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”¨§¨Î¥¸±¨° ¨´¸É¨ÉÊÉ ¨³. �.�.‹¥¡¥¤¥¢  ���, Œμ¸±¢ 

�  ¶·¨³¥·¥  ´ ²¨§  ¢ ±² ¸É¥·´μ° ³μ¤¥²¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ ¶¥·¨Ë¥·¨Î¥¸±μ°
Ë· £³¥´É Í¨¨ ·¥²ÖÉ¨¢¨¸É¸±μ£μ Ö¤·  7Li (P = 3A ƒÔ‚/c) ¶μ ± ´ ²Ê 3H + 4He ¢ ËμÉμÔ³Ê²Ó¸¨¨
μ¡¸Ê¦¤ ¥É¸Ö ·μ²Ó ±Ê²μ´μ¢¸±μ£μ ¨ Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨° ¢ ÔÉμ³ ¶·μÍ¥¸¸¥. ‚ÒÎ¨¸²¥´´Ò° ¢±² ¤
Ô²¥±É·μ³ £´¨É´μ° ¸μ¸É ¢²ÖÕÐ¥° ¢ ¸¥Î¥´¨¥ ∼ 10% ´¥ ¶·μÉ¨¢μ·¥Î¨É ËμÉμÔ³Ê²Ó¸¨μ´´Ò³ ¤ ´´Ò³
¨ ¢¥·Ì´¥° μÍ¥´±¥ ∼ 40%, ¢Ò¢¥¤¥´´μ° ¨§ · ´´¨Ì ¨§³¥·¥´¨° ¶μ²´ÒÌ ¸¥Î¥´¨° Ë· £³¥´É Í¨¨ ²¥£-
±¨Ì Ö¤¥· ¸ ¶μ³μÐÓÕ ¸Î¥ÉÎ¨±μ¢μ° ³¥Éμ¤¨±¨. � ¡²Õ¤ ¥³Ò¥ ´¥·¥£Ê²Ö·´μ¸É¨ ¢ ¤¨ËË¥·¥´Í¨ ²Ó´μ³
¸¥Î¥´¨¨ Ë· £³¥´É Í¨¨ 7Li Å ¸ ¢Ò¤¥²¥´´Ò³ ±Ê²μ´μ¢¸±¨³ ¶¨±μ³ ¶·¨ μÎ¥´Ó ³ ²μ³ ¶¥·¥¤ ´´μ³
¨³¶Ê²Ó¸¥ Q Å μ¡ÑÖ¸´ÖÕÉ¸Ö ´ ²μ¦¥´¨¥³ Ö¤¥·´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ± ·É¨´ ´  ²¥£±¨Ì (C, N, O) ¨
ÉÖ¦¥²ÒÌ (Ag, Br) Ö¤· Ì ËμÉμÔ³Ê²Ó¸¨¨. �·¥¤¸± § ´´Ò¥ ¤¨Ë· ±Í¨μ´´Ò¥ ¸¥Î¥´¨Ö ¢ ´¥Ê¶·Ê£μ³ ± -
´ ²¥ ·¥§±μ μÉ²¨Î ÕÉ¸Ö μÉ ¶·¨¢ÒÎ´μ° Ëμ·³Ò Ö¤¥·´μ° ¤¨Ë· ±Í¨¨ ¢ Ê¶·Ê£μ³ · ¸¸¥Ö´¨¨. „²Ö Î¨¸ÉÒÌ
³¨Ï¥´¥° μ´¨ ¨³¥ÕÉ Ëμ·³Ê μ¸Í¨²²ÖÍ¨° ¸ ´¥¸±μ²Ó±¨³¨ ¶¨± ³¨ ¸· ¢´¨³μ° ¨´É¥´¸¨¢´μ¸É¨ ¨ μ¡´ ·Ê-
¦¨¢ ÕÉ ¸¨²Ó´ÊÕ § ¢¨¸¨³μ¸ÉÓ μÉ Ëμ·³Ò ¶μ¢¥·Ì´μ¸É´μ° ¶²μÉ´μ¸É¨ Ö¤¥· ¨ · ¤¨Ê¸μ¢ ¢´ÊÉ·¨Ö¤¥·´μ£μ
±² ¸É¥·  ¨ Ö¤· -³¨Ï¥´¨. ‚¥·μÖÉ´μ¸ÉÓ ¤¢ÊÌÉ¥²Ó´μ° ±² ¸É¥·¨§ Í¨¨ ¢ 7Li μÍ¥´¨¢ ¥É¸Ö ´  Ê·μ¢´¥ 0,7.

The role of the nuclear and Coulomb interactions in the coherent fragmentation of relativistic nuclei
is discussed using the example of the cluster model analysis of experimental data on the two-body
fragmentation of 7Li (P = 3A GeV/c) to 3H + 4He in the nuclear photoemulsion. The calculated
electromagnetic contribution to the total cross section, ∼ 10%, does not contradict the photoemulsion
experimental data and upper estimation ∼ 40% derived from previous measurements of the total cross
sections by a counter technique. The observed peculiarities in the differential fragmentation cross
section having a separated minor Coulomb peak at a very small momentum transfer Q are explained
mainly by overlay of diffraction patterns arising from light (C, N, O) and heavy (Ag, Br) nuclei in the
photoemulsion. The predicted diffraction cross section in the inelastic channel is strongly different from
the usual form of the nuclear diffraction in elastic scattering. For pure targets, they have an oscillation
behaviour with several peaks of comparable intensities and reveal a great sensitivity to the form of
the surface nuclear density and to radii of the intranuclear cluster and the nuclear target. The derived
probability of the two-body clusterization in 7Li is about 0.7.

PACS: 25.75.-q, 25.70.Mn, 21.60.Gx, 24.10.Ht, 29.40.Rg
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�¥±μÉμ·Ò¥ ·¥§Ê²ÓÉ ÉÒ · ´´¨Ì ¨¸¸²¥¤μ¢ ´¨° ¶·μ¡²¥³Ò. �·¨´ÖÉμ ¸Î¨É ÉÓ, ÎÉμ ±μ£¥-
·¥´É´ Ö Ë· £³¥´É Í¨Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· (¡¥§ · §·ÊÏ¥´¨Ö Ö¤¥·-³¨Ï¥´¥°) ·¥ ²¨§Ê¥É¸Ö
§  ¸Î¥É Ö¤¥·´μ£μ ¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨° (Î ¸Éμ ¨¸¶μ²Ó§Ê¥É¸Ö É¥·³¨´ ·¥²Ö-
É¨¢¨¸É¸±μ¥ ±Ê²μ´μ¢¸±μ¥ ¢μ§¡Ê¦¤¥´¨¥) ¢ ¶¥·¨Ë¥·¨Î¥¸±¨Ì Ö¤·μ-Ö¤¥·´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ.
	μ²ÓÏμ° μ¶ÒÉ ¨¸¸²¥¤μ¢ ´¨° Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¶μ± § ², ÎÉμ Ö¤¥·´ Ö Î ¸ÉÓ · ¸¸¥Ö´¨Ö
¢¶μ²´¥  ¤¥±¢ É´μ μ¶¨¸Ò¢ ¥É¸Ö ¤¨Ë· ±Í¨μ´´μ° É¥μ·¨¥° ƒ² Ê¡¥· Ä‘¨É¥´±μ; ¶·¨ ÔÉμ³ ±Ê-
²μ´μ¢¸±μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¤ ¥É ·¥§¥·Ëμ·¤μ¢¸±¨° ¶¨± ¢ ¸¥Î¥´¨¨ ¶·¨ ³ ²ÒÌ Ê£² Ì, ´ -
±² ¤Ò¢ ÕÐ¨°¸Ö ´  £² ¢´Ò° ¤¨Ë· ±Í¨μ´´Ò° ³ ±¸¨³Ê³. �¥Ê¶·Ê£¨¥ ¶·μÍ¥¸¸Ò ¸ ¢Ò²¥Éμ³
Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢ ¨§ÊÎ¥´Ò £μ· §¤μ ÌÊ¦¥. �Éμ ¸¢Ö§ ´μ ± ± ¸ É·Ê¤´μ¸ÉÖ³¨ ¨¤¥´É¨Ë¨-
± Í¨¨ ¨ ¸¶¥±É·μ³¥É·¨¨ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨, μ¸μ¡¥´´μ ´¥°É·μ´μ¢, É ± ¨ ¸μ ¸²μ¦´μ¸ÉÓÕ
É¥μ·¥É¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö ³´μ£μÎ ¸É¨Î´ÒÌ ±μ´¥Î´ÒÌ ¸μ¸ÉμÖ´¨°.

