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ˆ´¸É¨ÉÊÉ Ô²¥±É·μ´´μ° Ë¨§¨±¨ ��� “±· ¨´Ò, “¦£μ·μ¤

�·μ¢¥¤¥´μ ¨¸¸²¥¤μ¢ ´¨¥ § ¢¨¸¨³μ¸É¨ ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨° μÉ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¨ £ ³³ -
±¢ ´Éμ¢ ¢ ·¥ ±Í¨ÖÌ 110Pd(γ, n)109m,gPd ¨ 113In(γ, n)112m,g In ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° Éμ·³μ§´μ£μ ¨§-
²ÊÎ¥´¨Ö 9Ä18 ŒÔ‚ ¸ Ï £μ³ ΔE = 0,5 ŒÔ‚. ‚ ¨¸¸²¥¤Ê¥³μ° Ô´¥·£¥É¨Î¥¸±μ° μ¡² ¸É¨ ¢¶¥·¢Ò¥
¶μ²ÊÎ¥´Ò ¸¥Î¥´¨Ö § ¸¥²¥´¨Ö ³¥É ¸É ¡¨²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö ¤²Ö Ö¤¥· 109Pd ¨ 112In ¢ (γ, n)-·¥ ±Í¨ÖÌ.
�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸· ¢´¨¢ ÕÉ¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥É  ¢ · ³± Ì ± ¸± ¤´μ-¨¸¶ ·¨É¥²Ó´μ°
³μ¤¥²¨.

Investigation of isomeric ratios dependence on maximum bremsstrahlung gamma-quanta energy in
110Pd(γ, n)109m,gPd and 113In(γ, n)112m,g In reactions was carried out in the 9Ä18 MeV energy region
with step ΔE = 0.5 MeV. Experimental cross sections of metastable states population for 109Pd and
112In nucleus in (γ, n) reactions are ˇrst obtained. The experimental isomer ratios are compared with
those calculated within the framework of the cascade-evaporation model.

PACS: 25.20.-x

ˆ¸¸²¥¤μ¢ ´¨¥ ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨° ¸Ò£· ²μ μ¶·¥¤¥²ÖÕÐÊÕ ·μ²Ó ¢ Ëμ·³¨·μ¢ ´¨¨
¸μ¢·¥³¥´´ÒÌ ¶·¥¤¸É ¢²¥´¨° μ ¢Ò¸μ±μ²¥¦ Ð¨Ì ±μ²²¥±É¨¢´ÒÌ ¢μ§¡Ê¦¤¥´¨ÖÌ ¢ Ö¤· Ì É¨¶ 
£¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸  (ƒ�). �¤´ ±μ ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö μ¸´μ¢´μ¥ ¢´¨³ ´¨¥
Ô±¸¶¥·¨³¥´É Éμ·μ¢ ¢ §´ Î¨É¥²Ó´μ° ³¥·¥ ¸μ¸·¥¤μÉμÎ¥´μ ´  ¨¸¸²¥¤μ¢ ´¨¨ · ¸¶ ¤´ÒÌ Ì -
· ±É¥·¨¸É¨± ƒ�, ¢ Éμ³ Î¨¸²¥ É ±¨Ì, ¢ ±μÉμ·ÒÌ Ë¨±¸¨·ÊÕÉ¸Ö μ¶·¥¤¥²¥´´Ò¥, ¢Ò¤¥²¥´´Ò¥
¸μ¸ÉμÖ´¨Ö Ö¤¥·-¶·μ¤Ê±Éμ¢. Š É ±¨³ § ¤ Î ³ ¶·¨³Ò± ¥É ¨ ¨¸¸²¥¤μ¢ ´¨¥ ¶·μÍ¥¸¸μ¢ ¢μ§-
¡Ê¦¤¥´¨Ö ¨§μ³¥·´ÒÌ ¸μ¸ÉμÖ´¨° ¤μÎ¥·´¨Ì Ö¤¥·, ¶μ²ÊÎ¥´´ÒÌ ¢ ·¥§Ê²ÓÉ É¥ ËμÉμÖ¤¥·´ÒÌ
·¥ ±Í¨°. Œ¥·μ° ¨´É¥´¸¨¢´μ¸É¨ § ¸¥²¥´¨Ö ÔÉ¨Ì Ê·μ¢´¥° ¸²Ê¦¨É ¨§μ³¥·´μ¥ μÉ´μÏ¥´¨¥,
±μÉμ·μ¥ Ì · ±É¥·¨§Ê¥É ¢¥·μÖÉ´μ¸ÉÓ § ¸¥²¥´¨Ö ³¥É ¸É ¡¨²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö μÉ´μ¸¨É¥²Ó´μ
§ ¸¥²¥´¨Ö μ¸´μ¢´μ£μ.

–¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²Ö¥É¸Ö ¨§³¥·¥´¨¥ § ¢¨¸¨³μ¸É¨ ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨° ¢ ·¥-
 ±Í¨ÖÌ 110Pd(γ, n)109m,gPd ¨ 113In(γ, n)112m,gIn μÉ Ô´¥·£¨¨ £ ³³ -±¢ ´Éμ¢ ¢ ¨´É¥·¢ ²¥
9Ä18 ŒÔ‚, É. ¥. ¢ μ¡² ¸É¨ Ô´¥·£¨¨ £¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸ , ´ Î¨´ Ö μÉ ¶μ·μ£ 
·¥ ±Í¨¨ (γ, n). „μ ´ ¸ÉμÖÐ¥£μ ¢·¥³¥´¨ ¨³¥²μ¸Ó ¢¸¥£μ ´¥¸±μ²Ó±μ · ¡μÉ, ¶μ¸¢ÖÐ¥´´ÒÌ
Ê¶μ³Ö´ÊÉμ° § ¤ Î¥, μ¤´ ±μ ¨§³¥·¥´¨Ö ¡Ò²¨ ¢Ò¶μ²´¥´Ò ¢¸¥£μ ¢ ´¥¸±μ²Ó±¨Ì ÉμÎ± Ì ¶·¨
¡μ²¥¥ ¢Ò¸μ±μ° Ô´¥·£¨¨ [1Ä3]. �μ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, μ¸μ¡¥´´μ ¢ · °-
μ´¥ ¶μ·μ£μ¢ (γ, n)m-·¥ ±Í¨° Bn, ¶μ§¢μ²ÖÕÉ ¸Ê¤¨ÉÓ μ · §²¨Î´ÒÌ ³¥Ì ´¨§³ Ì ·¥ ±Í¨¨, μ¡
¨§³¥´¥´¨¨ ¨Ì μÉ´μ¸¨É¥²Ó´μ£μ ¢±² ¤  ¶μ ³¥·¥ ¨§³¥´¥´¨Ö Ô´¥·£¨¨ ËμÉμ´μ¢, μ ¸É·Ê±ÉÊ·¥
Ê·μ¢´¥°, Î¥·¥§ ±μÉμ·Ò¥ ¶·μ¨¸Ìμ¤¨É § ¸¥²¥´¨¥ ¨§μ³¥·´μ£μ ¸μ¸ÉμÖ´¨Ö.
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Œ É¥·¨´¸±¨¥ Ö¤·  110Pd ¨ 113In ¤μ¢μ²Ó´μ ¡²¨§±¨ ¶μ ¸¢μ¥³Ê ¸É·μ¥´¨Õ. —¨¸²μ ¶·μÉμ-
´μ¢ ¢ ´¥Î¥É´μ-Î¥É´μ³ Ö¤·¥ 113

49 In ¡²¨§±μ ± ³ £¨Î¥¸±μ³Ê Z = 50,   Î¨¸²μ ´¥°É·μ´μ¢ ¶·¨-
´ ¤²¥¦¨É ± ¢μ§³μ¦´μ ®´μ¢μ³Ê¯ ³ £¨Î¥¸±μ³Ê Î¨¸²Ê N = 64 [4]. ‘¶¨´-Î¥É´μ¸ÉÓ μ¸´μ¢´μ£μ
¸μ¸ÉμÖ´¨Ö 113In μ¶·¥¤¥²Ö¥É¸Ö ¶μ¤μ¡μ²μÎ±μ° 1g9/2, ´  ±μÉμ·μ° ´ Ìμ¤¨É¸Ö 9 ¶·μÉμ´μ¢. “
Î¥É´μ-Î¥É´μ£μ Ö¤·  110

46 Pd Î¨¸²μ ´¥°É·μ´μ¢ É ±¦¥ · ¢´μ N = 64. ‚´¥Ï´¨¥ ´¥°É·μ´Ò
§ ¶μ²´ÖÕÉ ¶μ¤μ¡μ²μÎ±Ê 2d5/2. Œ¥É ¸É ¡¨²Ó´μ¥ ¸μ¸ÉμÖ´¨¥ ¤μÎ¥·´¥£μ Ö¤·  109Pd Ö¢²Ö¥É¸Ö
μ¤´μ±¢ §¨Î ¸É¨Î´Ò³ ¸μ¸ÉμÖ´¨¥³ ¸ Jπ = 11/2− ¨ μ¶·¥¤¥²Ö¥É¸Ö ¶μ¤μ¡μ²μÎ±μ° 1h11/2.

�¥¸±μ²Ó±μ ¡μ²¥¥ ¸²μ¦´μ° Ö¢²Ö¥É¸Ö ¸É·Ê±ÉÊ·  ¨§μ³¥·´μ° ¶ ·Ò ´¥Î¥É´μ-´¥Î¥É´μ£μ Ö¤· 
112In. „²Ö ÔÉμ° ¶ ·Ò ¸¶¨´-Î¥É´μ¸ÉÓ ³¥É ¸É ¡¨²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö Jπ

