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ˆ´¸É¨ÉÊÉ Ë¨§¨±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°, �·µÉ¢¨´µ

‚ µ¡§µ·¥ · ¸¸³ É·¨¢ ÕÉ¸Ö ¶·¨´Í¨¶Ò ¶µ¸É·µ¥´¨Ö ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ £· ¢¨É Í¨¨ (’ƒ).
� ¸ÉµÖÐ¥¥ ¨§²µ¦¥´¨¥ µ¸´µ¢ ’ƒ µÉ· ¦ ¥É ¶·µ¨¸Ï¥¤Ï¥¥ §  ¶µ¸²¥¤´¨¥ ¤¥¸ÖÉÓ ²¥É ¤ ²Ó´¥°Ï¥¥
· §¢¨É¨¥ ÔÉµ° É¥µ·¨¨. ’ ±, ´ ¶·¨³¥·, ÊÎ¨ÉÒ¢ ¥É¸Ö ´¥µ¡Ìµ¤¨³µ¸ÉÓ ¢¢¥¤¥´¨Ö ³ ¸¸Ò £· ¢¨Éµ´ 
¨ ÊÉµÎ´ÖÕÉ¸Ö Ëµ·³Ê²¨·µ¢±¨ µ¸´µ¢´ÒÌ ¶µ²µ¦¥´¨° É¥µ·¨¨, ¢±²ÕÎ Ö ¨ Ë¨²µ¸µË¸±ÊÕ ¸Éµ·µ´Ê
µ¡µ¸´µ¢ ´¨Ö ¢Ò¡µ·  ¤²Ö µ¶¨¸ ´¨Ö Ë¨§¨Î¥¸±¨Ì Ö¢²¥´¨° µ¶·¥¤¥²¥´´µ° £¥µ³¥É·¨¨ ¶·µ¸É· ´¸É¢ -
¢·¥³¥´¨ ± ± ¶·µ¤¨±Éµ¢ ´´µ£µ Ê´¨¢¥·¸ ²Ó´Ò³¨ ¸¢µ°¸É¢ ³¨ ¤¢¨¦¥´¨Ö ³ É¥·¨¨ ¨ ËÊ´¤ ³¥´É ²Ó-
´Ò³¨ § ±µ´ ³¨ ¸µÌ· ´¥´¨Ö.

�µ± § ´µ, ÎÉµ ¤ ´´ Ö É¥µ·¨Ö ¶·¨¢µ¤¨É ± ¥¤¨´¸É¢¥´´Ò³ µ¡· §µ³ µ¶·¥¤¥²¥´´Ò³ ² £· ´¦¥¢µ°
¶²µÉ´µ¸É¨ ¨ Ê· ¢´¥´¨Ö³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. �¡¸Ê¦¤ ÕÉ¸Ö ´¥±µÉµ·Ò¥ Ë¨§¨Î¥¸±¨¥ ¸²¥¤¸É¢¨Ö
¤ ´´µ° É¥µ·¨¨.

Basic principles of the Relativistic Theory of Gravitation (RTG) are presented. The progress in
this ˇeld during last ten years is taken into account. Non zero mass of the graviton and the choice of
a certain space-time geometry to describe physics phenomena are motivated by universal properties
of the matter movement and fundamental conservation laws.

It is shown that this theory leads to uniquely deˇned Lagrangian density and equations of the
gravitational ˇeld. Some physical consequences of the theory are discussed.

‚‚…„…�ˆ…

�µ¸±µ²Ó±Ê ·¥²ÖÉ¨¢¨¸É¸± Ö É¥µ·¨Ö £· ¢¨É Í¨¨ (’ƒ) ¸É·µ¨É¸Ö ´  µ¸´µ¢¥
¸¶¥Í¨ ²Ó´µ° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ (‘’�), ³Ò µ¸É ´µ¢¨³¸Ö ´  ¶µ¸²¥¤´¥°
¡µ²¥¥ ¶µ¤·µ¡´µ, ¶·¨ ÔÉµ³ · ¸¸³µÉ·¨³ ± ± ¶µ¤Ìµ¤ �´·¨ �Ê ´± ·¥, É ± ¨ ¶µ¤-
Ìµ¤ �²Ó¡¥·É  �°´ÏÉ¥°´ . ’ ±µ°  ´ ²¨§ ¶µ§¢µ²¨É £²Ê¡¦¥ ¶µ´ÖÉÓ · §²¨Î¨¥
ÔÉ¨Ì ¶µ¤Ìµ¤µ¢ ¨ ¤ ¸É ¢µ§³µ¦´µ¸ÉÓ ¸Ëµ·³Ê²¨·µ¢ ÉÓ ¸ÊÉÓ É¥µ·¨¨ µÉ´µ¸¨É¥²Ó-
´µ¸É¨.

�.�Ê ´± ·¥,  ´ ²¨§¨·ÊÖ ¶·¥µ¡· §µ¢ ´¨Ö ‹µ·¥´Í , ¶µ± § ², ÎÉµ ÔÉ¨ ¶·¥-
µ¡· §µ¢ ´¨Ö ¢³¥¸É¥ ¸µ ¢¸¥³¨ ¶·µ¸É· ´¸É¢¥´´Ò³¨ ¢· Ð¥´¨Ö³¨ µ¡· §ÊÕÉ £·Ê¶-
¶Ê, ±µÉµ· Ö ´¥ ¨§³¥´Ö¥É Ê· ¢´¥´¨° Ô²¥±É·µ¤¨´ ³¨±¨. ¨Î ·¤ ”¥°´³ ´ µ¡
ÔÉµ³ ¶¨¸ ² É ±: ©ˆ³¥´´µ Ê ´± ·¥ ¶·¥¤²µ¦¨² ¨¸¸²¥¤µ¢ ÉÓ, ÎÉµ ³µ¦´µ ¤¥-
² ÉÓ ¸ Ê· ¢´¥´¨Ö³¨, ´¥ ³¥´ÖÖ ¶·¨ ÔÉµ³ ¨Ì ¢¨¤ . ˆ³¥´´µ ¥³Ê ¶·¨´ ¤²¥-
¦¨É ¨¤¥Ö µ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  ¸¢µ°¸É¢  ¸¨³³¥É·¨¨ Ë¨§¨Î¥¸±¨Ì § ±µ´µ¢ª.
�.�Ê ´± ·¥ ´¥ µ£· ´¨Î¨²¸Ö Éµ²Ó±µ Ô²¥±É·µ¤¨´ ³¨±µ°; µ´ µÉ±·Ò² Ê· ¢´¥´¨Ö
·¥²ÖÉ¨¢¨¸É¸±µ° ³¥Ì ´¨±¨ ¨ · ¸¶·µ¸É· ´¨² ¶·¥µ¡· §µ¢ ´¨Ö ‹µ·¥´Í  ´  ¢¸¥
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¸¨²Ò ¶·¨·µ¤Ò. �É±·ÒÉ¨¥ £·Ê¶¶Ò, ±µÉµ·ÊÕ �.�Ê ´± ·¥ ´ §¢ ² £·Ê¶¶µ° ‹µ-
·¥´Í , ¶µ§¢µ²¨²µ �.�Ê ´± ·¥ ¢¢¥¸É¨ Î¥ÉÒ·¥Ì³¥·´µ¥ ¶·µ¸É· ´¸É¢µ-¢·¥³Ö ¸
¨´¢ ·¨ ´Éµ³, ´ §¢ ´´Ò³ ¢¶µ¸²¥¤¸É¢¨¨ ¨´É¥·¢ ²µ³

dσ2 = (dX0)2 − (dX1)2 − (dX2)2 − (dX3)2 . (α)

ˆ³¥´´µ µÉ¸Õ¤  ¸µ¢¥·Ï¥´´µ µÎ¥¢¨¤´µ, ÎÉµ ¢·¥³Ö ¨ ¶·µ¸É· ´¸É¢¥´´ Ö ¤²¨´ 
µÉ´µ¸¨É¥²Ó´Ò.

�µ§¤´¥¥ ¤ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ ¢ ÔÉµ³ ¦¥ ´ ¶· ¢²¥´¨¨ ¸¤¥² ² ƒ¥·³ ´
Œ¨´±µ¢¸±¨°, ¢¢¥¤Ö ¶µ´ÖÉ¨Ö ¢·¥³¥´¨¶µ¤µ¡´ÒÌ ¨ ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´ÒÌ
¨´É¥·¢ ²µ¢. ’µÎ´µ ¸²¥¤ÊÖ �.�Ê ´± ·¥ ¨ ƒ.Œ¨´±µ¢¸±µ³Ê, ¸ÊÉÓ É¥µ·¨¨ µÉ´µ¸¨-
É¥²Ó´µ¸É¨ ³µ¦´µ ¸Ëµ·³Ê²¨·µ¢ ÉÓ É ±: ¢¸¥ Ë¨§¨Î¥¸±¨¥ Ö¢²¥´¨Ö ¶·µÉ¥± ÕÉ ¢
¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨, £¥µ³¥É·¨Ö ±µÉµ·µ£µ ¶¸¥¢¤µ¥¢±²¨¤µ¢  ¨ µ¶·¥¤¥²Ö¥É¸Ö
¨´É¥·¢ ²µ³ (α). �·¨ ÔÉµ³ ¢ ¦´µ ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ £¥µ³¥É·¨Ö ¶·µ¸É· ´¸É¢ -
¢·¥³¥´¨ µÉ· ¦ ¥É µ¡Ð¨¥ ¤¨´ ³¨Î¥¸±¨¥ ¸¢µ°¸É¢  ³ É¥·¨¨, ±µÉµ·Ò¥ ¨ ¤¥-
² ÕÉ ¥¥ Ê´¨¢¥·¸ ²Ó´µ°. ‚ Î¥ÉÒ·¥Ì³¥·´µ³ ¶·µ¸É· ´¸É¢¥ (¶·µ¸É· ´¸É¢µ Œ¨´-
±µ¢¸±µ£µ) ³µ¦´µ ¢§ÖÉÓ ¤µ¸É ÉµÎ´µ ¶·µ¨§¢µ²Ó´ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É

Xν = fν(xµ) ,

µ¸ÊÐ¥¸É¢²ÖÕÐÊÕ ¢§ ¨³´µ µ¤´µ§´ Î´µ¥ ¸µµÉ¢¥É¸É¢¨¥ ¸ Ö±µ¡¨ ´µ³, µÉ²¨Î´Ò³
µÉ ´Ê²Ö. � Ìµ¤Ö ¤¨ËË¥·¥´Í¨ ²Ò

dXν =
∂fν

∂xµ
dxµ

¨ ¶µ¤¸É ¢²ÖÖ ÔÉ¨ ¢Ò· ¦¥´¨Ö ¢ (α), ´ °¤¥³

dσ2 = γµν(x)dx
µdxν , (β)

£¤¥

γµν(x) = εσ
∂fσ

∂xµ
· ∂f

σ

∂xν
, εσ = (1,−1,−1,−1) .

‘µ¢¥·Ï¥´´µ µÎ¥¢¨¤´µ, ÎÉµ ¶¥·¥Ìµ¤ ± ¶·µ¨§¢µ²Ó´µ° ±µµ·¤¨´ É´µ° ¸¨¸É¥³¥,
±µÉµ·Ò° ¡Ò² ¸µ¢¥·Ï¥´, ´¥ ¢Ò¢¥² ´ ¸ §  · ³±¨ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨.
�µ µÉ¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ¢ ‘’� ³µ¦´µ ¶µ²Ó§µ¢ ÉÓ¸Ö ¨ ´¥¨´¥·Í¨ ²Ó´Ò³¨
¸¨¸É¥³ ³¨ ±µµ·¤¨´ É. ‘¨²Ò ¨´¥·Í¨¨, ¢µ§´¨± ÕÐ¨¥ ¶·¨ ¶¥·¥Ìµ¤¥ ± Ê¸±µ-
·¥´´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É, ¢Ò· ¦ ÕÉ¸Ö ¸¨³¢µ² ³¨ Š·¨¸ÉµËË¥²Ö ¶·µ¸É· ´-
¸É¢  Œ¨´±µ¢¸±µ£µ. �·¥¤¸É ¢²¥´¨¥ ‘’�, ¢µ¸Ìµ¤ÖÐ¥¥ ± · ¡µÉ ³ �.�Ê ´± ·¥
¨ ƒ.Œ¨´±µ¢¸±µ£µ, Ö¢¨²µ¸Ó ¡µ²¥¥ µ¡Ð¨³ ¨ µ± § ²µ¸Ó Î·¥§¢ÒÎ °´µ ´¥µ¡Ìµ¤¨-
³Ò³ ¤²Ö ¶µ¸É·µ¥´¨Ö ’ƒ, É ± ± ± µ´µ ¶µ§¢µ²¨²µ ¢¢¥¸É¨ ³¥É·¨Î¥¸±¨° É¥´§µ·
γµν(x) ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¢ ¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É Ì ¨ É¥³ ¸ ³Ò³
¤ ²µ ¢µ§³µ¦´µ¸ÉÓ ¢¢¥¸É¨ ±µ¢ ·¨ ´É´Ò³ µ¡· §µ³ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥, µÉ-
¤¥²¨¢ ¸¨²Ò ¨´¥·Í¨¨ µÉ £· ¢¨É Í¨¨. �.�°´ÏÉ¥°´ ± É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨
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Ï¥² ´  µ¸´µ¢¥  ´ ²¨§  µ¤´µ¢·¥³¥´´µ¸É¨ ¨ ¶µ´ÖÉ¨Ö ¸¨´Ì·µ´¨§ Í¨¨ Î ¸µ¢, ´ -
Ìµ¤ÖÐ¨Ì¸Ö ¢ · §´ÒÌ ÉµÎ± Ì ¶·µ¸É· ´¸É¢ , µ¶¨· Ö¸Ó ´  ¶·¨´Í¨¶ ¶µ¸ÉµÖ´¸É¢ 
¸±µ·µ¸É¨ ¸¢¥É . ©Š ¦¤Ò° ²ÊÎ ¸¢¥É  ¤¢¨¦¥É¸Ö ¢ ©¶µ±µÖÐ¥°¸Öª ¸¨¸É¥³¥ ±µ-
µ·¤¨´ É ¸ µ¶·¥¤¥²¥´´µ° ¸±µ·µ¸ÉÓÕ V , ´¥§ ¢¨¸¨³µ µÉ Éµ£µ, ¨¸¶Ê¸± ¥É¸Ö ²¨
ÔÉµÉ ²ÊÎ ¸¢¥É  ¶µ±µÖÐ¨³¸Ö ¨²¨ ¤¢¨¦ÊÐ¨³¸Ö É¥²µ³ª. �µ ¤ ´´µ¥ ¶µ²µ¦¥´¨¥
´¥²Ó§Ö · ¸¸³ É·¨¢ ÉÓ ± ± ¶·¨´Í¨¶, ¶µ¸±µ²Ó±Ê µ´µ ¶·¥¤¶µ² £ ¥É µ¶·¥¤¥²¥´-
´Ò° ¢Ò¡µ· ±µµ·¤¨´ É,   ¢¥¤Ó Ë¨§¨Î¥¸±¨° ¶·¨´Í¨¶ ´¥ ¤µ²¦¥´ § ¢¨¸¥ÉÓ µÉ
¸¶µ¸µ¡  ¢Ò¡µ·  ±µµ·¤¨´ É´µ° ¸¨¸É¥³Ò. �·¨ ¶µ¤Ìµ¤¥ �.�°´ÏÉ¥°´  ´¥¢µ§-
³µ¦´µ ¶·¨°É¨ ± ´¥¨´¥·Í¨ ²Ó´Ò³ ¸¨¸É¥³ ³ ±µµ·¤¨´ É, É ± ± ± ¢ ´¨Ì ´¥²Ó§Ö
¶µ²Ó§µ¢ ÉÓ¸Ö ¸¨´Ì·µ´¨§ Í¨¥° Î ¸µ¢, ¤  ¨ ¸±µ·µ¸ÉÓ ¸¢¥É  ´¥²Ó§Ö ¸Î¨É ÉÓ ¶µ-
¸ÉµÖ´´µ°.

‚ Ê¸±µ·¥´´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¸µ¡¸É¢¥´´µ¥ ¢·¥³Ö dτ ¸µ£² ¸´µ

dσ2 = dτ2 − sikdx
idxk, dτ =

γ0αdx
α

√
γ00

, sik = −γik +
γ0iγ0k

γ00

´¥ Ö¢²Ö¥É¸Ö ¶µ²´Ò³ ¤¨ËË¥·¥´Í¨ ²µ³,   ¶µÔÉµ³Ê ¸¨´Ì·µ´¨§ Í¨Ö Î ¸µ¢, ´ -
Ìµ¤ÖÐ¨Ì¸Ö ¢ · §´ÒÌ ÉµÎ± Ì ¶·µ¸É· ´¸É¢ , § ¢¨¸¨É µÉ ¶ÊÉ¨ ¸¨´Ì·µ´¨§ Í¨¨.
�Éµ µ§´ Î ¥É, ÎÉµ É ±µ¥ ¶µ´ÖÉ¨¥ ¤²Ö Ê¸±µ·¥´´ÒÌ ¸¨¸É¥³ ±µµ·¤¨´ É ´¥¶·¨³¥-
´¨³µ. ‘²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ±µµ·¤¨´ ÉÒ ¢ ¢Ò· ¦¥´¨¨ (β) ¸ ³¨ ¶µ ¸¥¡¥ ´¥
¨³¥ÕÉ ³¥É·¨Î¥¸±µ£µ ¸³Ò¸² . ”¨§¨Î¥¸±¨ ¨§³¥·Ö¥³Ò¥ ¢¥²¨Î¨´Ò ´¥µ¡Ìµ¤¨³µ
¸É·µ¨ÉÓ ¸ ¶µ³µÐÓÕ ±µµ·¤¨´ É ¨ ³¥É·¨Î¥¸±¨Ì ±µÔËË¨Í¨¥´Éµ¢ γµν . �µ ¢¸¥
ÔÉµ ¢ ‘’� ¤µ²£µ¥ ¢·¥³Ö ´¥ ¡Ò²µ ¶µ´ÖÉµ, ¶µ¸±µ²Ó±Ê µ¡ÒÎ´µ ¸²¥¤µ¢ ²¨ ¶µ¤-
Ìµ¤Ê �.�°´ÏÉ¥°´ ,   ´¥ ¶µ¤Ìµ¤Ê �.�Ê ´± ·¥ ¨ ƒ.Œ¨´±µ¢¸±µ£µ. ’ ±¨³ µ¡· -
§µ³, ¨¸Ìµ¤´Ò¥ ¶µ²µ¦¥´¨Ö �.�°´ÏÉ¥°´  ¨³¥²¨ ¸Ê£Ê¡µ µ£· ´¨Î¥´´Ò° Î ¸É´Ò°
Ì · ±É¥·, ÌµÉÖ, ³µ¦¥É ¡ÒÉÓ, µ´¨ ¨ ¸µ§¤ ²¨ ¨²²Õ§¨Õ ¶·µ¸ÉµÉÒ. ˆ³¥´´µ
¶µÔÉµ³Ê �.�°´ÏÉ¥°´ ¤ ¦¥ ¢ 1913 £µ¤Ê ¶¨¸ ²: ©‚ µ¡ÒÎ´µ° É¥µ·¨¨ µÉ´µ¸¨-
É¥²Ó´µ¸É¨ ¤µ¶Ê¸± ÕÉ¸Ö Éµ²Ó±µ ²¨´¥°´Ò¥ µ·Éµ£µ´ ²Ó´Ò¥ ¶·¥µ¡· §µ¢ ´¨Öª.
ˆ²¨ ´¥³´µ£µ ¶µ§¤´¥¥ ¢ ÔÉµ³ ¦¥ £µ¤Ê µ´ ¶¨¸ ²: ©‚ ¶¥·¢µ´ Î ²Ó´µ° É¥µ·¨¨
µÉ´µ¸¨É¥²Ó´µ¸É¨ ´¥§ ¢¨¸¨³µ¸ÉÓ Ë¨§¨Î¥¸±¨Ì Ê· ¢´¥´¨° µÉ ¸¶¥Í¨ ²Ó´µ£µ ¢Ò-
¡µ·  ¸¨¸É¥³Ò µÉ¸Î¥É  µ¸´µ¢Ò¢ ¥É¸Ö ´  ¶µ¸ÉÊ²¨·µ¢ ´¨¨ ËÊ´¤ ³¥´É ²Ó´µ£µ
¨´¢ ·¨ ´É  ds2 =

∑
dx2i ,   É¥¶¥·Ó ·¥ÎÓ ¨¤¥É µ Éµ³, ÎÉµ¡Ò ¶µ¸É·µ¨ÉÓ É¥µ-

·¨Õ (¨³¥¥É¸Ö ¢ ¢¨¤Ê µ¡Ð Ö É¥µ·¨Ö µÉ´µ¸¨É¥²Ó´µ¸É¨. Å A.‹.), ¢ ±µÉµ·µ° ·µ²Ó
ËÊ´¤ ³¥´É ²Ó´µ£µ ¨´¢ ·¨ ´É  ¨£· ¥É ²¨´¥°´Ò° Ô²¥³¥´É µ¡Ð¥£µ ¢¨¤ 

ds2 =
∑
i,k

gikdx
idxk”.

�´ ²µ£¨Î´µ¥ �.�°´ÏÉ¥°´ ¶¨¸ ² ¨ ¢ 1930 £µ¤Ê: ©‚ ¸¶¥Í¨ ²Ó´µ° É¥µ·¨¨ µÉ´µ-
¸¨É¥²Ó´µ¸É¨ · §·¥Ï ÕÉ¸Ö Éµ²Ó±µ É ±¨¥ ¨§³¥´¥´¨Ö ±µµ·¤¨´ É (¶·¥µ¡· §µ-
¢ ´¨Ö), ÎÉµ ¨ ¢ ´µ¢ÒÌ ±µµ·¤¨´ É Ì ¢¥²¨Î¨´  ds2 (ËÊ´¤ ³¥´É ²Ó´Ò° ¨´¢ ·¨-
 ´É) ¨³¥¥É ¢¨¤ ¸Ê³³Ò ±¢ ¤· Éµ¢ ¤¨ËË¥·¥´Í¨ ²µ¢ ´µ¢ÒÌ ±µµ·¤¨´ É. ’ ±¨¥
¶·¥µ¡· §µ¢ ´¨Ö ´ §Ò¢ ÕÉ¸Ö ¶·¥µ¡· §µ¢ ´¨Ö³¨ ‹µ·¥´Í ª.
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�É¸Õ¤  ¢¨¤´µ, ÎÉµ ¶µ¤Ìµ¤ �.�°´ÏÉ¥°´  ´¥ ¶·¨¢¥² ¥£µ ± ¶·¥¤¸É ¢²¥´¨Õ
µ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨. ˆ§ ¸· ¢´¥´¨Ö ¶µ¤Ìµ-
¤µ¢ �.�Ê ´± ·¥ ¨ �.�°´ÏÉ¥°´  ± ¶µ¸É·µ¥´¨Õ ‘’� ¸É ´µ¢¨É¸Ö µÎ¥¢¨¤´µ, ÎÉµ
¶µ¤Ìµ¤ �.�Ê ´± ·¥ ¡µ²¥¥ £²Ê¡µ±¨° ¨ µ¡Ð¨°, ¶µ¸±µ²Ó±Ê ¨³¥´´µ µ´ µ¶·¥¤¥-
²¨² ¶¸¥¢¤µ¥¢±²¨¤µ¢Ê ¸É·Ê±ÉÊ·Ê ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨. �µ¤Ìµ¤ �.�°´ÏÉ¥°´ 
¸ÊÐ¥¸É¢¥´´µ ¸Ê¦ ² · ³±¨ ‘’�, ´µ É ± ± ± µ¡ÒÎ´µ ¢ ²¨É¥· ÉÊ·¥ ¨§²µ¦¥´¨¥
¥¥ ¸²¥¤µ¢ ²µ �.�°´ÏÉ¥°´Ê, Éµ ¢ É¥Î¥´¨¥ ¢¥¸Ó³  ¤µ²£µ£µ ¢·¥³¥´¨ ¸Î¨É ²µ¸Ó,
ÎÉµ ‘’� ¸¶· ¢¥¤²¨¢  Éµ²Ó±µ ¢ ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ Ì ±µµ·¤¨´ É. �·¨ ÔÉµ³
¶·µ¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ · ¸¸³ É·¨¢ ²µ¸Ó ± ± ´¥±µÉµ· Ö ¶µ²¥§´ Ö £¥µ³¥-
É·¨Î¥¸± Ö ¨´É¥·¶·¥É Í¨Ö ¨²¨ ± ± ³ É¥³ É¨Î¥¸± Ö Ëµ·³Ê²¨·µ¢±  µ¸´µ¢ ‘’�
¢ ¶µ¤Ìµ¤¥ �°´ÏÉ¥°´ . �¥·¥°¤¥³ É¥¶¥·Ó ± £· ¢¨É Í¨¨. �.�Ê ´± ·¥ ¢ 1905 £.
¶¨¸ ², ©ÎÉµ ¸¨²Ò ²Õ¡µ£µ ¶·µ¨¸Ìµ¦¤¥´¨Ö, ¨ ¢ Î ¸É´µ¸É¨ ¸¨²Ò ÉÖ£µÉ¥´¨Ö,
¢¥¤ÊÉ ¸¥¡Ö ¶·¨ ¶µ¸ÉÊ¶ É¥²Ó´µ³ ¤¢¨¦¥´¨¨ (¨²¨, ¥¸²¨ Ê£µ¤´µ, ¶·¨ ¶·¥µ¡· §µ-
¢ ´¨ÖÌ ‹µ·¥´Í ) ¸µ¢¥·Ï¥´´µ É ± ¦¥, ± ± Ô²¥±É·µ³ £´¨É´Ò¥ ¸¨²Òª. ˆ³¥´´µ
¶µ ÔÉµ³Ê ¶ÊÉ¨ ³Ò ¨ ¡Ê¤¥³ ¸²¥¤µ¢ ÉÓ.

�.�°´ÏÉ¥°´, µ¡· É¨¢ ¢´¨³ ´¨¥ ´  · ¢¥´¸É¢µ ¨´¥·É´µ° ¨ £· ¢¨É Í¨µ´-
´µ° ³ ¸¸, ¶·¨Ï¥² ± Ê¡¥¦¤¥´¨Õ, ÎÉµ ¸¨²Ò ¨´¥·Í¨¨ ¨ £· ¢¨É Í¨¨ ·µ¤¸É¢¥´´Ò,
¶µ¸±µ²Ó±Ê ¨Ì ¤¥°¸É¢¨¥ ´¥ § ¢¨¸¨É µÉ ³ ¸¸Ò É¥² . ‚ 1913 £µ¤Ê µ´ ¶·¨Ï¥² ± ¢Ò-
¢µ¤Ê, ÎÉµ ¥¸²¨ ¢ ¢Ò· ¦¥´¨¨ (α) ©³Ò ¢¢¥¤¥³ ´µ¢Ò¥ ±µµ·¤¨´ ÉÒ x1, x2, x3, x4,
¶·¨ ¶µ³µÐ¨ ¶·µ¨§¢µ²Ó´µ° ¶µ¤¸É ´µ¢±¨, Éµ µÉ´µ¸¨É¥²Ó´µ ´µ¢µ° ±µµ·¤¨´ É-
´µ° ¸¨¸É¥³Ò ¤¢¨¦¥´¨¥ ÉµÎ±¨ ¡Ê¤¥É ¶·µ¨¸Ìµ¤¨ÉÓ ¸µ£² ¸´µ Ê· ¢´¥´¨Õ

δ{
∫
ds} = 0 ,

¶·¨Î¥³

ds2 =
∑
µ,ν

gµνdx
µdxν ”;

¨ ¤ ²¥¥ µ´ µÉ³¥Î ²: ©‚ ´µ¢µ° ±µµ·¤¨´ É´µ° ¸¨¸É¥³¥ ¤¢¨¦¥´¨¥ ³ É¥·¨ ²Ó´µ°
ÉµÎ±¨ µ¶·¥¤¥²Ö¥É¸Ö ¢¥²¨Î¨´ ³¨ gµν , ±µÉµ·Ò¥ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¶·¥¤Ò¤Ê-
Ð¨³¨ ¶ · £· Ë ³¨ ¸²¥¤Ê¥É ¶µ´¨³ ÉÓ ± ± ¸µ¸É ¢²ÖÕÐ¨¥ £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö, ± ± Éµ²Ó±µ ³Ò § ÌµÉ¨³ · ¸¸³ É·¨¢ ÉÓ ÔÉÊ ´µ¢ÊÕ ¸¨¸É¥³Ê ª¶µ±µ-
ÖÐ¥°¸Öª. ’ ±µ¥ µÉµ¦¤¥¸É¢²¥´¨¥ ³¥É·¨Î¥¸±µ£µ ¶µ²Ö, ¶µ²ÊÎ¥´´µ£µ ¨§ (α) ¸
¶µ³µÐÓÕ ±µµ·¤¨´ É´ÒÌ ¶·¥µ¡· §µ¢ ´¨°, ¸ £· ¢¨É Í¨µ´´Ò³ ¶µ²¥³ ´¥ ¨³¥¥É
´¨± ±¨Ì Ë¨§¨Î¥¸±¨Ì µ¸´µ¢ ´¨°, ¶µ¸±µ²Ó±Ê ¶·¥µ¡· §µ¢ ´¨Ö ±µµ·¤¨´ É ´¥ ¢Ò-
¢µ¤ÖÉ §  · ³±¨ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨. ‘ ´ Ï¥° ÉµÎ±¨ §·¥´¨Ö, ´¥¤µ¶Ê-
¸É¨³µ ¸Î¨É ÉÓ É ±µ¥ ³¥É·¨Î¥¸±µ¥ ¶µ²¥ £· ¢¨É Í¨µ´´Ò³ ¶µ²¥³, ¶µ¸±µ²Ó±Ê ÔÉµ
¶·µÉ¨¢µ·¥Î¨É ¸ ³µ° ¸ÊÐ´µ¸É¨ ¶µ´ÖÉ¨Ö ¶µ²Ö ± ± Ë¨§¨Î¥¸±µ° ·¥ ²Ó´µ¸É¨. �µ-
ÔÉµ³Ê ´¥²Ó§Ö ¸µ£² ¸¨ÉÓ¸Ö ¸µ ¸²¥¤ÊÕÐ¨³¨ · ¸¸Ê¦¤¥´¨Ö³¨ �.�°´ÏÉ¥°´ : ©µ
µÉ´µÏ¥´¨Õ ± ¸¨¸É¥³¥ K ′ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ª¸ÊÐ¥¸É¢Ê¥Éª, ¢ Éµ³ ¦¥ ¸ -
³µ³ ¸³Ò¸²¥, ± ± ¨ ¢¸Ö± Ö ¤·Ê£ Ö Ë¨§¨Î¥¸± Ö ¢¥²¨Î¨´ , ±µÉµ· Ö ³µ¦¥É ¡ÒÉÓ
µ¶·¥¤¥²¥´  ¢ ´¥±µÉµ·µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É, ´¥¸³µÉ·Ö ´  Éµ, ÎÉµ ¥ß ´¥ ¸Ê-
Ð¥¸É¢Ê¥É ¢ ¸¨¸É¥³¥ K . ‡¤¥¸Ó ´¥É ´¨Î¥£µ ¸É· ´´µ£µ, ¨ ÔÉµ ²¥£±µ ¤µ± § ÉÓ
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¸²¥¤ÊÕÐ¨³ ¶·¨³¥·µ³, § ¨³¸É¢µ¢ ´´Ò³ ¨§ ±² ¸¸¨Î¥¸±µ° ³¥Ì ´¨±¨. 0¨±Éµ ´¥
¸µ³´¥¢ ¥É¸Ö ¢ ª·¥ ²Ó´µ¸É¨ª ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨, É ± ± ± ¨´ Î¥ ¶·¨Ï²µ¸Ó
¡Ò µÉ·¨Í ÉÓ Ô´¥·£¨Õ ¢µµ¡Ð¥. 1¤´ ±µ Ö¸´µ, ÎÉµ ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö É¥²
§ ¢¨¸¨É µÉ ¸µ¸ÉµÖ´¨Ö ¤¢¨¦¥´¨Ö ±µµ·¤¨´ É´µ° ¸¨¸É¥³Ò: ¶µ¤Ìµ¤ÖÐ¨³ ¢Ò¡µ-
·µ³ ¶µ¸²¥¤´¥° ³µ¦´µ, µÎ¥¢¨¤´µ, ¸¤¥² ÉÓ É ±, ÎÉµ ¢ ´¥±µÉµ·Ò° µ¶·¥¤¥²¥´´Ò°
³µ³¥´É ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ¶µ¸ÉÊ¶ É¥²Ó´µ£µ ¤¢¨¦¥´¨Ö µ¤´µ£µ É¥²  ¶·¨-
³¥É ´ ¶¥·¥¤ § ¤ ´´µ¥ ¶µ²µ¦¨É¥²Ó´µ¥ ¨²¨ ´Ê²¥¢µ¥ §´ Î¥´¨¥. ‚ ¸¶¥Í¨ ²Ó´µ³
¸²ÊÎ ¥, ¶·¨ µ¤¨´ ±µ¢µ ´ ¶· ¢²¥´´ÒÌ ¨ · ¢´ÒÌ ¶µ ¢¥²¨Î¨´¥ ¸±µ·µ¸ÉÖÌ ¢¸¥Ì
³ ¸¸, ³µ¦´µ ¶µ¤Ìµ¤ÖÐ¨³ ¢Ò¡µ·µ³ ±µµ·¤¨´ É´µ° ¸¨¸É¥³Ò ¸¤¥² ÉÓ µ¡ÐÊÕ
±¨´¥É¨Î¥¸±ÊÕ Ô´¥·£¨Õ · ¢´µ° ´Ê²Õ. 3´ ²µ£¨Ö, ´  ³µ° ¢§£²Ö¤, ¶µ²´ Öª.

�.�°´ÏÉ¥°´, ± ± ³Ò ¢¨¤¨³, µÉ± § ²¸Ö µÉ ±µ´Í¥¶Í¨¨ ±² ¸¸¨Î¥¸±µ£µ ¶µ²Ö
É¨¶  ” · ¤¥Ö Å Œ ±¸¢¥²² , µ¡² ¤ ÕÐ¥£µ ¶²µÉ´µ¸ÉÓÕ Ô´¥·£¨¨-¨³¶Ê²Ó¸ , ¢
¶·¨³¥´¥´¨¨ ± £· ¢¨É Í¨µ´´µ³Ê ¶µ²Õ. �ÉµÉ ¶ÊÉÓ ¨ ¶·¨¢¥² ¥£µ ± ¶µ¸É·µ¥´¨Õ
�’�, ± ´¥²µ± ²¨§Ê¥³µ¸É¨ £· ¢¨É Í¨µ´´µ° Ô´¥·£¨¨, ± ¢¢¥¤¥´¨Õ ¶¸¥¢¤µÉ¥´-
§µ·  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. …¸²¨ · ¸¸³ É·¨¢ ÉÓ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ± ±
Ë¨§¨Î¥¸±µ¥ ¶µ²¥, Éµ µ´µ, ± ± ¨ ¢¸¥ Ë¨§¨Î¥¸±¨¥ ¶µ²Ö, Ì · ±É¥·¨§Ê¥É¸Ö É¥´§µ-
·µ³ Ô´¥·£¨¨-¨³¶Ê²Ó¸  tµν . …¸²¨ ¢ ± ±µ°-²¨¡µ ¸¨¸É¥³¥ ±µµ·¤¨´ É, ´ ¶·¨³¥·
K ′, £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¸ÊÐ¥¸É¢Ê¥É, Éµ ÔÉµ µ§´ Î ¥É, ÎÉµ ´¥±µÉµ·Ò¥ ±µ³¶µ-
´¥´ÉÒ (¨²¨ ¢¸¥) É¥´§µ·  tµν µÉ²¨Î´Ò µÉ ´Ê²Ö. �ÊÉ¥³ ¶·¥µ¡· §µ¢ ´¨Ö ±µµ·-
¤¨´ É É¥´§µ· tµν ´¥²Ó§Ö µ¡· É¨ÉÓ ¢ ´Ê²Ó, É.¥. ¥¸²¨ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¸Ê-
Ð¥¸É¢Ê¥É, Éµ ÔÉµ Å Ë¨§¨Î¥¸± Ö ·¥ ²Ó´µ¸ÉÓ, ¨ ¥¥ ´¥²Ó§Ö Ê´¨ÎÉµ¦¨ÉÓ ¢Ò¡µ·µ³
¸¨¸É¥³Ò ±µµ·¤¨´ É. ‘· ¢´¨¢ ÉÓ É ±µ¥ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¸ ±¨´¥É¨Î¥¸±µ°
Ô´¥·£¨¥° ´¥¶· ¢µ³¥·´µ, ¶µ¸±µ²Ó±Ê ¶µ¸²¥¤´ÖÖ ´¥ Ì · ±É¥·¨§Ê¥É¸Ö ±µ¢ ·¨ ´É-
´µ° ¢¥²¨Î¨´µ°. ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ É ±µ¥ ¸· ¢´¥´¨¥ ´¥¤µ¶Ê¸É¨³µ ¨ ¢ �’�,
¶µ¸±µ²Ó±Ê £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¢ ÔÉµ° É¥µ·¨¨ Ì · ±É¥·¨§Ê¥É¸Ö É¥´§µ·µ³ ±·¨-
¢¨§´Ò ¨³ ´ . …¸²¨ µ´ µÉ²¨Î¥´ µÉ ´Ê²Ö, Éµ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¸ÊÐ¥¸É¢Ê¥É,
¨ ¥£µ ´¥²Ó§Ö Ê´¨ÎÉµ¦¨ÉÓ ¢Ò¡µ·µ³ ¸¨¸É¥³Ò ±µµ·¤¨´ É.

“¸±µ·¥´´Ò¥ ¸¨¸É¥³Ò ±µµ·¤¨´ É ¸Ò£· ²¨ ¢ É¢µ·Î¥¸É¢¥ �.�°´ÏÉ¥°´  ¢ ¦-
´ÊÕ Ô¢·¨¸É¨Î¥¸±ÊÕ ·µ²Ó, ÌµÉÖ µ´¨ ¨ ´¥ ¨³¥ÕÉ ´¨± ±µ£µ µÉ´µÏ¥´¨Ö ± ¸ÊÉ¨
�’�. �Éµ¦¤¥¸É¢¨¢ Ê¸±µ·¥´´Ò¥ ¸¨¸É¥³Ò ±µµ·¤¨´ É, ¢ ¸¨²Ê · ¢¥´¸É¢  ¨´¥·É-
´µ° ¨ £· ¢¨É Í¨µ´´µ° ³ ¸¸, ¸ £· ¢¨É Í¨µ´´Ò³ ¶µ²¥³, �.�°´ÏÉ¥°´ ¶·¨Ï¥²
± ³¥É·¨Î¥¸±µ³Ê É¥´§µ·Ê ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ± ± µ¸´µ¢´µ° Ì · ±É¥·¨¸É¨±¥
£· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. �µ ³¥É·¨Î¥¸±¨° É¥´§µ· µÉ· ¦ ¥É ± ± ¸µ¡¸É¢¥´´Ò¥
¸¢µ°¸É¢  £¥µ³¥É·¨¨, É ± ¨ ¢Ò¡µ· ±µµ·¤¨´ É´µ° ¸¨¸É¥³Ò. �  ÔÉµ³ ¶ÊÉ¨ ¶µ-
Ö¢²Ö¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ µ¡ÑÖ¸´¨ÉÓ ¸¨²Ê £· ¢¨É Í¨¨ ±¨´¥³ É¨Î¥¸±¨, ¸¢¥¤Ö ¥¥ ±
¸¨²¥ ¨´¥·Í¨¨. �µ ¶·¨ ÔÉµ³ ¶·¨Ìµ¤¨É¸Ö µÉ± § ÉÓ¸Ö µÉ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö
± ± Ë¨§¨Î¥¸±µ£µ ¶µ²Ö. ©ƒ· ¢¨É Í¨µ´´Ò¥ ¶µ²Ö (± ± ¶¨¸ ² �.�°´ÏÉ¥°´ ¢
1918 £.) ³µ¦´µ § ¤ ¢ ÉÓ, ´¥ ¢¢µ¤Ö ´ ¶·Ö¦¥´¨° ¨ ¶²µÉ´µ¸É¨ Ô´¥·£¨¨ª. �µ
ÔÉµ µÎ¥´Ó ¡µ²ÓÏ Ö ¶µÉ¥·Ö, ¨ ¸ ´¥° ´¥²Ó§Ö ¸µ£² ¸¨ÉÓ¸Ö. �¤´ ±µ, ± ± ³Ò
Ê¢¨¤¨³ ¤ ²¥¥, ¶·¨ ¶µ¸É·µ¥´¨¨ ’ƒ, ÔÉµ° ¶µÉ¥·¨ ³µ¦´µ ¨§¡¥¦ ÉÓ.

“¤¨¢¨É¥²Ó´µ, ´µ �.�°´ÏÉ¥°´ ¤ ¦¥ ¢ 1933 £µ¤Ê ¶¨¸ ²: ©‚ ¸¶¥Í¨ ²Ó´µ°
É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ Å ± ± ¶µ± § ² ƒ.Œ¨´±µ¢¸±¨° Å ÔÉ  ³¥É·¨±  ¡Ò² 
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±¢ §¨¥¢±²¨¤µ¢µ°, É.¥. ±¢ ¤· É ª¤²¨´Òª ds ²¨´¥°´µ£µ Ô²¥³¥´É  ¶·¥¤¸É -
¢²Ö² ¸µ¡µ° µ¶·¥¤¥²¥´´ÊÕ ±¢ ¤· É¨Î´ÊÕ ËÊ´±Í¨Õ ¤¨ËË¥·¥´Í¨ ²µ¢ ±µµ·¤¨-
´ É. …¸²¨ ¦¥ ¢¢µ¤ÖÉ¸Ö ¤·Ê£¨¥ ±µµ·¤¨´ ÉÒ ¸ ¶µ³µÐÓÕ ´¥²¨´¥°´µ£µ ¶·¥µ¡· -
§µ¢ ´¨Ö, Éµ ds2 µ¸É ¥É¸Ö µ¤´µ·µ¤´µ° ËÊ´±Í¨¥° ¤¨ËË¥·¥´Í¨ ²µ¢ ±µµ·¤¨´ É,
´µ ±µÔËË¨Í¨¥´ÉÒ ÔÉµ° ËÊ´±Í¨¨ (gµν) ¡Ê¤ÊÉ Ê¦¥ ´¥ ¶µ¸ÉµÖ´´Ò³¨,   ´¥±µ-
Éµ·Ò³¨ ËÊ´±Í¨Ö³¨ ±µµ·¤¨´ É. Œ É¥³ É¨Î¥¸±¨ ÔÉµ µ§´ Î ¥É, ÎÉµ Ë¨§¨Î¥-
¸±µ¥ (Î¥ÉÒ·¥Ì³¥·´µ¥) ¶·µ¸É· ´¸É¢µ µ¡² ¤ ¥É ·¨³ ´µ¢µ° ³¥É·¨±µ°ª. �Éµ,
±µ´¥Î´µ, ´¥¶· ¢¨²Ó´µ, ¨¡µ ¶·¥µ¡· §µ¢ ´¨Ö³¨ ±µµ·¤¨´ É ´¥¢µ§³µ¦´µ ¶·¥¢· -
É¨ÉÓ ¶¸¥¢¤µ¥¢±²¨¤µ¢Ê ³¥É·¨±Ê ¢ ·¨³ ´µ¢Ê. �µ £² ¢´µ¥ §¤¥¸Ó ´¥ ¢ ÔÉµ³,  
¢ Éµ³, ÎÉµ ¨³¥´´µ É ±¨³ ¶ÊÉ¥³, ¡² £µ¤ ·Ö £²Ê¡µ±µ° ¨´ÉÊ¨Í¨¨, �.�°´ÏÉ¥°´
¶·¨Ï¥² ± ´¥µ¡Ìµ¤¨³µ¸É¨ ¢¢¥¤¥´¨Ö ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢ , ¸¢Ö§ ¢ ¥£µ ¸ £· -
¢¨É Í¨¥°.

…¤¨´¸É¢µ ·¨³ ´µ¢µ° ³¥É·¨±¨ ¨ £· ¢¨É Í¨¨ Ö¢²Ö¥É¸Ö µ¸´µ¢´Ò³ ¶·¨´Í¨-
¶µ³ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨. ‚.�.”µ± µ¡ ÔÉµ³ ¶·¨´Í¨¶¥ ¶¨¸ ²: ©1´
¨ ¸µ¸É ¢²Ö¥É ¸ÊÐ´µ¸ÉÓ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö 8°´ÏÉ¥°´ ª. ‚¢¥¤¥´¨¥ ·¨³ ´µ¢ 
¶·µ¸É· ´¸É¢  ¶µ§¢µ²¨²µ ¨¸¶µ²Ó§µ¢ ÉÓ ¸± ²Ö·´ÊÕ ±·¨¢¨§´Ê R ± ± ² £· ´¦¥¢Ê
ËÊ´±Í¨Õ ¨ ¸ ¶µ³µÐÓÕ ¶·¨´Í¨¶  ´ ¨³¥´ÓÏ¥£µ ¤¥°¸É¢¨Ö ¶µ²ÊÎ¨ÉÓ Ê· ¢´¥-
´¨Ö ƒ¨²Ó¡¥·É  Å �°´ÏÉ¥°´ . ’ ± § ¢¥·Ï¨²µ¸Ó ¶µ¸É·µ¥´¨¥ µ¡Ð¥° É¥µ·¨¨
µÉ´µ¸¨É¥²Ó´µ¸É¨ �°´ÏÉ¥°´ . �·¨ ÔÉµ³, ± ± µ¸µ¡¥´´µ ¶µ¤Î¥·±¨¢ ² „¦.‘¨´£:
©‚ É¥µ·¨¨ 8°´ÏÉ¥°´  ¢ § ¢¨¸¨³µ¸É¨ µÉ Éµ£µ, µÉ²¨Î¥´ µÉ ´Ê²Ö É¥´§µ· 9¨-
³ ´  ¨²¨ · ¢¥´ ´Ê²Õ, £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¶·¨¸ÊÉ¸É¢Ê¥É ¨²¨ µÉ¸ÊÉ¸É¢Ê¥É.
8Éµ ¸¢µ°¸É¢µ  ¡¸µ²ÕÉ´µ, µ´µ ´¨± ± ´¥ ¸¢Ö§ ´µ ¸ ³¨·µ¢µ° ²¨´¨¥° ± ±µ£µ-Éµ
´ ¡²Õ¤ É¥²Öª.

�¤´ ±µ ¢ �’� ¢µ§´¨±²¨ É·Ê¤´µ¸É¨ ¸ § ±µ´ ³¨ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-
¨³¶Ê²Ó¸  ¨ ³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö. „.ƒ¨²Ó¡¥·É ¶µ ÔÉµ³Ê ¶µ¢µ¤Ê ¶¨¸ ²:
©... Ö ÊÉ¢¥·¦¤ Õ, ÎÉµ ¤²Ö µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨, É.¥. ¢ ¸²ÊÎ ¥ µ¡-
Ð¥° ¨´¢ ·¨ ´É´µ¸É¨ £ ³¨²ÓÉµ´µ¢µ° ËÊ´±Í¨¨, Ê· ¢´¥´¨° Ô´¥·£¨¨, ±µÉµ·Ò¥
... ¸µµÉ¢¥É¸É¢ÊÕÉ Ê· ¢´¥´¨Ö³ Ô´¥·£¨¨ ¢ µ·Éµ£µ´ ²Ó´µ-¨´¢ ·¨ ´É´ÒÌ É¥µ-
·¨ÖÌ, ¢µµ¡Ð¥ ´¥ ¸ÊÐ¥¸É¢Ê¥É, Ö ¤ ¦¥ ³µ£ ¡Ò µÉ³¥É¨ÉÓ ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ
± ± Ì · ±É¥·´ÊÕ Î¥·ÉÊ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ª. ‚¸¥ ÔÉµ µ¡ÑÖ¸´Ö-
¥É¸Ö É¥³, ÎÉµ ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ µÉ¸ÊÉ¸É¢Ê¥É ¤¥¸ÖÉ¨¶ · ³¥É·¨Î¥¸± Ö
£·Ê¶¶  ¤¢¨¦¥´¨Ö ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨,   ¶µÔÉµ³Ê ¢ ¶·¨´Í¨¶¥ ´¥²Ó§Ö ¢¢¥-
¸É¨ § ±µ´Ò ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ ³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö,
¶µ¤µ¡´Ò¥ É¥³, ± ±¨¥ ¨³¥ÕÉ ³¥¸Éµ ¢ ²Õ¡µ° ¤·Ê£µ° Ë¨§¨Î¥¸±µ° É¥µ·¨¨.

„·Ê£µ° µ¸µ¡¥´´µ¸ÉÓÕ �’�, ¶µ ¸· ¢´¥´¨Õ ¸ ¨§¢¥¸É´Ò³¨ É¥µ·¨Ö³¨, Ö¢²Ö-
¥É¸Ö ´ ²¨Î¨¥ ¢ ² £· ´¦¥¢µ° ËÊ´±Í¨¨ R ¢Éµ·ÒÌ ¶·µ¨§¢µ¤´ÒÌ. �±µ²µ ¶ÖÉ¨-
¤¥¸ÖÉ¨ ²¥É ´ § ¤ � É ´ µ§¥´ ¶µ± § ², ÎÉµ ¥¸²¨ ´ ·Ö¤Ê ¸ ·¨³ ´µ¢µ° ³¥É·¨-
±µ° gµν ¢¢¥¸É¨ ³¥É·¨±Ê γµν ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ, Éµ ³µ¦´µ ¶µ¸É·µ¨ÉÓ
¸± ²Ö·´ÊÕ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, ±µÉµ· Ö ¡Ê¤¥É ¸µ-
¤¥·¦ ÉÓ ¶·µ¨§¢µ¤´Ò¥ ´¥ ¢ÒÏ¥ ¶¥·¢µ£µ ¶µ·Ö¤± . �´, ¢ Î ¸É´µ¸É¨, ¶µ¸É·µ¨²
É ±ÊÕ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´ , ±µÉµ· Ö ¶·¨¢µ¤¨É ± Ê· ¢´¥´¨Ö³ ƒ¨²Ó¡¥·É  Å
�°´ÏÉ¥°´ . ’ ± ¢µ§´¨± ¤¢Ê³¥É·¨Î¥¸±¨° Ëµ·³ ²¨§³.
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�¤´ ±µ É ±µ° ¶µ¤Ìµ¤ ¸· §Ê Ê¸²µ¦´¨² ¶·µ¡²¥³Ê ¶µ¸É·µ¥´¨Ö É¥µ·¨¨ £· -
¢¨É Í¨¨, ¶µ¸±µ²Ó±Ê, ¨¸¶µ²Ó§ÊÖ É¥´§µ·Ò gµν ¨ γµν , ³µ¦´µ ´ ¶¨¸ ÉÓ ¡µ²ÓÏµ¥
Î¨¸²µ ¸± ²Ö·´ÒÌ ¶²µÉ´µ¸É¥°, ¨ ¸µ¢¥·Ï¥´´µ ´¥ Ö¸´µ, ± ±ÊÕ ¸± ²Ö·´ÊÕ ¶²µÉ-
´µ¸ÉÓ ´¥µ¡Ìµ¤¨³µ ¢Ò¡· ÉÓ ¢ ± Î¥¸É¢¥ ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  ¤²Ö ¶µ¸É·µ¥´¨Ö
É¥µ·¨¨ £· ¢¨É Í¨¨. •µÉÖ ³ É¥³ É¨Î¥¸±¨°  ¶¶ · É �’� ¶µ§¢µ²Ö¥É ¢¢¥¸É¨ ¢³¥-
¸Éµ µ¡ÒÎ´ÒÌ ¶·µ¨§¢µ¤´ÒÌ ±µ¢ ·¨ ´É´Ò¥ ¶·µ¨§¢µ¤´Ò¥ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢-
¸±µ£µ, ´µ ¶µ¸±µ²Ó±Ê ³¥É·¨±  γµν ´¥ ¢Ìµ¤¨É ¢ Ê· ¢´¥´¨Ö ƒ¨²Ó¡¥·É  Å �°´-
ÏÉ¥°´ , ¥¥ ¨¸¶µ²Ó§µ¢ ´¨¥ ¢ �’� ²¨Ï¥´µ ± ±µ£µ-²¨¡µ Ë¨§¨Î¥¸±µ£µ ¸³Ò¸² ,
É ± ± ± ·¥Ï¥´¨Ö ¤²Ö ³¥É·¨±¨ gµν ´¥ § ¢¨¸ÖÉ µÉ ¢Ò¡µ·  γµν .

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ § ³¥´  µ¡ÒÎ´ÒÌ ¶·µ¨§¢µ¤´ÒÌ ´  ±µ¢ ·¨ ´É´Ò¥
¶·µ¨§¢µ¤´Ò¥ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ µ¸É ¢²Ö¥É Ê· ¢´¥´¨Ö ƒ¨²Ó¡¥·É  Å
�°´ÏÉ¥°´  ´¥¨§³¥´´Ò³¨. �Éµ µ¡ÑÖ¸´Ö¥É¸Ö É¥³, ÎÉµ ¥¸²¨ ¢ É¥´§µ·¥ ±·¨¢¨§´Ò
¨³ ´  § ³¥´¨ÉÓ µ¡ÒÎ´Ò¥ ¶·µ¨§¢µ¤´Ò¥ ±µ¢ ·¨ ´É´Ò³¨ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´-
±µ¢¸±µ£µ, Éµ µ´ ´¥ ¨§³¥´¨É¸Ö. ’ ± Ö § ³¥´  ¢ É¥´§µ·¥ ¨³ ´  ¥¸ÉÓ ´¥ ÎÉµ
¨´µ¥, ± ± Éµ¦¤¥¸É¢¥´´µ¥ ¶·¥µ¡· §µ¢ ´¨¥. ˆ³¥´´µ ¶µÔÉµ³Ê ¢ · ³± Ì �’�
É ±ÊÕ ¸¢µ¡µ¤Ê § ¶¨¸¨ É¥´§µ·  ¨³ ´  ´¥²Ó§Ö ¨¸¶µ²Ó§µ¢ ÉÓ, ¶µ¸±µ²Ó±Ê ³¥-
É·¨Î¥¸±¨° É¥´§µ· ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ´¥ ¢Ìµ¤¨É ¢ Ê· ¢´¥´¨Ö ƒ¨²Ó-
¡¥·É  Å �°´ÏÉ¥°´ . �·¨ ¶µ¸É·µ¥´¨¨ ’ƒ ÔÉ  ¸¢µ¡µ¤  § ¶¨¸¨ É¥´§µ·  ¨³ ´ 
µ± §Ò¢ ¥É¸Ö Î·¥§¢ÒÎ °´µ ´¥µ¡Ìµ¤¨³µ°. �µ ¶·¨ ÔÉµ³ ³¥É·¨±  ¶·µ¸É· ´¸É¢ 
Œ¨´±µ¢¸±µ£µ ¢Ìµ¤¨É ¢ Ê· ¢´¥´¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö,   ¸ ³µ ¶µ²¥ · ¸¸³ -
É·¨¢ ¥É¸Ö ± ± Ë¨§¨Î¥¸±µ¥ ¶µ²¥ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ.

‚ �’� ³Ò ¨³¥¥³ ¤¥²µ Éµ²Ó±µ ¸ ³¥É·¨±µ° ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ± ±
µ¸´µ¢´µ° Ì · ±É¥·¨¸É¨±µ° £· ¢¨É Í¨¨, ¢ ±µÉµ·µ° ´ Ìµ¤ÖÉ µÉ· ¦¥´¨¥ ± ±
¸µ¡¸É¢¥´´Ò¥ ¸¢µ°¸É¢  £¥µ³¥É·¨¨, É ± ¨ ¢Ò¡µ· ¸¨¸É¥³Ò ±µµ·¤¨´ É. �·¨ ¢Ò-
±²ÕÎ¥´¨¨ £· ¢¨É Í¨µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, É.¥. ±µ£¤  É¥´§µ· ±·¨¢¨§´Ò ¨-
³ ´  · ¢¥´ ´Ê²Õ, ³Ò ¶·¨Ìµ¤¨³ ± ¶·µ¸É· ´¸É¢Ê Œ¨´±µ¢¸±µ£µ. ˆ³¥´´µ ¨§-§ 
ÔÉµ£µ ¢ �’� ¢µ§´¨± ¥É ¶·µ¡²¥³  ¸ ¢Ò¶µ²´¨³µ¸ÉÓÕ ¶·¨´Í¨¶  ¸µµÉ¢¥É¸É¢¨Ö,
É ± ± ± ´¥²Ó§Ö µ¶·¥¤¥²¨ÉÓ, ¢ ± ±µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ³Ò µ± § ²¨¸Ó ¶·¨
¢Ò±²ÕÎ¥´¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö.

¥²ÖÉ¨¢¨¸É¸± Ö É¥µ·¨Ö £· ¢¨É Í¨¨ [1], ±µÉµ· Ö ¨§² £ ¥É¸Ö ¢ ¤ ´´µ° · -
¡µÉ¥ ¸ ´¥±µÉµ·Ò³¨ ¤µ¶µ²´¥´¨Ö³¨ ¨ ÊÉµÎ´¥´¨Ö³¨, ¸É·µ¨É¸Ö ± ± ¶µ²¥¢ Ö É¥-
µ·¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ · ³± Ì ¸¶¥Í¨ ²Ó´µ° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨.
ˆ¸Ìµ¤´Ò³ ¶µ²µ¦¥´¨¥³ ¸²Ê¦¨É £¨¶µÉ¥§  µ Éµ³, ÎÉµ ¨¸ÉµÎ´¨±µ³ £· ¢¨É Í¨¨
Ö¢²Ö¥É¸Ö Ê´¨¢¥·¸ ²Ó´ Ö Ì · ±É¥·¨¸É¨±  ³ É¥·¨¨ Å É¥´§µ· Ô´¥·£¨¨-¨³¶Ê²Ó¸ .
ƒ· ¢¨É Í¨µ´´µ¥ ¶µ²¥ · ¸¸³ É·¨¢ ¥É¸Ö ± ± Ë¨§¨Î¥¸±µ¥ ¶µ²¥ ¸µ ¸¶¨´ ³¨ 2 ¨
0, ¨§-§  ¤¥°¸É¢¨Ö ±µÉµ·µ£µ ¨ ¢µ§´¨± ¥É ÔËË¥±É¨¢´µ¥ ·¨³ ´µ¢µ ¶·µ¸É· ´¸É¢µ.
�Éµ ¶µ§¢µ²Ö¥É ´ °É¨ ± ²¨¡·µ¢µÎ´ÊÕ £·Ê¶¶Ê ¨ µ¤´µ§´ Î´µ ¶µ¸É·µ¨ÉÓ ¶²µÉ-
´µ¸ÉÓ ² £· ´¦¨ ´  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. ‘¨¸É¥³  Ê· ¢´¥´¨° ¤ ´´µ° É¥µ·¨¨
Ëµ·³¨´¢ ·¨ ´É´  µÉ´µ¸¨É¥²Ó´µ £·Ê¶¶Ò ‹µ·¥´Í . ‚ · ¡µÉ¥ ¤ ¥É¸Ö ¤ ²Ó´¥°-
Ï¥¥ · §¢¨É¨¥ ¨¤¥° �.�Ê ´± ·¥, ƒ.Œ¨´±µ¢¸±µ£µ, �.�°´ÏÉ¥°´ , „.ƒ¨²Ó¡¥·É ,
�.µ§¥´ , ‚.�.”µ±  ¢ µ¡² ¸É¨ É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ ¨ £· ¢¨É Í¨¨.
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�´·¨ �Ê ´± ·¥ ¥Ð¥ ¢ ´ Î ²¥ ¢¥±  ¢ ±´¨£¥ ©� Ê±  ¨ £¨¶µÉ¥§ ª ¶¨¸ ²,
ÎÉµ, ÌµÉÖ ©... µ¶ÒÉ ¨£· ¥É ´¥µ¡Ìµ¤¨³ÊÕ ·µ²Ó ¢ ¶·µ¨¸Ìµ¦¤¥´¨¨ £¥µ³¥É·¨¨,
´µ ¡Ò²µ ¡Ò µÏ¨¡±µ° § ±²ÕÎ¨ÉÓ, ÎÉµ £¥µ³¥É·¨Ö Å ÌµÉÖ ¡Ò µÉÎ ¸É¨ Å
Ö¢²Ö¥É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´µ° ´ Ê±µ°. …¸²¨ ¡Ò µ´  ¡Ò²  Ô±¸¶¥·¨³¥´É ²Ó´µ°
´ Ê±µ°, µ´  ¨³¥²  ¡Ò Éµ²Ó±µ ¢·¥³¥´´µ¥, ¶·¨¡²¨¦¥´´µ¥ Å ¨ ¢¥¸Ó³  £·Ê¡µ ¶·¨-
¡²¨¦¥´´µ¥ Å §´ Î¥´¨¥ª. ˆ ¤ ²¥¥: ª·¥¤³¥É £¥µ³¥É·¨¨ ¸µ¸É ¢²Ö¥É ¨§ÊÎ¥´¨¥
²¨ÏÓ Î ¸É´µ° ©£·Ê¶¶Òª ¶¥·¥³¥Ð¥´¨°, ´µ µ¡Ð¥¥ ¶µ´ÖÉ¨¥ £·Ê¶¶Ò ¸ÊÐ¥¸É¢Ê¥É
· ´ÓÏ¥ ¢ ´ Ï¥³ Ê³¥, ¶µ ±· °´¥° ³¥·¥ ¢ ¢¨¤¥ ¢µ§³µ¦´µ¸É¨... 1¶ÒÉ ´ -
¶· ¢²Ö¥É ´ ¸ ¶·¨ ÔÉµ³ ¢Ò¡µ·¥, ´µ ´¥ ¤¥² ¥É ¥£µ ¤²Ö ´ ¸ µ¡Ö§ É¥²Ó´Ò³;
µ´ ¶µ± §Ò¢ ¥É ´ ³ ´¥ Éµ, ± ± Ö £¥µ³¥É·¨Ö ´ ¨¡µ²¥¥ ¶· ¢¨²Ó´ ,   Éµ, ± ± Ö
´ ¨¡µ²¥¥ Ê¤µ¡´ ... 1¶ÒÉÒ, ±µÉµ·Ò¥ ¶·¨¢¥²¨ ´ ¸ ± ¶·¨´ÖÉ¨Õ µ¸´µ¢´ÒÌ ¸µ£² -
Ï¥´¨° £¥µ³¥É·¨¨ ¢ ± Î¥¸É¢¥ ´ ¨¡µ²¥¥ Ê¤µ¡´ÒÌ, µÉ´µ¸ÖÉ¸Ö ± ¢¥Ð ³, ±µÉµ·Ò¥
´¥ ¨³¥ÕÉ ´¨Î¥£µ µ¡Ð¥£µ ¸ µ¡Ñ¥±É ³¨ ¨§ÊÎ¥´¨Ö £¥µ³¥É·¨¨, µ´¨ µÉ´µ¸ÖÉ¸Ö
± ¸¢µ°¸É¢ ³ É¢¥·¤ÒÌ É¥², ± ¶·Ö³µ²¨´¥°´µ³Ê · ¸¶·µ¸É· ´¥´¨Õ ¸¢¥É . 8Éµ
Å µ¶ÒÉÒ ³¥Ì ´¨Î¥¸±¨¥ ¨ µ¶É¨Î¥¸±¨¥; ¨Ì µÉ´Õ¤Ó ´¥²Ó§Ö · ¸¸³ É·¨¢ ÉÓ ± ±
µ¶ÒÉÒ £¥µ³¥É·¨Î¥¸±¨¥ª. ˆ ¤ ²¥¥ �.�Ê ´± ·¥ ¶µ¤Î¥·±¨¢ ¥É: ©·¨´Í¨¶Ò Å
ÔÉµ ¸µ£² Ï¥´¨Ö ¨ ¸±·ÒÉÒ¥ µ¶·¥¤¥²¥´¨Ö. ’¥³ ´¥ ³¥´¥¥ µ´¨ ¨§¢²¥Î¥´Ò ¨§
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ § ±µ´µ¢; ÔÉ¨ ¶µ¸²¥¤´¨¥ ¡Ò²¨, É ± ¸± § ÉÓ, ¢µ§¢¥¤¥´Ò ¢
· ´£ ¶·¨´Í¨¶µ¢, ±µÉµ·Ò³ ´ Ï Ê³ ¶·¨¶¨¸Ò¢ ¥É  ¡¸µ²ÕÉ´µ¥ §´ Î¥´¨¥ª.