’¥μ·¨Ö · ¸Ð¥¶²¥´¨Ö ´ ²¥É ÕÐ¨Ì Ö¤¥· ¶μ¤ ¤¥°¸É¢¨¥³ Ô²¥±É·μ³ £´¨É´μ£μ ¨ Ö¤¥·´μ£μ
¢§ ¨³μ¤¥°¸É¢¨° ¢ ¶¥·¨Ë¥·¨Î¥¸±¨Ì ¸Éμ²±´μ¢¥´¨ÖÌ · §· ¡ ÉÒ¢ ¥É¸Ö Ê¦¥ ¤ ¢´μ [1]. ‚ ¶μ¤ -
¢²ÖÕÐ¥³ ¡μ²ÓÏ¨´¸É¢¥ · ¸Î¥Éμ¢ [2Ä8] · ¸¸³ É·¨¢ ²¸Ö ± ´ ² · §¢ ²  ¡Ò¸É·ÒÌ ¤¥°É·μ´μ¢
´  ¶·μÉμ´ ¨ ´¥°É·μ´. �¤´ ±μ ¤²Ö ÔÉμ£μ ¶·μ¸É¥°Ï¥£μ ¶·μ¡´μ£μ Ö¤·  Ô±¸¶¥·¨³¥·É ²Ó´Ò¥
¤ ´´Ò¥ ¤ ¦¥ ¶·¨ ¸·¥¤´¨Ì Ô´¥·£¨ÖÌ (¤¥¸ÖÉ±¨-¸μÉ´¨ ŒÔ‚) μÎ¥´Ó μ£· ´¨Î¥´Ò [9, 10],  
¶·¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ô´¥·£¨ÖÌ μ´¨ ¶· ±É¨Î¥¸±¨ μÉ¸ÊÉ¸É¢ÊÕÉ. …¸²¨ ¤²Ö Ö¤¥·´μ£μ ¢§ ¨-
³μ¤¥°¸É¢¨Ö μ¸´μ¢μ° ¸²Ê¦¨É É¥μ·¨Ö ³´μ£μ±· É´μ£μ · ¸¸¥Ö´¨Ö ƒ² Ê¡¥· Ä‘¨É¥´±μ [1,5, 6],
¤μ¶Ê¸± ÕÐ Ö ÊÎ¥É ±Ê²μ´μ¢¸±¨Ì ÔËË¥±Éμ¢, Éμ ¤²Ö μ¶¨¸ ´¨Ö ´  ³¨±·μ¸±μ¶¨Î¥¸±μ³ Ê·μ¢´¥
·¥²ÖÉ¨¢¨¸É¸±μ£μ ±Ê²μ´μ¢¸±μ£μ ¢μ§¡Ê¦¤¥´¨Ö ¨ Ë· £³¥´É Í¨¨ ¶·¥¤²μ¦¥´μ ¥Ð¥ ´¥¸±μ²Ó±μ
¢ ·¨ ´Éμ¢ ¶·¨¡²¨¦¥´´ÒÌ ¶μ¤Ìμ¤μ¢ [11Ä14]. �·μ¢¥·±  ÔÉ¨Ì É¥μ·¨° ¢ · §´ÒÌ μ¡² ¸ÉÖÌ
Ô´¥·£¨° ¤μ ¸¨Ì ¶μ· μ¸É ¥É¸Ö  ±ÉÊ ²Ó´μ° § ¤ Î¥°.

‘ Í¥²ÓÕ μ¡´ ·Ê¦¥´¨Ö ¸ ³μ£μ ¶·μÍ¥¸¸  ·¥²ÖÉ¨¢¨¸É¸±μ£μ ±Ê²μ´μ¢¸±μ£μ ¢μ¡Ê¦¤¥´¨Ö ¨
μ¶·¥¤¥²¥´¨Ö μÉ´μ¸¨É¥²Ó´ÒÌ ¢±² ¤μ¢ ¢ ¶μ²´Ò¥ ¸¥Î¥´¨Ö Ë· £³¥´É Í¨¨ Ô²¥±É·μ³ £´¨É´μ£μ

�¨¸. 1. ˆ²²Õ¸É· Í¨Ö ±Ê²μ´μ¢¸±μ° ¨ Ö¤¥·´μ°

Ë· £³¥´É Í¨¨ Ö¤·  18O (Olson et al. [15])

¨ Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨° ¢ LBL (Lawrence
Berkeley Laboratory, ‘˜�) ¡μ²¥¥ É·¨¤Í É¨ ²¥É
´ § ¤ ¡Ò²  ¢Ò¶μ²´¥´  ¸¥·¨Ö Ô±¸¶¥·¨³¥´Éμ¢
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸Î¥ÉÎ¨±μ¢μ° ³¥Éμ¤¨±¨ ¶μ
Ë· £³¥´É Í¨¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· 12C, 16,18O
¨ ¡μ²¥¥ ÉÖ¦¥²ÒÌ [15] ¤²Ö Ï¨·μ±μ£μ ¤¨ ¶ §μ´ 
Ö¤¥·-³¨Ï¥´¥°. �  ·¨¸. 1 ¸Ì¥³ É¨Î¥¸±¨ ¶μ± § ´
¶·¨³¥· Ë· £³¥´É Í¨¨ ²¥£±μ£μ Ö¤·  18O ¶·¨
Ô´¥·£¨¨ E = 1,7 ƒÔ‚/´Ê±²μ´ ´  ³¨Ï¥´ÖÌ AT

¸ ¨¸¶Ê¸± ´¨¥³ Ë· £³¥´Éμ¢ AF . �·¨  ´ -
²¨§¥ ¤ ´´ÒÌ ¤²Ö ± ¦¤μ° ³¨Ï¥´¨ (T ) ¨ ± ´ ² 
Ë· £³¥´É Í¨¨ (F ) ¨§³¥·¥´´Ò¥ ¶μ²´Ò¥ ¸¥Î¥´¨Ö
σtot(T, F ) § ¶¨¸Ò¢ ²¨¸Ó ¢ ¢¨¤¥ ¸Ê³³Ò Ö¤¥·´μ£μ
σnucl(T, F ) ¨ Ô²¥±É·μ³ £´¨É´μ£μ σem(T, F ) ¸¥-
Î¥´¨°. Ÿ¤¥·´Ò¥ ¸¥Î¥´¨Ö μ¶·¥¤¥²Ö²¨¸Ó ¶μ²Ê-
Ô³¶¨·¨Î¥¸±¨³ ¸μμÉ´μÏ¥´¨¥³ σnucl(T, F ) =
γT γF . ’ ± Ö Ë ±Éμ·¨§μ¢ ´´ Ö Ëμ·³  ¸¥Î¥´¨Ö

¢³¥¸É¥ ¸ ²¨´¥°´μ° A
1/3
T -§ ¢¨¸¨³μ¸ÉÓÕ ±μÔË-

Ë¨Í¨¥´É  γT ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ ¶μ¤μ¡· ´-
´Ò³¨ ¶ · ³¥É· ³¨ ¤²Ö ¢Ò¤¥²¥´´μ£μ ´ ¡μ· 



68 ”¥É¨¸μ¢ ‚. �.

�μ²´Ò¥ σtot, Ö¤¥·´Ò¥ σnucl ¨ Ô²¥±É·μ³ £´¨É´Ò¥ σem, σww ¸¥Î¥´¨Ö Ë· £³¥´É Í¨¨ (³¡)

18O → AF zAT σtot σnucl σem p = σem/σnucl σww

n + 17O
22Ti 75,3 66,5 8,7 0,13 12,5
82Pb 226,6 90,5 136,0 1,5 135,0
92U 234,0 93,2 140,8 1,51 167,0

2n + 16O

22Ti 53,2 46,8 6,4 0,14 5,4
29Cu 59,3 51,1 8,2 0,16 9,0
50Sn 88,7 61,4 27,3 0,44 23,7

74W 111,1 60,5 50,6 0,84 46,8
82Pb 128,7 63,6 65,1 1,02 55,2
92U 139,7 65,5 74,2 1,13 68,1

p + 17N
22Ti 40,2 40,7 2,4
82Pb 75,5 55,3 20,2 0,36 23,8
92U 82,0 56,9 25,1 0,44 29,2

Ë· £³¥´Éμ¢ ¨ ³¨Ï¥´¥° ¸ ³ ²Ò³ ¢±² ¤μ³ Ô²¥±É·μ³ £´¨É´μ£μ ¸¥Î¥´¨Ö (¸² ¡ Ö § ¢¨¸¨-
³μ¸ÉÓ μÉ ZT ) ¶μ§¢μ²¨²  ¶μ²ÊÎ¨ÉÓ Ö¤¥·´Ò¥ ¸¥Î¥´¨Ö ¤²Ö ¤·Ê£¨Ì Ë· £³¥´Éμ¢ ¨ ³¨Ï¥´¥°.
� °¤¥´´Ò¥ ¸ ¶μ³μÐÓÕ É ±μ° ¶·μÍ¥¤Ê·Ò ¸·¥¤´¨¥ §´ Î¥´¨Ö ¸¥Î¥´¨° (¶μ ¤ ´´Ò³ É ¡². III
¨ IV ¨§ · ¡μÉÒ Olson et al. [15]) ¤²Ö ´ ¨¡μ²¥¥ ¸¨²Ó´ÒÌ ´Ê±²μ´´ÒÌ ± ´ ²μ¢ Ë· £³¥´É Í¨¨,
¸¢Ö§ ´´ÒÌ ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¸ · ¸¶ ¤μ³ ËμÉμÖ¤¥·´μ£μ £¨£ ´É¸±μ£μ ·¥§μ´ ´¸ , ¶·¨¢¥¤¥´Ò
¢ É ¡²¨Í¥, ±μÉμ· Ö ¤ ¥É ¶·¥¤¸É ¢²¥´¨¥ μ ³ ¸ÏÉ ¡¥ ¢²¨Ö´¨Ö Ô²¥±É·μ³ £´¨É´μ° ¸μ¸É ¢²Ö-
ÕÐ¥° ´  ¸¥Î¥´¨Ö ¤²Ö · §´ÒÌ ³¨Ï¥´¥°.

‚¨¤´μ, ÎÉμ ¢¥²¨Î¨´Ò σem ¤²Ö ´¥°É·μ´´ÒÌ ± ´ ²μ¢ μ¡´ ·Ê¦¨¢ ÕÉ ¸¨²Ó´ÊÕ § ¢¨¸¨-
³μ¸ÉÓ μÉ § ·Ö¤  ³¨Ï¥´¨, ¡²¨§±ÊÕ ± Z2

T . ‘¥Î¥´¨Ö ± ´ ²μ¢ ¸ μ¡· §μ¢ ´¨¥³ ¤·Ê£¨Ì Ë· £-
³¥´Éμ¢ ¸² ¡μ § ¢¨¸ÖÉ μÉ ZT . �É¨ ± ´ ²Ò ¸ ³ ²Ò³¨ ËμÉμÖ¤¥·´Ò³¨ ¸¥Î¥´¨Ö³¨ ·¥ ²¨§ÊÕÉ¸Ö
¶·¥¨³ÊÐ¥¸É¢¥´´μ §  ¸Î¥É Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö.

