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

— ¸É¨Î´μ-¤Ò·μÎ´ Ö ¤¨¸¶¥·¸¨μ´´ Ö μ¶É¨Î¥¸± Ö ³μ¤¥²Ó ¶·¨³¥´¥´  ± ¸μ¢³¥¸É´μ³Ê
μ¶¨¸ ´¨Õ E1 ËμÉμ¶μ£²μÐ¥´¨Ö ¨ ¶·Ö³ÒÌ+ ¶μ²Ê¶·Ö³ÒÌ ËμÉμ´¥°É·μ´´ÒÌ ·¥ ±Í¨°,
¸μ¶·μ¢μ¦¤ ÕÐ¨Ì¸Ö ¢μ§¡Ê¦¤¥´¨¥³ £¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸ . �  ÔÉμ° μ¸´μ¢¥
¶μ²ÊÎ¥´  ±μ²¨Î¥¸É¢¥´´ Ö μÍ¥´±  ¶ ·Í¨ ²Ó´ÒÌ ¨ ¶μ²´μ° ¢¥·μÖÉ´μ¸É¥° ¶·Ö³μ£μ μ¤-
´μ´¥°É·μ´´μ£μ · ¸¶ ¤  ÔÉμ£μ ·¥§μ´ ´¸  ¢ ·Ö¤¥ ¸·¥¤´¥ÉÖ¦¥²ÒÌ Ö¤¥· ¸ § ¶μ²´¥´´Ò³¨
´¥°É·μ´´Ò³¨ μ¡μ²μÎ± ³¨. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¸· ¢´¨¢ ÕÉ¸Ö ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨
Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.

The particleÄhole dispersive optical model is implemented to describe together E1
photoabsorption and direct+ semidirect photoneutron reactions accompanied by excitation
of the giant dipole resonance. Being based on this description, a quantitative estimation of
the partial and total branching ratios for direct one-neutron decay of the mentioned giant
resonance in a few medium-heavy neutron-closed-shell nuclei is obtained. Calculation
results are compared with corresponding experimental data.

PACS: 25.20.-x; 24.30.-v; 24.30.Cz

‚‚…„…�ˆ…

� ·Ö¤Ê ¸ ËμÉμ¶μ£²μÐ¥´¨¥³ É ± ´ §Ò¢ ¥³Ò¥ ¶·Ö³Ò¥ + ¶μ²Ê¶·Ö³Ò¥ (���)
ËμÉμ´¥°É·μ´´Ò¥ ·¥ ±Í¨¨ Ï¨·μ±μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨
É¥μ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨° ¸¢μ°¸É¢ ¨§μ¢¥±Éμ·´μ£μ (¢ ´¥°É· ²Ó´μ³ ± ´ ²¥)
£¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸  (ƒ„�). ’ ±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ§¢μ²ÖÕÉ ¶μ-
²ÊÎ ÉÓ ¨´Ëμ·³ Í¨Õ μ ¸É·Ê±ÉÊ·¥ ¨ ³¥Ì ´¨§³ Ì · ¸¶ ¤  ƒ„�. ‚ ¤ ´´μ° · -
¡μÉ¥ ³Ò ¶·¨³¥´¨²¨ μ¡² ¤ ÕÐÊÕ ·Ö¤μ³ Ê´¨± ²Ó´ÒÌ ¢μ§³μ¦´μ¸É¥° Î ¸É¨Î´μ-
¤Ò·μÎ´ÊÕ ¤¨¸¶¥·¸¨μ´´ÊÕ μ¶É¨Î¥¸±ÊÕ ³μ¤¥²Ó (—„„�Œ) [1, 2] ± μ¶¨¸ ´¨Õ
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Ê¶μ³Ö´ÊÉÒÌ ¶·μ¸É¥°Ï¨Ì ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨°,   É ±¦¥ ¶ ·Í¨ ²Ó´ÒÌ ¢¥·μ-
ÖÉ´μ¸É¥° ¶·Ö³μ£μ μ¤´μ´¥°É·μ´´μ£μ · ¸¶ ¤  ƒ„� ¢ ·Ö¤¥ ¸·¥¤´¥ÉÖ¦¥²ÒÌ Ö¤¥·
¸ § ¶μ²´¥´´Ò³¨ ´¥°É·μ´´Ò³¨ μ¡μ²μÎ± ³¨. “± § ´´Ò¥ ¢¥·μÖÉ´μ¸É¨, μÉ¢¥Î -
ÕÐ¨¥ § ¸¥²¥´¨Õ μ¤´μ¤Ò·μÎ´ÒÌ ¸μ¸ÉμÖ´¨° Ö¤· -¶·μ¤Ê±É , μ¶·¥¤¥²ÖÕÉ¸Ö μÉ-
´μÏ¥´¨¥³ ¶·μ¨´É¥£·¨·μ¢ ´´ÒÌ ¶μ μ¡² ¸É¨ ƒ„� ³¨´Ê¸-¶¥·¢ÒÌ ³μ³¥´Éμ¢ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨Ì ¶ ·Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° E1 ��� (γ, n)-·¥ ±Í¨° ¨ E1 ËμÉμ¶μ-
£²μÐ¥´¨Ö. …¸²¨ μ¡² ¸ÉÓ ¨´É¥£·¨·μ¢ ´¨Ö μ£· ´¨Î¥´  ¶μ·μ£μ³ ¤¢ÊÌ´¥°É·μ´´μ°
Ô³¨¸¸¨¨, Éμ ³μ¦´μ ¸Î¨É ÉÓ, ÎÉμ ¶μ²´ Ö ¢¥·μÖÉ´μ¸ÉÓ ¶·Ö³μ£μ μ¤´μ´¥°É·μ´´μ£μ
· ¸¶ ¤  ƒ„� μ¶·¥¤¥²Ö¥É É ±¦¥ ¢¥·μÖÉ´μ¸ÉÓ ¸É É¨¸É¨Î¥¸±μ£μ μ¤´μ´¥°É·μ´´μ£μ
· ¸¶ ¤  (¢ ÔÉμ³ ¸²ÊÎ ¥ ¸Ê³³  Ê± § ´´ÒÌ ¢¥·μÖÉ´μ¸É¥° ¡²¨§±  ± ¥¤¨´¨Í¥).
‚ μ¶¨¸ ´¨¨ ¸¥Î¥´¨° · ¸¸³ É·¨¢ ¥³ÒÌ ·¥ ±Í¨° ¢ · ³± Ì —„„�Œ ³Ò ¸²¥¤Ê¥³
³¥Éμ¤ ³ · ¡μÉÒ [3]. �μ¢Ò³¨ Ô²¥³¥´É ³¨  ´ ²¨§  Ö¢²ÖÕÉ¸Ö ÊÉμÎ´¥´¨¥ ¢ ¸μμÉ-
¢¥É¸É¢¨¨ ¸ [4] μ¶¨¸ ´¨Ö ¶ ·Í¨ ²Ó´ÒÌ  ³¶²¨ÉÊ¤ ��� (γ, n)- ¨ (n, γ)-·¥ ±Í¨°,
  É ±¦¥ · ¸Ï¨·¥´¨¥ Î¨¸²  Ö¤¥·, ¤²Ö ±μÉμ·ÒÌ  ´ ²¨§¨·Ê¥É¸Ö ¶·Ö³μ° μ¤´μ-
´¥°É·μ´´Ò° · ¸¶ ¤ ƒ„�. �É  Î ¸ÉÓ ¨¸¸²¥¤μ¢ ´¨° ³μÉ¨¢¨·μ¢ ´  ¢μ§³μ¦´μ-
¸ÉÓÕ ¸· ¢´¥´¨Ö ¶μ²´μ° ¢¥·μÖÉ´μ¸É¨ ¶·Ö³μ£μ μ¤´μ´¥°É·μ´´μ£μ · ¸¶ ¤  ƒ„�,
¶μ²ÊÎ¥´´μ° ¨§  ´ ²¨§  ¸¥Î¥´¨Ö 48Ca(e, e′n)-·¥ ±Í¨¨ [5], ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¥°
· ¸Î¥É´μ° ¢¥²¨Î¨´μ°. �¥±μÉμ·Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´´μ° · ¡μÉÒ ¶·¨¢¥-
¤¥´Ò ¢ [6].

