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� Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Ö¤¥·´Ò° Ê´¨¢¥·¸¨É¥É ®Œˆ”ˆ¯, Œμ¸±¢ 

�·¥¤²μ¦¥´´Ò° ´¥¤ ¢´μ ¶μ¤Ìμ¤ ± μ¶¨¸ ´¨Õ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì § ·Ö¤μ¢μ-μ¡-
³¥´´ÒÌ ³μ´μ¶μ²Ó´ÒÌ ¢μ§¡Ê¦¤¥´¨° ¢ ¸·¥¤´¥ÉÖ¦¥²ÒÌ ¸Ë¥·¨Î¥¸±¨Ì Ö¤· Ì ¨¸¶μ²Ó§μ¢ ´
¤²Ö ±μ²¨Î¥¸É¢¥´´μ° μÍ¥´±¨ μ¸´μ¢´ÒÌ ·¥² ±¸ Í¨μ´´ÒÌ ¶ · ³¥É·μ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
£¨£ ´É¸±¨Ì ·¥§μ´ ´¸μ¢, ¢±²ÕÎ Ö ¨§μ¡ ·¨Î¥¸±¨°  ´ ²μ£μ¢Ò° ·¥§μ´ ´¸. �μ¤Ìμ¤ ¸μ¸Éμ¨É
¢ ·¥ ²¨§ Í¨¨ ®±Ê²μ´μ¢¸±μ£μ μ¶¨¸ ´¨Ö¯ § ¶·¥Ð¥´´ÒÌ ¶μ ¨§μ¸¶¨´Ê ¶·μÍ¥¸¸μ¢ ¢ · ³± Ì
Î ¸É¨Î´μ-¤Ò·μÎ´μ° ¤¨¸¶¥·¸¨μ´´μ° μ¶É¨Î¥¸±μ° ³μ¤¥²¨. �¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¤²Ö
´¥¸±μ²Ó±¨Ì ³ É¥·¨´¸±¨Ì Ö¤¥· ¸ Z = 50 ¨ Z = 82, ¸· ¢´¨¢ ÕÉ¸Ö ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨
Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.

The recently proposed approach to the description of high-energy charge-exchange
monopole excitations in medium-heavy spherical nuclei is implemented to estimate quan-
titatively main damping parameters of the related giant resonances including the isobaric
analog resonance. The approach consists in incorporating the ©Coulomb descriptionª of
isospin-forbidden processes into the particle-hole dispersive optical model. The results
obtained for a few Z = 50 and Z = 82 parent nuclei are compared with the respective
experimental data.

PACS: 24.30.Cz; 21.60.Gx; 21.60.Jz
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Šμ²¨Î¥¸É¢¥´´ Ö μÍ¥´±  μ¸´μ¢´ÒÌ ·¥² ±¸ Í¨μ´´ÒÌ ¶ · ³¥É·μ¢ ¶·μ¨§-
¢μ²Ó´μ£μ £¨£ ´É¸±μ£μ ·¥§μ´ ´¸  É·¥¡Ê¥É ¸μ¢³¥¸É´μ£μ μ¶¨¸ ´¨Ö Î ¸É¨Î´μ-
¤Ò·μÎ´μ° (—„) ¸É·Ê±ÉÊ·Ò ·¥§μ´ ´¸ ,   É ±¦¥ ¸¢Ö§¨ —„-¸μ¸ÉμÖ´¨° ¸ μ¤´μÎ -
¸É¨Î´Ò³ ±μ´É¨´ÊÊ³μ³ ¨ ³´μ£μ±¢ §¨Î ¸É¨Î´Ò³¨ ±μ´Ë¨£Ê· Í¨Ö³¨ (Ë· £³¥´-
É Í¨μ´´Ò° ÔËË¥±É). ‚ ¶·¨³¥´¥´¨¨ ± ¸·¥¤´¥ÉÖ¦¥²Ò³ ¸Ë¥·¨Î¥¸±¨³ Ö¤· ³
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É ±μ¥ μ¶¨¸ ´¨¥ ¶·¥¤²μ¦¥´μ ¢ · ³± Ì —„ ¤¨¸¶¥·¸¨μ´´μ° μ¶É¨Î¥¸±μ° ³μ¤¥²¨
(—„„�Œ) [1, 2]. Œμ¤¥²Ó Ö¢²Ö¥É¸Ö ³¨±·μ¸±μ¶¨Î¥¸±¨ μ¡μ¸´μ¢ ´´Ò³ μ¡μ¡Ð¥-
´¨¥³ ¸É ´¤ ·É´μ° [3] ¨ ´¥¸É ´¤ ·É´μ° [4] ¢¥·¸¨° ±μ´É¨´ÊÊ³´μ£μ ¶·¨¡²¨¦¥-
´¨Ö ¸²ÊÎ °´μ° Ë §Ò (±�‘”) ¤²Ö ÊÎ¥É  Ë· £³¥´É Í¨μ´´μ£μ ÔËË¥±É . ‚ · ³-
± Ì —„„�Œ ¸·¥¤´¥¥ ¶μ²¥ ¨ ¢§ ¨³μ¤¥°¸É¢¨¥ ¢ —„-± ´ ²¥, μÉ¢¥É¸É¢¥´´μ¥ § 
¤²¨´´μ¢μ²´μ¢Ò¥ ±μ··¥²ÖÍ¨¨, μ¶¨¸Ò¢ ÕÉ¸Ö ³¨±·μ¸±μ¶¨Î¥¸±¨, Éμ£¤  ± ± Ë· £-
³¥´É Í¨μ´´Ò° ÔËË¥±É ÊÎ¨ÉÒ¢ ¥É¸Ö Ë¥´μ³¥´μ²μ£¨Î¥¸±¨ ¢ É¥·³¨´ Ì ³´¨³μ°
Î ¸É¨ Ê¸·¥¤´¥´´μ£μ ¶μ Ô´¥·£¨¨ ¨ μ¶·¥¤¥²¥´´Ò³ μ¡· §μ³ ¶ · ³¥É·¨§μ¢ ´´μ£μ
—„ ³ ¸¸μ¢μ£μ μ¶¥· Éμ· . Œ´¨³ Ö Î ¸ÉÓ μ¶·¥¤¥²Ö¥É ¤¥°¸É¢¨É¥²Ó´ÊÕ ¸ ¶μ³μ-
ÐÓÕ ´¥±μÉμ·μ£μ ¤¨¸¶¥·¸¨μ´´μ£μ ¸μμÉ´μÏ¥´¨Ö [1,5]. Š Ê´¨± ²Ó´Ò³ ¢μ§³μ¦-
´μ¸ÉÖ³ —„„�Œ μÉ´μ¸¨É¸Ö μ¶¨¸ ´¨¥ ± ± Ê¸·¥¤´¥´´ÒÌ ¶μ Ô´¥·£¨¨ ¸¨²μ¢ÒÌ
ËÊ´±Í¨° £¨£ ´É¸±¨Ì ·¥§μ´ ´¸μ¢ ¶·¨ ¶·μ¨§¢μ²Ó´μ° (´μ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ°)
Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö, ¢±²ÕÎ Ö ¤ ²¥±¨¥ ®Ì¢μ¸ÉÒ¯ Ê± § ´´ÒÌ ·¥§μ´ ´¸μ¢, É ±
¨ ¢¥·μÖÉ´μ¸É¥° ¶·Ö³μ£μ μ¤´μ´Ê±²μ´´μ£μ · ¸¶ ¤  —„-¢μ§¡Ê¦¤¥´¨°.

