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‚²¨Ö´¨¥ ÊÎ¥É  ÔËË¥±É¨¢´ÒÌ T = 0, 1 ¢§ ¨³μ¤¥°¸É¢¨° ¢ ± ´ ²¥
Î ¸É¨Í ÄÎ ¸É¨Í  ´  ¡¥É -· ¸¶ ¤´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¨ ¢¥·μÖÉ´μ¸ÉÓ
³Ê²ÓÉ¨´¥°É·μ´´μ° Ô³¨¸¸¨¨ ¶·¨ ¡¥É -· ¸¶ ¤¥ 126,128,130,132Cd

„²Ö § ·Ö¤μ¢μ-μ¡³¥´´ÒÌ ³μ¤ Ö¤¥·´ÒÌ ¢μ§¡Ê¦¤¥´¨° ¸¥¶ · ¡¥²Ó´Ò° ¶μ¤Ìμ¤, ¶μ-
¸É·μ¥´´Ò° ´  ¶·¨¡²¨¦¥´¨¨ ¸²ÊÎ °´ÒÌ Ë § ¤²Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ‘±¨·³ , μ¡μ¡Ð¥´
´  ¸²ÊÎ ° ¢±²ÕÎ¥´¨Ö ± ´ ²  Î ¸É¨Í ÄÎ ¸É¨Í  ¸ μ¤´μ¢·¥³¥´´Ò³ ÊÎ¥Éμ³ É¥´§μ·-
´ÒÌ ±μ··¥²ÖÍ¨° ¨ ¸¢Ö§¨ μ¤´μ- ¨ ¤¢ÊÌËμ´μ´´ÒÌ ±μ´Ë¨£Ê· Í¨°. ˆ§ÊÎ¥´μ ¢²¨Ö´¨¥
ÊÎ¥É  ÔËË¥±É¨¢´ÒÌ T = 0, 1 ¢§ ¨³μ¤¥°¸É¢¨° ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í  ´  ¡¥É -
· ¸¶ ¤´Ò¥ Ì · ±É¥·¨¸É¨±¨,   É ±¦¥ ¢¥·μÖÉ´μ¸ÉÓ ³Ê²ÓÉ¨´¥°É·μ´´μ° Ô³¨¸¸¨¨ ¶·¨
¡¥É -· ¸¶ ¤¥ 126,128,130,132Cd.
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Role of Effective T = 0, 1 Interactions in the ParticleÄParticle Channel:
Beta-Decay Characteristics and the Multi-Neutron Emission Probabilities
in the Beta Decay of 126,128,130,132Cd