�¥¸±µ²Ó±µ ¶µ§¤´¥¥ ¢ ±´¨£¥ ©�µ¸²¥¤´¨¥ ³Ò¸²¨ª ¢ £² ¢¥ II ©�·µ¸É· ´¸É¢µ
¨ ¢·¥³Öª �.�Ê ´± ·¥ ¶¨¸ ²: ©·¨´Í¨¶ Ë¨§¨Î¥¸±µ° µÉ´µ¸¨É¥²Ó´µ¸É¨ ³µ¦¥É
¸²Ê¦¨ÉÓ ´ ³ ¤²Ö µ¶·¥¤¥²¥´¨Ö ¶·µ¸É· ´¸É¢ . 1´ ¤ ¥É ´ ³, É ± ¸± § ÉÓ,
´µ¢Ò° ¨§³¥·¨É¥²Ó´Ò° ¨´¸É·Ê³¥´É. 1¡ÑÖ¸´Õ¸Ó. Š ± ³µ¦¥É É¢¥·¤µ¥ É¥²µ
¸²Ê¦¨ÉÓ ´ ³ ¤²Ö ¨§³¥·¥´¨Ö ¨²¨, ¶· ¢¨²Ó´¥¥, ¤²Ö ¶µ¸É·µ¥´¨Ö ¶·µ¸É· ´¸É¢ ?
„¥²µ µ¡¸Éµ¨É §¤¥¸Ó ¸²¥¤ÊÕÐ¨³ µ¡· §µ³: ¶¥·¥´µ¸Ö É¢¥·¤µ¥ É¥²µ ¨§ µ¤´µ£µ
³¥¸É  ¢ ¤·Ê£µ¥, ³Ò § ³¥Î ¥³, É ±¨³ µ¡· §µ³, ÎÉµ ¥£µ ³µ¦´µ ¶·¨²µ¦¨ÉÓ
¸¶¥·¢  ± µ¤´µ° Ë¨£Ê·¥, ¶µÉµ³ ± ¤·Ê£µ°, ¨ ³Ò ¸µ£² Ï ¥³¸Ö ¸Î¨É ÉÓ ÔÉ¨ Ë¨-
£Ê·Ò · ¢´Ò³¨. ˆ§ ÔÉµ£µ ¸µ£² Ï¥´¨Ö ·µ¤¨² ¸Ó £¥µ³¥É·¨Ö. ƒ¥µ³¥É·¨Ö ¥¸ÉÓ ´¥
ÎÉµ ¨´µ¥, ± ± ÊÎ¥´¨¥ µ ¢§ ¨³´ÒÌ ¸µµÉ´µÏ¥´¨ÖÌ ÔÉ¨Ì ¶·¥µ¡· §µ¢ ´¨° ¨²¨, ¢Ò-
· ¦ Ö¸Ó ³ É¥³ É¨Î¥¸±¨³ Ö§Ò±µ³, ÊÎ¥´¨¥ µ ¸É·µ¥´¨¨ £·Ê¶¶Ò, µ¡· §µ¢ ´´µ°
ÔÉ¨³¨ ¶·¥µ¡· §µ¢ ´¨Ö³¨, É.¥. £·Ê¶¶Ò ¤¢¨¦¥´¨° É¢¥·¤ÒÌ É¥².

‚µ§Ó³¥³ É¥¶¥·Ó ¤·Ê£ÊÕ £·Ê¶¶Ê, £·Ê¶¶Ê ¶·¥µ¡· §µ¢ ´¨°, ´¥ ¨§³¥´ÖÕÐ¨Ì
´ Ï¨Ì ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨°. ŒÒ ¶µ²ÊÎ ¥³ ´µ¢Ò° ¸¶µ¸µ¡ µ¶·¥¤¥²¥´¨Ö
· ¢¥´¸É¢  ¤¢ÊÌ Ë¨£Ê·. ŒÒ Ê¦¥ ´¥ ¸± ¦¥³ ¡µ²¥¥: ¤¢¥ Ë¨£Ê·Ò · ¢´Ò, ±µ£¤ 
µ¤´µ ¨ Éµ ¦¥ É¢¥·¤µ¥ É¥²µ ³µ¦¥É ¡ÒÉÓ ¶·¨²µ¦¥´µ ¨ ± µ¤´µ°, ¨ ± ¤·Ê£µ°.
ŒÒ ¸± ¦¥³: ¤¢¥ Ë¨£Ê·Ò · ¢´Ò, ±µ£¤  µ¤´  ¨ É  ¦¥ ³¥Ì ´¨Î¥¸± Ö ¸¨¸É¥³ ,
Ê¤ ²¥´´ Ö µÉ ¸µ¸¥¤´¨Ì ¸¨¸É¥³ ´ ¸Éµ²Ó±µ, ÎÉµ ¥¥ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ±
¨§µ²¨·µ¢ ´´ÊÕ, ¡Ê¤ÊÎ¨ ¶µ³¥Ð¥´  ¸¶¥·¢  É ±¨³ µ¡· §µ³, ÎÉµ ¥¥ ³ É¥·¨ ²Ó-
´Ò¥ ÉµÎ±¨ ¢µ¸¶·µ¨§¢µ¤ÖÉ ¶¥·¢ÊÕ Ë¨£Ê·Ê,   § É¥³ É ±¨³ µ¡· §µ³, ÎÉµ µ´¨
¢µ¸¶·µ¨§¢µ¤ÖÉ ¤·Ê£ÊÕ Ë¨£Ê·Ê, ¢¥¤¥É ¸¥¡Ö ¢µ ¢Éµ·µ³ ¸²ÊÎ ¥ É ± ¦¥, ± ± ¨
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¢ ¶¥·¢µ³. 1É²¨Î ÕÉ¸Ö ²¨ ¤·Ê£ µÉ ¤·Ê£  ¸ÊÐ¥¸É¢¥´´Ò³ µ¡· §µ³ µ¡  ÔÉ¨
¢§£²Ö¤ ? 0¥É.

’¢¥·¤µ¥ É¥²µ Å ÔÉµ É ± Ö ¦¥ ³¥Ì ´¨Î¥¸± Ö ¸¨¸É¥³ , ± ± ¨ ¢¸Ö± Ö ¤·Ê-
£ Ö. ‚¸Ö · §´¨Í  ³¥¦¤Ê ´ Ï¨³¨ ¶·¥¦´¨³ ¨ ´µ¢Ò³ µ¶·¥¤¥²¥´¨Ö³¨ ¶·µ¸É· ´-
¸É¢  § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ¶µ¸²¥¤´¥¥ Ï¨·¥, ¶µ§¢µ²ÖÖ § ³¥´¨ÉÓ É¢¥·¤µ¥
É¥²µ ²Õ¡µ° ¤·Ê£µ° ³¥Ì ´¨Î¥¸±µ° ¸¨¸É¥³µ°. >µ²¥¥ Éµ£µ, ´ Ï¥ ´µ¢µ¥ Ê¸²µ¢´µ¥
¸µ£² Ï¥´¨¥ µ¶·¥¤¥²Ö¥É ´¥ Éµ²Ó±µ ¶·µ¸É· ´¸É¢µ, ´µ ¨ ¢·¥³Ö. 1´µ µ¡ÑÖ¸´Ö¥É
´ ³, ÎÉµ É ±µ¥ ¤¢  µ¤´µ¢·¥³¥´´ÒÌ ³µ³¥´É , ÎÉµ É ±µ¥ ¤¢  · ¢´ÒÌ ¶·µ³¥-
¦ÊÉ±  ¢·¥³¥´¨ ¨²¨ ¦¥ ÎÉµ É ±µ¥ ¶·µ³¥¦ÊÉµ± ¢·¥³¥´¨, ¢¤¢µ¥ ¡µ²ÓÏ¨° ¤·Ê-
£µ£µ ¶·µ³¥¦ÊÉ± ª. ˆ³¥´´µ É ±¨³ ¶ÊÉ¥³, µÉ±·Ò¢ £·Ê¶¶Ê ¶·¥µ¡· §µ¢ ´¨°, ´¥
¨§³¥´ÖÕÐ¨Ì Ê· ¢´¥´¨° Œ ±¸¢¥²²  Å ‹µ·¥´Í , �.�Ê ´± ·¥ ¢¢¥² ¶·¥¤¸É ¢²¥-
´¨¥ µ Î¥ÉÒ·¥Ì³¥·´µ³ ¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨ ¸ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¥°.
�Éµ ¶·¥¤¸É ¢²¥´¨¥ µ £¥µ³¥É·¨¨ ¶µ§¤´¥¥ · §¢¨² ƒ.Œ¨´±µ¢¸±¨°.

…¸²¨ ¸²¥¤µ¢ ÉÓ ¢§£²Ö¤ ³ �.�Ê ´± ·¥, Éµ ¥¸É¥¸É¢¥´´µ ¶µ²µ¦¨ÉÓ ¢ µ¸´µ¢Ê
²Õ¡µ° Ë¨§¨Î¥¸±µ° É¥µ·¨¨ ¶¸¥¢¤µ¥¢±²¨¤µ¢Ê £¥µ³¥É·¨Õ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨
± ± ¸ ³ÊÕ ¶·µ¸É¥°ÏÊÕ. Š ± ³Ò Ê¢¨¤¨³ ¤ ²¥¥, ÔÉµÉ ¢Ò¢µ¤ ¶· ¢¨²¥´, ´µ µ´
¡Ê¤¥É ´ ³¨ Ê¸¨²¥´ ¤µ¶µ²´¨É¥²Ó´Ò³¨  ·£Ê³¥´É ³¨.

‘¶Ê¸ÉÖ ³´µ£µ ²¥É, ¢ 1921 £µ¤Ê, ± µ¡¸Ê¦¤¥´¨Õ ¶·µ¡²¥³Ò µ ¸µµÉ´µÏ¥´¨¨
£¥µ³¥É·¨¨ ¨ Ë¨§¨±¨ µ¡· É¨²¸Ö ¨ �.�°´ÏÉ¥°´, ±µÉµ·Ò° ¢ ¸É ÉÓ¥ ©ƒ¥µ³¥É·¨Ö
¨ µ¶ÒÉª ¶¨¸ ²: ©Ÿ¸´µ, ÎÉµ ¨§ ¸¨¸É¥³Ò ¶µ´ÖÉ¨°  ±¸¨µ³ É¨Î¥¸±µ° £¥µ³¥É·¨¨
´¥²Ó§Ö ¶µ²ÊÎ¨ÉÓ ´¨± ±¨Ì ¸Ê¦¤¥´¨° µ É ±¨Ì ·¥ ²Ó´µ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¶·¥¤³¥-
É Ì, ±µÉµ·Ò¥ ³Ò ´ §Ò¢ ¥³ ¶· ±É¨Î¥¸±¨ É¢¥·¤Ò³¨ É¥² ³¨. —Éµ¡Ò É ±µ£µ
·µ¤  ¸Ê¦¤¥´¨Ö ¡Ò²¨ ¢µ§³µ¦´Ò, ³Ò ¤µ²¦´Ò ²¨Ï¨ÉÓ £¥µ³¥É·¨Õ ¥¥ Ëµ·³ ²Ó´µ-
²µ£¨Î¥¸±µ£µ Ì · ±É¥· , ¸µ¶µ¸É ¢¨¢ ¶Ê¸Éµ° ¸Ì¥³¥ ¶µ´ÖÉ¨°  ±¸¨µ³ É¨Î¥¸±µ°
£¥µ³¥É·¨¨ ·¥ ²Ó´Ò¥ µ¡Ñ¥±ÉÒ ´ Ï¥£µ µ¶ÒÉ . „²Ö ÔÉµ° Í¥²¨ ¤µ¸É ÉµÎ´µ
¶·¨¡ ¢¨ÉÓ Éµ²Ó±µ É ±µ¥ ÊÉ¢¥·¦¤¥´¨¥: É¢¥·¤Ò¥ É¥²  ¢¥¤ÊÉ ¸¥¡Ö ¢ ¸³Ò¸²¥
· §²¨Î´ÒÌ ¢µ§³µ¦´µ¸É¥° ¢§ ¨³´µ£µ · ¸¶µ²µ¦¥´¨Ö, ± ± É¥²  ¥¢±²¨¤µ¢µ° £¥µ-
³¥É·¨¨ É·¥Ì ¨§³¥·¥´¨°; É ±¨³ µ¡· §µ³, É¥µ·¥³Ò ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨ ¸µ-
¤¥·¦ É ¢ ¸¥¡¥ ÊÉ¢¥·¦¤¥´¨Ö, µ¶·¥¤¥²ÖÕÐ¨¥ ¶µ¢¥¤¥´¨¥ ¶· ±É¨Î¥¸±¨ É¢¥·¤ÒÌ
É¥². „µ¶µ²´Ö¥³ Ö É ±¨³ ÊÉ¢¥·¦¤¥´¨¥³ £¥µ³¥É·¨Ö ¸É ´µ¢¨É¸Ö, µÎ¥¢¨¤´µ,
¥¸É¥¸É¢¥´´µ° ´ Ê±µ°; ³Ò ³µ¦¥³ · ¸¸³ É·¨¢ ÉÓ ¥¥ Ë ±É¨Î¥¸±¨ ± ± ¸ ³ÊÕ
¤·¥¢´ÕÕ ¢¥É¢Ó Ë¨§¨±¨. …¥ ÊÉ¢¥·¦¤¥´¨Ö ¶µ±µÖÉ¸Ö ¸ÊÐ¥¸É¢¥´´Ò³ µ¡· §µ³ ´ 
¢Ò¢µ¤ Ì ¨§ µ¶ÒÉ ,   ´¥ Éµ²Ó±µ ´  ²µ£¨Î¥¸±¨Ì § ±²ÕÎ¥´¨ÖÌ. >Ê¤¥³ ¢ ¤ ²Ó-
´¥°Ï¥³ ´ §Ò¢ ÉÓ ¤µ¶µ²´¥´´ÊÕ É ±¨³ µ¡· §µ³ £¥µ³¥É·¨Õ ©¶· ±É¨Î¥¸±µ°
£¥µ³¥É·¨¥°ª ¢ µÉ²¨Î¨¥ µÉ ©Î¨¸Éµ  ±¸¨µ³ É¨Î¥¸±µ° £¥µ³¥É·¨¨ª. ‚µ¶·µ¸ µ
Éµ³, Ö¢²Ö¥É¸Ö ²¨ ¶· ±É¨Î¥¸± Ö £¥µ³¥É·¨Ö ¥¢±²¨¤µ¢µ° ¨²¨ ´¥É, ¶·¨µ¡·¥-
É ¥É ¸µ¢¥·Ï¥´´µ Ö¸´Ò° ¸³Ò¸²; µÉ¢¥É ´  ´¥£µ ³µ¦¥É ¤ ÉÓ Éµ²Ó±µ µ¶ÒÉ.

‚¸Ö±¨¥ ¨§³¥·¥´¨Ö ¤²¨´Ò ¢ Ë¨§¨±¥ ÉµÎ´µ É ± ¦¥, ± ± ¨ £¥µ¤¥§¨Î¥¸±¨¥
¨²¨  ¸É·µ´µ³¨Î¥¸±¨¥ ¨§³¥·¥´¨Ö, ¢ ÔÉµ³ ¸³Ò¸²¥ ¸µ¸É ¢²ÖÕÉ ¶·¥¤³¥É ¶· ±-
É¨Î¥¸±µ° £¥µ³¥É·¨¨, ¥¸²¨ ¶·¨ ÔÉµ³ ¨¸Ìµ¤¨ÉÓ ¨§ Éµ£µ µ¶ÒÉ´µ£µ § ±µ´ ,
ÎÉµ ¸¢¥É · ¸¶·µ¸É· ´Ö¥É¸Ö ¶µ ¶·Ö³µ° ²¨´¨¨, ¨ ¨³¥´´µ ¶µ ¶·Ö³µ° ¢ ¸³Ò¸²¥
¶· ±É¨Î¥¸±µ° £¥µ³¥É·¨¨. ...…¸²¨ ¦¥ µÉ¢²¥ÎÓ¸Ö µÉ ¸¢Ö§¨ ³¥¦¤Ê É¥²µ³  ±¸¨µ-
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³ É¨Î¥¸±µ° ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨ ¨ ·¥ ²Ó´Ò³ ¶· ±É¨Î¥¸±¨ É¢¥·¤Ò³ É¥²µ³,
Éµ ³Ò ²¥£±µ ¶·¨Ìµ¤¨³ ± ÉµÎ±¥ §·¥´¨Ö, ±µÉµ·µ° ¶·¨¤¥·¦¨¢ ²¸Ö É ±µ° µ·¨-
£¨´ ²Ó´Ò° ¨ £²Ê¡µ±¨° ³Ò¸²¨É¥²Ó, ± ± 3´·¨ Ê ´± ·¥: ¥¢±²¨¤µ¢  £¥µ³¥É·¨Ö
µÉ²¨Î ¥É¸Ö µÉ ¢¸¥¢µ§³µ¦´ÒÌ ³Ò¸²¨³ÒÌ  ±¸¨µ³ É¨Î¥¸±¨Ì £¥µ³¥É·¨° ¸¢µ¥°
¶·µ¸ÉµÉµ°. 3 É ± ± ±  ±¸¨µ³ É¨Î¥¸± Ö £¥µ³¥É·¨Ö ¸ ³  ¶µ ¸¥¡¥ ´¨± ±¨Ì ¢Ò-
¸± §Ò¢ ´¨° µ ·¥ ²Ó´µ° ¤¥°¸É¢¨É¥²Ó´µ¸É¨ ´¥ ¸µ¤¥·¦¨É ¨ ³µ¦¥É ÔÉµ ¸¤¥² ÉÓ
²¨ÏÓ ¸µ¢³¥¸É´µ ¸ Ë¨§¨Î¥¸±¨³¨ § ±µ´ ³¨, Éµ ¶·¥¤¸É ¢²Ö²µ¸Ó ¡Ò ¢µ§³µ¦´Ò³
¨ · §Ê³´Ò³ ¶·¨¤¥·¦¨¢ ÉÓ¸Ö ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨, ± ±¨³¨ ¡Ò ¸¢µ°¸É¢ ³¨
´¥ µ¡² ¤ ²  ¤¥°¸É¢¨É¥²Ó´µ¸ÉÓ. …¸²¨ ¦¥ ¡Ê¤¥É µ¡´ ·Ê¦¥´µ ¶·µÉ¨¢µ·¥Î¨¥
³¥¦¤Ê É¥µ·¨¥° ¨ µ¶ÒÉµ³, Éµ ²¥£Î¥ ¸µ£² ¸¨ÉÓ¸Ö ¸ ¨§³¥´¥´¨¥³ Ë¨§¨Î¥¸±¨Ì § -
±µ´µ¢, Î¥³ ¸ ¨§³¥´¥´¨¥³  ±¸¨µ³ É¨Î¥¸±µ° ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨ª. ˆ ¤ ²¥¥:
©ŒÒ ÎÊ¢¸É¢Ê¥³ ¸¥¡Ö ¢Ò´Ê¦¤¥´´Ò³¨ ¶¥·¥°É¨ ± ¸²¥¤ÊÕÐ¥³Ê, ¡µ²¥¥ µ¡Ð¥³Ê
¶·¥¤¸É ¢²¥´¨Õ, Ì · ±É¥·´µ³Ê ¤²Ö ÉµÎ±¨ §·¥´¨Ö Ê ´± ·¥. 1 ¶µ¢¥¤¥´¨¨ ·¥-
 ²Ó´ÒÌ ¢¥Ð¥° £¥µ³¥É·¨Ö (ƒ) ´¨Î¥£µ ´¥ £µ¢µ·¨É, ÔÉµ ¶µ¢¥¤¥´¨¥ µ¶¨¸Ò¢ ¥É
Éµ²Ó±µ £¥µ³¥É·¨Ö ¢³¥¸É¥ ¸ ¸µ¢µ±Ê¶´µ¸ÉÓÕ Ë¨§¨Î¥¸±¨Ì § ±µ´µ¢ (”). ‚Ò· -
¦ Ö¸Ó ¸¨³¢µ²¨Î¥¸±¨, ³Ò ³µ¦¥³ ¸± § ÉÓ, ÎÉµ Éµ²Ó±µ ¸Ê³³  (ƒ)+(”) Ö¢²Ö¥É¸Ö
¶·¥¤³¥Éµ³ ¶·µ¢¥·±¨ ´  µ¶ÒÉ¥. ’ ±¨³ µ¡· §µ³, ³µ¦´µ ¶·µ¨§¢µ²Ó´µ ¢Ò¡· ÉÓ
± ± (ƒ), É ± ¨ µÉ¤¥²Ó´Ò¥ Î ¸É¨ (”): ¢¸¥ ÔÉ¨ § ±µ´Ò ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ°
¸µ£² Ï¥´¨Ö. ‚µ ¨§¡¥¦ ´¨¥ ¶·µÉ¨¢µ·¥Î¨° ´¥µ¡Ìµ¤¨³µ µ¸É ¢Ï¨¥¸Ö Î ¸É¨ (”)
¢Ò¡· ÉÓ É ±, ÎÉµ¡Ò (ƒ) ¨ ¶µ²´ Ö (”) ¢³¥¸É¥ µ¶· ¢¤Ò¢ ²¨¸Ó ´  µ¶ÒÉ¥. ·¨
É ±µ³ ¢µ§§·¥´¨¨  ±¸¨µ³ É¨Î¥¸± Ö £¥µ³¥É·¨Ö, ¸ ÉµÎ±¨ §·¥´¨Ö É¥µ·¨¨ ¶µ-
§´ ´¨Ö, · ¢´µÍ¥´´  ¢µ§¢¥¤¥´´µ° ¢ · ´£ ¸µ£² Ï¥´¨Ö Î ¸É¨ § ±µ´µ¢ ¶·¨·µ¤Ò.
µ ³µ¥³Ê ³´¥´¨Õ, É ±µ¥ ¢µ§§·¥´¨¥ Ê ´± ·¥ ¸ ¶·¨´Í¨¶¨ ²Ó´µ° ÉµÎ±¨ §·¥´¨Ö
¸µ¢¥·Ï¥´´µ ¶· ¢¨²Ó´µª.

•µÉÖ �.�°´ÏÉ¥°´ ¢ ¶·¨´Í¨¶¥ ¨ ¸µ£² ¸¨²¸Ö ¸ �.�Ê ´± ·¥, É¥³ ´¥ ³¥´¥¥
¸¢µÕ ÉµÎ±Ê §·¥´¨Ö µ´ ¸Ëµ·³Ê²¨·µ¢ ² ¸²¥¤ÊÕÐ¨³ µ¡· §µ³: ©1¤´ ±µ, ¶µ ³µ-
¥³Ê Ê¡¥¦¤¥´¨Õ, ¶·¨ ¸µ¢·¥³¥´´µ³ ¸µ¸ÉµÖ´¨¨ É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨ ÔÉ¨³¨
¶µ´ÖÉ¨Ö³¨ (¨³¥ÕÉ¸Ö ¢ ¢¨¤Ê ¶µ´ÖÉ¨Ö: Î ¸Ò ¨ É¢¥·¤µ¥ É¥²µ. Å 3.‹.) ¸²¥-
¤Ê¥É ¶µ²Ó§µ¢ ÉÓ¸Ö ± ± ´¥§ ¢¨¸¨³Ò³¨, ¶µ¸±µ²Ó±Ê ³Ò ¶µ±  ¥Ð¥ ¤ ²¥±¨ µÉ É -
±µ£µ ¶µ´¨³ ´¨Ö É¥µ·¥É¨Î¥¸±¨Ì µ¸´µ¢ ´¨°  Éµ³¨¸É¨±¨, ±µÉµ·µ¥ ¶µ§¢µ²¨²µ
¡Ò ¶µ¸É·µ¨ÉÓ É¥µ·¥É¨Î¥¸±¨ ¶µ´ÖÉ¨Ö É¢¥·¤ÒÌ É¥² ¨ Î ¸µ¢ ¨§ ¡µ²¥¥ Ô²¥-
³¥´É ·´ÒÌª; ¨ ¤ ²¥¥ �.�°´ÏÉ¥°´ ¶µ¤Î¥·±´Ê²: ©‚µ¶·µ¸ µ Éµ³, ¨³¥¥É ÔÉµÉ
±µ´É¨´ÊÊ³ ¥¢±²¨¤µ¢Ê, ·¨³ ´µ¢Ê ¨²¨ ± ±ÊÕ-²¨¡µ ¤·Ê£ÊÕ ¸É·Ê±ÉÊ·Ê, Ö¢²Ö¥É¸Ö
¢µ¶·µ¸µ³ Ë¨§¨Î¥¸±¨³, µÉ¢¥É ´  ±µÉµ·Ò° ¤µ²¦¥´ ¤ ÉÓ µ¶ÒÉ,   ´¥ ¢µ¶·µ¸µ³
¸µ£² Ï¥´¨Ö µ ¢Ò¡µ·¥ ´  µ¸´µ¢¥ ¶·µ¸Éµ° Í¥²¥¸µµ¡· §´µ¸É¨... .

’ ±µ³Ê ¶µ´¨³ ´¨Õ £¥µ³¥É·¨¨ Ö ¶·¨¤ Õ µ¸µ¡µ¥ §´ Î¥´¨¥, ¶µ¸±µ²Ó±Ê ¡¥§
´¥£µ Ö ´¥ ¸³µ£ ¡Ò Ê¸É ´µ¢¨ÉÓ É¥µ·¨Õ µÉ´µ¸¨É¥²Ó´µ¸É¨. ˆ³¥´´µ, ¡¥§ ´¥¥
¡Ò²µ ¡Ò ´¥¢µ§³µ¦´µ ¸²¥¤ÊÕÐ¥¥ ¸µµ¡· ¦¥´¨¥: ¢ ¸¨¸É¥³¥ µÉ¸Î¥É , ±µÉµ· Ö
¢· Ð ¥É¸Ö µÉ´µ¸¨É¥²Ó´µ ´¥±µÉµ·µ° ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò, § ±µ´Ò · ¸¶µ-
²µ¦¥´¨Ö É¢¥·¤ÒÌ É¥² ´¥ ¸µµÉ¢¥É¸É¢ÊÕÉ ¶· ¢¨² ³ ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨
¢¸²¥¤¸É¢¨¥ ²µ·¥´Í¥¢  ¸µ±· Ð¥´¨Ö; É ±¨³ µ¡· §µ³, ¤µ¶Ê¸± Ö · ¢´µ¶· ¢´µ¥
¸ÊÐ¥¸É¢µ¢ ´¨¥ ´¥¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³, ³Ò ¤µ²¦´Ò µÉ± § ÉÓ¸Ö µÉ ¥¢±²¨¤µ-
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¢µ° £¥µ³¥É·¨¨. >¥§ É ±µ° ¨´É¥·¶·¥É Í¨¨ ¡Ò² ¡Ò ´¥¢µ§³µ¦¥´ ¨ ·¥Ï¨É¥²Ó´Ò°
Ï £ ± µ¡Ð¥±µ¢ ·¨ ´É´Ò³ Ê· ¢´¥´¨Ö³ª. �.�°´ÏÉ¥°´ ¶·¨Ï¥², É ±¨³ µ¡· -
§µ³, ± ·¨³ ´µ¢µ° £¥µ³¥É·¨¨ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨, ±µÉµ·ÊÕ µ´ ¨ ¶µ²µ¦¨²
¢ µ¸´µ¢Ê µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ (�’�). �¤´ ±µ ¢ ·¨³ ´µ¢µ³ ¶·µ-
¸É· ´¸É¢¥ µÉ¸ÊÉ¸É¢ÊÕÉ ¶µ´ÖÉ¨Ö µ¤´µ·µ¤´µ¸É¨ ¨ ¨§µÉ·µ¶´µ¸É¨ ¶·µ¸É· ´¸É¢ ,
  ¸²¥¤µ¢ É¥²Ó´µ, ¢ É¥µ·¨¨, ±µÉµ· Ö ¸É·µ¨É¸Ö ´  µ¸´µ¢¥ ·¨³ ´µ¢µ° £¥µ³¥É·¨¨,
µÉ¸ÊÉ¸É¢ÊÕÉ ¨ µ¡ÒÎ´Ò¥ § ±µ´Ò ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ ³µ³¥´É  ±µ-
²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö.

ˆ§ ¶·¥¤Ò¤ÊÐ¥£µ ³Ò ¢¨¤¨³, ÎÉµ, ¸²¥¤ÊÖ ³Ò¸²¨ �.�Ê ´± ·¥, ³µ¦´µ ¶·¨°É¨
± ¶¸¥¢¤µ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨, Éµ£¤  ± ± �.�°´ÏÉ¥°´
¶µ§¤´¥¥, µ¸ÊÐ¥¸É¢²ÖÖ ¶µ¸É·µ¥´¨¥ �’�, ¶·¨Ï¥² ± ·¨³ ´µ¢µ° ¸É·Ê±ÉÊ·¥ ¶·µ-
¸É· ´¸É¢ -¢·¥³¥´¨, µ¸É ¢¨¢, É ±¨³ µ¡· §µ³, §  ¡µ·Éµ³ µ¡ÒÎ´Ò¥ § ±µ´Ò ¸µ-
Ì· ´¥´¨Ö. ‚ µ¸´µ¢Ê ¢Ò¡µ·  £¥µ³¥É·¨¨ �.�Ê ´± ·¥ ¨ �.�°´ÏÉ¥°´ ¡· ²¨
µ¶ÒÉ´Ò¥ Ë ±ÉÒ, ´µ ¸ Éµ° ¸ÊÐ¥¸É¢¥´´µ° · §´¨Í¥°, ÎÉµ �.�Ê ´± ·¥, ¶µ´¨³ Ö
¢ ¦´µ¸ÉÓ µ¶ÒÉ´ÒÌ Ë ±Éµ¢, ¢¸¥ ¦¥ ¤µ¶Ê¸± ² ¢µ§³µ¦´µ¸ÉÓ ¢Ò¡µ· , Éµ£¤  ± ±
�.�°´ÏÉ¥°´ ¸Î¨É ², ÎÉµ ¢µ¶·µ¸ µ £¥µ³¥É·¨¨ ¥¸ÉÓ ¢µ¶·µ¸ Ë¨§¨Î¥¸±¨°, ¨ ´ 
´¥£µ ¤µ²¦¥´ ¤ ÉÓ µÉ¢¥É µ¶ÒÉ. ‚ ¶·¨´Í¨¶¥ ÔÉµ ¶· ¢¨²Ó´µ. �µ ¶·¨ ÔÉµ³ ¸· §Ê
¢µ§´¨± ¥É ¢µ¶·µ¸: ± ±µ° µ¶ÒÉ? �¶ÒÉ´ÒÌ Ë ±Éµ¢ ³µ¦¥É ¡ÒÉÓ ¤µ¸É ÉµÎ´µ
³´µ£µ. ’ ±, ´ ¶·¨³¥·, ¨§ÊÎ Ö ¤¢¨¦¥´¨¥ ¸¢¥É  ¨ ¶·µ¡´ÒÌ É¥², ³µ¦´µ, ¢ ¶·¨´-
Í¨¶¥, µ¤´µ§´ Î´µ Ê¸É ´µ¢¨ÉÓ £¥µ³¥É·¨Õ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨. �¥µ¡Ìµ¤¨³µ
²¨ ¥¥ ¨ ¶µ²µ¦¨ÉÓ ¢ µ¸´µ¢Ê Ë¨§¨Î¥¸±µ° É¥µ·¨¨? �  ¶¥·¢Ò° ¢§£²Ö¤, ´  ÔÉµÉ ¢µ-
¶·µ¸ ³µ¦´µ µÉ¢¥É¨ÉÓ ÊÉ¢¥·¤¨É¥²Ó´µ. ˆ, ± § ²µ¸Ó ¡Ò, ¢µ¶·µ¸ ¨¸Î¥·¶ ´. �¤´ ±µ
¸¨ÉÊ Í¨Ö £µ· §¤µ ¸²µ¦´¥¥. ‚¸¥ ¢¨¤Ò ³ É¥·¨¨ ¶µ¤Î¨´ÖÕÉ¸Ö § ±µ´ ³ ¸µÌ· ´¥-
´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ ³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö. ˆ³¥´´µ ÔÉ¨ § ±µ´Ò,
¢µ§´¨±Ï¨¥ ¶ÊÉ¥³ µ¡µ¡Ð¥´¨Ö ³´µ£µÎ¨¸²¥´´ÒÌ µ¶ÒÉ´ÒÌ ¤ ´´ÒÌ, Ì · ±É¥·¨-
§ÊÕÉ µ¡Ð¨¥ ¤¨´ ³¨Î¥¸±¨¥ ¸¢µ°¸É¢  ¢¸¥Ì Ëµ·³ ³ É¥·¨¨, ¢¢µ¤Ö Ê´¨¢¥·¸ ²Ó´Ò¥
Ì · ±É¥·¨¸É¨±¨, ±µÉµ·Ò¥ ¶µ§¢µ²ÖÕÉ ±µ²¨Î¥¸É¢¥´´µ µ¶¨¸ ÉÓ ¶·¥¢· Ð¥´¨¥ µ¤-
´¨Ì Ëµ·³ ³ É¥·¨¨ ¢ ¤·Ê£¨¥. ‚¥¤Ó ¢¸¥ ÔÉµ Éµ¦¥ µ¶ÒÉ´Ò¥ Ë ±ÉÒ, ¸É ¢Ï¨¥
ËÊ´¤ ³¥´É ²Ó´Ò³¨ Ë¨§¨Î¥¸±¨³¨ ¶·¨´Í¨¶ ³¨. Š ± ¡ÒÉÓ ¸ ´¨³¨? ‘µÌ· ´¥´¨¥
ÔÉ¨Ì ¶·¨´Í¨¶µ¢ µ¤´µ§´ Î´µ µ¶·¥¤¥²Ö¥É ¸É·Ê±ÉÊ·Ê £¥µ³¥É·¨¨, ±µÉµ· Ö, µ± -
§Ò¢ ¥É¸Ö, ¤µ²¦´  ¡ÒÉÓ Éµ²Ó±µ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ°. ˆ³¥´´µ ¢ ÔÉµ³ ¸²ÊÎ ¥ ¡Ê¤ÊÉ
¨³¥ÉÓ ³¥¸Éµ ¢ É¥µ·¨¨ ± ± § ±µ´ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸ , É ± ¨ § ±µ´
¸µÌ· ´¥´¨Ö ³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö ¤²Ö ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö ¢³¥¸É¥ ¢§ÖÉÒÌ. +·µ¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ µÉ· ¦ ¥É ¤¨´ ³¨Î¥¸±¨¥
¸¢µ°¸É¢ , µ¡Ð¨¥ ¤²Ö ¢¸¥Ì Ëµ·³ ³ É¥·¨¨, ¨ ¶µÔÉµ³Ê µ´µ Ê´¨¢¥·¸ ²Ó´µ. �µ
ÔÉµ µ§´ Î ¥É, ÎÉµ ¢¸¥ Éµ, ÎÉµ µÉ´µ¸ÖÉ µ¡ÒÎ´µ ± ±¨´¥³ É¨±¥ É¥µ·¨¨ µÉ´µ¸¨É¥²Ó-
´µ¸É¨, ´  ¸ ³µ³ ¤¥²¥ ¥¸ÉÓ ´¥ ÎÉµ ¨´µ¥ ± ± µÉ· ¦¥´¨¥ µ¡Ð¨Ì ¤¨´ ³¨Î¥¸±¨Ì
¸¢µ°¸É¢ ³ É¥·¨¨.

’ ±¨³ µ¡· §µ³, ´¥ ¢¸Ö±¨° µ¶ÒÉ ³µ¦¥É ¡ÒÉÓ ¢§ÖÉ ¢ ± Î¥¸É¢¥ ¨¸Ìµ¤´µ£µ Ë¨-
§¨Î¥¸±µ£µ ¶µ²µ¦¥´¨Ö ¶·¨ µ¶·¥¤¥²¥´¨¨ ¸É·Ê±ÉÊ·Ò ¶·µ¸É· ´¸É¢ . ’ ±, ¥¸²¨ ¡Ò
¸É·Ê±ÉÊ·Ê ¶·µ¸É· ´¸É¢  ¸É·µ¨²¨ ´  µ¶ÒÉ´ÒÌ Ë ±É Ì µ ¤¢¨¦¥´¨¨ ¶·µ¡´ÒÌ É¥²
¨ ¸¢¥É , Éµ ¶·¨Ï²¨ ¡Ò, ´ ¶·¨³¥·, ± ·¨³ ´µ¢Ê ¶·µ¸É· ´¸É¢Ê, ´µ ÔÉµ µ§´ Î ²µ
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¡Ò, ÎÉµ ³Ò ¶µÉ¥·Ö²¨ ËÊ´¤ ³¥´É ²Ó´Ò¥ ¶·¨´Í¨¶Ò É¥µ·¨¨ Å § ±µ´Ò ¸µÌ· -
´¥´¨Ö. ‚Ò¡µ· ¶¸¥¢¤µ¥¢±²¨¤µ¢µ° ¸É·Ê±ÉÊ·Ò £¥µ³¥É·¨¨ ¸µÌ· ´Ö¥É µ¸´µ¢´Ò¥
Ë¨§¨Î¥¸±¨¥ ¶·¨´Í¨¶Ò É¥µ·¨¨ Å § ±µ´Ò ¸µÌ· ´¥´¨Ö, µ¤´ ±µ ¤²Ö µ¡ÑÖ¸´¥´¨Ö
¤¢¨¦¥´¨Ö ¶·µ¡´ÒÌ É¥² ¨ ¸¢¥É  ´¥µ¡Ìµ¤¨³µ ¡Ê¤¥É ¢¢¥¸É¨ ´µ¢Ò¥ Ë¨§¨Î¥¸±¨¥
¶µ²µ¦¥´¨Ö. �  ÔÉµ³ ³Ò ¶µ¤·µ¡´µ µ¸É ´µ¢¨³¸Ö ¢ ¸²¥¤ÊÕÐ¥³ · §¤¥²¥. …¸²¨
¸²¥¤µ¢ ÉÓ ³Ò¸²¨ �.�Ê ´± ·¥, Éµ ¢Ò¡µ· ¶¸¥¢¤µ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨ ³µ¦´µ
· ¸¸³ É·¨¢ ÉÓ ± ± ¸µ£² Ï¥´¨¥, ´µ µÉ´Õ¤Ó ´¥ ¶·µ¨§¢µ²Ó´µ¥, ¶µ¸±µ²Ó±Ê µ´µ
ÉµÎ´µ µÉ· ¦ ¥É Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ § ±µ´Ò, ¢µ§¢¥¤¥´´Ò¥ ¢ · ´£ ¶·¨´Í¨¶µ¢.

‚ µ¸´µ¢Ê · §¢¨¢ ¥³µ° ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ £· ¢¨É Í¨¨ (’ƒ) [1] ³Ò
¶µ²µ¦¨²¨ ¶¸¥¢¤µ¥¢±²¨¤µ¢Ê £¥µ³¥É·¨Õ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ± ± ËÊ´¤ ³¥´-
É ²Ó´µ¥ ¶·µ¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ ¤²Ö ¢¸¥Ì Ë¨§¨Î¥¸±¨Ì ¶µ²¥°, ¢ Éµ³ Î¨-
¸²¥ ¨ ¤²Ö £· ¢¨É Í¨µ´´µ£µ. �Éµ ¶µ²µ¦¥´¨¥ ´¥µ¡Ìµ¤¨³µ ¨ ¤µ¸É ÉµÎ´µ, ÎÉµ¡Ò
¨³¥²¨ ³¥¸Éµ ¨´É¥£· ²Ò ¤¢¨¦¥´¨Ö Å § ±µ´Ò ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨
³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢³¥¸É¥ ¢§Ö-
ÉÒÌ. �·µ¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ ´¥²Ó§Ö ¸Î¨É ÉÓ  ¶·¨µ·´µ ¸ÊÐ¥¸É¢ÊÕÐ¨³,
¶µ¸±µ²Ó±Ê µ´µ µÉ· ¦ ¥É ¸¢µ°¸É¢µ ³ É¥·¨¨, ¸²¥¤µ¢ É¥²Ó´µ, µ´µ ´¥µÉ¤¥²¨³µ µÉ
´¥¥. •µÉÖ Ëµ·³ ²Ó´µ, ¨³¥´´µ ¢ ¸¨²Ê ´¥§ ¢¨¸¨³µ¸É¨ ¸É·Ê±ÉÊ·Ò ¶·µ¸É· ´¸É¢ 
µÉ ¢¨¤  ³ É¥·¨¨, µ´µ ¨´µ£¤  · ¸¸³ É·¨¢ ¥É¸Ö  ¡¸É· ±É´µ ¢ µÉ·Ò¢¥ µÉ ³ É¥·¨¨.
‚ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ
¨´É¥·¢ ², Ì · ±É¥·¨§ÊÕÐ¨° ¸É·Ê±ÉÊ·Ê £¥µ³¥É·¨¨ ¨ Ö¢²ÖÕÐ¨°¸Ö ¨´¢ ·¨ ´Éµ³
¶µ ¶µ¸É·µ¥´¨Õ, ¨³¥¥É ¢¨¤

dσ2 = (dx0)2 − (dx1)2 − (dx2)2 − (dx3)2 .

‡¤¥¸Ó dxν Å ¤¨ËË¥·¥´Í¨ ²Ò ±µµ·¤¨´ É.
•µÉÖ ´¥§ ¢¨¸¨³µ¸ÉÓ ¨´É¥·¢ ²  dσ, ± ± £¥µ³¥É·¨Î¥¸±µ° Ì · ±É¥·¨¸É¨±¨

¶·µ¸É· ´¸É¢ -¢·¥³¥´¨, µÉ ¢Ò¡µ·  ¸¨¸É¥³Ò ±µµ·¤¨´ É § ¤ ´  ¶µ ¶µ¸É·µ¥´¨Õ,
É¥³ ´¥ ³¥´¥¥ ¤µ ¸¨Ì ¶µ· ¤ ¦¥ ¢ ¸µ¢·¥³¥´´ÒÌ ±Ê·¸ Ì ¶µ É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¥
(¸³., ´ ¶·¨³¥·, [2]) ³µ¦´µ Ê¢¨¤¥ÉÓ ©¤µ± § É¥²Ó¸É¢µª, ÎÉµ ¨´É¥·¢ ² µ¤¨´ ±µ¢
¢µ ¢¸¥Ì ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ Ì ±µµ·¤¨´ É, ÌµÉÖ µ´ Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´Éµ³ ¨
´¥ § ¢¨¸¨É µÉ ¢Ò¡µ·  ¸¨¸É¥³Ò ±µµ·¤¨´ É. „ ¦¥ É ±µ° ±·Ê¶´Ò° Ë¨§¨±, ± ±
‹.ˆ.Œ ´¤¥²ÓÏÉ ³, ¢ ±´¨£¥ [3] ¶¨¸ ²: ©Š ± ¨¤ÊÉ Ê¸±µ·¥´´µ ¤¢¨¦ÊÐ¨¥¸Ö Î ¸Ò
¨ ¶µÎ¥³Ê ¨Ì Ìµ¤ ³¥´Ö¥É¸Ö, ´  ÔÉµ ¸¶¥Í¨ ²Ó´ Ö É¥µ·¨Ö µÉ´µ¸¨É¥²Ó´µ¸É¨
µÉ¢¥É¨ÉÓ ´¥ ³µ¦¥É, ¨¡µ µ´  ¢µµ¡Ð¥ ´¥ § ´¨³ ¥É¸Ö ¢µ¶·µ¸µ³ µ¡ Ê¸±µ·¥´´µ
¤¢¨¦ÊÐ¨Ì¸Ö ¸¨¸É¥³ Ì µÉ¸Î¥É ª.

‚¸¥ ÔÉ¨ § ¡²Ê¦¤¥´¨Ö [4] ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ É¥³, ÎÉµ ¶·µ¸É· ´¸É¢µ Œ¨´-
±µ¢¸±µ£µ ³´µ£¨³¨ · ¸¸³ É·¨¢ ²µ¸Ó ´¥ ± ± µÉ±·ÒÉ¨¥ £¥µ³¥É·¨¨ ¶·µ¸É· ´¸É¢ -
¢·¥³¥´¨,   ± ± Ö±µ¡Ò Ëµ·³ ²Ó´ Ö £¥µ³¥É·¨Î¥¸± Ö ¨´É¥·¶·¥É Í¨Ö ‘’� ¢ ¶µ¤-
Ìµ¤¥ �.�°´ÏÉ¥°´ . �  ¶¥·¥¤´¨° ¶² ´ ¡Ò²¨ ¢Ò¤¢¨´ÊÉÒ É ±¨¥ µ£· ´¨Î¥´´Ò¥
¶µ´ÖÉ¨Ö, ± ± ¶µ¸ÉµÖ´¸É¢µ ¸±µ·µ¸É¨ ¸¢¥É , ¸¨´Ì·µ´¨§ Í¨Ö Î ¸µ¢, ´¥§ ¢¨¸¨-
³µ¸ÉÓ ¸±µ·µ¸É¨ ¸¢¥É  µÉ ¤¢¨¦¥´¨Ö ¨¸ÉµÎ´¨± . ‚¸¥ ÔÉµ ¸ÊÐ¥¸É¢¥´´µ ¸Ê§¨²µ
· ³±¨ ‘’� ¨ § ¤¥·¦ ²µ ¶µ´¨³ ´¨¥ ¥¥ ¸ÊÉ¨. - ¢¥¤Ó ¸ÊÉÓ ¥¥ ¨ ¸µ¸Éµ¨É Éµ²Ó±µ
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¢ Éµ³, ÎÉµ £¥µ³¥É·¨Ö ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨, ¢ ±µÉµ·µ° ¶·µÉ¥± ÕÉ ¢¸¥ Ë¨-
§¨Î¥¸±¨¥ ¶·µÍ¥¸¸Ò, ¥¸ÉÓ ¶¸¥¢¤µ¥¢±²¨¤µ¢  £¥µ³¥É·¨Ö.

‚ ¶·µ¨§¢µ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¨´É¥·¢ ² ¶·¨´¨³ ¥É Ëµ·³Ê

dσ2 = γµν(x)dx
µdxν ,

γµν(x) Å ³¥É·¨Î¥¸±¨° É¥´§µ· ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ. ‡ ³¥É¨³, ÎÉµ ¢
´¥¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¢ ¶·¨´Í¨¶¥ ´¥²Ó§Ö £µ¢µ·¨ÉÓ µ ¸¨´Ì·µ´¨-
§ Í¨¨ Î ¸µ¢ ¨ ¶µ¸ÉµÖ´¸É¢¥ ¸±µ·µ¸É¨ ¸¢¥É  [5]. ‘¢µ¡µ¤´µ¥ ¤¢¨¦¥´¨¥ ¶·µ¡´µ£µ
É¥²  ¢ ¶·µ¨§¢µ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¶·µ¨¸Ìµ¤¨É ¶µ £¥µ¤¥§¨Î¥¸±µ° ²¨´¨¨
¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ:

DUν

dσ
=
dUν

dσ
+ γναβU

αUβ = 0 ,

£¤¥ Uν = dxν

dσ
, γναβ(x) Å ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö, µ¶·¥¤¥²Ö¥³Ò¥ ¢Ò· ¦¥´¨¥³

γναβ(x) =
1

2
γνσ(∂αγβσ + ∂βγασ − ∂σγαβ) .

‚ µ¸´µ¢Ê É¥µ·¨¨ £· ¢¨É Í¨¨ ³Ò ¶µ²µ¦¨²¨ ¶¸¥¢¤µ¥¢±²¨¤µ¢Ê £¥µ³¥É·¨Õ,
´µ ÔÉµ µÉ´Õ¤Ó ´¥ µ§´ Î ¥É, ÎÉµ ¨ ÔËË¥±É¨¢´µ¥ ¶·µ¸É· ´¸É¢µ ¢ ¶·¨¸ÊÉ¸É¢¨¨
£· ¢¨É Í¨µ´´µ£µ ¶µ²Ö É ±¦¥ ¡Ê¤¥É ¶¸¥¢¤µ¥¢±²¨¤µ¢Ò³. �µ¤ ¤¥°¸É¢¨¥³ £· ¢¨-
É Í¨µ´´µ£µ ¶µ²Ö ÔËË¥±É¨¢´µ¥ ¶·µ¸É· ´¸É¢µ ¡Ê¤¥É Ê¦¥ ¤·Ê£¨³. �ÉµÉ ¢µ¶·µ¸
³Ò ¶µ¤·µ¡´µ · ¸¸³µÉ·¨³ ¢ ¸²¥¤ÊÕÐ¥³ · §¤¥²¥. Œ¥É·¨±  ¶·µ¸É· ´¸É¢  Œ¨´-
±µ¢¸±µ£µ ¶µ§¢µ²Ö¥É ¢¢¥¸É¨ ¶µ´ÖÉ¨Ö ÔÉ ²µ´´µ° ¤²¨´Ò ¨ ¶·µ³¥¦ÊÉ±  ¢·¥³¥´¨
¶·¨ µÉ¸ÊÉ¸É¢¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö.

2. ’…�‡&) 3�…)ƒˆˆ-ˆŒ+“‹œ‘- Œ-’…)ˆˆ
Š-Š ˆ‘’&—�ˆŠ ƒ)-‚ˆ’-–ˆ&��&ƒ& +&‹Ÿ

t² £µ¤ ·Ö ´ ²¨Î¨Õ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ ¤¥¸ÖÉ¨¶ · ³¥É·¨Î¥¸±µ°
£·Ê¶¶Ò ¤¢¨¦¥´¨Ö �Ê ´± ·¥, ¤²Ö ²Õ¡µ° § ³±´ÊÉµ° Ë¨§¨Î¥¸±µ° ¸¨¸É¥³Ò ¸ÊÐ¥-
¸É¢ÊÕÉ ¤¥¸ÖÉÓ ¨´É¥£· ²µ¢ ¤¢¨¦¥´¨Ö, Éµ ¥¸ÉÓ ¨³¥ÕÉ ³¥¸Éµ § ±µ´Ò ¸µÌ· ´¥´¨Ö
Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ ³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö. ‹Õ¡µ¥ Ë¨§¨Î¥¸±µ¥ ¶µ²¥
¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ Ì · ±É¥·¨§Ê¥É¸Ö ¶²µÉ´µ¸ÉÓÕ É¥´§µ·  Ô´¥·£¨¨-
¨³¶Ê²Ó¸  tµν , Ö¢²ÖÕÐ¥°¸Ö µ¡Ð¥° Ê´¨¢¥·¸ ²Ó´µ° Ì · ±É¥·¨¸É¨±µ° ¤²Ö ¢¸¥Ì
Ëµ·³ ³ É¥·¨¨, ±µÉµ· Ö Ê¤µ¢²¥É¢µ·Ö¥É § ±µ´Ê ¸µÌ· ´¥´¨Ö, ± ± ²µ± ²Ó´µ³Ê,
É ± ¨ ¨´É¥£· ²Ó´µ³Ê. ‚ ¶·µ¨§¢µ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ²µ± ²Ó´Ò° § ±µ´
¸µÌ· ´¥´¨Ö § ¶¨¸Ò¢ ¥É¸Ö ¢ Ëµ·³¥

Dµt
µν = ∂µt

µν + γναβt
αβ = 0 .



18 ‹�ƒ“��‚ �.�.

‡¤¥¸Ó tµν Å ¸Ê³³ ·´ Ö ¸µÌ· ´ÖÕÐ Ö¸Ö ¶²µÉ´µ¸ÉÓ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸ 
¢¸¥Ì ¶µ²¥° ³ É¥·¨¨; Dµ Å ±µ¢ ·¨ ´É´ Ö ¶·µ¨§¢µ¤´ Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´-
±µ¢¸±µ£µ.

ŒÒ §¤¥¸Ó ¨ ¢ ¤ ²Ó´¥°Ï¥³ ¢¸¥£¤  ¡Ê¤¥³ ¨³¥ÉÓ ¤¥²µ ¸ ¶²µÉ´µ¸ÉÖ³¨ ¸± -
²Ö·´ÒÌ ¨ É¥´§µ·´ÒÌ ¢¥²¨Î¨´, µ¶·¥¤¥²Ö¥³ÒÌ ¶µ ¶· ¢¨²Ê

φ̃ =
√
−γφ , φ̃µν =

√
−γφµν , γ = det(γµν) .

‚¢¥¤¥´¨¥ ¶²µÉ´µ¸É¥° µ¡Ê¸²µ¢²¥´µ É¥³, ÎÉµ ¢ ¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É Ì ¨´-
¢ ·¨ ´É´Ò° Ô²¥³¥´É µ¡Ñ¥³  ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· -
¦¥´¨¥³ √

−γd4x ,
  ¨´¢ ·¨ ´É´Ò° Ô²¥³¥´É µ¡Ñ¥³  ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥

√
−gd4x , g = det(gµν) .

�µÔÉµ³Ê ¶·¨´Í¨¶ ´ ¨³¥´ÓÏ¥£µ ¤¥°¸É¢¨Ö ¢Ò· ¦ ¥É¸Ö Ëµ·³Ê²µ°

δS = δ

∫
Ld4x = 0 ,

£¤¥ L Å ¸± ²Ö·´ Ö ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ³ É¥·¨¨.
�·¨ ¶µ²ÊÎ¥´¨¨ Ê· ¢´¥´¨° �°²¥·  ¸ ¶µ³µÐÓÕ ¶·¨´Í¨¶  ´ ¨³¥´ÓÏ¥£µ

¤¥°¸É¢¨Ö ³Ò ¡Ê¤¥³  ¢Éµ³ É¨Î¥¸±¨ ¨³¥ÉÓ ¤¥²µ ¸ ¢ ·¨ Í¨¥° ¨³¥´´µ ¶²µÉ´µ¸É¨
² £· ´¦¨ ´ . �²µÉ´µ¸ÉÓ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  tµν , ¸µ£² ¸´µ „.ƒ¨²Ó¡¥·ÉÊ,
¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¸± ²Ö·´ÊÕ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  L ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

tµν = −2 δL

δγµν
, (1)

£¤¥
δL

δγµν
=

∂L

∂γµν
− ∂σ

(
∂L

∂γµν,σ

)
, γµν,σ =

∂γµν

∂xσ
.

‚ ¸¨²Ê Ê´¨¢¥·¸ ²Ó´µ¸É¨ £· ¢¨É Í¨¨ ¥¸É¥¸É¢¥´´µ ¢Ò¤¢¨´ÊÉÓ £¨¶µÉ¥§Ê, ÎÉµ ¸µ-
Ì· ´ÖÕÐ Ö¸Ö ¶²µÉ´µ¸ÉÓ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¸¥Ì ¶µ²¥° ³ É¥·¨¨ tµν

Ö¢²Ö¥É¸Ö ¨¸ÉµÎ´¨±µ³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. „ ²¥¥ ³Ò ¢µ¸¶µ²Ó§Ê¥³¸Ö  ´ -
²µ£¨¥° ¸ Ô²¥±É·µ¤¨´ ³¨±µ°, ¢ ±µÉµ·µ° ¨¸ÉµÎ´¨±µ³ Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö
Ö¢²Ö¥É¸Ö ¸µÌ· ´ÖÕÐ Ö¸Ö ¶²µÉ´µ¸ÉÓ § ·Ö¦¥´´µ£µ ¢¥±Éµ·´µ£µ Éµ±  jν ,   ¸ ³µ
¶µ²¥ ¨³¥¥É ¢¥±Éµ·´ÊÕ ¶·¨·µ¤Ê ¨ µ¶¨¸Ò¢ ¥É¸Ö ¶²µÉ´µ¸ÉÓÕ ¢¥±Éµ·´µ£µ ¶µÉ¥´-
Í¨ ²  Ãν :

Ãν = (φ̃, Ãi) .

“· ¢´¥´¨Ö Ô²¥±É·µ¤¨´ ³¨±¨ Œ ±¸¢¥²²  ¢ µÉ¸ÊÉ¸É¢¨¥ £· ¢¨É Í¨¨ ¢ ¶·µ¨§¢µ²Ó-
´ÒÌ ±µµ·¤¨´ É Ì ¨³¥ÕÉ ¢¨¤

γαβDαDβÃ
ν + µ2Ãν = 4πjν ,
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DνÃ
ν = 0 .

ŒÒ §¤¥¸Ó ¤²Ö µ¡Ð´µ¸É¨ ¢¢¥²¨ ³ ¸¸Ê ËµÉµ´  µ.
�µ¸±µ²Ó±Ê ¨¸ÉµÎ´¨±µ³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ³Ò µ¡ÑÖ¢¨²¨ ¸µÌ· ´ÖÕÐÊ-

Õ¸Ö ¶²µÉ´µ¸ÉÓ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  tµν , Éµ ¥¸É¥¸É¢¥´´µ ¸Î¨É ÉÓ £· -
¢¨É Í¨µ´´µ¥ ¶µ²¥ É¥´§µ·´Ò³ ¨ µ¶¨¸Ò¢ ÉÓ ¥£µ ¶²µÉ´µ¸ÉÓÕ ¸¨³³¥É·¨Î¥¸±µ£µ
É¥´§µ·  φ̃µν :

φ̃µν =
√
−γφµν ,

¨ ¢ ¶µ²´µ°  ´ ²µ£¨¨ ¸ Ô²¥±É·µ¤¨´ ³¨±µ° Œ ±¸¢¥²²  Ê· ¢´¥´¨Ö £· ¢¨É Í¨µ´-
´µ£µ ¶µ²Ö ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

γαβDαDβφ̃
µν +m2φ̃µν = λtµν , (2)

Dµφ̃
µν = 0 . (3)

‡¤¥¸Ó λ Å ´¥±µÉµ· Ö ¶µ¸ÉµÖ´´ Ö, ±µÉµ· Ö, ¨¸Ìµ¤Ö ¨§ ¶·¨´Í¨¶  ¸µµÉ¢¥É¸É¢¨Ö
¸ § ±µ´µ³ ÉÖ£µÉ¥´¨Ö �ÓÕÉµ´ , ¤µ²¦´  ¡ÒÉÓ · ¢´  16π. “· ¢´¥´¨¥ (3) ¨¸-
±²ÕÎ ¥É ¸¶¨´Ò 1 ¨ 0′, µ¸É ¢²ÖÖ ¶µ²Ö·¨§ Í¨µ´´Ò¥ ¸¢µ°¸É¢  ¶µ²Ö, ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨¥ Éµ²Ó±µ ¸¶¨´ ³ 2 ¨ 0.

