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� ¸¸Î¨É ´Ò ¨ ¨¸¸²¥¤µ¢ ´Ò ¨´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö Ö¤¥·´µ£µ ¨ ±Ê²µ´µ¢¸±µ£µ ¢§ ¨³µ¤¥°¸É¢¨° £¨-
¶¥·Ö¤¥· 6

ΛHe ¸ · §²¨Î´Ò³¨  Éµ³´Ò³¨ Ö¤· ³¨ ¢ ¤¢ÊÌ±² ¸É¥·´µ° (6ΛHe → n+5
ΛHe) ¨ É·¥Ì±² ¸É¥·´µ°

(6ΛHe → n+Λ+ 4
ΛHe) ³µ¤¥²ÖÌ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¸É·Ê±ÉÊ·Ò £¨¶¥·Ö¤¥·, · §³ÒÉ¨Ö ±· Ö Ö¤· -³¨Ï¥´¨

¨ ³´µ£µ±· É´µ£µ · ¸¸¥Ö´¨Ö ¨ ¢ÒÖ¢²¥´  ¡µ²¥¥ ¸¨²Ó´ Ö § ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨° µÉ ÔÉ¨Ì Ë ±Éµ·µ¢, Î¥³
¤²Ö ¶ ¤ ÕÐ¨Ì £¨¶¥·É·¨Éµ´µ¢, ¸ ±µÉµ·Ò³¨ Ö¤·  6

ΛHe ¨³¥ÕÉ ·Ö¤ µ¡Ð¨Ì Î¥·É.

Integral cross sections of nuclear and Coulomb interactions of 6
ΛHe hypernuclei with different

nuclei have been calculated and analysed in two clusters (6ΛHe → n + 5
ΛHe) and three clusters (6ΛHe →

n + Λ + 4
ΛHe) models. The cross sections were calculated as a function of the hypernucleus structure,

as well as a function of decreasing density of the target nucleus surface and of multiple scattering. The
dependence of cross sections on these factors is stronger than in the interactions of hypertritons having
common properties with 6

ΛHe nuclei.

‘µ ¢·¥³¥´¨ µÉ±·ÒÉ¨Ö ¢ 1953 £µ¤Ê ¶¥·¢µ£µ £¨¶¥·Ö¤·  ¶µ²Ó¸±¨³¨ Ë¨§¨± ³¨ Œ ·¨ ´µ³
„ ´ÒÏ¥³ ¨ …¦¨ �´¥¢¸±¨³ ¢ Ö¤¥·´µ-Ô³Ê²Ó¸¨µ´´µ° ËµÉµ£· Ë¨¨ [1] É¥Ì´¨±  Ô±¸¶¥·¨-
³¥´É  ¶µ ¨¸¸²¥¤µ¢ ´¨Õ £¨¶¥·Ö¤¥· ¸ÊÐ¥¸É¢¥´´µ Ê¸µ¢¥·Ï¥´¸É¢µ¢ ² ¸Ó. �¤´ ±µ ¸²¥¤Ê¥É
µÉ³¥É¨ÉÓ, ÎÉµ ¶· ±É¨Î¥¸±¨ ¢µ ¢¸¥Ì Ô±¸¶¥·¨³¥´É Ì £¨¶¥·Ö¤·µ ·µ¦¤ ¥É¸Ö ¶·¨ ¢µ§¡Ê¦¤¥´¨¨
Ö¤·  ³¨Ï¥´¨ ¨ · ¸¶ ¤ ¥É¸Ö ¶· ±É¨Î¥¸±¨ ¢ ÉµÎ±¥ ·µ¦¤¥´¨Ö. �µÔÉµ³Ê ¢ É ±¨Ì Ô±¸¶¥·¨-
³¥´É Ì £¨¶¥·Ö¤·  ¨¤¥´É¨Ë¨Í¨·ÊÕÉ¸Ö ±µ¸¢¥´´Ò³¨ ³¥Éµ¤ ³¨ ¨ ´¥ ³µ¦¥É ¡ÒÉÓ ¨ ·¥Î¨ µ
´ ¡²Õ¤¥´¨¨ ¢§ ¨³µ¤¥°¸É¢¨° É ±¨Ì ¶µ±µÖÐ¨Ì¸Ö Ö¤¥·.

