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‚ · ¡μÉ¥ ¢ · ³± Ì ·¥²ÖÉ¨¢¨¸É¸±μ° É¥μ·¨¨ £· ¢¨É Í¨¨ · ¸¸³μÉ·¥´  § ¤ Î  μ ²μ± ²Ó´μ³ ¶μ-
Éμ±¥ · §¡¥£ ´¨Ö £ ² ±É¨± ´  ³ ¸ÏÉ ¡ Ì ´¥¸±μ²Ó±¨Ì ³¥£ ¶ ·¸¥±, ¢Ò§¢ ´´μ³ É¥³´μ° Ô´¥·£¨¥°, ·¥-
 ²¨§μ¢ ´´μ° ¸± ²Ö·´Ò³ ¶μ²¥³ ±¢¨´ÉÔ¸¸¥´Í¨¨. �μ± § ´μ, ÎÉμ ´ ¡²Õ¤ É¥²Ó´Ò¥ ¤ ´´Ò¥ É¥²¥¸±μ¶ 
®• ¡¡²¯ Ìμ·μÏμ μ¶¨¸Ò¢ ÕÉ¸Ö ¢ ·¥²ÖÉ¨¢¨¸É¸±μ° É¥μ·¨¨ £· ¢¨É Í¨¨ ¢ · ³± Ì ³μ¤¥²¨,  ´ ²μ£¨Î´μ°
³μ¤¥²¨ —¥·´¨´ Ä	 ·ÒÏ¥¢ Ä’¥¥·¨±μ·¶¨, ¶μ¸É·μ¥´´μ° ¢ μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨, ¶·¨Î¥³
¶μ¸ÉμÖ´´ Ö • ¡¡²  ²μ± ²Ó´μ£μ ¶μÉμ±  ³¥´ÓÏ¥ ±μ¸³μ²μ£¨Î¥¸±μ° ¶μ¸ÉμÖ´´μ° • ¡¡² . “¸É ´μ¢²¥´μ
¦¥¸É±μ¥ μ£· ´¨Î¥´¨¥ ´  ¶ · ³¥É· ±¢¨´ÉÔ¸¸¥´Í¨¨: 0 � ν � 0,05.

In the framework of relativistic theory of gravity (RTG) the problem of the local Hubble 
ow
induced by the quintessence dark energy on the scales 1Ä10 Mpc is considered. It is shown that
observable HST data are well described in RTG by the model analogous to that of Chernin, Baryshev,
Teericorpi in GR, with the local Hubble constant being less than the cosmological Hubble constant. The
strong constraint on the quintessence parameter is obtained: 0 � ν � 0.05.

PACS: 04.50.±h; 12.10.Kt; 95.36.+x; 98.80.±k
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„μ²£μ¥ ¢·¥³Ö ¢ ±μ¸³μ²μ£¨¨ ¸Î¨É ²μ¸Ó, ÎÉμ ¶μ´ÖÉ¨¥ ±μ¸³μ²μ£¨Î¥¸±μ£μ · ¸Ï¨·¥´¨Ö
¶·¨³¥´¨³μ Éμ²Ó±μ ± μÎ¥´Ó ¡μ²ÓÏ¨³ ¶·μ¸É· ´¸É¢¥´´Ò³ ³ ¸ÏÉ ¡ ³ 150Ä300 M¶±, §´ -
Î¨É¥²Ó´μ ¶·¥¢ÒÏ ÕÐ¨³ ¥¤¨´¨ÍÒ ³¥£ ¶ ·¸¥± (£·Ê¶¶Ò £ ² ±É¨±) ¨ ¤¥¸ÖÉ±¨ ³¥£ ¶ ·¸¥±
(¸±μ¶²¥´¨Ö £ ² ±É¨±),   ³ ·±¥· ³¨ ±μ¸³μ²μ£¨Î¥¸±μ£μ · ¸Ï¨·¥´¨Ö ± ± · § ¨ Ö¢²Ö²¨¸Ó
£·Ê¶¶Ò £ ² ±É¨±. �·¨Î¨´  ÔÉμ£μ § ±²ÕÎ ² ¸Ó ¢ Éμ³, ÎÉμ ·¥£Ê²Ö·´Ò° ¶μÉμ± · ¸Ï¨·¥´¨Ö
¶μ § ±μ´Ê • ¡¡² 

v = HlR (1)

