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Š ¸Éµ²¥É¨Õ ¸µ ¤´Ö ·µ¦¤¥´¨Ö  ± ¤¥³¨± 
‚² ¤¨³¨·  �²¥±¸ ´¤·µ¢¨Î  ”µ± 

�µ¤·µ¡´µ µ¡¸Ê¦¤ ÕÉ¸Ö ËÊ´¤ ³¥´É ²Ó´Ò¥ · ¡µÉÒ ‚.�.”µ±  ¶µ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö. �µ± § ´µ,
ÎÉµ ¥£µ µ¸´µ¢´Ò¥ Ë¨§¨Î¥¸±¨¥ ¶·¥¤¸É ¢²¥´¨Ö ´ Ìµ¤ÖÉ µÉ· ¦¥´¨¥ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ £· ¢¨-
É Í¨¨, ¢ ±µÉµ·µ° £· ¢¨É Í¨µ´´µ¥ ¶µ²¥, ± ± ¨ ¢¸¥ ¤·Ê£¨¥ ¶µ²Ö, · ¸¸³ É·¨¢ ¥É¸Ö ¢ ¶·µ¸É· ´¸É¢¥
Œ¨´±µ¢¸±µ£µ.

The fundamental works by V.A.Fock on gravitation theory are discussed in detail. It is also
shown that his basic physical ideas are represented in the relativistic theory of gravitation where the
gravitational ˇeld is treated in Minkowski space as any other ˇelds.

‚ ´ ¸ÉµÖÐ¥³ µ¡§µ·¥ ³Ò ÌµÉ¥²¨ ¡Ò µÉ¤ ÉÓ ¤ ´Ó £²Ê¡µ±µ£µ Ê¢ ¦¥´¨Ö ±·Ê¶-
´¥°Ï¥³Ê ÊÎ¥´µ³Ê Å  ± ¤¥³¨±Ê ‚.�.”µ±Ê, ¢´¥¸Ï¥³Ê ¢Ò¤ ÕÐ¨°¸Ö ¢±² ¤ ¢
É¥µ·¥É¨Î¥¸±ÊÕ ¨ ³ É¥³ É¨Î¥¸±ÊÕ Ë¨§¨±Ê. ŒÒ µ¸É ´µ¢¨³¸Ö Éµ²Ó±µ ´  · ¡µ-
É Ì ‚.�.”µ±  ¶µ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö ¨ ÉµÎ´µ ¢µ¸¶·µ¨§¢¥¤¥³ ¥£µ µ¸´µ¢´Ò¥ ¶µ²µ-
¦¥´¨Ö ¨ ¢Ò¢µ¤Ò ¶µ ´ ¨¡µ²¥¥ ¶·¨´Í¨¶¨ ²Ó´Ò³ ¶·µ¡²¥³ ³ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö,
¢ ¸µ§¤ ´¨¥ ±µÉµ·µ° µ´ ¢´¥¸ ´¥µÍ¥´¨³Ò° ¢±² ¤. ‚.�.”µ± ¸É·¥³¨²¸Ö · ¸±·ÒÉÓ
Ë¨§¨Î¥¸±¨¥ ¶·¥¤¸É ¢²¥´¨Ö µ ÉÖ£µÉ¥´¨¨, ¸±·ÒÉÒ¥ ¶µ¤ ¶µ±·µ¢µ³ Ëµ·³ ²Ó´µ-
 ¡¸É· ±É´µ£µ  ¶¶ · É  µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ (�’�). �Éµ ¥³Ê ¢ §´ -
Î¨É¥²Ó´µ° ¸É¥¶¥´¨ Ê¤ ²µ¸Ó, µ¤´ ±µ ¶·¨ ÔÉµ³ µ´ ¢ÒÏ¥² §  ¶·¥¤¥²Ò Ô°´ÏÉ¥°-
´µ¢¸±µ° µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨. ‚.�.”µ± ¸Î¨É ² ´¥µ¡Ìµ¤¨³Ò³ (¤²Ö
µ¸É·µ¢´ÒÌ ¸¨¸É¥³) ± ¸¨¸É¥³¥ Ê· ¢´¥´¨° ƒ¨²Ó¡¥·É Å�°´ÏÉ¥°´  ¤µ¡ ¢¨ÉÓ ¥Ð¥
£ ·³µ´¨Î¥¸±¨¥ Ê¸²µ¢¨Ö ¢ ¤¥± ·Éµ¢ÒÌ (£ ²¨²¥¥¢ÒÌ) ±µµ·¤¨´ É Ì. ‚¢¥¤¥´¨¥ ¤¥-
± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ë ±É¨Î¥¸±¨ µ§´ Î ²µ ¢¢¥¤¥´¨¥ ¢ É¥µ·¨Õ ÉÖ£µÉ¥´¨Ö ¨´¥·-
Í¨ ²Ó´ÒÌ ¸¨¸É¥³ ±µµ·¤¨´ É, ÎÉµ ¨ µ¡¥¸¶¥Î¨¢ ²µ  ¡¸µ²ÕÉ´Ò° Ì · ±É¥· Ê¸±µ-
·¥´¨Ö. ‘É·µ£µ £µ¢µ·Ö, �’� �°´ÏÉ¥°´  ¨ É¥µ·¨Ö ÉÖ£µÉ¥´¨Ö ‚.�.”µ±  Å
· §²¨Î´Ò¥ É¥µ·¨¨. �Éµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ µ¸µ¡µ µÉ³¥Î ² ‹.ˆ´Ë¥²Ó¤, ±µÉµ·Ò°
¶¨¸ ²: ®’¥³ ¸ ³Ò³ ¤²Ö ”µ±  ¢Ò¡µ· £ ·³µ´¨Î¥¸±µ£µ ±µµ·¤¨´ É´µ£µ Ê¸²µ¢¨Ö
¸É ´µ¢¨É¸Ö ´¥±µÉµ·Ò³ ËÊ´¤ ³¥´É ²Ó´Ò³ § ±µ´µ³ ¶·¨·µ¤Ò, ¨§³¥´ÖÕÐ¨³ ¸ ³
Ì · ±É¥· Ô°´ÏÉ¥°´µ¢¸±µ° µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ ¨ ¶·¥¢· Ð ÕÐ¨³
¥¥ ¢ É¥µ·¨Õ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, ¸¶· ¢¥¤²¨¢ÊÕ Éµ²Ó±µ ¢ ¨´¥·Í¨ ²Ó´ÒÌ
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¸¨¸É¥³ Ì ±µµ·¤¨´ É¯. �¤´ ±µ ´  ¸ ³µ³ ¤¥²¥ ¢¢¥¤¥´¨¥ ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³
±µµ·¤¨´ É ¢ É¥µ·¨Õ ÉÖ£µÉ¥´¨Ö ¸ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ É·¥¡Ê¥É ±µ·¥´´µ£µ µÉÌµ¤  µÉ
¢¸¥° ±µ´Í¥¶Í¨¨ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨. �µ ´  ÔÉµ³ ³Ò µ¸É ´µ¢¨³¸Ö
¶µ§¤´¥¥. �¡· É¨³¸Ö É¥¶¥·Ó ´¥¶µ¸·¥¤¸É¢¥´´µ ± · ¡µÉ ³ [1] ¨ [2]. �·¥¦¤¥
¢¸¥£µ µ¸É ´µ¢¨³¸Ö ´  ¶·¨´Í¨¶¥ µÉ´µ¸¨É¥²Ó´µ¸É¨, ¡¥§ ¶µ´¨³ ´¨Ö ¸ÊÉ¨ ±µÉµ-
·µ£µ ´¥¢µ§³µ¦´µ µ¸³Ò¸²¨ÉÓ, ÎÉµ É ¨É¸Ö §  ¸²µ¢ ³¨ ®µ¡Ð Ö µÉ´µ¸¨É¥²Ó´µ¸ÉÓ¯.
‚.�.”µ± ¤ ² ¶·¥¤¥²Ó´µ Ö¸´ÊÕ Ëµ·³Ê²¨·µ¢±Ê ¶·¨´Í¨¶  µÉ´µ¸¨É¥²Ó´µ¸É¨. ’ ±,
µ´ ¶¨¸ ² ([1], ¸. 242): ®“¸É ´µ¢¨³ É¥¶¥·Ó, ÎÉµ ¶µ´¨³ ¥É¸Ö ¢ Ëµ·³Ê²¨-
·µ¢±¥ ¶·¨´Í¨¶  µÉ´µ¸¨É¥²Ó´µ¸É¨ ¶µ¤ · ¢´µ¶· ¢¨¥³ ¸¨¸É¥³ µÉ¸Î¥É . „¢¥
¸¨¸É¥³Ò µÉ¸Î¥É  (x) ¨ (x′) ³µ¦´µ ´ §¢ ÉÓ Ë¨§¨Î¥¸±¨ · ¢´µ¶· ¢´Ò³¨, ¥¸²¨
¢ ´¨Ì Ö¢²¥´¨Ö ¶·µÉ¥± ÕÉ µ¤¨´ ±µ¢Ò³ µ¡· §µ³. �µ¸²¥¤´¥¥ µ§´ Î ¥É, ÎÉµ
¥¸²¨ ¢µ§³µ¦¥´ ¶·µÍ¥¸¸, µ¶¨¸Ò¢ ¥³Ò° ¢ ±µµ·¤¨´ É Ì x ËÊ´±Í¨Ö³¨

ϕ1(x), ϕ2(x)...............ϕn(x), (49.∗03)

Éµ ¢µ§³µ¦¥´ ¨ ¤·Ê£µ° ¶·µÍ¥¸¸, ±µÉµ·Ò° µ¶¨¸Ò¢ ¥É¸Ö ¢ ±µµ·¤¨´ É Ì (x′)
É¥³¨ ¦¥ ¸ ³Ò³¨ ËÊ´±Í¨Ö³¨

ϕ1(x′), ϕ2(x′)...............ϕn(x′), (49.∗04)

¨ µ¡· É´µ, ¢¸Ö±µ³Ê ¶·µÍ¥¸¸Ê ¢¨¤  (49.∗04) ¢µ ¢Éµ·µ° ¸¨¸É¥³¥ ¸µµÉ¢¥É-
¸É¢Ê¥É ¢µ§³µ¦´Ò° ¶·µÍ¥¸¸ ¢¨¤  (49.∗03) ¢ ¶¥·¢µ° ¸¨¸É¥³¥¯. ˆ ¤ ²¥¥ µ´
¶µ¤Î¥·±´Ê²: ®’ ±¨³ µ¡· §µ³, ¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨ ¥¸ÉÓ ÊÉ¢¥·¦¤¥´¨¥
µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¸µµÉ¢¥É¸É¢¥´´ÒÌ ¶·µÍ¥¸¸µ¢ ¢ ¸¨¸É¥³ Ì µÉ¸Î¥É  µ¶·¥¤¥-
²¥´´µ£µ ±² ¸¸ , ± ±µ¢Ò¥ ¸¨¸É¥³Ò ¶·¨§´ ÕÉ¸Ö ¢ ÔÉµ³ ¸²ÊÎ ¥ · ¢´µ¶· ¢´Ò³¨.
ˆ§ ÔÉµ£µ µ¶·¥¤¥²¥´¨Ö Ö¸´µ, ÎÉµ ± ± ¸ ³Ò° ¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨, É ±
¨ · ¢´µ¶· ¢¨¥ ¤¢ÊÌ ¸¨¸É¥³ µÉ¸Î¥É , ¶·¥¤¸É ¢²ÖÕÉ ¶µ´ÖÉ¨Ö Ë¨§¨Î¥¸±¨¥, ¨
ÊÉ¢¥·¦¤¥´¨¥, ÎÉµ Éµ ¨ ¤·Ê£µ¥ ¨³¥¥É ³¥¸Éµ, § ±²ÕÎ ¥É ¢ ¸¥¡¥ µ¶·¥¤¥²¥´´ÊÕ
Ë¨§¨Î¥¸±ÊÕ £¨¶µÉ¥§Ê,   ´¥ Ö¢²Ö¥É¸Ö ¶·µ¸Éµ Ê¸²µ¢´Ò³¯.

�  Ö§Ò±¥ É¥µ·¨¨ ¶µ²Ö ¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨ ³µ¦´µ ¸Ëµ·³Ê²¨·µ-
¢ ÉÓ É ±: Ê· ¢´¥´¨Ö ¶µ²Ö, µ¶¨¸Ò¢ ÕÐ¨¥ Ë¨§¨Î¥¸±¨¥ ¶·µÍ¥¸¸Ò, ¤µ²¦´Ò
¡ÒÉÓ Ëµ·³¨´¢ ·¨ ´É´Ò µÉ´µ¸¨É¥²Ó´µ ¶·¥µ¡· §µ¢ ´¨° ‹µ·¥´Í  µÉ µ¤´µ°
£ ²¨²¥¥¢µ° ¸¨¸É¥³Ò ±µµ·¤¨´ É x ± ¤·Ê£µ° ¸¨¸É¥³¥ x′.

ˆ³¥´´µ É ±µ¥ Ö¸´µ¥ ¶µ´¨³ ´¨¥ Ë¨§¨Î¥¸±µ° ¸ÊÉ¨ ¶·¨´Í¨¶  µÉ´µ¸¨É¥²Ó-
´µ¸É¨ ¨ Ö¢¨²µ¸Ó ¤²Ö ‚.�.”µ±  ¨¸Ìµ¤´Ò³ ¶µ²µ¦¥´¨¥³ ¤²Ö ±·¨É¨Î¥¸±µ£µ  ´ -
²¨§  ¶µ´ÖÉ¨Ö ®µ¡Ð¥° µÉ´µ¸¨É¥²Ó´µ¸É¨¯. ‚ ÔÉµ° ¸¢Ö§¨ µ´ ¶¨¸ ² ([1], ¸. 17):
®’¥·³¨´ ®µ¡Ð Ö É¥µ·¨Ö µÉ´µ¸¨É¥²Ó´µ¸É¨¯ ¨²¨ ®µ¡Ð¨° ¶·¨´Í¨¶ µÉ´µ¸¨-
É¥²Ó´µ¸É¨¯ Ê¶µÉ·¥¡²Ö¥É¸Ö (¶·¥¦¤¥ ¢¸¥£µ ¸ ³¨³ �°´ÏÉ¥°´µ³) ¥Ð¥ ¨ ¢
¸³Ò¸²¥ Ê¸²µ¢´µ£µ ´ ¨³¥´µ¢ ´¨Ö ¤²Ö É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö. “¦¥ µ¸´µ¢´ Ö · -
¡µÉ  �°´ÏÉ¥°´  ¶µ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö (1916 £.) µ§ £² ¢²¥´  ®�¸´µ¢Ò µ¡-
Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨¯. �Éµ ¥Ð¥ ¡µ²ÓÏ¥ § ¶ÊÉÒ¢ ¥É ¤¥²µ, É ± ± ±
¸²µ¢ ³ ®µ¡Ð¨°¯ ¨ ®µÉ´µ¸¨É¥²Ó´Ò°¯ ¶·¨¤ ¥É¸Ö §¤¥¸Ó ´¥¸¢µ°¸É¢¥´´Ò° ¨³
¸³Ò¸². ’ ±, ¶µ¸±µ²Ó±Ê ¢ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö ¶·µ¸É· ´¸É¢µ ¶·¥¤¶µ² £ ¥É¸Ö
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´¥µ¤´µ·µ¤´Ò³,   µÉ´µ¸¨É¥²Ó´µ¸ÉÓ ¸¢Ö§ ´  ¸ µ¤´µ·µ¤´µ¸ÉÓÕ, Éµ ¢ÒÌµ¤¨É,
ÎÉµ ¢ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ ´¥É, ¢µµ¡Ð¥ £µ¢µ·Ö, ´¨± ±µ° µÉ´µ¸¨-
É¥²Ó´µ¸É¨¯.