Šµ£¤  ´  ±² ¸¸¨Î¥¸±¨Ì ¶·µÉµ´´ÒÌ Ê¸±µ·¨É¥²ÖÌ ¸É ²¨ ¶µ²ÊÎ ÉÓ ¶ÊÎ±¨ Ê¸±µ·¥´´ÒÌ
Ö¤¥·, ¶µÖ¢¨² ¸Ó ¨¤¥Ö ¶·µ¢µ¤¨ÉÓ É ±¨¥ Ô±¸¶¥·¨³¥´ÉÒ, ¢ ±µÉµ·ÒÌ ¨¸¸²¥¤ÊÕÉ¸Ö £¨¶¥·Ö¤· ,
µ¡· §µ¢ ¢Ï¨¥¸Ö ¢¸²¥¤¸É¢¨¥ ¢µ§¡Ê¦¤¥´¨Ö Ê¸±µ·¥´´ÒÌ Ö¤¥· ¨²¨ ¨Ì Ë· £³¥´Éµ¢. ’ ±¨¥ £¨-
¶¥·Ö¤·  ¤µ · ¸¶ ¤  ³µ£ÊÉ ¶·µ²¥É¥ÉÓ ¤¥¸ÖÉ±¨ ¸ ´É¨³¥É·µ¢, ¶µÔÉµ³Ê ¨Ì ³µ¦´µ ´ ¡²Õ¤ ÉÓ
µÉ´µ¸¨É¥²Ó´µ ¤ ²¥±µ µÉ ³¨Ï¥´¨, ´ ¶·¨³¥·, ¤²Ö Éµ£µ, ÎÉµ¡Ò ¨§³¥·¨ÉÓ ¢·¥³Ö ¦¨§´¨ ¶µ
· ¸¶·¥¤¥²¥´¨Õ ÉµÎ¥± · ¸¶ ¤ . …¸²¨ £¨¶¥·Ö¤¥· ·µ¦¤ ¥É¸Ö ¤µ¸É ÉµÎ´µ ³´µ£µ, ¶µ²ÊÎ ¥É¸Ö
¸¢µ¥µ¡· §´Ò° ¶ÊÎµ± £¨¶¥·Ö¤¥·, ¶·¨ ¶µ³µÐ¨ ±µÉµ·µ£µ ³µ¦´µ ¨¸¸²¥¤µ¢ ÉÓ ¢§ ¨³µ¤¥°-
¸É¢¨Ö £¨¶¥·Ö¤¥· ¸ ¢¥Ð¥¸É¢µ³. ’ ±¨¥ Ô±¸¶¥·¨³¥´ÉÒ ¶µ§¢µ²ÖÕÉ µ¶·¥¤¥²¨ÉÓ Ô´¥·£¨Õ ¸¢Ö§¨
¸² ¡µ¸¢Ö§ ´´ÒÌ £¨¶¥·Ö¤¥·, ¶µ²ÊÎ¨ÉÓ ¤ ´´Ò¥ µ ¸É·Ê±ÉÊ·¥ ÔÉ¨Ì Ö¤¥·.

1�µ¤¤¥·¦±  �””ˆ Å £· ´É 99-02-17655.
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•µÉÖ ¶·¥¤²µ¦¥´¨e ¶µ ¨§ÊÎ¥´¨Õ ¢§ ¨³µ¤¥°¸É¢¨° £¨¶¥·Ö¤¥· ¸ · §²¨Î´Ò³¨ Ö¤· ³¨ ¡Ò²µ
¢Ò¸± § ´µ ¶µÎÉ¨ ¤¥¸ÖÉÓ ²¥É ´ § ¤, ¸ 2000 £. ¨¤¥Ö ¶·¨µ¡·¥É ¥É ¶· ±É¨Î¥¸±¨° ¨´É¥·¥¸, ¶µ-
¸±µ²Ó±Ê ¢ ‹‚� �ˆŸˆ ¢ „Ê¡´¥, ´  ´µ¢µ³ Ê¸±µ·¨É¥²¥ ´Ê±²µÉ·µ´¥ µ¶·µ¡µ¢ ´ ·¥¦¨³ ¢Ò¢µ¤ 
¶ÊÎ±  Ö¤¥·, ÎÉµ ¶µ§¢µ²Ö¥É ¶² ´¨·µ¢ ÉÓ ¶·µ¢¥¤¥´¨¥ · ¡µÉ ¶µ ¸µ§¤ ´¨Õ ¶ÊÎ±µ¢ ·¥²ÖÉ¨¢¨¸É-
¸±¨Ì £¨¶¥·Ö¤¥·, ¸µ¤¥·¦ Ð¨Ì Λ-£¨¶¥·µ´Ò, É ±¨Ì, ± ± 3

ΛHe, 4
ΛHe, 6

ΛHe ¨ ¤·Ê£¨Ì,   É ±¦¥
¶µ ¨¸¸²¥¤µ¢ ´¨Õ ¢§ ¨³µ¤¥°¸É¢¨Ö ÔÉ¨Ì £¨¶¥·Ö¤¥· ¸ · §²¨Î´Ò³¨ Ö¤· ³¨-³¨Ï¥´Ö³¨ [2Ä6].
�µ¤µ¡´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö, · §¢¥·´Ê¢Ï¨¥¸Ö ¨ ¢ ¤·Ê£¨Ì ´ ÊÎ´ÒÌ Í¥´É· Ì, ¤ ÕÉ ¢µ§³µ¦´µ¸ÉÓ
¨§ÊÎ ÉÓ ¸É·Ê±ÉÊ·Ê £¨¶¥·Ö¤¥·, ¸¨²Ò ¢§ ¨³µ¤¥°¸É¢¨Ö Λ-£¨¶¥·µ´µ¢ ¸ ´Ê±²µ´ ³¨ ¨ Ö¤· ³¨ ¨
¢µµ¡Ð¥ Ê£²Ê¡²ÖÉÓ ´ Ï¨ ¶µ§´ ´¨Ö µ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ.

� ¸ÉµÖÐ Ö ¸É ÉÓÖ ¶µ¸¢ÖÐ¥´  É¥µ·¥É¨Î¥¸±µ³Ê ¨§ÊÎ¥´¨Õ ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° ¢§ ¨-
³µ¤¥°¸É¢¨Ö ¢Ò¸µ±µÔ´¥·£¥É¨Î¥¸±¨Ì £¨¶¥·Ö¤¥· 6

ΛHe ¸ ¶µ£²µÐ ÕÐ¨³¨ ¸Ë¥·¨Î¥¸±¨³¨  Éµ³-
´Ò³¨ Ö¤· ³¨ ¨ ¢ µ¶·¥¤¥²¥´´µ° ¸É¥¶¥´¨ Ö¢²Ö¥É¸Ö ¶·µ¤µ²¦¥´¨¥³ ´ Ï¨Ì ¶Ê¡²¨± Í¨°,
¶µ¸¢ÖÐ¥´´ÒÌ ¨§ÊÎ¥´¨Õ ¸Éµ²±´µ¢¥´¨° £¨¶¥·É·¨Éµ´µ¢ ¸ Ö¤· ³¨ [7Ä9]. Š ± ¨ £¨¶¥·É·¨Éµ´
3
ΛHe, £¨¶¥·Ö¤·µ 6