¶·Ö³μ  ¸¸μÍ¨¨·μ¢ ²¸Ö ¸ · ¢´μ³¥·´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¢¥Ð¥¸É¢  ¢ ¸É ´¤ ·É´μ° Ë·¨¤-
³ ´μ¢¸±μ° ±μ¸³μ²μ£¨Î¥¸±μ° ³μ¤¥²¨. �μÔÉμ³Ê ¶μ¸±μ²Ó±Ê · ¸¶·¥¤¥²¥´¨¥ ¢¥Ð¥¸É¢  ¢μ
‚¸¥²¥´´μ° ¸É ´μ¢¨É¸Ö · ¢´μ³¥·´Ò³ Éμ²Ó±μ ´  ³ ¸ÏÉ ¡ Ì, ¶·¥¢ÒÏ ÕÐ¨Ì 150 Œ¶±, Éμ
¨ ±μ¸³μ²μ£¨Î¥¸±μ¥ · ¸Ï¨·¥´¨¥ · ¸¸³ É·¨¢ ²μ¸Ó ´  ¸ ³ÒÌ ¡μ²ÓÏ¨Ì ³ ¸ÏÉ ¡ Ì. �¤-
´ ±μ ¢ μÎ¥¢¨¤´μ³ ¶·μÉ¨¢μ·¥Î¨¨ ¸ ÔÉμ° ± ·É¨´μ° ´ Ìμ¤¨²μ¸Ó μÉ±·ÒÉμ¥ • ¡¡²μ³ ¤¢¨-
¦¥´¨¥ £ ² ±É¨± (¢±²ÕÎ Ö ´ ÏÊ) ¢ Œ¥¸É´μ° £·Ê¶¶¥ Å ´¥¸³μÉ·Ö ´  Ö¢´ÊÕ ¶·μ¸É· ´-
¸É¢¥´´ÊÕ ´¥μ¤´μ·μ¤´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¢¥Ð¥¸É¢ , ²¨´¥°´Ò¥ ¸±μ·μ¸É¨ £ ² ±É¨± ¢ £·Ê¶¶¥
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É ±¦¥ ¶μ¤Î¨´Ö²¨¸Ó Ì ¡¡²μ¢¸±μ³Ê ±μ¸³μ²μ£¨Î¥¸±μ³Ê § ±μ´Ê (1) (· ¸¸ÉμÖ´¨Ö μÉ¸Î¨ÉÒ¢ -
²¨¸Ó μÉ Í¥´É·  ³ ¸¸ Œ¥¸É´μ° £·Ê¶¶Ò, Ê¤ ²¥´´μ£μ μÉ ´ ¸ ´  20 Œ¶±), ¶·¨Î¥³ ¸ Éμ°
¦¥ ¢ ¶·¥¤¥² Ì μÏ¨¡±¨ ¨§³¥·¥´¨Ö ¶μ¸ÉμÖ´´μ°, ÎÉμ ¨ ¤²Ö ±μ¸³μ²μ£¨Î¥¸±μ£μ · ¸Ï¨·¥´¨Ö
Hl = (62,3±5,0) ±³ · c−1 ·Œ¶±−1 [1]. �¥£Ê²Ö·´μ¸ÉÓ É ±μ£μ Ì ¡¡²μ¢¸±μ£μ ¶μÉμ± , É. ¥. · §-
¡¥£ ´¨Ö £ ² ±É¨± ¶μ § ±μ´Ê • ¡¡²  ¢ Œ¥¸É´μ° £·Ê¶¶¥, ¨ ¡²¨§μ¸ÉÓ Ì ¡¡²μ¢¸±¨Ì ±μ´¸É ´É
¤²Ö ¸Éμ²Ó · §²¨Î´ÒÌ ³ ¸ÏÉ ¡μ¢ A. ‘Ô´¤¨¤¦ ¤μ μÉ±·ÒÉ¨Ö É¥³´μ° Ô´¥·£¨¨ ´ §Ò¢ ² ®É °-
´μ°¯ [2, 3],   ¢ ¸¶¥Í¨ ²Ó´μ° ²¨É¥· ÉÊ·¥ ÊÉ¢¥·¤¨²¸Ö É¥·³¨´ ®¶ · ¤μ±¸ • ¡¡² Ä‘Ô´¤¨¤¦ ¯.

