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O¡§µ· ¶µ¸¢ÖÐ¥´ Ô±¸¶¥·¨³¥´É ³ ¶µ ¨§ÊÎ¥´¨Õ ·¥ ±Í¨° 12C(γ, 3α) ¨ 16O(γ, 4α), ¢Ò¶µ²-
´¥´´Ò³ ¢ ��– •”’ˆ ´  ¶ÊÎ±¥ ²¨´¥°´µ ¶µ²Ö·¨§µ¢ ´´ÒÌ γ-±¢ ´Éµ¢ µÉ ²¨´¥°´µ£µ Ê¸±µ·¨É¥²Ö
Ô²¥±É·µ´µ¢ ‹“�-2000 ¸ ¶µ³µÐÓÕ ËµÉµÔ³Ê²Ó¸¨°. �¸´µ¢´µ¥ ¢´¨³ ´¨¥ Ê¤¥²¥´µ  ´ ²¨§Ê · ¸¶·¥¤¥-
²¥´¨° ¶µ µÉ´µ¸¨É¥²Ó´µ° Ô´¥·£¨¨ ¶ · α-Î ¸É¨Í ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ·¥ ±Í¨°, · ¸¶·¥¤¥²¥´¨°
¶µ Ê£²Ê ¨Ì · §²¥É  ¨ · ¸¶·¥¤¥²¥´¨° ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´ÒÌ Ö¤¥·. Š·µ³¥ Éµ£µ,
 ´ ²¨§¨·ÊÕÉ¸Ö Ê£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö α-Î ¸É¨Í ¨ Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ Σ- ¸¨³³¥É·¨¨
¢ÒÌµ¤  α-Î ¸É¨Í ¢ ¸²ÊÎ ¥ ¤¢ÊÌÎ ¸É¨Î´ÒÌ ± ´ ²µ¢ ·¥ ±Í¨°.

The review is devoted to experiments on study of 12C(γ, 3α) and 16O(γ, 4α) reactions in
NSC KhPTI on linearly polarized γ-quanta from linear accelerator LAE-2000 with the help of pho-
toemulsions. Main attention is paid to the analysis of distributions on relative energy of α-particles
pairs in the ˇnal states of reactions, distributions on their spread angle, and distributions on excitation
energy of intermediate nuclei. Besides, angular distributions of α-particles and energy dependence of
Σ-asymmetry of the α-particles yield in the case of two-particle reactions are analyzed.

1. ‚‚…„…�ˆ…

ˆ§ÊÎ¥´¨¥ ·¥ ±Í¨° ËµÉµ· ¸Ð¥¶²¥´¨Ö Î¥É´µ-Î¥É´ÒÌ Ö¤¥· ¸ ¢ÒÌµ¤µ³
α-Î ¸É¨Í É· ¤¨Í¨µ´´µ ¢¸¥£¤  ¶·¥¤¸É ¢²Ö²µ ¨´É¥·¥¸ ¸ ÉµÎ±¨ §·¥´¨Ö ± ± ¶·µ-
¢¥·±¨ α-±² ¸É¥·´µ° ¸É·Ê±ÉÊ·Ò Ö¤¥·, É ± ¨ ¨¸¸²¥¤µ¢ ´¨Ö ±¢ §¨ ²ÓË -Î ¸É¨Î´µ-
£µ ³¥Ì ´¨§³  ¢§ ¨³µ¤¥°¸É¢¨Ö Ô²¥±É·µ³ £´¨É´µ£µ ¨§²ÊÎ¥´¨Ö ¸ Ö¤¥·´Ò³ ¢¥Ð¥-
¸É¢µ³.

‚ ¸¢µ¥ ¢·¥³Ö ¡Ò²¨ ¶·¥¤¶·¨´ÖÉÒ ¶µ¶ÒÉ±¨ ¨´É¥·¶·¥É Í¨¨ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ËµÉµ· ¸Ð¥¶²¥´¨Õ Ö¤¥· ¸ ¢ÒÌµ¤µ³ α-Î ¸É¨Í ´  µ¸´µ¢¥
³µ¤¥²¨ ¸µ¸É ¢´µ£µ Ö¤·  [1]. �¤´ ±µ ¶·¨  ´ ²¨§¥ ´  µ¸´µ¢¥ ÔÉµ° ³µ¤¥²¨ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ·¥ ±Í¨¨ 40Ar(γ, α) ¢¸É·¥É¨²¨¸Ó µ¶·¥¤¥²¥´´Ò¥
É·Ê¤´µ¸É¨. ’ ±, ´¥ Ê¤ ²µ¸Ó ¶µ²ÊÎ¨ÉÓ ¸µ£² ¸¨¥ ³¥¦¤Ê ¶·¥¤¸± § ´¨Ö³¨ É¥µ·¨¨
¨ ·¥§Ê²ÓÉ É ³¨ Ô±¸¶¥·¨³¥´É  ¶µ Ô´¥·£¥É¨Î¥¸±¨³ ¸¶¥±É· ³ α-Î ¸É¨Í ´¨ ¶·¨
± ±¨Ì ¤µ¶Ê¸É¨³ÒÌ §´ Î¥´¨ÖÌ É¥³¶¥· ÉÊ·Ò Ö¤·  [2].

Š·µ³¥ Éµ£µ, ¢¸É·¥É¨²¨¸Ó ¨ É·Ê¤´µ¸É¨ ¶·¨´Í¨¶¨ ²Ó´µ£µ Ì · ±É¥· . ‚ Î ¸É-
´µ¸É¨, ¤²Ö µ¡ÑÖ¸´¥´¨Ö Ëµ·³Ò Ê£²µ¢ÒÌ · ¸¶·¥¤¥²¥´¨° α-Î ¸É¨Í ¤µ¶Ê¸± ² ¸Ó
¢µ§³µ¦´µ¸ÉÓ Ô²¥±É·¨Î¥¸±µ£µ ¤¨¶µ²Ó´µ£µ ¶µ£²µÐ¥´¨Ö (E1), ÎÉµ, ± ± ¨§¢¥¸É´µ,
´ Ìµ¤¨É¸Ö ¢ ¶·µÉ¨¢µ·¥Î¨¨ ¸ ¶· ¢¨² ³¨ µÉ¡µ·  ¶µ ¨§µÉµ¶¨Î¥¸±µ³Ê ¸¶¨´Ê [3].
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�¥ ±Í¨Õ (γ, α) ´  µ¸´µ¢¥ α-Î ¸É¨Î´µ° ³µ¤¥²¨, ¶·µ¨¸Ìµ¤ÖÐÊÕ ¢ ·¥§Ê²Ó-
É É¥ ³¥Ì ´¨§³  ¶·Ö³µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, · ¸¸³µÉ·¥²¨ ’¥²¥£¤¨ ¨ ‚¥·¤¨ [4].
�¤´ ±µ ·¥§Ê²ÓÉ ÉÒ ¨Ì ¶µ¤Ìµ¤  µ± § ²¨¸Ó ´¥Ê¤µ¢²¥É¢µ·¨É¥²Ó´Ò³¨. � ¸Î¥É´µ¥
§´ Î¥´¨¥ Ô´¥·£¨¨, ¶·¨ ±µÉµ·µ³ ´ Ìµ¤¨É¸Ö ³ ±¸¨³Ê³ ¸¥Î¥´¨Ö ·¥ ±Í¨¨, ´¥ ¸µ-
µÉ¢¥É¸É¢µ¢ ²µ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ §´ Î¥´¨Ö³, ¨ §´ Î¥´¨¥ ¸ ³µ£µ · ¸Î¥É´µ£µ
¸¥Î¥´¨Ö ¢ ³ ±¸¨³Ê³¥ É ±¦¥ §´ Î¨É¥²Ó´µ µÉ²¨Î ²µ¸Ó µÉ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ.
‚ · ¡µÉ Ì [5,6] Ê¦¥ Ê± §Ò¢ ²µ¸Ó ´  Éµ, ÎÉµ ÊÎ¥É ¶ ·´ÒÌ ±µ··¥²ÖÍ¨° ¢ · ³± Ì
³µ¤¥²¨ µ¡µ²µÎ¥± ¤²Ö ¶ ·´ÒÌ ¸¨², ±µÉµ·Ò¥ Ö¢²ÖÕÉ¸Ö § ·Ö¤µ¢µ-´¥§ ¢¨¸¨³Ò³¨,
¶·¨¢µ¤¨É ± µ¡· §µ¢ ´¨Õ Î¥ÉÒ·¥ÌÎ ¸É¨Î´ÒÌ ±µ··¥²ÖÍ¨° ¸ ¸¨³³¥É·¨¥°,  ´ -
²µ£¨Î´µ° ¸¨³³¥É·¨¨ α-Î ¸É¨Î´µ° ³µ¤¥²¨.

Š ± µÉ³¥Î ²µ¸Ó ¢ · ¡µÉ Ì [7,8], ¢ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ · ¸-
¸³µÉ·¥´¨¥ ¶·Ö³µ£µ ³¥Ì ´¨§³  ·¥ ±Í¨¨ (γ, α) ´  µ¸´µ¢¥ µ¡µ²µÎ¥Î´µ° ³µ¤¥²¨,
ÊÎ¨ÉÒ¢ ÕÐ¥° Î¥ÉÒ·¥ÌÎ ¸É¨Î´Ò¥ ±µ··¥²ÖÍ¨¨. �¤´ ±µ, ± ± ¶µ± § ²¨ ¨¸¸²¥-
¤µ¢ ´¨Ö, É ±µ¥ · ¸¸³µÉ·¥´¨¥ ´¥ ¶·¨¢¥²µ ± Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ³Ê ¸µ£² ¸¨Õ
¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. �± § ²µ¸Ó, ÎÉµ ¤²Ö ¡µ²¥¥ ±µ··¥±É´µ£µ ¸µ-
£² ¸¨Ö ´¥µ¡Ìµ¤¨³ ÊÎ¥É ±² ¸É¥·´µ° ¸É·Ê±ÉÊ·Ò, ±µÉµ·Ò° Ë¥´µ³¥´µ²µ£¨Î¥¸±¨
¸¢µ¤¨²¸Ö ± Éµ³Ê, ÎÉµ ¶ · ³¥É·Ò ¢ µ¸Í¨²²ÖÉµ·´ÒÌ ËÊ´±Í¨ÖÌ, µ¶¨¸Ò¢ ÕÐ¨Ì
¢´ÊÉ·¥´´¥¥ ¸µ¸ÉµÖ´¨¥ ´Ê±²µ´´ÒÌ  ¸¸µÍ¨ Í¨° ¨ µÉ´µ¸¨É¥²Ó´µ¥ ¤¢¨¦¥´¨¥ Í¥´-
É·µ¢ ÉÖ¦¥¸É¨ ÔÉ¨Ì  ¸¸µÍ¨ Í¨°, ¤µ²¦´Ò µÉ²¨Î ÉÓ¸Ö ¤·Ê£ µÉ ¤·Ê£ .

‚ ¤ ´´ÒÌ · ¡µÉ Ì ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  § ¢¨¸¨³µ¸É¨ ¶µ²´µ£µ
¸¥Î¥´¨Ö ·¥ ±Í¨¨ 12C(γ, 3α) µÉ Ô´¥·£¨¨ γ-±¢ ´Éµ¢ ¸ ÊÎ¥Éµ³ ¶¥·¥Ìµ¤  ¶·µ-
³¥¦ÊÉµÎ´µ£µ Ö¤·  8Be ´  Ê·µ¢¥´Ó ¸ Jπ = 0+. �·¨ ÔÉµ³ ¢ Ô´¥·£¥É¨Î¥-
¸±µ° § ¢¨¸¨³µ¸É¨ ¶µ²´µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ´ ¡²Õ¤ ÕÉ¸Ö ¤¢  ³ ±¸¨³Ê³  ¶·¨
Ô´¥·£¨ÖÌ γ-±¢ ´Éµ¢, · ¢´ÒÌ 10 ¨ 18 ŒÔ‚ ¸µµÉ¢¥É¸É¢¥´´µ. ‚ ¸²ÊÎ ¥, ±µ-
£¤  ¶·µ³¥¦ÊÉµÎ´µ¥ Ö¤·µ 8Be ¶¥·¥Ìµ¤¨É ´  Ê·µ¢¥´Ó ¸ Jπ = 2+, ¶·¥¤¸± -
§Ò¢ ¥É¸Ö ¶µÖ¢²¥´¨¥ ¤¢ÊÌ ³ ±¸¨³Ê³µ¢ ¶·¨ Ô´¥·£¨ÖÌ γ-±¢ ´Éµ¢, · ¢´ÒÌ 18
¨ 30 ŒÔ‚, ¶µ²µ¦¥´¨¥ ±µÉµ·ÒÌ ¸µ¢¶ ¤ ¥É ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ·¥§Ê²ÓÉ -
É ³¨. “Î¥É ¶¥·¥Ìµ¤  ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  8Be ´  Ê·µ¢¥´Ó ¸ Jπ = 4+ ¶·¨-
¢µ¤¨É ± ¸¤¢¨£Ê ³ ±¸¨³Ê³  ¶µ²´µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¤µ Ô´¥·£¨¨ γ-±¢ ´Éµ¢,
· ¢´µ° 38Ä39 ŒÔ‚. ‚ · ¡µÉ Ì É ±¦¥ µÉ³¥Î ¥É¸Ö, ÎÉµ ¥¸²¨ ÊÎ¥É ±Ê²µ´µ¢-
¸±µ£µ ¨ Ö¤¥·´µ£µ ¢§ ¨³µ¤¥°¸É¢¨° ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ·¥ ±Í¨° ´¥ ³¥´Ö¥É
± Î¥¸É¢¥´´µ° ± ·É¨´Ò Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¶µ²´µ£µ ¸¥Î¥´¨Ö, Éµ ¢
¸²ÊÎ ¥ Ê£²µ¢ÒÌ · ¸¶·¥¤¥²¥´¨° α-Î ¸É¨Í ¨Ì ÊÎ¥É ¶·¨¢µ¤¨É ± ¸ÊÐ¥¸É¢¥´´µ³Ê
¨§³¥´¥´¨Õ.