‚ · §¤. 1 ±· É±μ μ¶¨¸ ´  · ¸Î¥É´ Ö ¸Ì¥³ . 	 §μ¢Ò¥ Ô²¥³¥´ÉÒ ¨ ¢Ò¡μ·
¶ · ³¥É·μ¢ ³μ¤¥²¨ ¤ ´Ò ¢ · §¤. 2 ¢³¥¸É¥ ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éμ¢ ¨ ¸· ¢´¥-
´¨¥³ ¨Ì ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. �±μ´Î É¥²Ó´Ò¥
§ ³¥Î ´¨Ö ¸μ¤¥·¦ É¸Ö ¢ § ±²ÕÎ¥´¨¨.

1. ��‘—…’��Ÿ ‘•…Œ�

—„„�Œ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ³¨±·μ¸±μ¶¨Î¥¸±¨ μ¡μ¸´μ¢ ´´μ¥ μ¡μ¡Ð¥´¨¥
¸É ´¤ ·É´μ° [7] ¨ ´¥¸É ´¤ ·É´μ° [8] ¢¥·¸¨° ±μ´É¨´ÊÊ³´μ£μ ¶·¨¡²¨¦¥´¨Ö ¸²Ê-
Î °´μ° Ë §Ò (±�‘”) ´  ¸²ÊÎ ° Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ (¨ ¢ ¸·¥¤´¥³ ¶μ Ô´¥·-
£¨¨) μ¶¨¸ ´¨Ö Ë· £³¥´É Í¨μ´´μ£μ ÔËË¥±É , É. ¥. ÔËË¥±É  ¸¢Ö§¨ Î ¸É¨Î´μ-
¤Ò·μÎ´ÒÌ ¸μ¸ÉμÖ´¨° ¸ ³´μ£μ±¢ §¨Î ¸É¨Î´Ò³¨ ±μ´Ë¨£Ê· Í¨Ö³¨. �μ ÔÉμ° ¶·¨-
Î¨´¥ ¡ §μ¢Ò¥ ¸μμÉ´μÏ¥´¨Ö —„„�Œ ¨ ±�‘” ¶μ¤μ¡´Ò. �¸´μ¢´μ¥ μÉ²¨Î¨¥ ¸μ-
¸Éμ¨É ¢ ¨¸¶μ²Ó§μ¢ ´¨¨ ®¸¢μ¡μ¤´μ£μ¯ Î ¸É¨Î´μ-¤Ò·μÎ´μ£μ ¶·μ¶ £ Éμ·  ¢ · ¸-
Î¥É Ì Ê¸·¥¤´¥´´ÒÌ ¶μ Ô´¥·£¨¨ ¸¨²μ¢ÒÌ ËÊ´±Í¨°,   É ±¦¥ μ¶·¥¤¥²Ö¥³ÒÌ ÔË-
Ë¥±É¨¢´Ò³ μ¶É¨±μ-³μ¤¥²Ó´Ò³ ¶μÉ¥´Í¨ ²μ³ ±μ´É¨´ÊÊ³´ÒÌ ¢μ²´μ¢ÒÌ ËÊ´±-
Í¨° ¢ · ¸Î¥É Ì  ³¶²¨ÉÊ¤ ¨´¤ÊÍ¨·μ¢ ´´ÒÌ ¢´¥Ï´¨³ μ¤´μÎ ¸É¨Î´Ò³ ¶μ²¥³
��� ·¥ ±Í¨° [1Ä4]. “± § ´´Ò¥ ¢¥²¨Î¨´Ò · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¸ ÊÎ¥Éμ³ Ë· £-
³¥´É Í¨μ´´μ£μ ÔËË¥±É  ¢ É¥·³¨´ Ì Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ, Ê¸·¥¤´¥´´μ£μ ¶μ
Ô´¥·£¨¨ ¨ μ¶·¥¤¥²¥´´Ò³ μ¡· §μ³ ¶ · ³¥É·¨§μ¢ ´´μ£μ Î ¸É¨Î´μ-¤Ò·μÎ´μ£μ
³ ¸¸μ¢μ£μ μ¶¥· Éμ· . Œ´¨³ Ö Î ¸ÉÓ ÔÉμ° ¢¥²¨Î¨´Ò μ¶·¥¤¥²Ö¥É ¤¥°¸É¢¨É¥²Ó-
´ÊÕ ¸ ¶μ³μÐÓÕ ´¥±μÉμ·μ£μ ¤¨¸¶¥·¸¨μ´´μ£μ ¸μμÉ´μÏ¥´¨Ö [1, 2, 9].
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„²Ö ¸·¥¤´¥ÉÖ¦¥²ÒÌ Ö¤¥·, ¨³¥ÕÐ¨Ì μÉ´μ¸¨É¥²Ó´μ ´¥¡μ²ÓÏμ° ´¥°É·μ´´Ò°
¨§¡ÒÉμ± (1 � (N−Z) � A), ¸¥Î¥´¨¥ E1 ËμÉμ¶μ£²μÐ¥´¨Ö σa,E1(ω) (ω Å
Ô´¥·£¨Ö γ-±¢ ´É ) μ¶·¥¤¥²Ö¥É¸Ö Ô´¥·£¥É¨Î¥¸±¨ ¢§¢¥Ï¥´´μ° ¨§μ¢¥±Éμ·´μ° ¤¨-

