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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
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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.
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‘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·-
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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.
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�¥¸±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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