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“„Š 524.8
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Œ.�.Œ ·±µ¢

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

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

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥, ±µÉµ· Ö ¢ § ³¥É´µ° ¸É¥¶¥´¨ Ö¢²Ö¥É¸Ö µ¡§µ·µ³ ¨ ±·¨É¨Î¥¸±¨³
µ¸³Ò¸²¥´¨¥³ ·Ö¤  ¶·¥¤Ï¥¸É¢ÊÕÐ¨Ì · ¡µÉ  ¢Éµ· , ´  Ï¨·µ±µ³ ²¨É¥· ÉÊ·´µ³ Ëµ´¥
¶·µ¢¥¤¥´µ µ¡¸Ê¦¤¥´¨¥ ¶·µ¡²¥³ Ô¢µ²ÕÍ¨¨ ‚¸¥²¥´´µ° ´  ¥¥ · ´´¨Ì ¸É ¤¨ÖÌ, ¡²¨§±¨Ì ±
ÉµÎ±¥ ¸¨´£Ê²Ö·´µ¸É¨.  �¸µ¡µ¥  ¢´¨³ ´¨¥  ¡Ò²µ  Ê¤¥²¥´µ   ´ ²¨§Ê  ¸¢µ°¸É¢  ¢¸¥²¥´´ÒÌ
¤¥ ‘¨ÉÉ¥·  ̈  ”·¨¤³ ´  ̈  µ¡¸Ê¦¤¥´¨Õ Ë¨§¨Î¥¸±¨Ì Ê¸²µ¢¨°, ±µÉµ·Ò¥ ³µ£²¨ ¡Ò ¢Ò§¢ ÉÓ
¶¥·¥Ìµ¤ µÉ µ¤´µ£µ É¨¶  ¢¸¥²¥´´ÒÌ ± ¤·Ê£µ³Ê É¨¶Ê. �¥·¥Î¨¸²¥´Ò · §²¨Î´Ò¥ ¸¶µ¸µ¡Ò
³µ¤¨Ë¨± Í¨¨ µ¡ÒÎ´ÒÌ Ê· ¢´¥´¨° �°´ÏÉ¥°´ , ±µÉµ·Ò¥ ³µ£²¨ ¡Ò ¸²Ê¦¨ÉÓ ¤¨´ ³¨Î¥-
¸±µ° µ¸´µ¢µ° É ±µ£µ ¶¥·¥Ìµ¤ . �µ¤·µ¡´µ · ¸¸³µÉ·¥´ ¢ ·¨ ´É É¥µ·¨¨ £· ¢¨É Í¨¨, ±µ£-
¤  £· ¢¨É Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö § ³¥´Ö¥É¸Ö ´¥±µÉµ·µ° ËÊ´±Í¨¥° ¶²µÉ´µ¸É¨ ³ É¥·¨¨
(Ô´¥·£¨¨), ̧ É·¥³ÖÐ¥°¸Ö ± ́ Ê²Õ ¶·¨ Ê¢¥²¨Î¥´¨¨ ¶²µÉ´µ¸É¨ ¤µ ¥¥ ¶·¥¤¥²Ó´µ£µ §´ Î¥´¨Ö.
�¡¸Ê¦¤¥´  ¢µ§³µ¦´ Ö ´¥É·¨¢¨ ²Ó´ Ö ·µ²Ó Î¥·´ÒÌ ¤Ò· ¢ Ë §¥ ¨´Ë²ÖÍ¨µ´´µ£µ
· §¢¨É¨Ö ‚¸¥²¥´´µ°,   É ±¦¥ (¤²Ö ¢¸¥²¥´´ÒÌ § ±·ÒÉµ£µ É¨¶ ) ¢ § ±²ÕÎ¨É¥²Ó´µ° Ë §¥
±µ²² ¶¸ . �¸µ¡µ µÉ³¥Î¥´  ¢µ§³µ¦´µ¸ÉÓ ̧ ÊÐ¥¸É¢¥´´µ£µ ̈ §³¥´¥´¨Ö Ë¨§¨Î¥¸±¨Ì § ±µ´µ-
³¥·´µ¸É¥° ¢ µ¡² ¸ÉÖÌ ¶·µ¸É· ´¸É¢ , ¡²¨§±¨Ì ¶µ ¸¢µ¨³ · §³¥· ³ ± ¶² ´±µ¢¸±¨³ ¤²¨-
´ ³, ̈ , É¥³ ̧  ³Ò³, ¢µ§³µ¦´µ¸ÉÓ ̧ ÊÐ¥¸É¢µ¢ ´¨Ö ̧ ¶¥Í¨Ë¨Î¥¸±µ° Ë¨§¨±¨ Ê²ÓÉ· ³¨±·µ³¨· .

The present paper which is mainly a review and a critical analysis of the author's
previous papers treats on a wide literature background a problem of Universe evolution at
its early stages, close to a singularity point. A special attention is given to the analysis of
properties of the de Sitter and Friedmann universes and the discussion of the physical
conditions which are able to induce the transition frµm one type universe to another.
Various modifications of the usual Einstein equations are presented, which could be a
dynamical basis of such a transition. A variant of gravitation theory in which a gravitation l
constant is replaced by some function of matter (energy) density approaching zero when
density reaches its limiting value is considered in detail. A possible non-trivial role of black

®”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��¯
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*�·¥¶·¨´É ”ˆ��-ˆŸˆ, Œ., 1994. � ¤ ¶·¥¤² £ ¥³µ° ¢´¨³ ´¨Õ Î¨É É¥²¥° ·Ê±µ¶¨¸ÓÕ
Œ.�.Œ ·±µ¢ · ¡µÉ ² ¤µ ¶µ¸²¥¤´¥£µ ¤´Ö ̧ ¢µ¥° ¦¨§´¨ (1.10.94). �· ±É¨Î¥¸±¨ · ¡µÉ  ́  ¤ ́ ¥° ¡Ò² 
§ ¢¥·Ï¥´ . �µ ³Ò Ê¦¥ ́ ¨±µ£¤  ́ ¥ Ê§´ ¥³, ± ±¨¥ ̈ §³¥´¥´¨Ö ̈ ²¨ ¤µ¶µ²´¥´¨Ö µ´ § ÌµÉ¥² ¡Ò ¢´¥¸É¨
¢ ´¥¥ ¶¥·¥¤ ¶Ê¡²¨± Í¨¥°. �µÔÉµ³Ê ·Ê±µ¶¨¸Ó ¶·¥¤¸É ¥É ¶¥·¥¤ Î¨É É¥²¥³ ¢ ¸¢µ¥³ ¶¥·¢µ´ Î ²Ó´µ³
¢ ·¨ ´É¥.  � ¡µÉÊ ¶µ ¶µ¤£µÉµ¢±¥ ·Ê±µ¶¨¸¨ ± ¶¥Î É¨ ¢§Ö²¨ ´  ¸¥¡Ö ÊÎ¥´¨±¨ Œ.�.Œ ·±µ¢  ¨§
”ˆ�� ̈  ̂ Ÿˆ ���, ̈  ¢ ÔÉµ³ ¶² ´¥ µ´¨ ́ ¥¸ÊÉ µÉ¢¥É¸É¢¥´´µ¸ÉÓ §  ¢¸¥ ¶µ£·¥Ï´µ¸É¨ ̈  É¥Ì´¨Î¥¸±¨¥
´¥ÉµÎ´µ¸É¨, ±µÉµ·Ò¥ ¢ ´¥° ³µ£ÊÉ ¡ÒÉÓ µ¡´ ·Ê¦¥´Ò.



holes in a Universe development at the inflation stage and also at the final stage of collapse
(for universes of closed types) are discussed. A possibility of an essential change of the
physical laws in space regions close in their sizes to Planck lengths is specially emphasized
and, thus, a possibility of a specific ultra-microworld physics existence is noted.

1. ‚‚…„…�ˆ…

�µ¤ É¥·³¨´µ³ ®‚¸¥²¥´´ Ö¯ ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ¶µ´¨³ ¥É¸Ö ¶·µ¸É· ´¸É¢µ,
±µÉµ·µ¥ ´ ¸ µ±·Ê¦ ¥É, ¨ ¢¸Ö ¸µ¤¥·¦ Ð Ö¸Ö ¢ ´¥³ ³ É¥·¨Ö: £ ² ±É¨±¨, §¢¥§-
¤Ò, ¶² ´¥ÉÒ ¨ ¢¸¥ ¦¨¢Ò¥ ¸ÊÐ¥¸É¢ .

‚¸¥£¤  Î¥²µ¢¥Î¥¸É¢µ ¨´É¥·¥¸µ¢ ² ¢µ¶·µ¸, ± ± ¨ ±µ£¤  ¢µ§´¨±²  ‚¸¥²¥´-
´ Ö. �µ²¥¥ Éµ£µ, ¢µ§´¨±²µ ²¨ ¢´ Î ²¥ ¶Ê¸Éµ¥ ¶·µ¸É· ´¸É¢µ,   § É¥³ ³ É¥·¨Ö,
¨²¨ ¶·µ¸É· ´¸É¢µ ´¥¨§¡¥¦´µ ¸ÊÐ¥¸É¢Ê¥É ¢³¥¸É¥ ¸ ³ É¥·¨¥°. �µÖ¢¨²¨¸Ó ¸µ-
µ¡· ¦¥´¨Ö, ÎÉµ ³ É¥·¨Ö ¨ ¢µµ¡Ð¥ ‚¸¥²¥´´ Ö ³µ£²  ¡Ò ¢µ§´¨±´ÊÉÓ ¢ ¶Ê¸Éµ³
¶·µ¸É· ´¸É¢¥. �Ê¸Éµ¥ ¶·µ¸É· ´¸É¢µ µ¶¨¸Ò¢ ¥É¸Ö Ê· ¢´¥´¨¥³*

Rik = 0. (1)

�µ ÔÉµ Ê· ¢´¥´¨¥ ¸²¨Ï±µ³ µ¡Ðµ ¨ ¨³¥¥É ¸²¨Ï±µ³ ³´µ£µ ·¥Ï¥´¨°.
„·Ê£¨³¨ ¸²µ¢ ³¨, ¶Ê¸ÉÒ¥ ¶·µ¸É· ´¸É¢  ¡Ò¢ ÕÉ ¸ÊÐ¥¸É¢¥´´µ · §²¨Î´Ò ¶µ
¸¢µ¥° ±·¨¢¨§´¥.

� ¶·¨³¥·, ¶²µ¸±µ¥ ¶·µ¸É· ´¸É¢µ, ¢ ±µÉµ·µ³ ¶ ·  ¶ · ²²¥²Ó´ÒÌ ¶·Ö-
³ÒÌ ¶·¨ ¸¢µ¥³ ¶·µ¤µ²¦¥´¨¨ ´¨£¤¥ ´¥ ¶¥·¥¸¥± ¥É¸Ö, Ê¤µ¢²¥É¢µ·Ö¥É ¡µ²¥¥
¦¥¸É±µ³Ê Ê¸²µ¢¨Õ · ¢¥´¸É¢  ´Ê²Õ É¥´§µ·  ±·¨¢¨§´Ò

Rklm
 i  = 0. (2)

„·Ê£¨³¨ ¸²µ¢ ³¨, ¢µ§´¨± ¥É ¶·µ¡²¥³ , ±µÉµ·µ° ³µ£²µ ¡Ò ´¥ ¡ÒÉÓ: ± -
±µ¢Ò ̧ ¢µ°¸É¢  ¶·µ¸É· ´¸É¢ , ¶Ê¸Éµ£µ ¶·µ¸É· ´¸É¢ , ¢ ±µÉµ·µ³ ¢µ§´¨± ¥É ³ -
É¥·¨Ö?

*‚ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ ̧ ¢µ°¸É¢  ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²ÖÕÉ¸Ö
³¥É·¨Î¥¸±¨³ É¥´§µ·µ³ g

ik
(x), ¨§ ±µÉµ·µ£µ ¶µ µ¶·¥¤¥²¥´´Ò³ ¶· ¢¨² ³ ¸É·µ¨É¸Ö É¥´§µ· ±·¨¢¨§´Ò

�¨³ ´  R
klm
 i  ,   ¸¢¥·É±  É¥´§µ·  ±·¨¢¨§´Ò ¤ ¥É É¥´§µ· �¨ÎÎ¨ R

ik
 = R

ikl
 l  ¨ ¸± ²Ö·´ÊÕ ±·¨¢¨§´Ê

R = gikR
ik
 (¶µ ¶µ¢Éµ·ÖÕÐ¨³¸Ö ¨´¤¥±¸ ³ ¶µ¤· §Ê³¥¢ ¥É¸Ö ¸Ê³³¨·µ¢ ´¨¥). “· ¢´¥´¨Ö �°´ÏÉ¥°´ 

¨³¥ÕÉ ¢¨¤

R
ik
 − 

1
2
 gikR = 

8πκ
c4

 T
ik
 ,

£¤¥ T
ik
 Å É¥´§µ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ³ É¥·¨¨, κ Å £· ¢¨É Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö. ‚ ¶Ê¸ÉµÉ¥

T
ik
 = 0, ¨ ³Ò ¨³¥¥³ R = 0, µÉ±Ê¤  ¸²¥¤Ê¥É Ê· ¢´¥´¨¥ (1).
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�²ÓÉ¥·´ É¨¢´µ¥ ÊÉ¢¥·¦¤¥´¨¥, ±µÉµ·µ¥ ³µ¦¥É ¡ÒÉÓ Ê¶µ³Ö´ÊÉµ ¢ ´ Î ²¥
· §³ÒÏ²¥´¨Ö µ ‚¸¥²¥´´µ°, ³µ¦´µ ´ §¢ ÉÓ ¶µ¸ÉÊ² Éµ³ ¨²¨ ¶·¨´Í¨¶µ³ ¸Ê-
Ð¥¸É¢µ¢ ´¨Ö ‚¸¥²¥´´µ°:

®�·µ¸É· ´¸É¢µ ¸ÊÐ¥¸É¢Ê¥É, ¥¸²¨ Éµ²Ó±µ ¸ÊÐ¥¸É¢Ê¥É ³ É¥·¨Ö¯.
�°´ÏÉ¥°´ ¶ÒÉ ²¸Ö ¶µ¸É·µ¨ÉÓ É¥µ·¨Õ ‚¸¥²¥´´µ°, ±µÉµ· Ö ¶·¥¤¸É ¢²Ö² 

¡Ò ¸µ¡µ° ¸É É¨Î¥¸±µ¥ § ³±´ÊÉµ¥ É·¥Ì³¥·´µ¥ ¶·µ¸É· ´¸É¢µ. „²Ö ÔÉµ° Í¥²¨
�°´ÏÉ¥°´Ê ¶·¨Ï²µ¸Ó ¢¨¤µ¨§³¥´¨ÉÓ ¶¥·¢µ´ Î ²Ó´Ò¥ Ê· ¢´¥´¨Ö Å ¤µ¡ ¢¨ÉÓ
´¥±µÉµ·ÊÕ ±µ´¸É ´ÉÊ, ±µÉµ·ÊÕ µ´ µ¡µ§´ Î¨² £·¥Î¥¸±µ° ¡Ê±¢µ° Λ (É ± ´ §Ò-
¢ ¥³Ò° Λ-Î²¥´), ¶·¨ ÔÉµ³ ¥¥ ¢¥²¨Î¨´  µ¤´µ§´ Î´µ µ¶·¥¤¥²Ö² ¸Ó ¶²µÉ´µ-
¸ÉÓÕ ¢¥Ð¥¸É¢  ¢µ ‚¸¥²¥´´µ°.

�¤´ ±µ ¢ 1922Å1924 ££. �.�.”·¨¤³ ´ ¶µ± § ², ÎÉµ Ê· ¢´¥´¨Ö
�°´ÏÉ¥°´  ¨³¥ÕÉ ·¥Ï¥´¨Ö, µ¶¨¸Ò¢ ÕÐ¨¥ · ¸Ï¨·ÖÕÐ¨¥¸Ö ¢¸¥²¥´´Ò¥, § ³±-
´ÊÉÒ¥ ¨²¨ µÉ±·ÒÉÒ¥, ± ± ¢ ¸²ÊÎ ¥ ¶·¨¸ÊÉ¸É¢¨Ö, É ± ¨ ¢ ¸²ÊÎ ¥ µÉ¸ÊÉ¸É¢¨Ö
Λ-Î²¥´ . ‚´ Î ²¥ �°´ÏÉ¥°´ ¸Î¨É ² · ¡µÉÊ ”·¨¤³ ´  µÏ¨¡µÎ´µ°, ´µ, ¶µ-
¢¨¤¨³µ³Ê, ¶µ¸²¥ ¡¥¸¥¤ ¸ Š·ÊÉ±µ¢Ò³ ¶·¨§´ ² · ¡µÉÊ ”·¨¤³ ´  ¶· ¢¨²Ó´µ°.
‚ ¤ ²Ó´¥°Ï¥³ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ´ ¡²Õ¤¥´¨Ö • ¡¡²  ¶µ± § ²¨, ÎÉµ ³Ò
¦¨¢¥³ ¢ Ô¢µ²ÕÍ¨µ´¨·ÊÕÐ¥° · ¸Ï¨·ÖÕÐ¥°¸Ö ‚¸¥²¥´´µ°. � ¡µÉ  • ¡¡² 
¶µ¤É¢¥·¤¨² , ÎÉµ ¸ÊÐ¥¸É¢Ê¥É ±· ¸´µ¥ ¸³¥Ð¥´¨¥ ¸¶¥±É· ²Ó´ÒÌ ²¨´¨° ¸¢¥É ,
¶·¨Ìµ¤ÖÐ¨Ì ± ´ ³ µÉ ¤ ²¥±¨Ì £ ² ±É¨±.  �Éµ  ¸³¥Ð¥´¨¥  ¥¸ÉÓ ¸²¥¤¸É¢¨¥
¤µ¶²¥·-ÔËË¥±É , ¸¢Ö§ ´´µ£µ ¸ É¥³, ÎÉµ ÔÉ¨ £ ² ±É¨±¨ Ê¤ ²ÖÕÉ¸Ö µÉ ´ ¸.

� ¸Ï¨·¥´¨¥ ¸µ¢·¥³¥´´µ° ‚¸¥²¥´´µ° µ§´ Î ¥É, ÎÉµ ±µ£¤ -Éµ ¡Ò²µ ´ Î -
²µ ‚¸¥²¥´´µ°, ¨ ¶µ ¸µ¢·¥³¥´´Ò³ ¤ ´´Ò³ ¢·¥³Ö ¦¨§´¨ ´ Ï¥° ‚¸¥²¥´´µ°
µÍ¥´¨¢ ¥É¸Ö ¢¥²¨Î¨´µ° ¶µ·Ö¤±  10 ³²·¤. ²¥É. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢µ§´¨±²µ
µ£·µ³´µ¥ ±µ²¨Î¥¸É¢µ · §²¨Î´ÒÌ ¶·µ¡²¥³, ±µÉµ·Ò¥ ´¥µ¡Ìµ¤¨³µ ·¥Ï ÉÓ ¢
· ³± Ì · ¸Ï¨·ÖÕÐ¥°¸Ö ‚¸¥²¥´´µ°. � Ï  ‚¸¥²¥´´ Ö ´¥ ¶·µ¸Éµ · ¸Ï¨·Ö-
¥É¸Ö, ³¥´ÖÖ ¸¢µ¨ · §³¥·Ò, ¸ ¥¥ · ¸Ï¨·¥´¨¥³ ¸É·Ê±ÉÊ·  ´ ¶µ²´ÖÕÐ¥° ¥¥
³ É¥·¨¨ ¤µ²¦´  ¡Ò²  ³¥´ÖÉÓ¸Ö ¸µ ¢·¥³¥´¥³.

� ¸Ï¨·¥´¨¥ ¸µ ¢·¥³¥´¥³ ‚¸¥²¥´´µ° µ§´ Î ¥É, ÎÉµ ±µ£¤ -Éµ ¥¥ · §³¥·Ò
¡Ò²¨ ³ ²Ò³¨,   ¶²µÉ´µ¸ÉÓ ¢¥Ð¥¸É¢  ¡µ²ÓÏµ°. �Éµ µ§´ Î ¥É É ±¦¥, ÎÉµ ±µ£-
¤ -Éµ ´¥ ¡Ò²µ £ ² ±É¨±, §¢¥§¤, ¶² ´¥É, ¦¨¢µ° ³ É¥·¨¨. ‚¸¥ ÔÉµ ¤µ²¦´µ
¨³¥ÉÓ ¸¢µÕ ¨¸Éµ·¨Õ. ˆ ²¨ÏÓ ¸µ ¢·¥³¥´¥³ ¤µ²¦´  ¡Ò²  ¢µ§´¨±´ÊÉÓ ³ É¥·¨Ö
¢ ¨§¢¥¸É´µ° ´ ³ Ëµ·³¥, ¢ Î ¸É´µ¸É¨, ¢ Ëµ·³¥ ¢¸¥Ì Ô²¥³¥´Éµ¢ É ¡²¨ÍÒ Œ¥´-
¤¥²¥¥¢ . ‚µ§´¨±²  Í¥² Ö µ¡² ¸ÉÓ Ë¨§¨±¨ Å Ë¨§¨±  É ± ´ §Ò¢ ¥³µ° ¸¢¥·Ì-
· ´´¥° ‚¸¥²¥´´µ°, ¶·¨·µ¤  ±µÉµ·µ° ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¨´É¥´¸¨¢´µ É¥µ·¥-
É¨Î¥¸±¨ ¨§ÊÎ ¥É¸Ö, Î¥³Ê Ê¦¥ ¶µ¸¢ÖÐ¥´  µ¡Ï¨·´ Ö ´ ÊÎ´ Ö ²¨É¥· ÉÊ· .

�·¨·µ¤  ¸¢¥·Ì· ´´¥° ‚¸¥²¥´´µ°, ± ± µ± § ²µ¸Ó, ´ Ìµ¤¨É¸Ö ¢ É¥¸´µ°
¸¢Ö§¨ ¸ £²Ê¡µ±¨³¨ ËÊ´¤ ³¥´É ²Ó´Ò³¨ ¶·µ¡²¥³ ³¨ ¶·¨·µ¤Ò Ô²¥³¥´É ·´ÒÌ
Î ¸É¨Í. „¥²µ ¢ Éµ³, ÎÉµ ¢ Ê¸²µ¢¨ÖÌ ¸¢¥·Ì· ´´¥° ‚¸¥²¥´´µ° ¤µ²¦¥´  ±É¨¢´µ
¶·µÖ¢¨ÉÓ¸Ö ¢¥¸Ó ¢µ§³µ¦´Ò° ¸¶¥±É· ¸ÊÐ¥¸É¢ÊÕÐ¨Ì Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í,
¢¸¥ ¨Ì ¢§ ¨³µ¤¥°¸É¢¨Ö, · §²¨Î´Ò¥ µÉ´µÏ¥´¨Ö ³¥¦¤Ê ´¨³¨. � ¸¸³µÉ·¥´¨¥
¸µ¸ÉµÖ´¨Ö ¸¢¥·Ì· ´´¥° ‚¸¥²¥´´µ° µ± §Ò¢ ¥É¸Ö ± ± ¡Ò ¸¶¥Í¨ ²Ó´Ò³ É¥µ·¥-
É¨Î¥¸±¨³ ¶µ²¨£µ´µ³, ¸ÊÐ¥¸É¢¥´´Ò³ ¤²Ö ¨§ÊÎ¥´¨Ö ´ ¨¡µ²¥¥ ËÊ´¤ ³¥´É ²Ó-
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´ÒÌ ¸¢µ°¸É¢ ³ É¥·¨¨. �¤´ ±µ ¸²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ: Éµ, ÎÉµ ³Ò ´ §Ò¢ ¥³
µ¡² ¸ÉÓÕ ¸¢¥·Ì· ´´¥° ‚¸¥²¥´´µ°, µ·£ ´¨Î¥¸±¨ ´¥ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö Éµ ¶·¥-
¤¥²Ó´µ¥ ¸µ¸ÉµÖ´¨¥ ¡¥¸±µ´¥Î´µ ¡µ²ÓÏµ° ¶²µÉ´µ¸É¨ ³ É¥·¨¨, ±µÉµ·µ¥ ¢ ÔÉµ³
¸²ÊÎ ¥ ¸µ¤¥·¦¨É¸Ö ¢ ·¥Ï¥´¨ÖÌ Ê· ¢´¥´¨° �°´ÏÉ¥°´ , ±µ£¤  ·¥ÎÓ ¨¤¥É µ
¸ ³µ³ ¶¥·¢µ³ (´Ê²¥¢µ³) ³µ³¥´É¥ ¸ÊÐ¥¸É¢µ¢ ´¨Ö ‚¸¥²¥´´µ°. ’µÎ´¥¥ £µ¢µ·Ö,
µ¡² ¸ÉÓ ¸¢¥·Ì· ´´¥° ‚¸¥²¥´´µ° µ¡ÒÎ´µ µÉ¸Î¨ÉÒ¢ ÕÉ µÉ ³µ³¥´É  t0, £¤¥ ¢¥-

²¨Î¨´  t0 ¸µ¸É ¢²¥´  ¨§ ³¨·µ¢ÒÌ ±µ´¸É ´É: ¶µ¸ÉµÖ´´µ° �² ´±  h, £· ¢¨-

É Í¨µ´´µ° ±µ´¸É ´ÉÒ κ ¨ ¶µ¸ÉµÖ´´µ° ¸±µ·µ¸É¨ ¸¢¥É  ¸:

t0 = √hκ 6 c5 .

� ³¨ ¶¥·¥Î¨¸²¥´µ ²¨ÏÓ µÎ¥´Ó ´¥³´µ£µ¥ ¨§ Éµ£µ, ÎÉµ ¸±·Ò¢ ¥É¸Ö § 
Ï¨·µ±µ µÉ±·ÒÉµ° ¤¢¥·ÓÕ ¢ ¸µ¢·¥³¥´´ÊÕ ±µ¸³µ²µ£¨Õ. Œµ¦´µ ¸± § ÉÓ, ÎÉµ
¢ µÉ²¨Î¨¥ µÉ § ¸ÉÒ¢Ï¥° ¢¸¥²¥´´µ° �°´ÏÉ¥°´  ¢¸¥²¥´´ Ö ¶µ¸²¥ · ¡µÉÒ
”·¨¤³ ´  ´ ¶µ²´¨² ¸Ó ¨¸Éµ·¨¥°, µ´ , ³µ¦´µ ¸± § ÉÓ, µ¦¨² , ¢¥·´¥¥, ¸É ² 
¢ ± ±µ°-Éµ ¸É¥¶¥´¨ ¸·µ¤´¨ ¦¨¢µ³Ê µ·£ ´¨§³Ê: µ´  ·µ¦¤ ¥É¸Ö ¨ ¶·µÌµ¤¨É
· §²¨Î´Ò¥ ¸É ¤¨¨ ¦¨§´¨.

‚ ¸· ¢´¥´¨¨ ¢¸¥²¥´´ÒÌ �°´ÏÉ¥°´  ¨ ”·¨¤³ ´  ³µ¦¥É ¡ÒÉÓ Ê³¥¸É´ 
 ´ ²µ£¨Ö, ¢§ÖÉ Ö ¨§ ²¥£¥´¤Ò ¤ ²¥±µ£µ ¶·µÏ²µ£µ. – ·Ó „·¥¢´¥£µ Š¨¶· 
�¨£³ ²¨µ´ ¶ ² ¦¥·É¢µ° ²Õ¡¢¨ ± ¨³ ¦¥ ¸µ§¤ ´´µ° ¶·¥±· ¸´µ° ¸±Ê²Ó¶ÉÊ·¥
ƒ ² É¥¨. ‘ ¶µ³µÐÓÕ �Ë·µ¤¨ÉÒ �¨£³ ²¨µ´ ¢¤µÌ´Ê² ¢ ¸±Ê²Ó¶ÉÊ·Ê ¦¨§´Ó.
‚¸¥²¥´´ Ö �°´ÏÉ¥°´  Å ÔÉµ  ´ ²µ£ ¶·¥±· ¸´µ°, ´µ ¡¥§¦¨§´¥´´µ° ƒ ² É¥¨.
‚¸¥²¥´´ Ö ”·¨¤³ ´  Å ÔÉµ µ¦¨¢Ï Ö ƒ ² É¥Ö.

�.�.”·¨¤³ ´, µÉ±·Ò¢ Ö ¤¢¥·Ó ¢ §¤ ´¨¥ ¸µ¢·¥³¥´´µ° ±µ¸³µ²µ£¨¨, ¢ Éµ
¢·¥³Ö ´¥ ³µ£ Ê¸³µÉ·¥ÉÓ ³´µ£µ¥, ÎÉµ ¸µ¤¥·¦¨É¸Ö ¢ ÔÉµ³ §¤ ´¨¨. �· ¢¤ , ¸²¥-
¤ÊÖ ´ ÊÎ´µ-µ¡Ð¥¸É¢¥´´µ³Ê ³´¥´¨Õ ¢Éµ·µ£µ ¤¥¸ÖÉ¨²¥É¨Ö É¥±ÊÐ¥£µ ¸Éµ²¥É¨Ö,
¢ Î ¸É´µ¸É¨, ³´¥´¨Õ „Ô¢¨¤  ƒ¨²Ó¡¥·É *, µ´ ¶µ² £ ², ÎÉµ ¢ · ³± Ì µ¡Ð¥°
É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨, ¢¥·´¥¥, ¢ · ³± Ì ¸µ§¤ ´´µ£µ ¢ Éµ ¢·¥³Ö ¥¥ ¸É·µ°-
´µ£µ ³ É¥³ É¨Î¥¸±µ£µ  ¶¶ · É , Ë¨§¨±  Ê¦¥ ¶·¨¡²¨¦ ¥É¸Ö ¨²¨ ¤ ¦¥
¶·¨¡²¨§¨² ¸Ó ± Éµ³Ê ¨¸Î¥·¶Ò¢ ÕÐ¥³Ê ¸µ¢¥·Ï¥´¸É¢Ê, ±µÉµ·Ò³ µ¡² ¤ ¥É,
´ ¶·¨³¥·, £¥µ³¥É·¨Ö …¢±²¨¤ , ¨ ÎÉµ ¢ · ³± Ì µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó-
´µ¸É¨ ´ °¤ÊÉ ¨¸Î¥·¶Ò¢ ÕÐ¥¥ µ¡ÑÖ¸´¥´¨¥ ¢¸¥ ËÊ´¤ ³¥´É ²Ó´Ò¥ ¸¢µ°¸É¢ 
³ É¥·¨¨.

‚ ±´¨£¥ �.�.”·¨¤³ ´ , ´ ¶¨¸ ´´µ° ¸µ¢³¥¸É´µ ¸ ‚.Š.”·¥¤¥·¨±¸µ³ [2],
±µ³³¥´É¨·ÊÕÉ¸Ö ¸²µ¢  „.ƒ¨²Ó¡¥·É  µ ´ Î ¢Ï¥°¸Ö  ±¸¨µ³ É¨§ Í¨¨ Ë¨§¨±¨ ¢

*®Ÿ Ê¡¥¦¤¥´ É ±¦¥, Å ¶¨¸ ² ƒ¨²Ó¡¥·É, Å ÎÉµ µ¸´µ¢´Ò¥ Ê· ¢´¥´¨Ö (É¥µ·¨¨ �°´ÏÉ¥°´  Å
Œ.Œ.) ¤ ¤ÊÉ ¢µ§³µ¦´µ¸ÉÓ ¶·µ´¨±´ÊÉÓ ¢ ̧  ³Ò¥ ̧ µ±·µ¢¥´´Ò¥ ¶·µÍ¥¸¸Ò, ¶·µ¨¸Ìµ¤ÖÐ¨¥ ¢´ÊÉ·¨  Éµ-
³ , ¨, ÎÉµ µ¸µ¡¥´´µ ¢ ¦´µ, ¸É ´¥É ¸ÊÐ¥¸É¢¥´´Ò³ ¶·¨¢¥¸É¨ ¢¸¥ Ë¨§¨Î¥¸±¨¥ ¶µ¸ÉµÖ´´Ò¥ ± ³ É¥-
³ É¨Î¥¸±¨³ ±µ´¸É ´É ³,   ÔÉµ, ¢ ̧ ¢µÕ µÎ¥·¥¤Ó, µ§´ Î ¥É ̧ ¤¥² ÉÓ ̈ § Ë¨§¨±¨ ́  Ê±Ê É ±µ£µ ·µ¤ , ± ±
¨ £¥µ³¥É·¨Ö [1]¯.
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É ±µ³ Éµ·¦¥¸É¢¥´´µ-³· Î´µ³ ¸É¨²¥: ®� ³, ± ¸Î ¸ÉÓÕ, ´¥ ¤ ´µ ¢¨¤¥ÉÓ ¡Ê¤Ê-
Ð¥£µ, ¨ ³Ò ´¥ §´ ¥³, Ö¢¨É¸Ö ²¨ Ô¶µÌ   ±¸¨µ³ É¨§ Í¨¨, Ô¶µÌ  ¸±¥¶¸¨¸ ,
¶·¥¤¸³¥·É´Ò³¨ Î ¸ ³¨ §´ ´¨Ö, ´µ ¥¸²¨ ¡Ò ¤ ¦¥ ÔÉµ ¡Ò²µ É ±, Éµ ¨ Éµ£¤ 
²µ£¨Î¥¸± Ö ±· ¸µÉ  ±µ´Í  § ¸É ¢¨²  ¡Ò ´ ¸ ¶·¨¢¥É¸É¢µ¢ ÉÓ ¶µÖ¢²¥´¨¥
�·¨´Í¨¶  µÉ´µ¸¨É¥²Ó´µ¸É¨¯. � ¤µ ²¨ £µ¢µ·¨ÉÓ µ Éµ³, ÎÉµ ¶·¨·µ¤  µ± § -
² ¸Ó ´ ³´µ£µ ¡µ£ Î¥ É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ �°´ÏÉ¥°´  ¨ Ë ´É ¸É¨Î´¥¥
Ë ´É §¨¨ ƒ¨²Ó¡¥·É .  ‚¥¤Ó ¸µ¢¸¥³ ´¥ É¥µ·¨Ö µÉ´µ¸¨É¥²Ó´µ¸É¨,   ¢´ Î ²¥
´¥·¥²ÖÉ¨¢¨¸É¸± Ö ±¢ ´Éµ¢ Ö ³¥Ì ´¨±  ¶µ³µ£²  · ¸±·ÒÉÓ ¸¢µ¥µ¡· §¨¥ § ±µ-
´µ³¥·´µ¸É¥°, £µ¸¶µ¤¸É¢ÊÕÐ¨Ì ¢´ÊÉ·¨  Éµ³ .

2. ��Œ, Š ‘—�‘’œ�, �… „��� ‚ˆ„…’œ �“„“™…ƒ�

®Š ¸Î ¸ÉÓÕ¯ Å ¶·¥¤¶µ² £ ¥É ¢µ§³µ¦´µ¸ÉÓ ¸¢µ¥°  ´É¨É¥§Ò Å ®± ´¥¸Î -
¸ÉÓÕ¯. ‡´ ´¨¥ Éµ£µ ¡Ê¤ÊÐ¥£µ, ±µÉµ·µ¥ ¶·¥¤¶µ² £ ²µ¸Ó  ¢Éµ· ³¨, µ§´ Î ²µ
¡Ò ±µ´¥Í §´ ´¨Ö, ±µ´¥Í ´ Ê±¨, ±µÉµ·Ò°  ¢Éµ·Ò ¢Ò´Ê¦¤¥´Ò ¡Ò²¨ ¡Ò ¶·¨-
¢¥É¸É¢µ¢ ÉÓ ¸ ¶¥Î ²Ó´Ò³ ¢µ¸Éµ·£µ³.

�µ ´ ³, ± ¸Î ¸ÉÓÕ, ´¥ ¤ ´µ ¢¨¤¥ÉÓ ¡Ê¤ÊÐ¥£µ. �É  Ë· §  § ¸²Ê¦¨¢ ¥É
¡ÒÉÓ µ±·Ê¦¥´´µ° ¤· £µÍ¥´´µ° · ³±µ°. Œµ¦´µ ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ µ¡Ð´µ¸ÉÓ,
¸µ¤¥·¦ Ð Ö¸Ö ¢ ¸¥³¨ ¸²µ¢ Ì ÔÉµ° Ë· §Ò, ¶µ¤É¢¥·¦¤ ¥É¸Ö (±µ´¥Î´µ, ¢ ±·Ê¶-
´µ³ ¶² ´¥) ± ± ¢ ´ Ê±¥, É ± ¨ ¢ ¨¸Éµ·¨¨ Î¥²µ¢¥Î¥¸±µ£µ µ¡Ð¥¸É¢ .

…¸²¨ ´ Ï  ‚¸¥²¥´´ Ö ¢ ¥¥ ̧ ¥£µ¤´ÖÏ´¥³ ¸µ¸ÉµÖ´¨¨, ¶µ-¢¨¤¨³µ³Ê, ¤µ¸É -
ÉµÎ´µ Ìµ·µÏµ µ¶¨¸Ò¢ ¥É¸Ö ·¥Ï¥´¨Ö³¨ Ê· ¢´¥´¨° �°´ÏÉ¥°´ , ´ °¤¥´´Ò³¨
”·¨¤³ ´µ³, Éµ É ± ´ §Ò¢ ¥³µ¥ ¸¢¥·Ì· ´´¥¥ ¥¥ ¸µ¸ÉµÖ´¨¥ Å ÔÉµ ¶µ±  § -
±·ÒÉÒ¥ ¸É· ´¨ÍÒ ¥¥ ¨¸Éµ·¨¨.

”Ê´¤ ³¥´É ²Ó´ÊÕ ¶·µ¡²¥³Ê ´ Î ²Ó´ÒÌ Ê¸²µ¢¨° ¤²Ö ·¥Ï¥´¨° · ¸Ï¨-
·ÖÕÐ¥°¸Ö ¢¸¥²¥´´µ° ”·¨¤³ ´ µ¸É ¢¨² ¤²Ö ¶µÉµ³¸É¢ .

�¢Éµ· ̧ Î¨É ¥É ¢³¥¸É¥ ̧  ”·¨¤³ ´µ³, ÎÉµ ®´ ³, ± ̧ Î ¸ÉÓÕ, ́ ¥ ¤ ´µ ¢¨¤¥ÉÓ
¡Ê¤ÊÐ¥£µ¯. �Éµ ÊÉ¢¥·¦¤¥´¨¥ ¤¥² ¥É¸Ö ´¥ Éµ²Ó±µ ´  µ¸´µ¢¥ ¨¸Éµ·¨Î¥¸±µ£µ
µ¶ÒÉ  ¢·¥³¥´¨ · ¡µÉ �.�.”·¨¤³ ´ , ´µ ¨ ´  ´¥±µÉµ·µ³ ̧ µ¡¸É¢¥´´µ³ µ¶ÒÉ¥
 ¢Éµ· . „¥²µ ¢ Éµ³, ÎÉµ ¢ 1962 £. ´  µÎ¥·¥¤´µ° ±µ´Ë¥·¥´Í¨¨ ¶µ Ë¨§¨±¥
Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í (ÉµÎ´¥¥, ´  É ± ´ §Ò¢ ¥³µ° ±µ´Ë¥·¥´Í¨¨ ¶µ Ë¨§¨±¥
¢Ò¸µ±¨Ì Ô´¥·£¨°) ¢ †¥´¥¢¥ Ö ¶·µ¸¨² ³´µ£¨Ì ¥¥ ÊÎ ¸É´¨±µ¢ § ¶¨¸ ÉÓ ¢ ³µ¥³
¡²µ±´µÉ¥, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ¥ ¶·µ¨§µ°¤¥É ¢ É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¥ ¢ É¥Î¥´¨¥
¡Ê¤ÊÐ¥° Î¥É¢¥·É¨ ¢¥± . �·µ·µ±µ¢ ́ ¥ µ± § ²µ¸Ó... ‡ ¶¨¸¨ ́ ¥ ̈ ³¥ÕÉ ́ ¨± ±µ£µ
µÉ´µÏ¥´¨Ö ± É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¥ ´ ¸ÉµÖÐ¥£µ ³µ³¥´É . ’µ²Ó±µ ¸É· -
´¨Î± , § ¶µ²´¥´´ Ö  ³¥·¨± ´¸±¨³ É¥µ·¥É¨±µ³ ±¨É °¸±µ£µ ¶·µ¨¸Ìµ¦¤¥´¨Ö
’.„.‹¨, ´ ¶¨¸ ´´ Ö ¨¥·µ£²¨Ë ³¨, ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ¸¨²¥ ±¨É °¸±µ° ³Ê¤-
·µ¸É¨. …¸²¨ ³´¥ ¶· ¢¨²Ó´µ ¶¥·¥¢¥²¨ ¥¥ ´  ·Ê¸¸±¨° Ö§Ò±, Éµ ¨¥·µ£²¨ËÒ
£² ¸ÖÉ:

®…¸ÉÓ ¸Éµ ´¥µ¡Ò±´µ¢¥´´ÒÌ ²Õ¤¥°, ¥¸ÉÓ ¸Éµ ´¥µ¡Ò±´µ¢¥´´ÒÌ ¶ÊÉ¥°¯.
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’·Ê¤´µ ¶·¥¤¸± § ÉÓ, ¢ ± ±µ³ ¢¨¤¥ É¥µ·¥É¨Î¥¸± Ö Ë¨§¨±  ¡Ê¤¥É · §¢¨-
¢ ÉÓ¸Ö ¢ ¡Ê¤ÊÐ¥³, ´µ ¢ ± ¦¤Ò° ¤ ´´Ò° ³µ³¥´É µ¡ÒÎ´µ Ëµ·³Ê²¨·ÊÕÉ¸Ö ¢
±µ´±·¥É´µ° Ëµ·³¥ É¥ § ¤ Î¨, ±µÉµ·Ò¥ ± ¦¥É¸Ö ´¥µ¡Ìµ¤¨³Ò³ ·¥Ï¨ÉÓ ¸
ÉµÎ±¨ §·¥´¨Ö ¨³¥´´µ ¤ ´´µ£µ ³µ³¥´É .

‚ 1956 £. �.�.„¨· ± ¢ ¸¢µ¥³ ¤µ±² ¤¥ ´  ¸¥³¨´ ·¥ ¢ „Ê¡´¥ ¸Ëµ·³Ê-
²¨·µ¢ ² ·Ö¤ ±µ´±·¥É´ÒÌ ¶·µ¡²¥³, ¸ÉµÖ¢Ï¨Ì ¢ ÉµÉ ³µ³¥´É ¶¥·¥¤ Ë¨§¨±µ°
¡Ê¤ÊÐ¥£µ. „µ¸±Ê ¸ ´ ¶¨¸ ´´Ò³¨ ¨³ Ëµ·³Ê² ³¨ ¨ ¶¥·¥Î´¥³ § ¤ Î Ö ¶¥·¥´¥¸
¢ ¸¢µ° ± ¡¨´¥É. ‘¥³Ó ¶·µ¡²¥³ ¡Ò²¨ ´ ¶¨¸ ´Ò „¨· ±µ³ ¢ É ±µ³ ¶µ·Ö¤±¥:

1. �¥¸±µ´¥Î´µ¸É¨.

2. 
e2

hc
 .

3. �Ê±²µ´Ò ¨ ³¥§µ´Ò.

4. 
M
m

 .

5. ”Ê´¤ ³¥´É ²Ó´ Ö ¤²¨´ .

6. ƒ· ¢¨É Í¨µ´´µ¥ ¶µ²¥.

7. �¥°É·¨´µ.

�ÉµÉ ̧ ¶¨¸µ± ̈ ³¥¥É É¥¶¥·Ó Ê¦¥ ¶· ±É¨Î¥¸±¨ 40-²¥É´ÕÕ ¤ ¢´µ¸ÉÓ. —Éµ ¦¥
¶µ ÔÉµ³Ê ¸¶¨¸±Ê ¶·µ¡²¥³ ³µ¦´µ ¸± § ÉÓ ¸¥£µ¤´Ö?

�·µ¡²¥³  1 (¡¥¸±µ´¥Î´µ¸É¨). ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö §¤¥¸Ó ¢µ§´¨±²µ ¶µ-
´¨³ ´¨¥ Éµ£µ, ÎÉµ ¢ · ³± Ì É¥µ·¨¨ ±µ´±·¥É´µ£µ ¶µ²Ö, ¢§ÖÉµ£µ ¢ µÉ¤¥²Ó-
´µ¸É¨, ¨§£´ ÉÓ ¡¥¸±µ´¥Î´µ¸É¨, ¶µ-¢¨¤¨³µ³Ê, ´¥¢µ§³µ¦´µ. ‚¨¤¨³µ, ¶·¨·µ¤ 
Ê¸É·µ¥´  É ±, ÎÉµ Éµ²Ó±µ ¢§ ¨³µ¤¥°¸É¢¨¥ ¢¸¥Ì ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¶µ²¥° ¢³¥¸É¥
¸¶µ¸µ¡´µ ·¥Ï¨ÉÓ ÔÉÊ ¶·µ¡²¥³Ê. ƒµ¢µ·Ö ±µ´±·¥É´µ, ¶µÖ¢¨²¨¸Ó ¸µµ¡· ¦¥´¨Ö
¢ ¶µ²Ó§Ê Éµ£µ, ÎÉµ ¢µ ¢¸¥³ ¸¥³¥°¸É¢¥ ¶µ²¥° ¡¥¸±µ´¥Î´µ¸É¨, µ ±µÉµ·ÒÌ ¨¤¥É
·¥ÎÓ, ¢µ§³µ¦´µ, ¢Ìµ¤ÖÉ ¢ ¢ÒÎ¨¸²¥´¨Ö ¸ ¶·µÉ¨¢µ¶µ²µ¦´Ò³¨ §´ ± ³¨, ±µÉµ-
·Ò¥ ¸¶µ¸µ¡´Ò ¨§¡ ¢¨ÉÓ µÉ ´¨Ì Éµ²Ó±µ ¶µ²´ÊÕ É¥µ·¨Õ ¶µ²¥°. ‘ ¤·Ê£µ° ¸Éµ-
·µ´Ò, ¶µÖ¢¨²¨¸Ó É ±¦¥ µ¸´µ¢ ´¨Ö ¶µ² £ ÉÓ, ÎÉµ, ´ ¶·¨³¥·, ¶·¨ ÊÎ¥É¥ ¢µ
¢¸¥Ì ¶µ²ÖÌ ·µ²¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ ¶·¨·µ¤¥ ·¥ ²¨§Ê¥É¸Ö ËÊ´¤ ³¥´-

É ²Ó´ Ö ¤²¨´ , ¨³¥´´µ ¤²¨´  �² ´±  lP = √hκ 6 c3  ~ 10−33 ¸³, ¨ ÎÉµ ¨³¥´´µ

£· ¢¨É Í¨µ´´µ¥ ¶µ²¥ µ¶·¥¤¥²Ö¥É  ¢Éµ³ É¨Î¥¸±¨ ¶·¥¤¥²Ó´ÊÕ ¤²¨´Ê ¢ ¶·µ-
Í¥¸¸¥ ¥¥ ¨§³¥·¥´¨Ö (¶·µ¡²¥³  5 (ËÊ´¤ ³¥´É ²Ó´ Ö ¤²¨´ )) ¨, ¸µµÉ¢¥É¸É-
¢¥´´µ, ¶·¥¤¥²Ó´ÊÕ Ô´¥·£¨Õ ¨§²ÊÎ ¥³µ£µ ±¢ ´É  ¶µ²Ö ³¨´¨³ ²Ó´ÒÌ ¶·µ¸É-
· ´¸É¢¥´´ÒÌ · §³¥·µ¢. —Éµ ± ¸ ¥É¸Ö ¸¶¥±É·  ³ ¸¸ É ± ´ §Ò¢ ¥³ÒÌ Ô²¥³¥´-
É ·´ÒÌ Î ¸É¨Í (¢ ¸¶¨¸±¥ „¨· ±  ÔÉµ ¶·µ¡²¥³  3 (´Ê±²µ´Ò ¨ ³¥§µ´Ò)), Éµ
¢µ§´¨±²¨ ¶·¥¤¸É ¢²¥´¨Ö, ¸µ£² ¸´µ ±µÉµ·Ò³ ´Ê±²µ´Ò ¨ ³¥§µ´Ò ¶µ¸É·µ¥´Ò
¨§ ´µ¢µ£µ É¨¶  ¸¢µ¥µ¡· §´ÒÌ Ë¥·³¨µ´µ¢ (±¢ ·±µ¢), ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¸
¶µ³µÐÓÕ Í¥²µ£µ ±² ¸¸  ´µ¢ÒÌ ¡¥§³ ¸¸µ¢ÒÌ ¶µ²¥° (£²Õµ´µ¢).
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�·µ¡²¥³  6 (£· ¢¨É Í¨Ö). ‘ ´¥° ¸¢Ö§ ´ ¸É ·Ò° ¢µ¶·µ¸ µ ¶·¨´Í¨¶¥ Œ -
Ì *. ‚µ§³µ¦´µ, ÎÉµ ¡µ²¥¥ Ï¨·µ±¨° ¶·¨´Í¨¶ Å ®¶·¨´Í¨¶ ¸ÊÐ¥¸É¢µ¢ ´¨Ö
¶·µ¸É· ´¸É¢ ¯ (gik ≠ 0, ¥¸²¨ Éµ²Ó±µ Tik ≠ 0) ¢ ¸²ÊÎ ¥ µ£· ´¨Î¥´¨Ö ·¥Ï¥´¨°

Ê· ¢´¥´¨° �°´ÏÉ¥°´  ·¥Ï¥´¨Ö³¨ ”·¨¤³ ´  ¨ ¤¥ ‘¨ÉÉ¥·  (¸³. ´¨¦¥) ¶·¥¤-
¸É ¢²Ö¥É ¸µ¡µ° ¨ ·¥ ²¨§ Í¨Õ ¶·¨´Í¨¶  Œ Ì , ¨ ·¥Ï¥´¨¥ ¶·µ¡²¥³Ò ¸¨´£Ê-
²Ö·´µ¸É¨ ±µ¸³µ²µ£¨Î¥¸±¨Ì ³¥É·¨±.

�·µ¡²¥³  4 


 
M
m

 

 ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ²¨ÏÓ Î ¸ÉÓ

¶·µ¡²¥³Ò 3 (´Ê±²µ´Ò ¨ ³¥§µ´Ò).

�·µ¡²¥³  2 



 
e2

hc
 



 µ¸É ¥É¸Ö ¨´É·¨£ÊÕÐ¥° ¶·µ¡²¥³µ°:

√hc  = √137e ?

�·µ¡²¥³  7 (´¥°É·¨´µ) ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¸¨²Ó´µ Ê¸²µ¦´¨² ¸Ó:
¢µ§´¨±²¨ É·¨ · §²¨Î´ÒÌ ¶µ ¶·¨·µ¤¥ ´¥°É·¨´µ. ‘²ÊÎ °´µ ²¨ ¨Ì Î¨¸²µ ¸µ¢-
¶ ¤ ¥É ¸ Î¨¸²µ³ ¨§³¥·¥´¨° ´ Ï¥£µ ¶·µ¸É· ´¸É¢ ? Š´¨£Ê ®�¥°É·¨´µ¯,
¨§¤ ´´ÊÕ ¡µ²¥¥ Î¥É¢¥·É¨ ¢¥±  ´ § ¤ (1964), Ö § ±µ´Î¨² ¸²µ¢ ³¨: ®‘µ¢·¥-
³¥´´¨±Ê É·Ê¤´µ £ ¤ ÉÓ, ± ±µ¥ ¨¸É¨´´µ¥ ³¥¸Éµ § °³¥É ´¥°É·¨´µ ¢ Ë¨§¨±¥
¡Ê¤ÊÐ¥£µ. �µ ¸¢µ°¸É¢  ÔÉµ° Î ¸É¨ÍÒ ¸Éµ²Ó Ô²¥³¥´É ·´Ò ¨ ¸¢µ¥µ¡· §´Ò, ÎÉµ
¥¸É¥¸É¢¥´´µ ¤Ê³ ÉÓ, ÎÉµ ¶·¨·µ¤  ¸µ§¤ ²  ´¥°É·¨´µ ¸ ± ±¨³¨-Éµ £²Ê¡µ±¨³¨,
¶µ±  ¤²Ö ´ ¸ ´¥ ¢¸¥£¤  Ö¸´Ò³¨ ®Í¥²Ö³¨¯ ...¯. �É¨ ¸²µ¢  ¢ ¶µ²´µ° ³¥·¥
µ¸É ÕÉ¸Ö ¸¶· ¢¥¤²¨¢Ò³¨ ¤µ ´ ¸ÉµÖÐ¥£µ ³µ³¥´É .

�µ „¨· ±Ê ´¥ ¡Ò²µ ¤ ´µ ¶·¥¤¢¨¤¥ÉÓ ¢µ¸±·¥Ï¥´¨¥ ±µ¸³µ²µ£¨Î¥¸±¨Ì
¨¤¥° ¤¥ ‘¨ÉÉ¥· , ¶µÖ¢²¥´¨¥ Í¥²µ° µ¡² ¸É¨ É¥µ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨°,
¸¢Ö§ ´´ÒÌ ¸ É¥µ·¨¥° ¸É·Ê´, ·µ²Ó ¸¨³³¥É·¨° ¢ É¥µ·¨¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í
¨ ³´µ£µ¥ ¤·Ê£µ¥ ¨§ ®¸É  ´¥µ¡Ò±´µ¢¥´´ÒÌ ¶ÊÉ¥°¯, ÎÉµ ¢Ò¶ ²µ ´  ¤µ²Õ ´¥±µ-
Éµ·Ò³ ¨§ ®¸É  ´¥µ¡Ò±´µ¢¥´´ÒÌ ²Õ¤¥°¯.

3. � ‚�‡Œ�†�›• Œ�„ˆ”ˆŠ�–ˆŸ•
“��‚�…�ˆ‰ �‰�˜’…‰��

ˆ§¢¥¸É´µ, ÎÉµ Ê· ¢´¥´¨Ö �°´ÏÉ¥°´  Ê¤ Î´µ µ¶¨¸Ò¢ ÕÉ ̧ µ¢·¥³¥´´µ¥ ̧ µ-
¸ÉµÖ´¨¥ ´ Ï¥° ‚¸¥²¥´´µ°, ÉµÎ´¥¥, Î ¸É¨ ¥¥ ¨¸Éµ·¨¨, ¨ ¸¶µ¸µ¡´Ò ¶·¥¤¸± -
§ ÉÓ ¥¥ ¡Ê¤ÊÐ¥¥ ¢ § ¢¨¸¨³µ¸É¨ µÉ §´ ´¨Ö ÉµÎ´µ£µ §´ Î¥´¨Ö ¸·¥¤´¥° ¶²µÉ-
´µ¸É¨ ¥¥ ³ É¥·¨¨ ± ¤ ´´µ³Ê ³µ³¥´ÉÊ ¢·¥³¥´¨. �µ É¥µ·¨Ö ¢ ¥¥ ¸µ¢·¥³¥´´µ³
¢¨¤¥ ´¥¸¶µ¸µ¡´  µ¶¨¸Ò¢ ÉÓ ¸ ³Ò° ´ Î ²Ó´Ò° ³µ³¥´É ¨¸Éµ·¨¨ ± ± µÉ±·Ò-

*�·¨´Í¨¶, ¸µ£² ¸´µ ±µÉµ·µ³Ê ³¥É·¨Î¥¸±µ¥ ¶µ²¥ g
ik
 ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²Ö¥É¸Ö ³ É¥·¨¥°, T

ik
 .
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ÉÒÌ, É ± ¨ § ±·ÒÉÒÌ ¢ ·¨ ´Éµ¢ ¢¸¥²¥´´ÒÌ,   É ±¦¥ ±µ´¥Î´Ò¥ ¸Ê¤Ó¡Ò ±µ²-
² ¶¸¨·ÊÕÐ¨Ì §¢¥§¤, ÉµÎ´¥¥, Î¥·´ÒÌ ¤Ò·, ±µÉµ·Ò¥ ¢µ§´¨± ÕÉ ¢ µÉ¤¥²Ó´ÒÌ
ÊÎ ¸É± Ì ‚¸¥²¥´´µ°. ’µÎ´¥¥, ·¥ÎÓ ¨¤¥É µ ¸¨´£Ê²Ö·´µ¸ÉÖÌ ±² ¸¸¨Î¥¸±µ° É¥µ-
·¨¨ £· ¢¨É Í¨¨ ¢ ´ Î ²Ó´Ò° ³µ³¥´É ¨¸Éµ·¨¨ ‚¸¥²¥´´µ° ¨ ¢ ±µ´¥Î´Ò¥ ³µ-
³¥´ÉÒ ±µ²² ¶¸¨·ÊÕÐ¨Ì µ¡Ñ¥±Éµ¢.

„·Ê£ Ö, ± ± µ± § ²µ¸Ó ¶µÉµ³, ¸¥·Ó¥§´ Ö ¶·µ¡²¥³ , ¢µ§´¨±Ï Ö ¢ µÎ¥´Ó
µ¸É·µ° Ëµ·³¥, § ¸²Ê¦¨¢ ¥É ¶·¥¤¢ ·¨É¥²Ó´µ£µ ´¥¡µ²ÓÏµ£µ ¨¸Éµ·¨Î¥¸±µ£µ
Ô±¸±Ê·¸ , ¸¢Ö§ ´´µ£µ ¸ Λ-Î²¥´µ³.

“· ¢´¥´¨¥ �°´ÏÉ¥°´  ¶¨¸ ²µ¸Ó ¢ ¢¨¤¥

Rk
 i − 

1
2
 Rδk

i  − Λδk
i  = 

8πκ
c4

 Tk
 i . (3)

Λ-Î²¥´ Å ±µ´¸É ´É  ¸ · §³¥·´µ¸ÉÓÕ l − 2, £¤¥ l Å ¢¥²¨Î¨´  ¸ · §³¥·´µ-
¸ÉÓÕ ¤²¨´Ò. ‘µ£² ¸´µ ”·¨¤³ ´Ê (1922Å1924 ££.), ÔÉµ Ê· ¢´¥´¨¥ µ¶¨¸Ò-
¢ ¥É ± ± § ±·ÒÉÒ¥, É ± ¨ µÉ±·ÒÉÒ¥ ¨§µÉ·µ¶´Ò¥ · ¸Ï¨·ÖÕÐ¨¥¸Ö ¢¸¥²¥´´Ò¥.

‘ ¤·Ê£µ° ¸Éµ·µ´Ò, Λ-Î²¥´ ³µ£ ¡Ò ¡ÒÉÓ µÉ²¨Î´Ò³ µÉ ´Ê²Ö, ´¥§ ¢¨¸¨³µ
µÉ ¨¸Éµ·¨¨ ¥£µ ¢µ§´¨±´µ¢¥´¨Ö ¢ É¥µ·¨¨, É¥³ ¡µ²¥¥ ÎÉµ µ± § ² ¸Ó ¢µ§³µ¦´µ°
Ô±¸¶¥·¨³¥´É ²Ó´ Ö µÍ¥´±  ¥£µ ¢¥²¨Î¨´Ò. ‚µ ¢¸Ö±µ³ ¸²ÊÎ ¥, ¥¸²¨ Λ-Î²¥´
¸ÊÐ¥¸É¢Ê¥É, Éµ ¥£µ Î¨¸²¥´´µ¥ §´ Î¥´¨¥ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö µÎ¥´Ó ³ ²µ:

Λ ≤ 10−55 ¸³−2.
“· ¢´¥´¨¥ ¢¨¤ 

Rk
 i − 

1
2
 Rδk

i  − Λδk
i  = 0 (4)

´µ¸¨É ´ §¢ ´¨¥ Ê· ¢´¥´¨Ö ¤¥ ‘¨ÉÉ¥· .
Œ´µ£¨³¨  ¢Éµ· ³¨ ¶µ² £ ²µ¸Ó, ÎÉµ Ê· ¢´¥´¨¥ ¤¥ ‘¨ÉÉ¥·  µ¶¨¸Ò¢ ¥É

µ¤¨´ ¨§ ¢ ·¨ ´Éµ¢ ¶Ê¸ÉÒÌ ¢¸¥²¥´´ÒÌ.
‚ µ¤´µ° ¨§ · ´´¨Ì · ¡µÉ �°´ÏÉ¥°´  (1918 £.) ³µ¦´µ ¶·µÎ¥¸ÉÓ É ±µ¥

ÊÉ¢¥·¦¤¥´¨¥: ®�¥Ï¥´¨¥ ¤¥ ‘¨ÉÉ¥·  ´¨ ¢ ±µ¥° ³¥·¥ ´¥ ¸µµÉ¢¥É¸É¢Ê¥É ³¨·Ê
¡¥§ ³ É¥·¨¨,  , ¸±µ·¥¥, ¸µµÉ¢¥É¸É¢Ê¥É ³¨·Ê, ¢ ±µÉµ·µ³ ¢¸Ö ³ É¥·¨Ö ¸µ¸·¥¤µ-
ÉµÎ¥´  ´  ¶µ¢¥·Ì´µ¸É¨, ÎÉµ, ¢¥·µÖÉ´µ, ³µ¦´µ ¡Ò²µ ¡Ò ¤µ± § ÉÓ, ¶¥·¥Ìµ¤Ö
µÉ µ¡Ñ¥³´µ£µ · ¸¶·¥¤¥²¥´¨Ö ³ É¥·¨¨ ± ¶µ¢¥·Ì´µ¸É´µ³Ê¯. 

� Ï¨ ¶µ¶ÒÉ±¨ ¶·µ¢¥·¨ÉÓ ¶·¥¤²µ¦¥´¨Ö �°´ÏÉ¥°´  ´¥ ¶·¨¢¥²¨ ± µ¶·¥-
¤¥²¥´´Ò³ ·¥§Ê²ÓÉ É ³.

‘ ³ �°´ÏÉ¥°´, ± ± ´¥±µÉµ·Ò¥ ÊÉ¢¥·¦¤ ÕÉ, ¢ ¤ ²Ó´¥°Ï¥³ ¸É ² ¸Î¨É ÉÓ
¢¢¥¤¥´¨¥ Λ-Î²¥´  ¸ ³µ° ¡µ²ÓÏµ° ¸¢µ¥° µÏ¨¡±µ°.

� ¶µ³´¨³, ÎÉµ ¢ ±´¨£¥ ’µ²³¥´  ®�É´µ¸¨É¥²Ó´µ¸ÉÓ, É¥·³µ¤¨´ ³¨±  ¨
±µ¸³µ²µ£¨Ö¯ (¸.359) ¸± § ´µ, ÎÉµ ®³µ¤¥²Ó ¤¥ ‘¨ÉÉ¥·  Å ÔÉµ É ± Ö ³µ¤¥²Ó, ¢
±µÉµ·µ° ¤ ¢²¥´¨¥ ¨ ¶²µÉ´µ¸ÉÓ ¸¢Ö§ ´Ò ¸µµÉ´µÏ¥´¨¥³

ρ00 + p0 = 0.

536 Œ��Š�‚ Œ.�.



‘µ¡¸É¢¥´´ Ö ¶²µÉ´µ¸ÉÓ ³ É¥·¨¨ ρ00 ¶µ ¸¢µ¥° Ë¨§¨Î¥¸±µ° ¶·¨·µ¤¥ ³µ-

¦¥É ¡ÒÉÓ Éµ²Ó±µ ¶µ²µ¦¨É¥²Ó´µ° ¨²¨ ´Ê²¥¢µ° ¢¥²¨Î¨´µ°. „ ¢²¥´¨¥, ¢ ¶·¨´-
Í¨¶¥, ³µ¦¥É ¡ÒÉÓ ¨ µÉ·¨Í É¥²Ó´Ò³, µ¤´ ±µ ´¨ µ¤´  ¨§ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¸Ê¡-
¸É ´Í¨°, ±µÉµ·ÊÕ ³Ò §¤¥¸Ó ¶·¥¤¸É ¢²Ö¥³ ¸¥¡¥ ± ± ¨¤¥ ²Ó´ÊÕ ¦¨¤±µ¸ÉÓ, ¤ -
¦¥ ¥¸²¨ ³Ò ¶·¨³¥³ ¢µ ¢´¨³ ´¨¥ ¢´ÊÉ·¥´´¨¥ ¸¨²Ò ¸Í¥¶²¥´¨Ö, ´¥ ³µ¦¥É
¸µ§¤ ÉÓ É ±µ¥ µÉ·¨Í É¥²Ó´µ¥ ¤ ¢²¥´¨¥, ±µÉµ·µ¥ ¢ ¶·¨´ÖÉÒÌ ¥¤¨´¨Í Ì ÌµÉÖ
¡Ò µÉ¤ ²¥´´µ ¶·¨¡²¨¦ ²µ¸Ó ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥ ± ¶²µÉ´µ¸É¨ ρ00¯.

�·¨¢¥¤¥´´µ¥ ¢ÒÏ¥ Ë¨§¨Î¥¸±µ¥ Éµ²±µ¢ ´¨¥ ³µ¤¥²¨ ¢¸¥²¥´´µ° ¤¥ ‘¨ÉÉ¥-
·  ¸µÌ· ´¨²µ¸Ó, ¢ ¸ÊÐ´µ¸É¨, ¡¥§ ¨§³¥´¥´¨Ö ¢ ±´¨£¥ •µ±¨´£  ¨ „¦.�²²¨¸ ,
¨§¤ ´´µ° ¢ 1973 £. ®�É¨ ¶·µ¸É· ´¸É¢  (É.¥. ¶·µ¸É· ´¸É¢  ¤¥ ‘¨ÉÉ¥· ) ³µ¦´µ
¸Î¨É ÉÓ ·¥Ï¥´¨Ö³¨ Ê· ¢´¥´¨Ö ¢ ¶Ê¸Éµ³ ¶·µ¸É· ´¸É¢¥ Λ = R6 4 ¸ ¨²¨ ·¥Ï¥-
´¨¥³ ¤²Ö ¨¤¥ ²Ó´µ° ¦¨¤±µ¸É¨ ¸ ¶µ¸ÉµÖ´´µ° ¶²µÉ´µ¸ÉÓÕ R 6 32π ¨ ¶µ¸ÉµÖ´-
´Ò³ ¤ ¢²¥´¨¥³ − R6 32π. �¤´ ±µ ÔÉ  É· ±Éµ¢± , ¶µ-¢¨¤¨³µ³Ê, ́ ¥¶·¨¥³²¥³ ,
¶µ¸±µ²Ó±Ê Éµ£¤  ¨²¨ ¤ ¢²¥´¨¥, ¨²¨ ¶²µÉ´µ¸ÉÓ ¤µ²¦´Ò ¡ÒÉÓ µÉ·¨Í É¥²Ó´Ò-
³¨¯ (Í¨É¨·Ê¥É¸Ö ¶µ ·Ê¸¸±µ³Ê ¨§¤ ´¨Õ 1977 £.).

‚ ¨§¢¥¸É´ÒÌ ÊÎ¥¡´¨± Ì ‹ ´¤ Ê ¨ ‹¨ËÏ¨Í  ́ ¥É ¤ ¦¥ Ê¶µ³¨´ ´¨Ö ¨³¥´¨
¤¥ ‘¨ÉÉ¥· .

…¸²¨ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö · ¸±·ÒÉÓ ²Õ¡µ° ¦Ê·´ ², ¶µ¸¢ÖÐ¥´´Ò° ¢µ¶·µ-
¸ ³ É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨, Éµ ´¥ ¨¸±²ÕÎ¥´µ, ÎÉµ ¨³Ö ¤¥ ‘¨ÉÉ¥·  ´ 
¸É· ´¨Í Ì ¤ ´´µ£µ ¦Ê·´ ²  ¢¸É·¥É¨É¸Ö ¤¥¸ÖÉ±¨ · §. —Éµ ¦¥ ¶·µ¨§µÏ²µ É -
±µ£µ, ÎÉµ É ± ·¥§±µ ¢µ§·µ¸ ¨´É¥·¥¸ ± ¢¸¥²¥´´µ° ¤¥ ‘¨ÉÉ¥· ? „¥²µ ¢ Éµ³, ÎÉµ
¢ ·¥§Ê²ÓÉ É¥ ³´µ£¨Ì · ¡µÉ ¸µ§¤ ² ¸Ó ¤µ¢µ²Ó´µ É¢¥·¤ Ö Ê¢¥·¥´´µ¸ÉÓ, ÎÉµ
µÎ¥´Ó · ´´ÖÖ ‚¸¥²¥´´ Ö ¤µ²¦´  ¡ÒÉÓ ‚¸¥²¥´´µ° É¨¶  ¤¥¸¨ÉÉ¥·µ¢¸±µ° ¸ ´ -
Î ²Ó´µ° ¶²µÉ´µ¸ÉÓÕ Ô´¥·£¨¨-¨³¶Ê²Ó¸ , ¡²¨§±µ° ± ¶² ´±µ¢¸±µ°. � Î ²µ ¡Ò-
²µ ¶µ²µ¦¥´µ ¸µµ¡· ¦¥´¨Ö³¨ „ Ê±¥·  ¨ Š·¨ÉÎ²¨ [3], ±µÉµ·Ò¥ µ¡· É¨²¨
¢´¨³ ´¨¥ ´  Éµ, ÎÉµ ¸ ÊÎ¥Éµ³ ±µ´Ëµ·³´µ°  ´µ³ ²¨¨ É¥´§µ·  Ô´¥·£¨¨-
¨³¶Ê²Ó¸  ³¨· ¤¥ ‘¨ÉÉ¥·  ¸ ¶²µÉ´µ¸ÉÓÕ Ô´¥·£¨¨, ¡²¨§±µ° ± ¶² ´±µ¢¸±µ°,
µ± §Ò¢ ¥É¸Ö ¸µ£² ¸µ¢ ´´Ò³ ¸ ·¥Ï¥´¨¥³ Ê· ¢´¥´¨Ö �°´ÏÉ¥°´  ¸ ±¢ ´Éµ¢Ò-
³¨ ¶µ¶· ¢± ³¨.

„ ²¥¥ ¢´¨³ ´¨¥ ´ ÊÎ´µ° µ¡Ð¥¸É¢¥´´µ¸É¨ ¶·¨¢²¥±²  ± ¸¥¡¥ ¸É ÉÓÖ
�.�.‘É ·µ¡¨´¸±µ£µ ¶µ¤ ¨´É·¨£ÊÕÐ¨³ § £² ¢¨¥³ ®�¥¸¨´£Ê²Ö·´ Ö ³µ¤¥²Ó ¸
±¢ ´Éµ¢µ-£· ¢¨É Í¨µ´´µ° ¸É ¤¨¥° ¤¥ ‘¨ÉÉ¥· ¯ [4].

�· ¢¤ , ÌµÉÖ § £² ¢¨¥ ÔÉµ° ¸É ÉÓ¨ ¸¥¡Ö ´¥ µ¶· ¢¤Ò¢ ¥É, ¨ ¸É ÉÓÖ ¶·µ¡-
²¥³Ê ¸¨´£Ê²Ö·´µ¸É¨ ´¥ ·¥Ï ¥É, ± ± ÔÉµ Î ¸Éµ ¡Ò¢ ¥É ¸µ ¸É ÉÓÖ³¨ É ±µ£µ
·µ¤ , £¤¥ ´¥ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¢µ§³µ¦´Ò¥ ¢µ§³ÊÐ¥´¨Ö, µ´  ¶·µ¤µ²¦ ¥É ¡ÒÉÓ
µ¡Ñ¥±Éµ³ ¢´¨³ ´¨Ö É¥µ·¥É¨±µ¢, É ± ± ± ´¥±µÉµ·Ò¥ ¥¥ ¶µ²µ¦¥´¨Ö ¨ µ¡Ð¥¥
´ ¶· ¢²¥´¨¥ ¸µÌ· ´ÖÕÉ ¸¢µ° ¨´É¥·¥¸.

‘µ¢¸¥³ ¢ ¤·Ê£µ³ ¤ÊÌ¥, ¶µ¸²¥ · ¡µÉÒ ‘É ·µ¡¨´¸±µ£µ, ¶µ¸É·µ¥´  ¸É ÉÓÖ
ƒÊ¸  [5], ±µÉµ· Ö, ´¥ ± ¸ Ö¸Ó ¶·µ¡²¥³ ´ Î ²Ó´ÒÌ Ê¸²µ¢¨° ¢µ§´¨±´µ¢¥´¨Ö
‚¸¥²¥´´µ°, ¢ ¤ ²Ó´¥°Ï¥³ ¨´¨Í¨¨·µ¢ ²  ·Ö¤ · ¡µÉ, µ¸µ¡¥´´µ · ¡µÉÊ ‹¨´¤¥
[6,7], £¤¥ · ¸¸³ É·¨¢ ÕÉ¸Ö, É ±¦¥ ¨¸Ìµ¤Ö ¨§ ¤¥¸¨ÉÉ¥·µ¢¸±µ° Ë §Ò · ´´¥°
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‚¸¥²¥´´µ°, É ±¨¥ Î¥·ÉÒ, ±µÉµ·Ò¥ ´¥µ¡Ìµ¤¨³Ò ¤²Ö ¸ÉÒ±µ¢±¨ µÎ¥´Ó · ´´¥°
‚¸¥²¥´´µ° ¸ ¥¥ Ë·¨¤³ ´µ¢¸±µ° Ë §µ°.

‚¥·´Ê¢Ï¨¸Ó ¶µ ¢·¥³¥´¨ ´ § ¤, ´¥ Éµ²Ó±µ ± ¶¥·¨µ¤Ê § ¡¢¥´¨Ö ¢¸¥²¥´´µ°
¤¥ ‘¨ÉÉ¥· , ´µ, ¡µ²¥¥ Éµ£µ, ¢· ¦¤¥¡´µ£µ µÉ´µÏ¥´¨Ö ± ´¥°*, ´¥µ¡Ìµ¤¨³µ
¤µ¡·Ò³ ¸²µ¢µ³ Ê¶µ³Ö´ÊÉÓ �.�.ƒ²¨´¥· . ƒ²¨´¥· ¶Ê¡²¨±Ê¥É ¸É ÉÓÕ ¶µ¤ ´ -
§¢ ´¨¥³ ®‚ ±ÊÊ³µµ¡· §´µ¥ ¸µ¸ÉµÖ´¨¥ ¸·¥¤Ò ¨ Ë·¨¤³ ´µ¢¸± Ö ±µ¸³µ²µ£¨Ö¯
[8]. ®–¥²Ó ¤ ´´µ° § ³¥É±¨, Å ¶¨Ï¥É ƒ²¨´¥·, Å ¶µ± § ÉÓ, ÎÉµ ¢ ±ÊÊ³µ-
¶µ¤µ¡´µ¥ ¸µ¸ÉµÖ´¨¥ Ë¨§¨Î¥¸±µ° ¸·¥¤Ò (É¥´§µ· Ô´¥·£¨¨ Tik = Λgik) ³µ¦¥É

¡ÒÉÓ ¨¸Ìµ¤´Ò³ ¶Ê´±Éµ³ ²Õ¡µ° ¨§ É·¥Ì ³µ¤¥²¥° ”·¨¤³ ´ ¯. …¸²¨ ¢ ±ÊÊ³µ-
¶µ¤µ¡´µ¥ ¸µ¸ÉµÖ´¨¥ ¸·¥¤Ò ³µ¦¥É ¸É ÉÓ ¨¸Ìµ¤´Ò³ ¶Ê´±Éµ³ ¤²Ö ²Õ¡µ° ¨§
É·¥Ì ³µ¤¥²¥° ”·¨¤³ ´ , Éµ ·¥ÎÓ ¨¤¥É µ ¢ ±ÊÊ³µ¶µ¤µ¡´µ³ ¸µ¸ÉµÖ´¨¨ ¸·¥¤Ò
± ± ´¥±µÉµ·µ° Ëµ·³Ò ¶¥·¢µ³ É¥·¨¨. �Éµ ¡Ò² ®£² ¸ ¢µ¶¨ÕÐ¥£µ ¢ ¶Ê¸ÉÒ´¥¯.

ŒÒ ¢¨¤¨³, ÎÉµ ”·¨¤³ ´ µ¸É ¢¨² ¤²Ö ¤ ²¥±µ£µ ¡Ê¤ÊÐ¥£µ ± ± ¶·µ¡²¥³Ê
· ´´¥° ‚¸¥²¥´´µ°, É ± ¨, ÎÉµ ¢ ¦´¥¥, ¶·µ¡²¥³Ê ´ Î ²Ó´ÒÌ Ê¸²µ¢¨°.

‘É ²µ  Ö¸´µ,  ÎÉµ  Ê· ¢´¥´¨Ö  �°´ÏÉ¥°´   É·¥¡ÊÕÉ  ¸¥·Ó¥§´ÒÌ  ³µ-
¤¨Ë¨± Í¨°.

”Ê´±Í¨Ö ¤¥°¸É¢¨Ö ¢ É¥µ·¨¨ £· ¢¨É Í¨¨ �°´ÏÉ¥°´  ¶¨Ï¥É¸Ö ¢ ¢¨¤¥

S = 
c4

16πκ ∫ R √− gd 4x,

£¤¥ R = R(x, y, z, t ) Å ¸± ²Ö·´ Ö ±·¨¢¨§´ .
‚ ·¨ Í¨Ö S ¶µ gik ¤ ¥É Ê· ¢´¥´¨Ö �°´ÏÉ¥°´ 

Rk
 i − 

1
2
 Rδk

i  = 0. (5)

“· ¢´¥´¨Ö (5) µ¶¨¸Ò¢ ÕÉ ¸¢µ¡µ¤´µ¥ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¢ µÉ¸ÊÉ¸É¢¨¥
£· ¢¨É¨·ÊÕÐ¥° ³ É¥·¨¨. ‚ ¶·¨¸ÊÉ¸É¢¨¨ ³ É¥·¨¨ ¢ ¶· ¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö

¶µÖ¢²Ö¥É¸Ö É¥´§µ· ³ É¥·¨¨ Tk
 i :

Rk
 i − 

1
2
 Rδk

i  = 
8πκ
c4

 Tk
 i , (6)

£¤¥ κ Å £· ¢¨É Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö.
Š ± Ê¦¥ Ê¶µ³¨´ ²µ¸Ó, ¢ ±µ¸³µ²µ£¨¨ ÔÉ¨ Ê· ¢´¥´¨Ö ´¥¶·¨³¥´¨³Ò ¢ ¸ -

³Ò¥ · ´´¨¥ ³µ³¥´ÉÒ ¨¸Éµ·¨¨ ‚¸¥²¥´´µ°. ‘¶· Ï¨¢ ¥É¸Ö, ¢µ§³µ¦´  ²¨ É -
± Ö ³µ¤¨Ë¨± Í¨Ö Ê· ¢´¥´¨° (6) ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ¨³ ¢Ò· ¦¥´¨Ö

*®’·Ê¤´µ µ¶·¥¤¥²¨ÉÓ ¸É¥¶¥´Ó ¸¥·Ó¥§´µ¸É¨, ¸ ±µÉµ·µ° Ë¨§¨± ¤µ²¦¥´ ³Ò¸²¨ÉÓ ¶·µ¸É· ´¸É¢µ
¤¥ ‘¨ÉÉ¥·  Ë¨§¨Î¥¸±¨¯ (‘¨´£).
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¤¥°¸É¢¨Ö S, Ê¸²µ¦´¥´´µ£µ ¶·¨¸ÊÉ¸É¢¨¥³ ³ É¥·¨¨, ±µÉµ· Ö µ¸É ´µ¢¨²  ¡Ò
¶·µÍ¥¸¸ £· ¢¨É Í¨µ´´µ£µ ±µ²² ¶¸  ´  ´¥±µ¥° ¤²¨´¥ l0 ¶·¨ ´¥±µÉµ·µ³ §´ -

Î¥´¨¨ ¶²µÉ´µ¸É¨ ³ É¥·¨¨ ε0 = c2ρ0.

„²Ö ³µ¤¨Ë¨± Í¨¨ ±² ¸¸¨Î¥¸±µ° ËÊ´±Í¨¨ ¤¥°¸É¢¨Ö ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì
Ê· ¢´¥´¨° (6) ¨³¥ÕÉ¸Ö É·¨ ¢µ§³µ¦´µ¸É¨.

‚µ§³µ¦´µ¸ÉÓ �. ‡ ³¥´  R ¢ ¶µ²´µ³ ¢Ò· ¦¥´¨¨ ËÊ´±Í¨¨ ¤¥°¸É¢¨Ö, ¸µ-
¤¥·¦ Ð¥£µ ± ± £· ¢¨É Í¨µ´´µ¥ ¶µ²¥, É ± ¨ ³ É¥·¨Õ, ´¥±µÉµ·µ° ËÊ´±Í¨¥°
µÉ R, R → F(R). ‚ µ¡Ð¥³ ¸²ÊÎ ¥ F ³µ¦¥É ¡ÒÉÓ ËÊ´±Í¨¥° ¢¸¥Ì ±·¨¢¨§´.
�·µ¡²¥³  ¸¨´£Ê²Ö·´µ¸É¨ ·¥Ï ¥É¸Ö, ¥¸²¨ É ± Ö ³µ¤¨Ë¨Í¨·µ¢ ´´ Ö ËÊ´±Í¨Ö
S ¶·¨¢¥¤¥É  ¢Éµ³ É¨Î¥¸±¨ ± ±µ´¥Î´Ò³ §´ Î¥´¨Ö³ ¢¸¥Ì ±·¨¢¨§´ ¢ ¶·µÍ¥¸¸¥
£· ¢¨É Í¨µ´´µ£µ ±µ²² ¶¸ .

� ¶·¨³¥·, ¥¸²¨ ³ ±¸¨³ ²Ó´µ¥ §´ Î¥´¨¥ É¥´§µ·  �¨³ ´  ¢ ÔÉµ° É¥µ·¨¨
¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³

Rijkl R
 ijkl = l0

 − 4,

£¤¥ l
0
 Å ±µ´¸É ´É  ¸ · §³¥·´µ¸ÉÓÕ ¤²¨´Ò.

‚µ§³µ¦´µ¸ÉÓ � ¢¥¤¥É ± ¸¥·Ó¥§´µ³Ê ¨§³¥´¥´¨Õ ²¥¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö
(6), ´µ ¶· ¢ Ö Î ¸ÉÓ µ¸É ¥É¸Ö ¡¥§ ¨§³¥´¥´¨Ö.

‚µ§³µ¦´µ¸ÉÓ ‚. ‚Éµ· Ö ¢µ§³µ¦´µ¸ÉÓ Å ÔÉµ ³µ¤¨Ë¨± Í¨Ö Éµ²Ó±µ ¶· -
¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö (6), £¤¥ £· ¢¨É Í¨µ´´ Ö ±µ´¸É ´É  κ § ³¥´Ö¥É¸Ö ´  ´¥-
±µÉµ·ÊÕ ËÊ´±Í¨Õ µÉ ¶²µÉ´µ¸É¨ Ô´¥·£¨¨ ε, ¨³¥´´µ É ±ÊÕ, ÎÉµ¡Ò
κ → κ0ψ(ε6 ε0) ¸ ψ → 0 ¶·¨ ε → ε0.

‚ ÔÉµ³ ¸²ÊÎ ¥ ·¥ÎÓ ¨¤¥É µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¢ ¶·¨·µ¤¥  ¸¨³¶ÉµÉ¨Î¥¸±µ°
¸¢µ¡µ¤Ò £· ¢¨É Í¨µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, ±µÉµ· Ö ¤¥°¸É¢¨É¥²Ó´µ µ¡¥¸¶¥Î¨-
¢ ¥É ±µ´¥Î´ÊÕ ³ ±¸¨³ ²Ó´ÊÕ ¶²µÉ´µ¸ÉÓ ³ É¥·¨¨ ¢ ¶·µÍ¥¸¸¥ ±µ²² ¶¸ . �Î¥-
¢¨¤´µ, ÎÉµ ¢ ·¨ ´É ‚ ´¥¶µ¸·¥¤¸É¢¥´´µ ´¥ ± ¸ ¥É¸Ö ³µ¤¨Ë¨± Í¨¨ ²¥¢µ°
Î ¸É¨ Ê· ¢´¥´¨° (6). �ÉµÉ ¢ ·¨ ´É ³µ¦¥É ·¥Ï ÉÓ ¶µ²´µ¸ÉÓÕ ¶·µ¡²¥³Ê ¸¨´-
£Ê²Ö·´µ¸É¨ ¢ Ê· ¢´¥´¨¨ (6), ¸µ¤¥·¦ Ð¥³ ³ É¥·¨Õ.

�µ µ´ ´¥ ¨³¥¥É µÉ´µÏ¥´¨Ö ± Ê· ¢´¥´¨Õ É¨¶  (5), µ¶¨¸Ò¢ ÕÐ¥³Ê ¶µ²Ö
É¨¶  ± §´¥·µ¢¸±¨Ì ¨ É.¶., ¥¸²¨ ¸¢µ¡µ¤´µ¥ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ´¥ ¶·¥¢· -
Ð ¥É¸Ö ¢ ¶·µÍ¥¸¸¥ ±µ²² ¶¸  ¢ £· ¢¨É¨·ÊÕÐÊÕ ³ É¥·¨Õ, É.¥. ¢ ³ É¥·¨Õ, µ¡-
² ¤ ÕÐÊÕ  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤µ° £· ¢¨É Í¨µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°.
‘Õ¤  µÉ´µ¸¨É¸Ö ¨ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ·¥²¨±Éµ¢ÒÌ £· ¢¨Éµ´µ¢, ¢¨¤¨³µ, ¸Ê-
Ð¥¸É¢ÊÕÐ¨Ì ¢ ´ Ï¥° ‚¸¥²¥´´µ°. �Éµ ¶µ²¥ Ê¤µ¢²¥É¢µ·Ö¥É ¸¢µ¡µ¤´µ³Ê Ê· ¢-

´¥´¨Õ (5), ¨ ¥£µ ®Ô´¥·£¨Ö¯ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö Î²¥´µ³ Tk
 i , ¸ÉµÖÐ¨³ ¢ Ê· ¢-

´¥´¨¨ (6).
‚ ´ Ï¥³ ¤ ²Ó´¥°Ï¥³ · ¸¸³µÉ·¥´¨¨ ¸²ÊÎ ¥¢ � ¨ ‚ ¢µ§´¨± ÕÉ µ¸´µ-

¢ ´¨Ö ¶µ² £ ÉÓ, ÎÉµ Ë¨§¨Î¥¸±µ¥ ¸µ¤¥·¦ ´¨¥ ÔÉ¨Ì, ± § ²µ¸Ó ¡Ò, ¸Éµ²Ó · §-
²¨Î´ÒÌ Ëµ·³ ²¨§³µ¢ ´  ¸ ³µ³ ¤¥²¥ Ô±¢¨¢ ²¥´É´µ. ˆ³¥´´µ, ± ± ¢ ¸²ÊÎ ¥ �,
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É ± ¨ ¢ ¸²ÊÎ ¥ ‚ µ¡Ö§ ´Ò ¸ÊÐ¥¸É¢µ¢ ÉÓ ¶·¥¤¥²Ó´Ò¥ ±µ´¥Î´Ò¥ ¶²µÉ´µ¸É¨
³ É¥·¨¨,   ¢ ¸²ÊÎ ¥ �, ÎÉµ ¸µ¢¸¥³ ´¥µÎ¥¢¨¤´µ, ³ É¥·¨Ö ¤µ²¦´  µ¡² ¤ ÉÓ
 ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤µ° £· ¢¨É Í¨µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°.

‚µ§³µ¦´µ¸ÉÓ ‘. �µ, ³µ¦¥É ¡ÒÉÓ, ´¥É ´¥µ¡Ìµ¤¨³µ¸É¨ ³¥´ÖÉÓ ±² ¸¸¨-
Î¥¸±¨¥ Ê· ¢´¥´¨Ö £· ¢¨É Í¨¨? Œµ¦¥É ¡ÒÉÓ, ±¢ ´Éµ¢ ´´ Ö Ëµ·³  ÔÉ¨Ì Ê· ¢-
´¥´¨°  ¢Éµ³ É¨Î¥¸±¨ ·¥Ï¨É ±µ¸³µ²µ£¨Î¥¸±¨¥ É·Ê¤´µ¸É¨ ±² ¸¸¨Î¥¸±¨Ì
Ê· ¢´¥´¨°? ’ ±¨¥ ̧ µµ¡· ¦¥´¨Ö § ±µ´´Ò, ̈  µ´¨ Î ¸Éµ ¢Ò¸± §Ò¢ ÕÉ¸Ö. �·¥¦-
¤¥ ¢¸¥£µ Í¥²¥¸µµ¡· §´µ ´ ¶µ³´¨ÉÓ ¸Ê¤Ó¡Ê ÔÉ¨Ì ¢Ò¸± §Ò¢ ´¨° ¶·¨³¥´¨É¥²Ó-
´µ ± ¨§¢¥¸É´Ò³ É·Ê¤´µ¸ÉÖ³ É¥µ·¨° ¤·Ê£¨Ì, ´¥£· ¢¨É Í¨µ´´ÒÌ ¶µ²¥°.

Š ± ¨§¢¥¸É´µ, ¢¸¥ ¤·Ê£¨¥ ±² ¸¸¨Î¥¸±¨¥ ¶µ²Ö, ¢§ÖÉÒ¥ ¢ µÉ¤¥²Ó´µ¸É¨, ¸µ-
¤¥·¦ É ¢ ± ¦¤µ³ ̧ ²ÊÎ ¥ É·Ê¤´µ¸ÉÓ ¡¥¸±µ´¥Î´µ£µ §´ Î¥´¨Ö Ô´¥·£¨¨ ̈ Ì ÉµÎ¥Î-
´ÒÌ ¨¸ÉµÎ´¨±µ¢.

‘ ¶µÖ¢²¥´¨¥³ Ê· ¢´¥´¨° „¨· ±  ¢µ§´¨± ¢µ¶·µ¸: ¸µÌ· ´ÖÕÉ¸Ö ²¨ ÔÉ¨
É·Ê¤´µ¸É¨ ¢ Ô²¥±É·µ¤¨´ ³¨±¥ „¨· ± ? �·µ¢¥¤¥´´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¤ ²¨ µ¡-
Ð¨° µÉ¢¥É: ±¢ ´Éµ¢ Ö É¥µ·¨Ö ²Õ¡µ£µ ¨§ ¨§¢¥¸É´ÒÌ ¶µ²¥° ´¥ ·¥Ï ¥É µ¡¸Ê¦-
¤ ¥³µ° ́  ³¨ É·Ê¤´µ¸É¨. — ¸Éµ ³µ¦´µ Ê¸²ÒÏ ÉÓ ÊÉ¢¥·¦¤¥´¨¥, ÎÉµ, ¢ µÉ²¨Î¨¥
µÉ ¤·Ê£¨Ì ¶µ²¥°, Ê ´ ¸ ´¥É ±¢ ´Éµ¢µ° É¥µ·¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. ‘É·µ£µ
£µ¢µ·Ö, Ê ´ ¸ ¥¸ÉÓ ±¢ ´Éµ¢ Ö É¥µ·¨Ö ¢¸¥Ì ¶µ²¥° ¢ µÉ¤¥²Ó´µ¸É¨, ¢ Éµ³ Î¨¸²¥
¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, ́ µ Éµ²Ó±µ ¢ ̧ ²ÊÎ ¥ ¸² ¡ÒÌ ¶µ²¥°. �Éµ ÊÉ¢¥·¦¤¥´¨¥
¨³¥¥É ÉµÉ ¸³Ò¸², ÎÉµ ¢¡²¨§¨ ÉµÎ¥Î´µ£µ ¨¸ÉµÎ´¨± , ´ ¶·¨³¥·, Ô²¥±É·µ³ £-
´¨É´µ£µ ¶µ²Ö, ±µ£¤  µ´µ ¸É ´µ¢¨É¸Ö ¸¨²Ó´Ò³, ´¥µ¡Ìµ¤¨³µ ÊÎ¨ÉÒ¢ ÉÓ ¢§ ¨-
³µ¤¥°¸É¢¨¥ Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö Ô²¥±É·µ´  ¸µ ¢¸¥³¨ ¢¨¤ ³¨ Î ¸É¨Í, ¸Ê-
Ð¥¸É¢ÊÕÐ¨Ì ¢ ¶·¨·µ¤¥. �É¨ ¢¨·ÉÊ ²Ó´Ò¥ ¶·µÍ¥¸¸Ò ¢´µ¸ÖÉ ¸¢µ° ¢±² ¤ ¢
¸µ¡¸É¢¥´´ÊÕ Ô´¥·£¨Õ Ô²¥±É·µ´ . ˆ§²µ¦¥´´ÊÕ ¸¨ÉÊ Í¨Õ ³µ¦´µ ¸Ëµ·³Ê²¨-
·µ¢ ÉÓ Ë· §µ°: ®‚¸¥, É.¥. ²Õ¡ Ö É ± ´ §Ò¢ ¥³ Ö Ô²¥³¥´É ·´ Ö Î ¸É¨Í , ¢
Ê± § ´´µ³ ¸³Ò¸²¥ ®¸µ¸Éµ¨É ¨§ ¢¸¥£µ¯ [8], É.¥. ¨§ ¢¸¥£µ ³´µ£µµ¡· §¨Ö
Î ¸É¨Í¯.

Š ± ¨§¢¥¸É´µ, · ¸Ìµ¤ÖÐ¨¥¸Ö ¢Ò· ¦¥´¨Ö, ¢µ§´¨± ÕÐ¨¥ ¢ É¥µ·¨ÖÌ ±² ¸-
¸¨Î¥¸±¨Ì ¶µ²¥°, ¢µ ³´µ£¨Ì ¸²ÊÎ ÖÌ ¶ÒÉ ²¨¸Ó ¨¸±²ÕÎ¨ÉÓ · §²¨Î´Ò³¨ ³µ¤¨-
Ë¨± Í¨Ö³¨ ±² ¸¸¨Î¥¸±¨Ì Ê· ¢´¥´¨° ¶µ²¥°, ¸µÌ· ´ÖÖ ¨Ì ·¥²ÖÉ¨¢¨¸É¸±ÊÕ
Ëµ·³Ê. � ¶·¨³¥·, ¸ ¶µ³µÐÓÕ ¢¢¥¤¥´¨Ö ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¢µ²´µ¢Ò¥ ËÊ´±-
Í¨¨ ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´ÒÌ µ¡·Ò¢ ÕÐ¨Ì Ë ±Éµ·µ¢, ±µÉµ·Ò¥ ¸µµÉ¢¥É-
¸É¢¥´´µ Ê³¥´ÓÏ ²¨ ¡Ò ¢±² ¤ ¢Ò¸µ±¨Ì Î ¸ÉµÉ ¢ ¸µ¡¸É¢¥´´ÊÕ Ô´¥·£¨Õ
¨¸ÉµÎ´¨±  ¶µ²Ö.

�Ò²¨ ¨ ¤·Ê£¨¥ ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´Ò¥ ·¥Í¥¶ÉÒ ¨§¡ ¢²¥´¨Ö µÉ µ¡-
¸Ê¦¤ ¥³ÒÌ É·Ê¤´µ¸É¥°, ´ Î¨´ Ö µÉ É ± ´ §Ò¢ ¥³µ£µ ®²Ö³¡¤ -²¨³¨É¨´£¯-
¶·µÍ¥¸¸  ¤µ ¨¸¶µ²Ó§µ¢ ´¨Ö ¨´¤¥Ë¨´¨É´µ° ³¥É·¨±¨.

‚¸¥ ÔÉ¨ ¶µ¶ÒÉ±¨ ·¥Ï¥´¨Ö ¶·µ¡²¥³Ò · ¸Ìµ¤¨³µ¸É¨ ¢ É¥µ·¨¨ ¶µ²¥° µ± -
§ ²¨¸Ó ´¥Ê¤ Î´Ò³¨. �´¨ ¶·¨¢µ¤¨²¨ ± · ¸¶·µ¸É· ´¥´¨Õ ¸¨£´ ²  ¢ µ¡² ¸É¨
¸¨´£Ê²Ö·´µ¸É¨ ¸µ ¸¢¥·Ì¸¢¥Éµ¢Ò³¨ ¸±µ·µ¸ÉÖ³¨. ‚ µ¡² ¸É¨ ¸¨´£Ê²Ö·´µ¸É¨
± ± ¡Ò ¢µ§´¨± ²µ ¡¥¸±µ´¥Î´µ É¢¥·¤µ¥ Ö¤·µ.
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®Šµ¢ ·¸É¢µ¯ ÔÉ¨Ì ́ ¥Ê¤ Î ¢Ò§¢ ²µ ́ ¥¤µÊ³¥´¨¥ - ¢µ§´¨± ²µ ¶·µÉ¨¢µ·¥Î¨¥
¸ ·¥²ÖÉ¨¢¨§³µ³ ¶·¨, ´ ¶·¨³¥·, ¢¢¥¤¥´¨¨ Ö¢´µ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¢Ò· ¦¥´¨°
¤²Ö Ëµ·³Ë ±Éµ·µ¢. �µ, ± ± ¢ÒÖ¸´¨²µ¸Ó ¢¶µ¸²¥¤¸É¢¨¨, ¢¸¥ ´¥¤µ· §Ê³¥´¨Ö
¡Ò²¨ ¸¢Ö§ ´Ò ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ µ¤´µ£µ ¢·¥³¥´¨ t, Éµ£¤  ± ± ¶µ²¥ ¶·¥¤¸É ¢-
²Ö¥É ¸µ¡µ° ¸¨¸É¥³Ê, ¸µ¸É ¢²¥´´ÊÕ ¨§ ¡¥¸±µ´¥Î´µ£µ Î¨¸²  Î ¸É¨Í.

Š ± ¨§¢¥¸É´µ, ¶µ¸²¥¤µ¢ É¥²Ó´ Ö ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´ Ö É¥µ·¨Ö
³´µ£¨Ì Î ¸É¨Í É·¥¡Ê¥É ¢¢¥¤¥´¨Ö ³´µ£¨Ì ¢·¥³¥´. ’ ±µ° ³´µ£µ¢·¥³¥´´µ°
Ëµ·³ ²¨§³ ¢¶¥·¢Ò¥ ¡Ò² ¨§²µ¦¥´ ¢ ¨§¢¥¸É´µ° · ¡µÉ¥ „¨· ±  Å ”µ±  Å
�µ¤µ²Ó¸±µ£µ  ¤²Ö  ±¢ ´Éµ¢µ°  Ô²¥±É·µ¤¨´ ³¨±¨  ±µ´¥Î´µ£µ  Î¨¸²  Î ¸É¨Í.
‚ ±² ¸¸¨Î¥¸±µ° (´¥±¢ ´Éµ¢µ°) Ô²¥±É·µ¤¨´ ³¨±¥ ³´µ£¨Ì É¥² ÔÉµÉ Ëµ·-
³ ²¨§³ ¡Ò² ¨§²µ¦¥´ ³´µ° ¢ [9,10].

Ÿ ¶ÒÉ ²¸Ö ́  °É¨ ³´µ£µ¢·¥³¥´´µ° Ëµ·³ ²¨§³ ¤²Ö µ¶¨¸ ´¨Ö ¡¥¸±µ´¥Î´µ-
£µ Î¨¸²  ËµÉµ´µ¢ (£ § ËµÉµ´µ¢) ¤²Ö ¸ ³µ£µ Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö.

’ ± Ö ¶·µ¡²¥³  ¡Ò²  ·¥Ï¥´  ’µ³µ´ £µ° ¢ 1947 £. [11]. ‚ Ëµ·³ ²¨§³¥
’µ³µ´ £¨,   § É¥³ ˜¢¨´£¥·  [12], ± ¦¤µ° ÉµÎ±¥ (x, y, z) ¶·µ¸É· ´¸É¢¥´´µ-
¶µ¤µ¡´µ° ¶µ¢¥·Ì´µ¸É¨ ¶·¨¶¨¸Ò¢ ²µ¸Ó ¸¢µ¥ ¢·¥³Ö t (x, y, z). Ÿ ¦¥ ¡¥§Ê¸¶¥Ï-
´µ ̈ ¸± ² µ¡µ¡Ð¥´¨¥ Ëµ·³ ²¨§³  „¨· ±  Å ”µ±  Å �µ¤µ²Ó¸±µ£µ ́   ̧ ¶¥±É·
ËµÉµ´µ¢ (£ § ËµÉµ´µ¢), ±µÉµ·Ò° ¤µ²¦¥´ ¡Ò² ¨³¥ÉÓ ´¥¶·¥·Ò¢´ÊÕ ̧ É·Ê±ÉÊ·Ê.
�¥  ¨¸±²ÕÎ¥´µ,  ÎÉµ  É ±µ° Ëµ·³ ²¨§³, Ô±¢¨¢ ²¥´É´Ò° Ëµ·³ ²¨§³Ê
’µ³µ´ £¨, ¸ÊÐ¥¸É¢Ê¥É.

�µÖ¢²¥´¨¥ Ê· ¢´¥´¨Ö ’µ³µ´ £¨ Å ˜¢¨´£¥·  ¸¤¥² ²µ ¶µ´ÖÉ´Ò³ § ±µ´-
´ÊÕ ´¥Ê¤ ÎÊ ¢¸¥Ì ¶·¥¦´¨Ì ¶µ¶ÒÉµ± ²¨±¢¨¤¨·µ¢ ÉÓ · ¸Ìµ¤¨³µ¸É¨ ¢ É¥µ·¨¨
¶µ²¥° ¢ · ³± Ì µ¤´µ£µ ¢·¥³¥´¨ ¤²Ö ¢¸¥Ì ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´ÒÌ ÉµÎ¥±.

‚ ÔÉµ³ ¸³Ò¸²¥ ¨¸Éµ·¨Î¥¸±µ¥ §´ Î¥´¨¥ ¶µÖ¢²¥´¨Ö Ê· ¢´¥´¨Ö ’µ³µ´ £¨
Å ˜¢¨´£¥·  § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ¢¸¥ É¥³ ¨²¨ ¨´Ò³ µ¡· §µ³ ³µ¤¨Ë¨-
Í¨·µ¢ ´´Ò¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° ¶µ²Ö ́ ¥ Ö¢²Ö²¨¸Ó ·¥Ï¥´¨Ö³¨ Ê· ¢´¥´¨Ö ’µ-
³µ´ £¨ Å ˜¢¨´£¥·  Å µ´¨ ´¥ Ê¤µ¢²¥É¢µ·Ö²¨ Ê¸²µ¢¨Õ ¨´É¥£·¨·Ê¥³µ¸É¨
Ê· ¢´¥´¨Ö ’µ³µ´ £¨ Å ˜¢¨´£¥· , ¨³¥´´µ Ê¸²µ¢¨Õ ±µ³³ÊÉ É¨¢´µ¸É¨ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨Ì ËÊ´±Í¨° ´  ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´µ° ¶µ¢¥·Ì´µ¸É¨, ¨´ Î¥ £µ-
¢µ·Ö, É·¥¡µ¢ ´¨Õ ±µ´¥Î´µ£µ §´ Î¥´¨Ö ¸±µ·µ¸É¨ · ¸¶·µ¸É· ´¥´¨Ö ¸¨£´ ² .

„·Ê£¨³¨ ¸²µ¢ ³¨, ÔÉ¨ ´ ¶· ¢²¥´¨Ö ¶µ¨¸±µ¢ ·¥Ï¥´¨Ö ¶·µ¡²¥³Ò ¡¥¸±µ-
´¥Î´µ¸É¥° ¢ É¥µ·¨¨ ¶µ²¥° ¶µ²´µ¸ÉÓÕ § ±·Ò¢ ÕÉ¸Ö É·¥¡µ¢ ´¨Ö³¨ ¶µ¸²¥¤µ¢ -
É¥²Ó´µ° ·¥²ÖÉ¨¢¨¸É¸±µ° ¨´¢ ·¨ ´É´µ¸É¨ ³´µ£µ(¡¥¸±µ´¥Î´µ)¢·¥³¥´´µ£µ
Ëµ·³ ²¨§³  Ê· ¢´¥´¨° ’µ³µ´ £¨ Å ˜¢¨´£¥· .

Š ± ̈ §¢¥¸É´µ, ¢ ́  ¸ÉµÖÐ¥¥ ¢·¥³Ö Ï¨·µ±µ · §¢¨É ̈  ¸ ¡µ²ÓÏµ° ¶· ±É¨Î¥-
¸±µ° ¶µ²Ó§µ° Ê¶µÉ·¥¡²Ö¥É¸Ö É ± ´ §Ò¢ ¥³Ò° ®³¥Éµ¤ ¶¥·¥´µ·³¨·µ¢µ±¯, ¸
¶µ³µÐÓÕ ±µÉµ·µ£µ ¨§ ¡¥¸±µ´¥Î´ÒÌ ¢Ò· ¦¥´¨° ¢ É¥µ·¨¨ ¶µ²¥° ¢Ò¤¥²ÖÕÉ¸Ö
±µ´¥Î´Ò¥ §´ Î¥´¨Ö, ±µÉµ·Ò¥ ¸ Ê¸¶¥Ìµ³ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¢ ¤ ²Ó´¥°Ï¨Ì ¢ÒÎ¨¸-
²¥´¨ÖÌ. Š ¸µ¦ ²¥´¨Õ, ÔÉµÉ ¸¶µ¸µ¡ ¢Ò¤¥²¥´¨Ö ±µ´¥Î´ÒÌ ¢¥²¨Î¨´ ¨§ ¡¥¸±µ-
´¥Î´ÒÌ ¨Ì §´ Î¥´¨° µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ²¨ÏÓ ¢ · ³± Ì µ¤´µ£µ ¶µ²Ö, É.¥. ¶·¥-
´¥¡·¥£ ¥É¸Ö ¢±² ¤µ³ ¢¸¥Ì ¤·Ê£¨Ì ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¶µ²¥°. �µ £² ¢´µ¥ Å ÔÉ 
¶·µÍ¥¤Ê·  Ö¢²Ö¥É¸Ö ¶·µÍ¥¤Ê·µ°, ́  ¢Ö§ ´´µ° ¸µ ¸Éµ·µ´Ò ¥¸É¥¸É¢¥´´µ³Ê Ëµ·-

��‡Œ›˜‹ŸŸ � ‚‘…‹…���‰  541



³ ²¨§³Ê É¥µ·¨¨ ¶µ²Ö. ŒµÖ ´¥¶·¨Ö§´Ó ± ¶·µÍ¥¤Ê·¥ ¶¥·¥´µ·³¨·µ¢µ± ¶µ¤-
¤¥·¦¨¢ ¥É¸Ö ¨§¢¥¸É´Ò³ § ³¥Î ´¨¥³ „¨· ±  ¢ ¶·¥¤¨¸²µ¢¨¨ ± ·Ê¸¸±µ³Ê ¨§¤ -
´¨Õ ¥£µ ±´¨£¨, ¢ ±µÉµ·µ³ µ´ ¶¨¸ ², ÎÉµ ¢µ§¤¥·¦ ²¸Ö µÉ ¨§²µ¦¥´¨Ö ³¥Éµ¤µ¢
¶¥·¥´µ·³¨·µ¢µ±, É ± ± ±, ¶µ ¥£µ ³´¥´¨Õ, µ´¨ ¨¸Î¥§´ÊÉ ¢ ¡Ê¤ÊÐ¥° ¶µ¸²¥¤µ-
¢ É¥²Ó´µ° É¥µ·¨¨ ¶µ²Ö. �µ²¥¥ Éµ£µ, ¢µ§´¨± ¥É ¶µ¤µ§·¥´¨¥ ¢ Éµ³, ÎÉµ, ³µ¦¥É
¡ÒÉÓ, ¢ § ±µ´´µ¸É¨ ³¥Éµ¤  ¶¥·¥´µ·³¨·µ¢µ± ¥Ð¥ ´¥ ¤µ ±µ´Í  · §µ¡· ²¨¸Ó.
� ¶·¨³¥·, ¢µ§´¨± ¥É ¢µ¶·µ¸, ¸µÌ· ´Ö¥É ²¨ Ëµ·³ ²¨§³ ¶¥·¥´µ·³¨·µ¢µ± ²µ-
± ²Ó´µ¸ÉÓ É¥µ·¨¨ ¢ µ¡² ¸ÉÖÌ, ¡²¨§±¨Ì ± µ¡² ¸É¨ ±² ¸¸¨Î¥¸±µ° £· ¢¨É Í¨µ´-
´µ° ¸¨´£Ê²Ö·´µ¸É¨.

‚ÒÏ¥ ¸µ¤¥·¦ ²µ¸Ó § ³¥Î ´¨¥ µ Éµ³, ÎÉµ ¢ ¸µ¡¸É¢¥´´ÊÕ ³ ¸¸Ê (Ô´¥·£¨Õ)
¨¸ÉµÎ´¨±  ²Õ¡µ£µ ¶µ²Ö ¢´µ¸ÖÉ ¸¢µ° ¢±² ¤ ¢¸¥ ¤·Ê£¨¥ ¶µ²Ö, ´¥ ¨¸±²ÕÎ Ö ¨
£· ¢¨É Í¨Õ. �µ ÊÎ¥É ¢±² ¤  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö É·¥¡Ê¥É §´ ´¨Ö Ë¨§¨-

Î¥¸±¨Ì § ±µ´µ¢ ¢ µ¡² ¸É¨ ¤²¨´Ò �² ´±  lpl ~ 10−33 ¸³. ‚µ ¢¸Ö±µ³ ¸²ÊÎ ¥,

¢µ§³µ¦´µ, ÎÉµ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¢ ¶·¨·µ¤¥  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤Ò £· ¢¨-
É Í¨µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¢ ¸¨²Ó´ÒÌ £· ¢¨É Í¨µ´´ÒÌ ¶µ²ÖÌ, µ ±µÉµ·µ°
·¥ÎÓ ¶µ°¤¥É ¢ ¤ ²Ó´¥°Ï¥³, ± ·¤¨´ ²Ó´Ò³ µ¡· §µ³ ³¥´Ö¥É ¢¸Õ ¸¨ÉÊ Í¨Õ ¸
¶·µ¡²¥³µ° ¶¥·¥´µ·³¨·µ¢µ±.

„²Ö ³µ¤¨Ë¨± Í¨¨ ËÊ´±Í¨¨ ¤¥°¸É¢¨Ö S �°´ÏÉ¥°´  ¡Ò²¨ Ê± § ´Ò É·¨
¢µ§³µ¦´µ¸É¨ �, ‚, ‘, ± ¦¤ Ö ¨§ ±µÉµ·ÒÌ ¨³¥²  ¨ ¨³¥¥É ³´µ£¨Ì ¸Éµ·µ´-
´¨±µ¢  ¨,  ¢¥·µÖÉ´µ,  ¡Ê¤¥É  ¨³¥ÉÓ  ¨Ì  ¢  ¡Ê¤ÊÐ¥³,  · §¢¨É¨¥  ±µÉµ·µ£µ
´¥¶·¥¤¸± §Ê¥³µ.

Œµ¦´µ Ê± § ÉÓ ³´µ£¨Ì  ¢Éµ·µ¢, · ¡µÉ ¢Ï¨Ì ¨ · ¡µÉ ÕÐ¨Ì ´ ¤ ³µ¤¨-
Ë¨± Í¨¥° ²¥¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö �°´ÏÉ¥°´ , É ±¦¥ ¨ ³´µ£¨Ì  ¢Éµ·µ¢, ¢
Éµ° ¨²¨ ¨´µ° ³¥·¥ · ¡µÉ ¢Ï¨Ì ´ ¤ ¶·µ¡²¥³ ³¨, µ¡µ§´ Î¥´´Ò³¨ ¡Ê±¢µ° ‘,
´µ ¢ ¤ ²Ó´¥°Ï¥³ ³Ò µ£· ´¨Î¨³¸Ö ¶·µ¡²¥³ ³¨, µ¡µ§´ Î¥´´Ò³¨ ¡Ê±¢µ° ‚,
É.¥. ¶µ¶ÒÉ± ³¨ · ¸¸³µÉ·¥ÉÓ ¢ ·¨ ´ÉÒ Ê· ¢´¥´¨° �°´ÏÉ¥°´ , ¢ ¶· ¢µ°
Î ¸É¨ ±µÉµ·ÒÌ £· ¢¨É Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö κ § ³¥´¥´  ´  ´¥±ÊÕ ËÊ´±Í¨Õ
µÉ ¶²µÉ´µ¸É¨ Ô´¥·£¨¨.

4. Œ…�Ÿ�™�Ÿ‘Ÿ ƒ��‚ˆ’�–ˆ����Ÿ ��‘’�Ÿ���Ÿ

‚¶¥·¢Ò¥ ´  ¨§³¥´¥´¨¥ £· ¢¨É Í¨µ´´µ° ¶µ¸ÉµÖ´´µ° ·¥Ï¨²¸Ö „¨· ±
(1938), ¶µÉµ³ ˆµ·¤ ´ (1948Å1955), ¶µÉµ³ �· ´¸, „¨±±¥ (1961,1962Å
1968). ‚ ´¥±µÉµ·ÒÌ ¨§ ÔÉ¨Ì · ¡µÉ £· ¢¨É Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö κ § ³¥´¥´ 
ËÊ´±Í¨¥° const6 ϕ(x), £¤¥ ϕ Å ËÊ´±Í¨Ö ÉµÎ±¨. �É¨ · ¡µÉÒ ¨³¥ÕÉ ¨ ¸µ¢·¥-
³¥´´µ¥ ¶·µ¤µ²¦¥´¨¥.

‚´ Î ²¥ ·¥ÎÓ ¶µ°¤¥É µ ´¥±µÉµ·ÒÌ ®¨£·ÊÏ¥Î´ÒÌ¯ ³µ¤¥²ÖÌ ¢ · ³± Ì
±² ¸¸¨Î¥¸±µ° (´¥ ±¢ ´Éµ¢µ°) ±µ¸³µ²µ£¨¨. �µÉµ³ ·¥ÎÓ ¶µ°¤¥É µ ¡µ²¥¥ µÉ¤ -
²¥´´µ³ ¡Ê¤ÊÐ¥³, ¶·¨Éµ³ µ É ±µ³ ¡Ê¤ÊÐ¥³, Ì · ±É¥· ±µÉµ·µ£µ  ¢Éµ· ¶·¥¤-
¶µÎ¥² ¡Ò µ¡¢¥¸É¨ §µ²µÉµ° · ³±µ°: ®� ³, ± ¸Î ¸ÉÓÕ, ´¥ ¤ ´µ ¢¨¤¥ÉÓ ¡Ê¤Ê-
Ð¥¥¯. �µ, ¢¨¤¨³µ, ¥¸ÉÓ £²Ê¡µ±µ¥ ¨, ¢µ§³µ¦´µ, ¥¸É¥¸É¢¥´´µ¥ ¶·µÉ¨¢µ·¥Î¨¥ ¢
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¸ ³µ° ´ Ê±¥ ¨, ³µ¦¥É ¡ÒÉÓ, ´¥ ´ ¤µ ¸¥¡Ö µ£· ´¨Î¨¢ ÉÓ §µ²µÉµ° · ³±µ°.
‚¨¤¨³µ, ´ ÊÎ´Ò° ·¨¸± ¶·µ¸Éµ ´¥µ¡Ìµ¤¨³, ± ±  § ·É ¸¶µ·É¨¢´µ£µ ¸É·¥²± ,
¸É·¥³ÖÐ¥£µ¸Ö ¨§ ²Ê±  ´¥¶·¥³¥´´µ ¶µ¶ ¸ÉÓ ¢ ¤¥¸ÖÉ±Ê.

‚Ò¡µ· ´ ¶· ¢²¥´¨Ö ‚ ¢ ³µ¤¨Ë¨± Í¨¨ Ê· ¢´¥´¨Ö �°´ÏÉ¥°´  ´¥ ¸²ÊÎ -
¥´: ¢µ§´¨±²¨ ¨´ÉÊ¨É¨¢´Ò¥ ¸µµ¡· ¦¥´¨Ö µ ¢µ§³µ¦´µ³ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¢ ¶·¨-
·µ¤¥ ¤¢ÊÌ, ¸± ¦¥³, § ±µ´µ¢, ±µÉµ·Ò¥ ¤µ²¦´Ò ¢Ò¶µ²´ÖÉÓ¸Ö ¢ Ê· ¢´¥´¨ÖÌ,
 ¤¥±¢ É´µ ¥¥ µ¶¨¸Ò¢ ÕÐ¨Ì. ‚µ§³µ¦´µ, ÎÉµ ¢ ¶·¨·µ¤¥ ¸ÊÐ¥¸É¢Ê¥É

1)  ¸¨³¶ÉµÉ¨Î¥¸± Ö ¸¢µ¡µ¤  £· ¢¨É Í¨µ´¨ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°  (£· ¢¨-
É Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö κ0 § ³¥´Ö¥É¸Ö ËÊ´±Í¨¥° κ = κ0ψ(ε), £¤¥ ε Å ¶²µÉ-

´µ¸ÉÓ Ô´¥·£¨¨ ¢ ¸µ¶ÊÉ¸É¢ÊÕÐ¥° ¸¨¸É¥³¥ ±µµ·¤¨´ É,   ψ ¸É·¥³¨É¸Ö ± ´Ê²Õ ¸
·µ¸Éµ³ ¶²µÉ´µ¸É¨ Ô´¥·£¨¨);

2) ¶·¥¤¥²Ó´µ ¡µ²ÓÏµ¥ §´ Î¥´¨¥ ¶²µÉ´µ¸É¨ Ô´¥·£¨¨,   ¨³¥´´µ ε0. ‚ ¤ ²Ó-

´¥°Ï¥³ µ¡¸Ê¦¤ ÕÉ¸Ö ¸¢µ°¸É¢  ¢µµ¡· ¦ ¥³ÒÌ ¢¸¥²¥´´ÒÌ, ¢ ±µÉµ·ÒÌ ¢Ò¶µ²-
´ÖÕÉ¸Ö ÔÉ¨ ¨´ÉÊ¨É¨¢´Ò¥ ¤µ¶ÊÐ¥´¨Ö  ¢Éµ· . ‚´ Î ²¥ ÔÉ¨ ¢µµ¡· ¦ ¥³Ò¥
(¨£·ÊÏ¥Î´Ò¥) ¢¸¥²¥´´Ò¥ µ¡¸Ê¦¤ ÕÉ¸Ö ¢ · ³± Ì ±² ¸¸¨Î¥¸±µ° (´¥ ±¢ ´Éµ-
¢µ°) ±µ¸³µ²µ£¨¨, É.¥. ¨Ì ¶ · ³¥É·Ò ¡¥·ÊÉ¸Ö ¢ ¶·¥¤¥² Ì ¢µ§³µ¦´ÒÌ ±² ¸-
¸¨Î¥¸±¨Ì ¨§³¥·¥´¨° ¢ ´ Ï¥° ‚¸¥²¥´´µ°.

‚ ¶·µÍ¥¸¸¥ · §³ÒÏ²¥´¨° ´ ¤ ´¥¸µ¢¥·Ï¥´¸É¢µ³ ¸µ¢·¥³¥´´µ° É¥µ·¨¨
‚¸¥²¥´´µ° ¢µ§´¨± ¢µ¶·µ¸: ´¥²Ó§Ö ²¨ ´ °É¨ ³ ±·µ¸±µ¶¨Î¥¸±ÊÕ ³µ¤¥²Ó,
²¨Ï¥´´ÊÕ ´¥±µÉµ·ÒÌ ËÊ´¤ ³¥´É ²Ó´ÒÌ É·Ê¤´µ¸É¥° Ë·¨¤³ ´µ¢¸±µ° ¢¸¥²¥´-
´µ°,   ¨³¥´´µ:

1. ‚¸¥²¥´´ Ö ”·¨¤³ ´  ¶·¨ · ¸Ï¨·¥´¨¨ ¢ ¶·µÏ²µ³ ¤µ²¦´  ¢µ§´¨± ÉÓ
¨§ ¢¸¥²¥´´µ° ¤¥ ‘¨ÉÉ¥· .

2. Λ-Î²¥´  ¢  ´ ¸ÉµÖÐ¨°  ³µ³¥´É  ¢µ  ¢¸¥²¥´´µ°  ”·¨¤³ ´   ¤µ²¦¥´
¡ÒÉÓ ³ ².

3. ‚¸¥²¥´´ Ö ¤¥ ‘¨ÉÉ¥·  ´¥ ¤µ²¦´  ¨³¥ÉÓ µ¸µ¡¥´´µ¸ÉÓ ¶·¨ ²Õ¡ÒÌ ¢µ§-
³ÊÐ¥´¨ÖÌ.

…¸²¨ É ± Ö ³µ¤¥²Ó ¢µ§³µ¦´ , ¢µ§´¨± ¥É ¢µ¶·µ¸, ± ±¨¥ ¶·µ¡²¥³Ò ¢ ´¥°
´¥ ·¥Ï ÕÉ¸Ö ¨ ± ±¨¥ ´¥µ¡Ìµ¤¨³µ ·¥Ï ÉÓ. „²Ö ¶·µ¸ÉµÉÒ · ¸¸³ É·¨¢ ¥É¸Ö
¢ ·¨ ´É ¶Ò²¥¢¨¤´µ° ¨§µÉ·µ¶´µ° ¢¸¥²¥´´µ°. …¸É¥¸É¢¥´´µ ¶µ² £ ÉÓ, ÎÉµ ¢
ÔÉ¨Ì ¸²ÊÎ ÖÌ ¶·¥¤¥²Ó´ Ö ¶²µÉ´µ¸ÉÓ ³ ¸¸Ò ρ0 ¤µ²¦´  µ¸É ´ ¢²¨¢ ÉÓ ±µ²² ¶¸

¤²Ö ¶Ò²¥¢¨¤´µ° ¨§µÉ·µ¶´µ° ¢¸¥²¥´´µ°,   ¢³¥¸Éµ £· ¢¨É Í¨µ´´µ° ¶µ¸ÉµÖ´-
´µ° ¤µ²¦´  ¡ÒÉÓ ËÊ´±Í¨Ö µÉ ¡¥§· §³¥·´µ° ¢¥²¨Î¨´Ò ρ 6 ρ0.

�Ê±  ´ ¶¨¸ ²  ad hoc ¸²¥¤ÊÕÐ¥¥ Ê· ¢´¥´¨¥: 




 
a
.

ca
 


 2
 + 

1

a2
 = 

8πκ
0

3c2
 






 ρ 







 1 − 

ρ2

ρ
0
2
 






 + Λ′ ρ

2

ρ
0
2
 






 , (7)

£¤¥ ρ Å ¶²µÉ´µ¸ÉÓ ³ ¸¸Ò ¶Ò²¨. ‡¤¥¸Ó a Å ³ ¸ÏÉ ¡´Ò° Ë ±Éµ·, Λ′ =
= (3c2 6 8πκ

0
)Λ, Λ-Î²¥´ = 16 l

0
 2, £¤¥ l

0
 Å ± ± Ö-Éµ ¶µ¸ÉµÖ´´ Ö ¤²¨´ .
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“· ¢´¥´¨¥ (7) µ¡¸Ê¦¤ ¥É¸Ö  ¢Éµ·µ³ ¢ ·Ö¤¥ ¸É É¥°.

�·¨¸µ¥¤¨´¨¢ ± ¸±µ¡±¥ (1 − ρ2 6 ρ0
2) £· ¢¨É Í¨µ´´ÊÕ ¶µ¸ÉµÖ´´ÊÕ κ0,

³µ¦´µ ¸± § ÉÓ, ÎÉµ £· ¢¨É Í¨µ´´ Ö ±µ´¸É ´É  ¢ (7) § ³¥´¥´  ´¥±µÉµ·µ°

ËÊ´±Í¨¥° κ = κ0(1 − ρ26 ρ0
2).

”¨§¨Î¥¸±¨ ÔÉµ µ§´ Î ¥É, ÎÉµ £· ¢¨É Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö § ³¥´Ö¥É¸Ö ´¥-
±µÉµ·µ° ËÊ´±Í¨¥°, Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö ±µÉµ·µ° ¶ ¤ ÕÉ ¸ ·µ¸Éµ³ ¶²µÉ-
´µ¸É¨ ¨ ±µÉµ· Ö ¶·¨ ρ = ρ0 µ¡· Ð ¥É¸Ö ¢ ´Ê²Ó.

‚ ¸µ¢·¥³¥´´µ° É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¥ · ¸¸³ É·¨¢ ÕÉ¸Ö ¢µ§³µ¦´µ¸É¨
 ¸¨³¶ÉµÉ¨Î¥¸±¨Ì ¢§ ¨³µ¤¥°¸É¢¨°, ¢¥²¨Î¨´Ò ±µ´¸É ´É ±µÉµ·ÒÌ Ê³¥´ÓÏ ÕÉ-
¸Ö ¸ ·µ¸Éµ³ ¶¥·¥¤ ¢ ¥³µ£µ ¨³¶Ê²Ó¸ , ¢ ¶·¥¤¥²¥ ¸É·¥³Ö¸Ó ± ´Ê²Õ.

ˆ§ (7) ¸²¥¤Ê¥É, ÎÉµ ³¨´¨³ ²Ó´µ¥ §´ Î¥´¨¥ a, ¶·¨ ±µÉµ·µ³ µ¸É ´ ¢²¨¢ -
¥É¸Ö ±µ²² ¶¸ (É.¥. ±µ£¤  a

.
 = 0), · ¢´µ

amin ~ 16 √Λ  = l0,

a l
0
Å ±µ´¸É ´É  ¸ · §³¥·´µ¸ÉÓÕ ¤²¨´Ò, ±µÉµ· Ö ¶µ±  ´¥ µ¶·¥¤¥²¥´  ¢

´ Ï¥° ³µ¤¥²¨.

‚ ÔÉµ° ¨£·ÊÏ¥Î´µ° ³µ¤¥²¨ ¶·¥¤¥²Ó´ÊÕ ¶²µÉ´µ¸ÉÓ ³Ò § ¶¨Ï¥³ ¢ ¢¨¤¥

ρ0 ≈ 1020 £6 c³3,     Λ0 ≈ 10−6 ̧ ³−2,     l0 ≈ 103 ̧ ³,

  ¶µ²´ÊÕ ³ ¸¸Ê ¢¸¥²¥´´µ° ¶·¨³¥³ · ¢´µ° M
0
 ≈ 1055 £.

‚¥²¨Î¨´  ρmax, ¶·¨ ±µÉµ·µ° µ¸É ´ ¢²¨¢ ¥É¸Ö ±µ²² ¶¸ ¢¸¥²¥´´µ°, É.¥.

¶·¨ a
.
 = 0, ¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³ ρmax = ρ0(1 − m0 6 M0) ≈ ρ0(1 − 1029 6 1055), £¤¥

m0 = Vmin ρmax ~ 109 ⋅ 1020 = 1029£.

‚¥²¨Î¨´  amin, ´  ±µÉµ·µ° µ¸É ´ ¢²¨¢ ¥É¸Ö ±µ²² ¶¸, ~ l0, ¢¥·´¥¥,

amin ~ l0(1 + m0 6 M0).

‘µ£² ¸´µ (7) ¶²µÉ´µ¸ÉÓ ³ ¸¸Ò, ±µÉµ· Ö ¢µ§´¨± ¥É ¢ ±µ´Í¥ ±µ²² ¶¸ ,
· ¢´  ¶µÎÉ¨ ¶·¥¤¥²Ó´µ°:

ρmax = ρ0(1 − m0 6 M0).

‚ Ê· ¢´¥´¨¨ (7) ρ 6 ρ
0
 Ì · ±É¥·¨§Ê¥É ÔËË¥±É¨¢´Ò° Λ-Î²¥´.

‚¸²¥¤¸É¢¨¥ ³ ²µ£µ §´ Î¥´¨Ö ¶²µÉ´µ¸É¨ ³ ¸¸ ¢ ¸µ¢·¥³¥´´ÊÕ Ô¶µÌÊ 




 
a
.

ca
 


 2
 + 

1

a2
 = 

8πκ
0

3c2
 ρ, (8)
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É.¥. ¶·¨ ρ << ρ
0
 Ê· ¢´¥´¨¥ (7) ¶·¨´¨³ ¥É ¢¨¤ Ê· ¢´¥´¨Ö ”·¨¤³ ´ . �·¨

ρ ≈ ρ
0
 ¢µ§´¨± ¥É Ê· ¢´¥´¨¥ ¤¥ ‘¨ÉÉ¥· :




 
a
.

ca
 


 2
 + 

1

a2
 − Λ = 0. (9)

�µ ¶·¥¤²µ¦¥´´µ¥ ´ ³¨ Ê· ¢´¥´¨¥ ´¥ ¶µ²ÊÎ¥´µ ¨§ ± ±µ°-²¨¡µ ËÊ´±Í¨¨
¤¥°¸É¢¨Ö S.

�µ¸²¥¤µ¢ É¥²Ó´µ¥ ¨§²µ¦¥´¨¥ É¥µ·¨¨ £· ¢¨É Í¨¨ ´ Î¨´ ¥É¸Ö ¸ ¢ ·Ó¨·µ-
¢ ´¨Ö ¶µ gik ËÊ´±Í¨¨ ¤¥°¸É¢¨Ö

S = 
c4

16πκ ∫ (R + 2κε) √− gd 4x.

3¤¥¸Ó ε = ρc2 Å ¶²µÉ´µ¸ÉÓ Ô´¥·£¨¨.
ŒÒ ¶·¥¤¶µ²µ¦¨²¨, ÎÉµ κ Å ´¥ ±µ´¸É ´É  ¨ § ¢¨¸¨É µÉ ¶²µÉ´µ¸É¨

Ô´¥·£¨¨:

κ = κ
0
ψ 


 

ε
ε
0

 

 . (10)

‚ ÔÉµ° ¸É ÉÓ¥ ´¥ ¶·¨¢¥¤¥´Ò ± ±¨¥-²¨¡µ ±µ´±·¥É´Ò¥ ¸µµ¡· ¦¥´¨Ö µ Ì -
· ±É¥·¥ ËÊ´±Í¨¨ ψ, ±·µ³¥ § ³¥Î ´¨Ö µ Éµ³, ÎÉµ Î¨¸²¥´´µ¥ §´ Î¥´¨¥ ¥¥
Ê¡Ò¢ ¥É ̧  ·µ¸Éµ³ ¶²µÉ´µ¸É¨ Ô´¥·£¨¨. ‚ÒÎ¨¸²¥´¨Ö ¢¥¤ÊÉ¸Ö ¢ ¸²ÊÎ ¥ ¤ ¢²¥´¨Ö
p ≠ 0. ‘ÊÐ¥¸É¢¥´´µ § ³¥É¨ÉÓ, ÎÉµ ËÊ´±Í¨Ö ψ ¤µ²¦´  ¨³¥ÉÓ  ·£Ê³¥´Éµ³ ¡¥§-
· §³¥·´ÊÕ ¢¥²¨Î¨´Ê. �Éµ §´ Î¨É, ÎÉµ µ´  ¤µ²¦´  § ¢¨¸¥ÉÓ µÉ ε 6 ε0, £¤¥ ε0 Å

¶µ±  ´¥¨§¢¥¸É´ Ö ¶µ¸ÉµÖ´´ Ö.
„²Ö ¸²ÊÎ Ö ¶Ò²¥¢¨¤´µ° ³ É¥·¨¨

κ = κ
0
ψ 


 

ρ
ρ

0

 

 , (11)

£¤¥ ρ Å ¶²µÉ´µ¸ÉÓ ³ ¸¸Ò.
…¸²¨ ¶¨¸ ÉÓ Ê· ¢´¥´¨¥ ¤²Ö ¶Ò²¥¢¨¤´µ° ̈ §µÉ·µ¶´µ° ¢¸¥²¥´´µ°, Éµ ¶µ¸²¥

¢ ·Ó¨·µ¢ ´¨Ö ¶µ ³¥É·¨±¥ ²¥¢ Ö Î ¸ÉÓ Ê· ¢´¥´¨Ö �°´ÏÉ¥°´  µ¸É ´¥É¸Ö ¡¥§
¨§³¥´¥´¨Ö, ´µ ¢ ¶· ¢µ° Î ¸É¨ ¥£µ, ± ´ Ï¥³Ê Ê¤¨¢²¥´¨Õ ¨, ¸± ¦¥³ ¶·µ¸Éµ,

· ¤µ¸É¨, ¢µ§´¨±´¥É, ¤µ¡ ¢µÎ´Ò° Λ-µ¡· §´Ò° Î²¥´ ¢¨¤  − ρ2(∂κ6 ∂ρ) δk
i  . ‚

¸²ÊÎ ¥ p ≠ 0 µ´ ¶¥·¥Ìµ¤¨É ¢ ε2(∂κ 6 ∂ε) δk
i  .

�¥·¢Ò° ¦¥ Î²¥´ ¶· ¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö ¶µ²ÊÎ¨² ³´µ¦¨É¥²¥³ ¶·¨ ρ
¸±µ¡±Ê




 ρ 

∂κ
∂ρ + κ 


 . (12)
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�µ¶ÒÉ±  ¶·¨¢¥¸É¨ Ê· ¢´¥´¨¥ ± ¢¨¤Ê, ¡²¨§±µ³Ê ± (7), ¶·¨¢¥²  ± ´¥µ¡-
Ìµ¤¨³µ¸É¨ ¢§ÖÉÓ κ ¢ ¢¨¤¥

κ = κ
0
 






 1 − 

ρ2

3ρ
0
2
 






 , (13)

¨ Éµ£¤  ¶µ²ÊÎ ¥³




 
a
.

c
 


 2
 + 1 = 

8πκa2

3c2
 






 ρ 







 1 − 

ρ2

ρ
0
2
 






 + Λ′ ρ

3

ρ
0
3
 






 . (14)

„µ¡ ¢µÎ´Ò¥ Λ-µ¡· §´Ò¥ Î²¥´Ò ¸¨²Ó´µ ¶µ¢Ò¸¨²¨ ¨´É¥·¥¸ ± ´ Ï¥° ¶µ± 
®¨£·ÊÏ¥Î´µ°¯ ³µ¤¥²¨.

‚ ¦Ê·´ ²¥ ®“¸¶¥Ì¨ Ë¨§¨Î¥¸±¨Ì ´ Ê±¯ [13], ¶µ ¸ÊÐ¥¸É¢Ê, ¨§²µ¦¥´Ò
¨¤¥¨, ¸¢Ö§ ´´Ò¥ ¸ ¶·¥¤²µ¦¥´¨¥³ ³µ¥° ³µ¤¨Ë¨± Í¨¨ Ê· ¢´¥´¨Ö �°´ÏÉ¥°´ .

�µ É¥±¸É ¸É ÉÓ¨ ¶µ¤ ´ ¶µ¤ ¸±·µ³´Ò³ ´ §¢ ´¨¥³ ®� ¢µ§³µ¦´µ¸É¨ ¸ÊÐ¥-
¸É¢µ¢ ´¨Ö ¢ ¶·¨·µ¤¥  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤Ò £· ¢¨É Í¨µ´´ÒÌ ¢§ ¨³µ-
¤¥°¸É¢¨°¯.

’¥±¸É ¸É ÉÓ¨ µ¢¥Ö´ ´¥±µ° £·Ê¸ÉÓÕ, ¢ Î ¸É´µ¸É¨, ¶µ ¶µ¢µ¤Ê Éµ£µ, ÎÉµ
 ¸¨³¶ÉµÉ¨Î¥¸± Ö ¸¢µ¡µ¤  ¢ ¶·¥¤²µ¦¥´´ÒÌ ¶·¨³¥· Ì ·¥Ï ¥É ¶·µ¡²¥³Ê £· -
¢¨É Í¨µ´´µ° ¸¨´£Ê²Ö·´µ¸É¨ Éµ²Ó±µ ¢ ¨§µÉ·µ¶´ÒÌ ³µ¤¥²ÖÌ.

‘ÊÐ¥¸É¢Ê¥É ³´µ£µ ¶·¨³¥·µ¢, ±µ£¤  ´¥¨§µÉ·µ¶´Ò¥ ¢µ§³ÊÐ¥´¨Ö, ¢ Î ¸É-
´µ¸É¨, ± §´¥·µ¢¸±¨¥, ¤¥² ÕÉ ÔÉ¨ ³µ¤¥²¨ ¸¨´£Ê²Ö·´Ò³¨.

�µ ±µ´±·¥É´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö ·¥ ²¨§ Í¨¨  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤Ò,
É.¥. ËÊ´±Í¨¨ ψ, ¶¨¸ ²¨¸Ó ³´µÕ ad hoc. Œµ¦¥É ¡ÒÉÓ, ³µ¦´µ ́  °É¨ ËÊ´±Í¨¨,
±µÉµ·Ò¥ ¥Ð¥ ¤µ ¤µ¸É¨¦¥´¨Ö §´ Î¥´¨Ö ¶·¥¤¥²Ó´µ° ¶²µÉ´µ¸É¨ ρ0 ³µ£²¨ ¡Ò

³¥´ÖÉÓ §´ ± κ ́   µ¡· É´Ò° ̈  ̧ µ§¤ ¢ ÉÓ ́   ± ±µ³-Éµ ÊÎ ¸É±¥ ±µ²² ¶¸  § ³¥´Ê
¸¨² ¶·¨ÉÖ¦¥´¨Ö ´  µÉÉ ²±¨¢ ´¨¥, ¨³¨É¨·ÊÖ ¢ ¶· ¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö
�°´ÏÉ¥°´   ¶µÖ¢²¥´¨¥  µÉ·¨Í É¥²Ó´µ° Ô´¥·£¨¨, ´ ·ÊÏ ÕÐ¥° Ô´¥·£µ-
¤µ³¨´ ´É´µ¸ÉÓ, ÎÉµ ¨¸±²ÕÎ ¥É ¸¨´£Ê²Ö·´µ¸ÉÓ.

�± §Ò¢ ¥É¸Ö, É ±¨¥ ¢µ§³µ¦´µ¸É¨, ±µÉµ·Ò¥ ´ ·ÊÏ ÕÉ Ô´¥·£µ¤µ³¨´ ´É-
´µ¸ÉÓ, ¶µ ¸ÊÐ¥¸É¢Ê, ´¥µ£· ´¨Î¥´Ò.

� ¶·¨³¥·,

κ = κ
0
 

 1 − α

1
 

ρ
ρ
0

 

 , (15)

£¤¥ α
1
 Å ±µ´¸É ´É , ¡µ²ÓÏ Ö ¥¤¨´¨ÍÒ (α

1
 > 1).
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’¥¶¥·Ó ¢¨¤µ¨§³¥´¥´´µ¥ Ê· ¢´¥´¨¥ �°´ÏÉ¥°´  ¶·¨´¨³ ¥É ¢¨¤




 
a
.

ca
 


 2
 + 

1

a2
 = 

8πκ
0

3c2
 






 ρ 


 1 − α

1
 
2ρ
ρ

0

 

 + 

ρ2

ρ
0
2
 α

1
ρ
0
 






 . (16)

…¸²¨ É¥¶¥·Ó ´ ¡· ÉÓ¸Ö Ì· ¡·µ¸É¨ ¨ ¸µ¸É ¢¨ÉÓ ρ0 ¨§ ³¨·µ¢ÒÌ ±µ´¸É ´É,

É.¥. ¥¸²¨ ¶µ²µ¦¨ÉÓ ρ0 = c5 6 hκ0
2, Éµ, ¶¥·¥´µ¸Ö ¢Éµ·µ° Î²¥´ ¨§ ¶· ¢µ° Î ¸É¨

Ê· ¢´¥´¨Ö ¢ ²¥¢ÊÕ, ³Ò ¶µ²ÊÎ¨³ ¶·¨ ρ ≈ ρ0:




 
a
.

ca
 


 2
 + 

1

a2
 − 

8π
3

 

 

ρ
ρ

0

 


 2
 
α

1

lpl
 2

 = 
8πκ

0

3c2
 ρ(1 − 2α

1
), (17)

É.¥. Λ
0
 = 

8πα
1

lpl
 2

 , £¤¥ lpl Å ¤²¨´  �² ´± *.

‘µ¡¨· Ö ¢ ¶· ¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö (16) ¤¢  Î²¥´  ¢ µ¤¨´, ³Ò ¶µ²ÊÎ ¥³
Ê· ¢´¥´¨¥




 
a
.

ca
 


 2
 + 

1

a2
 = 

8πκ
0

3c2
 ρ 


 1 − α

1
 

ρ
ρ

0

 

 . (17′)

…¸²¨ α1 > 1, Éµ ¶· ¢ Ö Î ¸ÉÓ Ê· ¢´¥´¨Ö ¶·¨ ρ > ρ0 6 α1, ³¥´ÖÖ §´ ±, ¸É -

´µ¢¨É¸Ö µÉ·¨Í É¥²Ó´µ°. �·¨ ρ = ρ0 6 α1 µ´  µ¡· Ð ¥É¸Ö ¢ ´Ê²Ó.

„·Ê£¨³¨ ¸²µ¢ ³¨, ¢ ± ±µ°-Éµ ³µ³¥´É ±µ²² ¶¸  £· ¢¨É Í¨µ´´µ¥ ¶·¨ÉÖ-
¦¥´¨¥ ¸³¥´Ö¥É¸Ö ´  µÉÉ ²±¨¢ ´¨¥. ˆ´ Î¥ £µ¢µ·Ö, Ô´¥·£¨Ö ¶· ¢µ° Î ¸É¨ ¸É -
´µ¢¨É¸Ö µÉ·¨Í É¥²Ó´µ°, ¶·¨Î¥³, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ, ¥Ð¥ ¶·¨ ¶²µÉ´µ¸É¨
ρ < ρ0. ‘É ·µ¥ ¦¥ Ê· ¢´¥´¨¥ (14) ³¥´Ö¥É §´ ± ¶· ¢µ° Î ¸É¨ Éµ²Ó±µ ¶·¨

ρ > ρ0, ÎÉµ § ¶·¥Ð¥´µ ¶·¥¤¥²Ó´Ò³ §´ Î¥´¨¥³ ρ0.

‚µ§³ÊÐ¥´¨Ö É¨¶  ± §´¥·µ¢¸±¨Ì ¢ ¸²ÊÎ ¥ ¶¥·¥³¥´Ò §´ ±  Ô´¥·£¨¨ ¢ ¶· -
¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö �°´ÏÉ¥°´  ¶µ µ¡Ð¥³Ê µ¡Ñ¥³Ê µ¡· Ð ÕÉ¸Ö ¢ ´Ê²Ó.

*�· ¢¤ , ¢ ±² ¸¸¨Î¥¸±µ° Ë¨§¨±¥, ¢ ±µÉµ·µ° ¶·¨¸ÊÉ¸É¢ÊÕÉ ¤¢¥ ±µ´¸É ´ÉÒ ¢§ ¨³µ¤¥°¸É¢¨Ö:
£· ¢¨É Í¨µ´´ Ö ±µ´¸É ´É  κ ̈  ±µ´¸É ´É  Ô²¥±É·¨Î¥¸±µ£µ § ·Ö¤  e, ¶·¥¤¥²Ó´ Ö ¶²µÉ´µ¸ÉÓ ³µ£²  ¡Ò

¡ÒÉÓ ¢§ÖÉ  ¢ ¢¨¤¥ c66 e2κ2 ~ 1097 £/¸³3,   ¶·¥¤¥²Ó´ Ö ¤²¨´  ¢ ¢¨¤¥ 
e√κ
c2

 ~ 10−34 ¸³.

��‡Œ›˜‹ŸŸ � ‚‘…‹…���‰  547



�¥¸±µ²Ó±µ ¶ · ¤µ±¸ ²Ó´µ ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ Ö Ëµ·³Ê²¨·µ¢±  ¶µ²ÊÎ¥´-
´µ£µ ´ ³¨ ·¥§Ê²ÓÉ É . …¸²¨ ¡Ò ¢µ ¢·¥³Ö ”·¨¤³ ´  (1922Å1924) ±µ³Ê-²¨¡µ
¶·¨Ï²  ¢ £µ²µ¢Ê ¨¤¥Ö ´¥¶µ¸ÉµÖ´´µ° £· ¢¨É Í¨µ´´µ° ±µ´¸É ´ÉÒ, Éµ, ¢ ·Ó¨-
·ÊÖ ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ¤¥°¸É¢¨¥ ¶µ ³¥É·¨±¥, µ´ ³µ£ ¡Ò ·¥Ï¨ÉÓ ¶·µ¡²¥³Ê ̧ ¨´-
£Ê²Ö·´µ¸É¨ ¨ µ¡´ ·Ê¦¨ÉÓ, ÎÉµ · ´´ÖÖ ‚¸¥²¥´´ Ö ¨³¥¥É ¤¥¸¨ÉÉ¥·µµ¡· §´ÊÕ
³¥É·¨±Ê. ŒÒ ¡Ê¤¥³ ´ Ìµ¤¨ÉÓ¸Ö ¢ É ±µ³ ¦¥ ¶µ²µ¦¥´¨¨, ¥¸²¨ ´¥ µ¸³¥²¨³¸Ö
¢§ÖÉÓ ±µ´¸É ´ÉÊ ρ0 ¨§ ±¢ ´Éµ¢µ° É¥µ·¨¨.

5. —…��›… „›�› ˆ �‚�‹�–ˆŸ ����…‰ ‚‘…‹…���‰

�µ¸²¥ Éµ£µ ± ± ¶·µ£· ³³  ̧ É ÉÓ¨ [13] ¢Ò¶µ²´¥´ , ¡Ò²µ ¡Ò Í¥²¥¸µµ¡· §-
´µ · ¸¸³µÉ·¥ÉÓ, ± ± ³µ¤¨Ë¨Í¨·Ê¥É¸Ö ¢¸¥²¥´´ Ö ”·¨¤³ ´  ¢ Ê¸²µ¢¨ÖÌ ¸ÊÐ¥-
¸É¢µ¢ ´¨Ö  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤Ò £· ¢¨É Í¨µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°.
“· ¢´¥´¨¥, · ¸¸³µÉ·¥´´µ¥ ´ ³¨ ¢ ¸²ÊÎ ÖÌ ¢µ§³ÊÐ¥´¨Ö ¨§µÉ·µ¶´ÒÌ ¢¸¥²¥´-
´ÒÌ, ´¥ ¶·¨¢µ¤¨É ± ±µ²² ¶¸Ê ¤µ ÉµÎ¥Î´ÒÌ · §³¥·µ¢. �µ ¨³¥¥É¸Ö ¥Ð¥ µ¤¨´
¢µ¶·µ¸, ±µÉµ·Ò° ¶µÎ¥³Ê-Éµ µ¡ÒÎ´µ ´¥ ¸Î¨É ¥É¸Ö ¸ÊÐ¥¸É¢¥´´Ò³. ‚ ¸É ÉÓÖÌ,
µ¶¨¸Ò¢ ÕÐ¨Ì µÎ¥´Ó · ´´¨¥ ¢¸¥²¥´´Ò¥, ·¥ÎÓ ¨¤¥É µ ¢¸¥²¥´´ÒÌ, ¨¸Éµ·¨Ö ±µ-

Éµ·ÒÌ ´ Î¨´ ¥É¸Ö ¸ t > 10−43 ¸.
‚ ÔÉµ³ ¶·¨¸ÊÉ¸É¢Ê¥É Ô²¥³¥´É · §Ê³´µ¸É¨, É ± ± ± Ë¨§¨±  ¸¢¥·Ì· ´´¥°

‚¸¥²¥´´µ° É·¥¡Ê¥É ´ ÊÎ´µ° µ¸Éµ·µ¦´µ¸É¨, ±µÉµ· Ö, ¢ ± ±µ°-Éµ ³¥·¥, ´ ·Ê-
Ï ¥É¸Ö ¨ ¢ É ± ´ §Ò¢ ¥³µ° µÎ¥´Ó · ´´¥° ‚¸¥²¥´´µ°. �· ¢¤ , ¶¨ÏÊÉ, ÎÉµ
¢´ Î ²¥ · ´´ÖÖ ‚¸¥²¥´´ Ö Ì · ±É¥·¨§Ê¥É¸Ö, ´ ¶·¨³¥·, ± ±¨³-Éµ ¶¥·¢µ´ -
Î ²Ó´Ò³ Ô´¥·£¥É¨Î¥¸±¨³ ¸¢¥·Ì¢µ§¡Ê¦¤¥´¨¥³, ±µÉµ·µ¥ ¨ µÉ¢¥É¸É¢¥´´µ § É¥³
§  ¶¥·¢µ´ Î ²Ó´Ò° Éµ²Îµ± · §²¥É ÕÐ¥°¸Ö ³ É¥·¨¨.

‚ ¸ÊÐ¥¸É¢ÊÕÐ¥° ²¨É¥· ÉÊ·¥ ´¥²Ó§Ö ¶µ²ÊÎ¨ÉÓ ± ±µ£µ-²¨¡µ ¢· §Ê³¨É¥²Ó-
´µ£µ µ¶¨¸ ´¨Ö ´ Î ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö ¨´Ë²ÖÍ¨µ´´µ£µ ¶¥·¨µ¤ , ±·µ³¥ ¶µÖ¸-
´¥´¨Ö µ¸´µ¢´µ° ¨¤¥¨: ®�¸´µ¢´µ¥ ¶µ²µ¦¥´¨¥, ´  ±µÉµ·µ³ ¡ §¨·ÊÕÉ¸Ö ¢¸¥
¸ÊÐ¥¸É¢ÊÕÐ¨¥ ¢ ·¨ ´ÉÒ · §¤Ê¢ ÕÐ¥°¸Ö ‚¸¥²¥´´µ°, ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ´ 
¸ ³ÒÌ · ´´¨Ì ¸É ¤¨ÖÌ Ô¢µ²ÕÍ¨¨ ‚¸¥²¥´´ Ö ³µ£²  ¡Ò ´ Ìµ¤¨ÉÓ¸Ö ¢ ´¥-
Ê¸Éµ°Î¨¢µ³ ¢ ±ÊÊ³µµ¡· §´µ³ ¸µ¸ÉµÖ´¨¨, µ¡² ¤ ÕÐ¥³ ¡µ²ÓÏµ° ¶²µÉ´µ¸ÉÓÕ
Ô´¥·£¨¨¯.

�¥ §´ Õ, ´ ¸±µ²Ó±µ µ¶¨¸ ´´ Ö ´ ³¨ ³µ¤¥²Ó  ´É¨£· ¢¨É¨·ÊÕÐ¥£µ ¢¥Ð¥-
¸É¢  ¶·¨¥³²¥³  ¤²Ö ¢µ§´¨±´µ¢¥´¨Ö · ¸Ï¨·¥´¨Ö ‚¸¥²¥´´µ° ¶µ¸²¥ µ¸É ´µ¢±¨
¥¥ ±µ²² ¶¸ .

‡ ¤ Î  É¥µ·¨¨ · ´´¥° ‚¸¥²¥´´µ° ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ¡Ò § ¶µ²´¨ÉÓ ¢¸¥³¨
¸ÊÐ¥¸É¢ÊÕÐ¨³¨ ¢ ¶·¨·µ¤¥ Î ¸É¨Í ³¨ ‚¸¥²¥´´ÊÕ ¢ ¥¥ Ë·¨¤³ ´µ¢¸±µ° Ë §¥.
ŒÒ ´¥ ³µ¦¥³ ¢Ò¶µ²´¨ÉÓ ÔÉÊ § ¤ ÎÊ, É.±. ¶µ²´Ò° ¸¶¥±É· Î ¸É¨Í ¶µ±  ´ ³
´¥¨§¢¥¸É¥´. ŒÒ ³µ£²¨ ¡Ò ¸²¥¤µ¢ ÉÓ ¤·Ê£¨³  ¢Éµ· ³, µ£· ´¨Î¨¢ Ö¸Ó ´Ê±²µ-
´ ³¨ ¨ ²¥¶Éµ´ ³¨, ¨¸¶µ²Ó§ÊÖ ¸Ê¤Ó¡Ê ¸¨³³¥É·¨¨. ŒÒ ¡Ò ·¥Ï¨²¨¸Ó ´  ÔÉµ,
¥¸²¨ ¡Ò ± ́  ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¡Ò² Ô±¸¶¥·¨³¥´É ²Ó´µ µÉ±·ÒÉ ¡µ§µ´ •¨££¸ .
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‚ ´ Ï¥° ³µ¤¥²¨ ‚¸¥²¥´´ Ö ¢µ§´¨± ¥É, ¢ ¸ÊÐ´µ¸É¨, ¨§ ¶Ê¸Éµ£µ ¶·µ¸É-
· ´¸É¢  ¤¥ ‘¨ÉÉ¥· . ŒÒ ±·¨É¨±µ¢ ²¨ ´¥ ¸ ³Ê ¨¤¥Õ ¢µ§´¨±´µ¢¥´¨Ö ‚¸¥²¥´-
´µ° ¨§ ¶Ê¸Éµ£µ ¶·µ¸É· ´¸É¢ ,   ¸¶µ¸µ¡Ò ¢Ò¡µ·  ÔÉµ£µ ¶·µ¸É· ´¸É¢ . ‚ ³µ-
¤¥²ÖÌ, ±µÉµ·Ò¥ ³Ò µ¶¨¸Ò¢ ¥³, ³ É¥·¨Ö ¢µ§´¨± ¥É ¶· ±É¨Î¥¸±¨ ¨§ ¶Ê¸Éµ£µ
¶·µ¸É· ´¸É¢  ¤¥ ‘¨ÉÉ¥· , ¶µ·µ¦¤ Ö¸Ó Λ-µ¡· §´Ò³ Î²¥´µ³ ³µ¤¥²¨ ¢ ¢¨¤¥

α1 
ρ
ρ0

 Λ0.

�·¨ ÔÉµ³ α1 
ρ
ρ0

 ¥¸ÉÓ ¢¥²¨Î¨´ , ¢ ́  Î ²Ó´Ò° ³µ³¥´É · §¢¨É¨Ö ‚¸¥²¥´´µ°

´ ¸Éµ²Ó±µ ¡²¨§± Ö ± ¥¤¨´¨Í¥, ÎÉµ, ¢ ̧ ÊÐ´µ¸É¨, ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¶·¨§· Î-
´Ò° ¸¨³¢µ², É ± ± ± £· ¢¨É¨·ÊÕÐ Ö, É.¥. ´ ¡²Õ¤ ¥³ Ö ¶²µÉ´µ¸ÉÓ ³ ¸¸Ò

ρ 

 1 − α

1
 

ρ
ρ
0

 


¡²¨§±  ± ´Ê²Õ.
�  ¸µ¢·¥³¥´´µ³ ÔÉ ¶¥ ¨³¥´´µ ÔÉµÉ Î²¥´ ¶· ¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö �°´-

ÏÉ¥°´  ¤ ¥É £· ¢¨É¨·ÊÕÐÊÕ (¨§³¥·¨³ÊÕ) ¶²µÉ´µ¸ÉÓ ³ ¸¸Ò §  ¸Î¥É Ê³¥´Ó-
Ï¥´¨Ö £· ´¤¨µ§´µ° ¢¥²¨Î¨´Ò ±µ´¸É ´ÉÒ  Λ-Î²¥´ .  ‚  ± ±µ³-Éµ  ¸³Ò¸²¥
Λ-Î²¥´ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ´¥±¨° ¢¨¤ ¶¥·¢µ³ É¥·¨¨, É· ´¸Ëµ·³ Í¨Ö
±µÉµ·µ£µ ¶µ·µ¦¤ ¥É ¢¸¥ · §´µµ¡· §¨¥ Î ¸É¨Í ³¨·  ”·¨¤³ ´ .

�¥ ²¨Ï¥´µ ¨¸Éµ·¨Î¥¸±µ£µ ¨´É¥·¥¸  ¶·¥¤¸É ¢²¥´¨¥, ÎÉµ ¶µ¤µ¡´ Ö ¸·¥¤ 
¤¥ ‘¨ÉÉ¥·  µÎ¥´Ó ¡²¨§±  ± ¶µ´ÖÉ¨Õ ¶¥·¢¨Î´µ£µ ³¨·  ¶µ �´ ±¸ £µ·Ê [14].

�µ �´ ±¸ £µ·Ê ¶¥·¢¨Î´ Ö ³ É¥·¨Ö ¶·¥¤¸É ¢²Ö¥É ̧ µ¡µ° ± ±ÊÕ-Éµ ̈ §³¥²Ó-
Î¥´´ÊÕ ¸³¥¸Ó ¢¸¥Ì ¢¥Ð¥¸É¢, ±µÉµ·Ò¥ ¶µÉµ³ µ¡· §ÊÕÉ ¢¸¥ ¢ ÔÉµ³ ³¨·¥. �É 
Ëµ·³  ³ É¥·¨¨ ²¨Ï¥´  ± ±µ°-²¨¡µ ¸¶µ¸µ¡´µ¸É¨ ¤¢¨¦¥´¨Ö. „µ ´ Î ²  ±µ¸³µ-
µ¡· §µ¢ ´¨Ö ¡¥¸±µ´¥Î´µ ³ ²Ò¥ Î ¸É¨ÍÒ ÔÉµ° ¸·¥¤Ò ¶¥·¢µ´ Î ²Ó´µ ¶µ-
±µ¨²¨¸Ó ± ¦¤ Ö ´  ¸¢µ¥³ ³¥¸É¥, ¨¡µ ´¥ ¡Ò²µ ´¨Î¥£µ, ÎÉµ ¢Ò´Ê¦¤ ²µ ¡Ò ¨Ì
¨§³¥´ÖÉÓ¸Ö ¨ ¶¥·¥³¥Ð ÉÓ¸Ö.

‚ ¸µ¢·¥³¥´´ÒÌ ¢ ·¨ ´É Ì ¸¢¥·Ì· ´´¥° ‚¸¥²¥´´µ° µÉ ¶¥·¢¨Î´µ° ³ É¥-
·¨¨ É·¥¡Ê¥É¸Ö, ÎÉµ¡Ò µ´  ¨³¥²  ¸¢µ°¸É¢  ¸± ²Ö· . �·¨·µ¤  ÔÉµ£µ ¸± ²Ö· 
³µ¦¥É ¡ÒÉÓ, ¢ ¶·¨´Í¨¶¥, · §²¨Î´µ£µ ¶·µ¨¸Ìµ¦¤¥´¨Ö. �¥²Ó§Ö, ´ ¶·¨³¥·, ¨¸-
±²ÕÎ¨ÉÓ, ÎÉµ ÔÉµÉ ¸± ²Ö· Ö¢²Ö¥É¸Ö £ §µ³ Î¥·´ÒÌ ¤Ò·. •µ²µ¤´Ò° £ § Î¥·´ÒÌ
¤Ò· ¢ ¶·µÍ¥¸¸¥ Ìµ±¨´£µ¢¸±µ£µ · ¸¶ ¤  ³µ£ ¡Ò ¥¸É¥¸É¢¥´´Ò³ µ¡· §µ³ ¸µ§-
¤ ÉÓ £µ·ÖÎÊÕ Ë §Ê Ë·¨¤³ ´µ¢¸±µ£µ ³¨· , ¤²Ö ±µÉµ·µ° Ê· ¢´¥´¨¥ p = 0 Ê¦¥
´¥¶·¨£µ¤´µ.

�·¨ ·¥ ²¨§ Í¨¨ µ¡¸Ê¦¤ ¥³µ° Î¥·´µ¤Ò·´µ° £¨¶µÉ¥§Ò ¸ÊÐ¥¸É¢¥´´µ ¡µ-
²¥¥ ¶µ¤·µ¡´µ¥ §´ ´¨¥ ¸¢µ°¸É¢ Î¥·´µ° ¤Ò·Ò,   ¨³¥´´µ: ¨¸Î¥§ ¥É ²¨ Î¥·´ Ö
¤Ò·  ¶µ²´µ¸ÉÓÕ ¢ ¶·µÍ¥¸¸¥ Ìµ±¨´£µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö? ‚ Î ¸É´µ¸É¨, ¢µ§-
³µ¦´µ ²¨ ¸ÊÐ¥¸É¢µ¢ ´¨¥ Î¥·´ÒÌ ¤Ò· ± ± Ê£µ¤´µ ³ ²ÒÌ ³ ¸¸? …¸ÉÓ µ¸´µ-
¢ ´¨Ö ¶µ² £ ÉÓ, ÎÉµ ¶·¥¤¥²Ó´µ ³ ² Ö ³ ¸¸  Î¥·´µ° ¤Ò·Ò µ¶·¥¤¥²Ö¥É¸Ö
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³¨·µ¢Ò³¨ ±µ´¸É ´É ³¨ h, c, κ0,   ¨³¥´´µ m0 = √hc6 κ ¨ · ¤¨Ê¸µ³ l0 =

= √hκ6 c3  ~ 10−33 ¸³. ‚ ¸É ÉÓ¥ [15] (1965) ¶·¨¢¥¤¥´Ò ¸µµ¡· ¦¥´¨Ö µ ¢µ§-
³µ¦´µ³ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¢¥·Ì´¥° £· ´¨ÍÒ ¢ ¸¶¥±É·¥ ³ ¸¸ Ô²¥³¥´É ·´ÒÌ

Î ¸É¨Í. …¸²¨ ¢ ¶·¨·µ¤¥ ¸ÊÐ¥¸É¢Ê¥É ËÊ´¤ ³¥´É ²Ó´ Ö ¤²¨´  l0 = √hκ 6 c3 , Éµ

¶·¥¤¥²Ó´ Ö Ô´¥·£¨Ö Î ¸É¨ÍÒ ¸ ¤²¨´µ° ¢µ²´Ò l0 · ¢´ 

E = 
hc
l0

 = √ hc5

κ  = mmaxc
2.

’ ±¨³ µ¡· §µ³, ¢µ§´¨±²  £¨¶µÉ¥§  µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¢ ¶·¨·µ¤¥ ³ ±¸¨-

³ ²Ó´µ ÉÖ¦¥²µ° Ô²¥³¥´É ·´µ° Î ¸É¨ÍÒ ¸ ³ ¸¸µ° m0 = 10−5 £, ±µÉµ· Ö ¡Ò² 

´ §¢ ´  ®³ ±¸¨³µ´µ³¯. �µÖ¢²¥´¨¥ ÔÉµ° £¨¶µÉ¥§Ò ´¥ ¨³¥²µ ´¨± ±µ£µ µÉ´µ-
Ï¥´¨Ö ± ¢µ§´¨±Ï¥° ¶µ§¤´¥¥ É¥µ·¨¨ Î¥·´ÒÌ ¤Ò·. ‚¶µ¸²¥¤¸É¢¨¨ ·Ö¤  ¢Éµ·µ¢
µ¡¸Ê¦¤ ² ¢µ§³µ¦´µ¸É¨ ̧ ÊÐ¥¸É¢µ¢ ´¨Ö ¢ ¶·¨·µ¤¥ É ±µ° Î ¸É¨ÍÒ ̈  ¶·¥¤² £ ²
¤²Ö ´¥¥ · §²¨Î´Ò¥ ´ §¢ ´¨Ö. �µÖ¢²¥´¨¥ É¥µ·¨¨ Ìµ±¨´£µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö
Î¥·´ÒÌ ¤Ò· (¶·¥¶·¨´É 1973 £. ¨ ¡µ²¥¥ ¶µ§¤´ÖÖ ¸É ÉÓÖ 1975 £. [16]) ¶·¨¢¥²µ
± ¶µ´¨³ ´¨Õ Éµ£µ µ¡¸ÉµÖÉ¥²Ó¸É¢ , ÎÉµ ¢ ¶·µÍ¥¸¸¥ ÔÉµ£µ ¨§²ÊÎ¥´¨Ö ´¥¨§-
¡¥¦´µ ¶µÖ¢¨É¸Ö Î¥·´ Ö ¤Ò·  ¸ ¶ · ³¥É· ³¨, Ì · ±É¥·´Ò³¨ ¤²Ö ³ ±¸¨³µ´ .
�ÉµÉ µ¡Ñ¥±É ³µ¦¥É ¡ÒÉÓ ´ §¢ ´ ¨ Ô²¥³¥´É ·´µ° Î¥·´µ° ¤Ò·µ°. �´ ¤µ²¦¥´
²¨¡µ ³£´µ¢¥´´µ ¨¸Î¥§´ÊÉÓ, ¢Ò¸¢¥Î¨¢ Ö ¢ µ¤´µ³  ±É¥ ¢¸Õ ¸¢µÕ Ô´¥·£¨Õ, ¨²¨
µ¸É ¢ ÉÓ¸Ö ¸É ¡¨²Ó´Ò³. ‘ÊÐ¥¸É¢Ê¥É ·Ö¤ ¸É É¥°, µ¡µ¸´µ¢Ò¢ ÕÐ¨Ì ¸É ¡¨²Ó-
´µ¸ÉÓ Ô²¥³¥´É ·´µ° Î¥·´µ° ¤Ò·Ò [17,20].

ˆ³¥¥É¸Ö ¨, ± § ²µ¸Ó ¡Ò, ¸¥·Ó¥§´µ¥ ¢µ§· ¦¥´¨¥ ¶·µÉ¨¢ ¸É ¡¨²Ó´µ¸É¨
Ô²¥³¥´É ·´ÒÌ Î¥·´ÒÌ ¤Ò·, ¢Ò¤¢¨´ÊÉµ¥ •µ±¨´£µ³. ‘µ£² ¸´µ •µ±¨´£Ê [21],
¥¸²¨ ¢ ± ±µ³-²¨¡µ § ³±´ÊÉµ³ µ¡Ñ¥³¥ ¢µ§´¨± ¥É ± ±µ¥-²¨¡µ Î¨¸²µ Î¥·´ÒÌ
¤Ò·, Éµ ¶·¨ ¢·¥³¥´¨ t → ∞ µ´¨ ¢¸¥ ¤µ²¦´Ò ¨¸Î¥§´ÊÉÓ.

�¥ ¢Ìµ¤Ö ¢ ¤¥É ²¨ É¥·³µ¤¨´ ³¨Î¥¸±¨Ì  ·£Ê³¥´Éµ¢ •µ±¨´£ , ¸²¥¤Ê¥É § -
³¥É¨ÉÓ, ÎÉµ ¢ § ³±´ÊÉµ³ µ¡Ñ¥³¥, ´ ¶µ²´¥´´µ³ ± ± Ê£µ¤´µ ¡µ²ÓÏ¨³ Î¨¸²µ³
¸É ¡¨²Ó´ÒÌ Ô²¥³¥´É ·´ÒÌ Î¥·´ÒÌ ¤Ò·, µ´¨ ¤µ²¦´Ò ¨¸Î¥§ ÉÓ ¶ÊÉ¥³ ¸²¨Ö´¨Ö
¤¢ÊÌ ¨²¨ ´¥¸±µ²Ó±¨Ì ¨§ ´¨Ì ¢ ¡µ²ÓÏÊÕ Î¥·´ÊÕ ¤Ò·Ê, ±µÉµ· Ö ¤µ²¦´  ¢Ò-
¸¢¥Î¨¢ ÉÓ¸Ö § É¥³ ¤µ Ô²¥³¥´É ·´µ° ¸É ¡¨²Ó´µ° Î¥·´µ° ¤Ò·Ò. ’ ±¨³ µ¡· -
§µ³, ¨§ ± ± Ê£µ¤´µ ¡µ²ÓÏµ£µ ´ Î ²Ó´µ£µ Î¨¸²  Ô²¥³¥´É ·´ÒÌ ¸É ¡¨²Ó´ÒÌ
Î¥·´ÒÌ ¤Ò· µ¸É ¥É¸Ö ²¨ÏÓ µ¤´  Ô²¥³¥´É ·´ Ö Î¥·´ Ö ¤Ò· . ’ ±¨³ µ¡· §µ³,
¢ ± Î¥¸É¢¥ ¶¥·¢¨Î´µ° ¸± ²Ö·´µ° ³ É¥·¨¨ ¸¢¥·Ì· ´´¥° ‚¸¥²¥´´µ° ³µ¦´µ
¨¸¶µ²Ó§µ¢ ÉÓ ¨ £ § ¸É ¡¨²Ó´ÒÌ Ô²¥³¥´É ·´ÒÌ Î¥·´ÒÌ ¤Ò· (³ ±¸¨³µ´µ¢), É ±
± ± ¨³¥¥É¸Ö ·¥ ²Ó´ Ö ¢µ§³µ¦´µ¸ÉÓ ¶·¥¢· Ð¥´¨Ö £ §  ¸É ¡¨²Ó´ÒÌ Ô²¥³¥´-
É ·´ÒÌ Î¥·´ÒÌ ¤Ò· ¢ ¶·µÍ¥¸¸¥ ¨´Ë²ÖÍ¨¨ ¢ £µ·ÖÎÊÕ ³ É¥·¨Õ Ë·¨¤³ ´µ¢-
¸±µ° ¢¸¥²¥´´µ°. ƒ § Î¥·´ÒÌ ¤Ò·, ± ± ¶¥·¢¨Î´ Ö ¸± ²Ö·´ Ö ³ É¥·¨Ö, ¶·¥¤-
¸É ¢²Ö¥É ¸µ¡µ° ´ ¨¡µ²ÓÏ¨° ¨´É¥·¥¸ ¢ ¸²ÊÎ ¥ § ±·ÒÉµ° ‚¸¥²¥´´µ°, ¤²Ö ±µ-
Éµ·µ° ¶µ¸²¥ Ë §Ò ¨´Ë²ÖÍ¨¨ ¨ ±µ´¥Î´µ£µ ³ ±¸¨³ ²Ó´µ£µ · ¸Ï¨·¥´¨Ö
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¶·¥¤¸Éµ¨É Ë §  ±µ²² ¶¸ , ±µÉµ·ÊÕ ³µ¦´µ ´ §¢ ÉÓ Ë §µ° µÎ¥´Ó ¶µ§¤´¥° ‚¸¥-
²¥´´µ°. …¸É¥¸É¢¥´´µ ¶·¥¤¶µ² £ ÉÓ, ÎÉµ µÎ¥´Ó ¶µ§¤´ÖÖ ‚¸¥²¥´´ Ö ¤µ²¦´ 
¢¥·´ÊÉÓ¸Ö ¢ ¸¢µÕ ¨¸Ìµ¤´ÊÕ, ¤¥¸¨ÉÉ¥·µµ¡· §´ÊÕ Ë §Ê. „·Ê£¨³¨ ¸²µ¢ ³¨, ¢¸¥
· §´µµ¡· §¨¥ ¶µ²¥° ¨ Î ¸É¨Í ¢µ Ë·¨¤³ ´µ¢¸±µ° Ë §¥ ‚¸¥²¥´´µ° ¸´µ¢ 
¤µ²¦´µ ¢¥·´ÊÉÓ¸Ö ± ¸¢µ¥° ¶¥·¢¨Î´µ° ¸± ²Ö·´µ° Ëµ·³¥. ‚ Ê¸²µ¢¨ÖÌ ¡µ²Ó-
Ïµ° ¶²µÉ´µ¸É¨ ¢¸¥Ì Ëµ·³ ³ É¥·¨¨ ¢ ±µ´¥Î´µ° Ë §¥ ±µ²² ¶¸  ± ¦¥É¸Ö ¢µ§-
³µ¦´µ° ¨¤¥Ö ¶·¥¢· Ð¥´¨Ö ¢¸¥° ³ É¥·¨¨ ¸´µ¢  ¢ ̧ ± ²Ö·´Ò° £ § Î¥·´ÒÌ ¤Ò·.
�¸¨³¶ÉµÉ¨Î¥¸± Ö ¸¢µ¡µ¤  £· ¢¨É Í¨µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¤ ¥É Ëµ·³ ²¨§³
¤¥¸¨ÉÉ¥·µ¢¸±µ° ¸¨³³¥É·¨¨ µÎ¥´Ó · ´´¥° ¨ µÎ¥´Ó ¶µ§¤´¥° § ±·ÒÉÒÌ ¢¸¥²¥´-
´ÒÌ. �¥·¢¨Î´ Ö ³ É¥·¨Ö ¢ Ëµ·³¥ Î¥·´ÒÌ ¤Ò· ¤ ¥É ¶·¨³¥· Ë¨§¨±¨ É ±µ°
¸¨³³¥É·¨¨.

‚Ò· ¦¥´¨Ö √hc6 κ  ¨ √hκ6 c3 , ±µÉµ·Ò¥ µ¶·¥¤¥²ÖÕÉ ¸¢µ°¸É¢  ³ ±¸¨³µ-
´µ¢, ³µ£ÊÉ, ¢ ¶·¨´Í¨¶¥, ¸µ¤¥·¦ ÉÓ ± ±¨¥-Éµ ±µÔËË¨Í¨¥´ÉÒ. �·¨ ÔÉµ³ ³µ-
¦¥É µ± § ÉÓ¸Ö, ÎÉµ ³ É¥·¨Ö ³ ±¸¨³µ´  ³µ¦¥É ´¥ ´ Ìµ¤¨ÉÓ¸Ö ¶µ¤ ¸Ë¥·µ°
˜¢ ·ÍÏ¨²Ó¤ , ¨ Î ¸É¨ÍÒ ³ ±¸¨³ ²Ó´µ° ³ ¸¸Ò ´¥ ¡Ê¤ÊÉ ¨³¥ÉÓ µ¸´µ¢ ´¨Ö
´ §Ò¢ ÉÓ¸Ö Î¥·´Ò³¨ ¤Ò· ³¨,   ´¥±µÉµ·Ò¥ ¨ ¸É ¡¨²Ó´Ò³¨ Î ¸É¨Í ³¨.

„¢¥ Î ¸É¨ÍÒ, ± ¦¤ Ö ¸ ³ ¸¸µ° mmax, ³µ£ÊÉ µ¡· §µ¢Ò¢ ÉÓ § ¢¥¤µ³µ ´¥-

¸É ¡¨²Ó´ÊÕ Î¥·´ÊÕ ¤Ò·Ê, ¶µ ³ ¸¸¥ ¡µ²ÓÏÊÕ, Î¥³ Ô²¥³¥´É ·´ Ö Î¥·´ Ö ¤Ò-
· , ±µÉµ· Ö § É¥³ ³µ¦¥É ¨§²ÊÎ¨ÉÓ ¸¢µ¨ ¨§²¨Ï±¨ Ô´¥·£¨¨.

Š ¸µ¦ ²¥´¨Õ, ´¥¶µ¸·¥¤¸É¢¥´´Ò¥ ¤ ´´Ò¥ µ ¸µ¸ÉµÖ´¨¨ ‚¸¥²¥´´µ° ¢ ¤ -
²¥±¨¥ ¢ ¶·µÏ²µ³ ¨¸Éµ·¨Î¥¸±¨¥ Ô¶µÌ¨ ³µ£ÊÉ ¡ÒÉÓ Éµ²Ó±µ ±µ¸¢¥´´Ò³¨.

Œµ¦¥É ¸²ÊÎ¨ÉÓ¸Ö, ÎÉµ ´ Ï  ‚¸¥²¥´´ Ö ´¥ Ö¢²Ö¥É¸Ö § ±·ÒÉµ°, Éµ£¤  µÉ-
¸ÊÉ¸É¢Ê¥É ¶·µ¡²¥³  ¸¨´£Ê²Ö·´µ¸É¨ ¶µ§¤´¥° ‚¸¥²¥´´µ°.

�µ ³ ¸¸¨¢´ Ö §¢¥§¤ , ¸ÊÐ¥¸É¢ÊÕÐ Ö ± ± ¢ µÉ±·ÒÉµ°, É ± ¨ ¢ § ±·ÒÉµ°
‚¸¥²¥´´µ°, µÌ² ¦¤ ¥É¸Ö ¢ ¶·µÍ¥¸¸¥ ¨§²ÊÎ¥´¨Ö ¨ ¸µ ¢·¥³¥´¥³ ¶·¥¢· Ð ¥É¸Ö
¢ ´¥°É·µ´´ÊÕ §¢¥§¤Ê. �·¨ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ° ³ ¸¸¥ ´¥°É·µ´´ Ö §¢¥§¤ 
¶·µ¤µ²¦ ¥É ¸¦¨³ ÉÓ¸Ö £· ¢¨É Í¨µ´´Ò³¨ ¸¨² ³¨, ¨ ³µ¦¥É ´ ¸ÉÊ¶¨ÉÓ É ±µ°
³µ³¥´É, ±µ£¤  ¢¸Ö ¥¥ ³ ¸¸  µ± ¦¥É¸Ö ¶µ¤ ¸Ë¥·µ° ˜¢ ·ÍÏ¨²Ó¤ . ’ ±¨³ µ¡-
· §µ³, ¢µ§´¨± ¥É Î¥·´ Ö ¤Ò·  ̈  ¢³¥¸É¥ ̧  É¥³ ¶·µ¡²¥³  ±µ²² ¶¸  ̈  ̧ ¨´£Ê²Ö·-
´µ¸É¨. Šµ²² ¶¸ Î¥·´µ° ¤Ò·Ò ̧ ÊÐ¥¸É¢¥´´µ µÉ²¨Î ¥É¸Ö µÉ ±µ²² ¶¸  § ±·ÒÉµ°
‚¸¥²¥´´µ°. …¸²¨ ¤²Ö § ±·ÒÉµ° ‚¸¥²¥´´µ°, ÌµÉÖ ¡Ò ¢ ¶·¨´Í¨¶¥, ³Ò¸²¨³ 
¢¥Î´µ µ¸Í¨²²¨·ÊÕÐ Ö ³µ¤¥²Ó, ¢ ±µÉµ·µ° ±µ²² ¶¸ ¸³¥´Ö¥É¸Ö · ¸Ï¨·¥´¨¥³,
Éµ É ± Ö ¢µ§³µ¦´µ¸ÉÓ ¤²Ö Î¥·´µ° ¤Ò·Ò ¨¸±²ÕÎ¥´ . „¥²µ ¢ Éµ³, ÎÉµ ¶µ²´µ¥
µ¶¨¸ ´¨¥ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ˜¢ ·ÍÏ¨²Ó¤  ¤ ¥É¸Ö ¤¨ £· ³³µ° Š·Ê¸± ² 
[22]. ‚ ¶µ²´µ° ¤¨ £· ³³¥ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ Š·Ê¸± ²  É· ¥±Éµ·¨Ö ¸¢µ-
¡µ¤´µ° Î ¸É¨ÍÒ ¤µ²¦´  ¨¸Ìµ¤¨ÉÓ ¨§ ¸¨´£Ê²Ö·´µ¸É¨ ¨²¨ ¡¥¸±µ´¥Î´µ¸É¨ ¨
µ± ´Î¨¢ ÉÓ¸Ö ¢ ¡¥¸±µ´¥Î´µ¸É¨ ¨²¨ ¸¨´£Ê²Ö·´µ¸É¨.

„¨ £· ³³  Š·Ê¸± ²  ¸µ¤¥·¦¨É ¶µ¤ ¸Ë¥·µ° ˜¢ ·ÍÏ¨²Ó¤  ¤¢¥ µ¡² ¸É¨,
µ¤´  ¨§ ±µÉµ·ÒÌ T−-µ¡² ¸ÉÓ, ±Ê¤  Î ¸É¨Í  ¶µ¶ ¤ ¥É, ¶¥·¥¸¥± Ö ¨§¢´¥ ¶µ¢¥·Ì-

´µ¸ÉÓ ˜¢ ·ÍÏ¨²Ó¤ . ‚ ÔÉµ° µ¡² ¸É¨ Î ¸É¨Í  µ¡Ö§ ´  § ±µ´Î¨ÉÓ ¸¢µ¥ ¤¢¨-
¦¥´¨¥, ¤¢¨£ Ö¸Ó ± ¸¨´£Ê²Ö·´µ¸É¨. „²Ö Î ¸É¨ÍÒ, ¢µ§´¨±Ï¥° ¢ ̧ ¨´£Ê²Ö·´µ¸É¨,
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¨³¥¥É¸Ö µ¡² ¸ÉÓ T+ , ¢ ±µÉµ·µ° É· ¥±Éµ·¨Ö Î ¸É¨ÍÒ, ·µ¦¤¥´´µ° ¢ ¸¨´£Ê²Ö·-

´µ¸É¨, µ¡Ö§ ´  ¤¢¨£ ÉÓ¸Ö ¢ T+-µ¡² ¸É¨ µÉ ¸¨´£Ê²Ö·´µ¸É¨ ¨§´ÊÉ·¨ ± ¶µ¢¥·Ì-

´µ¸É¨ ˜¢ ·ÍÏ¨²Ó¤  ¨, ¶¥·¥¸¥± Ö ¥¥, ¤¢¨£ ÉÓ¸Ö ¢ ¶·µ¸É· ´¸É¢¥ ¢´¥ ¸Ë¥·Ò
˜¢ ·ÍÏ¨²Ó¤ .

�Éµ É ± ´ §Ò¢ ¥³µ¥ ¢Éµ·µ¥ ¶·µ¸É· ´¸É¢µ R ′′, µÉ²¨Î´µ¥ µÉ ¶·µ¸É· ´¸É¢ 
R ′, ¢ ±µÉµ·µ³ Î ¸É¨Í  ¶µ¶ ¤ ¥É ¶µ¤ ¸Ë¥·Ê ˜¢ ·ÍÏ¨²Ó¤  ¨ ¤¢¨¦¥É¸Ö ±
¸¨´£Ê²Ö·´µ¸É¨ ¢ R ′-µ¡² ¸É¨. …¸²¨ ¡Ò ± ±¨³-²¨¡µ µ¡· §µ³ Î ¸É¨Í , ¶·¨Ï¥¤-
Ï Ö ¨§ T−-¶·µ¸É· ´¸É¢ ,  ³µ£²   ¡Ò  ¶µÖ¢¨ÉÓ¸Ö  ¢¡²¨§¨  ¸¨´£Ê²Ö·´µ¸É¨ ¢

T+-µ¡² ¸É¨, Éµ, ¶¥·¥¸¥± Ö ¶µ¢¥·Ì´µ¸ÉÓ ˜¢ ·ÍÏ¨²Ó¤ , µ´  µ± §Ò¢ ² ¸Ó ¡Ò

¢µ ¢Éµ·µ³ ¶·µ¸É· ´¸É¢¥, £¤¥ ¢·¥³Ö ¸´µ¢  µÉ¸Î¨ÉÒ¢ ¥É¸Ö µÉ ´Ê²Ö. „·Ê£¨³¨
¸²µ¢ ³¨, ¢Éµ·µ¥ ¶·µ¸É· ´¸É¢µ ¢ É ±µ³ ¸²ÊÎ ¥ ´ Ìµ¤¨²µ¸Ó ¡Ò ¢  ¡¸µ²ÕÉ´µ³
¡Ê¤ÊÐ¥³ ¶µ µÉ´µÏ¥´¨Õ ± ¶¥·¢µ³Ê ¶·µ¸É· ´¸É¢Ê.

� ¶µ³´¨³, ÎÉµ ¡µ²¥¥ ¤¢ ¤Í É¨ ²¥É Éµ³Ê ´ § ¤ (ÉµÎ´¥¥, ¢ 1966 £.) ¢
®�¸É·µ´µ³¨Î¥¸±µ³ ¦Ê·´ ²¥¯ ¶µÖ¢¨² ¸Ó ̧ É ÉÓÖ ̂ .„.�µ¢¨±µ¢  ¶µ¤ ́  §¢ ´¨¥³
®‘³¥´  ¸¦ É¨Ö · ¸Ï¨·¥´¨¥³ ¨ Ë¨§¨Î¥¸±¨¥ µ¸µ¡¥´´µ¸É¨ ¶·¨ ¸¦ É¨¨¯ [23].
‚ ÔÉµ° ¸É ÉÓ¥ ¢ · ³± Ì ±² ¸¸¨Î¥¸±µ° Ë¨§¨±¨ · ¸¸³ É·¨¢ ¥É¸Ö ¸Ê¤Ó¡  (É.¥.
®É· ¥±Éµ·¨Ö¯) ±µ²² ¶¸¨·ÊÕÐ¥° Ô²¥±É·¨Î¥¸±¨ § ·Ö¦¥´´µ° §¢¥§¤Ò. ˆ³¥´´µ
Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥ ³ É¥·¨¨ µ¸É ´ ¢²¨¢ ¥É ¥¥ ±µ²² ¶¸. ‚ ÔÉµ³ ¸²ÊÎ ¥  ¢Éµ·
¶·¨Ï¥² ± ¢Ò¢µ¤Ê, ÎÉµ Î¥·´ Ö ¤Ò·  ¶µ¸²¥ ®µ¸É ´µ¢±¨¯ ±µ²² ¶¸  ¢ T−-µ¡-

² ¸É¨ ¤¨ £· ³³Ò Š·Ê¸± ²  ´ Î´¥É · ¸Ï¨·ÖÉÓ¸Ö ¢ T+-µ¡² ¸ÉÓ ¨ ¢Ò°¤¥É ¢

¤·Ê£µ¥ R ′′-¶·µ¸É· ´¸É¢µ, ²¥¦ Ð¥¥ ¢  ¡¸µ²ÕÉ´µ³ ¡Ê¤ÊÐ¥³ ± ¨¸Ìµ¤´µ³Ê
Ï¢ ·ÍÏ¨²Ó¤µ¢¸±µ³Ê R ′-¶·µ¸É· ´¸É¢Ê.

