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1. ‚‚…„…�ˆ…

Š ´ ¸ÉμÖÐ¥³Ê ³μ³¥´ÉÊ ´ ±μ¶²¥´ §´ Î¨É¥²Ó´Ò° ³ É¥·¨ ² ¶μ ¤¨ËË¥·¥´-
Í¨ ²Ó´Ò³ ¸¥Î¥´¨Ö³ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¨ ¶μ²´Ò³ ¸¥Î¥´¨Ö³ Ö¤·μ-Ö¤¥·´ÒÌ
·¥ ±Í¨° ¶·¨ ¶·μ³¥¦ÊÉμÎ´ÒÌ Ô´¥·£¨ÖÌ. �Éμ ¤¥² ¥É  ±ÉÊ ²Ó´Ò³ · §¢¨É¨¥ ³¨-
±·μ¸±μ¶¨Î¥¸±¨Ì ³μ¤¥²¥° ¤²Ö  ¤¥±¢ É´μ£μ μ¶¨¸ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´-
´ÒÌ ¡¥§ ¨¸¶μ²Ó§μ¢ ´¨Ö Ë¥´μ³¥´μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢. Š ¤ ´´μ° ¶·μ¡²¥-
³ É¨±¥ μÉ´μ¸ÖÉ¸Ö, ¢ Éμ³ Î¨¸²¥, § ¤ Î¨ ¨¸¸²¥¤μ¢ ´¨Ö Ö¤¥· ¸ Ô±§μÉ¨Î¥¸±μ°
¸É·Ê±ÉÊ·μ° [1,2]. �Éμ Ö¤·  ¸ ®´¥°É·μ´´Ò³ £ ²μ¯, ´¥°É·μ´´μ- ¨²¨ ¶·μÉμ´´μ-
¨§¡ÒÉμÎ´Ò¥ Ö¤· ,   É ±¦¥ Ö¤·  ¸  ²ÓË -±² ¸É¥·´μ° ¸É·Ê±ÉÊ·μ°. ˆÌ ¸¢μ°¸É¢ 
¶·μÖ¢²ÖÕÉ¸Ö ¢ ´ ¡²Õ¤ ¥³ÒÌ Ì · ±É¥·¨¸É¨± Ì · ¸¸¥Ö´¨Ö ´  ¸É ¡¨²Ó´ÒÌ Ö¤· Ì
¸ Ìμ·μÏμ Ê¸É ´μ¢²¥´´μ° ¸É·Ê±ÉÊ·μ°. Š·μ³¥ Éμ£μ, · §· ¡μÉ±  ³μ¤¥²¥° Ö¤·μ-
Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ¦´  ¢ ¸¢Ö§¨ ¸ ¶·¨±² ¤´Ò³¨ ¨¸¸²¥¤μ¢ ´¨Ö³¨ ¶μ
¶·¥μ¡· §μ¢ ´¨Õ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥·´ÒÌ μÉÌμ¤μ¢ ¢ · ¤¨ Í¨μ´´μ ¡¥§μ¶ ¸´Ò¥
¶·μ¤Ê±ÉÒ.

„¢¨¦¥´¨¥ ´ ²¥É ÕÐ¥£μ Ö¤·  ¸ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¥° E ¢ ¶μ²¥ ¶μÉ¥´Í¨-
 ²  U μ¶¨¸Ò¢ ¥É¸Ö ¢μ²´μ¢Ò³ Ê· ¢´¥´¨¥³ ˜·¥¤¨´£¥· 

�
2

2μ
ΔΨ + (E − U(Ψ))Ψ = 0, (1.1)

£¤¥ U ¥¸ÉÓ ±μ³¶²¥±¸´Ò° (μ¶É¨Î¥¸±¨°) Ö¤·μ-Ö¤¥·´Ò° ¶μÉ¥´Í¨ ²

U(r) = V (r) + iW (r), (1.2)

μ = m A1A2
A1+A2

Å ¶·¨¢¥¤¥´´ Ö ³ ¸¸ ; m Å ³ ¸¸  ´Ê±²μ´ ; A1, A2 Å  Éμ³-
´Ò¥ ¢¥¸  ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·; Ψ(r) Å ¢μ²´μ¢ Ö ËÊ´±Í¨Ö μÉ´μ¸¨É¥²Ó´μ£μ
¤¢¨¦¥´¨Ö Ö¤¥·; � Å ¶μ¸ÉμÖ´´ Ö �² ´± . ‚ ¶·¨´Í¨¶¥ ¶·¨ ¶μ¸É·μ¥´¨¨ ³¨±·μ-
¸±μ¶¨Î¥¸±¨Ì ³μ¤¥²¥° Ö¤¥·´μ£μ ¶μÉ¥´Í¨ ²  ¨¸Ìμ¤´μ¥ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥· 
§ ¶¨¸Ò¢ ¥É¸Ö ¤²Ö ¸¨¸É¥³Ò ¢¸¥Ì ÊÎ ¸É¢ÊÕÐ¨Ì ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨ ¤·Ê£ ¸ ¤·Ê£μ³
´Ê±²μ´μ¢ ¨ § É¥³ ¶·¥μ¡· §Ê¥É¸Ö É ±, ÎÉμ¡Ò ¢Ò¤¥²¨ÉÓ Ê· ¢´¥´¨¥ Éμ²Ó±μ ¤²Ö
Î ¸É¨ Ψ(r) ¶μ²´μ° ¢μ²´μ¢μ° ËÊ´±Í¨¨, ±μÉμ· Ö § ¢¨¸¨É μÉ ±μμ·¤¨´ ÉÒ ³¥¦¤Ê
Í¥´É· ³¨ ÉÖ¦¥¸É¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· r. Š ± ¶· ¢¨²μ, ÔÉμ Ê· ¢´¥´¨¥ μ± -
§Ò¢ ¥É¸Ö ´¥²¨´¥°´Ò³, £¤¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶μÉ¥´Í¨ ² ¸ ³ § ¢¨¸¨É μÉ Ψ(r).
�¤´ ±μ ´  ¶· ±É¨±¥ § ¤ ÎÊ Ê¶·μÐ ÕÉ ¨ ¸¢μ¤ÖÉ ¶·μ¡²¥³Ê ± ·¥Ï¥´¨Õ ¤¢ÊÌ
´¥§ ¢¨¸¨³ÒÌ § ¤ Î,   ¨³¥´´μ, ± · §· ¡μÉ±¥ ³¥Éμ¤μ¢ ¶μ¸É·μ¥´¨Ö ³¨±·μ¸±μ-
¶¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  ¸ ÊÎ¥Éμ³ μ¸´μ¢´ÒÌ, ²¨´¥°´ÒÌ, Î²¥´μ¢ ¶μ ¶μÉ¥´Í¨ ²Ê
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´Ê±²μ´-´Ê±²μ´´μ£μ (NN ) ¢§ ¨³μ¤¥°¸É¢¨Ö vNN , ¨ ´¥§ ¢¨¸¨³μ, ± ·¥Ï¥´¨Õ
Ê· ¢´¥´¨Ö (1.1) c ¶μ²ÊÎ¥´´Ò³ ¶μÉ¥´Í¨ ²μ³ U(r). ‚ ÔÉμ° ¶μ¸²¥¤´¥° § ¤ Î¥
¸ ¶μ³μÐÓÕ · §²μ¦¥´¨Ö Ψ(r) ¢ ·Ö¤ ¶μ ¸Ë¥·¨Î¥¸±¨³ £ ·³μ´¨± ³ ¶¥·¥Ìμ¤ÖÉ
± ¸¨¸É¥³¥ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ¤²Ö μ¤´μ³¥·´ÒÌ · ¤¨ ²Ó´ÒÌ ¢μ²-
´μ¢ÒÌ ËÊ´±Í¨° (¶ ·Í¨ ²Ó´ÒÌ ¢μ²´) ¨ ¸μ¸É ¢²ÖÕÉ ¶·μ£· ³³Ò ¨Ì Î¨¸²¥´´μ£μ
·¥Ï¥´¨Ö (´ ¶·¨³¥·, ECIS [3] ¨ DWUCK4 [4]). ‚ ´¥±μÉμ·ÒÌ Ë¨§¨Î¥¸±¨ μ¡μ-
¸´μ¢ ´´ÒÌ ¸²ÊÎ ÖÌ ¸É·μÖÉ ¶·¨¡²¨¦¥´´Ò¥  ´ ²¨É¨Î¥¸±¨¥ ³¥Éμ¤Ò ·¥Ï¥´¨Ö.
’ ±, ¶·¨ Ô´¥·£¨ÖÌ ¸Éμ²±´μ¢¥´¨Ö, §´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ ÕÐ¨Ì §´ Î¥´¨¥ ¶μ-
É¥´Í¨ ²  ¢ μ¡² ¸É¨ ¥£μ μ¸´μ¢´μ£μ ¢±² ¤  ¢ · ¸¸¥Ö´¨¥, ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ
Ö¢´Ò° ¢¨¤ Ô°±μ´ ²Ó´μ° Ë §Ò · ¸¸¥Ö´¨Ö ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥  ´ ²¨É¨Î¥¸±¨¥
¢Ò· ¦¥´¨Ö ¤²Ö  ³¶²¨ÉÊ¤Ò ¨ ¸¥Î¥´¨° · ¸¸¥Ö´¨Ö, § ¶¨¸ ´´Ò¥ ¢ ¢Ò¸μ±μÔ´¥·£¥-
É¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨ (‚��) (¸³., ´ ¶·¨³¥·, [5]).

—Éμ ¦¥ ± ¸ ¥É¸Ö ³¨±·μ¸±μ¶¨Î¥¸±¨Ì ¶μ¤Ìμ¤μ¢ ± · ¸Î¥ÉÊ ¸ ³μ£μ ¶μÉ¥´Í¨-
 ² , Éμ §¤¥¸Ó ¤²Ö ¶μ²ÊÎ¥´¨Ö ¥£μ ¢¥Ð¥¸É¢¥´´μ° Î ¸É¨ V ¡Ò²  · §· ¡μÉ ´´ Ö
³μ¤¥²Ó ¤¢μ°´μ£μ Ëμ²¤¨´£  (Œ„”) [6Ä8]. �´  Ê¸¶¥Ï´μ ¸¥¡Ö § ·¥±μ³¥´¤μ¢ ² 
¢ · ¸Î¥É Ì ¸¥Î¥´¨° ± ± ¶·μÉμ´-Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö, É ± ¨ · ¸¸¥Ö´¨Ö ²¥£±¨Ì ¨
ÉÖ¦¥²ÒÌ Ö¤¥· Ö¤· ³¨. �·¨ ÔÉμ³ ³´¨³ Ö Î ¸ÉÓ ¶μÉ¥´Í¨ ²  W ´¥ · ¸¸Î¨ÉÒ¢ -
¥É¸Ö,   § ¤ ¥É¸Ö Ë¥´μ³¥´μ²μ£¨Î¥¸±¨ ¸ ¶μ¸²¥¤ÊÕÐ¥° ¶μ¤£μ´±μ°, ± ± ¶· ¢¨²μ,
É·¥Ì ¨ ¡μ²¥¥ ¶ · ³¥É·μ¢, μ¶·¥¤¥²ÖÕÐ¨Ì Ëμ·³Ê W . �¤´ ±μ §¤¥¸Ó ³μ¦´μ ¨¸-
¶μ²Ó§μ¢ ÉÓ ± ± μ¸´μ¢Ê ¶μ²ÊÎ¥´´Ò° ´¥¤ ¢´μ ³¨±·μ¸±μ¶¨Î¥¸±¨° ±μ³¶²¥±¸´Ò°
Ö¤·μ-Ö¤¥·´Ò° ¶μÉ¥´Í¨ ² [9], ±μÉμ·Ò°  ¤¥±¢ É´μ ¢μ¸¶·μ¨§¢μ¤¨É Ë §Ê ³¨±·μ-
¸±μ¶¨Î¥¸±μ° É¥μ·¨¨ · ¸¸¥Ö´¨Ö ¢ ¥¥ μ¶É¨Î¥¸±μ³ ¶·¥¤¥²¥, · §¢¨Éμ° ´  μ¸´μ¢¥
¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ£μ ¶·¨¡²¨¦¥´¨Ö ¢ · ¡μÉ Ì [10, 11] ¤²Ö ¶·μÉμ´-Ö¤¥·´μ£μ
· ¸¸¥Ö´¨Ö ¨ § É¥³ μ¡μ¡Ð¥´´μ° ¢ · ¡μÉ Ì [12, 13] ´  ¸²ÊÎ ° Ö¤·μ-Ö¤¥·´μ£μ
· ¸¸¥Ö´¨Ö.

Š ± ¶μ± § ²¨ ¶· ±É¨Î¥¸±¨¥ · ¸Î¥ÉÒ [9, 14Ä16], ¸μÎ¥É ´¨¥ ¶μ¤Ìμ¤μ¢ ‚��
¨ Œ„” μ¡¥¸¶¥Î¨¢ ¥É ¸μ£² ¸ÊÕÐ¥¥¸Ö ¸ Ô±¸¶¥·¨³¥´Éμ³ μ¶¨¸ ´¨¥ ¤¨ËË¥·¥´Í¨-
 ²Ó´ÒÌ ¸¥Î¥´¨° Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö Ö¤¥· Ö¤· ³¨ ¨ ¶μ²´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨°
¶·¨ ¶·μ³¥¦ÊÉμÎ´ÒÌ Ô´¥·£¨ÖÌ μÉ 10 ¤μ 100 ŒÔ‚ ´  ´Ê±²μ´ ´ ²¥É ÕÐ¥£μ Ö¤· .
�ÉμÉ ¶μ¤Ìμ¤ ³μ¦´μ μ¡μ¡Ð¨ÉÓ É ±¦¥ ´  ¸²ÊÎ ° ´¥Ê¶·Ê£μ£μ Ö¤·μ-Ö¤¥·´μ£μ · ¸-
¸¥Ö´¨Ö ¢ Ê± § ´´μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨° [17].

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨§² £ ¥É¸Ö ³¥Éμ¤ ¶μ¸É·μ¥´¨Ö Ö¤·μ-Ö¤¥·´μ£μ ¶μÉ¥´-
Í¨ ²  ´  μ¸´μ¢¥ Œ„”. ‚ · §¤. 2 ¶·¨¢μ¤ÖÉ¸Ö Ëμ·³Ê²Ò, μ¶·¥¤¥²ÖÕÐ¨¥ ³μ-
¤¥²Ó ¶μÉ¥´Í¨ ²  ¤¢μ°´μ£μ Ëμ²¤¨´£  ¤²Ö Ö¤·μ-Ö¤¥·´μ£μ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö.
‚ · §¤. 3 ¤ ´μ μ¡μ¡Ð¥´¨¥ Œ„”-¶μÉ¥´Í¨ ²  ¤²Ö ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¸ ¢μ§-
¡Ê¦¤¥´¨¥³ ±μ²²¥±É¨¢´ÒÌ ¸μ¸ÉμÖ´¨° Ö¤¥·. ‚ · §¤. 4 μ¶¨¸ ´Ò ¨É¥· Í¨μ´´Ò°
³¥Éμ¤ ¨ ¶·μ£· ³³  ¤²Ö ¢ÒÎ¨¸²¥´¨Ö Ö¤·μ-Ö¤¥·´ÒÌ ¶μÉ¥´Í¨ ²μ¢ Œ„”, ¶·¨-
¢¥¤¥´Ò Ëμ·³Ë ±Éμ·Ò É¨¶¨Î´ÒÌ ¶²μÉ´μ¸É¥° ¨ ¶ · ³¥É·Ò NN -¶μÉ¥´Í¨ ²μ¢,
´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö · ¸Î¥Éμ¢. ‚ · §¤. 5 Å Î¨¸²¥´´Ò¥ ¶·¨³¥·Ò.
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2. ŒˆŠ��‘Š��ˆ—…‘Šˆ‰ ��’…�–ˆ�‹ M„” „‹Ÿ
Ÿ„��-Ÿ„…���ƒ� ��‘‘…Ÿ�ˆŸ

‚ ³μ¤¥²¨ ¤¢μ°´μ£μ Ëμ²¤¨´£  (Œ„”) ¶μÉ¥´Í¨ ² ¢§ ¨³μ¤¥°¸É¢¨Ö ¤¢ÊÌ Ö¤¥·
¸É·μ¨É¸Ö ± ± ¸Ê³³  ¶μÉ¥´Í¨ ²μ¢ ÔËË¥±É¨¢´μ£μ (¸ ÊÎ¥Éμ³ ¢²¨Ö´¨Ö Ö¤¥·´μ°
¸·¥¤Ò) ´Ê±²μ´-´Ê±²μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö vNN ± ¦¤μ£μ ¨§ ´Ê±²μ´μ¢ ´ ²¥É -
ÕÐ¥£μ Ö¤·  A1 c ´Ê±²μ´ ³¨ Ö¤· -³¨Ï¥´¨ A2. � ¸¶μ²μ¦¥´¨¥ ±μμ·¤¨´ É ÔÉ¨Ì
´Ê±²μ´μ¢ r1 ¨ r2 ¶μ± § ´μ ´  ·¨¸. 1,   ¢¥·μÖÉ´μ¸É¨ ¨Ì ´ Ìμ¦¤¥´¨Ö ¢ ¤ ´´ÒÌ

N

S

A1 A2

r1
r2

r

N

�¨¸. 1. ‘Ì¥³  · ¸¶μ²μ¦¥´¨Ö ±μμ·¤¨´ É, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ · ¸Î¥É Ì

ÉμÎ± Ì § ¤ ÕÉ¸Ö ËÊ´±Í¨Ö³¨ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¥° r1 ¨ r2 £¥μ³¥É·¨Î¥-
¸±¨Ì Í¥´É·μ¢ ´Ê±²μ´μ¢ (®ÉμÎ¥Î´ÒÌ ´Ê±²μ´μ¢¯) ¢ Ö¤· Ì A1 ¨ A2 ¸μμÉ¢¥É-
¸É¢¥´´μ. �·¨ ÔÉμ³ ¸Ê³³¨·μ¢ ´¨¥ § ³¥´Ö¥É¸Ö Ï¥¸É¨³¥·´Ò³ ¨´É¥£·¨·μ¢ ´¨¥³:

V (r) =
∫

ρ1(r1) vNN (s) ρ2(r2) d3r1d
3r2, s = r + r2 − r1. (2.1)

‡¤¥¸Ó ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ÉμÎ¥Î´ÒÌ ´Ê±²μ´μ¢ Ö¤·  ρ ¥¸ÉÓ
¸Ê³³  ¥£μ ´μ·³¨·μ¢ ´´ÒÌ ËÊ´±Í¨° · ¸¶·¥¤¥²¥´¨° ¶²μÉ´μ¸É¨ ¶·μÉμ´μ¢ ¨
´¥°É·μ´μ¢ ∗:

ρ = ρp + ρn, (2.2)

4π

∫ ∞

0

ρp(r) r2dr = Z, 4π

∫ ∞

0

ρn(r) r2dr = N, 4π

∫ ∞

0

ρ(r) r2dr = A.