m = 4+,   ¤²Ö μ¸´μ¢´μ£μ
¸μ¸ÉμÖ´¨Ö Jπ

g = 1+. �¤¨´ ´¥¸¶ ·¥´´Ò° ¶·μÉμ´, ±μÉμ·Ò° ´ Ìμ¤¨É¸Ö ´  ¶μ¤μ¡μ²μÎ±¥
1g9/2, ¨ ´¥°É·μ´, ´ ¶·¨³¥·, ´  ¶μ¤μ¡μ²μÎ±¥ 3s1/2, ¶μ-¢¨¤¨³μ³Ê, ¨ Ëμ·³¨·ÊÕÉ ¨§μ³¥·´μ¥
¸μ¸ÉμÖ´¨¥ 4+. —Éμ¡Ò ¸Ëμ·³¨·μ¢ ÉÓ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥, ´¥°É·μ´ ¤μ²¦¥´ ´ Ìμ¤¨ÉÓ¸Ö
´  ¶μ¤μ¡μ²μÎ±¥ ¸ ¡μ²ÓÏ¨³ ¸¶¨´μ³ (J = 7/2), ÎÉμ¡Ò ¢³¥¸É¥ ¸ ¶·μÉμ´´μ° μ¡μ²μÎ±μ°
(Jπ = 9/2+) ¸Ëμ·³¨·μ¢ ÉÓ ¸μ¸ÉμÖ´¨¥ 1+. ‚¸¥ ÔÉμ ¤¥² ¥É ·¥ ±Í¨¨ 110Pd(γ, n)109m,gPd ¨
113In(γ, n)112m,gIn ¨´É¥·¥¸´Ò³¨ ¤²Ö ¸μ¢³¥¸É´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö.
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ˆ§³¥·¥´¨¥ ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨° ¢ÒÌμ¤μ¢ ¨¸¸²¥¤Ê¥³ÒÌ μ¡· §Íμ¢ ¨´¤¨Ö ¨ ¶ ²² ¤¨Ö
¶·μ¢μ¤¨²μ¸Ó ´  ¢Ò¢¥¤¥´´μ³ Ô²¥±É·μ´´μ³ ¶ÊÎ±¥ ³¨±·μÉ·μ´  Œ-30 μÉ¤¥²  ËμÉμÖ¤¥·´ÒÌ
¶·μÍ¥¸¸μ¢ ˆ´¸É¨ÉÊÉ  Ô²¥±É·μ´´μ° Ë¨§¨±¨ ��� “±· ¨´Ò. �¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨
³¨±·μÉ·μ´  ¶·¥¤¸É ¢²¥´Ò ¢ · ¡μÉ¥ [5]. ˆ§³¥´¥´¨¥ Ô´¥·£¨¨ Ê¸±μ·¥´´ÒÌ Ô²¥±É·μ´μ¢
μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ¤¢Ê³Ö ¸¶μ¸μ¡ ³¨: ¨§³¥´¥´¨¥³ ¢´ÊÉ·¥´´¨Ì ¢μ²´μ¢μ¤´ÒÌ ¢¸É ¢μ±, ÎÉμ
¶·¨¢μ¤¨²μ ± ¨§³¥´¥´¨Õ Î¨¸²  μ·¡¨É Ê¸±μ·¥´´ÒÌ Ô²¥±É·μ´μ¢ ¨ ¨Ì Ô´¥·£¨¨ ¸μ §´ Î¨-
É¥²Ó´Ò³ Ï £μ³ ΔE = 2−3 ŒÔ‚. � ¢ ÔÉ¨Ì ¶·¥¤¥² Ì Ô´¥·£¨Ö ¨§³¥´Ö² ¸Ó ¶² ¢´μ, ¸
³¥²±¨³ Ï £μ³ 0,2Ä0,5 ŒÔ‚, ¶ÊÉ¥³ ¨§³¥´¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö. Šμ´É·μ²Ó ¢¥¤ÊÐ¥£μ
³ £´¨É´μ£μ ¶μ²Ö ³¨±·μÉ·μ´  μ¸ÊÐ¥¸É¢²Ö²¸Ö ³¥Éμ¤μ³ Ö¤¥·´μ£μ ³ £´¨É´μ£μ ·¥§μ´ ´¸ .
�¥μ¶·¥¤¥²¥´´μ¸ÉÓ Ô´¥·£¨¨ Ê¸±μ·¥´´ÒÌ Ô²¥±É·μ´μ¢ ´¥ ¶·¥¢ÒÏ ²  50 ±Ô‚. �  ¢ÒÌμ¤¥
Ê¸±μ·¥´´Ò° ¶ÊÎμ± ±μ´É·μ²¨·μ¢ ²¸Ö ³μ´¨Éμ·μ³ ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨. ’μ± Ê¸±μ·¥´´ÒÌ
Ô²¥±É·μ´μ¢ ¸μ¸É ¢²Ö² ≈ 5 ³±�. ’μ·³μ§´ Ö ³¨Ï¥´Ó ¶·¥¤¸É ¢²Ö²  ¸μ¡μ° É ´É ²μ¢ÊÕ
¶² ¸É¨´Ê.

‚ ± Î¥¸É¢¥ ³¨Ï¥´¥° ¨¸¶μ²Ó§μ¢ ²¨¸Ó μ¡· §ÍÒ ³¥É ²²¨Î¥¸±μ£μ ¶ ²² ¤¨Ö ¨ ¨´¤¨Ö ¥¸É¥-
¸É¢¥´´μ£μ ¨§μÉμ¶¨Î¥¸±μ£μ ¸μ¸É ¢  ³ ¸¸μ° 0,5Ä1 £. ˆ§³¥·¥´¨Ö ¢ μ¡² ¸É¨ 9Ä18 ŒÔ‚ ¶·μ-
¢μ¤¨²¨¸Ó ¸ Ï £μ³ ΔE = 0,5 ŒÔ‚. ‘ Í¥²ÓÕ ¡μ²¥¥ ÉμÎ´μ£μ μ¶·¥¤¥²¥´¨Ö ¶μ·μ£μ¢ ·¥ ±Í¨°
(γ, n)m ¢ · °μ´¥ 9Ä11 ŒÔ‚ Ï £ ¨§³¥·¥´¨° ¸μ¸É ¢¨² ΔE = 0,2 ŒÔ‚.

�·μ¤Ê±ÉÒ ·¥ ±Í¨° 110Pd(γ, n)109m,gPd ¨ 113In(γ, n)112m,gIn ´¥¸É ¡¨²Ó´Ò. ˆ¤¥´É¨Ë¨-
± Í¨Ö § ¸¥²¥´¨Ö μ¸´μ¢´μ£μ ¨ ¨§μ³¥·´μ£μ ¸μ¸ÉμÖ´¨° ¤μÎ¥·´¨Ì Ö¤¥· μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¶μ ¨Ì
£ ³³ -¨§²ÊÎ¥´¨Õ. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ´  £ ³³ -¸¶¥±É·μ³¥É·¥ ¸ Ge(Li)-¤¥É¥±Éμ·μ³
μ¡Ñ¥³μ³ 100 ¸³3 ¨ · §·¥Ï¥´¨¥³ 3,5 ±Ô‚ ¤²Ö ²¨´¨¨ 1332 ±Ô‚ 60Co. �  ·¨¸. 1 ¶·¨¢¥-
¤¥´ ÊÎ ¸Éμ±  ¶¶ · ÉÊ·´μ£μ ¸¶¥±É·  μÉ · ¸¶ ¤  Ö¤·  109Pd (n Å ´μ³¥· ± ´ ² , N Å
±μ²¨Î¥¸É¢μ μÉ¸Î¥Éμ¢ ¢ ± ´ ²¥). �´¥·£¨Ö μ¡²ÊÎ¥´¨Ö ¸μ¸É ¢²Ö²  Eγ max = 12 ŒÔ‚, ¢·¥³Ö
μ¡²ÊÎ¥´¨Ö 10 ³¨´, μÌ² ¦¤¥´¨Ö 2 ³¨´, ¨§³¥·¥´¨Ö 10 ³¨´.