ˆ ¤ ²¥¥ µ´ µÉ³¥Î ² ([1], ¸. 244): ®�µ¸±µ²Ó±Ê ´ ¨¡µ²ÓÏ Ö ¢µ§³µ¦´ Ö
µ¤´µ·µ¤´µ¸ÉÓ ¢Ò· ¦ ¥É¸Ö ¶·¥µ¡· §µ¢ ´¨Ö³¨ ‹µ·¥´Í , ¡µ²¥¥ µ¡Ð¥£µ ¶·¨´-
Í¨¶  µÉ´µ¸¨É¥²Ó´µ¸É¨, Î¥³ ÉµÉ, ±µÉµ·Ò° · ¸¸³ É·¨¢ ¥É¸Ö ¢ µ¡ÒÎ´µ° É¥-
µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨, ¡ÒÉÓ ´¥ ³µ¦¥É. ’¥³ ¡µ²¥¥ ´¥ ³µ¦¥É ¡ÒÉÓ µ¡Ð¥£µ
¶·¨´Í¨¶  µÉ´µ¸¨É¥²Ó´µ¸É¨, ± ± Ë¨§¨Î¥¸±µ£µ ¶·¨´Í¨¶ , ±µÉµ·Ò° ¨³¥² ¡Ò
³¥¸Éµ ¶µ µÉ´µÏ¥´¨Õ ± ¶·µ¨§¢µ²Ó´Ò³ ¸¨¸É¥³ ³ µÉ¸Î¥É . —Éµ¡Ò ÊÖ¸´¨ÉÓ
¸¥¡¥ ÔÉµÉ Ë ±É, ´¥µ¡Ìµ¤¨³µ Î¥É±µ · §²¨Î ÉÓ ³¥¦¤Ê Ë¨§¨Î¥¸±¨³ ¶·¨´Í¨-
¶µ³, ÊÉ¢¥·¦¤ ÕÐ¨³ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¸µµÉ¢¥É¸É¢¥´´ÒÌ Ö¢²¥´¨° ¢ · §´ÒÌ ¸¨-
¸É¥³ Ì µÉ¸Î¥É , ¨ ¶·µ¸ÉÒ³ É·¥¡µ¢ ´¨¥³ ±µ¢ ·¨ ´É´µ¸É¨ Ê· ¢´¥´¨° ¶·¨
¶¥·¥Ìµ¤¥ µÉ µ¤´µ° ¸¨¸É¥³Ò µÉ¸Î¥É  ± ¤·Ê£µ°. Ÿ¸´µ, ÎÉµ ¨§ ¶·¨´Í¨¶  µÉ´µ-
¸¨É¥²Ó´µ¸É¨ ¢ÒÉ¥± ¥É ±µ¢ ·¨ ´É´µ¸ÉÓ Ê· ¢´¥´¨°, ´µ µ¡· É´µ¥ ´¥ ¨³¥¥É
³¥¸É : ±µ¢ ·¨ ´É´µ¸ÉÓ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ¢µ§³µ¦´  ¨ Éµ£¤ , ±µ-
£¤  ¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨ ´¥ ¢Ò¶µ²´Ö¥É¸Ö¯. ƒ²Ê¡µ±µ¥ ¶µ´¨³ ´¨¥ µ¸´µ¢
Ë¨§¨Î¥¸±µ° É¥µ·¨¨ ¶µ§¢µ²¨²µ ‚.�.”µ±Ê ¸¤¥² ÉÓ µ¤´µ§´ Î´Ò° ¢Ò¢µ¤: ®�¡-
Ð¨° ¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨, ± ± Ë¨§¨Î¥¸±¨° ¶·¨´Í¨¶, ±µÉµ·Ò° ¨³¥²
¡Ò ³¥¸Éµ ¶µ µÉ´µÏ¥´¨Õ ± ¶·µ¨§¢µ²Ó´Ò³ ¸¨¸É¥³ ³ µÉ¸Î¥É , ´¥¢µ§³µ¦¥´¯.

„·Ê£¨³ ËÊ´¤ ³¥´É ²Ó´Ò³ ¢µ¶·µ¸µ³ ¢ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö ¡Ò² ¢µ¶·µ¸ µ
¸ÊÐ¥¸É¢µ¢ ´¨¨ ¶·¨¢¨²¥£¨·µ¢ ´´ÒÌ ¸¨¸É¥³ ±µµ·¤¨´ É. �µ ÔÉµ³Ê ¶µ¢µ¤Ê
‚.�.”µ± ¶¨¸ ² ([1], ¸. 473): ®�µ �°´ÏÉ¥°´Ê, ´¨± ±¨Ì ¶·¨¢¨²¥£¨·µ¢ ´´ÒÌ
¸¨¸É¥³ ±µµ·¤¨´ É ´¥ ¸ÊÐ¥¸É¢Ê¥É, ¨ ¸¨¸É¥³  ±µµ·¤¨´ É µ¸É ¥É¸Ö ´¥µ¶·¥-
¤¥²¥´´µ° ¤µ ±µ´Í . ‘Éµ·µ´´¨±¨ ÔÉµ° ÉµÎ±¨ §·¥´¨Ö ¢µ§¢µ¤ÖÉ ÔÉÊ ´¥µ¶·¥¤¥-
²¥´´µ¸ÉÓ ¢ ¤µ¸Éµ¨´¸É¢µ ¨ Ê¸³ É·¨¢ ÕÉ ¢ ´¥° £²Ê¡µ±¨° ¸³Ò¸²,   ¨³¥´´µ
¢Ò· ¦¥´¨¥ ´¥±µ¥£µ ®µ¡Ð¥£µ ¶·¨´Í¨¶  µÉ´µ¸¨É¥²Ó´µ¸É¨¯, ¢ ¸¨²Ê Î¥£µ ¨ ¢¸Ö
É¥µ·¨Ö �°´ÏÉ¥°´  ´ §¢ ´  ¨³ ®µ¡Ð¥° É¥µ·¨¥° µÉ´µ¸¨É¥²Ó´µ¸É¨¯. ‘ É ±µ°
ÉµÎ±µ° §·¥´¨Ö ³Ò ¸µ£² ¸¨ÉÓ¸Ö ´¨± ± ´¥ ³µ¦¥³¯.

„ ²¥¥ µ´ µÉ³¥Î ¥É ([1], ¸. 475): ®ŒÒ ´¥µ¤´µ±· É´µ ¶µ¤Î¥·±¨¢ ²¨ ¶·¨´-
Í¨¶¨ ²Ó´µ¥ §´ Î¥´¨¥ ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¶·¨¢¨²¥£¨·µ¢ ´´µ° ±µµ·¤¨´ É´µ° ¸¨-
¸É¥³Ò, µ¶·¥¤¥²Ö¥³µ° ¸ ÉµÎ´µ¸ÉÓÕ ¤µ ¶·¥µ¡· §µ¢ ´¨Ö ‹µ·¥´Í . �´µ ¶·µ-
Ö¢²Ö¥É¸Ö ¨ ¢ ¸²¥¤ÊÕÐ¥³. ’µ²Ó±µ ¶·¨§´ ¢ ¥£µ, ³µ¦´µ £µ¢µ·¨ÉÓ µ ¶· ¢¨²Ó-
´µ¸É¨ £¥²¨µÍ¥´É·¨Î¥¸±µ° ¸¨¸É¥³Ò Šµ¶¥·´¨± , ¢ Éµ³ ¦¥ ¸³Ò¸²¥, ¢ ± ±µ³
ÔÉµ ¡Ò²µ ¢µ§³µ¦´µ ¢ ³¥Ì ´¨±¥ �ÓÕÉµ´ . �¥¶·¨§´ ´¨¥ ¦¥ ¶·¨¢¨²¥£¨·µ¢ ´-
´ÒÌ ±µµ·¤¨´ É´ÒÌ ¸¨¸É¥³ ¢¥¤¥É ± Éµ° ÉµÎ±¥ §·¥´¨Ö, ¸µ£² ¸´µ ±µÉµ·µ° £¥-
²¨µÍ¥´É·¨Î¥¸± Ö ¸¨¸É¥³  Šµ¶¥·´¨±  ¨ £¥µÍ¥´É·¨Î¥¸± Ö ¸¨¸É¥³  �Éµ²e³¥Ö
¡Ê¤Éµ ¡Ò · ¢´µ¶· ¢´Ò. ’ ± Ö ÉµÎ±  §·¥´¨Ö ¶·µÉ¨¢µ·¥Î¨É ¤ ´´µ³Ê ¢ §49
µ¶·¥¤¥²¥´¨Õ · ¢´µ¶· ¢¨Ö ¸¨¸É¥³ µÉ¸Î¥É  ¨ ¶·¥¤¸É ¢²Ö¥É¸Ö ´ ³ ´¥¶· -
¢¨²Ó´µ°¯ (¸³. Ëµ·³Ê²Ò (49.∗03) ¨ (49.∗04) Å  ¢Éµ·Ò). ‚Ò¤¢¨£ Ö ¨¤¥Õ
µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¶·¨¢¨²¥£¨·µ¢ ´´ÒÌ ¸¨¸É¥³ ±µµ·¤¨´ É, ‚.�.”µ± ·Ê±µ¢µ¤-
¸É¢µ¢ ²¸Ö £²Ê¡µ±µ° Ë¨§¨Î¥¸±µ° ¨´ÉÊ¨Í¨¥°, ¶µ¸±µ²Ó±Ê µ´ Ö¸´µ ¶µ´¨³ ², ÎÉµ
Éµ²Ó±µ ¢ ÔÉµ³ ¸²ÊÎ ¥ ³µ¦´µ £µ¢µ·¨ÉÓ µ¡ ® ¡¸µ²ÕÉ´µ¸É¨ Ê¸±µ·¥´¨Ö¯. ’ ±, µ´
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¶¨¸ ² ([1], ¸. 499): ®�·¥¤¥²Ó´Ò¥ ¨²¨ ¨´Ò¥ Ê¸²µ¢¨Ö, Ì · ±É¥·¨§ÊÕÐ¨¥ ¶·µ-
¸É· ´¸É¢µ ¢ Í¥²µ³, ¸µ¢¥·Ï¥´´µ ´¥µ¡Ìµ¤¨³Ò,   ¶µÔÉµ³Ê ¨ ¶µ´ÖÉ¨¥ ®Ê¸±µ-
·¥´¨¥ ¶µ µÉ´µÏ¥´¨Õ ± ¶·µ¸É· ´¸É¢Ê¯ ¸µÌ· ´Ö¥É ¢ Éµ° ¨²¨ ¨´µ° Ëµ·³¥
¸¢µ° ¸³Ò¸². —Éµ ± ¸ ¥É¸Ö ¶ · ¤µ±¸  Œ Ì , Éµ µ´ µ¸´µ¢ ´, ± ± ¨§¢¥¸É´µ, ´ 
· ¸¸³µÉ·¥´¨¨ ¢· Ð ÕÐ¥£µ¸Ö ¦¨¤±µ£µ É¥² , ¨³¥ÕÐ¥£µ Ëµ·³Ê Ô²²¨¶¸µ¨¤ , ¨
´¥¢· Ð ÕÐ¥£µ¸Ö, ¨³¥ÕÐ¥£µ Ëµ·³Ê Ï · . � · ¤µ±¸ ¢µ§´¨± ¥É §¤¥¸Ó Éµ²Ó±µ
¢ Éµ³ ¸²ÊÎ ¥, ¥¸²¨ ¸Î¨É ÉÓ ²¨Ï¥´´Ò³ ¸³Ò¸²  ¶µ´ÖÉ¨¥ ®¢· Ð¥´¨Ö ¶µ µÉ-
´µÏ¥´¨Õ ± ¶·µ¸É· ´¸É¢Ê¯, Éµ£¤  ¤¥°¸É¢¨É¥²Ó´µ µ¡  É¥²  (¢· Ð ÕÐ¥¥¸Ö
¨ ´¥¢· Ð ÕÐ¥¥¸Ö) ¶·¥¤¸É ¢²ÖÕÉ¸Ö · ¢´µ¶· ¢´Ò³¨, ¨ ¸É ´µ¢¨É¸Ö ´¥¶µ´ÖÉ-
´Ò³, ¶µÎ¥³Ê µ¤´µ ¨§ ´¨Ì Ï ·µ¢¨¤´µ,   ¤·Ê£µ¥ Å ´¥É. �µ ¶ · ¤µ±¸ ¨¸Î¥§ ¥É,
±µ²Ó ¸±µ·µ ³Ò ¶·¨§´ ¥³ § ±µ´´µ¸ÉÓ ¶µ´ÖÉ¨Ö ®Ê¸±µ·¥´¨Ö ¶µ µÉ´µÏ¥´¨Õ ±
¶·µ¸É· ´¸É¢Ê¯.

Š ± ¦¥ ‚.�.”µ± ¢Ò¡¨· ¥É ¶·¨¢¨²¥£¨·µ¢ ´´Ò¥ ¸¨¸É¥³Ò ±µµ·¤¨´ É? „¥-
É ²¨§¨·ÊÖ ¢Ò· ¦¥´¨¥ ¤²Ö É¥´§µ·  Rµν ([1], ¤µ¶. ƒ-35), µ´ ´ Ìµ¤¨É

Rµν = −1
2
gαβ ∂2gµν

∂xα∂xβ
− Γµν + Γµ,αβ · Γν

αβ . (1)

‡¤¥¸Ó

Γµν =
1
2

(
gµα ∂Γν

∂xα
+ gνα ∂Γµ

∂xα
− ∂gµν

∂xα
Γα

)
, Γν = − 1√−g

∂

∂xσ
(
√
−ggνσ) ,

(2)

Γν
αβ =

1
2
gνλ(∂αgβλ + ∂βgαλ − ∂λgαβ) , Γµ,αβ = gαρgβσΓµ

ρσ . (3)

‚¸¥ ÔÉ¨ ¢Ò· ¦¥´¨Ö § ¶¨¸ ´Ò ¢ ¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É Ì. …¸²¨ ¨³¥¥É ³¥¸Éµ
Ê¸²µ¢¨¥ £ ·³µ´¨Î´µ¸É¨

Γν = − 1√−g

∂

∂xσ

(√
−ggνσ

)
= 0 , (4)

Éµ Γµν = 0,   ¸²¥¤µ¢ É¥²Ó´µ, ¢Ò· ¦¥´¨¥ ¤²Ö Rµν ¸ÊÐ¥¸É¢¥´´µ Ê¶·µÐ ¥É¸Ö:

Rµν = −1
2
gαβ ∂2gµν

∂xα∂xβ
+ Γµ,αβ · Γν

αβ . (5)

�É¨³ ¸ ³Ò³ ¤µ¸É¨£ ¥É¸Ö, ± ± ¶¨¸ ² ‚.�.”µ± ([2], c. 382): ®...Éµ µ£·µ³-
´µ¥ ¶·¥¨³ÊÐ¥¸É¢µ, ±µÉµ·µ¥ ¨³¥¥É £ ·³µ´¨Î¥¸± Ö ¸¨¸É¥³  ±µµ·¤¨´ É ¶¥·¥¤
¢¸¥³¨ ¤·Ê£¨³¨. „¥°¸É¢¨É¥²Ó´µ, ¢ £ ·³µ´¨Î¥¸±µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¢ ± -
¦¤µ¥ ¨§ ¤¥¸ÖÉ¨ Ê· ¢´¥´¨° ÉÖ£µÉ¥´¨Ö ¢Ìµ¤ÖÉ (± ± ³Ò Ê¦¥ ´¥µ¤´µ±· É´µ
µÉ³¥Î ²¨) ¢Éµ·Ò¥ ¶·µ¨§¢µ¤´Ò¥ Éµ²Ó±µ µÉ µ¤´µ° ±µ³¶µ´¥´ÉÒ ËÊ´¤ ³¥´-
É ²Ó´µ£µ É¥´§µ· , ¶·¨Î¥³ ÔÉ¨ ¢Éµ·Ò¥ ¶·µ¨§¢µ¤´Ò¥ £·Ê¶¶¨·ÊÕÉ¸Ö ¢ ¢¨¤¥
µ¶¥· Éµ·  „ ² ³¡¥· ¯. ˆ ¤ ²¥¥ µ´ µÉ³¥Î ¥É ([2], c. 382): ®�·¨ ¶µ³µÐ¨ £ ·-
³µ´¨Î¥¸±µ° ¸¨¸É¥³Ò ±µµ·¤¨´ É ¢ Ê· ¢´¥´¨ÖÌ ÉÖ£µÉ¥´¨Ö ¤µ¸É¨£ ¥É¸Ö ®· §-
¤¥²¥´¨¥ ¶¥·¥³¥´´ÒÌ¯ ¢ µÉ´µÏ¥´¨¨ ¢Ò¸Ï¨Ì (É.¥. ¢Éµ·ÒÌ) ¶·µ¨§¢µ¤´ÒÌ. �´µ
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¶·¥¤¸É ¢²Ö¥É  ´ ²µ£¨Õ ¸ É¥³, ±µÉµ·µ¥ ¤µ¸É¨£ ¥É¸Ö ¢ § ¤ Î Ì Ô²¥±É·µ¤¨-
´ ³¨±¨ ¶ÊÉ¥³ ¢¢¥¤¥´¨Ö ¤¥± ·Éµ¢ÒÌ ±µ³¶µ´¥´É ¢¥±Éµ·´µ£µ ¶µÉ¥´Í¨ ² . ‚
¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì ¨§¢¥¸É´Ò¥ Ê· ¢´¥´¨Ö ¤²Ö ¶µÉ¥´Í¨ ²µ¢ ¨³¥ÕÉ ¢¨¤

∆Ak − 1
c2

∂2Ak

∂t2
= −4π

jk

c
, ∆ϕ − 1

c2

∂2ϕ

∂t2
= −4πρ , (6)

∂Ai

∂xi
+

1
c

∂ϕ

∂t
= 0 . (7)

