¡²¨§¨ § ³±´ÊÉÒÌ μ¡μ²μÎ¥±. �μ¢¥¤¥´¨¥
B(E2, 0+

gs → 2+
1 ) ¸¢Ö§ ´μ ¸ ¸μμÉ´μÏ¥´¨¥³ ³¥¦¤Ê ´¥°É·μ´´Ò³¨ ¨ ¶·μÉμ´´Ò³¨

Ëμ´μ´´Ò³¨  ³¶²¨ÉÊ¤ ³¨ [16, 19]. ‚ ¸²ÊÎ ¥ ¶ · ³¥É·¨§ Í¨¨ T45 ´¥°É·μ´-
´Ò¥ Ëμ´μ´´Ò¥  ³¶²¨ÉÊ¤Ò ¤μ³¨´¨·ÊÕÉ ¢μ ¢¸¥Ì · ¸¸³μÉ·¥´´ÒÌ ¨§μÉμ¶ Ì ´¨-
±¥²Ö, ¶·¨ ÔÉμ³ ¢±² ¤ ´¥°É·μ´´μ° ±μ´Ë¨£Ê· Í¨¨ {1g9/2, 1g9/2} Ê³¥´ÓÏ ¥É¸Ö
¸ 82% ¤²Ö 74Ni ¤μ 70 % ¤²Ö 78Ni ¶·¨ § ¶μ²´¥´¨¨ ´¥°É·μ´´μ° ¶μ¤μ¡μ²μÎ±¨
1g9/2. �¥°É·μ´´ Ö ¤¢ÊÌ±¢ §¨Î ¸É¨Î´ Ö ±μ´Ë¨£Ê· Í¨Ö {2d5/2, 2d5/2} ¨¸Î¥·-
¶Ò¢ ¥É μ±μ²μ 92 % ´μ·³¨·μ¢±¨ ¢μ²´μ¢μ° ËÊ´±Í¨¨ ¶¥·¢μ£μ ±¢ ¤·Ê¶μ²Ó´μ£μ
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�¥·¨μ¤Ò β-· ¸¶ ¤  T1/2 ¨ ¢¥·μÖÉ´μ¸É¨ Ô³¨¸¸¨¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ P1n ¨
P2n ¤²Ö Ö¤¥· 74,76,78,80Ni, · ¸¸Î¨É ´´Ò¥ c ¸¨² ³¨ ‘±¨·³  T43 ¨ T45. 	±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¤ ´´Ò¥ ¢§ÖÉÒ ¨§ · ¡μÉÒ [29]

A
T43 T45 �±¸¶¥·¨³¥´É

T1/2, P1n, P2n, T1/2, P1n, P2n, T1/2, P1n, P2n,
10−3¸ % % 10−3¸ % % 10−3¸ % %

74 40 1 0 281 3 0 507,7± 46 Å Å
76 19 9 0 162 11 0 234,6± 27 14± 3,6 Å
78 10 12 0 115 100 0 122,2± 51 Å Å
80 4 80 19 40 0 94 24± 21 Å Å

¸μ¸ÉμÖ´¨Ö 80Ni. �·¨ ÔÉμ³ ¢±² ¤ ¶·μÉμ´´ÒÌ ±μ´Ë¨£Ê· Í¨° ¸μ¸É ¢²Ö¥É ³¥-
´¥¥ 2 %, ÎÉμ ¢¥¤¥É ± Ê³¥´ÓÏ¥´¨Õ ¶·¨¢¥¤¥´´μ° ¢¥·μÖÉ´μ¸É¨ E2-¶¥·¥Ìμ¤ .
“¸¨²¥´¨¥ ´¥°É·μ´-¶·μÉμ´´μ£μ É¥´§μ·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ¸²ÊÎ ¥ T43 ´¥-
§´ Î¨É¥²Ó´μ ¨§³¥´Ö¥É ¢±² ¤Ò ¤μ³¨´¨·ÊÕÐ¨Ì ±μ´Ë¨£Ê· Í¨°, ´μ ± Î¥¸É¢¥´´μ
¸É·Ê±ÉÊ·  ¸μ¸ÉμÖ´¨Ö 2+

1 μ¸É ¥É¸Ö ´¥¨§³¥´´μ°. �¥·¥μÍ¥´±  Ô´¥·£¨¨ ¶μ± §Ò-
¢ ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ÊÎ¥É  ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê μ¤´μ- ¨ ¤¢ÊÌËμ´μ´´Ò³¨
±μ´Ë¨£Ê· Í¨Ö³¨ ¢μ²´μ¢μ° ËÊ´±Í¨¨ ±¢ ¤·Ê¶μ²Ó´ÒÌ ¸μ¸ÉμÖ´¨° [20].