‘¶¥Í¨Ë¨Î¥¸±μ° Î¥·Éμ° § ·Ö¤μ¢μ-μ¡³¥´´ÒÌ ³μ´μ¶μ²Ó´ÒÌ ¢μ§¡Ê¦¤¥´¨°
Ö¢²Ö¥É¸Ö ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¨§μ¡ ·¨Î¥¸±μ£μ  ´ ²μ£μ¢μ£μ ·¥§μ´ ´¸  (ˆ��), ¸¢μ°-
¸É¢  ±μÉμ·μ£μ É¥¸´μ ¸¢Ö§ ´Ò ¸ ¶·¨¡²¨¦¥´´Ò³ ¸μÌ· ´¥´¨¥³ ¨§μ¸¶¨´  ¢ ¸·¥¤-
´¥ÉÖ¦¥²ÒÌ Ö¤· Ì. �¥² ±¸ Í¨μ´´Ò¥ ¶ · ³¥É·Ò ˆ��, É ±¨¥ ± ± Ë· £³¥´É Í¨-
μ´´ Ö Ï¨·¨´ , ¶ ·Í¨ ²Ó´Ò¥ Ï¨·¨´Ò ¶·Ö³μ£μ μ¤´μ¶·μÉμ´´μ£μ · ¸¶ ¤ , ·¥-
§μ´ ´¸´ Ö Ë §  ¸³¥Ï¨¢ ´¨Ö (μ¶·¥¤¥²Ö¥É  ¸¨³³¥É·¨Õ ˆ�� ¢ ¸¥Î¥´¨ÖÌ ¨´¤Ê-
Í¨·μ¢ ´´ÒÌ ¶·μÉμ´ ³¨ ·¥§μ´ ´¸´ÒÌ ·¥ ±Í¨°), ¸ÊÐ¥¸É¢ÊÕÉ ¢ ³¥·Ê ¸³¥Ï¨¢ -
´¨Ö ¶μ ¨§μ¸¶¨´Ê. ‚ ¸·¥¤´¥ÉÖ¦¥²ÒÌ Ö¤· Ì μ¸´μ¢´Ò³ ³¥Ì ´¨§³μ³ ¸³¥Ï¨¢ -
´¨Ö Ö¢²Ö¥É¸Ö ¸¢Ö§Ó ˆ�� ¸μ ¸¢μ¨³ μ¡¥·Éμ´μ³ (¨§μ¢¥±Éμ·´Ò³ ³μ´μ¶μ²Ó´Ò³
£¨£ ´É¸±¨³ ·¥§μ´ ´¸μ³ ¢ β(−)-± ´ ²¥ (ˆ‚ƒŒ�(−))) §  ¸Î¥É ¶¥·¥³¥´´μ° ¢
¶·μ¸É· ´¸É¢¥ Î ¸É¨ ¸·¥¤´¥£μ ±Ê²μ´μ¢¸±μ£μ ¶μ²Ö Ö¤·  (¸³., ´ ¶·¨³¥·, [6]).
�¥¤ ¢´μ ³Ò ¶·¥¤²μ¦¨²¨ ¶μ¤Ìμ¤ ±  ´ ²¨§Ê ¸¢μ°¸É¢ Ê± § ´´ÒÌ ·¥§μ´ ´¸μ¢
(  É ±¦¥ ¨§μ¡ ·¨Î¥¸±μ£μ ¶ ·É´¥·  ˆ‚ƒŒ�(−) Å ˆ‚ƒŒ�(+)) [7], ±μÉμ·Ò°
§ ±²ÕÎ ¥É¸Ö ¢ ¨¸¶μ²Ó§μ¢ ´¨¨ ®±Ê²μ´μ¢¸±μ£μ μ¶¨¸ ´¨Ö¯ § ¶·¥Ð¥´´ÒÌ ¶μ ¨§μ-
¸¶¨´Ê ¶·μÍ¥¸¸μ¢ [8, 9] ¢ · ³± Ì —„„�Œ. �· ±É¨Î¥¸± Ö ·¥ ²¨§ Í¨Ö ¶μ¤-
Ìμ¤  μ£· ´¨Î¥´  ¢ [7]  ´ ²¨§μ³  ´μ³ ²Ó´μ ³ ²μ° Ï¨·¨´Ò ˆ�� ´  ¶·¨-
³¥·¥ ·¥§μ´ ´¸μ¢, ®¶μ¸É·μ¥´´ÒÌ¯ ´  μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨ ³ É¥·¨´¸±¨Ì Ö¤¥·
208,209Pb. ‚ ¤ ´´μ° · ¡μÉ¥, μ¸´μ¢Ò¢ Ö¸Ó ´  ¶μ²ÊÎ¥´´ÒÌ ¢ [7] ¡ §μ¢ÒÌ ¸μ-
μÉ´μÏ¥´¨ÖÌ, ³Ò · ¸Ï¨·¨²¨ Î¨¸²μ ¶·¨²μ¦¥´¨° ¶μ¤Ìμ¤ , ¢±²ÕÎ¨¢ ¢ ±μ²¨-
Î¥¸É¢¥´´Ò°  ´ ²¨§ ¶ ·Í¨ ²Ó´Ò¥ Ï¨·¨´Ò ¶·Ö³μ£μ μ¤´μ¶·μÉμ´´μ£μ · ¸¶ ¤ 
¨ ·¥§μ´ ´¸´ÊÕ Ë §Ê ¸³¥Ï¨¢ ´¨Ö ˆ��, ¶ ·Í¨ ²Ó´Ò¥ ¨ ¶μ²´Ò¥ ¢¥·μÖÉ´μ¸É¨
¶·Ö³μ£μ μ¤´μ¶·μÉμ´´μ£μ (μ¤´μ´¥°É·μ´´μ£μ) · ¸¶ ¤  ˆ‚ƒŒ�(−) (ˆ‚ƒŒ�(+)).
Š·μ³¥ Éμ£μ, ·¥ ²¨§μ¢ ´ Ê¶·μÐ¥´´Ò° ³¥Éμ¤ ÊÎ¥É  ¸¶ ·¨¢ ´¨Ö ´Ê±²μ´μ¢ ¨
Ê¢¥²¨Î¥´μ Î¨¸²μ  ´ ²¨§¨·Ê¥³ÒÌ ·¥§μ´ ´¸μ¢. �¥±μÉμ·Ò¥ ·¥§Ê²ÓÉ ÉÒ · ¡μÉÒ
¨§²μ¦¥´Ò ¢ [10].