(2.3)
…¸²¨ Ëμ·³Ò · ¸¶·¥¤¥²¥´¨° ρp ¨ ρn ¸μ¢¶ ¤ ÕÉ, Éμ

ρ(r) =
Z

A
ρ(r) +

N

A
ρ(r). (2.4)

∗�¨¦¥ ³Ò ¡Ê¤¥³ ¸¶¥Í¨ ²Ó´μ μ£μ¢ ·¨¢ ÉÓ ÉμÉ ¸²ÊÎ °, ±μ£¤  ËÊ´±Í¨¨ ¶²μÉ´μ¸É¨ ¸Ë¥·¨Î¥¸±¨-
¸¨³³¥É·¨Î´Ò¥, Éμ ¥¸ÉÓ ρ(r) ≡ ρ(r). �¤´ ±μ, ÎÉμ¡Ò ¶·¨ § ³¥´¥ ¶¥·¥³¥´´ÒÌ ´¥ § £·μ³μ¦¤ ÉÓ  ·-
£Ê³¥´ÉÒ §´ ± ³¨ ³μ¤Ê²Ö, ¡Ê¤¥³ ¸´¨³ ÉÓ §´ ± ¢¥±Éμ·  ¢ μ¸´μ¢´μ³ Éμ²Ó±μ ¢ ±μ´¥Î´ÒÌ ¢Ò· ¦¥´¨ÖÌ.
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‘μ£² ¸´μ ¶μ¤Ìμ¤Ê, μ¶·¥¤¥²Ö¥³μ³Ê Œ„”, ¢¥Ð¥¸É¢¥´´Ò° Ö¤·μ-Ö¤¥·´Ò° ¶μ-
É¥´Í¨ ² ¸μ¸Éμ¨É ¨§ ´¥¸±μ²Ó±¨Ì ¸² £ ¥³ÒÌ. �¨¦¥ ³Ò · ¸¸³μÉ·¨³ ¶μÉ¥´Í¨ ²
¶·Ö³μ£μ Ëμ²¤¨´£  V D, ± ± μ´ § ¤ ´ ¢Ò· ¦¥´¨¥³ (2.1), ¢ ¸²¥¤ÊÕÐ¥³ · §-
¤¥²¥ Å ¶μÉ¥´Í¨ ² ¸ ÊÎ¥Éμ³ ´Ê±²μ´´μ£μ μ¡³¥´  V EX . Š ¦¤Ò° ¨§ ´¨Ì · §¡¨-
¢ ¥É¸Ö, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ´  ¨§μ¸± ²Ö·´ÊÕ (IS) ¨ ¨§μ¢¥±Éμ·´ÊÕ (IV) Î ¸É¨, É ±
ÎÉμ ¸Ê³³ ·´Ò° ¶μÉ¥´Í¨ ² ¨³¥¥É ¢¨¤

V = V D + V EX = (V D
IS + V D

IV ) + (V EX
IS + V EX

IV ). (2.5)

2.1. �·Ö³μ° ¶μÉ¥´Í¨ ² Ëμ²¤¨´£ . �·μÉμ´Ò ¨ ´¥°É·μ´Ò μÉ²¨Î ÕÉ¸Ö ¶μ
Ì · ±É¥·Ê ¸¢μ¥£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¤·Ê£ ¸ ¤·Ê£μ³, ¨ ¶μÔÉμ³Ê ¸μ¸É ¢²ÖÕÐ¨¥ NN -
¶μÉ¥´Í¨ ²  ¸É·μÖÉ¸Ö ¸μ£² ¸´μ § ±μ´Ê ¸μÌ· ´¥´¨Ö ¨§μ¸¶¨´ , Éμ ¥¸ÉÓ

vnn = vpp = (v00 + v01)(δnn + δpp), vnp = vpn = (v00 − v01)(δnp + δpn),
(2.6)

£¤¥ δij=1 ¶·¨ i = j ¨ 0 ¶·¨ i �= j. �μ¤¸É ¢²ÖÖ ÔÉ¨ NN -¶μÉ¥´Í¨ ²Ò ¢ (2.1) ¨
ÊÎ¨ÉÒ¢ Ö (2.2) ¨ (2.6), ¶μ²ÊÎ ¥³

V D
IS(r) =

∫
ρ1(r1) ρ2(r2) vD

00(E, ρ, s) d3r1d
3r2, (2.7)

V D
IV (r) =

∫
δρ1(r1) δρ2(r2) vD

01(E, ρ, s) d3r1d
3r2, (2.8)

£¤¥
δρi(ri) = ρi,p(ri,p) − ρi,n(ri,n), i = 1, 2. (2.9)

�ËË¥±É¨¢´Ò¥ NN -¶μÉ¥´Í¨ ²Ò ¢ Ö¤¥·´μ° ¸·¥¤¥ vD
00 ¨ vD

0I ¶ · ³¥É·¨§Ê-
ÕÉ¸Ö μÉ¤¥²Ó´μ. �´¨ ¢±²ÕÎ ÕÉ § ¢¨¸¨³μ¸ÉÓ μÉ Ô´¥·£¨¨ ´ ²¥É ÕÐ¥£μ ´Ê±²μ´ 
E/A1 ¨ μÉ ¶²μÉ´μ¸É¨ Ö¤¥· ρ = ρ1 + ρ2 ¢ μ¡² ¸É¨ ¨Ì ¶¥·¥±·ÒÉ¨Ö. ‡ ¶¨Ï¥³
É ±μ° ¶μÉ¥´Í¨ ² ± ±

v(E, ρ, s) = g(E)F (ρ) v(s). (2.10)

Šμ··¥±É¨·ÊÕÐ Ö ËÊ´±Í¨Ö F (ρ) § ¤ ¥É § ¢¨¸¨³μ¸ÉÓ μÉ ¶²μÉ´μ¸É¨ ¢ μ¡Ð¥³
¢¨¤¥ [19]:

F (ρ) = C[1 + α e−βρ − γρ], ρ = ρ1 + ρ2. (2.11)

�·¨ ¶μ¤¸É ´μ¢±¥ (2.10), (2.11) ¢ ¢Ò· ¦¥´¨¥ ¤²Ö ¶μÉ¥´Í¨ ²  ¶·Ö³μ£μ Ëμ²¤¨´£ 
(2.7) ¨´É¥£· ² Ê¤ ¥É¸Ö Ê¶·μ¸É¨ÉÓ ¨ ¸¢¥¸É¨ ± μ¤´μ³¥·´μ³Ê, ¥¸²¨ ¢ F (ρ) ¢ ± -
Î¥¸É¢¥  ·£Ê³¥´Éμ¢ ËÊ´±Í¨° ¶²μÉ´μ¸É¨ Ö¤¥· 1 ¨ 2 ¢Ò¡¨· ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥
±μμ·¤¨´ ÉÒ ´Ê±²μ´μ¢,   ¨³¥´´μ,

ρ = ρ1(r1) + ρ2(r2). (2.12)
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’μ£¤  (2.7) ¶·¨´¨³ ¥É ¢¨¤

V D
IS(r) = Cg(E)

∫ {
ρ1(r1)ρ2(r2) + α �̄1(r1)�̄2(r2)−

− γ
[
�̃1(r1)ρ2(r2) + ρ1(r1)�̃2(r2)

]}
vD
00(s) d3r1d

3r2, (2.13)

£¤¥

�̄i(ri) = ρi(ri) e−βρi(ri), �̃i(ri) =
[
ρi(ri)

]2
, i = 1, 2. (2.14)

„²Ö ¶μ¸²¥¤ÊÕÐ¨Ì · ¸Î¥Éμ¢ Ï¥¸É¨³¥·´Ò° ¨´É¥£· ² (2.13) Ê¶·μÐ ¥É¸Ö ¶Ê-
É¥³ ¶¥·¥Ìμ¤  ¢ ¨³¶Ê²Ó¸´μ¥ ¶·¥¤¸É ¢²¥´¨¥. ‚ ¸²ÊÎ ¥ · ¸¸¥Ö´¨Ö ¸Ë¥·¨Î¥¸±¨-
¸¨³³¥É·¨Î´ÒÌ Ö¤¥· ¶μ¤Ò´É¥£· ²Ó´Ò¥ ËÊ´±Í¨¨ ¢ (2.13) ´¥ § ¢¨¸ÖÉ μÉ Ê£²μ¢ÒÌ
¶¥·¥³¥´´ÒÌ, ¨ ¶μÉ¥´Í¨ ² ¢Ò· ¦ ¥É¸Ö Î¥·¥§ μ¤´μ³¥·´Ò° ¨´É¥£· ²

V D
IS(r) =

Cg(E)
2π2

∫ ∞

0

{
ρ1(q)ρ2(q) + α�̄1(q)�̄2(q)−

− γ
[
�̃1(q)ρ2(q) + ρ1(q)�̃2(q)

]}
vD
00(q) j0(qr) q2dq, (2.15)

±Ê¤  ¢Ìμ¤ÖÉ ËÊ·Ó¥-μ¡· §Ò (Ëμ·³Ë ±Éμ·Ò) ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶μ¤Ò´É¥£· ²Ó´ÒÌ
ËÊ´±Í¨° ¢ (2.13), (2.14), ´ ¶·¨³¥·,

ρ(q) =
∫

eiqrρ(r) d3r = 4π

∫ ∞

0

ρ(r) j0(qr) r2dr, (2.16)

¨  ´ ²μ£¨Î´μ ¤²Ö �̄1(q), �̃(q) ¨ v(q). ‡¤¥¸Ó j0(qr) = sin(qr)/qr Å ¸Ë¥·¨Î¥¸± Ö
ËÊ´±Í¨Ö 	¥¸¸¥²Ö ´Ê²¥¢μ£μ ¶μ·Ö¤± .

„²Ö ¨§μ¢¥±Éμ·´μ£μ ¶μÉ¥´Í¨ ²  V D
IV ¨³¥¥³ É¥ ¦¥ ¢Ò· ¦¥´¨Ö, ÎÉμ ¨ (2.13)Ä

(2.16), Éμ²Ó±μ ¢³¥¸Éμ ¶²μÉ´μ¸É¥° ρ ¢¸Õ¤Ê ´ ¤μ ¶μ¤¸É ¢¨ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥
δρ (2.9).

2.2. �¡³¥´´Ò° ¶μÉ¥´Í¨ ². �¡³¥´´Ò° ¶μÉ¥´Í¨ ², ± ± ¨ ¶·Ö³μ°, ¸μ¸Éμ¨É
¨§ ¨§μ¸± ²Ö·´μ° ¨ ¨§μ¢¥±Éμ·´μ° Î ¸É¨. � ¸¸³μÉ·¨³ ¥£μ ¨§μ¸± ²Ö´ÊÕ Î ¸ÉÓ,
±μÉμ· Ö μ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ [20]

V EX
IS (r) =

∫
ρ1(r1, r1 + s) ρ2(r2, r2 − s)×

× g(E)F (ρ) vEX
00 (s) j0(K(r)s/M) d3r1d

3r2. (2.17)

‡¤¥¸Ó ρ(ra, rb) Å ¸³¥Ï ´´ Ö μ¤´μÎ ¸É¨Î´ Ö ³ É·¨Í  ¶²μÉ´μ¸É¨ ÉμÎ¥Î´ÒÌ
´Ê±²μ´μ¢ Ö¤· . „ ²¥¥, ¸Õ¤  ¢Ìμ¤¨É j0(κs) Å ´Ê²¥¢ Ö (l = 0) ±μ³¶μ´¥´É 
¶ ·Í¨ ²Ó´μ£μ · §²μ¦¥´¨Ö Ô±¸¶μ´¥´ÉÒ exp(i
κ
s), ¶μ²ÊÎ¥´´μ° ± ± ¶·μ¨§¢¥-
¤¥´¨¥ ¶²μ¸±μ° ¢μ²´Ò ´Ê±²μ´  Ö¤·  A1 ¨ ¸μ¶·Ö¦¥´´μ° ¶²μ¸±μ° ¢μ²´Ò ´Ê-
±²μ´  Ö¤·  A2 ¸ ¨³¶Ê²Ó¸ ³¨ 
κ1 = K/A1 ¨ 
κ2 = K/A2, £¤¥ K Å ¨³-
¶Ê²Ó¸ μÉ´μ¸¨É¥²Ó´μ£μ ¤¢¨¦¥´¨Ö Ö¤¥·. �·¨ ¸¢μ¡μ¤´μ³ ¤¢¨¦¥´¨¨ Ö¤¥· ¨³¥¥³
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K = [2mMEc.m./�
2]1/2, £¤¥ m Å ³ ¸¸  ´Ê±²μ´ , M = A1A2/(A1 +A2), ¨ Éμ-

£¤  κ = K/A1 + K/A2 = K/M . ˆ¸± ¦¥´¨¥ ´Ê±²μ´´ÒÌ ¢μ²´μ¢ÒÌ ËÊ´±Í¨° ¢
Ö¤¥·´μ³ ¶μ²¥ ¶·¨¡²¨¦¥´´μ ÊÎ¨ÉÒ¢ ¥É¸Ö ¸ ¶μ³μÐÓÕ § ³¥´Ò K ´  ²μ± ²Ó´Ò°
¨³¶Ê²Ó¸ Ö¤·μ-Ö¤¥·´μ£μ ¤¢¨¦¥´¨Ö

K(r) = [(2mM/�
2) (Ec.m. − V (r) − VC(r))]1/2, (2.18)

£¤¥ V (r) ¥¸ÉÓ ¸Ê³³ ·´Ò° ¶μÉ¥´Í¨ ² Ö¤·μ-Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ±μÉμ·Ò°
¢±²ÕÎ ¥É ¶·Ö³ÊÕ ¨ μ¡³¥´´ÊÕ Î ¸É¨, Éμ ¥¸ÉÓ É¥¶¥·Ó κ(r) = K(r)/M . Š ±
¢¨¤´μ, ¨³¶Ê²Ó¸ K(r) ¸ ³ § ¢¨¸¨É μÉ Ö¤·μ-Ö¤¥·´μ£μ ¶μÉ¥´Í¨ ² , É. ¥. § ¤ Î 
(2.17) Ö¢²Ö¥É¸Ö ´¥²¨´¥°´μ°.

„²Ö Ê¶·μÐ¥´¨Ö ´¥²μ± ²Ó´ÒÌ ³ É·¨Í ¶²μÉ´μ¸É¨ ¢ (2.17) ¡Ê¤¥³ ¨¸¶μ²Ó§μ-
¢ ÉÓ ²¨´¥°´μ¥ ¶·¨¡²¨¦¥´¨¥ [21]

ρ
(
r, r ± s

)
� ρ

(
r ± s

2
)

ĵ1
(
kF (|r| ± s

2
) · s

)
, (2.19)

£¤¥

ĵ1(x) =
3
x

j1(x) =
3
x3

(sin x − x cos x). (2.20)

‡¤¥¸Ó kF (r) Å ²μ± ²Ó´Ò° ¨³¶Ê²Ó¸ ”¥·³¨ ´Ê±²μ´  ¢ Ö¤·¥:

kF (r) = { 5
3ρ

[τ(ρ) − 1
4
∇2ρ(r)]}1/2, (2.21)

  τ(ρ) Å ¶²μÉ´μ¸ÉÓ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ´Ê±²μ´μ¢ ¢ Ö¤·¥. �Éμ ¦¥ ¢Ò· ¦¥-
´¨¥ ¸¶· ¢¥¤²¨¢μ ¨ ¤²Ö ± ¦¤μ£μ ¸μ·É  ´Ê±²μ´μ¢ Ö¤·  (¶·μÉμ´μ¢ ¨²¨ ´¥°É·μ´μ¢)
q = n, p ¶μ μÉ¤¥²Ó´μ¸É¨: ´ ¤μ Éμ²Ó±μ § ³¥´¨ÉÓ ρ → ρq ¨ τ(ρ) → τq(ρq). ’ -
±¨³ μ¡· §μ³ ¨³¶Ê²Ó¸ ”¥·³¨ μ¤¨´ ±μ¢ ¤²Ö ´Ê±²μ´μ¢, ¶·μÉμ´μ¢ ¨ ´¥°É·μ´μ¢.
„²Ö ¶μ¸²¥¤´¨Ì, ¸ ÊÎ¥Éμ³ ±μ´¥Î´ÒÌ · §³¥·μ¢ Ö¤· , ¢μ ³´μ£¨Ì · ¡μÉ Ì (¸³.,
´ ¶·¨³¥·, [8]) ¨¸¶μ²Ó§Ê¥É¸Ö ¢Ò· ¦¥´¨¥ ¨§ ³μ´μ£· Ë¨¨ [22], ±μÉμ·μ¥, ¥¸²¨
¥Ð¥ ÊÎ¥¸ÉÓ ρq � ρ/2, ¨³¥¥É ¢¨¤

τ(ρ)
2

� τq(ρq) =
3
5
(3π2)2/3[ρq(r)]5/3 +

|∇ρq(r)|2
36ρq(r)

+
∇2ρq(r)

3
. (2.22)

’μ£¤  ¶μ²ÊÎ ¥³

k
(I)
F (r) = {[3π2ρq(r)]2/3 +

5CS |∇ρq(r)|2
3ρ2

q(r)
+

5∇2ρq(r)
36ρq(r)

}1/2 =

= {[ 3π2

2
ρ(r)]2/3 +

5CS |∇ρ(r)|2
3ρ2(r)

+
5∇2ρ(r)
36ρ(r)

}1/2, (2.23)

£¤¥ ³´μ¦¨É¥²Ó CS , ¸μ£² ¸´μ [22], ·¥±μ³¥´¤μ¢ ´μ ¡· ÉÓ · ¢´Ò³ 1/36.
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�¶¥· Éμ·Ò ¤¨ËË¥·¥´Í¨·μ¢ ´¨Ö ¢ ¶·¨¢¥¤¥´´ÒÌ Ëμ·³Ê² Ì ¤¥°¸É¢ÊÕÉ ± ±

|∇ρ(r)|2 = |dρ(r)
dr

|
2

, ∇2ρ(r) =
d2ρ(r)
dr2

+
2
r

dρ(r)
dr

. (2.24)

’¥¶¥·Ó, ÎÉμ¡Ò ¢ μ¡³¥´´μ³ ¶μÉ¥´Í¨ ²¥ (2.17) ¸¢¥¸É¨ Ï¥¸É¨³¥·´Ò° ¨´É¥-
£· ² ± μ¤´μ³¥·´μ³Ê, ¸¤¥² ¥³ ·Ö¤ ¶·¥μ¡· §μ¢ ´¨°. ‚μ-¶¥·¢ÒÌ, ¢ ËÊ´±Í¨¨ F (ρ)
(2.11) § ¢¨¸¨³μ¸É¨ ÔËË¥±É¨¢´μ£μ NN -¶μÉ¥´Í¨ ²  μÉ ¶²μÉ´μ¸É¨ ρ = ρ1 + ρ2

