
”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��
2019. ’. 50. ‚›�. 5. ‘. 708Ä712

Œ�„…‹ˆ��‚��ˆ… �…�Š–ˆˆ �…“��“ƒ�ƒ�
��‘‘…Ÿ�ˆŸ �‹œ”�-—�‘’ˆ–

„‹Ÿ ˆ‘‘‹…„�‚��ˆŸ Š‹�‘’…���‰ ‘’�“Š’“�›
‚�‡�“†„…��›• ‘�‘’�Ÿ�ˆ‰ 9Be

�. �. Š ¸¶ ·μ¢ ∗, …. ‘. Šμ´μ¡¥¥¢¸±¨°, ‘. ‚. ‡Ê¥¢,
Œ. ‚. Œμ·¤μ¢¸±μ°, �. �. �Ëμ´¨´, ‚. ‚. Œ¨ÍÊ±

ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ���, Œμ¸±¢ 

„²Ö μ¶·¥¤¥²¥´¨Ö ¢±² ¤  ±² ¸É¥·´ÒÌ ±μ´Ë¨£Ê· Í¨° (8Be+n, α+α+n, 5He+α)
¢ ¸É·Ê±ÉÊ·Ê 9Be ¶·¥¤² £ ¥É¸Ö ¨¸¸²¥¤μ¢ ´¨¥ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö  ²ÓË -Î ¸É¨Í ´ 
±² ¸É¥· Ì Ö¤·  9Be. �¥§Ê²ÓÉ ÉÒ ¶·μ¢¥¤¥´´μ£μ ±¨´¥³ É¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ·¥ ±-
Í¨° 9Be(α, α′n)X ¨ 9Be(α, α′α)X ¶μ± §Ò¢ ÕÉ, ÎÉμ ·¥£¨¸É· Í¨Ö · ¸¸¥Ö´´μ°  ²ÓË -
Î ¸É¨ÍÒ ¢ ¸μ¢¶ ¤¥´¨¨ ¸ Î ¸É¨Í¥° μÉ · §¢ ²  μ¶·¥¤¥²¥´´μ£μ ¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö
9Be ¶μ§¢μ²¨É μ¶·¥¤¥²¨ÉÓ ¢±² ¤ · §²¨Î´ÒÌ ±² ¸É¥·´ÒÌ ±μ´Ë¨£Ê· Í¨° ¢ ¸É·Ê±ÉÊ·Ê ÔÉ¨Ì
¸μ¸ÉμÖ´¨°.

To determine the contribution of cluster conˇgurations (8Be+n, α+α+n, 5He+α)
to the 9Be structure we suggest studying the inelastic scattering of alpha particles on
9Be nucleus clusters. The results of kinematic simulation of the 9Be(α, α′n)X and
9Be(α, α′α)X reactions show that recording a scattered alpha particle in coincidence with
a particle from the decay of a speciˇc 9Be excited state will make it possible to determine
the contribution of various cluster conˇgurations to the structure of these states.

PACS: 21.60.Gx; 25.45.De; 25.55.-e
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Ÿ¤·  ¡¥·¨²²¨Ö ¶·¨¢²¥± ÕÉ ¢´¨³ ´¨¥ Ô±¸¶¥·¨³¥´É Éμ·μ¢ ¨ É¥μ·¥É¨±μ¢ ¨§-
§  ¨Ì ±² ¸É¥·´μ° ¸É·Ê±ÉÊ·Ò. •μ·μÏμ ¨§¢¥¸É´μ, ÎÉμ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥ 8Be
Ö¢²Ö¥É¸Ö ´¥¸¢Ö§ ´´Ò³ ¸ Ô´¥·£¨¥° 92 ±Ô‚ ¨ · ¸¶ ¤ ¥É¸Ö ´  ¤¢¥  ²ÓË -Î ¸É¨ÍÒ
§  ¢·¥³Ö ¶μ·Ö¤±  10−16 ¸ [1]. …¤¨´¸É¢¥´´Ò³ ¸É ¡¨²Ó´Ò³ ¨§μÉμ¶μ³ ¡¥·¨²²¨Ö
Ö¢²Ö¥É¸Ö ¨§μÉμ¶ 9Be. „μ¶μ²´¨É¥²Ó´Ò° ´¥°É·μ´ ¤¥°¸É¢Ê¥É ± ± ±μ¢ ²¥´É´ Ö
Î ¸É¨Í  ³¥¦¤Ê Í¥´É· ³¨  ²ÓË -Î ¸É¨Í, Ê¢¥²¨Î¨¢ Ö ¸É ¡¨²Ó´μ¸ÉÓ ¸É·Ê±ÉÊ·Ò
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�¨¸. 1. �´¥·£¥É¨Î¥¸±¨¥ Ê·μ¢´¨ ¨ ¶μ·μ£¨ · §¢ ²  9Be

