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‹Ê±ÓÖ´μ¢ ‘.Œ. ¨ ¤·. P7-2016-92
Š² ¸É¥·´ Ö ¸É·Ê±ÉÊ·  9Be ¨ ¥¥ ¢²¨Ö´¨¥ ´  ³¥Ì ´¨§³ ¶¥·¥¤ Î¨ ´Ê±²μ´μ¢

„²Ö ¨¸¸²¥¤μ¢ ´¨Ö ±² ¸É¥·´μ° ±μ´Ë¨£Ê· Í¨¨ 9‚¥ ¨§ÊÎ ²¨¸Ó ± ´ ²Ò ¶¥·¥¤ Î¨
´¥°É·μ´  ¨ α-Î ¸É¨ÍÒ μÉ Ö¤·  ³¨Ï¥´¨ 9‚¥ ± ´ ²¥É ÕÐ¥³Ê ¨μ´Ê 3�¥ ¶·¨ Ô´¥·-
£¨¨ 30 ŒÔ‚. �ÊÉ¥³  ´ ²¨§  Ô´¥·£¥É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨°
¡Ò²μ ¶μ± § ´μ, ÎÉμ ¨¸¸²¥¤μ¢ ´´Ò¥ ± ´ ²Ò μÉ¢¥Î ÕÉ ¤¢ÊÌÉ¥²Ó´μ³Ê ³¥Ì ´¨§³Ê
·¥ ±Í¨¨. ’ ±¦¥ ¡Ò²¨ ¨§³¥·¥´Ò Ê£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶·μ¤Ê±Éμ¢ ¢ ± ´ ² Ì
9Be(3He,4He)8Be, 9Be(3He, 6Li)6Li, 9Be(3He, 7Li)5Li ¨ 9Be(3He, 7Be)5He. � 
μ¸´μ¢¥  ´ ²¨§  ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ÔÉ¨Ì ± ´ ²μ¢ ·¥ ±-
Í¨¨, £² ¢´Ò³ μ¡· §μ³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±² ¸É¥·´Ò³ ±μ´Ë¨£Ê· Í¨Ö³ (n + 8Be)
¨ (α + 5He), ¶μ²ÊÎ¥´Ò §´ Î¥´¨Ö ¢¥·μÖÉ´μ¸É¥° 69 ¨ 25 % ¸μμÉ¢¥É¸É¢¥´´μ. �μ-
± § ´μ, ÎÉμ ¤·Ê£¨¥ ¢μ§³μ¦´Ò¥ ±² ¸É¥·´Ò¥ ±μ´Ë¨£Ê· Í¨¨ ¢ Ö¤·¥ 9‚¥, ´ ¶·¨³¥·
(3�¥ +6�¥), ¨³¥ÕÉ §´ Î¨É¥²Ó´μ ³¥´ÓÏÊÕ ¢¥·μÖÉ´μ¸ÉÓ (³¥´¥¥ 3 %).

	 ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  
ˆŸˆ.

�·¥¶·¨´É 
¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2016

Lukyanov S.M. et al. P7-2016-92
Cluster Structure 9Be and Mechanism of Transfer Nuclear Reaction

The study of inelastic scattering and multi-nucleon transfer reactions was per-
formed by bombarding a 9Be target with a 3He beam at the incident energy of
30 MeV. Angular distributions for 9Be(3He, 4He)8Be, 9Be(3He, 6Li)6Li, 9Be(3He,
7Li)5Li, and 9Be(3He, 7Be)5He reaction channels were measured. Experimental an-
gular distributions for the corresponding ground states (g. s.) were analyzed within
the framework of the optical model, the coupled-channel approach and the distorted-
wave Born approximation. The contributions of different exit channels have been
determined conˇrming that the (α + 5He) conˇguration plays an important role. The
conˇguration of 9Be consisting of two bound helium clusters (3He +6He) is signif-
icantly suppressed (less than 3%), whereas the two-body conˇgurations (n + 8Be)
(69%) and (α+5He) (25%) including unbound 8Be and 5He are found more probable.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2016
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Ÿ¤·μ 9‚¥ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¤²Ö ¨¸¸²¥¤μ¢ ´¨°, ¶μ¸±μ²Ó±Ê Ö¢²Ö¥É¸Ö
¸É ¡¨²Ó´Ò³, ´μ ¸² ¡μ¸¢Ö§ ´´Ò³ Ö¤·μ³. � ¶·¨³¥·, Ô´¥·£¨Ö ¸¢Ö§¨ μ¤´μ£μ ´¥°-
É·μ´  S1n = 1,7 ŒÔ‚, ÎÉμ ¤ ¦¥ ´¥¸±μ²Ó±μ ³¥´ÓÏ¥, Î¥³ S1n ¢ ´¥¸É ¡¨²Ó´μ³
Ö¤·¥ 6�¥. Š·μ³¥ Éμ£μ, Ö¤·μ 9‚¥ ³μ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± Ö¤·μ ¸ É ± ´ -
§Ò¢ ¥³μ° ¡μ··μ³¨¥¢¸±μ° ¸É·Ê±ÉÊ·μ°: μ´μ ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´μ ¢ ¢¨¤¥
±μ´Ë¨£Ê· Í¨¨ ¨§ É·¥Ì Î ¸É¨Í α + α + n, ¶·¨Î¥³ ± ¦¤ Ö ¶ ·´ Ö ±μ³¡¨´ Í¨Ö
¢ ÔÉμ° ¸É·Ê±ÉÊ·¥ Ö¢²Ö¥É¸Ö ´¥¸¢Ö§ ´´μ°. ‚μ§³μ¦´Ò¥ ¸Í¥´ ·¨¨ · §¢ ²  ¸É -
¡¨²Ó´μ£μ Ö¤·  9‚¥  ¸¸μÍ¨¨·ÊÕÉ¸Ö ¸ ¢Ò¡¨¢ ´¨¥³ μ¤´μ£μ ¨§ ±² ¸É¥·μ¢ ¨ ³μ£ÊÉ
¸μ¤¥·¦ ÉÓ ¶·μ³¥¦ÊÉμÎ´Ò¥ ´¥¸¢Ö§ ´´Ò¥ Ö¤¥·´Ò¥ ¸¨¸É¥³Ò 8‚¥ ¨ 5�¥ [1Ä3],
¶·¨¢μ¤ÖÐ¨¥ ¢ ¨Éμ£¥ ± É·¥ÌÎ ¸É¨Î´μ³Ê ±μ´¥Î´μ³Ê ¸μ¸ÉμÖ´¨Õ α + α + n:

9Be → 8Be + n → α + α + n,
9Be → 5He + α → α + α + n,
9Be → α + α + n.

Š² ¸É¥·´ Ö ±μ´Ë¨£Ê· Í¨Ö Ö¤·  9‚¥ ¨³¥¥É ¢ ¦´Ò¥ ¸²¥¤¸É¢¨Ö ¢ ¶·¨²μ¦¥-
´¨¨ ±  ¸É·μË¨§¨Î¥¸±¨³ ¶·μÍ¥¸¸ ³. ‘ μ¤´μ° ¸Éμ·μ´Ò, ± ± ¶μ± § ´μ ¢ · -
¡μÉ¥ [4], ¨§-§  ±μ·μÉ±¨Ì ¢·¥³¥´ ¦¨§´¨ ¤²Ö 8‚¥ ¨ 5�¥ (10−16 ¨ 10−20 ¸
¸μμÉ¢¥É¸É¢¥´´μ) ¢¥·μÖÉ´μ¸ÉÓ ¶μ¤Ì¢ É  n ¨²¨ α ÔÉ¨³¨ Ö¤· ³¨ ³ ² . 
¤´ ±μ ¢
· ¡μÉ¥ [5] ¶μ± § ´μ, ÎÉμ ¶·¨ É¥³¶¥· ÉÊ·¥ T ∼ 109 K ± ´ ² μ¡· §μ¢ ´¨Ö 9‚¥
Î¥·¥§ Ö¤·μ 5�¥ ¸É ´μ¢¨É¸Ö ¤μ³¨´¨·ÊÕÐ¨³.

‘É·Ê±ÉÊ·  9‚¥ ¨´É¥´¸¨¢´μ ¨§ÊÎ ² ¸Ó ¢μ ³´μ¦¥¸É¢¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
· ¡μÉ. ‚ Î ¸É´μ¸É¨, ¢ · ¡μÉ Ì [1, 2] ¶·¨¢¥¤¥´Ò ±μ²¨Î¥¸É¢¥´´Ò¥ μÍ¥´±¨ μÉ´μ-
¸¨É¥²Ó´μ£μ ¢ÒÌμ¤  ± ´ ²μ¢ · §¢ ²  n + 8Beg.s.,2+ ¨ 5He + α ¨ ¶μ± § ´μ, ÎÉμ
· ¸¶ ¤ ¢Ò¸μ±μ²¥¦ Ð¨Ì ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° 9‚¥ (E∗ > 4 ŒÔ‚) ¶·μ¨¸-
Ìμ¤¨É ¶·¥¨³ÊÐ¥¸É¢¥´´μ Î¥·¥§ 5�¥g.s..

