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ˆ³¶Ê²Ó¸´μ¥ · ¸¶·¥¤¥²¥´¨¥ Ö¤¥· 4	¥ ¨§ · §¢ ²  6	¥ ¨ 6Li

�·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´Ò¥ ¨³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö
4	¥, ¶μ²ÊÎ¥´´Ò¥ ¨§ · §¢ ²  6	¥ ¨ 6Li ´  · §²¨Î´ÒÌ Ö¤· Ì ³¨Ï¥´¨ ¢ Ï¨·μ±μ³
¤¨ ¶ §μ´¥ Ô´¥·£¨¨. �±¸¶¥·¨³¥´É ¶μ ¨§ÊÎ¥´¨Õ 6	¥ ¶·μ¢μ¤¨²¸Ö ´  Ê¸±μ·¨É¥²Ó-
´μ³ ±μ³¶²¥±¸¥ DRIBs �ˆŸˆ. ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  6	¥ ¸μ¸É ¢²Ö²  5·106 ¸−1,
Ô´¥·£¨Ö 10 ŒÔ‚/�. ˆ³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶·μ¤Ê±Éμ¢ · §¢ ²  ¨§³¥·Ö²¨¸Ó ¸
¶μ³μÐÓÕ ³ £´¨É´μ£μ ¸¶¥±É·μ³¥É·  Œ‘�-144. �μ± § ´μ, ÎÉμ Ï¨·¨´  · ¸¶·¥¤¥-
²¥´¨° ´¥ § ¢¨¸¨É μÉ ³¨Ï¥´¨,   ¥¥ ³ ²μ¥ §´ Î¥´¨¥ σ ∼ 28 ŒÔ‚/¸ ¶μ¤É¢¥·¦¤ ¥É
´ ²¨Î¨¥ £ ²μ Ê 6	¥. �±¸¶¥·¨³¥´É ¶μ ¨§ÊÎ¥´¨Õ 6Li ¶·μ¢μ¤¨²¸Ö ´  Ê¸±μ·¨É¥²¥
“-400Œ ¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  18 ¨ 46 ŒÔ‚/�. �μ²ÊÎ¥´  ¶·μ³¥¦ÊÉμÎ´ Ö Ï¨·¨´ 
¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨° σ ∼ 50 ŒÔ‚/¸ Å Ï¨·¥, Î¥³ Ê 6	¥, ´μ 
Ê¦¥, Î¥³ ¢
¸²ÊÎ ¥ μ¡ÒÎ´ÒÌ Ö¤¥·. ‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´  ¸¨¸É¥³ É¨±  Ï¨·¨´ ¨³¶Ê²Ó¸´ÒÌ
· ¸¶·¥¤¥²¥´¨° Ë· £³¥´Éμ¢ · §¢ ²  · §²¨Î´ÒÌ Ö¤¥· ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨
¸¢Ö§¨ μ¤´μ£μ ¨²¨ ¤¢ÊÌ ´¥°É·μ´μ¢ ¢ ÔÉ¨Ì Ö¤· Ì,   É ±¦¥ μÉ ³ ¸¸Ò ³¨Ï¥´¨ ¨
Ô´¥·£¨¨ ¨μ´μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. 	.”²¥·μ¢  �ˆŸˆ.
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Kalpakchieva R. et al. P7-2006-10
Momentum Distributions of 4	¥ Nuclei from the Breakup of 6	¥ and 6Li

Experimental momentum distributions are presented for 	¥ fragments from the
breakup of 6	¥ and 6Li beams on different target nuclei in   wide energy range.
The experiment with 6He was carried out at the accelerator complex for radioactive
beams (DRIBs) at JINR. The beam intensity was 5·106 pps, the energy 10 MeV/�.
The momentum distributions were measured with the magnetic spectrometer MSP-
144. It has been shown that the distribution width practically does not depend on
the target. Its small value, σ ∼ 28 MeV/c, conˇrms the presence of   halo in 6	¥.
The measurements with the 6Li beam were performed at the U400M accelerator at
18 and 46 MeV/�. � value of σ ∼ 50 MeV/c, intermediate between that for 6	¥
and ordinary stable nuclei, was obtained for the width of the momentum distribution
of the 4	¥ fragments. � compilation is made of momentum distribution widths as  
function of nucleon separation energy, target mass and projectile energy.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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‘ ¶μÖ¢²¥´¨¥³ ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¸É ²μ ¢μ§³μ¦´Ò³ ¢
·¥ ±Í¨ÖÌ Ë· £³¥´É Í¨¨ Ö¤¥· ¶¥·¢¨Î´μ£μ ¶ÊÎ±  Ëμ·³¨·μ¢ ÉÓ ¨ ¨¸¶μ²Ó§μ¢ ÉÓ
¢ Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´É Ì ¢Éμ·¨Î´Ò¥ ¶ÊÎ±¨ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥·. �Éμ ´ -
¶· ¢²¥´¨¥ Ö¤¥·´μ° Ë¨§¨±¨ · §¢¨¢ ¥É¸Ö Ê¦¥ ¡μ²¥¥ 15 ²¥É ¨ ¶μ± § ²μ, ÎÉμ
Ö¢²Ö¥É¸Ö ¶¥·¸¶¥±É¨¢´Ò³ ¤²Ö ¨§ÊÎ¥´¨Ö Ô±§μÉ¨Î¥¸±¨Ì Ö¤¥·. ‚ ·¥ ±Í¨ÖÌ ¸ · -
¤¨μ ±É¨¢´Ò³¨ Ö¤· ³¨ ³μ¦´μ ¨§ÊÎ ÉÓ ± ± ³¥Ì ´¨§³ ·¥ ±Í¨°, ¢Ò§¢ ´´ÒÌ ¨³¨,
É ± ¨ ¨Ì ¸É·Ê±ÉÊ·Ê. 	μ¢ Ö ¨´Ëμ·³ Í¨Ö μ ¸É·Ê±ÉÊ·¥ Ö¤¥· ¡Ò²  ¶μ²ÊÎ¥´  ¶ÊÉ¥³
¨§³¥·¥´¨Ö É ±¨Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¢¥²¨Î¨´, ± ± ¸¥Î¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö,
¨³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¨ ±μ··¥²ÖÍ¨¨ ³¥¦¤Ê ¶·μ¤Ê±É ³¨ · §¢ ²  ¨¸¸²¥¤Ê-
¥³ÒÌ Ö¤¥·. ‚ ·¥§Ê²ÓÉ É¥ É ±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¡Ò²¨ ¸¤¥² ´Ò ¢ ¦´Ò¥ μÉ±·Ò-
É¨Ö, ´ ¶·¨³¥·, μ¡´ ·Ê¦¥´¨¥ ´¥°É·μ´´μ£μ £ ²μ ¢ 11Li ¨ 11,14‚¥ [1, 2], ¸¨´É¥§
´μ¢ÒÌ ¸Ê¶¥·´¥°É·μ´μ¨§¡ÒÉμÎ´ÒÌ Ö¤¥· (10He, 7H [3] ¨ ¤·.). ‚ · ¡μÉ¥ [4]
¤²Ö Ö¤¥· 3	¥, 4He, 6	¥ ¨ 8	¥ ´  μ¸´μ¢ ´¨¨ ¨§³¥·¥´´ÒÌ ¸¥Î¥´¨° ¢§ ¨³μ¤¥°-
¸É¢¨Ö ¡Ò²¨ μ¶·¥¤¥²¥´Ò ¸·¥¤´¥±¢ ¤· É¨Î´Ò¥ · ¤¨Ê¸Ò · ¸¶·¥¤¥²¥´¨Ö ´Ê±²μ´μ¢
¢ ÔÉ¨Ì Ö¤· Ì ¨ μ¡´ ·Ê¦¥´μ ¡μ²ÓÏ¥¥ Ê¢¥²¨Î¥´¨¥ · ¤¨Ê¸μ¢, Î¥³ ÔÉμ μ¦¨¤ ²μ¸Ó ¢
¸μμÉ¢¥É¸É¢¨¨ ¸μ ¸É ´¤ ·É´Ò³ ¶·¨· Ð¥´¨¥³ · ¤¨Ê¸  ¶μ ¸¨¸É¥³ É¨±¥ (∼ A1/3).
�Éμ ¶μ§¢μ²¨²μ · ¸¸³ É·¨¢ ÉÓ 6	¥ ¨ 8	¥ ± ± £ ²μ¨¤ ²Ó´Ò¥ Ö¤· . 6	¥ Å ÔÉμ
¸ ³μ¥ ²¥£±μ¥ Ö¤·μ ¸ £ ²μ, ¸μ¸ÉμÖÐ¥¥ ¨§ ±μ·  (α-Î ¸É¨ÍÒ) ¶²Õ¸ ¤¢  ¢ ²¥´É´ÒÌ
´¥°É·μ´  (¶μ·μ£ · §¢ ²  6	¥ →4	¥ + n+n · ¢¥´ E¶μ· = 0,973 ŒÔ‚). 	Ê¦´μ
§ ³¥É¨ÉÓ, ÎÉμ ¶μ²ÊÎ¥´¨¥ ÉμÎ´ÒÌ §´ Î¥´¨° · ¤¨Ê¸μ¢ Ö¢²Ö¥É¸Ö ¢ ¦´μ° § ¤ Î¥°,
¶μ¸±μ²Ó±Ê ¨´Ëμ·³ Í¨Ö μ ¢¥²¨Î¨´¥ · ¤¨Ê¸  ´¥μ¡Ìμ¤¨³  ¶·¨ ¸μ§¤ ´¨¨ É¥μ-
·¥É¨Î¥¸±¨Ì ³μ¤¥²¥° ¤²Ö μ¶¨¸ ´¨Ö Ö¤¥· ¸ £ ²μ. ‚ ¶·¨´Í¨¶¥, ¨´Ëμ·³ Í¨Õ μ
· §³¥·¥ Ô±§μÉ¨Î¥¸±μ£μ Ö¤·  ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨°
¶·μ¤Ê±Éμ¢ (Ö¤· -±μ·  ¨ ¢ ²¥´É´ÒÌ ´¥°É·μ´μ¢), μ¡· §μ¢ ¢Ï¨Ì¸Ö ¶·¨ · §¢ ²¥
ÔÉμ£μ Ö¤· .