¶μ²Ó´μ° ¸¨²μ¢μ° ËÊ´±Í¨¥° S
(−)
1 (ω), μÉ¢¥Î ÕÐ¥° μ¤´μÎ ¸É¨Î´μ³Ê ¢´¥Ï´¥³Ê

¶μ²Õ V
(−)
0,1 = rY1M (§¤¥¸Ó ¨ ¤ ²¥¥ ³Ò ¨¸¶μ²Ó§Ê¥³ μ¡μ§´ Î¥´¨Ö ¨§ [3, 4]):

σa,E1(ω) = CωS
(−)
1 (ω),

(1)

S
(−)
1 (ω) = − 1

2π
Im

∫
rA1(r, r′, ω)V

(−)
1 (r′, ω) dr dr′.

‡¤¥¸Ó C = (16π3/3)(e2/�c), (rr′)−2A1(r, r′, ω) Å · ¤¨ ²Ó´ Ö Î ¸ÉÓ ®¸¢μ-
¡μ¤´μ£μ¯ Î ¸É¨Î´μ-¤Ò·μÎ´μ£μ ¶·μ¶ £ Éμ·  ¢ ´¥°É· ²Ó´μ³ ± ´ ²¥ ¸ Ê£²μ¢Ò³

³μ³¥´Éμ³ L = 1; V
(−)
1 (r, ω) Å · ¤¨ ²Ó´ Ö Î ¸ÉÓ ÔËË¥±É¨¢´μ£μ ¶μ²Ö, μÉ-

¢¥Î ÕÐ¥£μ Ê± § ´´μ³Ê ¢´¥Ï´¥³Ê ¶μ²Õ ¨ Ê¤μ¢²¥É¢μ·ÖÕÐ¥£μ ¨´É¥£· ²Ó´μ³Ê
Ê· ¢´¥´¨Õ, ±μÉμ·μ¥ ¸μ¤¥·¦¨É ¢§ ¨³μ¤¥°¸É¢¨¥ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ Î ¸É¨Î´μ-
¤Ò·μÎ´μ³ ± ´ ²¥ ¨ ¶·μ¶ £ Éμ· A1 [3]. „¨ËË¥·¥´Í¨ ²Ó´μ¥ ¨ ¶μ²´μ¥ ¸¥Î¥´¨Ö
¶ ·Í¨ ²Ó´μ° ��� E1 (γ, n)-·¥ ±Í¨¨, μÉ¢¥Î ÕÐ¥° § ¸¥²¥´¨Õ μ¤´μ¤Ò·μÎ´μ£μ
¸μ¸ÉμÖ´¨Ö μ−1 ¢ Ö¤·¥-¶·μ¤Ê±É¥, μ¶·¥¤¥²ÖÕÉ¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨  ³¶²¨ÉÊ-
¤ ³¨:

dσμ,E1(ω, θn)
dΩn

=
1
4π

σμ,E1(ω)(1 + a2,μ(ω)P2(cos θn)), (2)

σμ,E1(ω) = Cω
∑
(λ)

|M1,μ(λ)(ω)|2 ≡ CωS↑
μ,1(ω), (3)

£¤¥ ¶ · ³¥É·  ´¨§μÉ·μ¶¨¨ a2,μ(ω) Ö¢²Ö¥É¸Ö ´¥±μÉμ·μ° ¡¨²¨´¥°´μ° ±μ³¡¨´ -
Í¨¥°  ³¶²¨ÉÊ¤ ·¥ ±Í¨° [3], ¢Ò· ¦¥´¨Ö ¤²Ö ±μÉμ·ÒÌ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢
¸²¥¤ÊÕÐ¥³ ¢¨¤¥ [4]:

M1,μ(λ)(ω) =
1
2
n1/2

μ t
(7)
(λ)(μ)

[∫
χ

(−)∗
ε(λ) (r)V (−)(r, ω)χμ(r) dr ×

×
∫

χμ(r′)V (−)∗(r′, ω)χ(+)
ε(λ)(r

′) dr′
]1/2

. (4)