Ö¤·  9Be. ‚³¥¸É¥ ¸ É·¥ÌÎ ¸É¨Î´μ° ¸É·Ê±ÉÊ·μ° 9Be · ¸¸³ É·¨¢ ÕÉ¸Ö É ±¦¥
¤¢ÊÌÎ ¸É¨Î´Ò¥ ±μ´Ë¨£Ê· Í¨¨ 8Be+n ¨ 5He+α, ±μÉμ·Ò¥ ³μ£ÊÉ ¨£· ÉÓ ¢ ¦´ÊÕ
·μ²Ó ¤²Ö ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° 9Be.

�¥¸³μÉ·Ö ´  Éμ, ÎÉμ ¨¸¸²¥¤μ¢ ´¨Ö ±² ¸É¥·´μ° ¸É·Ê±ÉÊ·Ò 9Be ¢¥²¨¸Ó ¢ É¥-
Î¥´¨¥ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨, ¶μ²ÊÎ¥´¨¥ ±μ²¨Î¥¸É¢¥´´ÒÌ ¤ ´´ÒÌ μ ¢¥·μÖÉ´μ¸É¨
· §¢ ²  ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° Î¥·¥§ · §²¨Î´Ò¥ ±² ¸É¥·´Ò¥ ± ´ ²Ò ¤μ ¸¨Ì
¶μ·  ±ÉÊ ²Ó´μ [1Ä3]. „²Ö μ¶·¥¤¥²¥´¨Ö ±² ¸É¥·´μ° ¸É·Ê±ÉÊ·Ò ¢μ§¡Ê¦¤¥´´ÒÌ
¸μ¸ÉμÖ´¨° 9Be ¶·¥¤² £ ¥É¸Ö ¨¸¸²¥¤μ¢ ´¨¥ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö  ²ÓË -Î ¸É¨Í
´  ±² ¸É¥· Ì Ö¤·  9Be ¸ ·¥£¨¸É· Í¨¥° ± ± · ¸¸¥Ö´´μ°  ²ÓË -Î ¸É¨ÍÒ, É ± ¨
Î ¸É¨ÍÒ μÉ · §¢ ²  ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° 9Be. �μ¸±μ²Ó±Ê ¶μ·μ£¨ · §¢ ² 
Î¥·¥§ ± ´ ²Ò 8Be + n, α + α + n ¨ 5He + α ¤μ¸É ÉμÎ´μ ³ ²Ò (·¨¸. 1), ³´μ£¨¥
¢μ§¡Ê¦¤¥´´Ò¥ ¸μ¸ÉμÖ´¨Ö 9Be ³μ£ÊÉ · §¢ ²¨¢ ÉÓ¸Ö ¸ ¨¸¶Ê¸± ´¨¥³ ´¥°É·μ´μ¢
¨  ²ÓË -Î ¸É¨Í.