„¢  ´¥°É·μ´  ¢ Ö¤·¥ 6He ¤μ¸É ÉμÎ´μ Ê¤ ²¥´Ò μÉ ±μ·  4He ¨ ´ Ìμ¤ÖÉ¸Ö
´  ¢´¥Ï´¥° μ¡μ²μÎ±¥. Šμ· 4He ¨ ´¥°É·μ´Ò ¸μ¢¥·Ï ÕÉ ±μ²¥¡ É¥²Ó´Ò¥ ¤¢¨-
¦¥´¨Ö ¢´ÊÉ·¨ Ö¤¥·´μ° ¸¨¸É¥³Ò 6He ¢ ¶μ²¥ ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨². …¸²¨ ÔÉ¨
¸¨²Ò ¡Ê¤ÊÉ ³¥´ÓÏ¥, Éμ ¨ Î ¸ÉμÉ  ±μ²¥¡ ´¨° ¡Ê¤¥É ´¨¦¥,    ³¶²¨ÉÊ¤  (· ¤¨Ê¸)
¡μ²ÓÏ¥, ¨ ¨³¶Ê²Ó¸´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ²ÊÎ¨É¸Ö 
Ê¦¥, Î¥³ ¤²Ö μ¡ÒÎ´ÒÌ Ö¤¥·.
…¸²¨ Ê 6He ¤μ¸É ÉμÎ´μ ¡Ò¸É·μ μÉμ·¢ ÉÓ ¤¢  ´¥°É·μ´ , Éμ ±μ· 4He ¡Ê¤¥É ¶·μ-
¤μ²¦ ÉÓ ¤¢¨£ ÉÓ¸Ö É ± ¦¥, ± ± μ´ ¤¢¨£ ²¸Ö ¢´ÊÉ·¨ Ö¤¥·´μ° ¸¨¸É¥³Ò. ˆ§³¥·ÖÖ
¥£μ ¨³¶Ê²Ó¸´μ¥ · ¸¶·¥¤¥²¥´¨¥, ³Ò ¶μ²ÊÎ ¥³ ¨´Ëμ·³ Í¨Õ μ ¸É·Ê±ÉÊ·¥ 6He.
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ˆ§³¥·¥´¨Õ ¨³¶Ê²Ó¸´μ£μ · ¸¶·¥¤¥²¥´¨Ö Ë· £³¥´Éμ¢ ¶·¨ · §¢ ²¥ · §²¨Î-
´ÒÌ ²¥£±¨Ì Ô±§μÉ¨Î¥¸±¨Ì Ö¤¥·, ¢ Éμ³ Î¨¸²¥ 6,8	¥, 11Li, 11,14‚¥ ¨ ¤·., ¶μ-
¸¢ÖÐ¥´μ ³´μ£μ · ¡μÉ. ‚ · ¡μÉ¥ [2] ¢¶¥·¢Ò¥ ¡Ò²μ ¨§³¥·¥´μ · ¸¶·¥¤¥²¥´¨¥
¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  9Li ¶·¨ Ë· £³¥´É Í¨¨ 11Li. �´μ μ± § ²μ¸Ó ¸μ¸ÉμÖÐ¨³
¨§ ¤¢ÊÌ ±μ³¶μ´¥´É: Ï¨·μ±μ°, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° §´ Î¥´¨Ö³ ¤²Ö Ë· £³¥´É -
Í¨¨ μ¡ÒÎ´ÒÌ Ö¤¥·, ¨ Ê§±μ° (
Ê¦¥, Î¥³ ¶·¥¤¶μ² £ ²μ¸Ó ¢ ³μ¤¥²¨ ƒμ²Ó¤Ì ¡¥· 
[5]). ‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶·¨´Í¨¶μ³ ´¥μ¶·¥¤¥²¥´´μ¸É¨ ƒ¥°§¥´¡¥·£  ¡Ò² ¸¤¥-
² ´ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ³ ²μ¥ §´ Î¥´¨¥ Ï¨·¨´Ò · ¸¶·¥¤¥²¥´¨Ö Ê± §Ò¢ ¥É ´ 
Éμ, ÎÉμ Ê¤ ²¥´´Ò¥ ¢ ²¥´É´Ò¥ ´¥°É·μ´Ò μ¡² ¤ ÕÉ ³ ²μ° ¨³¶Ê²Ó¸´μ° Ë²Ê±ÉÊ-
 Í¨¥°, ±μÉμ· Ö ¸¢Ö§ ´  ¸ ¶·μÉÖ¦¥´´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ¸É¨ ´¥°É·μ´μ¢
¢ £ ²μ. ’ ±¨³ μ¡· §μ³, ¡μ²ÓÏμ° · ¤¨Ê¸ ¨ Ê§±μ¥ ¨³¶Ê²Ó¸´μ¥ · ¸¶·¥¤¥²¥´¨¥
¡Ò²¨ ¶¥·¢Ò³¨ ¶·¨§´ ± ³¨ ¸ÊÐ¥¸É¢μ¢ ´¨Ö ´¥°É·μ´´μ£μ £ ²μ ¢ Ö¤· Ì ¢¡²¨§¨
£· ´¨ÍÒ ¸É ¡¨²Ó´μ¸É¨.