‡¤¥¸Ó μ Å ¸μ¢μ±Ê¶´μ¸ÉÓ ±¢ ´Éμ¢ÒÌ Î¨¸¥² (nr, j, l)μ ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ´¥°-
É·μ´  ¸ · ¤¨ ²Ó´μ° ¢μ²´μ¢μ° ËÊ´±Í¨¥° r−1χμ(r); (λ) = (jl)λ Å ±¢ ´Éμ¢Ò¥

Î¨¸²  ±μ´É¨´ÊÊ³´μ£μ ¸μ¸ÉμÖ´¨Ö ´¥°É·μ´  ¸ Ô´¥·£¨¥° ε = εμ +ω;
√

3 t
(1)
(λ)(μ) =

〈(λ) ||Y1|| (μ)〉 Å ¶·¨¢¥¤¥´´Ò° ³ É·¨Î´Ò° Ô²¥³¥´É; nμ = Nμ/(2jμ + 1) Å
Î¨¸²μ § ¶μ²´¥´¨Ö (Nμ Å Î¨¸²μ ´¥°É·μ´μ¢, § ¶μ²´ÖÕÐ¨Ì Ê·μ¢¥´Ó μ);

r−1χ
(±)
ε(λ)(r) Å · ¤¨ ²Ó´Ò¥ ¢μ²´μ¢Ò¥ ËÊ´±Í¨¨ ´¥°É·μ´  ¢ ±μ´É¨´ÊÊ³¥, μ¶·¥-

¤¥²Ö¥³Ò¥ ÔËË¥±É¨¢´Ò³ μ¶É¨±μ-³μ¤¥²Ó´Ò³ ¶μÉ¥´Í¨ ²μ³. ‚ μÉ¸ÊÉ¸É¢¨¥ Ë· £-
³¥´É Í¨μ´´μ£μ ÔËË¥±É , É. ¥. ¢ · ³± Ì ±�‘”, ÔÉ¨ ËÊ´±Í¨¨ ´μ·³¨·μ¢ ´Ò
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´  δ-ËÊ´±Í¨Õ μÉ Ô´¥·£¨¨. �É³¥É¨³, ÎÉμ  ³¶²¨ÉÊ¤Ê M1,μ(λ) ³μ¦´μ ¶·¥¤¸É -
¢¨ÉÓ ¢ ¢¨¤¥

M1,μ(λ) = eiξλ |M1,μ(λ)|, (5)

£¤¥ ξλ Å ¤¥°¸É¢¨É¥²Ó´ Ö Î ¸ÉÓ μ¶É¨±μ-³μ¤¥²Ó´μ° Ë §Ò · ¸¸¥Ö´¨Ö, μ¶·¥¤¥²Ö-
¥³μ°  ¸¨³¶ÉμÉ¨±μ° Ê¶μ³Ö´ÊÉÒÌ ±μ´É¨´ÊÊ³´ÒÌ ¢μ²´μ¢ÒÌ ËÊ´±Í¨°.

‚ ¸²ÊÎ ¥ · ¤¨ Í¨μ´´μ£μ § Ì¢ É  ´¥°É·μ´  Ö¤·μ³ ¸ § ¶μ²´¥´´Ò³¨ ´¥°-
É·μ´´Ò³¨ μ¡μ²μÎ± ³¨ ¶ ·Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ ��� E1 (n, γ)-·¥ ±Í¨¨, ¸μ¶·μ-
¢μ¦¤ ÕÐ¥°¸Ö § ¸¥²¥´¨¥³ μ¤´μ´¥°É·μ´´μ£μ ¸μ¸ÉμÖ´¨Ö μ1 ¢ Ö¤·¥-¶·μ¤Ê±É¥,
¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¸¥Î¥´¨¥ (2) ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶·¨´Í¨¶μ³ ¤¥É ²Ó´μ£μ · ¢-
´μ¢¥¸¨Ö:

dσμ,E1(ω, θγ)
dΩγ

=
ω2

2mc2ε

dσμ,E1(ω, θn)
dΩn

. (6)

‡¤¥¸Ó ω = ε − εμ, m Å ³ ¸¸  ´Ê±²μ´ ,   ¸¥Î¥´¨¥ (2) ¢ÒÎ¨¸²Ö¥É¸Ö ¤²Ö Ö¤· 
¸ ¶μ²´μ¸ÉÓÕ § ¶μ²´¥´´Ò³ Ê·μ¢´¥³ μ.

� ·Í¨ ²Ó´ÊÕ ¢¥·μÖÉ´μ¸ÉÓ (branching ratio) ¶·Ö³μ£μ μ¤´μ´¥°É·μ´´μ£μ · ¸-
¶ ¤  ƒ„�, ¢μ§¡Ê¦¤ ¥³μ£μ ¢ Ö¤·¥ ¸ § ¶μ²´¥´´Ò³¨ ´¥°É·μ´´Ò³¨ μ¡μ²μÎ± ³¨,
bμ,E1(δ) ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¸ ¶μ³μÐÓÕ ¸¨²μ¢ÒÌ ËÊ´±Í¨° (1), (3):

bμ,E1(δ) =

∫
(δ) S↑

μ,1 dω∫
(δ)

S1(ω) dω
, (7)

£¤¥ δ Å Ô´¥·£¥É¨Î¥¸±¨° ¨´É¥·¢ ², ¢±²ÕÎ ÕÐ¨° ƒ„�. …¸²¨ ÔÉμÉ ¨´É¥·¢ ²
μ£· ´¨Î¥´ ¶μ·μ£μ³ ¤¢ÊÌ´¥°É·μ´´μ° Ô³¨¸¸¨¨, Éμ ¶μ²´ Ö ¢¥·μÖÉ´μ¸ÉÓ ¶·Ö³μ£μ
μ¤´μ´¥°É·μ´´μ£μ · ¸¶ ¤  btot

E1 =
∑
μ

bμ,E1 μ¶·¥¤¥²Ö¥É É ±¦¥ ¢¥·μÖÉ´μ¸ÉÓ ¸É -

É¨¸É¨Î¥¸±μ£μ μ¤´μ´¥°É·μ´´μ£μ, ¶μ¸±μ²Ó±Ê ¢ ÔÉμ³ ¸²ÊÎ ¥ ¸Ê³³  Ê± § ´´ÒÌ
¢¥·μÖÉ´μ¸É¥° ¡²¨§±  ± ¥¤¨´¨Í¥.