�²µÉ´µ¸ÉÓ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  ³ É¥·¨¨ tµν ¸µ¸Éµ¨É ¨§ ¶²µÉ´µ¸É¨
É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö tµνg ¨ ¶²µÉ´µ¸É¨ É¥´§µ· 
Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¥Ð¥¸É¢  tµνM . �µ¤ ¢¥Ð¥¸É¢µ³ ³Ò ¨³¥¥³ ¢ ¢¨¤Ê ¢¸¥ ¶µ²Ö
³ É¥·¨¨, §  ¨¸±²ÕÎ¥´¨¥³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö,

tµν = tµνg + tµνM .

‚§ ¨³µ¤¥°¸É¢¨¥ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¨ ¢¥Ð¥¸É¢  ÊÎ¨ÉÒ¢ ¥É¸Ö ¢ ¶²µÉ´µ¸É¨
É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¥Ð¥¸É¢  tµνM .

�.�°´ÏÉ¥°´ ¥Ð¥ ¢ 1913 £µ¤Ê ¢ · ¡µÉ¥ [6] ¶¨¸ ², ©...ÎÉµ É¥´§µ· £· ¢¨-
É Í¨µ´´µ£µ ¶µ²Ö ϑµν Ö¢²Ö¥É¸Ö ¨¸ÉµÎ´¨±µ³ ¶µ²Ö ´ · ¢´¥ ¸ É¥´§µ·µ³ ³ É¥-
·¨ ²Ó´ÒÌ ¸¨¸É¥³ Θµν . ˆ¸±²ÕÎ¨É¥²Ó´µ¥ ¶µ²µ¦¥´¨¥ Ô´¥·£¨¨ £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö ¶µ ¸· ¢´¥´¨Õ ¸µ ¢¸¥³¨ ¤·Ê£¨³¨ ¢¨¤ ³¨ Ô´¥·£¨¨ ¶·¨¢¥²µ ¡Ò ± ´¥¤µ¶Ê¸É¨-
³Ò³ ¶µ¸²¥¤¸É¢¨Ö³ª. ˆ³¥´´µ ÔÉÊ ¨¤¥Õ �.�°´ÏÉ¥°´  ³Ò ¨ ¶µ²µ¦¨²¨ ¢ µ¸´µ¢Ê
¶µ¸É·µ¥´¨Ö ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ £· ¢¨É Í¨¨ (’ƒ). �·¨ ¶µ¸É·µ¥´¨¨ µ¡-
Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ (�’�) �.�°´ÏÉ¥°´Ê ´¥ Ê¤ ²µ¸Ó ¥¥ ·¥ ²¨§µ¢ ÉÓ,
¶µ¸±µ²Ó±Ê ¢³¥¸Éµ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ �’�
¢µ§´¨± ¶¸¥¢¤µÉ¥´§µ· £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. ‚¸¥ ÔÉµ ¶·µ¨§µÏ²µ ¨§-§  Éµ£µ,
ÎÉµ �.�°´ÏÉ¥°´ ´¥ · ¸¸³ É·¨¢ ² £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ± ± Ë¨§¨Î¥¸±µ¥ ¶µ²¥
(É¨¶  ” · ¤¥Ö Å Œ ±¸¢¥²² ) ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. ˆ³¥´´µ ¶µÔÉµ³Ê
¢ Ê· ¢´¥´¨ÖÌ �’� ´¥ ¸µ¤¥·¦¨É¸Ö ³¥É·¨±  ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ. ˆ§
Ê· ¢´¥´¨° (2) ¸²¥¤Ê¥É, ÎÉµ µ´¨ ¡Ê¤ÊÉ ´¥²¨´¥°´Ò³¨ ¨ ¤²Ö ¸µ¡¸É¢¥´´µ £· -
¢¨É Í¨µ´´µ£µ ¶µ²Ö, ¶µ¸±µ²Ó±Ê ¶²µÉ´µ¸ÉÓ É¥´§µ·  tµνg Ö¢²Ö¥É¸Ö ¨¸ÉµÎ´¨±µ³
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£· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. “· ¢´¥´¨Ö (2) ¨ (3), ±µÉµ·Ò¥ ³Ò Ëµ·³ ²Ó´µ ¶µ  ´ -
²µ£¨¨ ¸ Ô²¥±É·µ¤¨´ ³¨±µ° µ¡ÑÖ¢¨²¨ Ê· ¢´¥´¨Ö³¨ £· ¢¨É Í¨¨, ´ ³ ´¥µ¡Ìµ-
¤¨³µ ¶µ²ÊÎ¨ÉÓ ¨§ ¶·¨´Í¨¶  ´ ¨³¥´ÓÏ¥£µ ¤¥°¸É¢¨Ö, ¨¡µ Éµ²Ó±µ ¢ ÔÉµ³ ¸²ÊÎ ¥
³Ò ¡Ê¤¥³ ¨³¥ÉÓ Ö¢´µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¶²µÉ´µ¸É¨ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸ 
£· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¨ ¶µ²¥° ¢¥Ð¥¸É¢ . �µ ¤²Ö ÔÉµ£µ ´¥µ¡Ìµ¤¨³µ ¶µ¸É·µ¨ÉÓ
¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. �·¨ ÔÉµ³ Î·¥§-
¢ÒÎ °´µ ¢ ¦´µ ÔÉµ ¶µ¸É·µ¥´¨¥ µ¸ÊÐ¥¸É¢¨ÉÓ, ¨¸Ìµ¤Ö ¨§ µ¡Ð¨Ì ¶µ²µ¦¥´¨°.
’µ²Ó±µ ¢ ÔÉµ³ ¸²ÊÎ ¥ ³µ¦´µ £µ¢µ·¨ÉÓ µ É¥µ·¨¨ £· ¢¨É Í¨¨. ˆ¸Ìµ¤´ÊÕ ¸± -
²Ö·´ÊÕ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ³ É¥·¨¨ ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

L = Lg(γµν , φ̃
µν) + LM (γµν , φ̃

µν , φA) ,

§¤¥¸Ó Lg Å ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö; LM Å ¶²µÉ´µ¸ÉÓ
² £· ´¦¨ ´  ¶µ²¥° ¢¥Ð¥¸É¢ ; φA Å ¶µ²Ö ¢¥Ð¥¸É¢ .

“· ¢´¥´¨Ö ¤²Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¨ ¶µ²¥° ¢¥Ð¥¸É¢ , ¸µ£² ¸´µ ¶·¨´-
Í¨¶Ê ´ ¨³¥´ÓÏ¥£µ ¤¥°¸É¢¨Ö, ¨³¥ÕÉ ¢¨¤

δL

δφ̃µν
= 0 , (4)

δLM

δφA
= 0 . (5)

“· ¢´¥´¨Ö (4) µÉ²¨Î ÕÉ¸Ö µÉ Ê· ¢´¥´¨° (2) ¶·¥¦¤¥ ¢¸¥£µ É¥³, ÎÉµ ¢ ´¨Ì ¢ -
·¨ Í¨µ´´ Ö ¶·µ¨§¢µ¤´ Ö µÉ ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  ¡¥·¥É¸Ö ¶µ ¶µ²Õ φ̃µν ,
Éµ£¤  ± ± ¢ Ê· ¢´¥´¨Ö (2), ¸µ£² ¸´µ µ¶·¥¤¥²¥´¨Õ (1), ¢Ìµ¤¨É ¢ ·¨ Í¨µ´´ Ö
¶·µ¨§¢µ¤´ Ö µÉ ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  ¶µ ³¥É·¨±¥ γµν . „²Ö Éµ£µ ÎÉµ¡Ò ¶·¨
²Õ¡µ° Ëµ·³¥ ³ É¥·¨¨ Ê· ¢´¥´¨Ö (4) ¸¢µ¤¨²¨¸Ó ± Ê· ¢´¥´¨Ö³ (2), ´¥µ¡Ìµ¤¨³µ
¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ É¥´§µ·´ Ö ¶²µÉ´µ¸ÉÓ φ̃µν ¢¸¥£¤  ¢Ìµ¤¨É ¢ ¶²µÉ´µ¸ÉÓ ² -
£· ´¦¨ ´  ¸µ¢³¥¸É´µ ¸ É¥´§µ·´µ° ¶²µÉ´µ¸ÉÓÕ γ̃µν Î¥·¥§ ´¥±µÉµ·ÊÕ ¥¤¨´ÊÕ
¶²µÉ´µ¸ÉÓ g̃µν ¢ Ëµ·³¥

g̃µν = γ̃µν + φ̃µν , g̃µν =
√
−ggµν . (6)

‘ ÊÎ¥Éµ³ ÔÉµ£µ Ê¸²µ¢¨Ö ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  L ¶·¨´¨³ ¥É ¢¨¤

L = Lg(γµν , g̃
µν) + LM (γµν , g̃

µν , φA) .

‘²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ Ê¸²µ¢¨¥ (6) ¶µ§¢µ²Ö¥É ¢ ·¨ Í¨µ´´ÊÕ ¶·µ¨§¢µ¤´ÊÕ
¶µ φ̃µν § ³¥´¨ÉÓ ¢ ·¨ Í¨µ´´µ° ¶·µ¨§¢µ¤´µ° ¶µ g̃µν ,   ¢ ·¨ Í¨µ´´ÊÕ ¶·µ-
¨§¢µ¤´ÊÕ ¶µ γµν ¢Ò· §¨ÉÓ Î¥·¥§ ¢ ·¨ Í¨µ´´ÊÕ ¶·µ¨§¢µ¤´ÊÕ ¶µ g̃µν ¨ Î¥·¥§
¢ ·¨ Í¨µ´´ÊÕ ¶·µ¨§¢µ¤´ÊÕ ¶µ γµν , Ö¢´µ ¢Ìµ¤ÖÐÊÕ ¢ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´ 
L. „¥°¸É¢¨É¥²Ó´µ,

δL

δφ̃µν
=

δL

δg̃µν
= 0 , (7)
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δL

δγµν
=

δ�L

δγµν
+

δL

δg̃αβ
· ∂g̃

αβ

∂γµν
. (8)

‚Ò¢µ¤ ¶µ¸²¥¤´¥° Ëµ·³Ê²Ò ¶µ¤·µ¡´µ ¨§²µ¦¥´ ¢ ¶·¨²µ¦¥´¨¨ (�.17). ‡¢¥§-
¤µÎ±µ° ¢ Ëµ·³Ê²¥ (8) µ¡µ§´ Î¥´  ¢ ·¨ Í¨µ´´ Ö ¶·µ¨§¢µ¤´ Ö µÉ ¶²µÉ´µ¸É¨
² £· ´¦¨ ´  ¶µ Ö¢´µ ¢Ìµ¤ÖÐ¥° ¢ L ³¥É·¨±¥ γµν . ‘µ£² ¸´µ (1), Ëµ·³Ê²Ê (8)
³µ¦´µ § ¶¨¸ ÉÓ ¢ Ëµ·³¥

tµν = −2 δL

δg̃αβ
· ∂g̃

αβ

∂γµν
− 2

δ�L

δγµν
.

“Î¨ÉÒ¢ Ö ¢ ¤ ´´µ³ ¢Ò· ¦¥´¨¨ Ê· ¢´¥´¨¥ (7), ¶µ²ÊÎ¨³

tµν = −2 δ
�L

δγµν
. (9)

‘· ¢´¨¢ Ö Ê· ¢´¥´¨¥ (9) ¸ Ê· ¢´¥´¨¥³ (2), ¶µ²ÊÎ¨³ Ê¸²µ¢¨¥

−2 δ
�L

δγµν
=

1

16π
[γαβDαDβφ̃

µν +m2φ̃µν ] , (10)

±µÉµ·µ¥ ¢ ¸²ÊÎ ¥ ¥£µ ¢Ò¶µ²´¥´¨Ö µ¡¥¸¶¥Î¨¢ ¥É ¢µ§³µ¦´µ¸ÉÓ ¶µ²ÊÎ¥´¨Ö Ê· ¢-
´¥´¨° £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö (2) ¨ (3) ´¥¶µ¸·¥¤¸É¢¥´´µ ¨§ ¶·¨´Í¨¶  ´ ¨³¥´Ó-
Ï¥£µ ¤¥°¸É¢¨Ö. �µ¸±µ²Ó±Ê ¢ ¶· ¢ÊÕ Î ¸ÉÓ (10) ´¥ ¢Ìµ¤ÖÉ ¶µ²Ö ¢¥Ð¥¸É¢ , Éµ
ÔÉµ µ§´ Î ¥É, ÎÉµ ¢ ·¨ Í¨Ö ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  ¢¥Ð¥¸É¢  LM ¶µ Ö¢´µ ¢Ìµ-
¤ÖÐ¥° ³¥É·¨±¥ γµν ¤µ²¦´  ¡ÒÉÓ · ¢´  ´Ê²Õ. —Éµ¡Ò ´¥ ¢µ§´¨± ²µ ± ±¨Ì-²¨¡µ
¤µ¶µ²´¨É¥²Ó´ÒÌ µ£· ´¨Î¥´¨° ´  ¤¢¨¦¥´¨¥ ¢¥Ð¥¸É¢ , µ¶·¥¤¥²Ö¥³µ¥ Ê· ¢´¥´¨-
Ö³¨ (5), µÉ¸Õ¤  ´¥¶µ¸·¥¤¸É¢¥´´µ ¸²¥¤Ê¥É, ÎÉµ É¥´§µ· γµν ´¥ ¢Ìµ¤¨É Ö¢´µ ¢
¢Ò· ¦¥´¨¥ ¤²Ö ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  ¢¥Ð¥¸É¢  LM . “¸²µ¢¨¥ (10) Éµ£¤ 
¶·¨´¨³ ¥É ¢¨¤

−2δ
�Lg

δγµν
=

1

16π
[γαβDαDβφ̃

µν +m2φ̃µν ] . (11)

’ ±¨³ µ¡· §µ³, ¢¸¥ ¸¢µ¤¨É¸Ö ± Éµ³Ê, ÎÉµ¡Ò ´ °É¨ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´ 
¸µ¡¸É¢¥´´µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö Lg, ±µÉµ· Ö Ê¤µ¢²¥É¢µ·Ö²  ¡Ò Ê¸²µ¢¨Õ (11).

‚ Éµ ¦¥ ¢·¥³Ö ¨§ ¶·¥¤Ò¤ÊÐ¨Ì · ¸¸Ê¦¤¥´¨° ³Ò ¶·¨Ìµ¤¨³ ± ¢ ¦´µ³Ê
¢Ò¢µ¤Ê, ÎÉµ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ³ É¥·¨¨ L ¨³¥¥É ¢¨¤

L = Lg(γµν , g̃
µν) + LM (g̃µν , φA) . (12)

’ ±¨³ µ¡· §µ³, ¨§ É·¥¡µ¢ ´¨Ö, ÎÉµ¡Ò ¶²µÉ´µ¸ÉÓ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸ 
³ É¥·¨¨ Ö¢²Ö² ¸Ó ¨¸ÉµÎ´¨±µ³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, ¥¸É¥¸É¢¥´´µ ¸²¥¤Ê¥É,
ÎÉµ ¤¢¨¦¥´¨¥ ¢¥Ð¥¸É¢  ¤µ²¦´µ ¶·µ¨¸Ìµ¤¨ÉÓ ¢ ÔËË¥±É¨¢´µ³ ·¨³ ´µ¢µ³ ¶·µ-
¸É· ´¸É¢¥. ˆ³¥´´µ ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¤ ¸É ´ ³ ¢µ§³µ¦´µ¸ÉÓ ¢ · §¤¥²¥ 3 ¸Ëµ·-
³Ê²¨·µ¢ ÉÓ ± ²¨¡·µ¢µÎ´ÊÕ £·Ê¶¶Ê,   § É¥³ ¶µ¸É·µ¨ÉÓ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´ 
(55), Ê¤µ¢²¥É¢µ·ÖÕÐÊÕ, ¸µ£² ¸´µ (t.20), Ê¸²µ¢¨Õ (11).
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‚µ§´¨± ¥É ¨´É¥·¥¸´ Ö ± ·É¨´ : ¤¢¨¦¥´¨¥ ¢¥Ð¥¸É¢  ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´-
±µ¢¸±µ£µ ¸ ³¥É·¨±µ° γµν ¶µ¤ ¤¥°¸É¢¨¥³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö φµν Éµ¦¤¥-
¸É¢¥´´µ ¤¢¨¦¥´¨Õ ¢¥Ð¥¸É¢  ¢ ÔËË¥±É¨¢´µ³ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ ¸ ³¥-
É·¨±µ° gµν , µ¶·¥¤¥²Ö¥³µ° ¨§ ¢Ò· ¦¥´¨Ö (6). ’ ±µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ £· ¢¨É -
Í¨µ´´µ£µ ¶µ²Ö ¸ ¢¥Ð¥¸É¢µ³ ³Ò ´ §¢ ²¨ ¶ · ¨ ´ Í ¨ ¶ µ ³ £ ¥ µ ³ ¥ É-
· ¨ §   Í ¨ ¨. �·¨´Í¨¶ £¥µ³¥É·¨§ Í¨¨ Ö¢¨²¸Ö ¸²¥¤¸É¢¨¥³ ¨¸Ìµ¤´µ£µ ¶·¥¤¶µ-
²µ¦¥´¨Ö µ Éµ³, ÎÉµ ¨¸ÉµÎ´¨±µ³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö Ö¢²Ö¥É¸Ö Ê´¨¢¥·¸ ²Ó-
´ Ö Ì · ±É¥·¨¸É¨±  ³ É¥·¨¨ Å ¶²µÉ´µ¸ÉÓ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸ . ’ ± Ö
¸É·Ê±ÉÊ·  ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  ¢¥Ð¥¸É¢  ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ Éµ³, ÎÉµ ·¥ ²¨-
§Ê¥É¸Ö Ê´¨± ²Ó´ Ö ¢µ§³µ¦´µ¸ÉÓ, ±µ£¤  £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¶µ¤±²ÕÎ ¥É¸Ö ¢
¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  ¢¥Ð¥¸É¢  ´¥¶µ¸·¥¤¸É¢¥´´µ ± ¶²µÉ´µ¸É¨ É¥´§µ·  γ̃µν .
�ËË¥±É¨¢´µ¥ ·¨³ ´µ¢µ ¶·µ¸É· ´¸É¢µ ¨³¥¥É ¢ ¡Ê±¢ ²Ó´µ³ ¸³Ò¸²¥ ¸²µ¢  ¶µ²¥-
¢µ¥ ¶·µ¨¸Ìµ¦¤¥´¨¥, µ¡Ö§ ´´µ¥ ¶·¨¸ÊÉ¸É¢¨Õ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. �µÖ¸´¨³
ÔÉµ ËÊ´¤ ³¥´É ²Ó´µ¥ ¸¢µ°¸É¢µ £· ¢¨É Í¨µ´´ÒÌ ¸¨² ´  ¶·¨³¥·¥ ¸· ¢´¥´¨Ö
¨Ì ¸ Ô²¥±É·µ³ £´¨É´Ò³¨ ¸¨² ³¨. Š ± ¨§¢¥¸É´µ, ¤¢¨¦¥´¨¥ § ·Ö¦¥´´µ° Î -
¸É¨ÍÒ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ ¤²Ö ¸²ÊÎ Ö µ¤´µ·µ¤´µ£µ ³ £´¨É´µ£µ ¶µ²Ö,
¡² £µ¤ ·Ö ¸¨²¥ ‹µ·¥´Í , ¶·µ¨¸Ìµ¤¨É ¶µ µ±·Ê¦´µ¸É¨ ¢ ¶²µ¸±µ¸É¨, ¶¥·¶¥´¤¨-
±Ê²Ö·´µ° ± ´ ¶· ¢²¥´¨Õ ³ £´¨É´µ£µ ¶µ²Ö. �¤´ ±µ ÔÉµ ¤¢¨¦¥´¨¥ ¤ ²¥±µ ´¥
µ¤¨´ ±µ¢µ ¤ ¦¥ ¤²Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¥¸²¨ µÉ´µÏ¥´¨¥ § ·Ö¤  ± ³ ¸¸¥ Ê ´¨Ì
· §²¨Î´µ. Š·µ³¥ Éµ£µ, ¸ÊÐ¥¸É¢ÊÕÉ ´¥°É· ²Ó´Ò¥ Î ¸É¨ÍÒ,   ¨Ì É· ¥±Éµ·¨¨ ¢
³ £´¨É´µ³ ¶µ²¥ ¢µµ¡Ð¥ ¶·Ö³µ²¨´¥°´Ò. �µÔÉµ³Ê, ¢ ¸¨²Ê ´¥Ê´¨¢¥·¸ ²Ó´µ¸É¨
Ô²¥±É·µ³ £´¨É´ÒÌ ¸¨², ¨Ì ¤¥°¸É¢¨¥ ´¥²Ó§Ö ¸¢¥¸É¨ ± £¥µ³¥É·¨¨ ¶·µ¸É· ´¸É¢ -
¢·¥³¥´¨.

„·Ê£µ¥ ¤¥²µ £· ¢¨É Í¨Ö. �´  Ê´¨¢¥·¸ ²Ó´ , ¤¢¨¦¥´¨Ö ²Õ¡ÒÌ ¶·µ¡´ÒÌ É¥²
¶·µ¨¸Ìµ¤ÖÉ ¶µ É· ¥±Éµ·¨Ö³, µ¤¨´ ±µ¢Ò³ ¶·¨ Éµ¦¤¥¸É¢¥´´ÒÌ ´ Î ²Ó´ÒÌ Ê¸²µ-
¢¨ÖÌ. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¢ ¸¨²Ê £¨¶µÉ¥§Ò µ ¶²µÉ´µ¸É¨ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸ 
³ É¥·¨¨ ± ± ¨¸ÉµÎ´¨±¥ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö Ê¤ ¥É¸Ö µ¶¨¸ ÉÓ ÔÉ¨ É· ¥±Éµ·¨¨
£¥µ¤¥§¨Î¥¸±¨³¨ ²¨´¨Ö³¨ ¢ ÔËË¥±É¨¢´µ³ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨,
¢µ§´¨±Ï¥³ ¡² £µ¤ ·Ö ¶·¨¸ÊÉ¸É¢¨Õ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´-
±µ¢¸±µ£µ. ‚ É¥Ì µ¡² ¸ÉÖÌ ¶·µ¸É· ´¸É¢ , £¤¥ ¨³¥¥É¸Ö ¸±µ²Ó Ê£µ¤´µ ¸² ¡µ¥
£· ¢¨É Í¨µ´´µ¥ ¶µ²¥, ³Ò ¨³¥¥³ ³¥É·¨Î¥¸±¨¥ ¸¢µ°¸É¢  ¶·µ¸É· ´¸É¢ , ¸ ¡µ²Ó-
Ïµ° ÉµÎ´µ¸ÉÓÕ ¶·¨¡²¨¦ ÕÐ¨¥¸Ö ± ´¥¶µ¸·¥¤¸É¢¥´´µ ´ ¡²Õ¤ ¥³Ò³ ¸¢µ°¸É¢ ³
¶¸¥¢¤µ¥¢±²¨¤µ¢  ¶·µ¸É· ´¸É¢ . Šµ£¤  ¦¥ £· ¢¨É Í¨µ´´Ò¥ ¶µ²Ö Ö¢²ÖÕÉ¸Ö ¸¨²Ó-
´Ò³¨, ³¥É·¨Î¥¸±¨¥ ¸¢µ°¸É¢  ÔËË¥±É¨¢´µ£µ ¶·µ¸É· ´¸É¢  ¸É ´µ¢ÖÉ¸Ö ·¨³ ´µ-
¢Ò³¨. �µ ¨ ¢ ÔÉµ³ ¸²ÊÎ ¥ ¶¸¥¢¤µ¥¢±²¨¤µ¢  £¥µ³¥É·¨Ö ´¥ ¨¸Î¥§ ¥É ¡¥¸¸²¥¤´µ
Å µ´  ´ ¡²Õ¤ ¥³  ¨ ¶·µÖ¢²Ö¥É¸Ö ¢ Éµ³, ÎÉµ ¤¢¨¦¥´¨¥ É¥² ¢ ÔËË¥±É¨¢´µ³
·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ ´¥ Ö¢²Ö¥É¸Ö ¸¢µ¡µ¤´Ò³ ¶µ ¨´¥·Í¨¨,   ¶·µ¨¸Ìµ¤¨É
¸ Ê¸±µ·¥´¨¥³ ¶µ µÉ´µÏ¥´¨Õ ± ¶¸¥¢¤µ¥¢±²¨¤µ¢Ê ¶·µ¸É· ´¸É¢Ê ¢ £ ²¨²¥¥¢ÒÌ
±µµ·¤¨´ É Ì. ˆ³¥´´µ ¶µÔÉµ³Ê Ê¸±µ·¥´¨¥ ¢ ’ƒ, ¢ µÉ²¨Î¨¥ µÉ �’�, ¨³¥¥É
 ¡¸µ²ÕÉ´Ò° ¸³Ò¸². ‘²¥¤µ¢ É¥²Ó´µ, ª²¨ËÉ �°´ÏÉ¥°´ ª ´¥ ³µ¦¥É ¡ÒÉÓ ¨´¥·-
Í¨ ²Ó´µ° ¸¨¸É¥³µ° ±µµ·¤¨´ É. �Éµ ¶·µÖ¢¨É¸Ö ¢ Éµ³, ÎÉµ § ·Ö¤, ¶µ±µÖÐ¨°¸Ö
¢ ª²¨ËÉ¥ �°´ÏÉ¥°´ ª, ¡Ê¤¥É ¨§²ÊÎ ÉÓ Ô²¥±É·µ³ £´¨É´Ò¥ ¢µ²´Ò. �Éµ Ë¨-
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§¨Î¥¸±µ¥ Ö¢²¥´¨¥ É ±¦¥ ¤µ²¦´µ ¸¢¨¤¥É¥²Ó¸É¢µ¢ ÉÓ µ ´ ²¨Î¨¨ ¶·µ¸É· ´¸É¢ 
Œ¨´±µ¢¸±µ£µ.

‚ Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢  ´¥ ¢Ìµ¤¨É ³¥É·¨Î¥¸±¨° É¥´§µ· γµν ¶·µ¸-
É· ´¸É¢  Œ¨´±µ¢¸±µ£µ. �·µ¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ ¡Ê¤¥É ¸± §Ò¢ ÉÓ¸Ö ´  ¤¢¨-
¦¥´¨¨ ¢¥Ð¥¸É¢  Éµ²Ó±µ Î¥·¥§ ³¥É·¨Î¥¸±¨° É¥´§µ· gµν ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢ ,
µ¶·¥¤¥²Ö¥³Ò°, ± ± ³Ò Ê¢¨¤¨³ ¤ ²¥¥, ¨§ Ê· ¢´¥´¨° £· ¢¨É Í¨¨, ¢ ±µÉµ·Ò¥ ¢Ìµ-
¤¨É ³¥É·¨Î¥¸±¨° É¥´§µ· γµν ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ. �µ¸±µ²Ó±Ê ÔËË¥±-
É¨¢´ Ö ·¨³ ´µ¢  ³¥É·¨±  ¢µ§´¨± ¥É ´  µ¸´µ¢¥ Ë¨§¨Î¥¸±µ£µ ¶µ²Ö, ±µÉµ·µ¥ § -
¤ ¥É¸Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ, Éµ Ê¦¥ µÉ¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ÔËË¥±É¨¢´µ¥
·¨³ ´µ¢µ ¶·µ¸É· ´¸É¢µ ¨³¥¥É ¶·µ¸ÉÊÕ Éµ¶µ²µ£¨Õ ¨ § ¤ ¥É¸Ö ¢ µ¤´µ° ± ·É¥.
…¸²¨, ´ ¶·¨³¥·, ¢¥Ð¥¸É¢µ ¸µ¸·¥¤µÉµÎ¥´µ ¢ µ¡² ¸É¨ µ¸É·µ¢´µ£µ É¨¶ , Éµ ¢
£ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ φ̃µν ´¥
³µ¦¥É Ê¡Ò¢ ÉÓ ³¥¤²¥´´¥¥, Î¥³ 1/r, ´µ ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ´ ±² ¤Ò¢ ¥É ¸¨²Ó-
´µ¥ µ£· ´¨Î¥´¨¥ ´   ¸¨³¶ÉµÉ¨Î¥¸±µ¥ ¶µ¢¥¤¥´¨¥ ³¥É·¨±¨ gµν ÔËË¥±É¨¢´µ°
·¨³ ´µ¢µ° £¥µ³¥É·¨¨:

gµν = ηµν + 0

(
1

r

)
, §¤¥¸Ó ηµν = (1,−1,−1,−1) . (13)

…¸²¨ ¦¥ ¨¸Ìµ¤¨ÉÓ ¶·µ¸Éµ ¨§ ·¨³ ´µ¢µ° ³¥É·¨±¨, ´¥ ¶·¥¤¶µ² £ Ö, ÎÉµ µ´ 
¢µ§´¨±²  ¨§-§  ¤¥°¸É¢¨Ö Ë¨§¨Î¥¸±µ£µ ¶µ²Ö, Éµ É ±¨¥ µ£· ´¨Î¥´¨Ö ´¥ ¢µ§´¨-
± ÕÉ, ¶µ¸±µ²Ó±Ê  ¸¨³¶ÉµÉ¨±  ³¥É·¨±¨ gµν § ¢¨¸¨É ¤ ¦¥ µÉ ¢Ò¡µ·  É·¥Ì³¥·-
´ÒÌ ¶·µ¸É· ´¸É¢¥´´ÒÌ ±µµ·¤¨´ É. ’µ£¤  ± ± Ë¨§¨Î¥¸±¨¥ ¢¥²¨Î¨´Ò µÉ ¢Ò¡µ· 
É·¥Ì³¥·´ÒÌ ¶·µ¸É· ´¸É¢¥´´ÒÌ ±µµ·¤¨´ É ¢ ¶·¨´Í¨¶¥ ´¥ ³µ£ÊÉ § ¢¨¸¥ÉÓ. ‚
’ƒ ´¥ ¢µ§´¨± ¥É ± ±¨Ì-²¨¡µ µ£· ´¨Î¥´¨° ´  ¢Ò¡µ· ¸¨¸É¥³Ò ±µµ·¤¨´ É. Šµ-
µ·¤¨´ É´ Ö ¸¨¸É¥³  ³µ¦¥É ¡ÒÉÓ ²Õ¡µ°, ²¨ÏÓ ¡Ò µ´  µ¸ÊÐ¥¸É¢²Ö²  ¢§ ¨³´µ-
µ¤´µ§´ Î´µ¥ ¸µµÉ¢¥É¸É¢¨¥ ¤²Ö ¢¸¥Ì ÉµÎ¥± ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò ±µµ·¤¨´ É
¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¨ µ¡¥¸¶¥Î¨¢ ²  ¢Ò¶µ²´¥´¨¥ ´¥· ¢¥´¸É¢

γ00 > 0, dl2 = sikdx
i dxk > 0; i, k = 1, 2, 3,

£¤¥
sik = −γik +

γoiγok

γoo
,

´¥µ¡Ìµ¤¨³ÒÌ ¤²Ö ¢¢¥¤¥´¨Ö ¶µ´ÖÉ¨° ¢·¥³¥´¨ ¨ ¶·µ¸É· ´¸É¢¥´´µ° ¤²¨´Ò. ‚
´ Ï¥° É¥µ·¨¨ £· ¢¨É Í¨¨ £¥µ³¥É·¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ·¨³ ´µ¢  ¶·µ¸É-
· ´¸É¢  ¢µ§´¨± ÕÉ ± ± ¶µ²¥¢Ò¥ ¢¥²¨Î¨´Ò ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ,   ¶µ-
ÔÉµ³Ê ¨Ì É· ´¸Ëµ·³ Í¨µ´´Ò¥ ¸¢µ°¸É¢  ¸É ´µ¢ÖÉ¸Ö É¥´§µ·´Ò³¨, ¤ ¦¥ ¥¸²¨ · -
´¥¥ µ´¨ É ±µ¢Ò³¨ ´¥ ¡Ò²¨. ’ ±, ´ ¶·¨³¥·, ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö, § ¤ ´´Ò¥
± ± ¶µ²¥¢Ò¥ ¢¥²¨Î¨´Ò ¢ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ,
Ê¦¥ Ö¢²ÖÕÉ¸Ö É¥´§µ· ³¨ É·¥ÉÓ¥£µ · ´£ . �´ ²µ£¨Î´µ µ¡ÒÎ´Ò¥ ¶·µ¨§¢µ¤´Ò¥ ¢
¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ µÉ É¥´§µ·´ÒÌ ¢¥²¨Î¨´
É ±¦¥ Ö¢²ÖÕÉ¸Ö É¥´§µ· ³¨.
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Œµ¦¥É ¢µ§´¨±´ÊÉÓ ¢µ¶·µ¸: ¶µÎ¥³Ê ¡Ò ¨ ¢ �’� ´¥ ¢¢¥¸É¨ · §¤¥²¥´¨¥
³¥É·¨±¨ ¢ Ëµ·³¥ (6), ¢¢¥¤Ö ¶µ´ÖÉ¨¥ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ ¶·µ¸É· ´¸É¢¥
Œ¨´±µ¢¸±µ£µ? ‚ Ê· ¢´¥´¨Ö ƒ¨²Ó¡¥·É  Å �°´ÏÉ¥°´  ¢Ìµ¤¨É Éµ²Ó±µ ¢¥²¨Î¨´ 
gµν ,   ¸²¥¤µ¢ É¥²Ó´µ, ´¥²Ó§Ö µ¤´µ§´ Î´µ ¸± § ÉÓ, ¸ ¶µ³µÐÓÕ ± ±µ° ³¥É·¨±¨
γµν ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ³Ò ¤µ²¦´Ò µ¶·¥¤¥²¨ÉÓ ¸µ£² ¸´µ (6) £· ¢¨É -
Í¨µ´´µ¥ ¶µ²¥. �µ É·Ê¤´µ¸ÉÓ ´¥ Éµ²Ó±µ ¢ ÔÉµ³,   ¨ ¢ Éµ³, ÎÉµ ·¥Ï¥´¨Ö Ê· ¢-
´¥´¨° ƒ¨²Ó¡¥·É  Å �°´ÏÉ¥°´  ¢ µ¡Ð¥³ ¸²ÊÎ ¥ § ¤ ÕÉ¸Ö ´¥ ¢ µ¤´µ° ± ·É¥,
  ¢  É² ¸¥ ± ·É. ’ ±¨¥ ·¥Ï¥´¨Ö ¤²Ö gµν µ¶¨¸Ò¢ ÕÉ ·¨³ ´µ¢µ ¶·µ¸É· ´¸É¢µ
¸µ ¸²µ¦´µ° Éµ¶µ²µ£¨¥°, Éµ£¤  ± ± ·¨³ ´µ¢Ò ¶·µ¸É· ´¸É¢ , ¶µ²ÊÎ ¥³Ò¥ ¸ ¶µ-
³µÐÓÕ ¶·¥¤¸É ¢²¥´¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ,
§ ¤ ÕÉ¸Ö ¢ µ¤´µ° ± ·É¥ ¨ ¨³¥ÕÉ ¶·µ¸ÉÊÕ Éµ¶µ²µ£¨Õ. ˆ³¥´´µ ¶µ ÔÉ¨³ ¶·¨-
Î¨´ ³ ¶µ²¥¢Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ´¥ ¸µ¢³¥¸É¨³Ò ¸ �’�, ¶µ¸±µ²Ó±Ê µ´¨ ¢¥¸Ó³ 
¦¥¸É±¨¥. �µ ÔÉµ µ§´ Î ¥É, ÎÉµ ´¨± ±µ° ¶µ²¥¢µ° Ëµ·³Ê²¨·µ¢±¨ �’� ¢ ¶·µ-
¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ ¢ ¶·¨´Í¨¶¥ ´¥ ³µ¦¥É ¡ÒÉÓ, ± ± ¡Ò ¨ ±µ³Ê ¡Ò ÔÉµ£µ ´¥
§ ÌµÉ¥²µ¸Ó. �¶¶ · É ·¨³ ´µ¢µ° £¥µ³¥É·¨¨ ¶·¥¤· ¸¶µ²µ¦¥´ ± ¢µ§³µ¦´µ¸É¨
¢¢¥¤¥´¨Ö ±µ¢ ·¨ ´É´ÒÌ ¶·µ¨§¢µ¤´ÒÌ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ, Î¥³ ³Ò ¨
¢µ¸¶µ²Ó§µ¢ ²¨¸Ó ¶·¨ ¶µ¸É·µ¥´¨¨ ’ƒ. �µ ÎÉµ¡Ò ÔÉµ µ¸ÊÐ¥¸É¢¨ÉÓ, ¶µÉ·¥¡µ¢ -
²µ¸Ó ¢¢¥¸É¨ ³¥É·¨±Ê ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¢ £· ¢¨É Í¨µ´´Ò¥ Ê· ¢´¥´¨Ö
¨ É¥³ ¸ ³Ò³ Ê¤ ²µ¸Ó µ¸ÊÐ¥¸É¢¨ÉÓ ËÊ´±Í¨µ´ ²Ó´ÊÕ ¸¢Ö§Ó ³¥É·¨±¨ ·¨³ ´µ¢ 
¶·µ¸É· ´¸É¢  gµν ¸ ³¥É·¨±µ° ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ γµν . �µ ´  ÔÉµ³ ³Ò
¶µ¤·µ¡´µ µ¸É ´µ¢¨³¸Ö ¢ ¶µ¸²¥¤ÊÕÐ¨Ì · §¤¥² Ì.

3. Š-‹ˆ;)&‚&—�-Ÿ ƒ)“++- +)…&;)-‡&‚-�ˆ‰

�µ¸±µ²Ó±Ê ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ¢¥Ð¥¸É¢  ¨³¥¥É ¢¨¤

LM (g̃µν , φA), (14)

Éµ ²¥£±µ ´ °É¨ ± ²¨¡·µ¢µÎ´ÊÕ £·Ê¶¶Ê ¶·¥µ¡· §µ¢ ´¨°, ¶·¨ ±µÉµ·ÒÌ ¶²µÉ-
´µ¸ÉÓ ² £· ´¦¨ ´  ¢¥Ð¥¸É¢  ³¥´Ö¥É¸Ö Éµ²Ó±µ ´  ¤¨¢¥·£¥´Í¨Õ. „²Ö ÔÉµ° Í¥²¨
¢µ¸¶µ²Ó§Ê¥³¸Ö ¨´¢ ·¨ ´É´µ¸ÉÓÕ ¤¥°¸É¢¨Ö

SM =

∫
LM (g̃µν , φA) d

4x (15)

¶·¨ ¶·µ¨§¢µ²Ó´µ³ ¡¥¸±µ´¥Î´µ ³ ²µ³ ¨§³¥´¥´¨¨ ±µµ·¤¨´ É

x′α = xα + ξα(x), (16)

£¤¥ ξα Å ¡¥¸±µ´¥Î´µ ³ ²Ò° Î¥ÉÒ·¥Ì¢¥±Éµ· ¸³¥Ð¥´¨Ö.
�·¨ ÔÉ¨Ì ±µµ·¤¨´ É´ÒÌ ¶·¥µ¡· §µ¢ ´¨ÖÌ ¶µ²¥¢Ò¥ ËÊ´±Í¨¨ g̃µν , φA ¨§-

³¥´ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

g̃′µν(x′) = g̃µν(x) + δξg̃
µν(x) + ξα(x)Dαg̃

µν(x),

φ′A(x
′) = φA(x) + δξφA(x) + ξα(x)DαφA(x), (17)
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£¤¥ ¢Ò· ¦¥´¨Ö

δξg̃
µν(x) = g̃µαDαξ

ν(x) + g̃ναDαξ
µ(x)−Dα(ξ

αg̃µν),

δξφA(x) = −ξα(x)DαφA(x) + FB;α
A;β φB(x)Dαξ

β(x) (18)

Ö¢²ÖÕÉ¸Ö ¢ ·¨ Í¨Ö³¨ ‹¨.
�¶¥· Éµ·Ò δξ Ê¤µ¢²¥É¢µ·ÖÕÉ Ê¸²µ¢¨Ö³  ²£¥¡·Ò ‹¨, É.¥. ±µ³³ÊÉ Í¨µ´´µ³Ê

¸µµÉ´µÏ¥´¨Õ
[δξ1 , δξ2 ](·) = δξ3 (·) (19)

¨ Éµ¦¤¥¸É¢Ê Ÿ±µ¡¨

[δξ1 , [δξ2 , δξ3 ]] + [δξ3 , [δξ1 , δξ2 ]] + [δξ2 , [δξ3 , δξ1 ]] = 0,

£¤¥
ξν3 = ξµ1Dµξ

ν
2 − ξµ2Dµξ

ν
1 = ξµ1 ∂µξ

ν
2 − ξµ2 ∂µξ

ν
1 . (20)

„²Ö Éµ£µ ÎÉµ¡Ò ¨³¥²µ ³¥¸Éµ (19), ´¥µ¡Ìµ¤¨³µ ¢Ò¶µ²´¥´¨¥ ¸²¥¤ÊÕÐ¨Ì Ê¸²µ-
¢¨°:

FB;µ
A; ν FC;α

B;β − FB;α
A; β FC;µ

B; ν = fµα; τνβ;σ FC;σ
A; τ , (21)

£¤¥ ¸É·Ê±ÉÊ·´Ò¥ ¶µ¸ÉµÖ´´Ò¥ f · ¢´Ò

fµα; τνβ;σ = δµβδ
α
σ δ

τ
ν − δαν δ

µ
σδ

τ
β . (22)

‹¥£±µ Ê¡¥¤¨ÉÓ¸Ö, ÎÉµ µ´¨ Ê¤µ¢²¥É¢µ·ÖÕÉ Éµ¦¤¥¸É¢Ê Ÿ±µ¡¨

fαν;σβµ; τ f τρ;ωσε; δ + fνρ;σµε; τ f τα;ωσβ; δ + fρα;σεβ; τ f τν;ωσµ; δ = 0 (23)

¨ µ¡² ¤ ÕÉ ¸¢µ°¸É¢µ³  ´É¨¸¨³³¥É·¨¨

fαν; ρβµ;σ = −fνα; ρµβ;σ .

�·¨ ±µµ·¤¨´ É´µ³ ¶·¥µ¡· §µ¢ ´¨¨ (16) ¢ ·¨ Í¨Ö ¤¥°¸É¢¨Ö · ¢´  ´Ê²Õ:

δcS =

∫
Ω′

L′M (x′) d4x′ −
∫
Ω

LM (x) d4x = 0. (24)

�¥·¢Ò° ¨´É¥£· ² ¢ (24) ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥∫
Ω′

L′M (x′) d4x′ =

∫
Ω

J L′M (x′) d4x,

£¤¥

J = det

(
∂x′α

∂ xβ

)
.
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‚ ¶¥·¢µ³ ¶µ·Ö¤±¥ ¶µ ξα ¤¥É¥·³¨´ ´É J · ¢¥´

J = 1+ ∂αξ
α(x). (25)

“Î¨ÉÒ¢ Ö · §²µ¦¥´¨¥

L′M (x′) = L′M (x) + ξα(x)
∂LM

∂xα
,

  É ±¦¥ (25), ¢Ò· ¦¥´¨¥ ¤²Ö ¢ ·¨ Í¨¨ ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¢ Ëµ·³¥

δcSM =

∫
Ω

[δLM (x) + ∂α(ξ
αLM (x))] d4x = 0.

‚ ¸¨²Ê ¶·µ¨§¢µ²Ó´µ¸É¨ µ¡Ñ¥³  ¨´É¥£·¨·µ¢ ´¨Ö Ω ¨³¥¥³ Éµ¦¤¥¸É¢µ

δ LM (x) = −∂α(ξα(x)LM (x)), (26)

£¤¥ ¢ ·¨ Í¨Ö ‹¨ δLM · ¢´ 

δLM (x) =
∂LM

∂g̃µν
δg̃µν +

∂LM

∂(∂αg̃µν)
δ(∂αg̃

µν) +

+
∂LM

∂φA
δφA +

∂LM

∂(∂αφA)
δ(∂αφA). (27)

�É¸Õ¤ , ¢ Î ¸É´µ¸É¨, ¸²¥¤Ê¥É, ÎÉµ ¥¸²¨ ¸± ²Ö·´ Ö ¶²µÉ´µ¸ÉÓ § ¢¨¸¨É Éµ²Ó±µ
µÉ g̃µν ¨ ¥¥ ¶·µ¨§¢µ¤´ÒÌ, Éµ ¶·¨ ¶·¥µ¡· §µ¢ ´¨¨ (18) µ´  É ±¦¥ ¨§³¥´¨É¸Ö
Éµ²Ó±µ ´  ¤¨¢¥·£¥´Í¨Õ

δL(g̃µν(x)) = −∂α(ξα(x)L(g̃µν(x))), (26a)

£¤¥ ¢ ·¨ Í¨Ö ‹¨ δL · ¢´ 

δL(g̃µν(x)) =
∂L

∂g̃µν
δg̃µν +

∂L

∂(∂αg̃µν)
δ(∂αg̃

µν) +
∂L

∂(∂α∂β g̃µν)
δ(∂α∂β g̃

µν).

(27a)
‚ ·¨ Í¨¨ ‹¨ (18) ¡Ò²¨ Ê¸É ´µ¢²¥´Ò ¢ ±µ´É¥±¸É¥ ±µµ·¤¨´ É´ÒÌ ¶·¥µ¡· -

§µ¢ ´¨° (16). �¤´ ±µ ³µ¦´µ ¢¸É ÉÓ ¨ ´  ¤·Ê£ÊÕ ÉµÎ±Ê §·¥´¨Ö, ¸µ£² ¸´µ
±µÉµ·µ° ¶·¥µ¡· §µ¢ ´¨Ö (18) ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ± ²¨¡·µ¢µÎ´Ò¥ ¶·¥-
µ¡· §µ¢ ´¨Ö. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¶·µ¨§¢µ²Ó´Ò° ¡¥¸±µ´¥Î´µ ³ ²Ò° Î¥ÉÒ·¥Ì¢¥±Éµ·
ξα(x) ¡Ê¤¥É Ê¦¥ ± ²¨¡·µ¢µÎ´Ò³ ¢¥±Éµ·µ³,   ´¥ ¢¥±Éµ·µ³ ¸³¥Ð¥´¨Ö ±µµ·¤¨-
´ É. ‚ ¤ ²Ó´¥°Ï¥³, ÎÉµ¡Ò ¶µ¤Î¥·±´ÊÉÓ µÉ²¨Î¨¥ ± ²¨¡·µ¢µÎ´µ° £·Ê¶¶Ò µÉ
£·Ê¶¶Ò ±µµ·¤¨´ É´ÒÌ ¶·¥µ¡· §µ¢ ´¨°, ¤²Ö £·Ê¶¶µ¢µ£µ ¶ · ³¥É·  ³Ò ¡Ê¤¥³
¨¸¶µ²Ó§µ¢ ÉÓ µ¡µ§´ Î¥´¨¥ εα(x),   ¶·¥µ¡· §µ¢ ´¨¥ ¶µ²¥¢ÒÌ ËÊ´±Í¨°

g̃µν(x)→ g̃µν(x) + δg̃µν(x),
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φA(x)→ φA(x) + δφA(x) (28)

¸ ¶·¨· Ð¥´¨Ö³¨

δεg̃
µν(x) = g̃µαDαε

ν(x) + g̃ναDαε
µ(x)−Dα(ε

αg̃µν),

δεφA(x) = −εα(x)DαφA(x) + FB;α
A; β φB(x)Dα ε

β(x) (29)

¡Ê¤¥³ ´ §Ò¢ ÉÓ ± ²¨¡·µ¢µÎ´Ò³¨ ¶·¥µ¡· §µ¢ ´¨Ö³¨.
‚ ¶µ²´µ³ ¸µµÉ¢¥É¸É¢¨¨ ¸ Ëµ·³Ê² ³¨ (19) ¨ (20) µ¶¥· Éµ·Ò Ê¤µ¢²¥É¢µ·ÖÕÉ

Éµ° ¦¥  ²£¥¡·¥ ‹¨, É.¥. ±µ³³ÊÉ Í¨µ´´µ³Ê ¸µµÉ´µÏ¥´¨Õ

[δε1 , δε2 ](·) = δε3(·) (30)

¨ Éµ¦¤¥¸É¢Ê Ÿ±µ¡¨

[δε1 , [δε2 , δε3 ]] + [δε3 , [δε1 , δε2 ]] + [δε2 , [δε3 , δε1 ]] = 0. (31)

‡¤¥¸Ó  ´ ²µ£¨Î´µ ¶·¥¤Ò¤ÊÐ¥³Ê ¨³¥¥³

εν3 = εµ1Dµε
ν
2 − εµ2Dµε

ν
1 = εµ1∂µε

ν
2 − εµ2∂µε

ν
1 .

Š ²¨¡·µ¢µÎ´ Ö £·Ê¶¶  ¢µ§´¨±²  ¨§ £¥µ³¥É·¨§µ¢ ´´µ° ¸É·Ê±ÉÊ·Ò ¸± ²Ö·-
´µ° ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  ¢¥Ð¥¸É¢  LM (g̃µν , φA), ±µÉµ· Ö ¢ ¸¨²Ê Éµ¦¤¥-
¸É¢  (26) ¨§³¥´Ö¥É¸Ö Éµ²Ó±µ ´  ¤¨¢¥·£¥´Í¨Õ ¶·¨ ± ²¨¡·µ¢µÎ´ÒÌ ¶·¥µ¡· -
§µ¢ ´¨ÖÌ (29). ’ ±¨³ µ¡· §µ³, ¶·¨´Í¨¶ £¥µ³¥É·¨§ Í¨¨, ±µÉµ·Ò° µ¶·¥¤¥²¨²
Ê´¨¢¥·¸ ²Ó´Ò° Ì · ±É¥· ¢§ ¨³µ¤¥°¸É¢¨Ö ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö,
¤ ² ´ ³ ¢µ§³µ¦´µ¸ÉÓ ¸Ëµ·³Ê²¨·µ¢ ÉÓ ´¥±µ³³ÊÉ É¨¢´ÊÕ ¡¥¸±µ´¥Î´µ³¥·´ÊÕ
± ²¨¡·µ¢µÎ´ÊÕ £·Ê¶¶Ê (29).

‘ÊÐ¥¸É¢¥´´ Ö · §´¨Í  ³¥¦¤Ê ± ²¨¡·µ¢µÎ´Ò³¨ ¨ ±µµ·¤¨´ É´Ò³¨ ¶·¥-
µ¡· §µ¢ ´¨Ö³¨ ¶·µÖ¢¨É¸Ö ¢ ·¥Ï ÕÐ¥³ ³¥¸É¥ ¢ É¥µ·¨¨ ¶·¨ ¶µ¸É·µ¥´¨¨ ¸± -
²Ö·´µ° ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  ¸µ¡¸É¢¥´´µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö.  §´¨Í 
¢µ§´¨± ¥É ¨§-§  Éµ£µ, ÎÉµ ¶·¨ ± ²¨¡·µ¢µÎ´µ³ ¶·¥µ¡· §µ¢ ´¨¨ ³¥É·¨Î¥¸±¨°
É¥´§µ· γµν ´¥ ¨§³¥´Ö¥É¸Ö, ¸²¥¤µ¢ É¥²Ó´µ, ¢ ¸¨²Ê (6) ¨³¥¥³

δεg̃
µν(x) = δεφ̃

µν(x).

�  µ¸´µ¢ ´¨¨ (19) ¸²¥¤Ê¥É ¶·¥µ¡· §µ¢ ´¨¥ ¤²Ö ¶µ²Ö

δεφ̃
µν(x) = g̃µαDα ε

ν(x) + g̃ναDα ε
µ(x)−Dα(ε

α g̃µν),

´µ µ´µ ¸ÊÐ¥¸É¢¥´´µ µÉ²¨Î ¥É¸Ö µÉ ¥£µ ¶·¥µ¡· §µ¢ ´¨Ö ¶·¨ ¸³¥Ð¥´¨¨ ±µµ·-
¤¨´ É:

δξ φ̃
µν(x) = φ̃µαDαξ

ν(x) + φ̃ναDαξ
µ(x) −Dα(ξ

α φ̃µν).

�·¨ ± ²¨¡·µ¢µÎ´ÒÌ ¶·¥µ¡· §µ¢ ´¨ÖÌ (29) Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¤²Ö ¢¥Ð¥¸É¢ 
´¥ ¨§³¥´ÖÕÉ¸Ö, ¶µ¸±µ²Ó±Ê ¶·¨ ²Õ¡ÒÌ É ±¨Ì ¶·¥µ¡· §µ¢ ´¨ÖÌ ¶²µÉ´µ¸ÉÓ ² -
£· ´¦¨ ´  ¢¥Ð¥¸É¢  ¨§³¥´Ö¥É¸Ö Éµ²Ó±µ ´  ¤¨¢¥·£¥´Í¨Õ.
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4. +‹&’�&‘’œ ‹-ƒ)-�†ˆ-�- ˆ “)-‚�…�ˆŸ „‚ˆ†…�ˆŸ
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Š ± ¨§¢¥¸É´µ, ¨¸¶µ²Ó§ÊÖ Éµ²Ó±µ É¥´§µ· gµν , ´¥¢µ§³µ¦´µ ¶µ¸É·µ¨ÉÓ ¸± -
²Ö·´ÊÕ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ¸µ¡¸É¢¥´´µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö µÉ´µ¸¨-
É¥²Ó´µ ¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É´ÒÌ ¶·¥µ¡· §µ¢ ´¨° ¢ ¢¨¤¥ ±¢ ¤· É¨Î´µ°
Ëµ·³Ò ¶·µ¨§¢µ¤´ÒÌ ´¥ ¢ÒÏ¥ ¶¥·¢µ£µ ¶µ·Ö¤± . �µÔÉµ³Ê ¢ É ±ÊÕ ¶²µÉ´µ¸ÉÓ
² £· ´¦¨ ´  ¡Ê¤¥É µ¡Ö§ É¥²Ó´µ ¢Ìµ¤¨ÉÓ ´ ·Ö¤Ê ¸ ³¥É·¨±µ° gµν É ±¦¥ ¨ ³¥-
É·¨±  γµν . �µ, É ± ± ± ¶·¨ ± ²¨¡·µ¢µÎ´µ³ ¶·¥µ¡· §µ¢ ´¨¨ (29) ³¥É·¨± 
γµν ´¥ ¨§³¥´Ö¥É¸Ö, ¸²¥¤µ¢ É¥²Ó´µ, ÎÉµ¡Ò ¶·¨ ÔÉµ³ ¶·¥µ¡· §µ¢ ´¨¨ ¶²µÉ´µ¸ÉÓ
² £· ´¦¨ ´  ¸µ¡¸É¢¥´´µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¨§³¥´Ö² ¸Ó Éµ²Ó±µ ´  ¤¨¢¥·-
£¥´Í¨Õ, ¤µ²¦´Ò ¢µ§´¨±´ÊÉÓ ¸¨²Ó´Ò¥ µ£· ´¨Î¥´¨Ö ´  ¥¥ ¸É·Ê±ÉÊ·Ê. ˆ³¥´´µ
§¤¥¸Ó ¨ ¢µ§´¨± ¥É ¶·¨´Í¨¶¨ ²Ó´ Ö · §´¨Í  ³¥¦¤Ê ± ²¨¡·µ¢µÎ´Ò³ ¨ ±µµ·¤¨-
´ É´Ò³ ¶·¥µ¡· §µ¢ ´¨Ö³¨.

‚ Éµ ¢·¥³Ö ± ± ±µµ·¤¨´ É´Ò¥ ¶·¥µ¡· §µ¢ ´¨Ö ´¥ ´ ±² ¤Ò¢ ÕÉ ¶µÎÉ¨
´¨± ±¨Ì µ£· ´¨Î¥´¨° ´  ¸É·Ê±ÉÊ·Ê ¸± ²Ö·´µ° ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  ¸µ¡-
¸É¢¥´´µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, ± ²¨¡·µ¢µÎ´Ò¥ ¶·¥µ¡· §µ¢ ´¨Ö ¶µ§¢µ²ÖÉ ´ ³
´ °É¨ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´ . �·Ö³µ° µ¡Ð¨° ³¥Éµ¤ ¶µ¸É·µ¥´¨Ö ² £· ´¦¨ ´ 
¶·¨¢¥¤¥´ ¢ ³µ´µ£· Ë¨¨ [1].

‡¤¥¸Ó ³Ò ¨§¡¥·¥³ ¡µ²¥¥ ¶·µ¸Éµ° ³¥Éµ¤ ¶µ¸É·µ¥´¨Ö ² £· ´¦¨ ´ . � 
µ¸´µ¢ ´¨¨ (26 ) § ±²ÕÎ ¥³, ÎÉµ ¶·µ¸É¥°Ï¨¥ ¸± ²Ö·´Ò¥ ¶²µÉ´µ¸É¨

√−g ¨
R̃ =

√−gR, £¤¥ R Å ¸± ²Ö·´ Ö ±·¨¢¨§´  ÔËË¥±É¨¢´µ£µ ·¨³ ´µ¢  ¶·µ-
¸É· ´¸É¢ , ¶·¨ ± ²¨¡·µ¢µÎ´µ³ ¶·¥µ¡· §µ¢ ´¨¨ (29) ¨§³¥´ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³
µ¡· §µ³: √

−g →
√
−g −Dν(ε

ν√−g), (32)

R̃→ R̃−Dν(ε
νR̃). (33)

‘± ²Ö·´ Ö ¶²µÉ´µ¸ÉÓ R̃ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö

Γλ
µν =

1

2
gλσ(∂µ gσν + ∂ν gσµ − ∂σ gµν) (34)

É ±¨³ µ¡· §µ³:

R̃ = −g̃µν(Γλ
µν Γ

σ
λσ − Γλ

µσ Γ
σ
νλ)− ∂ν(g̃

µν Γσ
µσ − g̃µσ Γν

µσ). (35)

�µ¸±µ²Ó±Ê ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö ´¥ Ö¢²ÖÕÉ¸Ö É¥´§µ·´Ò³¨ ¢¥²¨Î¨´ ³¨, ± -
¦¤µ¥ ¸² £ ¥³µ¥ ¢ (35) ´¥ Ö¢²Ö¥É¸Ö ¸± ²Ö·´µ° ¶²µÉ´µ¸ÉÓÕ. �¤´ ±µ, ¥¸²¨ ¢¢¥¸É¨
É¥´§µ·´Ò¥ ¢¥²¨Î¨´Ò

Gλ
µν =

1

2
gλσ(Dµgσν +Dνgσµ −Dσgµν), (36)

Éµ ¸± ²Ö·´ÊÕ ¶²µÉ´µ¸ÉÓ ³µ¦´µ Éµ¦¤¥¸É¢¥´´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

R̃ = −g̃µν(Gλ
µν G

σ
λσ −Gλ

µσ G
σ
νλ)−Dν(g̃

µν Gσ
µσ − g̃µσGν

µσ). (37)
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‡ ³¥É¨³, ÎÉµ ¢ (37) ± ¦¤ Ö £·Ê¶¶  Î²¥´µ¢ ¢ µÉ¤¥²Ó´µ¸É¨ ¢¥¤¥É ¸¥¡Ö ¶·¨
¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É´ÒÌ ¶·¥µ¡· §µ¢ ´¨ÖÌ ± ± ¸± ²Ö·´ Ö ¶²µÉ´µ¸ÉÓ. ŒÒ
¢¨¤¨³, ÎÉµ  ¶¶ · É ·¨³ ´µ¢µ° £¥µ³¥É·¨¨ ¶·¥¤· ¸¶µ²µ¦¥´ ± ¢¢¥¤¥´¨Õ ¢³¥¸Éµ
µ¡ÒÎ´ÒÌ ¶·µ¨§¢µ¤´ÒÌ Å ±µ¢ ·¨ ´É´ÒÌ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ, µ¤´ ±µ
³¥É·¨Î¥¸±¨° É¥´§µ· γµν , ¸ ¶µ³µÐÓÕ ±µÉµ·µ£µ µ¶·¥¤¥²ÖÕÉ¸Ö ±µ¢ ·¨ ´É´Ò¥
¶·µ¨§¢µ¤´Ò¥, ¶·¨ ÔÉµ³ ´¨± ± ´¥ Ë¨±¸¨·Ê¥É¸Ö.