�Éμ ·¥§Ê²ÓÉ É, ´ ·Ö¤Ê ¸ ±μ²¨Î¥¸É¢¥´´Ò³¨ ¤ ´´Ò³¨ μ · ¸¶ ¤¥, μ¡¸Ê¦¤ -
¥³Ò³¨ ´¨¦¥, ¸É¨³Ê²¨·Ê¥É ¤¥É ²Ó´μ¥ ±μ²¨Î¥¸É¢¥´´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ±² ¸É¥·-
´μ° ±μ´Ë¨£Ê· Í¨¨ (8Be + n) ¨ (5He + α) ¢´ÊÉ·¨ Ö¤·  9‚¥,   É ±¦¥ ¢²¨Ö-
´¨Ö ±² ¸É¥·´μ° ¸É·Ê±ÉÊ·Ò ´  ³¥Ì ´¨§³ ·¥ ±Í¨¨. � ¶·¨³¥·, ¢ · ¡μÉ Ì [6, 7]
¨¸¸²¥¤μ¢ ² ¸Ó ±² ¸É¥·´ Ö ¶¥·¥¤ Î  ¸¨¸É¥³Ò ¨§ Î¥ÉÒ·¥Ì ´Ê±²μ´μ¢. ’¥μ·¥É¨Î¥-
¸±¨° ¶μ¤Ìμ¤ ± μ¶¨¸ ´¨Õ ¢μ§³μ¦´μ¸É¨ ³£´μ¢¥´´μ° μ¤´μ¸ÉÊ¶¥´Î Éμ° ¶¥·¥¤ Î¨
¶ÖÉ¨ ´Ê±²μ´μ¢ ¢ ¢¨¤¥ ±² ¸É¥·  5�¥ · §· ¡μÉ ´ ¤²Ö  ´ ²¨§  ¤¨ËË¥·¥´Í¨ ²Ó-
´ÒÌ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ± ´ ²μ¢ ·¥ ±Í¨¨ 16O(p, 6Li)11C ¨ 11B(p, 6Li)6Li,
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¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±² ¸É¥·´μ° ¶¥·¥¤ Î¥ 5�¥ μÉ Ö¤·  ³¨Ï¥´¨ ± ´ ²¥É ÕÐ¥³Ê
¶·μÉμ´Ê.

‚ · ¡μÉ¥ [8] ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ± ´ ²  9Be(d, 4He)7Li ¸ Ô´¥·£¨¥° ¤¥°É·μ-
´μ¢ 7 ŒÔ‚ ¡Ò² ¸¤¥² ´ μ¤´μ§´ Î´Ò° ¢Ò¢μ¤ μ ¶¥·¥¤ Î¥ ¶ÖÉ¨ ´Ê±²μ´μ¢. �Ò²
É ±¦¥ ¶·μ¢¥¤¥´ ÊÎ¥É ¢±² ¤  ¤·Ê£¨Ì ± ´ ²μ¢, ¢ Î ¸É´μ¸É¨, ÊÎ¨ÉÒ¢ ²¸Ö ¢±² ¤
μÉ α-· ¸¶ ¤  ¸μ¸É ¢´μ£μ Ö¤·  11‚.


¤´μ° ¨§ Í¥²¥° ´ ¸ÉμÖÐ¥° · ¡μÉÒ Ö¢²Ö¥É¸Ö ¶·μ¢¥¤¥´¨¥ ±μ²¨Î¥¸É¢¥´´μ£μ
 ´ ²¨§  ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸É¥¶¥´¨ ±² ¸É¥·¨§ Í¨¨ Ö¤¥· ³¨-
Ï¥´¨ ¨ ·μ²¨ · §²¨Î´ÒÌ ±² ¸É¥·´ÒÌ ±μ´Ë¨£Ê· Í¨° μ¸´μ¢´μ£μ ¨ ¢μ§¡Ê¦¤¥´-
´ÒÌ ¸μ¸ÉμÖ´¨° ¢ Ö¤·¥ 9‚¥ (´ ¶·¨³¥·, (n+ 8Be) ¨²¨ (5He + α)) ¢ ·¥ ±Í¨¨ 3He
(30 ŒÔ‚)+ 9Be. ‚±² ¤ ±μ´Ë¨£Ê· Í¨°, ¸μ¤¥·¦ Ð¨Ì ±² ¸É¥· 5�¥, ¶·¥¤¸É -
¢²Ö¥É μÉ¤¥²Ó´Ò° ¨´É¥·¥¸ ± ± ¸ ÉμÎ±¨ §·¥´¨Ö ¸É·Ê±ÉÊ·Ò Ö¤¥· ³¨Ï¥´¨, É ± ¨ ¸
ÉμÎ±¨ §·¥´¨Ö ¨§ÊÎ¥´¨Ö ¢μ§³μ¦´μ£μ ³¥Ì ´¨§³  ¶μ¤Ì¢ É  ±² ¸É¥·  ¢ ·¥ ±Í¨ÖÌ
¸ ²¥£±¨³ ¸´ ·Ö¤μ³.

�Š‘�…�ˆŒ…�’�‹œ��Ÿ ’…•�ˆŠ�

�±¸¶¥·¨³¥´ÉÒ ¸ ¶ÊÎ± ³¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 3�¥ ¨ d ¶·μ¢μ¤¨²¨¸Ó ´ 
Í¨±²μÉ·μ´ Ì Ê¸±μ·¨É¥²Ó´μ° ² ¡μ· Éμ·¨¨ “´¨¢¥·¸¨É¥É  �¢Ö¸±Õ²Ö (”¨´²Ö´-
¤¨Ö) ¨ ˆ´¸É¨ÉÊÉ  Ö¤¥·´μ° Ë¨§¨±¨ (	¦¥¦, —¥Ì¨Ö) ¶·¨ Ô´¥·£¨ÖÌ 30 ¨ 19 ŒÔ‚
¸μμÉ¢¥É¸É¢¥´´μ. ‘·¥¤´ÖÖ ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  ¡μ³¡ ·¤¨·ÊÕÐ¨Ì ¨μ´μ¢ ¡Ò² 
10 ´�. ‚ ± Î¥¸É¢¥ ³¨Ï¥´¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸ ³μ¶μ¤¤¥·¦¨¢ ÕÐ¨¥¸Ö Ëμ²Ó£¨
³¥É ²²¨Î¥¸±μ£μ ¡¥·¨²²¨Ö Éμ²Ð¨´μ° 12 ³±³.

„²Ö ·¥£¨¸É· Í¨¨ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨° 3�¥ + 9‚¥ ¨ d + 9Be ¨¸¶μ²Ó§μ¢ -
²μ¸Ó ´¥¸±μ²Ó±μ ¶μ²Ê¶·μ¢μ¤´¨±μ¢ÒÌ É¥²¥¸±μ¶μ¢, ¸μ¸ÉμÖÐ¨Ì ¨§ É·¥Ì ¤¥É¥±Éμ-
·μ¢ ΔE0, ΔE, Er ¤²Ö ¨§³¥·¥´¨Ö Ê¤¥²Ó´ÒÌ ¶μÉ¥·Ó ΔE0, ΔE ¨ μ¸É ÉμÎ´μ°

	¨¸. 1. Šμ´ÉÊ·´Ò¥ ¤¨ £· ³³Ò § ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤  ¶·μ¤Ê±Éμ¢ μÉ ¨Ì Ê¤¥²Ó´ÒÌ ¶μÉ¥·Ó
¨ μ¸É ÉμÎ´μ° Ô´¥·£¨¨ ΔE−Er ( ) ¨ ΔE0−ΔE (¡), ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨
·¥ ±Í¨¨ 3�¥ + 9‚¥ (¸³. É¥±¸É)
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Ô´¥·£¨¨ Er. ˆ¸¶μ²Ó§μ¢ ²¨¸Ó ¤¥É¥±Éμ·Ò ΔE0, ΔE, Er ¸ Éμ²Ð¨´μ° 10, 100
¨ 3500 ³±³ ¤²Ö ·¥£¨¸É· Í¨¨ ¢ ¤¨ ¶ §μ´¥ μÉ p, d, t ¤μ ¨§μÉμ¶μ¢ Be. ‚
± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò ±μ´ÉÊ·´Ò¥ ¤¨ £· ³³Ò ¢ÒÌμ¤  ¶·μ-
¤Ê±Éμ¢ μÉ ¢¥²¨Î¨´ Ê¤¥²Ó´ÒÌ ¶μÉ¥·Ó ¨ μ¸É ÉμÎ´μ° Ô´¥·£¨¨ ΔE−Er (·¨¸. 1,  )
¨ ΔE0−ΔE (·¨¸. 1, ¡), ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ·¥ ±Í¨¨ 3�¥ + 9‚¥. ˆ§
¶·¥¤¸É ¢²¥´´ÒÌ ¤¨ £· ³³ ¢¨¤´μ, ÎÉμ ¨¸¶μ²Ó§Ê¥³Ò¥ É·¥Ì¸²μ°´Ò¥ É¥²¥¸±μ¶Ò
¶μ§¢μ²Ö²¨ ´ ¤¥¦´μ ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ ¶·μ¤Ê±ÉÒ ·¥ ±Í¨°: ¢¨¤´Ò ± ´ ²Ò Ê¶·Ê-
£μ£μ, ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö,   É ±¦¥ ± ´ ²Ò ¶¥·¥¤ Î ´Ê±²μ´μ¢.