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

‚ É¥±ÊÐ¨Ì ¶·¨²μ¦¥´¨ÖÌ —„„�Œ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ ¡ §μ¢Ò¥
Ô²¥³¥´ÉÒ [3, 10]: 1) Ë¥´μ³¥´μ²μ£¨Î¥¸±μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¢ ± ´ ²¥ Î ¸É¨Í Ä
¤Ò·±  ¤²Ö μ¶¨¸ ´¨Ö ¤²¨´´μ¢μ²´μ¢ÒÌ ±μ··¥²ÖÍ¨°; 2) Î ¸É¨Î´μ ¸μ£² ¸μ¢ ´-
´μ¥ ¸ ÔÉ¨³ ¢§ ¨³μ¤¥°¸É¢¨¥³ Ë¥´μ³¥´μ²μ£¨Î¥¸±μ¥ ¸·¥¤´¥¥ ¶μ²¥ ¤²Ö μ¶¨¸ -
´¨Ö Î ¸É¨Î´μ-¤Ò·μÎ´ÒÌ ±μ´Ë¨£Ê· Í¨°, ¢±²ÕÎ Ö μ¤´μÎ ¸É¨Î´Ò° ±μ´É¨´ÊÊ³;
3) ³´¨³ Ö Î ¸ÉÓ ¨´É¥´¸¨¢´μ¸É¨ Ê¸·¥¤´¥´´μ£μ ¶μ Ô´¥·£¨¨ ¨ μ¶·¥¤¥²¥´´Ò³
μ¡· §μ³ ¶ · ³¥É·¨§μ¢ ´´μ£μ Î ¸É¨Î´μ-¤Ò·μÎ´μ£μ ³ ¸¸μ¢μ£μ μ¶¥· Éμ· , ®μÉ-
¢¥É¸É¢¥´´μ£μ¯ §  Ë· £³¥´É Í¨μ´´Ò° ÔËË¥±É. ‚ μ¶¨¸ ´¨¨ · ¸¸³μÉ·¥´´ÒÌ
¢ÒÏ¥ ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨° ¨¸¶μ²Ó§μ¢ ´Ò: 1) ¨§μ¢¥±Éμ·´ Ö Î ¸ÉÓ ¸¨² ‹ ´¤ ÊÄ
Œ¨£¤ ²  ¸ ¡¥§· §³¥·´μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ f ′ ¨ ¨§μ¢¥±Éμ·´ Ö Î ¸ÉÓ ¸¥¶ · -
¡¥²Ó´ÒÌ ®¸±μ·μ¸É´ÒÌ¯ ¸¨² ¸ ¡¥§· §³¥·´μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ k′

1 [3]; 2) Ë¥-
´μ³¥´μ²μ£¨Î¥¸±μ¥ ¸·¥¤´¥¥ ¶μ²¥ ¢Ê¤¸-¸ ±¸μ´μ¢¸±μ£μ É¨¶  ¤²Ö ¨§μ¸± ²Ö·´μ°
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Î ¸É¨, ±μÉμ·μ¥ ¢±²ÕÎ ¥É É ±¦¥ ¶·μ¶μ·Í¨μ´ ²Ó´Ò° ¶μÉ¥´Í¨ ² ¸¨³³¥É·¨¨ f ′

¨ ¸·¥¤´¥¥ ±Ê²μ´μ¢¸±μ¥ ¶μ²¥, ¢ÒÎ¨¸²¥´´Ò¥ ¸ ³μ¸μ£² ¸μ¢ ´´μ [3, 11]; 3) É·¥Ì-
¶ · ³¥É·¨Î¥¸± Ö Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¨´É¥´¸¨¢´μ¸É¨ ³´¨³μ° Î ¸É¨
Ê¸·¥¤´¥´´μ£μ ¶μ Ô´¥·£¨¨ ³ ¸¸μ¢μ£μ μ¶¥· Éμ·  W (ω) [3, 10].

‘¨²μ¢Ò¥ ¨ £¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ¸·¥¤´¥£μ ¶μ²Ö, (U0, Uls, f
′) ¨ (r0, a)

¸μμÉ¢¥É¸É¢¥´´μ, ´ °¤¥´Ò ¨§ μ¶¨¸ ´¨Ö ´ ¡²Õ¤ ¥³μ£μ μ¤´μ±¢ §¨Î ¸É¨Î´μ£μ
¸¶¥±É·  ¢ ³ É¥·¨´¸±¨Ì Ö¤· Ì 48Ca, 132Sn, 208Pb. „²Ö μ¸É ²Ó´ÒÌ Ö¤¥· ÔÉ¨
¶ · ³¥É·Ò μ¶·¥¤¥²ÖÕÉ¸Ö ¸ ¶μ³μÐÓÕ ¶·μ¸Éμ° ¨´É¥·¶μ²ÖÍ¨μ´´μ° ¶·μÍ¥¤Ê·Ò.
‚¥²¨Î¨´Ò ¶ · ³¥É·μ¢ ¤²Ö Ö¤¥·, · ¸¸³μÉ·¥´´ÒÌ ¢ ¤ ´´μ° · ¡μÉ¥, ¶·¨¢¥¤¥´Ò
¢ É ¡². 1.