‘¶¥±É·μ¸±μ¶¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¨¸¸²¥¤Ê¥³ÒÌ Ö¤¥·: ¸¶¨´-Î¥É´μ¸ÉÓ μ¸´μ¢´μ£μ Jπ
g

¨ ¤μÎ¥·´¥£μ Jπ
m ¸μ¸ÉμÖ´¨°, Ô´¥·£¨Ö ¶μ·μ£  (γ, n)-·¥ ±Í¨¨ ³ É¥·¨´¸±μ£μ Ö¤·  Bn, ¶¥·¨-

μ¤Ò ¶μ²Ê· ¸¶ ¤  T1/2 μ¸´μ¢´μ£μ ¨ ¨§μ³¥·´μ£μ ¸μ¸ÉμÖ´¨°, Ô´¥·£¨Ö ¨§μ³¥·´μ£μ Ê·μ¢´Ö Eiso,
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�¨¸. 1. “Î ¸Éμ±  ¶¶ · ÉÊ·´μ£μ ¸¶¥±É·  μÉ · ¸¶ ¤  Ö¤·  109Pd

Ô´¥·£¨Ö Eγ ¨ ¨´É¥´¸¨¢´μ¸ÉÓ I £ ³³ -¶¥·¥Ìμ¤μ¢, μÉ¢¥É¸É¢¥´´ÒÌ §  · ¸¶ ¤ μ¸´μ¢´μ£μ ¨
¨§μ³¥·´μ£μ ¸μ¸ÉμÖ´¨°, ¡· ²¨¸Ó ¨§ · ¡μÉ [6, 7] ¨ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥. ‘Ì¥³  ´¨§±μ-
²¥¦ Ð¨Ì Ê·μ¢´¥° Ö¤¥· 109Pd ¨ 112In ¶·¨¢¥¤¥´  ´  ·¨¸. 2.

‘¶¥±É·μ¸±μ¶¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ Ö¤¥·

Ÿ¤·μ Jπ T1/2 Eγ , ŒÔ‚ Bn, ŒÔ‚ I, % Eiso, ŒÔ‚
109gPd 5/2+ 13,7 Î 0,088 8,8 3,6
109mPd 11/2− 4,696 ³¨´ 0,188 56 0,1889
112gIn 1+ 14,97 ³¨´ 0,617 9,43 4,6
112mIn 4+ 20,56 ³¨´ 0,156 13,2 0,156

‚ ´ ¸ÉμÖÐ¥³ Ô±¸¶¥·¨³¥´É¥ ¤²Ö ·¥ ±Í¨¨ 113In(γ, n)112m,gIn ´¥¶μ¸·¥¤¸É¢¥´´μ μ¶·¥¤¥-
²Ö²¨¸Ó ¨§μ³¥·´Ò¥ μÉ´μÏ¥´¨Ö ¢ÒÌμ¤μ¢ Ym/Yg ¶ÊÉ¥³ μ¶·¥¤¥²¥´¨Ö ¶²μÐ ¤¥° ËμÉμ¶¨±μ¢
£ ³³ -²¨´¨°, μÉ¢¥É¸É¢¥´´ÒÌ §  · ¸¶ ¤ Ö¤¥· ¢ ¨§μ³¥·´μ³ ¨ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨ÖÌ (§¤¥¸Ó
Ym, Yg Å ¸μμÉ¢¥É¸É¢¥´´μ ¢ÒÌμ¤Ò § ¸¥²¥´¨Ö ¨§μ³¥·´μ£μ ¨ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨°). ‚±² ¤
μÉ ¨´É¥·Ë¥·¨·ÊÕÐ¨Ì ²¨´¨° ¨¸±²ÕÎ ²¸Ö.

„²Ö 112In · ¸Î¥É ¨§μ³¥·´μ£μ μÉ´μÏ¥´¨Ö ¢ÒÌμ¤μ¢ ¶·μ¨§¢μ¤¨²¸Ö ¶μ Ëμ·³Ê²¥

d(Eγ max)=
Ym

Yn
=

{
1/λm

1/λg

fm(t)
fg(t)

(
ξmκmαg

ξgκgαm

Ng

Nm
− p

λg

λg − λm

)
+ p

λm

λg − λm

}−1

, (1)

£¤¥ λm, λg Å ¶μ¸ÉμÖ´´Ò¥ · ¸¶ ¤  ³¥É ¸É ¡¨²Ó´μ£μ ¨ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨°; Ng, Nm Å
±μ²¨Î¥¸É¢μ ¨³¶Ê²Ó¸μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¶μ¤ ËμÉμ¶¨± ³¨ ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö £ ³³ -
±¢ ´Éμ¢ μÉ · ¸¶ ¤  ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸μ¸ÉμÖ´¨° ¨§μ³¥·´μ° ¶ ·Ò; p Å ±μÔËË¨Í¨¥´É
¢¥É¢²¥´¨Ö;

fm,g = [1 − exp (−λm,gtirr)] exp (−λm,gtcool)[1 − exp (−λm,gtmeas)],
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£¤¥ tirr, tcool, tmeas Å ¢·¥³Ö μ¡²ÊÎ¥´¨Ö, μÌ² ¦¤¥´¨Ö ¨ ¨§³¥·¥´¨Ö; ξm,g , κm,g, αm,g Å ±μ-
ÔËË¨Í¨¥´ÉÒ ¸ ³μ¶μ£²μÐ¥´¨Ö, ËμÉμÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì £ ³³ -
²¨´¨° ¨ ¨Ì ±¢ ´Éμ¢Ò¥ ¢ÒÌμ¤Ò [8]. ‚¢μ¤¨²¨¸Ó ¶μ¶· ¢±¨ ´  ´¥¸É ¡¨²Ó´μ¸ÉÓ ¶ÊÎ±  ¨
¶·μ¸Î¥ÉÒ ·¥£¨¸É·¨·ÊÕÐ¥°  ¶¶ · ÉÊ·Ò.