‚ ¶μ¸²¥¤´¥° ±μ²μ´±¥ É ¡²¨ÍÒ ¶·¥¤¸É ¢²¥´Ò Ô²¥±É·μ³ £´¨É´Ò¥ ¸¥Î¥´¨Ö σww , ¢ÒÎ¨-
¸²¥´´Ò¥ ³¥Éμ¤μ³ ¢¨·ÉÊ ²Ó´ÒÌ ËμÉμ´μ¢ ‚ °Í§¥±±¥· Ä‚¨²ÓÖ³¸  [16] ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
¸μμÉ´μÏ¥´¨°

σww =
∫

n(ω)σF
γ (ω)

dω

ω
, (1)

n(ω) =
2
π

Z2
T

(
e2

�c

)
1
β2

[
ξK0(ξ)K1(ξ) −

1
2
β2ξ2(K2

1 (ξ) − K2
0 (ξ))

]
, (2)

£¤¥ σF
γ (ω) Å ËμÉμÖ¤¥·´Ò¥ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö Ë· £³¥´Éμ¢ AF ; n(ω) Å Î¨¸²μ Ô±¢¨¢ -

²¥´É´ÒÌ ËμÉμ´μ¢ ¸ Ô´¥·£¨¥° �ω; Ki Å ³μ¤¨Ë¨Í¨·μ¢ ´´Ò¥ ËÊ´±Í¨¨ 	¥¸¸¥²Ö;
β = v/c ¨ γ Å μ¡ÒÎ´Ò¥ ·¥²ÖÉ¨¢¨¸É¸±¨¥ Ë ±Éμ·Ò; ξ = ωbmin/cγβ, bmin Å ¢¥²¨Î¨´ 
¶μ·Ö¤±  ¸Ê³³Ò · ¤¨Ê¸μ¢ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· RI + RT . 	²¨§±¨¥ §´ Î¥´¨Ö σem ¨ σww

¶μ¤É¢¥·¦¤ ÕÉ Ô²¥±É·μ³ £´¨É´μ¥ ¶·μ¨¸Ìμ¦¤¥´¨¥ σem. ˆ§ ¶·¨¢¥¤¥´´ÒÌ ¤ ´´ÒÌ ¸²¥¤Ê¥É,
ÎÉμ ´ ¨¡μ²ÓÏ¨¥ ¢¥²¨Î¨´Ò μÉ´μÏ¥´¨Ö p = σem/σnucl Ì · ±É¥·´Ò ¤²Ö ¡μ²ÓÏ¨Ì ËμÉμÖ¤¥·-
´ÒÌ ¸¥Î¥´¨° ¶·μÍ¥¸¸μ¢ É¨¶  £¨£ ´É¸±μ£μ ·¥§μ´ ´¸ , · ¸¶ ¤ ÕÐ¥£μ¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´μ
¸ ¨¸¶Ê¸± ´¨¥³ ´Ê±²μ´μ¢. �  ¶·¨³¥·¥ Ë· £³¥´É Í¨¨ 18O ¶μ± § ´μ, ÎÉμ ÔÉμ μÉ´μÏ¥´¨¥
¤μ¸É¨£ ¥É §´ Î¥´¨Ö ∼ 1,5 ¤²Ö ³¨Ï¥´¥° Pb ¨ U.

‚μ§³μ¦´μ¸É¨ ËμÉμÔ³Ê²Ó¸¨μ´´μ° ³¥Éμ¤¨±¨. �μ¢ÒÏ¥´´Ò° ¨´É¥·¥¸ ± ¸É·Ê±ÉÊ·¥ Ö¤¥·
¨ ¢±² ¤ ³ Ô²¥±É·μ³ £´¨É´μ£μ ¨ ¸¨²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨° ¸´μ¢  ¢μ§´¨± ¥É ¢ ¸¢Ö§¨ ¸ ¨§³¥-
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·¥´¨Ö³¨ · ¸¶·¥¤¥²¥´¨° ¸μ¡ÒÉ¨° ¶μ ¶μ¶¥·¥Î´μ³Ê ¶¥·¥¤ ´´μ³Ê ¨³¶Ê²Ó¸Ê Q (¶μ Ê£² ³ ¢Ò-
²¥É  Ë· £³¥´Éμ¢) ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° (¶μ ¤²¨´¥ ¸¢μ¡μ¤´μ£μ
¶·μ¡¥£  Ö¤¥·) ³¥Éμ¤μ³ Ö¤¥·´ÒÌ ËμÉμÔ³Ê²Ó¸¨° ¶·¨ ¨Ì μ¡²ÊÎ¥´¨¨ μ¡ÒÎ´Ò³¨ ¨ · ¤¨μ ±É¨¢-
´Ò³¨ ²¥£±¨³¨ Ö¤· ³¨ [17Ä20]. ‚ ÔÉ¨Ì ·¥ ±Í¨ÖÌ ·¥£¨¸É·¨·Ê¥³Ò³¨ § ·Ö¦¥´´Ò³¨ Ë· £³¥´-
É ³¨ μ¡ÒÎ´μ ¸²Ê¦ É ¶·μÉμ´Ò, ¤¥°É·μ´Ò ¨ Ö¤·  3H, 3He, 4He, ¢μ ³´μ£μ³ μ¶·¥¤¥²ÖÕÐ¨¥
±² ¸É¥·´ÊÕ ¸É·Ê±ÉÊ·Ê ²¥£±¨Ì Ö¤¥·-¸´ ·Ö¤μ¢. � ¨¡μ²ÓÏÊÕ ¢¥·μÖÉ´μ¸ÉÓ Ô²¥±É·μ³ £´¨É´μ°
¤¨¸¸μÍ¨ Í¨¨ ´ ²¥É ÕÐ¥£μ Ö¤·  ¸²¥¤Ê¥É μ¦¨¤ ÉÓ μÉ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ÉÖ¦¥²Ò³¨ Ö¤· ³¨
ËμÉμÔ³Ê²Ó¸¨¨ Br ¨ Ag (ZT = 35 ¨ 47). ‚ ± Î¥¸É¢¥ ¢¥·Ì´¥° μÍ¥´±¨ μÉ´μÏ¥´¨Ö ¢±² ¤μ¢ p
¤²Ö ËμÉμÔ³Ê²Ó¸¨¨ ³μ¦´μ ¶·¨´ÖÉÓ p � 0,4 ¨§ É ¡²¨ÍÒ ¤²Ö Ö¤· -³¨Ï¥´¨ Sn, ¡²¨¦ °Ï¥£μ
¶μ § ·Ö¤Ê ± Ö¤· ³ Br ¨ Ag. „²Ö ¡μ²¥¥ ²¥£±¨Ì Ö¤¥·-¸´ ·Ö¤μ¢ ÔÉ  μÍ¥´±  p ³μ¦¥É μ± § ÉÓ¸Ö
§ ¢ÒÏ¥´´μ° ¨§-§  Ê³¥´ÓÏ¥´¨Ö ¸¥Î¥´¨° ËμÉμ¶μ£²μÐ¥´¨Ö ¢ ·¥§μ´ ´¸´μ° μ¡² ¸É¨ Ô´¥·£¨°
γ-±¢ ´Éμ¢, ¤μ³¨´¨·ÊÕÐ¥° ¢ ¨´É¥£· ²¥ (1) ¶·¨ Ô´¥·£¨ÖÌ ¢ ´¥¸±μ²Ó±μ ƒÔ‚/´Ê±²μ´. Š·μ³¥
Éμ£μ, ËμÉμÖ¤¥·´Ò¥ ¸¥Î¥´¨Ö ¸ ¢Ò²¥Éμ³ ²¥£Î °Ï¨Ì Ö¤¥· (±² ¸É¥·μ¢) μ¡ÒÎ´μ ¸ÊÐ¥¸É¢¥´´μ
³¥´ÓÏ¥ ¸¥Î¥´¨° ¸ ¨¸¶Ê¸± ´¨¥³ ´Ê±²μ´μ¢ μÉ · ¸¶ ¤  £¨£ ´É¸±μ£μ ·¥§μ´ ´¸ , ¨ ¤²Ö É ±¨Ì
·¥ ±Í¨° ³μ¦´μ μ¦¨¤ ÉÓ Ê³¥´ÓÏ¥´¨Ö ¢¥²¨Î¨´Ò p. �μ²ÊÎ¥´¨¥ ¡μ²¥¥ ÉμÎ´ÒÌ μÍ¥´μ± p,
μ¸μ¡¥´´μ ¤²Ö ±² ¸É¥·´ÒÌ ± ´ ²μ¢, É·¥¡Ê¥É ¸¶¥Í¨ ²Ó´ÒÌ · ¸Î¥Éμ¢.

ˆ§¢¥¸É´μ, ÎÉμ ²¥£Î °Ï¨¥ Ö¤·  1p-μ¡μ²μÎ±¨, É ±¨¥ ± ± 6Li, 7Li, 7Be, ¨³¥ÕÉ ¶·¥¨³ÊÐ¥-
¸É¢¥´´μ ¤¢ÊÌ±² ¸É¥·´ÊÕ ¸É·Ê±ÉÊ·Ê 2H + 4He, 3H + 4He, 3He + 4He. ‚ μÉ²¨Î¨¥ μÉ · §¢ ² 
¤¥°É·μ´  ´  ¶·μÉμ´ ¨ ´¥°É·μ´ Ë· £³¥´É Í¨Ö ÔÉ¨Ì Ö¤¥· ´  ¶ ·Ê § ·Ö¦¥´´ÒÌ ±² ¸É¥·μ¢
μ¤´μ§´ Î´μ ¨¤¥´É¨Ë¨Í¨·Ê¥É¸Ö ¢ Ö¤¥·´μ° ËμÉμÔ³Ê²Ó¸¨¨. ‚ μÉ²¨Î¨¥ μÉ Ô±¸¶¥·¨³¥´Éμ¢
¶μ ¶μ²´Ò³ ¸¥Î¥´¨Ö³ ¨§³¥·¥´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¢ÒÖ¢¨ÉÓ
μ¡² ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¨ Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨° ¶μ ¶¥·¥³¥´´μ° Q, ¨§ÊÎ ÉÓ μ¸μ¡¥´-
´μ¸É¨ ¶μ¢¥¤¥´¨Ö ¸¥Î¥´¨° ¨ μÍ¥´¨ÉÓ ¢±² ¤ ¨´É¥·Ë¥·¥´Í¨¨ ÔÉ¨Ì ¢§ ¨³μ¤¥°¸É¢¨°. ‚ ¸²¥-
¤ÊÕÐ¥³ · §¤¥²¥ ¤ ´  ¨´É¥·¶·¥É Í¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ £·Ê¶¶Ò ‘.�.• ·² ³μ¢ 
(�É¤¥² Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ”ˆ��) [19,20] ¶μ ¤¢ÊÌ±² ¸É¥·´μ° Ë· £³¥´É Í¨¨ 7Li ¢
ËμÉμÔ³Ê²Ó¸¨¨.