’ ¡²¨Í  1. ˆ¸¶μ²Ó§μ¢ ´´Ò¥ ¢ · ¸Î¥É Ì ¶ · ³¥É·Ò ¸·¥¤´¥£μ ¶μ²Ö. „²Ö · ¸¸³ É·¨-
¢ ¥³ÒÌ Ö¤¥· ¶ · ³¥É· r0 ¢Ò¡· ´ · ¢´Ò³ 1,21 Ë³

� · ³¥É· 48Ca 90Zr 140Ce 208Pb

U0, ŒÔ‚ 54,61 55,21 55,82 56,39

f ′ 1,16 1,05 0,98 0,98

Uls, ŒÔ‚ ·Ë³2 32,20 31,88 32,09 33,35

α, Ë³ 0,60 0,61 0,62 0,63

ˆ§ É·¥Ì ¶ · ³¥É·μ¢ ¢ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¨´É¥´¸¨¢´μ¸É¨ ³ ¸¸μ-
¢μ£μ μ¶¥· Éμ·  W (ω) ¶ · ³¥É· ®Ð¥²¨¯ Δ = 3 ŒÔ‚ ¨ ¶ · ³¥É· ®´ ¸ÒÐ¥-
´¨Ö¯ B = 7 ŒÔ‚ ¢Ò¡· ´Ò Ê´¨¢¥·¸ ²Ó´Ò³¨ ¢¥²¨Î¨´ ³¨, Éμ£¤  ± ± ¸¨²μ¢μ°
¶ · ³¥É· α (ŒÔ‚−1) ¢³¥¸É¥ ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ ®¸±μ·μ¸É´ÒÌ¯ ¸¨² k′

1 Ö¢²Ö-
ÕÉ¸Ö ¶μ¤£μ´μÎ´Ò³¨ ¢¥²¨Î¨´ ³¨. „²Ö · ¸¸³μÉ·¥´´ÒÌ ¢ · ¡μÉ¥ Ö¤¥· ÔÉ¨ ¢¥²¨-
Î¨´Ò ¢Ò¡· ´Ò ¨§ Ê¸²μ¢¨Ö ´ ¨²ÊÎÏ¥£μ μ¶¨¸ ´¨Ö ¢ · ³± Ì —„„�Œ (¸μμÉ´μ-
Ï¥´¨Ö (1)) ´ ¡²Õ¤ ¥³μ£μ ¸¥Î¥´¨Ö E1 ËμÉμ¶μ£²μÐ¥´¨Ö ¢ μ¡² ¸É¨ ƒ„�. ‚ ÔÉμ³
¸²ÊÎ ¥ ¶ ·Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ��� E1 ËμÉμ´¥°É·μ´´ÒÌ ·¥ ±Í¨° ¨, ¸²¥¤μ¢ -
É¥²Ó´μ, ¢¥·μÖÉ´μ¸É¥° ¶·Ö³μ£μ μ¤´μ´¥°É·μ´´μ£μ · ¸¶ ¤  ƒ„� ¢ÒÎ¨¸²ÖÕÉ¸Ö ¡¥§
¨¸¶μ²Ó§μ¢ ´¨Ö ¸¢μ¡μ¤´ÒÌ ¶ · ³¥É·μ¢.

Š Î¥¸É¢μ μ¶¨¸ ´¨Ö ¸¥Î¥´¨Ö σa,E1(ω) ¢ μ¡² ¸É¨ ƒ„� ¤²Ö · ¸¸³μÉ·¥´´ÒÌ ¢
· ¡μÉ¥ Ö¤¥· ¢¨¤´μ ´  ·¨¸. 1. �·¨¢¥¤¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¥Î¥´¨Ö ¢§ÖÉÒ
¨§ · ¡μÉ [12] (48Ca), [13] (90Zr ¨ 140Ce), [14] (208Pb). ‚¥²¨Î¨´Ò ¶μ¤£μ´μÎ´ÒÌ
¶ · ³¥É·μ¢ ¶·¨¢¥¤¥´Ò ¢ É ¡². 2.

� ·Í¨ ²Ó´Ò¥ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ (¶·¨ 90◦) ¸¥Î¥´¨Ö ��� E1 (n, γ)-·¥ ±-
Í¨¨ ´  Ö¤· Ì 140Ce ¨ 208Pb, ¢ÒÎ¨¸²¥´´Ò¥ ¸μ£² ¸´μ (2)Ä(6), ¶·¨¢¥¤¥´Ò ´  ·¨¸. 2
¨ 3 ¢ ¸· ¢´¥´¨¨ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.
�  ·¨¸. 2, a ¶μ± § ´μ ¶μ²´μ¥ ¸¥Î¥´¨¥.

ˆ³¥Ö ¢ ¢¨¤Ê ¨¸¶μ²Ó§μ¢ ´¨¥ ¢¥¸Ó³  ®Ô±μ´μ³´μ°¯ · ¸Î¥É´μ° ¸Ì¥³Ò, ¶·¨-
¢¥¤¥´´Ò¥ ´  ·¨¸. 1Ä3 ·¥§Ê²ÓÉ ÉÒ ³μ¦´μ ¶·¨§´ ÉÓ Ê¤μ¢²¥É¢μ·¨É¥²Ó´Ò³¨.



632 ’“‹“��‚ 	.�., “�ˆ� Œ. ƒ.

�¨¸. 1. ‘¥Î¥´¨Ö E1 ËμÉμ¶μ£²μÐ¥´¨Ö, ¢ÒÎ¨¸²¥´´Ò¥ ¢ · ³± Ì —„„�Œ ¢ μ¡² ¸É¨ ƒ„�,
¢μ§¡Ê¦¤ ¥³μ£μ ¢ Ö¤· Ì 48Ca (a), 90Zr (¡), 140Ce (¢) ¨ 208Pb (£) (¸¶²μÏ´Ò¥ ²¨´¨¨)

’ ¡²¨Í  2. ‚¥²¨Î¨´Ò ¶μ¤£μ´μÎ´ÒÌ ¶ · ³¥É·μ¢, μ¶·¥¤¥²ÖÕÐ¨Ì ¨´É¥´¸¨¢´μ¸É¨ ³´¨-
³μ° Î ¸É¨ ¸·¥¤´¥£μ ³ ¸¸μ¢μ£μ μ¶¥· Éμ·  ¨ ¨§μ¢¥±Éμ·´μ° Î ¸É¨ ®¸±μ·μ¸É´ÒÌ¯ ¸¨²