Œ�„…‹ˆ��‚��ˆ… ˆ �Š‘�…�ˆŒ…�’

„²Ö ±¨´¥³ É¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ·¥ ±Í¨¨ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¨¸-
¶μ²Ó§μ¢ ´  ¶·μ£· ³³  ±¨´¥³ É¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨° [4],
¢ ±μÉμ·μ° ¸μ¡ÒÉ¨Ö ¸ ¶·μ¨§¢μ²Ó´μ ¢Ò¡· ´´Ò³¨ ¨²¨ Î ¸É¨Î´μ μ¶·¥¤¥²¥´´Ò³¨
¶ · ³¥É· ³¨ (´ ¶·¨³¥· Ê£² ³¨ ¨²¨ Ô´¥·£¨Ö³¨ ´¥±μÉμ·ÒÌ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í)
¢Ò¡¨· ÕÉ¸Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ±·¨É¥·¨¥³ ¸μ¡²Õ¤¥´¨Ö § ±μ´μ¢ ¸μÌ· ´¥´¨Ö
Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸ . ‚ ·¥§Ê²ÓÉ É¥ · ¡μÉÒ ¶·μ£· ³³Ò ¶μ²ÊÎ ¥É¸Ö ³ ¸¸¨¢ ¢Ò-
Ìμ¤´ÒÌ ¶ · ³¥É·μ¢ (Ô´¥·£¨° ¨ Ê£²μ¢ ¢Ò²¥É ), ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì μ¶·¥¤¥²¥´´μ°
·¥ ±Í¨¨.
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�¨¸. 2. Œμ¤¥²¨·μ¢ ´´Ò¥ Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¢Éμ·¨Î´ÒÌ  ²ÓË -Î ¸É¨Í ¢ ·¥ ±Í¨¨
9Be(α, α′α)X ¤²Ö ¢μ§¡Ê¦¤¥´´μ£μ Ê·μ¢´Ö 4,704 ŒÔ‚ Ö¤·  9Be ¨ · §²¨Î´ÒÌ ± ´ ²μ¢
· §¢ ² : 1 Å 5He + α; 2 Å 8He + n; 3 Å α + α + n

�  ¶¥·¢μ³ ÔÉ ¶¥ ³μ¤¥²¨·Ê¥É¸Ö ¤¢ÊÌÎ ¸É¨Î´ Ö ·¥ ±Í¨Ö ´¥Ê¶·Ê£μ£μ · ¸-
¸¥Ö´¨Ö  ²ÓË -Î ¸É¨ÍÒ ´  Ö¤·¥ 9Be ¸ ¢μ§¡Ê¦¤¥´¨¥³ μ¶·¥¤¥²¥´´μ£μ ´¨§±μ²¥-
¦ Ð¥£μ Ê·μ¢´Ö E∗. ‚Ò¡¨· Ö Ê£μ² ·¥£¨¸É· Í¨¨  ²ÓË -Î ¸É¨ÍÒ Θα, ³Ò Ë¨±-
¸¨·Ê¥³ Ô´¥·£¨Õ  ²ÓË -Î ¸É¨ÍÒ Eα ¶μ¤ ÔÉ¨³ Ê£²μ³. �Éμ §´ Î¥´¨¥ Ô´¥·£¨¨
¢Éμ·¨Î´μ°  ²ÓË -Î ¸É¨ÍÒ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¢ ± Î¥¸É¢¥ ¢Ìμ¤´μ£μ ¶ · ³¥É·  ¶·¨
³μ¤¥²¨·μ¢ ´¨¨ ·¥ ±Í¨° ¸ É·¥³Ö ¨ Î¥ÉÒ·Ó³Ö Î ¸É¨Í ³¨ ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨:

α + 9Be → α′ + 9Be∗; 9Be∗ → 5He + α → α + α + n;

α + 9Be → α′ + 9Be∗; 9Be∗ → 8Be + n → α + α + n;

α + 9Be → α′ + 9Be∗; 9Be∗t → α + α + n.