1. ��ˆŒ…� ”��ƒŒ…�’�–ˆˆ 7Li(P = 3A ƒÔ‚/c) → 3H + 4He
�� Ÿ„��• ”�’��Œ“‹œ‘ˆˆ

�±¸¶¥·¨³¥´É ²Ó´μ¥ ¨§ÊÎ¥´¨¥ ÔÉμ£μ ¶·μÍ¥¸¸  (·¨¸. 2) ¶·¨¢²¥± É¥²Ó´μ É¥³, ÎÉμ ¤²Ö ¥£μ
¨´É¥·¶·¥É Í¨¨ Ê¤μ¡´μ ¨¸¶μ²Ó§μ¢ ÉÓ · §· ¡μÉ ´´Ò¥ · ´¥¥ É¥μ·¥É¨Î¥¸±¨¥ ³¥Éμ¤Ò. �´¨
¢±²ÕÎ ÕÉ:

1) ¤¢ÊÌ±² ¸É¥·´ÊÕ ³μ¤¥²Ó 7Li ¸ § ¶·¥Ð¥´´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨ [21,22];

2) ³Ê²ÓÉ¨¶μ²Ó´μ¥ · §²μ¦¥´¨¥ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ·¥²ÖÉ¨¢¨¸É¸±μ£μ
Ö¤·  ¸ Ö¤·μ³-³¨Ï¥´ÓÕ [13];

3) ¤¨Ë· ±Í¨μ´´ÊÕ É¥μ·¨Õ Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ƒ² Ê¡¥· Ä‘¨É¥´±μ ¢ ±² ¸É¥·´μ³
¶·¨¡²¨¦¥´¨¨, ¶·¥¤²μ¦¥´´μ³ ¢ · ¡μÉ Ì [23,24].

�  ·¨¸. 3 ¶μ± § ´μ ¨§³¥·¥´´μ¥ ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥. ‚ μÉ²¨Î¨¥ μÉ Ê¶·Ê£μ£μ
· ¸¸¥Ö´¨Ö ¸ £² ¢´Ò³ ¶¨±μ³ ¸¥Î¥´¨Ö ¶·¨ ´Ê²¥¢ÒÌ Q ¢ ´¥Ê¶·Ê£μ³ ± ´ ²¥ ´ ¡²Õ¤ ¥É¸Ö
¸¤¢¨£ ³ ±¸¨³Ê³  ¢ μ¡² ¸ÉÓ Q � 0,15 ƒÔ‚/c. Š·μ³¥ Éμ£μ, ´  ¨´É¥·¢ ²¥ Q � 0,5 ƒÔ‚/c
§ ³¥É´Ò ´¥·¥£Ê²Ö·´μ¸É¨ ¢ ¶μ¢¥¤¥´¨¨ ¸¥Î¥´¨Ö.
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�¨¸. 2. ˆ²²Õ¸É· Í¨Ö ±Ê²μ´μ¢¸±μ° ¨

Ö¤¥·´μ° Ë· £³¥´É Í¨¨ Ö¤·  7Li [17]

�¨¸. 3. „¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ Ë· £³¥´É Í¨¨ 7Li

¢ ËμÉμÔ³Ê²Ó¸¨¨: ÉμÎ±¨ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥,

±·¨¢ Ö C Å ¢ÒÎ¨¸²¥´´μ¥ ¸¥Î¥´¨¥ ±Ê²μ´μ¢¸±μ° ¤¨¸¸μ-
Í¨ Í¨¨

�²¥±É·μ³ £´¨É´ Ö ¤¨¸¸μÍ¨ Í¨Ö. �·¨ ¢ÒÎ¨¸²¥´¨¨ ¸¥Î¥´¨° ³Ò ¨¸¶μ²Ó§Ê¥³ ¶·¨¢¥-
¤¥´´Ò¥ ¢ [25] ¢μ²´μ¢Ò¥ ËÊ´±Í¨¨ ¤¢ÊÌ · §·¥Ï¥´´ÒÌ 3P3/2 (−2,36 ŒÔ‚, μ¸´μ¢´μ¥ ¸μ¸ÉμÖ-
´¨¥ 7Li), 3P1/2 (−1,59) ¨ Ï¥¸É¨ § ¶·¥Ð¥´ÒÌ 0S1/2 (−57,4), 2S1/2 (−15,9), 1P3/2 (−34,4),
1P1/2 (−32,3), 2D5/2 (−13,7), 2D3/2 (−11,1) ¸¢Ö§ ´´ÒÌ ¸μ¸ÉμÖ´¨° ¢ ¶μÉ¥´Í¨ ²¥ ‚Ê¤¸ Ä
‘ ±¸μ´  ¸μ ¸¶¨´-μ·¡¨É ²Ó´Ò³ ¨ ±Ê²μ´μ¢¸±¨³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ³¥¦¤Ê ±² ¸É¥· ³¨ (Î¨¸² 
¢ ¸±μ¡± Ì Å Ô´¥·£¨¨ Ê·μ¢´¥° ¢ ŒÔ‚; £² ¢´μ¥ ±¢ ´Éμ¢μ¥ Î¨¸²μ μ¶·¥¤¥²Ö¥É Î¨¸²μ Ê§-
²μ¢ · ¤¨ ²Ó´μ° ËÊ´±Í¨¨). �É³¥É¨³, ÎÉμ ÔÉ  ±² ¸É¥·´ Ö ³μ¤¥²Ó Ìμ·μÏμ μ¶¨¸Ò¢ ¥É Ë §Ò
· ¸¸¥Ö´¨Ö, ¶·μÍ¥¸¸ ËμÉμ· ¸Ð¥¶²¥´¨Ö, ¸É É¨Î¥¸±¨¥ ¸¢μ°¸É¢  Ö¤·  ¨ Ö¤¥·´Ò¥ Ëμ·³Ë ±-
Éμ·Ò [25,26].

‚ ¦´Ò³ ¶·¥¤¶μ²μ¦¥´¨¥³ ·Ö¤  · §¢¨ÉÒÌ É¥μ·¨° ±Ê²μ´μ¢¸±μ° ¤¨¸¸μÍ¨ Í¨¨ ·¥²ÖÉ¨-
¢¨¸É¸±¨Ì Ö¤¥· [11Ä14] Ö¢²Ö¥É¸Ö ³ ²μ¸ÉÓ ±Ê²μ´μ¢¸±μ°  ³¶²¨ÉÊ¤Ò (¸ÉÊ¶¥´Î Éμ¥ ¶μ¢¥¤¥´¨¥)
¤²Ö ¶·¨Í¥²Ó´ÒÌ ¶ · ³¥É·μ¢ b � R, £¤¥ ¢¥²¨Î¨´  R ¶μ·Ö¤±  ¸Ê³³Ò · ¤¨Ê¸μ¢ ¸É ²±¨¢ Õ-
Ð¨Ì¸Ö Ö¤¥·. �·¨´¨³ ¥É¸Ö, ÎÉμ ¤²Ö É ±¨Ì b ¤μ³¨´¨·Ê¥É Ö¤¥·´Ò° ³¥Ì ´¨§³ · ¸Ð¥¶²¥´¨Ö.
‚ Éμ ¦¥ ¢·¥³Ö ¢ ³¨±·μ¸±μ¶¨Î¥¸±μ° ¤¨Ë· ±Í¨μ´´μ° É¥μ·¨¨ ƒ² Ê¡¥· Ä‘¨É¥´±μ § · ´¥¥
´¥ ¤¥² ¥É¸Ö · §¤¥²¥´¨Ö μ¡² ¸É¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ´  Ö¤¥·´ÊÕ ¨ ±Ê²μ´μ¢¸±ÊÕ, ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨¥ Ë §Ò ¢Ìμ¤ÖÉ ¢ ¶·μË¨²Ó´Ò¥ ËÊ´±Í¨¨ ´  · ¢´μ¶· ¢´μ° μ¸´μ¢¥. �¥ ²¨¸É¨Î´μ¸ÉÓ
· §´ÒÌ ¶·¨¡²¨¦¥´¨° ´Ê¦¤ ¥É¸Ö ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶·μ¢¥·±¥.

� ¸Î¥É ¸¥Î¥´¨Ö · ¸Ð¥¶²¥´¨Ö 7Li ±Ê²μ´μ¢¸±¨³ ¶μ²¥³ ¢Ò¶μ²´¥´ ¢ Ëμ·³ ²¨§³¥ 	¥·ÉÊ-
² ´¨Ä	 Ê·  [13, 27] ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §²μ¦¥´¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö
¶μ ³Ê²ÓÉ¨¶μ²Ö³ ¤²Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·. ƒ² ¢´Ò° ¢±² ¤ ¢ ¸¥Î¥´¨¥ ¤ ÕÉ E1-¶¥·¥Ìμ¤Ò
3P3/2 → S1/2, D3/2, D5/2. ‚Ò¶μ²´¨¢ ¢ ¨¸Ìμ¤´μ³ ¢Ò· ¦¥´¨¨ ¤²Ö ¸¥Î¥´¨Ö ¨´É¥£·¨·μ¢ ´¨¥
¶μ Ê£²μ¢Ò³ ¶¥·¥³¥´´Ò³ ¢μ²´μ¢μ£μ ¢¥±Éμ·  k μÉ´μ¸¨É¥²Ó´μ£μ ¤¢¨¦¥´¨Ö α-Î ¸É¨ÍÒ ¨ Ö¤· 
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É·¨É¨Ö (t),   É ±¦¥ ¶μ  §¨³ÊÉ ²Ó´μ³Ê Ê£²Ê ¢¥±Éμ·  Q, ¶μ²ÊÎ ¥³

dσC

dQ
=

32
9

(
Ze2

�v

)2

cdQR2

∞∫
0

ξ2

(ξ2 + (QR)2)2

(
I2
2 (k) +

1
2
I2
0,1/2(k)

) (
f2
1 +

1
γ2

f2
0

)
k2 dk.

