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�·¥¤¸É ¢²¥´Ò ´μ¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·Ö³μ£μ ¨§³¥·¥´¨Ö ¢¥²¨Î¨´ ¶μ²´ÒÌ ¸¥Î¥´¨°
·¥ ±Í¨° 6He + natSi ¨ 9Li + natSi ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ ¶ÊÎ±  ¢ ¤¨ ¶ §μ´¥
5Ä40A ŒÔ‚. ‚ Ô±¸¶¥·¨³¥´É¥ ¶·¨³¥´Ö²¸Ö ³μ¤¨Ë¨Í¨·μ¢ ´´Ò° É· ´¸³¨¸¸¨μ´´Ò° ³¥-
Éμ¤, μ¸´μ¢ ´´Ò° ´  ·¥£¨¸É· Í¨¨ n-γ-¨§²ÊÎ¥´¨Ö ¸ ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸ÉÓÕ. ‚ ·¥ ±-
Í¨¨ 9Li+natSi ¢¶¥·¢Ò¥ ¢ÒÖ¢²¥´  μ¸μ¡¥´´μ¸ÉÓ Å ®¡ ³¶¯ ¢ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸-
É¨ σR(E), ¶·μÖ¢²ÖÕÐ¨°¸Ö ± ± ²μ± ²Ó´μ¥ ¶μ¢ÒÏ¥´¨¥ ¸¥Î¥´¨Ö ¢ ¨´É¥·¢ ²¥ §´ Î¥´¨°
Ô´¥·£¨¨ 10Ä30A ŒÔ‚. „²Ö ·¥ ±Í¨¨ 6He + natSi ¶μ¤É¢¥·¦¤¥´μ ´ ²¨Î¨¥ ¢ ¸¥Î¥´¨¨ ¢
μ¡² ¸É¨ §´ Î¥´¨° Ô´¥·£¨¨ 10Ä20A ŒÔ‚ ®¡ ³¶ ¯, Ô±¸¶¥·¨³¥´É ²Ó´μ μ¡´ ·Ê¦¥´´μ£μ
· ´¥¥ ¸É ´¤ ·É´μ° É· ´¸³¨¸¸¨μ´´μ° ³¥Éμ¤¨±μ°. �·μ¢¥¤¥´ É¥μ·¥É¨Î¥¸±¨°  ´ ²¨§ ¨§-
³¥·¥´´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨° 6He + natSi ¨ 9Li + natSi ´  μ¸´μ¢¥ ³¨±·μ¸±μ¶¨Î¥¸±μ°
³μ¤¥²¨ ¤¢μ°´μ£μ Ëμ²¤¨´£ . ‚ÒÖ¢²¥´μ ´¥±μÉμ·μ¥ · ¸Ìμ¦¤¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨
É¥μ·¥É¨Î¥¸±¨Ì ¢¥²¨Î¨´ ¸¥Î¥´¨° ¢ μ¡² ¸É¨ ®¡ ³¶ ¯ ¶·¨ §´ Î¥´¨ÖÌ Ô´¥·£¨¨ ¶μ·Ö¤± 
10Ä20A ŒÔ‚, ÎÉμ É·¥¡Ê¥É ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤μ¢ ´¨°.

New experimental data of total reaction cross-section values for 6He + natSi and
9Li + natSi reactions in the energy range 5Ä40A MeV are presented. Modiˇed transmission
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method based on prompt nÄγ irradiation detection with high efˇciency has been applied.
The peculiarity of cross-section excitation function, which was shown as a ©bumpª in
σR(E) for 9Li+ natSi reaction at E ∼ 10Ä30A MeV, has been observed for the ˇrst time.
The existence of ©bumpª (which was observed earlier in standard transmission experiments)
at E ∼ 10Ä20A MeV in σR(E) function for 6He+ natSi reactions has been experimentally
conˇrmed. Theoretical analysis of 6He + natSi and 9Li + natSi experimental data on the
basis of microscopic double-folding calculation has been carried out. A discrepancy bet-
ween experimental data and theoretical predictions in the energy region between 10 and
20A MeV around the ©bumpª requires further investigations.