ˆ¸¶μ²Ó§Ê¥³Ò¥ É¥²¥¸±μ¶Ò ¶μ§¢μ²Ö²¨ ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ ¶·μ¤Ê±ÉÒ ·¥ ±-
Í¨° ¶μ § ·Ö¤Ê Z ¨ ³ ¸¸¥ A,   É ±¦¥ ¨§³¥·ÖÉÓ ¨Ì ¶μ²´ÊÕ ±¨´¥É¨Î¥¸±ÊÕ
Ô´¥·£¨Õ ¶ÊÉ¥³ ¸²μ¦¥´¨Ö ± ²¨¡·μ¢ ´´ÒÌ §´ Î¥´¨° Ê¤¥²Ó´ÒÌ ¶μÉ¥·Ó ΔE0,
ΔE ¨ μ¸É ÉμÎ´μ° Ô´¥·£¨¨ Er. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò
Ô´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö ¶·μ¤Ê±Éμ¢ 4�¥, 7Be ¨ 7Li, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ
¶μ¤ Ê£²μ³ θlab = 18◦. �É¨ ¶·μ¤Ê±ÉÒ ¢Ò¡· ´Ò ¶μÉμ³Ê, ÎÉμ ± ´ ²Ò ·¥ ±Í¨¨
¶·¨¢μ¤ÖÉ ± μ¡· §μ¢ ´¨Õ ´¥¸¢Ö§ ´´μ£μ ±μ³¶²¥³¥´É ·´μ£μ ¶·μ¤Ê±É : 9Be (3He,
4He) 8Be, 9Be (3He, 7Be) 5He ¨ 9Be (3He,7Li) 5Li ¸μμÉ¢¥É¸É¢¥´´μ. Š ± ¢¨¤´μ ¨§
·¨¸. 2, Ëμ·³  Ô´¥·£¥É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° § ·¥£¨¸É·¨·μ¢ ´´ÒÌ 4�¥, 7Be ¨
7Li ¢μ¸¶·μ¨§¢μ¤¨É ¸Ì¥³Ê § ¸¥²¥´¨Ö ¢μ§¡Ê¦¤¥´´ÒÌ Ê·μ¢´¥° ±μ³¶²¥³¥´É ·´ÒÌ
´¥¸¢Ö§ ´´ÒÌ ¶·μ¤Ê±Éμ¢ 8B¥, 5He ¨ 5Li. �  μ¸´μ¢ ´¨¨ ÔÉμ£μ ³μ¦´μ ¸¤¥² ÉÓ
¢Ò¢μ¤ μ ¤¢ÊÌÉ¥²Ó´μ³ ³¥Ì ´¨§³¥ ·¥ ±Í¨¨.

	¨¸. 2. �´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö ¶·μ¤Ê±Éμ¢ 4�¥, 7Be ¨ 7Li, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ
¶μ¤ Ê£²μ³ θlab = 18◦. �μ²μ¦¥´¨Ö ¶¨±μ¢ (μÉ³¥Î¥´´Ò¥ ¸¶²μÏ´Ò³¨ ¸É·¥²± ³¨ ´ 
£¨¸Éμ£· ³³ Ì) ¸μμÉ¢¥É¸É¢ÊÕÉ μ¡· §μ¢ ´¨Õ ¤¢ÊÌ ¶·μ¤Ê±Éμ¢ ¢ ¢ÒÌμ¤´μ³ ± ´ ²¥ ¢ ¨Ì
μ¸´μ¢´ÒÌ (g.s.) ¸μ¸ÉμÖ´¨ÖÌ
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�…�Š–ˆŸ 3�¥ (30 ŒÔ‚) + 9‚¥.
�Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’› ˆ ���‹ˆ‡

�´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö. „²Ö ¶μ¤É¢¥·¦¤¥´¨Ö ¢Ò¢μ¤  μ ¤¢ÊÌÉ¥²Ó-
´μ³ ³¥Ì ´¨§³¥ ·¥ ±Í¨¨ ¶·μ¢¥¤¥´Ò ±¨´¥³ É¨Î¥¸±¨¥ · ¸Î¥ÉÒ §´ Î¥´¨° ±¨´¥-
É¨Î¥¸±μ° Ô´¥·£¨¨ ¤²Ö ¸²ÊÎ Ö ¨¸É¨´´μ£μ É·¥ÌÉ¥²Ó´μ£μ ¢ÒÌμ¤´μ£μ ± ´ ² , ±μ£¤ 
¢¸¥ ¶·μ¤Ê±ÉÒ ·¥ ±Í¨¨ μ¡· §ÊÕÉ¸Ö ¢ ¶·μÍ¥¸¸¥ ¢§ ¨³μ¤¥°¸É¢¨Ö. „ ´´Ò¥ · ¸-
Î¥ÉÒ, ¢Ò¶μ²´¥´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ¤  ¡ §Ò §´ ´¨° NRV [9], ¶μ± §Ò¢ ÕÉ,
ÎÉμ ¶μ¸±μ²Ó±Ê 8B¥, 5He ¨ 5Li Ö¢²ÖÕÉ¸Ö ´¥¸¢Ö§ ´´Ò³¨ Ö¤¥·´Ò³¨ ¸¨¸É¥³ ³¨
¸ ³ ²Ò³ ¢·¥³¥´¥³ ¦¨§´¨ ¨ · ¸¶ ¤ ÕÉ¸Ö ´  4�¥ + 4�¥, 4�¥ + n ¨ 4He + p
¸μμÉ¢¥É¸É¢¥´´μ, Éμ ¨Ì Ô´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö ¤μ²¦´Ò ´ Î¨´ ÉÓ¸Ö ¸μ
§´ Î¥´¨°, Ê± § ´´ÒÌ ´  ·¨¸. 2 ¶Ê´±É¨·´Ò³¨ ¸É·¥²± ³¨, ¨ ¨³¥ÉÓ ³ ±¸¨³Ê³Ò,
¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ô´¥·£¨Ö³ ¢μ§¡Ê¦¤¥´¨Ö Éμ²Ó±μ ¸μ¸É ¢´μ° ¸¨¸É¥³Ò, Î¥£μ ´¥
´ ¡²Õ¤ ¥É¸Ö. ’ ±¨³ μ¡· §μ³, ¶·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸. 2 £¨¸Éμ£· ³³Ò ¶μ¤-
É¢¥·¦¤ ÕÉ ¢Ò¢μ¤ μ ¤¢ÊÌÉ¥²Ó´μ³ ³¥Ì ´¨§³¥ ·¥ ±Í¨¨. �μ²μ¦¥´¨Ö ¶¨±μ¢, μÉ³¥-
Î¥´´Ò¥ ¸¶²μÏ´Ò³¨ ¸É·¥²± ³¨ ´  £¨¸Éμ£· ³³ Ì, ¸μμÉ¢¥É¸É¢ÊÕÉ μ¡· §μ¢ ´¨Õ
¤¢ÊÌ ¶·μ¤Ê±Éμ¢ ¢ ¢ÒÌμ¤´μ³ ± ´ ²¥ ¢ ¨Ì μ¸´μ¢´ÒÌ ¸μ¸ÉμÖ´¨ÖÌ. ‚ Î ¸É´μ¸É¨,
¤²Ö ¸²ÊÎ Ö ± ´ ²  ·¥ ±Í¨¨ 9Be (3He, 7Beg.s.) 5He ·¥£¨¸É· Í¨Ö 7Be ¸ Ô´¥·£¨¥°
μ±μ²μ 25 ŒÔ‚ ¸μμÉ¢¥É¸É¢Ê¥É ´ ¡²Õ¤¥´¨Õ 5He ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨ ¢ ¤¢ÊÌ-
É¥²Ó´μ³ ¢ÒÌμ¤´μ³ ± ´ ²¥. � ¡²Õ¤ ¥³ Ö ¢ Ô±¸¶¥·¨³¥´É¥ Ï¨·¨´  μ¸´μ¢´μ£μ
¸μ¸ÉμÖ´¨Ö ¢ Ö¤·¥ 5Heg.s. (·¨¸. 2, ¡) ¸μ¸É ¢²Ö¥É μ±μ²μ 0,7 ŒÔ‚, ÎÉμ Ìμ·μÏμ
¸μ£² ¸Ê¥É¸Ö ¸ ¨§¢¥¸É´Ò³¨ ¤ ´´Ò³¨ [10]. �´ ²μ£¨Î´Ò¥ ¢Ò¢μ¤Ò ³μ¦´μ ¸¤¥² ÉÓ
¤²Ö ± ´ ²μ¢ 9Be (3He, 4He) 8Be ¨ 9Be (3He, 7Li) 5Li, ¢ ¸¶¥±É· Ì ±μÉμ·ÒÌ ´ -
¡²Õ¤ ÕÉ¸Ö Ê§±μ¥ Γ < 100 Ô‚ (·¨¸. 2,  ) ¨ ¤μ¸É ÉμÎ´μ Ï¨·μ±μ¥ Γ = 1,2 ŒÔ‚
(·¨¸. 2, ¢) μ¸´μ¢´Ò¥ ¸μ¸ÉμÖ´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ 8‚¥ ¨ 5Li.

ˆÉ ±, ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ 5�¥ ´ ¡²Õ¤ ¥É¸Ö ¢ ¸¢μ¥³ μ¸´μ¢´μ³ ¸μ¸Éμ-
Ö´¨¨ ± ± ¶·μ¤Ê±É, ±μ³¶²¥³¥´É ·´Ò° ¤¥É¥±É¨·Ê¥³μ³Ê ¨§μÉμ¶Ê 7‚¥. ‘ ÉμÎ±¨
§·¥´¨Ö ³¥Ì ´¨§³  ·¥ ±Í¨¨ Ö¤·μ 5�¥ ³μ¦¥É μ¡· §μ¢Ò¢ ÉÓ¸Ö ²¨¡μ ¶·¨ ¶¥·¥¤ Î¥
¤¢ÊÌ ´¥°É·μ´μ¢ μÉ Ö¤·  9‚¥ ± ´ ²¥É ÕÐ¥³Ê ¸´ ·Ö¤Ê 3�¥, ²¨¡μ ± ± μ¸É Éμ±
μÉ ¶¥·¥¤ Î¨ α-Î ¸É¨ÍÒ ¨§ Ö¤·  ³¨Ï¥´¨, ±μÉμ·μ¥ ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´μ
¢ ¢¨¤¥ ±² ¸É¥·  9‚¥ = 5�¥ + α.