“Î¨ÉÒ¢ Ö (32) ¨ (33), ¢Ò· ¦¥´¨¥

λ1(R̃ +Dν Q
ν) + λ2

√
−g (38)

¶·¨ ¶·µ¨§¢µ²Ó´ÒÌ ± ²¨¡·µ¢µÎ´ÒÌ ¶·¥µ¡· §µ¢ ´¨ÖÌ ¨§³¥´Ö¥É¸Ö Éµ²Ó±µ ´  ¤¨-
¢¥·£¥´Í¨Õ. ‚Ò¡¨· Ö ¢¥±Éµ·´ÊÕ ¶²µÉ´µ¸ÉÓ · ¢´µ°

Qν = g̃µν Gσ
µσ − g̃µσGν

µσ ,

³Ò ¨¸±²ÕÎ ¥³ ¨§ ¶·¥¤Ò¤ÊÐ¥£µ ¢Ò· ¦¥´¨Ö Î²¥´Ò ¸ ¶·µ¨§¢µ¤´Ò³¨ ¢ÒÏ¥ ¶¥·-
¢µ£µ ¶µ·Ö¤±  ¨ ¶µ²ÊÎ ¥³ ¸²¥¤ÊÕÐÊÕ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´ :

−λ1g̃µν(Gλ
µν G

σ
λσ −Gλ

µσ G
σ
νλ) + λ2

√
−g. (39)

’ ±¨³ µ¡· §µ³, ³Ò ¢¨¤¨³, ÎÉµ É·¥¡µ¢ ´¨¥, ÎÉµ¡Ò ¶²µÉ´µ¸ÉÓ ² £· ´¦¨-
 ´  ¸µ¡¸É¢¥´´µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¶·¨ ± ²¨¡·µ¢µÎ´µ³ ¶·¥µ¡· §µ¢ ´¨¨
(29) ¨§³¥´Ö² ¸Ó Éµ²Ó±µ ´  ¤¨¢¥·£¥´Í¨Õ, µ¤´µ§´ Î´µ µ¶·¥¤¥²Ö¥É ¸É·Ê±ÉÊ·Ê
¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  (39). �µ ¥¸²¨ µ£· ´¨Î¨ÉÓ¸Ö Éµ²Ó±µ ÔÉµ° ¶²µÉ´µ¸ÉÓÕ,
Éµ£¤  Ê· ¢´¥´¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¡Ê¤ÊÉ ± ²¨¡·µ¢µÎ´µ-¨´¢ ·¨ ´É´Ò³¨,
  ³¥É·¨±  ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ γµν ´¥ ¢µ°¤¥É ¢ ¸¨¸É¥³Ê Ê· ¢´¥´¨°,
µ¶·¥¤¥²Ö¥³ÒÌ ¶²µÉ´µ¸ÉÓÕ ² £· ´¦¨ ´  (39). �µ¸±µ²Ó±Ê ¢ É ±µ³ ¶µ¤Ìµ¤¥ ¨¸-
Î¥§ ¥É ³¥É·¨±  ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ, Éµ ¨ ¨¸±²ÕÎ ¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ
¶·¥¤¸É ¢²¥´¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ± ± Ë¨§¨Î¥¸±µ£µ ¶µ²Ö É¨¶  ” · ¤¥Ö Å
Œ ±¸¢¥²²  ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ.

�·¨ ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  (39) ¢¢¥¤¥´¨¥ ³¥É·¨±¨ γµν ¸ ¶µ³µÐÓÕ Ê· ¢-
´¥´¨° (3) ´¥ ¸¶ ¸ ¥É ¶µ²µ¦¥´¨¥, ¶µ¸±µ²Ó±Ê Ë¨§¨Î¥¸±¨¥ ¢¥²¨Î¨´Ò Å ¨´É¥·¢ ²
¨ É¥´§µ· ±·¨¢¨§´Ò ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢ ,   É ±¦¥ É¥´§µ· tµνg £· ¢¨É Í¨µ´-
´µ£µ ¶µ²Ö Å ¡Ê¤ÊÉ § ¢¨¸¥ÉÓ µÉ ¢Ò¡µ·  ± ²¨¡·µ¢±¨, ÎÉµ Ë¨§¨Î¥¸±¨ ´¥¤µ¶Ê-
¸É¨³µ. ’ ±, ´ ¶·¨³¥·,

δεRµν = −RµσDνε
σ −RνσDµε

σ − εσDσRµν ,

δεRµναβ = −RσναβDµε
σ −RµσαβDνε

σ−
−RµνσβDαε

σ −RµνασDβε
σ − εσDσRµναβ .

„²Ö Éµ£µ ÎÉµ¡Ò ¸µÌ· ´¨ÉÓ ¶·¥¤¸É ¢²¥´¨Ö µ ¶µ²¥ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ
¨ ¨¸±²ÕÎ¨ÉÓ É ±ÊÕ ´¥µ¤´µ§´ Î´µ¸ÉÓ, ´¥µ¡Ìµ¤¨³µ ¤µ¡ ¢¨ÉÓ ¢ ¶²µÉ´µ¸ÉÓ ² -
£· ´¦¨ ´  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö Î²¥´, ´ ·ÊÏ ÕÐ¨° ± ²¨¡·µ¢µÎ´ÊÕ £·Ê¶¶Ê.
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�  ¶¥·¢Ò° ¢§£²Ö¤, ³µ¦¥É ¶µ± § ÉÓ¸Ö, ÎÉµ §¤¥¸Ó ¢µ§´¨± ¥É ¡µ²ÓÏµ° ¶·µ¨§¢µ²
¢ ¢Ò¡µ·¥ ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, É ± ± ± ´ ·ÊÏ¨ÉÓ
£·Ê¶¶Ê ³µ¦´µ ¢¥¸Ó³  · §²¨Î´Ò³¨ ¸¶µ¸µ¡ ³¨. �¤´ ±µ µ± §Ò¢ ¥É¸Ö, ÎÉµ ÔÉµ ´¥
É ±, ¶µ¸±µ²Ó±Ê ´ Ï¥ Ë¨§¨Î¥¸±µ¥ É·¥¡µ¢ ´¨¥ ´  ¶µ²Ö·¨§ Í¨µ´´Ò¥ ¸¢µ°¸É¢ 
£· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ± ± ¶µ²Ö ¸µ ¸¶¨´ ³¨ 2 ¨ 0, ´ ±² ¤Ò¢ ¥³µ¥ Ê· ¢´¥´¨-
Ö³¨ (3), ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ Î²¥´, ´ ·ÊÏ ÕÐ¨° £·Ê¶¶Ê (29), ¤µ²¦¥´ ¡ÒÉÓ
¢Ò¡· ´ É ±¨³ µ¡· §µ³, ÎÉµ¡Ò Ê· ¢´¥´¨Ö (3) Ö¢²Ö²¨¸Ó ¸²¥¤¸É¢¨Ö³¨ ¸¨¸É¥³Ò
Ê· ¢´¥´¨° £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¨ ¶µ²¥° ¢¥Ð¥¸É¢ , ¨¡µ Éµ²Ó±µ ¢ ÔÉµ³ ¸²ÊÎ ¥
Ê ´ ¸ ´¥ ¢µ§´¨± ¥É ¶¥·¥µ¶·¥¤¥²¥´´ Ö ¸¨¸É¥³  ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨°.
„²Ö ÔÉµ° Í¥²¨ ¢ ¸± ²Ö·´ÊÕ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö
¢¢¥¤¥³ Î²¥´ ¢¨¤ 

γµν g̃
µν , (40)

±µÉµ·Ò° ¶·¨ ´ ²¨Î¨¨ Ê¸²µ¢¨° (3) ¨ ¶·¨ ¶·¥µ¡· §µ¢ ´¨ÖÌ (29) ¨§³¥´Ö¥É¸Ö
É ±¦¥ ´  ¤¨¢¥·£¥´Í¨Õ, ´µ Éµ²Ó±µ ´  ±² ¸¸¥ ¢¥±Éµ·µ¢, Ê¤µ¢²¥É¢µ·ÖÕÐ¨Ì Ê¸²µ-
¢¨Õ

gµνDµDνε
σ(x) = 0. (41)

�µÎÉ¨  ´ ²µ£¨Î´ Ö ¸¨ÉÊ Í¨Ö ¨³¥¥É ³¥¸Éµ ¢ Ô²¥±É·µ¤¨´ ³¨±¥ ¸ ³ ¸¸µ°
¶µ±µÖ ËµÉµ´ , µÉ²¨Î´µ° µÉ ´Ê²Ö. ‘ ÊÎ¥Éµ³ (38)Ä(40) µ¡Ð Ö ¸± ²Ö·´ Ö ¶²µÉ-
´µ¸ÉÓ ² £· ´¦¨ ´  ¨³¥¥É ¢¨¤

Lg = −λ1g̃µν(Gλ
µν G

σ
λσ −Gλ

µσ G
σ
νλ) + λ2

√
−g + λ3 γµν g̃

µν + λ4
√
−γ. (42)

�µ¸²¥¤´¨° ¶µ¸ÉµÖ´´Ò° Î²¥´ ¢ (42) ³Ò ¢¢¥²¨, ÎÉµ¡Ò ¸ ¥£µ ¶µ³µÐÓÕ µ¡· -
É¨ÉÓ ¢ ´Ê²Ó ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ¶·¨ µÉ¸ÊÉ¸É¢¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö.
‘Ê¦¥´¨¥ ±² ¸¸  ± ²¨¡·µ¢µÎ´ÒÌ ¢¥±Éµ·µ¢ ¨§-§  ¢¢¥¤¥´¨Ö Î²¥´  (40)  ¢Éµ³ -
É¨Î¥¸±¨ ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ Ê· ¢´¥´¨Ö (3) ¡Ê¤ÊÉ ¸²¥¤¸É¢¨Ö³¨ Ê· ¢´¥´¨°
£· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. ‚ ÔÉµ³ ³Ò ´¥¶µ¸·¥¤¸É¢¥´´µ Ê¡¥¤¨³¸Ö ´¨¦¥.

‘µ£² ¸´µ ¶·¨´Í¨¶Ê ´ ¨³¥´ÓÏ¥£µ ¤¥°¸É¢¨Ö Ê· ¢´¥´¨Ö ¤²Ö ¸µ¡¸É¢¥´´µ£µ
£· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¨³¥ÕÉ ¢¨¤

δLg

δg̃µν
= λ1Rµν +

1

2
λ2 gµν + λ3 γµν = 0, (43)

§¤¥¸Ó
δLg

δg̃µν
=

∂Lg

∂g̃µν
− ∂σ

(
∂L

∂(∂σ g̃µν)

)
,

£¤¥ Rµν Å É¥´§µ· ¨ÎÎ¨ § ¶¨Ï¥³ ¢ Ëµ·³¥

Rµν = DλG
λ
µν −DµG

λ
νλ +Gσ

µν G
λ
σλ −Gσ

µλG
λ
νσ. (44)

�µ¸±µ²Ó±Ê ¢ ¸²ÊÎ ¥ µÉ¸ÊÉ¸É¢¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö Ê· ¢´¥´¨Ö (43) ¤µ²¦´Ò
Éµ¦¤¥¸É¢¥´´µ ¢Ò¶µ²´ÖÉÓ¸Ö, µÉ¸Õ¤  ¸²¥¤Ê¥É

λ2 = − 2λ3. (45)
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� °¤¥³ É¥¶¥·Ó ¶²µÉ´µ¸ÉÓ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢
¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ

tµνg = −2 δLg

δ γµν
= 2
√
−γ(γµαγνβ − 1

2
γµνγαβ)

δLg

δg̃αβ
+

+λ1 J
µν − 2λ3 g̃

µν − λ4 γ̃
µν , (46)

£¤¥
Jµν = DαDβ(γ

αµg̃βν + γαν g̃βµ − γαβ g̃µν − γµν g̃αβ) (47)

(¸³. ¶·¨²µ¦¥´¨¥ (t.19)). …¸²¨ ¢ ¢Ò· ¦¥´¨¨ (46) ÊÎ¥¸ÉÓ ¤¨´ ³¨Î¥¸±¨¥ Ê· ¢-
´¥´¨Ö (43), Éµ ³Ò ¶µ²ÊÎ¨³ Ê· ¢´¥´¨Ö ¤²Ö ¸µ¡¸É¢¥´´µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö
¢ Ëµ·³¥

λ1 J
µν − 2λ3g̃

µν − λ4 γ̃
µν = tµνg . (48)

„²Ö Éµ£µ ÎÉµ¡Ò ÔÉµ Ê· ¢´¥´¨¥ ¢ ¸²ÊÎ ¥ µÉ¸ÊÉ¸É¢¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö
Ê¤µ¢²¥É¢µ·Ö²µ¸Ó Éµ¦¤¥¸É¢¥´´µ, ´¥µ¡Ìµ¤¨³µ ¶µ²µ¦¨ÉÓ

λ4 = −2λ3. (49)

�µ¸±µ²Ó±Ê ¤²Ö ¸µ¡¸É¢¥´´µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢¸¥£¤  ¨³¥¥É ³¥¸Éµ · ¢¥´-
¸É¢µ

Dµ t
µν
g = 0, (50)

¨§ Ê· ¢´¥´¨Ö (48) ¸²¥¤Ê¥É
Dµ g̃

µν = 0. (51)

’ ±¨³ µ¡· §µ³, Ê· ¢´¥´¨Ö (3), µ¶·¥¤¥²ÖÕÐ¨¥ ¶µ²Ö·¨§ Í¨µ´´Ò¥ ¸µ¸ÉµÖ-
´¨Ö ¶µ²Ö, ´¥¶µ¸·¥¤¸É¢¥´´µ ¸²¥¤ÊÕÉ ¨§ Ê· ¢´¥´¨° (48). ‘ ÊÎ¥Éµ³ Ê· ¢´¥´¨°
(51) ¶µ²¥¢Ò¥ Ê· ¢´¥´¨Ö (48) ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

γαβ DαDβ φ̃
µν − λ4

λ1
φ̃µν = − 1

λ1
tµνg . (52)

‚ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì ÔÉµ Ê· ¢´¥´¨¥ ¨³¥¥É ¶·µ¸Éµ° ¢¨¤

φ̃µν − λ4

λ1
φ̃µν = − 1

λ1
tµνg . (53)

—¨¸²µ¢µ³Ê Ë ±Éµ·Ê −λ4
λ1

= m2 ¥¸É¥¸É¢¥´´µ ¶·¨¤ ÉÓ ¸³Ò¸² ±¢ ¤· É  ³ ¸¸Ò
£· ¢¨Éµ´ ,   §´ Î¥´¨¥ −1/λ1, ¸µ£² ¸´µ ¶·¨´Í¨¶Ê ¸µµÉ¢¥É¸É¢¨Ö, ´¥µ¡Ìµ¤¨³µ
¢§ÖÉÓ · ¢´Ò³ 16π. ’ ±¨³ µ¡· §µ³, ¢¸¥ ´¥¨§¢¥¸É´Ò¥ ¶µ¸ÉµÖ´´Ò¥, ¢Ìµ¤ÖÐ¨¥ ¢
¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´ , µ¶·¥¤¥²¥´Ò:

λ1 = −
1

16π
, λ2 = λ4 = −2λ3 =

m2

16 π
. (54)
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�µ¸É·µ¥´´ Ö ¸± ²Ö·´ Ö ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ¸µ¡¸É¢¥´´µ £· ¢¨É Í¨µ´-
´µ£µ ¶µ²Ö ¡Ê¤¥É ¨³¥ÉÓ ¢¨¤

Lg =
1

16 π
g̃µν(Gλ

µν G
σ
λσ −Gλ

µσG
σ
νλ)−

m2

16 π

(
1

2
γµν g̃

µν −
√
−g−

√
−γ
)
. (55)

‘µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¥° ¤¨´ ³¨Î¥¸±¨¥ Ê· ¢´¥´¨Ö ¤²Ö ¸µ¡¸É¢¥´´µ £· ¢¨É Í¨µ´-
´µ£µ ¶µ²Ö ³µ£ÊÉ ¡ÒÉÓ § ¶¨¸ ´Ò ¢ Ëµ·³¥

Jµν −m2 φ̃µν = −16π tµνg , (56)

¨²¨

Rµν − m2

2
(gµν − gµαgνβγαβ) = 0. (57)

�É¨ Ê· ¢´¥´¨Ö ¸ÊÐ¥¸É¢¥´´µ µ£· ´¨Î¨¢ ÕÉ ±² ¸¸ ± ²¨¡·µ¢µÎ´ÒÌ ¶·¥µ¡· §µ-
¢ ´¨°, µ¸É ¢²ÖÖ ²¨ÏÓ É·¨¢¨ ²Ó´Ò¥, Ê¤µ¢²¥É¢µ·ÖÕÐ¨¥ Ê¸²µ¢¨Ö³ Š¨²²¨´£  ¢
¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. ’ ±¨¥ ¶·¥µ¡· §µ¢ ´¨Ö Ö¢²ÖÕÉ¸Ö ¸²¥¤¸É¢¨¥³ ²µ-
·¥´Í¥¢µ° ¨´¢ ·¨ ´É´µ¸É¨ ¨ ¨³¥ÕÉ ³¥¸Éµ ¢ ²Õ¡µ° É¥µ·¨¨.

�µ¸É·µ¥´´ Ö ¢ÒÏ¥ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ¶·¨¢µ¤¨É ± Ê· ¢´¥´¨Ö³ (57),
¨§ ±µÉµ·ÒÌ ¸²¥¤Ê¥É, ÎÉµ Ê· ¢´¥´¨Ö (51) Ö¢²ÖÕÉ¸Ö ¨Ì ¸²¥¤¸É¢¨Ö³¨,   ¶µÔÉµ³Ê
¢´¥ ¢¥Ð¥¸É¢  ³Ò ¡Ê¤¥³ ¨³¥ÉÓ ¤¥¸ÖÉÓ Ê· ¢´¥´¨° ¤²Ö ¤¥¸ÖÉ¨ ´¥¨§¢¥¸É´ÒÌ ¶µ²¥-
¢ÒÌ ËÊ´±Í¨°. ‘ ¶µ³µÐÓÕ Ê· ¢´¥´¨° (51) ´¥¨§¢¥¸É´Ò¥ ¶µ²¥¢Ò¥ ËÊ´±Í¨¨ φoα

²¥£±µ ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ ¶µ²¥¢Ò¥ ËÊ´±Í¨¨ φik , £¤¥ §´ Î±¨ i ¨ k ¶·µ¡¥£ ÕÉ
§´ Î¥´¨Ö 1, 2, 3. ’ ±¨³ µ¡· §µ³, ¢ ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  ¸µ¡¸É¢¥´´µ £· -
¢¨É Í¨µ´´µ£µ ¶µ²Ö ¸É·Ê±ÉÊ·  ³ ¸¸µ¢µ£µ Î²¥´ , ´ ·ÊÏ ÕÐ¥£µ ± ²¨¡·µ¢µÎ´ÊÕ
£·Ê¶¶Ê, µ¤´µ§´ Î´µ µ¶·¥¤¥²Ö¥É¸Ö ¶µ²Ö·¨§ Í¨µ´´Ò³¨ ¸¢µ°¸É¢ ³¨ £· ¢¨É Í¨-
µ´´µ£µ ¶µ²Ö.

5. “)-‚�…�ˆŸ „‚ˆ†…�ˆŸ
„‹Ÿ ƒ)-‚ˆ’-–ˆ&��&ƒ& +&‹Ÿ ˆ ‚…™…‘’‚-

�µ²´ Ö ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö · ¢´ 

L = Lg + LM (g̃µν , φA), (58)

£¤¥ Lg µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ (55).
�  µ¸´µ¢ ´¨¨ (58) ¸ ¶µ³µÐÓÕ ¶·¨´Í¨¶  ´ ¨³¥´ÓÏ¥£µ ¤¥°¸É¢¨Ö ¶µ²ÊÎ¨³

¶µ²´ÊÕ ¸¨¸É¥³Ê Ê· ¢´¥´¨° ¤²Ö ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö:

δL

δg̃µν
= 0, (59)

δLM

δφA
= 0. (60)
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�µ¸±µ²Ó±Ê ¶·¨ ¶·µ¨§¢µ²Ó´µ³ ¡¥¸±µ´¥Î´µ ³ ²µ³ ¨§³¥´¥´¨¨ ±µµ·¤¨´ É ¢ ·¨-
 Í¨Ö ¤¥°¸É¢¨Ö δcSM · ¢´  ´Ê²Õ,

δcSM = δc

∫
LM (g̃µν , φA) d

4x = 0,

µÉ¸Õ¤  ³µ¦´µ ¶µ²ÊÎ¨ÉÓ Éµ¦¤¥¸É¢µ (¸³. ¶·¨²µ¦¥´¨¥ ‚, Ë-²  (16)) ¢ Ëµ·³¥

gµν∇λT
λν = −Dν

(
δLM

δφA
FB; ν
A; µ φB(x)

)
− δLM

δφA
Dµ φA(x). (61)

‡¤¥¸Ó T λν = −2 δLM
δgλν

Å ¶²µÉ´µ¸ÉÓ É¥´§µ·  ¢¥Ð¥¸É¢  ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´-
¸É¢¥; ∇λ Å ±µ¢ ·¨ ´É´ Ö ¶·µ¨§¢µ¤´ Ö ¢ ÔÉµ³ ¶·µ¸É· ´¸É¢¥ ¸ ³¥É·¨±µ° gλν .
ˆ§ Éµ¦¤¥¸É¢  (61) ¸²¥¤Ê¥É, ÎÉµ ¥¸²¨ ¢Ò¶µ²´ÖÕÉ¸Ö Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¢¥Ð¥-
¸É¢  (60), Éµ ¨³¥¥É ³¥¸Éµ Ê· ¢´¥´¨¥

∇λ T
λν = 0. (62)

‚ Éµ³ ¸²ÊÎ ¥, ¥¸²¨ Î¨¸²µ Ê· ¢´¥´¨° (60) ¤²Ö ¢¥Ð¥¸É¢  · ¢´µ Î¥ÉÒ·¥³,
¢³¥¸Éµ ´¨Ì ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ Ô±¢¨¢ ²¥´É´Ò¥ ¨³ Ê· ¢´¥´¨Ö (62). �µ¸±µ²Ó±Ê
¢ ¤ ²Ó´¥°Ï¥³ ³Ò ¡Ê¤¥³ ¨³¥ÉÓ ¤¥²µ Éµ²Ó±µ ¸ É ±¨³¨ Ê· ¢´¥´¨Ö³¨ ¤²Ö ¢¥-
Ð¥¸É¢ , ¢¸¥£¤  ¡Ê¤¥³ ¶µ²Ó§µ¢ ÉÓ¸Ö Ê· ¢´¥´¨Ö³¨ ¤²Ö ¢¥Ð¥¸É¢  ¢ Ëµ·³¥ (62).
’ ±¨³ µ¡· §µ³, ¶µ²´ Ö ¸¨¸É¥³  Ê· ¢´¥´¨° ¤²Ö ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö ¡Ê¤¥É ¨³¥ÉÓ ¢¨¤

δL

δg̃µν
= 0, (63)

∇λ T
λν = 0. (64)

‚¥Ð¥¸É¢µ ¡Ê¤¥É µ¶¨¸Ò¢ ÉÓ¸Ö ¸±µ·µ¸ÉÓÕ 0v, ¶²µÉ´µ¸ÉÓÕ ¢¥Ð¥¸É¢  ρ ¨ ¤ ¢²¥-
´¨¥³ p. ƒ· ¢¨É Í¨µ´´µ¥ ¶µ²¥ µ¶·¥¤¥²Ö¥É¸Ö ¤¥¸ÖÉÓÕ ±µ³¶µ´¥´É ³¨ É¥´§µ· 
φµν .

ˆÉ ±, ³Ò ¨³¥¥³ 15 ´¥¨§¢¥¸É´ÒÌ. „²Ö ¨Ì µ¶·¥¤¥²¥´¨Ö ´¥µ¡Ìµ¤¨³µ ± 14
Ê· ¢´¥´¨Ö³ (63)Ä(64) ¤µ¡ ¢¨ÉÓ Ê· ¢´¥´¨¥ ¸µ¸ÉµÖ´¨Ö ¢¥Ð¥¸É¢ . …¸²¨ ¶·¨´ÖÉÓ
¢µ ¢´¨³ ´¨¥ ¸µµÉ´µÏ¥´¨Ö

δLg

δg̃µν
= − 1

16 π
Rµν +

m2

32 π
(gµν − γµν), (65)

δLM

δg̃µν
=

1

2
√−g

(
Tµν −

1

2
gµν T

)
, (66)

Éµ ¸¨¸É¥³Ê Ê· ¢´¥´¨° (63) ¨ (64) ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¢ Ëµ·³¥

(Rµν − 1

2
gµνR) +

m2

2
[gµν + (gµαgνβ − 1

2
gµνgαβ) γαβ ] =

8 π√−g T
µν , (67)
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∇λ T
λν = 0. (68)

‚ ¸¨²Ê Éµ¦¤¥¸É¢  tÓÖ´±¨

∇µ(R
µν − 1

2
gµν R) = 0

¨§ Ê· ¢´¥´¨° (67) ¨³¥¥³

m2
√
−g(gµαgνβ − 1

2
gµνgαβ)∇µ γαβ = 16 π∇µ T

µν. (69)

“Î¨ÉÒ¢ Ö ¢Ò· ¦¥´¨¥

∇µ γαβ = −Gσ
µα γσβ −Gσ

µβ γσα, (70)

£¤¥ Gσ
µα µ¶·¥¤¥²¥´µ Ëµ·³Ê²µ° (36), ´ °¤¥³

(gµαgνβ − 1

2
gµνgαβ)∇µ γαβ = γµλg

µν(Dσ g
σλ +Gβ

αβ g
αλ), (71)

´µ É ± ± ± √
−g(Dσ g

σλ +Gβ
αβ g

αλ) = Dσ g̃
λσ, (72)

¢Ò· ¦¥´¨¥ (71) ¶·¨´¨³ ¥É ¢¨¤

√
−g(gµαgνβ − 1

2
gµνgαβ)∇µ γαβ = γµλ g

µν Dσ g̃
λσ. (73)

ˆ¸¶µ²Ó§ÊÖ (73), ¢Ò· ¦¥´¨¥ (69) ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´µ ¢ Ëµ·³¥

m2γµλ g
µνDσg̃

λσ = 16π∇µ T
µν.

�Éµ ¢Ò· ¦¥´¨¥ ³µ¦´µ ¶¥·¥¶¨¸ ÉÓ ¢ ¢¨¤¥

m2Dσg̃
λσ = 16 π γλν∇µ T

µ
ν . (74)

‘ ¶µ³µÐÓÕ ÔÉµ£µ ¸µµÉ´µÏ¥´¨Ö Ê· ¢´¥´¨¥ (68) ³µ¦´µ § ³¥´¨ÉÓ Ê· ¢´¥´¨¥³

Dσg̃
νσ = 0. (75)

�µÔÉµ³Ê ¸¨¸É¥³  Ê· ¢´¥´¨° (67) ¨ (68) ¸¢µ¤¨É¸Ö ± ¸¨¸É¥³¥ £· ¢¨É Í¨µ´´ÒÌ
Ê· ¢´¥´¨° ¢ ¢¨¤¥

(Rµν − 1

2
gµνR) +

m2

2
[gµν + (gµαgνβ − 1

2
gµν gαβ)γαβ ] =

8 π√−g T
µν , (76)

Dµ g̃
µν = 0. (77)
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�É¨ Ê· ¢´¥´¨Ö Ëµ·³¨´¢ ·¨ ´É´Ò µÉ´µ¸¨É¥²Ó´µ ¶·¥µ¡· §µ¢ ´¨° ‹µ·¥´Í , É.¥.
¢ ²Õ¡µ° ¨´¥·Í¨ ²Ó´µ° (£ ²¨²¥¥¢µ°) ¸¨¸É¥³¥ ±µµ·¤¨´ É Ö¢²¥´¨Ö µ¶¨¸Ò¢ ÕÉ¸Ö
µ¤¨´ ±µ¢Ò³¨ Ê· ¢´¥´¨Ö³¨.

Šµ´±·¥É´ Ö ¨´¥·Í¨ ²Ó´ Ö £ ²¨²¥¥¢  ¸¨¸É¥³  ±µµ·¤¨´ É ¢Ò¤¥²Ö¥É¸Ö ¸ -
³µ° ¶µ¸É ´µ¢±µ° Ë¨§¨Î¥¸±µ° § ¤ Î¨ (´ Î ²Ó´Ò³¨ ¨ £· ´¨Î´Ò³¨ Ê¸²µ¢¨Ö³¨).
�¶¨¸ ´¨¥ ¤ ´´µ° ¶µ¸É ¢²¥´´µ° Ë¨§¨Î¥¸±µ° § ¤ Î¨ ¢ · §´ÒÌ ¨´¥·Í¨ ²Ó´ÒÌ
(£ ²¨²¥¥¢ÒÌ) ¸¨¸É¥³ Ì ±µµ·¤¨´ É, ±µ´¥Î´µ, · §²¨Î´µ, ´µ ÔÉµ ´¥ ¶·µÉ¨¢µ·¥Î¨É
¶·¨´Í¨¶Ê µÉ´µ¸¨É¥²Ó´µ¸É¨. …¸²¨ ¢¢¥¸É¨ É¥´§µ·

Nµν = Rµν − m2

2
[gµν − gµαgνβγαβ ], N = Nµνgµν ,

Éµ ¸¨¸É¥³Ê Ê· ¢´¥´¨° (76) ¨ (77) ³µ¦´µ § ¶¨¸ ÉÓ ¢ Ëµ·³¥

Nµν − 1

2
gµνN =

8 π√−g T
µν, (76a)

Dµ g̃
µν = 0. (77a)

�´  ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  É ±¦¥ ¢ ¢¨¤¥

Nµν =
8 π√−g (T

µν − 1

2
gµν T ), (78)

Dµg̃
µν = 0, (79)

¨²¨

Nµν =
8 π√−g (Tµν −

1

2
gµν T ), (78a)

Dµg̃
µν = 0. (79a)

�¥µ¡Ìµ¤¨³µ µ¸µ¡µ ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ± ± ¢ ¸¨¸É¥³Ê (78), É ± ¨ ¢ ¸¨¸É¥³Ê
Ê· ¢´¥´¨° (79) ¢Ìµ¤¨É ³¥É·¨Î¥¸±¨° É¥´§µ· ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ.

�·¥µ¡· §µ¢ ´¨Ö ±µµ·¤¨´ É, ±µÉµ·Ò¥ µ¸É ¢²ÖÕÉ ³¥É·¨±Ê ¶·µ¸É· ´¸É¢ 
Œ¨´±µ¢¸±µ£µ Ëµ·³¨´¢ ·¨ ´É´µ°, ¸¢Ö§Ò¢ ÕÉ Ë¨§¨Î¥¸±¨ Ô±¢¨¢ ²¥´É´Ò¥ ¸¨-
¸É¥³Ò µÉ¸Î¥É . �·µ¸É¥°Ï¨³¨ ¨§ ´¨Ì ¡Ê¤ÊÉ ¨´¥·Í¨ ²Ó´Ò¥ ¸¨¸É¥³Ò. �µÔÉµ³Ê
¢µ§³µ¦´Ò¥ ± ²¨¡·µ¢µÎ´Ò¥ ¶·¥µ¡· §µ¢ ´¨Ö, Ê¤µ¢²¥É¢µ·ÖÕÐ¨¥ Ê¸²µ¢¨Ö³ Š¨²-
²¨´£ 

Dµεν +Dνεµ = 0,

´¥ ¢Ò¢µ¤ÖÉ ´ ¸ ¨§ ±² ¸¸  Ë¨§¨Î¥¸±¨ Ô±¢¨¢ ²¥´É´ÒÌ ¸¨¸É¥³ µÉ¸Î¥É .
…¸²¨ ³Ò¸²¥´´µ ¤µ¶Ê¸É¨ÉÓ ¢µ§³µ¦´µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨§³¥·¥´¨Ö

Ì · ±É¥·¨¸É¨± ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ¨ ¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢  ¸µ ¸±µ²Ó Ê£µ¤´µ
¡µ²ÓÏµ° ÉµÎ´µ¸ÉÓÕ, Éµ ´  µ¸´µ¢ ´¨¨ Ê· ¢´¥´¨° (78 ) ¨ (79 ) ³Ò ³µ¦¥³
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µ¶·¥¤¥²¨ÉÓ ³¥É·¨±Ê ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¨ ´ °É¨ £ ²¨²¥¥¢Ò (¨´¥·-
Í¨ ²Ó´Ò¥) ¸¨¸É¥³Ò ±µµ·¤¨´ É. ’ ±¨³ µ¡· §µ³, ¶·µ¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ
Ö¢²Ö¥É¸Ö, ¢ ¶·¨´Í¨¶¥, ´ ¡²Õ¤ ¥³Ò³.

‘ÊÐ¥¸É¢µ¢ ´¨¥ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ´ Ìµ¤¨É µÉ· ¦¥´¨¥ ¢ § ±µ´ Ì
¸µÌ· ´¥´¨Ö,   ¶µÔÉµ³Ê ¶·µ¢¥·±  ¨Ì ¢ Ë¨§¨Î¥¸±¨Ì Ö¢²¥´¨ÖÌ Ö¢²Ö¥É¸Ö ¢ Éµ ¦¥
¢·¥³Ö ¶·µ¢¥·±µ° ¸É·Ê±ÉÊ·Ò ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨.

‘²¥¤Ê¥É µ¸µ¡µ µÉ³¥É¨ÉÓ, ÎÉµ ± ± ¢ ¸¨¸É¥³Ê Ê· ¢´¥´¨° (76), É ± ¨ ¢ ¸¨-
¸É¥³Ê Ê· ¢´¥´¨° (77) ¢Ìµ¤¨É ³¥É·¨Î¥¸±¨° É¥´§µ· ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ.
Š ± ¨§¢¥¸É´µ, ¢ �’� ¶·¨¸ÊÉ¸É¢¨¥ ±µ¸³µ²µ£¨Î¥¸±µ£µ Î²¥´  ¢ Ê· ¢´¥´¨ÖÌ ´¥
Ö¢²Ö¥É¸Ö µ¡Ö§ É¥²Ó´Ò³, ¨ ÔÉµÉ ¢µ¶·µ¸ µ¡¸Ê¦¤ ¥É¸Ö ¤µ ¸¨Ì ¶µ·. ‚ ’ƒ ´ ²¨-
Î¨¥ ±µ¸³µ²µ£¨Î¥¸±µ£µ Î²¥´  ¢ Ê· ¢´¥´¨ÖÌ £· ¢¨É Í¨¨ µ¡Ö§ É¥²Ó´µ. �¤´ ±µ
±µ¸³µ²µ£¨Î¥¸±¨° Î²¥´ ¢µ§´¨± ¥É ¢ Ê· ¢´¥´¨ÖÌ (76) ¢ ±µ³¡¨´ Í¨¨ ¸ Î²¥-
´µ³, ¸¢Ö§ ´´Ò³ ¸ ³¥É·¨±µ° γµν ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ, ¶·¨Î¥³ ¸ Éµ°
¦¥ ¶µ¸ÉµÖ´´µ°, · ¢´µ° ¶µ²µ¢¨´¥ ±¢ ¤· É  ³ ¸¸Ò £· ¢¨Éµ´ . � ²¨Î¨¥ Î²¥´  ¢
Ê· ¢´¥´¨ÖÌ (76), ¸¢Ö§ ´´µ£µ ¸ ³¥É·¨±µ° γµν , ¸ÊÐ¥¸É¢¥´´µ ¨§³¥´Ö¥É Ì · ±É¥·
±µ²² ¶¸  ¨ · §¢¨É¨Ö ‚¸¥²¥´´µ°. ‘µ£² ¸´µ Ê· ¢´¥´¨Ö³ (76), ¶·¨ µÉ¸ÊÉ¸É¢¨¨
¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ³¥É·¨±  ¶·µ¸É· ´¸É¢  ¸É ´µ¢¨É¸Ö ³¥É·¨-
±µ° Œ¨´±µ¢¸±µ£µ, ¶·¨Î¥³ µ´  ÉµÎ´µ ¸µ¢¶ ¤ ¥É ¸ ¢Ò¡· ´´µ° · ´¥¥ ¶·¨ ¶µ-
¸É ´µ¢±¥ Ë¨§¨Î¥¸±µ° § ¤ Î¨. …¸²¨ ¡Ò ¢ Ê· ¢´¥´¨ÖÌ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö
³¥É·¨±  ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ µÉ¸ÊÉ¸É¢µ¢ ² , Éµ ¸µ¢¥·Ï¥´´µ ´¥ ¡Ò²µ
¡Ò Ö¸´µ, ¢ ± ±µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ³Ò µ± § -
²¨¸Ó ¶·¨ µÉ¸ÊÉ¸É¢¨¨ ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö.

‚¢¥¤¥´¨¥ ³ ¸¸Ò £· ¢¨Éµ´  ¨³¥¥É ¶·¨´Í¨¶¨ ²Ó´µ¥ §´ Î¥´¨¥ ¤²Ö ¤ ´´µ°
É¥µ·¨¨, ¶µ¸±µ²Ó±Ê Éµ²Ó±µ ¸ ¥¥ ¢¢¥¤¥´¨¥³ Ê¤ ¥É¸Ö ¶µ¸É·µ¨ÉÓ É¥µ·¨Õ £· ¢¨É -
Í¨¨ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. Œ ¸¸  £· ¢¨Éµ´  ´ ·ÊÏ ¥É ± ²¨¡·µ¢µÎ´ÊÕ
£·Ê¶¶Ê ¨²¨, ¤·Ê£¨³¨ ¸²µ¢ ³¨, µ´  ¸´¨³ ¥É ¢Ò·µ¦¤¥´¨¥. �µÔÉµ³Ê ´¥²Ó§Ö ¨¸-
±²ÕÎ¨ÉÓ ¢µ§³µ¦´µ¸ÉÓ Ê¸É·¥³²¥´¨Ö ³ ¸¸Ò £· ¢¨Éµ´  ± ´Ê²Õ ¢ µ±µ´Î É¥²Ó´ÒÌ
·¥§Ê²ÓÉ É Ì ¶·¨ ¨§ÊÎ¥´¨¨ £· ¢¨É Í¨µ´´ÒÌ ÔËË¥±Éµ¢. �¤´ ±µ É¥µ·¨Ö ¸ ³ ¸-
¸µ° £· ¢¨Éµ´  ¨ É¥µ·¨Ö ¸ ´ ·ÊÏ¥´´µ° ± ²¨¡·µ¢µÎ´µ° £·Ê¶¶µ° [7] (¸ ¶µ¸²¥-
¤ÊÕÐ¨³ Ê¸É·¥³²¥´¨¥³ ³ ¸¸Ò £· ¢¨Éµ´  ± ´Ê²Õ) Å ÔÉµ ¢ ¶·¨´Í¨¶¥ · §´Ò¥
É¥µ·¨¨. ’ ±, ´ ¶·¨³¥·, ¥¸²¨ ¢ ¶¥·¢µ° ¨³¥¥É ³¥¸Éµ µ¤´µ·µ¤´ Ö ¨ ¨§µÉ·µ¶´ Ö
‚¸¥²¥´´ Ö, Éµ ¢µ ¢Éµ·µ° É ±µ° ‚¸¥²¥´´µ° ´¥ ³µ¦¥É ¡ÒÉÓ.

�¸É ´µ¢¨³¸Ö É¥¶¥·Ó ´  ¶·¨´Í¨¶¥ ¸µµÉ¢¥É¸É¢¨Ö. ‹Õ¡ Ö Ë¨§¨Î¥¸± Ö É¥-
µ·¨Ö ¤µ²¦´  Ê¤µ¢²¥É¢µ·ÖÉÓ ¶·¨´Í¨¶Ê ¸µµÉ¢¥É¸É¢¨Ö. ƒ· ¢¨É Í¨µ´´Ò¥ ¢§ ¨-
³µ¤¥°¸É¢¨Ö ¨§³¥´ÖÕÉ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢ . ’·¥¡µ¢ ´¨¥ ¶·¨´Í¨¶ 
¸µµÉ¢¥É¸É¢¨Ö ¸¢µ¤¨É¸Ö ± Éµ³Ê, ÎÉµ¡Ò ÔÉ¨ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¶·¨ ¢Ò±²ÕÎ¥-
´¨¨ £· ¢¨É Í¨µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, É.¥. ¶·¨ µ¡· Ð¥´¨¨ ¢ ´Ê²Ó É¥´§µ·  ±·¨-
¢¨§´Ò ¨³ ´ , ¸É ´µ¢¨²¨¸Ó µ¡ÒÎ´Ò³¨ Ê· ¢´¥´¨Ö³¨ ¤¢¨¦¥´¨Ö ‘’� ¢ ¢Ò¡· ´-
´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É.

�·¨ ¶µ¸É ´µ¢±¥ Ë¨§¨Î¥¸±µ° § ¤ Î¨ ¢ ’ƒ ³Ò ¢Ò¡¨· ¥³ ´¥±µÉµ·ÊÕ ¸¨-
¸É¥³Ê ±µµ·¤¨´ É ¸ ³¥É·¨Î¥¸±¨³ É¥´§µ·µ³ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ γµν(x).
‚ ’ƒ Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢  ¢ ÔËË¥±É¨¢´µ³ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥
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¸ ³¥É·¨Î¥¸±¨³ É¥´§µ·µ³ gµν(x), µ¶·¥¤¥²Ö¥³Ò³ ¨§ Ê· ¢´¥´¨° £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö (76) ¨ (77), ¨³¥¥É ¢¨¤

∇µT
µν(x) = 0. (σ)

‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¢µ§Ó³¥³ ¶Ò²¥¢¨¤´ÊÕ ³ É¥·¨Õ ¸ É¥´§µ·µ³ Ô´¥·£¨¨-¨³-
¶Ê²Ó¸  T µν , · ¢´Ò³

T µν(x) = ρUµUν , Uν =
dxν

ds
,

ds Å ¨´É¥·¢ ² ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥.
�  µ¸´µ¢ ´¨¨ Ê· ¢´¥´¨° (σ), ¨¸¶µ²Ó§ÊÖ ¢Ò· ¦¥´¨¥ ¤²Ö T µν , ´ °¤¥³ Ê· ¢-

´¥´¨¥ ¤²Ö £¥µ¤¥§¨Î¥¸±µ° ²¨´¨¨ ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥

dUν

ds
+ Γν

αβ(x)U
αUβ = 0.

�·¨ ¢Ò±²ÕÎ¥´¨¨ £· ¢¨É Í¨µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, É.¥. ¶·¨ µ¡· Ð¥´¨¨ É¥´-
§µ·  ±·¨¢¨§´Ò ¨³ ´  ¢ ´Ê²Ó, ¨§ Ê· ¢´¥´¨° £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö (76) ¨ (77)
¸²¥¤Ê¥É, ÎÉµ ·¨³ ´µ¢  ³¥É·¨±  gµν(x) ¶¥·¥Ìµ¤¨É ¢ · ´¥¥ ¢Ò¡· ´´ÊÕ ³¥É·¨±Ê
¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ γµν(x). �·¨ ÔÉµ³ Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢ 
(σ) ¶·¨´¨³ ¥É ¢¨¤

Dµt
µν(x) = 0. (λ)

‡¤¥¸Ó É¥´§µ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  tµν(x) · ¢¥´

tµν(x) = ρuµuν , uν =
dxν

dσ
,

dσ Å ¨´É¥·¢ ² ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ.
�  µ¸´µ¢ ´¨¨ (λ), ¨¸¶µ²Ó§ÊÖ ¢Ò· ¦¥´¨¥ ¤²Ö tµν , ´ °¤¥³ Ê· ¢´¥´¨Ö ¤²Ö

£¥µ¤¥§¨Î¥¸±µ° ²¨´¨¨ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ

duν

dσ
+ γναβu

αuβ = 0,

É.¥. ³Ò ¶·¨Ï²¨ ± µ¡ÒÎ´Ò³ Ê· ¢´¥´¨Ö³ ¤²Ö ¸¢µ¡µ¤´µ£µ ¤¢¨¦¥´¨Ö Î ¸É¨Í ¢
‘’� ¢ ¢Ò¡· ´´µ° · ´¥¥ ±µµ·¤¨´ Í¨¨ ¸ ³¥É·¨Î¥¸±¨³ É¥´§µ·µ³ γµν(x). ’ -
±¨³ µ¡· §µ³, Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢  ¢ £· ¢¨É Í¨µ´´µ³ ¶µ²¥ ¢ ¢Ò-
¡· ´´µ° ±µµ·¤¨´ Í¨¨  ¢Éµ³ É¨Î¥¸±¨ ¶¥·¥Ìµ¤¨É ¶·¨ ¢Ò±²ÕÎ¥´¨¨ £· ¢¨É -
Í¨µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, É.¥. ¶·¨ µ¡· Ð¥´¨¨ É¥´§µ·  ±·¨¢¨§´Ò ¨³ ´  ¢
´Ê²Ó, ¢ Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢  ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ ¢ Éµ° ¦¥
±µµ·¤¨´ Í¨¨ ¸ ³¥É·¨Î¥¸±¨³ É¥´§µ·µ³ γµν(x), É.¥. ¶·¨´Í¨¶ ¸µµÉ¢¥É¸É¢¨Ö ¢Ò-
¶µ²´Ö¥É¸Ö. �Éµ ÊÉ¢¥·¦¤¥´¨¥ ¢ ’ƒ ¨³¥¥É µ¡Ð¨° Ì · ±É¥·, ¶µ¸±µ²Ó±Ê ¶·¨
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µ¡· Ð¥´¨¨ É¥´§µ·  ¨³ ´  ¢ ´Ê²Ó ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ¢¥Ð¥¸É¢  ¢ £· ¢¨-
É Í¨µ´´µ³ ¶µ²¥ LM (g̃µν ,ΦA) ¶¥·¥Ìµ¤¨É ¢ µ¡ÒÎ´ÊÕ ¶²µÉ´µ¸ÉÓ ² £· ´¦¨ ´ 
LM (γ̃µν ,ΦA) ‘’� ¢ ¢Ò¡· ´´µ° ±µµ·¤¨´ Í¨¨.

‚ �’� Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢  É ±¦¥ ¨³¥¥É ¢¨¤ (σ). �µ ¶µ¸±µ²Ó±Ê
¢ Ê· ¢´¥´¨Ö ƒ¨²Ó¡¥·É  Å �°´ÏÉ¥°´  ´¥ ¢Ìµ¤¨É ³¥É·¨Î¥¸±¨° É¥´§µ· ¶·µ¸É-
· ´¸É¢  Œ¨´±µ¢¸±µ£µ, Éµ ¶·¨ ¢Ò±²ÕÎ¥´¨¨ £· ¢¨É Í¨µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö,
É.¥. ¶·¨ µ¡· Ð¥´¨¨ É¥´§µ·  ±·¨¢¨§´Ò ¨³ ´  ¢ ´Ê²Ó, ´¥²Ó§Ö ¸± § ÉÓ, ¢ ± ±µ°
¸¨¸É¥³¥ ±µµ·¤¨´ É (¨´¥·Í¨ ²Ó´µ° ¨²¨ Ê¸±µ·¥´´µ°) ¶·µ¸É· ´¸É¢  Œ¨´±µ¢-
¸±µ£µ ³Ò ´ Ìµ¤¨³¸Ö,   ¶µÔÉµ³Ê ´¥¢µ§³µ¦´µ µ¶·¥¤¥²¨ÉÓ, ± ±µ¥ Ê· ¢´¥´¨¥
¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢  ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ ³Ò ¶µ²ÊÎ¨³ ¶·¨ ¢Ò±²ÕÎ¥-
´¨¨ £· ¢¨É Í¨µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö. ˆ³¥´´µ ¶µÔÉµ³Ê ¢ �’� ¶·¨´Í¨¶ ¸µ-
µÉ¢¥É¸É¢¨Ö ´¥¢µ§³µ¦´µ ¸µ¡²Õ¸É¨, µ¸É ¢ Ö¸Ó ¢ · ³± Ì ÔÉµ° É¥µ·¨¨.

‚ § ±²ÕÎ¥´¨¥ µÉ³¥É¨³, ÎÉµ ¢ ’ƒ ¢µ§·µ¦¤ ÕÉ¸Ö ¢¸¥ É¥ ¶µ´ÖÉ¨Ö (¨´¥·Í¨-
 ²Ó´ Ö ¸¨¸É¥³  ±µµ·¤¨´ É, § ±µ´ ¨´¥·Í¨¨, Ê¸±µ·¥´¨¥ ¶µ µÉ´µÏ¥´¨Õ ± ¶·µ-
¸É· ´¸É¢Ê, § ±µ´Ò ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ ³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨¦¥-
´¨Ö), ±µÉµ·Ò¥ ¨³¥ÕÉ ³¥¸Éµ ¢ ±² ¸¸¨Î¥¸±µ° ³¥Ì ´¨±¥ �ÓÕÉµ´  ¨ ¢ ¸¶¥Í¨ ²Ó-
´µ° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨, µÉ ±µÉµ·ÒÌ �.�°´ÏÉ¥°´Ê ¶·¨Ï²µ¸Ó µÉ± § ÉÓ¸Ö
¶·¨ ¶µ¸É·µ¥´¨¨ �’�. ‘¨²Ò ¨´¥·Í¨¨ ¨ £· ¢¨É Í¨¨ ¤ ¦¥ ²µ± ²Ó´µ ´¥²Ó§Ö
µÉµ¦¤¥¸É¢²ÖÉÓ, ¶µ¸±µ²Ó±Ê µ´¨ ¸µ¢¥·Ï¥´´µ · §´µ° ¶·¨·µ¤Ò. …¸²¨ ¶¥·¢Ò¥
³µ¦´µ Ê¸É· ´¨ÉÓ ¢Ò¡µ·µ³ ¸¨¸É¥³Ò ±µµ·¤¨´ É, Éµ ¸¨²Ò £· ¢¨É Í¨¨ ´¨± ±¨³
¢Ò¡µ·µ³ ¸¨¸É¥³Ò ±µµ·¤¨´ É Ê¸É· ´¨ÉÓ ´¥²Ó§Ö.

6. +·¨´Í¨¶ ¶·¨Î¨´´µ¸É¨ ¢ )’ƒ

’ƒ ¶µ¸É·µ¥´  ¢ · ³± Ì ‘’� ¶µ¤µ¡´µ É¥µ·¨Ö³ ¤·Ê£¨Ì Ë¨§¨Î¥¸±¨Ì ¶µ²¥°.
‘µ£² ¸´µ ‘’�, ²Õ¡µ¥ ¤¢¨¦¥´¨¥ ± ±µ£µ-²¨¡µ ÉµÎ¥Î´µ£µ ¶·µ¡´µ£µ É¥²  ¢¸¥-
£¤  ¶·µ¨¸Ìµ¤¨É ¢´ÊÉ·¨ ¸¢¥Éµ¢µ£µ ±µ´Ê¸  ¶·¨Î¨´´µ¸É¨ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢-
¸±µ£µ. ‘²¥¤µ¢ É¥²Ó´µ, ´¥¨´¥·Í¨ ²Ó´Ò¥ ¸¨¸É¥³Ò µÉ¸Î¥É , ·¥ ²¨§Ê¥³Ò¥ ¶·µ¡-
´Ò³¨ É¥² ³¨, É ±¦¥ ¤µ²¦´Ò ´ Ìµ¤¨ÉÓ¸Ö ¢´ÊÉ·¨ ±µ´Ê¸  ¶·¨Î¨´´µ¸É¨ ¶¸¥¢¤µ-
¥¢±²¨¤µ¢  ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨. �É¨³ ¸ ³Ò³ µ¶·¥¤¥²Ö¥É¸Ö ¢¥¸Ó ±² ¸¸ ¢µ§-
³µ¦´ÒÌ ´¥¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ µÉ¸Î¥É . ‹µ± ²Ó´µ¥ · ¢¥´¸É¢µ É·¥Ì³¥·´µ°
¸¨²Ò ¨´¥·Í¨¨ ¨ £· ¢¨É Í¨¨ ¶·¨ ¤¥°¸É¢¨¨ ´  ³ É¥·¨ ²Ó´ÊÕ ÉµÎ±Ê ¡Ê¤¥É ¨³¥ÉÓ
³¥¸Éµ, ¥¸²¨ ¸¢¥Éµ¢µ° ±µ´Ê¸ ÔËË¥±É¨¢´µ£µ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ´¥ ¢ÒÌµ-
¤¨É §  ¶·¥¤¥²Ò ¸¢¥Éµ¢µ£µ ±µ´Ê¸  ¶·¨Î¨´´µ¸É¨ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ.
ˆ³¥´´µ Éµ²Ó±µ ¢ ÔÉµ³ ¸²ÊÎ ¥ É·¥Ì³¥·´ÊÕ ¸¨²Ê £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, ¤¥°-
¸É¢ÊÕÐÊÕ ´  ¶·µ¡´µ¥ É¥²µ, ³µ¦´µ ²µ± ²Ó´µ ¸±µ³¶¥´¸¨·µ¢ ÉÓ, ¶¥·¥°¤Ö ¢
¤µ¶Ê¸É¨³ÊÕ ´¥¨´¥·Í¨ ²Ó´ÊÕ ¸¨¸É¥³Ê µÉ¸Î¥É , ¸¢Ö§ ´´ÊÕ ¸ ÔÉ¨³ É¥²µ³.

…¸²¨ ¡Ò ¸¢¥Éµ¢µ° ±µ´Ê¸ ÔËË¥±É¨¢´µ£µ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ¢ÒÌµ¤¨²
§  ¶·¥¤¥²Ò ¸¢¥Éµ¢µ£µ ±µ´Ê¸  ¶·¨Î¨´´µ¸É¨ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ, Éµ ÔÉµ
µ§´ Î ²µ ¡Ò, ÎÉµ ¤²Ö É ±µ£µ ©£· ¢¨É Í¨µ´´µ£µ ¶µ²Öª ´¥ ¸ÊÐ¥¸É¢Ê¥É ¤µ¶Ê-
¸É¨³µ° ´¥¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò µÉ¸Î¥É , ¢ ±µÉµ·µ° ÔÉµ ©¸¨²µ¢µ¥ ¶µ²¥ª ¶·¨
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¤¥°¸É¢¨¨ ´  ³ É¥·¨ ²Ó´ÊÕ ÉµÎ±Ê ³µ¦´µ ¡Ò²µ ¡Ò ¸±µ³¶¥´¸¨·µ¢ ÉÓ. ˆ´Ò³¨
¸²µ¢ ³¨, ²µ± ²Ó´ Ö ±µ³¶¥´¸ Í¨Ö 3-¸¨²Ò £· ¢¨É Í¨¨ ¸¨²µ° ¨´¥·Í¨¨ ¢µ§³µ¦´ 
²¨ÏÓ Éµ£¤ , ±µ£¤  £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ± ± Ë¨§¨Î¥¸±µ¥ ¶µ²¥, ¢µ§¤¥°¸É¢ÊÖ
´  Î ¸É¨ÍÒ, ´¥ ¢Ò¢µ¤¨É ¨Ì ³¨·µ¢Ò¥ ²¨´¨¨ §  ¶·¥¤¥²Ò ±µ´Ê¸  ¶·¨Î¨´´µ¸É¨
¶¸¥¢¤µ¥¢±²¨¤µ¢  ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨. „ ´´µ¥ Ê¸²µ¢¨¥ ¸²¥¤Ê¥É · ¸¸³ É·¨-
¢ ÉÓ ± ± ¶·¨´Í¨¶ ¶·¨Î¨´´µ¸É¨, ¶µ§¢µ²ÖÕÐ¨° µÉ¡¨· ÉÓ ·¥Ï¥´¨Ö ¸¨¸É¥³Ò (76)
¨ (77), ±µÉµ·Ò¥ ¨³¥ÕÉ Ë¨§¨Î¥¸±¨° ¸³Ò¸² ¨ ¸µµÉ¢¥É¸É¢ÊÕÉ £· ¢¨É Í¨µ´´Ò³
¶µ²Ö³.

�·¨´Í¨¶ ¶·¨Î¨´´µ¸É¨ ´¥ ¢Ò¶µ²´Ö¥É¸Ö  ¢Éµ³ É¨Î¥¸±¨. �Éµ ¸¢Ö§ ´µ ¸ É¥³,
ÎÉµ £· ¢¨É Í¨µ´´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¢Ìµ¤¨É ¢ ±µÔËË¨Í¨¥´ÉÒ ¶·¨ ¢Éµ·ÒÌ ¶·µ-
¨§¢µ¤´ÒÌ ¢ Ê· ¢´¥´¨ÖÌ ¶µ²Ö, É.¥. ¨§³¥´Ö¥É ¨¸Ìµ¤´ÊÕ £¥µ³¥É·¨Õ ¶·µ¸É· ´¸É¢ -
¢·¥³¥´¨. �É  µ¸µ¡¥´´µ¸ÉÓ ¶·¨¸ÊÐ  Éµ²Ó±µ £· ¢¨É Í¨µ´´µ³Ê ¶µ²Õ. ‚§ ¨³µ-
¤¥°¸É¢¨¥ ¢¸¥Ì ¤·Ê£¨Ì ¨§¢¥¸É´ÒÌ Ë¨§¨Î¥¸±¨Ì ¶µ²¥° µ¡ÒÎ´µ ´¥ § É· £¨¢ ¥É
¢Éµ·ÒÌ ¶·µ¨§¢µ¤´ÒÌ Ê· ¢´¥´¨° ¶µ²Ö, ¨ ¶µÔÉµ³Ê ´¥ ¨§³¥´Ö¥É ¨¸Ìµ¤´ÊÕ ¶¸¥¢-
¤µ¥¢±²¨¤µ¢Ê £¥µ³¥É·¨Õ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨.

„ ¤¨³ É¥¶¥·Ó  ´ ²¨É¨Î¥¸±ÊÕ Ëµ·³Ê²¨·µ¢±Ê ¶·¨´Í¨¶  ¶·¨Î¨´´µ¸É¨ ¢
’ƒ. �µ¸±µ²Ó±Ê ¢ ’ƒ ¤¢¨¦¥´¨¥ ¢¥Ð¥¸É¢  ¶µ¤ ¤¥°¸É¢¨¥³ £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö ¢ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ³ ¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨ Ô±¢¨¢ ²¥´É´µ ¤¢¨¦¥´¨Õ ¢¥-
Ð¥¸É¢  ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¥³ ÔËË¥±É¨¢´µ³ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨,
Éµ ¤²Ö ¶·¨Î¨´´µ-¸¢Ö§ ´´ÒÌ ¸µ¡ÒÉ¨° (³¨·µ¢ÒÌ ²¨´¨° Î ¸É¨Í ¨ ¸¢¥É ), ¸ µ¤-
´µ° ¸Éµ·µ´Ò, ³Ò ¤µ²¦´Ò ¨³¥ÉÓ Ê¸²µ¢¨¥

d s2 = gµν dx
µ dxν ≥ 0, (80)

  ¸ ¤·Ê£µ° Å ¤²Ö É ±¨Ì ¸µ¡ÒÉ¨° ¤µ²¦´µ µ¡Ö§ É¥²Ó´µ ¢Ò¶µ²´ÖÉÓ¸Ö ´¥· ¢¥´¸É¢µ

dσ2 = γµν dx
µ dxν ≥ 0. (81)

„²Ö ¢Ò¡· ´´µ° ¸¨¸É¥³Ò µÉ¸Î¥É , ·¥ ²¨§Ê¥³µ° Ë¨§¨Î¥¸±¨³¨ É¥² ³¨, ¨³¥¥É
³¥¸Éµ Ê¸²µ¢¨¥

γoo > 0. (82)

‚ ¢Ò· ¦¥´¨¨ (81) ³Ò ¢Ò¤¥²¨³ ¢·¥³¥´¨- ¨ ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´Ò¥ Î ¸É¨

d σ2 =

(
√
γoo dt+

γo i dx
i

√
γoo

)2
− si k dx

i dxk, (83)

§¤¥¸Ó ² É¨´¸±¨¥ ¨´¤¥±¸Ò i, k ¶·µ¡¥£ ÕÉ §´ Î¥´¨Ö 1, 2, 3;

si k = − γi k +
γo iγo k

γo o
, (84)

si k Ö¢²Ö¥É¸Ö ³¥É·¨Î¥¸±¨³ É¥´§µ·µ³ É·¥Ì³¥·´µ£µ ¶·µ¸É· ´¸É¢  ¢ Î¥ÉÒ·¥Ì-
³¥·´µ³ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ³ ¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨. Š¢ ¤· É ¶·µ¸É· ´¸É¢¥´´µ£µ
· ¸¸ÉµÖ´¨Ö µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

d l2 = si k dx
i dxk. (85)
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�·¥¤¸É ¢¨³ ¸±µ·µ¸ÉÓ vi = dxi

dt ¢ ¢¨¤¥ vi = vei, £¤¥ v Å ¢¥²¨Î¨´  ¸±µ·µ-
¸É¨, ei Å ¶·µ¨§¢µ²Ó´Ò° ¥¤¨´¨Î´Ò° ¢¥±Éµ· ¢ É·¥Ì³¥·´µ³ ¶·µ¸É· ´¸É¢¥

si ke
i ek = 1. (86)

�·¨ µÉ¸ÊÉ¸É¢¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¸±µ·µ¸ÉÓ ¸¢¥É  ¢ ¢Ò¡· ´´µ° ¸¨¸É¥³¥
±µµ·¤¨´ É ²¥£±µ µ¶·¥¤¥²Ö¥É¸Ö ¨§ ¢Ò· ¦¥´¨Ö (83), ¥¸²¨ ¶µ²µ¦¨ÉÓ ¥£µ · ¢´Ò³
´Ê²Õ: (

√
γoo dt+

γoi dx
i

√
γoo

)2
= si k dx

i dxk.