PACS: 24.10.-i; 25.60.-t; 25.70.-z

‚‚…„…�ˆ…

ˆ¸¸²¥¤μ¢ ´¨¥ μ¸μ¡¥´´μ¸É¥° ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·μ´μ¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ-
¶μ¢ Ö¤¥· He ¨ Li ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶·¥¤¸É ¢²Ö¥É §´ Î¨É¥²Ó´Ò° ¨´É¥·¥¸.
Œ ²μ¥ ±μ²¨Î¥¸É¢μ ¶·μÉμ´μ¢ Z ¨ ´¥°É·μ´μ¢ N ,   É ±¦¥ Ï¨·μÎ °Ï¨° ¤¨ ¶ -
§μ´ ¢¥²¨Î¨´ ¨Ì μÉ´μÏ¥´¨Ö N/Z [0,5Ä3,0] ¨ [1Ä2,67] ¤²Ö ¨§μÉμ¶μ¢ 4Ä8He ¨
6Ä11Li ¸μμÉ¢¥É¸É¢¥´´μ ¸μ§¤ ÕÉ Ê´¨± ²Ó´Ò¥ Ê¸²μ¢¨Ö ¤²Ö É¥¸É¨·μ¢ ´¨Ö · §²¨Î-
´ÒÌ ³¨±·μ¸±μ¶¨Î¥¸±¨Ì ³μ¤¥²¥° Ö¤¥·´ÒÌ ·¥ ±Í¨°. �¤´¨³¨ ¨§ ËÊ´¤ ³¥´É ²Ó-
´ÒÌ ¨§³¥·Ö¥³ÒÌ Ë¨§¨Î¥¸±¨Ì ¢¥²¨Î¨´, ±μÉμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ ¤μ¸ÉÊ¶´Ò ¤²Ö ¨§-
³¥·¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´μ, Ö¢²ÖÕÉ¸Ö ¢¥²¨Î¨´Ò ¶μ²´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨° σR.
‘ÊÐ¥¸É¢¥´´Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¸¥Î¥´¨Ö ·¥-
 ±Í¨¨ σR(E), ¢ Î ¸É´μ¸É¨, μ¸μ¡¥´´μ¸É¨ ËÊ´±Í¨¨ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸-
É¨. ’ ±, ¢ · ¡μÉ¥ [1] ¡Ò²¨ ¨§³¥·¥´Ò ¢¥²¨Î¨´Ò ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 6He+ natSi ¨
´  μ¸´μ¢ ´¨¨ ÔÉμ£μ ¶μ²ÊÎ¥´μ Ê± § ´¨¥ ´  ¸ÊÐ¥¸É¢μ¢ ´¨¥ ®¡ ³¶ ¯ Å ²μ± ²Ó-
´μ£μ ¶·¥¢ÒÏ¥´¨Ö ´ ¤ É¥μ·¥É¨Î¥¸±¨³¨ ¶·¥¤¸± § ´¨Ö³¨ ¢¥²¨Î¨´Ò ¸¥Î¥´¨Ö ¢
μ¡² ¸É¨ §´ Î¥´¨° Ô´¥·£¨¨ 10Ä20A ŒÔ‚. � ¸ÉμÖÐ Ö · ¡μÉ  Ö¢²Ö¥É¸Ö ¶·μ¤μ²-
¦¥´¨¥³ ¤ ´´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¨ ¶·¥¤¸É ¢²Ö¥É ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¸¥Î¥´¨°
·¥ ±Í¨° 6He+ natSi ¨ 9Li+ natSi, ¶·μ¢¥¤¥´´ÒÌ ¶μ ³μ¤¨Ë¨Í¨·μ¢ ´´μ° É· ´¸-
³¨¸¸¨μ´´μ° ³¥Éμ¤¨±¥,   É ±¦¥ ·¥§Ê²ÓÉ ÉÒ ¨Ì É¥μ·¥É¨Î¥¸±μ£μ  ´ ²¨§ .

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ Œ…’�„ˆŠ�

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ μ¶·¥¤¥²¥´¨¥³ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¶μÉμ±¨ Î ¸É¨Í I0 ¨ I ,
¶·¨Ìμ¤ÖÐ¨Ì ´  ³¨Ï¥´Ó ¨ ¢ÒÌμ¤ÖÐ¨Ì ¨§ ³¨Ï¥´¨ ¡¥§ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸μμÉ-
¢¥É¸É¢¥´´μ, ¸¢Ö§ ´Ò ¸μμÉ´μÏ¥´¨¥³

I = I0 exp (−NσR), (1)

£¤¥ N Å ¶·¨¢¥¤¥´´μ¥ Î¨¸²μ Ö¤¥· ³¨Ï¥´¨. „²Ö Ô±¸¶¥·¨³¥´Éμ¢ ´  Éμ´±¨Ì
³¨Ï¥´ÖÌ ¢Ò· ¦¥´¨¥ (1) ³μ¦¥É ¡ÒÉÓ ¶·¨¢¥¤¥´μ ± ²¨´¥°´μ³Ê ¢¨¤Ê NσR =
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�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¶μ ¨§³¥·¥´¨Õ ¸¥Î¥´¨° ·¥ ±Í¨° ³¥Éμ¤μ³ 4π ¸Í¨´É¨²²Ö-
Í¨μ´´μ£μ γ-¸¶¥±É·μ³¥É· 

