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‚ μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ £· ¢¨Éμ´ ¢ É·¥Ì£· ¢¨Éμ´´μ° ¢¥·Ï¨´¥ ¢§ ¨³μ¤¥°¸É¢Ê¥É ¸
É¥´§μ·μ³, ´¥ Ö¢²ÖÕÐ¨³¸Ö É¥´§μ·μ³ Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö. ŒÒ · ¸¸³ É·¨-
¢ ¥³ ¢μ§³μ¦´μ¸ÉÓ Éμ£μ, ÎÉμ £· ¢¨Éμ´ ¢§ ¨³μ¤¥°¸É¢Ê¥É ¸ ¢¶μ²´¥ μ¶·¥¤¥²¥´´Ò³ É¥´§μ·μ³ Ô´¥·£¨¨-
¨³¶Ê²Ó¸  £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö, ´ °¤¥´´Ò³ ´ ³¨ · ´¥¥ ¢ G2-¶·¨¡²¨¦¥´¨¨. �ÉμÉ É¥´§μ· ¢ ± ²¨-
¡·μ¢±¥, ¢ ±μÉμ·μ° ´¥Ë¨§¨Î¥¸±¨¥ ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö ´¥ ¤ ÕÉ ¢±² ¤ , § ³¥-
Î É¥²¥´ É¥³, ÎÉμ ¶·¨¢μ¤¨É ± ¶μ²μ¦¨É¥²Ó´μ° ¶²μÉ´μ¸É¨ £· ¢¨É Í¨μ´´μ° Ô´¥·£¨¨ ´ÓÕÉμ´μ¢¸±μ£μ
Í¥´É·  ¶μ¤μ¡´μ Éμ³Ê, ± ± ÔÉμ ¤¥² ¥É Ô²¥±É·μ³ £´¨É´Ò° É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¤²Ö ±Ê²μ´μ¢-
¸±μ£μ Í¥´É· . ŒÒ ¶μ± §Ò¢ ¥³, ÎÉμ ¶·¨´ÖÉ Ö ´ ³¨ É·¥Ì£· ¢¨Éμ´´ Ö ¢¥·Ï¨´  ´¥ ¶·¨¢μ¤¨É ±
¶·μÉ¨¢μ·¥Î¨Õ ¸ ¶·¥Í¥¸¸¨¥° ¶¥·¨£¥²¨Ö Œ¥·±Ê·¨Ö. ‚ ¨¸¶μ²Ó§Ê¥³μ³ S-³ É·¨Î´μ³ ¶μ¤Ìμ¤¥ ¢´¥Ï-
´¥¥ £· ¢¨É Í¨μ´´μ¥ ¶μ²¥ Ö¢²Ö¥É¸Ö ²¨ÏÓ ¢¸¶μ³μ£ É¥²Ó´Ò³ ¶μ´ÖÉ¨¥³, ¶μ¤μ¡´Ò³ ¢´¥Ï´¥³Ê ¶μ²Õ
¢ ±¢ ´Éμ¢μ° Ô²¥±É·μ¤¨´ ³¨±¥. S-³ É·¨Î´Ò° ³¥Éμ¤ ¸ ¶·¨´ÖÉμ° ¢¥·Ï¨´μ° ¶·¨¢μ¤¨É ± £· ¢¨É Í¨-
μ´´μ³Ê ¶μ²Õ, ±μÉμ·μ¥ ´¥²Ó§Ö ´ °É¨ ¨§ ¸ ³μ¸μ£² ¸μ¢ ´´μ£μ £· ¢¨É Í¨μ´´μ£μ Ê· ¢´¥´¨Ö.

In General Relativity Theory the graviton interacts in 3-graviton vertex with a tensor which is
not an energy-momentum tensor of gravitational ˇeld. We consider the possibility that the gravi-
ton interacts with some deˇnite gravitational energy-momentum tensor found by us earlier in G2-
approximation. This tensor in a gauge, which excludes nonphysical degrees of freedom, is remarkable
in that it gives positive gravitational energy density for the Newtonian center in the same manner
as the electromagnetic energy-momentum tensor does for the Coulomb center. We show that the
assumed 3-graviton vertex does not lead to contradiction with precession of Mercury perihelion. In
the S-matrix approach used here the external gravitational ˇeld has only a subsidiary role similar to
that of the external ˇeld in quantum electrodynamics. This approach with the assumed vertex leads
to the gravitational ˇeld which cannot be obtained from consistent gravitational equation.

‚‚…„…�ˆ…

’¥μ·¥É¨±μ-¶μ²¥¢μ° ¶μ¤Ìμ¤ ± £· ¢¨É Í¨¨ ¶·¨¢μ¤¨É ± ¤μ¶μ²´¨É¥²Ó´μ³Ê
¶μ´¨³ ´¨Õ ·Ö¤  ¶·μ¡²¥³ ± ± ¢ · ³± Ì μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨, É ±
¨ ¢´¥ ´¥¥. ’ ±, ÔÉμÉ ¶μ¤Ìμ¤ ¶μ³μ£ ¥É ´ °É¨ ±μ³¶μ´¥´ÉÒ ³¥É·¨±¨ gμν ¶·¨¢¨-
²¥£¨·μ¢ ´´μ° ¸¨¸É¥³Ò ±μμ·¤¨´ É, ¢ Ëμ·³¨·μ¢ ´¨¥ ±μÉμ·μ° ´¥ ¤ ÕÉ ¢±² ¤a
´¥Ë¨§¨Î¥¸±¨¥ ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò ¶μ²Ö, ¨¸± ¦ ÕÐ¨¥ ¸¢μ°¸É¢  ¶· ¢¨²Ó´μ ¢Ò-
¡· ´´μ£μ É¥´§μ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö. ‘ μ¡Ð¥° ÉμÎ±¨
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§·¥´¨Ö, É ±¦¥ ¦¥² É¥²Ó´μ ¨³¥ÉÓ É ±ÊÕ ¸¨¸É¥³Ê ±μμ·¤¨´ É, ±μÉμ· Ö μÉ· ¦ ¥É
¸¢μ°¸É¢  ³¥É·¨±¨, ¢Ò§¢ ´´Ò¥ £· ¢¨É Í¨¥°, ´μ ´¥ ¸μ¤¥·¦¨É Ô²¥³¥´Éμ¢, ¸¢Ö-
§ ´´ÒÌ ¸ ¢μ§³μ¦´μ¸ÉÓÕ ¶·μ¨§¢μ²Ó´μ£μ ¢Ò¡μ·  ¸¨¸É¥³Ò ±μμ·¤¨´ É. ‚ μ¡Ð¥°
É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ ·¥Ï¥´¨¥ ˜¢ ·ÍÏ¨²Ó¤  ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´μ ¢
· §²¨Î´ÒÌ Ô±¢¨¢ ²¥´É´ÒÌ ¢¨¤ Ì: ¸É ´¤ ·É´μ³, ¨§μÉ·μ¶´μ³, £ ·³μ´¨Î¥¸±μ³ ¨
¤·Ê£¨Ì. (�¡ÒÎ´μ ·¥Ï¥´¨¥ ˜¢ ·ÍÏ¨²Ó¤  ¶·¨¢μ¤¨É¸Ö ¢ ¸É ´¤ ·É´μ° ¶μ É¥·-
³¨´μ²μ£¨¨ ‚¥°´¡¥·£  [1] Ëμ·³¥.) ‚¸¥ É·¨ ¶¥·¢ÒÌ ¢¨¤  ¶¥·¥Ìμ¤ÖÉ ¢ μ¤´Ê (¤²Ö
μ¶·¥¤¥²¥´´μ¸É¨) ¤¥± ·Éμ¢Ê ¸¨¸É¥³Ê ¶μ¸²¥ ¢Ò±²ÕÎ¥´¨Ö ¶μ²Ö. �·¨ ¢±²ÕÎ¥´-
´μ³ ¸² ¡μ³ ¶μ²¥ £ ·³μ´¨Î¥¸± Ö ¨ ¨§μÉ·μ¶´ Ö ¸¨¸É¥³Ò ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³,
ÎÉμ £· ¢¨É Í¨μ´´μ¥ ¶μ²¥ ¸μÌ· ´Ö¥É ¨§μÉ·μ¶¨Õ ¶·μ¸É· ´¸É¢¥´´ÒÌ ³ ¸ÏÉ -
¡μ¢ ¢ · ¸¸³ É·¨¢ ¥³μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É. � μ¡μ·μÉ, ¸É ´¤ ·É´ Ö ¸¨¸É¥³ 
˜¢ ·ÍÏ¨²Ó¤  ´ ¢μ¤¨É ´  ³Ò¸²Ó, ÎÉμ É ±μ° ¨§μÉ·μ¶¨¨ ´¥É [2, 3].

‚ μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ ¢μ¶·μ¸ μ ¸¢Ö§¨ ±μμ·¤¨´ É ¢ gμν ¸ ±μ-
μ·¤¨´ É ³¨ ¢ ². c. ±. ³μ¦¥É ¡ÒÉÓ ·¥Ï¥´ ²¨ÏÓ ¶μ¸²¥ ¢Ò¶μ²´¥´¨Ö (¢ ¶·¨´Í¨¶¥,
¢μ§³μ¦´μ°) ¸²μ¦´μ° ¶·μÍ¥¤Ê·Ò (¸³. § 23.3 ¢ [4]). ’¥μ·¥É¨±μ-¶μ²¥¢μ° ¶μ¤Ìμ¤
μÉ±·Ò¢ ¥É §¤¥¸Ó ¤μ¶μ²´¨É¥²Ó´Ò¥ ¢μ§³μ¦´μ¸É¨, ¢ ¥£μ · ³± Ì ¶·¥¤¶μÎÉ¥´¨¥
μÉ¤ ¥É¸Ö ¨§μÉ·μ¶¨¨ [5]. „¥°¸É¢¨É¥²Ó´μ, ´ ²μ¦¥´¨¥ ± ²¨¡·μ¢μÎ´μ£μ Ê¸²μ¢¨Ö
ƒ¨²Ó¡¥·É  [5], ¨²¨ Ê¸²μ¢¨Ö £ ·³μ´¨Î´μ¸É¨ [6] (¢ ¸² ¡μ³ ¶μ²¥ ÔÉ¨ Ê¸²μ¢¨Ö ¸μ-
¢¶ ¤ ÕÉ), ¶·¨¢μ¤¨É ± ¨§μÉ·μ¶¨¨. ‚ Ëμ·³¨·μ¢ ´¨¨ ¦¥ ¸É ´¤ ·É´μ° ¸¨¸É¥³Ò
¶·¨´¨³ ÕÉ ÊÎ ¸É¨¥ ´¥Ë¨§¨Î¥¸±¨¥ ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò. �Éμ³ ¢ ¨§μÉ·μ¶´μ° ³¥-
É·¨±¥ · ¸¸³μÉ·¥´ ’¨··¨´£μ³ [5], μ´ ¨³¥¥É μ¦¨¤ ¥³Ò¥ ¸¢μ°¸É¢ . ‚ É· ±ÉÊ¥³μ°
É ±¨³ ¦¥ μ¡· §μ³ ¸É ´¤ ·É´μ° ¸¨¸É¥³¥  Éμ³ ´¥ ¨§μÉ·μ¶¥´.

