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� ¸¸³ É·¨¢ ¥É¸Ö ¤¢ÊÌ¸ÉÊ¶¥´Î ÉÒ° ¶·μÍ¥¸¸ μ¡· §μ¢ ´¨Ö Δ-·¥§μ´ ´¸  ¢ Ö¤·¥-³¨Ï¥´¨. ‚  ´ -
²¨§¥ ·¥ ±Í¨¨ ¨¸¶μ²Ó§Ê¥É¸Ö ±¨´¥³ É¨Î¥¸±¨° · ¸Î¥É ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö ¶¨μ´μ¢ ¢ ´¥Ê¶·Ê£¨Ì pA-
¸Éμ²±´μ¢¥´¨ÖÌ ¨ ¶μ¸²¥¤ÊÕÐ¥¥ ¢§ ¨³μ¤¥°¸É¢¨¥ μ¡· §ÊÕÐ¨Ì¸Ö ¶¨μ´μ¢ ¸ Ö¤·μ³-³¨Ï¥´ÓÕ. ‚ Î ¸É-
´μ¸É¨, ¤²Ö Ê£²¥·μ¤´μ° ³¨Ï¥´¨ ¶·¥¤²μ¦¥´  ¤μ¸ÉÊ¶´ Ö ³¥Éμ¤¨±  μÍ¥´±¨ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö Δ-
·¥§μ´ ´¸ . „ ´´ Ö ³¥Éμ¤¨±  ¶μ§¢μ²Ö¥É ¶μ §´ Î¥´¨Õ Ô´¥·£¨¨ ´ ²¥É ÕÐ¨Ì ´  ³¨Ï¥´Ó Î ¸É¨Í μÍ¥-
´¨ÉÓ ¶μ²´μ¥ ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö ¶μ±μÖÐ¥£μ¸Ö Δ-·¥§μ´ ´¸ . �·¥¤¸É ¢²¥´Ò · ¸Î¥ÉÒ ÔËË¥±É¨¢´μ¸É¨
·¥£¨¸É· Í¨¨ ·¥§μ´ ´¸  ¤²Ö ¢´ÊÉ·¥´´¥° ³¨Ï¥´¨ ´Ê±²μÉ·μ´  ´  Ê¸É ´μ¢±¥ ‘Š��.

Two-stage process of a delta-resonance formation in a nucleus of a target is considered. The analysis
of the reaction uses kinematic calculation of cross section of pions production in pA inelastic collisions
and subsequent interaction of formed pions with a nucleus of target is analyzed. In particular, the simple
technique of an estimation of cross section of delta-resonance formation is offered for carbon target.
The technique allows one to estimate total cross section of rest delta-resonance formation depending on
value of energy of primary particles. Calculations of efˇciency of a resonance registration for internal
target of Nuclotron on setup SCAN are presented.

PACS: 25.40.Ny
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�·¨ ¶·μ¢¥¤¥´¨¨ Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢´ÊÉ·¥´´¨Ì ³¨Ï¥´¥°
¨ ¶ÊÎ±  ´Ê±²μÉ·μ´  ¢ ¦´μ μ¶¥· É¨¢´μ μ¶·¥¤¥²ÖÉÓ ²¨¡μ ± Î¥¸É¢¥´´μ μÍ¥´¨¢ ÉÓ ¸¥Î¥´¨¥
¨¸¸²¥¤Ê¥³μ£μ ¶·μÍ¥¸¸ . �·¨ μ¶·¥¤¥²¥´¨¨ ¸¥Î¥´¨Ö · ¸¸³ É·¨¢ ¥³μ£μ ¶·μÍ¥¸¸  ¢ ¸¨²Ê
μ¡ÒÎ´μ ¢¸ÉÊ¶ ÕÉ É ±¨¥ Ì · ±É¥·¨¸É¨±¨ ¨ ¶ · ³¥É·Ò Ê¸É ´μ¢±¨, ± ±, ´ ¶·¨³¥·, ÊÎ¥É
Ê£²μ¢μ£μ  ±¸¥¶É ´¸  ¨²¨ ¶μ·μ£μ¢ÒÌ Ì · ±É¥·¨¸É¨± ¤¥É¥±Éμ·μ¢ ¨ ¸Î¥ÉÎ¨±μ¢, ¡¥§ ±μÉμ·ÒÌ
´¥²Ó§Ö μ¤´μ§´ Î´μ μÉ¢¥É¨ÉÓ ´  ¤ ´´Ò° ¢μ¶·μ¸. �μÔÉμ³Ê ¢ ¦´μ ¨³¥ÉÓ ¤μ¸ÉÊ¶´ÊÕ ³¥Éμ¤¨±Ê
μÍ¥´±¨ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö ¨ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸É· Í¨¨ ¨§ÊÎ ¥³μ£μ ¶·μÍ¥¸¸ . �¡ÒÎ´μ
³¥Ì ´¨§³ ¶·μÉ¥± ´¨Ö ÔÉ¨Ì ·¥ ±Í¨° ´¥ ¤μ ±μ´Í  Ö¸¥´, ¨ ¶·¥¤¸± §Ò¢ ¥³μ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨
¡Ê¤¥É ¢ ·Ó¨·μ¢ ÉÓ¸Ö ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥.