�¥¸±µ²Ó±µ ¶µ§¦¥  ¢Éµ· ³¨ [9] ¡Ò²  · §· ¡µÉ ´  · ¸Î¥É´ Ö ¸Ì¥³  ·¥ ±Í¨¨
12C(γ, 3α) ¢ · ³± Ì 3α-Î ¸É¨Î´µ° ³µ¤¥²¨ ¸ ¶·¨³¥´¥´¨¥³ ¡ §¨¸  £¨¶¥·¸Ë¥·¨-
Î¥¸±¨Ì ËÊ´±Í¨° ¢ ¨³¶Ê²Ó¸´µ³ ¶·¥¤¸É ¢²¥´¨¨. �·¥¤²µ¦¥´´Ò° ³¥Éµ¤ ¶µ§¢µ²Ö²
ÊÎ¨ÉÒ¢ ÉÓ ¢§ ¨³µ¤¥°¸É¢¨¥ ³¥¦¤Ê ¢¸¥³¨ α-Î ¸É¨Í ³¨ ± ± ¢ ´ Î ²Ó´µ³, É ± ¨ ¢
±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨ÖÌ. �Ò²µ ¶µ± § ´µ, ÎÉµ ¥¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ 1α-Î ¸É¨Î´Ò°
³¥Ì ´¨§³ ¶µ£²µÐ¥´¨Ö γ-±¢ ´Éµ¢, Éµ ÊÎ¥É ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ±µ´¥Î´µ³ ¸µ¸Éµ-
Ö´¨¨ ¶·¨¢µ¤¨É ± ¸ÊÐ¥¸É¢¥´´µ³Ê Ê³¥´ÓÏ¥´¨Õ ¶µ²´µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¶·¨-
³¥·´µ ´  ¤¢  ¶µ·Ö¤± . ‚ ¸²ÊÎ ¥ 2α-Î ¸É¨Î´µ£µ ³¥Ì ´¨§³  ¶µ£²µÐ¥´¨Ö ÔÉµ
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¢§ ¨³µ¤¥°¸É¢¨¥ ¶·¨¢µ¤¨É ± ± Î¥¸É¢¥´´µ³Ê ¨§³¥´¥´¨Õ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨-
¸¨³µ¸É¨ ¶µ²´µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨¨,   ¨³¥´´µ ³ ±¸¨³Ê³ ¸¥Î¥´¨Ö ¸É ´µ¢¨É¸Ö
¡µ²¥¥ Ê§±¨³. ‚ Í¥²µ³ ·¥§Ê²ÓÉ ÉÒ ¶·µ¢¥¤¥´´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¶·¨¢¥²¨  ¢Éµ-
·µ¢ ± § ±²ÕÎ¥´¨Õ, ÎÉµ 3α-Î ¸É¨Î´µ¥ ËµÉµ· ¸Ð¥¶²¥´¨¥ Ö¤·  12C ¶·µ¨¸Ìµ¤¨É
¢ µ¸´µ¢´µ³ Î¥·¥§ ³¥Ì ´¨§³ 2α-Î ¸É¨Î´µ£µ ±¢ ¤·Ê¶µ²Ó´µ£µ ¶µ£²µÐ¥´¨Ö ¢¶²µÉÓ
¤µ Ô´¥·£¨¨ γ-±¢ ´Éµ¢, · ¢´µ° 25 ŒÔ‚.

‚¶¥·¢Ò¥ ·¥ ±Í¨Ö ËµÉµ· ¸Ð¥¶²¥´¨Ö Ö¤·  12C ´  É·¨ α-Î ¸É¨ÍÒ ¡Ò² 
µ¡´ ·Ê¦¥´  ¶·¨ ¨¸¸²¥¤µ¢ ´¨¨ ËµÉµÔ³Ê²Ó¸¨°, µ¡²ÊÎ¥´´ÒÌ ¶ÊÎ±µ³ γ-±¢ ´Éµ¢
¸ Ô´¥·£¨¥° 17,6 ŒÔ‚ [10].

ƒµ¢ ·¤ [11] µ¡´ ·Ê¦¨² ¨ ¨¤¥´É¨Ë¨Í¨·µ¢ ² Î¥ÉÒ·¥Ì²ÊÎ¥¢Ò¥ §¢¥§¤Ò ± ±
¸µ¡ÒÉ¨Ö ·¥ ±Í¨¨ ËµÉµ· ¸Ð¥¶²¥´¨Ö Ö¤·  16O ´  Î¥ÉÒ·¥ α-Î ¸É¨ÍÒ ¢ ËµÉµ-
Ô³Ê²Ó¸¨ÖÌ, µ¡²ÊÎ¥´´ÒÌ ¶ÊÎ±µ³ Éµ·³µ§´ÒÌ γ-±¢ ´Éµ¢ µÉ ¡¥É É·µ´  ¸ ³ ±¸¨-
³ ²Ó´µ° Ô´¥·£¨¥° 70 ŒÔ‚.

‚ · ¡µÉ Ì · ´´¥£µ ¶¥·¨µ¤  [12Ä29] ¢ µ¸´µ¢´µ³ ¶·µ¢µ¤¨²¨¸Ó ¨¸¸²¥¤µ¢ -
´¨Ö ËÊ´±Í¨° ¢µ§¡Ê¦¤¥´¨Ö, Ô´¥·£¥É¨Î¥¸±¨Ì § ¢¨¸¨³µ¸É¥° ¶µ²´ÒÌ ¸¥Î¥´¨° ·¥-
 ±Í¨°, Ô´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·µ¢ α-Î ¸É¨Í, Ê£²µ¢ÒÌ · ¸¶·¥¤¥²¥´¨° α-Î ¸É¨Í ¨
· ¸¶·¥¤¥²¥´¨° ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´ÒÌ Ö¤¥·. �¤´ ±µ ¢ ÔÉ¨Ì
· ¡µÉ Ì ¶· ±É¨Î¥¸±¨ ´¥ ¨¸¸²¥¤µ¢ ²¨¸Ó · ¸¶·¥¤¥²¥´¨Ö ¶µ Ô´¥·£¨¨ µÉ´µ¸¨É¥²Ó-
´µ£µ ¤¢¨¦¥´¨Ö ¶ · α-Î ¸É¨Í, ¶µ Ê£²Ê ¨Ì · §²¥É , ±·µ³¥ Éµ£µ, Ô±¸¶¥·¨³¥´ÉÒ
¶·µ¢µ¤¨²¨¸Ó ´  ¶ÊÎ± Ì Éµ·³µ§´ÒÌ γ-±¢ ´Éµ¢. �¥µ¡Ìµ¤¨³µ É ±¦¥ µÉ³¥É¨ÉÓ,
ÎÉµ ¨³¥ÕÐ¨¥¸Ö ¤ ´´Ò¥ Î ¸Éµ ´µ¸ÖÉ ¶·µÉ¨¢µ·¥Î¨¢Ò° Ì · ±É¥·. ’ ±, ¢ Î ¸É´µ-
¸É¨, Ê£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö α-Î ¸É¨Í, µ¡· §ÊÕÐ¨Ì¸Ö ¶·¨ ËµÉµ· ¸Ð¥¶²¥´¨¨
Ö¤·  12C, ¨³¥ÕÉ ³ ±¸¨³Ê³ ¶·¨ Ê£² Ì, ¡²¨§±¨Ì ± 90◦, ¨ ´¥§´ Î¨É¥²Ó´ÊÕ ¨§µ-
É·µ¶´ÊÕ ¸µ¸É ¢²ÖÕÐÊÕ [18]. ‚ Éµ ¦¥ ¢·¥³Ö Ê£²µ¢µ¥ · ¸¶·¥¤¥²¥´¨¥ α-Î ¸É¨Í
¤²Ö ÔÉµ° ·¥ ±Í¨¨, ¶µ²ÊÎ¥´´µ¥ ¢ · ¡µÉ Ì [15,20], Ê¦¥ ¨³¥¥É §´ Î¨É¥²Ó´ÊÕ
¨§µÉ·µ¶´ÊÕ ¸µ¸É ¢²ÖÕÐÊÕ. �µ ¤ ´´Ò³ ¤·Ê£¨Ì  ¢Éµ·µ¢ Ê£²µ¢µ¥ · ¸¶·¥¤¥²¥-
´¨¥ α-Î ¸É¨Í ÔÉµ° ¦¥ ·¥ ±Í¨¨ ¨³¥¥É § ³¥É´ÊÕ ¸É·Ê±ÉÊ·Ê: ¢ · ¸¶·¥¤¥²¥´¨Öx
´ ¡²Õ¤ ÕÉ¸Ö ³ ±¸¨³Ê³Ò ¶·¨ Ê£² Ì ∼ 45◦ ¨ 135◦ [26].

�¥¸±µ²Ó±µ ¶µ§¦¥ ÔÉ¨³¨ ¦¥  ¢Éµ· ³¨ ¡Ò²µ ¶·µ¢¥¤¥´µ ¨¸¸²¥¤µ¢ ´¨¥ Ê£²µ-
¢µ£µ · ¸¶·¥¤¥²¥´¨Ö α-Î ¸É¨Í, µ¡· §ÊÕÐ¨Ì¸Ö ¶·¨ ËµÉµ· ¸Ð¥¶²¥´¨¨ Ö¤·  16O,
¸ ¶¥·¥Ìµ¤µ³ µ¸É ÉµÎ´µ£µ Ö¤·  12C ´  ¢µ§¡Ê¦¤¥´´Ò¥ Ê·µ¢´¨ ¨ ¥£µ ¶µ¸²¥¤Ê-
ÕÐ¨³ · ¸¶ ¤µ³ ´  É·¨ α-Î ¸É¨ÍÒ [27]. “£²µ¢µ¥ · ¸¶·¥¤¥²¥´¨¥ α-Î ¸É¨Í ¢
ÔÉµ° ·¥ ±Í¨¨ ¨³¥²µ §´ Î¨É¥²Ó´ÊÕ ¨§µÉ·µ¶´ÊÕ ¸µ¸É ¢²ÖÕÐÊÕ ¨ ³ ±¸¨³Ê³
¶·¨ Ê£² Ì ∼ 120◦.

‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö Ï¨·µ±µ¥ ¶·¨³¥´¥´¨¥ ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ³¥Ì ´¨§³µ¢
¤¢ÊÌÎ ¸É¨Î´ÒÌ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨° ¶µ²ÊÎ¨²µ ¨¸¶µ²Ó§µ¢ ´¨¥ ¶ÊÎ±µ¢ ²¨´¥°-
´µ ¶µ²Ö·¨§µ¢ ´´ÒÌ γ-±¢ ´Éµ¢. ‚ ¸¢Ö§¨ ¸ É¥³, ÎÉµ ¢ ¶·¥¤Ò¤ÊÐ¨Ì · ¡µÉ Ì ¨³¥-
²¨¸Ó Ê± § ´¨Ö ´  ¤¢ÊÌÎ ¸É¨Î´Ò° Ì · ±É¥· ·¥ ±Í¨° ËµÉµ· ¸Ð¥¶²¥´¨Ö Ö¤¥· 12C
¨ 16O ¸ ¢ÒÌµ¤µ³ α-Î ¸É¨Í ¨ ¢µ§³µ¦´µ¸ÉÓ µ¡· §µ¢ ´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤· 
8Be ¢ µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨ ¸ Jπ = 0+, ±µÉµ·µ¥ § ¶·¥Ð¥´µ ¢ E1-¶·¨¡²¨¦¥´¨¨,
¨ ¢ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ ¸ Jπ = 2+, 4+, ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¶·µ¢¥¤¥-
´¨¥ ¨§³¥·¥´¨° Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ Σ- ¸¨³³¥É·¨¨ ¢ ¸²ÊÎ ¥ ·¥ ²¨§ -
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Í¨¨ ¤¢ÊÌÎ ¸É¨Î´ÒÌ ± ´ ²µ¢ ¶·¨ α-Î ¸É¨Î´µ³ ËµÉµ· ¸Ð¥¶²¥´¨¨ Ö¤¥· 12C ¨
16O. ‡¤¥¸Ó ´¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ ± ´ Î ²Ê ´ ¸ÉµÖÐ¨Ì ¨¸¸²¥¤µ¢ ´¨° Ê¦¥
¨³¥²¨¸Ó ³µ¤¥²Ó´µ-´¥§ ¢¨¸¨³Ò¥ · ¸Î¥ÉÒ ¢¥²¨Î¨´Ò Σ- ¸¨³³¥É·¨¨ ¤²Ö ¸²ÊÎ Ö
·¥ ±Í¨¨ α-Î ¸É¨Î´µ£µ ËµÉµ· ¸Ð¥¶²¥´¨Ö Ö¤·  12C ¨ µ¡· §µ¢ ´¨Ö µ¸É ÉµÎ´µ£µ
Ö¤·  8Be ¢ µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨, ±µÉµ·Ò¥ ¶µ± § ²¨, ÎÉµ ÔÉ  ¢¥²¨Î¨´  ¸É·µ£µ
· ¢´  ¥¤¨´¨Í¥ [30].