’¨··¨´£ ¶μ± § ², ÎÉμ ¢ÒÎ¨¸²¥´´Ò° (±μμ·¤¨´ É´Ò°) · ¤¨Ê¸  Éμ³  ¢ ¶μ²¥
¸Ë¥·¨Î¥¸±μ£μ É¥²  Ê³¥´ÓÏ¥´ ¢ ²¨´¥°´μ³ ¶·¨¡²¨¦¥´¨¨ ¶μ G ¢ (1+φ) · §; φ Å
´ÓÕÉμ´μ¢¸±¨° ¶μÉ¥´Í¨ ² ¢ ³¥¸É¥ · ¸¶μ²μ¦¥´¨Ö  Éμ³ . ’μ£¤  · ¤¨ ²Ó´ÊÕ ±μ-
μ·¤¨´ É´ÊÕ ¤²¨´Ê ¢ ÔÉμ³ ¶μ²¥ ³μ¦´μ ¨§³¥·ÖÉÓ Î¨¸²μ³  Éμ³μ¢, ±μÉμ·Ò¥ ³μ£ÊÉ
Ê³¥¸É¨ÉÓ¸Ö ´  ÔÉμ° ¤²¨´¥ ¨ ±μÉμ·Ò¥ ¨³¥ÕÉ ¢ÒÎ¨¸²¥´´Ò° · ¤¨Ê¸. ”¨§¨Î¥¸± Ö
¦¥ · ¤¨ ²Ó´ Ö ¤²¨´  μ¶·¥¤¥²Ö¥É¸Ö É¥³ ¦¥ Î¨¸²μ³  Éμ³μ¢, ´μ ¸ ´μ·³ ²Ó´Ò³
· ¤¨Ê¸μ³, ±μÉμ·Ò° μ´¨ ¨³¥²¨ ¢´¥ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö. „¥°¸É¢¨É¥²Ó´μ,
Ê³¥´ÓÏ¥´´Ò° ¢ (1 + φ) · § ±μμ·¤¨´ É´Ò° · ¤¨Ê¸  Éμ³  ¢μ¸¸É ´ ¢²¨¢ ¥É¸Ö ¤μ
´μ·³ ²Ó´μ£μ §´ Î¥´¨Ö ¶·¨ Ê³´μ¦¥´¨¨ ´  [grr(r)]1/2 ≈ (1 − φ). �É¸Õ¤  ¸²¥-
¤Ê¥É, ÎÉμ  Éμ³ ³ ´  ±μ²ÓÍ¥ · ¤¨Ê¸  R ¢μ±·Ê£ ¸Ë¥·¨Î¥¸±μ£μ É¥²  ¤μ²¦´μ ¡ÒÉÓ
É¥¸´μ: ¨§³¥·¨³ Ö ¤²¨´  μ±·Ê¦´μ¸É¨ · ¤¨Ê¸  R ³¥´ÓÏ¥ 2πR, ± ± ÔÉμ ¸²¥-
¤Ê¥É ¨§ ¸¢μ°¸É¢ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° �°´ÏÉ¥°´  ¤²Ö ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î-
´μ£μ É¥² .

‚ ³μ¥° ¶·¥¤Ò¤ÊÐ¥° · ¡μÉ¥ [7] ¢ ´¨§Ï¥³ ´¥²¨´¥°´μ³ ¶·¨¡²¨¦¥´¨¨ · ¸-
¸³μÉ·¥´μ ´¥¸±μ²Ó±μ É¥´§μ·μ¢ Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö.
’μ²Ó±μ μ¤¨´ ¨§ ´¨Ì,   ¨³¥´´μ MTW-É¥´§μ· (¸³. ´¨¦¥), ¤ ¥É ¶μ²μ¦¨É¥²Ó´ÊÕ
¶²μÉ´μ¸ÉÓ £· ¢¨É Í¨μ´´μ° Ô´¥·£¨¨ ´ÓÕÉμ´μ¢¸±μ£μ Í¥´É· . Š ²¨¡·μ¢±  £· ¢¨-
É Í¨μ´´μ£μ ¶μ²Ö (Ê¸²μ¢¨¥ ƒ¨²Ó¡¥·É  ¢ ¸²ÊÎ ¥ ²¨´¥°´μ£μ ¶·¨¡²¨¦¥´¨Ö), ¢ ±μ-
Éμ·μ° ÔÉμ Ê¸²μ¢¨¥ ¨³¥¥É ³¥¸Éμ, Ö¢²Ö¥É¸Ö Ë¨§¨Î¥¸±μ° (¨¸±²ÕÎ ¥É ¶·μ¤μ²Ó´Ò¥
£· ¢¨Éμ´Ò), μ´  μ¶·¥¤¥²Ö¥É ¶·¨¢¨²¥£¨·μ¢ ´´ÊÕ ¸¨¸É¥³Ê μÉ¸Î¥É . ‚ ²Õ¡μ°
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¤·Ê£μ° ¸¨¸É¥³¥ μÉ¸Î¥É  É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¤μ²¦¥´ ¶μ²ÊÎ ÉÓ¸Ö ¶μ¸·¥¤-
¸É¢μ³ ¶·¥μ¡· §μ¢ ´¨Ö ¨§ ¶·¨¢¨²¥£¨·μ¢ ´´μ°. …¸²¨ £· ¢¨É Í¨μ´´ Ö ¶²μÉ´μ¸ÉÓ
Ô´¥·£¨¨ ¢¸¥£¤  ¶μ²μ¦¨É¥²Ó´  (É·¥¡μ¢ ´¨¥, ¶·¥¤¸É ¢²ÖÕÐ¥¥¸Ö ¥¸É¥¸É¢¥´´Ò³),
Éμ£¤  Î¥·´Ò¥ ¤Ò·Ò, ¶μ-¢¨¤¨³μ³Ê, ´¥¢μ§³μ¦´Ò [7, 8]. Š ± ¨ ¢ μ¡Ð¥³ ¸²ÊÎ ¥,
MTW-É¥´§μ· ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ Î ¸É¥°: Î¨¸Éμ ¶μ²¥¢μ° Î ¸É¨, μÉ²¨Î´μ° μÉ ´Ê²Ö
É ³, £¤¥ ¨³¥¥É¸Ö £· ¢¨É Í¨μ´´μ¥ ¶μ²¥, ¨ ²μ± ²Ó´μ° Î ¸É¨, μÉ²¨Î´μ° μÉ ´Ê²Ö
Éμ²Ó±μ É ³, £¤¥ ´ Ìμ¤ÖÉ¸Ö Î ¸É¨ÍÒ.

‚ · ¡μÉ Ì [5, 9] ¶μ± § ´μ, ÎÉμ Éμ²Ó±μ ¶·¥Í¥¸¸¨Ö ¶¥·¨£¥²¨Ö ¶² ´¥ÉÒ É·¥-
¡Ê¥É ¶·¨¢²¥Î¥´¨Ö ´¥²¨´¥°´μ£μ ¶·¨¡²¨¦¥´¨Ö. �¸É ²Ó´Ò¥ ´ ¡²Õ¤ ¥³Ò¥ ÔË-
Ë¥±ÉÒ μ¡ÑÖ¸´ÖÕÉ¸Ö ²¨´¥°´Ò³ ¶·¨¡²¨¦¥´¨¥³ £· ¢¨É Í¨μ´´μ° É¥μ·¨¨. �μ
ÔÉμ° ¶·¨Î¨´¥ ¢ ¤ ´´μ° ¸É ÉÓ¥, ± ± ¨ ¢ [7], μ¸´μ¢´μ¥ ¢´¨³ ´¨¥ ¶·¨ · ¸¸³μ-
É·¥´¨¨  ²ÓÉ¥·´ É¨¢´μ£μ ¶μ¤Ìμ¤  ± £· ¢¨É Í¨¨ Ê¤¥²¥´μ ¶·¥Í¥¸¸¨¨ ¶¥·¨£¥²¨Ö
¶² ´¥ÉÒ. �¥μ¡Ìμ¤¨³ Ö ¤²Ö ÔÉμ£μ ¶μ¶· ¢±  ± ´ÓÕÉμ´μ¢¸±μ³Ê ¶μÉ¥´Í¨ ²Ê ¨¸± -
² ¸Ó ¢ [7] ¢ Î¨¸Éμ ¶μ²¥¢μ° Î ¸É¨ £· ¢¨É Í¨μ´´μ£μ É¥´§μ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸ .
�Éμ ¢Ò´Ê¤¨²μ ³¥´Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¢ 3-£· ¢¨Éμ´´μ° ¢¥·Ï¨´¥ ¶μ²Ê¸Ê³³Ê MTW-
É¥´§μ·  ¨ É¥´§μ·  ’¨··¨´£ , ¢ ±μÉμ·μ° ²μ± ²Ó´ Ö Î ¸ÉÓ É¥´§μ·  μÉ¸ÊÉ¸É¢Ê¥É ¢
· ¸¸³ É·¨¢ ¥³μ³ ¶·¨¡²¨¦¥´¨¨. ‚ ÔÉμ° ¢¥·¸¨¨ É¥μ·¨¨ ³´¥ ´¥ ´· ¢¨²μ¸Ó Éμ,

ÎÉμ ¶μ²Ê¸Ê³³ 
1
2

[
T MTW

μν + T Thir
μν

]
¤ ¢ ²  μÉ·¨Í É¥²Ó´ÊÕ ¶²μÉ´μ¸ÉÓ £· ¢¨É -

Í¨μ´´μ° Ô´¥·£¨¨ ´ÓÕÉμ´μ¢¸±μ£μ Í¥´É· .
‚ ÔÉμ° ¸É ÉÓ¥ Ö ¶μ± §Ò¢ Õ, ÎÉμ ´Ê¦´ Ö ¶μ¶· ¢±  ± ´ÓÕÉμ´μ¢¸±μ³Ê ¶μ-

É¥´Í¨ ²Ê ¶μ²ÊÎ ¥É¸Ö ¶·¨ ÊÎ¥É¥ ± ± Î¨¸Éμ £· ¢¨É Í¨μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö,
μ¶·¥¤¥²Ö¥³μ£μ ´¥²μ± ²Ó´Ò³¨ Î²¥´ ³¨ MTW-É¥´§μ· , É ± ¨ ²μ± ²Ó´μ£μ ¢§ -
¨³μ¤¥°¸É¢¨Ö, ¸μ¤¥·¦ Ð¥£μ¸Ö ¢ MTW-É¥´§μ·¥ ¨ ¢ É¥´§μ·¥ Ô´¥·£¨¨-¨³¶Ê²Ó¸ 
Î ¸É¨Í, ´ Ìμ¤ÖÐ¨Ì¸Ö ¢ £· ¢¨É Í¨μ´´μ³ ¶μ²¥. �Éμ ¶μ²´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥
¢Ìμ¤¨É ¢ Ë¥´μ³¥´μ²μ£¨Î¥¸±ÊÕ É·¥Ì£· ¢¨Éμ´´ÊÕ ¢¥·Ï¨´Ê. �¨Î¥£μ, ±·μ³¥
¢¥·Ï¨´Ò ¨ ¶·μ¶ £ Éμ· , ¢ S-³ É·¨Î´μ³ ³¥Éμ¤¥ ´¥ É·¥¡Ê¥É¸Ö. �Ê¦´μ ¶·μ-
¸Éμ ·¨¸μ¢ ÉÓ ¤¨ £· ³³Ò ”¥°´³ ´  ¨ ¸μ¶μ¸É ¢²ÖÉÓ ¢¥·Ï¨´ ³ ¨ ¶·μ¶ £ Éμ· ³
¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö (¸·. ¸ [10, 11]). �¢μ²ÕÍ¨Ö ¸¨¸É¥³Ò ¨ ¤¢¨¦¥-
´¨¥ Î ¸É¨Í μ¶·¥¤¥²ÖÕÉ¸Ö ÔÉ¨³ ³¥Éμ¤μ³ ¡¥§ ¨¸¶μ²Ó§μ¢ ´¨Ö £· ¢¨É Í¨μ´´μ£μ
Ê· ¢´¥´¨Ö. �± §Ò¢ ¥É¸Ö, ÎÉμ ´ Ìμ¤¨³μ¥ ¸ ¶μ³μÐÓÕ ÔÉμ£μ ¶μ¤Ìμ¤  £· ¢¨É Í¨-
μ´´μ¥ ¶μ²¥ ´¥ ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´μ ¨§ ¸ ³μ¸μ£² ¸μ¢ ´´μ£μ £· ¢¨É Í¨μ´´μ£μ
Ê· ¢´¥´¨Ö.