“¶·Ê£μ¥ ¨ ´¥Ê¶·Ê£μ¥ · ¸¸¥Ö´¨¥, ·¥ ±Í¨¨ ¶¥·¥¤ Î. „¨ËË¥·¥´Í¨ ²Ó´Ò¥
¸¥Î¥´¨Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ Ê£²  ¤²Ö · §²¨Î´ÒÌ ± ´ ²μ¢ ·¥ ±Í¨¨ ¶·¥¤¸É ¢²¥´Ò
´  ·¨¸. 3.


É³¥É¨³, ÎÉμ ± ´ ² ·¥ ±Í¨¨ 3He + 9Be→ 8Be∗ + 4He, ¶·¨¢μ¤ÖÐ¨° ±
μ¡· §μ¢ ´¨Õ 8‚¥ ¢ μ¸´μ¢´μ³ ¨ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨ÖÌ, ¨³¥¥É ³ ±¸¨³ ²Ó-
´μ¥ ¸¥Î¥´¨¥. �ÉμÉ ± ´ ² ¸μμÉ¢¥É¸É¢Ê¥É ¶¥·¥¤ Î¥ μ¤´μ£μ ´¥°É·μ´  μÉ ³¨Ï¥´¨
± ´ ²¥É ÕÐ¥³Ê ¨μ´Ê 3�¥ ¸ ³ ±¸¨³ ²Ó´Ò³ §´ Î¥´¨¥³ Q = +19 ŒÔ‚. �μ²Ó-
Ïμ¥ §´ Î¥´¨¥ ¢¥²¨Î¨´Ò Q ¶μ¢ÒÏ ¥É ¢¥·μÖÉ´μ¸ÉÓ § ¸¥²¥´¨Ö ¢Ò¸μ±μ²¥¦ Ð¨Ì
Ê·μ¢´¥° 8‚¥ (E∗ ∼ 16 ŒÔ‚).

‚Éμ·Ò³ ¶μ ¢¥²¨Î¨´¥ ¸¥Î¥´¨Ö Ö¢²Ö¥É¸Ö ± ´ ² 3He + 9Be→ 7Be + 5H¥ (Q =
−0,7 ŒÔ‚),   ³¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ´ ¡²Õ¤ ¥É¸Ö ¤²Ö ± ´ ² 
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	¨¸. 3. „¨ËË¥·¥´Í¨ ²Ó´Ò¥ Ê£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ± ´ ²μ¢ ·¥ ±Í¨¨  ) 3He+
9Be→ 7Be + 5He, 3He+ 9Be→ 7Lig.s. + 5Li, 3He+ 9Be→ 6Lig.s. + 6Li, 3He+ 9Be→
4He+ 8Beg.s.,

3He + 9Be→ 6Heg.s. + 6Be; ¡) 3He+ 9Be→ 8Beg.s. + 4He, 3He+ 9Be→
8Be∗ (3 ŒÔ‚)+ 4He, 3He + 9Be→ 8Be (E∗ = 16 ŒÔ‚)+ 4He

6�¥ + 6‚¥ ¸ ±· °´¥ ´¥¡² £μ¶·¨ÖÉ´Ò³¨ Ê¸²μ¢¨Ö³¨ ¶μ ¡ ² ´¸Ê Ô´¥·£¨¨ (Q =
−9,7 ŒÔ‚).

„²Ö μ¶¨¸ ´¨Ö ¨§³¥·¥´´ÒÌ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¨¸¶μ²Ó§μ¢ ´  μ¶É¨Î¥-
¸± Ö ³μ¤¥²Ó ¨ ³¥Éμ¤ ¨¸± ¦¥´´ÒÌ ¢μ²´ (DWBA). �´ ²¨§ ¢ · ³± Ì μ¶É¨Î¥¸±μ°
³μ¤¥²¨ ¤ ´´ÒÌ ¶μ Ê¶·Ê£μ³Ê · ¸¸¥Ö´¨Õ ¶μ§¢μ²¨² μ¶·¥¤¥²¨ÉÓ μ¶É¨Î¥¸±¨¥ ¶μ-
É¥´Í¨ ²Ò ¢§ ¨³μ¤¥°¸É¢¨Ö ± ± ¢μ ¢Ìμ¤´μ³, É ± ¨ ¢ ¢ÒÌμ¤´μ³ ± ´ ² Ì. ‘· ¢´¥-
´¨¥ · ¸¸Î¨É ´´μ£μ ¢ · ³± Ì μ¶É¨Î¥¸±μ° ³μ¤¥²¨ ¸¥Î¥´¨Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö
¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ± § ´μ ´  ·¨¸. 4.

� · ³¥É·Ò ´ °¤¥´´μ£μ μ¶É¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1
¢ ¸· ¢´¥´¨¨ ¸  ´ ²μ£¨Î´Ò³¨ ¶ · ³¥É· ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ · ¡μÉ¥ [11] ¶·¨
¨¸¸²¥¤μ¢ ´¨¨ ·¥ ±Í¨¨ 3�¥ (60 ŒÔ‚) + 9‚¥. ‚¨¤´μ, ÎÉμ ¶ · ³¥É·Ò £²Ê¡¨´Ò
·¥ ²Ó´μ° V0 ¨ ³´¨³μ° W0 Î ¸É¥° Ê³¥´ÓÏ ÕÉ¸Ö ¸ ·μ¸Éμ³ Ô´¥·£¨¨ ´ ²¥É ÕÐ¨Ì
¨μ´μ¢ ± ± ¤²Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö, É ± ¨ ¤²Ö ¤·Ê£¨Ì ± ´ ²μ¢ ·¥ ±Í¨°.

‚ ¤ ²Ó´¥°Ï¥³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶μ²ÊÎ¥´´ÒÌ ¶ · ³¥É·μ¢ ¤²Ö Ê¶·Ê£μ£μ
· ¸¸¥Ö´¨Ö ¶·μ¢¥¤¥´Ò · ¸Î¥ÉÒ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¢ÒÌμ¤´ÒÌ ± ´ ²μ¢:
α + 8Be (·¨¸. 5,  ), 5He + 7Be (·¨¸. 5, ¡) ¨ 6Li+ 6Li (·¨¸. 5, ¢) ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ ±μ¤μ¢ μ¶É¨Î¥¸±μ° ³μ¤¥²¨, ³¥Éμ¤  ¸¢Ö§ ´´ÒÌ ± ´ ²μ¢,   É ±¦¥ ³¥Éμ¤ 
¸¨²Ó´μ° ¸¢Ö§¨ ± ´ ²μ¢ ·¥ ±Í¨¨ FRESCO, ¤μ¸ÉÊ¶´ÒÌ ´  ¸ °É¥ ¡ §Ò §´ ´¨°
NRV [9]. 	 ¸Î¥ÉÒ ± ´ ²  ¸ μ¡· §μ¢ ´¨¥³ 6�¥ ´¥ ¶·μ¢μ¤¨²¨¸Ó ¨§-§  ³ ²¥´Ó-
±μ° ¸É É¨¸É¨±¨. �  μ¸´μ¢¥ ¶μ²ÊÎ¥´´μ£μ Ìμ·μÏ¥£μ ¸μ£² ¸¨Ö Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¤ ´´ÒÌ ¨ É¥μ·¥É¨Î¥¸±¨Ì · ¸Î¥Éμ¢ ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¤²Ö ± ´ ² 
α + 8Be (·¨¸. 5,  ) ¤μ³¨´¨·ÊÕÐ¨³ ± ´ ²μ³ Ö¢²Ö¥É¸Ö ¶¥·¥¤ Î  μ¤´μ£μ ´¥°-

5



	¨¸. 4. “£²μ¢ Ö § ¢¨¸¨³μ¸ÉÓ μÉ´μÏ¥´¨Ö ¨§³¥·¥´´μ£μ ¸¥Î¥´¨Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ± ¸¥-
Î¥´¨Õ 	¥§¥·Ëμ·¤  ¤²Ö ·¥ ±Í¨¨ 3�¥+ 9‚¥

’ ¡²¨Í  1. � · ³¥É·Ò μ¶É¨Î¥¸±μ° ³μ¤¥²¨ OM ¨ ³¥Éμ¤  ¸¢Ö§ ´´ÒÌ ± ´ ²μ¢ ‘‘,
¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¶¨¸ ´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê£²μ¢ÒÌ · ¸-
¶·¥¤¥²¥´¨° ¢ ·¥ ±Í¨¨ 3�¥ + 9‚¥, ¢ ¸· ¢´¥´¨¨ ¸ ¶ · ³¥É· ³¨ · ¡μÉÒ [11]

Š ´ ²
·¥ ±Í¨¨

rc, V0, rv , av , W0, rw, aw, Vso, rso, aso,
Ë³ ŒÔ‚ Ë³ Ë³ ŒÔ‚ Ë³ Ë³ ŒÔ‚ Ë³ Ë³

3He + 9Be 1,3 108,5 1,123 0,54 15,69 1,15 0,855 13,63 1,83 0,4
3He + 9Be [11] 1,3 143,4 1,02 1,10 38,3 1,405 1,17

α + 8Be 90,98 1,382 0,404 12,36 1,01 0,4

α + 8Be [11] 143,4 1,024 1,35 38,3 2,539 1,67
5He + 7Be 60,88 1,25 0,65 2,8 1,25 0,65 8,93 1,28 0,65
5He+7Be [11] 122,5 0,9768 0,61 51,71 0,914 1,178
6Li + 6Li 110,95 1,307 0,621 2,48 1,25 0,65 1,05 1,25 0,65
6Li + 6Li [11] 122,5 0,979 0,905 51,71 0,914 1,178

É·μ´ ,   ¤²Ö ± ´ ²  6Li+ 6Li (·¨¸. 5, ¢) Å ¶¥·¥¤ Î  t μÉ ³¨Ï¥´¨ ± ´ ²¥É Õ-
Ð¥³Ê ¸´ ·Ö¤Ê.