�É±·ÒÉ¨¥ É¥³´μ° Ô´¥·£¨¨, ´μ¢μ° ±μ¸³¨Î¥¸±μ° ¸·¥¤Ò, μ¡² ¤ ÕÐ¥°  ´É¨ÉÖ£μÉ¥´¨¥³
¨ ¢¸²¥¤¸É¢¨¥ ÔÉμ£μ ¶·¨¢μ¤ÖÐ¥° ± Ê¸±μ·¥´´μ³Ê ±μ¸³μ²μ£¨Î¥¸±μ³Ê · §¡¥£ ´¨Õ £ ² ±É¨±,
¸É ²μ ¨§¢¥¸É´μ ´  ·Ê¡¥¦¥ ´ Ï¥£μ ¢¥±  ¢ ·¥§Ê²ÓÉ É¥  ¸É·μ´μ³¨Î¥¸±¨Ì ´ ¡²Õ¤¥´¨° ´ 
¡μ²ÓÏ¨Ì ±μ¸³μ²μ£¨Î¥¸±¨Ì · ¸¸ÉμÖ´¨ÖÌ, ¸μ¶μ¸É ¢¨³ÒÌ ¸ · ¤¨Ê¸μ³ ‚¸¥²¥´´μ°. �Éμ ¡Ò²μ
Ê¸É ´μ¢²¥´μ ¸ ¶μ³μÐÓÕ ¸¶ÊÉ´¨± -É¥²¥¸±μ¶  ®• ¡¡²¯ (HST) ¨ ´ §¥³´ÒÌ É¥²¥¸±μ¶μ¢. �¤-
´ ±μ, ± ± μ± § ²μ¸Ó, É¥³´ Ö Ô´¥·£¨Ö Ê¶· ¢²Ö¥É ¤¨´ ³¨±μ° Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ° ´¥ Éμ²Ó±μ
¢ ³ ¸ÏÉ ¡ Ì, ¶·¥¢ÒÏ ÕÐ¨Ì ÖÎ¥°±Ê μ¤´μ·μ¤´μ¸É¨, · ¢´ÊÕ 150Ä300 Œ¶±, ´μ ¨ ¢ ¨´-
É¥·¢ ²¥ 1Ä200 Œ¶±, £¤¥ ¢¥Ð¥¸É¢μ · ¸¶·¥¤¥²¥´μ ´¥μ¤´μ·μ¤´μ. �μ¸²¥ μÉ±·ÒÉ¨Ö É¥³´μ°
Ô´¥·£¨¨ �. „. —¥·´¨´Ò³, �. ’¥¥·¨±μ·¶¨ ¨ �. 	 ·ÒÏ¥¢Ò³ [4, 5] ¡Ò²μ ¢Ò¤¢¨´ÊÉμ ¶·¥¤¶μ-
²μ¦¥´¨¥, ÎÉμ ¸μ§¤ ¢ ¥³μ¥ ¥Õ £· ¢¨É Í¨μ´´μ¥ μÉÉ ²±¨¢ ´¨¥ ¤μ²¦´μ ¶·μÖ¢²ÖÉÓ ¸¥¡Ö ´¥
Éμ²Ó±μ Ê £· ´¨ÍÒ ´ ¡²Õ¤ ¥³μ° ‚¸¥²¥´´μ°, ´μ ¨ ¢ ¡²¨¦´¥° §μ´¥, ¢ μ±·¥¸É´μ¸ÉÖÌ ´ Ï¥°
£ ² ±É¨±¨ Å Œ²¥Î´μ£μ �ÊÉ¨. �´  ¢³¥¸É¥ ¸ ¤·Ê£μ° ±·Ê¶´μ° £ ² ±É¨±μ° Œ31 ¢ ¸μ§¢¥§¤¨¨
�´¤·μ³¥¤Ò μ¡· §ÊÕÉ Œ¥¸É´ÊÕ £·Ê¶¶Ê £ ² ±É¨±, ±μÉμ· Ö ¢±²ÕÎ ¥É ¥Ð¥ μ±μ²μ 50 ³ ²ÒÌ
£ ² ±É¨± ¸ μ¡Ð¥° ³ ¸¸μ° M = (2−3) ·1012M�. � ·Ö¤Ê ¸ μ¡ÒÎ´μ°, ¡ ·¨μ´´μ°, ³ É¥·¨¥°,
μ¸´μ¢´μ° ¢±² ¤ ¢ M ¤ ¥É É¥³´ Ö ³ É¥·¨Ö, ¸μ¸·¥¤μÉμÎ¥´´ Ö £² ¢´Ò³ μ¡· §μ³ ¢ μ¡Ï¨·-
´ÒÌ £ ²μ Œ²¥Î´μ£μ �ÊÉ¨ ¨ Œ31. Š ¦¤ Ö £ ² ±É¨±  Œ¥¸É´μ° £·Ê¶¶Ò ¡Ò²  ¤¥É ²Ó´μ
¨¸¸²¥¤μ¢ ´  ˆ. „.Š · Î¥´Íμ¢Ò³ ¸ ¸μÉ·Ê¤´¨± ³¨ [6] ¸ ¶μ³μÐÓÕ ¤ ´´ÒÌ HST (Hubble
Space Telescope). �¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´Ò ´  ¤¨ £· ³³¥ ¸±μ·μ¸ÉÓÄ· ¸¸ÉμÖ´¨¥ (·¨¸. 1).
’μÎ±¨ μ¡μ§´ Î ÕÉ £ ² ±É¨±¨ ¸ ¨§³¥·¥´´Ò³¨ · ¤¨ ²Ó´Ò³¨ ¸±μ·μ¸ÉÖ³¨ ¨ · ¸¸ÉμÖ´¨Ö³¨
¤μ Í¥´É·  ³ ¸¸ £·Ê¶¶Ò, ±μÉμ·Ò°, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¤¢¨¦¥É¸Ö ¸μ ¸±μ·μ¸ÉÓÕ μ±μ²μ 600 ±³/¸
μÉ´μ¸¨É¥²Ó´μ ·¥²¨±Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö [7]. Š ± ¢¨¤´μ ¨§ ¤¨ £· ³³Ò, ¢¸¥ £ ² ±É¨±¨ · §¤¥-
²¨²¨¸Ó ´  ¤¢¥ Î ¸É¨ Å ¢´ÊÉ·¥´´ÕÕ ¸ · ¸¸ÉμÖ´¨Ö³¨, ´¥ ¶·¥¢ÒÏ ÕÐ¨³¨ 1 Œ¶± (Œ¥¸É´ Ö
£·Ê¶¶ ), ¨ ¢´¥Ï´ÕÕ ¸ · ¤¨Ê¸ ³¨ ¢ ¨´É¥·¢ ²¥ 1Ä3 Œ¶± (Œ¥¸É´Ò° ¶μÉμ±). ƒ ² ±É¨±¨ ¶μ-
Éμ±  ¨³¥ÕÉ Éμ²Ó±μ ¶μ²μ¦¨É¥²Ó´Ò¥ ¸±μ·μ¸É¨ Å μ´¨ Ê¤ ²ÖÕÉ¸Ö μÉ Œ¥¸É´μ° £·Ê¶¶Ò, ¢
±μÉμ·μ° Î ¸É¨ÍÒ (£ ² ±É¨±¨) ¨³¥ÕÉ ± ± ¶μ²μ¦¨É¥²Ó´Ò¥, É ± ¨ μÉ·¨Í É¥²Ó´Ò¥ ¸±μ·μ¸É¨.
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‚ · ¡μÉ Ì [4, 5] ¡Ò²  ¶μ¸É·μ¥´  ¶·μ¸É Ö ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´ Ö ³μ¤¥²Ó, ¢ ±μÉμ-
·μ° £·Ê¶¶  £ ² ±É¨± ¶·¥¤¸É ¢²¥´  ³ ¸¸μ° M ,   £ ² ±É¨±¨ ¶μÉμ±  Å Î ¸É¨Í ³¨ ¸ ³ ¸-
¸ ³¨, ´ ³´μ£μ ³¥´ÓÏ¨³¨ M , ´  Ëμ´¥ É¥³´μ° Ô´¥·£¨¨ ¸ ¶μ¸ÉμÖ´´μ° ¶²μÉ´μ¸ÉÓÕ ρX , ´¥
μ¡Ö§ É¥²Ó´μ · ¢´μ° £²μ¡ ²Ó´μ° ¶²μÉ´μ¸É¨ É¥³´μ° Ô´¥·£¨¨. � ¸¸³μÉ·¨³ ¢±· ÉÍ¥ μ¸´μ¢-
´Ò¥ Î¥·ÉÒ ÔÉμ° ³μ¤¥²¨, ¶μ¸É·μ¥´´μ° ¢ · ³± Ì μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ (�’�).
�Éμ ¶μ³μ¦¥É ¶μ´ÖÉÓ, Î¥³ μ´  μÉ²¨Î ¥É¸Ö μÉ  ´ ²μ£¨Î´μ° ³μ¤¥²¨ ¢ ·¥²ÖÉ¨¢¨¸É¸±μ° É¥μ-
·¨¨ £· ¢¨É Í¨¨. ˆÉ ±, ¢ μ¸´μ¢¥ ³μ¤¥²¨ [4, 5] ²¥¦¨É É¥μ·¥³  	¨·±£μË  Å ¶·μ¨§¢μ²Ó´μ¥
¢ ±ÊÊ³´μ¥ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ¥ ·¥Ï¥´¨¥ �’� ¤μ²¦´μ ¡ÒÉÓ ¸É É¨Î¥¸±¨³ ¶μ²¥³
˜¢ ·ÍÏ¨²Ó¤ . �É¸Õ¤  ¸²¥¤Ê¥É Ìμ·μÏμ ¨§¢¥¸É´Ò° ¢ �’� ·¥§Ê²ÓÉ É μ Éμ³, ÎÉμ ¢´ÊÉ·¨
¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ° ³ ¸¸¨¢´μ° μ¡μ²μÎ±¨ £· ¢¨É Í¨μ´´μ¥ ¶μ²¥ μ¶¨¸Ò¢ ¥É¸Ö ³¥-
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É·¨±μ° Œ¨´±μ¢¸±μ£μ, É ± ± ± ¢ ÔÉÊ ³¥É·¨±Ê ¤μ²¦´  ¶¥·¥°É¨ ³¥É·¨±  ˜¢ ·ÍÏ¨²Ó¤  ¶·¨
´Ê²¥¢μ° Í¥´É· ²Ó´μ° ³ ¸¸¥. �μÔÉμ³Ê ¢´¥Ï´¥¥, ¢ Éμ³ Î¨¸²¥ ´¥¸É É¨Î¥¸±μ¥, ¶μ²¥ ´¨± ±
´¥ ¡Ê¤¥É μÐÊÐ ÉÓ¸Ö ¢´ÊÉ·¨ É ±μ° ¢ ±ÊÊ³´μ° ¶μ²μ¸É¨. ‘²¥¤μ¢ É¥²Ó´μ, ´  Î ¸É¨ÍÊ (£ ² ±-
É¨±Ê) ¸ · ¤¨Ê¸μ³ R ¡Ê¤ÊÉ ¤¥°¸É¢μ¢ ÉÓ Éμ²Ó±μ ¸¨²Ò, ¸μ§¤ ¢ ¥³Ò¥ ¢¥Ð¥¸É¢μ³, ´ Ìμ¤ÖÐ¨³¸Ö
¢´ÊÉ·¨ ¸Ë¥·Ò ¸ É ±¨³ · ¤¨Ê¸μ³: ¸¨²Ò ´ÓÕÉμ´μ¢¸±μ£μ ¶·¨ÉÖ¦¥´¨Ö ¸ Î ¸É¨Í ³¨ Œ¥¸É´μ°
£·Ê¶¶Ò μ¡Ð¥° ³ ¸¸μ° M , ¢±²ÕÎ ÕÐ¥° É¥³´ÊÕ ³ ¸¸Ê,   É ±¦¥ ¸¨²  £· ¢¨É Í¨μ´´μ£μ
μÉÉ ²±¨¢ ´¨Ö, ¢Ò§¢ ´´ Ö É¥³´μ° Ô´¥·£¨¥°, ´ Ìμ¤ÖÐ¥°¸Ö ¢ Ï ·¥ ¸ · ¤¨Ê¸μ³ R. ‚¸¥ ¢¥-
Ð¥¸É¢μ, ´ Ìμ¤ÖÐ¥¥¸Ö ¢´¥ ÔÉμ° ¸Ë¥·Ò, ¢±²ÕÎ Ö É¥³´ÊÕ Ô´¥·£¨Õ, ´¥ ¡Ê¤¥É ¤ ¢ ÉÓ ¢±² ¤ 
¢ ¢¥²¨Î¨´Ê Ê¸±μ·¥´¨Ö ÔÉμ° £ ² ±É¨±¨. Œ ¸¸  É¥³´μ° Ô´¥·£¨¨ ¢ μ¡Ñ¥³¥ ¸Ë¥·Ò · ¤¨Ê¸  R
¢ ¸¨²Ê ¶μ¸ÉμÖ´¸É¢  ¥¥ ¶²μÉ´μ¸É¨ · ¢´ 