’ ±¨³ µ¡· §µ³, ± ¦¤µ¥ ¨§ ÔÉ¨Ì Ê· ¢´¥´¨° ¸µ¤¥·¦¨É Éµ²Ó±µ µ¤´Ê ±µ³¶µ-
´¥´ÉÊ ¤²Ö ¶µÉ¥´Í¨ ² . �µ ¥¸²¨ ¶¥·¥°É¨ µÉ ¤¥± ·Éµ¢ÒÌ ± ¶·µ¨§¢µ²Ó´Ò³
±·¨¢µ²¨´¥°´Ò³ ±µµ·¤¨´ É ³, Éµ ± ¦¤µ¥ ¨§ Ê· ¢´¥´¨°, ¸¢Ö§Ò¢ ÕÐ¥¥ ¶µÉ¥´-
Í¨ ²Ò ¸ Éµ±µ³, ¡Ê¤¥É Ê¦¥ ¸µ¤¥·¦ ÉÓ, ¢µµ¡Ð¥ £µ¢µ·Ö, ´¥ µ¤´Ê,   ´¥¸±µ²Ó±µ
±·¨¢µ²¨´¥°´ÒÌ ±µ³¶µ´¥´É ¢¥±Éµ·´µ£µ ¶µÉ¥´Í¨ ² . � §¤¥²¥´¨¥ ¶¥·¥³¥´´ÒÌ
¢ Ê· ¢´¥´¨ÖÌ ³µ¦´µ, ¸²¥¤µ¢ É¥²Ó´µ, · ¸¸³ É·¨¢ ÉÓ ± ± µ¤´µ ¨§ ¸¢µ°¸É¢
¤¥± ·Éµ¢µ° ±µµ·¤¨´ É´µ° ¸¨¸É¥³Ò¯. “¸²µ¢¨¥ £ ·³µ´¨Î´µ¸É¨ (4) ¨³¥¥É ³¥-
¸Éµ ¤²Ö ²Õ¡ÒÌ ±µµ·¤¨´ É´ÒÌ ¸¨¸É¥³, ¨ Ê¶·µÐ¥´¨¥ É¥´§µ·  Rµν ¤µ¸É¨£ ¥É¸Ö
¢ ²Õ¡ÒÌ ¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É Ì. �µÔÉµ³Ê ¶·µ¢µ¤¨ÉÓ ¶ · ²²¥²Ó ³¥¦¤Ê
Ê¸²µ¢¨¥³ £ ·³µ´¨Î´µ¸É¨ ¨ ¢Ò¡µ·µ³ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É ¢ Ô²¥±É·µ¤¨´ -
³¨±¥ ´¥ ¸µ¢¸¥³ ¶· ¢µ³¥·´µ. �µ ‚.�.”µ± ¤¥² ¥É ¸²¥¤ÊÕÐ¨° ¢ ¦´Ò° Ï £: µ´
Ë ±É¨Î¥¸±¨ § ¶¨¸Ò¢ ¥É Ê¸²µ¢¨Ö £ ·³µ´¨Î´µ¸É¨ ¢ ¤¥± ·Éµ¢ÒÌ (£ ²¨²¥¥¢ÒÌ)
±µµ·¤¨´ É Ì, ´¥¸³µÉ·Ö ´  Éµ, ÎÉµ ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ É ±¨Ì ±µµ·¤¨-
´ É ´¥É. ’ ±, ´ ¶·¨³¥·, µ´ µ¸µ¡µ µÉ³¥Î ¥É ([1], c. 296): ®...¸¤¥² ¥³ µ¤´µ
§ ³¥Î ´¨¥ ¶µ ¢µ¶·µ¸Ê µ¡ µ¶·¥¤¥²¥´¨¨ ¶·Ö³µ° ²¨´¨¨ ¢ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö.
Š ± ¸²¥¤Ê¥É µ¶·¥¤¥²ÖÉÓ ¶·Ö³ÊÕ: ± ± ²ÊÎ ¸¢¥É  ¨²¨ ± ± ¶·Ö³ÊÕ ¢ Éµ³
¥¢±²¨¤µ¢µ³ ¶·µ¸É· ´¸É¢¥, ¢ ±µÉµ·µ³ ¤¥± ·Éµ¢Ò³¨ ±µµ·¤¨´ É ³¨ ¸²Ê¦aÉ
£ ·³µ´¨Î¥¸±¨¥ ±µµ·¤¨´ ÉÒ x1, x2, x3? � ³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¥¤¨´¸É¢¥´´µ
¶· ¢¨²Ó´Ò³ ¢Éµ·µ¥ µ¶·¥¤¥²¥´¨¥¯. ’ ± ¢ É¥µ·¨¨ ‚.�.”µ±  ¢µ§´¨± ÕÉ ¤¥-
± ·Éµ¢Ò ±µµ·¤¨´ ÉÒ. ” ±É¨Î¥¸±¨, ´¥Ö¢´µ ”µ± ¨³¥² ¤¥²µ ¸ ¶·µ¸É· ´¸É¢µ³
Œ¨´±µ¢¸±µ£µ ¢ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì, ¨³¥´´µ ¶µ ÔÉµ° ¶·¨Î¨´¥ Ê ´¥£µ ¨
¶µÖ¢¨²¨¸Ó ¶·¨¢¨²¥£¨·µ¢ ´´Ò¥ ¸¨¸É¥³Ò ±µµ·¤¨´ É. ‘ÊÉÓ ¤¥² , É ±¨³ µ¡· §µ³,
´¥ Éµ²Ó±µ ¢ £ ·³µ´¨Î¥¸±¨Ì Ê¸²µ¢¨ÖÌ, ´µ ¨ ¢ Éµ³, ÎÉµ ÔÉ¨ Ê¸²µ¢¨Ö § ¶¨¸Ò¢ -
ÕÉ¸Ö ¢ ¤¥± ·Éµ¢ÒÌ (£ ²¨²¥¥¢ÒÌ) ±µµ·¤¨´ É Ì:

∂g̃µν

∂xµ
= 0, g̃µν =

√
−ggµν , (8)

xµ Å ¤¥± ·Éµ¢Ò ±µµ·¤¨´ ÉÒ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ. ‚ É ±µ° Ëµ·³¥ ÔÉ¨
Ê¸²µ¢¨Ö ´¥²Ó§Ö ¶·¨³¥´ÖÉÓ ¢ ¸²ÊÎ ¥ ±·¨¢µ²¨´¥°´ÒÌ ±µµ·¤¨´ É, ´ ¶·¨³¥· ¸Ë¥-
·¨Î¥¸±¨Ì. ‘ ÉµÎ±¨ §·¥´¨Ö ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  £ ·³µ´¨Î¥¸±¨¥ Ê¸²µ¢¨Ö ´¥
µ¡Ð¥±µ¢ ·¨ ´É´Ò. ‚.�.”µ± ¶µ ÔÉµ³Ê ¶µ¢µ¤Ê ¶¨Ï¥É: ®“¶µ³Ö´ÊÉÒ¥ ¤µ¶µ²-
´¨É¥²Ó´Ò¥ Ê· ¢´¥´¨Ö (¨³¥ÕÉ¸Ö ¢ ¢¨¤Ê £ ·³µ´¨Î¥¸±¨¥ Ê¸²µ¢¨Ö Å  ¢Éµ·Ò) ´¥
Ö¢²ÖÕÉ¸Ö µÎ¥¢¨¤´µ µ¡Ð¥±µ¢ ·¨ ´É´Ò³¨¯. �µ, É ± ± ± ‚.�.”µ± Ë ±É¨Î¥-
¸±¨, ÌµÉÖ ¨ ´¥Ö¢´µ, ¨³¥² ¤¥²µ ¸ ¶·µ¸É· ´¸É¢µ³ Œ¨´±µ¢¸±µ£µ ¢ ¤¥± ·Éµ¢ÒÌ
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(£ ²¨²¥¥¢ÒÌ) ±µµ·¤¨´ É Ì, ¸¨ÉÊ Í¨Ö ¨§³¥´Ö¥É¸Ö, ¨ £ ·³µ´¨Î¥¸±¨¥ Ê¸²µ¢¨Ö (8)
³µ£ÊÉ ¡ÒÉÓ ¶·¥¤¸É ¢²¥´Ò ¢ µ¡Ð¥±µ¢ ·¨ ´É´µ° Ëµ·³¥. „¥°¸É¢¨É¥²Ó´µ, ¥¸²¨ µÉ
¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¶¥·¥°É¨ ± ¶·µ¨§¢µ²Ó´Ò³
±·¨¢µ²¨´¥°´Ò³ ±µµ·¤¨´ É ³ y, Éµ Ê· ¢´¥´¨¥ (8) ¶·¨´¨³ ¥É (¸³. ¤µ¶. A.10)
µ¡Ð¥±µ¢ ·¨ ´É´Ò° ¢¨¤:

Dµg̃µν = ∂µg̃µν(y) + γν
αβ(y)g̃αβ(y) = 0 . (9)

‡¤¥¸Ó γν
αβ Å ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¢ ±µµ·¤¨´ -

É Ì y. “· ¢´¥´¨¥ (9) ³µ¦´µ § ¶¨¸ ÉÓ (¸³. ¤µ¶. �.14) ¨ ¢ Ëµ·³¥

yλ = −γλ
αβ(y)gαβ(y) , (10)

£¤¥ Î¥·¥§ µ¡µ§´ Î¥´ µ¶¥· Éµ·

=
1√

−g(z)
· ∂

∂zν

(
g̃νσ ∂

∂zσ

)
. (11)

’ ±¨³ µ¡· §µ³, § ¶¨¸Ó £ ·³µ´¨Î¥¸±µ£µ Ê¸²µ¢¨Ö (8) ¢ ¤¥± ·Éµ¢ÒÌ (£ ²¨²¥¥¢ÒÌ)
±µµ·¤¨´ É Ì ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ  ¢Éµ³ É¨Î¥¸±¨ ¶·¨¢µ¤¨É ± µ¡Ð¥±µ-
¢ ·¨ ´É´Ò³ Ê· ¢´¥´¨Ö³ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ ¢ Ëµ·³¥ (9) ¨²¨ (10).
�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ Ê· ¢´¥´¨Ö (9) Ö¢²ÖÕÉ¸Ö ´¥ ±µµ·¤¨´ É´Ò³¨ Ê¸²µ¢¨Ö³¨,  
¶µ²¥¢Ò³¨ Ê· ¢´¥´¨Ö³¨.

‚.�.”µ± ¢Ò¡¨· ¥É ±µµ·¤¨´ ÉÒ yλ, Ê¤µ¢²¥É¢µ·ÖÕÐ¨¥ Ê· ¢´¥´¨Õ

yλ = 0, (10a)

¨ É·¥¡Ê¥É, ÎÉµ¡Ò ·¥Ï¥´¨¥ ÔÉµ£µ Ê· ¢´¥´¨Ö Ê¤µ¢²¥É¢µ·Ö²µ ¥¢±²¨¤µ¢µ¸É¨ ´ 
¡¥¸±µ´¥Î´µ¸É¨ ¨ ´¥±µÉµ·Ò³ ¤µ¶µ²´¨É¥²Ó´Ò³ Ê¸²µ¢¨Ö³. �É¨³ ¶ÊÉ¥³ µ´ Ë ±-
É¨Î¥¸±¨ ´ Ìµ¤¨É ¤¥± ·Éµ¢Ò ±µµ·¤¨´ ÉÒ, ¤²Ö ±µÉµ·ÒÌ ¸¨³¢µ²Ò Š·¨¸ÉµË-
Ë¥²Ö γν

αβ ¢¸¥£¤  · ¢´Ò ´Ê²Õ, ¶µÔÉµ³Ê Ê· ¢´¥´¨¥ (10) ¸¢µ¤¨É¸Ö ± Ê· ¢´¥´¨Õ
(10a). �µ É ±¨¥ ±µµ·¤¨´ ÉÒ ¢µ§³µ¦´Ò ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ,   ´¥
¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥. ˆ³¥´´µ §¤¥¸Ó ‚.�.”µ± ´¥Ö¢´µ ¨¸¶µ²Ó§µ¢ ² ¶·µ-
¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ ¨ ¢ÒÏ¥² §  · ³±¨ Ô°´ÏÉ¥°´µ¢¸±µ° µ¡Ð¥° É¥µ·¨¨
µÉ´µ¸¨É¥²Ó´µ¸É¨.

‚ ¸²ÊÎ ¥ ±·¨¢µ²¨´¥°´ÒÌ ±µµ·¤¨´ É ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö γν
αβ(y) µÉ-

²¨Î´Ò µÉ ´Ê²Ö, ¶µÔÉµ³Ê Ê¸²µ¢¨¥ £ ·³µ´¨Î´µ¸É¨ Ê¦¥ ´¥²Ó§Ö § ¶¨¸ ÉÓ ¢ Ëµ·³¥
(8),   ´¥µ¡Ìµ¤¨³µ § ¶¨¸Ò¢ ÉÓ ¢ Ëµ·³¥ (9). ‚.�.”µ± ´¥ ¶µ²ÊÎ ² Ê· ¢´¥´¨°
´¨ ¢ Ëµ·³¥ (9), ´¨ ¢ Ëµ·³¥ (10), ¶µÔÉµ³Ê ¸ ³µ ¶·µ¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ
¶·¨¸ÊÉ¸É¢µ¢ ²µ ¢ ¥£µ · ¸¸Ê¦¤¥´¨ÖÌ ¨ · ¸Î¥É Ì ´¥Ö¢´µ. �´ Ï¥² ± ¤¥± ·Éµ-
¢Ò³ ±µµ·¤¨´ É ³ Î¥·¥§ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö (10a), Ê¤µ¢²¥É¢µ·ÖÕÐ¨¥ ´¥±µ-
Éµ·Ò³ ¤µ¶µ²´¨É¥²Ó´Ò³ Ê¸²µ¢¨Ö³. �´ ¸É·¥³¨²¸Ö ¢¢¥¸É¨ ¶·¨¢¨²¥£¨·µ¢ ´´Ò¥
¸¨¸É¥³Ò ±µµ·¤¨´ É, ¶µ¤µ¡´Ò¥ É¥³, ± ±¨¥ ¨³¥ÕÉ ³¥¸Éµ ¢ ±² ¸¸¨Î¥¸±µ° ³¥-
Ì ´¨±¥ ¨ ¸¶¥Í¨ ²Ó´µ° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨. ˆ³¥´´µ Éµ²Ó±µ ¶·¨ ´ ²¨Î¨¨
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É ±¨Ì ¸¨¸É¥³ ±µµ·¤¨´ É ¨ ³µ¦´µ £µ¢µ·¨ÉÓ µ¡  ¡¸µ²ÕÉ´µ¸É¨ Ê¸±µ·¥´¨Ö. ‘µ-
¢¥·Ï¥´´µ µÎ¥¢¨¤´µ, ÎÉµ, µ¸É ¢ Ö¸Ó ¢ · ³± Ì µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨,
É ±¨Ì ¸¨¸É¥³ ¢¢¥¸É¨ ´¥²Ó§Ö. ‚ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ Ê¸±µ·¥´¨¥,
± ± ¨ ¸±µ·µ¸ÉÓ, µÉ´µ¸¨É¥²Ó´Ò, ¶µ¸±µ²Ó±Ê µÉ¸ÊÉ¸É¢Ê¥É ¶µ´ÖÉ¨¥ ¸¨²Ò ÉÖ£µÉ¥-
´¨Ö. ˆ³¥´´µ ¢¸¥ ÔÉµ ‚.�.”µ± ± ± Ë¨§¨± ¨ ´¥ ÌµÉ¥² ¶·¨´ÖÉÓ. �É¸Õ¤ , ¢
¶·¨´Í¨¶¥, ³µ¦´µ ¡Ò²µ ¶·¨°É¨ ± · ¸¸³µÉ·¥´¨Õ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ± ±
Ë¨§¨Î¥¸±µ£µ ¶µ²Ö É¨¶  ” · ¤¥ÖÅŒ ±¸¢¥²²  ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ.
�  ÔÉµ³ ¦¥ ¶ÊÉ¨ ³µ¦´µ ¡Ò²µ ¢ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö ¸µÌ· ´¨ÉÓ ËÊ´¤ ³¥´É ²Ó´Ò¥
§ ±µ´Ò ³ É¥·¨¨ Å § ±µ´Ò ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ ³µ³¥´É  ±µ²¨Î¥-
¸É¢  ¤¢¨¦¥´¨Ö. �ÒÉ ²¸Ö ²¨ ‚.�.”µ± · ¸¸³ É·¨¢ ÉÓ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¢
¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ? �¥É, É ±ÊÕ ³Ò¸²Ó µ´ ´¥ · §¤¥²Ö². �´ ¶¨¸ ² µ¡
ÔÉµ³ ([2], ¸. 409): ®ŒÒ Ê¶µ³¨´ ¥³ §¤¥¸Ó µ ´¥° Éµ²Ó±µ ¢ ¸¢Ö§¨ ¸ ´ ¡²Õ¤ ¥³Ò³
¨´µ£¤  ¸É·¥³²¥´¨¥³ (±µÉµ·µ£µ ³Ò µÉ´Õ¤Ó ´¥ · §¤¥²Ö¥³) Ê²µ¦¨ÉÓ É¥µ·¨Õ
ÉÖ£µÉ¥´¨Ö ¢ · ³±¨ ¥¢±²¨¤µ¢µ£µ ¶·µ¸É· ´¸É¢ ¯.