A ˇnite rank separable approach (FRSA) based on the quasiparticle random
phase approximation with Skyrme interactions has been extended to describe charge-
exchange excitation modes. The central and tensor residual interaction in both
the particleÄhole and particleÄparticle channel and the coupling between one- and
two-phonon conˇgurations are taken into account in the framework of the FRSA
model. We study the effect of taking into account effective interactions in the
particleÄparticle channel on beta-decay characteristics and the multi-neutron emission
probabilities in the beta decay of 126,128,130,132Cd.
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„¥°¸É¢ÊÕÐ¨¥ (HRIBF ¢ ORNL, ALTO ¢ IPN, RIBF ¢ RIKEN) ¨ ´μ-
¢Ò¥ Ê¸±μ·¨É¥²Ó´Ò¥ Ê¸É ´μ¢±¨ (DRIBs ¢ ‹Ÿ� �ˆŸˆ, SPIRAL2 ¢ GANIL,
FAIR ¢ GSI) ¶μ§¢μ²ÖÕÉ ¨¸¸²¥¤μ¢ ÉÓ β-· ¸¶ ¤´Ò¥ ¸¢μ°¸É¢  ¢ Ö¤· Ì ¸ ¢Ò¸μ±μ°
´¥°É·μ´-¶·μÉμ´´μ°  ¸¨³³¥É·¨¥°. �μ¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ ¢¥·μÖÉ´μ¸ÉÖ³ ³Ê²ÓÉ¨-
´¥°É·μ´´μ° Ô³¨¸¸¨¨ ¤ ÕÉ ¢ ¦´Ò¥ μ£· ´¨Î¥´¨Ö ´  · ¸¶·¥¤¥²¥´¨¥ ¸¨²Ò £ ³μ¢-
É¥²²¥·μ¢¸±¨Ì (ƒ’) ¢μ§¡Ê¦¤¥´¨° ¢ μ¡² ¸É¨ ´¥¶·¥·Ò¢´μ£μ ¸¶¥±É·  ¤μÎ¥·´¨Ì
Ö¤¥· ¨ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ · §²¨Î¨¨ ¸ ¶·¥¤¸± § ´¨Ö³¨ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ³μ¤¥²¥°
¸É·Ê±ÉÊ·Ò Ö¤·  [1]. „²Ö Ö¤¥· ¸ ¡μ²ÓÏ¨³ ¨§¡ÒÉ±μ³ ´¥°É·μ´μ¢, ´¥¤μ¸ÉÊ¶´ÒÌ
¶μ±  ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ´  Ê¸±μ·¨É¥²ÖÌ · ¤¨μ ±É¨¢´ÒÌ ¨μ´μ¢, ¢¥·μÖÉ´μ¸ÉÓ
Ô³¨¸¸¨¨ μ¤´μ£μ ¨²¨ ´¥¸±μ²Ó±¨Ì ´¥°É·μ´μ¢ § Î ¸ÉÊÕ Ö¢²Ö¥É¸Ö ¥¤¨´¸É¢¥´-
´Ò³ ¨¸ÉμÎ´¨±μ³ ¨´Ëμ·³ Í¨¨ μ¡ ¨Ì β-¸¨²μ¢μ° ËÊ´±Í¨¨. ˆ´Ëμ·³ Í¨Ö ¶μ
β-· ¸¶ ¤´Ò³ Ì · ±É¥·¨¸É¨± ³ ¶·¨´Í¨¶¨ ²Ó´μ ¢ ¦´  ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¢ μ¡-
² ¸É¨ Ö¤¥·´μ°  ¸É·μË¨§¨±¨, ¢ Î ¸É´μ¸É¨, ¤²Ö ¨§ÊÎ¥´¨Ö ¸¢Ö§¨ Ö¤¥·´ÒÌ ¶·μÍ¥¸-
¸μ¢ ¸ ´Ê±²¥μ¸¨´É¥§μ³ Ô²¥³¥´Éμ¢, ¸μ¶·μ¢μ¦¤ ÕÐ¨³ ±μ²² ¶¸ ³ ¸¸¨¢´ÒÌ §¢¥§¤.
�·¨ É¥μ·¥É¨Î¥¸±μ³ ¨§ÊÎ¥´¨¨ ±μ·μÉ±μ¦¨¢ÊÐ¨Ì Ö¤¥· ¸  ´μ³ ²Ó´μ ¢Ò¸μ±¨³ Î¨-
¸²μ³ ´¥°É·μ´μ¢ ¨²¨ ¶·μÉμ´μ¢ ¨ ´¥¸É ¡¨²Ó´ÒÌ Ö¤¥·´ÒÌ ¸¨¸É¥³ ¶·¨Ìμ¤¨É¸Ö
Ô±¸É· ¶μ²¨·μ¢ ÉÓ ¢ ´μ¢ÊÕ μ¡² ¸ÉÓ ¶ · ³¥É·Ò ´Ê±²μ´-´Ê±²μ´´ÒÌ ¸¨², ±μ-
Éμ·Ò¥ μ¶·¥¤¥²¥´Ò ´  μ¸´μ¢¥ ¨³¥ÕÐ¨Ì¸Ö ¤ ´´ÒÌ μ ¸É ¡¨²Ó´ÒÌ ³ £¨Î¥¸±¨Ì
Ö¤· Ì. �Éμ ¸É¨³Ê²¨·Ê¥É · §¢¨É¨¥ ´μ¢ÒÌ É¥μ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨° ¢ · ³-
± Ì ¸ ³μ¸μ£² ¸μ¢ ´´ÒÌ ³¨±·μ¸±μ¶¨Î¥¸±¨Ì ³μ¤¥²¥° ¸ ¢Ò¸μ±μ° ¶·¥¤¸± § É¥²Ó-
´μ° ¸¨²μ°.

