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‹Ê±ÓÖ´μ¢ Š. ‚. ¨ ¤·. P4-2007-6
Œ¨±·μ¸±μ¶¨Î¥¸±¨° ¶μ¤Ìμ¤ ¢ ´¥Ê¶·Ê£μ³ · ¸¸¥Ö´¨¨
ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¸ ¢μ§¡Ê¦¤¥´¨¥³ ±μ²²¥±É¨¢´ÒÌ ¸μ¸ÉμÖ´¨° Ö¤¥·

‚ · ¸¶·¥¤¥²¥´¨¨ ¶²μÉ´μ¸É¨ ¤¥Ëμ·³¨·μ¢ ´´μ£μ Ö¤· -³¨Ï¥´¨ ÊÎ¨ÉÒ¢ ¥É¸Ö
Í¥´É· ²Ó´ Ö (λ = 0) ¨ ¤¥Ëμ·³ Í¨μ´´ Ö (λ = 2) Î ¸É¨. �  ÔÉμ° μ¸´μ¢¥ ¶μ²ÊÎ¥´Ò
¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Î ¸É¨ U0 ¨ Uint ³¨±·μ¸±μ¶¨Î¥¸±μ£μ Ö¤·μ-Ö¤¥·´μ£μ μ¶É¨Î¥¸±μ£μ
¶μÉ¥´Í¨ ²  ¤¢μ°´μ£μ Ëμ²¤¨´£ . ‡ É¥³ ¤²Ö ÔÉ¨Ì ¶μÉ¥´Í¨ ²μ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
³¥Éμ¤  ¸¢Ö§¨ ± ´ ²μ¢ · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¸¥Î¥´¨Ö Ê¶·Ê£μ£μ ¨ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö
Ö¤¥· 17O ´  ·Ö¤¥ Ö¤¥·-³¨Ï¥´¥° ¸ ¢μ§¡Ê¦¤¥´¨¥³ ¢ ´¨Ì 2+-±μ²²¥±É¨¢´ÒÌ ¸μ¸Éμ-
Ö´¨°. ’¥ ¦¥ ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö · c¸Î¨É ´Ò ¢ · ³± Ì  ¤¨ ¡ É¨Î¥¸±μ£μ ¶μ¤Ìμ¤  ¢

Ô°±μ´ ²Ó´μ³ ¶·¨¡²¨¦¥´¨¨, £¤¥ ´¥Ê¶·Ê£ Ö  ³¶²¨ÉÊ¤  ²¨´¥°´  ¶μ U
(2)
int . �¥§Ê²Ó-

É ÉÒ μ¡μ¨Ì ¶μ¤Ìμ¤μ¢ ¸· ¢´¨¢ ÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, μ¡¸Ê¦¤ -
ÕÉ¸Ö ¨Ì ¢μ§³μ¦´μ¸É¨ ¢ μ¶·¥¤¥²¥´¨¨ ¶ · ³¥É·  ¤¥Ëμ·³ Í¨¨ Ö¤¥·.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ É¥μ·¥É¨Î¥¸±μ° Ë¨§¨±¨ ¨³. �.�. �μ£μ²Õ-
¡μ¢  �ˆŸˆ.
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Lukyanov K.V. et al. P4-2007-6
Microscopic Approach to the Heavy Ion Scattering
with Excitation of Nuclear Collective States

The density distribution of a deformed target nucleus is presented as the spher-
ically symmetrical (λ = 0) and the deformed (λ = 2) parts. On this basis, the
corresponding parts U0 and Uint of a double-folding microscopic nucleus-nucleus
optical potential are obtained. Then, with these potentials and using the coupled-
channel method, the elastic and inelastic amplitudes are calculated of the 17O heavy
ion scattering on various target nuclei with excitation of their collective 2+ states.
Besides, the same cross-sections are calculated basing on the adiabatic approach of

the eikonal approximation, where inelastic amplitude is the linear function of U
(2)
int .

Both results are compared with experimental data, and the capabilities of them to
search deformation parameters of nuclei are discussed.

The investigation has been performed at the Bogoliubov Laboratory of Theoretical
Physics, JINR.
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ˆ§¢¥¸É´Ò ¸É ´¤ ·É´Ò¥ ¶μ¤Ìμ¤Ò ± · ¸Î¥ÉÊ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ´Ê±²μ´μ¢
Ö¤· ³¨ ¸ ¢μ§¡Ê¦¤¥´¨¥³ ¢ ´¨Ì ±μ²²¥±É¨¢´ÒÌ ¸μ¸ÉμÖ´¨° [1]. „²Ö ÔÉμ£μ ´ Ìμ¤ÖÉ
¶¥·¥Ìμ¤´Ò° ¶μÉ¥´Í¨ ² ¢§ ¨³μ¤¥°¸É¢¨Ö Uint(r), ¢±²ÕÎ ÕÐ¨° ±Ê²μ´μ¢¸±ÊÕ ¨
Ö¤¥·´ÊÕ Î ¸É¨. �·¨ ÔÉμ³ ±Ê²μ´μ¢¸± Ö Î ¸ÉÓ ¸É·μ¨É¸Ö ´  μ¸´μ¢¥ ¸É ´¤ ·É-
´μ£μ ³Ê²ÓÉ¨¶μ²Ó´μ£μ · §²μ¦¥´¨Ö,   Ö¤¥·´ Ö ¶μ²ÊÎ ¥É¸Ö · §²μ¦¥´¨¥³ ËÊ´±-
Í¨¨ Ëμ·³Ò μ¶É¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¶μ ¤¥Ëμ·³ Í¨μ´´μ°
¤μ¡ ¢±¥ δR(r̂) ± · ¤¨Ê¸Ê, ÎÉμ ¤ ¥É U(R + δR, r) = U(R, r) + Uint(r). �·¨
³ ²ÒÌ ¤¥Ëμ·³ Í¨ÖÌ ¨³¥¥³ Uint = (dU(r)/dR)δR(r̂). „ ²¥¥ · ¸Î¥É  ³¶²¨-
ÉÊ¤Ò ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¶·μ¢μ¤ÖÉ ²¨¡μ ¢ · ³± Ì ³¥Éμ¤  ¨¸± ¦¥´´ÒÌ ¢μ²´
(²¨´¥°´μ¥ ¶μ Uint ¶·¨¡²¨¦¥´¨¥), ²¨¡μ ³¥Éμ¤μ³ ¸¢Ö§¨ ± ´ ²μ¢, £¤¥, ¢μμ¡Ð¥
£μ¢μ·Ö, ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¢¸¥ ¶μ·Ö¤±¨ ¶μ Uint. �·¨ · ¸¸³μÉ·¥´¨¨ ´Ê±²μ´-Ö¤¥·´μ£μ
· ¸¸¥Ö´¨Ö ¥¸É¥¸É¢¥´´μ ¸Î¨É ÉÓ, ÎÉμ ¶ · ³¥É·Ò · ¤¨Ê¸  R ¨ ¤¥Ëμ·³ Í¨¨ ¸ -
³μ£μ Ö¤·  ¨ ¶μÉ¥´Í¨ ²  · ¸¸¥Ö´¨Ö ¸μ¢¶ ¤ ÕÉ. �μÔÉμ³Ê ¶μ²ÊÎ¥´´Ò° ¢ Ìμ¤¥
¶μ¤£μ´±¨ ¶μ¤ Ô±¸¶¥·¨³¥´É ¶ · ³¥É· ¤¥Ëμ·³ Í¨¨ ¶μÉ¥´Í¨ ²  μÉ´μ¸ÖÉ ± Ì -
· ±É¥·¨¸É¨±¥ ¸ ³μ£μ Ö¤· .

