
�¨¸Ó³  ¢ �—
Ÿ º1[98]-2000 Particles and Nuclei, Letters No.1[98]-2000

“„Š 530.12; 531.51

’…CDˆŸ ’ŸƒC’…HˆŸ ‘ ’C—Šˆ ‡D…HˆŸ ƒ…CŒ…’Dˆˆ
‹COP—…‚‘ŠCƒC

6.-.—¥·´¨±µ¢

‚ ¶¥·¢µ° Î ¸É¨ · ¡µÉÒ · ¸¸³µÉ·¥´Ò Î¥ÉÒ·¥ ³µ¤¥²¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¶µ-
±µÖÐ¥°¸Ö §¢¥§¤Ò ¢³¥¸É¥ ¸ Ê· ¢´¥´¨Ö³¨ ¤¢¨¦¥´¨Ö ¥¥ ¸¶ÊÉ´¨ÍÒ Å ¶² ´¥ÉÒ. z¥·¢ Ö
³µ¤¥²Ó ¶µ¸É·µ¥´  OÓÕÉµ´µ³. ‚Éµ· Ö ³µ¤¥²Ó ¶µ¸É·µ¥´  ‹µ¡ Î¥¢¸±¨³. zµ¸É·µ¥´¨¥
É·¥ÉÓ¥° ³µ¤¥²¨ ´ Î Éµ {°´ÏÉ¥°´µ³, ¶·µ¤µ²¦¥´µ ˜¢ ·ÍÏ¨²Ó¤µ³ ¨ § ¢¥·Ï¥´µ ”µ-
±µ³. —¥É¢¥·É Ö ³µ¤¥²Ó ¶µ¸É·µ¥´   ¢Éµ·µ³ ¤ ´´µ° · ¡µÉÒ. ƒ¥µ³¥É·¨Ö ‹µ¡ Î¥¢¸±µ£µ
¢¢µ¤¨É¸Ö ± ± ¢ ¶·µ¸É· ´¸É¢µ ¸±µ·µ¸É¥°, É ± ¨ ¢ ¶·µ¸É· ´¸É¢µ ¶µ²µ¦¥´¨° ³ É¥·¨-
 ²Ó´µ° ÉµÎ±¨. ‚ ¶¥·¢µ° ¨ É·¥ÉÓ¥° ³µ¤¥²ÖÌ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ §¢¥§¤Ò ¶µ¤Î¨´Ö¥É¸Ö
Ê· ¢´¥´¨Ö³ {°´ÏÉ¥°´ . ‚µ ¢Éµ·µ° ¨ Î¥É¢¥·Éµ° ³µ¤¥²ÖÌ £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ §¢¥§¤Ò
¶µ¤Î¨´Ö¥É¸Ö ´µ¢Ò³ Ê· ¢´¥´¨Ö³, ¶·¥¤²µ¦¥´´Ò³  ¢Éµ·µ³. ‚µ ¢Éµ·µ° Î ¸É¨ · ¡µÉÒ
¤ ´µ ¶·µ¸Éµ¥ µ¶·¥¤¥²¥´¨¥ ¸¨³³¥É·¨Î´µ°  ËË¨´´µ° ¸¢Ö§´µ¸É¨, ¤µ± § ´ ·Ö¤ É¥µ·¥³
¨ ¶·¨¢¥¤¥´µ ÉµÎ´µ¥ ·¥Ï¥´¨¥ ´µ¢ÒÌ Ê· ¢´¥´¨° ¢ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö.

N ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨ ¨³. O.O.�µ£µ²Õ¡µ¢ 

WˆŸˆ.

The Theory of Gravity from the Viewpoint of Lobachevsky
Geometry

N.A.Chernikov

In the ˇrst part of this paper four models are being discussed, concerning the gravita-
tional ˇeld of a star at rest and the equations of motion of the companion planet. The ˇrst
model has been created by Newton and the second Å by Lobachevsky. The third model
has been initiated by Einstein, further developed by Schwarzschild and completed by
Fock. The fourth model has been created by the author of this paper. The Lobachevsky
geometry is introduced in the velocity space and in the usual space as well. In the ˇrst
and in the third models the gravitational ˇeld of the star obeys the Einstein equations.
In the second and in the fourth models the gravitational ˇeld of the star obeys new
equations, proposed by the author. In the second part of the paper a simple deˇnition of
a symmetric afˇne connection is given, also several theorems have been proven and an
exact solution of the new equations in the theory of gravity has been given.

The investigation has been performed at the Bogoliubov Laboratory of Theoretical
Physics, JINR.
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1. ‚‚…„…Hˆ…

‡¤¥¸Ó · ¸¸³µÉ·¥´Ò Î¥ÉÒ·¥ ³µ¤¥²¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¶µ±µÖÐ¥°¸Ö §¢¥§¤Ò ¢³¥¸É¥
¸ Ê· ¢´¥´¨Ö³¨ ¤¢¨¦¥´¨Ö ¥¥ ¸¶ÊÉ´¨ÍÒ Å ¶² ´¥ÉÒ. N ¸¸³µÉ·¥´´Ò¥ ³µ¤¥²¨ · §²¨Î ÕÉ¸Ö
§´ Î¥´¨Ö³¨ (k, c) ¶ · ±µ´¸É ´É k ¨ c. Šµ´¸É ´É  k Ö¢²Ö¥É¸Ö Ì · ±É¥·´µ° ³¥·µ° ¤²¨´Ò ¢
¶·µ¸É· ´¸É¢¥ ¶µ²µ¦¥´¨° ³ É¥·¨ ²Ó´µ° ÉµÎ±¨. Šµ´¸É ´É  c Ö¢²Ö¥É¸Ö Ì · ±É¥·´µ° ³¥·µ°
¡Ò¸É·µÉÒ ¢ ¶·µ¸É· ´¸É¢¥ ¸±µ·µ¸É¥° ³ É¥·¨ ²Ó´µ° ÉµÎ±¨. Š ¦¤ Ö ¨§ ´¨Ì ²¨¡µ · ¢´ , ²¨¡µ
³¥´ÓÏ¥ ¡¥¸±µ´¥Î´µ¸É¨. …¸²¨ k = ∞, Éµ ¢ ¶·µ¸É· ´¸É¢¥ ¶µ²µ¦¥´¨° ¤¥°¸É¢Ê¥É £¥µ³¥É·¨Ö
…¢±²¨¤ ; ¥¸²¨ k < ∞, Éµ ¢ ´¥³ ¤¥°¸É¢Ê¥É £¥µ³¥É·¨Ö ‹µ¡ Î¥¢¸±µ£µ. …¸²¨ c = ∞, ¢
¶·µ¸É· ´¸É¢¥ ¸±µ·µ¸É¥° ¤¥°¸É¢Ê¥É £¥µ³¥É·¨Ö …¢±²¨¤ ; ¥¸²¨ c < ∞, Éµ ¢ ´¥³ ¤¥°¸É¢Ê¥É
£¥µ³¥É·¨Ö ‹µ¡ Î¥¢¸±µ£µ.

‚ ³µ¤¥²ÖÌ (k = ∞, c = ∞) ¨ (k = ∞, c < ∞) £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ Ê¤µ¢²¥É¢µ·Ö¥É
Ê· ¢´¥´¨Ö³ {°´ÏÉ¥°´  Rmn = 0.

‚ ³µ¤¥²ÖÌ (k < ∞, c = ∞) ¨ (k < ∞, c < ∞) £· ¢¨É Í¨µ´´µ¥ ¶µ²¥ Ê¤µ¢²¥É¢µ·Ö¥É
´µ¢Ò³ Ê· ¢´¥´¨Ö³, ¶·¥¤²µ¦¥´´Ò³  ¢Éµ·µ³.

Œµ¤¥²Ó (k = ∞, c = ∞) ¶µ¸É·µ¥´  OÓÕÉµ´µ³.
Œµ¤¥²Ó (k < ∞, c = ∞) ¶µ¸É·µ¥´  ‹µ¡ Î¥¢¸±¨³.
Œµ¤¥²Ó (k = ∞, c < ∞) ¶µ¸É·µ¥´  {°´ÏÉ¥°´µ³, ¶µ²µ¦¨¢Ï¨³ ¢ ¥¥ µ¸´µ¢Ê Ê· ¢-

´¥´¨Ö Rmn = 0, ˜¢ ·ÍÏ¨²Ó¤µ³, ·¥Ï¨¢Ï¨³ ÔÉ¨ Ê· ¢´¥´¨Ö, ¨ ”µ±µ³, ´ ¸ÉµÖ¢Ï¨³ ´ 
¢Ò¶µ²´¥´¨¨ Ê¸²µ¢¨Ö £ ·³µ´¨Î´µ¸É¨.

Œµ¤¥²Ó (k < ∞, c < ∞) ¶µ¸É·µ¥´   ¢Éµ·µ³. W´  ¸µ¤¥·¦¨É ¢¸Õ ¨´Ëµ·³ Í¨Õ µ¡
µ¸É ²Ó´ÒÌ É·¥Ì ³µ¤¥²ÖÌ. …¸²¨ ¢ ÔÉµ° ³µ¤¥²¨ ¶µ²µ¦¨ÉÓ c = ∞, Éµ ¶µ²ÊÎ¨É¸Ö ³µ-
¤¥²Ó ‹µ¡ Î¥¢¸±µ£µ, ¥¸²¨ ¢ ´¥° ¶µ²µ¦¨ÉÓ c = ∞, k = ∞, Éµ ¶µ²ÊÎ¨É¸Ö ³µ¤¥²Ó OÓÕ-
Éµ´ . …¸²¨ ¦¥ ¢ ´¥° ¶µ²µ¦¨ÉÓ k = ∞, Éµ ¶µ²ÊÎ¨É¸Ö ³µ¤¥²Ó {°´ÏÉ¥°´ Å˜¢ ·ÍÏ¨²Ó-
¤ Å”µ± .