‚ · ¡µÉ¥ ([2], ¸. 409) µ´ µÉ³¥Î ²: ®�·¨ ·¥Ï¥´¨¨ Ê· ¢´¥´¨° �°´ÏÉ¥°´ 
³Ò ¶µ²Ó§µ¢ ²¨¸Ó ±µµ·¤¨´ É´µ° ¸¨¸É¥³µ°, ±µÉµ·ÊÕ ³Ò ´ §Ò¢ ²¨ £ ·³µ´¨Î¥-
¸±µ°, ´µ ±µÉµ· Ö § ¸²Ê¦¨¢ ¥É ´ §¢ ´¨Ö ¨´¥·Í¨ ²Ó´µ°¯. ˆ ¤ ²¥¥ µ´ ¶¨Ï¥É
([2], ¸. 409): ®� ³ ± ¦¥É¸Ö, ÎÉµ ¢µ§³µ¦´µ¸ÉÓ ¢¢¥¤¥´¨Ö ¢ µ¡Ð¥° É¥µ·¨¨
µÉ´µ¸¨É¥²Ó´µ¸É¨ µ¤´µ§´ Î´Ò³ µ¡· §µ³ µ¶·¥¤¥²¥´´µ° ¨´¥·Í¨ ²Ó´µ° ±µµ·¤¨-
´ É´µ° ¸¨¸É¥³Ò § ¸²Ê¦¨¢ ¥É ¡ÒÉÓ µÉ³¥Î¥´´µ°¯. �µ, ± ± ³Ò Ê¦¥ µÉ³¥Î ²¨,
¸ÊÉÓ ¤¥²  ´¥ ¸Éµ²Ó±µ ¢ Ê¸²µ¢¨ÖÌ £ ·³µ´¨Î´µ¸É¨,   ¶·¥¦¤¥ ¢¸¥£µ ¢ Éµ³, ÎÉµ
ÔÉ¨ Ê¸²µ¢¨Ö § ¶¨¸Ò¢ ÕÉ¸Ö ¢ ¤¥± ·Éµ¢ÒÌ (£ ²¨²¥¥¢ÒÌ) ±µµ·¤¨´ É Ì, ÎÉµ, ¶µ-
¸ÊÐ¥¸É¢Ê, ¨ µ§´ Î ¥É ¨¸¶µ²Ó§µ¢ ´¨¥ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò ±µµ·¤¨´ É ¢ ¶·µ-
¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ, ¶µ¸±µ²Ó±Ê ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ ¨´¥·Í¨ ²Ó´µ°
¸¨¸É¥³Ò ±µµ·¤¨´ É ¢ ¶·¨´Í¨¶¥ ´¥ ³µ¦¥É ¡ÒÉÓ. ‚ ¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É Ì
¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¢µ§´¨± ÕÉ ¸¨²Ò ¨´¥·Í¨¨, µ¡Ö§ ´´Ò¥ ¶µÖ¢²¥´¨Õ
¸¨³¢µ²µ¢ Š·¨¸ÉµËË¥²Ö γν

αβ(y). ‚ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì ¸¨³¢µ²Ò Š·¨-
¸ÉµËË¥²Ö µ¡· Ð ÕÉ¸Ö ¢ ´Ê²Ó ¨ ¸¨²Ò ¨´¥·Í¨¨ µÉ¸ÊÉ¸É¢ÊÕÉ,   Ê· ¢´¥´¨¥ (9)
¸¢µ¤¨É¸Ö ± Ê¸²µ¢¨Õ £ ·³µ´¨Î´µ¸É¨ (8) ¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì. ˆ³¥´´µ
´  ÔÉµ³ µ¸´µ¢ ´¨¨ ¨ ³µ¦´µ Î ¸É¨Î´µ ¸µ£² ¸¨ÉÓ¸Ö ¸ ‚.�.”µ±µ³ ([1], ¸. 306):
®�·µ¨§¢µ²Ó´Ò¥ ¶·¥µ¡· §µ¢ ´¨Ö ±µµ·¤¨´ É, ¶µ¸·¥¤¸É¢µ³ ±µÉµ·ÒÌ ¢¢µ¤ÖÉ¸Ö
Ë¨±É¨¢´Ò¥ ¶µ²Ö ÉÖ£µÉ¥´¨Ö, ´ ·ÊÏ ÕÉ Ê¸²µ¢¨Ö £ ·³µ´¨Î´µ¸É¨ ¨ ¶·¥¤¥²Ó´Ò¥
Ê¸²µ¢¨Ö. �µÔÉµ³Ê ³µ¦´µ ¸Î¨É ÉÓ, ÎÉµ ¢¢¥¤¥´¨¥ £ ·³µ´¨Î¥¸±¨Ì ±µµ·¤¨´ É
¨¸±²ÕÎ ¥É ¢¸¥ Ë¨±É¨¢´Ò¥ ¶µ²Ö ÉÖ£µÉ¥´¨Ö¯.

‚µ-¶¥·¢ÒÌ, ¶·µ¨§¢µ²Ó´Ò¥ ¶·¥µ¡· §µ¢ ´¨Ö, ± ± ³Ò ¶µ± § ²¨ (¸³. ¤µ¶. A),
¶·¥¢· Ð ÕÉ £ ·³µ´¨Î¥¸±¨¥ Ê¸²µ¢¨Ö ¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì (8) ¢ µ¡Ð¥±µ-
¢ ·¨ ´É´Ò¥ Ê· ¢´¥´¨Ö (9). ‚µ-¢Éµ·ÒÌ, ¢Ò¡µ· ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É ¤¥°¸É¢¨-
É¥²Ó´µ ¶·¥¢· Ð ¥É Ê· ¢´¥´¨¥ (9) ¢ (8), ¶µ¸±µ²Ó±Ê ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö γν

αβ

¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì · ¢´Ò ´Ê²Õ. �¡· Ð¥´¨¥ ¢ ´Ê²Ó ¸¨³¢µ²µ¢ Š·¨-
¸ÉµËË¥²Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ ¤¥°¸É¢¨É¥²Ó´µ Ê¸É· ´Ö¥É ¸¨²Ò ¨´¥·-
Í¨¨, É.¥. ¨¸±²ÕÎ ¥É ¢¸¥ Ë¨±É¨¢´Ò¥ ¶µ²Ö ÉÖ£µÉ¥´¨Ö. „ ²¥¥ ‚.�.”µ± ¶¨Ï¥É
([1], ¸. 475): ®’ ±¨³ µ¡· §µ³, ¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨, ¢Ò· ¦ ¥³Ò° ¶·¥-
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µ¡· §µ¢ ´¨Ö³¨ ‹µ·¥´Í , ¢µ§³µ¦¥´ ¨ ¢ ´¥µ¤´µ·µ¤´µ³ ¶·µ¸É· ´¸É¢¥, µ¡Ð¨°
¦¥ ¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨ ´¥¢µ§³µ¦¥´¯. …¸²¨ µ¸É ¢ ÉÓ¸Ö ¢ ·¨³ ´µ¢µ³
¶·µ¸É· ´¸É¢¥,   ¢ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ (�’�) ¤·Ê£µ£µ ¶·µ¸É· ´-
¸É¢  ¨ ´¥É, Éµ ¶¥·¢ Ö Î ¸ÉÓ ÊÉ¢¥·¦¤¥´¨Ö ¶·µÉ¨¢µ·¥Î¨É ¶· ¢¨²Ó´µ³Ê ¢Ò¢µ¤Ê
‚.�.”µ± , ÎÉµ ®¢ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ ´¥É, ¢µµ¡Ð¥ £µ¢µ·Ö, ´¨-
± ±µ° µÉ´µ¸¨É¥²Ó´µ¸É¨¯. �µ ¥¸²¨ ¶·¨´ÖÉÓ ¢µ ¢´¨³ ´¨¥, ÎÉµ ‚.�.”µ± Ë ±-
É¨Î¥¸±¨ ¨³¥² ¤¥²µ ¸ ¤¥± ·Éµ¢Ò³¨ (£ ²¨²¥¥¢Ò³¨) ±µµ·¤¨´ É ³¨ ¶·µ¸É· ´¸É¢ 
Œ¨´±µ¢¸±µ£µ, Éµ ÔÉµ ÊÉ¢¥·¦¤¥´¨¥ ¶· ¢¨²Ó´µ, ¶µ¸±µ²Ó±Ê ¶¥·¥Ìµ¤ µÉ µ¤´µ°
¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò ± ¤·Ê£µ° µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶µ³µÐÓÕ ¶·¥µ¡· §µ¢ ´¨Ö
‹µ·¥´Í . �µ ÔÉµ µ§´ Î ¥É, ÎÉµ ”µ± ¢ ¶µ¨¸± Ì Ë¨§¨Î¥¸±µ° ¨¸É¨´Ò ¢ÒÏ¥²
§  ¶·¥¤¥²Ò �’�. ‚¸¥ ÔÉµ µ¸µ¡µ Ö¸´µ ¢¨¤´µ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ £· -
¢¨É Í¨¨ [3]. ŒÒ ¤ ²¥¥ ¶µ± ¦¥³ ´  ¶·¨³¥·¥ ¶µ²ÊÎ¥´¨Ö ¸É·µ£µ£µ ·¥Ï¥´¨Ö
Ê· ¢´¥´¨° ÉÖ£µÉ¥´¨Ö ¤²Ö µ¤´µ° ¸µ¸·¥¤µÉµÎ¥´´µ° ³ ¸¸Ò ¸ ³ Ë ±É ¨¸¶µ²Ó§µ-
¢ ´¨Ö ¸¨³¢µ²µ¢ Š·¨¸ÉµËË¥²Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ ¶·¨ ´ ¶¨¸ ´¨¨
£ ·³µ´¨Î¥¸±¨Ì Ê¸²µ¢¨° ¢ ¸Ë¥·¨Î¥¸±¨Ì ±µµ·¤¨´ É Ì.

ˆ´É¥·¢ ² ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ ([1], ¸. 279) ¨³¥¥É ¢¨¤

ds2 = c2V 2dt2 − 1
V 2

dσ2, (12)

£¤¥

dσ2 = F 2d
∗
r
2

+ρ2(dΘ2 + sin2 ΘdΦ2). (13)

ˆ´É¥·¢ ² ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ ¢ ¸Ë¥·¨Î¥¸±¨Ì ±µµ·¤¨´ É Ì ¡Ê¤¥É
· ¢¥´

dΣ2 = c2dt2 − d
∗
r
2
− ∗

r
2

(dΘ2 + sin2 ΘdΦ2). (14)

�É¸Õ¤  ´¥¶µ¸·¥¤¸É¢¥´´µ ¸²¥¤Ê¥É

γ00 = 1, γ11 = −1, γ22 = − ∗
r
2
, γ33 = − ∗

r
2

sin2 Θ . (15)

ˆ¸¶µ²Ó§ÊÖ ¢Ò· ¦¥´¨¥ ¤²Ö ¸¨³¢µ²  Š·¨¸ÉµËË¥²Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ

γλ
µν =

1
2
γλσ(∂µγνσ + ∂νγµσ − ∂σγµν) , (16)

´ Ìµ¤¨³

γ1
22 = − ∗

r, γ1
33 = − ∗

r sin2 Θ, γ2
12 = γ3

13 =
1
∗
r
,

γ2
33 = − sin Θ cosΘ, γ3

23 = ctg Θ , (17)

¢¸¥ µ¸É ²Ó´Ò¥ ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö · ¢´Ò ´Ê²Õ.
�  µ¸´µ¢ ´¨¨ (17) Ê· ¢´¥´¨¥ (9) ¤²Ö ν = 1 ¶·¨´¨³ ¥É ¢¨¤

d

d
∗
r

(
ρ2

F

)
= 2

∗
r F , (18)
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¶·¨ ÔÉµ³ ³Ò Ö¢´µ ¨¸¶µ²Ó§µ¢ ²¨ ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö γλ
µν . ‚¢¥¤Ö ´µ¢ÊÕ

¶¥·¥³¥´´ÊÕ

dr = Fd
∗
r , (19)

Ê· ¢´¥´¨¥ (18) ³µ¦´µ § ¶¨¸ ÉÓ ¢ Ëµ·³¥

d

dr

(
ρ2 d

∗
r

dr

)
= 2

∗
r, (20)

´µ ÔÉµ ± ± · § ¨ ¸µ¢¶ ¤ ¥É ¸ Ê· ¢´¥´¨Ö³¨ (57.14) · ¡µÉÒ ‚.�.”µ±  ([1],
¸. 280). ’ ±¨³ µ¡· §µ³, ”µ± Ë ±É¨Î¥¸±¨ ¨¸¶µ²Ó§Ê¥É ¶·µ¸É· ´¸É¢µ Œ¨´±µ¢-
¸±µ£µ ¢ ¸Ë¥·¨Î¥¸±¨Ì ±µµ·¤¨´ É Ì (14),   £ ·³µ´¨Î¥¸±µ¥ Ê¸²µ¢¨¥ (8) Å ¢
¤¥± ·Éµ¢ÒÌ (£ ²¨²¥¥¢ÒÌ) ±µµ·¤¨´ É Ì ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ.

ŒÒ ¶µ²ÊÎ¨²¨ Ê· ¢´¥´¨¥ (20) ´  µ¸´µ¢¥ Ê· ¢´¥´¨Ö ¢ Ëµ·³¥ (9), ±µ£¤  ¶·¨-
Ï²µ¸Ó Ö¢´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ
¢ ¸Ë¥·¨Î¥¸±¨Ì ±µµ·¤¨´ É Ì. ’µÉ ¦¥ ·¥§Ê²ÓÉ É ³µ¦´µ ¶µ²ÊÎ¨ÉÓ, ¥¸²¨ ¨¸¶µ²Ó-
§µ¢ ÉÓ Ê· ¢´¥´¨¥ ¢ Ëµ·³¥ (10). „¥°¸É¢¨É¥²Ó´µ, ¤²Ö ¤¥± ·Éµ¢ÒÌ (£ ²¨²¥¥¢ÒÌ)
±µµ·¤¨´ É ®y¯ ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö γλ

αβ(y) ¢¸¥ · ¢´Ò ´Ê²Õ, ¨ Ê· ¢´¥´¨¥
(10) ¶·¨´¨³ ¥É ¢¨¤

yλ =
1√

−g(z)
∂

∂zν

(
g̃νσ ∂yλ

∂zσ

)
= 0 . (21)

ˆ³¥´´µ É ±µ¥ Ê· ¢´¥´¨¥ ¨¸¶µ²Ó§Ê¥É ‚.�.”µ±. ‘²¥¤Ê¥É µ¸µ¡µ ¶µ¤Î¥·±´ÊÉÓ,
ÎÉµ µ´µ ¢µ§´¨± ¥É Éµ²Ó±µ ¢ Éµ³ ¸²ÊÎ ¥, ±µ£¤  ¢¸¥ γλ

αβ(y) · ¢´Ò ´Ê²Õ. �Éµ
µ¡¸ÉµÖÉ¥²Ó¸É¢µ ”µ±µ³ ´¥ ¡Ò²µ µÉ³¥Î¥´µ. �·¨´¨³ Ö ¢µ ¢´¨³ ´¨¥ ¢Ò· ¦¥´¨Ö
(12) ¨ (13), ´ Ìµ¤¨³

√
−g =

Fρ2

V 2
sin Θ , g̃00 =

Fρ2

V 4
sin Θ , g̃11 = −ρ2 sinΘ

F
,

g̃22 = −F sinΘ, g̃33 = − F

sinΘ
. (22)

‚ ± Î¥¸É¢¥ zν ¢Ò¡¥·¥³ ¶¥·¥³¥´´Ò¥ z0 = y0 = ct,
∗
r, Θ, Φ. �  µ¸´µ¢ ´¨¨

(22),   É ±¦¥ ¶·¨´¨³ Ö ¢µ ¢´¨³ ´¨¥ Éµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ÎÉµ ËÊ´±Í¨¨ V , F ¨

ρ § ¢¨¸ÖÉ Éµ²Ó±µ µÉ
∗
r, Ê· ¢´¥´¨¥ (21) ¶·¨´¨³ ¥É Ëµ·³Ê

1
F

∂

∂
∗
r

(
ρ2

F

∂yi

∂
∗
r

)
+

1
sin Θ

· ∂

∂Θ

(
sinΘ

∂yi

∂Θ

)
+

1
sin2 Θ

· ∂2yi

∂Φ2
= 0 . (23)

‚¢¥¤¥³ ´µ¢ÊÕ ¶¥·¥³¥´´ÊÕ r:

Fd
∗
r= dr ,
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Éµ£¤  Ê· ¢´¥´¨¥ (23) ¶·¨´¨³ ¥É ¢¨¤

∂

∂r

(
ρ2 ∂yi

∂r

)
+

1
sin Θ

· ∂

∂Θ

(
sin Θ

∂yi

∂Θ

)
+

1
sin2 Θ

· ∂2yi

∂Φ2
= 0 . (24)

�·Ö³µ° ¶µ¤¸É ´µ¢±µ° ³µ¦´µ Ê¡¥¤¨ÉÓ¸Ö, ÎÉµ ¸²¥¤ÊÕÐ¨¥ ËÊ´±Í¨¨:

y1(
∗
r, Θ, Φ) =

∗
r (r) sin Θ cosΦ ,

y2(
∗
r, Θ, Φ) =

∗
r (r) sin Θ sin Φ , (25)

y3(
∗
r, Θ, Φ) =

∗
r (r) cos Θ ,

Ê¤µ¢²¥É¢µ·ÖÕÉ (24), ¥¸²¨ Éµ²Ó±µ
∗
r (r) Ö¢²Ö¥É¸Ö ·¥Ï¥´¨¥³ Ê· ¢´¥´¨Ö

d

dr

(
ρ2 d

∗
r

dr

)
= 2

∗
r,

É.¥. ¤²Ö
∗
r ³Ò µ¶ÖÉÓ ¶·¨Ï²¨ ± Ê· ¢´¥´¨Õ (20). …¸²¨ ¶·¨ ¶µ²ÊÎ¥´¨¨ Ê· ¢´¥´¨Ö

(20) ¨§ Ê· ¢´¥´¨° (9) ¶·¨Ìµ¤¨É¸Ö ¶·Ö³µ ¨¸¶µ²Ó§µ¢ ÉÓ ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö
¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ, Éµ ¶·¨ ´ Ìµ¦¤¥´¨¨ ÔÉ¨Ì Ê· ¢´¥´¨° ¨§ Ê· ¢´¥-
´¨° (10) ÔÉµÉ Ë ±É ´¥¸±µ²Ó±µ ¸±·ÒÉ ¨ ¶·µÖ¢²Ö¥É¸Ö Éµ²Ó±µ ´  ¸É ¤¨¨ ¢Ò¢µ¤ 
Ê· ¢´¥´¨° (21).