’ ±¨³ µ¡· §µ³, ¸Ê³³¨·ÊÖ ¢¸¥ ¸± § ´´µ¥, ³µ¦´µ £µ¢µ·¨ÉÓ µ ´¥µ¡Ìµ¤¨-
³µ¸É¨ ¶µ¸É ´µ¢±¨ ±µ³¶²¥±¸´µ£µ Ô±¸¶¥·¨³¥´É  ¶µ ¨¸¸²¥¤µ¢ ´¨Õ ³¥Ì ´¨§³µ¢
¸²¥¤ÊÕÐ¨Ì ·¥ ±Í¨° α-Î ¸É¨Î´µ£µ ËµÉµ· ¸Ð¥¶²¥´¨Ö ²¥£±¨Ì Ö¤¥· 12C ¨ 16O:

γ + 12C → 3α, (1)

γ + 16O → 4α (2)

¨ ¶·µ¢¥¤¥´¨Ö  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶µ ¢¸¥¢µ§³µ¦´Ò³
±¨´¥³ É¨Î¥¸±¨³ ¶¥·¥³¥´´Ò³ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¢Ò¢µ¤µ¢ ¸É É¨¸É¨Î¥¸±µ° É¥-
µ·¨¨ ³´µ£µÎ ¸É¨Î´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨°, ±µÉµ· Ö Ö¢²Ö¥É¸Ö ´ ¤¥¦´Ò³ ¨´¸É·Ê-
³¥´Éµ³ ¤²Ö Ê¸É ´µ¢²¥´¨Ö ³¥Ì ´¨§³µ¢ ¨¸¸²¥¤Ê¥³ÒÌ ·¥ ±Í¨° ¨ ´¥ ¶µ²´µ¸ÉÓÕ
¨¸¶µ²Ó§µ¢ ² ¸Ó ¢ ¶·¥¤Ò¤ÊÐ¨Ì · ¡µÉ Ì [31]. „²Ö ¶µ²ÊÎ¥´¨Ö ¤µ¶µ²´¨É¥²Ó´µ°
¨´Ëµ·³ Í¨¨ ¶·¨ ¶µ¸É ´µ¢±¥ ¤ ´´µ£µ Ô±¸¶¥·¨³¥´É  ´¥µ¡Ìµ¤¨³µ ¨¸¶µ²Ó§µ¢ ÉÓ
¶ÊÎµ± ²¨´¥°´µ ¶µ²Ö·¨§µ¢ ´´ÒÌ γ-±¢ ´Éµ¢.

2. �Š‘�…�ˆŒ…�’�‹œ��Ÿ Œ…’�„ˆŠ�

�±¸¶¥·¨³¥´É ¶µ ¨¸¸²¥¤µ¢ ´¨Õ ·¥ ±Í¨° (1) ¨ (2) ¶·µ¢µ¤¨²¸Ö ¢ ¤¢  ÔÉ ¶ .
�  ¶¥·¢µ³ ÔÉ ¶¥ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ËµÉµÔ³Ê²Ó¸¨¨ É¨¶  �Ÿ-2, µ¡²ÊÎ ¢Ï¨¥¸Ö ¶ÊÎ-
±µ³ Éµ·³µ§´ÒÌ γ-±¢ ´Éµ¢ ¸ ³ ±¸¨³ ²Ó´µ° Ô´¥·£¨¥° 300 ŒÔ‚ µÉ ‹“�-2000
��– •”’ˆ. „²Ö µÉ¸¥Î¥´¨Ö Ô²¥±É·µ¤¨´ ³¨Î¥¸±µ£µ Ëµ´ , µ¡Ê¸²µ¢²¥´´µ£µ
´¨§±µÔ´¥·£¥É¨Î´µ° ±µ³¶µ´¥´Éµ° Éµ·³µ§´µ£µ ¸¶¥±É·  γ-±¢ ´Éµ¢, ¨¸¶µ²Ó§µ-
¢ ²¸Ö Ê¦¥¸ÉoÎ¨É¥²Ó LiH Éµ²Ð¨´µ° 1,5 · ¤. ¤²¨´ [32]. �µ¸²¥ Ëµ·³¨·µ¢ -
´¨Ö ¨ µÎ¨Ð¥´¨Ö µÉ § ·Ö¦¥´´µ° ±µ³¶µ´¥´ÉÒ ¶ÊÎµ± γ-±¢ ´Éµ¢ ´ ¶· ¢²Ö²¸Ö
´  ËµÉµÔ³Ê²Ó¸¨¨, Ê¸É ´µ¢²¥´´Ò¥ ¢ ¸¶¥Í¨ ²Ó´µ³ Ê¸É·µ°¸É¢¥ ¶µ¤ Ê£²µ³ 90◦

± µ¸¨ ¶ÊÎ± .
�  ¢Éµ·µ³ ÔÉ ¶¥ ¨¸¶µ²Ó§µ¢ ²¸Ö ¶ÊÎµ± ²¨´¥°´µ ¶µ²Ö·¨§µ¢ ´´ÒÌ γ-±¢ ´-

Éµ¢, ¶µ²ÊÎ¥´´ÒÌ ´  ‹“�-2000. �ÊÎµ± Ô²¥±É·µ´µ¢ ¸ Ô´¥·£¨¥° 1500 ŒÔ‚ ¶·µ-
¢µ¤¨²¸Ö Î¥·¥§ £µ´¨µ³¥É·¨Î¥¸±ÊÕ Ê¸É ´µ¢±Ê, ¢ ±µÉµ·µ° ¡Ò² Ê¸É ´µ¢²¥´ ±·¨-
¸É ²² ±·¥³´¨Ö Éµ²Ð¨´µ° 290 ³±³, µ·¨¥´É¨·µ¢ ´´Ò° É ±¨³ µ¡· §µ³, ÎÉµ¡Ò
¶ÊÎµ± ¤¢¨£ ²¸Ö ¢¤µ²Ó ¶²µ¸±µ¸É¨ (110) ¶µ¤ Ê£²µ³ 1,5 ³· ¤ ± ±·¨¸É ²²µ£· Ë¨-
Î¥¸±µ° µ¸¨ 〈100〉. �µ¸²¥ ±µ²²¨³¨·µ¢ ´¨Ö ¨ µÎ¨¸É±¨ µÉ § ·Ö¦¥´´µ° ±µ³¶µ-
´¥´ÉÒ ¸ ¶µ³µÐÓÕ µÎ¨Ð ÕÐ¨Ì ³ £´¨Éµ¢ ¶ÊÎµ± ´ ¶· ¢²Ö²¸Ö ´  ËµÉµÔ³Ê²Ó¸¨¨
É¨¶  �Š-400, Ê¸É ´µ¢²¥´´Òe ¢ ¸¶¥Í¨ ²Ó´µ³ ¶·¨¸¶µ¸µ¡²¥´¨¨ ¶µ¤ Ê£²µ³ 45◦

± µ¸¨ ¶ÊÎ± .
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‚ ¶·µÍ¥¸¸¥ ¶·µ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  ´  ¶ÊÎ±¥ ²¨´¥°´µ ¶µ²Ö·¨§µ¢ ´´ÒÌ
γ-±¢ ´Éµ¢ ±µ´É·µ²¨·µ¢ ² ¸Ó ¸É¥¶¥´Ó ¶µ²Ö·¨§ Í¨¨ ¶ÊÎ±  ¸ ¶µ³µÐÓÕ ¶µ²Ö·¨-
³¥É·  ¢Ò¸µ±µ£µ ¤ ¢²¥´¨Ö ¨ ¶µ¢¥·Ì´µ¸É´µ-¶µ²Ê¶·µ¢µ¤´¨±µ¢ÒÌ ¤¥É¥±Éµ·µ¢ ¶µ
 ¸¨³³¥É·¨¨ ¢ÒÌµ¤  ¶·µÉµ´µ¢ ¢ ·¥ ±Í¨¨

γ + d → p + n. (3)

“¸²µ¢¨Ö Ô±¸¶¥·¨³¥´É  ¨ ¶²µÉ´µ¸ÉÓ ¤¥°É¥·¨Ö ¢ ³¨Ï¥´¨ ¶µ§¢µ²Ö²¨ ÔËË¥±É¨¢´µ
¨§³¥·ÖÉÓ  ¸¨³³¥É·¨Õ ¢ÒÌµ¤  ¶·µÉµ´µ¢ ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° γ-±¢ ´Éµ¢ µÉ 20
¤µ 40 ŒÔ‚.

�·¥¤¢ ·¨É¥²Ó´Ò° µÉ¡µ· ¸µ¡ÒÉ¨° ·¥ ±Í¨° (1) ¨ (2) ¶·µ¢µ¤¨²¸Ö ¢¨§Ê ²Ó´µ.
„²Ö ¨§³¥·¥´¨° ¨¸¶µ²Ó§µ¢ ²¨¸Ó ³¨±·µ¸±µ¶Ò É¨¶  Œ�ˆ-9 ¨ Œ�ˆ-3 ¸ µ¶É¨Î¥-
¸±µ° ¸¨¸É¥³µ°, ¨³¥ÕÐ¥° Ê¢¥²¨Î¥´¨¥ 10 × 60 × 1,5. �±µ´Î É¥²Ó´µ ¸µ¡ÒÉ¨Ö
¨¸¸²¥¤Ê¥³ÒÌ ·¥ ±Í¨° ¨¤¥´É¨Ë¨Í¨·µ¢ ²¨¸Ó ¶µ¸²¥ ¨§³¥·¥´¨° ±µµ·¤¨´ É É·¥-
±µ¢ ¨ ¶µ¸²¥¤ÊÕÐ¥° ¨Ì µ¡· ¡µÉ±¨. Š § Î¥É´Ò³ ¸µ¡ÒÉ¨Ö³ ·¥ ±Í¨° µÉ´µ¸¨²¨¸Ó
É ±¨¥, Ê ±µÉµ·ÒÌ ³ ±¸¨³ ²Ó´ Ö ¢¥²¨Î¨´  µÏ¨¡±¨ ¢ µ¶·¥¤¥²¥´¨¨ ¶·µ¤µ²Ó´µ°
¨ ¶µ¶¥·¥Î´ÒÌ ¸µ¸É ¢²ÖÕÐ¨Ì ¸Ê³³ ·´µ£µ ¨³¶Ê²Ó¸  ´¥ ¶·¥¢ÒÏ ²  ¤²Ö ·¥ ±Í¨¨
(1) 90 ŒÔ‚/c ¨ ¤²Ö ·¥ ±Í¨¨ (2) Å 110 ŒÔ‚/¸ [33]. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¢µ§³µ¦¥´
¢±² ¤ µÉ ¸²¥¤ÊÕÐ¨Ì Ëµ´µ¢ÒÌ ·¥ ±Í¨°:

γ + 12C → 3He + 2α, (4)

γ + 16O → 3He + 3α. (5)

‘ ÊÎ¥Éµ³ Éµ£µ Ë ±É , ÎÉµ ¶·¨ Ô´¥·£¨ÖÌ γ-±¢ ´Éµ¢, ¡²¨§±¨Ì ± ¶µ·µ£Ê, Ô±¸-
¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ·¥ ±Í¨Ö³ ³´µ£µÎ ¸É¨Î´µ£µ ËµÉµ· ¸Ð¥¶²¥´¨Ö ´¥
¶·µÉ¨¢µ·¥Î É ¸É É¨¸É¨Î¥¸±µ³Ê ³¥Ì ´¨§³Ê ¢§ ¨³µ¤¥°¸É¢¨Ö,   É ±¦¥ Éµ£µ, ÎÉµ
¢ µ¡² ¸É¨ Ô´¥·£¨° £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  ¶µ²´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨°
É¨¶  (γ, p) ¶·¨³¥·´µ ¢ ¤¢  · §  ¡µ²ÓÏ¥ ¶µ²´µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨° É¨¶  (γ, n),
³µ¦´µ µÍ¥´¨ÉÓ ¢±² ¤ µÉ ÔÉ¨Ì Ëµ´µ¢ÒÌ ·¥ ±Í¨°.

’ ±, ¶µ ¤ ´´Ò³ · ¡µÉÒ [34] ¨´É¥£· ²Ó´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ 12C(γ, pt2α),
±µÉµ· Ö Ö¢²Ö¥É¸Ö §¥·± ²Ó´µ° ¶µ µÉ´µÏ¥´¨Õ ± ·¥ ±Í¨¨ (4), ¶·¨ Ô´¥·£¨ÖÌ γ-
±¢ ´Éµ¢ ¤µ 40 ŒÔ‚, £¤¥ ¸ÊÐ¥¸É¢¥´´Ò³ ¸É ´µ¢¨É¸Ö Ê¦¥ ³¥Ì ´¨§³ ±¢ §¨¶·Ö³µ£µ
¢§ ¨³µ¤¥°¸É¢¨Ö ¸ ¶·µÉµ´µ³ Ö¤·  ¨ µ¡· §µ¢ ´¨¥³ µ¸É ÉµÎ´µ£µ Ö¤·  11B ¢ ¢µ§-
¡Ê¦¤¥´´µ³ ¸µ¸ÉµÖ´¨¨, ¸µ¸É ¢²Ö¥É ∼ 2 ŒÔ‚·Œ¡, ¢ Éµ ¢·¥³Ö ± ± ¨´É¥£· ²Ó´µ¥
¸¥Î¥´¨¥ ·¥ ±Í¨¨ (1) ´¥ ¶·¥¢ÒÏ ¥É 3,8 ŒÔ‚·Œ¡ [28].