‚ · §¤. 1 ¶·¨¢¥¤¥´Ò μ¸´μ¢´Ò¥ ¸μμÉ´μÏ¥´¨Ö ¶·¥¤²μ¦¥´´μ£μ ¶μ¤Ìμ¤ , ¨¸-
¶μ²Ó§μ¢ ´´Ò¥ ¤²Ö ±μ²¨Î¥¸É¢¥´´μ° μÍ¥´±¨ ·¥² ±¸ Í¨μ´´ÒÌ ¶ · ³¥É·μ¢ Ê± -
§ ´´ÒÌ £¨£ ´É¸±¨Ì ·¥§μ´ ´¸μ¢. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¢ ¸· ¢´¥´¨¨ ¸ ¤μ¸ÉÊ¶-
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´Ò³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶·¨¢¥¤¥´Ò ¢ · §¤. 2. ‡ ±²ÕÎ¨É¥²Ó´Ò¥
§ ³¥Î ´¨Ö ¸μ¤¥·¦ É¸Ö ¢ · §¤. 3.

1. �‘��‚�›… ‘��’��˜…�ˆŸ

� Î´¥³ ¸ ±· É±μ£μ ¨§²μ¦¥´¨Ö μ¸´μ¢´ÒÌ ¸μμÉ´μÏ¥´¨° ¶μ¤Ìμ¤  ¢ ¶·¨-
³¥´¥´¨¨ ± Ö¤· ³ ¸ § ¶μ²´¥´´Ò³¨ μ¡μ²μÎ± ³¨ ¨²¨ ¸ § ¶μ²´¥´´Ò³¨ μ¡μ²μÎ-
± ³¨+ ¢ ²¥´É´Ò° ´¥°É·μ´. ‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ê¶μ³Ö´ÊÉÒ³ ¢μ ¢¢¥¤¥´¨¨ ³¥-
Ì ´¨§³μ³ ±Ê²μ´μ¢¸±μ£μ ¸³¥Ï¨¢ ´¨Ö ¶μ ¨§μ¸¶¨´Ê ¶μ²´ Ö Ï¨·¨´  ˆ�� ΓA

μ¶·¥¤¥²Ö¥É¸Ö Ê· ¢´¥´¨¥³ [7]

ΓA =
2π

SA
S

(−)
C (ωA). (1)

‡¤¥¸Ó SA Å Ë¥·³¨¥¢¸± Ö ¸¨²  ˆ�� (¡²¨§±  ± ¢¥²¨Î¨´¥ ´¥°É·μ´´μ£μ ¨§-

¡ÒÉ± ); S
(−)
C (ω) Å Ê¸·¥¤´¥´´ Ö ¶μ Ô´¥·£¨¨ ¸¨²μ¢ Ö ËÊ´±Í¨Ö, μÉ¢¥Î ÕÐ Ö

®§ ·Ö¤μ¢μ-μ¡³¥´´μ³Ê ±Ê²μ´μ¢¸±μ³Ê¯ ¢´¥Ï´¥³Ê ¶μ²Õ (¶·μ¡´μ³Ê μ¶¥· Éμ·Ê)

V
(−)
C = VC(r)τ (−), VC(r) = UC(r) − ωA + (i/2)ΓA, £¤¥ UC(r) Å ¸·¥¤´¥¥

±Ê²μ´μ¢¸±μ¥ ¶μ²¥ Ö¤·  ¨ ωA Å Ô´¥·£¨Ö ˆ��, μÉ¸Î¨É ´´ Ö μÉ μ¸´μ¢´μ£μ ¸μ-
¸ÉμÖ´¨Ö ³ É¥·¨´¸±μ£μ Ö¤· . ‚ μÉ¸ÊÉ¸É¢¨¥ Ë· £³¥´É Í¨μ´´μ£μ ÔËË¥±É  (É. ¥.

¢ · ³± Ì ±�‘”) Ë¥·³¨¥¢¸± Ö ¸¨²  SA ¨ Ô´¥·£¨Ö ˆ�� ω
(0)
A ³μ£ÊÉ ¡ÒÉÓ ´ °-

¤¥´Ò ¸ ¶μ³μÐÓÕ Ë¥·³¨¥¢¸±μ° ¸¨²μ¢μ° ËÊ´±Í¨¨, μÉ¢¥Î ÕÐ¥° ¶·μ¡´μ³Ê μ¶¥-

· Éμ·Ê V
(−)
F = τ (−). ‚ ¤ ²Ó´¥°Ï¥³ ³Ò ¶μ² £ ¥³ ωA = ω

(0)
A , ¶·¥´¥¡·¥£ Ö

³ ²Ò³ Ë· £³¥´É Í¨μ´´Ò³ ¸¤¢¨£μ³ Ô´¥·£¨¨ ˆ�� (¢Ò· ¦¥´¨¥ ¤²Ö ÔÉμ° ¢¥²¨-
Î¨´Ò ¶·¨¢¥¤¥´μ ¢ [7]).

®�¤´μÎ ¸É¨Î´ Ö¯ ¶ ·Í¨ ²Ó´ Ö Ï¨·¨´  ¶·Ö³μ£μ μ¤´μ¶·μÉμ´´μ£μ · ¸-
¶ ¤  ˆ��, ¸μ¶·μ¢μ¦¤ ÕÐ¥£μ¸Ö § ¸¥²¥´¨¥³ ´¥°É·μ´´μ-¤Ò·μÎ´μ£μ ¸μ¸ÉμÖ´¨Ö
ν−1 Ö¤· -¶·μ¤Ê±É , Γ↑

A,ν , μ¶·¥¤¥²Ö¥É¸Ö ®· ¸¶ ¤´μ°¯ ¸¨²μ¢μ° ËÊ´±Í¨¥°

S
(−),↑
C,ν (ω) = |M (−)

C,ν (ω)|2 [7, 11]:

exp
[
2iξ(π)(εA)

]
Γ↑

A,ν =
2π

SA
(M (−)

C,ν (ωA))2,

(M (−)
C,ν (ωA))2 = Nνδ(π)(ν)

∫
χ

(−)∗
ε,(π)(r)Ṽ

(−)
C (r, ωA)χν(r) dr×

×
∫

χν(r)Ṽ (−)∗
C (r, ωA)χ(+)

ε,(π)(r) dr.