”· £³¥´É Í¨Ö Ö¤¥· ¶ÊÎ±  6	¥ ¶·¨ Ô´¥·£¨ÖÌ μ±μ²μ 400 ¨ 800 ŒÔ‚/�
¨§ÊÎ ² ¸Ó ¢ · ¡μÉ Ì [2, 6, 7], ¢ ±μÉμ·ÒÌ ¡Ò²¨ ¨§³¥·¥´Ò ¨³¶Ê²Ó¸´Ò¥ · ¸-
¶·¥¤¥²¥´¨Ö ± ± Ö¤¥· 4	¥, É ± ¨ ´¥°É·μ´μ¢ ¨§ · §¢ ²  6	¥ ´  ³¨Ï¥´ÖÌ ¨§
Ê£²¥·μ¤  ¨ ¸¢¨´Í . �Ò²μ ¶μ± § ´μ, ÎÉμ ¶μ¸²¥¤μ¢ É¥²Ó´Ò° · §¢ ² 6	¥ ´  4	¥
Î¥·¥§ ¶·μ³¥¦ÊÉμÎ´Ò° ·¥§μ´ ´¸ 5	¥ Ö¢²Ö¥É¸Ö ¤μ³¨´¨·ÊÕÐ¨³ ³¥Ì ´¨§³μ³ ¶·¨
Ë· £³¥´É Í¨¨ 6	¥. ‚ · ¡μÉ¥ [8] ²ÊÎÏ¥¥ μ¶¨¸ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ
¡Ò²μ ¶μ²ÊÎ¥´μ ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ ¨³¥¥É ³¥¸Éμ ³¥Ì ´¨§³ ¢§ ¨³μ¤¥°¸É¢¨Ö
μ¤´μ£μ ´¥°É·μ´  ¸ Ö¤·μ³ ³¨Ï¥´¨,   É ±¦¥ α-n-¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ±μ´¥Î´μ³
¸μ¸ÉμÖ´¨¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ ·¥§μ´ ´¸Ê 5	¥g.s.

ˆ§ÊÎ¥´¨¥ ¸É·Ê±ÉÊ·Ò 6He ¸ ¶μ³μÐÓÕ ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨° Ö¤· -
±μ·  4He ¨²¨ ´¥°É·μ´μ¢ ¶·μ¢μ¤¨²μ¸Ó · §²¨Î´Ò³¨ ´ ÊÎ´Ò³¨ £·Ê¶¶ ³¨. �´¥·-
£¨Ö ¢Éμ·¨Î´ÒÌ ¶ÊÎ±μ¢ 6He, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ÔÉ¨Ì Ô±¸¶¥·¨³¥´É Ì, ¸μ¸É ¢²Ö² 
μÉ 24 ¤μ 800 ŒÔ‚/�. ‚ ± Î¥¸É¢¥ ³¨Ï¥´¥° ¨¸¶μ²Ó§μ¢ ²¨¸Ó 	, ‘, Al, Cu, Sn,
Au, Pb ¨ U [2, 6, 7, 9Ä14]. �·¨³¥´¥´¨¥ ²¥£±¨Ì ¨ ÉÖ¦¥²ÒÌ ³¨Ï¥´¥° ¶μ§¢μ²¨²μ
¸· ¢´¨ÉÓ ¢±² ¤ ±Ê²μ´μ¢¸±μ° ¨ Ö¤¥·´μ° ¤¨¸¸μÍ¨ Í¨¨. �μ²ÓÏ Ö Î ¸ÉÓ Ô±¸¶¥-
·¨³¥´Éμ¢ ¶μ± § ² , ÎÉμ Ï¨·¨´  ¨³¶Ê²Ó¸´μ£μ · ¸¶·¥¤¥²¥´¨Ö (σ Å ¶ · ³¥É·
£ Ê¸¸μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö) ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É μÉ ³¨Ï¥´¨ ¨²¨ Ô´¥·£¨¨
¶ÊÎ±  ¨ ¨³¥¥É §´ Î¥´¨¥ μ±μ²μ 32Ä44 ŒÔ‚/¸, ÎÉμ § ³¥É´μ ³¥´ÓÏ¥, Î¥³ ¤²Ö
μ¡ÒÎ´ÒÌ Ö¤¥· (∼100 ŒÔ‚/¸). �· ±É¨Î¥¸±¨ ¢μ ¢¸¥Ì ¸²ÊÎ ÖÌ Ï¨·¨´Ò · ¸¶·¥-
¤¥²¥´¨° ´¥°É·μ´μ¢ μ± § ²¨¸Ó ´¥¸±μ²Ó±μ 
Ê¦¥, Î¥³ Ï¨·¨´Ò ¤²Ö 4	¥. ‘¨²Ó´μ
· §²¨Î ²¨¸Ó ²¨ÏÓ Ï¨·¨´Ò ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨° (65 ¨ 56 ŒÔ‚/¸) ¤²Ö
³¨Ï¥´¨ 12‘ ¶·¨ Ô´¥·£¨ÖÌ 240 ¨ 790 ŒÔ‚/� ¸μμÉ¢¥É¸É¢¥´´μ [2, 13]. 	¥-
μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¢ ÔÉ¨Ì Ô±¸¶¥·¨³¥´É Ì ¨¸¶μ²Ó§μ¢ ²¸Ö ¶ÊÎμ± 6He c
μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏ¨³ Ô´¥·£¥É¨Î¥¸±¨³ · §¡·μ¸μ³ (¤μ 6 %),   É ±¦¥ ´¨§±¨³
Ô³¨ÉÉ ´¸μ³ [15].

�É¨ ·¥§Ê²ÓÉ ÉÒ, ¸¢Ö§ ´´Ò¥ ¸ ³¥Ì ´¨§³μ³ ¢§ ¨³μ¤¥°¸É¢¨Ö Ô±§μÉ¨Î¥¸±¨Ì
Ö¤¥·, Ö¢²ÖÕÉ¸Ö Î·¥§¢ÒÎ °´μ ¢ ¦´Ò³¨ ¤²Ö ¶μ´¨³ ´¨Ö ¨Ì ¸É·Ê±ÉÊ·Ò,   É ±¦¥
¤²Ö ¨Ì ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ. �μÔÉμ³Ê ¶μ¤μ¡´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ
²¥£²¨ ¢ μ¸´μ¢Ê Ë¨§¨Î¥¸±¨Ì μ¡μ¸´μ¢ ´¨° ¶·μ¥±Éμ¢ Ê¸±μ·¨É¥²Ó´ÒÌ ±μ³¶²¥±¸μ¢
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· ¤¨μ ±É¨¢´ÒÌ ¶ÊÎ±μ¢, ¢ Éμ³ Î¨¸²¥ ¨ ¤²Ö DRIBs ¢ „Ê¡´¥ [16]. ‚ ¸¢Ö§¨
¸ ÔÉ¨³ ´ ³ ¶·¥¤¸É ¢²Ö²μ¸Ó ¨´É¥·¥¸´Ò³ ¶·μ¢¥¸É¨ ¨§³¥·¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö
¨³¶Ê²Ó¸  Ë· £³¥´Éμ¢ μÉ · §¢ ²  6	¥ ¶·¨ Ô´¥·£¨ÖÌ ´¨¦¥ 20 ŒÔ‚/�, £¤¥ ·μ²Ó
±μ´±Ê·¨·ÊÕÐ¨Ì ¶·μÍ¥¸¸μ¢ ¡Ê¤¥É §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö Ï¨·¨´ · ¸¶·¥-
¤¥²¥´¨Ö ¶·μ¤μ²Ó´μ£μ ¨³¶Ê²Ó¸  ÉÖ¦¥²μ£μ Ë· £³¥´É  (4He) ¶·¨ · §¢ ²¥ 6	¥,
¶μ²ÊÎ¥´´μ£μ ´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ · ¤¨μ ±É¨¢´ÒÌ ¶ÊÎ±μ¢ DRIBs [16]
¢ ‹Ÿ� �ˆŸˆ ¶·¨ Ô´¥·£¨¨ 12 ŒÔ‚/A.