� · ³¥É· 48Ca 90Zr 140Ce 208Pb

α, ŒÔ‚−1 0,10 0,12 0,10 0,08
k′
1 0,27 0,15 0,13 0,17

�¡· É¨³¸Ö ± ��� E1 (γ, n)-·¥ ±Í¨¨ ¢ μ¡² ¸É¨ ƒ„�. � ·Í¨ ²Ó´Ò¥ ¨
¶μ²´Ò¥ ¸¥Î¥´¨Ö ÔÉμ° ·¥ ±Í¨¨ ¢ Ö¤·¥ 48Ca, ¢ÒÎ¨¸²¥´´Ò¥ ¢ · ³± Ì —„„�Œ
¸μ£² ¸´μ ¸μμÉ´μÏ¥´¨Ö³ (3), (4), ¶·¨¢¥¤¥´Ò ´  ·¨¸. 4.

�·¥¤¸É ¢²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ§¢μ²ÖÕÉ ¶μ²ÊÎ¨ÉÓ ¸μ£² ¸´μ (7) ±μ²¨Î¥-
¸É¢¥´´ÊÕ μÍ¥´±Ê ¶ ·Í¨ ²Ó´ÒÌ ¨ ¶μ²´μ° ¢¥·μÖÉ´μ¸É¥° ¶·Ö³μ£μ μ¤´μ´¥°É·μ´-
´μ£μ · ¸¶ ¤  ƒ„� ¢ ÔÉμ³ Ö¤·¥ (É ¡². 3 ¨ 4). �¥§Ê²ÓÉ ÉÒ É ¡². 3 ¶μ²ÊÎ¥´Ò ¤²Ö
¤¢ÊÌ Ô´¥·£¥É¨Î¥¸±¨Ì ¨´É¥·¢ ²μ¢, ¶·¨Î¥³ ³¥´ÓÏ¨° μÉ¢¥Î ¥É ¶μ·μ£Ê ¤¢ÊÌ´¥°-
É·μ´´μ° Ô³¨¸¸¨¨. ‚ É ¡². 4 É ±¦¥ ¶·¥¤¸É ¢²¥´Ò · ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¶μ²´μ°
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�¨¸. 2. � ¸Î¥É´Ò¥ ¶μ²´μ¥ (a) ¨ ¶ ·Í¨ ²Ó´μ¥ (¡) ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ��� E1
140Ce(n, γ)-·¥ ±Í¨¨ ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ · ¡μÉÒ [12]

�¨¸. 3. � ¸Î¥É´Ò¥ ¶ ·Í¨ ²Ó´Ò¥ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ��� E1 208Pb(n, γ)-
·¥ ±Í¨¨ ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ · ¡μÉÒ [13]

¢¥·μÖÉ´μ¸É¨ ¶·Ö³μ£μ μ¤´μ´¥°É·μ´´μ£μ · ¸¶ ¤  ƒ„� ¢ Ö¤· Ì 90Zr, 140Ce ¨
208Pb. Š ± ¸²¥¤Ê¥É ¨§ ¶·¨¢¥¤¥´´ÒÌ ¢ É ¡². 4 ¤ ´´ÒÌ, ¶μ²´ Ö ¢¥·μÖÉ´μ¸ÉÓ
μ¤´μ´¥°É·μ´´μ£μ · ¸¶ ¤  ƒ„� Ê³¥´ÓÏ ¥É¸Ö ¸ Ê¢¥²¨Î¥´¨¥³ ³ ¸¸μ¢μ£μ Î¨¸² .
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�¨¸. 4.  ) � ¸Î¥É´Ò¥ ¶ ·Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ��� E1 48Ca(γ, n)-·¥ ±Í¨¨; ¡) · ¸Î¥É-
´μ¥ ¶μ²´μ¥ ¸¥Î¥´¨¥ ��� E1 48Ca(γ, n)-·¥ ±Í¨¨ ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³
¸¥Î¥´¨¥³ 48Ca(γ, 1n)-·¥ ±Í¨¨ [12]

’ ¡²¨Í  3. � ¸Î¥É´Ò¥ ¶ ·Í¨ ²Ó´Ò¥ ¢¥·μÖÉ´μ¸É¨ ¶·Ö³μ£μ μ¤´μ´¥°É·μ´´μ£μ · ¸¶ ¤ 
ƒ„� ¢ Ö¤·¥ 48Ca

μ
b
(n)
μ,E1(δ), %

δ = 11−21 ŒÔ‚ δ = 11−25 ŒÔ‚

1d5/2 1,2 2,8
2s1/2 4,1 4,6
1d3/2 4,9 5,9
1f7/2 21,2 22,0

’ ¡²¨Í  4. 	μ²´Ò¥ ¢¥·μÖÉ´μ¸É¨ ¶·Ö³μ£μ μ¤´μ´¥°É·μ´´μ£μ · ¸¶ ¤  ƒ„� , ¢ÒÎ¨¸²¥´-
´Ò¥ ¢ · ³± Ì —„„�Œ ¤²Ö ·Ö¤  Ö¤¥· ¸ § ¶μ²´¥´´Ò³¨ ´¥°É·μ´´Ò³¨ μ¡μ²μÎ± ³¨