�µ ¤ ´´Ò° ±µ´±·¥É´Ò° ̧ ²ÊÎ ° Ô²¥±É·¨Î¥¸±¨ § ·Ö¦¥´´µ° §¢¥§¤Ò µ± § ²-
¸Ö ´¥Ê¤ Î´Ò³, ¶µÉµ³Ê ÎÉµ ¢ ¸²ÊÎ ¥ ÊÎ¥É  ·µ¦¤¥´¨Ö Î ¸É¨Í Ô²¥±É·µ³ £´¨É-
´Ò³ ¶µ²¥³ §¢¥§¤Ò µ¸É ´µ¢±  ±µ²² ¶¸  §¢¥§¤Ò ¶·µ¸Éµ ´¥ ¶·µ¨¸Ìµ¤¨É.

�µ ¥¸²¨ ± ± Ö-´¨¡Ê¤Ó ³µ¤¨Ë¨± Í¨Ö Ê· ¢´¥´¨° �°´ÏÉ¥°´  ¸µÌ· ´Ö¥É
±µ´¥Î´µ¥ §´ Î¥´¨¥ ¢¸¥Ì ±·¨¢¨§´ ¢ ¶·µÍ¥¸¸¥ ±µ²² ¶¸ , Éµ Î¥·´ Ö ¤Ò·  ´¥
¶·µ¤¢¨£ ¥É¸Ö ¢ ¸¢µ¥³ ¤¢¨¦¥´¨¨ ¤µ ¸¨´£Ê²Ö·´µ¸É¨, ¨ ³µ¦´µ, ¢µ¸¶µ²Ó§µ¢ ¢-
Ï¨¸Ó ¸µµ¡· ¦¥´¨Ö³¨ ¸É ÉÓ¨ [23], ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ ¢ ÔÉµ³ ¸²ÊÎ ¥ ³ É¥·¨Ö
Î¥·´µ° ¤Ò·Ò ³µ¦¥É µ± § ÉÓ¸Ö ¢ T+-µ¡² ¸É¨ ¨, ¤¢¨£ Ö¸Ó ¶µ¤ ¸Ë¥·µ°

˜¢ ·ÍÏ¨²Ó¤  ¢ ´ ¶· ¢²¥´¨¨ µÉ ¸¨´£Ê²Ö·´µ¸É¨, ¤µ²¦´  ¶¥·¥¸¥ÎÓ ¶µ¢¥·Ì-
´µ¸ÉÓ ˜¢ ·ÍÏ¨²Ó¤  ¨ µ± § ÉÓ¸Ö ¢µ ¢Éµ·µ³ R ′′-¶·µ¸É· ´¸É¢¥, µ¡· §ÊÖ ¢ ´¥³
´µ¢ÊÕ ‚¸¥²¥´´ÊÕ.

�  ±µ´Ë¥·¥´Í¨¨, ¶µ¸¢ÖÐ¥´´µ° ¸Éµ²¥É¨Õ ¸µ ¤´Ö ·µ¦¤¥´¨Ö �.�.”·¨¤³ -
´  (1988 £.), ³µ° ¤µ±² ¤ ´  ÔÉÊ É¥³Ê ¡Ò² µ§ £² ¢²¥´ ®Šµ²² ¶¸ §¢¥§¤ ± ±
¢µ§³µ¦´Ò° ¨¸ÉµÎ´¨± § ±·ÒÉÒÌ ¨ ¶µ²Ê§ ±·ÒÉÒÌ ‚¸¥²¥´´ÒÌ¯ [24].

‚ 1990 £. ¢ ¦Ê·´ ²¥ ®Phys. Rev.¯ [25] ¶µÖ¢¨² ¸Ó ¸É ÉÓÖ É·¥Ì  ¢Éµ·µ¢ ¸
³µ¨³ ÊÎ ¸É¨¥³ ´  ÉÊ ¦¥ É¥³Ê ¶µ¤ § £² ¢¨¥³ ®Black Holes as �ossible Sources
of Closed and Semiclosed Worlds¯. ‘²¥¤Ê¥É ̈ ³¥ÉÓ ¢ ¢¨¤Ê, ÎÉµ · §¢¨É¨¥ ́ µ¢ÒÌ
¢¸¥²¥´´ÒÌ ¶·µ¨¸Ìµ¤¨É ¢ R ′′-¶·µ¸É· ´¸É¢ Ì ¢µ ¢·¥³¥´ Ì,  ¡¸µ²ÕÉ´µ ¡Ê-
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¤ÊÐ¨Ì ¶µ µÉ´µÏ¥´¨Õ ± ¢·¥³¥´ ³ ¢¸¥²¥´´ÒÌ, £¤¥ ¶·µ¨¸Ìµ¤¨É µ¡· §µ¢ ´¨¥
Î¥·´ÒÌ ¤Ò·. � ¶·¨³¥·, ¢ ̧ É ÉÓ¥ [24] ¢ ÔÉµ° ̧ ¢Ö§¨ ̧ ± § ´µ, ÎÉµ ́  Ï  ‚¸¥²¥´-
´ Ö, ³µ¦¥É ¡ÒÉÓ, ¢µ§´¨±²  ¨§ Î¥·´µ° ¤Ò·Ò, ±µÉµ· Ö µ¡· §µ¢ ² ¸Ó ¢ ´¥±µ°
¢¸¥²¥´´µ°, ¸ÊÐ¥¸É¢µ¢ ¢Ï¥° ¢  ¡¸µ²ÕÉ´µ ¶·µÏ²µ³ ¢·¥³¥´¨, É.¥. ±µÉµ·µ¥
¡Ò²µ ¨¸Î¥·¶ ´µ ¢ ¶·µÍ¥¸¸¥ ¸ÊÐ¥¸É¢µ¢ ´¨Ö Î¥·´µ° ¤Ò·Ò, ¨ µÉ¸Î¥É ¥£µ ¢
´µ¢µ° ¢¸¥²¥´´µ° ´ Î¨´ ¥É¸Ö ¸´µ¢  ¸ ´Ê²Ö. ’ ± ± ± ¢ ¶·µÍ¥¸¸¥ ¸ÊÐ¥¸É¢µ-
¢ ´¨Ö ¢¸¥²¥´´µ° ¢ ¸²ÊÎ ¥ ¥¥ ±µ²² ¶¸  Î¥·´ÒÌ ¤Ò· µ¡· §Ê¥É¸Ö ³´µ£µ, Éµ ³Ò
´¥¸±µ²Ó±µ ±µ´±·¥É¨§¨·Ê¥³ ¶·µÍ¥¸¸ · ¸¶ ¤  µÎ¥´Ó ¶µ§¤´¥° ¢¸¥²¥´´µ° ´ 
³´µ¦¥¸É¢µ ¢¸¥²¥´´ÒÌ, µ ±µÉµ·µ³ Ï²  ·¥ÎÓ ¢ ¢¥Î´µ µ¸Í¨²²¨·ÊÕÐ¥° ³µ¤¥²¨
‚¸¥²¥´´µ°.

…¸²¨ ¶·¥¤Ò¤ÊÐ¨¥ ¸µµ¡· ¦¥´¨Ö µ ¢µ§´¨±´µ¢¥´¨¨ ¢¸¥²¥´´ÒÌ ¸¶· ¢¥¤-
²¨¢Ò, Éµ ³´µ£µ ´µ¢ÒÌ Ö¢²¥´¨° ³µ¦¥É ·¥ ²¨§µ¢ ÉÓ¸Ö ¢ ±µ¸³µ²µ£¨¨. Œµ¦´µ
´ ¶µ³´¨ÉÓ, ÎÉµ ¥Ð¥ ¢ 1928 £. „¦¨´¸ [26] ¢Ò¸± § ² ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ¢
®Í¥´É· Ì ÉÊ³ ´´µ¸É¥° ³ É¥·¨Ö ¢É¥± ¥É ¢ ´ Ï ³¨· ¨§ ¨´µ£µ ¶µ¸Éµ·µ´´¥£µ
¶·µ¸É· ´¸É¢ ¯. �µ¢¨±µ¢ [27] ¨ �¥¥³ ´ [28] ¢Ò¸± §Ò¢ ²¨ ¸µµ¡· ¦¥´¨Ö, ÎÉµ
£ ² ±É¨±¨ Å ÔÉµ µ¸µ¡Ò¥ ÊÎ ¸É±¨ ´ Ï¥° ‚¸¥²¥´´µ°, ±µÉµ·Ò¥ ¶µ ± ±¨³-Éµ
¶·¨Î¨´ ³ µÉ¸É ²¨ ¢µ ¢·¥³¥´¨ ¢ ¸¢µ¥³ · §¢¨É¨¨ µÉ Í¥²µ° ‚¸¥²¥´´µ°. �Éµ
µÉ¸É ¢ ´¨¥ ¢µ ¢·¥³¥´¨ ¡Ò²µ ¡Ò µ¡ÑÖ¸´¨³µ, ¥¸²¨ ¡Ò £ ² ±É¨±¨ ¢²¨¢ ²¨¸Ó ¢
´ ÏÊ ‚¸¥²¥´´ÊÕ ¨§ ¤·Ê£¨Ì ¢¸¥²¥´´ÒÌ  ¢  É¥Ì  ¶·µÍ¥¸¸ Ì,  µ  ±µÉµ·ÒÌ ·¥ÎÓ
Ï²  ¢ÒÏ¥.

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö, ±µ£¤  ± ± ¡Ê¤Éµ Ê¸¶¥Ï´µ · §¢¨¢ ¥É¸Ö É¥µ·¨Ö £ -
² ±É¨± ± ± ·¥§Ê²ÓÉ É ¢µ§³ÊÐ¥´¨° ¢ ¨¸Éµ·¨¨ ‚¸¥²¥´´µ°, Ö ¡Ò µ¶Ê¸É¨² ¶µ¸-
²¥¤´¨¥ § ³¥Î ´¨Ö µ £ ² ±É¨± Ì, ¥¸²¨ ¡Ò ´¥ ¢µ§´¨±²µ ¡µ²ÓÏµ¥ ¨¸±ÊÏ¥´¨¥
´ ¶µ³´¨ÉÓ µ „¦¨´¸¥.

‹¥É ¤¢ ¤Í ÉÓ Éµ³Ê ´ § ¤ (1973), ¢µµ¤ÊÏ¥¢²¥´´Ò° ¸É ÉÓ¥° �.Š²¥°´  [29]
µ ¢µ§³µ¦´µ¸É¨ ¶µ²Ê§ ±·ÒÉÒÌ ³¨·µ¢, Ö µ¶Ê¡²¨±µ¢ ² ¸É ÉÓÕ ¶µ¤ ´ §¢ ´¨¥³
®Œ¨±·µ³ ±·µ¸¨³³¥É·¨Î¥¸± Ö ‚¸¥²¥´´ Ö¯ [30], ±µÉµ·µ° ¶·¥¤¶µ¸² ² ¶¥·¢Ò¥
¤¢¥ ¸É·µËÒ ¨§ ¸É¨ÌµÉ¢µ·¥´¨Ö �·Õ¸µ¢  ®Œ¨· Ô²¥±É·µ´ ¯ (1922):

�ÒÉÓ ³µ¦¥É, ÔÉ¨ Ô²¥±É·µ´Ò Å
Œ¨·Ò, £¤¥ ¶ÖÉÓ ³ É¥·¨±µ¢,
ˆ¸±Ê¸¸É¢ , §´ ´ÓÖ, ¢µ°´Ò, É·µ´Ò
ˆ ¶ ³ÖÉÓ ¸µ·µ±  ¢¥±µ¢.

…Ð¥, ¡ÒÉÓ ³µ¦¥É, ± ¦¤Ò°  Éµ³ Å
‚¸¥²¥´´ Ö, £¤¥ ¸Éµ ¶² ´¥É:
’ ³ Å ¢¸¥, ÎÉµ §¤¥¸Ó, ¢ µ¡Ñ¥³¥ ¸¦ Éµ³,
�µ É ±¦¥ Éµ, Î¥£µ §¤¥¸Ó ´¥É.

‚ µ¸´µ¢¥ ¸É ÉÓ¨, µ ±µÉµ·µ° ¨¤¥É ·¥ÎÓ, ²¥¦¨É ¢´ÊÉ·¥´´¥ ´¥¶·µÉ¨¢µ·¥Î¨-
¢ Ö ¢µ§³µ¦´µ¸ÉÓ, ´ ¶µ³¨´ ÕÐ Ö ¨§¢¥¸É´µ¥ ¢Ò¸± §Ò¢ ´¨¥ „¨· ± , ±µÉµ·Ò³
§ ± ´Î¨¢ ¥É¸Ö µ¤´  ¨§ ¥£µ · ¡µÉ: ®�Ò²µ ¡Ò ¸É· ´´Ò³, ¥¸²¨ ¡Ò ¶·¨·µ¤  ´¥
¨¸¶µ²Ó§µ¢ ²  ÔÉÊ ¢µ§³µ¦´µ¸ÉÓ¯. ˆ ¢µÉ É ± Ö ¢µ§³µ¦´µ¸ÉÓ ¢µ§´¨±² .
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‡¤¥¸Ó ·¥ÎÓ ¨¤¥É µ ¢¸¥²¥´´µ° ¸ ± ± Ê£µ¤´µ ¡µ²ÓÏ¨³¨ £µ·²µ¢¨´ ³¨, ±µ-
Éµ· Ö ̧ µ¤¥·¦¨É ¢´¥Ï´ÕÕ ³ ¸¸Ê ¤ ´´µ° ¢¸¥²¥´´µ°. ‚µ§³µ¦´µ, ÎÉµ ÔÉ  ³ ¸¸ 
³µ£²  ¡Ò ¨§²ÊÎ ÉÓ¸Ö µ¡Ñ¥±Éµ³, ± ± ¨ ¢ ¸²ÊÎ ¥ µ¡ÒÎ´µ° Î¥·´µ° ¤Ò·Ò. ‚
¸É ÉÓ¥ [30] ÔÉµÉ µ¡Ñ¥±É ¡Ò² ¤ ¦¥ ´ §¢ ´ Î¥·´µ° ¤Ò·µ° ¢Éµ·µ£µ ·µ¤ . …¸²¨
³ ¸¸  £µ·²µ¢¨´Ò ³µ¦¥É ¨§²ÊÎ ÉÓ¸Ö ¶µ²´µ¸ÉÓÕ, Éµ ¢µ§´¨±²  ¡Ò § ±·ÒÉ Ö
¢¸¥²¥´´ Ö. …¸²¨ ¶·¨ ÔÉµ³ µ¸É ¥É¸Ö ¶·¥¤¥²Ó´µ ³ ² Ö ³ ¸¸  £µ·²µ¢¨´Ò, Éµ
¤ ´´ Ö ¢¸¥²¥´´ Ö ¡Ê¤¥É ¢¥¸É¨ ¸¥¡Ö ¢µ ¢´¥Ï´¥³ ¶·µ¸É· ´¸É¢¥, ± ± ¥¸ÉÓ µ¸´µ-
¢ ´¨Ö ¶·¥¤¶µ² £ ÉÓ, ¢ ¢¨¤¥ ³ ±¸¨³µ´ . ’ ±¨³ µ¡· §µ³, ´¥ ¨¸±²ÕÎ¥´µ, ÎÉµ
´ Ï  ¢¸¥²¥´´ Ö ́  ¶µ²´¥´  µ£·µ³´Ò³ ±µ²¨Î¥¸É¢µ³ Î ¸É¨Í, Î ¸ÉÓ ̈ § ±µÉµ·ÒÌ
´  ¸ ³µ³ ¤¥²¥ Ö¢²Ö¥É¸Ö ¢¸¥²¥´´Ò³¨.

�µ¤¢µ¤Ö ¨Éµ£, ³µ¦´µ ¸± § ÉÓ, ÎÉµ ‚¸¥²¥´´ Ö ¢ Í¥²µ³ ³µ¦¥É µ± § ÉÓ¸Ö
¸¢µ¥µ¡· §´µ° ¸É·Ê±ÉÊ·µ°, ¸µ¸ÉµÖÐ¥° ¨§ ³´µ¦¥¸É¢  ¢¸¥²¥´´ÒÌ, · §¢¨¢ Õ-
Ð¨Ì¸Ö ¢ ̧ ¢µ¨Ì ¶·µ¸É· ´¸É¢¥´´ÒÌ ̈  ¢·¥³¥´´ÒÌ ±µµ·¤¨´ É Ì. �ÉÊ ‚¸¥²¥´´ÊÕ
´¥²Ó§Ö ¨§µ¡· §¨ÉÓ ´  ¡Ê³ ¦´µ³ ²¨¸É¥ ± ± ³´µ¦¥¸É¢µ ¢¸¥²¥´´ÒÌ [31]. �´ 
¸±µ·¥¥ ´ ¶µ³¨´ ¥É ·Ê¸¸±ÊÕ ±Ê±²Ê ³ É·¥Ï±Ê. ’µ²Ó±µ ¢´ÊÉ·¨ ± ¦¤µ° ¨§ ³ É-
·¥Ï¥± ¸µ¤¥·¦¨É¸Ö ³´µ¦¥¸É¢µ ¤·Ê£¨Ì ³ É·¥Ï¥± ¨ É.¤. ’ ±µ° µ¡· § ‚¸¥²¥´-
´µ° ¢ Í¥²µ³ µ¡¸Ê¦¤ ¥É¸Ö ¢ ¸É ÉÓ¥ [32]. …¸É¥¸É¢¥´´µ, É ± Ö ‚¸¥²¥´´ Ö ¢ Í¥-
²µ³ ´¥ ¨³¥¥É ´¨ ´ Î ² , ´¨ ±µ´Í .

6. � ��ˆ�–ˆ�… Œ�•�.
Š�Šˆ… ‚‘…‹…��›… ‚�‡Œ�†�›?

—Éµ ³¥´Ö ¤¥°¸É¢¨É¥²Ó´µ ¨´É¥·¥¸Ê¥É,
ÔÉµ ¨³¥² ²¨ �µ£ ¢Ò¡µ·, ±µ£¤  µ´ ¸µ§¤ ¢ ² ³¨·.

�.�°´ÏÉ¥°´.

‚ Í¨±²¥ · ¸¸³ É·¨¢ ¥³ÒÌ ´ ³¨ · ¡µÉ ¶µ ±µ¸³µ²µ£¨¨ ¢ ÔÉµ³ ¤¥¸ÖÉ¨-
²¥É¨¨ ¸Éµ¨É Ê¶µ³Ö´ÊÉÓ µ¡¸Ê¦¤¥´¨¥ ¶·µ¡²¥³, ¸¢Ö§ ´´ÒÌ ¸ ¶·¨´Í¨¶µ³ Œ Ì 
[33-36].

Š ± ¨§¢¥¸É´µ, Ê· ¢´¥´¨Ö �°´ÏÉ¥°´  ¸µ¤¥·¦ É ¡µ²ÓÏµ¥ ±µ²¨Î¥¸É¢µ · §-
´µµ¡· §´ÒÌ ±µ¸³µ²µ£¨Î¥¸±¨Ì ·¥Ï¥´¨°. ‘µ¢·¥³¥´´µ¥ ¸µ¸ÉµÖ´¨¥ ‚¸¥²¥´´µ°
¤µ¢µ²Ó´µ Ìµ·µÏµ µ¶¨¸Ò¢ ¥É¸Ö ·¥Ï¥´¨Ö³¨ Ê· ¢´¥´¨° �°´ÏÉ¥°´ , ´ °¤¥´-
´Ò³¨ �.�.”·¨¤³ ´µ³. �µ ÔÉ¨ ·¥Ï¥´¨Ö ´¥¶·¨£µ¤´Ò ¤²Ö µ¶¨¸ ´¨Ö µÎ¥´Ó
· ´´¥° ‚¸¥²¥´´µ°. �µ²¥¥ Éµ£µ, ¤²Ö µÎ¥´Ó · ´´¥° ‚¸¥²¥´´µ° µ± §Ò¢ ÕÉ¸Ö
¥¸É¥¸É¢¥´´Ò³¨ ·¥Ï¥´¨Ö É¨¶  ¤¥ ‘¨ÉÉ¥· . ‘¶· Ï¨¢ ¥É¸Ö, ´¥²Ó§Ö ²¨ µ£· -
´¨Î¨ÉÓ ¡µ¦¥¸É¢¥´´Ò¥ ¢µ§³µ¦´µ¸É¨ ÔÉ¨³¨ ¤¢Ê³Ö É¨¶ ³¨ ·¥Ï¥´¨°? „²Ö ¨¸-
¸²¥¤µ¢ ´¨Ö ¶µ¸É ¢²¥´´µ° ¶·µ¡²¥³Ò µ± §Ò¢ ¥É¸Ö Ê¤µ¡´µ° § ¶¨¸Ó Ê· ¢´¥´¨°
�°´ÏÉ¥°´  ¢ ¢¨¤¥,  ´ ²µ£¨Î´µ³ ¨´É¥£· ²Ó´µ³Ê Ê· ¢´¥´¨Õ Ÿ´£  Å ”¥²Ó¤-
³ ´  ¢ É¥µ·¨¨ ¶µ²Ö:

gik = 
8πκ
c4

 ∫ Gik
 jlTjl √− gd 4y + Λik , (18)
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£¤¥ Gik
 jl Å  ´ ²µ£ ËÊ´±Í¨¨ ƒ·¨´ , Λik Å ¸¢µ¡µ¤´µ¥ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥.

…¸²¨ ¢ ÔÉµ³ Ê· ¢´¥´¨¨ ¶µ²µ¦¨ÉÓ Λik = 0, Éµ gik µÉ²¨Î´µ µÉ ´Ê²Ö, Éµ²Ó±µ

¥¸²¨ Tik ≠ 0.

„·Ê£¨³¨ ¸²µ¢ ³¨, ¢ ÔÉµ° É¥µ·¨¨ ¶·µ¸É· ´¸É¢µ ¸ÊÐ¥¸É¢Ê¥É ²¨ÏÓ ¢ Éµ³
¸²ÊÎ ¥, ±µ£¤  Tik ≠ 0, É.¥. ¸ ³µ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¶·µ¸É· ´¸É¢  ¸¢Ö§ ´µ ¸ ´ ²¨-

Î¨¥³ ³ É¥·¨¨. �É¨³ ¶·¨´Í¨¶µ³ ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¶·µ¸É· ´¸É¢  ¸· §Ê ²¨Ï ¥É-
¸Ö ¸³Ò¸²  ·µ¦¤¥´¨¥ ‚¸¥²¥´´µ° ®¨§ ´¨Î¥£µ¯, ¸ÊÐ¥¸É¢µ¢ ´¨¥ ®¶Ê¸ÉÒÌ ¶·µ¸É-
· ´¸É¢¯, ´ Î¨´ Ö ¸ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ, ¨ ¤ ¦¥  ¸¨³¶ÉµÉ¨Î¥¸±¨
¶²µ¸±¨Ì ³¥É·¨± É¨¶  ˜¢ ·ÍÏ¨²Ó¤ . Œ´µ£µ ²¥É ¸ÊÐ¥¸É¢µ¢ ²µ ³´¥´¨¥, ÎÉµ
¶·µ¸É· ´¸É¢µ ¤¥ ‘¨ÉÉ¥·  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° É ±¦¥ ¶Ê¸Éµ¥ ¶·µ¸É· ´¸É¢µ.
�Éµ ³´¥´¨¥ µ¸´µ¢Ò¢ ²µ¸Ó ´  Éµ³, ÎÉµ ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ÔÉµ³Ê ¸²ÊÎ Õ ³ -
É¥·¨Ö ¤µ²¦´  µ¡² ¤ ÉÓ ¸µ¸ÉµÖ´¨¥³ ε + p = 0, £¤¥ ε  Å  ¶²µÉ´µ¸ÉÓ Ô´¥·£¨¨,
p Å ¤ ¢²¥´¨¥. � É ± Ö ³ É¥·¨Ö ´¥ ¢¸É·¥Î ¥É¸Ö ¢ ¶·¨·µ¤¥. �µ ¶µ¸É¥¶¥´´µ
¶·¨Ï²¨ ± ¶µ´¨³ ´¨Õ, ÎÉµ ·¥ÎÓ ¨¤¥É µ¡ µÎ¥´Ó · ´´¥° ‚¸¥²¥´´µ°. ’ ±µ¥
¸µ¸ÉµÖ´¨¥ ³ É¥·¨¨ ¢µ§³µ¦´µ. “¸²µ¢¨¥ Λik = 0 ´¥ µ§´ Î ¥É É ±¦¥ µÉ¸ÊÉ¸É¢¨¥

¢µ§´¨±´µ¢¥´¨Ö £· ¢¨É Í¨µ´´ÒÌ ¢µ²´. �µ ¢ ¤ ´´µ³ Î¥ÉÒ·¥Ì³¥·´µ³ ³¨·¥
µ´¨ ¢¸¥£¤  ¤µ²¦´Ò ¨³¥ÉÓ ³ É¥·¨ ²Ó´Ò° ¨¸ÉµÎ´¨± ¸¢µ¥£µ ¢µ§´¨±´µ¢¥´¨Ö.

“· ¢´¥´¨¥ ¸ Λik = 0 · ¸¸³ É·¨¢ ²µ¸Ó ·Ö¤µ³  ¢Éµ·µ¢ ¸ ÉµÎ±¨ §·¥´¨Ö ´ -

²¨Î¨Ö ¨²¨ µÉ¸ÊÉ¸É¢¨Ö ¢ É¥µ·¨¨ �°´ÏÉ¥°´  ¶·¨´Í¨¶  Œ Ì . ‚¸²¥¤¸É¢¨¥ ³ -
É¥³ É¨Î¥¸±µ° ¸²µ¦´µ¸É¨ ¨¸¸²¥¤µ¢ ´¨Ö Ê· ¢´¥´¨Ö (18), · ¡µÉÒ ¢ ÔÉµ³ ´ -
¶· ¢²¥´¨¨ ´¥ ¤ ²¨ µ¶·¥¤¥²¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢. Œ´µ° ¡Ò²µ ¶·¥¤²µ¦¥´µ
‚.Š.Œ ²ÓÍ¥¢Ê µ£· ´¨Î¨ÉÓ¸Ö ¨¸¸²¥¤µ¢ ´¨¥³ ±µ´Ëµ·³´µ-¶²µ¸±¨Ì ¶·µ¸É-

· ´¸É¢ gik = ϕ2(x) ηik , £¤¥

ηik = 











  

1
0
0
0

   

0
− 1

0
0

   

0
0

− 1
0

   

0
0
0

− 1

 











 .

‚ µÉ²¨Î¨¥ µÉ · ¡µÉ ¤·Ê£¨Ì  ¢Éµ·µ¢ §¤¥¸Ó ¢³¥¸Éµ ¤¥¸ÖÉ¨ ¢¥²¨Î¨´ gik É·¥-

¡Ê¥É¸Ö ´ °É¨ µ¤´Ê ËÊ´±Í¨Õ ϕ(x).
„²Ö µ¶·¥¤¥²¥´¨Ö µ¤´µ° ËÊ´±Í¨¨ ϕ(x) ´ ³¨ ¨¸¶µ²Ó§µ¢ ²µ¸Ó Ê· ¢´¥´¨¥

�°´ÏÉ¥°´  ¢ ¢¨¤¥ [37]:

R = − 
8πκ
c4

 T,     T = Tik g
ik.

‚ ÔÉ¨Ì ¸²ÊÎ ÖÌ Ê¤ ²µ¸Ó ¶µ± § ÉÓ, ÎÉµ ¢ Î¨¸²¥ ¤µ¶Ê¸É¨³ÒÌ ³¥É·¨± ÔÉµ£µ
Ëµ·³ ²¨§³  ¸ÊÐ¥¸É¢ÊÕÉ ·¥Ï¥´¨Ö ± ± Ë·¨¤³ ´µ¢¸±µ£µ, É ± ¨ ¤¥¸¨ÉÉ¥·µ¢-
¸±µ£µ É¨¶  [38]. �¥ ¨¸±²ÕÎ¥´µ, ÎÉµ ¡µ¦¥¸É¢¥´´Ò¥ ¢µ§³µ¦´µ¸É¨, µ ±µÉµ·ÒÌ
¶¨¸ ² �°´ÏÉ¥°´, µ£· ´¨Î¨¢ ÕÉ¸Ö É ±µ° Í¥¶µÎ±µ° ¢¸¥²¥´´ÒÌ ”·¨¤³ ´  ¨
¤¥ ‘¨ÉÉ¥· .
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�¤´ ±µ, ´ ¨¡µ²¥¥ ¨´É¥·¥¸´Ò³ ·¥§Ê²ÓÉ Éµ³ ÔÉµ£µ Ê¶·µÐ¥´¨Ö (¸± ²Ö·´µ-
£µ) Ëµ·³ ²¨§³  £· ¢¨É Í¨¨ Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ¢ ¸²ÊÎ ¥ Λik = 0 ¶·¨ ´ ²¨Î¨¨

³ ¸¸¨¢´µ£µ Í¥´É· ²Ó´µ£µ É¥²  ¶·µ¡´µ¥ É¥²µ ´¥ ¢§ ¨³µ¤¥°¸É¢Ê¥É ¶µ § ±µ´Ê
�ÓÕÉµ´  ¸ ³ ¸¸¨¢´Ò³ Í¥´É· ²Ó´Ò³ É¥²µ³ Œ, É.¥. ¤¢¨¦¥´¨¥ ¶·µ¡´µ£µ É¥²  ¢
ÔÉµ³ ¸²ÊÎ ¥ ´¥ ·¥£¨¸É·¨·Ê¥É ¸ÊÐ¥¸É¢µ¢ ´¨¥ ± ± Ê£µ¤´µ ¡µ²ÓÏµ° ³ ¸¸Ò Œ
Í¥´É· ²Ó´µ£µ É¥² . ‡´ Î¥´¨¥ ³ ¸¸Ò ¶·µ¸Éµ ¢Ò¶ ¤ ¥É ̈ § µ¡ÒÎ´µ£µ Ê· ¢´¥´¨Ö
¤¢¨¦¥´¨Ö ¶·µ¡´µ£µ É¥² . �µ ¥¸²¨ ³ ¸¸Ê ¶·µ¡´µ£µ É¥²  µ ÊÎ¥¸ÉÓ ´ · ¢´¥ ¸
³ ¸¸µ° Í¥´É· ²Ó´µ£µ É¥²  Œ, Éµ Éµ£¤  ¢µ§´¨± ¥É ³¥¦¤Ê ´¨³¨ ´ÓÕÉµ´µ¢¸±µ¥
¢§ ¨³µ¤¥°¸É¢¨¥. ‚µ§³µ¦´µ, ÔÉµ µ¤´µ ¨§ Ì · ±É¥·´ÒÌ ¸¢µ°¸É¢ Ë¨§¨±¨, ¢ ±µ-
Éµ·µ° ¸¶· ¢¥¤²¨¢ ¶·¨´Í¨¶ Œ Ì , ¶· ¢¤ , ¢ µÎ¥´Ó µ¡¥¤´¥´´µ° ®¸± ²Ö·´µ°¯
É¥µ·¨¨ £· ¢¨É Í¨¨. �µ ÔÉµÉ ·¥§Ê²ÓÉ É ¢¸¥²Ö¥É ´¥±µÉµ·ÊÕ ¢¥·Ê ¢ Éµ, ÎÉµ ¡µ-
²¥¥ µ¸´µ¢ É¥²Ó´µ¥ ¨¸¸²¥¤µ¢ ´¨¥ ¨´É¥£· ²Ó´µ£µ Ê· ¢´¥´¨Ö (18) ³µ¦¥É ¶·¨-
¢¥¸É¨ ± ¤µ± § É¥²Ó¸É¢Ê ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¶·¨´Í¨¶  Œ Ì .

�¥ ²¨§ Í¨Ö ¶·¨´Í¨¶  Œ Ì  ¢ ¨´É¥£· ²Ó´µ³ Ëµ·³ ²¨§³¥ É¥µ·¨¨ £· ¢¨-
É Í¨¨ ¶·¨¢²¥± É¥²Ó´  É¥³, ÎÉµ ¸¢µ¡µ¤´µ¥ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¢µ§´¨± ¥É ¢
ÔÉµ° É¥µ·¨¨ Éµ²Ó±µ §  ¸Î¥É ³ É¥·¨¨.

…¸²¨ ¢ ¨´É¥£· ²Ó´µ³ Ëµ·³ ²¨§³¥ ¢¢¥¸É¨ Ê¸²µ¢¨¥  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ-
¡µ¤Ò £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, Éµ ¢µ§´¨±´µ¢¥´¨¥ ¸¢µ¡µ¤´ÒÌ £· ¢¨É Í¨µ´´ÒÌ
¢µ²´ §  ¸Î¥É É¥´§µ·  ³ É¥·¨¨ ³µ¦¥É µ± § ÉÓ¸Ö ¶µ¤ ¢²¨Ö´¨¥³ Ë ±Éµ· , Ì -
· ±É¥·¨§ÊÕÐ¥£µ  ¸¨³¶ÉµÉ¨Î¥¸±ÊÕ ¸¢µ¡µ¤Ê.

� Éµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ÎÉµ ¢µ§´¨± ÕÐ¨° ¶¸¥¢¤µÉ¥´§µ· Ô´¥·£¨¨ £· ¢¨É -
Í¨µ´´µ£µ ¶µ²Ö ¢ ÔÉµ³ Ëµ·³ ²¨§³¥  ¢Éµ³ É¨Î¥¸±¨ ¨´É¥£·¨·Ê¥É¸Ö ¶µ ¢¸¥³Ê
Î¥ÉÒ·¥Ì³¥·´µ³Ê ¶·µ¸É· ´¸É¢Ê, µ¸É ¢²Ö¥É ´ ¤¥¦¤Ê [39] ´  Éµ, ÎÉµ ¶µÖ¢²ÖÕ-
Ð Ö¸Ö É ±¨³ µ¡· §µ³ Ô´¥·£¨Ö (³ ¸¸ ) £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¤¥°¸É¢¨É¥²Ó´µ
Ì · ±É¥·¨§Ê¥É¸Ö  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤µ°. „·Ê£¨³¨ ¸²µ¢ ³¨, ¶·µ¡²¥³ 
¸¨´£Ê²Ö·´µ¸É¨, ±µÉµ· Ö ´ ¸ § ´¨³ ²  ´  ¶·¥¤Ò¤ÊÐ¨Ì ¸É· ´¨Í Ì ¨ ±µÉµ·ÊÕ
³Ò ¶ÒÉ ²¨¸Ó ·¥Ï¨ÉÓ, ¢ Î ¸É´µ¸É¨, ¢ · ³± Ì Ë¨§¨Î¥¸±¨Ì ±¢ ´Éµ¢ÒÌ ÔËË¥±-
Éµ¢, ¶·¨ ·¥ ²¨§ Í¨¨ ¶·¨´Í¨¶  Œ Ì  ³µ¦¥É ¡ÒÉÓ ·¥Ï¥´  ¢ µ¡Ð¥³ ¢¨¤¥ ¥Ð¥
¢ ±² ¸¸¨Î¥¸±µ° Ë¨§¨±¥. �µ ÔÉ¨ ¨´ÉÊ¨É¨¢´Ò¥ ¸µµ¡· ¦¥´¨Ö ¶µ±  ´¥ ¶µ¤-
É¢¥·¦¤¥´Ò ³ É¥³ É¨Î¥¸±¨ ¨, ¸±µ·¥¥ ¢¸¥£µ, ´¥ ¸µµÉ¢¥É¸É¢ÊÕÉ ¤¥°¸É¢¨É¥²Ó-
´µ¸É¨, ¥¸²¨ ¢ ÔÉµ³ ¸²ÊÎ ¥ ´¥ ¶·µ¨¸Ìµ¤¨É ®¶µ²´ Ö ¨§  ±¸µ´¨§ Í¨Ö¯
£· ¢¨É Í¨µ´´µ£µ ¨§²ÊÎ¥´¨Ö, É.¥. ¥¸²¨ ¶¸¥¢¤µÉ¥´§µ· ¨§²ÊÎ¥´´µ£µ ¶µ²Ö ¢ ± ¦-
¤µ³  ±É¥ ¨§²ÊÎ¥´¨Ö ´¥ ¶·¨µ¡·¥É ¥É ¸¢µ°¸É¢µ É¥´§µ·  (¢µ ¢¸Ö±µ³ ¸²ÊÎ ¥, ¢
Ê· ¢´¥´¨¨ É¨¶  (18), ¢ ±µÉµ·µ³ κ ¡Ò²µ ¡Ò § ¤ ´µ ËÊ´±Í¨¥° É¨¶  (15)).

7. � ‚�‡Œ�†��Œ ‘“™…‘’‚�‚��ˆˆ �‘���‰ ”ˆ‡ˆŠˆ
®“‹œ’��ŒˆŠ��Œˆ��¯ ‚ ��‹�‘’ˆ �‹��Š�‚‘Šˆ• „‹ˆ�

�  ¶·¥¤Ò¤ÊÐ¨Ì ¸É· ´¨Í Ì ³Ò · ¸¸³ É·¨¢ ²¨ ¶·µ¡²¥³Ê, ¶·¥¤¶µ² £ Ö,
ÎÉµ ¢ µ¡² ¸É¨, ¡²¨§±µ° ± ̧ ¨´£Ê²Ö·´µ¸É¨, ±² ¸¸¨Î¥¸±¨¥ ¸¢µ°¸É¢  ¶·µ¸É· ´¸É-
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¢ -¢·¥³¥´¨ ¶µ²´µ¸ÉÓÕ ¸µÌ· ´ÖÕÉ¸Ö ¤²Ö ¤²¨´, ³¥´ÓÏ¨Ì ¶² ´±µ¢¸±¨Ì, ¨ ¢·¥-

³¥´, ³¥´ÓÏ¨Ì 10−43 ¸.
…Ð¥ ¶µ²¢¥±  Éµ³Ê ´ § ¤ (1940 £.) ¤²Ö ¶·¥µ¤µ²¥´¨Ö É·Ê¤´µ¸É¨ ¸ ¸¨´£Ê-

²Ö·´µ¸ÉÓÕ ¢ É¥µ·¨¨ ¶µ²¥° ¡Ò²  ¶·¥¤²µ¦¥´  ¨¤¥Ö ´¥²µ± ²Ó´µ¸É¨ ¢ Ëµ·³¥
´¥±µ³³ÊÉ É¨¢´µ¸É¨ ¶µ²¥° ϕ(x) ¨ ±µµ·¤¨´ ÉÒ Ì, ¤·Ê£¨³¨ ¸²µ¢ ³¨, ¨¤¥Ö ´¥-
±µ³³ÊÉ É¨¢´µ¸É¨ ±µµ·¤¨´ É [40], ÎÉµ ¢¥²µ É ±¦¥ ± · ¸¶·µ¸É· ´¥´¨Õ ¸¨£´ -
²  ¸µ ¸±µ·µ¸ÉÓÕ, ¡µ²ÓÏ¥° ¸±µ·µ¸É¨ ¸¢¥É . Œµ¦¥É ¡ÒÉÓ, Í¥²¥¸µµ¡· §´µ
¨§³¥´¨ÉÓ ÉµÎ±Ê §·¥´¨Ö µ ´¥¤µ¶Ê¸É¨³µ¸É¨ ³£´µ¢¥´´ÒÌ ¸¨£´ ²µ¢ ¢ ±µ¸³µ-
²µ£¨¨ ´  µ¡¸Ê¦¤ ¥³ÒÌ ¶² ´±µ¢¸±¨Ì ¤²¨´ Ì. �É  ¢µ§³µ¦´µ¸ÉÓ · ¸¸³ É·¨¢ -
¥É¸Ö ¢ ¸É ÉÓ¥ [25].

‚ ¸²ÊÎ ¥ ¡¥¸±µ´¥Î´µ° ¸±µ·µ¸É¨ ¸¨£´ ²  ´  ¶ÊÉ¨ lmin É¥·Ö¥É ¸¢µ° ¸³Ò¸²

¢·¥³Ö ± ± · ¸¸ÉµÖ´¨¥ l, ¤¥²¥´´µ¥ ´  ¸±µ·µ¸ÉÓ v, É.¥. t = lmin6 v = 0.

…¸²¨ µ¡² ¸É¨ T+ ¨ T− ´  ¤¨ £· ³³¥ Š·Ê¸± ²  · §¤¥²¥´Ò  ¡¸µ²ÕÉ´µ

É¢¥·¤Ò³ Ö¤·µ³ ¸ · ¤¨Ê¸µ³, · ¢´Ò³ ¤²¨´¥ �² ´± , Éµ ³ É¥·¨Ö Î¥·´µ° ¤Ò·Ò
¢ ¶·µÍ¥¸¸¥ ±µ²² ¶¸ , ¤µ¸É¨£ Ö · ¸¸ÉµÖ´¨Ö lmin µÉ ¸¨´£Ê²Ö·´µ¸É¨ ¢ T+-µ¡-

² ¸É¨, µ± §Ò¢ ¥É¸Ö ³£´µ¢¥´´µ ´  · ¸¸ÉµÖ´¨¨ lmin µÉ ¸¨´£Ê²Ö·´µ¸É¨ ¢ T−-µ¡-

² ¸É¨. „·Ê£¨³¨ ¸²µ¢ ³¨, µ¡² ¤ Ö É ±¨³ ¸¢µ°¸É¢µ³, ±·¨É¨Î¥¸± Ö ¤²¨´  lmin

± ± ¡Ò ´¥ ¸ÊÐ¥¸É¢Ê¥É ¢ ¶·µ¸É· ´¸É¢¥. ˆ, ¢¥·µÖÉ´µ, ¢ ÔÉµ³ ¸²ÊÎ ¥ ´ ·ÊÏ ¥É-
¸Ö § ±µ´ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨.

�¥µ¡Ö§ É¥²Ó´µ ¶·µ¸É· ´¸É¢µ ¶·¥¤¸É ¢²ÖÉÓ ¢ ¢¨¤¥ ± ±µ°-Éµ ·¥Ï¥É±¨.
� ¶·¨³¥·, ±² ¸¸¨Î¥¸±¨¥ ¸¢µ°¸É¢  ¶·µ¸É· ´¸É¢µ ³µ£²µ ¡Ò É¥·ÖÉÓ Éµ²Ó±µ ¢
µ¡² ¸É¨ ¶·¥¤¥²Ó´µ° ¶²µÉ´µ¸É¨ ³ É¥·¨¨. Š¸É É¨, ¤²Ö ¨§³¥·¥´¨Ö ¶·¥¤¥²Ó´µ
³ ²µ° ¤²¨´Ò ´ ¡²Õ¤ É¥²Ó ´¥¨§¡¥¦´µ ¤µ²¦¥´ ¨¸¶µ²Ó§µ¢ ÉÓ ¸µµÉ¢¥É¸É¢ÊÕ-
ÐÊÕ ³ ²ÊÕ ¤²¨´Ê ¢µ²´Ò, É.¥. ±¢ ´É Ô´¥·£¨¨, µÉ¢¥Î ÕÐ¥° ¶·¥¤¥²Ó´µ° ¶²µÉ-
´µ¸É¨ ³ É¥·¨¨. ’ ±µ¥ Éµ²±µ¢ ´¨¥ Ë¨§¨±¨ ¶·¥¤¥²Ó´µ° ¤²¨´Ò, ¶µ-¢¨¤¨³µ³Ê,
´¥ ¢¥¤¥É ± ́  ¡²Õ¤ ¥³Ò³ ́  ·ÊÏ¥´¨Ö³ ¶·¨Î¨´´µ¸É¨ ¢ ³¨±·µ³¨·¥, ́  ·ÊÏ¥´¨Ö
³ ±·µ¸±µ¶¨Î¥¸±µ° ¸¢Ö§¨ ³¥¦¤Ê ´ ¸ÉµÖÐ¨³ ¨ ¡Ê¤ÊÐ¨³: ∆t = 0.

�  ¶·¥¤Ò¤ÊÐ¨Ì ¸É· ´¨Í Ì ¢Ò¸± § ´µ, ¸±µ·¥¥, ¸±¥¶É¨Î¥¸±µ¥ µÉ´µÏ¥´¨¥
± ·¥Ï¥´¨Õ µ¡¸Ê¦¤ ¥³ÒÌ ¶·µ¡²¥³ £· ¢¨É Í¨µ´´µ£µ ±µ²² ¶¸  ¢ · ³± Ì ¡Ê¤Ê-
Ð¥° ±¢ ´Éµ¢µ° É¥µ·¨¨ ¸¨²Ó´µ£µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. �µ ¥¸É¥¸É¢¥´´µ¥

¶·¨¸ÊÉ¸É¢¨¥ ¤²¨´Ò �² ´±  lpl = √hκ 6 c3 ¢ ±µ´¥Î´µ³ ¢Ò· ¦¥´¨¨ É¥´§µ· 

±·¨¢¨§´Ò �¨³ ´ 

Rikjl R
 ikjl = 

1

lpl
 4
 ,

¢¥·´¥¥, ¶·¨¸ÊÉ¸É¢¨¥ ¶µ¸ÉµÖ´´µ° �² ´±  ¢ ¤ ´´µ³ Ëµ·³ ²¨§³¥, ± ¦¥É¸Ö,
¸¨²Ó´µ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É ´¥ ¢ ¶µ²Ó§Ê Ê¶µ³¨´ ¥³µ£µ ¸±¥¶¸¨¸ . ‚  [40] · ¸-
¸³ É·¨¢ ¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¶µÖ¢²¥´¨Ö ËÊ´¤ ³¥´É ²Ó´µ° ¤²¨´Ò, ¸¢Ö§ ´´µ°
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¸ ´ ·ÊÏ¥´¨¥³ ±² ¸¸¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¸ ³µ£µ ¶·µ¸É· ´¸É¢ , ±µÉµ·Ò¥
¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ´¥ ¨³¥ÕÉ ³¥¸É  (³µ¦´µ ¤µ¶Ê¸É¨ÉÓ, ´ ¶·¨³¥·, ´¥±µ³-
³ÊÉ É¨¢´µ¸ÉÓ ±µµ·¤¨´ É, ¢Ò· ¦¥´¨¥ ¤²Ö ±µÉµ·ÒÌ ³µ£²µ ¡Ò ¸µ¤¥·¦ ÉÓ h).
‘µ£² ¸´µ ¶·¥¤Ò¤ÊÐ¥³Ê ´¥ ¨¸±²ÕÎ¥´µ, ÎÉµ µÎ¥´Ó · ´´ÖÖ ¨ µÎ¥´Ó ¶µ§¤´ÖÖ
¢¸¥²¥´´Ò¥ µ¶¨¸Ò¢ ÕÉ¸Ö £¨¤·µ¤¨´ ³¨Î¥¸±µ° ³ É¥·¨¥° ¢ Ëµ·³¥ Ìµ²µ¤´µ£µ
£ §  Î¥·´ÒÌ ¤Ò·.

Šµ´¥Î´µ, µÎ¥´Ó ¸µ¡² §´¨É¥²Ó´µ µ¡· § ÔÉµ° · §¢¨¢ ¥³µ° ´ ³¨ É¥µ·¨¨
±² ¸¸¨Î¥¸±µ° ¢¸¥²¥´´µ°, ¥¥ ̈ ¸Éµ·¨¨, · ¸Ï¨·¨ÉÓ ¤µ ¶·¥¤¥²Ó´µ ³ ²ÒÌ · §³¥-
·µ¢, ¶·¨´Ö¢ ¢ ± Î¥¸É¢¥ ¶·¥¤¥²Ó´µ° ¶²µÉ´µ¸É¨ ¢Ò· ¦¥´¨¥, ¸µ¸ÉµÖÐ¥¥ ¨§ ³¨-
·µ¢ÒÌ ±µ´¸É ´É:

ρ0 = 
c5

hκ2
 .

’µ£¤  ¶·¥¤¥²Ó´µ ³ ²Ò¥ · §³¥·Ò ¢ ¨¸Éµ·¨¨ ¢¸¥²¥´´µ° ¤¥°¸É¢¨É¥²Ó´µ
µ¶·¥¤¥²ÖÕÉ¸Ö ¤²¨´µ° �² ´± :

lmin = √ hκ
c3

 .

�Î¥¢¨¤´µ, ¨ ÔÉµ ¸²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ¢ ÔÉµ³ ¸²ÊÎ ¥ ³Ò ¢¸ÉÊ¶ ¥³ ¢
µ¡² ¸ÉÓ £¨¶µÉ¥§, ±µÉµ·Ò¥ ¶µ±  ´¥ ¶µ¤É¢¥·¦¤¥´Ò ± ±¨³-²¨¡µ Ëµ·³ -
²¨§³µ³. Šµ´¥Î´µ, ¶µ¢Éµ·Ö¥³, ´¥ ¨¸±²ÕÎ¥´µ, ÎÉµ ±¢ ´Éµ¢ ´¨¥ ¸¨²Ó´µ£µ
´¥²¨´¥°´µ£µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ ¡Ê¤ÊÐ¥° É¥µ·¨¨  ¢Éµ³ É¨Î¥¸±¨ ¶·¨-
¢¥¤¥É ± ¸ÊÐ¥¸É¢µ¢ ´¨Õ ¢ ¶·¨·µ¤¥ É ±µ° ¶·¥¤¥²Ó´µ° ¤²¨´Ò, ´µ É ±¦¥ ¢µ§-
³µ¦´µ, ÎÉµ ÔÉ¨ ´ ¤¥¦¤Ò ´¥ µ¶· ¢¤ ÕÉ¸Ö. Šµ´¥Î´µ, ¶µÖ¢²¥´¨¥ ¢ ¢Ò· ¦¥-
´¨¨ l

min
 ¶µ¸ÉµÖ´´µ° �² ´±  ¤¥² ¥É ¥¸É¥¸É¢¥´´µ° ¨¤¥Õ ¸¢Ö§ ÉÓ ¶µÖ¢²¥´¨¥

lpl ¸ Ëµ·³ ²¨§³µ³ ±¢ ´Éµ¢µ° ³¥Ì ´¨±¨. �µ §¤¥¸Ó ´Ê¦´  ¨ ´¥±µÉµ· Ö µ¸Éµ-

·µ¦´µ¸ÉÓ: ±¢ ´Éµ¢ Ö É¥µ·¨Ö ¢¸¥Ì ¤·Ê£¨Ì ¶µ²¥° ´¥ ¸µ¤¥·¦¨É É ±µ£µ ·µ¤ 
¶·¥¤¥²Ó´ÊÕ ¤²¨´Ê. ”µ·³ ²¨§³ ±¢ ´Éµ¢µ° ³¥Ì ´¨±¨ Ëµ·³¨·Ê¥É¸Ö ¢ · ³-
± Ì ±² ¸¸¨Î¥¸±¨Ì ¶·¥¤¸É ¢²¥´¨° µ ¶·µ¸É· ´¸É¢¥ ¨ ¸¶· ¢¥¤²¨¢ ¶·¨ ± ±
Ê£µ¤´µ ³ ²ÒÌ ¤²¨´ Ì.

‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ´Ê¦´  ¨§¢¥¸É´ Ö ¸³¥²µ¸ÉÓ ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ ´ Ï¥
¶·¥¤¸É ¢²¥´¨¥ µ ¶·µ¸É· ´¸É¢¥ ¸¶· ¢¥¤²¨¢µ ¤µ ²Õ¡ÒÌ ³ ²ÒÌ · §³¥·µ¢.
�¥²Ó§Ö ¨¸±²ÕÎ¨ÉÓ   priori É ±ÊÕ ¸¨ÉÊ Í¨Õ, ±µ£¤  Ë¨§¨±  ±¢ ´Éµ¢µ° ³¥-
Ì ´¨±¨ ¸ÊÐ¥¸É¢¥´´µ ³µ¤¨Ë¨Í¨·Ê¥É¸Ö ¶·¨ ´ ²¨Î¨¨ ¢ ¶·¨·µ¤¥ ¶·¥¤¥²Ó´µ°
¤²¨´Ò. �¡ÒÎ´µ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¶·¥¤¥²Ó´µ° ¤²¨´Ò ¸¢Ö§Ò¢ ¥É¸Ö ¸ ¶·¥¤¸É ¢-
²¥´¨¥³ µ ¶·µ¸É· ´¸É¢¥, ± ± µ ´¥±µÉµ·µ° ·¥Ï¥É±¥. ‡¤¥¸Ó, ¸±µ·¥¥, ¨¤¥É ·¥ÎÓ
µ ¸¢µ¥µ¡· §´µ³ µÉ¸ÊÉ¸É¢¨¨ ¤²¨´, ³¥´ÓÏ¨Ì ¶² ´±µ¢¸±¨Ì, ¨ ²¨ÏÓ ¢ µ¡² ¸ÉÖÌ,
£¤¥ ¢µ§´¨± ¥É ¶·¥¤¥²Ó´ Ö ¶²µÉ´µ¸ÉÓ ³ É¥·¨¨. …Ð¥ · § ¶µ¤Î¥·±´¥³, ÎÉµ ¢
±² ¸¸¨Î¥¸±µ° ̈ ´É¥·¶·¥É Í¨¨ µÉ¸ÊÉ¸É¢¨¥ ¤²¨´, ³¥´ÓÏ¨Ì ¶² ´±µ¢¸±¨Ì, ³µ£²µ
¡Ò ¨²²Õ¸É·¨·µ¢ ÉÓ¸Ö ³ ²µ° µ¡² ¸ÉÓÕ É¨¶  ¡¥¸±µ´¥Î´µ É¢¥·¤µ£µ Ï ·¨± , ¢
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±µÉµ·µ° ¸¨£´ ² · ¸¶·µ¸É· ´Ö¥É¸Ö ¸ ¡¥¸±µ´¥Î´µ° ¸±µ·µ¸ÉÓÕ, É ± ÎÉµ ¶µ´Ö-
É¨¥ ¤²¨É¥²Ó´µ¸É¨ ¸¨£´ ²  (¢·¥³¥´¨ ¥£µ · ¸¶·µ¸É· ´¥´¨Ö) µÉ¸ÊÉ¸É¢Ê¥É [41].
‚ ¸²ÊÎ ¥ ¶µÖ¢²¥´¨Ö ¢¸¥²¥´´ÒÌ ¢ ·¥§Ê²ÓÉ É¥ Ô¢µ²ÕÍ¨¨ Î¥·´ÒÌ ¤Ò·, ¢ ¶·¨´-
Í¨¶¥, ´¥ ¨¸±²ÕÎ ¥É¸Ö ´ ·ÊÏ¥´¨¥ ¢¸¥Ì § ±µ´µ¢ ¸µÌ· ´¥´¨Ö. …¸²¨ Ê£µ¤´µ, ¢
ÔÉµ³ µ¡· §¥ ¶·µ¸É· ´¸É¢µ ¢¡²¨§¨ ±² ¸¸¨Î¥¸±µ° ¸¨´£Ê²Ö·´µ¸É¨ ¨´É¥·¶·¥É¨-
·Ê¥É¸Ö ¢ ¤ÊÌ¥ Î¥·´µ£µ ÖÐ¨± , µ ±µÉµ·µ³ ¨¤¥É ·¥ÎÓ ¢ ¨§¢¥¸É´µ° ¸É ÉÓ¥ [42]
“¨²¥· . �¥ ¨¸±²ÕÎ¥´µ, ÎÉµ ¢ ®Ê²ÓÉ· ³¨±·µ³¨·¥¯ ¶·¨ ¢µ§´¨±´µ¢¥´¨¨ ¶·¥-
¤¥²Ó´µ° ¶²µÉ´µ¸É¨ Í ·¨É ®¡¥§§ ±µ´¨¥¯,   ¸ ³  ¶µ¸ÉµÖ´´ Ö �² ´±  ¶µÖ¢²Ö-
¥É¸Ö ± ± ±µ³¡¨´ Í¨Ö ³¨·µ¢ÒÌ ±µ´¸É ´É:

h = 
c5

κ0
2 ρ0

 .

�·¥¤² £ ¥³ Ö ³µ¤¥²Ó ‚¸¥²¥´´µ° ¢ Í¥²µ³ Å ¸µ¢µ±Ê¶´µ¸ÉÓ ¢¸¥²¥´´ÒÌ,
·µ¦¤ ÕÐ¨Ì¸Ö ¨ · §¢¨¢ ÕÐ¨Ì¸Ö ¢ ¸¢µ¨Ì ¶·µ¸É· ´¸É¢ Ì ¨ ¢·¥³¥´ Ì. …¸²¨
µ´  ¢ ± ±µ³-Éµ ¸³Ò¸²¥ ¸µµÉ¢¥É¸É¢Ê¥É ¤¥°¸É¢¨É¥²Ó´µ¸É¨, Éµ ¢µ§´¨± ¥É ¢µ¶-
·µ¸ µ Éµ³, ÎÉµ ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° ÔÉ¨ µÉ¤¥²Ó´Ò¥ ¢¸¥²¥´´Ò¥. � ¶·¨³¥·, ³Ò
´¥ §´ ¥³, Ö¢²Ö¥É¸Ö ²¨ ´ Ï  ‚¸¥²¥´´ Ö µÉ±·ÒÉµ° ¨²¨ § ±·ÒÉµ°. �¥ ¨¸±²Õ-
Î¥´ É ±¦¥ ¢µ¶·µ¸: ¢µ§³µ¦´µ ²¨ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¢¸¥²¥´´µ° ¶µ²´µ¸ÉÓÕ § ±·Ò-
Éµ°, ¥¸²¨, ¢ ¶·¨´Í¨¶¥, ¢µ§³µ¦´µ ¶µÖ¢²¥´¨¥ ¢ ´¥° ³ É¥·¨¨ Î¥·´ÒÌ ¤Ò· ¨§
¢¸¥²¥´´ÒÌ, ¸ÊÐ¥¸É¢µ¢ ¢Ï¨Ì ¢  ¡¸µ²ÕÉ´µ ¶·µÏ²µ³ ¢·¥³¥´¨ ¶µ µÉ´µÏ¥´¨Õ
± ¢·¥³¥´ ³ ¤ ´´µ° ¢¸¥²¥´´µ°, ¨²¨ ¶·µ¸Éµ ¶µÉµ³Ê, ÎÉµ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¶·¥-
¤¥²Ó´µ° ¤²¨´Ò ´¥ ¶µ§¢µ²Ö¥É ¢¸¥²¥´´µ° ¶µ²´µ¸ÉÓÕ § ±·ÒÉÓ¸Ö?

‚ ¸É ÉÓÖÌ, ¶µ¸¢ÖÐ¥´´ÒÌ · §¢¨¢ ¥³µ° ´ ³¨ ³µ¤¥²¨ ‚¸¥²¥´´µ° ¢ Í¥²µ³,
Î ¸Éµ ¨¸¶µ²Ó§Ê¥É¸Ö ¢ ± Î¥¸É¢¥ ¶¥·¢µ³ É¥·¨¨ ¢ ¨´Ë²ÖÍ¨µ´´µ° Ë §¥ µÎ¥´Ó
· ´´¥° ‚¸¥²¥´´µ° £ § Î¥·´ÒÌ ¤Ò· ¢³¥¸Éµ µ¡ÒÎ´µ µ¡¸Ê¦¤ ¥³µ£µ ¸± ²Ö·´µ£µ
¶µ²Ö. ’ ± Ö ¶¥·¢µ³ É¥·¨Ö ̧ µ¤¥·¦¨É ·Ö¤ ¶·¨¢²¥± É¥²Ó´ÒÌ Î¥·É, ́ µ ÔÉ  £¨¶µ-
É¥§  µ·£ ´¨Î¥¸±¨ ´¥ ¸¢Ö§ ´  ¸ µ¡¸Ê¦¤ ¥³µ° ´ ³¨ ³µ¤¥²ÓÕ ‚¸¥²¥´´µ° ¢ Í¥-
²µ³. �µ, ± ¦¥É¸Ö, µ´  ¨³¥¥É ¶· ¢µ ´  µ¡¸Ê¦¤¥´¨¥. ’ ±¦¥ ¨³¥¥É ¶· ¢µ ´ 
µ¡¸Ê¦¤¥´¨¥ ¨ ®É¥³´ Ö¯ (´¥ ¸¢¥ÉÖÐ Ö¸Ö) ³ É¥·¨Ö ¢ ¢¨¤¥ ¸É ¡¨²Ó´ÒÌ Ô²¥³¥´-
É ·´ÒÌ Î¥·´ÒÌ ¤Ò· ¨²¨ Î ¸É¨Í, ³ ¸¸  ±µÉµ·ÒÌ ¢Ò· ¦ ¥É¸Ö ¢ ¢¨¤¥

m = α √ 

 
hc
κ0

 

 .

�µ α É ±µ¢ , ÎÉµ ³ É¥·¨Ö ÔÉ¨Ì Î ¸É¨Í ´¥ ´ Ìµ¤¨É¸Ö, ´ ¶·¨³¥·, ¶µ¤ ¸Ë¥-
·µ° ˜¢ ·ÍÏ¨²Ó¤ . ‹Õ¡µ¶ÒÉ´µ, ÎÉµ É ±¨¥ Î ¸É¨ÍÒ, ¢ Éµ³ Î¨¸²¥ ¨ ¸É -
¡¨²Ó´Ò¥ Ô²¥³¥´É ·´Ò¥ Î¥·´Ò¥ ¤Ò·Ò, ¶· ±É¨Î¥¸±¨ ´¥ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸
µ¡ÒÎ´µ° ³ É¥·¨¥°, ´µ ¤µ¢µ²Ó´µ ¸¨²Ó´µ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¤·Ê£ ¸ ¤·Ê£µ³:

E = 
κ0m

2

r
 = α2 

hc
r

 .
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�·¨ α = 1 ¤¢¥ É ±¨¥ Î ¸É¨ÍÒ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¤·Ê£ ¸ ¤·Ê£µ³ ´  ¤¢  ¶µ-
·Ö¤±  ¸¨²Ó´¥¥, Î¥³ ±Ê²µ´µ¢¸±¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¤¢  Ô²¥±É·µ´ ... �µ ´ ¨-
¡µ²¥¥ ¨´É¥·¥¸´µ¥ ´ ÊÎ´µ¥ ¸µ¡ÒÉ¨¥, ±µÉµ·µ¥ ¶·¨¢²¥±²µ ¢´¨³ ´¨¥  ¢Éµ· ,
Å ÔÉµ ¶µÖ¢²¥´¨¥ ¶·¥¶·¨´É  (‚.�.”·µ²µ¢ ¨ ¤·. [43]), µ§ £² ¢²¥´´µ£µ
®Wormholes as Devices of Study of Black Hole Interior¯. Š ± ¨§¢¥¸É´µ,
¸ÊÐ¥¸É¢ÊÕÉ ¢µ§· ¦¥´¨Ö ¶·µÉ¨¢ ¶·¨³¥´¨³µ¸É¨ ¡µ·µ¢¸±µ° ¨´É¥·¶·¥É Í¨¨
±¢ ´Éµ¢µ° É¥µ·¨¨, ´ ¶·¨³¥·, ¤²Ö É ±¨Ì µ¡Ñ¥±Éµ¢, ± ± § ±·ÒÉÒ¥ ¢¸¥²¥´-
´Ò¥, ± ± Ë¨§¨±  ³ É¥·¨¨ ¶µ¤ ¸Ë¥·µ° ˜¢ ·ÍÏ¨²Ó¤ . ‘ÊÐ¥¸É¢µ¢ ´¨¥ ±·µ-
Éµ¢ÒÌ ´µ· ¢¶¨¸Ò¢ ¥É¸Ö ¢ µ¡ÐÊÕ ± ·É¨´Ê Éµ° ³Ò¸²¨³µ° ³µ¤¥²¨, µ ±µÉµ-
·µ° ·¥ÎÓ Ï²  ¢ÒÏ¥, ¢ Éµ³ ¸³Ò¸²¥, ÎÉµ ³´µ¦¥¸É¢¥´´Ò¥ ¢¸¥²¥´´Ò¥ ¶·¥¤-
¸É ¢²ÖÕÉ ¸µ¡µ° ´¥±¨° ¸¢Ö§ ´´Ò° µ·£ ´¨§³.

‘²¥¤Ê¥É É ±¦¥ Ê¶µ³Ö´ÊÉÓ, ÎÉµ ¥¸²¨  ¸¨³¶ÉµÉ¨Î¥¸± Ö ¸¢µ¡µ¤  £· ¢¨É -
Í¨µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¤¥°¸É¢¨É¥²Ó´µ ¢¥¤¥É ± ±µ´¥Î´µ³Ê §´ Î¥´¨Õ ¶·¥-
¤¥²Ó´µ° ±·¨¢¨§´Ò, Éµ ´  µ¸´µ¢ ´¨¨ ·¥§Ê²ÓÉ Éµ¢ ¸É ÉÓ¨ [25], ¢ ¶·¨´Í¨¶¥,
¢µ§³µ¦´µ ¸µ§¤ ´¨¥ ´µ¢ÒÌ ¢¸¥²¥´´ÒÌ ¢ ² ¡µ· Éµ·¨¨, ¥¸²¨ ¢ ² ¡µ· Éµ·¨¨
³µ¦´µ ¶µ²ÊÎ ÉÓ Î¥·´Ò¥ ¤Ò·Ò, ¸¦¨³ Ö ± ±µ¥-Éµ ±µ²¨Î¥¸É¢µ ³ É¥·¨¨ §  ¥¥
£· ¢¨É Í¨µ´´Ò° · ¤¨Ê¸. �µ É ±¦¥ ´ ¤µ ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ÔÉ  ¢µ§³µ¦´µ¸ÉÓ
³µ¦¥É ·¥ ²¨§µ¢ ÉÓ¸Ö ¨ ¢ ²Õ¡µ° ¤·Ê£µ° ±µ¸³µ²µ£¨Î¥¸±µ° É¥µ·¨¨, ¢ ±µÉµ·µ°
¸ÊÐ¥¸É¢Ê¥É ¶·¥¤¥²Ó´µ¥ §´ Î¥´¨¥ ±·¨¢¨§´Ò. ‘ÊÐ¥¸É¢µ¢ ´¨¥  ¸¨³¶ÉµÉ¨Î¥¸-
±µ° ¸¢µ¡µ¤Ò £· ¢¨É Í¨µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ³µ¦¥É ¸ÊÐ¥¸É¢¥´´µ ¨§³¥´¨ÉÓ
É¥µ·¨Õ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. �Éµ, ´ ¶·¨³¥·, ± ¸ ¥É¸Ö Ô²¥±É·µ¤¨´ ³¨±¨,
¥¸²¨ ¸µÌ· ´¨É¸Ö ¸µ¢·¥³¥´´Ò° Ì · ±É¥· ÔÉµ° É¥µ·¨¨ ¸ ¥¥ ²µ£ ·¨Ë³¨Î¥¸±µ°
· ¸Ìµ¤¨³µ¸ÉÓÕ. ‘ÊÐ¥¸É¢µ¢ ´¨¥ ¢ ¶·¨·µ¤¥ ¶·¥¤¥²Ó´µ° ¶²µÉ´µ¸É¨ Ô´¥·£¨¨,
¥¸É¥¸É¢¥´´µ, ³¥´Ö¥É Ëµ·³ ²¨§³ Ô²¥±É·µ¤¨´ ³¨±¨. ˆ ËÊ´¤ ³¥´É ²Ó´ Ö §´ -
Î¨³µ¸ÉÓ ·µ²¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ ÔÉµ³ ¶² ´¥ ¡Ò²  ¶µ¤Î¥·±´ÊÉ  ¥Ð¥ ¢
¸É ÉÓÖÌ Œ ·±µ¢  (1947 £.) [44], ‹ ´¤ Ê ¨ �µ³¥· ´ÎÊ±  (1955 £.) [45].

�µÖ¢²¥´¨¥ ¸¢µ¡µ¤´µ£µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢µ ‚¸¥²¥´´µ°, § ¶µ²´¥´-
´µ° ³ É¥·¨¥°, ¤µ¸É ¢²Ö²µ ¡Ò, ± ± ¸²¥¤Ê¥É ¨§ ¸É ÉÓ¨  ¢Éµ· , ³´µ£µ § ¡µÉ.
�·¨ ¶µ¶ÒÉ± Ì ·¥Ï¥´¨Ö ÔÉµ° ¶·µ¡²¥³Ò ¢µ§´¨± ·Ö¤ £¨¶µÉ¥§, ±µÉµ·Ò¥ ¶µ± 
¨³¥ÕÉ ¶· ¢µ ´  ¸ÊÐ¥¸É¢µ¢ ´¨¥.

Š ± ´¥¶µ²´µÉÊ ¤ ´´µ£µ µ¡§µ· , ¸²¥¤Ê¥É µÉ³¥É¨ÉÓ µÉ¸ÊÉ¸É¢¨¥ ¢ ´¥³ ¤ ¦¥
Ê¶µ³¨´ ´¨Ö µ ́ µ¢ÒÌ É¥µ·¨ÖÌ Å ¶µ¶ÒÉ± Ì ̈ ¸± ÉÓ ́ µ¢Ò¥ ¢µ§³µ¦´µ¸É¨ ¢ É¥µ-
·¨¨ £· ¢¨É Í¨¨ ´  µ¸´µ¢¥ ¸¢µ¥µ¡· §´ÒÌ ̧ ¢µ°¸É¢, ¢ Î ¸É´µ¸É¨, É¥µ·¨¨ ¸É·Ê´.

‡¤¥¸Ó ³Ò ¨³¥¥³ ¢ ¢¨¤Ê, ´ ¶·¨³¥·, ¸É ÉÓÕ [41], ¢ ±µÉµ·µ° ÊÉ¢¥·¦¤ ¥É¸Ö,
ÎÉµ ¢¡²¨§¨ ±² ¸¸¨Î¥¸±µ° ¸¨´£Ê²Ö·´µ¸É¨ ¢µ§´¨± ¥É µ¡² ¸ÉÓ ´¥ ²µ·¥´Í¥¢µ°,
  ¥¢±²¨¤µ¢µ° ³¥É·¨±¨*, ¨ ¢¸Ö ‚¸¥²¥´´ Ö ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¸µ¢µ±Ê¶´µ¸ÉÓ
¢¸¥²¥´´ÒÌ, ¸¢Ö§ ´´ÒÌ ±·µÉµ¢Ò³¨ ´µ· ³¨. �¥ ¨¸±²ÕÎ¥´µ, ÎÉµ ¶·¨ ¢¸¥³ · §-

*�ÉµÉ ·¥§Ê²ÓÉ É, ± § ²µ¸Ó ¡Ò, ¡²¨§µ± ¨²¨ ¤ ¦¥  ´ ²µ£¨Î¥´ µ¡¸Ê¦¤ ¥³Ò³ ´ ³¨ ¢µ§³µ¦-
´µ¸ÉÖ³ ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¸¢µ¥µ¡· §´µ° ®¸Ê¡³¨±·µË¨§¨±¨¯ ¶·¨ ¶² ´±µ¢¸±¨Ì ¨²¨ ¸Ê¡¶² ´±µ¢¸±¨Ì
¤²¨´ Ì
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²¨Î¨¨ ®¸É·Ê´´µ£µ¯ ¶µ¤Ìµ¤  ¨ µ¡¸Ê¦¤ ¥³µ£µ ́  ³¨ Ëµ·³ ²¨§³  ¶µ¸²¥¤ÊÕÐ Ö
¶µ²´ Ö ± ·É¨´  ‚¸¥²¥´´µ° ³µ¦¥É ¨³¥ÉÓ ³´µ£µ µ¡Ð¨Ì Î¥·É.

Œµ¦¥É ¡ÒÉÓ, ±µ£¤ -´¨¡Ê¤Ó µ± ¦¥É¸Ö ¢µ§³µ¦´Ò³ ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ
µ¡´ ·Ê¦¨ÉÓ Ê³¥´ÓÏ¥´¨¥ £· ¢¨É Í¨µ´´µ° ¶µ¸ÉµÖ´´µ° ¢ Ê¸²µ¢¨ÖÌ ¡µ²ÓÏµ°
¶²µÉ´µ¸É¨ ³ É¥·¨¨.
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‚.ƒ.Š ¤ÒÏ¥¢¸±¨°

�¡Ñ¥¤¨´¥´´Ò° ̈ ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ̈ ¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�¡¸Ê¦¤ ¥É¸Ö ´¥¸É ´¤ ·É´Ò° ¶µ¤Ìµ¤ ± ¶µ¸É·µ¥´¨Õ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö, ´ ¢¥Ö´-
´Ò° ¨¤¥¥° Œ.�.Œ ·±µ¢  µ ±µ´¥Î´µ¸É¨ ¸¶¥±É·  ³ ¸¸ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í.

A non-standard approach to construction of quantum field theory is discussed which was
inspired by M.A.Markov's idea of finiteness of the elementary-particle mass spectrum.

 1. ‚ 1956 £. Œ.�.Œ ·±µ¢ ¢Ò¤¢¨´Ê² ¨¤¥Õ µ ±µ´¥Î´µ¸É¨ ¸¶¥±É·  ³ ¸¸
Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, ¸¢Ö§ ¢ ¢¥·Ì´ÕÕ £· ´¨ÍÊ ÔÉµ£µ ¸¶¥±É·  ¸ ®¶² ´±µ¢-
¸±µ° ³ ¸¸µ°¯ [1]:

Mp = √ hc
G

 ' 1019 ƒÔ‚ (1)

(G Å £· ¢¨É Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö).
— ¸É¨Í ³ ¶·¥¤¥²Ó´µ° ³ ¸¸Ò m = mp , ´ §¢ ´´Ò³  ¢Éµ·µ³ ®³ ±¸¨³µ´ -

³¨¯, µÉ¢µ¤¨² ¸Ó µ¸µ¡ Ö ·µ²Ó ¢ ³¨·¥ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í [2]. Šµ´Í¥¶Í¨Ö
³ ±¸¨³µ´  ¡Ò²  ¶µ²µ¦¥´  ¢ µ¸´µ¢Ê ³ ·±µ¢¸±µ£µ ¸Í¥´ ·¨Ö · ´´¥° ‚¸¥²¥´-
´µ° [3].

‘ ³µ ¶µ´ÖÉ¨¥ ®Ô²¥³¥´É ·´ Ö Î ¸É¨Í ¯ ¶·¥¤¶µ² £ ¥É, ÎÉµ ¤ ´´Ò°
µ¡Ñ¥±É ´¥ ¨³¥¥É ¸µ¸É ¢´µ° ¸É·Ê±ÉÊ·Ò. �¤´ ±µ ÔÉµÉ Ô±¸¶¥·¨³¥´É ²Ó´Ò°
Ë ±É, ± ± ´¥µ¤´µ±· É´µ ¶µ¤Î¥·±¨¢ ² Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î, ³µ¦¥É ¡ÒÉÓ
Ê¸É ´µ¢²¥´ ²¨ÏÓ ¸ µ¶·¥¤¥²¥´´µ° ÉµÎ´µ¸ÉÓÕ.

�  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó ±¢ ·±¨ ¨ ²¥¶Éµ´Ò, ¡¥§³ ¸¸µ¢Ò¥ ËµÉµ´Ò ¨ £²Õµ-

´Ò, ³ ¸¸¨¢´Ò¥ ¢¥±Éµ·´Ò¥ ¡µ§µ´Ò W ¨ Z 0 ¢¶²µÉÓ ¤µ · ¸¸ÉµÖ´¨°

10−16 − 10−17 ¸³ ´¥ µ¡´ ·Ê¦¨¢ ÕÉ ¸²µ¦´µ£µ ¸É·µ¥´¨Ö. �µÔÉµ³Ê ¢¸¥ ÔÉ¨
Î ¸É¨ÍÒ ¸ Ê± § ´´µ° ÉµÎ´µ¸ÉÓÕ · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± Ô²¥³¥´É ·´Ò¥ ¨ ¢
· ³± Ì ¨§¢¥¸É´µ° ¸É ´¤ ·É´µ° ³µ¤¥²¨ (‘Œ) µ¶¨¸Ò¢ ÕÉ¸Ö ²µ± ²Ó´Ò³¨
±¢ ´Éµ¢Ò³¨ ¶µ²Ö³¨.

Š¢ ·±¨ ¨ ²¥¶Éµ´Ò, ¡Ê¤ÊÎ¨ Ë¥·³¨µ´ ³¨, ¢Ò¸ÉÊ¶ ÕÉ ¢ ·µ²¨ ËÊ´¤ ³¥´-
É ²Ó´ÒÌ ¸µ¸É ¢²ÖÕÐ¨Ì ³ É¥·¨¨. Š ± ¨§¢¥¸É´µ, µ´¨ £·Ê¶¶¨·ÊÕÉ¸Ö ¢ É·¨ ¸¥-
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³¥°¸É¢  Å ¶µ±µ²¥´¨Ö. —¥³ ¢ÒÏ¥ ´µ³¥· ¶µ±µ²¥´¨Ö, É¥³ ³ ¸¸¨¢´¥¥ ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨¥ Ë¥·³¨µ´Ò. ‘ ³Ò³ ÉÖ¦¥²Ò³ ¨§ ´¨Ì, ¨, ¢µµ¡Ð¥, ¸ ³µ° ÉÖ¦¥²µ° ¨§
¨§¢¥¸É´ÒÌ ´Ò´¥ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, Ö¢²Ö¥É¸Ö t-±¢ ·±: 

mt ' 175 ƒÔ‚. (2)

‚ ¸¶¨¸µ± Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, Ë¨£Ê·¨·ÊÕÐ¨Ì ¢ ‘Œ, ¢Ìµ¤¨É É ±¦¥
Ì¨££cµ¢¸±¨° ¡µ§µ´ �, ³ ¸¸Ê ±µÉµ·µ£µ ³µ¤¥²Ó ´¥ ¶·¥¤¸± §Ò¢ ¥É. �µ ¶µ¸²¥¤-
´¨³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ 

mH > 77 ƒÔ‚. (3)

�¥ ¨¸±²ÕÎ¥´µ, ÎÉµ ¤ ´´ Ö Î ¸É¨Í  ³µ¦¥É µ± § ÉÓ¸Ö §´ Î¨É¥²Ó´µ ÉÖ¦¥-
²¥¥ t-±¢ ·± . ‡ ³¥É¨³ ¢ ÔÉµ° ¸¢Ö§¨, ÎÉµ Í¥´É· ²Ó´Ò³ ¶Ê´±Éµ³ ¶·µ£· ³³Ò
¨¸¸²¥¤µ¢ ´¨° ´  �µ²ÓÏµ³  ¤·µ´´µ³ ± ²µ·¨³¥É·¥ (LHC) ¢ –…�� Ö¢²Ö¥É¸Ö
¶µ¨¸± Ì¨££¸µ¢¸±µ£µ ¡µ§µ´  ¢ ¤¨ ¶ §µ´¥ §´ Î¥´¨° ³ ¸¸ ¤µ 1 ’Ô‚.

Œµ¦´µ ¸± § ÉÓ, ÎÉµ ¢ ‘Œ ·¥ ²¨§Ê¥É¸Ö ³ ·±µ¢¸± Ö ¨¤¥Ö µ ±µ´¥Î´µ¸É¨
¸¶¥±É·  ³ ¸¸ Î ¸É¨Í, µ¤´ ±µ ³ ±¸¨³µ´ ¶·¨ ÔÉµ³ µ± §Ò¢ ¥É¸Ö ¶·¨³¥·´µ ¢

1016 · § ²¥£Î¥, Î¥³ ®¶² ´±µ¢¸± Ö ³ ¸¸ ¯ (1)*.

‘¶¥±É· ³ ¸¸ µ¡·Ò¢ ¥É¸Ö ¨ ¢ ·Ö¤¥ ¢ ·¨ ´Éµ¢ É¥µ·¨¨, Ö¢²ÖÕÐ¨Ì¸Ö µ¡µ¡-
Ð¥´¨¥³ ¸É ´¤ ·É´µ° ³µ¤¥²¨, ´ ¶·¨³¥·, ¢ ¥¥ ³¨´¨³ ²Ó´µ³ ¸Ê¶¥·¸¨³³¥É-
·¨Î´µ³ · ¸Ï¨·¥´¨¨. � ÎÉµ ¥¸²¨ ±µ´¥Î´µ¸ÉÓ ÔÉµ£µ ¸¶¥±É·  ¶·¥¤¸É ¢²Ö¥É ¸µ-
¡µ° ËÊ´¤ ³¥´É ²Ó´Ò° Ë¨§¨Î¥¸±¨° ¶·¨´Í¨¶, ±µÉµ·Ò°, ¶µ¤µ¡´µ ·¥²ÖÉ¨-
¢¨¸É¸±µ³Ê ¨ ±¢ ´Éµ¢µ³Ê ¶µ¸ÉÊ² É ³, ¤µ²¦¥´ ¡ÒÉÓ ¶µ²µ¦¥´ ¢ µ¸´µ¢Ê É¥µ·¨¨
Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í? �·¨£¨´ ²Ó´µ¥ Ê¸²µ¢¨¥ Œ.�.Œ ·±µ¢  Ë ±É¨Î¥¸±¨
¨³¥²µ Î¨¸Éµ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨° Ì · ±É¥·, ¨ ¤ ¦¥ ¤²Ö µ¶¨¸ ´¨Ö ³ ±¸¨³µ-
´  µ´ ¨¸¶µ²Ó§µ¢ ² ¸É ´¤ ·É´Ò° É¥µ·¥É¨±µ-¶µ²¥¢µ°  ¶¶ · É. ŒÒ, ± ± ¡Ò²µ
¸± § ´µ, ¶·¥¤² £ ¥³ ¡µ²¥¥ · ¤¨± ²Ó´Ò° ¶µ¤Ìµ¤. �·¥¤¸É ¢²ÖÖ Ê¸²µ¢¨¥ ±µ-
´¥Î´µ¸É¨ ¸¶¥±É·  ³ ¸¸ Î ¸É¨Í ¢ ¢¨¤¥

m ≤ M, (4)

£¤¥ ¶ · ³¥É· M ≥ 1 ’Ô‚ Å ´¥± Ö ËÊ´¤ ³¥´É ²Ó´ Ö ³ ¸¸ , ³µ¦´µ ¶µ¶Ò-
É ÉÓ¸Ö § ´µ¢µ · §¢¨ÉÓ Ëµ·³ ²¨§³ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö (Š’�), ¸µ£² ¸ÊÖ
¥£µ ¸ É·¥¡µ¢ ´¨¥³ (4).

„ ´´ Ö ¶·µ£· ³³  Î ¸É¨Î´µ ·¥ ²¨§µ¢ ´  ¢ [4Å13]. �± § ²µ¸Ó, ÎÉµ ´µ-
¢ Ö Ëµ·³Ê²¨·µ¢±  Š’�, ´¥¸³µÉ·Ö ´  ¶·¨¸ÊÉ¸É¢¨¥ ¢ ´¥° ËÊ´¤ ³¥´É ²Ó´µ°
³ ¸¸Ò Œ, µ¸É ¥É¸Ö ²µ± ²Ó´µ° ̧ Ì¥³µ°, ¤µ¶Ê¸± ÕÐ¥° ̈ ¸¶µ²Ó§µ¢ ´¨¥ ± ²¨¡·µ-
¢µÎ´ÒÌ £·Ê¶¶ ¸¨³³¥É·¨¨.

*”µ·³ ²Ó´µ ¢ ‘Œ ¨ ¢ ¤·Ê£¨Ì ³µ¤¥²ÖÌ, ´¥ ÊÎ¨ÉÒ¢ ÕÐ¨Ì £· ¢¨É Í¨Õ, m
p
 = ∞.
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‚ ¶µ²´µ³ ² £· ´¦¨ ´¥ ´µ¢µ° ¢¥·¸¨¨ ‘Œ ¢µ§´¨± ¥É ·Ö¤ ´µ¢ÒÌ Î²¥´µ¢ ¸

±µ´¸É ´É ³¨ ¸¢Ö§¨, ¶·µ¶µ·Í¨µ´ ²Ó´Ò³¨ 
1
M

 ¨ 
1

M 2
 , ÎÉµ ± ·¤¨´ ²Ó´µ ³¥´Ö¥É

± ·É¨´Ê ¢§ ¨³µ¤¥°¸É¢¨Ö Î ¸É¨Í ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ E ≥ M. ‘Éµ¨É ¶µ¤-

Î¥·±´ÊÉÓ, ÎÉµ ¢ ¸¨²Ê (5) ±µ³¶Éµ´µ¢¸± Ö ¤²¨´  ¢µ²´Ò Î ¸É¨ÍÒ λc = 
h

mc
 ´¥

³µ¦¥É ¡ÒÉÓ ³¥´ÓÏ¥ ËÊ´¤ ³¥´É ²Ó´µ° ¤²¨´Ò 
h

Mc
 = 1. ‘µ£² ¸´µ �ÓÕÉµ´Ê ¨

‚¨£´¥·Ê [14] ¶ · ³¥É· λc Ì · ±É¥·¨§Ê¥É · §³¥·Ò µ¡² ¸É¨ ¶·µ¸É· ´¸É¢ , ¢

±µÉµ·µ° ³µ¦´µ ²µ± ²¨§µ¢ ÉÓ ·¥²ÖÉ¨¢¨¸É¸±ÊÕ Î ¸É¨ÍÊ c ³ ¸¸µ° m. ‘²¥¤µ¢ -
É¥²Ó´µ, ËÊ´¤ ³¥´É ²Ó´ Ö ¤²¨´  l ¢´µ¸¨É ¢ É¥µ·¨Õ Ê´¨¢¥·¸ ²Ó´µ¥
µ£· ´¨Î¥´¨¥ ´  ÉµÎ´µ¸ÉÓ ¶·µ¸É· ´¸É¢¥´´µ° ²µ± ²¨§ Í¨¨ Ô²¥³¥´É ·´ÒÌ
Î ¸É¨Í.

‚ ´ ¸ÉµÖÐ¥° ¸É ÉÓ¥ ³Ò µ¡¸Ê¤¨³ ´¥±µÉµ·Ò¥ Ì · ±É¥·´Ò¥ µ¸µ¡¥´´µ¸É¨
´µ¢µ£µ ¶µ¤Ìµ¤ , ¨¸¶µ²Ó§ÊÖ ¶·µ¸ÉÒ¥ ³µ¤¥²Ó´Ò¥ ¶·¨³¥·Ò.

 2. �Ê¸ÉÓ ϕ(p0, p) Å ¸± ²Ö·´µ¥ ¶µ²¥, µ¶¨¸Ò¢ ÕÐ¥¥ ¢ ¸É ´¤ ·É´µ°

É¥µ·¨¨ ¡¥¸¸¶¨´µ¢Ò¥ Î ¸É¨ÍÒ ¸ ³ ¸¸µ° m. ‚ ¸¢µ¡µ¤´µ³ ¸²ÊÎ ¥, µÎ¥¢¨¤´µ,
¨³¥¥³

(p
0
2 − p2 − m2) ϕ(p

0
, p) = 0, (5)

µÉ±Ê¤  ¸²¥¤Ê¥É, ÎÉµ ϕ(p
0
, p) ≠ 0 ²¨ÏÓ ´  ³ ¸¸µ¢µ° ¶µ¢¥·Ì´µ¸É¨

p
0
2 − p2 = m2. (6)

C £¥µ³¥É·¨Î¥¸±µ° ÉµÎ±¨ §·¥´¨Ö (6) ¥¸ÉÓ ¤¢Ê¶µ²µ¸É´Ò° £¨¶¥·¡µ²µ¨¤, ¶µ-
£·Ê¦¥´´Ò° ¢ ¨³¶Ê²Ó¸´µ¥ 4-¶·µ¸É· ´¸É¢µ. ‚ ¸É ´¤ ·É´µ° Š’� ÔÉµ ¶·µ¸É-
· ´¸É¢µ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ, É.¥. µ¤´µ·µ¤´µ ¨ ¡¥¸±µ´¥Î´µ. ‘²¥¤µ¢ É¥²Ó´µ, ¢
´¥³ ³µ¦´µ · §³¥¸É¨ÉÓ £¨¶¥·¡µ²µ¨¤Ò (6) ¸ ¶·µ¨§¢µ²Ó´µ ¡µ²ÓÏ¨³ · ¤¨Ê-
¸µ³ m. „·Ê£¨³¨ ¸²µ¢ ³¨, ±¢ ´ÉÒ ¶µ²Ö ϕ ³µ£ÊÉ ¡ÒÉÓ ± ± Ê£µ¤´µ ÉÖ¦¥²Ò³¨.

…¸²¨, µ¤´ ±µ, ¶µ¦¥·É¢µ¢ ÉÓ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ¸ÉÓÕ p-¶·µ¸É· ´¸É¢  ¨ ¶µ-
¸ÉÊ²¨·µ¢ ÉÓ, ÎÉµ ¢  ¶¶ · É¥ Š’� ¨³¶Ê²Ó¸´µ¥ 4-¶·µ¸É· ´¸É¢µ ¶·¥¤¸É ¢²Ö¥É
¸µ¡µ° ¶·µ¸É· ´¸É¢µ ¤¥ ‘¨ÉÉ¥·  ¸ · ¤¨Ê¸µ³ ±·¨¢¨§´Ò Œ, Éµ µ£· ´¨Î¥´¨¥ (4)
³µ¦¥É ¡ÒÉÓ § ²µ¦¥´µ ¢ É ±ÊÕ É¥µ·¨Õ ¸ ¸ ³µ£µ ´ Î ² .

„¥°¸É¢¨É¥²Ó´µ, · ¸¸³µÉ·¨³ 5-£¨¶¥·¡µ²µ¨¤

p
0
2 − p

1
2 − p

2
2 − p

3
2 + p

5
2 = M 2, (7)

¶µ¢¥·Ì´µ¸ÉÓ ±µÉµ·µ£µ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ·¥ ²¨§ Í¨Õ 4-¶·µ¸É· ´¸É¢ 
¶µ¸ÉµÖ´´µ° ±·¨¢¨§´Ò, ¨²¨ ¶·µ¸É· ´¸É¢  ¤¥ ‘¨ÉÉ¥· . „²Ö ¸¢µ¡µ¤´µ°

Î ¸É¨ÍÒ, ¢ ¸¨²Ê (6), m2 + p
5
2 + M 2, É.¥. (4) ¢Ò¶µ²´Ö¥É¸Ö  ¢Éµ³ É¨Î¥¸±¨.

Š ‚����‘“ � Š��…—��‘’ˆ ‘�…Š’�� Œ�‘‘  565



�µ¸²¥  ¶¥·¥Ìµ¤   µÉ  p-¶·µ¸É· ´¸É¢   Œ¨´±µ¢¸±µ£µ  ±  p-¶·µ¸É· ´¸É¢Ê
¤¥ ‘¨ÉÉ¥·  (7) Ê¤µ¡´µ ¢³¥¸Éµ ϕ(p0, p) · ¡µÉ ÉÓ ¸ ¢¥²¨Î¨´µ° 

δ(p
0
2 − p2 + p

5
2 − M 2) ϕ(p

0
, p, p

5
). (8)

Ÿ¸´µ, ÎÉµ § ¤ ´¨¥ ¢ (8) µ¤´µ° ËÊ´±Í¨¨ ϕ(p
0
, p, p

5
) ¶ÖÉ¨ ¶¥·¥³¥´´ÒÌ

(pµ, p5
) Ô±¢¨¢ ²¥´É´µ § ¤ ´¨Õ ¤¢ÊÌ ´¥§ ¢¨¸¨³ÒÌ ËÊ´±Í¨° ϕ

1
(p) ¨ ϕ

2
(p) µÉ

4-¨³¶Ê²Ó¸  pµ:

ϕ(p, p
5
) = 







 

ϕ(p, | p
5
| )

ϕ(p, − | p
5
| ) 







 ≡ 







  

ϕ
1
(p)

ϕ
2
(p) 







 ,     | p

5
| = √M 2 − p2 . (9)

�µÖ¢²¥´¨¥ ´µ¢µ° ¤¨¸±·¥É´µ° ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò 
p5

| p5|
 ¨ ¸¢Ö§ ´´µ¥ ¸ ´¥°

Ê¤¢µ¥´¨¥ Î¨¸²  ¶µ²¥¢ÒÌ ¶¥·¥³¥´´ÒÌ Å ¢ ¦´¥°Ï Ö µ¸µ¡¥´´µ¸ÉÓ · §¢¨¢ ¥-
³µ£µ ¶µ¤Ìµ¤ . …¥ ´Ê¦´µ ÊÎ¨ÉÒ¢ ÉÓ Ê¦¥ ¶·¨ µÉÒ¸± ´¨¨ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö
¤²Ö ¸¢µ¡µ¤´µ£µ ¶µ²Ö ¢ p-¶·µ¸É· ´¸É¢¥ ¤¥ ‘¨ÉÉ¥· . ‘ µ¤´µ° ¸Éµ·µ´Ò, ¶µ-
¸±µ²Ó±Ê ´¥É ´¨± ±¨Ì µ¸´µ¢ ´¨° É¥µ·¥É¨Î¥¸±µ£µ ¨²¨ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ
Ì · ±É¥·  ¤²Ö µÉ± §  µÉ ¸É ´¤ ·É´µ£µ ·¥²ÖÉ¨¢¨¸É¸±µ£µ ¸µµÉ´µÏ¥´¨Ö (6)
³¥¦¤Ê Ô´¥·£¨¥°, ¨³¶Ê²Ó¸µ³ ¨ ³ ¸¸µ°, ¶·¥¦´¥¥ Ê· ¢´¥´¨¥ Š²¥°´  Å ƒµ·¤µ-
´  (5) ¤µ²¦´µ ¢Ò¶µ²´ÖÉÓ¸Ö ¨ ¤²Ö ¶µ²Ö ϕ(p0, p, p5):

(p
0
2 − p2 − m2) ϕ(p

0
, p, p

5
) = 0. (10)

‘ ¤·Ê£µ° ¸Éµ·µ´Ò, Ê· ¢´¥´¨¥ (10) µ¡² ¤ ¥É ¤¢Ê³Ö µÎ¥¢¨¤´Ò³¨ ¤¥Ë¥±-
É ³¨:

1) ¢ ´¥³ ´¥ µÉ· ¦¥´µ Ê¸²µ¢¨¥ (4);

2) ¨§ ÔÉµ£µ Ê· ¢´¥´¨Ö ´¥²Ó§Ö µ¶·¥¤¥²¨ÉÓ § ¢¨¸¨³µ¸ÉÓ ¶µ²Ö µÉ ´µ¢µ£µ

±¢ ´Éµ¢µ£µ Î¨¸²  
p5

| p5|
 , ÎÉµ¡Ò · §²¨Î ÉÓ ±µ³¶µ´¥´ÉÒ ϕ1(p) ¨ ϕ2(p).

‡ ³¥É¨³, µ¤´ ±µ, ÎÉµ ¢ ¸¨²Ê (7) Ê· ¢´¥´¨¥ (10) ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥-
´µ ± ± 

(M cos µ + p5)(M cos µ − p5) ϕ(p, p5) = 0,

cos µ ≡ √1 − 
m2

M 2
 . (11)
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’¥¶¥·Ó, ¶µ¤· ¦ Ö ±² ¸¸¨Î¥¸±µ³Ê ¶·¨¥³Ê „¨· ± , ¶µ¸ÉÊ²¨·Ê¥³ ¨¸±µ³µ¥
Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö ¢ ¢¨¤¥

2M(M cos µ − p
5
) ϕ(p, p

5
) = 0. (12)

Ÿ¸´µ, ÎÉµ ¢ (12) Ê¦¥ ´¥É ¤¥Ë¥±Éµ¢, ¶·¨¸ÊÐ¨Ì Ê· ¢´¥´¨Õ (10), ÌµÉÖ ¶µ-
¸²¥¤´¥¥ ¶µ-¶·¥¦´¥³Ê ¶·µ¤µ²¦ ¥É ¢Ò¶µ²´ÖÉÓ¸Ö.

ˆ§ (12) ¨ (9) ¸²¥¤Ê¥É, ÎÉµ

2M(M cos µ − | p
5
| ) ϕ

1
(p) = 0, (13)

2M(M cos µ + | p
5
| ) ϕ

2
(p) = 0, (14)

µÉ±Ê¤  ´ Ìµ¤¨³

ϕ
1
(p) ' δ(m2 − p2) ϕ~

1
(p), (15)

ϕ
2
(p) = 0. (16)

’ ±¨³  µ¡· §µ³,  ¸¢µ¡µ¤´µ¥  ¶µ²¥  ϕ(p, p
5
),  § ¤ ´´µ¥  ¢  ·-¶·µ¸É· ´¸É¢¥

¤¥ ‘¨ÉÉ¥·  (7), µ¶¨¸Ò¢ ¥É É¥ ¦¥ ̧  ³Ò¥ ̧ ± ²Ö·´Ò¥ Î ¸É¨ÍÒ ¸ ³ ¸¸µ° m, ÎÉµ
¨ ¶µ²¥ ϕ(p) ¢ ·-¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ, ¸ Éµ° ²¨ÏÓ · §´¨Í¥°, ÎÉµ
É¥¶¥·Ó µ¡Ö§ É¥²Ó´µ m ≤ M. „¢ÊÌ±µ³¶µ´¥´É´ Ö ¸É·Ê±ÉÊ·  (9) ´µ¢µ£µ ¶µ²Ö ¢
¸¨²Ê (16) ´  ³ ¸¸µ¢µ° ¶µ¢¥·Ì´µ¸É¨ ´¥ ¶·µÖ¢²Ö¥É¸Ö. �É  ¸É·Ê±ÉÊ· , µ¤´ -
±µ, ¨£· ¥É ¢ ¦´ÊÕ ·µ²Ó ¶·¨ · ¸¸³µÉ·¥´¨¨ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ²¥°, É.¥. ¢´¥
³ ¸¸µ¢µ° ¶µ¢¥·Ì´µ¸É¨.

’¥¶¥·Ó ´ Ï¥° § ¤ Î¥° Ö¢²Ö¥É¸Ö ¶µ¸É·µ¥´¨¥ ¨´É¥£· ²  ¤¥°¸É¢¨Ö, µÉ¢¥Î -
ÕÐ¥£µ Ê· ¢´¥´¨Õ (12), ¨ ¶¥·¥Ìµ¤ ± ±µ´Ë¨£Ê· Í¨µ´´µ³Ê ¶µ¸É·µ¥´¨Õ. ˆ§
¸µµ¡· ¦¥´¨° Ê¤µ¡¸É¢  ³Ò ¡Ê¤¥³ ¨¸¶µ²Ó§µ¢ ÉÓ ¤ ²¥¥ ¥¢±²¨¤µ¢Ê Ëµ·³Ê²¨·µ¢-
±Ê É¥µ·¨¨, ¢µ§´¨± ÕÐÊÕ ¶·¨  ´ ²¨É¨Î¥¸±µ³ ¶·µ¤µ²¦¥´¨¨ ± Î¨¸Éµ ³´¨³Ò³
Ô´¥·£¨Ö³

p
0
 → − ip

4
. (17)

�·¨ ÔÉµ³ ¢³¥¸Éµ (7) ¡Ê¤¥³ ¨³¥ÉÓ

p
5
2 − pn

2 = M 2,     n = 1, 2, 3, 4, (18)

µÉ±Ê¤ 

p
5
 = ± √M 2 + pn

2  . (19)
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…¢±²¨¤µ¢ µ¶¥· Éµ· Š²¥°´  Å ƒµ·¤µ´  (m2 + pn
2) ¸ ÊÎ¥Éµ³ (18) ¶·¥¤¸É ¢²Ö-

¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ Ë ±Éµ·¨§µ¢ ´´µ³ ¢¨¤¥ (¸·. (11)):

m2 + pn
2 = (p

5
 + M cos µ)(p

5
 − M cos µ). (20)

Ÿ¸´µ, ÎÉµ ´¥µÉ·¨Í É¥²Ó´Ò° ËÊ´±Í¨µ´ ²

S = 2πM ∫ d
 4p

| p5|
 [ϕ1

+(p) 2M(| p5| − M cos µ) ϕ1(p) +

+ ϕ2
+(p) 2M(| p5| + M cos µ) ϕ2(p)],

£¤¥

ϕ
1,2

(p) = ϕ(p, ± | p
5
| ), (21)

³µ¦¥É ¶·¥É¥´¤µ¢ ÉÓ ´  ·µ²Ó ¨´É¥£· ²  ¤¥°¸É¢¨Ö ¸¢µ¡µ¤´µ£µ ¥¢±²¨¤µ¢ 
¶µ²Ö ϕ(p, p

5
). �´ ²¥£±µ ¶·¥¤¸É ¢²Ö¥É¸Ö ¨ ¢ ¢¨¤¥ 5-¨´É¥£· ² :

S = 4πM ∫ ε(p5) δ(pL p
L − M 2) d 5p[ϕ+(p, p5) ×

× 2M(p5 − M cos µ) ϕ(p, p5)],

L = 1, 2, 3, 4, 5, (22)

£¤¥

ε(p
5
) = 

p
5

| p
5
|
 .

�·¥µ¡· §µ¢ ´¨¥ ”Ê·Ó¥ ¨ ±µ´Ë¨£Ê· Í¨µ´´µ¥ ¶·¥¤¸É ¢²¥´¨¥ ¢ · §¢¨¢ ¥-
³µ³ ¶µ¤Ìµ¤¥ ¨³¥ÕÉ ¸¢µÕ ¸¶¥Í¨Ë¨±Ê. �·¥¦¤¥ ¢¸¥£µ µ¡· É¨³ ¢´¨³ ´¨¥ ´ 
Éµ, ÎÉµ ¢ µ¸´µ¢´µ³ Ê· ¢´¥´¨¨ (18), µ¶·¥¤¥²ÖÕÐ¥³ ·-¶·µ¸É· ´¸É¢µ ¤¥ ‘¨ÉÉ¥-
· , ¢¸¥ ±µ³¶µ´¥´ÉÒ 5-¨³¶Ê²Ó¸  ¢Ò¸ÉÊ¶ ÕÉ ± ± · ¢´µ¶· ¢´Ò¥. �µÔÉµ³Ê ¢Ò-

· ¦¥´¨¥ δ(pL p
L − M2) ϕ(p, p5), § ³¥´ÖÕÐ¥¥ É¥¶¥·Ó (8), ³µ¦´µ ¶µ¤¢¥·£´ÊÉÓ

5-¶·¥µ¡· §µ¢ ´¨Õ ”Ê·Ó¥:

2M

(2π)36 2
 ∫ e

− ip
K
 x

K

 δ(pL p
L − M 2) ϕ(p, p5) d 5p ≡ ϕ(x, x5),

K, L = 1, 2, 3, 4, 5. (23)
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�Î¥¢¨¤´µ, (23) Ê¤µ¢²¥É¢µ·Ö¥É ¸²¥¤ÊÕÐ¥³Ê ¤¨ËË¥·¥´Í¨ ²Ó´µ³Ê Ê· ¢´¥-
´¨Õ ¢ ±µ´Ë¨£Ê· Í¨µ´´µ³ 5-¶·µ¸É· ´¸É¢¥:







 

∂2

∂x
5
2
 − tu + M 2 







 ϕ(x, x

5
) ≡ 0. (24)

ˆ´É¥£· Í¨Ö ¢ (23) ¶µ p
5
 ¤ ¥É

ϕ(x, x
5
) = 

M

(2π)3 6 2
 ∫  e

ip
n
 x

n 
d 4p
| p

5
|
 [e

− i | p
5
| x

5 ϕ
1
(p) + e

i | p
5
| x

5 ϕ
2
(p)], (25)

µÉ±Ê¤ 

i
M

 
∂ϕ(x, x

5
)

∂x
5

 = 
1

(2π)3 6 2
 ∫  e

ip
n
 x

n d 4p [e
− i | p

5
| x

5 ϕ
1
(p) − e

i | p
5
| x

5 ϕ
2
(p)]. (26)

—¥ÉÒ·¥Ì³¥·´Ò¥ ¨´É¥£· ²Ò (25), (26) ¨£· ÕÉ ·µ²Ó ¶·¥µ¡· §µ¢ ´¨°
”Ê·Ó¥, ¶¥·¥¢µ¤ÖÐ¨Ì ¶µ²Ö ϕ1(p) ¨ ϕ2(p) ¢ ±µ´Ë¨£Ê· Í¨µ´´µ¥ ¶·¥¤¸É ¢²¥´¨¥.

�¡· É´Ò¥ ¶·¥µ¡· §µ¢ ´¨Ö ¨³¥ÕÉ ¢¨¤

ϕ
1
(p) = 

− i

2M(2π)5 6 2
 ∫ d 4x e

− ip
n
 x

n 

 ϕ(x, x

5
) ∂
↔

∂x
5

 e
i | p

5
| x

5 

 , (27)

ϕ
2
(p) = 

i

2M(2π)5 6 2
 ∫ d 4x e

− ip
n
 x

n 

 ϕ(x, x

5
) ∂
↔

∂x
5

 e
− i | p

5
| x

5 

 , (28)

£¤¥ ¨¸¶µ²Ó§µ¢ ´µ µ¡µ§´ Î¥´¨¥ f
1
 

∂
↔

∂x
5
 f
2
 ≡ f

1
 
∂f

2

∂x
5
 − 

∂f
1

∂x
5
 f
2
. �· ¢Ò¥ Î ¸É¨ (27),

(28) ́ ¥ § ¢¨¸ÖÉ µÉ x
5
 ¢ ¸¨²Ê (24). �É³¥É¨³, ÎÉµ ´¥§ ¢¨¸¨³Ò¥ ¶µ²¥¢Ò¥ ¶¥·¥-

³¥´´Ò¥

ϕ(x, 0) ≡ ϕ(x) = 
M

(2π)3 6 2
 ∫  e

ip
n
 x

n d 4p 
ϕ

1
(p) + ϕ

2
(p)

| p
5
|

 , (29)
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i
M

 
∂ϕ(x, 0)

∂x
5

 = 
1

(2π)3 6 2
 ∫  e

ip
n
 x

n
 d 4p [ϕ

1
(p) − ϕ

2
(p)] (30)

³Ò ¢¶· ¢¥ Éµ²±µ¢ ÉÓ ± ± ´ Î ²Ó´Ò¥ ¤ ´´Ò¥ ŠµÏ¨ ´  ¶²µ¸±µ¸É¨ x
5
 = 0 ¤²Ö

Ê· ¢´¥´¨Ö £¨¶¥·¡µ²¨Î¥¸±µ£µ É¨¶  (24).
�µ¤¸É ¢²ÖÖ É¥¶¥·Ó (27), (28) ¢ ¨´É¥£· ² (21), ¨³¥¥³

S = ∫ d 4x 






 






 
∂ϕ(x, x5)

∂xn
 







 2

 + m2ϕ(x, x5)2 +

+ 






 i 

∂ϕ(x, x
5
)

∂x
5

 − M cos µ ϕ(x, x
5
) 








 2

 






 ≡ ∫ L(x, x

5
) d 4x. (31)

�¥É·Ê¤´µ Ê¡¥¤¨ÉÓ¸Ö, ÎÉµ ¡² £µ¤ ·Ö (24) ¤¥°¸É¢¨¥ (31) ´¥ § ¢¨¸¨É µÉ x
5
:

∂S
∂x

5

 = 0. (32)

‘²¥¤µ¢ É¥²Ó´µ, ¶¥·¥³¥´´ÊÕ x
5
 ¢ (31) ³µ¦´µ Ë¨±¸¨·µ¢ ÉÓ ¶·µ¨§¢µ²Ó´Ò³

µ¡· §µ³ ¨ · ¸¸³ É·¨¢ ÉÓ S ± ± ËÊ´±Í¨µ´ ² µÉ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ´ Î ²Ó-
´ÒÌ ¤ ´´ÒÌ ŠµÏ¨. � ¶·¨³¥·, ¶·¨ x

5
 = 0

S = ∫ d 4x 






 

 
∂ϕ(x)
∂xn

 


 2
 + m2ϕ(x)2 +

+ M 2χ(x) − cos µϕ(x)2 

 ≡ ∫ L(x) d 4x. (33)

ˆÉ ±, ³Ò Ê¡¥¤¨²¨¸Ó ¢ Éµ³, ÎÉµ ¢ · ¸¸³ É·¨¢ ¥³µ³ ¶µ¤Ìµ¤¥ ¸¢µ°¸É¢µ ²µ-
± ²Ó´µ¸É¨ É¥µ·¨¨ ´¥ Éµ²Ó±µ ´¥ ¨¸Î¥§ ¥É, ´µ ¸É ´µ¢¨É¸Ö ¤ ¦¥ ¡µ²¥¥ £²Ê-
¡µ±¨³, É.±. µ´µ · ¸¶·µ¸É· ´Ö¥É¸Ö ´  § ¢¨¸¨³µ¸ÉÓ µÉ ¤µ¶µ²´¨É¥²Ó´µ£µ ¶Ö-
Éµ£µ ¨§³¥·¥´¨Ö x

5
.

�µ¢ Ö ² £· ´¦¥¢  ¶²µÉ´µ¸ÉÓ L(x, x5) (¸³. (31)) Ö¢²Ö¥É¸Ö Ô·³¨Éµ¢µ° Ëµ·-

³µ°, ±µÉµ· Ö ¸É·µ¨É¸Ö ¨§ ϕ(x, x5) ¨ ±µ³¶µ´¥´É  5-£· ¤¨¥´É   
∂ϕ(x, x5)

∂xL

(L = 1, 2,3,4,5). ˆ ÌµÉÖ L(x, x5) Ö¢´µ § ¢¨¸¨É µÉ x5, · §¢¨¢ ¥³ Ö É¥µ·¨Ö ¶µ

¸¢µ¥° ¸ÊÉ¨ µ¸É ¥É¸Ö Î¥ÉÒ·¥Ì³¥·´µ° (¸³. (32), (33)).
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Š ± ¢¨¤´µ ¨§ ¶·µ¢¥¤¥´´ÒÌ ¶·¥µ¡· §µ¢ ´¨°, § ¢¨¸¨³µ¸ÉÓ ¤¥°¸É¢¨Ö (33)
µÉ ¤¢ÊÌ ËÊ´±Í¨µ´ ²Ó´ÒÌ  ·£Ê³¥´Éµ¢ ϕ(x) ¨ χ(x) ¥¸ÉÓ ¶·Ö³µ¥ ¸²¥¤¸É¢¨¥ Éµ£µ
Ë ±É , ÎÉµ ¢ ¨³¶Ê²Ó¸´µ° ± ·É¨´¥ ¨§-§  ¤¢Ê§´ Î´µ¸É¨ p5 ¶µ²¥ ¨³¥¥É ¤Ê¡²¥É-

´ÊÕ ¸É·Ê±ÉÊ·Ê 






 
ϕ1(p)
ϕ2(p) 







 .

�µ¸±µ²Ó±Ê ² £· ´¦¨ ´ L(x) ¨§ (33) ´¥ ¸µ¤¥·¦¨É ±¨´¥É¨Î¥¸±µ£µ Î²¥´ ,
µÉ¢¥Î ÕÐ¥£µ ¶µ²Õ χ(x), ÔÉ  ¶¥·¥³¥´´ Ö ´µ¸¨É ¢¸¶µ³µ£ É¥²Ó´Ò° Ì · ±É¥·, ¨
¥¥ §´ Î¥´¨¥ ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²Ö¥É¸Ö §´ Î¥´¨¥³ Ë¨§¨Î¥¸±µ£µ ¶µ²Ö ϕ(x).

Šµ´Ë¨£Ê· Í¨µ´´µ³Ê 5-¶·µ¸É· ´¸É¢Ê ¢ ´µ¢µ³ Ëµ·³ ²¨§³¥ ¶·¨´ ¤²¥¦¨É
µ¸µ¡µ ¢ ¦´ Ö ·µ²Ó, ¨¡µ ¨³¥´´µ ¢ ´¥³ É¥¶¥·Ó ²µ± ²¨§ÊÕÉ¸Ö ± ²¨¡·µ¢µÎ´Ò¥
¶·¥µ¡· §µ¢ ´¨Ö ¸¨³³¥É·¨¨. “± § ´´Ò³ ¶·¥µ¡· §µ¢ ´¨Ö³ ¶µ¤¢¥·£ ÕÉ¸Ö ´ -
Î ²Ó´Ò¥ ¤ ´´Ò¥ µ¸´µ¢´µ£µ Ê· ¢´¥´¨Ö (24):










 

ϕ1(x, x5)
i
M

 
∂ϕ
∂x5

 (x, x5) 









 .

                           x
5
 = Ë¨±¸. (34)

� ¸¸³µÉ·¨³ ÔÉµÉ ¢µ¶·µ¸ ¡µ²¥¥ ¤¥É ²Ó´µ. �·¨ ´ ²¨Î¨¨ £·Ê¶¶Ò ¢´ÊÉ·¥´-
´¥° ¸¨³³¥É·¨¨ ± ¦¤µ³Ê ¶µ²Õ ¸µ¶µ¸É ¢²Ö¥É¸Ö ´¥±µÉµ·Ò° § ±µ´ £²µ¡ ²Ó´µ£µ
¶·¥µ¡· §µ¢ ´¨Ö*

ϕ′ = Uϕ.

�·¨ ²µ± ²¨§ Í¨¨ £·Ê¶¶Ò ¢ 5-³¥·´µ³ Ì-¶·µ¸É· ´¸É¢¥ 

U → U(x, x
5
) (35)

¤²Ö ´ Î ²Ó´ÒÌ ¤ ´´ÒÌ (29), (30) ́   ¶²µ¸±µ¸É¨ x
5
 = 0 ¢µ§´¨± ¥É ¸²¥¤ÊÕÐ¨°

§ ±µ´ ± ²¨¡·µ¢µÎ´ÒÌ ¶·¥µ¡· §µ¢ ´¨°:

ϕ′(x) = U(x, 0) ϕ(x),

χ′(x) = 
i
M

 
∂U(x, 0)

∂x
5

 ϕ(x) + U(x, 0) χ(x). (36)

ƒ·Ê¶¶µ¢Ò¥ ¸¢µ°¸É¢  (36) Ö¢²ÖÕÉ¸Ö µÎ¥¢¨¤´Ò³¨. Šµ´±·¥É´Ò° ¢¨¤ ³ É·¨ÍÒ
U(x, x

5
) ³µ¦¥É ¡ÒÉÓ Ê¸É ´µ¢²¥´ ¢ É¥µ·¨¨ ¢¥±Éµ·´ÒÌ ¶µ²¥°, Ö¢²ÖÕÐ¥°¸Ö

µ¡µ¡Ð¥´¨¥³ ¸É ´¤ ·É´µ° É¥µ·¨¨ ¢ ¤ÊÌ¥ ´µ¢µ£µ ¶µ¤Ìµ¤  (¸³. · §¤.3).

*�¥ É¥·ÖÖ µ¡Ð´µ¸É¨, ³Ò µ£· ´¨Î¨¢ ¥³¸Ö §¤¥¸Ó ¸± ²Ö·´Ò³ ¸²ÊÎ ¥³.
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 3. “¡¥¤¨³¸Ö É¥¶¥·Ó, ÎÉµ · §¢¨ÉÒ° ¢  · §¤.2 Ëµ·³ ²¨§³ ²¥£±µ ³µ¦¥É
¡ÒÉÓ ¶·¨¸¶µ¸µ¡²¥´ ¤²Ö µ¶¨¸ ´¨Ö ¢¥±Éµ·´µ£µ ¶µ²Ö. ŒÒ · ¸¸³µÉ·¨³ §¤¥¸Ó
²¨ÏÓ  ¡¥²¥¢ ̧ ²ÊÎ °. ‘µµÉ¢¥É¸É¢ÊÕÐ Ö ¢¥·¸¨Ö É¥µ·¨¨ ¶µ²¥° Ÿ´£  Å Œ¨²²¸ 
µ¡¸Ê¦¤ ¥É¸Ö ¢ [7].

�Ê¸ÉÓ Aµ(p, p5) Å Ô²¥±É·µ³ £´¨É´Ò° 4-¶µÉ¥´Í¨ ², § ¤ ´´Ò° ¢ ·-¶·µ¸É-

· ´¸É¢¥ ¤¥ ‘¨ÉÉ¥·  (7) ¨ ¶µ¤Î¨´ÖÕÐ¨°¸Ö ¸É ´¤ ·É´Ò³ Ê· ¢´¥´¨Ö³ Œ ±¸-
¢¥²² :

p2Aµ(p, p
5
) − pµ(p ⋅ A(p, p

5
)) = 0. (37)

Ÿ¸´µ, ÎÉµ ¨§ (37) ´¥¢µ§³µ¦´µ µ¶·¥¤¥²¨ÉÓ § ¢¨¸¨³µ¸ÉÓ ¶µ²Ö µÉ ´µ¢µ£µ

±¢ ´Éµ¢µ£µ Î¨¸²  
p
5

| p
5
|
 (¸·.¸ (10)). �µ  ´ ²µ£¨¨ ¸ (11), ¶·¥¤¸É ¢¨³ (37) ¢

Ë ±Éµ·¨§µ¢ ´´µ° Ëµ·³¥:

(M + p5) 






 (M + p5) Aµ(p, p5) − 

pµ(p ⋅ A(p, p5))
M + p5

 






 = 0.

‚¢µ¤Ö ¤ ²¥¥ µ¡µ§´ Î¥´¨¥ 
p ⋅ A(p, p

5
)

M + p
5

 ≡ A
5
(p, p

5
), ¶µ¸ÉÊ²¨·Ê¥³ ¨¸±µ³µ¥

µ¡µ¡Ð¥´¨¥ Ê· ¢´¥´¨° Œ ±¸¢¥²²  ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

2M[(M − p5) Aµ(p, p5) − pµA5(p, p5)] = 0,

p ⋅ A(p, p
5
) − (p

5
 + M) A

5
(p, p

5
) = 0. (38)

’ ±¨³ µ¡· §µ³, ´  ¸Í¥´¥ ¶µÖ¢¨²¸Ö Ô²¥±É·µ³ £´¨É´Ò° 5-¶µÉ¥´Í¨ ²:

AL(p, p
5
) = (Aµ(p, p

5
), A

5
(p, p

5
)). (39)

…£µ Î¥ÉÒ·¥Ì³¥·´ Ö ¸µ¸É ¢²ÖÕÐ Ö Aµ(p, p
5
), ± ± ¢¨¤´µ ¨§ ´ Ï¥£µ ¶µ¸É·µ-

¥´¨Ö, ¶µ-¶·¥¦´¥³Ê Ê¤µ¢²¥É¢µ·Ö¥É ±² ¸¸¨Î¥¸±¨³ ³ ±¸¢¥²²µ¢¸±¨³ Ê· ¢´¥-
´¨Ö³ (37). „²Ö ¶µ¶¥·¥Î´µ£µ ¶µ²Ö

Aµ
⊥(p, p5) = Aµ(p, p5) − 

pµ(p ⋅ A)

p2

¨§ (38) ´ Ìµ¤¨³ ´µ¢µ¥ Ê· ¢´¥´¨¥ „ ² ³¡¥·  (¸·. (12) ¶·¨ µ = 0):

2M(M − p5) Aµ
⊥(p, p5) = 0.
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�ÖÉ Ö ±µ³¶µ´¥´É  A
5
(p, p

5
) ¢ (39), ¶µ¤µ¡´µ ¶·µ¤µ²Ó´µ³Ê ¶µ²Õ pµ 

(p ⋅ A)
p2

 ,

Ö¢²Ö¥É¸Ö Î¨¸Éµ ± ²¨¡·µ¢µÎ´µ° ¸É¥¶¥´ÓÕ ¸¢µ¡µ¤Ò. ‘ ³  £·Ê¶¶  ± ²¨¡·µ-
¢µÎ´ÒÌ ¶·¥µ¡· §µ¢ ´¨°, µ¸É ¢²ÖÕÐ¨Ì ¨´¢ ·¨ ´É´Ò³¨ Ê· ¢´¥´¨Ö (38),
¢Ò£²Ö¤¨É É ±:

Aµ(p, p5) → Aµ(p, p5) − ipµ λ(p, p5),

A
5
(p, p

5
) → A

5
(p, p

5
) − i(M − p

5
) λ(p, p

5
). (40)

�¥·¥°¤¥³ É¥¶¥·Ó ± ¶µ¸É·µ¥´¨Õ ¨´É¥£· ²  ¤¥°¸É¢¨Ö, µÉ¢¥Î ÕÐ¥£µ Ê· ¢-
´¥´¨Ö³ (38) ¤²Ö 5-¶µÉ¥´Í¨ ²  AL(p, p5). ‡¤¥¸Ó ´ ³ ¸´µ¢  ¡Ê¤¥É Ê¤µ¡´µ ¸µ-

¢¥·Ï¨ÉÓ ¶¥·¥Ìµ¤ (17) ± ¥¢±²¨¤µ¢µ° Ëµ·³Ê²¨·µ¢±¥ ¨ · ¸¸³ É·¨¢ ÉÓ ¢ ± Î¥-
¸É¢¥ ·-¶·µ¸É· ´¸É¢  ¶µ¢¥·Ì´µ¸ÉÓ (18). �¥É·Ê¤´µ Ê¡¥¤¨ÉÓ¸Ö ¤ ²¥¥, ÎÉµ ¨¸±µ-
³Ò° ¨´É¥£· ² ¤¥°¸É¢¨Ö ¨³¥¥É ¢¨¤ (¸·. (22)):

S = 2πM ∫ ε(p5) δ(pL p
L − M 2) d 5p 2M(p5 − M) 







 An(p, p5) − 

pn A5(p, p5)
p5 − M

 







 2

 ,

n = 1, 2, 3, 4. (41)

ˆ´¢ ·¨ ´É´µ¸ÉÓ (41) µÉ´µ¸¨É¥²Ó´µ ± ²¨¡·µ¢µÎ´ÒÌ ¶·¥µ¡· §µ¢ ´¨°

An(p, p
5
) → An(p, p

5
) − ipn λ(p, p

5
), (42)

A
5
(p, p

5
) → A

5
(p, p

5
) − i(M − p

5
) λ(p, p

5
)

¸µ¢¥·Ï¥´´µ µÎ¥¢¨¤´ .
�·¨³¥´ÖÖ ¶·¥µ¡· §µ¢ ´¨¥ ”Ê·Ó¥ (23) ± ± ¦¤µ° ¨§ ±µ³¶µ´¥´É AL(p, p5),

´ Ìµ¤¨³   5-¶µÉ¥´Í¨ ²  AL(x, x5)  ¢  ±µ´Ë¨£Ê· Í¨µ´´µ³  5-¶·µ¸É· ´¸É¢¥.

� §Ê³¥¥É¸Ö,







 

∂2

∂x
5
2
 − tu + M 2 







 AL(x, x

5
) = 0. (43)

�·¥µ¡· §µ¢ ´¨Ö (42) ¶·¨µ¡·¥É ÕÉ ¸²¥¤ÊÕÐÊÕ Ëµ·³Ê:

e
iMx

5AL(x, x
5
) → e

iMx
5AL(x, x

5
) − 

∂
∂xL

 (e
iMx

5 λ(x, x
5
)), (44)
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¶·¨ Ê¸²µ¢¨¨, ÎÉµ







 

∂2

∂x
5
2
 − tu + M 2 







 λ(x, x

5
) = 0. (45)

�µ²¥§´µ ¨³¥ÉÓ ¢ ¢¨¤Ê ± ²¨¡·µ¢µÎ´µ-¨´¢ ·¨ ´É´Ò° ®5-É¥´§µ· ´ ¶·Ö-
¦¥´´µ¸É¥°¯

FKL(x, x
5
) = 

∂(e
iMx

5AK (x, x
5
))

∂xL
 − 

∂(e
iMx

5AL(x, x
5
))

∂xK
 , (46)

±µÉµ·Ò° ¢Ò· ¦ ¥É¸Ö, µÎ¥¢¨¤´µ, Î¥·¥§ ±µ³³ÊÉ Éµ· 5-³¥·´ÒÌ ®±µ¢ ·¨ ´É-
´ÒÌ ¶·µ¨§¢µ¤´ÒÌ¯

DL = 
∂

∂xL
 − iq e

iMx
5AL(x, x

5
), (47)

q Å Ô²¥±É·¨Î¥¸±¨° § ·Ö¤.
�µ¸²¥ ´¥¸²µ¦´ÒÌ ¢ÒÎ¨¸²¥´¨° ¨´É¥£· ² (41) ¶·¨µ¡·¥É ¥É ¸²¥¤ÊÕÐ¨°

¢¨¤ (¸·. (31)):

S = ∫ d 4xL(x, x5) = 
1
4
 ∫ d 4x 







 FKL

 ∗ (x, x5) F KL(x, x5) +

+ 2 






 
∂(e

iMx
5AL(x, x

5
))

∂xL
 − 2iM e

iMx
5A

5
(x, x

5
) 








 2

 






 . (48)

Š ²¨¡·µ¢µÎ´ Ö ¨´¢ ·¨ ´É´µ¸ÉÓ ¢Éµ·µ£µ ¸² £ ¥³µ£µ ¢ ¶µ¤Ò´É¥£· ²Ó´µ³
¢Ò· ¦¥´¨¨ (48) µ¡¥¸¶¥Î¨¢ ¥É¸Ö Ê¸²µ¢¨¥³ (45).

‚ ¶µ²´µ°  ´ ²µ£¨¨ ¸µ ¸± ²Ö·´Ò³ ¸²ÊÎ ¥³ ¤¥°¸É¢¨¥ (48)  ´¥ § ¢¨¸¨É µÉ
x5, ¥¸²¨ ¢Ò¶µ²´Ö¥É¸Ö Ê· ¢´¥´¨¥ (43). ‘²¥¤µ¢ É¥²Ó´µ, ¢ ·µ²¨ ´¥§ ¢¨¸¨³ÒÌ

ËÊ´±Í¨µ´ ²Ó´ÒÌ ¶¥·¥³¥´´ÒÌ ¢ (48) ¢Ò¸ÉÊ¶ ÕÉ ´ Î ²Ó´Ò¥ ¤ ´´Ò¥ ŠµÏ¨
¤²Ö (43):












 

AL(x, x5)

i
M

 
∂AL

∂x5
 (x, x5)

 












 .

                            x5 = Ë¨±¸. (49)
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 4. ’¥¶¥·Ó ¶µ¤¢¥¤¥³ ´¥±µÉµ·Ò¥ ¨Éµ£¨. � §¢¨ÉÒ° ¢ · §¤.2Å3  ¶¶ · É
¶µ§¢µ²Ö¥É ¸Ëµ·³Ê²¨·µ¢ ÉÓ µ¤´µ§´ Î´Ò° ·¥Í¥¶É ¶µ¸É·µ¥´¨Ö ¨´É¥£· ² 
¤¥°¸É¢¨Ö ¤²Ö ¥¢±²¨¤µ¢µ° ¸± ²Ö·´µ° Ô²¥±É·µ¤¨´ ³¨±¨ ¢ ´ Ï¥³ ¶µ¤Ìµ¤¥, ¸µ-
£² ¸ÊÕÐ¨°¸Ö ¸ É·¥¡µ¢ ´¨Ö³¨ ²µ± ²Ó´µ¸É¨ ¨ ± ²¨¡·µ¢µÎ´µ° ¨´¢ ·¨ ´É-
´µ¸É¨. �ÉµÉ ·¥Í¥¶É ¸¢µ¤¨É¸Ö ± ¸²¥¤ÊÕÐ¥³Ê:

1. ‚ ¨´É¥£· ²¥ (31) ´¥µ¡Ìµ¤¨³µ ¶·µ¨§¢¥¸É¨ ³¨´¨³ ²Ó´ÊÕ ¶µ¤¸É ´µ¢±Ê
(¸³. (47)):

∂
∂xL

 → 
∂

∂xL
 + iq e

iMx
5AL(x, x5)

¨ § É¥³ ¶µ²µ¦¨ÉÓ x
5
 = 0.

2. Š ¶µ²ÊÎ¥´´µ³Ê ¢Ò· ¦¥´¨Õ ´Ê¦´µ ¤µ¡ ¢¨ÉÓ ̈ ´É¥£· ² ¤¥°¸É¢¨Ö Ô²¥±É·µ-
³ £´¨É´µ£µ ¶µ²Ö (48), ¶·¥¤¢ ·¨É¥²Ó´µ ¶µ²µ¦¨¢ x5 = 0.

�µ²´Ò° ¨´É¥£· ² ¤¥°¸É¢¨Ö µ¸É ¥É¸Ö ¨´¢ ·¨ ´É´Ò³ ¶·¨ µ¤´µ¢·¥³¥´´ÒÌ
± ²¨¡·µ¢µÎ´ÒÌ ¶·¥µ¡· §µ¢ ´¨ÖÌ (36) ¨ (44)*. ‡ ¢¨¸¨³µ¸ÉÓ ¶µ²´µ£µ ² £-

· ´¦¨ ´  µÉ ¢¸¶µ³µ£ É¥²Ó´ÒÌ ¶µ²¥° χ(x) ¨ 
i
M

 
∂AL(x, 0)

∂x5
 ¢ ¶·¨´Í¨¶¥ ¨ ¥¸ÉÓ

¶·¨Î¨´  ¶µÖ¢²¥´¨Ö ´¥¸É ´¤ ·É´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, µ ±µÉµ·ÒÌ Ï²  ·¥ÎÓ ¢Ò-
Ï¥ (¸³. · §¤.1).

�¢Éµ· ¢Ò· ¦ ¥É ¨¸±·¥´´ÕÕ ¡² £µ¤ ·´µ¸ÉÓ �.Œ.� ²¤¨´Ê ¨ „.ˆ.Š § ±µ-
¢Ê §  ¶µ²¥§´Ò¥ µ¡¸Ê¦¤¥´¨Ö ·Ö¤  ¢µ¶·µ¸µ¢, § É· £¨¢ ¥³ÒÌ ¢ ¸É ÉÓ¥.
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�.Œ.� ²¤¨´, �.�.� ²¤¨´

�¡Ñ¥¤¨´¥´´Ò° ̈ ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ̈ ¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

ˆ§² £ ¥É¸Ö ¶µ¤Ìµ¤, µ¸´µ¢ ´´Ò° ´  ¶·¨³¥´¥´¨¨ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¥
§ ±µ´µ¢ ¶µ¤µ¡¨Ö, ¸¨³³¥É·¨¨ ·¥Ï¥´¨° ¨ ¤·Ê£¨Ì ³¥Éµ¤µ¢, ´¥ µ¶¨· ÕÐ¨Ì¸Ö ´  ² £· ´-
¦¥¢ ³¥Éµ¤, ´µ ¶µ§¢µ²ÖÕÐ¨° ±µ´¸É·Ê¨·µ¢ ÉÓ ³µ¤¥²¨ (·¥Ï¥´¨Ö, § ±µ´Ò ¶·¨·µ¤Ò), ¨¸Ìµ¤Ö
¨§ ¶¥·¢ÒÌ ¶·¨´Í¨¶µ¢. � Ï ¶µ¤Ìµ¤ ¶µ§¢µ²¨²: 1) Ê¸É ´µ¢¨ÉÓ µ¡² ¸ÉÓ Ö¤¥·´ÒÌ ¸Éµ²±´µ-
¢¥´¨°, ¢ ±µÉµ·µ° ´Ê±²µ´Ò ÊÉ· Î¨¢ ÕÉ ¸¢µÕ Éµ¦¤¥¸É¢¥´´µ¸ÉÓ ¨ ´ ¸ÉÊ¶ ÕÉ  ¸¨³¶Éµ-
É¨Î¥¸±¨¥ ¶µ Ô´¥·£¨¨ ·¥¦¨³Ò, 2) ¶·¥¤¸± § ÉÓ ¨ µ¡´ ·Ê¦¨ÉÓ ±Ê³Ê²ÖÉ¨¢´Ò¥ ¶·µÍ¥¸¸Ò,
¤¥³µ´¸É·¨·ÊÕÐ¨¥ ´ ¡²Õ¤ ¥³µ¸ÉÓ ³´µ£µÎ ¸É¨Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, 3) ¤ ÉÓ ¥¤¨´µ¥
µ¶¨¸ ´¨¥ £²Ê¡µ±µ¶µ¤¶µ·µ£µ¢ÒÌ, µ±µ²µ¶µ·µ£µ¢ÒÌ ¨ ±Ê³Ê²ÖÉ¨¢´ÒÌ ¶·µÍ¥¸¸µ¢, 4) ¸¤¥² ÉÓ
±µ²¨Î¥¸É¢¥´´µ¥ µ¶¨¸ ´¨¥ ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨° (³´µ¦¥¸É¢¥´-
´ÒÌ ¶·µÍ¥¸¸µ¢) ´  µ¸´µ¢¥ ¶µ´ÖÉ¨° ®¶·µ³¥¦ÊÉµÎ´ Ö  ¸¨³¶ÉµÉ¨± ¯ ¨ ®¶·¨´Í¨¶ µ¸² ¡-
²¥´¨Ö ±µ··¥²ÖÍ¨°¯ ¢ ¶·µ¸É· ´¸É¢¥ µÉ´µ¸¨É¥²Ó´ÒÌ 4-¸±µ·µ¸É¥°, 5) µ¡´ ·Ê¦¨ÉÓ ²µ± ²Ó-
´ÊÕ  ¢Éµ³µ¤¥²Ó´µ¸ÉÓ (¸ ³µ¶µ¤µ¡¨¥) ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨°,
6) ¤ ÉÓ ±µ²¨Î¥¸É¢¥´´µ¥ µ¶¨¸ ´¨¥ µ¡· §µ¢ ´¨Ö  ´É¨³ É¥·¨¨ ¢ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·´ÒÌ
¸Éµ²±´µ¢¥´¨ÖÌ. �µ²µ¦¥´¨Ö ¤ ´´µ£µ ¶µ¤Ìµ¤  ¨²²Õ¸É·¨·ÊÕÉ¸Ö ´ ¨¡µ²¥¥ Ì · ±É¥·´Ò³¨
Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, µ¡µ¸´µ¢Ò¢ ÕÐ¨³¨ ¸¶·a¢¥¤²¨¢µ¸ÉÓ ´ Ï¨Ì ÊÉ¢¥·¦¤¥´¨°.

An approach is given in relativistic nuclear physics which is based on the application of
the similarity laws, symmetry of solutions and other methods, not resting upon the Lagrange
method, to the construction of models (solutions, laws of Nature) starting from the first
principles. Our approach makes it possible to 1) define the region of nuclear collisions in
which nucleons lose their identity and the asymptotic in energy regimes are setting up,
2) predict and discover cumulative processes manifesting observability of multiparticle inter-
actions, 3) give the common description of deep subthreshold, near threshold and cumu-
lative processes, 4) give the quantitative description of the final states of nuclear collisions
(multiparticle processes) on the basis of the notions Å the intermediate asymptotics and the
correlation depletion principle in the relative four-velocity space, 5) discover a local auto-
modelity (self-similarity) of the final states, 6) give the quantitative description of the
antimatter production in relativistic nuclear collisions. The statements of this approach are
illustrated by the most characteristic experimental data giving ground for our assertions.

®”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��¯
1998, ’�Œ 29, ‚›�.3



1. ‚‚…„…�ˆ…

Šµ²¨Î¥¸É¢¥´´µ¥ ¨§ÊÎ¥´¨¥ ¶·µÍ¥¸¸µ¢ ³´µ£µÎ ¸É¨Î´ÒÌ Ö¤¥·´ÒÌ ¢§ ¨³µ-
¤¥°¸É¢¨° ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° µ¡² ¸É¨ ´ Î ²µ¸Ó µ±µ²µ 25 ²¥É Éµ³Ê ´ § ¤ ¶µ¸²¥
¶µ²ÊÎ¥´¨Ö ¢ „Ê¡´¥ ¨ �¥·±²¨ ¶ÊÎ±µ¢ Ö¤¥·, ¤¢¨¦ÊÐ¨Ì¸Ö ¸ µ±µ²µ¸¢¥Éµ¢Ò³¨
¸±µ·µ¸ÉÖ³¨ [1]. „µ ÔÉµ£µ ·¥²ÖÉ¨¢¨¸É¸±¨¥ Ö¤·  ¨§ÊÎ ²¨¸Ó ± ± ¸µ¸É ¢´ Ö
Î ¸ÉÓ ¨¸¸²¥¤µ¢ ´¨° ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥°.

‚µ§´¨±²  ·¥²ÖÉ¨¢¨¸É¸± Ö Ö¤¥·´ Ö Ë¨§¨±  Å µ¡² ¸ÉÓ ¨¸¸²¥¤µ¢ ´¨Ö ¶·µ-
Í¥¸¸µ¢, ¢ ±µÉµ·ÒÌ Î ¸É¨ÍÒ, ¸µ¸É ¢²ÖÕÐ¨¥ Ö¤¥·´ÊÕ ³ É¥·¨Õ, ¤¢¨¦ÊÉ¸Ö ¸
µÉ´µ¸¨É¥²Ó´Ò³¨ ¸±µ·µ¸ÉÖ³¨, ¡²¨§±¨³¨ ± ¸±µ·µ¸É¨ ¸¢¥É . „²Ö µ¶¨¸ ´¨Ö
É ±¨Ì ¶·µÍ¥¸¸µ¢ ´¥µ¡Ìµ¤¨³ ÊÎ¥É ´¥´Ê±²µ´´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò, ¤  ¨ ¸ ³µ
¶µ´ÖÉ¨¥ ®´Ê±²µ´¯ ¸É ´µ¢¨É¸Ö ´¥ ¤¥±¢ É´Ò³ § ¤ Î¥. �¸µ¡µ¥ ¢´¨³ ´¨¥ ¶·¨-
¢²¥±²  ¶·µ¡²¥³  ¶¥·¥Ìµ¤  ¶·µÉµ´-´¥°É·µ´´µ° ³ É¥·¨¨ ¢ ±¢ ·±-£²Õµ´´ÊÕ.

‚ ±µ´Í¥ 80-Ì £µ¤µ¢ ¶µÖ¢¨²¨¸Ó ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ¶·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥
10 � ƒÔ‚ ´  ¸ÊÐ¥¸É¢ÊÕÐ¨Ì Ê¸±µ·¨É¥²ÖÌ (�·Ê±Ì¥°¢¥´ ¨ –…��). �·µ£· ³³Ò
¨¸¸²¥¤µ¢ ´¨° ¶µ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¥ ¶µÉ·¥¡µ¢ ²¨ ¸µ§¤ ´¨Ö ´µ-
¢ÒÌ ±·Ê¶´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É ´µ¢µ± ¨ Ê¸±µ·¨É¥²¥°. ‚ „Ê¡´¥ ¡Ò²
¶µ¸É·µ¥´ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨° Ê¸±µ·¨É¥²Ó ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· Å ´Ê±²µÉ·µ´
(1992 £.), ´  ±µÉµ·µ³ ¶·µ¢µ¤ÖÉ¸Ö Ô±¸¶¥·¨³¥´ÉÒ ¶µ ¨¸¸²¥¤µ¢ ´¨Õ ¶¥·¥Ìµ¤-
´µ£µ ·¥¦¨³  µÉ ´Ê±²µ´´ÒÌ ± Í¢¥Éµ¢Ò³ ¸É¥¶¥´Ö³ ¸¢µ¡µ¤Ò ¢ Ö¤· Ì. “¸¶¥Ï´µ
¨¤¥É ¸µµ·Ê¦¥´¨¥ ·¥²ÖÉ¨¢¨¸É¸±µ£µ ±µ²² °¤¥·  ÉÖ¦¥²ÒÌ ¨µ´µ¢ (RHIC) ¢
‘˜�. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ·¥ ²¨§Ê¥É¸Ö ¡µ²ÓÏ Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¶·µ-
£· ³³  ¨¸¸²¥¤µ¢ ´¨° ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ ¶·¨ Ô´¥·£¨¨ 159 � ƒÔ‚ ¢ –…�� ¨
· §· ¡ ÉÒ¢ ¥É¸Ö ¶·µ£· ³³  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ´  ¡µ²ÓÏµ³  ¤·µ´´µ³
±µ²² °¤¥·¥ (LHC).

�µ²ÓÏµ° ̈  ¢¸¥¢µ§· ¸É ÕÐ¨° ¨´É¥·¥¸ ± ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¥
³µÉ¨¢¨·µ¢ ´ ´ ¤¥¦¤ ³¨ ´  Ê¸É ´µ¢²¥´¨¥ § ±µ´µ¢, µ¶¨¸Ò¢ ÕÐ¨Ì ·¥²ÖÉ¨-
¢¨¸É¸±¨¥ ³´µ£µÎ ¸É¨Î´Ò¥ ¸¨¸É¥³Ò. ˆ§ÊÎ¥´¨¥ ÔÉ¨Ì § ±µ´µ¢ ¨³¥¥É ¡µ²ÓÏµ¥
§´ Î¥´¨¥ ¤²Ö  ¸É·µË¨§¨±¨, ±µ¸³µ²µ£¨¨, ¤²Ö ¶µ´¨³ ´¨Ö Ö¢²¥´¨°, ¶·µÉ¥± ¢-
Ï¨Ì ¢ ³µ³¥´É �µ²ÓÏµ£µ ‚§·Ò¢ . “¸É ´µ¢²¥´¨¥ É ±¨Ì § ±µ´µ¢ ¢ ¦´µ É ±¦¥
¤²Ö ¸µ§¤ ´¨Ö Ô²¥±É·µÖ¤¥·´µ° Ô´¥·£¥É¨±¨, ±µÉµ· Ö ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò ¶·¨-
¢²¥±²  ¡µ²ÓÏµ¥ ¢´¨³ ´¨¥ Ô´¥·£¥É¨±µ¢, ¸¶¥Í¨ ²¨¸Éµ¢ ¢ µ¡² ¸É¨ ·¥ ±Éµ·µ-
¸É·µ¥´¨Ö, Ô±µ²µ£µ¢. „²Ö ¶·¨±² ¤´ÒÌ Í¥²¥° É ±¦¥ ¢ ¦´µ ´ ±µ¶²¥´¨¥ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ¢§ ¨³µ¤¥°¸É¢¨Õ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¨µ´µ¢ ¸
¢¥Ð¥¸É¢µ³.

’¥µ·¨Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì · §·¥¦¥´´ÒÌ ³´µ£µÎ ¸É¨Î´ÒÌ ¸¨¸É¥³* ¶·¨¢²¥-
± ²  ¢´¨³ ´¨¥ ¸¶¥Í¨ ²¨¸Éµ¢ ´  ¸ ³µ° § ·¥ ¸µ§¤ ´¨Ö É¥µ·¨¨ µÉ´µ¸¨É¥²Ó-
´µ¸É¨. � ¸¸³µÉ·¥´¨¥ ·¥²ÖÉ¨¢¨¸É¸±µ£µ ¢ ·¨ ´É  Ê· ¢´¥´¨° ¶¥·¥´µ¸  ¶µ§-

*� §·¥¦¥´´Ò³¨ ´ §Ò¢ ÕÉ¸Ö É ±¨¥ ¸¨¸É¥³Ò, ¢ ±µÉµ·ÒÌ ¶·¥µ¡² ¤ ÕÐ¨³ ¤¨´ ³¨Î¥¸±¨³ ³¥-
Ì ´¨§³µ³ Ö¢²Ö¥É¸Ö ¤¢ÊÌÎ ¸É¨Î´Ò°.

578  ��‹„ˆ� �.Œ., ��‹„ˆ� �.�.



¢µ²¨²µ ¶·µ¢¥¸É¨ ́  ¨¡µ²¥¥ µ¡Ð¥¥ µ¶¨¸ ´¨¥ É¥·³µ¤¨´ ³¨Î¥¸±¨Ì ̧ ¢µ°¸É¢ · §-
·¥¦¥´´ÒÌ ¸¨¸É¥³ [2]. �·¨³¥´¥´¨Õ É¥·³µ¤¨´ ³¨±¨ ¨ £¨¤·µ¤¨´ ³¨±¨ [3] ±
µ¶¨¸ ´¨Õ ³´µ£µÎ ¸É¨Î´ÒÌ ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¸Éµ²±´µ¢¥´¨ÖÌ  ¤·µ´µ¢ ¨
Ö¤¥· ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¶µ¸¢ÖÐ¥´µ ¡µ²ÓÏµ¥ Î¨¸²µ É¥µ·¥É¨Î¥¸±¨Ì · ¡µÉ
¨ É¥³ É¨Î¥¸±¨Ì ³¥¦¤Ê´ ·µ¤´ÒÌ ±µ´Ë¥·¥´Í¨°*. �É¨ ¶µ¤Ìµ¤Ò Ï¨·µ±µ Ô±¸-
¶²Ê É¨·ÊÕÉ¸Ö ¤²Ö µ¡µ¸´µ¢ ´¨Ö ¸µ§¤ ´¨Ö ±·Ê¶´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
Ê¸É ´µ¢µ± ¨ Ê¸±µ·¨É¥²¥° [4]. �¸µ¡Ò¥ ´ ¤¥¦¤Ò ¢µ§² £ ÕÉ¸Ö ´  ¢µ§³µ¦´µ¸ÉÓ
´ ¡²Õ¤¥´¨Ö ±¢ ·±-£²Õµ´´µ° ¶² §³Ò, ¸ÊÐ¥¸É¢µ¢ ´¨¥ ±µÉµ·µ° ¢ ¶·¨·µ¤¥
¸²¥¤Ê¥É ¨§ · ¸¸³µÉ·¥´¨Ö Ö¤¥·´µ° ³ É¥·¨¨ ± ± ¸¶²µÏ´µ° ¸·¥¤Ò ¶·¨ ¶·¥-
¤¥²Ó´µ ¢Ò¸µ±¨Ì ¤ ¢²¥´¨ÖÌ ¨ É¥³¶¥· ÉÊ· Ì. �µ µ¶·¥¤¥²¥´¨Õ Ê· ¢´¥´¨¥ ¸µ-
¸ÉµÖ´¨Ö Ö¤¥·´µ° ³ É¥·¨¨ · ¸¸³ É·¨¢ ¥É¸Ö ¤²Ö ³ ±·µ¸±µ¶¨Î¥¸±¨ ¶·µÉÖ¦¥´-
´µ° ¸·¥¤Ò. Ÿ¤¥·´µ¥ Ê· ¢´¥´¨¥ ¸µ¸ÉµÖ´¨Ö Å µÎ¥´Ó ¢ ¦´ Ö ¨´Ëµ·³ Í¨Ö, ´¥-
µ¡Ìµ¤¨³ Ö ¤²Ö ±µ²¨Î¥¸É¢¥´´µ£µ µ¶¨¸ ´¨Ö É ±¨Ì  ¸É·µË¨§¨Î¥¸±¨Ì Ö¢²¥´¨°,
± ± ¢§·Ò¢Ò ¸¢¥·Ì´µ¢ÒÌ §¢¥§¤, µ¡· §µ¢ ´¨¥ ¨ ¸¢µ°¸É¢  ´¥°É·µ´´ÒÌ §¢¥§¤...
�¤´ ±µ ¢µ¶·µ¸ µ Éµ³, ´ ¸±µ²Ó±µ ¤ ¦¥ ¸ ³Ò¥ ÉÖ¦¥²Ò¥ Ö¤·  ¶·¨ ´ ¨¢Ò¸Ï¨Ì
¶² ´¨·Ê¥³ÒÌ Ô´¥·£¨ÖÌ ¸³µ£ÊÉ ¨³¨É¨·µ¢ ÉÓ ¸¶²µÏ´ÊÕ ¸·¥¤Ê, µ¸É ¥É¸Ö µÉ-
±·ÒÉÒ³. Š·µ³¥ Éµ£µ, ́ ¥Ö¸´µ, ́  ¸±µ²Ó±µ ̈ §ÊÎ ¥³ Ö ́   Ê¸±µ·¨É¥²ÖÌ ¤¨´ ³¨± 
³Ê²ÓÉ¨ ¤·µ´´ÒÌ ̧ ¨¸É¥³ µ¶¨¸Ò¢ ¥É¸Ö É¥³¨ ¦¥ § ±µ´ ³¨, ÎÉµ ̈   ¤·µ´´ Ö É¥·-
³µ¤¨´ ³¨± , ±µÉµ· Ö ¶·¨³¥´Ö¥É¸Ö ¤²Ö µ¶¨¸ ´¨Ö ¢´ÊÉ·¨§¢¥§¤´ÒÌ ¶·µÍ¥¸¸µ¢,
· ´´¥° ‚¸¥²¥´´µ° ¨ É.¶.

‘É·¥³²¥´¨¥ ´ °É¨ ¶·µ¸ÉÒ¥ ËÊ´¤ ³¥´É ²Ó´Ò¥ § ±µ´Ò ¶·¨·µ¤Ò, ´  µ¸´µ-
¢¥ ±µÉµ·ÒÌ ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´µ¥ Î¨¸²µ Ö¢²¥´¨°,
¸Ò£· ²µ ¢¥¸Ó³  ¶·µ£·¥¸¸¨¢´ÊÕ ·µ²Ó ·Ê±µ¢µ¤ÖÐ¥£µ ¶·¨´Í¨¶  ËÊ´¤ ³¥´É ²Ó-
´µ° ´ Ê±¨. ‚ ·¥§Ê²ÓÉ É¥ ´¥¢¥·µÖÉ´µ£µ Ê¸¶¥Ì  ¶·¨³¥´¥´¨Ö ¨¤¥° ± ²¨¡·µ¢µÎ-
´µ° ¸¨³³¥É·¨¨, µ¶·¥¤¥²ÖÕÐ¥° ² £· ´¦¨ ´Ò ¢§ ¨³µ¤¥°¸É¢¨Ö, ¢µ§´¨±²µ ¢¶¥-
Î É²¥´¨¥, ÎÉµ ¸É ´¤ ·É´ Ö ³µ¤¥²Ó ³µ¦¥É ¶·¥É¥´¤µ¢ ÉÓ ´  ·µ²Ó É ±¨Ì § ±µ-
´µ¢. ‚ 1970-Ì £µ¤ Ì ± § ²µ¸Ó, ÎÉµ ¢¸¥ µ¸´µ¢´Ò¥ Ô²¥³¥´ÉÒ ³¨·µ§¤ ´¨Ö
(±¢ ·±¨, £²Õµ´Ò, ± ²¨¡·µ¢µÎ´Ò¥ ¶µ²Ö ¨ ¢§ ¨³µ¤¥°¸É¢¨Ö ³¥¦¤Ê ´¨³¨) ¢ÒÖ¸-
´¥´Ò, ¨ ¢¸¥ Ë¨§¨Î¥¸±¨¥ Ö¢²¥´¨Ö ³µ¦´µ · ¸¸Î¨É ÉÓ ¶ÊÉ¥³ Î¨¸Éµ° ¤¥¤Ê±Í¨¨,
¨¸¶µ²Ó§ÊÖ ¶µ¤Ìµ¤ÖÐ¨¥ ² £· ´¦¨ ´Ò. Š¢ ´Éµ¢ Ö Ì·µ³µ¤¨´ ³¨±  (Š•„),
¡ §¨·ÊÕÐ Ö¸Ö ´  ¶·¨´Í¨¶ Ì ¸µ¢·¥³¥´´µ° É¥µ·¨¨ ¶µ²Ö ± ± ¸µ¸É ¢´ Ö Î ¸ÉÓ
¸É ´¤ ·É´µ° ³µ¤¥²¨, Ö¢²Ö¥É¸Ö µ¸´µ¢µ° É¥µ·¨¨ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°.

Š¢ ´Éµ¢ Ö Ì·µ³µ¤¨´ ³¨± , É· ±ÉÊÕÐ Ö  ¤·µ´Ò ± ± ¸µ¸É ¢´Ò¥ µ¡Ñ¥±ÉÒ,
¸µ¤¥·¦ Ð¨¥ ¡µ²¥¥ ËÊ´¤ ³¥´É ²Ó´Ò¥ ¸µ¸É ¢²ÖÕÐ¨¥ Å ±¢ ·±¨ ¨ £²Õµ´Ò,
¤µ²¦´ , ¢ ¶·¨´Í¨¶¥, µ¶¨¸Ò¢ ÉÓ ± ±  ¸¨³¶ÉµÉ¨Î¥¸±¨¥ ̧ µ¸ÉµÖ´¨Ö, É ± ¨ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨¥ Ë §µ¢Ò¥ ¶¥·¥Ìµ¤Ò (´ ¶·¨³¥·, ¶¥·¥Ìµ¤ µÉ ¶·µÉµ´-´¥°É·µ´´µ°
± ±¢ ·±-£²Õµ´´µ° ³µ¤¥²¨ Ö¤· ). ‘ Ô±¸¶¥·¨³¥´É ²Ó´µ° ÉµÎ±¨ §·¥´¨Ö µ¤´¨³

*ˆ§ ´ ¨¡µ²¥¥ Í¨É¨·Ê¥³ÒÌ ¢ ¶µ¸²¥¤´¥¥ ¢·¥³Ö · ¡µÉ ¶µ ¶·¨³¥´¥´¨Õ £¨¤·µ¤¨´ ³¨Î¥¸±¨Ì
³¥Éµ¤µ¢ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¥ µÉ³¥É¨³: Bjorken J.D. Å Phys. Rev., 1983, v.D27, No.1,
p.140.

�…‹Ÿ’ˆ‚ˆ‘’‘Š�Ÿ Ÿ„…���Ÿ ”ˆ‡ˆŠ�  579



¨§ µ¸´µ¢´ÒÌ µ¡Ñ¥±Éµ¢ ¨§ÊÎ¥´¨Ö Š•„ Ö¢²ÖÕÉ¸Ö ±¢ ·±-£²Õµ´´Ò¥ ¸É·Ê±ÉÊ·-
´Ò¥ ËÊ´±Í¨¨  ¤·µ´µ¢ ¨ Ö¤¥·. �¤´ ±µ ¶·¨³¥´¥´¨¥ Š•„ ± Ö¤·µ-Ö¤¥·´Ò³
¸Éµ²±´µ¢¥´¨Ö³, µ¸µ¡¥´´µ ¢ µ¡² ¸É¨, £¤¥ ± ± ±¢ ·±-£²Õµ´´Ò¥, É ± ¨ ´Ê±²µ´-
´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò ̈ £· ÕÉ ¸ÊÐ¥¸É¢¥´´ÊÕ ·µ²Ó, § É·Ê¤´¨É¥²Ó´µ,   ¶·¨·µ¤ 
¤¥±µ´Ë °´³¥´É  ̈ , ¸µµÉ¢¥É¸É¢¥´´µ, ¶¥·¥Ìµ¤  µ¡ÒÎ´µ° (´Ê±²µ´´µ°) Ö¤¥·´µ°
³ É¥·¨¨ ¢ Ì·µ³µ¶² §³Ê ¶µ±  ´¥ Ö¸´ . �¥²ÖÉ¨¢¨¸É¸± Ö Ö¤¥·´ Ö Ë¨§¨±  µ± § -
² ¸Ó ¶·¨´Í¨¶¨ ²Ó´µ ́ µ¢µ° µ¡² ¸ÉÓÕ ̈ ¸¸²¥¤µ¢ ´¨° ´¥ Éµ²Ó±µ ¢ É¥µ·¨¨ Ö¤· ,
´µ ¨ ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö.

ˆ¸¶µ²Ó§µ¢ ´¨¥ ³¥Éµ¤µ¢ ± ± ¸É É¨¸É¨Î¥¸±µ° Ë¨§¨±¨, É ± ¨ ±¢ ´Éµ¢µ°
É¥µ·¨¨ ¶µ²Ö ´¥ ¢´¥¸²µ Ö¸´µ¸ÉÓ ¢ ¢µ¶·µ¸ µ ¶·¨³¥´¨³µ¸É¨ ³ ±·µ¸±µ¶¨Î¥¸±µ£µ
µ¶¨¸ ´¨Ö Ö¤¥·´µ° ¸·¥¤Ò ± ¸¢µ°¸É¢ ³ ¸Éµ²±´µ¢¥´¨° ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·.

�É¨ ¢µ¶·µ¸Ò µÉ´µ¸ÖÉ¸Ö ± ¶·¨´Í¨¶ ³ ¶µ¸É·µ¥´¨Ö ³ É¥³ É¨Î¥¸±¨Ì ³µ¤¥-
²¥° (§ ±µ´µ¢ ¶·¨·µ¤Ò), ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì Ë¨§¨Î¥¸±¨³ ¶·µÍ¥¸¸ ³ ¨ ¸µ¸ÉµÖ-
´¨Ö³. �¢Éµ·Ò ´ ¸ÉµÖÐ¥° ¸É ÉÓ¨ ¸Î¨É ÕÉ, ÎÉµ µ¶¨¸ ´¨¥ ³´µ£µÎ ¸É¨Î´ÒÌ ̧ µ-
¸ÉµÖ´¨° ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¨ ¢ É¥·³¨´ Ì ³ ±·µ¸±µ¶¨Î¥¸±¨Ì
¶¥·¥³¥´´ÒÌ (É¥³¶¥· ÉÊ· , ¤ ¢²¥´¨¥, ¶²µÉ´µ¸ÉÓ, Ô´É·µ¶¨Ö ¨ É.¶.), ¶·µÉ¨¢µ-
·¥Î¨É ¢ ¦´µ³Ê ¶·¨´Í¨¶Ê, ±µÉµ·Ò° µ¸µ¡¥´´µ ¶µ¤Î¥·±¨¢ ² ƒ¥°§¥´¡¥·£:
Ë¨§¨Î¥¸±¨¥ § ±µ´Ò ¨ ÊÉ¢¥·¦¤¥´¨Ö ¤µ²¦´Ò ¢Ò· ¦ ÉÓ¸Ö Éµ²Ó±µ Î¥·¥§
´ ¡²Õ¤ ¥³Ò¥ ¢¥²¨Î¨´Ò. �·¨ ¨§ÊÎ¥´¨¨ ¸Éµ²±´µ¢¥´¨° ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·
¡µ²ÓÏ¨´¸É¢µ ¨§ Ê¶µ³Ö´ÊÉÒÌ ³ ±·µ¸±µ¶¨Î¥¸±¨Ì ¶¥·¥³¥´´ÒÌ ´¥ Ö¢²ÖÕÉ¸Ö
´ ¡²Õ¤ ¥³Ò³¨.

� ¸ÉµÖÐ Ö ¸É ÉÓÖ ¶µ¸¢ÖÐ¥´  ¸¨¸É¥³ É¨Î¥¸±µ³Ê ¨§²µ¦¥´¨Õ µ¸´µ¢´ÒÌ
·¥§Ê²ÓÉ Éµ¢ ¶µ¤Ìµ¤ , µ¸´µ¢ ´´µ£µ ´  ¶·¨³¥´¥´¨¨ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ°
Ë¨§¨±¥ § ±µ´µ¢ ¸¨³³¥É·¨¨, ¶µ¤µ¡¨Ö ¨ ¤·Ê£¨Ì ³¥Éµ¤µ¢, ´¥ µ¶¨· ÕÐ¨Ì¸Ö ´ 
³¥Éµ¤ ‹ £· ´¦ , ´µ ¶µ§¢µ²ÖÕÐ¨Ì ±µ´¸É·Ê¨·µ¢ ÉÓ ³µ¤¥²¨ (·¥Ï¥´¨Ö, § ±µ´Ò
¶·¨·µ¤Ò), ¨¸Ìµ¤Ö ¨§ ¶¥·¢ÒÌ ¶·¨´Í¨¶µ¢.

� Ï ¶µ¤Ìµ¤ ¶µ§¢µ²¨²:
1) Ê¸É ´µ¢¨ÉÓ µ¡² ¸ÉÓ Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨°, ¢ ±µÉµ·µ° ´Ê±²µ´Ò ÊÉ· -

Î¨¢ ÕÉ ¸¢µÕ Éµ¦¤¥¸É¢¥´´µ¸ÉÓ, ¨ ´ ¸ÉÊ¶ ÕÉ  ¸¨³¶ÉµÉ¨Î¥¸±¨¥ ¶µ Ô´¥·£¨¨
·¥¦¨³Ò;

2) ¶·¥¤¸± § ÉÓ ¨ µ¡´ ·Ê¦¨ÉÓ ±Ê³Ê²ÖÉ¨¢´Ò¥ ¶·µÍ¥¸¸Ò, ¤¥³µ´¸É·¨·ÊÕ-
Ð¨¥ ´ ¡²Õ¤ ¥³µ¸ÉÓ ³´µ£µÎ ¸É¨Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°;

3) ¤ ÉÓ ¥¤¨´µ¥ µ¶¨¸ ´¨¥ £²Ê¡µ±µ¶µ¤¶µ·µ£µ¢ÒÌ, µ±µ²µ¶µ·µ£µ¢ÒÌ ̈  ±Ê³Ê-
²ÖÉ¨¢´ÒÌ ¶·µÍ¥¸¸µ¢;

4) ¤ ÉÓ ±µ²¨Î¥¸É¢¥´´µ¥ µ¶¨¸ ´¨¥ ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥·´ÒÌ ¸Éµ²±-
´µ¢¥´¨° (³´µ¦¥¸É¢¥´´ÒÌ ¶·µÍ¥¸¸µ¢) ´  µ¸´µ¢¥ ¶µ´ÖÉ¨° ®¶·µ³¥¦ÊÉµÎ´ Ö
 ¸¨³¶ÉµÉ¨± ¯ ¨ ®¶·¨´Í¨¶ µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨° ¢ ¶·µ¸É· ´¸É¢¥ µÉ´µ¸¨-
É¥²Ó´ÒÌ 4-¸±µ·µ¸É¥°¯;

5) µ¡´ ·Ê¦¨ÉÓ ²µ± ²Ó´ÊÕ  ¢Éµ³µ¤¥²Ó´µ¸ÉÓ (¸ ³µ¶µ¤µ¡¨¥) ±µ´¥Î´ÒÌ ¸µ-
¸ÉµÖ´¨° Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨°;

6) ¤ ÉÓ ±µ²¨Î¥¸É¢¥´´µ¥ µ¶¨¸ ´¨¥ µ¡· §µ¢ ´¨Ö  ´É¨³ É¥·¨¨ ¢ ·¥²ÖÉ¨-
¢¨¸É¸±¨Ì Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨ÖÌ.
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�µ²µ¦¥´¨Ö ¤ ´´µ£µ ¶µ¤Ìµ¤  ¨²²Õ¸É·¨·ÊÕÉ¸Ö ´ ¨¡µ²¥¥ Ì · ±É¥·´Ò³¨
Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, µ¡µ¸´µ¢Ò¢ ÕÐ¨³¨ ¸¶· ¢¥¤²¨¢µ¸ÉÓ ´ Ï¨Ì
ÊÉ¢¥·¦¤¥´¨°.

2. ���…„…‹…�ˆ… Œ�’…Œ�’ˆ—…‘Šˆ• Œ�„…‹…‰. 
‘ˆŒŒ…’�ˆŸ ‚ ‘�‚�…Œ…���‰ ”ˆ‡ˆŠ…

�¥²ÖÉ¨¢¨¸É¸±¨¥ Ö¤¥·´Ò¥ ¸Éµ²±´µ¢¥´¨Ö, ± ± ¨ ¢¸¥ ¤·Ê£¨¥ Ë¨§¨Î¥¸±¨¥
¶·µÍ¥¸¸Ò, µ¶¨¸Ò¢ ÕÉ¸Ö ¢ É¥·³¨´ Ì µ¶¥· Í¨° (´ ¡²Õ¤¥´¨°, Ô±¸¶¥·¨³¥´Éµ¢),
¸¢Ö§Ò¢ ÕÐ¨Ì ¨§³¥·Ö¥³Ò¥ Ë¨§¨Î¥¸±¨¥ ¶ · ³¥É·Ò. ‘²µ¦´µ¸ÉÓ ¶µ¤²¨´´ÒÌ
Ë¨§¨Î¥¸±¨Ì ¸¨ÉÊ Í¨° É·¥¡Ê¥É Ê¶·µÐ¥´´ÒÌ µ¶¨¸ ´¨° ¸ ¶µ³µÐÓÕ ¸²µ¢¥¸-
´ÒÌ, ̧ ¨³¢µ²¨Î¥¸±¨Ì ̈  ¤ ¦¥ Ë¨§¨Î¥¸±¨Ì ³µ¤¥²¥°. “¶·µÐ¥´¨¥ ¶µ¤· §Ê³¥¢ ¥É
µ¶·¥¤¥²¥´¨¥ µ¡² ¸É¨ ¶·¨³¥´¨³µ¸É¨ ¢¢µ¤¨³ÒÌ ¶µ´ÖÉ¨°.

�·¨¢¥¤¥³ ¢ ¦´Ò° ¤²Ö ¶·¥¤³¥É  ÔÉµ° ¸É ÉÓ¨ ¶·¨³¥·: µ¶·¥¤¥²¨³ µ¡² ¸ÉÓ
¶·¨³¥´¨³µ¸É¨ ¶µ´ÖÉ¨Ö ®Ô²¥³¥´É ·´ Ö Î ¸É¨Í ¯. ’· ¤¨Í¨µ´´µ Ô²¥³¥´É ·-
´Ò³¨ Î ¸É¨Í ³¨ ´ §Ò¢ ÕÉ ´¥ · §²µ¦¨³Ò¥ ¤ ²¥¥ ̧ É·Ê±ÉÊ·´Ò¥ ̧ µ¸É ¢²ÖÕÐ¨¥
³ É¥·¨¨. �Éµ ¶µ´ÖÉ¨¥ ¸Ëµ·³¨·µ¢ ²µ¸Ó ¢ É¥¸´µ° ¸¢Ö§¨ ¸ ¶·¥¤¸É ¢²¥´¨¥³ µ
¤¨¸±·¥É´µ³ ¸É·µ¥´¨¨ ¢¥Ð¥¸É¢  ´  ³¨±·µ¸±µ¶¨Î¥¸±µ³ Ê·µ¢´¥. �·¨ ¶µ¸É·µ¥-
´¨¨ ³µ¤¥²¥° Ô²¥³¥´É ·´Ò¥ Î ¸É¨ÍÒ · ¸¸³ É·¨¢ ÕÉ¸Ö ± ±  ¡¸µ²ÕÉ´µ Éµ¦-
¤¥¸É¢¥´´Ò¥, ¨ ¨Ì  ´¸ ³¡²Ö³ ¸µ¶µ¸É ¢²Ö¥É¸Ö ±¢ ´Éµ¢µ¥ ¶µ²¥, ±µÉµ·µ¥ ¨ ¸µ-
µÉ¢¥É¸É¢Ê¥É ³µ¤¥²¨.

�¤´ ±µ ±¢ ´Éµ¢ Ö É¥µ·¨Ö ¶µ²Ö Ê¸¶¥Ï´µ ¶·¨³¥´Ö¥É¸Ö ¨ ± Î ¸É¨Í ³,
µ¡² ¤ ÕÐ¨³ ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·µ°, ´ ¶·¨³¥·, ±  Éµ³ ³ £¥²¨Ö ¶·¨ ´¨§±¨Ì
É¥³¶¥· ÉÊ· Ì. ‚  Éµ³´µ° Ë¨§¨±¥ ±·¨É¥·¨¥³, µ£· ´¨Î¨¢ ÕÐ¨³ ¶·¨³¥´¨-
³µ¸ÉÓ É ±µ£µ · ¸¸³µÉ·¥´¨Ö, Ö¢²Ö¥É¸Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö µÉ´µ¸¨É¥²Ó´µ£µ
¤¢¨¦¥´¨Ö Î ¸É¨Í. Šµ²¨Î¥¸É¢¥´´µ ÔÉµ µ§´ Î ¥É, ÎÉµ ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö
µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö ¤µ²¦´  ¡ÒÉÓ ³´µ£µ ³¥´ÓÏ¥ Ô´¥·£¨¨ ¶¥·¢µ£µ ¢µ§-
¡Ê¦¤¥´´µ£µ Ê·µ¢´Ö  Éµ³ . ‚ ¶·µÉ¨¢´µ³ ¸²ÊÎ ¥ ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³µ¤¥°¸É¢¨Ö
 Éµ³µ¢ ¤·Ê£ ¸ ¤·Ê£µ³ ³µ¦¥É ¡ÒÉÓ ´ ·ÊÏ¥´  ¨Ì Éµ¦¤¥¸É¢¥´´µ¸ÉÓ.

�¥²ÖÉ¨¢¨¸É¸±µ¥ µ¡µ¡Ð¥´¨¥ ±·¨É¥·¨Ö ¶·¨³¥´¨³µ¸É¨ ¶µ´ÖÉ¨Ö ®Ô²¥³¥´-
É ·´ Ö Î ¸É¨Í ¯ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ´  µ¸´µ¢¥ § ±µ´  ¸µÌ· ´¥´¨Ö 4-¨³¶Ê²Ó¸ 

P1 + P2 = P3 + P ∗:
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§¤¥¸Ó m ¨ m∗ Å ³ ¸¸Ò Éµ¦¤¥¸É¢¥´´ÒÌ Î ¸É¨Í ¨ ³ ¸¸  ¢µ§¡Ê¦¤¥´´µ£µ ¸µ¸ÉµÖ-

´¨Ö,   P1, P2, P3 ¨ P ∗ Å ¨Ì 4-¨³¶Ê²Ó¸Ò ¸µµÉ¢¥É¸É¢¥´´µ, Ui = Pi6 mi Å ¢¥±-

Éµ·Ò 4-¸±µ·µ¸É¥°.
�·µ¸É· ´¸É¢µ 4-¸±µ·µ¸É¥° Ö¢²Ö¥É¸Ö µ¸´µ¢´Ò³ ¤²Ö µ¶¨¸ ´¨Ö ·¥²ÖÉ¨¢¨¸É-

¸±¨Ì ³´µ£µÎ ¸É¨Î´ÒÌ ¶·µÍ¥¸¸µ¢ (¸³. · §¤.3).
�É³¥É¨³, ÎÉµ ±·¨É¥·¨° (1) ¸Ëµ·³Ê²¨·µ¢ ´ Î¥·¥§ ¨´¢ ·¨ ´É´Ò¥, ¡¥§· §-

³¥·´Ò¥ ¨ ¨§³¥·¨³Ò¥ ¢¥²¨Î¨´Ò (¢ ´¥£µ ´¥ ¢Ìµ¤ÖÉ É ±¨¥ ¶ · ³¥É·Ò, ± ± · §-
³¥·Ò Î ¸É¨Í, ¸É¥¶¥´Ó ¨Ì ÉµÎ¥Î´µ¸É¨, · ¸¸ÉµÖ´¨Ö ¨ É.¶.)

ˆ§ ±·¨É¥·¨Ö (1) ¶µ²ÊÎ ¥³ ¸²¥¤ÊÕÐÊÕ ±² ¸¸¨Ë¨± Í¨Õ Ö¤¥·´ÒÌ ¸¨¸É¥³.

Å �¡² ¸É¨ 0 ≤ bik ≤ 10−2 ¸µµÉ¢¥É¸É¢Ê¥É ´¥·¥²ÖÉ¨¢¨¸É¸± Ö Ö¤¥·´ Ö

Ë¨§¨± . �Ê±²µ´Ò ¸  ¤¥±¢ É´µ° § ¤ Î¥ ÉµÎ´µ¸ÉÓÕ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ±
Ô²¥³¥´É ·´Ò¥ Î ¸É¨ÍÒ.

Å �¡² ¸É¨ bik ~ 1 ̧ µµÉ¢¥É¸É¢Ê¥É ¢µ§¡Ê¦¤¥´¨¥ ¢´ÊÉ·¥´´¨Ì ¸É¥¶¥´¥° ¸¢µ-

¡µ¤Ò  ¤·µ´µ¢ (¨§µ¡ ·Ò, ·¥§µ´ ´¸Ò). �¥µ¡Ìµ¤¨³µ ¢¢¥¤¥´¨¥ ´¥´Ê±²µ´´ÒÌ
¸É¥¶¥´¥° ¸¢µ¡µ¤Ò, ÔËË¥±É¨¢´ÒÌ ² £· ´¦¨ ´µ¢.

Å �¡² ¸É¨ bik >> 1 ̧ µµÉ¢¥É¸É¢Ê¥É ¶·¥µ¡² ¤ ´¨¥ Í¢¥Éµ¢ÒÌ ̧ É¥¶¥´¥° ̧ ¢µ-

¡µ¤Ò. ‚§ ¨³µ¤¥°¸É¢¨¥ ¤µ²¦´µ µ¶¨¸Ò¢ ÉÓ¸Ö ±¢ ´Éµ¢µ° Ì·µ³µ¤¨´ ³¨±µ°.

„²Ö  Éµ³´µ° Ë¨§¨±¨ Ì · ±É¥·´Ò¥ bik ~ 10−9. �·¨ ÔÉµ³, ´ ¶·¨³¥·,  Éµ-

³Ò £¥²¨Ö É¥·ÖÕÉ Ô²¥±É·µ´Ò ¨ ¶·¥¢· Ð ÕÉ¸Ö ¨§ ¡µ§µ´µ¢ ¢ Ë¥·³¨µ´Ò.
‚ ¦´µ ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ¤²Ö ¶µ¸É·µ¥´¨Ö ³µ¤¥²¥° ¢ ± ¦¤µ° ¨§ µ¡µ§´ -

Î¥´´ÒÌ µ¡² ¸É¥° ³¥Éµ¤ ‹ £· ´¦  ¤µ²¦¥´ ¡ÒÉÓ ¤µ¶µ²´¥´ £¨¶µÉ¥§ ³¨ µÉ´µ-
¸¨É¥²Ó´µ ´ Î ²Ó´ÒÌ ¨ ±· ¥¢ÒÌ Ê¸²µ¢¨°. �É¨ £¨¶µÉ¥§Ò, ± ± ¨ £¨¶µÉ¥§Ò µ
¸É·Ê±ÉÊ·¥ ² £· ´¦¨ ´  (´ ¶·¨³¥·, ³ ¸¸Ò, ±µ´¸É ´ÉÒ ¸¢Ö§¨, £·Ê¶¶µ¢ Ö
¸É·Ê±ÉÊ·  ¨ É.¶.), ¤µ²¦´Ò ¡ÒÉÓ ¶·µ¢¥·Ö¥³Ò Ô±¸¶¥·¨³¥´É ²Ó´µ.

„²Ö ³´µ£¨Ì ¸²ÊÎ ¥¢ ¶µ¸É·µ¥´¨Ö ³µ¤¥²¥° µ± §Ò¢ ¥É¸Ö ¤µ¸É ÉµÎ´Ò³
¨¸¶µ²Ó§µ¢ ÉÓ Éµ²Ó±µ ¤µ¶µ²´¨É¥²Ó´Ò¥ £¨¶µÉ¥§Ò ¡¥§ ¶·¨¢²¥Î¥´¨Ö ³¥Éµ¤  ‹ -
£· ´¦ . ‚ ÔÉµ° ¸¢Ö§¨ ¤²Ö ¶µ¸É·µ¥´¨Ö ³µ¤¥²¥° ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ°
Ë¨§¨±¥ Ìµ·µÏ¨³ ¶·¨³¥·µ³ ¶µ¸²Ê¦¨²¨ ³¥Éµ¤Ò, · §· ¡µÉ ´´Ò¥ ¢ £¨¤·µ-
¤¨´ ³¨±¥.

‹Õ¡ Ö ³ É¥³ É¨Î¥¸± Ö ³µ¤¥²Ó, ¶·¥É¥´¤ÊÕÐ Ö ´  µ¶¨¸ ´¨¥ Ë¨§¨Î¥¸±µ£µ
Ö¢²¥´¨Ö, ¤µ²¦´  ¡ÒÉÓ µÍ¥´¥´  ¸ ÉµÎ±¨ §·¥´¨Ö ´¥¶·µÉ¨¢µ·¥Î¨¢µ¸É¨ ´ ¡µ· 
µ¶·¥¤¥²ÖÕÐ¨Ì  ±¸¨µ³ (£¨¶µÉ¥§), ¶·¨ ÔÉµ³ ´¥¶·µÉ¨¢µ·¥Î¨¢µ¸ÉÓ  ±¸¨µ³ É¨-
Î¥¸±µ£µ µ¶·¥¤¥²¥´¨Ö ¤µ²¦´  ¡ÒÉÓ ¤µ± § ´ . �¥·¢Ò³ Ê¸²µ¢¨¥³ ¶·¨³¥´¨-
³µ¸É¨ ³µ¤¥²¨ Ö¢²Ö¥É¸Ö µ¤´µ§´ Î´µ¥ ̧ µµÉ¢¥É¸É¢¨¥ Ë¨§¨Î¥¸±µ£µ (¨§³¥·¨³µ£µ)
¨ ³ É¥³ É¨Î¥¸±µ£µ µ¡Ñ¥±Éµ¢.

ˆ§¢¥¸É´  É ± Ö ÏÊÉ± : ®ƒ¨¤·µ¤¨´ ³¨±¨ · §¤¥²¨²¨¸Ó ´  ¨´¦¥´¥·µ¢-
£¨¤· ¢²¨±µ¢, ±µÉµ·Ò¥ ´ ¡²Õ¤ ²¨ Éµ, ÎÉµ ´¥²Ó§Ö ¡Ò²µ µ¡ÑÖ¸´¨ÉÓ, ¨ ³ É¥-
³ É¨±µ¢, ±µÉµ·Ò¥ µ¡ÑÖ¸´Ö²¨ Éµ, ÎÉµ ´¥²Ó§Ö ´ ¡²Õ¤ ÉÓ¯. �´ ²µ£¨Î´Ò¥ É¥´-
¤¥´Í¨¨ ¶·µ¸³ É·¨¢ ÕÉ¸Ö ¨ ¢ ¸µ¢·¥³¥´´µ° Ë¨§¨±¥.
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ˆ§¢¥¸É´Ò° ¸¢µ¨³¨ · ¡µÉ ³¨ ¢ µ¡² ¸É¨  ²£¥¡·Ò ¨ Éµ¶µ²µ£¨¨ ³ É¥³ É¨±
ƒ.�¨·±£µË ¶µ± § ², ± ± ³´µ£µÎ¨¸²¥´´Ò¥ ¶·µÉ¨¢µ·¥Î¨Ö ³¥¦¤Ê Ô±¸¶¥·¨³¥´-
É ²Ó´µ ´ ¡²Õ¤ ¥³Ò³¨ Ë ±É ³¨ ¨ § ±²ÕÎ¥´¨Ö³¨ É¥µ·¥É¨Î¥¸±µ° £¨¤·µ¤¨´ -
³¨±¨ (É ± ´ §Ò¢ ¥³Ò¥ ¶ · ¤µ±¸Ò) µ¡Ê¸²µ¢²¥´Ò É¥³, ÎÉµ Ö¢´µ ´¥ ¢Ò¤¥²¥´Ò
¢¸¥  ±¸¨µ³Ò (£¨¶µÉ¥§Ò) ̈  ́ ¥ ÊÎÉ¥´ ÉµÉ ÊÐ¥·¡ ¢ ̧ É·µ£µ¸É¨, ±µÉµ·Ò° µ¡Ê¸²µ¢-
²¥´ ¨Ì ¶·¨³¥´¥´¨¥³. �É´µ¸¨É¥²Ó´µ £¨¤·µ¤¨´ ³¨±¨ ƒ.�¨·±£µË [5] ¶·¨Ï¥²
± § ±²ÕÎ¥´¨Õ, ÎÉµ ¸É·µ£ Ö ³ É¥³ É¨± , ´  ±µÉµ·µ° µ¸´µ¢ ´  É¥µ·¥É¨Î¥¸± Ö
£¨¤·µ¤¨´ ³¨± , ¤µ²¦´  ¡ÒÉÓ ¤µ¶µ²´¥´  ¶· ¢¤µ¶µ¤µ¡´Ò³¨ ¨´ÉÊ¨É¨¢´Ò³¨
£¨¶µÉ¥§ ³¨:

1) �¶·¥¤¥²ÖÖ, ± ±¨¥ Ë¨§¨Î¥¸±¨¥ ¶¥·¥³¥´´Ò¥ ´¥µ¡Ìµ¤¨³µ · ¸¸³ É·¨-
¢ ÉÓ, ³µ¦´µ ¶µ² £ ÉÓ¸Ö ´  ¨´ÉÊ¨Í¨Õ.

2) �ËË¥±É ³ ²ÒÌ ¢µ§¤¥°¸É¢¨° ³ ²,   ÔËË¥±É ¡¥¸±µ´¥Î´µ ³ ²ÒÌ ¢µ§-
¤¥°¸É¢¨° ¡¥¸±µ´¥Î´µ ³ ².

3) ‘¨³³¥É·¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö µ¡Ê¸² ¢²¨¢ ¥É ¸¨³³¥É·¨Õ ÔËË¥±É .
4) ’µ¶µ²µ£¨Õ É¥Î¥´¨Ö ³µ¦´µ Ê²µ¢¨ÉÓ ¨´ÉÊ¨É¨¢´µ.
5) �¶¥· Í¨¨  ´ ²¨§  ¶·¨³¥´¨³Ò ¡¥§ µ£· ´¨Î¥´¨°: ËÊ´±Í¨¨, · ¸¸³ É-

·¨¢ ¥³Ò¥ ¢ É¥µ·¥É¨Î¥¸±µ° £¨¤·µ¤¨´ ³¨±¥, ³µ¦´µ ¸¢µ¡µ¤´µ ¨´É¥£·¨·µ¢ ÉÓ,
¤¨ËË¥·¥´Í¨·µ¢ ÉÓ, ¶·¥¤¸É ¢²ÖÉÓ ¢ ¢¨¤¥ ·Ö¤µ¢ (’¥°²µ· , ”Ê·Ó¥) ¨²¨ ¨´É¥-
£· ²µ¢ (‹ ¶² ¸ , ”Ê·Ó¥).

6) Œ É¥³ É¨Î¥¸±¨¥ § ¤ Î¨, ¶µ¸É ¢²¥´´Ò¥ ´  µ¸´µ¢¥ ¨´ÉÊ¨É¨¢´ÒÌ Ë¨§¨-
Î¥¸±¨Ì ¶·¥¤¸É ¢²¥´¨°, ¸Î¨É ÕÉ¸Ö ±µ··¥±É´Ò³¨.

’¥µ·¥É¨Î¥¸± Ö £¨¤·µ¤¨´ ³¨±  ̧ É·¥³¨É¸Ö ¶·¨¡²¨¦¥´´µ ¶·¥¤¸± § ÉÓ ¤¢¨-
¦¥´¨¥ ·¥ ²Ó´µ° ¦¨¤±µ¸É¨ ¶ÊÉ¥³ ·¥Ï¥´¨Ö ±· ¥¢ÒÌ § ¤ Î ¤²Ö ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨Ì ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ¢ Î ¸É´ÒÌ ¶·µ¨§¢µ¤´ÒÌ. �¤´ ±µ ¤ ¦¥ ¢
¸²ÊÎ ¥ Ê¸¶¥Ï´µ£µ ·¥Ï¥´¨Ö É ±¨Ì Ê· ¢´¥´¨° ´¥ ¢¸¥£¤  ¶µ´ÖÉ´µ, ± ± ¸µ¶µ-
¸É ¢¨ÉÓ ¶µ²ÊÎ¥´´Ò¥ ·¥Ï¥´¨Ö ¸ ´ ¡²Õ¤ ¥³Ò³¨ ³ ±·µ¸±µ¶¨Î¥¸±¨³¨ Ì · ±-
É¥·¨¸É¨± ³¨ Ö¢²¥´¨Ö.

ˆ´¦¥´¥·Ò-£¨¤· ¢²¨±¨ Ï¨·µ±µ ¨¸¶µ²Ó§ÊÕÉ ³¥Éµ¤Ò É¥µ·¨¨ · §³¥·´µ¸É¨
¨ ¶µ¤µ¡¨Ö. �µ ¸ÊÉ¨, µ¶·¥¤¥²ÖÕÉ¸Ö ¨´¢ ·¨ ´É´Ò¥ ¸µµÉ´µÏ¥´¨Ö ³¥¦¤Ê ¨§³¥-
·¨³Ò³¨ ¶ · ³¥É· ³¨ § ¤ Î¨. ‚ É¥µ·¥É¨Î¥¸±µ° £¨¤·µ¤¨´ ³¨±¥ É ±¦¥
Ï¨·µ±µ ¨¸¶µ²Ó§ÊÕÉ¸Ö ³¥Éµ¤Ò ¶µ¤µ¡¨Ö, ±µÉµ·Ò¥ Î ¸Éµ Ö¢²ÖÕÉ¸Ö ¥¤¨´¸É¢¥´-
´Ò³ ¸·¥¤¸É¢µ³  ´ ²¨§  Ê· ¢´¥´¨°.