(I0 − I)I−1
0 , ¶μ¸±μ²Ó±Ê  ·£Ê³¥´É Ô±¸¶μ´¥´ÉÒ ³ ² (NσR � 1). ‘ ¶μ³μÐÓÕ

É· ´¸³¨¸¸¨μ´´ÒÌ ³¥Éμ¤¨± ¶μ²ÊÎ ÕÉ ¢¥²¨Î¨´Ê ¸¥Î¥´¨Ö ·¥ ±Í¨¨ σR ¶·Ö³Ò³
¨§³¥·¥´¨¥³ Î¨¸²  ¸μ¡ÒÉ¨° ·¥ ±Í¨¨ ΔR = I0 − I , ¶·¨¢¥¤¥´´Ò³ ± ¸μμÉ¢¥É-
¸É¢ÊÕÐ¥° ¢¥²¨Î¨´¥ ¶μÉμ±  I0. Œμ¤¨Ë¨Í¨·μ¢ ´´ Ö É· ´¸³¨¸¸¨μ´´ Ö ³¥Éμ-
¤¨±  [2, 3], ¶·¨³¥´¥´´ Ö ¢ Ô±¸¶¥·¨³¥´É¥, μ¡¥¸¶¥Î¨¢ ¥É ¶·Ö³μ¥ ¨§³¥·¥´¨¥
Î¨¸²  ¸μ¡ÒÉ¨° ·¥ ±Í¨¨ ΔR = I0 − I , ´μ·³¨·μ¢ ´´μ£μ ± ¢¥²¨Î¨´¥ ¶μÉμ±  I0.
�  ·¨¸. 1 ¸Ì¥³ É¨Î¥¸±¨ ¶·¥¤¸É ¢²¥´  Ô±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢± .

�±¸¶¥·¨³¥´É ¶·μ¢μ¤¨²¸Ö ´  Ê¸±μ·¨É¥²¥ “-400Œ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ
·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ. ‚Éμ·¨Î´Ò° ¶ÊÎμ± ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨ Ë· £-
³¥´É Í¨¨ ¶ÊÎ±  11B Elab = 32A ŒÔ‚ Ê¸±μ·¨É¥²Ö “-400Œ ‹Ÿ� �ˆŸˆ Ëμ·³¨-
·μ¢ ²¸Ö ¨ μÎ¨Ð ²¸Ö ³ £´¨É´μ° ¸¨¸É¥³μ°  Ì·μ³ É¨Î¥¸±μ£μ Ë· £³¥´É-¸¥¶ · -
Éμ·  ACCULINNA [4]. �  ¢ÒÌμ¤¥ Ë· £³¥´É-¸¥¶ · Éμ·  ¶ÊÎμ± ¶·¥¤¸É ¢²Ö²
¸³¥¸Ó Î ¸É¨Í 6He ¨ 8,9Li μ¡Ð¥° ¨´É¥´¸¨¢´μ¸ÉÓÕ Y ∼ 103 ¸−1, ¢¥²¨Î¨´  ±μ-
Éμ·μ° μ£· ´¨Î¨¢ ² ¸Ó ¢μ ¨§¡¥¦ ´¨¥ ÔËË¥±É  ´ ²μ¦¥´¨Ö ¨³¶Ê²Ó¸μ¢ ¢ dE-¤¥-
É¥±Éμ· Ì É¥²¥¸±μ¶ . �´¥·£¨Ö ¶ÊÎ±  ³μ£²  ¢ ·Ó¨·μ¢ ÉÓ¸Ö ³ £´¨É´μ° ¸¨¸É¥³μ°
Ë· £³¥´É-¸¥¶ · Éμ·  ¢ ¶·¥¤¥² Ì E ∼ 15Ä30 ŒÔ‚ ¡¥§ ¶μÉ¥·¨ ¨´É¥´¸¨¢´μ¸É¨.
„μ¶μ²´¨É¥²Ó´μ¥ ¨§³¥´¥´¨¥ Ô´¥·£¨¨ ¶ÊÎ±  ¸ ³¥²±¨³ Ï £μ³ ¶·μ¢μ¤¨²μ¸Ó ¸ ¶μ-
³μÐÓÕ ¢μ¤μ·μ¤μ¸μ¤¥·¦ Ð¨Ì ‘H2-¶μ£²μÉ¨É¥²¥° ¨/¨²¨ ¶μ¤¡μ·±μ° Éμ²Ð¨´ ¤¥-
É¥±Éμ·μ¢ dE0, dE1. �Éμ ¶μ§¢μ²Ö²μ ¨§³¥´ÖÉÓ ¨ ¨§³¥·ÖÉÓ Ô´¥·£¨Õ Î ¸É¨Í ¶ÊÎ± 
¢ ± ¦¤μ³ ¸μ¡ÒÉ¨¨ ¶·μ²¥É  ¨Ì ¢ ³¨Ï¥´Ó. ’ ±¨³ μ¡· §μ³, Î ¸É¨ÍÒ ¶μ¸²¥¤μ¢ -
É¥²Ó´μ ¶·μÌμ¤¨²¨ Î¥·¥§ ¤¥É¥±Éμ·Ò ¢·¥³Ö¶·μ²¥É´μ° ¸¨¸É¥³Ò TOF ¸¥¶ · Éμ· 
ACCULINNA, ‘H2-¶μ£²μÉ¨É¥²¨, dE0, dE1 ®¨¤¥´É¨Ë¨± Í¨μ´´Ò¥¯ ¨ ® ±É¨¢-
´Ò° ±μ²²¨³ Éμ·¯ (AK) ¤¥É¥±Éμ·Ò É¥²¥¸±μ¶  ¸μμÉ¢¥É¸É¢¥´´μ. ˆ¤¥´É¨Ë¨± Í¨Ö
Î ¸É¨Í ¶ÊÎ±  ¶·μ¢μ¤¨² ¸Ó ¶μ ¨Ì Ô´¥·£¥É¨Î¥¸±¨³ ¶μÉ¥·Ö³ ¢ ¤ ´´ÒÌ ¤¥É¥±Éμ-
· Ì ¨ ¢·¥³¥´¨ ¶·μ²¥É  TTOF. �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò ¤¢Ê³¥·´Ò¥ ¸¶¥±É·Ò
dE0 × dE1 (·¨¸. a), dE0 × TTOF (·¨¸. ¡) ¨ dE0 × dEAK (·¨¸. ¢). Šμ´ÉÊ·Ò ¢
¤¢Ê³¥·´ÒÌ ¸¶¥±É· Ì dE0×TTOF ¨ dE0×dEAK μ¶·¥¤¥²Ö²¨  ´¸ ³¡²Ó ¸μ¡ÒÉ¨°
I0 ¶ ¤¥´¨Ö Î ¸É¨Í 9Li ´  Í¥´É· ³¨Ï¥´¨.