� · ³¥É·
48Ca 90Zr 140Ce 208Pb

(δ = 11−25 ŒÔ‚) (δ = 10−22 ŒÔ‚) (δ = 7−16 ŒÔ‚) (δ = 7−16 ŒÔ‚)

b
(n), tot
E1 ,% 35,3 7,8 7,5 11,0

�·¨Î¨´  ÔÉμ£μ ¸μ¸Éμ¨É ¢ Ê³¥´ÓÏ¥´¨¨ Ô´¥·£¨¨ ·¥§μ´ ´¸  ¸ ·μ¸Éμ³ A ¨ ¶·μ-
¨¸Ìμ¤ÖÐ¥³ ¢¸²¥¤¸É¢¨¥ ÔÉμ£μ Ê³¥´ÓÏ¥´¨¨ ¶·μ´¨Í ¥³μ¸É¨ Í¥´É·μ¡¥¦´μ£μ ¡ -
·Ó¥·  ¤²Ö ¢Ò²¥É  ®¶·Ö³ÒÌ¯ ´¥°É·μ´μ¢. ‚ Éμ ¦¥ ¢·¥³Ö ¢¥²¨Î¨´  ¨´É¥´¸¨¢´μ-
¸É¨ ³´¨³μ° Î ¸É¨ ¸·¥¤´¥£μ ³ ¸¸μ¢μ£μ μ¶¥· Éμ·  ¶·¨ Ô´¥·£¨¨ ƒ„� ¨§³¥´Ö¥É¸Ö
´¥§´ Î¨É¥²Ó´μ. Š ± μÉ³¥Î¥´μ ¢μ ¢¢¥¤¥´¨¨, ¥¤¨´¸É¢¥´´Ò° Ô±¸¶¥·¨³¥´É ²Ó´Ò°
·¥§Ê²ÓÉ É μÉ´μ¸¨É¥²Ó´μ ¶μ²´μ° ¢¥·μÖÉ´μ¸É¨ ¶·Ö³μ£μ μ¤´μ´¥°É·μ´´μ£μ · ¸-
¶ ¤  ƒ„� ¶·¨¢¥¤¥´ ¢ [5], £¤¥ ¢¥²¨Î¨´  bE1

tot = (39 ± 5)% (δ = 11−25 ŒÔ‚)
¶μ²ÊÎ¥´  ¨§  ´ ²¨§  48Ca(e, e′n)-·¥ ±Í¨¨. ‘ ÔÉ¨³ ·¥§Ê²ÓÉ Éμ³ Ê¤μ¢²¥É¢μ·¨-
É¥²Ó´μ ¸μ£² ¸Ê¥É¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ Ö · ¸Î¥É´ Ö ¢¥²¨Î¨´  (É ¡². 4),   ´  ·¨¸. 4
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¢¨¤¥´ § ³¥É´Ò° ¢±² ¤ ¶·Ö³μ£μ · ¸¶ ¤  ¢ ¶μ²´ÊÕ ¢¥·μÖÉ´μ¸ÉÓ μ¤´μ´¥°É·μ´-
´μ£μ · ¸¶ ¤  ƒ„� ¢ Ö¤·¥ 48Ca.

‡�Š‹
—…�ˆ…

‚ ¤ ´´μ° · ¡μÉ¥ ³Ò ¶·¨³¥´¨²¨ ¸Ëμ·³Ê²¨·μ¢ ´´ÊÕ ´¥¤ ¢´μ Î ¸É¨Î´μ-
¤Ò·μÎ´ÊÕ ¤¨¸¶¥·¸¨μ´´ÊÕ μ¶É¨Î¥¸±ÊÕ ³μ¤¥²Ó ± ¶μ²Ê³¨±·μ¸±μ¶¨Î¥¸±μ³Ê μ¶¨-
¸ ´¨Õ ¶·Ö³ÒÌ+ ¶μ²Ê¶·Ö³ÒÌ ËμÉμ´¥°É·μ´´ÒÌ ·¥ ±Í¨° ¸ ¢μ§¡Ê¦¤¥´¨¥³ £¨-
£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸  ¢ ¸·¥¤´¥ÉÖ¦¥²ÒÌ Ö¤· Ì ¸ § ¶μ²´¥´´Ò³¨ ´¥°-
É·μ´´Ò³¨ μ¡μ²μÎ± ³¨. ‚ É ±μ³  ´ ²¨§¥ μÉ¸ÊÉ¸É¢ÊÕÉ ¸¶¥Í¨Ë¨Î¥¸±¨¥ ¶μ¤£μ-
´μÎ´Ò¥ ¶ · ³¥É·Ò. �μ²ÊÎ¥´μ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ¥ μ¶¨¸ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¤ ´´ÒÌ μÉ´μ¸¨É¥²Ó´μ ¶ ·Í¨ ²Ó´ÒÌ ¨ ¶μ²´μ£μ ¸¥Î¥´¨° ¶·Ö³μ£μ + ¶μ²Ê¶·Ö-
³μ£μ · ¤¨ Í¨μ´´μ£μ § Ì¢ É  ´¥°É·μ´μ¢,   É ±¦¥ ¶μ²´μ° ¢¥·μÖÉ´μ¸É¨ ¶·Ö³μ£μ
μ¤´μ´¥°É·μ´´μ£μ · ¸¶ ¤  Ê± § ´´μ£μ ·¥§μ´ ´¸  ¢ Ö¤·¥ 48Ca. „ ²Ó´¥°Ï¥¥
· §¢¨É¨¥ ¶μ¤Ìμ¤  ¢μ§³μ¦´μ ´  ¶ÊÉ¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¶·μ¤¢¨´ÊÉÒÌ ¢¥·¸¨° ¸·¥¤-
´¥£μ ¶μ²Ö ¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ± ´ ²¥ Î ¸É¨Í Ä¤Ò·±  (¢ μ¸μ¡¥´´μ¸É¨ ®¸±μ-
·μ¸É´ÒÌ¯ ¸¨²).

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �””ˆ (£· ´É º19-02-0060) ¨ Î ¸É¨Î-
´μ° ¶μ¤¤¥·¦±¥ Œ¨´μ¡·´ Ê±¨ �μ¸¸¨¨ ¢ · ³± Ì �·μ£· ³³Ò ¶μ¢ÒÏ¥´¨Ö ±μ´-
±Ê·¥´Éμ¸¶μ¸μ¡´μ¸É¨ �ˆŸ“ Œˆ”ˆ (¶·μ¥±É º02.�03.21.0005 μÉ 27.08.2013)
(Œ. ƒ. “.).
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