ˆ§³¥´¥´¨¥ ¶¥·¨μ¤  β-· ¸¶ ¤  ¢¤μ²Ó Í¥¶μÎ±¨ ¨§μÉμ¶μ¢ Ni ¶·¨¢¥¤¥´μ ¢ É -
¡²¨Í¥. �μ± § ´μ, ÎÉμ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¸ ÊÎ¥Éμ³ ¢§ ¨³μ¤¥°¸É¢¨Ö T45,
¢μ¸¶·μ¨§¢μ¤ÖÉ § ³¥É´μ¥ ¸μ±· Ð¥´¨¥ ¨§³¥·¥´´ÒÌ ¶¥·¨μ¤μ¢ 74−80Ni ¶·¨ Ê¢¥-
²¨Î¥´¨¨ Î¨¸²  ´¥°É·μ´μ¢ ¨ ´ Ìμ¤ÖÉ¸Ö ¢ ¸μ£² ¸¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´-
´Ò³¨. �É³¥É¨³, ÎÉμ ´ ¨¡μ²ÓÏ¨° ¢±² ¤ ¢ ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  ¤ ¥É ƒ’-¶¥·¥Ìμ¤
´  ¸μ¸ÉμÖ´¨¥ 1+

1 . � ¶·¨³¥·, ¢ ¸²ÊÎ ¥ β-· ¸¶ ¤  76Ni ¢±² ¤ ¤ ´´μ£μ ƒ’-¶¥-
·¥Ìμ¤  ¸μ¸É ¢²Ö¥É μ±μ²μ 89%. ‚μ²´μ¢ Ö ËÊ´±Í¨Ö ¸μ¸ÉμÖ´¨Ö 1+

1 ¸μ¸Éμ¨É ¨§
¤¢ÊÌ±¢ §¨Î ¸É¨Î´μ° ±μ´Ë¨£Ê· Í¨¨ {π2p3/2, ν2p1/2} ´  98%. ’¥³ ´¥ ³¥´¥¥
¢±² ¤ Î¥ÉÒ·¥Ì±¢ §¨Î ¸É¨Î´μ° ±μ´Ë¨£Ê· Í¨¨ {π2p3/2ν2p1/2ν1g9/2ν1g9/2} § -
³¥É¥´. ‚ ¸²ÊÎ ¥ T43 ¡μ²¥¥ ¸¨²Ó´μ¥ ´¥°É·μ´-¶·μÉμ´´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¶·¨-
¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ ´  800 ±Ô‚ Ô´¥·£¨¨ · ¸¸³ É·¨¢ ¥³μ£μ ƒ’-¶¥·¥Ìμ¤  ¨
Ê¸±μ·¥´¨Õ β-· ¸¶ ¤  ¢ 8 · §. ‘Éμ¨É μÉ³¥É¨ÉÓ ÔÉÊ É¥´¤¥´Í¨Õ ¤²Ö ¢¸¥Ì · ¸-
¸³μÉ·¥´´ÒÌ ¨§μÉμ¶μ¢.

‚²¨Ö´¨¥ É¥´§μ·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ´  ¢¥·μÖÉ´μ¸ÉÓ Ô³¨¸¸¨¨ § ¶ §¤Ò¢ -
ÕÐ¨Ì ´¥°É·μ´μ¢ É ±¦¥ ¶·¥¤¸É ¢²¥´μ ¢ É ¡²¨Í¥. „²Ö β-· ¸¶ ¤  74,76Ni ´ Ï¨
· ¸Î¥ÉÒ ¸ ÊÎ¥Éμ³ ¢§ ¨³μ¤¥°¸É¢¨° T43 ¨ T45 ¤ ÕÉ ¡²¨§±¨¥ §´ Î¥´¨Ö P1n.
‚ ¸²ÊÎ ¥ 76Ni É ±¦¥ Ìμ·μÏμ μ¶¨¸Ò¢ ¥É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¢¥·μÖÉ´μ¸ÉÓ
μ¤´μ´¥°É·μ´´μ° § ¶ §¤Ò¢ ÕÐ¥° Ô³¨¸¸¨¨ P1n = (14,0 ± 3,6)% [29]. �¤-
´ ±μ, ± ± ¢¨¤´μ ¨§ ·¨¸. 3, · ¸¶·¥¤¥²¥´¨Ö ¸±μ·μ¸É¥° β-· ¸¶ ¤  ¢ 76Ni ¸ÊÐ¥-
¸É¢¥´´μ μÉ²¨Î ÕÉ¸Ö. �É³¥É¨³, ÎÉμ ¢ ¸²ÊÎ ¥ T45 ¢μ§· ¸É ¥É Î¨¸²μ ¸μ¸Éμ-
Ö´¨° ¸ λk