Œ¨Ï¥´Ó (dE Si-¤¥É¥±Éμ· Éμ²Ð¨´μ° 500 ³±³) · ¸¶μ² £ ² ¸Ó ¢ Í¥´É·¥ ÎÊ¢-
¸É¢¨É¥²Ó´μ° §μ´Ò γ-¸¶¥±É·μ³¥É· , ¢ Éμ ¢·¥³Ö ± ± ¢¸¥ ¤·Ê£¨¥ dE-¤¥É¥±Éμ·Ò
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�¨¸. 2. „¢Ê³¥·´Ò¥ ¸¶¥±É·Ò ¨¤¥´É¨Ë¨± Í¨μ´´ÒÌ ¤¥É¥±Éμ·μ¢ dE0 × dE1 (a), dE0 ×
TTOF (¡) ¨ dE0 × dEAK (¢). �¡¸Í¨¸¸Ò ¨ μ·¤¨´ ÉÒ ¤¢Ê³¥·´ÒÌ ¸¶¥±É·μ¢ ¶·¥¤¸É ¢²¥´Ò
¢ μÉ´μ¸¨É¥²Ó´ÒÌ ¢¥²¨Î¨´ Ì (± ´ ²Ò)

É¥²¥¸±μ¶  ¡Ò²¨ μ±·Ê¦¥´Ò Pb-§ Ð¨Éμ° ¨ ¢Ò´¥¸¥´Ò §  ÎÊ¢¸É¢¨É¥²Ó´ÊÕ §μ´Ê
γ-¸¶¥±É·μ³¥É· . ‡  ³¨Ï¥´ÓÕ · ¸¶μ² £ ²¨¸Ó dE3- ¨ E-¤¥É¥±Éμ·Ò É¥²¥¸±μ¶ 
É ±¦¥ ¢ n-γ-§ Ð¨É¥. ‘É ·É ¸¨¸É¥³Ò ¸¡μ·  ¶·μ¨§¢μ¤¨²¸Ö ¤²Ö ± ¦¤μ£μ ¸μ¡ÒÉ¨Ö
¶·μ²¥É  Î ¸É¨ÍÒ Î¥·¥§ dE1-¤¥É¥±Éμ·. „¥É¥±Éμ·Ò γ-¸¶¥±É·μ³¥É·  ·¥£¨¸É·¨-
·μ¢ ²¨ ´¥°É·μ´Ò ¨ γ-±¢ ´ÉÒ ¢ ¸μ¢¶ ¤¥´¨¨ ¸μ ¸É ·Éμ¢Ò³ dE1-¤¥É¥±Éμ·μ³.
Šμ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° ·¥ ±Í¨¨ ΔR ¨§ ¶·¥¤¢ ·¨É¥²Ó´μ ¢Ò¡· ´´μ£μ  ´¸ ³¡²Ö
¸μ¡ÒÉ¨° I0 μ¶·¥¤¥²Ö²μ¸Ó Ê¸²μ¢¨¥³ ¶·¥¢ÒÏ¥´¨Ö ¶μ·μ£  ·¥£¨¸É· Í¨¨ ¢ ²Õ¡μ³
¨§ γ-¤¥É¥±Éμ·μ¢.