�¨¸. 2. ‘Ì¥³  ´¨§±μ²¥¦ Ð¨Ì Ê·μ¢´¥° ¤²Ö Ö¤¥· 109Pd ¨ 112In

�¥¸±μ²Ó±μ ¨´μ° ¡Ò²  ¶·μÍ¥¤Ê·  ¨§³¥·¥´¨Ö ¤²Ö 109Pd. �μ¸±μ²Ó±Ê ¶¥·¨μ¤Ò ¶μ²Ê· ¸-
¶ ¤  ¨§μ³¥·´μ£μ T m

1/2 ¨ μ¸´μ¢´μ£μ T g
1/2 ¸μ¸ÉμÖ´¨° Ö¤·  109Pd §´ Î¨É¥²Ó´μ · §²¨Î ÕÉ¸Ö,

Éμ ¨§³¥·Ö²¨¸Ó ´¥§ ¢¨¸¨³Ò¥ ¢ÒÌμ¤Ò Ym ¨ Yg+m. �μ¸²¥ μ¡²ÊÎ¥´¨Ö ¨ ´ ¡μ·  ¤μ§Ò μ¡· §¥Í
¤μ¸É ¢²Ö²¸Ö ¢ ¡²μ± ¨§³¥·¥´¨Ö ¨ ¨§³¥·Ö²¸Ö ¢ÒÌμ¤ Ym. ‡ É¥³ μ¡· §¥Í μÌ² ¦¤ ²¸Ö 30 ³¨´.
‡  ÔÉμ ¢·¥³Ö ¨§μ³¥·´μ¥ ¸μ¸ÉμÖ´¨¥ ¶μ²´μ¸ÉÓÕ · ¸¶ ¤ ²μ¸Ó ´  μ¸´μ¢´μ¥. �μ¸²¥ ÔÉμ£μ ¨§-
³¥·Ö²¸Ö · ¸¶ ¤ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö, ±μÉμ·Ò³ μ¶·¥¤¥²Ö²¸Ö ¶μ²´Ò° ¢ÒÌμ¤ (γ, n)-·¥ ±Í¨¨
Yn, · ¢´Ò° ¸Ê³³¥ ¢ÒÌμ¤μ¢ § ¸¥²¥´¨Ö ¨§μ³¥·´μ£μ ¨ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨° Yn = Ym + Yg ,

ÎÉμ ¶μ§¢μ²Ö²μ μ¶·¥¤¥²¨ÉÓ ¨§μ³¥·´μ¥ μÉ´μÏ¥´¨¥ η = Ym/Yn = Ym/(Ym +Yg) =
1

1 + 1/d
,

£¤¥ d = Ym/Yg. ‘·¥¤´¥±¢ ¤· É¨Î´Ò¥ ¶μ£·¥Ï´μ¸É¨ μ¶·¥¤¥²¥´¨Ö ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨°
¸μ¸É ¢²Ö²¨ ≈ 8 % ¨ μ¶·¥¤¥²Ö²¨¸Ó ´¥μ¶·¥¤¥²¥´´μ¸ÉÓÕ ¨§³¥·¥´¨Ö ¢ÒÌμ¤μ¢ Ym, Yg .

��‘“†„…�ˆ… �…‡“‹œ’�’�‚

�μ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ § ¢¨¸¨³μ¸É¨ μÉ´μÏ¥´¨Ö ¢ÒÌμ¤μ¢ η μÉ ³ ±¸¨³ ²Ó´μ°
Ô´¥·£¨¨ Eγ max £ ³³ -±¢ ´Éμ¢ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¤²Ö ·¥ ±Í¨° 110Pd(γ, n)109m,gPd
¨ 113In(γ, n)112m,gIn ¶μ± § ´Ò ´  ·¨¸. 3 ÉμÎ± ³¨. Š ± ¢¨¤´μ ¨§ ·¨¸Ê´± , ´¥¸³μÉ·Ö ´ 
¡²¨§μ¸ÉÓ ¶·¨·μ¤Ò ¨§ÊÎ ¥³ÒÌ ³ É¥·¨´¸±¨Ì Ö¤¥·, ËÊ´±Í¨¨ § ¢¨¸¨³μ¸É¨ ¨§μ³¥·´ÒÌ μÉ´μ-
Ï¥´¨° μÉ Ô´¥·£¨¨ ¶ ¤ ÕÐ¨Ì ËμÉμ´μ¢ η(Eγ max) ¸μ¢¥·Ï¥´´μ · §²¨Î´Ò. „²Ö 109Pd ÔÉ 
ËÊ´±Í¨Ö ¡Ò¸É·μ ¢μ§· ¸É ¥É μÉ ¶μ·μ£  ·¥ ±Í¨¨ (γ, n)m ¨ ¢ μ¡² ¸É¨ 17Ä18 ŒÔ‚ ¢ÒÌμ¤¨É
´  ´ ¸ÒÐ¥´¨¥. „²Ö 112In ¨§μ³¥·´μ¥ μÉ´μÏ¥´¨¥ ³ ±¸¨³ ²Ó´μ ¢ μ¡² ¸É¨ 10 ŒÔ‚, ¸ ·μ¸Éμ³
Ô´¥·£¨¨ ¶ ¤ ¥É ¨ ¢ · °μ´¥ ¢ÒÏ¥ 16 ŒÔ‚ ¢ÒÌμ¤¨É ´  ¶² Éμ. ’ ±μ¥ ¶μ¢¥¤¥´¨¥ η(Eγ max)
μ¡Ê¸²μ¢²¥´μ ¸É·Ê±ÉÊ·μ° ´¨§±μ²¥¦ Ð¨Ì Ê·μ¢´¥° 109Pd ¨ 112In.
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�¨¸. 3. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨§μ³¥·´Ò¥ μÉ´μÏ¥´¨Ö ¤²Ö Ö¤¥· 112In ( ) ¨ 109Pd (¡), ¶μ²ÊÎ¥´´Ò¥ ¢
(γ, n)-·¥ ±Í¨ÖÌ

‘¶²μÏ´Ò³¨ ²¨´¨Ö³¨ ´  ·¨¸. 3 μ¡μ§´ Î¥´Ò ·¥§Ê²ÓÉ ÉÒ  ¶¶·μ±¸¨³ Í¨¨ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ § ¢¨¸¨³μ¸É¥° ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨° μÉ Ô´¥·£¨¨ η(Eγ max) ±·¨¢Ò³¨ 	μ²ÓÍ-