ΛHe É ±¦¥ Ö¢²Ö¥É¸Ö ¢¥¸Ó³  ¸² ¡µ¸¢Ö§ ´´µ° ¸¨¸É¥³µ°, ¶·¨Î¥³ Ô´¥·£¨Ö µÉ-
¤¥²¥´¨Ö ¶¥·¨Ë¥·¨°´µ£µ ´ ¨¡µ²¥¥ ¸² ¡µ¸¢Ö§ ´´µ£µ ´¥°É·µ´  εn µÉ Ö¤·  6

ΛHe · ¢´  ¢¸¥£µ
εn = (0, 17±0, 10) ŒÔ‚ [10] (εn Î ¸Éµ ´ §Ò¢ ÕÉ Ô´¥·£¨¥° ¸¢Ö§¨ 6

ΛHe), É ± ÎÉµ 6
ΛHe ³µ¦´µ

· ¸¸³ É·¨¢ ÉÓ, ¶·¥¦¤¥ ¢¸¥£µ, ¶µ ¤¢ÊÌ±² ¸É¥·´µ° ³µ¤¥²¨ ( 6
ΛHe → n + 5

ΛHe) ¶µ¤µ¡´µ £¨-
¶¥·É·¨Éµ´Ê (3ΛHe → Λ + 2

ΛHe). �µ ³Ò ¢ ±µ´Í¥ · ¡µÉÒ ÊÉµÎ´¨³ · ¸¸³µÉ·¥´¨¥, ÊÎÉÖ Éµ,
ÎÉµ £¨¶¥·Ö¤·µ 5

ΛHe, ¢Ìµ¤ÖÐ¥¥ ¢ ¸µ¸É ¢ £¨¶¥·Ö¤·  6
ΛHe, ¢ ¸¢µÕ µÎ¥·¥¤Ó ³µ¦´µ ¸Î¨É ÉÓ

¸µ¸ÉµÖÐ¨³ É ±¦¥ ¨§ ¤¢ÊÌ ±² ¸É¥·µ¢ (5ΛHe → Λ + 4
ΛHe) ¸ Ô´¥·£¨¥° µÉ¤¥²¥´¨Ö Λ-£¨¶¥·µ´ 

εΛ = (3, 12 ± 0, 02) ŒÔ‚ [10,11] ), É.¥. ¢ ÔÉµ³ ¸²ÊÎ ¥ 6
ΛHe ¡Ê¤¥É ¶·¥¤¸É ¢²ÖÉÓ¸Ö ¶µ É·¥Ì-

±² ¸É¥·´µ° ³µ¤¥²¨ (6ΛHe → n+Λ+4
ΛHe), ± ± ¨ £¨¶¥·É·¨Éµ´ (3ΛHe → Λ+n+p). �¥¸³µÉ·Ö

´  ´¥±µÉµ·µ¥ µ¡Ð¥¥ ¸Ìµ¤¸É¢µ ¸ £¨¶¥·É·¨Éµ´µ³, £¨¶¥·Ö¤·µ 6
ΛHe, ± ± ¡Ê¤¥É ¢¨¤´µ ¢ ÔÉµ°

· ¡µÉ¥, µ¡² ¤ ¥É ¨ ¸¢µ¨³¨ ¨´É¥·¥¸´Ò³¨ ¸¶¥Í¨Ë¨Î¥¸±¨³¨ ¸¢µ°¸É¢ ³¨.

�Ö¤ Ëµ·³Ê², ¶µ²ÊÎ¥´´Ò°  ¢Éµ· ³¨ ¢ É¥µ·¨¨ ¢§ ¨³µ¤¥°¸É¢¨Ö £¨¶¥·É·¨Éµ´µ¢ ¸ Ö¤· ³¨,
¨¸¶µ²Ó§Ê¥É¸Ö ´ ³¨ ¨ ¶·¨ · ¸¸³µÉ·¥´¨¨ ¸Éµ²±´µ¢¥´¨° £¨¶¥·Ö¤¥· 6

ΛHe ¸ Ö¤· ³¨, µ¤´ ±µ ¢
¶µ¸²¥¤´¥³ ¸²ÊÎ ¥ ³Ò µ¡µ¡Ð¨²¨ Ëµ·³Ê²Ò ¤²Ö ¸¥Î¥´¨°, ÊÎÉÖ · §²¨Î¨Ö ¢ ¢¥²¨Î¨´¥ · ¤¨Ê¸µ¢
¢§ ¨³µ¤¥°¸É¢¨Ö Rj · §´ÒÌ ±² ¸É¥·µ¢ (¨´¤¥±¸ j ´Ê³¥·Ê¥É ¨Ì) ¶ ¤ ÕÐ¥£µ Ö¤·  ¸ Ö¤·µ³-
³¨Ï¥´ÓÕ, ¸µ¸ÉµÖÐ¨³ ¨§ A ´Ê±²µ´µ¢:

Rj = r0(A1/3 + A
1/3
j ), r0

∼= 1, 2 Ë³, (1)

£¤¥ Aj Å Î¨¸²µ ¡ ·¨µ´µ¢ ¢ j-³ ±² ¸É¥·¥ [12, 13].