MX =
4π

3
ρXR3. (2)

�μÔÉμ³Ê § ±μ´ ¸μÌ· ´¥´¨Ö Ô´¥·£¨¨ Î ¸É¨ÍÒ (¥¤¨´¨Î´μ° ³ ¸¸Ò), ´ Ìμ¤ÖÐ¥°¸Ö ¢ É ±μ³
£· ¢¨É Í¨μ´´μ³ ¶μ²¥, ³μ¦´μ § ¶¨¸ ÉÓ É ±:

E = K + U =
1
2
Ṙ2 − GM

R
− GMX

R
≡ 1

2
Ṙ2 − GM

R
− 4π

3
GρXR2, (3)

£¤¥ E Å ¶μ¸ÉμÖ´´ Ö Ô´¥·£¨Ö Î ¸É¨ÍÒ (¥¤¨´¨Î´μ° ³ ¸¸Ò); K ¨ U Å ¥¥ ±¨´¥É¨Î¥¸± Ö
¨ ¶μÉ¥´Í¨ ²Ó´ Ö Ô´¥·£¨¨; Ṙ Å ¸±μ·μ¸ÉÓ Î ¸É¨ÍÒ; G Å ´ÓÕÉμ´μ¢¸± Ö £· ¢¨É Í¨μ´´ Ö
¶μ¸ÉμÖ´´ Ö. ‘±μ·μ¸ÉÓ ¸¢¥É  ¸Î¨É ¥É¸Ö · ¢´μ° ¥¤¨´¨Í¥: c = 1. „¨ËË¥·¥´Í¨·ÊÖ ÔÉμ
Ê· ¢´¥´¨¥, ´ °¤¥³ Ê¸±μ·¥´¨¥ £ ² ±É¨±¨