(3)
‡¤¥¸Ó ËÊ´±Í¨¨ fn ¨ · ¤¨ ²Ó´Ò¥ ¨´É¥£· ²Ò Il,j(k) ¤²Ö ¤¨¶μ²Ó´ÒÌ ¶¥·¥Ìμ¤μ¢ ¨³¥ÕÉ ¢¨¤

fn = ξJn(QR)Kn+1(ξ) − QRJn+1(QR)Kn(ξ),
(4)

Il,j(k) =

∞∫
0

Rl,j(k, r)Ri(r)r3 dr,

£¤¥ Jn ¨ Kn Å ËÊ´±Í¨¨ 	¥¸¸¥²Ö; l, j Å μ·¡¨É ²Ó´Ò° ¨ ¶μ²´Ò° ³μ³¥´ÉÒ; Ri ¨ Rl,j Å
¢μ²´μ¢Ò¥ ËÊ´±Í¨¨ ±² ¸É¥·μ¢ ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨ (Ô´¥·£¨Ö ¸¢Ö§¨ Eexp

b = 2,47 ŒÔ‚) ¨
¢ ±μ´É¨´ÊÊ³¥. ‚ ¨´É¥£· ² Ì I2,j = I2 ¶·¥´¥¡·¥£ ¥É¸Ö ³ ²Ò³ · §²¨Î¨¥³ ¸μ¸ÉμÖ´¨° D3/2

¨ D5/2. ”Ê´±Í¨¨ Rl,j(k, r) ´μ·³¨·μ¢ ´Ò É ±, ÎÉμ ¶¥·¥Ìμ¤ÖÉ ¢ ¸Ë¥·¨Î¥¸±¨¥ ËÊ´±Í¨¨
	¥¸¸¥²Ö jl(kr) ¶·¨ ¢Ò±²ÕÎ¥´¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö. ‚ Ëμ·³Ê²¥ (3) Z Å Î¨¸²μ ¶·μ-
Éμ´μ¢ ¢ Ö¤·¥-³¨Ï¥´¨, v Å ¸±μ·μ¸ÉÓ 7Li, ±μÔËË¨Í¨¥´É cd = (Z1β1 − Z2β2)2 (£¤¥
β1(2) = m2(1)/(m1 + m2), mi Å ³ ¸¸Ò ±² ¸É¥·μ¢) μ¶·¥¤¥²Ö¥É ¤¨¶μ²Ó´Ò° ³μ³¥´É ±² -

¸É¥·´μ° ¸¨¸É¥³Ò, γ = (1− (v/c)2)−1/2, ξ = (ωR)/(γv), �ω = Eb +(�k)2/(2μαt) ¨ μαt Å
¶·¨¢¥¤¥´´ Ö ³ ¸¸  α ¨ t. ‚ · ¸Î¥É Ì ¶·¨´ÖÉÒ ¸·¥¤´¨¥ §´ Î¥´¨Ö R̄ = 5,0 Ë³, Z̄ = 7 (CNO)
¨ R̄ = 8,1 Ë³, Z̄ = 41 (AgBr). Q-§ ¢¨¸¨³μ¸ÉÓ ¸¥Î¥´¨Ö, μÌ¢ ÉÒ¢ ÕÐ Ö μÎ¥´Ó Ê§±¨° ¨´-
É¥·¢ ² Q � 50 ŒÔ‚/c ¸ ³ ±¸¨³Ê³μ³ ¶·¨ Q � 3,5 ŒÔ‚/c, ¶μ± § ´  ±·¨¢μ° C ´  ·¨¸. 3.
�·¨ ÔÉμ³ ¤²Ö ËμÉμÔ³Ê²Ó¸¨¨ (58% CNO ¨ 42 % AgBr) ¢ÒÎ¨¸²¥´´μ¥ ¶μ²´μ¥ ¸¥Î¥´¨¥ σC

· ¢´μ 4 ³¡. Œ ² Ö ¢¥²¨Î¨´  σC ¨ ÉμÉ Ë ±É, ÎÉμ ¢ μ¦¨¤ ¥³ÊÕ μ¡² ¸ÉÓ ±Ê²μ´μ¢¸±μ£μ · ¸-
Ð¥¶²¥´¨Ö ¶μ¶ ¤ ¥É ²¨ÏÓ μ±μ²μ 7 % ¸μ¡ÒÉ¨°, Ê± §Ò¢ ÕÉ ´  ´¥μ¡Ìμ¤¨³μ¸ÉÓ · ¸¸³μÉ·¥´¨Ö
¢±² ¤  Ö¤¥·´μ° Ë· £³¥´É Í¨¨.

Ÿ¤¥·´ Ö ¤¨Ë· ±Í¨Ö. ‘μ£² ¸´μ Ëμ·³ ²¨§³Ê �Ì¨¥§¥· Äƒ² Ê¡¥· Ä‘¨É¥´±μ [6], · §-
¢¨Éμ³Ê ¢ [23, 24] ¶·¨³¥´¨É¥²Ó´μ ± ¤¨Ë· ±Í¨μ´´μ³Ê · ¸¸¥Ö´¨Õ ¤¢ÊÌ±² ¸É¥·´ÒÌ Ö¤¥·,
¸¥Î¥´¨¥ ¶·μÍ¥¸¸  μ¶·¥¤¥²Ö¥É¸Ö ³ É·¨Î´Ò³¨ Ô²¥³¥´É ³¨ ±μ³¡¨´ Í¨¨ ¶·μË¨²Ó´ÒÌ ËÊ´±-
Í¨° ω(b):

ωα(bα) + ωt(bt) − ωα(bα)ωt(bt), £¤¥ ωi(b) = 1 − exp (iχi(b)). (5)

„¢  ¶¥·¢ÒÌ ¸² £ ¥³ÒÌ ¢ (5), μÉ¢¥Î ÕÐ¨¥ ¨³¶Ê²Ó¸´μ³Ê ¶·¨¡²¨¦¥´¨Õ, ¤ ÕÉ μ¸´μ¢´μ°
¢±² ¤ ¢ ¸¥Î¥´¨¥

dσN

dQ
= A

(
1 + I0(Q) − 3

2

∑
lj,L

(I lj
L (β1Q)+

+ (−1)LI lj
L (β2Q))2 l̂ĵ(10l0|L0)2

{
j l 1/2
1 3/2 L

}2
)

, (6)
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A

4πQ
=

∣∣∣∣∣
∞∫
0

ω(b)J0(Qb)b db

∣∣∣∣∣
2

, I0(q) =

∞∫
0

j0(qr)R2
i r2 dr,

(7)

I lj
L (q) =

∞∫
0

jL(qr)RljRir
2 dr.

‚Ò· ¦¥´¨¥ (6) ¶μ²ÊÎ¥´μ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶μ²´μÉÒ ¸μ¸ÉμÖ´¨° ±² ¸É¥·´μ£μ £ ³¨²ÓÉμ-
´¨ ´ , ¶μ§¢μ²¨¢Ï¥° ¨¸±²ÕÎ¨ÉÓ ¨´É¥£·¨·μ¢ ´¨¥ ¶μ ¸μ¸ÉμÖ´¨Ö³ ±μ´É¨´ÊÊ³  ¨ ¢Ò· §¨ÉÓ
¸¥Î¥´¨¥ Î¥·¥§ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¶μ ¢¸¥³ (± ± · §·¥Ï¥´´Ò³, É ± ¨ § ¶·¥Ð¥´´Ò³) ¸¢Ö-
§ ´´Ò³ (l, j)-¸μ¸ÉμÖ´¨Ö³. ‚ Ëμ·³Ê²¥ (6) ¸²¥¤ÊÕÐ¨¥ §  Ë ±Éμ·μ³ l̂ ĵ = (2l + 1)(2j + 1)
¸μ³´μ¦¨É¥²¨ ¥¸ÉÓ ±¢ ¤· É ±μÔËË¨Í¨¥´É  Š²¥¡Ï Äƒμ·¤ ´  ¨ 6j-¸¨³¢μ² . ‡´ ±μ¶¥·¥-
³¥´´Ò° ¢±² ¤ É·¥ÉÓ¥£μ Î²¥´  ¢ (5), μÉ¢¥Î ÕÐ¥£μ ¸Éμ²±´μ¢¥´¨Õ ¸· §Ê ¤¢ÊÌ ±² ¸É¥·μ¢ ¸
Ö¤·μ³-³¨Ï¥´ÓÕ (eclipse term), ± ± ¶μ± § ²¨ ¢ÒÎ¨¸²¥´¨Ö, ¢²¨Ö¥É ´  ¸¥Î¥´¨¥ ´  Ê·μ¢´¥ ´¥
¡μ²¥¥ 1Ä2%.