¡Ê¤¥³, ¢ μÉ²¨Î¨¥ μÉ (2.12), ¢ ± Î¥¸É¢¥  ·£Ê³¥´Éμ¢ ¶²μÉ´μ¸É¥° ¶ ¤ ÕÐ¥£μ Ö¤· 
¨ Ö¤· -³¨Ï¥´¨ ¢Ò¡¨· ÉÓ μ¤´Ê ¨ ÉÊ ¦¥ ÉμÎ±Ê,   ¨³¥´´μ, ¸¥·¥¤¨´Ê · ¸¸ÉμÖ´¨Ö
³¥¦¤Ê ´Ê±²μ´ ³¨ 1 ¨ 2:

ρ = ρ1(r1 +
s
2
) + ρ2(r2 −

s
2
). (2.25)

‚ É ±μ³ ¸²ÊÎ ¥ ¶μ¸²¥ ¶μ¤¸É ´μ¢±¨ ¢ (2.17) ËÊ´±Í¨° (2.11), (2.19) ¸ ¶²μÉ´μ-
¸ÉÖ³¨ ρ1(r1 + s/2) ¨ ρ2(r2 − s/2) Ê¤μ¡´μ ¢¢¥¸É¨ ´μ¢Ò¥ ¶¥·¥³¥´´Ò¥

x1 = u = r1 +
s
2
, x2 = u − r = r2 − s

2
, (2.26)

μÉ ±μÉμ·ÒÌ É¥¶¥·Ó ¡Ê¤ÊÉ § ¢¨¸¥ÉÓ ¶μ¤Ò´É¥£· ²Ó´Ò¥ ËÊ´±Í¨¨. ‘μ¸É ¢¨³ ¸μμÉ-
¢¥É¸É¢ÊÕÐ¨¥ ±μ³¡¨´ Í¨¨ ÔÉ¨Ì ËÊ´±Í¨°

hi(xi, s) = ρi(xi) ĵ1
(
kF,i(xi) · s

)
, yi(xi, s) = hi(xi, s) e−βρi(xi),

zi(xi, s) = hi(xi, s) ρi(xi), i = 1, 2, (2.27)

¨ ¶·¥¤¸É ¢¨³ μ¡³¥´´Ò° ¶μÉ¥´Í¨ ² ¢ ¢¨¤¥

V EX
IS (r) = C g(E)

∫ ∞

0

G(r, s) vEX
00 (s) j0(K(r) · s/M) d3s, (2.28)

£¤¥

G(r, s) =
∫ {

h1(u, s)h2(u − r, s) + α y1(u, s) y2(u − r, s)−

− γ[h1(u, s) z2(u − r, s) + z1(u, s)h2(u − r, s)]
}

d3u. (2.29)

�Éμ ¶μ¸²¥¤´¥¥ ¢Ò· ¦¥´¨¥ Ê¶·μÐ ¥É¸Ö §  ¸Î¥É ¶¥·¥Ìμ¤  ¢ ¨³¶Ê²Ó¸´μ¥ ¶·¥¤-
¸É ¢²¥´¨¥. ‚ ¸²ÊÎ ¥ ¸Éμ²±´μ¢¥´¨Ö ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´ÒÌ Ö¤¥· ¢¸¥ ¶μ-
¤Ò´É¥£· ²Ó´Ò¥ ËÊ´±Í¨¨ ¢ (2.28) ¨ (2.29) § ¢¨¸ÖÉ Éμ²Ó±μ μÉ ³μ¤Ê²¥° ¸¢μ¨Ì
 ·£Ê³¥´Éμ¢. �μÔÉμ³Ê ¢ (2.28) ¨´É¥£· ² ¶μ dŝ ¤ ¥É 4π,   ¢Éμ·μ° ¨´É¥£· ²
(2.29) ¢ ¨³¶Ê²Ó¸´μ³ ¶·¥¤¸É ¢²¥´¨¨ ¶·¨´¨³ ¥É ¢¨¤

V EX
IS (r) = 4π C g(E)

∫ ∞

0

G(r, s) vEX
00 (s) j0(K(r)s/M) s2ds, (2.30)
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£¤¥

G(r, s) =
1

2π2

∫ ∞

0

{
h1(q, s)h2(q, s) + α y1(q, s) y2(q, s)−

− γ[h1(q, s) z2(q, s) + z1(q, s)h2(q, s)]
}
j0(qr) q2dq, (2.31)

  Ëμ·³Ë ±Éμ·Ò (ËÊ·Ó¥-μ¡· §Ò) ËÊ´±Í¨° (2.27) · ¢´Ò

hi(q, s) = 4π

∫ ∞

0

ρi(r) ĵ1
(
kF,i(r) · s

)
j0(qr) r2dr, (2.32)

yi(q, s) = 4π

∫ ∞

0

ρi(r) ĵ1
(
kF,i(r) · s

)
e−βρi(r) j0(qr) r2dr, (2.33)

zi(q, s) = 4π

∫ ∞

0

ρ2
i (r) ĵ1

(
kF,i(r) · s

)
j0(qr) r2dr, i = 1, 2. (2.34)

ˆ§μ¢¥±Éμ·´Ò° μ¡³¥´´Ò° ¶μÉ¥´Í¨ ² V EX
IV ¶μ²ÊÎ ¥É¸Ö ¨§ (2.30) § ³¥´μ° ¢

¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ËÊ´±Í¨ÖÌ (2.32)Ä(2.34) ¶²μÉ´μ¸É¥° ρi ´  · §´μ¸É¨ ¶²μÉ´μ-
¸É¥° δρi (2.9) Å ¶·μÉμ´´μ° ¨ ´¥°É·μ´´μ° Å ± ¦¤μ£μ ¨§ Ö¤¥· 1 ¨ 2. �·¨
ÔÉμ³ ¥¸É¥¸É¢¥´´μ ¸Î¨É ÉÓ, ÎÉμ ¨ ¤²Ö ¶·μÉμ´μ¢, ¨ ¤²Ö ´¥°É·μ´μ¢ ¤ ´´μ£μ Ö¤· 
i Ë¥·³¨-¨³¶Ê²Ó¸ kF,i μ¤¨´ ¨ ÉμÉ ¦¥, ¢ÒÎ¨¸²Ö¥³Ò° ¸ ¶²μÉ´μ¸ÉÓÕ Ö¤·  ± ±
Í¥²μ£μ ρi = ρp,i + ρn,i, ´μ·³¨·μ¢ ´´μ° ´  Ai.

2.3. ŠÊ²μ´μ¢¸±¨° ¶μÉ¥´Í¨ ² ¢§ ¨³μ¤¥°¸É¢¨Ö Ö¤¥·. ŠÊ²μ´μ¢¸±¨° ¶μ-
É¥´Í¨ ² μ¡ÒÎ´μ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ± ± ¶·Ö³μ° Ëμ²¤¨´£-¶μÉ¥´Í¨ ² ¡¥§ ÊÎ¥É 
μ¡³¥´  ´Ê±²μ´ ³¨. — ¸Éμ ¨¸¶μ²Ó§Ê¥É¸Ö ¶·¨¡²¨¦¥´¨¥ É ± ´ §Ò¢ ¥³μ£μ ¶μÉ¥´-
Í¨ ²  μ¤´μ·μ¤´μ£μ · ¸¶·¥¤¥²¥´¨Ö § ·Ö¤ , ±μ£¤  ÉμÎ¥Î´Ò° § ·Ö¤ eZ1 · ¸¸¥¨-
¢ ¥É¸Ö ¢ ±Ê²μ´μ¢¸±μ³ ¶μ²¥, ¸μ§¤ ¢ ¥³μ³ μ¤´μ·μ¤´μ · ¸¶·¥¤¥²¥´´Ò³ § ·Ö¤μ³

eZ2 ¢ ¸Ë¥·¥ · ¤¨Ê¸  RC = rc(A
1/3
1 + A

1/3
2 ), Éμ ¥¸ÉÓ ¸Ê³³ ·´μ£μ § ·Ö¤μ¢μ£μ

· ¤¨Ê¸  ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·. ’ ±μ° ¶μÉ¥´Í¨ ² ²¥£±μ ´ °É¨  ´ ²¨É¨Î¥¸±¨,
¨¸¶μ²Ó§ÊÖ Ëμ·³Ê²Ê Ëμ²¤¨´£ ,  ´ ²μ£¨Î´ÊÕ (2.1).

‚ μ¡Ð¥³ ¸²ÊÎ ¥ · ¸Î¥É ±Ê²μ´μ¢¸±μ£μ ¶μÉ¥´Í¨ ²  ³μ¦´μ ¶·μ¢μ¤¨ÉÓ, ¨¸-
¶μ²Ó§ÊÖ Ëμ·³Ê²Ê ¤¢μ°´μ£μ Ëμ²¤¨´£  (2.15), ±Ê¤  ¶μ¤¸É ¢²ÖÕÉ¸Ö Ëμ·³Ë ±-
Éμ·Ò · ¸¶·¥¤¥²¥´¨Ö ÉμÎ¥Î´ÒÌ § ·Ö¤μ¢ ¢ Ö¤· Ì ¨ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö § ¢¨¸¨³μ¸ÉÓ
¶μÉ¥´Í¨ ²  ±Ê²μ´μ¢¸±μ£μ ¶·μÉμ´-¶·μÉμ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö μÉ ¶²μÉ´μ¸É¨
Ö¤¥·´μ° ¸·¥¤Ò.

2.4. �¶É¨Î¥¸±¨° ‚��-¶μÉ¥´Í¨ ². „μ ¸¨Ì ¶μ· ¢ ¡μ²ÓÏ¨´¸É¢¥ · ¡μÉ ¶μ
Ö¤·μ-Ö¤¥·´μ³Ê · ¸¸¥Ö´¨Õ ¸ ¶μ³μÐÓÕ Ëμ²¤¨´£  ¸É·μ¨²¸Ö Éμ²Ó±μ ¢¥Ð¥¸É¢¥´-
´Ò° ¶μÉ¥´Í¨ ². �·¨ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´Éμ³ ± É ±μ³Ê ³¨±·μ¶μÉ¥´Í¨ ²Ê
¤μ¡ ¢²Ö² ¸Ó Ë¥´μ³¥´μ²μ£¨Î¥¸± Ö ³´¨³ Ö Î ¸ÉÓ (μ¡ÒÎ´μ ¢ ¢Ê¤¸-¸ ±¸μ´μ¢¸±μ°
Ëμ·³¥) ¸ ¶μ¤£μ´Ö¥³Ò³¨ ¶ · ³¥É· ³¨. �Éμ ¸¢Ö§ ´μ ¸ É·Ê¤´μ¸ÉÖ³¨ ¶μ¸É·μ-
¥´¨Ö ¶· ±É¨Î¥¸±¨ ·¥ ²¨§Ê¥³μ° É¥μ·¨¨ ³´¨³μ° Î ¸É¨ ¶μÉ¥´Í¨ ²  ¢ · ³± Ì
· ¸¸³ É·¨¢ ¥³μ° ³μ¤¥²¨. ‚ Éμ ¦¥ ¢·¥³Ö ¨§¢¥¸É´μ, ÎÉμ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ¥
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¶·¨¡²¨¦¥´¨¥ (‚��) Ê¸¶¥Ï´μ μ¶¨¸Ò¢ ¥É · ¸¸¥Ö´¨¥ ¶·¨ Ô´¥·£¨ÖÌ E � |U(R̄)|
¨ ³ ²ÒÌ Ê£² Ì ϑ �

√
2/kR̄, £¤¥ R̄ μ¶·¥¤¥²Ö¥É μ¡² ¸ÉÓ μ¸´μ¢´μ£μ ¢±² ¤  ¶μ-

É¥´Í¨ ²  ¢ · ¸¸¥Ö´¨¥. ‚ · ¡μÉ Ì [9,25] Ê¤ ²μ¸Ó ¶μ²ÊÎ¨ÉÓ ¢ Ö¢´μ³ ¢¨¤¥ μ¶É¨-
Î¥¸±¨° ¶μÉ¥´Í¨ ² ‚��, ±μÉμ·Ò° ¤ ¥É μ¶¨¸ ´¨¥ Ö¤·μ-Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö,
Ô±¢¨¢ ²¥´É´μ¥ ³¨±·μ¸±μ¶¨Î¥¸±μ³Ê ¶μ¤Ìμ¤Ê. �ÉμÉ ¶μÉ¥´Í¨ ² (¢¥Ð¥¸É¢¥´´ Ö
¨ ³´¨³ Ö Î ¸É¨) ¨³¥¥É ¢¨¤

UH
opt = V H + iWH , (2.35)

V H(r) = − �v

(2π)2
σ̄NN ᾱNN

∫ ∞

0

ρ1(q) ρ2(q) fN (q) j0(qr) q2dq, (2.36)

WH(r) = − �v

(2π)2
σ̄NN

∫ ∞

0

ρ1(q) ρ2(q) fN (q) j0(qr) q2dq. (2.37)

‡¤¥¸Ó v Å ¸±μ·μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ£μ ¤¢¨¦¥´¨Ö Ö¤¥·; ρ(q) Å Ëμ·³Ë ±Éμ·
¶²μÉ´μ¸É¨ ÉμÎ¥Î´ÒÌ ´Ê±²μ´μ¢ Ö¤· ;   fN (q) Å  ³¶²¨ÉÊ¤  NN -· ¸¸¥Ö´¨Ö ¢
§ ¢¨¸¨³μ¸É¨ μÉ ¶¥·¥¤ ´´μ£μ ¨³¶Ê²Ó¸  q. ‚¥²¨Î¨´Ò σ̄NN ¨ ᾱNN ¥¸ÉÓ Ê¸·¥¤-
´¥´´Ò¥ ¶μ ¨§μ¸¶¨´ ³ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ¶μ²´μ¥ ¸¥Î¥´¨¥ NN -· ¸¸¥Ö´¨Ö
¨ μÉ´μÏ¥´¨¥ ¤¥°¸É¢¨É¥²Ó´μ° ± ³´¨³μ° Î ¸É¨  ³¶²¨ÉÊ¤Ò NN -· ¸¸¥Ö´¨Ö ¶μ¤
Ê£²μ³ 0◦. ‚ ¶·¨´Í¨¶¥, §´ Î¥´¨Ö μ¡¥¨Ì ÔÉ¨Ì ¢¥²¨Î¨´ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§
´¥§ ¢¨¸¨³ÒÌ Ô±¸¶¥·¨³¥´Éμ¢.

‡ ¤ Î  · ¸Î¥É  ¸¥Î¥´¨° Ö¤·μ-Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö ¢ · ³± Ì ‚�� ¶·¨ ¨¸-
¶μ²Ó§μ¢ ´¨¨ μ¶É¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  ¶·μ¨§¢μ²Ó´μ° Ëμ·³Ò ·¥ ²¨§μ¢ ´  ¢
±μ³¶²¥±¸¥ ¶·μ£· ³³ �…� (http://www.jinr.ru/programs/jinrlib/hea). �·¨ ÔÉμ³ ¢
¶·μ£· ³³¥ ÊÎÉ¥´  § ¢¨¸¨³μ¸ÉÓ σ̄NN ¨ ᾱNN μÉ Ô´¥·£¨¨ ¸μ£² ¸´μ ¶ · ³¥É·¨§ -
Í¨Ö³ ¨§ · ¡μÉ [25Ä26],   É ±¦¥ ¨¸¶μ²Ó§μ¢ ´Ò ¶ · ³¥É·¨§ Í¨¨ ÔÉ¨Ì ¢¥²¨Î¨´
¢ § ¢¨¸¨³μ¸É¨ μÉ ¶²μÉ´μ¸É¨ ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ¸Éμ²±´μ¢¥´¨ÖÌ Ö¤¥· ¸μ£² ¸´μ
[28, 29].