‚ ¶·¨´Í¨¶¥ É¥ ¦¥ ·¥Í¥¶ÉÒ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ · ¸Î¥É Ì ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö
ÉÖ¦¥²ÒÌ ¨μ´μ¢. �·¨ ÔÉμ³ ´ ¤μ ÊÎ¨ÉÒ¢ ÉÓ ¸¶¥Í¨Ë¨±Ê § ¤ Î¨. ‚μ-¶¥·¢ÒÌ, ¶·¨
· ¸¸¥Ö´¨¨ Ö¤¥· ¶ · ³¥É· ¤¥Ëμ·³ Í¨¨ ¶μÉ¥´Í¨ ² , ¢μμ¡Ð¥ £μ¢μ·Ö, ´¥ ¸μ¢¶ -
¤ ¥É ¸ ¤¥Ëμ·³ Í¨¥° μ¤´μ£μ ¨§ ´¨Ì. ‚μ-¢Éμ·ÒÌ, ¨§-§  ¶·μ¨§¢¥¤¥´¨Ö § ·Ö¤μ¢
Ö¤¥· Z1Z2e

2 ±Ê²μ´μ¢¸±μ¥ ¶μ²¥ ¸É ´μ¢¨É¸Ö ³μÐ´Ò³, ÎÉμ É·¥¡Ê¥É ÊÎ¥É  ¢±² ¤μ¢
¢Ò¸Ï¨Ì ¸É¥¶¥´¥° ¶¥·¥Ìμ¤´ÒÌ ±Ê²μ´μ¢¸±¨Ì ¶μÉ¥´Í¨ ²μ¢. ‚-É·¥ÉÓ¨Ì, ¸ ·μ¸Éμ³
Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¸É ´¤ ·É´Ò¥ ³¥Éμ¤Ò ¨¸¶ÒÉÒ¢ ÕÉ É·Ê¤´μ¸É¨ ¢ · ¸Î¥É¥
¡μ²ÓÏμ£μ Î¨¸²  ¶ ·Í¨ ²Ó´ÒÌ ¢μ²´ ¨ Ê¤¥·¦ ´¨¨ ´¥μ¡Ìμ¤¨³μ° ÉμÎ´μ¸É¨. 	É¨
¶·μ¡²¥³Ò ´¥ ¢μ§´¨± ÕÉ, ¥¸²¨ ¶·¨³¥´ÖÉÓ ³¥Éμ¤ Ô°±μ´ ²  (¢Ò¸μ±μÔ´¥·£¥É¨Î¥-
¸±μ¥ ¶·¨¡²¨¦¥´¨¥ Å ‚	�). �´ ¨¸¶μ²Ó§μ¢ ²¸Ö ´ ³¨ ¢ ¶·¥¤Ò¤ÊÐ¨Ì · ¡μÉ Ì
¶·¨  ´ ²¨§¥ Ê¶·Ê£μ£μ [2,3] ¨ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö Ö¤¥· [4,5] ¨ ¶μ± § ² ¸¢μÕ
ÔËË¥±É¨¢´μ¸ÉÓ. �·¨ ÔÉμ³ ¶¥·¥Ìμ¤´Ò° Ö¤¥·´Ò° ¶μÉ¥´Í¨ ² ¸É·μ¨²¸Ö, ± ± ¶μ-
± § ´μ ¢ÒÏ¥, ¢ Ëμ·³¥ ¶·μ¨§¢μ¤´μ° μÉ ËÊ´±Í¨¨ ²¨¡μ Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ
¢Ê¤¸-¸ ±¸μ´μ¢¸±μ£μ [4], ²¨¡μ ³¨±·μ¸±μ¶¨Î¥¸±μ£μ Ëμ²¤¨´£-¶μÉ¥´Í¨ ²  Ê¶·Ê-
£μ£μ · ¸¸¥Ö´¨Ö [5],   §´ Î¨É ¶μ²ÊÎ ¥³Ò° ¢ Ìμ¤¥ ¸· ¢´¥´¨Ö ¸ Ô±¸¶¥·¨³¥´Éμ³
¶ · ³¥É· ¤¥Ëμ·³ Í¨¨ ¥¸ÉÓ Ì · ±É¥·¨¸É¨±  ²¨ÏÓ ¸ ³μ£μ Ö¤·μ-Ö¤¥·´μ£μ ¶μ-
É¥´Í¨ ² .

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ (· §¤. 1) ³¨±·μ¸±μ¶¨Î¥¸±¨° ¶μÉ¥´Í¨ ² ¶¥·¥Ìμ¤ 
¸É·μ¨É¸Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ´  μ¸´μ¢¥ ¶¥·¥Ìμ¤´μ° ¶²μÉ´μ¸É¨ μ¤´μ£μ ¨§ ¸É ²-
±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·,   ±μ´±·¥É´μ Å Ö¤· -³¨Ï¥´¨, ¨, É ±¨³ μ¡· §μ³, ¨³¥´´μ
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¥£μ ¤¥Ëμ·³ Í¨Ö ³μ¦¥É ¸²Ê¦¨ÉÓ ¶ · ³¥É·μ³ ¶μ¤£μ´±¨ ¶·¨ ¸· ¢´¥´¨¨ ¸ Ô±¸-
¶¥·¨³¥´Éμ³. „ ²¥¥, ¢ · §¤. 2, ´  μ¸´μ¢¥ ÔÉμ£μ ¶μÉ¥´Í¨ ²  ¶¥·¥Ìμ¤  · ¸¸Î¨-
ÉÒ¢ ÕÉ¸Ö ¸¥Î¥´¨Ö ´¥Ê¶·Ê£μ£μ Ö¤·μ-Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ± ±
¶·μ£· ³³Ò Î¨¸²¥´´μ£μ ¨´É¥£·¨·μ¢ ´¨Ö ¸¨¸É¥³Ò Ê· ¢´¥´¨° ¸¢Ö§ ´´ÒÌ ± ´ -
²μ¢, É ± ¨  ¤¨ ¡ É¨Î¥¸±μ£μ ¶μ¤Ìμ¤  ¢ ³μ¤¥²¨ ‚	�. ‚ · §¤. 3 μ¡¸Ê¦¤ ÕÉ¸Ö
¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨ ¢μ§³μ¦´μ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö · ¸¸¥Ö´¨Ö ÉÖ¦¥²ÒÌ ¨μ-
´μ¢ ¤²Ö ¶μ²ÊÎ¥´¨Ö ¸É·Ê±ÉÊ·´ÒÌ Ì · ±É¥·¨¸É¨± ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ¸Éμ²±´μ¢¥´¨¨
Ö¤¥·.

1. Œ�„…‹œ ”�‹„ˆ�ƒ� ��’…�–ˆ�‹� �…�…•�„�

�·¨ ¶μ¸É·μ¥´¨¨ ³¨±·μ¸±μ¶¨Î¥¸±μ£μ ¶¥·¥Ìμ¤´μ£μ Ëμ²¤¨´£-¶μÉ¥´Í¨ ² 
¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ¢μ§¡Ê¦¤¥´¨¥ Ö¤· -³¨Ï¥´¨ ®2¯. ‘Î¨É ¥É¸Ö, ÎÉμ ¢ ÔÉμ³
Ö¤·¥ ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö Ö¤¥·´μ° ¶²μÉ´μ¸É¨ ρ2(r2) ¢±²ÕÎ ¥É § ¢¨¸¨³μ¸ÉÓ
μÉ ±μ²²¥±É¨¢´ÒÌ ±μμ·¤¨´ É Ö¤·  αλμ, ±μÉμ·Ò¥ Ì · ±É¥·¨§ÊÕÉ ±μ£¥·¥´É´ÊÕ
¤¥Ëμ·³ Í¨Õ ¥£μ Ê¸²μ¢´μ° ¶μ¢¥·Ì´μ¸É¨ · ¤¨Ê¸  r2. ’ ±, ¢ ¸²ÊÎ ¥ ±¢ ¤·Ê¶μ²Ó-
´μ° ¤¥Ëμ·³ Í¨¨ ¶²μÉ´μ¸É¨ (λ = 2) μÉ±²μ´¥´¨¥ μÉ ¥¥ ¸Ë¥·¨Î¥¸±μ° Ëμ·³Ò
ρ2(r2) μ¶¨¸Ò¢ ¥É¸Ö § ³¥´μ° ±μμ·¤¨´ ÉÒ r2 ´  ¶μ¢¥·Ì´μ¸É¨ ¸Ë¥·Ò ±μμ·¤¨´ -
Éμ° r2 ´  ¶μ¢¥·Ì´μ¸É¨ Ô²²¨¶¸μ¨¤  [1]

r2 ⇒ r2 = r2 + δr2, (1)