	Ò²μ ¶·μ¢¥¤¥´μ ±¨´¥³ É¨Î¥¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ 9Be(α, α′α)X ¤²Ö · §-
²¨Î´ÒÌ ¢μ§¡Ê¦¤¥´´ÒÌ Ê·μ¢´¥° 9Be ¨ ± ´ ²μ¢ · §¢ ² . �  ·¨¸. 2 ¶μ± § ´Ò
Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¢Éμ·¨Î´ÒÌ  ²ÓË -Î ¸É¨Í, ¢Ò²¥É ÕÐ¨Ì ¢ ¨´É¥·¢ ²¥
Ê£²μ¢ (−40±10)◦ (μÉ·¨Í É¥²Ó´Ò¥ Ê£²Ò ¸μμÉ¢¥É¸É¢ÊÕÉ Ê£²Ê ¢Ò²¥É  ¸²¥¢  μÉ μ¸¨
¶ÊÎ± ) μÉ · §¢ ²  9Be ¸ Ê·μ¢´¥³ 4,704 ŒÔ‚ ¤²Ö · §²¨Î´ÒÌ ± ´ ²μ¢ · ¸¶ ¤ .
� · ³¥É·Ò ³μ¤¥²¨·μ¢ ´¨Ö: Ô´¥·£¨Ö ¶ÊÎ±  Eα = 30 ŒÔ‚, Ê£²Ò ·¥£¨¸É· Í¨¨
¢Éμ·¨Î´ÒÌ Î ¸É¨Í Θα′ = 90◦ ¨ Θα = (−40 ± 10)◦. ‚¨¤´μ, ÎÉμ ¶μ¢¥¤¥-
´¨¥ ³μ¤¥²¨·μ¢ ´´μ£μ Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ¢Éμ·¨Î´ÒÌ  ²ÓË -Î ¸É¨Í ¤²Ö
±μ´Ë¨£Ê· Í¨¨ 5He + α ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ¥É¸Ö μÉ ¶μ¢¥¤¥´¨Ö ¸¶¥±É·μ¢ ¤²Ö
±μ´Ë¨£Ê· Í¨° 8He + n ¨ α + α + n. �¤´ ±μ · §¢ ² Î¥·¥§ ¶μ¸²¥¤´¨¥ ¤¢¥
±μ´Ë¨£Ê· Í¨¨ ¶·¨¢μ¤¨É ± ¶μÎÉ¨ μ¤¨´ ±μ¢Ò³ Ô´¥·£¥É¨Î¥¸±¨³ ¸¶¥±É· ³.

’ ±¦¥ ¡Ò²μ ¢Ò¶μ²´¥´μ ³μ¤¥²¨·μ¢ ´¨¥ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö  ²ÓË -Î ¸-
É¨Í ¸ ·¥£¨¸É· Í¨¥° · ¸¸¥Ö´´ÒÌ  ²ÓË -Î ¸É¨Í ¨ ´¥°É·μ´μ¢. �  ·¨¸. 3 ¶μ± -
§ ´ ³μ¤¥²¨·μ¢ ´´Ò° Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ´¥°É·μ´μ¢, ¢Ò²¥É ÕÐ¨Ì ¢ ¨´É¥·-
¢ ²¥ Ê£²μ¢ Θα = (−40 ± 10)◦, μÉ · §¢ ²  Ö¤·  9Be ¸ ¢μ§¡Ê¦¤¥´´Ò³ Ê·μ¢´¥³
4,704 ŒÔ‚ ¤²Ö · §²¨Î´ÒÌ ± ´ ²μ¢ · ¸¶ ¤ . “£μ² ·¥£¨¸É· Í¨¨ · ¸¸¥Ö´´μ°
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�¨¸. 3. Œμ¤¥²¨·μ¢ ´´Ò¥ Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ´¥°É·μ´μ¢ ¢ ·¥ ±Í¨¨ 9Be(α, α′n)X
¤²Ö ¢μ§¡Ê¦¤¥´´μ£μ Ê·μ¢´Ö 4,704 ŒÔ‚ Ö¤·  9Be ¨ ± ´ ²μ¢ · §¢ ² : 1 Å α + α + n;
2 Å 8He + n

�¨¸. 4. �´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¤¥°É·μ´μ¢, · ¸¸¥Ö´´ÒÌ ´  Ö¤·¥ 9Be ¶·¨ Θd = 60◦

 ²ÓË -Î ¸É¨ÍÒ Θα′ = (80 ± 1)◦, Ô´¥·£¨Ö ¶ÊÎ±  Eα = 30 ŒÔ‚. ‚¨¤´μ, ÎÉμ
·¥£¨¸É· Í¨Ö ´¥°É·μ´μ¢ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ · §²¨Î¨ÉÓ · §¢ ² 9Be Î¥·¥§ ± ´ ²Ò
8He + n ¨ α + α + n.