3. ��’…�–ˆ�‹ ‚‡�ˆŒ�„…‰‘’‚ˆŸ ‘ Š�‹‹…Š’ˆ‚�›Œˆ
‘�‘’�Ÿ�ˆŸŒˆ Ÿ„��

„²Ö · ¸Î¥É  ¸¥Î¥´¨° ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¸ ¢μ§¡Ê¦¤¥´¨¥³ ±μ²²¥±É¨¢´ÒÌ
¸μ¸ÉμÖ´¨° Ö¤·  ´¥μ¡Ìμ¤¨³μ ¨³¥ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶μÉ¥´Í¨ ² ¢§ ¨³μ¤¥°-
¸É¢¨Ö, ±μÉμ·Ò° ¶·¨¢μ¤¨É ± ¶¥·¥Ìμ¤Ê ¨§ Ê¶·Ê£μ£μ ± ´ ²  ¢ ´¥Ê¶·Ê£¨°. ’ ±μ°
¶μÉ¥´Í¨ ² ¢ ± Î¥¸É¢¥  ·£Ê³¥´Éμ¢ ¢±²ÕÎ ¥É § ¢¨¸¨³μ¸ÉÓ ± ± μÉ r Å · ¸¸ÉμÖ-
´¨Ö ³¥¦¤Ê Í¥´É· ³¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·, É ± ¨ μÉ ¶¥·¥³¥´´μ° αλμ Å ¢´Ê-
É·¥´´¨Ì ±μμ·¤¨´ É ±μ²²¥±É¨¢´μ£μ ¤¢¨¦¥´¨Ö ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·. (�¨¦¥
· ¸¸³μÉ·¨³ ¢μ§¡Ê¦¤¥´¨¥ Éμ²Ó±μ Ö¤· -³¨Ï¥´¨ 2). ‚ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨Ì ³μ-
¤¥²ÖÌ ¢· Ð¥´¨Ö ¨(¨²¨) ±μ²¥¡ ´¨Ö Ö¤·  ´ ¡μ· {αλμ} Å ÔÉμ ±μμ·¤¨´ ÉÒ, μ¶¨-
¸Ò¢ ÕÐ¨¥ ¤¢¨¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ Ö¤· ,   ±μ´±·¥É´μ Å ¥£μ · ¤¨Ê¸  R2(αλμ).
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�·¨ ¨§ÊÎ¥´¨¨ · ¸¸¥Ö´¨Ö ¡μ²¥¥ ¥¸É¥¸É¢¥´´μ ¢³¥¸Éμ R · ¸¸³ É·¨¢ ÉÓ ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨¥ ¤¢¨¦¥´¨Ö Ô±¢¨¤¨¸É ´É´ÒÌ ¶μ¢¥·Ì´μ¸É¥° ¶μ ±μμ·¤¨´ É¥ r2 ¶²μÉ´μ-
¸É¨ · ¸¶·¥¤¥²¥´¨Ö ³ É¥·¨¨ ρ2(r2) Ö¤·  2. ‚ ¸²ÊÎ ¥ ±¢ ¤·Ê¶μ²Ó´ÒÌ ¤¥Ëμ·³ -
Í¨° ¶μ¢¥·Ì´μ¸É¨ (λ = 2) ¥¥ μÉ±²μ´¥´¨¥ μÉ ¸Ë¥·¨Î¥¸±μ° Ëμ·³Ò ·¥ ²¨§Ê¥É¸Ö
§ ³¥´μ° ±μμ·¤¨´ É ∗

r2 ⇒ r2 = r2 − r2

∑
μ=0,±2

α2λ Y2λ(r̂2), (3.1)

£¤¥ r̂2 ¥¸ÉÓ Ê£²μ¢Ò¥ ¶¥·¥³¥´´Ò¥ ¢¥±Éμ·  r2. �·¨ · ¸¸³μÉ·¥´¨¨, ´ ¶·¨³¥·,
¢· Ð É¥²Ó´ÒÌ ¢μ§¡Ê¦¤¥´¨° Ö¤·  ±μ²²¥±É¨¢´Ò³¨ ±μμ·¤¨´ É ³¨ Ö¢²ÖÕÉ¸Ö

α2λ = β2 D
(2) ∗
μ0 (Θi), (3.2)

£¤¥ Θi Å Ê£²Ò ¶μ¢μ·μÉ  �°²¥·  ¢´ÊÉ·¥´´¥° μ¸¨ ¸¨³³¥É·¨¨ Ö¤·  ¢ ¸¨¸É¥³¥
±μμ·¤¨´ É, ¢ ±μÉμ·μ° μ¶·¥¤¥²¥´ ¢¥±Éμ· r. �É¨ ¦¥ Ê£²Ò ¢Ò¸ÉÊ¶ ÕÉ ± ± ¶¥·¥-
³¥´´Ò¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¢μ²´μ¢μ° ËÊ´±Í¨¨ ¢· Ð¥´¨Ö Ö¤· ,   β2 Å ¶ · ³¥É·
¤¥Ëμ·³ Í¨¨. �¡ÒÎ´μ ¤¥Ëμ·³ Í¨μ´´ Ö ¶·¨³¥¸Ó ¸Î¨É ¥É¸Ö ³ ²μ° ¢¥²¨Î¨´μ°,
¨ Éμ£¤  ¢ ¶²μÉ´μ¸É¨ ¤¥Ëμ·³¨·μ¢ ´´μ£μ Ö¤·  ¸μÌ· ´ÖÕÉ Éμ²Ó±μ ²¨´¥°´Ò¥ ¶μ
α2λ Î²¥´Ò:

ρ2(r2) =⇒ ρ2(r2) + o2(r2), (3.3)

£¤¥

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

∑
μ=0,±2

α2μ Y2μ(r̂2), o
(2)
2 = −r2

dρ2(r2)
dr2

. (3.4)

’ ±¨³ μ¡· §μ³, ¢ Ëμ·³Ê² Ì ¤²Ö ¶·Ö³μ£μ ¨ μ¡³¥´´μ£μ ¶μÉ¥´Í¨ ²μ¢ ¤¥Ëμ·-
³ Í¨μ´´ÊÕ ¤μ¡ ¢±Ê o2(r2) ± ¶²μÉ´μ¸É¨ ρ2(r) ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ± ± ³ ²ÊÕ
¢¥²¨Î¨´Ê ¨ · §²μ¦¨ÉÓ ¶μ ´¥° ¸ ³¨ ¶μÉ¥´Í¨ ²Ò, μ¸É ¢²ÖÖ Éμ²Ó±μ ²¨´¥°´Ò¥
¶μ o2(r2) Î²¥´Ò.

3.1. �·Ö³μ° ¶μÉ¥´Í¨ ². �·¥¤¸É ¢¨³ ¶·Ö³μ° ¶μÉ¥´Í¨ ² (2.7), ¸μ£² ¸´μ
(2.10), (2.12), ¢ ¢¨¤¥

V D(r) = g(E)
∫

ρ1(r1)
[
ρ2(r2) + o2(r2)

]
×

× F
(
ρ1(r1) + ρ2(r2) + o2(r2)

)
vD
00(s) d3r1d

3r2. (3.5)

∗�¡ÒÎ´μ ¤¥Ëμ·³ Í¨μ´´ÊÕ ¤μ¡ ¢±Ê ± · ¤¨Ê¸Ê Ö¤·  R ¢¢μ¤ÖÉ ¸μ §´ ±μ³ ®¶²Õ¸¯. ˆ ´ μ¡μ·μÉ,
¶·¨ É ±μ° ¤μ¡ ¢±¥ ± r ´Ê¦´μ ¨§³¥´¨ÉÓ ¥¥ §´ ± ´  ®³¨´Ê¸¯, É ± ± ± ¢ ¢Ò· ¦¥´¨¥ ¤²Ö ¶²μÉ´μ¸É¨
(¨²¨ ¶μÉ¥´Í¨ ² ) ÔÉ¨ ¢¥²¨Î¨´Ò ¢Ìμ¤ÖÉ ¸ · §´Ò³¨ §´ ± ³¨, ´ ¶·¨³¥·, ¢ ¢¨¤¥ (r − R) [30].

10



� §²μ¦¨³ ËÊ´±Í¨Õ ¶²μÉ´μ¸É¨ F ¢ ·Ö¤ ¶μ o2(r), μ¸É ¢²ÖÖ ¶¥·¢Ò¥ ¤¢  Î²¥´ :

F
(
ρ + o2(r2)

)
= F (ρ) +

dF

dρ
o2(r2) = F (ρ) + F̂ (ρ) o2(r2), (3.6)

£¤¥ Ê¤μ¡´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¶ · ³¥É·¨§ Í¨Õ μ¡Ð¥£μ ¢¨¤  (2.11)

F (ρ) = C[1 + αe−βρ − γρ], F̂ (ρ) = Ĉ[1 + α̂e−βρ − γ̂ρ], (3.7)

ρ = ρ1(r1) + ρ2(r2), Ĉ = −Cγ, α̂ = αβ/γ, γ̂ = 0.

’¥¶¥·Ó § ¶¨Ï¥³ ¶μÉ¥´Í¨ ² (3.5) ¢ ²¨´¥°´μ³ ¶·¨¡²¨¦¥´¨¨ ¶μ o2(r) ± ±

V D(r) = V D(r) + V D
int(r), V D

int(r) = V D1
int (r) + V D2

int (r), (3.8)

£¤¥ ¤²Ö ¥£μ Í¥´É· ²Ó´μ° Î ¸É¨ V D(r) μ¸É ÕÉ¸Ö ¶·¥¦´¨¥ ¢Ò· ¦¥´¨Ö (2.13)Ä
(2.16),   ¤¢  ¶¥·¥Ìμ¤´ÒÌ ¶μÉ¥´Í¨ ²  ¢§ ¨³μ¤¥°¸É¢¨Ö ¨³¥ÕÉ ¢¨¤

V D1
int (r) = g(E)

∫
ρ1(r1) o2(r2)F

(
ρ1(r1) + ρ2(r2)

)
vD
00(s) d3r1d

3r2, (3.9)

V D2
int (r) = g(E)

∫
ρ1(r1) ô2(r2) F̂

(
ρ1(r1) + ρ2(r2)

)
vD
00(s) d3r1d

3r2. (3.10)

‡¤¥¸Ó μ¡μ§´ Î¥´μ

ô2(r2) = ô
(2)
2 (r2)

∑
μ=0,±2

α2μ Y2μ(r̂2), ô
(2)
2 (r2) = o

(2)
2 (r2)ρ2(r2). (3.11)

�μ¸±μ²Ó±Ê ¸É·Ê±ÉÊ·  μ¡μ¨Ì ¶μÉ¥´Í¨ ²μ¢ V D1
int ¨ V D2

int μ¤¨´ ±μ¢ , Éμ ¶μ-
¤·μ¡´¥¥ · ¸¸³μÉ·¨³ Éμ²Ó±μ μ¤¨´ ¨§ ´¨Ì V D1

int ,   ¢Éμ·μ° ¤ ¤¨³ ¶μ  ´ ²μ£¨¨.
ˆÉ ±, ¶μ¤¸É ¢²ÖÖ ËÊ´±Í¨Õ ¶²μÉ´μ¸É¨ F (ρ1(r1)+ρ2(r2)) (3.7) ¢ (3.9), ¶μ²ÊÎ¨³

V D1
int (r) = Cg(E)

∑
μ=0,±2

α2μ

∫ {
ρ1(r1)o

(2)
2 (r2) + α �̄1(r1)ō

(2)
2 (r2)−

− γ
[
�̃1(r1)o

(2)
2 (r2) + ρ1(r1)ô

(2)
2 (r2)

]}
vD
00(s)Y2μ(r̂2) d3r1d

3r2, (3.12)

£¤¥

�̄1(r) = ρ1(r) e−βρ1(r), �̃1(r) =
[
ρ1(r)

]2
, (3.13)

ō
(2)
2 (r) = o

(2)
2 (r) e−βρ2(r), ô

(2)
2 = o

(2)
2 (r2)ρ2(r2). (3.14)

‚¨¤´μ, ÎÉμ ¢ ± ¦¤μ³ ¨§ ¸² £ ¥³ÒÌ ¨´É¥£· ²  (3.12) ¥¸ÉÓ Éμ²Ó±μ μ¤´  ËÊ´±Í¨Ö,
§ ¢¨¸ÖÐ Ö μÉ ¢¥±Éμ·´μ° ¶¥·¥³¥´´μ°, ¢ ¤ ´´μ³ ¸²ÊÎ ¥ μÉ r2. �μÔÉμ³Ê ¢
¨³¶Ê²Ó¸´μ³ ¶·¥¤¸É ¢²¥´¨¨ ¶μÉ¥´Í¨ ² ¶¥·¥Ìμ¤  ¶·¨´¨³ ¥É ¢¨¤

V D1
int (r) = V

D1(2)
int (r)

∑
μ=0,±2

α2μ Y2μ(r̂), (3.15)
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£¤¥

V
D1(2)
int (r) = Cg(E)

1
2π2

∫ {
ρ1(q)o

(2)
2 (q) + α �̄1(q)ō

(2)
2 (q)−

− γ
[
�̃1(q)o

(2)
2 (q) + ρ1(q)ô

(2)
2 (q)

]}
vD
00(q) j2(qr) q2dq. (3.16)

‡¤¥¸Ó ËÊ·Ó¥-μ¡· §Ò ËÊ´±Í¨° ¸ ¨´¤¥±¸μ³ (2) ¢¢¥·ÌÊ ¥¸ÉÓ

f
(2)
2 (q) = 4π

∫
f

(2)
2 (r) j2(qr) r2dr, (3.17)

  μ¸É ²Ó´Ò¥ ËÊ´±Í¨¨ ¢ (3.16) μ¶·¥¤¥²ÖÕÉ¸Ö ± ±

f(q) = 4π

∫
f(r) j0(qr) r2dr. (3.18)

‘Ë¥·¨Î¥¸±¨¥ ËÊ´±Í¨¨ 	¥¸¸¥²Ö · ¢´Ò j0(x) = sin x/x, j2(x) = (1/x3)[(3 −
x2) sin x − 3x cosx].

�´ ²μ£¨Î´Ò° ¢¨¤ ¨³¥¥É ¨ ¢Éμ·μ° ¶μÉ¥´Í¨ ² V D2
int (3.10), ¢ ±μÉμ·μ³ ¶·¨

¶μ¤¸É ´μ¢±¥ F̂ (ρ) ÊÎÉ¥³, ÎÉμ γ̂ = 0. ’μ£¤ 

V D2
int (r) = Ĉg(E)

∑
μ=0,±2

α2μ

∫ {
ρ1(r1)ô

(2)
2 (r2) + α̂ �̄1(r1)¯̂o

(2)
2 (r2)

}
×

× vD
00(s)Y2μ(r̂2) d3r1d

3r2, (3.19)

£¤¥

¯̂o(2)
2 (r) = ô

(2)
2 (r) e−βρ2(r) = o

(2)
2 (r)ρ2(r) e−βρ2(r). (3.20)

‘μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¢ ¨³¶Ê²Ó¸´μ³ ¶·¥¤¸É ¢²¥´¨¨ ¨³¥¥É ¢¨¤

V D2
int (r) = V

D2(2)
int (r)

∑
μ=0,±2

α2μ Y2μ(r̂), (3.21)

£¤¥

V
D2(2)
int (r) = Ĉg(E)

1
2π2

∫ {
ρ1(q)ô

(2)
2 (q) + α̂ �̄1(q)¯̂o

(2)
2 (q)

}
vD
00(q) j2(qr) q2dq.

(3.22)
‡¤¥¸Ó, ± ± ¨ ¶·¥¦¤¥, ËÊ·Ó¥-μ¡· §Ò ËÊ´±Í¨° ¸ ¢¥·Ì´¨³ ¨´¤¥±¸μ³ (2) μ¶·¥¤¥-
²ÖÕÉ¸Ö Ëμ·³Ê²μ° (3.17),   ¡¥§ ´¥£μ Ëμ·³Ê²μ° (3.18).
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3.2. �¡³¥´´Ò° ¶μÉ¥´Í¨ ². ’¥¶¥·Ó · ¸¸³μÉ·¨³ μ¡³¥´´Ò° ¶μÉ¥´Í¨ ²
(2.17). Š ± ¨ ¢ · §¤. 2.2, ¨¸¶μ²Ó§Ê¥³ ²¨´¥°´μ¥ ¶·¨¡²¨¦¥´¨¥ (2.19) ¤²Ö ³ -
É·¨ÍÒ ¶²μÉ´μ¸É¨,   ¸ ³Ê ¶²μÉ´μ¸ÉÓ Ö¤· -³¨Ï¥´¨ ρ2(r2) ¢ Ëμ·³Ê² Ì (2.17)
¨ (2.25) ¶·¥¤¸É ¢²Ö¥³ ¢ ¢¨¤¥ ¸Ê³³Ò Í¥´É· ²Ó´μ° ¨ ±¢ ¤·Ê¶μ²Ó´μ° Î ¸É¥°
(3.3). ’μ£¤ , μ¸´μ¢Ò¢ Ö¸Ó ´  μ¡Ð¨Ì ¢Ò· ¦¥´¨ÖÌ (2.27)Ä(2.29) ¨ ÊÎ¨ÉÒ¢ Ö Éμ,
ÎÉμ ¢ ± ¦¤μ³ ¨§ Î¥ÉÒ·¥Ì ¸² £ ¥³ÒÌ ¶μ¤Ò´É¥£· ²Ó´μ° ËÊ´±Í¨¨ (2.29) Éμ²Ó±μ
μ¤´  ËÊ´±Í¨Ö, ¨³¥ÕÐ Ö ¨´¤¥±¸ 2, ¸μ¤¥·¦¨É § ¢¨¸¨³μ¸ÉÓ μÉ Ê£²μ¢ÒÌ ±μμ·-
¤¨´ É  ·£Ê³¥´É , ¶·¨ ¶¥·¥Ìμ¤¥ ¢ ¨³¶Ê²Ó¸´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ
¶¥·¥Ìμ¤´μ° μ¡³¥´´Ò° ¶μÉ¥´Í¨ ² ¢ ¢¨¤¥∗:

V EX = V EX1 + V EX2, (3.23)

£¤¥

V EX1
int (r) = V

EX1(2)
int (r)

∑
μ=0,±2

α2μ Y2μ(r̂), (3.24)

V
EX1(2)
int (r) = 4π C g(E)

∫ ∞

0

G(2)(r, s, {α, γ}) vEX
00 (s) j0(K(r)s/M) s2ds,

(3.25)

G(2)(r, s, {α, γ}) =
∫ {

h1(q, s)h
(2)
2 (q, s) + α y1(q, s)y

(2)
2 (q, s)−

− γ
[
h1(q, s)z

(2)
2 (q, s) + z1(q, s)h

(2)
2 (q, s)

]}
j2(qr) q2dq. (3.26)

‡¤¥¸Ó h1(q, s), y1(q, s), z1(q, s) § ¤ ´Ò Ëμ·³Ê² ³¨ (2.32)Ä(2.34),   μ¸É ²Ó´Ò¥,
¸ ¨´¤¥±¸ ³¨ 2 ¸¢¥·ÌÊ, ¥¸ÉÓ ËÊ·Ó¥-μ¡· §Ò

h
(2)
2 (q, s) = 4π

∫ ∞

0

h
(2)
2 (x, s)j2(qx)x2dx, h

(2)
2 (x, s) = o

(2)
2 (x)ĵ1

(
kF,2(x) · s

)
,

(3.27)

y
(2)
2 (q, s) = 4π

∫ ∞

0

y
(2)
2 (x, s)j2(qx)x2dx, y

(2)
2 (x, s) = h

(2)
2 (x, s)e−βρ2(x),

(3.28)

z
(2)
2 (q, s) = 4π

∫ ∞

0

z
(2)
2 (x, s) j2(qx)x2dx, z

(2)
2 (x, s) = h

(2)
2 (x, s) ρ2(x).

(3.29)

∗�·¨ Ë ±Éμ·¨§ Í¨¨ ³ É·¨ÍÒ ¶²μÉ´μ¸É¨ ρ2(r2, r2 − s) ¢ ¢¨¤¥ (2.19) ³Ò ÊÎ¨ÉÒ¢ ¥³ ¤¥Ëμ·-
³ Í¨μ´´ÊÕ ¤μ¡ ¢±Ê ± r2 (¸³.(3.1)) Éμ²Ó±μ ¢ ËÊ´±Í¨¨ ¶²μÉ´μ¸É¨ ρ2(r2 − s/2) ¨ ´¥ ÊÎ¨ÉÒ¢ ¥³ ¥¥
¢ ËÊ´±Í¨¨ ĵ1(kF (r2 − s/2) · s). Š·μ³¥ ÔÉμ£μ, ¶·¨ Ê¸²μ¢¨¨ r � s ¨´É¥£· ² ¶μ Ê£² ³ ¢¥±Éμ·  s
μÉ´μ¸¨É¥²Ó´μ r ³μ¦´μ § ³¥´¨ÉÓ ´  4π.
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�´ ²μ£¨Î´Ò³ μ¡· §μ³ ¶μ²ÊÎ ÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¤²Ö ¢Éμ·μ£μ ¶¥·¥Ìμ¤´μ£μ μ¡-
³¥´´μ£μ ¶μÉ¥´Í¨ ²  ¢§ ¨³μ¤¥°¸É¢¨Ö

V EX2
int (r) = V

EX2(2)
int (r)

∑
μ=0,±2

α2μ Y2μ(r̂), (3.30)

V
EX2(2)
int (r) = 4πĈg(E)

∫ ∞

0

Ĝ(2)(r, s, {α̂, γ̂ = 0})vEX
00 (s)j0(K(r)s/M)s2ds,

(3.31)

Ĝ(2)(r, s, {α̂, γ̂ = 0}) =

=
∫ ∞

0

{
h1(q, s)h̄

(2)
2 (q, s) + α̂y1(q, s)ȳ

(2)
2 (q, s)

}
j2(qr)q2dq, (3.32)

£¤¥

h̄
(2)
2 (q, s) = 4π

∫ ∞

0

h̄
(2)
2 (x, s)j2(qx)x2dx,

h̄
(2)
2 (x, s) = o

(2)
2 (x)ρ2(x)ĵ1

(
kF,2(x) · s

)
,

(3.33)

ȳ
(2)
2 (q, s) = 4π

∫ ∞

0

ȳ
(2)
2 (x, s)j2(qx)x2dx,

ȳ
(2)
2 (x, s) = h̄

(2)
2 (x, s)e−βρ2(x).