(2)

‡¤¥¸Ó ν = {εν , jν , lν} ((ν) = {jν , lν}) Å ´ ¡μ· ±¢ ´Éμ¢ÒÌ Î¨¸¥² μ¤´μ´¥°É·μ´-
´μ£μ ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¸ · ¤¨ ²Ó´μ° ¢μ²´μ¢μ° ËÊ´±Í¨¥° r−1χν(r); Nν Å

Î¨¸²μ ´¥°É·μ´μ¢ ´  Ê·μ¢´¥ ν; r−1χ
(±)
ε,(π)(r) Å · ¤¨ ²Ó´Ò¥ ¢μ²´μ¢Ò¥ ËÊ´±Í¨¨

¶·μÉμ´  ¢ ±μ´É¨´ÊÊ³¥, μÉ¢¥Î ÕÐ¨¥ Ô´¥·£¨¨ ε = εν + ωA ¨ μ¶·¥¤¥²Ö¥³Ò¥
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ÔËË¥±É¨¢´Ò³ μ¶É¨±μ-³μ¤¥²Ó´Ò³ ¶μÉ¥´Í¨ ²μ³ (¢ μÉ¸ÊÉ¸É¢¨¥ Ë· £³¥´É Í¨μ´-
´μ£μ ÔËË¥±É  ÔÉ¨ ËÊ´±Í¨¨ ´μ·³¨·μ¢ ´Ò ´  ¤¥²ÓÉ -ËÊ´±Í¨Õ μÉ Ô´¥·£¨¨);
ξ(π)(ε) Å ¤¥°¸É¢¨É¥²Ó´ Ö Î ¸ÉÓ Ë §Ò · ¸¸¥Ö´¨Ö δ(π) = ξ(π) + iη(π), μ¶·¥¤¥²Ö-
¥³μ°  ¸¨³¶ÉμÉ¨±μ° Ê¶μ³Ö´ÊÉÒÌ ¢μ²´μ¢ÒÌ ËÊ´±Í¨°. � ¤¨ ²Ó´ Ö Î ¸ÉÓ ÔËË¥±-

É¨¢´μ£μ ¶μ²Ö Ṽ
(−)
C (r, ω), ¢Ìμ¤ÖÐ Ö ¢ ¢Ò· ¦¥´¨¥ (2) ¤²Ö  ³¶²¨ÉÊ¤Ò M

(−)
C,ν (ω),

Ê¤μ¢²¥É¢μ·Ö¥É ¨´É¥£· ²Ó´μ³Ê Ê· ¢´¥´¨Õ, ±μÉμ·μ¥, ´ ·Ö¤Ê ¸ ¶·μ¡´Ò³ μ¶¥-
· Éμ·μ³ VC(r), ¸μ¤¥·¦¨É ¨§μ¢¥±Éμ·´ÊÕ Î ¸ÉÓ ¸¨² ‹ ´¤ ÊÄŒ¨£¤ ²  ¨ ³μ´μ-
¶μ²Ó´ÊÕ · ¤¨ ²Ó´ÊÕ Î ¸ÉÓ ®¸¢μ¡μ¤´μ£μ¯ § ·Ö¤μ¢μ-μ¡³¥´´μ£μ —„-¶·μ¶ £ Éμ· 

¢ β(−)-± ´ ²¥. Š·μ³¥ ®· ¸¶ ¤´μ°¯ ¸¨²μ¢μ° ËÊ´±Í¨¨ S
(−),↑
C,ν (ω) · ¤¨ ²Ó´ Ö

Î ¸ÉÓ ÔËË¥±É¨¢´μ£μ ¶μ²Ö μ¶·¥¤¥²Ö¥É É ±¦¥ ¸ ¶μ³μÐÓÕ ¨§¢¥¸É´μ£μ ¸μμÉ´μ-

Ï¥´¨Ö ®¶μ²´ÊÕ¯ ¸¨²μ¢ÊÕ ËÊ´±Í¨Õ S
(−)
C (ω) ¢ (1) [7]. ‚ · ³± Ì —„„�Œ

¢Ò· ¦¥´¨Ö ¤²Ö μ¡¥¨Ì ¸¨²μ¢ÒÌ ËÊ´±Í¨° ¸¶· ¢¥¤²¨¢Ò ¢ Ï¨·μ±μ³ Ô´¥·£¥É¨Î¥-
¸±μ³ ¨´É¥·¢ ²¥, ¢±²ÕÎ ÕÐ¥³ ˆ�� ¨ ˆ‚ƒŒ�(−). �·¨ · ¸¸³μÉ·¥´¨¨ ³ É¥-
·¨´¸±¨Ì Ö¤¥· ¸ · §¢¨ÉÒ³ ¸¶ ·¨¢ ´¨¥³ ¢ ´¥°É·μ´´μ° ¶μ¤¸¨¸É¥³¥ ³Ò ¨¸¶μ²Ó-
§Ê¥³ ¶·μ¸É¥°ÏÊÕ ³μ¤¨Ë¨± Í¨Õ ¶μ¤Ìμ¤ . �μ¸±μ²Ó±Ê · ¸¸³ É·¨¢ ¥³Ò¥ Ô´¥·-
£¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¸ÊÐ¥¸É¢¥´´μ ¶·¥¢ÒÏ ÕÉ ¢¥²¨Î¨´Ê ¸¶ ·¨¢ É¥²Ó´μ° Ð¥²¨, ³Ò
ÊÎ¨ÉÒ¢ ¥³ ¸¶ ·¨¢ ´¨¥ ´  Ê·μ¢´¥ § ³¥´Ò Î¨¸¥² § ¶μ²´¥´¨Ö nν = Nν/(2jν +1)
(
∑
ν

Nν = N ) ´  ¢¥²¨Î¨´Ò v2
ν Å ±¢ ¤· ÉÒ ¨§¢¥¸É´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ± ´μ-

´¨Î¥¸±μ£μ ¶·¥μ¡· §μ¢ ´¨Ö 	μ£μ²Õ¡μ¢ . �É¨ ¢¥²¨Î¨´Ò Ê¤μ¢²¥É¢μ·ÖÕÉ ¸μμÉ´μ-
Ï¥´¨Ö³

N =
∑

ν

(2jν + 1)v2
ν ¨²¨ N =

∑
ν �=ν0

(2jν + 1)v2
ν + (2jν0 − 1)v2

ν0
+ 1 (3)

¤²Ö ³ É¥·¨´¸±¨Ì Ö¤¥· ¸ Î¥É´Ò³ ¨²¨ ´¥Î¥É´Ò³ Î¨¸²μ³ ´¥°É·μ´μ¢ (ν0 Å Ê·μ-
¢¥´Ó, ´  ±μÉμ·μ³ ´ Ìμ¤¨É¸Ö ´¥Î¥É´ Ö Î ¸É¨Í ). “± § ´´ Ö § ³¥´  ¶·¨¢μ¤¨É
± ³μ¤¨Ë¨± Í¨¨ ¸¢μ¡μ¤´μ£μ —„-¶·μ¶ £ Éμ·  ¢ · ³± Ì �‘” ¨, ¸²¥¤μ¢ É¥²Ó´μ,
± ³μ¤¨Ë¨± Í¨¨ ®¸¢μ¡μ¤´μ£μ¯ —„-¶·μ¶ £ Éμ·  ¢ · ³± Ì ¤¨¸±·¥É´μ°,   § É¥³
¨ ±μ´É¨´ÊÊ³´μ° ¢¥·¸¨° —„„�Œ ¸μ£² ¸´μ  ²£μ·¨É³ ³, ¨§²μ¦¥´´Ò³ ¢ [1,2].