’ ± Ö ³¥Éμ¤¨±  ¡Ê¤¥É  ±ÉÊ ²Ó´μ° ¤²Ö É¥Ì Ô±¸¶¥·¨³¥´Éμ¢, ±μÉμ·Ò¥ ´ ¶· ¢²¥´Ò ´ 
¶μ¨¸± ´μ¢ÒÌ ·¥ ±Í¨°. ‚ Î ¸É´μ¸É¨, μ´  Ö¢²Ö¥É¸Ö  ±ÉÊ ²Ó´μ° ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¸¢Ö§ ´-
´μ° ¸¨¸É¥³Ò η-³¥§μ´  ¨ Ö¤· , ¶μ²ÊÎ¨¢Ï¥° ´ §¢ ´¨¥ ®η-Ö¤· ¯. ‚μ§³μ¦´μ¸ÉÓ μ¡· §μ¢ ´¨Ö
¶μ¤μ¡´ÒÌ Ö¤¥· ¡Ò²  ¶·¥¤¸± § ´  ¡μ²¥¥ 15 ²¥É ´ § ¤ [1], ¨ ¶μ¨¸± η-³¥§μ´´ÒÌ Ö¤¥· μ¸ÊÐ¥-
¸É¢²Ö²¸Ö ± ± ¸·¥¤¨ Ö¤¥·, Ëμ·³¨·Ê¥³ÒÌ μÉ Ö¤¥· ´ ²¥É ÕÐ¥£μ ¶ÊÎ±  [2], É ± ¨ ¸·¥¤¨ Ö¤¥·
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³¨Ï¥´¨ [3]. � ¨¡μ²¥¥ Ê¸¶¥Ï´Ò³ μ± § ²¸Ö ¢Éμ·μ° ¶μ¤Ìμ¤, ¶μ§¢μ²ÖÕÐ¨° §´ Î¨É¥²Ó´μ
Ê³¥´ÓÏ¨ÉÓ ¢±² ¤ Ëμ´μ¢ÒÌ ¶·μÍ¥¸¸μ¢ [4]. ˆ¤¥´É¨Ë¨± Í¨Ö η-Ö¤·  μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¶μ · ¸-
¶ ¤Ê ´  ¤¢¥ Î ¸É¨ÍÒ S11(1535)-·¥§μ´ ´¸ , ¢μ§´¨± ÕÐ¥£μ ¢ ·¥§Ê²ÓÉ É¥ ¸²¨Ö´¨Ö η-³¥§μ´ 
¨ Ö¤· -μ¸É É± . Œ¥Éμ¤ § ±²ÕÎ ¥É¸Ö ¢ ·¥£¨¸É· Í¨¨ ±μ··¥²¨·μ¢ ´´ÒÌ ¶μ Ê£²Ê · §²¥É  ¨ ¶μ
Ô´¥·£¨Ö³ ±μ³¶μ´¥´É (πN )-¶ · μÉ · ¸¶ ¤  ³¥¤²¥´´μ£μ S11(1535)-´Ê±²μ´´μ£μ ·¥§μ´ ´¸  ¢
η-Ö¤·¥. 	² £μ¤ ·Ö Éμ³Ê, ÎÉμ · ¸¶ ¤ S11(1535)-·¥§μ´ ´¸  ¸ · ¢´μ° ¢¥·μÖÉ´μ¸ÉÓÕ (∼ 50%)
³μ¦¥É ¶·μ¨¸Ìμ¤¨ÉÓ ± ± ´  πN -, É ± ¨ ´  ηN -¶ ·Ê, ¢ η-³¥§μ´´μ³ Ö¤·¥ ¸ ¡μ²ÓÏμ° ¢¥·μ-
ÖÉ´μ¸ÉÓÕ ³μ¦¥É ¢μ§´¨±´ÊÉÓ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ηN → ηN -¶¥·¥Ìμ¤μ¢, § ± ´Î¨¢ ÕÐ Ö¸Ö
· ¸¶ ¤μ³ ´  πN -¶ ·Ê, ±¨´¥É¨Î¥¸±¨¥ Ô´¥·£¨¨ ±μ³¶μ´¥´É ±μÉμ·μ° ¤μ¸É ÉμÎ´Ò, ÎÉμ¡Ò π ¨
N ¢Ò²¥É ²¨ ¨§ Ö¤· . ˆ§-§  ³ ²μ¸É¨ ¨³¶Ê²Ó¸  S11(1535)-·¥§μ´ ´¸ , μ¡· §ÊÕÐ¥£μ¸Ö ¢¡²¨§¨
¶μ·μ£  ·μ¦¤¥´¨Ö, · ¸¶ ¤ ¥£μ ¶·μ¨¸Ìμ¤¨É ¶μ¤ Ê£²μ³ 180◦ ¨ ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ¥É¸Ö μÉ
¶·¥¦´¨Ì ¶·μ¤Ê±Éμ¢ Ö¤¥·´μ° ·¥ ±Í¨¨, ²¥ÉÖÐ¨Ì ¶μ¤ Ê£² ³¨ < 180◦ ¢¸²¥¤¸É¢¨¥ ±¨´¥³ É¨-
Î¥¸±¨Ì μ¸μ¡¥´´μ¸É¥° Ô±¸¶¥·¨³¥´É . ‚ μ¸´μ¢Ê Ô±¸¶¥·¨³¥´É  ¶μ ¶μ¨¸±Ê η-³¥§μ´´ÒÌ Ö¤¥·
¶μ²μ¦¥´  ¸²¥¤ÊÕÐ Ö ¸Ì¥³  [5], Ëμ·³¨·Ê¥³ Ö ¢ ·¥ ±Í¨¨ ¢¨¤ 

p + A → (A − 1)η + n + p,

η + N → S11(1535) → η + N → S11(1535) → . . . → S11(1535) → π + N.