„²Ö µ¶¨¸ ´¨Ö · §²¨Î´ÒÌ ¶·µÍ¥¸¸µ¢ ¢§ ¨³µ¤¥°¸É¢¨Ö £¨¶¥·Ö¤¥· 6
ΛHe ¸ Ö¤· ³¨ ¶·¨

¡µ²ÓÏµ° Ô´¥·£¨¨ ³Ò ¢µ¸¶µ²Ó§µ¢ ²¨¸Ó, ± ± ¨ ¢ [7Ä9], ¤¨Ë· ±Í¨µ´´Ò³ ¶·¨¡²¨¦¥´¨¥³,
Ê¸²µ¢¨Ö ±µÉµ·µ£µ Ìµ·µÏµ ¢Ò¶µ²´ÖÕÉ¸Ö, ¢ Î ¸É´µ¸É¨, ¶·¨ Ô´¥·£¨¨ ¶ ¤ ÕÐ¨Ì £¨¶¥·Ö¤¥·
6
ΛHe E = 36 ƒÔ‚, ¤²Ö ±µÉµ·µ° ³Ò ¨ ¶·¨¢µ¤¨³ · ¸Î¥ÉÒ ¢¸¥Ì ¸¥Î¥´¨° ¨ ¶·¨ ±µÉµ·µ°
´  ´Ê±²µÉ·µ´¥ ¶² ´¨·ÊÕÉ¸Ö £¨¶¥·Ö¤¥·´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ. ‘´ Î ²  ¢ ¤¢ÊÌ±² ¸É¥·´µ° ³µ-
¤¥²¨ ¤²Ö 6

ΛHe ¡Ò²¨ · ¸¸Î¨É ´Ò ± ± ËÊ´±Í¨¨ Ô´¥·£¨¨ ¸¢Ö§¨ εn ¸²¥¤ÊÕÐ¨¥ ¨´É¥£· ²Ó´Ò¥
¸¥Î¥´¨Ö Ö¤¥·´µ° ¤¨Ë· ±Í¨¨: ¶µ²´µ¥ ¸¥Î¥´¨¥ σ0

tot ¤¨Ë· ±Í¨µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, ¸¥-

Î¥´¨Ö Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö σel, ¸·Ò¢  σ
(j)
s j-£µ ±² ¸É¥· , ¤¨Ë· ±Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö

σN
d ¨ ¶µ²´µ£µ ¶µ£²µÐ¥´¨Ö σa. �  ·¨¸.1 ¶·¥¤¸É ¢²¥´Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ § ¢¨¸¨³µ¸É¨

ÔÉ¨Ì ¸¥Î¥´¨° (¢ ¡ ·´ Ì) µÉ εn ¤²Ö Ö¤· -³¨Ï¥´¨ 238U, · ¸¸Î¨É ´´Ò¥ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³
ÌÕ²ÓÉ¥´µ¢¸±µ° ¢µ²´µ¢µ° ËÊ´±Í¨¨ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö µ¡µ¨Ì ±² ¸É¥·µ¢ (n ¨ 5

ΛHe)



� ¢§ ¨³µ¤¥°¸É¢¨¨ ¢Ò¸µ±µÔ´¥·£¥É¨Î¥¸±¨Ì ¶ÊÎ±µ¢ 7

¸ ³ ¸¸ ³¨ M1 ¨ M2:

ϕ(r) =

√
αnβn(αn + βn)
2π(βn − αn)2

exp (−αnr) − exp (−βnr)
r

, (2)

αn =

√
2M1M2εn

�2(Mn + M2)
, M1 = Mn, M2 = M(5ΛHe), βn =

N

rn
, (3)

£¤¥ Mn ¨ M(5ΛHe) Å ³ ¸¸Ò ´¥°É·µ´  ¨ £¨¶¥·Ö¤·  5
ΛHe, rn Å · ¤¨Ê¸ ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ

¸¨² ³¥¦¤Ê ´¨³¨, N Å ¡¥§· §³¥·´Ò° ³´µ¦¨É¥²Ó ¶µ·Ö¤±  ¥¤¨´¨ÍÒ. � ¸Î¥ÉÒ ¶·µ¢¥¤¥´Ò
¤²Ö ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ£µ ´  ¤ ´´Ò° ³µ³¥´É §´ Î¥´¨Ö ¶ · ³¥É·  βn = 1, 45 Ë³−1.

�¨¸. 1. ‡ ¢¨¸¨³µ¸É¨ ¨´É¥£· ²Ó´ÒÌ
¸¥Î¥´¨° · §²¨Î´ÒÌ ¶·µÍ¥¸¸µ¢ ¤¨-

Ë· ±Í¨µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö £¨-

¶¥·Ö¤¥· 6
ΛHe ¸ Ö¤· ³¨ 238U µÉ

Ô´¥·£¨¨ ¸¢Ö§¨ εn

‘µ£² ¸´µ ·¨¸. 1, ¸¥Î¥´¨Ö σ0
tot, σN

d , σ
(1)
s (≈ σN

d ) ¨

σ
(2)
s ¶² ¢´µ Ê³¥´ÓÏ ÕÉ¸Ö,   ¸¥Î¥´¨Ö σel ¨ σa Ê¢¥²¨Î¨-

¢ ÕÉ¸Ö ¸ ·µ¸Éµ³ εn. �·¨ ¨§³¥´¥´¨¨ Ô´¥·£¨¨ ¸¢Ö§¨ εn ¢
¶·¥¤¥² Ì ¥¥ ´¥µ¶·¥¤¥²¥´´µ¸É¨ (0, 07 ≤ εn ≤ 0, 27 ŒÔ‚)
¢¥¸Ó³  § ³¥É´µ ³¥´ÖÕÉ¸Ö ¸¥Î¥´¨Ö ¤¨Ë· ±Í¨µ´´µ£µ · ¸-