�  ¡ §¥ ¶·¨¢¥¤¥´´ÒÌ ¸μμÉ´μÏ¥´¨° ³μ¦´μ μÍ¥´¨ÉÓ μ¸´μ¢´Ò¥ ·¥² ±¸ -
Í¨μ´´Ò¥ ¶ · ³¥É·Ò ˆ�� ¨ ˆ‚ƒŒ�(∓). ’ ±, Ë· £³¥´É Í¨μ´´ Ö Ï¨·¨´ 
ˆ�� Γ↓

A μ¶·¥¤¥²Ö¥É¸Ö ¸μ£² ¸´μ (1), (2) (®·¥¤±¨³¨¯ · ¸¶ ¤ ³¨ ˆ�� ¶·¥´¥¡·¥-
£ ¥É¸Ö):

Γ↓
A = ΓA − Γ↑

A, Γ↑
A =

∑
ν

Γ↑
A,ν . (4)

�μ¸±μ²Ó±Ê ¶ ·Í¨ ²Ó´Ò¥ Ï¨·¨´Ò ¶·Ö³μ£μ μ¤´μ¶·μÉμ´´μ£μ · ¸¶ ¤  ˆ�� (2)
·¥§±μ § ¢¨¸ÖÉ μÉ Ô´¥·£¨¨ ¶·μÉμ´  εA,ν = ωA + εν ¨§-§  ³ ²μ° ¶·μ´¨Í ¥³μ¸É¨
¶μÉ¥´Í¨ ²Ó´μ£μ ¡ ·Ó¥· , ¤²Ö ¸· ¢´¥´¨Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¢¥²¨Î¨´ ³¨
³Ò ¶¥·¥¸Î¨ÉÒ¢ ¥³ Ê± § ´´Ò¥ Ï¨·¨´Ò ± ¸μμÉ¢¥É¸É¢ÊÕÐ¥° Ô±¸¶¥·¨³¥´É ²Ó´μ°
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Ô´¥·£¨¨:

Γ̌↑
A,ν =

Tπ(εexp
A,ν)

Tπ(εA,ν)
Γ↑

A,ν , Tπ(ε) = 1 − exp
[
−4η(π)(ε)

]
. (5)

‡¤¥¸Ó Tπ(ε) Å ±μÔËË¨Í¨¥´É ¶·¨²¨¶ ´¨Ö, μ¶·¥¤¥²Ö¥³Ò° ³´¨³μ° Î ¸ÉÓÕ Ë §Ò
· ¸¸¥Ö´¨Ö, ¢ÒÎ¨¸²¥´´μ° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ÔËË¥±É¨¢´μ£μ μ¶É¨±μ-³μ¤¥²Ó´μ£μ
¶μÉ¥´Í¨ ² . „¥°¸É¢¨É¥²Ó´ Ö Î ¸ÉÓ ÔÉμ° Ë §Ò ξ(π)(ε) (¸³. (2)) μ¶·¥¤¥²Ö¥É É ±
´ §Ò¢ ¥³ÊÕ Ë §Ê ¸³¥Ï¨¢ ´¨Ö ˆ��:

φ(π)(ε) = ξ(π)(ε) − ξbkg
(π) (ε). (6)

‡¤¥¸Ó ξbkg
(π) (ε) Å ¤¥°¸É¢¨É¥²Ó´ Ö Î ¸ÉÓ Ë §Ò · ¸¸¥Ö´¨Ö, ±μÉμ·ÊÕ ¢ÒÎ¨¸²ÖÕÉ

¢ · ³± Ì ¸É ´¤ ·É´μ° μ¶É¨Î¥¸±μ° ³μ¤¥²¨, ¶μ§¢μ²ÖÕÐ¥° μ¶¨¸ ÉÓ Ëμ´μ¢μ¥ · ¸-
¸¥Ö´¨¥ ¶·μÉμ´μ¢. ” §  ¸³¥Ï¨¢ ´¨Ö (6) μ¶·¥¤¥²Ö¥É  ¸¨³³¥É·¨Õ ˆ�� ¢ ¸¥Î¥-
´¨ÖÌ ¨´¤ÊÍ¨·μ¢ ´´ÒÌ ¶·μÉμ´ ³¨ ·¥§μ´ ´¸´ÒÌ ·¥ ±Í¨° (¸³., ´ ¶·¨³¥·, [14]).
�Éμ ÊÉ¢¥·¦¤¥´¨¥ ¸²¥¤Ê¥É ¨§ μ¤´μÊ·μ¢´¥¢μ° ¶ · ³¥É·¨§ Í¨¨ Ê¸·¥¤´¥´´μ° S-
³ É·¨ÍÒ ¤²Ö · ¸¸¥Ö´¨Ö ¶·μÉμ´μ¢ ¸ ¢μ§¡Ê¦¤¥´¨¥³ ˆ��. ‚ ¸²ÊÎ ¥ ¢μ§¡Ê¦¤¥´¨Ö
0+-ˆ�� ¢ · ¸¸¥Ö´¨¨ ¶·μÉμ´μ¢ ´¥Î¥É´μ-´¥°É·μ´´Ò³ Ö¤·μ³ ¢ μ¤´μ¤Ò·μÎ´μ³
¸μ¸ÉμÖ´¨¨ ν−1

0 Ô²¥³¥´ÉÒ S-³ É·¨ÍÒ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

S(π)(π0)(ε) = exp
[
2i

(
ξbkg
(π0)

+ iηbkg
(π0)

)]
δ(π)(π0)−

− exp
[
i(ξ(π) + ξ(π0))

] i
(
Γ↑

A,νΓ↑
A,ν0

)1/2

ε − εA,ν0 +
i

2
ΓA

δ(π)(ν)δ(π0)(ν0). (7)