�¤´¨³ ¨§ μ¸´μ¢´ÒÌ ¶μ¤Ìμ¤μ¢ ¶·¨ μ¶¨¸ ´¨¨ § ·Ö¤μ¢μ-μ¡³¥´´ÒÌ ³μ¤ Ö¤¥·-
´ÒÌ ¢μ§¡Ê¦¤¥´¨° Ö¢²Ö¥É¸Ö ±¢ §¨Î ¸É¨Î´μ¥ ¶·¨¡²¨¦¥´¨¥ ¸²ÊÎ °´ÒÌ
Ë § (�‘”) ¸ ÔËË¥±É¨¢´Ò³¨ ¸¨² ³¨ ‘±¨·³  [2Ä5]. ’ ±¨¥ · ¸Î¥ÉÒ ´¥ É·¥¡ÊÕÉ
¢¢¥¤¥´¨Ö ´μ¢ÒÌ ¶ · ³¥É·μ¢, É ± ± ± μ¸É ÉμÎ´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¶μ²ÊÎ¥´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¨ [6]. �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¢  [7Ä9]. �μ¤Ìμ¤ ¡Ò² ¶·¨³¥´¥´ ± μ¶¨¸ ´¨Õ § ·Ö¤μ¢μ-
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μ¡³¥´´ÒÌ ¢μ§¡Ê¦¤¥´¨° [10]. �·¨ ÔÉμ³ ÊÎ¨ÉÒ¢ ²μ¸Ó ± ± Í¥´É· ²Ó´μ¥ [8], É ±
¨ É¥´§μ·´μ¥ [9] μ¸É ÉμÎ´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¢ ± ´ ²¥ Î ¸É¨Í Ä¤Ò·± . ‚ μ¡-
Ð¥³ ¸²ÊÎ ¥ ÔËË¥±É¨¢´Ò° Ö¤¥·´Ò° £ ³¨²ÓÉμ´¨ ´ ¤μ²¦¥´ ¢±²ÕÎ ÉÓ ¨ ¸¨²Ò ¢
± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í  ¸ μÉ²¨Î´Ò³ μÉ ´Ê²Ö ³μ³¥´Éμ³ [11,12]. ‚ ¦´μ¸ÉÓ ¤ ´-
´μ£μ ± ´ ²  ¶·¨ μ¶¨¸ ´¨¨ ¸¢μ°¸É¢ ±μ²²¥±É¨¢´ÒÌ ¢μ§¡Ê¦¤¥´¨° ¶μ± § ´  ¢ · -
¡μÉ¥ [13]. ‚ ¤ ´´μ° · ¡μÉ¥ μ¡¸Ê¦¤ ¥É¸Ö ¢²¨Ö´¨¥ ± ´ ²  Î ¸É¨Í ÄÎ ¸É¨Í  ¶·¨
ÊÎ¥É¥ ¸²μ¦´ÒÌ ±μ´Ë¨£Ê· Í¨° ´  ¸¢μ°¸É¢  β-· ¸¶ ¤  ´¥°É·μ´´μ-¨§¡ÒÉμÎ´ÒÌ
¨§μÉμ¶μ¢ Cd.

„¥É ²Ó´μ¥ ¨§²μ¦¥´¨¥ ³¥Éμ¤  ¤²Ö μ¶¨¸ ´¨Ö Ë· £³¥´É Í¨¨ ¸¨²Ò
ƒ’-¶¥·¥Ìμ¤μ¢ β-· ¸¶ ¤  ´¥°É·μ´´μ-¨§¡ÒÉμÎ´μ£μ Ö¤·  ³μ¦´μ ´ °É¨ ¢ · ¡μ-
É Ì [6,10,14].

‘·¥¤´¥¥ ¶μ²¥ μ¶·¥¤¥²Ö¥É¸Ö ¶ÊÉ¥³ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° • ·É·¨Ä”μ±  (•”)
¸ ¸¨² ³¨ ‘±¨·³ . ‘¶ ·¨¢ ´¨¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢ ¶·¨¡²¨¦¥´¨¨ � ·¤¨´ ÄŠÊ¶¥· Ä
˜·¨ËË¥·  (�Š˜) [15Ä17]. �¤´μÎ ¸É¨Î´Ò° ±μ´É¨´ÊÊ³ ¤¨¸±·¥É¨§¨·Ê¥É¸Ö
¶μ¸·¥¤¸É¢μ³ ¤¨ £μ´ ²¨§ Í¨¨ £ ³¨²ÓÉμ´¨ ´  •” ´  ¡ §¨¸¥ £ ·³μ´¨Î¥¸±μ£μ
μ¸Í¨²²ÖÉμ·  [18]. ƒ ³¨²ÓÉμ´¨ ´ ¢±²ÕÎ ¥É ¢§ ¨³μ¤¥°¸É¢¨¥ ‘±¨·³  ¢ ± ´ ²¥
Î ¸É¨Í Ä¤Ò·±  (ph) ¨ § ¢¨¸ÖÐ¨¥ μÉ ¶²μÉ´μ¸É¨ ±μ´É ±É´Ò¥ ¸¨²Ò ¢ ± ´ ²¥
Î ¸É¨Í ÄÎ ¸É¨Í  (pp):

V
(pp)
T=1 (�r1, �r2) = V0

(
1 − Pσ

2

) (
1 − η
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δ(�r1 − �r2),

V
(pp)
T=0 (�r1, �r2) = fV0

(
1 + Pσ

2

) (
1 − η

ρ(r1)
ρ0

)
δ(�r1 − �r2),

(1)