‘²ÊÎ ° ± ´ ²  ·¥ ±Í¨¨, ¶·¨¢μ¤ÖÐ¥£μ ± μ¡· §μ¢ ´¨Õ 5He + 7Be (·¨¸. 5, ¡),
 ´ ²¨§¨·μ¢ ²¸Ö ¢ ¶·¥¤¶μ²μ¦¥´¨¨ μ ¤¢ÊÌ ¢μ§³μ¦´ÒÌ ³¥Ì ´¨§³ Ì ¶¥·¥¤ Î¨:
¶¥·¥¤ Î¨ α-Î ¸É¨ÍÒ ¨ ¤¢ÊÌ ´¥°É·μ´μ¢. ‚ ¸¨²Ê ±¨´¥³ É¨Î¥¸±¨Ì μ¸μ¡¥´´μ¸É¥°
¶¥·¥¤ Î  α-Î ¸É¨ÍÒ ¶·μ¨¸Ìμ¤¨É ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¶μ¤ ¶¥·¥¤´¨³¨ Ê£² ³¨ ¢
¸¨¸É¥³¥ Í¥´É·  ³ ¸¸,   ¶¥·¥¤ Î  ´¥°É·μ´μ¢ Å ¶μ¤ § ¤´¨³¨ Ê£² ³¨. ‘¥-
Î¥´¨¥ ¢ μ¡² ¸É¨ ³ ²ÒÌ Ê£²μ¢ · ¸¸¥Ö´¨Ö ´ Ìμ¤¨É¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸
É¥μ·¥É¨Î¥¸±¨³¨ · ¸Î¥É ³¨, ¢Ò¶μ²´¥´´Ò³¨ ¢ ¶·¥¤¶μ²μ¦¥´¨¨ μ¤´μ¸ÉÊ¶¥´Î -
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	¨¸. 5. „¨ËË¥·¥´Í¨ ²Ó´Ò¥ Ê£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ± ´ ²μ¢ ·¥ ±Í¨¨ 9Be (3He,
4He) 8Beg.s. ( ), 9Be (3He, 7Be) 5He (¡) ¨ 9Be (3He, 6Li) 6Lig.s. (¢). 	¥§Ê²ÓÉ ÉÒ  ´ ²¨§ 
´  μ¸´μ¢¥ 
M ¨ CC ¶·¥¤¸É ¢²¥´Ò ¢ ¢¨¤¥ ±·¨¢ÒÌ

Éμ£μ ³¥Ì ´¨§³  ¶¥·¥¤ Î¨ 5�¥-±² ¸É¥· , ¶μ¤É¢¥·¦¤ ÕÐ¥£μ ´ ²¨Î¨¥ (5�¥ + α)-
¸μ¸É ¢²ÖÕÐ¥° ¢ ¸É·Ê±ÉÊ·¥ Ö¤·  ³¨Ï¥´¨ 9‚¥.

�¥¸³μÉ·Ö ´  Éμ, ÎÉμ ¤ ´´ÒÌ ¶μ¤ § ¤´¨³¨ Ê£² ³¨ · ¸¸¥Ö´¨Ö ´¥¤μ¸É ÉμÎ´μ,
¶·μ¢¥¤¥´´Ò°  ´ ²¨§ ¶μ§¢μ²Ö¥É ÊÉ¢¥·¦¤ ÉÓ, ÎÉμ ¢±² ¤ ¶¥·¥¤ Î¨ ¤¢ÊÌ ´¥°É·μ-
´μ¢ É ±¦¥ ¤μ²¦¥´ ¡ÒÉÓ §´ Î¨É¥²Ó´Ò³. „²Ö Éμ£μ ÎÉμ¡Ò ³μ¦´μ ¡Ò²μ ¸¤¥² ÉÓ
¡μ²¥¥ μ¶·¥¤¥²¥´´Ò¥ ¢Ò¢μ¤Ò, É·¥¡Ê¥É¸Ö ¶·μ¢¥¤¥´¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥-
´¨° ¢ ¡μ²¥¥ Ï¨·μ±μ³ Ê£²μ¢μ³ ¤¨ ¶ §μ´¥.

	 ¸¸³μÉ·¨³ ´¥¸±μ²Ó±μ ± ´ ²μ¢ ·¥ ±Í¨¨, ¸μ¶·μ¢μ¦¤ ¥³ÒÌ ¶¥·¥¤ Î¥° · §-
²¨Î´ÒÌ ±² ¸É¥·μ¢ μÉ ³¨Ï¥´¨ ± Ö¤·Ê ¸´ ·Ö¤ :

3He + 9Be → 3He + {n + 8Be} → (3He + n) + 8Be →
→ 4He + 8Be → 4He + 4He + 4He,

3He + 9Be → 3He + {α + 5He} → (3He + α) + 5He →
→ 7Be + 5He →7 Be + 4He + n,

3He + 9Be → 3He + {t + 6Li} → (3He + t) + 6Li → 6Li + 6Li,
3He + 9Be → 3He + {d + 7Li} → (3He + d) + 7Li →

→ 5Li + 7Li → 4He + p + 7Li,
3He + 9Be → 3He + {3He + 6He} → (3He + 3He) + 6He → 6Be + 6He.
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Š ¦¤Ò° ¨§ ÔÉ¨Ì ± ´ ²μ¢ ·¥ ±Í¨¨ ³μ¦¥É ·¥ ²¨§μ¢ ÉÓ¸Ö, £² ¢´Ò³ μ¡· -
§μ³, ¥¸²¨ ¢ ¨¸Ìμ¤´μ³ Ö¤·¥ 9Be ¶·¨¸ÊÉ¸É¢Ê¥É ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ±μ´Ë¨£Ê· Í¨Ö,
Ê± § ´´ Ö ¢ Ë¨£Ê·´ÒÌ ¸±μ¡± Ì ¢ÒÏ¥. 
Í¥´¨³ ¢¥·μÖÉ´μ¸ÉÓ Ê± § ´´ÒÌ ±μ´-
Ë¨£Ê· Í¨°,  ´ ²¨§¨·ÊÖ ¢¥²¨Î¨´Ò ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨°, ¶·¨¢¥¤¥´´ÒÌ
´  ·¨¸. 3, ¶μ²ÊÎ¥´´ÒÌ ¨§³¥·¥´¨¥³ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨
4,6He, 7Be ¨ 6,7Li.

„²Ö ¶μ²ÊÎ¥´¨Ö ± Î¥¸É¢¥´´ÒÌ μÍ¥´μ± ¢¥·μÖÉ´μ¸É¥° · §²¨Î´ÒÌ ±μ´Ë¨£Ê-
· Í¨° ¢´ÊÉ·¨ 9‚¥ ¡Ò²¨ ¶·μ¨´É¥£·¨·μ¢ ´Ò ¨§³¥·¥´´Ò¥ Ê£²μ¢Ò¥ · ¸¶·¥¤¥-
²¥´¨Ö, ¶·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸. 3. ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ¥´Ò §´ Î¥´¨Ö ¢¥·μÖÉ-
´μ¸É¥°, ±μÉμ·Ò¥ ¢ ¡μ²ÓÏμ° ³¥·¥ ¸μμÉ¢¥É¸É¢ÊÕÉ ±² ¸É¥·´Ò³ ±μ´Ë¨£Ê· Í¨Ö³
(É ¡². 2).

’ ¡²¨Í  2. �·¨¢¥¤¥´´ Ö ¢¥·μÖÉ´μ¸ÉÓ ±² ¸É¥·´μ° ±μ´Ë¨£Ê· Í¨¨ Ö¤·  9‚¥

‚ÒÌμ¤´μ° ‘μμÉ¢¥É¸É¢ÊÕÐ Ö ‡´ Î¥´¨¥
± ´ ² ±² ¸É¥·´ Ö ±μ´Ë¨£Ê· Í¨Ö ¢¥·μÖÉ´μ¸É¨, %

4He + 8Be n + 8Be 68,7 ± 10

5He + 7Be α + 5He 25,1 ± 5

6Li + 6Lig.s. t + 6Li 3,3 ± 2

5Li + 7Lig.s. d + 7Li 2,7 ± 2

6Be + 6Heg.s.
3He + 6He 0,2 ± 0,7

ˆÉ ±, ¨§  ´ ²¨§  ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ± ´ ²μ¢ ·¥-
 ±Í¨¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¢μ§³μ¦´Ò³ ±² ¸É¥·´Ò³ ±μ´Ë¨£Ê· Í¨Ö³ (n + 8Be)
¨ (α + 5He), ¶μ²ÊÎ¥´Ò §´ Î¥´¨Ö ¢¥·μÖÉ´μ¸É¥° 69 ¨ 25 % ¸μμÉ¢¥É¸É¢¥´´μ.
„·Ê£¨¥ ¢μ§³μ¦´Ò¥ ±μ´Ë¨£Ê· Í¨¨ ¢ Ö¤·¥ 9‚¥, ´ ¶·¨³¥· 3�¥ + 6�¥, ¨³¥ÕÉ
§´ Î¨É¥²Ó´μ ³¥´ÓÏÊÕ ¢¥·μÖÉ´μ¸ÉÓ (³¥´¥¥ 3%).