’ ±μ¥ ¦¥ ¢Ò· ¦¥´¨¥ ¨³¥¥É ³¥¸Éμ ¨ ¢ ¸²ÊÎ ¥ · ¸¸¥Ö´¨Ö ¶·μÉμ´μ¢ Î¥É´μ-
Î¥É´Ò³ Ö¤·μ³ ¸ ¢μ§¡Ê¦¤¥´¨¥³ ˆ��, ®¶μ¸É·μ¥´´μ£μ¯ ´  ³ É¥·¨´¸±μ³ Ö¤·¥
¸ μ¤´¨³ ¢ ²¥´É´Ò³ ´¥°É·μ´μ³ ¢ ¸μ¸ÉμÖ´¨¨ ν1

0 . �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ
μ¡μ¡Ð¥´´μ£μ ±μÔËË¨Í¨¥´É  ¶·¨²¨¶ ´¨Ö T̃π(ε) = 1−

∑
(π)

|S(π)(π0)(ε)|2, μ¶·¥¤¥-

²ÖÕÐ¥£μ ¸¥Î¥´¨¥ (p, ntot)-·¥ ±Í¨¨, ¢ μ¡² ¸É¨ ˆ�� μ¡´ ·Ê¦¨¢ ¥É ¸μ£² ¸´μ (7)
 ¸¨³³¥É·¨Õ ¨§-§  · §´μ¸É¨ Ë § φ(π0)(ε) (6).

	Ê¤ÊÎ¨ · ¸¸³μÉ·¥´´Ò³¨ ¢ Ï¨·μ±μ³ ¨´É¥·¢ ²¥ Ô´¥·£¨° ¢μ§¡Ê¦¤¥´¨Ö, ®§ -

·Ö¤μ¢μ-μ¡³¥´´Ò¥ ±Ê²μ´μ¢¸±¨¥¯ ¸¨²μ¢Ò¥ ËÊ´±Í¨¨ S
(−)
C (ω) ¨ S

(−),↑
C,ν (ω) (¨ ¨Ì

¨§μ¡ ·¨Î¥¸±¨¥ ¶ ·É´¥·Ò S
(+)
C (ω) ¨ S

(+),↑
C,ν (ω)) μ¡´ ·Ê¦¨¢ ÕÉ ·¥§μ´ ´¸, μÉ-

¢¥Î ÕÐ¨° ˆ‚ƒŒ�(−) (ˆ‚ƒŒ�(+)). �μ ÔÉμ° ¶·¨Î¨´¥ Ê± § ´´Ò¥ ¸¨²μ¢Ò¥
ËÊ´±Í¨¨ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö ±μ²¨Î¥¸É¢¥´´μ° μÍ¥´±¨ ¶ ·Í¨ ²Ó´ÒÌ ¢¥·μ-

ÖÉ´μ¸É¥° ¶·Ö³μ£μ μ¤´μ¶·μÉμ´´μ£μ (μ¤´μ´¥°É·μ´´μ£μ) · ¸¶ ¤  b
(−),↑
C,ν (b(+),↑

C,ν )
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Ê± § ´´ÒÌ ·¥§μ´ ´¸μ¢:

b
(−),↑
C,ν =

∫
δ(−)

S
(−),↑
C,ν (ω) dω

/ ∫
δ(−)

S
(−)
C (ω) dω,

b
(+),↑
C,π =

∫
δ(+)

S
(+),↑
C,π (ω) dω

/ ∫
δ(+)

S
(+)
C (ω) dω.

(8)

‡¤¥¸Ó δ(−) (δ(+)) Å Ô´¥·£¥É¨Î¥¸±¨° ¨´É¥·¢ ², ¢±²ÕÎ ÕÐ¨° ˆ‚ƒŒ�(−)

(ˆ‚ƒŒ�(+)),   ®¶μ²´Ò¥¯ ¸¨²μ¢Ò¥ ËÊ´±Í¨¨ S
(∓)
C (ω) Ê¤μ¢²¥É¢μ·ÖÕÉ ¶· ¢¨²Ê

¸Ê³³ ∫
S

(−)
C (ω) dω −

∫
S

(+)
C (ω) dω =

∫
|VC(r)|2 n(−)(r) d3r, (9)

£¤¥ n(−)(r) Å ¶²μÉ´μ¸ÉÓ ´¥°É·μ´´μ£μ ¨§¡ÒÉ± . �μ²´ Ö ¢¥·μÖÉ´μ¸ÉÓ ¶·Ö-

³μ£μ μ¤´μ¶·μÉμ´´μ£μ (μ¤´μ´¥°É·μ´´μ£μ) · ¸¶ ¤  b
(−),↑
C =

∑
ν

b
(−),↑
C,ν (b(+),↑

C =∑
π

b
(+),↑
C,π ) μ¶·¥¤¥²Ö¥É ¢¥·μÖÉ´μ¸ÉÓ ¸É É¨¸É¨Î¥¸±μ£μ (¢ μ¸´μ¢´μ³ ´¥°É·μ´´μ£μ)

· ¸¶ ¤  ˆ‚ƒŒ�(−) (ˆ‚ƒŒ�(+)), ¶μ¸±μ²Ó±Ê ¸Ê³³  Ê± § ´´ÒÌ ¢¥·μÖÉ´μ¸É¥°
¡²¨§±  ± ¥¤¨´¨Í¥.

2. ‚›��� ����Œ…’��‚ Œ�„…‹ˆ. �…‡“‹œ’�’› ��‘—…’�‚

‚ ¢Ò¡μ·¥ ¶ · ³¥É·μ¢ —„„�Œ ¶·¨ μ¶¨¸ ´¨¨ § ·Ö¤μ¢μ-μ¡³¥´´ÒÌ ¢μ§¡Ê-
¦¤¥´¨° (¶ · ³¥É·μ¢ ¸·¥¤´¥£μ ¶μ²Ö, ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ —„-± ´ ²¥, ¨´É¥´¸¨¢´μ-
¸É¨ ³´¨³μ° Î ¸É¨ ¸·¥¤´¥£μ ³ ¸¸μ¢μ£μ —„-μ¶¥· Éμ· ) ³Ò ¸²¥¤Ê¥³ · ¡μÉ¥ [7],
¢ ±μÉμ·μ° ÔÉ¨ ¶ · ³¥É·Ò μ¶·¥¤¥²¥´Ò ¨§ ´¥§ ¢¨¸¨³ÒÌ ¤ ´´ÒÌ. ˆ¸±²ÕÎ¥-
´¨¥ ¸μ¸É ¢²Ö¥É ¸¨²μ¢μ° ¶ · ³¥É· α (¢ ŒÔ‚−1) ¢ Ê¶μ³Ö´ÊÉμ° ¨´É¥´¸¨¢´μ¸É¨,
±μÉμ·Ò° ¢Ò¡¨· ¥É¸Ö ¨§ Ê¸²μ¢¨Ö μ¶¨¸ ´¨Ö ¢ · ³± Ì ¶μ¤Ìμ¤  ´ ¡²Õ¤ ¥³μ°
¶μ²´μ° Ï¨·¨´Ò ˆ‚ƒŒ�(−) ¢ ¨§ÊÎ ¥³μ³ (¨²¨ ¡²¨§±μ³ ¶μ A) ³ É¥·¨´¸±μ³
Ö¤·¥. ˆ§²μ¦¥´´Ò¥ ¢ · §¤. 1 ³¥Éμ¤Ò μ¶¨¸ ´¨Ö μ¸´μ¢´ÒÌ ·¥² ±¸ Í¨μ´´ÒÌ ¶ · -
³¥É·μ¢ ˆ�� (Γ↓