2. �…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

ˆ§³¥·¥´¨Ö ¸¥Î¥´¨° ·¥ ±Í¨° 6He + natSi ¨ 9Li + natSi ¢Ò¶μ²´Ö²¨¸Ó μ¤´μ-
¢·¥³¥´´μ ¨ ¢ μ¤¨´ ±μ¢ÒÌ Ê¸²μ¢¨ÖÌ ´  ¶ÊÎ±¥ ®±μ±É¥°²Ö¯ Î ¸É¨Í 6He ¨ 9Li.
‚ É ¡². 1 ¨ 2 ¶·¥¤¸É ¢²¥´Ò ¨§³¥·¥´´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨° 9Li + natSi ¨ 6He +
natSi ¸μμÉ¢¥É¸É¢¥´´μ. �  ·¨¸. 3, a ¶·¥¤¸É ¢²¥´Ò ¶μ²´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨

’ ¡²¨Í  1. �μ²´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 9Li + natSi

E, A ŒÔ‚ σ, ³¡ E, A ŒÔ‚ σ, ³¡ E, A ŒÔ‚ σ, ³¡

7,0 ± 2,5 1720 ± 113 16,5 ± 1,4 1993 ± 73 21,6 ± 1,1 1979 ± 68

11,5 ± 1,8 2016 ± 128 18,2 ± 1,3 2102 ± 108 23,7 ± 1,0 1913 ± 57

14,8 ± 1,5 2045 ± 148 19,6 ± 1,2 2024 ± 64 25,8 ± 1,0 1838 ± 65

’ ¡²¨Í  2. �μ²´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 6He + natSi

E, A ŒÔ‚ 14,1 ± 1,1 16,1 ± 1,0 17,9 ± 0,9 19,9 ± 0,8 25,1 ± 0,8

σ, ³¡ 1824 ± 84 1711 ± 76 1805 ± 88 1629 ± 79 1640 ± 83
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�¨¸. 3. �μ²´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨° σR(E) 4,6He + natSi (a) ¨ 6,7,9Li + natSi (¡) ¢ § ¢¨-
¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ ´ ²¥É ÕÐ¨Ì Î ¸É¨Í

4,6He+natSi ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ ´ ²¥É ÕÐ¨Ì Î ¸É¨Í. ’¥³´Ò¥ §´ Î±¨ Å
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨§ · ¡μÉÒ [1], ¶μ²ÊÎ¥´´Ò¥ É· ´¸³¨¸¸¨μ´´Ò³ ³¥-
Éμ¤μ³ ³´μ£μ¸²μ°´μ£μ É¥²¥¸±μ¶ . ‘¢¥É²Ò³¨ §´ Î± ³¨ μ¡μ§´ Î¥´Ò: ±¢ ¤· -
É ³¨ Å ·¥§Ê²ÓÉ ÉÒ ´ ¸ÉμÖÐ¥° · ¡μÉÒ, ±·Ê¦± ³¨ ¨ É·¥Ê£μ²Ó´¨± ³¨ Å ·¥-
§Ê²ÓÉ ÉÒ · ¡μÉÒ [5] ¤²Ö Î ¸É¨Í 6He ¨ 4He ¸μμÉ¢¥É¸É¢¥´´μ.

�  ·¨¸. 3, ¡ ¶·¥¤¸É ¢²¥´Ò ¶μ²´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 6,7,9Li + natSi. ’·¥-
Ê£μ²Ó´¨± ³¨ ¢¥·Ï¨´μ° ¢¢¥·Ì μÉ³¥Î¥´Ò ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 9Li + natSi:
É¥³´Ò³¨ Å ¤ ´´Ò¥ ´ ¸ÉμÖÐ¥° · ¡μÉÒ, ¸¢¥É²Ò³¨ Å ·¥§Ê²ÓÉ ÉÒ · ¡μÉÒ [5].
Š¢ ¤· É ³¨ ¶μ± § ´Ò ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 6Li + natSi: É¥³´Ò³¨ Å ¤ ´´Ò¥ · -
¡μÉÒ [7], ¸¢¥É²Ò³¨ Å ·¥§Ê²ÓÉ ÉÒ · ¡μÉÒ [5]. ’·¥Ê£μ²Ó´¨± ³¨ ¢¥·Ï¨´μ° ¢´¨§
μ¡μ§´ Î¥´Ò ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 7Li+natSi: É¥³´Ò³¨ Å ¤ ´´Ò¥ · ¡μÉÒ [1], ¸¢¥É-
²Ò³¨ Å ·¥§Ê²ÓÉ ÉÒ · ¡μÉÒ [5].