Š·µ³¥ ÔÉ¨Ì ·¥ ±Í¨°, Ëµ´µ¢Ò³¨ ¢ ¤ ´´µ³ Ô±¸¶¥·¨³¥´É¥ É ±¦¥ ¡Ê¤ÊÉ ¨
·¥ ±Í¨¨ ´¥±µ£¥·¥´É´µ£µ ËµÉµ·µ¦¤¥´¨Ö π0-³¥§µ´µ¢ ´  Ö¤·¥ 12C. ‘ ÊÎ¥Éµ³
³ ±¸¨³ ²Ó´µ° ¢¥²¨Î¨´Ò ´¥¡ ² ´¸  ¶·µ¤µ²Ó´µ° ¨ ¶µ¶¥·¥Î´ÒÌ ¸µ¸É ¢²ÖÕÐ¨Ì
¶µ²´µ£µ ¨³¶Ê²Ó¸  ·¥ ±Í¨° ¨ Ëµ·³Ò ¸¶¥±É·  γ-±¢ ´Éµ¢ ¢±² ¤ µÉ ´¨Ì ³µ¦´µ
µ¦¨¤ ÉÓ ´ Î¨´ Ö ¸ ¶µ·µ£µ¢ ËµÉµ·µ¦¤¥´¨Ö ¤µ 150 ŒÔ‚. �µ ¤ ´´Ò³ · ¡µÉ
[35,36] ¨´É¥£· ²Ó´µ¥ ¸¥Î¥´¨¥ ¶·µÍ¥¸¸µ¢ ´¥±µ£¥·¥´É´µ£µ ËµÉµ·µ¦¤¥´¨Ö ¢ ¤ ´-
´µ° µ¡² ¸É¨ Ô´¥·£¨° ¸µ¸É ¢²Ö¥É ∼ 0, 5 ŒÔ‚·Œ¡. ’ ±¨³ µ¡· §µ³, ³µ¦´µ µ¦¨-
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¤ ÉÓ, ÎÉµ ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´Ò° ¢±² ¤ µÉ ¶¥·¥Î¨¸²¥´´ÒÌ Ëµ´µ¢ÒÌ ·¥ ±Í¨°
¸ ÊÎ¥Éµ³ µ¸µ¡¥´´µ¸É¥° µÉ¡µ·  ¸µ¡ÒÉ¨° ´¥ ¡Ê¤¥É ¶·¥¢ÒÏ ÉÓ 15 %.

3. �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

3.1. �´¥·£¥É¨Î¥¸±¨¥ ±µ··¥²ÖÍ¨¨ ¨ · ¸¶·¥¤¥²¥´¨Ö ¶µ ¸·¥¤´¥° Ô´¥·£¨¨
Î ¸É¨Í. �¤´µ° ¨§ ´ ¨¡µ²¥¥ ¢ ¦´ÒÌ Ì · ±É¥·¨¸É¨± ³¥Ì ´¨§³µ¢ ³´µ£µÎ ¸É¨Î-
´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨° Ö¢²Ö¥É¸Ö · ¸¶·¥¤¥²¥´¨Ö ¶µ µÉ´µ¸¨É¥²Ó´µ° Ô´¥·£¨¨ ¶ ·
Î ¸É¨Í ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨, É ± ± ± ¢µ§³µ¦´Ò¥ ±µ··¥²ÖÍ¨¨ ¢ ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨Ì · ¸¶·¥¤¥²¥´¨ÖÌ ³µ£ÊÉ ¡ÒÉÓ µ¡Ê¸²µ¢²¥´Ò ¸É·Ê±ÉÊ·µ° ³ É·¨Î´µ£µ
Ô²¥³¥´É .

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ · ¸¶·¥¤¥²¥´¨° ¶µ Ô´¥·£¨¨ µÉ´µ¸¨É¥²Ó-
´µ£µ ¤¢¨¦¥´¨Ö ¶ · α-Î ¸É¨Í ¢ ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ ·¥ ±Í¨° (1) ¨ (2) ¸É·µ-
¨²¨¸Ó ´  µ¸´µ¢ ´¨¨ ¸²¥¤ÊÕÐ¥£µ ¸µµÉ´µÏ¥´¨Ö [37]:

tik =
[
Ti + Tk − P 2

i + P 2
k + 2PiPk cos Yik

2(Mi + Mk)

]
E−1

0 , (6)

£¤¥ Ti, Tk, Pi, Pk, Mi, Mk Å ±¨´¥É¨Î¥¸±¨¥ Ô´¥·£¨¨, ¨³¶Ê²Ó¸Ò ¨ ³ ¸¸Ò i-° ¨
k-° Î ¸É¨Í; E0 Å ¸Ê³³ ·´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨¨.

�·¨ ¶µ¸É·µ¥´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¸· ¢´¨¢ ²¨¸Ó ¸ Ë §µ-
¢Ò³¨ § ¢¨¸¨³µ¸ÉÖ³¨, ±µÉµ·Ò¥ ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¢¨¤ [37]:

dN

dtik
= t

1/2
ik (1 − tik)(3n−8)/2, (7)

£¤¥ tik Å Ô´¥·£¨Ö µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¶ ·Ò α-Î ¸É¨Í,
n Å Î¨¸²µ Î ¸É¨Í ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ·¥ ±Í¨¨. � ¸Î¥É´Ò¥ § ¢¨¸¨³µ¸É¨
´µ·³¨·µ¢ ²¨¸Ó ´  ¶²µÐ ¤Ó ¶µ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨Ö³ ¸ ÊÎ¥Éµ³
Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¶µ²´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨°. ‚ ¸¢Ö§¨ ¸ É¥³, ÎÉµ ¢
±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ·¥ ±Í¨° (1) ¨ (2) µ¡· §ÊÕÉ¸Ö Éµ¦¤¥¸É¢¥´´Ò¥ Î ¸É¨ÍÒ,
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ Ê¸·¥¤´ÖÕÉ¸Ö ¶µ ¢¸¥³ ¢µ§³µ¦´Ò³ ±µ³¡¨´ -
Í¨Ö³ Î ¸É¨Í. �  ·¨¸Ê´± Ì Ê± § ´Ò Éµ²Ó±µ ¸É É¨¸É¨Î¥¸±¨¥ ¶µ£·¥Ï´µ¸É¨.

‚ ¸²ÊÎ ¥ ·¥ ±Í¨¨ (1) ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ · ¸¶·¥¤¥²¥´¨Ö ¢ · §²¨Î´ÒÌ ¨´-
É¥·¢ ² Ì Ô´¥·£¨° γ-±¢ ´Éµ¢ ¶µ± § ´Ò ´  ·¨¸. 1. ˆ§ ·¨¸Ê´±  ¢¨¤´µ, ÎÉµ ¶·¨
Ô´¥·£¨ÖÌ γ-±¢ ´Éµ¢ ¤µ 25 ŒÔ‚ Ëµ·³  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¢
¶·¥¤¥² Ì ¶µ£·¥Ï´µ¸É¥° Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ ¸µ£² ¸Ê¥É¸Ö ¸ Ë §µ¢µ° § ¢¨¸¨³µ-
¸ÉÓÕ. ‘ ·µ¸Éµ³ Ô´¥·£¨¨ γ-±¢ ´Éµ¢ ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ
´ Î¨´ ¥É Ëµ·³¨·µ¢ ÉÓ¸Ö ³ ±¸¨³Ê³ ¶·¨ tik = 0,5 ŒÔ‚. �·¨Î¥³ ¶µ²µ¦¥-
´¨¥ ÔÉµ£µ ³ ±¸¨³Ê³  ¸³¥Ð ¥É¸Ö ¢ ¸Éµ·µ´Ê ¡µ²ÓÏ¨Ì Ô´¥·£¨° µÉ´µ¸¨É¥²Ó´µ£µ
¤¢¨¦¥´¨Ö ¸ ·µ¸Éµ³ Ô´¥·£¨¨ γ-±¢ ´Éµ¢. �¤´µ¢·¥³¥´´µ ³µ¦´µ µÉ³¥É¨ÉÓ µ¡· -
§µ¢ ´¨¥ ³ ±¸¨³Ê³  ¶·¨ ´¥¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö.
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�¨¸. 1. �´¥·£¥É¨Î¥¸±¨¥ ±µ··¥²ÖÍ¨¨ ¢ ·¥ ±Í¨¨ γ12C → 3α. ƒ¨¸Éµ£· ³³  Å Ô±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ¤ ´´Ò¥. ‘¶²µÏ´ Ö ±·¨¢ Ö Å Ë §µ¢ Ö § ¢¨¸¨³µ¸ÉÓ [37]

„²Ö Éµ£µ ÎÉµ¡Ò ¨§¡¥¦ ÉÓ ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶µ£·¥Ï´µ¸É¥°, ¸¢Ö§ ´´ÒÌ ¸
Ê¸·¥¤´¥´¨¥³ ¶µ ±µ²¨Î¥¸É¢Ê ±µ³¡¨´ Í¨° ¶ · α-Î ¸É¨Í, α-Î ¸É¨ÍÒ ¡Ò²¨ ¶·µ-
´Ê³¥·µ¢ ´Ò ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¨Ì Ô´¥·£¨¥° (E1 > E2 > E3). ‘µµÉ¢¥É¸É¢ÊÕÐ¨¥
· ¸¶·¥¤¥²¥´¨Ö ¶µ Ô´¥·£¨¨ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö ¤²Ö ± ¦¤µ° É ±µ° ¶ ·Ò
α-Î ¸É¨Í ¢ ¸²ÊÎ ¥ ·¥ ±Í¨¨ (1) ¶µ± § ´Ò ´  ·¨¸. 2. Œµ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ
´ Î¨´ Ö ¸ Ô´¥·£¨¨ γ-±¢ ´Éµ¢, · ¢´µ° 25 ŒÔ‚, Ëµ·³¨·µ¢ ´¨¥ ³ ±¸¨³Ê³  ¶·¨
¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö ¢ ¶·¥¤Ò¤ÊÐ¨Ì · ¸¶·¥¤¥²¥´¨ÖÌ
µ¡Ê¸²µ¢²¥´µ α-Î ¸É¨Í ³¨ ¸ ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´Ò³¨ Ô´¥·£¨Ö³¨. ‚ Éµ ¦¥
¢·¥³Ö ³ ±¸¨³Ê³ ¶·¨ ´¥¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö, ±µÉµ-
·Ò° ¶·µÖ¢²Ö¥É¸Ö ¶·¨ Ô´¥·£¨ÖÌ γ-±¢ ´Éµ¢ ¢ÒÏ¥ 30 ŒÔ‚, µ¡Ê¸²µ¢²¥´ ¶ · ³¨
α-Î ¸É¨Í ¸ ³¨´¨³ ²Ó´µ ¢µ§³µ¦´Ò³¨ Ô´¥·£¨Ö³¨.

’ ±µ¥ ¨§³¥´¥´¨¥ ¢ Ì · ±É¥·¥ · ¸¶·¥¤¥²¥´¨° ¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨
γ-±¢ ´Éµ¢ ³µ¦¥É £µ¢µ·¨ÉÓ µ¡ ¨§³¥´¥´¨¨ ³¥Ì ´¨§³  ·¥ ±Í¨¨,   ¨³¥´´µ µ
¢±²ÕÎ¥´¨¨ ³¥Ì ´¨§³  ¶·Ö³µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ α-Î ¸É¨Í¥° Ö¤·  12C ¨ µ¡· -
§µ¢ ´¨¨ µ¸É ÉµÎ´µ£µ Ö¤·  8Be ¢ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ c ¶µ¸²¥¤ÊÕÐ¨³ ¥£µ
· ¸¶ ¤µ³ ´  ´¨§±µÔ´¥·£¥É¨Î´Ò¥ α-Î ¸É¨ÍÒ.

�¥§ ¢¨¸¨³ÊÕ ¨´Ëµ·³ Í¨Õ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¨§ · ¸¶·¥¤¥²¥´¨° ¸·¥¤´¥°
±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ α-Î ¸É¨Í ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ·¥ ±Í¨¨ ¢ § ¢¨¸¨³µ¸É¨
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�¨¸. 2. �´¥·£¥É¨Î¥¸±¨¥ ±µ··¥²ÖÍ¨¨ ¢ ·¥ ±Í¨¨ γ12C → 3α ¤²Ö Î ¸É¨Í ¸ Ô´¥·£¨Ö³¨
E1 > E2 > E3

µÉ ¶µ²´µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ (¸³. ·¨¸. 3) [38]. � ¸¶·¥¤¥²¥´¨Ö, É ± ¦¥,
± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¥³ ¸²ÊÎ ¥, ¸É·µ¨²¨¸Ó ¤²Ö α-Î ¸É¨Í, ¶·µ´Ê³¥·µ¢ ´´ÒÌ ¢
§ ¢¨¸¨³µ¸É¨ µÉ ¨Ì Ô´¥·£¨¨. ” §µ¢Ò¥ ±·¨¢Ò¥ · ¸¸Î¨ÉÒ¢ ²¨¸Ó ´  µ¸´µ¢ ´¨¨
¸²¥¤ÊÕÐ¥£µ µÉ´µÏ¥´¨Ö [23]:

Ē = 0,5E0(A − M)/A, (8)

£¤¥ M Å ³ ¸¸  Î ¸É¨ÍÒ ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ·¥ ±Í¨¨, A Å ³ ¸¸  Ö¤· 
³¨Ï¥´¨. �µ¤µ¡´Ò° ¢¨¤ · ¸¶·¥¤¥²¥´¨Ö ´¥ § ¢¨¸¨É µÉ Ì · ±É¥·  ´ Î ²Ó´µ£µ
¢§ ¨³µ¤¥°¸É¢¨Ö, ¤µ¶Ê¸± ¥É ¢µ§³µ¦´µ¸ÉÓ µÉ¸ÊÉ¸É¢¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö Î ¸É¨Í ¢
±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ·¥ ±Í¨¨ ¨ µ¶·¥¤¥²Ö¥É¸Ö Éµ²Ó±µ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ Ë §µ-
¢Ò³ µ¡Ñ¥³µ³.