�·¥¤¢ ·¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ ¨´±²Õ§¨¢´μ³ ¨ Ô±¸±²Õ§¨¢´μ³
¢ ·¨ ´É Ì Ô±¸¶¥·¨³¥´É  ¶μ ±¢ §¨¸¢μ¡μ¤´μ³Ê · ¸¸¥Ö´¨Õ ¤¥°É·μ´μ¢ ´  ±² ¸É¥-
· Ì Ö¤·  9Be. ‚ Ô±¸¶¥·¨³¥´É Ì ¨¸¶μ²Ó§μ¢ ²¸Ö ¶ÊÎμ± ¤¥°É·μ´μ¢ ¸ Ô´¥·£¨¥°
15 ŒÔ‚ �ˆˆŸ” Œƒ“. „²Ö ¨´±²Õ§¨¢´μ£μ Ô±¸¶¥·¨³¥´É  9Be(d, d)X (¸ ·¥£¨-
¸É· Í¨¥° μ¤´μ£μ ¤¥°É·μ´ ) ¶μ²ÊÎ¥´ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¤¥°É·μ´μ¢, · ¸¸¥-
Ö´´ÒÌ μÉ 9Be ¶·¨ Θd = 60◦ (·¨¸. 4). �´¥·£¨¨ ¢μ§¡Ê¦¤¥´´ÒÌ Ê·μ¢´¥° 9Be
Ê± § ´Ò ´  ·¨¸. 4.
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�·μ¢¥¤¥´μ ±¨´¥³ É¨Î¥¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ·¥ ±Í¨° 9Be(α, α′α)X ¨
9Be(α, α′n)X ¤²Ö · §²¨Î´ÒÌ ¢μ§¡Ê¦¤¥´´ÒÌ Ê·μ¢´¥° ¨ · §²¨Î´ÒÌ ± ´ ²μ¢
· §¢ ²  Ö¤·  9Be. �¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¶μ± §Ò¢ ÕÉ, ÎÉμ ·¥£¨¸É· Í¨Ö
· ¸¸¥Ö´´μ°  ²ÓË -Î ¸É¨ÍÒ ¢ ¸μ¢¶ ¤¥´¨¨ ¸ Î ¸É¨Í¥° μÉ · §¢ ²  μ¶·¥¤¥²¥´-
´μ£μ ¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö 9Be ¶μ§¢μ²¨É μ¶·¥¤¥²¨ÉÓ ¢±² ¤ · §²¨Î´ÒÌ
±² ¸É¥·´ÒÌ ±μ´Ë¨£Ê· Í¨° ¢ ¸É·Ê±ÉÊ·Ê ÔÉ¨Ì ¸μ¸ÉμÖ´¨°. � Î Éμ ¨¸¸²¥¤μ¢ ´¨¥
±² ¸É¥·´μ° ¸É·Ê±ÉÊ·Ò 9Be ¢ ¨´±²Õ§¨¢´μ³ ¨ Ô±¸±²Õ§¨¢´μ³ Ô±¸¶¥·¨³¥´É Ì ´ 
¶ÊÎ±¥ ¤¥°É·μ´μ¢ �ˆˆŸ” Œƒ“. �μ²ÊÎ¥´Ò ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ¤ ´´Ò¥ μ¡ Ô´¥·-
£¥É¨Î¥¸±¨Ì ¸¶¥±É· Ì ¨ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨ÖÌ · ¸¸¥Ö´¨Ö d−9Be ¤²Ö
´¥±μÉμ·ÒÌ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨°.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ ¢ · ³± Ì ´ ÊÎ´μ£μ
¶·μ¥±É  º18-32-00944.
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