ˆ´É¥·¥¸´µ, ÎÉµ ¢ ³µ¤¥²¨ (k < ∞, c < ∞) ¨§ Ê· ¢´¥´¨° £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö
¸²¥¤Ê¥É · ¢¥´¸É¢µ ´Ê²Õ ¢¥±Éµ·   ´£ ·³µ´¨Î´µ¸É¨, ±µÉµ·µ¥ ¢ ¶·¥¤¥²¥ k → ∞ ¶¥·¥Ìµ¤¨É
¢ Ê¸²µ¢¨¥ £ ·³µ´¨Î´µ¸É¨ ¤²Ö ³µ¤¥²¨ (k = ∞, c < ∞).

‚µµ¡Ð¥, ³µ¦´µ ³´µ£µ¥ ¶µ´ÖÉÓ, · ¸¸³ É·¨¢ Ö É¥µ·¨Õ ÉÖ£µÉ¥´¨Ö ¸ ÉµÎ±¨ §·¥´¨Ö £¥µ-
³¥É·¨¨ ‹µ¡ Î¥¢¸±µ£µ. O ¶·¨³¥·, ³µ¦´µ ¶µ´ÖÉÓ, ¶µÎ¥³Ê ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ ÉÖ£µ-
É¥´¨Ö ¶·¨ ¢¸¥Ì ¥¥ Ê¸¶¥Ì Ì ´ Ìµ¤ÖÉ ´¥¤µ¸É É±¨. “¤ ¥É¸Ö ¤ ¦¥ ¶µ´ÖÉÓ, ± ± Ê¸É· ´ÖÉÓ É ±¨¥
´¥¤µ¸É É±¨.

Š ± ¨§¢¥¸É´µ, ¢¸¥ Ê¸¶¥Ì¨ ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö § ²µ¦¨² {°´ÏÉ¥°´, § -
³¥´¨¢ ¢ ³µ¤¥²¨ OÓÕÉµ´  £· ¢¨É Í¨µ´´Ò° ¶µÉ¥´Í¨ ² U ´  £· ¢¨É Í¨µ´´ÊÕ ³¥É·¨±Ê
gmndx

mdxn,   ´¥·¥²ÖÉ¨¢¨¸É¸±ÊÕ £· ¢¨É Í¨µ´´ÊÕ ¸¢Ö§´µ¸ÉÓ, § ¤ ¢ ¥³ÊÕ Î¥·¥§ ¸¨³¢µ²
gradU , Å ´  ·¥²ÖÉ¨¢¨¸É¸±ÊÕ £· ¢¨É Í¨µ´´ÊÕ ¸¢Ö§´µ¸ÉÓ, § ¤ ¢ ¥³ÊÕ ¸¨³¢µ²µ³ Š·¨-
¸ÉµËË¥²Ö ¤²Ö É¥´§µ·  gmn.

z· ¢¤ , ¢¸²¥¤¸É¢¨¥ ÔÉµ£µ ¶²µÉ´µ¸ÉÓ Ô´¥·£¨¨ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¨§-§  ¸²ÊÎ¨¢Ï¥°¸Ö
¶µ ¤µ·µ£¥ ¶µÉ¥·¨ Ëµ´µ¢µ° ¸¢Ö§´µ¸É¨ µ± § ² ¸Ó § ¢¨¸ÖÐ¥° µÉ ¢Ò¡µ·  ±µµ·¤¨´ É´µ° ± ·ÉÒ.
Oµ, ´¥ § ³¥É¨¢ ¶µÉ¥·¨, £· ¢¨É Í¨µ´¨¸ÉÒ ¢µµ¡· §¨²¨, ÎÉµ Ô´¥·£¨Ö £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö
´¥²µ± ²¨§Ê¥³ , Î¥³ ´ ´¥¸²¨ ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ £· ¢¨É Í¨¨ ¥Ð¥ ¡µ²ÓÏ¨° Ê·µ´. WÉ-
¸Õ¤  ¶µÏ²¨ ´¥¤µ¸É É±¨ ¢ É¥µ·¨¨ £· ¢¨É Í¨¨.

Š § ²µ¸Ó ¡Ò, ¶µÉ¥·Ö ¡Ò²  ¸¤¥² ´  ¶·¨ ¸³Ö£Î ÕÐ¨Ì µ¡¸ÉµÖÉ¥²Ó¸É¢ Ì, ¶µ¸±µ²Ó±Ê ¢
³µ¤¥²¨ OÓÕÉµ´  Ëµ´µ¢ Ö ¸¢Ö§´µ¸ÉÓ ¶·¨³¨É¨¢´ . W¤´ ±µ §¤¥¸Ó-Éµ ¨ É ¨² ¸Ó µ¶ ¸´µ¸ÉÓ:
¢ ´¥±µÉµ·ÒÌ ±µµ·¤¨´ É´ÒÌ ± ·É Ì ¢¸¥ ±µ³¶µ´¥´ÉÒ ¶·¨³¨É¨¢´µ° ¸¢Ö§´µ¸É¨ · ¢´ÖÕÉ¸Ö
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´Ê²Õ, ¢ ¤·Ê£¨Ì ¦¥ ±µµ·¤¨´ É´ÒÌ ± ·É Ì ¥¥ ±µ³¶µ´¥´ÉÒ ´Ê²Õ ´¥ · ¢´ÖÕÉ¸Ö. O ¤¥¦-
´¥¥ ¨³¥ÉÓ ¤¥²µ ¸ ´¥¶·¨³¨É¨¢´µ° ¸¢Ö§´µ¸ÉÓÕ: ¸µ¢µ±Ê¶´µ¸ÉÓ ¥¥ ±µ³¶µ´¥´É ´¨ ¢ µ¤´µ°
±µµ·¤¨´ É´µ° ± ·É¥ ¢ ´Ê²Ó ´¥ µ¡· Ð ¥É¸Ö.

‚µ¸¸É ´µ¢¨ÉÓ ¶µÉ¥·Ö´´ÊÕ ¢ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö {°´ÏÉ¥°´  Ëµ´µ¢ÊÕ ¸¢Ö§´µ¸ÉÓ ´ ³
¶µ³µ£ ¥É §´ ´¨¥ ³µ¤¥²¨ ‹µ¡ Î¥¢¸±µ£µ [1],[2]. ”µ´µ¢ Ö ¸¢Ö§´µ¸ÉÓ ¢ ³µ¤¥²¨ ‹µ¡ Î¥¢¸±µ£µ
´¥¶·¨³¨É¨¢´  ¨, ¸²¥¤µ¢ É¥²Ó´µ, ´ Ìµ¤¨É¸Ö §  ¶·¥¤¥² ³¨ É¥µ·¨¨ {°´ÏÉ¥°´ , ´µ ³µ¦´µ
¢¥·´ÊÉÓ¸Ö ¢ ÔÉ¨ ¶·¥¤¥²Ò, ´¥ ¶µÉ¥·Ö¢ ¶·¨ ÔÉµ³ ¢µ¸¸É ´µ¢²¥´´ÊÕ Ëµ´µ¢ÊÕ ¸¢Ö§´µ¸ÉÓ. „²Ö
ÔÉµ£µ ´ ¤µ Ê¸É·¥³¨ÉÓ ± ¡¥¸±µ´¥Î´µ¸É¨ Ì · ±É¥·´ÊÕ ¤²Ö £¥µ³¥É·¨¨ ‹µ¡ Î¥¢¸±µ£µ ³¥·Ê
¤²¨´Ò, µ¡µ§´ Î ¥³ÊÕ (¶µ ¶·¥¤²µ¦¥´¨Õ ƒ Ê¸¸ ) Î¥·¥§ ±µ´¸É ´ÉÊ k. ‚ ÔÉµ³ ¶·¥¤¥²¥
³µ¤¥²Ó ‹µ¡ Î¥¢¸±µ£µ ¶¥·¥°¤¥É ¢ ³µ¤¥²Ó OÓÕÉµ´ ,   ¢µccÉ ´µ¢²¥´´ Ö Ëµ´µ¢ Ö ¸¢Ö§´µ¸ÉÓ
¸É ´¥É ¶·¨³¨É¨¢´µ°.

�² £µ¤ ·Ö ¢¢¥¤¥´¨Õ ¢ Ëµ´µ¢ÊÕ ¸¢Ö§´µ¸ÉÓ £¥µ³¥É·¨¨ ‹µ¡ Î¥¢¸±µ£µ ³´µ£¨¥ É·Ê¤´Ò¥
¢µ¶·µ¸Ò É¥µ·¨¨ £· ¢¨É Í¨¨ ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò ¶·µÖ¸´¨²¨¸Ó. O ¶·¨³¥·, ¶µ²µ¦¨É¥²Ó´µ
·¥Ï¨²¸Ö ¢µ¶·µ¸ µ ¢Ò¡µ·¥ £ ·³µ´¨Î¥¸±¨Ì ±µµ·¤¨´ É. ‘¨ÉÊ Í¨Ö §¤¥¸Ó µ± § ² ¸Ó  ´ ²µ£¨Î-
´µ° Éµ°, ±µÉµ·ÊÕ ¢ § ¤ Î Ì ¸É É¨¸É¨Î¥¸±µ° ³¥Ì ´¨±¨ · §·¥Ï¨² �µ£µ²Õ¡µ¢ [3] ³¥Éµ¤µ³
±¢ §¨¸·¥¤´¨Ì. ’µ²Ó±µ ·µ²Ó, ±µÉµ·ÊÕ ¢ ³¥Éµ¤¥ ±¢ §¨¸·¥¤´¨Ì ¨£· ¥É ³ £´¨É´µ¥ ¶µ²¥, §¤¥¸Ó
¶¥·¥Ìµ¤¨É ± ³¥·¥ ¤²¨´Ò k.

‚ ·¥§Ê²ÓÉ É¥ É·Ê¤µ¥³±µ° · ¡µÉÒ Ö ¶·¥¤²µ¦¨² ¸²¥¤ÊÕÐ¨° ·¥Í¥¶É ¢µ¸¸É ´µ¢²¥´¨Ö
Ëµ´µ¢µ° ¸¢Ö§´µ¸É¨ [4].