δr2 = −r2

∑
μ=0,±2

α2λ Y2λ(r̂2), α2λ = βD
(2)∗
μ0 (Θi), (2)

£¤¥ r̂2 ¥¸ÉÓ Ê£²μ¢Ò¥ ±μμ·¤¨´ ÉÒ ¢¥±Éμ·  r2 ¢ Í. ³. ¸¨¸É¥³¥ ¸É ²±¨¢ ÕÐ¨Ì¸Ö
Ö¤¥·. ‡¤¥¸Ó ³Ò · ¸¸³ É·¨¢ ¥³ ³μ¤¥²Ó ¢· Ð¥´¨Ö Ö¤· , ±μ²²¥±É¨¢´Ò³¨ ±μμ·-
¤¨´ É ³¨ ±μÉμ·μ° Ö¢²ÖÕÉ¸Ö Ê£²Ò 	°²¥·  Θi ¶μ¢μ·μÉ  ¢´ÊÉ·¥´´¥° μ¸¨ ¸¨³-
³¥É·¨¨ Ö¤·  ¢ Í. ³. ¸¨¸É¥³¥,   β Å ¶ · ³¥É· ¤¥Ëμ·³ Í¨¨ Ö¤· . �·¨ β � 1 ¢
· §²μ¦¥´¨¨ ¶²μÉ´μ¸É¨ ¶μ δr2 ¸μÌ· ´Ö¥³ Éμ²Ó±μ ²¨´¥°´Ò¥ Î²¥´Ò, ¨ Éμ£¤ 

ρ2(r2) ⇒ ρ2(r2) + o2(r2), (3)

o2(r2) = o
(2)
2 (r2)

∑
μ=0,±2

α2μY2μ(r̂2), o
(2)
2 (r2) = −r2

dρ2(r2)
dr2

, (4)

£¤¥ o
(2)
2 (r2) μ¶·¥¤¥²Ö¥É Ëμ·³Ê ¶¥·¥Ìμ¤´μ° ¶²μÉ´μ¸É¨ ∗.

∗‚ ·Ö¤¥ · ¡μÉ ¢Ò¡¨· ¥É¸Ö ³μ¤¥²Ó ¸ ¤¥Ëμ·³ Í¨μ´´μ° ¤μ¡ ¢±μ° δr2 = −R2
∑

α2λY2λ(r̂2),

ÎÉμ ¶·¨¢μ¤¨É ± o
(2)
2 (r2) = −R2dρ2(r2)/dr2 . ‡¤¥¸Ó R2 ¨³¥¥É ¸³Ò¸² · ¤¨Ê¸  Ö¤· , ÌμÉÖ ¤²Ö ´¥£μ

´¥É Î¥É±μ£μ μ¶·¥¤¥²¥´¨Ö. �μÔÉμ³Ê ¶·¨ É ±μ³ ¢Ò¡μ·¥ o
(2)
2 (r2) μ¡ÒÎ´μ ¶μ¤£μ´Ö¥É¸Ö ´¥ ¶ · ³¥É·

¤¥Ëμ·³ Í¨¨,   ®¤¥Ëμ·³ Í¨μ´´ Ö ¤²¨´ ¯ δ2 = βR2 ¡¥§ ¢Ò¤¥²¥´¨Ö μÉ¤¥²Ó´ÒÌ ³´μ¦¨É¥²¥°.
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�·¨ ¶μ¤¸É ´μ¢±¥ ¶²μÉ´μ¸É¨ (3) ¢ ¨§¢¥¸É´Ò¥ Ëμ·³Ê²Ò ¤²Ö ¶·Ö³μ° ¨ μ¡-
³¥´´μ° Î ¸É¨ Ëμ²¤¨´£-¶μÉ¥´Í¨ ²  (¸³., ´ ¶·¨³¥·, ¢ [3, 5]) ¶¥·¢μ¥ ¸² £ ¥³μ¥
ρ2(r2) ¶·¨¢μ¤¨É ± ¢Ò· ¦¥´¨Õ ¤²Ö Í¥´É· ²Ó´μ° Î ¸É¨ ¶μÉ¥´Í¨ ² ,   ¢Éμ·μ¥
o2(r2) ± ¥£μ ±¢ ¤·Ê¶μ²Ó´μ° Î ¸É¨ Å ¶μÉ¥´Í¨ ²Ê ¶¥·¥Ìμ¤  ¢ ¢¨¤¥ ∗

Vint(r) = V D
int(r) + V EX

int (r), (5)

£¤¥

V D
int(r) = Cg(E)

∑
μ=0,±2

α2μ

∫
ρ1(r1)o

(2)
2 (r2) vD

00(s)Y2μ(r̂2) d3r1d
3r2, (6)

V EX
int (r) = Cg(E)4π

∑
μ=0,±2

α2μ

∫ ∞

0

G(2)(r, s)vEX
00 (s) j0(K(r)s/M) s2ds, (7)

G(2)(r, s) =
∫

ρ1(|u−r|)ĵ1(kF1(|u−r|)·s)o(2)
2 (u)Y2μ(û) ĵ1(kF2(u)·s)d3u. (8)

‡¤¥¸Ó ¨ ´¨¦¥ jn(x) ¥¸ÉÓ ¸Ë¥·¨Î¥¸±¨¥ ËÊ´±Í¨¨ �¥¸¸¥²Ö, ËÊ´±Í¨Ö ĵ1(x) =
(3/x3)(sinx − x cosx),   kF ¥¸ÉÓ ²μ± ²Ó´Ò° Ë¥·³¨-¨³¶Ê²Ó¸ ´Ê±²μ´  ¢ Ö¤·¥,
¨ K(r) = [(2mM/�

2)(Ecm − V (r) − VC(r))]
1
2 Å ²μ± ²Ó´Ò° ¨³¶Ê²Ó¸ μÉ´μ-

¸¨É¥²Ó´μ£μ ¤¢¨¦¥´¨Ö, § ¢¨¸ÖÐ¨° μÉ Í¥´É· ²Ó´μ° Î ¸É¨ ¶μÉ¥´Í¨ ²  Ê¶·Ê£μ£μ
· ¸¸¥Ö´¨Ö, ±μÉμ·Ò° · ¸¸Î¨ÉÒ¢ ¥É¸Ö μÉ¤¥²Ó´μ.