£¤¥ Pσ Å ¸¶¨´μ¢μ-μ¡³¥´´Ò° μ¶¥· Éμ·; ρ(r1) Å ¶²μÉ´μ¸ÉÓ Ö¤¥·´μ° ³ É¥-
·¨¨; ρ0 Å ¶²μÉ´μ¸ÉÓ Ö¤¥·´μ° ³ É¥·¨¨ ¢ ¸²ÊÎ ¥ ¸¨² ‘±¨·³ . � · ³¥É· η
¢ ·Ó¨·Ê¥É¸Ö μÉ 0 ¤²Ö μ¡Ñ¥³´μ£μ ¸¶ ·¨¢ ´¨Ö ¤μ 1 ¢ ¸²ÊÎ ¥ ¶μ¢¥·Ì´μ¸É´μ£μ
É¨¶  ¸¶ ·¨¢ ´¨Ö. ‚¥²¨Î¨´  f μ¶·¥¤¥²Ö¥É μÉ´μÏ¥´¨¥ ¸¨²μ¢ÒÌ ¶ · ³¥É·μ¢
T = 1 ¨ T = 0 ¢§ ¨³μ¤¥°¸É¢¨° ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í . ‚ ÔÉμ° · ¡μÉ¥
f = 1, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ·¥ ²¨§ Í¨¨ SU(4)-¸¨³³¥É·¨¨ [19]. ’ ±¦¥ ¡Ò²μ ¢Ò-
¡· ´μ ¶μ¢¥·Ì´μ¸É´μ¥ ¸¶ ·¨¢ ´¨¥, É. ¥. η = 1. � · ³¥É· V0 = −870 ŒÔ‚·Ë³3

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¨ μ±μ²μ 132Sn [6, 13]. ‚ ± ´ ²¥ Î ¸É¨Í Ä¤Ò·± 
¨¸¶μ²Ó§Ê¥É¸Ö ¢§ ¨³μ¤¥°¸É¢¨¥ ‘±¨·³  T43 ¸ ÊÎ¥Éμ³ É¥´§μ·´ÒÌ Î²¥´μ¢ [17].

�¸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¨. ŒÒ ¶·¥¤¸É -
¢²Ö¥³ μ¸É ÉμÎ´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¢ Ëμ·³¥ ¸¨² ‹ ´¤ ÊÄŒ¨£¤ ²  ¨ ¸μÌ· ´Ö¥³
Éμ²Ó±μ Î²¥´Ò ¸ l = 0:

V (a)
res (�r1, �r2) = N−1

0

[
F

(a)
0 (r1) + G

(a)
0 (r1)σ1σ2+

+
(
F

′(a)
0 (r1) + G

′(a)
0 (r1)σ1σ2

)
�τ1 · �τ2

]
δ(�r1 − �r2), (2)
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£¤¥ N0 = 2kF m∗/π2
�

2,   kF ¨ m∗ μ¶·¥¤¥²ÖÕÉ ¨³¶Ê²Ó¸ ”¥·³¨ ¨ ÔËË¥±É¨¢´ÊÕ
³ ¸¸Ê ´Ê±²μ´ ; a = {ph, pp} Å ¨´¤¥±¸ ± ´ ² ; σi ¨ τi Å μ¶¥· Éμ·Ò ¸¶¨´  ¨
¨§μ¸¶¨´ .

„²Ö ÊÎ¥É  ¤¢ÊÌËμ´μ´´ÒÌ ±μ´Ë¨£Ê· Í¨° ¢μ²´μ¢Ò¥ ËÊ´±Í¨¨ 1+-¸μ¸ÉμÖ´¨°
¤μÎ¥·´¥£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¢ [10]:

Ψν(λμ) =

(∑
i

Ri(λν)Q+
λμi +

∑
λ1i1λ2i2

Pλ1i1
λ2i2

(λν)
[
Q+

λ1μ1i1
Q̄+

λ2μ2i2

]
λμ

)
|0〉. (3)

ƒ’-¢μ§¡Ê¦¤¥´¨Ö, ¨³¥ÕÐ¨¥ Ô´¥·£¨Õ ω, £¥´¥·¨·ÊÕÉ¸Ö μ¶¥· Éμ·μ³ Q+
λμi|0〉, Éμ-

£¤  ± ± Q̄+
λμi|0〉 μÉ¢¥Î ÕÉ μ¤´μËμ´μ´´Ò³ ¢μ§¡Ê¦¤¥´¨Ö³ ·μ¤¨É¥²Ó¸±μ£μ Ö¤· ,

¨³¥ÕÐ¨³ Ô´¥·£¨Õ ω̄λi [13]. 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
(λν):

(ωλi − Ων)Ri(λν) +
∑

λ1i1λ2i2

Uλ1i1
λ2i2

(λi)Pλ1i1
λ2i2

(λν) = 0, (4)

(ωλ1i1 + ω̄λ2i2 − Ων)Pλ1i1
λ2i2

(λν) +
∑

i

Uλ1i1
λ2i2

(λi)Ri(λν) = 0. (5)

Œ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ Uλ1i1
λ2i2

(λi) ¸μμÉ¢¥É¸É¢ÊÕÉ ¢§ ¨³μ¤¥°¸É¢¨Õ ³¥¦¤Ê μ¤´μ-
¨ ¤¢ÊÌËμ´μ´´Ò³¨ ±μ´Ë¨£Ê· Í¨Ö³¨. �·¨ ¨§ÊÎ¥´¨¨ ¢²¨Ö´¨Ö Ë· £³¥´É Í¨¨ ¸μ-
¸ÉμÖ´¨° 1+ ¢ ¦´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¤·  [6,10].
‚ ¶·¨¡²¨¦¥´¨¨ · §·¥Ï¥´´ÒÌ ¶¥·¥Ìμ¤μ¢ ¶¥·¨μ¤ β−-· ¸¶ ¤  ¢ÒÎ¨¸²Ö¥É¸Ö