W¡µ§´ Î¨³ Î¥·¥§ Γamn £· ¢¨É Í¨µ´´ÊÕ ¸¢Ö§´µ¸ÉÓ,   Î¥·¥§ Γ̆amn Å Ëµ´µ¢ÊÕ ¸¢Ö§´µ¸ÉÓ.
ˆÌ · §´µ¸ÉÓ P a

mn = Γ̆amn − Γamn ´ §µ¢¥³ É¥´§µ·µ³  ËË¨´´µ° ¤¥Ëµ·³ Í¨¨.
‡ É¥³ µ¡µ§´ Î¨³ Î¥·¥§ Rmn É¥´§µ· N¨ÎÎ¨ £· ¢¨É Í¨µ´´µ° ¸¢Ö§´µ¸É¨,   Î¥·¥§

R̆mn Å É¥´§µ· N¨ÎÎ¨ Ëµ´µ¢µ° ¸¢Ö§´µ¸É¨. ˆÌ · §´µ¸ÉÓ µ¡µ§´ Î¨³ Î¥·¥§ Smn = R̆mn −
Rmn.

‘µ£² ¸´µ ¶·¥¤²µ¦¥´´µ³Ê ³´µÕ ·¥Í¥¶ÉÊ, ´  Éµ³ ³¥¸É¥, £¤¥ (¢ ¶¸¥¢¤µ¸± ²Ö·¥ ² £· ´-
¦¨ ´  ¨ ¢ ¶¸¥¢¤µÉ¥´§µ·¥ Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö) ¸Éµ¨É £¥µ³¥É·¨Î¥¸±¨°
µ¡Ñ¥±É ¸ ±µ³¶µ´¥´É ³¨ (−Γamn), ´ §Ò¢ ¥³Ò° ¶µ Œ ´µ¢Ê [5] ±µ¢ ·¨ ´É´µ°  ËË¨´´µ°
¸¢Ö§´µ¸ÉÓÕ, ´ ¤µ ¶µ¸É ¢¨ÉÓ É¥´§µ· P a

mn,   ´  Éµ³ ³¥¸É¥, £¤¥ ¢ Ê· ¢´¥´¨ÖÌ {°´ÏÉ¥°´ 
¸Éµ¨É É¥´§µ· (−Rmn), ´ ¤µ, ¨§³¥´¨¢ Ê· ¢´¥´¨Ö {°´ÏÉ¥°´ , ¶µ¸É ¢¨ÉÓ É¥´§µ· Smn.

‚ ¶µ²ÊÎ ÕÐ¨Ì¸Ö É ±¨³ µ¡· §µ³ ´µ¢ÒÌ Ê· ¢´¥´¨ÖÌ ÉÖ£µÉ¥´¨Ö

Smn − 1
2
S gmn = −8πγ

c4
Mmn , S = gmnSmn ,

Ëµ´µ¢ Ö ¸¢Ö§´µ¸ÉÓ ¸Î¨É ¥É¸Ö § ¤ ´´µ°,   £· ¢¨É Í¨µ´´ Ö ¸¢Ö§´µ¸ÉÓ Å ¨¸±µ³µ°. z·¥¤-
¶µ² £ ¥³ É ±¦¥, ÎÉµ ¨¸ÉµÎ´¨± Mmn ´¥ § ¢¨¸¨É µÉ ¢Ò¡µ·  Ëµ´µ¢µ° ¸¢Ö§´µ¸É¨, É ± ÎÉµ
¸µÌ· ´Ö¥É¸Ö Ê¸²µ¢¨¥

∇s g
smMmn = 0 .

‚ Éµ° µ¡² ¸É¨, £¤¥ ´¥É ³ É¥·¨¨, Ê· ¢´¥´¨Ö ÉÖ£µÉ¥´¨Ö ¶·¨´¨³ ÕÉ ¢¨¤ Smn = 0, Éµ ¥¸ÉÓ

Rmn = R̆mn .

’·¨¢¨ ²Ó´µ¥ ·¥Ï¥´¨¥ Γamn = Γ̆amn µÉ´µ¸¨É¸Ö ± ¸²ÊÎ Õ, ±µ£¤  ´¥É £· ¢¨É Í¨µ´´µ£µ
¶µ²Ö, É ± ÎÉµ Ëµ´µ¢ Ö ¸¢Ö§´µ¸ÉÓ Ö¢²Ö¥É¸Ö Î ¸É´Ò³ ¸²ÊÎ ¥³ ¸¢Ö§´µ¸É¨ £· ¢¨É Í¨µ´´µ°.

”µ´µ¢ Ö ¸¢Ö§´µ¸ÉÓ µ¶·¥¤¥²Ö¥É¸Ö Ê· ¢´¥´¨Ö³¨ ¤¢¨¦¥´¨Ö ¸¢µ¡µ¤´µ° ³ É¥·¨ ²Ó´µ°
ÉµÎ±¨.
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ƒ· ¢¨É Í¨µ´´ Ö ¦¥ ¸¢Ö§´µ¸ÉÓ µ¶·¥¤¥²Ö¥É¸Ö Ê· ¢´¥´¨Ö³¨ ¶ ¤¥´¨Ö ³ É¥·¨ ²Ó´µ° ÉµÎ±¨
¢ £· ¢¨É Í¨µ´´µ³ ¶µ²¥ ¸¨² (¢ µÉ¸ÊÉ¸É¢¨¥ ± ±¨Ì-²¨¡µ ¤·Ê£¨Ì ¸¨²).

“¸²µ¢¨¥ £ ·³µ´¨Î´µ¸É¨ Ëµ´µ¢µ° ¸¢Ö§´µ¸É¨ µÉ´µ¸¨É¥²Ó´µ £· ¢¨É Í¨µ´´µ° ³¥É·¨±¨
§ ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥ Φa = 0, £¤¥

Φa = gmnP a
mn .

‚ ¸¢µ¨Ì ¶·¥¦´¨Ì · ¡µÉ Ì Ö ¶µ± § ² [6], ÎÉµ ¢¸Ö± Ö Ë¨§¨Î¥¸± Ö É¥µ·¨Ö µ¶¨· ¥É¸Ö ´ 
¶µ´ÖÉ¨¥ ¶·µ¸É· ´¸É¢  ¸±µ·µ¸É¥°,   ¢ ÔÉµ³ ¶·µ¸É· ´¸É¢¥ ¢µ§³µ¦´  Éµ²Ó±µ ²¨¡µ £¥µ³¥É·¨Ö
…¢±²¨¤ , ²¨¡µ £¥µ³¥É·¨Ö ‹µ¡ Î¥¢¸±µ£µ. ‚ ¶¥·¢µ³ ¸²ÊÎ ¥ É¥µ·¨Õ ´ §Ò¢ ÕÉ ´¥·¥²ÖÉ¨¢¨¸É-
¸±µ°,   ¢µ ¢Éµ·µ³ Å ·¥²ÖÉ¨¢¨¸É¸±µ°. ‘É· ´´µ, ±µ´¥Î´µ, ¨ ¤ ¦¥ ´¥²¥¶µ, ´µ É ± ´ §Ò¢ ÕÉ.

‚ ¶¥·¢µ³ ¸²ÊÎ ¥ ´¥É Ì · ±É¥·´µ° ³¥·Ò ¸±µ·µ¸É¥°. ‚µ ¢Éµ·µ³ É ± Ö ³¥·  ¸ÊÐ¥¸É¢Ê¥É.
W´  · ¢´  ¸±µ·µ¸É¨ ¸¢¥É  c. Šµ´¸É ´É  c ¨£· ¥É É ±ÊÕ ¦¥ ·µ²Ó ¢ ¶·µ¸É· ´¸É¢¥ ¸±µ·µ¸É¥°,
± ±ÊÕ ±µ´¸É ´É  k ¨£· ¥É ¢ ¢¨¤¨³µ³ ´ ³¨ ¶·µ¸É· ´¸É¢¥ ¶µ²µ¦¥´¨° ³ É¥·¨ ²Ó´µ° ÉµÎ±¨.

O¥·¥²ÖÉ¨¢¨¸É¸±¨° ¸²ÊÎ ° ¡Ê¤¥³ µ¡µ§´ Î ÉÓ Î¥·¥§ c = ∞,   ·¥²ÖÉ¨¢¨¸É¸±¨° Å Î¥·¥§
c < ∞.

ƒ· ¢¨É Í¨µ´´ Ö ³¥É·¨±  ¶·¨¢µ¤¨É¸Ö ± ¢¨¤Ê

gmndx
mdxn = f1f1 + f2f2 + f3f3 − c2 f4f4,

£¤¥ fm Å ²¨´¥°´Ò¥ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ Ëµ·³Ò. ‚ µÉ¸ÊÉ¸É¢¨¥ £· ¢¨É Í¨µ´´µ£µ ¶µ²Ö ¢
·¥²ÖÉ¨¢¨¸É¸±µ³ ¸²ÊÎ ¥ ¶µ² £ ¥³

gmndx
mdxn = ğmndx

mdxn = hµνdx
µdxν − c2 dtdt ,

£¤¥ hµν ´¥ § ¢¨¸ÖÉ µÉ x4 = t.
z·¥¤¶µ² £ ¥³, ÎÉµ ±¢ ¤· É¨Î´ Ö Ëµ·³  hµνdx

µdxν Ö¢²Ö¥É¸Ö ²¨¡µ ³¥É·¨±µ° ¶·µ-
¸É· ´¸É¢  …¢±²¨¤  (¸²ÊÎ ° k = ∞), ²¨¡µ ³¥É·¨±µ° ¶·µ¸É· ´¸É¢  ‹µ¡ Î¥¢¸±µ£µ (c²ÊÎ °
k < ∞).

Šµ³¶µ´¥´ÉÒ ¸¢Ö§´µ¸É¨ Š·¨¸ÉµËË¥²Ö ¤²Ö ³¥É·¨±¨ hµνdxµdxν µ¡µ§´ Î¨³ Î¥·¥§ hαµν .
’¥´§µ· N¨ÎÎ¨ rµν ¤²Ö c¢Ö§´µ¸É¨ hαµν · ¢¥´ rµν = −k−2 hµν ¢ ¸²ÊÎ ¥ k < 0 ¨ · ¢¥´

´Ê²Õ (rµν = 0) ¢ ¸²ÊÎ ¥ k = ∞.