³ ´  η = A + (B − A)/
[
1 + exp

E − E0

ΔE1

]
, £¤¥ A, B, E0, ΔE1 Å ¶ · ³¥É·Ò. �¶-

¶·μ±¸¨³ Í¨Ö ¶·μ¢μ¤¨² ¸Ó ³¥Éμ¤μ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢. �·¨ ÔÉμ³ ¶μ²ÊÎ¥´Ò ¸²¥¤Ê-
ÕÐ¨¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢: ¤²Ö Ö¤·  109Pd A = 0,69 ± 0,001, B = −0,007 ± 0,0003,
E0 = (13,01 ± 0,15) ŒÔ‚, ΔE1 = (1,53 ± 0,14) ŒÔ‚; ¤²Ö Ö¤·  112In A = 0,714 ± 0,012,
B = −1,016 ± 0,124, E0 = (11,19 ± 1,40) ŒÔ‚, ΔE1 = (1,71 ± 0,64) ŒÔ‚.

�±¸¶¥·¨³¥´É ²Ó´Ò° ÔËË¥±É¨¢´Ò° ¶μ·μ£ ·¥ ±Í¨¨ 110Pd(γ, n)109mPd ¸μ¸É ¢²Ö¥É (9, 6±
0, 15) ŒÔ‚, ÎÉμ ´  0,8 ŒÔ‚ ¢ÒÏ¥ ¶μ·μ£  ·¥ ±Í¨¨ (γ, n) ¨ ´  0,6 ŒÔ‚ ¢ÒÏ¥ · ¸Î¥É´μ£μ
¶μ·μ£  ¢μ§¡Ê¦¤¥´¨Ö ¨§μ³¥·´μ£μ ¸μ¸ÉμÖ´¨Ö Ecal = Bn + Eiso, £¤¥ Eiso Å Ô´¥·£¨Ö ¨§μ³¥·-
´μ£μ Ê·μ¢´Ö.

„²Ö 112In ÔËË¥±É¨¢´Ò° ¶μ·μ£ ·¥ ±Í¨¨ 113In(γ, n)112mIn, ¢¨¤¨³μ, ¸μ¢¶ ¤ ¥É ¸ · ¸Î¥É-
´Ò³ ¶μ·μ£μ³ ¢μ§¡Ê¦¤¥´¨Ö ³¥É ¸É ¡¨²Ó´μ£μ Ê·μ¢´Ö.

� ¸¸³μÉ·¥´¨¥ ¸Ì¥³Ò ´¨§±μ²¥¦ Ð¨Ì Ê·μ¢´¥° Ö¤·  109Pd [7] ¶μ± §Ò¢ ¥É, ÎÉμ ¶¥·¢Ò³
¸μ¸ÉμÖ´¨¥³, ±μÉμ·μ¥ ³μ£²μ ¡Ò ¸²Ê¦¨ÉÓ  ±É¨¢ Í¨μ´´Ò³ Ê·μ¢´¥³ ¤²Ö ¨§μ³¥·´μ£μ ¸μ¸Éμ-
Ö´¨Ö Jπ = 11/2−, Ö¢²Ö¥É¸Ö Ê·μ¢¥´Ó ¸ Ô´¥·£¨¥° E = 287,2 ±Ô‚ ¨ Jπ = 9/2−, ¤¥¢μ§-
¡Ê¦¤¥´¨¥ ±μÉμ·μ£μ ¶μ¸·¥¤¸É¢μ³ M1-¶¥·¥Ìμ¤μ¢ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ 100% § ¸¥²Ö¥É ¨§μ³¥·.
�¤´ ±μ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ´¥°É·μ´μ¢ ÔÉμ£μ ´¥ ¶·μ¨¸Ìμ¤¨É. „²Ö § ¸¥²¥´¨Ö Ê·μ¢´Ö ¸
Jπ = 9/2 ´¥°É·μ´Ò ¤μ²¦´Ò Ê´μ¸¨ÉÓ ³μ³¥´É, · ¢´Ò° ± ± ³¨´¨³Ê³ l = 3. � ¸Î¥ÉÒ ¶μ
μ¶É¨Î¥¸±μ° ³μ¤¥²¨ [9] ¶μ± §Ò¢ ÕÉ, ÎÉμ É ±¨¥ ´¥°É·μ´Ò ³μ£ÊÉ ¶μÖ¢¨ÉÓ¸Ö ¢ ±μ²¨Î¥¸É¢¥
1Ä2% ¶·¨ Ô´¥·£¨ÖÌ, ¶·¥¢ÒÏ ÕÐ¨Ì ¶μ·μ£ (γ, n)m-·¥ ±Í¨¨ ´  0,7 ŒÔ‚. � ¥¸²¨ ¶·¨´ÖÉÓ
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¢μ ¢´¨³ ´¨¥, ÎÉμ · ¸¶ ¤ ¥É¸Ö ¸μ¸ÉμÖ´¨¥ £¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸  ¸ Jπ = 1−,
Éμ ¸ ¸μÌ· ´¥´¨¥³ Î¥É´μ¸É¨ § ¸¥²¥´¨¥ Ê·μ¢´Ö ¸ Jπ = 9/2− ³μ¦¥É μ¸ÊÐ¥¸É¢¨ÉÓ¸Ö Éμ²Ó±μ
´¥°É·μ´μ³ ¸ l = 4 ¨ ¡μ²¥¥. �Éμ ¥¸É¥¸É¢¥´´Ò³ μ¡· §μ³ ¨¸±²ÕÎ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶·Ö³μ£μ
§ ¸¥²¥´¨Ö Ê·μ¢´Ö ¸ E = 287 ±Ô‚ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ. ‘±μ·¥¥ ¢¸¥£μ ¢ ± Î¥¸É¢¥  ±É¨¢ Í¨-
μ´´ÒÌ ¸μ¸ÉμÖ´¨° ³μ£ÊÉ ¢Ò¸ÉÊ¶ ÉÓ Ê·μ¢´¨ ¸ E = 604,5 ±Ô‚ ¨ Jπ = 5/2− ¨ E = 941,1 ±Ô‚
¨ Jπ = 3/2−. �¥·¢Ò° ¨§ ´¨Ì ¶μ¸·¥¤¸É¢μ³ E2-¶¥·¥Ìμ¤μ¢ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ 2,6 % § ¸¥-
²Ö¥É Ê·μ¢¥´Ó ¸ E = 287 ±Ô‚ ¨ Jπ = 9/2−, ¢Éμ·μ° ¸ ¢¥·μÖÉ´μ¸ÉÓÕ 100% ¶μ¸·¥¤¸É¢μ³
M1 + E2-¶¥·¥Ìμ¤μ¢ § ¸¥²Ö¥É Ê·μ¢¥´Ó ¸ E = 604,5 ±Ô‚. � ¸¸³μÉ·¥´´ Ö ¸Ì¥³  ¢ ¶·¥¤¥² Ì
μÏ¨¡μ± μ¡ÑÖ¸´Ö¥É ´ ²¨Î¨¥ ¤μ¢μ²Ó´μ ¢Ò¸μ±μ£μ ÔËË¥±É¨¢´μ£μ ¶μ·μ£  ¢μ§¡Ê¦¤¥´¨Ö ³¥É -
¸É ¡¨²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö Jπ = 11/2− Ö¤·  109Pd. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ÔÉμ ¸²Ê¦¨É Ê± § ´¨¥³
´  ¸ÊÐ¥¸É¢¥´´ÊÕ ·μ²Ó ¸É É¨¸É¨Î¥¸±μ£μ ³¥Ì ´¨§³  ¶·¨ § ¸¥²¥´¨¨ ¨§μ³¥· .