R̈ = −GM

R2
+ 2

4π

3
GρXR. (4)

’ ±¨³ μ¡· §μ³, ´  ± ¦¤ÊÕ Î ¸É¨ÍÊ ¤¥°¸É¢Ê¥É ´ÓÕÉμ´μ¢¸± Ö ¸¨²  ¶·¨ÉÖ¦¥´¨Ö ± £·Ê¶¶¥ ¨
¸¨²  μÉÉ ²±¨¢ ´¨Ö, ¸μ§¤ ´´ Ö É¥³´μ° Ô´¥·£¨¥°, ¶·¨Î¥³ ¶¥·¢ Ö ¸ ·μ¸Éμ³ R ¡Ò¸É·μ Ê³¥´Ó-
Ï ¥É¸Ö,   ¢Éμ· Ö ²¨´¥°´μ · ¸É¥É. …¸²¨ ¤²Ö É¥³´μ° Ô´¥·£¨¨ ¢§ÖÉÓ £²μ¡ ²Ó´μ¥ §´ Î¥´¨¥
ρX = 0,7·10−29 £/¸³−3, Éμ ¶·¨

R >

(
3M

8πρX

)1/3

= 1,3 Œ¶± (5)

¡Ê¤¥É ¶·¥μ¡² ¤ ÉÓ ¢Éμ·μ° Î²¥´ ¨ Î ¸É¨ÍÒ ¡Ê¤ÊÉ ®ÊÌμ¤¨ÉÓ¯ ¨§ £·Ê¶¶Ò, ÎÉμ Ìμ·μÏμ ¢¨¤´μ
´  ·¨¸. 1.

“· ¢´¥´¨¥ (4) μ¶·¥¤¥²Ö¥É Ë §μ¢Ò¥ É· ¥±Éμ·¨¨ £ ² ±É¨± ´  £· Ë¨±¥ ¸±μ·μ¸ÉÓÄ· ¸¸ÉμÖ-
´¨¥. �·¨ R → ∞ ¢¸¥ Ë §μ¢Ò¥ É· ¥±Éμ·¨¨ ¸É·¥³ÖÉ¸Ö ± Ë §μ¢μ³Ê  ÉÉ· ±Éμ·Ê Å ¶·Ö³μ°
• ¡¡²  (1), £¤¥

Hl =

√
8πGρX

3
∼= 60 ±³ · c−1 · Œ¶±−1. (6)

�É¨ É· ¥±Éμ·¨¨ ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨°  ÉÉ· ±Éμ· ¨§μ¡· ¦¥´Ò ´  ·¨¸. 2 [3, 5].
�´ ²μ£¨Î´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ²ÊÎ¥´Ò ¤²Ö ¤·Ê£¨Ì ²μ± ²Ó´ÒÌ £·Ê¶¶ ¨ ¶μÉμ±μ¢,   É ±¦¥

¤²Ö Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ´  ³ ¸ÏÉ ¡ Ì 20 Œ¶± [8].
�μ ³´¥´¨Õ —¥·´¨´ , £²μ¡ ²Ó´Ò° Ì ¡¡²μ¢¸±¨° ¶μÉμ± ¢ ¸¨²Ê Ê´¨¢¥·¸ ²Ó´μ¸É¨ Ë §μ¢μ£μ

 ÉÉ· ±Éμ·  ¤μ²¦¥´ ¨³¥ÉÓ É ±ÊÕ ¦¥ ¶μ¸ÉμÖ´´ÊÕ:

H0 = Hl. (7)
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�¨¸. 1. „¨ £· ³³  ¸±μ·μ¸ÉÓÄ· ¸¸ÉμÖ´¨¥ ¤²Ö £ ² ±É¨± ´  · ¸¸ÉμÖ´¨ÖÌ ¤μ 3 Œ¶±. Š ¦¤ Ö ÉμÎ± 

μÉ¢¥Î ¥É £ ² ±É¨±¥ ¸ ¨§³¥·¥´´Ò³¨ §´ Î¥´¨Ö³¨ · ¸¸ÉμÖ´¨Ö ¨ · ¤¨ ²Ó´μ° ¸±μ·μ¸É¨ ¢ ¸¨¸É¥³¥ μÉ-

¸Î¥É , ¸¢Ö§ ´´μ° ¸ Í¥´É·μ³ ³ ¸¸ Œ¥¸É´μ° £·Ê¶¶Ò. ‘±μ·μ¸É¨ ¸Î¨É ÕÉ¸Ö ¶μ²μ¦¨É¥²Ó´Ò³¨, ¥¸²¨ μ´¨
´ ¶· ¢²¥´Ò μÉ Í¥´É·  £·Ê¶¶Ò

�¨¸. 2. ” §μ¢Ò¥ É· ¥±Éμ·¨¨ Œ¥¸É´μ£μ ¶μÉμ±  ¨ Ë §μ¢Ò°  ÉÉ· ±Éμ·
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�´ μÉ³¥Î ² ¢ [8]: ®‚ £²μ¡ ²Ó´μ³ ¶μÉμ±¥ ¨³¥¥É¸Ö ÉμÉ ¦¥  ÉÉ· ±Éμ·, ÎÉμ ¨ ¢ ²μ± ²Ó´ÒÌ
¶μÉμ± Ì. � ¡²Õ¤ ¥³μ¥ §´ Î¥´¨¥ £²μ¡ ²Ó´μ£μ ¶μÉμ±  ´¥ É ± ¤ ²¥±μ μÉ  ¸¨³¶ÉμÉ¨Î¥¸±μ£μ,
¥¸²¨ ¸Ê¤¨ÉÓ ¶μ ¸μ¢·¥³¥´´μ³Ê §´ Î¥´¨Õ [9] ±μ¸³μ²μ£¨Î¥¸±μ£μ Ë ±Éμ·  • ¡¡²  H0 =
(69±1) ±³ · c−1 ·Œ¶±−1, ±μÉμ·μ¥ μÉ²¨Î ¥É¸Ö μÉ ¶ · ³¥É·  Hl ¢¸¥£μ ´  15%¯. ’¥³ ¸ ³Ò³
¶ · ¤μ±¸ • ¡¡² Ä‘Ô´¤¨¤¦  μ ¸¶· ¢¥¤²¨¢μ¸É¨ Ì ¡¡²μ¢¸±μ£μ ¶μÉμ±  ´  ³ ²ÒÌ ³ ¸ÏÉ ¡ Ì
1Ä200 Œ¶± ¸ ´¥μ¤´μ·μ¤´μ · ¸¶·¥¤¥²¥´´Ò³ ¢¥Ð¥¸É¢μ³ ¡Ò² · §·¥Ï¥´.