A,Γ̌↑
A,ν ,φ(π)) ·¥ ²¨§μ¢ ´Ò ¸μ£² ¸´μ (1), (2), (4)Ä(6) ¤²Ö ·¥§μ-

´ ´¸μ¢, ®¶μ¸É·μ¥´´ÒÌ¯ ´  μ¸´μ¢´ÒÌ ¸μ¸ÉμÖ´¨ÖÌ ³ É¥·¨´¸±¨Ì Ö¤¥· 208,209Pb
¨ 117,118Sn. �·¨ ´ Ìμ¦¤¥´¨¨ Ì¨³¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  ´¥°É·μ´´μ° ¶μ¤¸¨-
¸É¥³Ò ¸μ£² ¸´μ (3) ¢¥²¨Î¨´  ¸¶ ·¨¢ É¥²Ó´μ° Ð¥²¨ Δ = 1,34 ŒÔ‚ ¢Ò¡· ´ 
¨§ Ê¸²μ¢¨Ö μ¶¨¸ ´¨Ö ´ ¡²Õ¤ ¥³μ° Ô´¥·£¨¨ ¤¢ÊÌ±¢ §¨Î ¸É¨Î´μ£μ ¸μ¸ÉμÖ´¨Ö
(2d3/23s−1

1/2) ¢ Ö¤·¥ 118Sn [18]. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ·¥² ±¸ Í¨μ´´ÒÌ ¶ · -
³¥É·μ¢ Ê± § ´´ÒÌ ˆ�� ¶·¨¢¥¤¥´Ò ¢ É ¡². 1, 2 ¢ ¸· ¢´¥´¨¨ ¸ ¨³¥ÕÐ¨³¨¸Ö
Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. ®‡ ·Ö¤μ¢μ-μ¡³¥´´Ò¥ ±Ê²μ´μ¢¸±¨¥¯ ¸¨²μ¢Ò¥
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’ ¡²¨Í  1. � · ³¥É·Ò ¨´É¥´¸¨¢´μ¸É¨ ¸·¥¤´¥£μ ³ ¸¸μ¢μ£μ —„-μ¶¥· Éμ·  ¨ ¶ · ³¥-
É·Ò ˆ��, ®¶μ¸É·μ¥´´ÒÌ¯ ´  μ¸´μ¢´ÒÌ ¸μ¸ÉμÖ´¨ÖÌ Ö¤¥· ¸ Z = 50 ¨ Z = 82, ¢ÒÎ¨-
¸²¥´´Ò¥ ¢ · ³± Ì —„„�Œ, ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [12, 13]

Ÿ¤·μ α, ŒÔ‚−1 SA ωA, ŒÔ‚ ωexp
A , ŒÔ‚ Γ↓

A, ±Ô‚ Γ↓,exp
A , ±Ô‚

117Sn 0,06 16,2 13,71 13,81 ± 0,01 22 30 ± 9
118Sn 0,06 17,4 13,68 13,73 ± 0,01 16 26 ± 9
208Pb 0,07 41,7 18,78 18,83 ± 0,01 60 78 ± 8
209Pb 0,07 42,7 18,73 18,76 ± 0,01 67 75 ± 7

’ ¡²¨Í  2. � · ³¥É·Ò μ¤´μ¶·μÉμ´´μ£μ · ¸¶ ¤  ˆ��, ®¶μ¸É·μ¥´´ÒÌ¯ ´  μ¸´μ¢´ÒÌ
¸μ¸ÉμÖ´¨ÖÌ Ö¤¥· ¸ Z = 50 ¨ Z = 82, ¢ÒÎ¨¸²¥´´Ò¥ ¢ · ³± Ì —„„�Œ, ¢ ¸· ¢´¥´¨¨
¸ ¤μ¸ÉÊ¶´Ò³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [15Ä17]. 	´¥·£¨¨ Ê± § ´Ò ¢ ŒÔ‚,
Ï¨·¨´Ò Å ¢ ±Ô‚

Ÿ¤·μ (λ) εA,ν εexp
A,ν Γ↑

A,ν Γ̌↑
A,ν Γ↑,exp

A,ν φ(π) φexp
(π)

117Sn s1/2 5,26 6,87 4,6 31,3 17,0 ± 0,5 Ä0,002 Å
118Sn s1/2 5,28 4,40 5,7 1,1 Å Ä0,002 Å
208Pb p1/2 11,13 11,46 54,7 71,6 51,6 ± 1,7 0,051 0,087 ± 0,035
209Pb g9/2 14,62 14,46 30,7 27,1 22,7 ± 0,6 0,062 0,022 ± 0,011

ËÊ´±Í¨¨ S
(∓)
C (ω) ¤²Ö ³ É¥·¨´¸±μ£μ Ö¤·  118Sn ¶μ± § ´Ò ´  ·¨¸Ê´±¥,   ·¥-

§Ê²ÓÉ ÉÒ ¢Ò¶μ²´¥´´ÒÌ ¸μ£² ¸´μ (8) · ¸Î¥Éμ¢ ¶μ²´μ° ¢¥·μÖÉ´μ¸É¨ μ¤´μ¶·μ-
Éμ´´μ£μ (μ¤´μ´¥°É·μ´´μ£μ) · ¸¶ ¤  ˆ‚ƒŒ�(−) (ˆ‚ƒŒ�(+)), ¶μ¸É·μ¥´´ÒÌ ´ 
μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨ ³ É¥·¨´¸±¨Ì Ö¤¥· 118Sn ¨ 208Pb, ¶·¨¢¥¤¥´Ò ¢ É ¡². 3.