‚ ¨³¶Ê²Ó¸´μ³ ¶·¥¤¸É ¢²¥´¨¨ ¨´É¥£· ²Ò (6), (8) ¶·¥μ¡· §ÊÕÉ¸Ö ¢ μ¤´μ-
³¥·´Ò¥ (¸³., ´ ¶·¨³¥·, [6]), ¨ μ±μ´Î É¥²Ó´μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¶¥·¥Ìμ¤´μ°
¶²μÉ´μ¸É¨ ¨³¥¥É ¢¨¤

Vint(r) = V
(2)
int (r)

∑
μ=0,±2

α2μ Y2μ(r̂), (9)

V
(2)
int (r) = V

D(2)
int (r) + V

EX(2)
int (r), (10)

£¤¥

V
D(2)
int (r) = Cg(E)

1
2π2

∫ ∞

0

ρ1(q)o
(2)
2 (q) vD

00(q) j2(qr) q2dq, (11)

V
EX (2)
int (r) = 4π C g(E)

∫ ∞

0

G(2)(r, s) vEX
00 (s) j0(K(r)s/M) s2ds, (12)

∗”μ²¤¨´£-¨´É¥£· ², μ¶·¥¤¥²ÖÕÐ¨° ¶μÉ¥´Í¨ ², μ¡ÒÎ´μ ¢±²ÕÎ ¥É Ë ±Éμ· F (ρ1 + ρ2), ±μ·-
·¥±É¨·ÊÕÐ¨° § ¢¨¸¨³μ¸ÉÓ ´Ê±²μ´-´Ê±²μ´´ÒÌ ¸¨² μÉ ¸Ê³³ ·´μ° ¶²μÉ´μ¸É¨ Ö¤¥· ¢ μ¡² ¸É¨ ¨Ì
¶¥·¥±·ÒÉ¨Ö. ŒÒ Éμ¦¥ ¢±²ÕÎ ¥³ ÔÉμÉ ³´μ¦¨É¥²Ó ¢ Í¥´É· ²Ó´ÊÕ Î ¸ÉÓ ¶μÉ¥´Í¨ ² , ´μ ´¥ ÊÎ¨ÉÒ-
¢ ¥³ ¥£μ ¢ ¶¥·¥Ìμ¤´μ³ ¶μÉ¥´Í¨ ²¥, É ± ± ± É ³ ¥£μ Ë¨§¨Î¥¸±¨° ¸³Ò¸² ´¥ ¢¶μ²´¥ Ö¸¥´.
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G(2)(r, s) =
∫ ∞

0

h1(q, s)h
(2)
2 (q, s) j2(qr) q2dq, (13)

h1(q, s) = 4π

∫ ∞

0

ρ1(r) ĵ1(kF,1(r) · s)j0(qr) r2dr, (14)

h
(2)
2 (q, s) = 4π

∫ ∞

0

o
(2)
2 (x) ĵ1

(
kF,2(x) · s

)
j2(qx)x2dx, (15)

  ËÊ·Ó¥-μ¡· §Ò ËÊ´±Í¨° c ¨´¤¥±¸μ³ ®(2)¯ ¢¢¥·ÌÊ ¨ ¡¥§ ´¥£μ μ¶·¥¤¥²ÖÕÉ¸Ö
± ±

ρ(q) = 4π

∫ ∞

0

f(r)j0(qr)r2dr, f
(2)
2 (q) = 4π

∫ ∞

0

f
(2)
2 (r)j2(qr)r2dr, (16)

2. ��‘—…’ ‘…—…�ˆŸ �…“��“ƒ�ƒ� ��‘‘…Ÿ�ˆŸ

�  μ¸´μ¢¥ ¢ÒÏ¥¶·¨¢¥¤¥´´ÒÌ Ëμ·³Ê² ¢ÒÎ¨¸²ÖÕÉ¸Ö ³¨±·μ¸±μ¶¨Î¥¸±¨¥ ¶¥-
·¥Ìμ¤´Ò¥ ¶μÉ¥´Í¨ ²Ò,   § É¥³ ¸ ¨Ì ¶μ³μÐÓÕ Å ¸¥Î¥´¨Ö ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö-
´¨Ö. �·¨ ÔÉμ³ ¶·¥¤¢ ·¨É¥²Ó´μ ´ ¤μ ¥Ð¥ ¶μ²ÊÎ¨ÉÓ Í¥´É· ²Ó´Ò° μ¶É¨Î¥¸±¨°
¶μÉ¥´Í¨ ², μ¡ÑÖ¸´¨¢ ¸ ¥£μ ¶μ³μÐÓÕ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ Ê¶·Ê£μ£μ · ¸-
¸¥Ö´¨Ö É¥Ì ¦¥ Ö¤¥· ¸ Éμ° ¦¥ Ô´¥·£¨¥° ¸Éμ²±´μ¢¥´¨Ö, ÎÉμ ¨ ¢ ´¥Ê¶·Ê£μ³ · ¸-
¸¥Ö´¨¨. � ¸Î¥ÉÒ ¸¥Î¥´¨° ¶·μ¢μ¤¨²¨¸Ó ± ± ¸ ¶μ³μÐÓÕ ±μ¤  ECIS Î¨¸²¥´´μ£μ
¨´É¥£·¨·μ¢ ´¨Ö ¸¨¸É¥³Ò Ê· ¢´¥´¨° ¸¢Ö§ ´´ÒÌ ± ´ ²μ¢ [7], É ± ¨ ¢ · ³± Ì
 ¤¨ ¡ É¨Î¥¸±μ£μ ¶μ¤Ìμ¤  ¢ ³μ¤¥²¨ ‚	� [4,5].

‚ μ¸´μ¢¥ ¶μ¸²¥¤´¥£μ ¶μ¤Ìμ¤  ²¥¦¨É ¶·¥¤¶μ²μ¦¥´¨¥ μ¡  ¤¨ ¡ É¨Î´μ¸É¨
¶·μÍ¥¸¸ , ±μ£¤  ¸±μ·μ¸ÉÓ ¢´ÊÉ·¥´´¥£μ ¤¢¨¦¥´¨Ö Ö¤·  £μ· §¤μ ³¥´ÓÏ¥ ¸±μ·μ-
¸É¨ μÉ´μ¸¨É¥²Ó´μ£μ ¤¢¨¦¥´¨Ö Ö¤¥·. ’μ£¤  ¶·μÍ¥¸¸ ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ±
· ¸¸¥Ö´¨¥ ´  ®§ ³μ·μ¦¥´´μ³¯ Ö¤·¥ ¸ Ë¨±¸¨·μ¢ ´´Ò³¨ ±μμ·¤¨´ É ³¨ ±μ²-
²¥±É¨¢´μ£μ ¤¢¨¦¥´¨Ö {αλμ}. ˆ¸¶μ²Ó§μ¢ ´¨¥ ‚	� ¢ ¤ ´´μ³ ¸²ÊÎ ¥ μ§´ Î ¥É
· ¸Î¥É Ô°±μ´ ²Ó´μ°  ³¶²¨ÉÊ¤Ò fel Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¢ ¶μ²¥ ¶μÉ¥´Í¨ ² , ±μ-
Éμ·Ò° ¢±²ÕÎ ¥É Í¥´É· ²Ó´ÊÕ Î ¸ÉÓ ¨ ±¢ ¤·Ê¶μ²Ó´ÊÕ, § ¢¨¸ÖÐÊÕ μÉ {αλμ}.
’¥¶¥·Ó  ³¶²¨ÉÊ¤  ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¸É·μ¨É¸Ö ¢ ¢¨¤¥ ³ É·¨Î´μ£μ Ô²¥³¥´É 
¶¥·¥Ìμ¤  ¨§ ´ Î ²Ó´μ£μ 〈00| ¢ ±μ´¥Î´μ¥ (¢μ§¡Ê¦¤¥´´μ¥) ¸μ¸ÉμÖ´¨¥ Ö¤·  〈IM |,
£¤¥ μ¶¥· Éμ·μ³ Ö¢²Ö¥É¸Ö  ³¶²¨ÉÊ¤  Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö:

fin(q) = 〈IM |fel(q, {αλμ})|00〉. (17)

�¡ÒÎ´μ ¢ É ±μ³ ¶μ¤Ìμ¤¥ ¤¥² ÕÉ ¥Ð¥ μ¤´μ ¶·¨¡²¨¦¥´¨¥, ±μ£¤  Î ¸ÉÓ Ô°±μ-
´ ²Ó´μ° Ë §Ò, χint = −(1/�v)