2. ƒ��‚ˆ’�–ˆ����… ��‹… �‹ˆ†�…‰ ‚‘…‹…���‰
‚ �…‹Ÿ’ˆ‚ˆ‘’‘Š�‰ ’…��ˆˆ ƒ��‚ˆ’�–ˆˆ

� ¸¸³μÉ·¨³ É¥¶¥·Ó § ¤ ÎÊ μ Œ¥¸É´μ³ ¶μÉμ±¥ ¨ Œ¥¸É´μ° £·Ê¶¶¥ ¢ · ³± Ì ·¥²ÖÉ¨-
¢¨¸É¸±μ° É¥μ·¨¨ £· ¢¨É Í¨¨ (�’ƒ) [10]. � ¶μ³´¨³, ÎÉμ ¢ μ¸´μ¢¥ �’ƒ ²¥¦¨É ¶·¥¤¸É -
¢²¥´¨¥ μ £· ¢¨É Í¨μ´´μ³ ¶μ²¥ ± ± μ É¥´§μ·´μ³ ¶μ²¥ φαβ , · §¢¨¢ ÕÐ¥³¸Ö ¢ Ëμ´μ¢μ³
¶·μ¸É· ´¸É¢¥-¢·¥³¥´¨ ¸ ³¥É·¨±μ° γαβ . ˆ¸ÉμÎ´¨±μ³ ÔÉμ£μ ¶μ²Ö Ö¢²Ö¥É¸Ö ¸μÌ· ´ÖÕÐ¨°¸Ö
¶μ²´Ò°, ¢±²ÕÎ ÕÐ¨° ¢±² ¤ ¸ ³μ£μ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö, É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸ .

„¢¨¦¥´¨¥ ¢¥Ð¥¸É¢  ¢ Ëμ´μ¢μ³ ¶·μ¸É· ´¸É¢¥ ¶μ¤ ¤¥°¸É¢¨¥³ ÔÉμ£μ £· ¢¨É Í¨μ´´μ£μ
¶μ²Ö ¶·μÖ¢²Ö¥É¸Ö ± ± ¤¢¨¦¥´¨¥ ¢ ÔËË¥±É¨¢´μ³ ·¨³ ´μ¢μ³ ¶·μ¸É· ´¸É¢¥, ¨³¥ÕÐ¥³ ¶·μ-
¸ÉÊÕ Éμ¶μ²μ£¨Õ, ¸ ³¥É·¨±μ° gμν , ¶·¨Î¥³ ² £· ´¦¨ ´ ¢¥Ð¥¸É¢  £¥μ³¥É·¨§μ¢ ´ (LM =
LM (gμν , φA), φA Å ¶μ²Ö ¢¥Ð¥¸É¢ ) ¨

√
−ggαβ =

√
−γ(γαβ + φαβ), g = det (gμν),

√
−γ = det (γαβ). (8)

� ²¨Î¨¥ 10 ¨´É¥£· ²Ó´ÒÌ § ±μ´μ¢ ¸μÌ· ´¥´¨Ö (¨´É¥£· ²μ¢ ¤¢¨¦¥´¨Ö) μ¶·¥¤¥²Ö¥É¸Ö ¸¨³-
³¥É·¨Ö³¨ ¶·μ¸É· ´¸É¢ -¢·¥³¥´¨ Œ¨´±μ¢¸±μ£μ ¸ ³¥É·¨±μ° γαβ , ¨ ¨Ì Î¨¸²μ ¸μ¢¶ ¤ ¥É ¸
Î¨¸²μ³ ¢¥±Éμ·μ¢ Š¨²²¨´£  ¢ ÔÉμ³ ¶·μ¸É· ´¸É¢¥.

“· ¢´¥´¨Ö £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö ¸ ³ ¸¸μ° m § ¶¨Ï¥³ ¢ ¢¨¤¥ [10]

Rμ
ν − 1

2
δμ
ν R +

m2

2
δμ
ν +

m2

2

(
gμλδτ

ν − 1
2
δμ
ν gλτ

)
γλτ = 8πGT μ

ν , (9)

Dβ

√
−ggαβ = 0, (10)

£¤¥ Dβ Å ±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö ¶μ ³¥É·¨±¥ Œ¨´±μ¢¸±μ£μ γαβ; T μ
ν Å É¥´§μ·

Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¥Ð¥¸É¢ .
� ³ ´Ê¦´μ ´ °É¨ ·¥Ï¥´¨¥ (9), (10) ¤²Ö § ¤ Î¨ μ £·Ê¶¶¥ £ ² ±É¨± ¢ ¡²¨¦´¥° ‚¸¥²¥´-

´μ° ¸ ÊÎ¥Éμ³ É¥³´μ° Ô´¥·£¨¨. „²Ö ÔÉμ£μ ¶μÉ·¥¡Ê¥É¸Ö Ë·¨¤³ ´μ¢¸±μ¥ ±μ¸³μ²μ£¨Î¥¸±μ¥
·¥Ï¥´¨¥. � §²¨Î´Ò¥  ¸¶¥±ÉÒ ÔÉμ£μ ¸Í¥´ ·¨Ö ¢ �’ƒ ¨§ÊÎ ²¨¸Ó ¢ · ¡μÉ Ì [11Ä17]. „²Ö
μ¤´μ·μ¤´μ° ¨ ¨§μÉ·μ¶´μ° ¶²μ¸±μ° Ë·¨¤³ ´μ¢¸±μ° ³¥É·¨±¨, Ê¤μ¢²¥É¢μ·ÖÕÐ¥° ¶·¨´Í¨¶Ê
¶·¨Î¨´´μ¸É¨, ¨³¥¥³ ¢Ò· ¦¥´¨Ö ¤²Ö ¨´É¥·¢ ²μ¢ ·¨³ ´μ¢  ¶·μ¸É· ´¸É¢  ¨ ¶·μ¸É· ´¸É¢ 
Œ¨´±μ¢¸±μ£μ:

ds2 = a6(t) dt2 − β4a2(t)(dr2 + r2(dθ2 + sin θ2 dφ2)), (11)

dσ2 = dt2 − dr2 − r2(dθ2 + sin θ2 dφ2), (12)