ˆ¤¥¨ ‚.�.”µ±  µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ ±µµ·¤¨´ É, µ¡
 ¡¸µ²ÕÉ´µ¸É¨ Ê¸±µ·¥´¨Ö ®µÉ´µ¸¨É¥²Ó´µ ¶·µ¸É· ´¸É¢ ¯, µ ´¥µ¡Ìµ¤¨³µ¸É¨ ¶µ-
¸É·µ¥´¨Ö ¶µ²´µ° ¸¨¸É¥³Ò Ê· ¢´¥´¨° É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö, µ Ëµ·³¨´¢ ·¨ ´É-
´µ¸É¨ Ê· ¢´¥´¨° É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö µÉ´µ¸¨É¥²Ó´µ ¶·¥µ¡· §µ¢ ´¨° ‹µ·¥´Í 
ÉµÎ´µ ·¥ ²¨§ÊÕÉ¸Ö ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ £· ¢¨É Í¨¨ (�’ƒ) [3]. �·¨ ¶µ-
¸É·µ¥´¨¨ �’ƒ ± ± ±² ¸¸¨Î¥¸±µ° É¥µ·¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ³Ò ¨¸Ìµ¤¨²¨
¨§ ¸²¥¤ÊÕÐ¨Ì µ¡Ð¨Ì Ë¨§¨Î¥¸±¨Ì ¶·¥¤¸É ¢²¥´¨°, ¢µ¸Ìµ¤ÖÐ¨Ì ± ÉµÎ±¥ §·¥´¨Ö
�Ê ´± ·¥. �·µ¸É· ´¸É¢µ-¢·¥³Ö µÉ±·Ò¢ ¥É¸Ö ¶ÊÉ¥³ ¨§ÊÎ¥´¨Ö ¸¢µ°¸É¢ ¨ § ±µ´µ¢
· §¢¨É¨Ö ³ É¥·¨ ²Ó´µ£µ ³¨· . �·µ¸É· ´¸É¢µ-¢·¥³Ö, ± ± ´¥µÉÑ¥³²¥³ Ö ¸ÊÐ-
´µ¸ÉÓ ³ É¥·¨¨, µÉ· ¦ ¥É µ¡Ð¨¥ ¸¢µ°¸É¢ , ¶·¨¸ÊÐ¨¥ ²Õ¡µ³Ê ¢¨¤Ê ³ É¥·¨¨. ’ -
±¨³¨ µ¡Ð¨³¨ ¸¢µ°¸É¢ ³¨ ³ É¥·¨¨ Ö¢²ÖÕÉ¸Ö ¨´É¥£· ²Ó´Ò¥ § ±µ´Ò ¸µÌ· ´¥´¨Ö
Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ ³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö. ˆ³¥´´µ µ´¨ ¨ ¶·¥¤µ¶·¥-
¤¥²¨²¨ ¶¸¥¢¤µ¥¢±²¨¤µ¢Ê ¸É·Ê±ÉÊ·Ê ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ± ± Ê´¨¢¥·¸ ²Ó´ÊÕ.
•µÉÖ ¶¸¥¢¤µ¥¢±²¨¤µ¢  ¸É·Ê±ÉÊ·  ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ¨ µÉ±·Ò² ¸Ó ¶ÊÉ¥³
¨§ÊÎ¥´¨Ö ¤¢¨¦¥´¨Ö ³ É¥·¨¨ (µ¸µ¡¥´´µ Ô²¥±É·µ³ £´¥É¨§³ ), ´µ ¢ ¸¨²Ê Ê´¨¢¥·-
¸ ²Ó´µ¸É¨ ¨ ´¥§ ¢¨¸¨³µ¸É¨ ¥¥ µÉ Ëµ·³ ³ É¥·¨¨ µ´  ³µ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö
 ¡¸É· ±É´µ, ¢ µÉ·Ò¢¥ µÉ ³ É¥·¨¨, ± ± ¸¢µ¥µ¡· §´ Ö  ·¥´ , ´  Ëµ´¥ ±µÉµ·µ°
¶·µÉ¥± ÕÉ ¢¸¥ Ë¨§¨Î¥¸±¨¥ Ö¢²¥´¨Ö ¶·¨·µ¤Ò. �·¨ É ±µ³ ¶·¥¤¸É ¢²¥´¨¨ ¶¸¥¢-
¤µ¥¢±²¨¤µ¢  ¸É·Ê±ÉÊ·  ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ± ± ¡Ò ³Ò¸²¥´´µ ¨³¥¥É ³¥¸Éµ ¨
¢ µÉ¸ÊÉ¸É¢¨e ¢¸¥° ³ É¥·¨¨. ’ ±¨³ ¶ÊÉ¥³ ¤µ¸É¨£ ¥É¸Ö µÉ¤¥²¥´¨¥ µ¡Ð¨Ì ¸¢µ°¸É¢
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³ É¥·¨¨, ´ Ï¥¤Ï¨Ì µÉ· ¦¥´¨¥ ¢ ¸É·Ê±ÉÊ·¥ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨, µÉ ¤·Ê£¨Ì
¸¢µ°¸É¢, ¶·¨¸ÊÐ¨Ì ¤ ´´µ³Ê ±µ´±·¥É´µ³Ê ¢¨¤Ê ³ É¥·¨¨.

“´¨¢¥·¸ ²Ó´µ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨¥ ¶µ²Ö (É ±¨¥, ´ ¶·¨³¥·, ± ± ÉÖ£µÉ¥´¨¥),
¨³¥ÕÐ¨¥¸Ö ¢ ¶·¨·µ¤¥, ¢¸¥£¤  ³µ£ÊÉ ´ °É¨ µÉ· ¦¥´¨¥ ¢ ¸É·Ê±ÉÊ·¥ ¶·µ¸É· ´-
¸É¢ -¢·¥³¥´¨, ´µ Ê¦¥ ¢ ¢¨¤¥ ÔËË¥±É¨¢´µ£µ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨, µ¡Ö§ ´´µ£µ
´ ²¨Î¨Õ ¤ ´´µ£µ Ê´¨¢¥·¸ ²Ó´µ£µ ¶µ²Ö.

ˆ³¥´´µ ¢ �’ƒ ÔËË¥±É¨¢´µ¥ ·¨³ ´µ¢µ ¶·µ¸É· ´¸É¢µ ¸µ§¤ ¥É¸Ö ¡² £µ-
¤ ·Ö ¸ÊÐ¥¸É¢µ¢ ´¨Õ Ê´¨¢¥·¸ ²Ó´µ£µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ ¶·µ¸É· ´¸É¢¥
Œ¨´±µ¢¸±µ£µ.

…¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¶·µ¸É· ´¸É¢µ-¢·¥³Ö ¨¸±·¨¢²¥´µ ¨ ¢ µÉ¸ÊÉ¸É¢¨e
¢¸¥Ì Ëµ·³ ³ É¥·¨¨, Éµ, ¢ ¶·¨´Í¨¶¥, ´¥¢µ§³µ¦´µ ¸ ÉµÎ±¨ §·¥´¨Ö Ë¨§¨±¨
´ °É¨ ¶·¨Î¨´Ê ÔÉµ° ¨¸±·¨¢²¥´´µ¸É¨, ¶µ¸±µ²Ó±Ê ¡¥§ ³ É¥·¨¨ ´¥É ¨ Ë¨§¨±¨.

‚ µ¸´µ¢Ê �’ƒ ¶µ²µ¦¥´µ ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ¨¸ÉµÎ´¨±µ³ £· ¢¨É Í¨µ´-
´µ£µ ¶µ²Ö Ö¢²Ö¥É¸Ö ¸µÌ· ´ÖÕÐ¨°¸Ö É¥´§µ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¸¥° ³ É¥·¨¨,
¢±²ÕÎ Ö ¨ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥. ƒ· ¢¨É Í¨µ´´µ¥ ¶µ²¥, ± ± ¨ ¢¸¥ ¤·Ê£¨¥
¶µ²Ö ³ É¥·¨¨, · §¢¨¢ ¥É¸Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. ƒ· ¢¨É Í¨µ´´µ¥ ¶µ²¥
µ¡² ¤ ¥É ¸¶¨´ ³¨ 2 ¨ 0, ¨, ÎÉµ µ¸µ¡¥´´µ ¸ÊÐ¥¸É¢¥´´µ, µ´µ ¨³¥¥É ³ ¸¸Ê ¶µ±µÖ
mg . �¨³ ´µ¢µ ¶·µ¸É· ´¸É¢µ ¢µ§´¨± ¥É ± ± ÔËË¥±É¨¢´µ¥ ¶·µ¸É· ´¸É¢µ ¨§-§ 
¤¥°¸É¢¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. ‘¨²Ò ¨´¥·Í¨¨ ¨ £· ¢¨É Í¨¨ · §¤¥²¥´Ò: µ´¨
¨³¥ÕÉ · §´ÊÕ ¶·¨·µ¤Ê. �µ²´ Ö ¸¨¸É¥³  Ê· ¢´¥´¨° �’ƒ µ¡Ð¥±µ¢ ·¨ ´É´  µÉ-
´µ¸¨É¥²Ó´µ ¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É´ÒÌ ¶·¥µ¡· §µ¢ ´¨° ¨ Ëµ·³¨´¢ ·¨ ´É´ 
µÉ´µ¸¨É¥²Ó´µ ¶·¥µ¡· §µ¢ ´¨° ‹µ·¥´Í . ‚ ÔÉÊ ¸¨¸É¥³Ê Ê· ¢´¥´¨° ´¥¶µ¸·¥¤-
¸É¢¥´´µ ¢Ìµ¤¨É ³¥É·¨Î¥¸±¨° É¥´§µ· ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ. “· ¢´¥´¨Ö
(9) Ö¢²ÖÕÉ¸Ö ¸²¥¤¸É¢¨Ö³¨ Ê· ¢´¥´¨° £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¨ Ê· ¢´¥´¨° ¤¢¨-
¦¥´¨Ö ¢¥Ð¥¸É¢ . ‚ �’ƒ ·¥ ²¨§Ê¥É¸Ö ¶·¨´Í¨¶ Œ Ì  Å ¨´¥·Í¨ ²Ó´ Ö ¸¨¸É¥³ 
±µµ·¤¨´ É µ¶·¥¤¥²Ö¥É¸Ö · ¸¶·¥¤¥²¥´¨¥³ ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö.
‚ �’ƒ Ê¸±µ·¥´¨¥ ¨³¥¥É  ¡¸µ²ÕÉ´Ò° ¸³Ò¸². �·¨ ¢ÒÎ¨¸²¥´¨¨ ÔËË¥±Éµ¢ £· -
¢¨É Í¨¨ ¢ ‘µ²´¥Î´µ° ¸¨¸É¥³¥ ¢ Ê· ¢´¥´¨ÖÌ �’ƒ (¢ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì
¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò) ³µ¦´µ ¶·¥´¥¡·¥ÎÓ ¢²¨Ö´¨¥³ ³ ¸¸Ò £· ¢¨Éµ´ , ¨ Éµ£¤ 
¶·¨¡²¨¦¥´´ Ö ¸¨¸É¥³  Ê· ¢´¥´¨° ¸µ¢¶ ¤ ¥É ¸ ¸¨¸É¥³µ° Ê· ¢´¥´¨°, ±µÉµ·ÊÕ
¨§ÊÎ ² ‚.�.”µ±.

�¥Ï Ö ÔÉÊ ¸¨¸É¥³Ê Ê· ¢´¥´¨°, ”µ± · §· ¡µÉ ² ¨§ÖÐ´Ò° ¨ ÔËË¥±É¨¢´Ò°
³¥Éµ¤ ´ Ìµ¦¤¥´¨Ö ¶µ¸É´ÓÕÉµ´µ¢¸±µ£µ ¶·¨¡²¨¦¥´¨Ö. �Éµ ¸É ²µ ¢µ§³µ¦´Ò³
¡² £µ¤ ·Ö Ê¤ Î´µ³Ê ¢Ò¡µ·Ê ¢ ± Î¥¸É¢¥ ´¥§ ¢¨¸¨³µ° ¶¥·¥³¥´´µ° ¶²µÉ´µ¸É¨
É¥´§µ·  g̃µν ,   É ±¦¥ ¨¸¶µ²Ó§µ¢ ´¨Õ £ ·³µ´¨Î¥¸±¨Ì Ê¸²µ¢¨° ¢ ¤¥± ·Éµ¢ÒÌ
±µµ·¤¨´ É Ì. ˆ³¥´´µ ¢ ¸¨²Ê ÔÉ¨Ì µ¡¸ÉµÖÉ¥²Ó¸É¢ Î·¥§¢ÒÎ °´µ Ê¶·µ¸É¨²¸Ö
¢¥¸Ó ¢ÒÎ¨¸²¨É¥²Ó´Ò° ¶·µÍ¥¸¸, ¶µ¸±µ²Ó±Ê Ê¦¥ ¢µ ¢Éµ·µ³ ¶·¨¡²¨¦¥´¨¨ ¨§
¢¸¥Ì ¤¥¸ÖÉ¨ ±µ³¶µ´¥´É g̃µν µ¸É ² ¸Ó Éµ²Ó±µ µ¤´  ±µ³¶µ´¥´É  g̃00 [3]. ’ -
±µ¥ ´ °¤¥´´µ¥ É¥Ì´¨Î¥¸±µ¥ Ê¶·µÐ¥´¨¥, µ± §Ò¢ ¥É¸Ö, ± ± ÔÉµ ¢¨¤´µ ¨§ �’ƒ,
¨³¥¥É ¶µ¤ ¸µ¡µ° Ë¨§¨Î¥¸±ÊÕ µ¸´µ¢Ê: ¢µ-¶¥·¢ÒÌ, ¶¥·¥³¥´´ Ö g̃µν ¥¸É¥¸É¢¥´´µ
¢µ§´¨± ¥É ¶·¨ ¶µ¸É·µ¥´¨¨ �’ƒ, ¢µ-¢Éµ·ÒÌ, ¢ ¶¥·¢µ³ ¶·¨¡²¨¦¥´¨¨ ¶µ G ¢¸¥
±µ³¶µ´¥´ÉÒ gµν , ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ³Ê ¸É É¨Î¥¸±µ³Ê
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¶µ²Õ, ¸µ§¤ ¢ ¥³µ³Ê É¥²µ³ ³ ¸¸Ò M , µ¶·¥¤¥²ÖÕÉ¸Ö Éµ²Ó±µ ¥¤¨´¸É¢¥´´µ° ±µ³-
¶µ´¥´Éµ° É¥´§µ·  ¢¥Ð¥¸É¢  T 00 [3], ¨ ¨´É¥·¢ ² ÔËË¥±É¨¢´µ£µ ·¨³ ´µ¢  ¶·µ-
¸É· ´¸É¢  ¨³¥¥É ¢¨¤

ds2 = c2

(
1 − 2MG

c2r

)
dt2 −

(
1 +

2MG

c2r

)
(dx2 + dy2 + dz2) .