(3.34)

�·¨ ÔÉμ³ ¤²Ö h1, y1 ¨ z1 ¨¸¶μ²Ó§μ¢ ´Ò μ¡μ§´ Î¥´¨Ö (2.27).
�É³¥É¨³, ÎÉμ ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ¶¥·¥Ìμ¤´ÒÌ ¶μÉ¥´Í¨ ²μ¢ ´¥É ´¥μ¡Ìμ¤¨-

³μ¸É¨ ¶·μ¢μ¤¨ÉÓ ¨É¥· Í¨μ´´ÊÕ ¶·μÍ¥¤Ê·Ê, ¶μ¤μ¡´ÊÕ · ¸Î¥É ³ Í¥´É· ²Ó´μ°
Î ¸É¨ μ¡³¥´´μ£μ ¶μÉ¥´Í¨ ² , ¶μ¸±μ²Ó±Ê §¤¥¸Ó Í¥´É· ²Ó´Ò° ¶μÉ¥´Í¨ ² ¨ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨° ¥³Ê ²μ± ²Ó´Ò° ¨³¶Ê²Ó¸ ´¥ ³¥´ÖÕÉ¸Ö.

4. Œ…’�„ ‚›—ˆ‘‹…�ˆŸ ˆ ���ƒ��ŒŒ��Ÿ �…�‹ˆ‡�–ˆŸ

‚ ¤ ´´μ³ · §¤¥²¥ ¨§² £ ¥É¸Ö ³¥Éμ¤ ¢ÒÎ¨¸²¥´¨Ö Œ„”-¶μÉ¥´Í¨ ²  ¤²Ö ¸²Ê-
Î Ö, μ¶·¥¤¥²Ö¥³μ£μ Ëμ·³Ê² ³¨ ¨§ · §¤. 2. � ¸Î¥ÉÒ ¶μ Ëμ·³Ê² ³ ¨§ · §¤. 3
μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö  ´ ²μ£¨Î´μ.

4.1. � ¸Î¥É V D(r). ‚ · §¤. 2.1 ¶μ²ÊÎ¥´Ò Ëμ·³Ê²Ò ¤²Ö ¶μ¸É·μ¥´¨Ö V D(r).
� ¸Î¥É ¸¢μ¤¨É¸Ö ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ± ¢ÒÎ¨¸²¥´¨Õ ¨´É¥£· ²  (2.15).

�·¥¤¢ ·¨É¥²Ó´Ò°  ´ ²¨§ ¶μ± §Ò¢ ¥É, ÎÉμ V D(r) → 0 ¶·¨ r � 2R̃, £¤¥

R̃ ∼ A
1/3
1 + A

1/3
2 . �Éμ μ¡¥¸¶¥Î¨¢ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶¥·¥Ìμ¤  μÉ ¶μ²Ê¡¥¸±μ-

´¥Î´ÒÌ ¨´É¥·¢ ²μ¢ ¨´É¥£·¨·μ¢ ´¨Ö ± Î¨¸²¥´´μ³Ê ¨´É¥£·¨·μ¢ ´¨Õ ´  ±μ´¥Î-
´μ³ μÉ·¥§±¥ [Rmin, Rmax], Rmin → 0, ÎÉμ ¶μ¤É¢¥·¦¤ ¥É¸Ö É¥¸Éμ¢Ò³¨ · ¸-
Î¥É ³¨ ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ · ¸Ï¨·ÖÕÐ¨Ì¸Ö ¨´É¥·¢ ²μ¢ ¨´É¥£·¨·μ¢ ´¨Ö
(c³. · §¤. 4.3).
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� ¸Î¥ÉÒ ¢¥²¨¸Ó ´  ±μ´¥Î´μ³ ¨´É¥·¢ ²¥ ¨´É¥£·¨·μ¢ ´¨Ö [Rmin, Rmax], c
¨¸¶μ²Ó§μ¢ ´¨¥³ · ¢´μ³¥·´μ° ¤¨¸±·¥É´μ° ¸¥É±¨ ¸ Ï £μ³ h. —¨¸²¥´´μ¥ ¨´É¥-
£·¨·μ¢ ´¨¥ ¶·μ¢μ¤¨²μ¸Ó ¸ ¶μ³μÐÓÕ ±¢ ¤· ÉÊ·´μ° Ëμ·³Ê²Ò ‘¨³¶¸μ´  [36].

‚ Í¨±²¥ ¶μ Ê§² ³ · ¢´μ³¥·´μ° ¸¥É±¨ ¸´ Î ²  ¶·μ¢μ¤¨É¸Ö · ¸Î¥É ¢Ìμ-
¤ÖÐ¨Ì ¢ (2.15) ËÊ´±Í¨° �̄(q) ¨ �̃(q), ¤²Ö Î¥£μ ¢ÒÎ¨¸²ÖÕÉ¸Ö ¨´É¥£· ²Ò ¢¨¤ 
(2.16) ¸ ¶μ¤Ò´É¥£· ²Ó´Ò³¨ ËÊ´±Í¨Ö³¨ �̄(r) ¨ �̃(r) (2.14). „ ²¥¥ ¢ÒÎ¨¸²Ö¥É¸Ö
¸ ³ ¨´É¥£· ² (2.15).

4.2. � ¸Î¥É V EX(r). ‚ÒÎ¨¸²¥´¨¥ μ¡³¥´´μ£μ ¶μÉ¥´Í¨ ²  (2.17) ¶·¥¤¸É -
¢²Ö¥É μ¸´μ¢´ÊÕ É·Ê¤´μ¸ÉÓ, ¶μ¸±μ²Ó±Ê ¶·¨Ìμ¤¨É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¨É¥· Í¨μ´-
´ÊÕ ¶·μÍ¥¤Ê·Ê ¥£μ · ¸Î¥É  ¨§-§  § ¢¨¸¨³μ¸É¨ ¶μ¤Ò´É¥£· ²Ó´μ° ËÊ´±Í¨¨ μÉ
¨³¶Ê²Ó¸  K(r) (2.18), ±μÉμ·Ò° ¢ ¸¢μÕ μÎ¥·¥¤Ó ¸ ³ § ¢¨¸¨É μÉ ¶μÉ¥´Í¨ ² ,  
É ±¦¥ ¨§-§  ¢¥¸Ó³  ¸²μ¦´μ° § ¢¨¸¨³μ¸É¨ ËÊ´±Í¨° kF (ρ) ¨ F (ρ) μÉ ¶²μÉ´μ-
¸É¨. “Î¥É μ¡μ¨Ì ÔÉ¨Ì Ë ±Éμ·μ¢ μ¶·¥¤¥²Ö¥É ¢ ¨Éμ£¥ § ¢¨¸¨³μ¸ÉÓ ¶μÉ¥´Í¨ ² 
μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö Ö¤¥·.∗

‚ ´ Ï¨Ì · ¸Î¥É Ì ¤²Ö ´ Ìμ¦¤¥´¨Ö μ¡³¥´´μ£μ ¶μÉ¥´Í¨ ²  ¨¸¶μ²Ó§Ê¥É¸Ö
³¥Éμ¤ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¶·¨¡²¨¦¥´¨° [36]. �ÉμÉ ¶μ¤Ìμ¤ ¸¢μ¤¨É¸Ö ± · ¸¸³μ-
É·¥´¨Õ ¤²Ö ¨¸Ìμ¤´μ£μ ËÊ´±Í¨μ´ ²Ó´μ£μ Ê· ¢´¥´¨Ö∗∗

F (Ψ) = 0 (4.1)

¸μμÉ¢¥É¸É¢ÊÕÐ¥° ´¥²¨´¥°´μ° § ¤ Î¨

Ψ = F (Ψ) (4.2)

¨ ¶μ¸É·μ¥´¨Õ ´  ¥¥ μ¸´μ¢¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¨É¥· Í¨°

Ψk+1 = F (Ψk). (4.3)

Š·¨É¥·¨¥³ μ±μ´Î ´¨Ö ¨É¥· Í¨μ´´μ£μ ¶·μÍ¥¸¸  ¸²Ê¦¨É Ê¸²μ¢¨¥

||Ψk+1 − Ψk|| < ε, (4.4)

£¤¥ ε > 0 Å § · ´¥¥ § ¤ ´´μ¥ ³ ²μ¥ Î¨¸²μ, É. ¥. ¢ÒÎ¨¸²¥´¨Ö ¶·μ¤μ²¦ ÕÉ¸Ö ¤μ
É¥Ì ¶μ·, ¶μ±  ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ´  ¤¢ÊÌ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¨É¥· Í¨ÖÌ,
´¥ ¸μ¢¶ ¤ÊÉ ³¥¦¤Ê ¸μ¡μ° ¸ ´¥±μÉμ·μ° ´ ¶¥·¥¤ § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ.

∗‚ ·Ö¤¥ · ¡μÉ ¨§ÊÎ ²¨¸Ó ¢μ§³μ¦´μ¸É¨ · §´μ£μ ·μ¤  Ê¶·μÐ¥´¨Ö § ¤ Î¨. � ¶·¨³¥·, μ£· ´¨-
Î¥´¨¥ § ¢¨¸¨³μ¸É¨ K(r) Éμ²Ó±μ μÉ ¶·Ö³μ£μ ¶μÉ¥´Í¨ ²  V D(r) (¶¥·¢μ° ¸ÉÊ¶¥´¨ ¢ ¨É¥· Í¨μ´´μ°
¶·μÍ¥¤Ê·¥),   É ±¦¥ ¢Ò¡μ· Ë¥·³¨-¨³¶Ê²Ó¸  ´Ê±²μ´  ¢ Ö¤·¥ kF (ρ) Éμ²Ó±μ ¶·¨ μ¤´μ° Ë¨±¸¨·μ-
¢ ´´μ° ¶²μÉ´μ¸É¨ Ö¤¥·´μ° ³ É¥·¨¨. ‚¸¥ ÔÉμ ¶·¨¢μ¤¨É ± É ± ´ §Ò¢ ¥³μ³Ê ®¶¸¥¢¤μ¶μÉ¥´Í¨ ²Ê¯.
”μ·³ ²Ó´μ μ´ ¶μ²ÊÎ ¥É¸Ö ¨§ ¶·Ö³μ£μ ¶μÉ¥´Í¨ ²  (2.1), ¢ ±μÉμ·μ³ ¨¸±²ÕÎ ¥É¸Ö § ¢¨¸¨³μ¸ÉÓ vNN

(2.10) μÉ E ¨ ρ, ´μ ¢§ ³¥´ ¢¢μ¤¨É¸Ö ¤μ¶μ²´¨É¥²Ó´μ¥ ¸² £ ¥³μ¥, ¶·¨¡²¨¦¥´´μ ¨³¨É¨·ÊÕÐ¥¥ ¢±² ¤
μ¡³¥´´ÒÌ ÔËË¥±Éμ¢ (¸³., ´ ¶·¨³¥·, [7]). �¸¥¢¤μ¶μÉ¥´Í¨ ² Î Ð¥ ¢¸¥£μ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö μÍ¥´μ±
¨ ´¥ ¢±²ÕÎ ¥É ¢ · ¸Î¥ÉÒ § ¢¨¸¨³μ¸ÉÓ NN -¸¨² μÉ ¶²μÉ´μ¸É¨.

∗∗‡¤¥¸Ó Ψ Å Ô²¥³¥´É ¨§ ´¥±μÉμ·μ° μ¡² ¸É¨ B-¶·μ¸É· ´¸É¢  Y , ´¥²¨´¥°´ Ö ËÊ´±Í¨Ö F ¶¥-
·¥¢μ¤¨É Ô²¥³¥´ÉÒ Ψ ¨§ μ¡² ¸É¨ ¶·μ¸É· ´¸É¢  Y ¢ ¶·μ¸É· ´¸É¢μ U ; U Ö¢²Ö¥É¸Ö B-¶·μ¸É· ´¸É¢μ³,
¶·¨Î¥³ U ⊇ Y .
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‚μ¶·μ¸Ò ¸Ìμ¤¨³μ¸É¨ ¨ ÉμÎ´μ¸É¨ ³¥Éμ¤  ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¶·¨¡²¨¦¥´¨°
(¨§¢¥¸É´μ£μ É ±¦¥ ± ± ³¥Éμ¤ ¶·μ¸ÉÒÌ ¨É¥· Í¨°) · ¸¸³ É·¨¢ ÕÉ¸Ö, ´ ¶·¨³¥·,
¢ [37]. Š ± ¶· ¢¨²μ, ¨É¥· Í¨μ´´Ò¥ ¸Ì¥³Ò ¢¨¤  (4.3) ¨³¥ÕÉ ¶¥·¢Ò° ¶μ·Ö-
¤μ± ¸Ìμ¤¨³μ¸É¨, É. ¥. ´μ·³  ¶μ£·¥Ï´μ¸É¨ μÉ ¨É¥· Í¨¨ ± ¨É¥· Í¨¨ Ê¡Ò¢ ¥É ¢
£¥μ³¥É·¨Î¥¸±μ° ¶·μ£·¥¸¸¨¨.

�É³¥É¨³ §¤¥¸Ó, ÎÉμ ¶·¨³¥´¥´¨¥ ´ÓÕÉμ´μ¢¸±¨Ì ¸Ì¥³, ¨³¥ÕÐ¨Ì ¡μ²¥¥ ¢Ò-
¸μ±¨°, ¢Éμ·μ° ¶μ·Ö¤μ± ¸Ìμ¤¨³μ¸É¨ ¢ ¡²¨§±μ° μ±·¥¸É´μ¸É¨ ²μ± ²Ó´μ£μ ±μ·´Ö,
¢ ¤ ´´μ³ ¸²ÊÎ ¥ ´¥Í¥²¥¸μμ¡· §´μ, ¶μ¸±μ²Ó±Ê ¶·¨³¥´¥´¨¥ É ±¨Ì ¸Ì¥³ É·¥¡Ê¥É
´  ± ¦¤μ° ¨É¥· Í¨¨ μ¡· Ð¥´¨Ö ³ É·¨ÍÒ,  ¶¶·μ±¸¨³¨·ÊÕÐ¥° μ¶¥· Éμ· ¶·μ-
¨§¢μ¤´μ° ”·¥Ï¥, ÎÉμ, ¶·¨³¥´¨É¥²Ó´μ ± · ¸¸³ É·¨¢ ¥³μ° § ¤ Î¥, ¸ÊÐ¥¸É¢¥´´μ
Ê¢¥²¨Î¨¢ ¥É μ¡Ñ¥³ ¢ÒÎ¨¸²¥´¨° ´  ± ¦¤μ° ¨É¥· Í¨¨.

�  ¶¥·¢μ³ ¨É¥· Í¨μ´´μ³ Ï £¥ ¢ ± Î¥¸É¢¥ ´ Î ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö
U0(Rmin) ¢ Ëμ·³Ê²¥ (2.18) ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ¶·Ö³μ° ¶μÉ¥´Í¨ ² V D(Rmin),
· ¸¸Î¨É ´´Ò° ¸ ¶μ³μÐÓÕ Ëμ·³Ê² (2.15), (2.16) ¨§ · §¤. 2.1.

’ ¡²¨Í  1. � ¸Î¥ÉÒ ¶μÉ¥´Í¨ ²  Œ„” ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¢¤¢μ¥ ¸£ÊÐ ÕÐ¨Ì¸Ö ¸¥-
Éμ± c Ï £ ³¨ h0 = 0, 1, h1 = 0, 05, h2 = 0, 025 ¤²Ö 6He+28Si ¶·¨ E = 50 ŒÔ‚/´Ê±².

r h0 h1 h2 σ

0,0 Ä147,41241 Ä147,16432 Ä147,14903 16,2
0,5 Ä145,43847 Ä145,19330 Ä145,17817 16,2
1,0 Ä139,76125 Ä139,52479 Ä139,51013 16,1
1,5 Ä130,65241 Ä130,43078 Ä130,41696 16,0
2,0 Ä118,56500 Ä118,36443 Ä118,35189 16,0
2,5 Ä104,14470 Ä103,97086 Ä103,96004 16,1
3,0 Ä88,228916 Ä88,085839 Ä88,077082 16,3
3,5 Ä71,803759 Ä71,692823 Ä71,686287 16,9
4,0 Ä55,911718 Ä55,831196 Ä55,826785 18,2
4,5 Ä41,517922 Ä41,463316 Ä41,460699 20,8
5,0 Ä29,348733 Ä29,313828 Ä29,312504 16,6

�μ¸²¥ ¶¥·¢μ° ¨É¥· Í¨¨ ¶μ²ÊÎ ¥³ ¶·¨¡²¨¦¥´´μ¥ §´ Î¥´¨¥ V EX
1 (Rmin).

„ ²¥¥, ¡Ê¤¥³ ÊÉμÎ´ÖÉÓ ÔÉμ §´ Î¥´¨¥ ¶ÊÉ¥³ ¶μ¤¸É ´μ¢±¨ ´  ± ¦¤μ° k-° ¨É¥· -
Í¨¨ ¢ Ëμ·³Ê²Ê (2.18) §´ Î¥´¨Ö

Uk(Rmin) = V D(Rmin) + V EX
k−1 (Rmin) (4.5)

¤μ É¥Ì ¶μ·, ¶μ±  ´¥ ¡Ê¤¥É ¢Ò¶μ²´¥´μ ´¥· ¢¥´¸É¢μ

V EX
k (Rmin) − V EX

k−1 (Rmin) ≤ ε, ε > 0. (4.6)

’ ±¨³ μ¡· §μ³, ¶μ²ÊÎ ¥³ §´ Î¥´¨¥ V EX(Rmin). ’¥¶¥·Ó, ÊÎ¨ÉÒ¢ Ö, ÎÉμ V EX(r)
Ö¢²Ö¥É¸Ö £² ¤±μ° ËÊ´±Í¨¥°, É. ¥.