ˆ´É¥·¥¸´µ, ÎÉµ Ëµ´µ¢ Ö ¸¢Ö§´µ¸ÉÓ Γ̆amn ´¥ § ¢¨¸¨É µÉ ¸±µ·µ¸É¨ ¸¢¥É  c, Éµ ¥¸ÉÓ
µÉ´µ¸¨É¸Ö ± �¡¸µ²ÕÉ´µ° £¥µ³¥É·¨¨ �µ°Ö¨ ¢ ¶·µ¸É· ´¸É¢¥ ¸±µ·µ¸É¥°. „¥°¸É¢¨É¥²Ó´µ,
£¥µ¤¥§¨Î¥¸±¨¥ ¸ ³¥É·¨±µ° hµνdx

µdxν − c2 dtdt ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

d2xα

dτ2
+ hαµν

dxµ

dτ

dxν

dτ
= 0 ,

d2t

dτ2
= 0 .

Oµ ¢ É ±µ³ ¦¥ ¢¨¤¥ ³µ¦´µ § ¶¨¸ ÉÓ ¨ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ³ É¥·¨ ²Ó´µ° ÉµÎ±¨ ¸ ² £· ´-
¦¨ ´µ³

1
2
hµν

dxµ

dt

dxν

dt
.

‘²¥¤µ¢ É¥²Ó´µ, ± ± ¢ ·¥²ÖÉ¨¢¨¸É¸±µ³ ¸²ÊÎ ¥, É ± ¨ ¢ ¸²ÊÎ ¥ ´¥·¥²ÖÉ¨¢¨¸É¸±µ³

Γ̆αµν = hαµν , Γ̆
α
µ4 = 0 , Γ̆α4ν = 0 , Γ̆α44 = 0 , Γ̆4

mn = 0 .
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‘µµÉ¢¥É¸É¢¥´´µ, ¨ Ëµ´µ¢Ò° É¥´§µ· N¨ÎÎ¨ ± ± ¢ ·¥²ÖÉ¨¢¨¸É¸±µ³ ¸²ÊÎ ¥, É ± ¨ ¢ ¸²ÊÎ ¥
´¥·¥²ÖÉ¨¢¨¸É¸±µ³ · ¢¥´

R̆µν = rµν , R̆4n = 0 , R̆m4 = 0 .

„ ²ÓÏ¥ ³Ò µ£· ´¨Î¨³¸Ö · ¸¸³µÉ·¥´¨¥³ ¶µ±µÖÐ¥°¸Ö §¢¥§¤Ò, ¢µ±·Ê£ ±µÉµ·µ° ¤¢¨-
¦¥É¸Ö ¥¥ ¥¤¨´¸É¢¥´´ Ö ¸¶ÊÉ´¨Í  Å ¶² ´¥É . “· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¶² ´¥ÉÒ ¢¸¥£¤  ³µ¦´µ
¶·¨¢¥¸É¨ ± ¢¨¤Ê, · ¸¸³µÉ·¥´´µ³Ê ´¨¦¥ ¢ · §¤¥²¥ 9, · §Ê³¥¥É¸Ö, ¥¸²¨ ´  ´¥¥ ¤¥°¸É¢ÊÕÉ
Éµ²Ó±µ £· ¢¨É Í¨µ´´Ò¥ ¸¨²Ò. ‚ ± Î¥¸É¢¥ ±µµ·¤¨´ É x1, x2 ¨ x3 ¢Ò¡¥·¥³ · ¸¸ÉµÖ´¨¥ ρ
µÉ §¢¥§¤Ò, ¶µ²Ö·´Ò° Ê£µ² θ ¨  §¨³ÊÉ ²Ó´Ò° Ê£µ² φ ´  ¸Ë¥·¥ ρ = const ; µ¡µ§´ Î¥´¨¥
x4 = t ¸µÌ· ´¨³. z·¨ É ±µ³ µ£· ´¨Î¥´¨¨ ´ ³ É·¥¡Ê¥É¸Ö ·¥Ï¨ÉÓ Ê· ¢´¥´¨Ö Smn = 0.

2. ŒC„…‹œ HœW’CHP: ‘‹“—P‰ (k = ∞, c = ∞)

‘µ£² ¸´µ OÓÕÉµ´Ê, Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¶² ´¥ÉÒ (Éµ ¥¸ÉÓ ¥¥ ¸¢µ¡µ¤´µ£µ ¶ ¤¥´¨Ö ´ 
§¢¥§¤Ê) É ±µ¢Ò:

d2ρ

dτ2
− ρ

dθ

dτ

dθ

dτ
− ρ sin2 θ

dφ

dτ

dφ

dτ
+
γM

ρ2
dt

dτ

dt

dτ
= 0 ,

d2θ

dτ2
+

2
ρ

dρ

dτ

dθ

dτ
− sin θ cos θ

dφ

dτ

dφ

dτ
= 0 ,

d2φ

dτ2
+

2
ρ

dρ

dτ

dφ

dτ
− 2 cot θ

dθ

dτ

dφ

dτ
= 0 ,

d2t

dτ2
= 0 .

‡¤¥¸Ó γ Å ¶µ¸ÉµÖ´´ Ö OÓÕÉµ´ , M Å ³ ¸¸  §¢¥§¤Ò.
WÉ¸Õ¤  ´¥¶µ¸·¥¤¸É¢¥´´µ ´ Ìµ¤¨É¸Ö £· ¢¨É Í¨µ´´ Ö ¸¢Ö§´µ¸ÉÓ Γamn ¢ ¸²ÊÎ ¥ OÓÕÉµ´ .

z·¨ M = 0 µ´  ¸µ¢¶ ¤ ¥É ¸ Ëµ´µ¢µ° ¸¢Ö§´µ¸ÉÓÕ. ‹¥£±µ ¢¨¤¥ÉÓ, ÎÉµ ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ¢¸¥
±µ³¶µ´¥´ÉÒ É¥´§µ·   ËË¨´´µ° ¤¥Ëµ·³ Í¨¨ · ¢´Ò ´Ê²Õ, ±·µ³¥ ±µ³¶µ´¥´ÉÒ

P 1
44 = − γM

ρ2
,

· ¢´µ° ¸¨²¥, ¸ ±µÉµ·µ° §¢¥§¤  ¶·¨ÉÖ£¨¢ ¥É ¥¤¨´¨Î´ÊÕ ³ ¸¸Ê ¶² ´¥ÉÒ.
‡ ³¥Î É¥²Ó´µ, ÎÉµ ¶·¨ ²Õ¡µ³ §´ Î¥´¨¨ ±µ´¸É ´ÉÒ γM £· ¢¨É Í¨µ´´ Ö ¸¢Ö§´µ¸ÉÓ

OÓÕÉµ´  (¢ ÉµÎ´µ¸É¨!) Ê¤µ¢²¥É¢µ·Ö¥É Ê· ¢´¥´¨Õ Rmn = 0. {Éµ §´ Î¨É, ÎÉµ ¢ ¦´¥°-
Ï¥¥ ·¥Ï¥´¨¥ §´ ³¥´¨Éµ£µ Ê· ¢´¥´¨Ö {°´ÏÉ¥°´  ¡Ò²µ ¶·¥¤Ê¸³µÉ·¥´µ ¨ ¶·¨£µÉµ¢²¥´µ
OÓÕÉµ´µ³. ‡¤¥¸Ó Ê³¥¸É´  Í¨É É :

ª‚ ´ Ï¥ ¢·¥³Ö ¡¥·ÊÉ¸Ö · ¸Ï¨Ë·µ¢Ò¢ ÉÓ ¸²µ¦´¥°Ï¨¥ ±µ¤Ò, ´¥ µ¡ÊÎ¨¢Ï¨¸Ó £· ³µÉ¥.
‘·¥¤¨ É¥Ì, ±Éµ ²Õ¡¨É ¶µ· ¸¸Ê¦¤ ÉÓ µ¡ µÏ¥²µ³²ÖÕÐ¨Ì É·Ê¤ Ì �°´ÏÉ¥°´ , ³ ²µ ±Éµ
¶·¥¤¸É ¢²Ö¥É ¸¥¡¥ ¸ÊÉÓ § ±µ´µ¢ <ÓÕÉµ´ ª [7].

3. ŒC„…‹œ ‹COP—…‚‘ŠCƒC: ‘‹“—P‰ (k < ∞, c = ∞)

‚ £¥µ³¥É·¨¨ ‹µ¡ Î¥¢¸±µ£µ ¤²¨´  µ±·Ê¦´µ¸É¨ · ¤¨Ê¸  ρ · ¢´  2πr,   ¶²µÐ ¤Ó ¸Ë¥·Ò
É ±µ£µ ¦¥ · ¤¨Ê¸  · ¢´  4πr2, £¤¥ r = k sinh ρ

k . W¸´µ¢Ò¢ Ö¸Ó ´  ÔÉµ³, ‹µ¡ Î¥¢¸±¨°
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Ê± § ² [1, c. 159], ÎÉµ ¢ ¢µµ¡· ¦ ¥³µ° ƒ¥µ³¥É·¨¨ ¸¨² , ¸ ±µÉµ·µ° §¢¥§¤  ¶·¨ÉÖ£¨¢ ¥É
¥¤¨´¨Î´ÊÕ ³ ¸¸Ê ¶² ´¥ÉÒ, ¤µ²¦´  · ¢´ÖÉÓ¸Ö

P 1
44 = − γM

r2
.

W¸É ²Ó´Ò¥ ±µ³¶µ´¥´ÉÒ É¥´§µ·   ËË¨´´µ° ¤¥Ëµ·³ Í¨¨, ± ± ¨ ¢ ³µ¤¥²¨ OÓÕÉµ´ , ¶µ² -
£ ¥³ · ¢´Ò³¨ ´Ê²Õ, ¶µ¸±µ²Ó±Ê ¸¨²  ¶·¨ÉÖ¦¥´¨Ö ´ ¶· ¢²¥´  ± Í¥´É·Ê §¢¥§¤Ò.

—Éµ¡Ò ´ °É¨ Ëµ´µ¢ÊÕ ¸¢Ö§´µ¸ÉÓ ¢ ³µ¤¥²¨ ‹µ¡ Î¥¢¸±µ£µ, ´ ¤µ ¸µ¸É ¢¨ÉÓ Ê· ¢´¥´¨Ö
¤¢¨¦¥´¨Ö ³ É¥·¨ ²Ó´µ° ÉµÎ±¨ ¸ ËÊ´±Í¨¥° ‹ £· ´¦ , · ¢´µ°

1
2
dρ

dt

dρ

dt
+

1
2
r2

dθ

dt

dθ

dt
+

1
2
r2 sin2 θ

dφ

dt

dφ

dt
.