�É³¥É¨³, ÎÉμ · ¸Î¥É´Ò¥ ¸¨²μ¢Ò¥ ËÊ´±Í¨¨ S
(∓)
C (ω) ¸ Ìμ·μÏ¥° ÉμÎ´μ¸ÉÓÕ

(> 99%) Ê¤μ¢²¥É¢μ·ÖÕÉ ¶· ¢¨²Ê ¸Ê³³ (9). „ ´´Ò¥ É ¡². 3 ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ
¸ÊÐ¥¸É¢¥´´μ° ·μ²¨ μ¤´μÎ ¸É¨Î´μ£μ ±μ´É¨´ÊÊ³  ¢ Ëμ·³¨·μ¢ ´¨¨ ˆ‚ƒŒ�(∓).
Š ± ¸²¥¤Ê¥É ¨§ ¶·¨¢¥¤¥´´ÒÌ ¢ É ¡². 1 ·¥§Ê²ÓÉ Éμ¢, ¢ · ³± Ì ¶·¥¤²μ¦¥´´μ£μ

®‡ ·Ö¤μ¢μ-μ¡³¥´´Ò¥ ±Ê²μ´μ¢¸±¨¥¯ ¸¨²μ¢Ò¥ ËÊ´±Í¨¨ S
(−)
C (ω) (a) ¨ S

(+)
C (ω) (¡), · ¸-

¸Î¨É ´´Ò¥ ¢ · ³± Ì —„„�Œ ¤²Ö ³ É¥·¨´¸±μ£μ Ö¤·  118Sn
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’ ¡²¨Í  3. �μ²´Ò¥ ¢¥·μÖÉ´μ¸É¨ ¶·Ö³μ£μ μ¤´μ¶·μÉμ´´μ£μ (μ¤´μ´¥°É·μ´´μ£μ) · ¸-
¶ ¤  ˆ‚ƒŒ�(−) (ˆ‚ƒŒ�(+)), ¶μ¸É·μ¥´´ÒÌ ´  μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨ ³ É¥·¨´¸±¨Ì
Ö¤¥· 118Sn ¨ 208Pb

Ÿ¤·μ b
(−),↑
C , % b

(+),↑
C , %

118Sn 68,4 52,4
208Pb 49,9 26,1

¶μ¤Ìμ¤  ¶μ²ÊÎ¥´μ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ¥ μ¶¨¸ ´¨¥  ´μ³ ²Ó´μ ³ ²μ° Ë· £³¥´É -
Í¨μ´´μ° Ï¨·¨´Ò · ¸¸³μÉ·¥´´ÒÌ ˆ��. ‚μ§³μ¦´μ, ÎÉμ ´¥±μÉμ· Ö ´¥¤μμÍ¥´± 
Ê± § ´´ÒÌ Ï¨·¨´ ¸¢Ö§ ´  ¸ ¤·Ê£¨³¨ (¸² ¡Ò³¨) ¨¸ÉμÎ´¨± ³¨ ´ ·ÊÏ¥´¨Ö ¨§μ-
¸¶¨´μ¢μ° ¸¨³³¥É·¨¨ ¢ Ö¤· Ì. Š Î¥¸É¢¥´´μ¥ μ¶¨¸ ´¨¥ ¶μ²ÊÎ¥´μ É ±¦¥ ¤²Ö
®Ê¶·Ê£¨Ì¯ ¶·μÉμ´´ÒÌ Ï¨·¨´ ˆ�� (¸³. É ¡². 2).

‡�Š‹
—…�ˆ…

‚ ¶·¥¤¸É ¢²¥´´μ° · ¡μÉ¥ ³Ò ¸ÊÐ¥¸É¢¥´´μ · ¸Ï¨·¨²¨ · ³±¨ ¶·¥¤²μ¦¥´-
´μ£μ ¢ [7] ®±Ê²μ´μ¢¸±μ£μ μ¶¨¸ ´¨Ö¯ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì ³μ´μ¶μ²Ó´ÒÌ ¢μ§-
¡Ê¦¤¥´¨° ¢ ¸·¥¤´¥ÉÖ¦¥²ÒÌ ¸Ë¥·¨Î¥¸±¨Ì Ö¤· Ì. �·¥¤²μ¦¥´Ò ³¥Éμ¤Ò ±μ²¨-
Î¥¸É¢¥´´μ° μÍ¥´±¨ μ¸´μ¢´ÒÌ ·¥² ±¸ Í¨μ´´ÒÌ ¶ · ³¥É·μ¢ ˆ�� ¨ ˆ‚ƒŒ�(∓)

¤²Ö ³ É¥·¨´¸±¨Ì Ö¤¥· ¸ § ¶μ²´¥´´Ò³¨ μ¡μ²μÎ± ³¨ ¨ § ¶μ²´¥´´Ò³¨ μ¡μ²μÎ-
± ³¨+ ¢ ²¥´É´Ò° ´¥°É·μ´. “± § ´´Ò¥ ³¥Éμ¤Ò μ¡μ¡Ð¥´Ò ´  ¸²ÊÎ ° Ö¤¥· ¸
· §¢¨ÉÒ³ ´¥°É·μ´´Ò³ ¸¶ ·¨¢ ´¨¥³. Šμ´±·¥É´Ò°  ´ ²¨§ ¢Ò¶μ²´¥´ ¤²Ö ³ -
É¥·¨´¸±¨Ì Ö¤¥· 117,118Sn ¨ 208,209Pb. �μ²ÊÎ¥´μ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ¥ μ¶¨¸ -
´¨¥ É ±μ£μ ·¥² ±¸ Í¨μ´´μ£μ ¶ · ³¥É·  ˆ��, ± ± Ë· £³¥´É Í¨μ´´ Ö Ï¨·¨´ ,
³ ² Ö ¢¥²¨Î¨´  ±μÉμ·μ° Ö¢²Ö¥É¸Ö ¸¢¨¤¥É¥²Ó¸É¢μ³ ¢Ò¸μ±μ° ¸É¥¶¥´¨ ¸μÌ· ´¥-
´¨Ö ¨§μ¸¶¨´  ¢ ¸·¥¤´¥ÉÖ¦¥²ÒÌ Ö¤· Ì. �μ± § ´  É ±¦¥ ¸ÊÐ¥¸É¢¥´´ Ö ·μ²Ó
μ¤´μÎ ¸É¨Î´μ£μ ±μ´É¨´ÊÊ³  ¢ Ëμ·³¨·μ¢ ´¨¨ § ·Ö¤μ¢μ-μ¡³¥´´ÒÌ £¨£ ´É¸±¨Ì
³μ´μ¶μ²Ó´ÒÌ ·¥§μ´ ´¸μ¢. „ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ ¶μ¤Ìμ¤  ¸¢Ö§ ´μ ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ ¡μ²¥¥ ¸μ¢¥·Ï¥´´ÒÌ ¢¥·¸¨° ¸·¥¤´¥£μ ¶μ²Ö, Î ¸É¨Î´μ-¤Ò·μÎ´μ£μ ¢§ ¨-
³μ¤¥°¸É¢¨Ö ¨ ¸¶ ·¨¢ ´¨Ö ´Ê±²μ´μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Î ¸É¨Î´μ° ¶μ¤¤¥·¦±¥ Œ¨´μ¡·´ Ê±¨ ¢ · ³± Ì
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