Ð¥¶²¥´¨Ö σN
d (¶µÎÉ¨ ¢ 2 · § ) ¨ ¸·Ò¢  σ

(1)
s ¨ σ

(2)
s

(¢ 1,5Ä2 · § ), ¶·¨ ÔÉµ³ σa ³¥´Ö¥É¸Ö ´  30Ä40 %. �Éµ
¡µ²¥¥ §´ Î¨É¥²Ó´Ò¥ ¨§³¥´¥´¨Ö, Î¥³ ¢ ¸²ÊÎ ¥ ¶ ¤ ÕÐ¨Ì
£¨¶¥·Ö¤¥· 3

ΛH [7Ä9]. ‡ ¢¨¸¨³µ¸É¨ ¸¥Î¥´¨° σ0
tot ¨ σel µÉ

εn (¸³. ·¨¸. 1) ¡µ²¥¥ ¸² ¡Ò¥ Å µ´¨ ³¥´ÖÕÉ¸Ö ¢ ¶·¥¤¥-
² Ì 10 %. ‘ Ê³¥´ÓÏ¥´¨¥³ · ¤¨Ê¸  ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ
¸¨² rn (¢¶²µÉÓ ¤µ rn = 0, É.¥. ¤µ βn → ∞) ¨ ³ ¸¸µ¢µ£µ
Î¨¸²  A §´ Î¥´¨Ö ¢¸¥Ì Ê± § ´´ÒÌ ¸¥Î¥´¨° ³µ´µÉµ´´µ
´¥ ³¥´ÖÕÉ¸Ö.

“Î¥É · §³ÒÉ¨Ö ±· Ö Ö¤· -³¨Ï¥´¨ ¶·¨¢µ¤¨É ± Ê¢¥-
²¨Î¥´¨Õ ¶µ²´µ£µ ¸¥Î¥´¨Ö σ0

tot. �·¨ ¶¥·¥Ìµ¤¥ µÉ Ö¤·  ¸
·¥§±¨³ ±· ¥³ ± Ö¤·Ê, ¤¨ËËÊ§´µ¸ÉÓ ±· Ö ±µÉµ·µ£µ ¨³¥¥É
· §³¥·Ò 1 Ë³ ¶·¨ Éµ³ ¦¥ · ¤¨Ê¸¥, ¸¥Î¥´¨¥ σ0

tot ¢µ§-
· ¸É ¥É ´  10Ä12 % ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ³¨Ï¥´¨ ¨ ´ 
25Ä27 % Å ¤²Ö ²¥£±¨Ì.

�¸É ´µ¢¨³¸Ö É¥¶¥·Ó ¶µ¤·µ¡´¥¥ ´  · ¸¸³µÉ·¥´¨¨
¨´É¥£· ²Ó´µ£µ ¸¥Î¥´¨Ö σC

d · ¸Ð¥¶²¥´¨Ö £¨¶¥·Ö¤¥· 
6
ΛHe ´  ´¥°É·µ´ ¨ £¨¶¥·Ö¤·µ 5

ΛHe ¢ ±Ê²µ´µ¢¸±µ³ ¶µ²¥ Ö¤· -³¨Ï¥´¨. Šµ£¤  1-° ±² -
¸É¥· ´¥ § ·Ö¦¥´, É.¥. Z1 = 0 (´¥°É·µ´),   § ·Ö¦¥´ ²¨ÏÓ 2-° ±² ¸É¥· ¸ · ¤¨Ê¸µ³ R2 (Ö¤·µ
5
ΛHe), ÔÉµ ¸¥Î¥´¨¥ ¡Ê¤¥É ¨³¥ÉÓ ¢¨¤ [7Ä9, 12Ä13]:

σC
d = 8πn2R2

2

∞∫
qmin

dq

q

[
1 − Φ2(β1q)

] ∣∣∣∣∣∣
∞∫
1

dςJ1(qR2ς)ς2in

∣∣∣∣∣∣
2

, (4)

Φ(q) =
∫

dr exp (−iqr)ϕ2(r), (5)

qmin =
εn max (1, 4n)

�vγ
, γ =

(
1 − v2

c2

)− 1
2

, (6)
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£¤¥ β1 =
M1

M1 + M2
, n =

Z2Ze2

�v
¨ v Å µÉ´µ¸¨É¥²Ó´ Ö ¸±µ·µ¸ÉÓ ¶ ¤ ÕÐ¥£µ Ö¤·  ¸

§ ·Ö¤µ³ Z2e (e Å § ·Ö¤ ¶·µÉµ´ ), ¸µ¢¶ ¤ ÕÐ¨³ ¸ § ·Ö¤µ³ 2-£µ ±² ¸É¥· , ¨ Ö¤· -³¨Ï¥´¨
¸ § ·Ö¤µ³ Ze. �·¨ ´ Ìµ¦¤¥´¨¨ qmin ´¥µ¡Ìµ¤¨³µ ÊÎ¨ÉÒ¢ ÉÓ ± ± ¶¥·¶¥´¤¨±Ê²Ö·´ÊÕ, É ±
¨ ¶ · ²²¥²Ó´ÊÕ ¸µ¸É ¢²ÖÕÐÊÕ (µÉ´µ¸¨É¥²Ó´µ ´ ¶· ¢²¥´¨Ö ¤¢¨¦¥´¨Ö ¶ ¤ ÕÐ¥£µ Ö¤· )
¶¥·¥¤ ´´µ£µ ¨³¶Ê²Ó¸  q [14Ä16].