‚²¨Ö´¨¥ ³ ¸¸Ò £· ¢¨Éµ´  ¸ÊÐ¥¸É¢¥´´µ, ±µ£¤  · ¤¨Ê¸ É¥²  ¶·¨¡²¨¦ ¥É¸Ö
± · ¤¨Ê¸Ê ˜¢ ·ÍÏ¨²Ó¤ . ‚ ´¥¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¶·¥´¥¡·¥£ ÉÓ
³ ¸¸µ° £· ¢¨Éµ´  É ±¦¥ ´¥²Ó§Ö. ‡ ³¥É¨³, ÎÉµ ¤ ¦¥ ¥¸²¨ Ëµ·³ ²Ó´µ µ¶Ê¸É¨ÉÓ
³ ¸¸Ê £· ¢¨Éµ´ , Éµ ¸¨¸É¥³  Ê· ¢´¥´¨° �’ƒ ¸µ¢¶ ¤ ¥É ¸ ¸¨¸É¥³µ° Ê· ¢´¥´¨°,
±µÉµ·ÊÕ ¨§ÊÎ ² ‚.�.”µ±, Éµ²Ó±µ ¢ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì ¨´¥·Í¨ ²Ó´µ°
¸¨¸É¥³Ò, ¢ ²Õ¡µ° ¤·Ê£µ° ¸¨¸É¥³¥, ´ ¶·¨³¥· ´¥¨´¥·Í¨ ²Ó´µ°, µ´¨ Ê¦¥ ¸ÊÐ¥-
¸É¢¥´´µ µÉ²¨Î ÕÉ¸Ö. �Éµ ¶·µ¨¸Ìµ¤¨É ¶µÉµ³Ê, ÎÉµ ¸¨¸É¥³  Ê· ¢´¥´¨° ”µ±  ´¥
µ¡Ð¥±µ¢ ·¨ ´É´ , Éµ£¤  ± ± ¸¨¸É¥³  Ê· ¢´¥´¨° �’ƒ µ¡Ð¥±µ¢ ·¨ ´É´ . �’ƒ
¨§³¥´Ö¥É ¶·¥¤¸É ¢²¥´¨Ö µ¡ Ô¢µ²ÕÍ¨¨ ‚¸¥²¥´´µ° ¨ ±µ²² ¶¸¥. ‚¢¥¤¥´¨¥ ³ ¸¸Ò
£· ¢¨Éµ´  ¨³¥¥É ¶·¨´Í¨¶¨ ²Ó´µ¥ §´ Î¥´¨¥ ¤²Ö ¤ ´´µ° É¥µ·¨¨, ¶µ¸±µ²Ó±Ê
Éµ²Ó±µ ¸ ¥¥ ¢¢¥¤¥´¨¥³ ¢µ§³µ¦´µ ¶µ¸É·µ¥´¨¥ É¥µ·¨¨, ¢ ±µÉµ·µ° £· ¢¨É Í¨µ´-
´µ¥ ¶µ²¥ · ¸¸³ É·¨¢ ¥É¸Ö ± ± Ë¨§¨Î¥¸±µ¥ ¶µ²¥ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ.
�µ²¥¢Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ¸ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ É·¥¡ÊÕÉ ¢¢¥¤¥´¨Ö ³ ¸¸Ò £· ¢¨Éµ´ 
¨, ± ± ¸²¥¤¸É¢¨¥, ¢ Ê· ¢´¥´¨ÖÌ �’ƒ ¶µÖ¢²Ö¥É¸Ö ¨ ³¥É·¨Î¥¸±¨° É¥´§µ· ¶·µ-
¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ. ˆ³¥´´µ ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¶µ§¢µ²Ö¥É Ë¨±¸¨·µ¢ ÉÓ
¨´¥·Í¨ ²Ó´ÊÕ ¸¨¸É¥³Ê ¨ É¥³ ¸ ³Ò³ Ê¸É ´µ¢¨ÉÓ ¸¢Ö§Ó ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò
¸ · ¸¶·¥¤¥²¥´¨¥³ ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, É.¥. ·¥ ²¨§µ¢ ÉÓ ¶·¨´Í¨¶
Œ Ì : ¨´¥·Í¨ ²Ó´ Ö ¸¨¸É¥³  µ¶·¥¤¥²Ö¥É¸Ö · ¸¶·¥¤¥²¥´¨¥³ ³ É¥·¨¨. �¥§ ¢¥-
Ð¥¸É¢  ´¥ ³µ¦¥É ¸ÊÐ¥¸É¢µ¢ ÉÓ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥. � ²¨Î¨¥ ¢ Ê· ¢´¥´¨ÖÌ
�’ƒ ³¥É·¨Î¥¸±µ£µ É¥´§µ·  ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¶µ§¢µ²Ö¥É µ¤´µ§´ Î-
´Ò³ µ¡· §µ³ ¢ÒÎ¨¸²¨ÉÓ £· ¢¨É Í¨µ´´Ò° ÔËË¥±É. ‘µ£² ¸´µ �’ƒ ¨´¥·Í¨-
 ²Ó´Ò¥ ¸¨¸É¥³Ò É ± ¦¥, ± ± ¢ ¸¶¥Í¨ ²Ó´µ° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨, ¨³¥ÕÉ
 ¡¸µ²ÕÉ´Ò° ¸³Ò¸².

�’ƒ ¢µ§¢· Ð ¥É ¢ Ë¨§¨±Ê ¨´¥·Í¨ ²Ó´Ò¥ ¸¨¸É¥³Ò ±µµ·¤¨´ É, ±µÉµ·Ò¥
¡Ò²¨ µÉ¢¥·£´ÊÉÒ �’�, É ± ± ± ¢ ÔÉµ° É¥µ·¨¨ µ´¨ ´¥ ¸ÊÐ¥¸É¢ÊÕÉ. �°´ÏÉ¥°´ ¢
1955 £. ¶¨¸ ²: ®‘ÊÐ¥¸É¢¥´´µ¥ ¤µ¸É¨¦¥´¨¥ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨
§ ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ µ´  ¨§¡ ¢¨²  Ë¨§¨±Ê µÉ ´¥µ¡Ìµ¤¨³µ¸É¨ ¢¢µ¤¨ÉÓ
®¨´¥·Í¨ ²Ó´ÊÕ ¸¨¸É¥³Ê¯ (¨²¨ ®¨´¥·Í¨ ²Ó´Ò¥ ¸¨¸É¥³Ò¯)¯. ˆ´¥·Í¨ ²Ó´Ò¥
¸¨¸É¥³Ò ¢ �’ƒ ¢µ§´¨± ÕÉ ¨§-§  · ¸¸³µÉ·¥´¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ± ± Ë¨-
§¨Î¥¸±µ£µ ¶µ²Ö, · §¢¨¢ ÕÐ¥£µ¸Ö, ± ± ¨ ¢¸¥ ¤·Ê£¨¥ ¶µ²Ö ³ É¥·¨¨, ¢ ¶·µ¸É· ´-
¸É¢¥ Œ¨´±µ¢¸±µ£µ. �² £µ¤ ·Ö ÔÉµ³Ê ¶µ²Õ ¨ ¸µ§¤ ¥É¸Ö ÔËË¥±É¨¢´µ¥ ·¨³ ´µ¢µ
¶·µ¸É· ´¸É¢µ ¶µ²¥¢µ£µ ¶·µ¨¸Ìµ¦¤¥´¨Ö. �·¨ É ±µ³ ¶µ¤Ìµ¤¥ ¶µ²´µ¸ÉÓÕ ¸µ-
Ì· ´Ö¥É¸Ö ¤¥¸ÖÉ¨¶ · ³¥É·¨Î¥¸± Ö £·Ê¶¶  ¤¢¨¦¥´¨Ö ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ Å
£·Ê¶¶  �Ê ´± ·¥. ˆ³¥´´µ ¶µÔÉµ³Ê ¢ É¥µ·¨¨ ¨³¥ÕÉ ³¥¸Éµ § ±µ´Ò ¸µÌ· ´¥´¨Ö
Ô´¥·£¨¨-¨³¶Ê²Ó¸ , ³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö ¢³¥¸É¥ ¢§ÖÉÒÌ. ‘¶¥Í¨ ²Ó´ Ö É¥µ·¨Ö µÉ´µ¸¨É¥²Ó´µ¸É¨ ÉµÎ´µ ¢Ò¶µ²´Ö¥É¸Ö
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¤²Ö ¢¸¥Ì Ë¨§¨Î¥¸±¨Ì ¶µ²¥°, ¢ Éµ³ Î¨¸²¥ ¨ ¤²Ö £· ¢¨É Í¨µ´´µ£µ. �µÔÉµ³Ê
¸²µ¢µ ®¸¶¥Í¨ ²Ó´ Ö¯ ³µ¦´µ ¡Ò²µ ¡Ò µ¶Ê¸É¨ÉÓ ¨ ¶¨¸ ÉÓ ¶·µ¸Éµ Å É¥µ·¨Ö
µÉ´µ¸¨É¥²Ó´µ¸É¨, ¶µ´¨³ Ö ¶µ¤ ÔÉ¨³ Ëµ·³¨´¢ ·¨ ´É´µ¸ÉÓ Ê· ¢´¥´¨° µÉ´µ¸¨-
É¥²Ó´µ ¶·¥µ¡· §µ¢ ´¨° ‹µ·¥´Í . �µ²¥¥ µ¡Ð¥£µ ¶·¨´Í¨¶  µÉ´µ¸¨É¥²Ó´µ¸É¨,
Î¥³ ÔÉµÉ, ¡ÒÉÓ ´¥ ³µ¦¥É. �¥·¥°¤¥³ É¥¶¥·Ó ± ¨§ÊÎ¥´¨Õ Ô¢µ²ÕÍ¨¨ ‚¸¥²¥´´µ°
¨ ±µ²² ¶¸ .

‘µ£² ¸´µ �’ƒ µ¤´µ·µ¤´ Ö ¨ ¨§µÉ·µ¶´ Ö ‚¸¥²¥´´ Ö Ö¢²Ö¥É¸Ö ®¶²µ¸±µ°¯ ¨
· §¢¨¢ ¥É¸Ö Í¨±²¨Î¥¸±¨ µÉ ´¥±µÉµ·µ° ³ ±¸¨³ ²Ó´µ° ¶²µÉ´µ¸É¨ ¤µ ³¨´¨³ ²Ó-
´µ° ¨ É.¤. „²Ö µ¤´µ·µ¤´µ° ¨§µÉ·µ¶´µ° ‚¸¥²¥´´µ° Ê· ¢´¥´¨Ö �’ƒ ¢ £ ²¨²¥¥¢ÒÌ
±µµ·¤¨´ É Ì ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò ¶·¨´¨³ ÕÉ ¢¨¤

(
1
R

dR

dτ

)2

=
8πG

3
ρ(τ) − ω

R6

(
1 − 3R4

R4
max

+ 2R6

)
, (26)

1
R

d2R

dτ2
= −4πG

3

(
ρ +

p

c2

)
− 2ω

(
1 − 1

R6

)
. (27)

‡¤¥¸Ó G Å £· ¢¨É Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö, R Å ³ ¸ÏÉ ¡´Ò° Ë ±Éµ·,

ω =
1
12

(
mgc

2

�

)2

. (28)

ˆ§ Ê· ¢´¥´¨Ö (26) ¢¨¤´µ, ÎÉµ ¶·¨ Ê³¥´ÓÏ¥´¨¨ R µÉ·¨Í É¥²Ó´Ò° Î²¥´ ω
R6 ¢

¶· ¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö · ¸É¥É ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥ ¡Ò¸É·¥¥, Î¥³ ¶²µÉ-
´µ¸ÉÓ ¢¥Ð¥¸É¢  ¤²Ö · ¤¨ Í¨µ´´µ-¤µ³¨´ ´É´µ° ¸É ¤¨¨. �µ, É ± ± ± ²¥¢ Ö Î ¸ÉÓ
Ê· ¢´¥´¨Ö (26) ¶µ²µ¦¨É¥²Ó´ , ¸¦ É¨¥ ¤µ²¦´µ µ¸É ´µ¢¨ÉÓ¸Ö ¶·¨ ´¥±µÉµ·µ³
³¨´¨³ ²Ó´µ³ §´ Î¥´¨¨ Rmin, µÉ¢¥Î ÕÐ¥³ §´ Î¥´¨Õ dR

dτ = 0. �·¨ Ê¢¥²¨Î¥-
´¨¨ R µÉ·¨Í É¥²Ó´Ò° Î²¥´ ω ¢ ¶· ¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö ¸É ´µ¢¨É¸Ö ¡µ²ÓÏ¥,
Î¥³ ¶²µÉ´µ¸ÉÓ ¢¥Ð¥¸É¢  ´  ¸É ¤¨¨ ¤µ³¨´ ´É´µ¸É¨ ´¥·¥²ÖÉ¨¢¨¸É¸±µ° ³ É¥-
·¨¨, ¶µÔÉµ³Ê ¢ ¸¨²Ê ¶µ²µ¦¨É¥²Ó´µ° ²¥¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö (26) ¶·µ¨§µ°¤¥É
µ¸É ´µ¢±  · ¸Ï¨·¥´¨Ö ¶·¨ §´ Î¥´¨¨ Rmax, µÉ¢¥Î ÕÐ¥³ §´ Î¥´¨Õ dR

dτ = 0.
’ ±¨³ µ¡· §µ³, µ¤´µ·µ¤´ Ö ¨ ¨§µÉ·µ¶´ Ö ‚¸¥²¥´´ Ö · §¢¨¢ ¥É¸Ö Í¨±²¨-
Î¥¸±¨ µÉ ´¥±µÉµ·µ° ³ ±¸¨³ ²Ó´µ° ¶²µÉ´µ¸É¨ ¢¥Ð¥¸É¢  ¤µ ³¨´¨³ ²Ó´µ° ρmin,
· ¢´µ°

ρmin =
1

16πG

(
mgc

2

�

)2

, (29)

mg Å ³ ¸¸  £· ¢¨Éµ´ , § É¥³ µ¶ÖÉÓ ¤µ ³ ±¸¨³ ²Ó´µ° ¨ É.¤. �É¸Õ¤  ¸²¥¤Ê¥É,
ÎÉµ ´¨± ±µ£µ �µ²ÓÏµ£µ ¢§·Ò¢ , ¢ ¶·¨´Í¨¶¥, ´¥ ³µ£²µ ¡ÒÉÓ. ˆ§ Ê· ¢´¥´¨Ö
(26) ¶·¨ R >> 1 ¸²¥¤Ê¥É, ÎÉµ ¶²µÉ´µ¸ÉÓ ¢¥Ð¥¸É¢  ¢µ ‚¸¥²¥´´µ° · ¢´ 

ρ(τ) = ρc(τ) +
1

16πG

(
mgc

2

�

)2

. (30)
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‡¤¥¸Ó ρc(τ) Å ±·¨É¨Î¥¸± Ö ¶²µÉ´µ¸ÉÓ, µ¶·¥¤¥²Ö¥³ Ö ®¶µ¸ÉµÖ´´µ°¯ • ¡¡²  H :

ρc(τ) =
3H2(τ)
8πG

, H(τ) =
1
R

· dR

dτ
. (31)

‚Ìµ¤ÖÐ Ö ¢ Ê· ¢´¥´¨¥ (26) ¢¥²¨Î¨´  Rmax ³µ¦¥É ¡ÒÉÓ ¢Ò· ¦¥´  Î¥·¥§ ³ ±-
¸¨³ ²Ó´ÊÕ ¶²µÉ´µ¸ÉÓ ¢¥Ð¥¸É¢  ¢µ ‚¸¥²¥´´µ°:

R4
max =

1
8E

(
mgc

2

�

)2

, (32)

£¤¥ E · ¢´µ

E = 7, 4 · 104 ·




(
mgc2

�

)10

(16πG)2ρmax




1/3

, (33)

ρmax Å Ë ±É¨Î¥¸±¨ Ö¢²Ö¥É¸Ö ¨´É¥£· ²µ³ ¤¢¨¦¥´¨Ö. ˆ§ Ê· ¢´¥´¨° (26) ¨ (27)
³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¢Ò· ¦¥´¨¥ ¤²Ö ¶ · ³¥É·  § ³¥¤²¥´¨Ö ‚¸¥²¥´´µ° q(τ). � 
¸µ¢·¥³¥´´µ° ¸É ¤¨¨ ¤µ³¨´ ´É´µ¸É¨ ´¥·¥²ÖÉ¨¢¨¸É¸±µ° ³ É¥·¨¨ (¤ ¢²¥´¨¥ p
· ¢´µ ´Ê²Õ)

q(τ) = − 1
H2

· R̈

R
=

1
2

+
1

4H2

(
mgc

2

�

)2

. (34)

‘µµÉ´µÏ¥´¨¥ (34) ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ µ¶·¥¤¥²¨ÉÓ ³ ¸¸Ê £· ¢¨Éµ´  mg ¶µ ¤¢Ê³
´ ¡²Õ¤ ¥³Ò³ ¢¥²¨Î¨´ ³ H ¨ q. �´  µ± §Ò¢ ¥É¸Ö µ£· ´¨Î¥´  ¸²¥¤ÊÕÐ¨³
´¥· ¢¥´¸É¢µ³ [4]:

mg ≤ 4, 5 · 10−66£ . (35)