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ Œ…’�„ˆŠ�

‡ ¶Ê¸± Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  · ¤¨μ ±É¨¢´ÒÌ ¶ÊÎ±μ¢ DRIBs ¢ ±μ´Í¥
2004 £. ¶μ§¢μ²¨² ¶μ²ÊÎ¨ÉÓ ¶ÊÎ±¨ 6	¥ ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ 5·106 ¸−1 ¨ ¸ Ìμ-
·μÏ¨³ Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³ (∼1 %). �´¥·£¨Ö ¶ÊÎ±  6He ¸μ¸É ¢²Ö² 
E = 60,3±0,4 ŒÔ‚. Œ¥Éμ¤ ¶μ²ÊÎ¥´¨Ö ¶ÊÎ±  ¶μ¤·μ¡´μ μ¶¨¸ ´ ¢ · ¡μÉ¥ [17].
�¶É¨³¨§ Í¨Ö ·¥¦¨³  Ê¸±μ·¥´¨Ö ¨ É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  ¶μ§¢μ²¨² , ¡¥§ ¤μ-
¶μ²´¨É¥²Ó´μ° ±μ²²¨³ Í¨¨, ¶μ²ÊÎ¨ÉÓ ¶ÊÎμ± ´  Ë¨§¨Î¥¸±μ° ³¨Ï¥´¨ · §³¥·μ³
7×8 ³³. �´¥·£¨Ö ¶ÊÎ±  6	¥ ¨§³¥·Ö² ¸Ó ¸ ¶μ³μÐÓÕ ³ £´¨É´μ£μ ¸¶¥±É·μ³¥É· 
Œ‘�-144 [18] (·¨¸. 1).

�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ¸ ³ £´¨É´Ò³ ¸¶¥±É·μ³¥É·μ³ Œ‘�-144.
�¡μ§´ Î¥´¨Ö ¤²Ö Ëμ± ²Ó´μ£μ ¤¥É¥±Éμ· : Š Å ± Éμ¤, ‘” Å ¸¥É±  ”·¨Ï . ΔE1, ΔE2,
ΔE3 ¨ ΔE4 Å Ô²¥±É·μ¤Ò  ´μ¤ , E Å ¸Í¨´É¨²²ÖÍ¨μ´´Ò° ¤¥É¥±Éμ·. ��‘1 ¨ ��‘2 Å
¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ ¸Î¥ÉÎ¨±¨

ˆ§³¥·¥´¨Ö ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨° 4He, ¶μ²ÊÎ¥´´μ£μ ¨§ · §¢ ²  6He
¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸ Ö¤· ³¨ §μ²μÉ  ¨ Ê£²¥·μ¤ , ¶·μ¢μ¤¨²¨¸Ó c ¶μ³μÐÓÕ
³ £´¨É´μ£μ ¸¶¥±É·μ³¥É·  Œ‘�-144 (·¨¸. 1). �±¸¶¥·¨³¥´É ¶·μ¢μ¤¨²¸Ö ¶μ¤
Ê£²μ³ 0◦.

‚ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ³ £´¨É  · ¸¶μ² £ ²¸Ö Ëμ± ²Ó´Ò° ¤¥É¥±Éμ· Å
¨μ´¨§ Í¨μ´´ Ö ± ³¥·  ¸ ¸¥£³¥´É¨·μ¢ ´´Ò³  ´μ¤μ³ ¨ ¤¢Ê³Ö μ¤´μ¶·μ¢μ²μÎ-
´Ò³¨ ¶·μ¶μ·Í¨μ´ ²Ó´Ò³¨ ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´Ò³¨ ¸Î¥ÉÎ¨± ³¨ (��‘1,

3



��‘2) ¤²Ö ¨§³¥·¥´¨Ö ³¥¸É  ¶μ¶ ¤ ´¨Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í ´  Ëμ± ²Ó´ÊÕ
¶²μ¸±μ¸ÉÓ. ‡  ¨μ´¨§ Í¨μ´´μ° ± ³¥·μ° ¡Ò² · ¸¶μ²μ¦¥´ ¸Í¨´É¨²²ÖÍ¨μ´´Ò°
¤¥É¥±Éμ· ¤²Ö ·¥£¨¸É· Í¨¨ ¤²¨´´μ¶·μ¡¥¦´ÒÌ Î ¸É¨Í.

Œ¥¸Éμ ¶μ¶ ¤ ´¨Ö ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨ ´  Ëμ± ²Ó´ÊÕ ¶²μ¸±μ¸ÉÓ ¨§³¥·Ö²μ¸Ó
¶¥·¢Ò³ ¶·μ¶μ·Í¨μ´ ²Ó´Ò³ ¸Î¥ÉÎ¨±μ³ ��‘1 ¨ μ¶·¥¤¥²Ö²μ¸Ó ¸ ÉμÎ´μ¸ÉÓÕ ´¥
ÌÊ¦¥ 0,7 ³³. �μ§¨Í¨Ö μ¶·¥¤¥²Ö² ¸Ó ³¥Éμ¤μ³ ¤¥²¥´¨Ö § ·Ö¤ , ¸μ¡¨· ¥³μ£μ
´  ´¨É¨. ˆ¤¥´É¨Ë¨± Í¨Ö Ö¤¥· ¶·μ¢μ¤¨² ¸Ó ¸ ¶μ³μÐÓÕ ΔE-E-³¥Éμ¤ . ‡´ Ö
¶μ§¨Í¨Õ ¶μ¶ ¤ ´¨Ö Î ¸É¨ÍÒ (x) ¨ ³ £´¨É´μ¥ ¶μ²¥ (B), ¸ ¶μ³μÐÓÕ Ëμ·³Ê²

E = k (B x)2
Z2

A
, P =

√
2 E A · 940 (1)

³Ò ¢ÒÎ¨¸²Ö²¨ ¨³¶Ê²Ó¸.
Œ £´¨É´μ¥ ¶μ²¥ ¢ ¸¶¥±É·μ³¥É·¥ μ¶·¥¤¥²Ö²μ¸Ó ³¥Éμ¤μ³ Ö¤¥·´μ£μ ³ £´¨É-

´μ£μ ·¥§μ´ ´¸  (ŸŒ�). CÉ ¡¨²¨§ Í¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¡Ò²  ²ÊÎÏ¥ 10−4. ‘
¶μ³μÐÓÕ ¸± ´¨·μ¢ ´¨Ö ¶μ ³ £´¨É´μ³Ê ¶μ²Õ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¨³¶Ê²Ó¸´Ò¥ · ¸-
¶·¥¤¥²¥´¨Ö 4	¥ μÉ · §¢ ²  6He ¶·¨ Ô´¥·£¨¨ 60 ŒÔ‚.