�É  ¸É ÉÓÖ Ö¢²Ö¥É¸Ö ¶μ¶ÒÉ±μ° ¶μ´ÖÉÓ, ÎÉμ ¶·¥¶ÖÉ¸É¢Ê¥É £· ¢¨Éμ´Ê ¢
3-£· ¢¨Éμ´´μ° ¢¥·Ï¨´¥ ¢§ ¨³μ¤¥°¸É¢μ¢ ÉÓ ¸ É¥´§μ·μ³ Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· -
¢¨É Í¨μ´´μ£μ ¶μ²Ö. �¶·¨μ·¨ ³μ¦´μ ¤Ê³ ÉÓ μ ¤¢ÊÌ ¢μ§³μ¦´ÒÌ ¶·¨Î¨´ Ì:

1) ÔÉμÉ É¥´§μ· ´¥ μ¤´μ§´ Î¥´;
2) μ´ ´¥ ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É¥´.
—Éμ ± ¸ ¥É¸Ö ¢Éμ·μ° ¶·¨Î¨´Ò, Éμ ¸ ´¥° ³μ¦´μ ¡μ·μÉÓ¸Ö, ¨¸±²ÕÎ Ö ´¥-

Ë¨§¨Î¥¸±¨¥ ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö. �É´μ¸¨É¥²Ó´μ ¶¥·¢μ°
¶·¨Î¨´Ò ÌμÎ¥É¸Ö ¸¶·μ¸¨ÉÓ: ¸ÊÐ¥¸É¢Ê¥É ²¨ ÌμÉÓ μ¤¨´ É¥´§μ· Ê± § ´´μ£μ ¢¨¤ ,
´¥ ¢¥¤ÊÐ¨° ± ´¥¦¥² É¥²Ó´Ò³ ¸²¥¤¸É¢¨Ö³? �·μ¢¥¤¥´´μ¥ · ¸¸³μÉ·¥´¨¥ ¶μ± §Ò-



� ”…��Œ…��‹�ƒˆ—…‘Š�‰ ’�…•ƒ��‚ˆ’����‰ ‚…�˜ˆ�… 1469

¢ ¥É, ÎÉμ μÉ¢¥É, ¶μ-¢¨¤¨³μ³Ê, ¶μ²μ¦¨É¥²Ó´Ò°. �μ ÔÉμ° ¶·¨Î¨´¥ ¦¥² É¥²Ó´μ
¡μ²¥¥ £²Ê¡μ±μ¥ · ¸¸³μÉ·¥´¨¥ ÔÉμ£μ ¢μ¶·μ¸ .

‚ · §¤. 1 ¢¢¥¤¥´Ò μ¡μ§´ Î¥´¨Ö ¤²Ö ®¸É·μ¨É¥²Ó´ÒÌ ¡²μ±μ¢¯ É¥´§μ· 
Ô´¥·£¨¨-¨³¶Ê²Ó¸ . �Éμ μ¡²¥£Î ¥É ¸· ¢´¥´¨¥ · §²¨Î´ÒÌ É¥´§μ·μ¢ ¨ · §²¨Î-
´ÒÌ É¥μ·¨°. ‚ · §¤. 2 ¶μ²ÊÎ¥´ ÔËË¥±É¨¢´Ò° É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸ , ¢Ìμ-
¤ÖÐ¨° ¢ É·¥Ì£· ¢¨Éμ´´ÊÕ ¢¥·Ï¨´Ê. ‚ · §¤. 3 ´ °¤¥´ ¢±² ¤ É·¥Ì£· ¢¨Éμ´-
´μ° ¢¥·Ï¨´Ò ¢ ³¥É·¨±Ê (¢ Éμ³ ¸³Ò¸²¥, ± ± μ´  μ¶·¥¤¥²¥´  ¢ ÔÉμ³ ¶μ¤Ìμ¤¥)
¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ£μ É¥²  ¨ ¶μ± § ´μ, ÎÉμ ¢ ´¥° ¸μ¤¥·¦¨É¸Ö ¶μ¶· ¢± 
± ´ÓÕÉμ´μ¢¸±μ³Ê ¶μÉ¥´Í¨ ²Ê, ´¥μ¡Ìμ¤¨³ Ö ¤²Ö μ¡ÑÖ¸´¥´¨Ö ¶·¥Í¥¸¸¨¨ ¶¥·¨-
£¥²¨Ö Œ¥·±Ê·¨Ö. �É´μ¸¨É¥²Ó´μ ¶·¥Í¥¸¸¨¨ ¶¥·¨£¥²¨Ö ¢ ÔÉμ³ ±μ´É¥±¸É¥ ¸³.
[7] ¨ [9]. ‚ · §¤. 4 ¤ ´μ ¶·¥μ¡· §μ¢ ´¨¥ ¢±² ¤  μÉ ¤¨ £· ³³ μ¤´μ£μ É¨¶  ¢μ
¢±² ¤Ò μÉ ¤¨ £· ³³ ¤·Ê£μ£μ É¨¶ .

1. ���‡��—…�ˆŸ ˆ ��…„‚��ˆ’…‹œ�›… ‘��’��˜…�ˆŸ

ŒÒ ¨¸¶μ²Ó§Ê¥³

gμν = ημν + hμν , h̄μν = hμν − 1
2
ημνh, h = hα

α, ημν = diag (−1, 1, 1, 1).
(1)

…¸²¨ ´¥ μ£μ¢μ·¥´μ ¨´ Î¥, ² É¨´¸±¨¥ ¨ £·¥Î¥¸±¨¥ ¨´¤¥±¸Ò ¶·μ¡¥£ ÕÉ §´ Î¥´¨Ö
μÉ 0 ¤μ 3. �μ¸±μ²Ó±Ê ¶·¨Ìμ¤¨É¸Ö ¸· ¢´¨¢ ÉÓ · §²¨Î´Ò¥ £· ¢¨É Í¨μ´´Ò¥
É¥´§μ·Ò, ¶μ²¥§´μ ¢¢¥¸É¨ ¸¶¥Í¨ ²Ó´Ò¥ μ¡μ§´ Î¥´¨Ö ¤²Ö ¸É·μ¨É¥²Ó´ÒÌ ¡²μ±μ¢
ÔÉ¨Ì É¥´§μ·μ¢. ŒÒ μ¶·¥¤¥²Ö¥³:

1
τ jk = ηjkhαβ,γhγβ,α;

2
τ jk = ηjkhαβ,γhαβ,γ ;

3
τ jk = ηjkh,ρh

ρσ,σ ;

4
τ jk = ηjkh,ρh

,ρ;
5
τ jk = hαβ

,jhαβ,k;
6
τ jk = hjα,βhk

β,α;

7
τ jk = hjα,βhk

α,β;
8
τ jk =

1
2
(hjα,k + hkα,j)h,α;

9
τ jk = hjk,σh,σ;

10
τ jk =

1
2
(hjσ

,σh,k + hkσ
,σh,j);

11
τ jk = h,jh,k;

12
τ jk = hjk,αhασ

,σ;

13
τ jk =

1
2
(hjα,βhαβ

,k + hkα,βhαβ
,j);

14
τ jk = hjσ

,σhkα
,α;

15
τ jk =

1
2
(hjα,k + hkα,j)hασ

,σ;
16
τ jk = ηjkhαβ

,βhασ
,σ; h,i =

∂h

∂xi
.

(2)
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�´ ²μ£¨Î´μ ¤²Ö Î²¥´μ¢ ¸μ ¢Éμ·Ò³¨ ¶·μ¨§¢μ¤´Ò³¨:

a
τ jk = ηjkh,σ

σh;
b
τ jk = ηjkhαβ

,αβh;
c
τ jk = ηjkh,αβhαβ ;

d
τ jk = ηjkhαβ,σ

σhαβ ;
e
τ jk = ηjkhασ

,σ
βhαβ ;

f
τ jk = h,jkh;

g
τ jk = hjk,σ

σh;
h
τ jk =

1
2
(hjσ,k

σ + hkσ,j
σ)h;

i
τ jk = hjk,αβhαβ ;

j
τ jk =

1
2
(hjα,kβ + hkα,jβ)hαβ ;

k
τ jk = hαβ,jkhαβ ;

l
τ jk = hjkh,σ

σ;
m
τ jk = hjkhαβ

,αβ ;

n
τ jk =

1
2
(h,jαhα

k + h,kαhα
j);

o
τ jk =

1
2
(hjσ,α

σhα
k + hkσ,α

σhα
j);

p
τ jk =

1
2
(hjα,σ

σhα
k + hkα,σ

σhα
j);

q
τ jk =

1
2
(hασ,j

σhα
k + hασ,k

σhα
j).

(3)

(’. ¥. ¢ Î²¥´ Ì ¸μ ¢Éμ·Ò³¨ ¶·μ¨§¢μ¤´Ò³¨ ² É¨´¸±¨¥ ¡Ê±¢Ò ´ ¤ τ ¨¸¶μ²Ó§ÊÕÉ¸Ö
¤²Ö ´Ê³¥· Í¨¨ ¡²μ±μ¢ ¢³¥¸Éμ Í¨Ë·.)

’¥´§μ·Ò
1

T jk, . . . ,
16

T jk ¨
a

T jk, . . . ,
q

T jk ¶μ²ÊÎ ÕÉ¸Ö ¨§ (2) ¨ (3) ¢ ·¥-

§Ê²ÓÉ É¥ § ³¥´Ò hμν → h̄μν . ’ ±,
1

T jk = ηjkh̄αβ,γh̄γβ,α ¨ É. ¤. ˆ³¥ÕÉ ³¥¸Éμ
¸μμÉ´μÏ¥´¨Ö, ¸²¥¤ÊÕÐ¨¥ ¨§ μ¶·¥¤¥²¥´¨Ö h̄μν :

a

T jk =
a
τ jk;

b

T jk =
1
2

a
τ jk− b

τ jk;
c

T jk =
1
2

a
τ jk− c

τ jk;
d

T jk =
d
τ jk;

e

T jk =
1
4

a
τ jk − 1

2
b
τ jk − 1

2
c
τ jk+

e
τ jk;

f

T jk =
f
τ jk;

g

T jk =
1
2

a
τ jk− g

τ jk;

h

T jk =
1
2

f
τ jk− h

τ jk;
i

T jk =
1
4

a
τ jk − 1

2
c
τ jk − 1

2
g
τ jk+

i
τ jk;

j

T jk =
1
4

f
τ jk − 1

2
h
τ jk+

j
τ jk − 1

2
n
τ jk;

k

T jk =
k
τ jk;

l

T jk =
1
2

a
τ jk− l

τ jk;
m

T jk =
1
4

a
τ jk − 1

2
b
τ jk − 1

2
l
τ jk+

m
τ jk;

n

T jk =
1
2

f
τ jk− n

τ jk;
o

T jk =
1
4

f
τ jk − 1

2
h
τ jk − 1

2
n
τ jk+

o
τ jk;

p

T jk =
1
4

a
τ jk − 1

2
g
τ jk − 1

2
l
τ jk+

p
τ jk;

q

T jk =
1
4

f
τ jk − 1

2
h
τ jk − 1

2
n
τ jk+

q
τ jk,

(4)
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  É ±¦¥

1

T jk =
1
τ jk− 3

τ jk +
1
4

4
τ jk;

2

T jk =
2
τ jk;

3

T jk = − 3
τ jk +

1
2

4
τ jk;

4

T jk =
4
τ jk;

5

T jk =
5
τ jk;

6

T jk =
6
τ jk− 8

τ jk +
1
4

11
τ jk;

7

T jk =
1
4

4
τ jk+

7
τ jk− 9

τ jk;
8

T jk = − 8
τ jk +

1
2

11
τ jk;

9

T jk =
1
2

4
τ jk− 9

τ jk;
10

T jk = − 10
τ jk +

1
2

11
τ jk;

11

T jk =
11
τ jk;

12

T jk = −1
2

3
τ jk +

1
4

4
τ jk − 1

2
9
τ jk+

12
τ jk;

13

T jk = −1
2

8
τ jk − 1

2
10
τ jk +

1
4

11
τ jk+

13
τ jk;

14

T jk = − 10
τ jk +

1
4

11
τ jk+

14
τ jk;

15

T jk = −1
2

8
τ jk − 1

2
10
τ jk +

1
4

11
τ jk+

15
τ jk;

16

T jk = − 3
τ jk +

1
4

4
τ jk+

16
τ jk.