�·¥¦¤¥ Î¥³ ¢Ò¶μ²´¨ÉÓ ¢ÒÎ¨¸²¥´¨Ö ¶·μË¨²Ó´ÒÌ ËÊ´±Í¨° ¸ ·¥ ²¨¸É¨Î¥¸±¨³¨ ¶²μÉ´μ-
¸ÉÖ³¨ ±² ¸É¥·μ¢ ¨ Ö¤¥·-³¨Ï¥´¥°, ³Ò ¨¸¸²¥¤μ¢ ²¨ ¢²¨Ö´¨¥ ´  ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö
· §³ÒÉμ¸É¨ ¶μ¢¥·Ì´μ¸É´μ£μ ¸²μÖ Ö¤¥·. ‚ ¶·¨¡²¨¦¥´¨¨ ·¥§±μ° £· ´¨ÍÒ Ö¤¥· ¶·μË¨²Ó-
´ Ö ËÊ´±Í¨Ö ω(b) ¨³¥¥É ¸ÉÊ¶¥´Î ÉÊÕ Ëμ·³Ê [6] ¸ Ï¨·¨´μ° R ¶μ·Ö¤±  ¸Ê³³Ò · ¤¨Ê¸μ¢
¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·, ¶·¨ ÔÉμ³ ¸¥Î¥´¨¥ ¶·μ¶μ·Í¨μ´ ²Ó´μ Ë ±Éμ·Ê J2

1 (QR). „²Ö ³¨Ï¥-
´¥° Ag, Br ¤¨Ë· ±Í¨μ´´μ¥ ¸¥Î¥´¨¥ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¶μ± § ´μ ´  ·¨¸. 4,  . ‚¨¤´μ ³´μ¦¥-
¸É¢μ μ¸Í¨²²ÖÍ¨° ¸¥Î¥´¨Ö ´  ¨´É¥·¢ ²¥ Q, ´ ³´μ£μ ¶·¥¢ÒÏ ÕÐ¥³ ´ ¡²Õ¤ ¥³Ò° ¨´É¥·¢ ²
Q � 0,5 ƒÔ‚/c,   ¢¥²¨Î¨´  ¶μ²´μ£μ ¸¥Î¥´¨Ö (250 ³¡) ¢ ´¥¸±μ²Ó±μ · § ¶·¥¢ÒÏ ¥É ¨§³¥-
·¥´´μ¥ ((31 ± 4) ³¡). ‚ Éμ ¦¥ ¢·¥³Ö ¸ Ë¥·³¨¥¢¸±μ° Ëμ·³μ° ¶·μË¨²Ó´μ° ËÊ´±Í¨¨ ¸μ
¸É ´¤ ·É´Ò³ ¶ · ³¥É·μ³ · §³ÒÉμ¸É¨ a � 0,5 Ë³ Î¨¸²μ μ¸Í¨²²ÖÍ¨° ·¥§±μ Ê³¥´ÓÏ ¥É¸Ö,
¢¥²¨Î¨´  ¸¥Î¥´¨Ö ¸É ´μ¢¨É¸Ö ¢ ´¥¸±μ²Ó±μ · § ³¥´ÓÏ¥,   ³ ±¸¨³ ²Ó´ Ö £· ´¨Í  Qmax, ± ±
¶μ± § ´μ ´  ·¨¸. 4, ¡, ¡²¨§±  ± ´ ¡²Õ¤ ¥³μ°. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢²¨Ö´¨¥ · §³ÒÉμ¸É¨
Ö¤¥·´μ° ¶μ¢¥·Ì´μ¸É¨ ´  ¶μ²´μ¥ ¸¥Î¥´¨¥ ¤¨Ë· ±Í¨μ´´μ£μ · ¸Ð¥¶²¥´¨Ö ¤¥°É·μ´  · ´¥¥
¨§ÊÎ ²μ¸Ó ¢ [28]. ’ ³ ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¸¥Î¥´¨¥ ÔÉμ£μ ¶·μÍ¥¸¸  ·¥§±μ Ê³¥´ÓÏ ¥É¸Ö ¸
Ê¢¥²¨Î¥´¨¥³ ¶ · ³¥É·  · §³ÒÉμ¸É¨ (ÔËË¥±É ‘¨É¥´±μÄ’ ·É ±μ¢¸±μ£μ).

�¨¸. 4. „¨Ë· ±Í¨μ´´Ò¥ ¸¥Î¥´¨Ö, ¢ÒÎ¨¸²¥´´Ò¥ ¸μ ¸ÉÊ¶¥´Î Éμ° Ëμ·³μ° ¶·μË¨²Ó´μ° ËÊ´±Í¨¨ (a)
¨ ¸ Ë¥´μ³¥´μ²μ£¨Î¥¸±μ° Ë¥·³¨¥¢¸±μ° Ëμ·³μ° ¶·μË¨²Ó´μ° ËÊ´±Í¨¨ (¡) ¸¨¸É¥³Ò ±² ¸É¥·ÄÖ¤·μ-

³¨Ï¥´Ó
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	μ²¥¥ ÉμÎ´Ò¥ ¢ ±μ²¨Î¥¸É¢¥´´μ³ μÉ´μÏ¥´¨¨ ·¥§Ê²ÓÉ ÉÒ ¶μ²ÊÎ ÕÉ¸Ö ¸ Ë §μ¢Ò³¨ ËÊ´±-
Í¨Ö³¨ χi(b), μ¶¨¸Ò¢ ÕÐ¨³¨ ¸Éμ²±´μ¢¥´¨Ö Ö¤¥· ¸ ³ ¸¸μ¢Ò³¨ Î¨¸² ³¨ A1 ¨ A2, ¢ÒÎ¨-
¸²¥´´Ò³¨ ¢ μ¶É¨Î¥¸±μ³ ¶·¥¤¥²¥ ³μ¤¥²¨ ƒ² Ê¡¥· Ä‘¨É¥´±μ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ëμ·³Ê²Ò
¸¢¥·É±¨ Ö¤¥·´ÒÌ Ëμ·³Ë ±Éμ·μ¢ SAi(q) ¨ NN - ³¶²¨ÉÊ¤Ò [29]

iχ(b) = −A1A2σN

8π2
(1 − iρ)

∫
exp

(
−iqb − aNq2

2

)
K(q)SA1SA2 d2q. (8)

„²Ö (α, t)-±² ¸É¥·μ¢ ¨ Ö¤¥· 1p-μ¡μ²μÎ±¨ Ëμ·³Ë ±Éμ·Ò ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ¤²Ö · ¸¶·¥¤¥²¥-
´¨° ¶²μÉ´μ¸É¨ ¢ μ¸Í¨²²ÖÉμ·´μ° ³μ¤¥²¨ μ¡μ²μÎ¥± ¸ ¶μ¶· ¢±μ° ´  ¤¢¨¦¥´¨¥ Í¥´É·  ³ ¸¸
§  ¸Î¥É ³´μ¦¨É¥²Ö K(q). „²Ö ÉÖ¦¥²ÒÌ Ö¤¥· (Ag, Br) ¶·¨´¨³ ²μ¸Ó Ë¥·³¨¥¢¸±μ¥ · ¸¶·¥¤¥-
²¥´¨¥ ¶²μÉ´μ¸É¨. � · ³¥É·Ò μ¸Í¨²²ÖÉμ·´μ° ³μ¤¥²¨ (�ω) ¨ Ë¥·³¨¥¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö
(R ¨ a) ¸μ£² ¸μ¢ ´Ò ¸É ´¤ ·É´Ò³ ¸¶μ¸μ¡μ³ [30, 31] c Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¸·¥¤´¥±¢ -
¤· É¨Î´Ò³¨ · ¤¨Ê¸ ³¨ Ö¤¥· [32] Å r̄t = 1,7 Ë³, r̄α = 1,67 Ë³, r̄CNO = 2,54 Ë³,
r̄Br = 5,1 Ë³, r̄Ag = 5,62 Ë³. �·¨´ÖÉÒ¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ NN -¢§ ¨³μ¤¥°¸É¢¨Ö ¸²¥¤Ê-
ÕÐ¨¥: σN = 43,0 ³¡, ρ = −0,35, aN = 0,242 Ë³2 [31]. ‚¸²¥¤¸É¢¨¥ ³ ²μ£μ · §²¨Î¨Ö ωα

¨ ωt ¤²Ö ¢Ò¡· ´´μ£μ Ö¤· -³¨Ï¥´¨ ¢ ± Î¥¸É¢¥ ω(b) ³Ò ¨¸¶μ²Ó§Ê¥³ ¶μ²Ê¸Ê³³Ê ÔÉ¨Ì ËÊ´±-
Í¨°. „¥°¸É¢¨É¥²Ó´Ò¥ ¨ ³´¨³Ò¥ Î ¸É¨ ω(b) ¤²Ö ²¥£±¨Ì ¨ ÉÖ¦¥²ÒÌ Ö¤¥· Ô³Ê²Ó¸¨¨ ¶μ± § ´Ò
´  ·¨¸. 5.