�É¸Õ¤  ´ Ìµ¤¨³

v =
√
γoo/

(
1− γoi e

i

√
γoo

)
. (87)

’ ±¨³ µ¡· §µ³, ¶·µ¨§¢µ²Ó´Ò° Î¥ÉÒ·¥Ì³¥·´Ò° ¨§µÉ·µ¶´Ò° ¢¥±Éµ· ¢ ¶·µ-
¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ uν · ¢¥´

uν = (1, v ei). (88)

„²Ö µ¤´µ¢·¥³¥´´µ£µ ¢Ò¶µ²´¥´¨Ö Ê¸²µ¢¨° (80) ¨ (81) ´¥µ¡Ìµ¤¨³µ ¨ ¤µ-
¸É ÉµÎ´µ, ÎÉµ¡Ò ¤²Ö ²Õ¡µ£µ ¨§µÉ·µ¶´µ£µ ¢¥±Éµ· 

γµν u
µ uν = 0 (89)

¢Ò¶µ²´Ö²µ¸Ó Ê¸²µ¢¨¥ ¶·¨Î¨´´µ¸É¨

gµν u
µ uν ≤ 0, (90)

±µÉµ·µ¥ ¨ µ§´ Î ¥É, ÎÉµ ¸¢¥Éµ¢µ° ±µ´Ê¸ ÔËË¥±É¨¢´µ£µ ·¨³ ´µ¢  ¶·µ¸É· ´-
¸É¢  ´¥ ¢ÒÌµ¤¨É §  ¶·¥¤¥²Ò ¸¢¥Éµ¢µ£µ ±µ´Ê¸  ¶·¨Î¨´´µ¸É¨ ¶¸¥¢¤µ¥¢±²¨¤µ¢ 
¶·µ¸É· ´¸É¢ -¢·¥³¥´¨. “¸²µ¢¨Ö ¶·¨Î¨´´µ¸É¨ ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¸²¥¤ÊÕÐ¥°
Ëµ·³¥:

gµν v
µ vν = 0, (89a)

γµνv
µ vν ≥ 0. (90a)

‚ �’� Ë¨§¨Î¥¸±¨° ¸³Ò¸² ¨³¥ÕÉ É ±¨¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° ƒ¨²Ó¡¥·É Ä
�°´ÏÉ¥°´ , ±µÉµ·Ò¥ Ê¤µ¢²¥É¢µ·ÖÕÉ ¢ ± ¦¤µ° ÉµÎ±¥ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨
´¥· ¢¥´¸É¢Ê

g < 0,

  É ±¦¥ É·¥¡µ¢ ´¨Õ, ´ §Ò¢ ¥³µ³Ê Ê¸²µ¢¨¥³ Ô´¥·£µ¤µ³¨´ ´É´µ¸É¨, ±µÉµ·µ¥
Ëµ·³Ê²¨·Ê¥É¸Ö ¸²¥¤ÊÕÐ¨³ µ¡· §µ³. „²Ö ²Õ¡µ£µ ¢·¥³¥´¨¶µ¤µ¡´µ£µ ¢¥±Éµ· 
Kν ¤µ²¦´µ ¢Ò¶µ²´ÖÉÓ¸Ö ´¥· ¢¥´¸É¢µ

T µν KµKν ≥ 0,
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  ¢¥²¨Î¨´  T µν Kν ¤²Ö ¤ ´´µ£µ ¢¥±Éµ·  Kν ¤µ²¦´  µ¡· §µ¢Ò¢ ÉÓ ´¥¶·µ¸É· ´-
¸É¢¥´´µ¶µ¤µ¡´Ò° ¢¥±Éµ·.

‚ ´ Ï¥° É¥µ·¨¨ Ë¨§¨Î¥¸±¨° ¸³Ò¸² ¨³¥ÕÉ É ±¨¥ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (78 )
¨ (79 ), ±µÉµ·Ò¥ ´ ·Ö¤Ê ¸ ÔÉ¨³¨ É·¥¡µ¢ ´¨Ö³¨ ¤µ²¦´Ò É ±¦¥ Ê¤µ¢²¥É¢µ·ÖÉÓ
Ê¸²µ¢¨Õ ¶·¨Î¨´´µ¸É¨ (89 ) ¨ (90 ). �µ¸²¥¤´¥¥ ´  µ¸´µ¢ ´¨¨ Ê· ¢´¥´¨Ö (78 )
³µ¦´µ § ¶¨¸ ÉÓ ¢ ¸²¥¤ÊÕÐ¥° Ëµ·³¥:

Rµν K
µKν ≤ 8 π√−g (Tµν −

1

2
gµν T )K

µKν +
m2

2
gµν K

µKν. (91)

…¸²¨ ¶²µÉ´µ¸ÉÓ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¥Ð¥¸É¢  ¢§ÖÉÓ ¢ Ëµ·³¥

Tµν =
√
−g[(ρ+ p)UµUν − pgµν ],

Éµ ´  µ¸´µ¢ ´¨¨ (78 ) ³µ¦´µ Ê¸É ´µ¢¨ÉÓ ³¥¦¤Ê ¨´É¥·¢ ² ³¨ ¶·µ¸É· ´¸É¢ 
Œ¨´±µ¢¸±µ£µ dσ ¨ ¨´É¥·¢ ²µ³ ÔËË¥±É¨¢´µ£µ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ds ¸²¥-
¤ÊÕÐÊÕ ¸¢Ö§Ó:

m2

2
dσ2 = ds2[4π(ρ+ 3p) +

m2

2
−RµνU

µUν ],

£¤¥ Uµ =
dxµ

ds
.

‚ ¸¨²Ê ¶·¨´Í¨¶  ¶·¨Î¨´´µ¸É¨ ¨³¥¥É ³¥¸Éµ ´¥· ¢¥´¸É¢µ

RµνU
µUν < 4π(ρ+ 3p) +

m2

2
,

±µÉµ·µ¥ Ö¢²Ö¥É¸Ö Î ¸É´Ò³ ¸²ÊÎ ¥³ ´¥· ¢¥´¸É¢  (91) ¨²¨

√
−gRµν v

µvν ≤ 8 πTµνv
µvν . (91a)

�. �°´ÏÉ¥°´ ¢ 1918 £µ¤Ê ¤ ² ¶·¨´Í¨¶Ê Ô±¢¨¢ ²¥´É´µ¸É¨ ¸²¥¤ÊÕÐÊÕ Ëµ·-
³Ê²¨·µ¢±Ê: ©ˆ´¥·Í¨Ö ¨ ÉÖ¦¥¸ÉÓ Éµ¦¤¥¸É¢¥´´Ò; µÉ¸Õ¤  ¨ ¨§ ·¥§Ê²ÓÉ Éµ¢
¸¶¥Í¨ ²Ó´µ° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ ´¥¨§¡¥¦´µ ¸²¥¤Ê¥É, ÎÉµ ¸¨³³¥É·¨Î-
´Ò° 
ËÊ´¤ ³¥´É ²Ó´Ò° É¥´§µ·� gµν µ¶·¥¤¥²Ö¥É ³¥É·¨Î¥¸±¨¥ ¸¢µ°¸É¢ 
¶·µ¸É· ´¸É¢ , ¤¢¨¦¥´¨Ö É¥² ¶µ ¨´¥·Í¨¨ ¢ ´¥³,   É ±¦¥ ¨ ¤¥°¸É¢¨¥ £· ¢¨É -
Í¨¨ª. �Éµ¦¤¥¸É¢²¥´¨¥ ¢ �’� £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¸ ³¥É·¨Î¥¸±¨³ É¥´§µ·µ³
gµν ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ¶µ§¢µ²Ö¥É ¸ ¶µ³µÐÓÕ ¢Ò¡µ·  ¸¨¸É¥³Ò ±µµ·¤¨-
´ É ¸¤¥² ÉÓ · ¢´Ò³¨ ´Ê²Õ ¢¸¥ ±µ³¶µ´¥´ÉÒ ¸¨³¢µ²  Š·¨¸ÉµËË¥²Ö ¢µ ¢¸¥Ì
ÉµÎ± Ì ¶·µ¨§¢µ²Ó´µ° ²¨´¨¨. �µ ¶·¨ ÔÉµ³ ¨ ¢ �’� £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¢Ò-
¡µ·µ³ ¸¨¸É¥³Ò ±µµ·¤¨´ É ´¥ ¨¸±²ÕÎ ¥É¸Ö, ¶µ¸±µ²Ó±Ê ¤¢¨¦¥´¨¥ ¤¢ÊÌ ¡²¨§±¨Ì
³ É¥·¨ ²Ó´ÒÌ ÉµÎ¥± ´¥ ¡Ê¤¥É ¸¢µ¡µ¤´Ò³ ¨§-§  ´ ²¨Î¨Ö É¥´§µ·  ±·¨¢¨§´Ò, ±µ-
Éµ·Ò° ¢ ¸¨²Ê É¥´§µ·´ÒÌ ¸¢µ°¸É¢ ´¨±µ£¤  ´¥²Ó§Ö µ¡· É¨ÉÓ ¢ ´Ê²Ó ¶ÊÉ¥³ ¢Ò¡µ· 
¸¨¸É¥³Ò ±µµ·¤¨´ É.
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‚ ’ƒ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ Ö¢²Ö¥É¸Ö Ë¨§¨Î¥¸±¨³ ¶µ²¥³ ¢ ¤ÊÌ¥ ” · -
¤¥Ö Å Œ ±¸¢¥²² , ¶µÔÉµ³Ê ¸¨²  £· ¢¨É Í¨¨ µ¶¨¸Ò¢ ¥É¸Ö Î¥ÉÒ·¥Ì¢¥±Éµ·µ³,
  ¸²¥¤µ¢ É¥²Ó´µ, ¶ÊÉ¥³ ¢Ò¡µ·  ¸¨¸É¥³Ò ±µµ·¤¨´ É, Éµ²Ó±µ ¶·¨ ¢Ò¶µ²´¥´¨¨
Ê¸²µ¢¨° (89) ¨ (90) ³µ¦´µ ¸¨² ³¨ ¨´¥·Í¨¨ Ê· ¢´µ¢¥¸¨ÉÓ É·¥Ì³¥·´ÊÕ Î ¸ÉÓ
¸¨²Ò £· ¢¨É Í¨¨. „¢¨¦¥´¨¥ ¦¥ ³ É¥·¨ ²Ó´µ° ÉµÎ±¨ ¢ £· ¢¨É Í¨µ´´µ³ ¶µ²¥,
´¥§ ¢¨¸¨³µ µÉ ¸¨¸É¥³Ò ±µµ·¤¨´ É, ´¨±µ£¤  ´¥ ³µ¦¥É ¡ÒÉÓ ¸¢µ¡µ¤´Ò³. �µ-
¸²¥¤´¥¥ µ¸µ¡¥´´µ µÎ¥¢¨¤´µ, ¥¸²¨ Ê· ¢´¥´¨¥ £¥µ¤¥§¨Î¥¸±µ° § ¶¨¸ ÉÓ ¢ Ëµ·³¥
[8]:

DUν

dσ
= −Gρ

αβU
αUβ(δνρ − UνUρ).

‡¤¥¸Ó

dσ2 = γµνdx
µdxν , Uν =

dxν

dσ
.

‘¢µ¡µ¤´µ¥ ¤¢¨¦¥´¨¥ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ µ¶¨¸Ò¢ ¥É¸Ö Ê· ¢´¥´¨¥³

DUν

dσ
=
dUν

dσ
+ γνµλU

µUλ = 0,

£¤¥ γνµλ Å ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ.
ŒÒ ¢¨¤¨³, ÎÉµ ¤¢¨¦¥´¨¥ ¶µ £¥µ¤¥§¨Î¥¸±µ° ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ¥¸ÉÓ

¤¢¨¦¥´¨¥ ¶·µ¡´µ£µ É¥²  ¶µ¤ ¤¥°¸É¢¨¥³ ¸¨²Ò

F ν = −Gρ
αβU

αUβ(δνρ − UνUρ),

¶·¨Î¥³ ÔÉ  ¸¨²  ¥¸ÉÓ Î¥ÉÒ·¥Ì¢¥±Éµ·. …¸²¨ ¡Ò ¶·µ¡´µ¥ É¥²µ ¡Ò²µ § ·Ö¦¥´-
´Ò³, Éµ µ´µ ¨§²ÊÎ ²µ ¡Ò Ô²¥±É·µ³ £´¨É´Ò¥ ¢µ²´Ò, ¶µ¸±µ²Ó±Ê µ´µ ¤¢¨¦¥É¸Ö ¸
Ê¸±µ·¥´¨¥³. ‘¨ÉÊ Í¨Ö §¤¥¸Ó ÉµÎ´µ É ± Ö ¦¥, ± ± Ö ¨³¥¥É ³¥¸Éµ ¨ ¤²Ö ¤·Ê£¨Ì
¨§¢¥¸É´ÒÌ Ë¨§¨Î¥¸±¨Ì ¸¨².

‚ ‘’� ³¥¦¤Ê ¸¨² ³¨ ¨´¥·Í¨¨ ¨ Ë¨§¨Î¥¸±¨³¨ ¸¨² ³¨ (Ô²¥±É·µ³ £´¨É-
´Ò³¨, Ö¤¥·´Ò³¨ ¨ É.¤.) ¨³¥¥É¸Ö ¶·¨´Í¨¶¨ ²Ó´ Ö · §´¨Í . ‘¨²Ò ¨´¥·Í¨¨ ¢¸¥-
£¤  ³µ£ÊÉ ¡ÒÉÓ µ¡· Ð¥´Ò ¢ ´Ê²Ó ¶·µ¸ÉÒ³ ¢Ò¡µ·µ³ ¸¨¸É¥³Ò µÉ¸Î¥É , Éµ£¤ 
± ± Ë¨§¨Î¥¸±¨¥ ¸¨²Ò ´¨± ±¨³ ¢Ò¡µ·µ³ ¸¨¸É¥³Ò µÉ¸Î¥É  ¢ ¶·¨´Í¨¶¥ ´¥²Ó§Ö
µ¡· É¨ÉÓ ¢ ´Ê²Ó, ¶µ¸±µ²Ó±Ê µ´¨ ¨³¥ÕÉ ¢¥±Éµ·´ÊÕ ¶·¨·µ¤Ê ¢ ¶·µ¸É· ´¸É¢¥
Œ¨´±µ¢¸±µ£µ. �µ¸±µ²Ó±Ê ¢ ’ƒ ¢¸¥ ¸¨²Ò, ¢ Éµ³ Î¨¸²¥ ¨ £· ¢¨É Í¨µ´´Ò¥,
¨³¥ÕÉ ¢¥±Éµ·´ÊÕ ¶·¨·µ¤Ê, Éµ ÔÉµ µ§´ Î ¥É, ÎÉµ µ´¨ ´¥ ³µ£ÊÉ ¡ÒÉÓ µ¡· Ð¥´Ò
¢ ´Ê²Ó ¢Ò¡µ·µ³ ¸¨¸É¥³Ò ±µµ·¤¨´ É. ‚Ò¡µ·µ³ ¸¨¸É¥³Ò ±µµ·¤¨´ É ³µ¦´µ
Éµ²Ó±µ ¸±µ³¶¥´¸¨·µ¢ ÉÓ É·¥Ì³¥·´ÊÕ ¸¨²Ê ²Õ¡µ° ¶·¨·µ¤Ò, ¢ Éµ³ Î¨¸²¥ ¨ £· -
¢¨É Í¨µ´´ÊÕ, ¸¨²µ° ¨´¥·Í¨¨. ‚ �’�, ± ± µÉ³¥Î ² „¦.‹.‘¨´£ [9], ©¶µ´ÖÉ¨¥
¸¨²Ò £· ¢¨É Í¨¨ µÉ¸ÊÉ¸É¢Ê¥É, É ± ± ± £· ¢¨É Í¨µ´´Ò¥ ¸¢µ°¸É¢  µ·£ ´¨-
Î¥¸±¨ ¢Ìµ¤ÖÉ ¢ ¸É·Ê±ÉÊ·Ê ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ¨ ¶·µÖ¢²ÖÕÉ¸Ö ¢ ±·¨¢¨§´¥
¶·µ¸É· ´¸É¢ -¢·¥³¥´¨, É.¥. ¢ Éµ³, ÎÉµ É¥´§µ· 9¨³ ´  Rijkm µÉ²¨Î¥´ µÉ
´Ê²Öª. ˆ³¥´´µ ¢ ÔÉµ° ¸¢Ö§¨ „¦.‹.‘¨´£ ¶¨¸ ²: ©‘µ£² ¸´µ §´ ³¥´¨Éµ° ²¥£¥´¤¥,
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0ÓÕÉµ´ ¡Ò² ¢¤µÌ´µ¢²¥´ ´  ¸µ§¤ ´¨¥ ¸¢µ¥° É¥µ·¨¨ £· ¢¨É Í¨¨, ´ ¡²Õ¤ Ö µ¤-
´ ¦¤Ò §  ¶ ¤¥´¨¥³ Ö¡²µ±  ¸ ¢¥É±¨ ¤¥·¥¢ , ¨ ¨§ÊÎ ÕÐ¨¥ ´ÓÕÉµ´µ¢Ê Ë¨§¨±Ê
¤ ¦¥ É¥¶¥·Ó ¸É ²¨ ¡Ò ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ Ê¸±µ·¥´¨¥ (980 ¸³/¸¥±2) ¶ ¤ ÕÐ¥£µ
Ö¡²µ±  µ¡Ê¸²µ¢²¥´µ £· ¢¨É Í¨µ´´Ò³ ¶µ²¥³. ‘µ£² ¸´µ É¥µ·¨¨ µÉ´µ¸¨É¥²Ó-
´µ¸É¨ (·¥ÎÓ ¨¤¥É µ¡ �’�. Å 3.‹.), ÔÉ  ÉµÎ±  §·¥´¨Ö ¸µ¢¥·Ï¥´´µ µÏ¨¡µÎ´ .
ŒÒ ¶·¥¤¶·¨³¥³ ÉÐ É¥²Ó´µ¥ ¨§ÊÎ¥´¨¥ ÔÉµ° ¶·µ¡²¥³Ò ¨ Ê¡¥¤¨³¸Ö, ÎÉµ ¢ Ö¢²¥-
´¨¨ ¸¢µ¡µ¤´µ£µ ¶ ¤¥´¨Ö £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ (É.¥. É¥´§µ· 9¨³ ´ ) ¨£· ¥É,
¢ ¤¥°¸É¢¨É¥²Ó´µ¸É¨, Î·¥§¢ÒÎ °´µ ³ ²ÊÕ ·µ²Ó,   Ê¸±µ·¥´¨¥ 980 ¸³/¸¥±2 µ¡Ê-
¸²µ¢²¥´µ Ë ±É¨Î¥¸±¨ ±·¨¢¨§´µ° ³¨·µ¢µ° ²¨´¨¨ ¢¥É±¨ ¤¥·¥¢ ª.

‘µ£² ¸´µ ’ƒ, £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ Ö¢²Ö¥É¸Ö Ë¨§¨Î¥¸±¨³ ¶µ²¥³,   ¶µ-
ÔÉµ³Ê, ¢ µÉ²¨Î¨¥ µÉ �’�, µ´  ¶µ²´µ¸ÉÓÕ ¸µÌ· ´Ö¥É ¶µ´ÖÉ¨¥ ¸¨²Ò £· ¢¨É Í¨¨.
t² £µ¤ ·Ö ¸¨²¥ £· ¢¨É Í¨¨ ¨ ¶·µ¨¸Ìµ¤¨É ¸¢µ¡µ¤´µ¥ ¶ ¤¥´¨¥ É¥² , É.¥. ¶·µ-
¨¸Ìµ¤¨É ¢¸¥ É ±, ± ± ÔÉµ ¨³¥¥É ³¥¸Éµ ¢ ´ÓÕÉµ´µ¢µ° Ë¨§¨±¥. tµ²¥¥ Éµ£µ, ¢¸¥
£· ¢¨É Í¨µ´´Ò¥ ÔËË¥±ÉÒ ¢ ‘µ²´¥Î´µ° ¸¨¸É¥³¥ (¸³¥Ð¥´¨¥ ¶¥·¨£¥²¨Ö Œ¥·±Ê-
·¨Ö, µÉ±²µ´¥´¨¥ ¸¢¥É  ‘µ²´Í¥³, ¢·¥³¥´´µ¥ § ¶ §¤Ò¢ ´¨¥ · ¤¨µ¸¨£´ ² , ¶·¥-
Í¥¸¸¨Ö £¨·µ¸±µ¶ ) ¢Ò§¢ ´Ò ¨³¥´´µ ¤¥°¸É¢¨¥³ ¸¨²Ò £· ¢¨É Í¨¨,   ´¥ É¥´§µ· 
±·¨¢¨§´Ò ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨, ±µÉµ·Ò° ¢ ‘µ²´¥Î´µ° ¸¨¸É¥³¥ ¤µ¸É ÉµÎ´µ
³ ².

‚ ²µ± ²Ó´µ° Éµ¦¤¥¸É¢¥´´µ¸É¨ ¨´¥·Í¨¨ ¨ £· ¢¨É Í¨¨ �°´ÏÉ¥°´ Ê¢¨¤¥²
£² ¢´ÊÕ ¶·¨Î¨´Ê · ¢¥´¸É¢  ¨´¥·É´µ° ¨ £· ¢¨É Í¨µ´´µ° ³ ¸¸. �¤´ ±µ, ¶µ
´ Ï¥³Ê ³´¥´¨Õ, ± ± ÔÉµ ¢¨¤´µ ¨§ Ê· ¢´¥´¨° (2), ¶·¨Î¨´  ÔÉµ£µ · ¢¥´¸É¢ 
§ ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ¨¸ÉµÎ´¨±µ³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö Ö¢²Ö¥É¸Ö ¸µÌ· -
´ÖÕÐ Ö¸Ö ¸Ê³³ ·´ Ö ¶²µÉ´µ¸ÉÓ É¥´§µ·  ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö.
ˆ³¥´´µ ¶µÔÉµ³Ê · ¢¥´¸É¢µ ¨´¥·É´µ° ¨ £· ¢¨É Í¨µ´´µ° ³ ¸¸ ´¥ É·¥¡Ê¥É ²µ-
± ²Ó´µ£µ µÉµ¦¤¥¸É¢²¥´¨Ö ¸¨² £· ¢¨É Í¨¨ ¨ ¨´¥·Í¨¨.

7. +)ˆ�–ˆ+ Œ-•-

�ÓÕÉµ´ ¶·¨ Ëµ·³Ê²¨·µ¢±¥ § ±µ´µ¢ ³¥Ì ´¨±¨ ¢¢¥² ¶µ´ÖÉ¨¥  ¡¸µ²ÕÉ´µ£µ
¶·µ¸É· ´¸É¢ , ±µÉµ·µ¥ µ¸É ¥É¸Ö ¢¸¥£¤  µ¤¨´ ±µ¢Ò³ ¨ ´¥¶µ¤¢¨¦´Ò³. ˆ³¥´´µ
¶µ µÉ´µÏ¥´¨Õ ± ÔÉµ³Ê ¶·µ¸É· ´¸É¢Ê µ´ ¨ µ¶·¥¤¥²Ö² Ê¸±µ·¥´¨¥ É¥² . �Éµ Ê¸±µ-
·¥´¨¥ ¨³¥²µ  ¡¸µ²ÕÉ´Ò° Ì · ±É¥·. ‚¢¥¤¥´¨¥ É ±µ°  ¡¸É· ±Í¨¨, ± ±  ¡¸µ²ÕÉ-
´µ¥ ¶·µ¸É· ´¸É¢µ, µ± § ²µ¸Ó Î·¥§¢ÒÎ °´µ ¶²µ¤µÉ¢µ·´Ò³. �É¸Õ¤ , ¢ Î ¸É´µ-
¸É¨, ¢µ§´¨±²¨ ¶µ´ÖÉ¨Ö ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ µÉ¸Î¥É  ¢µ ¢¸¥³ ¶·µ¸É· ´¸É¢¥,
¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨ ¤²Ö ³¥Ì ´¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢ ¨ ¸²µ¦¨²µ¸Ó ¶·¥¤¸É -
¢²¥´¨¥ µ Ë¨§¨Î¥¸±¨ ¢Ò¤¥²¥´´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ ¤¢¨¦¥´¨Ö. �°´ÏÉ¥°´ ¶µ ÔÉµ³Ê
¶µ¢µ¤Ê ¢ 1923 £. ¶¨¸ ² ¸²¥¤ÊÕÐ¥¥: ©‘¨¸É¥³Ò ±µµ·¤¨´ É, ´ Ìµ¤ÖÐ¨¥¸Ö ¢ É -
±¨Ì ¸µ¸ÉµÖ´¨ÖÌ ¤¢¨¦¥´¨Ö, µÉ²¨Î ÕÉ¸Ö É¥³, ÎÉµ ¸Ëµ·³Ê²¨·µ¢ ´´Ò¥ ¢ ÔÉ¨Ì
±µµ·¤¨´ É Ì § ±µ´Ò ¶·¨·µ¤Ò ¶·¨´¨³ ÕÉ ´ ¨¡µ²¥¥ ¶·µ¸Éµ° ¢¨¤ª. ˆ ¤ ²¥¥:
ª...¸µ£² ¸´µ ±² ¸¸¨Î¥¸±µ° ³¥Ì ´¨±¥ ¸ÊÐ¥¸É¢Ê¥É µÉ´µ¸¨É¥²Ó´µ¸ÉÓ ¸±µ·µ¸É¨,
´µ ´¥ µÉ´µ¸¨É¥²Ó´µ¸ÉÓ Ê¸±µ·¥´¨Öª. ’ ± ÊÉ¢¥·¤¨²µ¸Ó ¢ É¥µ·¨¨ ¶·¥¤¸É ¢²¥´¨¥
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µ¡ ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ Ì µÉ¸Î¥É , ¢ ±µÉµ·ÒÌ ³ É¥·¨ ²Ó´Ò¥ ÉµÎ±¨, ´¥ ¶µ¤-
¢¥·£ ÕÐ¨¥¸Ö ¤¥°¸É¢¨Õ ¸¨², ´¥ ¨¸¶ÒÉÒ¢ ÕÉ Ê¸±µ·¥´¨Ö ¨ ´ Ìµ¤ÖÉ¸Ö ¢ ¸¢µ¥³
¸µ¸ÉµÖ´¨¨ ¶µ±µÖ ¨²¨ · ¢´µ³¥·´µ£µ ¨ ¶·Ö³µ²¨´¥°´µ£µ ¤¢¨¦¥´¨Ö. �¤´ ±µ
 ¡¸µ²ÕÉ´µ¥ ¶·µ¸É· ´¸É¢µ �ÓÕÉµ´  ¨²¨ ¨´¥·Í¨ ²Ó´Ò¥ ¸¨¸É¥³Ò µÉ¸Î¥É  ¢¢¥-
¤¥´Ò, Ë ±É¨Î¥¸±¨,  ¶·¨µ·´µ ¢ µÉ·Ò¢¥ µÉ Ì · ±É¥·  · ¸¶·¥¤¥²¥´¨Ö ³ É¥·¨¨
¢µ ‚¸¥²¥´´µ°.

Œ Ì ¶·µÖ¢¨² ¤µ¸É ÉµÎ´ÊÕ ¸³¥²µ¸ÉÓ, ¶µ¤¢¥·£´Ê¢ ¸¥·Ó¥§´µ° ±·¨É¨±¥ µ¸´µ¢-
´Ò¥ ¶µ²µ¦¥´¨Ö ³¥Ì ´¨±¨ �ÓÕÉµ´ . Š ± µ´ ¸ ³ ¶µ§¤´¥¥ ¶¨¸ ², ¥³Ê ¸ ¡µ²ÓÏ¨³
É·Ê¤µ³ Ê¤ ²µ¸Ó µ¶Ê¡²¨±µ¢ ÉÓ ¸¢µ¨ ¨¤¥¨. •µÉÖ Œ Ì ¨ ´¥ ¶µ¸É·µ¨² Ë¨§¨Î¥¸±ÊÕ
É¥µ·¨Õ, ¸¢µ¡µ¤´ÊÕ µÉ Ê± § ´´ÒÌ ¨³ ´¥¤µ¸É É±µ¢, µ´ µ± § ² µ£·µ³´µ¥ ¢²¨Ö-
´¨¥ ´  · §¢¨É¨¥ Ë¨§¨Î¥¸±µ° É¥µ·¨¨. �´ ¶·¨¢²¥± ¢´¨³ ´¨¥ ÊÎ¥´ÒÌ ±  ´ ²¨§Ê
µ¸´µ¢´ÒÌ Ë¨§¨Î¥¸±¨Ì ¶µ´ÖÉ¨°.

�·¨¢¥¤¥³ ·Ö¤ ¢Ò¸± §Ò¢ ´¨° Œ Ì  [10], ±µÉµ·Ò¥ ¶µ²ÊÎ¨²¨ ¢ ²¨É¥· ÉÊ·¥
´ §¢ ´¨¥ ¶·¨´Í¨¶  Œ Ì : ©0¨±Éµ ´¥ ³µ¦¥É ´¨Î¥£µ ¸± § ÉÓ µ¡  ¡¸µ²ÕÉ´µ³
¶·µ¸É· ´¸É¢¥ ¨  ¡¸µ²ÕÉ´µ³ ¤¢¨¦¥´¨¨, ÔÉµ ´¥ÎÉµ ²¨ÏÓ ³Ò¸²¨³µ¥, ´  µ¶ÒÉ¥
´¥ µ¡´ ·Ê¦¨³µ¥ª. ˆ ¤ ²¥¥: ©‚³¥¸Éµ Éµ£µ, ÎÉµ¡Ò µÉ´µ¸¨ÉÓ ¤¢¨¦ÊÐ¥¥¸Ö
É¥²µ ± ¶·µ¸É· ´¸É¢Ê (± ± ±µ°Ä´¨¡Ê¤Ó ±µµ·¤¨´ É´µ° ¸¨¸É¥³¥), ¡Ê¤¥³ · ¸¸³ -
É·¨¢ ÉÓ ´¥¶µ¸·¥¤¸É¢¥´´µ ¥£µ µÉ´µÏ¥´¨¥ ± É ¥ ²   ³ ³¨· , ¶µ¸·¥¤¸É¢µ³
±µÉµ·ÒÌ Éµ²Ó±µ ¨ ³µ¦´µ µ ¶ · ¥ ¤ ¥ ² ¨ É Ó ¸¨¸É¥³Ê ±µµ·¤¨´ É. ...„ ¦¥
¢ ¶·µ¸É¥°Ï¥³ ¸²ÊÎ ¥, ±µ£¤  ³Ò ¡Ê¤Éµ ¡Ò · ¸¸³ É·¨¢ ¥³ ¢§ ¨³µ¤¥°¸É¢¨¥
Éµ²Ó±µ ¤ ¢ Ê Ì ³ ¸¸, ´ ¥ ¢ µ § ³ µ ¦ ´ µ µÉ¢²¥ÎÓ¸Ö µÉ µ¸É ²Ó´µ£µ ³¨· ... .
…¸²¨ É¥²µ ¢· Ð ¥É¸Ö µÉ´µ¸¨É¥²Ó´µ ´¥¡  ´¥¶µ¤¢¨¦´ÒÌ §¢¥§¤, Éµ ¢µ§´¨± ÕÉ
Í¥´É·µ¡¥¦´Ò¥ ¸¨²Ò,   ¥¸²¨ µ´µ ¢· Ð ¥É¸Ö µÉ´µ¸¨É¥²Ó´µ ¤ · Ê £ µ £ µ É¥² ,
  ´¥ µÉ´µ¸¨É¥²Ó´µ ´¥¡  ´¥¶µ¤¢¨¦´ÒÌ §¢¥§¤, Éµ Í¥´É·µ¡¥¦´ÒÌ ¸¨² ´¥É. Ÿ
´¨Î¥£µ ´¥ ¨³¥Õ ¶·µÉ¨¢, ÎÉµ¡Ò ¶¥·¢µ¥ ¢· Ð¥´¨¥ ´ §¢ ÉÓ   ¡ ¸ µ ² Õ É ´ Ò ³,
¥¸²¨ Éµ²Ó±µ ´¥ § ¡Ò¢ ÉÓ, ÎÉµ ÔÉµ ´¥ µ§´ Î ¥É ´¨Î¥£µ ¤·Ê£µ£µ, ±·µ³¥ ¢· -
Ð¥´¨Ö µ É ´ µ ¸ ¨ É ¥ ² Ó ´ µ ´¥¡  ´¥¶µ¤¢¨¦´ÒÌ §¢¥§¤ª.

�µÔÉµ³Ê Œ Ì ¶¨¸ ²: ©...´¥É ´¥µ¡Ìµ¤¨³µ¸É¨ ¸¢Ö§Ò¢ ÉÓ § ±µ´ ¨´¥·Í¨¨
¸ ± ±¨³-Éµ µ¸µ¡Ò³  ¡¸µ²ÕÉ´Ò³ ¶·µ¸É· ´¸É¢µ³. ‘ ³Ò° ¥¸É¥¸É¢¥´´Ò° ¶µ¤-
Ìµ¤ ´ ¸ÉµÖÐ¥£µ ¥¸É¥¸É¢µ¨¸¶ÒÉ É¥²Ö É ±µ¢: ¸´ Î ²  · ¸¸³ É·¨¢ ÉÓ § ±µ´
¨´¥·Í¨¨ ± ± ¤µ¸É ÉµÎ´µ ¶·¨¡²¨¦¥´´Ò°, ¸µµÉ´¥¸É¨ ¥£µ ¶·µ¸É· ´¸É¢¥´´µ
¸ ´¥¶µ¤¢¨¦´Ò³ §¢¥§¤´Ò³ ´¥¡µ³, ... ¨ § É¥³ ¸²¥¤Ê¥É µ¦¨¤ ÉÓ ¶µ¶· ¢µ± ¨²¨
· §¢¨É¨Ö ´ Ï¨Ì §´ ´¨° ´  µ¸´µ¢¥ ¤ ²Ó´¥°Ï¥£µ µ¶ÒÉ . 0¥¤ ¢´µ ‹ ´£¥ µ¶Ê¡²¨-
±µ¢ ² ±·¨É¨Î¥¸±ÊÕ ¸É ÉÓÕ, ¢ ±µÉµ·µ° µ´ ¨§² £ ¥É, ± ± ³µ¦´µ ¡Ò²µ ¡Ò, ¸µ-
£² ¸´µ ¥£µ ¶·¨´Í¨¶ ³, ¢¢¥¸É¨ ´ µ ¢ Ê Õ ¸¨¸É¥³Ê ±µµ·¤¨´ É, ¥¸²¨ ¡Ò µ¡ÒÎ´µ¥
£·Ê¡µ¥ µÉ´¥¸¥´¨¥ ± ´¥¶µ¤¢¨¦´µ³Ê §¢¥§¤´µ³Ê ´¥¡Ê µ± § ²µ¸Ó ¡µ²ÓÏ¥ ´¥¶·¨-
£µ¤´Ò³ ¢¸²¥¤¸É¢¨¥ ¡µ²¥¥ ÉµÎ´ÒÌ  ¸É·µ´µ³¨Î¥¸±¨Ì ´ ¡²Õ¤¥´¨°. Œ¥¦¤Ê ³´µ°
¨ ‹ ´£¥ ´¥É · §²¨Î¨Ö ¢µ ³´¥´¨ÖÌ µÉ´µ¸¨É¥²Ó´µ É ¥ µ · ¥ É ¨ Î ¥ ¸ ± µ °
Ëµ·³ ²Ó´µ° Í¥´´µ¸É¨ § ±²ÕÎ¥´¨° ‹ ´£¥,   ¨³¥´´µ, ÎÉµ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö
´¥¶µ¤¢¨¦´µ¥ §¢¥§¤´µ¥ ´¥¡µ Ö¢²Ö¥É¸Ö ¥¤¨´¸É¢¥´´µ° ¶ ·   ± É ¨ Î ¥ ¸ ± ¨
¶·¨£µ¤´µ° ¸¨¸É¥³µ° µÉ¸Î¥É ,   É ±¦¥ µÉ´µ¸¨É¥²Ó´µ ³¥Éµ¤  µ¶·¥¤¥²¥´¨Ö
´µ¢µ° ¸¨¸É¥³Ò µÉ¸Î¥É  ¶µ¸·¥¤¸É¢µ³ ¶µ¸É¥¶¥´´ÒÌ ¶µ¶· ¢µ±ª. „ ²¥¥ Œ Ì
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¶·¨¢µ¤¨É ¢Ò¸± §Ò¢ ´¨Ö ‘.�¥°³ ´ : ©’ ± ± ± ¢¸¥ ¤¢¨¦¥´¨Ö ¤µ²¦´Ò ¡ÒÉÓ µÉ-
´¥¸¥´Ò ± ¸¨¸É¥³¥  ²ÓË  (¸¨¸É¥³¥ ¨´¥·Í¨¨), µ´ , µÎ¥¢¨¤´µ, ¶·¥¤¸É ¢²Ö¥É ´¥-
±ÊÕ ±µ¸¢¥´´ÊÕ ¸¢Ö§Ó ³¥¦¤Ê ¢¸¥³¨ ¶·µÍ¥¸¸ ³¨, ¶·µ¨¸Ìµ¤ÖÐ¨³¨ ¢µ ‚¸¥²¥´´µ°,
¨, ¸²¥¤µ¢ É¥²Ó´µ, ¸µ¤¥·¦¨É ¢ ¸¥¡¥, ³µ¦´µ ¸± § ÉÓ, ¸Éµ²Ó ¦¥ § £ ¤µÎ´Ò°,
¸±µ²Ó ¨ ¸²µ¦´Ò° Ê´¨¢¥·¸ ²Ó´Ò° § ±µ´ª. Œ Ì ¶µ ÔÉµ³Ê ¶µ¢µ¤Ê § ³¥Î ¥É: ©Ÿ
¤Ê³ Õ, ÎÉµ ¸ ÔÉ¨³ ¸µ£² ¸¨É¸Ö ¢¸Ö±¨°ª.

ˆ§ ¢Ò¸± §Ò¢ ´¨° Œ Ì  µÎ¥¢¨¤´µ, ÎÉµ, ¶µ¸±µ²Ó±Ê ·¥ÎÓ ¨¤¥É µ § ±µ´¥
¨´¥·Í¨¨, ¸µ£² ¸´µ ±µÉµ·µ³Ê ¶µ �ÓÕÉµ´Ê ©...¢¸Ö±µ¥ µÉ¤¥²Ó´µ ¢§ÖÉµ¥ É¥²µ,
¶µ¸±µ²Ó±Ê µ´µ ¶·¥¤µ¸É ¢²¥´µ ¸ ³µ³Ê ¸¥¡¥, Ê¤¥·¦¨¢ ¥É ¸¢µ¥ ¸µ¸ÉµÖ´¨¥ ¶µ-
±µÖ ¨²¨ · ¢´µ³¥·´µ£µ ¶·Ö³µ²¨´¥°´µ£µ ¤¢¨¦¥´¨Ö...ª, Éµ, ¥¸É¥¸É¢¥´´µ, ¢¸É ¥É
¢µ¶·µ¸ µ¡ ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ Ì µÉ¸Î¥É  ¨ µ¡ ¨Ì ¸¢Ö§¨ ¸ · ¸¶·¥¤¥²¥´¨¥³
³ É¥·¨¨. Œ Ì ¨ ¥£µ ¸µ¢·¥³¥´´¨±¨ ¢¶µ²´¥ Ö¸´µ ¶µ´¨³ ²¨, ÎÉµ É ± Ö ¸¢Ö§Ó
¤µ²¦´  ¨³¥ÉÓ ³¥¸Éµ ¢ ¶·¨·µ¤¥. ˆ³¥´´µ É ±µ° ¸³Ò¸² ¤ ²¥¥ ¨ ¡Ê¤¥É ¢±² ¤Ò-
¢ ÉÓ¸Ö ¢ ¶µ´ÖÉ¨¥ ©¶·¨´Í¨¶ Œ Ì ª.

Œ Ì ¶¨¸ ²: ©•µÉÖ Ö ¨ ¤Ê³ Õ, ÎÉµ  ¸É·µ´µ³¨Î¥¸±¨¥ ´ ¡²Õ¤¥´¨Ö ¸¤¥-
² ÕÉ ´¥µ¡Ìµ¤¨³Ò³¨ ¸´ Î ²  ²¨ÏÓ µÎ¥´Ó ´¥§´ Î¨É¥²Ó´Ò¥ ¶µ¶· ¢±¨, Ö ¢¸¥ ¦¥
¤µ¶Ê¸± Õ, ÎÉµ § ±µ´ ¨´¥·Í¨¨ ¢ Éµ° ¶·µ¸Éµ° Ëµ·³¥, ±µÉµ·ÊÕ ¥³Ê ¶·¨¤ ²
0ÓÕÉµ´, ¨³¥¥É ¤²Ö ´ ¸, ²Õ¤¥°, ²¨ÏÓ µ£· ´¨Î¥´´µ¥ ¨ ¶·¥Ìµ¤ÖÐ¥¥ §´ Î¥´¨¥ª.
Š ± ³Ò Ê¢¨¤¨³ ¤ ²¥¥, ¢ ÔÉµ³ Œ Ì ´¥ µ± § ²¸Ö ¶· ¢. Œ Ì ´¥ ¤ ² ³ É¥³ -
É¨Î¥¸±µ£µ µËµ·³²¥´¨Ö ¸¢µ¥° ¨¤¥¨,   ¶µÔÉµ³Ê ¢¥¸Ó³  Î ¸Éµ · §´Ò¥  ¢Éµ·Ò
¢±² ¤Ò¢ ÕÉ ¢ ¶·¨´Í¨¶ Œ Ì  ¸¢µ° ¸³Ò¸². ŒÒ §¤¥¸Ó ¶ÒÉ ¥³¸Ö ¸µÌ· ´¨ÉÓ ÉµÉ
¸³Ò¸², ±µÉµ·Ò° ¢±² ¤Ò¢ ² ¢ ´¥£µ ¸ ³ Œ Ì.

�Ê ´± ·¥,   § É¥³ �°´ÏÉ¥°´ µ¡µ¡Ð¨²¨ ¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨ ´ 
¢¸¥ Ë¨§¨Î¥¸±¨¥ Ö¢²¥´¨Ö. ‚ Ëµ·³Ê²¨·µ¢±¥ �Ê ´± ·¥ [11] µ´ §¢ÊÎ¨É É ±:
©...¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨, ¸µ£² ¸´µ ±µÉµ·µ³Ê § ±µ´Ò Ë¨§¨Î¥¸±¨Ì Ö¢²¥´¨°
¤µ²¦´Ò ¡ÒÉÓ µ¤¨´ ±µ¢Ò³¨ ¤²Ö ´¥¶µ¤¢¨¦´µ£µ ´ ¡²Õ¤ É¥²Ö ¨ ¤²Ö ´ ¡²Õ¤ -
É¥²Ö, ¸µ¢¥·Ï ÕÐ¥£µ · ¢´µ³¥·´µ¥ ¶µ¸ÉÊ¶ É¥²Ó´µ¥ ¤¢¨¦¥´¨¥, É ± ÎÉµ ³Ò
´¥ ¨³¥¥³ ¨ ´¥ ³µ¦¥³ ¨³¥ÉÓ ´¨± ±µ£µ ¸¶µ¸µ¡  µ¶·¥¤¥²ÖÉÓ, ´ Ìµ¤¨³¸Ö ²¨
³Ò ¢ ¶µ¤µ¡´µ³ ¤¢¨¦¥´¨¨ ¨²¨ ´¥Éª. �·¨³¥´¥´¨¥ ÔÉµ£µ ¶·¨´Í¨¶  ± Ô²¥±É·µ-
³ £´¨É´Ò³ Ö¢²¥´¨Ö³ ¶·¨¢¥²µ �Ê ´± ·¥,   § É¥³ ¨ Œ¨´±µ¢¸±µ£µ ± µÉ±·ÒÉ¨Õ
¶¸¥¢¤µ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ¨ É¥³ ¸ ³Ò³ ¥Ð¥ ¢ ¡µ²Ó-
Ï¥° ¸É¥¶¥´¨ Ê±·¥¶¨²µ £¨¶µÉ¥§Ê µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ µÉ-
¸Î¥É  ¢µ ¢¸¥³ ¶·µ¸É· ´¸É¢¥. ’ ±¨¥ ¸¨¸É¥³Ò µÉ¸Î¥É  Ö¢²ÖÕÉ¸Ö Ë¨§¨Î¥¸±¨ ¢Ò-
¤¥²¥´´Ò³¨,   ¶µÔÉµ³Ê Ê¸±µ·¥´¨¥ µÉ´µ¸¨É¥²Ó´µ ´¨Ì ¨³¥¥É  ¡¸µ²ÕÉ´Ò° ¸³Ò¸².

‚ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ (�’�) µÉ¸ÊÉ¸É¢ÊÕÉ ¨´¥·Í¨ ²Ó´Ò¥ ¸¨-
¸É¥³Ò µÉ¸Î¥É  ¢µ ¢¸¥³ ¶·µ¸É· ´¸É¢¥. �°´ÏÉ¥°´ µ¡ ÔÉµ³ ¢ 1929 £. ¶¨¸ ²:
©ˆ¸Ìµ¤´Ò³ ¶Ê´±Éµ³ É¥µ·¨¨ ¸²Ê¦¨É ÊÉ¢¥·¦¤¥´¨¥, ÎÉµ ´¥ ¸ÊÐ¥¸É¢Ê¥É Ë¨-
§¨Î¥¸±¨ ¢Ò¤¥²¥´´µ£µ ¸µ¸ÉµÖ´¨Ö ¤¢¨¦¥´¨Ö, É.¥. ´¥ Éµ²Ó±µ ¸±µ·µ¸ÉÓ, ´µ ¨
Ê¸±µ·¥´¨¥ ´¥ ¨³¥¥É  ¡¸µ²ÕÉ´µ£µ ¸³Ò¸² ª.

�·¨´Í¨¶ Œ Ì  ¢ ¥£µ Ëµ·³Ê²¨·µ¢±¥ ¢ �’� µ± § ²¸Ö ´¥¢µ¸É·¥¡µ¢ ´´Ò³.
‘²¥¤Ê¥É, µ¤´ ±µ, µÉ³¥É¨ÉÓ, ÎÉµ ¶·¥¤¸É ¢²¥´¨Ö µ¡ ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ Ì µÉ-
¸Î¥É  ¢µ ¢¸¥³ ¶·µ¸É· ´¸É¢¥ ¨³¥ÕÉ ¤µ¸É ÉµÎ´µ ¢¥¸µ³ÊÕ Ô±¸¶¥·¨³¥´É ²Ó´ÊÕ
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µ¸´µ¢Ê, ¶µ¸±µ²Ó±Ê, ´ ¶·¨³¥·, ¶¥·¥Ìµ¤Ö µÉ ¸¨¸É¥³Ò ±µµ·¤¨´ É, ¸¢Ö§ ´´µ°
¸ ‡¥³²¥°, ± ¸¨¸É¥³¥ ±µµ·¤¨´ É, ¸¢Ö§ ´´µ° ¸ ‘µ²´Í¥³,   § É¥³ ± Œ¥É £ -
² ±É¨±¥, ³Ò ¢¸¥ ¸ ¡µ²ÓÏ¥° ÉµÎ´µ¸ÉÓÕ ¶·¨¡²¨¦ ¥³¸Ö ± ¨´¥·Í¨ ²Ó´µ° ¸¨-
¸É¥³¥ µÉ¸Î¥É . �µÔÉµ³Ê ´¥É ´¨± ±¨Ì ¸¥·Ó¥§´ÒÌ µ¸´µ¢ ´¨° ¤²Ö µÉ± §  µÉ É -
±µ£µ ¢ ¦´µ£µ ¶µ´ÖÉ¨Ö, ± ± ¨´¥·Í¨ ²Ó´ Ö ¸¨¸É¥³  µÉ¸Î¥É . ‘ ¤·Ê£µ° ¸Éµ·µ´Ò,
´ ²¨Î¨¥ ËÊ´¤ ³¥´É ²Ó´ÒÌ § ±µ´µ¢ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ ³µ³¥´É 
±µ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö É ±¦¥ ¸ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ ¶·¨¢µ¤¨É ± ¸ÊÐ¥¸É¢µ¢ ´¨Õ
¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ µÉ¸Î¥É  ¢µ ¢¸¥³ ¶·µ¸É· ´¸É¢¥. �¸¥¢¤µ¥¢±²¨¤µ¢  £¥µ³¥-
É·¨Ö ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ µÉ· ¦ ¥É µ¡Ð¨¥ ¤¨´ ³¨Î¥¸±¨¥ ¸¢µ°¸É¢  ³ É¥·¨¨
¨ ¢ Éµ ¦¥ ¢·¥³Ö ¢¢µ¤¨É ¨´¥·Í¨ ²Ó´Ò¥ ¸¨¸É¥³Ò µÉ¸Î¥É . •µÉÖ ¶¸¥¢¤µ¥¢±²¨¤µ¢ 
£¥µ³¥É·¨Ö ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ¢µ§´¨±²  ¶·¨ ¨§ÊÎ¥´¨¨ ³ É¥·¨¨,   ¶µÔÉµ³Ê
¨ ´¥µÉ¤¥²¨³  µÉ ´¥¥, É¥³ ´¥ ³¥´¥¥ ³µ¦´µ Ëµ·³ ²Ó´µ £µ¢µ·¨ÉÓ µ ¶·µ¸É· ´¸É¢¥
Œ¨´±µ¢¸±µ£µ ¢ µÉ¸ÊÉ¸É¢¨¥ ³ É¥·¨¨. �¤´ ±µ, É ± ¦¥, ± ± ¨ · ´¥¥ ¢ ³¥Ì ´¨±¥
�ÓÕÉµ´ , ¢ ¸¶¥Í¨ ²Ó´µ° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨ ´¥É µÉ¢¥É  ´  ¢µ¶·µ¸, ± ±
¨´¥·Í¨ ²Ó´Ò¥ ¸¨¸É¥³Ò µÉ¸Î¥É  ¸¢Ö§ ´Ò ¸ · ¸¶·¥¤¥²¥´¨¥³ ³ É¥·¨¨ ¢µ ‚¸¥-
²¥´´µ°.

�É±·ÒÉ¨¥ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨ ¶·µ¸É· ´¸É¢  ¨ ¢·¥³¥´¨ ¶µ§¢µ-
²¨²µ ¸ ¥¤¨´µ° ÉµÎ±¨ §·¥´¨Ö · ¸¸³µÉ·¥ÉÓ ´¥ Éµ²Ó±µ ¨´¥·Í¨ ²Ó´Ò¥, ´µ ¨
Ê¸±µ·¥´´Ò¥ ¸¨¸É¥³Ò µÉ¸Î¥É . tµ²ÓÏ Ö · §´¨Í  ¶·µÖ¢¨² ¸Ó ³¥¦¤Ê ¸¨² ³¨
¨´¥·Í¨¨ ¨ ¸¨² ³¨, ¢Ò§¢ ´´Ò³¨ Ë¨§¨Î¥¸±¨³¨ ¶µ²Ö³¨. �´  ¸µ¸Éµ¨É ¢ Éµ³,
ÎÉµ ¸¨²Ò ¨´¥·Í¨¨ ¢¸¥£¤  ³µ¦´µ ¸¤¥² ÉÓ · ¢´Ò³¨ ´Ê²Õ, ¶ÊÉ¥³ ¢Ò¡µ·  ¸µ-
µÉ¢¥É¸É¢ÊÕÐ¥° ¸¨¸É¥³Ò µÉ¸Î¥É , Éµ£¤  ± ± ¸¨²Ò, ¢Ò§¢ ´´Ò¥ Ë¨§¨Î¥¸±¨³¨
¶µ²Ö³¨, ¢ ¶·¨´Í¨¶¥ ´¥²Ó§Ö µ¡· É¨ÉÓ ¢ ´Ê²Ó ¢Ò¡µ·µ³ ¸¨¸É¥³Ò µÉ¸Î¥É , É ±
± ± µ´¨ ¨³¥ÕÉ ¢¥±Éµ·´ÊÕ ¶·¨·µ¤Ê ¢ Î¥ÉÒ·¥Ì³¥·´µ³ ¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨.
�µ¸±µ²Ó±Ê ¢ ’ƒ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ Ö¢²Ö¥É¸Ö Ë¨§¨Î¥¸±¨³ ¶µ²¥³ ¢ ¤ÊÌ¥
¶µ²Ö ” · ¤¥Ö Å Œ ±¸¢¥²² , ¸¨²Ò, ¢Ò§¢ ´´Ò¥ É ±¨³ ¶µ²¥³, ´¥ ³µ£ÊÉ ¡ÒÉÓ
µ¡· Ð¥´Ò ¢ ´Ê²Ó ¢Ò¡µ·µ³ ¸¨¸É¥³Ò µÉ¸Î¥É .

„·Ê£ Ö ¸¨ÉÊ Í¨Ö ¨³¥¥É ³¥¸Éµ ¢ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨. ƒ· ¢¨-
É Í¨µ´´Ò¥ ¸¨²Ò ¢ ´¥° ´¥ ¨³¥ÕÉ ¢¥±Éµ·´µ° ¶·¨·µ¤Ò ¢ Î¥ÉÒ·¥Ì³¥·´µ³ ¶·µ-
¸É· ´¸É¢¥ ¨ ¢·¥³¥´¨,   ¶µÔÉµ³Ê µ´¨ ³µ£ÊÉ ¡ÒÉÓ ²µ± ²Ó´µ µ¡· Ð¥´Ò ¢ ´Ê²Ó
¢Ò¡µ·µ³ ¸¨¸É¥³Ò µÉ¸Î¥É . �¸´µ¢´Ò¥ Ê· ¢´¥´¨Ö ’ƒ (76) ¨ (77) ¡² £µ¤ ·Ö
´ ²¨Î¨Õ ³ ¸¸Ò ¶µ±µÖ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¸µ¤¥·¦ É, ´ ·Ö¤Ê ¸ ·¨³ ´µ¢µ°
³¥É·¨±µ°, É ±¦¥ ³¥É·¨Î¥¸±¨° É¥´§µ· ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ, ´µ ÔÉµ µ§´ -
Î ¥É, ÎÉµ ¢ ¶·¨´Í¨¶¥ ³¥É·¨±Ê ÔÉµ£µ ¶·µ¸É· ´¸É¢  ³µ¦´µ ¢Ò· §¨ÉÓ Î¥·¥§ £¥µ-
³¥É·¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ÔËË¥±É¨¢´µ£µ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢ ,   É ±¦¥
Î¥·¥§ ¢¥²¨Î¨´Ò, Ì · ±É¥·¨§ÊÕÐ¨¥ · ¸¶·¥¤¥²¥´¨¥ ¢¥Ð¥¸É¢  ¢µ ‚¸¥²¥´´µ°.
�Éµ ²¥£±µ µ¸ÊÐ¥¸É¢¨ÉÓ, ¶¥·¥°¤Ö ¢ Ê· ¢´¥´¨ÖÌ (76) µÉ ±µ´É· ¢ ·¨ ´É´ÒÌ ¢¥-
²¨Î¨´ ± ±µ¢ ·¨ ´É´Ò³. ’ ±¨³ ¶ÊÉ¥³ ³Ò ¶µ²ÊÎ¨³

m2

2
γµν(x) =

8 π√−g (Tµν −
1

2
gµν T )−Rµν +

m2

2
gµν . (92)

�É¸Õ¤  ³Ò ¢¨¤¨³, ÎÉµ ¢ ¶· ¢µ° Î ¸É¨ Ê· ¢´¥´¨° ¸µ¤¥·¦ É¸Ö Éµ²Ó±µ £¥µ³¥-
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É·¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ÔËË¥±É¨¢´µ£µ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ¨ ¢¥²¨Î¨´Ò,
µ¶·¥¤¥²ÖÕÐ¨¥ · ¸¶·¥¤¥²¥´¨¥ ¢¥Ð¥¸É¢  ¢ ÔÉµ³ ¶·µ¸É· ´¸É¢¥.

�±¸¶¥·¨³¥´É ²Ó´µ ¨§ÊÎ Ö ¤¢¨¦¥´¨Ö Î ¸É¨Í, ¸¢¥É  ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´-
¸É¢¥, ¢ ¶·¨´Í¨¶¥ ³µ¦´µ ´ °É¨ ³¥É·¨Î¥¸±¨° É¥´§µ· ¶·µ¸É· ´¸É¢  Œ¨´±µ¢-
¸±µ£µ,   ¸²¥¤µ¢ É¥²Ó´µ, ¨ ¶µ¸É·µ¨ÉÓ ¨´¥·Í¨ ²Ó´ÊÕ ¸¨¸É¥³Ê µÉ¸Î¥É . ’ ±¨³
µ¡· §µ³, ’ƒ, ¶µ¸É·µ¥´´ Ö ¢ · ³± Ì ¸¶¥Í¨ ²Ó´µ° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨,
¶µ§¢µ²Ö¥É ¤ ÉÓ ³ É¥³ É¨Î¥¸±ÊÕ Ëµ·³Ê²¨·µ¢±Ê ¶·¨´Í¨¶  Œ Ì . ŒÒ ¢¨¤¨³,
ÎÉµ ¸¶¥Í¨ ²Ó´Ò° ¶·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨ ¨³¥¥É ¢¸¥µ¡Ð¥¥ §´ Î¥´¨¥ ´¥§ ¢¨-
¸¨³µ µÉ ¢¨¤  ³ É¥·¨¨.

„²Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¥£µ É·¥¡µ¢ ´¨Ö ¢Ò· ¦ ÕÉ¸Ö ¢ Ê¸²µ¢¨¨ Ëµ·³¨´-
¢ ·¨ ´É´µ¸É¨ Ê· ¢´¥´¨° (76) ¨ (77) µÉ´µ¸¨É¥²Ó´µ £·Ê¶¶Ò ‹µ·¥´Í . ‹µ·¥´Í-
Ëµ·³¨´¢ ·¨ ´É´µ¸ÉÓ Ë¨§¨Î¥¸±¨Ì Ê· ¢´¥´¨° µ¸É ¥É¸Ö ¢ ¦´¥°Ï¨³ Ë¨§¨Î¥-
¸±¨³ ¶·¨´Í¨¶µ³ ¶·¨ ¶µ¸É·µ¥´¨¨ É¥µ·¨¨, ¶µ¸±µ²Ó±Ê ¨³¥´´µ ÔÉµÉ ¶·¨´Í¨¶
¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ¢¢¥¸É¨ Ê´¨¢¥·¸ ²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¤²Ö ¢¸¥Ì Ëµ·³ ³ É¥-
·¨¨.

�. �°´ÏÉ¥°´ ¢ · ¡µÉ¥ 1950 £. ¶¨¸ ²: ©...´¥ ¸²¥¤Ê¥É ²¨ ¢ ±µ´Í¥ ±µ´-
Íµ¢ ¶µ¶·µ¡µ¢ ÉÓ ¸µÌ· ´¨ÉÓ ¶µ´ÖÉ¨¥ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò, µ¸É ¢¨¢ ¢¸¥
¶µ¶ÒÉ±¨ µ¡ÑÖ¸´¨ÉÓ ËÊ´¤ ³¥´É ²Ó´ÊÕ Î¥·ÉÊ £· ¢¨É Í¨µ´´ÒÌ Ö¢²¥´¨°, ±µ-
Éµ· Ö ¶·µÖ¢²Ö¥É ¸¥¡Ö ¢ ¸¨¸É¥³¥ 0ÓÕÉµ´  ± ± Ô±¢¨¢ ²¥´É´µ¸ÉÓ ¨´¥·É´µ°
¨ ÉÖ£µÉ¥ÕÐ¥° ³ ¸¸?ª ‚ ’ƒ ¸µÌ· ´¥´µ ¶µ´ÖÉ¨¥ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò ¨ ¢
Éµ ¦¥ ¢·¥³Ö ¶µ± § ´µ, ÎÉµ Ô±¢¨¢ ²¥´É´µ¸ÉÓ ¨´¥·É´µ° ¨ ÉÖ£µÉ¥ÕÐ¥° ³ ¸¸ ¥¸ÉÓ
¶·Ö³µ¥ ¸²¥¤¸É¢¨¥ £¨¶µÉ¥§Ò, ÎÉµ ¸µÌ· ´ÖÕÐ Ö¸Ö ¶²µÉ´µ¸ÉÓ É¥´§µ·  Ô´¥·£¨¨-
¨³¶Ê²Ó¸  ³ É¥·¨¨ Ö¢²Ö¥É¸Ö ¨¸ÉµÎ´¨±µ³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. ’ ±¨³ µ¡· -
§µ³, · ¢¥´¸É¢µ ¨´¥·É´µ° ¨ ÉÖ£µÉ¥ÕÐ¥° ³ ¸¸ ´¨ ¢ ±µ¥° ³¥·¥ ´¥ ¶·µÉ¨¢µ·¥Î¨É
¸ÊÐ¥¸É¢µ¢ ´¨Õ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò ±µµ·¤¨´ É. tµ²¥¥ Éµ£µ, ÔÉ¨ ¶µ²µ¦¥´¨Ö
µ·£ ´¨Î¥¸±¨ ¤µ¶µ²´ÖÕÉ ¤·Ê£ ¤·Ê£  ¨ ²¥¦ É ¢ µ¸´µ¢¥ ’ƒ.