ˆ§ ·¨¸. 3, a ¢¨¤´μ, ÎÉμ ¨§³¥·¥´´Ò¥ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¢¥²¨Î¨´Ò ¸¥Î¥-
´¨° ·¥ ±Í¨¨ 6He + natSi ¢ · ³± Ì μÏ¨¡μ± ¸μ£² ¸ÊÕÉ¸Ö ¸ [1], £¤¥ ¨§³¥·¥´¨¥
¶·μ¢μ¤¨²μ¸Ó ¶μ ¸É ´¤ ·É´μ° É· ´¸³¨¸¸¨μ´´μ° ³¥Éμ¤¨±¥. ‚ Éμ ¦¥ ¢·¥³Ö ¶·μ-
¢¥¤¥´´Ò¥ ¢ É¥Ì ¦¥ Ê¸²μ¢¨ÖÌ ¨§³¥·¥´¨Ö ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 9Li+natSi ´ ¸ÉμÖÐ¥°
· ¡μÉÒ (¸³. ·¨¸. 3, ¡) ¢¶¥·¢Ò¥ Ö¢´μ ¢ÒÖ¢¨²¨ μ¸μ¡¥´´μ¸ÉÓ Ô´¥·£¥É¨Î¥¸±μ° § -
¢¨¸¨³μ¸É¨ σR(E) ¢ ¢¨¤¥ ®¡ ³¶ ¯ ¢ ¨´É¥·¢ ²¥ §´ Î¥´¨° Ô´¥·£¨¨ 10Ä30A ŒÔ‚.

�  ·¨¸. 3 Éμ´±μ° ²¨´¨¥° ¶μ± § ´Ò ¨´É¥·¶μ²ÖÍ¨μ´´Ò¥ ±·¨¢Ò¥, Éμ²¸Éμ° Å
·¥§Ê²ÓÉ ÉÒ · ¸Î¥É , ¶·μ¢¥¤¥´´μ£μ ¢ · ³± Ì ¶μ¤Ìμ¤ , ¨¸¶μ²Ó§μ¢ ´´μ£μ · ´¥¥
¢ [7] ¨ μ¸´μ¢ ´´μ£μ ´  ¶·¨³¥´¥´¨¨ ³¨±·μ¸±μ¶¨Î¥¸±μ£μ μ¶É¨Î¥¸±μ£μ ¶μÉ¥´Í¨-
 ²  (��). ‚¥Ð¥¸É¢¥´´ Ö Î ¸ÉÓ �� · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¢ · ³± Ì ³μ¤¥²¨ ¤¢μ°´μ£μ
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Ëμ²¤¨´£  (Œ„”). ‚ ÔÉμ³ ¶μ¤Ìμ¤¥ ¶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 ± ¦¤μ£μ ¨§ ´Ê±²μ´μ¢ ´ ²¥É ÕÐ¥£μ Ö¤· 
¸ ´Ê±²μ´μ³ Ö¤· -³¨Ï¥´¨. Œ„”-¶μÉ¥´Í¨ ² V DF ¢±²ÕÎ ¥É ¶·Ö³ÊÕ V D ¨ μ¡-
³¥´´ÊÕ V ex ¸μ¸É ¢²ÖÕÐ¨¥ [6]:

V DF = V D + V ex,

V D =
∫

d3rp d3rt ρt (rp) ρt (rt) υD
NN (s) , s = r + rt − rp,

V ex (r) =
∫

d3rp d3rt ρp (rp, rp + s) ρt (rt, rt − s) υex
NN (s) exp

[
iK (r) · s

M

]
.