V EX(rn) − V EX(rn−1) ≤ ε, rn − rn−1 ≤ δ, (4.7)

16



¶·¨ ¤μ¸É ÉμÎ´μ ³ ²μ³ Ï £¥ · ¢´μ³¥·´μ° ¤¨¸±·¥É´μ° ¸¥É±¨ ¶μ r §´ Î¥´¨Ö
V EX(r) ¢ ¤¢ÊÌ ¸μ¸¥¤´¨Ì ÉμÎ± Ì rn−1 ¨ rn Ö¢²ÖÕÉ¸Ö ¡²¨§±¨³¨. �Éμ ¶μ§¢μ²Ö¥É ¢
Ëμ·³Ê²¥ (2.18) ¤²Ö ± ¦¤μ£μ ¸²¥¤ÊÕÐ¥£μ Ê§²  ¸¥É±¨ rn ¨¸¶μ²Ó§μ¢ ÉÓ ¢ ± Î¥¸É¢¥
´ Î ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö

U0(rn) = V D(rn) + V EX(rn−1). (4.8)

“ÉμÎ´ÖÖ ÔÉμ §´ Î¥´¨¥ c ¶μ³μÐÓÕ Ê¦¥ μ¶¨¸ ´´μ° ¤²Ö Rmin ¨É¥· Í¨μ´´μ°
¶·μÍ¥¤Ê·Ò, ¶μ²ÊÎ ¥³ ¤²Ö ± ¦¤μ£μ Ê§²  ¸ ´μ³¥·μ³ n

Uk(rn) = V D(rn) + V EX
k−1 (rn) (4.9)

¨, ¢ ±μ´¥Î´μ³ ¨Éμ£¥, §´ Î¥´¨¥ V EX(rn) ¤²Ö ± ¦¤μ£μ Ê§²  rn ¤¨¸±·¥É´μ°
¸¥É±¨.

ˆÉ¥· Í¨¨ ¶·μ¤μ²¦ ÕÉ¸Ö ¤μ ¢Ò¶μ²´¥´¨Ö ¸μμÉ´μÏ¥´¨Ö,  ´ ²μ£¨Î´μ£μ (4.6).
�·¨ ³ ²ÒÌ §´ Î¥´¨ÖÌ · ¤¨Ê¸  r � R ¤²Ö ¢Ò¶μ²´¥´¨Ö ¸μμÉ´μÏ¥´¨Ö (4.6) ¸
ε = 0, 001, ± ± ¶· ¢¨²μ, É·¥¡Ê¥É¸Ö k � 20 ¨É¥· Í¨°. „²Ö r � R ¸Ìμ¤¨³μ¸ÉÓ
¤μ¸É¨£ ¥É¸Ö ¶·¨ k � 5. „²Ö ¢ÒÎ¨¸²¥´¨Ö ¶·μ¨§¢μ¤´ÒÌ ¢ Ëμ·³Ê² Ì (2.24) ¤²Ö
²μ± ²Ó´μ£μ ¨³¶Ê²Ó¸  ”¥·³¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö É·¥ÌÉμÎ¥Î´Ò¥ ±μ´¥Î´μ-· §´μ¸É´Ò¥
Ëμ·³Ê²Ò ¨§ [38].

’ ¡²¨Í  2. � ¸Î¥ÉÒ ¶μÉ¥´Í¨ ²  Œ„” ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ · ¸Ï¨·ÖÕÐ¨Ì¸Ö ¨´-
É¥·¢ ²μ¢ ¨´É¥£·¨·μ¢ ´¨Ö [0,Rmax] ¶·¨ Rmax = 10, 15, 20 ¤²Ö 6He+28Si ¶·¨ E =
50 ŒÔ‚/´Ê±².

r Rmax = 10 Rmax = 15 Rmax = 20

0,0 Ä147,41241 Ä147,41241 Ä147,41242
1,0 Ä139,76125 Ä139,76125 Ä139,76125
2,0 Ä118,56500 Ä118,56500 Ä118,56500
3,0 Ä88,228916 Ä88,228916 Ä88,228916
4,0 Ä55,911718 Ä55,911718 Ä55,911718
5,0 Ä29,348733 Ä29,348733 Ä29,348733
6,0 Ä12,693727 Ä12,693730 Ä12,693730
7,0 Ä4,619359 Ä4,619367 Ä4,619365
8,0 Ä1,451416 Ä1,451428 Ä1,451428
9,0 Ä0,349943 Ä0,400530 Ä0,400530
10,0 Ä0,101391 Ä0,101415 Ä0,101415

4.3. �·μ£· ³³´ Ö ·¥ ²¨§ Í¨Ö. �·μ£· ³³  DFM-POT, ·¥ ²¨§ÊÕÐ Ö ¶μ-
¸É·μ¥´¨¥ Ö¤·μ-Ö¤¥·´μ£μ ¶μÉ¥´Í¨ ²  ´  μ¸´μ¢¥ Œ„”, ´ ¶¨¸ ´  ´  Ö§Ò±¥ ‘++.
„²Ö ¶·μ¢¥·±¨ ¶· ¢¨²Ó´μ¸É¨ ¥¥ · ¡μÉÒ ¶·μ¢μ¤¨²μ¸Ó ¸· ¢´¥´¨¥ · ¸¸Î¨É ´´ÒÌ
¶μÉ¥´Í¨ ²μ¢ ¸ Î¨¸²¥´´Ò³¨ ·¥§Ê²ÓÉ É ³¨ ¤·Ê£¨Ì  ¢Éμ·μ¢,   É ±¦¥ É¥¸Éμ¢Ò¥
· ¸Î¥ÉÒ ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÖÌ ¸£ÊÐ ÕÐ¨Ì¸Ö ¸¥Éμ± ¨ · ¸Ï¨·ÖÕÐ¨Ì¸Ö ¨´-
É¥·¢ ²μ¢ ¨´É¥£·¨·μ¢ ´¨Ö.
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‚ É ¡². 1 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¢¤¢μ¥
¸£ÊÐ ÕÐ¨Ì¸Ö ¸¥Éμ± ¤²Ö 6He+28Si ¶·¨ E = 50 ŒÔ‚/´Ê±². �μ²ÊÎ¥´´μ¥ §´ Î¥-
´¨¥ σ, · ¸¸Î¨É ´´μ¥ ¶μ Ëμ·³Ê²¥

σ = [V (h0) − V (h1)]/[V (h1) − V (h2)], (4.10)

¶·¨¡²¨§¨É¥²Ó´μ · ¢´μ 24. �Éμ ¶μ¤É¢¥·¦¤ ¥É, ÎÉμ ¸Ì¥³  ¨³¥¥É Î¥É¢¥·ÉÒ°
¶μ·Ö¤μ± ÉμÎ´μ¸É¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° É¥μ·¥É¨Î¥¸±μ³Ê ¶μ·Ö¤±Ê  ¶¶·μ±¸¨³ Í¨¨
Ëμ·³Ê²Ò ‘¨³¶¸μ´ .

‚ É ¡². 2, ¤²Ö Éμ° ¦¥ ·¥ ±Í¨¨ 6He+28Si ¶·¨ E = 50 ŒÔ‚/´Ê±²., ¶·¥¤-
¸É ¢²¥´Ò · ¸Î¥ÉÒ ¶μÉ¥´Í¨ ²  Œ„” ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ · ¸Ï¨·ÖÕÐ¨Ì¸Ö
¨´É¥·¢ ²μ¢ ¨´É¥£·¨·μ¢ ´¨Ö, ¶μ¤É¢¥·¦¤ ÕÐ¨¥ ¸Ìμ¤¨³μ¸ÉÓ ¶·¨ Rmax > 2R̃,
R̃ = 4, 85.

‚ ¶·¥¤¸É ¢²¥´´ÒÌ · ¸Î¥É Ì ¤²Ö 6He ¨¸¶μ²Ó§μ¢ ² ¸Ó £ Ê¸¸μ¢¸± Ö ¶ · ³¥-
É·¨§ Í¨Ö ¶²μÉ´μ¸É¨ (c³. ´¨¦¥ · §¤. 4.4 ¸ ±μÔËË¨Í¨¥´É ³¨, ¶μ²ÊÎ¥´´Ò³¨
¢ [2]; ¤²Ö 28Si ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶²μÉ´μ¸ÉÓ ¢ ¢¨¤¥ ¸¨³³¥É·¨§μ¢ ´´μ° Ë¥·³¨-
ËÊ´±Í¨¨. NN-¶μÉ¥´Í¨ ² · ¸¸Î¨ÉÒ¢ ²¸Ö ¢ Ëμ·³¥ M3Y-Paris (c³. ´¨¦¥
· §¤. 4.5.2).

‚ ¶·μ£· ³³¥ ¶·¥¤Ê¸³μÉ·¥´  ¢μ§³μ¦´μ¸ÉÓ · ¡μÉÒ ¸ ËÊ´±Í¨¥° · ¸¶·¥¤¥-
²¥´¨Ö ¶²μÉ´μ¸É¨ Ö¤¥·´μ° ³ É¥·¨¨, § ¤ ´´μ° ± ± ¢  ´ ²¨É¨Î¥¸±μ³ ¢¨¤¥, É ± ¨
¢ ¢¨¤¥ É ¡²¨ÍÒ, ±μÉμ· Ö ¢¢μ¤¨É¸Ö ¸ ¢´¥Ï´¥£μ ´μ¸¨É¥²Ö. ‚ ± Î¥¸É¢¥  ´ ²¨É¨-
Î¥¸±μ° Ëμ·³Ò ¶²μÉ´μ¸É¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ´ ¨¡μ²¥¥ É¨¶¨Î´Ò¥ Ëμ·³Ò ¶ · ³¥-
É·¨§ Í¨°, ¶·¥¤¸É ¢²¥´´Ò¥ ´¨¦¥ ¢ · §¤. 4.4. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ëμ·³Ë ±Éμ·Ò
¨³¥ÕÉ Ö¢´Ò° ¢¨¤, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ Ê¶·μÐ ¥É ¢ÒÎ¨¸²¥´¨Ö.

‚ ¶·μ£· ³³¥ ·¥ ²¨§μ¢ ´  ¢μ§³μ¦´μ¸ÉÓ · ¸Î¥Éμ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ NN-
¶μÉ¥´Í¨ ²μ¢ ¤¢ÊÌ É¨¶μ¢: �¥°¤ Ä�²²¨μÉ  (M3Y-Reid) [33] ¨ ¶ ·¨¦¸±μ£μ (M3Y-
Paris) [34]. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ëμ·³Ê²Ò ¨ ¶ · ³¥É·Ò ¤ ´Ò ´¨¦¥ ¢ · §¤. 4.5.

‚·¥³Ö · ¸Î¥É  Ö¤·μ-Ö¤¥·´μ£μ ¶μÉ¥´Í¨ ²  Œ„” ¸μ¸É ¢²Ö¥É, ¢ § ¢¨¸¨³μ-
¸É¨ μÉ Ô´¥·£¨¨,  Éμ³´μ° ³ ¸¸Ò ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ¨ ¢Ò¡· ´´ÒÌ ¶ · ³¥-
É·μ¢ ¢ÒÎ¨¸²¨É¥²Ó´μ° ¸Ì¥³Ò, μÉ ´¥¸±μ²Ó±¨Ì ³¨´ÊÉ ¤²Ö ¸Éμ²±´μ¢¥´¨° ²¥£±¨Ì
Ö¤¥· ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ¶μ·Ö¤±  100 ŒÔ‚ ¤μ ´¥¸±μ²Ó±¨Ì Î ¸μ¢ ¶·¨ ¡μ²Ó-
Ï¨Ì  Éμ³´ÒÌ Î¨¸² Ì ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ¨ Ô´¥·£¨ÖÌ ¸Éμ²±´μ¢¥´¨Ö ¶μ·Ö¤± 
1000Ä1500 ŒÔ‚ ´  ��‚Œ ±² ¸¸  Pentium − IV . �μÔÉμ³Ê ¢ ¤ ²Ó´¥°Ï¥³
¶² ´¨·Ê¥É¸Ö ¨¸¸²¥¤μ¢ ´¨¥ ¢μ§³μ¦´μ¸É¨ ¶·¨³¥´¥´¨Ö  ²£μ·¨É³μ¢ ¨ ³¥Éμ¤μ¢
¶ · ²²¥²Ó´μ£μ ¶·μ£· ³³¨·μ¢ ´¨Ö.

�·μ£· ³³  DFM-POT ¨¸¶μ²Ó§μ¢ ² ¸Ó ¤²Ö ¶μ¸É·μ¥´¨Ö ¶μÉ¥´Í¨ ²μ¢ Œ„”
¢ · ¡μÉ Ì [9, 15, 41]. Ee μ¡μ¡Ð¥´¨¥, ·¥ ²¨§ÊÕÐ¥¥ ¨§²μ¦¥´´Ò° ¢ · §¤. 3
¶μ¤Ìμ¤ ¤²Ö ´¥Ê¶·Ê£¨Ì ¢§ ¨³μ¤¥°¸É¢¨°, ¨¸¶μ²Ó§μ¢ ´μ ¢ ´¥¤ ¢´¨Ì · ¡μÉ Ì [17]
¨ [18]. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢¥¤ÊÉ¸Ö · ¸Î¥ÉÒ ¸¥Î¥´¨° Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö Ö¤¥·
6He ´  ¶·μÉμ´ Ì c ¶μÉ¥´Í¨ ² ³¨ Ëμ²¤¨´£ , ¶μ²ÊÎ¥´´Ò³¨ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸
¶·¥¤¸É ¢²¥´´Ò³ §¤¥¸Ó ¶μ¤Ìμ¤μ³.
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4.4. �´ ²¨É¨Î¥¸±¨¥ Ëμ·³Ë ±Éμ·Ò ´¥±μÉμ·ÒÌ ËÊ´±Í¨°.

4.4.1. �μÉ¥´Í¨ ² �± ¢Ò. ‚ · ¸Î¥É Ì Ö¤¥·´ÒÌ Ëμ²¤¨´£-¶μÉ¥´Í¨ ²μ¢
μ¡ÒÎ´μ ¨¸¶μ²Ó§Ê¥É¸Ö ÔËË¥±É¨¢´Ò° ´Ê±²μ´-´Ê±²μ´´Ò° (NN ) ¶μÉ¥´Í¨ ² ¢
¢¨¤¥ ¸Ê³³Ò ¶μÉ¥´Í¨ ²μ¢ 
± ¢Ò

v(r) =
∑

j

Nj
e−μjr

μjr
. (4.11)

ˆ¸¶μ²Ó§ÊÖ μ¶·¥¤¥²¥´¨¥ Ëμ·³Ë ±Éμ·  (2.16), ¶μ²ÊÎ¨³

v(q) = 4π
∑

j

Nj

∫ ∞

0

sin(qr)
qr

e−μjr

μjr
r2 dr =

= 4π
∑

j

Ni

2iμjq
[− 1

iq − μj
+

1
−iq − μj

], (4.12)

v(q) = 4π
∑

j

Nj

μj

1
q2 + μ2

j

4.4.2. ”Ê´±Í¨Ö ƒ Ê¸¸ . �μ·³¨·μ¢ ´´ Ö ´  1 ¶²μÉ´μ¸ÉÓ ¥¸ÉÓ ∗

ρG(r) = ρG,0 e−αr2
, ρG,0 = (

α

π
)3/2. (4.13)

�·¨ ÔÉμ³ α ³μ¦´μ ¢Ò· §¨ÉÓ Î¥·¥§ ¸·¥¤´¥±¢ ¤· É¨Î´Ò° · ¤¨Ê¸ [31] (Ëμ·³Ê² 
3.461(2))

< r2 > = 4πρG,0

∫ ∞

0

e−αr2
r4 dr = ρG,0

3
2α

(
α

π
)−3/2 =

3
2α

. (4.14)

”μ·³Ë ±Éμ· £ Ê¸¸μ¢μ° ¶²μÉ´μ¸É¨ · ¢¥´ [31] (Ë-²  3.952(1))

ρG(q) = ρG,0
4π

q

∫ ∞

0

e−αr2
sin(qr) r dr =

= ρG,0 (
π

α
)3/2 e−q2/4α = e−q2/4α. (4.15)

∗�μ¸±μ²Ó±Ê ¤μ ÔÉμ£μ ¶²μÉ´μ¸É¨ ´μ·³¨·μ¢ ²¨¸Ó ´  Î¨¸²  Z, N ¨²¨ A, Éμ ¶·¨ ¨Ì ¨¸¶μ²Ó§μ¢ -
´¨¨ ¢ · ¸Î¥É Ì ¶μÉ¥´Í¨ ²μ¢ ¶·¨¢¥¤¥´´Ò¥ ´¨¦¥ ¶²μÉ´μ¸É¨ ´ ¤μ ¤μ³´μ¦ ÉÓ ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥
Ë ±Éμ·Ò.
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4.4.3. ”Ê´±Í¨Ö ¸ÉÊ¶¥´Ó±¨. �É  ËÊ´±Í¨Ö · ¢´  ρu,0 ¶·¨ r < Ru ¨ 0
¶·¨ r ≥ Ru:

ρu(r) = ρu,0 Θ(Ru − r), ρu,0 =
3

4πR3
u

, < r2 >=
3
5
R2

u, (4.16)

  Ëμ·³Ë ±Éμ· μ¶·¥¤¥²Ö¥É¸Ö ± ±

ρu(q) = −ρu,0
4πRu

q2
cos(qRu) [1 − 1

qRu
tan(qRu)]. (4.17)

4.4.4. ‘¨³³¥É·¨§μ¢ ´´ Ö Ë¥·³¨-ËÊ´±Í¨Ö. „¢ÊÌ¶ · ³¥É·¨Î¥¸± Ö Ë¥·³¨-
ËÊ´±Í¨Ö ¶²μÉ´μ¸É¨

ρ(r) = ρ0
1

1 + exp r−R
a

(4.18)

¶μ§¢μ²Ö¥É ´ ¨¡μ²¥¥ Ê¤ Î´μ ¢μ¸¶·μ¨§¢μ¤¨ÉÓ ³´μ£¨¥ ´ ¡²Õ¤ ¥³Ò¥ ¢¥²¨Î¨´Ò
¢ Ö¤¥·´μ° Ë¨§¨±¥, £¤¥ ÊÎ ¸É¢ÊÕÉ Ö¤·  ¸·¥¤´¥£μ ¨ ÉÖ¦¥²μ£μ  Éμ³´μ£μ ¢¥¸ .
�¤´ ±μ É ³, £¤¥ ¨£· ¥É ·μ²Ó ¢´ÊÉ·¥´´ÖÖ μ¡² ¸ÉÓ Ö¤·  ²¨¡μ ±μ£¤  · ¸¸³ É·¨-
¢ ÕÉ¸Ö ¸· ¢´¨É¥²Ó´μ ²¥£±¨¥ Ö¤· , ¶·μÖ¢²Ö¥É¸Ö ´¥¤μ¸É Éμ± ÔÉμ° ËÊ´±Í¨¨,  
¨³¥´´μ, ¥¥ ´¥¶μ²μ£¨° Ìμ¤ ¶·¨ r � 0, Éμ ¥¸ÉÓ μÉ²¨Î´ Ö μÉ ´Ê²Ö ¤¨¢¥·£¥´Í¨Ö
¶²μÉ´μ¸É¨ Ö¤¥·´μ£μ ¢¥Ð¥¸É¢  ¢ ¥£μ Í¥´É·¥. ‚ ÔÉμ³ ¶² ´¥ ¸¨³³¥É·¨§μ¢ ´´ Ö
Ë¥·³¨-ËÊ´±Í¨Ö

ρ(r) = ρ0
sinh(R/a)

cosh(R/a) + cosh(r/a)
= ρ0[

1
1 + exp r−R

a

− 1
1 + exp r+R

a

],

(4.19)
£¤¥

ρ0 =
3

4πR3
[1 + (

πa

R
)2]−1, (4.20)

´¥ ¸μ¤¥·¦¨É Ê± § ´´ÒÌ ´¥¤μ¸É É±μ¢. �·¨ R � a, ±μ£¤  exp r+R
a � 1, ¢Éμ·Ò³

Î²¥´μ³ ¢ (4.19) ³μ¦´μ ¶·¥´¥¡·¥ÎÓ, ¨ Éμ£¤  μ¸É ¥É¸Ö μ¡ÒÎ´ Ö Ë¥·³¨-ËÊ´±Í¨Ö.
‚ · ¡μÉ¥ [32] ¡Ò² ¶μ²ÊÎ¥´ ¥¥ Ëμ·³Ë ±Éμ· ¢ Ö¢´μ³ ¢¨¤¥

ρ(q) = −ρ0
4π2a

q

d

dq
[

sin qR

sinh(πaq)
] =

ρ(q) = −ρ0
4π2aR

q

cos qR

sinh(πaq)
[1 − (

πa

R
) coth(πaq) tan qR], (R > πa ).