ˆ§ ·¨¸Ê´±  ¢¨¤´µ, ÎÉµ ¸·¥¤´ÖÖ Ô´¥·£¨Ö α-Î ¸É¨Í ¸ ¨´¤¥±¸µ³ 1 ´¥¸±µ²Ó±µ
¡µ²ÓÏ¥ · ¸Î¥É´µ° § ¢¨¸¨³µ¸É¨, ´µ Ì · ±É¥· Ô±¸¶¥·¨³¥´É ²Ó´µ° § ¢¨¸¨³µ¸É¨
¸·¥¤´¥° Ô´¥·£¨¨ ¶µ¤µ¡¥´ Ì · ±É¥·Ê Ë §µ¢µ° § ¢¨¸¨³µ¸É¨, É. ¥. ¤²Ö ´ ¨¡µ²¥¥
¢Ò¸µ±µÔ´¥·£¥É¨Î´µ° α-Î ¸É¨ÍÒ ´ ¡²Õ¤ ¥É¸Ö ´¥±µÉµ· Ö ¶·µ¶µ·Í¨µ´ ²Ó´µ¸ÉÓ
¶µ²´µ° Ô´¥·£¨¨ ·¥ ±Í¨¨. „²Ö α-Î ¸É¨ÍÒ ¸ ¨´¤¥±¸µ³ 2 ¸·¥¤´ÖÖ Ô´¥·£¨Ö ¶· ±-
É¨Î¥¸±¨ ¶µ¸ÉµÖ´´  ¢¶²µÉÓ ¤µ §´ Î¥´¨Ö ¶µ²´µ° Ô´¥·£¨¨ 14 ŒÔ‚, § É¥³ ¥¥
§´ Î¥´¨¥ ¨ Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ ¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ÕÉ ¸ · ¸Î¥É´µ°
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�¨¸. 3. � ¸¶·¥¤¥²¥´¨Ö ¸·¥¤´¥° Ô´¥·£¨¨ α-Î ¸É¨Í ¢ ·¥ ±Í¨¨ γ12C → 3α. �·Ö³ Ö
²¨´¨Ö Å Ë §µ¢ Ö § ¢¨¸¨³µ¸ÉÓ [23]

§ ¢¨¸¨³µ¸ÉÓÕ. ‚ ¸²ÊÎ ¥ α-Î ¸É¨ÍÒ ¸ ¨´¤¥±¸µ³ 3 ¶µ¸ÉµÖ´¸É¢µ ¸·¥¤´¥° Ô´¥·-
£¨¨ ¸µÌ· ´Ö¥É¸Ö ¤µ §´ Î¥´¨Ö ¶µ²´µ° Ô´¥·£¨¨ 20 ŒÔ‚. C ¤ ²Ó´¥°Ï¨³ ·µ¸Éµ³
¶µ²´µ° Ô´¥·£¨¨ ¸·¥¤´ÖÖ Ô´¥·£¨Ö ÔÉµ° Î ¸É¨ÍÒ É ±¦¥ Ê¢¥²¨Î¨¢ ¥É¸Ö, ´µ ¶·¨
ÔÉµ³ ¥¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ²¥¦ É § ³¥É´µ ´¨¦¥ · ¸Î¥É´ÒÌ.

�·¨¢¥¤¥´´Ò¥ Ë ±ÉÒ, É ± ¦¥, ± ± ¨ · ¸¶·¥¤¥²¥´¨Ö ¶µ Ô´¥·£¨¨ µÉ´µ¸¨-
É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö, ¶µ¤É¢¥·¦¤ ÕÉ ¢µ§³µ¦´µ¸ÉÓ ³¥Ì ´¨§³  ¶·Ö³µ£µ ¢§ ¨³µ-
¤¥°¸É¢¨Ö γ-±¢ ´É  ¸ α-Î ¸É¨Í¥° Ö¤·  12C ¨ µ¡· §µ¢ ´¨Ö µ¸É ÉµÎ´µ£µ Ö¤·  8Be
¢ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ.

‚ ¸²ÊÎ ¥ ·¥ ±Í¨¨ (2) · ¸¶·¥¤¥²¥´¨Ö ¶µ Ô´¥·£¨¨ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥-
´¨Ö ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¤²Ö ¤¢ÊÌ ¨´É¥·¢ ²µ¢ Ô´¥·£¨¨ γ-±¢ ´Éµ¢ [39,41,42]. ‘µ-
µÉ¢¥É¸É¢ÊÕÐ¨¥ · ¸¶·¥¤¥²¥´¨Ö, Ê¸·¥¤´¥´´Ò¥ É ±¦¥ ¶µ ±µ²¨Î¥¸É¢Ê ±µ³¡¨´ -
Í¨° ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ¶ · α-Î ¸É¨Í, ¶µ± § ´Ò ´  ·¨¸. 4. ‚ µÉ²¨Î¨e
µÉ  ´ ²µ£¨Î´ÒÌ ¤ ´´ÒÌ ¤²Ö ·¥ ±Í¨¨ (1) Ëµ·³¨·µ¢ ´¨¥ ³ ±¸¨³Ê³  ¶·¨ ¡µ²Ó-
Ï¨Ì Ô´¥·£¨ÖÌ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö ´ ¡²Õ¤ ¥É¸Ö ¶·¨ Ô´¥·£¨ÖÌ γ-±¢ ´Éµ¢,
¡²¨§±¨Ì ± ¶µ·µ£Ê ·¥ ±Í¨¨. ‘ ·µ¸Éµ³ Ô´¥·£¨¨ γ-±¢ ´Éµ¢ ¶·µ¨¸Ìµ¤¨É Ê¢¥²¨Î¥-
´¨¥ µÉ´µ¸¨É¥²Ó´µ£µ ¢±² ¤  ¸µ¡ÒÉ¨° ·¥ ±Í¨¨ (2) ¶·¨ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏ¨Ì
§´ Î¥´¨ÖÌ Ô´¥·£¨¨ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö. ’ ± Ö § ±µ´µ³¥·´µ¸ÉÓ, ¶µ-
¢¨¤¨³µ³Ê, É ±¦¥ µ¡Ê¸²µ¢²¥´  ³¥Ì ´¨§³µ³ ¶·Ö³µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö γ-±¢ ´É 
¸ α-Î ¸É¨Í¥° Ö¤·  16O ¨ µ¡· §µ¢ ´¨¥³ µ¸É ÉµÎ´µ£µ Ö¤·  12C ¢ ¢µ§¡Ê¦¤¥´´ÒÌ
¸µ¸ÉµÖ´¨ÖÌ.
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�¨¸. 4. �´¥·£¥É¨Î¥¸±¨¥ ±µ··¥²ÖÍ¨¨ ¢ ·¥ ±Í¨¨ γ16O → 4α. ƒ¨¸Éµ£· ³³  Å Ô±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ¤ ´´Ò¥. ‘¶²µÏ´ Ö ±·¨¢ Ö Å Ë §µ¢ Ö § ¢¨¸¨³µ¸ÉÓ [37]

�¨¸. 5. “£²µ¢Ò¥ ±µ··¥²ÖÍ¨¨ ¢ ·¥ ±Í¨¨ γ12C → 3α. ƒ¨¸Éµ£· ³³  Å Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¤ ´´Ò¥. ‘¶²µÏ´ Ö ±·¨¢ Ö Å Ë §µ¢ Ö § ¢¨¸¨³µ¸ÉÓ [37]

3.2. � ¸¶·¥¤¥²¥´¨Ö ¶µ Ê£²Ê · §²¥É . „µ¶µ²´¨É¥²Ó´ÊÕ ¨´Ëµ·³ Í¨Õ µ ³¥-
Ì ´¨§³ Ì ¨¸¸²¥¤Ê¥³ÒÌ ·¥ ±Í¨° ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¨§ · ¸¶·¥¤¥²¥´¨° ¶µ Ê£²Ê
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�¨¸. 6. “£²µ¢Ò¥ ±µ··¥²ÖÍ¨¨ ¢ ·¥ ±Í¨¨ γ12C → 3α ¤²Ö Î ¸É¨Í ¸ Ô´¥·£¨Ö³¨
E1 > E2 > E3 ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° γ-±¢ ´Éµ¢ Ej = 7 ÷ 50 ŒÔ‚
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· §²¥É  ¶ · ±µ´¥Î´ÒÌ α-Î ¸É¨Í. ‚ ¸²ÊÎ ¥ ·¥ ±Í¨¨ (1) ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ · ¸-
¶·¥¤¥²¥´¨Ö ¢ É¥Ì ¦¥ ¨´É¥·¢ ² Ì Ô´¥·£¨° γ-±¢ ´Éµ¢, ÎÉµ ¨ · ¸¶·¥¤¥²¥´¨Ö ¶µ
Ô´¥·£¨¨ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö, ¶µ± § ´Ò ´  ·¨¸. 5 [38]. ” §µ¢Ò¥ · ¸¶·¥-
¤¥²¥´¨Ö ¤²Ö ÔÉµ£µ ¸²ÊÎ Ö ¸É·µ¨²¨¸Ó ´  µ¸´µ¢ ´¨¨ ¸²¥¤ÊÕÐ¥£µ ¸µµÉ´µÏ¥´¨Ö
[37]:

dN

d cos Yik
=

a2

1−az2

(
1 + 2az2

(a(1 − az2))1/2

(
π

2
−arctg (z)

(
a

1 − az2

)1/2
)

− 3Z

)
,

(9)

£¤¥ Z = cos Yik , Yik Å Ê£µ² ³¥¦¤Ê i-° ¨ k-° Î ¸É¨Í ³¨, Mi, Mk Å ³ ¸¸Ò
i-° ¨ k-° Î ¸É¨Í, a = MiMk/(Mi + Mj)(Mk + Mj), Mj Å ¸Ê³³ ·´ Ö ³ ¸¸ 
µ¸É ²Ó´ÒÌ Î ¸É¨Í.

‚ Í¥²µ³ ³µ¦´µ µÉ³¥É¨ÉÓ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥ ¸µ£² ¸¨¥ Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ · ¸¶·¥¤¥²¥´¨° ¸ · ¸Î¥É´Ò³¨, §  ¨¸±²ÕÎ¥´¨¥³ ¸µ¡ÒÉ¨° ¸ ´¥¡µ²ÓÏ¨³
Ê£²µ³ · §²¥É  ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ α-Î ¸É¨Í, ¢±² ¤ ±µÉµ·ÒÌ ¢µ§· ¸É ¥É ¸ Ê¢¥-
²¨Î¥´¨¥³ Ô´¥·£¨¨ γ-±¢ ´Éµ¢.

„²Ö ¤¥É ²¨§ Í¨¨ ³¥Ì ´¨§³µ¢ ·¥ ±Í¨¨  ´ ²µ£¨Î´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¡Ò²¨
¶µ¸É·µ¥´Ò ¤²Ö α-Î ¸É¨Í ¸ · §²¨Î´µ° Ô´¥·£¨¥°. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
¶µ± § ´Ò ´  ·¨¸. 6. ˆ§ ·¨¸Ê´±a ¢¨¤´µ, ÎÉµ µ¸´µ¢´µ° ¢±² ¤ ¢ ±µ²¨Î¥¸É¢µ
¸µ¡ÒÉ¨° ¸ ³ ²Ò³ Ê£²µ³ · §²¥É  ¤ ÕÉ α-Î ¸É¨ÍÒ ¸ ³¨´¨³ ²Ó´µ ¢µ§³µ¦´Ò³¨
Ô´¥·£¨Ö³¨. �·¨Î¥³ ¸ ·µ¸Éµ³ Ô´¥·£¨¨ γ-±¢ ´Éµ¢ ¢±² ¤ É ±¨Ì ¸µ¡ÒÉ¨° Ê¢¥²¨Î¨-
¢ ¥É¸Ö, ÎÉµ, ¶µ-¢¨¤¨³µ³Ê, Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ µ¡· §µ¢ ´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ
Ö¤·  8Be ¸ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏ¨³¨ Ô´¥·£¨Ö³¨ ¢µ§¡Ê¦¤¥´¨Ö.

�´ ²µ£¨Î´Ò°  ´ ²¨§ ¡Ò² ¶·µ¢¥¤¥´ ¨ ¤²Ö ·¥ ±Í¨¨ (2), ¶µ²ÊÎ¥´´Ò¥ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ± § ´Ò ´  ·¨¸. 7 [41,42]. ‚ ¸²ÊÎ ¥ ÔÉµ° ·¥ ±Í¨¨

�¨¸. 7. “£²µ¢Ò¥ ±µ··¥²ÖÍ¨¨ ¢ ·¥ ±Í¨¨ γ16O → 4α. ƒ¨¸Éµ£· ³³  Å Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¤ ´´Ò¥. ‘¶²µÏ´ Ö ±·¨¢ Ö Å Ë §µ¢ Ö § ¢¨¸¨³µ¸ÉÓ [37]
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É ±¦¥ ³µ¦´µ µÉ³¥É¨ÉÓ Ê¢¥²¨Î¥´¨¥ µÉ´µ¸¨É¥²Ó´µ£µ ¢±² ¤  ¸µ¡ÒÉ¨° ¸ ´¥¡µ²Ó-
Ï¨³ Ê£²µ³ · §²¥É  ¶µ ³¥·¥ ·µ¸É  Ô´¥·£¨¨ γ-±¢ ´Éµ¢, É. ¥. É ±¦¥ ¢µ§³µ¦´µ
µ¡· §µ¢ ´¨¥ ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  8Be ¢ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ.

’ ±¨³ µ¡· §µ³, ¶·µ¢¥¤¥´´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö · ¸¶·¥¤¥²¥´¨° ¶µ Ô´¥·£¨¨ µÉ-
´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö ¶ · α-Î ¸É¨Í ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ·¥ ±Í¨° (1) ¨
(2), · ¸¶·¥¤¥²¥´¨° ¸·¥¤´¥° Ô´¥·£¨¨ α-Î ¸É¨Í ¤²Ö ·¥ ±Í¨¨ (1) ¨ · ¸¶·¥¤¥²¥-
´¨° ¶µ Ê£²Ê · §²¥É  ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ α-Î ¸É¨Í Ê± §Ò¢ ÕÉ ´  ¢µ§³µ¦´µ¸ÉÓ
µ¡· §µ¢ ´¨Ö ¶·µ³¥¦ÊÉµÎ´ÒÌ Ö¤¥· ¢ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ. ‚ ¸¢Ö§¨ ¸
ÔÉ¨³ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¶·µ¢¥¤¥´¨e ¨¸¸²¥¤µ¢ ´¨° · ¸¶·¥¤¥²¥´¨° ¶µ Ô´¥·-
£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¢µ§³µ¦´ÒÌ ¶·µ³¥¦ÊÉµÎ´ÒÌ Ö¤¥· ¢ µ¡¥¨Ì ·¥ ±Í¨ÖÌ.