“´¨¢¥·¸ ²Ó´µ¸ÉÓ ³¥Éµ¤µ¢ ¶µ¤µ¡¨Ö ¤²Ö É¥µ·¨¨ ̈  Ô±¸¶¥·¨³¥´É  ¤ ²¥±µ ́ ¥
¸²ÊÎ °´ . „¥²µ § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ¶·¥µ¡· §µ¢ ´¨Ö ¶µ¤µ¡¨Ö µ¶·¥¤¥²ÖÕÉ
¨´¢ ·¨ ´É´Ò¥ µÉ´µÏ¥´¨Ö, ±µÉµ·Ò¥ Ì · ±É¥·´Ò ¤²Ö ¸É·Ê±ÉÊ·Ò ¢¸¥Ì § ±µ´µ¢
¶·¨·µ¤Ò, ¢ Éµ³ Î¨¸²¥ ¨ ¤²Ö § ±µ´µ³¥·´µ¸É¥° ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨-
§¨±¨. �¡µ¡Ð¥´´Ò° ¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨ ³µ¦´µ ¸Ëµ·³Ê²¨·µ¢ ÉÓ É ±:
§ ±µ´Ò ¶·¨·µ¤Ò ¤µ²¦´Ò ¶·¥¤¸É ¢²ÖÉÓ ¸µ¡µ° ¸µµÉ´µÏ¥´¨Ö ³¥¦¤Ê ¨´¢ ·¨ ´-
É ³¨ £·Ê¶¶.

”¨§¨Î¥¸±µ¥ ¶µ¤µ¡¨¥ Ö¢²Ö¥É¸Ö µ¡µ¡Ð¥´¨¥³ £¥µ³¥É·¨Î¥¸±µ£µ ¶µ¤µ¡¨Ö.
ƒ¥µ³¥É·¨Î¥¸±¨¥ Ë¨£Ê·Ò ¶µ¤µ¡´Ò, ¥¸²¨ ¶·µ¸ÉÒ³ Ê³´µ¦¥´¨¥³ ¢¸¥Ì · §³¥·µ¢
µ¤´µ° £¥µ³¥É·¨Î¥¸±µ° Ë¨£Ê·Ò ´  µ¤¨´ ¨ ÉµÉ ¦¥ ±µÔËË¨Í¨¥´É ¶µ¤µ¡¨Ö
(³ ¸ÏÉ ¡) ¶µ²ÊÎ ÕÉ¸Ö ¢¸¥ · §³¥·Ò ¤·Ê£µ° Ë¨£Ê·Ò. �´ ²µ£¨Î´µ £¥µ³¥É·¨Î¥-
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¸±µ³Ê ¶µ¤µ¡¨Õ ¤²Ö Ë¨§¨Î¥¸±¨Ì Ö¢²¥´¨° ¨¸¶µ²Ó§ÊÕÉ¸Ö ¨´¢ ·¨ ´É´Ò¥ ¡¥§-
· §³¥·´Ò¥ ±µ³¡¨´ Í¨¨ (¶ · ³¥É·Ò ¶µ¤µ¡¨Ö), ¸µ¸É ¢²¥´´Ò¥ ¨§ µ¶·¥¤¥²ÖÕ-
Ð¨Ì § ¤ ÎÊ · §³¥·´ÒÌ ¢¥²¨Î¨´.

� ¸¸³µÉ·¨³ ¶·µ¸ÉÒ¥ ¶µÖ¸´ÖÕÐ¨¥ ¶·¨³¥·Ò.

1) �·¨ ¶² ´¨·µ¢ ´¨¨ ¡µ²ÓÏ¨Ì ¤µ·µ£µ¸ÉµÖÐ¨Ì ¸µµ·Ê¦¥´¨° (¸ ³µ²¥ÉÒ,
±µ· ¡²¨, ¶²µÉ¨´Ò ¨ É.¤.) ¨´¦¥´¥·Ò-£¨¤· ¢²¨±¨ Ï¨·µ±µ ¨¸¶µ²Ó§ÊÕÉ Ë¨§¨-
Î¥¸±µ¥ ³µ¤¥²¨·µ¢ ´¨¥. ˆ¸¶µ²Ó§µ¢ ´¨¥ ³µ¤¥²¨·µ¢ ´¨Ö ¶·¥¤¶µ² £ ¥É §´ ´¨¥
§ ±µ´µ¢, ¶µ ±µÉµ·Ò³ ³µ¦´µ ¶¥·¥¸Î¨É ÉÓ ·¥§Ê²ÓÉ ÉÒ µ¶ÒÉµ¢, ¸¤¥² ´´ÒÌ ¸
³µ¤¥²Ö³¨, ´  ·¥ ²Ó´Ò¥ µ¡Ñ¥±ÉÒ. ƒ¥µ³¥É·¨Î¥¸±¨ É¥²µ-³µ¤¥²Ó ¤¥² ¥É¸Ö
¶µ¤µ¡´µ° É¥²Ê-´ ÉÊ·¥. � ¸¸³µÉ·¨³ ³µ¤¥²¨·µ¢ ´¨¥ Ê¸É ´µ¢¨¢Ï¥£µ¸Ö ¤¢¨¦¥-
´¨Ö ¢Ö§±µ° ´¥¸¦¨³ ¥³µ° ¦¨¤±µ¸É¨, µ¡É¥± ÕÐ¥° É¢¥·¤µ¥ É¥²µ. � ¶· ¢²¥´¨Ö
¸±µ·µ¸É¥° ¢ ³µ¤¥²¨ ¨ ´ ÉÊ·¥ µ¤¨´ ±µ¢Ò. ‚ ± Î¥¸É¢¥ µ¶·¥¤¥²ÖÕÐ¨Ì § ¤ ÎÊ

¶ · ³¥É·µ¢ ¡¥·ÊÉ¸Ö: l Å Ì · ±É¥·´Ò° · §³¥· É¥² -³µ¤¥²¨, l 0 Å · §³¥·

É¥² -´ ÉÊ·Ò, li
 0 6 li Å ±µÔËË¨Í¨¥´É £¥µ³¥É·¨Î¥¸±µ£µ ¶µ¤µ¡¨Ö, U Å ¸±µ-

·µ¸ÉÓ ´ É¥± ÕÐ¥£µ ¶µÉµ± , µ Å ¢Ö§±µ¸ÉÓ ¦¨¤±µ¸É¨, ρ Å ¶²µÉ´µ¸ÉÓ ¦¨¤-
±µ¸É¨. “± § ´´Ò¥ µ¶·¥¤¥²ÖÕÐ¨¥ § ¤ ÎÊ ¶ · ³¥É·Ò ¢ ¸¨¸É¥³¥ ¥¤¨´¨Í L Å
¤²¨´ , M Å ³ ¸¸ , T Å ¢·¥³Ö ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨¥ · §³¥·´µ¸É¨:

[l] = L;    [U] = L ⋅ T −1;    [µ] = M ⋅ L−1⋅ T;    [ρ] = M ⋅ L−3.

ˆ§ µ¶·¥¤¥²ÖÕÐ¨Ì ¶ · ³¥É·µ¢ ³µ¦´µ ¸µ¸É ¢¨ÉÓ Éµ²Ó±µ µ¤¨´ ¤¨´ ³¨Î¥¸±¨°
¶ · ³¥É· ¶µ¤µ¡¨Ö (¡¥§· §³¥·´ÊÕ ±µ³¡¨´ Í¨Õ, ´¥ § ¢¨¸ÖÐÊÕ µÉ ¢Ò¡µ· 
¥¤¨´¨Í ¨§³¥·¥´¨Ö):

Π
1
 = ρUl 6 µ = Re.

�ÉµÉ ¨´¢ ·¨ ´É ´ §Ò¢ ¥É¸Ö Î¨¸²µ³ �¥°´µ²Ó¤¸ . „²Ö µ¡¥¸¶¥Î¥´¨Ö ¶µ¤µ¡¨Ö
´¥µ¡Ìµ¤¨³µ · ¢¥´¸É¢µ ¤ ´´µ£µ ¶ · ³¥É·  ¤²Ö ³µ¤¥²¨ ¨ ´ ÉÊ·Ò. …¸²¨ · ¸-
¸ÉµÖ´¨¥ r ¨§³¥·ÖÉÓ ¢ ¥¤¨´¨Í Ì l,   ¸±µ·µ¸ÉÓ V ¢ ¥¤¨´¨Í Ì U, Éµ ·¥Ï¥´¨Ö
£¨¤·µ¤¨´ ³¨Î¥¸±¨Ì Ê· ¢´¥´¨° ¤²Ö · ¸¶·¥¤¥²¥´¨Ö ¸±µ·µ¸É¥° ¨³¥ÕÉ ¢¨¤

V
U

 = f 


 
r
l
 , Re 



 .

ˆ§ ÔÉµ£µ ¢Ò· ¦¥´¨Ö ¸²¥¤Ê¥É, ÎÉµ ¶µ²Ö ¸±µ·µ¸É¥° µ¡É¥± ´¨Ö £¥µ³¥É·¨Î¥¸±¨
¶µ¤µ¡´ÒÌ É¥² µ¶¨¸Ò¢ ÕÉ¸Ö µ¤´µ° ¨ Éµ° ¦¥ ËÊ´±Í¨¥°, § ¢¨¸ÖÐ¥° µÉ r 6 l,
¥¸²¨ Î¨¸²  �¥°´µ²Ó¤¸  ¤²Ö ÔÉ¨Ì É¥Î¥´¨° µ¤¨´ ±µ¢Ò.

…¸²¨ ¶µÉµ± ¦¨¤±µ¸É¨ ¨²¨ £ §  µ¡² ¤ ¥É ´¥±µÉµ·Ò³ ¶µ²¥³ ¸±µ·µ¸É¥°
(´ ¶·¨³¥·, ¢ É·Ê¡¥ ¸±µ·µ¸ÉÓ ¢¡²¨§¨ ¸É¥´µ± ³¥´ÓÏ¥, Î¥³ ¢ Í¥´É·¥ É·Ê¡Ò, ¨
É.¶.), Éµ ¢¢µ¤ÖÉ ²µ± ²Ó´µ¥ Î¨¸²µ �¥°´µ²Ó¤¸ .

2) � ¸¸³µÉ·¨³ § ¤ ÎÊ µ ÉµÎ¥Î´µ³ ¢§·Ò¢¥. �·¨³¥³ ¸²¥¤ÊÕÐ¨¥ Ê¶·µÐ -
ÕÐ¨¥ § ¤ ÎÊ ¶µ²µ¦¥´¨Ö:

1. ‚ ´¥±µÉµ·µ³ ³ ²µ³ µ¡Ñ¥³¥ ¢Ò¤¥²Ö¥É¸Ö ¡µ²ÓÏ Ö Ô´¥·£¨Ö E (  Éµ³´Ò°
¢§·Ò¢).
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2. �É Í¥´É·  ¢§·Ò¢  ¢ ¢µ§¤ÊÌ¥ ¢µ§´¨± ¥É ¡Ò¸É·µ · ¸Ï¨·ÖÕÐ Ö¸Ö ̧ Ë¥·¨-
Î¥¸±¨-¸¨³³¥É·¨Î´ Ö µ¡² ¸ÉÓ, ¤ ¢²¥´¨¥ §  ±µÉµ·µ° ¢´ Î ²¥ ̧ µ¸É ¢²Ö¥É ¸µÉ´¨
ÉÒ¸ÖÎ  É³µ¸Ë¥·.

„²Ö µ¶·¥¤¥²¥´¨Ö · ¸¶·µ¸É· ´¥´¨Ö ¶µ · ¤¨Ê¸Ê ¢¸¥Ì Ì · ±É¥·¨¸É¨± É ±µ-
£µ ¸µ¸ÉµÖ´¨Ö ¨ ¸±µ·µ¸É¨ ¤¢¨¦¥´¨Ö Î ¸É¨Í £ §  ´¥µ¡Ìµ¤¨³µ ·¥Ï¨ÉÓ § ¤ ÎÊ ¸
¨´É¥£·¨·µ¢ ´¨¥³ ´¥²¨´¥°´ÒÌ Ê· ¢´¥´¨° ¢ Î ¸É´ÒÌ ¶·µ¨§¢µ¤´ÒÌ*. �·¨³¥-
´¨³ ± ¤ ´´µ° § ¤ Î¥  ´ ²¨§ · §³¥·´µ¸É¥°. � ¤¨Ê¸ Ë·µ´É  Ê¤ ·´µ° ¢µ²´Ò
rf Î¥·¥§ ¶·µ³¥¦ÊÉµ± ¢·¥³¥´¨ t ¶µ¸²¥ ¢§·Ò¢  ¸ Ô´¥·£¨¥° E ̈  ´ Î ²Ó´µ° ¶²µÉ-

´µ¸ÉÓÕ ¢µ§¤ÊÌ  ρ0 ¥¸ÉÓ ËÊ´±Í¨Ö

rf = rf (E, t, ρ
0
).

� §³¥·´µ¸É¨ µ¶·¥¤¥²ÖÕÐ¨Ì § ¤ ÎÊ ¶ · ³¥É·µ¢:

[rf] = L;    [t] = T;    [E] = M ⋅ L2 ⋅ T −2;    [ρ
0
] = M ⋅ L−3.

ˆ§ Ê± § ´´ÒÌ µ¶·¥¤¥²ÖÕÐ¨Ì § ¤ ÎÊ ¶ · ³¥É·µ¢ ³µ¦´µ ¸±µ´¸É·Ê¨·µ¢ ÉÓ
¡¥§· §³¥·´Ò° ¨´¢ ·¨ ´É (¶ · ³¥É· ¶µ¤µ¡¨Ö):

Π = rf (Et 2 6 ρ
0
)− 16 5.

�µ¸±µ²Ó±Ê Π Å ¨´¢ ·¨ ´É, Éµ

rf = C ⋅ (Et 2 6 ρ
0
)1 6 5.

�¥§· §³¥·´ Ö ±µ´¸É ´É  C ¢ ÔÉµ³ § ±µ´¥, ¶µ²ÊÎ¥´´µ³ Éµ²Ó±µ ¨§ ±· ¥¢ÒÌ ¨
´ Î ²Ó´ÒÌ Ê¸²µ¢¨°, ± ± ¶µ± § ²¨ ¤¥É ²Ó´Ò¥ · ¸Î¥ÉÒ, ¶µ·Ö¤±  ¥¤¨´¨ÍÒ.

ˆ¸¶µ²Ó§ÊÖ ÔÉµÉ § ±µ´, „¦.ˆ.’¥°²µ· ¶·µ ´ ²¨§¨·µ¢ ² ±¨´µË¨²Ó³, ¸´Ö-
ÉÒ° ¢µ ¢·¥³Ö ¶¥·¢ÒÌ  ³¥·¨± ´¸±¨Ì Ö¤¥·´ÒÌ ¨¸¶ÒÉ ´¨°, ¨ ¸ Ìµ·µÏ¥° ÉµÎ-
´µ¸ÉÓÕ µ¶·¥¤¥²¨² ¸µ¢¥·Ï¥´´µ ¸¥±·¥É´µ¥ Î¨¸²µ: Ô´¥·£¨Õ ¢§·Ò¢  …. ”¨²Ó³
¡Ò² ´¥ ¸¥±·¥É´Ò° ¨ Ï¨·µ±µ ¤¥³µ´¸É·¨·µ¢ ²¸Ö. ‘µµÉ¢¥É¸É¢ÊÕÐ Ö ¶Ê¡²¨-
± Í¨Ö ¶·µ¨§¢¥²  ¸¥´¸ Í¨Õ ¢ ¢µ¥´´ÒÌ ¨ ¶· ¢¨É¥²Ó¸É¢¥´´ÒÌ ±·Ê£ Ì ‘˜�.

‚ ±´¨£¥ ƒ.ˆ.� ·¥´¡² ÉÉ ** · §µ¡· ´µ ¡µ²ÓÏµ¥ Î¨¸²µ £¨¤·µ¤¨´ ³¨Î¥¸-
±¨Ì § ¤ Î ¨ ¶µ± § ´  Ê¤¨¢¨É¥²Ó´ Ö Ê´¨¢¥·¸ ²Ó´µ¸ÉÓ ³¥Éµ¤µ¢ É¥µ·¨¨ ¶µ¤µ-
¡¨Ö ¤²Ö ¸ ³ÒÌ · §´µµ¡· §´ÒÌ · §¤¥²µ¢ Ë¨§¨±¨, ³¥Ì ´¨±¨ ¨ ³ É¥³ É¨±¨.
Šµ´¥Î´µ, É¥µ·¨Ö · §³¥·´µ¸É¨ ´¥ ¤ ¥É ¢µ§³µ¦´µ¸É¨ Ê¸É ´µ¢¨ÉÓ ¸¢Ö§¨ ³¥¦¤Ê

*�µ²´µ¥ ·¥Ï¥´¨¥ ÔÉµ° § ¤ Î¨ ¤ ´µ ¢ ±´¨£¥ ‹.ˆ.‘¥¤µ¢  ®Œ¥Éµ¤Ò ¶µ¤µ¡¨Ö ¨ · §³¥·´µ¸É¨ ¢
³¥Ì ´¨±¥ (8-¥ ̈ §¤., Œ.: � Ê± , 1981). �·¨¢µ¤¨³Ò° ́ ¨¦¥ ·¥§Ê²ÓÉ É, ¶µ²ÊÎ¥´´Ò° ́   µ¸´µ¢¥  ´ ²¨§ 

· §³¥·´µ¸É¥°, ¨ § ±µ´ r
f
 ∝ t 2 6 5 ¡Ò²¨ ¶µ²ÊÎ¥´Ò ‹.ˆ.‘¥¤µ¢Ò³ Å �·¨±² ¤´ Ö ³ É¥³ É¨±  ¨ ³¥-

Ì ´¨± , 1946, É.10, º2, ¸.241Å250.
**ƒ.ˆ.� ·¥´¡² ÉÉ Å �µ¤µ¡¨¥,  ¢Éµ³µ¤¥²Ó´µ¸ÉÓ, ¶·µ³¥¦ÊÉµÎ´ Ö  ¸¨³¶ÉµÉ¨± . ‹.: ƒ¨¤·µ-

³¥É¥µ¨§¤ É, 1982. �¥¤ ¢´µ µ¶Ê¡²¨±µ¢ ´  ¸ÊÐ¥¸É¢¥´´µ Ê¸µ¢¥·Ï¥´¸É¢µ¢ ´´ Ö  ´£²¨°¸± Ö ¢¥·¸¨Ö
ÔÉµ° Ê´¨± ²Ó´µ° ±´¨£¨ [6].
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¡¥§· §³¥·´Ò³¨ ¢¥²¨Î¨´ ³¨. �¤´ ±µ ´¥¸µ³´¥´´Ò³ ¤µ¸Éµ¨´¸É¢µ³ É¥µ·¨¨
· §³¥·´µ¸É¨ ¨ ¶µ¤µ¡¨Ö Ö¢²Ö¥É¸Ö ³¥Éµ¤¨±  ¨§ÊÎ¥´¨Ö Ë¨§¨Î¥¸±¨Ì § ±µ´µ³¥·-
´µ¸É¥° ¢ ¡¥§· §³¥·´µ³ ¢¨¤¥, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ ¸µ±· Ð ¥É ±µ²¨Î¥¸É¢µ Ô±¸-
¶¥·¨³¥´Éµ¢, ´¥µ¡Ìµ¤¨³ÒÌ ¤²Ö µ¶¨¸ ´¨Ö Ö¢²¥´¨Ö. ”Ê´±Í¨µ´ ²Ó´ Ö § ¢¨¸¨-
³µ¸ÉÓ µÉ ¶ · ³¥É·µ¢ ¶µ¤µ¡¨Ö ¶µ¤Î¨´Ö¥É¸Ö ¡µ²¥¥ ¶·µ¸ÉÒ³ Ê· ¢´¥´¨Ö³ ¨ ³µ-
¦¥É ¡ÒÉÓ ´ °¤¥´  ¶ÊÉ¥³ Î¨¸²¥´´ÒÌ · ¸Î¥Éµ¢ ¨ ¢¢¥¤¥´¨¥³ ¤µ¶µ²´¨É¥²Ó´ÒÌ
´ Î ²Ó´ÒÌ ¨ ±· ¥¢ÒÌ Ê¸²µ¢¨°. „²Ö Ê¸É ´µ¢²¥´¨Ö É ±¨Ì § ¢¨¸¨³µ¸É¥° ¤µ¸É -
ÉµÎ´µ µ£· ´¨Î¥´´µ£µ Î¨¸²  · ¸Î¥Éµ¢ ¨²¨ Ô±¸¶¥·¨³¥´Éµ¢ ¶·¨ ±µ´±·¥É´ÒÌ
Ê¸²µ¢¨ÖÌ. ’ ±, ¥¸²¨ ¶·µ¢¥¸É¨ · ¸Î¥É (¨²¨ Ô±¸¶¥·¨³¥´É) ¤²Ö ¸²ÊÎ Ö ¨¸±·µ-
¢µ£µ · §·Ö¤  ¢ ¢µ§¤ÊÌ¥, Éµ ·¥§Ê²ÓÉ É ¶µ§¢µ²¨É µ¶·¥¤¥²¨ÉÓ · §³¥·´Ò¥ ¢¥²¨-
Î¨´Ò ¤²Ö  Éµ³´µ£µ ¢§·Ò¢ .

‘²¥¤Ê¥É µ¸µ¡µ µÉ³¥É¨ÉÓ, ÎÉµ  ´ ²¨§ · §³¥·´µ¸É¥° ¸ ÉµÎ±¨ §·¥´¨Ö ³ É¥-
³ É¨Î¥¸±µ£µ  ¶¶ · É  ¨³¥¥É £·Ê¶¶µ¢ÊÕ ¸É·Ê±ÉÊ·Ê,   ±µÔËË¨Í¨¥´ÉÒ ¶¥·¥-
¸Î¥É  (¶ · ³¥É·Ò ¶µ¤µ¡¨Ö) Ö¢²ÖÕÉ¸Ö ¨´¢ ·¨ ´É ³¨ £·Ê¶¶. �  £·Ê¶¶µ¢µ³ Ö§Ò-
±¥  ´ ²¨§ · §³¥·´µ¸É¥° ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³. �¶·¥¤¥-
²¨³ µ¶¥· Í¨Õ ¶·¥µ¡· §µ¢ ´¨Ö Tα ́  ¤ µ¶·¥¤¥²ÖÕÐ¨³¨ ¶ · ³¥É· ³¨ Qj   ± ±

Tα(Qj ) = α
1

n
j1Á αm

n
jkQj . (2)

‚ · ¸¸³µÉ·¥´´ÒÌ ¶·¨³¥· Ì α1 = M, α2 = L, α3 = T.  �µ± § É¥²¨ nik ´ -

§Ò¢ ÕÉ¸Ö ¶µ± § É¥²Ö³¨ · §³¥·´µ¸É¨ ¢¥²¨Î¨´ Qj ¢ ¤ ´´µ° ¸¨¸É¥³¥ µ¸´µ¢´ÒÌ

¥¤¨´¨Í ¨§³¥·¥´¨Ö. � ¶·¨³¥·: T(E) = M 1 ⋅ L2 ⋅ T −2 ⋅ E.

�·¥µ¡· §µ¢ ´¨Õ T ¢§ ¨³´µ µ¤´µ§´ Î´µ ¸µµÉ¢¥É¸É¢ÊÕÉ ¢¥±Éµ·Ò α =
= {α1,Á, αn}. �¶·¥¤¥²¨³

(α ⋅ β) = {αi ⋅ βi  ,Á, αn ⋅ βn},     α
−1 = {α

1
−1,Á, αn

−1}.

ˆ§ ÔÉ¨Ì µ¶·¥¤¥²¥´¨° ¸²¥¤Ê¥É

Tα(Tβ(Qj )) = Tβ(Tα(Qj )) = Tαβ(Qj ),

T
α−1(Tα(Qj )) = Qj . (3)

�  ³ É¥³ É¨Î¥¸±µ³ Ö§Ò±¥ Ëµ·³Ê²  (2) µ¶·¥¤¥²Ö¥É ¶·¥¤¸É ¢²¥´¨¥ ³Ê²Ó-
É¨¶²¨± É¨¢´µ° £·Ê¶¶Ò ¶µ²µ¦¨É¥²Ó´ÒÌ n-¢¥±Éµ·µ¢. ‘µµÉ´µÏ¥´¨Ö (3) µ¶·¥-
¤¥²ÖÕÉ £·Ê¶¶Ê ²¨´¥°´ÒÌ ¶·¥µ¡· §µ¢ ´¨° ¶·µ¸É· ´¸É¢  ¢¥±Éµ·µ¢ Qj . …¸²¨

¢¸¥ nik · ¢´Ò ´Ê²Õ, ¢¥²¨Î¨´  Qj ¡¥§· §³¥·´  ¨ Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´Éµ³ £·Ê¶-

¶Ò (¶ · ³¥É·µ³ ¶µ¤µ¡¨Ö).

Šµ´Í¥¶Í¨Ö £·Ê¶¶Ò Ö¢²Ö¥É¸Ö ³ É¥³ É¨Î¥¸±¨³ ¶·¥¤¸É ¢²¥´¨¥³ ±µ´Í¥¶-
Í¨¨ ¸¨³³¥É·¨¨ Å µ¤´µ° ¨§ ´ ¨¡µ²¥¥ ËÊ´¤ ³¥´É ²Ó´ÒÌ ±µ´Í¥¶Í¨° ¸µ¢·¥-
³¥´´µ° Ë¨§¨±¨.
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®� ¸±µ²Ó±µ Ö ³µ£Ê ¸Ê¤¨ÉÓ, Å ¶¨¸ ² ‚¥°²Ó, Å ¢¸¥  ¶·¨µ·´Ò¥ ¸Ê¦¤¥´¨Ö
Ë¨§¨±¨ ¨³¥ÕÉ ¸¢µ¨³ ¨¸ÉµÎ´¨±µ³ ¸¨³³¥É·¨Õ¯. ƒ¨¶µÉ¥§Ò µ ¸¨³³¥É·¨¨, ±µ-
Éµ·µ° µ¡² ¤ ¥É ¸¨¸É¥³ , Ö¢²ÖÕÉ¸Ö  ±¸¨µ³ ³¨, µ¶·¥¤¥²ÖÕÐ¨³¨ ¥¥ ̧ µ¸ÉµÖ´¨¥
¨ ¶µ¢¥¤¥´¨¥. ̂ ¸Ìµ¤Ö ̈ § ¶·¨´Í¨¶µ¢ ¸¨³³¥É·¨¨, ³µ¦´µ ¢Ò¢µ¤¨ÉÓ ́ µ¢Ò¥ § ±µ-
´Ò ¶·¨·µ¤Ò ¤¥¤Ê±É¨¢´µ,   ´¥ Éµ²Ó±µ ¢ ·¥§Ê²ÓÉ É¥ ´ ¡²Õ¤¥´¨Ö ´ ¤ Ë¨§¨-
Î¥¸±¨³¨ µ¡Ñ¥±É ³¨ ¨²¨ ¢ ·¥§Ê²ÓÉ É¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨°.

Œ´µ£¨¥ ¨§ ¶µ²ÊÎ ¥³ÒÌ É ±¨³ µ¡· §µ³ § ±µ´µ³¥·´µ¸É¥° §´ Î¨É¥²Ó´µ
Ï¨·¥ § ±µ´µ¢, ¢ÒÉ¥± ÕÐ¨Ì ¨§ ¸¨³³¥É·¨¨ £ ³¨²ÓÉµ´¨ ´µ¢. �Ò²µ ¤ ¦¥
¢·¥³Ö, ±µ£¤  £ ³¨²ÓÉµ´µ¢ ³¥Éµ¤ ¶·¥¤² £ ²µ¸Ó ¶µÌµ·µ´¨ÉÓ, ´ ¸Éµ²Ó±µ ´¥-
£ ³¨²ÓÉµ´µ¢Ò ³¥Éµ¤Ò ± § ²¨¸Ó ¡µ²¥¥ ÔËË¥±É¨¢´Ò³¨ ¢ ËÊ´¤ ³¥´É ²Ó´µ°
´ Ê±¥. ‚ 70-80-e £µ¤Ò Ë¨§¨±¨ ¢¶ ²¨ ¢ ¶·µÉ¨¢µ¶µ²µ¦´ÊÕ ±· °´µ¸ÉÓ: ± ²¨-
¡·µ¢µÎ´Ò¥ É¥µ·¨¨ ¨, ¢ µ¸µ¡¥´´µ¸É¨, ¸É ´¤ ·É´ÊÕ ³µ¤¥²Ó µ¡ÑÖ¢¨²¨ ®É¥µ·¨¥°
¢¸¥£µ¯. ‘É ´¤ ·É´ Ö ³µ¤¥²Ó, µ¤´ ±µ, ¸µ¤¥·¦¨É Éµ²Ó±µ É¥ µ¶·¥¤¥²ÖÕÐ¨¥
 ±¸¨µ³Ò, ±µÉµ·Ò¥ ± ¸ ÕÉ¸Ö ¸¨³³¥É·¨¨ ² £· ´¦¨ ´µ¢,   ÔÉµ£µ ´¥¤µ¸É ÉµÎ´µ
¤²Ö µ¶¨¸ ´¨Ö Ë¨§¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢. �¥µ¡Ìµ¤¨³Ò ¤µ¶µ²´¨É¥²Ó´Ò¥ Ô±¸¶¥-
·¨³¥´É ²Ó´µ ¶·µ¢¥·Ö¥³Ò¥ £¨¶µÉ¥§Ò: ´ Î ²Ó´Ò¥ ¨ ±· ¥¢Ò¥ Ê¸²µ¢¨Ö, ¶·¥¤-
¶µ²µ¦¥´¨Ö µ ±µ´¸É ´É Ì, ¢Ìµ¤ÖÐ¨Ì ¢ ² £· ´¦¨ ´Ò, ¨ É.¶. �¥µ¡Ìµ¤¨³Ò
£¨¶µÉ¥§Ò µ ¸¨³³¥É·¨ÖÌ, ±µÉµ·Ò³ ÔÉ¨ Ê¸²µ¢¨Ö Ê¤µ¢²¥É¢µ·ÖÕÉ. � ¶·¨³¥·,
¶·¥¤¶µ²µ¦¥´¨¥ µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ·¥´µ·³£·Ê¶¶Ò Ö¢²Ö¥É¸Ö £¨¶µÉ¥§µ° µ ¸¨³-
³¥É·¨¨ ·¥Ï¥´¨°,   ´¥ ² £· ´¦¨ ´ .

�µ´ÖÉ¨¥ ·¥´µ·³£·Ê¶¶Ò ¢µ§´¨±²µ ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¶·¨  ´ ²¨§¥
±² ¸¸¨Î¥¸±µ° ¶·µ¡²¥³Ò Ê¸É· ´¥´¨Ö Ê²ÓÉ· Ë¨µ²¥Éµ¢ÒÌ · ¸Ìµ¤¨³µ¸É¥°.
�·µÍ¥¤Ê·  ¶¥·¥´µ·³¨·µ¢±¨ Å ÔÉµ ´¥±µÉµ·µ¥ ¶·¥¤¶¨¸ ´¨¥, ¶·¨³¥´Ö¥³µ¥ ±
·¥Ï¥´¨Ö³ ±¢ ´Éµ¢ÒÌ Ê· ¢´¥´¨°. �·¥¤¶¨¸ ´¨¥ ÊÉµÎ´Ö¥É ̧ É·Ê±ÉÊ·Ê § ±µ´µ¢ ̈
Ê¸É· ´Ö¥É ¡¥¸¸³Ò¸²¥´´Ò¥ ¡¥¸±µ´¥Î´Ò¥ ¢Ò· ¦¥´¨Ö. ‚ µ¸´µ¢´µ³ ·¥ÎÓ Ï²  µ
¶¥·¥µ¶·¥¤¥²¥´¨¨ ³ ¸¸Ò ¨ § ·Ö¤  Ô²¥±É·µ´ .

�µ  ´ ²µ£¨¨ ¸ ¶µ´ÖÉ¨¥³ ®ÔËË¥±É¨¢´µ£µ § ·Ö¤ ¯ ¢ ¸·¥¤¥ ¢ Ô²¥±É·µ¤¨-
´ ³¨±¥ ¢¢µ¤ÖÉ¸Ö ®µ¤¥ÉÒ¥ § ·Ö¤Ò¯, Ô±· ´¨·µ¢ ´´Ò¥ ¶µ²Ö·¨§ Í¨¥° ¢ ±ÊÊ³ ,
±µÉµ·Ò° ¨£· ¥É ·µ²Ó ¶µ²Ö·¨§Ê¥³µ° ¸·¥¤Ò. ‚ ±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¥
·µ²Ó ¶µ²Ö·¨§Ê¥³ÒÌ ³µ²¥±Ê² ¨£· ÕÉ ¢¨·ÉÊ ²Ó´Ò¥ Ô²¥±É·µ´-¶µ§¨É·µ´´Ò¥
¶ ·Ò. �ËË¥±É¨¢´Ò° § ·Ö¤ § ¢¨¸¨É µÉ · ¸¸ÉµÖ´¨Ö ³¥¦¤Ê Î ¸É¨Í¥°, ´¥¸ÊÐ¥°
§ ·Ö¤, ¨ ¶·µ¡´Ò³ É¥²µ³. �·¨ ¸É·¥³²¥´¨¨ · ¸¸ÉµÖ´¨Ö ± ́ Ê²Õ ¢¥²¨Î¨´  § ·Ö-
¤  ¢µ§· ¸É ¥É ¨ ¸É·¥³¨É¸Ö ± ¥£µ § É· ¢µÎ´µ°, ®¨¸É¨´´µ°¯ ¢¥²¨Î¨´¥, ±µÉµ· Ö
¢ Ô²¥±É·µ¤¨´ ³¨±¥ µ± § ² ¸Ó ¡¥¸±µ´¥Î´µ ¡µ²ÓÏµ°. �¥´µ·³£·Ê¶¶  Å ÔÉµ ́  -
¸Éµ²Ó±µ ËÊ´¤ ³¥´É ²Ó´µ¥ ¨ ¶·µ¸Éµ¥ ¶µ´ÖÉ¨¥, ÎÉµ ¤²Ö ¥£µ µ¶·¥¤¥²¥´¨Ö ´¥
É·¥¡Ê¥É¸Ö ¢´¨± ÉÓ ¢ Î·¥§¢ÒÎ °´µ ¸²µ¦´Ò° ³ É¥³ É¨Î¥¸±¨°  ¶¶ · É ±¢ ´Éµ-
¢µ° É¥µ·¨¨ ¶µ²Ö. ‚³¥¸Éµ · ¸¸ÉµÖ´¨Ö · ¸¸³ É·¨¢ ¥É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´µ ¨§-

³¥·Ö¥³ Ö ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´ Ö ¶¥·¥¤ Î  ¨³¶Ê²Ó¸  Q 2 6 µ2 Î ¸É¨Í¥,
´¥¸ÊÐ¥° § ·Ö¤. ‚¥²¨Î¨´  µ Å µ¡¥§· §³¥·¨¢ ÕÐ¨° ³´µ¦¨É¥²Ó, ¨³¥ÕÐ¨°
· §³¥·´µ¸ÉÓ ³ ¸¸Ò.
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‚ ·¥ ²Ó´µ ̈ §³¥·Ö¥³Ò¥ ¢¥²¨Î¨´Ò (¸¥Î¥´¨Ö, ±¢ ¤· ÉÒ ³ É·¨Î´ÒÌ Ô²¥³¥´-

Éµ¢ ¨ É.¶.) ¢Ìµ¤¨É ±¢ ¤· É ÔËË¥±É¨¢´µ£µ § ·Ö¤  α
__

(Q 26 µ2, α), § ¢¨¸ÖÐ¨° µÉ

Q 2 6 µ2 ¨ § É· ¢µÎ´µ£µ § ·Ö¤  α (´ ¶·¨³¥·, ±µ´¸É ´ÉÒ, ¢Ìµ¤ÖÐ¥° ¢ ² -
£· ´¦¨ ´). �¡´ ·Ê¦¥´´ Ö ̧ ¨³³¥É·¨Ö § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ µ¤´µ¢·¥³¥´´µ¥
¢Ò¶µ²´¥´¨¥ ¤¢ÊÌ µ¶¥· Í¨° Å ¨§³¥´¥´¨Ö ³ ¸ÏÉ ¡´µ° ¶¥·¥³¥´´µ°

µ2 → µ2t ¨ ¸¶¥Í¨ ²Ó´µ£µ ¢¨¤  ¶·¥µ¡· §µ¢ ´¨Ö ¢¥²¨Î¨´Ò ±¢ ¤· É  § ·Ö¤ 
α → α

__
(t, α) Å ´¥ ¶·¨¢µ¤¨É ± ± ±¨³-²¨¡µ ´ ¡²Õ¤ ¥³Ò³ ¸²¥¤¸É¢¨Ö³.

ˆ´Ò³¨ ¸²µ¢ ³¨, ±¢ ¤· É ÔËË¥±É¨¢´µ£µ § ·Ö¤  α
__
 ¤µ²¦¥´ ¡ÒÉÓ ¨´¢ -

·¨ ´Éµ³ ¶·¥µ¡· §µ¢ ´¨Ö:

Tt = {Q 2 6 µ2 → Q 2 6 µ2t; α → α
__

(t, α)}.

‚¥²¨Î¨´ 
α
__
 






 
Q 2

µ2
 , α 







 = α

__
 






 
Q 2

µ2t
 , α

__
(t, α) 








(4)

¡Ò²  ¢¢¥¤¥´  �.�.�µ£µ²Õ¡µ¢Ò³ ̈  „.‚.˜¨·±µ¢Ò³ ̈  ́  §¢ ´  ̈ ³¨ ¨´¢ ·¨ ´É-
´Ò³ § ·Ö¤µ³ [7]. �´  Ö¢²Ö¥É¸Ö Í¥´É· ²Ó´Ò³ µ¡Ñ¥±Éµ³  ¶¶ · É  ±¢ ´Éµ¢µ-
¶µ²¥¢µ° ·¥´µ·³£·Ê¶¶Ò. ‹¥£±µ ¶·µ¢¥·¨ÉÓ, ÎÉµ ¶·¥µ¡· §µ¢ ´¨Ö Tt µ¡· §ÊÕÉ

£·Ê¶¶Ê, É.±. ËÊ´±Í¨Ö α
__
 Ê¤µ¢²¥É¢µ·Ö¥É É·¥¡µ¢ ´¨Õ TtTτ = Ttτ:

α
__

(t, α
__

(τ, α)) = α
__

(tτ, α). (5)

‘µµÉ´µÏ¥´¨¥ (5) ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ËÊ´±Í¨µ´ ²Ó´µ¥ Ê· ¢´¥´¨¥ ¤²Ö α
__

¨ ¸²Ê¦¨É µ¸´µ¢µ° ¤²Ö ¢ÒÎ¨¸²¥´¨° ¢¥²¨Î¨´, ¨§³¥·Ö¥³ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´µ.
� ¨¡µ²¥¥ ¢ ¦´Ò° ·¥§Ê²ÓÉ É ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö, ¶µ²ÊÎ¥´´Ò° ¸
¶µ³µÐÓÕ ³¥Éµ¤  ·¥´µ·³£·Ê¶¶Ò, ÔÉµ Ö¢²¥´¨¥  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤Ò ¢
±¢ ´Éµ¢µ° Ì·µ³µ¤¨´ ³¨±¥. Š ± ¶µ± § ²¨ µÉ´µ¸¨É¥²Ó´µ ¶·µ¸ÉÒ¥ ¢ÒÎ¨¸²¥-

´¨Ö, ÔËË¥±É¨¢´Ò° § ·Ö¤ Ì·µ³µ¤¨´ ³¨±¨ (g2 6 4π Å  ´ ²µ£ ¶µ¸ÉµÖ´´µ° Éµ´-
±µ° ¸É·Ê±ÉÊ·Ò α) ´¥ · ¸É¥É ± ± ¢ Ô²¥±É·µ¤¨´ ³¨±¥ ¤µ ¡¥¸±µ´¥Î´µ¸É¨ ¶·¨

Q 2 → ∞,   Ê¡Ò¢ ¥É. �·¨ Q 2 → ∞ ¶·µ¨¸Ìµ¤¨É ®¸ ³µ¢Ò±²ÕÎ¥´¨¥¯ ¢§ ¨³µ-

¤¥°¸É¢¨Ö. ̂ ´¢ ·¨ ´É´Ò° § ·Ö¤, § ¢¨¸ÖÐ¨° µÉ Q 2, ¶µ²ÊÎ¨² ¢´ÊÉ·¥´´¥ ¶·µÉ¨-
¢µ·¥Î¨¢µ¥ ´ §¢ ´¨¥ ®¡¥£ÊÐ Ö ±µ´¸É ´É  ¸¢Ö§¨¯.

Œ ²µ¸ÉÓ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ µ¡² ¸É¨ ¡µ²ÓÏ¨Ì Q 2 ¶µ§¢µ²¨²  ¶·¨³¥´ÖÉÓ
É¥µ·¨Õ ¢µ§³ÊÐ¥´¨°, ¸¤¥² ÉÓ ¢ ÔÉµ° µ¡² ¸É¨ Ì·µ³µ¤¨´ ³¨±Ê ±µ²¨Î¥¸É¢¥´-
´µ° É¥µ·¨¥°, ¶·µ¢¥·¨ÉÓ ¥¥ SU(3) £·Ê¶¶µ¢ÊÕ ¸É·Ê±ÉÊ·Ê. � ¶·¨³¥·, µ± § ²µ¸Ó
¢µ§³µ¦´Ò³ ¨§³¥·¨ÉÓ Í¢¥Éµ¢Ò¥ § ·Ö¤Ò ±¢ ·±µ¢ ¨ £²Õµ´µ¢, ¨§³¥·¨ÉÓ §´ -
Î¥´¨Ö É ±¨Ì ¨´¢ ·¨ ´Éµ¢, ± ± µ¶¥· Éµ·Ò Š §¨³¨· *. ˆ´ Î¥ £µ¢µ·Ö, ¡Ò² 
Ô±¸¶¥·¨³¥´É ²Ó´µ ·¥ ²¨§µ¢ ´  ¶·µ¢¥·±  ̧ ¨³³¥É·¨¨ ² £· ´¦¨ ´  ±¢ ´Éµ¢µ°
Ì·µ³µ¤¨´ ³¨±¨.

*DELPHI Collaboration Å Z.Phys., 1993, v.C59, p.357Å368.
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‘Ì¥³ É¨Î¥¸± Ö ¤¨ £· ³³  ´  ·¨¸.1 ¨²²Õ¸É·¨·Ê¥É ·µ²Ó ¸¨³³¥É·¨¨ ¢
ËÊ´¤ ³¥´É ²Ó´µ° Ë¨§¨±¥, ¢ µ¶·¥¤¥²¥´¨¨ ³ É¥³ É¨Î¥¸±¨Ì ³µ¤¥²¥° ¨ ¸É·Ê±-
ÉÊ·Ò § ±µ´µ¢ ¶·¨·µ¤Ò. �· ¢ Ö ¸Éµ·µ´  ¤¨ £· ³³Ò ¶µ± §Ò¢ ¥É ¸ÊÐ¥¸É¢¥´´µ
´µ¢ÊÕ ·µ²Ó ¸¨³³¥É·¨¨: ¸¨³³¥É·¨Õ ¨ ¨´¢ ·¨ ´É´µ¸ÉÓ, µ¶·¥¤¥²ÖÕÐ¨¥
£ ³¨²ÓÉµ´¨ ´ ¢§ ¨³µ¤¥°¸É¢¨Ö. —¥´ �¨´£ Ÿ´£ Å µ¤¨´ ̈ § µÉ±·Ò¢ É¥²¥° ± ²¨-
¡·µ¢µÎ´µ° ¸¨³³¥É·¨¨ Å µ¶·¥¤¥²Ö¥É ÔÉÊ ·µ²Ó É ±: ®‘¨³³¥É·¨Ö ¤¨±ÉÊ¥É
¢§ ¨³µ¤¥°¸É¢¨¥¯. �ÉµÉ ¶·¨´Í¨¶ ²¥£ ¢ µ¸´µ¢Ê ¶µ¸É·µ¥´¨Ö § ±µ´µ¢ ¤²Ö ¢¸¥Ì
Î¥ÉÒ·¥Ì ËÊ´¤ ³¥´É ²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°. ‘·¥¤´ÖÖ Î ¸ÉÓ ¤¨ £· ³³Ò ¢±²Õ-
Î ¥É Éµ, ÎÉµ ´ §Ò¢ ¥É¸Ö ±¨´¥³ É¨±µ° ¨ ´¥ ´Ê¦¤ ¥É¸Ö ¢ ±µ³³¥´É ·¨ÖÌ. ‹¥¢ Ö
Î ¸ÉÓ, ±µÉµ·ÊÕ ¥¸É¥¸É¢¥´´µ ´ §¢ ÉÓ ¸¨³³¥É·¨¥° ·¥Ï¥´¨°, ¸µ¤¥·¦¨É ¶·¨´-
Í¨¶Ò ¸¨³³¥É·¨¨, ¤µ¶µ²´ÖÕÐ¨¥ ¸¨³³¥É·¨Õ ² £· ´¦¨ ´µ¢. �ÉµÉ É¨¶ ¸¨³-
³¥É·¨¨, ± ± ¡Ò²µ ¶µ± § ´µ ¢ÒÏ¥, ¤ ¢´µ ¨¸¶µ²Ó§Ê¥É¸Ö ¨´¦¥´¥· ³¨, Ë¨§¨-
± ³¨, ³¥Ì ´¨± ³¨ ¨ ´ Î¨´ ¥É ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö ³ É¥³ É¨± ³¨.

‚¨£´¥· ´¥µ¤´µ±· É´µ ¢Ò¸± §Ò¢ ² ¨´É¥·¥¸´Ò¥ ³¥Éµ¤µ²µ£¨Î¥¸±¨¥ ¨¤¥¨ µ
¸µµÉ´µÏ¥´¨¨ ³¥¦¤Ê É·¥³Ö ± É¥£µ·¨Ö³¨: Ö¢²¥´¨Ö³¨, ¸²Ê¦ Ð¨³¨ ¸Ò·Ó¥³ ¤²Ö
¢Éµ·µ° ± É¥£µ·¨¨ Å ¤²Ö § ±µ´µ¢ ¶·¨·µ¤Ò, ¨ ¶·¨´Í¨¶ ³¨ ¸¨³³¥É·¨¨
(É·¥ÉÓ¥° ± É¥£µ·¨¥°). �´ µ¸µ¡¥´´µ ¶µ¤Î¥·±¨¢ ², ÎÉµ ¤²Ö ¶·¨´Í¨¶µ¢ ¸¨³-
³¥É·¨¨ ¸Ò·Ó¥³ ¸²Ê¦ É § ±µ´Ò ¶·¨·µ¤Ò. �·¨´Í¨¶Ò ¸¨³³¥É·¨¨ µ¡´ ·Ê¦¨¢ -
ÕÉ¸Ö ¢ ·¥§Ê²ÓÉ É¥  ´ ²¨§  ¸É·Ê±ÉÊ·Ò Ê´¨¢¥·¸ ²Ó´ÒÌ ¸µµÉ´µÏ¥´¨° (§ ±µ´µ¢
¶·¨·µ¤Ò) ³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³Ò³¨ ¢¥²¨Î¨´ ³¨ ¨ ´ µ¡µ·µÉ:

�¨¸.1. ‘Ì¥³ É¨Î¥¸± Ö ¤¨ £· ³³ , ¨²²Õ¸É·¨·ÊÕÐ Ö ·µ²Ó ¸¨³³¥É·¨¨ ¢ ËÊ´¤ ³¥´É ²Ó-
´µ° Ë¨§¨±¥
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¨¸Ìµ¤Ö ¨§ ¶·¨´Í¨¶µ¢ ¸¨³³¥É·¨¨, ³µ¦´µ ¢Ò¢¥¸É¨ ´µ¢Ò¥ § ±µ´Ò ¶·¨·µ¤Ò
¤¥¤Ê±É¨¢´µ,   ́ ¥ Éµ²Ó±µ ́   µ¸´µ¢¥ ́  ¡²Õ¤¥´¨° ́  ¤ Ë¨§¨Î¥¸±¨³¨ µ¡Ñ¥±É ³¨.
�·¨´Í¨¶Ò ¸¨³³¥É·¨¨ ¢ ÔÉµ° ¸¢Ö§¨ ¨´µ£¤  ´ §Ò¢ ÕÉ ¸¢¥·Ì§ ±µ´ ³¨ ¶·¨-
·µ¤Ò, ËÊ´¤ ³¥´Éµ³ ´ Ê±¨.

�¥±µÉµ·Ò¥ ¨§ ¶·¨´Í¨¶µ¢ ¸¨³³¥É·¨¨ ·¥Ï¥´¨° ¨³¥ÕÉ ËÊ´¤ ³¥´É ²Ó´Ò°
Ì · ±É¥· ¨ ¨£· ÕÉ ·¥Ï ÕÐÊÕ ·µ²Ó ¢ ¶µ¸É·µ¥´¨¨ ´µ¢ÒÌ § ±µ´µ¢ ¶·¨·µ¤Ò.
‚ ± Î¥¸É¢¥ ¶·¨³¥·  ³µ¦´µ ¶·¨¢¥¸É¨ ·¥´µ·³£·Ê¶¶Ê. �¤¨´ ¨§  ¢Éµ·µ¢ ÔÉµ°
µ¶¨¸ ´´µ° ¢ÒÏ¥ ¸¨³³¥É·¨¨ („.‚.˜¨·±µ¢) µÉ´¥¸ ·¥´µ·³£·Ê¶¶Ê ± ¸¨³³¥É-
·¨¨ ¸ ³µ¶µ¤µ¡¨Ö, ¢¢¥¤Ö É¥·³¨´ ®ËÊ´±Í¨µ´ ²Ó´ Ö  ¢Éµ³µ¤¥²Ó´µ¸ÉÓ¯ [8], ¢
µÉ²¨Î¨¥ µÉ ¸É¥¶¥´´µ°  ¢Éµ³µ¤¥²Ó´µ¸É¨, ± ±µÉµ·µ° ¶·¨¢µ¤¨É  ´ ²¨§ · §³¥·-
´µ¸É¥° ¨ ¶·¨´Í¨¶Ò ¶µ¤µ¡¨Ö (Ëµ·³Ê²  (2)). ’¥·³¨´ ® ¢Éµ³µ¤¥²Ó´µ¸ÉÓ¯
§ ¨³¸É¢µ¢ ´ ¨§ £¨¤·µ Ô·µ¤¨´ ³¨±¨, µ´ µ¡µ¡Ð ¥É Ï¨·µ±¨° ±² ¸¸ § ±µ´µ-
³¥·´µ¸É¥° ¢ · §²¨Î´ÒÌ µ¡² ¸ÉÖÌ Ë¨§¨±¨. ®�¢Éµ³µ¤¥²Ó´Ò³¨ ´ §Ò¢ ÕÉ
É ±¨¥ ·¥Ï¥´¨Ö, ¢ ±µÉµ·ÒÌ Ê³¥´ÓÏ¥´¨¥ Î¨¸²   ·£Ê³¥´Éµ¢ ¨¸±µ³ÒÌ ËÊ´±Í¨°
¤µ¸É¨£ ¥É¸Ö §  ¸Î¥É ¸ÊÐ¥¸É¢¥´´µ¸É¨ Éµ²Ó±µ ´¥±µÉµ·ÒÌ ±µ³¡¨´ Í¨° ¨§ ´¥-
§ ¢¨¸¨³ÒÌ ¶¥·¥³¥´´ÒÌ¯ (‹.ˆ.‘¥¤µ¢).

’ ±¨³ µ¡· §µ³,  ¢Éµ³µ¤¥²Ó´µ¸ÉÓ Å ÔÉµ µ¸µ¡ Ö ¸¨³³¥É·¨Ö Ë¨§¨Î¥¸±µ°
¸¨¸É¥³Ò, ¸µ¸ÉµÖÐ Ö ¢ Éµ³, ÎÉµ ¨§³¥´¥´¨¥ ³ ¸ÏÉ ¡µ¢ ´¥§ ¢¨¸¨³ÒÌ ¶¥·¥³¥´-
´ÒÌ ³µ¦¥É ¡ÒÉÓ ¸±µ³¶¥´¸¨·µ¢ ´µ ¶·¥µ¡· §µ¢ ´¨¥³ ¶µ¤µ¡¨Ö ¤·Ê£¨Ì ¤¨´ -
³¨Î¥¸±¨Ì ¶¥·¥³¥´´ÒÌ.

�¢Éµ³µ¤¥²Ó´Ò¥ ·¥Ï¥´¨Ö ¢¸¥£¤  ¶µ²ÊÎ ÕÉ¸Ö ¤²Ö É ± ´ §Ò¢ ¥³ÒÌ ¢Ò·µ¦-
¤¥´´ÒÌ § ¤ Î, ¢ ±µÉµ·ÒÌ ¶ · ³¥É·Ò § ¤ Î¨, ¨³¥ÕÐ¨¥ · §³¥·´µ¸É¨ ´¥§ ¢¨-
¸¨³ÒÌ ¶¥·¥³¥´´ÒÌ (Ì · ±É¥·´ Ö ¤²¨´ , Ì · ±É¥·´µ¥ ¢·¥³Ö ¨ É.¤.), ¸É·¥³ÖÉ-
¸Ö ± ´Ê²Õ ¨²¨ ¡¥¸±µ´¥Î´µ¸É¨. ‚ ¶·µÉ¨¢´µ³ ¸²ÊÎ ¥ ¸·¥¤¨  ·£Ê³¥´Éµ¢ Ë¨£Ê-
·¨·µ¢ ²¨ ¡Ò µÉ´µÏ¥´¨Ö ´¥§ ¢¨¸¨³ÒÌ ¶¥·¥³¥´´ÒÌ ± ÔÉ¨³ ¶ · ³¥É· ³. �Éµ
§´ Î¨É, ÎÉµ ¶·¨ ¶¥·¥Ìµ¤¥ µÉ ´¥¢Ò·µ¦¤¥´´ÒÌ ¶µ¸É ´µ¢µ± § ¤ Î, µÉ¢¥Î ÕÐ¨Ì
±µ´¥Î´Ò³ §´ Î¥´¨Ö³ ¶ · ³¥É·µ¢ (¡¥§· §³¥·´Ò³ ±µ³¡¨´ Í¨Ö³ Π1, Π2,Á ¨§

´¥§ ¢¨¸¨³ÒÌ · §³¥·´ÒÌ ¶¥·¥³¥´´ÒÌ (a1, a2,Á)), ± ¢Ò·µ¦¤¥´´Ò³  ¢Éµ³µ-

¤¥²Ó´µ¥ ·¥Ï¥´¨e Π = Φ (Π1, Π2,Á) ³µ¦¥É:

1) ¸É·¥³¨ÉÓ¸Ö ± ±µ´¥Î´µ³Ê ¶·¥¤¥²Ê, µÉ²¨Î ÕÐ¥³Ê¸Ö µÉ ´Ê²Ö;
2) ¸É·¥³¨ÉÓ¸Ö ± ´Ê²Õ, ± ¡¥¸±µ´¥Î´µ¸É¨ ¨²¨ ¢µµ¡Ð¥ ´¥ ¸É·¥³¨ÉÓ¸Ö ´¨ ±

± ±µ³Ê ¶·¥¤¥²Ê, ́ µ ̈ ³¥ÉÓ ¶·¨ ³ ²ÒÌ (¡µ²ÓÏ¨Ì) Π1, Π2,Á ̧ É¥¶¥´´ÊÕ  ¸¨³¶-

ÉµÉ¨±Ê:

Π = Φ = Π
1
αΦ

1
(Π

2
6 Π

1
β,Á),

3) ´¥ ¸É·¥³¨ÉÓ¸Ö ± ±µ´¥Î´µ³Ê ¶·¥¤¥²Ê ¨ ´¥ ¨³¥ÉÓ ¶·¨ ³ ²ÒÌ (¡µ²ÓÏ¨Ì)
Π1, Π2,Á ¸É¥¶¥´´µ°  ¸¨³¶ÉµÉ¨±¨.

‚ ¸²ÊÎ ¥ 1 ËÊ´±Í¨Õ Φ ³µ¦´µ ¶·µ¸Éµ § ³¥´¨ÉÓ ¥¥ ¶·¥¤¥²Ó´Ò³ ¢Ò· -
¦¥´¨¥³, µÉ¢¥Î ÕÐ¨³ §´ Î¥´¨Ö³ ¶ · ³¥É·µ¢ Π1, Π2,Á, · ¢´Ò³ ´Ê²Õ (¡¥¸-

±µ´¥Î´µ¸É¨). �·¨ ÔÉµ³ Î¨¸²µ  ·£Ê³¥´Éµ¢ Φ Ê³¥´ÓÏ ¥É¸Ö,   ¸µµÉ¢¥É¸É¢ÊÕ-
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Ð¨¥ · §³¥·´Ò¥ ¶ · ³¥É·Ò µ± §Ò¢ ÕÉ¸Ö ´¥¸ÊÐ¥¸É¢¥´´Ò³¨ ¨ ¢Ò¶ ¤ ÕÉ ¨§
· ¸¸³µÉ·¥´¨Ö. �ÉµÉ ¸²ÊÎ ° ´ §Ò¢ ¥É¸Ö ¶µ²´µ°  ¢Éµ³µ¤¥²Ó´µ¸ÉÓÕ.

‚ ¸²ÊÎ ¥ 2 ·¥Ï¥´¨¥ Φ ¶·¨ ³ ²ÒÌ (¡µ²ÓÏ¨Ì) Π1, Π2,Á ¶·¥¤¸É ¢²Ö¥É¸Ö

¢ ¢¨¤¥

Π∗ = Φ
1
(Π∗∗, Π

3
,Á),   £¤¥  Π∗ = ΠΠ

1
− α;    Π∗∗ = Π

2
Π

1
− β.

’ ±¨³ µ¡· §µ³, Î¨¸²µ  ·£Ê³¥´Éµ¢ Φ Ê³¥´ÓÏ ¥É¸Ö. � · ³¥É·Ò Π∗ ¨ Π∗∗  ´ -
²µ£¨Î´Ò ¶ · ³¥É· ³ ¶µ¤µ¡¨Ö. �¤´ ±µ ¨Ì ´¥²Ó§Ö ¶µ²ÊÎ¨ÉÓ ¶·¨ ¶µ³µÐ¨  ´ -
²¨§  · §³¥·´µ¸É¥°. ‚¥²¨Î¨´Ò α ¨ β ´¥µ¡Ìµ¤¨³µ µ¶·¥¤¥²¨ÉÓ ¨§ É¥µ·¨¨ ¨²¨
Ô±¸¶¥·¨³¥´É ²Ó´µ. �ÉµÉ ¸²ÊÎ ° ´ §Ò¢ ¥É¸Ö ´¥¶µ²´µ°  ¢Éµ³µ¤¥²Ó´µ¸ÉÓÕ ¶µ
¶ · ³¥É· ³ Π1, Π2. ‘µµÉ¢¥É¸É¢ÊÕÐ¥¥ ·¥Ï¥´¨¥ ´ §Ò¢ ÕÉ  ¢Éµ³µ¤¥²Ó´Ò³

·¥Ï¥´¨¥³ ¢Éµ·µ£µ ·µ¤  [6], ¢ µÉ²¨Î¨¥ µÉ ¸²ÊÎ Ö ¶µ²´µ°  ¢Éµ³µ¤¥²Ó´µ¸É¨,
±µÉµ·Ò° ¸µµÉ¢¥É¸É¢Ê¥É ·¥Ï¥´¨Ö³ ¶¥·¢µ£µ ·µ¤ . ’·Ê¤´µ¸ÉÓ ±² ¸¸¨Ë¨± Í¨¨
¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ³¥Éµ¤Ò ¶µ¤µ¡¨Ö ¶·¨³¥´ÖÕÉ¸Ö, ±µ£¤  ¶µ²´µ¥ ·¥Ï¥´¨¥
§ ¤ Î¨ ´¥¨§¢¥¸É´µ. �· ±É¨Î¥¸±¨ ¶µ¸ÉÊ¶ ÕÉ É ±: ¸´ Î ²  ¶·µ¡ÊÕÉ ¶µ¸É·µ¨ÉÓ
 ¢Éµ³µ¤¥²Ó´µ¥ ·¥Ï¥´¨¥ ¶¥·¢µ£µ ·µ¤ . ‚ ¸²ÊÎ ¥ ́ ¥Ê¤ Î¨ (¶·µÉ¨¢µ·¥Î¨Ö) ¢µ§-
¢· Ð ÕÉ¸Ö ± ¨¸Ìµ¤´µ° ´¥¢Ò·µ¦¤¥´´µ° § ¤ Î¥, ¶·¥¤¶µ² £ ÕÉ ´¥¶µ²´ÊÕ  ¢-
Éµ³µ¤¥²Ó´µ¸ÉÓ ¨ ¸É·µÖÉ  ¢Éµ³µ¤¥²Ó´µ¥ ·¥Ï¥´¨¥ ¢Éµ·µ£µ ·µ¤ . �ÉµÉ ¶µ¤Ìµ¤
¶·¨³¥´Ö¥É¸Ö ´¨¦¥ ¤²Ö Ê¸É ´µ¢²¥´¨Ö § ±µ´µ³¥·´µ¸É¥° ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·-
´µ° Ë¨§¨±¨.

”Ê´±Í¨Ö Φ ¶·¨ Ê¡Ò¢ ´¨¨ ¨²¨ ¢µ§· ¸É ´¨¨ ¶ · ³¥É·  ¶µ¤µ¡¨Ö Πi ´¥

µ¡Ö§ É¥²Ó´µ ¸É·¥³¨É¸Ö ± ¶·¥¤¥²Ê, ¨ ¶·¨Éµ³ ±µ´¥Î´µ³Ê, µÉ²¨Î´µ³Ê µÉ ´Ê²Ö.
�Ê¸ÉÓ ¶·¨ Πi → 0 Φ ¸É·¥³¨É¸Ö ± ´Ê²Õ ¨²¨ ¡¥¸±µ´¥Î´µ¸É¨. ‚ ÔÉµ³ ¸²ÊÎ ¥

¢¥²¨Î¨´  Πi µ¸É ¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ°, ± ± ¡Ò ³ ²  ¨²¨ ¢¥²¨±  µ´  ´¨ ¡Ò² :

§ ³¥´  ËÊ´±Í¨¨ Φ ¥¥ ¶·¥¤¥²Ó´Ò³ §´ Î¥´¨¥³ Π = 0 ¨²¨ Π = ∞ ¡¥¸¸µ¤¥·¦ -

É¥²Ó´ . ’¥³ ´¥ ³¥´¥¥, ¢¢µ¤Ö ¶¥·¥³¥´´Ò¥ Π∗ ¨ Π∗∗, ± ± ÔÉµ ¸¤¥² ´µ ¢ÒÏ¥,

³µ¦´µ Ê³¥´ÓÏ¨ÉÓ Î¨¸²µ  ·£Ê³¥´Éµ¢. ‚¢¥¤¥´¨¥ Π∗∗ ´¥µ¡Ìµ¤¨³µ ¢ Éµ³ ¸²Ê-
Î ¥, ±µ£¤  ¤¢  ¡¥§· §³¥·´ÒÌ ¶ · ³¥É·  ¶µ¤µ¡¨Ö Ö¢²ÖÕÉ¸Ö ³ ²Ò³¨ ¨²¨ ¡µ²Ó-
Ï¨³¨. �¡µ¡Ð¥´¨¥ ÔÉµ£µ ¸²ÊÎ Ö ´  ¡µ²ÓÏ¥¥ Î¨¸²µ ¶¥·¥³¥´´ÒÌ µÎ¥¢¨¤´µ.

˜¨·µ±µ · ¸¶·µ¸É· ´¥´µ ¶·¥¤¸É ¢²¥´¨¥ µ Éµ³, ÎÉµ ¶µ²ÊÎ¥´¨¥  ¢Éµ³µ-
¤¥²Ó´ÒÌ ·¥Ï¥´¨° ¸¢Ö§ ´µ Éµ²Ó±µ ¸  ´ ²¨§µ³ · §³¥·´µ¸É¥° ¨ ¸¢µ°¸É¢ ³¨
¶µ¤µ¡¨Ö. Š ± ¢¨¤´µ ¨§ ¨§²µ¦¥´´µ£µ, ¶µ´ÖÉ¨¥  ¢Éµ³µ¤¥²Ó´µ¸É¨ ¢±²ÕÎ ¥É
¥Ð¥ ¨ £¨¶µÉ¥§Ò µ¡  ´ ²¨É¨Î¥¸±¨Ì ¸¢µ°¸É¢ Ì ·¥Ï¥´¨°, ¨Ì  ¸¨³¶ÉµÉ¨Î¥¸±µ³
¶µ¢¥¤¥´¨¨. �ÉµÉ  ´ ²¨§ ´¥µ¡Ìµ¤¨³ ¨ ¶·¨ ¢Ò¡µ·¥ ¸¨¸É¥³Ò µ¶·¥¤¥²ÖÕÐ¨Ì
¶ · ³¥É·µ¢. �¡ÒÎ´µ ¸Î¨É ¥É¸Ö, ÎÉµ ¥¸²¨ §´ Î¥´¨¥ ´¥±µÉµ·µ£µ ¶ · ³¥É· 
³´µ£µ ¡µ²ÓÏ¥ ¨²¨ ³´µ£µ ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ, Éµ ¨³ ³µ¦´µ ¶·¥´¥¡·¥ÎÓ. �¤´ -
±µ É ±µ¥ ¶·¥´¥¡·¥¦¥´¨¥ ³µ¦¥É µ± § ÉÓ¸Ö ´¥Ë¨§¨Î´Ò³, ¨ Éµ£¤  ´¥µ¡Ìµ¤¨³µ
· ¸¸³ É·¨¢ ÉÓ ´¥¶µ²´ÊÕ  ¢Éµ³µ¤¥²Ó´µ¸ÉÓ (¸²ÊÎ ° 2) Å ¸É¥¶¥´´µ¥ Ê¡Ò¢ ´¨¥
(¢µ§· ¸É ´¨¥) ·¥Ï¥´¨Ö Φ. �¥Ï¥´¨¥, µ¡² ¤ ÕÐ¥¥ É ±¨³  ´ ²¨É¨Î¥¸±¨³
¸¢µ°¸É¢µ³, ´ §Ò¢ ¥É¸Ö ®¶·µ³¥¦ÊÉµÎ´µ° ac¨³¶ÉoÉ¨±o°¯ [6]. �·µ³¥¦ÊÉµÎ-
´ÊÕ  ¸¨³¶ÉµÉ¨±Ê µ¶·¥¤¥²ÖÕÉ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³. �Ê¸ÉÓ ¢ § ¤ Î¥ ¨³¥ÕÉ¸Ö
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¤¢¥ Ì · ±É¥·´Ò¥ ¶µ¸ÉµÖ´´Ò¥ ¢¥²¨Î¨´Ò ¸ · §³¥·´µ¸ÉÓÕ ´¥§ ¢¨¸¨³µ° ¶¥·¥-

³¥´´µ° ai : Ai
(1) ¨ Ai

(2). �·µ³¥¦ÊÉµÎ´µ°  ¸¨³¶ÉµÉ¨±µ° ´ §Ò¢ ¥É¸Ö ¶·¥¤¸É ¢-

²¥´¨¥ ·¥Ï¥´¨Ö ¶·¨ Πi
(1) = ai6 Ai

(1) → ∞, ´µ Πi
(2) = ai 6 Ai

(2) → 0. ˆ´É¥·¢ ²

Πi
(2) << Πi << Πi

(1), ¢ ±µÉµ·µ³ ¸¶· ¢¥¤²¨¢  § ±µ´µ³¥·´µ¸ÉÓ Π = (16 Πi
α) Φ1,

µ¶·¥¤¥²Ö¥É¸Ö É·¥¡Ê¥³µ° ÉµÎ´µ¸ÉÓÕ ¨§³¥·¥´¨Ö ¢¥²¨Î¨´Ò Π.
‚ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¶µ¤  ¢Éµ³µ¤¥²Ó´Ò³¨  ¸¨³¶ÉµÉ¨± ³¨ ¶µ´¨³ -

¥É¸Ö ´¥§ ¢¨¸¨³µ¸ÉÓ  ¸¨³¶ÉµÉ¨Î¥¸±µ° Ëµ·³Ò  ³¶²¨ÉÊ¤ ¨ ¸¥Î¥´¨° ¶·¨ ¡µ²Ó-
Ï¨Ì Ô´¥·£¨ÖÌ ¨ ¡µ²ÓÏ¨Ì ¶¥·¥¤ Î Ì ¨³¶Ê²Ó¸  µÉ · §³¥·´ÒÌ ¤¨´ ³¨Î¥¸±¨Ì
¶ · ³¥É·µ¢, ¢±²ÕÎ Ö ³ ¸¸Ò Î ¸É¨Í. ‡ ¢¨¸¨³µ¸ÉÓ µÉ ¡¥§· §³¥·´ÒÌ µÉ´µÏ¥-
´¨° ¨³¶Ê²Ó¸´ÒÌ ¶¥·¥³¥´´ÒÌ ¶µ²ÊÎ¨²  ´ §¢ ´¨¥ ³ ¸ÏÉ ¡´µ° ¨´¢ ·¨ ´É-
´µ¸É¨ ¨²¨ ¸±¥°²¨´£ .

�·¨´Í¨¶  ¢Éµ³µ¤¥²Ó´µ¸É¨ ¢ Ë¨§¨±¥ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¢¶¥·¢Ò¥ ¡Ò²
¸Ëµ·³Ê²¨·µ¢ ´ ‚.�.Œ É¢¥¥¢Ò³, �.Œ.ŒÊ· ¤Ö´µ³ ¨ �.�.’ ¢Ì¥²¨¤§¥ [9] ¤²Ö
¶·µÍ¥¸¸µ¢ £²Ê¡µ±µ´¥Ê¶·Ê£µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ²¥¶Éµ´µ¢ ¸  ¤·µ´ ³¨ ¢ ¡Ó¥·-

±¥´µ¢¸±µ³ ¶·¥¤¥²¥ q2 ≈ ν = 2pq >> p2 = m2 (m Å ³ ¸¸   ¤·µ´ , p Å e£µ

¨³¶Ê²Ó¸, q2 Å ±¢ ¤· É ¶¥·¥¤ ¢ ¥³µ£µ ¨³¶Ê²Ó¸  µÉ ²¥¶Éµ´  ±  ¤·µ´Ê, ± ±

¨§¢¥¸É´µ, Q 2 = − q2).

‘É·Ê±ÉÊ·´ Ö ËÊ´±Í¨Ö  ¤·µ´  F(q2, ν) (±¢ ¤· É  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö) ¢
¸µµÉ¢¥É¸É¢¨¨ ¸ ¶·¨´Í¨¶µ³  ¢Éµ³µ¤¥²Ó´µ¸É¨ ¨³¥¥É µ¡Ð¨° ¢¨¤

F(q2, ν) = (16 (q2)α) f(ν 6 q2).

� · ³¥É· α µ¶·¥¤¥²Ö¥É¸Ö Ë¨§¨Î¥¸±µ° · §³¥·´µ¸ÉÓÕ ¸É·Ê±ÉÊ·´µ° ËÊ´±Í¨¨.
”Ê´±Í¨Ö f, µ¸É ÕÐ Ö¸Ö ´¥µ¶·¥¤¥²¥´´µ°, ´ Ìµ¤¨É¸Ö ¨§ ³µ¤¥²Ó´ÒÌ ¸µµ¡· -
¦¥´¨°. ‚ ¸¨²Ê ¸¨³³¥É·¨¨, µ¶·¥¤¥²Ö¥³µ° ·¥´µ·³£·Ê¶¶µ°, f § ¢¨¸¨É µÉ ®¡¥-
£ÊÐ¨Ì ±µ´¸É ´É ¸¢Ö§¨¯,   ´¥ µÉ § ·Ö¤µ¢, ¢Ìµ¤ÖÐ¨Ì ¢ ² £· ´¦¨ ´, ÎÉµ ¶·¨-

¢µ¤¨É ± ´ ·ÊÏ¥´¨Õ ¸±¥°²¨´£ : ¢ ¤µ¶µ²´¥´¨¥ ± § ¢¨¸¨³µ¸É¨ µÉ ν 6 q2 ¶µÖ¢-

²Ö¥É¸Ö ²µ£ ·¨Ë³¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ µÉ Q 2 6 µ2. ‚ Î ¸É´µ¸É¨,
Ô±¸¶¥·¨³¥´ÉÒ ´  LEP ¶µ± § ²¨, ÎÉµ ¨´¢ ·¨ ´É´Ò° Ô²¥±É·µ³ £´¨É´Ò° § ·Ö¤

(¶µ¸ÉµÖ´´ Ö Éµ´±µ° ¸É·Ê±ÉÊ·Ò) ¶·¨ Q 2 = (90 ƒÔ‚)2 ¢µ§· ¸É ¥É ¶·¨³¥·´µ ´ 

7% ¨ µ± §Ò¢ ¥É¸Ö · ¢´Ò³ α
__
 = 16 128 ¢³¥¸Éµ α = 16 137 ¶·¨ Q 2 = 0. �¥£Ê-

Ð Ö ±µ´¸É ´É  ̧ ¢Ö§¨ Š•„ ¶·¨ ¡µ²ÓÏ¨Ì Q 2 Ê¡Ò¢ ¥É ̈  ̧ É ´µ¢¨É¸Ö ¢¥²¨Î¨´µ°
¶µ·Ö¤±  0,1, ÎÉµ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ¶·µ¢¥¸É¨ · ¸Î¥ÉÒ ¶µ É¥µ·¨¨ ¢µ§³ÊÐ¥-
´¨°, É.¥. ¢µ¸¶µ²Ó§µ¢ ÉÓ¸Ö  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤µ°.

„µ± § ´´µ¥ É¥µ·¥É¨Î¥¸±¨ Ö¢²¥´¨¥  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤Ò ¶µ§¢µ²¨²µ
± Î¥¸É¢¥´´µ ¶µ´ÖÉÓ É ± ´ §Ò¢ ¥³ÊÕ ¶ ·Éµ´´ÊÕ ³µ¤¥²Ó ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±-
Í¨°. ‘µ£² ¸´µ ÔÉµ° ³µ¤¥²¨ ¸É·Ê±ÉÊ·´ÊÕ ËÊ´±Í¨Õ ´Ê±²µ´  ³µ¦´µ ¶·¥¤-
¸É ¢¨ÉÓ ± ± ¸Ê³³Ê ±¢ ¤· Éµ¢  ³¶²¨ÉÊ¤ · ¸¸¥Ö´¨Ö ´  ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì
ÉµÎ¥Î´ÒÌ Î ¸É¨Í Ì-¶ ·Éµ´ Ì (±¢ ·± Ì).
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‘¨³³¥É·¨Ö ¶µ´¨³ ² ¸Ó ¤·¥¢´¥£·¥Î¥¸±¨³¨ Ë¨²µ¸µË ³¨ ± ± Î ¸É´Ò°
¸²ÊÎ ° £ ·³µ´¨¨, É.¥. ̧ µ£² ¸µ¢ ´¨Ö Î ¸É¥° ¢´ÊÉ·¨ Í¥²µ£µ. ‘·¥¤¨ ¶·¨´Í¨¶µ¢,
±µÉµ·Ò¥ ¶µ§¢µ²ÖÕÉ ̈ ¸¸²¥¤µ¢ ÉÓ ̈  ¸· ¢´¨¢ ÉÓ Î ¸É¨ ¡µ²ÓÏ¨Ì ¸¨¸É¥³, µ¸µ¡µ¥
§´ Î¥´¨¥ ̈ ³¥¥É ¶·¨´Í¨¶ µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨¨, ¶µ³¥Î¥´´Ò° ¡Ê±¢ ³¨ CDP
(the Correlation Depletion Principle) ´  ·¨¸.1.

‚ ¸É É¨¸É¨Î¥¸±µ° Ë¨§¨±¥ CDP ¡Ò² ¶·¥¤²µ¦¥´ �.�.�µ£µ²Õ¡µ¢Ò³ [10].
�·¨´Í¨¶ µ¸´µ¢ ´ ´  ¨´ÉÊ¨É¨¢´µ° ¨¤¥¥ µ Éµ³, ÎÉµ ±µ··¥²ÖÍ¨Ö ³¥¦¤Ê ¶·µ¸É-
· ´¸É¢¥´´µ µÉ¤ ²¥´´Ò³¨ £·Ê¶¶ ³¨ Î ¸É¨Í ³ ±·µ¸±µ¶¨Î¥¸±µ° ¸¨¸É¥³Ò
¶· ±É¨Î¥¸±¨ ¨¸Î¥§ ¥É. �¸¨³¶ÉµÉ¨Î¥¸± Ö Ëµ·³  ËÊ´±Í¨° ƒ·¨´  ± ± Ê´¨¢¥·-
¸ ²Ó´ÒÌ (´¥ § ¢¨¸ÖÐ¨Ì µÉ ¸¶¥Í¨Ë¨±¨ ¸¨¸É¥³Ò) ²¨´¥°´ÒÌ Ëµ·³ ¨§ ¸·¥¤´¨Ì
§´ Î¥´¨° É¨¶ 

F(t
1
, x

1
;Á; tn, xn) = 〈Á, ψ+(tj , xj ), Á ψ(ts, xs)Á〉,

£¤¥ x(r, σ) Å É·¥Ì³¥·´Ò¥ ±µµ·¤¨´ ÉÒ ¨ ¸¶¨´Ò Î ¸É¨Í, t Å ³µ³¥´ÉÒ ¢·¥-
³¥´¨, · ¸¸³ É·¨¢ ¥É¸Ö �µ£µ²Õ¡µ¢Ò³ ¢ ¶·¥¤¥²¥, ±µ£¤  ¢¸¥ ³µ³¥´ÉÒ ¢·¥³¥´¨
t1,Á, tn Ë¨±¸¨·µ¢ ´Ò,   · ¸¸ÉµÖ´¨Ö ³¥¦¤Ê ÉµÎ± ³¨ ¨§ · §²¨Î´ÒÌ £·Ê¶¶

{Á, tαxα,Á} ̈  {Á, tβxβ,Á} ̧ É·¥³ÖÉ¸Ö ± ¡¥¸±µ´¥Î´µ¸É¨. ‚ ±¢ ´Éµ¢µ° É¥µ·¨¨

¶µ²Ö ¢¸¥ ¶µ²¥¢Ò¥ ËÊ´±Í¨¨ ψ(ti , xi), ψ(tk , xk), ± ± ¨§¢¥¸É´µ, ¤µ²¦´Ò ÉµÎ´µ

±µ³³ÊÉ¨·µ¢ ÉÓ ¨²¨  ´É¨±µ³³ÊÉ¨·µ¢ ÉÓ, ¥¸²¨ ¨´É¥·¢ ² − (ti − tk)
2 +

+ (ri − rk)
2 ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡¥´. �·¨ Ë¨±¸¨·µ¢ ´´ÒÌ ti , tk ¨ ri − rk → ∞

¤²Ö ´ Ìµ¦¤¥´¨Ö  ¸¨³¶ÉµÉ¨Î¥¸±µ° Ëµ·³Ò F ³µ¦´µ ¶¥·¥¸É ¢²ÖÉÓ ¶µ²¥¢Ò¥
ËÊ´±Í¨¨ ¨§ · §²¨Î´ÒÌ £·Ê¶¶ ¨ É¥³ ¸ ³Ò³ ¤µ¡¨ÉÓ¸Ö É ±µ£µ ¶µ²µ¦¥´¨Ö, ±µ£-
¤  ¶µ²¥¢Ò¥ ËÊ´±Í¨¨ ¤²Ö ± ¦¤µ° £·Ê¶¶Ò  ·£Ê³¥´Éµ¢ µ± §Ò¢ ÕÉ¸Ö ¢ µ¤´µ³
±µ³¶²¥±¸¥ (±² ¸É¥·¥). ’ ±¨³ µ¡· §µ³, ¶µ²ÊÎ ¥É¸Ö

F(t
1
, x

1
;Á; tn, xn) − η 〈U

1
(Á,tα, xα,Á), U

2
(..., tβ, xβ,Á)Á〉 → 0,   η = ± 1,

£¤¥ U1(Á, tα, xα,Á) Å ¶·µ¨§¢¥¤¥´¨¥ ¶µ²¥¢ÒÌ ËÊ´±Í¨° ¸  ·£Ê³¥´É ³¨ Éµ²Ó-

±µ ¨§ ¶¥·¢µ° £·Ê¶¶Ò, U2(Á, tβ, xβ,Á) Å ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ¶·µ¨§¢¥¤¥´¨¥ ¸

 ·£Ê³¥´É ³¨ Éµ²Ó±µ ¨§ ¢Éµ·µ° £·Ê¶¶Ò ¨ É.¤.

’ ± ± ± ±µ··¥²ÖÍ¨Ö ³¥¦¤Ê ¤¨´ ³¨Î¥¸±¨³¨ ¢¥²¨Î¨´ ³¨ U1, U2 ¤µ²¦´ 

µ¸² ¡¥¢ ÉÓ ¨ ¶· ±É¨Î¥¸±¨ ¨¸Î¥§ ÉÓ ¤²Ö ¤µ¸É ÉµÎ´µ ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨°,
 ¸¨³¶ÉµÉ¨Î¥¸± Ö Ëµ·³  ¢Ò· ¦¥´¨Ö:

〈U
1
(Á, tα, xα,Á) U

2
(..., tβ, xβ,Á)〉
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· ¸¶ ¤ ¥É¸Ö ´  ¶·µ¨§¢¥¤¥´¨Ö ¢¨¤ 

〈U
1
(Á, tα, xα,Á)〉 〈U

2
(..., tβ, xβ,Á)〉Á

‚ ÔÉµ° Ëµ·³Ê²¨·µ¢±¥ ¶·¨´Í¨¶  µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨¨ �.�.�µ£µ²Õ-
¡µ¢ µ¡· Ð ¥É ¢´¨³ ´¨¥ ´  ËÊ´¤ ³¥´É ²Ó´ÊÕ ·µ²Ó ¢Ò·µ¦¤¥´¨Ö ¸µ¸ÉµÖ´¨°,
¶µ ±µÉµ·Ò³ ¶·µ¨§¢µ¤¨É¸Ö Ê¸·¥¤´¥´¨¥. � ¸¸³µÉ·¨³, ´ ¶·¨³¥·, ±·¨¸É ²²¨Î¥-
¸±µ¥ ¸µ¸ÉµÖ´¨¥. �·¨³¥´ÖÖ ¶·¥¤Ò¤ÊÐ¥¥ · ¸¸Ê¦¤¥´¨¥ ± ÔÉµ³Ê ¸²ÊÎ Õ, ³Ò,
¥¸É¥¸É¢¥´´µ, ¶µ¤· §Ê³¥¢ ¥³, ÎÉµ ±·¨¸É ²²¨Î¥¸± Ö ·¥Ï¥É±  ± ± Í¥²µ¥ Ë¨±-
¸¨·µ¢ ´  ¢ ¶·µ¸É· ´¸É¢¥ ÌµÉÖ ¨ ¶·µ¨§¢µ²Ó´µ, ́ µ µ¤¨´ ±µ¢µ ¶·¨ ¢ÒÎ¨¸²¥´¨¨
〈U1〉, 〈U2〉 ¨ É.¤. ˆ´ Î¥ £µ¢µ·Ö, ¸Î¨É ¥É¸Ö, ÎÉµ ¢¸¥ · ¸¸³ É·¨¢ ¥³Ò¥ ¢ ÔÉµ³

¸²ÊÎ ¥ ¸·¥¤´¨¥ µÉ´µ¸ÖÉ¸Ö ± µ¤´µ³Ê ¨ Éµ³Ê ¦¥ Ë¨±¸¨·µ¢ ´´µ³Ê · ¸¶µ²µ-
¦¥´¨Õ ·¥Ï¥É±¨, É.¥. ³Ò ¨³¥¥³ ¤¥²µ ¸ ±¢ §¨¸·¥¤´¨³¨,   ´¥ ¸ µ¡ÒÎ´Ò³¨
¸·¥¤´¨³¨, ±µÉµ·Ò¥ ¶µ²ÊÎ ÕÉ¸Ö ¨§ ±¢ §¨¸·¥¤´¨Ì ¤µ¶µ²´¨É¥²Ó´Ò³ Ê¸·¥¤´¥-
´¨¥³ ¶µ ¢¸¥³ ¢µ§³µ¦´Ò³ ¶µ²µ¦¥´¨Ö³ ¨ µ·¨¥´É Í¨Ö³ ±·¨¸É ²²¨Î¥¸±µ°
·¥Ï¥É±¨. Œ´µ¦¨É¥²¨ 〈U1〉, 〈U2〉... µ± §Ò¢ ÕÉ¸Ö ´¥ ¢¶µ²´¥ ´¥§ ¢¨¸¨³Ò³¨ Å

µ´¨ § ¢¨¸ÖÉ µÉ ¶ · ³¥É·µ¢, ¶µ ±µÉµ·Ò³ ´¥µ¡Ìµ¤¨³µ ¶·µ¢¥¸É¨ ¤µ¶µ²´¨É¥²Ó-
´µ¥ Ê¸·¥¤´¥´¨¥. ‚ ± Î¥¸É¢¥ ¶·¨³¥·µ¢ ¶ · ³¥É·µ¢, µ¸É ÕÐ¨Ì¸Ö µ¤¨´ ±µ¢µ
Ë¨±¸¨·µ¢ ´´Ò³¨ ¤²Ö ¢¸¥Ì Î ¸É¥° ³ ±·µ¸±µ¶¨Î¥¸±µ° ¸¨¸É¥³Ò, �µ£µ²Õ¡µ¢
¶·¨¢µ¤¨É ³ £´¨É´Ò° ³µ³¥´É (¸²ÊÎ ° Ë¥··µ³ £´¥É¨§³ ), Ë §µ¢Ò° Ê£µ²
(¸¢¥·ÌÉ¥±ÊÎ¥¸ÉÓ ¨²¨ ¸¢¥·Ì¶·µ¢µ¤¨³µ¸ÉÓ) ¨ ¤·.

ˆ´É¥·¥¸´µ µÉ³¥É¨ÉÓ, ÎÉµ ¨§¢¥¸É´ Ö ¶µ¶ÒÉ±  „¨· ±  ¸Ëµ·³Ê²¨·µ¢ ÉÓ
·¥²ÖÉ¨¢¨¸É¸±ÊÕ É¥µ·¨Õ ¤¨´ ³¨Î¥¸±¨Ì ¸¨¸É¥³ [11] ¶·¨¢¥²  ¥£µ ± ¶·¨§´ -
´¨Õ, ÎÉµ Ê¤ ²µ¸Ó ¸Ëµ·³Ê²¨·µ¢ ÉÓ ²¨ÏÓ ´¥µ¡Ìµ¤¨³Ò¥, ´µ ´¥ ¤µ¸É ÉµÎ´Ò¥
Ê¸²µ¢¨Ö ¸ÊÐ¥¸É¢µ¢ ´¨Ö É ±µ° É¥µ·¨¨. ‚ ±µ´Í¥ ̧ ¢µ¥° §´ ³¥´¨Éµ° ¸É ÉÓ¨ [11]
„¨· ± ¶¨Ï¥É: ®Some further condition is needed to ensure that the interaction
between two physical objects becomes small when the objects become far apart.
It is not clear how this condition can be formulated mathematically¯.

Š ± ¢¨¤¨³, ¶·¨´Í¨¶ µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨¨ �µ£µ²Õ¡µ¢  ·¥Ï ¥É ¨ ÔÉÊ
±² ¸¸¨Î¥¸±ÊÕ ¶·µ¡²¥³Ê Ë¨§¨±¨, ¶µ¸É ¢²¥´´ÊÕ „¨· ±µ³ ¢ 1949 £µ¤Ê.

�·¨³¥´¥´¨¥ ³¥Éµ¤  ±¢ §¨¸·¥¤´¨Ì ¢ ´¥·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ Ö¤· 
Ìµ·µÏµ ¨§²µ¦¥´µ ¢ ³µ´µ£· Ë¨¨ ‚.ƒ.‘µ²µ¢Ó¥¢  [12]. �¨¦¥ ¨§² £ ¥É¸Ö Ëµ·-
³Ê²¨·µ¢±  ¶·¨´Í¨¶  µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨¨ ¢ ¶·µ¸É· ´¸É¢¥ µÉ´µ¸¨É¥²Ó´ÒÌ
4-¸±µ·µ¸É¥° [13]. �¸µ¡¥´´µ ¶·µ¤Ê±É¨¢´Ò³ µ± § ²µ¸Ó ¶·¨³¥´¥´¨¥ ÔÉµ£µ
¶·¨´Í¨¶  ¢ ±¢ ´Éµ¢µ° Ì·µ³µ¤¨´ ³¨±¥ ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨° (¨²¨, ÉµÎ´¥¥,
³ ²ÒÌ µÉ´µ¸¨É¥²Ó´ÒÌ ¸±µ·µ¸É¥°), ¶·¨ µ¶¨¸ ´¨¨ ³´µ¦¥¸É¢¥´´ÒÌ ¶·µÍ¥¸¸µ¢
¨ µ¸µ¡¥´´µ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¥. ‚ ÔÉ¨Ì µ¡² ¸ÉÖÌ Ë¨§¨±¨ ´¥-
µ¡Ìµ¤¨³Ò £¨¶µÉ¥§Ò ËÊ´¤ ³¥´É ²Ó´µ£µ Ì · ±É¥· , ´¥ ¢ÒÉ¥± ÕÐ¨¥ ¨§ ³¥Éµ¤ 
‹ £· ´¦  ¨ ¶µ¤²¥¦ Ð¨¥ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¶·µ¢¥·±¥.

‚ ·¥§Ê²ÓÉ É¥ ¸Éµ²±´µ¢¥´¨Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· µ¡· §Ê¥É¸Ö ³´µ£µ
Î ¸É¨Í, ¨ ± ·É¨´  ¢§ ¨³µ¤¥°¸É¢¨Ö ́ µ¸¨É ¸²µ¦´Ò° Ì · ±É¥·. ‚ µ¤´µ³ ̧ Éµ²±-
´µ¢¥´¨¨ ÊÎ ¸É¢ÊÕÉ ± ± ´Ê±²µ´´Ò¥, É ± ¨ ±¢ ·±-£²Õµ´´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò.
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—¨¸²µ ¶ · ³¥É·µ¢ § ¤ Î¨ Î·¥§¢ÒÎ °´µ ¢¥²¨±µ, ¨ ¢Ò¤¥²¥´¨¥ ¶ · ³¥É·µ¢
¶µ¤µ¡¨Ö (¨´¢ ·¨ ´Éµ¢) µ¸µ¡¥´´µ  ±ÉÊ ²Ó´µ.

Œ´µ¦¥¸É¢¥´´µ¥ ·µ¦¤¥´¨¥ Î ¸É¨Í µ¸²µ¦´¥´µ ¸¶¥Í¨Ë¨Î¥¸±¨³¨ Ö¤¥·´Ò-
³¨ ¶·µÍ¥¸¸ ³¨, ¨ µ¶¨¸ ´¨¥ ¨Ì ¢ ¶µ¤ ¢²ÖÕÐ¥³ ¡µ²ÓÏ¨´¸É¢¥ · ¡µÉ µ¸´µ¢ ´µ
´  ¨´±²Õ§¨¢´µ³ ¶µ¤Ìµ¤¥. ‚ ÔÉµ° ¸¢Ö§¨ ¤ ²¥±µ ´¥ ¢¸¥£¤  Ê¤ ¥É¸Ö · §¤¥²¨ÉÓ
· §²¨Î´Ò¥ ³¥Ì ´¨§³Ò, µ¶·¥¤¥²¨ÉÓ, ¢ ± ±¨Ì ¸²ÊÎ ÖÌ ¶·¥µ¡² ¤ ÕÉ ´Ê±²µ´-
´Ò¥,   ¢ ± ±¨Ì Å ±¢ ·±-£²Õµ´´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò. �µ¸É ´µ¢±  § ¤ Î µ¡
¨§ÊÎ¥´¨¨ ¨´±²Õ§¨¢´ÒÌ ¸¶¥±É·µ¢ ¡Ò²  ¸Ëµ·³Ê²¨·µ¢ ´  �.�.‹µ£Ê´µ¢Ò³ ¸
¸µÉ·Ê¤´¨± ³¨ [14], ¨³¨ ¦¥ ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¸²¥¤¸É¢¨Ö, ¢ÒÉ¥± ÕÐ¨¥ ¨§
µ¡Ð¨Ì ¶·¨´Í¨¶µ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¤²Ö É ±¨Ì ¸¶¥±É·µ¢. �·¨´Í¨-
¶¨ ²Ó´ Ö ´¥¶µ²´µÉ  ¨´±²Õ§¨¢´µ£µ ¶µ¤Ìµ¤  ¤²Ö µ¶¨¸ ´¨Ö µ£·µ³´µ£µ µ¡Ñ¥³ 
¨´Ëµ·³ Í¨¨, ±µÉµ·ÊÕ ¶µ²ÊÎ ÕÉ ´  ¸µ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É -
´µ¢± Ì, É·¥¡Ê¥É · §· ¡µÉ±¨ ¡µ²¥¥ µ¡Ð¨Ì ¶µ¤Ìµ¤µ¢.

‚ ¤ ´´µ° £² ¢¥ µ¶¨¸Ò¢ ¥É¸Ö ³¥Éµ¤, ¢ ±µÉµ·µ³ ¨¸¶µ²Ó§Ê¥É¸Ö ´ ¨¡µ²Ó-
Ï Ö Î ¸ÉÓ ¤µ¸ÉÊ¶´µ° Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨ µ ³´µ¦¥¸É¢¥´´ÒÌ
¶·µÍ¥¸¸ Ì.

�¶¨¸ ´´ Ö ¢ÒÏ¥ ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´ Ö ±² ¸¸¨Ë¨± Í¨Ö Ö¤¥·´ÒÌ
¶·µÍ¥¸¸µ¢ ¢ ¶·µ¸É· ´¸É¢¥ µÉ´µ¸¨É¥²Ó´ÒÌ Î¥ÉÒ·¥Ì³¥·´ÒÌ ¸±µ·µ¸É¥° ¡Ò² 
¶·¥¤²µ¦¥´  ¢ · ¡µÉ Ì [13,15]. ’µÎ± ³¨ É ±µ£µ ¶·µ¸É· ´¸É¢  Ö¢²ÖÕÉ¸Ö Î¥ÉÒ-
·¥Ì³¥·´Ò¥ ¸±µ·µ¸É¨. �·¥¤¶µ² £ ¥É¸Ö, ÎÉµ µ¸´µ¢´Ò³¨ ¢¥²¨Î¨´ ³¨, µÉ ±µÉµ-
·ÒÌ § ¢¨¸ÖÉ · ¸¶·¥¤¥²¥´¨Ö ¢¥·µÖÉ´µ¸É¥° (¸¥Î¥´¨°), Ö¢²ÖÕÉ¸Ö ¶ · ³¥É·Ò

bik = − (ui − uk)
2, £¤¥ ui = Pi6 mi , ui Å ¢¥±Éµ·Ò 4-¸±µ·µ¸É¨, mi Å ³ ¸¸Ò,

Pi Å 4-¨³¶Ê²Ó¸Ò. ˆ´¤¥±¸Ò i, k ¶·¨´¨³ ÕÉ §´ Î¥´¨Ö 1,2,3,4,....,   ¸ ³¨ ¢¥²¨-

Î¨´Ò bik ¨³¥ÕÉ ¸³Ò¸² µÉ´µ¸¨É¥²Ó´ÒÌ · ¸¸ÉµÖ´¨° ¢ ¶·µ¸É· ´¸É¢¥ 4-¸±µ·µ¸-

É¥°. �Î¥¢¨¤´µ, ÎÉµ µ¶·¥¤¥²¥´¨¥ ¢¸¥Ì bik ¤²Ö ¢¸¥Ì Î ¸É¨Í ¶·µÍ¥¸¸  ³´µ¦¥¸É-

¢¥´´µ£µ µ¡· §µ¢ ´¨Ö Î ¸É¨Í ¸µ¤¥·¦¨É ´ ¨¡µ²¥¥ ¶µ²´ÊÕ ¨´Ëµ·³ Í¨Õ µ¡
ÔÉµ³ ¶·µÍ¥¸¸¥.

ˆ¸¶µ²Ó§µ¢ ´¨¥ ±¨´¥³ É¨Î¥¸±¨Ì ±µ³¡¨´ Í¨° ¢¨¤  γij = ui uj =
= PiPj 6 Mi Mj (²µ·¥´Í-Ë ±Éµ·Ò µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö Î ¸É¨Í) ¤µ¸É ÉµÎ-

´µ ¥¸É¥¸É¢¥´´µ ¶·¨ · ¸¸³µÉ·¥´¨¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·´ÒÌ ̧ µÊ¤ ·¥´¨°. ’ ±,
´ ¶·¨³¥·, ²µ·¥´Í-Ë ±Éµ· µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö ¢Ìµ¤¨É ´¥¶µ¸·¥¤¸É¢¥´-
´µ ¢ µ¶·¥¤¥²¥´¨¥ ¨´¢ ·¨ ´É´µ£µ ¸¥Î¥´¨Ö,   ¨³¥´´µ ¢ µ¶·¥¤¥²¥´¨¥ ¶µÉµ± ,
§ ¶¨¸ ´´µ£µ ¢ ¨´¢ ·¨ ´É´µ³ ¢¨¤¥. �µ µ¶·¥¤¥²¥´¨Õ ¸¥Î¥´¨¥ § ¶¨¸Ò¢ ¥É¸Ö ¢
¢¨¤¥

∆N = σj
01

n
02

∆V ∆t,

£¤¥ ∆N Å Î¨¸²µ ¢§ ¨³µ¤¥°¸É¢¨° · ¸¸³ É·¨¢ ¥³µ£µ É¨¶ , ¶·µ¨¸Ï¥¤Ï¨Ì ¢
Ô²¥³¥´É¥ µ¡Ñ¥³  ³¨Ï¥´¨ ∆V §  ¢·¥³Ö ∆t, j01 Å ¶²µÉ´µ¸ÉÓ ¶µÉµ±  ´ ²¥É Õ-

Ð¨Ì Î ¸É¨Í, n02 Å ¶²µÉ´µ¸ÉÓ Î ¸É¨Í ³¨Ï¥´¨, σ Å ¸¥Î¥´¨¥. „²Ö Éµ£µ ÎÉµ¡Ò
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¸¥Î¥´¨¥ ¡Ò²µ ¢Ò· ¦¥´µ ¢ ̈ ´¢ ·¨ ´É´µ³ ¢¨¤¥, ̧ ²¥¤Ê¥É § ¶¨¸ ÉÓ ¢ ̈ ´¢ ·¨ ´É-
´µ³ ¢¨¤¥ ¶µÉµ±:

j
01

n
02

 = n
01

n
02

γ
01

β
01

 = n
01

n
02

√γ
01
2  − 1 .

� ¸¸³ É·¨¢ Ö ³´µ¦¥¸É¢¥´´µ¥ ·µ¦¤¥´¨¥ Î ¸É¨Í ¢ ¶¥·¥³¥´´ÒÌ bik , ²¥£±µ

Ê¢¨¤¥ÉÓ, ÎÉµ µ¡Ð¥¥ Î¨¸²µ ¢¸¥Ì bik ¶·¥¢µ¸Ìµ¤¨É Î¨¸²µ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò. � 

·¨¸.2 ¶µÖ¸´Ö¥ÉcÖ ¤ ´´µ¥ ÊÉ¢¥·¦¤¥´¨¥. ‚Ò¡¥·¥³ ¡ §¨¸ ¨§ É·¥Ì ÉµÎ¥± ¢ ¶·µ-
¸É· ´¸É¢¥ µÉ´µ¸¨É¥²Ó´ÒÌ ¸±µ·µ¸É¥°, ´ ¶·¨³¥·, ÉµÎ±¨ 1, 2, 3. Œµ¦´µ ¤²Ö
µ¶·¥¤¥²¥´´µ¸É¨ ̧ Î¨É ÉÓ, ÎÉµ ÉµÎ±¨ 1 ̈  2 ̧ µµÉ¢¥É¸É¢ÊÕÉ ¸±µ·µ¸ÉÖ³ ̧ É ²±¨¢ Õ-
Ð¨Ì¸Ö µ¡Ñ¥±Éµ¢,   3, 4, 5,... ¸µµÉ¢¥É¸É¢ÊÕÉ Î ¸É¨Í ³, µ¡· §µ¢ ´´Ò³ ¢
·¥§Ê²ÓÉ É¥ ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö. �µ¸±µ²Ó±Ê ¤ ´´µ¥ · ¸¸³µÉ·¥´¨¥
·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´µ, Éµ ´¥ ¨³¥¥É §´ Î¥´¨Ö, ± ±¨¥ ¨³¥´´µ ÉµÎ±¨
¢§ÖÉÒ §  ¡ §¨¸. ‘µ¸ÉµÖ´¨¥ ± ¦¤µ° ¨§ Î ¸É¨Í ¶µ²´µ¸ÉÓÕ § ¤ ¥É¸Ö É·¥³Ö
Î¨¸² ³¨, ´ ¶·¨³¥·, Pix, Piy, Piz . —¨¸²µ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò ¤²Ö ¢¸¥° ¸¨¸É¥³Ò

¨§ N Î ¸É¨Í µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ¢¥É¸É¢¥´´µ (3N − 6) ¢¥²¨Î¨´ ³¨. ˜¥¸ÉÓ
Î¨¸¥² µ¶·¥¤¥²ÖÕÉ ¶µ²µ¦¥´¨¥ ¨ µ·¨¥´É Í¨Õ ¸¨¸É¥³Ò ± ± Í¥²µ£µ (´ ¶·¨³¥·,
3 ±µµ·¤¨´ ÉÒ ¨ 3 Ê£² ). —¨¸²µ ¦¥ ¶¥·¥³¥´´ÒÌ bik, ± ± ¢¨¤´µ, · ¢´µ

N(N − 1)6 2, É.¥. ³µ¦¥É §´ Î¨É¥²Ó´µ ¶·¥¢ÒÏ ÉÓ Î¨¸²µ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò.
�Éµ µ§´ Î ¥É, ÎÉµ ¶µ²´Ò° ´ ¡µ· ¶¥·¥³¥´´ÒÌ bik ¶¥·¥µ¶·¥¤¥²¥´ ¨ ¥£µ ´¥µ¡-

Ìµ¤¨³µ · §¤¥²¨ÉÓ ´  ¤¢¥ £·Ê¶¶Ò, ¢ µ¤´Ê ¨§ ±µÉµ·ÒÌ ¢µ°¤ÊÉ (3N − 6) ¢¥²¨-
Î¨´, ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²ÖÕÐ¨Ì ±µ´Ë¨£Ê· Í¨Õ ̧ ¨¸É¥³Ò,   ¢ ¤·Ê£ÊÕ Å µ¸É ¢-
Ï¨¥¸Ö N(N − 1) 6 2 − (3N − 6) ¢¥²¨Î¨´. �µ¸²¥¤´¨¥ (´  ·¨¸.2 ÔÉµ b45) ³µ¦´µ

¢Ò· §¨ÉÓ Î¥·¥§ ¶¥·¢Ò¥ (3N − 6) ¢¥²¨Î¨´. ‚ ¸¨²Ê ¸¨³³¥É·¨¨ § ¤ Î¨ · §¡¨¥-
´¨¥ ´  £·Ê¶¶Ò ³µ¦´µ ¶·µ¢¥¸É¨ ¶·µ¨§¢µ²Ó´µ. �·¨ ÔÉµ³ ± ¦¤µ¥ · §¡¨¥´¨¥
µ¶·¥¤¥²Ö¥É ´µ¢ÊÕ ±µ´Ë¨£Ê· Í¨Õ, ÎÉµ ·¥§±µ Ê¢¥²¨Î¨¢ ¥É ±µ²¨Î¥¸É¢µ ̈ ´Ëµ·-
³ Í¨¨ µ ¸µ¡ÒÉ¨¨. „²Ö Ê¸É ´µ¢²¥´¨Ö ¸¢Ö§¥° ³¥¦¤Ê · §²¨Î´Ò³¨ ´ ¡µ· ³¨

bik ²µ£¨Î´µ ¶·¨³¥´¨ÉÓ É·¨ ´£Ê²ÖÍ¨Õ ¢

¶·µ¸É· ´¸É¢¥ µÉ´µ¸¨É¥²Ó´ÒÌ ¸±µ·µ¸É¥°.
’¥·³¨´ ®É·¨ ´£Ê²ÖÍ¨Ö¯ ¢ £¥µ¤¥§¨¨ ¨ ³ É¥-
³ É¨±¥ µ¡µ§´ Î ¥É ³¥Éµ¤ ¸µ§¤ ´¨Ö ¸¥É¥°,
¸µ¸ÉµÖÐ¨Ì ¨§ ¶·¨³Ò± ÕÐ¨Ì ¤·Ê£ ± ¤·Ê£Ê
É·¥Ê£µ²Ó´¨±µ¢ ¨ ¢ µ¶·¥¤¥²¥´¨¨ ´  ÔÉµ°
µ¸´µ¢¥ ¶µ²µ¦¥´¨Ö ¨Ì ¢¥·Ï¨´. „²Ö µ¡Ð¥£µ
¸²ÊÎ Ö ¶µ¢¥·Ì´µ¸É¥° É·¥Ê£µ²Ó´¨±¨ ¤µ²¦´Ò
¡ÒÉÓ ±·¨¢µ²¨´¥°´Ò³¨. �·µ¸É· ´¸É¢µ, ¢
±µÉµ·µ³ ¶·µ¢µ¤ÖÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¨§³¥·¥´¨Ö, É·¥Ì³¥·´µ. �·¨ ÔÉµ³ ¶·µ¸É· ´-
¸É¢µ ¸±µ·µ¸É¥° ¸µµÉ¢¥É¸É¢Ê¥É É·¥Ì³¥·´µ³Ê
¶·µ¸É· ´¸É¢Ê ‹µ¡ Î¥¢¸±µ£µ. �·µ¸É¥°Ï¨³�¨¸.2
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Ô²¥³¥´Éµ³ (¸¨³¶²¥±¸µ³) É·¥Ì³¥·´µ£µ ¶·µ¸É· ´¸É¢  ¸±µ·µ¸É¥° Ö¢²ÖÕÉ¸Ö
É¥É· Ô¤·Ò. ‚¥·Ï¨´ ³ É¥É· Ô¤·µ¢ ¸µµÉ¢¥É¸É¢ÊÕÉ ÉµÎ±¨ ¸µ ¸±µ·µ¸ÉÖ³¨
ui , uj , uk , Á,   ¸Éµ·µ´ ³ Å ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¢¥²¨Î¨´Ò bij , bik, bjk, Á . �·¨

ÔÉµ³, ± ± Ê¦¥ µÉ³¥Î ²µ¸Ó ¢ÒÏ¥, (3N − 6) ¢¥²¨Î¨´ ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²ÖÕÉ
±µ´Ë¨£Ê· Í¨Õ ¸¨¸É¥³Ò,   µ¸É ²Ó´Ò¥ · ¸¸ÉµÖ´¨Ö ³¥¦¤Ê ¢¥·Ï¨´ ³¨ ³µ£ÊÉ
¡ÒÉÓ ¢ÒÎ¨¸²¥´Ò (µÉ³¥É¨³, ÎÉµ ¢ Ô±¸¶¥·¨³¥´É¥ ¢¸¥ bik ¨§³¥·ÖÕÉ¸Ö). �¥·¥-

µ¶·¥¤¥²¥´´µ¸ÉÓ · ¸¸³ É·¨¢ ¥³ÒÌ ¸¨¸É¥³ Å ¡µ²ÓÏµ¥ ¶·¥¨³ÊÐ¥¸É¢µ ¤ ´-
´µ£µ ³¥Éµ¤   ´ ²¨§  ³´µ¦¥¸É¢¥´´ÒÌ ¶·µÍ¥¸¸µ¢.

�¶¨¸ ´¨¥ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ³´µ£µÎ ¸É¨Î´ÒÌ ¸¨¸É¥³ ´  µ¸´µ¢¥ ¨´¢ ·¨ ´-
Éµ¢ bik ¶µ§¢µ²Ö¥É ¸Ëµ·³Ê²¨·µ¢ ÉÓ ¶·¨´Í¨¶ µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨¨ ± ±

¸É·µ£µ¥ ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´µ¥ ÊÉ¢¥·¦¤¥´¨¥, ¶µ§¢µ²ÖÕÐ¥¥ ¶µ²ÊÎ¨ÉÓ
³´µ£µ ¢ ¦´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³ÒÌ ¸²¥¤¸É¢¨°, ±µÉµ·Ò¥ ¤¥² ÕÉ
³´µ£¨¥ ¶µ¸É ´µ¢±¨ § ¤ Î ¨§²¨Ï´¨³¨. �·¨´Í¨¶ µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨¨ ´ -
² £ ¥É ¸É·µ£¨¥ µ£· ´¨Î¥´¨Ö ´  ¡µ²ÓÏ¨´¸É¢µ µ¡¸Ê¦¤ ¥³ÒÌ ¢ ²¨É¥· ÉÊ·¥
³µ¤¥²¥°, ¶µ± §Ò¢ Ö ¡¥¸¶¥·¸¶¥±É¨¢´µ¸ÉÓ ´¥±µÉµ·ÒÌ ¨§ ´¨Ì. �¥µ¡Ìµ¤¨³µ,
µ¤´ ±µ, µÉ³¥É¨ÉÓ, ÎÉµ µ¡¸Ê¦¤ ÉÓ ¸²¥¤Ê¥É Éµ²Ó±µ É¥ ³µ¤¥²¨, ±µÉµ·Ò¥ ¸Ëµ·-
³Ê²¨·µ¢ ´Ò ¢ ¢¨¤¥ ¸µµÉ´µÏ¥´¨° ³¥¦¤Ê ¨´¢ ·¨ ´É´Ò³¨ ¨ ´ ¡²Õ¤ ¥³Ò³¨
¢¥²¨Î¨´ ³¨.

„²Ö µ¶·¥¤¥²¥´´µ¸É¨ ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ± ± ËÊ´±Í¨Õ µÉ´µ¸¨É¥²Ó´ÒÌ
¸±µ·µ¸É¥° bik ¶²µÉ´µ¸ÉÓ ¢¥·µÖÉ´µ¸É¨ Î¨¸²  Î ¸É¨Í:

∑ 
n ≥ m

 
dWn

dτn
 = ρmCX = W(ÁbikÁ), (6)

±µÉµ·ÊÕ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¢ ·¥§Ê²ÓÉ É¥ ¨§³¥·¥´¨° ¸¥Î¥´¨°, 3-¨³¶Ê²Ó¸µ¢
Î ¸É¨Í ¨ ¨Ì ³ ¸¸. ˆ§ ÔÉ¨Ì ¢¥²¨Î¨´ µ¡· §Ê¥³ ¨´¢ ·¨ ´ÉÒ:

bik = 2 






 
EiEk − pipk

mimk
 − 1







 .

�´ ²µ£¨Î´µ Ëµ·³Ê²¨·µ¢±¥ ¶·¨´Í¨¶  µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨° �.�.�µ£µ-

²Õ¡µ¢  · §µ¡Ó¥³ ¸µ¢µ±Ê¶´µ¸ÉÓ ¢¥²¨Î¨´ bik ´  £·Ê¶¶Ò {...bik
α Á} ¨

{Ábje
β  Á}. ‚ ÔÉµ · §¡¨¥´¨¥ ¢Ìµ¤ÖÉ ± ± Î ¸É¨ÍÒ ±µ´¥Î´µ£µ ¸µ¸ÉµÖ´¨Ö, É ± ¨

Î ¸É¨ÍÒ ´ Î ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö. � ¸¸³µÉ·¨³  ¸¨³¶ÉµÉ¨Î¥¸±¨° ¸²ÊÎ °, ±µ£¤ 

bαβ = − (Vα − Vβ)2 → ∞, Vα Å ¸·¥¤´ÖÖ ÉµÎ±  ¢ £·Ê¶¶¥ α, Vβ Å ¸·¥¤´ÖÖ

ÉµÎ±  ¢ £·Ê¶¶¥ β. ˆ´ Î¥ £µ¢µ·Ö,

(Ui
 αVα) ≈ (Uj

 βVβ) << (Ui
 αVβ) ≈ (Uj

 βVα) ≈ (VαVβ) → ∞, (7)

Éµ ¥¸ÉÓ, ¸·¥¤´¨¥ ¨´É¥·¢ ²Ò ¢´ÊÉ·¨ £·Ê¶¶ Î ¸É¨Í ³ ²Ò,   ¨´É¥·¢ ² ³¥¦¤Ê
£·Ê¶¶ ³¨ Î ¸É¨Í ¸É·¥³¨É¸Ö ± ¡¥¸±µ´¥Î´µ¸É¨.
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� Ï  ¨¸Ìµ¤´ Ö £¨¶µÉ¥§  ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ±µ··¥²ÖÍ¨Ö ³¥¦¤Ê µÉ¤¥²Ó-
´Ò³¨ ¶µ bik (¨²¨ ¶µ ρik) Î ¸ÉÖ³¨ ¸¨¸É¥³Ò Î ¸É¨Í ¨¸Î¥§ ¥É. � ¸¸³ É·¨¢ ¥³µ¥

¶·µ¸É· ´¸É¢µ µÉ´µ¸¨É¥²Ó´ÒÌ ¸±µ·µ¸É¥° Ö¢²Ö¥É¸Ö ¤µ¶µ²´¨É¥²Ó´Ò³ (¢ ±¢ ´-

Éµ¢µ-³¥Ì ´¨Î¥¸±µ³ ¸³Ò¸²¥). Œ ²Ò¥ · ¸¸ÉµÖ´¨Ö ri − rk
2 ¸µµÉ¢¥É¸É¢ÊÕÉ

¡µ²ÓÏ¨³ bik, ¨ ´ µ¡µ·µÉ. ‘¢µ°¸É¢µ Ê¡Ò¢ ´¨Ö · ¸¶·¥¤¥²¥´¨° (³ É·¨Î´ÒÌ

Ô²¥³¥´Éµ¢, ¸¥Î¥´¨°) ¸ ·µ¸Éµ³ bik µÉ· ¦ ¥É  ¸¨³¶ÉµÉ¨Î¥¸±ÊÕ ¸¢µ¡µ¤Ê, É.¥.

¨¸Î¥§´µ¢¥´¨¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ´   ¸¨³¶ÉµÉ¨Î¥¸±¨ ³ ²ÒÌ · ¸¸ÉµÖ´¨ÖÌ ¶·¨
bik → ∞. ‚ ÔÉµ³ ¸³Ò¸²¥ ´ Ï  £¨¶µÉ¥§  ¶·µÉ¨¢µ¶µ²µ¦´  ¶·¨´Í¨¶Ê µ¸² ¡-

²¥´¨Ö ±µ··¥²ÖÍ¨° �µ£µ²Õ¡µ¢ .
Cµ¢µ±Ê¶´µ¸ÉÓ ÉµÎ¥± ¢ ¶·µ¸É· ´¸É¢¥ ¸±µ·µ¸É¥° µ¡· §ÊÕÉ ±² ¸É¥·Ò. �µ¤

±² ¸É¥· ³¨ ³Ò ¶µ´¨³ ¥³ ¸µ¢µ±Ê¶´µ¸ÉÓ ÉµÎ¥± Uk ¢ ¶·µ¸É· ´¸É¢¥ ¸±µ·µ¸É¥°,

¸·¥¤´¨° ¨´É¥·¢ ² ³¥¦¤Ê ±µÉµ·Ò³¨ bαk = − (Vα − Uk)
2 ³´µ£µ ³¥´ÓÏ¥ ¸·¥¤-

´¨Ì ¨´É¥·¢ ²µ¢ ³¥¦¤Ê Í¥´É· ³¨ ±² ¸É¥·µ¢ bαβ = − (Vα − Vβ)2. ‡¤¥¸Ó ¨ ¢

¤ ²Ó´¥°Ï¥³

Vα = 
∑ Uk

 α

√(∑ Uk
 α)2

 ,     Vβ = 
∑ Uj

 β

√(∑ Uj
 β)2

 ,Á . (8)

’ ± ± ±, ¸µ£² ¸´µ £¨¶µÉ¥§¥, ±µ··¥²ÖÍ¨Ö ³¥¦¤Ê ¤¨´ ³¨Î¥¸±¨³¨ ¢¥²¨-
Î¨´ ³¨, µÉ´µ¸ÖÐ¨³¨¸Ö ± · §²¨Î´Ò³ ±² ¸É¥· ³, ¤µ²¦´  ¨¸Î¥§ ÉÓ, Éµ ¶·¨
bik → ∞  ¸¨³¶ÉµÉ¨Î¥¸± Ö Ëµ·³  · ¸¶·¥¤¥²¥´¨° (±¢ ¤· Éµ¢ ³ É·¨Î´ÒÌ Ô²¥-

³¥´Éµ¢, ¨´±²Õ§¨¢´ÒÌ · ¸¶·¥¤¥²¥´¨°, ¸¥Î¥´¨°) · ¸¶ ¤ ¥É¸Ö ´  ¶·µ¨§¢¥¤¥-
´¨Ö ¢¨¤ 

W(bαk, bαβ, bβk ,Á) → W αW βÁ .

’ ± ¦¥, ± ± ¨ ¢ ¸²ÊÎ ¥ · ¸¸³µÉ·¥´´µ£µ ¢ÒÏ¥ µ¶¨¸ ´¨Ö ±·¨¸É ²²¨Î¥¸-

±µ£µ ¸µ¸ÉµÖ´¨Ö, ³´µ¦¨É¥²¨ W α, W β, W γ,... µ± §Ò¢ ÕÉ¸Ö ´¥ ¢¶µ²´¥ ´¥§ ¢¨-
¸¨³Ò³¨. ‚¥²¨Î¨´Ò bαβ, bβk, bαk Ö¢²ÖÕÉ¸Ö ¸Éµ·µ´ ³¨ É·¥Ê£µ²Ó´¨±  ¢ ´¥-

¥¢±²¨¤µ¢µ³ ¶·µ¸É· ´¸É¢¥. �·¨ bαβ → ∞ ¢ ¸¨¸É¥³¥ Vα = 0 ¨³¥¥³

bαβ = 2(Vβ
 0 − 1) → ∞,     bαk = 2(Uk

 0 − 1),

bβk → 2Vβ
 0(Uk

 0 − Uk
 L) = bαβ xk → ∞, (9)

£¤¥ xk Å ¨§¢¥¸É´ Ö ¶¥·¥³¥´´ Ö ¸¢¥Éµ¢µ£µ ±µ´Ê¸ : xk = Uk
 0 − Uk

 L =

= Uk
 0 − √(Uk

 0)2 − 1  cos θk . T ±¨³ µ¡· §µ³, ¢ Ë ±Éµ·¨§ Í¨¨ · ¸¶·¥¤¥²¥´¨°

¶·¨ bαβ → ∞ µ¸É ¥É¸Ö § ¢¨¸¨³µ¸ÉÓ W α µÉ ´ ¶· ¢²¥´¨Ö ´a ¡¥¸±µ´¥Î´µ
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Ê¤ ²¥´´ÊÕ ÉµÎ±Ê. �É   ´¨§µÉ·µ¶¨Ö · ¸¶ ¤  ±² ¸É¥·  ¢ ¸µ¡¸É¢¥´´µ° ¸¨¸É¥³¥
(Vα = 0) ´µ¸¨É Î¨¸Éµ £¥µ³¥É·¨Î¥¸±¨° Ì · ±É¥·. �·¨ ¶¥·¥Ìµ¤¥ ± ´¥·¥²ÖÉ¨-

¢¨¸É¸±µ³Ê ¶·¨¡²¨¦¥´¨Õ, É.¥. µÉ £¥µ³¥É·¨¨ ‹µ¡ Î¥¢¸±µ£µ ± £¥µ³¥É·¨¨

…¢±²¨¤ , § ¢¨¸¨³µ¸ÉÓ W α µÉ Ê£²  θ ¶·µ¶ ¤ ¥É (¢Ò·µ¦¤ ¥É¸Ö ¢ ¨§µÉ·µ¶¨Õ).

‡ ¢¨¸¨³µ¸ÉÓ W α µÉ ¶¥·¥³¥´´µ° xk ¨¸Î¥§ ¥É, É.±. xk → 1. �Éµ § ³¥Î ´¨¥ ¶µ-

± §Ò¢ ¥É ´¥¸µ¸ÉµÖÉ¥²Ó´µ¸ÉÓ ¶µ¶ÒÉµ± µ¡´ ·Ê¦¨ÉÓ ±¢ §¨¸É Í¨µ´ ·´Ò¥
µ¡Ñ¥±ÉÒ, µ¡· §ÊÕÐ¨¥¸Ö ¢ ³´µ¦¥¸É¢¥´´µ³ ·µ¦¤¥´¨¨ Î ¸É¨Í ¶µ ¶·¨§´ ±Ê
¨§µÉ·µ¶¨¨ · ¸¶ ¤µ¢ ¢ ¨Ì ¸¨¸É¥³¥ ¶µ±µÖ. ‚ ·¥²ÖÉ¨¢¨¸É¸±µ° ¤¨´ ³¨±¥ É ±¨¥
· ¸¶ ¤Ò ¢¸¥£¤   ´¨§µÉ·µ¶´Ò.

‘²¥¤¸É¢¨Ö ¶·¨´Í¨¶  µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨° ¤²Ö µ¶¨¸ ´¨Ö ³´µ¦¥¸É¢¥´-
´ÒÌ ¶·µÍ¥¸¸µ¢ ´¥µ¡ÒÎ °´µ ¶²µ¤µÉ¢µ·´Ò ¨ ³´µ£µÎ¨¸²¥´´Ò. �¡Ñ¥¤¨´¥´¨¥
¶·¨´Í¨¶  µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨¨ ¸ ¶·¨´Í¨¶µ³  ¢Éµ³µ¤¥²Ó´µ¸É¨ ¢Éµ·µ£µ
·µ¤  [15] ¶µ§¢µ²¨²µ ¶·¥¤²µ¦¨ÉÓ ³¥Éµ¤  ´ ²¨§ , ¸ ¶µ³µÐÓÕ ±µÉµ·µ£µ ¡Ò²¨
µ¡´ ·Ê¦¥´Ò ¶·µ¸ÉÒ¥ ¨ Ê´¨¢¥·¸ ²Ó´Ò¥ § ±µ´µ³¥·´µ¸É¨ ³´µ¦¥¸É¢¥´´µ£µ
·µ¦¤¥´¨Ö Î ¸É¨Í, Ê¸É ´µ¢²¥´  ¨Ì ¸¢Ö§Ó ¸ Š•„, ¶·µ¤¥³µ´¸É·¨·µ¢ ´  ´ ¡²Õ-
¤ ¥³µ¸ÉÓ Í¢¥É´ÒÌ § ·Ö¤µ¢ [16].

�·¨´Í¨¶  ¢Éµ³µ¤¥²Ó´µ¸É¨ ¢Éµ·µ£µ ·µ¤  (¢¸É·¥Î ¥É¸Ö É ±¦¥ ¶µ¤ ´ §¢ -
´¨¥³ ®´¥¶µ²´ Ö  ¢Éµ³µ¤¥²Ó´µ¸ÉÓ¯) ´ Ï¥² Ï¨·µ±µ¥ ¶·¨³¥´¥´¨¥ ¢ ³¥Ì ´¨±¥
¸¶²µÏ´ÒÌ ¸·¥¤, £¨¤·µ¤¨´ ³¨±¥, É¥µ·¨¨ £µ·¥´¨Ö ¨ É.¶. [6]. ‘ ³ É¥³ É¨Î¥¸-
±µ° ÉµÎ±¨ §·¥´¨Ö ÔÉµÉ ¶·¨´Í¨¶ ¸µ¸Éµ¨É ¢ ¤µ¶µ²´¥´¨¨ ¶·¨´Í¨¶µ¢ É¥µ·¨¨
· §³¥·´µ¸É¨ ¨ ¨´¢ ·¨ ´É´µ¸É¨ µ¶·¥¤¥²¥´´Ò³¨ ¸¢µ°¸É¢ ³¨  ¸¨³¶ÉµÉ¨Î¥¸-
±µ£µ ¶µ¢¥¤¥´¨Ö ·¥Ï¥´¨° Ê· ¢´¥´¨° ³ É¥³ É¨Î¥¸±µ° Ë¨§¨±¨, · ¸¶·¥¤¥²¥-
´¨°. ‚ · ¸¸³ É·¨¢ ¥³µ³ ¸²ÊÎ ¥ ¶·¨ bαβ → ∞ µ´ Ëµ·³Ê²¨·Ê¥É¸Ö É ±:

W(bαk, bαβ, bβk) → 
1

bαβ
n

 W α 






 bαβ 

bβk

bαβ
 






 ,     

bβk

bαβ
 → xk . (10)

Š ± ¶µ± § ´µ ¢ÒÏ¥, xk Å ¶¥·¥³¥´´ Ö ¸¢¥Éµ¢µ£µ ±µ´Ê¸ . ‡ ±µ´ ¸¶· ¢¥¤²¨¢

¸ µ¶·¥¤¥²¥´´µ° ÉµÎ´µ¸ÉÓÕ ¨ ¢ µ¶·¥¤¥²¥´´ÒÌ ¶·¥¤¥² Ì ¨§³¥´¥´¨Ö bαβ.

‚ ³¥Ì ´¨±¥ ¸¶²µÏ´ÒÌ ¸·¥¤ µ´ ´µ¸¨É ´ §¢ ´¨¥ ¶·µ³¥¦ÊÉµÎ´µ°  ¸¨³¶Éµ-

É¨±¨ [6]. ‚¥²¨Î¨´  W α = bαβ
n  W ¶·¨ Ë¨±¸¨·µ¢ ´´ÒÌ bαk ¨ xk (¶ · ³¥É· Ì

¶µ¤µ¡¨Ö) µ¸É ¥É¸Ö ´¥¨§³¥´´µ° ¶·¨ ¨§³¥´¥´¨¨ ¢¸¥Ì µ¸É ²Ó´ÒÌ ¶ · ³¥É·µ¢,
¢±²ÕÎ Ö bαβ, ¶µ¤µ¡´µ° ¸ ³µ° ¸¥¡¥ ( ¢Éµ³µ¤¥²Ó´µ°).

ˆÉ ±, ¨¸¶µ²Ó§ÊÖ É¥µ·¨Õ ¶µ¤µ¡¨Ö, ¶·¨´Í¨¶ µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨° ¤²Ö
¤¢ÊÌ ±² ¸É¥·µ¢ ¢  ¤·µ´´µ° Ë¨§¨±¥ Ëµ·³Ê²¨·Ê¥É¸Ö ¢ ¢¨¤¥ ¸²¥¤ÊÕÐ¥° § ±µ-
´µ³¥·´µ¸É¨: 

W(bαβ, bαk, bαj , bβk, bβj ) = 
1

bαβ
n

 W α 






 bαk 

bβk

bαβ
 






 W β 







 bβj 

bαj

bαβ
 






 .    (11)
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�·£Ê³¥´ÉÒ W α, W β ¸µ¤¥·¦ É § ¢¨¸¨³µ¸ÉÓ µÉ ¶·µ¥±Í¨° ¸±µ·µ¸É¥° ´ 
µ¸Ó, ¸µ¥¤¨´ÖÕÐÊÕ Í¥´É·Ò ±² ¸É¥·µ¢ (Ëµ·³Ê²  (9)).

”µ·³Ê²  (11) ¨  ´ ²µ£¨Î´Ò¥ ¥°, ¶µ²ÊÎ¥´´Ò¥ ´  µ¸´µ¢¥ ¸¨³³¥É·¨°´µ£µ
¶µ¤Ìµ¤ , µ¶·¥¤¥²ÖÕÉ ¸É·Ê±ÉÊ·Ê § ±µ´µ¢ ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö Î ¸É¨Í.
‘¨²Ó´µ µ£· ´¨Î¨¢ Ö ³µ¤¥²Ó´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö, µ´¨ ¶µ§¢µ²ÖÕÉ Ê¶µ·Ö¤µÎ¨ÉÓ
µ£·µ³´Ò° Ô±¸¶¥·¨³¥´É ²Ó´Ò° ³ É¥·¨ ² ¶µ ³´µ¦¥¸É¢¥´´Ò³ ¶·µÍ¥¸¸ ³.

�´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ³´µ¦¥¸É¢¥´´Ò³ ¶·µÍ¥¸¸ ³ ¢
· §´ÒÌ ·¥ ±Í¨ÖÌ ´  · §´ÒÌ Ê¸±µ·¨É¥²ÖÌ [16] µ¡´ ·Ê¦¨² Ê´¨¢¥·¸ ²Ó´Ò° Ì -

· ±É¥· ËÊ´±Í¨° W α, W β..., µ¶¨¸Ò¢ ÕÐ¨Ì · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¶µ ¤¢Ê³

¨´¢ ·¨ ´É´Ò³ ¶¥·¥³¥´´Ò³ bk = − (Vα − Uk)
2 ¨ xk:

F(bk) = ∫ W αdΩk,     dΩk = sin ΘkdΘkdϕk ,

W α = 
1
N

0

 
2

mk
2
 

d 3N

√bk + bk
26 4 dbkdΩk

 = 
1
N

0

 
2

mk
2
 

d 3N
dbk dxk dϕk

 .

‚ µ¸´µ¢´µ³ ¨§ÊÎ ²¨¸Ó µ¤´µ³¥·´Ò¥ · ¸¶·¥¤¥²¥´¨Ö:

F(bk) = 
1
N

0

 ∫ dNdτk
 dΩk , (12)

F(xk) = 
1
N

0
 ∫ dNdτk

 
mk

2

2
 dbk dϕk . (13)

�±¸¶µ´¥´Í¨ ²Ó´µ ¸¶ ¤ ÕÐ¨¥ ËÊ´±Í¨¨ (12) ¨ (13) µ¶¨¸Ò¢ ÕÉ
·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´Ò¥ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¢ ±² ¸É¥· Ì.

�·Ö³µ° ¶·µ¢¥·±¥ ´ ¨¡µ²¥¥ µ¡Ð¨Ì § ±µ´µ³¥·´µ¸É¥° ¶·¨´Í¨¶  µ¸² ¡-
²¥´¨Ö ±µ··¥²ÖÍ¨¨ ¨  ¢Éµ³µ¤¥²Ó´µ¸É¨ ¢ ¢¨¤¥ Ëµ·³Ê²Ò (11) ¡Ò²µ ¶µ¸¢ÖÐ¥´µ
³´µ£µ · ¡µÉ. �¥·¢Ò¥ · ¡µÉÒ, ¢ ±µÉµ·ÒÌ ¡Ò²µ ¶µ²µ¦¥´µ ´ Î ²µ ¨§ÊÎ¥´¨Õ
±² ¸É¥·µ¢ ¢ ¶·µ¸É· ´¸É¢¥ µÉ´µ¸¨É¥²Ó´ÒÌ ¸±µ·µ¸É¥°, µÉ· ¦¥´Ò ¢ µ¡§µ·¥
[16]. �¨¸Ê´µ± 3 ¨²²Õ¸É·¨·Ê¥É µ¡´ ·Ê¦¥´´ÊÕ ¢ ÔÉ¨Ì · ¡µÉ Ì Ê´¨¢¥·¸ ²Ó-
´µ¸ÉÓ ¶¨µ´´ÒÌ ±² ¸É¥·µ¢. Š ± ¢¨¤´µ ¨§ ·¨¸.3, · ¸¶·¥¤¥²¥´¨Ö ¶µ

bk = − (Vα − Uk)
2 ´¥ § ¢¨¸ÖÉ ´¨ µÉ Ô´¥·£¨¨ ¸Éµ²±´µ¢¥´¨Ö, ´¨ µÉ É¨¶  ·¥ ±-

Í¨¨. �Éµ° Ê´¨¢¥·¸ ²Ó´µ¸É¨ ³µ¦´µ ¶·¨¤ ÉÓ ¥Ð¥ ¡µ²¥¥ Ê¡¥¤¨É¥²Ó´Ò° ¢¨¤,

¥¸²¨ ¢³¥¸Éµ 
1
N

 
dN
dbk

 ¢µ¸¶µ²Ó§µ¢ ÉÓ¸Ö ËÊ´±Í¨Ö³¨ F(bk) ¨ F(xk) ¸µ£² ¸´µ Ëµ·-

³Ê² ³ (11) ¨ (12), É.¥. ÊÎ¥¸ÉÓ ´¥¥¢±²¨¤µ¢µ¸ÉÓ ¶·µ¸É· ´¸É¢  ¸±µ·µ¸É¥° ¨ ¸µ-
µÉ¢¥É¸É¢ÊÕÐ¨¥ Ö±µ¡¨ ´Ò. �É¨ § ¢¨¸¨³µ¸É¨ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸.4 ¨ 5. �µ-
¸±µ²Ó±Ê ¢ ± Î¥¸É¢¥ Í¥´É·µ¢ ±² ¸É¥·µ¢ Vα ³µ¦¥É ¡ÒÉÓ ²Õ¡ Ö ÉµÎ±  ¶·µ¸É· ´-

¸É¢  ¸±µ·µ¸É¥°,   ´¥ Éµ²Ó±µ UI ¨ UII, ± ± ¢ ¸²ÊÎ ¥ ¶·¥¤¥²Ó´µ°
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Ë· £³¥´É Í¨¨, Éµ ³Ò £µ¢µ·¨³ µ ²µ± ²Ó´µ°  ¢Éµ³µ¤¥²Ó´µ¸É¨. �µ¤Î¥·±´¥³,
ÎÉµ · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ±² ¸É¥· ³¨ bαβ ¤µ²¦´µ ¡ÒÉÓ ³´µ£µ ¡µ²ÓÏ¥ · §³¥· 

±² ¸É¥·  〈bk 〉 = 2 〈Tk〉6 mk . ‡¤¥¸Ó 〈Tk〉 Å ¸·¥¤´ÖÖ ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö

¶¨µ´µ¢ ¢ ¸¨¸É¥³¥ ¶µ±µÖ ±² ¸É¥·  (Vα = 0). �´ ²¨§ · ¸¶·¥¤¥²¥´¨Ö ±² ¸É¥·µ¢

¶µ bαβ ¶µ§¢µ²¨² ¶·¨³¥´¨ÉÓ ¶µ´ÖÉ¨¥ ¶·µ³¥¦ÊÉµÎ´ Ö  ¸¨³¶ÉµÉ¨±  ± Ô±¸¶¥-

·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ ¶µ ³´µ¦¥¸É¢¥´´µ³Ê ·µ¦¤¥´¨Õ Î ¸É¨Í ¶·¨ ¢Ò¸µ±¨Ì

Ô´¥·£¨ÖÌ (¨²¨ bI II ≈ bαβ ≥ 10). �µ²ÊÎ¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö 
dN

dbαβ
n

 ¤²Ö

π−p, π−C ¨ pp-¸Éµ²±´µ¢¥´¨° ¶·¨¢¥¤¥´Ò ´  ·¨¸.6. ’ ±¨³ µ¡· §µ³,
 ¸¨³¶ÉµÉ¨Î¥¸±¨¥ ¸¢µ°¸É¢  · ¸¶·¥¤¥²¥´¨° (¸¥Î¥´¨°), ¢Ò· ¦ ¥³Ò¥ Ëµ·³Ê²µ°
(11), ¡Ò²¨ ¶µ¤É¢¥·¦¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´µ. ‚¥²¨Î¨´  ¶ · ³¥É·  n µ± § -
² ¸Ó ´¥§ ¢¨¸¨³µ° ¢ ¶·¥¤¥² Ì µÏ¨¡µ± Ô±¸¶¥·¨³¥´É  µÉ É¨¶  ¢§ ¨³µ¤¥°¸É¢¨Ö
¨ Ô´¥·£¨¨ ¢ ¤¨ ¶ §µ´¥ 40 ÷ 205 ƒÔ‚.

�¨¸.4. � ¸¶·¥¤¥²¥´¨¥ ¢ ¶¨µ´´ÒÌ ±² ¸É¥· Ì
¶µ ¶ · ³¥É·Ê bk ¸ ÊÎ¥Éµ³ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì

Ö±µ¡¨ ´µ¢ (¸³. É¥±¸É ¨ ¶·¨²µ¦¥´¨¥)

�¨¸.3. � ¸¶·¥¤¥²¥´¨¥ ¢ ¶¨µ´´ÒÌ ±² ¸-
É¥· Ì ¶µ ¶ · ³¥É·Ê bk
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‘µ¶µ¸É ¢²¥´¨¥ ¤ ´´µ£µ ³¥Éµ¤  ¢Ò¤¥²¥´¨Ö ¸É·Ê° ± ± ±² ¸É¥·µ¢ ¢ ¶·µ¸É-
· ´¸É¢¥ ̧ ±µ·µ¸É¥° ̧  ̧ ÊÐ¥¸É¢ÊÕÐ¨³¨ · ´¥¥ ́ ¥¨´¢ ·¨ ´É´Ò³¨ ³¥Éµ¤ ³¨ ¶µ§-
¢µ²¨²µ ´ §Ò¢ ÉÓ ÔÉ¨ ±² ¸É¥·Ò ¸É·ÊÖ³¨. ˆ¸Ìµ¤Ö ¨Ì ÔÉµ£µ µÉµ¦¤¥¸É¢²¥´¨Ö
µ± § ²µ¸Ó ¢µ§³µ¦´Ò³ ¶·µ¢¥·¨ÉÓ ¶·µ³¥¦ÊÉµÎ´ÊÕ  ¸¨³¶ÉµÉ¨±Ê ¢ ¢¨¤¥ Ëµ·-
³Ê²Ò (11) ¢ ±µ²² °¤¥·´µ° µ¡² ¸É¨ Ô´¥·£¨°. � ¸¶·¥¤¥²¥´¨¥ ¶µ ³ ¸¸¥ ¤¢ÊÌ-

¸É·Ê°´µ° ̧ ¨¸É¥³Ò M 2 = (pjet
α  + pjet

β )2, ¨§³¥·¥´´µ¥ ´¥¤ ¢´µ Ô±¸¶¥·¨³¥´É ²Ó´µ

[28], ¶µ± § ´µ ´  ·¨¸.7. ‡¤¥¸Ó pjet
α  ¨ pjet

β  Å 4-¨³¶Ê²Ó¸Ò ¸É·Ê° α ¨ β, M Å

³ ¸¸  ¸É·Ê¨-±² ¸É¥· . “Î¨ÉÒ¢ Ö ¸¢Ö§Ó M 2 = m2bαβ, ¨, ¸²¥¤µ¢ É¥²Ó´µ,

dN6 MdM = const6 M 2n, ¨§ · ¸¶·e¤¥²¥´¨Ö ¶µ M ´¥É·Ê¤´µ ¶µ²ÊÎ¨ÉÓ ¶µ± § -
É¥²Ó n. �  Éµ³ ¦¥ p¨¸.7 ¨§µ¡· ¦¥´  ±·¨¢ Ö, ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ¶µ± § -
É¥²Õ n = 3.

’ ±¨³ µ¡· §µ³, ¶¨µ´´Ò¥ ±² ¸É¥·Ò ¢ µ¡² ¸É¨ bαβ > 50 µ± § ²¨¸Ó ¨´É¥´-

¸¨¢´µ ¨§ÊÎ ¥³Ò³¨ ¸É·ÊÖ³¨. �¶·¥¤¥²¥´¨¥ ¸É·Ê° ± ± ±² ¸É¥·µ¢ ¢ ¶·µ¸É· ´-
¸É¢¥ ¸±µ·µ¸É¥° [17] ¤ ²µ ¢µ§³µ¦´µ¸ÉÓ µÉ± § ÉÓ¸Ö µÉ É ±¨Ì ´¥¨´¢ ·¨ ´É´ÒÌ
¶µ´ÖÉ¨° ± ± ®¸Ë¥·¨¸¨É¨¯, ®É· ¸É¯. ‚ ´ Ï¥³ µ¶¨¸ ´¨¨ ¸É·Ê¨ Ö¢²ÖÕÉ¸Ö

�¨¸.5. � ¸¶·¥¤¥²¥´¨¥ ¢ ¶¨µ´´ÒÌ ±² ¸É¥· Ì ¶µ ¶ · ³¥É·Ê
xk ¸ ÊÎ¥Éµ³ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì Ö±µ¡¨ ´µ¢ (¸³. É¥±¸É ¨ ¶·¨-

²µ¦¥´¨¥)
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�¨¸.6. � ¸¶·¥¤¥²¥´¨¥ ¶¨µ´´ÒÌ ±² ¸É¥·µ¢ ¶µ · ¸¸ÉµÖ´¨Ö³ ³¥¦¤Ê ±² ¸É¥· ³¨ ¢ ¶·µ¸É-
· ´¸É¢¥ µÉ´µ¸¨É¥²Ó´ÒÌ 4-¸±µ·µ¸É¥° Å ¶ · ³¥É·Ê bαβ

�¨¸.7. � ¸¶·¥¤¥²¥´¨¥ ¶µ ³ ¸¸¥ ¤¢ÊÌ¸É·Ê°´µ° ¸¨¸É¥³Ò ¶·¨ Ô´¥·£¨¨ ¸Éµ²±´µ¢¥´¨Ö
1,8 ’Ô‚. ’µÎ±¨ Å Ô±¸¶¥·¨³¥´É [28], ±·¨¢ Ö Å · ¸Î¥É (¸³. É¥±¸É)
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Î¥ÉÒ·¥Ì³¥·´Ò³¨ ¨´¢ ·¨ ´É´Ò³¨ µ¡Ñ¥±É ³¨,  ´ ²µ£¨Î´Ò³¨  ¤·µ´ ³. ‚µ§-
³µ¦´µ¸ÉÓ É ±µ£µ µ¶¨¸ ´¨Ö ¸É·Ê° ¡Ò²  ¶·µ¢¥·¥´  ´  ¡µ²ÓÏµ³ Ô±¸¶¥·¨³¥´-
É ²Ó´µ³ ³ É¥·¨ ²¥ [16,17].

’·¥±µ¢Ò¥ ¸´¨³±¨ ³´µ¦¥¸É¢¥´´ÒÌ ¶·µÍ¥¸¸µ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ°
Ë¨§¨±¨ ¢Ò§Ò¢ ÕÉ ®´µÎ´Ò¥ ±µÏ³ ·Ò¯ Ê Ë¨§¨±µ¢, ¶² ´¨·ÊÕÐ¨Ì Ô±¸¶¥·¨-
³¥´ÉÒ ´  Ö¤¥·´ÒÌ ±µ²² °¤¥· Ì. �¤´ ±µ ´¥É ´¥µ¡Ìµ¤¨³µ¸É¨ ¨§ÊÎ ÉÓ ¢¸¥
¶ · ³¥É·Ò ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö. „µ¸É ÉµÎ´µ ¶·µ¢¥·¨ÉÓ, ÎÉµ ²µ± ²Ó-
´Ò¥ ¸¢µ°¸É¢  ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨° ´¥ § ¢¨¸ÖÉ µÉ Ô´¥·£¨¨ ¸Éµ²±´µ¢¥´¨Ö Ö¤¥·
¨ ¸µ¢¶ ¤ ÕÉ ¸ ¨§ÊÎ¥´´Ò³¨ · ´¥¥ ́   ¶Ê§Ò·Ó±µ¢ÒÌ ± ³¥· Ì [17]. “´¨¢¥·¸ ²Ó-

´µ¸ÉÓ ËÊ´±Í¨° W α, W βÁ ¢µ ¢¸¥³ Ë §µ¢µ³ ¶·µ¸É· ´¸É¢¥ ¶µ§¢µ²Ö¥É £µ¢µ-
·¨ÉÓ µ ²µ± ²Ó´µ°  ¢Éµ³µ¤¥²Ó´µ¸É¨ · ¸¶·¥¤¥²¥´¨° Î ¸É¨Í ¢ ¶·µ¸É· ´¸É¢¥
¸±µ·µ¸É¥°. �·¨´Í¨¶Ò ¸¨³³¥É·¨¨ ·¥Ï¥´¨°, ¢Ò· ¦¥´´Ò¥ Ëµ·³Ê²µ° (11),
¶·¥¤¥²Ó´µ Ê¶·µÐ ÕÉ ± ·É¨´Ê Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·´ÒÌ ̧ Éµ²±´µ¢¥´¨°:
¢¸¥ ¶·µ¸É· ´¸É¢µ ¶µ±·ÒÉµ Ê´¨¢¥·¸ ²Ó´Ò³¨ ±² ¸É¥· ³¨, · ¸¸ÉµÖ´¨Ö ³¥¦¤Ê
±µÉµ·Ò³¨ bαβ Ê¤µ¢²¥É¢µ·ÖÕÉ ¶·µ³¥¦ÊÉµÎ´µ°  ¸¨³¶ÉµÉ¨±¥:

dN
dbαβ

 = 
A

bαβ
n

 .

� · ³¥É· n, ¨§³e·¥´´Ò° ¢ Ï¨·µ±µ° µ¡² ¸É¨ ¨§³¥´¥´¨Ö 20 < bαβ < 105,

o± § ²¸Ö · ¢´Ò³ 3 ¸ ÉµÎ´µ¸ÉÓÕ ²ÊÎÏ¥° 10%.

‘Ëµ·³Ê²¨·µ¢ ´´ Ö ¢ ¢¨¤¥ Ëµ·³Ê²Ò (11) £¨¶µÉ¥§  µ ²µ± ²Ó´µ°  ¢Éµ³µ-
¤¥²Ó´µ¸É¨ ¸¥Î¥´¨° ³´µ¦¥¸É¢¥´´ÒÌ ¶·µÍ¥¸¸µ¢ ¶µ²ÊÎ¨²  ̧ ¢µ¥ ¶µ¤É¢¥·¦¤¥´¨¥
¨ ¤²Ö ¡ ·¨µ´´ÒÌ ±² ¸É¥·µ¢. � ·¨µ´´Ò¥ ±² ¸É¥·Ò (¨¸¸²¥¤µ¢ ²¨¸Ó ¢ µ¸´µ¢-
´µ³ ¶·µÉµ´´Ò¥ ±² ¸É¥·Ò) Éµ¦¥ Ö¢²ÖÕÉ¸Ö Ê´¨¢¥·¸ ²Ó´Ò³¨ ·¥²ÖÉ¨¢¨¸É¸±¨-
¨´¢ ·¨ ´É´Ò³¨ µ¡Ñ¥±É ³¨, · ¸¶µ²µ¦¥´´Ò³¨ ¢ ³ ²µ° µ±·¥¸É´µ¸É¨ ÉµÎ¥±
UI ̈  UII. �Éµ ´ Ìµ¤¨É¸Ö ¢ Ìµ·µÏ¥³ ̧ µ£² ¸¨¨ ¸ ̈ §¢¥¸É´µ° £¨¶µÉ¥§µ° ¶·¥¤¥²Ó-

´µ° Ë· £³¥´É Í¨¨ —.�.Ÿ´£  ¨ ¥£µ ±µ²²¥£ [18], ±µÉµ· Ö Ö¢²Ö¥É¸Ö Î ¸É´Ò³
¸²ÊÎ ¥³ § ±µ´  (11) ¶·¨ α = I, β = II ¨ n = 0.

�¨¸.8. ”µÉµ£· Ë¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö Ö¤·  Ê£²¥·µ¤  ¸
É ´É ²µ³, ¶µ²ÊÎ¥´´ Ö ´  ¶·µ¶ ´µ¢µ° ¶Ê§Ò·Ó±µ¢µ°
± ³¥·¥
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„²Ö  ´ ²¨§  ¡ ·¨µ´´ÒÌ ±² ¸É¥-
·µ¢ ¨¸¶µ²Ó§µ¢ ²¨¸Ó Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¤ ´´Ò¥ ¢ µ¡² ¸É¨ 7 < bαβ < 20.

„ ´´Ò¥ ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¸ ¶µ³µÐÓÕ
¶·µ¶ ´µ¢µ° ¶Ê§Ò·Ó±µ¢µ° ± ³¥·Ò,
µ¡²ÊÎ¥´´µ° ¢ ¶ÊÎ± Ì ¶·µÉµ´µ¢ ¨ Ö¤¥·
´  ¸¨´Ì·µË §µÉ·µ´¥ ‹‚� �ˆŸˆ.
Š·µ³¥ Éµ£µ, ¨¸¶µ²Ó§µ¢ ²¨¸Ó ± ³¥·-
´Ò¥ ¤ ´´Ò¥ ´  ¶ÊÎ±¥ ¶¨µ´µ¢ ¶·¨
bI II = 570 ´  Ê¸±µ·¨É¥²¥ ˆ”‚�

(�·µÉ¢¨´µ). „²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¢§ ¨-
³µ¤¥°¸É¢¨° ¶·µÉµ´µ¢ ¨ Ö¤¥· ¸ Ö¤· ³¨
Ta ¢ ¶·µ¶ ´µ¢µ° ± ³¥·¥ Ê¸É ´ ¢²¨¢ -
²¨¸Ó É ´É ²µ¢Ò¥ ¶² ¸É¨´±¨. �  ·¨¸.8
¶µ± § ´µ ¸µ¡ÒÉ¨¥ ¶·¨ ¢§ ¨³µ¤¥°¸É-
¢¨¨ Ö¤·  Ê£²¥·µ¤  ¸ É ´É ²µ³ ¢
¶Ê§Ò·Ó±µ¢µ° ± ³¥·¥. Œ¥Éµ¤¨Î¥¸±¨¥
µ¸µ¡¥´´µ¸É¨ ÔÉ¨Ì Ô±¸¶¥·¨³¥´Éµ¢
µ¶¨¸ ´Ò ¢ · ¡µÉ Ì [24Å26]. �¨¸Ê-
´µ± 9 ¨²²Õ¸É·¨·Ê¥É Ê´¨¢¥·¸ ²Ó´µ¸ÉÓ
¡ ·¨µ´´ÒÌ ±² ¸É¥·µ¢, ¢Ò¤¥²¥´´ÒÌ ¶µ
¢ÒÏ¥µ¶¨¸ ´´µ° ³¥Éµ¤¨±¥, ¨ ¸¶· ¢¥¤-
²¨¢µ¸ÉÓ Ëµ·³Ê²Ò (11) ¤²Ö É ±¨Ì
¸µ¡ÒÉ¨° [23].

Œ´µ£µÎ¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ, µÉ-
´µ¸ÖÐ¨¥¸Ö ± ¡ ·¨µ´´Ò³ ±² ¸É¥· ³:
¨Ì ¶ · ³¥É·Ò, · ¸¶·¥¤¥²¥´¨Ö ¢ ¶·µ¸É-
· ´¸É¢¥ ¸±µ·µ¸É¥° ¨ ¤·., ¨§²µ¦¥´Ò ¢
µ¡§µ·¥ [16]. “´¨¢¥·¸ ²Ó´µ¸ÉÓ ¡ ·¨µ´-
´ÒÌ ±² ¸É¥·µ¢ ¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ± ± ¶·µÖ¢²¥´¨¥  ¢Éµ³µ¤¥²Ó´µ¸É¨ ¨
µ¡µ¡Ð¥´¨¥ Ö¢²¥´¨Ö, ¨§¢¥¸É´µ£µ ¶µ¤ ´ §¢ ´¨¥³ ®Ö¤¥·´Ò° ¸±¥°²¨´£¯ [27].
Ÿ¤¥·´Ò° ¸±¥°²¨´£ Å ÔÉµ ¨´¢ ·¨ ´É´µ¸ÉÓ ¸¥Î¥´¨° ¶·¨ ¨§³¥´¥´¨¨ Ô´¥·£¨¨
¸Éµ²±´µ¢¥´¨Ö (bI II),  ¢Éµ³µ¤¥²Ó´µ¸ÉÓ ¦¥ ¶µ¤· §Ê³¥¢ ¥É ´¥§ ¢¨¸¨³µ¸ÉÓ ¸¥-

Î¥´¨° ¨ µÉ ¶¥·¥³¥´´ÒÌ bα II, bβ I, bαβ ¨ ¤·Ê£¨Ì ¡µ²ÓÏ¨Ì bik .

P §²¨Î¨¥ · §³¥·µ¢ ¡ ·¨µ´´ÒÌ ±² ¸É¥·µ¢ 〈bk〉 ¶µ µÉ´µÏ¥´¨Õ ± ¶¨µ´´Ò³

±² ¸É¥· ³ ¸µ¸É ¢²Ö¥É ¶µ·Ö¤µ± ¢¥²¨Î¨´Ò. “´¨¢¥·¸ ²Ó´µ¸ÉÓ ¡ ·¨µ´´ÒÌ ±² ¸-
É¥·µ¢ ¸¶· ¢¥¤²¨¢  ± ± ¢ µ¡² ¸É¨ ±² ¸¸¨Î¥¸±µ° Ö¤¥·´µ° Ë¨§¨±¨, É ± ¨ ¢
¶¥·¥Ìµ¤´µ° µ¡² ¸É¨, £¤¥ Ê¦¥ ¶·µÖ¢²ÖÕÉ¸Ö ±¢ ·±-£²Õµ´´Ò¥ ¸É¥¶¥´¨ ¸¢µ-
¡µ¤Ò. Š¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö ´Ê±²µ´µ¢ ¢ ±² ¸É¥·¥
〈Tk〉 = 〈bk〉m0 6 2 ´  ¶µ·Ö¤µ± ¢¥²¨Î¨´Ò ¡µ²ÓÏ¥ Ô´¥·£¨¨ Ë¥·³¨-¤¢¨¦¥´¨Ö.

�¨¸.9. � ¸¶·¥¤¥²¥´¨¥ ¢ ¡ ·¨µ´´ÒÌ ±² ¸-
É¥· Ì ¶µ ¶ · ³¥É·Ê bk: (∆) pC, 10 ƒÔ‚/¸;

(tu) pC, 4,2 ƒÔ‚/¸; (�) CC, 4,2 ƒÔ‚/¸;

(•) π−C, 40 ƒÔ‚/¸; (− − −) dC, 4,2 ƒÔ‚/¸
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‚ ÔÉµ³ ¸³Ò¸²¥ µ ±² ¸É¥· Ì ³µ¦´µ ¤Ê³ ÉÓ ± ± µ ¶·¥¤¥²Ó´µ³ ¢µ§¡Ê¦¤¥´¨¨
Ö¤¥·´µ° ³ É¥·¨¨, ¶ÒÉ ÉÓ¸Ö µ¶·¥¤¥²¨ÉÓ ¨Ì ¢·¥³Ö ¦¨§´¨ [23], ¨§µÉµ¶¨Î¥¸±¨°
¸¶¨´ ¨ ¤·Ê£¨¥ ±¢ ´Éµ¢Ò¥ Î¨¸² .

4. ˆ�Š‹�‡ˆ‚�›… ���–…‘‘› 
‚ �…‹Ÿ’ˆ‚ˆ‘’‘Š�‰ Ÿ„…���‰ ”ˆ‡ˆŠ…

‚ 1971 £µ¤Ê ¡Ò²  ¢Ò¤¢¨´ÊÉ  ¨¤¥Ö [21] µ Éµ³, ÎÉµ, ´ Î¨´ Ö ¸ ´¥±µÉµ·µ°
±·¨É¨Î¥¸±µ° Ô´¥·£¨¨, Ö¤·µ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ¸¶²µÏ´ÊÕ ¸·¥¤Ê, ¢
±µÉµ·µ° ±¢ ·±¨, µÉ´µ¸ÖÐ¨¥¸Ö ± · §²¨Î´Ò³ ´Ê±²µ´ ³, µ¡µ¡Ð ÕÉ¸Ö. ‚ ÔÉµ°
¦¥ · ¡µÉ¥ ¡Ò²¨ ¸¤¥² ´Ò µÍ¥´±¨ ¢¥·µÖÉ´µ¸É¥° µ¡µ¡Ð¥¸É¢²¥´¨Ö ±¢ ·±µ¢
£·Ê¶¶µ° ´Ê±²µ´µ¢ ¨ ¶·¥¤¸± § ´Ò ÔËË¥±ÉÒ, ²¥¦ Ð¨¥ §  ¶·¥¤¥² ³¨ ¶·µÉµ´-
´¥°É·µ´´µ° ³µ¤¥²¨ Ö¤· . �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ´  ¤Ê¡´¥´¸±µ³
¸¨´Ì·µË §µÉ·µ´¥, Ê¸±µ·¨É¥²¥ ˆ’�”,   É ±¦¥ ´  ¸¥·¶ÊÌµ¢¸±µ³ Ê¸±µ·¨É¥²¥
 ¢Éµ³µ¤¥²Ó´ÒÌ ¸¢µ°¸É¢ ¸¶¥±É·µ¢ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¶µ¤É¢¥·¤¨²¨ Ê± § ´´Ò¥
§ ±µ´µ³¥·´µ¸É¨ ¨ ¶·¥¤¸± § ´¨Ö. ƒ·Ê¶¶µ° ‚.‘.‘É ¢¨´¸±µ£µ (¸³. µ¡§µ· [19])
¡Ò²µ µ¡´ ·Ê¦¥´µ ±Ê³Ê²ÖÉ¨¢´µ¥ ·µ¦¤¥´¨¥ ³¥§µ´µ¢ Å ¶¥·¢µ¥ ¶·µÖ¢²¥´¨¥
±¢ ·±µ¢ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò  Éµ³´ÒÌ Ö¤¥·. �¸µ¡µ¥ §´ Î¥´¨¥ ¶·¨µ¡·¥²µ
µ¡´ ·Ê¦¥´¨¥ · ´´¥£µ ¢ÒÌµ¤  ¸¥Î¥´¨° ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥-
´¨° ´   ¸¨³¶ÉµÉ¨Î¥¸±¨° ·¥¦¨³ ¶·¨ bI II ≥ 5, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É Ô´¥·£¨¨

·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· 3,5 A ƒÔ‚. �¥·¥Ìµ¤´Ò° ·¥¦¨³ ¨ · ´´¨° ¢ÒÌµ¤ ´ 
 ¸¨³¶ÉµÉ¨±Ê ¡Ò² ¶µ²ÊÎ¥´ £·Ê¶¶µ° ‹¨ ˜·¥¤¥·  [20] (�¥·±²¨, ‘˜�). �É¨
·¥§Ê²ÓÉ ÉÒ ¨³¥²¨ µ¶·¥¤¥²ÖÕÐ¥¥ §´ Î¥´¨¥ ¤²Ö µ±µ´Î É¥²Ó´µ£µ ¢Ò¡µ·  ¶ · -
³¥É·µ¢ ´Ê±²µÉ·µ´ , ¤²Ö · §· ¡µÉ±¨ ¶·µ£· ³³Ò ¨¸¸²¥¤µ¢ ´¨° ¢ µ¡² ¸É¨
·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¨ ¨ µ¶·¥¤¥²¥´¨Ö ¶·¥¤¥²µ¢ ¶·¨³¥´¨³µ¸É¨
¶·µÉµ´-´¥°É·µ´´µ° ³µ¤¥²¨ Ö¤· .

�Ò² ¢¢¥¤¥´ ¶ · ³¥É· ®±Ê³Ê²ÖÉ¨¢´µ¥ Î¨¸²µ¯ X, ¨¸Ìµ¤Ö ¨§ § ±µ´µ¢ ¸µ-
Ì· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸ , § ¶¨¸ ´´ÒÌ ¢ ¢¨¤¥

(X
I
P

I
 + P

II
 − P

1
)2 = 


 ∑ Pi 




2
 = 


 ∑ mi 




2
 + ∑ 

i > j

mi mj bij . (14)

…¤¨´¸É¢¥´´µ° £¨¶µÉ¥§µ° Ö¢²Ö¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¶·¥´¥¡·¥¦¥´¨Ö ¶µ¸²¥¤-
´¨³ Î²¥´µ³ ¢ ¶· ¢µ° Î ¸É¨ Ëµ·³Ê²Ò (14). �Éµ µ§´ Î ¥É, ÎÉµ ¶·¨ µ¡· §µ-
¢ ´¨¨ ¨´±²Õ§¨¢´µ° Î ¸É¨ÍÒ 1, µÉ¤ ÎÊ ¢µ¸¶·¨´¨³ ¥É ¡ ·¨µ´´Ò° ±² ¸É¥·,
¤²Ö ±µÉµ·µ£µ 〈bij 〉 << 1.

ŠÊ³Ê²ÖÉ¨¢´Ò° ÔËË¥±É µ¶·¥¤¥²Ö²¸Ö ± ± µ¡· §µ¢ ´¨¥ Î ¸É¨Í ¢ ±¨´¥³ -
É¨Î¥¸±µ° µ¡² ¸É¨:

(U
1
U

I
) > (U

I
U

II
) >> 1,     X

I
 ≥ 

m
1

m
0

 
(U

1
U

I
)

(U
I
U

II
) 

m
1

m
0

 x
1
 ≥ 1, (15)
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x1 Å µ¶·¥¤¥²¥´´ Ö ¢ÒÏ¥ ¶¥·¥³¥´´ Ö ¸¢¥Éµ¢µ£µ ±µ´Ê¸ , XI Å ¨³¥¥É ¸³Ò¸²

ÔËË¥±É¨¢´µ£µ Î¨¸²  ´Ê±²µ´µ¢ Ö¤·  I, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ·¥ ±Í¨¨.

�¥·¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶µ µ¡´ ·Ê¦¥´¨Õ ±Ê³Ê²ÖÉ¨¢´ÒÌ ¶¨µ´µ¢ ¡Ò²¨ ¢Ò-

¶µ²´¥´Ò ¢ 1971 £µ¤Ê. ‚ ·¥ ±Í¨¨ d + Cu → π− + Á  ¶¨µ´,  ¨¸¶ÊÐ¥´´Ò° ¶µ¤
0Æ, Ê´µ¸¨² Ô´¥·£¨Õ ¢ 1,5 · §  ¡µ²ÓÏÊÕ, Î¥³ Ô´¥·£¨Ö, ±µÉµ· Ö ¶·¨Ìµ¤¨É¸Ö ́  
µ¤¨´ ´Ê±²µ´ ·¥²ÖÉ¨¢¨¸É¸±µ£µ ¤¥°É·µ´ .

Š ± ¶µ± § ²  ¡µ²ÓÏ Ö ¸¥·¨Ö Ô±¸¶¥·¨³¥´Éµ¢, ¶·µ¢¥¤¥´´ÒÌ ¢ ‹ ¡µ· Éµ-
·¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° �ˆŸˆ [19], ¶·¥¤¥²Ó´ Ö Ë· £³¥´É Í¨Ö Ö¤¥· ¸ Ìµ·µÏ¥°
ÉµÎ´µ¸ÉÓÕ ·¥ ²¨§Ê¥É¸Ö Ê¦¥ ¶·¨ bI II ≥ 5, ¨ ¸¥Î¥´¨Ö Ë ±Éµ·¨§ÊÕÉ¸Ö ´  ¤¢ 

·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´ÒÌ ³´µ¦¨É¥²Ö W I ¨ W II. �Éµ µ§´ Î ¥É, ÎÉµ Ê¸²µ-
¢¨Ö ´ ¡²Õ¤¥´¨Ö ±Ê³Ê²ÖÉ¨¢´µ£µ ÔËË¥±É  (15) ¤²Ö Ê£²  0Æ ¢ ² ¡µ· Éµ·´µ°
¸¨¸É¥³¥ ¸µ¢¶ ¤ ÕÉ ¸ Ê¸²µ¢¨Ö³¨ ´ ¡²Õ¤¥´¨Ö ¢  ´É¨² ¡µ· Éµ·´µ° ¸¨¸É¥³¥

¤²Ö Ê£²  180Æ. ˆ´ Î¥ £µ¢µ·Ö, ¤²Ö ¨§ÊÎ¥´¨Ö ËÊ´±Í¨° W I(bI1, x1) ´¥É ´¥µ¡Ìµ-

¤¨³µ¸É¨ Ê¸±µ·ÖÉÓ Ö¤·  I ¤µ Ô´¥·£¨° ¢ÒÏ¥ ' 5 A ƒÔ‚. ‚ ¸µµÉ¢¥É¸É¢¨¨ ¸
¶·¨´Í¨¶µ³ µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨° ÔÉ¨ ËÊ´±Í¨¨ ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸ÖÉ µÉ
¸¢µ°¸É¢ ¨ Ô´¥·£¨¨ Ö¤·  II. ‘µ¢µ±Ê¶´µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ
±Ê³Ê²ÖÉ¨¢´µ³Ê ·µ¦¤¥´¨Õ ¤²Ö ¢¸¥Ì Ö¤¥· µÉ £¥²¨Ö ¤µ Ê· ´  Ê¤µ¢²¥É¢µ·Ö¥É
¸²¥¤ÊÕÐ¥° § ±µ´µ³¥·´µ¸É¨ [22]:

W I ∝ A
m(X

I
)
 exp 




 
X

I

〈X〉 



 . (16)

ŠÊ³Ê²ÖÉ¨¢´Ò° ÔËË¥±É ¡Ò² ¨§ÊÎ¥´ ¢ µ¡² ¸É¨ 0,5 < X < 3,5 ¨ ¢ Ï¨·µ±µ³
¤¨ ¶ §µ´¥ bI II. �Éµ ¡Ò²µ ¶¥·¢Ò³ Ê¡¥¤¨É¥²Ó´Ò³ ¶µ¤É¢¥·¦¤¥´¨¥³  ¢Éµ³µ-

¤¥²Ó´µ¸É¨ Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨° ¨ ¶·¨´Í¨¶  µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨° ¢
¶·µ¸É· ´¸É¢¥ µÉ´µ¸¨É¥²Ó´ÒÌ ¸±µ·µ¸É¥°.

‘ ¶µ³µÐÓÕ µ¤´µ£µ Î¨¸²µ¢µ£µ ¶ · ³¥É·  〈X〉 = 0,65 Ê¤ ²µ¸Ó µ¶¨¸ ÉÓ
¸²µ¦´µ¥ ³´µ£µ¶ · ³¥É·¨Î¥¸±µ¥ Ö¢²¥´¨¥. �¥µ¡Ìµ¤¨³µ ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ
§ ±µ´ (16) µ¶¨¸Ò¢ ¥É ¨§³¥´¥´¨¥ ¸¥Î¥´¨° ¨´±²Õ§¨¢´µ£µ µ¡· §µ¢ ´¨Ö  ¤·µ-
´µ¢ ´  ¤¥¢ÖÉÓ ¶µ·Ö¤±µ¢ ¢¥²¨Î¨´Ò. �  ·¨¸.10 ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó-

´Ò¥ ¤ ´´Ò¥ £·Ê¶¶Ò ‚.‘.‘É ¢¨´¸±µ£µ ¶µ ±Ê³Ê²ÖÉ¨¢´µ³Ê ·µ¦¤¥´¨Õ π±-,

K ±-³¥§µ´µ¢ ¢ ¢¨¤¥ § ¢¨¸¨³µ¸É¨ ¸¥Î¥´¨° µÉ ¶¥·¥³¥´´µ° X.

�¥·¢Ò³ ¶·¨³¥´¥´¨¥³ ¶·µ³¥¦ÊÉµÎ´µ°  ¸¨³¶ÉµÉ¨±¨ ¢ ¶·µ¸É· ´¸É¢¥ ¸±µ-
·µ¸É¥° ¢ ´Ê±²µ´´µ° Ë¨§¨±¥ ¡Ò²µ ¨¸¶µ²Ó§µ¢ ´¨¥ ¶µ²Õ¸´µ£µ ¶·¨¡²¨¦¥´¨Ö
[29] ¤²Ö µ¶¨¸ ´¨Ö Ë· £³¥´É Í¨µ´´ÒÌ ¶·µÍ¥¸¸µ¢. �µ¤ Ë· £³¥´É Í¨µ´´Ò³¨
¶µ´¨³ ÕÉ¸Ö É ±¨¥ ¶·µÍ¥¸¸Ò, ±µ£¤  ·¥£¨¸É·¨·Ê¥É¸Ö µ¸±µ²µ± Ö¤·  1 ¶·¨ ¸Éµ²±-
´µ¢¥´¨¨ Ö¤¥· I ¨ II ¶·¨ Ê¸²µ¢¨ÖÌ: bI II ≥ 1,  0,3 ≥ bI 1 ≥ 0,  0,3 ≥ bII 1 ≥ 0.
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C¥Î¥´¨Ö É ±¨Ì ¶·µÍ¥¸¸µ¢ µ¶¨¸Ò¢ ÕÉ¸Ö  ¢Éµ³µ¤¥²Ó´Ò³ ·¥Ï¥´¨¥³:
1

√b
II 1

 + 
b
II 1
2

4

 
dσ

db
II 1

 = 
1

(b
II 1

 + α
II 1

)2
 C, (17)

£¤¥ α
II 1

 = 
2ε

II 1
(m

II
 − m

1
)

m
II
m

1

, m
II
, m

1
 Å ³ ¸¸Ò Ö¤¥·, ε

II 1
 Å Ô´¥·£¨Ö ¸¢Ö§¨

Ë· £³¥´É  1 ¢ Ö¤·¥ II, C Å ±µ´¸É ´É . „²Ö ¢¸¥Ì Ë· £³¥´É Í¨µ´´ÒÌ Ö¤¥·-

´ÒÌ ¶·µÍ¥¸¸µ¢ ¢¥²¨Î¨´  α
II 1

 ≈ 10−2. …¥ ³ ²µ¸ÉÓ µ¡Ê¸²µ¢²¥´  ³ ²µ¸ÉÓÕ

Ô´¥·£¨¨ ¸¢Ö§¨, ¶·¨Ìµ¤ÖÐ¥°¸Ö ´  ´Ê±²µ´, ¶µ ¸· ¢´¥´¨Õ ¸ ³ ¸¸µ° ¸ ³µ£µ
´Ê±²µ´ . ‡ ±µ´µ³¥·´µ¸É¨ (17) ³µ¦´µ ¶·¨¤ ÉÓ Ö¢´Ò° ¢¨¤ ¶·µ³¥¦ÊÉµÎ´µ°
 ¸¨³¶ÉµÉ¨±¨:

                          

1

√b
II 1

 + 
b
II 1
2

4

  
dσ

db
II 1

 (Π)

1

√b
II 1

 + 
b
II 1
2

4

  
dσ

db
II 1

 (Π = 0)
 = 

1

(Π + 1)2
 .               (18)

�¨¸.10. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´-
´Ò¥, ¶µ²ÊÎ¥´´Ò¥ £·Ê¶¶µ° ‚.‘.‘É -
¢¨´¸±µ£µ, ¶µ ±Ê³Ê²ÖÉ¨¢´µ³Ê ·µ¦¤¥-
´¨Õ ¶¨µ´µ¢, ± µ´µ¢ ¨  ´É¨¶·µÉµ-
´µ¢ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¢¢¥¤¥´´µ£µ
¨³ ¶ · ³¥É·  •
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‡ ¢¨¸¨³µ¸ÉÓ µÉ bII 1,  Éµ³´ÒÌ ´µ³¥·µ¢ AI, AII ¨ µÉ Ô´¥·£¨¨ ¸¢Ö§¨ εII 1

c¢¥² ¸Ó ± Ê´¨¢¥·¸ ²Ó´µ° § ¢¨¸¨³µ¸É¨ µÉ µ¤´µ£µ ¶ · ³¥É·  Π = bII 1 6 αII 1.

‚ ¨´É¥·¢ ²¥ 1 ≥ bII 1 ≥ 0 µÉ´µÏ¥´¨¥ (18) ³¥´Ö¥É¸Ö ´  Î¥ÉÒ·¥ ¶µ·Ö¤± 

¢¥²¨Î¨´Ò ¨ ¢ ´¥Ë¨§¨Î¥¸±µ° µ¡² ¸É¨ Π = − 1 µ¡· Ð ¥É¸Ö ¢ ¡¥¸±µ´¥Î´µ¸ÉÓ.
�¡µ¡Ð¥´¨¥ µ¶¨¸ ´´ÒÌ ¢ÒÏ¥ § ±µ´µ³¥·´µ¸É¥° ̧ ¢Ö§ ´µ ¸µ ̧ ´ÖÉ¨¥³ µ£· -

´¨Î¥´¨° ´  µ¡² ¸ÉÓ ¨Ì ¶·¨³¥´¨³µ¸É¨. �µ²¥¥ ¢¸¥£µ ÔÉµ ± ¸ ¥É¸Ö ±Ê³Ê²Ö-
É¨¢´µ£µ ÔËË¥±É . ‚¢¥¤¥´¨¥ µ¡µ¡Ð¥´´µ£µ ¶ · ³¥É·  ¶µ¤µ¡¨Ö [30] ¢³¥¸Éµ X
¶µ§¢µ²Ö¥É · ¸¸³ É·¨¢ ÉÓ ±Ê³Ê²ÖÉ¨¢´Ò° ÔËË¥±É ± ± Î ¸É´Ò° ¸²ÊÎ ° ¶·µÍ¥¸-
¸µ¢ ³´µ£µÎ ¸É¨Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, ¢±²ÕÎ Ö £²Ê¡µ±µ¶µ¤¶µ·µ£µ¢Ò¥, µ±µ²µ-
¶µ·µ£µ¢Ò¥ ¨ ´¥±µÉµ·Ò¥ ´ ¤¶µ·µ£µ¢Ò¥ Ö¤¥·´Ò¥ ¶·µÍ¥¸¸Ò. �Éµ ¦¥ µ¡µ¡Ð¥-
´¨¥ ¶µ§¢µ²Ö¥É ¤ ÉÓ ±µ²¨Î¥¸É¢¥´´µ¥ µ¶¨¸ ´¨¥ µ¡· §µ¢ ´¨Ö  ´É¨³ É¥·¨¨ ¢
·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨ÖÌ.

�¡Ð¨° ¢¨¤  ¢Éµ³µ¤¥²Ó´µ£µ ·¥Ï¥´¨Ö ¤²Ö ¨´±²Õ§¨¢´ÒÌ ¶·µÍ¥¸¸µ¢
 ¤·µ´µµ¡· §µ¢ ´¨Ö § ¶¨¸Ò¢ ¥É¸Ö Î¥·¥§ ¨§³¥·¨³Ò¥ ¶ · ³¥É·Ò ¢ ¢¨¤¥ [30]:

E 
d 3σ
d 3p

 = C
1
A

1

 α(X
1
)
A

2

α(X
2
)
f (Π), (19)

§¤¥¸Ó C1 Å ±µ´¸É ´Éa, µ¶·¥¤¥²ÖÕÐ Ö · §³¥·´µ¸ÉÓ ¨´¢ ·¨ ´É´µ£µ ¤¨ËË¥-

·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö, A Å  Éµ³´Ò¥ ´µ³¥·  ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·, α ¨ f Å
ËÊ´±Í¨¨, µ¶·¥¤¥²Ö¥³Ò¥ ¨§ Ô±¸¶¥·¨³¥´É . �¡µ¡Ð¥´´Ò° ¶ · ³¥É· ¶µ¤µ¡¨Ö
¨³¥¥É ¢¨¤

Π = 
1
2
 (X

1
 2 + X

2
 2 + 2X

1
X

2
γ
12

)16 2, (20)

§¤¥¸Ó γij = ui uj = Pi Pj6 Mi Mj Å ²µ·¥´Í-Ë ±Éµ· µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö

¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·; X1 ̈  X2 ̈ ³¥ÕÉ Ë¨§¨Î¥¸±¨° ̧ ³Ò¸² ¤µ²¥° 4-¨³¶Ê²Ó¸µ¢,

´¥µ¡Ìµ¤¨³ÒÌ ¤²Ö µ¡· §µ¢ ´¨Ö ·¥£¨¸É·¨·Ê¥³µ° Î ¸É¨ÍÒ,   É ±¦¥ ÔËË¥±É¨¢-
´µ£µ Î¨¸²  ´Ê±²µ´µ¢, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ·¥ ±Í¨¨. ‚ µ¡² ¸É¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì
¸Éµ²±´µ¢¥´¨° µÉ´µ¸¨É¥²Ó´Ò¥ ¸±µ·µ¸É¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ´Ê±²µ´µ¢ ³´µ£µ
¡µ²ÓÏ¥ µÉ´µ¸¨É¥²Ó´ÒÌ ¸±µ·µ¸É¥° ´Ê±²µ´µ¢ ¢´ÊÉ·¨ Ö¤· , É.¥. ³µ¦´µ ¶·¥´¥-
¡·¥ÎÓ · §²¨Î¨¥³ ¢ µÉ´µ¸¨É¥²Ó´ÒÌ ¸±µ·µ¸ÉÖÌ µÉ¤¥²Ó´ÒÌ ´Ê±²µ´µ¢ ¢ Ö¤·¥.
ˆ³¶Ê²Ó¸ ÔËË¥±É¨¢´µ£µ Î¨¸²  ´Ê±²µ´µ¢ ¢ Ö¤·¥ 1, ¶·¨´¨³ ÕÐ¨Ì ÊÎ ¸É¨¥ ¢
·¥ ±Í¨¨, ¨³¥¥É ¢¨¤ X1m0u1, £¤¥ u1 Å ¸±µ·µ¸ÉÓ Ö¤·  1 ± ± Í¥²µ£µ, m0 Å

³ ¸¸  µ¤´µ£µ ´Ê±²µ´ . ‚¥²¨Î¨´Ò X1 ¨ X2 ¸É ´µ¢ÖÉ¸Ö ¨§³¥·¨³Ò³¨, ¥¸²¨

¶·¨´ÖÉÓ £¨¶µÉ¥§Ê µ ³¨´¨³ ²Ó´µ¸É¨ ³ ¸¸Ò m0
2(u1X1 + u2X2)2 ¨ ÊÎ¥¸ÉÓ § ±µ´

¸µÌ· ´¥´¨Ö 4-¨³¶Ê²Ó¸ , § ¶¨¸ ´´Ò° ¢ ¢¨¤¥: m0(u1X1 + u2X2) ∑ Pi . ’ ±¨³

µ¡· §µ³, ¶·µÍ¥¤Ê·  µ¶·¥¤¥²¥´¨Ö X1 ¨ X2,   ¸²¥¤µ¢ É¥²Ó´µ, ¨ Π ¸µ¸Éµ¨É ¢

µ¶·¥¤¥²¥´¨¨ ³¨´¨³Ê³  Π ´  µ¸´µ¢¥ § ±µ´µ¢ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸ ,
§ ¶¨¸ ´´µ£µ ¢ ¢¨¤¥
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(X
1
m

0
u
1
 + X

2
m

0
u
2
 − M

3
u
3
)2 = (X

1
m

0
u
1
′ + X

2
m

0
u
2
′ + ∑ 

k = 4

Mkuk)
2. (21)

…¤¨´¸É¢¥´´ Ö £¨¶µÉ¥§  Å ¢µ§³µ¦´µ¸ÉÓ ¶·¥´¥¡·¥ÎÓ µÉ´µ¸¨É¥²Ó´Ò³ ¤¢¨¦¥-
´¨¥³ ¢¸¥Ì µ¸É ²Ó´ÒÌ ´¥ ·¥£¨¸É·¨·Ê¥³ÒÌ Î ¸É¨Í,   ¨³¥´´µ Î²¥´µ³

2 ∑ 
k > 1

(γkl − 1) Mk Ml ¢ ¶· ¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö (21). „ ´´ Ö £¨¶µÉ¥§ 

Ìµ·µÏµ ¸µ£² ¸Ê¥É¸Ö ¸ ¶·¨´Í¨¶µ³ µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨° ¨ Ô±¸¶¥·¨³¥´-
É ²Ó´µ ¶µ¤É¢¥·¦¤¥´´Ò³¨ ¸¢µ°¸É¢ ³¨ · ¸¶·¥¤¥²¥´¨Ö ¢Éµ·¨Î´ÒÌ Î ¸É¨Í,
µ¶¨¸ ´´ÒÌ ¢ · §¤.3.

‘¢Ö§Ó ³¥¦¤Ê X1 ¨ X2 Ê¤µ¡´µ § ¶¨¸ ÉÓ ¢ ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´µ³ ¨

¡¥§· §³¥·´µ³ ¢¨¤¥:

X
1
X

2
(γ

12
 − 1) − X

1
 






 
M

3

m
0
 γ

13
 + 

M
4

m
0
 






 − 







 
M

3

m
0
 γ

23
 + 

M
4

m
0
 






 = 

M
4
 2 − M

3
 2

2m
0
2

 .     (22)

�´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ± § ² [31], ÎÉµ ËÊ´±Í¨Ö α
Ìµ·µÏµ ¶ · ³¥É·¨§Ê¥É¸Ö ¢ ¢¨¤¥: α = 16 3 + X6 3, £¤¥ X = X1 ¨ X2 ¸µµÉ¢¥É-

¸É¢¥´´µ.

�¨¸.11. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ±Ê³Ê²ÖÉ¨¢´µ³Ê µ¡· §µ¢ ´¨Õ ¶¨µ´µ¢, ¶µ²ÊÎ¥´-
´Ò¥ ´  Ê¸±µ·¨É¥²ÖÌ ˆ’�” [32] ¨ ˆ”‚� [37], ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶ · ³¥É·  ¶µ¤µ¡¨Ö Π.
�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ´µ·³¨·µ¢ ´Ò ´  ¢ÒÎ¨¸²¥´´Ò¥ �-§ ¢¨¸¨³µ¸É¨ (¸³. É¥±¸É)
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‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¢ ¶· ¢ÊÕ Î ¸ÉÓ Ê· ¢´¥´¨Ö (22) ¢Ìµ¤ÖÉ ³ ¸¸Ò Î ¸-
É¨Í, µ¡¥¸¶¥Î¨¢ ÕÐ¨¥ ¸µÌ· ´¥´¨¥ ¡ ·¨µ´´µ£µ Î¨¸² , ¸É· ´´µ¸É¨ ¨ ¤·Ê£¨Ì
®¢´ÊÉ·¥´´¨Ì¯ ±¢ ´Éµ¢ÒÌ Î¨¸¥². ‚ ¸²ÊÎ ¥ ¨´±²Õ§¨¢´µ£µ µ¡· §µ¢ ´¨Ö  ´É¨-
³ É¥·¨¨ ¶· ¢ Ö Î ¸ÉÓ (22) · ¢´  ´Ê²Õ. �µ¤ É¥·³¨´µ³ ® ´É¨³ É¥·¨Ö¯ ¶µ´¨-
³ ÕÉ¸Ö Î ¸É¨ÍÒ ¨ Ö¤· , ¸µ¸ÉµÖÐ¨¥ ¶·¥¨³ÊÐ¥¸É¢¥´´µ ¨§  ´É¨±¢ ·±µ¢.

�  ·¨¸.11 ¶µ± § ´  § ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨° ±Ê³Ê²ÖÉ¨¢´µ£µ µ¡· §µ¢ ´¨Ö
¶¨µ´µ¢ µÉ ¶ · ³¥É·  ¶µ¤µ¡¨Ö Π. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ [32,37] ´µ·-
³¨·µ¢ ´Ò ´  ¢ÒÎ¨¸²¥´´Ò¥ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¢ÒÏ¥Ê± § ´´µ° ¶·µÍ¥¤Ê·µ°
A-§ ¢¨¸¨³µ¸É¨. ’ ±¨³ µ¡· §µ³, § ¢¨¸¨³µ¸ÉÓ µÉ Ô´¥·£¨¨ ¸Éµ²±´µ¢¥´¨Ö, ¨³-
¶Ê²Ó¸  ¨ Ê£²  ¢Ò²¥É  ·¥£¨¸É·¨·Ê¥³µ° Î ¸É¨ÍÒ ¸¢µ¤¨É¸Ö ± § ¢¨¸¨³µ¸É¨ µÉ
µ¤´µ° ¶¥·¥³¥´´µ° Å ¶ · ³¥É·  ¶µ¤µ¡¨Ö Π. �  ·¨¸.12, 13 ¶µ± § ´Ò § ¢¨-
¸¨³µ¸É¨ µ¡· §µ¢ ´¨Ö Î ¸É¨Í  ´É¨³ É¥·¨¨ ¢ £²Ê¡µ±µ¶µ¤¶µ·µ£µ¢ÒÌ ¨ µ±µ²µ-
¶µ·µ£µ¢ÒÌ ·¥ ±Í¨ÖÌ [32,33,35,39Å41] ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶ · ³¥É·  Π.
�´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ´  · §´ÒÌ Ê¸±µ·¨É¥²ÖÌ, ¢

�¨¸.12. �±¸¶¥·¨³¥´É ²Ó´Ò¥ § ¢¨¸¨³µ¸É¨ ¶µ £²Ê¡µ±µ¶µ¤-
¶µ·µ£µ¢µ³Ê ·µ¦¤¥´¨Õ ± µ´µ¢ ¨  ´É¨¶·µÉµ´µ¢, ¶µ²Ê-
Î¥´´Ò¥ ´  ¶ÊÎ± Ì ¸¨´Ì·µË §µÉ·µ´  (�ˆŸˆ) [35,36] ¨
�¥¢ ² ± (‘˜�) [33,34], ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶ · ³¥É· 
¶µ¤µ¡¨Ö Π. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ´µ·³¨·µ¢ ´Ò
´  ¢ÒÎ¨¸²¥´´Ò¥ A-§ ¢¨¸¨³µ¸É¨ (¸³. É¥±¸É)
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· §²¨Î´ÒÌ ±¨´¥³ É¨Î¥¸±¨Ì ¶µ¸É ´µ¢± Ì Ô±¸¶¥·¨³¥´Éµ¢ ¶µ§¢µ²Ö¥É § ¶¨¸ ÉÓ
Ö¢´Ò° ±µ²¨Î¥¸É¢¥´´Ò° ¢¨¤  ¢Éµ³µ¤¥²Ó´µ£µ ·¥Ï¥´¨Ö:

E 
d 3σ
d 3p

 = C
1
A

1

1 6 3 + X
1
6 3

 A
2

1 6 3 + X
2
6 3

 exp (− Π6 C
2
) (23)

¨ µ¶·¥¤¥²¨ÉÓ Ê´¨¢¥·¸ ²Ó´Ò¥ ±µ´¸É ´ÉÒ C1 ¨ C2: C1 = 0,125 + (− 0,002) ¨

C2 = 19000 [³¡ ⋅ ƒÔ‚−2 ⋅ c3 ⋅ ̧ ·−1].