’ ±¨³ μ¡· §μ³, ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¸μμÉ´μÏ¥´¨¥ ¢¥·μÖÉ´μ¸É¥°
±² ¸É¥·´ÒÌ ±μ´Ë¨£Ê· Í¨° (n + 8‚¥) ¨ (5�e + α) ¢´ÊÉ·¨ 9‚¥ ¸μ¸É ¢²Ö¥É
∼ 2,8 : 1, É. ¥. ¢ Ö¤·¥ 9‚¥ ¢ ²¥´É´Ò° ´¥°É·μ´ ¢ É·¥Ì ¸²ÊÎ ÖÌ ¢· Ð ¥É¸Ö ¢μ±·Ê£
±² ¸É¥·  8‚¥ ¨ Éμ²Ó±μ ¢ μ¤´μ³ ¸²ÊÎ ¥ ¶·¨´ ¤²¥¦¨É ±² ¸É¥·Ê 5�¥ ¢´ÊÉ·¨ 9‚¥.
�μ´ÖÉ´μ, ÎÉμ ¸ ³  ¶μ ¸¥¡¥ ¢¥²¨Î¨´  ¸¥Î¥´¨Ö ± ´ ²  ´¥ μ¡ÑÖ¸´Ö¥É¸Ö Éμ²Ó±μ
¢¥·μÖÉ´μ¸ÉÓÕ Éμ° ¨²¨ ¨´μ° ±μ´Ë¨£Ê· Í¨¨ ¢ Ö¤·¥. � ³¨ ¶μ²ÊÎ¥´Ò μÍ¥´μÎ-
´Ò¥ ¤ ´´Ò¥ μ ¶·¥μ¡² ¤ ÕÐ¥° ·μ²¨ ±² ¸É¥·  8‚¥ ¨ ¡μ²ÓÏμ° ·μ²¨ ±² ¸É¥· 
5�¥. “Î¥¸ÉÓ ¸É É¨¸É¨Î¥¸±¨¥ μ¸μ¡¥´´μ¸É¨, ¸¢Ö§ ´´Ò¥ ¸μ ¸¶¨´ ³¨ ÊÎ ¸É¢ÊÕÐ¨Ì
Ö¤¥·, Ô´¥·£¥É¨Î¥¸±¨° ¡ ² ´¸ ¨ É. ¤. ¢ ¤ ´´μ³ ³¥Éμ¤¥ μÍ¥´±¨ ´¥ ¶·¥¤¸É ¢²Ö¥É¸Ö
¢μ§³μ¦´Ò³.

„²Ö μÉ¢¥É  ´  ¢μ¶·μ¸, ¢μ§³μ¦´μ ²¨ ´ ¡²Õ¤ ÉÓ ¶¥·¥¤ ÎÊ 5�¥ ± ± ±² ¸É¥· 
(¥¸²¨ ±² ¸É¥·´ Ö ¸É·Ê±ÉÊ·  (5�e + α) ¸ÊÐ¥¸É¢Ê¥É, ´¥¸³μÉ·Ö ´  ®·ÒÌ²μ¸ÉÓ¯
¸¨¸É¥³Ò 5�¥), ¶·μ¢¥¤¥´ Ô±¸¶¥·¨³¥´É ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ± ´ ²  d + 9Be→
4He + 7Li.
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�…�Š–ˆŸ d (19,5 ŒÔ‚) + 9Be.
�Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’› ˆ ���‹ˆ‡

„¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¨ ´¥Ê¶·Ê£μ£μ ¢μ§¡Ê¦¤¥-
´¨Ö ¶¥·¢μ£μ ·μÉ Í¨μ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¢ 9Be ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 6 ¢³¥¸É¥ ¸
·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éμ¢.

	 ¸Î¥É ¢Ò¶μ²´¥´ ¢ · ³± Ì ³¥Éμ¤  ¸¨²Ó´μ° ¸¢Ö§¨ ± ´ ²μ¢ (‘‘) ¢  ¤¨ ¡ -
É¨Î¥¸±μ° ·μÉ Í¨μ´´μ° ³μ¤¥²¨. Š ± ¨ · ´¥¥, ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ¸μ¸ÉμÖ´¨¥
2,43 ŒÔ‚ Ö¢²Ö¥É¸Ö ¶¥·¢Ò³ ¢μ§¡Ê¦¤¥´´Ò³ ¸μ¸ÉμÖ´¨¥³ ¢ ·μÉ Í¨μ´´μ° ¶μ²μ¸¥
9Be. � °¤¥´´Ò° ¨§ ¶·μ¢¥¤¥´´μ£μ  ´ ²¨§  ¤ ´´ÒÌ ¶ · ³¥É· ±¢ ¤·Ê¶μ²Ó´μ°
¤¥Ëμ·³ Í¨¨ Ö¤·  ³¨Ï¥´¨ · ¢¥´ β2 = 0,64, ÎÉμ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ¢Ò-
¶μ²´¥´´Ò³ · ´¥¥  ´ ²¨§μ³ ·¥ ±Í¨¨ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö Ö¤¥· 4He ´  Éμ°
¦¥ ³¨Ï¥´¨ [3]. � · ³¥É·Ò μ¶É¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ² , ¨¸¶μ²Ó§μ¢ ´´μ£μ ¤²Ö
· ¸Î¥Éμ¢, ¶μ± § ´´ÒÌ ´  ·¨¸. 6, ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 3.

„²Ö μ¶¨¸ ´¨Ö ¶μ¤Ì¢ É  ¨¸¶μ²Ó§μ¢ ´ ³¥Éμ¤ DWBA. 
¶É¨Î¥¸±¨¥ ¶μÉ¥´-
Í¨ ²Ò ¤²Ö ¢Ìμ¤´μ£μ ¨ ¢ÒÌμ¤´μ£μ ± ´ ²μ¢ ¤ ´´μ° ·¥ ±Í¨¨ ¶μ¤¡¨· ²¨¸Ó ´ 
μ¸´μ¢¥  ´ ²¨§  ¤ ´´ÒÌ ¶μ Ê¶·Ê£μ³Ê · ¸¸¥Ö´¨Õ. � · ³¥É·Ò ¶·¥¤¸É ¢²¥´Ò
¢ É ¡². 3. ‘μμÉ¢¥É¸É¢ÊÕÐ Ö ±·¨¢ Ö ¶μ± § ´  ´  ·¨¸. 7.

Š·μ³¥ Ê¶·Ê£μ£μ ¨ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö É ±¦¥ ¨§³¥·Ö²¨¸Ó Ê£²μ¢Ò¥ · ¸-
¶·¥¤¥²¥´¨Ö ± ´ ²  ¶μ¤Ì¢ É  9Be (d, t) 8Be (·¨¸. 7).

„²Ö ¢ÒÌμ¤´μ£μ ± ´ ²  t + 8Be ¤μ¸ÉÊ¶´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ
¶μ Ê¶·Ê£μ³Ê · ¸¸¥Ö´¨Õ ´¥É, ¶μ¸±μ²Ó±Ê 8Be ´¥¸É ¡¨²Ó´μ¥ Ö¤·μ. �μÔÉμ³Ê ¨¸-
¶μ²Ó§μ¢ ´Ò ¶ · ³¥É·Ò ¶μÉ¥´Í¨ ²  ¤²Ö ¡²¨§±μ° ¸¨¸É¥³Ò, ·¥±μ³¥´¤μ¢ ´´Ò¥
¢ · ¡μÉ¥ [12]. � · ³¥É·Ò ÔÉμ£μ ¶μÉ¥´Í¨ ²  ¤μ¶μ²´¨É¥²Ó´μ ¢ ·Ó¨·μ¢ ²¨¸Ó ¸
Í¥²ÓÕ μ¶¨¸ ´¨Ö ¶μ²ÊÎ¥´´ÒÌ ¢ · ¡μÉ¥ ¤ ´´ÒÌ, ¶·¥¤¸É ¢²¥´´ÒÌ ¢ É ¡². 3.