3.3. � ¸¶·¥¤¥²¥´¨Ö ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´ÒÌ Ö¤¥·.
„²Ö ¶·µ¢¥·±¨ ¸¤¥² ´´ÒÌ · ´¥¥ ¶·¥¤¶µ²µ¦¥´¨° µ ¢µ§³µ¦´µ¸É¨ µ¡· §µ¢ ´¨Ö
¢ ·¥ ±Í¨ÖÌ (1) ¨ (2) ¶·µ³¥¦ÊÉµÎ´ÒÌ Ö¤¥· ¢ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ ¡Ò²¨
¶µ¸É·µ¥´Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ · ¸¶·¥¤¥²¥´¨Ö ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö

Ex = Meff − M0, (10)

£¤¥ Meff = (
∑

E2
i −

∑
P 2

i )1/2 Å ÔËË¥±É¨¢´ Ö ³ ¸¸  ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤· ;
Ei ¨ Pi Å Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸Ò α-Î ¸É¨Í; M0 Å ³ ¸¸  ¶µ±µÖ Ö¤· . ” §µ¢Ò¥

�¨¸. 8. � ¸¶·¥¤¥²¥´¨Ö ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  8Be ¢ ·¥ ±Í¨¨
γ12C → 3α. ‘¶²µÏ´ Ö ±·¨¢ Ö Å Ë §µ¢ Ö § ¢¨¸¨³µ¸ÉÓ [31]
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· ¸¶·¥¤¥²¥´¨Ö, ¶·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸Ê´± Ì ¸¶²µÏ´Ò³¨ ²¨´¨Ö³¨, ¢ÒÎ¨¸²Ö-
²¨¸Ó ¶µ ¸²¥¤ÊÕÐ¥° Ëµ·³Ê²¥ [31]:

dN

dEx
∼ (Ex − Emin

x )3k/2−5/2(Emax
x − Ex)3(n−k)/2−1, (11)

£¤¥ n Å Î¨¸²µ Î ¸É¨Í ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ·¥ ±Í¨¨, k Å Î¨¸²µ Î ¸É¨Í,
¶µ ±µÉµ·Ò³ ¸É·µ¨²¨¸Ó · ¸¶·¥¤¥²¥´¨Ö, Emin

x , Emax
x Å ³¨´¨³ ²Ó´Ò¥ ¨ ³ ±-

¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö, µ¶·¥¤¥²Ö¥³Ò¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨
Ë §µ¢Ò³¨ µ¡Ñ¥³ ³¨. � ¸Î¥É´Ò¥ · ¸¶·¥¤¥²¥´¨Ö, É ± ¦¥, ± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¨Ì
¸²ÊÎ ÖÌ, ¸É·µ¨²¨¸Ó ¸ ÊÎ¥Éµ³ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¶µ²´ÒÌ ¸¥Î¥´¨°
·¥ ±Í¨° ¨ ´µ·³¨·µ¢ ²¨¸Ó ´  ¶²µÐ ¤Ó Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°.

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö ·¥ ±Í¨¨ (1), Ê¸·¥¤´¥´´Ò¥ ¶µ ¢µ§³µ¦´Ò³
±µ³¡¨´ Í¨Ö³ ¶ · α-Î ¸É¨Í ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨, ¢ ¸· ¢´¥´¨¨ ¸ Ë §µ¢µ°
§ ¢¨¸¨³µ¸ÉÓÕ ¶µ± § ´Ò ´  ·¨¸. 8 [38]. ˆ§ ·¨¸Ê´±  ¢¨¤´µ, ÎÉµ ¶·¨ Ô´¥·-
£¨¨ γ-±¢ ´Éµ¢ ¤µ 25 ŒÔ‚ ´ ¡²Õ¤ ¥É¸Ö Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥ ¸µ£² ¸¨¥ ³¥¦¤Ê
Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨ · ¸Î¥É´µ° § ¢¨¸¨³µ¸ÉÖ³¨. C ·µ¸Éµ³ Ô´¥·£¨¨ γ-±¢ ´Éµ¢
¸É ´µ¢¨É¸Ö § ³¥É´µ° · §´¨Í  ³¥¦¤Ê ÔÉ¨³¨ § ¢¨¸¨³µ¸ÉÖ³¨, ±µÉµ· Ö ¸¢¨¤¥-
É¥²Ó¸É¢Ê¥É µ ¢µ§³µ¦´µ¸É¨ µ¡· §µ¢ ´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  8Be ¶·¨ · §´ÒÌ
Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö.

’ ±¨¥ ¦¥ · ¸¶·¥¤¥²¥´¨Ö ¡Ò²¨ ¶µ¸É·µ¥´Ò ¤²Ö α-Î ¸É¨Í ¸ ³¨´¨³ ²Ó´µ
¢µ§³µ¦´Ò³¨ Ô´¥·£¨Ö³¨ (·¨¸. 9). ‚ ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨ÖÌ ´ ¡²Õ¤ ÕÉ¸Ö ¸É -
É¨¸É¨Î¥¸±¨ ¤µ¸É ÉµÎ´µ µ¡µ¸´µ¢ ´´Ò¥ ³ ±¸¨³Ê³Ò, ±µÉµ·Ò¥ ¶·µÖ¢²Ö²¨¸Ó ¨ ¢
¶·¥¤Ò¤ÊÐ¥³ ¸²ÊÎ ¥,   ¨³¥´´µ ¶·¨ Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö ¢ · °µ´¥ 3, 11 ¨
17 ŒÔ‚. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¨§ ¤·Ê£¨Ì · ¡µÉ ¨§¢¥¸É´µ, ÎÉµ Ö¤·µ 8Be ³µ-
¦¥É ´ Ìµ¤¨ÉÓ¸Ö ¢ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ ¸ Ô´¥·£¨Ö³¨ 3,04, 11,4, 16,6 ¨
16,9 ŒÔ‚ ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¸ ¶µ²ÊÏ¨·¨´ ³¨ ÔÉ¨Ì ¸µ¸ÉµÖ´¨° 1500, 3500,
0,5 ¨ 0,4 ±Ô‚. �µ²´Ò¥ ³µ³¥´ÉÒ ¨ Î¥É´µ¸É¨ ¤ ´´ÒÌ ¸µ¸ÉµÖ´¨° ¸µ¸É ¢²ÖÕÉ
Jπ = 2+, 4+ ¨ 2+ ¸µµÉ¢¥É¸É¢¥´´µ [43]. �¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ ¢µ§³µ¦-
´µ¸ÉÓ µ¡· §µ¢ ´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  8Be ¸ Jπ = 4+ µ¡¸Ê¦¤ ² ¸Ó ¢ [7,8].

�´ ²µ£¨Î´Ò¥ ¤ ´´Ò¥ ¤²Ö ·¥ ±Í¨¨ (2) ¶µ± § ´Ò ´  ·¨¸. 10, 11 [40,42].
�·¨ Ô´¥·£¨ÖÌ γ-±¢ ´Éµ¢ ¤µ 28 ŒÔ‚ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö ¶·µ³¥-
¦ÊÉµÎ´ÒÌ Ö¤¥· 8Be ¨ 12C Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¶¨¸Ò¢ ÕÉ¸Ö Ë §µ¢µ° § ¢¨¸¨-
³µ¸ÉÓÕ. ‘ ·µ¸Éµ³ Ô´¥·£¨¨ γ-±¢ ´Éµ¢ ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ
¶·µÖ¢²ÖÕÉ¸Ö µÉÎ¥É²¨¢Ò¥ ³ ±¸¨³Ê³Ò, ±µÉµ·Ò¥ ´¥ ´ Ìµ¤ÖÉ ¸¢µ¥£µ µ¡ÑÖ¸´¥´¨Ö
¢ ¶·¥¤¶µ²µ¦¥´¨¨ ³¥Ì ´¨§³  ¸É É¨¸É¨Î¥¸±µ£µ · ¸¶ ¤  Ö¤·  16O. �¥µ¡Ìµ-
¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ ¶µ²µ¦¥´¨¥ ³ ±¸¨³Ê³  ¤²Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  8Be,
µ¡´ ·Ê¦¥´´µ£µ ¢ ´ ¸ÉµÖÐ¥³ Ô±¸¶¥·¨³¥´É¥, ¡²¨§±µ ± ¶µ²µ¦¥´¨Õ ³ ±¸¨³Ê³ ,
§ ·¥£¨¸É·¨·µ¢ ´´µ£µ ¢ ¤·Ê£¨Ì · ¡µÉ Ì, ¸ Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö 3,04 ŒÔ‚,
¶µ²ÊÏ¨·¨´µ° 1,5 ŒÔ‚, ¶µ²´Ò³ ³µ³¥´Éµ³ ¨ Î¥É´µ¸ÉÓÕ Jπ = 2+ [43].

‚ ¸²ÊÎ ¥ ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  12C ¤²Ö ÔÉµ° ·¥ ±Í¨¨ ¶µ²µ¦¥´¨¥ ³ ±¸¨-
³Ê³  · ¸¶·¥¤¥²¥´¨Ö ¢ · °µ´¥ 14Ä16 ŒÔ‚ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ ¸µ£² ¸Ê¥É¸Ö ¸
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�¨¸. 9. � ¸¶·¥¤¥²¥´¨Ö ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  8Be ¢ ·¥ ±Í¨¨
γ12C → 3α ¤²Ö Î ¸É¨Í ¸ Ô´¥·£¨Ö³¨ E1 > E2 > E3

¨§¢¥¸É´Ò³¨ ³ ±¸¨³Ê³µ³ ¶·¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö 15,44 ŒÔ‚, ¶µ²ÊÏ¨·¨´µ°
1,5 ŒÔ‚, ¶µ²´Ò³ ³µ³¥´Éµ³ ¨ Î¥É´µ¸ÉÓÕ Jπ = 2+ [43].
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�¨¸. 10. � ¸¶·¥¤¥²¥´¨Ö ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  8Be ¢ ·¥ ±Í¨¨
γ16O → 4α. ‘¶²µÏ´ Ö ±·¨¢ Ö Å Ë §µ¢ Ö § ¢¨¸¨³µ¸ÉÓ [31]

�¨¸. 11. � ¸¶·¥¤¥²¥´¨Ö ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  12C ¢ ·¥ ±Í¨¨
γ16O → 4α. ‘¶²µÏ´ Ö ±·¨¢ Ö Å Ë §µ¢ Ö § ¢¨¸¨³µ¸ÉÓ [31]

’ ±¨³ µ¡· §µ³, ³µ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ ¨¸¸²¥¤Ê¥³Ò¥ ·¥ ±Í¨¨ (1) ¨ (2)
Ë ±É¨Î¥¸±¨ Ö¢²ÖÕÉ¸Ö ¤¢ÊÌÎ ¸É¨Î´Ò³¨, É. ¥. µ´¨ ¶·µÉ¥± ÕÉ ¶µ ¸²¥¤ÊÕÐ¨³
¸Ì¥³ ³:

γ +12 C → α+8Be∗

→ 2α,
(12)
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γ +16 C → α+12C∗

→ α + 8Be
∗

→ 2α.

(13)

�·¨ Ô´¥·£¨ÖÌ γ-±¢ ´Éµ¢, ¡²¨§±¨Ì ± ¶µ·µ£ ³ ·¥ ±Í¨°, Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ·¥§Ê²ÓÉ ÉÒ ´¥ ¶·µÉ¨¢µ·¥Î É ¢µ§³µ¦´µ¸É¨ ·¥ ²¨§ Í¨¨ ¸É É¨¸É¨Î¥¸±µ£µ
³¥Ì ´¨§³  ¢§ ¨³µ¤¥°¸É¢¨Ö γ-±¢ ´Éµ¢ ¸ Ö¤· ³¨ 12C ¨ 16O.

‚ ¶·¨´Í¨¶¥, ¢ ¸²ÊÎ ¥ ·¥ ±Í¨¨ (2) ¢µ§³µ¦´Ò ¤¢ÊÌÎ ¸É¨Î´Ò¥ ± ´ ²Ò ¸
µ¡· §µ¢ ´¨¥³ Ö¤¥· 8Be ¢ · §²¨Î´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ. …¸²¨ ·¥ ²¨§ÊÕÉ¸Ö ÔÉ¨ ± -
´ ²Ò, Éµ ¢ · ¸¶·¥¤¥²¥´¨ÖÌ ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´ÒÌ Ö¤¥·
¤µ²¦´  ¡Ò²  ¡Ò ´ ¡²Õ¤ ÉÓ¸Ö ¸²¥¤ÊÕÐ Ö ±µ··¥²ÖÍ¨Ö: ¶·¨ ¶µ¸ÉµÖ´´µ° Ô´¥·-
£¨¨ γ-±¢ ´Éµ¢ ´ ¡²Õ¤ ²µ¸Ó ¡Ò ¸µ¢¶ ¤¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥-
´¨° ¸ Ë §µ¢Ò³¨ ¤²Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  12C, É.±. Ëµ·³  Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ · ¸¶·¥¤¥²¥´¨° ¡Ò²  ¡Ò µ¡Ê¸²µ¢²¥´  Éµ²Ó±µ ±¨´¥³ É¨Î¥¸±¨³ Ëµ´µ³, ¨
µ¤´µ¢·¥³¥´´µ ¶·µÖ¢²Ö²¨¸Ó ¡Ò ³ ±¸¨³Ê³Ò ¢ · ¸¶·¥¤¥²¥´¨ÖÌ ¶µ Ô´¥·£¨¨ ¢µ§-
¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  8Be.