∫
Vintdz, μ¶·¥¤¥²Ö¥³ Ö ¶μÉ¥´Í¨ ²μ³ ¶¥·¥Ìμ¤ ,

¸Î¨É ¥É¸Ö ³ ²μ° ¢¥²¨Î¨´μ°, ¨ ¶μÔÉμ³Ê ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ ¥° Î ¸ÉÓ Ô°±μ´ ² 
exp(iχint) ³μ¦´μ · §²μ¦¨ÉÓ ¢ ·Ö¤, μ£· ´¨Î¨¢ Ö¸Ó ²¨´¥°´Ò³ ¶μ Vint Î²¥´μ³.
’μ£¤ , ¸μ£² ¸´μ (9),  ³¶²¨ÉÊ¤  (17) Ë ±Éμ·¨§Ê¥É¸Ö ¸ ¢Ò¤¥²¥´¨¥³ ¸É·Ê±ÉÊ·´μ£μ
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Ë ±Éμ·  Fλμ = 〈IM |αλμ|00〉. ˆ Éμ£¤  ¶·¨ § ¤ ´´μ³ λ Ëμ·³  Ê£²μ¢μ£μ · ¸¶·¥-
¤¥²¥´¨Ö ¸¥Î¥´¨Ö ´¥ § ¢¨¸¨É μÉ ±μ²²¥±É¨¢´μ° ¶·¨·μ¤Ò ¢μ§¡Ê¦¤ ¥³μ£μ ¸μ¸ÉμÖ-
´¨Ö, ¨¡μ ¸É·Ê±ÉÊ·´Ò° Ë ±Éμ· ¢²¨Ö¥É Éμ²Ó±μ ´   ¡¸μ²ÕÉ´ÊÕ ¢¥²¨Î¨´Ê ¸¥Î¥´¨Ö.
„²Ö ¢· Ð É¥²Ó´μ° ³μ¤¥²¨ Ö¤·  ¸É·Ê±ÉÊ·´Ò° Ë ±Éμ· ¶¥·¥Ìμ¤  0+ →2+ · ¢¥´
F rot

2,μ = β(1/
√

5)δM,μ,   §´ Î¨É  ¡¸μ²ÕÉ´ Ö ¢¥²¨Î¨´  ¸¥Î¥´¨Ö § ¢¨¸¨É Éμ²Ó±μ
μÉ ¢Ò¡μ·  ¶ · ³¥É·  ¤¥Ëμ·³ Í¨¨ β. ‚¸¥ Ëμ·³Ê²Ò, ¸¢Ö§ ´´Ò¥ ¸ ¤¥É ²Ö³¨
¨¸¶μ²Ó§μ¢ ´¨Ö É ±μ£μ ¶μ¤Ìμ¤ , ¤ ´Ò ¢ [4,5].

‘ ³  ¶·μÍ¥¤Ê·  · ¸Î¥É  ¢±²ÕÎ ¥É ¤¢  ÔÉ ¶ . ‘´ Î ²  ¤¥² ¥É¸Ö ³¨±·μ-
¸±μ¶¨Î¥¸±¨° · ¸Î¥É ·¥ ²Ó´μ° V ¨ ³´¨³μ° W Î ¸É¥° Í¥´É· ²Ó´μ£μ μ¶É¨Î¥-
¸±μ£μ ¶μÉ¥´Í¨ ² , μÉ¢¥Î ÕÐ¥£μ §  Ê¶·Ê£μ¥ · ¸¸¥Ö´¨¥. ‡ É¥³ ¸ ¶μ³μÐÓÕ ±μ¤ 
ECIS [7],   É ±¦¥ ¢ ‚	�-³μ¤¥²¨ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥
Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö, ±μÉμ·μ¥ ¸· ¢´¨¢ ¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.
�·¨ ÔÉμ³ ¶μ¤£μ´±  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ·Ó¨·μ¢ ´¨¥³ ¸¨²μ¢ÒÌ ¶ · ³¥É·μ¢ Nr ¨
Nim, ±μÉμ·Ò¥ μ¶·¥¤¥²ÖÕÉ ¢±² ¤ ³¨±·μ¶μÉ¥´Í¨ ²μ¢ ·¥ ²Ó´μ° V ¨ ³´¨³μ° W
Î ¸É¥°. ‚ ¨Éμ£¥ ´ Ìμ¤¨³ μ¶É¨Î¥¸±¨° ¶μÉ¥´Í¨ ² Ê¶·Ê£μ£μ ± ´ ² 

Uopt(r) = NrV (r) + iNimW (r). (18)

„²Ö ¨´É¥·¥¸ÊÕÐ¥° ´ ¸ § ¤ Î¨ · ¸¸¥Ö´¨Ö Ö¤¥· 17O ´  Ö¤· Ì 60Ni, 90Zr, 120Sn
¨ 208Pb [8] ¶·¨ Ô´¥·£¨¨ Elab=1435 ŒÔ‚ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶μÉ¥´Í¨ ²Ò Ê¶·Ê-
£μ£μ · ¸¸¥Ö´¨Ö ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ ·¥§Ê²ÓÉ É¥ ‚	�- ´ ²¨§  ¢ · ¡μÉ¥ [5],   ¢
·¥§Ê²ÓÉ É¥ ECIS-· ¸Î¥Éμ¢ Å ¢ [9]. �·¨ ÔÉμ³ ¢ ´¨Ì ¢¥Ð¥¸É¢¥´´Ò¥ Î ¸É¨
³¨±·μ¶μÉ¥´Í¨ ²μ¢ · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¢ ³μ¤¥²¨ ¤¢μ°´μ£μ Ëμ²¤¨´£  ¸ ÊÎ¥Éμ³ μ¡-
³¥´´ÒÌ Î²¥´μ¢ ¨ ¨¸¶μ²Ó§μ¢ ´¨¥³ ÔËË¥±É¨¢´ÒÌ ´Ê±²μ´-´Ê±²μ´´ÒÌ ¸¨² ¢ ¢¨¤¥
¶ ·¨¦¸±μ£μ ¶μÉ¥´Í¨ ²  ¸ É ± ´ §Ò¢ ¥³μ° CDM3Y6-Ëμ·³μ° ¨Ì § ¢¨¸¨³μ¸É¨
μÉ ¶²μÉ´μ¸É¨ Ö¤¥·. �´¨ ¶·¨¢¥¤¥´Ò ¢ [6] (¸³. É ±¦¥ [5]). —Éμ ± ¸ ¥É¸Ö ³´¨-
³μ° Î ¸É¨ ¶μÉ¥´Í¨ ²  WH , Éμ É ±μ¢Ò¥ · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¢´ Î ²¥ ¢ · ³± Ì
³¨±·μ¸±μ¶¨Î¥¸±μ£μ ¶μ¤Ìμ¤ , · §· ¡μÉ ´´μ£μ ¢ [3] ´  ¡ §¥ ‚	�-É¥μ·¨¨ ³´μ-
£μ±· É´μ£μ · ¸¸¥Ö´¨Ö ƒ² Ê¡¥· Ä‘¨É¥´±μ [10, 11]. ‚³¥¸É¥ ¸ ÔÉ¨³, ¢ ± Î¥¸É¢¥
Ï ¡²μ´μ¢ ¤²Ö ³´¨³μ° Î ¸É¨ É¥¸É¨·μ¢ ²¨¸Ó É¥ ¦¥ Ëμ·³Ò ¶μÉ¥´Í¨ ²  ¤¢μ°´μ£μ
Ëμ²¤¨´£  V DF , ±μÉμ·Ò¥ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¤²Ö ¢¥Ð¥¸É¢¥´´μ° Î ¸É¨. �± § ²μ¸Ó,
ÎÉμ ¨ É¥ ¨ ¤·Ê£¨¥ · ¸Î¥ÉÒ ¸ ¶μ¤£μ´±μ° ±μÔËË¨Í¨¥´Éμ¢ Nr ¨ Nim ¶μ ¤ ´´Ò³
Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¤ ÕÉ ¡²¨§±¨¥ ·¥§Ê²ÓÉ ÉÒ,   ¶μ²ÊÎ¥´´Ò¥ ±·¨¢Ò¥ ¸¥Î¥´¨°
Ìμ·μÏμ ¸μ¢¶ ¤ ÕÉ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. ˆ ¢¸¥ ¦¥ ´¥±μÉμ·μ¥ ¶·¥¤-
¶μÎÉ¥´¨¥ ³Ò μÉ¤ ¥³ Ï ¡²μ´ ³ ¶μÉ¥´Í¨ ²  ¤¢μ°´μ£μ Ëμ²¤¨´£ . ˆ³¥´´μ ¤²Ö
´¨Ì ³Ò ¶·¨¢μ¤¨³ ¢ É ¡²¨Í¥ §´ Î¥´¨Ö ´μ·³¨·ÊÕÐ¨Ì ±μÔËË¨Í¨¥´Éμ¢ Nr ¨
Nim. ’¥ ¦¥ ¸ ³Ò¥ ±μÔËË¨Í¨¥´ÉÒ ³Ò ¨¸¶μ²Ó§Ê¥³ ¢ ± Î¥¸É¢¥ ¸¨²μ¢ÒÌ ³´μ¦¨-
É¥²¥° ¢ ³¨±·μ¸±μ¶¨Î¥¸±¨Ì ¶¥·¥Ìμ¤´ÒÌ ¶μÉ¥´Í¨ ² Ì

Uint(r) = NrVint(r) + iNimVint(r), (19)

£¤¥ Vint · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¶μ Ëμ·³Ê² ³ (9)Ä(15).