�¨¸. 5. „¥°¸É¢¨É¥²Ó´Ò¥ Re (ω) (¸¶²μÏ´Ò¥ ²¨´¨¨) ¨ ³´¨³Ò¥ Im (ω) (ÏÉ·¨Ìμ¢Ò¥) Î ¸É¨ ¶·μË¨²Ó-
´ÒÌ ËÊ´±Í¨°

‚ÒÎ¨¸²¥´´Ò¥ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö μÉ¤¥²Ó´μ ¤²Ö ²¥£±¨Ì (C, N, O) ¨ ÉÖ¦¥²ÒÌ
(Br, Ag) Ö¤¥·-³¨Ï¥´¥° ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 6. �É¨ ¸¥Î¥´¨Ö ·¥§±μ μÉ²¨Î ÕÉ¸Ö μÉ ¶·¨¢ÒÎ-
´ÒÌ Ëμ·³ ¸¥Î¥´¨° ¤¨Ë· ±Í¨μ´´μ£μ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö μÉ¸ÊÉ¸É¢¨¥³ ¶¨±  ¶·¨ ´Ê²¥¢ÒÌ Q,
ÎÉμ μ¡ÑÖ¸´Ö¥É¸Ö μ·Éμ£μ´ ²Ó´μ¸ÉÓÕ ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ±² ¸É¥·μ¢ ¢ 7Li ¨ ¸μ¸ÉμÖ´¨°
±² ¸É¥·μ¢ ¢ ´¥¶·¥·Ò¢´μ³ ¸¶¥±É·¥. Š·μ³¥ Éμ£μ, ¥¸²¨ ¢ Ê¶·Ê£μ³ · ¸¸¥Ö´¨¨ ¨´É¥´¸¨¢´μ¸ÉÓ
¸²¥¤ÊÕÐ¨Ì §  £² ¢´Ò³ ¶¨±μ³ ¤¨Ë· ±Í¨μ´´ÒÌ μ¸Í¨²²ÖÍ¨° Ê³¥´ÓÏ ¥É¸Ö ´  ¶μ·Ö¤±¨ ¢¥²¨-
Î¨´, Éμ ¢ ´¥Ê¶·Ê£μ³ ¶·μÍ¥¸¸¥ ¨´É¥´¸¨¢´μ¸É¨ μ¸Í¨²²ÖÍ¨° ¸· ¢´¨³Ò ¶μ ¢¥²¨Î¨´¥. —¨¸²μ
¨ ¨´É¥´¸¨¢´μ¸ÉÓ ¶¨±μ¢ ¢ μ¸´μ¢´μ³ § ¢¨¸ÖÉ μÉ ¶·μÉÖ¦¥´´μ¸É¨ (Ï¨·¨´Ò) ¤¥°¸É¢¨É¥²Ó´μ°
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�¨¸. 6. „¨Ë· ±Í¨μ´´Ò¥ ¸¥Î¥´¨Ö, ¢ÒÎ¨¸²¥´´Ò¥ ¸ ·¥ ²¨¸É¨Î¥¸±¨³¨ · ¸¶·¥¤¥²¥´¨Ö³¨ ¶²μÉ´μ¸É¥°

±² ¸É¥·  ¨ Ö¤· -³¨Ï¥´¨

Î ¸É¨ ¶·μË¨²Ó´μ° ËÊ´±Í¨¨ ¶μ ¶¥·¥³¥´´μ° b, ±μÉμ· Ö ¡²¨§±  ± ¸Ê³³¥ · ¤¨Ê¸μ¢ ¢´Ê-
É·¨Ö¤¥·´μ£μ ±² ¸É¥·  ¨ Ö¤· -³¨Ï¥´¨ Å Î¥³ Ï¨·¥ ¶·μË¨²Ó´ Ö ËÊ´±Í¨Ö, É¥³ ¡μ²ÓÏ¥
μ¸Í¨²²ÖÍ¨° ¢ ¸¥Î¥´¨¨, ¶·¨ ÔÉμ³ ¶μ²μ¦¥´¨¥ ³ ±¸¨³Ê³μ¢ ¸¤¢¨£ ¥É¸Ö ¢ ¸Éμ·μ´Ê ³¥´ÓÏ¨Ì
§´ Î¥´¨° Q. � §²¨Î¨¥ ¸¥Î¥´¨° ´  Î¨¸ÉÒÌ Ö¤· Ì C, N, O ¨ Ag, Br μ¡ÑÖ¸´Ö¥É¸Ö ¡μ²ÓÏ¨³

�¨¸. 7. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨ É¥μ·¥-

É¨Î¥¸±¨¥ ±·¨¢Ò¥ ¸¥Î¥´¨° ±Ê²μ´μ¢¸±μ£μ (C)

¨ Ö¤¥·´μ£μ ¤¨Ë· ±Í¨μ´´μ£μ (N) · ¸Ð¥¶²¥-
´¨° 7Li

· §²¨Î¨¥³ Ï¨·¨´ ¶·μË¨²Ó´ÒÌ ËÊ´±Í¨°
(¸³. ·¨¸. 5), ¢Ò§¢ ´´ÒÌ ¸¨²Ó´Ò³ · §²¨Î¨¥³
· ¤¨Ê¸μ¢ ÔÉ¨Ì £·Ê¶¶ Ö¤¥·-³¨Ï¥´¥°, ¶·¨¸ÊÉ-
¸É¢ÊÕÐ¨Ì ¢ ËμÉμÔ³Ê²Ó¸¨¨ Å · ¤¨Ê¸Ò ÉÖ¦¥-
²ÒÌ Ö¤¥· ¶·¨³¥·´μ ¢¤¢μ¥ ¡μ²ÓÏ¥ · ¤¨Ê¸μ¢
²¥£±¨Ì. ‡¤¥¸Ó Ê³¥¸É´μ μÉ³¥É¨ÉÓ ·¥§Ê²ÓÉ É
· ¡μÉÒ [20], ¢ ±μÉμ·μ° ¶·¥¤¸É ¢²¥´Ò ¨§³¥-
·¥´¨Ö ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ ¸¥Î¥´¨Ö ¤¢ÊÌ±² -
¸É¥·´μ° Ë· £³¥´É Í¨¨ 7Li ´  ¶·μÉμ´ Ì Ëμ-
ÉμÔ³Ê²Ó¸¨¨. Œ ±¸¨³Ê³ ¸¥Î¥´¨Ö ´  ¶·μÉμ´¥
μ± § ²¸Ö ¸¤¢¨´ÊÉÒ³ ¢ μ¡² ¸ÉÓ ¡μ²ÓÏ¨Ì Q
¶μ ¸· ¢´¥´¨Õ ¸ ³ ±¸¨³Ê³μ³ ¸¥Î¥´¨Ö ¤²Ö
Ö¤¥· C, N, O (¸³. ·¨¸. 6). Š Î¥¸É¢¥´´μ É -
±μ° ¸¤¢¨£ ³μ¦´μ ¶μ´ÖÉÓ ± ± ÔËË¥±É ¡μ²¥¥
Ê§±μ° Ï¨·¨´Ò ¶·μË¨²Ó´μ° ËÊ´±Í¨¨ ¸¨¸É¥³Ò
±² ¸É¥·Ä¶·μÉμ´ (¶μ·Ö¤±  · ¤¨Ê¸  ±² ¸É¥· )
¶μ ¸· ¢´¥´¨Õ ¸ Ï¨·¨´μ° ¶·μË¨²Ó´μ° ËÊ´±-
Í¨¨ ¸¨¸É¥³Ò ±² ¸É¥·ÄÖ¤·μ. �¥§Ê²ÓÉ ÉÒ · ¸Î¥-
Éμ¢ ¸¥Î¥´¨Ö Ë· £³¥´É Í¨¨ ´  ¶·μÉμ´¥ ¡Ê¤ÊÉ
¤ ´Ò ¢ μÉ¤¥²Ó´μ° ¸É ÉÓ¥.

„¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ ¶·μÍ¥¸¸  ¤²Ö
ËμÉμÔ³Ê²Ó¸¨¨, ¶μ± § ´´μ¥ ´  ·¨¸. 7, ¶μ²Ê-
Î¥´μ ¸²μ¦¥´¨¥³ ¤¢ÊÌ ¤¨Ë· ±Í¨μ´´ÒÌ ± ·-
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É¨´, ¶·¨¢¥¤¥´´ÒÌ ´  ·¨¸. 6, ¸ ÊÎ¥Éμ³ ¶·μÍ¥´É´μ£μ ¸μ¤¥·¦ ´¨Ö ²¥£±¨Ì ¨ ÉÖ¦¥²ÒÌ Ö¤¥·.
’¥μ·¥É¨Î¥¸±μ¥ ¸¥Î¥´¨¥ ¢μ¸¶·μ¨§¢μ¤¨É ´ ³¥É¨¢Ï¨¥¸Ö ´¥·¥£Ê²Ö·´μ¸É¨ ¢ Ô±¸¶¥·¨³¥´É ²Ó-
´μ³ ¸¥Î¥´¨¨. Š ± ¢¨¤´μ ¨§ ·¨¸. 7, ±Ê²μ´μ¢¸±μ¥ ¨ Ö¤¥·´μ¥ ¸¥Î¥´¨Ö § ³¥É´μ · §¤¥²¥´Ò
¸ ´¥¡μ²ÓÏμ° μ¡² ¸ÉÓÕ ¶¥·¥±·ÒÉ¨Ö, ÎÉμ Ê± §Ò¢ ¥É ´  ³ ²μ¸ÉÓ ¢±² ¤  ¨´É¥·Ë¥·¥´Í¨¨
±Ê²μ´μ¢¸±μ£μ ¨ Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨° ¤²Ö · ¸¸³μÉ·¥´´μ£μ ¶·μÍ¥¸¸  Ë· £³¥´É Í¨¨.
‘²¥¤Ê¥É μÉ³¥É¨ÉÓ ¶·¥¢ÒÏ¥´¨¥ ¢ÒÎ¨¸²¥´´μ£μ ¶μ²´μ£μ ¸¥Î¥´¨Ö 44,7 ³¡ ´ ¤ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³ (31 ± 4) ³¡. Š·¨¢Ò¥ ´  ·¨¸. 7 ´μ·³¨·μ¢ ´Ò ´  ¶μ²´μ¥ ¨§³¥·¥´´μ¥ ¸¥Î¥´¨¥ ¸
±μÔËË¨Í¨¥´Éμ³ k = 0,7, ±μÉμ·Ò° ³μ¦´μ É· ±Éμ¢ ÉÓ ± ± ¢¥·μÖÉ´μ¸ÉÓ ¤¢ÊÌÉ¥²Ó´μ° ±² -
¸É¥·¨§ Í¨¨ 3H + 4He ¢ ¢μ²´μ¢μ° ËÊ´±Í¨¨ Ö¤·  7Li.