± ± ¸Ê³³  ¢¥·μÖÉ´μ¸É¥° (¢ ¥¤¨´¨Í Ì G2
A/4π) Ô´¥·£¥É¨Î¥¸±¨ · §·¥Ï¥´´ÒÌ

¶¥·¥Ìμ¤μ¢ (EGT
k � Qβ) ¸ ¢¥¸μ³ ¢ ¢¨¤¥ ËÊ´±Í¨¨ ”¥·³¨:

T−1
1/2 =

∑
k

λk
if = D−1

(
GA

GV

)2 ∑
k

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

£¤¥ λk
if Å ¶ ·Í¨ ²Ó´ Ö ¸±μ·μ¸ÉÓ β−-· ¸¶ ¤ ; GA/GV = 1,25 Å μÉ´μÏ¥-

´¨¥ ±μ´¸É ´É  ±¸¨ ²Ó´μ-¢¥±Éμ·´μ£μ ¨ ¢¥±Éμ·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨°; ±μ´¸É ´É 
D=6147 ¸ [20]. ‡¤¥¸Ó, ¸²¥¤ÊÖ [21], Ô´¥·£¨Õ ƒ’-¶¥·¥Ìμ¤  ³μ¦´μ § ¶¨¸ ÉÓ ± ±

EGT
k = Qβ − E1+

k
. (7)

�´¥·£¨Õ ¢μ§¡Ê¦¤¥´¨Ö E1+
k

³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

E1+
k
≈ Ek − E2QP,lowest, (8)
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£¤¥ Ek Å ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö ¸¨¸É¥³Ò ²¨´¥°´ÒÌ Ê· ¢´¥´¨° (4), (5);
E2QP,lowest Å ´¨¦ °Ï Ö ¤¢ÊÌ±¢ §¨Î ¸É¨Î´ Ö Ô´¥·£¨Ö. ‘Éμ¨É μÉ³¥É¨ÉÓ, ÎÉμ
Ê£²μ¢μ° ³μ³¥´É ¨ Î¥É´μ¸ÉÓ ´¨¦ °Ï¥° ¤¢ÊÌ±¢ §¨Î ¸É¨Î´μ° ±μ´Ë¨£Ê· Í¨¨ ¢
μ¡Ð¥³ ¸²ÊÎ ¥ μÉ²¨Î ¥É¸Ö μÉ 1+. ‚μ²´μ¢Ò¥ ËÊ´±Í¨¨ ¶μ§¢μ²ÖÕÉ μ¶·¥¤¥²¨ÉÓ
¢¥·μÖÉ´μ¸É¨ ƒ’-¶¥·¥Ìμ¤μ¢ ¢ ¸²ÊÎ ¥ μ¶¥· Éμ·  Ô− =

∑
i,m

t−(i)σm(i):

B(GT)k =
∣∣∣〈N − 1, Z + 1; 1+

k |Ô
−|N, Z; 0+

gs〉
∣∣∣2 . (9)

�¤´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¢ [22].

‚ ¸¨²Ê · §²¨Î´ÒÌ Ì · ±É¥·´ÒÌ ¢·¥³¥´´ÒÌ ³ ¸ÏÉ ¡μ¢ β-· ¸¶ ¤  ¨ ¶μ-
¸²¥¤ÊÕÐ¥° Ô³¨¸¸¨¨ ´¥°É·μ´μ¢ ³Ò ¶μ²Ó§Ê¥³¸Ö ¶·¥¤¶μ²μ¦¥´¨¥³ μ ¸É É¨¸É¨-
Î¥¸±μ° ´¥§ ¢¨¸¨³μ¸É¨ ÔÉ¨Ì ¤¢ÊÌ ¶·μÍ¥¸¸μ¢. ‚¥·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 [23]:

Pxn = T1/2D
−1

(
GA

GV

)2 ∑
k′

f0(Z + 1, A, EGT
k′ )B(GT)k′ , (10)

£¤¥ Ô´¥·£¨Ö ¶¥·¥Ìμ¤  μÉ´μ¸¨É¥²Ó´μ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¢ ·μ¤¨É¥²Ó¸±μ³ Ö¤-
·¥ ´ Ìμ¤¨É¸Ö ¢ ¨´É¥·¢ ²¥ §´ Î¥´¨° Qβxn ≡ Qβ − Sxn: ¢ ¸²ÊÎ ¥ P1n