…¸²¨ ¨¸¶µ²Ó§µ¢ ÉÓ ³ ²µ¸ÉÓ qmin ¶·¨ v → c, Éµ ¢ ¶·¥¤¥²Ó´µ³ ¸²ÊÎ ¥ ¡µ²ÓÏ¨Ì · §-
³¥·µ¢ ¶ ¤ ÕÐ¥£µ Ö¤· , É.¥. ¶·¨

〈
r2

〉
≡

∫
drr2ϕ2(r) � R2

2, ³µ¦´µ ´ °É¨ ¨§ (4) ¸¥Î¥´¨¥
±Ê²µ´µ¢¸±µ° ¤¨¸¸µÍ¨ Í¨¨ ¢ Ö¢´µ³ ¢¨¤¥:

σC
d =

8π

3
n2β2

1

〈
r2

〉
ln

�vγ

εnβ1 〈r2〉1/2 max (1, 4n)
. (7)

�É  Ëµ·³Ê²  ¶·¨ Z2 = 1 ¨ εn → ε (Ô´¥·£¨Ö · §¢ ²  3
ΛH → Λ+ d) ¶· ±É¨Î¥¸±¨ ¸µ¢¶ -

¤ ¥É ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° Ëµ·³Ê²µ° ¢ · ¡µÉ¥ [17] ¤²Ö ¸¥Î¥´¨Ö ±Ê²µ´µ¢¸±µ° ¤¨¸¸µÍ¨ Í¨¨
£¨¶¥·É·¨Éµ´ , ´µ Éµ²Ó±µ ¶·¨ 4n < 1, ±µ£¤  max (1, 4n) = 1, É.±. Ëµ·³Ê²  ¢ [17] ¶µ²ÊÎ¥´ 
¶·¨ Ê¸²µ¢¨¨ n 
 1. „²Ö ¶ ¤ ÕÐ¨Ì £¨¶¥·Ö¤¥· 6

ΛHe, ±µ£¤  Z2 = 2 ¨ Z1 = 0, Ê¸²µ¢¨¥
4n > 1 ¶·¨ v → c ¢Ò¶µ²´Ö¥É¸Ö Ê¦¥ ¤²Ö Z > 17 ¨ ¢ ÔÉµ³ ¸²ÊÎ ¥ max (1, 4n) = 4n.
‡ ³¥É¨³, ÎÉµ Î¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶µ²ÊÎ¥´´Ò¥ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¶·¨¡²¨¦¥´´µ° Ëµ·-
³Ê²Ò (7) ¨ ¡µ²¥¥ ÉµÎ´µ° Ëµ·³Ê²Ò (4), ¤µ¢µ²Ó´µ ¡²¨§±¨. „ ²¥¥ ³Ò ¶·¨¢µ¤¨³ ¸¥Î¥´¨Ö σC

d ,
¶µ²ÊÎ¥´´Ò¥ ¸ ¶µ³µÐÓÕ Ëµ·³Ê² (4)Ä(6).

� ¸Î¥ÉÒ ¶µ± § ²¨, ÎÉµ ¶·¨ ¨§³¥´¥´¨¨ ¶ · ³¥É·  βn ¢ Ï¨·µ±¨Ì ¶·¥¤¥² Ì 0, 45 ≤
βn < ∞ ¤²Ö ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ° Ô´¥·£¨¨ ¸¢Ö§¨ εn = 0, 17 ŒÔ‚ ¨ E = 36 ƒÔ‚ ¸¥Î¥´¨¥ σC

d

¨§³¥´Ö¥É¸Ö ¢¸¥£µ ´  30Ä35 %, ¶µÔÉµ³Ê, ÊÎ¨ÉÒ¢ Ö, ÎÉµ §´ Î¥´¨¥ ¶ · ³¥É·  βn ¥Ð¥ Ìµ·µÏµ
´¥ ¨§¢¥¸É´µ, ³Ò ¶·¨¢µ¤¨³ ¤ ²¥¥ ¤ ´´Ò¥ ¤²Ö σC

d Éµ²Ó±µ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ËÊ´±Í¨¨ (2)
¤²Ö βn → ∞.

‚ É ¡²¨Í¥ ¶·¥¤¸É ¢²¥´Ò ¨´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö σC
d ¨ ¤²Ö ¸· ¢´¥´¨Ö Å ¸¥Î¥´¨Ö σN

d

(¢ ¡ ·´ Ì), · ¸¸Î¨É ´´Ò¥ ¶·¨ βn → ∞ ¤²Ö · §²¨Î´ÒÌ Ö¤¥· ³¨Ï¥´¨ ¢ § ¢¨¸¨³µ¸É¨ µÉ
Ô´¥·£¨¨ µÉ¤¥²¥´¨Ö ´¥°É·µ´  εn µÉ £¨¶¥·Ö¤·  6

ΛHe ¶·¨ E = 36 ƒÔ‚. Š ± ¨ µ¦¨¤ ²µ¸Ó,

ˆ´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö σC
d ¨ σN

d , · ¸¸Î¨É ´´Ò¥ ¸ ¢µ²´µ¢µ° ËÊ´±Í¨¥° (8), ¤²Ö · §²¨Î´ÒÌ Ö¤¥·-
³¨Ï¥´¥° ¨ Ô´¥·£¨° µÉ¤¥²¥´¨Ö ´¥°É·µ´  εn µÉ 6

ΛHe (¶·¨ Ô´¥·£¨¨ ¶ ¤ ÕÐ¥£µ £¨¶¥·Ö¤·  6
ΛHe

E = 36 ƒÔ‚)