�μ¸±μ²Ó±Ê ¸¶¨´-Î¥É´μ¸ÉÓ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö 113In Jπ = 9/2+,   ¸μ¸ÉμÖ´¨Ö £¨£ ´É-
¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸  Ëμ·³¨·ÊÕÉ¸Ö ¸μ¸ÉμÖ´¨Ö³¨ ¸ Jπ = 11/2−, Jπ = 9/2− ¨
Jπ = 7/2−, ¨³¥ÕÉ¸Ö ¢¸¥ Ê¸²μ¢¨Ö ¤²Ö § ¸¥²¥´¨Ö ¨§μ³¥·´μ£μ ¸μ¸ÉμÖ´¨Ö Jπ = 4+, ± ±
Éμ²Ó±μ Ô´¥·£¨Ö ¶ ¤ ÕÐ¨Ì ËμÉμ´μ¢ ¤μ¸É¨£´¥É ¶μ·μ£μ¢μ° Ô´¥·£¨¨ Eth = Bn + Eiso.

�¨¸. 4. ‘¥Î¥´¨Ö ¢μ§¡Ê¦¤¥´¨Ö ³¥É ¸É ¡¨²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö Ö¤¥· 109Pd ¨ 112In

�μ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨§μ³¥·´Ò¥ μÉ´μÏ¥´¨Ö ¢ÒÌμ¤μ¢ η ¶μ§¢μ²ÖÕÉ ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ¨§¢¥¸É´ÒÌ ¶μ²´ÒÌ ¸¥Î¥´¨° (γ, n)-·¥ ±Í¨° [10] · ¸¸Î¨É ÉÓ ¸¥Î¥´¨Ö ¢μ§¡Ê-
¦¤¥´¨Ö ¨§μ³¥·´ÒÌ ¸μ¸ÉμÖ´¨° σm ¢ ¨¸¸²¥¤Ê¥³ÒÌ ·¥ ±Í¨ÖÌ 110Pd(γ, n)109Pd ¨
113In(γ, n)112In. � ¸Î¥É ¢¥²¸Ö ³¥Éμ¤μ³ μ¡· É´μ° ³ É·¨ÍÒ [11]. �·¨ ÔÉμ³ ¨¸¶μ²Ó§μ¢ ² ¸Ó
¶·μÍ¥¤Ê·  ¸£² ¦¨¢ ´¨Ö ±·¨¢ÒÌ ¢ÒÌμ¤μ¢. �μ²ÊÎ¥´´Ò¥ ¸¥Î¥´¨Ö § ¸¥²¥´¨Ö ³¥É ¸É ¡¨²Ó-
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´ÒÌ ¸μ¸ÉμÖ´¨° 109Pd ¨ 112In ¶·¨¢¥¤¥´Ò ´  ·¨¸. 4. ‘¥Î¥´¨Ö ¨³¥ÕÉ μ¤´μ£μ·¡ÊÕ Ëμ·³Ê ¸
³ ±¸¨³Ê³ ³¨ ¶·¨ Ô´¥·£¨¨ ¶·¨¡²¨§¨É¥²Ó´μ 16,5 ¨ 15,5 ŒÔ‚ ¸μμÉ¢¥É¸É¢¥´´μ. �·¨ ÔÉμ³
³ ±¸¨³Ê³ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n)m ¤²Ö 112In ¸μ¢¶ ¤ ¥É ¸ ³ ±¸¨³Ê³μ³ ¸¥Î¥´¨Ö ·¥ ±Í¨¨
(γ, n). ‚ Éμ ¦¥ ¢·¥³Ö ¤²Ö ¶ ²² ¤¨Ö μ´ ´¥¸±μ²Ó±μ ¸¤¢¨´ÊÉ ¢ ¸Éμ·μ´Ê ¡μ²ÓÏ¨Ì Ô´¥·£¨°.