Qβ2n�EGT
k′ �Qβn, Éμ£¤  ± ± ¤²Ö P2n EGT

k′ �Qβ2n.
� Ï  ´ ²¨§ ¶μ± § ², 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¤  ´  ¤¢ÊÌËμ´μ´´Ò¥ ¸μ¸ÉμÖ´¨Ö 1+ [6]. �¡¸Ê-
¤¨³ ¸¢μ°¸É¢  ´¨¦ °Ï¨Ì ¸μ¸ÉμÖ´¨° 2+ ¢ ´¥°É·μ´´μ-¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ¶ Ì
126−134Cd. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ Ô´¥·£¨¨ ¨ ¢¥·μÖÉ´μ¸É¨ E2-¶¥·¥Ìμ¤μ¢ ´  ¸μ-
¸ÉμÖ´¨Ö 2+

1 ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 1. ‚ ¸²ÊÎ ¥ 130Cd 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¨. �·μÉμ´´Ò¥ Ëμ´μ´´Ò¥
 ³¶²¨ÉÊ¤Ò ¤μ³¨´¨·ÊÕÉ ¢μ ¢¸¥Ì · ¸¸³μÉ·¥´´ÒÌ ¨§μÉμ¶ Ì ± ¤³¨Ö, ¶·¨ ÔÉμ³

μ¸´μ¢´μ° ¢±² ¤ ¤ ¥É ±μ´Ë¨£Ê· Í¨Ö {1g
1
2
1g

3
2
}π (> 73%). ‡ ¶μ²´¥´¨¥ ´¥°-

É·μ´´μ° μ¡μ²μÎ±¨ ν1h
11
2

¶·¨¢μ¤¨É ± Ê³¥´ÓÏ¥´¨Õ ¶·¨¢¥¤¥´´μ° ¢¥·μÖÉ´μ-

¸É¨ E2-¶¥·¥Ìμ¤  ¢ 130Cd. ‚±²ÕÎ¥´¨¥ μ¸É ÉμÎ´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ± ´ ²¥
Î ¸É¨Í ÄÎ ¸É¨Í  ¶·¨¢μ¤¨É ± Ê³¥´ÓÏ¥´¨Õ Ô´¥·£¨¨ E2+

1
, ¢ Éμ ¢·¥³Ö ± ± §´ -

Î¥´¨¥ B(E2; 0+
gs→2+

1 ) ¶· ±É¨Î¥¸±¨ μ¸É ¥É¸Ö ´¥¨§³¥´´Ò³. �Éμ μ§´ Î ¥É, ÎÉμ

±μ²²¥±É¨¢´μ¸ÉÓ ¸μ¸ÉμÖ´¨° 2+
1 Ê³¥´ÓÏ ¥É¸Ö. Š ± ¢¨¤´μ ¨§ ·¨¸. 1, ·¥§Ê²Ó-

É ÉÒ ¢ÒÎ¨¸²¥´¨° ¸μ£² ¸ÊÕÉ¸Ö ¸ ¨³¥ÕÐ¨³¨¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò-
³¨ [24Ä26] ¨ ± Î¥¸É¢¥´´μ μ¶¨¸Ò¢ ÕÉ § ¢¨¸¨³μ¸ÉÓ μÉ ³ ¸¸μ¢μ£μ Î¨¸² .
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�¨¸. 1. �´¥·£¨¨ E
2+
1

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

1 ) (¡) ¤²Ö
126,128,130,132,134Cd, · ¸¸Î¨É ´´Ò¥ ¢ μ¤´μËμ´μ´´μ³ ¸²ÊÎ ¥ ¡¥§ μ¸É ÉμÎ´μ£μ ¢§ ¨³μ-
¤¥°¸É¢¨Ö (�) ¨ ¸ μ¸É ÉμÎ´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ (�) ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í ; • Å
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö [24Ä26]