3.4. “£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö α-Î ¸É¨Í. �  ·¨¸. 12 ¨ 13 ¶µ± § ´Ò Ê£²µ¢Ò¥
· ¸¶·¥¤¥²¥´¨Ö α-Î ¸É¨Í ¨§ ·¥ ±Í¨° (1) ¨ (2) ¢ c.Í.¨. ¤²Ö · §²¨Î´ÒÌ ¨´É¥·¢ -
²µ¢ Ô´¥·£¨¨ γ-±¢ ´Éµ¢. ‚ ¸¢Ö§¨ ¸ É¥³, ÎÉµ ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ÔÉ¨Ì ·¥ ±Í¨°
µ¡· §ÊÕÉ¸Ö Éµ¦¤¥¸É¢¥´´Ò¥ Î ¸É¨ÍÒ, ¶·¨ ¶µ¸É·µ¥´¨¨ Ê£²µ¢ÒÌ · ¸¶·¥¤¥²¥´¨°
µ´¨ ¡Ò²¨ ¶·µ´Ê³¥·µ¢ ´Ò É ± ¦¥, ± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¨Ì ¸²ÊÎ ÖÌ, ¢ ¶µ·Ö¤±¥
Ê¡Ò¢ ´¨Ö ¨Ì Ô´¥·£¨¨.

Œµ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ ¢ ¸²ÊÎ ¥ ·¥ ±Í¨¨ (1) Ê£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö
α-Î ¸É¨Í ¸ ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´Ò³¨ Ô´¥·£¨Ö³¨ µ¡² ¤ ÕÉ ¸ÊÐ¥¸É¢¥´´µ° ¨§µ-
É·µ¶´µ° ¸µ¸É ¢²ÖÕÐ¥° ¨ ´¥¡µ²ÓÏ¨³ ³ ±¸¨³Ê³µ³ ¶·¨ Ê£² Ì ∼ 90◦, ±µÉµ·Ò°
¸³¥Ð ¥É¸Ö ¢ ¸Éµ·µ´Ê ¶¥·¥¤´¨Ì Ê£²µ¢ ¢Ò²¥É  ¸ ·µ¸Éµ³ Ô´¥·£¨¨ γ-±¢ ´Éµ¢. �´ -
²µ£¨Î´ Ö ¸¨ÉÊ Í¨Ö ´ ¡²Õ¤ ¥É¸Ö ¨ ¤²Ö ·¥ ±Í¨¨ (2). “£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö
α-Î ¸É¨Í ¸ ³¨´¨³ ²Ó´µ ¢µ§³µ¦´Ò³¨ Ô´¥·£¨Ö³¨ ¶· ±É¨Î¥¸±¨ ¨§µÉ·µ¶´Ò, ÎÉµ
³µ¦¥É Ö¢²ÖÉÓ¸Ö ¸²¥¤¸É¢¨¥³ · ¸¶ ¤  ¶·µ³¥¦ÊÉµÎ´ÒÌ Ö¤¥· 8Be ¨ 12C.

�¤´ ±µ ¶·¨ ¶·µ¢¥¤¥´¨¨  ´ ²¨§  ¶µ¤µ¡´ÒÌ · ¸¶·¥¤¥²¥´¨° ¢µ§´¨± ÕÉ µ¶·¥-
¤¥²¥´´Ò¥ É·Ê¤´µ¸É¨, ¸¢Ö§ ´´Ò¥ ¸ Éµ¦¤¥¸É¢¥´´µ¸ÉÓÕ Î ¸É¨Í ¢ ±µ´¥Î´µ³ ¸µ¸Éµ-
Ö´¨¨ ·¥ ±Í¨°. ’ ±, ¶·¨ µ¡· §µ¢ ´¨¨ ¶·µ³¥¦ÊÉµÎ´µ£µ Ö¤·  8Be ¢ ¨§¢¥¸É´ÒÌ
¸µ¸ÉµÖ´¨ÖÌ ¸ Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö 3,04 ŒÔ‚ ¨ Jπ = 2+ ¨²¨ 11,4 ŒÔ‚ ¨
Jπ = 4+ ¢µ§³µ¦´  Éa± Ö ¸¨ÉÊ Í¨Ö, ±µ£¤  Ô´¥·£¨Ö ¢Ò²¥É¥¢Ï¥° α-Î ¸É¨ÍÒ ³µ-
¦¥É µ± § ÉÓ¸Ö ³¥´ÓÏ¥ ¨²¨ ¸· ¢´¨³µ° ¸ Ô´¥·£¨Ö³¨ · ¸¶ ¤´ÒÌ α-Î ¸É¨Í. ‚
¸²ÊÎ ¥ ·¥ ±Í¨¨ (2) É ±¦¥ ³µ¦¥É ·¥ ²¨§µ¢ ÉÓ¸Ö ¶µ¤µ¡´ Ö ¸¨ÉÊ Í¨Ö.

’¥³ ´¥ ³¥´¥¥ ¨´É¥·¥¸´µ ¶·µ¢¥¸É¨ ³µ¤¥²Ó´µ-´¥§ ¢¨¸¨³Ò° ³Ê²ÓÉ¨¶µ²Ó´Ò°
 ´ ²¨§ Ê£²µ¢ÒÌ · ¸¶·¥¤¥²¥´¨° α-Î ¸É¨Í ¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ´ ¨¡µ²¥¥ ¢Ò-
¸µ±µÔ´¥·£¥É¨Î´ Ö α-Î ¸É¨Í  ¶µÖ¢²Ö¥É¸Ö ¢¸²¥¤¸É¢¨¥ ³¥Ì ´¨§³  ¶·Ö³µ£µ ¢§ -
¨³µ¤¥°¸É¢¨Ö ¸ α-±² ¸É¥·µ³ Ö¤· , ¶µ¸±µ²Ó±Ê ÉµÉ ¦¥  ´ ²¨§ · ¸¶·¥¤¥²¥´¨°
¸·¥¤´¥° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ α-Î ¸É¨Í ¢ ¸²ÊÎ ¥ ·¥ ±Í¨¨ (1) ¶µ± § ² ¶·¥-
¨³ÊÐ¥¸É¢¥´´µ¸ÉÓ É ±µ£µ ³¥Ì ´¨§³  ¢§ ¨³µ¤¥°¸É¢¨Ö [38].
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�¨¸. 12. “£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¢ ·¥ ±Í¨¨ γ12C → 3α. ‘¶²µÏ´ Ö ±·¨¢ Ö Å ·¥§Ê²Ó-
É ÉÒ ¶µ¤£µ´±¨ ¸ ¶µ³µÐÓÕ ¸µµÉ´µÏ¥´¨Ö (14)
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�¨¸. 13. “£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¢ ·¥ ±Í¨¨ γ16O → 4α. ‘¶²µÏ´ Ö ±·¨¢ Ö Å ·¥§Ê²Ó-
É ÉÒ ¶µ¤£µ´±¨ ¸ ¶µ³µÐÓÕ ¸µµÉ´µÏ¥´¨Ö (14)

“£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö α-Î ¸É¨Í ¶µ¤£µ´Ö²¨¸Ó ¶µ ³¥Éµ¤Ê ´ ¨³¥´ÓÏ¨Ì ±¢ -
¤· Éµ¢ ¸ ¶µ³µÐÓÕ ¢Ò· ¦¥´¨Ö

dσ

dΩ
=

2∑
n=0

Cn cosn θ. (14)

�¥§Ê²ÓÉ ÉÒ ¶µ¤£µ´±¨ ¶µ± § ´Ò ´  ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ·¨¸Ê´± Ì ¸¶²µÏ´Ò³¨
²¨´¨Ö³¨. �  ·¨¸. 14 ¨ 15 ¶µ± § ´  § ¢¨¸¨³µ¸ÉÓ Cn0 = Cn/C0 µÉ Ô´¥·£¨¨
γ-±¢ ´Éµ¢. ‚ ¸²ÊÎ ¥ ·¥ ²¨§ Í¨¨ ± ´ ²  ·¥ ±Í¨¨ (1) ¸ µ¡· §µ¢ ´¨¥³ µ¸É ÉµÎ-
´µ£µ Ö¤·  8Be ¢ µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨ ¸ Jπ = 0+ Cn0 ³µ¦´µ ¢Ò· §¨ÉÓ Î¥·¥§
±µÔËË¨Í¨¥´ÉÒ ¶·¨ ¶µ²¨´µ³ Ì ‹¥¦ ´¤·  ¸ ÊÎ¥Éµ³ µ£· ´¨Î¥´¨Ö ¶µ²´Ò³ ³µ-
³¥´Éµ³ ± ´ ²  J < 2,   É ±¦¥ E1-¶¥·¥Ìµ¤ ³¨ ¨ ¨Ì ¨´É¥·Ë¥·¥´Í¨¥° ¸ E2- ¨
M1-¶¥·¥Ìµ¤ ³¨ [44]:

C10 =
10,4 Re (|E1

10| · |E2
20|)

4,5|E1
10|2 + 3,2|E2

20|2
, (15)

C20 =
−4,5|E1

10|2
4,5|E1

10|2 + 3,2|E2
20|2

. (16)

�±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö C10 ¤²Ö ¢Ò¸µ±µÔ´¥·£¥É¨Î´ÒÌ α-Î ¸É¨Í µÉ-
·¨Í É¥²Ó´Ò ¶· ±É¨Î¥¸±¨ ¢µ ¢¸¥³ ¨´É¥·¢ ²¥ Ô´¥·£¨° γ-±¢ ´Éµ¢, ÎÉµ ¸µµÉ¢¥É-
¸É¢Ê¥É ¸µµÉ´µÏ¥´¨Õ (15), ¥¸²¨ Ë §µ¢Ò° ³´µ¦¨É¥²Ó ¨´É¥·Ë¥·¥´Í¨¨  ³¶²¨ÉÊ¤
E1

10 ¨ E2
20 µÉ·¨Í É¥²¥´. “Î¨ÉÒ¢ Ö ¶·¥¨³ÊÐ¥¸É¢¥´´µ¸ÉÓ Ô²¥±É·¨Î¥¸±¨Ì ¤¨-

¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢, ³µ¦´µ µ¦¨¤ ÉÓ, ÎÉµ ±µÔËË¨Í¨¥´ÉÒ C20 ¤µ²¦´Ò ¡ÒÉÓ
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�¨¸. 14. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ ±µÔËË¨Í¨¥´Éµ¢ Cn0 ¤²Ö ·¥ ±Í¨¨ γ12C → 3α

É ±¦¥ µÉ·¨Í É¥²Ó´Ò ¨ ¡²¨§±¨ ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥ ± ¥¤¨´¨Í¥. ‚ Ô±¸¶¥-
·¨³¥´É¥ ¤²Ö ·¥ ±Í¨¨ (1) ±µÔËË¨Í¨¥´ÉÒ C20 ¡²¨§±¨ ± ´Ê²Õ ¨ ¶·¨ ¡µ²ÓÏ¨Ì
Ô´¥·£¨ÖÌ §´ Î¨É¥²Ó´µ µÉ²¨Î ÕÉ¸Ö µÉ ¥¤¨´¨ÍÒ. ’ ±¨³ µ¡· §µ³, ³µ¦´µ ÊÉ¢¥·-
¦¤ ÉÓ, ÎÉµ ¢ ¸²ÊÎ ¥ ·¥ ±Í¨¨ (1) ¥¥ ± ´ ² ¸ µ¡· §µ¢ ´¨¥³ 8Be §´ Î¨É¥²Ó´µ
¶µ¤ ¢²¥´.

…¸²¨ ¢ ·¥ ±Í¨ÖÌ (1) ¨ (2) µ¸É ÉµÎ´Ò¥ Ö¤·  8Be ¨ 12C µ¡· §ÊÕÉ¸Ö ¢ ¢µ§¡Ê¦-
¤¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ ¸ ¶µ²´Ò³ ³µ³¥´Éµ³ ¨ Î¥É´µ¸ÉÓÕ Jπ = 2+, Éµ ±µÔËË¨Í¨-
¥´ÉÒ ¶·¨ ¶µ²¨´µ³ Ì ‹¥¦ ´¤·  ¡Ê¤ÊÉ ¸¢Ö§ ´Ò ¸²¥¤ÊÕÐ¨³¨ ¸µµÉ´µÏ¥´¨Ö³¨:

C10 =
−7Re (|E1

12| · |M1
22|) + 6,2Re (|E1

12| · |E2
22|) − 7,4Re (|E1

12| · |E2
02|)

3,1|E1
12|2 + 2,3|M1

22|2 + 5,0|E2
02|2 + 5,4|E2

22|2
,

(17)

C20 =
−0,5|E1

12|2 + 2,3|M1
22|2 − 1,2|E2

22|2
3,1|E1

12|2 + 2,3|M1
22|2 + 5,0|E2

02|2 + 5,4|E2
22|2

. (18)
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�¨¸. 15. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ ±µÔËË¨Í¨¥´Éµ¢ Cn0 ¤²Ö ·¥ ±Í¨¨ γ16O → 4α

Š ± Ê¦¥ µÉ³¥Î ²µ¸Ó, ¤²Ö ·¥ ±Í¨° (1) ¨ (2) ¢¥²¨Î¨´Ò C10 ¤²Ö ¢Ò¸µ±µ-
Ô´¥·£¥É¨Î´ÒÌ α-Î ¸É¨Í µÉ·¨Í É¥²Ó´Ò ¢µ ¢¸¥³ ¤¨ ¶ §µ´¥ Ô´¥·£¨° γ-±¢ ´Éµ¢.
„ ´´Ò° Ë ±É ³µ¦¥É £µ¢µ·¨ÉÓ µ Éµ³, ÎÉµ ¢ ¸²ÊÎ ¥ µ¡· §µ¢ ´¨Ö µ¸É ÉµÎ´ÒÌ
Ö¤¥· 8Be ¨ 12C ¢ ¸µ¸ÉµÖ´¨ÖÌ ¸ ¶µ²´Ò³ ³µ³¥´Éµ³ ¨ Î¥É´µ¸ÉÓÕ Jπ = 2+ ¸ÊÐ¥-
¸É¢¥´´ÊÕ ·µ²Ó ¨£· ÕÉ Ô²¥±É·¨Î¥¸±¨° ¤¨¶µ²Ó´Ò° ¶¥·¥Ìµ¤ E1

12, Ô²¥±É·¨Î¥¸±¨°
±¢ ¤·Ê¶µ²Ó´Ò° ¶¥·¥Ìµ¤ E2

02 ¨ ³ £´¨É´Ò° ¤¨¶µ²Ó´Ò° ¶¥·¥Ìµ¤ ¸  ³¶²¨ÉÊ¤µ°
M1

22. ’µ µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó´µ¥ §´ Î¥´¨¥ C20 ³¥´Ö¥É §´ ± ¸
·µ¸Éµ³ Ô´¥·£¨¨ γ-±¢ ´Éµ¢ ¨ ¸É ´µ¢¨É¸Ö ¶µ²µ¦¨É¥²Ó´Ò³, £µ¢µ·¨É µ ¢µ§· ¸É -
ÕÐ¥³ ¢±² ¤¥ ³ £´¨É´µ° ¤¨¶µ²Ó´µ°  ³¶²¨ÉÊ¤Ò M1

22.