„²Ö É ±¨Ì (πN ) ¢μ§´¨± ¥É ±μ··¥²ÖÍ¨Ö ± ± ¶μ Ê£²Ê · §²¥É  〈ΘπN 〉, É ± ¨ ¶μ Ô´¥·£¨Ö³
±μ³¶μ´¥´É (πN )-¶ ·Ò. �μ¸±μ²Ó±Ê ¨³¥ÕÐ¨°¸Ö Ê S11(1535) ´¥¡μ²ÓÏμ° ¨³¶Ê²Ó¸ μ·¨¥´-
É¨·μ¢ ´ ¨§μÉ·μ¶´μ, Éμ 〈ΘπN 〉 ≈ 180◦,   Ô´¥·£¨¨ ±μ³¶μ´¥´É · ¢´Ò 〈Eπ〉 ∼= 350 ŒÔ‚,
〈EN 〉 ∼= 100 ŒÔ‚. ˆ³¥´´μ É ±¨¥ ¸μ¡ÒÉ¨Ö ¡Ò²¨ § ·¥£¨¸É·¨·μ¢ ´Ò ¢ Ô±¸¶¥·¨³¥´É¥ [5].
�¥£¨¸É· Í¨Ö É ±μ£μ ¸μ¸ÉμÖ´¨Ö ¢μ§³μ¦´  ¶μ ¶·μ¤Ê±É ³ · ¸¶ ¤  S11(1535)-·¥§μ´ ´¸  ´ 
(πp)-¶ ·Ê, ¨ ÔÉ¨ Î ¸É¨ÍÒ ²¥£±μ ·¥£¨¸É·¨·ÊÕÉ¸Ö. �¤´ ±μ ÉμÎ´μ ¨§³¥·¨ÉÓ ¢ÒÌμ¤ ¨³¥´´μ
É ±¨Ì ¶ · ¨ ¶· ¢¨²Ó´μ μÍ¥´¨ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ ¨Ì ·¥£¨¸É· Í¨¨ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ ¸¨²Ê
Éμ£μ, ÎÉμ ¶μ²´μ¥ ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö η-Ö¤¥· ´  ´¥¸±μ²Ó±μ ¶μ·Ö¤±μ¢ ³¥´ÓÏ¥, Î¥³ ¶μ²´μ¥
¸¥Î¥´¨¥ ´¥Ê¶·Ê£¨Ì ¶·μÍ¥¸¸μ¢ ¢ pA-·¥ ±Í¨¨, ´¥ Ê¤ ¥É¸Ö. � ¸Î¥É ³μ¤¥²¨·Ê¥³ÒÌ § ¢¨¸¨³μ-
¸É¥° ¨ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸ÊÐ¥¸É¢¥´´μ · §´ÖÉ¸Ö. �μ³μÎÓ
¢ ·¥Ï¥´¨¨ ÔÉμ° ¶·μ¡²¥³Ò ³μ£²  ¡Ò ¨§¢¥¸É´ Ö ·¥ ±Í¨Ö, ¶μ¤μ¡´ Ö ¨§ÊÎ ¥³μ° ´ ³¨ ·¥ ±-
Í¨¨ μ¡· §μ¢ ´¨Ö η-Ö¤¥· ¨ ¶μ ³¥Ì ´¨§³Ê ¶·μÉ¥± ´¨Ö, ¨ ¶μ ±μ´¥Î´Ò³ ¶·μ¤Ê±É ³ · ¸¶ ¤ .
Š ¸Î ¸ÉÓÕ, É ± Ö ·¥ ±Í¨Ö ¸ÊÐ¥¸É¢Ê¥É Å ÔÉμ μ¡· §μ¢ ´¨¥ ¶μ±μÖÐ¥°¸Ö Δ(1232)-¨§μ¡ ·Ò
¢ Ö¤·¥-μ¸É É±¥ ¶μ¸²¥ pA-¢§ ¨³μ¤¥°¸É¢¨Ö. �¤¨´ ¨§ ³¥Ì ´¨§³μ¢ ¶·μÍ¥¸¸  μ¡· §μ¢ ´¨Ö
Δ(1232)-¨§μ¡ ·Ò ¢ Ö¤·¥-³¨Ï¥´¨ ¶μ¢Éμ·Ö¥É ¢μ ¢¸¥Ì ¸É ¤¨ÖÌ μ¶¨¸ ´´Ò° ¢ÒÏ¥ ¶ÊÉÓ Ëμ·-
³¨·μ¢ ´¨Ö η-³¥§μ´´μ£μ Ö¤· . ‘¥Î¥´¨¥ ·μ¦¤¥´¨Ö Δ(1232)-¨§μ¡ ·Ò ¢ pA-·¥ ±Í¨¨ ´  ¶μ-
·Ö¤±¨ ¡μ²ÓÏ¥ (¤¥¸ÖÉ±¨ ³¡), Î¥³ ¶μ²´μ¥ ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö η-Ö¤¥· ¢ Éμ° ¦¥ ·¥ ±Í¨¨
(μ±μ²μ ∼ 3 ³±¡). „¥²ÓÉ -¨§μ¡ ·  ³μ¦¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¨ ¤²Ö  ´ ²¨§  ¶μ¢¥¤¥´¨Ö  ¤·μ´μ¢
¢ Ö¤¥·´μ° ¸·¥¤¥, ¨ ¢ ± Î¥¸É¢¥ ·¥¶¥·´μ° ÉμÎ±¨ ¢ ´ Ï¨Ì ¨§³¥·¥´¨ÖÌ ¶μ ¶μ¨¸±Ê η-Ö¤¥·.
�μÔÉμ³Ê ¶·μÍ¥¸¸ μ¡· §μ¢ ´¨Ö ¨ ¶μ¸²¥¤ÊÕÐ¨° · ¸¶ ¤ Δ(1232)-¨§μ¡ ·Ò ¡Ò² ¢Ò¡· ´ ¤²Ö
´ Ï¨Ì ¶μ¸²¥¤ÊÕÐ¨Ì ±¨´¥³ É¨Î¥¸±¨Ì · ¸Î¥Éμ¢.
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‘ Í¥²ÓÕ ¶μ²ÊÎ¥´¨Ö Ê£²μ¢ÒÌ ¨ Ô´¥·£¥É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¢Éμ·¨Î´μ£μ ¶¨μ´  · ¸-
¸³μÉ·¨³ μ¡· §μ¢ ´¨¥ π-³¥§μ´  ¢ ±¢ §¨¸¢μ¡μ¤´μ³ ´Ê±²μ´-´Ê±²μ´´μ³ ¢§ ¨³μ¤¥°¸É¢¨¨.
�Ê¸ÉÓ ´Ê±²μ´Ò ¸ ¶μ²´μ° Ô´¥·£¨¥° E ¢´ÊÉ·¨ ±μ²ÓÍ  ´Ê±²μÉ·μ´  ´ ²¥É ÕÉ ´  ³¨Ï¥´Ó.
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„²Ö ±¨´¥³ É¨Î¥¸±¨Ì · ¸Î¥Éμ¢ ¢μ§Ó³¥³ ¸²¥¤ÊÕÐÊÕ ·¥ ±Í¨Õ:

N + N → N + N + π.

ˆ§¢¥¸É´μ, ÎÉμ ¤²Ö ¤¢ÊÌÎ ¸É¨Î´μ° ¸¨¸É¥³Ò a + b (c Ô´¥·£¨¥° Ea, Eb ¨ ³ ¸¸μ° ma, mb)
¸±μ·μ¸ÉÓ ¸¨¸É¥³Ò Í¥´É·  ³ ¸¸ (‘–Œ) ¢ ¸¨¸É¥³¥ ³¨Ï¥´¨ (‘Œ) ¡Ê¤¥É ¤ ¢ ÉÓ¸Ö ¢Ò· ¦¥´¨¥³

vc =

√
E2

a − m2
a

Ea + mb
.

ˆ§ ¶·¥μ¡· §μ¢ ´¨Ö ‹μ·¥´Í  ´ °¤¥³ Ô´¥·£¨¨ E∗
a , E∗

b ¨ ¨³¶Ê²Ó¸Ò P ∗
a , P ∗

b ¸É ²±¨¢ ÕÐ¨Ì¸Ö
´Ê±²μ´μ¢ ma ¨ mb ¢ ‘–Œ:

E∗
a =

m2
a + mbEa√

m2
a + m2

b + 2mbEa

, E∗
b =

mb(Ea + mb)√
m2

a + m2
b + 2mbEa

,

P ∗
a = P ∗

b =
mbPa√

m2
a + m2

b + 2mbEa

.