�¡¸Ê¤¨³ ¢²¨Ö´¨¥ μ¸É ÉμÎ´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í 
´  ¸±μ·μ¸É¨ β-· ¸¶ ¤  ´  ¶·¨³¥·¥ 130Cd ¨ 132Cd. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¢
³μ¤¥²¨, ÊÎ¨ÉÒ¢ ÕÐ¥° ¸¢Ö§Ó ¸ ±¢ ¤·Ê¶μ²Ó´Ò³¨ Ëμ´μ´ ³¨, ¶·¥¤¸É ¢²¥´Ò ´ 
·¨¸. 2. Š ± ¢¨¤´μ, ÊÎ¥É ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í  ³ ²μ
¢²¨Ö¥É ´  · ¸¶·¥¤¥²¥´¨¥ ¸±μ·μ¸É¥° β-· ¸¶ ¤  130Cd ¶μ ¸· ¢´¥´¨Õ ¸ É¥³,
± ±μ¥ ¢²¨Ö´¨¥ ÔÉμ ¢§ ¨³μ¤¥°¸É¢¨¥ μ± §Ò¢ ¥É ´  · ¸¶·¥¤¥²¥´¨¥ ¸±μ·μ¸É¥°
¶·¨ Ê¢¥²¨Î¥´¨¨ ´¥°É·μ´´μ£μ ¨§¡ÒÉ±  (132Cd). �¨¸. 2 ´ £²Ö¤´μ ¤¥³μ´¸É·¨·Ê¥É
¢ ¦´μ¸ÉÓ ± ´ ²  Î ¸É¨Í ÄÎ ¸É¨Í  ¢ ¸²ÊÎ ¥ Ö¤¥· ¸ μÉ±·ÒÉÒ³¨ ´¥°É·μ´´Ò³¨
μ¡μ²μÎ± ³¨. ‘Éμ¨É μ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  Éμ, ÎÉμ, ´¥¸³μÉ·Ö ´  · §²¨Î´μ¥ ¢²¨-
Ö´¨¥ μ¸É ÉμÎ´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í  ´  · ¸¶·¥¤¥²¥´¨¥
¸±μ·μ¸É¥° β-· ¸¶ ¤  130Cd ¨ 132Cd, · ¸¸Î¨É ´´Ò¥ ¶¥·¨μ¤Ò β-· ¸¶ ¤  μ¡μ¨Ì
¨§μÉμ¶μ¢ ± ¤³¨Ö § ³¥É´μ ¸μ±· Ð ÕÉ¸Ö (> 35%). Š ± ¢¨¤´μ ¨§ É ¡²¨ÍÒ,
¢±²ÕÎ¥´¨¥ μ¸É ÉμÎ´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í  É ±¦¥ μ± -
§Ò¢ ¥É ¸¨²Ó´μ¥ ¢²¨Ö´¨¥ ´  ¶¥·¨μ¤ β-· ¸¶ ¤  ¢ ¸²ÊÎ ¥ 126Cd. �μ± § ´μ, ÎÉμ
¶·¥¤¸É ¢²¥´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ´  ± Î¥¸É¢¥´´μ³ Ê·μ¢´¥ μ¶¨¸Ò¢ ÕÉ Ô±¸¶¥·¨-
³¥´É ²Ó´ÊÕ Ô¢μ²ÕÍ¨Õ ¶¥·¨μ¤μ¢ β-· ¸¶ ¤  ´¥°É·μ´´μ-¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ¶μ¢
± ¤³¨Ö [27].

�¸μ¡Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É  ´ ²¨§ ¢¥·μÖÉ´μ¸É¥° Ô³¨¸¸¨¨ ´¥¸±μ²Ó±¨Ì
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢. ‚ É ¡²¨Í¥ ¶·¥¤¸É ¢²¥´Ò ¢¥·μÖÉ´μ¸É¨ Ô³¨¸¸¨¨ μ¤-
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�¨¸. 2. ‚²¨Ö´¨¥ ÊÎ¥É  ± ´ ²  Î ¸É¨Í ÄÎ ¸É¨Í  ´  ¸±μ·μ¸É¨ β-· ¸¶ ¤  ¢ 130Cd (  ¨ ¡)
¨ 132Cd (¢ ¨ £). ‚¸¥ · ¸Î¥ÉÒ ¢Ò¶μ²´¥´Ò ¢ ³μ¤¥²¨, ÊÎ¨ÉÒ¢ ÕÐ¥° ¸¢Ö§Ó ³¥¦¤Ê μ¤´μ-
¨ ¤¢ÊÌËμ´μ´´Ò³¨ ±μ´Ë¨£Ê· Í¨Ö³¨:  , ¢ ¸μμÉ¢¥É¸É¢ÊÕÉ · ¸Î¥É ³ ¡¥§ μ¸É ÉμÎ´μ£μ ¢§ -
¨³μ¤¥°¸É¢¨Ö,   ¡, £ Å ¸ μ¸É ÉμÎ´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í . � ¸-
¸Î¨É ´´Ò¥ §´ Î¥´¨Ö Qβ1n ¨ Qβ2n μ¡μ§´ Î¥´Ò ¸¶²μÏ´μ° ¨ ¶Ê´±É¨·´μ° ¸É·¥²± ³¨
¸μμÉ¢¥É¸É¢¥´´μ