(5)

�¡· É´Ò¥ ¸μμÉ´μÏ¥´¨Ö ¶μ²ÊÎ ÕÉ¸Ö ¨§ (4) ¨ (5) ¸ ¶μ³μÐÓÕ § ³¥´Ò T ↔ τ .
� ¶·¨³¥·,

1
τ jk =

1

T jk−
3

T jk +
1
4

4

T jk.

„ ²¥¥ ³Ò ¢¢¥¤¥³ ´ÓÕÉμ´μ¢¸±¨° ¶μÉ¥´Í¨ ² φ. „²Ö μ¤´μ£μ ´ÓÕÉμ´μ¢¸±μ£μ

Í¥´É·  φ = −GM

r
, ¤²Ö ´¥¸±μ²Ó±¨Ì Í¥´É·μ¢

φ = −G
∑

a

ma

|r − ra|
. (6)

‚ ²¨´¥°´μ³ ¶·¨¡²¨¦¥´¨¨ ¢ ± ²¨¡·μ¢±¥ ƒ¨²Ó¡¥·É  h̄μν
,ν = 0 £· ¢¨É Í¨μ´´μ¥

¶μ²¥ ÔÉ¨Ì Í¥´É·μ¢ ¤ ¥É¸Ö ¸²¥¤ÊÕÐ¨³¨ ¢Ò· ¦¥´¨Ö³¨ [5]:

h̄
(1)
μν = −4φδμ0δν0, h

(1)
μν = −2φδμν , h(1) ≡ h

(1)
σ

σ = −4φ = −h̄(1),

ημν = diag (−1, 1, 1, 1).
(7)

’ ±¨¥ ¦¥ ¢Ò· ¦¥´¨Ö ¶μ²ÊÎ ÕÉ¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ô¢·¨¸É¨Î¥¸±μ£μ ³¥Éμ¤  ¢
[9]. ‚ · ¸¸³ É·¨¢ ¥³μ³ ¶·¨¡²¨¦¥´¨¨ (7) Ë¨±¸¨·Ê¥É ¸¨¸É¥³Ê μÉ¸Î¥É , ¨ ³Ò
¸Î¨É ¥³ ÔÉÊ ¸¨¸É¥³Ê ¶·¨¢¨²¥£¨·μ¢ ´´μ°. �¥Ï¥´¨¥ ˜¢ ·ÍÏ¨²Ó¤  ¢ ÔÉμ³ ¶·¨-
¡²¨¦¥´¨¨ ¸μ£² ¸Ê¥É¸Ö ¸ (7) ¢ ¸²ÊÎ ÖÌ ¨§μÉ·μ¶´μ° ¨ £ ·³μ´¨Î¥¸±μ° ³¥É·¨±.
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‚ ¸É ´¤ ·É´μ° ¸¨¸É¥³¥ ¤²Ö ·¥Ï¥´¨Ö ˜¢ ·ÍÏ¨²Ó¤  ¢³¥¸Éμ (7) ¨³¥¥³

h
(1)st
00 = h

(1)
00 = −2φ, h

(1)st
ij = 2GM

xixj

r3
= h

(1)
ij − GM(Λi,j + Λj,i),

Λi =
xi

r
, i, j = 1, 2, 3.

(7a)

‚Ò· ¦¥´¨¥ (Λi,j + Λj,i) ¶·¨ ¶·μ¨§¢μ²Ó´μ° ËÊ´±Í¨¨ Λ Ö¢²Ö¥É¸Ö ·¥Ï¥´¨¥³
²¨´¥ ·¨§μ¢ ´´μ£μ Ê· ¢´¥´¨Ö �°´ÏÉ¥°´  ¸ ¶· ¢μ° Î ¸ÉÓÕ, · ¢´μ° ´Ê²Õ. „·Ê-
£¨³¨ ¸²μ¢ ³¨, (Λi,j + Λj,i) ´¥ μ¶·¥¤¥²Ö¥É¸Ö É¥´§μ·μ³ Ô´¥·£¨¨-¨³¶Ê²Ó¸  ³ -
É¥·¨¨. …¸É¥¸É¢¥´´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢ ¶·¨¢¨²¥£¨·μ¢ ´´μ° ¸¨¸É¥³¥ μÉ¸Î¥É 
´¥É Î²¥´μ¢ É ±μ£μ É¨¶ .

ˆ¸¶μ²Ó§ÊÖ (7), ³Ò ¶μ²ÊÎ¨³ T jk ¤²Ö ´ÓÕÉμ´μ¢¸±¨Ì Í¥´É·μ¢:

1

T jk =
3

T jk =
6

T jk =
8

T jk =
10

T jk =
12

T jk =
13

T jk =
14

T jk =
15

T jk =
16

T jk = 0;

2

T jk =
4

T jk = 16ηjk(∇φ)2;
5

T jk =
11

T jk = 16φ,jφ,k;

7

T jk =
9

T jk = −16(∇φ)2δj0δk0;
a

T jk =
d

T jk = 16ηjkφφ,ii; (8)

g

T jk =
l

T jk =
p

T jk = −16φφ,iiδj0δk0;
f

T jk =
k

T jk = 16φφ,jk;

b

T jk =
c

T jk =
e

T jk =
h

T jk =
i

T jk =
j

T jk =
m

T jk =
n

T jk =
o

T jk =
q

T jk = 0,

¨ ¤²Ö τ jk:

1
τ jk =

1
4

2
τ jk =

1
2

3
τ jk =

1
4

4
τ jk =

7
τ jk =

16
τ jk = 4ηjk(∇φ)2;

5
τ jk = 4

6
τ jk = 2

8
τ jk = 2

10
τ jk =

11
τ jk = 4

13
τ jk = 4

14
τ jk = 4

15
τ jk = 16φ,jφ,k;

9
τ jk = 2

12
τ jk = 8δjk(∇φ)2; (9)

1
2

a
τ jk =

b
τ jk =

c
τ jk =

1
2

d
τ jk = 2

e
τ jk = 2

p
τ jk = 8ηjkφφ,ii;

g
τ jk = 2

i
τ jk =

l
τ jk = 2

m
τ jk = 8δjkφφ,ii;

1
2

f
τ jk =

h
τ jk = 2

j
τ jk =

1
2

k
τ jk =

n
τ jk = 2

o
τ jk = 2

q
τ jk = 8φφ,jk,

j, k = 0, 1, 2, 3. ‚ (8) ¨ (9) ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ηjk = diag (−1, 1, 1, 1).
‚ ¸²ÊÎ ¥ ηjk = diag (1,−1,−1,−1) ¸²¥¤Ê¥É § ³¥´¨ÉÓ ηjk ´  −ηjk.
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2. ƒ��‚ˆ’�–ˆ���›‰ ’…�‡�� ��…�ƒˆˆ-ˆŒ�“‹œ‘�

‚ ³μ¥° ¶·¥¤Ò¤ÊÐ¥° · ¡μÉ¥ [7] ¢ ´¨§Ï¥³ ´¥²¨´¥°´μ³ (É. ¥. h2) ¶·¨¡²¨-
¦¥´¨¨ · ¸¸³μÉ·¥´μ ´¥¸±μ²Ó±μ £· ¢¨É Í¨μ´´ÒÌ É¥´§μ·μ¢ Ô´¥·£¨¨-¨³¶Ê²Ó¸ .
�¤¨´ ¨§ ´¨Ì, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨, ¶μ²ÊÎ ¥É¸Ö
¨§ ² £· ´¦¨ ´ 

Thir

L =
1

32πG

[
−1

2
h̄αβ,γh̄αβ,γ +

1
4
h̄,αh̄,α + h̄αβ,λh̄λβ,α

]
. (10)

„·Ê£μ° É¥´§μ· ¶μ²ÊÎ ¥É¸Ö ¨§ ¢Ò· ¦¥´¨Ö

MTW

L =
1

32πG

[
−1

2
h̄αβ,γh̄αβ,γ +

1
4
h̄,αh̄,α + h̄αβ

,αh̄βλ
,λ

]
. (11)

‹ £· ´¦¨ ´ (11) ¥¸ÉÓ Ê· ¢´¥´¨¥ (7.8b) ¨§ ±´¨£¨ Œ¨§´¥· , ’μ·´  ¨ “¨²¥·  [4];
· ´¥¥ μ´ ¨¸¶μ²Ó§μ¢ ²¸Ö ”¥°´³ ´μ³ (¸³. Ê· ¢´¥´¨Ö (3.6.1) ¨ (3.6.5) ¢ [12]).
�·¨¢¥¤¥´´Ò¥ ² £· ´¦¨ ´Ò · §²¨Î ÕÉ¸Ö ´  ¶μ²´Ò¥ ¶·μ¨§¢μ¤´Ò¥:

Thir

L =
MTW

L +
1

32πG
[(h̄αβ h̄λβ,α),λ − (h̄αβ h̄λβ

,λ),α].

’μ²Ó±μ É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸ , ¶μ²ÊÎ¥´´Ò° ¨§ (11), ¤ ¥É ¶μ²μ¦¨É¥²Ó´ÊÕ
¶²μÉ´μ¸ÉÓ Ô´¥·£¨¨ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö ´ÓÕÉμ´μ¢¸±μ£μ Í¥´É·  ¢ ³¥É·¨±¥
(7). „μ¶μ²´ÖÖ, ¶μ 	¥²¨´Ë ´É¥, ± ´μ´¨Î¥¸±¨° É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸ , ¶μ-

²ÊÎ¥´´Ò° ¨§ (11), ¨ ¤μ¡ ¢²ÖÖ É¥´§μ· ¢§ ¨³μ¤¥°¸É¢¨Ö
int

T jk =
M

T jnhn
k (¶μ¸²¥

Î¥£μ É¥´§μ· ¸É ´μ¢¨É¸Ö ¸¨³³¥É·¨Î´Ò³), ¶μ²ÊÎ¨³ [7]

tjk =
1

32πG

[
− 1

2
2

T jk +
1
4

4

T jk+
5

T jk− 1
2

11

T jk +2
12

T jk−2
13

T jk−2
14

T jk+

+ 2
15

T jk−
16

T jk + 2
j

T jk − 2
e

T jk + 2
m

T jk − 2
o

T jk

]
+

+
1
2

(
M

T
jnhn

k+
M

T
knhn

j

)
. (12)

‡¤¥¸Ó
M

T jk ¥¸ÉÓ É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  Î ¸É¨Í:

M

T
jk =

∑
a

maujuk ds

dt
δ(x − xa(t)), uμ = dxμ/ds. (13)

’¥´§μ· ¢§ ¨³μ¤¥°¸É¢¨Ö
int

T jk ¤μ¡ ¢²¥´ ®·Ê± ³¨¯ ¤²Ö Éμ£μ, ÎÉμ¡Ò § ±μ´Ò ¸μ-
Ì· ´¥´¨Ö ¶μ²´μ£μ É¥´§μ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸ (

M

T
μν + tμν

)
,ν

= 0
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¤ ¢ ²¨ É ±¨¥ ¦¥ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö Î ¸É¨Í, ± ± ¢ μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó-
´μ¸É¨ (¸³. ’¨··¨´£ [5]). ‡ ³¥Î É¥²Ó´μ¥ ¸¢μ°¸É¢μ É¥´§μ·  (12), ´ §¢ ´´μ£μ ¢
[7] MTW-É¥´§μ·μ³, ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ μ´ ¤ ¥É ¶²μÉ´μ¸ÉÓ £· ¢¨É Í¨μ´´μ°
Ô´¥·£¨¨ ´ÓÕÉμ´μ¢¸±¨Ì Í¥´É·μ¢ ¢ ³¥É·¨±¥ (7) ¢ ¶μ²´μ°  ´ ²μ£¨¨ ¸ Ô²¥±É·μ-
³ £´¨É´μ° Ô´¥·£¨¥° ±Ê²μ´μ¢¸±¨Ì Í¥´É·μ¢:

t00 = 2
M

T
00φ +

1
8πG

(∇φ)2. (14)