�μ¸±μ²Ó±Ê ¶·¥¤¸É ¢²Ö¥É¸Ö ¨´É¥·¥¸´Ò³ ¸· ¢´¨ÉÓ Ö¤·μ 6He ¸ ¥£μ ¨§μ¡ ·μ³
6Li, ¨§ÊÎ ²¨¸Ó É ±¦¥ ¨³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö Ë· £³¥´É  4He, ¶μ²ÊÎ¥´-
´μ£μ ¨§ · §¢ ²  6Li. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¸ ¶μ³μÐÓÕ ¤¢ÊÌ ³¥Éμ¤¨±. ‚
¶¥·¢μ³ ¸²ÊÎ ¥ ¶ÊÎμ± 6Li ¶·μÌμ¤¨² Î¥·¥§ ³´μ£μ¸²μ°´Ò° ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò°
É¥²¥¸±μ¶, ·μ²Ó ³¨Ï¥´¨ ¢ ±μÉμ·μ³ ¨£· ² μ¤¨´ ¨§ ¶μ²Ê¶·μ¢μ¤´¨±μ¢ÒÌ ¤¥É¥±-
Éμ·μ¢. ˆ¤¥´É¨Ë¨Í¨·μ¢ ¢ ¸ ¶μ³μÐÓÕ ΔE-E-³¥Éμ¤  ¶·μÌμ¦¤¥´¨¥ 6Li ¤μ ³¨-
Ï¥´¨ ¨ μ¡´ ·Ê¦¨¢ ´  ¢ÒÌμ¤¥ 4He, ³Ò μ¶·¥¤¥²Ö²¨ ¨³¶Ê²Ó¸´μ¥ · ¸¶·¥¤¥²¥´¨¥
4He. �´¥·£¨Ö 6Li ¢ ÔÉμ³ Ô±¸¶¥·¨³¥´É¥ ¡Ò²  109 ŒÔ‚. ‚μ ¢Éμ·μ³ ¸²ÊÎ ¥
¡Ò² ¨¸¶μ²Ó§μ¢ ´ ³ £´¨É´Ò°  ´ ²¨§. �Éμ ¨§³¥·¥´¨¥ ¶·μ¢μ¤¨²μ¸Ó ¶·¨ Ô´¥·£¨¨
46 ŒÔ‚/�.

2. �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’› ˆ ˆ• ���‹ˆ‡

„²Ö ¨§³¥·¥´¨Ö ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶·μ¤Ê±Éμ¢ · §¢ ²  6He ¨¸¶μ²Ó-
§μ¢ ²¨¸Ó ¤¢¥ ³¨Ï¥´¨, ÉÖ¦¥² Ö (§μ²μÉμ) ¨ ²¥£± Ö (Ê£²¥·μ¤). Œ¨Ï¥´¨ ¢Ò¡¨· -
²¨¸Ó ¨¸Ìμ¤Ö ¨§ Éμ£μ, ÎÉμ ³¥Ì ´¨§³ · §¢ ²  · §²¨Î ¥É¸Ö Å ´  ÉÖ¦¥²ÒÌ Ö¤· Ì
μ´ ¶·μ¨¸Ìμ¤¨É ¢ μ¸´μ¢´μ³ ¶μ¤ ¤¥°¸É¢¨¥³ ±Ê²μ´μ¢¸±¨Ì ¸¨²,   ´  ²¥£±¨Ì Å
¶μ¤ ¤¥°¸É¢¨¥³ Ö¤¥·´ÒÌ. ‚ ·¥§Ê²ÓÉ É¥ Ô±¸¶¥·¨³¥´É  ¡Ò²¨ ¨§³¥·¥´Ò · ¸¶·¥-
¤¥²¥´¨Ö ¶ · ²²¥²Ó´μ° ¸μ¸É ¢²ÖÕÐ¥° ¨³¶Ê²Ó¸  4He, ¶μ²ÊÎ¥´´μ£μ ¶·¨ · §¢ ²¥
6He ´  Ö¤· Ì §μ²μÉ  ¨ Ê£²¥·μ¤ . ˆ§³¥·¥´¨¥ ¶·μ¤μ²Ó´μ£μ ¨³¶Ê²Ó¸  ¢ ¸²Ê-
Î ¥ ÉÖ¦¥²μ° ³¨Ï¥´¨ ¨¸±²ÕÎ ¥É ¢±² ¤ μÉ ±Ê²μ´μ¢¸±μ£μ μÉ±²μ´¥´¨Ö, ± ± ÔÉμ
¨³¥¥É ³¥¸Éμ ¶·¨ ¨§³¥·¥´¨¨ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ , É ± ± ± ¶·μ¤μ²Ó´Ò° ¨³-
¶Ê²Ó¸ ´¥ ÎÊ¢¸É¢¨É¥²¥´ ± ¤¨Ë· ±Í¨μ´´μ³Ê ÊÏ¨·¥´¨Õ ¨ μÉ· ¦ ¥É ²¨ÏÓ ¸¢Ö§Ó
Ë· £³¥´É  ¢ Ö¤·¥ [19]. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2 ¨ 3.
�μ²ÊÎ¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö μ¶¨¸Ò¢ ²¨¸Ó ËÊ´±Í¨Ö³¨ ƒ Ê¸¸ . Š ± ¢¨¤´μ ¨§

4



�¨¸. 2. ˆ³¶Ê²Ó¸´μ¥ · ¸¶·¥¤¥²¥´¨¥ 4He, ¶μ²ÊÎ¥´´μ£μ ¨§ · §¢ ²  6He ´  Ö¤· Ì §μ²μÉ 
¶·¨ Ô´¥·£¨¨ 10 ŒÔ‚/�

�¨¸. 3. ˆ³¶Ê²Ó¸´μ¥ · ¸¶·¥¤¥²¥´¨¥ 4He, ¶μ²ÊÎ¥´´μ£μ ¨§ · §¢ ²  6He ´  Ö¤· Ì Ê£²¥·μ¤ 
¶·¨ Ô´¥·£¨¨ 10 ŒÔ‚/�

·¨¸Ê´±μ¢, ´ ¡²Õ¤ ÕÉ¸Ö Ê§±¨¥ ¨³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö (σ = 28Ä29 MÔ‚/¸).
…¸²¨ ¡Ò 6He ¡Ò² μ¡ÒÎ´Ò³, ´¥ £ ²μ¨¤ ²Ó´Ò³ Ö¤·μ³, Éμ ÔÉ  ¢¥²¨Î¨´  ¤μ²¦´ 
¸μ¸É ¢²ÖÉÓ μ±μ²μ 100 ŒÔ‚/¸ [5]. Œ ² Ö Ï¨·¨´  ¨³¶Ê²Ó¸´μ£μ · ¸¶·¥¤¥²¥-
´¨Ö ¶μ¤É¢¥·¦¤ ¥É Ô±§μÉ¨Î´μ¸ÉÓ Ö¤·  6He ¨ ´ ²¨Î¨¥ ¢ ´¥³ £ ²μ (¨²¨ ÏÊ¡Ò).
ŒÒ ¶μ¶ÒÉ ²¨¸Ó μÍ¥´¨ÉÓ ¢±² ¤ Ï¨·μ±μ° ±μ³¶μ´¥´ÉÒ ¢ ¸²ÊÎ ¥ · §¢ ²  6He
´  ³¨Ï¥´¨ Au. ‘ ÔÉμ° Í¥²ÓÕ · ¸¶·¥¤¥²¥´¨¥ · ¸±² ¤Ò¢ ²μ¸Ó ´  ¤¢¥ ±μ³-
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�¨¸. 4. ˜¨·¨´Ò ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨° 4He, ¶μ²ÊÎ¥´´μ£μ ¨§ · §¢ ²  6He:  ) ´ 
Ö¤· Ì Ê£²¥·μ¤ , §μ²μÉ  ¨ ¸¢¨´Í  ± ± ËÊ´±Í¨Ö Ô´¥·£¨¨ ´  ´Ê±²μ´; ¡) ¢ § ¢¨¸¨³μ¸É¨ μÉ
 Éμ³´μ£μ ´μ³¥·  ³¨Ï¥´¨ [2, 6, 9Ä11, 13, 14]. �, � Å ¤ ´´Ò¥ ´ ¸ÉμÖÐ¥° · ¡μÉÒ