(4.21)
‹¥£±μ ¶·μ¢¥·¨ÉÓ, ÎÉμ ¶·¨ q → 0 ¨³¥¥³ ρ(0) = ρ0 (4/3)πR3[1 + (πa/R)] = 1.
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4.5. � · ³¥É·Ò NN -¶μÉ¥´Í¨ ²μ¢, ·¥ ²¨§μ¢ ´´ÒÌ ¢ DFM-POT. �ËË¥±-
É¨¢´Ò¥ ´Ê±²μ´-´Ê±²μ´´Ò¥ (NN ) ¶μÉ¥´Í¨ ²Ò ¢ Ö¤¥·´μ° ¸·¥¤¥ (¢ μ¡² ¸É¨ ¶¥·¥-
±·ÒÉ¨Ö ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·) μ¡ÒÎ´μ ¢¢μ¤ÖÉ¸Ö ± ± ¸Ê³³  É·¥Ì ¶μÉ¥´Í¨ ²μ¢

± ¢Ò (M3Y-¶μÉ¥´Í¨ ²μ¢) [33, 34]. ’ ±¨³ μ¡· §μ³, ¤²Ö ¨§μ¸± ²Ö·´ÒÌ (v00)
¨ ¨§μ¢¥±Éμ·´ÒÌ (v01) Œ3Y-¶μÉ¥´Í¨ ²μ¢ (¶·Ö³ÒÌ ®D¯ ¨ μ¡³¥´´ÒÌ ®EX¯)
¶ · ³¥É·¨§ÊÕÉ¸Ö Ëμ·³Ò ¢¨¤ 

v
D (EX)
0n =

∑
i=1,2,3

Ni
e−μir

μir
(4.22)

’ ¡²¨Í  3. � · ³¥É·Ò M3Y-¶μÉ¥´Í¨ ²  �¥°¤ Ä�²²¨μÉ  ¨§ [33]

i 1 2 3

μi, Ë³−1 4,0 2,5 0,7072

i N1 N2 N3

vD
00, ŒÔ‚ 7999,0 Ä2134,25 0

vEX
00 , ŒÔ‚ 4631,375 Ä1787,125 Ä7,8474

vD
01, ŒÔ‚ Ä4885,5 1175,5 0

vEX
01 , ŒÔ‚ Ä1517,875 828,375 2,6157

�¤´μ¢·¥³¥´´μ, ¶ÊÉ¥³ ¸· ¢´¥´¨Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, Ê¸É -
´μ¢²¥´Ò ¨Ì § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö (Ë ±Éμ· g(E)) ¨ ¤μ¶μ²-
´¨É¥²Ó´ Ö § ¢¨¸¨³μ¸ÉÓ μÉ ¶²μÉ´μ¸É¨ Ö¤¥· ¢ μ¡² ¸É¨ ¨Ì ¶¥·¥±·ÒÉ¨Ö (Ë ±Éμ·
F (ρ(r))). �¨¦¥ ¶·¨¢¥¤¥´Ò ´ ¨¡μ²¥¥ Î ¸Éμ ¨¸¶μ²Ó§Ê¥³Ò¥ ¨ Ê¦¥  ¶·μ¡¨·μ-
¢ ´´Ò¥ ¶ · ³¥É·¨§ Í¨¨, ±μÉμ·Ò¥ ·¥ ²¨§μ¢ ´Ò ¢ ¶·μ£· ³³¥ DFM-POT. �·¨
ÔÉμ³ ´ ¤μ ¶μ³´¨ÉÓ, ÎÉμ ÔÉ¨ ¶ · ³¥É·¨§ Í¨¨ ¡Ò²¨ ¸¤¥² ´Ò Éμ²Ó±μ ¤²Ö · ¸-
Î¥É  ¢¥Ð¥¸É¢¥´´μ° Î ¸É¨ μ¶É¨Î¥¸±¨Ì ¶μÉ¥´Í¨ ²μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ¶μ¤£μ´-
± Ì. Œ´¨³Ò¥ ¦¥ Î ¸É¨ É ±¨Ì ¶μ²Ê³¨±·μ¸±μ¶¨Î¥¸±¨Ì ¶μÉ¥´Í¨ ²μ¢ ¢Ò¡¨· -
²¨¸Ó ¢ ¢Ê¤¸-¸ ±¸μ´μ¢¸±μ° Ëμ·³¥ ²¨¡μ ¤²Ö ÔÉμ£μ ¶ · ³¥É·¨§μ¢ ²¸Ö §  ¸Î¥É
¨§³¥´¥´¨Ö £²Ê¡¨´Ò ¨ ¤μ¡ ¢²¥´¨Ö ¶·μ¨§¢μ¤´μ° (¸μ ¸¢μ¨³ ¶ · ³¥É·μ³ ¢±² ¤ )
ÉμÉ ¦¥ Ëμ²¤¨´£-¶μÉ¥´Í¨ ², ±μÉμ·Ò° ¨¸¶μ²Ó§μ¢ ²¸Ö ¤²Ö ¢¥Ð¥¸É¢¥´´μ° Î ¸É¨.

4.5.1. �μÉ¥´Í¨ ² �¥°¤ Ä�²²¨μÉ  (M3Y-Reid). � · ³¥É·Ò ÔÉμ£μ ¶μÉ¥´-
Í¨ ²  Ni ¨ μi ¤ ´Ò ¢ É ¡². 3. ‡ ¢¨¸¨³μ¸ÉÓ μÉ Ô´¥·£¨¨ ¨³¥¥É ¢¨¤

g(E) = (1 − 0, 002 E/A). (4.23)

‚ · ¸Î¥É Ì ¸ É ±¨³ ¶μÉ¥´Í¨ ²μ³ ¨¸¶μ²Ó§μ¢ ² ¸Ó § ¢¨¸¨³μ¸ÉÓ μÉ ¶²μÉ´μ¸É¨
ρ = ρ(r1) + ρ(r2) ¤¢ÊÌ ¢¨¤μ¢

DDM3Y : F (ρ) = C[1 + α e−βρ(r)], (4.24)
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BDM3Y : F (ρ) = C[1 − γρ(r)]. (4.25)

‚ · ¡μÉ¥ [35] ¶·μ ´ ²¨§¨·μ¢ ´Ò ¤ ´´Ò¥ ¶μ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³ ¸¥Î¥´¨Ö³
¢§ ¨³´μ£μ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö Ö¤¥· 12‘ ¨ 16� ¶·¨ E/A � 100 ŒÔ‚ ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ ¢¥Ð¥¸É¢¥´´ÒÌ Ëμ²¤¨´£-¶μÉ¥´Í¨ ²μ¢ ¨ ³´¨³ÒÌ ¢Ê¤¸-¸ ±¸μ´μ¢¸±¨Ì.
� ¨²ÊÎÏ¥¥ ¸μ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¨ ±μÔËË¨Í¨¥´É ´¥¸¦¨-
³ ¥³μ¸É¨ K = 150−210 ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¶·¨ ¢Ò¡μ·¥ ¶ · ³¥É·μ¢

DDM3Y 1 : C = 0, 2845, α = 3, 6391, β = 2, 9605, (4.26)

BDM3Y 1 : C = 1, 2253, γ = 1, 5124, (4.27)

4.5.2. � ·¨¦¸±¨° ¶μÉ¥´Í¨ ² M3Y-Paris. � · ³¥É·Ò ÔÉμ£μ ¶μÉ¥´Í¨ ²  Ni

¨ μi ¤ ´Ò ¢ É ¡². 4,   ¥£μ § ¢¨¸¨³μ¸ÉÓ μÉ Ô´¥·£¨¨ ¨³¥¥É ¢¨¤

g(E) = (1 − 0, 003 E/A). (4.28)

‡ ¢¨¸¨³μ¸ÉÓ μÉ ¶²μÉ´μ¸É¨ ρ = ρ(r1) + ρ(r2) ¨¸¶μ²Ó§Ê¥É¸Ö ¢ μ¡Ð¥³ ¢¨¤¥

CDM3Y : F (ρ) = C[1 + α e−βρ(r) − γρ(r)], (4.29)

¸ ¶ · ³¥É· ³¨ ´ ¨²ÊÎÏ¥° ¶μ¤£μ´±¨

CDM3Y 6 : C = 0, 2658, α = 3, 8033, β = 1, 4099, γ = 4, 0, (4.30)

’ ¡²¨Í  4. � · ³¥É·Ò ¶ ·¨¦¸±μ£μ M3Y-¶μÉ¥´Í¨ ²  ¨§ [34]

i 1 2 3

μi, Ë³−1 4,0 2,5 0,7072

i N1 N2 N3

vD
00 , ŒÔ‚ 11061,625 -2537,5 0

vEX
00 , ŒÔ‚ -1524,25 -518,75 -7,8474

vD
01 , ŒÔ‚ 313,625 223,5 0

vEX
01 , ŒÔ‚ -4118,0 1054,75 2,6157

�ÉμÉ ¢ ·¨ ´É ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ´ ¨¡μ²¥¥ Î ¸Éμ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ · ¸Î¥-
É Ì Œ„”-¶μÉ¥´Í¨ ²μ¢. �¤´ ±μ ¶·¨ ÔÉμ³ ¶·Ö³μ° ¶μÉ¥´Í¨ ² V D μ± §Ò¢ ¥É¸Ö
μÉÉ ²±¨¢ ÕÐ¨³ (¸μ §´ ±μ³ ®¶²Õ¸¯),   μ¡³¥´´Ò° V EX ¶·¨ÉÖ£¨¢ ÕÐ¨³ (¸μ
§´ ±μ³ ®³¨´Ê¸¯), ÎÉμ, ± § ²μ¸Ó ¡Ò, ´¥ μÉ¢¥Î ¥É Ë¨§¨Î¥¸±¨³ ¶·¥¤¸É ¢²¥´¨Ö³
μ ·μ²¨ μ¡³¥´´ÒÌ ¸¨², ¶·¨¢μ¤ÖÐ¨Ì μ¡ÒÎ´μ ± μÉÉ ²±¨¢ ´¨Õ (§´ ± ®¶²Õ¸¯).
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“ ¶μÉ¥´Í¨ ²μ¢ M3Y-Reid É ±μ£μ ´¥¸μμÉ¢¥É¸É¢¨Ö ´¥É, ´μ § Éμ ¢³¥¸Éμ ¶·¨´Ö-
Éμ£μ §´ Î¥´¨Ö ¶²μÉ´μ¸É¨ (´ ¸ÒÐ¥´¨Ö) Ö¤¥·´μ° ³ É¥·¨¨ ρ = 0, 17 ¶μ²ÊÎ ¥É¸Ö
ρ = 0, 04 ¶·¨ Ô´¥·£¨¨ ¸¢Ö§¨ � 16 ŒÔ‚, ¨ ±μÔËË¨Í¨¥´É ´¥¸¦¨³ ¥³μ¸É¨
μ± §Ò¢ ¥É¸Ö ´¥¸±μ²Ó±μ § ´¨¦¥´´Ò³ ¶μ ¸· ¢´¥´¨Õ ¸ ¨³¥ÕÐ¨³¨¸Ö ¤ ´´Ò³¨
μ Ö¤¥·´μ° ³ É¥·¨¨ ¢ ´¥°É·μ´´ÒÌ §¢¥§¤ Ì (¶·¨³¥·´μ 170 ¶·μÉ¨¢ 250) [19].
Šμ´¥Î´μ, ¸Ê³³ ·´Ò¥ ¶μÉ¥´Í¨ ²Ò V D + V EX ¢ μ¡μ¨Ì ¸²ÊÎ ÖÌ μ± §Ò¢ ÕÉ¸Ö
¶·¨ÉÖ£¨¢ ÕÐ¨³¨ (¸μ §´ ±μ³ ®³¨´Ê¸¯), ÎÉμ ¥¸É¥¸É¢¥´´μ. �¡ÑÖ¸´¨ÉÓ ¶μ¤μ¡´μ¥
³μ¦´μ Éμ²Ó±μ É¥³, ÎÉμ ÔÉμ ¶·μ¨¸Ìμ¤¨É §  ¸Î¥É ¢Ò¡· ´´μ° ¶ · ³¥É·¨§ Í¨¨
ÔËË¥±É¨¢´ÒÌ NN -¶μÉ¥´Í¨ ²μ¢ ¨ ¨Ì § ¢¨¸¨³μ¸É¨ μÉ ¶²μÉ´μ¸É¨, ¨ ¶μÔÉμ³Ê
± ¦¤Ò° Ô²¥³¥´É Ö¤¥·´μ£μ Ëμ²¤¨´£-¶μÉ¥´Í¨ ²  ¢ μÉ¤¥²Ó´μ¸É¨ ´¥ É·¥¡Ê¥É Ë¨-
§¨Î¥¸±μ° ¨´É¥·¶·¥É Í¨¨.

5. —ˆ‘‹…��›… ��ˆŒ…�›

„¥³μ´¸É·¨·ÊÕÉ¸Ö ´¥±μÉμ·Ò¥ ¶·¨³¥·Ò ¨¸¶μ²Ó§μ¢ ´¨Ö ¶·μ£· ³³Ò DFM-
POT.

5.1. � ¸Î¥É ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö 16O ´ 
Ö¤· Ì. ‚ ¤ ´´μ³ · §¤¥²¥ ¶·¥¤¸É ¢²¥´Ò ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö Ê¶·Ê-
£μ£μ · ¸¸¥Ö´¨Ö 16O ´  Ö¤· Ì ± ²ÓÍ¨Ö ¨ ¸¢¨´Í  ¶·¨ Ô´¥·£¨¨ 94 ŒÔ‚/´Ê±²μ´,
¶μ²ÊÎ¥´´Ò¥ ¢ [9] ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶μÉ¥´Í¨ ² , · ¸¸Î¨É ´´μ£μ ¸ ¶μ³μÐÓÕ
¶·μ£· ³³Ò DFM-POT ´  μ¸´μ¢¥ ³μ¤¥²¨ ¤¢μ°´μ£μ Ëμ²¤¨´£ . � ¸Î¥É Ö¤·μ-
Ö¤¥·´μ£μ ¶μÉ¥´Í¨ ²  (2.5) ¶·μ¢μ¤¨²¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ÔËË¥±É¨¢´μ£μ ¶ -
·¨¦¸±μ£μ NN -¶μÉ¥´Í¨ ²  (4.22) (¸³. É ¡². 4), ¢ ±μÉμ·μ³ ÊÎÉ¥´  § ¢¨¸¨³μ¸ÉÓ
μÉ ¸Ê³³ ·´μ° ¶²μÉ´μ¸É¨ ρ = ρ1 + ρ2 ¤¢ÊÌ Ö¤¥· ¢ μ¡² ¸É¨ ¨Ì ¶¥·¥±·ÒÉ¨Ö
§  ¸Î¥É ¢±²ÕÎ¥´¨Ö Ë ±Éμ·  F (ρ) (4.29) c ¶ · ³¥É· ³¨ (4.30) ¨ § ¢¨¸¨³μ¸ÉÓ
μÉ Ô´¥·£¨¨ ¢ ¢¨¤¥ ËÊ´±Í¨¨ g(E) (4.28). „²Ö  ¶¶·μ±¸¨³ Í¨¨ ¶²μÉ´μ¸É¨ · ¸-
¶·¥¤¥²¥´¨Ö Ö¤¥·´μ° ³ É¥·¨¨ ¢ Ö¤· Ì ¨¸¶μ²Ó§μ¢ ´  ¸¨³³¥É·¨§μ¢ ´´ Ö Ë¥·³¨-
ËÊ´±Í¨Ö.

�  ·¨¸. 2  , ¡ ¨ 3 a, ¡ ÏÉ·¨Ìμ¢Ò³¨ ±·¨¢Ò³¨ ¶μ± § ´Ò ¸μμÉ¢¥É¸É¢¥´´μ ¶μ-
É¥´Í¨ ² Œ„” VDF , · ¸¸Î¨É ´´Ò° ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò DFM-POT, ¨ ¶μÉ¥´-
Í¨ ² ‚�� WH , ¶μ²ÊÎ¥´´Ò° ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò HEA-TOTAL
(http://www.jinr.ru/programs/jinrlib/hea). ‚¨¤´μ, ÎÉμ ¢ μ¡² ¸É¨ Ô±¸¶μ´¥´Í¨ ²Ó-
´μ£μ ¸¶ ¤  ³¨±·μ¸±μ¶¨Î¥¸±¨¥ ¶μÉ¥´Í¨ ²Ò ¸μ£² ¸ÊÕÉ¸Ö ¸ Ï¥¸É¨¶ · ³¥É·¨Î¥-
¸±¨³ ¶μÉ¥´Í¨ ²μ³ ‚Ê¤¸ Ä‘ ±¸μ´  (¸¶²μÏ´Ò¥ ±·¨¢Ò¥) ¸ ¶μ¤μ£´ ´´Ò³¨ ¶μ¤
Ô±¸¶¥·¨³¥´É ¶ · ³¥É· ³¨ [39].