‚ ¶·µÉ¨¢µ¶µ²µ¦´µ¸ÉÓ ´ Ï¥³Ê ¢Ò¢µ¤Ê �.�°´ÏÉ¥°´ ´  ¶µ¸É ¢²¥´´Ò° ¨³
¢µ¶·µ¸ µÉ¢¥É¨² ¸²¥¤ÊÕÐ¨³ µ¡· §µ³: ©’µÉ, ±Éµ ¢¥·¨É ¢ ¶µ¸É¨¦¨³µ¸ÉÓ ¶·¨-
·µ¤Ò, ¤µ²¦¥´ ¤ ÉÓ µÉ¢¥É Å ´¥Éª. � ²¨Î¨¥ ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ ±µµ·¤¨´ É
¶µ§¢µ²Ö¥É Ê¸É· ´¨ÉÓ ¶ · ¤µ±¸ Œ Ì , ¨¡µ Éµ²Ó±µ ¢ ÔÉµ³ ¸²ÊÎ ¥ ³µ¦´µ £µ¢µ-
·¨ÉÓ µ¡ Ê¸±µ·¥´¨¨ µÉ´µ¸¨É¥²Ó´µ ¶·µ¸É· ´¸É¢ . ‚.�.”µ± ¶µ ÔÉµ³Ê ¶µ¢µ¤Ê
¶¨¸ 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¥´¨¥ ¶µ µÉ-
´µÏ¥´¨Õ ± ¶·µ¸É· ´¸É¢Êª; 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. 0µ ¶ · ¤µ±¸ ¨¸Î¥§ ¥É,
±µ²Ó ¸±µ·µ ³Ò ¶·¨§´ ¥³ § ±µ´´µ¸ÉÓ ¶µ´ÖÉ¨Ö ©Ê¸±µ·¥´¨Ö ¶µ µÉ´µÏ¥´¨Õ ±
¶·µ¸É· ´¸É¢Êª.

ˆ¤¥¨ Œ Ì  µ± § ²¨ £²Ê¡µ±µ¥ ¢²¨Ö´¨¥ ´  ¢§£²Ö¤Ò �°´ÏÉ¥°´  ´  £· ¢¨É -
Í¨Õ ¶·¨ ¶µ¸É·µ¥´¨¨ µ¡Ð¥° É¥µ·¨¨ µÉ´µ¸¨É¥²Ó´µ¸É¨. ‚ µ¤´µ° ¨§ · ¡µÉ �°´-
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ÏÉ¥°´ ¶¨Ï¥É: ©·¨´Í¨¶ Œ Ì : G-¶µ²¥ ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²¥´µ ³ ¸¸ ³¨ É¥²ª.
�µ µ± §Ò¢ ¥É¸Ö, ÎÉµ ¢ �’� ¨ ÔÉµ ¶µ²µ¦¥´¨¥ ´¥ ¢Ò¶µ²´Ö¥É¸Ö, ¶µ¸±µ²Ó±Ê ¨³¥-
ÕÉ¸Ö ·¥Ï¥´¨Ö ¨ ¢ µÉ¸ÊÉ¸É¢¨¥ ³ É¥·¨¨. �µ¶ÒÉ±  Ê¸É· ´¥´¨Ö ÔÉµ£µ µ¡¸ÉµÖÉ¥²Ó-
¸É¢  ¶ÊÉ¥³ ¢¢¥¤¥´¨Ö λ-Î²¥´  ´¥ ¤ ²  ¦¥² ¥³µ£µ ·¥§Ê²ÓÉ É . �± § ²µ¸Ó, ÎÉµ ¨
Ê· ¢´¥´¨Ö ¸ λ-Î²¥´µ³ ¢ µÉ¸ÊÉ¸É¢¨¥ ³ É¥·¨¨ É ±¦¥ ¨³¥ÕÉ ·¥Ï¥´¨Ö, µÉ²¨Î´Ò¥
µÉ ´Ê²Ö. ŒÒ ¢¨¤¨³, ÎÉµ �°´ÏÉ¥°´ ¢²µ¦¨² ¢ ¶µ´ÖÉ¨¥ ©¶·¨´Í¨¶ Œ Ì ª ¸µ¢¸¥³
¤·Ê£µ° ¸³Ò¸². �µ ¨ ¢ É ±µ³ ¶µ´¨³ ´¨¨ ¶·¨´Í¨¶ Œ Ì  ´¥ ´ Ï¥² ¸¢µ¥£µ ³¥¸É 
¢ �’�.

ˆ³¥¥É ²¨ ³¥¸Éµ ¶·¨´Í¨¶ Œ Ì  ¢ Ëµ·³Ê²¨·µ¢±¥ �°´ÏÉ¥°´  ¢ ’ƒ? ‚ µÉ-
²¨Î¨¥ µÉ �’� ¢ ÔÉµ° É¥µ·¨¨ ¢ ¸¨²Ê ¶·¨´Í¨¶  ¶·¨Î¨´´µ¸É¨ ¨³¥ÕÉ¸Ö ¶·µ¸É· ´-
¸É¢¥´´µ¶µ¤µ¡´Ò¥ ¶µ¢¥·Ì´µ¸É¨ ¢µ ¢¸¥³ ¶·µ¸É· ´¸É¢¥ (£²µ¡ ²Ó´Ò¥ ¶µ¢¥·Ì´µ-
¸É¨ ŠµÏ¨). ˆ ¥¸²¨ ´  µ¤´µ° ¨§ É ±¨Ì ¶µ¢¥·Ì´µ¸É¥° ¢¥Ð¥¸É¢µ µÉ¸ÊÉ¸É¢Ê¥É,
Éµ ´  µ¸´µ¢ ´¨¨ É·¥¡µ¢ ´¨Ö Ô´¥·£µ¤µ³¨´ ´É´µ¸É¨, ´ ² £ ¥³µ£µ ´  É¥´§µ· ¢¥-
Ð¥¸É¢ , µ´µ ¡Ê¤¥É µÉ¸ÊÉ¸É¢µ¢ ÉÓ ¢¸¥£¤  [12]. �µ¸±µ²Ó±Ê ¢¥Ð¥¸É¢µ ¢ ¶·¨·µ¤¥
¸ÊÐ¥¸É¢Ê¥É, Éµ µÉ¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ¸¨¸É¥³  µ¤´µ·µ¤´ÒÌ ¢µ ¢¸¥³ ¶·µ¸É· ´¸É¢¥
£· ¢¨É Í¨µ´´ÒÌ Ê· ¢´¥´¨° ´¥ ¨³¥¥É ·¥Ï¥´¨°, ·¥ ²¨§Ê¥³ÒÌ ¢ ¶·¨·µ¤¥. ˆ´ Î¥
£µ¢µ·Ö, ¢¸¥ ·¥Ï¥´¨Ö ÔÉµ° ¸¨¸É¥³Ò ´¥ ¨³¥ÕÉ Ë¨§¨Î¥¸±µ£µ ¸³Ò¸²  ¶·¨ ¤ ´´µ³
· §¢¨É¨¨ ‚¸¥²¥´´µ°. ’ ±µ¥ µÉ¡· ¸Ò¢ ´¨¥ ·¥Ï¥´¨° ¸¨¸É¥³Ò µ¤´µ·µ¤´ÒÌ £· -
¢¨É Í¨µ´´ÒÌ Ê· ¢´¥´¨° ¸É ²µ ¢µ§³µ¦´Ò³ ´¥ Éµ²Ó±µ ¢ ¸¨²Ê Ê· ¢´¥´¨°, ´µ
¶·¥¦¤¥ ¢¸¥£µ ¡² £µ¤ ·Ö Ì · ±É¥·Ê ·¥ ²Ó´µ° ‚¸¥²¥´´µ°.

‚ ¶·¨´Í¨¶¥ Ê· ¢´¥´¨Ö É¥µ·¨¨ ´¥ µÉ¢¥·£ ÕÉ ¢¸¥²¥´´Ò¥, ¶µ¸É·µ¥´´Ò¥ ¨§
£· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, ¡¥§ ¢¥Ð¥¸É¢ . �´¨ µÉ¢¥·£´ÊÉÒ ¸ ³¨³ · §¢¨É¨¥³ ³ -
É¥·¨¨. �µÎ¥³Ê ´ Ï  ‚¸¥²¥´´ Ö µ± § ² ¸Ó ¸ ¢¥Ð¥¸É¢µ³ Å É¥µ·¨Ö ¶µ±  ´¥
¤ ¥É µÉ¢¥É . ”¨§¨Î¥¸±¨° ¸³Ò¸² ¨³¥ÕÉ ·¥Ï¥´¨Ö Éµ²Ó±µ ¸¨¸É¥³Ò ´¥µ¤´µ·µ¤-
´ÒÌ £· ¢¨É Í¨µ´´ÒÌ Ê· ¢´¥´¨°, ±µ£¤  ¢ ± ±µ°-²¨¡µ Î ¸É¨ ¶·µ¸É· ´¸É¢  ¨²¨
¢µ ¢¸¥³ ¶·µ¸É· ´¸É¢¥ ¨³¥¥É¸Ö ¢¥Ð¥¸É¢µ. �Éµ µ§´ Î ¥É, ÎÉµ £· ¢¨É Í¨µ´´µ¥
¶µ²¥ ¨ ÔËË¥±É¨¢´µ¥ ·¨³ ´µ¢µ ¶·µ¸É· ´¸É¢µ ¢ ·¥ ²Ó´µ° ‚¸¥²¥´´µ° ´¥ ³µ£²¨
¢µ§´¨±´ÊÉÓ ¡¥§ ¶µ·µ¦¤ ÕÐ¥£µ ¨Ì ¢¥Ð¥¸É¢ . ŒÒ ¢¨¤¨³, ÎÉµ ¨ ¢ Ëµ·³Ê²¨·µ¢±¥
�°´ÏÉ¥°´  ¶·¨´Í¨¶ Œ Ì  ·¥ ²¨§Ê¥É¸Ö ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ £· ¢¨É Í¨¨.

ˆ³¥¥É¸Ö, µ¤´ ±µ, ¸ÊÐ¥¸É¢¥´´µ¥ · §²¨Î¨¥ ¢ ¶µ´¨³ ´¨¨ G-¶µ²Ö ¢ ´ Ï¥°
É¥µ·¨¨ ¨ ¢ �’�. �µ¤ G-¶µ²¥³ �°´ÏÉ¥°´ ¶µ´¨³ ² ·¨³ ´µ¢Ê ³¥É·¨±Ê, Éµ£¤ 
± ± ¢ ´ Ï¥³ ¶·¥¤¸É ¢²¥´¨¨ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¥¸ÉÓ Ë¨§¨Î¥¸±µ¥ ¶µ²¥. ’ ±µ¥
¶µ²¥ ¢Ìµ¤¨É ¢ ·¨³ ´µ¢Ê ³¥É·¨±Ê ´ ·Ö¤Ê ¸ ¶²µ¸±µ° ³¥É·¨±µ°,   ¶µÔÉµ³Ê ¶·¨
µÉ¸ÊÉ¸É¢¨¨ ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ³¥É·¨±  ´¥ ¨¸Î¥§ ¥É,   µ¸É ¥É¸Ö
³¥É·¨±µ° ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ.

‚ ²¨É¥· ÉÊ·¥ ¨³¥ÕÉ¸Ö ¨ ¤·Ê£¨¥ Ëµ·³Ê²¨·µ¢±¨ ¶·¨´Í¨¶  Œ Ì , µÉ²¨Î´Ò¥
¶µ ¸³Ò¸²Ê µÉ ¨¤¥° Œ Ì  ¨ �°´ÏÉ¥°´ , ´µ ¶µ¸±µ²Ó±Ê µ´¨, ¶µ ´ Ï¥³Ê ³´¥-
´¨Õ, ´¥ ¸Ëµ·³Ê²¨·µ¢ ´Ò ¤µ¸É ÉµÎ´µ µ¶·¥¤¥²¥´´µ, ³Ò ¨Ì ´¥ · ¸¸³ É·¨¢ ²¨.
’ ± ± ± £· ¢¨É Í¨µ´´Ò¥ ¸¨²Ò ¢ ’ƒ µ¡Ö§ ´Ò Ë¨§¨Î¥¸±µ³Ê ¶µ²Õ É¨¶  ” · -
¤¥Ö Å Œ ±¸¢¥²² , Éµ ´¨ µ ± ±µ° ¥¤¨´µ° ¸ÊÐ´µ¸É¨ ¸¨² ¨´¥·Í¨¨ ¨ £· ¢¨É Í¨¨,
¢ ¶·¨´Í¨¶¥, ´¥ ³µ¦¥É ¡ÒÉÓ ¨ ·¥Î¨.

ˆ´µ£¤  ¸ÊÉÓ ¶·¨´Í¨¶  Œ Ì  ¢¨¤ÖÉ ¢ Éµ³, ÎÉµ, Ö±µ¡Ò, ¸µ£² ¸´µ ¥³Ê ¸¨²Ò
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¨´¥·Í¨¨ µ¶·¥¤¥²ÖÕÉ¸Ö ¢§ ¨³µ¤¥°¸É¢¨¥³ ¸ ³ É¥·¨¥° ‚¸¥²¥´´µ°. ‘ ¶µ²¥¢µ°
ÉµÎ±¨ §·¥´¨Ö É ±µ° ¶·¨´Í¨¶ ´¥ ³µ¦¥É ¨³¥ÉÓ ³¥¸Éµ ¢ ¶·¨·µ¤¥. „¥²µ §¤¥¸Ó
¢ Éµ³, ÎÉµ, ÌµÉÖ ¨´¥·Í¨ ²Ó´Ò¥ ¸¨¸É¥³Ò µÉ¸Î¥É , ± ± ³Ò ¢¨¤¥²¨ ¢ÒÏ¥, ¸¢Ö-
§ ´Ò ¸ · ¸¶·¥¤¥²¥´¨¥³ ³ É¥·¨¨ ¢µ ‚¸¥²¥´´µ°, ¸¨²Ò ¨´¥·Í¨¨ ´¥ Ö¢²ÖÕÉ¸Ö
·¥§Ê²ÓÉ Éµ³ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ ³ É¥·¨¥° ‚¸¥²¥´´µ°, ¶µ¸±µ²Ó±Ê ¢¸Ö±µ¥ ¢µ§-
¤¥°¸É¢¨¥ ³ É¥·¨¨ ¢µ§³µ¦´µ Éµ²Ó±µ Î¥·¥§ Ë¨§¨Î¥¸±¨¥ ¶µ²Ö, ´µ ÔÉµ µ§´ Î ¥É,
ÎÉµ ¸¨²Ò, ¢Ò§¢ ´´Ò¥ ÔÉ¨³¨ ¶µ²Ö³¨, ¢ ¸¨²Ê ¨Ì ¢¥±Éµ·´µ° ¶·¨·µ¤Ò ´¥²Ó§Ö
µ¡· É¨ÉÓ ¢ ´Ê²Ó ¢Ò¡µ·µ³ ¸¨¸É¥³Ò µÉ¸Î¥É . ’ ±¨³ µ¡· §µ³, ¸¨²Ò ¨´¥·Í¨¨ ´¥-
¶µ¸·¥¤¸É¢¥´´µ µ¶·¥¤¥²ÖÕÉ¸Ö ´¥ Ë¨§¨Î¥¸±¨³¨ ¶µ²Ö³¨,   ¸É·µ£µ µ¶·¥¤¥²¥´´µ°
¸É·Ê±ÉÊ·µ° £¥µ³¥É·¨¨ ¨ ¢Ò¡µ·µ³ ¸¨¸É¥³Ò µÉ¸Î¥É .

�¸¥¢¤µ¥¢±²¨¤µ¢  £¥µ³¥É·¨Ö ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨, µÉ· ¦ Ö ¤¨´ ³¨Î¥¸-
±¨¥ ¸¢µ°¸É¢ , µ¡Ð¨¥ ¤²Ö ¢¸¥Ì Ëµ·³ ³ É¥·¨¨, ¸ µ¤´µ° ¸Éµ·µ´Ò, ¶µ¤É¢¥·¤¨² 
£¨¶µÉ¥§Ê µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ µÉ¸Î¥É ,   ¸ ¤·Ê£µ° Å ¶µ-
± § ² , ÎÉµ ¸¨²Ò ¨´¥·Í¨¨, ¢µ§´¨± ÕÐ¨¥ ¶·¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥³ ¢Ò¡µ·¥ ¸¨-
¸É¥³Ò µÉ¸Î¥É , ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö ¶·µ¸É· ´¸É¢  Œ¨´-
±µ¢¸±µ£µ. �µÔÉµ³Ê µ´¨ ´¥ § ¢¨¸ÖÉ µÉ ¶·¨·µ¤Ò É¥² . ‚¸¥ ÔÉµ ¸É ²µ Ö¸´µ,
±µ£¤  ¡Ò²µ ¶µ± § ´µ, ÎÉµ ¸¶¥Í¨ ²Ó´ Ö É¥µ·¨Ö µÉ´µ¸¨É¥²Ó´µ¸É¨ ¶·¨³¥´¨³  ´¥
Éµ²Ó±µ ¢ ¨´¥·Í¨ ²Ó´ÒÌ ¸¨¸É¥³ Ì µÉ¸Î¥É , ´µ ¨ ¢ ´¥¨´¥·Í¨ ²Ó´ÒÌ (Ê¸±µ·¥´-
´ÒÌ).

�Éµ ¶µ§¢µ²¨²µ ¢ · ¡µÉ¥ [5] ¤ ÉÓ ¶·¨´Í¨¶Ê µÉ´µ¸¨É¥²Ó´µ¸É¨ ¡µ²¥¥ µ¡ÐÊÕ
Ëµ·³Ê²¨·µ¢±Ê: ©Š ±ÊÕ ¡Ò Ë¨§¨Î¥¸±ÊÕ ¸¨¸É¥³Ê µÉ¸Î¥É  ³Ò ´¨ ¨§¡· ²¨
(¨´¥·Í¨ ²Ó´ÊÕ ¨²¨ ´¥¨´¥·Í¨ ²Ó´ÊÕ), ¢¸¥£¤  ³µ¦´µ Ê± § ÉÓ ¡¥¸±µ´¥Î´ÊÕ ¸µ-
¢µ±Ê¶´µ¸ÉÓ ¤·Ê£¨Ì ¸¨¸É¥³ µÉ¸Î¥É , É ±¨Ì, ¢ ±µÉµ·ÒÌ ¢¸¥ Ë¨§¨Î¥¸±¨¥ Ö¢²¥-
´¨Ö ¶·µÉ¥± ÕÉ µ¤¨´ ±µ¢µ ¸ ¨¸Ìµ¤´µ° ¸¨¸É¥³µ° µÉ¸Î¥É , É ± ÎÉµ ³Ò ´¥
¨³¥¥³ ¨ ´¥ ³µ¦¥³ ¨³¥ÉÓ ´¨± ±¨Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¢µ§³µ¦´µ¸É¥° · §²¨-
Î¨ÉÓ, ¢ ± ±µ° ¨³¥´´µ ¸¨¸É¥³¥ µÉ¸Î¥É  ¨§ ÔÉµ° ¡¥¸±µ´¥Î´µ° ¸µ¢µ±Ê¶´µ¸É¨
³Ò ´ Ìµ¤¨³¸Öª. Œ É¥³ É¨Î¥¸±¨ ÔÉµ ¢Ò· ¦ ¥É¸Ö É ±: ¶Ê¸ÉÓ ¢ ´¥±µÉµ·µ° ¸¨-
¸É¥³¥ ±µµ·¤¨´ É ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¨´É¥·¢ ² · ¢¥´

dσ2 = γµν(x)dx
µdxν ,

Éµ£¤  ¸ÊÐ¥¸É¢Ê¥É ¤·Ê£ Ö ¸¨¸É¥³  ±µµ·¤¨´ É x′:

x′ν = fν(x),

¢ ±µÉµ·µ° ¨´É¥·¢ ² ¶·¨´¨³ ¥É Ëµ·³Ê

dσ2 = γµν(x
′)dx′µdx′ν ,

£¤¥ ³¥É·¨Î¥¸±¨¥ ±µÔËË¨Í¨¥´ÉÒ γµν ¨³¥ÕÉ ÉµÉ ¦¥ ËÊ´±Í¨µ´ ²Ó´Ò° ¢¨¤, ÎÉµ
¨ ¢ ¨¸Ìµ¤´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É.

‚ ÔÉµ³ ¸²ÊÎ ¥ £µ¢µ·ÖÉ, ÎÉµ ³¥É·¨±  Ëµ·³¨´¢ ·¨ ´É´  µÉ´µ¸¨É¥²Ó´µ É -
±¨Ì ¶·¥µ¡· §µ¢ ´¨°,   ¢¸¥ Ë¨§¨Î¥¸±¨¥ Ê· ¢´¥´¨Ö É ±¦¥ Ëµ·³¨´¢ ·¨ ´É´Ò,
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É.¥. ¨³¥ÕÉ µ¤¨´ ±µ¢Ò° ¢¨¤ ± ± ¢ ÏÉ·¨Ìµ¢ ´´µ°, É ± ¨ ¢ ´¥ÏÉ·¨Ìµ¢ ´´µ° ¸¨-
¸É¥³¥ ±µµ·¤¨´ É. �·¥µ¡· §µ¢ ´¨Ö ±µµ·¤¨´ É, µ¸É ¢²ÖÕÐ¨¥ ³¥É·¨±Ê Ëµ·³¨´-
¢ ·¨ ´É´µ°, µ¡· §ÊÕÉ £·Ê¶¶Ê. ‚ ¸²ÊÎ ¥ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É ¢ ¨´¥·Í¨ ²Ó´µ°
¸¨¸É¥³¥ ÔÉµ µ¡ÒÎ´Ò¥ ¶·¥µ¡· §µ¢ ´¨Ö ‹µ·¥´Í .

‚ ’ƒ ³¥¦¤Ê ¸¨² ³¨ ¨´¥·Í¨¨ ¨ £· ¢¨É Í¨¨ ¨³¥¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ¥ · §-
²¨Î¨¥ ¢ Éµ³, ÎÉµ ¶µ ³¥·¥ Ê¤ ²¥´¨Ö µÉ É¥² £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¸É ´µ¢¨É¸Ö
¤µ¸É ÉµÎ´µ ¸² ¡Ò³, Éµ£¤  ± ± ¸¨²Ò ¨´¥·Í¨¨ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¢Ò¡µ·  ¸¨-
¸É¥³Ò µÉ¸Î¥É  ³µ£ÊÉ ¡ÒÉÓ ¸±µ²Ó Ê£µ¤´µ ¡µ²ÓÏ¨³¨. ˆ Éµ²Ó±µ ¢ ¨´¥·Í¨ ²Ó´µ°
¸¨¸É¥³¥ µÉ¸Î¥É  µ´¨ · ¢´Ò ´Ê²Õ. �µÔÉµ³Ê ´¥¶· ¢¨²Ó´µ ¸Î¨É ÉÓ, ÎÉµ ¸¨²Ò
¨´¥·Í¨¨ ´¥²Ó§Ö µÉ¤¥²¨ÉÓ µÉ ¸¨² £· ¢¨É Í¨¨. ‚ ¶µ¢¸¥¤´¥¢´µ° ¦¨§´¨ ¨Ì · §-
²¨Î¨¥ ¶µÎÉ¨ µÎ¥¢¨¤´µ.

�µ¸É·µ¥´¨¥ ’ƒ ¶µ§¢µ²¨²µ Ê¸É ´µ¢¨ÉÓ ¸¢Ö§Ó ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò µÉ-
¸Î¥É  ¸ · ¸¶·¥¤¥²¥´¨¥³ ³ É¥·¨¨ ¢µ ‚¸¥²¥´´µ° ¨ É¥³ ¸ ³Ò³ £²Ê¡¦¥ ¶µ´ÖÉÓ
¶·¨·µ¤Ê ¸¨² ¨´¥·Í¨¨ ¨ ¨Ì · §²¨Î¨¥ ¸ ³ É¥·¨ ²Ó´Ò³¨ ¸¨² ³¨. ‚ ´ Ï¥° É¥-
µ·¨¨ ¸¨² ³ ¨´¥·Í¨¨ µÉ¢¥¤¥´  É ± Ö ¦¥ ·µ²Ó, ± ±ÊÕ µ´¨ ¨£· ÕÉ ¢ ²Õ¡ÒÌ
¤·Ê£¨Ì ¶µ²¥¢ÒÌ É¥µ·¨ÖÌ.

8. +&‘’�œE’&�&‚‘Š&… +)ˆ;‹ˆ†…�ˆ…

„²Ö ¨§ÊÎ¥´¨Ö £· ¢¨É Í¨µ´´ÒÌ ÔËË¥±Éµ¢ ¢ ‘µ²´¥Î´µ° ¸¨¸É¥³¥ ¢¶µ²´¥
¤µ¸É ÉµÎ´µ ¶µ¸É´ÓÕÉµ´µ¢¸±µ£µ ¶·¨¡²¨¦¥´¨Ö. ‚ ¤ ´´µ³ · §¤¥²¥ ³Ò ¶µ¸É·µ¨³
ÔÉµ ¶·¨¡²¨¦¥´¨¥. � Ï¥ ¶µ¸É·µ¥´¨¥ ¢ É¥Ì´¨Î¥¸±µ³ ¶² ´¥ ¨¸¶µ²Ó§Ê¥É ³´µ£µ¥,
· ´¥¥ ¶µ²ÊÎ¥´´µ¥ ‚.�.”µ±µ³ [13].

�¸´µ¢´Ò¥ Ê· ¢´¥´¨Ö É¥µ·¨¨ § ¶¨Ï¥³ ¢ Ëµ·³¥ (¸³. �·¨²µ¦¥´¨¥ ‚)

γ̃αβDαDβΦ̃
ελ +m2

√
−γΦ̃ελ = −16πg(T ελ

M + τ ελg ) (93)

DλΦ̃
ελ = 0 . (94)

£¤¥ T ελ
M Å É¥´§µ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¥Ð¥¸É¢  ¨ τ ελg Å É¥´§µ· Ô´¥·£¨¨-

¨³¶Ê²Ó¸  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö.
‚Ò· ¦¥´¨¥ ¤²Ö É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ³µ¦¥É

¡ÒÉÓ ¶·¥¤¸É ¢²¥´µ ¢ ¢¨¤¥

− 16πτ ελg =
1

2
(g̃εαg̃λβ − 1

2
g̃ελg̃αβ)(g̃νσ g̃τµ −

1

2
g̃τσg̃νµ)DαΦ̃

τσ ·DβΦ̃
µν +

+ g̃αβ g̃τσDαΦ̃
ετ ·DβΦ̃

λσ − g̃εβ g̃τσDαΦ̃
λσ ·DβΦ̃

ατ −
− g̃λαg̃τσDαΦ̃

βσ ·DβΦ̃
ετ +

+
1

2
g̃ελg̃τσDαΦ̃

σβ ·DβΦ̃
ατ +DαΦ̃

εβ ·DβΦ̃
λα − Φ̃αβDαDβΦ̃

ελ

− m2(
√
−gg̃ελ −

√
−γΦ̃ελ + g̃εαg̃λβγαβ −

1

2
g̃ελg̃αβγαβ) . (95)
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�Éµ ¢Ò· ¦¥´¨¥ § ¶¨¸ ´µ ¢ ¶·µ¨§¢µ²Ó´µ° ±µµ·¤¨´ É´µ° ¸¨¸É¥³¥ ¢ ¶·µ¸É· ´-
¸É¢¥ Œ¨´±µ¢¸±µ£µ. ‚ ¤ ²Ó´¥°Ï¥³ ¢¸¥ ¢ÒÎ¨¸²¥´¨Ö ¡Ê¤ÊÉ ¶·µ¢µ¤¨ÉÓ¸Ö ¢ £ ²¨-
²¥¥¢ÒÌ ±µµ·¤¨´ É Ì ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò.

γµν = (1,−1,−1,−1) . (96)

�·¨ ¶µ¸É·µ¥´¨¨ ·Ö¤  É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¢ ± Î¥¸É¢¥ ³ ²µ£µ ¶ · ³¥É·  ¥¸É¥-
¸É¢¥´´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¢¥²¨Î¨´Ê, · ¢´ÊÕ

v ∼ ε, U ∼ ε2, Π ∼ ε2, p ∼ ε2 . (97)

‡¤¥¸Ó U Å ´ÓÕÉµ´µ¢ ¶µÉ¥´Í¨ ² £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö;
Π Å Ê¤¥²Ó´ Ö ¢´ÊÉ·¥´´ÖÖ Ô´¥·£¨Ö É¥² ;
p Å Ê¤¥²Ó´µ¥ ¤ ¢²¥´¨¥.

„²Ö ‘µ²´¥Î´µ° ¸¨¸É¥³Ò ¶ · ³¥É· ε2 ¨³¥¥É ¶µ·Ö¤µ±

ε2 ∼ 10−6 . (98)

tÊ¤¥³ ¨¸Ìµ¤¨ÉÓ ¨§ · §²µ¦¥´¨° ±µ³¶µ´¥´É ¶²µÉ´µ¸É¨ É¥´§µ· :

g̃00 = 1+
(2)

Φ̃00+
(4)

Φ̃00 + ... (99)

g̃0i =
(3)

Φ̃0i+
(5)

Φ̃0i + ... (100)

g̃ik = γ̃ik+
(2)

Φ̃ ik+
(4)

Φ̃ ik + ... (101)

‚ ± Î¥¸É¢¥ ³µ¤¥²¨ ¢¥Ð¥¸É¢  ¢µ§Ó³¥³ ¨¤¥ ²Ó´ÊÕ ¦¨¤±µ¸ÉÓ, É¥´§µ· Ô´¥·£¨¨-
¨³¶Ê²Ó¸  ±µÉµ·µ° ¨³¥¥É ¢¨¤

T ελ = [p+ ρ(1 + Π)]uεuλ − pgελ, (102)

£¤¥ ρ Å ¨´¢ ·¨ ´É´ Ö ¶²µÉ´µ¸ÉÓ ¨¤¥ ²Ó´µ° ¦¨¤±µ¸É¨, p Å Ê¤¥²Ó´µ¥ ¨§µÉ·µ¶-
´µ¥ ¤ ¢²¥´¨¥, uλ Å Î¥ÉÒ·¥Ì¢¥±Éµ· ¸±µ·µ¸É¨.

� ¶¨Ï¥³ É¥¶¥·Ó · §²µ¦¥´¨¥ ¶µ ³ ²µ³Ê ¶ · ³¥É·Ê ε ¤²Ö É¥´§µ·  Ô´¥·£¨¨-
¨³¶Ê²Ó¸  ¢¥Ð¥¸É¢ :

T 00M =
(0)

T
00+

(2)

T
00 + ... (103)

T 0iM =
(1)

T
0i+

(3)

T
0i + ... (104)

T ik
M =

(2)

T
ik+

(4)

T
ik + ... . (105)
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‚ ´ÓÕÉµ´µ¢µ³ ¶·¨¡²¨¦¥´¨¨, É.¥. ±µ£¤  ¶·¥´¥¡·¥£ ¥³ ¸¨² ³¨ £· ¢¨É Í¨¨, ¤²Ö
Î¥ÉÒ·¥Ì¢¥±Éµ·  ¸±µ·µ¸É¨ ¨³¥¥³

u0 = 1 + 0(ε2), ui = vi(1 + 0(ε2)) . (106)

ˆ¸¶µ²Ó§ÊÖ ÔÉ¨ ¢Ò· ¦¥´¨Ö ¢ (102), ´ °¤¥³

(0)

T
00 = ρ,

(1)

T
0i = ρvi,

(0)

T
ik = 0 . (107)

‚ ÔÉµ³ ¶·¨¡²¨¦¥´¨¨ ¨³¥¥³

∂0ρ+ ∂i(ρv
i) = 0 . (108)

�É¸Õ¤  ¢¨¤´µ, ÎÉµ ¢ ´ÓÕÉµ´µ¢µ³ ¶·¨¡²¨¦¥´¨¨ ¶µ²´ Ö ¨´¥·É´ Ö ³ ¸¸  É¥² 
Ö¢²Ö¥É¸Ö ¸µÌ· ´ÖÕÐ¥°¸Ö ¢¥²¨Î¨´µ°:

M =

∫
ρd3x . (109)

‚ ´ÓÕÉµ´µ¢µ³ ¶·¨¡²¨¦¥´¨¨ ´  µ¸´µ¢ ´¨¨ Ê· ¢´¥´¨° (93) ¨³¥¥³

∆
(2)

Φ̃00 = −16πρ , (110)

∆
(3)

Φ̃0i = −16πρvi , (111)

∆
(2)

Φ̃ ik = 0 . (112)

Œ ¸¸  £· ¢¨Éµ´ , ¢¢¨¤Ê ³ ²µ¸É¨, ¢ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¤²Ö ÔË-
Ë¥±Éµ¢ ‘µ²´¥Î´µ° ¸¨¸É¥³Ò ´¥ ¨£· ¥É ·µ²¨,   ¶µÔÉµ³Ê ³Ò ¶·¨ ¶µ²ÊÎ¥´¨¨
Ê· ¢´¥´¨° (110)Å(112) ¥¥ ´¥ ÊÎ¨ÉÒ¢ ²¨. ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¢ µ¡Ð¥³ ¸²Ê-
Î ¥ ´¥¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò µÉ¸Î¥É  ¨²¨ ¤²Ö ¸¨²Ó´ÒÌ £· ¢¨É Í¨µ´´ÒÌ ¶µ²¥°
Î²¥´ ¸ ³ ¸¸µ° £· ¢¨Éµ´  m µ¶Ê¸± ÉÓ Ê¦¥ ´¥²Ó§Ö. ’ ±, ´ ¶·¨³¥·, ¤ ¦¥ ¤²Ö
¸É É¨Î¥¸±µ£µ É¥²  ¢ µ¡² ¸É¨, ¡²¨§±µ° ± ¸Ë¥·¥ ˜¢ ·ÍÏ¨²Ó¤ , ¢²¨Ö´¨¥ ³ ¸¸Ò
£· ¢¨Éµ´  ¢¥¸Ó³  ¢¥²¨±µ, ¶µÔÉµ³Ê ¶·¥´¥¡·¥£ ÉÓ ¥Õ Ê¦¥ ´¥¢µ§³µ¦´µ.

¥Ï¥´¨¥ Ê· ¢´¥´¨° (110)Å(112) ¨³¥¥É ¢¨¤

(2)

Φ̃00 = 4U, U =

∫
ρ

|x− x′|d
3x′, (113)

(3)

Φ̃0i = −4V i, V i = −
∫

ρvi

|x− x′|d
3x′ , (114)
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(2)

Φ̃ ik = 0 . (115)

�  µ¸´µ¢ ´¨¨ Ê· ¢´¥´¨° (94) ¨³¥¥³

∂0

(2)

Φ̃00 + ∂i

(3)

Φ̃0i = 0 . (116)

�µ¤¸É ¢²ÖÖ ¢ ÔÉµ Ê· ¢´¥´¨¥ (113) ¨ (114), ´ °¤¥³

∂0U − ∂iV
i = 0 . (117)

�É¸Õ¤  µÎ¥¢¨¤´µ, ÎÉµ ¶·¨ ¤¨ËË¥·¥´Í¨·µ¢ ´¨¨ ¶µÉ¥´Í¨ ²  U ¶µ ¢·¥³¥´¨
¶µ·Ö¤µ± ³ ²µ¸É¨ ¶µ ε Ê¢¥²¨Î¨¢ ¥É¸Ö. �Éµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¢ ¤ ²Ó´¥°Ï¥³ ´ ³¨
¡Ê¤¥É ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö ¶·¨ ¢ÒÎ¨¸²¥´¨ÖÌ É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨-
µ´´µ£µ ¶µ²Ö τ ελg . ‡ ³¥É¨³, ÎÉµ Ê· ¢´¥´¨¥ (117) Éµ¦¤¥¸É¢¥´´µ ¢Ò¶µ²´Ö¥É¸Ö ¢
¸¨²Ê Ê· ¢´¥´¨° (108).

�  µ¸´µ¢ ´¨¨ (114) ¨ (115) ¸²¥¤Ê¥É, ÎÉµ ¨§ ¢¸¥Ì ±µ³¶µ´¥´É ¶²µÉ´µ¸É¨

É¥´§µ·  Φ̃ελ ¢µ ¢Éµ·µ³ ¶·¨¡²¨¦¥´¨¨ µ¸É ¥É¸Ö Éµ²Ó±µ µ¤´  ±µ³¶µ´¥´É 
(2)

Φ̃ 00,
µ¶·¥¤¥²Ö¥³ Ö ¢Ò· ¦¥´¨¥³ (113). ˆ³¥´´µ ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¸ÊÐ¥¸É¢¥´´µ
Ê¶·µÐ ¥É ³¥Éµ¤ ´ Ìµ¦¤¥´¨Ö ¶µ¸É´ÓÕÉµ´µ¢¸±µ£µ ¶·¨¡²¨¦¥´¨Ö, ±µ£¤  ³Ò ´ 
± ¦¤µ³ ÔÉ ¶¥ ¶µ¸É·µ¥´¨Ö ¶µ²Ó§Ê¥³¸Ö ¶²µÉ´µ¸ÉÖ³¨ É¥´§µ·´ÒÌ ¢¥²¨Î¨´.

ˆ¸¶µ²Ó§ÊÖ (113)Å(115) ¸ ÉµÎ´µ¸ÉÓÕ ¤µ ¢Éµ·µ£µ ¶µ·Ö¤±  ¢±²ÕÎ¨É¥²Ó´µ,
¶µ²ÊÎ ¥³

√
−gg00 = 1 + 4U,

√
−gg11 =

√
−gg22 =

√
−gg33 = −1 . (118)

�É¸Õ¤  ¨³¥¥³
−g = 1 + 4U , (118a)

¸²¥¤µ¢ É¥²Ó´µ,

g00 = 1− 2U, g11 = g22 = g33 = −(1 + 2U) . (119)

ŒÒ ¢¨¤¨³ ¨§ (118), ÎÉµ ¢ ´ÓÕÉµ´µ¢µ³ ¶·¨¡²¨¦¥´¨¨, ±µ£¤  ³µ¦´µ µ£· ´¨-
Î¨ÉÓ¸Ö Éµ²Ó±µ µ¤´µ° ±µ³¶µ´¥´Éµ° ¶²µÉ´µ¸É¨ É¥´§µ·  ¢¥Ð¥¸É¢  T 00, ± ± ÔÉµ£µ
¨ ¸²¥¤µ¢ ²µ µ¦¨¤ ÉÓ, £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ µ¶¨¸Ò¢ ¥É¸Ö Éµ²Ó±µ µ¤´µ° ±µ³¶µ-
´¥´Éµ° Φ̃00, Éµ£¤  ± ± ³¥É·¨Î¥¸±¨° É¥´§µ· gµν ¨³¥¥É ¨ ¢ ÔÉµ³ ¶·¨¡²¨¦¥´¨¨,
¸µ£² ¸´µ (119), ´¥¸±µ²Ó±µ ±µ³¶µ´¥´É.  ¡µÉ  ¸ ±µ³¶µ´¥´É ³¨ ¶µ²Ö Φ̃µν ,  
´¥ ¸ ³¥É·¨Î¥¸±¨³ É¥´§µ·µ³ gµν , ¢ §´ Î¨É¥²Ó´µ° ¸É¥¶¥´¨ Ê¶·µÐ ¥É ¢¥¸Ó ¢ÒÎ¨-
¸²¨É¥²Ó´Ò° ¶·µÍ¥¸¸ ¶µ¸É·µ¥´¨Ö ¶µ¸É´ÓÕÉµ´µ¢¸±µ£µ ¶·¨¡²¨¦¥´¨Ö. ˆ³¥´´µ
¶µÔÉµ³Ê ¢¢¥¤¥´¨¥ ¶²µÉ´µ¸É¨ É¥´§µ·  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö Φ̃µν ¨³¥¥É ´¥
Éµ²Ó±µ µ¡Ð¥É¥µ·¥É¨Î¥¸±µ¥, ´µ ¨ ¶· ±É¨Î¥¸±µ¥ §´ Î¥´¨¥. ˆÉ ±, ³¥É·¨Î¥¸±¨°
É¥´§µ· ÔËË¥±É¨¢´µ£µ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  · ¢¥´

g00 = 1− 2U, g0i = 4γikV
k, gik = γik(1 + 2U) . (120)
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ˆ§ ¢Ò· ¦¥´¨Ö (113) ¤²Ö U ¸²¥¤Ê¥É, ÎÉµ ¨´¥·É´ Ö ³ ¸¸  (109) · ¢´   ±É¨¢-
´µ° £· ¢¨É Í¨µ´´µ° ³ ¸¸¥. ‚ ’ƒ, ± ± ³Ò ¢¨¤¥²¨, ÔÉµ · ¢¥´¸É¢µ ¢µ§´¨±²µ
¨§-§  Éµ£µ, ÎÉµ ¨¸ÉµÎ´¨±µ³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö Ö¢²Ö¥É¸Ö É¥´§µ· Ô´¥·£¨¨-
¨³¶Ê²Ó¸ .

�¥·¥°¤¥³ É¥¶¥·Ó ± ¶µ¸É·µ¥´¨Õ ¸²¥¤ÊÕÐ¥£µ ¶·¨¡²¨¦¥´¨Ö ¤²Ö ±µ³¶µ-
´¥´ÉÒ ³¥É·¨Î¥¸±µ£µ É¥´§µ·  g00. ‘ ÔÉµ° Í¥²ÓÕ ´ °¤¥³ ¢±² ¤ µÉ É¥´§µ· 
Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. �µ¸±µ²Ó±Ê ¢ ¢Ò· ¦¥´¨¨ (95) ¶µ¤

§´ ±µ³ ¶·µ¨§¢µ¤´µ° ´¥µ¡Ìµ¤¨³µ ÊÎ¨ÉÒ¢ ÉÓ Éµ²Ó±µ
(2)

Φ̃00, Éµ ¶¥·¢Ò° Î²¥´ (95)
¤ ¸É ¢±² ¤, · ¢´Ò°

2(gradU)2, (121)

  ¢Éµ·µ°
−16(gradU)2. (122)

‚±² ¤ µÉ ¢¸¥Ì µ¸É ²Ó´ÒÌ Î²¥´µ¢ ¢ ÔÉµ³ ¶·¨¡²¨¦¥´¨¨ ¡Ê¤¥É · ¢¥´ ´Ê²Õ.
�É¡·µÏ¥´Ò É ±¦¥ Î²¥´Ò ¸ ¶·µ¨§¢µ¤´Ò³¨ ¶µ ¢·¥³¥´¨ µÉ ¶µÉ¥´Í¨ ²  U , ¶µ-
¸±µ²Ó±Ê ¢ ¸¨²Ê (117) µ´¨ É ±¦¥ ¡µ²¥¥ ¢Ò¸µ±µ£µ ¶µ·Ö¤±  ³ ²µ¸É¨ ¶µ ε. � 
µ¸´µ¢ ´¨¨ (121) ¨ (122) ¨³¥¥³

−16πgτ00g = −14(gradU)2 . (123)

‘ ÊÎ¥Éµ³ (123) Ê· ¢´¥´¨¥ (93) ¢ ÔÉµ³ ¶·¨¡²¨¦¥´¨¨ ¤²Ö ±µ³¶µ´¥´ÉÒ Φ̃00

¶·¨´¨³ ¥É ¢¨¤

∆Φ̃00 = 16πgT 00 + 14(gradU)2 + 4∂20U . (124)

�µ¸±µ²Ó±Ê ´  µ¸´µ¢ ´¨¨ (120) ¢µ ¢Éµ·µ³ ¶µ·Ö¤±¥ ¶µ ε ¨´É¥·¢ ² · ¢¥´

ds = dt(1− U +
1

2
viv

i) , (125)

µÉ¸Õ¤  ¶µ²ÊÎ¨³

u0 =
dt

ds
= 1 + U − 1

2
viv

i . (126)

�µ¤¸É ¢²ÖÖ ÔÉµ ¢Ò· ¦¥´¨¥ ¢ (102), ´ °¤¥³

(2)

T
00 = ρ[2U +Π− viv

i] . (127)

�  µ¸´µ¢ ´¨¨ (118a) ¨ (127) ¨§ Ê· ¢´¥´¨° (124) ¶µ²ÊÎ¨³

∆
(4)

Φ̃00 = −96πρU + 16πρviv
i + 14(gradU)2 − 16πρΠ+ 4∂20U . (128)

‚µ¸¶µ²Ó§Ê¥³¸Ö µÎ¥¢¨¤´Ò³ Éµ¦¤¥¸É¢µ³

(gradU)2 =
1

2
∆U2 − U∆U . (129)
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�µ ¶µ¸±µ²Ó±Ê
∆U = −4πρ , (130)

Éµ Ê· ¢´¥´¨¥ (128), ¶µ¸²¥ ¨¸¶µ²Ó§µ¢ ´¨Ö (129) ¨ (130), ¶·¨´¨³ ¥É ¢¨¤

∆(
(4)

Φ̃00 − 7U2) = 16πρviv
i − 40πρU − 16πρΠ+ 4∂20U . (131)

�É¸Õ¤  ¨³¥¥³

(4)

Φ̃00 = 7U2 + 4Φ1 + 10Φ2 + 4Φ3 −
1

π
∂20

∫
U

|x− x′|d
3x′ , (132)

£¤¥

Φ1 = −
∫

ρviv
i

|x− x′|d
3x′, Φ2 =

∫
ρU

|x− x′|d
3x′, Φ3 =

∫
ρΠ

|x− x′|d
3x′. (133)

ˆÉ ±, ¢ ¶µ¸É´ÓÕÉµ´µ¢µ³ ¶·¨¡²¨¦¥´¨¨ ´ Ìµ¤¨³

g̃00 = 1 + 4U + 7U2 + 4Φ1 + 10Φ2 + 4Φ3 −
1

π
∂20

∫
U

|x− x′|d
3x′. (134)

� ³ ´¥µ¡Ìµ¤¨³µ É¥¶¥·Ó ´ °É¨ ¢¥²¨Î¨´Ê ¤¥É¥·³¨´ ´É  g ¢ ¶µ¸É´ÓÕÉµ´µ¢µ³
¶·¨¡²¨¦¥´¨¨. „²Ö ÔÉµ° Í¥²¨ ¶·¥¤¸É ¢¨³ g̃ik ¢ Ëµ·³¥

g̃ik = γ̃ik+
(4)

Φ̃ ik. (135)

‘²¥¤Ê¥É µ¸µ¡µ ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ¢ÒÎ¨¸²¥´¨¥ ¤¥É¥·³¨´ ´É  g ´ ¨¡µ²¥¥ ¶·µ¸Éµ
µ¸ÊÐ¥¸É¢¨ÉÓ, ¥¸²¨ ¢µ¸¶µ²Ó§µ¢ ÉÓ¸Ö ¤²Ö ÔÉµ° Í¥²¨ ¶²µÉ´µ¸ÉÓÕ É¥´§µ·  g̃µν ¨
ÊÎ¥¸ÉÓ, ÎÉµ

g = det(g̃µν) = det(gµν) . (136)

�  µ¸´µ¢ ´¨¨ (134) ¨ (135) ´ °¤¥³

√
−g = 1+2U+

3

2
U2+2Φ1+5Φ2+2Φ3−

1

2
Φ− 1

2π
∂20

∫
U

|x− x′|d
3x′. (137)

‡¤¥¸Ó

Φ =
(4)

Φ̃11+
(4)

Φ̃22+
(4)

Φ̃33. (138)

’ ± ± ± ¢ · ¸¸³ É·¨¢ ¥³µ³ ¶·¨¡²¨¦¥´¨¨ g00g
00 = 1, Éµ ¨§ ¢Ò· ¦¥´¨° (134)

¨ (137) ¶µ²ÊÎ¨³

g00 = 1− 2U +
5

2
U2 − 2Φ1− 5Φ2− 2Φ3−

1

2
Φ+

1

2π
∂20

∫
U

|x− x′|d
3x′. (139)
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„²Ö µ¶·¥¤¥²¥´¨Ö g00 ´ ³ ´¥µ¡Ìµ¤¨³µ ¢ÒÎ¨¸²¨ÉÓ ¢¥²¨Î¨´Ê Φ. �µ¸±µ²Ó±Ê Φ
¶µ²ÊÎ¥´  ¸Ê³³¨·µ¢ ´¨¥³, Éµ ³µ¦´µ ¢µ¸¶µ²Ó§µ¢ ÉÓ¸Ö Ê· ¢´¥´¨¥³ (93) ¨ ¶ÊÉ¥³
¸Ê³³¨·µ¢ ´¨Ö ´¥¶µ¸·¥¤¸É¢¥´´µ ¶µ²ÊÎ¨ÉÓ Ê· ¢´¥´¨Ö ¤²Ö ËÊ´±Í¨¨ Φ.

ˆ§ ¢Ò· ¦¥´¨Ö (95) ¶ÊÉ¥³ ¸Ê³³¨·µ¢ ´¨Ö ¶µ²ÊÎ¨³ ¨§ ¶¥·¢µ£µ Î²¥´  ¸²¥¤Ê-
ÕÐ¥¥ ¢Ò· ¦¥´¨¥:

−16πgτ iig = −2(gradU)2. (140)

‚¸¥ µ¸É ²Ó´Ò¥ Î²¥´Ò, ¢Ìµ¤ÖÐ¨¥ ¢ ¢Ò· ¦¥´¨¥ (95), ¢ ¤ ´´µ³ ¶·¨¡²¨¦¥´¨¨
´¥ ¤ ÕÉ ¢±² ¤ . ‘ ¶µ³µÐÓÕ ¢Ò· ¦¥´¨Ö (102) ¤²Ö É¥´§µ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸ 
¢¥Ð¥¸É¢  ´ °¤¥³

−16πg
(2)

T̃ ii = −16πρvivi + 48πp . (141)

“Î¨ÉÒ¢ Ö (140) ¨ (141), Ê· ¢´¥´¨¥ ¤²Ö Φ § ¶¨Ï¥³ ¢ Ëµ·³¥

∆Φ = 16πρviv
i − 48πp+ 2(gradU)2. (142)

‚µ¸¶µ²Ó§µ¢ ¢Ï¨¸Ó Éµ¦¤¥¸É¢µ³ (129) ¨ Ê· ¢´¥´¨¥³ (130), ¶µ²ÊÎ¨³

∆(Φ− U2) = 16πρviv
i + 8πρU − 48πp . (143)

�É¸Õ¤  ´ Ìµ¤¨³

Φ = U2 + 4Φ1 − 2Φ2 + 12Φ4, Φ4 =

∫
p

|x− x′|d
3x′. (144)

�µ¤¸É ¢²ÖÖ ¢Ò· ¦¥´¨¥ (144) ¢ (139), ¨³¥¥³

g00 = 1− 2U + 2U2− 4Φ1− 4Φ2− 2Φ3− 6Φ4+
1

2π
∂20

∫
U

|x− x′|d
3x′. (145)

ˆ¸¶µ²Ó§ÊÖ Éµ¦¤¥¸É¢µ

1

2π

∫
U

|x− x′|d
3x′ = −

∫
ρ|x− x′|d3x′,

¢Ò· ¦¥´¨¥ (145) § ¶¨Ï¥³ ¢ Ëµ·³¥

g00 = 1− 2U + 2U2 − 4Φ1 − 4Φ2 − 2Φ3 − 6Φ4 − ∂20

∫
ρ|x− x′|d3x′. (146)

…¸²¨ ¸µ¢¥·Ï¨ÉÓ ¶·¥µ¡· §µ¢ ´¨¥

x′0 = x0 + η0(x), x′i = xi , (147)

Éµ ³¥É·¨Î¥¸±¨¥ ±µÔËË¨Í¨¥´ÉÒ ¨§³¥´ÖÉ¸Ö ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

g′00 = g00 − 2∂0η
0, g′0i = g0i − ∂iη

0, g′ik = gik . (148)
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‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¶·¥µ¡· §µ¢ ´¨¥ (147) ´¥ ¢Ò¢µ¤¨É ´ ¸ ¨§ ¨´¥·Í¨ ²Ó´µ°
¸¨¸É¥³Ò µÉ¸Î¥É , ¶µ¸±µ²Ó±Ê É ±µ¥ ¶·¥µ¡· §µ¢ ´¨¥ ¥¸ÉÓ ´¥ ÎÉµ ¨´µ¥, ± ± ¤·Ê-
£µ° ¢Ò¡µ· Î ¸µ¢. ‚¸¥ Ë¨§¨Î¥¸±¨ ¨§³¥·Ö¥³Ò¥ ¢¥²¨Î¨´Ò ´¥ § ¢¨¸ÖÉ µÉ ÔÉµ£µ
¢Ò¡µ· .

�·¨´¨³ Ö ËÊ´±Í¨Õ η0 · ¢´µ°

η0 = −1

2
∂0

∫
ρ|x− x′|d3x′ (149)

¨ ÊÎ¨ÉÒ¢ Ö Éµ¦¤¥¸É¢µ

∂iη
0 =

1

2
(γikV

k −Ni), Ni =

∫
ρvk(xk − x′k)(xi − x′i)

|x− x′|3 d3x′, (150)

¶µ¸²¥ ¶µ¤¸É ´µ¢±¨ ¢ (148) ¢Ò· ¦¥´¨° (120) ¤²Ö g0i ¨ gik,   É ±¦¥ ¢Ò· ¦¥´¨Ö
(146) ¤²Ö g00 ¸ ÊÎ¥Éµ³ (149) ¨ (150) ´ °¤¥³ ³¥É·¨Î¥¸±¨¥ ±µÔËË¨Í¨¥´ÉÒ ÔË-
Ë¥±É¨¢´µ£µ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ¢ É ± ´ §Ò¢ ¥³µ° ©± ´µ´¨Î¥¸±µ° Ëµ·³¥ª:

g00 = 1− 2U + 2U2 − 4Φ1 − 4Φ2 − 2Φ3 − 6Φ4,

g0i =
7

2
γikV

k +
1

2
Ni, (151)

gik = γik(1 + 2U) .

�  µ¸´µ¢ ´¨¨ ¢Ò· ¦¥´¨° (151) ¶µ¸É´ÓÕÉµ´µ¢¸±¨¥ ¶ · ³¥É·Ò �µ·¤É¢¥¤É  Å
“¨²²  ¢ ’ƒ · ¢´Ò ¸²¥¤ÊÕÐ¨³ §´ Î¥´¨Ö³:

γ = 1, β = 1, α1 = α2 = α3 = ξ1 = ξ2 = ξ3 = ξ4 = ξW = 0.

Œ¥É·¨Î¥¸±¨¥ ±µÔËË¨Í¨¥´ÉÒ (151) ¢ÒÎ¨¸²¥´Ò ´ ³¨ ¢ ’ƒ ¢ ¨´¥·Í¨ ²Ó´µ°
¸¨¸É¥³¥ µÉ¸Î¥É . �·¨¢¥¤¥³ É¥¶¥·Ó ¢Ò· ¦¥´¨Ö ¤²Ö ±µ³¶µ´¥´É É¥´§µ·  Ô´¥·£¨¨-
¨³¶Ê²Ó¸  ¢¥Ð¥¸É¢ , ¶µ ¸· ¢´¥´¨Õ ¸ (107), ¢ ¸²¥¤ÊÕÐ¥³ ¶·¨¡²¨¦¥´¨¨. “Î¨-
ÉÒ¢ Ö ¢Ò· ¦¥´¨¥ (126) ¤²Ö u0,   É ±¦¥

ui =
dx′

ds
= vi(1 + U − 1

2
vkv

k) , (152)

¨§ Ëµ·³Ê²Ò (102) ´ Ìµ¤¨³

(3)

T
0i = ρvi(2U +Π− vkv

k) + pvi, (153)

(2)

T
ik = ρvivk − pγik. (154)

Šµ³¶µ´¥´É 
(2)

T 00 µ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ (127). �  µ¸´µ¢ ´¨¨ ¢Ò· ¦¥-
´¨° (151), ¨¸¶µ²Ó§ÊÖ Ê· ¢´¥´¨Ö £¥µ¤¥§¨Î¥¸±µ° ²¨´¨¨, ³µ¦´µ · ¸¸Î¨É ÉÓ ¢¸¥
ÔËË¥±ÉÒ ¢ ‘µ²´¥Î´µ° ¸¨¸É¥³¥.
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‚ § ±²ÕÎ¥´¨¥ µ¸É ´µ¢¨³¸Ö ´¥¸±µ²Ó±µ ¶µ¤·µ¡´¥¥ ´  ¸· ¢´¥´¨¨ ’ƒ ¨
�’� ¶·¨  ´ ²¨§¥ ÔËË¥±Éµ¢ ¢ ¸² ¡µ³ £· ¢¨É Í¨µ´´µ³ ¶µ²¥. ‘¨¸É¥³  Ê· ¢´¥-
´¨° (93) ¨ (94) ¢³¥¸É¥ ¸ Ê· ¢´¥´¨¥³ ¸µ¸ÉµÖ´¨Ö µ¶·¥¤¥²Ö¥É ¢¸¥ Ë¨§¨Î¥¸±¨¥ ¢¥-
²¨Î¨´Ò Éµ° ¨²¨ ¨´µ° £· ¢¨É Í¨µ´´µ° § ¤ Î¨. ‚¸¥ ¶·µ¢¥¤¥´´Ò¥ ¢ÒÏ¥ · ¸Î¥ÉÒ
¶µ¸É´ÓÕÉµ´µ¢¸±µ£µ ¶·¨¡²¨¦¥´¨Ö ¸¤¥² ´Ò ¢ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨-
´ É. ‚ �’� ¢ ¶·¨´Í¨¶¥ ´¥ ¸ÊÐ¥¸É¢Ê¥É ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³Ò. �.�°´ÏÉ¥°´
¶µ ÔÉµ³Ê ¶µ¢µ¤Ê ¶¨¸ ²: ©ˆ¸Ìµ¤´Ò³ ¶Ê´±Éµ³ É¥µ·¨¨ ¸²Ê¦¨É ÊÉ¢¥·¦¤¥´¨¥,
ÎÉµ ´¥ ¸ÊÐ¥¸É¢Ê¥É Ë¨§¨Î¥¸±¨ ¢Ò¤¥²¥´´µ£µ ¸µ¸ÉµÖ´¨Ö ¤¢¨¦¥´¨Ö, É.¥. ´¥
Éµ²Ó±µ ¸±µ·µ¸ÉÓ, ´µ ¨ Ê¸±µ·¥´¨¥ ´¥ ¨³¥ÕÉ  ¡¸µ²ÕÉ´µ£µ ¸³Ò¸² ª. �µ ¥¸²¨
µÉ¸ÊÉ¸É¢Ê¥É ¨´¥·Í¨ ²Ó´ Ö ¸¨¸É¥³  ±µµ·¤¨´ É, Éµ ± ± ±µ° ¸¨¸É¥³¥ µÉ¸Î¥É 
¸²¥¤Ê¥É µÉ´µ¸¨ÉÓ ¢ÒÎ¨¸²¥´¨Ö, ¶·µ¢¥¤¥´´Ò¥ ¢ �’�?

‚.�.”µ± ¶·¨ · ¸Î¥É¥ £· ¢¨É Í¨µ´´ÒÌ ÔËË¥±Éµ¢ ¶µ²Ó§µ¢ ²¸Ö £ ·³µ´¨Î¥-
¸±¨³¨ Ê¸²µ¢¨Ö³¨ ¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì. �´ ´ §Ò¢ ² ¨Ì ±µµ·¤¨´ É´Ò³¨
Ê¸²µ¢¨Ö³¨. ’ ±, ¢ · ¡µÉ¥ 1939 £µ¤  [13] µ´ ¶¨¸ ²: ©·¨ ·¥Ï¥´¨¨ Ê· ¢´¥´¨°
8°´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°ª. „ ²¥¥ ¢
ÔÉµ° ¦¥ ¸É ÉÓ¥ µ´ µÉ³¥Î ²: ©0 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°ª. ˆ, ´ ±µ´¥Í,
¢ · ¡µÉ¥ [14] µ´ ¶¨¸ ²: ©·¨´Í¨¶ µÉ´µ¸¨É¥²Ó´µ¸É¨, ¢Ò· ¦ ¥³Ò° ¶·¥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¦¥´ª.

‚¸¥ ÔÉ¨ ¢Ò¸± §Ò¢ ´¨Ö ‚.�.”µ±  ¡Ò²¨ ¶·µ¤¨±Éµ¢ ´Ò ¸É·¥³²¥´¨¥³ ¢´¥¸É¨
Ö¸´µ¸ÉÓ ¢ Ë¨§¨Î¥¸±ÊÕ ¸ÊÉÓ �’�, µ¸¢µ¡µ¤¨¢ ¥¥ µÉ ´¥ ¨³¥ÕÐ¥° Ë¨§¨Î¥¸±µ£µ
¸³Ò¸²  µ¡Ð¥° µÉ´µ¸¨É¥²Ó´µ¸É¨. �¤´ ±µ ¶·¨ ÔÉµ³ ‚.�.”µ± Ë ±É¨Î¥¸±¨ ¢Ò-
Ï¥² §  ¶·¥¤¥²Ò �’�. ˆ³¥´´µ ¡² £µ¤ ·Ö É ±µ³Ê ¢ÒÌµ¤Ê µ´ ¨ ¶·¨Ï¥² ±
¶µ· §¨É¥²Ó´µ³Ê ÊÉ¢¥·¦¤¥´¨Õ µ ¸¶· ¢¥¤²¨¢µ¸É¨ ¶·¨´Í¨¶  µÉ´µ¸¨É¥²Ó´µ¸É¨
¢ ´¥µ¤´µ·µ¤´µ³ ¶·µ¸É· ´¸É¢¥. �µ ÎÉµ¡Ò ÔÉµ µ¸ÊÐ¥¸É¢¨ÉÓ, ´¥µ¡Ìµ¤¨³µ ¢¢¥-
¸É¨ ¶·¥¤¸É ¢²¥´¨Ö µ £· ¢¨É Í¨µ´´µ³ ¶µ²¥ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. ƒ¤¥
¦¥ ‚.�.”µ± ¸µ¢¥·Ï¨² ¢ÒÌµ¤ ¨§ �’�? �·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ £ ·³µ´¨Î¥¸±¨Ì
Ê¸²µ¢¨° µ´ ¢¢¥² ¤¥± ·Éµ¢Ò ±µµ·¤¨´ ÉÒ:

∂g̃µν

∂xµ
= 0 , (155)

£¤¥ xµ Å ¤¥± ·Éµ¢Ò ±µµ·¤¨´ ÉÒ.