‚ · ¡µÉ Ì ¶µ ¨¸¸²¥¤µ¢ ´¨Õ ±Ê³Ê²ÖÉ¨¢´µ£µ ÔËË¥±É  [19] µÉ³¥Î ² ¸Ó ́ ¥-
¸¨³³¥É·¨Î´ Ö A-§ ¢¨¸¨³µ¸ÉÓ µÉ ´ ²¥É ÕÐ¥£µ Ö¤·  ¨ Ö¤· -³¨Ï¥´¨. �±¸¶¥-
·¨³¥´É ²Ó´µ ¡Ò²  ¶µ± § ´  ¸² ¡ Ö (¶¥·¨Ë¥·¨Î¥¸± Ö) § ¢¨¸¨³µ¸ÉÓ µÉ ´ ²¥-
É ÕÐ¥£µ Ö¤·  ¨ ·¥§±µ Ê¸¨²¥´´ Ö µÉ Ö¤· -³¨Ï¥´¨ ¢ ¸²ÊÎ ¥ ¨¸¸²¥¤µ¢ ´¨Ö
µ¡² ¸É¨ Ë· £³¥´É Í¨¨ ³¨Ï¥´¨. „²Ö ¶·¨³¥·  ´  ·¨¸.14 ¶µ± § ´Ò § ¢¨¸¨-
³µ¸É¨ ¶ · ³¥É· , µ¶·¥¤¥²¥´´µ£µ Ëµ·³Ê²µ° (20), ± ± ËÊ´±Í¨¨ X1 ¨ X2 ¢

�¨¸.13. �±¸¶¥·¨³¥´É ²Ó´Ò¥ § ¢¨¸¨³µ¸É¨ ¶µ £²Ê¡µ±µ¶µ¤¶µ-
·µ£µ¢µ³Ê ·µ¦¤¥´¨Õ ± µ´µ¢ ̈   ´É¨¶·µÉµ´µ¢, ¶µ²ÊÎ¥´´Ò¥ ¶·¨
¢§ ¨³µ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ Ö¤¥· [40,41] (GSI, ƒ¥·³ ´¨Ö), ¢
§ ¢¨¸¨³µ¸É¨ µÉ ¶ · ³¥É·  ¶µ¤µ¡¨Ö Π. �±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥ ́ µ·³¨·µ¢ ´Ò ́   Ê´¨¢¥·¸ ²Ó´Ò¥ ¢ÒÎ¨¸²¥´´Ò¥ A-§ ¢¨-
¸¨³µ¸É¨
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¸²ÊÎ ¥ ±Ê³Ê²ÖÉ¨¢´µ£µ (180Æ ¢ ² ¡µ· Éµ·´µ° ¸¨¸É¥³¥) ·µ¦¤¥´¨Ö K − ¸
¨³¶Ê²Ó¸µ³ 1 ƒÔ‚/¸ ¶·¨ Ô´¥·£¨¨ ´ ²¥É ÕÐ¨Ì ¶·µÉµ´µ¢ 60 ƒÔ‚. ˆ§ ·¨¸.14
¢¨¤´µ, ÎÉµ ³¨´¨³Ê³ ¶ · ³¥É·  ¶µ¤µ¡¨Ö Π ·¥ ²¨§Ê¥É¸Ö, ±µ£¤  X1 << X2.

‚ ¸²ÊÎ ¥ ¶µ¤¶µ·µ£µ¢ÒÌ ·¥ ±Í¨°, ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸.12, 13, X1 ≈ X2,

¶·¨ ÔÉµ³ µ¡  X ¡µ²ÓÏ¥ ¥¤¨´¨ÍÒ, ÎÉµ ¨ µ¡¥¸¶¥Î¨¢ ¥É ·¥§±µ Ê¸¨²¥´´Ò¥

�¨¸.15. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ µ¡· §µ¢ ´¨Õ  ´É¨³ É¥·¨¨ ¨ Ö¤¥·´ÒÌ Ë· £³¥´-
Éµ¢ ¶·¨ Ô´¥·£¨¨ 200 ¨ 240 ƒÔ‚, ¶µ²ÊÎ¥´´Ò¥ ´  Ê¸±µ·¨É¥²¥ SPS (CERN) [38] ¢ § ¢¨-
¸¨³µ¸É¨ µÉ ¶ · ³¥É·  ¶µ¤µ¡¨Ö Π

�¨¸.14. ‡ ¢¨¸¨³µ¸ÉÓ ¶ · ³¥É·  ¶µ¤µ¡¨Ö Π µÉ X1 ( ) ¨ X2 (¡) ¢ ¸²ÊÎ ¥ ±Ê³Ê-

²ÖÉ¨¢´µ° ±¨´¥³ É¨±¨
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A-§ ¢¨¸¨³µ¸É¨ ± ± µÉ ́  ²¥É ÕÐ¥-
£µ Ö¤· , É ± ¨ µÉ Ö¤· -³¨Ï¥´¨.
�¥·¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ, ¢ ±µÉµ-
·ÒÌ ¡Ò²µ µ¡´ ·Ê¦¥´µ, ÎÉµ ¸¥Î¥-
´¨¥ µ¡· §µ¢ ´¨Ö  ´É¨¶·µÉµ´µ¢ ¢
Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ
´  ¶µ·Ö¤±¨ ¢¥²¨Î¨´ ¡µ²ÓÏ¥, Î¥³
¢ ¶·µÉµ´-Ö¤¥·´ÒÌ (¢ Ê¸²µ¢¨ÖÌ
µ¤¨´ ±µ¢µ° ±¨´¥³ É¨±¨), ¡Ò²¨
¢Ò¶µ²´¥´Ò ´  ¶ÊÎ± Ì ¤Ê¡´¥´-
¸±µ£µ ¸¨´Ì·µË §µÉ·µ´  [35].

� · ³¥É· Π § ¢¨¸¨É É ±¦¥
µÉ ²µ·¥´Í-Ë ±Éµ·  µÉ´µ¸¨É¥²Ó-
´µ£µ ¤¢¨¦¥´¨Ö ¸É ²±¨¢ ÕÐ¨Ì¸Ö
Ö¤¥·. ‘²¥¤µ¢ É¥²Ó´µ, ´ ¡²Õ¤¥-
´¨¥ Ê¸¨²¥´´ÒÌ Ö¤¥·´ÒÌ ÔËË¥±-
Éµ¢ ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ³ ²µ-
¢¥·µÖÉ´µ, É.¥. ¸µµÉ¢¥É¸É¢Ê¥É ³ -
²Ò³ ¸¥Î¥´¨Ö³ ¸µ£² ¸´µ Ëµ·-
³Ê²¥ (23).

�  ·¨¸.15 ¶µ± § ´Ò Ô±¸¶¥-
·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ [38] ¶µ

µ¡· §µ¢ ´¨Õ p, d, t, p−, d −, t − ¢
¶·µÉµ´-Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ ¶·¨
Ô´¥·£¨ÖÌ 200 ¨ 240 ƒÔ‚ ¢ § ¢¨-
¸¨³µ¸É¨ µÉ ¶ · ³¥É·  ¶µ¤µ¡¨Ö
Π. � §²¨Î¨¥ ¢ ¢ÒÎ¨¸²¥´¨ÖÌ Π
¤²Ö Ö¤¥· ¨  ´É¨Ö¤¥· § ±²ÕÎ ¥É¸Ö
¢ §´ ±¥ M4 (Ëµ·³Ê²  (22)). ‚ ¸²Ê-

Î ¥ µ¡· §µ¢ ´¨Ö  ´É¨Ö¤¥· §´ ± Ê
M4 ¶µ²µ¦¨É¥²Ó´Ò°, ¶µ¸±µ²Ó±Ê

¤²Ö ·µ¦¤¥´¨Ö Ö¤·  ´¥µ¡Ìµ¤¨³µ
¶µ ±· °´¥° ³¥·¥ ·µ¦¤¥´¨¥ É ±µ£µ
¦¥  ´É¨Ö¤· . Ÿ¤¥·´Ò° Ë· £³¥´É
³µ¦¥É µ¡· §µ¢ ÉÓ¸Ö ¢ ·¥§Ê²ÓÉ É¥
¶¥·¥· ¸¶·¥¤¥²¥´¨Ö ¨³¶Ê²Ó¸µ¢
(´¥µ¡Ìµ¤¨³µ¥ ±µ²¨Î¥¸É¢µ ́ Ê±²µ-
´µ¢ ¨³¥¥É¸Ö ¢ ´ Î ²Ó´µ³ ¸µ¸ÉµÖ-
´¨¨), ¶µÔÉµ³Ê ¢ Ëµ·³Ê²Ê (22)
M4 ¢Ìµ¤¨É ¸ µÉ·¨Í É¥²Ó´Ò³ §´ -

�¨¸.16. �¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´µ¥ µ¶¨¸ -
´¨¥ ¤ ´´ÒÌ ¶µ Ëµ·³Ê²¥ (23) µ±µ²µ¶µ·µ£µ¢µ£µ
·µ¦¤¥´¨Ö  ´É¨¶·µÉµ´µ¢ [38] (�·Ê±Ì¥°¢¥´,
‘˜�) ¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ Ö¤¥· ¸
±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¥° 13,7 ƒÔ‚/´Ê±²µ´

�¨ .̧17. �·¥¤¸± § ´¨¥ § ¢¨¸¨³µ¸É¥° ¨´¢ ·¨ ´É-
´ÒÌ ¨´±²Õ§¨¢´ÒÌ ¸¥Î¥´¨° µ¡· §µ¢ ´¨Ö  ´É¨-
¶·µÉµ´µ¢ µÉ ¨³¶Ê²Ó¸  ¨ Ê£²  ¨Ì µ¡· §µ¢ ´¨Ö
¶·¨ Ô´¥·£¨ÖÌ SPS (CERN)
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±µ³. ˆ´É¥·¥¸´µ µÉ³¥É¨ÉÓ
Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ-
¤ ¥³ÊÕ ¨ ±µ²¨Î¥¸É¢¥´´µ
µ¶¨¸Ò¢ ¥³ÊÕ Ëµ·³Ê²µ°
(23) µ¸µ¡¥´´µ¸ÉÓ Å ̧ ¥Î¥´¨¥
µ¡· §µ¢ ´¨Ö  ´É¨¤¥°É·µ´ 
( ´É¨¶·µÉµ´ ) ´  ´¥¸±µ²Ó±µ
¶µ·Ö¤±µ¢ ¢¥²¨Î¨´Ò ¡µ²ÓÏ¥
¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö µ¡ÒÎ-
´µ£µ Ö¤·  É·¨É¨Ö (¤¥°É¥·¨Ö).

�  ·¨¸.16 ¶·¥¤¸É ¢²¥´Ò
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
¶µ ·µ¦¤¥´¨Õ  ´É¨¶·µÉµ´µ¢
¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ·¥²ÖÉ¨-
¢¨¸É¸±¨Ì Ö¤¥· ¸ ±¨´¥É¨Î¥¸-
±µ° Ô´¥·£¨¥° 13,7 ƒÔ‚/´Ê±-
²µ´ [39] ¨ · ¸Î¥É ¶µ Ëµ·³Ê-
²¥ (23). ‚ ÔÉµ° ¦¥ · ¡µÉ¥
[39] ¡Ò²µ ¨§³¥·¥´µ ¸¥Î¥´¨¥
µ¡· §µ¢ ´¨Ö  ´É¨¤¥°É·µ´µ¢
¢ ·¥ ±Í¨¨ Si + Au, ±µÉµ·µ¥
¸µ£² ¸Ê¥É¸Ö ¸ · ¸Î¥Éµ³ ¶µ
Ëµ·³Ê²¥ (23).

�·¨´¨³ Ö ¢µ ¢´¨³ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö, ¢Ò¶µ²´¥´´Ò¥
´¥¤ ¢´µ ¢ CERN ¸ ¶ÊÎ± ³¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· ¸¢¨´Í  ¶·¨ Ô´¥·£¨ÖÌ
160 ƒÔ‚/´Ê±²µ´, ³µ¦´µ ¸¤¥² ÉÓ ¶·¥¤¸± § ´¨Ö µ¡ Ê£²µ¢ÒÌ ¨ Ô´¥·£¥É¨Î¥¸-
±¨Ì § ¢¨¸¨³µ¸ÉÖÌ ¸¥Î¥´¨° µ¡· §µ¢ ´¨Ö  ´É¨¶·µÉµ´µ¢ ¨  ´É¨¤¥°É·µ´µ¢
(·¨¸.17, 18).

‡�Š‹�—…�ˆ…

®ƒ² ¢´µ° Í¥²ÓÕ ¨¸¸²¥¤µ¢ ´¨° ¢´¥Ï´¥£µ ³¨· 
Ö¢²Ö¥É¸Ö µ¡´ ·Ê¦¥´¨¥ £ ·³µ´¨¨ ¨ · Í¨µ´ ²Ó-
´µ£µ ¶µ·Ö¤± , ±µÉµ·Ò° ‚¸¥¢ÒÏ´¨° ´¨¸¶µ¸² ²
³¨·Ê ¨ µÉ±·Ò² ´ ³ ´  Ö§Ò±¥ ³ É¥³ É¨±¨¯.

Š¥¶²¥·.

�¡´ ·Ê¦¥´¨¥ § ±µ´µ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¨ Ö¢²Ö¥É¸Ö Î ¸ÉÓÕ
µ¡Ð¥° Í¥²¨ ¶µ¨¸±  § ±µ´µ¢, µ¶¨¸Ò¢ ÕÐ¨Ì ·¥²ÖÉ¨¢¨¸É¸±¨¥ ³´µ£µÎ ¸É¨Î´Ò¥
¸¨¸É¥³Ò, ¢±²ÕÎ Ö ³ ±·µ¸±µ¶¨Î¥¸±¨¥. �É¨ ¶·µ¡²¥³Ò ¨§ÊÎ ²¨¸Ó ±·Ê¶´¥°Ï¨-
³¨ Ë¨§¨± ³¨ XX ¢¥± . �¥·¢Ò¥ · ¡µÉÒ ¡Ò²¨ ¶µ¸¢ÖÐ¥´Ò Ê· ¢´¥´¨Ö³ ¶¥·¥-
´µ¸ , ÎÉµ ¶µ§¢µ²¨²µ ¸Ëµ·³Ê²¨·µ¢ ÉÓ É¥·³µ¤¨´ ³¨Î¥¸±¨¥ ¸¢µ°¸É¢  ·¥²ÖÉ¨-

�¨¸.18. �·¥¤¸± § ´¨¥ § ¢¨¸¨³µ¸É¥° ¨´¢ ·¨ ´É´ÒÌ
¨´±²Õ§¨¢´ÒÌ ¸¥Î¥´¨° µ¡· §µ¢ ´¨Ö  ´É¨¤¥°É·µ´µ¢
µÉ ¨³¶Ê²Ó¸  ¨ Ê£²  ¨Ì µ¡· §µ¢ ´¨Ö ¶·¨ Ô´¥·£¨ÖÌ
SPS (CERN)
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¢¨¸É¸±¨Ì ³´µ£µÎ ¸É¨Î´ÒÌ · §·¥¦¥´´ÒÌ ¸¨¸É¥³. � §· ¡µÉ±  ±¢ ´Éµ¢µ-³¥Ì -
´¨Î¥¸±µ£µ µ¶¨¸ ´¨Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì ³´µ£µÎ ¸É¨Î´ÒÌ ¸¨¸É¥³ Å ±¢ ´Éµ¢µ°
É¥µ·¨¨ ¶µ²Ö ¨, µ¸µ¡¥´´µ, ¸É ´¤ ·É´µ° ³µ¤¥²¨ ¸µ§¤ ²  ¢¶¥Î É²¥´¨¥ µ § ¢¥·-
Ï¥´´µ¸É¨ ËÊ´¤ ³¥´É ²Ó´µ° ´ Ê±¨ ¢ ÔÉµ° µ¡² ¸É¨. �£·µ³´Ò° Ê¸¶¥Ì ±¢ ´Éµ-
¢µ° É¥µ·¨¨ ¶µ²Ö ¢ µ¶¨¸ ´¨¨ Ö¢²¥´¨° ³¨±·µ³¨·  µ¡Ê¸²µ¢²¥´ µ¸µ§´ ´¨¥³
ËÊ´¤ ³¥´É ²Ó´µ° ·µ²¨ ¶·¨´Í¨¶  ± ²¨¡·µ¢µÎ´µ° ¨´¢ ·¨ ´É´µ¸É¨ ¶·¨ ¶µ²-
´µ³ µ¶·¥¤¥²¥´¨¨ £ ³¨²ÓÉµ´¨ ´µ¢ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¶µ²¥°.

‚ ´ ¸ÉµÖÐ¥° ¸É ÉÓ¥ ³Ò ¶µ¤Î¥·±¨¢ ¥³, ÎÉµ ¢ µ¸´µ¢¥ ¤¥¤Ê±É¨¢´µ£µ ¶µ²Ê-
Î¥´¨Ö § ±µ´µ¢ ¶·¨·µ¤Ò ²¥¦ É ́ ¥ Éµ²Ó±µ ¸¨³³¥É·¨¨ £ ³¨²ÓÉµ´¨ ´µ¢. ®ƒ ·-
³µ´¨Ö ̈  · Í¨µ´ ²Ó´Ò° ¶µ·Ö¤µ±¯ ³¨·  ¢ §´ Î¨É¥²Ó´µ° ¸É¥¶¥´¨ µ¡Ê¸²µ¢²¥´Ò
¸¨³³¥É·¨¥° ·¥Ï¥´¨°, É.¥. ¸¨³³¥É·¨¥° ¸ ³¨Ì § ±µ´µ¢ ¶·¨·µ¤Ò. Œ´µ£¨¥ ¨§
´¨Ì ́ ¥ Ö¢²ÖÕÉ¸Ö ¸²¥¤¸É¢¨Ö³¨ £ ³¨²ÓÉµ´µ¢¸±µ£µ ³¥Éµ¤ ,   µ¡´ ·Ê¦¨¢ ÕÉ¸Ö ¢
·¥§Ê²ÓÉ É¥ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¶·µ¢¥·±¨ ¤µ¶µ²´¨É¥²Ó´ÒÌ ¸¢µ°¸É¢ ¸¨³³¥É-
·¨¨, ´¥ ¢ÒÉ¥± ÕÐ¨Ì ¨§ ¸¨³³¥É·¨¨ £ ³¨²ÓÉµ´¨ ´µ¢.

‚ · §¤.2 ¶·µ¤¥³µ´¸É·¨·µ¢ ´Ò ´¥±µÉµ·Ò¥ § ±µ´Ò ³¥Ì ´¨±¨ ¸¶²µÏ´ÒÌ
¸·¥¤, ±µÉµ·Ò¥ ¶µ²ÊÎ¥´Ò ¡¥§ ̈ ¸¶µ²Ó§µ¢ ´¨Ö £ ³¨²ÓÉµ´µ¢¸±µ£µ ³¥Éµ¤ , ̈  ¶·¨-
³¥´¥´Ò ³¥Éµ¤Ò ¸¨³³¥É·¨¨ ·¥Ï¥´¨° ¤²Ö µ¡´ ·Ê¦¥´¨Ö § ±µ´µ¢ ·¥²ÖÉ¨¢¨¸É-
¸±µ° Ë¨§¨±¨.

Œ¥Éµ¤Ò ¸¨³³¥É·¨¨ ·¥Ï¥´¨° ¸µ¸ÉµÖÉ ¢ ¸²¥¤ÊÕÐ¥³.
1. ‚Ò¤¥²ÖÕÉ¸Ö ¶ · ³¥É·Ò, µ¶¨¸Ò¢ ÕÐ¨¥ ¶·µ¡²¥³Ê, Å ¶·µ¸É· ´¸É¢µ

µ¶·¥¤¥²ÖÕÐ¨Ì ¶ · ³¥É·µ¢.
2. “¸³ É·¨¢ ¥É¸Ö, Ê£ ¤Ò¢ ¥É¸Ö ¸¨³³¥É·¨Ö ÔÉµ£µ ¶·µ¸É· ´¸É¢  ¨ µ¶·¥¤¥-

²ÖÕÉ¸Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¨´¢ ·¨ ´ÉÒ.
3. ‡ ±µ´Ò ¶·¨·µ¤Ò · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ̧ µµÉ´µÏ¥´¨Ö ³¥¦¤Ê ̈ ´¢ ·¨ ´-

É ³¨. Œ É¥³ É¨Î¥¸±¨° Ö§Ò± ̧ ¨³³¥É·¨¨ Å É¥µ·¨Ö £·Ê¶¶ Å ¶·¨ ÔÉµ³ ´¥µ¡Ò-
Î °´µ ÔËË¥±É¨¢¥´.

4. ˆ¸¶µ²Ó§ÊÕÉ¸Ö ¤µ¶µ²´¨É¥²Ó´Ò¥ ¶·¨´Í¨¶Ò: ¶·¨´Í¨¶ µ¸² ¡²¥´¨Ö ±µ·-
·¥²ÖÍ¨¨ (· §¤.3), ¶·µ³¥¦ÊÉµÎ´ Ö  ¸¨³¶ÉµÉ¨± , £¨¶µÉ¥§  µ¡  ´ ²¨É¨Î´µ¸É¨
Ë¨§¨Î¥¸±¨Ì § ±µ´µ¢, ²µ± ²Ó´ Ö  ¢Éµ³µ¤¥²Ó´µ¸ÉÓ (· §¤.4).

‚ ¸²ÊÎ ¥ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¨ µ¶·¥¤¥²ÖÕÐ¨³¨ ¶ · ³¥É· ³¨
Ö¢²ÖÕÉ¸Ö ¸¥Î¥´¨Ö, ¶·µ¨§¢µ¤´Ò¥ µÉ ´¨Ì ¢¥²¨Î¨´Ò ¨ ¨´¢ ·¨ ´É´Ò¥ ¡¥§· §-
³¥·´Ò¥ ¨´É¥·¢ ²Ò (· ¸¸ÉµÖ´¨Ö) ¢ ¶·µ¸É· ´¸É¢¥ µÉ´µ¸¨É¥²Ó´ÒÌ 4-¸±µ·µ¸É¥°:

bik = − (Ui − Uk)
2 = 2[(UiUk) − 1] = 2 







 
Ei Ek − pipk

mi mk
 − 1 







 = 2[ch ρik − 1].

— ¸É¨ÍÒ i ¨ k, ¢Ìµ¤ÖÐ¨¥ ¢  ´¸ ³¡²Ó, · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± Ô²¥³¥´É ·´Ò¥ ¢
¸µµÉ¢¥É¸É¢¨¨ ¸ ±·¨É¥·¨¥³ (1). —¨¸²µ ¶ · ³¥É·µ¢ bik = N(N − 1) 6 2. ’ ±µ¥

¡µ²ÓÏµ¥ Î¨¸²µ ¨§³¥·¨³ÒÌ ¶ · ³¥É·µ¢ É·¥¡Ê¥É ¤ ²Ó´¥°Ï¨Ì ¶µ¨¸±µ¢ ®£ ·-
³µ´¨¨¯ ¨ ¶·µ¸ÉµÉÒ. � ¨¡µ²¥¥ ¶µ²´µ¥ µ¶¨¸ ´¨¥ ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥·-
´ÒÌ ¸Éµ²±´µ¢¥´¨° ¸¢Ö§ ´µ ¸ É·¨ ´£Ê²ÖÍ¨¥° ¨ ¶µ¸É·µ¥´¨¥³ ³´µ£µ£· ´´¨±µ¢
(¶µ²¨Ô¤·µ¢) ¢ ¶·µ¸É· ´¸É¢¥ ¸±µ·µ¸É¥° (¸³. [15]). �¤´ ±µ ¤ ´´Ò° ¶µ¤Ìµ¤ ±
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¶µ¨¸±Ê ´µ¢ÒÌ § ±µ´µ³¥·´µ¸É¥° Ê ·¥²ÖÉ¨¢¨¸É¸±¨Ì ³´µ£µÎ ¸É¨Î´ÒÌ ¸¨¸É¥³
¶µ±  ´¥ ´ Ï¥² ¸¢µ¥£µ ¶·¨³¥´¥´¨Ö ¶·¨ µ¡· ¡µÉ±¥ ¶µ²ÊÎ¥´´ÒÌ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¤ ´´ÒÌ.

Š·Ê¶´Ò³ Ï £µ³ ¢ µ¡´ ·Ê¦¥´¨¨ § ±µ´µ³¥·´µ¸É¥° ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·-
´µ° Ë¨§¨±¨ ¸É ²  Ëµ·³Ê²¨·µ¢±  ¶·¨´Í¨¶  µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨° ¢ ¶·µ¸É-
· ´¸É¢¥ ¸±µ·µ¸É¥° (· §¤.3). � ¨¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò³ ¡Ò²µ µ¡´ ·Ê¦¥´¨¥
 ¸¨³¶ÉµÉ¨Î¥¸±µ£µ Ì · ±É¥·  § ±µ´µ³¥·´µ¸É¥° ¶·¨ bik → ∞. �Éµ ¶µ§¢µ²¨²µ

¢¢¥¸É¨ ¶µ´ÖÉ¨¥ ±² ¸É¥·µ¢, ¶µ± § ÉÓ, ÎÉµ ¶·¨ ¡µ²ÓÏ¨Ì bik ±² ¸É¥·Ò ¶¥·¥Ìµ-

¤ÖÉ ¢ ¸É·Ê¨. “´¨¢¥·¸ ²Ó´µ¸ÉÓ ¸¢µ°¸É¢ ±² ¸É¥·µ¢ ¶µ§¢µ²¨² , ¢ ¸¢µÕ µÎ¥·¥¤Ó,
¢¢¥¸É¨ ¶µ´ÖÉ¨¥ ²µ± ²Ó´µ°  ¢Éµ³µ¤¥²Ó´µ¸É¨,   ¨§ÊÎ¥´¨¥ · ¸¸ÉµÖ´¨° (¨´É¥·-
¢ ²µ¢) ³¥¦¤Ê ±² ¸É¥· ³¨ bαβ ¤ ²µ ¢µ§³µ¦´µ¸ÉÓ ¸¢Ö§ ÉÓ µ¡´ ·Ê¦¥´´Ò¥ § ±µ-

´µ³¥·´µ¸É¨ c ±¢ ´Éµ¢µ° Ì·µ³µ¤¨´ ³¨±µ° (¨§³¥·¨³µ¸ÉÓ Í¢¥É´µ£µ § ·Ö¤ ,
Ô±¸¶¥·¨³¥´É ²Ó´µ¥ ¤µ± § É¥²Ó¸É¢µ SUc(3), · §¤¥²Ó´µ¥ ̈ §ÊÎ¥´¨¥ ±¢ ·±µ¢ÒÌ ̈

£²Õµ´´ÒÌ ¸É·Ê° ¨ ¤·.).
�Î¥´Ó ¶²µ¤µÉ¢µ·´Ò³ µ± § ²µ¸Ó ¨¸¶µ²Ó§µ¢ ´¨¥ § ¨³¸É¢µ¢ ´´µ£µ ¨§

³¥Ì ´¨±¨ ¸¶²µÏ´ÒÌ ¸·¥¤ ¶µ´ÖÉ¨Ö ¶·µ³¥¦ÊÉµÎ´µ°  ¸¨³¶ÉµÉ¨±¨ (· §¤.3).
�¸µ¡¥´´µ ÔÉµ ± ¸ ¥É¸Ö Ê¶µ·Ö¤µÎ¥´¨Ö ¨´Ëµ·³ Í¨¨ µ ¡ ·¨µ´´ÒÌ ±² ¸É¥· Ì,
±µÉµ·Ò¥ ¸µ¸·¥¤µÉµÎ¥´Ò ¢ µ¡² ¸ÉÖÌ ¶·µ¸É· ´¸É¢  ¸±µ·µ¸É¥°, £¤¥ · ¸¶µ²µ-
¦¥´Ò ¸±µ·µ¸É¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·. ‚ÒÖ¸´¥´µ, ÎÉµ ¡ ·¨µ´´Ò¥ ±² ¸É¥·Ò
(¸É·Ê¨) ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° ³ ±¸¨³ ²Ó´µ ¤µ¸É¨¦¨³Ò¥ ¢ Ö¤¥·´ÒÌ ¸Éµ²±´µ-
¢¥´¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö Ö¤¥·´µ° ³ É¥·¨¨. � §³¥·Ò ±² ¸É¥·µ¢ 〈bk〉 ¨ ¨Ì · ¸¶·¥-

¤¥²¥´¨Ö ¢ ¶·µ¸É· ´¸É¢¥ ¸±µ·µ¸É¥° ¶o bαβ  ¸¨³¶ÉµÉ¨Î¥¸±¨ ´¥ § ¢¨¸ÖÉ µÉ

Ô´¥·£¨¨ ¸Éµ²±´µ¢¥´¨Ö. ˆ§ µ¡´ ·Ê¦¥´´µ£µ  ¸¨³¶ÉµÉ¨Î¥¸±µ£µ Ì · ±É¥· 
§ ¢¨¸¨³µ¸É¨ c¥Î¥´¨° µÉ ̈ ´¢ ·¨ ´Éµ¢ bik ³µ¦´µ ̈ §¢²¥ÎÓ ³´µ£µ ¶·¥¤¸± § ´¨°

¤²Ö ¶² ´¨·Ê¥³ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ Ö¤¥·´Ò³ ¸Éµ²±´µ¢¥´¨Ö³ ¢¶²µÉÓ ¤µ ±µ²-
² °¤¥·´ÒÌ Ô´¥·£¨°.

�´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ± § ², ÎÉµ ±² ¸É¥·Ò · ¸¶µ² £ ÕÉ-
¸Ö ¢ ³ ²µ° µ±·¥¸É´µ¸É¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· bIα < 5, bIIα < 5. ’ ±¨³ µ¡· -

§µ³, ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨§ÊÎ¥´¨Ö ¸¨²Ó´µ¢µ§¡Ê¦¤¥´´µ° Ö¤¥·´µ° ³ É¥-
·¨¨ ¤µ¸É ÉµÎ´µ ¶·µ¢¥¤¥´¨Ö ̈ ¸¸²¥¤µ¢ ´¨° ¸ ¶ÊÎ± ³¨ Ö¤¥· ¶·¨ ±¨´¥É¨Î¥¸±µ°
Ô´¥·£¨¨ ≈ 5 A ƒÔ‚. �·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ, ¢±²ÕÎ Ö ±µ²² °¤¥·´Ò¥,
·¥ ²¨§Ê¥É¸Ö  ¸¨³¶ÉµÉ¨Î¥¸±¨° ·¥¦¨³ Å ± ·É¨´  ¸¨²Ó´µ¢µ§¡Ê¦¤¥´´µ° Ö¤¥·-
´µ° ³ É¥·¨¨ ´¥ § ¢¨¸¨É µÉ Ô´¥·£¨¨ ¸Éµ²±´µ¢¥´¨Ö.

�¥¸³µÉ·Ö ´  Éµ, ÎÉµ ¶¥·¥Î¨¸²¥´´Ò¥ ¢Ò¢µ¤Ò µ¸´µ¢ ´Ò ´  É ±¨Ì µ¡Ð¨Ì
¶·¨´Í¨¶ Ì, ± ± ¶·¨´Í¨¶ µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨° ¨  ¢Éµ³µ¤¥²Ó´µ¸ÉÓ ¢Éµ-
·µ£µ ·µ¤ , Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¶·µ¢¥·±  ¨Ì ¢ ¦´ . ‘µ¶µ¸É ¢²¥´¨¥ ± ·É¨´

Ö¤·µ-Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨° ¶·¨ bI II ≈ 10 ¨ ¶·¨ bI II ≈ 104 ÷ 106 ¤µ²¦´µ ¢Ò-

Ö¢¨ÉÓ ²µ£ ·¨Ë³¨Î¥¸±¨¥ µÉ±²µ´¥´¨Ö µÉ ¶·µ¸ÉÒÌ  ¸¨³¶ÉµÉ¨Î¥¸±¨Ì § ±µ´µ-
³¥·´µ¸É¥°.
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�´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶·¨ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ´  ̧ ¥£µ¤´ÖÏ´¨°
¤¥´Ó Ô´¥·£¨ÖÌ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Î ¸É¨Í ¶µ± § ², ÎÉµ § ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨° µÉ
¸·¥¤´¥£µ ¨´É¥·¢ ²  ³¥¦¤Ê Í¥´É· ³¨ ±² ¸É¥·µ¢-¸É·Ê° ¨³¥¥É ¸É¥¶¥´´ÊÕ § ¢¨-

¸¨³µ¸ÉÓ: 
dN

dbαβ
 = 

A

bαβ
n

 , ±µ´¸É ´É  n = 3 ¸ 10% ÉµÎ´µ¸ÉÓÕ.

‚¥¸Ó³  ¶·µ¤Ê±É¨¢´Ò³ µ± § ²µ¸Ó ¢¢¥¤¥´¨¥ ¶¥·¥³¥´´ÒÌ, Ì · ±É¥·¨§ÊÕ-
Ð¨Ì ÔËË¥±É¨¢´µ¥ Î¨¸²µ ´Ê±²µ´µ¢ XI ¨ XII, ¶·¨´¨³ ÕÐ¨Ì ÊÎ ¸É¨¥ ¢ ·¥ ±-

Í¨¨ ¸Éµ²±´µ¢¥´¨Ö Ö¤¥·. �Ê±²µ´Ò ¢ ¶µ±µÖÐ¥³¸Ö Ö¤·¥ ¤¢¨¦ÊÉ¸Ö ¸ µÉ´µ¸¨-

É¥²Ó´Ò³¨ ¸±µ·µ¸ÉÖ³¨ bik ≤ 10−2, É.¥. ̧ µ£² ¸´µ ±·¨É¥·¨Õ (1) ̧ µÌ· ´ÖÕÉ ̧ ¢µÕ

¨´¤¨¢¨¤Ê ²Ó´µ¸ÉÓ, ÎÉµ ¨ µ¡ÑÖ¸´Ö¥É Ê¸¶¥Ì ¶·µÉµ´-´¥°É·µ´´µ° ³µ¤¥²¨ Ö¤· .
‚ µ¡² ¸É¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸Éµ²±´µ¢¥´¨° bI II >> bik , É.¥. ³µ¦´µ ¶·¥´¥-

¡·¥ÎÓ · §²¨Î¨¥³ ¢ µÉ´µ¸¨É¥²Ó´ÒÌ ¸±µ·µ¸ÉÖÌ µÉ¤¥²Ó´ÒÌ ´Ê±²µ´µ¢ ¢ Ö¤·¥.
ˆ³¶Ê²Ó¸ ÔËË¥±É¨¢´µ£µ Î¨¸²  ´Ê±²µ´µ¢ ¢ Ö¤·¥ I, ¶·¨´¨³ ÕÐ¨Ì ÊÎ ¸É¨¥ ¢
·¥ ±Í¨¨, ̈ ³¥¥É ¢¨¤ XIm0uI, £¤¥ uI Å ̧ ±µ·µ¸ÉÓ Ö¤·  I ± ± Í¥²µ£µ, m0 Å ³ ¸¸ 

µ¤´µ£µ ´Ê±²µ´ . ‚¥²¨Î¨´Ò X1 ¨ X2 ¸É ´µ¢ÖÉ¸Ö ¨§³¥·¨³Ò³¨, ¥¸²¨ ¶·¨´ÖÉÓ

£¨¶µÉ¥§Ê µ ³¨´¨³ ²Ó´µ¸É¨ ³ ¸¸Ò m0
2(uIXI + uIIXII)

2 ¨ ÊÎ¥¸ÉÓ § ±µ´ ¸µÌ· -

´¥´¨Ö 4-¨³¶Ê²Ó¸ : m0(uIXI + uIIXII) = ∑ Pi .

�ËË¥±É¨¢´µ¥ Î¨¸²µ ´Ê±²µ´µ¢ ¡Ò²µ ¨¸¶µ²Ó§µ¢ ´µ ´  · ´´¥³ ÔÉ ¶¥
¶·¥¤¸± § ´¨Ö ¨ µ¡´ ·Ê¦¥´¨Ö ±Ê³Ê²ÖÉ¨¢´µ£µ ÔËË¥±É . ‚ ¤ ²Ó´¥°Ï¥³ ¢¢¥-

¤¥´¨¥ ¥¤¨´µ£µ ¨´¢ ·¨ ´É´µ£µ ¶ · ³¥É·  ¶µ¤µ¡¨Ö Π = 
1
2
 (X1

 2 + X2
 2 +

+ 2X1X2γ12)16 2 ¨ ¨¸¶µ²Ó§µ¢ ´¨¥ ¢ÒÎ¨¸²Ö¥³ÒÌ X1 ¨ X2 ¤²Ö ¥¤¨´µ° ¶ · ³¥É-

·¨§ Í¨¨ A-§ ¢¨¸¨³µ¸É¥° ¶µ§¢µ²¨²µ ±µ²¨Î¥¸É¢¥´´µ µ¶¨¸ ÉÓ, ±·µ³¥ ±Ê³Ê²Ö-
É¨¢´µ£µ ÔËË¥±É , £²Ê¡µ±µ¶µ¤¶µ·µ£µ¢Ò¥, µ±µ²µ¶µ·µ£µ¢Ò¥ Ö¢²¥´¨Ö ¨ µ¡· §µ-
¢ ´¨¥  ´É¨³ É¥·¨¨ ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨ÖÌ (· §¤.4).

�¢Éµ³µ¤¥²Ó´µ¥ ·¥Ï¥´¨¥

E 
d 3σ
d 3p

 = C
1
A

1

α(X
1
)
 A

2

α(X
2
)
f (Π)

µ¶¨¸Ò¢ ¥É · §´µµ¡· §´Ò¥ Ö¤¥·´Ò¥ ·¥ ±Í¨¨ ¶·¨ ¨§³¥´¥´¨¨ ¸¥Î¥´¨Ö ´  ¢µ-
¸¥³Ó ¶µ·Ö¤±µ¢ ¢¥²¨Î¨´Ò. �¤´ ±µ µ¶·¥¤¥²¥´¨¥ £· ´¨Í ¥£µ ¸¶· ¢¥¤²¨¢µ¸É¨
´Ê¦¤ ¥É¸Ö ¢ ¨¸¸²¥¤µ¢ ´¨¨. ‡ ¢¨¸¨³µ¸É¨ µÉ  Éµ³´ÒÌ ´µ³¥·µ¢ ¸É ²±¨¢ Õ-
Ð¨Ì¸Ö Ö¤¥·, µÉ ³´µ¦¥¸É¢¥´´µ¸É¥° ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¨ µÉ  ·µ³ Éµ¢ ·¥£¨¸É-
·¨·Ê¥³ÒÌ Î ¸É¨Í É ±¦¥ É·¥¡ÊÕÉ ¨§ÊÎ¥´¨Ö, ¢ µ¸µ¡¥´´µ¸É¨ ¤²Ö ·¥ ±Í¨° ¸
¶µ¶¥·¥Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨ ¡µ²ÓÏ¥ 2,5 ƒÔ‚/¸.

Š ± ¢¨¤´µ ¨§ ¨§²µ¦¥´´µ£µ, ¶µ¤Ìµ¤ ± ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¥,
µ¸´µ¢ ´´Ò° ´  £¥µ³¥É·¨¨ ¶·µ¸É· ´¸É¢  ¸±µ·µ¸É¥° ¨ £¨¶µÉ¥§ Ì µ¡  ¸¨³¶-
ÉµÉ¨Î¥¸±µ³ Ì · ±É¥·¥ § ±µ´µ³¥·´µ¸É¥° ¢ ÔÉµ³ ¶·µ¸É· ´¸É¢¥, ¶µ§¢µ²Ö¥É Ê¶µ-
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·Ö¤µÎ¨ÉÓ µ£·µ³´Ò° Ô±¸¶¥·¨³¥´É ²Ó´Ò° ³ É¥·¨ ² ¨ ¸¤¥² ÉÓ ±µ²¨Î¥¸É¢¥´´Ò¥
¶·¥¤¸± § ´¨Ö.

Œ¥Éµ¤Ò ¸¨³³¥É·¨¨ ·¥Ï¥´¨° ¢¶¥·¢Ò¥ ¡Ò²¨ ¶·¨³¥´¥´Ò Š¥¶²¥·µ³ ¶·¨
¶µ¸É·µ¥´¨¨ ¥£µ §´ ³¥´¨ÉÒÌ § ±µ´µ¢ ¤¢¨¦¥´¨Ö ¶² ´¥É. �Éµ Ìµ·µÏµ ¨§¢¥¸É-
´µ. �¤´ ±µ ³¥´¥¥ ¨§¢¥¸É¥´ ¥£µ É· ±É É ®� Ï¥¸É¨Ê£µ²Ó´ÒÌ ¸´¥¦¨´± Ì¯, £¤¥
¢¶¥·¢Ò¥ ¸Ëµ·³Ê²¨·µ¢ ´  ¨¤¥Ö µ ¸¢Ö§¨ ¸¢µ°¸É¢ ±·¨¸É ²²µ¢ ¸ £¥µ³¥É·¨¥°.
�Éa ¢¥²¨± Ö ¨¤¥Ö ²¥¦¨É É ±¦¥ ¢ µ¸´µ¢¥ ¶µ¤Ìµ¤  ….‘.”¥¤µ·µ¢ , ¶µ²µ¦¨¢Ï¥-
£µ ́  Î ²µ ±² ¸¸¨Ë¨± Í¨¨ ±·¨¸É ²²µ¢ ¨ ³¨´¥· ²µ¢ § ¤µ²£µ ¤µ ¸µ§¤ ´¨Ö ·¥´É-
£¥´µ¸É·Ê±ÉÊ·´µ£µ  ´ ²¨§ . “¸É ´µ¢²¥´´Ò¥ ¥Ð¥ ¶·¨ ¦¨§´¨ ….‘.”¥¤µ·µ¢ 
¶·¨ ¶µ³µÐ¨ ÔÉµ£µ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ³¥Éµ¤   Éµ³´Ò¥ ¸É·Ê±ÉÊ·Ò ¸É·µ£µ
¶µ¤Î¨´ÖÕÉ¸Ö Ë¥¤µ·µ¢¸±¨³ £·Ê¶¶ ³ ¸¨³³¥É·¨¨.

‹µ¡ Î¥¢¸±¨°, µÉ±·Ò¢ ´¥¥¢±²¨¤µ¢Ê £¥µ³¥É·¨Õ, ¶µ¸É ¢¨² ¶·µ¡²¥³Ê µ¶¨-
¸ ´¨Ö ´  ¥¥ µ¸´µ¢¥ ± ·É¨´Ò ³¨· . ƒ¨¶µÉ¥§  µ Éµ³, ÎÉµ ´  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ-
´¨ÖÌ ¸µµÉ´µÏ¥´¨Ö ³¥¦¤Ê ¸Éµ·µ´ ³¨ ¨ Ê£² ³¨ É·¥Ê£µ²Ó´¨±µ¢ ³µ£ÊÉ Ê¤µ¢²¥É-
¢µ·ÖÉÓ ´µ¢µ° £¥µ³¥É·¨¨, ´¥ ¶µ¤É¢¥·¤¨² ¸Ó ¢ ·¥§Ê²ÓÉ É¥  ´ ²¨§  ‹µ¡ Î¥¢-
¸±¨³  ¸É·µ´µ³¨Î¥¸±¨Ì ¤ ´´ÒÌ. �¤´ ±µ ¤²Ö µ¶¨¸ ´¨Ö ¸²µ¦´ÒÌ ¸¨¸É¥³ ¢
¶·µ¸É· ´¸É¢¥ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸±µ·µ¸É¥° £¥µ³¥É·¨Ö ‹µ¡ Î¥¢¸±µ£µ µ± § ² ¸Ó
Ê¸¶¥Ï´µ ¶·¨³¥´¨³µ°.

�·¨³¥´¥´¨¥ £¥µ³¥É·¨¨ ¨ ³¥Éµ¤µ¢ ¸¨³³¥É·¨¨ ·¥Ï¥´¨° ¸µ¤¥·¦¨É ¡µ²Ó-
Ïµ° ¶µÉ¥´Í¨ ² µÉ±·ÒÉ¨° ´µ¢ÒÌ § ±µ´µ¢ ¶·¨·µ¤Ò ± ± ¢ ±² ¸¸¨Î¥¸±µ°, É ±
¨ ¢ ±¢ ´Éµ¢µ° Ë¨§¨±¥, ±µÉµ·Ò¥ ¢ ÔÉµ³ ¸³Ò¸²¥ Ö¢²ÖÕÉ¸Ö ̧ Éµ²Ó ¦¥ ËÊ´¤ ³¥´-
É ²Ó´Ò³¨ ´ Ê± ³¨, ± ± ±¢ ´Éµ¢ Ö É¥µ·¨Ö ¶µ²Ö ¨ Ë¨§¨±  Ô²¥³¥´É ·´ÒÌ
Î ¸É¨Í.

��ˆ‹�†…�ˆ…

�ÉµÉ · §¤¥² ¸µ¤¥·¦¨É ¸¢µ¤±Ê ¨ ±· É±µ¥ µ¶¨¸ ´¨¥ ¸µµÉ´µÏ¥´¨° ³¥¦¤Ê
¨´¢ ·¨ ´É ³¨ ¨ ¨§³¥·¨³Ò³¨ ¶ · ³¥É· ³¨ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¨.
‘µµÉ´µÏ¥´¨Ö ³µ£ÊÉ ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´Ò ¶·¨ µ¡· ¡µÉ±¥ ¤ ´´ÒÌ ¨ ¶² ´¨·µ-
¢ ´¨¨ Ô±¸¶¥·¨³¥´Éµ¢.

‚ ¸Éµ²±´µ¢¥´¨ÖÌ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· ÊÎ ¸É¢ÊÕÉ ± ± ´Ê±²µ´´Ò¥, É ± ¨
±¢ ·±-£²Õµ´´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò. —¨¸²µ ¶ · ³¥É·µ¢ § ¤ Î¨ Î·¥§¢ÒÎ °´µ
¢¥²¨±µ, ¶µÔÉµ³Ê ¢Ò¤¥²¥´¨¥ ¶ · ³¥É·µ¢ ¶µ¤µ¡¨Ö (¨´¢ ·¨ ´Éµ¢) µ¸µ¡¥´´µ
 ±ÉÊ ²Ó´µ. �¶·¥¤¥²ÖÕÐ¨³¨ ¶ · ³¥É· ³¨ § ¤ Î¨ ¤²Ö ¶·µÍ¥¸¸µ¢

I + II → n
1
C

1
 + n

2
C

2
 + Á + nj Cj (�.1)

Ö¢²ÖÕÉ¸Ö pi , mi Å 4-¨³¶Ê²Ó¸Ò ¨ ³ ¸¸Ò Î ¸É¨Í, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ·¥ ±Í¨¨

(i = I, II, 1, 2,...). Š ´ ² ·¥ ±Í¨¨ § ¤ ¥É¸Ö ´ ¡µ·µ³ Î¨¸¥² n = {n1, n2,Á, nj },

£¤¥ ni Å Î¨¸²µ Éµ¦¤¥¸É¢¥´´ÒÌ Î ¸É¨Í ¸µ·É  Ci .
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�¸´µ¢´Ò³¨ µ¶·¥¤¥²ÖÕÐ¨³¨ ¶ · ³¥É· ³¨ § ¤ Î¨ Ö¢²ÖÕÉ¸Ö ¸¥Î¥´¨Ö ¨
¶·µ¨§¢µ¤´Ò¥ µÉ ´¨Ì ¢¥²¨Î¨´Ò.

C¥Î¥´¨¥ µ¸ÊÐ¥¸É¢²¥´¨Ö ± ´ ²  n ¨³¥¥É, ± ± ¨§¢¥¸É´µ, ¢¨¤

dσ = 
4π2

√(p
I
 p

II
)2 − m

I
2m

II
2

 δ(pf − p
I
 − p

II
) T n2 dτn,

dτn = ∏ 
i = 1

n

 
dp
Ei

 pf = ∑ 
l = 1

n
j

pl cj , (�.2)

£¤¥ T n Å  ³¶²¨ÉÊ¤  (S-³ É·¨Ía).
�µ²´µ¥ ¸¥Î¥´¨¥ ´¥Ê¶·Ê£¨Ì ¶·µÍ¥¸¸µ¢

σin = ∑ 
n

∫ dσ
dτn

 dτn. (�.3)

‚¥·µÖÉ´µ¸ÉÓ µ¸ÊÐ¥¸É¢²¥´¨Ö ± ´ ²  n ¶µ µÉ´µÏ¥´¨Õ ±µ ¢¸¥³ µÉ±·ÒÉÒ³
± ´ ² ³:

Wn= 
1

σin
 ∫ dσ

dτn
 dτn,     ∑ Wn = 1. (�.4)

‘µµÉ¢¥É¸É¢ÊÕÐ Ö ¶²µÉ´µ¸ÉÓ ¢¥·µÖÉ´µ¸É¨ · ¢´ 

dWn

dτn
 = 

1
σin

 
dσ
dτn

 . (�.5)

�²µÉ´µ¸ÉÓ ¢¥·µÖÉ´µ¸É¨ ¶µ µÉ´µÏ¥´¨Õ ± ± ´ ²Ê n:

1

W n
 
dWn

dτn
 . (�.6)

‚¥²¨Î¨´Ò (�.3), (�.4), (�.5) ¶µ§¢µ²ÖÕÉ µ¶·¥¤¥²¨ÉÓ ¸·¥¤´¥¥ §´ Î¥´¨¥ µ¶·¥-
¤¥²ÖÕÐ¨Ì ¶ · ³¥É·µ¢, µÉ ±µÉµ·ÒÌ § ¢¨¸¨É ¸¥Î¥´¨¥ (¨³¶Ê²Ó¸Ò, Î¨¸²µ Î ¸-
É¨Í, ±¢ ´Éµ¢Ò¥ Î¨¸² , Ì · ±É¥·¨§ÊÕÐ¨¥ Ci Å ¸µ·É Î ¸É¨Í). � ¶·¨³¥·,

¸·¥¤´¥¥ Î¨¸²µ Î ¸É¨Í ¢¨¤  Ci :

〈ni 〉 = ∑ 
n

ni Wn. (�.7)

ˆ¸Ìµ¤Ö ¨§ 
dσn

dτn
 , ³µ¦´µ µ¶·¥¤¥²¨ÉÓ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ¶µ ³¥´ÓÏ¥-

³Ê Î¨¸²Ê ¶¥·¥³¥´´ÒÌ:
dσn

dτm
 = ∫ dτn − m 

dσn

dτn
 , (�.8)

£¤¥ m = (m1,Á, mj ) ¨ 0 < mj ≤ n.
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�.�.‹µ£Ê´µ¢Ò³ ¨ ¸µÉ·Ê¤´¨± ³¨ (¸³. µ¡§µ· [14] ¨ Í¨É¨·Ê¥³ÊÕ É ³ ²¨É¥-
· ÉÊ·Ê) ¡Ò²µ ¢¢¥¤¥´µ ¶µ´ÖÉ¨¥ ¨´±²Õ§¨¢´ÒÌ ¶·µÍ¥¸¸µ¢. …¸²¨ ¸²¥¤¨ÉÓ §  ´¥-
±µÉµ·Ò³ Ë¨±¸¨·µ¢ ´´Ò³ ´ ¡µ·µ³ Î ¸É¨Í mC = m1C1 + Á + mj Cj ¢ ±µ´¥Î-

´µ³ ¸µ¸ÉµÖ´¨¨ ·¥ ±Í¨¨

I + II → mC + X, (�.9)

Éµ ¤¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ ¨³¥¥É ¢¨¤

dσmCX

dτm
 = ∑ 

n ≥ m

 
dσn

dτn
 . (�.10)

ˆ´É¥£·¨·ÊÖ, ¶µ²ÊÎ¨³ ¶µ²´µ¥ ¸¥Î¥´¨¥ ¨´±²Õ§¨¢´µ£µ ¶·µÍ¥¸¸ :

σmCX = ∑ σn.

— ¸É´Ò° ¸²ÊÎ ° m = (0, 0,Á, 0) ¸µµÉ¢¥É¸É¢Ê¥É ¶µ²´µ³Ê ¸¥Î¥´¨Õ

σtot = ∑ 

n

σn.

‚¥²¨Î¨´  ∑ 
n ≥ m

 
dW m

dτn
 = ρmCX Ö¢²Ö¥É¸Ö ¶²µÉ´µ¸ÉÓÕ ¢¥·µÖÉ´µ¸É¨ · ¸¶·¥¤¥-

²¥´¨Ö ¨³¶Ê²Ó¸µ¢ Î ¸É¨Í ¸¨¸É¥³Ò mC, ¤¥É¥±É¨·Ê¥³µ° ¢ ¨´±²Õ§¨¢´µ³ ¶·µ-
Í¥¸¸¥ (�.9):

∫ dτmρmCX = 1.

‘·¥¤´¥¥ §´ Î¥´¨¥ ±µ³¶µ´¥´ÉÒ ¨³¶Ê²Ó¸  ¤¥É¥±É¨·Ê¥³µ° Î ¸É¨ÍÒ ¢¨¤  C:

〈pC
ν〉 = ∫ dτC pC

ν  ρmCX . (�.11)

Œµ¦´µ µ¶·¥¤¥²¨ÉÓ ¸·¥¤´ÕÕ ¶²µÉ´µ¸ÉÓ Î ¸É¨Í ¢¨¤  C ¢ ¨³¶Ê²Ó¸´µ³

¶·µ¸É· ´¸É¢¥ 
dnC

dτC
 (¸³. [14]):

∫  
dnC

dτC
 dτC = nC .

�¡Ð¨° ¸²ÊÎ °

d 

 

n!
(n − m)! 





dτm
 = 

n!
(n − m)! ∫ dτn − m 

1
Wn

 
dWn

dτn
 ,

∫ dτm 

d 


 

n!
(n − m)! 





dτm
 = 

n!
(n − m)!

(�.12)

µ¶·¥¤¥²Ö¥É¸Ö ± ± ¨´±²Õ§¨¢´Ò° ¸¶¥±É· ¤²Ö ¶·µÍ¥¸¸  (�.9):
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fmCX = ∑ 
n

n!
(n − m)! 

dσn

dτm
(�.13)

¸ ´µ·³¨·µ¢±µ°

∫ dτmfmCX = 〈 n!
(n − m)! 〉 σmCX.

�¶¨¸ ´´Ò¥ ¢ÒÏ¥ ¨§³¥·¨³Ò¥ ¨´¢ ·¨ ´É´Ò¥ ¢¥²¨Î¨´Ò Wn, ρ, fmCX ¨

¶·µ¨§¢µ¤´Ò¥ µÉ ´¨Ì § ¢¨¸ÖÉ µÉ É·¥Ì³¥·´ÒÌ ¨³¶Ê²Ó¸µ¢ pi ¨ Ô´¥·£¨° Ei ,

±µÉµ·Ò¥ ¸¢Ö§ ´Ò ¨§¢¥¸É´Ò³ ¸µµÉ´µÏ¥´¨¥³

Ei
 2 − pi

2 = mi
2, (�.14)

¨²¨, ¢¢µ¤Ö 4-¸±µ·µ¸É¨, ¶µ²ÊÎ ¥³

(Ui
 0)2 − (Ui)

2 = 1. (�.15)

Šµ³¶µ´¥´ÉÒ Ui
 0 = Ei 6 mi ; Ui = pi6 mi · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ¤¥± ·Éµ¢Ò ±µµ·-

¤¨´ ÉÒ ¢ Î¥ÉÒ·¥Ì³¥·´µ³ ¶·µ¸É· ´¸É¢¥ (±µ´¥Î´Ò¥ ÉµÎ±¨ 4-¢¥±Éµ·µ¢).
‡  ´ Î ²Ó´ÊÕ ÉµÎ±Ê ³µ¦¥É ¡ÒÉÓ ¶·¨´ÖÉ  ²Õ¡ Ö ÉµÎ±  ¶·µ¸É· ´¸É¢ 

¸±µ·µ¸É¥°. ‚ ²¨É¥· ÉÊ·¥ §  ´ Î ²Ó´ÊÕ ÉµÎ±Ê µ¡ÒÎ´µ ¶·¨´¨³ ¥É¸Ö UI ¨²¨

UII ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¨¸¶µ²Ó§ÊÕÉ¸Ö É ±¨¥ ±µµ·¤¨´ ÉÒ:

dτi = 
dpi

Ei
 = 

dpiT dpiL

Ei
 = 

dϕi piT dpiT dpiL

Ec
 = piT dpiT dϕi dyi ,     (�.16)

pL Å ¶·µ¥±Í¨Ö ¨³¶Ê²Ó¸  ́   µ¸Ó ·¥ ±Í¨¨; pT Å ¶·µ¥±Í¨Ö ¨³¶Ê²Ó¸  ́   ¶²µ¸-

±µ¸ÉÓ, ¶¥·¶¥´¤¨±Ê²Ö·´ÊÕ µ¸¨ ·¥ ±Í¨¨; y = 
1
2
 ln 

E + pL

E − pL
 Å ¶·µ¤µ²Ó´ Ö ¡Ò¸É-

·µÉ , Î ¸Éµ ¢Ò¢µ¤¨É¸Ö É ±¦¥ ®¶µ¶¥·¥Î´ Ö ³ ¸¸ ¯:

mT = √m2 + pT
2 ,     dmT

2 = dpT
 2;     e y = 

E + pL

mT
 ;

e− y = 
E − pL

mT
 ;    E = mT ch y;    pL = mT sh y. (�.17)

„Ê¡´¥´¸±¨¥ Ë¨§¨±¨ Ê¦¥ ¡µ²¥¥ 20 ²¥É ¨¸¶µ²Ó§ÊÕÉ ¨´¢ ·¨ ´É´Ò¥ ¡¥§· §-
³¥·´Ò¥ ¶µ²µ¦¨É¥²Ó´Ò¥ ¶¥·¥³¥´´Ò¥:

bik = − (Ui − Uk)
2 = 2[(UiUk) − 1] = 2 







 
Ei Ek − pi pk

mi mk
 − 1 







 .    (�.18)
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�É¨ ¨´¢ ·¨ ´ÉÒ Ö¢²ÖÕÉ¸Ö
µ¸´µ¢µ° ¤²Ö · ¸¸³µÉ·¥´¨Ö
¸¨³³¥É·¨¨ ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ-
´¨° ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ°
Ë¨§¨±¨.

“¸²µ¢¨¥ (�.15) ¶µ§¢µ²Ö¥É
¢³¥¸Éµ 4-³¥·´µ£µ ¶·µ¸É· ´¸É¢ 
Œ¨´±µ¢¸±µ£µ ¢¢¥¸É¨ 3-³¥·´µ¥,
¢Ò· §¨¢ Î¥É¢¥·ÉÊÕ ±µµ·¤¨-

´ ÉÊ Î¥·¥§ É·¨ ¤·Ê£¨Ì: U0 =

= ± √1 + Ux
 2 + Uy

 2 + Uz
 2 . �Éµ

Ê· ¢´¥´¨¥ ¤¢ÊÌ¶µ²µ¸É´µ£µ £¨¶¥·¡µ²µ¨¤ . ˆ¸¶µ²Ó§Ê¥É¸Ö ¢¥·Ì´ÖÖ Î ¸ÉÓ
£¨¶¥·¡µ²µ¨¤ , ¸¥Î¥´¨¥ ±µÉµ·µ° ¶·¨ Uy = Uz = 0 ¨§µ¡· ¦¥´µ ´  ·¨¸.19. �·¨

¡µ²ÓÏ¨Ì ¸±µ·µ¸ÉÖÌ µÉ´µ¸¨É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö £¨¶¥·¡µ²µ¨¤ ¸µ¢¶ ¤ ¥É ¸ ±µ-

´Ê¸µ³ U0 = ± √Ux
 2 + Uy

 2 + Uz
 2 , ±µÉµ·Ò° ´ §Ò¢ ¥É¸Ö c¢¥Éµ¢Ò³ ±µ´Ê¸µ³

(·¨¸.19). ‚¨¤´µ, ÎÉµ  ¸¨³¶ÉµÉ¨Î¥¸±¨¥ ·¥¦¨³Ò ´ ¸ÉÊ¶ ÕÉ ¶·¨ P6 m ≥ 5.

U
0
 = ch ρ;    U = sh ρ;    ρ = 

1
2
 ln 

E + p
E − p .

ƒ¥µ³¥É·¨Ö ´  ¶µ¢¥·Ì´µ¸É¨ £¨¶¥·¡µ²µ¨¤  Å £¥µ³¥É·¨Ö É·¥Ì³¥·´µ£µ
¶·µ¸É· ´¸É¢  ‹µ¡ Î¥¢¸±µ£µ Å  ´ ²µ£¨Î´  £¥µ³¥É·¨¨ ´  ¶µ¢¥·Ì´µ¸É¨
¸Ë¥·Ò. ˆ´É¥·¢ ² ³¥¦¤Ê ÉµÎ± ³¨ ´  ¶µ¢¥·Ì´µ¸É¨ ¸Ë¥·Ò § ¤ ´ ±µ¸¨´Ê¸µ³
Ê£²  ¡µ²ÓÏµ£µ ±·Ê£ , ¨´É¥·¢ ² ´  ¶µ¢¥·Ì´µ¸É¨ £¨¶¥·¡µ²µ¨¤  Å £¨¶¥·¡µ-
²¨Î¥¸±¨³ ±µ¸¨´Ê¸µ³ ¡Ò¸É·µÉÒ ρ. �·¨³¥´¥´¨Ö³ £¥µ³¥É·¨¨ ‹µ¡ Î¥¢¸±µ£µ ¢
Ë¨§¨±¥, ³¥Ì ´¨±¥ ¨ É¥µ·¨¨ £· ¢¨É Í¨¨ ¶µ¸¢ÖÐ¥´Ò ³´µ£µ²¥É´¨¥ ¨¸¸²¥¤µ-
¢ ´¨Ö �.�.—¥·´¨±µ¢  (¸³. ´ ¶·¨³¥·, [42]). �É¨ ¨¸¸²¥¤µ¢ ´¨Ö µ± § ²¨ ¸ÊÐ¥-
¸É¢¥´´µ¥ ¢²¨Ö´¨¥ ´  ´ ÊÎ´Ò¥ ¶·µ£· ³³Ò �ˆŸˆ.

‘¢Ö§Ó ÔÉµ£µ ¨´É¥·¢ ²  ¸ (�.18) ¨³¥¥É ¢¨¤

bik = 2[(Ui Uk) − 1] = 2[ch ρik − 1].

‚ ²Õ¡µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¸¢Ö§Ó ÔÉ¨Ì ¨´¢ ·¨ ´Éµ¢ · ¢´ 

(Ui Uk) = ch ρik = Ui
 0Uk

 0 − Ui Uk = ch ρi chρk − sh ρi sh ρk cos θik .      (�.19)

C¢Ö§Ó ¸ ¶¥·¥³¥´´Ò³¨ (�.17) ´¥É·Ê¤´µ ¶µ²ÊÎ¨ÉÓ: ch ρIk =

= 
mT

m
 ch (yI − yk), ch ρIIk = 

mT

m
 ch (yII − yk), ´ ¶·¨³¥·, ¢ ¸¨¸É¥³¥ ¶µ±µÖ UI = 0:

�¨¸.19
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ch ρik = ch yk 
mk

T

mk
 .

‚¢µ¤Ö ¶¥·¥³¥´´ÊÕ 
mk

T

m
 = ch ξ, ¶µ²ÊÎ ¥³ É¥µ·¥³Ê �¨Ë £µ·  ¢ ¶·µ¸É· ´¸É¢¥

‹µ¡ Î¥¢¸±µ£µ, ±µÉµ· Ö ¢ µ¡² ¸É¨ ρ << 1 ¶¥·¥Ìµ¤¨É ¢ ρ2 = y2 + ξ2 Å É¥µ-
·¥³Ê �¨Ë £µ·  ¢ ¶·µ¸É· ´¸É¢¥ …¢±²¨¤ . Œ¥É·¨±  ÔÉµ£µ ¶·µ¸É· ´¸É¢  Å
É·¥Ì³¥·´µ£µ ¶·µ¸É· ´¸É¢  ‹µ¡ Î¥¢¸±µ£µ Å ¢ ¸Ë¥·¨Î¥¸±¨Ì ±µµ·¤¨´ É Ì
¨³¥¥É ¢¨¤

g11 = 1,    g22 = 
1

sh2 ρ
 ;    g33 = 

1

sh2 ρ sin2 Θ
 ,

g
11

 = 1,    g
22

 = sh2 ρ;    g
33

 = sh2 ρ sin2 Θ,

D√‖ gik‖  = sh2 ρ sin Θ, (�.20)

¨²¨ gik = 0 ¶·¨ i ≠ k,

db = − (dU 0)2 + (dU)2 = dρ2 + sh2 ρ (sin Θdϕ2 + dΘ2). (�.21)

‡¤¥¸Ó Θ ¨ ϕ Å ¶µ²Ö·´Ò¥ Ê£²Ò.
ˆ´¢ ·¨ ´É´Ò¥ Ô²¥³¥´ÉÒ Ë §µ¢µ£µ µ¡Ñ¥³  ¨³¥ÕÉ ¢¨¤

dτ = 
dp
E

 = m2 
dU

U 0
 = m2Ddρ dΘdϕ = 

m2

2
 √b + 

b2

4
 db sin ΘdΘdϕ.    (�.22)

‚ ´¥·¥²ÖÉ¨¢¨¸É¸±µ³ ¶·¥¤¥²¥ ρ << 1 Ëµ·³Ê²Ò £¥µ³¥É·¨¨ ‹µ¡ Î¥¢¸±µ£µ
¶¥·¥Ìµ¤ÖÉ ¢ ¨§¢¥¸É´Ò¥ Ëµ·³Ê²Ò £¥µ³¥É·¨¨ …¢±²¨¤ :

D = sh2 ρ sin Θ → ρ2 sin Θ.

‘µ¢µ±Ê¶´µ¸É¨ ÉµÎ¥± ¢ ¶·µ¸É· ´¸É¢¥ ¸±µ·µ¸É¥° µ¡· §ÊÕÉ ±² ¸É¥·Ò. –¥´É·Ò
±² ¸É¥·µ¢ µ¶·¥¤¥²ÖÕÉ¸Ö É ±:

Vα = 
∑ Uk

 α

√(∑ Uk
 α)2

 ,     Vβ = 
∑ Uj

 β

√(∑ Uj
 β)2

 ,... . (�.23)

Š² ¸É¥·Ò ³µ¦´µ ¢Ò¤¥²¨ÉÓ, ¥¸²¨ ¸·¥¤´¨° ¨´É¥·¢ ² ³¥¦¤Ê Í¥´É· ³¨ ±² ¸É¥-

·µ¢ bαβ = − (Vα − Uβ)2 ³´µ£µ ¡µ²ÓÏ¥ ¨´É¥·¢ ²µ¢ ³¥¦¤Ê Î ¸É¨Í ³¨ ¢´ÊÉ·¨
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±² ¸É¥·µ¢ bk = − (Vα − Uk)
2, bj = − (Vβ − Uj )

2. ‘µ£² ¸´µ ¶·¨´Í¨¶Ê µ¸² ¡²¥-

´¨Ö ±µ··¥²ÖÍ¨° ¶·¨ bαβ → ∞  ¸¨³¶ÉµÉ¨Î¥¸± Ö Ëµ·³  · ¸¶·¥¤¥²¥´¨° (±¢ ¤-

· Éµ¢ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢, ¨´±²Õ§¨¢´ÒÌ · ¸¶·¥¤¥²¥´¨°, ¸¥Î¥´¨°) · ¸¶ -
¤ ¥É¸Ö ´  ¶·µ¨§¢¥¤¥´¨Ö ¢¨¤ 

W(bαk, bαβ, bβk , Á) → W α W βÁ .

Œ´µ¦¨É¥²¨ W α, W β, W γ,Á ´¥ ¢¶µ²´¥ ´¥§ ¢¨¸¨³Ò. ‚¥²¨Î¨´Ò Ö¢²ÖÕÉ¸Ö
¸Éµ·µ´ ³¨ É·¥Ê£µ²Ó´¨±  ¢ ´¥¥¢±²¨¤µ¢µ³ ¶·µ¸É· ´¸É¢¥. �·¨ bαβ → ∞

¢ ¸¨¸É¥³¥ Vα = 0 ¨³¥¥³

bαβ = 2(Vβ
 0 − 1) → ∞,     bαk = 2(Uk

 0 − 1),

bβk → 2Vβ
 0(Uk

 0 − Uk
 L) = bαβ xk → ∞, (�.24)

£¤¥ xk Å ¶¥·¥³¥´´ Ö ¸¢¥Éµ¢µ£µ ±µ´Ê¸ : xk = Uk
 0 − Uk

 L = Uk
 0 −

− √(Uk
 0)2 − 1  cos θk . �·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¶·µ¸É· ´¸É¢  ¸±µ·µ¸É¥° ´¥µ¡Ìµ-

¤¨³µ ÊÎ¨ÉÒ¢ ÉÓ £· ´¨ÍÒ ¨§³¥´¥´¨Ö ¨´É¥·¢ ²µ¢, ¸²¥¤ÊÕÐ¨¥ ¨§ ¸¢µ°¸É¢
¸ ³µ° £¥µ³¥É·¨¨. ˆ´É¥·¢ ²Ò ³¥¦¤Ê ²Õ¡Ò³¨ ¨§ É·¥Ì ÉµÎ¥± ¶·µ¸É· ´¸É¢ 
ch ρ

12
, ch ρ

13
 ¨ ch ρ

23
 ¸¢Ö§ ´Ò ¸µµÉ´µÏ¥´¨Ö³¨:

ch ρ
23

 = ch ρ
12

 ch ρ
13

 − sh ρ
12

 sh ρ
13

 cos θ
23

,    cos θ
23

 ≤ 1.

�É¸Õ¤  ¸²¥¤ÊÕÉ £· ´¨ÍÒ ¨§³¥´¥´¨Ö ¨´É¥·¢ ²  ch ρ23:

(ch ρ
23

)
min

max
 = ch ρ

12
 ch ρ

13
 ± sh ρ

12
 sh ρ

13
 = ch (ρ

12
 ± ρ

13
).

�¡Ñ¥¤¨´ÖÖ Ê¸²µ¢¨Ö cos θ
12

 ≤ 1; cos θ
13

 ≤ 1; cos θ
23

 ≤ 1, ¶µ²ÊÎ ¥³

Ê¸²µ¢¨¥ ¤²Ö £· ´¨Í ¨§³¥´¥´¨Ö ¶¥·¥³¥´´ÒÌ:

ch2 ρ
12

 + ch2 ρ
13

 + ch2 ρ
23

 − 2 ch ρ
12

 ch ρ
13

 ch ρ
23

 = 1,

¨²¨ ¢ ¶¥·¥³¥´´ÒÌ bik :

b
12
2  + b

13
2  + b

23
2  − b

12
b
13

b
23

 − 2(b
12

b
13

 + b
12

b
23

 + b
13

b
23

) = 0.

�Éµ Ê· ¢´¥´¨¥ £¥µ³¥É·¨Î¥¸±¨ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° £¨¶¥·¡µ²µ¨¤ ¢ ¸¨¸É¥³¥
±µµ·¤¨´ É b

12
, b

13
, b

23
, ¶µ¢¥·Ì´µ¸ÉÓ ±µÉµ·µ£µ ± ¸ ¥É¸Ö ±µµ·¤¨´ É´ÒÌ
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¶²µ¸±µ¸É¥° ¢¤µ²Ó ²¨´¨° b
12

 = b
13

, b
12

 = b
23

, b
13

 = b
23

. ‚ · ¤¨ ²Ó´ÒÌ ¡Ò¸É-

·µÉ Ì £· ´¨Í  ¢Ò· ¦ ¥É¸Ö µ¸µ¡¥´´µ ¶·µ¸Éµ:

(ρ
23

)
min

max
 = ρ

12
 ± ρ

13
;   (ρ

13
)
min

max
 = ρ

12
 ± ρ

23
;   (ρ

12
)
min

max
 = ρ

23
 ± ρ

13
.

�·¨´Í¨¶  ¢Éµ³µ¤¥²Ó´µ¸É¨ ¢Éµ·µ£µ ·µ¤  Ëµ·³Ê²¨·Ê¥É¸Ö É ±:

W(bαk, bαβ, bβk) → 
1

bαβ
n

 W α 






 bαβ 

bβk

bαβ
 






 ,      

bβk

bαβ
 → xk , (�.25)

xk Å ¶¥·¥³¥´´ Ö ¸¢¥Éµ¢µ£µ ±µ´Ê¸ . ƒ· ´¨ÍÒ ¶·¨³¥´¨³µ¸É¨ § ±µ´  (�.25)

¨ ¶µ± § É¥²Ó ¸É¥¶¥´¨ n µ¶·¥¤¥²ÖÕÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´µ. ‚ ³¥Ì ´¨±¥
¸¶²µÏ´ÒÌ ¸·¥¤ (�.25) ´µ¸¨É ´ §¢ ´¨¥ ®¶·µ³¥¦ÊÉµÎ´ Ö  ¸¨³¶ÉµÉ¨± ¯.

‚¥²¨Î¨´  W = bαβ
n W ¶·¨ Ë¨±¸¨·µ¢ ´´ÒÌ bαk ¨ xk (¶ · ³¥É· Ì ¶µ¤µ¡¨Ö)

µ¸É ¥É¸Ö ´¥¨§³¥´´µ° ¶·¨ ¨§³¥´¥´¨¨ ¢¸¥Ì µ¸É ²Ó´ÒÌ ¶ · ³¥É·µ¢, ¢±²ÕÎ Ö
bαβ, ¶µ¤µ¡´µ° ¸ ³µ° ¸¥¡¥ ( ¢Éµ³µ¤¥²Ó´µ°).

�¡Ñ¥¤¨´¥´¨¥ ¶·¨´Í¨¶  µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨° ¨ (�.25) ¶·¨¢µ¤¨É ±
µ¡Ð¥° § ±µ´µ³¥·´µ¸É¨ ¤²Ö ¤¢ÊÌ ±² ¸É¥·µ¢:

W(bαβ, bαk, bαj , bβk, bβj ) = 
1

bαβ
n

 W α 






 bαk 

bβk

bαβ
 






 W β 







 bβj 

bαj

bαβ
 






 .    (�.26)

”µ·³Ê²  (�.26) ¨  ´ ²µ£¨Î´Ò¥ ¥°, ¶µ²ÊÎ¥´´Ò¥ ´  µ¸´µ¢¥ ¸¨³³¥É·¨°´µ£µ
¶µ¤Ìµ¤ , µ¶·¥¤¥²ÖÕÉ ¸É·Ê±ÉÊ·Ê § ±µ´µ¢ ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö
Î ¸É¨Í, ¸¨²Ó´µ µ£· ´¨Î¨¢ Ö ³µ¤¥²Ó´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö.

‚ · §¤.4 ¶·¨¢¥¤¥´Ò Ì · ±É¥·´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ · ¸-

¶·¥¤¥²¥´¨Õ Î ¸É¨Í ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶¥·¥³¥´´µ° bk = − (Vα − Uk)
2 ¢´ÊÉ·¨

±² ¸É¥·µ¢:

F(bk) = ∫ W α dΩk ,      F(xk) = ∫ W αdbkdϕk ,

Tk = 
mk bk

2
 ,     dΩk = sin ΘkdΘkdϕ,

W α = 
1
N

0
 

2

mk
2
 

d 3N

√bk + bk
26 4 dbkdΩk

 = 
1
N

0
 

2

mk
2
 

d 3N
dbk dxk dϕk

 ,
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´µ·³¨·µ¢± 
1
N

0

 ∫ dNdτk
 dτk = 1.

“´¨¢¥·¸ ²Ó´µ¸ÉÓ ËÊ´±Í¨° W α, W βÁ ¢ Ï¨·µ±µ° µ¡² ¸É¨ bik ¶µ§¢µ²Ö¥É

£µ¢µ·¨ÉÓ µ ²µ± ²Ó´µ°  ¢Éµ³µ¤¥²Ó´µ¸É¨ · ¸¶·¥¤¥²¥´¨° ¢ ¶·µ¸É· ´¸É¢¥
¸±µ·µ¸É¥°. �¤´ ±µ ¶ · ³¥É·¨§ Í¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ´  µ¸´µ¢¥
Ëµ·³Ê²Ò (�.26) ¢ µ¡² ¸É¨ bI II ≤ 15 ´Ê¦¤ ¥É¸Ö ¢ ¤ ²Ó´¥°Ï¥³ ¨§ÊÎ¥´¨¨, É.±.

¢ ÔÉµ° µ¡² ¸É¨ ¶ · ³¥É·Ò ±² ¸É¥·µ¢ µÉ²¨Î ÕÉ¸Ö µÉ  ¸¨³¶ÉµÉ¨Î¥¸±¨Ì §´ -
Î¥´¨° bI II ≥ 20.

�µ³¨³µ ¨´¢ ·¨ ´Éµ¢, ¢Ò· ¦ ¥³ÒÌ Î¥·¥§ ¸± ²Ö·´Ò¥ ¶·µ¨§¢¥¤¥´¨Ö ¢¥±-
Éµ·µ¢ ¸±µ·µ¸É¨ (Ui Uk), ³µ¦´µ ¢¢¥¸É¨  ´É¨¸¨³³¥É·¨Î´Ò¥ É¥´§µ·Ò Å ±µ³-

¡¨´ Í¨¨ ¢¥±Éµ·µ¢ ¸±µ·µ¸É¨, ¢ Î ¸É´µ¸É¨, ¢¥±Éµ·´Ò¥ ¶·µ¨§¢¥¤¥´¨Ö:

Ajk
 γδ = Ui

 γUk
 δ − Ui

 δUk
 γ.

‚¥±Éµ·´ Ö  ²£¥¡·  ¢ ¶·µ¸É· ´¸É¢¥ ¸±µ·µ¸É¥°* ¶µ±  ´¥ ¶µ²ÊÎ¨²  Ï¨·µ-
±µ£µ ¶·¨³¥´¥´¨Ö ¤²Ö  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. �¤´ ±µ Ê ÔÉ¨Ì
¶·¨³¥´¥´¨° Ìµ·µÏ Ö ¶¥·¸¶¥±É¨¢  ± ± ¤²Ö ¸µ§¤ ´¨Ö £¥µ³¥É·¨Î¥¸±¨Ì µ¡· -
§µ¢ (´ ¶·¨³¥·, µÉ´µ¸¨É¥²Ó´Ò¥ µ·¨¥´É Í¨¨ ²¨´¨°, ¶²µ¸±µ¸É¥°, É¥É· Ô¤·µ¢),
É ± ¨ ¤²Ö µ¡´ ·Ê¦¥´¨Ö ´µ¢ÒÌ § ±µ´µ³¥·´µ¸É¥°, µ¸µ¡¥´´µ ¢ µ¡² ¸É¨ ¶µ²Ö-
·¨§ Í¨µ´´ÒÌ Ö¢²¥´¨° ´  ±¢ ·±-£²Õµ´´µ³ Ê·µ¢´¥.

�¢Éµ·Ò ¡² £µ¤ ·´Ò §  ¤µ¶µ²´¨É¥²Ó´ÊÕ ¶µ¤¤¥·¦±Ê ¤ ´´µ° · ¡µÉÒ µÉ¤¥-
²µ³ Ë¨§¨±¨ ³´µ£µÎ ¸É¨Î´ÒÌ ̧ ¨¸É¥³ ”ˆ�� ̈  £· ´É ³¨ �””ˆ º96-02-18728,
º96-15-96423.

* * *
� ¸ÉµÖÐ Ö ¸É ÉÓÖ ¶µ¤¢µ¤¨É ¨Éµ£ ´ Ï¨³ · ¡µÉ ³ §  ¶µ¸²¥¤´¨¥ 10Å15

²¥É. �¤´ ±µ ¸É ´µ¢²¥´¨¥ ¨ · §¢¨É¨¥ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¨, ±µÉµ-
·µ° ´¥¤ ¢´µ ¨¸¶µ²´¨²µ¸Ó Î¥É¢¥·ÉÓ ¢¥± , ¶·µÉ¥± ²µ ¢ ±·Ê¶´¥°Ï¨Ì ² ¡µ· -
Éµ·¨ÖÌ ³¨· , ¨ ÔÉµ³Ê ´ ¶· ¢²¥´¨Õ ¶µ¸¢ÖÐ¥´µ ±µ²¨Î¥¸É¢µ ¸É É¥°, ¨§³¥·Ö¥-
³µ¥ Î¥ÉÒ·¥Ì§´ Î´Ò³¨ Í¨Ë· ³¨. �Éµ ± ¸ ¥É¸Ö ´¥ Éµ²Ó±µ Ô±¸¶¥·¨³¥´Éµ¢, ´µ
¨ ³´µ£µÎ¨¸²¥´´ÒÌ É¥µ·¥É¨Î¥¸±¨Ì · ¡µÉ, µ¸µ¡¥´´µ ¶µ Ö¤¥·´µ° Ì·µ³µ¤¨´ -
³¨±¥, ±µÉµ·µ° ³Ò §¤¥¸Ó ¶· ±É¨Î¥¸±¨ ´¥ ± ¸ ¥³¸Ö.

*ˆ§²µ¦¥´¨¥ ¶·¨³¥´¥´¨° £· ¸¸³ ´µ¢µ°  ²£¥¡·Ò ¤²Ö ¢¥±Éµ·µ¢ ¢ ¶·µ¸É· ´¸É¢¥ ¸±µ·µ¸É¥°,
µ·¨¥´É¨·µ¢ ´´µ¥ ´  Ë¨§¨±µ¢, ¶·¥¤¸É ¢²¥´µ ¢ ¶·¥¶·¨´É¥: G.C.Wick Å ®Visual aids to relativistic
kinematics¯, CERN 73-3, 1973, Geneva.
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†Ê·´ ² �—�Ÿ Ê¤¥²Ö² ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¥ ¶µ¸ÉµÖ´´µ¥ ¢´¨-
³ ´¨¥ ¸ ³µ³¥´É  ¥¥ § ·µ¦¤¥´¨Ö ¢ „Ê¡´¥. � ¶· ¢²ÖÖ ÔÉÊ ¸É ÉÓÕ ¢ ¢Ò¶Ê¸±
�—�Ÿ, ¶µ¸¢ÖÐ¥´´Ò° Œ.�.Œ ·±µ¢Ê, µÉ³¥É¨³ ¶µ¸ÉµÖ´´ÊÕ ¶µ¤¤¥·¦±Ê ¨³
·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¨. ‚ ± Î¥¸É¢¥  ± ¤¥³¨± -¸¥±·¥É ·Ö �É¤¥²¥-
´¨Ö Ö¤¥·´µ° Ë¨§¨±¨ �± ¤¥³¨¨ ´ Ê± ‘‘‘� ¨ ± ± £µ¸Ê¤ ·¸É¢¥´´Ò° Î¥²µ¢¥±,
µ´ µ± § ² ¸¨²Ó´µ¥ ¢²¨Ö´¨¥ ´  ¸µ§¤ ´¨¥ ¶¥·¢ÒÌ µ¸´µ¢´ÒÌ ¸µµ·Ê¦¥´¨° ¨
Ê¸É ´µ¢µ± ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¨. Œ.�.Œ ·±µ¢, ± ± Î¥²µ¢¥± Ï¨·µ-
±¨Ì ¢§£²Ö¤µ¢ ´  ´ Ê±Ê ¨ Ë¨²µ¸µË¸±µ£µ ¸±² ¤  Ê³ , ¡Ò² ·µ¤µ´ Î ²Ó´¨±µ³
Ï±µ² ¨ ³´µ£¨Ì ´ ¶· ¢²¥´¨° ¢ ¸µ¢·¥³¥´´µ° Ë¨§¨±¥. �´ ¡Ò² ¶¥·¢Ò³ Ë¨§¨-
±µ³-É¥µ·¥É¨±µ³, ±µÉµ·Ò° ¥Ð¥ ¢ ¸¥·¥¤¨´¥ 40-Ì £µ¤µ¢ ¶µ´Ö², ÎÉµ ¶·µ£·¥¸¸
±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¡Ê¤¥É µ¡Ê¸²µ¢²¥´ Ë¨§¨±µ° ¢Ò¸µ±¨Ì Ô´¥·£¨°, ¨ ¶·¥¤-
²µ¦¨² ¥Ð¥ ¤µ ¸µ§¤ ´¨Ö Ê¸±µ·¨É¥²¥° ¶·µ£· ³³Ò Ô±¸¶¥·¨³¥´Éµ¢ ¤²Ö ¶¥·¢ÒÌ
¸¨´Ì·µÉ·µ´µ¢ ¨ ¤²Ö ¤Ê¡´¥´¸±µ£µ ¸¨´Ì·µË §µÉ·µ´ . �É¨ ¶·µ£· ³³Ò ¨ ¸¥°-
Î ¸ ¢Ò§Ò¢ ÕÉ ÎÊ¢¸É¢µ ¢µ¸Ì¨Ð¥´¨Ö ¥£µ ¶·µ§µ·²¨¢µ¸ÉÓÕ, ¸¨²µ° ¶·¥¤¢¨¤¥´¨Ö
¶ÊÉ¥° · §¢¨É¨Ö É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨. ‘·¥¤¨ ¨¤¥° Œ.�.Œ ·±µ¢ , µ± § ¢-
Ï¨Ì ¢²¨Ö´¨¥ ´  · ¡µÉÒ ¶µ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¥, ´¥µ¡Ìµ¤¨³µ
µÉ³¥É¨ÉÓ ¸²¥¤ÊÕÐ¨¥.

Å …Ð¥ ¢ 1935 £µ¤Ê µ´ ¸ ¶µ³µÐÓÕ É¥µ·¨¨ £·Ê¶¶ ¢¶¥·¢Ò¥ ¶µ²ÊÎ¨² ¢¸¥
§ ±µ´Ò ¸µÌ· ´¥´¨Ö É¥µ·¨¨ „¨· ± . �É¨ · ¡µÉÒ ¢Ò¸µ±µ µÍ¥´¨² ‚.� Ê²¨.

Å Œ.�.Œ ·±µ¢ Å µ¤¨´ ¨§ ¶¨µ´¥·µ¢ ¸µ¸É ¢´ÒÌ ³µ¤¥²¥° Ô²¥³¥´É ·´ÒÌ
Î ¸É¨Í. �´ · §¢¨² ¶·¥¤¸É ¢²¥´¨¥ µ £¨¶¥·µ´ Ì ± ± ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ-
´¨ÖÌ ´Ê±²µ´µ¢ ¨ ¶·¥¤²µ¦¨² µ¤´Ê ¨§ ¶¥·¢ÒÌ ¸¨¸É¥³ É¨± Ô²¥³¥´É ·´ÒÌ Î ¸-
É¨Í. �  µ¸´µ¢¥ ÔÉµ° ³µ¤¥²¨ ¶·¥¤¸± § ² ¸ÊÐ¥¸É¢µ¢ ´¨¥ ÉÖ¦¥²ÒÌ ³¥§µ´µ¢ ¨
¡ ·¨µ´´ÒÌ ·¥§µ´ ´¸µ¢.

Å „ ² ¶·¨´Í¨¶ µ¶¨¸ ´¨Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶·µÉÖ¦¥´´ÒÌ ¸¨¸É¥³ (±µ´-
Í¥¶Í¨Ö Œ ·±µ¢  Å �± ¢Ò).

Å ‚¶¥·¢Ò¥ ¢Ò¤¢¨´Ê² £¨¶µÉ¥§Ê µ Éµ³, ÎÉµ ¶µ²´Ò¥ ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö
²¥¶Éµ´µ¢ ´  ´Ê±²µ´ Ì ¸ ·µ¸Éµ³ Ô´¥·£¨¨ ¸É·¥³ÖÉ¸Ö ± ¸¥Î¥´¨Ö³ · ¸¸¥Ö´¨Ö
ÉµÎ¥Î´ÒÌ Î ¸É¨Í (1964 £.). �Éµ ¶·¥¤¸± § ´¨¥ ²¥¦¨É ¢ µ¸´µ¢¥ ¸µ¢·¥³¥´´ÒÌ
¶ ·Éµ´-±¢ ·±µ¢ÒÌ ¶·¥¤¸É ¢²¥´¨°.

ˆ, ´ ±µ´¥Í, ¢¶¥Î É²¥´¨Ö µÉ ²¨Î´µ£µ µ¡Ð¥´¨Ö ¸ ÔÉ¨³ ¢Ò¸µ±µ¨´É¥²²¨£¥´É-
´Ò³ Î¥²µ¢¥±µ³, ¨³¥¢Ï¨³ µ·¨£¨´ ²Ó´Ò¥ ÉµÎ±¨ §·¥´¨Ö ´¥ Éµ²Ó±µ ´  ¸Ê¤Ó¡Ò
´ Ê±¨, ´µ ¨ ´  ¸Ê¤Ó¡Ò Î¥²µ¢¥Î¥¸É¢ , ´  ¤¥ÖÉ¥²Ó´µ¸ÉÓ ´ ÊÎ´µ° µ¡Ð¥¸É¢¥´-
´µ¸É¨ ¶µ · §¢¨É¨Õ ¨¤¥° ¢ ¡µ·Ó¡¥ §  ³¨·, ´¥ ¶µ¤¤ ÕÉ¸Ö ±· É±¨³ Ì · ±-
É¥·¨¸É¨± ³. Š ¸Î ¸ÉÓÕ, Œ.�.Œ ·±µ¢ Ê¸¶¥² ´ ¶¨¸ ÉÓ ¶µ¸²¥¤´ÕÕ ¸¢µÕ ±´¨£Ê
®� §³ÒÏ²ÖÖ µ Ë¨§¨± Ì... µ Ë¨§¨±¥... µ ³¨·¥...¯ (Œ.: � Ê± , 1993), ±µÉµ· Ö
¤ ¥É ¶·¥¤¸É ¢²¥´¨¥ µ¡ ÔÉµ° ³´µ£µ£· ´´µ° ²¨Î´µ¸É¨.
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….�.�²¥±¸¥¥¢, ‹.�.�²¥±¸¥¥¢ , ‚.�.� ± É ´µ¢,
Œ.Œ.�µ²¨¥¢, �.‚.‚µ¥¢µ¤¸±¨°, ‚.�.„µ£Ê¦ ¥¢,

‚.�.‡ ±¨¤ÒÏ¥¢, ‚.�.Šµ§Ö·¨¢¸±¨°, �.”.�µ¢µ¸¥²ÓÍ¥¢,
�.�.�µ¢µ¸¥²ÓÍ¥¢ , ‚.Ÿ.�µ¤¤Ê¡´Ò°, ‚.Ÿ.�¥É±µ¢,

�.‚.‘Ê¢µ·µ¢ , �.Š.–Ö¡Ê±, �.….—Ê¤ ±µ¢

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

„ ´ ±· É±¨° µ¡§µ· Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ ´  � ±¸ ´¸±µ³
¶µ¤§¥³´µ³ ¸Í¨´É¨²²ÖÍ¨µ´´µ³ É¥²¥¸±µ¶¥. �¸ÊÐ¥¸É¢²¥´µ ¨¸¸²¥¤µ¢ ´¨¥ ¶µÉµ±µ¢
´¥°É·¨´µ µÉ £ ² ±É¨Î¥¸±¨Ì ¨¸ÉµÎ´¨±µ¢ ¨ Ê¸É ´µ¢²¥´µ µ£· ´¨Î¥´¨¥ ´  ¨Ì ¶µÉµ±. �·¨
¶µ¨¸±¥ ³¥¤²¥´´ÒÌ ¨µ´¨§¨·ÊÕÐ¨Ì Î ¸É¨Í Ê¸É ´µ¢²¥´ ¢¥·Ì´¨° ¶·¥¤¥² ´  ¶µÉµ± ÉÖ¦¥-
²ÒÌ ³ £´¨É´ÒÌ ³µ´µ¶µ²¥°. ‡ ·¥£¨¸É·¨·µ¢ ´ ¸¨£´ ² µÉ ´¥°É·¨´´µ£µ ¨³¶Ê²Ó¸  µÉ ¶·µ-
Í¥¸¸  ·µ¦¤¥´¨Ö ¸¢¥·Ì´µ¢µ°. “¸É ´µ¢²¥´µ µ£· ´¨Î¥´¨¥ ´  · ¸¶ ¤ ¶·µÉµ´ . �·¨ ·¥-
£¨¸É· Í¨¨ ³Õµ´µ¢ µÉ Ï¨·µ±¨Ì  É³µ¸Ë¥·´ÒÌ ²¨¢´¥° Ê¸É ´µ¢²¥´µ ¶µ¸ÉµÖ´¸É¢µ ¨Ì Ì¨-
³¨Î¥¸±µ£µ ¸µ¸É ¢  ¤µ 5 ⋅ 1015 Ô‚.

Experimental results obtained at the Baksan underground scintillation telescope are
reviewed. Galactic source neutrino fluxes were investigated. In slow ionizing particle
searches an upper limit was established on a heavy magnetic monopole flux. A neutrino
pulse from a supernovae birth was regist¥red. An upper limit on a proton decay time was
established. By means of a muon registration originated from wide atmospheric showers
and absence of a variation of their chemical composition was established up to 5 ⋅ 105 eV.

1. ‚‚…„…�ˆ…

ˆ¸¶µ²Ó§µ¢ ´¨¥ ¶µÉµ±   É³µ¸Ë¥·´ÒÌ ´¥°É·¨´µ ¢Ò¸µ±µ° Ô´¥·£¨¨ ¤²Ö
¨§ÊÎ¥´¨Ö Ì · ±É¥·¨¸É¨± ¸² ¡ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¡Ò²µ ¶·¥¤²µ¦¥´o
Œ.�.Œ ·±µ¢Ò³ [1,2]. „²Ö ÔÉµ£µ ¶·¥¤² £ ²µ¸Ó ·¥£¨¸É·¨·µ¢ ÉÓ ¢µ§´¨± ÕÐ¨°
¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ´¥°É·¨´µ ¸ ¢¥Ð¥¸É¢µ³ ¢ Éµ²Ð¥ ‡¥³²¨ ¶µÉµ±
³Õµ´µ¢, ¶·¨Ìµ¤ÖÐ¨Ì ¨§ ´¨¦´¥° ¶µ²Ê¸Ë¥·Ò. ‚ · ¡µÉ¥ Œ.�.Œ ·±µ¢  ¨
ˆ.Œ.†¥²¥§´ÒÌ [3] ¡Ò²  · ¸¸³µÉ·¥´  ¢µ§³µ¦´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ¢ É ±¨Ì Ô±¸-
¶¥·¨³¥´É Ì ´¥°É·¨´µ µÉ £ ² ±É¨Î¥¸±¨Ì ¨¸ÉµÎ´¨±µ¢. �É¨ ¨¤¥¨ ¡Ò²¨ ·¥ -
²¨§µ¢ ´Ò ´  ¶µ¤§¥³´µ³ ¸Í¨´É¨²²ÖÍ¨µ´´µ³ É¥²¥¸±µ¶¥ � ±¸ ´¸±µ° ´¥°É·¨´-

®”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��¯
1998, ’�Œ 29, ‚›�.3



´µ° µ¡¸¥·¢ Éµ·¨¨ ˆŸˆ ���. ‚µ§³µ¦´µ¸É¨ ¸µ§¤ ´´µ° Ê¸É ´µ¢±¨ µ± § ²¨¸Ó
§´ Î¨É¥²Ó´µ Ï¨·¥. ‚ ¤ ´´µ° ¸É ÉÓ¥ ±· É±µ µ¶¨¸ ´Ò µ¸´µ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ,
¶µ²ÊÎ¥´´Ò¥ ´  É¥²¥¸±µ¶¥.

2. ˆ‡“—…�ˆ… �…‰’�ˆ�� ‚›‘�Šˆ• ��…�ƒˆ‰

’¥²¥¸±µ¶ ´ Ìµ¤¨É¸Ö ¢ ¶µ¤§¥³´µ° ¢Ò· ¡µÉ±¥ µ¡Ñ¥³µ³ 24 × 24 × 16 ³ ¶µ¤
¸±²µ´µ³ £µ·Ò �´¤Ò·Î¨ ´  · ¸¸ÉµÖ´¨¨ 550 ³ µÉ ¢Ìµ¤  ¢ £µ·¨§µ´É ²Ó´ÊÕ
ÏÉµ²Ó´Õ. �´ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° Î¥ÉÒ·¥ÌÔÉ ¦´µ¥ §¤ ´¨¥ · §³¥·µ³ 16,7 ×
× 16,7 × 11,1 ³. � ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ÔÉ ¦ ³¨ · ¢´µ 3,6 ³. ‚¸¥ Ï¥¸ÉÓ ¢´¥Ï´¨Ì
¨ ¤¢¥ ¢´ÊÉ·¥´´¨¥ ¶²µ¸±µ¸É¨ §¤ ´¨Ö ¸¶²µÏÓ ¶µ±·ÒÉÒ ¸Í¨´É¨²²ÖÍ¨µ´´Ò³¨

¤¥É¥±Éµ· ³¨. �²µÐ ¤Ó ± ¦¤µ£µ ¤¥É¥±Éµ·  0,5 ³2. �¡Ð¥¥ Î¨¸²µ ¤¥É¥±Éµ·µ¢
· ¢´µ 3150,   ¢¥¸ ¸Í¨´É¨²²ÖÉµ·  ¢ ´¨Ì Å 330 Éµ´´. ƒ²Ê¡¨´  § ²µ¦¥´¨Ö
É¥²¥¸±µ¶  850 ³.¢.Ô.

„²Ö µÉ¡µ·  ³Õµ´µ¢, ¨¤ÊÐ¨Ì ¸´¨§Ê, ¡Ò²  ¨¸¶µ²Ó§µ¢ ´  ¢·¥³Ö¶·µ²¥É´ Ö
³¥Éµ¤¨± . ‡  ¡µ²¥¥ Î¥³ 10 ²¥É ®Î¨¸Éµ£µ¯ ¢·¥³¥´¨ ´ ¡²Õ¤¥´¨° ´  É¥²¥¸±µ¶¥
§ ·¥£¨¸É·¨·µ¢ ´µ µ±µ²µ 700 ¸µ¡ÒÉ¨° ¶·µÌµ¦¤¥´¨Ö Î¥·¥§ É¥²¥¸±µ¶ ³Õµ´µ¢
¨§ ´¨¦´¥° ¶µ²Ê¸Ë¥·Ò µÉ ¢§ ¨³µ¤¥°¸É¢¨Ö ´¥°É·¨´µ ¸ ¢¥Ð¥¸É¢µ³ ¨²¨
(0,177 ± 0,006) ¸µ¡ÒÉ¨° ¢ ¸ÊÉ±¨, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¶µÉµ±Ê:

I(E > 1 ƒÔ‚) = (2,72 ± 0,16) ⋅ 10−13 ̧ ³−2 ⋅ c−1 ⋅ cp−1.

‚ ¶·¥¤¥² Ì ´¥µ¶·¥¤¥²¥´´µ¸É¥° ¨§³¥·¥´´Ò° É¥³¶ ¸Î¥É  ´ Ìµ¤¨É¸Ö ¢ ¸µ-
£² ¸¨¨ ¸ µ¦¨¤ ¥³Ò³, ÎÉµ ¶µ§¢µ²¨²µ Ê¸É ´µ¢¨ÉÓ ´  90% ¤µ¢¥·¨É¥²Ó´µ³
Ê·µ¢´¥ ¸²¥¤ÊÕÐ¨¥ µ£· ´¨Î¥´¨Ö ´  ¶ · ³¥É·Ò νµ → ντ  µ¸Í¨²²ÖÍ¨°:

∆m2 < 2,73 ⋅ 10−4 Ô‚2   ¶·¨   sin2 (2θ) = 1

sin2 (2θ) < 0,23   ¶·¨   ∆m2 > 3,20 ⋅ 10−2 Ô‚2

¨, ¸µµÉ¢¥É¸É¢¥´´µ, νµ → νe :

∆m2 < 3,12 ⋅ 10−3 Ô‚2   ¶·¨   sin2 (2θ) = 0,95,

sin2 (2θ) < 0,03   ¶·¨   ∆m2 > 3,03 ⋅ 10−3 Ô‚2.

‚ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ µ¸Í¨²²ÖÍ¨¨ ´¥°É·¨´µ µÉ¸ÊÉ¸É¢ÊÕÉ, ³µ¦´µ ¸¤¥-
² ÉÓ µ£· ´¨Î¥´¨¥ ´  ¶µÉµ± ´¥°É·¨´µ ¢´¥ É³µ¸Ë¥·´µ£µ ¶·µ¨¸Ìµ¦¤¥´¨Ö, ¨²¨
¶·µ¢¥¸É¨ ¶µ¨¸± ¶µÉµ±µ¢ ´¥°É·¨´µ µÉ ²µ± ²Ó´ÒÌ ¨¸ÉµÎ´¨±µ¢. „²Ö ¶µ¨¸± 
¨¸ÉµÎ´¨±µ¢ ¡Ò²µ ¨¸¶µ²Ó§µ¢ ´µ ´¥¸±µ²Ó±µ ³¥Éµ¤µ¢.

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ µ¡· ¡µÉ±¨ ¤ ´´ÒÌ ¤²Ö 11 ´ ¨¡µ²¥¥
¨§¢¥¸É´ÒÌ ¨¸ÉµÎ´¨±µ¢, ¢¨¤¨³ÒÌ ¢ £ ³³ -¤¨ ¶ §µ´¥, ¤µ¸ÉÊ¶´ÒÌ ¤²Ö ´ ¡²Õ-
¤¥´¨Ö ´ Ï¥° Ê¸É ´µ¢±µ°.
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ˆ§ É ¡²¨ÍÒ ¢¨¤´µ, ÎÉµ ¶µ ¤ ´´Ò³ É¥²¥¸±µ¶  ´¥É ´¨± ±¨Ì Ê± § ´¨° ´ 
¸ÊÐ¥¸É¢µ¢ ´¨¥ §´ Î¨³ÒÌ ¶µÉµ±µ¢ ´¥°É·¨´µ ¢Ò¸µ±¨Ì Ô´¥·£¨° µÉ ¨¸ÉµÎ´¨-
±µ¢, ¢¨¤¨³ÒÌ ¢ £ ³³ -¤¨ ¶ §µ´¥.

�É´µ¸¨É¥²Ó´µ ´¥¡µ²ÓÏ Ö £²Ê¡¨´  § ²µ¦¥´¨Ö É¥²¥¸±µ¶  ¶µ§¢µ²Ö¥É ·¥-
Ï ÉÓ § ¤ Î¨, ¸¢Ö§ ´´Ò¥ ± ± ¸ ´¨§±¨³ Ëµ´µ³ (¶µ¨¸± ³ £´¨É´µ£µ ³µ´µ¶µ²Ö,
·¥£¨¸É· Í¨Ö ´¥°É·¨´µ µÉ ±µ²² ¶¸  §¢¥§¤ ¨ ¤·.), É ± ¨ ¸ ³Õµ´ ³¨ ±µ¸³¨-
Î¥¸±¨Ì ²ÊÎ¥°, ¶µÉµ± ±µÉµ·ÒÌ ´  ¤ ´´µ° £²Ê¡¨´¥ ¤µ¸É ÉµÎ´µ ¢¥²¨± (14 ¢
¸¥±Ê´¤Ê).

3. ��ˆ‘Š ’Ÿ†…‹�ƒ� Œ�ƒ�ˆ’��ƒ� Œ�����‹Ÿ

‚ 1974 £µ¤Ê ¡Ò²µ ¶µ± § ´µ, ÎÉµ ³ £´¨É´Ò¥ ³µ´µ¶µ²¨ ̧  ́ ¥µ¡Ìµ¤¨³µ¸ÉÓÕ
¢µ§´¨± ÕÉ ¢ Ï¨·µ±µ³ ±² ¸¸¥ É¥µ·¨° ¢¥²¨±µ£µ µ¡Ñ¥¤¨´¥´¨Ö. ‚ ÔÉ¨Ì É¥µ·¨ÖÌ
¶·¥¤¸± §Ò¢ ¥É¸Ö ́ ¥ Éµ²Ó±µ § ·Ö¤, ¸µ¢¶ ¤ ÕÐ¨° ¸ § ·Ö¤µ³ ³µ´µ¶µ²Ö „¨· ± ,

´µ ¨ ³ ¸¸  Î ¸É¨ÍÒ, ¤µ¸É¨£ ÕÐ Ö ¢¥²¨Î¨´Ò 1016 − 1017 ƒÔ‚. �Î¥¢¨¤´µ, ÎÉµ

’ ¡²¨Í 

ˆ¸ÉµÎ´¨± Šµµ·¤¨´ ÉÒ —¨¸²µ
¸µ¡ÒÉ¨°
¢ µ±´¥

”µ´ �£· ´¨Î¥´¨Ö
´  ¶µÉµ±

× 10−14 ̧ ³−2 ⋅ c−1α δ

SMC X-1 1:15 − 73 3 2,9 0,81

LMC X-4 5:32 − 66 2 2,3 0,70

LMC X-3 5:38 − 64 1 2,0 0,53

Cen X-3 11:19 − 60,3 1 2,0 0,56

Cir X-1 15:16 − 57 0 2,1 0,41

Cen A 13:25 − 42,8 4 1,7 3,8

Vela X-1 9:02 − 40,5 1 1,5 0,77

Gal Cen 17:42 − 30 0 1,8 0,67

Sco X-1 16:19 − 15 2 1,3 1,5

3C273 12:28 + 2,1 2 1,1 2,0

Crab Psr 5:32 + 22 0 0,7 1,9
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Î ¸É¨ÍÒ ¸ É ±µ° ³ ¸¸µ° ³µ£²¨ ·µ¦¤ ÉÓ¸Ö Éµ²Ó±µ ´  · ´´¥° ¸É ¤¨¨ µ¡· §µ-
¢ ´¨Ö ‚¸¥²¥´´µ° ¨ ¢ ¤ ²Ó´¥°Ï¥³, Ê¸±µ·ÖÖ¸Ó ¢ £ ² ±É¨Î¥¸±¨Ì ³ £´¨É´ÒÌ

¶µ²ÖÌ, ¶·¨µ¡·¥É ÉÓ ¸±µ·µ¸É¨ ¶µ·Ö¤±  10−3 − 10−2 ¸.
„²Ö ´ ¡²Õ¤¥´¨Ö ³µ´µ¶µ²¥° ¶·µ¨§¢µ¤¨²¸Ö ¶µ¨¸± ³¥¤²¥´´ÒÌ ¨µ´¨-

§¨·ÊÕÐ¨Ì Î ¸É¨Í, ¶·µÌµ¤ÖÐ¨Ì Î¥·¥§ É¥²¥¸±µ¶, ¢ ¤¨ ¶ §µ´¥ ¸±µ·µ¸É¥°

2 ⋅ 10−4 ÷ 10−1 ¸ ¶µ ¢·¥³¥´¨ ¶·µ²¥É . �·¨  ´ ²¨§¥ ¤ ´´ÒÌ, ´ ¡· ´´ÒÌ § 
63030 Î ¸µ¢ ¦¨¢µ£µ ¢·¥³¥´¨, ´¥ ¡Ò²µ ´ °¤¥´µ ± ´¤¨¤ Éµ¢, Ê¤µ¢²¥É¢µ·¨¢-
Ï¨Ì ±·¨É¥·¨Ö³ µÉ¡µ· . �Éµ ¶µ§¢µ²¨²µ Ê¸É ´µ¢¨ÉÓ ¢¥·Ì´¨° ¶·¥¤¥² ´  ¶µÉµ±
¸¢¥·ÌÉÖ¦¥²ÒÌ ³ £´¨É´ÒÌ ³µ´µ¶µ²¥°:

f < 2,0 ⋅ 10−16 ̧ ³−2 ⋅ c−1 cp−1.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ÔÉµÉ ¶·¥¤¥² É ±¦¥ ¸¶· ¢¥¤²¨¢ ¨ ¤²Ö ²Õ¡ÒÌ ³¥¤²¥´-
´ÒÌ ¨µ´¨§ÊÕÐ¨Ì¸Ö Î ¸É¨Í, ¸¶µ¸µ¡´ÒÌ ¶·µ´¨± ÉÓ £²Ê¡µ±µ ¶µ¤ §¥³²Õ.

4. �…ƒˆ‘’��–ˆŸ ‚‘�‹…‘Š�‚
�…‰’�ˆ���ƒ� ˆ‡‹“—…�ˆŸ, ‘����‚�†„��™ˆ•

ƒ��‚ˆ’�–ˆ���›‰ Š�‹‹��‘ ‡‚…‡„

‘µ£² ¸´µ ¸µ¢·¥³¥´´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³ ±µ²² ¶¸¨·ÊÕÐ Ö ¢ ±µ´Í¥ ¸¢µ¥°
Ô¢µ²ÕÍ¨¨ ³ ¸¸¨¢´ Ö §¢¥§¤  ³µ¦¥É ¤ ÉÓ ±µ·µÉ±¨°, ´µ ³µÐ´Ò° ¢¸¶²¥¸± Ô´¥·-
£¥É¨Î´ÒÌ (~ 10 ŒÔ‚) ´¥°É·¨´µ. ‘Í¨´É¨²²ÖÉµ· ¤¥É¥±Éµ·µ¢ É¥²¥¸±µ¶  ¸ ¢Ò-
¸µ±¨³ ¸µ¤¥·¦ ´¨¥³ ¢µ¤µ·µ¤  ¨¸¶µ²Ó§Ê¥É¸Ö ¤²Ö µ¡´ ·Ê¦¥´¨Ö Ô²¥±É·µ´´ÒÌ
 ´É¨´¥°É·¨´µ ¶µ ·¥ ±Í¨Ö³ ¨Ì § Ì¢ É  ¶·µÉµ´ ³¨:

ν
__
e + p → n + e+.

�µ¸±µ²Ó±Ê ¶·µ¡¥£ µ¡· §µ¢ ¢Ï¥£µ¸Ö ¶µ§¨É·µ´  ³ ², µ´ ¶µ²´µ¸ÉÓÕ Ê±² -
¤Ò¢ ¥É¸Ö ¢ µ¡Ñ¥³¥ ¤¥É¥±Éµ· . ‘¥·¨Ö µ¤¨´µÎ´ÒÌ ¸· ¡µÉ ¢Ï¨Ì ¤¥É¥±Éµ·µ¢ ¢
É¥Î¥´¨¥ ±µ·µÉ±µ£µ ¶¥·¨µ¤  ¢·¥³¥´¨, µ¶·¥¤¥²Ö¥³µ£µ ¤²¨É¥²Ó´µ¸ÉÓÕ ´¥°-
É·¨´´µ° ¢¸¶ÒÏ±¨, ¶µ§¢µ²Ö¥É µÉ²¨Î¨ÉÓ ÔËË¥±É µÉ Ëµ´  ¸²ÊÎ °´µ · ¸¶·¥¤¥-
²¥´´ÒÌ ÏÊ³µ¢ÒÌ ¸¨£´ ²µ¢.

�ËË¥±É¨¢´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ́ ¥°É·¨´µ ¡µ²ÓÏ¥ 80%, ¥¸²¨ ̧ ¶¥±É· Å É¥¶-
²µ¢µ° ¸ ®É¥³¶¥· ÉÊ·µ°¯ ´¥°É·¨´µ, · ¢´µ° 3,5 ŒÔ‚.

�·µ¢¥·±µ° £µÉµ¢´µ¸É¨ É¥²¥¸±µ¶  Ö¢¨² ¸Ó ·¥£¨¸É· Í¨Ö ´¥°É·¨´´µ£µ ¸¨£-
´ ²  µÉ ¸¢¥·Ì´µ¢µ° ‘� 1987�, ¢¸¶ÒÌ´Ê¢Ï¥° ¢ ¸µ¸¥¤´¥° £ ² ±É¨±¥ �µ²ÓÏµ¥
Œ £¥²² ´µ¢µ  �¡² ±µ  23 Ë¥¢· ²Ö 1987 £µ¤ , ´ Ìµ¤ÖÐ¥°¸Ö ´  · ¸¸ÉµÖ´¨¨
50 ±¶¸. �¤´µ¢·¥³¥´´µ ¸ Ö¶µ´¸±¨³ ¤¥É¥±Éµ·µ³ Kamiokande II ¨  ³¥·¨± ´-
¸±¨³ ¤¥É¥±Éµ·µ³ IMB, ¡Ò² µ¡´ ·Ê¦¥´ ¸¨£´ ² ¨§ 5 ¸µ¡ÒÉ¨° ¢ É¥Î¥´¨¥ 9,1 ¸
¢ ³ ¸¸¥ ³¨Ï¥´¨ 200 É.
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�¥¶·¥·Ò¢´Ò° ´ ¡µ· ¨´Ëµ·³ Í¨¨ ¡Ò² ´ Î É ¢ 1980 £. ‚ 1997 £. ¶µ²´µ¥
¢·¥³Ö ´ ¡²Õ¤¥´¨Ö ¸µ¸É ¢¨²µ 15 ²¥É. ‡  ÔÉµ ¢·¥³Ö ´¥ ¡Ò²µ µ¡´ ·Ê¦¥´µ ´¨
µ¤´µ£µ ¸¨£´ ² , ±µÉµ·Ò° ¤µ¸Éµ¢¥·´µ ³µ¦´µ ¡Ò²µ ¡Ò ¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ±
¢¸¶²¥¸± £ ² ±É¨Î¥¸±¨Ì Ô²¥±É·µ´´ÒÌ  ´É¨´¥°É·¨´µ. �É¸Õ¤  ³µ¦´µ ¶µ²Ê-
Î¨ÉÓ ´¨¦´¥¥ µ£· ´¨Î¥´¨¥ ´  ¸·¥¤´¨° ¨´É¥·¢ ² ³¥¦¤Ê £· ¢¨É Í¨µ´´Ò³¨
±µ²² ¶¸ ³¨  ¢  ƒ ² ±É¨±¥,  ¤µ¶Ê¸± Ö,  ÎÉµ  ¨Ì  Î ¸ÉµÉ   ¶µ¤Î¨´Ö¥É¸Ö § ±µ´Ê
�Ê ¸¸µ´ . �·¨´¨³ Ö ¢¥·µÖÉ´µ¸ÉÓ ¶·µ¶Ê¸±  ¸¨£´ ² , · ¢´µ° 10%, ¶µ²ÊÎ ¥³
¸²¥¤ÊÕÐ¥¥ µ£· ´¨Î¥´¨¥ ´  90% Ê·µ¢´¥ ¤µ¸Éµ¢¥·´µ¸É¨: T > 6,5 ²¥É.

5. ��ˆ‘Š ��‘��„� ���’���

ˆ§ É¥µ·¨° ¢¥²¨±µ£µ µ¡Ñ¥¤¨´¥´¨Ö ¸²¥¤Ê¥É, ÎÉµ ¶·µÉµ´ ́ ¥¸É ¡¨²¥´ ¨ ¤µ²-
¦¥´  · ¸¶ ¤ ÉÓ¸Ö  ¸  ´ ·ÊÏ¥´¨¥³  § ±µ´  ¸µÌ· ´¥´¨Ö ¡ ·¨µ´´µ£µ Î¨¸² .
� ¡²Õ¤¥´¨¥ É ±µ£µ ¶·µÍ¥¸¸  ´  µ¶ÒÉ¥ Ö¢¨²µ¸Ó ¡Ò ¶·Ö³Ò³ Ô±¸¶¥·¨³¥´É ²Ó-
´Ò³ ¶µ¤É¢¥·¦¤¥´¨¥³ ¨¤¥¨ µ¡Ñ¥¤¨´¥´¨Ö.

’¥²¥¸±µ¶ ´¥ ¶·¥¤´ §´ Î ²¸Ö ¸¶¥Í¨ ²Ó´µ ¤²Ö ¨§ÊÎ¥´¨Ö ´¥¸É ¡¨²Ó´µ¸É¨
´Ê±²µ´ , ¶µÔÉµ³Ê ¶·¨ ¶µ¸É ´µ¢±¥ ¨ ¶·µ¢¥¤¥´¨¨ ÔÉµ£µ Ô±¸¶¥·¨³¥´É  ´Ê¦´µ
¡Ò²µ ¨¸Ìµ¤¨ÉÓ ¨§ ¨³¥ÕÐ¨Ì¸Ö ¢µ§³µ¦´µ¸É¥° Ê¦¥ ¤¥°¸É¢ÊÕÐ¥° Ê¸É ´µ¢±¨.

�¥ ²Ó´µ ¢ Ô±¸¶¥·¨³¥´É¥ ¨§³¥·Ö²µ¸Ó µ¡Ð¥¥ Ô´¥·£µ¢Ò¤¥²¥´¨¥ ¢ µ¤´µ³ ¨§
¤¢ÊÌ ¢´ÊÉ·¥´´¨Ì ¸²µ¥¢ ¸Í¨´É¨²²ÖÉµ·µ¢ ¶·¨ Ê¸²µ¢¨¨, ÎÉµ ´¨ ¢ µ¤´µ³ ¨§ ´ -
·Ê¦´ÒÌ,   É ±¦¥ ¢ ¤·Ê£¨Ì ¢´ÊÉ·¥´´¨Ì ¸²µÖÌ ´¥É ¸¨£´ ²  ´  Ê·µ¢´¥ 5 ŒÔ‚.
‚Éµ·µ¥ É·¥¡µ¢ ´¨¥ ¸µ¸ÉµÖ²µ ¢ Éµ³, ÎÉµ¡Ò Î¨¸²µ ̧ · ¡µÉ ¢Ï¨Ì ¢ ¤ ´´µ³ ¸²µ¥
¤¥É¥±Éµ·µ¢ (µ¡ÒÎ´µ ¸³¥¦´ÒÌ) ¡Ò²µ ´¥ ³¥´¥¥ ¤¢ÊÌ. „ ²¥¥ ¶µ²ÊÎ¥´´µ¥ Ô´¥·-
£¥É¨Î¥¸±µ¥ · ¸¶·¥¤¥²¥´¨¥ ¸· ¢´¨¢ ²µ¸Ó ¸ · ¸Î¥É´Ò³.

ˆ§ ¸· ¢´¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨ É¥µ·¥É¨Î¥¸±µ£µ · ¸¶·¥¤¥²¥´¨° ¡Ò²

¶µ²ÊÎ¥´ ´¨¦´¨° ¶·¥¤¥² ´  ¢·¥³Ö ¦¨§´¨ ¶·µÉµ´  (´¥°É·µ´ ) 1,25 ⋅ 1030 ²¥É
(90% ¤µ¢¥·¨É¥²Ó´Ò° Ê·µ¢¥´Ó) ¤²Ö ¢¸¥Ì ¡¥§´¥°É·¨´´ÒÌ ³µ¤ · ¸¶ ¤ .

6. ˆ‡“—…�ˆ… •ˆŒˆ—…‘Š�ƒ� ‘�‘’�‚�
�…�‚ˆ—�›• Š�‘Œˆ—…‘Šˆ• ‹“—…‰

�·¨ Ô´¥·£¨¨ ¢ÒÏ¥ 105 ƒÔ‚/´Ê±²µ´ ¥¤¨´¸É¢¥´´Ò³ ¨¸ÉµÎ´¨±µ³ ¸¢¥¤¥´¨°
µ Ì¨³¨Î¥¸±µ³ ¸µ¸É ¢¥ ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¸É ´µ¢ÖÉ¸Ö ±µ¸¢¥´´Ò¥ ³¥Éµ¤Ò
¨§³¥·¥´¨°: Ï¨·µ±¨¥  É³µ¸Ë¥·´Ò¥ ²¨¢´¨ ¨ ¨§ÊÎ¥´¨¥ ¨Ì µ¸É É±µ¢ ¢ ¶µ¤§¥³-
´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ± ±¨³¨ Ö¢²ÖÕÉ¸Ö ³Õµ´´Ò¥ £·Ê¶¶Ò.

Šµ´¸É·Ê±Í¨Ö É¥²¥¸±µ¶  ¨ ¥£µ · ¸¶µ²µ¦¥´¨¥ ´  µÉ´µ¸¨É¥²Ó´µ ´¥¡µ²Ó-
Ïµ° £²Ê¡¨´¥ ¶µ§¢µ²ÖÕÉ ¨¸¸²¥¤µ¢ ÉÓ Ì · ±É¥·¨¸É¨±¨ £·Ê¶¶ ³Õµ´µ¢ ¢ Ï¨-
·µ±µ³ ¤¨ ¶ §µ´¥ §¥´¨É´ÒÌ Ê£²µ¢ ¨ · ¸¸ÉµÖ´¨° ³¥¦¤Ê ³Õµ´ ³¨ ¢ £·Ê¶¶ Ì.
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�´ ²¨§ ¸¶¥±É·µ¢ ±· É´µ¸É¥° ³Õµ´µ¢ ¤²Ö £²Ê¡¨´ 1000 ÷ 5000 ££/¸³2 ¸µ¢-
³¥¸É´µ ¸  ´ ²¨§µ³ ¤ ´´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ´  ¤·Ê£¨Ì Ê¸É ´µ¢± Ì, ¶µ± § ², ÎÉµ
¸ÊÐ¥¸É¢ÊÕÐ¨¥ ¤ ´´Ò¥ ¶µ ³Õµ´´Ò³ £·Ê¶¶ ³ ´¥ ¶·µÉ¨¢µ·¥Î É ¶µ¸ÉµÖ´´µ³Ê

Ì¨³¨Î¥¸±µ³Ê ¸µ¸É ¢Ê ¤µ Ô´¥·£¨° 5 ⋅ 1015 Ô‚. ‘É É¨¸É¨Î¥¸±¨¥ µÏ¨¡±¨ ¢ Ô±¸-
¶¥·¨³¥´É Ì ¶·¨ ´ ¨¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ´¥ ¶µ§¢µ²ÖÕÉ Ê¢¨¤¥ÉÓ ¶·¥¤¶µ² £ ¥-
³Ò° ¨§²µ³ Ô´¥·£¥É¨Î¥¸±µ£µ ¸¶¥±É·  ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö ¶·¨ Ô´¥·£¨¨

3 ⋅ 1015 Ô‚.

‘�ˆ‘�Š ‹ˆ’…��’“�›
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A SIMULTANEOUS SOLUTION
TO BARYOGENESIS

AND DARK MATTER PROBLEMS*

V.A.Kuzmin

Institute for Nuclear Research of Russian Academy of Sciences,

60th October Anniversary Prosp. 7a, Moscow 117312, Russia

and Max-Planck-Institut für Physik, Föhringer Ring 6, 80805 München, Germany

A new concept of generation of the cosmological baryon excess along with the cold dark
matter (CDM) in the Universe is proposed and corresponding scenarios are outlined, in
particular, possible realizations of the idea in the framework of supersymmetric models.
Among numerous consequences of the idea, there is the prediction of a quite natural exist-
ence of a charge-asymmetric component of CDM, in particular, an ~ 10−2 part of CDM
might exist in the form of negatively electrically charged relic particles with masses
m ' 1 TeV, dressed by protons. The charge-asymmetric component of CDM might be
represented by very light, m ≈ 2 GeV, very weakly interacting particles like right-handed
sneutrinos, so that expected recoils in the target material are rare and have quite small
energies, Erecoil ~ 1 keV. Some new opportunities of nontraditional experimental search for
predicted CDM particles are mentioned.

�·¥¤² £ ¥É¸Ö ´µ¢ Ö ±µ´Í¥¶Í¨Ö µ¡· §µ¢ ´¨Ö ±µ¸³µ²µ£¨Î¥¸±µ£µ ¡ ·¨µ´´µ£µ ¨§¡ÒÉ± 
(¡ ·¨µ´´µ°  ¸¨³³¥É·¨¨) ̧ µ¢³¥¸É´µ ̧  Ìµ²µ¤´µ° É¥³´µ° ³ É¥·¨¥° (•’Œ) ¢µ ‚¸¥²¥´´µ°
¨ µÎ¥·Î¥´Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¸Í¥´ ·¨¨, ¢ Î ¸É´µ¸É¨, ¢µ§³µ¦´Ò¥ ·¥ ²¨§ Í¨¨ ¨¤¥¨ ¢
· ³± Ì ¸Ê¶¥·¸¨³³¥É·¨Î´ÒÌ ³µ¤¥²¥°. ‘·¥¤¨ ³´µ£µÎ¨¸²¥´´ÒÌ ¸²¥¤¸É¢¨° ±µ´Í¥¶Í¨¨
¨´É¥·¥¸´µ ¶·¥¤¸± § ´¨¥ ¢¶µ²´¥ ¥¸É¥¸É¢¥´´µ£µ ̧ ÊÐ¥¸É¢µ¢ ´¨Ö § ·Ö¤µ¢µ- ¸¨³³¥É·¨Î´µ°
±µ³¶µ´¥´ÉÒ Ìµ²µ¤´µ° É¥³´µ° ³ É¥·¨¨ Å ±µ´±·¥É´µ, ~ 10−2 Î ¸ÉÓ •’Œ ³µ¦¥É ¸ÊÐ¥-
¸É¢µ¢ ÉÓ ¢ Ëµ·³¥ µÉ·¨Í É¥²Ó´µ Ô²¥±É·¨Î¥¸±¨ § ·Ö¦¥´´ÒÌ ·¥²¨±Éµ¢ÒÌ Î ¸É¨Í ̧  ³ ¸¸µ°
m ~ 1 ’Ô‚, µ¤¥ÉÒÌ ¶·µÉµ´ ³¨. ‡ ·Ö¤µ¢µ-¸¨³³¥É·¨Î´ Ö ±µ³¶µ´¥´É  ·¥²¨±Éµ¢µ° •’Œ
³µ¦¥É ¸ÊÐ¥¸É¢µ¢ ÉÓ ¢ Ëµ·³¥ µÎ¥´Ó ²¥£±¨Ì, m ≈ 2 ƒÔ‚, µÎ¥´Ó ¸² ¡µ ¢§ ¨³µ¤¥°¸É¢Ê-
ÕÐ¨Ì Î ¸É¨Í, ¶µ¤µ¡´ÒÌ ¶· ¢Ò³ ¸´¥°É·¨´µ, É ± ÎÉµ ¸Éµ²±´µ¢¥´¨Ö ¸ Ö¤· ³¨ ³¨Ï¥´¨

®”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��¯
1998, ’�Œ 29, ‚›�.3

*Talk presented at the International Workshop on Future Prospects of Baryon Instability Search
in p Decay and n − n

_
 Oscillation Experiments, Oak Ridge, Tennessee, March 28Å30, 1996; at the

Workshop ®Aspects of Dark Matter in Astro- and Particle Physics¯, Heidelberg, Germany, September
16Å20, 1996; at the International Workshop ®Non-Accelerator New Physics¯, Dubna, July 7Å11,
1997; hep-ph/9701269.



¤¥É¥±Éµ·  Ö¢²ÖÕÉ¸Ö ·¥¤±¨³¨,   Ô´¥·£¨Ö µÉ¤ Î¨ Ö¤·  ¸µ¸É ¢²Ö¥É Erecoil ~ 1 ±Ô‚. �É³¥Î -
ÕÉ¸Ö ´¥±µÉµ·Ò¥ ´µ¢Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¢µ§³µ¦´µ¸É¨ ´¥É· ¤¨Í¨µ´´µ£µ ¶µ¨¸± 
¶·¥¤¸± §Ò¢ ¥³ÒÌ Î ¸É¨Í •’Œ.

FOREWORD

Moissei Alexandrovich Markov, one of my Teachers, was among the first
people who understood the fundamental importance of the problem of the Ba-
ryon Asymmetry of the Universe (BAU) and long ranging consequences of its
possible solution. He was always interested in the corresponding efforts and
contributed himself in finding the ways (very original and unusual ones) for
solution of the BAU problem [1]. Another key modern problem, that of the dark
matter in the Universe, interested M.A.Markov very much also, and here he
proposed his own original way of solving the problem, too. According to him,
superheavy maximons might constitute the cold dark matter in the Universe [2].

As I remember him, he knew and admired numerous wonderful details and
achievements in rapidly progressing physics of the 20th century, but his own
dream was always to penetrate and learn the very basics of the World Con-
struction.

INTRODUCTION

Starting with the papers by Sakharov [3] and Kuzmin [4] where the prin-
cipal ways of solving the problem of the BAU were outlined, there was a long
list of various attempts of elaboration of the main concepts, most convincing in
the framework of Grand Unified Theories (GUT) [5] which naturally provide all
the necessary conditions for the creation of charge asymmetric state of the
matter in the Universe starting with the symmetric one at high temperature. This
is a beautiful concept, indeed. And, indeed everything seemed to be O.K. with
the origin of the baryon asymmetry of the Universe in the framework of grand
unified theories until 1985. However, after the discovery was made in 1985 in
the paper by Kuzmin, Rubakov and Shaposhnikov [6] that electroweak sphale-
ron-induced baryon and lepton number nonconserving transitions might have
been not suppressed in the SU(2) × U(1) unbroken phase at high temperatures
T ≥ TEW ~ MW , the GUT-based realizations of the scenario of the BAU genera-

tion were re-examined in view of this potentially dangerous washing-out of the
baryon excess phenomenon and ideas were proposed of just exploration of
sphaleron-mediated transitions for generation of the BAU. Of particular interest
are mechanisms of sphaleron re-processing of a previously generated lepton-
number excess considered by Fukugita and Yanagida [7] and by Langacker
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et al. [8] exploring the see-saw mechanism of effective lepton-number non-
conservation. Efforts of generation of the BAU within the framework of the
Standard Model (SM) started with the paper by Shaposhnikov [9] are being
made as well. Hopefully, these efforts will result in a plausible explanation of
the cosmological baryon excess. However, at present it seems quite problematic
to solve the problem within the framework of the minimal standard model (SM).

And by the way, there is yet another problem which was under consi-
deration after observation of presence of dark matter in the Universe, just the
problem of its nature as well as of the origin. There is no room, I mean, no
elementary particle candidate in the particle spectrum of the standard model
which may serve as a candidate for the CDM in the Universe. The axion is the
only possible exception. This is definitely still a good candidate.

It seems being taken at present (see, e.g., the paper by Primack [10]) that it
is just the cold dark matter rather than the hot one which populates the Universe

predominantly, ΩCDM h0
2 ~ 0.7, the most popular version of dark matter content

being given by the mixed model, cold dark matter plus hot dark matter, some-
thing like ΩCDM ~ 0.7, ΩHDM ~ 0.2.

It is our impression that after all one has to extend the particle content
beyond the standard model in order to find solution to both these problems, the
BAU and CDM.

There was already a number of papers devoted to a combined solution of
both the problems, of the BAU and of the CDM altogether (see, e.g., the papers
by Barr et al. [ll], Kaplan et al. [12], Kuzmin et al. [13]), etc.) We would like
to take part in the race, too, and again.

ELECTROWEAK SPHALERONS AND ANOMALOUS
FERMION NUMBER NONCONSERVATION

In this Section we would like to remind shortly some properties of electro-
weak sphalerons and their role in fast anomalous baryon and lepton number
nonconservation at high temperatures. As one will see, electroweak sphalerons
are by themselves the very powerful tool for a solution of cosmological pro-
blems rather than destruction of nice constructions.

The crucial points for the anomalous fermion number nonconservation in
the electroweak theory with the gauge symmetry SU(2) × U(1) are:

1. The anomaly in the fermionic currents discovered by Adler, Bell and
Jackiw [14]

∂µ Jµ
 B = ∂µ Jµ

 L = 
nf

32π2
 (− g2Fµν

 a  F
~

µν
 a  + g2Fµν

 0  F
~

µν
 0 ), (1)
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where Jµ
 B and Jµ

 L are the baryon and lepton currents, respectively, Fµν
 a  is the

SU(2) field strength and nf is the number of fermionic generations, which at

the moment is known to be nf ≥ 3.

2. The nontrivial vacuum structure in non-Abelian gauge theories observed
by Christ, Dashen and Jackiw [15].

Topologically distinct vacua are separated by the potential barrier of the
minimal height Esph = 2MW 6 αW B(λ 6 αW) = 8Ä14 TeV for λ varying from 0 to

infinity [16] (λ is the Higgs self-coupling constant, αW ~ (1/30) is the SU(2)
fine structure constant). The label (sph) refers to the sphaleron, i.e., the static
unstable solution to the classical equations of motion found by Klinkhamer and
Manton [16]. This configuration belongs to the minimal energy path from one
vacuum to the other.

The selection rules for the anomalous processes are:

∆nf = 3nf ,     ∆nl = nf ,     ∆B = ∆L = nf . (2)

If bosonic configuration changes from one vacuum configuration to another
one, there always takes place the creation of a net number of fermions (or
antifermions!) proportional to the change of the Chern-Simons number [17].

In the case of zero temperature, low fermionic densities and low energies
of colliding particles, the initial state of the system as well as the final state are
close to the vacuum configurations. So, in order to provide the fermion number
nonconservation the system has to tunnel through the energy barrier. This pro-
cess might be described by instantons (see the paper by Belavin et al. [18]) and
is strongly suppressed by the semiclassical exponent as was first shown by
't Hooft [19], exp (− 2π 6 αW).

At nonzero temperature, the system experiences thermal fluctuations. Due
to the equipartition distribution, every degree of freedom is excited and the
average energy stored in it is of order of temperature. In particular, the spha-
leron mode is excited as well.

If the energy of excitation is greater than the potential barrier height, then
the system travels classically, from the vicinity of one topological vacuum to
the other. The rate of these transitions leading to fermionic number noncon-
servation is proportional to the Boltzmann exponent exp (− Esph(T ) 6 T ) deter-

mining the density of negative mode excitations with energies higher than the
barrier energy [6] . Here Esph(T ) = 2MW(T )6 αW B(λ 6 αW) is the effective spha-

leron mass accounting for the temperature dependence of the Higgs vacuum

expectation value, MW
 2 (T ) = MW

 2 (1 − T 2 6 Tc
 2) at T < Tc , where Tc is the tempe-
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rature of the electroweak phase transition as conjectured by Kirzhnits and
Kirzhnits and Linde [20]. The calculations of the prefactor by Arnold and
McLerran and Shaposhnikov [21, 9] give for the rate of the topological tran-
sitions per unit volume per unit time

Γ = 
T 4ω−

MW (T ) 



 
αW

4π  




 4

N
tr
 N

rot
 






 
2MW (T )

αW T
 







 7

 κ exp 



 − 

E
sph

(T )

T
 



 , (3)

where the factors N
tr
 ~ 26, N

rot
 ' 5  are due to the zero modes normalizations

[21], κ ~ 1 is the determinant of nonzero modes around the sphaleron and
ω− ~ MW (T ) is the magnitude of the sphaleron negative mode. At T < MW

quantum tunneling is more efficient than the classical transitions while for
T > E

sph
 the saddle point approximation for the rate is not applicable.

Moreover, at temperatures greater than the critical temperature Tc the SU(2)

symmetry is restored, the vacuum expectation value of the Higgs field is zero
and the sphaleron saddle point solution does not exist anymore.

It is quite clear, however, that the rate of topological transitions changing
fermion (baryon and lepton) number is not suppressed by any exponent in the
temperature range T > Tc due to the absence of the energy barrier between topo-

logically different vacua.

With the use of scaling arguments it may be shown [9, 21] that

Γ = A(αW T )4, (4)

where A is some factor which cannot be found by semiclassical methods. The
real time numerical simulations give the value A ≈ 0.1Å1.0.

At temperatures larger than the critical one, T > Tc, the rate (Eq.(3)) of the

anomalous processes with baryon number nonconservation greatly exceeds the
rate of the Universe expansion rate, tU ,

tU
 −1 = T 26 M

0
,     M

0
 = MPl 6 1.66N

eff
 1 6 2 , (5)

where N
eff

 ~ 100 in the case of the SM is the effective number of massless

degrees of freedom at this temperature.

Therefore, the anomalous reactions violating baryon and lepton numbers
are in thermal equilibrium till the time of the electroweak phase transition. After
the phase transition the Higgs field develops the nonvanishing vacuum expec-
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tation value and as a result the rate of baryon and lepton number violating
processes decreases rapidly due to the Boltzmann exponential suppression.

Summarizing, one may say that at high temperatures, T > Tc , there are very

fast transitions (we shall call them 'sphaleron-mediated' transitions) which re-
sult exactly in the following

vacuum〉 → 9(quarks) + 3(leptons) (6)

and

vacuum〉 → 9(antiquarks) + 3(antileptons). (7)

These are the processes which re-process any B- or L-excess in the normal
SM fermionic sector distributing it correspondingly between quarks and leptons.
The net BÄL remains, of course, intact since in the SM BÄL is conserved both
perturbatively and nonperturbatively. Sphalerons do respect BÄL conservation
as well.

Now we are going to describe a possible scheme of the simultaneous
genesis of the cosmological baryon excess and the CDM in the Universe.

THE MECHANISM

Let there exist in nature some new kind of baryon (lepton) number bearing
particles (called in what follows Rq and Rl ), interacting with the SM quarks and

leptons. We are not going to assume a priori that there exist any new inter-
actions in addition to the standard SU(3) × SU(2)L × U(1) ones, i.e., we extend

just the particle content of the SM.

As Abdus Salam said: ®We have to be economical in principles rather than
in structures¯.

The crucial requirement to these new baryon (lepton) number bearing R
particles is that unlike normal (left-handed) fermions they are to be 'EW-spha-
leron-blind', i.e., the R currents are to be EW nonanomalous. This means that
R particles should be either bosons (case 1) or SU(2)L-singlet fermions with the

ineffective enough, at least at some temperature, chirality equilibration rate
(case 2). At present, let us restrict ourselves by the case 1, the R particles being
just bosons (like sfermions in supersymmetric models).

Now our basic idea is as follows.

Let the state of cosmological plasma with (B-L) ≡ (B-L)init ≠ 0 in the normal

SM sector and (B-L) = − (B-L)init in the R sector be somehow created at some
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temperature T ∗ > TEW ~ 102 GeV,

TEW being the effective tempera-

ture of switching-off unsuppressed
electroweak transitions violating
baryon, lepton and fermion num-
bers (see Fig.1).

In other words, let there occur
in the Universe an asymmetri-
zation of plasma  with respect to
B-L distribution between the nor-
mal SM fermionic sector and the
new sector R. For definiteness, let
the normal left-handed fermionic
sector acquire some (B-L)init < 0

and the R sector (B-L)init > 0, the

overall B-L of plasma being exactly preserved. If such a phenomenon took
place, then this might be all one needs to understand the origin of the baryon
excess and the dark matter in the Universe.

We would like to emphasize that we want that in all the processes resulting
in such an asymmetrization of plasma B, L, (B-L) and any other global additive
quantum numbers (or multiplicative quantum numbers like R parity or matter
parity in supersymmetry) to be strictly conserved both globally and locally.
Thus, after the asymmetrization the plasma remains fairly neutral with respect
to electric charge, lepton and baryon numbers, B-L, etc. The only exception is
obviously the fermion number which is not conserved perturbatively. However,
this might have been not an expense at all if there were in the particle spectrum
of the model the Majorana fermions coupled to standard fermions and R
particles.

Concerning the possible mechanism of such an asymmetrization of cosmo-
logical plasma one might expect that it might have been provided by CP-vio-
lating out-of-equilibrium decays of some massive Majorana fermions (X fer-
mions in what follows) onto SM fermions (antifermions) and anti-R bosons (R

bosons) at some effective freezing-out temperature T ∗, T ∗ > TEW , without vio-

lating any quantum number except for fermion number,

X → qRq
 c, qcRq (8)

and

X → lRl
 c, l cRl . (9)

Fig.1. A schematic picture of a temperature evo-
lution of the B(L) distribution in cosmological

plasma. At T ' T ∗ plasma is symmetric with
respect to B-L distribution between two sectors,
the normal fermionic one and the new Rq sector.

When temperature fell below T < T ∗, plasma
became asymmetric, (B-L) ≠ 0 in both sectors
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The charge asymmetry in X decays, for example,

Γ(X → qRq
 c) ≡ Γ

1
 ≠ Γ(X → qcRq) ≡ Γ

2
, (10)

and/or

Γ(X → lRl
 c) ≠ Γ(X → l cRl ), (11)

might have arisen due to CP noninvariance in the interference of the tree-
level diagrams and loop radiative corrections (see Fig.2), as usual (see, e.g.,
the book by Kolb and Turner [22] and the paper by Kuzmin and Shaposh-
nikov [23]).

In general, the amplitudes of charge-conjugated decays of X particles take
on the form [24]:

A(X → ai bi ...) = gi + Σgik′ Aik , (12)

A(X → a
_
i b
_
i ...) =gi

∗ + Σgik′
∗Aik , (13)

gik being the product of corresponding coupling constants, generically

gik ~ f 3 for one loop radiative corrections ( f  being the corresponding coup-

ling constants in vertices), Aik being radiative corrections to the tree diagram

of the decay taken at unity values of coupling constants. From Eqs.(12) one
obtains for the microscopic asymmetry ε,

ε ≡ (Γ − ΓCP ) 6 Γ
tot

 , (14)

ε = 

 
1

ΓX
 

 (Γ

i
 B

i
 + Γ

i
_ B

i
_ ) = (4ΣBi Im (gi

∗ gik′ ) Im Aik ) 6 (Σ(gi gi
∗)), (15)

Fig.2. A scheme of (B-L) asymmetrization of plasma
in charge asymmetric decays of X particles onto

quarks (antiquarks) and Rq (Rq
 c particles). The charge

asymmetry might have taken place also in the decays

X → lRl
 c, l cRl
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where Γ
i
 (Γ

i
_ ) are the partial decay widths of X into the channel i( i

_
 ) and

B
i
 (B

i
_ ) is the baryon number of normal fermion (or R particles) secondaries

in the i-th ( i
_
-th) channel.

The sign of the asymmetry is determined by the unknown CP-violating
phase. One may take at the moment Γ1 < Γ2.

The protection of the created charge asymmetric component of R particles
from disappearance due to the SM exchanges between two sectors might be
achieved by the expense of attributing to new particles (X and R) some new
conserved multiplicative quantum number R.

The net − (B-L) ≠ 0 excess in the normal left-handed SM fermionic sector
is now becoming a subject of re-processing in the usual way by unsuppressed

electroweak transitions in the temperature range T ∗ > T > TEW resulting at T <

< TEW in some baryon and lepton number asymmetries of plasma. The cor-

responding B-L excess in the R sector contained in Rq particles remained intact

by sphalerons and got transported to the epoch T < TEW just as it was created

at T ∗. 

Having assumed that R particles bear the conserved quantum number R one
may observe immediately that the lightest R-carrying particles might have
survived until present epoch and serve as a candidate for the CDM population
of the Universe.

Clearly, the number densities of excess quarks (antiquarks) and Rq
 c(Rq) par-

ticles are equal at the production time, T = T ∗, while at the end of sphaleron
operating epoch at T = TEW the relation between them becomes nR ≈ anB , the

factor a lying in between the extreme values a = 46 3 (if Binit ≠ 0, Linit = 0) and

a = 4 (if Binit = 0, Linit ≠ 0). At present the relation between corresponding num-

ber densities is given by

nR ≈ a(1 − b) nB , (16)

the factor b accounting for possible depletion of asymmetric R particle abun-
dance on the way from T = T

EW
 to the present time. If the thermal charge

symmetric component of R particle content of plasma completely annihilated
in the course of the Universe expansion similarly to quarks and leptons, then
identifying survived relic R particles with the CDM content of the Universe
one arrives at the following estimate of their mass

mR ≈ (16 a(1 − b))(c 6 d) mp(Ω
CDM
6 ΩB), (17)
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mp being proton mass and the factors c ≤ 1 and d ≤ 1 accounting for the frac-

tions of the Ω
CDM

 and the total observed ΩB , respectively, attributed to our

particular mechanism of the CDM and BAU generation. Clearly, it might be
well not a unique one.

Taking ΩCDM6 ΩB ≈ 0.76 0.05 = 14 in the mixed (CDM plus HDM) models

one arrives in the extreme case b = 0, c = 1, d = 1 to the estimate

mR ≈ (146 a) GeV. (18)

What is very important is the following. The ratios of the produced in such
a way cosmological baryon excess and CDM content seem to be insensitive to
the character of the electroweak phase transition (1st or 2nd order), in contrast
to the common case when efforts are made to solve the cosmological baryon
excess problem within the framework of the SM itself.

Thus, the essence of our scenario of a possible common genesis of the BAU
and the CDM in the  Universe is a preparation of a state of plasma with
(B-L) ≠ 0 in the fermionic sector of the SM and − (B-L) in the new particle
sector R, the standard fermions being involved in sphaleron-mediated (B-L)-
nonconserving processes while the baryon or lepton number bearing R particles
are sphaleron-blind. No violation of ‚ and/or L other than that provided by
sphalerons is necessary. Subsequent sphaleron re-processing of the B-L excess
in SM sector gives rise to the BAU and the lightest stable massive R particles
contribution to the CDM.

Masses of X particles necessary to provide generation of the observed BAU,

∆ ≡ nB6 nγ ~ 10−10, (19)

might be found from consideration of the process of generation of the asym-
metry and its washing-out [28]. The resulting macroscopic asymmetry in the
out-of-equilibrium decay mechanism is known to be given generically by [28]

∆~ (45ζ(3) 6 4π4N) ΣN iεi Si , (20)

where N is the effective number of degrees of freedom of massless at the
given temperature T particles, ζ is the Riemann function, ε is the microscopic
asymmetry in the decay of a parent particle, and S is the macroscopic sup-
pression factor [28] arising due to baryon number dissipation in decay and
inverse decay processes as well as scattering of the product particles. It is
generically 

S ≤ 10−2. (21)
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One may conjecture that the asymmetry ε might be small enough in order
to be able to explain the observed baryon asymmetry of the Universe. This
might be just the case, indeed. However, even in this case the proposed mecha-
nism of asymmetrization of cosmological plasma may provide the origin of a
charge asymmetric CDM component of the Universe. This latter might be ele-
ctrically neutral as well as (negatively) charged. This case is obviously of a
special interest.

REALIZATIONS OF THE SCENARIO IN THE FRAMEWORK
OF SUPERSYMMETRIC MODELS

Let us examine in this respect a supersymmetric extension of the standard
model, for example, let us consider the Minimal Supersymmetric Standard Mo-
del (MSSM) in order to clarify its resources. One finds that there seems to be
quite enough room even within this simplest supersymmetric model for a reali-
zation of the scheme, at least in a sense of some asymmetrization of plasma.
Indeed, our R particles could be nothing but sfermions which bear baryon or
lepton number. However, they are the Lorentz scalars and therefore are not
affected by sphalerons. Further, there are Majorana fermions in the supersector,

just gauginos, B
~ 0 (bino), W

~
3
 0 (wino) and g~ (gluino) before SU(2)L × U(1)

breaking, so

X ≡ B
~ 0, (W

~
3
 0, g~). (22)

After SU(2) × U(1) breaking at electroweak scale, T ~ MW , these become

γ~, Z
~ 0, g~ (23)

in mixtures. There are also H
~

1
 and H

~
2
. In supergravity case it might be also

that it is just gravitino which plays a role of a parent particle in baryogenesis
and CDM genesis,

X ≡ G
~
, (24)

where G
~
 denotes gravitino.

As an example, we shall consider just bino B
~ 0 decays, the cases of W

~
3
 0 ,

g~ or G
~
 being quite similar.

It goes without saying that these gauginos are to be massive at T > T ∗,

m
B
~ 0

 > T ∗, (25)

i.e., we assume here that supersymmetry is broken at scales higher than T ∗.
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It is clear that there might have taken place two extreme cases, namely, the
maximal B-L asymmetry in the normal sector being due to leptonic decays of X

particles, or due to decays of X onto squarks (antisquarks) and Rq(Rq
c), depending

on the amount of CP violation, i.e., coupling constants and CP angles. This does
not make any principal difference but two cases deserve detailed analysis. We
shall restrict ourselves for demonstration purposes by the quite short description
of the case when all the B-L asymmetry comes from decays of X into baryonic
sector (i.e., Binitial ≠ 0, Linitial = 0, see below.) Clearly, this is an oversimplifying

description of what might have occurred. In fact, both asymmetries took place
simultaneously and are to be taken into account.

By obvious reasons of the largest couplings to Higgs bosons of top quarks
and top-squarks, one may expect that this will result in the largest radiative
corrections to the tree-level diagrams of bino decays and therefore in the largest
asymmetry in just these decays. We shall therefore be interested mainly just in
the processes like

B
~ 0 → tt

~ c, t c t
~
. (26)

All other decay channels of all the gauginos onto quarks of the 1st and 2nd
generations,

B
~ 0 → qq~ c, qcq~, q ≡ u, d, c, s, (27)

or lepton decays,

B
~ 0 → ll

~ c, l c l
~
, (28)

might be expected to be less efficient. We are not going though to overesti-
mate the validity of such kind of arguments. This is simply an example of our
line of reasoning. As soon as the model is specified, one needs not any
further assumptions.

Clearly, one has to assume

mB
0 > m

t
~ . (29)

In fact, as one can see, we have to require masses of all gauginos to be
bigger than those of all the sfermions,

m
gaugino

 > m
sfermion

. (30)
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This is not a commonly taken point of view. However, it might be not quite
stupid while taking into account the renormalization group equation of evolu-
tion of coupling constants with proper values of m0 and m1 6 2.

We emphasize that no violation of R parity or ‚ and/or L is necessary in
these processes.

As soon as one does not assume any R parity violation, neither explicit nor
spontaneous, the lightest sparticles (LSP) are stable, as usually.

What happened to the originated at T = T ∗ charge asymmetric spartner
component depends upon which of all sparticles is the LSP. There is a priori a
number of possibilities. However, according to the very idea of the scenario,

one has to require that after the temperature has fallen down to T = T ∗ any B
and L transfer from one sector to another was to be effectively switched off.
Therefore, not only gauginos but higgsinos as well are to be heavier than
sfermions,

m
H
~ > m

f
~ ,     H

~
 ≡ H

~
1
, H
~

2
. (31)

Otherwise there might have taken place too fast decays of squarks into
ordinary quarks,

q~ → qH
~
, (32)

before sphalerons got frozen-out of equilibrium. Such decays would just
mean some returning of baryon number back to the normal sector. Choosing
between two possibilities, a squark or a slepton being the LSP, one definitely
prefers by several reasons the latter one. Therefore, the squark excess after
T = TEW is to be converted into sleptons. This might have been fairly naturally

provided by squark decays like (see Fig.3)

t
~
 → tl l

~ c, tl c l
~
. (33)

Thus, there takes place a quite remarkable total return of the ®temporarily
loaned¯ baryon number from the supersector to the normal SM quark sector.

Fig.3. A diagram showing the return of the
baryon number excess contained in super-
symmetric sector to the normal quark sec-
tor of the standard model and creation of
the final CDM content of the Universe in
the form of sleptons (antisleptons)
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However, it does not anymore compensate exactly the ‚ excess in the normal
sector since the latter has suffered from partial sphaleron re-processing.

The resulting output overall baryon excess (contained exclusively in the
normal quark sector) is positive, Bfinal > 0, and is given by

B
final

 ≈ (16 4)B
initial

 . (34)

This completes the story.
One can easily see that the freezing-out temperature of t

~
 is to be lower than

TEW (i.¥., t
~
 should disappear from plasma after temperature had fallen down

TEW) in order not to return the baryon excess contained in the supersector to the

normal quark sector too early. This means that t
~
 must be light enough,

m
t
~ ≤ 20 T

EW
 ≈ 2 TeV, (35)

and there are sleptons in the spectrum which are light enough,

m
l
~ < ((16 2) m

t
~ − mt ) ≤ 1 TeV. (36)

CHARGE SYMMETRIC SLEPTON COMPONENT OF CDM

If decays of t
~
, Eq.(33), are charge symmetric and sleptons are the lightest

(stable) superparticles then this will result in creation of charge symmetric
(slepton) cold dark matter component of the Universe with their number density

twice as large as the t
~
 's. This will result in the very low estimate of their mass,

Eq.(18), m
l
~ ~ 2 GeV).

This is by no means acceptable for any left-handed sleptons due to cor-

responding contribution to the total Z 0 width.
Therefore, the charge symmetric component of these decays cannot repre-

sent the CDM. Having originated from these decays, it effectively disappears
from plasma due to subsequent annihilation.

CHARGE ASYMMETRIC SLEPTON COMPONENT OF CDM

The very interesting point is however the following. The slepton-antislep-
ton component originated from decays of squark excess might have had again a
tiny charge asymmetry δ due to radiative corrections to the (virtual) bino vertex
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l c l
~
 B
~ 0. The most promising asymmetric decay channels are presumably the

ones with ντ, ν
~

τ
c  due to the largest Higgs couplings,

t
~
 → t ν~τντ

c , t ν~τ
cντ , (37)

and decays with charged sleptons ττ~ c in the final state

t
~
 → t ττ~ c, t τc τ~. (38)

One may expect that this charge asymmetry, δ, might be presumably of

order δ ≤ 10−6. Hence, the relation between the excess baryon and asymmetric
slepton number densities becomes

n
l
~ ~ 4δnB . (39)

It is worth noting that this would-be CDM asymmetric slepton component
has a nonthermal momentum spectrum.

Neglecting the depletion of slepton number density due to two slepton pair-
annihilation processes after temperature has dropted below TEW

l
~
 l
~
 → ll, (40)

which is possible because of R parity being a multiplicative quantum number,
one obtains an estimate of the possible CDM content due to this asymmetric
component using Eqs.(34) and (39):

Ω
CDM
6 ΩB ~ 4.10−3, (41)

in the case of all the observed BAU, ΩB ≈ 0.1, being due to our mechanism,

δ ≤ 10−6 and m
l
~ ≤ 1 TeV.

Yet, two possibilities are now in turn in this charge asymmetric dark matter
scenario, namely, the LSP being either 1) the left-handed sneutrino, or 2) the
charged slepton. None of these seems to be excluded a priori.

1. Neutral SU(2)L-Doublet Slepton as LSP. If just the (SU(2)L-doublet)
sneutrino is the LSP, then the overall output of the charge asymmetric CDM
scenario is quite similar to the commonly used one except for the smallness of
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the corresponding CDM content, ΩCDM6 ΩB ~ 4.10−3, Eq.(41), which being
natural does not pretend nevertheless to explain all the CDM content of the
Universe.

The estimate m
ν~
 ≤ 1 TeV does not come into contradiction with any known

constraints on sneutrino mass. The counting rate in experiments devoted to
direct searches of the flux of weakly interacting massive particles (WIMP) from
the galactic halo is smaller than is usually expected.

2. Charged Slepton as LSP. Quite a different and exciting possibility might
have been realized if just a charged slepton is the LSP. The possibility that
stable charged particles, in particular, sleptons might constitute the CDM, was
analyzed in the paper by De Rujula et al. [26] (where these particles were called
champs). An exciting story of the evolution of the relic champs content in the
Universe was pictured out and it was argued that the case of champs might be
not excluded by current observations. We would like to add few remarks.

In our case, the CDM is assumed to be charge asymmetric and consists of
negatively charged sleptons. It is interesting to note that our estimate of slepton
mass, Eq.(36), m

l
~ ≤ 1 TeV, does not stay catastrophically apart from the window

of allowed champ masses 10Å1000 TeV obtained by De Rujula et al. [26] from
different arguments. Thus, we would consider our negative slepton (asymmetric
component) as a reasonably good candidate for champs.

Starting with the time of origination from the excess squark decay at T <
< TEW and down to the temperature of order T ~ few hundreds keV nothing

essential happened to l
~
 excess. Drastic phenomena occurred [26] after T had

fallen down to T ~ few hundreds keV when the primordial nucleosynthesis be-

gan to proceed. Now l
~
 came into play. They took part in nucleosynthesis pro-

cesses catalyzing them to some extent as well as got starting to proceed through
complicated kinetics of recombination processes. They were getting ®dressed¯

by protons and α's and forming atoms like (l
~
p) (superhydrogen in what follows)

with binding energy

Eb ≈ 25 keV, (42)

as well as ions like (l
~
α), (Eb ≈ 311 keV [26]), and atoms of superhelium

(l
~
 l
~
α), with the binding energy of about 800 keV, etc. According to De Rujula

et al. [26] ®negative champs overwhelmingly bind to protons to pose as
superheavy neutrons¯ called in [26] neutrachamps. In our case a neutrachamp

is (l
~
p). For definiteness, let us take selectron, e~, as the LSP.
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Atoms (e~ e~α) in which two e~ are getting dressed by α particle are in any
case unstable and have short lifetimes in cosmological scales due to pair-anni-
hilation process of two e~ into ordinary leptons.

After finishing the e~ recombination period and formation of superhydrogen
atoms (e~p) and then the recombination period for (normal) hydrogen and he-
lium, the next important stage in the evolution is met right at formation of
galaxies and clusters of galaxies. The gas of superhydrogen will presumably
share the fate of all other gases at this stage, so it will be as abundant in the
galactic matter at this time as it does in cosmological plasma.

Further, of all the neutral gases (hydrogen, helium, superhydrogen, etc.) the
gas of neutral superhydrogen is the most collisionless because of compactness

of the atom, the mean size of it being r ~ 2.10−12 cm.

Therefore, one might expect that at the next important stage of the evo-
lution, namely, star formation inside galaxies, superhydrogen atoms were not
effectively involved in contraction processes due to lack of time and were left
not clustered inside the Galaxy constituting a widely distributed CDM content

with velocities v ~ 10−3 and the local density somewhat about

ρ
e~p

 ~ 4.10−3 ρ
local

 ~ 10−3 GeV6 cm3, (43)

according to Eq.(41). Here ρ
local

 ≈ 0.3 GeV/cm3 is usually taken local dark

matter density. The number density of superhydrogen atoms will be then

n
e~p

 = ρ
(e~p)
6 m

e~
 ~ 10−6 cm−3 (44)

if the mass of (e~) is about 1 TeV, Eq.(41). Hence, the local flux intensity of
our superhydrogen atoms in the space might be expected to be of order

F
(e~p)

 ~ 30 cm−2s−1. (45)

If so, there would be quite small primordial abundance of superhydrogen
inside the Sun and the Earth. These bodies got to start absorbing the flux of
superhydrogen from the space as soon as would-be-star clouds became con-
densed enough.

The total amount of (e~p) accumulated by the Earth through all the terrestrial

history as condensed body might then be about 1036, their average (over the
Earth) relative abundance being about

n
e~p
6 n

nucl
 ~ 10−15. (46)
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This is quite an admixture of wild isotopes to normal element abundances
even on average! 

Note that there takes place a quite remarkable phenomenon of fast enough
changing by e~ 's their host nuclei from protons in superhydrogen to nuclei with
larger atomic numbers. The energy release in this process is about E ~

~ 25Z 26 A keV, i.e., for example, in the case of iron 56Fe

(e~p) + 56Fe → (e~ 56Fe) + p + π′s + γ ′s (47)

it is about E ~ 800 MeV while in the case of oxygen it is about 1 MeV.
Therefore, all the superhydrogen atoms falling down the Earth's atmosphere
are captured by nuclei of nitrogen, oxygen, carbon, etc. Clearly, this will
result in emission of quite characteristic hard Roentgen γ's from the top of the
atmosphere with well determined energies. Obviously, this radiation is to be
searched for.

The situation is even more exciting in case of the Moon. Here all the
accumulated amount of e~ transferred from superhydrogen atoms to heavier nuc-
lei is contained in a quite thin layer of the Moon ground just near the surface,
so the relative abundance of wild heavy isotopes should be larger by orders of
magnitude than Eq.(46). It seems therefore that search of relic selectron abun-
dance might be most promising by analysis of chemical content of samples of
the Moon ground. Methods of laser spectroscopy providing sensitivity to

contamination up to 10−16 might be well adequate.

Being binded to protons very strongly, Eb = 25 keV, selectrons are not

probably taking part in acceleration processes resulting in cosmic-ray produc-
tion in objects like supernovae, since temperatures are hardly high enough for
ionization of superhydrogen atoms. However, nevertheless there should be some
flux of bare negative selectrons in cosmic rays due to interaction of primary
cosmic rays with the superhydrogen gas during their travel for ~ 20 million
years inside the Galaxy. Clearly, the flux of bare selectrons from the space will
be superpenetrative even in comparison with muons produced in the atmosphere
because of selectrons' larger mass and stability. They might be looked for very
deep underground.

The very intriguing at first sight issue, why the flux F
(e~p)

 ~ 30 cm−2 s−1 of

superhydrogen atoms from the outer space was not observed in experiments
devoted to the CDM searches, is quite easy to explain. The flux of super-

hydrogen atoms is expected to be about 103 times less intensive than usually
expected one in case of WIMPS with masses of the order of 100 GeV but the
cross-section of interaction with nuclei is much bigger since they are interacting
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strongly and electromagnetically rather than weakly. So, the effect per ingoing
particle is orders of magnitude bigger than in the case of WIMP's.

However, the main possible reason for nonobservation of superhydrogen
atoms might be related to absorption of superhydrogen atoms en route to de-
tectors. (One has to take into account that being aimed to look for rare events
of nuclei getting small recoils due to weakly interacting particles of CDM these
experiments are being carried out usually in underground laboratories. One has
presumably to explore small or shallow depths, not to say satellites, where the
effect itself would be bigger by the ratio of cross-sections, i.e., by many orders
of magnitude since superhydrogen atoms are interacting with matter electro-
magnetically and strongly and do not penetrate too far deep.)

MSSM PLUS νR AND ν~R

Until now we considered the case of the supersymmetrized version of the
standard model without right-handed neutrinos and sneutrinos. If one takes into
account possible existence of these particles, then one may arrive at the possible
explanation of all the baryon excess and all the CDM content in the Universe,
ΩCDM ~ 0.7, as being produced simultaneously according to our mechanism.

In this case the number densities of (ν~R and ν~ c) are equal and each is about

n(ν~R ) ≈ 4nB , (48)

so, the mass of each of these species is

m(ν~R ) ≈ 1.8 GeV. (49)

Note that in this case one arrives not at the constraint on the mass but just
at the prediction of the concrete value of it according to Eq.(18). The uncertainty
in Eq.(49) is only related with the ratio (ΩCDM6 ΩB). It is a very striking and

straightforward consequence of the very concept.

It does not however seem to be quite an absurd from the point of view of
renormalization group evolution of coupling constants with proper values of
m0 and m16 2.

We have to note by the way that with this estimate of ν~R mass one should

care about the see-saw mass for neutrino, lepton number violation due to Majo-
rana neutrino mass, and so on. We will consider all this stuff in the forthcoming
paper [29].
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Being SU(2)L singlets they do not suffer any significant depletion of their

number densities due to annihilation.

The contribution of ν~R and/or νR to Z 0 total width (see Fig.4) might have

been dangerous in the case of large ν~R ν
~
L and νR νL mixing. Fortunately, such

mixing  is  small  enough and is not excluded by measurements of the total

Z 0 width.
Two obvious circumstances make ν~R as a candidate for CDM very hard to

observe.
1. The smallness of the nu~ R mass, Eq.(49), will lead to much smaller nuc-

lei recoil energies, Erecoil ~ 1 keV, in comparison with usually expected

Erecoil ~ 50 − 100 keV in underground experiments devoted to the searches for

weak interacting particles with masses of an order of l00 GeV. Therefore, the
signal from light ν~R scattering off nuclei will require very low thresholds.

2. In addition, the very rate of scatterings of ν~R should be very low because

ν~R neutral SU(2)L singlet.

The partial width Z 0 → ν~R ν
~
R
 c  is proportional to sin4 θ, θ being the ν~R ν

~
L

mixing angle. The mixing is due to the SU(2)L × U(1) breaking. The θ might be

expressed in terms of coupling constants and the Higgs' boson vacuum expec-
tation value.

If ν~R is the lightest sparticle indeed, then we predict that there will be quite

long-living spartners in the spectrum. This follows obviously from the fact of
necessary mixing of left-handed and right-handed components of sneutrinos in
this case which is small. Of particular interest is the prediction of existence of
charged long-living sleptons. This should be taken into account in the searches
for sparticles in accelerator experiments and, possibly, in deep underground
cosmic-ray experiments. This is by itself a very striking consequence of the
scenario.

Fig.4. A diagram of decay Z 0 → ν~R ν
~
R
c (or Z 0 →

→ ν~L ν
~

R
 c  if m

ν~
L

 < mZ − m
ν~

R

 ; in the latter case there is

only one (ν~L , ν
~
R ) mixing insertion). All the same refers

to νR and νL
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CONCLUSIONS

In this paper we presented the new concept of a possible origin of the
simultaneous production of the baryon excess and cold dark matter in the Uni-
verse. The basic expense is the assumption on the existence in Nature of par-
ticles (R particles) which bear baryon or lepton numbers but are sphaleron-
blind. As an example, we considered the case of R particles being Lorentz
scalars using for illustrative purposes supersymmetric models with their generic
particle content.

It is interesting that generically any version of our scenario of simultaneous
production of the cosmological baryon excess and cold dark matter in the Uni-
verse leads presumably to the prediction of the cold dark matter content in the
form of superweak interacting and hard-to-observe in direct CDM search expe-
riments for very light particles with masses of about 2 GeV.

In the case of supersymmetric realization of the basic idea, the CDM is
nothing but right-handed sneutrinos with mν

R

 ≈ 2 GeV.

The very interesting version of the scenario is the one with the charge
asymmetric CDM content, more specifically with charged sleptons as the LSP
which got dressed by protons forming compact stable neutral superhydrogen
atoms. The estimated masses are m

l
~ ≤ 1 TeV. These are not abundant very

much, however, it is worthwhile to look for them.
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PROSPECTS FOR RADIOWAVE
AND ACOUSTIC DETECTION

OF ULTRA- AND SUPERHIGH ENERGY
COSMIC NEUTRINOS (CROSS SECTIONS,

SIGNALS, THRESHOLDS)

A.V.Butkevich, L.G.Dedenko, S.Kh.Karaevsky,
A.A.Mironovich, A.L.Provorov, I.M.Zheleznykh

Institute for Nuclear Research of Russian Academy of Sciences, Moscow

In the framework of the Standard Model the neutrino-nucleon cross section is calculated
for the energy range 102Å1012 GeV.  At  neutrino  energy of 106 GeV the new result is
50 % above the previous results. The amplitude of acoustic signal caused by the electron-
hadron cascade induced by neutrino interacting with electrons and nucleons in water was
recalculated in terms of the quark-gluon string model at energies of 106Å108 GeV. This
amplitude is about twice as much as the foregoing estimates. It is shown that a 1 km2

radiowave neutrino detector (RAMAND) set up in Central Antarctica (at the South Pole or
Vostok Station) should be sensitive to the predicted diffuse fluxes of AGN neutrinos at
energies above a hundred TeV. Another planning cubic kilometer-scale (KM3) neutrino
telescope Å the deep underwater neutrino detector SADCO in the Mediterranean Sea Å
could search for cosmic neutrinos of energies higher than 107Å108 GeV.

‚ · ³± Ì ¸É ´¤ ·É´µ° ³µ¤¥²¨ · ¸¸Î¨É ´µ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ ¢§ ¨³µ¤¥°¸É¢¨Ö
´¥°É·¨´µ  ¸  ´Ê±²µ´ ³¨  ¢ µ¡² ¸É¨ Ô´¥·£¨° 102Å1012 ƒÔ‚. „²Ö Ô´¥·£¨¨ ´¥°É·¨´µ
106 ƒÔ‚ ´µ¢Ò° ·¥§Ê²ÓÉ É ´  50 % ¢ÒÏ¥ ·¥§Ê²ÓÉ Éµ¢ ¶·¥¤Ò¤ÊÐ¨Ì · ¸Î¥Éµ¢. � ¸¸Î¨É ´ 
 ³¶²¨ÉÊ¤   ±Ê¸É¨Î¥¸±µ£µ  ¸¨£´ ²   µÉ  Ô²¥±É·µ´- ¤·µ´´µ£µ  ± ¸± ¤   ¸  Ô´¥·£¨¥°
106Å108 ƒÔ‚, ¶·µ¨§¢µ¤¨³µ£µ ¢ ¢µ¤¥ ´¥°É·¨´µ, ±µÉµ·Ò¥ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸ Ô²¥±É·µ-
´ ³¨ ¨ ´Ê±²µ´ ³¨, ¨ µ¶¨¸Ò¢ ¥³µ£µ ³µ¤¥²ÓÕ ±¢ ·±-£²Õµ´´ÒÌ ¸É·Ê´. �É   ³¶²¨ÉÊ¤  ¢
¤¢  · §  ¢ÒÏ¥ ·¥§Ê²ÓÉ É  ¡µ²¥¥ · ´´¨Ì µÍ¥´µ±. �µ± § ´µ, ÎÉµ · ¤¨µ¢µ²´µ¢µ° ́ ¥°É·¨´-
´Ò° ¤¥É¥±Éµ· ��Œ��„ ¶²µÐ ¤ÓÕ 1 ±³2, Ê¸É ´µ¢²¥´´Ò° ¢ Í¥´É· ²Ó´µ° �´É ·±É¨¤¥
(´  �¦´µ³ ¶µ²Õ¸¥ ̈ ²¨ ̧ É ´Í¨¨ ®‚µ¸Éµ±¯) ³µ¦¥É ¡ÒÉÓ ÎÊ¢¸É¢¨É¥²¥´ ± ¶·¥¤¸± § ´´Ò³
¤¨ËËÊ§´Ò³ ¶µÉµ± ³ ´¥°É·¨´µ ¸ Ô´¥·£¨Ö³¨ ¢ÒÏ¥ 100 ’Ô‚ ¨§ Ö¤¥·  ±É¨¢´ÒÌ £ ² ±É¨±.
�±Ê¸É¨Î¥¸±¨° ´¥°É·¨´´Ò° É¥²¥¸±µ¶ ‘�„Š� ¢ ‘·¥¤¨§¥³´µ³ ³µ·¥ ¸ µ¡Ñ¥³µ³ ¤¥É¥±É¨-
·µ¢ ´¨Ö ¡µ²¥¥ 1 ±³3 ³µ¦¥É ¡ÒÉÓ ¶·¥¤´ §´ Î¥´ ¤²Ö ¶µ¨¸±  ±µ¸³¨Î¥¸±¨Ì ´¥°É·¨´µ ¸
Ô´¥·£¨¥° ¢ÒÏ¥ 107Å108 ƒÔ‚.
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1. INTRODUCTION

The search for neutrino fluxes from the cosmic space and their detection in

the wide energy interval 10Å1011 GeV can be carried out if to construct large-
scale neutrino telescopes Å detectors with effective registration volumes of

107Å1010 m3. Deep underwater optical neutrino telescopes, BAIKAL,
NESTOR (Mediterranean), and Antarctic ice detector AMANDA (South Pole)
are under construction now. However the neutrino induced electron-photon and
hadron cascades could be registered not only by optical but the acoustic
emission in water and the radiowave emission in cold ice.

Energy thresholds for the radiowave and acoustic detection are a few orders
of value higher than Ethr ~ 10Å50 GeV for the optical underwater detection.

But due to weak absorption of acoustic (radiowave) signals in water (Antarctic
ice) effective volumes of acoustic (radiowave) neutrino targets could be of an
order of the cubic kilometer and larger (KM3-detectors) that is very important
for goals of the superhigh energy neutrino astrophysics.

The study of the νN-interaction cross section at high and ultrahigh energies
is important from a theoretical as well as experimental point of view. In order
to solve an interesting problem, namely Å what is the maximal energy of
cosmic ray neutrinos Å one has to know these cross sections for neutrino

energies greater than 1011 GeV, because there exist some arguments that the

upper bound of the neutrino energy spectrum can reach 1019 GeV [1].
Knowledge of these cross sections is also necessary for the interpretation of
underground, future underwater and Antarctic ice neutrino experiments. In the

present work neutrino-nucleon cross sections for neutrino energy Eν ≤ 1012 GeV

are considered. The comparison of the νN cross section and the cross section of

the reaction νe + e− → W − → X near resonant energy 6 ⋅ 106 GeV is made.

The acoustic detection of elementary particles was suggested by
G.A.Askaryan in the 50's [2]. A possibility of deployment of the deep ocean
acoustic detector to search for ultrahigh-energy (UHE) neutrinos (with energies
above 10 PeV) had been discussed almost 20 years ago by G.A.Askaryan and
B.A.Dolgoshein [3], T.Bowen [4] and J.G.Learned [5]. The prediction of con-
siderable UHE neutrino fluxes from the active galactic nuclei (AGN) by Stecker
et al. [6] supported much the idea of deployment of the large-scale cosmic
neutrino detectors and in particular, the acoustic neutrino telescope [7]. The
deep underwater acoustic neutrino telescope SADCO (Sea Acoustic Detector of
Cosmic Objects) with the threshold energy above 5 PeV was recently suggested
to be deployed at the depth of 3.5Å4 km in the Ionian Sea near Pylos (Greece)
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just at the site of the optical neutrino telescope NESTOR [8Å10]. The search

for UHE neutrinos via a detection of an acoustic bipolar pulse caused by water

heating due to energy deposits in the electron-hadron cascades initiated by

interactions of these neutrinos of all flavors with nucleons in matter and

particularly by the resonance interactions of electron-antineutrino with electrons

is the main goal of the SADCO project. The sensitive volume of the SADCO

neutrino telescope should be not less than 108 m3 if dozens of events per year

caused by neutrinos with the resonance energy are expected. Thus new esti-

mates of an acoustic signal are of importance. The sound pressure level and the

duration of the acoustic bipolar pulse produced by the electron-hadron cascades

are of great interest. The results of calculations of characteristics of acoustic

pulse produced by the electron-hadron cascade with the energy of 10 PeV in sea

water are presented in this paper. Estimations of effective detection volumes of

SADCO for cascade energies of 107Å108 GeV as functions of acoustic signal

and hydrophone numbers are also given.
About 30 years ago Askaryan proposed a new method for detection of

high-energy particles by means of the Cherenkov coherent radiowave emission
from the negative charge excess of electromagnetic showers generated in air or
dense media [11]. The charge imbalance of a shower is created by the Compton
scattering of shower photons on atomic electrons, the annihilation of shower
positrons in flight and the knock-on process. The percentage of negative charge
excess amounts to ~20% at the shower maximum. The resulting Cherenkov
emission by excess electrons is coherent at wavelengths larger than the shower
lateral dimension, i.e., in the radiowave region. In spite of the very low fre-
quencies compared with visible light, this emission should be observable for
sufficiently high primary energy because the radiated power scales with the
square of the shower size.

After a while, interest in the idea of Askaryan was renewed by the sug-

gestion to detect high-energy (HE) neutrinos in cold Antarctic ice, which has

very low radiowave absorption at temperatures below − 50 ÆC [12]. It was

argued that a radioantenna array placed on the glacier surface in Central

Antarctica  could  provide  an  effective  target  volume  of  the  order of

109Å1010 m3 for cosmic neutrinos with energies above ~ 100 TeV [12Å14].

In this paper we present the results of a detailed threshold analysis for such
a detector, taking account of radiowave absorption in ice, the results of cal-
culations of an expected neutrino event rate in a radiowave detector for different
anticipated HE neutrino fluxes.

PROSPECTS FOR RADIOWAVE AND ACOUSTIC DETECTION  661



2. NEUTRINO-NUCLEON CROSS SECTION
AT ENERGIES OF 102Å1012 GeV

2.1. Neutrino-Nucleon Cross Section in the Standard Model. The cross
section for deep inelastic charged current neutrino-nucleon process in the standard
model of electroweak interaction is given by

dσ ν, ν
__

dx dy
 = 

G 2

2π  
s

(sωxy + 1)2
 



 
y2

2
 2xy F1(x, Q 2) + (1 − y) F2(x, Q 2)

± y 

 1 − 

y
2
 

 xF

3
(x, Q 2) 


 , (1)

where s = (pν + pN)2, sω = s6 3mω
2  (mω is the W-boson mass), x is the fraction

of the nucleon momentum carried by the quark which interacts with neutrino,
y is the fraction of the neutrino energy which is transferred to the quark,

Q 2 = = − t is the transferred four-momentum squared. The nucleon structure

functions (SF) F
2
(x, Q 2), 2xF

1
(x, Q 2), and xF

3
(x, Q 2) can be expressed in

terms of the parton distribution functions (PDF) in the nucleon. The main

contribution to the total cross section at s ≥ mω
2  comes from the region sωxy < 1,

i.e., Q 2 ≤ ≤ mω
2  and hence x ≤ mω

2 6 s due to the presence in (1) of the W-boson

propagator. Because of the very weak dependence of Fi (x, Q
 2) on Q 2 for

estimation one can make the substitutions F
2
(x, Q 2) ≈ F

2
(x, mω

2 ),

2xF
1
(x, Q 2) ≈ ≈ 2xF

1
(x, mω

2 ), and xF
3
(x, Q 2) ≈ xF

3
(x, mω

2 ). For x → 0,

xF
3
(x, mω

2 ) → 0 and if F
2
(x, mω

2 ) → const at x → 0, then in LO approximation

the asymptotic behaviour of total cross section will be ~ F
2
(0, mω

2 ) ln (sω). So,

at sω >> 1 the neutrino and antineutrino cross sections for scattering on an

isoscalar target become equal and are determined by the value of F
2
(x, Q 2) at

x → 0.

2.2. Parton Distribution in Nucleon at x > 10−5 and the Neutrino-Nucleon
Cross Section. The fixed target lepton-nucleon scattering experiments and the H1

and ZEUS [15Å16] detectors of HERA have measured the proton SF F2(x, Q 2) 
covering the very large kinematic range of 0.3 ≤ Q 2 ≤ 104 GeV and

2 ⋅ 10−4 < x < 1. The steep rise (as ~ x −λ with λ ~ 0.3−0.4) of the SF F2 with x

decreasing is observed at x value below 10−1 and up to Q 2 values of about
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103 GeV2. These results have generated considerable theoretical interest in small-x
physics. Several sets of the PDF [13Å15] were obtained from a global analysis of
these data. These sets are based on NLO QCD calculations and are valid for

x > 10−5 and 4−5 ≤ Q 2 ≤ 106−108 GeV2. Using the PDF of GRV [17], MT [18]
and MRS(A) [19] we have calculated the νN- and ν

__
N-interaction cross sections for

energies up to 106 GeV. The results of these calculations are given in Fig.1.

At low energies (Eν < 103 GeV) these results accord well with experimental

data. At energies Eν = 106 GeV the discrepancy between cross sections

calculated for different sets is not more than of 12%. The σνN (MRS) calculated

with the MRS(A) PDF are shown in Fig.2; νN cross sections which have been

obtained in [20] are given in the same figure for comparison. The results of the

previous works [21Å23] that have been obtained using the EHLQ PDF[24] are

shown in this figure, too. At energy Eν = 106 GeV the σν (MRS) is 45% above

the old results [21Å24] and less than the cross section of [20] by a factor of

1.60. So, the appreciable increase of the νN cross sections in the range

Eν = 105−106 GeV is due to the steeper rise of the MRS(A) PDF respect to the

EHLQ PDF with decreasing x.

Fig.1. Using the PDF of GRV [17], MT [18] and MRS(A) [19]
the νN- and ν

__
N-interaction cross sections for energies up to

106 GeV have been calculated. The results of these calculations
are given in the figure
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2.3. Possible Parametrizations of the PDF in the Small-x Region and the

νN Cross Section at Ultrahigh Energy. The ultrahigh energy (Eν > 106 GeV)

neutrino-nucleon cross section depends on the behaviour of the SF in the small-x
region. In the present work we have used two approaches to estimate the SF at
x → 0. In the first approach (case A) the MRS(A) PDF were extrapolated from the

region x > 10−5 and Q 2 ≤ 106 GeV2 into the region of smaller x's and greater

Q 2's. The σνN (A) obtained with these PDF are listed in Table 1. In the second

approach (case B) we used the solutions of the Altarelli-Parisi equations for
moments of the singlet and nonsinglet SF and for the gluon distribution in LO

approximation [25] with input distributions g(x, Q0
 2), qs(x, Q0

 2) ~ x−0.3 (as in the

case of the MRS(A) PDF). The leading singularity of input moments,
corresponding to a simple pole at n = 1.3, controls the behaviour of the

Fig.2. Comparison of the present neutrino-nucleon cross
sections with previous results and resonant cross section

Table 1. The ultrahigh energy neutrino-nucleon cross section σνN ⋅ 1038 cm2

E (GeV) 107 108 109 1010 1011 1012

Case (A) 1.77 ⋅ 105 4.73 ⋅ 105 1.19 ⋅ 106 2.83 ⋅ 106 6.41 ⋅ 106 1.40 ⋅ 107

Case (B) 1.77 ⋅ 105 4.75 ⋅ 105 1.21 ⋅ 106 2.99 ⋅ 106 7.15 ⋅ 106 1.67 ⋅ 107
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Fi
 as(x, Q 2) at small x. Besides we took into account the standard QCD singularity

at n = 1. The cross sections σνN (B) obtained by using the SF Fi (MRS) at

x > 10−5 and the SF Fi
 as at x < 10−5 (they have been smoothly 'sewn' at

x = 10−5) are listed in Table 1. σνN (A) is ~20% above the σνN (B) at energy

E = 1012 GeV.

3. THE ACOUSTIC PULSE CAUSED BY THE CASCADE
WITH THE ENERGY OF 10 PeV

The bipolar acoustic signal was calculated taking into account the energy
deposits by the electron-hadron cascade estimated in terms of the quark-gluon
string model [10]. Figure 3 shows the bipolar acoustic pulses caused by the
cascade with the energy of 10 PeV at a distance of 400 m from the cascade core
allowing for the sound absorption in the sea water. 

Curve 1 was taken from [5], curve 2 Å from [26] and curve 3 displays our
calculations [27]. All signals were recalculated to the parameters of the
NESTOR  polygon  (4 km depth and 14 ÆC temperature of water).  It  should
be noted that in paper [28] the new estimate of the acoustic pressure of 250 µPa

Fig.3. The acoustic pulse in sea water at a distance of
400 m from a cascade with the energy of 10 PeV. 1 Å
Learned J. [5]; 2 Å Askaryan G. et al. [26]; 3 Å De-
denko L. et al. [27]
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at a distance of 40 m from the cascade core was given. This value corresponds

to the pressure of 80 µPa at a distance of 400 m but not allowing for the

absorption of the sound. Figure 3 displays that the amplitude of our signal (3)

is approximately twice as much as the pulse (2) [26]. This can be accounted for

the more narrow radial distribution of electrons in the cascade [10] in compa-

rison with an approximation used in [26].

Thus according to different estimates the amplitude of acoustic pulse cau-

sed by the electron-hadron cascade with the energy of 10 PeV in sea water can

vary from 25 up to 60 µPa at a distance of 400 m from the cascade core

allowing for the sound absorption. The main fraction of the acoustic signal

energy is distributed inside the frequency band of 2-30 kHz in [26] and inside

the band of 4-50 kHz in case of our pulse (3) [27]. Figure 4 illustrates the

dependence of the maximal acoustic pressure Pmax on the distance from the

cascade with the energy of 10 PeV. Curve 1 is calculated disregarding absorption

of sound in water and curve 2 takes into account this absorption. Figure 5

shows the dependence of acoustic pulse on displacement of hydrophone along

cascade axis for perpendicular distances of 100 m (1), 400 m (2), 1,000 m (3),

2,000 m (4), and 3,000 m (5) from the cascade axis.