	¨¸. 6. “¶·Ê£μ¥ (�) ¨ ´¥Ê¶·Ê£μ¥ (◦) · ¸¸¥Ö´¨¥ ¢ ·¥ ±Í¨¨ d (19,5 ŒÔ‚)+ 9‚¥. 	¥§Ê²Ó-
É ÉÒ · ¸Î¥É , ¢Ò¶μ²´¥´´μ£μ ¢ · ³± Ì ³¥Éμ¤  ¸¨²Ó´μ° ¸¢Ö§¨ ± ´ ²μ¢ ¢  ¤¨ ¡ É¨Î¥¸±μ°
·μÉ Í¨μ´´μ° ³μ¤¥²¨, ¶·¥¤¸É ¢²¥´Ò ¸¶²μÏ´μ° ²¨´¨¥°
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’ ¡²¨Í  3. � · ³¥É·Ò μ¶É¨Î¥¸±μ° ³μ¤¥²¨ OM ¨ ³¥Éμ¤  ¸¢Ö§ ´´ÒÌ ± ´ ²μ¢ ‘‘,
¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¶¨¸ ´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê£²μ¢ÒÌ · ¸-
¶·¥¤¥²¥´¨° ¢ ·¥ ±Í¨¨ d + 9‚¥, ¢ ¸· ¢´¥´¨¨ ¸ ¶ · ³¥É· ³¨ · ¡μÉÒ [8]

Š ´ ²
·¥ ±Í¨¨

rc, V0, rv , av , W0, rw, aw, Vso, rso, aso,
Ë³ ŒÔ‚ Ë³ Ë³ ŒÔ‚ Ë³ Ë³ ŒÔ‚ Ë³ Ë³

d + 9Be 1,25 121,2 1,654 0,56 15,5 1,445 0,5

d + 9Be [8] 1,3 150, 0,864 1,1 12,79 2,19 0,334

t + 8Be 1,4 124,7 0,95 0,8 24,50 1,25 0,80 5,5 1,5 0,8

t + 8Be [8] 1,07 141,2 1,156 0,758 16,4 1,535 0,99

p + 10Be 1,05 57,3 1,01 0,62 7,5474 1,49 0,47

p + 10Be [8] 1,3 45,6 1,31 0,66 9,08 1,26 0,5
4He + 7Li 1,3 151,1 1,73 0,57 10,44 1,73 0,57
4He + 7Li [8] 1,736 149,2 1,736 0,56 9,1 1,736 0,6

Š·¨¢ Ö ´  ·¨¸. 7 ¤¥³μ´¸É·¨·Ê¥É Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ · ¸¸Î¨É ´´μ£μ ¸¥Î¥-
´¨Ö ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. ‘¶¥±É·μ¸±μ¶¨Î¥¸±¨¥ Ë ±Éμ·Ò, ¨¸¶μ²Ó-
§μ¢ ´´Ò¥ ¶·¨ · ¸Î¥É¥ ¸¥Î¥´¨Ö, ¡Ò²¨ ¶·¨´ÖÉÒ · ¢´Ò³¨ S (d + n) = 1,225,
S (8Be + n) = 0,762.

Š ´ ² ¸·Ò¢  9Be (d, p) 10Be É ±¦¥  ´ ²¨§¨·μ¢ ²¸Ö ¢ · ³± Ì ³¥Éμ¤  ¨¸-
± ¦¥´´ÒÌ ¢μ²´. 	¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 8 ¤²Ö μ¸´μ¢´μ£μ ¨ ¶¥·¢μ£μ
¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨° Ö¤·  10‚¥.

	¨¸. 7. �±¸¶¥·¨³¥´É ²Ó´μ¥ ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê£²μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ (�) ± ´ ²  ·¥-
 ±Í¨¨ 9Be (d, t) 8Be. 	¥§Ê²ÓÉ ÉÒ · ¸Î¥É , ¢Ò¶μ²´¥´´μ£μ ¢ · ³± Ì ³¥Éμ¤  DWBA,
¶·¥¤¸É ¢²¥´Ò ¸¶²μÏ´μ° ²¨´¨¥°
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‚μ ¢Ìμ¤´μ³ ± ´ ²¥ ¨¸¶μ²Ó§μ¢ ´ ÉμÉ ¦¥ ¸ ³Ò° μ¶É¨Î¥¸±¨° ¶μÉ¥´Í¨ ², ÎÉμ
¨ ¤²Ö ± ´ ²  t + 8Be. �μÉ¥´Í¨ ²Ò ¢ÒÌμ¤´μ£μ ± ´ ²  ¶μ¤μ¡· ´Ò ´  μ¸´μ¢¥
¶ · ³¥É·μ¢, ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¶·¨ μ¶¨¸ ´¨¨ ¤ ´´ÒÌ ¶μ Ê¶·Ê£μ³Ê · ¸¸¥Ö´¨Õ
¶·μÉμ´μ¢ ´  10Be ¶·¨ Ô´¥·£¨¨ 17 ŒÔ‚ [13].

Š ± ¢¨¤´μ ¨§ ·¨¸. 8, · ¸Î¥ÉÒ §´ Î¨É¥²Ó´μ ´¥¤μμÍ¥´¨¢ ÕÉ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ± ´ ²μ¢ ¶¥·¥¤ Î¨ ¢ μ¸´μ¢´μ¥ ¨ ¶¥·¢μ¥
¢μ§¡Ê¦¤¥´´μ¥ ¸μ¸ÉμÖ´¨Ö ¤²Ö ¡μ²ÓÏ¨Ì Ê£²μ¢. 
¤´¨³ ¨§ ± ´ ²μ¢, ´¥ ÊÎÉ¥´´ÒÌ
¶·¨ · ¸Î¥É¥ ¢ · ³± Ì ³¥Éμ¤  DWBA, Ö¢²Ö¥É¸Ö ± ´ ² ¨¸¶ ·¥´¨Ö ¶·μÉμ´μ¢ ¨§
¸μ¸É ¢´μ£μ Ö¤· . 	 ¸Î¥ÉÒ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¤²Ö É ±¨Ì ¶·μÉμ´μ¢ ¡Ò²¨
¢Ò¶μ²´¥´Ò ¢ · ³± Ì ³μ¤¥²¨ • Ê§¥· Ä”¥Ï¡ Ì  [14]. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸¥Î¥-
´¨Ö ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¸¨³³¥É·¨Î´Ò¥ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ · ¸¶·¥¤¥²¥´¨Ö.
‘¶²μÏ´Ò¥ ±·¨¢Ò¥ ´  ·¨¸. 8 ¸μμÉ¢¥É¸É¢ÊÕÉ ¸Ê³³¥ · ¸Î¥Éμ¢ ¢ · ³± Ì DWBA
¨ ¢ ³μ¤¥²¨ • Ê§¥· Ä”¥Ï¡ Ì . ‘¶¥±É·μ¸±μ¶¨Î¥¸±¨¥ Ë ±Éμ·Ò ¶¥·¢μ£μ ¨ ¢Éμ-
·μ£μ ¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨° 10Be ¸μ¸É ¢²ÖÕÉ 1,58 ¨ 0,46 ¸μμÉ¢¥É¸É¢¥´´μ,
ÎÉμ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ¤ ´´Ò³¨ ¶·¥¤Ò¤ÊÐ¨Ì ¨¸¸²¥¤μ¢ ´¨° [15]. 
É³¥-
É¨³, ÎÉμ ¶μ²ÊÎ¨ÉÓ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¨
·¥§Ê²ÓÉ É ³¨ · ¸Î¥É  ¢ μ¡² ¸É¨ ¡μ²ÓÏ¨Ì Ê£²μ¢ ´¥ Ê¤ ¥É¸Ö.


¸μ¡Ò° ¨´É¥·¥¸ ¸ ÉμÎ±¨ §·¥´¨Ö ¨§ÊÎ¥´¨Ö ±² ¸É¥·´μ° ¶¥·¥¤ Î¨ ¶·¥¤¸É -
¢²Ö¥É ± ´ ² ·¥ ±Í¨¨ 9Be (d, 4He) 7Li. „ ´´Ò° ± ´ ² ³μ¦¥É ·¥ ²¨§μ¢Ò¢ ÉÓ¸Ö
¶ÊÉ¥³ ¤¢ÊÌ · §²¨Î´ÒÌ ³¥Ì ´¨§³μ¢: Î¥·¥§ ¶μ¤Ì¢ É ¤¥°É·μ´  ¨²¨ ¶¥·¥¤ ÎÊ 5�¥
μÉ ³¨Ï¥´¨ ± ¸´ ·Ö¤Ê. ‚ ¢ÒÌμ¤´μ³ ± ´ ²¥ μ¡  ÔÉ¨Ì ³¥Ì ´¨§³  ·¥ ±Í¨¨ ´¥μÉ-
²¨Î¨³Ò ¤·Ê£ μÉ ¤·Ê£ . ‚ ¶¥·¢μ³ ¸²ÊÎ ¥ ¸²¥¤Ê¥É μ¦¨¤ ÉÓ ¢Ò²¥É  Ö¤¥· 4He ¢¶¥-
·¥¤ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸, ¢ Éμ ¢·¥³Ö ± ± ¢μ ¢Éμ·μ³ ¸²ÊÎ ¥ α-Î ¸É¨ÍÒ ¤μ²¦´Ò
¶·¥¨³ÊÐ¥¸É¢¥´´μ ¢Ò²¥É ÉÓ ¶μ¤ § ¤´¨³¨ Ê£² ³¨ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸.

	¨¸. 8. �±¸¶¥·¨³¥´É ²Ó´μ¥ ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê£²μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ ¤²Ö ± ´ ² 
9Be (d, p) 10Be ¤²Ö μ¸´μ¢´μ£μ (�) ¨ ¶¥·¢μ£μ ¢μ§¡Ê¦¤¥´´μ£μ (�) ¸μ¸ÉμÖ´¨°. 	¥§Ê²ÓÉ ÉÒ
· ¸Î¥É , ¢Ò¶μ²´¥´´μ£μ ¢ · ³± Ì ³¥Éμ¤  DWBA, ¶·¥¤¸É ¢²¥´Ò ¸¶²μÏ´Ò³¨ ²¨´¨Ö³¨
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	 ¸Î¥ÉÒ, ¢Ò¶μ²´¥´´Ò¥ ¢ · ³± Ì ³¥Éμ¤  DWBA ¤²Ö ÔÉ¨Ì ¤¢ÊÌ ³¥Ì ´¨§³μ¢,
¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 9 ¸μ¢³¥¸É´μ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. ‘¶²μÏ´ Ö
±·¨¢ Ö ¸μμÉ¢¥É¸É¢Ê¥É ¸¥Î¥´¨Õ ¶¥·¥¤ Î¨ ±² ¸É¥·  5�¥, ¶Ê´±É¨·´ Ö Å ¶¥·¥-
¤ Î¥ d.