´μ£μ (P1n) ¨ ¤¢ÊÌ (P2n) § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢. ‘Éμ¨É μÉ³¥É¨ÉÓ, ÎÉμ
¢±²ÕÎ¥´¨¥ μ¸É ÉμÎ´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í  ´¥§´ Î¨-
É¥²Ó´μ ¸μ±· Ð ¥É P1n ¢ ¸²ÊÎ ¥ 126−130Cd. � Ï¨ · ¸Î¥ÉÒ ¶·¥¤¸± §Ò¢ ÕÉ
¢Ò¸μ±ÊÕ ¢¥·μÖÉ´μ¸ÉÓ Ô³¨¸¸¨¨ ´¥¸±μ²Ó±¨Ì § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¢ 132Cd
± ± ¡¥§ ÊÎ¥É  μ¸É ÉμÎ´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, É ± ¨ ¸ ÊÎ¥Éμ³ μ¸É ÉμÎ´μ£μ ¢§ ¨³μ-
¤¥°¸É¢¨Ö ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í . ‚±²ÕÎ¥´¨¥ μ¸É ÉμÎ´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢
± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í  ¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ ¥É ¢¥·μÖÉ´μ¸ÉÓ ¤¢ÊÌ´¥°É·μ´´μ°
Ô³¨¸¸¨¨. Š ± ³μ¦´μ ¢¨¤¥ÉÓ ¨§ ·¨¸. 2, É ±¨¥ ¨§³¥´¥´¨Ö ¸¢Ö§ ´Ò ¸ ¶¥·¥· ¸¶·¥-
¤¥²¥´¨¥³ ¸¨²Ò ƒ’-¶¥·¥Ìμ¤μ¢ μ±μ²μ Ô´¥·£¨° μÉ·Ò¢  μ¤´μ£μ ¨ ¤¢ÊÌ ´¥°É·μ´μ¢.
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�ËË¥±É ÊÎ¥É  ± ´ ²  Î ¸É¨Í ÄÎ ¸É¨Í  ´  ¶¥·¨μ¤Ò β-· ¸¶ ¤  (T1/2) ¨ ¢¥·μÖÉ´μ¸É¨
Ô³¨¸¸¨¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ (P1n, P2n) ¢ ¨§μÉμ¶ Ì ± ¤³¨Ö. � ¸Î¥ÉÒ I ¨ II
¢Ò¶μ²´¥´Ò ¢ ³μ¤¥²¨, ¢±²ÕÎ ÕÐ¥° ¤¢ÊÌËμ´μ´´Ò¥ ±μ´Ë¨£Ê· Í¨¨, ¡¥§ μ¸É ÉμÎ´μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö ¨ ¸ μ¸É ÉμÎ´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ¢ ± ´ ²¥ Î ¸É¨Í ÄÎ ¸É¨Í  ¸μμÉ-
¢¥É¸É¢¥´´μ. �±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ¶μ²´μ° ¢¥·μÖÉ´μ¸É¨ Ô³¨¸¸¨¨ ¢ 130Cd Å
Pntot = (3,5 ± 1,0) % [28] ¨ 132Cd Å Pntot = (60 ± 15) % [29]

ˆ§μÉμ¶
I II T1/2, ³¸

T1/2, ³¸ P1n, % P2n, % T1/2, ³¸ P1n, % P2n, % (Ô±¸¶¥·¨³¥´É [27])
126Cd 265 < 0,1 Å 166 < 0,1 Å 513± 6
128Cd 181 7,1 Å 123 3,7 Å 245± 5
130Cd 121 13,5 Å 88 10,5 Å 127± 2
132Cd 38 74,8 25,2 29 82,0 18,0 82± 4

‚ ¤ ´´μ° · ¡μÉ¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¨² ‘±¨·³  ¶·¨¢¥¤¥´  ¸Ì¥³  · ¸Î¥É 
¢¥·μÖÉ´μ¸É¨ ³Ê²ÓÉ¨´¥°É·μ´´μ° Ô³¨¸¸¨¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, ¸μ¶·μ¢μ-
¦¤ ÕÐ¨Ì β-· ¸¶ ¤ ´¥°É·μ´´μ-¨§¡ÒÉμÎ´ÒÌ Ö¤¥·. ‘¢Ö§Ó ¸μ ¸²μ¦´Ò³¨ ±μ´-
Ë¨£Ê· Í¨Ö³¨ ÊÎ¨ÉÒ¢ ¥É¸Ö μ¤´μ¢·¥³¥´´μ ¸ Í¥´É· ²Ó´Ò³ ¨ É¥´§μ·´Ò³ μ¸É -
ÉμÎ´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ¢ ± ´ ² Ì Î ¸É¨Í Ä¤Ò·±  ¨ Î ¸É¨Í ÄÎ ¸É¨Í . ‚ ± -
Î¥¸É¢¥ ¶·¨³¥·  ¨¸¸²¥¤μ¢ ´Ò ¸¢μ°¸É¢  ´¥°É·μ´´μ-¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ¶μ¢ Cd.
�μ± § ´μ, ÎÉμ ¶μ¤±²ÕÎ¥´¨¥ μ¸É ÉμÎ´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ± ´ ²¥ Î ¸É¨Í Ä
Î ¸É¨Í  ¶·¨¢μ¤¨É ± ¶¥·¥· ¸¶·¥¤¥²¥´¨Õ ¸¨²Ò ƒ’-¶¥·¥Ìμ¤μ¢ ¨ ¸μ±· Ð ¥É ¶¥-
·¨μ¤ β-· ¸¶ ¤ .

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É  �μ¸¸¨°¸±μ£μ ´ ÊÎ´μ£μ Ëμ´¤ 
º16-12-10161.
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