Fig.4. The dependence of an acoustic signal maximal
amplitude on a distance from the cascade shower
without absorption (1) and with absorption taken into
account (2)
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4. ESTIMATIONS OF SADCO EFFECTIVE VOLUME

A cascade produces an acoustic signal localized in a thin divergent disk
which is perpendicular to cascade axis (e.g., see Fig.6). Acoustic detection
effective volume Veff may be evaluated as the volume of region where the

acoustic signal from cascade is higher than the chosen threshold (see Fig.7).

The ratio of this effective volume to the geometrical one (which is − R 3) is
rather small (e.g., 0.6Å1 %, see Table 2).

Table 2 shows this effective volume as a function of maximal distance of
detection Rmax, acoustic signal level P and number of hydrophones n for signal-

to-noise ratio S6 N = 1 and noise level of 400 µPa. 

It can be seen from this table that the effective volume Veff − 5 ⋅ 107 m3

may be got for cascade energy of 1016 eV if hydrophones number in compact
array would be not less than 2,000 (for S 6 N = 1). In case of cascade energy

above 1017 eV hydrophones number would be considerably less (− 400) and an

effective volume will increase up to 109 m3.

Fig.5. The dependence of an acoustic signal amplitude on
a displacement Z along the cascade axis. Symbols � : R =
= 100 m;  �: R = 400 m; ▲: R = 1000 m; ♦: R = 2000 m;
4: R = 3000 m. E0 = 10 PeV
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Fig.6. Cross section of divergent disk of acoustic radiation at
-6 dB level for 10 PeV cascade. R is the distance from
cascade axis in perpendicular direction

Fig.7.  Contours  of constant level of acoustic signal for
10 PeV cascade. Symbols �: 2 µPa, � : 20 µPa, 4: 10 µPa,
▲: 20 µPa, ♦: 40 µPa
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5. RESULTS OF THE RAMAND THRESHOLD ANALYSIS

We consider a radiowave antarctic neutrino detector RAMAND as a
number of downward-looking antennae disposed on several dozen meters trian-

gular grid enclosing a glacier area of the order of 1 km2. The antennae sample
Cherenkov radio pulses from ice, which would provide well-defined conic-type
images on the grid (the Cherenkov angle is equal to 56Æ in ice) [12Å14].

A numerical real time computation of the radiowave emission from electro-
magnetic showers developed in the totally transparent ice [29] gives the fol-
lowing parametrization of the electric field spectrum at the Cherenkov angle:

RE(ω, R, θc) = 
0.55 ⋅ 10−7(ν6 ν

0
)

1 + 0.4(ν 6 ν
0
)2

 
E

0

1 TeV
 (V6 MHz). (2)

Here ν is the frequency, R is the distance from the shower, E
0
 is the incident

electron (photon) energy, ν
0
 = 500 MHz (the result of [29] was divided by 2

to define the Fourier transform as E(ω) = ∫ dt E(t) exp (iωt). 
Radiowave attenuation in the real ice strongly depends on the wavelength,

as well as on the ice temperature. Therefore, we have used the original data on
radiowave absorption in ice [30] together with the results of temperature profile
measurements in a superdeep bore hole at the Vostok Antarctic Station [31] to
calculate the total attenuation of a shower radio pulse after vertical propagation
from a given depth to the ice surface (Fig.8).

To obtain the threshold energy for the one-channel radiowave detection of
electromagnetic showers we need to consider in some detail a process of radio-

Table 2. Dependence of acoustic detection effective volumes
upon distance, min level of signal, number of hydrophones

and ratio of effective volume to geometrical one

Effective volumes, Veff ⋅ 10−7, m3 0.53 1.6 4.3 21 95

Max, distance, R, m 600 800 1200 1800 2900

Min level of signal, P, µPa 40 20 10 4 2

Number of hydrophones, n 100 400 1600 10000 40000

Ratio, Veff 6 Vg , % 0.59 0.75 0.59 0.86 0.93
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pulse transformations by a receiving antenna and its preamplifier (active filter).
The relation between output antenna voltage V(ω) and incident electric field
E(ω) is given by

V(ω) = RA(ω) E(ω), (3)

where RA(ω) is the reception transfer function of antenna. As is recognized,

the so-called TEM horn is the most promising broad-band antenna for im-
pulsive field measurements (for instance, see Ref.32). Its reception transfer
function has approximately constant magnitude and linear phase dependence
over the frequency range from a hundred MHz to several GHz. As one can
see (Fig. 8), the shower radio pulse spectrum has the same band of wave-
lengths. Therefore, the TEM horn will produce an output voltage that is a
high fidelity replica of the shower electric field in the time domain. For

example, the 1 × 1 m2 arcsine TEM horn specially designed for the neutrino
radiowave experiments has RA ≈ 0.14 V/(V/m) for a normal incident field in

air. The reception pattern of this antenna is rather broad with the half-ampli-
tude beamwidths of about 90Æ in both E and H planes for an incident electro-
magnetic pulse of 1 ns duration [14].

Fig.8. Radio  pulse  spectrum  after  vertical  propagation
from  a  given  depth  (the  maximum  value  is  equal  to
43.5 nV/(MHz ⋅ TeV))

670  BUTKEVICH A.V. ET AL.



The conventional definition of a signal-to-noise ratio at the filter output is
[33]

S
N

 = 
peak instantaneous output signal power

output noise power
 . (4)

The maximum of (4) occurs when the filter transfer function is proportional

to the complex conjugation of the input filter voltage V ∗(ω) (®matched filter¯).
The maximum value is

[S 6 N]
max

 = 
2
N

0

   ∫ 
− ∞

+ ∞

  
dω
2π  V(ω)2, (5)

where N
0
 is the one-sided white noise power density at the filter input. From

(3) and (5) we obtain for the normal incident shower radio pulse received by
a TEM horn in ice:

[S6 N]
max

 = 
2
N

0

 εRA
 2   ∫ 

− ∞

+ ∞

  
dω
2π  E(ω, R, θc )

2, (6)

where ε is the relative permeability of ice (RA rises by a factor of √ε  in

medium). If the antenna impedance is equal to the load (filter) one,

N
0
 = kTN ZL . (7)

Here k = 1.381023 J/K is the Boltzmann constant, TN is the noise tempe-

rature and ZL is the load impedance. Using the parametrization (2) and taking

into account the radiowave absorption in ice for vertical pulse propagation from
100 m depth, we find for ZL = 50 Ohm and √ε  = 1.8 (ice refraction coefficient):

[S 6 N]
max

 ≅ 0.1 
E

0
 2(TeV)

TN (K)  



 

RA

0.14m
 




 2

. (8)

For the signal-to-noise ratio of unity, TN = 300 K (according to the antarctic

noise measurements [34]) and RA = 0.14 V/(V/m) the shower threshold energy

Eth is approximately equal to 55 TeV. This is a factor of 7 lower than the

result obtained by Zas, Halzen, and Stanev [29]. They performed the
threshold estimation for a half-wave dipole antenna adapted for the narrow-
band receiving technique of EAS radio detection experiments. Hence, the use
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of a broad-band TEM horn together with a matched filter results in the
significant decrease of the threshold energy.

Figure 9 shows the calculated dependence of the relative threshold energy
on the shower production depth.

6. RAMAND DETECTION OF AGN NEUTRINOS

We calculated the expected event rate in a 1 km2 radiowave detector for the
different existing models of AGN neutrino production, assuming E100 = 55 TeV

and Rmin = 100 m (for comparative discussion of the models see Refs. 35,36).

The results are given in Table 3. The expected background from atmospheric
neutrinos [37] will be ~20 events per year.

These figures can be compared with the predicted muon event rate in a

104 m2 optical underwater neutrino telescope, such as DUMAND II, NESTOR
or NT-200, which are under construction now. According to [36] at muon ener-
gies above 1 TeV the rate will be for Ref.38 ~30 per year and for Ref.39 from
160 to 800, decreasing by several times at 10 TeV. Ultrahigh energy neutrinos
from AGN can be detected by DUMAND II due to the Glashow resonance
reaction with the rate for Ref.38 about several dozen events per year [40].

Fig.9. Relative threshold dependence on depth (E100 is

taken to be unity)
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7. CONCLUSIONS

The charged current neutrino-nucleon cross sections have been calculated

for incoming neutrino energies in the range of 102Å1012 GeV. At sω >> 1 the

σN
 ν(E) = σN

 ν
__
(E). Their behavior is determined by the behavior of SF F2(x, Q 2)

for x → 0. Using the PFD of the GRV, MT and MRS we have calculated σ ν, ν
__

up to Eν = 106 GeV. The appreciable νN cross section increase (compared with

previous results) at energies Eν = 105−106 GeV is due to the steeper rise of these

PDF for x → 0. The ultrahigh energy neutrino-nucleon cross sections have been
calculated for two cases of the behaviour of the SF at x → 0. The results are

different not more than by 20 % at Eν = 1012 GeV.

 The results of the measurements [8,9,10] carried out in the Ionian Sea near
Pylos (Greece) in 1991 and 1992 displayed the relatively low level of acoustic

noises of 12 µPa/Hz0.5 at the frequency band of 15Å30 kHz and rather high
temperature of water of about 14 ÆC at depths of 0.2Å4 km, that makes this
polygon near Pylos very attractive for deployment of the acoustic neutrino
telescope SADCO.

Our  calculations  of  the  acoustic signal yield the amplitude of pulse of
60 µPa for the electron-hadron cascade with the energy of 10 PeV at the
distance of 400 m from the cascade core allowing for the sound absorption in
the sea water. This amplitude is a few times as much as the foregoing estimates
[5,26]. The calculated frequency spectrum of the acoustic pulse is localized
inside the range of 4Å50 kHz which is rather attractive from the point of view
both of a detection and the minimal noise level in the sea.

In our calculations of acoustic signal we have not taken into account the

LPM effect which is small at energies below 1016 eV. But at higher energies the

Table 3. Expected event rate for the different models
of AGN neutrino production

Diffuse neutrino fluxes from AGN by Expected event rates (S 6 N = 1), year−1 km−2

Stecker et al., 1992 110

Szabo and Protheroe, 1992 (max) 2800

Szabo and Protheroe, 1992 (min) 730

Biermann, 1992 110

Siroka and Begelman, 1992 100
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LPM effect becomes significant in case of electron-photon cascades in water.
This is particularly important for the neutrino reactions with electron (positron)
production. Our calculations show that the cascade length in water increases

proportionally to (E 6 1016 eV)0.5 due to the LPM effect and density of energy
deposits also grows with the same factor. Especially it should be stressed that
the sensitive volume in the near field also grows with the same factor Å

(E6 1016 eV)0.5. Thus both the results of measurements [8,9,10] and of
calculations of the acoustic signal are of interest for investigations of UHE
neutrino fluxes from the active galactic nuclei by the acoustic method. In
particular the search for resonant interactions of cosmic electron-antineutrino
with electrons in water at the energy of 6.4 PeV is of importance.

In this paper we have shown that a 1 km3 radiowave neutrino detector
established in Central Antarctica (at the South Pole or Vostok Station) should
be sensitive to the predicted diffuse fluxes of AGN neutrinos at energies above
a hundred TeV. For some production models AGN neutrinos would be effecti-
vely detected in the broad energy region up to 1 PeV, that gives, in principle, a
possibility of determining the spectrum shape.

The Russian Foundation for Basic Research is thanked for a support (Grant
No.96-02-18594).
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M.A.MARKOV AND HIGH-ENERGY NEUTRINO ASTRONOMY

In 1960 at the 10th Rochester Conference Moisey Alexandrovich Markov
had suggested an idea of the underground experiments for the  detection of the
high energy atmospheric and extraterrestrial neutrinos to study a number of the
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fundamental problems of particle physics and astrophysics. The possibility of
the neutrino detection using Cherenkov light radiation from the muons and
cascades produced in neutrino reactions ®in an underground lake or deep in an
ocean¯ was also pointed out [1].

 During the last several decades a new branch of physics and astrophysics
Å neutrino astronomy Å initiated by Markov has been developed. Since the
first detection of the atmospheric neutrinos with energies 1Å100 GeV in under-
ground neutrino experiments in gold mines of the South Africa and India, the
target mass scale of the instruments Å underground neutrino telescopes Å has

grown to 5 × 104 tons (Super-Kamiokande). An artificial water target was used
for SuperK instead of the  ®underground lake¯. In fact neutrino telescopes have
become universal instruments for the investigation of the microworld (e.g., in
the search for the proton decay), as well as searching for cosmic objects (e.g.,
solar neutrinos, supernova neutrinos, WIMPS, monopoles, etc.). The Baksan
neutrino telescope with 300 tons of scintillator is one of such instruments.

However to search for the ultrahigh energy (greater than 106 GeV) astro-
physical neutrino sources, i.e., sites of the activity of the specific cosmic accele-
rators in the Universe, neutrino telescopes of the effective detection volume of
a cubic kilometer or more are necessary [2]. In the Soviet Union (Russia) the
R&D program for the large-scale neutrino telescopes in the Ocean and in
Antarctica was developed under the leadership of M.A.Markov since 1981. A
few prototype modules for the deep underwater neutrino telescope NESTOR
and the hydroacoustic neutrino telescope SADCO were designed, constructed
and tested in the  Mediterranean Sea in 1987Å1992 [3]. Four expeditions to
Antarctica in 1985Å1990 had shown good possibilities for radiowave neutrino
telescope RAMAND [4].

In this paper the prospects for the large-scale neutrino telescopes Å
acoustic and radiowave ones Å are discussed. Such detectors could compliment
the optical Cherenkov neutrino detectors to search for the  neutrinos from the
AGN or even from the topological defects. Some of the results were presented
earlier at the Conferences EPS HEP-95 in Brussels and ICHEP-96 in Warsaw.
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�µ± § ´µ, ÎÉµ ¸µ¢·¥³¥´´ Ö É¥µ·¨Ö ¶·¥¤¸± §Ò¢ ¥É ¸ÊÐ¥¸É¢µ¢ ´¨¥ ³¨´¨³Ê³  ³ ¸¸Ò ±¢ ´Éµ-
¢ÒÌ Î¥·´ÒÌ ¤Ò·. ’ ±¨¥ ³¨´¨³ ²Ó´Ò¥ Î¥·´Ò¥ ¤Ò·Ò Ö¢²ÖÕÉ¸Ö ¥¸É¥¸É¢¥´´Ò³¨ ± ´¤¨¤ É ³¨ ´ 
·µ²Ó ³ ±¸¨³µ´  Å Î ¸É¨ÍÒ, ¸ÊÐ¥¸É¢µ¢ ´¨¥ ±µÉµ·µ° Œ.�.Œ ·±µ¢ ¶·¥¤¸± § ² ¥Ð¥ ¢ 1966 £µ¤Ê.

It is shown that the modern theory predicts an existence of the minimal possible mass for
quantum black holes. These minimal black holes serve as natural candidates for the maximons. The
existence of such a particle was predicted by M.A.Markov in 1966.

Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î Œ ·±µ¢ ´¥µ¤´µ±· É´µ £µ¢µ·¨² µ Éµ³, ÎÉµ ´ ¨¡µ-
²¥¥ ¢µ²´ÊÕÐ Ö ¥£µ ¶·µ¡²¥³  ¸µ¢·¥³¥´´µ° É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨ Å ÔÉµ ¶·µ-
¡²¥³  ¸¶¥±É·  ³ ¸¸ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. ‚ 1966 £µ¤Ê µ´ ¢Ò¸± § ² ¸³¥²µ¥ ¨
¤ ²¥±µ ¨¤ÊÐ¥¥ ¶·¥¤¶µ²µ¦¥´¨¥: ¸¶¥±É· ³ ¸¸ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í µ£· ´¨Î¥´
¸¢¥·ÌÊ ³ ¸¸µ° �² ´±  ∼ 10−5 £.

Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î · ¸¸Ê¦¤ ² ¶·¨³¥·´µ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³.
‘¶¥Í¨ ²Ó´ Ö É¥µ·¨Ö µÉ´µ¸¨É¥²Ó´µ¸É¨ ¢¢¥²  ¢ ´ Ê±Ê ³ ±¸¨³ ²Ó´ÊÕ ¸±µ-

·µ¸ÉÓ Å ¸±µ·µ¸ÉÓ ¸¢¥É  c. ‘ ¶µÖ¢²¥´¨¥³ ±¢ ´Éµ¢µ° ³¥Ì ´¨±¨ Ë¨§¨±  ¶µ-
²ÊÎ¨²  ¥Ð¥ µ¤´Ê ¶·¥¤¥²Ó´ÊÕ ¢¥²¨Î¨´Ê Å ³¨´¨³ ²Ó´µ¥ ¤¥°¸É¢¨¥ h̄ (¶µ¸Éµ-
Ö´´ Ö �² ´± ) ¨ ¶·¥¤¥² ÉµÎ´µ¸É¨ µ¤´µ¢·¥³¥´´µ£µ ¨§³¥·¥´¨Ö ±µµ·¤¨´ ÉÒ ¨
¨³¶Ê²Ó¸  ³ É¥·¨ ²Ó´ÒÌ É¥².

�µ, ³¥¦¤Ê É¥³, ¢ É¥Î¥´¨¥ Ê¦¥ É·¥Ì¸µÉ ²¥É ¨§¢¥¸É´  É·¥ÉÓÖ ËÊ´¤ ³¥´-
É ²Ó´ Ö ±µ´¸É ´É  Å £· ¢¨É Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö G. —Éµ §  ¶·¥¤¥²Ò µ´ 
µ¶·¥¤¥²Ö¥É? ˆ§ É·¥Ì ËÊ´¤ ³¥´É ²Ó´ÒÌ ±µ´¸É ´É h̄, G, c ³µ¦´µ ¸µ¸É ¢¨ÉÓ ¢Ò-
· ¦¥´¨Ö, ¨³¥ÕÐ¨¥ É·¨ µ¸´µ¢´Ò¥ · §³¥·´µ¸É¨ Å ¤²¨´Ò, ¢·¥³¥´¨ ¨ ³ ¸¸Ò:

lPl =

√
h̄G

c3
∼ 10−33¸³, (1)

tPl =

√
h̄G

c5
∼ 10−43c, (2)

mPl =

√
h̄c

G
∼ 10−5£ (3)
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(§ ³¥É¨³, ÎÉµ ËÊ´¤ ³¥´É ²Ó´Ò¥ ¶µ¸ÉµÖ´´Ò¥ ¢Ìµ¤ÖÉ ¢ ÔÉ¨ ¢Ò· ¦¥´¨Ö ´¥ ´ ²¨-
É¨Î¥¸±¨ ¨, ¸²¥¤µ¢ É¥²Ó´µ, ´¥ ³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò ³¥Éµ¤ ³¨ É¥µ·¨¨ ¢µ§³ÊÐ¥-
´¨°),   ¢³¥¸É¥ ¸ ´¨³¨ ¨ ¢Ò· ¦¥´¨Ö ¤²Ö ¢¥²¨Î¨´ ²Õ¡µ° ¤·Ê£µ° · §³¥·´µ¸É¨.
…¸²¨ ¢¢¥¸É¨ ¶² ´±µ¢¸±¨° ¨³¶Ê²Ó¸

pPl = mPlc =

√
h̄c3

G
, (4)

Éµ, µ± §Ò¢ ¥É¸Ö,
lPl · pPl = h̄. (5)

‘· ¢´¥´¨¥ ¸ ¸µµÉ´µÏ¥´¨¥³ ´¥µ¶·¥¤¥²¥´´µ¸É¨ ƒ¥°§¥´¡¥·£  ∆x∆p ≥ h̄ ¶·¨-
¢µ¤¨É ± ¢Ò¢µ¤Ê (¸¥°Î ¸ µ¡Ð¥¶·¨´ÖÉµ³Ê) µ ´¥¢µ§³µ¦´µ¸É¨ ¨§³¥·¥´¨Ö ¤²¨´,
³¥´ÓÏ¨Ì lPl ∼ 10−33 c³, ¨ ¨´É¥·¢ ²µ¢ ¢·¥³¥´¨, ³¥´ÓÏ¨Ì tPl ∼ 10−43c. „·Ê-
£¨³¨ ¸²µ¢ ³¨, ¶² ´±µ¢¸±¨¥ · ¸¸ÉµÖ´¨Ö Å ¶·¥¤¥² ¶·¨³¥´¥´¨Ö ±² ¸¸¨Î¥¸±µ°
É¥µ·¨¨ £· ¢¨É Í¨¨ ¨ ´ Ï¨Ì ¶·¥¤¸É ¢²¥´¨° µ ¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨.

…¸É¥¸É¢¥´´µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¨ ¶² ´±µ¢¸± Ö ³ ¸¸  mPl ∼ 10−5 £
¤µ²¦´  ¨£· ÉÓ ËÊ´¤ ³¥´É ²Ó´ÊÕ ·µ²Ó ¢ Ë¨§¨±¥. �µ ± ±ÊÕ?

ˆ§¢¥¸É´µ, ÎÉµ ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ Î ¸É¨Í¥ c ³ ¸¸µ° m ¸µµÉ¢¥É¸É¢Ê¥É
±µ³¶Éµ´µ¢¸± Ö ¤²¨´  ¢µ²´Ò

lc =
h̄

mc
(6)

Å ¸¢µ¥µ¡· §´Ò° ª±¢ ´Éµ¢Ò° · ¤¨Ê¸ª ÔÉµ° Î ¸É¨ÍÒ. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ¢
±² ¸¸¨Î¥¸±µ° É¥µ·¨¨ £· ¢¨É Í¨¨ (µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨) Î ¸É¨Í¥ ¸
³ ¸¸µ° m ¸µµÉ¢¥É¸É¢Ê¥É £· ¢¨É Í¨µ´´Ò° · ¤¨Ê¸ (· ¤¨Ê¸ ˜¢ ·ÍÏ¨²Ó¤ ):

lgr =
2Gm

c2
. (7)

…¸²¨ ¸¦ ÉÓ ²Õ¡µ¥ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¢¥Ð¥¸É¢  ¤µ É -
±¨Ì · §³¥·µ¢, Éµ µ´µ ¸±µ²² ¶¸¨·Ê¥É, µ¡· §µ¢ ¢ Î¥·´ÊÕ ¤Ò·Ê.

Œ.�.Œ ·±µ¢ ¶¥·¢Ò³ § ³¥É¨², ÎÉµ ¤²Ö Î ¸É¨ÍÒ ¸ ³ ¸¸µ° �² ´±  ±¢ ´Éµ-
¢Ò° · ¤¨Ê¸ lc ¶·¨³¥·´µ ¸µ¢¶ ¤ ¥É ¸ £· ¢¨É Í¨µ´´Ò³ · ¤¨Ê¸µ³. — ¸É¨ÍÒ ¸
³ ¸¸µ°, ¡µ²ÓÏ¥° mPl, ¤µ²¦´Ò ¶·¥¢· Ð ÉÓ¸Ö ¢ Î¥·´Ò¥ ¤Ò·Ò. �É¸Õ¤  ¨ ¸²¥-
¤Ê¥É ¢Ò¢µ¤ µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ³ ±¸¨³Ê³  ¢ ¸¶¥±É·¥ ³ ¸¸ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í.

�µ Œ.�.Œ ·±µ¢ ¶µÏ¥² ¥Ð¥ ¤ ²ÓÏ¥. �´ ¶·¥¤¶µ²µ¦¨², ÎÉµ Ô²¥³¥´É ·´ Ö
Î ¸É¨Í  ¸ ³ ±¸¨³ ²Ó´µ° ³ ¸¸µ° mPl ³µ¦¥É ·¥ ²Ó´µ ¸ÊÐ¥¸É¢µ¢ ÉÓ ¢ ¶·¨·µ¤¥.
�Éµ ¶·¥¤¶µ²µ¦¥´¨¥ ¨³¥¥É ¤ ²¥±µ ¨¤ÊÐ¨¥ ±µ¸³µ²µ£¨Î¥¸±¨¥ ¶µ¸²¥¤¸É¢¨Ö, µ
Î¥³ ´¥ · § ¶¨¸ ² Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î. ƒ¨¶µÉ¥É¨Î¥¸±ÊÕ Î ¸É¨ÍÊ ¸ ³ ¸¸µ°
∼ mPl µ´ ´ §¢ ² ³ ±¸¨³µ´µ³.

�¡Ñ¥¤¨´¥´¨¥ É¥µ·¨¨ £· ¢¨É Í¨¨ ¨ É¥µ·¨¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í µÉ±·Ò²µ
¥Ð¥ µ¤´Ê ´¥µ¡ÒÎ´ÊÕ ¨ ¨´É¥·¥¸´ÊÕ ¢µ§³µ¦´µ¸ÉÓ: É·¥Ì³¥·´ Ö £¥µ³¥É·¨Ö ¶·µ-
¸É· ´¸É¢  ³µ¦¥É ¶·¥¤¸É ¢²ÖÉÓ ¸µ¡µ° ¶µ²Ê§ ³±´ÊÉÒ° ³¨·, ¸¢Ö§ ´´Ò° ¸ ¢´¥Ï-
´¨³ ³¨·µ³ Ê§±µ° £µ·²µ¢¨´µ° (¨´ Î¥ ´ §Ò¢ ¥³µ° ³µ¸Éµ³ �°´ÏÉ¥°´  Å �µ-
§¥´ ). �·¨ ÔÉµ³ ¶µ²´ Ö ³ ¸¸  É ±µ£µ ³¨·  ³µ¦¥É ¡ÒÉÓ ¸±µ²Ó Ê£µ¤´µ ³ ²µ°
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(¤²Ö Ô²¥±É·¨Î¥¸±¨ ´¥°É· ²Ó´µ° Î ¸É¨ÍÒ ¨ ¢ ±² ¸¸¨Î¥¸±µ° É¥µ·¨¨ £· ¢¨É -
Í¨¨),   µ¡Ñ¥³ ¢´ÊÉ·¥´´¥° Î ¸É¨ Å ¸±µ²Ó Ê£µ¤´µ ¡µ²ÓÏ¨³. ’ ±¨¥ µ¡· §µ-
¢ ´¨Ö ¶µ²ÊÎ¨²¨ ´ §¢ ´¨¥ ±·µÉµ¢ÒÌ ´µ·. Œ.�.Œ ·±µ¢ ¨ ‚.�.”·µ²µ¢ ¶µ¸É·µ-
¨²¨ ±² ¸¸¨Î¥¸±ÊÕ ³µ¤¥²Ó Ô²¥±É·¨Î¥¸±¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¶·¥¤¸É ¢²ÖÕÐÊÕ
¶µ²Ê§ ³±´ÊÉÒ° ³¨· ¸ ³¨´¨³ ²Ó´µ ¢µ§³µ¦´µ° ¤²Ö § ¤ ´´µ£µ § ·Ö¤  ³ ¸¸µ°

mf =
|e|√
G
. (8)

�É¨ Î ¸É¨ÍÒ ¡Ò²¨ ´ §¢ ´Ò Ë·¨¤³µ´ ³¨. „²Ö § ·Ö¤ , · ¢´µ£µ § ·Ö¤Ê Ô²¥±-
É·µ´ , mf ∼ 10−6£.

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢µ§³µ¦´µ¸ÉÓ ¸ÊÐ¥¸É¢µ¢ ´¨Ö Î ¸É¨Í ¸ ³ ¸¸µ° mPl ¸¢Ö-
§ ´  ¸ ¢µ¶·µ¸µ³ µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ Î¥·´ÒÌ ¤Ò· c ³¨´¨³ ²Ó´µ° ³ ¸¸µ°. „¥²µ
¢ Éµ³, ÎÉµ ¶µ¸²¥ µÉ±·ÒÉ¨Ö ‘.•µ±¨´£µ³ ±¢ ´Éµ¢µ£µ ¨¸¶ ·¥´¨Ö Î¥·´ÒÌ ¤Ò·
¢¸É ² ¢µ¶·µ¸ µ¡ ¨Ì ±µ´¥Î´µ° ¸Ê¤Ó¡¥ Å ¨²¨ µ´¨ ¨¸¶ ·ÖÕÉ¸Ö ¤µ ±µ´Í , ¨²¨
¸ÊÐ¥¸É¢Ê¥É µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ ¸ ´ ¨³¥´ÓÏ¥° ¢µ§³µ¦´µ° ³ ¸¸µ° ( ´ ²µ£¨Î´µ
µ¸´µ¢´µ³Ê ¸µ¸ÉµÖ´¨Õ ¢µ¤µ·µ¤´µ£µ  Éµ³  ¢ ±¢ ´Éµ¢µ° ³¥Ì ´¨±¥). �µ²´µ¥ ·¥-
Ï¥´¨¥ ÔÉµ£µ ¢µ¶·µ¸  ¢µ§³µ¦´µ Éµ²Ó±µ ¢ · ³± Ì ±¢ ´Éµ¢µ° É¥µ·¨¨ £· ¢¨É Í¨¨
(±µÉµ· Ö ¥Ð¥ ´¥ ¸µ§¤ ´ ) ¨²¨ ¡µ²¥¥ µ¡Ð¥° É¥µ·¨¨ (± ±, ´ ¶·¨³¥·, É¥µ·¨Ö
¸É·Ê´).

’¥³ ´¥ ³¥´¥¥ ¢ ¸²ÊÎ ¥ ¸Ë¥·¨Î¥¸±µ° ¸¨³³¥É·¨¨, ±µ£¤  µÉ¸ÊÉ¸É¢ÊÕÉ £· ¢¨-
É Í¨µ´´Ò¥ ¢µ²´Ò ¨, ¸²¥¤µ¢ É¥²Ó´µ, ´¥É ¤¨´ ³¨Î¥¸±¨Ì £· ¢¨É Í¨µ´´ÒÌ ¸É¥-
¶¥´¥° ¸¢µ¡µ¤Ò, ¢µ§³µ¦´µ ¶µ¸É·µ¥´¨¥ ³µ¤¥²¥°, ¤µ¶Ê¸± ÕÐ¨Ì ±¢ ´Éµ¢ ´¨¥ ¨
¶µ²ÊÎ¥´¨¥ ¸¶¥±É·  ³ ¸¸ ±¢ ´Éµ¢ÒÌ Î¥·´ÒÌ ¤Ò·.

�¨¦¥ ³Ò ±· É±µ µ¶¨Ï¥³ µ¤´Ê ¨§ É ±¨Ì ³µ¤¥²¥°, ¶µ¸É·µ¨³ ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨° £ ³¨²ÓÉµ´¨ ´, ·¥Ï¨³ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥·  ¨ ´ °¤¥³ ¸¶¥±É· ³ ¸¸.

� Ï  ³µ¤¥²Ó Å ÔÉµ ¸ ³µ£· ¢¨É¨·ÊÕÐ Ö Éµ´± Ö ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´ Ö
µ¡µ²µÎ± , ª£µ² Öª ³ ¸¸  ±µÉµ·µ° · ¢´  M (É.¥. ÔÉµ ¸Ê³³  ³ ¸¸ ¸µ¸É ¢²ÖÕÐ¨Ì
µ¡µ²µÎ±Ê ¶Ò²¨´µ± ¡¥§ ÊÎ¥É  £· ¢¨É Í¨µ´´µ£µ ¤¥Ë¥±É  ³ ¸¸Ò). �µ²´ Ö ¦¥
Ï¢ ·ÍÏ¨²Ó¤µ¢¸± Ö ³ ¸¸  (¶µ²´ Ö Ô´¥·£¨Ö) · ¢´  (³Ò · ¡µÉ ¥³ ¢ ¸¨¸É¥³¥
¥¤¨´¨Í, ¢ ±µÉµ·µ° h̄ = c = 1):

m = M
√
ρ̇2 + 1− GM2 − e2

2ρ
, (9)

£¤¥ ρ Å · ¤¨Ê¸ µ¡µ²µÎ±¨, ρ̇ Å ¶·µ¨§¢µ¤´ Ö · ¤¨Ê¸  ¶µ ¸µ¡¸É¢¥´´µ³Ê ¢·¥-
³¥´¨ ´  µ¡µ²µÎ±¥, e Å Ô²¥±É·¨Î¥¸±¨° § ·Ö¤. ŒÒ ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ Éµ²Ó±µ
¸²ÊÎ ° Ë¨´¨É´µ£µ ¤¢¨¦¥´¨Ö, ¸²¥¤µ¢ É¥²Ó´µ, m < M .

�Ê¸ÉÓ · ¤¨Ê¸ µ¡µ²µÎ±¨ ¢ ³µ³¥´É ¶µ±µÖ · ¢¥´ ρ0, Éµ£¤ 

m = M − GM2 − e2

2ρ0
(10)

¨
∂m

∂M
= 1− GM

ρ0
. (11)
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Š·¨¢ Ö m(M) ¨³¥¥É ¤¢¥ ¢¥É¢¨: ¢µ§· ¸É ÕÐÊÕ ¨ Ê¡Ò¢ ÕÐÊÕ. ‘ ·µ¸Éµ³ £µ²µ°
³ ¸¸Ò ¶µ²´ Ö ³ ¸¸  ¸´ Î ²  · ¸É¥É ¸ m = |e|/

√
G ¤µ m = ρ0/2G+ e2/2ρ0,

  § É¥³ Ê¡Ò¢ ¥É ¤µ ¶¥·¢µ´ Î ²Ó´µ£µ §´ Î¥´¨Ö. � ¸ÉÊÐ Ö ¢¥É¢Ó ¸µµÉ¢¥É¸É¢Ê¥É
µ¡µ²µÎ±¥, ±µÉµ· Ö, ¸É ·ÉÊÖ ¨§ ¸µ¸ÉµÖ´¨Ö ¶µ±µÖ, ±µ²² ¶¸¨·Ê¥É, µ¡· §ÊÖ Î¥·´ÊÕ
¤Ò·Ê. “¡Ò¢ ÕÐ Ö ¦¥ ¢¥É¢Ó ¸µµÉ¢¥É¸É¢Ê¥É ±·µÉµ¢µ° ´µ·¥, ±µ£¤  µ¡µ²µÎ±  ´ -
Ìµ¤¨É¸Ö ¶µ ¤·Ê£ÊÕ ¸Éµ·µ´Ê ³µ¸É  �°´ÏÉ¥°´  Å �µ§¥´  (¶µ²Ê§ ³±´ÊÉÒ° ³¨·).
‚ ÔÉµ³ ¸²ÊÎ ¥ Î¥³ ¡µ²ÓÏ¥ £µ² Ö ³ ¸¸ , É¥³ �Ê¦¥ £µ·²µ¢¨´  ¨, ¸²¥¤µ¢ É¥²Ó´µ,
³¥´ÓÏ¥ ¶µ²´ Ö ³ ¸¸ . �É³¥É¨³, ÎÉµ ¥¸²¨ ¶·¨ ´Ê²¥¢µ³ Ô²¥±É·¨Î¥¸±µ³ § ·Ö¤¥
£µ·²µ¢¨´  ¢ ±µ´Í¥ ±µ´Íµ¢ ¨¸Î¥§ ¥É ¨ µ¡· §Ê¥É¸Ö § ³±´ÊÉÒ° ³¨· ¸ ´Ê²¥¢µ°
¶µ²´µ° ³ ¸¸µ°, Éµ ¶·¨ ´¥´Ê²¥¢µ³ § ·Ö¤¥ £µ·²µ¢¨´  µ¸É ¥É¸Ö · §µ³±´ÊÉµ°,  
¶·¥¤¥²Ó´Ò° ¸²ÊÎ ° µ¶¨¸Ò¢ ¥É Ë·¨¤³µ´. Œ ±¸¨³Ê³ ¦¥ ±·¨¢µ° m(M) ¶·¨Ìµ-
¤¨É¸Ö ´  É ±µ¥ §´ Î¥´¨¥ £µ²µ° ³ ¸¸Ò M , ¶·¨ ±µÉµ·µ³ ¢ ÉµÎ±¥ ¶µ±µÖ µ¡µ²µÎ± 
´ Ìµ¤¨É¸Ö ± ± · § ´  £µ·¨§µ´É¥ ¸µ¡ÒÉ¨° Å £· ´¨Í¥ Î¥·´µ° ¤Ò·Ò.

�¡· É¨³¸Ö É¥¶¥·Ó ± ¶·µÍ¥¤Ê·¥ ±¢ ´Éµ¢ ´¨Ö.
‚Ò· ¦¥´¨¥ ¤²Ö ¶µ²´µ° ³ ¸¸Ò (Ê· ¢´¥´¨¥ (9)) ¥¸ÉÓ ´¥ ÎÉµ ¨´µ¥, ± ± § ±µ´

¸µÌ· ´¥´¨Ö Ô´¥·£¨¨ ¸ ³µ£· ¢¨É¨·ÊÕÐ¥° § ·Ö¦¥´´µ° ¶Ò²¥¢µ° µ¡µ²µÎ±¨. ‡´ Ö
¢Ò· ¦¥´¨¥ ¤²Ö Ô´¥·£¨¨, ³Ò ³µ¦¥³ ¢µ¸¸É ´µ¢¨ÉÓ ² £· ´¦¨ ´, ´ °É¨ ¨³¶Ê²Ó¸,
¸µ¶·Ö¦¥´´Ò° · ¤¨Ê¸Ê, ¨ ¶µ¸É·µ¨ÉÓ £ ³¨²ÓÉµ´¨ ´. „¥°¸É¢¨É¥²Ó´µ,

p =
∂L

∂ρ̇
, (12)

H = pρ̇− L = ρ̇
∂L

∂ρ̇
− L, (13)

L = ρ̇

∫
H
dρ̇

ρ̇2
= ρ̇

∫
∂H

∂ρ̇

dρ̇

ρ̇
−H, (14)

µÉ±Ê¤  ¶µ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¨³¶Ê²Ó¸ :

p =

∫
∂H

∂ρ̇

dρ̇

ρ̇
. (15)

�µ¤¸É ¢²ÖÖ ¸Õ¤  ¢³¥¸Éµ H ¢Ò· ¦¥´¨¥ ¤²Ö ¶µ²´µ° ³ ¸¸Ò (9), ¨³¥¥³

p = M log(ρ̇+
√
ρ̇2 + 1) + F (ρ), (16)

L = M(ρ̇ log(ρ̇+
√
ρ̇2 + 1)−

√
ρ̇2 + 1) + ρ̇F (ρ), (17)

£¤¥ F (ρ) Å ¶·µ¨§¢µ²Ó´ Ö ËÊ´±Í¨Ö. ‚Ò¡µ· ÔÉµ° ËÊ´±Í¨¨ ´¥ ¢²¨Ö¥É ´  Ê· ¢-
´¥´¨Ö ¤¢¨¦¥´¨Ö, ¨ ¢ ¤ ²Ó´¥°Ï¥³ ³Ò ¶µ²µ¦¨³ F (ρ) = 0. � §·¥Ï Ö Ê· ¢´¥´¨¥
(16) µÉ´µ¸¨É¥²Ó´µ ρ̇, ¶µ²ÊÎ ¥³

ρ̇ = sinh
p

M
, (18)
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  ¶µ¸²¥ ¶µ¤¸É ´µ¢±¨ ÔÉµ£µ ¢Ò· ¦¥´¨Ö ¢ Ê· ¢´¥´¨¥ (9) ¶µ²ÊÎ ¥³ £ ³¨²ÓÉµ´¨ ´

H = M cosh
p

M
− GM2 − e2

2ρ
, (19)

¨²¨, ¢ ¡¥§· §³¥·´ÒÌ ¶¥·¥³¥´´ÒÌ x = Mρ,Π = p/M ,

H = M

(
coshΠ− GM2 − e2

2x

)
. (20)

‘Î¨É Ö ¨³¶Ê²Ó¸ ¨ ±µµ·¤¨´ ÉÊ µ¶¥· Éµ· ³¨, ´ ²µ¦¨³ ±¢ ´Éµ¢µ¥ ±µ³³Ê-
É Í¨µ´´µ¥ ¸µµÉ´µÏ¥´¨¥

[Π, x] = −i. (21)

‚ ±µµ·¤¨´ É´µ³ ¶·¥¤¸É ¢²¥´¨¨ Π = −i∂/∂x ¨, ¨¸¶µ²Ó§ÊÖ ¨§¢¥¸É´µ¥ ¸µµÉ´µ-
Ï¥´¨¥

e−i
∂
∂xΨ(x) = Ψ(x− i), (22)

¶µ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ ¸É Í¨µ´ ·´µ¥ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥· :

HΨ(x) = EΨ(x), (23)

M

2

(
(Ψ(x+ i) + Ψ(x− i)− GM2 − e2

x
Ψ(x)

)
= mΨ(x). (24)

‚¢µ¤Ö µ¡µ§´ Î¥´¨Ö ε = m/M ¨ α = GM2 − e2 , ¶¥·¥¶¨Ï¥³ ÔÉµ Ê· ¢´¥´¨¥ ¢
¢¨¤¥

Ψ(x+ i) + Ψ(x− i) =
(
2ε+

α

x

)
Ψ(x). (25)

�¥µ¡ÒÎ´Ò³ §¤¥¸Ó Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ¶µ²ÊÎ¥´´µ¥ Ê· ¢´¥´¨¥ Å ´¥ ¶·¨¢ÒÎ´µ¥
¤¨ËË¥·¥´Í¨ ²Ó´µ¥,   Ê· ¢´¥´¨¥ ¢ ±µ´¥Î´ÒÌ · §´µ¸ÉÖÌ. Š·µ³¥ Éµ£µ, ¸¤¢¨£
 ·£Ê³¥´É  ¶·µ¨¸Ìµ¤¨É ´¥ ¶µ ¤¥°¸É¢¨É¥²Ó´µ°,   ¶µ ³´¨³µ° µ¸¨, ÎÉµ ¶·¨¢µ¤¨É
± É·¥¡µ¢ ´¨Õ  ´ ²¨É¨Î´µ¸É¨ ·¥Ï¥´¨°, ¶µ ±· °´¥° ³¥·¥, ¢ ´¥±µÉµ·µ° ¶µ²µ¸¥
¶²µ¸±µ¸É¨ ±µ³¶²¥±¸´µ£µ ¶¥·¥³¥´´µ£µ.

�·¥¦¤¥ Î¥³ ¤¢¨£ ÉÓ¸Ö ¤ ²ÓÏ¥, · ¸¸³µÉ·¨³ ´¥·¥²ÖÉ¨¢¨¸É¸±¨° ¶·¥¤¥² ´ -
Ï¥£µ Ê· ¢´¥´¨Ö.

‚µ¸¸É ´ ¢²¨¢ Ö ¢¸¥ · §³¥·´Ò¥ ±µ´¸É ´ÉÒ, ¶µ²ÊÎ ¥³ ¤²Ö ¸¤¢¨´ÊÉµ£µ  ·£Ê-
³¥´É 

x± i→M

(
ρ± 1

M
i

)
→ ρ± h̄

Mc
i. (26)
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� ¸±² ¤Ò¢ Ö Ê· ¢´¥´¨¥ (25) ¢ ·Ö¤ ¶µ ¶ · ³¥É·Ê h̄/Mc ¤µ ¢Éµ·µ£µ ¶µ·Ö¤± 
¢±²ÕÎ¨É¥²Ó´µ, ¶µ²ÊÎ ¥³ ´¥·¥²ÖÉ¨¢¨¸É¸±µ¥ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥·  ¤²Ö s-¢µ²-
´µ¢µ° · ¤¨ ²Ó´µ° ËÊ´±Í¨¨

− 1

2M

d2Ψ

dρ2
− GM2 − e2

2ρ
Ψ = (E −M)Ψ, (27)

£¤¥ E −M Å ´¥·¥²ÖÉ¨¢¨¸É¸± Ö Ô´¥·£¨Ö ¸¨¸É¥³Ò. � ±² ¤Ò¢ Ö µ¡ÒÎ´Ò¥ £· -
´¨Î´Ò¥ Ê¸²µ¢¨Ö (¢µ²´µ¢ Ö ËÊ´±Í¨Ö ¤µ²¦´  ¡ÒÉÓ · ¢´  ´Ê²Õ ¢ ´ Î ²¥ ±µµ·-
¤¨´ É ¨ ¨´É¥£·¨·Ê¥³  ¸ ±¢ ¤· Éµ³ ´  ¶µ²µ¦¨É¥²Ó´µ° ¶µ²Êµ¸¨), ¶µ²ÊÎ ¥³ ¤²Ö
µÉ·¨Í É¥²Ó´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨ (Ë¨´¨É´µ¥ ¤¢¨¦¥´¨¥!) ¤¨¸±·¥É´Ò° ¸¶¥±É·

(E −M)n = −M(GM2 − e2)2

8n2
, n = 1, 2, .... (28)

…¸²¨ G = 0, Éµ ÔÉµ Å ¨§¢¥¸É´ Ö Ëµ·³Ê²  �¨¤¡¥·£  ¤²Ö  Éµ³  ¢µ¤µ·µ¤ .
‚¥·´¥³¸Ö ± ¶µ²´µ³Ê Ê· ¢´¥´¨Õ. ‚¢µ¤Ö ´µ¢Ò¥ ¶ · ³¥É·Ò ε = cosλ,

α = GM2 − e2 = 2β sinλ, ¶µ²ÊÎ ¥³

Ψ(x+ i) + Ψ(x− i) = 2

(
cosλ+

β sinλ

x

)
Ψ(x). (29)

�Éµ Ê· ¢´¥´¨¥ µ¡² ¤ ¥É ¨´É¥·¥¸´Ò³ ¸¢µ°¸É¢µ³. …¸²¨ ¨§¢¥¸É´µ µ¤´µ ·¥Ï¥´¨¥,
¸± ¦¥³, Ψ0, ³Ò ³µ¦¥³ ¶µ¸É·µ¨ÉÓ Í¥²Ò° ±² ¸¸ ´µ¢ÒÌ ·¥Ï¥´¨°, Ê³´µ¦ Ö Ψ0

´  ²Õ¡ÊÕ ËÊ´±Í¨Õ C(x), ¶¥·¨µ¤¨Î¥¸±ÊÕ ¸ ³´¨³Ò³ ¶¥·¨µ¤µ³, i, Éµ ¥¸ÉÓ,

Ψ0(x) Å ·¥Ï¥´¨¥,

Ψ1(x) = C(x)Ψ0(x) Å ·¥Ï¥´¨¥, ¥¸²¨

C(x + i) = C(x). (30)

�Ê¤¥³ ´ §Ò¢ ÉÓ Ψ0 ËÊ´¤ ³¥´É ²Ó´Ò³ ·¥Ï¥´¨¥³. …¸²¨ ³Ò ¡Ê¤¥³ §´ ÉÓ ¢¸¥
ËÊ´¤ ³¥´É ²Ó´Ò¥ ·¥Ï¥´¨Ö, Éµ, µÎ¥¢¨¤´µ, ¸³µ¦¥³ ²¥£±µ ¶µ¸É·µ¨ÉÓ µ¡Ð¥¥ ·¥-
Ï¥´¨¥. ‘±µ²Ó±µ ¦¥ ¸ÊÐ¥¸É¢Ê¥É ËÊ´¤ ³¥´É ²Ó´ÒÌ ·¥Ï¥´¨°?

Œµ¦´µ ¶µ± § ÉÓ, ÎÉµ ¸ÊÐ¥¸É¢Ê¥É Éµ²Ó±µ µ¤´µ ËÊ´¤ ³¥´É ²Ó´µ¥ ·¥Ï¥´¨¥,
±µÉµ·µ¥ ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´µ ¢ ¢¨¤¥

Ψβ =
(
−4πβe−iλ(β+1) sinλ

)
x×

×
{

Γ(ix+ β)eiλβe−λx

Γ(1 + ix)Γ(1 + β)
F (1− ix, 1− β; 1− ix− β; e−2iλ) +
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+
Γ(−ix− β)e−iλβeλx

Γ(1− ix)Γ(1− β)
F (1 + ix, 1 + β; 1 + ix+ β; e−2iλ)

}
, (31)

£¤¥ Γ(z) Å £ ³³ -ËÊ´±Í¨Ö �°²¥· ,   F (α, β; γ; z) Å £¨¶¥·£¥µ³¥É·¨Î¥¸± Ö
ËÊ´±Í¨Ö ƒ Ê¸¸ . �É³¥É¨³, ÎÉµ ´ Ï  ¶¥·¥³¥´´ Ö x ¢Ìµ¤¨É ¢ ¶ · ³¥É·Ò £¨¶¥·-
£¥µ³¥É·¨Î¥¸±µ° ËÊ´±Í¨¨,   ´ Ï ¶ · ³¥É· λ Å ´ µ¡µ·µÉ, ¢Ìµ¤¨É ¢ ¶¥·¥³¥´-
´ÊÕ ËÊ´±Í¨¨.

”Ê´¤ ³¥´É ²Ó´µ¥ ·¥Ï¥´¨¥ Ψ0 ¨³¥¥É ¸²¥¤ÊÕÐ¨¥  ¸¨³¶ÉµÉ¨±¨ ¶·¨ x→ 0:

xr, r = 1, 2.... (32)

¨

Ψβ = −2πiβe−iλβeiπβ
{

(2 sinλ)β

Γ(1 + β)
xβe−λx − (2 sinλ)−β

Γ(1− β)
x−βeλx

}
φ(

1

x
) .

x → ∞ (33)

�¡Ð¥¥ ¦¥ ·¥Ï¥´¨¥

Ψgeneral(x) =

( ∞∑
−∞

cke
−2πkx)

)
Ψβ(x), (34)

£¤¥ ck Å ±µÔËË¨Í¨¥´ÉÒ · §²µ¦¥´¨Ö ¢ ·Ö¤ ”Ê·Ó¥ ¶¥·¨µ¤¨Î¥¸±µ° ËÊ´±Í¨¨
¸ ³´¨³Ò³ ¶¥·¨µ¤µ³. �É³¥É¨³, ÎÉµ É ±µ° ¢¨¤ · §²µ¦¥´¨Ö µÉ· ¦ ¥É É ±¦¥
ÉµÉ Ë ±É, ÎÉµ ¶¥·¢µ´ Î ²Ó´µ¥ Ê· ¢´¥´¨¥ ¨´¢ ·¨ ´É´µ µÉ´µ¸¨É¥²Ó´µ § ³¥´Ò
λ→ λ+ 2πk .

ƒ ³¨²ÓÉµ´¨ ´ (20) ´¥ Ö¢²Ö¥É¸Ö ¸ ³µ¸µ¶·Ö¦¥´´Ò³ µ¶¥· Éµ·µ³ ´  ¶µ²µ-
¦¨É¥²Ó´µ° ¶µ²Êµ¸¨. ‚ ´¥·¥²ÖÉ¨¢¨¸É¸±µ° ±¢ ´Éµ¢µ° ³¥Ì ´¨±¥, ±µ£¤  £ ³¨²Ó-
Éµ´¨ ´ ¥¸ÉÓ ¤¨ËË¥·¥´Í¨ ²Ó´Ò° µ¶¥· Éµ· ¢Éµ·µ£µ ¶µ·Ö¤± , ¤µ¸É ÉµÎ´µ ¡Ò²µ
¤²Ö ¤µ¸É¨¦¥´¨Ö ¸ ³µ¸µ¶·Ö¦¥´´µ¸É¨ ´ ²µ¦¨ÉÓ ´  ¢µ²´µ¢Ò¥ ËÊ´±Í¨¨ µ¤´µ
£· ´¨Î´µ¥ Ê¸²µ¢¨¥ ¢ ´Ê²¥ (Ψ(0) = 0) ¨ µ¤´µ Ê¸²µ¢¨¥ ´  ¡¥¸±µ´¥Î´µ¸É¨ (¨´-
É¥£·¨·Ê¥³µ¸ÉÓ ¸ ±¢ ¤· Éµ³), ¨ ÔÉµ ¶·¨¢µ¤¨²µ ± ¤¨¸±·¥É´µ³Ê ¸¶¥±É·Ê ¤²Ö
¸É Í¨µ´ ·´ÒÌ ¸µ¸ÉµÖ´¨°. Š·µ³¥ Éµ£µ, ¢µ²´µ¢Ò¥ ËÊ´±Í¨¨ ¤µ²¦´Ò ¡Ò²¨ ¡ÒÉÓ
¤¢ ¦¤Ò ¤¨ËË¥·¥´Í¨·Ê¥³Ò. ’¥¶¥·Ó ¦¥ ³Ò ¨³¥¥³ ¤¥²µ ¸ Ê· ¢´¥´¨¥³ ¢ ±µ-
´¥Î´ÒÌ · §´µ¸ÉÖÌ, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¤¨ËË¥·¥´Í¨ ²Ó´µ³Ê Ê· ¢´¥´¨Õ ¡¥¸±µ-
´¥Î´µ£µ ¶µ·Ö¤± . Œµ¦´µ ¶µ± § ÉÓ, ÎÉµ ¤²Ö ¤µ¸É¨¦¥´¨Ö ¸ ³µ¸µ¶·Ö¦¥´´µ¸É¨
£ ³¨²ÓÉµ´¨ ´ , ¶µ³¨³µ Ê¸²µ¢¨Ö ¸¶ ¤ ´¨Ö ´  ¡¥¸±µ´¥Î´µ¸É¨, ´¥ Éµ²Ó±µ ¸ ³ 
ËÊ´±Í¨Ö ¤µ²¦´  ¡ÒÉÓ · ¢´  ´Ê²Õ ¢ ´ Î ²¥ ±µµ·¤¨´ É, ´µ É ±¦¥ ¢¸¥ ¥¥ Î¥É-
´Ò¥ ¶·µ¨§¢µ¤´Ò¥, Éµ ¥¸ÉÓ ËÊ´±Í¨Ö ¤µ²¦´  ¡ÒÉÓ ´¥Î¥É´µ°. Š·µ³¥ Éµ£µ, ³Ò
¤µ²¦´Ò ¶µÉ·¥¡µ¢ ÉÓ  ´ ²¨É¨Î´µ¸É¨ ¢µ²´µ¢µ° ËÊ´±Í¨¨ ´  ¶µ²µ¦¨É¥²Ó´µ°
¤¥°¸É¢¨É¥²Ó´µ° ¶µ²Êµ¸¨.

ˆ§  ¸¨³¶ÉµÉ¨Î¥¸±µ£µ · §²µ¦¥´¨Ö ´  ¡¥¸±µ´¥Î´µ¸É¨ (Ê· ¢´¥´¨¥ (33)) Ö¸´µ,
ÎÉµ ¤µ²¦´µ ¡ÒÉÓ
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β = n, n = 1, 2, .... (35)

�Éµ ¶·¨¢µ¤¨É ± ¤¨¸±·¥É´µ³Ê ¸¶¥±É·Ê ¤²Ö ¶µ²´µ° ³ ¸¸Ò m. „¥°¸É¢¨É¥²Ó´µ,

β =
α

2 sinλ
= n, α = GM2,

ε =
m

M
= cosλ,

ε =

√
1− α2

4n2
(36)

¨

m = M

√
1− (GM2 − e2)2

4n2
. (37)

�Î¥¢¨¤´µ, ¶µ²ÊÎ¥´´Ò° ¸¶¥±É· ¢µ¸¶·µ¨§¢µ¤¨É Ëµ·³Ê²Ê �¨¤¡¥·£  ¤²Ö ¡µ²Ó-
Ï¨Ì §´ Î¥´¨° n (´¥·¥²ÖÉ¨¢¨¸É¸±¨° ¶·¥¤¥²), ¥¸²¨ ¶µ²µ¦¨ÉÓ G = 0. �µ ¨´-
É¥·¥¸´¥¥ Éµ, ÎÉµ ÔÉµÉ ¸¶¥±É· Ö¢²Ö¥É¸Ö Î ¸ÉÓÕ ¤¨· ±µ¢¸±µ£µ ¸¶¥±É·  ¤²Ö Ô²¥±-
É·µ´ , ¥¸²¨ ¢ ¶µ¸²¥¤´¥³ ¶µ²µ¦¨ÉÓ · ¢´Ò³ ´Ê²Õ É ± ´ §Ò¢ ¥³µ¥ · ¤¨ ²Ó´µ¥
±¢ ´Éµ¢µ¥ Î¨¸²µ. „·Ê£¨³¨ ¸²µ¢ ³¨, ´ Ï ¸¶¥±É· (¤²Ö s-¢µ²´Ò!) ¸µ¢¶ ¤ ¥É ¸
¤¨· ±µ¢¸±¨³ ¸¶¥±É·µ³ ¤²Ö ±·¨É¨Î¥¸±µ£µ Ê£²µ¢µ£µ ³µ³¥´É  (¢ ·¥ ²Ó´µ³  Éµ³¥
¢µ¤µ·µ¤  ³¨´¨³ ²Ó´Ò° Ê£²µ¢µ° ³µ³¥´É Å ¸¶¨´ Ô²¥±É·µ´  Å £µ· §¤µ ¡µ²ÓÏ¥
¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ±·¨É¨Î¥¸±µ£µ, ¨ ¨³¥´´µ ¡² £µ¤ ·Ö ÔÉµ³Ê Ë ±ÉÊ ³Ò ¨ ¸Ê-
Ð¥¸É¢Ê¥³).

�µ ¶µ²ÊÎ¥´´Ò° ¸¶¥±É· ´¥ Ö¢²Ö¥É¸Ö ¸¶¥±É·µ³ ³ ¸¸ Î¥·´ÒÌ ¤Ò·! �Éµ
¸¶¥±É· ³ ¸¸ ¸ ³µ£· ¢¨É¨·ÊÕÐ¥° µ¡µ²µÎ±¨ ¸ § ¤ ´´µ° £µ²µ° ³ ¸¸µ° M . ’ ±
¦¥, ± ± ¨ ¢ ¸²ÊÎ ¥  Éµ³  ¢µ¤µ·µ¤ , µ¡µ²µÎ± , ¢µµ¡Ð¥ £µ¢µ·Ö, ´¥ ±µ²² ¶¸¨·Ê¥É
¡¥§ ¨§²ÊÎ¥´¨Ö (¢ µÉ²¨Î¨¥ µÉ ±² ¸¸¨Î¥¸±µ£µ £· ¢¨É Í¨µ´´µ£µ ±µ²² ¶¸ !) ¨²¨
¡¥§ ¨§³¥´¥´¨Ö £µ²µ° ³ ¸¸Ò. ‘²¥¤µ¢ É¥²Ó´µ, ¨§²ÊÎ¥´¨¥ (´  ±¢ §¨±² ¸¸¨Î¥¸±µ³
ÔÉ ¶¥ Å ¨§²ÊÎ¥´¨¥ •µ±¨´£ ) ´¥ ¶·µ¸Éµ ¸µ¶·µ¢µ¦¤ ¥É ±¢ ´Éµ¢Ò° ±µ²² ¶¸, ´µ
¸ ³ ÔÉµÉ ±¢ ´Éµ¢Ò° ±µ²² ¶¸ ´¥¢µ§³µ¦¥´ ¡¥§ ¨§²ÊÎ¥´¨Ö.

—Éµ¡Ò ¢Ò¤¥²¨ÉÓ ¸¶¥±É· Î¥·´ÒÌ ¤Ò· ¨§ µ¡Ð¥£µ ¸¶¥±É·  µ¡µ²µÎ¥±, · ¸-
¸³µÉ·¨³ § ¢¨¸¨³µ¸ÉÓ ¶µ²´µ° ³ ¸¸Ò m µÉ £µ²µ° ³ ¸¸Ò M ¶·¨ Ë¨±¸¨·µ¢ ´-
´µ³ ±¢ ´Éµ¢µ³ Î¨¸²¥ n. ŒÒ Ê¦¥ · ¸¸³ É·¨¢ ²¨ ¶µ¤µ¡´ÊÕ § ¢¨¸¨³µ¸ÉÓ ¤²Ö
±² ¸¸¨Î¥¸±µ° µ¡µ²µÎ±¨, ´µ ¶·¨ Ë¨±¸¨·µ¢ ´´µ³ §´ Î¥´¨¨ ³ ±¸¨³ ²Ó´µ£µ · -
¤¨Ê¸  ρ0. ”¨±¸¨·µ¢ ´¨¥ ±¢ ´Éµ¢µ£µ Î¨¸²  n µ§´ Î ¥É Ë¨±¸¨·µ¢ ´¨¥ ¸·¥¤´¥£µ
§´ Î¥´¨Ö · ¤¨Ê¸  µ¡µ²µÎ±¨. Š ± ¨ ¢ ±² ¸¸¨Î¥¸±µ³ ¸²ÊÎ ¥, ³Ò ¸´µ¢  ¨³¥¥³
¢µ§· ¸É ÕÐÊÕ ¨ Ê¡Ò¢ ÕÐÊÕ ¢¥É¢¨. Š ± ¨ · ´ÓÏ¥, Ê¡Ò¢ ÕÐ Ö ¢¥É¢Ó ¸µµÉ-
¢¥É¸É¢Ê¥É ±·µÉµ¢µ° ´µ·¥ (¶µ²Ê§ ³±´ÊÉµ³Ê ³¨·Ê). �µ ±¢ ´Éµ¢Ò¥ µ¡µ²µÎ±¨,
¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¢µ§· ¸É ÕÐ¥° ¢¥É¢¨, ´¥ ±µ²² ¶¸¨·ÊÕÉ! …¤¨´¸É¢¥´´ Ö ¢µ§-
³µ¦´µ¸ÉÓ µ¡· §µ¢ ÉÓ ±¢ ´Éµ¢ÊÕ Î¥·´ÊÕ ¤Ò·Ê Å ¶µ¶ ¸ÉÓ ÉµÎ´µ ´  ³ ±¸¨³Ê³
±·¨¢µ°.
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Œ ±¸¨³Ê³ ±·¨¢µ° m(M) ¤µ¸É¨£ ¥É¸Ö ¶·¨ §´ Î¥´¨¨ £µ²µ° ³ ¸¸Ò

M2 =
1

2G

(
2e2 +

√
e4 + 12n2

)
. (38)

�µ¤¸É ¢²ÖÖ ÔÉµ §´ Î¥´¨¥ ¢ ¸¶¥±É· (37), ¶µ²ÊÎ ¥³ ¸¶¥±É· ³ ¸¸ ±¢ ´Éµ¢ÒÌ
Î¥·´ÒÌ ¤Ò·:

mBH = MPl

√
4
√

3

9
n

(
1 +

e4

12n2

)3/2

+
2

3
e2 − e6

54n2
. (39)

n = 1, 2, 3, ...

„²Ö ´¥§ ·Ö¦¥´´ÒÌ Î¥·´ÒÌ ¤Ò· (e = 0) ¨³¥¥³

m =
2

4
√

27

√
nMPl. (40)

ˆ´É¥·¥¸´µ, ÎÉµ ¶µ¤µ¡´ Ö § ¢¨¸¨³µ¸ÉÓ µÉ n ¤²Ö ¸¶¥±É·  ³ ¸¸ Î¥·´ÒÌ ¤Ò· ¡Ò² 
¤ ¢´µ ¶·¥¤¸± § ´  ´  µ¸´µ¢¥ ±¢ §¨±² ¸¸¨Î¥¸±¨Ì ¸µµ¡· ¦¥´¨° ¨ É¥·³µ¤¨´ -
³¨±¨ Î¥·´ÒÌ ¤Ò·.

�¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ (n = 1) ¨³¥¥É ³ ¸¸Ê

m ' 0, 9MPl. (41)

‚¶µ²´¥ ¢¥·µÖÉ´µ, ÎÉµ ÔÉµ ¨ ¥¸ÉÓ ³ ±¸¨³µ´ Œ ·±µ¢ .
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�·¥¤¸É ¢²¥´ µ¡§µ· ´ Ï¨Ì ´¥¤ ¢´¨Ì ¨¸¸²¥¤µ¢ ´¨° Š�„-¶·µÍ¥¸¸µ¢ ¢ ³ £´¨É´µ³ ¶µ²¥ ¡¥¸±µ-
´¥Î´µ Éµ´±µ£µ ¨ ¤²¨´´µ£µ ¸µ²¥´µ¨¤  (³ £´¨É´µ° ¸É·Ê´Ò). ˆ¸¶µ²Ó§ÊÕÉ¸Ö ÉµÎ´Ò¥ Ô²¥±É·µ´´Ò¥ ¨
¶µ§¨É·µ´´Ò¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö „¨· ±  ¢ ¶µÉ¥´Í¨ ²¥ � ·µ´µ¢ Ä�µ³  ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ³ É·¨Î-
´ÒÌ Ô²¥³¥´Éµ¢ ¨ ´ Ìµ¦¤¥´¨Ö ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¢¥·µÖÉ´µ¸É¥° ¶·µÍ¥¸¸µ¢ Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö
Ô²¥±É·µ´ , ¶·µ²¥É ÕÐ¥£µ µ±µ²µ ³ £´¨É´µ° ¸É·Ê´Ò, ¨ ·µ¦¤¥´¨Ö Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ¶ ·Ò
µ¤¨´µÎ´Ò³ ËµÉµ´µ³. �µ²ÊÎ¥´  § ¢¨¸¨³µ¸ÉÓ ÔËË¥±É¨¢´ÒÌ ¸¥Î¥´¨° ¶·µÍ¥¸¸µ¢ µÉ Ô´¥·£¨°, Ê£²µ¢
¢Ò²¥É  ¨ ¶µ²Ö·¨§ Í¨° ·µ¦¤¥´´ÒÌ Î ¸É¨Í ¤²Ö · §²¨Î´ÒÌ Ô´¥·£¨° ¶ ¤ ÕÐ¥° Î ¸É¨ÍÒ.

We present here a review of our recent results obtained for QED processes in the presence of
an inˇnitely thin and inˇnitely long straight magnetic 
ux tube (the magnetic string). Based on the
exact electron and positron solutions to the Dirac equation in the external AharonovÄBohm potential
we evaluate matrix elements and differential probabilities of the bremsstrahlung from an electron
passing by the magnetic string, and of the electron-positron pair production by a single photon.
The dependence of the resulting cross sections on energies, directions and polarizations of involved
particles is analysed at different energy regimes.

1. ‚‚…„…�ˆ…

‚²¨Ö´¨¥ ³ £´¨É´µ£µ ¶µÉµ±  ´  § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ Å ÔËË¥±É � ·µ´µ¢ Ä
�µ³  (A�) [1] (¸³. É ±¦¥ [2, 3]) ¶µ¤·µ¡´µ ¨¸¸²¥¤µ¢ ´ É¥µ·¥É¨Î¥¸±¨ ¨ Ê¡¥¤¨-
É¥²Ó´µ ¶µ¤É¢¥·¦¤¥´ ·Ö¤µ³ ¨´É¥·Ë¥·¥´Í¨µ´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ (¶µ¤·µ¡´¥¥
¸³. [4Ä6]).

�¤´ ±µ ¤²Ö ¤¥É ²Ó´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö ��-ÔËË¥±É  ¨ ¥£µ Ë¨§¨Î¥¸±¨Ì ¸²¥¤-
¸É¢¨° ¢ ¦´µ · ¸¸³µÉ·¥ÉÓ ´¥ Éµ²Ó±µ · ¸¸¥Ö´¨¥ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ÎÉµ ¡Ò²µ
¸¤¥² ´µ · ´¥¥, ´µ ¨ ¤·Ê£¨¥ ·µ¤¸É¢¥´´Ò¥ ÔËË¥±ÉÒ. � ¨¡µ²¥¥ µÎ¥¢¨¤´Ò³ ¸·¥¤¨
´¨Ì Ö¢²Ö¥É¸Ö Éµ·³µ§´µ¥ ¨§²ÊÎ¥´¨¥, ±µÉµ·µ¥ ¸µ¶·µ¢µ¦¤ ¥É · ¸¸¥Ö´¨¥. ‚¶¥·-
¢Ò¥ µ´µ µ¡¸Ê¦¤ ²µ¸Ó ¤²Ö ´¥·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í ¢ ¤¨¶µ²Ó´µ³ ¶·¨¡²¨¦¥´¨¨
¢ [7], £¤¥ ¡Ò²¨ · ¸¸Î¨É ´Ò Ô´¥·£¥É¨Î¥¸±¨¥ ¨ Ê£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö. �µ²Ö·¨-
§ Í¨µ´´Ò¥ ¸¢µ°¸É¢  ¤²Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸± ²Ö·´ÒÌ Î ¸É¨Í · ¸¸³ É·¨¢ ²¨¸Ó
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¢ [8]. ’µ·³µ§´µ¥ ¨§²ÊÎ¥´¨¥ ¤¨· ±µ¢¸±¨Ì Î ¸É¨Í ¶µ¤·µ¡´µ ¨¸¸²¥¤µ¢ ´µ ¢ ´¥-
¤ ¢´¥° · ¡µÉ¥ [9]. �·µÍ¥¸¸ ·µ¦¤¥´¨Ö Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ¶ ·Ò µ¤¨´µÎ-
´Ò³ ËµÉµ´µ³ ¢ ��-¶µ²¥ [10] ¶·¥¤¸É ¢²Ö¥É¸Ö ´¥¸±µ²Ó±µ ¡µ²¥¥ É ¨´¸É¢¥´´Ò³,
É ± ± ± Éµ²Ó±µ ·µ¦¤¥´´Ò¥ Î ¸É¨ÍÒ,   ´¥ ¶ ¤ ÕÐ¨° ËµÉµ´, ¢§ ¨³µ¤¥°¸É¢ÊÕÉ
´¥¶µ¸·¥¤¸É¢¥´´µ ¸ ³ £´¨É´Ò³ ¶µ²¥³.

�É¨ ±¢ ´Éµ¢Ò¥ ¶·µÍ¥¸¸Ò ¢ µÉ¸ÊÉ¸É¢¨¥ ± ±µ£µ-²¨¡µ ¢´¥Ï´¥£µ ¶µ²Ö ¡¥§-
Ê¸²µ¢´µ § ¶·¥Ð¥´Ò § ±µ´ ³¨ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸ . ‚´¥Ï´¥¥ ¶µ²¥
¢µ¸¶·¨´¨³ ¥É ¨§¡ÒÉµ± ¨³¶Ê²Ó¸ , ± ± ÔÉµ ¶·µ¨¸Ìµ¤¨É ¢ ±Ê²µ´µ¢¸±µ³ ¶µ²¥ [11]
¨²¨ ¢ µ¤´µ·µ¤´µ³ ³ £´¨É´µ³ ¶µ²¥ [12Ä14], ±µ£¤  ´  § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¤¥°-
¸É¢Ê¥É ¢´¥Ï´ÖÖ ²µ± ²Ó´ Ö ¸¨² . ‚ ��-¶µ²¥ ¶·µÍ¥¸¸Ò ¶·µ¨¸Ìµ¤ÖÉ ¸±µ·¥¥ ¶µ
Éµ¶µ²µ£¨Î¥¸±¨³ ¶·¨Î¨´ ³ ¨ ¢ ÔÉµ³ µÉ´µÏ¥´¨¨ ´ ¶µ³¨´ ÕÉ ±¢ ´Éµ¢Ò¥ ¶·µ-
Í¥¸¸Ò ¢¡²¨§¨ ±µ¸³¨Î¥¸±¨Ì ¸É·Ê´ [15,16].

–¥²ÓÕ ´ ¸ÉµÖÐ¥£µ µ¡§µ·  Ö¢²Ö¥É¸Ö ¶µ¤·µ¡´µ¥ µ¡¸Ê¦¤¥´¨¥ ¶·µÍ¥¸¸µ¢ Éµ·-
³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ¨ ·µ¦¤¥´¨Ö Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ¶ ·Ò ¢ ��-¶µÉ¥´Í¨ -
²¥. ‚µ§³µ¦´µ, µ´¨ ¶·¥¤¸É ¢²ÖÕÉ ´¥±µÉµ·Ò° ¨´É¥·¥¸ ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´µ£µ
¨¸¸²¥¤µ¢ ´¨Ö ¢ ¶µ²Ö·¨§µ¢ ´´ÒÌ Ô²¥±É·µ´´ÒÌ ¨ ËµÉµ´´ÒÌ ¶ÊÎ± Ì.

„²Ö ¶·µ¸ÉµÉÒ ³Ò · ¸¸³ É·¨¢ ¥³ ¨¤¥ ²¨§¨·µ¢ ´´ÊÕ ¸¨ÉÊ Í¨Õ ¸ ¸¨´£Ê²Ö·-
´Ò³ ³ £´¨É´Ò³ ¶µ²¥³ ¢ ¡¥¸±µ´¥Î´µ ¤²¨´´µ³ ¨ Éµ´±µ³ ¶·Ö³µ³ ¸µ²¥´µ¨¤¥,
· ¸¶µ²µ¦¥´´µ³ ¢¤µ²Ó µ¸¨ z. ‡  ÔÉµ ¶·¨Ìµ¤¨É¸Ö · ¸¶² Î¨¢ ÉÓ¸Ö ¶µÖ¢²¥´¨¥³
´¥±µÉµ·µ° ¶·µ¡²¥³Ò, ± ± ±µ··¥±É´µ µ¶¨¸ ÉÓ ¶µ¢¥¤¥´¨¥ ¢µ²´µ¢ÒÌ ËÊ´±Í¨°
¢¡²¨§¨ ¸É·Ê´Ò. Œ É¥³ É¨Î¥¸±¨ ÔÉµ ¸²¥¤¸É¢¨¥ Éµ£µ Ë ±É , ÎÉµ µ¶¥· Éµ· „¨-
· ±  ¶¥·¥¸É ¥É ¡ÒÉÓ ¸ ³µ¸µ¶·Ö¦¥´´Ò³ ¶·¨ É ±µ° ¨¤¥ ²¨§ Í¨¨ [17Ä20]. ŒÒ
²¨ÏÓ ±µ¸´¥³¸Ö ÔÉµ° ¶·µ¡²¥³Ò ¶·¨ µ¡¸Ê¦¤¥´¨¨ ÉµÎ´ÒÌ ·¥Ï¥´¨° Ê· ¢´¥´¨Ö
„¨· ±  ¸ ��-¶µÉ¥´Í¨ ²µ³ ¢ · §¤. 2, ¸²¥¤ÊÖ ¶·¥¤¶¨¸ ´¨Ö³ · ¡µÉ [17, 18, 20].
‡ ³¥É¨³, ÎÉµ ¢§ ¨³µ¤¥°¸É¢¨¥ ³ £´¨É´µ£µ ³µ³¥´É  Î ¸É¨Í ¸ ³ £´¨É´Ò³ ¶µ-
²¥³ ¸É·Ê´Ò ¶·¨¢µ¤¨É ± ¢µ²´µ¢Ò³ ËÊ´±Í¨Ö³, ±µÉµ·Ò¥ ´¥ ¨¸Î¥§ ÕÉ ´  ¸É·Ê´¥,
²¨Ï Ö É¥³ ¸ ³Ò³ ��-ÔËË¥±É ¥£µ ´¥²µ± ²Ó´µ° Î¨¸ÉµÉÒ. ‚ · §¤. 3 ¢ÒÎ¨¸²Ö-
ÕÉ¸Ö ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¨ ÔËË¥±É¨¢´Ò¥ ¸¥Î¥´¨Ö ¶·µÍ¥¸¸µ¢ Éµ·³µ§´µ£µ ¨§-
²ÊÎ¥´¨Ö, ¨¸¶Ê¸± ¥³µ£µ Ô²¥±É·µ´µ³, ¶·µ²¥É ÕÐ¨³ µ±µ²µ ¸É·Ê´Ò, ¨ ·µ¦¤¥´¨Ö
Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ¶ ·Ò µ¤¨´µÎ´Ò³ ËµÉµ´µ³. ‚ · §¤. 4 ¨ 5 ¨¸¸²¥¤Ê¥É¸Ö
¶µ¢¥¤¥´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¨ ¶µ²´ÒÌ ÔËË¥±É¨¢´ÒÌ ¸¥Î¥´¨° ¢ · §²¨Î´ÒÌ
Ô´¥·£¥É¨Î¥¸±¨Ì ·¥¦¨³ Ì ¨ µ¡¸Ê¦¤ ÕÉ¸Ö µ¸µ¡¥´´µ¸É¨ ÔÉ¨Ì ¶·µÍ¥¸¸µ¢ ¤²Ö ¤¨-
· ±µ¢¸±¨Ì Î ¸É¨Í. ‚ § ±²ÕÎ¥´¨¨ ¸Ê³³¨·ÊÕÉ¸Ö ¶µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ.

ŒÒ ¨¸¶µ²Ó§Ê¥³ ¥¤¨´¨ÍÒ, ¢ ±µÉµ·ÒÌ h̄ = c = 1,   § ·Ö¤ Ô²¥±É·µ´  µÉ·¨-
Í É¥²¥´: e < 0.

2. �‹…Š’����›… ˆ ��‡ˆ’����›… �…˜…�ˆŸ
“��‚�…�ˆŸ „ˆ��Š� ‚ ��’…�–ˆ�‹… ������‚� Å ��Œ�

“· ¢´¥´¨¥ „¨· ±  ¢µ ¢´¥Ï´¥³ ³ £´¨É´µ³ ¶µ²¥ ¢ Í¨²¨´¤·¨Î¥¸±¨Ì ±µµ·-
¤¨´ É Ì (ρ, ϕ, z) ¨³¥¥É ¢¨¤

i∂tψ = Hψ, H = αi(pi − eAi) + βM, (1)
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£¤¥ ±¨´¥É¨Î¥¸±¨¥ ¨³¶Ê²Ó¸Ò · ¢´Ò

πρ = pρ = −i∂ρ, πϕ = pϕ − eAϕ = − i
ρ
∂ϕ − eAϕ, p3 = −i∂z,

  ³ É·¨ÍÒ α ¨ β µ¶·¥¤¥²¥´Ò ± ± ¢ [11] Î¥·¥§ Í¨²¨´¤·¨Î¥¸±¨¥ ³ É·¨ÍÒ � Ê²¨:

σρ = σ1 cosϕ+ σ2 sinϕ, σϕ = −σ1 sinϕ+ σ2 cosϕ.

‚¥±Éµ·-¶µÉ¥´Í¨ ² ¤²Ö ³ £´¨É´µ° ¸É·Ê´Ò [1] ¨³¥¥É ´¥´Ê²¥¢ÊÕ Ê£²µ¢ÊÕ ±µ³-
¶µ´¥´ÉÊ

eAϕ =
eΦ

2πρ
= − Φ

Φ0ρ
=
φ

ρ
, (2)

£¤¥ Φ Å ³ £´¨É´Ò° ¶µÉµ± ¢ ¸É·Ê´¥,   Φ0 = 2πh̄c/|e| Å ±¢ ´É ³ £´¨É´µ£µ
¶µÉµ± . �µÉ¥´Í¨ ² (2) µ¶¨¸Ò¢ ¥É ³ £´¨É´µ¥ ¶µ²¥, ¸µ¸·¥¤µÉµÎ¥´´µ¥ ´  µ¸¨ z:

Bz =
φ

eρ
δ(ρ) (3)

¨ ´ ¶· ¢²¥´´µ¥ ¶µ (¶·µÉ¨¢) µ¸¨ z ¤²Ö φ < 0 (φ > 0). ˆ§¢¥¸É´µ, ÎÉµ Í¥²µ¥
Î¨¸²µ N ³ £´¨É´ÒÌ ±¢ ´Éµ¢ ´¥ ¶·¨¢µ¤¨É ± ± ±¨³-²¨¡µ Ë¨§¨Î¥¸±¨³ ÔËË¥±-
É ³ ¨ ¶µÖ¢²Ö¥É¸Ö ¢ ·¥Ï¥´¨ÖÌ Ê· ¢´¥´¨Ö „¨· ±  ¢ ¢¨¤¥ Ë §µ¢µ£µ ³´µ¦¨É¥²Ö
exp(iNϕ). ’µ²Ó±µ ¤·µ¡´ Ö Î ¸ÉÓ δ ³ £´¨É´µ£µ ¶µÉµ±  φ = N + δ, 0 < δ < 1
¢²¨Ö¥É ´  ¶µ¢¥¤¥´¨¥ ±¢ ´Éµ¢ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í.

‹Õ¡µ¥ ÉµÎ´µ¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö „¨· ±  ¢µ ¢´¥Ï´¥³ ��-¶µ²¥ ³µ¦´µ
¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ ¸Ê¶¥·¶µ§¨Í¨¨ Í¨²¨´¤·¨Î¥¸±¨Ì ³µ¤ Å ¸µ¡¸É¢¥´´ÒÌ ËÊ´±-
Í¨° ¸²¥¤ÊÕÐ¥£µ ¶µ²´µ£µ ´ ¡µ·  ±µ³³ÊÉ¨·ÊÕÐ¨Ì µ¶¥· Éµ·µ¢:

Ĥψ = Eψ ,

p̂3ψ = p3ψ ,

Ĵ3ψ = (L3 +
1

2
Σ3)ψ = (−i∂ϕ +

1

2
Σ3)ψ = j3ψ , j3 = l +N +

1

2
,

Ŝ3ψ = sψ , Ŝ3 = βΣ3 + γ
p3

M
, γ =

(
0 1
1 0

)
, (4)

£¤¥ E =
√
p2
⊥ + p2

3 +M2 Å Ô´¥·£¨Ö Î ¸É¨ÍÒ, p3 ¨ j3 Å z-±µ³¶µ´¥´ÉÒ
²¨´¥°´µ£µ ¨³¶Ê²Ó¸  ¨ ¶µ²´µ£µ Ê£²µ¢µ£µ ³µ³¥´É , p⊥ Å · ¤¨ ²Ó´Ò° ¨³-
¶Ê²Ó¸. ‚³¥¸Éµ ¶µ²ÊÍ¥²µ£µ ±¢ ´Éµ¢µ£µ Î¨¸²  j3 Ê¤µ¡´µ ¨¸¶µ²Ó§µ¢ ÉÓ Í¥²µ¥
Î¨¸²µ l, ¤µ¡ ¢²ÖÖ ± ´¥³Ê Í¥²µ¥ Î¨¸²µ ³ £´¨É´ÒÌ ±¢ ´Éµ¢ N. Š¢ ´Éµ¢µ¥ Î¨¸²µ
s = s3

√
1 + p2

3/M
2, s3 = ±1, µ¶¨¸Ò¢ ¥É ¶µ²Ö·¨§ Í¨Õ ¸¶¨´  Ô²¥±É·µ´  ¢

³ £´¨É´µ³ ¶µ²¥ Å ¢ ´¥·¥²ÖÉ¨¢¨¸É¸±µ³ ¶·¥¤¥²¥ ÔÉµ z-±µ³¶µ´¥´É  ¸¶¨´ .
�¥Ï¥´¨¥ ÔÉ¨Ì Ê· ¢´¥´¨° ¶·¨¢µ¤¨É ± · ¤¨ ²Ó´Ò³ ËÊ´±Í¨Ö³, ¸µ¤¥·¦ Ð¨³

²¨´¥°´Ò¥ ±µ³¡¨´ Í¨¨ ¸ ¶·µ¨§¢µ²Ó´Ò³¨ ±µÔËË¨Í¨¥´É ³¨ ËÊ´±Í¨° �¥¸¸¥²Ö
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¶¥·¢µ£µ ·µ¤  ¸ ¶µ²µ¦¨É¥²Ó´Ò³¨ ¨ µÉ·¨Í É¥²Ó´Ò³¨ ¨´¤¥±¸ ³¨. “¸²µ¢¨¥ ´µ·-
³¨·µ¢±¨ ¤²Ö ¶ ·Í¨ ²Ó´ÒÌ ³µ¤ ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ j = (p⊥, p3, l, s)∫

dxψ†(j, x)ψ(j′, x) = δj,j′ = δs,s′ δl,l′ δ(p3 − p3′)
δ(p⊥ − p′⊥)√

p⊥p′⊥

¶µ§¢µ²Ö¥É Ë¨±¸¨·µ¢ ÉÓ ·¥Ï¥´¨Ö (Ô²¥±É·µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¸ ¶µ²µ¦¨É¥²Ó´µ°
Ô´¥·£¨¥° E > 0) ¤²Ö §´ Î¥´¨° l ¢´¥ ¨´É¥·¢ ²  −1 < l − δ < 0, É ± ÎÉµ
´µ·³¨·µ¢ ´´Ò¥ ·¥Ï¥´¨Ö ¸ l 6= 0 ¸µ¤¥·¦ É Éµ²Ó±µ ·¥£Ê²Ö·´Ò¥ ËÊ´±Í¨¨ �¥¸-
¸¥²Ö ¸ ¶µ²µ¦¨É¥²Ó´Ò³¨ ¨´¤¥±¸ ³¨. �µ²´Ò³ ·¥Ï¥´¨¥³ ¤²Ö l = 0 Ö¢²Ö¥É¸Ö
¸Ê³³  ·¥£Ê²Ö·´µ° ËÊ´±Í¨¨ �¥¸¸¥²Ö ¨ ¸¨´£Ê²Ö·´µ°, ´µ ±¢ ¤· É¨Î´µ ¨´É¥£·¨-
·Ê¥³µ° ËÊ´±Í¨¨ �¥¸¸¥²Ö ¸ ¨´¤¥±¸ ³¨ −δ ¨²¨ −1+ δ. �¥¢µ§³µ¦´µ Ê¸É· ´¨ÉÓ
¸¨´£Ê²Ö·´ÊÕ ±µ³¶µ´¥´ÉÊ ¶·¨ ²Õ¡µ³ ¢Ò¡µ·¥ ±µÔËË¨Í¨¥´Éµ¢. …¥ ¶µÖ¢²¥´¨¥
¸¢Ö§ ´µ ¸ ¤µ¶µ²´¨É¥²Ó´Ò³ ¶·¨ÉÖ¦¥´¨¥³, ¢Ò§¢ ´´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³ ¸¶¨´ 
¸ ³ £´¨É´Ò³ ¶µ²¥³, ¨ Ö¢²Ö¥É¸Ö Î ¸ÉÓÕ µ¡Ð¥° ¶·µ¡²¥³Ò ¶µ¸É·µ¥´¨Ö ¸ ³µ-
¸µ¶·Ö¦¥´´µ£µ · ¸Ï¨·¥´¨Ö µ¶¥· Éµ·  „¨· ±  ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¸¨´£Ê²Ö·´µ£µ
��-¶µÉ¥´Í¨ ² , ±µÉµ· Ö ¶µ¤·µ¡´µ µ¡¸Ê¦¤¥´  ¢ [20]. Šµ··¥±É´Ò° ¢Ò¡µ·
³µ¤Ò ¸ l = 0 ³µ¦´µ ¸¤¥² ÉÓ ¸ ¶µ³µÐÓÕ ¶·¥¤¥²Ó´µ£µ ¶¥·¥Ìµ¤  µÉ ¡µ²¥¥
·¥ ²¨¸É¨Î¥¸±µ° ³µ¤¥²¨ ¸ ·¥£Ê²Ö·´Ò³ ¶µÉ¥´Í¨ ²µ³ [9,17,18].

“Î¨ÉÒ¢ Ö µ·¨¥´É Í¨Õ ³ £´¨É´µ£µ ¶µ²Ö (3), ³Ò ¶µ²ÊÎ ¥³

ψe(j, x) =
1

2π

1√
2Ep

e−iEpt+ip3z eiNϕ ei
π
2 |l|

(
u
v

)
, (5)

£¤¥

u =
1√
2s

( √
Ep + sM

√
s+ 1 Jν1(p⊥ρ) eilϕ

iε3εl
√
Ep − sM

√
s− 1 Jν2(p⊥ρ) ei(l+1)ϕ

)
,

v =
1√
2s

(
ε3
√
Ep + sM

√
s− 1 Jν1(p⊥ρ) eilϕ

iεl
√
Ep − sM

√
s+ 1 Jν2(p⊥ρ) ei(l+1)ϕ

)
¨

p⊥ =
√
p2 − p2

3 =
√
E2
p −M2 − p2

3 , s = ±
√

1 +
p2

3

M2
, ε3 = sign(sp3),

ν1 =

{
l − δ
−l+ δ

, ν2 =

{
l+ 1− δ
−l− 1 + δ

, εl =

{
1 ¶·¨ l ≥ 0
−1 ¶·¨ l < 0

.

�µ²´Ò° ´ ¡µ· ·¥Ï¥´¨° Ê· ¢´¥´¨Ö „¨· ±  ¢±²ÕÎ ¥É Ô²¥±É·µ´´Ò¥ ¸µ¸Éµ-
Ö´¨Ö ¸ µÉ·¨Í É¥²Ó´µ° Ô´¥·£¨¥° E < 0. ‚³¥¸Éµ ´¨Ì ³Ò ¢¢¥¤¥³ ¶µ§¨É·µ´´Ò¥
¸µ¸ÉµÖ´¨Ö ¸ ¶µ²µ¦¨É¥²Ó´µ° Ô´¥·£¨¥° ψp, E > 0. �´¨ ¶µ²ÊÎ ÕÉ¸Ö ¨§ Ô²¥±-
É·µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¸ µÉ·¨Í É¥²Ó´µ° Ô´¥·£¨¥° µ¶¥· Í¨¥° § ·Ö¤µ¢µ£µ ¸µ¶·Ö-
¦¥´¨Ö

ψ → ψc = Cψ̄transp , C = α2.
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ψc Ê¤µ¢²¥É¢µ·Ö¥É É ±µ³Ê ¦¥ Ê· ¢´¥´¨Õ „¨· ± , ÎÉµ ¨ ψ, ´µ ¸ ¶·µÉ¨¢µ¶µ²µ¦-
´Ò³ §´ ±µ³ Ô²¥±É·¨Î¥¸±µ£µ § ·Ö¤ , Ö¢²Ö¥É¸Ö ¸µ¡¸É¢¥´´µ° ËÊ´±Í¨¥° Éµ£µ ¦¥
´ ¡µ·  µ¶¥· Éµ·µ¢ ¨ ¨³¥¥É ±¢ ´Éµ¢Ò¥ Î¨¸²  E,−p3,−j3, s. „²Ö Éµ£µ ÎÉµ¡Ò
¶µ²ÊÎ¨ÉÓ ¶µ§¨É·µ´´µ¥ ¸µ¸ÉµÖ´¨¥ ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ E, p3, j3, s, ´Ê¦´µ
¶·µ¨§¢¥¸É¨ § ³¥´Ê p3 → −p3, j3 → −j3 ¢ Ô²¥±É·µ´´µ³ ¸µ¸ÉµÖ´¨¨ ¸ µÉ·¨Í -
É¥²Ó´µ° Ô´¥·£¨¥°.

’µ£¤  µ¶¥· Éµ· Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ£µ ¶µ²Ö ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

ψ(x, t) =

∫
dµj [ψe(j, x)aj + ψcp(j, x)b

†
j ],

£¤¥ aj ¨ bj Å µ¶¥· Éµ·Ò Ê´¨ÎÉµ¦¥´¨Ö Ô²¥±É·µ´  ¨ ¶µ§¨É·µ´  ¸ ¤ ´´Ò³¨ ±¢ ´-
Éµ¢Ò³¨ Î¨¸² ³¨. �´ ¸µ¤¥·¦¨É ¶µ²µ¦¨É¥²Ó´µ-Î ¸ÉµÉ´ÊÕ ËÊ´±Í¨Õ ψe (Ô²¥±-
É·µ´´µ¥ ¸µ¸ÉµÖ´¨¥) ¨ µÉ·¨Í É¥²Ó´µ-Î ¸ÉµÉ´ÊÕ ËÊ´±Í¨Õ ψcp (¶µ§¨É·µ´´µ¥ ¸µ-
¸ÉµÖ´¨¥):

ψcp(j, x) =
1

2π

1√
2Ep

eiEt−ip3z eiNϕ ei
π
2 |l|
(
y
w

)
, (6)

£¤¥

y =
1√
2s

(
iεl
√
Ep − sM

√
s+ 1 Jν′

2
(p⊥ρ) e−i(l+1)ϕ

ε3
√
Ep + sM

√
s− 1 Jν′1(p⊥ρ) e−ilϕ

)
,

w = − 1√
2s

(
iε3εl

√
Ep − sM

√
s− 1 Jν′2(p⊥ρ) e−i(l+1)ϕ√

Ep + sM
√
s+ 1 Jν′1(p⊥ρ) e−ilϕ

)
¸

ν′1 =

{
l + δ
−l− δ , ν′2 =

{
l + 1 + δ,
−l− 1− δ,

¶·¨ l ≥ 0
¶·¨ l < 0

.

”Ê´±Í¨¨ (5) ¨ (6) ¶·¥¤¸É ¢²ÖÕÉ ¶ ·Í¨ ²Ó´Ò¥ Í¨²¨´¤·¨Î¥¸±¨¥ ³µ¤Ò ¢µ²-
´µ¢ÒÌ ËÊ´±Í¨° Ô²¥±É·µ´  ¨ ¶µ§¨É·µ´ . �É¨ ¸µ¸ÉµÖ´¨Ö ´¥ µ¶¨¸Ò¢ ÕÉ ¶ ¤ -
ÕÐ¨¥ ¨ ÊÌµ¤ÖÐ¨¥ Î ¸É¨ÍÒ ¸ µ¶·¥¤¥²¥´´Ò³ ¨³¶Ê²Ó¸µ³ ´  ¡¥¸±µ´¥Î´µ¸É¨.
„²Ö · ¸Î¥É  ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¶µ¶¥·¥Î´ÒÌ ¸¥Î¥´¨° ¶·µÍ¥¸¸µ¢ ´Ê¦´µ ´ °É¨
Ô²¥±É·µ´´ÊÕ ¨ ¶µ§¨É·µ´´ÊÕ ËÊ´±Í¨¨ · ¸¸¥Ö´¨Ö. ˆ³¥ÕÉ¸Ö ¤¢  ´¥§ ¢¨¸¨³ÒÌ
ÉµÎ´ÒÌ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö „¨· ±  ¢µ ¢´¥Ï´¥³ ¶µ²¥ Ψ(∓)(J, x), ±µÉµ·Ò¥
 ¸¨³¶ÉµÉ¨Î¥¸±¨ ¶¥·¥Ìµ¤ÖÉ ¢ ¶²µ¸±ÊÕ ¢µ²´Ê, · ¸¶·µ¸É· ´ÖÕÐÊÕ¸Ö ¢ ´ ¶· ¢-
²¥´¨¨ ¢¥±Éµ·  ~p c px = p⊥ cosϕp, py = p⊥ sinϕp, pz = p3, ¨ ¶ ¤ ÕÐÊÕ
¨²¨ ÊÌµ¤ÖÐÊÕ Í¨²¨´¤·¨Î¥¸±¨¥ ¢µ²´Ò. �´¨ ³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò ¸Ê¶¥·¶µ-
§¨Í¨¥° Í¨²¨´¤·¨Î¥¸±¨Ì ³µ¤. „²Ö ¶ ¤ ÕÐ¨Ì Î ¸É¨Í ´Ê¦´µ ¢§ÖÉÓ ËÊ´±Í¨Õ
Ψ(+)(J, x),   ¤²Ö ÊÌµ¤ÖÐ¨Ì Î ¸É¨Í Ψ(−)(J, x) [11]. „²Ö ·µ¦¤¥´´ÒÌ Ô²¥±É·µ´ 
¨ ¶µ§¨É·µ´  ³Ò ¨³¥¥³

Ψ(−)
e (J, x) =

∑
l

c
(− e)
l ψe(jp, x) (7)
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¨

Ψ(−) c
p (J, x) =

∑
n

c(− p)n ψcp(jq, x) (8)

¸ ±µÔËË¨Í¨¥´É ³¨

c
(− e)
l = e−ilϕp e−i

π
2 εlδ , c(− p)n = ei(n+1)(ϕq+π) ei

π
2 εnδ. (9)

‚µ²´µ¢ Ö ËÊ´±Í¨Ö · ¸¸¥Ö´¨Ö ¤²Ö ¶ ¤ ÕÐ¥£µ Ô²¥±É·µ´ 

Ψ(+)
e (J, x) =

∑
l

c
(+ e)
l ψe(jp, x) (10)

¸µ¤¥·¦¨É ±µÔËË¨Í¨¥´É

c
(+ e)
l = e−ilϕp ei

π
2 εlδ . (11)

J Å ±µ²²¥±É¨¢´Ò° ¨´¤¥±¸ ¸µ¸ÉµÖ´¨Ö ¸ ²¨´¥°´Ò³ ¨³¶Ê²Ó¸µ³ ´  ¡¥¸±µ´¥Î-
´µ¸É¨ ¨ s.

‚µ²´µ¢ Ö ËÊ´±Í¨Ö ËµÉµ´ 

Aλµ(
~k, x) =

e
(λ)
µ√
2ωk

e−iωkt+ik3zeik⊥ρ cos(ϕ−ϕk) (12)

¸µ¤¥·¦¨É ¶µ¶¥·¥Î´Ò¥ ¢¥±Éµ·Ò ²¨´¥°´µ° ¶µ²Ö·¨§ Í¨¨

~e(σ) = (0, − sinϕk, cosϕk, 0) , ~e(π) =
1

ωk
(0, −k3 cosϕk, −k3 sinϕk, k⊥) .

‚ ¸¨¸É¥³¥ ±µµ·¤¨´ É ¸ k3 = 0 ¢¥±Éµ· ¶µ²Ö·¨§ Í¨¨ ~e(π) ´ ¶· ¢²¥´ ¢¤µ²Ó µ¸¨
z,   ~e(σ) ¶¥·¶¥´¤¨±Ê²Ö·¥´ ³ £´¨É´µ° ¸É·Ê´¥.

3. Œ�’�ˆ—�›… �‹…Œ…�’› ’��Œ�‡��ƒ� ˆ‡‹“—…�ˆŸ
ˆ ��†„…�ˆŸ ���›

„¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¶µ¶¥·¥Î´Ò¥ ¸¥Î¥´¨Ö µ¶·¥¤¥²ÖÕÉ¸Ö ¶µÉµ± ³¨ Î ¸É¨Í
´  ¡¥¸±µ´¥Î´µ¸É¨ ¨ ¶µÔÉµ³Ê ¸¢Ö§ ´Ò ¸ ¸µ¸ÉµÖ´¨Ö³¨ · ¸¸¥Ö´¨Ö (7), (8) ¨ (10).
–¨²¨´¤·¨Î¥¸±¨¥ ³µ¤Ò ¨³¥ÕÉ ¨¸Î¥§ ÕÐ¨¥ · ¤¨ ²Ó´Ò¥ ¶µÉµ±¨ ¨ ´¥ µ¶¨¸Ò¢ ÕÉ
¶ ¤ ÕÐ¨¥ ¨ ÊÌµ¤ÖÐ¨¥ Î ¸É¨ÍÒ. �´¨, µ¤´ ±µ, µÎ¥´Ó Ê¤µ¡´Ò ¶·¨ · ¸Î¥É¥
³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢, ¨ ³Ò ¡Ê¤¥³ ¨¸¶µ²Ó§µ¢ ÉÓ ¨Ì ± ± ¨¸Ìµ¤´ÊÕ ¶µ§¨Í¨Õ
¶·¨ · ¸Î¥É¥ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¶µ¶¥·¥Î´ÒÌ ¸¥Î¥´¨°.
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3.1. Œ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¤²Ö Í¨²¨´¤·¨Î¥¸±¨Ì ³µ¤. Œ É·¨Î´Ò° Ô²¥-
³¥´É ¶·µÍ¥¸¸  Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ¶ ¤ ÕÐ¨³ Ô²¥±É·µ´µ³ ¸ ±¢ ´Éµ¢Ò³¨
Î¨¸² ³¨ jp = (p⊥, p3, l, s), ±µÉµ·Ò° ¶¥·¥Ìµ¤¨É ¢ ÊÌµ¤ÖÐ¨° Ô²¥±É·µ´ ¸ ±¢ ´-
Éµ¢Ò³¨ Î¨¸² ³¨ jq = (q⊥, q3, n, r), ¨§²ÊÎ Ö ËµÉµ´ ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨

(~k, λ), ¨³¥¥É µ¡ÒÎ´Ò° ¢¨¤

M̃λ(jq, ~k, λ; jp) = −e
∫
d4xψ̄e(jq, x) A

∗λ
µ (~k, x)γµ ψe(jp, x) , (13)

£¤¥ ³ É·¨ÍÒ γµ µ¶·¥¤¥²¥´Ò ¸µ£² ¸´µ [11].
Œ É·¨Î´Ò° Ô²¥³¥´É ·µ¦¤¥´¨Ö Ô²¥±É·µ´  ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ jp =

(p⊥, p3, l, s) ¨ ¶µ§¨É·µ´  ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ jq = (q⊥, q3, n, r) µ¤¨´µÎ´Ò³

ËµÉµ´µ³ ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ (~k, λ) ¤²Ö Ë¨§¨Î¥¸±¨Ì ¸µ¸ÉµÖ´¨° λ = σ, π,
· ¢¥´

M̃λ(jp, jq;~k, λ) = −e
∫
d4xψ̄e(jp, x) A

λ
µ(
~k, x)γµ ψ

c
p(jq , x) . (14)

�É¨ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ¢ [9] ¨ [10]. ‡¤¥¸Ó ³Ò ÌµÉ¨³
µ¡· É¨ÉÓ ¢´¨³ ´¨¥ Éµ²Ó±µ ´  ·Ö¤ ¸¶¥Í¨Ë¨Î¥¸±¨Ì ³µ³¥´Éµ¢ ÔÉµ£µ · ¸Î¥É .
Œ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¸µ¤¥·¦ É ¤¢¥ δ-ËÊ´±Í¨¨, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ § ±µ´ ³ ¸µ-
Ì· ´¥´¨Ö Ô´¥·£¨¨ ¨ z-±µ³¶µ´¥´ÉÒ ¨³¶Ê²Ó¸ . J3-±µ³¶µ´¥´É  ¶µ²´µ£µ Ê£²µ¢µ£µ
³µ³¥´É  É ±¦¥ ¸µÌ· ´Ö¥É¸Ö. � ¶·µÉ¨¢, ¨³¶Ê²Ó¸ ¢ ¶²µ¸±µ¸É¨, ¶¥·¶¥´¤¨±Ê²Ö·-
´µ° ³ £´¨É´µ° ¸É·Ê´¥ (· ¤¨ ²Ó´Ò° ¨³¶Ê²Ó¸), ´¥ ¸µÌ· ´Ö¥É¸Ö. �µ²¥¥ Éµ£µ,
¶·µÍ¥¸¸Ò ¶·µ¨¸Ìµ¤ÖÉ, ±µ£¤  · ¤¨ ²Ó´Ò° ¨³¶Ê²Ó¸ ¶ ¤ ÕÐ¥° Î ¸É¨ÍÒ ¶·¥¢Ò-
Ï ¥É ¸Ê³³Ê · ¤¨ ²Ó´ÒÌ ¨³¶Ê²Ó¸µ¢ ÊÌµ¤ÖÐ¨Ì Î ¸É¨Í, ÎÉµ ¸²¥¤Ê¥É ¨§ § ±µ´ 
¸µÌ· ´¥´¨Ö Ô´¥·£¨¨. ˆ§¡ÒÉµ± · ¤¨ ²Ó´µ£µ ¨³¶Ê²Ó¸  ¶·¨´¨³ ¥É ¸É·Ê´ .

‚ É ±µ³ ¸²ÊÎ ¥ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¢Ò· ¦ ÕÉ¸Ö  ´ ²¨É¨Î¥¸±¨ Î¥·¥§
É ¡²¨Î´Ò¥ ¨´É¥£· ²Ò É¨¶  6.578(3), 6.522(14) [21]:

J(α, β) =

∫ ∞
0

ρdρJα(xρ sinA cosB)Jβ(xρ cosA sinB)Jβ−α(xρ) =

=
2 sinπα

πx2 cos(A+B) cos(A−B)

(
sinA

cosB

)α(
sinB

cosA

)β
,

±µÉµ·Ò¥ ¢µ§´¨± ÕÉ ¶µ¸²¥ ¨´É¥£·¨·µ¢ ´¨Ö ¶µ ϕ ¨ ρ. (‡¤¥¸Ó x µ¡µ§´ Î ¥É
¨³¶Ê²Ó¸ ¶ ¤ ÕÐ¥° Î ¸É¨ÍÒ).

� ·Í¨ ²Ó´Ò°  ´ ²¨§ ¢ÒÖ¢¨² ¤µ¢µ²Ó´µ ´¥µ¦¨¤ ´´ÊÕ µ¸µ¡¥´´µ¸ÉÓ ÔÉ¨Ì
¶·µÍ¥¸¸µ¢: µ´¨ µ± §Ò¢ ÕÉ¸Ö § ¶·¥Ð¥´´Ò³¨, ¥¸²¨ µ·¡¨É ²Ó´Ò¥ ±¢ ´Éµ¢Ò¥
Î¨¸²  l ¨ n § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨³¥ÕÉ µ¤¨´ ±µ¢Ò¥ §´ ±¨. �Éµ, ¢ ¸¢µÕ µÎ¥-
·¥¤Ó, ¶·¥¤¶µ² £ ¥É, ÎÉµ µ¦¨¤ ¥³Ò¥ §´ Î¥´¨Ö ¶·µ¥±Í¨° ±¨´¥É¨Î¥¸±¨Ì Ê£²µ¢ÒÌ
³µ³¥´Éµ¢ Î ¸É¨Í, < −i∂ϕ − φ >, ¨³¥ÕÉ ¶·µÉ¨¢µ¶µ²µ¦´Ò¥ §´ ±¨ ¤²Ö ¢¸¥Ì
§´ Î¥´¨° l, n 6= 0. ‚ · ³± Ì ±¢ §¨±² ¸¸¨Î¥¸±µ£µ µ¶¨¸ ´¨Ö ÔÉµ µ§´ Î ¥É,
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ÎÉµ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¤µ²¦´Ò µ¡µ°É¨ ¸É·Ê´Ê ¸ ¶·µÉ¨¢µ¶µ²µ¦´ÒÌ ¸Éµ·µ´,
µÌ¢ ÉÒ¢ Ö ³ £´¨É´Ò° ¶µÉµ±. ’µ²Ó±µ ¢ ÔÉµ³ ¸²ÊÎ ¥ ��-ÔËË¥±É ¨ ·µ¤¸É¢¥´´Ò¥
¥³Ê ÔËË¥±ÉÒ ¶·µÖ¢²ÖÕÉ ¸¥¡Ö. �Î¥¢¨¤´µ, ÔÉµ ´¥µ¡Ìµ¤¨³µ ¤²Ö Éµ£µ, ÎÉµ¡Ò ¶ -
¤ ÕÐ Ö Î ¸É¨Í  ³µ£²  ¶¥·¥¤ ÉÓ ¨§¡ÒÉµ± ¸¢µ¥£µ · ¤¨ ²Ó´µ£µ ¨³¶Ê²Ó¸  ¸É·Ê´¥
¨ ·µ¤¨ÉÓ ·¥ ²Ó´Ò¥ ÊÌµ¤ÖÐ¨¥ Î ¸É¨ÍÒ ¨§ ¢ ±ÊÊ³´ÒÌ Ë²Ê±ÉÊ Í¨°. �É³¥É¨³
É ±¦¥ ¶µÖ¢²¥´¨¥ ¢ ³ É·¨Î´ÒÌ Ô²¥³¥´É Ì Ì · ±É¥·´µ£µ ³´µ¦¨É¥²Ö sinπδ.

3.2. Œ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¤²Ö ¸µ¸ÉµÖ´¨° · ¸¸¥Ö´¨Ö ¨ ¤¨ËË¥·¥´Í¨ ²Ó-
´Ò¥ ¶µ¶¥·¥Î´Ò¥ ¸¥Î¥´¨Ö. Œ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¤²Ö ¸µ¸ÉµÖ´¨° · ¸¸¥Ö´¨Ö
(7), (8) ¨ (10) ´¥É·Ê¤´µ ¢Ò· §¨ÉÓ Î¥·¥§ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ (13), (14) ¤²Ö
Í¨²¨´¤·¨Î¥¸±¨Ì ³µ¤ ¨ § É¥³ ´ °É¨ ¶µ¶¥·¥Î´Ò¥ ¸¥Î¥´¨Ö ¶·µÍ¥¸¸µ¢.

„²Ö Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö Ô²¥±É·µ´  ¸ ¨³¶Ê²Ó¸µ³ ~p ¨ ¸¶¨´µ¢Ò³ Î¨¸²µ³
s, ±µÉµ·Ò° ¶·¨ · ¸¸¥Ö´¨¨ ´  ¸É·Ê´¥ ¨¸¶Ê¸± ¥É ËµÉµ´ ¸ ¨³¶Ê²Ó¸µ³ ~k ¨ ¶µ-
²Ö·¨§ Í¨¥° λ, ¶¥·¥Ìµ¤Ö ¢ ¸µ¸ÉµÖ´¨¥ ¸ ¨³¶Ê²Ó¸µ³ ~q ¨ ¸¶¨´µ¢Ò³ Î¨¸²µ³ r,
³ É·¨Î´Ò° Ô²¥³¥´É ¨³¥¥É ¢¨¤

Mλ = −i 〈~q, r;~k, λ)|S(1)|~p, s〉 =
∑
l,n

c
(+ e)
l c(− e)n

∗
M̃λ(jq, ~k, λ; jp).

‚ÒÎ¨¸²ÖÖ ¶ ·Í¨ ²Ó´Ò° ³ É·¨Î´Ò° Ô²¥³¥´É, ³Ò ¶µ²ÊÎ ¥³ ÔËË¥±É¨¢´µ¥
¤¨ËË¥·¥´Í¨ ²Ó´µ¥ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ ´  ¥¤¨´¨ÍÊ ¤²¨´Ò ¸É·Ê´Ò:

dσλ

dωkdΩkdϕq
=
e2 sin2 πδ

64π4ωE2
p

×

× P
(+)
λ a2δ + P

(−)
λ a−2δ + P

(0)
λ

(1− v2x2)(1− vx cosϕpk) (1 − ωvx2 − vx
√

1− 2ωv + ω2x2 cosϕqk)
, (15)

£¤¥ dΩk = d cosϑkdϕk, v Å ¸±µ·µ¸ÉÓ ¶ ¤ ÕÐ¥£µ Ô²¥±É·µ´ , P (±,0)
λ Å ´¥±µ-

Éµ·Ò¥ ËÊ´±Í¨¨ ω, x, s, r, ¶·¨Î¥³ P
(±)
λ § ¢¨¸¨É É ±¦¥ µÉ Ê£²µ¢ ϕ, ¨ ¢¢¥¤¥´Ò

µ¡µ§´ Î¥´¨Ö

ω =
ωk

p⊥
=

p2
⊥ − q2

⊥ + k2
⊥

2p⊥
√
p2
⊥ +M2

, x = sinϑk =
2k⊥

√
p2
⊥ +M2

p2
⊥ − q2

⊥ + k2
⊥
,

a =
1− ω

v −
ω
v

√
1− v2x2√

1− 2ωv + ω2x2
.

“· ¢´¥´¨¥ „¨· ±  ¢µ ¢´¥Ï´¥³ ��-¶µ²¥ (1) ±µ¢ ·¨ ´É´µ ¶·¨ ¡Ê¸É¥ ¢¤µ²Ó
¸É·Ê´Ò. �µÔÉµ³Ê ¤µ¸É ÉµÎ´µ · ¸¸³µÉ·¥ÉÓ ¸²ÊÎ ° ´µ·³ ²Ó´µ£µ ¶ ¤¥´¨Ö Ô²¥±-
É·µ´  ´  ³ £´¨É´ÊÕ ¸É·Ê´Ê, p3 = 0. �·¨ ÔÉµ³ ´¨± ±µ° ¨´Ëµ·³ Í¨¨ ´¥ ¡Ê¤¥É
¶µÉ¥·Ö´µ,   · ¸Î¥ÉÒ ¸É ´µ¢ÖÉ¸Ö ´ ³´µ£µ ¶·µÐ¥. ‚ ÔÉµ³ ¸²ÊÎ ¥ ω · ¢´  ¡¥§-
· §³¥·´µ° Ô´¥·£¨¨ ËµÉµ´ ,   ϑk Å Ê£²Ê ³¥¦¤Ê ¨³¶Ê²Ó¸µ³ ËµÉµ´  ¨ ¸É·Ê´µ°.
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‚ ·¥ ²Ó´ÒÌ Ô±¸¶¥·¨³¥´É Ì ´ ¡²Õ¤ ÕÉ · ¸¶·¥¤¥²¥´¨Ö · ¸¸¥Ö´´µ£µ Ô²¥±-
É·µ´  ¨ ¨§²ÊÎ¥´´µ£µ ËµÉµ´  ¶µ Ô´¥·£¨¨, ¨³¶Ê²Ó¸ ³ ¨ ¶µ²Ö·¨§ Í¨Ö³. �ËË¥±-
É¨¢´µ¥ ¤¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ (15) ¸µ¤¥·¦¨É ¶µ²´ÊÕ ¨´Ëµ·³ Í¨Õ µ¡
ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨ÖÌ.

„²Ö ·µ¦¤¥´¨Ö Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ¶ ·Ò ¸ ¨³¶Ê²Ó¸ ³¨ ~p, ~q ¨ ¸¶¨´µ-
¢Ò³¨ Î¨¸² ³¨ s, r, ¶ ¤ ÕÐ¨³ ËµÉµ´µ³ ¸ ¨³¶Ê²Ó¸µ³ ~k ¨ ¶µ²Ö·¨§ Í¨¥° λ ³Ò
´ Ìµ¤¨³

Mλ = −i 〈~q, r; ~p, s)|S(1)|~k, λ) 〉 =
∑
l,n

c
(− e)∗
l c(− p)n M̃λ(jp, jq;~k, λ).

’µ£¤  ÔËË¥±É¨¢´µ¥ ¤¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ ·µ¦¤¥´¨Ö ¶ ·Ò § ¶¨¸Ò-
¢ ¥É¸Ö ¢ ¸¨¸É¥³¥ ±µµ·¤¨´ É k3 = 0 (¡¥§ ¶µÉ¥·¨ ¨´Ëµ·³ Í¨¨) ¢ ¢¨¤¥

dσλ

dEqdϕqdϕpdq3
=
e2 sin2 πδ

128π4

cδS
(+)
λ + c−δS

(−)
λ + S

(0)
λ

ω3
k(q

2
3 +M2)(Ep − p⊥ cosϕpk)(Eq − q⊥ cosϕqk)

,

(16)
£¤¥ S(±,0)

λ Å ´¥±µÉµ·Ò¥ ËÊ´±Í¨¨ Ep, Eq , q3, s, r, ¶·¨Î¥³ S
(±)
λ § ¢¨¸¨É É ±¦¥

µÉ Ê£²µ¢ ϕ, ¨

c =
(Ep −

√
q2
3 +M2)(Eq −

√
q2
3 +M2)

(Ep +
√
q2
3 +M2)(Eq +

√
q2
3 +M2)

,

„¨ËË¥·¥´Í¨ ²Ó´µ¥ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ (16) ¸µ¤¥·¦¨É ¶µ²´ÊÕ ¨´Ëµ·³ -
Í¨Õ µ¡ Ô´¥·£¥É¨Î¥¸±¨Ì, Ê£²µ¢ÒÌ ¨ ¶µ²Ö·¨§ Í¨µ´´ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ ·µ¦¤¥´-
´ÒÌ Ô²¥±É·µ´µ¢ ¨ ¶µ§¨É·µ´µ¢, ±µÉµ·Ò¥ ³µ¦´µ Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ÉÓ.
�É¨ · ¸¶·¥¤¥²¥´¨Ö, µÎ¥¢¨¤´µ, ¸¢Ö§ ´Ò § ±µ´ ³¨ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨, ¨ ±µ³-
¶µ´¥´ÉÒ ¨³¶Ê²Ó¸ : Ep + Eq = ωk, p3 + q3 = 0.

4. „ˆ””…�…�–ˆ�‹œ�›… ‘…—…�ˆŸ
��ˆ Œ�‹›• ˆ ‚›‘�Šˆ• ��…�ƒˆŸ•

‚ ÔÉµ³ · §¤¥²¥ ³Ò · ¸¸³µÉ·¨³ Ê£²µ¢Ò¥ ¨ ¶µ²Ö·¨§ Í¨µ´´Ò¥ · ¸¶·¥¤¥²¥-
´¨Ö ÊÌµ¤ÖÐ¨Ì Î ¸É¨Í ¶·¨ · §²¨Î´ÒÌ Ô´¥·£¨ÖÌ ¶ ¤ ÕÐ¥° Î ¸É¨ÍÒ.

4.1. ’µ·³µ§´µ¥ ¨§²ÊÎ¥´¨¥. �·¨ ³ ²µ° Ô´¥·£¨¨ ËµÉµ´  ω → 0 ¢ ¸¥Î¥´¨¨
¶·µÍ¥¸¸  Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ¨³¥¥É¸Ö ¨´Ë· ±· ¸´ Ö ¸¨´£Ê²Ö·´µ¸ÉÓ. �·¨-
Î¨´  ¥¥ ¶µÖ¢²¥´¨Ö µ¡Ð Ö ¤²Ö ¢¸¥Ì ¶·µÍ¥¸¸µ¢ · ¸¸¥Ö´¨Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í Ä
´¥¶·¨³¥´¨³µ¸ÉÓ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¤²Ö ¨§²ÊÎ¥´¨Ö ³Ö£±¨Ì ËµÉµ´µ¢.

„²Ö Ô²¥±É·µ´  ³ ²µ° Ô´¥·£¨¨, v � 1, ³Ò ¨³¥¥³ ω ≤ v
2 , a

2 ≈ 1−ωk/(Ep−
M) ¨ s, r = ±1. ’µ£¤ 

P (±)
σ = 2Θ(sr)

(
1− ω

v
∓ sω

v

)
, P (±)

π = cos2 ϑkP
(±)
σ ,
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P (0)
σ = 2Θ(sr)a cos(ϕpk + ϕqk) , P (0)

π = − cos2 ϑkP
(0)
σ ,

¨ ¤¨ËË¥·¥´Í¨ ²Ó´µ¥ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ ¶·¨´¨³ ¥É ¢¨¤

dσλ

dωkdΩkdϕq
=

e2 sin2 πδ

32π4 M ωk
v Θ(sr) S(s)

(
1

cos2 ϑk

)
¤²Ö

{
λ = σ
λ = π

, (17)

¸

S(s) =

(
1− ωk

Ep −M

)1+sδ

+

(
1− ωk

Ep −M

)−sδ
+

+2ελ

(
1− ωk

Ep −M

) 1
2

cos(ϕpk + ϕqk) ,

£¤¥ ελ = 1 ¤²Ö λ = σ ¨ ελ = −1 ¤²Ö λ = π.
‘¥Î¥´¨¥ ¶·µÍ¥¸¸  Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ¶·µ¶µ·Í¨µ´ ²Ó´µ ±² ¸¸¨Î¥¸±µ³Ê

· ¤¨Ê¸Ê Ô²¥±É·µ´  r0 = e2/4πM ¨ ¸±µ·µ¸É¨ ¶ ¤ ÕÐ¥£µ Ô²¥±É·µ´  v.
�É³¥É¨³ µ¸µ¡¥´´µ¸É¨ ¶·µÍ¥¸¸  Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö, Ì · ±É¥·´Ò¥ ¤²Ö

¤¨· ±µ¢¸±¨Ì Î ¸É¨Í, ±µÉµ·Ò¥ ³µ¦´µ Ê¢¨¤¥ÉÓ ¨§ ¢Ò· ¦¥´¨Ö (17).
Å �·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ Ô²¥±É·µ´  ¸µÌ· ´Ö¥É¸Ö ¶·µ¥±Í¨Ö ¸¶¨´  ´  ´ ¶· -

¢²¥´¨¥ ¸É·Ê´Ò; ¶·¨ ¨§²ÊÎ¥´¨¨ ³Ö£±¨Ì ËµÉµ´µ¢ µ´  ¸µÌ· ´Ö¥É¸Ö ¶·¨ ²Õ¡ÒÌ
Ô´¥·£¨ÖÌ.

Å �µÖ¢²¥´¨¥ ¤µ¶µ²´¨É¥²Ó´µ£µ ³´µ¦¨É¥²Ö cos2 ϑk ¤²Ö πÄ¶µ²Ö·¨§µ¢ ´´µ£µ
ËµÉµ´  É¨¶¨Î´µ ¤²Ö ¨§²ÊÎ¥´¨Ö ´¥·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í. �¤´ ±µ Ê£²µ¢Ò¥
· ¸¶·¥¤¥²¥´¨Ö · ¸¸¥Ö´´µ£µ Ô²¥±É·µ´  ¨ ¨§²ÊÎ¥´´µ£µ ËµÉµ´  § ¢¨¸ÖÉ µÉ  §¨-
³ÊÉ ²Ó´ÒÌ Ê£²µ¢ ϕq ¨ ϕk ¢ ¶²µ¸±µ¸É¨, ¶¥·¶¥´¤¨±Ê²Ö·´µ° ¸É·Ê´¥, ¢ µÉ²¨Î¨¥
µÉ ¨§²ÊÎ¥´¨Ö ¸± ²Ö·´ÒÌ Î ¸É¨Í. �É   ¸¨³³¥É·¨Ö ¢µ§´¨± ¥É ¨§-§  ¢§ ¨³µ¤¥°-
¸É¢¨Ö ³ £´¨É´µ£µ ³µ³¥´É  Ô²¥±É·µ´  ¸ ³ £´¨É´µ° ¸É·Ê´µ°.

Å �µ¸²¥ ¨´É¥£·¨·µ¢ ´¨Ö ¶µ Ê£²Ê ϕq ÊÌµ¤ÖÐ¥£µ Ô²¥±É·µ´  ¶µ¸²¥¤´¨°
Î²¥´ ¢ S(s) ¨¸Î¥§ ¥É ¨ ³Ò ¶µ²ÊÎ ¥³

S(s) = 2π

{(
1− ωk

Ep −M

)1+sδ

+

(
1− ωk

Ep −M

)−sδ}
.

�Éµ ¸¥Î¥´¨¥ ¶·¨ s = −1 ¸µ¢¶ ¤ ¥É ¸ ¸¥Î¥´¨¥³ ¤²Ö ´¥·¥²ÖÉ¨¢¨¸É¸±¨Ì ¡¥¸¸¶¨-
´µ¢ÒÌ Î ¸É¨Í [7]. ‚ ÔÉµ³ ¸²ÊÎ ¥ µ´µ ¨´¢ ·¨ ´É´µ ¶·¨ § ³¥´¥ δ → 1−δ ¨ ¶·¨
Φ→ −Φ. �¤´ ±µ ¤²Ö ¶µ²Ö·¨§ Í¨¨ s = 1 ¶·¨ÉÖ¦¥´¨¥ §  ¸Î¥É ¢§ ¨³µ¤¥°¸É¢¨Ö
¸¶¨´  ¸ ³ £´¨É´Ò³ ¶µ²¥³ ¶·¨¢µ¤¨É ± Ê¸¨²¥´¨Õ ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¢¡²¨§¨
¸É·Ê´Ò ¨ ¨§³¥´Ö¥É ¸¥Î¥´¨¥.

Å ˆ§²ÊÎ¥´¨¥ ËµÉµ´  ¸ ¶¥·¥¢µ·µÉµ³ ¸¶¨´  Ô²¥±É·µ´  ¶·µ¨¸Ìµ¤¨É ¶·¨
¡µ²¥¥ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ. ‚ ·¥§Ê²ÓÉ É¥ · ¸¸¥Ö´¨Ö ¸¶¨´ Ô²¥±É·µ´  µ·¨¥´É¨-
·Ê¥É¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´µ ¶·µÉ¨¢ ´ ¶· ¢²¥´¨Ö ³ £´¨É´µ£µ ¶µ²Ö ¸É·Ê´Ò, ÎÉµ
¶·¨¢µ¤¨É ± ¸² ¡µ³Ê ÔËË¥±ÉÊ ¸ ³µ¶µ²Ö·¨§ Í¨¨ Ô²¥±É·µ´´µ£µ ¶ÊÎ± , Ìµ·µÏµ
¨§¢¥¸É´µ³Ê ¢ ¸²ÊÎ ¥ ¸¨´Ì·µÉ·µ´´µ£µ ¨§²ÊÎ¥´¨Ö [22].
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� ¸¸³µÉ·¨³ Ê£²µ¢µ¥ · ¸¶·¥¤¥²¥´¨¥ ¤²Ö Ô²¥±É·µ´  ¢Ò¸µ±µ° Ô´¥·£¨¨, ±µ£¤ 
γ = 1/

√
1− v2 � 1. �² £µ¤ ·Ö ³´µ¦¨É¥²Ö³

(1 − vx cosϕpk) ∼ Epωk − ~p~k

¨

(1− ωvx2 − vx
√

1− 2
ω

v
+ ω2x2 cosϕqk) ∼ Eqωk − ~q~k

¢ §´ ³¥´ É¥²¥ (15) ¸¥Î¥´¨¥ Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ¨³¥¥É µ¸É·Ò° ³ ±¸¨³Ê³
¢ ´ ¶· ¢²¥´¨¨ ¢¶¥·¥¤, ¨ ¨§²ÊÎ¥´¨¥ ¶·µ¨¸Ìµ¤¨É ¢ Ê§±µ³ ±µ´Ê¸¥ ¸  ¶¥·ÉÊ·µ°
¶µ·Ö¤±  ∼ 1/γ. ‚ Éµ³ ¦¥ ±µ´Ê¸¥ · ¸¶·µ¸É· ´Ö¥É¸Ö · ¸¸¥Ö´´Ò° Ô²¥±É·µ´. ‚´¥
±µ´Ê¸  ¢¥·µÖÉ´µ¸ÉÓ ¶·µÍ¥¸¸  ¡Ò¸É·µ Ê¡Ò¢ ¥É.

4.2. �µ¦¤¥´¨¥ ¶ ·Ò. “£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ·µ¦¤¥´´ÒÌ Ô²¥±É·µ´  ¨ ¶µ-
§¨É·µ´  ¨³¥ÕÉ µÎ¥´Ó ¸²µ¦´Ò° ¢¨¤. �´¨ ¸ÊÐ¥¸É¢¥´´µ Ê¶·µÐ ÕÉ¸Ö ¤²Ö ³ ²ÒÌ
¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°.

�·¨ ´¥¡µ²ÓÏµ° Ô´¥·£¨¨ ËµÉµ´ , ¸²¥£±  ¶·¥¢ÒÏ ÕÐ¥° ¶µ·µ£ ·µ¦¤¥´¨Ö
¶ ·Ò ωk − 2M �M, ³Ò ¨³¥¥³

p⊥ ∼ q⊥ ∼ q3 �M, c� 1

¨
S(∓,0)
σ ∼ S(0)

π � S(∓)
π ≈ 4M4(1− s3r3)(1 ± s3).

�É¸Õ¤  ¢¨¤´µ, ÎÉµ ¶ ·Ò ³ ²µ° Ô´¥·£¨¨ ·µ¦¤ ÕÉ¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´µ µÉ π-
¶µ²Ö·¨§µ¢ ´´ÒÌ ËµÉµ´µ¢,   ¤¨ËË¥·¥´Í¨ ²Ó´µ¥ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ ·µ¦¤¥´¨Ö
¶ · ´ ¤ ¶µ·µ£µ³ · ¢´µ

dσπ

dEqdϕqdϕpdq3
≈ e2 sin2 πδ

256π4
(1− s3r3)

c−δ(1 + s3) + cδ(1− s3)

M3
. (18)

“£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·µ´µ¢ ¨ ¶µ§¨É·µ´µ¢ ³ ²µ° Ô´¥·£¨¨ µ¤´µ·µ¤´Ò
¢ ¶²µ¸±µ¸É¨, ¶¥·¶¥´¤¨±Ê²Ö·´µ° ³ £´¨É´µ° ¸É·Ê´¥, ´µ ¨Ì § ¢¨¸¨³µ¸ÉÓ µÉ ¶µ-
²Ö·´µ£µ Ê£²  ϑ ¤µ¢µ²Ó´µ ¸²µ¦´ Ö.

�µ²Ö·¨§ Í¨Ö Ô²¥±É·µ´µ¢ ¨ ¶µ§¨É·µ´µ¢ ¸¨²Ó´µ § ¢¨¸¨É µÉ ¶µ²Ö·¨§ Í¨¨
ËµÉµ´ . �µ¦¤¥´´Ò¥ Î ¸É¨ÍÒ ¨³¥ÕÉ ¶·µ¥±Í¨¨ ¸¶¨´µ¢ ¶·µÉ¨¢µ¶µ²µ¦´ÒÌ §´ -
±µ¢, ¨ Ô²¥±É·µ´Ò ¸ ¶µ²µ¦¨É¥²Ó´µ° ¶·µ¥±Í¨¥° (¶·µÉ¨¢ ¶µ²Ö) ·µ¦¤ ÕÉ¸Ö ¶·¥¨-
³ÊÐ¥¸É¢¥´´µ πÄ¶µ²Ö·¨§µ¢ ´´Ò³¨ ËµÉµ´ ³¨, É ± ± ± c � 1. ˆÌ ¤µ²Ö · ¸É¥É
¸ Ê¢¥²¨Î¥´¨¥³ ¶ · ³¥É·  ³ £´¨É´µ£µ ¶µÉµ±  δ. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¢§ ¨³µ¤¥°¸É¢¨¥
³ £´¨É´ÒÌ ³µ³¥´Éµ¢ ¸ ³ £´¨É´Ò³ ¶µ²¥³ ¸É·Ê´Ò ¶·¨¢µ¤¨É ± ¶·¨ÉÖ¦¥´¨Õ ±
¸É·Ê´¥ ± ± Ô²¥±É·µ´ , É ± ¨ ¶µ§¨É·µ´ . ˆÌ ¢µ²´µ¢Ò¥ ËÊ´±Í¨¨ ²µ± ²¨§µ¢ ´Ò
¢¡²¨§¨ ¸É·Ê´Ò, ÎÉµ Ê¸¨²¨¢ ¥É ÔËË¥±É. σ-¶µ²Ö·¨§µ¢ ´´Ò¥ ËµÉµ´Ò ¸ ¢¥±Éµ-
· ³¨ ¶µ²Ö·¨§ Í¨¨, ¶¥·¶¥´¤¨±Ê²Ö·´Ò³¨ ¸É·Ê´¥, ·µ¦¤ ÕÉ Î ¸É¨ÍÒ c ¶·µ¥±-
Í¨Ö³¨ s3 ¨ r3 µ¤¨´ ±µ¢ÒÌ §´ ±µ¢, É ± ÎÉµ ¨Ì ³ £´¨É´Ò¥ ³µ³¥´ÉÒ ¨³¥ÕÉ
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¶·µÉ¨¢µ¶µ²µ¦´Ò¥ ´ ¶· ¢²¥´¨Ö. �µÔÉµ³Ê ¢§ ¨³µ¤¥°¸É¢¨¥ ¸µ ¸É·Ê´µ° ¶·¨¢µ-
¤¨É ± ²µ± ²¨§ Í¨¨ ¢¡²¨§¨ ¸É·Ê´Ò Éµ²Ó±µ µ¤´µ° ¨§ ¢µ²´µ¢ÒÌ ËÊ´±Í¨°, É ±
ÎÉµ ¢µ²´µ¢Ò¥ ËÊ´±Í¨¨ ¸² ¡µ ¶¥·¥±·Ò¢ ÕÉ¸Ö, ¨ ¶·µÍ¥¸¸ ·µ¦¤¥´¨Ö ¶ ·Ò ¶µ-
¤ ¢²¥´. ‘ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ ËµÉµ´  ÔÉ  ±µ··¥²ÖÍ¨Ö µ¸² ¡²Ö¥É¸Ö, É ± ± ±
¡µ²¥¥ ¢Ò¸µ±¨¥ µ·¡¨É ²Ó´Ò¥ ³µ³¥´ÉÒ ¤ ÕÉ ¢±² ¤ ¢ ¸¥Î¥´¨¥.

�·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ËµÉµ´ , ωk � M, Ê£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¸É -
´µ¢ÖÉ¸Ö ¶·µ¸ÉÒ³¨ Å Ô²¥±É·µ´ ¨ ¶µ§¨É·µ´ ¨¸¶Ê¸± ÕÉ¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´µ
¢¶¥·¥¤ ¢ ´ ¶· ¢²¥´¨¨ (ϕpk ∼ ϕqk ∼ 0, ϑ ∼ π/2) ¢ Ê§±µ³ ±µ´Ê¸¥ ¸  ¶¥·ÉÊ-
·µ° ¶µ·Ö¤±  M/ωk. �ÉµÉ ¢Ò¢µ¤ ¸²¥¤Ê¥É ¨§ ¶·¨¸ÊÉ¸É¢¨Ö ³´µ¦¨É¥²¥° Ep −
p⊥ cosϕpk, Eq − q⊥ cosϕqk ¨ q2

3 + M2 ∼ E2
q cos2 ϑ ¢ §´ ³¥´ É¥²¥ ¢Ò· -

¦¥´¨Ö (16).

5. ��‹�›… ���…�…—�›… ‘…—…�ˆŸ
��ˆ ��‡‹ˆ—�›• ��…�ƒˆŸ•

5.1. ’µ·³µ§´µ¥ ¨§²ÊÎ¥´¨¥. „²Ö Éµ£µ, ÎÉµ¡Ò ´ °É¨ ¶µ²´µ¥ ¶µ¶¥·¥Î´µ¥
¸¥Î¥´¨¥ Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö, ´Ê¦´µ ¶·µ¨´É¥£·¨·µ¢ ÉÓ ¢Ò· ¦¥´¨¥ (15) ¶µ

±µ´¥Î´Ò³ ¸µ¸ÉµÖ´¨Ö³. �·¨ ¨´É¥£·¨·µ¢ ´¨¨ ¶µ Ê£²Ê ϕq Î²¥´ ¸ P (0)
λ ¨¸Î¥§ ¥É,

¨, ¸Ê³³¨·ÊÖ ¶µ ¶µ²Ö·¨§ Í¨Ö³ ÊÌµ¤ÖÐ¥£µ Ô²¥±É·µ´  (µÉ³¥Î¥´µ Î¥·Éµ°), ³Ò
´ Ìµ¤¨³

dσλ

dωkdΩk
=
e2 sin2 πδ

32π3 ωk

v

Ep

P
(+)
λ a2δ + P

(−)
λ a−2δ

(1 − v2x2)
3
2 (1 − vx cosϕpk)

,

£¤¥ P (±)
λ Å Ê¸·¥¤´¥´´Ò¥ ¶µ ¶µ²Ö·¨§ Í¨Ö³ ËÊ´±Í¨¨ P (±)

λ . ˆ´É¥£·¨·µ¢ ´¨¥ ¶µ

Ê£²Ê ϕk ¨§²ÊÎ¥´´µ£µ ËµÉµ´  ¤ ¥É ¤µ¶µ²´¨É¥²Ó´µ ³´µ¦¨É¥²Ó 2π(1− v2x2)−
1
2 ,

¨ ³Ò ¶µ²ÊÎ ¥³

dσλ

dωkd cosϑk
=
e2 sin2 πδ

16π2 ωk

v

Ep

P
(+)
λ a2δ + P

(−)
λ a−2δ

(1− v2x2)2
.

�¸É ÕÐ¨¥¸Ö ¨´É¥£· ²Ò ¶µ dωk ¨ dϑk ´¥²Ó§Ö ´ °É¨ ¢  ´ ²¨É¨Î¥¸±µ³ ¢¨¤¥ ¶·¨
¶·µ¨§¢µ²Ó´µ° Ô´¥·£¨¨ Ô²¥±É·µ´ .

�·¨ ³ ²µ° Ô´¥·£¨¨ Ô²¥±É·µ´  ³Ò ¨³¥¥³

dσσ

dωk
= 3

dσπ

dωk
=
r0 sin2 πδ

π

v

ωk

[(
1− ωk

Ep −M

)1+sδ

+

(
1− ωk

Ep −M

)−sδ]
.

�·¨ ¢Ò¸µ±µ° Ô´¥·£¨¨, γ = (1−v2)−
1
2 � 1, µ¸´µ¢´µ° ¢±² ¤ ¢ ¶µ¶¥·¥Î´µ¥

¸¥Î¥´¨¥ ¢µ§´¨± ¥É µÉ §´ Î¥´¨° ϑk ∼ π
2 , ¨²¨ x ∼ 1. ‚ ÔÉµ³ ¸²ÊÎ ¥ a ≈ 1,
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¥¸²¨ Éµ·³µ§´µ° ËµÉµ´ ´¥ ¸²¨Ï±µ³ ¦¥¸É±¨°, ω < ωmax, ¨ ³Ò ¶µ²ÊÎ ¥³ ¤²Ö
¶µ¶¥·¥Î´µ£µ ¸¥Î¥´¨Ö

dσλ

dωk
∼ r0 sin2 πδ

ωk
fλ(ωk) ,

£¤¥ fλ(ωk) Å ´¥±µÉµ· Ö ËÊ´±Í¨Ö Ô´¥·£¨¨ ËµÉµ´ . �Éµ µ§´ Î ¥É, ÎÉµ Ëµ·³ 
Ô´¥·£¥É¨Î¥¸±µ£µ ¸¶¥±É·  Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ´¥ § ¢¨¸¨É µÉ Ô´¥·£¨¨ ¨ ¶µ-
²Ö·¨§ Í¨¨ ¶ ¤ ÕÐ¥£µ Ô²¥±É·µ´ . „²Ö ¦¥¸É±¨Ì ËµÉµ´µ¢, ω ∼ ωmax, ¶ · ³¥É·
a2 ∼ (ωmax − ω)/2

√
1− v2x2, ¨ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ · ¢´µ  ¸¨³¶ÉµÉ¨Î¥¸±¨

dσλ

dωk
∼ r0 sin2 πδ

ωk
γδ
(

1− ωk

Ep

)δ
(a∓ bs) ,

£¤¥ a ¨ b Å ´¥±µÉµ·Ò¥ ±µÔËË¨Í¨¥´ÉÒ,   §´ ±¨ ∓ ¸µµÉ¢¥É¸É¢ÊÕÉ ¶µ²Ö·¨§ Í¨¨
λ = σ ¨ π ¸µµÉ¢¥É¸É¢¥´´µ. �Éµ µ§´ Î ¥É, ÎÉµ ¤µ²Ö ¦¥¸É±¨Ì ËµÉµ´µ¢ ¢ ¸¶¥±É·¥
· ¸É¥É ¸ Ô´¥·£¨¥° ¶ ¤ ÕÐ¥£µ Ô²¥±É·µ´ , É.¥. Éµ·³µ§´µ° ¸¶¥±É· ¸É ´µ¢¨É¸Ö
¡µ²¥¥ ¦¥¸É±¨³. �É³¥É¨³ É ±¦¥ ´ ²¨Î¨¥ ´¥±µÉµ·µ° ±µ··¥²ÖÍ¨¨ ³¥¦¤Ê ¸¶¨´µ³
Ô²¥±É·µ´  ¨ ¶µ²Ö·¨§ Í¨¥° ËµÉµ´ .

5.2. �µ¦¤¥´¨¥ ¶ ·Ò. �·µ ´ ²¨§¨·Ê¥³ Ô´¥·£¥É¨Î¥¸±µ¥ ¶µ¢¥¤¥´¨¥ ¶µ¶¥-
·¥Î´µ£µ ¸¥Î¥´¨Ö ·µ¦¤¥´¨Ö Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ¶ ·Ò. ˆ´É¥£·¨·µ¢ ´¨¥
¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö (16) ¶µ  §¨³ÊÉ ²Ó´Ò³ Ê£² ³ ϕp, ϕq ¤ ¥É ¤µ¶µ²-

´¨É¥²Ó´Ò° ³´µ¦¨É¥²Ó 4π2/(q2
3 +M2) ¨ Ê¸É· ´Ö¥É Î²¥´ ¸ S(0)

λ . ‘Ê³³¨·ÊÖ ¶µ
¶µ²Ö·¨§ Í¨Ö³ ·µ¦¤¥´´ÒÌ Ô²¥±É·µ´  ¨ ¶µ§¨É·µ´ , ³Ò ¶µ²ÊÎ ¥³

dσλ

dEqdq3
=
e2 sin2 πδ

32π2

cδ + c−δ

ω3
k(q

2
3 +M2)2

Sλ ,

£¤¥ Sλ = Σs,rS
±
λ . ’ ± ± ± ¶¥·¥³¥´´Ò¥ p⊥ ¨ q⊥ µ¡¥ ¶µ²µ¦¨É¥²Ó´Ò, ¶¥·¥³¥´-

´ Ö q3 ³¥´Ö¥É¸Ö ¢ ¶·¥¤¥² Ì µÉ −qmax
3 ¤µ qmax

3 , £¤¥ qmax
3 = min

(√
E2
q −M2,√

E2
p −M2

)
. ‚¢µ¤Ö ´µ¢Ò¥ ¶¥·¥³¥´´Ò¥ ε = |Ep − Eq| ¨ x =

√
q2
3 +M2,

³Ò ¶µ²ÊÎ ¥³ µ¡Ð¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¶µ²´µ£µ ¶µ¶¥·¥Î´µ£µ ¸¥Î¥´¨Ö ·µ¦¤¥´¨Ö
Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ¶ ·Ò ËµÉµ´µ³ ¸ Ô´¥·£¨¥° ωk ¨ ¶µ²Ö·¨§ Í¨¥° λ:

σλ =
e2 sin2 πδ

16π2

1

ω3
k

∫ ωk
2

M

dx
1

x3
√
x2 −M2

∫ ωk−2x

0

dε (c−δ + cδ) Sλ(ε, x)

(19)
£¤¥

c =
(ωk − 2x)2 − ε2

(ωk + 2x)2 − ε2
.

�¸É ÕÐ¨¥¸Ö ¨´É¥£· ²Ò ¶µ ε ¨ x ´¥²Ó§Ö ´ °É¨  ´ ²¨É¨Î¥¸±¨.
�Éµ µ¡Ð¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¶µ²´µ£µ ¶µ¶¥·¥Î´µ£µ ¸¥Î¥´¨Ö ¸ÊÐ¥¸É¢¥´´µ

Ê¶·µÐ ¥É¸Ö ¶·¨ ´ ¤¶µ·µ£µ¢µ° ¨ ¢Ò¸µ±µ° Ô´¥·£¨ÖÌ ËµÉµ´ .
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�·¨ ´ ¤¶µ·µ£µ¢µ° Ô´¥·£¨¨, ωk−2M �M , ¢¥²¨Î¨´Ò Sσ � Sπ ≈ 4M2 ¨
c� 1. �¶Ê¸± Ö ¢ (19) Î²¥´ cδ � c−δ ¨ ¢¢µ¤Ö ´µ¢Ò¥ ¡¥§· §³¥·´Ò¥ ¶¥·¥³¥´´Ò¥
t ¨ y:

ε = (ωk − 2x)t, x = M +
ωk − 2M

2
y,

³Ò ¶µ²ÊÎ ¥³

σπ =
r0 sin2 πδ√

2π

(
ωk − 2M

2M

) 3
2−2δ

B(δ),

£¤¥ B(δ) Å ´¥±µÉµ· Ö ¶µ¸ÉµÖ´´ Ö ∼1. ˆ´É¥£·¨·ÊÖ ¶µ ³ ²µ³Ê ¨´É¥·¢ ²Ê
Ô´¥·£¨° ∆ ´ ¤ ¶µ·µ£µ³, 2M ≥ ωk ≤ 2M(1 + ∆), ³Ò ´ Ìµ¤¨³ ¨´É¥£· ²Ó´µ¥
¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥

I =

∫ 2M(1+∆)

2M

σπ(ωk) dωk ≈
e2 sin2 πδ

2
√

2π

∆
5
2−2δ

5
2 − 2δ

B(δ).

�É  ¢¥²¨Î¨´  µ¶·¥¤¥²Ö¥É ¢ÒÌµ¤ Ô²¥±É·µ´´µ-¶µ§¨É·µ´´ÒÌ ¶ ·, ·µ¦¤¥´´ÒÌ
ËµÉµ´µ³ ´  ¥¤¨´¨Í¥ ¤²¨´Ò ¸É·Ê´Ò ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨ ¢ ¤ ´´µ³ ¨´É¥·¢ ²¥
Ô´¥·£¨°. �·¨ δ = 1

2 ³Ò ¶µ²ÊÎ ¥³

I =
e2
√

2

3π
∆

3
2 .

�·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ËµÉµ´ , ωk �M, µ¸´µ¢´µ° ¢±² ¤ ¢ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥-
´¨¥ ¢µ§´¨± ¥É µÉ §´ Î¥´¨° x ∼M. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¶ · ³¥É· c ∼ 1. ˆ´É¥£·¨·ÊÖ
¶µ ε ¨ x, ³Ò ´ Ìµ¤¨³

σλ ∼
e2 sin2 πδ

4πM
aλ = r0 aλ sin2 πδ

¸ aσ = 2
3 ¨ aπ = 1.

�·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ËµÉµ´  ¶µ²´µ¥ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ ·µ¦¤¥´¨Ö ¶ ·
¸É·¥³¨É¸Ö  ¸¨³¶ÉµÉ¨Î¥¸±¨ ± ¶µ¸ÉµÖ´´Ò³ §´ Î¥´¨Ö³ ¶·¨ ²Õ¡µ° ¶µ²Ö·¨§ Í¨¨
ËµÉµ´ . �É  Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ ¸µ¢³¥¸É¨³  ¸ Ê´¨É ·´µ¸ÉÓÕ (³µ¦´µ
¡Ò²µ µ¦¨¤ ÉÓ, ÎÉµ ¸¨´£Ê²Ö·´Ò° ��-¶µÉ¥´Í¨ ² ¶·¨¢¥¤¥É ± · ¸ÉÊÐ¥³Ê ¸¥Î¥´¨Õ
¨ ´ ·ÊÏ¥´¨Õ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ, ± ± ÔÉµ ¶·µ¨¸Ìµ¤¨É
¢ ¸²ÊÎ ¥ ¡¥¸±µ´¥Î´µ Éµ´±µ° ±µ¸³¨Î¥¸±µ° ¸É·Ê´Ò [15]).

�¤´ ±µ ³Ò ´¥ · ¸¸³ É·¨¢ ¥³ ·µ¦¤¥´¨¥ ¶ · ¶·¨ ¢Ò¸µ±µ° Ô´¥·£¨¨ ËµÉµ´ 
± ± ÔËË¥±É, ¶µ¤Ìµ¤ÖÐ¨° ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö. „²Ö É ±µ£µ
¨¸¸²¥¤µ¢ ´¨Ö ¶µÉ·¥¡µ¢ ²µ¸Ó ¡Ò ¸µ§¤ ÉÓ ±µ£¥·¥´É´Ò° ¶ÊÎµ± ËµÉµ´µ¢ ¢Ò¸µ±µ°
Ô´¥·£¨¨.

„²Ö ÔÉµ° Í¥²¨ ¡µ²¥¥ ¨´É¥·¥¸¥´ ¸²ÊÎ ° ´ ¤¶µ·µ£µ¢µ£µ ·µ¦¤¥´¨Ö ¶ ·Ò.
ˆ§¢¥¸É´µ [12], ÎÉµ ¶·µÍ¥¸¸ ·µ¦¤¥´¨Ö Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ¶ ·Ò ¢ µ¤-
´µ·µ¤´µ³ ³ £´¨É´µ³ ¶µ²¥ B ³µ¦¥É ¶·µ¨¸Ìµ¤¨ÉÓ ¸ § ³¥É´µ° ¢¥·µÖÉ´µ¸ÉÓÕ
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Éµ²Ó±µ ¤²Ö Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ô´¥·£¨° ¨²¨ ¢ ¨´É¥´¸¨¢´ÒÌ ³ £´¨É´ÒÌ ¶µ-
²ÖÌ, ±µ£¤  Ì · ±É¥·´Ò° ¶ · ³¥É· [23,24]:

B

B0

E

Mc2
∼ 1, B0 =

M2c3

eh̄
.

’ ±¨Ì µ£· ´¨Î¥´¨° ´¥É ¤²Ö ·µ¦¤¥´¨Ö ¶ ·Ò ¢ ��-¶µ²¥, ´ ¶·Ö¦¥´´µ¸ÉÓ ±µÉµ-
·µ£µ Ëµ·³ ²Ó´µ ¡¥¸±µ´¥Î´ . �¸´µ¢´µ° ¶·µ¡²¥³µ° §¤¥¸Ó Ö¢²Ö¥É¸Ö ¢ÒÖ¸´¥´¨¥
Ê¸²µ¢¨°, ¶·¨ ±µÉµ·ÒÌ ��-·¥¦¨³ ³µ¦¥É ¡ÒÉÓ ·¥ ²¨§µ¢ ´ ´  ¶· ±É¨±¥. „²Ö
ÔÉµ£µ ´¥µ¡Ìµ¤¨³µ · ¸¸³µÉ·¥ÉÓ ·¥ ²¨¸É¨Î¥¸±ÊÕ ³µ¤¥²Ó ³ £´¨É´µ° ¸É·Ê´Ò ¢
¢¨¤¥ ¸µ²¥´µ¨¤  ±µ´¥Î´µ£µ · ¤¨Ê¸ . ’µ£¤  µÎ¥¢¨¤´µ, ÎÉµ ¤²¨´  ¢µ²´Ò ·µ¦-
¤¥´´ÒÌ Ô²¥±É·µ´  ¨ ¶µ§¨É·µ´  ¤µ²¦´  ¶·¥¢ÒÏ ÉÓ · ¤¨Ê¸ ¸µ²¥´µ¨¤ , ÎÉµ¡Ò
·¥ ²¨§µ¢ ²¸Ö ��-·¥¦¨³. �´¥·£¨Ö ËµÉµ´  ¶·¨ ÔÉµ³ ¤µ²¦´  ¡ÒÉÓ ¡²¨§±  ±
¶µ·µ£µ¢µ° Ô´¥·£¨¨ 2M.

6. ‡�Š‹�—…�ˆ…

ŒÒ ¶·µ ´ ²¨§¨·µ¢ ²¨ Š�„-¶·µÍ¥¸¸Ò ¢ ¶·¨¸ÊÉ¸É¢¨¨ ³ £´¨É´µ° ¸É·Ê´Ò,
±µÉµ·Ò¥ ·µ¤¸É¢¥´´Ò ��-ÔËË¥±ÉÊ ¨ µ¡¸Ê¤¨²¨ Ì · ±É¥·´Ò¥ µ¸µ¡¥´´µ¸É¨ ÔÉ¨Ì
¶·µÍ¥¸¸µ¢ ¤²Ö ¤¨· ±µ¢¸±¨Ì Î ¸É¨Í. ’µ·³µ§´µ¥ ¨§²ÊÎ¥´¨¥ Ô²¥±É·µ´  ´  ¸É·Ê´¥
¶·¥¤¸É ¢²Ö¥É¸Ö ¸µ¢¸¥³ ¥¸É¥¸É¢¥´´Ò³, É ± ± ± ²Õ¡µ¥ · ¸¸¥Ö´¨¥ Ô²¥±É·µ´µ¢ ´¥-
¨§¡¥¦´µ ¸µ¶·µ¢µ¦¤ ¥É¸Ö ¨§²ÊÎ¥´¨¥³ ËµÉµ´µ¢. �µ¦¤¥´¨¥ Ô²¥±É·µ´´µ-¶µ§¨É-
·µ´´µ° ¶ ·Ò µ¤¨´µÎ´Ò³ ËµÉµ´µ³ ± ¦¥É¸Ö ¤µ¢µ²Ó´µ ´¥µ¦¨¤ ´´Ò³, É ± ± ±
Éµ²Ó±µ ·µ¦¤¥´´Ò¥ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ÎÊ¢¸É¢ÊÕÉ ¢´¥Ï´¥¥ ³ £´¨É´µ¥ ¶µ²¥.
‚ ²Õ¡µ³ ¸²ÊÎ ¥ ÔÉ¨ ¶·µÍ¥¸¸Ò ¶·µ¨¸Ìµ¤ÖÉ ¨§-§  ¢µ§¡Ê¦¤¥´¨Ö ¢ ±ÊÊ³  ³ £´¨É-
´µ° ¸É·Ê´µ°. �´¨ ·µ¤¸É¢¥´´Ò ��-ÔËË¥±ÉÊ ¢ Éµ³ µÉ´µÏ¥´¨¨, ÎÉµ ¶·µ¨¸Ìµ¤ÖÉ
Éµ²Ó±µ ¢ ¸²ÊÎ ¥, ¥¸²¨ ¢µ²´µ¢Ò¥ ËÊ´±Í¨¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í µÌ¢ ÉÒ¢ ÕÉ ³ £-
´¨É´Ò° ¶µÉµ±.

Š·µ³¥ µ¡ÒÎ´µ£µ ��-¢§ ¨³µ¤¥°¸É¢¨Ö, ±µÉµ·µ¥ ¨¸¶ÒÉÒ¢ ÕÉ ¢¸¥ § ·Ö¦¥´-
´Ò¥ Î ¸É¨ÍÒ ¨§-§  ¶µÖ¢²¥´¨Ö ´¥¨´É¥£·¨·Ê¥³µ£µ Ë §µ¢µ£µ ³´µ¦¨É¥²Ö [25], ¤¨-
· ±µ¢¸±¨¥ Î ¸É¨ÍÒ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸ ³ £´¨É´µ° ¸É·Ê´µ° Î¥·¥§ ¸¢µ¨ ³ £´¨É-
´Ò¥ ³µ³¥´ÉÒ. �Éµ ¢§ ¨³µ¤¥°¸É¢¨¥ ¢²¨Ö¥É ´  ¶µ¢¥¤¥´¨¥ ¢µ²´µ¢ÒÌ ËÊ´±Í¨°
¢¡²¨§¨ ¸É·Ê´Ò ¨ É¥³ ¸ ³Ò³ ´  ¶µ¶¥·¥Î´Ò¥ ¸¥Î¥´¨Ö ¶·µÍ¥¸¸µ¢. Š·µ³¥ Éµ£µ,
´¥²µ± ²Ó´Ò° Ì · ±É¥· ��-ÔËË¥±É  ¸²¥£±  ÊÉ· Î¨¢ ¥É¸Ö, É ± ± ± ¢µ²´µ¢Ò¥
ËÊ´±Í¨¨ ´¥ ¨¸Î¥§ ÕÉ ´  ¸É·Ê´¥.

ŒÒ ¢ÒÎ¨¸²¨²¨ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¨ ¶µ²´Ò¥ ¶µ¶¥·¥Î´Ò¥ ¸¥Î¥´¨Ö ¶·µ-
Í¥¸¸µ¢, ±µÉµ·Ò¥ µ± § ²¨¸Ó ´¥µ¦¨¤ ´´µ ¡µ²ÓÏ¨³¨. �µ-¢¨¤¨³µ³Ê, ÔÉµ Ö¢²Ö¥É¸Ö
¸²¥¤¸É¢¨¥³ Î·¥§³¥·´µ° ¨¤¥ ²¨§ Í¨¨ ³µ¤¥²¨ ¸É·Ê´Ò ¨ É·¥¡Ê¥É ¤µ¶µ²´¨É¥²Ó-
´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö, ±µÉµ·µ¥ ¸¥°Î ¸ ¶·µ¢µ¤¨É¸Ö. ‚ ÔÉµ³ µÉ´µÏ¥´¨¨ µ¸µ¡¥´´µ
¨´É¥·¥¸¥´ ¶·µÍ¥¸¸ ´ ¤¶µ·µ£µ¢µ£µ ·µ¦¤¥´¨Ö Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ¶ ·Ò
ËµÉµ´µ³, É ± ± ± ¢ µ¤´µ·µ¤´µ³ ¶µ²¥ ¥£µ ¸¥Î¥´¨¥ Ô±¸É·¥³ ²Ó´µ ³ ²µ. �µ²Ê-
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Î¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ³µ£ÊÉ ¶·¥¤¸É ¢²ÖÉÓ µ¶·¥¤¥²¥´´Ò° ¨´É¥·¥¸ ¤²Ö ¢µ§³µ¦´µ°
Ô±¸¶¥·¨³¥´É ²Ó´µ° ¶·µ¢¥·±¨ ÔËË¥±É .

ŒÒ ¶µ¸¢ÖÐ ¥³ ÔÉÊ · ¡µÉÊ ¶ ³ÖÉ¨ Œµ¨¸¥Ö �²¥±¸ ´¤·µ¢¨Î  Œ ·±µ¢ , ±µ-
Éµ·Ò° ¢ ¸¢µ¥ ¢·¥³Ö ¨´É¥·¥¸µ¢ ²¸Ö ¶·µ¡²¥³µ° ³µ´µ¶µ²Ö „¨· ±  ¨ ¸¢Ö§ ´´Ò³
¸ ´¥° ��-ÔËË¥±Éµ³. ˆ³¥´´µ µ´ ¸É¨³Ê²¨·µ¢ ² ´ Ï ¨´É¥·¥¸ ± ÔÉµ³Ê ÔËË¥±ÉÊ.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ · ³± Ì ¶·µ¥±É  (96-02-16053-a) �µ¸¸¨°¸±µ£µ Ëµ´¤ 
ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¨ ¶·¨ ¶µ¤¤¥·¦±¥ �¥³¥Í±µ£µ ´ ÊÎ´µ-É¥Ì´¨-
Î¥¸±µ£µ µ¡Ð¥¸É¢  (Deutsche Forschungsgemeinschaft).
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�.�.�¥´¨´, �.�.�¨¢µ¢ ·µ¢

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

„ ´ µ¡§µ· ¶µ¸²¥¤´¨Ì ·¥§Ê²ÓÉ Éµ¢  ´ ²¨§  ´¥²¥¶Éµ´´ÒÌ · ¸¶ ¤µ¢ ³¥§µ´µ¢ ¢ ¸É ´¤ ·É´µ° ³µ-
¤¥²¨. �¸´µ¢´µ¥ ¢´¨³ ´¨¥ Ê¤¥²¥´µ ÔËË¥±É ³ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ´  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ.
�µ²ÊÎ¥´µ ¸µ£² ¸µ¢ ´´µ¥ µ¶¨¸ ´¨¥ ¶· ¢¨²  ∆I = 1/2 ¨ ©¶·Ö³µ£µª ´ ·ÊÏ¥´¨Ö CP-¨´¢ ·¨ ´É-
´µ¸É¨ ¢ · ¸¶ ¤ Ì K → ππ.

A review of recent development of the theoretical analysis of nonleptonic K-meson decays
within the Standard Model is presented. Attention is focused on large distance effects of strong
interactions. A consistent description of the ∆I = 1/2 rule and ªdirectª CP-violation in K → ππ
decays is obtained.

1. ‚‚…„…�ˆ…

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¸É ´¤ ·É´ Ö ³µ¤¥²Ó (‘Œ) Ô²¥±É·µ¸² ¡ÒÌ ¨ ¸¨²Ó´ÒÌ
¢§ ¨³µ¤¥°¸É¢¨°, µ¸´µ¢ ´´ Ö ´  ± ²¨¡·µ¢µÎ´µ° £·Ê¶¶¥ SUc(3)×SUL(2)×U(1)
[1Ä3], ¤ ¥É ¸µ£² ¸µ¢ ´´µ¥ µ¶¨¸ ´¨¥ ¶· ±É¨Î¥¸±¨ ¢¸¥Ì ¨³¥ÕÐ¨Ì¸Ö Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¢ Ë¨§¨±¥ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨, ¶µ-¢¨¤¨³µ³Ê, Ö¢²Ö¥É¸Ö
·¥ ²Ó´Ò³ ¶·µÉµÉ¨¶µ³ ¤²Ö ¡Ê¤ÊÐ¨Ì É¥µ·¨° ¢¥²¨±µ£µ µ¡Ñ¥¤¨´¥´¨Ö. ‚ Éµ ¦¥
¢·¥³Ö ¸ÊÐ¥¸É¢ÊÕÉ ´¥±µÉµ·Ò¥ Ö¢²¥´¨Ö, ¶µ¶ÒÉ±¨ µ¡ÑÖ¸´¨ÉÓ ±µÉµ·Ò¥ ¢ · ³± Ì
‘Œ ´ É ²±¨¢ ÕÉ¸Ö ´  ¸¥·Ó¥§´Ò¥ É·Ê¤´µ¸É¨. ˆ¸¸²¥¤µ¢ ´¨¥ ¶µ¤µ¡´ÒÌ Ö¢²¥´¨°
¶·¥¤¸É ¢²Ö¥É µ¸µ¡Ò° ¨´É¥·¥¸, ¶µ¸±µ²Ó±Ê ³µ¦¥É ¶·¨¢¥¸É¨ ²¨¡µ ± µÉ±·ÒÉ¨Õ
´µ¢µ° Ë¨§¨±¨, ¢ÒÌµ¤ÖÐ¥° §  ¶·¥¤¥²Ò ‘Œ, ²¨¡µ ± ¸µ§¤ ´¨Õ ´µ¢ÒÌ É¥µ·¥-
É¨Î¥¸±¨Ì ³¥Éµ¤µ¢,  ¤¥±¢ É´µ µ¶¨¸Ò¢ ÕÐ¨Ì ¤ ´´Ò¥ Ö¢²¥´¨Ö ¢ ‘Œ. �¤¨´ ¨§
´ ¨¡µ²¥¥ Ö·±¨Ì ¸ ÔÉµ° ÉµÎ±¨ §·¥´¨Ö ¶·¨³¥·µ¢ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¸¨¸É¥³ 
K-³¥§µ´µ¢ ¨, ¢ Î ¸É´µ¸É¨, ´¥²¥¶Éµ´´Ò¥ · ¸¶ ¤Ò K-³¥§µ´µ¢.

� ¸¶ ¤Ò K → ππ µ¶¨¸Ò¢ ÕÉ¸Ö ¤¢Ê³Ö ¨§µÉµ¶¨Î¥¸±¨ ´¥¶·¨¢µ¤¨³Ò³¨  ³-
¶²¨ÉÊ¤ ³¨ A0 ¨ A2, µÉ¢¥Î ÕÐ¨³¨ ¶¥·¥Ìµ¤ ³ ¸ ¨§³¥´¥´¨¥³ ¨§µ¸¶¨´  ∆I =
1/2 ¨ ∆I = 3/2. �³¶²¨ÉÊ¤Ò ´ ¡²Õ¤ ¥³ÒÌ · ¸¶ ¤µ¢ ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ A0 ¨
A2 ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

A(K0 → π0π0) =

√
2

3
eδ0A0 − 2

√
1

3
eδ2A2 , (1.1)

A(K0 → π+π−) =

√
2

3
eδ0A0 +

√
1

3
eδ2A2 , (1.2)
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A(K+ → π+π0) =

√
3

2
eδ2A2 . (1.3)

� ²¨Î¨¥ Ë §µ¢ÒÌ ³´µ¦¨É¥²¥° eδI ¸²¥¤Ê¥É ¨§ Ê´¨É ·´µ¸É¨ ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö.
” §Ò δI µ¶¨¸Ò¢ ÕÉ ¢§ ¨³µ¤¥°¸É¢¨¥ π-³¥§µ´µ¢ ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨.

„µ ´ ¸ÉµÖÐ¥£µ ¢·¥³¥´¨ ¶·¥¤³¥Éµ³ ¨´É¥´¸¨¢´ÒÌ É¥µ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤µ-
¢ ´¨° Ö¢²Ö¥É¸Ö ¨§¢¥¸É´µ¥ Ô³¶¨·¨Î¥¸±µ¥ ¶· ¢¨²µ µÉ¡µ·  ¶µ ¨§µÉµ¶¨Î¥¸±µ³Ê
¸¶¨´Ê ©∆I = 1/2ª, ¸µ£² ¸´µ ±µÉµ·µ³Ê  ³¶²¨ÉÊ¤  A0 §´ Î¨É¥²Ó´µ Ê¸¨²¥´ 
¶µ ¸· ¢´¥´¨Õ ¸  ³¶²¨ÉÊ¤µ° A2. �·µ¡²¥³  ©∆I = 1/2ª ¸µ¸Éµ¨É ¢ ¸²¥¤ÊÕ-
Ð¥³. �  ËÊ´¤ ³¥´É ²Ó´µ³ Ê·µ¢´¥ ‘Œ-· ¸¶ ¤Ò ¸ ¨§³¥´¥´¨¥³ ¸É· ´´µ¸É¨ ´ 
¥¤¨´¨ÍÊ (∆S = 1) µ¡Ê¸²µ¢²¥´Ò ¢§ ¨³µ¤¥°¸É¢¨¥³ ¤¢ÊÌ ¸² ¡ÒÌ § ·Ö¦¥´´ÒÌ
±¢ ·±µ¢ÒÌ Éµ±µ¢ ¸ ± ²¨¡·µ¢µÎ´Ò³ W -¡µ§µ´µ³. �·¨ Ô´¥·£¨ÖÌ, Ì · ±É¥·´ÒÌ
¤²Ö · ¸¶ ¤µ¢ K-³¥§µ´µ¢ ¢ ¢¥¤ÊÐ¥³ (¤·¥¢¥¸´µ³) ¶·¨¡²¨¦¥´¨¨ ¶µ ¸¨²Ó´µ³Ê
¢§ ¨³µ¤¥°¸É¢¨Õ, µ´µ ¸¢µ¤¨ÉcÖ ± ÔËË¥±É¨¢´µ³Ê Î¥ÉÒ·¥Ì±¢ ·±µ¢µ³Ê ¢§ ¨³µ-
¤¥°¸É¢¨Õ, µ¶¨¸Ò¢ ¥³µ³Ê £ ³¨²ÓÉµ´¨ ´µ³ [4]:

H∆S=1 =
GF√

2
VudV

∗
us s̄γµ(1− γ5)uūγµ(1− γ5)d+ Ô.¸. , (1.4)

£¤¥ GF Å ¶µ¸ÉµÖ´´ Ö ”¥·³¨ ¨ Vij Å Ô²¥³¥´ÉÒ ³ É·¨ÍÒ ¸³¥Ï¨¢ ´¨Ö ±¢ ·-
±µ¢ÒÌ  ·µ³ Éµ¢ Š ¡¨¡¡µ Å Šµ¡ ÖÏ¨ Å Œ ¸± ¢  (ŠŠŒ) [5, 6]. �³¶²¨ÉÊ¤Ò
· ¸¶ ¤µ¢ § ¤ ÕÉ¸Ö ³ É·¨Î´Ò³¨ Ô²¥³¥´É ³¨ ÔËË¥±É¨¢´µ£µ ´¨§±µÔ´¥·£¥É¨Î¥-
¸±µ£µ £ ³¨²ÓÉµ´¨ ´  ¶µ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ ³¥§µ´´Ò³ ¸µ¸ÉµÖ´¨Ö³:

AI = 〈(ππ)I |H∆S=1|K〉 . (1.5)

…¸²¨ ¶·¥´¥¡·¥ÎÓ ¸¨²Ó´Ò³¨ ¢§ ¨³µ¤¥°¸É¢¨Ö³¨ ±¢ ·±µ¢ÒÌ Éµ±µ¢ (£¨¶µÉ¥§  Ë ±-
Éµ·¨§ Í¨¨ [7Ä9]), ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ 〈(ππ)I |H∆S=1|K〉 ≡ 〈H∆S=1〉I , ¸µ-
µÉ¢¥É¸É¢ÊÕÐ¨¥ · ¸¶ ¤ ³ K → ππ ¢ ¸µ¸ÉµÖ´¨Ö ¸ ¨§µÉµ¶¨Î¥¸±¨³ ¸¶¨´µ³
I = 0, 2, ³µ£ÊÉ ¡ÒÉÓ ¢ÒÎ¨¸²¥´Ò ´  µ¸´µ¢ ´¨¨  ²£¥¡·Ò Éµ±µ¢ [10] ¨ £¨-
¶µÉ¥§Ò µ Î ¸É¨Î´µ³ ¸µÌ· ´¥´¨¨  ±¸¨ ²Ó´µ£µ Éµ±  (—‘�’) [11]. �¤´ ±µ ¢Ò-
Î¨¸²¥´´µ¥ É ±¨³ ¸¶µ¸µ¡µ³ µÉ´µÏ¥´¨¥ ¨§µÉµ¶¨Î¥¸±¨ ´¥¶·¨¢µ¤¨³ÒÌ  ³¶²¨ÉÊ¤
A0/A2 ¢ ¤¢ ¤Í ÉÓ ¶ÖÉÓ · § (!) ³¥´ÓÏ¥ Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³µ£µ §´ -
Î¥´¨Ö [12]. ‚µ§´¨± ¥É ¢µ¶·µ¸, ³µ¦´µ ²¨ ´  µ¸´µ¢ ´¨¨ ±¢ ´Éµ¢µ° Ì·µ³µ¤¨-
´ ³¨±¨ (Š•„) ¶µ²ÊÎ¨ÉÓ ±µ²¨Î¥¸É¢¥´´µ¥ µ¶¨¸ ´¨¥ ÔÉ¨Ì · ¸¶ ¤µ¢ ¨ µ¡ÑÖ¸´¨ÉÓ
¶· ¢¨²µ ∆I = 1/2. ‚¶¥·¢Ò¥ ÔËË¥±ÉÒ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¢ ´¥²¥¶Éµ´-
´ÒÌ · ¸¶ ¤ Ì K-³¥§µ´µ¢ ¨§ÊÎ ²¨¸Ó ¢ · ¡µÉ Ì [9, 13], £¤¥ ¡Ò²µ µ¡´ ·Ê¦¥´µ,
ÎÉµ ÊÎ¥É ¦¥¸É±¨Ì £²Õµ´µ¢ ¶·¨ ¢Ò¢µ¤¥ ÔËË¥±É¨¢´µ£µ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ£µ
¤¥°¸É¢¨Ö ¶·¨¢µ¤¨É ± Ê¸¨²¥´¨Õ  ³¶²¨ÉÊ¤Ò A0 ¨ ¶µ¤ ¢²¥´¨Õ  ³¶²¨ÉÊ¤Ò A2.
�É±·ÒÉÒ¥ ¢ ¤ ²Ó´¥°Ï¥³ ¢ · ¡µÉ Ì [14, 15] É ± ´ §Ò¢ ¥³Ò¥ £²Õµ´´Ò¥ ©¶¨´-
£¢¨´Òª ¢Ò§Ò¢ ÕÉ ¤µ¶µ²´¨É¥²Ó´Ò° ·µ¸É  ³¶²¨ÉÊ¤Ò A0. �¤´ ±µ ÊÎ¥É ¢²¨Ö´¨Ö
¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° Éµ²Ó±µ ´  ³ ²ÒÌ · ¸¸ÉµÖ´¨ÖÌ ¢ · ³± Ì É¥µ·¨¨ ¢µ§-
³ÊÐ¥´¨° ´¥ ¸³µ£ ¶·¨¢¥¸É¨ É¥µ·¥É¨Î¥¸±¨¥ µÍ¥´±¨ ¢ ¸µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éµ³.
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�µ¸²¥¤µ¢ É¥²Ó´Ò° ·¥´µ·³£·Ê¶¶µ¢µ°  ´ ²¨§ ÔËË¥±É¨¢´µ£µ ´¨§±µÔ´¥·£¥É¨Î¥-
¸±µ£µ ¤¥°¸É¢¨Ö, ¢±²ÕÎ ÕÐ¨° ±¢ ·±¨ É·¥ÉÓ¥£µ ¶µ±µ²¥´¨Ö [16, 17],   É ±¦¥
ÊÎ¥É ¡µ²ÓÏµ° ³ ¸¸Ò t-±¢ ·±  [18Ä20], ´¥ ¶·¨¢¥²¨ ± §´ Î¨É¥²Ó´µ³Ê ¨§³¥-
´¥´¨Õ É¥µ·¥É¨Î¥¸±¨Ì ·¥§Ê²ÓÉ Éµ¢. ‚ ¶µ¸²¥¤´¨¥ £µ¤Ò Ê¸¨²¨Ö, ´ ¶· ¢²¥´´Ò¥
´  ·¥Ï¥´¨¥ ¶·µ¡²¥³Ò ∆I = 1/2, ¶·¨² £ ²¨¸Ó ¢ ¤¢ÊÌ ´ ¶· ¢²¥´¨ÖÌ. ‘ µ¤-
´µ° ¸Éµ·µ´Ò, ¤µ¸É¨£´ÊÉ ¶·µ£·¥¸¸ ¢  ´ ²¨§¥ ÔËË¥±Éµ¢ ³ ²ÒÌ · ¸¸ÉµÖ´¨° § 
¸Î¥É ¢ÒÎ¨¸²¥´¨Ö ¶µ¶· ¢µ± ± £² ¢´µ³Ê ²µ£ ·¨Ë³¨Î¥¸±µ³Ê ¶·¨¡²¨¦¥´¨Õ ¤²Ö
ÔËË¥±É¨¢´µ£µ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ£µ £ ³¨²ÓÉµ´¨ ´  [21Ä27]. ‘ ¤·Ê£µ° ¸Éµ-
·µ´Ò, · §· ¡µÉ ´Ò ´µ¢Ò¥ ³¥Éµ¤Ò  ´ ²¨§  ÔËË¥±Éµ¢ ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨°, ¢
Éµ³ Î¨¸²¥ µ¸´µ¢ ´´Ò¥ ´  ±¨· ²Ó´µ° ÔËË¥±É¨¢´µ° É¥µ·¨¨ [28Ä30], 1/Nc-
· §²µ¦¥´¨¨ Š•„ ¢ ¶·¥¤¥²¥ ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢  Í¢¥Éµ¢ Nc → ∞ [31Ä35],
 ¤·µ´´ÒÌ ¶· ¢¨² Ì ¸Ê³³ [35Ä38],   É ±¦¥ ´  ·¥Ï¥ÉµÎ´ÒÌ ³µ¤¥²ÖÌ É¥µ·¨¨
¶µ²Ö [39Ä44]. �¥¸³µÉ·Ö ´  §´ Î¨É¥²Ó´Ò¥ Ê¸¨²¨Ö, µ±µ´Î É¥²Ó´µ¥ ·¥Ï¥´¨¥
¶·µ¡²¥³Ò ∆I = 1/2 ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö µÉ¸ÊÉ¸É¢Ê¥É.

„·Ê£µ° ËÊ´¤ ³¥´É ²Ó´µ° É¥µ·¥É¨Î¥¸±µ° ¶·µ¡²¥³µ°, ¸¢Ö§ ´´µ° ¸ ´¥²¥¶-
Éµ´´Ò³¨ · ¸¶ ¤ ³¨ K-³¥§µ´µ¢, Ö¢²Ö¥É¸Ö ´ ·ÊÏ¥´¨¥ CP-¨´¢ ·¨ ´É´µ¸É¨ ¢
ÔÉ¨Ì · ¸¶ ¤ Ì. Š ± ¨§¢¥¸É´µ [6], ¢ ‘Œ ¸ É·¥³Ö ¶µ±µ²¥´¨Ö³¨ ±¢ ·±µ¢ ´ -
²¨Î¨¥ CP-´¥¨´¢ ·¨ ´É´µ° Ë §Ò δ ¢ ³ É·¨Í¥ ŠŠŒ ¶·¨¢µ¤¨É ± ´ ·ÊÏ¥´¨Õ
CP-¨´¢ ·¨ ´É´µ¸É¨ ¢ · ¸¶ ¤ Ì KL → ππ, £¤¥ KL Å ¤µ²£µ¦¨¢ÊÐ¥¥ ¸µ¸Éµ-
Ö´¨¥ ´¥°É· ²Ó´ÒÌ K-³¥§µ´µ¢. � §²¨Î ÕÉ ¸¢¥·Ì¸² ¡Ò° [45] ¨ ©¶·Ö³µ°ª [46]
³¥Ì ´¨§³Ò ÔÉµ£µ ´ ·ÊÏ¥´¨Ö.

ˆ§-§  ´ ²¨Î¨Ö CP-´¥¨´¢ ·¨ ´É´µ° Î ¸É¨ ¢  ³¶²¨ÉÊ¤¥ ¶¥·¥Ìµ¤µ¢
K0 ↔ K̄0 Ë¨§¨Î¥¸±¨¥ ¸µ¸ÉµÖ´¨Ö ¤µ²£µ¦¨¢ÊÐ¥£µ KL- ¨ ±µ·µÉ±µ¦¨¢ÊÐ¥£µ
KS-³¥§µ´µ¢ Ö¢²ÖÕÉ¸Ö ¸Ê¶¥·¶µ§¨Í¨Ö³¨ CP-Î¥É´µ°

Keven =
K0 + K̄0

√
2

(1.6)

¨ CP-´¥Î¥É´µ°

Kodd =
K0 − K̄0

√
2

(1.7)

±µ³¡¨´ Í¨° ´¥°É· ²Ó´ÒÌ K-³¥§µ´µ¢:

KS =
1√

1 + ε2
(Keven + εKodd) , (1.8)

KL =
1√

1 + ε2
(Kodd + εKeven) . (1.9)

� ²¨Î¨¥ ¶·¨³¥¸¨ Keven ¢ ¸µ¸ÉµÖ´¨¨ KL ¶·¨¢µ¤¨É ± ¢µ§³µ¦´µ¸É¨ · ¸¶ ¤µ¢
KL → ππ ¨ ¨§¢¥¸É´µ ± ± ¸¢¥·Ì¸² ¡µ¥ ´ ·ÊÏ¥´¨¥ CP-¨´¢ ·¨ ´É´µ¸É¨ [45].

� ¸¶ ¤Ò KL → ππ ³µ£ÊÉ É ±¦¥ ¨¤É¨ §  ¸Î¥É ¶·Ö³ÒÌ CP-´¥¨´¢ ·¨ ´É´ÒÌ
¶¥·¥Ìµ¤µ¢ Kodd → ππ. ‚¢µ¤Ö ¶ · ³¥É· ¶·Ö³µ£µ ´ ·ÊÏ¥´¨Ö CP-¨´¢ ·¨ ´É-
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´µ¸É¨ [46]:

ε′ ≡ A(Kodd → π+π−)

A(Keven → π+π−)
, (1.10)

¤²Ö ¶µ²´µ° µÉ´µ¸¨É¥²Ó´µ° ¢¥·µÖÉ´µ¸É¨ · ¸¶ ¤µ¢ KL → ππ ¢ ²¨´¥°´µ³ ¶·¨-
¡²¨¦¥´¨¨ ¶µ ε ¨ ε′ ³Ò ¨³¥¥³

A(KL → π+π−)

A(KS → π+π−)
= ε+ ε′, (1.11)

A(KL → π0π0)

A(KS → π0π0)
= ε− 2ε′. (1.12)

‘¢¥·Ì¸² ¡Ò° ³¥Ì ´¨§³ ´ ·ÊÏ¥´¨Ö CP-¨´¢ ·¨ ´É´µ¸É¨ ¤µ¸É ÉµÎ´µ Ìµ-
·µÏµ ¨§ÊÎ¥´ ± ± ´  É¥µ·¥É¨Î¥¸±µ³, É ± ¨ ´  Ô±¸¶¥·¨³¥´É ²Ó´µ³ Ê·µ¢´¥
(µ¡§µ· ¶µ¸²¥¤´¨Ì ·¥§Ê²ÓÉ Éµ¢ ³µ¦¥É ¡ÒÉÓ ´ °¤¥´ ¢ · ¡µÉ¥ [24]). ‚ Éµ ¦¥
¢·¥³Ö É¥µ·¥É¨Î¥¸±¨¥ µÍ¥´±¨ ¶ · ³¥É·  ε′ ´  ¶·µÉÖ¦¥´¨¨ ¶µ¸²¥¤´¨Ì ²¥É §´ -
Î¨É¥²Ó´µ ³¥´Ö²¨¸Ó. „µ ±µ´Í  ¢µ¸Ó³¨¤¥¸ÖÉÒÌ £µ¤µ¢ ¸Î¨É ²µ¸Ó, ÎÉµ §´ Î¥-
´¨¥ ¶ · ³¥É·  ε′ ¢ µ¸´µ¢´µ³ µ¶·¥¤¥²Ö¥É¸Ö ¢±² ¤µ³ £²Õµ´´µ£µ ©¶¨´£¢¨´ ª
[17,47Ä50], ¢ Éµ ¢·¥³Ö ± ± É ± ´ §Ò¢ ¥³Ò¥ Ô²¥±É·µ¸² ¡Ò¥ ©¶¨´£¢¨´Òª ¨£· ÕÉ
²¨ÏÓ ¢Éµ·µ¸É¥¶¥´´ÊÕ ·µ²Ó. ‚ · ¡µÉ¥ [51], µ¤´ ±µ, ¡Ò²µ µ¡´ ·Ê¦¥´µ, ÎÉµ ¶·¨
³ ¸¸¥ t-±¢ ·± , ¡µ²ÓÏ¥° ³ ¸¸Ò W -¡µ§µ´ , ¢±² ¤ Ô²¥±É·µ¸² ¡ÒÌ ©¶¨´£¢¨´µ¢ª
¸É ´µ¢¨É¸Ö ¤µ¸É ÉµÎ´µ ¡µ²ÓÏ¨³. �µ µÉ´µÏ¥´¨Õ ± ¢±² ¤Ê £²Õµ´´µ£µ ©¶¨´-
£¢¨´ ª µ´ ¨³¥¥É ¶·µÉ¨¢µ¶µ²µ¦´Ò° §´ ± ¨, ¸²¥¤µ¢ É¥²Ó´µ, ³µ¦¥É ¶·¨¢¥¸É¨ ±
¸ÊÐ¥¸É¢¥´´µ³Ê ¶µ¤ ¢²¥´¨Õ ¢¥²¨Î¨´Ò ε′ [19, 20, 52Ä55]. �¥¤ ¢´¥¥ Ô±¸¶¥·¨-
³¥´É ²Ó´µ¥ µÉ±·ÒÉ¨¥ t-±¢ ·±  [56, 57] ¨ ¢¥¸Ó³  ÉµÎ´µ¥ ¨§³¥·¥´¨¥ ¥£µ ³ ¸¸Ò
mt = (176±8(¸É É.)±10(¸¨¸É.)) ƒÔ‚ ¶µ§¢µ²¨²µ §´ Î¨É¥²Ó´µ ¶µ´¨§¨ÉÓ ´¥µ¶·¥-

¤¥²¥´´µ¸ÉÓ É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤¸± § ´¨° ¤²Ö ¶ · ³¥É·  ε′. �¸´µ¢´ Ö ´¥µ¶·¥-
¤¥²¥´´µ¸ÉÓ ¢ µÍ¥´± Ì ¢ ´ ¸ÉµÖÐ¨° ³µ³¥´É ¸¢Ö§ ´  ¸ ¢ÒÎ¨¸²¥´¨¥³ ³ É·¨Î´ÒÌ
Ô²¥³¥´Éµ¢ ÔËË¥±É¨¢´µ£µ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ£µ £ ³¨²ÓÉµ´¨ ´  [27].

–¥²Ó ¤ ´´µ° · ¡µÉÒ Å µ¡§µ· ¶µ¸²¥¤´¨Ì ·¥§Ê²ÓÉ Éµ¢ É¥µ·¥É¨Î¥¸±µ£µ  ´ -
²¨§  ´¥²¥¶Éµ´´ÒÌ · ¸¶ ¤µ¢ K-³¥§µ´µ¢ ¢ ‘Œ. �¸´µ¢´µ¥ ¢´¨³ ´¨¥ ¢ ¸É ÉÓ¥
Ê¤¥²¥´µ  ´ ²¨§Ê ÔËË¥±Éµ¢ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ´  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ.

‚ · §¤. 2 · ¸¸³µÉ·¥´Ò ¢µ§³µ¦´Ò¥ µ¡µ¡Ð¥´¨Ö ± ´µ´¨Î¥¸±µ£µ Î¥ÉÒ·¥Ì-
±¢ ·±µ¢µ£µ ÔËË¥±É¨¢´µ£µ ∆S = 1 £ ³¨²ÓÉµ´¨ ´ .

‚ · §¤. 3 ¶·¥¤¸É ¢²¥´Ò · §²¨Î´Ò¥ ³¥Éµ¤Ò ¢ÒÎ¨¸²¥´¨Ö  ¤·µ´´ÒÌ ³ É·¨Î-
´ÒÌ Ô²¥³¥´Éµ¢ ²µ± ²Ó´ÒÌ Š•„-µ¶¥· Éµ·µ¢, µ¡· §ÊÕÐ¨Ì ÔËË¥±É¨¢´Ò° £ -
³¨²ÓÉµ´¨ ´.

‚ · §¤. 4 · ¸¸³µÉ·¥´ ´¥¶¥·ÉÊ·¡ É¨¢´Ò° ¢±² ¤ ¢  ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢
K → ππ §  ¸Î¥É ¶¥·¥Ìµ¤µ¢ ¸ £²Õµ´ ³¨ ¢ ¶·µ³¥¦ÊÉµÎ´µ³ ¸µ¸ÉµÖ´¨¨.