ˆ§ ÔÉ¨Ì Ê· ¢´¥´¨° ¡Ê¤¥É ¢¨¤´µ, ÎÉµ ¢¸¥ ±µ³¶µ´¥´ÉÒ Ëµ´µ¢µ° ¸¢Ö§´µ¸É¨ ¢ · ¸¸³ -
É·¨¢ ¥³ÒÌ ±µµ·¤¨´ É Ì · ¢´Ò ´Ê²Õ, ±·µ³¥ ¸²¥¤ÊÕÐ¨Ì ±µ³¶µ´¥´É:

Γ̆1
22 = −k sinh ρ

k cosh ρ
k , Γ̆1

33 = Γ̆1
22 sin2 θ,

Γ̆2
12 = k−1 coth ρ

k = Γ̆2
21, Γ̆2

33 = − sin θ cos θ,
Γ̆3
13 = k−1 coth ρ

k = Γ̆3
31, Γ̆3

23 = cot θ = Γ̆3
32.

”µ´µ¢Ò° É¥´§µ· N¨ÎÎ¨ ¢ · ¸c³ É·¨¢ ¥³ÒÌ ±µµ·¤¨´ É Ì ¤¨ £µ´ ²¥´. …£µ ¤¨ £µ´ ²Ó´Ò¥
Ô²¥³¥´ÉÒ · ¢´Ò

R̆11 = −2k−2, R̆22 = −2k−2r2, R̆33 = −2k−2r2 sin2 θ, R̆44 = 0.

ƒ· ¢¨É Í¨µ´´ Ö ¸¢Ö§´µ¸ÉÓ ‹µ¡ Î¥¢¸±µ£µ ¶·¨ ²Õ¡µ³ §´ Î¥´¨¨ ±µ´¸É ´ÉÒ γM Ê¤µ¢²¥-
É¢µ·Ö¥É Ê· ¢´¥´¨Õ Rmn = R̆mn.

Š ± ¨ ¢ ³µ¤¥²¨ OÓÕÉµ´ , ¸¨²  ¶·¨ÉÖ¦¥´¨Ö ¢ ³µ¤¥²¨ ‹µ¡ Î¥¢¸±µ£µ ¶µÉ¥´Í¨ ²Ó´ Ö.
…¥ ¶µÉ¥´Í¨ ² U · ¢¥´ [2]

U =
γM

k

(
1 − coth

ρ

k

)
.

W´ ´ Ìµ¤¨É¸Ö ¨§ Ê¸²µ¢¨°
dU

dρ
=

γM

r2
,

limU = 0 ¶·¨ ρ → ∞.

4. ŒC„…‹œ ‰H˜’…‰HPÄ˜‚PD–˜ˆ‹œ„PÄ”CŠP:
‘‹“—P‰ (k = ∞, c < ∞)

‘µ§¤ ´¨¥ ÔÉµ° ³µ¤¥²¨ ´ Î Éµ {°´ÏÉ¥°´µ³, ¶·µ¤µ²¦¥´µ ˜¢ ·ÍÏ¨²Ó¤µ³ ¨ § ¢¥·Ï¥´µ
”µ±µ³, ´ ¸ÉµÖ¢Ï¨³ ´  ¢Ò¶µ²´¥´¨¨ Ê¸²µ¢¨Ö £ ·³µ´¨Î´µ¸É¨. ƒ· ¢¨É Í¨µ´´ Ö ³¥É·¨±  ¢
ÔÉµ° ³µ¤¥²¨ · ¢´ (ρ + α

ρ− α

)
dρ2 + (ρ + α)2(dθ2 + sin2 θ dφ2) −

(ρ− α

ρ + α

)
c2dt2 ,



—¥·´¨±µ¢ <.
. ’¥µ·¨Ö ÉÖ£µÉ¥´¨Ö ¸ ÉµÎ±¨ §·¥´¨Ö £¥µ³¥É·¨¨ ‹µ¡ Î¥¢¸±µ£µ 29

£¤¥

α =
γM

c2

¥¸ÉÓ £· ¢¨É Í¨µ´´Ò° · ¤¨Ê¸ ³ ¸¸Ò M . W´  Ê¤µ¢²¥É¢µ·Ö¥É Ê· ¢´¥´¨Õ {°´ÏÉ¥°´ 
Rmn = 0. ‚Ò¢µ¤ ¨§²µ¦¥´ ¢ [8, c.263].

ˆ´É¥·¥¸´µ, ÎÉµ ¢ ¸²ÊÎ ¥ ¸É É¨Î¥¸±µ° ¸Ë¥·¨Î¥¸±¨ ¸¨³³¥É·¨Î´µ° ³¥É·¨±¨ µ¡Ð¥£µ
¢¨¤ 

gmndx
mdxn = F 2dρ2 + H2(dθ2 + sin2 θdφ2) − V 2dt2

¸²¥¤ÊÕÐ¨¥ ±µ³¶µ´¥´ÉÒ ¢¥±Éµ·   ´£ ·³µ´¨Î´µ¸É¨ · ¢´Ò ´Ê²Õ:

Φ2 = 0 , Φ3 = 0 , Φ4 = 0 .

—Éµ ¤µ · ¤¨ ²Ó´µ° ±µ³¶µ´¥´ÉÒ Φ1, Éµ µ´  § ¢¨¸¨É µÉ Ëµ´µ¢µ° ³¥É·¨±¨. ‚ · ¸¸³ -
É·¨¢ ¥³µ³ ¸²ÊÎ ¥ µ´  · ¢´ 

Φ1 =
1

V FH2
[
d

dρ
(F−1V H2) − 2FV ρ] .

‚ ¸¨²Ê Ê¸²µ¢¨Ö £ ·³µ´¨Î´µ¸É¨

d

dρ
(F−1V H2) − 2FV ρ = 0 ,

´  ±µÉµ·µ³ ´ ¸ÉµÖ² ”µ± [8, c. 256] ¨ ±µÉµ·µ¥ µÉ´Õ¤Ó ´¥ ¸²¥¤Ê¥É ¨§ Ê· ¢´¥´¨° {°´-
ÏÉ¥°´ , · ¤¨ ²Ó´ Ö ±µ³¶µ´¥´É  ¢¥±Éµ·   ´£ ·³µ´¨Î´µ¸É¨ µ¡· Ð ¥É¸Ö ¢ ´Ê²Ó.

5. CO™ˆ‰ ‘‹“—P‰ (k < ∞, c < ∞)

W¡Ð¨° ¸²ÊÎ ° ¡Ò² · ¸¸³µÉ·¥´ ³´µÕ ± ¤¢ÊÌ¸µÉ²¥É¨Õ ¸µ ¤´Ö ·µ¦¤¥´¨Ö O.ˆ.‹µ¡ Î¥¢¸±µ£µ
¢ · ¡µÉ¥ [4]. ‚ ´¥° Ö ¸µµ¡Ð¨² ¶µ²ÊÎ¥´´µ¥ ³´µÕ ·¥Ï¥´¨¥ ´µ¢ÒÌ Ê· ¢´¥´¨° ÉÖ£µÉ¥´¨Ö

R11 = − 2
k2

, R22 = −2 sinh2
ρ

k
, R33 = −2 sinh2

ρ

k
sin2 θ , R44 = 0 ,

Rmn = 0 , m �= n .

‘µ£² ¸´µ [4] ¢ ¸²ÊÎ ¥ (k < ∞, c < ∞) £· ¢¨É Í¨µ´´ Ö ³¥É·¨±  · ¢´ 

k2e−2β[Ξ−1dξ2 + sinh2(ξ + β)(dθ2 + sin2 θ dφ2)] − c2e2βΞdt2 ,

£¤¥

Ξ =
sinh(ξ − β)
sinh(ξ + β)

, ξ =
ρ

k
,

1
2

sinh 2β =
γM

kc2
.

zµ¤·µ¡´Ò° ¢Ò¢µ¤ ÔÉµ° ³¥É·¨±¨ ¸³. ¢ · §¤¥²¥ 12.
ˆ´É¥·¥¸´µ, ÎÉµ ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ¢¥±Éµ·  ´£ ·³µ´¨Î´µ¸É¨ Φa ¡¥§Ê¸²µ¢´µ · ¢¥´ ´Ê²Õ.

„¥°¸É¢¨É¥²Ó´µ, ± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¥³ ¸²ÊÎ ¥, Φ2 = 0 , Φ3 = 0 , Φ4 = 0 . Oµ ¢ ¤ ´´µ³
¸²ÊÎ ¥

Φ1 =
1

V FH2
[
d

dρ
(F−1V H2) − FV k sinh

2ρ
k

] ,
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  ¨§ ´µ¢ÒÌ Ê· ¢´¥´¨° ÉÖ£µÉ¥´¨Ö ¢ · §¤¥²¥ 6 ¢Ò¢¥¤¥´µ ¸²¥¤ÊÕÐ¥¥ · ¢¥´¸É¢µ:

ΦmR̆mn +
1
2
gam(∇̆aR̆mn + ∇̆mR̆an − ∇̆nR̆am) = 0 .

‘µ£² ¸´µ ÔÉµ³Ê · ¢¥´¸É¢Ê ¢ ¤ ´´µ³ ¸²ÊÎ ¥

Φ1R̆11 = −2k−2Φ1 = 0 ,

ÎÉµ ¶·¨ k < ∞ Ô±¢¨¢ ²¥´É´µ · ¢¥´¸É¢Ê Φ1 = 0, ¨²¨

d

dρ
(F−1V H2) − FV k sinh

2ρ
k

= 0 .

z·¨ k → ∞ ¶µ¸²¥¤´¥¥ · ¢¥´¸É¢µ ¶¥·¥Ìµ¤¨É ¢ Ê¸²µ¢¨¥ £ ·³µ´¨Î´µ¸É¨ ”µ± .