�μ¸²¥ ´¥Ê¶·Ê£μ£μ ¸Éμ²±´μ¢¥´¨Ö ¤¢ÊÌ ´Ê±²μ´μ¢ ¢ ‘–Œ ¸ ·μ¦¤¥´¨¥³ ¶¨μ´  ¶¥·¥¤ ´´ Ö
ÔÉμ° ¸¨¸É¥³¥ É·¥Ì Î ¸É¨Í ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö · ¢´ 

E∗
±¨´ = (E∗

a − ma) + (E∗
b − mb) − mπ.

�¥¸²μ¦´Ò¥ · ¸Î¥ÉÒ ¤ ÕÉ ¢Ò· ¦¥´¨¥ ¤²Ö ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¶¨μ´  ¢ ‘–Œ:

T ∗
π =

4mpE
∗
±¨´ + (E∗

±¨´)
2

2mπ + 4mp + 2E∗
±¨´

,

¤ ²¥¥ ´ Ìμ¤¨³ ¨³¶Ê²Ó¸ ¨ ¶μ²´ÊÕ Ô´¥·£¨Õ ¶¨μ´  ¢ ‘–Œ:

E∗
π = mπ + T ∗

π , P ∗
π =

√
E∗2

π − m2
π.

‚¥²¨Î¨´  ¨³¶Ê²Ó¸  ·μ¦¤¥´´ÒÌ ¶¨μ´μ¢ ¢ Ö¤·¥-³¨Ï¥´¨ ±μ²¥¡²¥É¸Ö ¢ μ¶·¥¤¥²¥´´μ³ ¶·¥-
¤¥²¥ §´ Î¥´¨°, μÉ ´Ê²Ö ¤μ ´¥±μ¥£μ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö. �μ¸±μ²Ó±Ê ¢ ‘–Œ ¨³¶Ê²Ó¸Ò
¤¢ÊÌ ´Ê±²μ´μ¢ ¨ μ¤´μ£μ ¶¨μ´  · ¸¶μ²μ¦¥´Ò ± ± É·¨ ¢¥±Éμ· , ¨¸Ìμ¤ÖÐ¨Ì ¨§ μ¤´μ° ÉμÎ±¨,
¨ ¢¥±Éμ·´ Ö ¸Ê³³  ÔÉ¨Ì É·¥Ì ¨³¶Ê²Ó¸μ¢ ¢¸¥£¤  · ¢´  ´Ê²Õ, Éμ ¤²Ö ³ ±¸¨³ ²Ó´μ£μ §´ Î¥-
´¨Ö ¨³¶Ê²Ó¸  ¶¨μ´  ´ Ìμ¤¨³

P ∗
max =

√
E∗2

π − m2
π =

√
2mπT ∗

π + (T ∗
π )2

¨ ¨³¶Ê²Ó¸ ·μ¦¤¥´´μ£μ ¶¨μ´  ¨³¥¥É §´ Î¥´¨Ö ¢ ¶·¥¤¥² Ì 0 � P ∗
π � P ∗

max.
‡´ Ö Ô´¥·£¨Õ ¨ ¨³¶Ê²Ó¸ ¶¨μ´  ¢ ‘–Œ, ³μ¦´μ ¶¥·¥¢¥¸É¨ ÔÉ¨ ¢¥²¨Î¨´Ò ¢ ² ¡μ· Éμ·-

´ÊÕ ¸¨¸É¥³Ê μÉ¸Î¥É  ¶·¥μ¡· §μ¢ ´¨¥³ ‹μ·¥´Í :

Eπ =
E∗

π + (P ∗
πvc) cosϕ

√
1 − v2

c

, Pπ =
P ∗

π cosϕ + E∗
πvc√

1 − v2
c

,

Tπ = Eπ − mπ =
E∗

π + (P ∗
π vc) cosϕ

√
1 − v2

c

− mπ.
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�¨¸. 1. ˜ ·μ¢μ° ¸²μ° (ϕn+1 − ϕn = 2◦) ¢ ¸Ë¥·¥
¨³¶Ê²Ó¸μ¢ P ∗max

π = 1

‚μ ¢¸¥Ì Ëμ·³Ê² Ì ϕ Å ÔÉμ Ê£μ² ³¥¦¤Ê
¨³¶Ê²Ó¸μ³ ¶¨μ´  ¨ ¸±μ·μ¸ÉÓÕ ‘–Œ, μ´
¶·¨´¨³ ¥É §´ Î¥´¨Ö ¢ ¶·¥¤¥² Ì μÉ ´Ê²Ö
(¶¨μ´ ²¥É¨É ¢¶¥·¥¤) ¤μ ±180◦ (±μ£¤  ¶¨μ´
²¥É¨É ¢ μ¡· É´μ³ ´ ¶· ¢²¥´¨¨). ‚ ÉμÎ±¥
¸Éμ²±´μ¢¥´¨Ö ´Ê±²μ´μ¢ ¶μ¸É·μ¨³ ¸Ë¥·Ê
¨³¶Ê²Ó¸μ¢ ¸ · ¤¨Ê¸μ³ P ∗

π |max = 1 ¨
Î¨¸²¥´´μ¥ §´ Î¥´¨¥ μ¡Ñ¥³  ÔÉμ£μ Ï · 
¢μ§Ó³¥³ · ¢´Ò³ Î¨¸²Ê § ¤ ¢ ¥³ÒÌ ¸μ¡Ò-
É¨° (·¨¸. 1). Šμ£¤  Ê£μ² ϕ · ¢¥´ ´Ê²Õ,
Î¨¸²μ ¸μ¡ÒÉ¨° ¢μ§Ó³¥³ · ¢´Ò³ ¥¤¨´¨Í¥.
‘ ·μ¸Éμ³ Ê£²  ϕ § ¤ ´´Ò³ Ï £μ³ (= 2◦)
μ¡Ñ¥³ Ï ·μ¢μ£μ ¸²μÖ ¤²Ö ± ¦¤μ£μ ¸²¥¤Ê-
ÕÐ¥£μ Ê£²μ¢μ£μ μÉ·¥§±  · ¸É¥É ¨ ¤μ¸É¨-
£ ¥É ³ ±¸¨³Ê³  ¶·¨ ϕ = 90◦. ‡ É¥³ ¨¤¥É
μ¡· É´μ¥ Ê³¥´ÓÏ¥´¨¥ μ¡Ñ¥³  ¸¥£³¥´Éμ¢ ¸
·μ¸Éμ³ Ê£²  ϕ ¤μ 180◦. …¸²¨ ¶μ²´Ò° Ë -
§μ¢Ò° μ¡Ñ¥³ ¸Ë¥·Ò · ¢¥´ ¶μ²´μ³Ê Î¨¸²Ê
¸μ¡ÒÉ¨° N¸μ¡, Éμ ´¥ ¸²μ¦´μ ¤²Ö ± ¦¤μ£μ Ê£²μ¢μ£μ μÉ·¥§±  ϕn+1 − ϕn ¶μ¤¸Î¨É ÉÓ ¸μμÉ-
¢¥É¸É¢ÊÕÐ¥¥ Î¨¸²μ ¸μ¡ÒÉ¨°, ÎÉμ ¸μ¸É ¢²Ö¥É N∗