‡¤¥¸Ó ρp,t ¢ Ëμ·³Ê²¥ ¤²Ö V D Å · ¸¶·¥¤¥²¥´¨¥ μ¤´μÎ ¸É¨Î´μ° ¶²μÉ´μ¸É¨ ρ(r)
´ ²¥É ÕÐ¥£μ Ö¤·  (p) ¨ Ö¤· -³¨Ï¥´¨ (t),   ρ(r; r ± s) ¢ ¢Ò· ¦¥´¨¨ ¤²Ö V ex Å
³ É·¨ÍÒ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶²μÉ´μ¸É¥°. „²Ö ¶²μÉ´μ¸É¨ Ö¤·  6He ¨¸¶μ²Ó§μ¢ ´ 
³μ¤¥²Ó LSSM (large scale shell model) ¨§ [8]. „²Ö Ö¤¥·-³¨Ï¥´¥° 28Si, 59Co,
181Ta ¨¸¶μ²Ó§μ¢ ´Ò ¶²μÉ´μ¸É¨ ¢ Ëμ·³¥ Ë¥·³¨-ËÊ´±Í¨° ¸ ¶ · ³¥É· ³¨ ¨§ [9].
�ËË¥±É¨¢´Ò° ´Ê±²μ´-´Ê±²μ´´Ò° ¶μÉ¥´Í¨ ² υNN ¢ ¶·Ö³μ° ¨ μ¡³¥´´μ° Î ¸-
ÉÖÌ, § ¢¨¸ÖÐ¨° μÉ Ô´¥·£¨¨ ¨ ¶²μÉ´μ¸É¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö μ¡Ñ¥±Éμ¢, § ¤ ´ ¢
Ëμ·³¥ ¶ ·¨¦¸±μ£μ ¶μÉ¥´Í¨ ²  CDM3Y6 [6]:

υNN (E, ρ, s) = g (E) F (ρ) υ (s) , υ (s) =
∑

i=1,2,3

Ni
exp (−μis)

μis
,

£¤¥

g(E) = 1 − 0,003E/Ap, F (ρ) = C [1 + α exp (−βρ) − γρ] , ρ = ρp + ρt.

� · ³¥É·Ò Ni, μi, C, α ¨ γ ¶·¨¢¥¤¥´Ò ¢ [6]. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¢
V ex ¢μ§´¨± ¥É ¢ μ¸´μ¢´μ³ ¨§ ²μ± ²Ó´μ£μ ¨³¶Ê²Ó¸  μÉ´μ¸¨É¥²Ó´μ£μ ¤¢¨¦¥´¨Ö:

K(r) =
{
2Mm/ž2

[
E − V D

N F (r) − VC (r)
]}1/2

,

£¤¥ M = ApAt/(Ap + At) Å ¶·¨¢¥¤¥´´ Ö ³ ¸¸ ; m Å ³ ¸¸  ´Ê±²μ´ ; VC Å
±Ê²μ´μ¢¸±¨° ¶μÉ¥´Í¨ ².

Œ´¨³ Ö Î ¸ÉÓ �� · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¢ · ³± Ì ³¨±·μ¸±μ¶¨Î¥¸±μ£μ ¶μ¤Ìμ¤ 
´  μ¸´μ¢¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ£μ ¶·¨¡²¨¦¥´¨Ö ¸μ£² ¸´μ [10]:

WH(r) = − 2E

k(2π)2
σ̄NN

∞∫
0

dq q2j0(qr) ρ̃p(q) ρ̃t(q) f̃N (q),
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’ ¡²¨Í  3. ŠμÔËË¨Í¨¥´ÉÒ ¶μ¤£μ´±¨ · ¸Î¥É´ÒÌ ±·¨¢ÒÌ ¤²Ö 6He + 28Si ¨ 9Li + 28Si

� ²¥É ÕÐ¥¥ Ö¤·μ Nr Nim N
(1)
r N

(1)
im

6He 0,7 0,5 0,4 0,03
9Li 1 1 0,6 0,12

£¤¥ ρ̃(q) =
∫

d3r exp (iqr) ρ(r) Å Ëμ·³Ë ±Éμ· ¶²μÉ´μ¸É¨ ÉμÎ¥Î´ÒÌ ´Ê±²μ-

´μ¢ Ö¤· ; f̃N Å Ëμ·³Ë ±Éμ·  ³¶²¨ÉÊ¤Ò NN -· ¸¸¥Ö´¨Ö; σ̄NN Å Ê¸·¥¤´¥´-
´μ¥ ¶μ ¨§μ¸¶¨´Ê Ö¤¥· ¶μ²´μ¥ ¸¥Î¥´¨¥ NN -· ¸¸¥Ö´¨Ö, ¶ · ³¥É·¨§μ¢ ´´μ¥ ¢
· ¡μÉ¥ [11] ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö.

‚ ¢¥Ð¥¸É¢¥´´ÊÕ ¨ ³´¨³ÊÕ Î ¸É¨ �� ¡Ò²¨ É ±¦¥ ¢±²ÕÎ¥´Ò ¶μ¢¥·Ì´μ¸É-
´Ò¥ Î²¥´Ò ¢ Ëμ·³¥ ¶·μ¨§¢μ¤´ÒÌ (−rdV/dr). ’ ±¨³ μ¡· §μ³, ¶μ²´ Ö Ëμ·³ 
�� ¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

Uopt(r) =
[
NrV

DF − N (1)
r r

dV DF

dr

]
+ i

[
NimWH − N

(1)
im r

dWH

dr

]
.