‚³¥¸É¥ ¸ (13) ÔÉμ ¤ ¥É ¤²Ö ³¥¤²¥´´μ ¤¢¨¦ÊÐ¨Ì¸Ö Î ¸É¨Í ¸μμÉ´μÏ¥´¨¥

M

T
00 + t00 =

∑
a

maδ(x − xa(t))+
M

T
00φ +

1
8πG

(∇φ)2. (15)

‡¤¥¸Ó ³Ò ¨¸¶μ²Ó§μ¢ ²¨ Ê· ¢´¥´¨¥ (20) (¸³. ´¨¦¥) ¨ Ê· ¢´¥´¨¥ (7), ¸μ£² ¸´μ
±μÉμ·μ³Ê h = −4φ. ’¥¶¥·Ó ³Ò · ¸¸³μÉ·¨³ Éμ²Ó±μ ¤¢¥ Î ¸É¨ÍÒ ma ¨ mb ¨

μ¶Ê¸É¨³ Î²¥´Ò ¸ ³μ¤¥°¸É¢¨Ö ¢
M

T 00φ:

− [maδ(r − ra) + mbδ(r − rb)]
[

Gma

|r − ra|
+

Gmb

|r − rb|

]
→

→ −Gmamb

|r − rb|
δ(r − ra) − Gmamb

|r − rb|
δ(r − rb). (16)

�É¸Õ¤  ¢¨¤´μ, ÎÉμ ¶·μ¡´ Ö Î ¸É¨Í  ma, ³¥¤²¥´´μ ¤¢¨¦ÊÐ Ö¸Ö ¢ ¶μ²¥ mb,
¨³¥¥É Ô´¥·£¨Õ

ma

(
1 − Gmb

|ra − rb|

)
,

¸³. Î²¥´Ò, ¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ δ(r − ra) ¢ (15) ¨ (16). �Éμ ± ± · § Éμ, ÎÉμ
´Ê¦´μ ¤²Ö ´¥¶μ¸·¥¤¸É¢¥´´μ£μ μ¡ÑÖ¸´¥´¨Ö ±· ¸´μ£μ ¸³¥Ð¥´¨Ö ¸μ£² ¸´μ § 4 ¢
£². 2 ¢ ±´¨£¥ ˜¢¨´£¥·  [13]. „¥°¸É¢¨É¥²Ó´μ, ¶Ê¸ÉÓ w∞ ¥¸ÉÓ Î ¸ÉμÉ   Éμ³  ¢´¥
£· ¢¨É Í¨μ´´μ£μ ¶μ²Ö. ’μ£¤  w∞(1 + φ(ra)) ¥¸ÉÓ Î ¸ÉμÉ  ¢ ¶μ²¥ ¢ É¥·³¨´ Ì
(±μμ·¤¨´ É´μ£μ) ¢·¥³¥´¨ t. ‚ É¥·³¨´ Ì ´ ¡²Õ¤ ¥³μ£μ ¢·¥³¥´¨ tobs =

√
|g00|t

¢ ÉμÎ±¥ r ´ ¡²Õ¤ ¥³ Ö Î ¸ÉμÉ  · ¢´  w∞(1 + φ(ra))(1 − φ(r)). ‚ Î ¸É´μ¸É¨,
μ±μ²μ ÉμÎ±¨ ¨¸¶Ê¸± ´¨Ö r = ra ´ ¡²Õ¤ ¥³ Ö Î ¸ÉμÉ  · ¢´  w∞, É. ¥. Î ¸ÉμÉ 
É  ¦¥ ¸ ³ Ö, ÎÉμ ¨ ¢´¥ ¶μ²Ö. �Éμ ¸μ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ Éμ³ ’¨··¨´£  [5],
±μÉμ·Ò° · ¸¸³μÉ·¥² Ô²¥±É·μ´-¶·μÉμ´´ÊÕ ¸¨¸É¥³Ê ¢ £· ¢¨É Í¨μ´´μ³ ¶μ²¥,
¨¸¶μ²Ó§ÊÖ ´ ¡²Õ¤ ¥³ÊÕ ¤²¨´Ê ¨ ´ ¡²Õ¤ ¥³μ¥ ¢·¥³Ö tobs.

ŒÒ ¢¨¤¨³, ÎÉμ É¥´§μ· (12), ¶μ-¢¨¤¨³μ³Ê, Ö¢²Ö¥É¸Ö ´ ¸ÉμÖÐ¨³ É¥´§μ·μ³
Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö, Éμ£¤  ± ± ¢¸¥ μ¸É ²Ó´Ò¥ É¥´§μ·Ò Å
ÔÉμ ÔËË¥±É¨¢´Ò¥ É¥´§μ·Ò, ¶·¨¢μ¤ÖÐ¨¥ ± ¶· ¢¨²Ó´Ò³ ¢Ò· ¦¥´¨Ö³ Éμ²Ó±μ ¢
¸¶¥Í¨ ²Ó´ÒÌ ¸²ÊÎ ÖÌ, É ±¨Ì, ± ± ¶μ²´ Ö Ô´¥·£¨Ö ¸¨¸É¥³Ò ¨²¨ Ô´¥·£¨Ö ¶²μ¸-
±μ° £· ¢¨É Í¨μ´´μ° ¢μ²´Ò. ‘ ÊÎ¥Éμ³ ÔÉ¨Ì ¸¢μ°¸É¢ MTW-É¥´§μ·  ¨´É¥·¥¸´μ
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¨¸¸²¥¤μ¢ ÉÓ ¢μ§³μ¦´μ¸ÉÓ ¥£μ ¨¸¶μ²Ó§μ¢ ´¨Ö ¤²Ö μ¡ÑÖ¸´¥´¨Ö ¶·¥Í¥¸¸¨¨ ¶¥·¨-
£¥²¨Ö ¶² ´¥ÉÒ (¨ ¢μμ¡Ð¥ ¢ É·¥Ì£· ¢¨Éμ´´μ° ¢¥·Ï¨´¥).

‚ ¸ ³μ° μ¡Ð¥° Ëμ·³¥ ² £· ´¦¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ
¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

int

L=
1
2
hμνtμν

eff , tμν
eff =

1
32πG

16∑
s=1

as
s
τ μν . (17)

‚ μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ tμν
eff ´¥ Ö¢²Ö¥É¸Ö É¥´§μ·μ³ Ô´¥·£¨¨-¨³¶Ê²Ó¸ 

£· ¢¨É Í¨μ´´μ£μ ¶μ²Ö (¸³. [7] ¨ [14]). ‡ Éμ, ¨¸¶μ²Ó§ÊÖ (17), ¸ ¶μ³μÐÓÕ
as = aGR

s (¸³. É ¡². 1) ³μ¦´μ ¶μ²ÊÎ¨ÉÓ Ê· ¢´¥´¨¥ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö, É. ¥.
Ê· ¢´¥´¨¥ �°´ÏÉ¥°´  ¢ · ¸¸³ É·¨¢ ¥³μ³ ¶·¨¡²¨¦¥´¨¨.

’ ¡²¨Í  1

s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

aGR
s 1 −1

2
−1

1

2
1 −2 2 2 −2 2 −1 2 −4 0 0 0

as 0 0
1

2
−1

2
1 −2 4 2 −5

2
5 −3

2
2 −6 −2 0 0

‚ · ¸¸³ É·¨¢ ¥³μ³ ¶μ¤Ìμ¤¥ tμν
eff ´ °¤¥´μ ¶μ ¶· ¢¨² ³ ¶μ¸É·μ¥´¨Ö É¥´-

§μ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢ É¥μ·¨¨ ¶μ²Ö, ¸³. ´¨¦¥. „ ²¥¥ ¡Ê¤¥É ¶μ± § ´μ, ÎÉμ
¢ ÔÉμ³ ¸²ÊÎ ¥ ´¥²Ó§Ö ¶μ²ÊÎ¨ÉÓ ¸ ³μ¸μ£² ¸μ¢ ´´μe £· ¢¨É Í¨μ´´μe Ê· ¢´¥´¨e
¤²Ö hμν . �Éμ, ±μ´¥Î´μ, Ê¸²μ¦´Ö¥É · ¸¸³μÉ·¥´¨¥, ´μ ÌμÎ¥É¸Ö §´ ÉÓ, ± ±ÊÕ
¢μ§³μ¦´μ¸ÉÓ ¨ ¶μÎ¥³Ê ¢Ò¡· ²  �·¨·μ¤ .

�μ²ÊÎ¨³ É¥¶¥·Ó ±μÔËË¨Í¨¥´ÉÒ as ¢ ´ Ï¥³ ¸²ÊÎ ¥. ‘ ¶μ³μÐÓÕ (4) ¨ (5)
§ ¶¨Ï¥³ tjk ¨§ (12) ¢ ¢¨¤¥

tjk =
1

32πG

[
− 1

2
2
τ jk +

1
2

4
τ jk+

5
τ jk− 9

τ jk + 2
10
τ jk− 11

τ jk +

+ 2
12
τ jk − 2

13
τ jk − 2

14
τ jk + 2

15
τ jk− 16

τ jk+
c
τ jk − 2

e
τ jk + 2

j
τ jk−

− l
τ jk + 2

m
τ jk − 2

o
τ jk

]
+

1
2

(
M

T
jnhn

k+
M

T
knhn

j

)
. (18)

‡ É¥³ ´Ê¦´μ ¶·¨¡ ¢¨ÉÓ ± tjk Î²¥´Ò ¢§ ¨³μ¤¥°¸É¢¨Ö, ¸μ¤¥·¦ Ð¨¥¸Ö ¢
M

T jk ,
¸³. (13). �¤´  ¢μ§³μ¦´μ¸ÉÓ ¢Ò¤¥²¨ÉÓ ¨§ (13) ²¨´¥°´Ò° ¶μ h Î²¥´ É ±μ¢ .
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ˆ¸Ìμ¤¨³ ¨§ ¸μμÉ´μÏ¥´¨Ö

ds2 = −(ηij + hij)dxidxj = ds2
0

(
1 − hij

dxi

ds0

dxj

ds0

)
, ds2

0 = −ηijdxidxj .

ˆ¸¶μ²Ó§ÊÖ ds = ds0

(
1 − 1

2
hij

dxi

ds0

dxj

ds0

)
¨§ (13), ¶μ²ÊÎ¨³

M

T jk =
M

T
jk
0 +

int

T
jk
M ,

£¤¥
int

T
jk
M =

1
2
hln

dxl

ds0

dxn

ds0

M

T
jk
0 . (19)

‡¤¥¸Ó
M

T
jk
0 Å ÔÉμ

M

T jk ¶·¨ ¢Ò±²ÕÎ¥´´μ³ £· ¢¨É Í¨μ´´μ³ ¶μ²¥,   ´¨¦´¨°

¨´¤¥±¸ ¢
int

T
jk
M ´ ¶μ³¨´ ¥É μ ¶·μ¨¸Ìμ¦¤¥´¨¨ ÔÉμ£μ Î²¥´  ¨§

M

T jk.

ˆÉ ±, ¶·¨´¨³ Ö, ÎÉμ
M

T jk ¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³ (13) (± ± ¢ μ¡Ð¥° É¥μ·¨¨
μÉ´μ¸¨É¥²Ó´μ¸É¨), ¶μ²ÊÎ ¥³ (19). ‚μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö É ±μ£μ Î²¥´ 
¢ S-³ É·¨Î´μ³ ¶μ¤Ìμ¤¥ ¶μ¤²¥¦¨É μÉ¤¥²Ó´μ³Ê · ¸¸³μÉ·¥´¨Õ, É ± ± ± ÔÉμÉ
Î²¥´ ´¥ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ®¸É·μ¨É¥²Ó´Ò¥ ¡²μ±¨¯ (3). �Éμ ³μ¦¥É μ§´ Î ÉÓ,
ÎÉμ ´¥²Ó§Ö μ¶·¥¤¥²¨ÉÓ ¢´¥Ï´¥¥ ¶μ²¥ ¢ G2 ¢ ¶·¨¡²¨¦¥´¨¨ ¤²Ö ·¥²ÖÉ¨¢¨¸É¸±μ°
¶·μ¡´μ° Î ¸É¨ÍÒ.