¸μ¡(Vn+1 − Vn)/V¶μ²´.
‘Ë¥·  ¨§ ‘–Œ ¶·¨ ¶¥·¥Ìμ¤¥ ¢ ² ¡μ· Éμ·´ÊÕ ¸¨¸É¥³Ê μÉ¸Î¥É  É· ´¸Ëμ·³¨·Ê¥É¸Ö

¢ Ô²²¨¶¸μ¨¤. �μ²Êμ¸¨ Ô²²¨¶¸  · ¢´Ò a = γcP
∗
π ¨ b = P ∗

π ,   ´ Î ²μ ±μμ·¤¨´ É ¸³¥-
Ð¥´μ μÉ´μ¸¨É¥²Ó´μ Í¥´É·  Ô²²¨¶¸μ¨¤  ¨³¶Ê²Ó¸μ¢ ´  · ¸¸ÉμÖ´¨¥ c = γcβcE

∗. � ¸Î¥ÉÒ
¶μ± § ²¨, ÎÉμ ¤²Ö ´ Ï¨Ì Ô´¥·£¨° (∼2 ƒÔ‚) ´ Î ²μ ±μμ·¤¨´ É ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥
²¥¦¨É ¢´ÊÉ·¨ Ô²²¨¶¸ . �μ¸±μ²Ó±Ê Î¨¸²μ ¸μ¡ÒÉ¨° ¨´¢ ·¨ ´É´μ ¢ ¶·μ¨§¢μ²Ó´μ° ¸¨¸É¥³¥
μÉ¸Î¥É , Éμ · ¸¸Î¨É ´´μ¥ Î¨¸²μ ¸μ¡ÒÉ¨° ¶μ Ë §μ¢μ³Ê μ¡Ñ¥³Ê ¸Ë¥·Ò ¢ § ¤ ´´ÒÌ Ê£²μ¢ÒÌ
¶·¥¤¥² Ì ¶·¨³¥´¨³μ ¨ ¤²Ö Ô²²¨¶¸μ¨¤ . ’ ±¨³ μ¡· §μ³, §´ Ö Î¨¸²μ ¸μ¡ÒÉ¨° ¢ ± ¦¤μ³
Ê£²μ¢μ³ μÉ·¥§±¥ ϕn+1 − ϕn, ³μ¦´μ § ¤ ÉÓ ±μ²¨Î¥¸É¢μ Í¨±²μ¢ ¤²Ö ®¶·μ±·ÊÎ¨¢ ´¨Ö¯ ÔÉ¨Ì
¸μ¡ÒÉ¨° ¸ ·μ¦¤¥´¨¥³ ¶¨μ´μ¢. ‚μ ¢·¥³Ö ÔÉ¨Ì Í¨±²μ¢ ³¥Éμ¤μ³ ¸²ÊÎ °´ÒÌ Î¨¸¥² § ¤ ¥É¸Ö
¶·μ¨§¢μ²Ó´μ¥ §´ Î¥´¨¥ ¨³¶Ê²Ó¸  ¶¨μ´  P ∗

π ¢ μÉ·¥§±¥ 0 � P ∗
π � P ∗max

π .

2. Œ…’�„ˆŠ� Œ�„…‹ˆ��‚��ˆŸ ˆ ��‘—…’� ‘…—…�ˆŸ ����‡�‚��ˆŸ
Δ-�…‡����‘� ‚ pA-‚‡�ˆŒ�„…‰‘’‚ˆˆ „‹Ÿ ‚�“’�…��…‰ Œˆ˜…�ˆ

�“Š‹�’����

‚ ´ Î ²¥ ¶μ μ¶¨¸ ´´μ° ¢ÒÏ¥ ¶·μÍ¥¤Ê·¥ ´ °¤¥³ · ¸¶·¥¤¥²¥´¨¥ ·μ¦¤¥´´ÒÌ ¶¨μ´μ¢
¶μ ¨Ì ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨. „²Ö · ¸Î¥Éμ¢ 4-¨³¶Ê²Ó¸  π-³¥§μ´μ¢, ·μ¦¤ ¥³ÒÌ ¢ ¸Éμ²±-
´μ¢¥´¨ÖÌ ¶·μÉμ´ÄÖ¤·μ, ¶·¨³¥´Ö² ¸Ó ¶·μ£· ³³  ³μ¤¥²¨·μ¢ ´¨Ö Gen Bod [6]. �  μ¸´μ¢¥
¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¶μ¸É·μ¨³ · ¸¶·¥¤¥²¥´¨¥ ¶¨μ´μ¢ N¸μ¡(Tπ) ¶μ ¨Ì ±¨´¥É¨Î¥¸±μ° Ô´¥·-
£¨¨, ±μÉμ·μ¥ ´μ·³¨·Ê¥³ ´  μ¡Ð¥¥ Î¨¸²μ · §Ò£·Ò¢ ¥³ÒÌ ´ ³¨ ¸μ¡ÒÉ¨° (·¨¸. 2).

„²Ö μ¶·¥¤¥²¥´¨Ö ¢¥·μÖÉ´μ¸É¨ ·μ¦¤¥´¨Ö π-³¥§μ´  ¢ pA-·¥ ±Í¨¨ ¢μ¸¶μ²Ó§Ê¥³¸Ö Ìμ-
·μÏμ ¨§¢¥¸É´Ò³¨ ¤ ´´Ò³¨ πA-· ¸¸¥Ö´¨Ö. ’ ± ´  ·¨¸. 3 ¶·¨¢μ¤¨É¸Ö ¶μ²´μ¥ ¸¥Î¥´¨¥
π12‘-· ¸¸¥Ö´¨Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¶¨μ´μ¢ (¤ ´´Ò¥ ¨§ [7Ä9]).