�  ·¨¸Ê´± Ì 2, ¢ ¨ 3, ¢ ¶·¥¤¸É ¢²¥´Ò μÉ´μÏ¥´¨Ö ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥-
Î¥´¨° Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ± ·¥§¥·Ëμ·¤μ¢¸±μ³Ê, · ¸¸Î¨É ´´Ò¥ ¤²Ö ³¨±·μ¸±μ-
¶¨Î¥¸±¨Ì ¶μÉ¥´Í¨ ²μ¢ U = VDF + WH (ÏÉ·¨Ì¨). � ¸Î¥É ¸¥Î¥´¨° ¶·μ¢¥¤¥´ ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò ECIS, ·¥ ²¨§ÊÕÐ¥° ³¥Éμ¤ ¸¢Ö§ ´´ÒÌ ± ´ ²μ¢ [3].
�·¨ · ¸Î¥É¥  ³¶²¨ÉÊ¤Ò ¨ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö,
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�¨¸. 2.  , ¡) ¸μμÉ¢¥É¸É¢¥´´μ ¶μÉ¥´Í¨ ²Ò Œ„” ¨ ‚�� (ÏÉ·¨Ì¨) ¢ ¸· ¢´¥´¨¨ ¸ ¢¥-
Ð¥¸É¢¥´´μ° ¨ ³´¨³μ° Î ¸ÉÓÕ Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  ‚Ê¤¸ Ä‘ ±¸μ´ , ¶ -
· ³¥É·Ò ±μÉμ·μ£μ ¶μ¤μ£´ ´Ò ¶μ¤ Ô±¸¶¥·¨³¥´É ¢ [39] (¸¶²μÏ´Ò¥). ¢) ¤¨ËË¥·¥´Í¨-
 ²Ó´Ò¥ ¸¥Î¥´¨Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö 16O+40Ca, Elab = 1503 ŒÔ‚ ¢ μÉ´μÏ¥´¨¨ ±
·¥§¥·Ëμ·¤μ¢¸±¨³, · ¸¸Î¨É ´´Ò¥ ¸ ¶μÉ¥´Í¨ ²μ³ ‚Ê¤¸ Ä‘ ±¸μ´  (¸¶²μÏ´Ò¥), ³¨±·μ-
¶μÉ¥´Í¨ ²μ³ U = VDF + iWH (ÏÉ·¨Ì¨),   É ±¦¥ ¸ ¶¥·¥´μ·³¨·μ¢ ´´Ò³ ¶μÉ¥´Í¨ ²μ³
U = VDF + i0.88VDF (ÏÉ·¨Ì¶Ê´±É¨·). ‡¤¥¸Ó VDF Å ¶μÉ¥´Í¨ ² Œ„”, WH Å ¶μ-
É¥´Í¨ ² ‚��. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¢§ÖÉÒ ¨§ [39]. � ¸Î¥É ¸¥Î¥´¨° ¶·μ¢¥¤¥´ ¸
¶μ³μÐÓÕ ¶·μ£· ³³Ò ECIS

¢±²ÕÎ Ö ·¥§¥·Ëμ·¤μ¢¸±μ¥ ¸¥Î¥´¨¥, ¨¸¶μ²Ó§μ¢ ² ¸Ó ·¥²ÖÉ¨¢¨¸É¸± Ö ±¨´¥³ -
É¨± .

‚¨¤´μ, ÎÉμ ³¨±·μ¸±μ¶¨Î¥¸±¨° ¶μ¤Ìμ¤ μ¡¥¸¶¥Î¨¢ ¥É ¶·¨¥³²¥³μ¥ ¸μ£² -
¸¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¡¥§ ¨¸¶μ²Ó§μ¢ ´¨Ö ¸¢μ¡μ¤´ÒÌ ¶ · ³¥-
É·μ¢, ÌμÉÖ, ±μ´¥Î´μ, μ¶¨¸ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´μ° ±·¨¢μ° ³¥´¥¥ ÉμÎ´μ¥ ¶μ
¸· ¢´¥´¨Õ ¸ · ¸Î¥Éμ³ ¤²Ö Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  ‚Ê¤¸ Ä‘ ±¸μ´ 
(¸¶²μÏ´Ò¥ ±·¨¢Ò¥), ¶ · ³¥É·Ò ±μÉμ·μ£μ ´ °¤¥´Ò ¶μ¤£μ´±μ° ¶μ¤ Ô±¸¶¥·¨-
³¥´É. �Éμ ´ Ï²μ μÉ· ¦¥´¨¥ ¢ É ¡². 5, £¤¥ ¶·¥¤¸É ¢²¥´Ò §´ Î¥´¨Ö χ2 ± ± ¤²Ö
¶μÉ¥´Í¨ ²  ‚Ê¤¸ Ä‘ ±¸μ´  (WS), ¨³¥ÕÐ¥£μ Ï¥¸ÉÓ ¸¢μ¡μ¤´ÒÌ ¶ · ³¥É·μ¢,
É ± ¨ ¤²Ö ³¨±·μ¸±μ¶¨Î¥¸±¨Ì ¶μÉ¥´Í¨ ²μ¢, · ¸¸Î¨É ´´ÒÌ ¢ · ³± Ì ³μ¤¥²¥°
Œ„” ¨ ‚��.

‚ · ¡μÉ Ì [9] ¨ [15] ¶μ± § ´μ, ÎÉμ ¸μ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éμ³ ¢ · ³± Ì
³¨±·μ¸±μ¶¨Î¥¸±μ£μ ¶μ¤Ìμ¤  ³μ¦´μ Ê²ÊÎÏ¨ÉÓ ¶ÊÉ¥³ ¢±²ÕÎ¥´¨Ö Ë ±Éμ·μ¢, ¶¥-
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�¨¸. 4. ‚¥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 ´´ Ö ¤²Ö
· ¸¸¥Ö´¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ 17� ´  Ö¤· Ì-³¨Ï¥´ÖÌ ´¨±¥²Ö ¨ Í¨·±μ´¨Ö ¶·¨ Elab =
1435 ŒÔ‚. Nr = 0, 6

·¥´μ·³¨·ÊÕÐ¨Ì £²Ê¡¨´Ê ¢¥Ð¥¸É¢¥´´μ° ¨/¨²¨ ³´¨³μ° Î ¸É¥° ³¨±·μ¶μÉ¥´Í¨-
 ² . ’ ±, ´  ·¨¸. 2, ¢ ¨ 3, ¢ ÏÉ·¨Ì¶Ê´±É¨·´Ò³¨ ±·¨¢Ò³¨ ¶μ± § ´Ò · ¸Î¥ÉÒ ¸
¶μÉ¥´Í¨ ²μ³ ¢ Ëμ·³¥ U = VDF + iNiVDF . ‡´ Î¥´¨¥ Ë ±Éμ·  Ni · ¢´μ 0,88
¨ 0,6 ¸μμÉ¢¥É¸É¢¥´´μ ¤²Ö 40Ca ¨ 208Pb.

5.2. � ¸Î¥É ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö 17O ´ 
Ö¤· Ì. ‚ · ¡μÉ¥ [18] · §· ¡μÉ ´ ³¥Éμ¤ ¶μ¸É·μ¥´¨Ö ¶μÉ¥´Í¨ ²μ¢ Œ„” ´¥Ê¶·Ê-
£μ£μ · ¸¸¥Ö´¨Ö c ¢μ§¡Ê¦¤¥´¨¥³ ±μ²²¥±É¨¢´ÒÌ ¸μ¸ÉμÖ´¨° Ö¤¥· ¨ ¶·μ¢¥¤¥´Ò
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�¨¸. 5. � ¸Î¥É ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ 17�
´  Ö¤· Ì-³¨Ï¥´ÖÌ ´¨±¥²Ö ¨ Í¨·±μ´¨Ö ¶·¨ Elab = 1435 ŒÔ‚ ¢ · ³± Ì ‚�� ¸ ¶μÉ¥´-
Í¨ ²μ³ Œ„”. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¢§ÖÉÒ ¨§ [40]. � · ³¥É· ¤¥Ëμ·³ Í¨¨ β2

· ¢¥´ 0,4 ¨ 0,14 ¸μμÉ¢¥É¸É¢¥´´μ ¤²Ö 60Ni ¨ 90Zr
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�¨¸. 6.  ) § ¢¨¸¨³μ¸ÉÓ ¶μ²´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨¨ 6Li ¸ Ö¤·μ³ 28Si μÉ Ô´¥·£¨¨ ¢ ¸· ¢-
´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. � ¸Î¥ÉÒ ¸¥Î¥´¨° ¶·μ¢¥¤¥´Ò ¸ ¶μ³μÐÓÕ ¶·μ-
£· ³³Ò DWUCK4 [4]. ˆ¸¶μ²Ó§Ê¥É¸Ö ¶μÉ¥´Í¨ ² U = VDF + iWH , £¤¥ VDF Å ¶μÉ¥´-
Í¨ ² Œ„”, WH ¶μÉ¥´Í¨ ² ‚��. ¡) ¶μÉ¥´Í¨ ² Œ„” (ÏÉ·¨Ì¶Ê´±É¨·: ¶·Ö³ Ö Î ¸ÉÓ
VD, ÏÉ·¨Ì¨: μ¡³¥´´ Ö Î ¸ÉÓ VEX , ¸¶²μÏ´ Ö: VDF = VD + VEX) ¨ ¶μÉ¥´Í¨ ² ‚��
WH (¶Ê´±É¨·) ¤²Ö Ô´¥·£¨¨ = 30 ŒÔ‚/�

· ¸Î¥ÉÒ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö 17O ´  · §²¨Î´ÒÌ
Ö¤· Ì-³¨Ï¥´ÖÌ ¶·¨ Ô´¥·£¨¨ 84 ŒÔ‚ ´  ´Ê±²μ´. �¥±μÉμ·Ò¥ ¨§ Î¨¸²¥´´ÒÌ ·¥-
§Ê²ÓÉ Éμ¢ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4 ¨ 5. �  ·¨¸. 4 ¤²Ö Ö¤¥·-³¨Ï¥´¥° ´¨±¥²Ö ¨
¸¢¨´Í  ÏÉ·¨Ìμ¢Ò³¨ ±·¨¢Ò³¨ ¶μ± § ´Ò ¶μÉ¥´Í¨ ²Ò Œ„”, ¶μ²ÊÎ¥´´Ò¥ ¢ [15]
¤²Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¢ Ëμ·³¥ NrVDF +iNiVDF . ” ±Éμ·Ò ¶¥·¥´μ·³¨·μ¢±¨
Nr ¨ Ni ¢Ò¡· ´Ò É ±, ÎÉμ¡Ò ³¨´¨³¨§¨·μ¢ ÉÓ ¢ μ¡² ¸É¨ Ô±¸¶μ´¥´Í¨ ²Ó´μ£μ
¸¶ ¤  μÉ±²μ´¥´¨¥ ¶μÉ¥´Í¨ ²  Œ„” μÉ Ï¥¸É¨¶ · ³¥É·¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ² 
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’ ¡²¨Í  5. ‡´ Î¥´¨Ö χ2 ¤²Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö 16O ¶·¨ Elab = 1503 ŒÔ‚

�μÉ¥´Í¨ ² 16O+40Ca 16O+208Pb
WS 1,51 1,28

VDF + iWH 2,02 1,56
VDF + iNiVDF 1,48 1,31

‚Ê¤¸ Ä‘ ±¸μ´ , ¶ · ³¥É·Ò ±μÉμ·μ£μ ¶μ¤μ£´ ´Ò ¢ [40] ¶μ¤ Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¤ ´´Ò¥ ¶μ Ê¶·Ê£μ³Ê · ¸¸¥Ö´¨Õ. Nr = Ni = 0, 6 ¤²Ö 60Ni; Nr = 0, 6
Ni = 0, 5 ¤²Ö 90Zr. ‘¶²μÏ´Ò³¨ ±·¨¢Ò³¨ ¶μ± § ´Ò ´¥Ê¶·Ê£¨¥ ¶μÉ¥´Í¨ ²Ò,
· ¸¸Î¨É ´´Ò¥ ¶μ Ëμ·³Ê² ³, ¶·¥¤¸É ¢²¥´´Ò³ ¢ · §¤. 3. �¨¸. 5 ¤¥³μ´¸É·¨·Ê¥É
¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö 17O ´ 
Ö¤· Ì 60Ni ¨ 90Zr. �·¥¤¸É ¢²¥´´Ò° §¤¥¸Ó · ¸Î¥É ¸¤¥² ´ ¢ · ³± Ì ‚�� [17]
¸ ¶ · ³¥É·μ³ ¤¥Ëμ·³ Í¨¨ β2 0,4 ¨ 0,14 ¸μμÉ¢¥É¸É¢¥´´μ ¤²Ö 60Ni ¨ 90Zr.
�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¢§ÖÉÒ ¨§ [40].

5.3. � ¸Î¥É ¶μ²´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨¨ 6Li + 28Si. � ¸¸Î¨É ´´Ò° ¢ · ³± Ì
Œ„” Ö¤·μ-Ö¤¥·´Ò° ¶μÉ¥´Í¨ ² ¨¸¶μ²Ó§μ¢ ²¸Ö ¤²Ö · ¸Î¥É  ¶μ²´ÒÌ ¸¥Î¥´¨°
·¥ ±Í¨° ´¥°É·μ´´μ-¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ¶μ¢ £¥²¨Ö ¨ ²¨É¨Ö ¸ Ö¤·μ³ ±·¥³´¨Ö ¢
· ¡μÉ Ì [16,41] ¢ § ¢¨¸¨³μ¸É¨ μÉ · §²¨Î´ÒÌ ³μ¤¥²¥° · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ-
¸É¨ Ö¤¥·´μ° ³ É¥·¨¨ ¢ Ö¤· Ì ²¨É¨Ö ¨ £¥²¨Ö. �  ·¨¸. 6 ¶·¥¤¸É ¢²¥´  · ¸¸Î¨-
É ´´ Ö ¢ [41] § ¢¨¸¨³μcÉÓ ¶μ²´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨¨ 6Li + 28Si μÉ Ô´¥·£¨¨ ¢
¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.

„²Ö · ¸Î¥É  ¢¥Ð¥¸É¢¥´´μ° Î ¸É¨ Ö¤·μ-Ö¤¥·´μ£μ ¶μÉ¥´Í¨ ²  ¨¸¶μ²Ó§Ê¥É¸Ö
³μ¤¥²Ó ¤¢μ°´μ£μ Ëμ²¤¨´£  ¸ ¶ ·¨¦¸±¨³ NN -¶μÉ¥´Í¨ ²μ³ (c³. · §¤. 4.5.2).
�  ·¨¸ 6 ¢¨¤´μ, ÎÉμ, ± ± ÔÉμ Ê¦¥ Ê¶μ³¨´ ²μ¸Ó ¢ · §¤. 4.5.2, ¶·Ö³ Ö ¨ μ¡-
³¥´´ Ö Î ¸É¨ ¶μÉ¥´Í¨ ²  Œ„” ¨³¥ÕÉ · §´Ò¥ §´ ±¨. Œ´¨³ Ö Î ¸ÉÓ μ¶É¨Î¥-
¸±μ£μ ¶μÉ¥´Í¨ ²  · ¸¸Î¨ÉÒ¢ ² ¸Ó ¢ · ³± Ì ‚��, ± ± ÔÉμ ¶·¥¤²μ¦¥´μ ¢ [14]
(¸³. · §¤. 2.4). � ¸Î¥ÉÒ ¶μ²´ÒÌ ¸¥Î¥´¨° ¶·μ¢μ¤¨²¨¸Ó ´  μ¸´μ¢¥ Î¨¸²¥´-
´μ£μ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò DWUCK4 [4].
�·¥¤¸É ¢²¥´´Ò° §¤¥¸Ó · ¸Î¥É ¸¤¥² ´ ¸ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ¸É¨ Ö¤·  6Li ¨§
· ¡μÉÒ [42].

‡�Š‹	—…�ˆ…

ˆÉ ±, ¶·¥¤¸É ¢²¥´´Ò¥ Î¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤¥³μ´¸É·¨·ÊÕÉ, ÎÉμ ³¥Éμ¤
¶μ¸É·μ¥´¨Ö Ö¤·μ-Ö¤¥·´μ£μ ¶μÉ¥´Í¨ ²  ´  μ¸´μ¢¥ ³μ¤¥²¨ ¤¢μ°´μ£μ Ëμ²¤¨´£ 
μ¡¥¸¶¥Î¨¢ ¥É ¢μ§³μ¦´μ¸ÉÓ ¸μ£² ¸ÊÕÐ¥£μ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨
¢μ¸¶·μ¨§¢¥¤¥´¨Ö ´ ¡²Õ¤ ¥³ÒÌ Ë¨§¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± Ö¤¥·´ÒÌ ¢§ ¨³μ-
¤¥°¸É¢¨°.

�¡Ñ¥¤¨´¥´¨¥ ³μ¤¥²¨ ¤¢μ°´μ£μ Ëμ²¤¨´£  ¤²Ö ¢¥Ð¥¸É¢¥´´μ° Î ¸É¨ Ö¤·μ-
Ö¤¥·´μ£μ ¶μÉ¥´Í¨ ²  ¸ ³¨±·μ¸±μ¶¨Î¥¸±μ° ³μ¤¥²ÓÕ ´  μ¸´μ¢¥ ¢Ò¸μ±μÔ´¥·-

27



£¥É¨Î¥¸±μ£μ ¶·¨¡²¨¦¥´¨Ö ¤²Ö ³´¨³μ° Î ¸É¨ ¶·¥¤¸É ¢²Ö¥É¸Ö ¶¥·¸¶¥±É¨¢´μ°
μ¸´μ¢μ° ¤²Ö ¶μ¸É·μ¥´¨Ö Ö¤·μ-Ö¤¥·´ÒÌ ¶μÉ¥´Í¨ ²μ¢ ¨ ¤²Ö · ¸Î¥Éμ¢ ± ± ¶μ²-
´ÒÌ, É ± ¨ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° Ö¤·μ-Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö ¶·¨ ¶·μ³¥-
¦ÊÉμÎ´ÒÌ Ô´¥·£¨ÖÌ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ, £· ´É º06-01-
00228. �¢Éμ· ¡² £μ¤ ·¨É ‚.Š. ‹Ê±ÓÖ´μ¢  ¨ …. ‚. ‡¥³²Ö´ÊÕ §  ¶μ¤¤¥·¦±Ê
¨ ¶μ³μÐÓ ´  · §´ÒÌ ÔÉ ¶ Ì · ¡μÉÒ.
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