£¤¥ a(t) Å ³ ¸ÏÉ ¡´Ò° Ë ±Éμ·; β = amax = const Å ¶μ¸ÉμÖ´´ Ö, μÉ¢¥Î ÕÐ Ö § 
¸μ¡²Õ¤¥´¨¥ ¶·¨´Í¨¶  ¶·¨Î¨´´μ¸É¨. ‚¸¥²¥´´ Ö · §¢¨¢ ¥É¸Ö Í¨±²¨Î¥¸±¨, É ± ÎÉμ

amin � a � amax.
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Œ ¸ÏÉ ¡´Ò° Ë ±Éμ· a(t) Ê¤μ¢²¥É¢μ·Ö¥É Ê· ¢´¥´¨Õ (τ Å ¸μ¡¸É¢¥´´μ¥ ¢·¥³Ö)(
1
a4

da

dt

)2

=
(

1
a

da

dτ

)2

=
8π

3
Gρ − m2

6

[
1 − 3

2β4a2
+

1
2a6

]
, (13)

£¤¥ ¶μ²´ Ö ¶²μÉ´μ¸ÉÓ ³ É¥·¨¨ ρ ¸μ¸Éμ¨É ¨§ É·¥Ì μ¸´μ¢´ÒÌ ±μ³¶μ´¥´É Å ¡ ·¨μ´´μ£μ ¢¥-
Ð¥¸É¢  ¨ É¥³´μ° ³ É¥·¨¨ ¸ ±μ´¸É ´Éμ° ACDM, ·¥²¨±Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö ¸ ±μ´¸É ´Éμ° Ar

¨ É¥³´μ° Ô´¥·£¨¨, ³μ¤¥²¨·Ê¥³μ° ¸± ²Ö·´Ò³ ¶μ²¥³ Å ±¢¨´ÉÔ¸¸¥´Í¨¥° [14] ¸ ±μ´¸É ´Éμ°
Aν (´ ¨¡μ²¥¥ Ê¶μÉ·¥¡¨É¥²Ó´ Ö ¢ �’� ³μ¤¥²Ó É¥³´μ° Ô´¥·£¨¨ ¢ ¢¨¤¥ ±μ¸³μ²μ£¨Î¥¸±μ° ¶μ-
¸ÉμÖ´´μ° Λ ¢ �’ƒ ´¥¶·¨³¥´¨³ , É ± ± ± μ´  ¶·μÉ¨¢μ·¥Î¨É ¶·¨´Í¨¶Ê ¶·¨Î¨´´μ¸É¨ [16]):

ρ = ρm + ρr + ρν =
ACDM

a3
+

Ar

a4
+

Aν

a3ν
.

�μ¤Î¥·±´¥³, ÎÉμ ¶¥·¢Ò° Î²¥´ ¢μ°¤¥É ¢ ¸μ¸É ¢ ¶²μÉ´μ¸É¨ ρ Éμ²Ó±μ ´  Ë·¨¤³ ´μ¢¸±¨Ì
³ ¸ÏÉ ¡ Ì, ¶·¥¢ÒÏ ÕÐ¨Ì · §³¥·Ò ÖÎ¥°±¨ μ¤´μ·μ¤´μ¸É¨ ∼ 200 Œ¶±. �  ¨´É¥·¥¸ÊÕÐ¥°
´ ¸ Ï± ²¥ ´¥¸±μ²Ó±¨Ì ³¥£ ¶ ·¸¥± ¶²μÉ´μ¸ÉÓ ¢¥Ð¥¸É¢  ´¥μ¤´μ·μ¤´ , É ± ± ± μ´μ ¸μ¸·¥-
¤μÉμÎ¥´μ ¢ £ ² ±É¨± Ì ¨ ¢ £ ²μ £ ² ±É¨±. Œ¨±·μ¢μ²´μ¢μ¥ ¦¥ ¨§²ÊÎ¥´¨¥ ¨ É¥³´ Ö Ô´¥·£¨Ö
(±¢¨´ÉÔ¸¸¥´Í¨Ö), ± ± ³Ò ¶·¥¤¶μ² £ ¥³, ¨³¥ÕÉ μ¤¨´ ±μ¢ÊÕ ¶²μÉ´μ¸ÉÓ Ô´¥·£¨¨ ´  ¢¸¥Ì
¶·μ¸É· ´¸É¢¥´´ÒÌ ³ ¸ÏÉ ¡ Ì.

‚¢μ¤Ö ¸É ´¤ ·É´Ò¥ μÉ´μ¸¨É¥²Ó´Ò¥ ¶²μÉ´μ¸É¨ ¨ ´μ¢ÊÕ ¶¥·¥³¥´´ÊÕ x:

Ωr =
ρ0

r

ρ0
c

, Ωm =
ρ0
CDM

ρ0
c

, Ων =
ρ0

ν

ρ0
c

,

ρ0
c =

3
8πG

H2
0 , H0 =

(
1
a

da

dτ

)2

0

, x =
a

a0
,

£¤¥ ¨´¤¥±¸ ®0¯ μÉ¢¥Î ¥É ¸μ¢·¥³¥´´μ³Ê ³μ³¥´ÉÊ Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ°, ¨§ (13) ¶μ²ÊÎ ¥³(
1
x

dx

dτ

)2

= H2
0

[
Ωr

x4
+

Ωm

x3
+

Ων

x3ν
− m2

6H2
0

(
1 − 3

2β4a2
0x

2
+

1
2a6

0x
6

)]
. (14)

�É²¨Î¨¥ ´ Ï¥£μ Ê· ¢´¥´¨Ö Ô¢μ²ÕÍ¨¨ (14) μÉ ¸É ´¤ ·É´μ° ΛCDM-³μ¤¥²¨ �’� ¸ ±¢¨´É-
Ô¸¸¥´Í¨¥° ¸μ¸Éμ¨É ¢ É·¥Ì m2-Î²¥´ Ì.