¶μ´¥´ÉÒ. „²Ö Ï¨·μ±μ° ±μ³¶μ´¥´ÉÒ ¨¸¶μ²Ó§μ¢ ² ¸Ó Ë¨±¸¨·μ¢ ´´ Ö Ï¨·¨´ 
(σ = 100 ŒÔ‚/¸) ¨ ¶μ²μ¦¥´¨¥ Í¥´É· ,   ¢ ·Ó¨·μ¢ ² ¸Ó Éμ²Ó±μ  ³¶²¨ÉÊ¤ .
„²Ö Ê§±μ° ±μ³¶μ´¥´ÉÒ ¢ ·Ó¨·μ¢ ²¨¸Ó ¢¸¥ ¶ · ³¥É·Ò ËÊ´±Í¨¨ ƒ Ê¸¸ . �μ²Ê-
Î¨²μ¸Ó, ÎÉμ ¢±² ¤ Ï¨·μ±μ° ¨ Ê§±μ° ±μ³¶μ´¥´É ¶·¨¡²¨§¨É¥²Ó´μ μ¤¨´ ±μ¢, ÎÉμ
¸μ£² ¸Ê¥É¸Ö ¸ ¤ ´´Ò³¨ · ¡μÉÒ [6]. �¥§Ê²ÓÉ É ¶μ± § ´ ´  ·¨¸. 2. Œ¥¦¤Ê É¥³
´ ¡· ÉÓ Ìμ·μÏÊÕ ¸É É¨¸É¨±Ê ¶μ ¨³¶Ê²Ó¸´μ³Ê · ¸¶·¥¤¥²¥´¨Õ 4He, μ¡· §ÊÕ-
Ð¥£μ¸Ö ¨§ · §¢ ²  6He ´  12C, ´¥ Ê¤ ²μ¸Ó. �Éμ ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ É¥³, ÎÉμ
¸¥Î¥´¨¥ ¶·μÍ¥¸¸  · §¢ ²  ¶μ¤ ¤¥°¸É¢¨¥³ Ö¤¥·´ÒÌ ¸¨² §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥,
Î¥³ ¶μ¤ ¤¥°¸É¢¨¥³ ±Ê²μ´μ¢¸±¨Ì. ‚ ¤ ´´μ³ ¸²ÊÎ ¥ §´ Î¥´¨¥ Ï¨·¨´Ò μ¶·¥¤¥-
²¥´μ ¸ ¡μ²ÓÏ¥° μÏ¨¡±μ° (·¨¸. 3).
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	  ·¨¸. 4 ¶μ± § ´  ¸¨¸É¥³ É¨±  Ï¨·¨´ (σ) ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨°
Ë· £³¥´É  4He ± ± ¶·μ¤Ê±É  · §¢ ²  6	¥, ¶μ²ÊÎ¥´´ÒÌ ¢ · §²¨Î´ÒÌ · ¡μÉ Ì
´  · §´ÒÌ ³¨Ï¥´ÖÌ ¨ ¶·¨ · §´ÒÌ Ô´¥·£¨ÖÌ. ‚±²ÕÎ¥´Ò É ±¦¥ ·¥§Ê²ÓÉ ÉÒ ´ -
¸ÉμÖÐ¥° · ¡μÉÒ (�, �) Å μ´¨ ´ Ìμ¤ÖÉ¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ ¡μ²ÓÏ¨´¸É¢μ³
¨§¢¥¸É´ÒÌ ²¨É¥· ÉÊ·´ÒÌ ¤ ´´ÒÌ.

‚¨¤´μ É ±¦¥, ÎÉμ Ï¨·¨´  · ¸¶·¥¤¥²¥´¨Ö ¨³¶Ê²Ó¸  4	¥ ¸² ¡μ § ¢¨¸¨É μÉ
 Éμ³´μ£μ ´μ³¥·  ³¨Ï¥´¨ (¨¸±²ÕÎ¥´¨¥ ¸μ¸É ¢²ÖÕÉ · ¡μÉÒ [2, 13]). ’ ± Ö ¦¥
¸¨ÉÊ Í¨Ö ¨³¥²  ³¥¸Éμ ¨ ¶·¨ ¨§³¥·¥´¨¨ Ï¨·¨´ · ¸¶·¥¤¥²¥´¨Ö ¶·μ¤μ²Ó´μ£μ
¨³¶Ê²Ó¸  Ë· £³¥´Éμ¢ · §¢ ²  ¤·Ê£¨Ì ´¥°É·μ´μ¨§¡ÒÉμÎ´ÒÌ Ö¤¥· (¸³., ´ ¶·¨-
³¥·, · ¡μÉÊ [20]). ’ ±¨³ μ¡· §μ³, ³μ¦´μ ¶·¨°É¨ ± § ±²ÕÎ¥´¨Õ, ÎÉμ Ï¨·¨´ 
¨³¶Ê²Ó¸´μ£μ · ¸¶·¥¤¥²¥´¨Ö ³ ²μ μÉ²¨Î ¥É¸Ö ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸ ²¥£±¨³¨
¨ ÉÖ¦¥²Ò³¨ ³¨Ï¥´Ö³¨, É. ¥. ´¥ § ¢¨¸¨É μÉ  Éμ³´μ£μ ´μ³¥·  ³¨Ï¥´¨ ¨²¨, ÎÉμ
Éμ ¦¥ ¸ ³μ¥, μÉ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¢Ò§Ò¢ ÕÐ¥£μ · §¢ ². Š É ±μ³Ê ¦¥ ¢Ò¢μ¤Ê
³μ¦´μ ¶·¨°É¨ ¨ ¤²Ö Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¨³¶Ê²Ó¸´μ£μ · ¸¶·¥¤¥²¥´¨Ö.

ˆ³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö Ö¤¥· 4He, ¶μ²ÊÎ¥´´ÒÌ ¨§ · §¢ ²  6Li ´  ³¨-
Ï¥´ÖÌ ¨§ Si, Ta ¨ Be, ¨§ÊÎ ²¨¸Ó ¶·¨ Ô´¥·£¨ÖÌ 18 ¨ 46 MÔ‚/A. 	  ·¨¸. 5

�¨¸. 5. ˆ³¶Ê²Ó¸´μ¥ · ¸¶·¥¤¥²¥´¨¥ Ö¤·  4He, ¶μ²ÊÎ¥´´μ£μ ¨§ · §¢ ²  6Li ´  Ö¤· Ì
±·¥³´¨Ö ¶·¨ Ô´¥·£¨¨ 109 ŒÔ‚

¶μ± § ´Ò ¤ ´´Ò¥, ¶μ²ÊÎ¥´´Ò¥ ¸ ¶μ³μÐÓÕ ³¥Éμ¤¨±¨ ³´μ£μ¸²μ°´ÒÌ ¶μ²Ê¶·μ-
¢μ¤´¨±μ¢ÒÌ É¥²¥¸±μ¶μ¢,   ´  ·¨¸. 6 ¨ 7 Å ¸ ¶μ³μÐÓÕ ³ £´¨É´μ£μ  ´ ²¨§ .