‚ · §¤. 5 ¤ ´Ò ´µ¢Ò¥ µÍ¥´±¨ ¶ · ³¥É·µ¢ · ¸¶ ¤µ¢ K → ππ.
‚ ¶·¨²µ¦¥´¨¨ ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ [12] ¨ ·¥§Ê²ÓÉ ÉÒ

Î¨¸²¥´´µ£µ  ´ ²¨§  [27], ±µÉµ·Ò¥ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¶·¨ ¨¸¸²¥¤µ¢ ´¨¨ · ¸¶ ¤µ¢
K → ππ.
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2. ��‚›… ‘’�“Š’“�› ‚ �””…Š’ˆ‚��Œ
�ˆ‡Š���…�ƒ…’ˆ—…‘Š�Œ ∆S = 1 ƒ�Œˆ‹œ’��ˆ��…

2.1. —¥ÉÒ·¥Ì±¢ ·±µ¢Ò° ÔËË¥±É¨¢´Ò° ∆S = 1 £ ³¨²ÓÉµ´¨ ´. „·¥¢¥¸-
´Ò° ÔËË¥±É¨¢´Ò° ∆S = 1 £ ³¨²ÓÉµ´¨ ´ ¢ µ¡² ¸É¨  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ-
¡µ¤Ò [58,59] ¶·¨ Ô´¥·£¨ÖÌ ¶µ·Ö¤±  ³ ¸¸Ò W -¡µ§µ´  MW ¨³¥¥É ¢¨¤ [16]:

H∆S=1 =
GF√

2
VudV

∗
us

(
(Qu2 −Qc2) + τ(Qc2 −Qt2)

)
+ Ô.¸., (2.1)

£¤¥ Qq2 = (s̄q)V−A(q̄d)V−A ¨ τ = −VtdV ∗ts/VudV ∗us. �·¨³¥´ÖÖ µ¶¥· Éµ·´µ¥
· §²µ¦¥´¨¥ (��) [4, 60] ± ¶·µ¨§¢¥¤¥´¨Õ § ·Ö¦¥´´ÒÌ ¸² ¡ÒÌ ±¢ ·±µ¢ÒÌ Éµ-
±µ¢ ¨ ¨¸¶µ²Ó§ÊÖ ³¥Éµ¤ ·¥´µ·³ ²¨§ Í¨µ´´µ° £·Ê¶¶Ò [61Ä63], ÔËË¥±É¨¢´Ò°
£ ³¨²ÓÉµ´¨ ´ ³µ¦´µ ´ °É¨ ¶·¨ Ô´¥·£¨ÖÌ, Ì · ±É¥·´ÒÌ ¤²Ö ¸² ¡ÒÌ · ¸¶ ¤µ¢
²¥£±¨Ì  ¤·µ´µ¢ [9, 14Ä20, 22Ä26, 51, 64Ä70]. “Î¥É ¸¨²Ó´ÒÌ ¨ Ô²¥±É·µ¸² ¡ÒÌ
¶µ¶· ¢µ± ¶·¨¢µ¤¨É ± ¶µÖ¢²¥´¨Õ ´µ¢ÒÌ µ¶¥· Éµ·µ¢ ¢ ÔËË¥±É¨¢´µ³ £ ³¨²ÓÉµ-
´¨ ´¥. —¥ÉÒ·¥Ì±¢ ·±µ¢Ò° ´¨§±µÔ´¥·£¥É¨Î¥¸±¨° ÔËË¥±É¨¢´Ò° £ ³¨²ÓÉµ´¨ ´
¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤: [19]

H∆S=1 =
GF√

2
VudV

∗
us

10∑
i=1

[zi(µ) + τyi(µ)]Qi + Ô.¸. , (2.2)

£¤¥ yi(µ) ¨ zi(µ) Å ±µÔËË¨Í¨¥´ÉÒ ‚¨²Ó¸µ´ , ¢§ÖÉÒ¥ ¢ ÉµÎ±¥ ´µ·³¨·µ¢±¨
µ < mc. ‚ Ê· ¢´¥´¨¨ (2.2) Qi (i = 3, ..., 10) Å ¶µ²´Ò° ¡ §¨¸ ∆S = 1
²µ± ²Ó´ÒÌ Î¥ÉÒ·¥Ì±¢ ·±µ¢ÒÌ µ¶¥· Éµ·µ¢, ¢±²ÕÎ ÕÐ¨Ì ²¥£±¨¥ u-, d- ¨
s-±¢ ·±¨:

Q1 = (s̄aub)V−A (ūbda)V−A ,

Q2 = (s̄u)V−A (ūd)V−A ,

Q3 = (s̄d)V−A

∑
q=u, d, s

(q̄q)V−A ,

Q4 = (s̄adb)V−A

∑
q=u, d, s

(q̄bqa)V−A ,

Q5 = (s̄d)V−A

∑
q=u, d, s

(q̄q)V+A ,

Q6 = (s̄adb)V−A

∑
q=u, d, s

(q̄bqa)V+A , (2.3)

Q7 =
3

2
(s̄d)V−A

∑
q=u, d, s

eq (q̄q)V+A ,

Q8 =
3

2
(s̄adb)V−A

∑
q=u, d, s

eq (q̄bqa)V+A ,
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Q9 =
3

2
(s̄d)V−A

∑
q=u, d, s

eq (q̄q)V−A ,

Q10 =
3

2
(s̄adb)V−A

∑
q=u, d, s

eq (q̄bqa)V−A ,

£¤¥ a, b Å ¨´¤¥±¸Ò £·Ê¶¶Ò Í¢¥Éµ¢ SUc(3), eq Å § ·Ö¤Ò ±¢ ·±µ¢ ¨ (q̄q)V±A
µ¡µ§´ Î ¥É q̄γµ(1 ± γ5)q.

�¶¥· Éµ·Ò (2.3) ´¥ Ö¢²ÖÕÉ¸Ö ´¥§ ¢¨¸¨³Ò³¨. Œ¥¦¤Ê ´¨³¨ ¸ÊÐ¥¸É¢ÊÕÉ
²¨´¥°´Ò¥ ¸¢Ö§¨:

Q4 = Q3 +Q2 −Q1 ,

Q9 =
1

2
(3Q1 −Q3) , (2.4)

Q10 = Q2 +
1

2
(Q1 −Q3) .

�¶¥· Éµ· Q2 µ¶·¥¤¥²Ö¥É ¢¥¤ÊÐ¥¥ ¶·¨¡²¨¦¥´¨¥ ¶µ ¸¨²Ó´µ³Ê ¨ Ô²¥±É·µ-
¸² ¡µ³Ê ¢§ ¨³µ¤¥°¸É¢¨Õ. �¶¥· Éµ· Q1 ¸³¥Ï¨¢ ¥É¸Ö ¸ µ¶¥· Éµ·µ³ Q2 §  ¸Î¥É
µ¡³¥´  ¢¨·ÉÊ ²Ó´Ò³¨ £²Õµ´ ³¨ ³¥¦¤Ê ±¢ ·±µ¢Ò³¨ ²¨´¨Ö³¨ [9, 13]. �¶¥· -
Éµ·Ò Qi (i = 3, ..., 6) (É ± ´ §Ò¢ ¥³Ò¥ £²Õµ´´Ò¥ ©¶¨´£¢¨´Òª) ¢µ§´¨± ÕÉ ¢
ÔËË¥±É¨¢´µ³ £ ³¨²ÓÉµ´¨ ´¥ ¡² £µ¤ ·Ö  ´´¨£¨²ÖÍ¨µ´´Ò³ ¤¨ £· ³³ ³ ¸ ¢¨·-
ÉÊ ²Ó´Ò³ £²Õµ´µ³ [14, 15]. �¶¥· Éµ·Ò Qi (i = 7, ..., 10) (É ± ´ §Ò¢ ¥³Ò¥
Ô²¥±É·µ¸² ¡Ò¥ ©¶¨´£¢¨´Òª) ¢µ§´¨± ÕÉ §  ¸Î¥É  ´ ²µ£¨Î´ÒÌ ¤¨ £· ³³ ¸ ¢¨·-
ÉÊ ²Ó´Ò³ ËµÉµ´µ³ ¨²¨ Z0-¡µ§µ´µ³ ¨ ¸¨²Ó´ÒÌ ¶µ¶· ¢µ± ± ÔÉ¨³ ¤¨ £· ³-
³ ³ [51,67].

�µ²´Ò° ÔËË¥±É¨¢´Ò° ∆S = 1 £ ³¨²ÓÉµ´¨ ´, µ¤´ ±µ, ¢±²ÕÎ ¥É ¢ ¸¥¡Ö
É ±¦¥ µ¶¥· Éµ·´Ò¥ ¸É·Ê±ÉÊ·Ò, µÉ²¨Î´Ò¥ µÉ (2.3). ‚µ§´¨± ¥É ¢µ¶·µ¸ Å ´ -
¸±µ²Ó±µ Ìµ·µÏµ Î¥ÉÒ·¥Ì±¢ ·±µ¢Ò° ÔËË¥±É¨¢´Ò° £ ³¨²ÓÉµ´¨ ´ µ¶¨¸Ò¢ ¥É
´¥²¥¶Éµ´´Ò¥ · ¸¶ ¤Ò K-³¥§µ´µ¢. ‚ ¸²¥¤ÊÕÐ¨Ì ¶ · £· Ë Ì ³Ò · ¸¸³µÉ·¨³
´ ¨¡µ²¥¥ ¢ ¦´Ò¥ µ¡µ¡Ð¥´¨Ö Î¥ÉÒ·¥Ì±¢ ·±µ¢µ£µ ÔËË¥±É¨¢´µ£µ £ ³¨²ÓÉµ´¨-
 ´  ¨ µÍ¥´¨³ ¢±² ¤Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì (´¥Î¥ÉÒ·¥Ì±¢ ·±µ¢ÒÌ) µ¶¥· Éµ·µ¢ ¢
 ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢ K-³¥§µ´µ¢.

2.2. Š¢ ·±-£²Õµ´´Ò° µ¶¥· Éµ· ¢ ÔËË¥±É¨¢´µ³ ∆S = 1 £ ³¨²ÓÉµ´¨-
 ´¥ ¶·¨ mt > MW . �·¨ Ô¢µ²ÕÍ¨¨ ÔËË¥±É¨¢´µ£µ £ ³¨²ÓÉµ´¨ ´  µÉ Ô´¥·£¨°
¶µ·Ö¤±  MW ¤µ ´¥±µÉµ·µ° Ï± ²Ò µ < MW ¢ ¸É ´¤ ·É´µ³ ¶µ¤Ìµ¤¥ ¤¥² ÕÉ¸Ö
¸²¥¤ÊÕÐ¨¥ Ê¶·µÐ¥´¨Ö:

i) ¢¸¥ ±¢ ·±¨ ¸ ³ ¸¸ ³¨ mq < µ ¸Î¨É ÕÉ¸Ö ¡¥§³ ¸¸µ¢Ò³¨,
ii) ³ ¸¸Ò ÉÖ¦¥²ÒÌ (mq > µ, q 6= t) ±¢ ·±µ¢ ¸Î¨É ÕÉ¸Ö ¶·¥´¥¡·¥¦¨³µ

³ ²Ò³¨ ¶µ ¸· ¢´¥´¨Õ ¸ MW , Éµ ¥¸ÉÓ ±µÔËË¨Í¨¥´ÉÒ ‚¨²Ó¸µ´  ± ± ËÊ´±Í¨¨
µÉ´µÏ¥´¨Ö xq = m2

q/M
2
W ¡¥·ÊÉ¸Ö ¢ ÉµÎ±¥ xq = 0.

�µ¸²¥¤´¥¥ ¶·¨¡²¨¦¥´¨¥ ´¥ · ¡µÉ ¥É ¢ ¸²ÊÎ ¥ t-±¢ ·± , ¶µ¸±µ²Ó±Ê
mt ∼MW , ¨ § ¢¨¸¨³µ¸ÉÓ ±µÔËË¨Í¨¥´Éµ¢ ‚¨²Ó¸µ´  µÉ ³ ¸¸Ò t-±¢ ·±  ´¥µ¡-
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Ìµ¤¨³µ ÊÎ¨ÉÒ¢ ÉÓ ÉµÎ´µ. �µ¸²¥¤µ¢ É¥²Ó´Ò° ·¥´µ·³£·Ê¶¶µ¢µ°  ´ ²¨§ ÔËË¥±-
É¨¢´µ£µ £ ³¨²ÓÉµ´¨ ´  ¸ ÊÎ¥Éµ³ ¡µ²ÓÏµ° ³ ¸¸Ò t-±¢ ·±  ¡Ò² ¶·µ¢¥¤¥´ ¢ · -
¡µÉ Ì [18Ä20]. ‚ ÔÉ¨Ì · ¡µÉ Ì, µ¤´ ±µ, ´¥ ¡Ò² · ¸¸³µÉ·¥´ ¢±² ¤ ¢ ÔËË¥±É¨¢-
´Ò° £ ³¨²ÓÉµ´¨ ´ ±¢ ·±-£²Õµ´´µ£µ µ¶¥· Éµ·  msQ

(5) = mss̄RgsGµνσ
µνdL.

‡¤¥¸Ó qL(R) µ¡µ§´ Î ¥É ²¥¢Ò° (¶· ¢Ò°) ±¢ ·±, Gµν ≡ Gaµνta Å É¥´§µ· ´ ¶·Ö-
¦¥´´µ¸É¨ £²Õµ´´µ£µ ¶µ²Ö, ta Å £¥´¥· Éµ· £·Ê¶¶Ò Í¢¥Éµ¢ SUc(3) ¨ σµν =
i[γµ, γν ]/2. …¸²¨ ¡Ò ³ ¸¸Ò ¢¸¥Ì ±¢ ·±µ¢ ¡Ò²¨ ³´µ£µ ³¥´ÓÏ¥ ³ ¸¸ÒW -¡µ§µ´ ,
Éµ ¢ £² ¢´µ³ ²µ£ ·¨Ë³¨Î¥¸±µ³ ¶·¨¡²¨¦¥´¨¨ ¢±² ¤ ±¢ ·±-£²Õµ´´µ£µ µ¶¥· -
Éµ·  µÉ¸ÊÉ¸É¢µ¢ ² ¡Ò [14,16] ¨§-§  ¸µ±· Ð¥´¨Ö ƒˆŒ [71], ÎÉµ ´  ¶·µÉÖ¦¥´¨¨
¤µ²£µ£µ ¢·¥³¥´¨ ¡Ò²µ ¶·¨Î¨´µ° ¶·¥´¥¡·¥¦¥´¨Ö ÔÉ¨³ µ¶¥· Éµ·µ³. �´ ²¨§
¢Éµ·µ£µ ¶µ·Ö¤±  É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¶µ αs ¢ ¶·¥¤¶µ²µ¦¥´¨¨ mt � MW

É ±¦¥ µ¡´ ·Ê¦¨² ¸¨²Ó´µ¥ ¶µ¤ ¢²¥´¨¥ ±µÔËË¨Í¨¥´É  ‚¨²Ó¸µ´  ÔÉµ£µ µ¶¥· -
Éµ·  [14,21].

� ¸¸³µÉ·¨³ ¢±² ¤ ±¢ ·±-£²Õµ´´µ£µ µ¶¥· Éµ·  ¢ ¸²ÊÎ ¥ mt > MW

[72,73]. ˆ´É¥·¥¸ÊÕÐ¨° ´ ¸ ¢±² ¤ £¥´¥·¨·Ê¥É¸Ö  ´´¨£¨²ÖÍ¨µ´´Ò³¨ ¤¨ £· ³-
³ ³¨ ¸ ¢´¥Ï´¥° £²Õµ´´µ° ²¨´¨¥° ¨ t-, c- ¨ u-±¢ ·± ³¨ ¢ ¶¥É²¥. ‘µµÉ¢¥É¸É¢Ê-
ÕÐ¥¥  ´ ²¨É¨Î¥¸±µ¥ ¢Ò· ¦¥´¨¥ ¥¸ÉÓ

GF√
2
VudV

∗
us ((Eu − Ec) + τ(Ec − Et)) , (2.5)

Eq = 4

∫
s̄LγµŜ(p+ l, mq)ÂŜ(p+ l + k, mq)γνdLDµν(p)

d4p

(2π)4
, (2.6)

£¤¥ Ŝ(p, mq) = Sµ(p, mq)γµ Å ¶·µ¶ £ Éµ· q-±¢ ·± , Dµν(p) Å ¶·µ¶ £ Éµ·

W -¡µ§µ´  ¨ Â ≡ Aaµγµta Å ¢´¥Ï´¥¥ £²Õµ´´µ¥ ¶µ²¥.
‚Ò¤¥²¨¢ ± ²¨¡·µ¢µÎ´µ-¨´¢ ·¨ ´É´ÊÕ ¸É·Ê±ÉÊ·Ê, ¶µ²µ¦¨¢ ¢´¥Ï´¨¥

¨³¶Ê²Ó¸Ò k ¨ l · ¢´Ò³¨ ´Ê²Õ ¨ Ê¤¥·¦¨¢ Ö ¢¥²¨Î¨´Ò ¶¥·¢µ£µ ¶µ·Ö¤± 
¶µ ms, ¶µ²ÊÎ ¥³ ¤µ¶µ²´¨É¥²Ó´Ò° ¢±² ¤ ¢ ÔËË¥±É¨¢´Ò° £ ³¨²ÓÉµ´¨ ´ (¶·¨
µ ∼MW ):

∆H∆S=1 =
GF√

2
VudV

∗
usτC

(5)(MW )msQ
(5)(MW ) + Ô.¸. , (2.7)

C(5)(MW ) =
1

16π2
(F (0)− F (xt)) ,

F (xq) = −1

3

1

(xq − 1)4

(
5

2
xq

4 − 7xq
3 +

39

2
xq

2 − 19xq + 4− 9xq
2 ln xq

)
,

(2.8)

F (0) = −4

3
.

‚¥²¨Î¨´Ò xc ¨ xu ¢ Ê· ¢´¥´¨¨ (2.7) ¸Î¨É ÕÉ¸Ö · ¢´Ò³¨ ´Ê²Õ. ‚±² ¤Ò ¶¥É¥²Ó
¸ c- ¨ u-±¢ ·± ³¨ ¸µ±· Ð ÕÉ ¤·Ê£ ¤·Ê£ , ¶µÔÉµ³Ê ¢±² ¤ µ¶¥· Éµ·  ¶·µ¶µ·Í¨-
µ´ ²¥´ τ . ’ ±¨³ µ¡· §µ³, µ¶¥· Éµ· msQ

(5) ¨£· ¥É ·µ²Ó ¶·¨  ´ ²¨§¥ ³´¨³µ°
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Î ¸É¨ ÔËË¥±É¨¢´µ£µ £ ³¨²ÓÉµ´¨ ´ , £¤¥ ¸³¥Ï¨¢ ´¨¥ ¸ t-±¢ ·±µ³ ¨³¥¥É ·¥-
Ï ÕÐ¥¥ §´ Î¥´¨¥. „²Ö Éµ£µ ÎÉµ¡Ò ´ °É¨ ÔÉµÉ ¢±² ¤ ´  Ï± ²¥ µ ∼ 1 ƒÔ‚,
¢µ¸¶µ²Ó§Ê¥³¸Ö ³¥Éµ¤µ³ ·¥´µ·³ ²¨§ Í¨µ´´µ° £·Ê¶¶Ò. ‚ £² ¢´µ³ ²µ£ ·¨Ë³¨-
Î¥¸±µ³ ¶·¨¡²¨¦¥´¨¨ µ¶¥· Éµ· msQ

(5) ´¥ ¸³¥Ï¨¢ ¥É¸Ö ¸ Î¥ÉÒ·¥Ì±¢ ·±µ¢Ò³¨
µ¶¥· Éµ· ³¨ ¨ ¶¥·¥´µ·³¨·Ê¥É¸Ö ³Ê²ÓÉ¨¶²¨± É¨¢´µ [74].

�¥´µ·³£·Ê¶¶µ¢µ¥ Ê· ¢´¥´¨¥ ¤²Ö ±µÔËË¨Í¨¥´É  ‚¨²Ó¸µ´  ¨³¥¥É ¶·µ¸Éµ°
¢¨¤: (

µ
d

dµ
+
αs

4π
γ(5)

)
C(µ) = 0 , (2.9)

£¤¥ γ(5) = −28/3 Å  ´µ³ ²Ó´ Ö · §³¥·´µ¸ÉÓ µ¶¥· Éµ·  msQ
(5) [74]. �¥Ï Ö

Ê· ¢´¥´¨¥ (2.9), ¶µ²ÊÎ ¥³

C(µ) = η(µ)C(MW ) . (2.10)

�¥´µ·³£·Ê¶¶µ¢µ° Ë ±Éµ· η(µ) ¨³¥¥É ¢¨¤

η(µ) =

(
αs(mb)

αs(MW )

)γ(5)/2β5
(
αs(mc)

αs(mb)

)γ(5)/2β4
(
αs(µ)

αs(mc)

)γ(5)/2β3

, (2.11)

£¤¥ βnf = 11− 2
3nf Å µ¤´µ¶¥É²¥¢ Ö β-ËÊ´±Í¨Ö ¤²Ö nf ±¢ ·±µ¢ÒÌ  ·µ³ Éµ¢.

‚ ·¥§Ê²ÓÉ É¥ ¢³¥¸Éµ Ê· ¢´¥´¨Ö (2.7) ¶·¨ µ ∼ 1 ƒÔ‚ ¶µ²ÊÎ ¥³

∆H∆S=1 =
GF√

2
VudV

∗
usτC

(5)(µ)msQ
(5)(µ) + Ô.¸. (2.12)

—¨¸²¥´´µ¥ §´ Î¥´¨¥ ±µÔËË¨Í¨¥´É  C(5) µ± §Ò¢ ¥É¸Ö ³ ²Ò³ ¶µ ¸· ¢´¥-
´¨Õ ¸ ±µÔËË¨Í¨¥´É ³¨ ‚¨²Ó¸µ´  Î¥ÉÒ·¥Ì±¢ ·±µ¢ÒÌ µ¶¥· Éµ·µ¢, ¶µ¸±µ²Ó±Ê
F (x) ¸² ¡µ ³¥´Ö¥É¸Ö ¶·¨ ¨§³¥´¥´¨¨  ·£Ê³¥´É  µÉ ´Ê²Ö ¤µ ¥¤¨´¨ÍÒ, ¨ η(µ) < 1
¶·¨ µ < MW . ’ ±, ¢ ÉµÎ±¥ ΛMS = 0, 3 ƒÔ‚, µ = 1 ƒÔ‚, mt = 176 ƒÔ‚ ³Ò
¨³¥¥³ C(5) = −0, 001, ¢ Éµ ¢·¥³Ö ± ± ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ±µÔËË¨Í¨¥´É ‚¨²Ó-
¸µ´ , ´ ¶·¨³¥·, µ¶¥· Éµ·  Q6, ¨³¥¥É §´ Î¥´¨¥ y6 = −0, 102 [19]. �¤´ ±µ ¢
· ¡µÉ¥ [75] ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ¶µ¶· ¢±¨ ± ·¥§Ê²ÓÉ ÉÊ (2.12) §  ¸Î¥É ¸³¥Ï¨¢ -
´¨Ö µ¶¥· Éµ·  msQ

(5) ¸ Î¥ÉÒ·¥Ì±¢ ·±µ¢Ò³¨ µ¶¥· Éµ· ³¨ ¢µ ¢Éµ·µ³ ¶µ·Ö¤±¥
É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¨ ¡Ò²µ µ¡´ ·Ê¦¥´µ, ÎÉµ ¡² £µ¤ ·Ö ÔÉµ³Ê ¸³¥Ï¨¢ ´¨Õ
±µÔËË¨Í¨¥´É ‚¨²Ó¸µ´  µ¶¥· Éµ·  msQ

(5) §´ Î¨É¥²Ó´µ Ê¸¨²¨¢ ¥É¸Ö. ‚ Ê± -
§ ´´µ° ÉµÎ±¥ ´µ·³¨·µ¢±¨ ¸ ÊÎ¥Éµ³ ¸³¥Ï¨¢ ´¨Ö ¢ · ¡µÉ¥ [75] ¡Ò²µ ¶µ²ÊÎ¥´µ
§´ Î¥´¨¥ C(5) = −0, 004, ÎÉµ ¸· ¢´¨³µ ¸µ §´ Î¥´¨Ö³¨ ±µÔËË¨Í¨¥´Éµ¢ ‚¨²Ó-
¸µ´  Î¥ÉÒ·¥Ì±¢ ·±µ¢ÒÌ µ¶¥· Éµ·µ¢.

2.3. �¶¥· Éµ·Ò · §³¥·´µ¸É¨ ¢µ¸¥³Ó ¢ ÔËË¥±É¨¢´µ³ ∆S = 1 £ ³¨²ÓÉµ-
´¨ ´¥. �·¨ ¢Ò¢µ¤¥ Î¥ÉÒ·¥Ì±¢ ·±µ¢µ£µ ÔËË¥±É¨¢´µ£µ £ ³¨²ÓÉµ´¨ ´  ¢ ��
ÊÎ¨ÉÒ¢ ÕÉ¸Ö µ¶¥· Éµ·Ò ¢¥¤ÊÐ¥° · §³¥·´µ¸É¨, ¢ Éµ ¢·¥³Ö ± ± Î²¥´Ò ¢¨¤ 
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Q(6+d)/md
q , £¤¥ Q(6+d) Å µ¶¥· Éµ·Ò · §³¥·´µ¸É¨ (6 + d) ¨ mq Å ³ ¸¸  ÉÖ-

¦¥²µ£µ ±¢ ·± , µÉ¡· ¸Ò¢ ÕÉ¸Ö. �Éµ ¶·¨¡²¨¦¥´¨¥ Ìµ·µÏµ · ¡µÉ ¥É ¢ ¸²ÊÎ ¥
t- ¨ b-±¢ ·±µ¢, ¶µ¸±µ²Ó±Ê  ¤·µ´´Ò° ³ É·¨Î´Ò° Ô²¥³¥´É µ¶¥· Éµ·  Q(6+d)

¨³¥¥É ¶µ·Ö¤µ± 〈Q(6+d)〉I ∼ 〈Q(6)〉I × (1 ƒÔ‚)d (1 ƒÔ‚ ¥¸ÉÓ Ì · ±É¥·´ Ö Ï± ² 
³ ¸¸ ¢ ¸¥±Éµ·¥ ²¥£±¨Ì ±¢ ·±µ¢), ¨ ÔËË¥±É¨¢´Ò° ¶ · ³¥É· · §²µ¦¥´¨Ö µ± §Ò-
¢ ¥É¸Ö ¶µ·Ö¤±  (1 )/mq. �¤´ ±µ c-±¢ ·± ´¥ Ö¢²Ö¥É¸Ö ¤µ¸É ÉµÎ´µ ÉÖ¦¥²Ò³ ¶µ
¸· ¢´¥´¨Õ ¸ Ì · ±É¥·´µ° Ï± ²µ° ³ ¸¸ ¢ ¸¥±Éµ·¥ ²¥£±¨Ì ±¢ ·±µ¢. ˆ§-§  ÔÉµ£µ
¶µ¶· ¢±¨ ¶µ µ¡· É´µ° ³ ¸¸¥ c-±¢ ·±  ³µ£ÊÉ ¡ÒÉÓ ¸ÊÐ¥¸É¢¥´´Ò ¨ É·¥¡ÊÕÉ
¤¥É ²Ó´µ£µ  ´ ²¨§  [76].

„µ µÉÐ¥¶²¥´¨Ö c-±¢ ·±  ¤·¥¢¥¸´Ò° ´¨§±µÔ´¥·£¥É¨Î¥¸±¨° ∆S = 1 £ ³¨²Ó-
Éµ´¨ ´ ¨³¥¥É ¢¨¤

H∆S=1 =
GF√

2
VudV

∗
us(Q

u
2 − (1− τ)Qc2) + Ô.¸. (2.13)

�·¨³¥´ÖÖ �� ¨ µ£· ´¨Î¨¢ Ö¸Ó ¢¥¤ÊÐ¨³¨ Î²¥´ ³¨ ¶µ αs ¨ 1/mc, ³Ò ¶µ²ÊÎ ¥³
ÔËË¥±É¨¢´Ò° £ ³¨²ÓÉµ´¨ ´ ¢¨¤ 

H∆S=1 = H(6) +H(8) . (2.14)

�¥·¢µ¥ ¸² £ ¥³µ¥ ¢ Ê· ¢´¥´¨¨ (2.14) ¸µµÉ¢¥É¸É¢Ê¥É ¢¥¤ÊÐ¨³ ¢±² ¤ ³
¶µ µ¡· É´µ° ³ ¸¸¥ c-±¢ ·±  ¨ ¸µ¢¶ ¤ ¥É ¸ ¶· ¢µ° Î ¸ÉÓÕ Ê· ¢´¥´¨Ö (2.2).
‚Éµ·µ¥ ¸² £ ¥³µ¥ ¢ Ê· ¢´¥´¨¨ (2.14) ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¢¥¤ÊÐ¨¥ ¶µ-
¶· ¢±¨ ¶µ 1/mc. „²Ö ¢ÒÎ¨¸²¥´¨Ö ¸² £ ¥³µ£µ H(8) Ê¤µ¡´µ ¨¸¶µ²Ó§µ¢ ÉÓ ³¥-
Éµ¤ Ëµ´µ¢µ£µ ¶µ²Ö. ˆ´É¥·¥¸ÊÕÐ¨° ´ ¸ ¢±² ¤ £¥´¥·¨·Ê¥É¸Ö  ´´¨£¨²ÖÍ¨µ´´µ°
¤¨ £· ³³µ° ¸ c-±¢ ·±µ³ ¢ ¶¥É²¥. ‘µµÉ¢¥É¸É¢ÊÕÐ¥¥  ´ ²¨É¨Î¥¸±µ¥ ¢Ò· ¦¥´¨¥
¥¸ÉÓ

4
GF√

2
VudV

∗
us(1 − τ)

∫
s̄LγµŜA(q,mc)γµdL

d4q

(2π)4
, (2.15)

£¤¥ ŜA(q,mc) = (q̂ + P̂ − mc)
−1 Å ¶·µ¶ £ Éµ· c-±¢ ·±  ¢µ ¢´¥Ï´¥³ ¶µ²¥,

Pµ Å µ¶¥· Éµ· ¨³¶Ê²Ó¸  ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¢´¥Ï´¥£µ £²Õµ´´µ£µ ¶µ²Ö Aµ, Pµ =

= i∂µ+Aµ, Aµ ≡ Aaµta. � §²µ¦¨³ ´¥²µ± ²Ó´Ò° µ¶¥· Éµ· ŜA(q,mc) ¢ ·Ö¤ ¨§
²µ± ²Ó´ÒÌ µ¶¥· Éµ·µ¢

ŜA(q,mc) =
1

q̂ −mc
− 1

q̂ −mc
P̂

1

q̂ −mc
+ . . . (2.16)

�µ¸²¥ ¨´É¥£·¨·µ¢ ´¨Ö ¶µ ¢¨·ÉÊ ²Ó´µ³Ê ¨³¶Ê²Ó¸Ê ·Ö¤ (2.16) ¶·¥¢· Ð ¥É¸Ö
¢ · §²µ¦¥´¨¥ ¶µ µ¡· É´µ° ³ ¸¸¥ c-±¢ ·± . ‚¥¤ÊÐ¨¥ ¶µ¶· ¢±¨ µ¶·¥¤¥²ÖÕÉ¸Ö
Î²¥´µ³, ±µÉµ·Ò° ¸µ¤¥·¦¨É ¶ÖÉÊÕ ¸É¥¶¥´Ó µ¶¥· Éµ·  Pµ:

1

m2
c

s̄LPµ1Pµ2Pµ3Pµ4Pµ5Γ
µ1µ2µ3µ4µ5dL , (2.17)
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£¤¥ ¢¥²¨Î¨´  Γµ1µ2µ3µ4µ5 ¶µ¸É·µ¥´  ¨§ ¶·µ¨§¢¥¤¥´¨° ³ É·¨Í „¨· ±  ¨ ³¥É·¨-
Î¥¸±µ£µ É¥´§µ· . Šµ³³ÊÉ Í¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö [Pµ, Pν ] = iGµν ¨ Ê· ¢´¥´¨Ö
¤¢¨¦¥´¨Ö

s̄P̂ = mss̄ , P̂ d = 0,

[Pµ, Gµν ] = −iJν ,

Jµ ≡ g2
s

∑
q=u,d,s

(q̄γµt
aq)ta

(2.18)

¶µ§¢µ²ÖÕÉ ¶¥·¥¶¨¸ ÉÓ ¢Ò· ¦¥´¨¥ (2.17) ¢ É¥·³¨´ Ì Gµν ¨ Jµ. ‚ ·¥§Ê²ÓÉ É¥
³Ò ¶µ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ ¶·¥¤¸É ¢²¥´¨¥ ¤²Ö ¶µ¶· ¢µ± ¶µ·Ö¤±  1/m2

c:

H(8) =
GF√

2
VudV

∗
us(1− τ)

αs

4π

1

m2
c

(
7∑
i=1

C
(8)
i Q

(8)
i +

4∑
i=1

C
(7)
i msQ

(7)
i

)
+ Ô.¸. ,

(2.19)
£¤¥ ¡ §¨¸ Q(8)

i (i = 1, ..., 7), msQ
(7)
i (i = 1, ..., 4) ²µ± ²Ó´ÒÌ ∆S = 1 µ¶¥· Éµ-

·µ¢ · §³¥·´µ¸É¨ ¢µ¸¥³Ó ¢Ò¡· ´ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

Q
(8)
1 = s̄L(D̂GµαGνµσαν +GνµσανD̂Gµα)dL ,

Q
(8)
2 = igss̄L(JµγαGαµ − γαGαµJµ)dL ,

Q
(8)
3 = s̄L(PαGµαγνGνµ + γνGνµGµαPα)dL ,

Q
(8)
4 = gss̄L(Gµνσµν Ĵ + ĴGµνσµν)dL ,

Q
(8)
5 = is̄L(GµνσµνγαGαβPβ − PβγαGαβGµνσµν)dL ,

Q
(8)
6 = s̄L(D2Ĵ)dL , (2.20)

Q
(8)
7 = is̄L(D̂GνµGνµ −GνµD̂Gνµ)dL ,

Q
(7)
1 = s̄R(GµνσµνGαβσαβ)dL ,

Q
(7)
2 = s̄R(GµνGνµ)dL ,

Q
(7)
3 = is̄R(GναGαµσνµ)dL , (2.21)

Q
(7)
4 = s̄R(JµPµ + PµJµ)dL .

ŠµÔËË¨Í¨¥´ÉÒ Cji ¢ ¢¥¤ÊÐ¥³ ¶µ·Ö¤±¥ ¶µ αs ±µ´¥Î´Ò ¨ ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨¥
§´ Î¥´¨Ö:
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C
(8)
1 =

8

15
, C

(8)
2 = −16

15
, C

(8)
3 = −4

5
,

C
(8)
4 =

2

15
, C

(8)
5 = 0 , C

(8)
6 = − 8

15
,

C
(8)
7 = − 2

15
, C

(7)
1 = −2

5
, C

(7)
2 = −2

5
,

C
(7)
3 =

6

5
, C

(7)
4 = 0 .

(2.22)

�É¨ §´ Î¥´¨Ö ¸µµÉ¢¥É¸É¢ÊÕÉ ÉµÎ±¥ ´µ·³¨·µ¢±¨ µ = mc. �·¨ mc > µ ∼ 1 ƒÔ‚
±µÔËË¨Í¨¥´ÉÒ ‚¨²Ó¸µ´  µ¶¥· Éµ·µ¢ · §³¥·´µ¸É¨ ¢µ¸¥³Ó ³µ£ÊÉ ¡ÒÉÓ ¶µ²Ê-
Î¥´Ò ³¥Éµ¤µ³ ·¥´µ·³ ²¨§ Í¨µ´´µ° £·Ê¶¶Ò. —¨¸²¥´´µ, µ¤´ ±µ, µÉ´µ¸¨É¥²Ó-
´Ò° ¸¤¢¨£ ±µÔËË¨Í¨¥´Éµ¢ ‚¨²Ó¸µ´  ¶·¨ É ±µ³ ¨§³¥´¥´¨¨ ÉµÎ±¨ ´µ·³¨·µ¢±¨,
µÎ¥¢¨¤´µ, ¡Ê¤¥É ³ ² (¶µ·Ö¤±  αs(µ)

π ln( µ
mc

)).
2.4. �µ¢Ò¥ ¢±² ¤Ò ¢  ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢ K → ππ. ”µ·³Ê²Ò (2.12),

(2.19) ¨ (2.2) ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° § ³±´ÊÉµ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ÔËË¥±É¨¢´µ£µ
∆S = 1 £ ³¨²ÓÉµ´¨ ´  ¢ £² ¢´µ³ ²µ£ ·¨Ë³¨Î¥¸±µ³ ¶·¨¡²¨¦¥´¨¨ ¸ ÉµÎ-
´µ¸ÉÓÕ ¤µ Î²¥´µ¢ ¶¥·¢µ£µ ¶µ·Ö¤±  ¶µ 1/m2

c ¨ ms ¶·¨ ÊÎ¥É¥ ¡µ²ÓÏµ° ³ ¸¸Ò
t-±¢ ·± .

„²Ö µÍ¥´±¨ ´µ¢ÒÌ ¢±² ¤µ¢ ¢  ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢ ´ ³ ´¥µ¡Ìµ¤¨³µ ¶µ²Ê-

Î¨ÉÓ µÍ¥´±¨ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ 〈Qji 〉0 µ¶¥· Éµ·µ¢ Q(8)
i , msQ

(7)
i ¨ msQ

(5)

(µÎ¥¢¨¤´µ, 〈Qji 〉2 = 0).

„²Ö ´ Î ²  · ¸¸³µÉ·¨³ µ¶¥· Éµ·Ò msQ
(7)
i ¨ msQ

(5). �É¨ µ¶¥· Éµ·Ò ¸µ-
¤¥·¦ É Ö¢´µ ³ ¸¸Ê s-±¢ ·±  ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¢ ¢¥¤ÊÐ¥³ ¶µ·Ö¤±¥ ±¨· ²Ó´µ£µ
· §²µ¦¥´¨Ö ¸µµÉ¢¥É¸É¢ÊÕÉ ©£µ²µ¢ ¸É¨± ³ª(tadpoles) ¢ ±¨· ²Ó´µ³ Ô²¥±É·µ¸² -
¡µ³ ² £· ´¦¨ ´¥. �µ²¥¥ ¶µ¤·µ¡´µ ©£µ²µ¢ ¸É¨±¨ª ¡Ê¤ÊÉ · ¸¸³µÉ·¥´Ò ¢ ¸²¥-
¤ÊÕÐ¥³ · §¤¥²¥. ‡¤¥¸Ó ³Ò µÉ³¥É¨³, ÎÉµ ¶µ¤µ¡´Ò¥ ¸É·Ê±ÉÊ·Ò ´¥ ¶·¨¢µ¤ÖÉ ±
´ ¡²Õ¤ ¥³Ò³ ÔËË¥±É ³ ¢ ¢¥¤ÊÐ¥³ ¶µ·Ö¤±¥ ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö (¢ ¶¥·¢µ³
¶µ·Ö¤±¥ ¶µ ms) ¢ · ¸¶ ¤ Ì K-³¥§µ´µ¢. ‚ Éµ ¦¥ ¢·¥³Ö ¨Ì ¢±² ¤Ò ¢  ³¶²¨ÉÊ¤Ò
· ¸¶ ¤µ¢ ¸É· ´´ÒÌ £¨¶¥·µ´µ¢ µ± §Ò¢ ÕÉ¸Ö ´¥ ¶µ¤ ¢²¥´´Ò³¨ [77].

’ ±¨³ µ¡· §µ³, ¶·¨ µÍ¥´±¥  ³¶²¨ÉÊ¤ · ¸¶ ¤µ¢ K-³¥§µ´µ¢ ¶·µ¡²¥³  ¸¢¥-

² ¸Ó ± ¢ÒÎ¨¸²¥´¨Õ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ µ¶¥· Éµ·µ¢ Q(8)
i . �£· ´¨Î¨³ ´ ÏÊ

§ ¤ ÎÊ µÍ¥´±µ° ¢¥¤ÊÐ¨Ì 1/mc ¶µ¶· ¢µ± ¶µ ¶µ·Ö¤±Ê ¢¥²¨Î¨´Ò. „²Ö ÔÉµ£µ
¨¸¶µ²Ó§Ê¥³ ¶·µ¸ÉÊÕ ³µ¤¥²Ó:

i) � ¸¸³µÉ·¨³ Éµ²Ó±µ É¥ µ¶¥· Éµ·Ò, ±µÉµ·Ò¥ ¨³¥ÕÉ ´¥´Ê²¥¢Ò¥ ³ É·¨Î´Ò¥
Ô²¥³¥´ÉÒ ¢ · ³± Ì £¨¶µÉ¥§Ò Ë ±Éµ·¨§ Í¨¨.

ii) ‚Ò¡¥·¥³ µ¶¥· Éµ·Ò, ±µÉµ·Ò¥ ¨³¥ÕÉ ¸É·Ê±ÉÊ·Ê (V − A) × (V + A) ¨
³µ£ÊÉ ¡ÒÉÓ § ¶¨¸ ´Ò ± ±

(s̄LGµνσµνqR)(q̄RdL) ¨²¨ (s̄LqR)(q̄RGµνσµνdL) . (2.23)



�””…Š’› ‘ˆ‹œ�›• ‚‡�ˆŒ�„…‰‘’‚ˆ‰ ‚ �…‹…�’���›• ��‘��„�• 713

�ÉµÉ Ï £ ± ¦¥É¸Ö µ¶· ¢¤ ´´Ò³, ¶µ¸±µ²Ó±Ê ¢ ¸²ÊÎ ¥ µ¶¥· Éµ·µ¢ · §³¥·´µ¸É¨
Ï¥¸ÉÓ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ µ¶¥· Éµ·µ¢ ¶µ¤µ¡´µ° ¸É·Ê±ÉÊ·Ò §´ Î¨É¥²Ó´µ Ê¸¨-
²¥´Ò ¶µ ¸· ¢´¥´¨Õ ¸ ³ É·¨Î´Ò³¨ Ô²¥³¥´É ³¨ (V − A) × (V − A) µ¶¥· Éµ-
·µ¢ [14].

iii) �µ¸²¥¤´¥¥ Ê¶·µÐ¥´¨¥ ¸µ¸Éµ¨É ¢ § ³¥´¥

ψ̄gsGµνσµνψ → m2
0ψ̄ψ , (2.24)

£¤¥ ¢¥²¨Î¨´  m0 µ¶·¥¤¥²¥´  ¸²¥¤ÊÕÐ¨³ µ¡· §µ³ [78,79]:

〈ψ̄gsGµνσµνψ〉 = m2
0〈ψ̄ψ〉 ,

m2
0(1 ƒÔ‚) = 0, 8± 0, 2 ƒÔ‚2 . (2.25)

�É  § ³¥´  ¸¶· ¢¥¤²¨¢  ¤²Ö µ¶¥· Éµ·  ψ̄gsGµνσµνψ · §³¥·´µ¸É¨ ¶ÖÉÓ. ŒÒ
¶µ² £ ¥³, ÎÉµ µ´  µ¶· ¢¤ ´´  ¨ ¢ ¸²ÊÎ ¥ µ¶¥· Éµ·µ¢ · §³¥·´µ¸É¨ ¢µ¸¥³Ó, ¶µ
±· °´¥° ³¥·¥, ¤²Ö µÍ¥´µ± ¶µ ¶µ·Ö¤±Ê ¢¥²¨Î¨´Ò.

‚¸¥ Ê± § ´´Ò¥ ¶·¥¤¶µ²µ¦¥´¨Ö ¸É ´µ¢ÖÉ¸Ö ÉµÎ´Ò³¨ ¢ ¶·¥¤¥²¥ ¡µ²ÓÏµ£µ
Î¨¸²  Í¢¥Éµ¢ Nc →∞.

‚ · ³± Ì µ¶¨¸ ´´µ° ³µ¤¥²¨ ¥¤¨´¸É¢¥´´Ò³ µ¶¥· Éµ·µ³ · §³¥·´µ¸É¨ ¢µ-

¸¥³Ó, ¤ ÕÐ¨³ ¢±² ¤ ¢  ³¶²¨ÉÊ¤Ê A0, Ö¢²Ö¥É¸Ö µ¶¥· Éµ· Q(8)
4 . ‘µµÉ¢¥É¸É¢Ê-

ÕÐ¨° ³ É·¨Î´Ò° Ô²¥³¥´É ³µ¦¥É ¡ÒÉÓ ¢Ò· ¦¥´ Î¥·¥§ ³ É·¨Î´Ò° Ô²¥³¥´É
µ¶¥· Éµ·  Q6 (2.3):

〈Q(8)
4 〉0 =

m2
0

4
〈Q6〉0 . (2.26)

’ ±¨³ µ¡· §µ³, ÊÎ¥É ¶µ¶· ¢µ± ¶µ·Ö¤±  1/m2
c ¸¢¥²¸Ö ± ÔËË¥±É¨¢´µ³Ê ¸¤¢¨£Ê

±µÔËË¨Í¨¥´Éµ¢ ‚¨²Ó¸µ´  µ¶¥· Éµ·  Q6 ¢ £ ³¨²ÓÉµ´¨ ´¥ (2.2):

z6 →
(
z6 +

αs

4π

m2
0

4m2
c

C
(8)
4

)
, y6 →

(
y6 −

αs

4π

m2
0

4m2
c

C
(8)
4

)
. (2.27)

ˆ¸¶µ²Ó§ÊÖ Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö z6 = −0, 013, y6 = −0, 102 ¢ ÉµÎ±¥ ΛMS =
0, 3 ƒÔ‚, µ = 1 ƒÔ‚, mt = 176 ƒÔ‚ [19], ³Ò ´ Ìµ¤¨³ µÉ´µ¸¨É¥²Ó´Ò¥ ¶µ¶· ¢±¨
± ±µÔËË¨Í¨¥´É ³ ‚¨²Ó¸µ´ 

z6 → z6(1− 0, 1), y6 → y6(1 + 0, 01). (2.28)

� ¨¡µ²ÓÏ¨¥ ¶µ¶· ¢±¨ ¢µ§´¨± ÕÉ ¢ ¤¥°¸É¢¨É¥²Ó´µ° Î ¸É¨  ³¶²¨ÉÊ¤Ò A0. � -
· ³¥É·¨Î¥¸±¨ ¨Ì µÉ´µ¸¨É¥²Ó´ Ö ¢¥²¨Î¨´  µ± §Ò¢ ¥É¸Ö ¶µ·Ö¤±  m2

0/m
2
c ∼ 0, 5.

�¤´ ±µ ¨§-§  ³ ²µ¸É¨ Î¨¸²¥´´µ£µ ±µÔËË¨Í¨¥´É  ¶µ¶· ¢±¨ ¶µ·Ö¤±  1/m2
c ¸µ-

¸É ¢²ÖÕÉ ¶·¨¡²¨§¨É¥²Ó´µ 10% µÉ ¢¥¤ÊÐ¨Ì ¢±² ¤µ¢. ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ
ÔÉµÉ ·¥§Ê²ÓÉ É ¶µ²ÊÎ¥´ ¸ ¶µ³µÐÓÕ ´ ¨¢´µ° Ë ±Éµ·¨§ Í¨¨  ¤·µ´´ÒÌ ³ É·¨Î-
´ÒÌ Ô²¥³¥´Éµ¢ µ¶¥· Éµ·µ¢ · §³¥·´µ¸É¨ ¢µ¸¥³Ó. �¥ ²Ó´Ò° ³ ¸ÏÉ ¡ ÔÉ¨Ì ¢±² -
¤µ¢ ³µ¦¥É ¡ÒÉÓ ´ °¤¥´ ¶·¨ ¡µ²¥¥ ´ ¤¥¦´µ° µÍ¥´±¥ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢,
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´ ¶·¨³¥·, ¢ ·¥Ï¥ÉµÎ´ÒÌ ³µ¤¥²ÖÌ. �¤´ ±µ Ö¸´µ, ÎÉµ ¶µ¶· ¢±¨ §  ¸Î¥É µ¶¥-
· Éµ·µ¢ ¢Ò¸Ï¨Ì · §³¥·´µ¸É¥° ¢·Ö¤ ²¨ ³µ£ÊÉ ¸ÊÐ¥¸É¢¥´´µ ¨§³¥´¨ÉÓ §´ Î¥´¨Ö
 ³¶²¨ÉÊ¤ · ¸¶ ¤µ¢ K-³¥§µ´µ¢, ¢ÒÎ¨¸²¥´´ÒÌ ¶·¨ ¶µ³µÐ¨ Î¥ÉÒ·¥Ì±¢ ·±µ¢µ£µ
ÔËË¥±É¨¢´µ£µ £ ³¨²ÓÉµ´¨ ´  (2.2). ’ ±¨³ µ¡· §µ³, ·¥Ï¥´¨¥ ¶·µ¡²¥³ É¥µ-
·¥É¨Î¥¸±µ£µ  ´ ²¨§  ´¥²¥¶Éµ´´ÒÌ · ¸¶ ¤µ¢ K-³¥§µ´µ¢ ¢ ‘Œ ¸¢Ö§ ´µ, ¶µ-
¢¨¤¨³µ³Ê, ¸ ¡µ²¥¥  ±±Ê· É´µ° µÍ¥´±µ°  ¤·µ´´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ Î¥-
ÉÒ·¥Ì±¢ ·±µ¢ÒÌ µ¶¥· Éµ·µ¢.

3. �„����›… Œ�’�ˆ—�›… �‹…Œ…�’›

3.1. Œ¥Éµ¤Ò ¢ÒÎ¨¸²¥´¨Ö  ¤·µ´´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢. �¤´µ° ¨§
µ¸´µ¢´ÒÌ ¶·µ¡²¥³  ´ ²¨§  ´¥²¥¶Éµ´´ÒÌ · ¸¶ ¤µ¢ K-³¥§µ´µ¢ Ö¢²Ö¥É¸Ö µÍ¥´± 
 ¤·µ´´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ Î¥ÉÒ·¥Ì±¢ ·±µ¢ÒÌ µ¶¥· Éµ·µ¢ (2.3), µ¡· §Ê-
ÕÐ¨Ì ÔËË¥±É¨¢´Ò° ∆S = 1 £ ³¨²ÓÉµ´¨ ´ (2.2). ‡´ Î¥´¨Ö ³ É·¨Î´ÒÌ Ô²¥-
³¥´Éµ¢ µ¶·¥¤¥²ÖÕÉ¸Ö ¤¨´ ³¨±µ° ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ´  ¡µ²ÓÏ¨Ì · ¸-
¸ÉµÖ´¨ÖÌ, ¨ ¨Ì ¢ÒÎ¨¸²¥´¨¥ É·¥¡Ê¥É ¶·¨³¥´¥´¨Ö ´¥¶¥·ÉÊ·¡ É¨¢´ÒÌ ³¥Éµ¤µ¢.
ˆ§ ¨³¥ÕÐ¨Ì¸Ö ¶µ¤Ìµ¤µ¢ ¸²¥¤Ê¥É µÉ³¥É¨ÉÓ ¸²¥¤ÊÕÐ¨¥.

1. ‚ÒÎ¨¸²¥´¨Ö ´  ·¥Ï¥É± Ì [40Ä44] Ö¢²ÖÕÉ¸Ö, ¶µ-¢¨¤¨³µ³Ê, ¥¤¨´¸É¢¥´-
´Ò³ ³¥Éµ¤µ³ ¢ÒÎ¨¸²¥´¨Ö ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢, Í¥²¨±µ³ µ¸´µ¢ ´´Ò³ ´ 
¶¥·¢ÒÌ ¶·¨´Í¨¶ Ì. �¤´ ±µ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ÉµÎ´µ¸ÉÓ ¨ ´ ¤¥¦´µ¸ÉÓ ·¥-
Ï¥ÉµÎ´ÒÌ ³¥Éµ¤µ¢ ´¥¤µ¸É ÉµÎ´  ¤²Ö Éµ£µ, ÎÉµ¡Ò ¨Ì ·¥§Ê²ÓÉ ÉÒ ³µ£²¨ ¡ÒÉÓ
¨¸¶µ²Ó§µ¢ ´Ò ¢  ´ ²¨§¥ · ¸¶ ¤µ¢ K → ππ. Š·µ³¥ Éµ£µ, ¸²¥¤Ê¥É µÉ³¥É¨ÉÓ
É ±¨¥ ´¥¤µ¸É É±¨ ³¥Éµ¤ , ± ± µÉ¸ÊÉ¸É¢¨¥ Ö¢´µ£µ  ´ ²¨É¨Î¥¸±µ£µ ·¥Ï¥´¨Ö ¨
É·Ê¤´µ¸É¨ µ¶·¥¤¥²¥´¨Ö ±¨· ²Ó´ÒÌ Ë¥·³¨µ´µ¢ ´  ·¥Ï¥É±¥.

2. ” ±Éµ·¨§ Í¨Ö ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ [7Ä9]. Š ± Ê¦¥ ¡Ò²µ µÉ³¥Î¥´µ,
´ ¨¢´ Ö Ë ±Éµ·¨§ Í¨Ö ¶·¨¢µ¤¨É ± ± É ¸É·µË¨Î¥¸±µ³Ê · ¸Ìµ¦¤¥´¨Õ É¥µ·¥É¨-
Î¥¸±¨Ì ·¥§Ê²ÓÉ Éµ¢ ¨ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É . Š·µ³¥ Éµ£µ, ¢ · ³± Ì ¶·µÍ¥¤Ê·Ò
Ë ±Éµ·¨§ Í¨¨ ¢µ§´¨± ÕÉ É·Ê¤´µ¸É¨ ¸ ¸µ£² ¸µ¢ ´¨¥³ ¸Ì¥³ ¢ÒÎ¨¸²¥´¨Ö ±µÔË-
Ë¨Í¨¥´Éµ¢ ‚¨²Ó¸µ´  ¨ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ Î¥ÉÒ·¥Ì±¢ ·±µ¢ÒÌ µ¶¥· Éµ·µ¢.
‚ ¸ ³µ³ ¤¥²¥,  ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢ ´¥ ¤µ²¦´Ò § ¢¨¸¥ÉÓ µÉ ÉµÎ±¨ ´µ·³¨·µ¢±¨.
‘²¥¤µ¢ É¥²Ó´µ, § ¢¨¸¨³µ¸ÉÓ ±µÔËË¨Í¨¥´Éµ¢ ‚¨²Ó¸µ´  µÉ µ ¤µ²¦´  ±µ³¶¥´-
¸¨·µ¢ ÉÓ¸Ö  ´ ²µ£¨Î´µ° § ¢¨¸¨³µ¸ÉÓÕ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢. ‚ Éµ ¦¥ ¢·¥³Ö
Ë ±Éµ·¨§µ¢ ´´Ò¥ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ, ´ ¶·¨³¥·, µ¶¥· Éµ·  Q2, ·¥´µ·³-
¨´¢ ·¨ ´É´Ò (¢¸²¥¤¸É¢¨¥ ·¥´µ·³¨´¢ ·¨ ´É´µ¸É¨ (V − A)-Éµ±µ¢).

3. �ËË¥±É¨¢´Ò¥ ³µ¤¥²¨. � §²¨Î´Ò¥ ÔËË¥±É¨¢´Ò¥ ¶·¨¡²¨¦¥´¨Ö (¤¨-
±¢ ·±¨ [81], ¶µ¤µ¡´Ò¥ ³µ¤¥²¨ � ³¡Ê Å ˆµ´ -‹ §¨´¨µ [38, 82Ä84] ¨ É.¤.),
¶·¨¢µ¤ÖÉ ± Ê²ÊÎÏ¥´¨Õ É¥µ·¥É¨Î¥¸±¨Ì µÍ¥´µ±  ³¶²¨ÉÊ¤ · ¸¶ ¤µ¢. ‘¢Ö§Ó ÔÉ¨Ì
³µ¤¥²¥° ¸ Š•„, µ¤´ ±µ, ´¥ ¢¶µ²´¥ Ö¸´ .

4. Š¨· ²Ó´ Ö ÔËË¥±É¨¢´ Ö É¥µ·¨Ö [28, 29] ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö Ö¢²Ö¥É¸Ö
´ ¨¡µ²¥¥ ³µÐ´Ò³ ¸·¥¤¸É¢µ³ ¨¸¸²¥¤µ¢ ´¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö ¶¸¥¢¤µ¸± ²Ö·´ÒÌ
³¥§µ´µ¢ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ.
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�¨¦¥ ³Ò · ¸¸³µÉ·¨³ ¶·¨´Í¨¶Ò ¶µ¸É·µ¥´¨Ö ÔËË¥±É¨¢´µ£µ ±¨· ²Ó´µ£µ
¤¥°¸É¢¨Ö.

3.2. Š¨· ²Ó´ Ö ÔËË¥±É¨¢´ Ö É¥µ·¨Ö. ”µ·³  ±¨· ²Ó´µ£µ ² £· ´¦¨ ´ 
µ¶·¥¤¥²Ö¥É¸Ö [85Ä91]:

i) É· ´¸Ëµ·³ Í¨µ´´Ò³¨ ¸¢µ°¸É¢ ³¨ µÉ´µ¸¨É¥²Ó´µ ±¨· ²Ó´µ° £·Ê¶¶Ò
SUL(3)× SUR(3),

ii) µÉµ¦¤¥¸É¢²¥´¨¥³ ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢ ¸ £µ²¤¸ÉµÊ´µ¢¸±¨³¨ ¡µ-
§µ´ ³¨, ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸¶µ´É ´´µ³Ê ´ ·ÊÏ¥´¨Õ ¸¨³³¥É·¨¨
SUL(3)× SUR(3) ¤µ SUV (3).

”¨§¨Î¥¸±¨³ ¶µ²¥³ ±¨· ²Ó´µ£µ ² £· ´¦¨ ´  Ö¢²Ö¥É¸Ö µ±É¥É ¶¸¥¢¤µ¸± -
²Ö·´ÒÌ ³¥§µ´µ¢

φ =


π0/
√

2 + η/
√

6 π+ K+

π− −π0/
√

2 + η/
√

6 K0

K− K̄0 −2η/
√

6

 , (3.1)

±µÉµ·Ò° ¸µ¤¥·¦¨É¸Ö ¢ Ê´¨É ·´µ° ³ É·¨Í¥

U = exp

(
i
2φ

fπ

)
. (3.2)

Œ É·¨Í  U ¶·¥µ¡· §Ê¥É¸Ö µÉ´µ¸¨É¥²Ó´µ ±¨· ²Ó´µ° £·Ê¶¶Ò ¸²¥¤ÊÕÐ¨³ µ¡· -
§µ³:

U → VRUV
†
L , (3.3)

£¤¥ VL (VR) Å Ô²¥³¥´É £·Ê¶¶Ò SUL(3) (SUR(3)).
�µ²¥ U ¢§ ¨³µ¤¥°¸É¢Ê¥É ¸ ¢¥±Éµ·´Ò³ vµ,  ±¸¨ ²Ó´Ò³ aµ, ¸± ²Ö·´Ò³ s ¨

¶¸¥¢¤µ¸± ²Ö·´Ò³ p ¨¸ÉµÎ´¨± ³¨. �µ²¥ χ = s + ip µÉ´µ¸¨É¥²Ó´µ ±¨· ²Ó´µ°
£·Ê¶¶Ò ¶·¥µ¡· §Ê¥É¸Ö  ´ ²µ£¨Î´µ ¶µ²Õ U , ¢ Éµ ¢·¥³Ö ± ± ¶µ²Ö rµ = aµ + vµ
¨ lµ = aµ − vµ ¶·¥µ¡· §ÊÕÉ¸Ö ´¥µ¤´µ·µ¤´µ:

rµ → VRrµV
†
R + iVR∂µV

†
R ,

lµ → VLlµV
†
L + iVL∂µV

†
L .

(3.4)

Ÿ¢´µ¥ ´ ·ÊÏ¥´¨¥ ±¨· ²Ó´µ° ¸¨³³¥É·¨¨ ±¢ ·±µ¢Ò³¨ ³ ¸¸ ³¨ ³µ¦¥É ¡ÒÉÓ
¶µ²ÊÎ¥´µ ¶ÊÉ¥³ Ë¨±¸¨·µ¢ ´¨Ö ´¥´Ê²¥¢µ£µ §´ Î¥´¨Ö ¶µ²Ö χ. “¤µ¡´µ ¶¥·¥-
µ¶·¥¤¥²¨ÉÓ ÔÉµ ¶µ²¥:

χ→ χ =
2mπ±

md +mu
(s+ ip) . (3.5)
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’µ£¤  ¶·¨ p = 0 ¨

s =

 mu 0 0
0 md 0
0 0 ms

 (3.6)

³ É·¨Í  χ Ö¢²Ö¥É¸Ö ³ É·¨Í¥° ³ ¸¸ ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢.
�ËË¥±É¨¢´Ò° ±¨· ²Ó´Ò° ² £· ´¦¨ ´ ¸ § ¤ ´´Ò³¨ É· ´¸Ëµ·³ Í¨µ´´Ò³¨

¸¢µ°¸É¢ ³¨ ¸É·µ¨É¸Ö ¨§ µ¡Ñ¥±Éµ¢, ²¨´¥°´µ ¶·¥µ¡· §ÊÕÐ¨Ì¸Ö µÉ´µ¸¨É¥²Ó´µ
£·Ê¶¶Ò SUL(3)× SUR(3),   ¨³¥´´µ:

i) ²¥¢ÒÌ ¨ ¶· ¢ÒÌ Éµ±µ¢

Rµ = iU∇µU † ,
Lµ = iU †∇µU ,

(3.7)

£¤¥ ∇µ Å ±µ¢ ·¨ ´É´ Ö ¶·µ¨§¢µ¤´ Ö ∇µU = ∂µU − irµ + iUlµ,
ii) É¥´§µ·  ´ ¶·Ö¦¥´´µ¸É¨ ¶µ²¥° lµ ¨ rµ,
iii) ¸± ²Ö·´ÒÌ ¶²µÉ´µ¸É¥° χ†U , Uχ†, U †χ ¨ χU † ¢ ¢¨¤¥ ·Ö¤  ¶µ ∇µ,

lµ, rµ, χ ¨ χ† (· §²µ¦¥´¨¥ ¶µ p2). �¥ ²Ó´Ò³ ¶ · ³¥É·µ³ ±¨· ²Ó´µ£µ · §-
²µ¦¥´¨Ö Ö¢²Ö¥É¸Ö ¡¥§· §³¥·´ Ö ¢¥²¨Î¨´  p2/Λ2

χ [89,90], £¤¥ p2 Å ¨³¶Ê²Ó¸
¶¸¥¢¤µ¸± ²Ö·´µ£µ ³¥§µ´  ¨²¨ ¢´¥Ï´¥£µ ¶µ²Ö ¨

Λ2
χ = 8π2f2

π ∼ 1 ƒÔ‚2 . (3.8)

ŠµÔËË¨Í¨¥´ÉÒ ·Ö¤  ´¥ Ë¨±¸¨·ÊÕÉ¸Ö ¸¨³³¥É·¨Ö³¨ ² £· ´¦¨ ´ ,   µ¶·¥-
¤¥²ÖÕÉ¸Ö ¤¨´ ³¨±µ° ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°. ‚ µ¡Ð¥³ ¢¨¤¥ ¸¢Ö§Ó ³¥¦¤Ê
² £· ´¦¨ ´µ³ ‘Œ ¨ ÔËË¥±É¨¢´Ò³ ±¨· ²Ó´Ò³ ² £· ´¦¨ ´µ³ ³µ¦´µ § ¶¨-
¸ ÉÓ, ¨¸¶µ²Ó§ÊÖ ¶·¥¤¸É ¢²¥´¨¥ ±µ´É¨´Ê ²Ó´µ£µ ¨´É¥£· ²  ¤²Ö ¶·µ¨§¢µ¤ÖÐ¥£µ
ËÊ´±Í¨µ´ ²  ËÊ´±Í¨° ƒ·¨´ :

Z(vµ, aµ, s, p) =

∫
DAµDψ̄Dψ exp

(
i

∫
LŠ•„(vµ, aµ, s, p)dx

)
=

=

∫
DU exp

(
i

∫
Lχ(vµ, aµ, s, p)dx

)
, (3.9)

£¤¥ LŠ•„ Å ² £· ´¦¨ ´ (ÔËË¥±É¨¢´Ò°) ‘Œ, ¸µ¤¥·¦ Ð¨° ±¢ ·±µ¢Ò¥ ¨ £²Õ-
µ´´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò, ¨ Lχ Å ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ±¨· ²Ó´Ò° ² £· ´¦¨ ´. ‚
¶·¨´Í¨¶¥ Ê· ¢´¥´¨¥ (3.9) ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²Ö¥É ±¨· ²Ó´Ò° ² £· ´¦¨ ´.

„·¥¢¥¸´Ò° ±¨· ²Ó´Ò° ² £· ´¦¨ ´ ´¥ Ê¤µ¢²¥É¢µ·Ö¥É Ê¸²µ¢¨Õ Ê´¨É ·´µ¸É¨.
‚µ¸¸É ´µ¢²¥´¨¥ Ê´¨É ·´µ¸É¨ É·¥¡Ê¥É ÊÎ¥É  ¶¥É²¥¢ÒÌ ¢±² ¤µ¢. •µÉÖ ±¨· ²Ó-
´Ò° ² £· ´¦¨ ´ ´¥ Ö¢²Ö¥É¸Ö ¶¥·¥´µ·³¨·Ê¥³Ò³, ´¥µ¡Ìµ¤¨³Ò¥ ¤²Ö ¶¥·¥´µ·-
³¨·µ¢±¨ ±µ´É·Î²¥´Ò ³µ£ÊÉ ¡ÒÉÓ ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²¥´Ò ¢ ²Õ¡µ³ ±µ´¥Î´µ³
¶µ·Ö¤±¥ ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö.

�µ¸²¥ Éµ£µ ± ± ±¨· ²Ó´Ò° ² £· ´¦¨ ´ µ¶·¥¤¥²¥´,  ³¶²¨ÉÊ¤Ò ¶·µÍ¥¸¸µ¢
¢ÒÎ¨¸²ÖÕÉ¸Ö ¸É ´¤ ·É´Ò³¨ ³¥Éµ¤ ³¨ É¥µ·¨¨ ¶µ²Ö.
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�·¨¢¥¤¥³ Ö¢´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö ¸¨²Ó´µ£µ ¨ Ô²¥±É·µ¸² ¡µ£µ ±¨· ²Ó´µ£µ
² £· ´¦¨ ´  ¢ ¢¥¤ÊÐ¥³ ¶µ·Ö¤±¥ ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö. Š¨· ²Ó´Ò° ² £· ´-
¦¨ ´ ¸¨²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢ ¨³¥¥É ¢¨¤ [91]:

Lχ¸¨² =
f2
π

8

(
trfl

(
∇µU †∇µU

)
+ trfl

(
U †χ+ χ†U

))
+O(p4) . (3.10)

‚µ ¢Éµ·µ³ ¶µ·Ö¤±¥ ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö ±¨· ²Ó´Ò° ² £· ´¦¨ ´ ¸¨²Ó´µ£µ
¢§ ¨³µ¤¥°¸É¢¨Ö ¸µ¸Éµ¨É ¨§ ¸² £ ¥³µ£µ ‚¥¸¸ Ä‡Ê³¨´µ, ±µÉµ·µ¥ µ¶¨¸Ò¢ ¥É ±¨-
· ²Ó´ÊÕ  ´µ³ ²¨Õ [88], ¨ ±¨· ²Ó´µ-¨´¢ ·¨ ´É´µ£µ ¸² £ ¥³µ£µ, ±µÉµ·µ¥ ¶ -
· ³¥É·¨§Ê¥É¸Ö ¤¢¥´ ¤Í ÉÓÕ ´¥§ ¢¨¸¨³Ò³¨ ±µ´¸É ´É ³¨. —¨¸²¥´´Ò¥ §´ Î¥´¨Ö
ÔÉ¨Ì ±µ´¸É ´É ³µ£ÊÉ ¡ÒÉÓ µ¶·¥¤¥²¥´Ò ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ [91].

’· ´¸Ëµ·³ Í¨µ´´Ò¥ ¸¢µ°¸É¢  ±¨· ²Ó´µ£µ ² £· ´¦¨ ´ , µ¶¨¸Ò¢ ÕÐ¥£µ
∆S = 1 ¢§ ¨³µ¤¥°¸É¢¨¥ ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢, µ¶·¥¤¥²ÖÕÉ¸Ö ÔËË¥±É¨¢-
´Ò³ £ ³¨²ÓÉµ´¨ ´µ³ (2.2). �´ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¸Ê³³Ê (8L × 1R)+
+(27L × 1R) ´¥¶·¨¢µ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° ±¨· ²Ó´µ° £·Ê¶¶Ò [28]:

Lχ∆S=1 = L8
∆S=1 + L27

∆S=1 , (3.11)

£¤¥

L8
∆S=1 = c8f

2
π

(
∇µU †∇µU

)
23

+ c′8f
2
π

(
U †χ+ χ†U

)
23

+ Ô.¸. +O(p4) , (3.12)

L27
∆S=1 = c27f

2
π

(
2

3

(
U †∇µU

)
21

(
U †∇µU

)
13

+
(
U †∇µU

)
23

(
U †∇µU

)
11

)
+

+Ô.¸. +O(p4) , (3.13)

¨ cf Å ´¥±µÉµ·Ò¥ Î¨¸² . ‘É·Ê±ÉÊ·  ¶µ²´µ£µ Ô²¥±É·µ¸² ¡µ£µ ±¨· ²Ó´µ£µ ² -
£· ´¦¨ ´ , ±µÉµ·Ò° µ¶¨¸Ò¢ ¥É ± ± ´¥²¥¶Éµ´´Ò¥, É ± ¨ · ¤¨ Í¨µ´´Ò¥ · ¸-
¶ ¤Ò K-³¥§µ´µ¢, ¢ ¶µ·Ö¤±¥ O(p4) §´ Î¨É¥²Ó´µ ¡µ²¥¥ ¸²µ¦´  ¨ ¢±²ÕÎ ¥É 78
´¥§ ¢¨¸¨³ÒÌ ¶ · ³¥É·µ¢ [29]. ˆ³¥ÕÐ¨¥¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ´¥¤µ-
¸É ÉµÎ´Ò ¤²Ö µ¶·¥¤¥²¥´¨Ö ÔÉ¨Ì ¶ · ³¥É·µ¢.

� ¸¸³µÉ·¨³ ¢Éµ·µ¥ ¸² £ ¥³µ¥ ¢ µ±É¥É´µ° Î ¸É¨ Ô²¥±É·µ¸² ¡µ£µ ±¨· ²Ó-
´µ£µ ² £· ´¦¨ ´  (3.12), ±µÉµ·µ¥ ¢±²ÕÎ ¥É ³ É·¨ÍÊ χ (χ†). �Éµ ¸² £ ¥³µ¥
¸µ¤¥·¦¨É ¶¥·¢ÊÕ ¸É¥¶¥´Ó ¶µ²Ö φ ¨ µÉ´µ¸¨É¸Ö ± É ± ´ §Ò¢ ¥³Ò³ ©£µ²µ¢ ¸É¨-
± ³ª. ©ƒµ²µ¢ ¸É¨±¨ª Ê¦¥ Ê¶µ³¨´ ²¨¸Ó ´ ³¨ ¢ · §¤. 2 ¶·¨ µÍ¥´±¥ ³ É·¨Î´ÒÌ

Ô²¥³¥´Éµ¢ µ¶¥· Éµ·µ¢ msQ
(5) ¨ msQ

(7)
i . �É¨ µ¶¥· Éµ·Ò ¸µ¤¥·¦ É Ö¢´µ ±¢ ·-

±µ¢ÊÕ ³ ¸¸Ê ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¢ ¢¥¤ÊÐ¥³ ¶µ·Ö¤±¥ ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö
¸µµÉ¢¥É¸É¢ÊÕÉ ©£µ²µ¢ ¸É¨± ³ª ¢ ±¨· ²Ó´µ³ ² £· ´¦¨ ´¥.

ˆ§¢¥¸É´µ, ÎÉµ ¢±² ¤Ò ©£µ²µ¢ ¸É¨±µ¢ª Ö¢²ÖÕÉ¸Ö ¸²¥¤¸É¢¨¥³ ¨¸¶µ²Ó§µ¢ ´¨Ö
´¥¶· ¢¨²Ó´µ£µ ¢ ±ÊÊ³´µ£µ ¸µ¸ÉµÖ´¨Ö. „¥°¸É¢¨É¥²Ó´µ, ´ ²¨Î¨¥ ¢ ² £· ´¦¨ ´¥
²¨´¥°´ÒÌ ¶µ ¶µ²Õ Î²¥´µ¢ £µ¢µ·¨É µ Éµ³, ÎÉµ Ê¸²µ¢¨¥

δ

δφ
Sχ|φ=φ0 = 0 , (3.14)
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£¤¥ Sχ Å ±¨· ²Ó´µ¥ ¤¥°¸É¢¨¥, µ¶·¥¤¥²Ö¥É ¢ ±ÊÊ³ φ0 6= 0. �¤´ ±µ ¨§-§  ¸¶µ´-
É ´´µ£µ ´ ·ÊÏ¥´¨Ö ¸¨³³¥É·¨¨ ¢ ±ÊÊ³ Ö¢²Ö¥É¸Ö ¢Ò·µ¦¤¥´´Ò³. � §²¨Î´Ò¥ ¢ -
±ÊÊ³Ò ¸¢Ö§ ´Ò ³¥¦¤Ê ¸µ¡µ° ¶·¥µ¡· §µ¢ ´¨Ö³¨ £·Ê¶¶Ò SUA(3). � ¡²Õ¤ ¥³Ò¥
 ³¶²¨ÉÊ¤Ò ´¥ § ¢¨¸ÖÉ µÉ ±µ´±·¥É´µ£µ ¢Ò¡µ·  µ¤´µ£µ ¨§ Ô±¢¨¢ ²¥´É´ÒÌ ¢ -
±ÊÊ³µ¢. �µÔÉµ³Ê, ¥¸²¨ ¢µ§³µ¦´µ ¶¥·¥µ¶·¥¤¥²¨ÉÓ ¶µ²Ö φ → φ′ ¸ ¶µ³µÐÓÕ
SUA(3)-¶·¥µ¡· §µ¢ ´¨Ö É ±¨³ µ¡· §µ³, ÎÉµ φ′0 = 0, Éµ ©£µ²µ¢ ¸É¨±¨ª ´¥ ¶·¨-
¢µ¤ÖÉ ± ´ ¡²Õ¤ ¥³Ò³ ÔËË¥±É ³. ‚ ¶µ·Ö¤±¥ O(p2) ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö Ö¢-
´µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö SUA(3)-¶·¥µ¡· §µ¢ ´¨Ö, ±µÉµ·µ¥ µ¶·¥¤¥²Ö¥É ¶· ¢¨²Ó´Ò°
¢ ±ÊÊ³ ¶·¨ ÊÎ¥É¥ ©£µ²µ¢ ¸É¨± ª ¢ Ô²¥±É·µ¸² ¡µ³ ² £· ´¦¨ ´¥, ¡Ò²µ ´ °¤¥´µ
¢ · ¡µÉ¥ [92]. ‘ ¶µ³µÐÓÕ ÔÉµ£µ ¶·¥µ¡· §µ¢ ´¨Ö ©£µ²µ¢ ¸É¨±ª ¶µ£²µÐ ¥É¸Ö
³ ¸¸µ¢Ò³ Î²¥´µ³ ±¨· ²Ó´µ£µ ² £· ´¦¨ ´  ¸¨²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö (3.10).
’ ±¨³ µ¡· §µ³, ²¨´¥°´Ò° ¶µ ¶µ²Õ U (U †) Î²¥´ ¢ Ê· ¢´¥´¨¨ (3.12) ´¥ ¤ ¥É
¢±² ¤ ¢  ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢ K → ππ ¢ ¶µ·Ö¤±¥ O(p2). ‚ · ¡µÉ¥ [93] ¡Ò²µ
¶·¥¤²µ¦¥´µ ¤·Ê£µ¥ ¤µ± § É¥²Ó¸É¢µ ÔÉµ£µ Ë ±É . �¢Éµ·Ò [93] ¶µ± § ²¨, ÎÉµ ¢
¶¥·¢µ³ ¶µ·Ö¤±¥ ¶µ p2 ¨ GF ©£µ²µ¢ ¸É¨±ª Ö¢²Ö¥É¸Ö ¶µ²´µ° ¤¨¢¥·£¥´Í¨¥° ¨,
¸²¥¤µ¢ É¥²Ó´µ, ´¥ ¤ ¥É ¢±² ¤ ¢  ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢ ´  ³ ¸¸µ¢µ° µ¡µ²µÎ±¥ (¢
µÉ¸ÊÉ¸É¢¨¥ ¢´¥Ï´¥£µ ¶µ²Ö).

�·¨¢¥¤¥´´Ò¥ · ¸¸Ê¦¤¥´¨Ö, µ¤´ ±µ, µÉ´µ¸ÖÉ¸Ö Éµ²Ó±µ ± ¶¸¥¢¤µ¸± ²Ö·´Ò³
³¥§µ´ ³, ±µÉµ·Ò¥ Ö¢²ÖÕÉ¸Ö £µ²¤¸ÉµÊ´µ¢¸±¨³¨ ¡µ§µ´ ³¨. ‚ ¸²ÊÎ ¥ · ¸¶ ¤µ¢,
´ ¶·¨³¥·, ¸É· ´´ÒÌ £¨¶¥·µ´µ¢ ¤µ¶µ²´¨É¥²Ó´µ¥ ±¨· ²Ó´µ¥ ¶µ¤ ¢²¥´¨¥ µ¶¥· -
Éµ·µ¢, ¸µ¤¥·¦ Ð¨Ì Ö¢´µ ³ ¸¸Ê ±¢ ·± , µÉ¸ÊÉ¸É¢Ê¥É [77].

�·µ¡²¥³  µ¶¨¸ ´¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢ ¢ · ³± Ì
±¨· ²Ó´µ° ÔËË¥±É¨¢´µ° É¥µ·¨¨ ¸¢¥² ¸Ó, É ±¨³ µ¡· §µ³, ± µ¶·¥¤¥²¥´¨Õ ¶ -
· ³¥É·µ¢ ÔËË¥±É¨¢´µ£µ ±¨· ²Ó´µ£µ ¤¥°¸É¢¨Ö ´  µ¸´µ¢ ´¨¨ Š•„. „²Ö ÔÉµ°
Í¥²¨ ¨¸¶µ²Ó§ÊÕÉ¸Ö · §²¨Î´Ò¥ ¶µ¤Ìµ¤Ò.

i) ‚ · ¡µÉ Ì [33,34] Ô²¥±É·µ¸² ¡Ò° ±¨· ²Ó´Ò° ² £· ´¦¨ ´ ¨¸¸²¥¤µ¢ ²¸Ö ¸
¶µ³µÐÓÕ 1/Nc-· §²µ¦¥´¨Ö. �¢Éµ· ³¨ [33,34] ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¸µ£² ¸µ¢ ´´Ò¥
µÍ¥´±¨ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ Î¥ÉÒ·¥Ì±¢ ·±µ¢ÒÌ µ¶¥· Éµ·µ¢, ¨, É ±¨³ µ¡· -
§µ³, §´ Î¨É¥²Ó´µ Ê³¥´ÓÏ¥´µ · ¸Ìµ¦¤¥´¨¥ É¥µ·¥É¨Î¥¸±¨Ì µÍ¥´µ±  ³¶²¨ÉÊ¤
· ¸¶ ¤µ¢ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. ‚µ¶·µ¸ µ ´ ¤¥¦´µ¸É¨ ·¥§Ê²ÓÉ Éµ¢
1/Nc-· §²µ¦¥´¨Ö, É¥³ ´¥ ³¥´¥¥, µ¸É ¥É¸Ö µÉ±·ÒÉÒ³. Š·µ³¥ Éµ£µ, ¢ · ³± Ì
ÔÉµ£µ ³¥Éµ¤  ´¥ Ê¤ ²µ¸Ó ¤µ ±µ´Í  ·¥Ï¨ÉÓ ¶·µ¡²¥³Ê ¸µ£² ¸µ¢ ´¨Ö ¸Ì¥³ ¢ÒÎ¨-
¸²¥´¨Ö ±µÔËË¨Í¨¥´Éµ¢ ‚¨²Ó¸µ´  ¨ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ µ¶¥· Éµ·µ¢.

ii) ‚ · ¡µÉ Ì [35Ä38] ¡Ò²  ¸¤¥² ´  ¶µ¶ÒÉ±  ¢ÒÎ¨¸²¨ÉÓ ¶ · ³¥É·Ò Ô²¥±-
É·µ¸² ¡µ£µ ±¨· ²Ó´µ£µ ² £· ´¦¨ ´ , ¨¸¶µ²Ó§ÊÖ ¶· ¢¨²  ¸Ê³³ ¤²Ö ¤¢ÊÌÉµÎ¥Î-
´µ° ËÊ´±Í¨¨ ƒ·¨´  〈0|TQi(x)Qj(y)|0〉. �¤´ ±µ ¨§-§  ¡µ²ÓÏ¨Ì  ¤·µ´´ÒÌ ¨
Š•„-¶µ¶· ¢µ± ¨ ´¥¸É ¡¨²Ó´µ¸É¨ ¶· ¢¨² ¸Ê³³ ¢ · ³± Ì ÔÉµ£µ ³¥Éµ¤  µ± § -
²µ¸Ó ´¥¢µ§³µ¦´Ò³ ¸¢Ö§ ÉÓ  ¤·µ´´µ¥ ¨ Š•„-¶·¥¤¸É ¢²¥´¨Ö ËÊ´±Í¨¨ ƒ·¨´  ¨
¶µ²ÊÎ¨ÉÓ µ¶·¥¤¥²¥´´Ò¥ ¶·¥¤¸± § ´¨Ö ¤²Ö ¶ · ³¥É·µ¢ ±¨· ²Ó´µ£µ ² £· ´¦¨-
 ´  ¨ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ µ¶¥· Éµ·µ¢ Qi.

iii) ‚ · ¡µÉ¥ [30] ¡Ò²  ¸¤¥² ´  ¶µ¶ÒÉ±  µÍ¥´¨ÉÓ ¶ · ³¥É·Ò Ô²¥±É·µ¸² -
¡µ£µ ±¨· ²Ó´µ£µ ² £· ´¦¨ ´ , ´ ¸ÒÐ Ö ¨Ì ¢±² ¤ ³¨ ´¨§±µ²¥¦ Ð¨Ì ·¥§µ´ ´-
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¸µ¢. �ÉµÉ ³¥Éµ¤ Ö¢²Ö¥É¸Ö Ë¥´µ³¥´µ²µ£¨Î¥¸±¨³ ¨ ´¥ ¨³¥¥É ¶·Ö³µ° ¸¢Ö§¨ ¸
Š•„, ¶µ¸±µ²Ó±Ê ±µ´¸É ´ÉÒ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢ ¸ ´¨§-
±µ²¥¦ Ð¨³¨ ·¥§µ´ ´¸ ³¨ µ¶·¥¤¥²ÖÕÉ¸Ö ¨§ Ô±¸¶¥·¨³¥´É . ‘ ¤·Ê£µ° ¸Éµ·µ´Ò,
É ±¨³ µ¡· §µ³ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¢ ¦´ÊÕ ¨´Ëµ·³ Í¨Õ µ ¸É·Ê±ÉÊ·¥ ´¥¢¥¤ÊÐ¨Ì
¶µ·Ö¤±µ¢ Ô²¥±É·µ¸² ¡µ£µ ±¨· ²Ó´µ£µ ² £· ´¦¨ ´ . �µ¤µ¡´Ò°  ´ ²¨§ ± ¦¥É¸Ö
¢¶µ²´¥ µ¡µ¸´µ¢ ´´Ò³, ¶µ¸±µ²Ó±Ê ¨§¢¥¸É´µ, ÎÉµ ¶ · ³¥É·Ò ¸¨²Ó´µ£µ ±¨· ²Ó-
´µ£µ ² £· ´¦¨ ´  ¸ÊÐ¥¸É¢¥´´Ò³ µ¡· §µ³ µ¶·¥¤¥²ÖÕÉ¸Ö ¢±² ¤ ³¨ ´¨§±µ²¥¦ -
Ð¨Ì ·¥§µ´ ´¸µ¢ [94, 95]. �¤´ ±µ ´¥¤µ¸É ÉµÎ´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
¨ ¸²µ¦´ Ö ¸É·Ê±ÉÊ·  Ô²¥±É·µ¸² ¡µ£µ ±¨· ²Ó´µ£µ ² £· ´¦¨ ´  ¶·¥¶ÖÉ¸É¢ÊÕÉ
¶µ²´µ³Ê ¶·µ¢¥¤¥´¨Õ ÔÉµ° ¶·µ£· ³³Ò.

iv) ‚ · ¡µÉ Ì [96, 97] ¤²Ö µ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·µ¢ Ô²¥±É·µ¸² ¡µ£µ ±¨-
· ²Ó´µ£µ ² £· ´¦¨ ´  ¡Ò² ¶·¥¤²µ¦¥´ ³¥Éµ¤, µ¸´µ¢ ´´Ò° ´  ¨¸¸²¥¤µ¢ ´¨¨
É·¥ÌÉµÎ¥Î´µ° ËÊ´±Í¨¨ ƒ·¨´  ³¥Éµ¤µ³ Š•„-¶· ¢¨² ¸Ê³³. � ¸¸³µÉ·¨³ ¥£µ
¡µ²¥¥ ¶µ¤·µ¡´µ.

3.3. �· ¢¨²  ¸Ê³³ ¤²Ö É·¥ÌÉµÎ¥Î´µ° ËÊ´±Í¨¨ ƒ·¨´ . ‚ ‘Œ ÔËË¥±-
É¨¢´Ò° ´¨§±µÔ´¥·£¥É¨Î¥¸±¨° ∆S = 1 £ ³¨²ÓÉµ´¨ ´ § ¤ ´ ¢Ò· ¦¥´¨¥³ (2.2).
�ËË¥±É¨¢´Ò° ±¨· ²Ó´Ò° ∆S = 1 ² £· ´¦¨ ´ ¨³¥¥É ¢¨¤ (3.11). � Ï  § -
¤ Î  Å ¸¢Ö§ ÉÓ ÔÉ¨ ¤¢  ¶·¥¤¸É ¢²¥´¨Ö ¸µ£² ¸´µ Ê· ¢´¥´¨Õ (3.9) ¨ ¢Ò· §¨ÉÓ
¶ · ³¥É·Ò ±¨· ²Ó´µ£µ ² £· ´¦¨ ´  Î¥·¥§ ¶ · ³¥É·Ò Š•„.

�· ±É¨Î¥¸±¨ § ¤ Î  ¸¢µ¤¨É¸Ö ± ¶µ¸É·µ¥´¨Õ ±¨· ²Ó´µ£µ ¶·¥¤¸É ¢²¥´¨Ö
Î¥ÉÒ·¥Ì±¢ ·±µ¢ÒÌ µ¶¥· Éµ·µ¢ (2.3). “¤µ¡´µ ¶¥·¥°É¨ ± ¡ §¨¸Ê ¨§µÉµ¶¨Î¥-
¸±¨ ´¥¶·¨¢µ¤¨³ÒÌ µ¶¥· Éµ·µ¢ Qfi , ¶·¨´ ¤²¥¦ Ð¨Ì ¶·¥¤¸É ¢²¥´¨Õ (fL× 1R)
(f = 8, 27) ±¨· ²Ó´µ° £·Ê¶¶Ò, ±µÉµ·Ò° ¸¢Ö§ ´ ¸ ¡ §¨¸µ³ (2.3) ²¨´¥°´Ò³
¶·¥µ¡· §µ¢ ´¨¥³. Ÿ¢´Ò° ¢¨¤ ÔÉµ£µ ¡ §¨¸  ´ ³ ´¥ ¶µ´ ¤µ¡¨É¸Ö. �·¥¤¸É ¢¨³
µ¶¥· Éµ·Ò Qfi ¢ ¢¨¤¥ ·Ö¤  ¶µ p2:

Q8
i = (Q8

i )χ ≡ gi8f4
π

(
∂µU

†∂µU
)

23
+ g′8

i
f4
π

(
U †χ+ χ†U

)
23

+O(p4) , (3.15)

Q27
i = (Q27

i )χ ≡ gi27f
4
π

(
2

3

(
U †∂µU

)
21

(
U †∂µU

)
13

+

+
(
U †∂µU

)
23

(
U †∂µU

)
11

)
+O(p4) . (3.16)

ŠµÔËË¨Í¨¥´ÉÒ gif ·Ö¤µ¢ (3.15), (3.16) µ¶·¥¤¥²ÖÕÉ¸Ö Ê¸²µ¢¨¥³

〈Q8
i 〉I = 〈(Q8

i )χ〉I , (3.17)

〈Q27
i 〉I = 〈(Q27

i )χ〉I . (3.18)

�¶·¥¤¥²¨¢ ÔÉ¨ ±µÔËË¨Í¨¥´ÉÒ ¤²Ö ¢¸¥Ì µ¶¥· Éµ·µ¢ Qfi , ³Ò ¶µ²´µ¸ÉÓÕ µ¶·¥-
¤¥²¨³ ¶ · ³¥É·Ò cf ±¨· ²Ó´µ£µ ² £· ´¦¨ ´  ¢ ¶µ·Ö¤±¥ O(p2).

�µ²ÊÎ¨ÉÓ ¶µ²´ÊÕ ¨´Ëµ·³ Í¨Õ µ ¶ · ³¥É· Ì gif ³Ò ³µ¦¥³, ¢ÒÎ¨¸²¨¢
³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ µ¶¥· Éµ·µ¢ Q8

i ³¥¦¤Ê µ¤´µ³¥§µ´´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨.
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‚ ¸ ³µ³ ¤¥²¥, ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ³¥¦¤Ê ¸µ¸ÉµÖ´¨Ö³¨, ´ ¶·¨³¥·, K+- ¨
π+-³¥§µ´µ¢

〈π+(p1)|Q8
i |K+(p2)〉 = −4f2

π(g
i
8(p1p2) + g′8

i
m2
K) , (3.19)

〈π+(p1)|Q27
i |K+(p2)〉 =

8

3
gi27f

2
π(p1p2) (3.20)

µ¤´µ§´ Î´µ µ¶·¥¤¥²ÖÕÉ ¢¥²¨Î¨´Ò gif . ‚±² ¤Ò, ¶·µ¶µ·Í¨µ´ ²Ó´Ò¥ gi8 ¨ g′8
i, ¢

Ê· ¢´¥´¨¨ (3.19) ³µ£ÊÉ ¡ÒÉÓ ²¥£±µ · §¤¥²¥´Ò ¡² £µ¤ ·Ö · §²¨Î´µ° § ¢¨¸¨³µ-
¸É¨ µÉ ¨³¶Ê²Ó¸µ¢ ³¥§µ´µ¢.

’ ±¨³ µ¡· §µ³, § ¤ Î  ¢ÒÎ¨¸²¥´¨Ö ¶·µ¨§¢µ²Ó´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢
µ¶¥· Éµ·µ¢ Qfi ¢ ¢¥¤ÊÐ¥³ ¶µ·Ö¤±¥ ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö ¸¢¥² ¸Ó ± ¢ÒÎ¨-
¸²¥´¨Õ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ ³¥¦¤Ê µ¤´µ³¥§µ´´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨. „²Ö ÔÉµ°
Í¥²¨ ³Ò ¶·¥¤² £ ¥³ ¨¸¸²¥¤µ¢ ÉÓ ³¥Éµ¤µ³ Š•„-¶· ¢¨² ¸Ê³³ É·¥ÌÉµÎ¥Î´ÊÕ
ËÊ´±Í¨Õ ƒ·¨´  [98,99] ¢¨¤ 

Gi(p, q) = i2
∫
〈0|T jπ(x)Qfi (0)jK(y)|0〉eip2x−ip1ydxdy =

= i2
∫
〈0|T jπ(x)Qfi (y)jK(0)|0〉ei(p−

q
2 )x−iqydxdy , (3.21)

£¤¥ p1 = p+ q/2, p2 = p− q/2 ¨ jK (jπ) Å ´¥±µÉµ·Ò° ¨´É¥·¶µ²¨·ÊÕÐ¨° Éµ±
¤²Ö ¶µ²Ö K-³¥§µ´  (π-³¥§µ´ ).

ˆ¸¶µ²Ó§ÊÖ ¤¨¸¶¥·¸¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö, ³Ò ´ Ìµ¤¨³ ´¨§±µÔ´¥·£¥É¨Î¥-
¸±µ¥ ¶·¥¤¸É ¢²¥´¨¥ ËÊ´±Í¨¨ ƒ·¨´  (3.21):

Gi(p, q) =
〈jπ|π(p2)〉〈π(p2)|Qfi |K(p1)〉〈K(p1)|jK〉

p2
2(p

2
1 −m2

K)
+

+
RL

p2
2

+
RR

p2
1 −m2

K

+ . . . , (3.22)

£¤¥ ³´µ£µÉµÎ¨¥ µ¡µ§´ Î ¥É ¢±² ¤Ò, ¢ ±µÉµ·ÒÌ K-³¥§µ´´Ò° ¨ π-³¥§µ´´Ò°
¶µ²Õ¸Ò µÉ¸ÊÉ¸É¢ÊÕÉ. �µ¤¸É ¢²ÖÖ ±¨· ²Ó´µ¥ ¶·¥¤¸É ¢²¥´¨¥ (3.15), (3.16) ¢
Ê· ¢´¥´¨¥ (3.22) ¨ ¢ÒÎ¨¸²ÖÖ Ö¢´µ ³ É·¨Î´Ò° Ô²¥³¥´É 〈π(p2)|Qfi |K(p1)〉, ³Ò
¶µ²ÊÎ ¥³ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ¥ ¶·¥¤¸É ¢²¥´¨¥ (3.22) ± ± ËÊ´±Í¨Õ ¶ · ³¥É·µ¢
gif . ’ ±¨³ µ¡· §µ³, ¢ ¶µ·Ö¤±¥ O(p2) ·¥§µ´ ´¸´ Ö Î ¸ÉÓ ËÊ´±Í¨¨ ƒ·¨´  (3.21)

¤²Ö µ¶¥· Éµ·  Qfi ¶ · ³¥É·¨§Ê¥É¸Ö µ¤´µ° ±µ´¸É ´Éµ° ¶·¨ f = 27 ¨ ¤¢Ê³Ö
±µ´¸É ´É ³¨ ¶·¨ f = 8.

„²Ö Éµ£µ ÎÉµ¡Ò ¨§¢²¥ÎÓ ¨§ Ê· ¢´¥´¨Ö (3.22) ¨´Ëµ·³ Í¨Õ µ¡ ÔÉ¨Ì ¶ · -
³¥É· Ì, ´¥µ¡Ìµ¤¨³µ µÉ¤¥²¨ÉÓ ·¥§µ´ ´¸´Ò° ¢±² ¤ µÉ ¸³¥Ï ´´ÒÌ ¢±² ¤µ¢. �Éµ
¢µ§³µ¦´µ, ¶µ¸±µ²Ó±Ê ¢ µÉ²¨Î¨¥ µÉ µ¸É ²Ó´ÒÌ ¢±² ¤µ¢ ·¥§µ´ ´¸ ¶·¨¢µ¤¨É ±
¶µ²Õ¸Ê ¢Éµ·µ£µ ¶µ·Ö¤±  ¢ ¤¨¸¶¥·¸¨µ´´µ³ ¸µµÉ´µÏ¥´¨¨. ‚ Ê· ¢´¥´¨¨ (3.22)
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ÔÉµ£µ ³µ¦´µ ¤µ¸É¨ÎÓ, ´ ±² ¤Ò¢ Ö ±¨´¥³ É¨Î¥¸±µ¥ Ê¸²µ¢¨¥ (pq) = m2
K/2.

�µ² £ Ö (pq) = m2
K/2 ¨ Ê³´µ¦ Ö (3.22) ´  (p2 + q2/4−m2

K/2), ³Ò ¶µ²ÊÎ ¥³

〈jπ|π(p2)〉〈π(p2)|Qfi |K(p1)〉〈K(p1)|jK〉
(p2 + q2

4 −
m2
K

2 )
+RL +RR + . . . , (3.23)

£¤¥ ·¥§µ´ ´¸´Ò° ¢±² ¤ Ö¢´µ ¢Ò¤¥²¥´ ± ± ¶µ²Õ¸ ¶¥·¢µ£µ ¶µ·Ö¤± . ‚Ò· ¦¥´¨¥
(3.23) ¤ ²¥¥ ³µ¦¥É ¡ÒÉÓ µ¡· ¡µÉ ´µ ¸É ´¤ ·É´Ò³¨ ³¥Éµ¤ ³¨ ¶· ¢¨² ¸Ê³³.
‚µ§³µ¦´µ¸ÉÓ · §¤¥²¥´¨Ö ·¥§µ´ ´¸´ÒÌ ¨ ´¥·¥§µ´ ´¸´ÒÌ ¢±² ¤µ¢ Ö¢²Ö¥É¸Ö ¸Ê-
Ð¥¸É¢¥´´Ò³ ¶·¥¨³ÊÐ¥¸É¢µ³ ´ Ï¥£µ ³¥Éµ¤  ¶µ ¸· ¢´¥´¨Õ ¸ ³¥Éµ¤µ³
[35Ä38], ¢ ±µÉµ·µ³ ¤²Ö µ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·µ¢ Ô²¥±É·µ¸² ¡µ£µ ±¨· ²Ó´µ£µ
² £· ´¦¨ ´  ¨¸¶µ²Ó§ÊÕÉ¸Ö ¶· ¢¨²  ¸Ê³³ ¤²Ö ¤¢ÊÌÉµÎ¥Î´µ° ËÊ´±Í¨¨ ƒ·¨´ 
〈0|TQi(x)Qj(y)|0〉. ‚ ¸²ÊÎ ¥ ¤¢ÊÌÉµÎ¥Î´µ° ËÊ´±Í¨¨ ƒ·¨´  ¨´É¥·¥¸ÊÕÐ¨¥
´ ¸ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¶µ ¸µ¸ÉµÖ´¨Ö³ ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢ ¤ ÕÉ ¢±² ¤
¢ ±µ´É¨´ÊÊ³ ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨, ¨ ¢Ò¤¥²¨ÉÓ ¥£µ ´  Ëµ´¥ ¢±² ¤µ¢ ¤·Ê-
£¨Ì ¸µ¸ÉµÖ´¨° ¸²µ¦´µ. ‚ ·¥§Ê²ÓÉ É¥ ¢±² ¤Ò ¢Ò¸Ï¨Ì ¸µ¸ÉµÖ´¨° ¶·¨Ìµ¤¨É¸Ö
ÊÎ¨ÉÒ¢ ÉÓ Ö¢´µ, ÎÉµ §´ Î¨É¥²Ó´µ ¸´¨¦ ¥É ´ ¤¥¦´µ¸ÉÓ ¶µ²ÊÎ ¥³ÒÌ µÍ¥´µ±.

‚ÒÎ¨¸²¨³ ËÊ´±Í¨Õ ƒ·¨´  (3.21) ¢ Š•„. �·¨ ¡µ²ÓÏµ³ ¥¢±²¨¤µ¢µ³ ¨³-
¶Ê²Ó¸¥ p2 → −∞ ¨ q ∼ 0 ËÊ´±Í¨Ö ƒ·¨´  (3.21) ¨³¥¥É  ¸¨³¶ÉµÉ¨Î¥¸±µ¥
· §²µ¦¥´¨¥ ¢¨¤  [100,101]:

Gi(p, q) =
∑
n

Kn(p, q)〈0|On|0〉+
∑
n

Cn(p2)Bn(q) , (3.24)

£¤¥ ±µÔËË¨Í¨¥´ÉÒ Cn(p2) µ¶·¥¤¥²ÖÕÉ¸Ö �� ¤¢ÊÌÉµÎ¥Î´µ° ËÊ´±Í¨¨ ƒ·¨´ :

i

∫
T jπ(x)jK(0)eip2xdx =

∑
n

Cn(p2)O
′
n , (3.25)

¨

Bn(q) = i

∫
〈0|TO′n(0)Qfi (y)|0〉e−iqydy (3.26)

¥¸ÉÓ ¢ ±ÊÊ³´Ò¥ µ¦¨¤ ´¨Ö ¡¨²µ± ²Ó´ÒÌ µ¶¥· Éµ·µ¢. ‚ Ê· ¢´¥´¨ÖÌ (3.24), (3.25)
On ¨ O′n Å ²µ± ²Ó´Ò¥ Š•„-µ¶¥· Éµ·Ò ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ±¢ ´Éµ¢Ò³¨ Î¨-
¸² ³¨.

Š ¤µ¸Éµ¨´¸É¢ ³ ¶·¥¤² £ ¥³µ£µ ³¥Éµ¤  ¸²¥¤Ê¥É µÉ´¥¸É¨ ¢µ§³µ¦´µ¸ÉÓ £¨¡-
±µ£µ ¢Ò¡µ·  ¨´É¥·¶µ²¨·ÊÕÐ¨Ì Éµ±µ¢. ˆ´É¥·¶µ²¨·ÊÕÐ¨¥ Éµ±¨ ¤²Ö  ´ ²¨§ 
± ¦¤µ£µ µ¶¥· Éµ·  ¢Ò¡¨· ÕÉ¸Ö É ±¨³ µ¡· §µ³, ÎÉµ¡Ò ¸¢¥¸É¨ ± ³¨´¨³Ê³Ê
¢²¨Ö´¨¥ ¶²µÌµ ±µ´É·µ²¨·Ê¥³ÒÌ ¢±² ¤µ¢ ¡¨²µ± ²Ó´ÒÌ µ¶¥· Éµ·µ¢, ©¶·Ö³ÒÌª
¨´¸É ´Éµ´µ¢ [102, 103] ¨ É.¤.,   É ±¦¥ ¸¤¥² ÉÓ ¢ÒÎ¨¸²¥´¨Ö É¥Ì´¨Î¥¸±¨ ¡µ²¥¥
¶·µ¸ÉÒ³¨.

� §²µ¦¥´¨¥ (3.24) Ìµ·µÏµ µ¶·¥¤¥²¥´µ ¨ ³µ¦¥É ¡ÒÉÓ ¶µ¸É·µ¥´µ É ±¨³
µ¡· §µ³, ÎÉµ ±µÔËË¨Í¨¥´É´Ò¥ ËÊ´±Í¨¨ Kn(p, q) Ö¢²ÖÕÉ¸Ö  ´ ²¨É¨Î¥¸±¨³¨
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ËÊ´±Í¨Ö³¨ ¨³¶Ê²Ó¸  q ¶·¨ q ∼ 0. �µÔÉµ³Ê ³Ò ³µ¦¥³ ¶µ²µ¦¨ÉÓ q2 = 0 ¨
· ¡µÉ ÉÓ ¢ ¢¥¤ÊÐ¥³ ¶µ·Ö¤±¥ · §²µ¦¥´¨Ö ¶µ ¸É¥¶¥´Ö³ q2 ¸ µ¤´µ¶ · ³¥É·¨-
Î¥¸±¨³  ¸¨³¶ÉµÉ¨Î¥¸±¨³ · §²µ¦¥´¨¥³ ¶µ 1/p2. ‚ Éµ ¦¥ ¢·¥³Ö ¸± ²Ö·´µ¥
¶·µ¨§¢¥¤¥´¨¥ (pq) µ¸É ¥É¸Ö Ë¨±¸¨·µ¢ ´´Ò³ Ê¸²µ¢¨¥³ (pq) = m2

K/2.
ŒÒ ¶µ²ÊÎ¨²¨ ¶·¥¤¸É ¢²¥´¨Ö ËÊ´±Í¨¨ ƒ·¨´  (3.21) ¶·¨ ³ ²ÒÌ (3.22) ¨

¡µ²ÓÏ¨Ì (3.24) ¨³¶Ê²Ó¸ Ì. � · ³¥É·Ò gif ³µ£ÊÉ ¡ÒÉÓ µ¶·¥¤¥²¥´Ò ± ± ËÊ´±-
Í¨¨ ¶ · ³¥É·µ¢ Š•„, ¥¸²¨ ¸¢Ö§ ÉÓ ÔÉ¨ ¶·¥¤¸É ¢²¥´¨Ö ¸ ¶µ³µÐÓÕ ¡µ·¥²¥¢¸±¨Ì
¶· ¢¨² ¸Ê³³ [99]:∫ ∞

0

ρ
 ¤·
i (s) exp

(
− s

M2

)
ds =

∫ ∞
0

ρŠ•„
i (s) exp

(
− s

M2

)
ds (3.27)

¨²¨ ¶· ¢¨² ¸Ê³³ ¶·¨ ±µ´¥Î´µ° Ô´¥·£¨¨ (�‘Š�) [98,104Ä106]∫ s0

0

skρ
 ¤·
i (s)ds =

∫ s0

0

skρŠ•„
i (s)ds , k = 1, 2, . . . , (3.28)

£¤¥ ρ ¤·
i (s) ¨ ρŠ•„

i (s) Å ¸µµÉ¢¥É¸É¢¥´´µ  ¤·µ´´µ¥ ¨ Š•„-¶·¥¤¸É ¢²¥´¨Ö ¸¶¥±-
É· ²Ó´µ° ¶²µÉ´µ¸É¨ ËÊ´±Í¨¨ (3.21), s = p2, M Å ¶¥·¥³¥´´ Ö �µ·¥²Ö ¨ s0

Å ¨´É¥·¢ ² ¤Ê ²Ó´µ¸É¨. …¸²¨ µ¶¥· Éµ·´µ¥ · §²µ¦¥´¨¥ (3.24) ¸Ìµ¤¨É¸Ö ¨ ´¥
¸µ¤¥·¦¨É ¡µ²ÓÏ¨Ì ¢±² ¤µ¢ ¶²µÌµ ±µ´É·µ²¨·Ê¥³ÒÌ Ô±¸¶µ´¥´Í¨ ²Ó´ÒÌ Î²¥-
´µ¢, ¶· ¢¨²  ¸Ê³³ ¶µ§¢µ²ÖÕÉ ¸ Ìµ·µÏ¥° ÉµÎ´µ¸ÉÓÕ µ¶·¥¤¥²¨ÉÓ ¶ · ³¥É·Ò
±¨· ²Ó´µ£µ ¶·¥¤¸É ¢²¥´¨Ö (3.15), (3.16).

�·µ¤¥³µ´¸É·¨·Ê¥³ ¤¥°¸É¢¨¥ µ¶¨¸ ´´µ£µ ¢ÒÏ¥ ³¥Éµ¤  ´  ¶·¨³¥·¥ ¢ÒÎ¨¸-
²¥´¨Ö ³ É·¨Î´µ£µ Ô²¥³¥´É  £²Õµ´´µ£µ ª¶¨´£¢¨´ ª [97].

3.4. Œ É·¨Î´Ò° Ô²¥³¥´É £²Õµ´´µ£µ ©¶¨´£¢¨´ ª. ƒ²Õµ´´Ò° ª¶¨´£¢¨´ª
Å µ¶¥· Éµ· Q6 Å ¶·¥¤¸É ¢²Ö¥É ¡µ²ÓÏµ° ¨´É¥·¥¸, ¶µ¸±µ²Ó±Ê:

i) ´¥¸¥É ¨§µÉµ¶¨Î¥¸±¨° ¸¶¨´ I = 1/2 ¨, ¶µ-¢¨¤¨³µ³Ê, ¨£· ¥É ¢ ¦´ÊÕ ·µ²Ó
¤²Ö ·¥Ï¥´¨Ö ¶·µ¡²¥³Ò ∆I = 1/2 [14],

ii) ¤ ¥É ¤µ³¨´¨·ÊÕÐ¨° ¢±² ¤ ¢ ³´¨³ÊÕ Î ¸ÉÓ  ³¶²¨ÉÊ¤ · ¸¶ ¤µ¢ ¨,
¸²¥¤µ¢ É¥²Ó´µ, µ¶·¥¤¥²Ö¥É §´ Î¥´¨¥ ¶ · ³¥É·  ε′ ¶·Ö³µ£µ ´ ·ÊÏ¥´¨Ö CP-
¨´¢ ·¨ ´É´µ¸É¨ [47],

iii) ¸ÊÐ¥¸É¢ÊÕÉ §´ Î¨É¥²Ó´Ò¥ · ¸Ìµ¦¤¥´¨Ö ¢ ¨³¥ÕÐ¨Ì¸Ö É¥µ·¥É¨Î¥¸±¨Ì
µÍ¥´± Ì ³ É·¨Î´µ£µ Ô²¥³¥´É  ÔÉµ£µ µ¶¥· Éµ·  [14,15,33Ä35,38,41,53,107].

’·Ê¤´µ¸É¨ ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ³ É·¨Î´µ£µ Ô²¥³¥´É  µ¶¥· Éµ·  Q6 ¸¢Ö§ ´Ò
¸ É¥³, ÎÉµ ´ ¨¢´ Ö µÍ¥´±  ©Ë ±Éµ·¨§ Í¨Ö + —‘�’ª ¶·¨¢µ¤¨É ± ´Ê²¥¢µ³Ê
§´ Î¥´¨Õ ÔÉµ£µ ³ É·¨Î´µ£µ Ô²¥³¥´É . „²Ö Éµ£µ ÎÉµ¡Ò ¶µ²ÊÎ¨ÉÓ ¶¥·¢µ¥ ´¥-
¨¸Î¥§ ÕÐ¥¥ ¶·¨¡²¨¦¥´¨¥, ´¥µ¡Ìµ¤¨³µ ÊÎ¨ÉÒ¢ ÉÓ ¶µ¶· ¢±¨ ± ¸µµÉ´µÏ¥´¨Ö³
—‘�’. �É¸ÊÉ¸É¢¨¥ ´ ¤¥¦´µ£µ ´ Î ²Ó´µ£µ ¶·¨¡²¨¦¥´¨Ö ¶·¨¢µ¤¨É ± ¸¨²Ó´µ°
§ ¢¨¸¨³µ¸É¨ ·¥§Ê²ÓÉ É  µÉ ¨¸¶µ²Ó§Ê¥³µ° ³µ¤¥²¨.

� · ³¥É·¨§Ê¥³ ³ É·¨Î´Ò° Ô²¥³¥´É µ¶¥· Éµ·  Q6 ¸²¥¤ÊÕÐ¨³ ¸¶µ¸µ¡µ³:

〈Q6〉0 = −
√

3

2
fKm

2
KB

(1/2)
6 , (3.29)
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£¤¥ ³´µ¦¨É¥²Ó fKm2
K Ë¨±¸¨·Ê¥É Ì · ±É¥·´ÊÕ Ï± ²Ê ³ ¸¸, ³´µ¦¨É¥²Ó −

√
3
2

¢¢¥¤¥´ ¤²Ö Ê¤µ¡¸É¢  ¨ B(1/2)
6 Å ¡¥§· §³¥·´Ò° ¶ · ³¥É·, ±µÉµ·Ò° ´¥µ¡Ìµ¤¨³µ

¢ÒÎ¨¸²¨ÉÓ.
�¶¥· Éµ· Q6 ¶·¨´ ¤²¥¦¨É (8L × 1R) ´¥¶·¨¢µ¤¨³µ³Ê ¶·¥¤¸É ¢²¥´¨Õ ±¨-

· ²Ó´µ° £·Ê¶¶Ò. ‚ ¶µ·Ö¤±¥ O(p2) ¥£µ ±¨· ²Ó´µ¥ ¶·¥¤¸É ¢²¥´¨¥ ¶ · ³¥É·¨-
§Ê¥É¸Ö ¤¢Ê³Ö ±µ´¸É ´É ³¨ g ≡ g6

8 ¨ g′ ≡ g′8
6 (3.15):

(Q6)χ = gf4
π

(
∂µU

†∂µU
)

23
+ g′f4

π

(
U †χ+ χ†U

)
23

+O(p4) (3.30)

(¤²Ö ¶·µ¸ÉµÉÒ µ¡µ§´ Î¥´¨° ³Ò µ¶Ê¸± ¥³ ¨´¤¥±¸Ò i = 6 ¨ f = 8).

� · ³¥É· B(1/2)
6 ¸¢Ö§ ´ ¸ ¶ · ³¥É·µ³ g ¸µµÉ´µÏ¥´¨¥³

B
(1/2)
6 = 4

fπ

fK
g . (3.31)

‘² £ ¥³µ¥, ¶ · ³¥É·¨§Ê¥³µ¥ ±µ´¸É ´Éµ° g′ (©£µ²µ¢ ¸É¨±ª), ´¥ ¤ ¥É ¢±² ¤  ¢
 ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢.

„²Ö Éµ£µ ÎÉµ¡Ò µ¶·¥¤¥²¨ÉÓ ¶ · ³¥É·Ò g ¨ g′, · ¸¸³µÉ·¨³ ËÊ´±Í¨Õ ƒ·¨´ 

Gµ(p, q) = (p+ q)µG(p, q) = i2
∫
〈0|T j5

µ(x)Q6(0)j5(y)|0〉eip2x−ip1ydxdy =

= i2
∫
〈0|T j5

µ(x)Q6(y)j
5(0)|0〉ei(p−

q
2 )x−iqydxdy . (3.32)

ˆ´É¥·¶µ²¨·ÊÕÐ¨¥ Éµ±¨

j5
µ = d̄γµγ5u , j5 = ūγ5s (3.33)

¨³¥ÕÉ ¶·µ¥±Í¨¨ ´  ³¥§µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö

〈0|j5
µ|π+(p2)〉 = ifπp2µ , 〈K+(p1)|j5|0〉 = −ifKm

2
K

ms
. (3.34)

�·¨Î¨´Ò É ±µ£µ ´¥¸¨³³¥É·¨Î´µ£µ ¢Ò¡µ·  Éµ±µ¢ ¸É ´ÊÉ Ö¸´Ò ¨§ ¤ ²Ó´¥°Ï¥£µ
 ´ ²¨§ .

ˆ¸¶µ²Ó§ÊÖ Ê· ¢´¥´¨Ö (3.30), (3.34), ¶µ²ÊÎ ¥³ ·¥§µ´ ´¸´ÊÕ Î ¸ÉÓ  ¤·µ´-
´µ£µ ¶·¥¤¸É ¢²¥´¨Ö ËÊ´±Í¨¨ ƒ·¨´  (3.32):

G(p, q) = −4
f3
πfKm

2
K

ms

(
g(p1p2) + g′m2

K

p2
2(p

2
1 −m2

K)

)
=

= −4
f3
πfKm

2
K

ms

(
g(pq) + g′m2

K

(p2 − m2
K

2 )2

)
+O(q2) , (3.35)
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£¤¥ ³Ò ¨¸¶µ²Ó§µ¢ ²¨ · ¢¥´¸É¢µ (p1p2) = (pq)−q2/2, ¸¶· ¢¥¤²¨¢µ¥ ¶·¨ (pq) =
m2
K/2 ¨ p2 = m2

K/2.
‘ ¤·Ê£µ° ¸Éµ·µ´Ò, Š•„ ¤ ¥É ¤²Ö ËÊ´±Í¨¨ G(p, q) ¸²¥¤ÊÕÐ¥¥  ¸¨³¶ÉµÉ¨-

Î¥¸±µ¥ · §²µ¦¥´¨¥:

G(p, q) = − 3

π2

(pq)

p2
ln

(
−p2

µ2

)
〈ψ̄ψ〉+ 3

4π2
γ ln

(
−p2

µ2

)
〈ψ̄ψ〉+

+O(p−6) +O(q2) + (¡¨²µ± ²Ó´Ò¥ ¢±² ¤Ò) , (3.36)

£¤¥ 〈ūu〉 = 〈d̄d〉 ≡ 〈ψ̄ψ〉, γ = 〈s̄s〉/〈ψ̄ψ〉 − 1 6= 0. �µ¸±µ²Ó±Ê ´ ¸ ¨´É¥·¥-
¸Ê¥É ¶¥·¢Ò° ¶µ·Ö¤µ± ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö, ¶·¨ ¢Ò¢µ¤¥ Ê· ¢´¥´¨Ö (3.36) ¢
�� ³Ò µ£· ´¨Î¨²¨¸Ó ¢¥²¨Î¨´ ³¨ ¶¥·¢µ£µ ¶µ·Ö¤±  ¶µ ms, (pq) = m2

K/2 ¨
γ = O(ms). ‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ ±¨· ²Ó´µ° ¸É·Ê±ÉÊ·µ° µ¶¥· Éµ·  Q6 ¢¸¥ Î²¥´Ò
´Ê²¥¢µ£µ ¶µ·Ö¤±  ¶µ ms ¢ Ê· ¢´¥´¨¨ (3.36) ¸µ±· É¨²¨ ¤·Ê£ ¤·Ê£ . �¥§ ¢¨-
¸¨³µ¸ÉÓ µÉ ¨³¶Ê²Ó¸  q ¸² £ ¥³µ£µ, ¶·µ¶µ·Í¨µ´ ²Ó´µ£µ ¢¥²¨Î¨´¥ γ ¢ Ê· ¢´¥-
´¨¨ (3.36), £µ¢µ·¨É µ Éµ³, ÎÉµ ÔÉµ ¸² £ ¥³µ¥ µ¶·¥¤¥²Ö¥É ¢±² ¤ ©£µ²µ¢ ¸É¨± ª
¢ ¶·¥¤¸É ¢²¥´¨¥ (3.30).

� ¸¸³µÉ·¨³ ¡¨²µ± ²Ó´ÊÕ Î ¸ÉÓ ��. � §²µ¦¥´¨¥ (3.25) ¨³¥¥É ¢¨¤∑
n

Cn(p2)On = p2µ

(
d̄s

p2
2

+O(p−6
2 )

)
. (3.37)

�µ± ¦¥³, ÎÉµ ¡¨²µ± ²Ó´Ò¥ µ¶¥· Éµ·Ò ´¥ ¤ ÕÉ ¢±² ¤ ¢ ·¥§µ´ ´¸´ÊÕ Î ¸ÉÓ
¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨ ¤µ ¶µ·Ö¤±  O(p−6). ‚ ¸ ³µ³ ¤¥²¥, ¶·¨ ¢Ò¤¥²¥´¨¨
·¥§µ´ ´¸´µ£µ ¢±² ¤  ³Ò Ê³´µ¦ ¥³ ËÊ´±Í¨Õ Gµ(p, q) ´  p2

2 = (p2 + q2/4 −
m2
K/2). �µ ¶µ¸²¥ Ê³´µ¦¥´¨Ö ´  p2

2 ¶¥·¢Ò° Î²¥´ · §²µ¦¥´¨Ö (3.37) ¸É ´µ¢¨É¸Ö
 ´ ²¨É¨Î´Ò³ ¶µ p2 ¶·¨ p2 = 0 ¨ ´¥ ¤ ¥É ¢±² ¤ ¢ ¸¶¥±É· ²Ó´ÊÕ ¶²µÉ´µ¸ÉÓ. �Éµ
Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ ´¥¸¨³³¥É·¨Î´µ° Ëµ·³Ò ËÊ´±Í¨¨ ƒ·¨´  (3.32). Š ± Ê¦¥
¡Ò²µ µÉ³¥Î¥´µ, ±¨· ²Ó´ Ö ¸¨³³¥É·¨Ö É·¥¡Ê¥É ¸µ±· Ð¥´¨Ö Î²¥´µ¢ ´Ê²¥¢µ£µ
¶µ·Ö¤±  ¶µ ms ¢ · §²µ¦¥´¨¨ (3.36). …¸²¨ ¡Ò ¢ Ê· ¢´¥´¨¨ (3.32) ³Ò ¢§Ö²¨ ¤¢ 
 ±¸¨ ²Ó´ÒÌ ¨²¨ ¤¢  ¶¸¥¢¤µ¸± ²Ö·´ÒÌ Éµ± , ÔÉµ ¸µ±· Ð¥´¨¥ ¨³¥²µ ¡Ò ³¥¸Éµ
Éµ²Ó±µ ¶·¨ ÊÎ¥É¥ ¡¨²µ± ²Ó´ÒÌ ¢±² ¤µ¢, ÎÉµ ¶·¨¢¥²µ ¡Ò ± ¸¨²Ó´µ° § ¢¨¸¨³µ-
¸É¨ ·¥§Ê²ÓÉ É  µÉ §´ Î¥´¨° ¢ ±ÊÊ³´ÒÌ µ¦¨¤ ´¨° ¡¨²µ± ²Ó´ÒÌ µ¶¥· Éµ·µ¢.
�Éµ Ö¢²¥´¨¥ ´¥¦¥² É¥²Ó´µ, ¶µ¸±µ²Ó±Ê ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö Î¨¸²¥´´ Ö µÍ¥´± 
¡¨²µ± ²Ó´ÒÌ ¢±² ¤µ¢ ¸¢Ö§ ´  ¸µ §´ Î¨É¥²Ó´Ò³¨ µÏ¨¡± ³¨. ‚Ò¡µ· ´¥¸¨³³¥É-
·¨Î´µ° Ëµ·³Ò ËÊ´±Í¨¨ ƒ·¨´  ¶µ§¢µ²Ö¥É ¨§¡¥¦ ÉÓ Ê± § ´´ÒÌ É·Ê¤´µ¸É¥°.
�µ²¥¥ Éµ£µ, ¶·¨ É ±µ³ ¢Ò¡µ·¥ ¢ · §²µ¦¥´¨¨ (3.36) µÉ¸ÊÉ¸É¢ÊÕÉ Î¥ÉÒ·¥Ì±¢ ·-
±µ¢Ò¥ µ¶¥· Éµ·Ò, ¨ ´¥ ¢µ§´¨± ÕÉ ¶µ£·¥Ï´µ¸É¨, ¸¢Ö§ ´´Ò¥ ¸ Ë ±Éµ·¨§ Í¨¥°
¶·¨ µÍ¥´±¥ ¢ ±ÊÊ³´ÒÌ µ¦¨¤ ´¨° ÔÉ¨Ì µ¶¥· Éµ·µ¢.

� °¤¥³ ¸¶¥±É· ²Ó´ÊÕ ¶²µÉ´µ¸ÉÓ ËÊ´±Í¨¨

G(p) =

(
p2 − m2

K

2

)
G(p, q) |

q2=0, (pq)=
m2
K
2

. (3.38)
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ˆ§ Ê· ¢´¥´¨Ö (3.35) ¶µ²ÊÎ ¥³  ¤·µ´´µ¥ ¶·¥¤¸É ¢²¥´¨¥ ¸¶¥±É· ²Ó´µ° ¶²µÉ-
´µ¸É¨

ρ ¤·(s) = 2
f3
πfKm

2
K

ms
(g + 2g′) δ

(
s−m2

K

)
+ . . . (3.39)

“· ¢´¥´¨¥ (3.36) ¤ ¥É Š•„-¶·¥¤¸É ¢²¥´¨¥ ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨

ρŠ•„(s) =
3

4π2
〈ψ̄ψ〉

(
2m2

K + sγ
)
θ(s) + . . . (3.40)

�·¨³¥´ÖÖ �‘Š� (3.28) ¶·¨ k = 0 ± ¢Ò· ¦¥´¨Ö³ (3.39), (3.40), ¤²Ö ¶ · ³¥É·µ¢
g ¨ g′ ³Ò ¶µ²ÊÎ ¥³

g = − 3

4π2

ms〈ψ̄ψ〉s0

fKf3
πm

2
K

, g′ = − 3

32π2

ms〈ψ̄ψ〉s2
0

fKf3
πm

4
K

γ . (3.41)

ˆ¸¶µ²Ó§ÊÖ ¸µµÉ´µÏ¥´¨Ö —‘�’ 2ms〈ψ̄ψ〉 = −f2
Km

2
K , ¶¥·¥¶¨Ï¥³ Ê· ¢´¥-

´¨Ö (3.41) ¢ ¢¨¤¥

g =
3

8π2

fK

fπ

s0

f2
π

, g′ =
3

64π2

fK

fπ

s2
0

f2
πm

2
K

γ . (3.42)

„²Ö ¨´É¥·¢ ²  ¤Ê ²Ó´µ¸É¨ s0 ³Ò ¨¸¶µ²Ó§Ê¥³ §´ Î¥´¨¥ ¨´É¥·¢ ²  ¤Ê ²Ó-
´µ¸É¨ π-³¥§µ´  sπ0 = 0, 8 ƒÔ‚2 [105]. �µÖ¸´¨³ ´ Ï ¢Ò¡µ·. ‡´ Î¥´¨¥ sπ0
Ë¨É¨·Ê¥É �‘Š� ¤¢ÊÌÉµÎ¥Î´µ° ËÊ´±Í¨¨ ƒ·¨´ 

Gπµ(p2) = i

∫
〈0|T j5

µ(x) ūRdL(0)|0〉eip2xdx , (3.43)

±µÉµ· Ö ¶µ²ÊÎ ¥É¸Ö ¶·¨ Ë ±Éµ·¨§ Í¨¨ É·¥ÌÉµÎ¥Î´µ° ËÊ´±Í¨¨ ƒ·¨´  (3.32).
�·¨ É ±µ³ ¢Ò¡µ·¥ ¨´É¥·¢ ²  ¤Ê ²Ó´µ¸É¨ ³Ò ÔËË¥±É¨¢´µ ÊÎ¨ÉÒ¢ ¥³ ¢¸¥ Ë ±-
Éµ·¨§Ê¥³Ò¥ ¢±² ¤Ò ¢ÒcÏ¨Ì ¶µ·Ö¤±µ¢ �� (¢ ¤ ´´µ³ ¸²ÊÎ ¥ µ´¨ ¨³¥ÕÉ ¶µ-
·Ö¤µ± O(p−6) ¨ ¢ÒÏ¥) ¢ ¸µµÉ¢¥É¸É¢ÊÕÐÊÕ Î ¸ÉÓ Ë ±Éµ·¨§µ¢ ´´µ° ËÊ´±Í¨¨
ƒ·¨´  (3.32) [80]. …¸²¨ ¶·¥´¥¡·¥ÎÓ · §´µ¸ÉÓÕ ³ ¸¸ ²¥£±¨Ì ±¢ ·±µ¢ ¨ · ¸-
¸³µÉ·¥ÉÓ SUV (3) ¸¨³³¥É·¨Î´Ò° ¶·¥¤¥² ms = mu = md, Éµ §´ Î¥´¨¥ sπ0
Ë¨É¨·Ê¥É É ±¦¥ �‘Š� ¢Éµ·µ° ¤¢ÊÌÉµÎ¥Î´µ° ËÊ´±Í¨¨ ƒ·¨´ 

GK(p1) = i

∫
〈0|T s̄LuR(0) j5(y)|0〉e−ip1ydy , (3.44)

±µÉµ· Ö ¶µ²ÊÎ ¥É¸Ö ¶·¨ Ë ±Éµ·¨§ Í¨¨ ËÊ´±Í¨¨ (3.32). ‘ ¤·Ê£µ° ¸Éµ·µ´Ò,
�‘Š� ¤²Ö ËÊ´±Í¨¨ ƒ·¨´  (3.44) ¸ ÊÎ¥Éµ³ ¡µ²ÓÏµ° ³ ¸¸Ò s-±¢ ·±  Ë¨É¨·Ê-
¥É¸Ö §´ Î¥´¨¥³ sK0 = 1, 2 ƒÔ‚2 ¨´É¥·¢ ²  ¤Ê ²Ó´µ¸É¨ K-³¥§µ´  [105]. �µ-
¸±µ²Ó±Ê ´ Ï¥° § ¤ Î¥° Ö¢²Ö¥É¸Ö ¢Ò¤¥²¥´¨¥ ¢¥¤ÊÐ¨Ì Î²¥´µ¢ ±¨· ²Ó´µ£µ · §-
²µ¦¥´¨Ö, ¸²¥¤Ê¥É ¨¸¶µ²Ó§µ¢ ÉÓ §´ Î¥´¨¥ ¨´É¥·¢ ²  ¤Ê ²Ó´µ¸É¨ ¢ ±¨· ²Ó´µ³
¶·¥¤¥²¥, Éµ ¥¸ÉÓ ¨´É¥·¢ ² ¤Ê ²Ó´µ¸É¨ π-³¥§µ´ ,   ¸µ¤¥·¦ Ð¨¥ ³ ¸¸Ê s-±¢ ·± 
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Ë ±Éµ·¨§Ê¥³Ò¥ Î²¥´Ò · §²µ¦¥´¨Ö (3.36), ±µÉµ·Ò¥ µ¶·¥¤¥²ÖÕÉ¸Ö · §²µ¦¥´¨¥³
ËÊ´±Í¨¨ (3.44) ¨ Ö¢²ÖÕÉ¸Ö ¶·¨Î¨´µ° ´¥· ¢¥´¸É¢  sK0 6= sπ0 , ÊÎ¨ÉÒ¢ ÉÓ Ö¢´µ.

’µÎ´µ¥ §´ Î¥´¨¥ ¨´É¥·¢ ²  ¤Ê ²Ó´µ¸É¨ ³µ¦¥É ¡ÒÉÓ µ¶·¥¤¥²¥´µ ¨§ �‘Š�
(3.28) ¤²Ö k > 0 ¶·¨ ÊÎ¥É¥ ¸É¥¶¥´´ÒÌ ¶µ¶· ¢µ± ¢ · §²µ¦¥´¨¨ (3.36). �¤´ ±µ
¢¥¤ÊÐ¨¥ ¸É¥¶¥´´Ò¥ ¶µ¶· ¢±¨ ¶µ·Ö¤±  O(p−4) µÉ¸ÊÉ¸É¢ÊÕÉ ¨, ¸²¥¤µ¢ É¥²Ó´µ,
¶µ²ÊÎ¥´´µ¥ É ±¨³ µ¡· §µ³ §´ Î¥´¨¥ ¸² ¡µ µÉ²¨Î ¥É¸Ö µÉ sπ0 .

�±µ´Î É¥²Ó´µ ¤²Ö ¶ · ³¥É·  B
(1/2)
6 ¢ ÉµÎ±¥ ´µ·³¨·µ¢±¨ µ2 = sπ0 ¨§

Ê· ¢´¥´¨° (3.31), (3.42) ¶µ²ÊÎ ¥³

B
(1/2)
6 (sπ0 ) =

3

2π2

sπ0
f2
π

= 7 . (3.45)

“Î¨ÉÒ¢ Ö ³Ê²ÓÉ¨¶²¨± É¨¢´ÊÕ ¶¥·¥´µ·³¨·µ¢±Ê, ±µÉµ· Ö ¢ µ¸´µ¢´µ³ µ¶·¥¤¥-
²Ö¥É ·¥´µ·³ ²¨§ Í¨µ´´Ò¥ ¸¢µ°¸É¢  µ¶¥· Éµ·  Q6, ¢ ¶·µ¨§¢µ²Ó´µ° ÉµÎ±¥ ´µ·-
³¨·µ¢±¨ µ < mc ¶µ²ÊÎ ¥³

B
(1/2)
6 (µ2) = B

(1/2)
6 (sπ0 )

(
αs(s

π
0 )

αs(µ2)

)−γ6/2β3

, (3.46)

£¤¥ γ6 = −14 Å  ´µ³ ²Ó´ Ö · §³¥·´µ¸ÉÓ µ¶¥· Éµ·  Q6 [14]. �¥´µ·³£·Ê¶¶µ-

¢µ° Ë ±Éµ·
(
αs(s

π
0 )

αs(µ2)

)−γ6/2β3

§´ Î¨É¥²Ó´µ ¸£² ¦¨¢ ¥É § ¢¨¸¨³µ¸ÉÓ ·¥§Ê²ÓÉ É 

µÉ ¢Ò¡µ·  ¨´É¥·¢ ²  ¤Ê ²Ó´µ¸É¨ s0. ‚ ¸ ³µ³ ¤¥²¥, ¥¸²¨ ¢ Ê· ¢´¥´¨¥ (3.45)
³Ò ¶µ¤¸É ¢¨³ §´ Î¥´¨¥ sK0 ¨´É¥·¢ ²  ¤Ê ²Ó´µ¸É¨ K-³¥§µ´  [105], §´ Î¥´¨¥

¶ · ³¥É·  B(1/2)
6 (1 ƒÔ‚) Ê¢¥²¨Î¨É¸Ö Éµ²Ó±µ ´  ∼ 25% (¶·¨ ΛMS = 0, 3 ƒÔ‚).

�¶·¥¤¥²¨³ ¶µ£·¥Ï´µ¸É¨ ¶µ²ÊÎ¥´´µ£µ ·¥§Ê²ÓÉ É . „²Ö µ¶¥· Éµ·  Q6 ³Ò
¨¸¶µ²Ó§Ê¥³ ±¨· ²Ó´µ¥ ¶·¥¤¸É ¢²¥´¨¥ (3.30), ¢ ±µÉµ·µ³ ¶·¥´¥¡·¥£ ¥³ Î²¥´ ³¨
¶µ·Ö¤±  O(p4). �É´µ¸¨É¥²Ó´ Ö ¢¥²¨Î¨´  ¶µ£·¥Ï´µ¸É¨, ¸¢Ö§ ´´µ° ¸ µÉ¡· ¸Ò-
¢ ´¨¥³ Î²¥´µ¢ ¢Ò¸µ±¨Ì ¶µ·Ö¤±µ¢ ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö, ¸É·µ£µ £µ¢µ·Ö, ´¥
¨§¢¥¸É´ . �¤´ ±µ ¸ÊÐ¥¸É¢ÊÕÉ ± ± Ô±¸¶¥·¨³¥´É ²Ó´Ò¥, É ± ¨ É¥µ·¥É¨Î¥¸±¨¥
µ¸´µ¢ ´¨Ö ¸Î¨É ÉÓ, ÎÉµ µ´  µ¶·¥¤¥²Ö¥É¸Ö µÉ´µÏ¥´¨¥³ [89,90]:

m2
K

Λ2
χ

∼ 0, 25 , (3.47)

Éµ ¥¸ÉÓ ¸µ¸É ¢²Ö¥É ∼ 25% µÉ ¢¥¤ÊÐ¨Ì ¢±² ¤µ¢.
Š•„-¶·¥¤¸É ¢²¥´¨¥ ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨ ¢±²ÕÎ ¥É ´¥µ¶·¥¤¥²¥´´µ-

¸É¨, ¸¢Ö§ ´´Ò¥ ¸ ´¥¶¥·ÉÊ·¡ É¨¢´Ò³¨ ¢±² ¤ ³¨ ¢Ò¸Ï¨Ì Î²¥´µ¢ �� ¨ ¶¥·ÉÊ·-
¡ É¨¢´Ò³¨ ¶µ¶· ¢± ³¨ ± ±µÔËË¨Í¨¥´É´Ò³ ËÊ´±Í¨Ö³ ¢¥¤ÊÐ¨Ì µ¶¥· Éµ·µ¢.
‚¥¤ÊÐ¨¥ ¸É¥¶¥´´Ò¥ ¶µ¶· ¢±¨ ¢ · §²µ¦¥´¨¨ (3.36) ¸µ±· É¨²¨¸Ó, ¨ ´¥¶¥·ÉÊ·-
¡ É¨¢´Ò¥ ¶µ¶· ¢±¨, ¢±²ÕÎ Ö ¡¨²µ± ²Ó´Ò¥ ¢±² ¤Ò, ¨³¥ÕÉ ¶µ·Ö¤µ± O(p−6).
‘²¥¤µ¢ É¥²Ó´µ, µ´¨ ´¥ ³µ£ÊÉ ¶·¨¢¥¸É¨ ± §´ Î¨É¥²Ó´µ³Ê ¨§³¥´¥´¨Õ ´ Ï¥£µ
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·¥§Ê²ÓÉ É . ŠµÔËË¨Í¨¥´É ‚¨²Ó¸µ´  µ¶¥· Éµ·  Q6 ¨³¥¥É ¶µ·Ö¤µ± O(αs), ¶µ-
ÔÉµ³Ê ¶µ¶· ¢±¨ αs ± ³ É·¨Î´µ³Ê Ô²¥³¥´ÉÊ µ¶¥· Éµ·  Q6 ¸µµÉ¢¥É¸É¢ÊÕÉ ¶µ-
¶· ¢± ³ ¶µ·Ö¤±  O(α2

s) ±  ³¶²¨ÉÊ¤ ³ · ¸¶ ¤µ¢. Šµ··¥±É´Ò° ÊÎ¥É ÔÉ¨Ì ¢±² -
¤µ¢ É·¥¡Ê¥É ¸µ£² ¸µ¢ ´´µ£µ ¢ÒÎ¨¸²¥´¨Ö ¢¸¥£µ ÔËË¥±É¨¢´µ£µ £ ³¨²ÓÉµ´¨ ´  ¢
¶µ·Ö¤±¥ O(α2

s).
’ ±¨³ µ¡· §µ³, ¤²Ö ³ É·¨Î´µ£µ Ô²¥³¥´É  µ¶¥· Éµ·  Q6 ³Ò ¶µ²ÊÎ ¥³

〈Q6(1 ƒÔ‚)〉0 = −(0, 31± 0, 08) ƒÔ‚3 , (3.48)

¨²¨ ¢ É¥·³¨´ Ì ¶ · ³¥É·  B(1/2)
6 :

B
(1/2)
6 (1 ƒÔ‚) = 7, 4± 1, 9 , (3.49)

£¤¥ Ê± § ´´Ò¥ ¶µ£·¥Ï´µ¸É¨ µÍ¥´¨¢ ÕÉ ¢±² ¤Ò ¢Ò¸Ï¨Ì ¶µ·Ö¤±µ¢ ±¨· ²Ó´µ£µ
· §²µ¦¥´¨Ö. �·µ¢¥¤¥´´Ò°  ´ ²¨§ ¶µ± §Ò¢ ¥É, ÎÉµ µ¸É ²Ó´Ò¥ ¶µ£·¥Ï´µ¸É¨
µÉ´µ¸¨É¥²Ó´µ ³ ²Ò. �µ¸±µ²Ó±Ê ¶·¨³¥´Ö¥³Ò° ³¥Éµ¤ µ¸´µ¢ ´ ´  ËÊ´¤ ³¥´-
É ²Ó´ÒÌ ¸¢µ°¸É¢ Ì ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° Å ¤Ê ²Ó´µ¸É¨ ¨ ±¨· ²Ó´µ° ¸¨³-
³¥É·¨¨, ¨ ´¥ ¨¸¶µ²Ó§ÊÕÉ¸Ö ´¥µ¡µ¸´µ¢ ´´Ò¥ ³µ¤¥²¨ ¨²¨ ¶·¨¡²¨¦¥´¨Ö, ·¥-
§Ê²ÓÉ É (3.49), ¶µ-¢¨¤¨³µ³Ê, ¤µ¸É ÉµÎ´µ ´ ¤¥¦¥´.

4. �…�…•�„› K → ππ ‘ ƒ‹����Œˆ
‚ ���Œ…†“’�—��Œ ‘�‘’�Ÿ�ˆˆ

4.1. ‹µ± ²Ó´Ò° ¢±² ¤ ¢  ³¶²¨ÉÊ¤Ê · ¸¶ ¤ . ‚ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ ¡Ò²
¶·¥¤¸É ¢²¥´ ·¥£Ê²Ö·´Ò° ³¥Éµ¤ ¢ÒÎ¨¸²¥´¨Ö ¶µ¶· ¢µ± ± ·¥§Ê²ÓÉ ÉÊ Ë ±Éµ·¨-
§ Í¨¨ ¤²Ö  ¤·µ´´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢. „ ´´Ò° ³¥Éµ¤ Ê¤µ¡¥´ ¤²Ö ¢Ò-
Î¨¸²¥´¨Ö ¶ · ³¥É·µ¢ ±¨· ²Ó´µ£µ ² £· ´¦¨ ´  ¢ ¶µ·Ö¤±¥ O(p2). �·¨  ´ ²¨§¥
¸²¥¤ÊÕÐ¥£µ ¶µ·Ö¤±  ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö ¢µ§´¨± ÕÉ ´¥±µÉµ·Ò¥ É·Ê¤´µ¸É¨.

i) ˆ§-§  ¸²µ¦´µ° ¸É·Ê±ÉÊ·Ò Ô²¥±É·µ¸² ¡µ£µ ±¨· ²Ó´µ£µ ² £· ´¦¨ ´  ¢
¶µ·Ö¤±¥ O(p4) ¢µ§´¨± ¥É ¶·µ¡²¥³  · §¤¥²¥´¨Ö ¢±² ¤µ¢ ¶·¨ µ¶·¥¤¥²¥´¨¨ · §-
²¨Î´ÒÌ ¶ · ³¥É·µ¢.

ii) �·¨Ìµ¤¨É¸Ö ¨³¥ÉÓ ¤¥²µ ¸ ¡µ²¥¥ ¢Ò¸µ±¨³¨ ¶µ·Ö¤± ³¨ ��, ÎÉµ ¤¥² ¥É
¢ÒÎ¨¸²¥´¨Ö É¥Ì´¨Î¥¸±¨ ¸²µ¦´Ò³¨,   ·¥§Ê²ÓÉ ÉÒ ³¥´¥¥ ´ ¤¥¦´Ò³¨.

‘ÊÐ¥¸É¢Ê¥É, µ¤´ ±µ, ¢µ§³µ¦´µ¸ÉÓ ¶µ²ÊÎ¨ÉÓ ¨´Ëµ·³ Í¨Õ µ ´¥±µÉµ·µ° Î -
¸É¨ ´ ·ÊÏ ÕÐ¨Ì Ë ±Éµ·¨§ Í¨Õ ¢±² ¤µ¢ ¶µ·Ö¤±  O(p4) ¢  ¤·µ´´Ò¥ ³ É·¨Î-
´Ò¥ Ô²¥³¥´ÉÒ ¤·Ê£¨³ ¸¶µ¸µ¡µ³ [96, 108]. � ¸¸³µÉ·¨³ ¶·µÍ¥¸¸, ¶·¨ ±µÉµ·µ³
¶ ·  ²¥£±¨Ì ±¢ ·±µ¢ ¨§ Î¥ÉÒ·¥Ì±¢ ·±µ¢µ£µ µ¶¥· Éµ·   ´´¨£¨²¨·Ê¥É ¢ µ¡² ±µ
³Ö£±¨Ì £²Õµ´µ¢, ¶·¨Î¥³ ¶ ·  ¶¨µ´µ¢ ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ Ëµ·³¨·Ê¥É¸Ö ¨§
£²Õµ´´µ£µ µ¡² ± . „·Ê£¨³¨ ¸²µ¢ ³¨, · ¸¸³µÉ·¨³ ¶¥·¥Ìµ¤Ò K → ππ ¸ £²Õ-
µ´ ³¨ ¢ ¶·µ³¥¦ÊÉµÎ´µ³ ¸µ¸ÉµÖ´¨¨. �µ¸±µ²Ó±Ê £²Õµ´Ò ´¥¸ÊÉ ´Ê²¥¢µ° ¨§µÉµ-
¶¨Î¥¸±¨° ¸¶¨´, ÔÉ¨ ¶¥·¥Ìµ¤Ò ¤ ÕÉ ¢±² ¤ Éµ²Ó±µ ¢  ³¶²¨ÉÊ¤Ê A0 ¨ ³µ£ÊÉ ¡ÒÉÓ
¢ ¦´Ò ¤²Ö ·¥Ï¥´¨Ö ¶·µ¡²¥³Ò ∆I = 1/2.
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� ¨¡µ²ÓÏ¨° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¢¥¤ÊÐ¨° µ¶¥· Éµ· Q2, ¤²Ö ±µ-
Éµ·µ£µ ±µÔËË¨Í¨¥´É ‚¨²Ó¸µ´  ¨³¥¥É ¶µ·Ö¤µ± O(1). �¥·¥¤ É¥³, ± ± ¶¥·¥°É¨
±  ´ ²¨§Ê ´¥¶¥·ÉÊ·¡ É¨¢´ÒÌ ¢±² ¤µ¢ ¢ ³ É·¨Î´Ò° Ô²¥³¥´É µ¶¥· Éµ·  Q2,
¶µ²¥§´µ · ¸¸³µÉ·¥ÉÓ  ´´¨£¨²ÖÍ¨Õ ¶ ·Ò ±¢ ·±µ¢ c-c̄ ¨§ µ¶¥· Éµ·  Qc2 ¢ ¤·¥-
¢¥¸´µ³ ÔËË¥±É¨¢´µ³ £ ³¨²ÓÉµ´¨ ´¥ (2.13). ‚ ¢¥¤ÊÐ¥³ ¶µ·Ö¤±¥ · §²µ¦¥´¨Ö
 ´´¨£¨²ÖÍ¨µ´´µ° ¤¨ £· ³³Ò ¶µ ¸É¥¶¥´Ö³ µ¡· É´µ° ³ ¸¸Ò c-±¢ ·±  ¢±² ¤
¢ ÔËË¥±É¨¢´Ò° £ ³¨²ÓÉµ´¨ ´ ¤ ÕÉ ²µ± ²Ó´Ò¥ µ¶¥· Éµ·Ò · §³¥·´µ¸É¨ ¢µ-
¸¥³Ó (2.20). �É¨ µ¶¥· Éµ·Ò ¸µ¤¥·¦ É ± ± ±¢ ·±µ¢Ò¥, É ± ¨ £²Õµ´´Ò¥ ¶µ²Ö ¨,
¸²¥¤µ¢ É¥²Ó´µ, ³µ£ÊÉ µ¶¨¸Ò¢ ÉÓ ¢§ ¨³µ¤¥°¸É¢¨¥ ³¥§µ´´ÒÌ ¨ £²Õµ´´ÒÌ ¸É¥¶¥-
´¥° ¸¢µ¡µ¤Ò. �£· ´¨Î¨³  ´ ²¨§ ¸± ²Ö·´µ° ¡¥¸Í¢¥É´µ° ±µ´Ë¨£Ê· Í¨¥° £²Õ-

µ´´µ£µ ¶µ²Ö GaµνG
a
µν . �¶¥· Éµ·Ò Q

(8)
3 , msQ

(7)
1 ¨ msQ

(7)
2 ¨§ ¡ §¨¸  (2.20)

¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö ÔÉÊ ±µ´Ë¨£Ê· Í¨Õ. �·¥´¥¡·¥£ Ö µ¸É ²Ó´Ò³¨ µ¶¥· Éµ· ³¨ ¨
¢Ò¤¥²ÖÖ Ö¢´µ ¸É·Ê±ÉÊ·Ê GaµνG

a
µν , ¶¥·¥¶¨Ï¥³ ¤µ¡ ¢±Ê (2.19) ± ÔËË¥±É¨¢´µ³Ê

£ ³¨²ÓÉµ´¨ ´Ê ¢ ¢¨¤¥

HG
∆S=1 = −GF√

2
VudV

∗
us(1− τ)

(
1

120

1

m2
c

mss̄RdL
αs

π
GaµνG

a
µν

)
+ Ô.¸. (4.1)

„²Ö Éµ£µ ÎÉµ¡Ò µ¶·¥¤¥²¨ÉÓ ¢±² ¤ (4.1) ¢  ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢, ¶µ¸É·µ¨³ ±¨-
· ²Ó´µ¥ ¶·¥¤¸É ¢²¥´¨¥ Š•„- µ¶¥· Éµ· 

mss̄RdL
αs

π
GaµνG

a
µν . (4.2)

�¶¥· Éµ· (4.2) ¸µ¤¥·¦¨É Ö¢´µ ³ ¸¸Ê s-±¢ ·±  ¨ ¶·¨´ ¤²¥¦¨É (8L×1R) ´¥¶·¨-
¢µ¤¨³µ³Ê ¶·¥¤¸É ¢²¥´¨Õ ±¨· ²Ó´µ° £·Ê¶¶Ò. ‘²¥¤µ¢ É¥²Ó´µ, ¥£µ ±¨· ²Ó´µ¥
¶·¥¤¸É ¢²¥´¨¥ ¨³¥¥É ¢¨¤

(mss̄RdL
αs

π
GaµνG

a
µν)χ = Af6

π(U †χ)23 +Bf4
π(U †χ)23trfl(∂µU

†∂µU)+

+(¤·Ê£¨¥ O(p4) Î²¥´Ò) +O(p6) , (4.3)

£¤¥ A ¨ B Å ¡¥§· §³¥·´Ò¥ ¶ · ³¥É·Ò. ‚Éµ·µ° Î²¥´ ¢ ¶·¥¤¸É ¢²¥´¨¨ (4.3)
µÉ¤¥²¥´ µÉ ¤·Ê£¨Ì Î²¥´µ¢ ¶µ·Ö¤±  O(p4) ¶µ ¶·¨Î¨´¥, ±µÉµ· Ö ¸É ´¥É Ö¸´  ¨§
¤ ²Ó´¥°Ï¥£µ  ´ ²¨§ . ‘² £ ¥³µ¥ ¶µ·Ö¤±  O(p2) ¢ Ê· ¢´¥´¨¨ (4.3) ¶·¥¤¸É ¢-
²Ö¥É ¸µ¡µ° ©£µ²µ¢ ¸É¨±ª ¨ ³µ¦¥É ¡ÒÉÓ µÉ¡·µÏ¥´µ. ’ ±¨³ µ¡· §µ³, ¢±² ¤
µ¶¥· Éµ·  (4.2) ¢ Ë¨§¨Î¥¸±¨¥  ³¶²¨ÉÊ¤Ò § ¤ ¥É¸Ö Î²¥´ ³¨ ¶µ·Ö¤±  O(p4).
�·µ¸É¥°Ï¨° ¸¶µ¸µ¡ µ¶·¥¤¥²¨ÉÓ ÔÉ¨ Î²¥´Ò ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ¡Ò Ë ±Éµ·¨§µ-
¢ ÉÓ µ¶¥· Éµ· (4.2) ¨ · ¸¸³µÉ·¥ÉÓ ¥£µ ± ± ¶·µ¨§¢¥¤¥´¨¥ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕ-
Ð¨Ì (S−P ) ±¢ ·±µ¢µ£µ Éµ±  ¨ ¸± ²Ö·´µ£µ ¡¥¸Í¢¥É´µ£µ £²Õµ´´µ£µ µ¶¥· Éµ· .
„ ²¥¥ ±¢ ·±µ¢Ò° Éµ± § ³¥´Ö¥É¸Ö ´  ±¨· ²Ó´Ò° µ¶¥· Éµ· ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ £¨-
¶µÉ¥§µ° —‘�’ ¨  ²£¥¡·µ° Éµ±µ¢:

mss̄RdL → −
f2
π

8
(U †χ)23 . (4.4)
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‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ¸ÊÐ¥¸É¢Ê¥É ´¨§±µÔ´¥·£¥É¨Î¥¸± Ö É¥µ·¥³ , µ¸´µ¢ ´´ Ö ´ 
µ¡Ð¨Ì ¸¢µ°¸É¢ Ì É¥´§µ·  Ô´¥·£¨¨ ¨³¶Ê²Ó¸ , ±µÉµ· Ö µ¶·¥¤¥²Ö¥É ±¨· ²Ó´µ¥
¶·¥¤¸É ¢²¥´¨¥ £²Õµ´´µ£µ µ¶¥· Éµ·  [109,110]:

(
αs

π
GaµνG

a
µν)χ = − 2

β3
f2
πtrfl(∂µU

†∂µU) +O(p4) , β3 = 9 . (4.5)

“· ¢´¥´¨Ö (4.4), (4.5) ¶µ§¢µ²ÖÕÉ µ¶·¥¤¥²¨ÉÓ ±µ´¸É ´ÉÊ B:

B =
1

4β3
, (4.6)

±µÉµ· Ö, ¢ ´ Ï¥° ³µ¤¥²¨, ¶ · ³¥É·¨§Ê¥É ¢¥¤ÊÐ¨° Î²¥´ ±¨· ²Ó´µ£µ · §²µ¦¥-
´¨Ö µ¶¥· Éµ·  (4.2). ‚ ·¥§Ê²ÓÉ É¥ ³Ò ¶µ²ÊÎ¨²¨ ¢±² ¤ ¢ ±¨· ²Ó´Ò° ² £· ´-
¦¨ ´

LG∆S=1 =
GF√

2
VudV

∗
us(1−τ)

(
1

480β3

f4
π

m2
c

(U †χ)23trfl(∂µU
†∂µU)

)
+Ô.¸. , (4.7)

±µÉµ·Ò° µ¶·¥¤¥²Ö¥É ¶µ¶· ¢±Ê ±  ³¶²¨ÉÊ¤¥ A0:

∆A0 =
GF√

2
VudV

∗
us(1 − τ)

1

30β3

m2
K

m2
c

fKm
2
K . (4.8)

� ¸¸³µÉ·¥´´µ¥ ¶·¨¡²¨¦¥´¨¥ ¸µµÉ¢¥É¸É¢Ê¥É ¶·µ¸É¥°Ï¥° Ë¨§¨Î¥¸±µ° ± ·-
É¨´¥ · ¸¶ ¤  K → ππ, ¢ ±µÉµ·µ° K-³¥§µ´  ´´¨£¨²¨·Ê¥É¸Ö ¶¸¥¢¤µ¸± ²Ö·-
´Ò³ ±¢ ·±µ¢Ò³ Éµ±µ³ ¨ ¶ ·  π-³¥§µ´µ¢ ·µ¦¤ ¥É¸Ö £²Õµ´´Ò³ µ¶¥· Éµ·µ³.
„·Ê£¨³¨ ¸²µ¢ ³¨, ±¨· ²Ó´Ò° ² £· ´¦¨ ´ (4.7) µ¶¨¸Ò¢ ¥É ± ´ ² · ¸¶ ¤  ¸
£²Õµ´ ³¨ ¢ ¶·µ³¥¦ÊÉµÎ´µ³ ¸µ¸ÉµÖ´¨¨. —¨¸²¥´´µ µÉ´µ¸¨É¥²Ó´ Ö ¶µ¶· ¢±  ±

 ³¶²¨ÉÊ¤¥ A0 µ± §Ò¢ ¥É¸Ö ¶µ·Ö¤±  1
30β3

m2
K

m2
c
∼ 10−3.

4.2. � ·ÊÏ ÕÐ¨° Ë ±Éµ·¨§ Í¨Õ ´¥²µ± ²Ó´Ò° ¢±² ¤ ¢ ³ É·¨Î´Ò°
Ô²¥³¥´É µ¶¥· Éµ·  Q2. ‚ÒÏ¥ ¡Ò² · ¸¸³µÉ·¥´ ¸²ÊÎ °, ±µ£¤  £²Õµ´Ò, ¨§
±µÉµ·ÒÌ Ëµ·³¨·Ê¥É¸Ö ¶ ·  π-³¥§µ´µ¢, µ¡· §ÊÕÉ¸Ö ¢ ·¥§Ê²ÓÉ É¥  ´´¨£¨²ÖÍ¨¨
¶ ·Ò ±¢ ·±µ¢ c-c̄ ¨§ µ¶¥· Éµ·  Qc2. �² £µ¤ ·Ö µÉ´µ¸¨É¥²Ó´µ ¡µ²ÓÏµ° ³ ¸¸¥
c-±¢ ·± , ¢§ ¨³µ¤¥°¸É¢¨¥, µÉ¢¥Î ÕÐ¥¥ §  ¶¥·¥Ìµ¤ÒK → GaµνG

a
µν , ³µ¦¥É ¡ÒÉÓ

µ¶¨¸ ´µ ²µ± ²Ó´Ò³ £ ³¨²ÓÉµ´¨ ´µ³ (4.1). �´´¨£¨²ÖÍ¨Ö ¶ ·Ò ±¢ ·±µ¢ u-ū ¨§
µ¶¥· Éµ·  Q2 ¨§-§  ³ ²µ° ³ ¸¸Ò u-±¢ ·±  ´¥ ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ²µ-
± ²Ó´µ° ¢¥·Ï¨´µ°. „²Ö Éµ£µ, ÎÉµ¡Ò µ¶·¥¤¥²¨ÉÓ ¢±² ¤ ¶¥·¥Ìµ¤µ¢ K → ππ
¸ ¶·µ¸É¥°Ï¥° ±µ´Ë¨£Ê· Í¨¥° £²Õµ´´µ£µ ¶µ²Ö GaµνG

a
µν ¢ ¶·µ³¥¦ÊÉµÎ´µ³ ¸µ-

¸ÉµÖ´¨¨ ¢ ³ É·¨Î´Ò° Ô²¥³¥´É µ¶¥· Éµ·  Q2, É·¥¡Ê¥É¸Ö ´¥¶¥·ÉÊ·¡ É¨¢´Ò°
³¥Éµ¤. ŒÒ ¢µ¸¶µ²Ó§Ê¥³¸Ö µ¡Ð¨³ ³¥Éµ¤µ³, µ¶¨¸ ´´Ò³ ¢ · §¤. 3, Éµ ¥¸ÉÓ ¨¸-
¶µ²Ó§Ê¥³ ±¨· ²Ó´ÊÕ ÔËË¥±É¨¢´ÊÕ É¥µ·¨Õ ¨ Š•„-¶· ¢¨²  ¸Ê³³.

‡ ¤ Î  ¸µ¸Éµ¨É ¢ ¶µ¸É·µ¥´¨¨ Î ¸É¨ ±¨· ²Ó´µ£µ ¶·¥¤¸É ¢²¥´¨Ö µ¶¥· Éµ· 
Q2, ±µÉµ· Ö µ¶·¥¤¥²Ö¥É¸Ö ¶¥·¥Ìµ¤ ³¨ K → GaµνG

a
µν → ππ. �  µ¸´µ¢ ´¨¨
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·¥§Ê²ÓÉ Éµ¢ ¶·¥¤Ò¤ÊÐ¥£µ ¶Ê´±É  ÔÉ  Î ¸ÉÓ ±¨· ²Ó´µ£µ ¶·¥¤¸É ¢²¥´¨Ö ³µ¦¥É
¡ÒÉÓ § ¶¨¸ ´  ¢ ¢¨¤¥

(Q2)
G
χ = gGf2

π(U
†χ)23trfl(∂µU

†∂µU) , (4.9)

£¤¥ gG Å ¡¥§· §³¥·´Ò° ¶ · ³¥É·. ‚ ¸ ³µ³ ¤¥²¥, ¶µ²´µ¥ ±¨· ²Ó´µ¥ ¶·¥¤¸É ¢-
²¥´¨¥ µ¶¥· Éµ·  Q2 ¢ ¶µ·Ö¤±¥ O(p4) ¸µ¤¥·¦¨É ¥¤¨´¸É¢¥´´Ò° Î²¥´ ¢¨¤  (4.9),
±µÉµ·Ò° ¤ ¥É ¢±² ¤ ¢  ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢ K → ππ ¨ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ±µ´-
Ë¨£Ê· Í¨Õ trfl(∂µU

†∂µU), ± ± ÔÉµ£µ É·¥¡Ê¥É Ê· ¢´¥´¨¥ (4.5) [29]. „²Ö µ¶·¥-
¤¥²¥´¨Ö ¶ · ³¥É·  gG ¨¸¶µ²Ó§Ê¥³ ¶· ¢¨²  ¸Ê³³ ¤²Ö ¶µ¤Ìµ¤ÖÐ¥° ËÊ´±Í¨¨
ƒ·¨´ . ’¥Ì´¨Î¥¸±¨ ¡µ²¥¥ Ê¤µ¡´µ · ¡µÉ ÉÓ ¸ ¤¢ÊÌÉµÎ¥Î´µ° ËÊ´±Í¨¥° ƒ·¨´ .
…¸É¥¸É¢¥´´Ò³ ¢Ò¡µ·µ³ Ö¢²Ö¥É¸Ö ËÊ´±Í¨Ö ƒ·¨´  ¢¨¤ 

G(p) =

∫
〈0|T αs

π
GaµνG

a
µν(x)Q2(0)|K0(q)〉eipxdx|q=0 , (4.10)

£¤¥ ¢ ± Î¥¸É¢¥ ¨´É¥·¶µ²¨·ÊÕÐ¥£µ µ¶¥· Éµ·  ¤²Ö π-³¥§µ´µ¢ ¨¸¶µ²Ó§Ê¥É¸Ö µ¶¥-
· Éµ· GaµνG

a
µν . � ¸ÒÐ Ö ËÊ´±Í¨Õ ƒ·¨´  (4.10) ¸µ¸ÉµÖ´¨Ö³¨ π+π− ¨ π0π0

(´¨§Ï¨³¨ ¸µ¸ÉµÖ´¨Ö³¨ ¸ ¶µ¤Ìµ¤ÖÐ¨³¨ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨), ¨¸¶µ²Ó§ÊÖ ¶µ²-
´µ¥ ±¨· ²Ó´µ¥ ¶·¥¤¸É ¢²¥´¨¥ µ¶¥· Éµ·  Q2 ¨ ´¨§±µÔ´¥·£¥É¨Î¥¸±ÊÕ É¥µ·¥³Ê
(4.5), ¶·¨ ³ ²µ³ ¨³¶Ê²Ó¸¥ p ∼ 0 ¶µ²ÊÎ ¥³  ¤·µ´´µ¥ ¶·¥¤¸É ¢²¥´¨¥ ¤²Ö ÔÉµ°
ËÊ´±Í¨¨

G(p) = −gG 32

π2β3

m2
K

fπ
p4 ln

(
−p2

µ2

)
+ O(p6) (4.11)

¨ ¤²Ö ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨ ÔÉµ° ËÊ´±Í¨¨

ρ ¤·(s) = gG
32

π2β3

m2
K

fπ
s2 θ(s) . (4.12)

�² £µ¤ ·Ö ¸¶¥Í¨ ²Ó´µ³Ê ¢Ò¡µ·Ê ËÊ´±Í¨¨ ƒ·¨´ , Î²¥´Ò ¶µ·Ö¤±  O(p2) ´¥
¤ ÕÉ ¢±² ¤ ¢ Ê· ¢´¥´¨¥ (4.11). ’ ±¨³ µ¡· §µ³, ³Ò ³µ¦¥³ ¨¸¸²¥¤µ¢ ÉÓ ¢±² ¤
¶µ·Ö¤±  O(p4), ¶ · ³¥É·¨§Ê¥³Ò° ±µ´¸É ´Éµ° gG, ´¥¶µ¸·¥¤¸É¢¥´´µ,   ´¥ ± ±
¶µ¶· ¢±Ê ± ´¥±µÉµ·µ³Ê ¢¥¤ÊÐ¥³Ê ·¥§Ê²ÓÉ ÉÊ. �Éµ ¤¥² ¥É ·¥§Ê²ÓÉ ÉÒ £µ-
· §¤µ ¡µ²¥¥ ´ ¤¥¦´Ò³¨. ‘²¥¤Ê¥É ¸¤¥² ÉÓ § ³¥Î ´¨¥ µÉ´µ¸¨É¥²Ó´µ ±¨· ²Ó´µ£µ
¶·¥¤¥²  ¤²Ö K-³¥§µ´  ¢ Ê· ¢´¥´¨¨ (4.10). �·¥¤¸É ¢²¥´¨¥ (4.9) Ë¨±¸¨·Ê¥É
¶· ¢¨²Ó´Ò° ¶µ·Ö¤µ±  ³¶²¨ÉÊ¤Ò · ¸¸³ É·¨¢ ¥³µ£µ ¶·µÍ¥¸¸ , ¶·¨Î¥³ ¸² £ ¥-
³µ¥ (Q2)

G
χ ´¥ § ¢¨¸¨É (Ö¢´µ) µÉ ¨³¶Ê²Ó¸  K-³¥§µ´ . ‘µÌ· ´¥´¨¥ ¢ Ê· ¢´¥-

´¨¨ (4.10) ´¥´Ê²¥¢µ£µ ¨³¶Ê²Ó¸  K-³¥§µ´  ¶·¨¢¥¤¥É ± ¸¤¢¨£Ê  ³¶²¨ÉÊ¤Ò ´ 
¢¥²¨Î¨´Ê ¶µ·Ö¤±  O(p6), ÎÉµ ´ Ìµ¤¨É¸Ö §  ¶·¥¤¥² ³¨ ÉµÎ´µ¸É¨ ´ Ï¥£µ ³¥-
Éµ¤ . �µÔÉµ³Ê ³Ò ³µ¦¥³ ¶µ²µ¦¨ÉÓ q = 0 ¨ · ¡µÉ ÉÓ ¸ ËÊ´±Í¨¥° µ¤´µ£µ
 ·£Ê³¥´É  p.

�·¨ ¡µ²ÓÏµ³ ¥¢±²¨¤µ¢µ³ ¨³¶Ê²Ó¸¥ p2 → −∞ µ¶¥· Éµ·´µ¥ · §²µ¦¥´¨¥
¤²Ö ËÊ´±Í¨¨ ƒ·¨´  (4.10) ¨³¥¥É ¢¨¤

G(p) = i
1

2π2
ln

(
−p2

µ2

)
αs

π
〈0|mss̄RgsG

a
µνt

aσµνdL|K0(q)〉|q=0+
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+O(α2
sp

2) +O(p−2) . (4.13)

Œ´µ¦¨É¥²Ó ms ¢ Ê· ¢´¥´¨¨ (4.13) µ¡¥¸¶¥Î¨¢ ¥É ¶· ¢¨²Ó´µ¥ ¶µ¢¥¤¥´¨¥ ËÊ´±-
Í¨¨ ƒ·¨´  ¢ ±¨· ²Ó´µ³ ¶·¥¤¥²¥. �¥¤ÊÍ¨·ÊÖ K-³¥§µ´, ¶·¥µ¡· §Ê¥³ Ê· ¢´¥-
´¨¥ (4.13) ± ¸²¥¤ÊÕÐ¥³Ê ¢¨¤Ê:

G(p) = − 1

4π2
ln

(
−p2

µ2

)
αs

π
fKm

2
Km

2
0 . (4.14)

‘µµÉ¢¥É¸É¢ÊÕÐ Ö ¸¶¥±É· ²Ó´ Ö ¶²µÉ´µ¸ÉÓ ¨³¥¥É ¢¨¤

ρŠ•„(s) =
1

4π2

αs

π
fKm

2
Km

2
0 θ(s) . (4.15)

„²Ö Éµ£µ ÎÉµ¡Ò µ¶·¥¤¥²¨ÉÓ §´ Î¥´¨¥ gG, ¨¸¶µ²Ó§Ê¥³ Ê· ¢´¥´¨Ö (4.12), (4.15)
¨ ¸É ´¤ ·É´ÊÕ ¶·µÍ¥¤Ê·Ê �‘Š�. �¥§Ê²ÓÉ É ¨³¥¥É ¢¨¤

gG =
3β3

128

fK

fπ

f2
πm

2
0

s2
0

αs(s0)

π
. (4.16)

�¸É ¥É¸Ö ¢µ¶·µ¸ µ ¢Ò¡µ·¥ §´ Î¥´¨Ö ¨´É¥·¢ ²  ¤Ê ²Ó´µ¸É¨ s0. �µ± ¦¥³,
ÎÉµ ·¥§Ê²ÓÉ É (4.16) Ö¢²Ö¥É¸Ö ¸ ³µ¸µ£² ¸µ¢ ´´Ò³ ¢ ¤µ¸É ÉµÎ´µ Ê§±µ³ ¨´É¥·-
¢ ²¥ §´ Î¥´¨° s0. ‚ ¸ ³µ³ ¤¥²¥, ¤²Ö Éµ£µ ÎÉµ¡Ò ¶µ¤ ¢¨ÉÓ ¢±² ¤Ò ¢Ò¸Ï¨Ì
¸µ¸ÉµÖ´¨°, ´ ¶·¨³¥·, ¢±² ¤ ¸± ²Ö·´µ£µ ³¥§µ´  σ(0, 9 ƒÔ‚) ¢  ¤·µ´´µ¥ ¶·¥¤-
¸É ¢²¥´¨¥ (4.11), ³Ò ¤µ²¦´Ò ¶µ²µ¦¨ÉÓ s0 < (0, 9 ƒÔ‚)2. Š·µ³¥ Éµ£µ, ¢Ò· ¦¥-
´¨¥ (4.11) ¶µ²ÊÎ¥´µ ´ ³¨ ¢ ¢¥¤ÊÐ¥³ ¶µ·Ö¤±¥ · §²µ¦¥´¨Ö ¶µ p2 ¨ µ¶· ¢¤ ´µ ¤µ
É¥Ì ¶µ·, ¶µ±  µÉ´µÏ¥´¨¥ s0/Λ

2
χ µ¸É ¥É¸Ö ³ ²Ò³. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ´  Ï± ²¥

µ < 0, 8 ƒÔ‚ ¶¥·ÉÊ·¡ É¨¢´Ò¥ αs-¶µ¶· ¢±¨ ± ÔËË¥±É¨¢´µ³Ê £ ³¨²ÓÉµ´¨ ´Ê
¸É ´µ¢ÖÉ¸Ö ¶²µÌµ ±µ´É·µ²¨·Ê¥³Ò³¨ [25], ÎÉµ µ£· ´¨Î¨¢ ¥É ¢µ§³µ¦´µ¥ §´ Î¥-
´¨¥ ¨´É¥·¢ ²  ¤Ê ²Ó´µ¸É¨ ¸´¨§Ê s0 > (0, 8 ƒÔ‚)2. ’ ±¨³ µ¡· §µ³, ´ ¨¡µ²¥¥
µ¡µ¸´µ¢ ´´Ò³ ± ¦¥É¸Ö ¢Ò¡µ· s0 ∼ (0, 8 ƒÔ‚)2.

�µ¶·µ¡Ê¥³ µÍ¥´¨ÉÓ ¶µ£·¥Ï´µ¸ÉÓ ¶µ²ÊÎ¥´´µ£µ ·¥§Ê²ÓÉ É . � ¸¸³µÉ·¨³ ¶µ-
¶· ¢±¨ ± Š•„-¶·¥¤¸É ¢²¥´¨Õ ËÊ´±Í¨¨ ƒ·¨´  (4.10). �¥·ÉÊ·¡ É¨¢´Ò¥ ¶µ-
¶· ¢±¨ ± �� (¥¤¨´¨Î´Ò° µ¶¥· Éµ· ¢ · §²µ¦¥´¨¨ (4.13)) ¶µ¤ ¢²¥´Ò ¶¥É²¥-
¢Ò³ Ë ±Éµ·µ³ αs/4π ∼ 10−3. �¥¶¥·ÉÊ·¡ É¨¢´Ò¥ ¶µ¶· ¢±¨ §  ¸Î¥É µ¶¥· Éµ-
·µ¢ ¢Ò¸Ï¨Ì · §³¥·´µ¸É¥°, ¶µ-¢¨¤¨³µ³Ê, ¡µ²¥¥ ¢ ¦´Ò. ‚¥¤ÊÐ¨¥ ¸É¥¶¥´´Ò¥
¶µ¶· ¢±¨ ¢ �� (4.13) µ¶·¥¤¥²ÖÕÉ¸Ö µ¶¥· Éµ· ³¨ · §³¥·´µ¸É¨ ¢µ¸¥³Ó. „²Ö
Î¨¸²¥´´µ° µÍ¥´±¨ ¸É¥¶¥´´ÒÌ ¶µ¶· ¢µ± ´¥µ¡Ìµ¤¨³µ µÍ¥´¨ÉÓ ³ É·¨Î´Ò¥ Ô²¥-
³¥´ÉÒ ÔÉ¨Ì µ¶¥· Éµ·µ¢ ³¥¦¤Ê ¢ ±ÊÊ³µ³ ¨ ¸µ¸ÉµÖ´¨¥³ K-³¥§µ´ . …¸²¨ ¤²Ö
¢ÒÎ¨¸²¥´¨Ö ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ ¨¸¶µ²Ó§µ¢ ÉÓ ¶·µ¸ÉÊÕ Ë ±Éµ·¨§ Í¨Õ, Éµ
µÉ´µ¸¨É¥²Ó´ Ö ¢¥²¨Î¨´  ¸É¥¶¥´´ÒÌ ¶µ¶· ¢µ± µ± §Ò¢ ¥É¸Ö ¶µ·Ö¤±  10%.

• · ±É¥·´ Ö ¢¥²¨Î¨´  ¶µ£·¥Ï´µ¸É¨, ¸¢Ö§ ´´µ° ¸ µÉ¡· ¸Ò¢ ´¨¥³ ¢Ò¸Ï¨Ì
Î²¥´µ¢ ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö, ¨³¥¥É ¶µ·Ö¤µ± ∼ 25%. �¤´ ±µ ¢  ¤·µ´´µ³
¶·¥¤¸É ¢²¥´¨¨ (4.11) ³Ò ´¥ ³µ¦¥³ ¢Ò¤¥²¨ÉÓ ¨´É¥·¥¸ÊÕÐ¨° ´ ¸ ¢±² ¤ ± ± ·¥-
§µ´ ´¸, ¢ µÉ²¨Î¨¥ µÉ  ¤·µ´´µ£µ ¶·¥¤¸É ¢²¥´¨Ö (3.35) ËÊ´±Í¨¨ ƒ·¨´  (3.32).
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�Éµ §´ Î¨É¥²Ó´µ ¸´¨¦ ¥É ´ ¤¥¦´µ¸ÉÓ ¶µ²ÊÎ ¥³µ£µ ·¥§Ê²ÓÉ É . ‚ ¸ ³µ³ ¤¥²¥,
¶·¨ ¨´É¥£·¨·µ¢ ´¨¨ ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨ (3.39) ¨§-§  ´ ²¨Î¨Ö δ-ËÊ´±Í¨¨
³ É·¨Î´Ò° Ô²¥³¥´É µ¶¥· Éµ·  Q6 ¡¥·¥É¸Ö ¢ ÉµÎ±¥ p2 = m2

K/2, £¤¥ ±¨· ²Ó´µ¥
· §²µ¦¥´¨¥ Ìµ·µÏµ ¸Ìµ¤¨É¸Ö. ‚ Éµ ¦¥ ¢·¥³Ö ¶·¨ ¨´É¥£·¨·µ¢ ´¨¨ ¸¶¥±É· ²Ó-
´µ° ¶²µÉ´µ¸É¨ (4.12) ¶µ ¨´É¥·¢ ²Ê ¤Ê ²Ó´µ¸É¨ ´ ³ ¶·¨Ìµ¤¨É¸Ö § ÉÖ£¨¢ ÉÓ
±¨· ²Ó´ÊÕ É¥µ·¨Õ ¢µ§³ÊÐ¥´¨° ¢ µ¡² ¸ÉÓ p2 ∼ s0. ’ ±¨³ µ¡· §µ³, µÉ´µ-
¸¨É¥²Ó´Ò° ¢±² ¤ ¸²¥¤ÊÕÐ¨Ì Î²¥´µ¢ ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö ¢ ¨´É¥£· ² µÉ
¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨ ¨³¥¥É ¶µ·Ö¤µ± 3s0/4Λχ ∼ 0, 5 (Ë ±Éµ· 3/4 ¤ ¥É ¨´-
É¥£·¨·µ¢ ´¨¥ · §²¨Î´ÒÌ ¸É¥¶¥´¥° s). “³¥´ÓÏ Ö ¢¥²¨Î¨´Ê s0, ³µ¦´µ ¸¤¥² ÉÓ
±¨· ²Ó´Ò¥ ¶µ¶· ¢±¨ ³¥´¥¥ §´ Î¨É¥²Ó´Ò³¨. �·¨ ÔÉµ³, µ¤´ ±µ, ÊÌÊ¤Ï ¥É¸Ö
¸Ìµ¤¨³µ¸ÉÓ �� (4.13). �µ¤µ¡´ Ö ¶·µ¡²¥³  ¢µ§´¨± ¥É ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ¶ -
· ³¥É·µ¢ Ô²¥±É·µ¸² ¡µ£µ ±¨· ²Ó´µ£µ ² £· ´¦¨ ´  ³¥Éµ¤µ³ ¶· ¢¨² ¸Ê³³ ¤²Ö
¤¢ÊÌÉµÎ¥Î´µ° ËÊ´±Í¨¨ ƒ·¨´  〈0|TQi(x)Qj(y)|0〉 [35Ä38]. �¢Éµ·Ò [35Ä38],
µ¤´ ±µ, Ê¶Ê¸± ÕÉ ¨§ ¢¨¤  ÔÉÊ ¶·µ¡²¥³Ê, ÌµÉÖ µ´  ³µ¦¥É Ö¢²ÖÉÓ¸Ö ¶·¨Î¨´µ°
§´ Î¨É¥²Ó´ÒÌ µÏ¨¡µ± ¢ É¥µ·¥É¨Î¥¸±¨Ì µÍ¥´± Ì. ŒÒ µ£· ´¨Î¨¢ ¥³¸Ö £·Ê¡µ°
µÍ¥´±µ° ¢¥²¨Î¨´Ò ´µ¢µ£µ ¢±² ¤ . �µ²¥¥ ÉµÎ´µ¥ µ¶·¥¤¥²¥´¨¥ ÔÉµ° ¢¥²¨Î¨´Ò
Ö¢²Ö¥É¸Ö Ìµ·µÏ¥° § ¤ Î¥° ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ´  ·¥Ï¥É± Ì.

ˆ¸¶µ²Ó§ÊÖ Ê· ¢´¥´¨Ö (4.9), (4.16), ¶µ²ÊÎ ¥³ ¤µ¶µ²´¨É¥²Ó´Ò° ¢±² ¤ ¢ ³ -
É·¨Î´Ò° Ô²¥³¥´É µ¶¥· Éµ·  Q2:

∆〈Q2(s0)〉0 =
3β3

8

m2
0m

2
K

s2
0

αs(s0)

π
∼ 0, 018 ƒÔ‚3 . (4.17)

� · ³¥É·¨§Ê¥³ ³ É·¨Î´Ò° Ô²¥³¥´É µ¶¥· Éµ·  Q2  ´ ²µ£¨Î´µ ¶ · ³¥É·¨§ Í¨¨
(3.29) ³ É·¨Î´µ£µ Ô²¥³¥´É  µ¶¥· Éµ·  Q6:

〈Q2〉0 =
5

9

√
3

2
fKm

2
KB

(1/2)
2 . (4.18)

�µ·³¨·µ¢±  ¶ · ³¥É·  B(1/2)
2 ¢Ò¡· ´  É ±¨³ µ¡· §µ³, ÎÉµ ¶·¨ Ë ±Éµ·¨§ -

Í¨¨ ³Ò ¨³¥¥³ B
(1/2)
2 = 1. ‚ É¥·³¨´ Ì ¶ · ³¥É·  B

(1/2)
2 ·¥§Ê²ÓÉ É (4.17)

¶·¨´¨³ ¥É ¢¨¤

∆B
(1/2)
2 (1 ƒÔ‚) ∼ 0, 67 . (4.19)

“· ¢´¥´¨Ö (4.17), (4.19) µ¶·¥¤¥²ÖÕÉ ¢±² ¤ ¶¥·¥Ìµ¤µ¢ K → ππ ¸ ¶·µ¸É¥°-
Ï¥° ±µ´Ë¨£Ê· Í¨¥° £²Õµ´´µ£µ ¶µ²Ö GaµνG

a
µν ¢ ¶·µ³¥¦ÊÉµÎ´µ³ ¸µ¸ÉµÖ´¨¨ ¢

³ É·¨Î´Ò° Ô²¥³¥´É µ¶¥· Éµ·  Q2. ‚ µÉ´µÏ¥´¨¨ ¤ ´´µ£µ ¢±² ¤  ´¥µ¡Ìµ¤¨³µ
¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ § ³¥Î ´¨Ö:

i) ‚±² ¤ ¨³¥¥É ¶µ·Ö¤µ± O(p4). �¥¸³µÉ·Ö ´  ÔÉµ, Î¨¸²¥´´µ µ´ µ± §Ò¢ ¥É¸Ö
¸· ¢´¨³Ò³ ¸ ·¥§Ê²ÓÉ Éµ³ ´ ¨¢´µ° Ë ±Éµ·¨§ Í¨¨ ¤²Ö ¢¸¥£µ ³ É·¨Î´µ£µ Ô²¥-
³¥´É . �ÉµÉ Ë ±É £µ¢µ·¨É µ §´ Î¨É¥²Ó´µ³ ´ ·ÊÏ¥´¨¨ Ë ±Éµ·¨§ Í¨¨ ¢ ¶µ·Ö¤±¥
O(p4) ±¨· ²Ó´µ£µ · §²µ¦¥´¨Ö ¨ ´¥µ¡Ìµ¤¨³µ¸É¨ ¤ ²Ó´¥°Ï¥£µ ¨¸¸²¥¤µ¢ ´¨Ö
∆S = 1 ±¨· ²Ó´µ£µ ² £· ´¦¨ ´  ¢ ¶µ·Ö¤±¥ O(p4).
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ii) ‚±² ¤ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢ ¢¥¤ÊÐ¥³ ¶µ·Ö¤±¥ 1/Nc-· §²µ¦¥´¨Ö.
iii) ‚±² ¤ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ¶·¨ Ë ±Éµ·¨§ Í¨¨ ³ É·¨Î´µ£µ Ô²¥³¥´É ,  

É ±¦¥ ¢ ²Õ¡µ³ ¶µ¤Ìµ¤¥, £¤¥ ±¢ ·±µ¢Ò¥ Éµ±¨ § ³¥´ÖÕÉ¸Ö ¨Ì ³¥§µ´´Ò³¨ ·¥ -
²¨§ Í¨Ö³¨ ´¥§ ¢¨¸¨³µ, ´ ¶·¨³¥·, ¢ · ³± Ì ³¥Éµ¤  [34].

iv) ƒ²Õµ´Ò ¢ ¶·µ³¥¦ÊÉµÎ´µ³ ¸µ¸ÉµÖ´¨¨ ´¥ µ¡· §ÊÕÉ ¸¢Ö§ ´´µ¥ ¸µ¸Éµ-
Ö´¨¥. �µÔÉµ³Ê ¢±² ¤ ¢  ³¶²¨ÉÊ¤Ê ´¥ ¶µ¤ ¢²¥´ µ¡· É´µ° ³ ¸¸µ° µ¤´µ£µ ¨§
¸± ²Ö·´ÒÌ ·¥§µ´ ´¸µ¢.

v) ‚ µÉ²¨Î¨¥ µÉ  ´´¨£¨²ÖÍ¨¨ ¶ ·Ò ±¢ ·±µ¢ c-c̄ ¢ µ¶¥· Éµ·¥ Qc2 ¢ ¤ ´´µ³
¸²ÊÎ ¥ ¢±² ¤ ¢  ³¶²¨ÉÊ¤Ê µ¶·¥¤¥²Ö¥É ¸³¥Ï ´´ Ö ±¢ ·±-£²Õµ´´ Ö ±µ³¶µ´¥´É 
¢µ²´µ¢µ° ËÊ´±Í¨¨ K-³¥§µ´ .

vi) ‚ ¶·¨´Í¨¶¥ ¡µ²¥¥ ¸²µ¦´Ò¥ ±µ´Ë¨£Ê· Í¨¨ £²Õµ´´µ£µ ¶µ²Ö, ´ ¶·¨³¥·

fabcGaµνG
b
νλG

c
λµ , (4.20)

£¤¥ fabc Å ¸É·Ê±ÉÊ·´ Ö ±µ´¸É ´É  £·Ê¶¶Ò SUc(3), ³µ£ÊÉ ¨£· ÉÓ ·µ²Ó ¶·µ-
³¥¦ÊÉµÎ´µ£µ ¸µ¸ÉµÖ´¨Ö. �¤´ ±µ ´¨§±µÔ´¥·£¥É¨Î¥¸± Ö É¥µ·¥³  (4.5) £µ¢µ·¨É
µ Éµ³, ÎÉµ ³ É·¨Î´Ò° Ô²¥³¥´É É ±¨Ì µ¶¥· Éµ·µ¢ ³¥¦¤Ê ¢ ±ÊÊ³µ³ ¨ ¸µ¸ÉµÖ-
´¨¥³ ππ ¨³¥¥É ¶µ·Ö¤µ± O(p4). „¥°¸É¢¨É¥²Ó´µ, É¥µ·¥³  (4.5) Ê¸É ´ ¢²¨¢ ¥É
Ô±¢¨¢ ²¥´É´µ¸ÉÓ ¶·¥¤¸É ¢²¥´¨° ¸²¥¤  É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  Î¥·¥§ Š•„
¨ ³¥§µ´´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò. ‚ ±¨· ²Ó´µ³ ¶·¥¤¥²¥, ¢ ¶µ·Ö¤±¥ O(p2) ¸ÊÐ¥-
¸É¢Ê¥É ¥¤¨´¸É¢¥´´Ò° ±¨· ²Ó´µ-¸¨³³¥É·¨Î´Ò° ²µ·¥´Í-¨´¢ ·¨ ´É´Ò° ³¥§µ´-
´Ò° µ¶¥· Éµ· (4.5). �´ ¶·µ¶µ·Í¨µ´ ²¥´ ¸²¥¤Ê É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸ . ‘
¤·Ê£µ° ¸Éµ·µ´Ò, ¨§¢¥¸É´µ, ÎÉµ ¶µ¶· ¢±¨ ± ±µ´Ëµ·³´µ°  ´µ³ ²¨¨ µÉ¸ÊÉ¸É¢ÊÕÉ
¨ µ¶¥· Éµ·Ò ¢¨¤  (4.20) ´¥ ¤ ÕÉ ¢±² ¤ ¢ ¸²¥¤ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸ . �µ-
ÔÉµ³Ê ±¨· ²Ó´µ¥ ¶·¥¤¸É ¢²¥´¨¥ µ¶¥· Éµ·  (4.20) ´ Î¨´ ¥É¸Ö ¸ Î²¥´µ¢ ¶µ·Ö¤± 
O(p4). ‘²¥¤µ¢ É¥²Ó´µ, ¢±² ¤ ¶¥·¥Ìµ¤µ¢ K → ππ ¸ ¶µ¤µ¡´Ò³¨ ±µ´Ë¨£Ê· -
Í¨Ö³¨ £²Õµ´´µ£µ ¶µ²Ö ¢ ¶·µ³¥¦ÊÉµÎ´µ³ ¸µ¸ÉµÖ´¨¨ ¨³¥¥É, ¶µ ±· °´¥° ³¥·¥,
¶µ·Ö¤µ± O(p6).