if < 10−3 ¸−1. �¸² ¡²¥´¨¥ ´¥°É·μ´-¶·μÉμ´´μ£μ É¥´§μ·´μ£μ ¢§ -
¨³μ¤¥°¸É¢¨Ö ¢¥¤¥É ± § ³¥¤²¥´¨Õ β-· ¸¶ ¤ , ¶·¨ ÔÉμ³ ¢¥·μÖÉ´μ¸ÉÓ Ô³¨¸¸¨¨
´¥°É·μ´  μ¸É ¥É¸Ö Éμ° ¦¥. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¢ ¸²ÊÎ ¥ 78,80Ni μ¸² ¡²¥´¨¥
´¥°É·μ´-¶·μÉμ´´μ£μ É¥´§μ·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸± §Ò¢ ¥É¸Ö ´  §´ Î¥´¨ÖÌ
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�¨¸. 3. ‘±μ·μ¸É¨ β-· ¸¶ ¤  76Ni, · ¸¸Î¨É ´´Ò¥ ¸ ¢§ ¨³μ¤¥°¸É¢¨Ö³¨ ‘±¨·³  T43 ( )
¨ T45 (¡). ‘É·¥²± ³¨ μ¡μ§´ Î¥´Ò §´ Î¥´¨Ö Qβn

P1n ¨ P2n, ÎÉμ μ¡ÑÖ¸´Ö¥É¸Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ¢¥·μÖÉ´μ¸É¨ Ô³¨¸¸¨¨ § ¶ §¤Ò-
¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ± ¸¢μ°¸É¢ ³ β-¸¨²μ¢μ° ËÊ´±Í¨¨. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ
¶·¨ ¨§ÊÎ¥´¨¨ Ô³¨¸¸¨¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ´¥ ÊÎ¨ÉÒ¢ ²¨¸Ó ÔËË¥±ÉÒ
γ-¤¥¢μ§¡Ê¦¤¥´¨Ö, ±μÉμ·Ò¥ ³μ£ÊÉ ¸± § ÉÓ¸Ö ¢ · ¸Î¥É Ì. ‚ ¤ ²Ó´¥°Ï¥³ ¢ · ³-
± Ì ¤ ´´μ£μ ¶μ¤Ìμ¤  ¶² ´¨·Ê¥É¸Ö μÍ¥´¨ÉÓ ÔÉμÉ ¢±² ¤.

‡�Š‹
—…�ˆ…

‚ ¤ ´´μ° · ¡μÉ¥ ¨§ÊÎ¥´μ ¢²¨Ö´¨¥ É¥´§μ·´ÒÌ ±μ··¥²ÖÍ¨° ´  ¸±μ·μ¸É¨
β-· ¸¶ ¤  ¨ ¢¥·μÖÉ´μ¸ÉÓ Ô³¨¸¸¨¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ´  ¶·¨³¥·¥
´¥°É·μ´´μ-¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ¶μ¢ Ni. ‘ ÔÉμ° Í¥²ÓÕ ¡Ò²¨ ¢Ò¡· ´Ò ¤¢¥ ¶ · -
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³¥É·¨§ Í¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ‘±¨·³  T43 ¨ T45 ¸ ¸¨²Ó´Ò³ ¨ ¸² ¡Ò³ ´¥°É·μ´-
¶·μÉμ´´Ò³¨ É¥´§μ·´Ò³¨ Î²¥´ ³¨ ¸μμÉ¢¥É¸É¢¥´´μ. ‘±μ·μ¸É¨ β-· ¸¶ ¤  · ¸-
¸Î¨É ´Ò ¢ · ³± Ì ±¢ §¨Î ¸É¨Î´μ£μ ¶·¨¡²¨¦¥´¨Ö ¸²ÊÎ °´ÒÌ Ë § ¸ ÊÎ¥Éμ³
¸¢Ö§¨ μ¤´μ- ¨ ¤¢ÊÌËμ´μ´´ÒÌ ±μ³¶μ´¥´É ¢μ²´μ¢μ° ËÊ´±Í¨¨ ¸μ¸ÉμÖ´¨Ö 1+ ¤μ-
Î¥·´¥£μ Ö¤· . �μ± § ´μ, ÎÉμ ¸ ·μ¸Éμ³ Î¨¸²  ´¥°É·μ´μ¢ μ¸² ¡²¥´¨¥ ´¥°É·μ´-
¶·μÉμ´´μ£μ É¥´§μ·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¨¢μ¤¨É ± § ³¥É´μ³Ê § ³¥¤²¥´¨Õ
β-· ¸¶ ¤ , ÎÉμ ¤ ¥É Ìμ·μÏ¥¥ μ¶¨¸ ´¨¥ ¢¥·μÖÉ´μ¸É¨ ´¥°É·μ´´μ° Ô³¨¸¸¨¨, ¸μ-
¶·μ¢μ¦¤ ÕÐ¥° β-· ¸¶ ¤ 76Ni. ’ ±¦¥ ¶·¥¤¸± § ´μ ¶μÖ¢²¥´¨¥ Ô³¨¸¸¨¨ § ¶ §-
¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ± ± ¢ ¸²ÊÎ ¥ ¨§μÉμ¶  74Ni, É ± ¨ ¤²Ö ¡μ²¥¥ ÉÖ¦¥²ÒÌ
¨§μÉμ¶μ¢ 78,80Ni.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ · ³± Ì £· ´É  ��” º16-12-10161.
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