ˆ§³¥·¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö · ¸±² ¤Ò¢ ²¨¸Ó ´  ËÊ´±Í¨¨ ƒ Ê¸¸ , ¨ ¤²Ö ¨Ì
Ï¨·¨´ ¡Ò²¨ ¶μ²ÊÎ¥´Ò §´ Î¥´¨Ö ¢ ¶·¥¤¥² Ì σ ∼ 46Ä55 ŒÔ‚/¸, ÎÉμ Ö¢²Ö¥É¸Ö
¶·μ³¥¦ÊÉμÎ´Ò³ §´ Î¥´¨¥³ ¶μ μÉ´μÏ¥´¨Õ ± Ï¨·¨´ ³ · ¸¶·¥¤¥²¥´¨° μÉ · §-
¢ ²  6	¥ ¨ μ¡ÒÎ´ÒÌ Ö¤¥·, ¶·¨Î¥³ ÔÉ  Ï¨·¨´  ³ ²μ § ¢¨¸¨É μÉ Ô´¥·£¨¨ ¶ÊÎ± 
¨ ³¥Éμ¤¨±¨ ¨§³¥·¥´¨Ö. …¸²¨ ¡Ò 6Li ¡Ò² μ¡ÒÎ´Ò³ Ö¤·μ³, Éμ ÔÉ  ¢¥²¨Î¨´ 
¡Ò²  ¡Ò ¶μ·Ö¤±  100 ŒÔ‚/¸ [5]. Ÿ¤·μ 6Li ´¥ Ö¢²Ö¥É¸Ö ¸¨²Ó´μ¸¢Ö§ ´´Ò³,
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�¨¸. 6. ˆ³¶Ê²Ó¸´μ¥ · ¸¶·¥¤¥²¥´¨¥ 4He, ¶μ²ÊÎ¥´´μ£μ ¨§ · §¢ ²  6Li ´  Ö¤· Ì É ´É ² 
¶·¨ Ô´¥·£¨¨ 46 ŒÔ‚/�

�¨¸. 7. ˆ³¶Ê²Ó¸´μ¥ · ¸¶·¥¤¥²¥´¨¥ 4He, ¶μ²ÊÎ¥´´μ£μ ¨§ · §¢ ²  6Li ´  Ö¤· Ì ¡¥·¨²²¨Ö
¶·¨ Ô´¥·£¨¨ 46 ŒÔ‚/�

± ± μ¡ÒÎ´Ò¥ Ö¤· . ‘Î¨É ¥É¸Ö, ÎÉμ 6Li ¨³¥¥É α + d-±² ¸É¥·´ÊÕ ¸É·Ê±ÉÊ·Ê ¨
Ô´¥·£¨Ö · §¢ ²  6Li →4He + d · ¢´  1,474 ŒÔ‚ [21]. ‚³¥¸É¥ ¸ É¥³ ¨³¥ÕÉ¸Ö
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ μ Éμ³, ÎÉμ ¢ 6Li Ê·μ¢¥´Ó 0+ (3,563 ŒÔ‚), Ö¢²ÖÕ-
Ð¨°¸Ö ¨§μ¡ ·- ´ ²μ£μ³ μ¸´μ¢´μ³Ê ¸μ¸ÉμÖ´¨Õ 6He, ¨³¥¥É Ì · ±É¥· ¶·μÉμ´-
´¥°É·μ´´μ£μ £ ²μ, É. ¥. £ ²μ, ¸μ¸ÉμÖÐ¥£μ ¨§ ´¥°É·μ´  ¨ ¶·μÉμ´  ¶μ³¨³μ
α-Î ¸É¨ÍÒ [22]. �ÉμÉ Ê·μ¢¥´Ó · ¸¶μ²μ¦¥´ ´¨¦¥ É·¥ÌÉ¥²Ó´μ£μ α+p+n ¶μ·μ£ 
· §¢ ²  (3,699 ŒÔ‚) ¢¸¥£μ ´  136 ±Ô‚ [21]. ’ ±μ¥ ¸¢μ°¸É¢μ ¢μ§¡Ê¦¤¥´´μ£μ
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¸μ¸ÉμÖ´¨Ö 6Li ¡Ò²μ ¶·¥¤¸± § ´μ ¢ · ¡μÉ¥ [23]. �É¨ Ë ±Éμ·Ò ³μ£ÊÉ Ö¢¨ÉÓ¸Ö
¶·¨Î¨´μ° ´ ¡²Õ¤ ¥³μ° Ï¨·¨´Ò ¨³¶Ê²Ó¸´μ£μ · ¸¶·¥¤¥²¥´¨Ö ÉÖ¦¥²μ£μ Ë· £-
³¥´É  (4He), μ¡· §μ¢ ´´μ£μ ¶·¨ · §¢ ²¥ 6Li. �·¨ § ³¥´¥ μ¤´μ£μ ¶·μÉμ´  ´ 
´¥°É·μ´ Ê 6Li, É. ¥. ¶·¨ ¶¥·¥Ìμ¤¥ μÉ 6Li ± 6He, ³Ò ´ ¡²Õ¤ ¥³ ·¥§±μ¥ ¸Ê-
¦¥´¨¥ ¨³¶Ê²Ó¸´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¨¸¶ÊÐ¥´´ÒÌ α-Î ¸É¨Í,   ¸²¥¤μ¢ É¥²Ó´μ, ¨
Ê¢¥²¨Î¥´¨¥ · ¤¨Ê¸  Ö¤· .

	  ·¨¸. 8 ¶·¥¤¸É ¢²¥´  ¸¨¸É¥³ É¨±  Ï¨·¨´ ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨°
Ë· £³¥´Éμ¢ ¨§ · §¢ ²  · §²¨Î´ÒÌ Ö¤¥· ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ ¸¢Ö§¨ μ¤´μ£μ
¨²¨ ¤¢ÊÌ ´¥°É·μ´μ¢ ¢ ÔÉ¨Ì Ö¤· Ì. ‚¨¤´μ, ÎÉμ ´ ¡²Õ¤ ¥É¸Ö ¶² ¢´μ¥ Ê¢¥²¨Î¥-

�¨¸. 8. ˜¨·¨´Ò σ ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨° Ë· £³¥´Éμ¢ · §¢ ²  · §²¨Î´ÒÌ Ö¤¥·
¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ ¸¢Ö§¨ μ¤´μ£μ ¨²¨ ¤¢ÊÌ ´¥°É·μ´μ¢ ¢ ÔÉ¨Ì Ö¤· Ì [2, 6, 14,
15, 24Ä26]. ‹¨É¥· ÉÊ·´Ò¥ ¤ ´´Ò¥ ¤²Ö 6,8He, 11Li, 11‚¥ ¨ 19‘ Ê¸·¥¤´¥´Ò. �É±·ÒÉÒ¥
¸¨³¢μ²Ò Å ·¥§Ê²ÓÉ ÉÒ ´ ¸ÉμÖÐ¥° · ¡μÉÒ. ‡´ Î¥´¨¥ ¤²Ö 6Li: © Å ¶·¨ ¶μ·μ£¥
¨¸¶Ê¸± ´¨Ö ¤¥°É·μ´ , ⊕ Å ¶·¨ ¶μ·μ£¥ ¨¸¶Ê¸± ´¨Ö ´¥°É·μ´  ¶²Õ¸ ¶·μÉμ´ . ‘¶²μÏ´ Ö
²¨´¨Ö Å ·¥§Ê²ÓÉ É Ë¨É¨·μ¢ ´¨Ö ¶μ²¨´μ³μ³ É·¥ÉÓ¥° ¸É¥¶¥´¨