5. ”…��Œ…��‹�ƒˆŸ ��‘��„�‚ K → ππ

5.1. �¤·µ´´Ò¥ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ. „²Ö Éµ£µ ÎÉµ¡Ò ¶µ²ÊÎ¨ÉÓ  ³-
¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢, ´¥µ¡Ìµ¤¨³µ §´ ÉÓ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ Î¥ÉÒ·¥Ì±¢ ·±µ¢ÒÌ
µ¶¥· Éµ·µ¢ (2.3). ‘ ÊÎ¥Éµ³ ²¨´¥°´µ° § ¢¨¸¨³µ¸É¨ µ¶¥· Éµ·µ¢ (2.4) ³Ò ³µ¦¥³
§ ¶¨¸ ÉÓ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ µ¶¥· Éµ·µ¢ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

〈Q1〉0 = − 1

9

√
3

2
fKm

2
KB

(1/2)
1 (µ) ,

〈Q2〉0 =
5

9

√
3

2
fKm

2
KB

(1/2)
2 (µ) ,
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〈Q3〉0 =
1

3

√
3

2
fKm

2
KB

(1/2)
3 (µ) ,

〈Q4〉0 = 〈Q3〉0 + 〈Q2〉0 − 〈Q1〉0 ,

〈Q5〉0 =
1

3
〈Q6〉0B(1/2)

5 (µ) ,

〈Q6〉0 = −
√

3

2
fKm

2
K B

(1/2)
6 (µ) ,

〈Q7〉0 = −2

3

√
3

2

(
m2
K

m2
s(µ)

)
fKm

2
KB

(1/2)
7 (µ) ,

〈Q8〉0 = −2

√
3

2

(
m2
K

m2
s(µ)

)
fKm

2
KB

(1/2)
8 (µ) , (5.1)

〈Q9〉0 =
3

2
〈Q1〉0 −

1

2
〈Q3〉0 ,

〈Q10〉0 = 〈Q2〉0 +
1

2
〈Q1〉0 −

1

2
〈Q3〉0 ,

〈Q1〉2 = 〈Q2〉2 =
4

3
√

3
fKm

2
KB

(3/2)
1 (µ) ,

〈Qi〉2 = 0 , i = 3, . . . , 6 ,

〈Q7〉2 = − 1√
3

(
m2
K

m2
s(µ)

)
B

(3/2)
7 (µ) ,

〈Q8〉2 = −
√

3

(
m2
K

m2
s(µ)

)
B

(3/2)
8 (µ) ,

〈Q9〉2 = 〈Q10〉2 =
3

2
〈Q1〉2 .

�¥§· §³¥·´Ò¥ ¶ · ³¥É·Ò Bij (j 6= 6) ´µ·³¨·µ¢ ´Ò É ±¨³ µ¡· §µ³, ÎÉµ, ¨¸-
¶µ²Ó§ÊÖ ¶·µÍ¥¤Ê·Ê Ë ±Éµ·¨§ Í¨¨, ³Ò ¶µ²ÊÎ ¥³ Bij = 1 (± ± ¡Ò²µ µÉ³¥Î¥´µ ¢
· §¤. 3, Ë ±Éµ·¨§ Í¨Ö ´¥ ¤ ¥É µ¤´µ§´ Î´µ° µÍ¥´±¨ ¤²Ö ³ É·¨Î´µ£µ Ô²¥³¥´É 
µ¶¥· Éµ·  Q6).

‚ · ¡µÉ¥ [97] ¶·¨ ¶µ³µÐ¨ ¶· ¢¨² ¸Ê³³ ¤²Ö É·¥ÌÉµÎ¥Î´µ° ËÊ´±Í¨¨ ƒ·¨´ 
¨ ±¨· ²Ó´µ° ÔËË¥±É¨¢´µ° É¥µ·¨¨ ¡Ò² ¢ÒÎ¨¸²¥´  ¤·µ´´Ò° ³ É·¨Î´Ò° Ô²¥-
³¥´É µ¶¥· Éµ·  Q6 (¸³. · §¤. 3). ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö  ´ ²¨§ µ¸É ²Ó´ÒÌ µ¶¥-
· Éµ·µ¢ ¢ · ³± Ì ÔÉµ£µ ³¥Éµ¤  µÉ¸ÊÉ¸É¢Ê¥É. ˆ§ ¤·Ê£¨Ì ¨³¥ÕÐ¨Ì¸Ö ³¥Éµ¤µ¢
¢ÒÎ¨¸²¥´¨Ö ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ ´ ¨¡µ²¥¥ ¸ ³µ¸µ£² ¸µ¢ ´´Ò³ ¢Ò£²Ö¤¨É ³¥-
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Éµ¤, µ¸´µ¢ ´´Ò° ´  1/Nc-· §²µ¦¥´¨¨ [34]. ‚ É¥·³¨´ Ì ¶ · ³¥É·µ¢ Bij ¤²Ö
³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ µ¶¥· Éµ·µ¢ (2.3) ¢ · ¡µÉ Ì [19,34] ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¸²¥-
¤ÊÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ:

B
1/2
1 = 3, 92 , B

1/2
2 = 1, 66 , B

1/2
3 = 0, 42 ,

B
1/2
3 = 0, 75 , B

1/2
5 = 1, 00 , B

1/2
6 = 4, 49 ,

B
1/2
7 = 1, 09 , B

1/2
8 = 1, 00 , B

3/2
1 = 0, 75 ,

B
3/2
7 = 0, 61 , B

3/2
8 = 0, 79 .

(5.2)
Š ± ¡Ò²µ µÉ³¥Î¥´µ, ¢ · ³± Ì 1/Nc-· §²µ¦¥´¨Ö ´¥ ·¥Ï¥´  ¶·µ¡²¥³  ¸µ£² -
¸µ¢ ´¨Ö ¸Ì¥³Ò ¢ÒÎ¨¸²¥´¨Ö (ÉµÎ±¨ ´µ·³¨·µ¢±¨) ±µÔËË¨Í¨¥´Éµ¢ ‚¨²Ó¸µ´  ¨
³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ µ¶¥· Éµ·µ¢. ‚ Î ¸É´µ¸É¨, §´ Î¥´¨Ö (5.2) ¸µµÉ¢¥É¸É¢ÊÕÉ
ÉµÎ±¥ ´µ·³¨·µ¢±¨ ¶µ·Ö¤±  µ ∼ mK , ¶·¨Î¥³ ¶·¨ ¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ³¥Éµ¤
´¥¶·¨³¥´¨³ ¨§-§  ´¥±µ´É·µ²¨·Ê¥³ÒÌ ¶µ¶· ¢µ± ±¨· ²Ó´µ° É¥µ·¨¨ ¢µ§³ÊÐ¥-
´¨°. ‚ Éµ ¦¥ ¢·¥³Ö ·¥´µ·³£·Ê¶¶µ¢µ°  ´ ²¨§ ±µÔËË¨Í¨¥´Éµ¢ ‚¨²Ó¸µ´  ´ 
Ô´¥·£¨ÖÌ, ³¥´ÓÏ¨Ì 0,8 ƒÔ‚, ´¥¶·¨³¥´¨³ ¨§-§  ´¥±µ´É·µ²¨·Ê¥³ÒÌ ¶µ¶· ¢µ±
αs [25]. ‘µ£² ¸µ¢ ´´µ¥ ¢ÒÎ¨¸²¥´¨¥ ±µÔËË¨Í¨¥´Éµ¢ ‚¨²Ó¸µ´  ¨ ³ É·¨Î´ÒÌ
Ô²¥³¥´Éµ¢ µ¶¥· Éµ·µ¢, ¢¥·µÖÉ´µ, ³µ¦¥É ¡ÒÉÓ ¶·µ¢¥¤¥´µ ¢ · ³± Ì ³¥Éµ¤  [97].
�  ¤ ´´Ò° ³µ³¥´É ± ¦¥É¸Ö ´ ¨¡µ²¥¥ ¶µ¸²¥¤µ¢ É¥²Ó´Ò³ ¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö Ë¥-
´µ³¥´µ²µ£¨Î¥¸±µ£µ  ´ ²¨§  · ¸¶ ¤µ¢ K → ππ ·¥§Ê²ÓÉ É (3.45) · §¤. 3 ¤²Ö
³ É·¨Î´µ£µ Ô²¥³¥´É  µ¶¥· Éµ·  Q6 ¨ ·¥§Ê²ÓÉ ÉÒ 1/Nc-· §²µ¦¥´¨Ö (5.2) ¤²Ö
³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ µ¸É ²Ó´ÒÌ µ¶¥· Éµ·µ¢, ¶·¨Î¥³ §´ Î¥´¨Ö ¢¸¥Ì ±µÔËË¨-
Í¨¥´Éµ¢ ‚¨²Ó¸µ´  ¡· ÉÓ ¢ ÉµÎ±¥ ´µ·³¨·µ¢±¨ µ ∼ 0, 8 ƒÔ‚. Š·µ³¥ Éµ£µ, ´¥-
µ¡Ìµ¤¨³µ ÊÎ¥¸ÉÓ ¢±² ¤ ¢ ³ É·¨Î´Ò° Ô²¥³¥´É µ¶¥· Éµ·  Q2 §  ¸Î¥É ¶¥·¥Ìµ¤µ¢
K → ππ ¸ £²Õµ´ ³¨ ¢ ¶·µ³¥¦ÊÉµÎ´µ³ ¸µ¸ÉµÖ´¨¨, ±µÉµ·Ò° ¡Ò² ¢ÒÎ¨¸²¥´ ¢
· §¤. 4. Š ± ¡Ò²µ µÉ³¥Î¥´µ, ÔÉµÉ ¢±² ¤ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢ · ³± Ì ³¥Éµ¤  [34].

‘²¥¤µ¢ É¥²Ó´µ, ¶ · ³¥É· B1/2
2 ¤²Ö ³ É·¨Î´µ£µ Ô²¥³¥´É  µ¶¥· Éµ·  Q2 ³µ¦¥É

¡ÒÉÓ ¶·¥¤¸É ¢²¥´ ± ± ¸Ê³³ 

B
1/2
2 =

(
B

1/2
2

)
1/Nc

+ ∆B
1/2
2 = 2, 3 , (5.3)

£¤¥ ∆B
1/2
2 ¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³ (4.19) ¨

(
B

1/2
2

)
1/Nc

Å ·¥§Ê²ÓÉ É 1/Nc-· §²µ-

¦¥´¨Ö (5.2).
5.2. �· ¢¨²µ ∆I = 1/2. “¤µ¡´µ ¢¢¥¸É¨ ¸²¥¤ÊÕÐÊÕ ¶ · ³¥É·¨§ Í¨Õ

 ³¶²¨ÉÊ¤ · ¸¶ ¤µ¢:

Re A0 =
5

9

√
3

2

GF√
2
VudV

∗
usfKm

2
Kg0, (5.4)

Re A2 =
4
√

2

9

√
3

2

GF√
2
VudV

∗
usfKm

2
Kg2. (5.5)
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�¥§· §³¥·´Ò¥ ¶ · ³¥É·Ò g0 ¨ g2 ´µ·³¨·µ¢ ´Ò É ±¨³ µ¡· §µ³, ÎÉµ, ¶·¥´¥-
¡·¥£ Ö ¸¨²Ó´Ò³¨ ¶µ¶· ¢± ³¨ ± ÔËË¥±É¨¢´µ³Ê £ ³¨²ÓÉµ´¨ ´Ê (¶µ² £ Ö zi = 0

¶·¨ i 6= 2 ¨ z2 = 1) ¨ ¨¸¶µ²Ó§ÊÖ ¶·µÍ¥¤Ê·Ê Ë ±Éµ·¨§ Í¨¨ (¶µ² £ Ö B1/2
2 = 1),

¶µ²ÊÎ ¥³
g0 = g2 = 1 . (5.6)

�±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö  ³¶²¨ÉÊ¤ ¸µµÉ¢¥É¸É¢ÊÕÉ ¸²¥¤ÊÕÐ¨³ §´ Î¥´¨Ö³
ÔÉ¨Ì ¶ · ³¥É·µ¢ [12]:

gÔ±¸
0 = 6, 87 , gÔ±¸

2 = 0, 276 . (5.7)

�µ¸²¥¤´¨¥ ¨§ ¨³¥ÕÐ¨Ì¸Ö É¥µ·¥É¨Î¥¸±¨Ì µÍ¥´µ±  ³¶²¨ÉÊ¤ · ¸¶ ¤µ¢
K → ππ ¡Ò²¨ ¤ ´Ò ¢ · ¡µÉ¥ [25]. �¢Éµ·Ò [25] ÊÎ¨ÉÒ¢ ²¨ ¶µ¶· ¢±¨ ¶¥·-
¢µ£µ ¶µ·Ö¤±  ± £² ¢´µ³Ê ²µ£ ·¨Ë³¨Î¥¸±µ³Ê ¶·¨¡²¨¦¥´¨Õ ¤²Ö ±µÔËË¨Í¨¥´-
Éµ¢ ‚¨²Ó¸µ´  (É ¡². 1) ¨ ¨¸¶µ²Ó§µ¢ ²¨ ·¥§Ê²ÓÉ ÉÒ 1/Nc-· §²µ¦¥´¨Ö (5.2) ¤²Ö
 ¤·µ´´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢. „²Ö ¶ · ³¥É·µ¢ g0 ¨ g2 ¨³¨ ¡Ò²¨ ¶µ²ÊÎ¥´Ò
§´ Î¥´¨Ö

g0 = 4, 0 , g2 = 0, 23 , (5.8)

¶·¨ ΛMS = 0, 3 ƒÔ‚, µ = 0, 8 ƒÔ‚. ’µÎ±  ´µ·³¨·µ¢±¨ ¢Ò¡· ´  É ±¨³ µ¡· -
§µ³, ÎÉµ µÉ´µ¸¨É¥²Ó´ Ö ¢¥²¨Î¨´  ¶µ¶· ¢µ± ± £² ¢´µ³Ê ²µ£ ·¨Ë³¨Î¥¸±µ³Ê
¶·¨¡²¨¦¥´¨Õ ¤²Ö  ³¶²¨ÉÊ¤ · ¸¶ ¤µ¢ ´¥ ¶·¥¢µ¸Ìµ¤¨É 20%, É ± ÎÉµ ³Ò ´¥ ¢Ò-
Ìµ¤¨³ §  £· ´¨ÍÒ ¶·¨³¥´¨³µ¸É¨ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨°. Š ± ³Ò ¢¨¤¨³, µÍ¥´± 
 ³¶²¨ÉÊ¤Ò A2 ¢ ¶·¥¤¥² Ì 15% ¶µ£·¥Ï´µ¸É¨ ¸µ¢¶ ¤ ¥É ¸ ¤ ´´Ò³¨ Ô±¸¶¥·¨-
³¥´É , ¢ Éµ ¢·¥³Ö ± ± µÍ¥´±   ³¶²¨ÉÊ¤Ò A0 ¶·¨¡²¨§¨É¥²Ó´µ ´  40% ³¥´ÓÏ¥
Ô±¸¶¥·¨³¥´É ²Ó´µ£µ §´ Î¥´¨Ö.

„²Ö ´µ¢µ° µÍ¥´±¨  ³¶²¨ÉÊ¤Ò A0 ¶µ¤¸É ¢¨³ ¢ ¢Ò· ¦¥´¨¥ (1.5) §´ Î¥´¨¥

¶ · ³¥É·  B
1/2
6 ¨§ Ê· ¢´¥´¨° (3.45), (3.46) ¨ §´ Î¥´¨¥ ¶ · ³¥É·  B

1/2
2 ¨§

Ê· ¢´¥´¨Ö (5.3). ‚ ·¥§Ê²ÓÉ É¥ ¶µ²ÊÎ¨³

g0 = 6, 1 . (5.9)

�·¨Î¥³ ¶·¨¡²¨§¨É¥²Ó´µ ¶µ 20% µÉ É¥µ·¥É¨Î¥¸±µ£µ §´ Î¥´¨Ö  ³¶²¨ÉÊ¤Ò A0

¸µ¸É ¢²ÖÕÉ ¢±² ¤Ò µ¶¥· Éµ·  Q6 ¨ ∆〈Q2〉0. ’ ±¨³ µ¡· §µ³, ´µ¢ Ö É¥µ·¥É¨Î¥-
¸± Ö µÍ¥´±   ³¶²¨ÉÊ¤Ò A0 É ±¦¥ ´ Ìµ¤¨É¸Ö ¢ ¶·¥¤¥² Ì 15% ¶µ£·¥Ï´µ¸É¨ µÉ
Ô±¸¶¥·¨³¥´É ²Ó´µ£µ §´ Î¥´¨Ö. Š ± ¨§¢¥¸É´µ, É ± Ö ÉµÎ´µ¸ÉÓ Ì · ±É¥·´  ¤²Ö
¶µ²ÊË¥´µ³¥´µ²µ£¨Î¥¸±¨Ì ³¥Éµ¤µ¢  ´ ²¨§  ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°. ‘ ¤·Ê£µ°
¸Éµ·µ´Ò, ¤²Ö µÉ´µÏ¥´¨Ö  ³¶²¨ÉÊ¤ ³Ò ¶µ²ÊÎ ¥³

A0

A2
∼ 23 , (5.10)

ÎÉµ ¶·¥±· ¸´µ ¸µ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´Éµ³:(
A0

A2

)Ô±¸

= 22, 2 . (5.11)
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‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ÔÉµÉ ·¥§Ê²ÓÉ É ¶µ²ÊÎ¥´ ¡² £µ¤ ·Ö ¡µ²¥¥  ±±Ê· É´µ³Ê
ÊÎ¥ÉÊ ´¥¶¥·ÉÊ·¡ É¨¢´ÒÌ ¢±² ¤µ¢,   ´¥ §  ¸Î¥É É· ¤¨Í¨µ´´µ£µ § ÉÖ£¨¢ ´¨Ö Ëµ·-
³Ê² É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¢ µ¡² ¸ÉÓ ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨°. „ ²Ó´¥°Ï¥¥ ¶µ¢ÒÏ¥-
´¨¥ ÉµÎ´µ¸É¨ µ¶¨¸ ´¨Ö ´¥²¥¶Éµ´´ÒÌ · ¸¶ ¤µ¢ K-³¥§µ´µ¢ É·¥¡Ê¥É ± Î¥¸É-
¢¥´´µ£µ ¸± Î±  ¢ µÍ¥´± Ì  ¤·µ´´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢.

5.3. � · ³¥É· ε′/ε. � · ³¥É· ε′ (1.10) ³µ¦¥É ¡ÒÉÓ ¢Ò· ¦¥´ Î¥·¥§ ¨§µÉµ-
¶¨Î¥¸±¨-´¥¶·¨¢µ¤¨³Ò¥  ³¶²¨ÉÊ¤Ò ¨ Ë §Ò · ¸¶ ¤µ¢:

ε′ = − ω√
2
ξ (1− Ω) eıφ , (5.12)

£¤¥

ξ =
Im A0

Re A0
, ω =

Re A2

Re A0
, Ω =

1

ω

Im A2

Im A0
, (5.13)

¨ φ = π/2 + δ2 − δ0 ≈ π/4. �·¨´ÖÉµ · ¡µÉ ÉÓ ¸ ¢¥²¨Î¨´µ° ε′/ε, ±µÉµ· Ö Ì -
· ±É¥·¨§Ê¥É µÉ´µ¸¨É¥²Ó´µ¥ µÉ±²µ´¥´¨¥ µÉ ¸¢¥·Ì¸² ¡µ£µ ³¥Ì ´¨§³  ´ ·ÊÏ¥´¨Ö
CP-¨´¢ ·¨ ´É´µ¸É¨. ŒÒ · ¸¸³ É·¨¢ ¥³ ³µ¤¥²Ó, ¢ ±µÉµ·µ° ¥¤¨´¸É¢¥´´µ° ¶·¨-
Î¨´µ° ´ ·ÊÏ¥´¨Ö CP-¨´¢ ·¨ ´É´µ¸É¨ Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ CP-´¥¨´¢ ·¨ ´É´µ°
Ë §Ò δ ¢ ³ É·¨Í¥ ŠŠŒ. ˆ§ Ê· ¢´¥´¨° (1.5), (5.12), (5.13) ¶µ²ÊÎ ¥³

ε′

ε
= Im (V ∗tsVtd)

(
r
∑

yi〈Qi〉0
(
1− Ωη+η′

)
+
r

ω

∑
yi〈Qi〉2

)
, (5.14)

£¤¥

r =
GF ω

2 |ε|Re A0
= 350 ƒÔ‚−3 . (5.15)

�µ¸±µ²Ó±Ê arg (ε) ≈ π/4, Ë §  µÉ´µÏ¥´¨Ö ε′/ε ¡²¨§±  ± ´Ê²Õ. � · ³¥É·
Ωη+η′ µ¶¨¸Ò¢ ¥É π− η− η′-¸³¥Ï¨¢ ´¨¥ ¨§-§  ´ ·ÊÏ¥´¨Ö ¨§µÉµ¶¨Î¥¸±µ° ¸¨³-
³¥É·¨¨ §  ¸Î¥É ´¥´Ê²¥¢µ° · §´µ¸É¨ ³ ¸¸ u- ¨ d-±¢ ·±µ¢

Ωη+η′ =
1

ω

(Im A2)I.B.
Im A0

. (5.16)

‚ÒÎ¨¸²¥´¨¥ ÔÉµ£µ ¶ · ³¥É·  ¢ ±¨· ²Ó´µ° É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° [111] ¨ ¢ · ³-
± Ì 1/Nc-· §²µ¦¥´¨Ö [112] ¶·¨¢µ¤¨É ± ·¥§Ê²ÓÉ ÉÊ

Ωη+η′ = 0, 25 ± 0, 05 . (5.17)

‚ ¶¥·¢µ¥ ¸² £ ¥³µ¥ ¢ ¶· ¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö (5.14) ¤µ³¨´¨·ÊÕÐ¨° ¢±² ¤
¤ ÕÉ µ¶¥· Éµ·Ò Q4 ¨ Q6, ¢µ ¢Éµ·µ¥ ¸² £ ¥³µ¥ Å µ¶¥· Éµ·Ò Q8, Q9 ¨ Q10.
�± §Ò¢ ¥É¸Ö, ÎÉµ ¢±² ¤Ò · §²¨Î´ÒÌ µ¶¥· Éµ·µ¢ ¸µ±· Ð ÕÉ ¤·Ê£ ¤·Ê£ . ‚
·¥§Ê²ÓÉ É¥ µÉ´µ¸¨É¥²Ó´ Ö ÉµÎ´µ¸ÉÓ É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤¸± § ´¨° ¸´¨¦ ¥É¸Ö, ¨
µÉ¢¥É ¸¨²Ó´µ § ¢¨¸¨É µÉ ¸¶µ¸µ¡  µÍ¥´±¨  ¤·µ´´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢.

— ¸É¨Î´µ ÔÉÊ ¶·µ¡²¥³Ê Ê¤ ²µ¸Ó ·¥Ï¨ÉÓ ¢ · ¡µÉ¥ [27], £¤¥ ¶·¨ ¢ÒÎ¨¸-
²¥´¨¨ ¶ · ³¥É·  ε′/ε ¨¸¶µ²Ó§µ¢ ² ¸Ó ÉµÎ±  ´µ·³¨·µ¢±¨ µ = mc. „¥²µ ¢
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Éµ³, ÎÉµ ¶·¨ µ = mc ¢ ¤¥°¸É¢¨É¥²Ó´ÊÕ Î ¸ÉÓ  ³¶²¨ÉÊ¤ · ¸¶ ¤µ¢ µ¶·¥¤¥²Ö-
ÕÐ¨° ¢±² ¤ ¤ ÕÉ µ¶¥· Éµ·Ò Q1 ¨ Q2. „¥°¸É¢¨É¥²Ó´µ, ¢ ÔÉµ° ÉµÎ±¥ ¢±² ¤
Š•„-©¶¨´£¢¨´µ¢ª µÉ¸ÊÉ¸É¢Ê¥É ¨§-§  ¸µ±· Ð¥´¨Ö ƒˆŒ. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò,
¢±² ¤Ò µ¶¥· Éµ·µ¢, ¸µ¤¥·¦ Ð¨Ì c-±¢ ·± ¢ ÔÉµ° ÉµÎ±¥, ¶µ¤ ¢²¥´Ò ³´µ¦¨É¥-
²¥³ αs/4π, ¶·µ¨¸Ìµ¤ÖÐ¨³ ¨§ ¶¥É²¨, ±µÉµ· Ö µ¶¨¸Ò¢ ¥É ¶¥·¥Ìµ¤Ò ¶ ·Ò c-c̄
¢ ²¥£±¨¥ ±¢ ·±¨. ’ ±¨³ µ¡· §µ³, µ± §Ò¢ ¥É¸Ö ¢µ§³µ¦´Ò³ ¨§¢²¥ÎÓ §´ Î¥´¨Ö
³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ 〈Q1,2(mc)〉0,2 ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ CP-
· §·¥Ï¥´´Ò³ · ¸¶ ¤ ³ K → ππ:

B
1/2
1 = 16± 3 ,

B
1/2
2 = 4, 4± 0, 8 , (5.18)

B
3/2
1 = 0, 35 .

ˆ¸¶µ²Ó§ÊÖ ¸µµÉ´µÏ¥´¨Ö ³¥¦¤Ê µ¶¥· Éµ· ³¨, Ê¤ ¥É¸Ö ¶µ²ÊÎ¨ÉÓ É ±¦¥ µÍ¥´±¨
³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ µ¶¥· Éµ·µ¢ Qi(mc) (i = 4, 9, 10). ‚±² ¤Ò µ¸É ²Ó´ÒÌ
µ¶¥· Éµ·µ¢, §  ¨¸±²ÕÎ¥´¨¥³ µ¶¥· Éµ·µ¢ Q6 ¨ Q8, ¸² ¡µ ¢²¨ÖÕÉ ´  ±µ´¥Î´Ò°
·¥§Ê²ÓÉ É. ’ ±¨³ µ¡· §µ³, ÉµÎ´µ¸ÉÓ É¥µ·¥É¨Î¥¸±¨Ì µÍ¥´µ± ¶ · ³¥É·  ε′/ε ¢
µ¸´µ¢´µ³ µ¶·¥¤¥²Ö¥É¸Ö ÉµÎ´µ¸ÉÓÕ ¢ÒÎ¨¸²¥´¨Ö ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ 〈Q6〉0 ¨
〈Q8〉2.

� §²¨Î´Ò¥ ³¥Éµ¤Ò ¢ÒÎ¨¸²¥´¨Ö, ¢±²ÕÎ Ö ·¥Ï¥É±¨ ¨ 1/Nc-· §²µ¦¥´¨¥,
¤ ÕÉ §´ Î¥´¨Ö ³ É·¨Î´µ£µ Ô²¥³¥´É  µ¶¥· Éµ·  Q8, ¡²¨§±¨¥ ± ·¥§Ê²ÓÉ ÉÊ Ë ±-
Éµ·¨§ Í¨¨ [19,53Ä55,107]:

B
3/2
8 = 1± 0, 2. (5.19)

‘µ£² ¸µ¢ ´´µ¸ÉÓ µÍ¥´µ± Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ µ¸µ¡µ° ¸É·Ê±ÉÊ·Ò Ô²¥±É·µ¸² -
¡ÒÌ ©¶¨´£¢¨´µ¢ª, ¡² £µ¤ ·Ö ±µÉµ·µ° ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ÔÉ¨Ì µ¶¥· Éµ·µ¢
´¥ ¨¸Î¥§ ÕÉ ¢ ±¨· ²Ó´µ³ ¶·¥¤¥²¥ ¢ µÉ²¨Î¨¥ µÉ µ¶¥· Éµ·µ¢ Qi (i = 1, . . . , 6)
[113,114].

�Í¥´±  ³ É·¨Î´µ£µ Ô²¥³¥´É  µ¶¥· Éµ·  Q6, ± ± Ê¦¥ µÉ³¥Î ²µ¸Ó, µ± §Ò-
¢ ¥É¸Ö ¡µ²¥¥ ´¥µ¶·¥¤¥²¥´´µ°, ÎÉµ ¤µ ´ ¸ÉµÖÐ¥£µ ¢·¥³¥´¨ Ö¢²Ö²µ¸Ó µ¸´µ¢´Ò³
¶·¥¶ÖÉ¸É¢¨¥³ ¤²Ö µ¶·¥¤¥²¥´¨Ö ¢¥²¨Î¨´Ò ε′/ε [27]. �¥§Ê²ÓÉ É (3.45) ¤²Ö ³ -
É·¨Î´µ£µ Ô²¥³¥´É  µ¶¥· Éµ·  Q6 ¶µ§¢µ²Ö¥É §´ Î¨É¥²Ó´µ ¸´¨§¨ÉÓ ´¥µ¶·¥¤¥-
²¥´´µ¸ÉÓ É¥µ·¥É¨Î¥¸±¨ ¶·¥¤¸± §Ò¢ ¥³µ£µ §´ Î¥´¨Ö.

„²Ö ´µ¢µ° µÍ¥´±¨ ¶ · ³¥É·  ε′/ε ¶µ¤¸É ¢¨³ ¢ ¢Ò· ¦¥´¨¥ (5.14) §´ Î¥-

´¨¥ ¶ · ³¥É·  B1/2
6 ¨§ Ê· ¢´¥´¨° (3.45), (3.46), §´ Î¥´¨¥ ¶ · ³¥É·  B3/2

8 ¨§
Ê· ¢´¥´¨Ö (5.19) ¨ ©Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ª §´ Î¥´¨Ö (5.18). „²Ö µ¶·¥¤¥²¥´¨Ö
³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ µ¶¥· Éµ·µ¢ Qi(mc) (i = 4, 9, 10) ³Ò ¨¸¶µ²Ó§Ê¥³ ¸µ-
µÉ´µÏ¥´¨Ö ³¥¦¤Ê µ¶¥· Éµ· ³¨ (2.4), ¤²Ö ¶·µÎ¨Ì ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ Å
·¥§Ê²ÓÉ ÉÒ 1/Nc-· §²µ¦¥´¨Ö (5.2). �µ¸±µ²Ó±Ê ¢ ÉµÎ±¥ µ = mc ´¥¢¥¤ÊÐ¨¥ αs-
¶µ¶· ¢±¨ ´¥¸ÊÐ¥¸É¢¥´´Ò, ³Ò ¨¸¶µ²Ó§Ê¥³ ±µÔËË¨Í¨¥´ÉÒ ‚¨²Ó¸µ´  ¢ £² ¢´µ³
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²µ£ ·¨Ë³¨Î¥¸±µ³ ¶·¨¡²¨¦¥´¨¨ (É ¡². 2). ‚ ·¥§Ê²ÓÉ É¥ ¤²Ö ¶ · ³¥É·  ε′/ε
¶µ²ÊÎ ¥³

ε′

ε
=

{
(6, 8± 2, 5(ŠŠŒ) ± 1, 7(Q6) ± 1, 4(mt) ± 1, 1(Q8)) · 10−4, 0 < δ < π

2 ,
(4, 6± 2, 2(ŠŠŒ) ± 1, 2(Q6) ± 1, 1(mt) ± 1, 0(Q8)) · 10−4, π

2 < δ < π .
(5.20)

„¢  ¨´É¥·¢ ²  ¢ Ê· ¢´¥´¨¨ (5.20) ¸µµÉ¢¥É¸É¢ÊÕÉ ¤¢Ê³ ¢µ§³µ¦´Ò³ §´ Î¥´¨Ö³
Ë §Ò δ ³ É·¨ÍÒ ŠŠŒ, ¸²¥¤ÊÕÐ¨³ ¨§ Ô±c¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ¸¢¥·Ì-
¸² ¡µ³Ê ´ ·ÊÏ¥´¨Õ CP-¨´¢ ·¨ ´É´µ¸É¨ [115]. “± § ´´Ò¥ ¶µ£·¥Ï´µ¸É¨ µÉ-
· ¦ ÕÉ, ¸µµÉ¢¥É¸É¢¥´´µ, ´¥µ¶·¥¤¥²¥´´µ¸É¨ ¢ §´ Î¥´¨ÖÌ Ô²¥³¥´Éµ¢ ³ É·¨ÍÒ
ŠŠŒ, ³ É·¨Î´µ£µ Ô²¥³¥´É  µ¶¥· Éµ·  Q6, ³ ¸¸Ò t-±¢ ·±  ¨ ³ É·¨Î´µ£µ Ô²¥-
³¥´É  µ¶¥· Éµ·  Q8, ¢ Éµ ¢·¥³Ö ± ± ¶µ£·¥Ï´µ¸É¨, ¸¢Ö§ ´´Ò¥ ¸ ´¥µ¶·¥¤¥-
²¥´´µ¸ÉÓÕ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ µ¶¥· Éµ·µ¢ Qi (i 6= 6, 8), ¶·¥¤¶µ² £ ÕÉ¸Ö
³¥´¥¥ §´ Î¨É¥²Ó´Ò³¨.

� Ï ·¥§Ê²ÓÉ É ¸µ£² ¸Ê¥É¸Ö ¸ ¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´Éµ¢ ´  Ê¸É ´µ¢±¥ E731
[116]:

Re

(
ε′

ε

)
= (7, 4± 6, 0) · 10−4 (5.21)

¨ ´¥¸±µ²Ó±µ ³¥´ÓÏ¥ §´ Î¥´¨Ö, ¶µ²ÊÎ¥´´µ£µ ´  Ê¸É ´µ¢±¥ NA31 [117]:

Re

(
ε′

ε

)
= (23± 7) · 10−4 . (5.22)

Š ± ¨ ¢ ¸²ÊÎ ¥ CP-· §·¥Ï¥´´ÒÌ · ¸¶ ¤µ¢, ³Ò µ¡´ ·Ê¦¨¢ ¥³ ¸µ£² ¸¨¥ ³¥¦¤Ê
Ô±¸¶¥·¨³¥´Éµ³ ¨ ¶·¥¤¸± § ´¨Ö³¨ ‘Œ, ÌµÉÖ ¸ÊÐ¥¸É¢Ê¥É ´¥±µÉµ·µ¥ · ¸Ìµ¦¤¥-
´¨¥ ³¥¦¤Ê ´ Ï¨³¨ µÍ¥´± ³¨ ¨ ·¥§Ê²ÓÉ É ³¨, ¶µ²ÊÎ¥´´Ò³¨ ´  Ê¸É ´µ¢±¥
NA31. Š ±¨¥-²¨¡µ ¢Ò¢µ¤Ò µ §´ Î¥´¨¨ ÔÉµ£µ · ¸Ìµ¦¤¥´¨Ö ³µ¦´µ ¡Ê¤¥É ¸¤¥-
² ÉÓ ¶µ¸²¥ Éµ£µ, ± ± ¡Ê¤¥É ¶µ¢ÒÏ¥´  ÉµÎ´µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨§³¥·¥´¨Ö
¶ · ³¥É·  ε′/ε ¨ µ¶·¥¤¥²¥´µ §´ Î¥´¨¥ Ë §Ò δ ³ É·¨ÍÒ ŠŠŒ.

6. ‡�Š‹�—…�ˆ…

‚ µ¡§µ·¥ · ¸¸³µÉ·¥´Ò ¶µ¸²¥¤´¨¥ ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ´¥²¥¶Éµ´´ÒÌ · ¸¶ -
¤µ¢ K-³¥§µ´µ¢ ¢ ‘Œ. �¡¸Ê¦¤ ÕÉ¸Ö µ¶¥· Éµ·´Ò¥ ¶µ¶· ¢±¨ ± ± ´µ´¨Î¥¸±µ³Ê
Î¥ÉÒ·¥Ì±¢ ·±µ¢µ³Ê ÔËË¥±É¨¢´µ³Ê ∆S = 1 £ ³¨²ÓÉµ´¨ ´Ê. „ ´Ò µÍ¥´±¨
¢±² ¤µ¢ ´µ¢ÒÌ µ¶¥· Éµ·´ÒÌ ¸É·Ê±ÉÊ·, ¢Ìµ¤ÖÐ¨Ì ¢ ¶µ²´Ò° ÔËË¥±É¨¢´Ò° £ -
³¨²ÓÉµ´¨ ´, ¢  ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢ K → ππ. �·¥¤cÉ ¢²¥´ ·¥£Ê²Ö·´Ò° ³¥-
Éµ¤ ¢ÒÎ¨¸²¥´¨Ö  ¤·µ´´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ ²µ± ²Ó´ÒÌ Š•„-µ¶¥· Éµ·µ¢,
µ¡· §ÊÕÐ¨Ì ÔËË¥±É¨¢´Ò° ∆S = 1 £ ³¨²ÓÉµ´¨ ´, ¢´¥ · ³µ± £¨¶µÉ¥§Ò Ë ±Éµ-
·¨§ Í¨¨. � ¸¸³µÉ·¥´ ´¥¶¥·ÉÊ·¡ É¨¢´Ò° ¢±² ¤ ¢  ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢ K → ππ
§  ¸Î¥É ¶¥·¥Ìµ¤µ¢ ¸ £²Õµ´ ³¨ ¢ ¶·µ³¥¦ÊÉµÎ´µ³ ¸µ¸ÉµÖ´¨¨. �µ²ÊÎ¥´Ò ´µ-
¢Ò¥ µÍ¥´±¨ ¤²Ö §´ Î¥´¨° CP-¨´¢ ·¨ ´É´ÒÌ ¨ CP-´¥¨´¢ ·¨ ´É´ÒÌ  ³¶²¨ÉÊ¤
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· ¸¶ ¤µ¢ K → ππ, ¨ ¶µ± § ´µ, ÎÉµ ¶·¨ ¨³¥ÕÐ¥³¸Ö Ê·µ¢´¥ ÉµÎ´µ¸É¨ É¥µ·¥-
É¨Î¥¸±µ£µ  ´ ²¨§  ¶·¥¤¸± § ´¨Ö ‘Œ ¤²Ö ¶ · ³¥É·µ¢ ´¥²¥¶Éµ´´ÒÌ · ¸¶ ¤µ¢
K-³¥§µ´µ¢ ± ± ¤²Ö CP-¨´¢ ·¨ ´É´ÒÌ, É ± ¨ ¤²Ö CP-´¥¨´¢ ·¨ ´É´ÒÌ  ³¶²¨ÉÊ¤
´ Ìµ¤ÖÉ¸Ö ¢ Ìµ·µÏ¥³ ¸µ£² ¸¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.

�¢Éµ·Ò ¡² £µ¤ ·´Ò ‚.�.Œ É¢¥¥¢Ê, ‚.�.�Ê¡ ±µ¢Ê ¨ �.�.’ ¢Ì¥²¨¤§¥ §  ¶µ-
¸ÉµÖ´´µ¥ ¢´¨³ ´¨¥, ¶µ¤¤¥·¦±Ê ¨ ¶µ²¥§´Ò¥ µ¡¸Ê¦¤¥´¨Ö.

� ¡µÉ  ¢Ò¶µ²´¥´  ¶·¨ Ë¨´ ´¸µ¢µ° ¶µ¤¤¥·¦±¥ �µ¸¸¨°¸±µ£µ Ëµ´¤  ËÊ´¤ -
³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° (£· ´É N 97-02-17065) ¨ Œ¥¦¤Ê´ ·µ¤´µ£µ ´ ÊÎ´µ£µ
Ëµ´¤  (£· ´É N 6NJ000). �.�.�¥´¨´ ¡² £µ¤ ·¨É §  Ë¨´ ´¸µ¢ÊÕ ¶µ¤¤¥·¦±Ê
Œ¥¦¤Ê´ ·µ¤´Ò° Í¥´É· ËÊ´¤ ³¥´É ²Ó´µ° Ë¨§¨±¨ ¢ Œµ¸±¢¥ ¨ Šµ·µ²¥¢¸±ÊÕ
Ï¢¥¤¸±ÊÕ  ± ¤¥³¨Õ ´ Ê±.

7. ��ˆ‹�†…�ˆ…

Œ ¸¸Ò ±¢ ·±µ¢:

mb ∼ 4, 8 ƒÔ‚ mt = (176± 15) ƒÔ‚
ms (1ƒÔ‚) = (199± 33) ŒÔ‚ mc = (1, 35± 0, 05) ŒÔ‚
md (1 ƒÔ‚) = (9, 9± 1, 1) ŒÔ‚ mu (1ƒÔ‚) = (5, 6± 1, 1) ŒÔ‚.

Œ ¸¸Ò ¨ ±µ´¸É ´ÉÒ · ¸¶ ¤µ¢ ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥§µ´µ¢:

mK = 498 ŒÔ‚ fK = 161 ŒÔ‚
mπ = 135 ŒÔ‚ fπ = 132 ŒÔ‚.

� · ³¥É·Ò Ô²¥±É·µ¸² ¡ÒÌ ¨ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°:

ΛMS = (300± 100) ŒÔ‚ GF = 1, 166 · 10−5ƒÔ‚−2

α = 1/128 MW = 80, 0 ƒÔ‚.

�²¥³¥´ÉÒ ³ É·¨ÍÒ ŠŠŒ:

|Vus| = 0, 221 |Vud| = 0, 9753
|Vcb| = 0, 043± 0, 004 |Vub/Vcb| = 0, 10± 0, 03
Im (V ∗tsVtd) = (1, 5± 0, 5) · 10−4 ¶·¨ 0 < δ < π

2
Im (V ∗tsVtd) = (1, 0± 0, 5) · 10−4 ¶·¨ π

2 < δ < π.

K → ππ · ¸¶ ¤Ò ¨ K0 − K̄0 ¸³¥Ï¨¢ ´¨¥:

Re A0 = 3, 33 · 10−7 ƒÔ‚ Re A2 = 1, 50 · 10−8 ƒÔ‚
ω = 1/22, 2 Ωηη′ = 0, 25
ε = (2, 258± 0, 018) · 10−3 ∆MK = 3, 5 · 10−15 ƒÔ‚.
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—¨¸²¥´´Ò¥ §´ Î¥´¨Ö ±µÔËË¨Í¨¥´Éµ¢ ‚¨²Ó¸µ´  [27]:

’ ¡²¨Í  1. ŠµÔËË¨Í¨¥´ÉÒ ‚¨²Ó¸µ´  zi (i = 1, 2, 6) ¶·¨ µ = 0, 8 ƒÔ‚ ¢ £² ¢´µ³
²µ£ ·¨Ë³¨Î¥¸±µ³ ¶·¨¡²¨¦¥´¨¨ (l.o.) ¨ ¸ ÊÎ¥Éµ³ ¶µ¶· ¢µ± ¶¥·¢µ£µ ¶µ·Ö¤±  (n.l.),

zi ∼ 10−5 ¶·¨ i > 6

Λ
MS

, ŒÔ‚ z1 z2 z3 z4 z5 z6

l.o. 200 -0,668 1,369 0,007 -0,017 0,005 -0,019
n.l 200 -0,812 1,479 0,021 -0,047 0,012 -0,053
l.o. 300 -0,839 1,494 0,010 -0,025 0,008 -0,028
n.l 300 -1,197 1,778 0,040 -0,081 0,018 -0,098
l.o. 400 -1,045 1,654 0,015 -0,035 0,011 -0,042
n.l 400 -1,964 2,428 0,093 -0,159 0,026 -0,216

’ ¡²¨Í  2. ŠµÔËË¨Í¨¥´ÉÒ ‚¨²Ó¸µ´  yi (i = 4, 6, 7) ¶·¨ µ = mc, mt = 176 ƒÔ‚
¢ £² ¢´µ³ ²µ£ ·¨Ë³¨Î¥¸±µ³ ¶·¨¡²¨¦¥´¨¨, yi = 0 ¶·¨ i = 1, 2

Λ
MS

, ŒÔ‚ y3 y4 y5 y6 y7/α y8/α (y9 + y10)/α

200 0,024 -0,047 0,013 -0,068 -0,029 0,084 -0,929
300 0,029 -0,055 0,014 -0,085 -0,037 0,107 -0,886
400 0,035 -0,063 0,015 -0,102 -0,044 0,133 -0,846
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“„Š 530.1

Œ�ˆ‘…‰ �‹…Š‘��„��‚ˆ— Œ��Š�‚
(± 90-²¥É¨Õ ¸µ ¤´Ö ·µ¦¤¥´¨Ö)

�.‘.ˆ¸ ¥¢
�¡Ñ¥¤¨´¥´´Ò° ̈ ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ̈ ¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

„ ´µ ±· É±µ¥ ¶·¥¤¸É ¢²¥´¨¥ ´ ÊÎ´ÒÌ ¨ Ë¨²µ¸µË¸±¨Ì ¢§£²Ö¤µ¢  ± ¤¥³¨± 
Œ.�.Œ ·±µ¢ . �É´µ¸¨É¥²Ó´µ ¤¥É ²Ó´µ · ¸¸³µÉ·¥´ · ´´¨° ¶¥·¨µ¤ ¥£µ ´ ÊÎ´µ£µ É¢µ·-
Î¥¸É¢  (1945Å1960 ££.)

Brief representation of scientific and philosophical outlook of �cademician M.A.Mar-
kov is given. Earlier period (1945Å1960) of his creative work is considered relativ¥ly in
detail.

‚¶¥·¢Ò¥ Ö Ê¢¨¤¥² Œµ¨¸¥Ö �²¥±¸ ´¤·µ¢¨Î  Œ ·±µ¢  ¢ ´ Î ²¥ 1952 £µ¤ 
¢ ”¨§¨Î¥¸±µ³ ¨´¸É¨ÉÊÉ¥ ¨³. �.�.‹¥¡¥¤¥¢  �± ¤¥³¨¨ ´ Ê± ‘‘‘� (”ˆ��).
�Éµ ¡Ò²µ ¢µ ¢Éµ·µ° ¶µ²µ¢¨´¥ Ë¥¢· ²Ö ¨²¨ ¢ ´ Î ²¥ ³ ·É .

ƒ² ¢´Ò° ¨´¦¥´¥· É¥Ì´¨Î¥¸±µ° ¤¨·¥±Í¨¨ ¸É·µ¨É¥²Ó¸É¢  533 (’„‘-533)
ŠÊ§Ó³  ˆ¢ ´µ¢¨Î �²¨´µ¢ ´ ¡¨· ² ´  · ¡µÉÊ ¢ ’„‘ ³µ²µ¤ÒÌ ¸¶¥Í¨ ²¨¸Éµ¢,
Ë¨§¨±µ¢-Ö¤¥·Ð¨±µ¢, µ±µ´Î¨¢Ï¨Ì Ë¨§¨Î¥¸±¨° Ë ±Ê²ÓÉ¥É Œƒ“ 31 ¤¥± ¡·Ö
1951 £µ¤ ,  ̈   µ´¨  ¢·¥³¥´´µ µ¸¥¤ ²¨ ¢ Œµ¸±¢¥, ¢ ”ˆ��¥. �·£ ´¨§ Í¨Ö
’„‘-533 § ´¨³ ² ¸Ó ¸µ§¤ ´¨¥³ §´ ³¥´¨Éµ£µ ¢¶µ¸²¥¤¸É¢¨¨ ¶·µÉµ´´µ£µ Ê¸±µ-
·¨É¥²Ö ´  Ô´¥·£¨Õ 10 ƒÔ‚ ¢ ¤.�µ¢µ-ˆ¢ ´Ó±µ¢µ Š ²¨´¨´¸±µ° µ¡² ¸É¨ (¡Ê¤Ê-
Ð¨° £µ·µ¤ „Ê¡´  Œµ¸±µ¢¸±µ° µ¡² ¸É¨). Œµ²µ¤ÒÌ ¸¶¥Í¨ ²¨¸Éµ¢-Ë¨§¨±µ¢
¶µ¸É¥¶¥´´µ, ¶µ ´¥¸±µ²Ó±Ê Î¥²µ¢¥± ¶¥·¥¢µ¤¨²¨ ¨§ ”ˆ��  ¢ ¤.�µ¢µ-ˆ¢ ´Ó-
±µ¢µ. ’ ±, Ö ¶·µ¡Ò² ¢ ”ˆ��¥ ¸ ¸¥·¥¤¨´Ò Ë¥¢· ²Ö ¶µ 4 ¸¥´ÉÖ¡·Ö 1952 £µ¤ .

“¦¥ ́   ¶µ¸²¥¤´¥³ ±Ê·¸¥ Ë¨§Ë ±  Œƒ“ Ìµ¤¨²¨ ¸²ÊÌ¨, ÎÉµ Œ.�.Œ ·±µ¢ 
¸¨²Ó´µ ±·¨É¨±µ¢ ²¨ §  µ¶Ê¡²¨±µ¢ ´´ÊÕ ¢ 1947 £µ¤Ê ¢ ¦Ê·´ ²¥ ®‚µ¶·µ¸Ò
Ë¨²µ¸µË¨¨¯ (1947, º2, ¸.140) ¸É ÉÓÕ ®� ¶·¨·µ¤¥ Ë¨§¨Î¥¸±µ£µ §´ ´¨Ö¯.
’µ£¤  ¦¥ ¸·¥¤¨ ¸ÉÊ¤¥´Éµ¢ Ìµ¤¨²¨ ¸²ÊÌ¨, ÎÉµ Œ.�.Œ ·±µ¢ ¡Ò² ¸µ¢¥É´¨±µ³
‚.Œ.Œµ²µÉµ¢  ¶µ ́  Ê±¥. �É¨ ¤¢  ̧ ²ÊÌ  ¡Ò²¨ ́ ¥¸µ¢³¥¸É¨³Ò, ́ µ ¢¸¥ ÔÉµ ¡Ò²µ
µÉ ´ ¸ Å ¸ÉÊ¤¥´Éµ¢ Å ®¤ ²¥±µ¯, ¨ Ö ´¥ ¶·¨¤ ¢ ² ¨³ §´ Î¥´¨Ö.

’¥¶¥·Ó, ¢¸É·¥É¨¢ Œ.�.Œ ·±µ¢  ¢ ”ˆ��¥, Ö ¢¸¶µ³´¨² ÔÉ¨ · §£µ¢µ·Ò µ
´¥³, ¶µÏ¥² ¢ ¡¨¡²¨µÉ¥±Ê ¨ ¢´¨³ É¥²Ó´µ ¶·µÎ¨É ² ̧ É ÉÓÕ ®� ¶·¨·µ¤¥ Ë¨§¨-
Î¥¸±µ£µ §´ ´¨Ö¯, ´µ ´¥ ¶µ´Ö², §  ÎÉµ ³µ¦´µ ¡Ò²µ ·Ê£ ÉÓ ¥£µ, ± ±¨¥ Ë¨²µ-
¸µË¸±¨¥ ¸Ê¦¤¥´¨Ö ³µ£²¨ ¡Ò ¸É ÉÓ ¶·¥¤³¥Éµ³ ±·¨É¨±¨. ‘É ÉÓÖ ´ ¶¨¸ ´  ´¥
Ë¨²µ¸µËµ³,   Ë¨§¨±µ³-É¥µ·¥É¨±µ³, ±µÉµ·Ò° ¶ÒÉ ²¸Ö µ¡ÑÖ¸´¨ÉÓ ¶·µÍ¥¸¸
¶µ§´ ´¨Ö ¶·¨·µ¤Ò ´¥ ¸ ¶µ§¨Í¨° Ë¨²µ¸µË¸±¨Ì µ¶·¥¤¥²¥´¨° ¨ ¸Ê¦¤¥´¨°,  
¸ ¶µ§¨Í¨¨  ±É¨¢´µ ¤¥°¸É¢ÊÕÐ¥£µ ¨¸¸²¥¤µ¢ É¥²Ö-Ë¨§¨± , ±µÉµ·Ò° ´¥ µÉ·Ò-
¢ ¥É ¸ÊÐ´µ¸É¨ Ë¨§¨±µ-É¥µ·¥É¨Î¥¸±¨Ì · ¡µÉ µÉ ¨Ì Ë¨²µ¸µË¸±µ£µ µ¸³Ò¸²¥-
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´¨Ö. �Éµ ¶·µ¨§¢µ¤¨²µ ¢¶¥Î É²¥´¨¥ ¥¸É¥¸É¢¥´´µ-´ ÊÎ´µ£µ ¶µ¤Ìµ¤  ± · ¸-
¸³µÉ·¥´¨Õ ¶·µ¡²¥³Ò: ÎÉµ ¢¨¤¨É ¨ ÎÉµ ¤¥² ¥É Ë¨§¨±, ± ± ¤Ê³ ¥É ¨ ± ±
µ¶¨¸Ò¢ ¥É Ë¨§¨Î¥¸±ÊÕ ·¥ ²Ó´µ¸ÉÓ Å É ± µ´ ¨ ¨§² £ ² ¶·µÍ¥¸¸ ¨¸¸²¥¤µ-
¢ ´¨Ö. Œ.�.Œ ·±µ¢ ¶¨¸ ² ¢ ¸¢µ¥° ¸É ÉÓ¥: ®...”¨§¨±¨ ¢Ò´Ê¦¤¥´Ò Ë¨²µ¸µË-
¸É¢µ¢ ÉÓ, ¨¡µ ¤²Ö ¸µ¢·¥³¥´´µ° Ë¨§¨±¨ µ¸µ¡¥´´µ Ì · ±É¥·´µ, ÎÉµ ¥¥ ´¥²Ó§Ö
¨§² £ ÉÓ, ´¥ § É· £¨¢ Ö £²Ê¡µ±¨¥ ¢µ¶·µ¸Ò É¥µ·¨¨ ¶µ§´ ´¨Ö, Å ÔÉ¨ ¢µ¶·µ¸Ò
É¥¸´µ ̧ ¢Ö§ ´Ò ̧  ±µ´±·¥É´Ò³ ̧ µ¤¥·¦ ´¨¥³ ´µ¢µ° É¥µ·¨¨. ...ŒÒ µ£· ´¨Î¨³¸Ö
®µ¤´¨³¯ ¢µ¶·µ¸µ³: ¤¥°¸É¢¨É¥²Ó´µ ²¨ ÉµÎ´µ¥ §´ ´¨¥ ¢´¥Ï´¥£µ ³¨·  ¸É -
´µ¢¨É¸Ö ¤²Ö ´ ¸ ´¥¢µ§³µ¦´Ò³?..¯

ˆ²¨ ¥Ð¥ µ¤¨´ ¶·¨³¥· ÔÉµ£µ ¶µ¤Ìµ¤  ± ¨§²µ¦¥´¨Õ ³ É¥·¨ ²  ¨§ Éµ° ¦¥
¸É ÉÓ¨. �·¥¤¸É ¢¨¢ ¸¥¡¥, ÎÉµ ³Ò¸²ÖÐ¥¥ ¸ÊÐ¥¸É¢µ ¨³¥¥É ¢´ÊÉ·¨Ö¤¥·´Ò¥ · §-
³¥·Ò, Œ.�. ¶¨¸ ²: ®‚´ÊÉ·¨Ö¤¥·´µ¥ ®¸ÊÐ¥¸É¢µ¯, ± § ¢¨¸É¨ ¸µ¢·¥³¥´´ÒÌ
Ë¨§¨±µ¢, ¡Ò²µ ¡Ò ¡Ê±¢ ²Ó´µ ®± ± Ê ¸¥¡Ö ¤µ³ ¯ ¢ ¢µ¶·µ¸ Ì Ö¤¥·´ÒÌ ¸¨²...
®� £²Ö¤´Ò¥¯, ®³µ¤¥²Ó´Ò¥¯ ¶·¥¤¸É ¢²¥´¨Ö ÔÉ¨Ì Ë¨§¨±µ¢ ¡Ò²¨ ¡Ò  Éµ³´Ò¥
¨ Ö¤¥·´Ò¥. �Éµ³´µ¥ ¨ Ö¤¥·´µ¥ ¡ÒÉ¨¥ ¨Ì ´ ²µ¦¨²µ ¡Ò ¸¢µ° µÉ¶¥Î Éµ± ´ 
µ¶·¥¤¥²¥´¨¥ Ë¨§¨Î¥¸±¨Ì ¶µ´ÖÉ¨° ¨, ¢¥·µÖÉ´µ, ´  Ì · ±É¥· ¸ ³µ° ³ É¥³ -
É¨±¨. ‚µ ¢¸Ö±µ³ ¸²ÊÎ ¥, µ´¨ ´¥ ¶µ¸É·µ¨²¨ ¡Ò ±¢ ´Éµ¢ÊÕ É¥µ·¨Õ, É.¥. É ±ÊÕ
É¥µ·¨Õ, µ¤´µ§´ Î´µ¥ Éµ²±µ¢ ´¨¥ ±µÉµ·µ° µÉ´µ¸¨²µ¸Ó ¡Ò ®± ¶·¥¤¸± § ´¨Õ
·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ ¥³ÒÌ ¶·¨ ¶µ³µÐ¨ ¤ ´´µ° Ê¸É ´µ¢±¨, µ¶¨¸Ò¢ ¥³µ°
Î¨¸Éµ ±² ¸¸¨Î¥¸±¨³ µ¡· §µ³¯... ‚ ÔÉµ° Î ¸É¨ ¸É ÉÓ¨ ·¥ÎÓ Ï²  µ Éµ³, ÎÉµ
Ë¨§¨±¨ ¨¸¶µ²Ó§ÊÕÉ ¶·¥¤¸É ¢²¥´¨Ö ¨ ¶µ´ÖÉ¨Ö ±² ¸¸¨Î¥¸±µ° Ë¨§¨±¨ ¨ ¡µ²Ó-
Ï¨¥ ³ ±·µ¸±µ¶¨Î¥¸±¨¥ ¶·¨¡µ·Ò ¤²Ö µ¶¨¸ ´¨Ö Ö¢²¥´¨°, ¶·µ¨¸Ìµ¤ÖÐ¨Ì ¢
³¨±·µ³¨·¥.

� ¤µ µÉ³¥É¨ÉÓ, ÎÉµ Œ.�.Œ ·±µ¢ ¤µ ¸ ³ÒÌ ¶µ¸²¥¤´¨Ì ¤´¥° ¢¸¥£¤  ¸³µÉ-
·¥² ´  µ±·Ê¦ ÕÐ¨° ¥£µ Ë¨§¨Î¥¸±¨° ³¨· ¸ ¥¤¨´µ° ÉµÎ±¨ §·¥´¨Ö: ³¨· ¡Ò²
¤²Ö ´¥£µ ¥¤¨´, µ´ ´¥ ¤¥²¨² ¥£µ ´  µÉ¤¥²Ó´Ò¥ Ö¢²¥´¨Ö, ¸Î¨É ² ¡¥¸¸³Ò¸²¥´-
´Ò³ µ¶¨¸ ´¨¥ µÉ¤¥²Ó´µ ¢Ò·¢ ´´µ£µ ̈ § ³¨±·µ³¨·  Ë¨§¨Î¥¸±µ£µ Ö¢²¥´¨Ö. �´
µ¡Ö§ É¥²Ó´µ § ¤ ¢ ²¸Ö ¢µ¶·µ¸µ³:   ± ± ‚¸¥²¥´´ Ö ¡Ê¤¥É ·¥ £¨·µ¢ ÉÓ ´  ÔÉµ
Ö¢²¥´¨¥? …³Ê, ´ ¶·¨³¥·, ´· ¢¨²µ¸Ó ¶·¥¤¸É ¢²¥´¨¥ µ ‚¸¥²¥´´µ°, § ±²ÕÎ¥´-
´µ° ¢ µ¤´Ê ®Ô²¥³¥´É ·´ÊÕ Î ¸É¨ÍÊ¯. �´, ¢¨¤¨³µ, £²Ê¡µ±µ ÎÊ¢¸É¢µ¢ ² ¢¸Õ
Ë¨§¨Î¥¸±ÊÕ µÉ´µ¸¨É¥²Ó´µ¸ÉÓ ¶µ´ÖÉ¨°: ¡µ²ÓÏµ¥, ¢¸¥²¥´¸±µ¥ ¨ ³ ²µ¥,
³¨±·µ¸±µ¶¨Î¥¸±µ¥. �´ ´¥ ÌµÉ¥² · §²¨Î ÉÓ ¨Ì ¸ ¶µ§¨Í¨° Î¥²µ¢¥Î¥¸±¨Ì · §-
³¥·µ¢, ¶·¨¢ÒÎ´ÒÌ ¶·¥¤¸É ¢²¥´¨°. �´ ÌµÉ¥² ¶·µ´¨±´ÊÉÓ ¢ ¸ÊÉÓ Ë¨§¨Î¥¸±¨Ì
Ö¢²¥´¨° ± ± ¢ ³¨±·µ¸±µ¶¨Î¥¸±¨ ³ ²ÒÌ, É ± ¨ ¢µ ¢¸¥²¥´¸±µ-¡µ²ÓÏ¨Ì · §³¥-
· Ì, ÌµÉ¥² Ê¢¨¤¥ÉÓ ²¨¡µ ¶µÌµ¦¥¸ÉÓ, ²¨¡µ · §²¨Î¨¥, ¥¸²¨ ¡Ò µ´µ ´ ¡²Õ¤ -
²µ¸Ó. �´ ¡Ò² Ë¨§¨±µ³-´ ÉÊ· ²¨¸Éµ³, ³Ò¸²¨É¥²¥³, ¨ ¢ ¸¢µ¨Ì ´µ¢ÒÌ ¸³¥²ÒÌ
³µ¤¥²ÖÌ ¡Ò² ¸²¨Ï±µ³ µÉ±·ÒÉ ¨ ¶µÔÉµ³Ê ÊÖ§¢¨³ ¤²Ö ±·¨É¨±¨ ¢µ ³´µ£¨Ì
¶µ²µ¦¥´¨ÖÌ. ‚¸¥£¤  ³µ¦´µ ¡Ò²µ ¸± § ÉÓ ¥³Ê: ®Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î, ´µ
¢¥¤Ó ¢µ§³µ¦´  ¨ ¤·Ê£ Ö,  ²ÓÉ¥·´ É¨¢´ Ö ³µ¤¥²Ó¯, ´  ÎÉµ µ´ ¸ Ê²Ò¡±µ° µÉ¢¥-
Î ²: ®„ , ´µ ÔÉµ Ê¦¥ ‚ Ï  ³µ¤¥²Ó¯.

ˆ¸Éµ±¨ ¥£µ ¸É·¥³²¥´¨Ö ¤ ÉÓ ³µ¤¥²Ó´µ¥ ¶·¥¤¸É ¢²¥´¨¥ Ö¢²¥´¨Õ ³µ¦´µ
Ê¢¨¤¥ÉÓ ¨§ Ê¶µ³Ö´ÊÉµ° ¢ÒÏ¥ Ë¨²µ¸µË¸±µ° · ¡µÉÒ. �´ ¶¨¸ ² ¢ ´¥°: ®...Š·Ê¶-
´¥°Ï¨¥ Ë¨§¨±¨ ¶·µÏ²ÒÌ ¸Éµ²¥É¨° ÊÉ¢¥·¦¤ ²¨, ÎÉµ µ´¨ ´¥ ¶µ´¨³ ÕÉ Ö¢²¥-
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´¨Ö ¤µ É¥Ì ¶µ·, ¶µ±  ´¥ ¶µ¸É·µÖÉ ¥£µ ³µ¤¥²Ó... “É¢¥·¦¤¥´¨¥ ÔÉµ... ¶·¥¤¸É ¢-
²Ö¥É ¸µ¡µ° ·¥§Õ³¥ ´ ÊÎ´µ£µ ³¨·µ¢µ§§·¥´¨Ö Í¥²µ° Ô¶µÌ¨...¯ �´ ¸ ³ ¡Ò² ¨
µ¸É ²¸Ö ¤µ ±µ´Í  ¸¢µ¨Ì ¤´¥° ¶·¨¢¥·¦¥´Í¥³ É¥Ì ¦¥ ¶·¥¤¸É ¢²¥´¨° ±·Ê¶-
´¥°Ï¨Ì Ë¨§¨±µ¢ ¶·µÏ²µ£µ ¸Éµ²¥É¨Ö Å ¤²Ö Œµ¨¸¥Ö �²¥±¸ ´¤·µ¢¨Î  Ë¨§¨-
Î¥¸± Ö ³µ¤¥²Ó ¡Ò²  £² ¢´Ò³ ´ ¶· ¢²¥´¨¥³ ¢¸¥° ¥£µ É¢µ·Î¥¸±µ° ¤¥ÖÉ¥²Ó´µ¸É¨.

Ÿ ¢¶µ²´¥ ¤µ¶Ê¸± Õ ³Ò¸²Ó, ÎÉµ ÔÉµ ¡Ò²µ ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ ¸¢µÕ ´ ÊÎ-
´ÊÕ ¤¥ÖÉ¥²Ó´µ¸ÉÓ µ´ ́  Î¨´ ² ± ± Ë¨§¨±-Ô±¸¶¥·¨³¥´É Éµ·,   ́ ¥ ± ± ³µ²µ¤µ°
¸¶¥Í¨ ²¨¸É-É¥µ·¥É¨±, µ¸´ Ð¥´´Ò° Ê´¨¢¥·¸¨É¥É¸±¨³¨ ±Ê·¸ ³¨ ¢Ò¸Ï¥°
³ É¥³ É¨±¨ ¨ ¢Ò¸Ï¥° £¥µ³¥É·¨¨. ‚ ¸¢µ¥° ±´¨£e ®� §³ÒÏ²ÖÖ µ Ë¨§¨± Ì... µ
Ë¨§¨±¥... µ ³¨·¥...¯ (Œ.: � Ê± , 1993) ¸É ÉÓÕ ®�·¨° �µ·¨¸µ¢¨Î �Ê³¥·¯ µ´
´ Î¨´ ¥É ¸²µ¢ ³¨: ®Ÿ ´ Î ² ´ ÊÎ´ÊÕ · ¡µÉÊ Ê ‘¥·£¥Ö ˆ¢ ´µ¢¨Î  ‚ ¢¨²µ¢ 
¢ ± Î¥¸É¢¥ Ô±¸¶¥·¨³¥´É Éµ· . ‚¸±µ·¥ ‘¥·£¥° ˆ¢ ´µ¢¨Î ¡Ò² ¨§¡· ´  ± ¤¥-
³¨±µ³, § ´Ö² ¶µ¸É ¤¨·¥±Éµ·  ‹¥´¨´£· ¤¸±µ£µ µ¶É¨Î¥¸±µ£µ ¨´¸É¨ÉÊÉ , ¶¥·¥-
¸¥²¨²¸Ö ¨§ Œµ¸±¢Ò ¢ ‹¥´¨´£· ¤. ŒµÖ Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¤¥ÖÉ¥²Ó´µ¸ÉÓ ¶·¥-
±· É¨² ¸Ó...¯

�´ ¶¥·¥Ï¥² ± �.�.�Ê³¥·Ê, ±µÉµ·Ò° ¶·¥¤²µ¦¨² Œ ·±µ¢Ê · ¸¸Î¨É ÉÓ
Ô´¥·£¨Õ ¸¢Ö§¨ ³µ²¥±Ê²Ò ¡¥´§µ² . ®�µ³´Õ, ± ± �·¨° �µ·¨¸µ¢¨Î ¶µ¤µÏ¥² ±
¤µ¸±¥, ¸É ² ¨§² £ ÉÓ É¥µ·¨Õ ¢ ²¥´É´ÒÌ ¸¢Ö§¥° ‹µ´¤µ´  Å ƒ °É²¥·  Å
�Ê³¥· , ·¨¸µ¢ ÉÓ ¸¶¨´µ¢Ò¥ ÏÉ·¨Ì¨ ̈  £µ¢µ·¨ÉÓ µ É¥µ·¨¨ £·Ê¶¶, µ · §²¨Î´ÒÌ
É¨¶ Ì ¸¨³³¥É·¨°. �·¨° �µ·¨¸µ¢¨Î ¶µ ¸¢µ¥³Ê ¸±² ¤Ê Ê³  ¡Ò² ¸±µ·¥¥ ³ É¥-
³ É¨±µ³. Ÿ ³ ²µ · §¡¨· ²¸Ö ¢ Éµ³, µ Î¥³ £µ¢µ·¨² �·¨° �µ·¨¸µ¢¨Î: ´ 
Ë¨§¨Î¥¸±µ³ Ë ±Ê²ÓÉ¥É¥ ¢ Éµ ¢·¥³Ö É¥µ·¨Ö £·Ê¶¶ ¢ ¶·¥¶µ¤ ¢ ´¨¨ ¶· ±É¨-
Î¥¸±¨ ´¥ ¢¸É·¥Î ² ¸Ó...¯ ‚¨¤¨³µ, µÉ ®Ô±¸¶¥·¨³¥´É Éµ· ¯ Ê Œµ¨¸¥Ö �²¥±-
¸ ´¤·µ¢¨Î  µ¸É ²µ¸Ó ¶·¥¤¸É ¢²¥´¨¥ µ Éµ³, ÎÉµ ¶µ´¨³ ´¨¥ Ö¢²¥´¨Ö ¥¸ÉÓ,
¥¸²¨ ¥¸ÉÓ ¥£µ ³µ¤¥²Ó´µ¥ ¶·¥¤¸É ¢²¥´¨¥. �´, ±µ´¥Î´µ, ¶µ´¨³ ² ¢Ò¤ ÕÐÊÕ¸Ö
·µ²Ó ³ É¥³ É¨±¨ ¢ Ë¨§¨±¥: ®Šµ´¥Î´µ, Ë¨§¨±  ¸É ´µ¢¨É¸Ö ¢¸¥ ¡µ²¥¥ ¨ ¡µ²¥¥
³ É¥³ É¨Î¥¸±µ°, ´µ ³ É¥³ É¨±  ¢ ´¥° ¨£· ¥É ´¥±µÉµ·ÊÕ ´µ¢ÊÕ, ¸¶¥Í¨Ë¨Î¥-
¸±ÊÕ ·µ²Ó, ·µ²Ó, ±µÉµ· Ö É¥¸´µ ¸¢Ö§ ´  ¸ ´¥´ £²Ö¤´µ¸ÉÓÕ Ë¨§¨Î¥¸±¨Ì µ¡· -
§µ¢ ´µ¢µ° Ë¨§¨±¨...¯ (®� ¶·¨·µ¤¥ Ë¨§¨Î¥¸±µ£µ §´ ´¨Ö¯, ¸.157). ˆ²¨, ¢
µ¤´µ° ¨§ ¸¢µ¨Ì · ´´¨Ì · ¡µÉ, ¶µ¸¢ÖÐ¥´´ÒÌ ³µ¤¥²¨ ¶·µÉÖ¦¥´´µ° Î ¸É¨ÍÒ,
®� ®Î¥ÉÒ·¥Ì³¥·´µ³ ¶·µÉÖ¦¥´´µ³¯ Ô²¥±É·µ´¥ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° ±¢ ´Éµ¢µ°
µ¡² ¸É¨¯, µ¶Ê¡²¨±µ¢ ´´µ° ¶·¨³¥·´µ §  £µ¤ ¤µ ´ Î ²  ‚¥²¨±µ° �É¥Î¥¸É¢¥´-
´µ° ¢µ°´Ò (¨Õ²Ó 1940 £., †�’”, É.10, ¸.130), µ´ ¢ ±µ´Í¥ ¸É ÉÓ¨ ¶¨¸ ²:
®�ÒÉÓ ³µ¦¥É, ¤ ¦¥ ´¥¸ÊÐ¥¸É¢¥´´µ, ± ±¨³ ¶ÊÉ¥³ ³Ò ¶·¨Ï²¨ ± É ±µ° ®³µ-
¤¥²¨¯ Ô²¥±É·µ´ , ¡ÒÉÓ ³µ¦¥É, ́ ¥É ´  ¶¥·¢ÒÌ ¶µ· Ì ¡µ²ÓÏµ° ´¥µ¡Ìµ¤¨³µ¸É¨
ÊÉµÎ´ÖÉÓ ¨  ´ ²¨§¨·µ¢ ÉÓ ³ É¥³ É¨Î¥¸±ÊÕ ¸É·µ£µ¸ÉÓ Éµ£µ ¨²¨ ¨´µ£µ ¶µ²µ-
¦¥´¨Ö ¢ ¶·¥¤Ò¤ÊÐ¥³ ̈ §²µ¦¥´¨¨, É ± ± ± ³Ò ³µ¦¥³ ¢§ÖÉÓ ́  °¤¥´´ÊÕ ³µ¤¥²Ó
®¶·µÉÖ¦¥´´µ£µ¯ Ô²¥±É·µ´  §  µÉ¶· ¢´µ° ¶ÊÉÓ ¨¸¸²¥¤µ¢ ´¨Ö ¨ ¢ÒÖ¸´¨ÉÓ É¥
¸¥·Ó¥§´Ò¥ É·¥¡µ¢ ´¨Ö, ±µÉµ·Ò¥ ¶·¥¤ÑÖ¢²ÖÕÉ¸Ö ± ¶µ´ÖÉ¨Ö³ É¥µ·¨¨ ¶·¨ ¶µ-
¸É·µ¥´¨¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ³ É¥³ É¨Î¥¸±µ£µ  ¶¶ · É ...¯

ˆ¤¥Ö, ¨²¨ ²µ£¨Î¥¸±¨ ´¥¶·µÉ¨¢µ·¥Î¨¢ Ö, ¢Ò· ¦¥´´ Ö ¸²µ¢ ³¨, ¶µ´ÖÉ¨Ö-
³¨ ³µ¤¥²Ó,  ¢¸¥£¤   Ï²  Ê Œ ·±µ¢  ¢¶¥·¥¤¨ ³ É¥³ É¨Î¥¸±µ£µ  ¶¶ · É . Ÿ
¤Ê³ Õ, ÎÉµ ´¥±µÉµ·µ¥ ¢´ÊÉ·¥´´¥¥ ¶·µÉ¨¢µ·¥Î¨¥ ¢ ´ ÊÎ´µ³ É¢µ·Î¥¸É¢¥
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Œ.�.Œ ·±µ¢  ¸µ¸ÉµÖ²µ ¢ Éµ³, ÎÉµ, ¸ µ¤´µ° ¸Éµ·µ´Ò, ·¥Ï ÕÐ¥¥ §´ Î¥´¨¥ ¢
É¥µ·¨¨ µ´ ¶·¨¤ ¢ ² Ë¨§¨Î¥¸±µ° ³µ¤¥²¨, Ë¨§¨Î¥¸±µ° ¨¤¥¥ ¨, ¸ ¤·Ê£µ° Å
´¥¤µµÍ¥´¨¢ ² §´ Î¥´¨¥ ³ É¥³ É¨±¨, ³¥Éµ¤µ¢ · ¸Î¥É  Ö¢²¥´¨° ¤µ ±µ´Í , ¤µ
¸· ¢´¥´¨Ö Í¨Ë·Ò ¸ Ô±¸¶¥·¨³¥´Éµ³. �µ ¶·¨ ÔÉµ³ µ´ ¸ ³ §´ ², ÎÉµ ®...³µ-
¤¥²Ó´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö, ±µÉµ·Ò¥ ¤ ÕÉ µ·¨¥´É Í¨Õ ¢ ¸µ¢·¥³¥´´µ° Ë¨§¨±¥,
Î ¸Éµ ̧ ²Ê¦ É ̈ ¸ÉµÎ´¨±µ³ § ¡²Ê¦¤¥´¨Ö, ÎÉµ ¸²ÊÎ ¥É¸Ö ¢¸Ö±¨° · §, ±µ£¤  ³ ±-
·µ¸±µ¶¨Î¥¸± Ö ³µ¤¥²Ó ®¶·¨³¥´Ö¥É¸Ö¯ ¢´¥ £· ´¨Í ¥¥ ¶·¨³¥´¨³µ¸É¨...¯
(®� ¶·¨·µ¤¥ Ë¨§¨Î¥¸±µ£µ §´ ´¨Ö¯, ¸.157). �µ ¢¥¤Ó Éµ²Ó±µ ³ É¥³ É¨Î¥¸±¨°
³¥Éµ¤ · ¸Î¥É , ±µ··¥±É´µ ·¥Ï¥´´ Ö ³ É¥³ É¨Î¥¸± Ö § ¤ Î  ¤ ÕÉ ¢¶µ²´¥
µ¶·¥¤¥²¥´´Ò¥ £· ´¨ÍÒ ¶·¨³¥´¨³µ¸É¨ Éµ° ¨²¨ ¨´µ° ³µ¤¥²¨. Œ.�.Œ ·±µ¢
´¥ ¢¸¥£¤  ³µ£ Ê± § ÉÓ ±µ··¥±É´Ò¥ ³ É¥³ É¨Î¥¸±¨¥ ¶·¥¤¥²Ò ¶·¨³¥´¨³µ¸É¨
¸¢µ¨Ì ³µ¤¥²Ó´ÒÌ ¸Ê¦¤¥´¨°.

Š¸É É¨, µÉ³¥É¨³, ÎÉµ ¢ ¸µ¢·¥³¥´´µ° É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¥ Ô²¥³¥´É ·-
´ÒÌ Î ¸É¨Í, µ¸´µ¢´Ò¥ ¨¤¥¨ ±µÉµ·µ° ¨¤ÊÉ ¨§ ‘˜� ¨ ‡ ¶ ¤´µ° …¢·µ¶Ò, ³µ-
¤¥²Ó´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ¨£· ÕÉ ¶µ¤Î¨´¥´´ÊÕ ·µ²Ó. ƒ² ¢´µ¥ Å ÔÉµ Ê³¥´¨¥
· ¸¸Î¨É ÉÓ ¶·¥¤¸± §Ò¢ ¥³Ò° Ô±¸¶¥·¨³¥´É ²Ó´Ò° ·¥§Ê²ÓÉ É. Š ± ¨´µ£¤  £µ-
¢µ·¨² �.�.�µ£µ²Õ¡µ¢: ®‡ Î¥³ ¢Ò ¶·µ¨§´µ¸¨É¥ É ± ³´µ£µ ¸²µ¢? ‚Ò ´ ¶¨-
Ï¨É¥ ´ ³ Ëµ·³Ê²Ò,   ÎÉµ µ´¨ ¢Ò· ¦ ÕÉ, ³Ò · §¡¥·¥³¸Ö ¸ ³¨¯.

Š ± ¶· ¢¨²µ, Œ ·±µ¢ ¡Ò² µ¤¨´µ± ¢ ¸¢µ¨Ì ¨¤¥°´ÒÌ · ¡µÉ Ì ¨ ´¥ ³µ£
Ê¢²¥ÎÓ ³µ²µ¤¥¦Ó ´µ¢¨§´µ°, ´¥µ¡ÒÎ´µ¸ÉÓÕ ¸¢µ¨Ì ¸Ê¦¤¥´¨°. „Ê³ Õ, ¶µÔÉµ³Ê
µ´ ´¥ ¸µ§¤ ² ´ ÊÎ´µ° Ï±µ²Ò, ¶µ¤µ¡´µ �.�.�µ£µ²Õ¡µ¢Ê ¨²¨ ‹.„.‹ ´¤ Ê, É ±
± ± ¨¤¥°´µ ®´¥ Ê±² ¤Ò¢ ²¸Ö¯ ¢ ¸µ¢·¥³¥´´Ò¥ ´ ¶· ¢²¥´¨Ö É¥µ·¥É¨Î¥¸±µ°
Ë¨§¨±¨. ‚ · ³± Ì ¸µ¢·¥³¥´´µ°, ¡µ£ Éµ° ³ É¥³ É¨±µ° É¥µ·¨¨ ´ ¤µ ¢¥¸É¨
¸²µ¦´Ò¥, ¶µ ¨§¢¥¸É´Ò³ ¸Ì¥³ ³, ³ É¥³ É¨Î¥¸±¨¥ · ¸Î¥ÉÒ, ÎÉµ ¤ ¥É ¢µ§³µ¦-
´µ¸ÉÓ ³µ²µ¤Ò³ É¥µ·¥É¨± ³ ̈ ¤É¨ ¢ Ë ·¢ É¥·¥ ̧ ¨Õ³¨´ÊÉ´ÒÌ, ¶·µ¢¥¤¥´´ÒÌ ́  
®§²µ¡Ê ¤´Ö¯ ¨¸¸²¥¤µ¢ ´¨°, ¶·¨´¨³ ÉÓ ÊÎ ¸É¨¥ ¢ ´ ÊÎ´ÒÌ ±µ´Ë¥·¥´Í¨ÖÌ,
µ¡¸Ê¦¤ ÉÓ ¸µ¢·¥³¥´´Ò¥ ¶·µ¡²¥³Ò ¸µ ®§´ Éµ± ³¨¯, § Ð¨Ð ÉÓ ± ´¤¨¤ É¸±¨¥
¨ ¤µ±Éµ·¸±¨¥ ¤¨¸¸¥·É Í¨¨, Éµ¦¥ ¸É ´µ¢¨ÉÓ¸Ö ®§´ Éµ± ³¨¯ ¶·µ¡²¥³ ¸µ¢·¥-
³¥´´µ° É¥µ·¨¨ ¨... ´¥ µ¸É ¢²ÖÉÓ ®¸²¥¤µ¢¯ ¶µ¸²¥ ÊÌµ¤  ¸ ´ ÊÎ´µ° · ¡µÉÒ.

Œ ·±µ¢ ¸ ³ ´¥ ¤ ¢ ² ³ É¥³ É¨Î¥¸±µ£µ ·¥Ï¥´¨Ö ¸¢µ¨Ì ¶·µ¡²¥³, Ê± §Ò-
¢ ² ²¨ÏÓ ¢µ§³µ¦´Ò¥ ¶ÊÉ¨ ¨Ì ·¥Ï¥´¨Ö,   ³µ²µ¤¥¦Ó ´¥ ¢¸¥£¤  ¶µ´¨³ ² 
¥£µ Å ³µ¦¥É ¡ÒÉÓ, ´¥ µ¡² ¤ ²  ¤µ¸É ÉµÎ´Ò³ ´ ÊÎ´Ò³ ±·Ê£µ§µ·µ³, ³µ¦¥É
¡ÒÉÓ, ´¥ Ê³¥²  ¸µ¢³¥¸É¨ÉÓ ³ ·±µ¢¸±ÊÕ ¨¤¥Õ ¸ ³ É¥³ É¨Î¥¸±¨³  ¶¶ · Éµ³,
´¥ Ê³¥²  ¶µ¤¸ÉÊ¶¨ÉÓ¸Ö ± ·¥Ï¥´¨Õ ¸Ëµ·³Ê²¨·µ¢ ´´µ° § ¤ Î¨, ¤ , ¨´µ£¤ , ¨
´¥ ¢¨¤¥²  ·¥§µ´ , ¶µÎ¥³Ê ´ ¤µ ÊÌµ¤¨ÉÓ ¸ Ï¨·µ±µ° ¸Éµ²¡µ¢µ° ¤µ·µ£¨ É¥µ·¥-
É¨Î¥¸±µ° Ë¨§¨±¨ ´  ²¥¸´ÊÕ,   ³µ¦¥É ¡ÒÉÓ, ¨ ¡µ²µÉ¨¸ÉÊÕ É·µ¶Ê ´µ¢µ° ¨¤¥¨
Œ ·±µ¢ , Ê ±µÉµ·µ° ¢ ´ Î ²¥ ¶ÊÉ¨ ´¥ ¢¨¤´µ ´¨ ·¥Ï¥´¨Ö, ´¨ ±µ´Í .

‚ ±´¨£¥ ®‚µ¸¶µ³¨´ ´¨Ö µ ‚¥±¸²¥·¥¯ ¥¸ÉÓ ±µ·µÉ±¨¥ ¢µ¸¶µ³¨´ ´¨Ö
Œ.�.Œ ·±µ¢  µ ‚² ¤¨³¨·¥ ˆµ¸¨Ëµ¢¨Î¥: ®“ ‚² ¤¨³¨·  ˆµ¸¨Ëµ¢¨Î  ¡Ò²µ
µÎ¥´Ó ̧ ¢µ¥µ¡· §´µ¥, ¶µÎÉ¨ ÌÊ¤µ¦¥¸É¢¥´´µ¥ ³ÒÏ²¥´¨¥. �´ ¶µ¤Ìµ¤¨² ± ¶·µ¡-
²¥³¥, ³´¥ ± ¦¥É¸Ö, É ±, ± ± ¡Ê¤Éµ § · ´¥¥ §´ ², ÎÉµ µ´ ·¥Ï¨É ¥¥. �´ ́ ¥ §´ ²,
± ± ÔÉµ ¸¤¥² ¥É, ´µ §´ ², ÎÉµ µ´ ÔÉµ ¸¤¥² ¥É. ’ ±µ¥ Ê ³¥´Ö ¡Ò²µ ¢¶¥Î É-
²¥´¨¥. �ÊÉÓ ·¥Ï¥´¨Ö ¡Ò² ´¥²¥£±¨°, Î ¸Éµ ¤µ²£¨°, µ´ ¶·¨Ìµ¤¨² ¨ £µ¢µ·¨²:
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®Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î, ¥¸ÉÓ ¢µÉ É ± Ö ¨¤¥Ö...¯. Œ´¥ ± § ²a¸Ó µ´  ´¥Ö¸´µ°
¨ ̧ É· ´´µ°, ±·¨É¨Î¥¸±¨ ÊÖ§¢¨³µ°. ƒµ¢µ·Õ ¥³Ê: ®� ¢µÉ ¶µÔÉµ³Ê ́ ¥¢µ§³µ¦´µ,
¨ ¶µÔÉµ³Ê ´¥¢µ§³µ¦´µ...¯. ®�¥É, Å µÉ¢¥Î ¥É, Å ¢¨¤¨³µ, Ö ‚ ³ ´¥ É ±
µ¡ÑÖ¸´¨²¯. —¥·¥§ ´¥±µÉµ·µ¥, ³µ¦¥É ¡ÒÉÓ, ¤µ²£µ¥ ¢·¥³Ö µ´ ¶·¨Ìµ¤¨² ¸´µ¢ .
Œ´¥ ± § ²µ¸Ó, ÎÉµ µ´ £µ¢µ·¨É ¸µ¢¸¥³ µ Î¥³-Éµ ¤·Ê£µ³. ƒµ¢µ·Õ ¥³Ê µ¶ÖÉÓ:
®�¥É, ¢µÉ ÉÊÉ ´¥ É ±¯. ®�¥É, ¢¨¤¨³µ, Ö ´¥ É ± ‚ ³ µ¡ÑÖ¸´¨²¯. �µÉµ³ µ´
¶·¨Ìµ¤¨² ¨ Ëµ·³Ê²¨·µ¢ ² ³Ò¸²Ó µÎ¥´Ó Î¥É±µ ¨ Ö¸´µ, ¨, µ± §Ò¢ ¥É¸Ö, µ´
´ Ìµ¤¨² ´µ¢Ò¥ ¢µ§³µ¦´µ¸É¨ ¨ ´µ¢Ò¥ ¨¤¥¨. Œ¥´Ö ¢¸¥£¤  ¶µ· ¦ ²µ ¢µÉ É ±µ¥
¸¢µ¥µ¡· §´µ¥ ³ÒÏ²¥´¨¥...¯.

Ÿ ¤Ê³ Õ, ÎÉµ ¶µ ̧ ±² ¤Ê ́  ÊÎ´µ£µ É¢µ·Î¥¸É¢  Œ ·±µ¢ ¡Ò² ¶µÌµ¦, ¡²¨§µ±
± µ¶¨¸ ´´µ³Ê ¢ÒÏ¥ ‚.ˆ.‚¥±¸²¥·Ê. �µ¸Ê¤¨É¥ ¸ ³¨. Œ´¥ ¢¸¶µ³´¨² ¸Ó µ¤´ 
¨§ ¤·Ê¦¥¸±¨Ì ¢¸É·¥Î Œ ·±µ¢  ¸ ´ ³¨, ³µ²µ¤Ò³¨ É¥µ·¥É¨± ³¨, Ê¦¥ §¤¥¸Ó ¢
„Ê¡´¥. �´ ¸ Õ³µ·µ³ ¢µ¸¶·¨´¨³ ² ®Ê²µ¢±¨¯ ³µ²µ¤ÒÌ, ´¥ ¦¥² ¢Ï¨Ì ¶µ¸¢Ö-
É¨ÉÓ £µ¤Ò ¸¢µ¥° ¦¨§´¨ ¶µ¸²¥¤µ¢ É¥²Ó´µ° · §· ¡µÉ±¥ ¥£µ ¨¤¥°. �´ ¢¸¶µ³-
´¨², ± ± ¢ ”ˆ��¥ µ¤¨´ ¨§ ¥£µ  ¸¶¨· ´Éµ¢ Å ´ §µ¢¥³ ¥£µ �·¨° Å ´¨± ±
´¥ ³µ£ ´ Î ÉÓ ¤¥² ÉÓ ¤¨¸¸¥·É Í¨µ´´ÊÕ · ¡µÉÊ: ®„ Õ ¥³Ê § ¤ ´¨¥ Å �· 
¨¸Î¥§ ¥É. �·µÌµ¤¨É ´¥¤¥²Ö, ¤·Ê£ Ö, É·¥ÉÓÖ Å ¶µÖ¢²Ö¥É¸Ö ¨ £µ¢µ·¨É:
®Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î, ‚ Ï  § ¤ Î  ´¥ ³µ¦¥É ¡ÒÉÓ ·¥Ï¥´ , ¶µÉµ³Ê
ÎÉµ...¯ Å ¨ ¨§² £ ¥É ¢µ§· ¦¥´¨Ö. „ Õ ¥³Ê ¢Éµ·ÊÕ § ¤ ÎÊ. �´ µ¶ÖÉÓ ¶·µ¶ -
¤ ¥É ´  ¤¢¥-É·¨ ´¥¤¥²¨, µ¶ÖÉÓ ¶·¨Ìµ¤¨É ¨ £µ¢µ·¨É, ÎÉµ µ´  ´¥ ·¥Ï ¥É¸Ö...
„ Õ ¥³Ê É·¥ÉÓÕ.. ˆ ÉµÉ ¦¥ ·¥§Ê²ÓÉ É. ‚ Î¥³ ¤¥²µ? �± §Ò¢ ¥É¸Ö, �·  ¶·µ-
¢µ¤¨² ¢¸¥ ¤´¨ ¨ ´µÎ¨ ´ ¶·µ²¥É §  ¨£·µ° ¢ ¶·¥Ë¥· ´¸ ¨²¨ ¢ Ï Ì³ ÉÒ...¯.
�·¨ ÔÉµ³ Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î ̧  ²Ê± ¢µ°, ¤µ¡·µ° Ê²Ò¡±µ° ¶µ£²Ö¤Ò¢ ² ́  
´ ¸. �µ ¢¶µ²´¥ ¢µ§³µ¦´µ, ÎÉµ ¢ ÔÉµ³ ¶·¨³¥·¥ Œ ·±µ¢, ± ± ¨ ‚¥±¸²¥·, ¤ ¢ ²
´¥ ¤µ ±µ´Í  ¤µ¤Ê³ ´´Ò¥ § ¤ Î¨, ̈  �·¥ Ê¤ ¢ ²µ¸Ó ¤µ± § ÉÓ Œ ·±µ¢Ê, ¶µÎ¥³Ê
µ´¨ ´¥ ·¥Ï ÕÉ¸Ö.

’µ£¤  ¢ ”ˆ��¥ ¥£µ ´ ÊÎ´Ò¥ ¨´É¥·¥¸Ò ¡Ò²¨ ¸µ¸·¥¤µÉµÎ¥´Ò ´  ¨¸¸²¥¤µ-
¢ ´¨¨ ¸É·Ê±ÉÊ·Ò Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. � ¨¡µ²¥¥ ¶µ²´µ¥ µÉ· ¦¥´¨¥ ¸¢µ¨Ì
¢§£²Ö¤µ¢ ¶µ ÔÉµ° ¶·µ¡²¥³¥ µ´ ¢Ò· §¨² ¢ µ¡§µ·¥ ®� ´¥²µ± ²Ó´ÒÌ ¶µ²ÖÌ ¨
¸²µ¦´µ° ¶·¨·µ¤¥ ®Ô²¥³¥´É ·´ÒÌ¯ Î ¸É¨Í. („¨´ ³¨Î¥¸±¨ ¤¥Ëµ·³¨·Ê¥³Ò°
Ëµ·³Ë ±Éµ·)¯, µ¶Ê¡²¨±µ¢ ´´µ³ ¢ ¦Ê·´ ²¥ ®“¸¶¥Ì¨ Ë¨§¨Î¥¸±¨Ì ´ Ê±¯
(É.LI, ¢Ò¶.3, ´µÖ¡·Ó 1953 £.). �µÎ¥·±´Ê¢, ÎÉµ ®¢ É¥µ·¨¨ ¶µ²Ö ¨³¥ÕÉ¸Ö ¤¢ 
·¥§±µ µÉ²¨Î´ÒÌ ¤·Ê£ µÉ ¤·Ê£  ´ ¶· ¢²¥´¨Ö¯, µ´ ¤ ² ±·¨É¨±Ê ¶¥·¢µ£µ ´ -
¶· ¢²¥´¨Ö, ¢ µ¸´µ¢¥ ±µÉµ·µ£µ ²¥¦ ²  µ¡Ð¥¶·¨´ÖÉ Ö ±µ´Í¥¶Í¨Ö ÉµÎ¥Î´ÒÌ
· §³¥·µ¢ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨ ¶µ¸¢ÖÉ¨² µ¸É ²Ó´ÊÕ Î ¸ÉÓ µ¡§µ·  ¤·Ê£µ³Ê
´ ¶· ¢²¥´¨Õ, ¢ µ¸´µ¢¥ ±µÉµ·µ£µ ²¥¦ ²  ±µ´Í¥¶Í¨Ö ¶·µÉÖ¦¥´´µ¸É¨ Ô²¥³¥´-
É ·´ÒÌ Î ¸É¨Í: ®‚¸¥ ¨§¢¥¸É´Ò¥ ¶µ¶ÒÉ±¨ ¸É·µ¨ÉÓ É¥µ·¨Õ ¶µ²Ö, ¸¢µ¡µ¤´ÊÕ
µÉ É·Ê¤´µ¸É¥°, ¸¢Ö§ ´´ÒÌ ¸ · ¸Ìµ¤¨³µ¸ÉÖ³¨, · ¸¸³ É·¨¢ Ö Ô²¥³¥´É ·´Ò¥ Î ¸-
É¨ÍÒ ¶·µÉÖ¦¥´´Ò³¨, ¶·¨¢µ¤ÖÉ ¢ ±µ´Í¥ ±µ´Íµ¢ ± ̈ ¸¶µ²Ó§µ¢ ´¨Õ ́ ¥±µÉµ·µ£µ
Ëµ·³Ë ±Éµ· , Ì · ±É¥·¨§ÊÕÐ¥£µ ¶·µÉÖ¦¥´´µ¸ÉÓ Ô²¥³¥´É ·´µ° Î ¸É¨ÍÒ¯.

Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î Œ ·±µ¢ · ¸¸³µÉ·¥² ¸´ Î ²  ®¤¨´ ³¨Î¥¸±¨ ´¥-
¤¥Ëµ·³¨·Ê¥³Ò° Ëµ·³Ë ±Éµ·¯. •µ·µÏµ ¨§¢¥¸É´µ, ÎÉµ ¢ ¶µ¤µ¡´ÒÌ ¶µ¤Ìµ¤ Ì
¶·µÉÖ¦¥´´ Ö Î ¸É¨Í  µ¡² ¤ ¥É  ¡¸µ²ÕÉ´µ ¦¥¸É±µ° ¸É·Ê±ÉÊ·µ°, ¨ ¸¨£´ ²
¢´ÊÉ·¨ Î ¸É¨ÍÒ ¢ ÔÉµ³ ¸²ÊÎ ¥ · ¸¶·µ¸É· ´Ö¥É¸Ö ¸ ¡¥¸±µ´¥Î´µ ¡µ²ÓÏµ° ¸±µ-

Œ�ˆ‘…‰ �‹…Š‘��„��‚ˆ— Œ��Š�‚  749



·µ¸ÉÓÕ. ‚¢¥¤¥´¨¥ Ëµ·³Ë ±Éµ·µ¢ ¶µ¤µ¡´µ£µ ·µ¤  ¨³¥²µ Í¥²ÓÕ Ê´¨ÎÉµ¦¨ÉÓ
· ¸Ìµ¤¨³µ¸É¨, ¢µ§´¨± ÕÐ¨¥ ¢ É¥µ·¨¨ Î ¸É¨Í ¸ ÉµÎ¥Î´Ò³¨ · §³¥· ³¨.
”µ·³Ë ±Éµ·Ò ¶·¨ ¡µ²ÓÏ¨Ì §´ Î¥´¨ÖÌ ¨³¶Ê²Ó¸µ¢ ¤µ²¦´Ò ¤µ¸É ÉµÎ´µ ¡Ò¸É-
·µ ¸É·¥³¨ÉÓ¸Ö ± ´Ê²Õ. �µ É ±µ¥ ¶µ¢¥¤¥´¨¥ Ëµ·³Ë ±Éµ·µ¢ ¶·¨¢µ¤¨²µ ± Éµ³Ê,
ÎÉµ ¸¥Î¥´¨Ö ¶·µÍ¥¸¸µ¢, ´ ¶·¨³¥·, ¸¥Î¥´¨¥ ¶·µÍ¥¸¸  ·µ¦¤¥´¨Ö ¶¨-³¥§µ´µ¢,
¢ µ¡² ¸É¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¸É·¥³¨²¨¸Ó ¡Ò ± ´Ê²Õ, ÎÉµ ¶·µÉ¨¢µ·¥Î¨²µ ¤ ´-
´Ò³, ¶µ²ÊÎ¥´´Ò³ ¢ Éµ ¢·¥³Ö ¢ ¨¸¸²¥¤µ¢ ´¨ÖÌ ¸ ±µ¸³¨Î¥¸±¨³¨ ²ÊÎ ³¨. ‚
¸¢Ö§¨ ¸ ÔÉ¨³ Œ ·±µ¢ ¤ ²¥¥ ¶¨Ï¥É: ®…¸É¥¸É¢¥´´µ, ¢µ§´¨± ¥É ¢µ¶·µ¸, ¸ÊÐ¥¸É-
¢Ê¥É ²¨ É ±µ° ±² ¸¸ Ëµ·³Ë ±Éµ·µ¢, ±µÉµ·Ò° ¶·¨¢µ¤¨² ¡Ò ± ¸±µ·µ¸É¨ · ¸-
¶·µ¸É· ´¥´¨Ö ¸¨£´ ²  ¶µ ¶·µÉÖ¦¥´´µ° Î ¸É¨Í¥, ³¥´ÓÏ¥° ¨²¨ · ¢´µ° ¸±µ-
·µ¸É¨ ¸¢¥É . �É¢¥É ́   ÔÉµÉ ¢µ¶·µ¸ ¨³¥¥É¸Ö, ´µ µ´ ¢²¥Î¥É §  ¸µ¡µ° ̧ µ¢¥·Ï¥´-
´µ ¨´µ¥, ¶µ ¸· ¢´¥´¨Õ ¸ µ¡ÒÎ´Ò³, Éµ²±µ¢ ´¨¥ ¶µ´ÖÉ¨Ö Ô²¥³¥´É ·´µ°
Î ¸É¨ÍÒ. ”µ·³Ë ±Éµ·Ò, Ì · ±É¥·¨§ÊÕÐ¨¥ ¶µ¤µ¡´Ò¥ ³µ¤¥²¨ · ¸¶·¥¤¥²¥´-
´ÒÌ § ·Ö¤µ¢, ¤µ²¦´Ò ³¥´ÖÉÓ¸Ö ¶µ¤ ¢²¨Ö´¨¥³ ¢´¥Ï´¨Ì ¸¨². ‚ ¸µ£² ¸¨¨ ¸
ÔÉµ° ¨¤¥¥° ¤²Ö ¸ ³¨Ì Ëµ·³Ë ±Éµ·µ¢ ¤µ²¦´Ò ¡ÒÉÓ ´ ¶¨¸ ´Ò ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨¥ ®Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö¯.

ˆ´É¥·¥¸´µ µÉ³¥É¨ÉÓ, ÎÉµ ¢ ´ Î ²¥ XX ¢¥±  �Ê ´± ·¥ ·¥Ï ² § ¤ ÎÊ Ê¸-
Éµ°Î¨¢µ¸É¨ Ô²¥±É·µ´  Å ¶·µ¡²¥³Ê Ê¸Éµ°Î¨¢µ¸É¨ § ·Ö¤ , · ¸¶·¥¤¥²¥´´µ£µ
¢´ÊÉ·¨ µ¡Ñ¥³  Ô²¥±É·µ´ . „²Ö µ¡¥¸¶¥Î¥´¨Ö Ê¸Éµ°Î¨¢µ¸É¨ Ô²¥±É·µ´  �Ê ´± -
·¥ ¶µ´ ¤µ¡¨²µ¸Ó ¢¢¥¸É¨ ¢´¥Ï´¨¥ ¸¨²Ò Å ¢ ¶µ²´µ°  ´ ²µ£¨¨ ¸ ¢ÒÏ¥¶·¨¢¥-
¤¥´´µ° Í¨É Éµ° Œ.�.Œ ·±µ¢ . �± § ²µ¸Ó, ÎÉµ ¶µ¶ÒÉ±  ´ ¶¨¸ ÉÓ Ê· ¢´¥´¨Ö
¤¢¨¦¥´¨Ö ¤²Ö ¤¨´ ³¨Î¥¸±¨ ¤¥Ëµ·³¨·Ê¥³µ£µ Ëµ·³Ë ±Éµ·  ¢¥¤¥É ± ´¥µ¡Ìµ-
¤¨³µ¸É¨ ¢¢¥¤¥´¨Ö ´µ¢µ£µ ¶µ²Ö. �· ¢¨²Ó´µ ´ ¶¨¸ ´´Ò¥ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö
¤µ²¦´Ò ¡ÒÉÓ ¸µ¢³¥¸É´Ò³¨ ¨ ´¥ ¶·µÉ¨¢µ·¥Î¨ÉÓ É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨.
Šµ··¥±É´µ, ¶µ¸²¥¤µ¢ É¥²Ó´µ µ¸ÊÐ¥¸É¢²Ö¥³ Ö ¶·µÍ¥¤Ê·  ¢¢¥¤¥´¨Ö ´µ¢µ£µ
¶µ²Ö ¢¥¤¥É ± ¸²µ¦´Ò³ ´¥²¨´¥°´Ò³ ¢§ ¨³µ¤¥°¸É¢¨Ö³ ¨ ´¥²¨´¥°´Ò³ Ê· ¢-
´¥´¨Ö³ ¢µµ¡Ð¥.

’ ±¨³ µ¡· §µ³, ®...¶¥·¥¤ ´ ³¨ Éµ²Ó±µ ´ Î ²µ µÎ¥´Ó ¤²¨´´µ£µ ¶ÊÉ¨ ¸µ§-
¤ ´¨Ö ¶µ¸²¥¤µ¢ É¥²Ó´µ° É¥µ·¨¨ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ²¥°, Î¨¸²µ ±µÉµ·ÒÌ
¡Ò¸É·µ ¢µ§· ¸É ¥É... �¶ÒÉ · §¢¨É¨Ö ´ Ê±¨ ¶µ± §Ò¢ ¥É, ÎÉµ ¢ É¥Ì ¸²ÊÎ ÖÌ,
±µ£¤  § ¤ Î  Ê¸²µ¦´Ö¥É¸Ö ¸ÊÐ¥¸É¢¥´´Ò³ µ¡· §µ³, Éµ µ´  ¶· ±É¨Î¥¸±¨ ·¥Ï -
¥É¸Ö ¤·Ê£¨³¨, ¡µ²¥¥  ¤¥±¢ É´Ò³¨ ³¥Éµ¤ ³¨..,   ¸É·µ£ Ö ¶µ¸²¥¤µ¢ É¥²Ó´ Ö
¶µ¸É ´µ¢±  § ¤ Î¨ µ¸É ¥É¸Ö ²¨ÏÓ ¨¤¥ ²Ó´Ò³ ¸²ÊÎ ¥³ ¶· ¢¨²Ó´µ ¸Ëµ·³Ê-
²¨·µ¢ ´´µ° ¶·µ¡²¥³Ò...¯. ‡¤¥¸Ó Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î ¤¥² ¥É ¸¸Ò²±Ê ´ 
´¥·¥Ï¥´´ÊÕ ±² ¸¸¨Î¥¸±ÊÕ ¶·µ¡²¥³Ê ¢§ ¨³µ¤¥°¸É¢¨Ö ³´µ£¨Ì É¥².

‚ 1958 £µ¤Ê Œ ·±µ¢ ¨§¤ ² ³µ´µ£· Ë¨Õ ®ƒ¨¶¥·µ´Ò ¨ K-³¥§µ´Ò¯, ¢ ±µ-
Éµ·µ° (Î.III, ¹33) µ´ § ±²ÕÎ ¥É: ®Š ¸µ¦ ²¥´¨Õ, ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ´¥É ´¨
µ¤´µ£µ ¶µ¸²¥¤µ¢ É¥²Ó´µ · §¢¨Éµ£µ ¢ ·¨ ´É  É¥µ·¨¨ ¸ ¤¨´ ³¨Î¥¸±¨ ¤¥Ëµ·-
³¨·Ê¥³Ò³ Ëµ·³Ë ±Éµ·µ³...¯ (¸.191). �µ¸²¥ 1958 £. Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î
¡µ²¥¥ ´¥ ¢µ§¢· Ð ²¸Ö ± ÔÉµ° É¥³¥. �¤´µ° ¨§ ¢µ§³µ¦´ÒÌ ¶·¨¡²¨¦¥´´ÒÌ
³µ¤¥²¥° ¤¨´ ³¨Î¥¸±¨ ¤¥Ëµ·³¨·Ê¥³µ£µ Ëµ·³Ë ±Éµ·  ¶µ ¶·¥¤²µ¦¥´¨Õ
Œ.�.Œ ·±µ¢  Ö § ´¨³ ²¸Ö ¢ 1954Å1955 ££. Š ÔÉµ³Ê ¢·¥³¥´¨ Ö ¡Ò² ¶¥·¥¢¥-
¤¥´ ¨§ ”ˆ��  ¢ �µ¢µ-ˆ¢ ´Ó±µ¢µ, ¸É·µ¨É¥²Ó´ Ö µ·£ ´¨§ Í¨Ö ’„‘-533 ¡Ò² 
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¶¥·¥¨³¥´µ¢ ´  ¢ �²¥±É·µË¨§¨Î¥¸±ÊÕ ² ¡µ· Éµ·¨Õ �� ‘‘‘� (�”‹��),
¤¨·¥±Éµ·µ³ ±µÉµ·µ° µ¸É ¢ ²¸Ö ‚.ˆ.‚¥±¸²¥·. Œ.�.Œ ·±µ¢ ¢µ§£² ¢¨² ¢
�”‹��¥ É¥µ·¥É¨Î¥¸±¨° ¸¥±Éµ·, ¢ ±µÉµ·Ò°, ±·µ³¥ ³¥´Ö, ¢ 1955 £µ¤Ê
¢Ìµ¤¨²¨: �.�.�¸ ´µ¢, �.�.‚ ²Ê¥¢, ‹.ƒ.‡ ¸É ¢¥´±µ, �.‘.Œ ·ÉÒ´µ¢,
‚.ˆ.�£¨¥¢¥Í±¨°, ˆ.‚.�µ²Ê¡ ·¨´µ¢ ¨ Œ.ˆ.˜¨·µ±µ¢. ‚ ³¥Éµ¤¨Î¥¸±¨Ì Í¥²ÖÌ
³´µÕ · ¸¸³ É·¨¢ ²¨¸Ó ¢µ§³µ¦´µ¸É¨ µ¤´µ£µ ±² ¸¸  Ê· ¢´¥´¨° ¸ ¢´ÊÉ·¥´-

´¨³¨ ¸É¥¶¥´Ö³¨ ¸¢µ¡µ¤Ò ¤²Ö µ¶¨¸ ´¨Ö Λ0-Î ¸É¨ÍÒ ± ± ¢µ§¡Ê¦¤¥´´µ£µ ¸µ-
¸ÉµÖ´¨Ö ́ Ê±²µ´ . ‚¨¤ ÔÉµ£µ Ê· ¢´¥´¨Ö ¤²Ö Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ̧  · ¸ÉÊÐ¨³
¸¶¥±É·µ³ ³ ¸¸ ¡Ò² · ¸¸³µÉ·¥´ ¢ µÉ¤¥²Ó´µ° · ¡µÉ¥ Œ ·±µ¢  („�� ‘‘‘�,
1955, É.101, ¸.51). Š ±µ´ÍÊ 1954 £µ¤  · ¸Î¥É ¶µ ³µ¤¥²¨ ¡Ò² § ¢¥·Ï¥´, ¨ ¢
±µ´Í¥ Ö´¢ ·Ö ¨²¨ ´ Î ²¥ Ë¥¢· ²Ö 1955 £. · ¡µÉ  ¡Ò²  ¸¤ ´  ¢ ·¥¤ ±Í¨Õ

†�’” (¸³. �.‘.ˆ¸ ¥¢, Œ.�.Œ ·±µ¢. ®Š É¥µ·¨¨ Λ0-Î ¸É¨Í¯, †�’”, 1955,
É.101, ¸.51). ‚ ³µ¤¥²¨ · ¤¨Ê¸Ò ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ´Ê±²µ´  § ¢¨¸ÖÉ µÉ

¸É¥¶¥´¨ ¢µ§¡Ê¦¤¥´¨Ö, Ì · ±É¥·¨§Ê¥³µ£µ Í¥²Ò³ Î¨¸²µ³ n. �·¨ n = 1 (Λ0-Î ¸-

É¨Í ) · ¤¨Ê¸ Λ0-Î ¸É¨ÍÒ µ± §Ò¢ ²¸Ö · ¢´Ò³ ~ 10−19 ¸³,   ¶·¨ n = 6

¤µ¸É¨£ ² ±·¨É¨Î¥¸±¨Ì · §³¥·µ¢ ~ 10−13 ¸³. ‚ ³µ¤¥²¨ · ¸¸³ É·¨¢ ² ¸Ó ¢µ§-

³µ¦´µ¸ÉÓ µ¤¨´µÎ´µ£µ ·µ¦¤¥´¨Ö Λ0-Î ¸É¨Í (´¥ ¢ ¶ ·¥ ¸ K-³¥§µ´µ³). ‚¥·µÖÉ-
´µ, Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î ¢¨¤¥² ¢ ·¥§Ê²ÓÉ É Ì ´ Ï¥° ¸µ¢³¥¸É´µ° · ¡µÉÒ
³´µ£µ ¡µ²ÓÏ¥ ³¥´Ö, É ± ± ± µ´ ¶·¨¤ ¢ ² ¥¥ ·¥§Ê²ÓÉ É ³ ¡µ²ÓÏµ¥ §´ Î¥´¨¥.
Š· É±µ¥ µ¶¨¸ ´¨¥ ÔÉµ° · ¡µÉÒ ¶·¨¢¥¤¥´µ ¢ ¥£µ ³µ´µ£· Ë¨¨ ®ƒ¨¶¥·µ´Ò ¨
K-³¥§µ´Ò¯. �¤´ ±µ Ö ´¥ ¡Ò² Ê¢²¥Î¥´ ¨¤¥¥° ¤¨´ ³¨Î¥¸±¨Ì Ëµ·³Ë ±Éµ·µ¢
Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. �´  ¡Ò²  ¸²¨Ï±µ³ ¤ ²¥±  µÉ ¸Éµ²¡µ¢µ° ¤µ·µ£¨ É¥µ-
·¥É¨Î¥¸±µ° Ë¨§¨±¨ É¥Ì ¤´¥°. �µ¸²¥ ¸µ§¤ ´¨Ö ‹ ¡µ· Éµ·¨¨ É¥µ·¥É¨Î¥¸±µ°
Ë¨§¨±¨ ¢ �ˆŸˆ ¢¸Ö É¥µ·¥É¨Î¥¸± Ö £·Ê¶¶  �”‹��, ·Ê±µ¢µ¤¨³ Ö Œ.�.Œ ·-
±µ¢Ò³, ¢ ¸¥·¥¤¨´¥ 1956 £. ¡Ò²  ¶¥·¥¢¥¤¥´  ¢ ‹’”. Ÿ ¡Ò² ´a§´ Î¥´ ÊÎ¥´Ò³
¸¥±·¥É ·¥³ ‹’”, ¸¡²¨§¨²¸Ö ̧  £·Ê¶¶µ° É¥µ·¥É¨±µ¢, ¢µ§£² ¢²Ö¥³ÒÌ �.�.�µ£µ-
²Õ¡µ¢Ò³, ¨ ¸É ² § ´¨³ ÉÓ¸Ö ¶·¨²µ¦¥´¨¥³ ³¥Éµ¤  ¤¨¸¶¥·¸¨µ´´ÒÌ ¸µµÉ´µ-
Ï¥´¨° ¸´ Î ²  ± Ô²¥±É·µ³ £´¨É´Ò³ ¢§ ¨³µ¤¥°¸É¢¨Ö³ (¶·µÍ¥¸¸ Éµ·³µ§´µ£µ
¨§²ÊÎ¥´¨Ö e + p → e + p + γ) ¸µ¢³¥¸É´µ c ˆ.‘.‡² É¥¢Ò³,   § É¥³ ± ¶·µÍ¥¸¸Ê
· ¸¸¥Ö´¨Ö ¶¨-³¥§µ´µ¢ ´  ´Ê±²µ´ Ì (¸µ¢³¥¸É´µ ¸ ‚.�.Œ¥Ð¥·Ö±µ¢Ò³).
�¸É ²Ó´Ò¥ É¥µ·¥É¨±¨ £·Ê¶¶Ò Œ.�.Œ ·±µ¢  ¢µÏ²¨ µÉ¤¥²Ó´Ò³ ¸¥±Éµ·µ³ ¢
¸µ¸É ¢ ‹’” ¨ µ¸É ²¨¸Ó · ¡µÉ ÉÓ ¶µ¤ ¥£µ ·Ê±µ¢µ¤¸É¢µ³. ‡  ¢¸¥ ¢·¥³Ö ·Ê±µ-
¢µ¤¸É¢  ¸¥±Éµ·µ³ ¢ ‹’” Œ.�.Œ ·±µ¢ ´¥ ´ ¶¨¸ ² ´¨ µ¤´µ° ¸µ¢³¥¸É´µ°
· ¡µÉÒ ´¨ ¸ µ¤´¨³ ¸µÉ·Ê¤´¨±µ³ ¸¢µ¥£µ ¸¥±Éµ· .

Œ.�.Œ ·±µ¢ ´¥ · § ¢µ§¢· Ð ²¸Ö (± ± µ´ ¢Ò· ¦ ²¸Ö, ®¢ ³¥Éµ¤¨Î¥¸±¨Ì
Í¥²ÖÌ¯) ± ´ Ï¥° ̧ µ¢³¥¸É´µ° · ¡µÉ¥. ’ ±, ´  · ´´¥° ̧ É ¤¨¨ · §· ¡µÉ±¨ ÔÉµ°
¨¤¥¨ µ´ Ê¤¥²¨² ÔÉµ° ¸É ÉÓ¥ ³¥¸Éµ ¢ · ¡µÉ¥ ®� ¸¨¸É¥³ É¨±¥ Ô²¥³¥´É ·´ÒÌ
Î ¸É¨Í¯ (Œ.: ˆ§¤-¢µ �� ‘‘‘�, 1955). �µÉµ³ ¢ ¦¨§´¨ Œ ·±µ¢  ´ ¸ÉÊ¶¨²µ
®É¢µ·Î¥¸±µ¥ § É¨ÏÓ¥¯ ´  µ¤¨´-¤¢  £µ¤ . Œ´¥ ± ¦¥É¸Ö, ÎÉµ ¨³¥´´µ ¢ ÔÉµ
¢·¥³Ö µ´ ¶¨¸ ² ¸¢µÕ ³µ´µ£· Ë¨Õ ®ƒ¨¶¥·µ´Ò ¨ K-³¥§µ´Ò¯. �É , ´ ¨¡µ²¥¥
±·Ê¶´ Ö ¶µ ¸¢µ¨³ ³ ¸ÏÉ ¡ ³, · ¡µÉ  Œ ·±µ¢  ´ ¸Éµ²Ó±µ ¦¨¢µ µÉµ¡· ¦ ¥É
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®¡·µ¦¥´¨¥ Ê³µ¢¯ ¢ ¶¥·¨µ¤ 1948Å1957 ££., ÎÉµ ¥£µ ¸µ¢·¥³¥´´¨±¨, ´Ò´¥
Î¨É Ö ³µ´µ£· Ë¨Õ, § ´µ¢µ ¶¥·¥¦¨¢ ÕÉ ¢¸¥ ¶¥·¨¶¥É¨¨ ¸É ´µ¢²¥´¨Ö ¸¥£µ¤-
´ÖÏ´¥° ±¢ ´Éµ¢µ° Ì·µ³µ¤¨´ ³¨±¨. Š ¦¥É¸Ö, ÎÉµ µ´ ´¥ ¶·µ¶Ê¸É¨² ´¨ µ¤´µ°
¨§ £¨¶µÉ¥§ ¢ É¥µ·¨¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, µ¡¸Ê¦¤ ¢Ï¨Ì¸Ö ¢ É¥ £µ¤Ò ¢ ´ ÊÎ-
´µ³ ³¨·¥ Å ¢¸¥ µ´¨ ¶·µÏ²¨ Î¥·¥§ ¥£µ ¸µ§´ ´¨¥, ¶µ²ÊÎ¨²¨ ¥£µ ±·¨É¨Î¥¸±ÊÕ
µÍ¥´±Ê §´ Î¨³µ¸É¨ ¨ ¶¥·¸¶¥±É¨¢´µ¸É¨.

� § É¥³ ¥£µ ¨´É¥·¥¸Ò ÊÏ²¨ ¢ µ¡² ¸ÉÓ ´¥°É·¨´´µ° Ë¨§¨±¨ ¨, µ¸µ¡¥´´µ,
±µ¸³µ²µ£¨¨. Š ¶·¨³¥·Ê, ¶·¨¢¥¤Ê ´ §¢ ´¨Ö ´¥¸±µ²Ó±¨Ì · ¡µÉ, ´ ¶¨¸ ´´ÒÌ ¢
¶µ¸²¥¤´¥¥ ¤¥¸ÖÉ¨²¥É¨¥ ¥£µ ¦¨§´¨:

1. On Baryon Asymmetry of the Universe (�·¥¶·¨´É ˆŸˆ �� ‘‘‘�,
�-0162, 1980).

2. Œ ximon-Type Scenario of the Universe (Big Bang, Small Bang, Micro
Bang) (�·¥¶·¨´É ˆŸˆ �� ‘‘‘�, �-0207, 1981).

3. �·¥¤¥²Ó´ Ö ¶²µÉ´µ¸ÉÓ ³ É¥·¨¨ ± ± Ê´¨¢¥·¸ ²Ó´Ò° § ±µ´ ¶·¨·µ¤Ò
(�¨¸Ó³  ¢ †�’”, 1982, É.36, ¸. 215).

4. Œ ±·µ-³¨±·µ¸±µ¶¨Î¥¸± Ö ‚¸¥²¥´´ Ö (’¥µ·¥É¨±µ-£·Ê¶¶µ¢Ò¥ ³¥Éµ¤Ò ¢
Ë¨§¨±¥ Å ’·Ê¤Ò É·¥ÉÓ¥£µ ¸¥³¨´ · , �·³ ² , 22Å24 ³ Ö 1985. Œ.: � Ê± ,
1986, É.1, ¸.8).

5. � ¢µ§³µ¦´µ³ Î¨¸²¥ · §²¨Î´ÒÌ ´¥°É·¨´µ (¸µ¢³¥¸É´µ ¸ ‚.Œ ´Ó±µ;
�¨¸Ó³  ¢ †�’”, 1986, É.43, ¸.453).

6. � ®³ ±¸¨³µ´¥¯ ¨ ®³¨´¨³µ´¥¯ ¢ ¸¢¥É¥ ¢µ§³µ¦´µ° Ëµ·³Ê²¨·µ¢±¨
¶µ´ÖÉ¨Ö ®Ô²¥³¥´É ·´µ° Î ¸É¨ÍÒ¯ (�¨¸Ó³  ¢ †�’”, 1987, É.45, ¸.115).

�µ ¸ ³µ¥ Ê¤¨¢¨É¥²Ó´µ¥ ¢ Œ ·±µ¢¥ µÉ±·Ò²µ¸Ó ³´¥ ¶µ¸²¥ µ§´ ±µ³²¥´¨Ö
¸ ®�µ¸²¥¸²µ¢¨¥³¯ ± ±´¨£¥ ®� §³ÒÏ²ÖÖ...¯. ‚ ´¥³ µ´ ¶¨Ï¥É: ®�·µ¸³ É·¨¢ Ö
¢¥·¸É±Ê ¤ ´´µ° ±´¨£¨, Ö ¶·¨Ï¥² ± ¢Ò¢µ¤Ê, ÎÉµ ¢ ÔÉµ° ±´¨£¥, ´µ¸ÖÐ¥°, ¢
¸ÊÐ´µ¸É¨,  ¢Éµ¡¨µ£· Ë¨Î¥¸±¨° Ì · ±É¥·, ¡Ò²µ ¡Ò ´¥¶· ¢¨²Ó´µ ¤ ¦¥ ´¥
Ê¶µ³Ö´ÊÉÓ µ ³µ¥° ¸É ÉÓ¥ ®� ¶·¨·µ¤¥ Ë¨§¨Î¥¸±µ£µ §´ ´¨Ö¯ (‚µ¶·µ¸Ò Ë¨²µ-
¸µË¨¨, 1947 £.). �µ ³µ¨³ ¶·¥¤¸É ¢²¥´¨Ö³, ÔÉ  ¸É ÉÓÖ § ´¨³ ¥É, ³µ¦¥É ¡ÒÉÓ,
Í¥´É· ²Ó´µ¥ ³¥¸Éµ ¢ ³µ¥° ́  ÊÎ´µ° ¡¨µ£· Ë¨¨. ‚ ´¥° ̈ ¤¥É ·¥ÎÓ, ¢ ¸ÊÐ´µ¸É¨,
µ Ë¨§¨Î¥¸±µ³ Éµ²±µ¢ ´¨¨ ±¢ ´Éµ¢µ° É¥µ·¨¨. ‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉµ ¨ ¤µ ̧ ¨Ì
¶µ· ´¥ § ÉÊÌ ÕÉ ´ ÊÎ´Ò¥ ¤¨¸±Ê¸¸¨¨ ¶µ Ë¨§¨Î¥¸±µ³Ê ¨ Ë¨²µ¸µË¸±µ³Ê ¸µ-
¤¥·¦ ´¨Õ ±¢ ´Éµ¢µ° É¥µ·¨¨...¯ (¸.246). �Éµ ¡Ò²µ ´ ¶¨¸ ´µ ¢ 1993 £µ¤Ê,
¶¥·¥¤ ¸ ³Ò³ ¢ÒÌµ¤µ³ ¢ ¸¢¥É ¥£µ ±´¨£¨. ˆ ¤ ²¥¥: ®„¥²µ ¢ Éµ³, ÎÉµ ƒ¥°§¥´-
¡¥·£... ̧ ¤¥² ², ¸ ³µ¥° ÉµÎ±¨ §·¥´¨Ö, ¤¢¥ ËÊ´¤ ³¥´É ²Ó´Ò¥ µÏ¨¡±¨... �¤´  ¨§
´¨Ì Å Î¨¸Éµ Ë¨§¨Î¥¸± Ö, ¤·Ê£ Ö Å Î¨¸Éµ Ë¨²µ¸µË¸± Ö. ”¨§¨Î¥¸± Ö
µÏ¨¡±  § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ±¢ ´Éµ¢ Ö ³¥Ì ´¨±  § ¶·¥Ð ¥É ¶·¥¤¸± §Ò-
¢ ÉÓ ¡Ê¤ÊÐ¥¥ ¤¢¨¦¥´¨¥ Î ¸É¨ÍÒ, ´µ ´¥ ¶·µÉ¨¢µ·¥Î¨É µ¶¨¸ ´¨Õ ¶·µÏ²µ£µ.
�µ ³µ¨³ ¸µµ¡· ¦¥´¨Ö³, ¤µ²¦´  ¡ÒÉÓ ¸¨³³¥É·¨Ö ¢ µ¶¨¸ ´¨¨ ¶·µÏ²µ£µ ¨
¡Ê¤ÊÐ¥£µ... ”¨²µ¸µË¸± Ö µÏ¨¡±  ƒ¥°§¥´¡¥·£ , ¸ ³µ¥° ÉµÎ±¨ §·¥´¨Ö, § ±²Õ-
Î ¥É¸Ö ¢ ÊÉ¢¥·¦¤¥´¨¨, ÎÉµ Î ¸É¨Í  (¸± ¦¥³, Ô²¥±É·µ´) ´  ¸ ³µ³ ¤¥²¥ ¨³¥¥É
ÉµÎ´µ¥ µ¤´µ¢·¥³¥´´µ¥ §´ Î¥´¨¥ ±µµ·¤¨´ ÉÒ ¨ ¨³¶Ê²Ó¸ . �µ ³Ò ³ ±·µ-
¶·¨¡µ· ³¨ ´¥ ¢ ¸µ¸ÉµÖ´¨¨ ¨Ì µ¤´µ¢·¥³¥´´µ ¨§³¥·ÖÉÓ. ’ ±µ¥ ÊÉ¢¥·¦¤¥´¨¥,
¤Ê³ Õ, ¢¥¤¥É ± Ë¨²µ¸µË¸±µ³Ê  £´µ¸É¨Í¨§³Ê...¯ (¸.247).
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ˆ ¶µ¸²¥¤´¥¥. Œ ·±µ¢ ÊÉ¢¥·¦¤ ¥É, ÎÉµ ¢ ¶·¨·µ¤¥ ·¥ ²¨§ÊÕÉ¸Ö ¸²ÊÎ °´Ò¥
¸µ¡ÒÉ¨Ö, ®...±µÉµ·Ò¥ ¶·¥¤¸É ¢²ÖÕÉ ̧ µ¡µ°  ¡¸µ²ÕÉ´Ò¥ ̧ ²ÊÎ °´µ¸É¨, ±µÉµ·Ò¥
´¥²Ó§Ö ¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ± ¥Ð¥ ®´¥¶µ§´ ´´Ò¥ ´ ³¨ ´¥µ¡Ìµ¤¨³µ¸É¨¯
(¸.250).

‚ ±µ´Í¥ 1996 £µ¤  Ö ¤¥² ² ¤µ±² ¤ ¢ ˆ´¸É¨ÉÊÉ¥ Ë¨²µ¸µË¨¨ ��� ´  É¥³Ê
®�¥±µÉµ·Ò¥ ¶·µ¡²¥³Ò Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¢ µ¡² ¸É¨ ¢Ò¸µ±¨Ì
Ô´¥·£¨°¯, ¢ ±µÉµ·µ³ ¢ ± Î¥¸É¢¥ µ¤´µ£µ ¨§ ¤¢ÊÌ µ¸´µ¢´ÒÌ ¶·¨´Í¨¶µ¢ · §-
¢¨É¨Ö Ëµ·³ ³ É¥·¨¨ ¢µ ‚¸¥²¥´´µ° ¢Ò¤¢¨´Ê² ¶·¨´Í¨¶ ®¸²ÊÎ °´µ£µ µÉ±²µ-
´¥´¨Ö µÉ ·µ¦¤¥´¨Ö ¸¥¡¥ ¶µ¤µ¡´ÒÌ, ÎÉµ µ¡¥¸¶¥Î¨¢ ¥É ¤¨´ ³¨±Ê · §¢¨É¨Ö
‚¸¥²¥´´µ°, ¸µÌ· ´Ö¥É ÉÊ ¢¥Î´ÊÕ É °´Ê, ±µÉµ· Ö ¸µ¸É ¢²Ö¥É ¢¥Î´ÊÕ ¸ÊÐ-
´µ¸ÉÓ ´ ÊÎ´µ-¨¸¸²¥¤µ¢ É¥²Ó¸±µ£µ É·Ê¤ ...¯. ‘¥°Î ¸ Ö ³µ£Ê Éµ²Ó±µ ¢Ò· §¨ÉÓ
¸µ¦ ²¥´¨¥, ÎÉµ ´¥ §´ ² ¶µ¤µ¡´µ° ÉµÎ±¨ §·¥´¨Ö Œµ¨¸¥Ö �²¥±¸ ´¤·µ¢¨Î  ´ 
Ë¨²µ¸µË¸±ÊÕ ± É¥£µ·¨Õ ®¸²ÊÎ °´µ¸É¨¯ ¨ ´¥ ¸µ¸² ²¸Ö ´  ¥£µ ®�µ¸²¥¸²µ-
¢¨¥¯ ¢ ±´¨£¥ ®� §³ÒÏ²ÖÖ...¯. Š ± ¢¨¤´µ, µÍ¥´±  §´ Î¨³µ¸É¨ ¸¢µ¥£µ ´ ÊÎ´µ-
£µ É¢µ·Î¥¸É¢  ¸ ³¨³  ¢Éµ·µ³ ¨ ¥£µ ¸µ¢·¥³¥´´¨± ³¨ ³µ¦¥É ¸¨²Ó´µ · ¸Ìµ-
¤¨ÉÓ¸Ö: ³Ò Í¥´¨³ Œ ·±µ¢  §  ¥£µ ¢±² ¤ ¢ ·¥Ï¥´¨¥ ±µ´±·¥É´ÒÌ Ë¨§¨Î¥¸±¨Ì
¶·µ¡²¥³ ¨ ´ ÊÎ´µ- ¤³¨´¨¸É· É¨¢´ÊÕ · ¡µÉÊ ´  ¶µ¸ÉÊ  ± ¤¥³¨± -¸¥±·¥É ·Ö
�� ‘‘‘�,   Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î ´  ¶¥·¢µ¥ ³¥¸Éµ ¢ ¸¢µ¥³ É¢µ·Î¥¸É¢¥
¶µ¸É ¢¨² ¸É ÉÓÕ ®� ¶·¨·µ¤¥ Ë¨§¨Î¥¸±µ£µ §´ ´¨Ö¯.

Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î Œ ·±µ¢ ¢ ¤ÊÏ¥ ¡Ò² £Ê³ ´¨¸Éµ³. �Éµ µ¸µ¡¥´´µ
¶µ´¨³ ¥ÏÓ, ±µ£¤  §´ ±µ³¨ÏÓ¸Ö ¸ £² ¢µ° ®ˆ§ ¤ ²¥±µ£µ ¶·µÏ²µ£µ¯ ¨§ ±´¨£¨
®� §³ÒÏ²ÖÖ...¯. —¨É Ö ¶¥·¢Ò¥ ¢µ¸¶µ³¨´ ´¨Ö ®�·µ·µ±¯, ®ƒµ¦¨¥¯, ®‡  ÎÉµ
Š ¨´ Ê¡¨² �¢¥²Ö¯, ®ƒ· ¦¤ ´¥ ¸¢µ¡µ¤´µ° �µ¸¸¨¨¯, Ö ¡Ò² ±· °´¥ Ê¤¨¢²¥´
Ö§Ò±µ³ ÔÉ¨Ì ¢µ¸¶µ³¨´ ´¨°, £²Ê¡¨´´Ò³, ®Î¥·´µ§¥³´Ò³¯, ¨¡µ Ö ·µ¤¨²¸Ö ¨
¢Ò·µ¸ ¢ µ¤´µ³ ¨§ ¸¥² ‚µ·µ´¥¦¸±µ° µ¡² ¸É¨. �µ ¨§ Éµ° ¦¥ £² ¢Ò ¢ÒÖ¸´¨-
²µ¸Ó, ÎÉµ Œ ·±µ¢ Å ³µ° ®§¥³²Ö±¯. �´ ·µ¤¨²¸Ö 13 ³ Ö 1908 £µ¤  ¢ ¸.� ¸¸± -
§µ¢µ ’ ³¡µ¢¸±µ° µ¡² ¸É¨. ‘¥£µ¤´Ö � ¸¸± §µ¢µ Å £µ·µ¤ µ¡² ¸É´µ£µ ¶µ¤Î¨-
´¥´¨Ö, · ¸¶µ²µ¦¥´´Ò° ¢ 40 ±³ ± ¢µ¸Éµ±Ê µÉ ’ ³¡µ¢ , ¢ 10 ±³ µÉ ¦¥²¥§´µ°
¤µ·µ£¨. Šµ´¥Î´µ ¦¥, ¢ ¸É ·µ° �µ¸¸¨¨ � ¸¸± §µ¢µ ¡Ò²µ ®Î¥·´µ§¥³´µ°¯
£²ÊÏÓÕ.

�´ ¡Ò² ̧ Ò´µ³ ¸¥²Ó¸±µ£µ ±µ³¨¸¸ · , ¶µ³µ£ ² ¡µ·Ó¡¥ ̧ µ¢¥É¸±µ° ¢² ¸É¨ ¸
 ´Éµ´µ¢¸±¨³ ¤¢¨¦¥´¨¥³ ´  É ³¡µ¢Ð¨´¥ (¸³. ¥£µ  ¢Éµ¡¨µ£· Ë¨Î¥¸±¨¥ · ¸-
¸± §Ò: ®„¥´Ó ¸¥²Ó¸±µ£µ ±µ³¨¸¸ · ¯, ®Šµ³¨¸¸ ·¯). ‹¥Éµ³ 1922 £µ¤  Œ ·±µ¢
¸ ¸¥³Ó¥° ¡Ò² Ê¦¥ ¢ Œµ¸±¢¥. ‚ Œµ¸±¢¥ µ´ ¶µ¸ÉÊ¶¨² ´  Ë¨§¨Î¥¸±¨° Ë ±Ê²Ó-
É¥É Œƒ“.

Œ´¥ ´¥¨§¢¥¸É´µ, §´ ² ²¨ Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î, ÎÉµ ² Ê·¥ É �µ¡¥²¥¢-
¸±µ° ¶·¥³¨¨ � ¢¥² �²¥±¸¥¥¢¨Î —¥·¥´±µ¢ ·µ¤¨²¸Ö ¢ ¸.�µ¢ Ö —¨£²  ‚µ·µ-
´¥¦¸±µ° µ¡² ¸É¨ (¢ 20 ±³ µÉ ³µ¥£µ ·µ¤´µ£µ ¸¥²  Šµ·Ï¥¢µ), ÎÉµ Î²¥´-±µ·-
·¥¸¶µ´¤¥´É Œ.ƒ.Œ¥Ð¥·Ö±µ¢ ·µ¤¨²¸Ö ¢ ¤µ´¸±µ³ ¸¥²¥ ‘ ³¡¥± �µ¸Éµ¢¸±µ°
µ¡² ¸É¨ Å ´¥ É ± Ê¦ ¤ ²¥±µ µÉ ’ ³¡µ¢Ð¨´Ò ¶µ ·µ¸¸¨°¸±¨³ ³ ¸ÏÉ ¡ ³.
Š ± ¢¨¤¨³ ¨§ ÔÉ¨Ì Î ¸É´ÒÌ ¶·¨³¥·µ¢, �±ÉÖ¡·Ó¸± Ö ·¥¢µ²ÕÍ¨Ö ¤ ²  ³µÐ-
´Ò° ¸É¨³Ê² · §¢¨É¨Ö ³µ²µ¤¥¦¨ ¨§ ¸É ·µ° Í ·¸±µ° ¤¥·¥¢´¨. Ÿ ¤Ê³ Õ, ÎÉµ
£Ê³ ´¨¸É¨Î¥¸±¨¥ É¥´¤¥´Í¨¨ ¤¥·¥¢¥´¸±µ£µ µ¡· §  ¦¨§´¨, ¢¶¨É ´´Ò¥ Œ ·±µ-
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¢Ò³ ¸ ¤¥É¸É¢ , ¸É ²¨ µ¤´µ° ¨§ µÉ²¨Î¨É¥²Ó´ÒÌ Î¥·É ¥£µ Ì · ±É¥· . …£µ
ÊÎ ¸É¨¥ ¢ � £ÊµÏ¸±µ³ ¤¢¨¦¥´¨¨ ´¥ ¡Ò²µ Ëµ·³ ²Ó´Ò³ Å µ´ ¶·¨´¨³ ² ¥£µ
¢¸¥° ¤ÊÏµ°, ¨¡µ µ´µ µÉ¢¥Î ²µ ¥£µ ³¨·µ¢µ§§·¥´Î¥¸±¨³ ¢§£²Ö¤ ³.

‚ ”ˆ��¥ É¥µ·¥É¨±¨ ¤´¥³,   ¨´µ£¤  ¨ ¢¥Î¥· ³¨, ²Õ¡¨²¨ ¨£· ÉÓ ¢ Ï Ì-
³ ÉÒ Å ¢ ¡²¨Í ¨²¨ ¡¥§ Î ¸µ¢ ±µ·µÉ±¨¥, ¡Ò¸É·Ò¥ ¶ ·É¨¨. ˆ£· ²¨ ³´µ£¨¥:
‚µ²µ¤Ö ” °´¡¥·£, ‚¨É ²¨° ƒµ²Ó¤ ´¸±¨° ̈  ¤·Ê£¨¥. ‡ Ìµ¤¨² ̈  Œ ·±µ¢. ̂ £· ²
µ´ Ìµ·µÏµ, ´  Ê·µ¢´¥ ¶¥·¢µ£µ · §·Ö¤ , ´µ, ¡Ò¢ ²µ, ¶·µ¨£·Ò¢ ², Î¥£µ µ´ ´¥
²Õ¡¨² ¨, ³µ¦¥É ¡ÒÉÓ, ¶µÔÉµ³Ê ´¥ ¡Ò² É ±¨³  § ·É´Ò³ ¨£·µ±µ³, ± ±¨³¨
¡Ò²¨ ” °´¡¥·£ ¨²¨ ƒµ²Ó¤ ´¸±¨°. Šµ£¤  ³Ò ¨§ ”ˆ��  ¶¥·¥¥Ì ²¨ ¢ �µ¢µ-
ˆ¢ ´Ó±µ¢µ ¨ §¤¥¸Ó Éµ¦¥ µ¡· §µ¢ ² ¸Ó ´¥¡µ²ÓÏ Ö ®Ï Ì³ É´ Ö ±µ²µ´¨Ö¯,
Œ.�.Œ ·±µ¢ § Ìµ¤¨² ¶µ¸³µÉ·¥ÉÓ, ± ± ³Ò ¨£· ¥³, ´µ Ê¦¥ ´¥ c ¤¨²¸Ö §  Ï Ì-
³ É´ÊÕ ¤µ¸±Ê. �µ¸²¥ Éµ£µ ± ± Œ.�.Œ ·±µ¢ ¡Ò² ¨§¡· ´  ± ¤¥³¨±µ³ ¨ ¸É ²
 ±É¨¢´Ò³ Î²¥´µ³ � £ÊoÏ¸±µ£µ ¤¢¨¦¥´¨Ö, ³µ¨ ¢¸É·¥Î¨ ¸ ´¨³ ¸É ²¨ ¸µ¢¸¥³
·¥¤±¨³¨. �·¨ ¢¸É·¥Î¥ ¸ ´ ³¨, ³µ²µ¤Ò³¨, µ´ µ¡ÒÎ´µ ¶·¨¢¥É¸É¢µ¢ ² ¸²µ-
¢ ³¨: ®„µ¡·Ò° ¤¥´Ó, ± ± ¶·µÉ¥± ¥É ³µ²µ¤ Ö ¦¨§´Ó?¯

‚µ¸¶·¨ÖÉ¨¥ Œµ¨¸¥Ö �²¥±¸ ´¤·µ¢¨Î  Œ ·±µ¢  ± ± ÊÎ¥´µ£µ ¶µ ¶¥·¨µ¤Ê
É¢µ·Î¥¸É¢ , ¸¢Ö§ ´´µ³Ê ¸ ¥£µ ¶·¥¡Ò¢ ´¨¥³ ¢ „Ê¡´¥ (¶·¨¡²¨§¨É¥²Ó´µ 1953Å
1970 ££.), ±µ´¥Î´µ, ¢¥¸Ó³  ´¥¶µ²´µ. ‚ É¥Î¥´¨¥ ¶·¨³¥·´µ ¤¢ ¤Í É¨ ²¥É
Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î ¤µ¢µ²Ó´µ ·¥£Ê²Ö·´µ ¶µ¸¥Ð ² „Ê¡´Ê, ¶·¨´¨³ ²
ÊÎ ¸É¨¥ ¢ · ¡µÉ¥ ´ ÊÎ´ÒÌ ¸¥³¨´ ·µ¢ ¢ ‹ ¡µ· Éµ·¨¨ É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨
¨ ¢ ‹ ¡µ· Éµ·¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° �ˆŸˆ. �¤´ ±µ ¸ 1957 £µ¤  µ´ ¸É ²
 ±É¨¢´Ò³ ÊÎ ¸É´¨±µ³ � £ÊµÏ¸±µ£µ ¤¢¨¦¥´¨Ö ¨ ¥£µ ¸µ¢¥É , ¨§ ±µÉµ·µ£µ
·¥Ï¨² ¢Ò°É¨ (¶µ ¸µ¸ÉµÖ´¨Õ §¤µ·µ¢ÓÖ) ²¨ÏÓ ¢ ³ ·É¥ 1987 £µ¤ . ‚ 1967 £µ¤Ê,
¶µ¸²¥ ¸³¥·É¨ ‚.ˆ.‚¥±¸²¥· , µ´ ¡Ò² ¨§¡· ´  ± ¤¥³¨±µ³-¸¥±·¥É ·¥³ �É¤¥-
²¥´¨Ö Ö¤¥·´µ° Ë¨§¨±¨ �± ¤¥³¨¨ ´ Ê± ‘‘‘�. Š ±  ± ¤¥³¨±-¸¥±·¥É ·Ó, µ´
¢´¥¸ ¡µ²ÓÏµ° ¢±² ¤ ¢ ¸µ§¤ ´¨¥ � ±¸ ´¸±µ° ´¥°É·¨´´µ° ¸É ´Í¨¨, ¤µ¡Ò¢ ¤²Ö
´¥¥ ¢¥¸Ó ¸É· É¥£¨Î¥¸±¨° § ¶ ¸ £ ²²¨Ö ¢ ‘‘‘� (µ±µ²µ 60 Éµ´´), ¡Ò² ¢ Î¨¸²¥
µ¸´µ¢ É¥²¥° ˆ´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¢ � Ì·¥, µ± §Ò¢ ² ¡µ²ÓÏÊÕ
¶µ³µÐÓ ¢ Ë¨´ ´¸¨·µ¢ ´¨¨ ¸É·µ¨É¥²Ó¸É¢  ³¥§µ´´µ° Ë ¡·¨±¨ ¢ � Ì·¥ ¨ ·¥ ±-
Éµ·  �ˆŠ ¢ ‹¥´¨´£· ¤¸±µ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´µ° Ë¨§¨±¨, ¶µ¤¤¥·¦¨¢ ² ¸µ§-
¤ ´¨¥ ¶·µ¥±É  ®„Õ³a´¤¯ ´  µ§¥·¥ � °± ². ˆ ¢¸¥ ÔÉµ ¢·¥³Ö µ´ ¡Ò² ¸¨²Ó´µ
Ê¢²¥Î¥´ ¨¸¸²¥¤µ¢ ´¨Ö³¨ ¶µ ´¥°É·¨´´µ° Ë¨§¨±¥ ¨ ±µ¸³µ²µ£¨¨, ·Ê±µ¢µ¤¨²
£·Ê¶¶µ° ³µ¸±µ¢¸±¨Ì ÊÎ¥´ÒÌ, § ´¨³ ¢Ï¨Ì¸Ö ÔÉ¨³¨ ¨¸¸²¥¤µ¢ ´¨Ö³¨. C
1970 £µ¤  µ´ Ê¦¥ ·¥¤±µ ¡Ò¢ ² ¢ „Ê¡´¥.

Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î Œ ·±µ¢ ´¥ µ¸É ¢¨² ³¥Éµ¤µ¢ ·¥Ï¥´¨Ö Ë¨§¨-
Î¥¸±¨Ì ¶·µ¡²¥³, ´¥ ¤µ¢¥² ¤µ ±µ´Í  ·¥Ï¥´¨¥ ±·Ê¶´ÒÌ Ë¨§¨Î¥¸±¨Ì ¶·µ¡²¥³,
¨³ ¦¥ ¸Ëµ·³Ê²¨·µ¢ ´´ÒÌ. �µ µ´ µ¸É ¢¨² ¡µ²ÓÏµ¥ ¨¤¥°´µ¥ ´ ¸²¥¤¨¥ ¨ ¢
µ¡² ¸É¨ ¨§ÊÎ¥´¨Ö ¸É·Ê±ÉÊ·Ò Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, ¨ ¢ µ¡² ¸É¨ ̧ ¨¸É¥³ É¨±¨
Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, ¨ ¢ µ¡² ¸É¨ ´¥°É·¨´´µ° Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¨
±µ¸³µ²µ£¨¨. ˆ ÔÉµ ´ ¸²¥¤¨¥ ¡Ê¤¥É ¥Ð¥ ¤µ²£µ ¶·¨¢²¥± ÉÓ ¢´¨³ ´¨¥ Ë¨§¨±µ¢
¢¸¥£µ ³¨·  ¸¢µ¨³ ¡µ£ É¸É¢µ³.
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”¨§¨Î¥¸±¨° ¨´¸É¨ÉÊÉ ¨³. �.�.‹¥¡¥¤¥¢  ���, Œµ¸±¢ 

‚ ¸É ÉÓ¥ ¸µ¤¥·¦ É¸Ö ¢µ¸¶µ³¨´ ´¨Ö µ¡ µ¤´µ³ ¨§ ´ ¨¡µ²¥¥ ¢¨¤´ÒÌ ¸¶¥Í¨ ²¨¸Éµ¢ ¢ µ¡² ¸É¨
Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¨ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö ¨ ±µ¸³µ²µ£¨¨
 ± ¤¥³¨±¥ Œ.�.Œ ·±µ¢¥.

The article contains reminiscences about one of the most prominent experts in a high energy
and fundamental interactions physics, gravitation and cosmology Academician M.A.Markov.

Œµ¥ §´ ±µ³¸É¢µ ¸ Œµ¨¸¥¥³ �²¥±¸ ´¤·µ¢¨Î¥³ Œ ·±µ¢Ò³ ¤²¨²µ¸Ó ¶µÎÉ¨
¶µ²¢¥± . � Ï¨³ ±µ´É ±É ³ ¸¶µ¸µ¡¸É¢µ¢ ²¨ ¶·¨´ ¤²¥¦´µ¸ÉÓ ± µ¤´µ° ´ ÊÎ´µ°
Ï±µ²¥ Œ ´¤¥²ÓÏÉ ³  Å ’ ³³ , ¸µ¢¶ ¤¥´¨¥ ´ ÊÎ´ÒÌ ¨´É¥·¥¸µ¢, ¡²¨§µ¸ÉÓ
¢§£²Ö¤µ¢ ´  ³´µ£¨¥ µ¡Ð¥Î¥²µ¢¥Î¥¸±¨¥ ¶·µ¡²¥³Ò. ‘Õ¤ , ±µ´¥Î´µ, ´Ê¦´µ ¤µ-
¡ ¢¨ÉÓ Ê¢ ¦¥´¨¥ ¨ ¸¨³¶ É¨Õ, ±µÉµ·Ò¥ Ö ´¥¨§³¥´´µ ¨¸¶ÒÉÒ¢ ² ± Œµ¨¸¥Õ
�²¥±¸ ´¤·µ¢¨ÎÊ, ¨ ¤µ¡·µ¥ µÉ´µÏ¥´¨¥ ±µ ³´¥ ¸ ¥£µ ¸Éµ·µ´Ò, µÐÊÐ ¥³µ¥
³´µ° ¢¸¥ ÔÉ¨ £µ¤Ò. ’ ±¨¥ ±µ´É ±ÉÒ ³´µ£µ ¤ ²¨ ³´¥ ¨ ¢ Î¨¸Éµ ´ ÊÎ´µ³, ¨
¢ Î¥²µ¢¥Î¥¸±µ³ µÉ´µÏ¥´¨¨, ¶µ± § ²¨ ¶·¨³¥· ¶·¥¤ ´´µ¸É¨ ´ Ê±¥, Ê±·¥¶¨²¨
³µ¨ ¦¨§´¥´´Ò¥ ¶µ§¨Í¨¨. Ÿ ³´µ£µ³Ê ´ ÊÎ¨²¸Ö Ê Œµ¨¸¥Ö �²¥±¸ ´¤·µ¢¨Î  ¨
¸Î¨É Õ ¥£µ µ¤´¨³ ¨§ ¸¢µ¨Ì ÊÎ¨É¥²¥°. �É¨³ ´¥¡µ²ÓÏ¨³ µÎ¥·±µ³ Ö ÌµÉ¥² ¡Ò
¶µÎÉ¨ÉÓ ¥£µ ¶ ³ÖÉÓ.

� Œ.�.Œ ·±µ¢¥ Ö, ± ± ¨ ¡µ²ÓÏ¨´¸É¢µ Ë¨§¨±µ¢ ³µ¥£µ ¶µ±µ²¥´¨Ö, Ê¸²Ò-
Ï ² ¢ ¶¥·¢Ò¥ ¶µ¸²¥¢µ¥´´Ò¥ £µ¤Ò, ±µ£¤  µ´ µ¶Ê¡²¨±µ¢ ² ¢ ¦Ê·´ ²¥ ª‚µ¶·µ¸Ò
Ë¨²µ¸µË¨¨ª (No 2, 1947) § ³¥Î É¥²Ó´ÊÕ ¸É ÉÓÕ ª� ¶·¨·µ¤¥ Ë¨§¨Î¥¸±µ£µ
§´ ´¨Öª. ‚ ´¥° Ö¸´µ ¨ µ¡· §´µ ¡Ò²  ¨§²µ¦¥´  ¸ÊÉÓ Éµ£µ, ÎÉµ ´ §Ò¢ ¥É¸Ö ±µ-
¶¥´£ £¥´¸±µ° ¨´É¥·¶·¥É Í¨¥° ±¢ ´Éµ¢µ° ³¥Ì ´¨±¨, ¨ µ Î¥³ ³Ò, ´ Î¨´ ÕÐ¨¥
¢ ÉÊ ¶µ·Ê Ë¨§¨±¨-É¥µ·¥É¨±¨, ¨³¥²¨ ¸ ³µ¥ ¸³ÊÉ´µ¥ ¨ ¶·¨³¨É¨¢´µ¥ ¶·¥¤¸É ¢-
²¥´¨¥. ‘É ÉÓÖ ¢Ò§¢ ²  µ¦¥¸ÉµÎ¥´´Ò¥ ´ ¶ ¤±¨ ´  ¥¥ ¸µ¤¥·¦ ´¨¥ ¨ É· ¢²Õ ¥¥
 ¢Éµ· . �É  ± ³¶ ´¨Ö ¢²¨² ¸Ó (´ ·Ö¤Ê ¸ ¨¸Éµ·¨Î¥¸±¨³¨ ¶µ¸É ´µ¢²¥´¨Ö³¨ –Š)
¢ Ï¨·µ±µ³ ¸ÏÉ ¡´Ò° ¶µ¸²¥¢µ¥´´Ò° ¨¤¥µ²µ£¨Î¥¸±¨° ¶·¥¸¸¨´£, ±µÉµ·Ò° ¨³¥²
Í¥²ÓÕ Ê±·¥¶¨ÉÓ ¥¤¨´µ³Ò¸²¨¥ ¸µ¢¥É¸±µ£µ µ¡Ð¥¸É¢  ¨ § ¤ ¢¨ÉÓ ¢Ò§¢ ´´Ò¥ ¢µ°-
´µ° ¨ ¶µ¡¥¤µ° Ì¨²Ò¥ ·µ¸É±¨ ´ ¤¥¦¤Ò ´  µ¸² ¡²¥´¨¥ ¤¥·¦ ¢´µ£µ ´ É¨¸±  ´ 
²¨Î´µ¸ÉÓ.

‚ ± ³¶ ´¨¨, · §¢Ö§ ´´µ° ¶·µÉ¨¢ Œ.�., § ¤ ¢ ²¨ Éµ´ Ë¨²µ¸µËÒ-¥¸É¥¸É-
¢¥´´¨±¨ É¨¶  Œ ±¸¨³µ¢ , ‹Ó¢µ¢  ¨ ¤·., ªµ£µ²µ¤ ¢Ï¨¥ª §  ¢·¥³Ö ¢µ°´Ò,   ÉÊÉ
¶µÎÊ¢¸É¢µ¢ ¢Ï¨¥, ÎÉµ ¸´µ¢  ´ ¸ÉÊ¶ ¥É ¨Ì ¢·¥³Ö. ‚Ò¸ÉÊ¶²¥´¨Ö ¶·µÉ¨¢ Œ.�.
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¡Ò²¨ ¸Ë ¡·¨±µ¢ ´Ò ¢ ²ÊÎÏ¨Ì É· ¤¨Í¨ÖÌ ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ³ ²µ¶µÎÉ¥´´µ£µ
²¨É¥· ÉÊ·´µ£µ ¦ ´·  ¨ ´¥ ¨³¥²¨, · §Ê³¥¥É¸Ö, ´¨Î¥£µ µ¡Ð¥£µ ¸ Î¥¸É´µ° ¨ µ¡Ñ-
¥±É¨¢´µ° ±·¨É¨±µ°. ‘µµÉ¢¥É¸É¢ÊÕÐ¨³ ¸É ÉÓÖ³ ²Õ¡¥§´µ ¶·¥¤µ¸É ¢¨²  ¸¢µ¨
¸É· ´¨ÍÒ µ¤´  ¨§ ´ ¨¡µ²¥¥ ¶µ¤²ÒÌ £ §¥É Éµ£µ (¨ ´¥ Éµ²Ó±µ Éµ£µ) ¢·¥³¥´¨ Å
ª‹¨É¥· ÉÊ·´ Ö £ §¥É ª. �É Ë¨²µ¸µËµ¢ ´¥ µÉ¸É ¢ ² ¨ ¸¢µ° ¡· É-Ë¨§¨±, ÉµÎ-
´¥¥ £µ¢µ·Ö, Ée µ¡² ¤ É¥²¨ Ë¨§¨Î¥¸±¨Ì ¤¨¶²µ³µ¢, ±µÉµ·Ò¥ ´¥ ¡Ò²¨ µÉÖ£µÐ¥´Ò
³µ· ²Ó´Ò³¨ ¶·¨´Í¨¶ ³¨, ·¢ ²¨¸Ó ± ¤µ¸ÉÊ¶´Ò³ ¨³ Ëµ·³ ³ ¢² ¸É¨ ¨, ± ± ¶· -
¢¨²µ, ´¥ ¡²¨¸É ²¨ ¶·µË¥¸¸¨µ´ ²Ó´µ. ˆÌ ³¥Éµ¤Ò ¡µ·Ó¡Ò ¸ ¨¤¥µ²µ£¨Î¥¸±¨³¨
¶·µÉ¨¢´¨± ³¨ ¢±²ÕÎ ²¨, ¢ Î ¸É´µ¸É¨, ¶·µ¢¥¤¥´¨¥ ¸¶¥Í¨ ²Ó´ÒÌ ¸µ¢¥Ð ´¨°,
´  ±µÉµ·ÒÌ ÔÉ¨Ì ¶·µÉ¨¢´¨±µ¢ ±²¥°³¨²¨, · §µ¡² Î ²¨, ¶·¨£¢µ¦¤ ²¨ ± ¶µ§µ·-
´µ³Ê ¸Éµ²¡Ê,   µ´¨ ¸ ³¨ ¤µ²¦´Ò ¡Ò²¨ ¡¨ÉÓ ¸¥¡Ö ¢ £·Ê¤Ó, µÉ³¥¦¥¢Ò¢ ÉÓ¸Ö,
± ÖÉÓ¸Ö ¨ É.¶.

�  µ¤´µ³ ¨§ É ±¨Ì ¸µ¢¥Ð ´¨°, £¤¥ ¶·µ· ¡ ÉÒ¢ ² ¸Ó ¸É ÉÓÖ Œ.�., ³´¥ ¤µ-
¢¥²µ¸Ó ¶·¨¸ÊÉ¸É¢µ¢ ÉÓ. �´µ ¶·µÌµ¤¨²µ ¢ �.”¨§¨Î¥¸±µ°  Ê¤¨Éµ·¨¨ ¢ ¸É ·µ³
§¤ ´¨¨ Ë¨§Ë ±  ´  ŒµÌµ¢µ° ¨ ¸µ¡· ²µ ¤µ¢µ²Ó´µ ³´µ£µ ¶Ê¡²¨±¨, ¢ Éµ³ Î¨¸²¥
¨ ¸ÉÊ¤¥´Éµ¢. Š ± µ¡ÒÎ´µ, ¢´ Î ²¥ ¡Ò²¨ ¢Ò¸ÉÊ¶²¥´¨Ö  ¤³¨´¨¸É· Í¨¨,   É ±¦¥
·¢ ¢Ï¨Ì¸Ö ¸ Í¥¶¨ Ë¨²µ¸µËµ¢ ¨ Ë¨§¨±µ¢ Ê¶µ³Ö´ÊÉµ£µ ¢ÒÏ¥ É¨¶ . ‡ É¥³, ¸µ-
§´ ¢ Ö ´¥¸µ¢¥·Ï¥´¸É¢µ ÔÉµ£µ ¢¨¤  µ·Ê¦¨Ö, ´ Î ²Ó¸É¢µ ¢Ò¶Ê¸É¨²µ µ¤´µ£µ ¨§
ª´ ¸ÉµÖÐ¨Ìª Ë¨§¨±µ¢, ¢Ò¸ÉÊ¶²¥´¨¥ ±µÉµ·µ£µ, µ¤´ ±µ, ³ ²µ µÉ²¨Î ²µ¸Ó µÉ
¶·¥¤Ò¤ÊÐ¨Ì. ƒµ·Ó±µ ¸µ§´ ¢ ÉÓ, ÎÉµ ÔÉµ ¡Ò² µ¤´µ± Ï´¨± ¨ ¸É ·Ò° Éµ¢ ·¨Ð
Œ.�. ¶µ · ¡µÉ¥, ¤¥² ¢Ï¨° ¢ É¥ £µ¤Ò  ¤³¨´¨¸É· É¨¢´ÊÕ ± ·Ó¥·Ê. � ±µ´¥Í,
¸²µ¢µ ¡Ò²µ ¶·¥¤µ¸É ¢²¥´µ ¸ ³µ³Ê Œ.�. �´ ´ Î ² ¸ ·¨ÉÊ ²Ó´µ£µ ¸ ³µ¡¨-
Î¥¢ ´¨Ö ¨ ¶·µ¨§´¥¸ É· ¤¨Í¨µ´´ÊÕ Ëµ·³Ê²Ê ¶µ± Ö´¨Ö, É ± ÎÉµ ³Ò, ¸¨¤ÖÐ¨¥
´  £ ²¥·±¥ ¸ÉÊ¤¥´ÉÒ, ¶µ´ Î ²Ê ·¥Ï¨²¨, ÎÉµ ¢¸¥ ¶µ°¤¥É µ¡ÒÎ´Ò³ µ¡· §µ³.
�¤´ ±µ ¶µÉµ³ ¶·µ¨§µÏ²  ´¥§ ³¥É´ Ö ¸³¥´  §´ ±  Å ¶¥·¥°¤Ö ± ¸ÊÐ¥¸É¢Ê
¤¥² , Œ.�. Ê¢²¥±¸Ö, § ¡Ò², £¤¥ µ´ ´ Ìµ¤¨É¸Ö, ¨ ´ Î ² ¨§² £ ÉÓ ¨³¥´´µ Éµ,
ÎÉµ ¸µ¤¥·¦ ²µ¸Ó ¢ ±· ³µ²Ó´µ° ¸É ÉÓ¥. •µ·µÏµ ¶µ³´Õ ¸¤ ¢²¥´´Ò° ¢µ¸Éµ·£
£ ²¥·±¨ ¨ ¡¥¸¶µ±µ°´µ¥ ¶¥·¥Ï¥¶ÉÒ¢ ´¨¥ ¸¨¤ÖÐ¨Ì ¢ ¶·¥§¨¤¨Ê³¥ ¶ ·É¨°´ÒÌ
¡µ´§. ‚ µ¡Ð¥³, ¦¥² ´´µ£µ ¤²Ö ´ Î ²Ó¸É¢  ¶µ± Ö´¨Ö ´¥ ¶µ²ÊÎ¨²µ¸Ó, ¨ Œ.�.
µ¸É ²¸Ö ¸ ¶µ¤´ÖÉµ° £µ²µ¢µ°. ‚¥·µÖÉ´µ, ÔÉµ ¶µ¤Ì²¥¸É´Ê²µ  Ê¤¨Éµ·¨Õ: ¸²µ¢ 
¶µ¶·µ¸¨² ³µ²µ¤µ° Î¥²µ¢¥± (ÔÉµ ¡Ò², ± ± Ö ¶µÎÉ¨ Ê¢¥·¥´, Éµ£¤ Ï´¨°  ¸¶¨-
· ´É ˆ.….’ ³³  �¥É· …¢£¥´Ó¥¢¨Î ŠÊ´¨´). �´ ¢Ò· §¨² ´¥¤µÊ³¥´¨¥ ¶µ ¶µ¢µ¤Ê
¨¸¶µ²Ó§µ¢ ´´µ° ¶·µÉ¨¢ Œ.�.  ·£Ê³¥´É Í¨¨ ¨ ¤ ² Î¥¸É´ÊÕ µÍ¥´±Ê ¥£µ ¸É ÉÓ¨
( ¶µ§¤´¥¥ Ö Ê§´ ², ÎÉµ µ´ ¶·µÉ¨¢ ¸¢µ¥° ¢µ²¨ ¶µ±¨´Ê² ”ˆ�� ¨ Œµ¸±¢Ê ¨
¤µ²£¨¥ £µ¤Ò · ¡µÉ ² ¢ �¨£¥). �Éµ ¢Ò¸ÉÊ¶²¥´¨¥ ¡Ò²µ ¸Éµ²Ó ´¥µ¡ÒÎ´µ ¤²Ö Éµ£µ
¢·¥³¥´¨, ÎÉµ ´ ¤µ²£µ ¢·¥§ ²µ¸Ó ¢ ¶ ³ÖÉÓ.

� Î ²Ó¸É¢µ · ¸¶µ² £ ²µ, ¶µ-¢¨¤¨³µ³Ê, ¨ ¤·Ê£¨³¨, ¡µ²¥¥ ¶·Ö³Ò³¨ ¨´¸É·Ê-
³¥´É ³¨ ¤ ¢²¥´¨Ö ´  Œ.�. Ÿ ¨ ³µ¨ µ¤´µ± Ï´¨±¨, ¸²ÊÏ ¢Ï¨¥ ¢ É¥ £µ¤Ò ¥£µ
±Ê·¸, Ìµ·µÏµ ¶µ³´¨³, ± ± ´¥ µ¤¨´ · § ¢¤·Ê£ ¢ ¸¥·¥¤¨´¥ ²¥±Í¨¨ ¶µÖ¢²Ö² ¸Ó
¨¸¶Ê£ ´´ Ö ¸¥±·¥É ·Ó ± Ë¥¤·Ò, ÎÉµ-Éµ Ï¥¶É ²  Œ.�., ¨ µ´, ¨§³¥´¨¢Ï¨¸Ó ¢
²¨Í¥, ¶µ¸¶¥Ï´µ ÊÌµ¤¨², Î ¸É¥´Ó±µ § ¡Ò¢ Ö ¢§ÖÉÓ ¸¢µ° ¶µ·ÉË¥²Ó. �Î¥´Ó ¦ -
²¥Õ, ÎÉµ ¢¶µ¸²¥¤¸É¢¨¨ ¶µ¸É¥¸´Ö²¸Ö ¸¶·µ¸¨ÉÓ Œ.�. µ Éµ³, ±Ê¤  ¨ § Î¥³ ¥£µ
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¢Ò§Ò¢ ²¨. �, ´ ¢¥·´µ¥, ¸Éµ¨²µ ÔÉµ ¸¤¥² ÉÓ, ÌµÉÖ ¡Ò ¤²Ö Éµ£µ, ÎÉµ¡Ò ´Ò´¥Ï´ÖÖ
³µ²µ¤¥¦Ó Ê§´ ²  µ Éµ£¤ Ï´¨Ì ´· ¢ Ì.

�Ê¦´µ ¸± § ÉÓ, ÎÉµ ²¥±Í¨¨ Œ.�. ¡Ò²¨ ¤²Ö ³¥´Ö ¶¥·¢Ò³ ´ ¸ÉµÖÐ¨³
¸µ¢·¥³¥´´Ò³ ±Ê·¸µ³ É¥µ·¨¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, £¤¥ £²Ê¡¨´  ¶µ¸É ´µ¢±¨
Ë¨§¨Î¥¸±¨Ì ¶·µ¡²¥³ £ ·³µ´¨Î´µ ¸µÎ¥É ² ¸Ó ¸ ¨§²µ¦¥´¨¥³ ³ É¥³ É¨Î¥¸±µ£µ
 ¶¶ · É  (¢ ¤ÊÌ¥ É· ¤¨Í¨° Ï±µ²Ò, ± ±µÉµ·µ° ¶·¨´ ¤²¥¦ ² Œ.�. ¨ Î²¥´µ³
±µÉµ·µ° ¶µ§¤´¥¥ ¸É ² Ö). ‡¤¥¸Ó Ê¶µÉ·¥¡²¥´µ ¸²µ¢µ ª´ ¸ÉµÖÐ¨°ª, ¶µÉµ³Ê ÎÉµ
¶·µ¸²ÊÏ ´´Ò¥ ³´µ° ¤µ ÔÉµ£µ ±Ê·¸Ò ´  ÉÊ ¦¥ É¥³Ê ¢ Œƒ“ µÉ²¨Î ²¨¸Ó ²¨¡µ
¸Ê¥¸²µ¢¨¥³, ²¨¡µ, ´ ¶·µÉ¨¢, ¸Ê£Ê¡µ° ³ É¥³ É¨Î´µ¸ÉÓÕ. Œ´µ£µ¥, µ Î¥³ £µ-
¢µ·¨² Œ.�. ¢ ¸¢µ¨Ì ²¥±Í¨ÖÌ, ´¥ ¶·µ¸Éµ µ¸É ²µ¸Ó ´ ¤µ²£µ ¢ ¶ ³ÖÉ¨, ´µ ¨
¶·¥¤µ¶·¥¤¥²¨²µ ³µ¨ ¡Ê¤ÊÐ¨¥ ´ ÊÎ´Ò¥ ¨´É¥·¥¸Ò. �Éµ µÉ´µ¸¨É¸Ö Î ¸É¨Î´µ ±
É¥µ·¨¨ ¢ ±ÊÊ³  „¨· ±  ¨ ¢ ¶µ²´µ° ³¥·¥ Å ± ´¥²µ± ²Ó´µ° É¥µ·¨¨ ¶µ²Ö, µ
Î¥³ ¥Ð¥ ¶µ°¤¥É ·¥ÎÓ ´¨¦¥. ˆ ¤ ¦¥ ¢´¥Ï´ÖÖ ¸Éµ·µ´  ²¥±Í¨°, ¸ ³  ³ ´¥· 
¨§²µ¦¥´¨Ö, Ì · ±É¥· ±µ´É ±É  ²¥±Éµ·  ¸  Ê¤¨Éµ·¨¥° ¡Ò²¨ Ê¤¨¢¨É¥²Ó´µ · ¸-
¶µ² £ ÕÐ¨³¨ ¨ ¤µ¢¥·¨É¥²Ó´Ò³¨, ¸¶µ¸µ¡¸É¢ÊÖ ¢ Éµ ¦¥ ¢·¥³Ö ¶·µ¡Ê¦¤¥´¨Õ
³Ò¸²¨ ¸²ÊÏ É¥²¥°. �¡ÒÎ´µ Ö ´¨±µ£¤  ¤µ ÔÉµ£µ ´¥ ¤µ±ÊÎ ² ²¥±Éµ· ³,   ÉÊÉ
´¥ ³µ£ Ê¤¥·¦ ÉÓ¸Ö ¨ Î ¸É¥´Ó±µ ¤µ´¨³ ² Œ.�. ¢µ¶·µ¸ ³¨ (´ ¤¥Õ¸Ó, ´¥ µÎ¥´Ó
£²Ê¶Ò³¨).

�Ê¦´µ ¸± § ÉÓ, ÎÉµ ¶¥·¢µ´ Î ²Ó´µ ¶·¨ · ¸¶·¥¤¥²¥´¨¨ ¶µ ¸¶¥Í¨ ²Ó´µ¸-
ÉÖ³ ´  Ë¨§Ë ±¥ Œƒ“ Ö ¡Ò² ¶·¨¶¨¸ ´ ± ± Ë¥¤·¥ É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨.
�¤´ ±µ µ¸¥´ÓÕ 1947 £. £·Ê¶¶Ê ¡Ê¤ÊÐ¨Ì É¥µ·¥É¨±µ¢ ´ ¸¨²Ó¸É¢¥´´µ ¶¥·¥¢¥²¨
´  µÉ¤¥²¥´¨¥ ¸É·µ¥´¨Ö ¢¥Ð¥¸É¢  ¤²Ö ¸¶¥Í¨ ²¨§ Í¨¨ ¶µ Ö¤¥·´µ° Ë¨§¨±¥. �Ê-
¤ÊÎ¨ ± Éµ³Ê ¢·¥³¥´¨ ¢¶µ²´¥ µ¶·¥¤¥²¨¢Ï¨³¸Ö É¥µ·¥É¨±µ³ (³´µÕ ¡Ò²  Ê¦¥
¸¤ ´  ¶µ²µ¢¨´  ³¨´¨³Ê³  ‹ ´¤ Ê), Ö ¡¥§Ê¸¶¥Ï´µ ¶ÒÉ ²¸Ö µ¸É ÉÓ¸Ö ´  É¥µ·¥-
É¨Î¥¸±µ° ± Ë¥¤·¥, ¶µ¸Î¨É ¢, ÎÉµ ³µ¥° ¡Ê¤ÊÐ¥° ¶·µË¥¸¸¨¨ Ë¨§¨± -É¥µ·¥É¨± 
Ê£·µ¦ ¥É ´¥¶µ¶· ¢¨³Ò° Ê·µ´. � ¢ ¤¥°¸É¢¨É¥²Ó´µ¸É¨ ¤¥²µ µ¡¸ÉµÖ²µ ± ± · §
´ µ¡µ·µÉ! �µ¸²¥ É· ¢²¨ ¨ ¨§£´ ´¨Ö ¸ Ë¨§Ë ±  ²ÊÎÏ¨Ì ¶·µË¥¸¸µ·µ¢ É ³
µ¸É ²¸Ö ¢ Í¥²µ³ ¢¥¸Ó³  ¸² ¡Ò° ¶·µË¥¸¸µ·¸±¨° ¸µ¸É ¢. Œ¥¦¤Ê É¥³ ´  § ´µ¢µ
Ëµ·³¨·Ê¥³µ¥ µÉ¤¥²¥´¨¥ ¸É·µ¥´¨Ö ¢¥Ð¥¸É¢  ¡Ò²¨ ¶·¨£² Ï¥´Ò É ±¨¥ ²Õ¤¨,
± ± ‚.ˆ.‚¥±¸²¥·, ‘.�.‚¥·´µ¢, ƒ.’.‡ Í¥¶¨´, Œ.�.Œ ·±µ¢, ˆ.Ÿ.�µ³¥· ´ÎÊ±,
„.‚.‘±µ¡¥²ÓÍÒ´, ˆ.Œ.”· ´± ¨ ¤·. Ÿ ³µ£Ê ²¨ÏÓ ¶µ¡² £µ¤ ·¨ÉÓ ¸Ê¤Ó¡Ê, ¶µ-
¤ ·¨¢ÏÊÕ ³´¥ ¢µ§³µ¦´µ¸ÉÓ Ê ´¨Ì ¶µÊÎ¨ÉÓ¸Ö. ‚¶·µÎ¥³, ¢ ÔÉµ° ¦¨§´¨ §  ¢¸¥
¶·¨Ìµ¤¨É¸Ö ¶² É¨ÉÓ, ¨ §  ¶·¥¡Ò¢ ´¨¥ ´  oÉ¤¥²¥´¨¨ Ö § ¶² É¨² ¶ÖÉÓÕ £µ¤ ³¨
§ ¢µ¤¸±µ° ¨´¦¥´¥·´µ° · ¡µÉÒ...

‘¤ ¢ Ô±§ ³¥´ Œ.�., Ö ¥Ð¥ · § ¢¸É·¥É¨²¸Ö ¸ ´¨³ ¢ ¸ÉÊ¤¥´Î¥¸±¨¥ £µ¤Ò ´ 
§ Ð¨É¥ ¸¢µ¥° ¤¨¶²µ³´µ° · ¡µÉÒ, £¤¥ µ´ ¤¥°¸É¢µ¢ ² ± ± Î²¥´ Ô±§ ³¥´ Í¨µ´-
´µ° ±µ³¨¸¸¨¨. �µ-¢¨¤¨³µ³Ê, Ê ´¥£µ µ¸É ²µ¸Ó µ¡µ ³´¥ µ¡Ð¥¥ ¡² £µ¶·¨ÖÉ´µ¥
¢¶¥Î É²¥´¨¥, ¶µ¸±µ²Ó±Ê, ± ± ³´¥ £µ¢µ·¨²¨, µ´ ¶·¥¤²µ¦¨² ±µ³¨¸¸¨¨ µ¸É ¢¨ÉÓ
³¥´Ö ¢  ¸¶¨· ´ÉÊ·¥,   ¶µ§¤´¥¥ ¶µ¤¤¥·¦ ² ³¥´Ö ¶·¨ µ¡¸Ê¦¤¥´¨¨ ¢µ§³µ¦´µ¸É¨
³µ¥£µ ¶¥·¥¢µ¤  ¸ § ¢µ¤  ¢ ”ˆ��, ÎÉµ ˆ£µ·Õ …¢£¥´Ó¥¢¨ÎÊ ’ ³³Ê ¢ ±µ´Í¥
±µ´Íµ¢ ¨ Ê¤ ²µ¸Ó ¸¤¥² ÉÓ. ‚µ ¢¸Ö±µ³ ¸²ÊÎ ¥, ±µ£¤  Î¥·¥§ ¶ÖÉÓ ²¥É, ¢¥·´Ê¢-
Ï¨¸Ó ¢ Œµ¸±¢Ê, Ö ¢´µ¢Ó ¢¸É·¥É¨²¸Ö ¸ Œ.�. ¢ ”ˆ��¥, µ´ ´¥ µ£· ´¨Î¨²¸Ö
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¶µ§¤· ¢²¥´¨Ö³¨,   ¸É ² ·¥£Ê²Ö·´µ (¶·¨³¥·´µ · § ¢ ´¥¤¥²Õ) § Ìµ¤¨ÉÓ ¢ ± ¡¨-
´¥É ’ ³³ , £¤¥, ¨§-§  ¢µ¶¨ÕÐ¥° É¥¸´µÉÒ ¢ É¥µ·µÉ¤¥²¥, Ö § ´¨³ ² ¥£µ ¸Éµ². ’ ³
¢ É¥Î¥´¨¥ Î ¸ -¤¢ÊÌ ¶·µ¨¸Ìµ¤¨²µ ´ Ï¥ µ¡Ð¥´¨¥ ¸ Œ.�., ¸ · §£µ¢µ· ³¨ ¡µ²Ó-
Ï¥° Î ¸ÉÓÕ µ ´ Ê±¥,   É ±¦¥ µ¡ ¨§³¥´¥´¨ÖÌ ¢ ´ Ï¥³ µ¡Ð¥¸É¢¥, ¶µ§¢µ²ÖÕÐ¨Ì
¡¥§¡µÖ§´¥´´µ £µ¢µ·¨ÉÓ µ ´¨Ì, ¨²¨ µ ¦¨¢µÉ·¥¶¥ÐÊÐ¨Ì ¢ É¥ £µ¤Ò ±µ¸³¨Î¥-
¸±¨Ì ¶·µ¡²¥³ Ì. �É¨ ±µ´É ±ÉÒ ¨³¥²¨ ¤²Ö ³¥´Ö µ¸µ¡¥´´µ ¡µ²ÓÏµ¥ §´ Î¥´¨¥.
„¥²µ ¢ Éµ³, ÎÉµ ¶ÖÉÓ ²¥É, ¢ É¥Î¥´¨¥ ±µÉµ·ÒÌ Ö ¡Ò² µÉµ·¢ ´ µÉ ´ Ê±¨, ¡Ò²¨
¶¥·¨µ¤µ³ ¡Ê·´µ£µ · §¢¨É¨Ö Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¢ ¸¢Ö§¨ ¸ ¢µ§´¨±-
´µ¢¥´¨¥³ ¨ · §¢¨É¨¥³ ¸µ¢·¥³¥´´µ° ±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¨. �µÔÉµ³Ê Ö
¶µÖ¢¨²¸Ö ¢ ”ˆ��¥, ¨³¥Ö µ£·µ³´Ò° ¶·µ¡¥² ¢ ¸¢µ¥³ µ¡· §µ¢ ´¨¨, ±µÉµ·Ò°
´Ê¦´µ ¡Ò²µ ¡Ò¸É·µ ²¨±¢¨¤¨·µ¢ ÉÓ. Œ¥¦¤Ê É¥³ ¸ ³ ˆ£µ·Ó …¢£¥´Ó¥¢¨Î ¨ ¥£µ
¸µÉ·Ê¤´¨±¨ ´¥ µ¡· Ð ²¨ ´  ³¥´Ö µ¸µ¡µ£µ ¢´¨³ ´¨Ö, Éµ ²¨ ¶¥·¥µÍ¥´¨¢ Ö ³µ¨
¢µ§³µ¦´µ¸É¨, Éµ ²¨ ¸Î¨É Ö, ÎÉµ Ö ¤µ²¦¥´ ¢Ò¶²ÒÉÓ ¸ ³µ¸ÉµÖÉ¥²Ó´µ. �·¨ ÔÉ¨Ì
Ê¸²µ¢¨ÖÌ ¢µ§³µ¦´µ¸ÉÓ ·¥£Ê²Ö·´µ µ¡Ð ÉÓ¸Ö ¸µ ¸É ·Ï¨³ Éµ¢ ·¨Ð¥³, ± ±¨³ ¤²Ö
³¥´Ö ¡Ò² Œ.�., ¸¨²Ó´µ ¸³Ö£Î¨²  ¤²Ö ³¥´Ö É·Ê¤´µ¸É¨ ÔÉµ£µ ´¥²¥£±µ£µ ¶¥·¨µ¤ 
³µ¥° ¦¨§´¨.

Ÿ Ê¶µ³Ö´Ê² ¢ÒÏ¥ µ¡ ¨§³¥´¥´¨ÖÌ ¢ µ¡Ð¥¸É¢¥,   ³¥¦¤Ê É¥³ ¤²Ö �µ¸¸¨¨
Éµ£¤  ¤¥°¸É¢¨É¥²Ó´µ ´ ¸ÉÊ¶¨²¨ ¶µ¨¸É¨´¥ ¢¥²¨±¨¥ ¤´¨ Å Ö ¨³¥Õ ¢ ¢¨¤Ê ¢¥¸´Ê
1956 £µ¤ , ¢·¥³Ö •• ¸Ñ¥§¤ . ‘ ¸ ³µ° ¢Ò¸µ±µ° ¢ ¸É· ´¥ É·¨¡Ê´Ò ¶·µ§¢ÊÎ ²µ
Éµ, µ Î¥³ ³Ò ¶µ§¢µ²Ö²¨ ¸¥¡¥ £µ¢µ·¨ÉÓ ²¨ÏÓ Ï¥¶µÉµ³, ²¨ÏÓ Ê ¸¥¡Ö ¤µ³ , ²¨ÏÓ
¸ ¸ ³Ò³¨ ¡²¨§±¨³¨ ²Õ¤Ó³¨. � Î ²¸Ö ¤µ²£¨° ¨ ³ÊÎ¨É¥²Ó´Ò° ¶·µÍ¥¸¸ ¢µ§¢· -
Ð¥´¨Ö ¸É· ´Ò ¢ ²µ´µ ´µ·³ ²Ó´µ£µ Í¨¢¨²¨§µ¢ ´´µ£µ ³¨· . � ´¥³µ´µÉµ´´µ¸É¨
ÔÉµ£µ ¶·µÍ¥¸¸  Ìµ·µÏµ §´ ÕÉ ²Õ¤¨ ¸É ·Ï¥£µ ¶µ±µ²¥´¨Ö ¨ ¨´É¥·¥¸ÊÕÐ Ö¸Ö
¨¸Éµ·¨¥° ¸¢µ¥° ¸É· ´Ò ³µ²µ¤¥¦Ó,   ¥£µ ¤ ²¥±¨° µÉ § ¢¥·Ï¥´¨Ö ´Ò´¥Ï´¨°
ÔÉ ¶ Ê ¢¸¥Ì ´  ¢¨¤Ê.

�¤´¨³ ¨§ ¶µ± § É¥²¥° ¸¤¢¨£µ¢ ¢ µ¡Ð¥¸É¢¥ ¶µ¸²¥ •• ¸Ñ¥§¤  ¸É ²µ ÊÎ ¸-
É¨¥ ¸µ¢¥É¸±¨Ì ÊÎ¥´ÒÌ ¢ ±·Ê¶´ÒÌ ³¥¦¤Ê´ ·µ¤´ÒÌ ±µ´Ë¥·¥´Í¨ÖÌ. ‚ Î ¸É-
´µ¸É¨, Ë¨§¨±¨, · ¡µÉ ÕÐ¨¥ ¢ µ¡² ¸É¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°, ¢¶¥·¢Ò¥ ¶µ²ÊÎ¨²¨
¢µ§³µ¦´µ¸ÉÓ ¶µ¸² ÉÓ ¶·¥¤¸É ¢¨É¥²Ó´ÊÕ ¤¥²¥£ Í¨Õ ¢ ‘˜� ´  �µÎ¥¸É¥·¸±ÊÕ
±µ´Ë¥·¥´Í¨Õ Å ´ ¡µ²¥¥ §´ Î¨É¥²Ó´µ¥ ¸µ¢¥Ð ´¨¥ ¸¶¥Í¨ ²¨¸Éµ¢, ´  ±µÉµ·µ³
¶µ¤¢µ¤¨²¨¸Ó ¥¦¥£µ¤´Ò¥ ¨Éµ£¨ ¤µ¸É¨¦¥´¨° ¢ µ¡² ¸É¨ Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ
Î ¸É¨Í. ‚ ¸µ¸É ¢ ¸µ¢¥É¸±µ° ¤¥²¥£ Í¨¨ ´  ÔÉÊ ±µ´Ë¥·¥´Í¨Õ ¢Ìµ¤¨² ¨ Œ.�.
�¥§ ¤µ²£µ ¤µ ¥£µ µÉ²¥É  ¢ ‘˜� Ê ´ ¸ ¸ ´¨³ ¸µ¸ÉµÖ²¸Ö µÎ¥´Ó §´ ³¥´ É¥²Ó-
´Ò° ¤²Ö ³¥´Ö · §£µ¢µ·. �¤´ ±µ, ÎÉµ¡Ò ¸É ²µ ¶µ´ÖÉ´Ò³ ¢¸¥ ¶µ¸²¥¤ÊÕÐ¥¥,
´Ê¦´µ ´¥¸±µ²Ó±µ µÉ±²µ´¨ÉÓ¸Ö ¢ ¸Éµ·µ´Ê ¨ ¤ ÉÓ ¶µÖ¸´¥´¨Ö ¶µ ¶µ¢µ¤Ê µ¤´µ°
Ë¨§¨Î¥¸±µ° ¶·µ¡²¥³Ò, ±µÉµ·µ° Ö ¶¥·¥¤ ÔÉ¨³ § ´¨³ ²¸Ö.