�¥±µÉµ·µ¥ ¶µ¤µ¡¨¥ ¢ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ±µÔËË¨Í¨¥´Éµ¢ C10

¨ C20 ¤²Ö α-Î ¸É¨Í ¸ ¨´¤¥±¸µ³ 2 £µ¢µ·¨É µ ¢µ§³µ¦´µ¸É¨ ¸¶ÊÉ ÉÓ · ¸¶ ¤-
´Ò¥ α-Î ¸É¨ÍÒ ¸ ¢Ò²¥É¥¢Ï¨³¨ α-Î ¸É¨Í ³¨ ¢ ·¥§Ê²ÓÉ É¥ ³¥Ì ´¨§³  ¶·Ö³µ£µ
¢§ ¨³µ¤¥°¸É¢¨Ö.
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’ ±¨³ µ¡· §µ³, ¶·µ¢¥¤¥´´Ò° ³µ¤¥²Ó´µ-´¥§ ¢¨¸¨³Ò° ³Ê²ÓÉ¨¶µ²Ó´Ò°  ´ -
²¨§ Ê£²µ¢ÒÌ · ¸¶·¥¤¥²¥´¨° α-Î ¸É¨Í ¸ ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´Ò³¨ Ô´¥·£¨Ö³¨
¶µ± § ², ÎÉµ ¢ ¸²ÊÎ ¥ ·¥ ±Í¨¨ (1) µ¸É ÉµÎ´µ¥ Ö¤·µ 8Be Ëµ·³¨·Ê¥É¸Ö ¢ ¸µ-
¸ÉµÖ´¨ÖÌ, µÉ²¨Î´ÒÌ µÉ µ¸´µ¢´µ£µ, ¨ ¶·¨ ÔÉµ³ Ëµ·³  Ê£²µ¢ÒÌ · ¸¶·¥¤¥²¥´¨°
´ Ìµ¤¨É ¸¢µ¥ µ¡ÑÖ¸´¥´¨¥ ¶·¨ ÊÎ¥É¥ Ô²¥±É·¨Î¥¸±¨Ì ¤¨¶µ²Ó´ÒÌ ¨ ±¢ ¤·Ê¶µ²Ó-
´ÒÌ ¶¥·¥Ìµ¤µ¢. C ·µ¸Éµ³ Ô´¥·£¨¨ γ-±¢ ´Éµ¢ ´ Î¨´ ÕÉ ¨£· ÉÓ § ³¥É´ÊÕ ·µ²Ó
³ £´¨É´Ò¥ ¤¨¶µ²Ó´Ò¥ ¶¥·¥Ìµ¤Ò. �µÌµ¦ Ö ¸¨ÉÊ Í¨Ö ´ ¡²Õ¤ ¥É¸Ö ¨ ¤²Ö ·¥ ±-
Í¨¨ (2), ÎÉµ ³µ¦¥É ¸²Ê¦¨ÉÓ Ê± § ´¨¥³ ´  ¶µ¤µ¡¨¥ ³¥Ì ´¨§³µ¢ µ¡¥¨Ì ·¥ ±-
Í¨°, ¶·µÖ¢²ÖÕÐ¥¥¸Ö ¢µ ¢§ ¨³µ¤¥°¸É¢¨¨ ¸ α-±² ¸É¥·´Ò³¨ µ¡· §µ¢ ´¨Ö³¨ Ö¤¥·
12C ¨ 16O.

3.5. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ Σ- ¸¨³³¥É·¨¨ ¢ÒÌµ¤  α-Î ¸É¨Í. ‚
¸²ÊÎ ¥ ¤¢ÊÌÎ ¸É¨Î´ÒÌ ± ´ ²µ¢ ·¥ ±Í¨¨, ¢Ò§¢ ´´ÒÌ ¶µ²Ö·¨§µ¢ ´´Ò³¨
γ-±¢ ´É ³¨, Ê£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ·¥£¨¸É·¨·Ê¥³ÒÌ Î ¸É¨Í ¨³¥ÕÉ ¢¨¤ [45]:

dσ

dΩ
=

dσ

dΩ
(θ)(1 + PΣ(θ) cos 2φ), (19)

£¤¥ P Å ¸É¥¶¥´Ó ²¨´¥°´µ° ¶µ²Ö·¨§ Í¨¨ ¶ÊÎ±  γ-±¢ ´Éµ¢, Σ(θ) Å  ¸¨³³¥-
É·¨Ö ¸¥Î¥´¨Ö ¤¢ÊÌÎ ¸É¨Î´µ° ·¥ ±Í¨¨, φ Å Ê£µ² ³¥¦¤Ê ´ ¶· ¢²¥´¨¥³ ¢¥±Éµ· 
¶µ²Ö·¨§ Í¨¨ ¨ ¶²µ¸±µ¸ÉÓÕ ·¥ ±Í¨¨.

Š ± Ê¦¥ µÉ³¥Î ²µ¸Ó, ¢ ¶·µÍ¥¸¸e ¶·µ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  ±µ´É·µ²¨·µ-
¢ ² ¸Ó ¸É¥¶¥´Ó ²¨´¥°´µ° ¶µ²Ö·¨§ Í¨¨ ¶ÊÎ±  γ-±¢ ´Éµ¢. �±¸¶¥·¨³¥´É ²Ó´Ò¥
§´ Î¥´¨Ö ¨§³¥·¥´´µ° ¸É¥¶¥´¨ ¶µ²Ö·¨§ Í¨¨ ¢ ¸· ¢´¥´¨¨ ¸ · ¸Î¥É´µ° ¢ ³µ¤¥²¨
É¥¶²µ¢µ£µ ¸²µÖ ¶µ± § ´Ò ´  ·¨¸. 16 [46].

‚ ¸¢Ö§¨ ¸ É¥³, ÎÉµ ¨§ÊÎ ¥³ Ö ·¥ ±Í¨Ö (1) Ë ±É¨Î¥¸±¨ Ö¢²Ö¥É¸Ö ¤¢ÊÌÎ ¸É¨Î-
´µ°, ¡Ò²¨ ¶µ¸É·µ¥´Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ · ¸¶·¥¤¥²¥´¨Ö ¶µ Ê£²Ê φ, ¶·µ¨´É¥£·¨-
·µ¢ ´´Ò¥ ¶µ Ê£²Ê θ ¢ ¨´É¥·¢ ²¥ 75 ÷ 105◦. �É¨ · ¸¶·¥¤¥²¥´¨Ö ¶µ¤£µ´Ö²¨¸Ó

�¨¸. 16. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ ¸É¥¶¥´¨ ¶µ²Ö·¨§ Í¨¨ ¶ÊÎ±  γ-±¢ ´Éµ¢. ‘¶²µÏ-
´ Ö ±·¨¢ Ö Å ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  [46]. ’µÎ±¨ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥

�¨¸. 17. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ Σ- ¸¨³³¥É·¨¨ ¤²Ö ·¥ ±Í¨¨ γ12C → α8Be∗
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¶µ ³¥Éµ¤Ê ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢ ¸ ¶µ³µÐÓÕ ¢Ò· ¦¥´¨Ö

N = a + b cos 2φ. (20)

‡´ Î¥´¨Ö ±µÔËË¨Í¨¥´Éµ¢ ¶µ¤£µ´±¨ a ¨ b ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥. ‚ ¤ ´´µ³ ¸²Ê-
Î ¥ µÉ´µÏ¥´¨¥ ±oÔËË¨Í¨¥´Éµ¢ b/a Ì · ±É¥·¨§Ê¥É ¢¥²¨Î¨´Ê PΣ. „²Ö · ¸Î¥Éµ¢
Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ Σ- ¸¨³³¥É·¨¨ ¨¸¶µ²Ó§µ¢ ² ¸Ó É¥µ·¥É¨Î¥¸± Ö § -
¢¨¸¨³µ¸ÉÓ ¸É¥¶¥´¨ ¶µ²Ö·¨§ Í¨¨, ¶µ± § ´´ Ö ´  ·¨¸. 16. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢
¶·¨¢¥¤¥´Ò ´  ·¨¸. 17. Š ± ¢¨¤´µ ¨§ ·¨¸Ê´± , ¢µ ¢¸¥³ ¤¨ ¶ §µ´¥ Ô´¥·£¨°
γ-±¢ ´Éµ¢ ¢¥²¨Î¨´  Σ- ¸¨³³¥É·¨¨ §´ Î¨É¥²Ó´µ ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ, ÎÉµ £µ¢µ-
·¨É µ¡ µ¡· §µ¢ ´¨¨ Ö¤·  8Be ¢ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ. ’ ±¨³ µ¡· §µ³,
¶·¨¢¥¤¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¥Ð¥ · § £µ¢µ·ÖÉ µ ·¥ ²¨§ Í¨¨ ³¥Ì ´¨§³  ¶·Ö³µ£µ
¢§ ¨³µ¤¥°¸É¢¨Ö Ö¤·  12C ¸ α-±² ¸É¥·µ³.

Eγ , ŒÔ‚ a b

7 ÷ 25 16,8 ÷ 1,9 3,6 ÷ 2,7
25 ÷ 27 40,3 ÷ 3,7 −7,3 ÷ 4,3
27 ÷ 29 49,3 ÷ 4,5 6,4 ÷ 4,9
29 ÷ 38 10,2 ÷ 1,5 1,5 ÷ 2,3

4. ‡�Š‹�—…�ˆ…

�·µ¢¥¤¥´´Ò¥ ±µ³¶²¥±¸´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö · §²¨Î´ÒÌ
±¨´¥³ É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° ¢ ·¥ ±Í¨ÖÌ (1) ¨ (2) ¶µ± § ²¨, ÎÉµ ¢ µ¸´µ¢´µ³
·¥ ²¨§Ê¥É¸Ö ³¥Ì ´¨§³ ¶·Ö³µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ α-±² ¸É¥· ³¨ Î¥É´µ-Î¥É´ÒÌ
Ö¤¥· 12C ¨ 16O. �·¨ ÔÉµ³ µ¸É ÉµÎ´Ò¥ Ö¤·  8Be ¨ 12C µ¡· §ÊÕÉ¸Ö ¢ ¢µ§¡Ê¦-
¤¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ ¢ µ¸´µ¢´µ³ §  ¸Î¥É Ô²¥±É·¨Î¥¸±¨Ì ¤¨¶µ²Ó´ÒÌ ¨ ±¢ ¤·Ê-
¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢. C ·µ¸Éµ³ Ô´¥·£¨¨ γ-±¢ ´Éµ¢ ´¥ ¨¸±²ÕÎ¥´  ¢µ§³µ¦´µ¸ÉÓ
³ £´¨É´ÒÌ ¤¨¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢. ˆ¸¶µ²Ó§µ¢ ´¨¥ ²¨´¥°´µ ¶µ²Ö·¨§µ¢ ´´µ£µ
¶ÊÎ±  γ-±¢ ´Éµ¢ ¤²Ö ¨§³¥·¥´¨Ö Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ Σ- ¸¨³³¥É·¨¨
¶µ§¢µ²¨²µ ´¥§ ¢¨¸¨³Ò³ µ¡· §µ³ ¶µ¤É¢¥·¤¨ÉÓ Ë ±É µ¡· §µ¢ ´¨Ö µ¸É ÉµÎ´µ£µ
Ö¤·  8Be ¢ ·¥ ±Í¨¨ (12) ¢ ¸µ¸ÉµÖ´¨¨, µÉ²¨Î´µ³ µÉ µ¸´µ¢´µ£µ.

�¢Éµ· ¶·¨§´ É¥²¥´ ¶·µË¥¸¸µ·Ê �.�.�· ³¦Ö´Ê ,   É ±¦¥ ¢Ò· ¦ ¥É ¡² £µ-

¤ ·´µ¸ÉÓ ¶·µË¥¸¸µ·Ê �.”.˜Ê²Ó£¥ §  ¶µ¤¤¥·¦±Ê ¨ ¶²µ¤µÉ¢µ·´µ¥ µ¡¸Ê¦¤¥´¨¥
³ É¥·¨ ²µ¢ ´ ¸ÉµÖÐ¥° · ¡µÉÒ.
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