“³´μ¦ Ö ÔÉ¨ ¤¢  (·¨¸. 2 ¨ 3) · ¸¶·¥¤¥²¥´¨Ö ¶μ ¡¨´ ³ ¢ μ¤¨´ ±μ¢μ³ ¨´É¥·¢ ²¥
0 � Tπ � 320 ŒÔ‚ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¶¨μ´μ¢, ¶μ²ÊÎ¨³ Ê³´μ¦¥´´ÊÕ £¨¸Éμ£· ³³Ê
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�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ·μ¦¤¥´´ÒÌ ¢ p12C-¸Éμ²±´μ¢¥´¨¨ ¶¨μ´μ¢ μÉ ¨Ì ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨

�¨¸. 3. �μ²´μ¥ ¸¥Î¥´¨¥ π12‘-· ¸¸¥Ö´¨Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¶¨μ´μ¢ [8, 9]

[σ(Tπ)∗N¸μ¡(Tπ)] (·¨¸. 4). „ ²¥¥, ¨´É¥£·¨·ÊÖ ÔÉÊ £¨¸Éμ£· ³³Ê ¶μ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨
¶¨μ´μ¢ Tπ, ¶μ²ÊÎ¨³ ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö Δ-·¥§μ´ ´¸  ¢ ´¥Ê¶·Ê£¨Ì pA-¸Éμ²±´μ¢¥´¨ÖÌ.
‚ ¨¸¶μ²Ó§Ê¥³μ° ¤²Ö · ¸Î¥É  ³μ¤¥²¨ ¶μÎÉ¨ ¶μ±μÖÐ¨°¸Ö Δ-·¥§μ´ ´¸ μ¡· §Ê¥É¸Ö ¶·¨ § -
Ì¢ É¥ ¢Éμ·¨Î´μ£μ π-³¥§μ´  ¢´ÊÉ·¨ Ö¤· -³¨Ï¥´¨.

�·μ¢¥¤¥³ μÍ¥´±Ê ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö Δ-·¥§μ´ ´¸  ¤²Ö É¥Ì Ô´¥·£¨° ´ ²¥É ÕÐ¥£μ
¶·μÉμ´ , ¶·¨ ±μÉμ·ÒÌ ³Ò ¶·μ¢μ¤¨²¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö: Tp = 1,4, 1,5, 1,7
¨ 1,9 ƒÔ‚. � ¸¸Î¨É ´´μ¥ ¢ ´ Ï¥° ³μ¤¥²¨ ¸¥Î¥´¨¥ ·μ¦¤¥´´μ£μ ¢ ´¥Ê¶·Ê£μ³ p12‘-¸Éμ²±´μ-
¢¥´¨¨ π-³¥§μ´  ¸μμÉ¢¥É¸É¢¥´´μ ¶μ²ÊÎ ¥É¸Ö: σπ = 66,56, 62,87, 53,12 ¨ 47,10 ³¡.

Š ± ¸± § ´μ ¢ÒÏ¥, ¢ ³μ¤¥²¨ ³Ò § ¤ ¢ ²¨ Î¨¸²μ ¸μ¡ÒÉ¨°, É. ¥. Î¨¸²μ ´¥Ê¶·Ê£¨Ì ´Ê±²μ´-
´Ê±²μ´´ÒÌ ¸Éμ²±´μ¢¥´¨°, ¨ ¶·μ¢μ¤¨²¨ ¸¢μ¨ ¢ÒÎ¨¸²¥´¨Ö, ¢ ¸¢Ö§¨ ¸ Î¥³ μ¶·¥¤¥²¨³ ¤μ²Õ
·μ¦¤¥´´ÒÌ ¶¨μ´μ¢ ¢ ´¥Ê¶·Ê£μ³ p12‘-¢§ ¨³μ¤¥°¸É¢¨¨ ¨ ¢¢¥¤¥³ ¢ ´ Ï¨ · ¸Î¥ÉÒ. „²Ö
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�¨¸. 4. σπ × Nevents Å Ê³´μ¦¥´´ Ö £¨¸Éμ£· ³³  (·¨¸. 2 ¨ 3) μÉ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¶¨μ´μ¢ Tπ

´ Ï¨Ì Ô´¥·£¨° Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ [10Ä12] ¶μ± §Ò¢ ÕÉ, ÎÉμ ´  ¤μ²Õ σin ≈ 248 ³¡
´¥Ê¶·Ê£μ£μ p12‘-¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¨Ìμ¤¨É¸Ö σπ = 49 ³¡ ¸ ·μ¦¤¥´¨¥³ ¶¨μ´μ¢. ‘ ÊÎ¥Éμ³
¸μμÉ´μÏ¥´¨Ö (σπ/σin) ÔÉ¨Ì ¢¥²¨Î¨´ ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ ¸¥Î¥´¨¥ ·μ¦¤¥´¨Ö Δ-·¥§μ´ ´¸ 
¤²Ö · §´ÒÌ Ô´¥·£¨° ¶·μÉμ´μ¢:

T1 = 1,4 ƒÔ‚, T2 = 1,5 ƒÔ‚, T3 = 1,7 ƒÔ‚, T4 = 1,9 ƒÔ‚,

σ1 = 13,15 ³¡, σ2 = 12,42 ³¡, σ3 = 10,80 ³¡, σ4 = 9,86 ³¡.

‘²¥¤ÊÕÐ¨° Ï £ ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨ÖÌ Å ÔÉμ ·¥£¨¸É· Í¨Ö Δ-·¥§μ´ ´¸ 
¶μ ¶·μ¤Ê±É ³ ¥£μ · ¸¶ ¤ . „¥²ÓÉ -·¥§μ´ ´¸ · ¸¶ ¤ ¥É¸Ö ´  ¶¨μ´-¶·μÉμ´´ÊÕ ¶ ·Ê ¸ ¢¥-
·μÖÉ´μ¸ÉÓÕ ≈ 0,99. �·μ¤Ê±ÉÒ · ¸¶ ¤  ¶μÎÉ¨ ¶μ±μÖÐ¥£μ¸Ö Δ-·¥§μ´ ´¸  (¶¨μ´ ¨ ´Ê±²μ´)
· §²¥É ÕÉ¸Ö μÉ´μ¸¨É¥²Ó´μ ¤·Ê£ ¤·Ê£  ¶μ¤ Ê£²μ³ ∼ 180◦ ¢ 4π-É¥²¥¸´μ³ Ê£²¥ ¨ ³μ£ÊÉ ¡ÒÉÓ
§ ·¥£¨¸É·¨·μ¢ ´Ò ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ.