‚µ ¢Éµ·µ° ¶µ²µ¢¨´¥ 50-Ì £µ¤µ¢ ¢ ±·Ê£ Ì cµ¢¥É¸±¨Ì É¥µ·¥É¨±µ¢ Å ¸¶¥Í¨-
 ²¨¸Éµ¢ ¶µ É¥µ·¨¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ´ Î ²¸Ö ¡Ê³ ¶µ ¶µ¢µ¤Ê É ± ´ §Ò¢ ¥-
³µ° ¶·µ¡²¥³Ò ª´Ê²Ó-§ ·Ö¤ ª (´  ‡ ¶ ¤¥ ¥¥ ´ §Ò¢ ²¨ ¶·µ¡²¥³µ° ª³µ¸±µ¢¸±µ£µ
´Ê²Öª, Î¥³, ³´¥ ± ¦¥É¸Ö, ¢Ò· ¦ ²¨ ´¥¸±µ²Ó±µ ¸±¥¶É¨Î¥¸±µ¥ ± ´¥° µÉ´µÏ¥-
´¨¥). �µ¸É ´µ¢±  ÔÉµ° ¶·µ¡²¥³Ò ¸¢Ö§ ´  ¸ ¨³¥´ ³¨ ‹.„.‹ ´¤ Ê ¨ ˆ.Ÿ.�µ³¥-
· ´ÎÊ± ,   É ±¦¥ ³µ²µ¤µ£µ ¢ ÉÊ ¶µ·Ê Ë¨ ´µ¢¸±µ£µ É¥µ·¥É¨±  ….‘.”· ¤±¨´ .
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„¥²µ ¸¢µ¤¨²µ¸Ó ± ¸²¥¤ÊÕÐ¥³Ê ÊÉ¢¥·¦¤¥´¨Õ. •µÉÖ · ¤¨Ê¸ Ô²¥±É·µ´  · ¢¥´
(¨ ¶µ Éµ£¤ Ï´¨³ ¨ ¶µ ¸¥£µ¤´ÖÏ´¨³ ¶·¥¤¸É ¢²¥´¨Ö³) ´Ê²Õ, ¡Ê¤¥³ ´  ¶·µ³¥-
¦ÊÉµÎ´ÒÌ ÔÉ ¶ Ì · ¸¸Ê¦¤¥´¨° ¸Î¨É ÉÓ ¥£µ ³ ²µ°, ´µ ±µ´¥Î´µ° ¢¥²¨Î¨´µ°,
¨ ²¨ÏÓ ¢ ±µ´Í¥ ¢Ò±² ¤µ± Ê¸É·¥³¨³ ± ´Ê²Õ. ‡ ·Ö¤ É ±µ£µ Ô²¥±É·µ´  ¸Éµ²Ó
¸¨²Ó´µ Ô±· ´¨·Ê¥É¸Ö ¢¨·ÉÊ ²Ó´Ò³¨ Î ¸É¨Í ³¨ ¢ ±ÊÊ³ , ÎÉµ Ê¦¥ ´  ³¨±·µ¸±µ-
¶¨Î¥¸±¨Ì · ¸¸ÉµÖ´¨ÖÌ µÉ Ô²¥±É·µ´  ¥£µ ÔËË¥±É¨¢´Ò° § ·Ö¤ ¨¸Î¥§ ¥É ¢ ¶·¥-
¤¥²¥ ¸É·¥³ÖÐ¥£µ¸Ö ± ´Ê²Õ · ¤¨Ê¸ , ± ±¨³ ¡Ò ´¨ ¡Ò²µ ¨¸Ìµ¤´µ¥, ª§ É· ¢µÎ-
´µ¥ª §´ Î¥´¨¥ § ·Ö¤ . …¸²¨ ¡Ò ¤¥²µ ¤¥°¸É¢¨É¥²Ó´µ µ¡¸ÉµÖ²µ É ±¨³ µ¡· §µ³,
Éµ ÔÉµ µ§´ Î ²µ ¡Ò µÉ¸ÊÉ¸É¢¨¥ ¢ ¶·¨·µ¤¥ Ô²¥±É·µ³ £´¨É´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°
¨ ¶µ²´Ò° ±· Ì Ë¨§¨±¨ ± ± ´ Ê±¨ µ ´¥¦¨¢µ° ¶·¨·µ¤¥: ¸ ³µ ¸ÊÐ¥¸É¢µ¢ ´¨¥
 Éµ³ , ´¥ £µ¢µ·Ö Ê¦¥ µ ¡µ²¥¥ ¢Ò¸µ±µµ·£ ´¨§µ¢ ´´µ° ³ É¥·¨¨, ¡Ò²µ ¡Ò ´¥³Ò-
¸²¨³µ ¢ µÉ¸ÊÉ¸É¢¨¥ ±Ê²µ´µ¢¸±¨Ì ¸¨² ´  µÉ´µ¸¨É¥²Ó´µ ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ
³¥¦¤Ê Î ¸É¨Í ³¨.

‚Ò¢µ¤ µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ª´Ê²Ó-§ ·Ö¤ ª ¡Ò² ¶µ²ÊÎ¥´ ¢ · ³± Ì ´¥±µÉµ·µ£µ
¶·¨¡²¨¦¥´¨Ö, ¶·¨³¥´¨³µ£µ É¥³ ÌÊ¦¥, Î¥³ ³¥´ÓÏ¥ · ¤¨Ê¸ Î ¸É¨ÍÒ. �µÔÉµ³Ê,
± § ²µ¸Ó ¡Ò, µ¡¸Ê¦¤ ¥³Ò¥ É·Ê¤´µ¸É¨ ´¥ § ¸²Ê¦¨¢ ²¨ Î·¥§³¥·´µ ¸¥·Ó¥§´µ£µ ±
¸¥¡¥ µÉ´µÏ¥´¨Ö, ¶µ ±· °´¥° ³¥·¥, ¤µ É¥Ì ¶µ·, ¶µ±  µ´¨ ´¥ ´ °¤ÊÉ ¶µ¤É¢¥·¦¤¥-
´¨Ö ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¡µ²¥¥ ÉµÎ´ÒÌ ³¥Éµ¤µ¢. �¤´ ±µ ‹ ´¤ Ê ¨ �µ³¥· ´ÎÊ±
¶·¨¢¥²¨ ¶µ²Ê± Î¥¸É¢¥´´Ò¥  ·£Ê³¥´ÉÒ ¢ ¶µ²Ó§Ê ª´Ê²Ó-§ ·Ö¤ ª,   ¶µ§¤´¥¥ �µ³¥-
· ´ÎÊ± ¢¢¥² ¸¶¥Í¨ ²Ó´Ò° ¶·¥¤¥²Ó´Ò° ¶·µÍ¥¸¸ ¸É·¥³²¥´¨Ö · ¤¨Ê¸  Ô²¥±É·µ´ 
± ´Ê²Õ, ¢¥¤ÊÐ¨° ± Éµ³Ê ¦¥ ·¥§Ê²ÓÉ ÉÊ. �µ¸²¥ ÔÉµ£µ ¸ÊÐ¥¸É¢ÊÕÐ Ö ±¢ ´Éµ-
¢ Ö É¥µ·¨Ö ¶µ²Ö ¸ ÉµÎ¥Î´Ò³¨ (¨³¥ÕÐ¨³¨ ´Ê²¥¢µ° · ¤¨Ê¸) Î ¸É¨Í ³¨ ¡Ò² 
µ¡ÑÖ¢²¥´  ´¥¸µ¸ÉµÖÉ¥²Ó´µ° (ªƒ ³¨²ÓÉµ´µ¢ ³¥Éµ¤ É·Ê¶, ´µ ³Ò ¤µ²¦´Ò ¶µÌµ-
·µ´¨ÉÓ ¥£µ ¸µ ¢¸¥³¨ ¶µÎ¥¸ÉÖ³¨, ±µÉµ·Ò¥ µ´ § ¸²Ê¦¨²ª (‹.„.‹ ´¤ Ê, 1959 £.)).
ˆ³¥²¨¸Ó ²Õ¤¨ (¨ Ö ¢ Éµ³ Î¨¸²¥), ±µ³Ê É ±µ° · ¤¨± ²Ó´Ò° ¢Ò¢µ¤ ± § ²¸Ö
´¥µ¡µ¸´µ¢ ´´Ò³ ¨ ´¥¶· ¢¤µ¶µ¤µ¡´Ò³. …Ð¥ · ¡µÉ Ö ´  § ¢µ¤¥, Ö ¢µ§¨²¸Ö ¸
¶·¥¤¥²Ó´Ò³ ¶·µÍ¥¸¸µ³ �µ³¥· ´ÎÊ±  ¨ ¢µµÎ¨Õ ¢¨¤¥², ´ ¸±µ²Ó±µ ·¥§Ê²ÓÉ ÉÒ
ÎÊ¢¸É¢¨É¥²Ó´Ò ± Ì · ±É¥·Ê ¸É·¥³²¥´¨Ö · ¤¨Ê¸  Î ¸É¨ÍÒ ± ´Ê²Õ. Šµ£¤  ¶·µ-
¡²¥³  ª´Ê²Ó-§ ·Ö¤ ª ¢¸É ²  ¢µ ¢¥¸Ó ·µ¸É, Ö ¢¥·´Ê²¸Ö ± ¸¢µ¨³ ¸É ·Ò³ ¡Ê³ ¦± ³
¨ ¶µ± § ², ÎÉµ ¶·¨ ¶µ¤Ìµ¤ÖÐ¥³ ¢Ò¡µ·¥ ¶·¥¤¥²Ó´µ£µ ¶·µÍ¥¸¸  ³µ¦´µ ¶µ²Ê-
Î¨ÉÓ ¶· ±É¨Î¥¸±¨ ²Õ¡µ° ´ ¶¥·¥¤ § ¤ ´´Ò° ·¥§Ê²ÓÉ É (¢ ¦´µ, ÎÉµ ¶·µÍ¥¸¸
�µ³¥· ´ÎÊ±  ´¨Î¥³ Ë¨§¨Î¥¸±¨ ´¥ µ¶· ¢¤ ´ ¨ ´¥ ¢Ò¤¥²¥´!). Ÿ ´¥ ³µ£Ê ¶µ-
¦ ²µ¢ ÉÓ¸Ö ´  µÉ´µÏ¥´¨¥ ± ³µ¥° ¤¥ÖÉ¥²Ó´µ¸É¨ ¸ ³µ£µ ˆ¸  ±  Ÿ±µ¢²¥¢¨Î 
�µ³¥· ´ÎÊ±  Å µ´ ³´µ£µ · § µ¡¸Ê¦¤ ² ¸µ ³´µ° ÔÉ¨ É¥³Ò, ¶µ¢Éµ·ÖÖ (± ³µ¥³Ê
¡µ²ÓÏµ³Ê Ê¤¨¢²¥´¨Õ) ¢ ¸¢µ°¸É¢¥´´µ° ¥³Ê É¥³¶¥· ³¥´É´µ° ³ ´¥·¥:ª �µ ¥¸²¨
‚Ò ¶· ¢Ò, ´Ê¦´µ ¢¸¥ ¡·µ¸¨ÉÓ ¨ § ´¨³ ÉÓ¸Ö Éµ²Ó±µ ÔÉ¨³!ª �¤´ ±µ ³µ²µ¤Ò¥
ÊÎ¥´¨±¨ ‹ ´¤ Ê, ¤²Ö ±µÉµ·ÒÌ Ö ¡Ò² §¥²¥´Ò³ Õ´Íµ³, Éµ²Ó±µ £µ¤ ± ± ¶µÖ¢¨¢-
Ï¨³¸Ö ´  É¥µ·¥É¨Î¥¸±µ³ ´¥¡µ¸±²µ´¥, ¢ ¸¢µ°¸É¢¥´´µ³ ¨³ ¸É¨²¥ ¡¥§¦ ²µ¸É´µ
³¥´Ö µ¸³¥Ö²¨.

ˆ³¥´´µ µ¡ ÔÉµ³ ³µ¥³ É·Ê¤¥ ¨ Ï²  ·¥ÎÓ ¢ ´ Ï¥³ · §£µ¢µ·¥ ¸ Œ.�. ¶¥·¥¤
¥£µ µÉÑ¥§¤µ³ ¢ �³¥·¨±Ê. �´ ¶µ¶·µ¸¨² Ê ³¥´Ö ·Ê±µ¶¨¸Ó ³µ¥° · ¡µÉÒ ¸ Í¥²ÓÕ
¶µ¶ÒÉ ÉÓ¸Ö · ¸¸± § ÉÓ µ ³µ¨Ì ·¥§Ê²ÓÉ É Ì ´  �µÎ¥¸É¥·¥. ‚¥·´Ê¢Ï¨¸Ó Î¥·¥§
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¤¢¥ ´¥¤¥²¨, µ´ ¸ Ê²Ò¡±µ° ¸± § ² ³´¥:ª� ‚ Ï  Ë ³¨²¨Ö ¡Ò²  ´ ¶¨¸ ´  ´ 
¤µ¸±¥ ¡µ²ÓÏ¨³¨ ¡Ê±¢ ³¨ª. ˆ ¤ ²¥¥ µ´ ¶µ¢¥¤ ² µ ¸µ¡ÒÉ¨ÖÌ, ¶µ± § ¢Ï¨Ì¸Ö
³´¥ ¶µ´ Î ²Ê ´¥¶· ¢¤µ¶µ¤µ¡´Ò³¨. �± §Ò¢ ¥É¸Ö, ¶·¥¤¸¥¤ É¥²Ó É¥µ·¥É¨Î¥¸±µ°
¸¥±Í¨¨ (¨³ ¡Ò² µ¤¨´ ¨§ É¢µ·Íµ¢ ¸µ¢·¥³¥´´µ° ±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¨
”·¨³¥´ „ °¸µ´) ¢ µÉ¢¥É ´  ¢µ¶·µ¸ µ ¢µ§³µ¦´µ¸É¨ ¤µ²µ¦¨ÉÓ ³µ¨ ·¥§Ê²ÓÉ ÉÒ
¶µ§´ ±µ³¨²¸Ö ¸ ´¨³¨ ¨ ¸± § ², ÎÉµ, §´ Ö ·Ê¸¸±¨° Ö§Ò±, µ´ ¸ ³ ¨§²µ¦¨É ¸µ¤¥·-
¦ ´¨¥ ³µ¥° ·Ê±µ¶¨¸¨. Šµ·µÉ±¨° ¤µ±² ¤ „ °¸µ´  ¸µ¸ÉµÖ²¸Ö ´  ¸ ³µ³ ¤¥²¥. Š
¸µ¦ ²¥´¨Õ, ±µ£¤  ¨´Ëµ·³ Í¨Ö µ¡ ÔÉ¨Ì ¸µ¡ÒÉ¨ÖÌ ¤µÏ²  ¤µ Œµ¸±¢Ò, µ´  ´¥
¨§³¥´¨²  ¶µ§¨Í¨¨ ¶·µÉ¨¢´¨±µ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö (¶µ¸²¥¤´ÖÖ, ± ¸²µ¢Ê
¸± § ÉÓ, ¢µ§·µ¤¨² ¸Ó ¨ ¢´µ¢Ó ¸É ²  ËÊ´¤ ³¥´Éµ³ É¥µ·¨¨ Ô²¥³¥´É ·´ÒÌ Î ¸-
É¨Í ¸¶Ê¸ÉÖ ± ±¨Ì-´¨¡Ê¤Ó 15Å20 ²¥É). �¥¸³µÉ·Ö ´  ÔÉµ, µ¶¨¸ ´´Ò¥ ¸µ¡ÒÉ¨Ö
¸ÊÐ¥¸É¢¥´´µ Ê±·¥¶¨²¨ ³µÕ Ê¢¥·¥´´µ¸ÉÓ ¢ ¸¥¡¥, §  ÎÉµ Ö £²Ê¡µ±µ ¡² £µ¤ ·¥´
Œµ¨¸¥Õ �²¥±¸ ´¤·µ¢¨ÎÊ.

‚ÒÏ¥ Ê¦¥ £µ¢µ·¨²µ¸Ó, ÎÉµ ¢ ¸¢µ¨Ì ²¥±Í¨ÖÌ ¢µ ¢Éµ·µ° ¶µ²µ¢¨´¥ 40-Ì £µ-
¤µ¢ Œ.�. ¶µ§´ ±µ³¨² ³¥´Ö ¨ ³µ¨Ì Éµ¢ ·¨Ð¥° ¸ ¶·µ¡²¥³ É¨±µ° ´¥²µ± ²Ó´µ°
É¥µ·¨¨ ¶µ²Ö ¨ ¸ É¥Ì ¶µ· ´  ¶·µÉÖ¦¥´¨¨ ·Ö¤  ²¥É ÔÉ  ¶·µ¡²¥³ É¨±  ¸ÉµÖ² 
¶¥·¥¤µ ³´µ° ± ± ´ ¢Ö§Î¨¢ Ö ¨¤¥Ö. ‡¤¥¸Ó ´¥ ³¥¸Éµ ¢¤ ¢ ÉÓ¸Ö ¢ ¤¥É ²¨, µÉ´µ-
¸ÖÐ¨¥¸Ö ± ÔÉµ° É¥µ·¨¨, ¨ Ö µ£· ´¨ÎÊ¸Ó ´¥±µÉµ·Ò³ ³¨´¨³Ê³µ³. ƒµ¢µ·Ö µÎ¥´Ó
£·Ê¡µ, ´¥²µ± ²Ó´ Ö É¥µ·¨Ö Å ÔÉµ É¥µ·¨Ö Î ¸É¨Í, ¨³¥ÕÐ¨Ì ±µ´¥Î´Ò° · ¤¨Ê¸
(¸³. ¢ÒÏ¥), ¨ ¨³¥´´µ ¶µÔÉµ³Ê ‹ ´¤ Ê £µ¢µ·¨², ÎÉµ ±¢ ´Éµ¢ÊÕ É¥µ·¨Õ ¶µ²Ö
´Ê¦´µ ²¨¡µ ¶µÌµ·µ´¨ÉÓ, ²¨¡µ § ³¥´¨ÉÓ ´¥²µ± ²Ó´µ° É¥µ·¨¥°. Œ.�. ¡Ò², ¡¥§
¶·¥Ê¢¥²¨Î¥´¨Ö, ¸ ³Ò³ ±·Ê¶´Ò³ ¸¶¥Í¨ ²¨¸Éµ³ ¢ ÔÉµ° µ¡² ¸É¨ (¨ ¨³¥´´µ ±
´¥³Ê ¢ ÔÉµ³ ± Î¥¸É¢¥ ³¥´Ö µÉ¸Ò² ² ˆ.Ÿ.�µ³¥· ´ÎÊ± ¶·¨ µ¡¸Ê¦¤¥´¨¨ ¶·µ-
¡²¥³Ò ª´Ê²Ó-§ ·Ö¤ ª). ‚ 1940 £. Œ.�. µ¶Ê¡²¨±µ¢ ² § ³¥Î É¥²Ó´ÊÕ · ¡µÉÊ ª�
ªÎ¥ÉÒ·¥Ì³¥·´µ³ ¶·µÉÖ¦¥´´µ³ª Ô²¥±É·µ´¥ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° ±¢ ´Éµ¢µ° µ¡² ¸-
É¨ª (µ´ , ¥¸²¨ Ö ´¥ µÏ¨¡ Õ¸Ó, ¡Ò²  ¥£µ ¤µ±Éµ·¸±µ° ¤¨¸¸¥·É Í¨¥°), ±µÉµ· Ö
¢³¥¸É¥ ¸ ¥£µ ¡µ²¥¥ ¶µ§¤´¨³¨ · ¡µÉ ³¨ ¶µ É¥µ·¨¨ ¤¨´ ³¨Î¥¸±¨ ¤¥Ëµ·³¨·Ê¥-
³µ£µ Ëµ·³Ë ±Éµ·  ¶·¥¤¢µ¸Ì¨É¨²  ¢ ·Ö¤¥  ¸¶¥±Éµ¢ · ¡µÉÒ •.�± ¢Ò ¶µ É¥µ-
·¨¨ ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·Ò Î ¸É¨Í, · ¡µÉÒ ‰.� ³¡Ê ¶µ É¥µ·¨¨ ¸É·Ê´ ¨ ¤ ¦¥
¢ ´¥±µÉµ·ÒÌ µÉ´µÏ¥´¨ÖÌ ¸µ¢·¥³¥´´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶µ ¸Ê¶¥·¸É·Ê´ ³.

“¦¥ ¢ ÔÉµ° · ¡µÉ¥ Ö·±µ ¶·µÖ¢¨²µ¸Ó ¸¢µ°¸É¢¥´´µ¥ Œ.�. ¶·µ·µÎ¥¸±µ¥ ´ -
Î ²µ Å ¥£µ · ¡µÉÒ Î ¸Éµ ´ ¸Éµ²Ó±µ µ¶¥·¥¦ ²¨ ¸¢µ¥ ¢·¥³Ö, ÎÉµ ¢µ¸¶·¨´¨³ -
²¨¸Ó ¸µ¢·¥³¥´´¨± ³¨ ¸ ´¥¤µ¢¥·¨¥³, ¨ ¤µ²¦´µ ¡Ò²µ ¶·µ°É¨ ´¥³ ²µ ¢·¥³¥´¨,
ÎÉµ¡Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¨¤¥¨ § ¨£· ²¨ ¢ ¶µ²´ÊÕ ¸¨²Ê. ‚¸¶µ³¨´ Õ, ÎÉµ ±µ-
£¤  Œ.�. ¨¸¶µ²´¨²µ¸Ó 50 ²¥É, ³Ò ¢Ò¶Ê¸É¨²¨ Õ¡¨²¥°´ÊÕ ¸É¥´£ §¥ÉÊ, £¤¥ ¢
Î¨¸²¥ ¶·µÎ¨Ì ³ É¥·¨ ²µ¢ ¡Ò²  ± ·É¨´± , ¨§µ¡· ¦ ÕÐ Ö ¶·µ·µ±  Œµ¨¸¥Ö,
±µÉµ·Ò° ¢¥¤¥É ¨§¡· ´´Ò° ´ ·µ¤ ¢ §¥³²Õ µ¡¥Éµ¢ ´´ÊÕ. ˆ§ ± ·É¨´±¨ ¡Ò²µ
Ö¸´µ, ÎÉµ ¨§¡· ´´Ò° ´ ·µ¤ Å ÔÉµ Ë¨§¨±¨-É¥µ·¥É¨±¨, §¥³²Ö µ¡¥Éµ¢ ´´ Ö Å
„Ê¡´  (´  ± ·É¨´±¥ ±· ¸µ¢ ²¸Ö Ê¸±µ·¨É¥²Ó ´  10 ƒÔ‚),   ¶·µ·µ± Å ÔÉµ ¸ ³
Œ.�. •µÉÖ ÔÉµÉ ¸Õ¦¥É ¡Ò² ¶µ¤¸± § ´ ¶·µ¸Éµ ¸µ§¢ÊÎ¨¥³ ¨³¥´ Õ¡¨²Ö·  ¨ ¶·µ-
·µ± , Î¥·¥§ ´¥±µÉµ·µ¥ ¢·¥³Ö ¸É ²µ Ö¸´µ, ÎÉµ ¸ ³ ÔÉµÉ ¸Õ¦¥É ¶·¥¤¸É ¢²Ö¥É ¢
´¥±µÉµ·µ³ ·µ¤¥ ¶·µ·µÎ¥¸É¢µ: µ¤´  §  ¤·Ê£µ° ¸É ·Ò¥ ¨¤¥¨ Œ.�. ¶·¨µ¡·¥É ²¨
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 ±ÉÊ ²Ó´µ¸ÉÓ ¨ § ¢² ¤¥¢ ²¨ Ê³ ³¨ Ë¨§¨±µ¢. „µ¸É ÉµÎ´µ ´ §¢ ÉÓ É ±¨¥ ¥£µ
·¥§Ê²ÓÉ ÉÒ, ± ± · §· ¡µÉ±  É¥µ·¨¨ ¸µ¸É ¢´ÒÌ ËÊ´¤ ³¥´É ²Ó´ÒÌ Î ¸É¨Í, ¨¤¥¨
´¥°É·¨´´µ£µ Ô±¸¶¥·¨³¥´É , £¨¶µÉ¥§  µ ¤¢ÊÌ ¸µ·É Ì ´¥°É·¨´µ ¨, ´ ±µ´¥Í, ¶·µ-
·µÎ¥¸± Ö ¨¤¥Ö µ ·¥Ï ÕÐ¥° ·µ²¨ ÉÖ£µÉ¥´¨Ö ¢ Ë¨§¨±¥ ³¨±·µ³¨· , ± § ¢Ï Ö¸Ö
¢ Éµ ¢·¥³Ö ¡¥§Ê³´µ°,   ¸¥£µ¤´Ö ¸É ¢Ï Ö µ¡Ð¥¶·¨§´ ´´µ°.

‚µ§¢· Ð Ö¸Ó ± ´¥²µ± ²Ó´µ° É¥µ·¨¨ ¶µ²Ö, ´ ¤µ µÉ³¥É¨ÉÓ, ÎÉµ ¢ Î¨¸²¥ ¢Ò-
¢µ¤µ¢ Œ.�. ¡Ò²µ ÊÉ¢¥·¦¤¥´¨¥ µ ´¥¸µ¸ÉµÖÉ¥²Ó´µ¸É¨ ¶·µ¸É¥°Ï¥£µ ¢ ·¨ ´É 
´¥²µ± ²Ó´µ° É¥µ·¨¨ (É ± ´ §Ò¢ ¥³µ° É¥µ·¨¨ ¸ ª¦¥¸É±¨³ Ëµ·³Ë ±Éµ·µ³ª)
¢¸²¥¤¸É¢¨¥ ´ ·ÊÏ¥´¨Ö ´¥±µÉµ·ÒÌ µ¡Ö§ É¥²Ó´ÒÌ ³ É¥³ É¨Î¥¸±¨Ì ¸µµÉ´µÏ¥-
´¨°. Œ´¥ µÎ¥´Ó ´¥ ´· ¢¨²¸Ö ÔÉµÉ ¢Ò¢µ¤, ±µÉµ·Ò° ¡Ò² ´¥µ¡ÒÎ´Ò³ ¢ Éµ³
¸³Ò¸²¥, ÎÉµ ³ É¥³ É¨± , ± ± ¶· ¢¨²µ, ´¥ ¶·¥¶ÖÉ¸É¢Ê¥É µ¡µ¡Ð¥´¨Õ Ë¨§¨Î¥-
¸±µ° É¥µ·¨¨ (¨³¥´´µ ¶µÔÉµ³Ê ¨¸Éµ·¨Ö Ë¨§¨±¨ ´ ¸Î¨ÉÒ¢ ¥É É ±µ¥ ±µ²¨Î¥¸É¢µ
´¥¶· ¢¨²Ó´ÒÌ, ´µ ³ É¥³ É¨Î¥¸±¨ ´¥¶·µÉ¨¢µ·¥Î¨¢ÒÌ É¥µ·¥É¨Î¥¸±¨Ì ¸Ì¥³).
‘ÊÐ¥¸É¢µ¢ ²µ ¨ ³´µ¦¥¸É¢µ ¤·Ê£¨Ì ÊÉ¢¥·¦¤¥´¨° µ É·Ê¤´µ¸ÉÖÌ ´¥²µ± ²Ó´µ°
É¥µ·¨¨, µÉ´µ¸ÖÐ¨Ì¸Ö ± · §²¨Î´Ò³ ¸Éµ·µ´ ³ µ¶¨¸ ´¨Ö Î ¸É¨Í ¨ ¨Ì ¢§ ¨³µ-
¤¥°¸É¢¨°. ‚¸¥ ÔÉµ ¶µ¡Ê¤¨²µ ³¥´Ö ¢ ¸ ³µ³ ±µ´Í¥ 50-Ì £µ¤µ¢ ¡·µ¸¨ÉÓ ¢¸¥ ¤·Ê£¨¥
¤¥²  ¨ ¢¶²µÉ´ÊÕ § ¸¥¸ÉÓ §  ´¥²µ± ²Ó´ÊÕ É¥µ·¨Õ ¢ ´ ¤¥¦¤¥, ÎÉµ ¥¥ É·Ê¤´µ¸É¨
(¢ Éµ³ Î¨¸²¥ ¨ Ê± § ´´ Ö Œ.�.) ´¥ ¶·¨¸ÊÐ¨ ¥° µ·£ ´¨Î¥¸±¨,   ¢µ§´¨± ÕÉ
¢ ·¥§Ê²ÓÉ É¥ ´¥Ê¤ Î´µ£µ µ¡µ¡Ð¥´¨Ö µ¡ÒÎ´µ° É¥µ·¨¨. �µ¸²¥ ´¥¸±µ²Ó±¨Ì ²¥É
´ ¶·Ö¦¥´´µ£µ É·Ê¤  ³µ¦´µ ¡Ò²µ ¸± § ÉÓ, ÎÉµ ÔÉ¨ ´ ¤¥¦¤Ò µ¶· ¢¤ ²¨¸Ó. ‚
Î ¸É´µ¸É¨, É·Ê¤´µ¸ÉÓ, ´  ±µÉµ·ÊÕ Ê± § ² Œ.�., µ± § ² ¸Ó ¶·¨¸ÊÐ¥° ¢¥¸Ó³ 
Ê§±µ³Ê ±² ¸¸Ê É¥µ·¨°, µÉ¢¥Î ÕÐ¨Ì ¢¥¸Ó³  ¸¶¥Í¨ ²Ó´µ³Ê (¨ ¸µ¢¥·Ï¥´´µ ´¥-
µ¡Ö§ É¥²Ó´µ³Ê) ¸¶µ¸µ¡Ê µ¡µ¡Ð¥´¨Ö µ¡ÒÎ´µ° É¥µ·¨¨.

Ÿ § ¢¥² · §£µ¢µ· µ ´¥²µ± ²Ó´µ° É¥µ·¨¨ ¸ ¥¤¨´¸É¢¥´´µ° Í¥²ÓÕ Ä · ¸¸± -
§ ÉÓ µ ¢µ¸Ì¨Ð ÕÐ¥³ ³¥´Ö ¤µ ¸¨Ì ¶µ· µÉ´µÏ¥´¨¨ Œ.�. ± Î¥²µ¢¥±Ê, ±µÉµ·Ò°,
¶µ ¸ÊÐ¥¸É¢Ê, ¶·¥É¥´¤µ¢ ² ´  µ¶·µ¢¥·¦¥´¨¥ ¥£µ ¸µ¡¸É¢¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢. ŒÒ
¸ Œ.�. ³´µ£µ · § µ¡¸Ê¦¤ ²¨ ³µ¨ ÊÉ¢¥·¦¤¥´¨Ö, ´µ Ö ¥£µ ¤µ ±µ´Í  ¢ ¸¢µ¥°
¶· ¢µÉ¥ ´¥ Ê¡¥¤¨². �¥¸³µÉ·Ö ´  ÔÉµ, µ´ ¢¸ÖÎ¥¸±¨ ³¥´Ö ¶µ¤¤¥·¦¨¢ ², µ·£ ´¨-
§µ¢Ò¢ ² ¸¥³¨´ ·Ò ¢ „Ê¡´¥ ¸ ³µ¨³¨ ¤µ±² ¤ ³¨, ¶·¥¤²µ¦¨² ³¥´Ö ¢ ± Î¥¸É¢¥
¢¸ÉÊ¶¨É¥²Ó´µ£µ ¤µ±² ¤Î¨±  ´  ¶¥·¢µ° ³¥¦¤Ê´ ·µ¤´µ° ±µ´Ë¥·¥´Í¨¨ ¶µ ´¥²µ-
± ²Ó´µ° É¥µ·¨¨ ¨ É.¤. Œ.�. ¸ £µÉµ¢´µ¸ÉÓÕ ¸µ£² ¸¨²¸Ö ¡ÒÉÓ ³µ¨³ µ¶¶µ´¥´Éµ³
¶µ ¤µ±Éµ·¸±µ° ¤¨¸¸¥·É Í¨¨ (¥¥ É¥³µ° ¡Ò²  ± ± · § ´¥²µ± ²Ó´ Ö É¥µ·¨Ö) ¨
´ Ï¥² ¤²Ö ¸¢µ¥£µ µÉ§Ò¢  µÎ¥´Ó É¥¶²Ò¥ ¸²µ¢  ¢ ³µÕ ¶µ¤¤¥·¦±Ê, ¢Ò¸± § ¢ ´¥-
§ ¸²Ê¦¥´´µ ¢Ò¸µ±ÊÕ µÍ¥´±Ê ¥¥ ¸µ¤¥·¦ ´¨Ö. ‚³¥¸É¥ ¸ É¥³ ¢ ¸¢µ¥³ µÉ§Ò¢¥ µ´
´¥ ¶µ¸ÉÊ¶¨²¸Ö ¨ ¸µ¡¸É¢¥´´Ò³ ³´¥´¨¥³: ª‚ µÉ§Ò¢ Ì µ¶¶µ´¥´É  ¶·¨´ÖÉµ £µ¢µ-
·¨ÉÓ ¨ µ ´¥¤µ¸É É± Ì · ¡µÉÒ. ‚ ¸²ÊÎ ¥ É ±µ£µ ¢Ò¸µ±µ£µ ±² ¸¸  ¤¨¸¸¥·É Í¨¨
³µ¦´µ £µ¢µ·¨ÉÓ ²¨ÏÓ µ ÉµÎ± Ì §·¥´¨Ö µ¶¶µ´¥´É , µÉ²¨Î´ÒÌ µÉ ÉµÎ±¨ §·¥´¨Ö
 ¢Éµ· , ±µÉµ· Ö É ±¦¥ ¨³¥¥É ¶· ¢µ ´  ¸ÊÐ¥¸É¢µ¢ ´¨¥ª. ‚ µ¡Ð¥³, ¶µ¢¥¤¥-
´¨¥ Œ.�. ¢ µ¶¨¸ ´´µ° ¸¨ÉÊ Í¨¨ ± ¦¥É¸Ö ³´¥ ¡¥§Ê¶·¥Î´Ò³, ¨ ¶·¨Ï²µ¸Ó ¡Ò
§¤µ·µ¢µ ¶µÉ·Ê¤¨ÉÓ¸Ö ¢ ¶µ¨¸± Ì ²Õ¤¥°, ±Éµ ¶µ¸ÉÊ¶¨² ¡Ò É ±¨³ ¦¥ µ¡· §µ³.

‚ ¶·µÍ¥¸¸¥ · ¡µÉÒ ´ ¤ ´¥²µ± ²Ó´µ° É¥µ·¨¥° (¨ ¶µ§¤´¥¥, ±µ£¤  Œ.�.
¶µ¢¥·´Ê²¸Ö ²¨Íµ³ ± É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö ¨ ±µ¸³µ²µ£¨¨,   Ö ¢³¥¸É¥ ¸µ ¸¢µ¨³
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Éµ£¤ Ï´¨³ ³µ²µ¤Ò³ ¸µÉ·Ê¤´¨±µ³ �´¤·¥¥³ ‹¨´¤¥ · §· ¡ ÉÒ¢ ² ± ·É¨´Ê Ë -
§µ¢ÒÌ ¶¥·¥Ìµ¤µ¢ ¢µ ‚¸¥²¥´´µ°) Ê ´ ¸ ¸ Œ.�. ¡Ò²µ ³´µ¦¥¸É¢µ Î¨¸Éµ ¶·µ-
Ë¥¸¸¨µ´ ²Ó´ÒÌ ±µ´É ±Éµ¢. Ÿ ¸ ¡² £µ¤ ·´µ¸ÉÓÕ ¢¸¶µ³¨´ Õ, ¢ Î ¸É´µ¸É¨, ´¥-
µÍ¥´¨³ÊÕ ¶µ³µÐÓ ¸ ¥£µ ¸Éµ·µ´Ò, ±µ£¤  Ö ³ÊÎ¨É¥²Ó´µ · §¡¨· ²¸Ö ¢ ¶µ£· -
´¨Î´ÒÌ ¸ Ë¨²µ¸µË¨¥° ¢µ¶·µ¸ Ì ´¥²µ± ²Ó´µ° É¥µ·¨¨,   ¨³¥´´µ ¢ ¶·µ¡²¥³¥
¶·¨Î¨´´µ¸É¨ ( ´ ·ÊÏ¥´¨¥ Ê¸²µ¢¨Ö ¶·¨Î¨´´µ¸É¨, ÉµÎ´¥¥ ª³¨±·µ¶·¨Î¨´´µ¸É¨ª,
± ± · § ¨ ¸²Ê¦¨É £² ¢´Ò³ ¶·¨§´ ±µ³ ´¥²µ± ²Ó´µ° É¥µ·¨¨). ˆ³¥´´µ Œµ¨¸¥°
�²¥±¸ ´¤·µ¢¨Î ¸ ¥£µ Ë¨²µ¸µË¸±¨³ ¸±² ¤µ³ Ê³  ¨ µ¶ÒÉµ³ ¢ ÔÉµ° µ¡² ¸É¨
(µ Î¥³ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É Ê¦¥ Ê¶µ³Ö´ÊÉ Ö ¢ÒÏ¥ ¸É ÉÓÖ 1947 £µ¤ ) ¶µ³µ£ ³´¥
Î¥É±µ ¸Ëµ·³Ê²¨·µ¢ ÉÓ ·Ö¤ ¶·µÖ¸´ÖÕÐ¨Ì ¶·µ¡²¥³Ê ¶·¨Î¨´´µ¸É¨ ÊÉ¢¥·¦¤¥-
´¨°, ¢ Î ¸É´µ¸É¨, µ ¶·¨´Í¨¶¨ ²Ó´µ° ¢µ§³µ¦´µ¸É¨ ´ ·ÊÏ¥´¨Ö Ê¸²µ¢¨Ö ª¡Ê¤Ê-
Ð¥¥ ´¥ ¢²¨Ö¥É ´  ¶·µÏ²µ¥ª, µ ²µ£¨Î¥¸±µ° ´¥¤µ¶Ê¸É¨³µ¸É¨ § ³±´ÊÉµ£µ Í¨±² 
¶·¨Î¨´´µ-¸²¥¤¸É¢¥´´µ° ¸¢Ö§¨ (ª´¥²Ó§Ö Ê¡¨ÉÓ ¸µ¡¸É¢¥´´ÊÕ ¡ ¡ÊÏ±Ê ¤µ Éµ£µ,
± ± µ´  µ¸É ¢¨²  ¶µÉµ³¸É¢µª) ¨ É.¶. ‹¨ÏÓ ³´µ£µ ¶µ§¦¥ ³´¥ Ê¤ ²µ¸Ó ¤µ¸É ÉÓ
±´¨£Ê �¥°Ì¥´¡ Ì  (¸ £·¨Ëµ³ ª¤²Ö ´ ÊÎ´ÒÌ ¡¨¡²¨µÉ¥±ª), £¤¥ ³´µ£¨¥ ¨§ ¢µ¶·µ-
¸µ¢, ¶·¨Î¨´¨¢Ï¨Ì ³´¥ É ±¨¥ ³ÊÎ¥´¨Ö, ¡Ò²¨ Ê¦¥ · ¸¸³µÉ·¥´Ò Ë¨²µ¸µËµ³-
¶·µË¥¸¸¨µ´ ²µ³. Š¸É É¨, ¨³¥´´µ ¢ ¶·µÍ¥¸¸¥ ÔÉµ° · ¡µÉÒ Ö ¶·µÎÊ¢¸É¢µ¢ ²
´¥µ¡Ìµ¤¨³µ¸ÉÓ Ë¨²µ¸µË¨¨ (´ ¸ÉµÖÐ¥°, ±µ´¥Î´µ,   ´¥ Éµ° É·¥¶µÉ´¨, ±µÉµ·µ°
´ ¸ ±µ·³¨²¨ ¢ Ê´¨¢¥·¸¨É¥É¥) ¤²Ö ¤¥°¸É¢ÊÕÐ¥£µ Ë¨§¨± -É¥µ·¥É¨± . �¤·¥¸ÊÕ
ÔÉ¨ ¸²µ¢  ³µ²µ¤¥¦¨, ±µÉµ· Ö Î ¸É¥´Ó±µ ²¨Ìµ µÉ¢¥·£ ¥É ÔÉÊ ´¥µ¡Ìµ¤¨³µ¸ÉÓ,
¶ ³ÖÉÊÖ µ ´ ¸¨²Ó¸É¢¥´´µ³ ¢´¥¤·¥´¨¨ ¤¨ ³ É  ¢ ¸µ¢¥É¸±µ¥ ¢·¥³Ö.

�  ÔÉµ³ ³´¥ ÌµÉ¥²µ¸Ó ¡Ò § ±µ´Î¨ÉÓ ¢µ¸¶µ³¨´ ´¨Ö µ Œµ¨¸¥¥ �²¥±¸ ´¤·µ-
¢¨Î¥ Œ ·±µ¢¥. �´¨ µÌ¢ ÉÒ¢ ÕÉ ¤¢ ¤Í É¨²¥É¨¥ ¸ ¸¥·¥¤¨´Ò 40-Ì ¤µ ¸¥·¥¤¨´Ò
60-Ì £µ¤µ¢ Å ¢¥¸Ó³  ¡Ê·´µ¥ ¨ ¢ µ¡Ð¥¸É¢¥´´µ-¶µ²¨É¨Î¥¸±µ³, ¨ ¢ Î¨¸Éµ ´ -
ÊÎ´µ³ µÉ´µÏ¥´¨¨. Šµ´¥Î´µ, ³´¥ ¥¸ÉÓ ÎÉµ ¢¸¶µ³´¨ÉÓ ¨ µ ¸¢Ö§ ´´ÒÌ ¸ Œ.�.
¸µ¡ÒÉ¨ÖÌ, ±µÉµ·Ò¥ µÉ´µ¸ÖÉ¸Ö ± ¡µ²¥¥ ¶µ§¤´¥³Ê ¢·¥³¥´¨, É¥³ ¡µ²¥¥, ÎÉµ ´ Ï¨
±µ´É ±ÉÒ ¶·µ¤µ²¦ ²¨¸Ó ¤µ ¶µ¸²¥¤´¨Ì ¤´¥° ¥£µ ¦¨§´¨ ( ¶µ¸²¥¤´ÕÕ ·Ê±µ¶¨¸Ó
Œ.�. ¶µ¸² ² ³´¥ ¡Ê±¢ ²Ó´µ §  ´¥¤¥²Õ ¤µ ¸¢µ¥° ±µ´Î¨´Ò). �¤´ ±µ, Ö ¤Ê³ Õ,
ÎÉµ ²ÊÎÏ¥ ³¥´Ö ÔÉµ ¸¤¥² ÕÉ ¤·Ê£¨¥ ²Õ¤¨.
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(¢Ò¸ÉÊ¶²¥´¨¥ ´  ¸µ¡· ´¨¨, ¶µ¸¢ÖÐ¥´´µ³

Õ¡¨²¥Õ ”ˆ��, 26 ¤¥± ¡·Ö 1994 £.)*

�.Œ.� ²¤¨´

�¡Ñ¥¤¨´¥´´Ò° ̈ ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ̈ ¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

”¨§¨Î¥¸±¨° ¨´¸É¨ÉÊÉ ¨³. �.�.‹¥¡¥¤¥¢  �± ¤¥³¨¨ ´ Ê±, ¨³¥ÕÐ¨° £²Ê¡µ±¨¥ ±µ·´¨
¢ ́  ÊÎ´µ-É¥Ì´¨Î¥¸±µ³ ́  ¸²¥¤¨¨ �µ¸¸¨¨, ̧ ¢µ° ̧ µ¢·¥³¥´´Ò° µ¡²¨± ¶·¨µ¡·¥² ¢ 30Å50-¥
£µ¤Ò. �Éµ ¡Ò²¨ £µ¤Ò ¸É ´µ¢²¥´¨Ö ¨ ¡Ê·´µ£µ · §¢¨É¨Ö Ö¤¥·´µ° Ë¨§¨±¨ ¢ Ï¨·µ±µ³
¸³Ò¸²¥ ̈  µ¸µ¡¥´´µ Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°. ‚ ¢Ò¸ÉÊ¶²¥´¨¨ µÉ³¥Î¥´ ¢±² ¤ ̂ ´¸É¨ÉÊÉ 
¢ ÔÉÊ µ¡² ¸ÉÓ ´ Ê±¨, ¶µ²ÊÎ¨¢Ï¨° Ï¨·µ±µ¥ ³¥¦¤Ê´ ·µ¤´µ¥ ¶·¨§´ ´¨¥.

The Lebedev Physical Institute of the Academy of Sciences, whose deep roots lie in the
scientific-technical heritage of Russia, assumed its present look in the thirties-fifties. These
were the years of formation and rapid development of nuclear physics in a wide sense and
especially of high energy physics. The contribution of the Institute to this field of science,
that won a wide international recognition, is emphasized in the talk.

”¨§¨±  ¢Ò¸µ±¨Ì Ô´¥·£¨° ¨ Ö¤¥·´ Ö Ë¨§¨±  ¢ Ï¨·µ±µ³ ¸³Ò¸²¥ ÔÉµ£µ
¶µ´ÖÉ¨Ö ¡Ò²¨ ´¥µ¡ÒÎ °´µ ¶²µ¤µÉ¢µ·´µ° µ¡² ¸ÉÓÕ ¤¥ÖÉ¥²Ó´µ¸É¨ ”ˆ��,
¸Ò£· ¢Ï¥° ¡µ²ÓÏÊÕ ·µ²Ó ¢ ³¨·µ¢µ° ´ Ê±¥.

‚ 1938 £µ¤Ê ‘.ˆ.‚ ¢¨²µ¢ ¶·¨£² ¸¨² ´  ¶µ¸ÉµÖ´´ÊÕ · ¡µÉÊ ¢ ”ˆ��
„.‚.‘±µ¡¥²ÓÍÒ´ , ¶·¨§´ ´´µ£µ µ¸´µ¢µ¶µ²µ¦´¨±  Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·-
£¨°** ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ µ¡µ¸´µ¢ ´¨Ö ±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¨***.
‚ ±² ¸¸¨Î¥¸±µ° ³µ´µ£· Ë¨¨ �.�¥§¥·Ëµ·¤ , „¦.— ¤¢¨±  ¨ Š.„.�²²¨¸ 
(®Radiation from Radioactive Substances¯, Cambridge, 1930) ¸µ¤¥·¦ É¸Ö,
¶µ¦ ²Ê°, ¸ ³Ò¥  ¢Éµ·¨É¥É´Ò¥ µÍ¥´±¨ · ¡µÉ „.‚.‘±µ¡¥²ÓÍÒ´ : 

*‘µµ¡Ð¥´¨¥ �ˆŸˆ �1-95-199, „Ê¡´ , 1995.
     **‘³., ́  ¶·¨³¥·, µÉÎ¥É µ ¸¨³¶µ§¨Ê³¥ ¶µ ¨¸Éµ·¨¨ Ë¨§¨±¨ ¢ ®Physics Today¯ ( ¶·¥²Ó 1982 £.).
     ***‘³. ±´¨£Ê ®The Concept of the Positron¯ by N.R.Hanson (Cambridge Univ. Press, 1963).

®”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��¯
1998, ’.29, ‚›�.3



1) ‘±µ¡¥²ÓÍÒ´ ¸µ§¤ ² µ·¨£¨´ ²Ó´Ò° ¨ ³µÐ´Ò° ³¥Éµ¤ ¨§ÊÎ¥´¨Ö ¢§ ¨³µ-
¤¥°¸É¢¨Ö £ ³³ -±¢ ´Éµ¢ ¸ ¢¥Ð¥¸É¢µ³ Å ± ³¥·Ê ‚¨²Ó¸µ´  ¢ ³ £´¨É´µ³ ¶µ²¥.

2) �·Ö³ Ö ¨ ¤µ¸Éµ¢¥·´ Ö ¶·µ¢¥·±  ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¨³¶Ê²Ó¸  Ê ËµÉµ´ 
¡Ò²  ¶·µ¢¥¤¥´  ‘±µ¡¥²ÓÍÒ´Ò³.

3) �¥·¢Ò° ¸É·µ£¨° ·¥§Ê²ÓÉ É ±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¨ Ìµ·µÏµ ¸µ-
£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ‘±µ¡¥²ÓÍÒ´ , ¶µ²ÊÎ¥´´Ò³¨
· ´¥¥.

�µ¡¥²¥¢¸± Ö ¶·¥³¨Ö 1927 £µ¤  ¡Ò²  ¶·¨¸Ê¦¤¥´  �.Šµ³¶Éµ´Ê ®§  ÔË-
Ë¥±É, ´ §¢ ´´Ò° ¥£µ ¨³¥´¥³¯, ¨ —.‚¨²Ó¸µ´Ê ®§  ¥£µ ³¥Éµ¤, ¤¥² ÕÐ¨°
¢¨¤¨³Ò³¨ ¶ÊÉ¨ Ô²¥±É·¨Î¥¸±¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶µ¸·¥¤¸É¢µ³ ±µ´¤¥´¸ Í¨¨
¶ · ¯. �¤´ ±µ ¶¥·¢Ò¥ ´ ¡²Õ¤¥´¨Ö Ô²¥±É·µ´µ¢ µÉ¤ Î¨, ¶µ²µ¦¨¢Ï¨¥ ´ Î ²µ
´µ¢µ° µ¡² ¸É¨ Ë¨§¨±¨ Å Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¥ ¢§ ¨³µ¤¥°¸É¢¨° Ô²¥-
³¥´É ·´ÒÌ Î ¸É¨Í, ¡¥§Ê¸²µ¢´µ, ¶·¨´ ¤²¥¦ É „.‚.‘±µ¡¥²ÓÍÒ´Ê. �¡ ÔÉµ³
¸¢¨¤¥É¥²Ó¸É¢Ê¥É ¨ ¶¥·¥¶¨¸±  „.‚.‘±µ¡¥²ÓÍÒ´  ¸ “.�¨Ï¨´µ°, µ¤´¨³ ¨§  ¢-
Éµ·µ¢ ¶¥·¢µ° ±µ²¨Î¥¸É¢¥´´µ° § ±µ´µ³¥·´µ¸É¨ Ô²¥±É·µ¤¨´ ³¨±¨ Œ ±¸¢¥²² 
Å „¨· ± . �¥·¢Ò¥ ´ ¡²Õ¤¥´¨Ö ¶ · Ô²¥±É·µ´ Å ¶µ§¨É·µ´ É ±¦¥ ¶·¨´ ¤²¥-
¦ É „.‚.‘±µ¡¥²ÓÍÒ´Ê. �É¨ ´ ¡²Õ¤¥´¨Ö ¶µ§¢µ²¨²¨ ¢¶¥·¢Ò¥ µ¶·¥¤¥²¨ÉÓ ³ ¸-
¸Ê ¶µ§¨É·µ´ . ‘²¥¤Ê¥É É ±¦¥ µÉ³¥É¨ÉÓ, ÎÉµ ¨³¥´´µ „.‚.‘±µ¡¥²ÓÍÒ´ ¶·¥¢-
· É¨² ± ³¥·Ê ‚¨²Ó¸µ´  ¨§ ¤¥³µ´¸É· Í¨µ´´µ£µ ¶·¨¡µ·  ¢ ¶·¨¡µ· ¤²Ö
±µ²¨Î¥¸É¢¥´´ÒÌ ¨§³¥·¥´¨°.

�¤´ ±µ ¸ ³Ò³ ¢Ò¤ ÕÐ¨³¸Ö µÉ±·ÒÉ¨¥³ „.‚.‘±µ¡¥²ÓÍÒ´  ¡Ò²µ ¶¥·¢µ¥
´ ¡²Õ¤¥´¨¥ Î ¸É¨Í ¸ Ô´¥·£¨¥°, ´ ³´µ£µ ¡µ²ÓÏ¥° Ô´¥·£¨¨ Î ¸É¨Í ¨§
· ¤¨µ ±É¨¢´ÒÌ ¨¸ÉµÎ´¨±µ¢. �´ ¶·¨¶¨¸ ² ÔÉ¨ Î ¸É¨ÍÒ ±µ¸³¨Î¥¸±µ³Ê ¨§²Ê-
Î¥´¨Õ ¨ ±µ²¨Î¥¸É¢¥´´µ µ¡ÑÖ¸´¨² £¥µË¨§¨Î¥¸±µ¥ Ö¢²¥´¨¥ Å · ¸¶·¥¤¥²¥´¨¥
¢  É³µ¸Ë¥·¥ ¨µ´¨§ Í¨¨, ´ ¡²Õ¤ ¢Ï¥°¸Ö ‚.ƒ¥¸¸µ³. �¥ ¸²ÊÎ °´µ µÉ±·ÒÉ¨¥
„.‚.‘±µ¡¥²ÓÍÒ´Ò³ ¶·¨·µ¤Ò ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¸Î¨É ¥É¸Ö ´ Î ²µ³ Ë¨§¨±¨
¢Ò¸µ±¨Ì Ô´¥·£¨°. Œ´µ£¨¥ ËÊ´¤ ³¥´É ²Ó´Ò¥ µÉ±·ÒÉ¨Ö ¡Ò²¨ ¸¤¥² ´Ò ¶·¨
¨§ÊÎ¥´¨¨ ¢§ ¨³µ¤¥°¸É¢¨Ö Î ¸É¨Í ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¸ ¢¥Ð¥¸É¢µ³.

„.‚.‘±µ¡¥²ÓÍÒ´ µ¡´ ·Ê¦¨² É ±¦¥, ÎÉµ Î ¸É¨ÍÒ ±µ¸³¨Î¥¸±µ£µ ¨§²Ê-
Î¥´¨Ö ¶µÖ¢²ÖÕÉ¸Ö £¥´¥É¨Î¥¸±¨ ¸¢Ö§ ´´Ò³¨ £·Ê¶¶ ³¨. �Éµ ¡Ò²¨ ¶¥·¢Ò¥ ´ -
¡²Õ¤¥´¨Ö ³´µ¦¥¸É¢¥´´ÒÌ ¶·µÍ¥¸¸µ¢, ¸µ¸É ¢²ÖÕÐ¨Ì µ¤´µ ¨§ µ¸´µ¢´ÒÌ
Ö¢²¥´¨° Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°.

�µ¡¥²¥¢¸± Ö ¶·¥³¨Ö 1936 £µ¤  ¡Ò²  ¶µ¤¥²¥´  ³¥¦¤Ê ‚.ƒ¥¸¸µ³ ®§ 
µÉ±·ÒÉ¨¥ ±µ¸³¨Î¥¸±µ° · ¤¨ Í¨¨¯ ¨ Š.�´¤¥·¸o´µ³ ®§  µÉ±·ÒÉ¨¥ ¶µ§¨É·µ-
´ ¯. ‚±² ¤ „.‚.‘±µ¡¥²ÓÍÒ´  ¢ µ¡  ÔÉ¨ µÉ±·ÒÉ¨Ö ¢¥¸Ó³  §´ Î¨É¥²¥´.
„.‚.‘±µ¡¥²ÓÍÒ´ ± ± ·Ê±µ¢µ¤¨É¥²Ó Ö¤¥·´µ-Ë¨§¨Î¥¸±µ£µ ´ ¶· ¢²¥´¨Ö ¨ ± ±
¤¨·¥±Éµ· ”ˆ�� Ê¤¥²Ö² ¡µ²ÓÏµ¥ ¢´¨³ ´¨¥ ¸µ§¤ ´¨Õ Ê¸±µ·¨É¥²¥°.
�É±·ÒÉ¨¥ ¢ 1944 £µ¤Ê ÊÎ¥´¨±µ³ „.‚.‘±µ¡¥²ÓÍÒ´  ‚² ¤¨³¨·µ³
ˆµ¸¨Ëµ¢¨Î¥³ ‚¥±¸²¥·µ³ ¶·¨´Í¨¶   ¢ÉµË §¨·µ¢±¨, ²¥¦ Ð¥£µ ¢ µ¸´µ¢¥ ¢¸¥Ì
·¥²ÖÉ¨¢¨¸É¸±¨Ì Ê¸±µ·¨É¥²¥°, µ¡Ê¸²µ¢¨²µ ·¥¢µ²ÕÍ¨Õ ¢ Ë¨§¨±¥, ¸· ¢´¨³ÊÕ
¶µ ¸¢µ¨³ ³ ¸ÏÉ ¡ ³ ¸ ¸µ§¤ ´¨¥³ É¥µ·¨¨ Ô²¥±É·µ³ £´¥É¨§³ , ±¢ ´Éµ¢µ° ³¥-
Ì ´¨±¨ ¨²¨ É¥µ·¨¨ ¸É·Ê±ÉÊ·Ò  Éµ³ . ˆ³¥¥É¸Ö ¢ ¢¨¤Ê µÉ±·ÒÉ¨¥ ¨ · §· ¡µÉ± 

764  ��‹„ˆ� �.Œ.



¶·¨´Í¨¶µ¢ ¸¨³³¥É·¨¨, ±µÉµ·Ò¥ ¶µ§¢µ²¨²¨ µ¡Ñ¥¤¨´¨ÉÓ Ô²¥±É·µ³ £´¨É´Ò¥ ¨
¸² ¡Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö, ¸Ëµ·³Ê²¨·µ¢ ÉÓ É¥µ·¨Õ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°,
µ¡ÑÖ¸´¨ÉÓ ¸É·Ê±ÉÊ·Ê É ±¨Ì ËÊ´¤ ³¥´É ²Ó´ÒÌ Î ¸É¨Í, ± ± ¶·µÉµ´, ¨§³¥´¨ÉÓ
µ¸´µ¢´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö µ¡  Éµ³´µ³ Ö¤·¥.

�µ· §¨É¥²Ó´Ò° Ë ±É: Ê¦¥ ¢ 1947 £µ¤Ê ¢ ”ˆ�� ¡Ò² § ¶ÊÐ¥´ ¶¥·¢Ò°
Ê¸±µ·¨É¥²Ó Å Ô²¥±É·µ´´Ò° ¸¨´Ì·µÉ·µ´ ´  Ô´¥·£¨Õ 30 ŒÔ‚,   ¢ 1949 £µ¤Ê
Ê¤ ²µ¸Ó § ¶Ê¸É¨ÉÓ Ô²¥±É·µ´´Ò° ¸¨´Ì·µÉ·µ´ ´  Ô´¥·£¨Õ 250 ŒÔ‚, ´  ±µÉµ-
·µ³ ¡Ò²µ µÉ±·ÒÉµ ËµÉµ·µ¦¤¥´¨¥ ³¥§µ´µ¢ ¨ ¶µ²µ¦¥´µ ´ Î ²µ Ë¨§¨±¥ Ô²¥±-
É·µ³ £´¨É´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°  ¤·µ´µ¢. �Éµ ÎÊ¤µ ¢ ÉÖ¦¥²Ò¥ ¶µ¸²¥¢µ¥´´Ò¥
£µ¤Ò µ± § ²µ¸Ó ¢µ§³µ¦´Ò³ ¡² £µ¤ ·Ö £²Ê¡µ±µ³Ê ¸É· É¥£¨Î¥¸±µ³Ê ³ÒÏ-
²¥´¨Õ ¨ µ£·µ³´µ³Ê  ¢Éµ·¨É¥ÉÊ ¶·¥§¨¤¥´É  �± ¤¥³¨¨ ´ Ê± ‘.ˆ.‚ ¢¨²µ¢ ,
µ± § ¢Ï¥£µ ´¥µÍ¥´¨³ÊÕ ¶µ¤¤¥·¦±Ê ¸µ§¤ ´¨Õ Ê¸±µ·¨É¥²¥° ¤²Ö Ë¨§¨±¨ ¢Ò-
¸µ±¨Ì Ô´¥·£¨°. �µ´¨³ ´¨¥ Í¥´É· ²Ó´µ° ·µ²¨ ÔÉµ£µ ´ ¶· ¢²¥´¨Ö ¢ ËÊ´¤ -
³¥´É ²Ó´µ° ´ Ê±¥ ¶· ¢¨É¥²Ó¸É¢ ³¨ ³´µ£¨Ì ¸É· ´ ¶·¨Ï²µ ³´µ£µ ¶µ§¦¥
±µ´Î¨´Ò ‘¥·£¥Ö ˆ¢ ´µ¢¨Î .

�µ¤ ·Ê±µ¢µ¤¸É¢µ³ ‚.ˆ.‚¥±¸²¥·  ¡Ò²µ ¸µµ·Ê¦¥´µ Î¥ÉÒ·¥ ¤¥°¸É¢ÊÕÐ¨Ì
¤µ ¸¨Ì ¶µ· Ê¸±µ·¨É¥²Ö. ‘µ§¤ ´¨¥ Ê¸±µ·¨É¥²Ó´ÒÌ Í¥´É·µ¢ ¶·¥¤¸É ¢²Ö²µ¸Ó
Ë¨§¨± ³ ¶·¥¤Ò¤ÊÐ¨Ì ¶µ±µ²¥´¨° Î¥³-Éµ ¡¥§Ê³´µ ¸³¥²Ò³, ´¥¢¥·µÖÉ´Ò³, ´¥
¸ÉµÖÐ¨³ É ±¨Ì µ£·µ³´ÒÌ § É· É. Œµ¦´µ ¶·¨¢¥¸É¨ ¢Ò¸± §Ò¢ ´¨Ö �µ· , ƒ¥°-
§¥´¡¥·£ , Š ¶¨ÍÒ. �¥µ¡Ìµ¤¨³µ ¢¸¶µ³´¨ÉÓ, ¢ ± ±¨Ì Ê¸²µ¢¨ÖÌ ‚ ¢¨²µ¢Ò³,
‘±µ¡¥²ÓÍÒ´Ò³ ¨ ‚¥±¸²¥·µ³ ¶·¨´¨³ ²¨¸Ó ¸Éµ²Ó µÉ¢¥É¸É¢¥´´Ò¥ ·¥Ï¥´¨Ö ¨
Î¥³ µ´¨ ³µ£²¨ µ¡¥·´ÊÉÓ¸Ö ¢ ¸µ·µ±µ¢ÒÌ ¨ ´ Î ²¥ ¶ÖÉ¨¤¥¸ÖÉÒÌ £µ¤µ¢.

‚.ˆ.‚¥±¸²¥· ¡Ò², ±µ´¥Î´µ, É¢µ·Î¥¸±µ° ²¨Î´µ¸ÉÓÕ, ²¨¤¥·µ³ ³¨·µ¢µ°
´ Ê±¨ ¢ Ê¸±µ·¨É¥²Ó´µ° Ë¨§¨±¥, ¢Ò¤ ÕÐ¨³¸Ö ¨´¦¥´¥·µ³-¨§µ¡·¥É É¥²¥³. �µ
µ´ É ±¦¥ µ¡² ¤ ² Î·¥§¢ÒÎ °´µ ·¥¤±¨³¨ ¢ Éµ ¢·¥³Ö ± Î¥¸É¢ ³¨: µ´ Ê³¥²
¢§ ¨³µ¤¥°¸É¢µ¢ ÉÓ ¸ µÎ¥´Ó ¡µ²ÓÏ¨³ ±µ²¨Î¥¸É¢µ³ ±·Ê¶´¥°Ï¨Ì ¸¶¥Í¨ -
²¨¸Éµ¢ Å ¡Ò² ±µ²²¥±É¨¢¨¸Éµ³.

®‚ ÔÉµÉ ¶¥·¨µ¤ ³´¥ ¶µ¸Î ¸É²¨¢¨²µ¸Ó ¢µ¸¶µ²Ó§µ¢ ÉÓ¸Ö µ¶ÒÉµ³ ¨ ¶µ¤-
¤¥·¦±µ° ³´µ£¨Ì ¢Ò¤ ÕÐ¨Ì¸Ö ¨´¦¥´¥·µ¢ ´ Ï¥° ¸É· ´Ò, ±µÉµ·Ò¥ ¢´¥¸²¨
¡µ²ÓÏµ° ¢±² ¤ ¢ ¤¥²µ ¸µ§¤ ´¨Ö Ê¸±µ·¨É¥²¥° ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¡ §Ò
Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°. ‡¤¥¸Ó Ö ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó ¤µ²¦¥´ ´ §¢ ÉÓ ÊÎ¥-
´ÒÌ ¨ ¨´¦¥´¥·µ¢ ‹¥´¨´£· ¤¸±µ£µ ¨´¸É¨ÉÊÉ  Ô²¥±É·µË¨§¨Î¥¸±µ°  ¶¶ -
· ÉÊ·Ò ¨³. …Ë·¥³µ¢  ¨ Œµ¸±µ¢¸±µ£µ · ¤¨µÉ¥Ì´¨Î¥¸±µ£µ ¨´¸É¨ÉÊÉ ¯.

(ˆ§ ·¥Î¨ ‚.ˆ.‚¥±¸²¥·  ¶·¨ ¶µ²ÊÎ¥´¨¨ ¶·¥³¨¨ 
®�Éµ³ ¤²Ö ³¨· ¯ ¢ ‘˜� ¢ 1963 £µ¤Ê.)

�¥§ µ·£ ´¨§ Í¨¨ ±µ²²¥±É¨¢µ¢ · §²¨Î´ÒÌ ¸¶¥Í¨ ²¨¸Éµ¢ ¸ µ¡Ð¨³
Î¨¸²µ³, ¶·¥¢ÒÏ ÕÐ¨³ ¢¥¸Ó ”ˆ�� ¸¥·¥¤¨´Ò ¸µ·µ±µ¢ÒÌ £µ¤µ¢, ¸µ§¤ ´¨¥
Ê¸±µ·¨É¥²Ó´ÒÌ Í¥´É·µ¢ ¡Ò²µ ´¥¢µ§³µ¦´µ. …Ð¥ ¡µ²¥¥ É·Ê¤´ Ö ¶·µ¡²¥³  Å
¢Ò¡· ÉÓ Ö¸´ÊÕ Í¥²Ó ¤¥ÖÉ¥²Ó´µ¸É¨ É ±µ£µ ±µ²²¥±É¨¢ , · §· ¡µÉ ÉÓ ¶·µ£· ³-
³Ê Ô±¸¶¥·¨³¥´Éµ¢. ˆ §¤¥¸Ó µ¶·¥¤¥²ÖÕÐÊÕ ·µ²Ó ¸Ò£· ² Œµ¨¸¥° �²¥±¸ ´¤-
·µ¢¨Î Œ ·±µ¢. �´, ¢¨¤¨³µ, ¡Ò² ¶¥·¢Ò³ É¥µ·¥É¨±µ³, · §· ¡ ÉÒ¢ ¢Ï¨³
¶·µ£· ³³Ò Ô±¸¶¥·¨³¥´Éµ¢ ¤²Ö ·¥Ï¥´¨Ö ¶·¨´Í¨¶¨ ²Ó´ÒÌ ¶·µ¡²¥³ Ë¨§¨±¨
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Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ´  Ê¸±µ·¨É¥²ÖÌ, ¨ ¶¥·¢Ò³ ²¨¤¥·µ³, ¸µ§¤ ¢Ï¨³ Ï±µ²Ê
Ë¨§¨±µ¢-É¥µ·¥É¨±µ¢, ¶µ´¨³ ¢Ï¨Ì ¢µ§³µ¦´µ¸É¨ Ô±¸¶¥·¨³¥´É . (‡´ ³¥´¨ÉÒ°
Ë¨ ´µ¢¸±¨° É¥§¨¸: ®�µ¸É ´µ¢±  § ¤ Î¨ ¸µ¸É ¢²Ö¥É ¡µ²¥¥ ¶µ²µ¢¨´Ò ·¥§Ê²Ó-
É É ¯.)

�µ¡¥²¥¢¸± Ö ¶·¥³¨Ö ®§  µÉ±·ÒÉ¨¥ ¨ ¨´É¥·¶·¥É Í¨Õ ÔËË¥±É  —¥·¥´±µ-
¢ ¯ Ö¢²Ö¥É¸Ö § ±µ´´µ° £µ·¤µ¸ÉÓÕ ”ˆ��, ¨ µ¡ ÔÉµ³ Ê¦¥ ¡Ò²µ ¸± § ´µ ´ 
ÔÉµ³ § ¸¥¤ ´¨¨. �¤´ ±µ ́ ¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ ¥Ð¥ ¢±² ¤ � ¢²  �²¥±¸¥¥¢¨Î 
—¥·¥´±µ¢  ¢ Ë¨§¨±Ê ¢Ò¸µ±¨Ì Ô´¥·£¨°. Ÿ ¨³¥Õ ¢ ¢¨¤Ê ´¥ ¸Éµ²Ó±µ ³´µ£µ²¥É-
´¥¥ ·Ê±µ¢µ¤¸É¢µ ¨³ ² ¡µ· Éµ·¨¥° ËµÉµ³¥§µ´´ÒÌ ¶·µÍ¥¸¸µ¢, ¨³¥ÕÐ¥°
¤µ¸É¨¦¥´¨Ö, µÉ³¥Î¥´´Ò¥ £µ¸Ê¤ ·¸É¢¥´´Ò³¨ ¶·¥³¨Ö³¨ ‘‘‘� ¨ ³¥¦¤Ê´ ·µ¤-
´Ò³ ¶·¨§´ ´¨¥³, ¸±µ²Ó±µ ¶·¨´ ¤²¥¦ ÐÊÕ �.�.—¥·¥´±µ¢Ê ¨¤¥Õ  ¨¸¶µ²Ó§µ-
¢ ´¨Ö ÔËË¥±É  ¤²Ö ·¥£¨¸É· Í¨¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í ¨, ¢ µ¸µ¡¥´´µ¸É¨,
¤²Ö ¨§³¥·¥´¨Ö ¨Ì ¸±µ·µ¸É¨ (1937 £.). ‚ É·Ê¤ Ì ³¥¦¤Ê´ ·µ¤´ÒÌ ±µ´Ë¥-
·¥´Í¨°, ¢ ²¨É¥· ÉÊ·¥ ¶µ ̧  ³Ò³  ±ÉÊ ²Ó´Ò³ ¶·µ¡²¥³ ³ ̧ µ¢·¥³¥´´µ° Ë¨§¨±¨
´¥É ¡µ²¥¥ Î ¸Éµ Ê¶µ³¨´ ¥³µ£µ ¨³¥´¨, Î¥³ ¨³Ö —¥·¥´±µ¢ . �¸µ¡¥´´µ, ¥¸²¨

ÊÎ¥¸ÉÓ ¸¨³¢µ² ®C
∨

¯ (² É¨´¸±µ¥ ‘ ̧  ¶¥·¥¢¥·´ÊÉµ° Ï²Ö¶±µ°), ±µÉµ·Ò° µ¡µ§´ -
Î ¥É · §´µ¢¨¤´µ¸É¨ Î¥·¥´±µ¢¸±¨Ì ¤¥É¥±Éµ·µ¢ ¨ ¸²Ê¦¨É ¢ ± Î¥¸É¢¥ ¢ ¦´µ£µ
²µ£¨Î¥¸±µ£µ Ô²¥³¥´É  ³ÒÏ²¥´¨Ö Ô±¸¶¥·¨³¥´É Éµ·µ¢ ¢ µ¡² ¸É¨ Ë¨§¨±¨ ¢Ò-
¸µ±¨Ì Ô´¥·£¨°...

�¥¸±µ²Ó±µ ¸²µ¢ µ ¤Ê¡´¥´¸±µ³ ¸¨´Ì·µË §µÉ·µ´¥ ´  10 ƒÔ‚, ±µÉµ·Ò°
µÎ¥´Ó ÉÖ¦¥²µ ¤ ²¸Ö ‚.ˆ.‚¥±¸²¥·Ê. ƒ¨£ ´É¸±¨° Ô²¥±É·µ³ £´¨É ÔÉµ£µ Ê¸-
±µ·¨É¥²Ö (36 ÉÒ¸ÖÎ Éµ´´) ¤µ ¸¨Ì ¶µ· Ö¢²Ö¥É¸Ö ±·Ê¶´¥°Ï¨³ ¢ ³¨·¥ ¨ ¢Ìµ¤¨É
¢ ±´¨£Ê ·¥±µ·¤µ¢ ƒ¨´´¥¸ . �·µ¥±É Ê¸±µ·¨É¥²Ö ¡Ò² · §· ¡µÉ ´ ¢ ”ˆ��.
�¸´µ¢Ò É¥µ·¨¨ ¸¨´Ì·µË §µÉ·µ´  ¸µ§¤ ´Ò Œ.‘.� ¡¨´µ¢¨Î¥³ ¨ ¥£µ ¸µÉ-
·Ê¤´¨± ³¨. �  É¨ÉÊ²Ó´µ³ ²¨¸É¥ ± ¦¤µ£µ Éµ³  É¥Ì´¨Î¥¸±µ£µ ¶·µ¥±É 
¸¨´Ì·µË §µÉ·µ´  ¨ ¥£µ Ë¨§¨Î¥¸±µ£µ µ¡µ¸´µ¢ ´¨Ö § £µÉµ¢²¥´  ¶µ¤¶¨¸Ó ®“É-
¢¥·¦¤ Õ. „¨·¥±Éµ· ”ˆ��,  ± ¤¥³¨± ‘.ˆ.‚ ¢¨²µ¢¯, ´µ ¶µ¤¶¨¸ ´µ ®‡ .
„.‘±µ¡¥²ÓÍÒ´. 5 Ö´¢ ·Ö 1951 £µ¤ ¯. „ É  ¶µÎÉ¨ cµ¢¶ ¤ ¥É ¸ ¤ Éµ° ¸³¥·É¨
‘.ˆ.‚ ¢¨²µ¢ . �Éµ ¡Ò² ¸ ³Ò° É·Ê¤´Ò° ¶¥·¨µ¤ ¢ ¨¸Éµ·¨¨ ”ˆ��, ±µ£¤  ¥£µ
¶ÒÉ ²¨¸Ó · ¸Î²¥´¨ÉÓ ¨ ±µ£¤  ·¥Ï¨É¥²Ó´Ò¥ ¨ Ô´¥·£¨Î´Ò¥ ¤¥°¸É¢¨Ö „³¨É·¨Ö
‚² ¤¨³¨·µ¢¨Î  ¡Ê±¢ ²Ó´µ ¸¶ ¸²¨ ˆ´¸É¨ÉÊÉ.

Œ ¸ÏÉ ¡ ¸µµ·Ê¦¥´¨° ¸¨´Ì·µË §µÉ·µ´  ¶µÉ·¥¡µ¢ ² ¶·¥¤¢ ·¨É¥²Ó´µ£µ
¨§ÊÎ¥´¨Ö É¥Ì´¨Î¥¸±¨Ì ·¥Ï¥´¨° ¨ ´¥±µÉµ·ÒÌ ¶·¨´Í¨¶¨ ²Ó´ÒÌ ¢µ¶·µ¸µ¢.
�Ò²µ ·¥Ï¥´µ ¸µ§¤ ÉÓ ¤¥°¸É¢ÊÕÐÊÕ ³µ¤¥²Ó-Ê¸±µ·¨É¥²Ó, ¸¶µ¸µ¡´ÊÕ Ê¸±µ·ÖÉÓ
¶·µÉµ´Ò ¤µ Ô´¥·£¨° 180 ŒÔ‚. ‚ ¤ ²Ó´¥°Ï¥³ µ´  ¡Ò²  ¶¥·¥¤¥² ´  ¢ Ô²¥±É-
·µ´´Ò° ¸¨´Ì·µÉ·µ´ ´  Ô´¥·£¨Õ 680 ŒÔ‚, ±µÉµ·Ò° ¤µ ¸¨Ì ¶µ· · ¡µÉ ¥É ¢
”ˆ��. �  ÔÉµ° ³µ¤¥²¨ ¡Ò²¨ ¶·µ¢¥·¥´Ò µ¸´µ¢´Ò¥ ¨¤¥¨,   É ±¦¥ ¶µ¤£µÉµ¢-
²¥´Ò ¸¶¥Í¨ ²¨¸ÉÒ, ±µÉµ·Ò¥ ¸µ¸É ¢¨²¨ Ö¤·µ Ê¸±µ·¨É¥²ÓÐ¨±µ¢ ‹ ¡µ· Éµ·¨¨
¢Ò¸µ±¨Ì Ô´¥·£¨° „Ê¡´Ò. �¥±µÉµ·Ò¥ ¨§ ´¨Ì ¶·¨´¨³ ²¨ ·Ê±µ¢µ¤ÖÐ¥¥
ÊÎ ¸É¨¥ ¢ § ¶Ê¸±¥ ¸¥·¶ÊÌµ¢¸±µ£µ ¨ ¥·¥¢ ´¸±µ£µ Ê¸±µ·¨É¥²¥°.

766  ��‹„ˆ� �.Œ.



P §· ¡µÉ±  ¨ ¸µµ·Ê¦¥´¨¥ Ê¸±µ·¨É¥²¥° Å ´¥µÍ¥´¨³Ò° ¢±² ¤ ¢ ´ ÊÎ´µ-
É¥Ì´¨Î¥¸±¨° ¶µÉ¥´Í¨ ² ¸É· ´Ò. �¤´ ±µ ³µÐ´Ò¥ Ê¸±µ·¨É¥²¨ µ± § ²¨¸Ó
¸²¨Ï±µ³ ¤µ·µ£¨³¨. ‚µ§´¨±²  ´¥µ¡Ìµ¤¨³µ¸ÉÓ ³¥¦¤Ê´ ·µ¤´µ° ±µµ¶¥· Í¨¨.
�¥·¢ Ö ³¥¦¶· ¢¨É¥²Ó¸É¢¥´´ Ö µ·£ ´¨§ Í¨Ö ¸µÍ¨ ²¨¸É¨Î¥¸±¨Ì £µ¸Ê¤ ·¸É¢ Å
�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¢ „Ê¡´¥ Å ¡Ò²  µ¡· §µ¢ ´ 
¢ 1956 £µ¤Ê ´  µ¸´µ¢¥ ¶·¨´ ¤²¥¦ Ð¨Ì �± ¤¥³¨¨ ´ Ê± ‘‘‘� ¤¢ÊÌ Ê¸-
±µ·¨É¥²Ó´ÒÌ ±µ³¶²¥±¸µ¢ Å ̧ ¨´Ì·µË §µÉ·µ´  ́   10 ƒÔ‚ ̈  ̧ ¨´Ì·µÍ¨±²µÉ·µ-
´  ´  0,68 ƒÔ‚. ‚.ˆ.‚¥±¸²¥· ¸É ² µ¤´¨³ ¨§ µ¸´µ¢ É¥²¥° ˆ´¸É¨ÉÊÉ . �¥·¢Ò³
¤¨·¥±Éµ·µ³ ̈  µ·£ ´¨§ Éµ·µ³ �ˆŸˆ ¡Ò² ÊÎ¥´¨± ̂ .….’ ³³ , Éµ¦¥ ̧ µÉ·Ê¤´¨±
”ˆ�� ¢ ¶¥·¨µ¤ ¸ 1935 ¶µ 1947 ££., „.ˆ.�²µÌ¨´Í¥¢.

„³¨É·¨° ˆ¢ ´µ¢¨Î Ö¢²Ö²¸Ö ±·Ê¶´Ò³ ̧ ¶¥Í¨ ²¨¸Éµ³ ¢ µ¡² ¸É¨ ±¢ ´Éµ¢µ°
Ë¨§¨±¨, ¢±²ÕÎ Ö ±¢ ´Éµ¢ÊÕ É¥µ·¨Õ ¶µ²Ö, Ö¤¥·´ÊÕ Ë¨§¨±Ê, Ë¨§¨±Ê Ô²¥³¥´-
É ·´ÒÌ Î ¸É¨Í,   É ±¦¥ Ë¨§¨±Ê É¢¥·¤µ£µ É¥² ,  ±Ê¸É¨±Ê. �´ ³´µ£µ ¸¤¥² ²
¤²Ö · §¢¨É¨Ö  Éµ³´µ° ´ Ê±¨ ¨ É¥Ì´¨±¨. �Ê±µ¢µ¤¨² ¶·µ¥±É¨·µ¢ ´¨¥³ ¨ ¸µµ-
·Ê¦¥´¨¥³ ¶¥·¢µ° ¢ ³¨·¥  Éµ³´µ° Ô²¥±É·µ¸É ´Í¨¨ (‹¥´¨´¸± Ö ¶·¥³¨Ö 1957
£µ¤ ). ‚Ò¤¢¨´Ê² ¨¤¥Õ (1955 £.) ¨ ¶µ¸É·µ¨² ¢ „Ê¡´¥ ¨³¶Ê²Ó¸´Ò¥ ¡Ò¸É·Ò¥
·¥ ±Éµ·Ò ˆ��-1 (1960 £.) ¨ ˆ��-2 (1981 £.), µ¡² ¤ ÕÐ¨¥ ¨ ¶µ ´ ¸ÉµÖÐ¥¥
¢·¥³Ö Ê´¨± ²Ó´Ò³¨ ̈  ·¥±µ·¤´Ò³¨ ¶ÊÎ± ³¨ ́ ¥°É·µ´µ¢. �  ÔÉµ° µ¸´µ¢¥ ¡Ò² 
¸µ§¤ ´  ‹ ¡µ· Éµ·¨Ö ´¥°É·µ´´µ° Ë¨§¨±¨ �ˆŸˆ (´Ò´¥ ‹ ¡µ· Éµ·¨Ö ´¥°É-
·µ´´µ° Ë¨§¨±¨ ¨³. ˆ.Œ.”· ´± ) ¨ µ·£ ´¨§µ¢ ´µ Ï¨·µ±µ¥ ³¥¦¤Ê´ ·µ¤´µ¥
¸µÉ·Ê¤´¨Î¥¸É¢µ. ˆ²ÓÖ Œ¨Ì °²µ¢¨Î ”· ´± ¢³¥¸É¥ ¸ ¤·Ê£¨³¨ ¸µÉ·Ê¤´¨± ³¨
”ˆ�� ¢ ¸¥·¥¤¨´¥ 40-Ì £µ¤µ¢ µ¸ÊÐ¥¸É¢¨² ¢ ¦´Ò¥ ¤²Ö ¸µ§¤ ´¨Ö Ö¤¥·´ÒÌ
·¥ ±Éµ·µ¢ ´¥°É·µ´´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö. �´ ¢³¥¸É¥ ¸ ….‹.”¥°´¡¥·£µ³, ‹.….‹ -
§ ·¥¢µ° ̈  ”.‹.˜ ¶¨·µ ¶·¥¤²µ¦¨² µ·¨£¨´ ²Ó´Ò¥ ³¥Éµ¤Ò ́ ¥°É·µ´´µ° ̧ ¶¥±É-
·µ¸±µ¶¨¨. �¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ ¸µ¥¤¨´¥´¨¥ Ë¨ ´µ¢¸±µ° ±Ê²ÓÉÊ·Ò
´¥°É·µ´´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¸ Ê´¨± ²Ó´Ò³¨ ¢µ§³µ¦´µ¸ÉÖ³¨ ˆ��µ¢ ¶·¨¢¥²µ ±
¢ ¦´Ò³ µÉ±·ÒÉ¨Ö³ (´ ¶·¨³¥·, ± µÉ±·ÒÉ¨Õ ·¥§µ´ ´¸´µ£µ ´¥¸µÌ· ´¥´¨Ö Î¥É-
´µ¸É¨), µ¡Ê¸²µ¢¨²µ ²¨¤¨·ÊÕÐ¨¥ ¢ ³¨·¥ ¶µ§¨Í¨¨ �ˆŸˆ ± ± ¢ µ¡² ¸É¨ Ö¤¥·-
´µ° ´¥°É·µ´´µ° Ë¨§¨±¨, É ± ¨ ¢ µ¡² ¸É¨ Ë¨§¨±¨ ±µ´¤¥´¸¨·µ¢ ´´ÒÌ ¸·¥¤.

’¥¶¥·Ó µ ‹ ¡µ· Éµ·¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° �ˆŸˆ, ¤µÎ¥·´¥° µ·£ ´¨§ Í¨¨
”ˆ�� ¢ ¶µ²´µ³ ¸³Ò¸²¥ ÔÉµ£µ ¸²µ¢ . �µ¸²¥ ±µ´Î¨´Ò ¥¥ ¶¥·¢µ£µ ¤¨·¥±Éµ· 
‚.ˆ.‚¥±¸²¥·  ¤¨·¥±Éµ·µ³ ‹‚� ¡Ò² ˆ.‚.—Ê¢¨²µ,   ¢ 1968 £µ¤Ê ·Ê±µ¢µ¤¸É¢µ
² ¡µ· Éµ·¨¥° ¡Ò²µ ¶µ·ÊÎ¥´µ ³´¥. Š ± ¸µ ¢Éµ·Ê Ê¶µ³Ö´ÊÉµ£µ ¶·µ¥±É  ¸¨´-
Ì·µË §µÉ·µ´  ³´¥ ¡Ò²µ £²Ê¡µ±µ ´¥ ¡¥§· §²¨Î´µ ¥£µ ¶² Î¥¢´µ¥ ¸µ¸ÉµÖ´¨¥ ¢
±µ´Í¥ 60-Ì £µ¤µ¢. Š·µ³¥ Éµ£µ, Ö ¸Î¨É ² ¨ ¸Î¨É Õ ¸¥¡Ö ¤µ ¸¨Ì ¶µ· Ë¨ ´µ¢-
Í¥³, ¶µÉµ³Ê ÎÉµ Ö ̧ Ëµ·³¨·µ¢ ²¸Ö §¤¥¸Ó ± ± ́  ÊÎ´Ò° · ¡µÉ´¨± ̈  ¶·µ· ¡µÉ ²
¸ 1949 ¶µ 1969 ££. “ ³¥´Ö ´ ¢¸¥£¤  µ¸É ²¨¸Ó ¢ ¶ ³ÖÉ¨ Ö·±¨¥ ¢¶¥Î É²¥´¨Ö µÉ
É¢µ·Î¥¸±µ°  É³µ¸Ë¥·Ò ¸É ·µ£µ ”ˆ��, ¤¥³µ±· É¨Î´µ¸É¨ µ¡¸Ê¦¤¥´¨°, ´¥-
µ¦¨¤ ´´µ¸É¨ ¨¤¥° ¨ ´¥µ¡Ò±´µ¢¥´´µ° ·¥Ï¨É¥²Ó´µ¸É¨ ‚.ˆ.‚¥±¸²¥· , £²Ê¡¨-
´Ò ³ÒÏ²¥´¨Ö ¨ ̈ ´ÉÊ¨Í¨¨ ³µ¥£µ ÊÎ¨É¥²Ö Œ.�.Œ ·±µ¢ , µ¡Ï¨·´ÒÌ §´ ´¨° ¨
Ê³¥´¨Ö ¸Ì¢ ÉÒ¢ ÉÓ ¸ÊÉÓ ²Õ¡µ° ¶·µ¡²¥³Ò ˆ.….’ ³³ , ±µÉµ·Ò° ·Ê±µ¢µ¤¨²
É¥µ·¥É¨Î¥¸±¨³ ¸¥³¨´ ·µ³, ¨³¥¢Ï¨³ µ¡Ð¥³µ¸±µ¢¸±µ¥ §´ Î¥´¨¥.
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Ÿ ¡¥·¥¦´µ Ì· ´Õ ¶¨¸Ó³  „.‚.‘±µ¡¥²ÓÍÒ´ , ¢ µ¤´µ³ ¨§ ±µÉµ·ÒÌ µ´
¶¨Ï¥É:

®...Šµ²²¥±É¨¢ ‚ Ï¥° ² ¡µ· Éµ·¨¨, µÉ³¥Î ÕÐ¨° 25-²¥É´ÕÕ ¤ ÉÊ ¸¢µ-
¥£µ ¸ÊÐ¥¸É¢µ¢ ´¨Ö, ¢¥¤¥É ´ Î ²µ µÉ Éµ° ´¥¡µ²ÓÏµ° ÖÎ¥°±¨ ¸É ·µ£µ
”ˆ�� , µ ±µÉµ·µ° Ö ¸¥°Î ¸ ¢¸¶µ³´¨². „Ê³ Õ, ÎÉµ Ê¦¥ Éµ£¤ 
¸²µ¦¨²¨¸Ó ¨ É¥ É· ¤¨Í¨¨, ±µÉµ·Ò¥ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö, ´ ¤µ ¶µ² £ ÉÓ,
¸µÌ· ´Ö¥É ¤¥É¨Ð¥ ”ˆ��  Å ´Ò´¥ ·Ê±µ¢µ¤¨³ Ö ‚ ³¨ ‹ ¡µ· Éµ·¨Ö
¢Ò¸µ±¨Ì Ô´¥·£¨° �ˆŸˆ¯.
‚ 70-¥ £µ¤Ò ±µ²²¥±É¨¢ ‹‚� ´ Ï¥² ´µ¢µ¥ ´ ÊÎ´µ¥ ´ ¶· ¢²¥´¨¥ Å

·¥²ÖÉ¨¢¨¸É¸±ÊÕ Ö¤¥·´ÊÕ Ë¨§¨±Ê*, ¶µ²ÊÎ¨¢ ¢¶¥·¢Ò¥ ´  ¸¨´Ì·µË §µÉ·µ´¥
¶ÊÎ±¨ Ö¤¥·, ¤¢¨¦ÊÐ¨Ì¸Ö ¸µ ¸¢¥Éµ¢Ò³¨ ¸±µ·µ¸ÉÖ³¨. �Éµ ´ ¶· ¢²¥´¨¥ ¶µ§¤-
´¥¥ ¶µ²ÊÎ¨²µ · §¢¨É¨¥ ´  ±·Ê¶´¥°Ï¨Ì Ê¸±µ·¨É¥²ÖÌ ³¨· . �¤´ ±µ
²¨¤¨·ÊÕÐ¨¥ ¶µ§¨Í¨¨ ‹‚� Ê¤ ²µ¸Ó ¸µÌ· ´¨ÉÓ ¡² £µ¤ ·Ö ¸µ§¤ ´¨Õ ´µ¢µ£µ
Ê¸±µ·¨É¥²Ö Å ´Ê±²µÉ·µ´ , µ¸´µ¢ ´´µ£µ ´  É¥Ì´¨±¥ ¸¢¥·Ì¶·µ¢µ¤¨³µ¸É¨, ¸
¨¸¶µ²Ó§µ¢ ´¨¥³ §¤ ´¨° ¨ ¸µµ·Ê¦¥´¨° ¸¨´Ì·µË §µÉ·µ´ . ‘¥°Î ¸ · ¡µÉ ÕÉ
µ¡  Ê¸±µ·¨É¥²Ö. �·µ¨¸Ìµ¤¨É ¶² ¢´Ò° ¶¥·¥Ìµ¤ ̈ ¸¸²¥¤µ¢ ´¨° ¸ ̧ ¨´Ì·µË §µÉ-
·µ´  ´  ´Ê±²µÉ·µ´. “´¨± ²Ó´µ¸ÉÓ ¶ÊÎ±µ¢ Ê¸±µ·¨É¥²Ó´µ£µ ±µ³¶²¥±¸  ‹‚�
¶·¨¢²¥± ¥É (¸ ¸¥·Ó¥§´Ò³¨ ³ É¥·¨ ²Ó´Ò³¨ ¢±² ¤ ³¨) Ë¨§¨±µ¢ ‘˜�,
”· ´Í¨¨, Ÿ¶µ´¨¨, ”�ƒ, ̂ É ²¨¨ ̈  ³´µ£¨Ì ¤·Ê£¨Ì ̧ É· ´. ‚ µ¡Ð¥° ̧ ²µ¦´µ¸É¨
¨¸¸²¥¤µ¢ ´¨Ö ´  ±µ³¶²¥±¸¥ ¢¥¤ÊÉ ¡µ²¥¥ 120 ¨´¸É¨ÉÊÉµ¢. �¡´ ·Ê¦¥´Ò ´µ¢Ò¥
Ö¢²¥´¨Ö ¨ § ±µ´µ³¥·´µ¸É¨ ¶¥·¥Ìµ¤  ¶·µÉµ´-´¥°É·µ´´µ° ³ É¥·¨¨ ¢ ±¢ ·±-
£²Õµ´´ÊÕ. ’ ± ÎÉµ ®¤¥É¨ÐÊ ”ˆ��¯ ¥¸ÉÓ Î¥³ µÉÎ¨É ÉÓ¸Ö ¶¥·¥¤ ·µ¤¨É¥²Ó-
¸±µ° µ·£ ´¨§ Í¨¥° ¤ ¦¥ ¢ ÔÉµ £¨¡¥²Ó´µ¥ ¤²Ö ´ Ê±¨ ¢·¥³Ö.

*‘³., ´ ¶·¨³¥·, � ²¤¨´ �.Œ. Å �—�Ÿ, 1977, É.8, ¢Ò¶.3, ¸.429.
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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�¡¸Ê¦¤ ÕÉ¸Ö ¶¥·¸¶¥±É¨¢Ò · §¢¨É¨Ö Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¨ Î ¸É¨Í. �É³¥Î¥´µ ¶µÖ¢²¥-
´¨¥ ¢´¥Ï´¨Ì Ë ±Éµ·µ¢, ´¥¡² £µ¶·¨ÖÉ´ÒÌ ¤²Ö ÔÉµ£µ · §¢¨É¨Ö, ¨ Ê± § ´Ò ´¥±µÉµ·Ò¥ ´¥µ¡Ìµ¤¨³Ò¥
¤¥°¸É¢¨Ö ¤²Ö ¶·µÉ¨¢µ¸ÉµÖ´¨Ö ¨³.

The nearest future of experimental particle physics is discussed. Some external factors which
slow down the development of this science and what is to be done to resist them are stressed.

Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î Œ ·±µ¢ ¡Ò² Ë¨§¨±µ³ Ï¨·µÎ °Ï¥£µ ¤¨ ¶ §µ´ 
´ ÊÎ´ÒÌ ¨´É¥·¥¸µ¢, ¶·µ¸É¨· ¢Ï¥£µ¸Ö µÉ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¶·µ¡²¥³ É¥µ·¨¨ ¤µ
±µ´±·¥É´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢, £¤¥ µ´ É ±¦¥ ¡Ò²  ¢Éµ·µ³ ³´µ£¨Ì ¨¤¥° ¨ ¶·¥¤-
²µ¦¥´¨°. ‚ Éµ ¦¥ ¢·¥³Ö ¥£µ § ´¨³ ²¨  ±ÉÊ ²Ó´Ò¥ ¢µ¶·µ¸Ò · §¢¨É¨Ö ´ Ê±¨
(ÔÉµ³Ê ¸µµÉ¢¥É¸É¢µ¢ ²  ¥£µ ³´µ£µ²¥É´ÖÖ ¤¥ÖÉ¥²Ó´µ¸ÉÓ ¢ ¤µ²¦´µ¸É¨  ± ¤¥³¨± -
¸¥±·¥É ·Ö �É¤¥²¥´¨Ö Ö¤¥·´µ° Ë¨§¨±¨ �� ‘‘‘�), ¢µ²´µ¢ ²¨ µ¡Ð¨¥ ¶·µ-
¡²¥³Ò, ¸ÉµÖÐ¨¥ ¶¥·¥¤ Î¥²µ¢¥Î¥¸É¢µ³, ¨ ·µ²Ó ¨´É¥²²¨£¥´Í¨¨ ¢ ¨Ì ·¥Ï¥´¨¨
(ÔÉµ³Ê ¸µµÉ¢¥É¸É¢µ¢ ²µ ¥£µ  ±É¨¢´µ¥ ÊÎ ¸É¨¥ ¢ � £ÊµÏ¸±µ³ ¤¢¨¦¥´¨¨, £¤¥ µ´
¶·¥¤¸É ¢²Ö² ‘µ¢¥É¸±¨° ‘µÕ§).

�µÔÉµ³Ê ³´¥ ¶·¥¤¸É ¢²Ö¥É¸Ö Ê³¥¸É´Ò³ ¢ ÔÉµ³ ¸¡µ·´¨±¥, ¶µ¸¢ÖÐ¥´´µ³ ¶ -
³ÖÉ¨ Œµ¨¸¥Ö �²¥±¸ ´¤·µ¢¨Î , ±µ¸´ÊÉÓ¸Ö ´¥±µÉµ·ÒÌ ¢µ¶·µ¸µ¢ · §¢¨É¨Ö Ô±¸-
¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¨ Î ¸É¨Í, ¶·¨Éµ³ ´¥ Éµ²Ó±µ ´ ÊÎ´ÒÌ.

�¥·¢ Ö Ô²¥³¥´É ·´ Ö Î ¸É¨Í  Å Ô²¥±É·µ´ Å ¡Ò²  µÉ±·ÒÉ  100 ²¥É ´ § ¤,
¢ 1897 £µ¤Ê.

Š ± · §¢¨¢ ² ¸Ó ¸ É¥Ì ¶µ· ´ Ê±  µ¡ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í Ì, ¨ ÎÉµ ¦¤¥É
¥¥ ¢ ´¥¤ ²¥±µ³ ¡Ê¤ÊÐ¥³?

‚ ±² ¸¸¨Î¥¸±¨Ì µ¶ÒÉ Ì ¶µ  Éµ³´µ° ¨ Ö¤¥·´µ° Ë¨§¨±¥ ¡Ò²¨ µÉ±·ÒÉÒ
ËµÉµ´Ò, ¶·µÉµ´Ò ¨ ´¥°É·µ´Ò,   É ±¦¥ ·Ö¤ ¢ ¦´¥°Ï¨Ì ¸¢µ°¸É¢ Î ¸É¨Í, ¢
Î ¸É´µ¸É¨, ¸¶¨´.

‘ ¨¸¸²¥¤µ¢ ´¨Ö ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ´ Î ² ¸Ó Ë¨§¨±  ¢Ò¸µ±¨Ì Ô´¥·£¨°.
�Ò²¨ µÉ±·ÒÉÒ ¶µ§¨É·µ´Ò, ³Õµ´Ò, ¶¨µ´Ò, Ô²¥±É·µ³ £´¨É´Ò¥ ± ¸± ¤´Ò¥ ²¨¢-
´¨, ³´µ¦¥¸É¢¥´´µ¥ ·µ¦¤¥´¨¥, ¸É· ´´Ò¥ Î ¸É¨ÍÒ, ¡ ·¨µ´´ Ö  ¸¨³³¥É·¨Ö ‚¸¥-
²¥´´µ° ¨ ³´µ£µ¥ ¤·Ê£µ¥.

�µ²¢¥±  ´ § ¤, ¡² £µ¤ ·Ö ¸µ§¤ ´¨Õ Ê¸±µ·¨É¥²¥° ´  ¢Ò¸µ±¨¥ Ô´¥·£¨¨, ´ -
¸ÉÊ¶¨²  ´µ¢ Ö Ô·  Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. �´  ¸É ²  ´ ¨¡µ²¥¥ ËÊ´¤ -
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³¥´É ²Ó´Ò³ · §¤¥²µ³ ¸µ¢·¥³¥´´µ° Ë¨§¨±¨, ¥¥ ª¶¥·¥¤´¨³ ±· ¥³ª. ’¥³¶Ò ¨
³ ¸ÏÉ ¡ · §¢¨É¨Ö Ë¨§¨±¨ Î ¸É¨Í ¡Ò²¨ Ê¤¨¢¨É¥²Ó´Ò³¨ ¤ ¦¥ ¤²Ö XX ¢¥± ∗.

�¥ ¡Ê¤Ê ¶¥·¥Î¨¸²ÖÉÓ ¸¤¥² ´´Ò¥ §  ÔÉµÉ ¶¥·¨µ¤ ±·Ê¶´¥°Ï¨¥ µÉ±·ÒÉ¨Ö:
µ´¨ µ¡Ð¥¨§¢¥¸É´Ò.

�·µ¢¥¤¥´´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶·¨¢¥²¨ ± ¸µ§¤ ´¨Õ CÉ ´¤ ·É´µ° ³µ¤¥²¨,
µÌ¢ ÉÒ¢ ÕÐ¥° ¸µ¢µ±Ê¶´µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¨ ¨Ì ¨´É¥·¶·¥É -
Í¨Õ É¥µ·¨¥° Ô²¥±É·µ¸² ¡µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¨ ±¢ ´Éµ¢µ° Ì·µ³µ¤¨´ ³¨±µ°.
�É  ³µ¤¥²Ó Å ¢¥Ì  ´  ¶ÊÉ¨ · §¢¨É¨Ö Ë¨§¨±¨ Î ¸É¨Í, µ¡µ§´ Î ÕÐ Ö £· ´¨ÍÊ
¥¥ ´Ò´¥Ï´¥£µ ¸µ¸ÉµÖ´¨Ö, §  ±µÉµ·µ° ´ Î¨´ ¥É¸Ö µ¡² ¸ÉÓ ± Î¥¸É¢¥´´µ ´µ¢ÒÌ
Ö¢²¥´¨°, ¶·¥¤¸É ¢²¥´¨° ¨ ³µ¤¥²¥°.

�µÔÉµ³Ê £² ¢´Ò³¨ § ¤ Î ³¨ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¨ Î ¸É¨Í ¢ ´ ¸Éµ-
ÖÐ¥¥ ¢·¥³Ö Ö¢²ÖÕÉ¸Ö, ¸ µ¤´µ° ¸Éµ·µ´Ò, ¶·µ¢¥·±  ²¥¦ Ð¥° ¢ µ¸´µ¢¥ ¸É ´-
¤ ·É´µ° ³µ¤¥²¨ £¨¶µÉ¥§Ò µ ³¥Ì ´¨§³¥ ¢µ§´¨±´µ¢¥´¨Ö ³ ¸¸ Î ¸É¨Í ¢ ¶·µÍ¥¸¸¥
¸¶µ´É ´´µ£µ ´ ·ÊÏ¥´¨Ö ¸¨³³¥É·¨¨ Ô²¥±É·µ¸² ¡µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, É.¥. ¶µ-
¨¸± ¶·¥¤¸± §Ò¢ ¥³ÒÌ ÔÉµ° £¨¶µÉ¥§µ° ¡µ§µ´µ¢ •¨££¸ , ¸ ¤·Ê£µ° Å ¢ÒÌµ¤ § 
¶·¥¤¥²Ò CÉ ´¤ ·É´µ° ³µ¤¥²¨.

‚µ§³µ¦´µ, ÎÉµ ÔÉ¨ § ¤ Î¨ ¸³µ£ÊÉ ¡ÒÉÓ Î ¸É¨Î´µ ·¥Ï¥´Ò ´  ¸ÊÐ¥¸É¢ÊÕ-
Ð¨Ì Ê¸±µ·¨É¥²ÖÌ (¶·¥¦¤¥ ¢¸¥£µ ´  LEP2 ¨ ÉÔ¢ É·µ´¥), ´µ ¡µ²¥¥ ¢¥·µÖÉ´Ò³
¶·¥¤¸É ¢²Ö¥É¸Ö, ÎÉµ ¤²Ö ÔÉµ£µ ´¥µ¡Ìµ¤¨³Ò §´ Î¨É¥²Ó´µ ¡ó²ÓÏ¨¥ Ô´¥·£¨¨, ¨
µÉ¢¥É ´  ¶µ¸É ¢²¥´´Ò¥ ¢µ¶·µ¸Ò ¸³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´ Éµ²Ó±µ ´  LHC.

”¨§¨±  Î ¸É¨Í ¸É ²  ´¥ Éµ²Ó±µ ´ Ê±µ° µ ³¨±·µ³¨·¥ ´  ¸Ê¡ÑÖ¤¥·´µ³
Ê·µ¢´¥, ´µ ¨ ´ Ê±µ° µ ´ ¨¡µ²¥¥ µ¡Ð¨Ì § ±µ´ Ì ¨ ¶·¨´Í¨¶ Ì ¶µ¸É·µ¥´¨Ö
´ Ï¥£µ ³¨· , ¶·¨§¢ ´´µ° µÉ¢¥É¨ÉÓ ´¥ Éµ²Ó±µ ´  ¢µ¶·µ¸, ± ± µ´ Ê¸É·µ¥´, ´µ
¨ ´  ¢µ¶·µ¸, ¶µÎ¥³Ê µ´ É ±µ°, ± ±µ° µ´ ¥¸ÉÓ.

�É¨ ¤¢   ¸¶¥±É  Ë¨§¨±¨ Î ¸É¨Í Å µ¡· Ð¥´´Ò° ¢ ³¨±·µ³¨· ¨ £²µ¡ ²Ó´Ò°
Ä ¸¢Ö§ ´Ò ¥¸É¥¸É¢¥´´Ò³ µ¡· §µ³, ¨¡µ Î¥³ ¶·µÐ¥ ¨¸¸²¥¤Ê¥³Ò¥ µ¡Ñ¥±ÉÒ ¨
Ö¢²¥´¨Ö, É¥³ Î¥ÉÎ¥ ¶·µÖ¢²ÖÕÉ¸Ö ¢ ´¨Ì ´ ¨¡µ²¥¥ µ¡Ð¨¥ § ±µ´Ò, ¶µ¸±µ²Ó±Ê
§ ±µ´µ³¥·´µ¸É¨ ¡µ²¥¥ ¸²µ¦´ÒÌ ¸¨¸É¥³ ´  ´¨Ì ´¥ ¤¥°¸É¢ÊÕÉ. �  Ê·µ¢´¥
Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í µ¸É ¥É¸Ö ¤¥°¸É¢¨¥ ²¨ÏÓ ¸ ³ÒÌ µ¸´µ¢´ÒÌ § ±µ´µ¢, ¡µ²¥¥
Éµ£µ Å ¸¢µ°¸É¢  ÔÉ¨Ì Î ¸É¨Í ( ¢ Éµ³ Î¨¸²¥ ¸ ³ Ë ±É ¨Ì ¸ÊÐ¥¸É¢µ¢ ´¨Ö)
Ö¢²ÖÕÉ¸Ö ¶·µÖ¢²¥´¨¥³ É ±¨Ì § ±µ´µ¢∗∗.

Š ± ¸± § ² ‘.‚ °´¡¥·£, ª... ¨§ÊÎ¥´¨¥ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¶·¥¤¸É ¢²Ö¥É
´  ¸¥£µ¤´Ö ¸ ³Ò° ¢¥·´Ò° Å   ¢µ§³µ¦´µ, ¨ ¥¤¨´¸É¢¥´´Ò° Å ¶ÊÉÓ ± ¶µ´¨³ -
´¨Õ ËÊ´¤ ³¥´É ²Ó´ÒÌ § ±µ´µ¢ ¶·¨·µ¤Òª.

ƒ²µ¡ ²Ó´Ò° Ì · ±É¥· Ë¨§¨±¨ Î ¸É¨Í Î ¸Éµ ´¥¤µ¸É ÉµÎ´µ µ¸µ§´ ¥É¸Ö Ë¨-
§¨± ³¨-Ô±¸¶¥·¨³¥´É Éµ· ³¨, § ´ÖÉÒ³¨ ·¥Ï¥´¨¥³ ±µ´±·¥É´ÒÌ § ¤ Î µ ¸¢µ°-

∗�µ± § É¥²Ó´µ, ÎÉµ §  ¢Éµ·ÊÕ ¶µ²µ¢¨´Ê XX ¢¥±  É·¥ÉÓ ¢¸¥Ì �µ¡¥²¥¢¸±¨Ì ¶·¥³¨° ¶µ Ë¨§¨±¥
¡Ò²  ¶·¨¸Ê¦¤¥´  §  · ¡µÉÒ ¢ µ¡² ¸É¨ Ë¨§¨±¨ Î ¸É¨Í.

∗∗‡¤¥¸Ó ¥¸ÉÓ  ´ ²µ£¨Ö ¸ ¡¨µ²µ£¨Î¥¸±¨³¨ ¨¸¸²¥¤µ¢ ´¨Ö³¨, £¤¥ Ô±¸¶¥·¨³¥´É¨·ÊÕÉ ´  ³¨±·µ-
¡ Ì ¨²¨ ¤·µ¦¦ Ì ¤²Ö ¢ÒÖ¢²¥´¨Ö µ¡Ð¨Ì ¸¢µ°¸É¢ ¨ § ±µ´µ³¥·´µ¸É¥° Ê¸É·µ°¸É¢  ¦¨¢µ° ³ É¥·¨¨.
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¸É¢ Ì Î ¸É¨Í, ¨ É¥³ ¡µ²¥¥ ´¥¤µ¸É ÉµÎ´µ Å ²Õ¤Ó³¨, ´¥ ¸¢Ö§ ´´Ò³¨ ¸ ÔÉµ°
´ Ê±µ°, ¢ Éµ³ Î¨¸²¥ É¥³¨, µÉ ±µ£µ § ¢¨¸¨É ¥¥ Ë¨´ ´¸¨·µ¢ ´¨¥.

”¨§¨±  Î ¸É¨Í ¢µ ³´µ£µ³ ¨§³¥´¨²  Ê¸ÉµÖ¢Ï¨¥¸Ö ¶·¥¤¸É ¢²¥´¨Ö µ Ì · ±-
É¥·¥ ËÊ´¤ ³¥´É ²Ó´µ° ´ Ê±¨, ¥¥ µ·£ ´¨§ Í¨¨ ¨ ¶µÉ·¥¡²Ö¥³ÒÌ ¥Õ ·¥¸Ê·¸ Ì.
�  ¸³¥´Ê Ô±¸¶¥·¨³¥´É ³, µ¸ÊÐ¥¸É¢²Ö¥³Ò³ ÊÎ¥´Ò³¨-µ¤¨´µÎ± ³¨ ¨²¨ ´¥¡µ²Ó-
Ï¨³¨ £·Ê¶¶ ³¨ ¢ É¨Ï¨ Ê´¨¢¥·¸¨É¥É¸±¨Ì ² ¡µ· Éµ·¨°, Ë¨§¨±  Î ¸É¨Í ¢¢¥² 
¨´¤Ê¸É·¨ ²Ó´Ò¥ ³ ¸ÏÉ ¡Ò ¸µµ·Ê¦ ¥³ÒÌ Ê¸É ´µ¢µ±, ¨¸¸²¥¤µ¢ ´¨Ö ´  ±µÉµ·ÒÌ
µ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ¡µ²ÓÏ¨³¨ ±µ²²¥±É¨¢ ³¨, ´ ¸Î¨ÉÒ¢ ÕÐ¨³¨ ¨´µ£¤  ³´µ£µ ¸µ-
É¥´ Î¥²µ¢¥± ¨§ · §´ÒÌ ¨´¸É¨ÉÊÉµ¢, Ê´¨¢¥·¸¨É¥Éµ¢ ¨ ² ¡µ· Éµ·¨°.

ˆ³¥´´µ ¤²Ö ¨¸¸²¥¤µ¢ ´¨° ¶µ Ë¨§¨±¥ Î ¸É¨Í ¡Ò²¨ ¸µ§¤ ´Ò ±·Ê¶´¥°-
Ï¨¥ ³¥¦¤Ê´ ·µ¤´Ò¥ ´ ÊÎ´Ò¥ Í¥´É·Ò Å –…�� ¢ †¥´¥¢¥ ¨ �ˆŸˆ ¢ „Ê¡´¥.
�Éµ ¶µ§¢µ²¨²µ µ¡Ñ¥¤¨´¨ÉÓ ´  µ¸´µ¢¥ ³¥¦¤Ê´ ·µ¤´µ£µ ¸µÉ·Ê¤´¨Î¥¸É¢  ¨´É¥²-
²¥±ÉÊ ²Ó´Ò¥, ³ É¥·¨ ²Ó´Ò¥ ¨ Ë¨´ ´¸µ¢Ò¥ ·¥¸Ê·¸Ò ¸É· ´-ÊÎ ¸É´¨Í ÔÉ¨Ì ¨´-
¸É¨ÉÊÉµ¢.

„· ³ É¨Î¥¸±¨³ ¶µ¤É¢¥·¦¤¥´¨¥³ ´¥µ¡Ìµ¤¨³µ¸É¨, ¡µ²¥¥ Éµ£µ, ´¥¨§¡¥¦-
´µ¸É¨ ³¥¦¤Ê´ ·µ¤´µ£µ ¸µÉ·Ê¤´¨Î¥¸É¢  ¢ Ë¨§¨±¥ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¸É ²  ¨¸Éµ-
·¨Ö ¸µµ·Ê¦¥´¨Ö É·¥Ì ¸ ³ÒÌ ¡µ²ÓÏ¨Ì Ê¸±µ·¨É¥²¥°.

‚ –…�� ¸µ§¤ ¥É¸Ö pp-±µ²² °¤¥· LHC ¸ Ô´¥·£¨¥° ¶ÊÎ±µ¢ 7 ’Ô‚.
‚ ‘˜� ¢ ±µ´Í¥ 80-Ì £µ¤µ¢ ´ Î ²µ¸Ó µ¸ÊÐ¥¸É¢²¥´¨¥  ³¡¨Í¨µ§´µ£µ ¶·µ-

¥±É  ¸µ§¤ ´¨Ö ¢ · ³± Ì ´ Í¨µ´ ²Ó´µ° ¶·µ£· ³³Ò ¸Ê¶¥·±µ²² °¤¥·  SSC ¸
Ô´¥·£¨¥° ¶ÊÎ±µ¢ 20 ’Ô‚. �¤´ ±µ µ¸¥´ÓÕ 1993 £. µ´µ ¡Ò²µ ¶·¥±· Ð¥´µ ¶µ
·¥Ï¥´¨Õ ±µ´£·¥¸¸  ‘˜�. Š ÔÉµ³Ê ¢·¥³¥´¨ ´  ¸µµ·Ê¦¥´¨¥ SSC ¡Ò²µ Ê¦¥
§ É· Î¥´µ µ±µ²µ ¤¢ÊÌ ³¨²²¨ ·¤µ¢ ¤µ²² ·µ¢, ¶·µ²µ¦¥´µ 23 ±³ ÉÊ´´¥²Ö (¨§ 87)
¨ É.¤. �  ¶·¥±· Ð¥´¨¥ · ¡µÉ ¶·¨Ï²µ¸Ó ¢Ò¤¥²¨ÉÓ 640 ³¨²²¨µ´µ¢ ¤µ²² ·µ¢.

�£·µ³´Ò¥ É·Ê¤´µ¸É¨ ¨¸¶ÒÉÒ¢ ¥É ¤·Ê£µ° ´ Í¨µ´ ²Ó´Ò° ¶·µ¥±É Å ¸µµ·Ê-
¦¥´¨¥ Ê¸±µ·¨É¥²Ó´µÄ´ ±µ¶¨É¥²Ó´µ£µ ±µ³¶²¥±¸  ¢ ˆ”‚� (�·µÉ¢¨´µ). ˆ§-§ 
¶¥·¥¦¨¢ ¥³µ£µ �µ¸¸¨¥° Ë¨´ ´¸µ¢µ£µ ±·¨§¨¸  ¨ ·¥§±µ£µ ¸µ±· Ð¥´¨Ö  ¸¸¨£´µ-
¢ ´¨° ´  ´ Ê±Ê · ¡µÉ  ¶µ ¶·µ¥±ÉÊ ¡Ò²  ¶µÎÉ¨ ¶·¨µ¸É ´µ¢²¥´ , ¨ ¶·¨Ï²µ¸Ó
µÉ± § ÉÓ¸Ö µÉ ´ ³¥·¥´¨Ö ¸µ§¤ ÉÓ ±µ²² °¤¥· ´  Ô´¥·£¨¨ ¶ÊÎ±µ¢ ¶µ 3 ’Ô‚ ¨
µ£· ´¨Î¨ÉÓ¸Ö ¶² ´ ³¨ ¸µ§¤ ´¨Ö Ê¸±µ·¨É¥²Ö ¸ Ô´¥·£¨¥° 600 ƒÔ‚.

‚ Éµ ¦¥ ¢·¥³Ö · ¡µÉÒ ¶µ ¸µµ·Ê¦¥´¨Õ LHC ¢ –…�� ¢¥¤ÊÉ¸Ö Ê¸¶¥Ï´µ ¨
¢ ´¨Ì, ¶µ³¨³µ ¸É· ´-ÊÎ ¸É´¨Í ÔÉµ° µ·£ ´¨§ Í¨¨, ¶·¨´Ö²¨ ÊÎ ¸É¨¥ Í¥²Ò° ·Ö¤
¤·Ê£¨Ì ¸É· ´, ¢ Éµ³ Î¨¸²¥ ‘˜� ¨ �µ¸¸¨Ö,   É ±¦¥ Ÿ¶µ´¨Ö, Š ´ ¤ , ˆ§· ¨²Ó,
ˆ´¤¨Ö, ¸É· ´Ò-ÊÎ ¸É´¨ÍÒ �ˆŸˆ ¨ É.¤. ’ ± ÎÉµ ¸µÉ·Ê¤´¨Î¥¸É¢µ ¶µ ¸µ§¤ ´¨Õ
ÔÉµ£µ Ê¸±µ·¨É¥²Ö ¸É ²µ ¢¸¥³¨·´Ò³.

�±¸¶¥·¨³¥´É ²Ó´ Ö ¡ §  Ë¨§¨±¨ Î ¸É¨Í · §¢¨¢ ¥É¸Ö É ±¦¥ §  ¸Î¥É ·Ö¤ 
¶·µ¥±Éµ¢ ³¥´ÓÏ¥£µ ³ ¸ÏÉ ¡ : ¸µµ·Ê¦ ÕÉ¸Ö ´µ¢Ò¥ Ê¸±µ·¨É¥²¨ ª¸·¥¤´¥£µ ± -
²¨¡· ª, Ê¢¥²¨Î¨¢ ¥É¸Ö ¸¢¥É¨³µ¸ÉÓ ÉÔ¢ É·µ´ , ¸µ§¤ ¥É¸Ö Í¥²Ò° ·Ö¤ ´µ¢ÒÌ ¤¥-
É¥±Éµ·µ¢, ± ± Ê´¨¢¥·¸ ²Ó´ÒÌ, É ± ¨ ´ Í¥²¥´´ÒÌ ´  ·¥Ï¥´¨¥ µÉ¤¥²Ó´ÒÌ § -
¤ Î. ’ ±¨³ µ¡· §µ³, ³µ¦´µ ´ ¤¥ÖÉÓ¸Ö, ÎÉµ ¢ ¶² ´¨·Ê¥³µ³ ¡Ê¤ÊÐ¥³ (µÌ¢ -
ÉÒ¢ ÕÐ¥³ ¤¢¥ ¸É ¤¨¨ Å ª¤µ LHCª ¨ ªLHC ¨ ¤·Ê£¨¥ª) ¢ · ¸¶µ·Ö¦¥´¨¨ ³¨-
·µ¢µ£µ ¸µµ¡Ð¥¸É¢  Ë¨§¨±µ¢ ¡Ê¤¥É ¨³¥ÉÓ¸Ö ´¥µ¡Ìµ¤¨³Ò° ³¨´¨³Ê³ Ê¸±µ·¨É¥-
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²¥°, ¤¥É¥±Éµ·µ¢ ¨ ¤·Ê£¨Ì É¥Ì´¨Î¥¸±¨Ì ¸·¥¤¸É¢ ¤²Ö ·¥Ï¥´¨Ö µ¸´µ¢´ÒÌ Ô±¸¶¥-
·¨³¥´É ²Ó´ÒÌ § ¤ Î ¨ ¢ÒÌµ¤  Ë¨§¨±¨ Î ¸É¨Í ´  µ¦¨¤ ¥³Ò° ¸²¥¤ÊÕÐ¨°
Ê·µ¢¥´Ó.

’¥³ ´¥ ³¥´¥¥ ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò ¢¨¤´Ò ¨ ´¥¡² £µ¶·¨ÖÉ´Ò¥ É¥´¤¥´Í¨¨,
Éµ·³µ§ÖÐ¨¥ · §¢¨É¨¥ ÔÉµ° ´ Ê±¨. �·¥¸É¨¦ Ë¨§¨±¨ Î ¸É¨Í ¶ ¤ ¥É, Ê³¥´ÓÏ -
¥É¸Ö ¶·¨Éµ± ¢ ´¥¥ ¸¶µ¸µ¡´µ° ³µ²µ¤¥¦¨: ¶·µ¨¸Ìµ¤¨É ¸³¥´  ¶·¨µ·¨É¥Éµ¢ ¢
ËÊ´¤ ³¥´É ²Ó´ÒÌ ´ Ê± Ì, µ¡Ð¥¸É¢µ ¢¸¥ ¡µ²¥¥ ¸±²µ´Ö¥É¸Ö ± ¶¥·¢µµÎ¥·¥¤´µ³Ê
· §¢¨É¨Õ ´ Ê±, ¡µ²¥¥ ¡²¨§±¨Ì ± ¶µ¢¸¥¤´¥¢´Ò³ ´Ê¦¤ ³ Î¥²µ¢¥±  (Ô±µ²µ£¨Ö,
¡¨µ²µ£¨Ö ¨ É.¤.). „µ²Ö Ë¨´ ´¸¨·µ¢ ´¨Ö Ë¨§¨±¨ Î ¸É¨Í ¢ ´ Í¨µ´ ²Ó´ÒÌ ¶·µ-
£· ³³ Ì ¸µ±· Ð ¥É¸Ö, ÎÉµ ´ ¨¡µ²¥¥ ÎÊ¢¸É¢¨É¥²Ó´Ò³ µ¡· §µ³ ¶·µÖ¢¨²µ¸Ó ¢
·¥Ï¥´¨¨ ±µ´£·¥¸¸  ‘˜� µ ¶·¥±· Ð¥´¨¨ · ¡µÉ ¶µ ¶·µ¥±ÉÊ SSC.

�É¨³ É¥´¤¥´Í¨Ö³ ¶·µÉ¨¢µ¸Éµ¨É · ¸Ï¨·ÖÕÐ¥¥¸Ö ³¥¦¤Ê´ ·µ¤´µ¥ ¸µÉ·Ê¤-
´¨Î¥¸É¢µ, ¸É ¢Ï¥¥ Ëµ·³µ° ¸ÊÐ¥¸É¢µ¢ ´¨Ö Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°,   ¢ �µ¸-
¸¨¨ ¨ ·Ö¤¥ ¤·Ê£¨Ì ¸É· ´, £¤¥ Ë¨´ ´¸¨·µ¢ ´¨¥ ËÊ´¤ ³¥´É ²Ó´µ° ´ Ê±¨ ± É -
¸É·µË¨Î¥¸±¨ ¸µ±· É¨²µ¸Ó, É ±¦¥ µ¸´µ¢´Ò³ ¸·¥¤¸É¢µ³ ¢Ò¦¨¢ ´¨Ö ÔÉµ° ´ Ê±¨.

�¤´ ±µ µ¡Ð¨° ¡ ² ´¸ Ë ±Éµ·µ¢, ¢²¨ÖÕÐ¨Ì ´  ¤ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ Ë¨-
§¨±¨ Î ¸É¨Í, ¢¸¥ ¦¥ ´¥¡² £µ¶·¨ÖÉ¥´.

„ ¦¥ ¢ Ê¸²µ¢¨ÖÌ ¢¸¥³¨·´µ£µ ¸µÉ·Ê¤´¨Î¥¸É¢  ¢·Ö¤ ²¨ ¸³µ¦¥É ¡ÒÉÓ ¸µµ·Ê-
¦¥´ ±µ²² °¤¥· ¸²¥¤ÊÕÐ¥£µ ¶µ¸²¥ LHC ¶µ±µ²¥´¨Ö, µ¸´µ¢ ´´Ò° ´  ¸ÊÐ¥¸É¢ÊÕ-
Ð¨Ì ¶·¨´Í¨¶ Ì. ‡ É· ÉÒ ´  ¥£µ ¸µµ·Ê¦¥´¨¥, ÌµÉÖ ¨ ´¥¡µ²ÓÏ¨¥ ¶µ ¸· ¢´¥´¨Õ
¸ ¢µ¥´´Ò³¨ · ¸Ìµ¤ ³¨ ±·Ê¶´ÒÌ £µ¸Ê¤ ·¸É¢ (¶µ·Ö¤±  ¸Éµ¨³µ¸É¨ ´¥¸±µ²Ó±¨Ì
 Éµ³´ÒÌ ¶µ¤¢µ¤´ÒÌ ²µ¤µ±), ¶·¥¢ÒÏ ²¨ ¡Ò ·¥ ²Ó´Ò° ª¶µÉµ²µ±ª ¢µ§³µ¦´ÒÌ
¢²µ¦¥´¨° ¢ É ±µ° ¶·µ¥±É.

„²Ö µ¡¥¸¶¥Î¥´¨Ö ¶¥·¸¶¥±É¨¢Ò Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¢ µ¡² ¸-
É¨ Ë¨§¨±¨ Î ¸É¨Í ´Ê¦´Ò ´µ¢Ò¥ ¨¤¥¨ ¨ ´µ¢Ò¥ É¥Ì´µ²µ£¨¨ ¸µ§¤ ´¨Ö Ê¸±µ·¨É¥-
²¥° ¨ ¤¥É¥±Éµ·µ¢, ±µÉµ·Ò¥ ³µ£²¨ ¡Ò §´ Î¨É¥²Ó´µ ¸´¨§¨ÉÓ ¨Ì ¸Éµ¨³µ¸ÉÓ.

�¥µ¡Ìµ¤¨³µ · ¸Ï¨·¨ÉÓ ¨¸¶µ²Ó§µ¢ ´¨¥ Ê¸±µ·¨É¥²¥° ¨ ¤·Ê£µ£µ µ¡µ·Ê¤µ-
¢ ´¨Ö, ¶·¨³¥´Ö¥³µ£µ ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¥ Î ¸É¨Í, ¤²Ö ¶·¨±² ¤´ÒÌ
§ ¤ Î (´ ¶·¨³¥·, ¸µ§¤ ´¨¥ ¶ÊÎ±µ¢ Î ¸É¨Í ¤²Ö ²ÊÎ¥¢µ° É¥· ¶¨¨, ¶µ²ÊÎ¥´¨¥
¸¨´Ì·µÉ·µ´´µ£µ ¨§²ÊÎ¥´¨Ö ¨ É. ¤.).

‘²¥¤Ê¥É ¶·µ¶ £ ´¤¨·µ¢ ÉÓ ·µ²Ó Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¨ Î ¸É¨Í ± ±
¸É¨³Ê²  É¥Ì´¨Î¥¸±µ£µ ¶·µ£·¥¸¸ , ¶µ¸±µ²Ó±Ê ¤²Ö ¸µ§¤ ´¨Ö ¢¸¥ ¡µ²¥¥ ¸µ¢¥·Ï¥´-
´ÒÌ Ê¸É ´µ¢µ±, ´ Ìµ¤ÖÐ¨Ì¸Ö ´¥·¥¤±µ §  £· ´ÓÕ ¢µ§³µ¦´µ¸É¥° ¸µ¢·¥³¥´´µ°
É¥Ì´¨±¨, É·¥¡Ê¥É¸Ö · §· ¡µÉ±  ´µ¢ÒÌ É¥Ì´¨Î¥¸±¨Ì Ê¸É·µ°¸É¢ ¨ Éµ´Î °Ï¨Ì
É¥Ì´µ²µ£¨° (´¥ ¸²ÊÎ °´µ ¶·µ¢µ¤¨²¨¸Ó ³¥¦¤Ê´ ·µ¤´Ò¥ ±µ´Ë¥·¥´Í¨¨ ª�¥·¥-
¤µ¢Ò¥ É¥Ì´µ²µ£¨¨ ¨ Ë¨§¨±  Î ¸É¨Íª, ¸µ¡¨· ¢Ï¨¥ ¢³¥¸É¥ Ë¨§¨±µ¢ ¨ ¶·¥¤¸É -
¢¨É¥²¥° Ë¨·³, · §· ¡ ÉÒ¢ ÕÐ¨Ì ´ Ê±µ¥³±¨¥ É¥Ì´µ²µ£¨¨.)

�µ¸±µ²Ó±Ê ¸´¨¦¥´¨Õ ¨´É¥·¥¸  µ¡Ð¥¸É¢  ± Ë¨§¨±¥ Î ¸É¨Í ¸¶µ¸µ¡¸É¢µ-
¢ ²µ, ´ ·Ö¤Ê ¸ ¤·Ê£¨³¨ ¶·¨Î¨´ ³¨, µÉ¸ÊÉ¸É¢¨¥ ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò Ö·±¨Ì,  
É¥³ ¡µ²¥¥ ¸¥´¸ Í¨µ´´ÒÌ ·¥§Ê²ÓÉ Éµ¢, ¶·¨ ¶µÖ¢²¥´¨¨ ¢ ¤ ²Ó´¥°Ï¥³ É ±¨Ì ·¥-
§Ê²ÓÉ Éµ¢ ¨Ì ´Ê¦´µ ¡Ê¤¥É Ï¨·µ±µ ¶·µ¶ £ ´¤¨·µ¢ ÉÓ, ¤ ¦¥, ´¥ ¶µ¡µÕ¸Ó ÔÉµ£µ
¸²µ¢ , ·¥±² ³¨·µ¢ ÉÓ.
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�¥µ¡Ìµ¤¨³µ ¸ÊÐ¥¸É¢¥´´µ Ê¸¨²¨ÉÓ ¶·µ¶ £ ´¤Ê Ë¨§¨±¨ Î ¸É¨Í ± ± £²µ-
¡ ²Ó´µ° ´ Ê±¨ µ¡ Ê¸É·µ°¸É¢¥ ³¨· , ¢ ±µÉµ·µ³ ³Ò ¦¨¢¥³∗. ‘²¥¤Ê¥É ¢¢¥¸É¨ ¥¥
µ¸´µ¢´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö (  É ±¦¥ ´¥¶µ¸·¥¤¸É¢¥´´µ ¸¢Ö§ ´´ÊÕ ¸ ´¨³¨ ¨¸Éµ-
·¨Õ · ´´¥° ‚¸¥²¥´´µ°) ¢ ¶·µ£· ³³Ò µ¡ÊÎ¥´¨Ö ¢ ¸É ·Ï¨Ì ±² ¸¸ Ì ¸·¥¤´¥°
Ï±µ²Ò. �§´ ±µ³²¥´¨¥ µ¡Ð¥¸É¢  ¸ ÔÉ¨³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨ ¡Ê¤¥É ´¥ Éµ²Ó±µ
¸¶µ¸µ¡¸É¢µ¢ ÉÓ ¸µ§¤ ´¨Õ ¡² £µ¶·¨ÖÉ´µ°  É³µ¸Ë¥·Ò ¤²Ö ¶·µ¢¥¤¥´¨Ö ¤ ²Ó´¥°-
Ï¨Ì ¨¸¸²¥¤µ¢ ´¨° ¶µ Ë¨§¨±¥ Î ¸É¨Í, ´µ ¨ ¶µ¢Ò¸¨É ¨´É¥²²¥±ÉÊ ²Ó´Ò° Ê·µ¢¥´Ó
¸ ³µ£µ µ¡Ð¥¸É¢ .

∗Š ¸µ¦ ²¥´¨Õ, ´ §¢ ´¨¥ ªË¨§¨±  Î ¸É¨Íª ´¥ µÉ· ¦ ¥É £²µ¡ ²Ó´Ò° Ì · ±É¥· ÔÉµ° ´ Ê±¨.
Œµ¦¥É ¡ÒÉÓ, ¢¢¥¸É¨ ¡µ²¥¥ ÉµÎ´µ¥ ´ §¢ ´¨¥?



“„Š 524.8
� §³ÒÏ²ÖÖ µ ‚¸¥²¥´´µ°. Œ ·±µ¢ Œ.�. ”¨§¨±  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ
Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3, ¸.529.

‚ ́  ¸ÉµÖÐ¥° · ¡µÉ¥, ±µÉµ· Ö ¢ § ³¥É´µ° ̧ É¥¶¥´¨ Ö¢²Ö¥É¸Ö µ¡§µ·µ³ ̈  ±·¨É¨Î¥¸±¨³
µ¸³Ò¸²¥´¨¥³ ·Ö¤  ¶·¥¤Ï¥¸É¢ÊÕÐ¨Ì · ¡µÉ  ¢Éµ· , ´  Ï¨·µ±µ³ ²¨É¥· ÉÊ·´µ³ Ëµ´¥
¶·µ¢¥¤¥´µ µ¡¸Ê¦¤¥´¨¥ ¶·µ¡²¥³ Ô¢µ²ÕÍ¨¨ ‚¸¥²¥´´µ° ´  ¥¥ · ´´¨Ì ¸É ¤¨ÖÌ, ¡²¨§±¨Ì ±
ÉµÎ±¥ ¸¨´£Ê²Ö·´µ¸É¨. �¸µ¡µ¥ ¢´¨³ ´¨¥ ¡Ò²µ Ê¤¥²¥´µ  ´ ²¨§Ê ¸¢µ°¸É¢ ¢¸¥²¥´´ÒÌ ¤¥
‘¨ÉÉ¥·  ¨ ”·¨¤³ ´  ¨ µ¡¸Ê¦¤¥´¨Õ Ë¨§¨Î¥¸±¨Ì Ê¸²µ¢¨°, ±µÉµ·Ò¥ ³µ£²¨ ¡Ò ¢Ò§¢ ÉÓ
¶¥·¥Ìµ¤ µÉ µ¤´µ£µ É¨¶  ¢¸¥²¥´´ÒÌ ± ¤·Ê£µ³Ê É¨¶Ê. �¥·¥Î¨¸²¥´Ò · §²¨Î´Ò¥ ¸¶µ¸µ¡Ò
³µ¤¨Ë¨± Í¨¨ µ¡ÒÎ´ÒÌ Ê· ¢´¥´¨° �°´ÏÉ¥°´ , ±µÉµ·Ò¥ ³µ£²¨ ¡Ò ¸²Ê¦¨ÉÓ ¤¨´ ³¨Î¥-
¸±µ° µ¸´µ¢µ° É ±µ£µ ¶¥·¥Ìµ¤ . �µ¤·µ¡´µ · ¸¸³µÉ·¥´ ¢ ·¨ ´É É¥µ·¨¨ £· ¢¨É Í¨¨, ±µ£¤ 
£· ¢¨É Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö § ³¥´Ö¥É¸Ö ́ ¥±µÉµ·µ° ËÊ´±Í¨¥° ¶²µÉ´µ¸É¨ ³ É¥·¨¨ (Ô´¥·-
£¨¨), ¸É·¥³ÖÐ¥°¸Ö ± ´Ê²Õ ¶·¨ Ê¢¥²¨Î¥´¨¨ ¶²µÉ´µ¸É¨ ¤µ ¥¥ ¶·¥¤¥²Ó´µ£µ §´ Î¥´¨Ö.
�¡¸Ê¦¤¥´  ¢µ§³µ¦´ Ö ´¥É·¨¢¨ ²Ó´ Ö ·µ²Ó Î¥·´ÒÌ ¤Ò· ¢ Ë §¥ ¨´Ë²ÖÍ¨µ´´µ£µ · §-
¢¨É¨Ö ‚¸¥²¥´´µ°,   É ±¦¥ (¤²Ö ¢¸¥²¥´´ÒÌ § ±·ÒÉµ£µ É¨¶ ) ¢ § ±²ÕÎ¨É¥²Ó´µ° Ë §¥
±µ²² ¶¸ . �¸µ¡µ µÉ³¥Î¥´  ¢µ§³µ¦´µ¸ÉÓ ̧ ÊÐ¥¸É¢¥´´µ£µ ̈ §³¥´¥´¨Ö Ë¨§¨Î¥¸±¨Ì § ±µ´µ-
³¥·´µ¸É¥° ¢ µ¡² ¸ÉÖÌ ¶·µ¸É· ´¸É¢ , ¡²¨§±¨Ì ¶µ ¸¢µ¨³ · §³¥· ³ ± ¶² ´±µ¢¸±¨³ ¤²¨-
´ ³, ¨, É¥³ ¸ ³Ò³, ¢µ§³µ¦´µ¸ÉÓ ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¸¶¥Í¨Ë¨Î¥¸±µ° Ë¨§¨±¨ Ê²ÓÉ· -
³¨±·µ³¨· .

�¨¡²¨µ£·.: 45.

“„Š 539.12.01
Š ¢µ¶·µ¸Ê µ ±µ´¥Î´µ¸É¨ ¸¶¥±É·  ³ ¸¸ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. Š ¤ÒÏ¥¢¸±¨° ‚.ƒ. ”¨-
§¨±  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3, ¸.563.

�¡¸Ê¦¤ ¥É¸Ö ´¥¸É ´¤ ·É´Ò° ¶µ¤Ìµ¤ ± ¶µ¸É·µ¥´¨Õ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö, ´ ¢¥-
Ö´´Ò° ¨¤¥¥° Œ.�.Œ ·±µ¢  µ ±µ´¥Î´µ¸É¨ ¸¶¥±É·  ³ ¸¸ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í.

�¨¡²¨µ£·.: 14.

“„Š 539.171.1
�¥²ÖÉ¨¢¨¸É¸± Ö Ö¤¥·´ Ö Ë¨§¨± : ¶·µ¸É· ´¸É¢µ µÉ´µ¸¨É¥²Ó´ÒÌ 4-¸±µ·µ¸É¥°, ̧ ¨³³¥É-
·¨¨ ·¥Ï¥´¨°, ¶·¨´Í¨¶ µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨°, ¶µ¤µ¡¨¥, ¶·µ³¥¦ÊÉµÎ´Ò¥  ¸¨³¶-
ÉµÉ¨±¨. � ²¤¨´ �.Œ., � ²¤¨´ �.�. ”¨§¨±  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ Ö¤· ,
1998, Éµ³ 29, ¢Ò¶.3, ¸.577.

ˆ§² £ ¥É¸Ö ¶µ¤Ìµ¤, µ¸´µ¢ ´´Ò° ́   ¶·¨³¥´¥´¨¨ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° Ö¤¥·´µ° Ë¨§¨±¥
§ ±µ´µ¢ ¶µ¤µ¡¨Ö, ¸¨³³¥É·¨¨ ·¥Ï¥´¨° ¨ ¤·Ê£¨Ì ³¥Éµ¤µ¢, ´¥ µ¶¨· ÕÐ¨Ì¸Ö ´  ² £· ´-
¦¥¢ ³¥Éµ¤, ́ µ ¶µ§¢µ²ÖÕÐ¨° ±µ´¸É·Ê¨·µ¢ ÉÓ ³µ¤¥²¨ (·¥Ï¥´¨Ö, § ±µ´Ò ¶·¨·µ¤Ò), ̈ ¸Ìµ-
¤Ö ¨§ ¶¥·¢ÒÌ ¶·¨´Í¨¶µ¢. � Ï ¶µ¤Ìµ¤ ¶µ§¢µ²¨²: 1) Ê¸É ´µ¢¨ÉÓ µ¡² ¸ÉÓ Ö¤¥·´ÒÌ ¸Éµ²±-
´µ¢¥´¨°, ¢ ±µÉµ·µ° ´Ê±²µ´Ò ÊÉ· Î¨¢ ÕÉ ¸¢µÕ Éµ¦¤¥¸É¢¥´´µ¸ÉÓ ¨ ´ ¸ÉÊ¶ ÕÉ  ¸¨³¶Éµ-
É¨Î¥¸±¨¥ ¶µ Ô´¥·£¨¨ ·¥¦¨³Ò, 2) ¶·¥¤¸± § ÉÓ ¨ µ¡´ ·Ê¦¨ÉÓ ±Ê³Ê²ÖÉ¨¢´Ò¥ ¶·µÍ¥¸¸Ò,
¤¥³µ´¸É·¨·ÊÕÐ¨¥ ´ ¡²Õ¤ ¥³µ¸ÉÓ ³´µ£µÎ ¸É¨Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, 3) ¤ ÉÓ ¥¤¨´µ¥
µ¶¨¸ ´¨¥ £²Ê¡µ±µ¶µ¤¶µ·µ£µ¢ÒÌ, µ±µ²µ¶µ·µ£µ¢ÒÌ ¨ ±Ê³Ê²ÖÉ¨¢´ÒÌ ¶·µÍ¥¸¸µ¢, 4) ¸¤¥-
² ÉÓ ±µ²¨Î¥¸É¢¥´´µ¥ µ¶¨¸ ´¨¥ ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨° (³´µ¦¥¸É-
¢¥´´ÒÌ ¶·µÍ¥¸¸µ¢) ´  µ¸´µ¢¥ ¶µ´ÖÉ¨° ®¶·µ³¥¦ÊÉµÎ´ Ö  ¸¨³¶ÉµÉ¨± ¯ ¨ ®¶·¨´Í¨¶
µ¸² ¡²¥´¨Ö ±µ··¥²ÖÍ¨°¯ ¢ ¶·µ¸É· ´¸É¢¥ µÉ´µ¸¨É¥²Ó´ÒÌ 4-¸±µ·µ¸É¥°, 5) µ¡´ ·Ê¦¨ÉÓ
²µ± ²Ó´ÊÕ  ¢Éµ³µ¤¥²Ó´µ¸ÉÓ (¸ ³µ¶µ¤µ¡¨¥) ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥-
´¨°, 6) ¤ ÉÓ ±µ²¨Î¥¸É¢¥´´µ¥ µ¶¨¸ ´¨¥ µ¡· §µ¢ ´¨Ö  ´É¨³ É¥·¨¨ ¢ ·¥²ÖÉ¨¢¨¸É¸±¨Ì
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Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨ÖÌ. �µ²µ¦¥´¨Ö ¤ ´´µ£µ ¶µ¤Ìµ¤  ¨²²Õ¸É·¨·ÊÕÉ¸Ö ´ ¨¡µ²¥¥ Ì -
· ±É¥·´Ò³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, µ¡µ¸´µ¢Ò¢ ÕÐ¨³¨ ̧ ¶· ¢¥¤²¨¢µ¸ÉÓ ́  Ï¨Ì
ÊÉ¢¥·¦¤¥´¨¨.

ˆ². 19. �¨¡²¨µ£·.: 42.

“„Š539.123 + 52
� ±¸ ´¸±¨° ¶µ¤§¥³´Ò° ̧ Í¨´É¨²²ÖÍ¨µ´´Ò° É¥²¥¸±µ¶. �²¥±¸¥¥¢ ….�., �²¥±¸¥¥¢  ‹.�.,
� ÏÉ ´µ¢ ‚.�., �µ²¨¥¢ Œ.Œ., ‚µ¥¢µ¤¸±¨° �.‚., „µ£Ê¦ ¥¢ ‚.�., ‡ ±¨¤ÒÏ¥¢ ‚.�., Šµ§Ö-
·¨¢¸±¨° ‚.�.. �µ¢µ¸¥²ÓÍ¥¢ �.”., �µ¢µ¸¥²ÓÍ¥¢  �.�., �µ¤¤Ê¡´Ò° ‚.Ÿ., �¥É±µ¢ ‚.Ÿ.,
‘Ê¢µ·µ¢  �.‚., –Ö¡Ê± �.Š., —Ê¤ ±µ¢ �.…. ”¨§¨±  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ
Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3, ¸.631.

„ ´ ±· É±¨° µ¡§µ· Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ ´  � ±¸ ´¸±µ³
¶µ¤§¥³´µ³ ¸Í¨´É¨²²ÖÍ¨µ´´µ³ É¥²¥¸±µ¶¥. �¸ÊÐ¥¸É¢²¥´µ ¨¸¸²¥¤µ¢ ´¨¥ ¶µÉµ±µ¢ ´¥°É-
·¨´µ µÉ £ ² ±É¨Î¥¸±¨Ì ¨¸ÉµÎ´¨±µ¢ ¨ Ê¸É ´µ¢²¥´µ µ£· ´¨Î¥´¨¥ ´  ¨Ì ¶µÉµ±. �·¨ ¶µ-
¨¸±¥ ³¥¤²¥´´ÒÌ ¨µ´¨§¨·ÊÕÐ¨Ì Î ¸É¨Í Ê¸É ´µ¢²¥´ ¢¥·Ì´¨° ¶·¥¤¥² ´  ¶µÉµ± ÉÖ¦¥²ÒÌ
³ £´¨É´ÒÌ ³µ´µ¶µ²¥°. ‡ ·¥£¨¸É·¨·µ¢ ´ ¸¨£´ ² µÉ ´¥°É·¨´´µ£µ ¨³¶Ê²Ó¸  µÉ ¶·µÍ¥¸¸ 
·µ¦¤¥´¨Ö ¸¢¥·Ì´µ¢µ°. “¸É ´µ¢²¥´µ µ£· ´¨Î¥´¨¥ ´  · ¸¶ ¤ ¶·µÉµ´ . �·¨ ·¥£¨¸É· Í¨¨
³Õµ´µ¢ µÉ Ï¨·µ±¨Ì  É³µ¸Ë¥·´ÒÌ ²¨¢´¥° Ê¸É ´µ¢²¥´µ ¶µ¸ÉµÖ´¸É¢µ ¨Ì Ì¨³¨Î¥¸±µ£µ

¸µ¸É ¢  ¤µ 5 ⋅ 1015 Ô‚.
’ ¡². 1. �¨¡²¨µ£·.: 3.

“„Š 539 + 524.8
�¤´µ¢·¥³¥´´µ¥ ·¥Ï¥´¨¥ ¶·µ¡²¥³ ¡ ·¨µ£¥´¥§¨¸  ¨ É¥³´µ° ³ É¥·¨¨. ŠÊ§Ó³¨´ ‚.�.
”¨§¨±  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3, ¸.637.

�·¥¤²µ¦¥´  ́ µ¢ Ö ±µ´Í¥¶Í¨Ö µ¡· §µ¢ ´¨Ö ±µ¸³µ²µ£¨Î¥¸±µ£µ ¡ ·¨µ´´µ£µ ̈ §¡ÒÉ± 
(¡ ·¨µ´´µ°  ¸¨³³¥É·¨¨) ̧ µ¢³¥¸É´µ ̧  Ìµ²µ¤´µ° É¥³´µ° ³ É¥·¨¥° (•’Œ) ¢µ ‚¸¥²¥´´µ°
¨ µÎ¥·Î¥´Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¸Í¥´ ·¨¨. � ¸¸³µÉ·¥´Ò ¢µ§³µ¦´Ò¥ ·¥ ²¨§ Í¨¨ ¨¤¥¨ ¢
· ³± Ì ̧ Ê¶¥·¸¨³³¥É·¨Î´ÒÌ ³µ¤¥²¥° ̈  ¶µ²ÊÎ¥´Ò µ£· ´¨Î¥´¨Ö (¶·¥¤¸± § ´¨Ö) ́   ³ ¸¸Ò
¸Ê¶¥·¶ ·É´¥·µ¢, ¸µ¢³¥¸É¨³Ò¥ ¸ ·¥ ²¨¸É¨Î´µ¸ÉÓÕ ¸Í¥´ ·¨Ö. ˆ§ ±µ´Í¥¶Í¨¨ ¸²¥¤ÊÕÉ
³´µ£µÎ¨¸²¥´´Ò¥ ¶·¥¤¸± § ´¨Ö. ‚ Î ¸É´µ¸É¨, ³Ò ¶·¥¤¸± §Ò¢ ¥³ ¢¶µ²´¥ ¥¸É¥¸É¢¥´´µ¥
¸ÊÐ¥¸É¢µ¢ ´¨¥ § ·Ö¤µ¢µ- ¸¨³³¥É·¨Î´µ° ±µ³¶µ´¥´ÉÒ Ìµ²µ¤´µ° É¥³´µ° ³ É¥·¨¨. Šµ´-

±·¥É´µ, ~ 10−2 Î ¸ÉÓ •’Œ ³µ¦¥É ¸ÊÐ¥¸É¢µ¢ ÉÓ ¢ Ëµ·³¥ Ô²¥±É·¨Î¥¸±¨ § ·Ö¦¥´´ÒÌ
·¥²¨±Éµ¢ÒÌ Î ¸É¨Í ¸ ³ ¸¸µ° m ~ 1 ’Ô‚. �´¨ µÉ·¨Í É¥²Ó´µ § ·Ö¦¥´Ò ¨ µ¤¥ÉÒ ¶·µÉµ-
´ ³¨. �É  £¨¶µÉ¥§  ¶·¨¢µ¤¨É ± ¡µ£ Éµ³Ê ¸¶¥±É·Ê ¢µ§³µ¦´µ¸É¥° ´¥¶µ¸·¥¤¸É¢¥´´µ£µ
¶µ¨¸±  ÔÉ¨Ì Î ¸É¨Í. ‡ ·Ö¤µ¢µ-¸¨³³¥É·¨Î´ Ö ±µ³¶µ´¥´É  •’Œ ³µ¦¥É ¸ÊÐ¥¸É¢µ¢ ÉÓ ¢
Ëµ·³¥ µÎ¥´Ó ²¥£±¨Ì, m ≈ 2 ƒÔ‚, µÎ¥´Ó ¸² ¡µ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì Î ¸É¨Í, ¶µ¤µ¡´ÒÌ
¶· ¢Ò³ ̧ ´¥°É·¨´µ, É ± ÎÉµ ̧ Éµ²±´µ¢¥´¨Ö ̧  Ö¤· ³¨ Ö¢²ÖÕÉ¸Ö ·¥¤±¨³¨,   Ô´¥·£¨Ö µÉ¤ Î¨
Ö¤·  ¸µ¸É ¢²Ö¥É Erecoil ~ 1 ±Ô‚. �Éµ ¶·¨¢µ¤¨É, ¢ Î ¸É´µ¸É¨, ± ¶·¥¤¸± § ´¨Õ ¸ÊÐ¥¸É¢µ-

¢ ´¨Ö ¤µ²£µ¦¨¢ÊÐ¨Ì ̧ Ê¶¥·¶ ·É´¥·µ¢. ŒÒ µÉ³¥Î ¥³ ́ ¥±µÉµ·Ò¥ ́ µ¢Ò¥ Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¢µ§³µ¦´µ¸É¨ ´¥É· ¤¨Í¨µ´´µ£µ ¶µ¨¸±  Î ¸É¨Í •’Œ.

ˆ². 4. �¨¡²¨µ£·.: 29.

“„Š 537.591.8
�¥·¸¶¥±É¨¢Ò · ¤¨µ¢µ²´µ¢µ£µ ¨  ±Ê¸É¨Î¥¸±µ£µ ¤¥É¥±É¨·µ¢ ´¨Ö ±µ¸³¨Î¥¸±¨Ì
´¥°É·¨´µ ¸¢¥·Ì- ¨ ¸Ê¶¥·¢Ò¸µ±¨Ì Ô´¥·£¨° (¶µ¶¥·¥Î´Ò¥ ̧ ¥Î¥´¨Ö, ̧ ¨£´ ²Ò, ¶µ·µ£¨).
�ÊÉ±¥¢¨Î �.‚., „¥¤¥´±µ ‹.ƒ., Š · ¥¢¸±¨° ‘.•., Œ¨·µ´µ¢¨Î �.�., �·µ¢µ·µ¢ �.‹., †¥²¥§-
´ÒÌ ˆ.Œ. ”¨§¨±  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3, ¸.659.
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‚ ̧ É ÉÓ¥ µ¡¸Ê¦¤ ÕÉ¸Ö ¶¥·¸¶¥±É¨¢Ò · §¢¨É¨Ö  ±Ê¸É¨Î¥¸±¨Ì ̈  · ¤¨µ¢µ²´µ¢ÒÌ ́ ¥°É-
·¨´´ÒÌ É¥²¥¸±µ¶µ¢.

‚ · ³± Ì ¸É ´¤ ·É´µ° ³µ¤¥²¨ · ¸¸Î¨É ´µ ¶µ¶¥·¥Î´µ¥ ¸¥Î¥´¨¥ ¢§ ¨³µ¤¥°¸É¢¨Ö

´¥°É·¨´µ ¸ ´Ê±²µ´ ³¨ ¢ µ¡² ¸É¨ Ô´¥·£¨° 102 ÷ 1012 ƒÔ‚. �·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ

Eν < 103 ƒÔ‚ · ¸Î¥É´Ò¥ ¶µ¶¥·¥Î´Ò¥ ¸¥Î¥´¨Ö Ìµ·µÏµ ¸µ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó-

´Ò³¨ ¤ ´´Ò³¨. �·¨ Eν = 106 ƒÔ‚ ´µ¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ´  45% ¶·¥¢µ¸Ìµ¤ÖÉ ¸É ·Ò¥ ¤ ´-

´Ò¥ (1984Å1988 ££.), ́ µ ¢ 1,6 · §  ³¥´ÓÏ¥ ¶µ¶¥·¥Î´µ£µ ̧ ¥Î¥´¨Ö, ¶µ²ÊÎ¥´´µ£µ ¢ · ¡µÉ¥
� ²Ó¸Éµ´  ¨ ¤·. (1994 £.).

�·µ¢¥¤¥´Ò ¢ÒÎ¨¸²¥´¨Ö  ³¶²¨ÉÊ¤Ò  ±Ê¸É¨Î¥¸±µ£µ ¸¨£´ ²  ´  ¡ §¥ · ¸Î¥Éµ¢ ¢ · ³-
± Ì ³µ¤¥²¨ ±¢ ·±-£²Õµ´´ÒÌ ¸É·Ê´ ¤²Ö Ô²¥±É·µ´- ¤·µ´´µ£µ ± ¸± ¤  ¸ Ô´¥·£¨¥°

107 ƒÔ‚, ¶·µ¨§¢µ¤¨³µ£µ ¢ ¢µ¤¥ ´¥°É·¨´µ, ±µÉµ·Ò¥ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸ Ô²¥±É·µ´ ³¨ ¨
´Ê±²µ´ ³¨. � ¸Î¥ÉÒ ¶·µ¢¥¤¥´Ò ¤²Ö · §²¨Î´ÒÌ · ¸¸ÉµÖ´¨° µÉ ± ¸± ¤  (¤µ 10 ±³) ¸
ÊÎ¥Éµ³ § ÉÊÌ ´¨Ö §¢Ê±  ¢ ³µ·¸±µ° ¢µ¤¥. �µ²ÊÎ¥´´ Ö  ³¶²¨ÉÊ¤  ¢ ¤¢  · §  ¢ÒÏ¥ ·¥§Ê²Ó-
É É  ¡µ²¥¥ · ´´¨Ì µÍ¥´µ±.

�µ± § ´µ, ÎÉµ · ¤¨µ¢µ²´µ¢µ° ´¥°É·¨´´Ò° ¤¥É¥±Éµ· ��Œ��„ ¶²µÐ ¤ÓÕ 1 ±³2,
¸µ§¤ ´´Ò° ¨ Ê¸É ´µ¢²¥´´Ò° ¢ Í¥´É· ²Ó´µ° �´É ·±É¨¤¥ (´  �¦´µ³ ¶µ²Õ¸¥ ¨²¨ ¸É ´-
Í¨¨ ®‚µ¸Éµ±¯), ³µ¦¥É ¡ÒÉÓ ÎÊ¢¸É¢¨É¥²Ó´Ò³ ± ¶·¥¤¸± § ´´Ò³ ¤¨ËËÊ§´Ò³ ¶µÉµ± ³
´¥°É·¨´µ ¸ Ô´¥·£¨Ö³¨ ¢ÒÏ¥ 100 ’Ô‚ ¨§ Ö¤¥·  ±É¨¢´ÒÌ £ ² ±É¨±. �±Ê¸É¨Î¥¸±¨° ´¥°-
É·¨´´Ò° É¥²¥¸±µ¶ ‘�„Š� ¢ ‘·¥¤¨§¥³´µ³ ³µ·¥ ¸ µ¡Ñ¥³µ³ ¤¥É¥±É¨·µ¢ ´¨Ö ¡µ²¥¥

1 ±³3 ³µ¦¥É ¡ÒÉÓ ¶·¥¤´ §´ Î¥´ ¤²Ö ¶µ¨¸±  ±µ¸³¨Î¥¸±¨Ì ´¥°É·¨´µ ¸ Ô´¥·£¨¥° ¢ÒÏ¥

107−108 ƒÔ‚. 
’ ¡². 3. ˆ². 9. �¨¡²¨µ£·.: 40.

“„Š 539.12.01
Œ ±¸¨³µ´ Œ.�.Œ ·±µ¢  ¨ ±¢ ´Éµ¢Ò¥ Î¥·´Ò¥ ¤Ò·Ò. �¥·¥§¨´ ‚.�. ”¨§¨±  Ô²¥³¥´É ·-
´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3, ¸.677.

‚ · ¡µÉ¥ ¶·¨¢µ¤ÖÉ¸Ö ¸¢¨¤¥É¥²Ó¸É¢  Éµ£µ, ÎÉµ £¨¶µÉ¥É¨Î¥¸± Ö Ô²¥³¥´É ·´ Ö Î ¸-
É¨Í  ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´µ° ³ ¸¸Ò, ¶·¥¤¸± § ´´ Ö Œ.�.Œ ·±µ¢Ò³ ¢ 1966 £µ¤Ê ¨
´ §¢ ´´ Ö ¨³ ³ ±¸¨³µ´µ³, ¥¸ÉÓ ´¥ ÎÉµ ¨´µ¥, ± ± Î¥·´ Ö ¤Ò·  ³¨´¨³ ²Ó´µ ¢µ§³µ¦´µ°
³ ¸¸Ò. � ¸¸Ê¦¤¥´¨Ö Œ.�.Œ ·±µ¢  µ¸´µ¢Ò¢ ²¨¸Ó ´  ¸µµ¡· ¦¥´¨ÖÌ · §³¥·´µ¸É¥°.
‚¢¥¤¥´¨¥ ¢ Ë¨§¨±Ê Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í £· ¢¨É Í¨µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¨, ¸²¥¤µ¢ -
É¥²Ó´µ, · §³¥·´µ° ±µ´¸É ´ÉÒ ¸¢Ö§¨ ¢ ¢¨¤¥ £· ¢¨É Í¨µ´´µ° ¶µ¸ÉµÖ´´µ° ¶µ§¢µ²Ö¥É ¶µ-
¸É·µ¨ÉÓ ¨§ É·¥Ì · §³¥·´ÒÌ ³¨·µ¢ÒÌ ±µ´¸É ´É ¢¥²¨Î¨´Ê ¸ · §³¥·´µ¸ÉÓÕ ³ ¸¸Ò.
Œ.�.Œ ·±µ¢ ¶·¥¤¶µ²µ¦¨², ÎÉµ ÔÉ  ³ ¸¸  Ö¢²Ö¥É¸Ö ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´µ° ¤²Ö
Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. �µ¸²¥ µÉ±·ÒÉ¨Ö ‘.•µ±¨´£µ³ Ö¢²¥´¨Ö ¨¸¶ ·¥´¨Ö Î¥·´ÒÌ ¤Ò·
¸É ²µ Ö¸´µ, ÎÉµ ¥¸²¨ ¸¶¥±É· ³ ¸¸ Î¥·´ÒÌ ¤Ò· µ£· ´¨Î¥´ ¸´¨§Ê, Éµ ÔÉ  ³¨´¨³ ²Ó´ Ö
³ ¸¸  Š ¥¸ÉÓ ³ ¸¸  ³ ±¸¨³µ´ , É.¥. £· ´¨Í  ³¥¦¤Ê Ô²¥³¥´É ·´Ò³¨ Î ¸É¨Í ³¨ ¨ Î¥·-
´Ò³¨ ¤Ò· ³¨. ̂ ¸Î¥·¶Ò¢ ÕÐ¥¥ ·¥Ï¥´¨¥ ¢µ¶·µ¸  µ ³¨´¨³ ²Ó´ÒÌ Î¥·´ÒÌ ¤Ò· Ì ³µ¦¥É
¡ÒÉÓ ¤ ´µ Éµ²Ó±µ ¢ · ³± Ì ±¢ ´Éµ¢µ° É¥µ·¨¨ £· ¢¨É Í¨¨, ±µÉµ· Ö ¥Ð¥ ´¥ ¶µ¸É·µ¥´ .
�¤´ ±µ ¢ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¶µÖ¢¨²¨¸Ó ±µ´±·¥É´Ò¥ ³µ¤¥²¨, ±µÉµ·Ò¥ ¤µ¶Ê¸± ÕÉ ¶·µÍ¥-
¤Ê·Ê ±¢ ´Éµ¢ ´¨Ö. �¤´  ¨§ É ±¨Ì ³µ¤¥²¥° ±· É±µ µ¶¨¸ ´  ¢ ¤ ´´µ° · ¡µÉ¥. �Éµ ÉµÎ´µ
·¥Ï ¥³ Ö ³µ¤¥²Ó ±¢ ´Éµ¢µ° ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ° ¸ ³µ£· ¢¨É¨·ÊÕÐ¥° Éµ´±µ°
µ¡µ²µÎ±¨. �µ²ÊÎ¥´ ¸¶¥±É· ³ ¸¸ ÔÉµ° µ¡µ²µÎ±¨, ¨ ¨§ ´¥£µ ¢Ò¤¥²¥´ ¸¶¥±É· ³ ¸¸ ´¥¢· -
Ð ÕÐ¥°¸Ö Î¥·´µ° ¤Ò·Ò. ‚ÒÖ¸´¨²µ¸Ó, ÎÉµ ¸¶¥±É· ³ ¸¸ ±¢ ´Éµ¢ÒÌ Î¥·´ÒÌ ¤Ò· ¤¥°¸É-
¢¨É¥²Ó´µ µ£· ´¨Î¥´ ¸´¨§Ê,   ³¨´¨³ ²Ó´ Ö ³ ¸¸  µ± § ² ¸Ó · ¢´µ° ³ ¸¸¥ ³ ±¸¨³µ´  ¸
ÉµÎ´µ¸ÉÓÕ ¤µ ±µÔËË¨Í¨¥´É  ¶µ·Ö¤±  ¥¤¨´¨ÍÒ.
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“„Š 530.145
Š�„-¶·µÍ¥¸¸Ò ¢µ ¢´¥Ï´¥³ ¶µ²¥ � ·µ´µ¢  Å �µ³ . �Ê¤·¥Î �., ‘± ·¦¨´¸±¨° ‚.„.
”¨§¨±  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3, ¸.686.

� ¸ÉµÖÐ¨° µ¡§µ· ¶µ¸¢ÖÐ¥´ ¨¸¸²¥¤µ¢ ´¨Õ ¶·µÍ¥¸¸µ¢ Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ¨
·µ¦¤¥´¨Ö Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ¶ ·Ò ¢ ³ £´¨É´µ³ ¶µ²¥ Éµ´±µ° ¸É·Ê´Ò, µ¶¨¸Ò¢ ¥-
³µ³ ¶µÉ¥´Í¨ ²µ³ � ·µ´µ¢  Å �µ³ . � °¤¥´Ò ÉµÎ´Ò¥ Ô²¥±É·µ´´Ò¥ ¨ ¶µ§¨É·µ´´Ò¥
·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö „¨· ±  ¢ ¶µÉ¥´Í¨ ²¥ � ·µ´µ¢  Å �µ³  ± ± ̧ µ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨
¶µ²´µ£µ ´ ¡µ·  ±µ³³ÊÉ¨·ÊÕÐ¨Ì µ¶¥· Éµ·µ¢. �¸µ¡µ¥ ¢´¨³ ´¨¥ Ê¤¥²¥´µ ¶·µ¡²¥³¥
¶· ¢¨²Ó´µ£µ ¢Ò¡µ·  ̧ ¨´£Ê²Ö·´ÒÌ ³µ¤, ¢µ§´¨± ÕÐ¥° ¢¸²¥¤¸É¢¨¥ ́ ¥¸ ³µ¸µ¶·Ö¦¥´´µ¸É¨
µ¶¥· Éµ·  „¨· ±  ¢ É ±µ³ ¶µÉ¥´Í¨ ²¥. �  µ¸´µ¢¥ ¶µ²ÊÎ¥´´ÒÌ ·¥Ï¥´¨° ¢ÒÎ¨¸²¥´Ò
³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¨ ¶µ²ÊÎ¥´Ò ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¢¥·µÖÉ´µ¸É¨ ¶·µÍ¥¸¸µ¢ Éµ·³µ§-
´µ£µ ¨§²ÊÎ¥´¨Ö Ô²¥±É·µ´ , ¶·µ²¥É ÕÐ¥£µ µ±µ²µ ³ £´¨É´µ° ¸É·Ê´Ò, ¨ ·µ¦¤¥´¨Ö Ô²¥±É-
·µ´´µ-¶µ§¨É·µ´´µ° ¶ ·Ò µ¤¨´µÎ´Ò³ ËµÉµ´µ³. �¡¸Ê¦¤ ÕÉ¸Ö µ¸µ¡¥´´µ¸É¨ ÔÉ¨Ì ¶·µ-
Í¥¸¸µ¢ ¤²Ö ¤¨· ±µ¢¸±¨Ì Î ¸É¨Í. �µ²ÊÎ¥´Ò ¨ ¶·µ ´ ²¨§¨·µ¢ ´Ò · ¸¶·¥¤¥²¥´¨Ö ·µ¦-
¤¥´´ÒÌ Î ¸É¨Í ¶µ Ô´¥·£¨Ö³, Ê£² ³ ¢Ò²¥É  ¨ ¶µ²Ö·¨§ Í¨Ö³ ¤²Ö · §²¨Î´ÒÌ Ô´¥·£¨°
¶ ¤ ÕÐ¥° Î ¸É¨ÍÒ. ‚ÒÎ¨¸²¥´Ò ¶µ²´Ò¥ ¸¥Î¥´¨Ö ¶·µÍ¥¸¸µ¢. ‚µ§³µ¦´µ, ÔÉ¨ ¶·µÍ¥¸¸Ò
¶·¥¤¸É ¢²ÖÕÉ ´¥±µÉµ·Ò° ¨´É¥·¥¸ ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö ¢ ¶µ²Ö·¨§µ-
¢ ´´ÒÌ Ô²¥±É·µ´´ÒÌ ¨ ËµÉµ´´ÒÌ ¶ÊÎ± Ì.

�¨¡²¨µ£·.: 25.

“„Š 539.12.01
�ËË¥±ÉÒ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¢ ´¥²¥¶Éµ´´ÒÌ · ¸¶ ¤ Ì K-³¥§µ´µ¢. �¥´¨´ �.�.,
�¨¢µ¢ ·µ¢ �.�. ”¨§¨±  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3,
¸.702.

‚ µ¡§µ·¥ · ¸¸³µÉ·¥´Ò ¶µ¸²¥¤´¨¥ ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ́ ¥²¥¶Éµ´´ÒÌ · ¸¶ ¤µ¢ K-³¥-
§µ´µ¢ ¢ ¸É ´¤ ·É´µ° ³µ¤¥²¨. �¡¸Ê¦¤ ÕÉ¸Ö µ¶¥· Éµ·´Ò¥ ¶µ¶· ¢±¨ ± ± ´µ´¨Î¥¸±µ³Ê
Î¥ÉÒ·¥Ì±¢ ·±µ¢µ³Ê ÔËË¥±É¨¢´µ³Ê ∆S = 1 £ ³¨²ÓÉµ´¨ ´Ê. „ ´Ò µÍ¥´±¨ ¢±² ¤µ¢ ́ µ¢ÒÌ
µ¶¥· Éµ·´ÒÌ ¸É·Ê±ÉÊ·, ¢Ìµ¤ÖÐ¨Ì ¢ ¶µ²´Ò° ÔËË¥±É¨¢´Ò° £ ³¨²ÓÉµ´¨ ´, ¢  ³¶²¨ÉÊ¤Ò
· ¸¶ ¤µ¢ K → ππ. �·¥¤¸É ¢²¥´ ·¥£Ê²Ö·´Ò° ³¥Éµ¤ ¢ÒÎ¨¸²¥´¨Ö  ¤·µ´´ÒÌ ³ É·¨Î´ÒÌ
Ô²¥³¥´Éµ¢ ²µ± ²Ó´ÒÌ Š•„-µ¶¥· Éµ·µ¢, µ¡· §ÊÕÐ¨Ì ÔËË¥±É¨¢´Ò° ∆S = 1
£ ³¨²ÓÉµ´¨ ´, ¢´¥ · ³µ± £¨¶µÉ¥§Ò Ë ±Éµ·¨§ Í¨¨. „²Ö ¢ÒÎ¨¸²¥´¨Ö ̈ ¸¶µ²Ó§ÊÕÉ¸Ö Š•„-
¶· ¢¨²  ¸Ê³³ ¨ ±¨· ²Ó´ Ö ÔËË¥±É¨¢´ Ö É¥µ·¨Ö ¢§ ¨³µ¤¥°¸É¢¨° ¶¸¥¢¤µ¸± ²Ö·´ÒÌ ³¥-
§µ´µ¢. Œ¥Éµ¤ µ¸´µ¢ ´ ´  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¸¢µ°¸É¢ Ì ¤Ê ²Ó´µ¸É¨ ¨ ±¨· ²Ó´µ° ¸¨³-
³¥É·¨¨ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¨ ´¥ ¢±²ÕÎ ¥É ¤µ¶µ²´¨É¥²Ó´Ò¥ ³µ¤¥²¨ ¤²Ö µ¶¨¸ ´¨Ö
¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ´  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ, ÎÉµ ¶µ§¢µ²Ö¥É §´ Î¨É¥²Ó´µ ¶µ¢Ò-
¸¨ÉÓ ´ ¤¥¦´µ¸ÉÓ É¥µ·¥É¨Î¥¸±¨Ì µÍ¥´µ±  ¤·µ´´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ ¨ ¶ · ³¥É·µ¢
· ¸¶ ¤µ¢ K-³¥§µ´µ¢. � ¸¸³µÉ·¥´ ´¥¶¥·ÉÊ·¡ É¨¢´Ò° ¢±² ¤ ¢  ³¶²¨ÉÊ¤Ò · ¸¶ ¤µ¢
K → ππ §  ¸Î¥É ¶¥·¥Ìµ¤µ¢ ¸ £²Õµ´ ³¨ ¢ ¶·µ³¥¦ÊÉµÎ´µ³ ¸µ¸ÉµÖ´¨¨. �µ¢Ò° ¢±² ¤ ¢
 ³¶²¨ÉÊ¤Ò ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢ · ³± Ì £¨¶µÉ¥§Ò Ë ±Éµ·¨§ Í¨¨ ¨ µÉ¸ÊÉ¸É¢Ê¥É ¢ ¢¥¤ÊÐ¨Ì
¶µ·Ö¤± Ì 1 6 Nc-· §²µ¦¥´¨Ö ̈  ±¨· ²Ó´µ° É¥µ·¨¨ ¢µ§³ÊÐ¥´¨°. �µ²ÊÎ¥´Ò ́ µ¢Ò¥ µÍ¥´±¨

¤²Ö §´ Î¥´¨° ‘�-¨´¢ ·¨ ´É´ÒÌ ¨ ‘�-´¥¨´¢ ·¨ ´É´ÒÌ  ³¶²¨ÉÊ¤ · ¸¶ ¤µ¢ K → ππ, ¨
¶µ± § ´µ, ÎÉµ ¶·¨ ¨³¥ÕÐ¥³¸Ö Ê·µ¢´¥ ÉµÎ´µ¸É¨ É¥µ·¥É¨Î¥¸±µ£µ  ´ ²¨§  ¶·¥¤¸± § ´¨Ö
¸É ´¤ ·É´µ°  ³µ¤¥²¨  ¤²Ö  ¶ · ³¥É·µ¢  ́ ¥²¥¶Éµ´´ÒÌ  · ¸¶ ¤µ¢  K-³¥§µ´µ¢  ± ±   ¤²Ö
‘�-¨´¢ ·¨ ´É´ÒÌ, É ± ¨ ¤²Ö ‘�-´¥¨´¢ ·¨ ´É´ÒÌ  ³¶²¨ÉÊ¤ ´ Ìµ¤ÖÉ¸Ö ¢ Ìµ·µÏ¥³
¸µ£² ¸¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.

’ ¡².: 2. �¨¡²¨µ£·.: 117.
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“„Š 530.1
Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î Œ ·±µ¢ (± 90-²¥É¨Õ ¸µ ¤´Ö ·µ¦¤¥´¨Ö). ˆ¸ ¥¢ �.‘. ”¨§¨± 
Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3, ¸.745.

Œµ¨¸¥° �²¥±¸ ´¤·µ¢¨Î Œ ·±µ¢ ¢´¥¸ § ³¥É´Ò° ¢±² ¤ ¢ · §¢¨É¨¥ Ë¨§¨±¨ Ô²¥³¥´-
É ·´ÒÌ Î ¸É¨Í ¢ ‘‘‘�. � ¸ÉµÖÐ Ö ¸É ÉÓÖ ¶µ¸¢ÖÐ ¥É¸Ö ¥£µ ´ ÊÎ´Ò³ ¨ Ë¨²µ¸µË¸±¨³
¢§£²Ö¤ ³ ¢ · ´´¨° ¶¥·¨µ¤ É¢µ·Î¥¸É¢  (1945Å1960 ££.).

“„Š 541.091
‚µ¸¶µ³¨´ ´¨Ö µ Œ.�.Œ ·±µ¢¥. Š¨·¦´¨Í „.�. ”¨§¨±  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³-
´µ£µ Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3, ¸.755.

‘É ÉÓÖ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ±· É±¨° µÎ¥·± ¢µ¸¶µ³¨´ ´¨° µ ¢Ò¤ ÕÐ¥³¸Ö ¸µ¢¥É-
¸±µ³ ÊÎ¥´µ³-Ë¨§¨±¥, ̧ ¶¥Í¨ ²¨¸É¥ ¢ µ¡² ¸É¨ Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° ̈  ËÊ´¤ ³¥´É ²Ó-
´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö ¨ ±µ¸³µ²µ£¨¨, ¢¨¤´µ³ µ·£ ´¨§ Éµ·¥ ´ Ê±¨,
³´µ£µ ²¥É ¢µ§£² ¢²Ö¢Ï¥³ �É¤¥²¥´¨¥ Ö¤¥·´µ° Ë¨§¨±¨ �� ‘‘‘�,  ± ¤¥³¨±¥ Œµ¨¸¥¥
�²¥±¸ ´¤·µ¢¨Î¥ Œ ·±µ¢¥ (1908Å1994). ‚µ¸¶µ³¨´ ´¨Ö µÌ¢ ÉÒ¢ ÕÉ 20-²¥É´¨° ¶¥·¨µ¤
¸ ¸¥·¥¤¨´Ò 40-Ì ¤µ ¸¥·¥¤¨´Ò 60-Ì £µ¤µ¢.

“„Š 539.171.1
”¨§¨±  ¢Ò¸µ±¨Ì Ô´¥·£¨° ¢ ”¨§¨Î¥¸±µ³ ¨´¸É¨ÉÊÉ¥ ¨³. �.�.‹¥¡¥¤¥¢  �± ¤¥³¨¨
´ Ê± (¢Ò¸ÉÊ¶²¥´¨¥ ´  ¸µ¡· ´¨¨, ¶µ¸¢ÖÐ¥´´µ³ Õ¡¨²¥Õ ”ˆ��, 26 ¤¥± ¡·Ö 1994 £.).
� ²¤¨´ �.Œ. ”¨§¨±  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ̈   Éµ³´µ£µ Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3, ̧ .763.

”¨§¨Î¥¸±¨° ¨´¸É¨ÉÊÉ ¨³. �.�.‹¥¡¥¤¥¢  �± ¤¥³¨¨ ´ Ê±, ¨³¥ÕÐ¨° £²Ê¡µ±¨¥
±µ·´¨ ¢ ´ ÊÎ´µ-É¥Ì´¨Î¥¸±µ³ ´ ¸²¥¤¨¨ �µ¸¸¨¨, ¸¢µ° ¸µ¢·¥³¥´´Ò° µ¡²¨± ¶·¨µ¡·¥² ¢
30Å50-¥ £µ¤Ò. �Éµ ¡Ò²¨ £µ¤Ò ¸É ´µ¢²¥´¨Ö ¨ ¡Ê·´µ£µ · §¢¨É¨Ö Ö¤¥·´µ° Ë¨§¨±¨ ¢
Ï¨·µ±µ³ ¸³Ò¸²¥ ¨ µ¸µ¡¥´´µ Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°. ‚ ¢Ò¸ÉÊ¶²¥´¨¨ µÉ³¥Î¥´ ¢±² ¤
ˆ´¸É¨ÉÊÉ  ¢ ÔÉÊ µ¡² ¸ÉÓ ´ Ê±¨, ¶µ²ÊÎ¨¢Ï¨° Ï¨·µ±µ¥ ³¥¦¤Ê´ ·µ¤´µ¥ ¶·¨§´ ´¨¥.

“„Š 539.171.1
�±¸¶¥·¨³¥´É ²Ó´ Ö Ë¨§¨±  Î ¸É¨Í ´  ¶µ·µ£¥ XXI ¢¥± . ‹Õ¡¨³µ¢ �.‹. ”¨§¨±  Ô²¥-
³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ Ö¤· , 1998, Éµ³ 29, ¢Ò¶.3, ¸.769.

‚ ¸É ÉÓ¥ · ¸¸³µÉ·¥´Ò ¶¥·¸¶¥±É¨¢Ò · §¢¨É¨Ö Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¨ Î ¸É¨Í.
�É³¥Î ¥É¸Ö ¶µÖ¢²¥´¨¥ ¢´¥Ï´¨Ì Ë ±Éµ·µ¢, ´¥¡² £µ¶·¨ÖÉ´ÒÌ ¤²Ö ÔÉµ£µ · §¢¨É¨Ö, ¨ µ¡-
¸Ê¦¤ ÕÉ¸Ö ´¥±µÉµ·Ò¥ ¢µ§³µ¦´µ¸É¨ ¶·µÉ¨¢µ¤¥°¸É¢¨Ö ¨³.
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‚ ¦Ê·´ ²¥ ®”¨§¨±  Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨  Éµ³´µ£µ Ö¤· ¯ (�—�Ÿ) ¶¥Î É ÕÉ¸Ö µ¡§µ·Ò ¶µ
 ±ÉÊ ²Ó´Ò³ ¶·µ¡²¥³ ³ É¥µ·¥É¨Î¥¸±µ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨
 Éµ³´µ£µ Ö¤· , ¶·µ¡²¥³ ³ ¸µ§¤ ´¨Ö ´µ¢ÒÌ Ê¸±µ·¨É¥²Ó´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É ´µ¢µ±,  ¢Éµ-
³ É¨§ Í¨¨ µ¡· ¡µÉ±¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. ‘É ÉÓ¨ ¶¥Î É ÕÉ¸Ö ´  ·Ê¸¸±µ³ ¨  ´£²¨°¸±µ³
Ö§Ò± Ì. �¥¤ ±Í¨Ö ¶·µ¸¨É  ¢Éµ·µ¢ ¶·¨ ´ ¶· ¢²¥´¨¨ ¸É ÉÓ¨ ¢ ¶¥Î ÉÓ ·Ê±µ¢µ¤¸É¢µ¢ ÉÓ¸Ö ¨§²µ¦¥´-
´Ò³¨ ´¨¦¥ ¶· ¢¨² ³¨.

1. ’¥±¸É ¸É ÉÓ¨ ¤µ²¦¥´ ¡ÒÉÓ ´ ¶¥Î É ´ ´  ³ Ï¨´±¥ Î¥·¥§ ¤¢  ¨´É¥·¢ ²  ´  µ¤´µ° ¸Éµ·µ´¥
²¨¸É  (µ¡Ö§ É¥²Ó´µ ¶·¥¤¸É ¢²Ö¥É¸Ö ¶¥·¢Ò° ³ Ï¨´µ¶¨¸´Ò° Ô±§¥³¶²Ö·). �µ²Ö ¸ ²¥¢µ° ¸Éµ·µ´Ò
¤µ²¦´Ò ¡ÒÉÓ ´¥ Ê¦¥ 3Å4 ¸³, ·Ê±µ¶¨¸´Ò¥ ¢¸É ¢±¨ ´¥ ¤µ¶Ê¸± ÕÉ¸Ö. �±§¥³¶²Ö· ¸É ÉÓ¨ ¤µ²¦¥´
¢±²ÕÎ ÉÓ  ´´µÉ Í¨¨ ¨ ´ §¢ ´¨¥ ´  ·Ê¸¸±µ³ ¨  ´£²¨°¸±µ³ Ö§Ò± Ì, ·¥Ë¥· É ´  ·Ê¸¸±µ³ Ö§Ò±¥,
“„Š, ¸¢¥¤¥´¨Ö µ¡  ¢Éµ· Ì: Ë ³¨²¨Ö ¨ ¨´¨Í¨ ²Ò (´  ·Ê¸¸±µ³ ¨  ´£²¨°¸±µ³ Ö§Ò± Ì), ´ §¢ ´¨¥
¨´¸É¨ÉÊÉ ,  ¤·¥¸ ¨ É¥²¥Ëµ´. ‚¸¥ ¸É· ´¨ÍÒ É¥±¸É  ¤µ²¦´Ò ¡ÒÉÓ ¶·µ´Ê³¥·µ¢ ´Ò. ‘É ÉÓÖ ¤µ²¦´ 
¡ÒÉÓ ¶µ¤¶¨¸ ´  ¢¸¥³¨  ¢Éµ· ³¨. ’¥±¸É ¸É ÉÓ¨ ³µ¦¥É ¡ÒÉÓ ´ ¶¥Î É ´ ´  ¶·¨´É¥·¥ ¸ ¸µ¡²Õ¤¥´¨¥³
É¥Ì ¦¥ ¶· ¢¨².

2. ”µ·³Ê²Ò ¨ µ¡µ§´ Î¥´¨Ö ¤µ²¦´Ò ¡ÒÉÓ ¢¶¨¸ ´Ò ±·Ê¶´µ, Î¥É±µ, µÉ ·Ê±¨ É¥³´Ò³¨
Î¥·´¨² ³¨ (²¨¡µ ´ ¶¥Î É ´Ò ´  ¶·¨´É¥·¥ ¨ µ¡Ö§ É¥²Ó´µ · §³¥Î¥´Ò). †¥² É¥²Ó´µ ´Ê³¥·µ¢ ÉÓ
Éµ²Ó±µ É¥ Ëµ·³Ê²Ò, ´  ±µÉµ·Ò¥ ¨³¥ÕÉ¸Ö ¸¸Ò²±¨ ¢ É¥±¸É¥. �µ³¥· Ëµ·³Ê²Ò Ê± §Ò¢ ¥É¸Ö ¸¶· ¢  ¢
±·Ê£²ÒÌ ¸±µ¡± Ì. �¸µ¡µ¥ ¢´¨³ ´¨¥ ¸²¥¤Ê¥É µ¡· É¨ÉÓ ´   ±±Ê· É´µ¥ ¨§µ¡· ¦¥´¨¥ ¨´¤¥±¸µ¢ ¨
¶µ± § É¥²¥° ¸É¥¶¥´¥°: ´¨¦´¨¥ ¨´¤¥±¸Ò µÉ³¥Î ÕÉ¸Ö §´ ±µ³ ¶µ´¨¦¥´¨Ö ∩, ¢¥·Ì´¨¥ Å §´ ±µ³
¶µ¢ÒÏ¥´¨Ö ∪; ÏÉ·¨Ì¨ ́ ¥µ¡Ìµ¤¨³µ Î¥É±µ µÉ²¨Î ÉÓ µÉ ¥¤¨´¨ÍÒ,   ¥¤¨´¨ÍÊ Å µÉ § ¶ÖÉµ°. ‘²¥¤Ê¥É,
¶µ ¢µ§³µ¦´µ¸É¨, ¨§¡¥£ ÉÓ £·µ³µ§¤±¨Ì µ¡µ§´ Î¥´¨° ¨ Ê¶·µÐ ÉÓ ´ ¡µ· Ëµ·³Ê² (´ ¶·¨³¥·, ¶·¨³¥-
´ÖÖ exp, ¤·µ¡Ó Î¥·¥§ ±µ¸ÊÕ Î¥·ÉÊ).

‚µ ¨§¡¥¦ ´¨¥ ´¥¤µ· §Ê³¥´¨° ¨ µÏ¨¡µ± ¸²¥¤Ê¥É ¤¥² ÉÓ Ö¸´µ¥ · §²¨Î¨¥ ³¥¦¤Ê ¶·µ¶¨¸´Ò³¨
¨ ¸É·µÎ´Ò³¨ ¡Ê±¢ ³¨, µ¤¨´ ±µ¢Ò³¨ ¶µ ´ Î¥·É ´¨Õ (V ¨ v, U ¨ u, W ¨ w, O ¨ o, K ¨ k, S ¨ s, C
¨ c, P ¨ p, Z ¨ z), ¶·µ¶¨¸´Ò¥ ¶µ¤Î¥·±¨¢ ÕÉ ¤¢Ê³Ö Î¥·É ³¨ ¸´¨§Ê, ¸É·µÎ´Ò¥ Å ¤¢Ê³Ö Î¥·É ³¨
¸¢¥·ÌÊ (S ¨ s, C ¨ c). �¥µ¡Ìµ¤¨³µ ¤¥² ÉÓ Î¥É±µ¥ · §²¨Î¨¥ ³¥¦¤Ê ¡Ê±¢ ³¨ e, l, O (¡µ²ÓÏµ°) ¨ µ
(³ ²µ°) ¨ 0 (´Ê²¥³), ¤²Ö Î¥£µ ¡Ê±¢Ò � ¨ µ µÉ³¥Î ÕÉ ¤¢Ê³Ö Î¥·ÉµÎ± ³¨,   ´Ê²Ó µ¸É ¢²ÖÕÉ ¡¥§
¶µ¤Î¥·±¨¢ ´¨Ö. ƒ·¥Î¥¸±¨¥ ¡Ê±¢Ò ¶µ¤Î¥·±¨¢ ÕÉ ±· ¸´Ò³ ± · ´¤ Ïµ³, ¢¥±Éµ·Ò Å ¸¨´¨³, ²¨¡µ
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