‚¢¨¤Ê ÔÉμ£μ μ¸²μ¦´¥´¨Ö · ¸¸³μÉ·¨³ ¤·Ê£ÊÕ ¢μ§³μ¦´μ¸ÉÓ, ±μÉμ· Ö Ô±¢¨-
¢ ²¥´É´  ¶·¥¤Ò¤ÊÐ¥°, ¥¸²¨ ¸±μ·μ¸ÉÖ³¨ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ. ˆ¸¶μ²Ó§ÊÖ ¸μμÉ-
´μÏ¥´¨¥

ds =
√
−g00

√
1 − v2dt ≈ (1 + φ)

√
1 − v2dt,

¢ ±μÉμ·μ³ v Å Ë¨§¨Î¥¸± Ö ¸±μ·μ¸ÉÓ (¸³. § 88 ¢ ±´¨£¥ ‹ ´¤ Ê ¨ ‹¨ËÏ¨Í 
[15]), § ¶¨Ï¥³ (13) ¢ ¢¨¤¥

M

T
jk =

∑
a

ma
dxj

√
1 − v2dt

dxk

dt
δ(x − xa(t)) +

1
4
h

M

T
jk
0 . (20)

‡¤¥¸Ó
M

T
jk
0 ¥¸ÉÓ §´ Î¥´¨¥

M

T jk ¶·¨ ¢Ò±²ÕÎ¥´´μ³ £· ¢¨É Í¨μ´´μ³ ¶μ²¥, É. ¥.

¶·¨ G = 0, ¨ ÊÎÉ¥´μ, ÎÉμ ¸μ£² ¸´μ (7) φ = −1
4
h. ˆ´É¥·¥¸ÊÕÐ¨° ´ ¸ Î²¥´

¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ¶· ¢μ° Î ¸É¨ (20) ¸ ¶μ³μÐÓÕ ²¨´¥ ·¨§μ¢ ´´μ£μ Ê· ¢´¥´¨Ö
�°´ÏÉ¥°´ 

−hjn,σ
σ + hjσ

,σ
n + hnσ

,σ
j − h,jn + ηjn(h,σ

σ − hσλ
,σλ) = 16πG

M

T
jn
0 (21)

¶·¥¤¸É ¢¨³ ¢ ¢¨¤¥

1
4
h

M

T
jk
0 =

1
32πG

[
1
2

a
τ jk − 1

2
b
τ jk − 1

2
f
τ jk − 1

2
g
τ jk+

h
τ jk

]
. (22)
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„²Ö Î²¥´μ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ (18), ¨¸¶μ²Ó§ÊÖ (21), ´ °¤¥³

1
2

(
M

T
jnhn

k+
M

T
knhn

j

)
=

1
16πG

[
l
τ jk− m

τ jk− n
τ jk+

o
τ jk− p

τ jk+
q
τ jk

]
.

(23)
ˆÉ ±, É¥´§μ· (18), ¢ ±μÉμ·μ³ Î²¥´Ò ¢§ ¨³μ¤¥°¸É¢¨Ö ´ ¤μ § ¶¨¸ ÉÓ ¢

¢¨¤¥ (23), ¢ ¸Ê³³¥ ¸ (22) ¤ ¥É É¥´§μ·, μ¶·¥¤¥²ÖÕÐ¨° É·¥Ì£· ¢¨Éμ´´ÊÕ ¢¥·-
Ï¨´Ê. …£μ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¢³¥¸Éμ tμν

eff ¢ ¶¥·¢μ³ · ¢¥´¸É¢¥ ¢ (17). (’μ£¤ 
¶·¨ ¢ÒÎ¨¸²¥´¨¨ hμν ¢ G2-¶·¨¡²¨¦¥´¨¨ ¶μÖ¢ÖÉ¸Ö · ¸Ìμ¤¨³μ¸É¨; μ´¨ ¢Ìμ¤ÖÉ
¢ ¶¥·¥´μ·³¨·μ¢±Ê ³ ¸¸Ò.) ’μÉ ¦¥ ·¥§Ê²ÓÉ É ¶μ²ÊÎ¨É¸Ö, ¥¸²¨ ¢ ÔÉμ³ É¥´§μ·¥
¶·¥¢· É¨ÉÓ Î²¥´Ò ¸μ ¢Éμ·Ò³¨ ¶·μ¨§¢μ¤´Ò³¨ ¢ Î²¥´Ò ¸ ¶¥·¢Ò³¨ ¶·μ¨§¢μ¤-
´Ò³¨. ’μ£¤  ¶μ²ÊÎ¨³ tμν

eff ¢μ ¢Éμ·μ³ · ¢¥´¸É¢¥ (17), ¨ · ¸Ìμ¤¨³μ¸É¨ ³μ¦´μ
¨§¡¥¦ ÉÓ, ¨¸¶μ²Ó§ÊÖ ¢³¥¸Éμ ¤¨ £· ³³Ò ¸ ¶·μ¶ £ Éμ·μ³, ¤ ÕÐ¨³ £· ¢¨É Í¨-
μ´´μ¥ ¶μ²¥, ·¥Ï¥´¨¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ £· ¢¨É Í¨μ´´μ£μ Ê· ¢´¥´¨Ö.

�¥·¥°¤¥³ É¥¶¥·Ó μÉ Î²¥´μ¢ ¸μ ¢Éμ·Ò³¨ ¶·μ¨§¢μ¤´Ò³¨ ± Î²¥´ ³ ¸ ¶¥·-

¢Ò³¨ ¶·μ¨§¢μ¤´Ò³¨. „²Ö Î²¥´  ¸
a
τ μν ¨³¥¥³

hμν
a
τ μν ≡ hμνημνh,σ

σh = (h,σhh),σ − h,σ2hh,σ. (24)

�¶Ê¸± Ö ¶μ²´ÊÕ ¶·μ¨§¢μ¤´ÊÕ, § ¶¨Ï¥³: hμν
a
τ μν → −2hμν

4
τ μν , ¨²¨ ¸¨³-

¢μ²¨Î¥¸±¨:
a
τ μν → −2

4
τ μν , ¨  ´ ²μ£¨Î´μ ¤²Ö μ¸É ²Ó´ÒÌ Î²¥´μ¢. ’ ±¨³

μ¡· §μ³, ¢ ±Ê¡¨Î¥¸±¨Ì ¶μ h Î²¥´ Ì (¶μ¤μ¡´ÒÌ ²¥¢μ° Î ¸É¨ ¢ (24)) ³μ¦´μ
¸¤¥² ÉÓ § ³¥´Ò:

a
τ μν → −2

4
τ μν ;

b
τ μν → −2

3
τ μν ;

c
τ μν → − 3

τ μν− 11
τ μν ;

d
τ μν → − 2

τ μν− 9
τ μν ;

e
τ μν → − 1

τ μν− 8
τ μν ;

f
τ μν → − 3

τ μν− 11
τ μν ;

g
τ μν → − 2

τ μν− 9
τ μν ;

h
τ μν → − 1

τ μν− 8
τ μν ;

i
τ μν → − 5

τ μν− 12
τ μν ;

j
τ μν → − 13

τ μν− 15
τ μν ;

k
τ μν → − 5

τ μν− 12
τ μν ;

l
τ μν → −2

9
τ μν ;

m
τ μν → −2

12
τ μν ;

n
τ μν → − 8

τ μν− 10
τ μν ;

o
τ μν → − 6

τ μν− 13
τ μν ;

p
τ μν → −2

7
τ μν ;

q
τ μν → − 6

τ μν− 13
τ μν ¨²¨

q
τ μν → − 14

τ μν− 15
τ μν .

(25)

‡ ³¥É¨¢, ÎÉμ ¢³¥¸É¥ ¸
h
τ μν → − 1

τ μν− 8
τ μν ³Ò ¨³¥¥³ É ±¦¥

h
τ μν →

− 10
τ μν− 16

τ μν , ´ °¤¥³

16
τ μν → 1

τ μν+
8
τ μν− 10

τ μν . (26)

�´ ²μ£¨Î´μ ¨§ ¤¢ÊÌ ¶μ¸²¥¤´¨Ì ¸μμÉ´μÏ¥´¨° ¢ (25) ¸²¥¤Ê¥É

14
τ μν+

15
τ μν ↔ 6

τ μν+
13
τ μν . (27)
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Š·μ³¥ Éμ£μ, ¨§ (25) ¸²¥¤Ê¥É, ÎÉμ ¢μ§³μ¦´Ò É ±¦¥ § ³¥´Ò

c
τ μν ↔ f

τ μν ,
d
τ μν ↔ g

τ μν ,
e
τ μν ↔ h

τ μν ,
i
τ μν ↔ k

τ μν ,
o
τ μν ↔ q

τ μν .

(‡ ³¥É¨³, ³¥¦¤Ê ¶·μÎ¨³, ÎÉμ § ³¥´Ò τ → T ¢ (25)Ä(27) ¤ ÕÉ ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¨¥ ¸μμÉ´μÏ¥´¨Ö ¤²Ö ±Ê¡¨Î¥¸±¨Ì Î²¥´μ¢ ¢ É¥·³¨´ Ì h̄.)

ˆ¸¶μ²Ó§ÊÖ § ³¥´Ò (25), ¢ (18), (22) ¨ (23) ¶μ²ÊÎ¨³, ± ± ¸± § ´μ ¶¥·¥¤
(24), tμν

eff ¢ (17) ¸ as, ¶·¨¢¥¤¥´´Ò³¨ ¢ É ¡². 1.

3. ��•�†„…�ˆ… Œ…’�ˆŠˆ
‘”…�ˆ—…‘Šˆ-‘ˆŒŒ…’�ˆ—��ƒ� ’…‹�

‘Î¨É Ö, ÎÉμ
int

L ¢ (17) ¸¨³³¥É·¨§μ¢ ´μ ¶μ ¢¸¥³ É·¥³ £· ¢¨Éμ´ ³, ³μ¦´μ
¢ÒÎ¨¸²¨ÉÓ G2-¶·¨¡²¨¦¥´¨¥ ¤²Ö hμν ¢´¥ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ£μ É¥² . ‚
μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ ¤·Ê£¨³ ³¥Éμ¤μ³ É ±μ¥ ¢ÒÎ¨¸²¥´¨¥ ¢Ò¶μ²-
´¥´μ „ ËËμ³ [11] (¸³. É ±¦¥ ˆ¢ ¸ ±¨ [10]). ‚±² ¤ ¢ hμν ¶μ¸ÉÊ¶ ¥É μÉ ¤¨ -
£· ³³ ¤¢ÊÌ É¨¶μ¢. „¨ £· ³³  � μ¶¨¸Ò¢ ¥É ¢§ ¨³μ¤¥°¸É¢¨¥ £· ¢¨Éμ´  ¶·μ¡-
´μ° Î ¸É¨ÍÒ ¸ £· ¢¨É Í¨μ´´Ò³ É¥´§μ·μ³ Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢´¥Ï´¥£μ ¶μ²Ö.
�É  Î ¸ÉÓ hμν ³μ¦¥É ¡ÒÉÓ ´ °¤¥´  ¨§ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ £· ¢¨É Í¨μ´´μ£μ
Ê· ¢´¥´¨Ö. „¢¥ ¤¨ £· ³³Ò ‚, ¤ ÕÐ¨¥ μ¤¨´ ±μ¢Ò° ¢±² ¤, μ¶¨¸Ò¢ ÕÉ ¢§ ¨-
³μ¤¥°¸É¢¨¥ £· ¢¨Éμ´  ¢´¥Ï´¥£μ ¶μ²Ö ¸ £· ¢¨É Í¨μ´´Ò³ É¥´§μ·μ³ Ô´¥·£¨¨-
¨³¶Ê²Ó¸ , μ¡· §μ¢ ´´μ£μ ¤·Ê£¨³ £· ¢¨Éμ´μ³ ¢´¥Ï´¥£μ ¶μ²Ö ¨ £· ¢¨Éμ´μ³
¶·μ¡´μ° Î ¸É¨ÍÒ. — ¸ÉÓ hμν , ¤ ¢ ¥³ Ö ÔÉ¨³¨ ¤¨ £· ³³ ³¨, ´¥ ³μ¦¥É ¡ÒÉÓ
¶μ²ÊÎ¥´  ¨§ ¸ ³μ¸μ£² ¸μ¢ ´´μ£μ £· ¢¨É Í¨μ´´μ£μ Ê· ¢´¥´¨Ö, ¥¸²¨ ¨¸¶μ²Ó§Ê-
¥É¸Ö ¢Ò¡· ´´ Ö ´ ³¨ ¢¥·Ï¨´ .