ˆÌ ±μ£¥·¥´É´ Ö ¸Ê³³  ¶μ± § ´  Éμ²¸Éμ° ±·¨¢μ°, ±μÉμ· Ö Ìμ·μÏμ ¸μ£² ¸Ê-
¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ÉμÎ± ³¨. �¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¤²Ö ±μ··¥±É-
´μ£μ μ¶¨¸ ´¨Ö  ³¶²¨ÉÊ¤Ò ¤ ´´ÒÌ ¶·¨Ìμ¤¨É¸Ö ¢Ò¡¨· ÉÓ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨¥

	¨¸. 9. �±¸¶¥·¨³¥´É ²Ó´μ¥ ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê£²μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ (•) ¤²Ö ± ´ ² 
9Be (d, 4�¥) 7Li. 	¥§Ê²ÓÉ ÉÒ · ¸Î¥É , ¢Ò¶μ²´¥´´μ£μ ¢ · ³± Ì ³¥Éμ¤  DWBA, ¶·¥¤-
¸É ¢²¥´Ò ¸¶²μÏ´μ° ²¨´¨¥° ¤²Ö ¶¥·¥¤ Î¨ ±² ¸É¥·  5�¥ ¨ ¶Ê´±É¨·´μ° ²¨´¨¥° ¤²Ö
¶¥·¥¤ Î¨ d

’ ¡²¨Í  4. � · ³¥É·Ò ¸¢Ö§ ´´ÒÌ ¸μ¸ÉμÖ´¨°, ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¶·¨ · ¸Î¥É Ì

‘¨¸É¥³  n ltr str jtr Eb, ŒÔ‚ S
7Li = d + 5He 2 0 3/2 3/2 9,615 1,50
7Li = d + 5He 1 2 3/2 3/2 9,615 0,50
9Be = α + 5He 6 0 3/2 3/2 2,463 1,0
4He = d + d 1 0 1 1 23,847 1,25
9Be = 7Li+ d 2 2 1 1 16,694 1,0

d = p + n 1 0 1/2 1/2 2,224 1,4
10Be = 9Be +n (g.s.) 1 1 1/2 3/2 6,812 1,58
10Be = 9Be +n (3,37, 2+) 1 1 1/2 1/2 3,444 0,46
3H = d + n 1 0 1/2 1/2 6,257 1,23
9Be = 8Be+ n 1 1 1/2 3/2 1,665 0,762
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§´ Î¥´¨Ö ¸¶¥±É·μ¸±μ¶¨Î¥¸±¨Ì Ë ±Éμ·μ¢ ¤²Ö ¸¨¸É¥³ 9Be = α + 5He (S = 1,0)
¨ 7Li = d + 5He (S = 0,5). Š·μ³¥ Éμ£μ, ¤²Ö μ¶¨¸ ´¨Ö ¸É·Ê±ÉÊ·Ò Ê£²μ-
¢ÒÌ · ¸¶·¥¤¥²¥´¨° ´¥μ¡Ìμ¤¨³μ ¶·¥¤¶μ²μ¦¨ÉÓ 30%-Õ ¶·¨³¥¸Ó d-¸μ¸ÉμÖ´¨Ö
¢ ¸É·Ê±ÉÊ·¥ 7Li. �μ²ÓÏμ¥ §´ Î¥´¨¥ ¸¶¥±É·μ¸±μ¶¨Î¥¸±μ£μ Ë ±Éμ·  ¤²Ö ¸¨-
¸É¥³Ò 9Be = α+ 5He ¶μ¤É¢¥·¦¤ ¥É ´¥ Éμ²Ó±μ (α+ 5He) ±² ¸É¥·´ÊÕ ¸É·Ê±ÉÊ·Ê
Ö¤·  9‚¥, ´μ ¨ ¶¥·¥¤ ÎÊ 5He ± ± ±² ¸É¥· .

‚¸¥ ¶ · ³¥É·Ò ¸¢Ö§ ´´ÒÌ ¸μ¸ÉμÖ´¨°, ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¶·¨ · ¸Î¥É Ì, ¶·¨-
¢¥¤¥´Ò ¢ É ¡². 4.

‡�Š‹�—…�ˆ…

„²Ö ¨¸¸²¥¤μ¢ ´¨Ö ±² ¸É¥·´μ° ±μ´Ë¨£Ê· Í¨¨ 9‚¥ ¨§ÊÎ ²¨¸Ó ± ´ ²Ò ¶¥·¥-
¤ Î¨ ´¥°É·μ´  ¨ α-Î ¸É¨ÍÒ μÉ Ö¤·  ³¨Ï¥´¨ 9‚¥ ± ´ ²¥É ÕÐ¥³Ê ¨μ´Ê 3�¥ ¶·¨
Ô´¥·£¨¨ 30 ŒÔ‚. �  μ¸´μ¢¥  ´ ²¨§  Ô´¥·£¥É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° ¶·μ¤Ê±Éμ¢
·¥ ±Í¨° ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¨¸¸²¥¤μ¢ ´´Ò¥ ± ´ ²Ò μÉ¢¥Î ÕÉ ¤¢ÊÌÉ¥²Ó´μ³Ê
³¥Ì ´¨§³Ê ·¥ ±Í¨¨. ’ ±¦¥ ¡Ò²¨ ¨§³¥·¥´Ò Ê£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶·μ¤Ê±Éμ¢
¢ ± ´ ² Ì 9Be (3He, 4He) 8Be ¨ 9Be (3He, 7Be) 5He. �  μ¸´μ¢¥  ´ ²¨§  ¤¨ËË¥-
·¥´Í¨ ²Ó´ÒÌ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ÔÉ¨Ì ± ´ ²μ¢ ·¥ ±Í¨¨, £² ¢´Ò³ μ¡· §μ³,
¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±² ¸É¥·´Ò³ ±μ´Ë¨£Ê· Í¨Ö³ (n+8Be) ¨ (α+5He), ¶μ²ÊÎ¥´Ò
§´ Î¥´¨Ö ¢¥·μÖÉ´μ¸É¥° 69 ¨ 25% ¸μμÉ¢¥É¸É¢¥´´μ [3]. �μ± § ´μ, ÎÉμ ¤·Ê£¨¥
¢μ§³μ¦´Ò¥ ±² ¸É¥·´Ò¥ ±μ´Ë¨£Ê· Í¨¨ ¢ Ö¤·¥ 9‚¥, ´ ¶·¨³¥· 3�¥ + 6�¥, ¨³¥ÕÉ
§´ Î¨É¥²Ó´μ ³¥´ÓÏÊÕ ¢¥·μÖÉ´μ¸ÉÓ (³¥´¥¥ 3%).

„²Ö μÉ¢¥É  ´  ¢μ¶·μ¸, ¢μ§³μ¦´μ ²¨ ´ ¡²Õ¤ ÉÓ ¶¥·¥¤ ÎÊ ±² ¸É¥·  5�¥,
¶·μ¢¥¤¥´ Ô±¸¶¥·¨³¥´É ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ± ´ ²  d+ 9Be → 4He + 7Li. �·¨ É¥-
μ·¥É¨Î¥¸±μ³ μ¶¨¸ ´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ÊÎÉ¥´
³¥Ì ´¨§³ ¶¥·¥¤ Î¨ ¤¥°É·μ´  μÉ Ö¤·  ³¨Ï¥´¨ ± ´ ²¥É ÕÐ¥³Ê ¨μ´Ê c ¶μ¸²¥-
¤ÊÕÐ¨³ μ¡· §μ¢ ´¨¥³ 4�¥,   É ±¦¥ ³¥Ì ´¨§³ ¶¥·¥¤ Î¨ ±² ¸É¥·  5�¥ ¨§ Ö¤· 
9‚¥ ± ´ ²¥É ÕÐ¥³Ê ¤¥°É·μ´Ê ¸ ¶μ¸²¥¤ÊÕÐ¨³ μ¡· §μ¢ ´¨¥³ 7Li. „²Ö ±μ··¥±É-
´μ£μ μ¶¨¸ ´¨Ö  ³¶²¨ÉÊ¤Ò ¤ ´´ÒÌ ¶μÉ·¥¡μ¢ ²μ¸Ó ¢Ò¡· ÉÓ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨¥
§´ Î¥´¨Ö ¸¶¥±É·μ¸±μ¶¨Î¥¸±¨Ì Ë ±Éμ·μ¢ ¤²Ö ¸¨¸É¥³Ò 9Be = α + 5He (S =
1,0), ÎÉμ ¶μ¤É¢¥·¦¤ ¥É ´¥ Éμ²Ó±μ (α + 5He) ±² ¸É¥·´ÊÕ ¸É·Ê±ÉÊ·Ê Ö¤·  9‚¥,
´μ ¨ ¶¥·¥¤ ÎÊ 5He ± ± ±² ¸É¥· .

	² £μ¤ ·´μ¸É¨. � ¸ÉμÖÐ Ö · ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É ³¨
	””ˆ (13-02-00533, 14-02-91053),  ¤³¨´¨¸É· É¨¢´μ-Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥
CANAM (IPN ASCR, —¥Ì¨Ö) ¨ ³μ¡¨²Ó´Ò³ £· ´Éμ³ �± ¤¥³¨¨ ´ Ê± ”¨´-
²Ö´¤¨¨.
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