5



	É¨ ¶¥·¥Ìμ¤´Ò¥ ¶μÉ¥´Í¨ ²Ò,   ÉμÎ´¥¥, ±·¨¢Ò¥ ¨Ì · ¤¨ ²Ó´μ° § ¢¨¸¨³μ-

¸É¨ NrV
(2)
int , ¶·¨¢¥¤¥´Ò ´  ·¨¸. 1 ¢³¥¸É¥ ¸ Í¥´É· ²Ó´Ò³¨ ¶μÉ¥´Í¨ ² ³¨ Ê¶·Ê-

£μ£μ · ¸¸¥Ö´¨Ö NrV
DF . —Éμ ± ¸ ¥É¸Ö ±Ê²μ´μ¢¸±¨Ì ¶¥·¥Ìμ¤´ÒÌ ¶μÉ¥´Í¨ ²μ¢,

Éμ ³Ò ¨Ì ´¥ ¶·¨¢μ¤¨³. �´¨ · ¸¸Î¨ÉÒ¢ ²¨¸Ó, ± ± μ¡ÒÎ´μ ¤²Ö ¢§ ¨³μ¤¥°¸É¢¨Ö
§ ·Ö¤  Z1e ¸ ¶μ²¥³ μ¤´μ·μ¤´μ£μ · ¸¶·¥¤¥²¥´´μ£μ § ·Ö¤  Z2e ¢ μ¡Ñ¥³¥ Ô²-

²¨¶¸μ¨¤  ¸ · ¤¨Ê¸μ³ Rc(1 +
∑

α2μY2μ(r̂)), £¤¥ Rc = 1, 2(A1/3
1 + A

1/3
2 ) Ë³.

‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ëμ·³Ê²Ò ¤²Ö Í¥´É· ²Ó´μ£μ ¨ ±¢ ¤·Ê¶μ²Ó´μ£μ ¶¥·¥Ìμ¤´μ£μ
±Ê²μ´μ¢¸±μ£μ ¶μÉ¥´Í¨ ²μ¢ ¶·¨¢¥¤¥´Ò ¢ [4].

�¨¸. 1. ‚¥Ð¥¸É¢¥´´ Ö Î ¸ÉÓ ¶μÉ¥´Í¨ ²μ¢ NrV
DF (r) Ê¶·Ê£μ£μ (ÏÉ·¨Ìμ¢Ò¥ ±·¨¢Ò¥) ¨

NrV
(2)
int (r) ´¥Ê¶·Ê£μ£μ (¸¶²μÏ´Ò¥) Ö¤·μ-Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, · ¸¸Î¨É ´´Ò¥ ¤²Ö

· ¸¸¥Ö´¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ 17� ´  · §²¨Î´ÒÌ Ö¤· Ì-³¨Ï¥´ÖÌ ¶·¨ Elab = 1435 ŒÔ‚
(¸³. É¥±¸É)

3. ‘��‚�…�ˆ… ‘ �Š‘�…�ˆŒ…�’�Œ. ‚›‚�„›

�  ·¨¸. 2 ¶μ± § ´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ´¥-
Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¸ ¶μ³μÐÓÕ ¶·μ£· ³³ ECIS (¸¶²μÏ´Ò¥ ±·¨¢Ò¥) ¨ ‚	�
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�¨¸. 2. „¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö, · ¸¸Î¨É ´´Ò¥ ³¥Éμ¤μ³
¸¢Ö§¨ ± ´ ²μ¢ (¸¶²μÏ´Ò¥ ±·¨¢Ò¥) ¨ ³¥Éμ¤μ³ ‚	� (ÏÉ·¨Ìμ¢Ò¥ ±·¨¢Ò¥) ¢μ ¢§ ¨³μ¤¥°-
¸É¢¨ÖÌ Ö¤¥· 17� ¸ Ö¤· ³¨-³¨Ï¥´Ö³¨ ¶·¨ 1435 ŒÔ‚ ¸ ¢μ§¡Ê¦¤¥´¨¥³ ¢ ´¨Ì ¶¥·¥Ìμ¤ 
0+ → 2+. 	±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨§ [8]

(¶Ê´±É¨·). �·¨ ÔÉμ³ ¶μÉ¥´Í¨ ² Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¡Ò² ¶μ²ÊÎ¥´, ± ± μ¶¨¸Ò-
¢ ²μ¸Ó ¢ÒÏ¥, §  ¸Î¥É ¶μ¤£μ´±¨ ± Ô±¸¶¥·¨³¥´ÉÊ ¸¨²μ¢ÒÌ ¶ · ³¥É·μ¢ Nr, Nim
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¡¥§ ÊÎ¥É  ¸¢Ö§¨ ÔÉμ£μ ± ´ ²  ¸ ´¥Ê¶·Ê£¨³. ‡ É¥³ ¢ÒÎ¨¸²Ö²μ¸Ó ¸¥Î¥´¨¥ ´¥Ê¶·Ê-
£μ£μ · ¸¸¥Ö´¨Ö ¸ ¶μ¤£μ´±μ° Éμ²Ó±μ ¶ · ³¥É·  ¤¥Ëμ·³ Í¨¨ β Ö¤· -³¨Ï¥´¨.
‚ ¸²ÊÎ ¥ · ¸Î¥É  ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¸ ¶μ³μÐÓÕ ±μ¤  ECIS ¸¢Ö§Ó ÔÉμ£μ
± ´ ²  ¸ Ê¶·Ê£¨³ Î¥·¥§ ¶¥·¥Ìμ¤´μ° ¶μÉ¥´Í¨ ² ÊÎ¨ÉÒ¢ ² ¸Ó, ¢μμ¡Ð¥ £μ¢μ·Ö,
¢μ ¢¸¥Ì ¶μ·Ö¤± Ì É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°. 	ÉμÉ ¢±² ¤ μ¶·¥¤¥²Ö¥É¸Ö ¢¥²¨Î¨´μ°
¶ · ³¥É·μ¢ ¤¥Ëμ·³ Í¨¨ ¢ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ´Ê±²μ´μ¢ Ö¤· -³¨Ï¥´¨
β(n) ¨ ¤¥Ëμ·³ Í¨¨ β(c) μ¤´μ·μ¤´μ£μ · ¸¶·¥¤¥²¥´¨Ö § ·Ö¤  ¢´ÊÉ·¨ ¸Ë¥·Ò ¸
· ¤¨Ê¸μ³, · ¢´Ò³ ¸Ê³³¥ · ¤¨Ê¸μ¢ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·. ‚μμ¡Ð¥ £μ¢μ·Ö,
ÔÉμÉ ¶ · ³¥É· β(c) ´¥ ¤μ²¦¥´ ¸μ¢¶ ¤ ÉÓ ¸ ¶ · ³¥É·μ³ ¤¥Ëμ·³ Í¨¨ · ¸¶·¥-
¤¥²¥´¨Ö § ·Ö¤  Ö¤· -³¨Ï¥´¨. ’¥³ ´¥ ³¥´¥¥, ³Ò ·¥Ï¨²¨ ¡· ÉÓ β(c) É ±, ± ±
¢ · ¡μÉ¥ [8],   ¨³¥´´μ, ¨§ ¤ ´´ÒÌ ¶μ ¢¥·μÖÉ´μ¸ÉÖ³ Ô²¥±É·¨Î¥¸±μ£μ ¶¥·¥-
Ìμ¤  ´  2+-Ê·μ¢¥´Ó ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ö¤· Ì-³¨Ï¥´ÖÌ. 	É¨ §´ Î¥´¨Ö β(c)

¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥. ‚Éμ·μ° ¦¥ ¶ · ³¥É· β(n) ¶μ¤£μ´Ö²¸Ö ± Ô±¸¶¥·¨³¥´-

� · ³¥É·Ò ¶¥·¥´μ·³¨·μ¢±¨ Nr, Nim ¨ ¤¥Ëμ·³ Í¨¨ β(c) ±Ê²μ´μ¢¸±μ£μ ¨ β(n)

Ö¤¥·´μ£μ ¶¥·¥Ìμ¤´ÒÌ ¶μÉ¥´Í¨ ²μ¢

� · ³¥É·Ò 17O + 60Ni 17O + 90Zr 17O + 120Sn 17O + 208Pb

�¥·¥´μ·³¨·μ¢μÎ´Ò¥ Nr 0,6 0,6 0,5 0,5

±μÔËË¨Í¨¥´ÉÒ Nim 0,6 0,5 0,5 0,8

ŠÊ²μ´μ¢¸± Ö ¤¥Ëμ·³ Í¨Ö β(c) 0,2067 0,091 0,1075 0,0544

Ÿ¤¥·´ Ö ¤¥Ëμ·³ Í¨Ö(ECIS) β(n) 0,2541 0,071 0,1063 0,078∗

Ÿ¤¥·´ Ö ¤¥Ëμ·³ Í¨Ö (‚	�) β(n) 0,4 0,14 0,25 0,12

∗„²Ö ³´¨³μ° Î ¸É¨ ¶¥·¥Ìμ¤´μ° ¶²μÉ´μ¸É¨ §´ Î¥´¨¥ β
(n)
im = 0,0222.

É ²Ó´Ò³ ¤ ´´Ò³ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö. —Éμ ± ¸ ¥É¸Ö · ¸Î¥Éμ¢ ¸¥Î¥´¨Ö ¢
· ³± Ì ‚	�, Éμ §¤¥¸Ó ÊÎ¨ÉÒ¢ ¥É¸Ö ¢±² ¤ Éμ²Ó±μ μ¤´μ£μ ²¨´¥°´μ£μ ¶μ ¶¥·¥-
Ìμ¤´μ³Ê ¶μÉ¥´Í¨ ²Ê Î²¥´  ¢  ³¶²¨ÉÊ¤¥ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö. ˆ§ ·¨¸Ê´± 
¢¨¤´μ, ÎÉμ É ±¨³ μ¡· §μ³ Ê¤ ¥É¸Ö ¶μ²ÊÎ¨ÉÓ ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ¸
Ô±¸¶¥·¨³¥´Éμ³, ±·μ³¥ μ¶¨¸ ´¨Ö ¢ ‚	�-μ¡² ¸É¨ ³ ²ÒÌ Ê£²μ¢ ¶·¨ · ¸¸¥Ö´¨¨
´  ÉÖ¦¥²ÒÌ Ö¤· Ì. �μ²ÊÎ ¥³Ò¥ ¢ ‚	�- ¨ ECIS-· ¸Î¥É Ì ¶ · ³¥É·Ò ¤¥Ëμ·³ -
Í¨¨ β(n) · §²¨Î ÕÉ¸Ö ¶·¨³¥·´μ ¢ ¶μ²Éμ· -¤¢  · § . ‚μ ¢¸¥Ì ¸²ÊÎ ÖÌ, ±·μ³¥
· ¸¸¥Ö´¨Ö ´  Ö¤·¥ 208Pb ¢ ECIS-· ¸Î¥É Ì, ¶ · ³¥É·Ò β(n) ¤¥°¸É¢¨É¥²Ó´μ° ¨
³´¨³μ° Î ¸É¥° ¶¥·¥Ìμ¤´ÒÌ ¶μÉ¥´Í¨ ²μ¢ μ± §Ò¢ ÕÉ¸Ö μ¤¨´ ±μ¢Ò³¨. ‚ Ê¶μ-
³Ö´ÊÉμ³ ¸²ÊÎ ¥ ¶·¨Ï²μ¸Ó ¤¥² ÉÓ ¶μ¤£μ´±Ê ¸ · §´Ò³¨ §´ Î¥´¨Ö³¨ ¶ · ³¥É·μ¢
¤¥Ëμ·³ Í¨¨ ¢¥Ð¥¸É¢¥´´μ° ¨ ³´¨³μ° Î ¸É¨ ¶¥·¥Ìμ¤´ÒÌ ¶μÉ¥´Í¨ ²μ¢, ¨ ³Ò

¶μ²ÊÎ¨²¨ β
(n)
r = 0,078 ¨ β

(n)
im = 0,0222. 	ÉμÉ ·¥§Ê²ÓÉ É ³μ¦¥É ¨§³¥´¨ÉÓ¸Ö,

¥¸²¨ ¢ ¶¥·¥Ìμ¤´μ° ¶²μÉ´μ¸É¨ o(2)
2 ¢³¥¸Éμ Ëμ·³Ò r2(dρ2(r2)/dr2) ¢§ÖÉÓ Ëμ·³Ê
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R2(dρ2(r2)/dr2), £¤¥ R2 Å · ¤¨Ê¸ Ö¤· -³¨Ï¥´¨. „¥°¸É¢¨É¥²Ó´μ, ÔÉμ ¶·¨¢¥¤¥É
¢ μ¡² ¸É¨ ¶¥·¨Ë¥·¨¨ ± Ê¢¥²¨Î¥´¨Õ ¢±² ¤  ±Ê²μ´μ¢¸±μ£μ ¶¥·¥Ìμ¤´μ£μ ¶μÉ¥´-
Í¨ ² . � §´ Î¨É, ´¥ ¶·¨¤¥É¸Ö Ê¢¥²¨Î¨¢ ÉÓ ¢±² ¤ Ö¤¥·´μ° Î ¸É¨  ³¶²¨ÉÊ¤Ò § 
¸Î¥É Ê³¥´ÓÏ¥´¨Ö ³´¨³μ° Î ¸É¨ ¶¥·¥Ìμ¤´μ£μ Ö¤¥·´μ£μ ¶μÉ¥´Í¨ ² . 	Éμ ³μ¦´μ
Ê¢¨¤¥ÉÓ ´  ·¨¸. 3, £¤¥ ¶·¨¢¥¤¥´Ò É·¨ ¶¥·¥Ìμ¤´ÒÌ ¶μÉ¥´Í¨ ² . „¢  ¨§ ´¨Ì

�¨¸. 3. �¥·¥Ìμ¤´Ò¥ ¶μÉ¥´Í¨ ²Ò (· ¤¨ ²Ó´ Ö Î ¸ÉÓ) ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ÉÖ¦¥²ÒÌ ¨μ-

´μ¢ 17� ´  Ö¤· Ì 60Ni ¨ 90Zr ¶·¨ 1435 ŒÔ‚. Œ¨±·μ¸±μ¶¨Î¥¸±¨° · ¸Î¥É NrV
(2)
int (r) Å

¸¶²μÏ´Ò¥ ±·¨¢Ò¥. �μ²Ê³¨±·μ¸±μ¶¨Î¥¸± Ö ³μ¤¥²Ó: V DF−I
int (r) (ÏÉ·¨Ì¨) ¨ V DF−II

int (r)
(ÏÉ·¨Ì¶Ê´±É¨·) (¸³. É¥±¸É)