6. ’…CD…ŒP C „‚“• ’…H‡CDP• Dˆ——ˆ
ˆ ‚…Š’CD… PHƒPDŒCHˆ—HC‘’ˆ

‘ÊÉÓ ÔÉµ° É¥µ·¥³Ò ¸µ¸Éµ¨É ¢ ¸²¥¤ÊÕÐ¥³ Éµ¦¤¥¸É¢¥:

∇ag
am(Smn − 1

2
S gmn) = (1)

= ΦmR̆mn +
1
2
gam(∇̆aR̆mn + ∇̆mR̆an − ∇̆nR̆am) .

„µ± ¦¥³ ¥£µ.
‚ ¸¨²Ê Éµ¦¤¥¸É¢  {°´ÏÉ¥°´ 

∇ag
am(Rmn − 1

2
Rgmn) = 0 (2)

¨³¥¥³

∇ag
am(Smn − 1

2
Sgmn) = ∇ag

amR̆mn − 1
2
∇ng

bmR̆bm . (3)

z¥·¥°¤¥³ §¤¥¸Ó µÉ ¶·µ¨§¢µ¤´ÒÌ ∇a ± ¶·µ¨§¢µ¤´Ò³ ∇̆a:

∇ag
amR̆mn = (∇̆a − Pa)gamR̆mn + gamR̆msP

s
an ,

∇nR̆bm = ∇̆nR̆bm + P s
nbR̆sm + P s

nmR̆bs ,

∇ng
bmR̆bm = gbm∇nR̆bm = gbm∇̆nR̆bm + 2gamR̆msP

s
an .

‚ ·¥§Ê²ÓÉ É¥ ¶µ²ÊÎ¨³

∇ag
amR̆mn − 1

2
∇ng

bmR̆bm = (∇̆a − Pa)gamR̆mn − 1
2
gbm∇̆nR̆bm =

= ΦmR̆mn +
1
2
gam(∇̆aR̆mn + ∇̆mR̆an − ∇̆nR̆am) . (4)

‘µ¶µ¸É ¢¨¢ (3) ¸ (4), ¶µ²ÊÎ¨³ (1). ’¥³ ¸ ³Ò³ É¥µ·¥³  ¤µ± § ´ .
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7. ’…CD…ŒP C ‚…Š’CD… PHƒPDŒCHˆ—HC‘’ˆ
‚ ‘‹“—P… (k < ∞, c < ∞)

‚ ¸²ÊÎ ¥ c < ∞ ´µ¢Ò¥ Ê· ¢´¥´¨Ö ÉÖ£µÉ¥´¨Ö ¨³¥ÕÉ ¢¨¤

Smn − 1
2
S gmn = −8πγ

c4
Mmn , S = gmnSmn , (5)

¶·¨Î¥³ ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ
∇a g

amMmn = 0 . (6)

ˆ§ ¤µ± § ´´µ° ¢ÒÏ¥ É¥µ·¥³Ò ¸²¥¤Ê¥É, ÎÉµ ¤²Ö ¢¸Ö±µ£µ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö (5) ¢Ò¶µ²´Ö-
¥É¸Ö · ¢¥´¸É¢µ

ΦmR̆mn +
1
2
gam(∇̆aR̆mn + ∇̆mR̆an − ∇̆nR̆am) . (7)

‚ ¸²ÊÎ ¥ k < ∞ ¨³¥¥³

R̆µν = −k−2hµν , R̆µ4 = 0 , R̆4ν = 0 , R̆44 = 0 , (8)

É ± ÎÉµ
∇̆aR̆mn = 0 . (9)

ˆ§ (7), (8) ¨ (9) ¸²¥¤Ê¥É, ÎÉµ ¤²Ö ¢¸Ö±µ£µ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (5) ¢ ¸²ÊÎ ¥
(k < ∞, c < ∞) ¶·µ¸É· ´¸É¢¥´´Ò¥ ±µ³¶µ´¥´ÉÒ ¢¥±Éµ·   ´£ ·³µ´¨Î´µ¸É¨ · ¢´Ò ´Ê²Õ:

Φ1 = 0 , Φ2 = 0 , Φ3 = 0 . (10)

—Éµ ¤µ ±µ³¶µ´¥´ÉÒ Φ4, Éµ ¢ µ¡Ð¥³ ¸²ÊÎ ¥ µ´  · ¢´ 

Φ4 = −gmnΓ4
mn =

1√−g
∂

∂xm
(
√
−ggm4) , (11)

É ± ± ± Γ̆4
mn = 0.

8. ‘ŠP‹ŸDH›‰ ‹PƒDPH†ˆPH
ˆ ’…H‡CD H…Dƒˆˆ-ˆŒc“‹œ‘P

z¸¥¢¤µ¸± ²Ö·´Ò° ² £· ´¦¨ ´ § ³¥´Ö¥³ ´  ¸± ²Ö·´Ò°

L = gmn(P a
mbP

b
an − P a

asP
s
mn) . (12)

z¸¥¢¤µÉ¥´§µ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  § ³¥´Ö¥³ ´  É¥´§µ·

Ea
b = Φmn

b (P a
mn − Pmδ

a
n) − Lδab , (13)

£¤¥
Pm = Pn

mn , (14)

Φmn
b = gmsPn

sb + gnsPm
sb − gmnPb . (15)
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Šµ¢¥±Éµ· (14) ´ §µ¢¥³ ±µ¢¥±Éµ·µ³  ËË¨´´µ° ¤¥Ëµ·³ Í¨¨. ’¥´§µ· (15) ´ §µ¢¥³ É¥´§µ·µ³
 ´£ ·³µ´¨Î´µ¸É¨, É ± ± ± ¥£µ ¸¢¥·É±  · ¢´  ¢¥±Éµ·Ê  ´£ ·³µ´¨Î´µ¸É¨:

Φmn
n = Φm . (16)

‘± ²Ö· (12) ³µ¦´µ ¶·¨¢¥¸É¨ ± ¢¨¤Ê

L = S + ∇a(Φa − P a) , (17)

£¤¥
P a = gamPm . (18)

’¥´§µ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢ ¸Ê³³¥ ¸ Ê¤¢µ¥´´Ò³ É¥´§µ·µ³, ¢Ìµ¤ÖÐ¨³ ¢ ²¥¢ÊÕ Î ¸ÉÓ
Ê· ¢´¥´¨° (5), ¸µ¸É ¢²Ö¥É ¸²¥¤ÊÕÐÊÕ ¤¨¢¥·£¥´Í¨Õ:

Ea
b + gan(2Snb − Sgnb) = (∇̆n − Pn)(Φna − Φaδnb + Una

b ) , (19)

£¤¥
Una
b = gasPn

sb − gnsP a
sb + (Φa − P a)δnb − (Φn − Pn)δab . (20)

‡ ³¥É¨³, ÎÉµ µ¡Ò±´µ¢¥´´µ ¢ É¥µ·¨¨ ÉÖ£µÉ¥´¨Ö {°´ÏÉ¥°´  §²µ¶µ²ÊÎ´Ò° ¶¸¥¢¤µÉ¥´§µ·
Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¸¢µ· Î¨¢ ÕÉ ¸ ¢¥±Éµ·´Ò³ ¶µ²¥³ ¨ ¶µ²ÊÎ ÕÉ, ±µ´¥Î´µ ¦¥, ´¥ ¢¥±Éµ·-
´µ¥,   ¶¸¥¢¤µ¢¥±Éµ·´µ¥ ¶µ²¥. O¨³ ²µ ´¥ ¸µ³´¥¢ Ö¸Ó, ± ¶µ²ÊÎ ÕÐ¥³Ê¸Ö ¶µ²Õ ¶·¨³¥´ÖÕÉ
É¥µ·¥³Ê ƒ Ê¸¸ , · ¸¸Î¨É ´´ÊÕ ´  ¢¥±Éµ·´µ¥ ¶µ²¥,   É ±µ¥, ´¥§ ±µ´´µ¥, ¶·¨³¥´¥´¨¥ É¥µ-
·¥³Ò ƒ Ê¸¸  ¶·¨¢µ¤¨É ± ¨´É¥£· ² ³, § ¢¨¸ÖÐ¨³ µÉ ´ Ï¥£µ ¶·µ¨§¢µ²  ¢ ¢Ò¡µ·¥ ±µµ·¤¨´ É,
ÎÉµ ´¥¸µ¢³¥¸É¨³µ ¸ ¨Ì ¶·¥¤´ §´ Î¥´¨¥³ ¶·¥¤¸É ¢²ÖÉÓ Ô´¥·£¨Õ ¨ ¨³¶Ê²Ó¸. z¥·¥Ìµ¤ ¦¥ ±
É¥´§µ·Ê Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¸É· ÌÊ¥É ´ ¸ µÉ É ±µ° µÏ¨¡±¨.

9. cDC‘’C… CcD…„…‹…Hˆ…
CˆŒŒ…’Dˆ—HC‰ P””ˆHHC‰ ‘‚Ÿ‡HC‘’ˆ

N ¸¸³µÉ·¨³ ¸¨¸É¥³Ê µ¡Ò±´µ¢¥´´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨°

d2xa

dτ2
+

N∑
m=1

N∑
n=1

Γamn
dxm

dτ

dxn

dτ
= 0 , a = 1, ..., N , (21)

¢ ±µÉµ·µ° ±µ³¶µ´¥´ÉÒ Γamn = Γanm § ¢¨¸ÖÉ µÉ x1, ..., xN ± ± Ê£µ¤´µ, ´µ ¸µ¢¸¥³ ´¥ § ¢¨¸ÖÉ
µÉ τ . ‘· §Ê ¦¥ § ³¥É¨³, ÎÉµ ¸¨¸É¥³  (21) ¨´¢ ·¨ ´É´  µÉ´µ¸¨É¥²Ó´µ § ³¥´Ò τ ´  τ̂ =
= Aτ + B, £¤¥ A ¨ BÅ ±µ´¸É ´ÉÒ, Ê¤µ¢²¥É¢µ·ÖÕÐ¨¥ ¥¤¨´¸É¢¥´´µ³Ê Ê¸²µ¢¨Õ A �= 0.