3. �–…�Š� ‚›•�„� ®�†ˆ„�…Œ�ƒ� �””…Š’�¯ ��ˆ ��‘��„…
Δ-�…‡����‘� �� „‚… —�‘’ˆ–›

‚ ´ Ï¨Ì Ô±¸¶¥·¨³¥´É Ì ¶μ ¨¸¸²¥¤μ¢ ´¨Õ η-Ö¤¥· ¨¸¶μ²Ó§Ê¥É¸Ö ¤¢ÊÌ¶²¥Î¥¢μ° ¸¶¥±-
É·μ³¥É· ‘Š��, · ¸¶μ²μ¦¥´´Ò° ´  ¸É ´Í¨¨ ¢´ÊÉ·¥´´¥° ³¨Ï¥´¨. “¸É ´μ¢±  ¸μ¸Éμ¨É ¨§
¤¢ÊÌ ¶²¥Î (�-¶²¥Îμ ¨ Š-¶²¥Îμ), · ¸¶μ²μ¦¥´´ÒÌ ¶μ¤ Ê£²μ³ 180◦ ¤·Ê£ μÉ´μ¸¨É¥²Ó´μ ¤·Ê£ 
¶μ · §´Ò¥ ¸Éμ·μ´Ò ²¨´¨¨ ±μ²ÓÍ  ´Ê±²μÉ·μ´ . �·¨´Í¨¶ · ¡μÉÒ ¸¶¥±É·μ³¥É·  μ¸´μ¢ ´
´  ¨§³¥·¥´¨¨ ¸±μ·μ¸É¨ ¨ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ Î ¸É¨ÍÒ ¶μ ¢·¥³¥´¨ ¶·μ²¥É  (ΔT ) ´ 
§ ¤ ´´μ° ¡ §¥ ¨ Ô´¥·£μ¢Ò¤¥²¥´¨Õ (E − ΔE) ¢ ¢¥Ð¥¸É¢¥ ¤¥É¥±Éμ·  [13].

ˆ¸¶μ²Ó§ÊÖ Ëμ·³Ê²Ê 	·¥°É Ä‚¨£´¥·  ¤²Ö μ¶¨¸ ´¨Ö Δ-·¥§μ´ ´¸ , ³Ò ¸³μ¤¥²¨·μ¢ ²¨
¶·μÉμ´Ò ¨ ¶¨μ´Ò μÉ · ¸¶ ¤  ÔÉμ£μ ·¥§μ´ ´¸ , ±μÉμ·Ò¥ ²¥ÉÖÉ ¢ ´ ¶· ¢²¥´¨¨ ¤¥É¥±Éμ·μ¢
Ê¸É ´μ¢±¨ ‘Š��. ‡ É¥³, ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò GEANT ¢ÒÎ¨¸²¨²¨, ± ± Ö Î ¸ÉÓ ¨§
ÔÉ¨Ì ¶·μÉμ´μ¢ ¨ ¶¨μ´μ¢ ¡Ê¤¥É § ·¥£¨¸É·¨·μ¢ ´  ´ Ï¥° Ê¸É ´μ¢±μ° (·¨¸. 5). ‚ Ìμ¤¥
¶·¥¤¢ ·¨É¥²Ó´ÒÌ · ¸Î¥Éμ¢ ¢ÒÖ¸´¨²μ¸Ó, ÎÉμ ¸ ÊÎ¥Éμ³ · §·¥Ï¥´¨Ö Ê¸É ´μ¢±¨ ‘Š�� ³Ò
³μ¦¥³ ·¥£¨¸É·¨·μ¢ ÉÓ ¶·μÉμ´Ò ¸ ¨³¶Ê²Ó¸ ³¨ � 240 ŒÔ‚/¸.

�·μ¤Ê±ÉÒ · ¸¶ ¤  ¶μ±μÖÐ¥£μ¸Ö Δ-·¥§μ´ ´¸  ¨³¥ÕÉ ³ ²Ò° ¨³¶Ê²Ó¸ ¨§-§  ¨μ´¨§ -
Í¨μ´´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨, ¢ §´ Î¨É¥²Ó´μ³ Î¨¸²¥ ¸²ÊÎ ¥¢ ¶·μÉμ´Ò μ¸É ´ ¢²¨¢ ÕÉ¸Ö, ´¥
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�¨¸. 5. �μ¸É·μ¥´´Ò° ¸ ¶μ³μÐÓÕ ³¥Éμ¤  Œμ´É¥-Š ·²μ ¶μ Ëμ·³Ê²¥ 	·¥°É Ä‚¨£´¥·  £· Ë¨± · ¸-
¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´μ° ³ ¸¸Ò ¤¢ÊÌ Î ¸É¨Í μÉ · ¸¶ ¤  Δ-·¥§μ´ ´¸ . ‡ ·¥£¨¸É·¨·μ¢ ´´Ò¥ ¸¶¥±-

É·μ³¥É·μ³ ‘Š�� Î ¸É¨ÍÒ ¶μ± § ´Ò ¸ ¶μ³μÐÓÕ § ÏÉ·¨Ìμ¢ ´´μ° μ¡² ¸É¨

¤μ²¥É Ö ¤μ É·¥ÉÓ¥£μ ¤¥É¥±Éμ·  ‘Š��, ¨ ³¥¤²¥´´Ò¥ π-³¥§μ´Ò · ¸¶ ¤ ÕÉ¸Ö ¢ Éμ³ ¦¥
¶·μ³¥¦ÊÉ±¥. ˆ¸¶μ²Ó§ÊÖ ³¥Éμ¤ Œμ´É¥-Š ·²μ, ³Ò μ¶·¥¤¥²¨²¨, ÎÉμ Ê¸É ´μ¢±  ‘Š�� ·¥-
£¨¸É·¨·Ê¥É Éμ²Ó±μ 1/10-Õ Î ¸ÉÓ ¶·μ¤Ê±Éμ¢ · ¸¶ ¤  ¶μ±μÖÐ¥£μ¸Ö Δ-·¥§μ´ ´¸  μÉ Î¨¸² 
²¥ÉÖÐ¨Ì ¢ ´ ¶· ¢²¥´¨¨ ¤¥É¥±Éμ·μ¢ [14]. ‘ ÊÎ¥Éμ³ ÔÉμ£μ Ë ±Éμ·  ¤²Ö ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥
Ô´¥·£¨° ÔËË¥±É¨¢´Ò¥ ¸¥Î¥´¨Ö ¡Ê¤ÊÉ · ¢´Ò ¸μμÉ¢¥É¸É¢¥´´μ

σ1 = 1,315 ³¡, σ2 = 1,242 ³¡, σ3 = 1,08 ³¡, σ4 = 0,986 ³¡.