‚ ²¨´¥°´μ³ ¶·¨¡²¨¦¥´¨¨ ¶μ G 3-£· ¢¨Éμ´´μ° ¢¥·Ï¨´Ò ´¥É. �μÔÉμ³Ê
¢ ÔÉμ³ ¶μ·Ö¤±¥ ¢¸¥ ÔËË¥±ÉÒ ¨ μ¶·¥¤¥²¥´¨¥ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö ´¥ § -
É· £¨¢ ÕÉ¸Ö · ¸¸³ É·¨¢ ¥³Ò³ ¶μ¤Ìμ¤μ³. � ²¨Î¨¥ ¤¨ £· ³³ ‚ ¸ Ë¥´μ³¥´μ-
²μ£¨Î¥¸±μ° ¢¥·Ï¨´μ° ¤¥² ¥É μ¶·¥¤¥²¥´¨¥ ¢´¥Ï´¥£μ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö
´¥¸±μ²Ó±μ ¨¸±Ê¸¸É¢¥´´Ò³. �·μ¡´ Ö Î ¸É¨Í  ¸ ³  ÊÎ ¸É¢Ê¥É ¢ ¸μ§¤ ´¨¨ ¶μ²Ö,
¢ ±μÉμ·μ³ μ´  ¤¢¨¦¥É¸Ö. ’¥³ ´¥ ³¥´¥¥ ¢ μ¶·¥¤¥²¥´¨¨ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö
¶·μ¡´ Ö Î ¸É¨Í  ´¥ Ë¨£Ê·¨·Ê¥É: ±μ´¥Í ¶·μ¶ £ Éμ· , ±μÉμ·Ò° ¢ ¶μ²´μ° ¤¨ -
£· ³³¥ ¶·¨±·¥¶²¥´ ± ´¥°, μ¸É ¢²Ö¥É¸Ö ®¢¨¸ÖÐ¨³ ¢ ¢μ§¤ÊÌ¥¯ ¨ μ¶·¥¤¥²Ö¥É
¶μ²¥. ‚ ¶μ²´μ° ¤¨ £· ³³¥, É. ¥. ¢ ³ É·¨Î´μ³ Ô²¥³¥´É¥ · ¸¸¥Ö´¨Ö, ±μ´ÍÒ ¶·μ-
¶ £ Éμ·μ¢ ¶·¨±·¥¶²¥´Ò ± Î ¸É¨Í ³. ˆ³¥´´μ ¢ ÔÉμ³ ¸³Ò¸²¥ ³Ò ¶μ´¨³ ¥³ ¶μ²¥
¢ ÔÉμ³ ¶μ¤Ìμ¤¥.

�μ¸²¥ μÉ³¥Î¥´´ÒÌ ¶μÖ¸´¥´¨° ³μ¦´μ ¶·¨¸ÉÊ¶¨ÉÓ ± ¢ÒÎ¨¸²¥´¨Õ ¶μ²Ö ¢´¥
¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ£μ É¥² . �μ²¥§´μ ¶·¨¢¥¸É¨ ¢±² ¤Ò ¢ h00 (É. ¥. ±μ-
ÔËË¨Í¨¥´ÉÒ ¶·¨ φ2) ¨ ¢ hij , i, j = 1, 2, 3 (É. ¥. ±μÔËË¨Í¨¥´ÉÒ ¶·¨ δijφ

2

¨ r2φ,iφ,j), ¤²Ö ± ¦¤μ£μ Î²¥´ 
1

32πG

s
τ μν ¢ (17) μÉ¤¥²Ó´μ. „·Ê£¨³¨ ¸²μ-
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¢ ³¨, ¸Î¨É ¥³ ¸´ Î ² , ÎÉμ as = 1, s = 1, 2, . . . , 16. ‚±² ¤Ò μÉ ¤¨ £· ³³Ò �
¶·¨¢¥¤¥´Ò ¢ É ¡². 2.

’ ¡²¨Í  2

s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

φ2 −1 −4 −2 −4 −2 −1

2
−1 −1 −4 −1 −2 −2 −1

2
−1

2
−1

2
−1

δijφ
2 1 4 2 4 0 0 1 0 0 0 0 0 0 0 0 1

r2φ,iφ,j 0 0 0 0 2
1

2
0 1 0 1 2 0

1

2

1

2

1

2
0

‚±² ¤Ò μÉ ¸Ê³³Ò ¤¨ £· ³³Ò � ¨ ¤¢ÊÌ ¤¨ £· ³³ ‚ ¶·¨¢¥¤¥´Ò ¢ É ¡². 3.

’ ¡²¨Í  3

s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

φ2 1 4 2 4 2
1

2
1 1 4 1 2 2

1

2

1

2

1

2
1

δijφ
2 3 4 2 −4 0 1 −1 0 −4 0 −4 2 1 1 1 3

r2φ,iφ,j −8 0 −8 0 2 −7

2
0 −3 0 −3 2 −8 −7

2
−7

2
−7

2
−8

�¥±μÉμ·Ò¥ ¤¥É ²¨ ¢ÒÎ¨¸²¥´¨° ¤ ´Ò ¢ [7].
‘ ¶μ³μÐÓÕ É ¡². 3 ²¥£±μ ¶μ²ÊÎ¨ÉÓ G2-¶·¨¡²¨¦¥´¨¥ ¤²Ö hμν ¶·¨ ²Õ¡μ³

´ ¡μ·¥ ±μÔËË¨Í¨¥´Éμ¢ as. ’ ±, ¨¸¶μ²Ó§ÊÖ aGR
s ¨§ É ¡². 1, ´ °¤¥³

hGR
00 = −2φ2, hGR

ij = [4δijφ
2 − 8r2φ,iφ,j ] + δijφ

2 + r2φ,iφ,j ,

i, j = 1, 2, 3; r2φ,iφ,j =
G2M2xixj

r4
.

(28)

‚Ò· ¦¥´¨¥ ¢ ±¢ ¤· É´ÒÌ ¸±μ¡± Ì ³μ¦´μ μ¶Ê¸É¨ÉÓ (ÔÉμ Î¨¸É Ö ± ²¨¡·μ¢± ).
’μ£¤  ¶μ²ÊÎ¨³ £ ·³μ´¨Î¥¸±ÊÕ ¸¨¸É¥³Ê ±μμ·¤¨´ É ¢ G2-¶·¨¡²¨¦¥´¨¨:

gGR
00 = −(1 + 2φ + 2φ2), gGR

ij = (1 − 2φ)δij + φ2
(
δij +

xixj

r2

)
. (29)

‚ ´ Ï¥³ ¸²ÊÎ ¥ ¤²Ö as ¨§ É ¡². 1  ´ ²μ£¨Î´μ ¶μ²ÊÎ¨³

g00 = −(1 + 2φ + 2φ2), gij = (1 − 2φ + 9φ2)δij − 7φ2 xixj

r2
. (30)
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ŠμÔËË¨Í¨¥´ÉÒ 9 ¨ −7 ¢ (30) ´¥ É ± ¸¨³¶ É¨Î´Ò, ± ± ¥¤¨´¨Î´Ò¥ ±μÔËË¨-
Í¨¥´ÉÒ ¢ μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ ¢ (29). �  ¶·¥Í¥¸¸¨¨ ¶¥·¨£¥²¨Ö
´¥·¥²ÖÉ¨¢¨¸É¸±μ° ¶² ´¥ÉÒ μ´¨ ´¥ ¸± ¦ÊÉ¸Ö, É ± ÎÉμ Ö¢´μ£μ ¶·μÉ¨¢μ·¥Î¨Ö ¸
¤ ´´Ò³¨ ´ ¡²Õ¤¥´¨° ´¥É. Œμ¦´μ ¡Ò²μ ¡Ò ¶μ¤Ê³ ÉÓ, ÎÉμ ¢ ²μ± ²Ó´ÒÌ Î²¥-
´ Ì (¸³. (22) ¨ (23)) ´Ê¦´μ ÊÎ¨ÉÒ¢ ÉÓ Éμ²Ó±μ ¤¨ £· ³³Ò ‚,   � ´¥ ÊÎ¨ÉÒ¢ ÉÓ,
´μ ÔÉμ ´¥ ¨§³¥´¨É ·¥§Ê²ÓÉ É  (30). ‡ ³¥É¨³ ¥Ð¥, ÎÉμ, ¥¸²¨ Ë-²  (20) ¢¥·´ 
¶·¨ ¢¸¥Ì ¸±μ·μ¸ÉÖÌ, ±μ´±·¥É´Ò¥ §´ Î¥´¨Ö ®´¥¸¨³¶ É¨Î´ÒÌ¯ ±μÔËË¨Í¨¥´Éμ¢
¢μ ¢Éμ·μ³ · ¢¥´¸É¢¥ ¢ (30) ¸ÊÐ¥¸É¢¥´´Ò ¤²Ö μ¶·¥¤¥²¥´¨Ö ¤¢¨¦¥´¨Ö ¶·μ¡´μ°
Î ¸É¨ÍÒ. �Éμ£μ ´¥²Ó§Ö ¸± § ÉÓ, ¥¸²¨ (20) ¢¥·´  Éμ²Ó±μ ¶·¨ ³ ²ÒÌ ¸±μ·μ¸ÉÖÌ.

4. ��…����‡�‚��ˆ… ‚Š‹�„� �’ „ˆ�ƒ��ŒŒ ‚
‚� ‚Š‹�„› �’ „ˆ�ƒ��ŒŒ �

‚±² ¤Ò μÉ ¤¨ £· ³³ ‚ ³μ¦´μ ¸¢¥¸É¨ ± ¢±² ¤ ³ μÉ ¤¨ £· ³³ �. �·μ¤¥-

³μ´¸É·¨·Ê¥³ ÔÉμ ´  ¶·¨³¥·¥ Î²¥´  ¸ s = 1, É. ¥. Î²¥´ 
1
τγθ = ηγθhαβ,γhγβ,α

(¸³. (2)). ‚±² ¤ ÔÉμ£μ Î²¥´  ¢ hμν ¶·μ¶μ·Í¨μ´ ²¥´ ¨´É¥£· ²Ê∫
d4x′

[
∂

∂x′λ Dμνρσ(x − x′)
]

hλσ,ρ(x′)ηγθh
γθ. (31)

�ÉμÉ ¨´É¥£· ² μ¶¨¸Ò¢ ¥É ¢§ ¨³μ¤¥°¸É¢¨¥ £· ¢¨Éμ´  ¢´¥Ï´¥£μ ¶μ²Ö (Ë ±Éμ·
hγθ ¢ (31)) ¸ £· ¢¨É Í¨μ´´Ò³ É¥´§μ·μ³ Ô´¥·£¨¨-¨³¶Ê²Ó¸ , μ¡· §μ¢ ´´μ£μ £· -
¢¨Éμ´μ³ ¶·μ¡´μ° Î ¸É¨ÍÒ (¶·¥¤¸É ¢²¥´´μ° ¶·μ¶ £ Éμ·μ³ Dμνρσ(x − x′)) ¨
£· ¢¨Éμ´μ³ ¢´¥Ï´¥£μ ¶μ²Ö (Ë ±Éμ· hλσ,ρ). ˆ´É¥£·¨·μ¢ ´¨¥ ¶μ Î ¸ÉÖ³ ¢ (31)
Ô±¢¨¢ ²¥´É´μ § ³¥´¥ ¢ ¶μ¤Ò´É¥£· ²Ó´μ³ ¢Ò· ¦¥´¨¨:

[
∂

∂x′λ Dμνρσ(x − x′)
]

hλσ,ρ(x′)ηγθh
γθ →

→ −Dμνρσ(x − x′)
∂

∂x′λ
[
hλσ,ρ(x′)h(x′)

]
=

= −Dμνρσ(x − x′)
[

8
τ ρσ(x′)+

h
τ ρσ(x′)

]
. (32)

‘¨³¢μ²¨Î¥¸±¨
1
τ ρσ(B) → −

[
8
τ ρσ(A)+

h
τ ρσ(A)

]
. (33)

‘²¥¤μ¢ É¥²Ó´μ, ¤²Ö ¢±² ¤  ¢¸¥Ì É·¥Ì ¤¨ £· ³³

1
τ ρσ(A) + 2

1
τ ρσ(B) → 1

τ ρσ(A) − 2
[[

8
τ ρσ(A)+

h
τ ρσ(A)

]]
(34)

¨  ´ ²μ£¨Î´μ ¤²Ö ¤·Ê£¨Ì s.
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�É  ¶·μÍ¥¤Ê·  Ô±¢¨¢ ²¥´É´  Éμ³Ê, ÎÉμ ³Ò ¨¸¶μ²Ó§Ê¥³
int

L ¢ (17) ¢ ¢ ·¨-
 Í¨μ´´μ³ ¶·¨´Í¨¶¥ ¤²Ö ¶μ²ÊÎ¥´¨Ö £· ¢¨É Í¨μ´´μ£μ Ê· ¢´¥´¨Ö. „²Ö ´ Ï¥£μ
´ ¡μ·  as μ´μ μ± ¦¥É¸Ö ´¥ ¸ ³μ¸μ£² ¸μ¢ ´´Ò³: μ¶·¥¤¥²Ö¥³Ò° ÔÉ¨³ Ê· ¢´¥-
´¨¥³ ¨¸ÉμÎ´¨± ¶μ²Ö ´¥ ¸μÌ· ´Ö¥É¸Ö. ‘ ÔÉμ° ÉμÎ±¨ §·¥´¨Ö ´ Ï  ³¥É·¨± 
(30) ¶μ²ÊÎ¥´  ¨§ ´¥¸ ³μ¸μ£² ¸μ¢ ´´μ£μ Ê· ¢´¥´¨Ö. �¤´ ±μ ´  · ¸¸³μÉ·¥´-
´ÊÕ ¶·μÍ¥¤Ê·Ê ³μ¦´μ ¸³μÉ·¥ÉÓ ± ± ´  Ëμ·³ ²Ó´Ò° ¶·¨e³ ¤²Ö ÊÎ¥É  ¢±² ¤ 
¢¸¥Ì ¤¨ £· ³³. �μ ÔÉμ° ¶·¨Î¨´¥ Ö ´¥ ¢¨¦Ê  ·£Ê³¥´Éμ¢, ¸μ£² ¸´μ ±μÉμ·Ò³
´¥¸ ³μ¸μ£² ¸μ¢ ´´μ¸ÉÓ Ê· ¢´¥´¨Ö, ±μÉμ·μ¥ ¢μμ¡Ð¥ ´¥ Ë¨£Ê·¨·μ¢ ²μ ¢ S-
³ É·¨Î´μ³ ¶μ¤Ìμ¤¥, ¶·μÉ¨¢μ·¥Î¨²μ ¡Ò ¨¸¶μ²Ó§μ¢ ´¨Õ ¢Ò¡· ´´μ° ¢¥·Ï¨´Ò.
Œμ¦¥É ¡ÒÉÓ, ÔÉμÉ Ë ±É ³μ¦´μ ¨´É¥·¶·¥É¨·μ¢ ÉÓ É ±, ÎÉμ ¢ S-³ É·¨Î´μ³
¶μ¤Ìμ¤¥ ¤μ¶Ê¸É¨³Ò ³¥É·¨±¨, ´¥ ¤μ¶Ê¸É¨³Ò¥ £· ¢¨É Í¨μ´´Ò³ Ê· ¢´¥´¨¥³.

�·μ¤μ²¦¨³, μ¤´ ±μ, ´ Ï¥ · ¸¸³μÉ·¥´¨¥. ˆ¸¶μ²Ó§μ¢ ´¨¥ (17) ¢ ¢ ·¨ Í¨-

μ´´μ³ ¶·¨´Í¨¶¥ ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ ±
M

T
jn
0 ¢ (21) ¸²¥¤Ê¥É ¶·¨¡ ¢¨ÉÓ

t̃jn = 2

⎡
⎣ ∂

int

L

∂hjn
−

⎛
⎝ ∂

int

L

∂hjn,λ

⎞
⎠

,λ

⎤
⎦ =

1
32πG

q∑
s=1

ds
s
τ jn,

s = 1, 2, . . . , 16, a, b, . . . , q.

(35)

ŠμÔËË¨Í¨¥´ÉÒ ds ¸¢Ö§ ´Ò ¸ as ¢ (17) ¸²¥¤ÊÕÐ¨³¨ ¸μμÉ´μÏ¥´¨Ö³¨:

d1 = a1 − a8, d2 = a2 − a9, d3 = −2a11, d4 = −a4, d5 = a5 − a12,

d6 = a6 − a13, d7 = −a7, d8 = −2a1 + a8 − a10, d9 = −2a2,

d10 = −a8 + a10 − 2a16, d11 = −a3 + a11, d12 = −2a5,

d13 = −2a6 + a13 − a15, d14 = a14 − a15,

d15 = −a13 − 2a14 + a15, d16 = −a10 + a16, (36)

da = −2a4, db = −a3, dc = −2a11, dd = −a9, de = −a8 − a10,

df = −a3, dg = −2a2, dh = −2a1 − 2a16, di = −2a5,

dj = −a13 − a15, dk = −a12, dl = −a9, dm = −a12,

dn = −a8 − a10, do = −a13 − a15, dp = −2a7, dq = −2a6 − 2a14.

�É¨ ¸μμÉ´μÏ¥´¨Ö ¶μ²¥§´Ò ¶·¨ · ¸¸³μÉ·¥´¨¨ ¢μ¶·μ¸  μ Éμ³, ³μ¦´μ ²¨ ± ±μ¥-
Éμ § ¤ ´´μ¥ £· ¢¨É Í¨μ´´μ¥ Ê· ¢´¥´¨¥ ¶μ²ÊÎ¨ÉÓ ´  μ¸´μ¢¥ ¢ ·¨ Í¨μ´´μ£μ
¶·¨´Í¨¶ , É. ¥. ¶μ § ¤ ´´Ò³ ds ´ °É¨ as. ’ ± ± ± ±μÔËË¨Í¨¥´Éμ¢ ds ¡μ²¥¥
Î¥³ ¢ ¤¢a · §  ¡μ²ÓÏ¥, Î¥³ as, Éμ ÔÉμ ¢μ§³μ¦´μ Éμ²Ó±μ ¢ ¨¸±²ÕÎ¨É¥²Ó´ÒÌ
¸²ÊÎ ÖÌ.
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„²Ö as, ¶·¨¢¥¤¥´´ÒÌ ¢ É ¡². 1, ¨¸¶μ²Ó§ÊÖ (36), ¶μ²ÊÎ¨³

t̃jn =
1

32πG

[
−2

1
τ jn +

5
2

2
τ jn + 3

3
τ jn +

1
2

4
τ jn− 5

τ jn + 4
6
τ jn − 4

7
τ jn−

− 3
8
τ jn + 3

10
τ jn − 2

11
τ jn − 2

12
τ jn − 2

13
τ jn − 2

14
τ jn + 10

15
τ jn − 5

16
τ jn+

+
a
τ jn − 1

2
b
τ jn + 3

c
τ jn +

5
2

d
τ jn − 7

e
τ jn − 1

2
f
τ jn − 2

i
τ jn + 6

j
τ jn−

−2
k
τ jn +

5
2

l
τ jn − 2

m
τ jn − 7

n
τ jn + 6

o
τ jn − 8

p
τ jn + 8

q
τ jn

]
. (37)

‚´¥ ¸Ë¥·¨Î¥¸±μ£μ É¥²  ¸ ¶μ³μÐÓÕ (9) ¨§ (37) ´ °¤¥³

t̃00 = − 9
8π

GM2

r4
, t̃ij =

GM2

8π

[
9δij

r4
− 14xixj

r6

]
, i, j = 1, 2, 3. (38)

‚ É¥·³¨´ Ì t̄jn = tjn − 1
2
ηjnt ¶μ²ÊÎ¨³ ¨§ (38), μ¶Ê¸É¨¢ É¨²Ó¤Ê, ÎÉμ¡Ò ´¥

§ £·μ³μ¦¤ ÉÓ ´ ¶¨¸ ´¨¥,

t̄00 =
GM2

4πr4
, t̄ij = −GM2

4π

[
δij

r4
+

7xixj

r6

]
, i, j = 1, 2, 3. (39)

ˆ¸¶μ²Ó§ÊÖ Ê· ¢´¥´¨¥
∇2hμν = −16πGt̄μν (40)

¸ t̄ij ¨§ (39), ¸´μ¢  ¶μ²ÊÎ¨³ G2-Î²¥´Ò ¢ (30).

‡�Š‹	—…�ˆ…

� Ï¥ · ¸¸³μÉ·¥´¨¥ ¶μ± §Ò¢ ¥É, ÎÉμ ¶·¥¤¶μ²μ¦¥´¨¥ μ Éμ³, ÎÉμ £· ¢¨-
Éμ´ ¢ É·¥Ì£· ¢¨Éμ´´μ° ¢¥·Ï¨´¥ ¢§ ¨³μ¤¥°¸É¢Ê¥É ¸ £· ¢¨É Í¨μ´´Ò³ É¥´§μ·μ³
Ô´¥·£¨¨-¨³¶Ê²Ó¸ , ´¥ ¢¸É·¥Î ¥É¸Ö Ö¢´μ ¸ É·Ê¤´μ¸ÉÖ³¨. �μ± § ´μ, ÎÉμ ¸ÊÐ¥-
¸É¢Ê¥É ¶μ ±· °´¥° ³¥·¥ μ¤¨´ É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö,
¶μ¸É·μ¥´´Ò° ¶μ ¶· ¢¨² ³ É¥μ·¨¨ ¶μ²Ö (¶μ 	¥²¨´Ë ´É¥), ±μÉμ·Ò° ¶·¨¢μ¤¨É ±
¶· ¢¨²Ó´μ° ¶·¥Í¥¸¸¨¨ ¶¥·¨£¥²¨Ö ¶² ´¥ÉÒ. �μ ÔÉμ° ¶·¨Î¨´¥ ¶·¥¤¸É ¢²Ö¥É¸Ö
¨´É¥·¥¸´Ò³ ¨¸¸²¥¤μ¢ ÉÓ ÔÉÊ ¶·μ¡²¥³Ê £²Ê¡¦¥.

�² £μ¤ ·´μ¸É¨. Ÿ ¡² £μ¤ ·Õ ‚.ˆ. �¨ÉÊ¸  ¨ Œ.�. ‚ ¸¨²Ó¥¢  §  Í¥´´Ò¥
μ¡¸Ê¦¤¥´¨Ö ¨ ¶μ¤¤¥·¦±Ê. Ÿ ¶·¨§´ É¥²¥´ �. �.Œ¥Í ¥¢Ê ¨ �.�. 	 ·¢¨´¸±μ³Ê § 
¶μ²¥§´Ò¥ ¤¨¸±Ê¸¸¨¨ ¨ ±·¨É¨Î¥¸±¨¥ § ³¥Î ´¨Ö. Ÿ ¡² £μ¤ ·¥´ É ±¦¥
‚.�.�¥·¢ÊÏ¨´Ê §  Í¥´´Ò¥ § ³¥Î ´¨Ö ¶μ Ê²ÊÎÏ¥´¨Õ ·Ê±μ¶¨¸¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ ¸μ¢¥É  � ÊÎ´ÒÌ Ï±μ² ¨
�””ˆ (¶·μ¥±ÉÒ º1578.2003.2 ¨ 05-02-17217).
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