´¨¥ Ï¨·¨´Ò ¸ ·μ¸Éμ³ Ô´¥·£¨¨ ¸¢Ö§¨. „²Ö 6Li §´ Î¥´¨¥ σ ¶·¥¤¸É ¢²¥´μ ¤²Ö
(6Li →4	¥ + d)-¶μ·μ£  (©),   É ±¦¥ ¤²Ö (6Li→4	¥+n + p)-¶μ·μ£  (⊕). ‚
¶μ¸²¥¤´¥³ ¸²ÊÎ ¥ §´ Î¥´¨¥ σ ¸μ£² ¸Ê¥É¸Ö ¸ É¥´¤¥´Í¨¥° ·μ¸É  σ ¤²Ö μ¸É ²Ó-
´ÒÌ Ö¤¥·. ’ ±¨³ μ¡· §μ³, ¥¸ÉÓ μ¸´μ¢ ´¨¥ ¶μ² £ ÉÓ, ÎÉμ ÔÉμ É ±¦¥ μÉ· ¦ ¥É
(n − p)-£ ²μ ¤²Ö 0+ (3,563 ŒÔ‚) Ê·μ¢´Ö 6Li.

‚ ¨Éμ£¥ ¢ É ¡²¨Í¥ ¶·¥¤¸É ¢²¥´Ò §´ Î¥´¨Ö Ï¨·¨´ ¨³¶Ê²Ó¸´μ£μ · ¸¶·¥-
¤¥²¥´¨Ö 4He, μ¡· §μ¢ ´´μ£μ ¨§ · §¢ ²  6He ¨ 6Li, ¶μ²ÊÎ¥´´Ò¥ ¢ ´ ¸ÉμÖÐ¥°
· ¡μÉ¥ ¨ ¢ · ¡μÉ Ì ¤·Ê£¨Ì  ¢Éμ·μ¢.
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„ ´´Ò¥ ¶μ Ï¨·¨´ ³ ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨° Ë· £³¥´Éμ¢ · §¢ ²  (4�¥ ¨²¨
´¥°É·μ´ ) Ö¤·  6�¥ ´  · §´ÒÌ ³¨Ï¥´ÖÌ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨°

ˆμ´ E, ŒÔ‚/� Œ¨Ï¥´Ó σ(4He) / σ(n), ”· £³¥´É ‹¨É¥· ÉÊ· 
ŒÔ‚/¸ (α ¨²¨ n)

6He

23,9

‘ 40,2 ± 2,3 α

[9]

Al 44,6±2,2 α
Cu 33,1±1,6 α
Sn 33,0±1,3 α
Pb 32,4 ± 1,4 α
U 31,2 ± 0,9 α
C 26,9 ± 2,2 n
Al 24,7 ± 1,4 n
Cu 21,9 ± 1,5 n
Sn 23,0 ± 1,3 n
Pb 19,8 ± 1,2 n
U 19,5 ±1,0 n

35
Au 34,3 ± 1,7 α

[10]
Au 29,5 ± 1,5 n

65 Au 38 ± 4 α [11]
240 C 56,0 ± 0,2 α [13]
400 C 34 ± 2 α [6]
671 H 32 ± 2 α [14]
790 C 65 ± 4 α [2]

800
‘ ≈ 32 ± 1 n

[7]
Pb ≈ 30 ± 1 n

10
‘ 29 ± 3 α

	 ¸ÉμÖÐ Ö · ¡μÉ 

Au 28 ± 1 α

6Li

18,2 Si 54 ± 3 α

46
Be 46 ± 6 α
Ta 55 ± 4 α

‡�Š‹	—…�ˆ…

’ ±¨³ μ¡· §μ³, ³μ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ¢ · ³± Ì ¶·μ¥±É  DRIBs ´  Ë¨§¨-
Î¥¸±μ° ³¨Ï¥´¨ ¶μ²ÊÎ¥´ ¶ÊÎμ± 6He ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ 5·106 ¸−1 ¨ dp/p =
0,5 %.

ˆ§³¥·¥´´Ò¥ ¨³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö 4He, ¶μ²ÊÎ¥´´μ£μ ¨§ · §¢ ²  6He
´  Ö¤· Ì §μ²μÉ  ¨ Ê£²¥·μ¤ , ¶μ± § ²¨, ÎÉμ Ï¨·¨´  ¤ ´´ÒÌ · ¸¶·¥¤¥²¥´¨°
¸² ¡μ § ¢¨¸¨É μÉ  Éμ³´μ£μ ´μ³¥·  ³¨Ï¥´¨ ¨ Ô´¥·£¨¨ ¶ÊÎ± ,   ¥¥ ³ ²μ¥ §´ -
Î¥´¨¥ (σ ∼ 28 ŒÔ‚/¸) ¶μ¤É¢¥·¦¤ ¥É ´ ²¨Î¨¥ £ ²μ Ê 6He.

ˆ§³¥·¥´´Ò¥ ¶·¨ Ô´¥·£¨ÖÌ 18 ¨ 46 ŒÔ‚/� ¨³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö 4He,
¶μ²ÊÎ¥´´μ£μ ¨§ · §¢ ²  6Li ´  Ö¤· Ì ±·¥³´¨Ö, É ´É ²  ¨ ¡¥·¨²²¨Ö, ¶μ± § ²¨,
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ÎÉμ Ï¨·¨´  ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨° σ ∼ 50 ŒÔ‚/¸ Ï¨·¥, Î¥³ Ê 6He, ´μ

Ê¦¥, Î¥³ ¢ ¸²ÊÎ ¥ μ¡ÒÎ´ÒÌ Ö¤¥·.

‚ § ±²ÕÎ¥´¨¥  ¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ±μ²²¥±É¨¢Ê μÉ¤¥²  Ê¸±μ-
·¨É¥²¥° ¢μ £² ¢¥ ¸ ƒ. ƒ. ƒÊ²Ó¡¥±Ö´μ³ §  ¶μ²ÊÎ¥´¨¥ ¨´É¥´¸¨¢´μ£μ ¶ÊÎ±  6He ´ 
Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ DRIBs. ŒÒ ¡² £μ¤ ·´Ò Œ. ƒ. ˆÉ±¨¸Ê, ‘.	. „³¨É·¨-
¥¢Ê §  ¶μ¤¤¥·¦±Ê ´ ¸ÉμÖÐ¥° · ¡μÉÒ ¨ ‚.ˆ. ‡ £·¥¡ ¥¢Ê §  ¶μ²¥§´Ò¥ ¤¨¸±Ê¸¸¨¨
¢ ¶·μÍ¥¸¸¥ ¢Ò¶μ²´¥´¨Ö · ¡μÉÒ.

	 ¸ÉμÖÐ Ö · ¡μÉ  ¡Ò²  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´Éμ¢ INTAS º 00-
00463 ¨ �””ˆ º 04-02-17372,   É ±¦¥ £· ´Éμ¢ ¶μ²´μ³μÎ´ÒÌ ¶·¥¤¸É ¢¨É¥²¥°
—¥Ï¸±μ° �¥¸¶Ê¡²¨±¨, �¥¸¶Ê¡²¨±¨ �μ²ÓÏ¨ ¨ �¥¸¶Ê¡²¨±¨ �μ²£ ·¨¨ ¢ �ˆŸˆ.
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