‘ ÊÎ¥Éμ³ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ μÍ¥´¨³ μ¦¨¤ ¥³Ò¥ ¢ÒÌμ¤Ò ¸μ¡ÒÉ¨° Y (pπ−), ¸¢Ö§ ´´ÒÌ
¸ μ¡· §μ¢ ´¨¥³ Δ-·¥§μ´ ´¸  ¶·¨ ¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´É  ´  ¢´ÊÉ·¥´´¥³ ¶·μÉμ´´μ³
¶ÊÎ±¥ ´Ê±²μÉ·μ´ , ¸²¥¤ÊÕÐ¨³ μ¡· §μ³ [15]:

Y (p, π−) = σ(p12C → N1N2(A − 1)Δ)NtNeff Br (πN)ξΩπnckf(Ωp/Ωπ)g,

Neff = 3,0 ·1015 Å ÔËË¥±É¨¢´Ò° ¶μÉμ± ¶·μÉμ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó §  Í¨±² (Í¨±² =
5 ¸); Ωπ = 8 ·10−3 ¸· Å É¥²¥¸´Ò° Ê£μ² ·¥£¨¸É· Í¨¨ Î ¸É¨Í Ê¸É ´μ¢±¨ ‘Š��; Br (πN) =
0,99 Å ¢¥·μÖÉ´μ¸ÉÓ · ¸¶ ¤  Δ ¶μ πN -± ´ ² ³; ξ(π−p) = 0,50 Å ¢¥·μÖÉ´μ¸ÉÓ · ¸¶ ¤  ´ 
(π−, p)-¶ ·Ê; f(Ωp/Ωπ) ≈ 0,2 Å ±μ··¥²ÖÍ¨μ´´ Ö £¥μ³¥É·¨Î¥¸± Ö ËÊ´±Í¨Ö πp-· ¸¶ ¤ ,
μ¶·¥¤¥²Ö¥³ Ö ®· §³ÒÉ¨¥³¯ Ê£²μ¢μ£μ · ¸É¢μ·  Î ¸É¨Í §  ¸Î¥É Ë¥·³¨-¤¢¨¦¥´¨Ö ´Ê±²μ´μ¢;
nc = 360 Å Î¨¸²μ Í¨±²μ¢ Ê¸±μ·¥´¨Ö ¢ Î ¸; k Å ¸μμÉ´μÏ¥´¨¥ ¶μ¶¥·¥Î´ÒÌ · §³¥·μ¢
p-¶ÊÎ±  ± ³¨Ï¥´¨, k = 3,3 · 10−3; g = 0,5 Å ¤μ²Ö ¶ÊÎ±  £ Ê¸¸μ¢μ° Ëμ·³Ò, ¶μ¶ ¤ ÕÐ¥£μ
´  ´¨ÉÖ´ÊÕ ³¨Ï¥´Ó.



�Í¥´±  ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö Δ-·¥§μ´ ´¸  ¢ pA-¸Éμ²±´μ¢¥´¨ÖÌ 207

�μ¤¸É ¢²ÖÖ Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö ³´μ¦¨É¥²¥°, ¶μ²ÊÎ ¥³

Tp = 1400 ŒÔ‚, Y (pπ−) ≈ 960 ¸μ¡ÒÉ¨°/Î,

Tp = 1500 ŒÔ‚, Y (pπ−) ≈ 906 ¸μ¡ÒÉ¨°/Î,

Tp = 1700 ŒÔ‚, Y (pπ−) ≈ 789 ¸μ¡ÒÉ¨°/Î,

Tp = 1900 ŒÔ‚, Y (pπ−) ≈ 720 ¸μ¡ÒÉ¨°/Î.

�·¨¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ ¶μ± §Ò¢ ÕÉ, ÎÉμ ®μ¦¨¤ ¥³μ¥¯ Î¨¸²μ ¸μ¡ÒÉ¨° ¤²Ö ´ Ï¨Ì Ê¸²μ-
¢¨° ¨§³¥·¥´¨Ö ´  Ê¸É ´μ¢±¥ ‘Š�� ¡Ê¤¥É ¢ ¶·¥¤¥² Ì 720Ä960 ¸μ¡ÒÉ¨°/Î.

‡�Š‹	—…�ˆ…

‚μ ¢·¥³Ö ¨²¨ ¶¥·¥¤ Ô±¸¶¥·¨³¥´Éμ³ ¢ ¦´μ ¶· ¢¨²Ó´μ μÍ¥´¨ÉÓ ¨ ¶·¥¤¸± § ÉÓ ¢ÒÌμ¤
¶·μ¤Ê±Éμ¢ Éμ° ¨²¨ ¨´μ° ·¥ ±Í¨¨. �·¥¤²μ¦¥´´ Ö ´ ³¨ ³¥Éμ¤¨±  ¶μ§¢μ²Ö¥É Ô±¸¶·¥¸¸-
μÍ¥´±Ê ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö Δ-·¥§μ´ ´¸  ¢ pA-¸Éμ²±´μ¢¥´¨ÖÌ ¤²Ö · §´ÒÌ Ô´¥·£¨° ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ ¨§¢¥¸É´ÒÌ ¤ ´´ÒÌ πA-· ¸¸¥Ö´¨Ö ¨ ±¨´¥³ É¨Î¥¸±¨Ì · ¸Î¥Éμ¢ ·μ¦¤¥´¨Ö ¶¨μ´μ¢
¢ ´Ê±²μ´-´Ê±²μ´´μ³ ¢§ ¨³μ¤¥°¸É¢¨¨. Œ¥Éμ¤¨±Ê ³μ¦´μ ¶·¨³¥´ÖÉÓ ¶·¨ ¶·μ¢¥¤¥´¨¨ Ô±¸-
¶¥·¨³¥´Éμ¢ ´  ¢´ÊÉ·¥´´¥³ ¶ÊÎ±¥ ´Ê±²μÉ·μ´  ¨  ´ ²¨§¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éμ¢.

‚ ¶μ¸²¥¤ÊÕÐ¨Ì ¸É ÉÓÖÌ ¡Ê¤ÊÉ ÊÎÉ¥´Ò ³´μ£¨¥ ¤·Ê£¨¥ Ë ±Éμ·Ò, ´¥ ¢μÏ¥¤Ï¨¥ ¢ ¤ ´´ÊÕ,
´ ¶·¨³¥·, Ëμ´μ¢μ¥ ¨§²ÊÎ¥´¨¥, ¸μ¢¶ ¤¥´¨¥ ¸μ¡ÒÉ¨° ¨ ´ ²μ¦¥´¨°, ¶μ£²μÐ¥´¨¥ Ô´¥·£¨¨ ¢
¢μ§¤ÊÌ¥ ¨ ¶² ¸É¨±¥ ¤¥É¥±Éμ·μ¢ ¨ É. ¤.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ §  ÊÎ ¸É¨¥ ¢ μ¡¸Ê¦¤¥´¨¨ ·¥§Ê²ÓÉ Éμ¢ ….�. ‘É·μ±μ¢-
¸±μ³Ê, �.�.ˆ¥·Ê¸ ²¨³μ¢Ê ¨ �. ƒ. ‹¨É¢¨´¥´±μ.
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