Ÿ¤·µ ‘¥Î¥´¨¥, ¡ �´¥·£¨Ö µÉ¤¥²¥´¨Ö ´¥°É·µ´  εn, ŒÔ‚

0,07 0,12 0,17 0,22 0,27

238
92 U σC

d 4,961 2,682 1,795 1,330 1,047

σN
d 0,907 0,691 0,576 0,504 0,453

181
73 Ta σC

d 3,174 1,717 1,150 0,853 0,671

σN
d 0,837 0,640 0,535 0,468 0,421

64
29Cu σC

d 0,547 0,298 0,20 0,149 0,118

σN
d 0,618 0,482 0,407 0,358 0,324

27
13Al σC

d 0,118 0,065 0,044 0,033 0,026

σN
d 0,481 0,381 0,324 0,287 0,261
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¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ³¨Ï¥´¨ σC
d > σN

d ,   ¤²Ö ²¥£±¨Ì Å σN
d > σC

d . ‚¨¤´µ, ÎÉµ ¸¥Î¥´¨¥ σC
d

¨§³¥´Ö¥É¸Ö ¢ § ¢¨¸¨³µ¸É¨ µÉ εn ¢ ¶·¥¤¥² Ì ´¥µ¶·¥¤¥²¥´´µ¸É¨ ¨³¥ÕÐ¨Ì¸Ö Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¤ ´´ÒÌ (0, 07 ≤ εn ≤ 0, 27 ŒÔ‚) ¶µÎÉ¨ ¢ 5 · § ¤²Ö ¢¸¥Ì · ¸¸³ É·¨¢ ¥³ÒÌ Ö¤¥·
³¨Ï¥´¨, ÎÉµ £µ· §¤µ ¡µ²ÓÏ¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¨§³¥´¥´¨° ¸¥Î¥´¨Ö σN

d . �Éµ µÉ±·Ò¢ ¥É
Ê´¨± ²Ó´ÊÕ ¢µ§³µ¦´µ¸ÉÓ ¤²Ö ¡µ²¥¥ ÉµÎ´µ£µ µ¶·¥¤¥²¥´¨Ö ¶·¨ ¨§³¥·¥´¨ÖÌ σC

d §´ Î¥´¨Ö
¢ ¦´¥°Ï¥£µ ¶ · ³¥É·  ¸É·Ê±ÉÊ·Ò £¨¶¥·Ö¤·  6

ΛHe Å ¥£µ Ô´¥·£¨¨ ¸¢Ö§¨ εn (µÉ´µ¸¨É¥²Ó´µ
· §¢ ²  6

ΛHe → n +5
Λ He).

�¨¸. 2. ‡ ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨Ö ±Ê²µ´µ¢-

¸±µ£µ · ¸Ð¥¶²¥´¨Ö σC
d µÉ ±¨´¥É¨Î¥-

¸±µ° Ô´¥·£¨¨ £¨¶¥·Ö¤¥· 6
ΛHe ¢ ¸²ÊÎ ¥

Ö¤· -³¨Ï¥´¨ 238U ¤²Ö ÌÕ²ÓÉ¥´µ¢¸±µ°

¢µ²´µ¢µ° ËÊ´±Í¨¨ (¸¶²µÏ´ Ö ±·¨¢ Ö)

¨ ¢µ²´µ¢µ° ËÊ´±Í¨¨, µÉ¢¥Î ÕÐ¥° ´Ê-
²¥¢µ³Ê · ¤¨Ê¸Ê ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨²

(¶Ê´±É¨·´ Ö ±·¨¢ Ö)

‚ µÉ²¨Î¨¥ µÉ ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° Ö¤¥·´µ°
¤¨Ë· ±Í¨¨ ¸¥Î¥´¨¥ ±Ê²µ´µ¢¸±µ£µ · ¸Ð¥¶²¥´¨Ö σC

d

¸¨²Ó´µ § ¢¨¸¨É µÉ Ô´¥·£¨¨ ¶ ¤ ÕÐ¨Ì Ö¤¥· E. �Éµ
¤¥³µ´¸É·¨·Ê¥É ·¨¸. 2, £¤¥ ¶·¨¢¥¤¥´Ò · ¸¸Î¨É ´´Ò¥
§ ¢¨¸¨³µ¸É¨ σC

d µÉ E ¶·¨ µ¶É¨³ ²Ó´µ³ §´ Î¥´¨¨
εn = 0, 17 ŒÔ‚ ¤²Ö Ö¤· -³¨Ï¥´¨ 238U ¶·¨ βn =
1, 5 Ë³−1 (¸¶²µÏ´ Ö ±·¨¢ Ö) ¨ βn = ∞ (¶Ê´±É¨·´ Ö
±·¨¢ Ö).

� ¸¸Î¨ÉÒ¢ ² ¸Ó É ±¦¥ ¤µ¡ ¢±  σint ± ¶µ²´µ³Ê ¸¥-
Î¥´¨Õ σZ

d = σN
d + σC

d + σint ¤¢ÊÌÎ ¸É¨Î´µ£µ · ¸-
Ð¥¶²¥´¨Ö Ö¤·  6

ΛHe, ±µÉµ· Ö ¸¢Ö§ ´  ¸ ¨´É¥·Ë¥·¥´-
Í¨¥° ³¥¦¤Ê ±Ê²µ´µ¢¸±¨³ ¨ Ö¤¥·´Ò³ (¤¨Ë· ±Í¨µ´-
´Ò³) ¢§ ¨³µ¤¥°¸É¢¨Ö³¨ ¨ ±µÉµ· Ö µ± § ² ¸Ó ¸· ¢´¨-
É¥²Ó´µ ´¥¡µ²ÓÏµ° ¶µ ¢¥²¨Î¨´¥ (≤ 10 % µÉ σZ

d ).
‚ § ±²ÕÎ¥´¨¥ µ¶¨Ï¥³ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ § ¢¨-