�μ²ÊÎ¥´´Ò¥ ¸¥Î¥´¨Ö σm ¶μ§¢μ²ÖÕÉ μÍ¥´¨ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨§μ³¥·´Ò¥ μÉ´μÏ¥-
´¨Ö ¸¥Î¥´¨° R = σm/σn = σm/σm + σg . ’ ±¨³ μ¡· §μ³, ¤²Ö Ö¤¥· 109Pd ¨ 112In ¶·¨
Ô´¥·£¨¨ E = 16 ŒÔ‚ ¶μ²ÊÎ¥´Ò μÉ´μÏ¥´¨Ö ¸¥Î¥´¨°, · ¢´Ò¥ ¸μμÉ¢¥É¸É¢¥´´μ 0,081± 0,01
¨ 0,77 ± 0,1. �¶·¥¤¥²¥´¨¥ ¨§μ³¥·´μ£μ μÉ´μÏ¥´¨Ö R ¶·μ¢¥¤¥´μ ¢ μ¡² ¸É¨ ³ ±¸¨³Ê³μ¢
¸¥Î¥´¨Ö σm, £¤¥ μÉ´μ¸¨É¥²Ó´Ò¥ μÏ¨¡±¨ ΔR ³¨´¨³ ²Ó´Ò.

‡�Š‹
—…�ˆ…

� ³¨ ¶·μ¢¥¤¥´Ò É¥μ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨°. � ¸Î¥É ¢¥²¸Ö ¶μ
± ¸± ¤´μ-¨¸¶ ·¨É¥²Ó´μ° ³μ¤¥²¨ ¢ · ³± Ì É¥μ·¨¨ Ë¥·³¨-£ §  [12, 13], ÎÉμ Ê¸É ´ ¢²¨¢ ¥É
´¨¦´¨° Ô´¥·£¥É¨Î¥¸±¨° ¶·¥¤¥² ¶·¨³¥´¨³μ¸É¨ ¤ ´´μ£μ ¶μ¤Ìμ¤  Eγ = 15−16 ŒÔ‚. �·¨
ÔÉμ³ ¤μ¶Ê¸± ²μ¸Ó, ÎÉμ ¶μ£²μÐ ¥É¸Ö ¤¨¶μ²Ó´Ò° £ ³³ -±¢ ´É, ¶μ¸²¥ Î¥£μ ¨§ ¸μ¸É ¢´μ£μ
Ö¤·  ¸μ ¸¶¨´-Î¥É´μ¸ÉÓÕ (Jc, πc) ¢Ò²¥É ¥É ´¥°É·μ´ ¸ Ô´¥·£¨¥° εn ¨ Ê£²μ¢Ò³ ³μ³¥´Éμ³
ln,   Ö¤·μ ¶¥·¥Ìμ¤¨É ¢ ¸μ¸ÉμÖ´¨¥ (Jf , πf ), ¢μ§¡Ê¦¤¥´¨¥ ±μÉμ·μ£μ ¸´¨³ ¥É¸Ö ± ¸± ¤μ³
£ ³³ -±¢ ´Éμ¢. �²μÉ´μ¸ÉÓ Ö¤¥·´ÒÌ ¸μ¸ÉμÖ´¨° · ¸¸Î¨ÉÒ¢ ² ¸Ó ¶μ Ëμ·³Ê²¥ [14, 15]

ρ(U, J) =
2J + 1

24
√

2a1/4U5/4σ3
exp

(
2
√

aU − (J + 1/2)2

2σ2

)
,

£¤¥ σ Å ¶ · ³¥É· μ£· ´¨Î¥´¨Ö ¶μ ¸¶¨´Ê; α Å ¶ · ³¥É· ¶²μÉ´μ¸É¨ Ê·μ¢´¥°; U Å Ô´¥·£¨Ö
¢μ§¡Ê¦¤¥´¨Ö, ¶μ¤ ±μÉμ·μ° ¶μ´¨³ ¥É¸Ö ÔËË¥±É¨¢´ Ö Ô´¥·£¨Ö [16].

�·¨¢¥¤¥´´ Ö ¢¥·μÖÉ´μ¸ÉÓ P ¨¸¶Ê¸± ´¨Ö ±μ³¶ Ê´¤-Ö¤·μ³ ´¥°É·μ´  ¸ ³μ³¥´Éμ³ l ¨
Ô´¥·£¨¥° εn ¨ ¶¥·¥Ìμ¤ ¥£μ ¶·¨ ÔÉμ³ ¢ ¸μ¸ÉμÖ´¨¥ (Jf ,πf ) · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¶μ Ëμ·³Ê²¥

P (Jc, πc; Jf , πf )=βρ(Jf )
Jf+s∑

S=|Jf−s|

Jc+S∑
l=|Jc−S|

Tl(ε)ωl(πc, πf ),

£¤¥ β Å ±μ´¸É ´É ; s Å ¸¶¨´ ¢Ò²¥É ÕÐ¥£μ ´¥°É·μ´ ; Tl(ε) Å ±μÔËË¨Í¨¥´É ¶·μ´¨-
Í ¥³μ¸É¨ ¡ ·Ó¥·  [9]; ωl(πc, πf ) = [1 + (−1)lπcπf ]/2 Å ±μÔËË¨Í¨¥´É, ÊÎ¨ÉÒ¢ ÕÐ¨°
Î¥É´μ¸ÉÓ ¸μ¸ÉμÖ´¨°. 	μ²¥¥ ¶μ¤·μ¡´μ ¶·μÍ¥¤Ê·  · ¸Î¥Éμ¢ ¶·¨¢¥¤¥´  ¢ · ¡μÉ Ì [12, 13].

� ¸Î¥É ¢¥²¸Ö ¡¥§ ¸¢μ¡μ¤´ÒÌ ¶ · ³¥É·μ¢ ¨ ¸ Ë¨±¸ Í¨¥° ¶ · ³¥É·μ¢ μ£· ´¨Î¥´¨Ö
¸¶¨´μ¢ σ. Šμ²¨Î¥¸É¢¥´´μ£μ ¸μ£² ¸¨Ö ¤²Ö μ¡² ¸É¨ Ô´¥·£¨° 15Ä18 ŒÔ‚ Ê¤ ¥É¸Ö ¤μ-
¸É¨ÎÓ ¶·¨ Ë¨±¸ Í¨¨ σ = 2 ¤²Ö ·¥ ±Í¨¨ 113In(γ, n)112m,gIn ¨ σ = 2,75 ¤²Ö ·¥ ±Í¨¨
110Pd(γ, n)109m,gPd.
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