�  µ¸´µ¢ ´¨¨ (30) ¨ (35) ¢¨¤´µ, ÎÉµ ¸µ¢·¥³¥´´ Ö ¶²µÉ´µ¸ÉÓ ρ(τ) ¡²¨§± 
± ±·¨É¨Î¥¸±µ° ¶²µÉ´µ¸É¨ ρc, µ¶·¥¤¥²Ö¥³µ° ®¶µ¸ÉµÖ´´µ°¯ • ¡¡² . �É¸Õ¤ 
¸ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ ¸²¥¤Ê¥É ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¢µ ‚¸¥²¥´´µ° ¡µ²ÓÏµ° ¸±·ÒÉµ°
³ ¸¸Ò ®É¥³´µ° ³ É¥·¨¨¯, ÎÉµ ¸µ£² ¸Ê¥É¸Ö ¸ ¸µ¢·¥³¥´´Ò³¨ ´ ¡²Õ¤ É¥²Ó´Ò³¨
¤ ´´Ò³¨. ‚·¥³Ö · ¸Ï¨·¥´¨Ö ‚¸¥²¥´´µ° µÉ ³ ±¸¨³ ²Ó´µ° ¶²µÉ´µ¸É¨ ρmax ¤µ
³¨´¨³ ²Ó´µ° ρmin µ¶·¥¤¥²Ö¥É¸Ö ¢ µ¸´µ¢´µ³ ¸É ¤¨¥° ¤µ³¨´ ´É´µ¸É¨ ´¥·¥²Ö-
É¨¢¨¸É¸±µ° ³ É¥·¨¨ ¨ · ¢´µ [5]

τmax =

√
2
3
· π�

mgc2
. (36)

‘ ÉµÎ±¨ §·¥´¨Ö �’ƒ ±· ¸´µ¥ ¸³¥Ð¥´¨¥ ¶·µ¨¸Ìµ¤¨É ´¥ ¨§-§  ÔËË¥±É  „µ¶-
²¥· ,   ¢¸²¥¤¸É¢¨¥ ¨§³¥´¥´¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢µ ¢·¥³¥´¨, ¶µ¸±µ²Ó±Ê
¢¥Ð¥¸É¢µ ‚¸¥²¥´´µ° ¶µ±µ¨É¸Ö ¢ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É. ˆ´¥·-
Í¨ ²Ó´ Ö ¸¨¸É¥³  ¢Ò¤¥²¥´  ¸ ³µ° �·¨·µ¤µ°. ‘²¥¤Ê¥É É ±¦¥ µÉ³¥É¨ÉÓ, ÎÉµ, ¢



ˆ�…�–ˆ�‹œ�›… ‘ˆ‘’…Œ› ˆ ��™ˆ‰ ��ˆ�–ˆ� �’��‘ˆ’…‹œ��‘’ˆ 85

µÉ²¨Î¨¥ µÉ �’�, ¸µ£² ¸´µ �’ƒ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ´¥ ³µ¦¥É ¸ÊÐ¥¸É¢µ¢ ÉÓ
¡¥§ ¶µ·µ¦¤ ÕÐ¥£µ ¥£µ ¢¥Ð¥¸É¢ . �µ¤ ¢¥Ð¥¸É¢µ³ ¨³¥¥É¸Ö ¢ ¢¨¤Ê ¢¸Ö ³ É¥·¨Ö,
§  ¨¸±²ÕÎ¥´¨¥³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö.

�¥·¥°¤¥³ ± · ¸¸³µÉ·¥´¨Õ ±µ²² ¶¸ . ‘µ£² ¸´µ �’ƒ ±µ²² ¶¸ ´¥¢µ§³µ¦¥´,
  ¶µÔÉµ³Ê ´¥ ³µ£ÊÉ ¸ÊÐ¥¸É¢µ¢ ÉÓ ¨ ®Î¥·´Ò¥ ¤Ò·Ò¯. ‘¨ÉÊ Í¨Ö §¤¥¸Ó ± ·¤¨-
´ ²Ó´µ µÉ²¨Î ¥É¸Ö µÉ �’�, ¶µ¸±µ²Ó±Ê ¨§-§  ´ ²¨Î¨Ö ³ ¸¸Ò £· ¢¨Éµ´  ·¥Ï¥-
´¨¥ Ê· ¢´¥´¨° �’ƒ ¢ µ¡² ¸É¨, ¡²¨§±µ° ± ¸Ë¥·¥ ˜¢ ·ÍÏ¨²Ó¤ , ¸ÊÐ¥¸É¢¥´´µ
µÉ²¨Î ¥É¸Ö µÉ ·¥Ï¥´¨Ö ˜¢ ·ÍÏ¨²Ó¤ . „²Ö ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ£µ ¸É -
É¨Î¥¸±µ£µ É¥²  ¨´É¥·¢ ² ¢ ÔËË¥±É¨¢´µ³ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ ¨³¥¥É ¢¨¤

ds2 = U(z)dt2 − V (z)dz2 − z2(dΘ2 + sin2 ΘdΦ2). (37)

…¸²¨ ¶¥·¥°É¨ ¢ ¸¨´Ì·µ´´ÊÕ ¸¨¸É¥³Ê ¸¢µ¡µ¤´µ ¶ ¤ ÕÐ¨Ì ¶·µ¡´ÒÌ Î ¸É¨Í,
¨³¥ÕÐ¨Ì ´  ¡¥¸±µ´¥Î´µ¸É¨ ´Ê²¥¢ÊÕ ¸±µ·µ¸ÉÓ, ¸ ¶µ³µÐÓÕ ¶·¥µ¡· §µ¢ ´¨°

τ = t +
∫

dz

[
V (1 − U)

U

]1/2

, R = t +
∫

dz

[
V

U(1 − U)

]1/2

, (38)

Éµ ¶µ²ÊÎ¨³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¨´É¥·¢ ² :

ds2 = dτ2 − (1 − U)dR2 − z2(dΘ2 + sin2 ΘdΦ2) . (39)

� ¤¨ ²Ó´ Ö ¸±µ·µ¸ÉÓ Î ¸É¨ÍÒ, ¶ ¤ ÕÐ¥° ¢¤µ²Ó · ¤¨Ê¸ , · ¢´ 

dz

dτ
= −

√
1 − U

UV
. (40)

„²Ö ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ£µ ¸É É¨Î¥¸±µ£µ É¥²  ³¥É·¨Î¥¸±¨¥ ±µÔËË¨-
Í¨¥´ÉÒ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ¨³¥ÕÉ ¢ µ¡² ¸É¨, ¡²¨§±µ° ± ¸Ë¥·¥ ˜¢ ·Í-
Ï¨²Ó¤ , ¸²¥¤ÊÕÐ¨° ¢¨¤ [6]:

U(z) =
z − zg

z
+ qm2

gM
2, V (z) =

z

z − zg
. (41)

‡¤¥¸Ó q Å ´¥±µÉµ· Ö ¶µ²µ¦¨É¥²Ó´ Ö ¶µ¸ÉµÖ´´ Ö. �µ¤¸É ¢²ÖÖ (41) ¢ (40),
¶µ²ÊÎae³

dz

dτ
� − 1

√
qmgM

√
z − zg

z
. (42)

�É¸Õ¤  µÎ¥¢¨¤´µ, ÎÉµ ´ ²¨Î¨¥ ³ ¸¸Ò £· ¢¨Éµ´  mg ¶·¨¢µ¤¨É ± Ö¢²¥´¨Õ µÉ-
É ²±¨¢ ´¨Ö Î ¸É¨Í ¢¥Ð¥¸É¢  µÉ ¸Ë¥·Ò, ¡²¨§±µ° ± ¸Ë¥·¥ ˜¢ ·ÍÏ¨²Ó¤ . ’µÎ± 
z = zg Ö¢²Ö¥É¸Ö ÉµÎ±µ° ¶µ¢µ·µÉ . ‘Ë¥·  · ¤¨Ê¸  z = zg ¸É ´µ¢¨É¸Ö ¸¨´£Ê²Ö·-
´µ°, ¶·¨Î¥³ ÔÉÊ µ¸µ¡¥´´µ¸ÉÓ ´¥²Ó§Ö Ê¸É· ´¨ÉÓ ¢Ò¡µ·µ³ ¸¨¸É¥³Ò ±µµ·¤¨´ É.
�µ¸±µ²Ó±Ê ¢´¥Ï´¥¥ ·¥Ï¥´¨¥ ´¥µ¡Ìµ¤¨³µ ¸Ï¨ÉÓ ¸ ¢´ÊÉ·¥´´¨³ ·¥Ï¥´¨¥³, Éµ
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ÔÉµ µ§´ Î ¥É, ÎÉµ ¸Ë¥·  ¸ · ¤¨Ê¸µ³ z = zg ´¥ ³µ¦¥É ´ Ìµ¤¨ÉÓ¸Ö ¢´¥ ¢¥Ð¥¸É¢ .
‚ ¶·µÉ¨¢´µ³ ¸²ÊÎ ¥ ´¥¢µ§³µ¦´µ ¡Ò²µ ¡Ò µ¸ÊÐ¥¸É¢¨ÉÓ ¸Ï¨¢ ´¨¥ ·¥Ï¥´¨°.

‘ ÉµÎ±¨ §·¥´¨Ö �’� µ¡Ñ¥±ÉÒ ¡µ²ÓÏ¨Ì ³ ¸¸ (M > 3M�), ¥¸²¨ ¶·¨ Ô¢µ-
²ÕÍ¨¨ µ´¨ ´¥ ¶µÉ¥·Ö²¨ §´ Î¨É¥²Ó´ÊÕ Î ¸ÉÓ ³ ¸¸Ò, µ¡Ö§ É¥²Ó´µ ¤µ²¦´Ò ¸É ÉÓ
®Î¥·´Ò³¨ ¤Ò· ³¨¯. �·¨ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ°  ±±·¥Í¨¨ ¢¥Ð¥¸É¢  ´ 
®Î¥·´ÊÕ ¤Ò·Ê¯ ²¨ÏÓ ´¥¡µ²ÓÏ Ö Î ¸ÉÓ ³ ¸¸Ò ¶µ±µÖ ¶ ¤ ÕÐ¥£µ ¢¥Ð¥¸É¢  ³µ-
¦¥É ¨¤É¨ ´  ¨§²ÊÎ¥´¨¥, ¶µ¸±µ²Ó±Ê ± ¦¤ Ö Î ¸É¨Í  ¢¥Ð¥¸É¢ , ¶ ¤ Ö, Ê´µ¸¨É ¢¸Õ
Ô´¥·£¨Õ ¢ ®Î¥·´ÊÕ ¤Ò·Ê¯. ‘ ÉµÎ±¨ §·¥´¨Ö �’ƒ ®Î¥·´Ò¥ ¤Ò·Ò¯, ¢ ¶·¨´Í¨¶¥,
´¥¢µ§³µ¦´Ò,   ¶µÔÉµ³Ê µ¡Ñ¥±ÉÒ ¡µ²ÓÏ¨Ì ³ ¸¸, ¢¸É·¥Î ÕÐ¨¥¸Ö ¢ ¶·¨·µ¤¥ ¨
´ Ìµ¤ÖÐ¨¥¸Ö ´  § ±²ÕÎ¨É¥²Ó´µ° ¸É ¤¨¨ Ô¢µ²ÕÍ¨¨, ´¥ Ö¢²ÖÕÉ¸Ö ®Î¥·´Ò³¨ ¤Ò-
· ³¨¯. ‚Ò¤¥²¥´¨¥ Ô´¥·£¨¨ ¶·¨  ±±·¥Í¨¨ ¢¥Ð¥¸É¢  ´  É ±¨¥ µ¡Ñ¥±ÉÒ ¸¢Ö§ ´µ
¸ ¶ ¤¥´¨¥³ ¢¥Ð¥¸É¢  ´  ¶µ¢¥·Ì´µ¸ÉÓ µ¡Ñ¥±É , É.¥. ¢ ÔÉµ³ ¸²ÊÎ ¥ ¤¥°¸É¢Ê¥É ÉµÉ
¦¥ ³¥Ì ´¨§³ ¢Ò¤¥²¥´¨Ö Ô´¥·£¨¨, ÎÉµ ¨ ¶·¨  ±±·¥Í¨¨ ¢¥Ð¥¸É¢  ´  ´¥°É·µ´´ÊÕ
§¢¥§¤Ê. �Éµ µ§´ Î ¥É, ÎÉµ ¨ ¶·¨ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ°  ±±·¥Í¨¨ ¤µ²¦´µ
¡ÒÉÓ §´ Î¨É¥²Ó´µ¥ ¢Ò¤¥²¥´¨¥ Ô´¥·£¨¨. �·¨ ÔÉµ³, ±µ´¥Î´µ, ´¥µ¡Ìµ¤¨³µ ÊÎ¨-
ÉÒ¢ ÉÓ Ê³¥´ÓÏ¥´¨¥ Ê´µ¸¨³µ° Ô´¥·£¨¨ ¨§-§  ±· ¸´µ£µ ¸³¥Ð¥´¨Ö.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¶µ¸±µ²Ó±Ê ÔËË¥±É¨¢´µ¥ ·¨³ ´µ¢µ ¶·µ¸É· ´¸É¢µ ¢
�’ƒ ¢µ§´¨± ¥É ´  µ¸´µ¢¥ Ë¨§¨Î¥¸±µ£µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, ±µÉµ·µ¥ µ¶¨¸Ò-
¢ ¥É¸Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ, Éµ µÉ¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ µ´µ ¨³¥¥É ¶·µ-
¸ÉÊÕ Éµ¶µ²µ£¨Õ ¨ µ¶·¥¤¥²Ö¥É¸Ö ¢ µ¤´µ° ± ·É¥. ‚ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö ‚.�.”µ± ,
¤ ¦¥ ¤²Ö µ¸É·µ¢´ÒÌ ¸¨¸É¥³, ËÊ´¤ ³¥´É ²Ó´ Ö ·µ²Ó Ê¸²µ¢¨Ö £ ·³µ´¨Î´µ¸É¨ ¢
¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì ¸±µ·¥¥ ¡Ò²  ¨´ÉÊ¨É¨¢´µ Ê£ ¤ ´ , Î¥³ ¤µ± § ´ .

‚µ-¶¥·¢ÒÌ, Ê¸²µ¢¨¥ £ ·³µ´¨Î´µ¸É¨ ¢µ§´¨±²µ ± ± É¥Ì´¨Î¥¸±µ¥ ¸·¥¤¸É¢µ,
Ê¶·µÐ ÕÐ¥¥ Ê· ¢´¥´¨Ö ƒ¨²Ó¡¥·É Å�°´ÏÉ¥°´ . �µ ÔÉµ Ê¶·µÐ¥´¨¥ ¤µ¸É¨£ -
¥É¸Ö ¢ ²Õ¡ÒÌ ±·¨¢µ²¨´¥°´ÒÌ ±µµ·¤¨´ É Ì ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢ . �µÎ¥³Ê
¨Ì ´¥µ¡Ìµ¤¨³µ § ¶¨¸Ò¢ ÉÓ ¢ ¤¥± ·Éµ¢ÒÌ (£ ²¨²¥¥¢ÒÌ) ±µµ·¤¨´ É Ì? ‚¥¤Ó
É ±¨Ì ±µµ·¤¨´ É ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ ´¥É. ‡¤¥¸Ó ¶·µÖ¢¨² ¸Ó £²Ê¡µ-
± Ö Ë¨§¨Î¥¸± Ö ¨´ÉÊ¨Í¨Ö ‚.�.”µ± , µ¸´µ¢ ´´ Ö ´  Ö¸´µ³ ¶µ´¨³ ´¨¨, ÎÉµ
Ê¸±µ·¥´¨¥  ¡¸µ²ÕÉ´µ, µ´µ ´¥ ³µ¦¥É ¡ÒÉÓ µÉ´µ¸¨É¥²Ó´Ò³. ˆ³¥´´µ ¶µÔÉµ³Ê
¢ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö ”µ± , ¶µ ±· °´¥° ³¥·¥ ¤²Ö µ¸É·µ¢´ÒÌ ¸¨¸É¥³, ¢µ§´¨±²¨
¶·¨¢¨²¥£¨·µ¢ ´´Ò¥ ¸¨¸É¥³Ò ±µµ·¤¨´ É, ¶µ¤µ¡´Ò¥ É¥³, ± ±¨¥ ¨³¥ÕÉ ³¥¸Éµ
¢ ¸¶¥Í¨ ²Ó´µ° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨. ” ±É¨Î¥¸±¨ ‚.�.”µ± ¨³¥² ¤¥²µ ¸
¶·µ¸É· ´¸É¢µ³ Œ¨´±µ¢¸±µ£µ ¢ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì.