¸¨³µ¸É¥° µÉ εn ¶µ²´ÒÌ ¸¥Î¥´¨° σtot = σ(1) + σ(2) +
σ(3) ¤¨Ë· ±Í¨µ´´µ£µ (Ö¤¥·´µ£µ) ¢§ ¨³µ¤¥°¸É¢¨Ö £¨-
¶¥·Ö¤¥· 6

ΛHe ¸ · §²¨Î´Ò³¨ Ö¤· ³¨ ¢ É·¥Ì±² ¸É¥·´µ°
³µ¤¥²¨ (6ΛHe → n + Λ +4 He),   É ±¦¥ µÉ¤¥²Ó´ÒÌ
¢±² ¤µ¢ ¢ σtot µ¤´µ±· É´µ£µ σ(1), ¤¢Ê±· É´µ£µ σ(2) ¨
É·¥Ì±· É´µ£µ σ(3) · ¸¸¥Ö´¨Ö ±² ¸É¥·µ¢. �É´µ¸¨É¥²Ó-
´µ¥ ¤¢¨¦¥´¨¥ Λ-£¨¶¥·µ´  ¨ α-Î ¸É¨ÍÒ ¢ £¨¶¥·Ö¤·¥
5
ΛHe É ±¦¥ µ¶¨¸Ò¢ ²¨ ¢µ²´µ¢µ° ËÊ´±Í¨¥° É¨¶  (2)
¸µ ¸¢µ¨³¨ §´ Î¥´¨Ö³¨ ¢Ìµ¤ÖÐ¨Ì ¢ ´¥¥ ¸É·Ê±ÉÊ·-
´ÒÌ ¶ · ³¥É·µ¢. � ¸Î¥ÉÒ ¶·µ¢µ¤¨²¨¸Ó ¶·¨ εΛ = 3, 12 ŒÔ‚ ¨ ´Ê²¥¢ÒÌ §´ Î¥´¨ÖÌ rn

¨ r0(Λα) Å · ¤¨Ê¸µ¢ ¤¥°¸É¢¨Ö ¸¨² ³¥¦¤Ê ´¥°É·µ´µ³ ¨ Ö¤·µ³ 5
ΛHe ¨ Λ-£¨¶¥·µ´µ³ ¨

α-Î ¸É¨Í¥°.
‚±² ¤ É·¥Ì±· É´µ£µ · ¸¸¥Ö´¨Ö ±² ¸É¥·µ¢ σ(3) ¢ σtot ¤²Ö εn ∼ 0, 17 ŒÔ‚ µ± § ²¸Ö

¤µ¢µ²Ó´µ ¡µ²ÓÏ¨³ ¨ ¸µ¸É ¢²Ö¥É ¤²Ö ²¥£±¨Ì ¨ ¸·¥¤´¨Ì Ö¤¥· ³¨Ï¥´¨ 30Ä40 %,   ¤²Ö
ÉÖ¦¥²ÒÌ Å µ±µ²µ 50 %, ÎÉµ Ê± §Ò¢ ¥É ´  ´¥µ¡Ìµ¤¨³µ¸ÉÓ ÊÎ¥É  É·¥Ì±² ¸É¥·´µ° ¸É·Ê±ÉÊ·Ò
¢ £¨¶¥·Ö¤·¥ 6

ΛHe. ‚ ¶·¥¤¥² Ì Ô±¸¶¥·¨³¥´É ²Ó´µ° ´¥µ¶·¥¤¥²¥´´µ¸É¨ Ô´¥·£¨¨ ¸¢Ö§¨ εn

¸¥Î¥´¨Ö σtot, ± ± ¨ σ0
tot, ³¥´ÖÕÉ¸Ö ¢¸¥£µ ´  10Ä12 %, σ(2) Å ´  15Ä20 %, ¢ Éµ ¢·¥³Ö ± ±

σ(3) Å ´  30Ä40 %, ÎÉµ É ±¦¥ ¶µ¤É¢¥·¦¤ ¥É ´¥µ¡Ìµ¤¨³µ¸ÉÓ · ¸¸³µÉ·¥´¨Ö Ö¤·  6
ΛHe ¢

· ³± Ì É·¥Ì±² ¸É¥·´µ° ³µ¤¥²¨.
� ¸¸Î¨É ´´Ò¥ § ¢¨¸¨³µ¸É¨ ¸¥Î¥´¨Ö σtot ¨ µÉ¤¥²Ó´ÒÌ ¢±² ¤µ¢ ¢ ´¥£µ σ(1), σ(2), σ(3)

µÉ · ¤¨Ê¸µ¢ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸¨² rn ¨ r0(Λα) ¢ Ï¨·µ±¨Ì ¤¨ ¶ §µ´ Ì ¨§³¥´¥´¨Ö rn ¨
r0(Λα) ¶µ± §Ò¢ ÕÉ, ÎÉµ σtot ¨ µÉ¤¥²Ó´Ò¥ ¢±² ¤Ò σj(j = 1, 2, 3) ³¥´ÖÕÉ¸Ö ¢ ¶·¥¤¥² Ì
15 %, É ± ÎÉµ Î ¸Éµ ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ ´¥±µÉµ·Ò¥ ¸·¥¤´¨¥ §´ Î¥´¨Ö Ê± § ´´ÒÌ · ¤¨Ê¸µ¢
¢§ ¨³µ¤¥°¸É¢¨Ö rn ¨ r0(Λα) ¢ £¨¶¥·Ö¤·¥ 6

ΛHe.
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