‚ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì γ(x) = det γµν = −1.
�µÔÉµ³Ê ¸µ£² ¸´µ É¥´§µ·´µ³Ê § ±µ´Ê ¶·¥µ¡· §µ¢ ´¨° ¨³¥¥³

g̃µν(x) =
∂xµ

∂yα
· ∂x

ν

∂yβ
· g̃αβ(y)√
−γ(y)

. (156)
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‡ ¶¨Ï¥³ Ê· ¢´¥´¨¥ (155) ¢ Ëµ·³¥

∂µg̃
µν =

∂yτ

∂xµ
· ∂g̃

µν

∂yτ
. (157)

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

∂

∂yτ

(
1√
−γ(y)

)
= − 1√−γ γ

λ
τλ, γ

ν
αβ =

∂2xσ

∂yα∂yβ
· ∂y

ν

∂xσ
. (158)

�µ¸²¥ ¶µ¤¸É ´µ¢±¨ (156) ¢ (157) c ÊÎ¥Éµ³ (158) ¶µ²ÊÎ¨³

∂µg̃
µν(x) =

1√−γ
∂xν

∂yσ
· ∂g̃

ασ

∂yα
+

1√−γ g̃
αβ ∂2xν

∂yα∂yβ
= 0 . (159)

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

∂2xν

∂yα∂yβ
=
∂xν

∂yσ
· ∂y

σ

∂xτ
· ∂2xτ

∂yα∂yβ
=
∂xν

∂yσ
· γσαβ .

�µ¤¸É ¢²ÖÖ ÔÉµ ¢Ò· ¦¥´¨¥ ¢ ¶·¥¤Ò¤ÊÐ¥¥, ´ °¤¥³

∂µg̃
µν(x) =

1√−γ ·
∂xν

∂yσ

(
∂g̃ασ

∂yα
+ γσαβ g̃

αβ

)
= 0 ,

É.¥. ¨³¥¥³

∂µg̃
µν(x) =

1√−γ ·
∂xν

∂yσ
Dµg̃

µσ = 0 . (160)

ˆÉ ±, ³Ò Ê¸É ´µ¢¨²¨, ÎÉµ ¶²µÉ´µ¸ÉÓ É¥´§µ·  g̃µσ(y) ¢ ¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨-
´ É Ì  ¢Éµ³ É¨Î¥¸±¨ Ê¤µ¢²¥É¢µ·Ö¥É µ¡Ð¥±µ¢ ·¨ ´É´µ³Ê Ê· ¢´¥´¨Õ

Dλg̃
λσ = 0 ,

¥¸²¨ ¨¸Ìµ¤´µ¥ Ê¸²µ¢¨¥ £ ·³µ´¨Î´µ¸É¨ (155) § ¶¨¸ ´µ ¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨-
´ É Ì. �µ ÔÉµ µ§´ Î ¥É, ÎÉµ Ê¸²µ¢¨¥ £ ·³µ´¨Î´µ¸É¨ Ö¢²Ö¥É¸Ö ´¥ ±µµ·¤¨´ É-
´Ò³ Ê¸²µ¢¨¥³,   ¶µ²¥¢Ò³ Ê· ¢´¥´¨¥³ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. ’ ±¨³
µ¡· §µ³, ¨¸¶µ²Ó§µ¢ ´¨¥ £ ·³µ´¨Î¥¸±µ£µ Ê¸²µ¢¨Ö ¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì
´¥ Ö¢²Ö¥É¸Ö ´¥¢¨´´µ° µ¶¥· Í¨¥°,   ¶·¥¤¶µ² £ ¥É ¢ÒÌµ¤ §  · ³±¨ �’� ¶ÊÉ¥³
¢¢¥¤¥´¨Ö ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ.

�ÒÉ ²¸Ö ²¨ ‚.�.”µ± · ¸¸³ É·¨¢ ÉÓ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¢ ¶·µ¸É· ´¸É¢¥
Œ¨´±µ¢¸±µ£µ? �¥É, µ´ ¡Ò² ¤ ²¥± µÉ ÔÉµ° ³Ò¸²¨ ¨ ¶¨¸ ² µ¡ ÔÉµ³ [13]:©ŒÒ
Ê¶µ³¨´ ¥³ §¤¥¸Ó µ ´¥° Éµ²Ó±µ ¢ ¸¢Ö§¨ ¸ ´ ¡²Õ¤ ¥³Ò³ ¨´µ£¤  ¸É·¥³²¥´¨¥³
(±µÉµ·µ£µ µÉ´Õ¤Ó ´¥ · §¤¥²Ö¥³) Ê²µ¦¨ÉÓ É¥µ·¨Õ ÉÖ£µÉ¥´¨Ö ¢ · ³±¨ ¥¢±²¨-
¤µ¢  ¶·µ¸É· ´¸É¢ ª. Š ± ³Ò ¢¨¤¥²¨, ¨¸¶µ²Ó§µ¢ ´¨¥ £ ·³µ´¨Î¥¸±¨Ì Ê¸²µ¢¨°
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¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì ¢Ò¢µ¤¨É ´ ¸ §  · ³±¨ �’�. �µ ÔÉµ µ§´ Î ¥É,
ÎÉµ ¸¨¸É¥³  Ê· ¢´¥´¨° £· ¢¨É Í¨¨, ±µÉµ·ÊÕ ¨§ÊÎ ² ‚.�.”µ±, µÉ²¨Î ¥É¸Ö µÉ
¸¨¸É¥³Ò Ê· ¢´¥´¨° �’�, É.¥. É¥µ·¨Ö £· ¢¨É Í¨¨ ‚.�.”µ± , µ¸´µ¢ ´´ Ö ´ 
£ ·³µ´¨Î¥¸±¨Ì Ê¸²µ¢¨ÖÌ ¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì, ¨ �’� �°´ÏÉ¥°´  Å
ÔÉµ · §²¨Î´Ò¥ É¥µ·¨¨. �µ¤Ìµ¤ ‚.�.”µ±  µ± § ²¸Ö ¡²¨¦¥ ± ¶·¥¤¸É ¢²¥´¨Ö³
’ƒ. ‚¸¥ Éµ, ÎÉµ ‚.�.”µ± ¸É·¥³¨²¸Ö ¢´¥¸É¨ ¢ É¥µ·¨Õ £· ¢¨É Í¨¨ (¨´¥·Í¨ ²Ó-
´Ò¥ ¸¨¸É¥³Ò, Ê¸±µ·¥´¨¥ µÉ´µ¸¨É¥²Ó´µ ¶·µ¸É· ´¸É¢ ) ¶µ²´µ¸ÉÓÕ ¸µ¤¥·¦¨É¸Ö
¢ ’ƒ, ´µ ¢ ¶µ¸²¥¤´¥° ÔÉµ ¤µ¸É¨£ ¥É¸Ö ¶ÊÉ¥³ · ¸¸³µÉ·¥´¨Ö £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö, ± ± ¨ ¢¸¥Ì ¤·Ê£¨Ì Ë¨§¨Î¥¸±¨Ì ¶µ²¥° ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. �·¨
ÔÉµ³ ¢¸¥ £¥µ³¥É·¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  Ê¦¥ Ö¢²Ö-
ÕÉ¸Ö ¶µ²¥¢Ò³¨ ¢¥²¨Î¨´ ³¨ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ.

�·¨  ´ ²¨§¥ £· ¢¨É Í¨µ´´ÒÌ ÔËË¥±Éµ¢ ¢ ‘µ²´¥Î´µ° ¸¨¸É¥³¥ ‚.�.”µ±
Ë ±É¨Î¥¸±¨ ¶µ²Ó§µ¢ ²¸Ö ¶·µ¸É· ´¸É¢µ³ Œ¨´±µ¢¸±µ£µ, ¶µ¸±µ²Ó±Ê ¢¸¥ ¢ÒÎ¨-
¸²¥´´Ò¥ £· ¢¨É Í¨µ´´Ò¥ ÔËË¥±ÉÒ µ´ µÉ´µ¸¨² ± ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µ-
µ·¤¨´ É. ˆ³¥´´µ ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¨ ¶µ§¢µ²¨²µ ¥³Ê ¶µ²ÊÎ¨ÉÓ ¶· ¢¨²Ó´Ò¥
¢Ò· ¦¥´¨Ö ¤²Ö ÔËË¥±Éµ¢. ’ ±, ´ ¶·¨³¥·, µ´ ¶¨¸ ² [14]: ©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¦ É £ ·³µ´¨Î¥¸±¨¥ ±µµ·-
¤¨´ ÉÒ x1, x2, x3? 0 ³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¥¤¨´¸É¢¥´´µ ¶· ¢¨²Ó´Ò³ ¢Éµ·µ¥
µ¶·¥¤¥²¥´¨¥. ” ±É¨Î¥¸±¨ ³Ò ¨³ ¨ ¶µ²Ó§µ¢ ²¨¸Ó, ±µ£¤  £µ¢µ·¨²¨ µ Éµ³, ÎÉµ
²ÊÎ ¸¢¥É  ¢¡²¨§¨ ‘µ²´Í  ¨³¥¥É Ëµ·³Ê £¨¶¥·¡µ²Òª, ¨ ¤ ²¥¥ ¶µ ¶µ¢µ¤Ê ©¸µ-
µ¡· ¦¥´¨Ö, ÎÉµ ¶·Ö³ Ö, ± ± ²ÊÎ ¸¢¥É , ¡µ²¥¥ ´¥¶µ¸·¥¤¸É¢¥´´µ ´ ¡²Õ¤ ¥³ ,
Éµ µ´µ ´¥ ¨³¥¥É ´¨± ±µ£µ §´ Î¥´¨Ö: ¢ µ¶·¥¤¥²¥´¨ÖÌ ·¥Ï ÕÐ¨³ Ö¢²Ö¥É¸Ö ´¥
´¥¶µ¸·¥¤¸É¢¥´´ Ö ´ ¡²Õ¤ ¥³µ¸ÉÓ,   ¸µµÉ¢¥É¸É¢¨¥ ¶·¨·µ¤¥, ÌµÉÖ ¡Ò ÔÉµ
¸µµÉ¢¥É¸É¢¨¥ ¨ Ê¸É ´ ¢²¨¢ ²µ¸Ó ¶ÊÉ¥³ ±µ¸¢¥´´ÒÌ Ê³µ§ ±²ÕÎ¥´¨°ª.

�·¨ ¢ÒÎ¨¸²¥´¨¨ ¢ �’� ÔËË¥±Éµ¢ £· ¢¨É Í¨¨ (´ ¶·¨³¥·: µÉ±²µ´¥´¨¥
²ÊÎ  ¸¢¥É , ¢·¥³¥´´µ¥ § ¶ §¤Ò¢ ´¨¥ · ¤¨µ¸¨£´ ² ) ´¥µ¡Ìµ¤¨³µ ¸· ¢´¨¢ ÉÓ
¤¢¨¦¥´¨¥ ¸¢¥É  ¨ · ¤¨µ¸¨£´ ²  ¶µ £¥µ¤¥§¨Î¥¸±µ° ²¨´¨¨ ·¨³ ´µ¢  ¶·µ¸É· ´-
¸É¢  ¸ ¨Ì ¤¢¨¦¥´¨¥³ ¢ µÉ¸ÊÉ¸É¢¨¥ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. ˆ³¥´´µ É ± ¨ ¤µ²-
¦¥´ µ¶·¥¤¥²ÖÉÓ¸Ö £· ¢¨É Í¨µ´´Ò° ÔËË¥±É. �µ É ± ± ± ¢ �’� ´¥²Ó§Ö ¸± § ÉÓ,
¢ ± ±µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É (¨´¥·Í¨ ²Ó´µ° ¨²¨ ´¥¨´¥·Í¨ ²Ó´µ°) ³Ò µ± § ²¨¸Ó
¶·¨ ¢Ò±²ÕÎ¥´¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, Éµ É ±µ¥ ¸· ¢´¥´¨¥ ¢ ¶·¨´Í¨¶¥ ´¥µ¤-
´µ§´ Î´µ [15]. ‚.�.”µ± ÔÉÊ É·Ê¤´µ¸ÉÓ ¶·¥µ¤µ²¥² ¸ ¶µ³µÐÓÕ £ ·³µ´¨Î¥¸±¨Ì
Ê¸²µ¢¨° ¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì. �µ ¨³¥´´µ ÔÉµ ¨ ¢Ò¢¥²µ ¥£µ §  ¶·¥¤¥²Ò
�’�.

‚ ’ƒ £· ¢¨É Í¨µ´´Ò¥ ÔËË¥±ÉÒ µ¶·¥¤¥²ÖÕÉ¸Ö µ¤´µ§´ Î´µ, ¶µ¸±µ²Ó±Ê ¸µ-
£² ¸´µ Ê· ¢´¥´¨Ö³ (93) ¨ (94), § ¶¨¸ ´´Ò³ ¢ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì ¨´¥·-
Í¨ ²Ó´µ° ¸¨¸É¥³Ò, ¤¢¨¦¥´¨¥ ¸¢¥É  ¨²¨ ¶·µ¡´µ£µ É¥²  ¶·¨ ¢Ò±²ÕÎ¥´¨¨ £· -
¢¨É Í¨µ´´µ£µ ¶µ²Ö ¤¥°¸É¢¨É¥²Ó´µ ¶·µ¨¸Ìµ¤¨É ¶µ ¶·Ö³µ° ²¨´¨¨, Ö¢²ÖÕÐ¥°¸Ö
£¥µ¤¥§¨Î¥¸±µ° ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. ‘µ¢¥·Ï¥´´µ µÎ¥¢¨¤´µ, ÎÉµ ¢ ´¥-
¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É £¥µ¤¥§¨Î¥¸± Ö ²¨´¨Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´-
±µ¢¸±µ£µ Ê¦¥ ´¥ ¡Ê¤¥É ¶·Ö³µ° ²¨´¨¥°. �µ ÔÉµ µ§´ Î ¥É, ÎÉµ ¢ ’ƒ ¢ ´¥-
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¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¤²Ö ´ Ìµ¦¤¥´¨Ö £· ¢¨É Í¨µ´´µ£µ ÔËË¥±É 
¤¢¨¦¥´¨¥ ¢ ÔËË¥±É¨¢´µ³ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ ´¥µ¡Ìµ¤¨³µ ¸· ¢´¨¢ ÉÓ
¨³¥´´µ ¸ ÔÉ¨³ ¤¢¨¦¥´¨¥³.

�·¨ ¢ÒÎ¨¸²¥´¨¨ ÔËË¥±Éµ¢ £· ¢¨É Í¨¨ ¢ ‘µ²´¥Î´µ° ¸¨¸É¥³¥, ±µ£¤  ¢²¨-
Ö´¨¥³ ³ ¸¸Ò £· ¢¨Éµ´  ³µ¦´µ ¶·¥´¥¡·¥ÎÓ, ¸¨¸É¥³  Ê· ¢´¥´¨° (93) ¨ (94)
’ƒ ¢ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì ¸µ¢¶ ¤ ¥É ¸ ¸¨¸É¥³µ° Ê· ¢´¥´¨°, ±µÉµ·ÊÕ
·¥Ï ² ‚.�.”µ±. �µÔÉµ³Ê ¶µ¸É´ÓÕÉµ´µ¢¸±µ¥ ¶·¨¡²¨¦¥´¨¥ (151) ¢ ’ƒ ¸µ-
¢¶ ¤ ¥É ¸  ´ ²µ£¨Î´Ò³ ¶·¨¡²¨¦¥´¨¥³ ¢ É¥µ·¨¨ £· ¢¨É Í¨¨ ‚.�.”µ± . Š ±
³Ò Ê¦¥ µÉ³¥Î ²¨ · ´¥¥, £ ·³µ´¨Î¥¸±¨¥ Ê¸²µ¢¨Ö ¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì,
±µÉµ·Ò¥ ¸ Ê¸¶¥Ìµ³ ¨¸¶µ²Ó§µ¢ ² ‚.�.”µ±, ¢Ò¢¥²¨ ¥£µ §  · ³±¨ �’� �°´-
ÏÉ¥°´ . �Éµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¢ ¸¢µ¥ ¢·¥³Ö µÉ³¥Î ² ‹.ˆ´Ë¥²Ó¤, ±µÉµ·Ò° ¢
1957 £µ¤Ê ¶¨¸ 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 ¸¨¸É¥³ Ì ±µµ·¤¨´ Éª. �¤´ ±µ ¢ �’� ¨ ¡¥§ ¨¸¶µ²Ó§µ¢ ´¨Ö
£ ·³µ´¨Î¥¸±¨Ì Ê¸²µ¢¨° ¢ ¤¥± ·Éµ¢ÒÌ ±µµ·¤¨´ É Ì, É¥³ ´¥ ³¥´¥¥, É ±¦¥ ¶µ²Ê-
Î ÕÉ  ´ ²µ£¨Î´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö ¶µ¸É´ÓÕÉµ´µ¢¸±µ£µ ¶·¨¡²¨¦¥´¨Ö. ‚ Î¥³ ¦¥
¤¥²µ? �·¨Î¨´  ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ µ¶ÖÉÓ ¢¢µ¤¨É¸Ö ¶·µ¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ
¢ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì ¨ Ë ±É¨Î¥¸±¨ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ · ¸¸³ É·¨¢ -
¥É¸Ö ± ± Ë¨§¨Î¥¸±µ¥ ¶µ²¥ ¢ ÔÉµ³ ¶·µ¸É· ´¸É¢¥.

‚ ± Î¥¸É¢¥ ´Ê²¥¢µ£µ ¶·¨¡²¨¦¥´¨Ö ¤²Ö ·¨³ ´µ¢µ° ³¥É·¨±¨ ¡¥·¥É¸Ö ³¥-
É·¨±  ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¢ £ ²¨²¥¥¢ÒÌ ±µµ·¤¨´ É Ì. Š ´¥° ¤µ¡ ¢²Ö-
ÕÉ¸Ö · §²¨Î´Ò¥ ¶µÉ¥´Í¨ ²Ò ¸ ¶·µ¨§¢µ²Ó´Ò³¨ ¶µ¸É´ÓÕÉµ´µ¢¸±¨³¨ ¶ · ³¥-
É· ³¨, ± ¦¤Ò° ¨§ ±µÉµ·ÒÌ Ê¡Ò¢ ¥É ± ± 0(1r ). ˆ³¥´´µ ¢ ÔÉµ³ ¶Ê´±É¥ £· ¢¨É -
Í¨Ö · ¸¸³ É·¨¢ ¥É¸Ö ± ± Ë¨§¨Î¥¸±µ¥ ¶µ²¥ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ, ¶µ-
¢¥¤¥´¨¥ ±µÉµ·µ£µ µ¶¨¸Ò¢ ¥É¸Ö ¢¢¥¤¥´´Ò³¨ £· ¢¨É Í¨µ´´Ò³¨ ¶µÉ¥´Í¨ ² ³¨.
’ ±µ¥ É·¥¡µ¢ ´¨¥ ± Ì · ±É¥·Ê ¶µ¢¥¤¥´¨Ö ³¥É·¨±¨ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ´¥
¸²¥¤Ê¥É ¨§ �’�, ¶µ¸±µ²Ó±Ê ¢ µ¡Ð¥³ ¸²ÊÎ ¥  ¸¨³¶ÉµÉ¨±  ³¥É·¨±¨ ¢¥¸Ó³  ¶·µ-
¨§¢µ²Ó´  ¨ ¤ ¦¥ § ¢¨¸¨É µÉ ¢Ò¡µ·  É·¥Ì³¥·´ÒÌ ¶·µ¸É· ´¸É¢¥´´ÒÌ ±µµ·¤¨´ É.

�µ¤¸É ¢²ÖÖ ·¨³ ´µ¢Ê ³¥É·¨±Ê gµν ¢ É ±µ³ ¢¨¤¥ ¢ Ê· ¢´¥´¨Ö ƒ¨²Ó¡¥·É  Å
�°´ÏÉ¥°´ , ³Ò ³µ¦¥³ µ¶·¥¤¥²¨ÉÓ §´ Î¥´¨¥ ¶µ¸É´ÓÕÉµ´µ¢¸±¨Ì ¶ · ³¥É·µ¢
¨ µ¶ÖÉÓ ¶·¨¤¥³ ± Éµ³Ê ¦¥ ¶µ¸É´ÓÕÉµ´µ¢¸±µ³Ê ¶·¨¡²¨¦¥´¨Õ. �·¨ ÔÉµ³
¸²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¸ ³¨ Ê· ¢´¥´¨Ö ƒ¨²Ó¡¥·É  Å �°´ÏÉ¥°´  ´¥ µ¶·¥¤¥²ÖÕÉ
¶µ¸É´ÓÕÉµ´µ¢¸±µ¥ ¶·¨¡²¨¦¥´¨¥ ± ± ¥¤¨´¸É¢¥´´µ¥ ·¥Ï¥´¨¥ ÔÉ¨Ì Ê· ¢´¥´¨°.

�·¨Î¨´  ´¥µ¤´µ§´ Î´µ¸É¨ ·¥Ï¥´¨Ö ¢ �’� ¸¢Ö§ ´  ¸ Ëµ·³¨´¢ ·¨ ´É´µ-
¸ÉÓÕ Ê· ¢´¥´¨° ƒ¨²Ó¡¥·É  Å �°´ÏÉ¥°´  µÉ´µ¸¨É¥²Ó´µ ±µµ·¤¨´ É´ÒÌ ¶·¥-
µ¡· §µ¢ ´¨°; ÔÉµ ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ ¢ µ¤´µ° ¨ Éµ° ¦¥ ±µµ·¤¨´ Í¨¨ ¤²Ö
³¥É·¨±¨ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  gµν ¸ÊÐ¥¸É¢Ê¥É ´¥µ£· ´¨Î¥´´µ¥ Î¨¸²µ ·¥Ï¥-
´¨°. �¡ ÔÉµ³ ³´µ¦¥¸É¢¥ ·¥Ï¥´¨° �.�°´ÏÉ¥°´ ¢ 1914 £µ¤Ê ¶¨¸ ² É ±: ©ŒÒ
· ¸¸³µÉ·¨³ ´¥±µÉµ·ÊÕ ±µ´¥Î´ÊÕ Î ¸ÉÓ Σ ¶·µ¸É· ´¸É¢ , ¢ ±µÉµ·µ° ´¥ ¶·µ-
¨¸Ìµ¤ÖÉ ± ±¨¥-²¨¡µ ³ É¥·¨ ²Ó´Ò¥ ¶·µÍ¥¸¸Ò. ’µ£¤  Ë¨§¨Î¥¸±¨¥ ¸µ¡ÒÉ¨Ö ¢



62 ‹�ƒ“��‚ �.�.

µ¡² ¸É¨ Σ ¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²ÖÕÉ¸Ö, ¥¸²¨ ¶µ µÉ´µÏ¥´¨Õ ± ¨¸¶µ²Ó§Ê¥³µ°
¤²Ö µ¶¨¸ ´¨Ö ±µµ·¤¨´ É´µ° ¸¨¸É¥³¥ K § ¤ ´Ò ¢¥²¨Î¨´Ò gµν , ± ± ËÊ´±Í¨¨
±µµ·¤¨´ É xν . ‘µ¢µ±Ê¶´µ¸ÉÓ ÔÉ¨Ì ËÊ´±Í¨° ¡Ê¤¥³ ¸¨³¢µ²¨Î¥¸±¨ µ¡µ§´ Î ÉÓ
Î¥·¥§ G(x).

‚¢¥¤¥³ ´µ¢ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É K ′, ¸µ¢¶ ¤ ÕÐÊÕ ¸ ¸¨¸É¥³µ° K ¢´¥
µ¡² ¸É¨ Σ, ´µ µÉ²¨Î´ÊÕ µÉ K ¢´ÊÉ·¨ Σ, É ±ÊÕ, ÎÉµ µÉ´µ¸¨É¥²Ó´µ ÔÉµ°
¸¨¸É¥³Ò K ′ ¢¥²¨Î¨´Ò g′µν , ± ± ¨ gµν (¢³¥¸É¥ ¸ ¨Ì ¶·µ¨§¢µ¤´Ò³¨), ¢¸Õ¤Ê
´¥¶·¥·Ò¢´Ò. ‘µ¢µ±Ê¶´µ¸ÉÓ g′µν µ¡µ§´ Î¨³ ¸¨³¢µ²¨Î¥¸±¨ Î¥·¥§ G′(x′). ‚¥²¨-
Î¨´Ò G′(x′) ¨ G(x) µ¶¨¸Ò¢ ÕÉ ¸ ³µ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥. ‚Ò· §¨³ ¢Ìµ¤Ö-
Ð¨¥ ¢ g′µν ±µµ·¤¨´ ÉÒ x′ν Î¥·¥§ ±µµ·¤¨´ ÉÒ xν , É.¥. µ¡· §Ê¥³ G′(x), Éµ£¤ 
G′(x) · ¢´Ò³ µ¡· §µ³ ¡Ê¤¥É µ¶¨¸Ò¢ ÉÓ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ µÉ´µ¸¨É¥²Ó´µ
¸¨¸É¥³Ò K , ±µÉµ·µ¥, µ¤´ ±µ, ´¥ ¸µ¢¶ ¤ ¥É ¸ ¨³¥ÕÐ¨³¸Ö (¨²¨ ¸¶¥Í¨ ²Ó´µ
§ ¤ ´´Ò³) £· ¢¨É Í¨µ´´Ò³ ¶µ²¥³.

·¥¤¶µ²µ¦¨³ É¥¶¥·Ó, ÎÉµ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ Ê· ¢´¥´¨Ö £· ¢¨É Í¨µ´-
´µ£µ ¶µ²Ö µ¡Ð¥±µ¢ ·¨ ´É´Ò; Éµ£¤  ¨Ì ·¥Ï¥´¨¥³ ¡Ê¤ÊÉ G′(x′) (¢ ¸¨¸É¥³¥
K ′), ¥¸²¨ ¢ ¸¨¸É¥³¥ K ·¥Ï¥´¨¥ ¸ÊÉÓ G(x). ’µ£¤  ÔÉ¨ Ê· ¢´¥´¨Ö Ê¤µ¢²¥-
É¢µ·ÖÕÉ¸Ö ¢ ¸¨¸É¥³¥ K É ±¦¥ ¨ ËÊ´±Í¨Ö³¨ G′(x). ’ ±¨³ µ¡· §µ³, µÉ´µ-
¸¨É¥²Ó´µ ¸¨¸É¥³Ò K ¸ÊÐ¥¸É¢ÊÕÉ µÉ²¨Î´Ò¥ ¤·Ê£ µÉ ¤·Ê£  ·¥Ï¥´¨Ö G(x)
¨ G′(x), ´¥¸³µÉ·Ö ´  Éµ, ÎÉµ ´  £· ´¨Í¥ µ¡² ¸É¨ µ¡  ·¥Ï¥´¨Ö ¸µ¢¶ ¤ ÕÉ,
É.¥. ¤ ² Ö µ ¡ Ð ¥ ± µ ¢   · ¨   ´ É ´ Ò Ì ¤ ¨ Ë Ë ¥ · ¥ ´ Í ¨   ² Ó -
´ Ò Ì Ê ·   ¢ ´ ¥ ´ ¨ ° £ ·   ¢ ¨ É   Í ¨ µ ´ ´ µ £ µ ¶ µ ² Ö ¶ µ ¸ ² ¥ ¤ µ-
¢   É ¥ ² Ó ´ µ ¸ É Ó ¸ µ ¡ Ò É ¨ ° ³ µ ¦ ¥ É ¡ Ò É Ó ´ ¥ µ ¤ ´ µ § ´   Î-
´ µ °. …¸²¨ ³Ò ¶µÉ·¥¡Ê¥³, ÎÉµ¡Ò · §¢¨É¨¥ ¸µ¡ÒÉ¨° ¢ £· ¢¨É Í¨µ´´µ³ ¶µ²¥
¶µ²´µ¸ÉÓÕ µ¶·¥¤¥²Ö²µ¸Ó Ê¸É ´ ¢²¨¢ ¥³Ò³¨ § ±µ´ ³¨, Éµ ´¥µ¡Ìµ¤¨³µ µ£· -
´¨Î¨ÉÓ ¢Ò¡µ· ±µµ·¤¨´ É´ÒÌ ¸¨¸É¥³ É ±¨³ µ¡· §µ³, ÎÉµ¡Ò ¡Ò²µ ´¥¢µ§³µ¦´µ
¢¢¥¸É¨ ´µ¢ÊÕ ¸¨¸É¥³Ê ±µµ·¤¨´ É K ′ µ¶¨¸ ´´µ£µ ¢ÒÏ¥ ¢¨¤  ¡¥§ Éµ£µ, ÎÉµ¡Ò
´¥ ´ ·ÊÏ¨ÉÓ ¢¢¥¤¥´´µ£µ µ£· ´¨Î¥´¨Ö. ·µ¤µ²¦¥´¨¥ ±µµ·¤¨´ É´µ° ¸¨¸É¥³Ò
¢´ÊÉ·Ó ´¥±µÉµ·µ° µ¡² ¸É¨ Σ ´¥ ³µ¦¥É ¡ÒÉÓ ¶·µ¨§¢µ²Ó´Ò³ª.

„²Ö Éµ£µ ÎÉµ¡Ò ¶µ´ÖÉÓ ¢Ò¢µ¤, ±µÉµ·Ò° �.�°´ÏÉ¥°´ ¸¤¥² ² ¢ ±µ´Í¥ ¶·¨-
¢¥¤¥´´µ£µ ¢ÒÏ¥ É¥±¸É , ³Ò µ¡· É¨³¸Ö ± Ô²¥±É·µ¤¨´ ³¨±¥. �Ê¸ÉÓ ¢ ´¥±µÉµ·µ°
¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ (£ ²¨²¥¥¢Ò ±µµ·¤¨´ ÉÒ) ·¥Ï¥´¨¥ Ê· ¢´¥´¨° ¨³¥¥É ¢¨¤
Fµν(x) ¶·¨ Éµ±¥ jµ(x). …¸²¨ ³Ò ¶¥·¥°¤¥³ ± ¶·µ¨§¢µ²Ó´µ° ¸¨¸É¥³¥ ±µµ·-
¤¨´ É, Éµ ¢ ¸¨²Ê µ¡Ð¥° ±µ¢ ·¨ ´É´µ¸É¨ ·¥Ï¥´¨¥ F ′µν(x

′) Ê· ¢´¥´¨° Œ ±¸-
¢¥²²  ¢ ´µ¢ÒÌ ±µµ·¤¨´ É Ì ¡Ê¤¥É ¸µµÉ¢¥É¸É¢µ¢ ÉÓ Éµ±Ê j′µ(x′). ‡ ³¥É¨³,
ÎÉµ F ′µν(x) ´¥ ¡Ê¤¥É Ê¤µ¢²¥É¢µ·ÖÉÓ Ê· ¢´¥´¨Õ Œ ±¸¢¥²²  ¢ ¸É ·ÒÌ ±µµ·¤¨-
´ É Ì ¶·¨ Éµ±¥ j′µ(x), ¶µ¸±µ²Ó±Ê Ê· ¢´¥´¨Ö Œ ±¸¢¥²²  ´¥Ëµ·³¨´¢ ·¨ ´É´Ò
¶·¨ ¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É´ÒÌ ¶·¥µ¡· §µ¢ ´¨ÖÌ. “· ¢´¥´¨Ö Œ ±¸¢¥²² 
Ëµ·³¨´¢ ·¨ ´É´Ò µÉ´µ¸¨É¥²Ó´µ ²µ·¥´Í¥¢ÒÌ ¶·¥µ¡· §µ¢ ´¨°,   ¶µÔÉµ³Ê ¢ ´µ-
¢ÒÌ ²µ·¥´Í¥¢ÒÌ ±µµ·¤¨´ É Ì x′ ·¥Ï¥´¨¥ F ′µν(x

′) ¸µµÉ¢¥É¸É¢Ê¥É Éµ±Ê j′µ(x′),
  ¸²¥¤µ¢ É¥²Ó´µ, ¢ ¸É ·ÒÌ ±µµ·¤¨´ É Ì ·¥Ï¥´¨¥ F ′µν(x) ¸µµÉ¢¥É¸É¢Ê¥É Éµ±Ê
j′µ(x). ŒÒ ¢¨¤¨³, ÎÉµ ¢ Ô²¥±É·µ¤¨´ ³¨±¥ ¶µ²¥ F ′µν(x) Ö¢²Ö¥É¸Ö ·¥Ï¥´¨¥³
Ê· ¢´¥´¨Ö Œ ±¸¢¥²²  ¢ ¸É ·ÒÌ ±µµ·¤¨´ É Ì x, ´µ ´¥ ¶·¨ Éµ±¥ jµ(x),   ¶·¨
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Éµ±¥ j′µ(x). ‚ �’� ¢ ¸¨²Ê Ëµ·³¨´¢ ·¨ ´É´µ¸É¨ Ê· ¢´¥´¨° ƒ¨²Ó¡¥·É  Å
�°´ÏÉ¥°´  µÉ´µ¸¨É¥²Ó´µ ¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É´ÒÌ ¶·¥µ¡· §µ¢ ´¨° G(x)
¨ G′(x) Ö¢²ÖÕÉ¸Ö ·¥Ï¥´¨Ö³¨ ¶·¨ µ¤´µ³ ¨ Éµ³ ¦¥ É¥´§µ·¥ ¢¥Ð¥¸É¢  Tµν(x).
„¥² Ö ¸¢µ° ¢Ò¢µ¤, �.�°´ÏÉ¥°´, ¶µ-¢¨¤¨³µ³Ê, ¨´ÉÊ¨É¨¢´µ ¶·¥¤¸É ¢²Ö² £· ¢¨-
É Í¨Õ ± ± ¶µ²¥ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. �¤´ ±µ, ¶µ¸±µ²Ó±Ê µ´ ¸µÌ· ´¨²
Éµ²Ó±µ ·¨³ ´µ¢µ ¶·µ¸É· ´¸É¢µ, ÔÉ  ³Ò¸²Ó ´¥ ¶µ²ÊÎ¨²  · §¢¨É¨Ö ¢ ¥£µ · ¡µÉ Ì.

‚ �’� £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¥¸ÉÓ É¥´§µ· ¨³ ´ . ƒ¥µ³¥É·¨Ö ·¨³ ´µ¢ 
¶·µ¸É· ´¸É¢  µ¶¨¸Ò¢ ¥É¸Ö ·¥Ï¥´¨¥³ Ê· ¢´¥´¨° ƒ¨²Ó¡¥·É  Å �°´ÏÉ¥°´  ¢
¶·µ¨§¢µ²Ó´ÒÌ ±µµ·¤¨´ É Ì. �·¨ ¢Ò±²ÕÎ¥´¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö É¥´-
§µ· ¨³ ´  µ¡· Ð ¥É¸Ö ¢ ´Ê²Ó,   £¥µ³¥É·¨Ö ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ¸É ´µ-
¢¨É¸Ö ¶¸¥¢¤µ¥¢±²¨¤µ¢µ°, µ¤´ ±µ ¢ ± ±µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É (¨´¥·Í¨ ²Ó´µ°
¨²¨ Ê¸±µ·¥´´µ°) ³Ò ¶·¨ ÔÉµ³ µ± § ²¨¸Ó, ¸± § ÉÓ ´¥²Ó§Ö. �µ ± ± ¦¥ Éµ£¤ 
¢Ò¶µ²´¨ÉÓ ¶·¨´Í¨¶ ¸µµÉ¢¥É¸É¢¨Ö? ‚ ’ƒ £· ¢¨É Í¨µ´´Ò¥ Ê· ¢´¥´¨Ö (76) ¨
(77) µ¡Ð¥±µ¢ ·¨ ´É´Ò, ´µ ´¥Ëµ·³¨´¢ ·¨ ´É´Ò µÉ´µ¸¨É¥²Ó´µ ¶·µ¨§¢µ²Ó´ÒÌ
¶·¥µ¡· §µ¢ ´¨°. �´¨ Ëµ·³¨´¢ ·¨ ´É´Ò µÉ´µ¸¨É¥²Ó´µ ²µ·¥´Í¥¢ÒÌ ¶·¥µ¡· -
§µ¢ ´¨°. �µ ÔÉµ µ§´ Î ¥É, ÎÉµ ¥¸²¨ ¢ ²µ·¥´Í¥¢ÒÌ ±µµ·¤¨´ É Ì ¨³¥¥É ³¥¸Éµ
·¥Ï¥´¨¥ G(x) ¶·¨ É¥´§µ·¥ ¢¥Ð¥¸É¢  Tµν(x), Éµ ¢ ´µ¢ÒÌ ²µ·¥´Í¥¢ÒÌ ±µ-
µ·¤¨´ É Ì x′ ¨³¥¥É ³¥¸Éµ ·¥Ï¥´¨¥ G′(x′) ¶·¨ É¥´§µ·¥ ¢¥Ð¥¸É¢  T ′µν(x

′),  
¸²¥¤µ¢ É¥²Ó´µ, ¢ ±µµ·¤¨´ É Ì x ·¥Ï¥´¨¥ G′(x) ¢µ§³µ¦´µ Éµ²Ó±µ ¶·¨ É¥´§µ·¥
¢¥Ð¥¸É¢  T ′µν(x).

’ ±¨³ µ¡· §µ³, ¢ ’ƒ ·¥ ²¨§Ê¥É¸Ö ¢¸e Éµ, µ Î¥³ ¶¨¸ ² �.�°´ÏÉ¥°´, ´µ
¶·¨ ÔÉµ³ ´¥ É·¥¡Ê¥É¸Ö µÉ± §Ò¢ ÉÓ¸Ö µÉ µ¡Ð¥° ±µ¢ ·¨ ´É´µ¸É¨ É¥µ·¨¨. �µ
¶µ²ÊÎ¥´µ ¢¸e ÔÉµ, ¨¸Ìµ¤Ö ¨§ ¶·¥¤¸É ¢²¥´¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ± ± Ë¨-
§¨Î¥¸±µ£µ ¶µ²Ö ¸µ ¸¶¨´ ³¨ 2 ¨ 0 ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. ¨³ ´µ¢µ
¶·µ¸É· ´¸É¢µ ¢µ§´¨± ¥É ± ± ÔËË¥±É¨¢´µ¥ ¶·µ¸É· ´¸É¢µ, µ¡Ö§ ´´µ¥ ´ ²¨Î¨Õ
£· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. ‚ ’ƒ Ê¸É ´ ¢²¨¢ ¥É¸Ö ¢§ ¨³´µ µ¤´µ§´ Î´µ¥ ¸µµÉ¢¥É-
¸É¢¨¥ ³¥¦¤Ê ·¨³ ´µ¢µ° ³¥É·¨±µ° ¨ ³¥É·¨±µ° Œ¨´±µ¢¸±µ£µ, ÎÉµ ¨ ¶µ§¢µ²Ö¥É
¶·¨ ¢ÒÎ¨¸²¥´¨¨ £· ¢¨É Í¨µ´´µ£µ ÔËË¥±É  ¸· ¢´¨ÉÓ ¤¢¨¦¥´¨¥ ¶µ¤ ¤¥°¸É¢¨¥³
£· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¸ ¤¢¨¦¥´¨¥³ ¶·¨ ¥£µ µÉ¸ÊÉ¸É¢¨¨. �·¨ ¢Ò±²ÕÎ¥´¨¨ £· -
¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ ’ƒ µ¡· Ð ¥É¸Ö ¢ ´Ê²Ó É¥´§µ· ¨³ ´  ¨ µ¤´µ¢·¥³¥´´µ
¸µ¢¥·Ï ¥É¸Ö ¶¥·¥Ìµ¤ µÉ ·¨³ ´µ¢µ° ³¥É·¨±¨ ± ³¥É·¨±¥ Œ¨´±µ¢¸±µ£µ, · ´¥¥
¢Ò¡· ´´µ° ¶·¨ ¶µ¸É ´µ¢±¥ Ë¨§¨Î¥¸±µ° § ¤ Î¨. �Éµ ¨ µ¡¥¸¶¥Î¨¢ ¥É ¢ ’ƒ
¢Ò¶µ²´¨³µ¸ÉÓ ¶·¨´Í¨¶  ¸µµÉ¢¥É¸É¢¨Ö.

„²Ö ¢ÒÎ¨¸²¥´¨Ö £· ¢¨É Í¨µ´´µ£µ ÔËË¥±É  ´¥µ¡Ìµ¤¨³µ ¸· ¢´¨ÉÓ ¤¢¨¦¥-
´¨¥ ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ ¸ ¤¢¨¦¥´¨¥³ ¶·¨ µÉ¸ÊÉ¸É¢¨¨ £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö. ˆ³¥´´µ É ± µ¶·¥¤¥²Ö¥É¸Ö £· ¢¨É Í¨µ´´Ò° ÔËË¥±É. …¸²¨ ¸µµÉ´µ¸¨ÉÓ
¸µ¢µ±Ê¶´µ¸ÉÓ ·¥Ï¥´¨° ¤²Ö gµν ± ± ±µ°-Éµ µ¤´µ° ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ±µ-
µ·¤¨´ É, Éµ ¸µ¢¥·Ï¥´´µ µÎ¥¢¨¤´µ, ÎÉµ ³Ò ¶µ²ÊÎ¨³ ³´µ¦¥¸É¢µ · §²¨Î´ÒÌ
§´ Î¥´¨° ¤²Ö £· ¢¨É Í¨µ´´µ£µ ÔËË¥±É . Š ±µ¥ ¨§ ´¨Ì ¢Ò¡· ÉÓ? �µ¸±µ²Ó±Ê ¢
Ê· ¢´¥´¨ÖÌ ƒ¨²Ó¡¥·É  Å �°´ÏÉ¥°´  µÉ¸ÊÉ¸É¢Ê¥É ³¥É·¨±  ¶·µ¸É· ´¸É¢  Œ¨´-
±µ¢¸±µ£µ, Éµ ´¥¢µ§³µ¦´µ ¸µ¡²Õ¸É¨ ¶·¨´Í¨¶ ¸µµÉ¢¥É¸É¢¨Ö, ¶µ¸±µ²Ó±Ê ´¥²Ó§Ö
µ¶·¥¤¥²¨ÉÓ, ¢ ± ±µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ³Ò ´ Ìµ¤¨³¸Ö (¨´¥·Í¨ ²Ó´µ° ¨²¨
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´¥¨´¥·Í¨ ²Ó´µ°) ¶·¨ ¢Ò±²ÕÎ¥´¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö. ’ ±¨³ µ¡· §µ³, ¢
�’� ´¥²Ó§Ö µ¤´µ§´ Î´µ ´ °É¨ ¶µ¸É´ÓÕÉµ´µ¢¸±µ¥ ¶·¨¡²¨¦¥´¨¥,   ¸²¥¤µ¢ -
É¥²Ó´µ, ´¥²Ó§Ö ¨ µ¶¨¸ ÉÓ ¨§¢¥¸É´Ò¥ £· ¢¨É Í¨µ´´Ò¥ ÔËË¥±ÉÒ ¢ ‘µ²´¥Î´µ°
¸¨¸É¥³¥. ‚ �’� ÔÉµ ¤µ¸É¨£ ¥É¸Ö Éµ²Ó±µ ¶ÊÉ¥³ ¤µ¶µ²´¨É¥²Ó´ÒÌ ¶·¥¤¶µ²µ¦¥-
´¨°, ¢ÒÌµ¤ÖÐ¨Ì §  ¶·¥¤¥²Ò ÔÉµ° É¥µ·¨¨.

‚ ± Î¥¸É¢¥ ¨²²Õ¸É· Í¨¨ ´¥µ¤´µ§´ Î´µ¸É¨ ¶·¥¤¸± § ´¨° �’� · ¸¸³µÉ·¨³
§ ¤ ÎÊ µ¡ µ¶·¥¤¥²¥´¨¨ ¢·¥³¥´¨ § ¶ §¤Ò¢ ´¨Ö · ¤¨µ¸¨£´ ²  ¨§-§  ¤¥°¸É¢¨Ö
‘µ²´Í , ¶·¨ · ¸¶·µ¸É· ´¥´¨¨ ¥£µ µÉ ‡¥³²¨ ¤µ Œ¥·±Ê·¨Ö ¨ µ¡· É´µ. „²Ö
¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ£µ ¸É É¨Î¥¸±µ£µ É¥²  ¢ µ¤´µ° ¨ Éµ° ¦¥ ±µµ·¤¨´ Í¨¨
Ê· ¢´¥´¨Ö ƒ¨²Ó¡¥·É  Å �°´ÏÉ¥°´  ¨³¥ÕÉ ³´µ¦¥¸É¢µ ·¥Ï¥´¨°, ¨ ¸·¥¤¨ ´¨Ì
Ï¢ ·ÍÏ¨²Ó¤µ¢¸±µ¥

ds21 =

(
1− 2M

r

)
dt2 −

(
1− 2M

r

)−1
dr2 − r2dΩ2 (161)

¨ £ ·³µ´¨Î¥¸±µ¥

ds22 =
r −M

r +M
dt2 − r +M

r −M
dr2 − (r +M)2dΩ2 . (162)

�Ê¸ÉÓ re ¨ rp Å · ¸¸ÉµÖ´¨Ö µÉ ÉµÎ¥± ¨¸¶Ê¸± ´¨Ö ¨ µÉ· ¦¥´¨Ö · ¤¨µ¸¨£-
´ ²  ¤µ Í¥´É·  ¨¸ÉµÎ´¨±  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö (‘µ²´Í¥); R Å · ¸¸ÉµÖ´¨¥
³¥¦¤Ê ÉµÎ± ³¨ e ¨ p. „²Ö µ¶·¥¤¥²¥´¨Ö £· ¢¨É Í¨µ´´µ£µ ÔËË¥±É  ´¥µ¡Ìµ-
¤¨³µ ¸· ¢´¨ÉÓ ¤¢¨¦¥´¨¥ ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ ¸ ¤¢¨¦¥´¨¥³ ¶µ ¶·Ö³µ°
²¨´¨¨ ¢ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥. ’ ±¨³ ¶ÊÉ¥³ ³Ò ¶µ²ÊÎ¨³ ¢·¥³Ö § ¶ §¤Ò¢ ´¨Ö
· ¤¨µ¸¨£´ ²  ¤²Ö ·¥Ï¥´¨Ö ˜¢ ·ÍÏ¨²Ó¤ 

∆t1 = 2GM ln
re + rp +R

re + rp −R
− 2GM (163)

¨ ¤²Ö £ ·³µ´¨Î¥¸±µ£µ ·¥Ï¥´¨Ö

∆t2 = 2GM ln
re + rp +R

re + rp −R
. (164)

�´¨ µÉ²¨Î ÕÉ¸Ö ´  ¢¥²¨Î¨´Ê 2GM , · ¢´ÊÕ ¤²Ö ‘µ²´Í  ¤¥¸ÖÉ¨ ³¨±·µ¸¥±Ê´-
¤ ³. Š ±µ¥ ¨§ ¢Ò· ¦¥´¨° (163) ¨ (164) ´¥µ¡Ìµ¤¨³µ ¢§ÖÉÓ, ÎÉµ¡Ò ´ °É¨ ¢·¥³Ö
§ ¶ §¤Ò¢ ´¨Ö · ¤¨µ¸¨£´ ² , ¨¤ÊÐ¥£µ µÉ ‡¥³²¨ ¤µ Œ¥·±Ê·¨Ö ¨ µ¡· É´µ? � 
ÔÉµÉ ¢µ¶·µ¸ �’� ¢ ¶·¨´Í¨¶¥ ´¥ ¤ ¥É µÉ¢¥É , ¶µ¸±µ²Ó±Ê ¢ Ê· ¢´¥´¨Ö ƒ¨²Ó-
¡¥·É  Å �°´ÏÉ¥°´  ´¥ ¢Ìµ¤¨É ³¥É·¨±  ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ. ‚ �’�
£· ¢¨É Í¨µ´´µ¥ ¶µ²¥ Ì · ±É¥·¨§Ê¥É¸Ö ´¥ µ¤´¨³ ³¥É·¨Î¥¸±¨³ É¥´§µ·µ³,  
±² ¸¸µ³ Ô±¢¨¢ ²¥´É´ÒÌ ¤¨ËË¥µ³µ·Ë´ÒÌ ³¥É·¨± G(x), G′(x)..., ¶µ²ÊÎ ¥³ÒÌ
¸ ¶µ³µÐÓÕ ¶·¥µ¡· §µ¢ ´¨Ö ±µµ·¤¨´ É. ‘ ÔÉµ° ÉµÎ±¨ §·¥´¨Ö ¢ ¶·µ¸É· ´¸É¢¥
Œ¨´±µ¢¸±µ£µ ³¥É·¨±¨, ¶µ²ÊÎ ¥³Ò¥ ¶ÊÉ¥³ ¶·¥µ¡· §µ¢ ´¨Ö ±µµ·¤¨´ É ¨§ ¢Ò-
· ¦¥´¨Ö (α) (¸³. ¢¢¥¤¥´¨¥) É ±¦¥ µ¡· §ÊÕÉ ±² ¸¸ Ô±¢¨¢ ²¥´É´µ¸É¨, µ¤´ ±µ
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Ë¨§¨Î¥¸±¨ µ´¨ · §²¨Î´Ò, ¶µ¸±µ²Ó±Ê µ¤´¨ ¸µµÉ¢¥É¸É¢ÊÕÉ ¨´¥·Í¨ ²Ó´Ò³ ¸¨-
¸É¥³ ³ ±µµ·¤¨´ É, ¤·Ê£¨¥ Å Ê¸±µ·¥´´Ò³. ‚ �’� ´¥²Ó§Ö µ¶·¥¤¥²¨ÉÓ, ± ± ±µ°
³¥É·¨±¥ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ´¥µ¡Ìµ¤¨³µ µÉ´¥¸É¨ ·¨³ ´µ¢Ê ³¥É·¨±Ê ¨§
±² ¸¸  Ô±¢¨¢ ²¥´É´µ¸É¨, ÎÉµ¡Ò µ¶·¥¤¥²¨ÉÓ £· ¢¨É Í¨µ´´Ò° ÔËË¥±É. ’ ±¨³
µ¡· §µ³, ´¥ Ê¤ ¥É¸Ö ¸µ¡²Õ¸É¨ µÎ¥¢¨¤´Ò° ¶·¨´Í¨¶ Å ¶·¨´Í¨¶ ¸µµÉ¢¥É¸É¢¨Ö.

‘µ£² ¸´µ ’ƒ, ¢·¥³Ö § ¶ §¤Ò¢ ´¨Ö · ¤¨µ¸¨£´ ²  µ¶·¥¤¥²Ö¥É¸Ö µ¤´µ§´ Î´µ
¨ ¶·¨¢µ¤¨É ± ¢Ò· ¦¥´¨Õ (164), ¥¸²¨ ¢ ¨´¥·Í¨ ²Ó´µ° ¸¨¸É¥³¥ ¨¸¶µ²Ó§ÊÕÉ¸Ö
£ ²¨²¥¥¢Ò ±µµ·¤¨´ ÉÒ. ‚ ’ƒ ³µ¦´µ ¡Ò²µ ¡Ò ¢§ÖÉÓ ¨ ·¥Ï¥´¨¥ ˜¢ ·Í-
Ï¨²Ó¤ , µ¤´ ±µ ¢ ÔÉµ³ ¸²ÊÎ ¥, ¸µ£² ¸´µ Ê· ¢´¥´¨Ö³ (76) ¨ (77) ’ƒ, ³¥-
É·¨±  ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¡Ò²  ¡Ò ¤·Ê£µ°, µ´  ´¥¸±µ²Ó±µ ¨§³¥´¨É¸Ö.
t² £µ¤ ·Ö É ±µ³Ê ¨§³¥´¥´¨Õ ³¥É·¨±¨ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ ¨ ·¥Ï¥´¨¥
˜¢ ·ÍÏ¨²Ó¤  (161) ¶·¨¢¥¤¥É ± Éµ³Ê, ÎÉµ ÔËË¥±É § ¶ §¤Ò¢ ´¨Ö · ¤¨µ¸¨£´ ² 
¨§-§  ¤¥°¸É¢¨Ö ‘µ²´Í  ¡Ê¤¥É µ¶·¥¤¥²ÖÉÓ¸Ö ¢Ò· ¦¥´¨¥³ (164), É.¥. µ¸É ´¥É¸Ö
¶·¥¦´¨³.

‚ § ±²ÕÎ¥´¨¥ ¤ ´´µ£µ · §¤¥²  µÉ³¥É¨³, ÎÉµ ¶µ¸É´ÓÕÉµ´µ¢¸±µ¥ ¶·¨¡²¨-
¦¥´¨¥ (151) Ê¤µ¢²¥É¢µ·Ö¥É ¶·¨´Í¨¶Ê ¶·¨Î¨´´µ¸É¨ (90).

9. �…Š&’&)›… ”ˆ‡ˆ—…‘Šˆ… ‚›‚&„› )’ƒ

ˆ§ ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥, ¸²¥¤Ê¥É, ÎÉµ ’ƒ µ¡Ñ-
Ö¸´Ö¥É ¢¸¥ ¨§¢¥¸É´Ò¥ £· ¢¨É Í¨µ´´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¢ ‘µ²´¥Î´µ° ¸¨¸É¥³¥.
‡ ³¥É¨³, ÎÉµ ¢¸¥ ÔËË¥±ÉÒ ¢ ‘µ²´¥Î´µ° ¸¨¸É¥³¥ ¢ÒÎ¨¸²ÖÕÉ¸Ö ¢ ¨´¥·Í¨ ²Ó-
´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É, ± ±µÉµ·µ° ¨ µÉ´¥¸¥´Ò ¢¸¥ ´ ¡²Õ¤ É¥²Ó´Ò¥ ¤ ´´Ò¥.
‚ ¸¨²Ê Éµ£µ, ÎÉµ ¨¸ÉµÎ´¨±µ³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö Ö¢²Ö¥É¸Ö ¸µÌ· ´ÖÕÐ -
Ö¸Ö ¸Ê³³ ·´ Ö ¶²µÉ´µ¸ÉÓ É¥´§µ·  ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö, ¨´¥·É´ Ö
³ ¸¸  ¸É É¨Î¥¸±µ£µ É¥²  ÉµÎ´µ · ¢´  ¥£µ  ±É¨¢´µ° £· ¢¨É Í¨µ´´µ° ³ ¸¸¥. �Éµ
· ¢¥´¸É¢µ ´¥ ¶·¥¤¶µ² £ ¥É ¤ ¦¥ ²µ± ²Ó´µ° Éµ¦¤¥¸É¢¥´´µ¸É¨ ¸¨² ¨´¥·Í¨¨ ¨
£· ¢¨É Í¨¨.

‚ ¦´Ò° Ë¨§¨Î¥¸±¨° ¢Ò¢µ¤ ³µ¦´µ ¸¤¥² ÉÓ ¨ µÉ´µ¸¨É¥²Ó´µ · §¢¨É¨Ö µ¤-
´µ·µ¤´µ° ¨ ¨§µÉ·µ¶´µ° ‚¸¥²¥´´µ°. �  µ¸´µ¢ ´¨¨ Ê· ¢´¥´¨° (76) ¨ (77) ¤²Ö
µ¤´µ·µ¤´µ° ¨ ¨§µÉ·µ¶´µ° ‚¸¥²¥´´µ° ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¸²¥¤ÊÕÐ¨¥ Ê· ¢´¥´¨Ö:

(
1

R
· dR
dτ

)2
=

8π

3
ρ(τ) − 1

6
m2
(
1− 3

2a4R2
+

1

2R6

)
, (165)

1

R
· d
2R

dτ2
= −4π

3
ρ(τ) − 4πp(τ)− 1

6
m2
(
1− 1

R6

)
. (166)

ˆ´É¥·¢ ² ÔËË¥±É¨¢´µ£µ ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ¨³¥¥É ¢¨¤

ds2 = dτ2 − a4R2(τ)(dr2 + r2dΩ2) , (167)
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§¤¥¸Ó a Å ¶µ¸ÉµÖ´´ Ö ¨´É¥£·¨·µ¢ ´¨Ö Ê· ¢´¥´¨° (77). ‚ ¸¨²Ê Ê¸²µ¢¨Ö
¶·¨Î¨´´µ¸É¨ (90) ¨³¥¥³

R(τ) ≤ a . (168)

�µ¸ÉµÖ´´ Ö a > 1. ‹¥£±µ Ê¸É ´µ¢¨ÉÓ ¸²¥¤ÊÕÐ¥¥ ´¥· ¢¥´¸É¢µ:(
1− 3

2a4R2
+

1

2R6

)
>

1

R6
(R2 − 1)2

(
R2 +

1

2

)
. (169)

“Î¨ÉÒ¢ Ö (169), ´  µ¸´µ¢ ´¨¨ Ê· ¢´¥´¨Ö (165) ³µ¦´µ Ê¸É ´µ¢¨ÉÓ, ÎÉµ · §¢¨-
É¨¥ µ¤´µ·µ¤´µ° ¨ ¨§µÉ·µ¶´µ° ‚¸¥²¥´´µ° ¨¤¥É Í¨±²¨Î¥¸±¨ µÉ ´¥±µÉµ·µ£µ ³¨-
´¨³ ²Ó´µ£µ §´ Î¥´¨Ö Rmin, µÉ²¨Î´µ£µ µÉ ´Ê²Ö, ¤µ ´¥±µÉµ·µ£µ ³ ±¸¨³ ²Ó´µ£µ
§´ Î¥´¨Ö Rmax ¨ É.¤. „²Ö ¢Ò¶µ²´¥´¨Ö Ê¸²µ¢¨Ö ¶·¨Î¨´´µ¸É¨ (168) ¥¸É¥¸É¢¥´´µ
¢Ò¡· ÉÓ

a = Rmax . (170)

‚¢¥¤¥³ ËÊ´±Í¨Õ, · ¢´ÊÕ

H(τ) =
1

R
· dR
dτ

. (171)

’µ£¤  ¤²Ö ¸µ¢·¥³¥´´µ£µ ³µ³¥´É  ¢·¥³¥´¨ τp, ¢µ¸¸É ´ ¢²¨¢ Ö Ö¢´µ § ¢¨¸¨-
³µ¸ÉÓ µÉ ¶µ¸ÉµÖ´´µ° ÉÖ£µÉ¥´¨Ö �ÓÕÉµ´  G ¨ ¸±µ·µ¸É¨ ¸¢¥É  c, ´  µ¸´µ¢ ´¨¨
Ê· ¢´¥´¨° (165) ¶µ²ÊÎ¨³

ρ(τp) = ρc + ρg , (172)

£¤¥ ±·¨É¨Î¥¸± Ö ¶²µÉ´µ¸ÉÓ ρc µ¶·¥¤¥²Ö¥É¸Ö ¶µ¸ÉµÖ´´µ° • ¡¡²  H(τp) ¨ · ¢´ 

ρc =
3H2

8πG
, (173)

  ¶²µÉ´µ¸ÉÓ ρg, µ¶·¥¤¥²Ö¥³ Ö ³ ¸¸µ° £· ¢¨Éµ´ , · ¢´ 

ρg =
1

16πG

(
mc2

h̄

)2
. (174)

�¤´µ·µ¤´ Ö ¨ ¨§µÉ·µ¶´ Ö ‚¸¥²¥´´ Ö ¡¥¸±µ´¥Î´ , ¥ß É·¥Ì³¥·´ Ö £¥µ³¥É·¨Ö
¥¢±²¨¤µ¢ , ¨ µ´  · §¢¨¢ ¥É¸Ö Í¨±²¨Î¥¸±¨ µÉ ´¥±µÉµ·µ° ³ ±¸¨³ ²Ó´µ° ¶²µÉ-
´µ¸É¨ ρmax ¤µ ³¨´¨³ ²Ó´µ° ρmin, · ¢´µ°

ρmin = ρg, (175)

¨ É ± ¤ ²¥¥.
Šµ¸³µ²µ£¨Î¥¸± Ö ¶µ¸ÉµÖ´´ Ö Λ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ³ ¸¸Ê £· ¢¨Éµ´ :

Λ =
m2

2
. (176)
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ˆ§ Ëµ·³Ê² (172) ¨ (174) µÎ¥¢¨¤´µ, ÎÉµ, ¥¸²¨, ´ ¶·¨³¥·, ³ ¸¸  £· ¢¨Éµ´ 
³¥´ÓÏ¥ ¨²¨ · ¢´  10−66£, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ±µ¸³µ²µ£¨Î¥¸±µ° ¶µ¸ÉµÖ´´µ°
Λ ≤ 4, 5 · 10−58¸³−2, Éµ ¶²µÉ´µ¸ÉÓ ¢¥Ð¥¸É¢  ¢µ ‚¸¥²¥´´µ° ¢ ´ ¸ÉµÖÐ¥¥
¢·¥³Ö ¤µ²¦´  ¡ÒÉÓ ¡²¨§±  ¢ ±·¨É¨Î¥¸±µ° ¶²µÉ´µ¸É¨ ρc. ‚ Éµ³ ¸²ÊÎ ¥, ¥¸²¨
³ ¸¸  £· ¢¨Éµ´  · ¢´  10−65£, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ±µ¸³µ²µ£¨Î¥¸±µ° ¶µ¸ÉµÖ´´µ°
Λ = 4, 5 · 10−56¸³−2, Éµ ¶²µÉ´µ¸ÉÓ ρg ¤ ¥É §´ Î¨É¥²Ó´Ò° ¢±² ¤ ¢ ¶²µÉ´µ¸ÉÓ
¢¥Ð¥¸É¢  ¢µ ‚¸¥²¥´´µ° ρ, · ¢´Ò°

ρg � 2, 8 · 10−29£/¸³3 . (177)

‚ ²Õ¡µ³ ¸²ÊÎ ¥ ¨³¥¥É ³¥¸Éµ ´¥· ¢¥´¸É¢µ

ρ ≥ ρc . (178)

’ ± ± ± ´ ¡²Õ¤ ¥³ Ö ¶²µÉ´µ¸ÉÓ ¢¥Ð¥¸É¢  ¢µ ‚¸¥²¥´´µ° §´ Î¨É¥²Ó´µ
³¥´ÓÏ¥ ±·¨É¨Î¥¸±µ° ¶²µÉ´µ¸É¨ ρc, Éµ ’ƒ ¶·¥¤¸± §Ò¢ ¥É ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¢µ
‚¸¥²¥´´µ° ¡µ²ÓÏµ° ©¸±·ÒÉµ°ª ³ ¸¸Ò ¢¥Ð¥¸É¢ . ‘µ£² ¸´µ ’ƒ, ¶ · ³¥É· § -
³¥¤²¥´¨Ö · ¢¥´

q(τp) =
1

2

[
1 + 3

ρg

ρ

]
.