‚µ-¢Éµ·ÒÌ, ¶µÎ¥³Ê ´¥²Ó§Ö ¡Ò²µ ¡Ò ¢§ÖÉÓ ¢³¥¸Éµ Ê¸²µ¢¨° £ ·³µ´¨Î´µ¸É¨
± ±¨¥-²¨¡µ ¤·Ê£¨¥ Ê¸²µ¢¨Ö ¨ § ¶¨¸ ÉÓ ¨Ì É ±¦¥ ¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì?
�µÎ¥³Ê ¨³¥´´µ Ê¸²µ¢¨Ö £ ·³µ´¨Î´µ¸É¨ ¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì ¶·¨µ¡·¥-
É ÕÉ ¢ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö ‚.�.”µ±  ËÊ´¤ ³¥´É ²Ó´ÊÕ ·µ²Ó? �´¨ ¢¥¤Ó ´¥
Ö¢²ÖÕÉ¸Ö ¸²¥¤¸É¢¨Ö³¨ ¶·¨´Í¨¶  ´ ¨³¥´ÓÏ¥£µ ¤¥°¸É¢¨Ö, µ´¨ ¶·¨¢´µ¸ÖÉ¸Ö ¸µ
¸Éµ·µ´Ò. ˆ³¥´´µ ¶µÔÉµ³Ê ”µ± ´¥ ¸Î¨É ² £ ·³µ´¨Î¥¸±¨¥ Ê¸²µ¢¨Ö Ê´¨¢¥·-
¸ ²Ó´Ò³¨. �´ µ¸µ¡µ µÉ³¥Î ², ÎÉµ ®£ ·³µ´¨Î¥¸±¨¥ ±µµ·¤¨´ ÉÒ ¸ÊÐ¥¸É¢ÊÕÉ
´¥ ¤²Ö ²Õ¡ÒÌ · ¸¶·¥¤¥²¥´¨° ³ ¸¸¯. ‚¸¥ ÔÉµ ¶·µÖ¸´Ö¥É¸Ö ¢ �’ƒ, £¤¥ µ¡Ð¥±µ-
¢ ·¨ ´É´Ò¥ Ê· ¢´¥´¨Ö (9) ÉµÎ´µ ¸²¥¤ÊÕÉ ¨§ ¶·¨´Í¨¶  ´ ¨³¥´ÓÏ¥£µ ¤¥°¸É¢¨Ö
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± ± ¶µ²¥¢Ò¥ Ê· ¢´¥´¨Ö. �´¨ Ê´¨¢¥·¸ ²Ó´Ò ¨ ¸¶· ¢¥¤²¨¢Ò ¤²Ö ²Õ¡µ£µ · ¸-
¶·¥¤¥²¥´¨Ö ¢¥Ð¥¸É¢ . ‚ ÔÉµ³ ¨Ì µÉ²¨Î¨¥ µÉ £ ·³µ´¨Î¥¸±¨Ì Ê¸²µ¢¨°, ±µÉµ·Ò¥
‚.�.”µ± ¶·¨³¥´Ö² Éµ²Ó±µ ¤²Ö µ¸É·µ¢´ÒÌ ¸¨¸É¥³. “· ¢´¥´¨Ö (9) ¨¸±²ÕÎ ÕÉ
¨§ É¥´§µ·´µ£µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¶·¥¤¸É ¢²¥´¨Ö ¸µ ¸¶¨´ ³¨ 1 ¨ 0′ ¨ µ¸É ¢-
²ÖÕÉ ¶·¥¤¸É ¢²¥´¨Ö ¸µ ¸¶¨´ ³¨ 2 ¨ 0. ‚ �’ƒ ¸¨²Ò ¨´¥·Í¨¨ ¨ £· ¢¨É Í¨¨
· §¤¥²¥´Ò, µ´¨ ¸µ¢¥·Ï¥´´µ · §´µ° ¶·¨·µ¤Ò. ‘¨²Ò ¨´¥·Í¨¨ ³µ¦´µ Ê´¨ÎÉµ-
¦¨ÉÓ ¢Ò¡µ·µ³ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò ±µµ·¤¨´ É, Éµ£¤  ± ± £· ¢¨É Í¨µ´´µ¥
¶µ²¥ ± ± Ë¨§¨Î¥¸±ÊÕ ·¥ ²Ó´µ¸ÉÓ ´¨±µ£¤  ´¥²Ó§Ö Ê´¨ÎÉµ¦¨ÉÓ ¢Ò¡µ·µ³ ¸¨-
¸É¥³Ò ±µµ·¤¨´ É. ˆ§¢¥¸É´µ¥ · ¢¥´¸É¢µ ¨´¥·É´µ° ¨ £· ¢¨É Í¨µ´´µ° ³ ¸¸
Ö¢²Ö¥É¸Ö ¶·Ö³Ò³ ¸²¥¤¸É¢¨¥³ ¶·¥¤¶µ²µ¦¥´¨Ö, ÎÉµ ¨¸ÉµÎ´¨±µ³ £· ¢¨É Í¨µ´-
´µ£µ ¶µ²Ö Ö¢²Ö¥É¸Ö ¸µÌ· ´ÖÕÐ¨°¸Ö É¥´§µ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¸¥° ³ É¥·¨¨,
¢±²ÕÎ Ö ¨ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥. ˆ³¥´´µ ¶µÔÉµ³Ê · ¢¥´¸É¢µ ¨´¥·É´µ° ¨ ÉÖ-
¦¥²µ° ³ ¸¸ ´¥ ³µ¦¥É Ö¢²ÖÉÓ¸Ö  ·£Ê³¥´Éµ³ ¢ ¶µ²Ó§Ê µ¡Ð¥£µ ¶·¨´Í¨¶  µÉ´µ-
¸¨É¥²Ó´µ¸É¨, ¶µ¸±µ²Ó±Ê ¶·¨Î¨´  · ¢¥´¸É¢  ³ ¸¸ ¸µ¢¥·Ï¥´´µ ¤·Ê£ Ö. � ¡µÉÒ
‚.�.”µ±  Î·¥§¢ÒÎ °´µ ¸µ¤¥·¦ É¥²Ó´Ò, ¨ ¨³¥´´µ ¥£µ Ë¨§¨Î¥¸±¨¥ ¶µ²µ¦¥´¨Ö,
±µÉµ·Ò¥ µ´ § ±² ¤Ò¢ ² ¢ µ¸´µ¢Ê É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö, ´ Ï²¨ ¶µ²´µ¥ µÉ· ¦¥´¨¥
¢ �’ƒ. O¤´ ±µ ¶·¨ ÔÉµ³ ¶·¨Ï²µ¸Ó ¶µ²´µ¸ÉÓÕ µÉ± § ÉÓ¸Ö µÉ ±µ´Í¥¶Í¨¨ �’�
¨ ¢¢¥¸É¨ ¶·¥¤¸É ¢²¥´¨¥ µ £· ¢¨É Í¨µ´´µ³ ¶µ²¥ ± ± Ë¨§¨Î¥¸±µ³ ¶µ²¥ É¨¶ 
” · ¤¥Ö Å Œ ±¸¢¥²²  ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. �µ¸±µ²Ó±Ê ‚.�.”µ±
¶·¨ · §¢¨É¨¨ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö ¸µ¢¥·Ï¨² ·Ö¤ ¶·¨´Í¨¶¨ ²Ó´ÒÌ Ï £µ¢, ±µ-
Éµ·Ò¥ ¢ÒÌµ¤¨²¨ §  · ³±¨ Ô°´ÏÉ¥°´µ¢¸±µ° µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ ¨
Ê£²Ê¡²Ö²¨ Ë¨§¨Î¥¸±ÊÕ ¸ÊÉÓ É¥µ·¨¨, ³Ò ¸µÎ²¨ ´¥µ¡Ìµ¤¨³Ò³ ´¥µ¤´µ±· É´µ, ¢
± ¦¤µ³ ¸²ÊÎ ¥ µ¸µ¡µ ¶µ¤Î¥·±´ÊÉÓ ÔÉ¨ µ¡¸ÉµÖÉ¥²Ó¸É¢ .

�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ‘.‘.ƒ¥·ÏÉ¥°´Ê ¨ ‚.�.�¥É·µ¢Ê §  Í¥´-
´Ò¥ µ¡¸Ê¦¤¥´¨Ö.

„µ¶µ²´¥´¨¥ �

‡ ¶¨Ï¥³ £ ·³µ´¨Î¥¸±µ¥ Ê¸²µ¢¨¥ ¢ ¤¥± ·Éµ¢ÒÌ (£ ²¨²¥¥¢ÒÌ) ±µµ·¤¨´ É Ì:

∂g̃µν

∂xµ
= 0, g̃µν(x) =

√
−ggµν(x) . (A.1)

‡¤¥¸Ó xµ Å ¤¥± ·Éµ¢Ò ±µµ·¤¨´ ÉÒ. ‚ ¤¥± ·Éµ¢ÒÌ (£ ²¨²¥¥¢ÒÌ) ±µµ·¤¨´ É Ì
¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ

γ(x) = detγµν = −1 . (A.2)

‘µ£² ¸´µ É¥´§µ·´µ³Ê § ±µ´Ê ¶·¥µ¡· §µ¢ ´¨Ö ¨³¥¥³

g̃µν(x) =
∂xµ

∂yα
· ∂xν

∂yβ
· g̃αβ(y)√

−γ(y)
, (A.3)

y Å ¶·µ¨§¢µ²Ó´Ò¥ ±µµ·¤¨´ ÉÒ.
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‡ ¶¨Ï¥³ Ê· ¢´¥´¨¥ (A.1) ¢ Ëµ·³¥

∂µg̃µν(x) =
∂yτ

∂xµ
· ∂g̃µν(x)

∂yτ
. (A.4)

„²Ö ¤ ²Ó´¥°Ï¨Ì ¢ÒÎ¨¸²¥´¨° ¶·¨¢¥¤¥³ Ëµ·³Ê²Ò

γν
αβ(y) =

∂2xσ

∂yα∂yβ
· ∂yν

∂xσ
,

∂

∂yτ

(
1√

−γ(y)

)
= − 1√

−γ(y)
γλ

τλ(y) . (A.5)

�µ¤¸É ¢²ÖÖ (A.3) ¢ ¶· ¢ÊÕ Î ¸ÉÓ (A.4), ¶µ²ÊÎae³

∂µg̃µν(x) =
1√

−γ(y)
· ∂xν

∂yσ
· ∂g̃ασ

∂yα
+

1√
−γ(y)

g̃αβ ∂2xν

∂yα∂yβ
= 0 . (A.6)

Œ´µ¦¨É¥²Ó ¢Éµ·µ£µ Î²¥´  § ¶¨Ï¥³ ¢ Ëµ·³¥

∂2xν

∂yα∂yβ
=

∂xν

∂yσ
· ∂yσ

∂xτ
· ∂2xτ

∂yα∂yβ
=

∂xν

∂yσ
γσ

αβ(y) . (A.7)

�µ¤¸É ¢²ÖÖ ÔÉµ ¢Ò· ¦¥´¨¥ ¢ (A.6), ¶µ²ÊÎae³

∂µg̃µν(x) =
1√

−γ(y)
· ∂xν

∂yσ

(
∂g̃ασ

∂yα
+ γσ

αβ(y)g̃αβ

)
= 0 , (A.8)

É.¥. ¨³¥¥³

∂µg̃µν(x) =
1√

−γ(y)
· ∂xν

∂yσ
Dαg̃ασ(y) = 0 . (A.9)

‡¤¥¸Ó Dα Å ±µ¢ ·¨ ´É´ Ö ¶·µ¨§¢µ¤´ Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. ˆÉ ±,
´ ³¨ Ê¸É ´µ¢²¥´µ, ÎÉµ ¶²µÉ´µ¸ÉÓ É¥´§µ·  g̃αβ(y) ¢ ¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É Ì
y Ê¤µ¢²¥É¢µ·Ö¥É µ¡Ð¥±µ¢ ·¨ ´É´µ³Ê Ê· ¢´¥´¨Õ

Dν g̃νµ = ∂ν g̃νµ(y) + γµ
αβ(y)g̃αβ(y) = 0 , (A.10)

¥¸²¨ ¨¸Ìµ¤´µ¥ £ ·³µ´¨Î¥¸±µ¥ Ê¸²µ¢¨¥ (A.1) § ¶¨¸ ´µ ¢ ¤¥± ·Éµ¢ÒÌ (£ ²¨²¥-
¥¢ÒÌ) ±µµ·¤¨´ É Ì x.

„µ¶µ²´¥´¨¥ �

‡ ¶¨Ï¥³ Ê· ¢´¥´¨¥ (A.10) ¢ ´¥¸±µ²Ó±µ ¤·Ê£µ° Ëµ·³¥. „²Ö ÔÉµ° Í¥²¨,
¨¸¶µ²Ó§µ¢ ¢ µ¶·¥¤¥²¥´¨¥ ¤²Ö ¸¨³¢µ²  Š·¨¸ÉµËË¥²Ö:

Γν
αβ(y) =

1
2
gνσ(∂αgσβ + ∂βgσα − ∂σgαβ) , (�.1)
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´ °¤¥³

Γν
αβ(y)g̃αβ(y) =

√
−g

(
gνσgαβ∂αgσβ − 1

2
gνσgαβ∂σgαβ

)
. (�.2)

�·¨´¨³ Ö ¢µ ¢´¨³ ´¨¥ · ¢¥´¸É¢ 

Γλ
σλ =

1
2
gαβ∂σgαβ =

1√−g
∂σ

√
−g, ∂αgαν = −gνσgαβ∂αgσβ , (�.3)

¶¥·¥¶¨¸Ò¢ ¥³ (�.2) ¢ ¢¨¤¥

Γν
αβ(y)g̃αβ(y) = −

√
−g∂σgσν − gνσ∂σ

√
−g = −∂g̃σν

∂yσ
. (�.4)

‘ ÊÎ¥Éµ³ ÔÉµ£µ · ¢¥´¸É¢  Ê· ¢´¥´¨¥ (A.10) ¶·¨´¨³ ¥É ¢¨¤

(Γµ
αβ(y) − γµ

αβ(y))gαβ = 0 . (�.5)

…¸²¨ µÉ ±µµ·¤¨´ É y ¶¥·¥°É¨ ± ¤·Ê£¨³ ±·¨¢µ²¨´¥°´Ò³ ±µµ·¤¨´ É ³ z, Éµ
¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö ¶·¨´¨³ ÕÉ ¢¨¤

Γλ
µν(y) =

∂yλ

∂zσ
· ∂zα

∂yµ
· ∂zβ

∂yν
Γσ

αβ(z) +
∂2zσ

∂yµ∂yν
· ∂yλ

∂zσ
. (�.6)

ˆ¸¶µ²Ó§ÊÖ ÔÉµ ¢Ò· ¦¥´¨¥, ´ Ìµ¤¨³

Γλ
µν(y)gµν(y) =

∂yλ

∂zσ

[
Γσ

αβ(z)gαβ(z) +
∂2zσ

∂yµ∂yν

∂yµ

∂zα
· ∂yν

∂zβ
gαβ(z)

]
. (�.7)

�  µ¸´µ¢ ´¨¨ (�.4) ¢Ò· ¦¥´¨¥ (�.7) § ¶¨Ï¥³ ¢ Ëµ·³¥

Γλ
µν(y)gµν(y) = − 1√−g

∂

∂zµ

(
g̃µσ ∂yλ

∂zσ

)
+

+gµσ ∂2yλ

∂zµ∂zσ
+

∂yλ

∂zσ
· ∂2zσ

∂yµ∂yν

∂yµ

∂zα
· ∂yν

∂zβ
gαβ(z) . (�.8)

�·µ¤¨ËË¥·¥´Í¨·µ¢ ¢ · ¢¥´¸É¢µ

∂zσ

∂yµ
· ∂yµ

∂zα
= δσ

α (�.9)

¶µ zβ, ¶µ²ÊÎ¨³

∂2zσ

∂yµ∂yν

∂yµ

∂zα
· ∂yν

∂zβ
= −∂zσ

∂yµ
· ∂2yµ

∂zα∂zβ
. (�.10)
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“Î¨ÉÒ¢ Ö ÔÉµ · ¢¥´¸É¢µ, ¢ É·¥ÉÓ¥³ Î²¥´¥ (�.8) ´ Ìµ¤¨³

Γλ
µν(y)gµν(y) = − 1√

−g(z)
∂

∂zµ

(
g̃µσ ∂yλ

∂zσ

)
. (�.11)

�µ¤¸É ¢²ÖÖ ÔÉµ ¢Ò· ¦¥´¨¥ ¢ (�.5), ¶µ²ÊÎ ¥³

1√
−g(z)

∂

∂zµ

(
g̃µσ ∂yλ

∂zσ

)
= −γλ

αβ(y)gαβ(y) . (�.12)

‚¢µ¤Ö µ¡µ§´ Î¥´¨¥

yλ =
1√

−g(z)
∂

∂zµ

(
g̃µσ ∂yλ

∂zσ

)
, (�.13)

³Ò ³µ¦¥³ § ¶¨¸ ÉÓ Ê· ¢´¥´¨¥ (�.12) ¢ Ëµ·³¥

yλ = −γλ
αβ(y)gαβ(y) . (�.14)

’ ±¨³ µ¡· §µ³, ¢³¥¸Éµ Ê· ¢´¥´¨Ö (A.10) ´ ³¨ ¶µ²ÊÎ¥´µ Éµ ¦¥ Ê· ¢´¥´¨¥ ¢
Ëµ·³¥ (�.14). ‘µ£² ¸´µ (�.14) Ê· ¢´¥´¨¥ £ ·³µ´¨Î´µ¸É¨ ”µ± 

yλ = 0 (�.15)

¨³¥¥É ³¥¸Éµ, ¥¸²¨ ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö γλ
αβ ¢¸Õ¤Ê · ¢´Ò ´Ê²Õ. �Éµ ¢µ§-

³µ¦´µ, ¥¸²¨ ¨´É¥·¢ ² dσ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ ¨³¥¥É ¢¨¤

dσ2 = γµνdxµdxν ,

£¤¥ γµν Å ¶·µ¨§¢µ²Ó´Ò¥ ¶µ¸ÉµÖ´´Ò¥ Î¨¸² .
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