�μÉ¥´Í¨ ² Uopt ¸μ¤¥·¦¨É ¸¢μ¡μ¤´Ò¥ ¶ · ³¥É·Ò Nr, Nim, N
(1)
r ¨ N

(1)
im , μÉ-

¢¥Î ÕÐ¨¥ ¢±² ¤Ê ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¢Ò· ¦¥´¨°. ‡´ Î¥´¨Ö ÔÉ¨Ì ¶ · ³¥É·μ¢
Ë¨É¨·ÊÕÉ¸Ö ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ ¶μ ¸¥Î¥´¨Ö³ ·¥ ±Í¨°. � ¸Î¥É ¸¥-
Î¥´¨° μ¸ÊÐ¥¸É¢²Ö²¸Ö ¸ ¶μ³μÐÓÕ ±μ³¶ÓÕÉ¥·´μ£μ ±μ¤  DWUCK4 [12].

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶μ¤£μ´±  ¶ · ³¥É·μ¢ ´¥ ¶·μ¢μ¤¨² ¸Ó. „²Ö ¸²ÊÎ Ö
6He ¨¸¶μ²Ó§μ¢ ´Ò ±μÔËË¨Í¨¥´ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ · ¡μÉ¥ [7] ¨ ¶·¨¢¥¤¥´´Ò¥
¢ É ¡². 3. ‚¨¤´μ, ÎÉμ É¥μ·¥É¨Î¥¸± Ö ±·¨¢ Ö, ¶μ¸É·μ¥´´ Ö ¸ ±μÔËË¨Í¨¥´-
É ³¨, Ë¨É¨·μ¢ ´´Ò³¨ ¶μ ¤ ´´Ò³ ¶·¨ Ô´¥·£¨ÖÌ μÉ 5 ¤μ 25A ŒÔ‚, ¢ Í¥²μ³
¸μμÉ¢¥É¸É¢Ê¥É Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ ¢ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ° μ¡² ¸É¨.
�μ¤£μ´±  ¤²Ö 9Li ¡Ò²  ¸¤¥² ´  ¢ [13] ¶μ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ÉμÎ± ³ ¶·¨ §´ -
Î¥´¨ÖÌ Ô´¥·£¨¨ μÉ 5 ¤μ 20A ŒÔ‚. ‚¨¤´μ, ÎÉμ ¤ ´´Ò° ´ ¡μ· ±μÔËË¨Í¨¥´Éμ¢
(§´ Î¥´¨Ö ¤ ´Ò ¢ É ¡². 3) ´¥ μ¡¥¸¶¥Î¨¢ ¥É ¸μ£² ¸¨Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨ ¶·¨ Ô´¥·£¨¨ ¢ÒÏ¥ 30A ŒÔ‚, ¨ ¤²Ö μ¡ÑÖ¸´¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¤ ´´ÒÌ É·¥¡ÊÕÉ¸Ö ¤μ¶μ²´¨É¥²Ó´Ò¥ · ¸Î¥ÉÒ ¸ ¶μ¤£μ´±μ° ¶ · ³¥É·μ¢ ¶μ
¢¸¥³ ¨³¥ÕÐ¨³¸Ö ± ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ¤ ´´Ò³. ‘¶¥Í¨ ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
É·¥¡Ê¥É É ±¦¥ · ¸Ìμ¦¤¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ É¥μ·¥É¨Î¥¸±¨Ì ±·¨¢ÒÌ ¢
μ¡² ¸É¨ ®¡ ³¶ ¯ ¶·¨ Ô´¥·£¨¨ ¶μ·Ö¤±  10A ŒÔ‚.

�¢Éμ·Ò ¡² £μ¤ ·´Ò ±μ²²¥±É¨¢Ê ¸¥±Éμ·  º6 ‹Ÿ� �ˆŸˆ (Ê¸É ´μ¢± 
ACCULINNA) ¨ ±μ²²¥±É¨¢Ê Ê¸±μ·¨É¥²Ö Œ–400 §  ¸ÊÐ¥¸É¢¥´´ÊÕ ¶μ³μÐÓ
¶·¨ ¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´É . � ¸ÉμÖÐ Ö · ¡μÉ  ¡Ò²  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ-
· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ ¶·¨ ¶μ¤¤¥·¦±¥ £· ´Éμ¢
¶μ²´μ³μÎ´ÒÌ ¶·¥¤¸É ¢¨É¥²¥° ¶· ¢¨É¥²Ó¸É¢ �¥¸¶Ê¡²¨±¨ —¥Ì¨¨ ¨ �¥¸¶Ê¡²¨±¨
�μ²ÓÏ¨ ¢ �ˆŸˆ,   É ±¦¥ £· ´É  ��” 17-12-01170.
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