�É¸Õ¤  ¢¨¤´µ, ÎÉµ ρg,   ¸²¥¤µ¢ É¥²Ó´µ, ¨ ³ ¸¸Ê £· ¢¨Éµ´  m ³µ¦´µ ¢Ò· §¨ÉÓ
Î¥·¥§ ¨§³¥·Ö¥³Ò¥ ¢¥²¨Î¨´Ò Å ¶ · ³¥É· § ³¥¤²¥´¨Ö q ¨ ¶µ¸ÉµÖ´´ÊÕ • ¡¡² 
H . ‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉµ ¥¸²¨ ¶ · ³¥É· § ³¥¤²¥´¨Ö µ± ¦¥É¸Ö ¡µ²ÓÏ¥, Î¥³
1/2, Éµ ³ ¸¸  £· ¢¨Éµ´ , ¸µ£² ¸´µ É¥µ·¨¨, ¡Ê¤¥É µÉ²¨Î´  µÉ ´Ê²Ö. �·¨ ÔÉµ³
‚¸¥²¥´´ Ö ´¥ ¡Ê¤¥É § ³±´ÊÉµ°, ± ± ÔÉµ ¨³¥²µ ¡Ò ³¥¸Éµ ¢ �’�,   ¡Ê¤¥É ª¶²µ¸-
±µ°ª.

‘²¥¤Ê¥É µ¸µ¡µ µÉ³¥É¨ÉÓ, ÎÉµ, ¢ µÉ²¨Î¨¥ µÉ �’� ¢ · ¸¸³µÉ·¥´´µ° ¢ÒÏ¥
³µ¤¥²¨ ‚¸¥²¥´´µ° ”·¨¤³ ´  µÉ¸ÊÉ¸É¢ÊÕÉ ¨§¢¥¸É´Ò¥ ¶·µ¡²¥³Ò: ¸¨´£Ê²Ö·´µ-
¸É¨, ¶·¨Î¨´´µ¸É¨, ¥¢±²¨¤µ¢µ¸É¨, ¶²µ¸±µ¸É´µ¸É¨ ¨ Ô´É·µ¶¨¨. ‚¨¤ ‚¸¥²¥´´µ°
”·¨¤³ ´  ´¥ § ¢¨¸¨É µÉ µÉ´µÏ¥´¨Ö ¸µ¢·¥³¥´´µ° ¶²µÉ´µ¸É¨ ¢¥Ð¥¸É¢  ± ±·¨-
É¨Î¥¸±µ° ¶²µÉ´µ¸É¨, µ¶·¥¤¥²Ö¥³µ° ¶µ¸ÉµÖ´´µ° • ¡¡² .

„²Ö ¨§µÉ·µ¶´ÒÌ ¨²¨ ¢·¥³¥´¨¶µ¤µ¡´ÒÌ ¢¥±Éµ·µ¢ Uν

gµνU
µUν ≥ 0,

¨ ¤²Ö ³¥É·¨±¨ µ¤´µ·µ¤´µ° ¨ ¨§µÉ·µ¶´µ° ‚¸¥²¥´´µ° ¨§ Ê· ¢´¥´¨° (92) ´ °¤¥³

RµνU
µUν < 0, ¶·¨ R = Rmin

¨
RµνU

µUν > 0, ¶·¨ R = Rmax.

�É¸Õ¤  ¢¨¤´µ, ÎÉµ Ê¸²µ¢¨Ö É¥µ·¥³ �¥´·µÊ§  ¨ •µ±¨´£ , µÉ´µ¸ÖÐ¨Ì¸Ö ± ¶·µ-
¡²¥³¥ ¸¨´£Ê²Ö·´µ¸É¨, ¢ ´ Ï¥° É¥µ·¨¨ ´¥ ¢Ò¶µ²´ÖÕÉ¸Ö.
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’ ±¨³ µ¡· §µ³, ¢ µÉ²¨Î¨¥ µÉ �’�, µ¤´µ·µ¤´ Ö ¨ ¨§µÉ·µ¶´ Ö ‚¸¥²¥´´ Ö ¢
’ƒ ³µ¦¥É ¡ÒÉÓ Éµ²Ó±µ ©¶²µ¸±µ°ª, ¨ µ´  ´¥ ¨³¥¥É ¸¨´£Ê²Ö·´µ¸É¨. „·Ê£¨³
¢ ¦´Ò³ ¸²¥¤¸É¢¨¥³ ’ƒ Ö¢²Ö¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ¥ ¨§³¥´¥´¨¥ Ì · ±É¥·  ±µ²² ¶-
¸ . �± §Ò¢ ¥É¸Ö, ÎÉµ ¶·¨ ±µ²² ¶¸¥ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ£µ É¥²  ¶·µ¨§-
¢µ²Ó´µ° ¡µ²ÓÏµ° ³ ¸¸Ò ¶·µÍ¥¸¸ ¸¦ É¨Ö ¢ µ¡² ¸É¨, ¡²¨§±µ° ± ¸Ë¥·¥ ˜¢ ·Í-
Ï¨²Ó¤ , µ¸É ´ ¢²¨¢ ¥É¸Ö ¨ ¸³¥´Ö¥É¸Ö ¶µ¸²¥¤ÊÕÐ¨³ · ¸Ï¨·¥´¨¥³. ’ ±µ° ¶·µ-
Í¥¸¸ µ¸É ´µ¢±¨ ¸¦ É¨Ö ¶·µ¨¸Ìµ¤¨É ¨§-§  ´ ²¨Î¨Ö ¢ Ê· ¢´¥´¨ÖÌ (76) ³ ¸¸µ¢µ£µ
Î²¥´  ¸ ³¥É·¨Î¥¸±¨³ É¥´§µ·µ³ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ. ˆ³¥´´µ ÔÉµÉ Î²¥´
µ¸É ´ ¢²¨¢ ¥É É ±¦¥ ¶·µÍ¥¸¸ ¸¦ É¨Ö ¨ ¢ µ¤´µ·µ¤´µ° ¨§µÉ·µ¶´µ° ‚¸¥²¥´-
´µ°. ’ ±¨³ µ¡· §µ³, ¸µ£² ¸´µ ’ƒ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¢ ¶·¨·µ¤¥ ©Î¥·´ÒÌ ¤Ò·ª
(µ¡Ñ¥±Éµ¢, ´¥ ¨³¥ÕÐ¨Ì ³ É¥·¨ ²Ó´ÒÌ £· ´¨Í ¨ ©µÉ·¥§ ´´ÒÌª µÉ ¢´¥Ï´¥£µ
³¨· ) ¶µ²´µ¸ÉÓÕ ¨¸±²ÕÎ ¥É¸Ö. ‚ · ¡µÉ¥ [16] ¶µ± § ´µ, ÎÉµ ¤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¥·¥ ˜¢ ·ÍÏ¨²Ó¤ , ¸²¥¤ÊÕÐ¨° ¢¨¤:

ds2 = U(Z)dt2 − V (Z)dZ2 − Z2dΩ2 ,
(179)

V (Z) =
Z

Z − Zg
, U(Z) = (1 + 2mM)

Z − Zg

Z
+ qm2M2, q > 0 .

�¸µ¡¥´´µ¸ÉÓ ¢ ËÊ´±Í¨¨ V ¢µ§´¨±²  ¢ ÉµÎ±¥ Zg, · ¢´µ°

Zg = 2M + νm2M3 ln
1

mM
, ν > 0 . (180)

‘Ë¥·  · ¤¨Ê¸  Zg Ö¢²Ö¥É¸Ö ¸¨´£Ê²Ö·´µ°, ¶·¨Î¥³ ÔÉÊ µ¸µ¡¥´´µ¸ÉÓ ´¥²Ó§Ö
Ê¸É· ´¨ÉÓ ¢Ò¡µ·µ³ ¸¨¸É¥³Ò ±µµ·¤¨´ É. ˆ§ ¢Ò· ¦¥´¨° (179) ¨ (180) ¢¨¤´µ,
ÎÉµ ¢ µ¡² ¸É¨, ¡²¨§±µ° ± ¸Ë¥·¥ ˜¢ ·ÍÏ¨²Ó¤ , ¢²¨Ö´¨¥ ³ ¸¸Ò £· ¢¨Éµ´  m
¢¥²¨±µ, µ´  ¶·¨´Í¨¶¨ ²Ó´µ ¨§³¥´Ö¥É Ì · ±É¥· ·¥Ï¥´¨Ö ¢ ÔÉµ° µ¡² ¸É¨,  
¶µÔÉµ³Ê ¶·¥´¥¡·¥£ ÉÓ ¥Õ Ê¦¥ ´¥²Ó§Ö. …¸²¨ ¶¥·¥°¤¥³ ¢ ¸¨´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
,

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

ds2 = dτ2 − (1 − U)dR2 − Z2(dΘ2 + sin2ΘdΦ2) .

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

dZ

dτ
= −

√
1− U

UV
.
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�  µ¸´µ¢ ´¨¨ (179) ¢ µ¡² ¸É¨, ¡²¨§±µ° ± ¸Ë¥·¥ ˜¢ ·ÍÏ¨²Ó¤ , ¨³¥¥³

dZ

dτ
= − 1
√
qmM

√
Z − Zg

Z
.

�É¸Õ¤  µÎ¥¢¨¤´µ, ÎÉµ ÉµÎ±  Z = Zg Ö¢²Ö¥É¸Ö ÉµÎ±µ° ¶µ¢µ·µÉ  ¤²Ö · ¤¨ ²Ó-
´µ£µ ¤¢¨¦¥´¨Ö Î ¸É¨Í. ’ ±¨³ µ¡· §µ³, ´ ²¨Î¨¥ ³ ¸¸Ò £· ¢¨Éµ´  m, ´¥§ ¢¨-
¸¨³µ µÉ ¥¥ §´ Î¥´¨Ö, ¶·¨¢µ¤¨É ± Ö¢²¥´¨Õ µÉÉ ²±¨¢ ´¨Ö Î ¸É¨Í ¢¥Ð¥¸É¢  [17]
µÉ ¸Ë¥·Ò, ¡²¨§±µ° ± ¸Ë¥·¥ ˜¢ ·ÍÏ¨²Ó¤ . �µ¸±µ²Ó±Ê ·¥Ï¥´¨¥ ¢´ÊÉ·¨ É¥² 
´¥µ¡Ìµ¤¨³µ ¸Ï¨ÉÓ ¸ ¢´¥Ï´¨³ ·¥Ï¥´¨¥³, Éµ ¸Ë¥·  ¸ · ¤¨Ê¸µ³ Z = Zg ´¥
³µ¦¥É ´ Ìµ¤¨ÉÓ¸Ö ¢´¥ ¢¥Ð¥¸É¢ .

�  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ r µÉ É¥²  ³¥É·¨Î¥¸±¨¥ ±µÔËË¨Í¨¥´ÉÒ ¨³¥ÕÉ
¢¨¤

U(r) = 1− 2M

r
e−mr, V (r) = 1 +

2M

r
e−mr, Z(r) = r

(
1 +

M

r
e−mr

)
.

�¸É ´µ¢¨³¸Ö ´  ¶·µ¡²¥³¥ ¨§²ÊÎ¥´¨Ö ¸² ¡ÒÌ £· ¢¨É Í¨µ´´ÒÌ ¢µ²´ ¶·¨ ´ -
²¨Î¨¨ ³ ¸¸Ò £· ¢¨Éµ´ . „ ¢´µ Ìµ·µÏµ ¨§¢¥¸É´µ, ÎÉµ ¢ ²¨´¥°´µ° É¥´§µ·´µ°
É¥µ·¨¨ ¢¢¥¤¥´¨¥ ³ ¸¸Ò £· ¢¨Éµ´  ¢¸¥£¤  ¸µ¶·µ¢µ¦¤ ¥É¸Ö ©¤ÊÌ ³¨ª. �¤´ ±µ ¢
· ¡µÉ¥ [18] ¶µ± § ´µ, ÎÉµ ¨´É¥´¸¨¢´µ¸ÉÓ £· ¢¨É Í¨µ´´µ£µ ¨§²ÊÎ¥´¨Ö ³ ¸¸¨¢-
´ÒÌ £· ¢¨Éµ´µ¢ ¢ ´¥²¨´¥°´µ° É¥µ·¨¨ Ö¢²Ö¥É¸Ö ¶µ²µ¦¨É¥²Ó´µ µ¶·¥¤¥²¥´´µ°
¢¥²¨Î¨´µ°, · ¢´µ°

dI

dΩ
=

2

π

∞∫
ωmin

dωω2q{|T 12 |2 +
1

4
|T 11 − T 22 |2 +

m2

ω2
(|T 13 |2 + |T 23 |2) +

3m4

4ω4
|T 33 |2} ,

(181)

§¤¥¸Ó q =
(
1− m2

ω2

)1/2
.

‚ ’ƒ, É ± ¦¥, ± ± ¨ ¢ �’�, ¢´¥ ¢¥Ð¥¸É¢  ¶²µÉ´µ¸ÉÓ É¥´§µ·  Ô´¥·£¨¨-
¨³¶Ê²Ó¸  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥ · ¢´  ´Ê²Õ:

T µν
g = −2 δLg

δgµν
= 0 . (182)

�µ ÔÉµ µ§´ Î ¥É, ÎÉµ ¶µÉµ± Ô´¥·£¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢ É¥µ·¨¨ £· ¢¨É -
Í¨¨ ´¥ µ¶·¥¤¥²Ö¥É¸Ö ±µ³¶µ´¥´É ³¨ ¶²µÉ´µ¸É¨ É¥´§µ·  T 0ig , ¢ÒÎ¨¸²¥´´Ò³¨ ´ 
·¥Ï¥´¨ÖÌ Ê· ¢´¥´¨° (182), ¶µ¸±µ²Ó±Ê µ´¨ · ¢´Ò ´Ê²Õ. ‡ ¤ Î  µ¶·¥¤¥²¥´¨Ö
¶µÉµ±  Ô´¥·£¨¨ ¢ É¥µ·¨¨ £· ¢¨É Í¨¨, ¢ µÉ²¨Î¨¥ µÉ ¤·Ê£¨Ì É¥µ·¨°, É·¥¡Ê¥É
¨´µ£µ ¶µ¤Ìµ¤ . �¢Éµ· · ¡µÉÒ [18] ¨Ð¥É ·¥Ï¥´¨¥ ¢ Ëµ·³¥

Φ̃µν = χµν + ψµν , (183)
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£¤¥ ¢¥²¨Î¨´Ò χµν ¨ ψµν µ¤´µ£µ ¶µ·Ö¤±  ³ ²µ¸É¨, ¶·¨Î¥³ ψµν µ¶¨¸Ò¢ ¥É · ¸-
Ìµ¤ÖÐ¨¥¸Ö ¢µ²´Ò,   χµν Ì · ±É¥·¨§Ê¥É Ëµ´. �¥·¥´µ¸ Ô´¥·£¨¨ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö
Éµ²Ó±µ · ¸Ìµ¤ÖÐ¨³¨¸Ö ¢µ²´ ³¨. �¢Éµ· · ¡µÉÒ [18] ¶µ± §Ò¢ ¥É, ÎÉµ Ë ±É¨-
Î¥¸±¨ ¶µÉµ± £· ¢¨É Í¨µ´´µ° Ô´¥·£¨¨ µ¶·¥¤¥²Ö¥É¸Ö ¢¥²¨Î¨´µ° T 0ig (ψ), ¢Ò-
Î¨¸²¥´´µ° ´¥ ´  ¸ ³¨Ì ·¥Ï¥´¨ÖÌ Ê· ¢´¥´¨° (182),   Éµ²Ó±µ ´  Éµ° Î ¸É¨
·¥Ï¥´¨°, ±µÉµ· Ö µ¶¨¸Ò¢ ¥É · ¸Ìµ¤ÖÐ¨¥¸Ö ¢µ²´Ò ψµν . �·¨ ÔÉµ³ µ´ ÊÎ¨-
ÉÒ¢ ¥É, ÎÉµ £· ¢¨Éµ´Ò · ¸¶·µ¸É· ´ÖÕÉ¸Ö ´¥ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ,
± ± ÔÉµ ¢¸¥£¤  ¨³¥¥É ³¥¸Éµ ¢ ²¨´¥°´µ° É¥µ·¨¨,   ¢ ÔËË¥±É¨¢´µ³ ·¨³ ´µ¢µ³
¶·µ¸É· ´¸É¢¥. �µÔÉµ³Ê ¢ ²¨´¥°´µ³ ¶·¨¡²¨¦¥´¨¨ ¢Ò¶µ²´Ö¥É¸Ö · ¢¥´¸É¢µ

γµν
dxµ

ds
· dx

ν

ds
− 1 =

dσ2 − ds2

ds2
� −1

2
γµνΦ

µν +Φµν dx
α

dσ
· dx

β

dσ
γµαγνβ .

ˆ³¥´´µ ¶µ¸²¥¤µ¢ É¥²Ó´Ò° ÊÎ¥É ÔÉµ£µ µ¡¸ÉµÖÉ¥²Ó¸É¢  ¢ ¶·µÍ¥¸¸¥ ´ Ìµ¦¤¥-
´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¨ ¶·¨¢µ¤¨É  ¢Éµ·  [18] ± ¶µ²µ¦¨É¥²Ó´µ µ¶·¥¤¥²¥´´µ³Ê
¶µÉµ±Ê Ô´¥·£¨¨, µ¶·¥¤¥²Ö¥³µ³Ê Ëµ·³Ê²µ° (181). ¥§Ê²ÓÉ É · ¡µÉÒ [18] ¨³¥¥É
¶·¨´Í¨¶¨ ²Ó´µ¥ §´ Î¥´¨¥, ¶µ¸±µ²Ó±Ê µ´ ¨§³¥´Ö¥É ¸²µ¦¨¢Ï¨¥¸Ö ¶·¥¤¸É ¢²¥-
´¨Ö,   ¶µÔÉµ³Ê ¸ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ É·¥¡Ê¥É ¤ ²Ó´¥°Ï¥£µ  ´ ²¨§ .

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¸¨¸É¥³  £· ¢¨É Í¨µ´´ÒÌ Ê· ¢´¥´¨° (76) ¨ (77)
Ö¢²Ö¥É¸Ö £¨¶¥·¡µ²¨Î¥¸±µ°, ¶·¨Î¥³ ¶·¨´Í¨¶ ¶·¨Î¨´´µ¸É¨ ¨ µ¡¥¸¶¥Î¨¢ ¥É ¸Ê-
Ð¥¸É¢µ¢ ´¨¥ ¢µ ¢¸¥³ ¶·µ¸É· ´¸É¢¥ ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´µ° ¶µ¢¥·Ì´µ¸É¨,
±µÉµ·ÊÕ ± ¦¤ Ö ´¥¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´ Ö ±·¨¢ Ö ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´-
¸É¢¥ ¶¥·¥¸¥± ¥É Éµ²Ó±µ µ¤¨´ · §, É.¥., ¨´ Î¥ £µ¢µ·Ö, ¸ÊÐ¥¸É¢Ê¥É £²µ¡ ²Ó´ Ö
¶µ¢¥·Ì´µ¸ÉÓ ŠµÏ¨, ´  ±µÉµ·µ° ¨ § ¤ ÕÉ¸Ö ¤²Ö Éµ° ¨²¨ ¨´µ° § ¤ Î¨ ´ Î ²Ó-
´Ò¥ Ë¨§¨Î¥¸±¨¥ Ê¸²µ¢¨Ö. �¥´·µÊ§µ³ ¨ •µ±¨´£µ³ [12] ¶·¨ µ¶·¥¤¥²¥´´ÒÌ µ¡-
Ð¨Ì Ê¸²µ¢¨ÖÌ ¤µ± § ´Ò É¥µ·¥³Ò µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¸¨´£Ê²Ö·´µ¸É¨ ¢ �’�. � 
µ¸´µ¢ ´¨¨ Ê· ¢´¥´¨° (78 ) ¢´¥ ¢¥Ð¥¸É¢  ¤²Ö ¨§µÉ·µ¶´ÒÌ ¢¥±Éµ·µ¢ ·¨³ ´µ¢ 
¶·µ¸É· ´¸É¢ , ¢ ¸¨²Ê Ê¸²µ¢¨° ¶·¨Î¨´´µ¸É¨ (91 ), ¨³¥¥É ³¥¸Éµ ´¥· ¢¥´¸É¢µ

Rµνv
µvν ≤ 0 . (184)

‚ ¸¨²Ê ´¥· ¢¥´¸É¢  (184) Ê¸²µ¢¨Ö ¢ÒÏ¥Ê¶µ³Ö´ÊÉÒÌ É¥µ·¥³ ¢ ’ƒ ´¥ ¢Ò¶µ²-
´ÖÕÉ¸Ö,   ¸²¥¤µ¢ É¥²Ó´µ, ¨ ¶·¨³¥´ÖÉÓ ¨Ì ´¥²Ó§Ö.

‚ ’ƒ ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´Ò¥ ¸µ¡ÒÉ¨Ö ¢ µÉ¸ÊÉ¸É¢¨¥ £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö ´¨±µ£¤  ´¥ ³µ£ÊÉ ¸É ÉÓ ¶µ¤ ¤¥°¸É¢¨¥³ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢·¥³¥-
´¨¶µ¤µ¡´Ò³¨. �  µ¸´µ¢ ´¨¨ ¶·¨´Í¨¶  ¶·¨Î¨´´µ¸É¨ ÔËË¥±É¨¢´µ¥ ·¨³ ´µ¢µ
¶·µ¸É· ´¸É¢µ ¢ ’ƒ ¡Ê¤¥É µ¡² ¤ ÉÓ ¨§µÉ·µ¶´µ° ¨ ¢·¥³¥´¨¶µ¤µ¡´µ° £¥µ¤¥§¨Î¥-
¸±µ° ¶µ²´µÉµ°. ‘µ£² ¸´µ ’ƒ, ¨´¥·Í¨ ²Ó´ Ö ¸¨¸É¥³  ±µµ·¤¨´ É µ¶·¥¤¥²Ö¥É¸Ö
¶µ · ¸¶·¥¤¥²¥´¨Õ ¢¥Ð¥¸É¢  ¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢µ ‚¸¥²¥´´µ° (¶·¨´Í¨¶
Œ Ì ).

‚ �’� ¶µ²Ö ¨´¥·Í¨¨ ¨ £· ¢¨É Í¨¨ ´¥· §¤¥²¨³Ò. �.�°´ÏÉ¥°´ µ¡ ÔÉµ³
¶¨¸ ²: ©...´¥ ¸ÊÐ¥¸É¢Ê¥É ´¨± ±µ£µ ·¥ ²Ó´µ£µ · §¤¥²¥´¨Ö ´  ¨´¥·Í¨Õ ¨ £· ¢¨-
É Í¨Õ, ¶µ¸±µ²Ó±Ê µÉ¢¥É ´  ¢µ¶·µ¸ µ Éµ³, ´ Ìµ¤¨É¸Ö ²¨ É¥²µ ¢ µ¶·¥¤¥²¥´-
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´Ò° ³µ³¥´É ¨¸±²ÕÎ¨É¥²Ó´µ ¶µ¤ ¤¥°¸É¢¨¥³ ¨´¥·Í¨¨ ¨²¨ ¶µ¤ ±µ³¡¨´¨·µ¢ ´-
´Ò³ ¢µ§¤¥°¸É¢¨¥³ ¨´¥·Í¨¨ ¨ £· ¢¨É Í¨¨, § ¢¨¸¨É µÉ ¸¨¸É¥³Ò ±µµ·¤¨´ É,
É.¥. µÉ ¸¶µ¸µ¡  · ¸¸³µÉ·¥´¨Öª. �µ²Ö ¨´¥·Í¨¨ Ê¤µ¢²¥É¢µ·ÖÕÉ Ê· ¢´¥´¨Ö³
ƒ¨²Ó¡¥·É  Å �°´ÏÉ¥°´ . ‚ ’ƒ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ ¨ ¶µ²Ö ¨´¥·Í¨¨, µ¶·¥-
¤¥²Ö¥³Ò¥ ³¥É·¨Î¥¸±¨³ É¥´§µ·µ³ ¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ, · §¤¥²¥´Ò, µ´¨
´¥ ¨³¥ÕÉ ´¨Î¥£µ µ¡Ð¥£µ. �´¨ · §´µ° ¶·¨·µ¤Ò. �µ²Ö ¨´¥·Í¨¨ ´¥ Ö¢²ÖÕÉ¸Ö
·¥Ï¥´¨Ö³¨ Ê· ¢´¥´¨° (76) ¨ (77) ’ƒ. ‚ ’ƒ ¶µ²Ö ¨´¥·Í¨¨ § ¤ ÕÉ¸Ö ³¥É·¨-
Î¥¸±¨³ É¥´§µ·µ³ γµν ,   £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ Φ̃µν µ¶·¥¤¥²Ö¥É¸Ö ¨§ Ê· ¢´¥´¨°
£· ¢¨É Í¨¨ (76) ¨ (77).

�  µ¸´µ¢ ´¨¨ ’ƒ ³µ¦´µ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨° µ¡Ð¨° ¢Ò¢µ¤.
“´¨¢¥·¸ ²Ó´Ò¥ ¨´É¥£· ²Ó´Ò¥ § ±µ´Ò ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ Ê´¨-

¢¥·¸ ²Ó´Ò¥ ¸¢µ°¸É¢  ³ É¥·¨¨, É ±¨¥ (´ ¶·¨³¥·) ± ± £· ¢¨É Í¨µ´´Ò¥ ¢§ ¨³µ-
¤¥°¸É¢¨Ö, ´ Ìµ¤ÖÉ µÉ· ¦¥´¨¥ ¢ ³¥É·¨Î¥¸±¨Ì ¸¢µ°¸É¢ Ì ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨.
…¸²¨ ¶¥·¢Ò¥ ´ Ìµ¤ÖÉ ¢µ¶²µÐ¥´¨¥ ¢ ¶¸¥¢¤µ¥¢±²¨¤µ¢µ° £¥µ³¥É·¨¨ ¶·µ¸É· ´¸É-
¢ -¢·¥³¥´¨, Éµ ¢Éµ·Ò¥ ´ Ìµ¤ÖÉ µÉ· ¦¥´¨¥ ¢ ÔËË¥±É¨¢´µ° ·¨³ ´µ¢µ° £¥µ-
³¥É·¨¨ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨, ¢µ§´¨±Ï¥° ¨§-§  ¶·¨¸ÊÉ¸É¢¨Ö £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. ‚ ¸É·Ê±ÉÊ·Ê ÔËË¥±É¨¢´µ° £¥µ³¥É·¨¨ ³µ¦-
´µ µÉ´¥¸É¨ ¢¸¥, ÎÉµ ¨³¥¥É µ¡Ð¨° Ì · ±É¥· ¤²Ö ¢¸¥° ³ É¥·¨¨. �µ ¶·¨ ÔÉµ³
¶·µ¸É· ´¸É¢µ Œ¨´±µ¢¸±µ£µ µ¡Ö§ É¥²Ó´µ ¶·¨¸ÊÉ¸É¢Ê¥É, ÎÉµ ¨ ¶·¨¢µ¤¨É ± ¨´É¥-
£· ²Ó´Ò³ § ±µ´ ³ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ ³µ³¥´É  ±µ²¨Î¥¸É¢  ¤¢¨-
¦¥´¨Ö,   É ±¦¥ µ¡¥¸¶¥Î¨¢ ¥É ¸µ¡²Õ¤¥´¨¥ ¶·¨´Í¨¶  ¸µµÉ¢¥É¸É¢¨Ö ¶·¨ ¢Ò-
±²ÕÎ¥´¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö.

�¢Éµ· ¢Ò· ¦ ¥É ¡² £µ¤ ·´µ¸ÉÓ �.Œ.t ²¤¨´Ê, �.�.‚² ¸µ¢Ê, ‘.‘.ƒ¥·ÏÉ¥°-
´Ê, ‚.ˆ.„¥´¨¸µ¢Ê, x.Œ.‹µ¸±ÊÉµ¢Ê, Œ.�.Œ¥¸É¢¨·¨Ï¢¨²¨, ‚.�.�¥É·µ¢Ê,
�.….’Õ·¨´Ê, �.�.’Ö¶±¨´Ê, �.�.•·Ê¸É ²¥¢Ê §  Í¥´´Ò¥ µ¡¸Ê¦¤¥´¨Ö.

+)ˆ‹&†…�ˆ… -

“¸É ´µ¢¨³ ¸µµÉ´µÏ¥´¨¥

δL

δγµν
=

δL

δgαβ
· ∂gαβ
∂γµν

+
δ�L

δγµν
, (A.1)

§¤¥¸Ó
δL

δγµν
=

∂L

∂γµν
− ∂σ

(
∂L

∂γµν,σ

)
, (A.2)

δL

δgµν
=

∂L

∂gαβ
− ∂σ

(
∂L

∂gαβ,σ

)
, (A.3)

§¢¥§¤µÎ±µ° ¢ ¢¥·Ì´¥° Ëµ·³Ê²¥ µ¡µ§´ Î¥´  ¢ ·¨ Í¨µ´´ Ö ¶·µ¨§¢µ¤´ Ö µÉ ¶²µÉ-
´µ¸É¨ ² £· ´¦¨ ´  ¶µ Ö¢´µ ¢Ìµ¤ÖÐ¥° ¢ L ³¥É·¨±¥ γµν . �µ¸²¥ ¤¨ËË¥·¥´Í¨-
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·µ¢ ´¨Ö ¶µ²ÊÎ¨³

∂L

∂γµν
=

∂�L

∂γµν
+

∂L

∂gαβ,σ
· ∂gαβ,σ
∂γµν

+
∂L

∂gαβ
· ∂gαβ
∂γµν

, (A.4)

∂L

∂γµν,σ
=

∂�L

∂γµν,σ
+

∂L

∂gαβ,τ
· ∂gαβ,τ
∂γµν,σ

. (A.5)

�µ¤¸É ¢¨³ ÔÉ¨ ¢Ò· ¦¥´¨Ö ¢ Ëµ·³Ê²Ê (A.2):

∂L

∂γµν
− ∂σ

(
∂L

∂γµν,σ

)
=

δ�L

δγµν
+

∂L

∂gαβ,σ
· ∂gαβ,σ
∂γµν

+
∂L

∂gαβ
· ∂gαβ
∂γµν

−

−∂σ
(

∂L

∂gαβ,τ
· ∂gαβ,τ
∂γµν,σ

)
=

δ�L

δγµν
+

∂L

∂gαβ
· ∂gαβ
∂γµν

−

−∂σ
(

∂L

∂gαβ,τ

)
· ∂gαβ,τ
∂γµν,σ

+
∂L

∂gαβ,σ

[
∂gαβ,σ

∂γµν
− ∂ρ

(
∂gαβ,σ

∂γµν,ρ

)]
. (A.6)

 ¸¸³µÉ·¨³ ¢Ò· ¦¥´¨¥

∂gαβ,σ

∂γµν
− ∂ρ

(
∂gαβ,σ

∂γµν,ρ

)
. (A.7)

„²Ö ÔÉµ° Í¥²¨ § ¶¨Ï¥³ ¶·µ¨§¢µ¤´ÊÕ gαβ,σ ¢ Ëµ·³¥

gαβ,σ =
∂gαβ

∂γλω
∂σγλω +

∂gαβ

∂Φλω
∂σΦλω , (A.8)

µÉ¸Õ¤  ²¥£±µ ´ °É¨
∂gαβ,σ

∂γµν,ρ
=
∂gαβ

∂γµν
· δρσ . (A.9)

„¨ËË¥·¥´Í¨·ÊÖ ÔÉµ ¢Ò· ¦¥´¨¥, ¶µ²ÊÎ ¥³

∂ρ

(
∂gαβ,σ

∂γµν,ρ

)
=

∂2gαβ

∂γµν∂γλω
∂σγλω +

∂2gαβ

∂γµν∂Φλω
∂σΦλω . (A.10)

‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ¤¨ËË¥·¥´Í¨·ÊÖ (�.8) ¶µ γµν , ¨³¥¥³

∂gαβ,σ

∂γµν
=

∂2gαβ

∂γµν∂γλω
∂σγλω +

∂2gαβ

∂γµν∂Φλω
∂σΦλω . (A.11)

‘· ¢´¨¢ Ö (�.10) ¨ (�.11), ´ °¤¥³

∂gαβ,σ

∂γµν
− ∂ρ

(
∂gαβ,σ

∂γµν,ρ

)
= 0 . (A.12)
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“Î¨ÉÒ¢ Ö ÔÉµ ¸µµÉ´µÏ¥´¨¥, ¢ (A.6) ¶µ²ÊÎ¨³

δL

δγµν
=

δ�L

δγµν
+

∂L

∂gαβ
· ∂gαβ
∂γµν

− ∂σ

(
∂L

∂gαβ,τ

)
· ∂gαβ,τ
∂γµν,σ

. (A.13)

�µ¤¸É ¢²ÖÖ (�.9) ¢ (�.13), ´ °¤¥³

δL

δγµν
=

δ�L

δγµν
+

[
∂L

∂gαβ
− ∂σ

(
∂L

∂gαβ,σ

)]
∂gαβ

∂γµν
, (A.14)

Éµ ¥¸ÉÓ
δL

δγµν
=

δ�L

δγµν
+

δL

δgαβ
· ∂gαβ
∂γµν

. (A.15)

�´ ²µ£¨Î´µ ¢ÒÎ¨¸²Ö¥É¸Ö

δL

δgαβ
=

δL

δg̃λρ
· ∂g̃

λρ

∂gαβ
. (A.16)

ˆ¸¶µ²Ó§ÊÖ (�.16), ¢Ò· ¦¥´¨¥ (�.15) ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

δL

δγµν
=

δ�L

δγµν
+

δL

δg̃λρ
· ∂g̃

λρ

∂γµν
. (A.17)

+)ˆ‹&†…�ˆ… ;

�²µÉ´µ¸ÉÓ ² £· ´¦¨ ´  ¸µ¡¸É¢¥´´µ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¨³¥¥É ¢¨¤

Lg = Lg0 + Lgm , (t.1)

Lg0 = −
1

16π
g̃αβ

(
Gτ

λαG
λ
τβ −Gτ

αβG
λ
τλ

)
, (t.2)

Lgm = −m2

16π

(
1

2
γαβ g̃

αβ −
√
−g −

√
−γ
)
. (t.3)

’¥´§µ· É·¥ÉÓ¥£µ · ´£  Gτ
αβ · ¢¥´

Gτ
αβ =

1

2
gτλ(Dαgβλ +Dβgαλ −Dλgαβ) , (t.4)

µ´ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¸¨³¢µ²Ò Š·¨¸ÉµËË¥²Ö ·¨³ ´µ¢  ¶·µ¸É· ´¸É¢  ¨ ¶·µ¸É-
· ´¸É¢  Œ¨´±µ¢¸±µ£µ:

Gτ
αβ = Γτ

αβ − γταβ . (t.5)
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‚ÒÎ¨¸²¨³ ¢ ·¨ Í¨µ´´ÊÕ ¶·µ¨§¢µ¤´ÊÕ µÉ Lg ¶µ Ö¢´µ ¢Ìµ¤ÖÐ¥° ³¥É·¨±¥
¶·µ¸É· ´¸É¢  Œ¨´±µ¢¸±µ£µ γµν :

δ�Lg0

δγµν
=
∂Lg0

∂γµν
− ∂σ

(
∂Lg0

∂γµν,σ

)
. (t.6)

„²Ö ÔÉµ° Í¥²¨ ¶·µ¢¥¤¥³ ´¥±µÉµ·Ò¥ ¶µ¤£µÉµ¢¨É¥²Ó´Ò¥ ¢ÒÎ¨¸²¥´¨Ö:

∂Gλ
αβ

∂γµν
= −

∂γλαβ

∂γµν
=

1

2
(γλµγναβ + γλνγµαβ) ,

(t.7)

∂Gλ
αλ

∂γµν
= −∂γ

λ
αλ

∂γµν
=

1

2
(γλµγνλα + γλνγµαλ) ,

∂Gλ
αβ

∂γµν,σ
= −

∂γλαβ
∂γµν,σ

=

= −1

4
[γλµ(δναδ

σ
β + δσαδ

ν
β) + γλν(δµαδ

σ
β + δσαδ

µ
β )− γλσ(δµαδ

ν
β + δναδ

µ
β )] ,

∂Gλ
αλ

∂γµν,σ
= − ∂γλαλ

∂γµν,σ
= −1

2
γµνδσα . (t.8)

„¨ËË¥·¥´Í¨·ÊÖ, ¶µ²ÊÎ ¥³

∂Lg0

∂γµν
= − 1

16π
g̃αβ

[
∂Gτ

αλ

∂γµν
Gλ

τβ +Gτ
λα

∂Gλ
τβ

∂γµν
−
∂Gτ

αβ

∂γµν
Gλ

τλ −Gτ
αβ

∂Gλ
τλ

∂γµν

]
.

ˆ¸¶µ²Ó§ÊÖ ¢ ÔÉµ³ ¢Ò· ¦¥´¨¨ Ëµ·³Ê²Ò (t.7), ´ Ìµ¤¨³

∂Lg0

∂γµν
= − 1

16π
g̃αβ
{
Gτ

λαγ
λµγντβ+Gτ

λαγ
λνγµτβ−

1

2
Gλ

τλγ
τµγναβ−

1

2
Gλ

τλγ
τνγµαβ−

−1

2
Gτ

αβγ
λµγντλ −

1

2
Gτ

αβγ
λνγµτλ

}
=

1

32π
Bµν . (t.9)

‘ ¶µ³µÐÓÕ ¶·µ¨§¢µ¤´ÒÌ (t.8) ¶µ²ÊÎ¨³

∂Lg0

∂γµν,σ
=

1

32π
Aσµν , Aσµν = γτµ(Gσ

τβ g̃
νβ +Gν

τβ g̃
σβ −Gλ

τλg̃
σν)+

+γτν(Gσ
τβ g̃

µβ +Gµ
τβ g̃

σβ −Gλ
τλg̃

σµ) + γτσ(Gλ
τλg̃

µν −Gµ
τβ g̃

νβ −Gν
τβ g̃

µβ)−

−γµνGσ
αβ g̃

αβ , (t.10)
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¶²µÉ´µ¸ÉÓ É¥´§µ·  Aσµν ¸¨³³¥É·¨Î´  ¶µ ¨´¤¥±¸ ³ µ ¨ ν. �¡ÒÎ´ Ö ¶·µ¨§-
¢µ¤´ Ö µÉ ¶²µÉ´µ¸É¨ É¥´§µ·  ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ Ëµ·³¥

∂σA
σµν = DσA

σµν − γµσρA
σρν − γνσρA

σµρ.

�µ¤¸É ¢²ÖÖ ¢ (t.6) ¢Ò· ¦¥´¨Ö (t.9) ¨ (t.10), ´ °¤¥³

δ�Lg0

δγµν
=

1

32π
Bµν − 1

32π
DσA

σµν +
1

32π
γµσρA

σρν +
1

32π
γνσρA

σµρ. (t.11)

‡ ¶¨Ï¥³ ¶²µÉ´µ¸ÉÓ É¥´§µ·  Aσρν ¢ Ëµ·³¥

Aσρν = (Gσ
τβγ

τρg̃νβ −Gρ
τβγ

τσg̃νβ) + (Gν
τβγ

τρg̃σβ −Gν
τβγ

τσg̃ρβ)−

−(Gλ
τλγ

τρg̃σν −Gλ
τλγ

τσg̃ρν) +Gσ
τβγ

τν g̃ρβ +Gρ
τβγ

τν g̃σβ−

−Gλ
τλγ

τν g̃σρ −Gσ
αβγ

ρν g̃αβ ,

¢ ¸±µ¡± Ì µ¡· §µ¢ ´Ò  ´É¨¸¨³³¥É·¨Î´Ò¥ Î²¥´Ò ¶µ ¨´¤¥±¸ ³ σ ¨ ρ. ’ ± Ö
§ ¶¨¸Ó µ¡²¥£Î ¥É ´ Ìµ¦¤¥´¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ¢¥²¨Î¨´Ò γµσρA

σρν , ¶µ¸±µ²Ó±Ê
¶·¨ ÔÉµ³  ¢Éµ³ É¨Î¥¸±¨ ¨¸Î¥§ ÕÉ Î²¥´Ò,  ´É¨¸¨³³¥É·¨Î´Ò¥ ¶µ ¨´¤¥±¸ ³ σ
¨ ρ:

γµσρA
σρν = 2Gσ

τβγ
µ
σργ

τν g̃ρβ −Gλ
τλγ

µ
σργ

τν g̃σρ −Gσ
αβγ

µ
σργ

νρg̃αβ, (t.12)

 ´ ²µ£¨Î´µ ¶·¥¤¸É ¢²Ö¥³ Aσµρ ¢ ¢¨¤¥

Aσµρ = (Gσ
τβγ

τρg̃µβ −Gρ
τβγ

τσg̃µβ) + (Gµ
τβγ

τρg̃σβ −Gµ
τβγ

τσg̃ρβ)+

+(Gλ
τλγ

τσg̃µρ −Gλ
τλγ

τρg̃σµ) +Gσ
τβγ

τµg̃ρβ +Gρ
τβγ

τµg̃σβ−

−Gλ
τλγ

τµg̃σρ −Gσ
αβγ

µρg̃αβ ,

£¤¥ ¢ ¸±µ¡± Ì µ¶ÖÉÓ µ¡· §µ¢ ´Ò  ´É¨¸¨³³¥É·¨Î´Ò¥ Î²¥´Ò ¶µ ¨´¤¥±¸ ³ σ ¨
ρ. �É¸Õ¤  ¶µ²ÊÎ ¥³

γνσρA
σµρ = 2Gσ

τβγ
ν
σργ

τµg̃ρβ −Gλ
τλγ

ν
σργ

τµg̃σρ −Gσ
αβγ

ν
σργ

µρg̃αβ . (t.13)

‘Ê³³¨·ÊÖ (t.12) ¨ (t.13), ²¥£±µ Ê¡¥¤¨ÉÓ¸Ö ¢ ¸²¥¤ÊÕÐ¥³ · ¢¥´¸É¢¥:

γµσρA
σρν + γνσρA

σµρ = −Bµν . (t.14)

‘ ÊÎ¥Éµ³ ÔÉµ£µ · ¢¥´¸É¢  ¢Ò· ¦¥´¨¥ (t.11) § ¶¨Ï¥É¸Ö ¢ Ëµ·³¥

δLg0

δγµν
= − 1

32π
DσA

σµν . (t.15)
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“Î¨ÉÒ¢ Ö · ¢¥´¸É¢ 

Gλ
τλ =

1

2
gλρDτgλρ, Dτ

√
−g =

√
−gGλ

τλ ,

´ °¤¥³
Gσ

τβ g̃
νβ +Gν

τβ g̃
σβ −Gλ

τλg̃
σν = −Dτ g̃

νσ ,

Gσ
τβ g̃

µβ +Gµ
τβ g̃

σβ −Gλ
τλg̃

σµ = −Dτ g̃
µσ , (t.16)

Gν
τβ g̃

µβ +Gµ
τβ g̃

νβ −Gλ
τλg̃

µν = −Dτ g̃
µν .

�µ¤¸É ¢²ÖÖ ÔÉ¨ ¢Ò· ¦¥´¨Ö ¢ (t.10), ¶µ²ÊÎ ¥³

Aσµν = γτσDτ g̃
µν + γµνDτ g̃

τσ − γτµDτ g̃
νσ − γτνDτ g̃

µσ.

ˆ¸¶µ²Ó§ÊÖ ÔÉµ ¢Ò· ¦¥´¨¥ ¢ (t.15), ´ °¤¥³

δ�Lg0

δγµν
=

1

32π
Jµν , (t.17)

£¤¥ Jµν = −DσDτ (γ
τσg̃µν + γµν g̃τσ − γτµg̃νσ − γτν g̃µσ) .

�  µ¸´µ¢ ´¨¨ (t.3) ¨³¥¥³

δ�Lgm

δγµν
= −m2

32π
(g̃µν − γ̃µν) = −m2

32π
Φ̃µν . (t.18)

’ ±¨³ µ¡· §µ³, ÊÎ¨ÉÒ¢ Ö (t.1) ¨ ¨¸¶µ²Ó§ÊÖ (t.17) ¨ (t.18), ´ Ìµ¤¨³

δ�Lg

δγµν
=

1

32π
(Jµν −m2Φ̃µν) , (t.19)

  ¸²¥¤µ¢ É¥²Ó´µ,

−2δ
�Lg

δγµν
=

1

16π
(−Jµν +m2Φ̃µν) . (t.20)

+)ˆ‹&†…�ˆ… ‚

„²Ö ²Õ¡µ° § ¤ ´´µ° ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´  L, ¶·¨ ¡¥¸±µ´¥Î´µ ³ ²µ³
¨§³¥´¥´¨¨ ±µµ·¤¨´ É, ¢ ·¨ Í¨Ö ¤¥°¸É¢¨Ö

S =

∫
Ld4x

¡Ê¤¥É · ¢´  ´Ê²Õ. ‚ÒÎ¨¸²¨³ ¢ ·¨ Í¨Õ ¤¥°¸É¢¨Ö µÉ ¶²µÉ´µ¸É¨ ² £· ´¦¨ ´ 
LM :

SM =

∫
LM (g̃µν ,ΦA)d

4x
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¢¥Ð¥¸É¢  ¨ Ê¸É ´µ¢¨³ ¸¨²Ó´µ¥ Éµ¦¤¥¸É¢µ. �·¨ ¶·¥µ¡· §µ¢ ´¨¨ ±µµ·¤¨´ É

x′µ = xµ + ξµ(x), (B.1)

£¤¥ ξµ(x) Å ¡¥¸±µ´¥Î´µ ³ ²Ò° Î¥ÉÒ·¥Ì¢¥±Éµ· ¸³¥Ð¥´¨Ö, ¢ ·¨ Í¨Ö ¤¥°¸É¢¨Ö
· ¢´ 

δcSM =

∫
d4x

(
δLM

δg̃µν
δLg̃

µν +
δLM

δΦA
δLΦA + div

)
= 0, (B.2)

¢ ÔÉµ³ ¢Ò· ¦¥´¨¨ div µ¡µ§´ Î ¥É ¤¨¢¥·£¥´Í¨ ²Ó´Ò¥ Î²¥´Ò, ±µÉµ·Ò¥ ´¥¸ÊÐ¥-
¸É¢¥´´Ò ¤²Ö ´ Ï¨Ì Í¥²¥°.

�°²¥·µ¢  ¢ ·¨ Í¨Ö µ¶·¥¤¥²¥´  ± ± µ¡ÒÎ´µ:

δL

δΦ
≡ ∂L

∂Φ
− ∂µ

∂L

∂(∂µΦ)
+ ∂µ∂ν

∂L

∂(∂µ∂νΦ)
.

‚ ·¨ Í¨¨ ‹¨ δLg̃
µν , δLΦA ¶·¨ ¨§³¥´¥´¨¨ ±µµ·¤¨´ É ²¥£±µ ¢ÒÎ¨¸²ÖÕÉ¸Ö,

¥¸²¨ ¨¸¶µ²Ó§µ¢ ÉÓ § ±µ´ ¶·¥µ¡· §µ¢ ´¨Ö ¢¥²¨Î¨´ gµν , ΦA:

δLg̃
µν = g̃λµDλξ

ν + g̃λνDλξ
µ −Dλ(ξ

λg̃µν),

(B.3)

δLΦA = −ξλDλΦA + FB;λ
A;σ ΦBDλξ

σ,

Dλ Å ±µ¢ ·¨ ´É´Ò¥ ¶·µ¨§¢µ¤´Ò¥ ¢ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ. �µ¤¸É ¢²ÖÖ
ÔÉ¨ ¢Ò· ¦¥´¨Ö ¢ (‚.2) ¨ ¨´É¥£·¨·ÊÖ ¶µ Î ¸ÉÖ³, ¶µ²ÊÎ ¥³

δSM =

∫
d4x

{
−ξλ

[
Dα

(
2
δLM

δg̃λν
g̃αν
)
−Dλ

(
δLM )

δg̃αβ

)
g̃αβ+

+Dσ

(
δLM

δΦA
FB;σ
A;λ ΦB

)
+
δLM

δΦA
DλΦA

]
+ div

}
= 0. (B.4)

‚ ¸¨²Ê ¶·µ¨§¢µ²Ó´µ¸É¨ ¢¥±Éµ·  ξλ ¨§ ÔÉµ£µ · ¢¥´¸É¢  ´ Ìµ¤¨³ ¸¨²Ó´µ¥ Éµ¦-
¤¥¸É¢µ, ¸¶· ¢¥¤²¨¢µ¥ ´¥§ ¢¨¸¨³µ µÉ ¢Ò¶µ²´¥´¨Ö Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¤²Ö ¶µ-
²¥°. �´µ ¨³¥¥É ¢¨¤

Dα

(
2
δLM

δg̃λν
g̃αν
)
−Dλ

(
δLM

δg̃αβ

)
g̃αβ =

= −Dσ

(
δLM

δΦA
FB;σ
A;λ ΦB

)
− δLM

δΦA
DλΦA. (B.5)

‚¢¥¤¥³ µ¡µ§´ Î¥´¨Ö

Tµν = 2
δLM

δgµν
, T µν = −2δLM

δgµν
= gµαgνβTαβ , T = T µνgµν ,
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T̃µν = 2
δLM

δg̃µν
, T̃ µν = −2δLM

δg̃µν
= g̃µαg̃νβ T̃αβ, T̃ = T̃αβ g̃αβ . (B.6)

“Î¨ÉÒ¢ Ö ÔÉ¨ µ¡µ§´ Î¥´¨Ö, ²¥¢ÊÕ Î ¸ÉÓ Éµ¦¤¥¸É¢  (‚.5) ³µ¦´µ § ¶¨¸ ÉÓ
¢ ¢¨¤¥

Dα(T̃λν g̃
αν)− 1

2
g̃αβDλT̃αβ = ∂α(T̃λν g̃

αν)− 1

2
g̃αβ∂λT̃αβ .

�· ¢ Ö Î ¸ÉÓ ÔÉµ£µ · ¢¥´¸É¢  ²¥£±µ ¶·¨¢µ¤¨É¸Ö ± Ëµ·³¥

∂α(T̃λν g̃
αν)− 1

2
g̃αβ∂λT̃αβ = g̃λν∇α

(
T̃αν − 1

2
g̃αν T̃

)
. (B.7)

‡¤¥¸Ó ∇α Å ±µ¢ ·¨ ´É´ Ö ¶·µ¨§¢µ¤´ Ö ¢ ·¨³ ´µ¢µ³ ¶·µ¸É· ´¸É¢¥. ‡ ¶¨Ï¥³
É¥¶¥·Ó ¢Ò· ¦¥´¨¥ ¶µ¤ §´ ±µ³ ¶·µ¨§¢µ¤´µ° Î¥·¥§ ¶²µÉ´µ¸ÉÓ É¥´§µ·  Tαν . „²Ö
ÔÉµ° Í¥²¨ ¢µ¸¶µ²Ó§Ê¥³¸Ö Ë-²µ° (�.16):

δLM

δgµν
=
δLM

δg̃αβ
· ∂g̃

αβ

∂gµν
, (B.8)

£¤¥
∂g̃αβ

∂gµν
=
√
−g∂g

αβ

∂gµν
− 1

2
√−g ·

∂g

∂gµν
gαβ . (B.9)

ˆ¸¶µ²Ó§ÊÖ ¸µµÉ´µÏ¥´¨Ö
gαβgβσ = δασ ,

´ °¤¥³
∂gαβ

∂gµν
= −1

2
(gαµgνβ + gανgµβ). (B10)

�µ ¶· ¢¨²Ê ¤¨ËË¥·¥´Í¨·µ¢ ´¨Ö µ¶·¥¤¥²¨É¥²¥° ´ Ìµ¤¨³

dg = ggµνdgµν , (B.11)

µÉ±Ê¤  ¨³¥¥³
∂g

∂gµν
= ggµν . (B12)

�µ¤¸É ¢²ÖÖ ¢Ò· ¦¥´¨Ö (‚.10) ¨ (‚.12) ¢ (‚.9), ¶µ²ÊÎ¨³

∂g̃αβ

∂gµν
= −1

2

√
−g[gαµgβν + gανgβµ − gµνgαβ ]. (B.13)

ˆ¸¶µ²Ó§ÊÖ ÔÉµ ¸µµÉ´µÏ¥´¨¥ ¢ (‚.8), ´ Ìµ¤¨³

δLM

δgµν
=
√
−g
(
δLM

δg̃αβ
gαµgβν − 1

2

δLM

δg̃αβ
gαβgµν

)
. (B.14)
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“Î¨ÉÒ¢ Ö µ¡µ§´ Î¥´¨Ö (‚.6), ÔÉµ ¢Ò· ¦¥´¨¥ ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

√
−gT µν = T̃ µν − 1

2
g̃µν T̃ . (B.15)

�  µ¸´µ¢ ´¨¨ ÔÉµ£µ · ¢¥´¸É¢  ¸¨²Ó´µ¥ Éµ¦¤¥¸É¢µ (‚.5) ¸ ÊÎ¥Éµ³ (‚.7) ¶·¨´¨-
³ ¥É ¢¨¤

gλν∇αT
αν = −Dσ

(
δLM

δΦA
FB;σ
A;λ ΦB

)
− δLM

δΦA
DλΦA,

¨²¨

∇αT
α
λ = −Dσ

(
δLM

δΦA
FB;σ
A;λ ΦB

)
− δLM

δΦA
DλΦA. (B.16)

+)ˆ‹&†…�ˆ… ƒ

’¥´§µ· ±·¨¢¨§´Ò ¢Éµ·µ£µ · ´£  Rµν ³µ¦´µ § ¶¨¸ ÉÓ ¢ Ëµ·³¥

Rµν =
1

2
[g̃αβ(g̃µκg̃νρ −

1

2
g̃µν g̃κρ)DαDβ g̃

κρ−

−g̃νρDκDµg̃
κρ − g̃µκDνDρg̃

κρ] +
1

2
g̃νω g̃ρτDµg̃

κρDκg̃
ωτ+

+
1

2
g̃µω g̃ρτDν g̃

κρDκg̃
ωτ − 1

2
g̃µω g̃νρDτ g̃

ωκDκg̃
ρτ−

−1

4
(g̃ωρg̃κτ −

1

2
g̃ωτ g̃κρ)Dµg̃

κρDν g̃
ωτ−

−1

2
g̃αβ g̃ρτ (g̃µκg̃νω −

1

2
g̃µν g̃κω)Dαg̃

κρDβ g̃
ωτ . (ƒ.1)

�µ¤´¨³ Ö ¨´¤¥±¸Ò ¶ÊÉ¥³ Ê³´µ¦¥´¨Ö ´  gεµgλν ¨ ÊÎ¨ÉÒ¢ Ö Ê· ¢´¥´¨¥

Dµg̃
µν = 0 , (ƒ.2)

¶µ²ÊÎ¨³

−gRελ =
1

2
g̃αβDαDβ g̃

ελ − 1

4
g̃ελg̃κρg̃

αβDαDβ g̃
κρ+

+
1

2
g̃ρτ g̃

εµDµg̃
κβDκg̃

λτ+

+
1

2
g̃ρτ g̃

λνDν g̃
κρDκg̃

ετ − 1

2
Dτ g̃

εκDκg̃
λτ−

−1

4
(g̃ωρg̃κτ −

1

2
g̃ωτ g̃κρ)g̃

εµg̃λνDµg̃
κρDν g̃

ωτ−
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−1

2
g̃ρτ g̃

αβDαg̃
ερDβ g̃

λτ +
1

4
g̃ρτ g̃

ελg̃κωg̃
αβDαg̃

κρDβ g̃
ωτ . (ƒ.3)

�É¸Õ¤  ´ Ìµ¤¨³

−gR =
1

2
gελg̃

αβDαDβ g̃
ελ − gκρg̃

αβDαDβ g̃
κρ +

1

2
gρτDµg̃

κρDκg̃
µτ+

+
1

2
gρτDεg̃

κρDκg̃
ετ − 1

2
gελDτ g̃

εκDκg̃
λτ−

−1

4
(g̃ωρg̃κτ −

1

2
g̃ωτ g̃κρ)

√
−gg̃µνDµg̃

κρDν g̃
ωτ−

−1

2
g̃ρτ g̃

αβgελDαg̃
εβDβ g̃

λτ + g̃ρτgκωg̃
αβDαg̃

κρDβ g̃
ωτ . (ƒ.4)

‘ ¶µ³µÐÓÕ ¢Ò· ¦¥´¨° (ƒ.3) ¨ (ƒ.4) ´ °¤¥³

−g(Rελ − 1

2
gελR) = −1

2
{1
2
(g̃νσ g̃τκ −

1

2
g̃νκg̃τσ)g̃

εαg̃λβDαg̃
στDβ g̃

νκ−

−1

4
g̃ελg̃αβ(g̃νσ g̃τκ −

1

2
g̃νκg̃τσ)Dαg̃

τσDβ g̃
νκ+

+g̃αβ g̃στDαg̃
ετDβ g̃

λσ − g̃εβ g̃τσDαg̃
λσDβ g̃

ατ−

−g̃λαg̃τσDαg̃
βσDβ g̃

ετ +
1

2
g̃ελg̃τσDαg̃

βσDβ g̃
ατ+

+Dαg̃
εβDβ g̃

λα − g̃αβDαDβ g̃
ελ} . (ƒ.5)

‘²¥¤Ê¥É µ¸µ¡µ ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ¶·¨ ´ Ìµ¦¤¥´¨¨ ¢Ò· ¦¥´¨Ö (ƒ.5) ³Ò ¨¸¶µ²Ó-
§µ¢ ²¨ Ê· ¢´¥´¨¥ (ƒ.2). �µ¤¸É ¢²ÖÖ (ƒ.5) ¢ Ê· ¢´¥´¨¥ (76) ¨ § ¶¨¸Ò¢ Ö ¶µ²Ê-
Î¥´´µ¥ Ê· ¢´¥´¨¥ ¢ Ëµ·³¥ (93), ´ °¤¥³ ¢Ò· ¦¥´¨Ö ¤²Ö ¢¥²¨Î¨´Ò −16πgτ ελg :

−16πgτ ελg =
1

2
(g̃εαg̃λβ − 1

2
g̃ελg̃αβ)(g̃νσ g̃τµ −

1

2
g̃τσg̃νµ)DαΦ̃

τσDβΦ̃
µν+

+g̃αβ g̃τσDαΦ̃
ετDβΦ̃

λσ − g̃εβ g̃τσDαΦ̃
λσDβΦ̃

ατ − g̃λαg̃τσDαΦ̃
βσDβΦ̃

ετ+

+
1

2
g̃ελg̃τσDαΦ̃

σβDβΦ̃
ατ +DαΦ̃

εβDβΦ̃
λα − Φ̃αβDαDβΦ̃

ελ−

−m2(
√
−gg̃ελ −

√
−γΦ̃ελ + g̃εαg̃λβγαβ −

1

2
g̃ελg̃αβγαβ). (ƒ.6)
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