Œµ¦´µ ¸Î¨É ÉÓ, ÎÉµ ¶¥·¥³¥´´Ò¥ x1, ..., xN ¸µ¸É ¢²ÖÕÉ ±µµ·¤¨´ É´ÊÕ ± ·ÉÊ x ³´µ-
£µµ¡· §¨Ö M , · §³¥·´µ¸ÉÓ ±µÉµ·µ£µ · ¢´  N ‘Î¨É Ö É ±, ´ §µ¢¥³ Ê¶µ·Ö¤µÎ¥´´ÊÕ ¶µ
¶· ¢¨²Ê (21) ¸µ¢µ±Ê¶´µ¸ÉÓ ±µ³¶µ´¥´É Γamn = Γanm ¶·µ¥±Í¨¥° ¨§ M ¸¨³³¥É·¨Î´µ°  Ë-
Ë¨´´µ° ¸¢Ö§´µ¸É¨ ´  ± ·ÉÊ x.

z¥·¥°¤¥³ ¢ ¸¨¸É¥³¥ (21) µÉ ¶¥·¥³¥´´ÒÌ x1, ..., xN ± É ±¨³ ´µ¢Ò³ ¶¥·¥³¥´´Ò³
x̂1, ..., x̂2, ¤²Ö ±µÉµ·ÒÌ Ö±µ¡¨ ´ ¶¥·¥Ìµ¤  ´¥ · ¢´Ö¥É¸Ö ´Ê²Õ. „²Ö ´µ¢ÒÌ ¶¥·¥³¥´´ÒÌ
¶µ²ÊÎ¨É¸Ö ¸¨¸É¥³  Ê· ¢´¥´¨° É ±µ£µ ¦¥ ¢¨¤ , ÎÉµ ¨ (21),   ¨³¥´´µ:

d2x̂a

dτ2
+

N∑
m=1

N∑
n=1

Γ̂amn
dx̂m

dτ

dx̂n

dτ
= 0 , a = 1, ..., N , (22)
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£¤¥

Γ̂amn =
N∑
b=1

Ŝab

(
∂2xb

∂x̂m∂x̂n
+

N∑
p=1

N∑
q=1

SpmS
q
n Γbpq

)
, (23)

Ŝab =
∂x̂a

∂xb
, Spm =

∂xp

∂x̂m
. (24)

„¥°¸É¢¨É¥²Ó´µ, ¨³¥¥³

dx̂a

dτ
=

N∑
b=1

Ŝab
dxb

dτ
,

dxp

dτ
=

N∑
m=1

Spm
dx̂m

dτ
.

‘²¥¤µ¢ É¥²Ó´µ,

d2x̂a

dτ2
=

N∑
b=1

Ŝab
d2xb

dτ2
+

N∑
p=1

N∑
q=1

∂2x̂a

∂xp∂xq
dxp

dτ

dxq

dτ
.

zµ¤¸É ¢²ÖÖ ¸Õ¤  ¨§ (21) §´ Î¥´¨¥

d2xb

dτ2
= −

N∑
p=1

N∑
q=1

Γbpq
dxp

dτ

dxq

dτ
,

¶µ²ÊÎ ¥³

d2x̂a

dτ2
=

N∑
p=1

N∑
q=1

(
∂2x̂a

∂xp∂xq
−

N∑
b=1

Ŝab Γbpq

)
dxp

dτ

dxq

dτ
,

Éµ ¥¸ÉÓ

d2x̂a

dτ2
=

N∑
m=1

N∑
n=1

[ N∑
p=1

N∑
q=1

(
∂2x̂a

∂xp∂xq
−

N∑
b=1

Ŝab Γbpq

)]
SpmS

q
n

dx̂m

dτ

dx̂n

dτ
,

„ ²¥¥, ¨³¥¥³
N∑
b=1

Ŝab S
b
m =

∂x̂a

∂x̂m
= δam .

‘²¥¤µ¢ É¥²Ó´µ,

∂

∂x̂n

N∑
b=1

Ŝab S
b
m =

N∑
p=1

N∑
q=1

∂2x̂a

∂xp∂xq
SpmS

q
n +

N∑
b=1

Ŝab
∂2xb

∂x̂m∂x̂n
= 0 ,

Éµ ¥¸ÉÓ
N∑
p=1

N∑
q=1

∂2x̂a

∂xp∂xq
SpmS

q
n = −

N∑
b=1

Ŝab
∂2xb

∂x̂m∂x̂n
.

WÉ¸Õ¤  ¸²¥¤ÊÕÉ Ëµ·³Ê²Ò (22) ¨ (23).
Œµ¦´µ ¸Î¨É ÉÓ, ÎÉµ ¶¥·¥³¥´´Ò¥ x̂1, ..., x̂N ¸µ¸É ¢²ÖÕÉ ´µ¢ÊÕ ±µµ·¤¨´ É´ÊÕ ± ·ÉÊ x̂

³´µ£µµ¡· §¨Ö M . “¶µ·Ö¤µÎ¥´´ÊÕ ¶µ ¶· ¢¨²Ê (22) ¸µ¢µ±Ê¶´µ¸ÉÓ Γ̂amn = Γ̂anm ±µ³¶µ´¥´É
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´ §µ¢¥³ ¶·µ¥±Í¨¥° ¨§ ³´µ£µµ¡· §¨Ö M ´  ± ·ÉÊ x̂ Éµ° ¦¥ ¸ ³µ° ¸¢Ö§´µ¸É¨, ±µÉµ·ÊÕ ³Ò
¶·µ¥±É¨·µ¢ ²¨ ¢ÒÏ¥ ¨§ M ´  ± ·ÉÊ x.

‘¢Ö§´µ¸ÉÓÕ Γamn § ¤ ¥É¸Ö ¥¥ É¥´§µ· ±·¨¢¨§´Ò

Ra
mnb =

∂

∂xm
Γanb −

∂

∂xn
Γamb +

N∑
s=1

(
ΓamsΓ

s
nb − ΓansΓ

s
mb

)

¨ ¸¢¥·´ÊÉÒ° É¥´§µ· ±·¨¢¨§´Ò
Rnb = Ra

anb ,

´ §Ò¢ ¥³Ò° É¥´§µ·µ³ N¨ÎÎ¨.

10. cDˆŒˆ’ˆ‚HPŸ ‘‚Ÿ‡HC‘’œ

z·µ¸É¥°Ï¨³ Î ¸É´Ò³ ¸²ÊÎ ¥³ ¸¨¸É¥³Ò (21) Ö¢²Ö¥É¸Ö ¸²¥¤ÊÕÐ Ö ¸¨¸É¥³  Ê· ¢´¥´¨°:

d2xa

dτ2
= 0 , a = 1, ..., N . (25)

zµ¸²¥¤´ÖÖ µ¶·¥¤¥²Ö¥É ¶·¨³¨É¨¢´ÊÕ ¸¢Ö§´µ¸ÉÓ. ‚ ± ·É¥ x ±µ³¶µ´¥´ÉÒ ¶·¨³¨É¨¢´µ°
¸¢Ö§´µ¸É¨ · ¢´Ò ´Ê²Õ. ‚ ± ·É¥ x̂ ¸µ£² ¸´µ (23) ¥¥ ±µ³¶µ´¥´ÉÒ · ¢´Ò

N∑
b=1

Ŝab
∂2xb

∂x̂m∂x̂n
. (26)

’¥´§µ· ±·¨¢¨§´Ò ¶·¨³¨É¨¢´µ° ¸¢Ö§´µ¸É¨ · ¢¥´ ´Ê²Õ.
O µ¡µ·µÉ, ¥¸²¨ É¥´§µ· ±·¨¢¨§´Ò ¸¨³³¥É·¨Î´µ°  ËË¨´´µ° ¸¢Ö§´µ¸É¨ · ¢¥´ ´Ê²Õ, Éµ

ÔÉ  ¸¢Ö§´µ¸ÉÓ ¶·¨³¨É¨¢´ .

11. ‚…Š’CD PHƒPDŒCHˆ—HC‘’ˆ
‚ ‘‹“—P… cDˆŒˆ’ˆ‚HC‰ ”CHC‚C‰ ‘‚Ÿ‡HC‘’ˆ

…¸²¨ ¢ ´¥±µÉµ·µ° ± ·É¥ y ¢¸¥ ±µ³¶µ´¥´ÉÒ Ëµ´µ¢µ° ¸¢Ö§´µ¸É¨ · ¢´Ò ´Ê²Õ, Éµ ¢
¸µµÉ¢¥É¸É¢¨¨ ¸ (26) É¥´§µ·  ËË¨´´µ° ¤¥Ëµ·³ Í¨¨ · ¢¥´

P a
mn =

∂xa

∂yb
∂2yb

∂xm∂xm
− Γamn =

∂xa

∂yb
∇m∇ny

b . (27)

‘²¥¤µ¢ É¥²Ó´µ, ¢¥±Éµ·  ´£ ·³µ´¨Î´µ¸É¨ ¢ ¤ ´´µ³ ¸²ÊÎ ¥ · ¢¥´

Φa = gmnP a
mn =

∂xa

∂yb
✷yb , (28)

£¤¥
✷yb = gmn∇m∇ny

b . (29)
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z·¨ ÔÉµ³ ´ ¤µ § ³¥É¨ÉÓ, ÎÉµ ¢¸Ö± Ö ±µµ·¤¨´ É  ´  ³´µ£µµ¡· §¨¨ Ö¢²Ö¥É¸Ö ¸± ²Ö·´µ°
ËÊ´±Í¨¥°, É ± ÎÉµ ∇ny

b = ∂ny
b,   ✷yb Ö¢²Ö¥É¸Ö ¤¨ËË¥·¥´Í¨ ²Ó´Ò³ ¶ · ³¥É·µ³ �¥²Ó-

É· ³¨ ¢Éµ·µ£µ ·µ¤ . W´ · ¢¥´

✷yb =
1√−g

∂

∂xm
(
√
−ggmn ∂y

b

∂xn
) . (30)

É ± ± ±

gmnΓbmn = − 1√−g
∂

∂xm
(
√
−ggmb) . (31)

‘µ£² ¸´µ (28), ¥¸²¨ ±µµ·¤¨´ ÉÒ yb £ ·³µ´¨Î¥¸±¨¥, Éµ ¢¥±Éµ·  ´£ ·³µ´¨Î´µ¸É¨ · ¢¥´
´Ê²Õ. O µ¡µ·µÉ, cµ£² ¸´µ (28) ¨³¥¥³

✷yb =
∂yb

∂xa
Φa . (32)

zµÔÉµ³Ê ¥¸²¨ ¢¥±Éµ·  ´£ ·³µ´¨Î´µ¸É¨ · ¢¥´ ´Ê²Õ, Éµ ±µµ·¤¨´ ÉÒ yb £ ·³µ´¨Î¥¸±¨¥.