(ÏÉ·¨Ìμ¢ Ö ¨ ÏÉ·¨Ì¶Ê´±É¨·´ Ö ±·¨¢Ò¥) ¸μμÉ¢¥É¸É¢ÊÕÉ ¶¥·¥Ìμ¤´Ò³ ¶μÉ¥´Í¨-
 ² ³, ¶μ¸É·μ¥´´Ò³ ¨§ ¶·μ¨§¢μ¤´ÒÌ μÉ ËÊ´±Í¨° · ¸¶·¥¤¥²¥´¨Ö ³¨±·μ¸±μ¶¨-
Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¢ ¢¨¤¥ V DF−I

int = Nr r(dV DF (r)/dr)
¨ V DF−II

int = Nr R(dV DF (r)/dr), £¤¥ R = rm Å · ¤¨Ê¸ ¢ ÉμÎ±¥ ³ ±¸¨-
³Ê³  ËÊ´±Í¨¨ V DF−I

int . �  ¶¥·¨Ë¥·¨¨ ±·¨¢ Ö Ìμ¤  ¢Éμ·μ£μ ¶μÉ¥´Í¨ ²  ¨¤¥É
§ ³¥É´μ ´¨¦¥ ¶¥·¢μ£μ, μÉ¤ ¢ Ö ¶·¥¨³ÊÐ¥¸É¢  ¢±² ¤Ê ±Ê²μ´μ¢¸±μ£μ ¶¥·¥Ìμ¤-
´μ£μ ¶μÉ¥´Í¨ ² , ÎÉμ ¨²²Õ¸É·¨·Ê¥É ¢ÒÏ¥¶·¨¢¥¤¥´´Ò¥ ±μ³³¥´É ·¨¨. ’·¥ÉÓÖ

(¸¶²μÏ´ Ö) ±·¨¢ Ö Å ´ Ï ³¨±·μ¸±μ¶¨Î¥¸±¨° ¶μÉ¥´Í¨ ² NrV
(2)
int . �´ ¶·¨¢¥-

¤¥´, ÎÉμ¡Ò Ê¢¨¤¥ÉÓ · §´¨ÍÊ ¢ ¥£μ ¶μ¢¥¤¥´¨¨ ¨ ¶μ¢¥¤¥´¨¨ ¤¢ÊÌ ¤·Ê£¨Ì ¶μÉ¥´-
Í¨ ²μ¢, ¶μ¸É·μ¥´´ÒÌ ¢ · ³± Ì ³¥´¥¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ¶μ²Ê³¨±·μ¸±μ¶¨Î¥-
¸±μ£μ ¶μ¤Ìμ¤ , ±μ£¤  ¶¥·¥Ìμ¤´Ò° ¶μÉ¥´Í¨ ² ¸É·μ¨É¸Ö ´  μ¸´μ¢¥ ¶·μ¨§¢μ¤´μ°
μÉ ¶μÉ¥´Í¨ ²  Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö.

‡ ±²ÕÎ¨É¥²Ó´μ¥ § ³¥Î ´¨¥ ± ¸ ¥É¸Ö ´¥±μÉμ·μ° ´¥¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ´ -
Ï¨Ì · ¸Î¥Éμ¢. �μ²¥¥ ¶· ¢¨²Ó´μ ¡Ò²μ ¡Ò μ¶·¥¤¥²ÖÉÓ μ¤´μ¢·¥³¥´´μ ¢¸¥ ¶ · -
³¥É·Ò § ¤ Î¨ Nr, Nim ¨ β(n) ¢ Ìμ¤¥ ¸μ¢³¥¸É´μ° ¶μ¤£μ´±¨ ¸¥Î¥´¨° Ê¶·Ê£μ£μ
¨ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö,   ´¥ · §¤¥²ÖÉÓ § ¤ ÎÊ, ¶μ¤£μ´ÖÖ ¸´ Î ²  Nr, Nim ¢
Ê¶·Ê£μ³ ± ´ ²¥,   ¶μÉμ³ β(n) ¢ ´¥Ê¶·Ê£μ³. Š ± ¶·¨³¥·, ´  ·¨¸. 4 ¸¶²μÏ´Ò³¨
±·¨¢Ò³¨ ¶μ± § ´Ò ¸¥Î¥´¨Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ³¨±·μ¶μ-
É¥´Í¨ ² ³ ¸ ¶ · ³¥É· ³¨ ´ Ï¥° ¶μ¤£μ´±¨ Nr, Nim ¨§ É ¡²¨ÍÒ,   ¶Ê´±É¨·μ³
¤ ´μ ¸¥Î¥´¨¥ ¸ ÔÉ¨³¨ ¦¥ ¶μÉ¥´Í¨ ² ³¨ ¶·¨ μ¤´μ¢·¥³¥´´μ³ ÊÎ¥É¥ ¢±² ¤ 

9



´¥Ê¶·Ê£μ£μ ± ´ ²  §  ¸Î¥É ¤μ¡ ¢²¥´¨Ö ¢ ±μ¤ ECIS ¶¥·¥Ìμ¤´ÒÌ ³¨±·μ¶μÉ¥´Í¨-
 ²μ¢. ‚²¨Ö´¨¥ ´¥Ê¶·Ê£μ£μ ± ´ ²  ¶·¨¢μ¤¨É ¢ μ¸´μ¢´μ³ ± ´¥¡μ²ÓÏμ³Ê ¨§³¥-
´¥´¨Õ Ëμ·³Ò Ê£²μ¢μ£μ · ¸¶·¥¤¥²¥´¨Ö ¸¥Î¥´¨Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö, ¨ ¶μÎÉ¨
´¥ ³¥´Ö¥É ¥£μ  ¡¸μ²ÕÉ´ÊÕ ¢¥²¨Î¨´Ê.

�¨¸. 4. „¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö Ö¤¥·, μÉ´¥¸¥´´Ò¥ ± ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨³ ·¥§¥·Ëμ·¤μ¢¸±¨³ ¸¥Î¥´¨Ö³, ¤²Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ 17O ´  Ö¤· Ì 60Ni ¨ 90Zr
¶·¨ 1435 ŒÔ‚ ¡¥§ ÊÎ¥É  ¢²¨Ö´¨Ö ¸¢Ö§¨ ± ´ ²μ¢ 0+ → 2+ (¸¶²μÏ´Ò¥ ±·¨¢Ò¥) ¨ ¸
ÊÎ¥Éμ³ (¶Ê´±É¨·´Ò¥ ±·¨¢Ò¥). 	±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨§ [8]

‚ Í¥²μ³ ³μ¦´μ ¸Î¨É ÉÓ, ÎÉμ ¢ ·¥§Ê²ÓÉ É¥ ¶·μ¢¥¤¥´´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ-
¸³ É·¨¢ ¥É¸Ö ¶¥·¸¶¥±É¨¢ , ± ± Ê¸μ¢¥·Ï¥´¸É¢μ¢ ÉÓ ³¥Ì ´¨§³ Ö¤·μ-Ö¤¥·´μ£μ
´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¨ ¶μ²ÊÎ¨ÉÓ É ±¨³ μ¡· §μ³ ¡μ²¥¥ ÉμÎ´Ò¥ ¤ ´´Ò¥ μ ¶ · -
³¥É· Ì ¤¥Ëμ·³ Í¨¨ Ö¤¥· ¨²¨ ¶¥·¥Ìμ¤´ÒÌ ¸É·Ê±ÉÊ·´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´É Ì.

‚ § ±²ÕÎ¥´¨¥  ¢Éμ·Ò Š.‚.‹., …. ‚. ‡. ¨ ˆ.�.Š. ¡² £μ¤ ·ÖÉ §  ¶μ¤¤¥·¦±Ê
�””ˆ (¶·μ¥±É 06-01-00228).
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