‡�Š‹	—…�ˆ…

‘·¥¤¨ ³´μ¦¥¸É¢  ¶·μÍ¥¸¸μ¢ Ë· £³¥´É Í¨¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· ¢ ¶¥·¨Ë¥·¨Î¥¸±¨Ì
¸Éμ²±´μ¢¥´¨ÖÌ ´ ¨¡μ²ÓÏ¨° ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ É¥ ¨§ ´¨Ì, ±μÉμ·Ò¥ ²¥£Î¥ ¶μ¤¤ ÕÉ¸Ö
É¥μ·¥É¨Î¥¸±μ³Ê  ´ ²¨§Ê. Š ´¨³ μÉ´μ¸¨É¸Ö ¶·¥¦¤¥ ¢¸¥£μ ±² ¸¸ ·¥ ±Í¨° ¸ ¤¢Ê³Ö Ö¤· ³¨
¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨. �μ³¨³μ · §¢ ²  ¤¥°É·μ´  ´  ¶·μÉμ´ ¨ ´¥°É·μ´, ¶μ ±μÉμ·μ³Ê
¶·¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ô´¥·£¨ÖÌ ¶· ±É¨Î¥¸±¨ ´¥É ¤ ´´ÒÌ, É ±¨³ ¶·¨³¥·μ³ μ± § ² ¸Ó Ë· £-
³¥´É Í¨Ö 7Li ¶μ ± ´ ²Ê 3H + 4He, ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ ±μÉμ·μ° ¡Ò²μ ¨§³¥·¥´μ
£·Ê¶¶μ° ‘.�.• ·² ³μ¢  ³¥Éμ¤μ³ Ö¤¥·´ÒÌ ËμÉμÔ³Ê²Ó¸¨°. ‚ ¨§²μ¦¥´´μ³ ¢ÒÏ¥  ´ ²¨§¥
³Ò ¸É·¥³¨²¨¸Ó ¶μ¤Î¥·±´ÊÉÓ É¥  ¸¶¥±ÉÒ ³¥Ì ´¨§³μ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨ ¸É·Ê±ÉÊ·Ò Ö¤· ,
±μÉμ·Ò¥ μÉ¢¥É¸É¢¥´´Ò §  ´ ¡²Õ¤ ¥³Ò¥ μ¸μ¡¥´´μ¸É¨ ¶·μÍ¥¸¸ .

‚ÒÎ¨¸²¥´´μ¥ ¸¥Î¥´¨¥ ·¥²ÖÉ¨¢¨¸É¸±μ° ±Ê²μ´μ¢¸±μ° ¤¨¸¸μÍ¨ Í¨¨ 7Li ¸μ¸·¥¤μÉμÎ¥´μ ¢
Ê§±μ³ ¨´É¥·¢ ²¥ ³ ²ÒÌ Q (Q � 50 ŒÔ‚/c) ¨ ¸μ¸É ¢²Ö¥É μ±μ²μ 10 % μÉ ¶μ²´μ£μ ¸¥Î¥-
´¨Ö. �ÉμÉ ·¥§Ê²ÓÉ É ´¥ ¶·μÉ¨¢μ·¥Î¨É ¢¥·Ì´¥° μÍ¥´±¥ μÉ´μÏ¥´¨Ö p = σem/σnucl � 0,4,
¢Ò¢¥¤¥´´μ° ¨§ ¤ ´´ÒÌ LBL ¶μ ¶μ²´Ò³ ¸¥Î¥´¨Ö³.

� ¡²Õ¤ ¥³Ò¥ ´¥·¥£Ê²Ö·´μ¸É¨ ¢ ¤¨ËË¥·¥´Í¨ ²Ó´μ³ ¸¥Î¥´¨¨ μ¡ÑÖ¸´ÖÕÉ¸Ö ´ ²μ¦¥´¨¥³
· §´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ± ·É¨´ μÉ ¤¢ÊÌ £·Ê¶¶ Ö¤¥· ËμÉμÔ³Ê²Ó¸¨¨ C, N, O ¨ Ag, Br, · ¤¨-
Ê¸Ò ±μÉμ·ÒÌ μÉ²¨Î ÕÉ¸Ö ¶·¨³¥·´μ ¢ ¤¢  · § . Œμ¦´μ ÊÉ¢¥·¦¤ ÉÓ, ÎÉμ ËμÉμÔ³Ê²Ó¸¨μ´´Ò³
³¥Éμ¤μ³ ¶μ²ÊÎ¥´  ´ £²Ö¤´ Ö (¢¨§Ê ²Ó´ Ö) ¤¨Ë· ±Í¨μ´´ Ö ± ·É¨´  Ö¤¥·´μ£μ ´¥Ê¶·Ê£μ£μ
¶·μÍ¥¸¸ .

�·¥¤¸± §Ò¢ ¥³Ò¥ ¤¨Ë· ±Í¨μ´´Ò¥ ¸¥Î¥´¨Ö ´  Î¨¸ÉÒÌ Ö¤· Ì-³¨Ï¥´ÖÌ ¨³¥ÕÉ Ëμ·³Ê
¸· ¢´¨³ÒÌ ¶μ ¨´É¥´¸¨¢´μ¸É¨ μ¸Í¨²²ÖÍ¨°, ·¥§±μ μÉ²¨Î ÕÐÊÕ¸Ö μÉ ¶·¨¢ÒÎ´μ° Ëμ·³Ò
¸¥Î¥´¨Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¸ £² ¢´Ò³ ³ ±¸¨³Ê³μ³ ¶·¨ ´Ê²¥¢μ³ ¨³¶Ê²Ó¸¥. ˜¨·¨´  ¨´-
É¥·¢ ²  Qmax, ¢ ±μÉμ·μ³ ¥Ð¥ § ³¥É´Ò μ¸Í¨²²ÖÍ¨¨, ¨Ì Î¨¸²μ ¨ ¢¥²¨Î¨´Ò ¸¥Î¥´¨° ¢
³ ±¸¨³Ê³ Ì ¸¨²Ó´μ § ¢¨¸ÖÉ μÉ · §³ÒÉμ¸É¨ ¶μ¢¥·Ì´μ¸É´μ£μ ¸²μÖ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·.
�·¨¥³²¥³Ò¥ ¢¥²¨Î¨´Ò ¶μ²´μ£μ ¸¥Î¥´¨Ö ¨ Ï¨·¨´Ò ¨´É¥·¢ ²  (Q � 0, 5 ƒÔ‚/c) ¶μ²ÊÎ -
ÕÉ¸Ö ¸ Ë¥·³¨¥¢¸±¨³ · ¸¶·¥¤¥²¥´¨³ ¶²μÉ´μ¸É¨.

‚Ò¶μ²´¥´´Ò°  ´ ²¨§ ¶μ± § ², ÎÉμ § ²μ¦¥´´ Ö ¢ μ¸´μ¢Ê · ¸Î¥Éμ¢ ¤¢ÊÌ±² ¸É¥·´ Ö
³μ¤¥²Ó Ö¤·  ¸ § ¶·¥Ð¥´´Ò³¨ ¸μ¸ÉμÖ´¨Ö³¨ Ö¢²Ö¥É¸Ö ¢¶μ²´¥  ¤¥±¢ É´μ°. �μ·³¨·μ¢± 
¢ÒÎ¨¸²¥´´μ£μ ¶μ²´μ£μ ¸¥Î¥´¨Ö ´  Ô±¸¶¥·¨³¥´É ²Ó´μ¥ É·¥¡Ê¥É ¢¢¥¤¥´¨Ö ±μÔËË¨Í¨¥´É 
k = 0,7, ±μÉμ·Ò° ³μ¦´μ É· ±Éμ¢ ÉÓ ± ± ¢¥·μÖÉ´μ¸ÉÓ ¤¢ÊÌ±² ¸É¥·´μ£μ ¸μ¸ÉμÖ´¨Ö 3H+4He
¢ Ö¤·¥ 7Li.

�¥¸³μÉ·Ö ´  ¸¢μ°¸É¢¥´´ÊÕ ËμÉμÔ³Ê²Ó¸¨μ´´μ° ³¥Éμ¤¨±¥ ´¥¢Ò¸μ±ÊÕ ¸É É¨¸É¨±Ê ¨§³¥-
·¥´¨°, ¶μ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ± ± ¶μ± §Ò¢ ¥É ¨Ì  ´ ²¨§, § É· £¨¢ ÕÉ
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¢ ¦´Ò¥  ¸¶¥±ÉÒ Ë¨§¨±¨ ¸Éμ²±´μ¢¥´¨° ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· ¨ ¨Ì ¸É·Ê±ÉÊ·Ò. �É¨ ·¥§Ê²Ó-
É ÉÒ ³μ£ÊÉ ¶μ¸²Ê¦¨ÉÓ Ìμ·μÏ¨³ μ·¨¥´É¨·μ³ ¤²Ö ´μ¢ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨¸¸²¥¤μ¢ ´¨Õ
·¥²ÖÉ¨¢¨¸É¸±μ° Ë· £³¥´É Í¨¨ ´  Î¨¸ÉÒÌ Ö¤· Ì-³¨Ï¥´ÖÌ ¸ ¶·¨³¥´¥´¨¥³ ¤·Ê£¨Ì ³¥Éμ¤¨±,
±μÉμ·Ò¥ μ¡¥¸¶¥Î É ¡μ²¥¥ ¢Ò¸μ±ÊÕ ¸É É¨¸É¨±Ê.

�¢Éμ· ¡² £μ¤ ·¥´ ‘.�.• ·² ³μ¢Ê, �. ƒ. �¥·¥¸ ¤Ó±μ ¨ 
.�.�²¥±¸ ´¤·μ¢Ê, ¶μ ¨´¨-
Í¨ É¨¢¥ ±μÉμ·ÒÌ ¡Ò²  ¢Ò¶μ²´¥´  ÔÉ  · ¡μÉ , §  ³´μ£μÎ¨¸²¥´´Ò¥ μ¡¸Ê¦¤¥´¨Ö ¶·μ¡²¥³ -
É¨±¨ ¨¸¸²¥¤μ¢ ´¨° ¸Éμ²±´μ¢¥´¨° ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· ³¥Éμ¤μ³ Ö¤¥·´ÒÌ ËμÉμÔ³Ê²Ó¸¨°.
� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �μ¸¸¨°¸±μ£μ Ëμ´¤  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨°,
£· ´ÉÒ º07-02-00871-  ¨ º12-02-01238-a.
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