12. D…˜…Hˆ… HC‚›• “DP‚H…Hˆ‰ ’ŸƒC’…HˆŸ
(‚ ‘‹“—P… (k < ∞, c < ∞))

Oµ¢Ò¥ Ê· ¢´¥´¨Ö ÉÖ£µÉ¥´¨Ö,   ¨³¥´´µ:

R11 = − 2
k2

, R22 = −2 sinh2
ρ

k
,

R33 = −2 sinh2
ρ

k
sin2 θ , R44 = 0 , (33)

Rmn = 0 , m �= n ,

¡Ê¤¥³ ·¥Ï ÉÓ, ¶µ² £ Ö, ÎÉµ

gab dx
adxb = F 2dρ2 + H2(dθ2 + sin2 θdφ2) − V 2dt2 , (34)

£¤¥ ËÊ´±Í¨¨ F,H, V § ¢¨¸ÖÉ Éµ²Ó±µ µÉ ρ.
’ ± ± ± ¢ ¸²ÊÎ ¥ (34) ¢¸¥ ´¥¤¨ £µ´ ²Ó´Ò¥ ±µ³¶µ´¥´ÉÒ É¥´§µ·  Rmn · ¢´Ò ´Ê²Õ,  

¤¨ £µ´ ²Ó´Ò¥ Ê¤µ¢²¥É¢µ·ÖÕÉ Ê¸²µ¢¨Õ

R33 = R22 sin2 θ , (35)

Éµ ¨§ ¢¸¥Ì Ê· ¢´¥´¨° (33) ´ ³ µ¸É ¥É¸Ö Ê¤µ¢²¥É¢µ·¨ÉÓ ¸²¥¤ÊÕÏ¨³ É·¥³ Ê· ¢´¥´¨Ö³:

R44 = 0 , R11 = − 2
k2

, R22 = −2 sinh2
ρ

k
. (36)

„ ²¥¥, ¢ ¸²ÊÎ ¥ (34) ¨³¥¥³

R44 =
V

FH2

d

dρ

(
H2

F

dV

dρ

)
,
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H

2

(
R11 + V −2F 2R44

)
=

dH

dρ

1
FV

d(FV )
dρ

− d2H

dρ2
, (37)

R22 = 1 − 1
FV

d

dρ

(
V H

F

dH

dρ

)
.

‘µ£² ¸´µ (36) ¨ (37) § ¤ Î  ¸¢¥² ¸Ó ± ¸²¥¤ÊÕÐ¥° ¸¨¸É¥³¥ Ê· ¢´¥´¨°:

d

dρ

(
H2

F

dV

dρ

)
= 0 , (38)

d2H

dρ2
− H

k2
=

dH

dρ

1
FV

d(FV )
dρ

, (39)

d

dρ

(
V H

F

dH

dρ

)
= FV cosh

2ρ
k

. (40)

•µ·µÏ¨³ Ê¶· ¦´¥´¨¥³ ¤²Ö ¸ÉÊ¤¥´É  Ö¢²Ö¥É¸Ö ¤µ± § ÉÓ, ÎÉµ ¤²Ö ¢¸Ö±µ£µ ·¥Ï¥´¨Ö
¸¨¸É¥³Ò Ê· ¢´¥´¨° (38), (39), (40) ¢Ò¶µ²´Ö¥É¸Ö ¸²¥¤ÊÕÐ¥¥ · ¢¥´¸É¢µ:

d

dρ

(
V H2

F

)
= FV sinh

2ρ
k

. (41)

ŒÒ ¡Ê¤¥³ ·¥Ï ÉÓ §¤¥¸Ó ÔÉÊ ¸¨¸É¥³Ê ¶·¨ Ê¸²µ¢¨¨

FV = C = const . (42)

z·¨ ÔÉµ³ Ê¸²µ¢¨¨ ¸¨¸É¥³  Ê¶·µÐ ¥É¸Ö ¨ ¶·¨¢µ¤¨É¸Ö ± ¸²¥¤ÊÕÐ¥³Ê ¢¨¤Ê:

d

dρ

(
H2 dV 2

dρ

)
= 0 , (43)

d2H

dρ2
− H

k2
= 0 , (44)

d2

dρ2

(
V 2 H2

)
= 2 C2 cosh

2ρ
k

. (45)

ˆ§ (43) ¨ (44) ´ Ìµ¤¨³, ÎÉµ
dV 2

dρ
=

B2

H2
, (46)

H = Pk sinh
ρ + ρ̂

k
, (47)

£¤¥ B2, P ¨ ρ̂ Å- ±µ´¸É ´ÉÒ ¨´É¥£·¨·µ¢ ´¨Ö. ‘²¥¤µ¢ É¥²Ó´µ,

V 2 = N − B2

kP 2
coth

ρ + ρ̂

k
, (48)

£¤¥ N Å ¥Ð¥ µ¤´  ±µ´¸É ´É  ¨´É¥£·¨·µ¢ ´¨Ö.
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ˆ§ (47) ¨ (48) ¸²¥¤Ê¥É, ÎÉµ

V 2 H2 =
(
NP 2k sinh

ρ + ρ̂

k
−B2 cosh

ρ + ρ̂

k

)
k sinh

ρ + ρ̂

k
. (49)

„¨ËË¥·¥´Í¨·ÊÖ ÔÉÊ ËÊ´±Í¨Õ, ´ Ìµ¤¨³

d

dρ

(
V 2 H2

)
= NP 2k sinh 2(ξ + ξ̂) −B2 cosh 2(ξ + ξ̂) ,

d2

dρ2

(
V 2 H2

)
= 2NP 2 cosh 2(ξ + ξ̂) − 2

B2

k
sinh 2(ξ + ξ̂) ,

£¤¥

ξ =
ρ

k
, ξ̂ =

ρ̂

k
. (50)

‘· ¢´¨¢ Ö ¶µ²ÊÎ¥´´Ò° ·¥§Ê²ÓÉ É ¸ Ê· ¢´¥´¨¥³ (45), § ±²ÕÎ ¥³, ÎÉµ ±µ´¸É ´ÉÒ ¨´É¥£·¨-
·µ¢ ´¨Ö ¤µ²¦´Ò Ê¤µ¢²¥É¢µ·ÖÉÓ ¸²¥¤ÊÕÐ¨³ Ê¸²µ¢¨Ö³:

NP 2 cosh 2ξ̂ − B2

k
sinh 2ξ̂ = C2 ,

NP 2 sinh 2ξ̂ − B2

k
cosh 2ξ̂ = 0 .

WÉ¸Õ¤  ´ Ìµ¤¨³
B2 = C2k sinh 2ξ̂ , NP 2 = C2 cosh 2ξ̂ . (51)

zµ¤¸É ¢²ÖÖ ÔÉ¨ §´ Î¥´¨Ö ¢ (49), ´ Ìµ¤¨³

V 2 H2 = C2k2 sinh(ξ + ξ̂) sinh(ξ − ξ̂) . (52)

’¥¶¥·Ó, ÊÎ¨ÉÒ¢ Ö (42) ¨ (47), ´ Ìµ¤¨³ £· ¢¨É Í¨µ´´ÊÕ ³¥É·¨±Ê ¢ ¢¨¤¥

gab dx
adxb =

= F 2dρ2 + H2(dθ2 + sin2 θdφ2) − V 2dt2 =

= P 2k2
[
Ξ−1dξ2 + sinh2(ξ + ξ̂)(dθ2 + sin2 θdφ2)

]
− C2P−2 Ξdt2 , (53)

£¤¥

Ξ =
sinh(ξ − ξ̂)

sinh(ξ + ξ̂)
. (54)

O  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ µÉ ¨¸ÉµÎ´¨± , Éµ ¥¸ÉÓ ¶·¨ ¡µ²ÓÏ¨Ì §´ Î¥´¨ÖÌ ξ, £· ¢¨É Í¨-
µ´´ Ö ³¥É·¨±  (53) ¤µ²¦´   ¸¨³¶ÉµÉ¨Î¥¸±¨ ¶·¨¡²¨¦ ÉÓ¸Ö ± Ëµ´µ¢µ° ³¥É·¨±¥,   ¨³¥´´µ,
± ³¥É·¨±¥

k2dξ2 + k2 sinh2 ξ (dθ2 + sin2 θdφ2) − c2dt2 . (55)

WÉ¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ
C = c , P = exp(−ξ̂) . (56)
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N ¸¸³ É·¨¢ Ö ´¥·¥²ÖÉ¨¢¨¸É¸±¨° ¶·¥¤¥², ¶µ²ÊÎ ¥³

sinh 2ξ̂ = 2
γM

kc2
. (57)

‡ ³¥É¨³, ÎÉµ Ëµ´µ¢ÊÕ ³¥É·¨±Ê (55) ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ´Ê²¥¢µ¥ ¶·¨¡²¨¦¥´¨¥
± £· ¢¨É Í¨µ´´µ° ³¥É·¨±¥ (53). z¥·¢Ò³ ¶·¨¡²¨¦¥´¨¥³ ± ³¥É·¨±¥ (53) Ö¢²Ö¥É¸Ö ³¥É·¨± 

k2dξ2 + k2 sinh2 ξ (dθ2 + sin2 θdφ2) − (c2 + 2U)dt2 , (58)

£¤¥

U =
γM

k

(
1 − coth

ρ

k

)
. (59)

‚Éµ·Ò³ ¶·¨¡²¨¦¥´¨¥³ ± ³¥É·¨±¥ (53) Ö¢²Ö¥É¸Ö ³¥É·¨± 

k2dξ2 + k2 sinh2 ξ (dθ2 + sin2 θdφ2) − c2dt2−

−2U
c2

[
k2dξ2 + k2 sinh2 ξ (dθ2 + sin2 θdφ2) + c2dt2

]
. (60)
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