� ¤¨ Í¨μ´´ Ö ¶²μÉ´μ¸ÉÓ · ¸¸Î¨É ´  ÉμÎ´μ ¨ ¸μ¸É ¢²Ö¥É ¢ ´ ¸ÉμÖÐÊÕ Ô¶μÌÊ Ô¢μ²ÕÍ¨¨
‚¸¥²¥´´μ° ³¥´¥¥ μ¤´μ° ¸μÉμ° ¶·μÍ¥´É  μÉ ¶μ²´μ° ¶²μÉ´μ¸É¨:

Ωr = 2,5 · 10−5/h2, h = H0/100 ±³ · c−1 · Œ¶±−1. (15)

� · ³¥É·Ò H0, Ωm, Ων , m, ν ¤μ²¦´Ò ¡ÒÉÓ ´ °¤¥´Ò ¨§ ¸μ¶μ¸É ¢²¥´¨Ö ¸ ¤ ´´Ò³¨  ¸É·μ-
´μ³¨Î¥¸±¨Ì ´ ¡²Õ¤¥´¨°. —Éμ¡Ò ¶μ²ÊÎ¨ÉÓ ³ ±¸¨³ ²Ó´ÊÕ ¶²μÉ´μ¸ÉÓ ¢¥Ð¥¸É¢  ρmax, ¤μ-
¸É ÉμÎ´ÊÕ ¤²Ö ·¥ ²¨§ Í¨¨ ¶·μÍ¥¸¸  ´Ê±²¥μ¸¨´É¥§  ¢ £μ·ÖÎ¥° ‚¸¥²¥´´μ°, ´ ³ ´¥μ¡Ìμ¤¨³μ
¢Ò¡· ÉÓ ¡μ²ÓÏμ¥ §´ Î¥´¨¥ ³ ¸ÏÉ ¡´μ£μ Ë ±Éμ·  ¢ ¸μ¢·¥³¥´´ÊÕ Ô¶μÌÊ: a0 > 105 [13],
É ± ± ± ρmax ¸¨²Ó´μ § ¢¨¸¨É μÉ a0:

ρmax = 9π
GH4

0

m2
Ω3

ra
12

0 .
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‚ ¡²¨¦´¥° ‚¸¥²¥´´μ°, É. ¥. ´  ³ ¸ÏÉ ¡ Ì ±· ¸´μ£μ ¸³¥Ð¥´¨Ö z = (1 − x)/x � 1, ³μ¦´μ
¶μ²ÊÎ¨ÉÓ μÍ¥´±¨

1
β4a2

0

= o(10−30),
1
a6
0

= o(10−30). (16)

„²Ö ¡μ²¥¥ ¤ ²¥±¨Ì μ¡Ñ¥±Éμ¢ ¸ ·μ¸Éμ³ z ¢Éμ·Ò³ ¨ É·¥ÉÓ¨³ m2-Î²¥´ ³¨ ¢ ±·Ê£²μ° ¸±μ¡-
±¥ (14) ³μ¦´μ ¡Ê¤¥É ¶·¥´¥¡·¥£ ÉÓ ¶μ ¸· ¢´¥´¨Õ ¸ ¥¤¨´¨Í¥° ¢¶²μÉÓ ¤μ z = 104, ÎÉμ
¶·¥¢ÒÏ ¥É ±· ¸´μ¥ ¸³¥Ð¥´¨¥ μ±μ´Î ´¨Ö ÔÉ ¶  ¶² §³Ò (z ∼ 103):(

1
x

dx

dτ

)2

= H2
0

[
Ωr

x4
+

Ωm

x3
+

Ων

x3ν
− m2

6H2
0

]
, (17)

Ωr + Ωm + Ων − m2

6H2
0

= 1. (18)

�Í¥´±¨ ¶μ ¶μ·Ö¤±Ê ¢¥²¨Î¨´Ò (16) μÎ¥´Ó ¢ ¦´Ò. �´¨ μ§´ Î ÕÉ, ÎÉμ ¢ ¸μ¢·¥³¥´´μ°
‚¸¥²¥´´μ° (¶·¨ a = a0) ¨³¥¥É¸Ö μ£·μ³´μ¥, ¶· ±É¨Î¥¸±¨ ¶μ¸ÉμÖ´´μ¥ ¶μ ¢·¥³¥´¨ ±μ¸³μ-
²μ£¨Î¥¸±μ¥ £· ¢¨É Í¨μ´´μ¥ ¶μ²¥, ÎÉμ ¸²¥¤Ê¥É ¨§ (16) ¨ μ¶·¥¤¥²¥´¨Ö (8):

φtt =
√
−ggtt − 1 = β6 − 1 � 1030, (19)

φii =
√
−ggii − 1 = a4

0β
2 − 1 � 1030. (20)

Š ±μ¥ ¢²¨Ö´¨¥ μ± §Ò¢ ¥É ÔÉμ ¶μ²¥ ´  £· ¢¨É Í¨Õ ¢ ¡²¨¦´¥° ‚¸¥²¥´´μ°? …¸²¨ ¸²¥¤μ¢ ÉÓ
´ Ï¥° · ¡μÉ¥ [18] ¨ · ¡μÉ¥ ‘.Œ. Šμ¶¥°±¨´  [19], ¤²Ö Éμ£μ ÎÉμ¡Ò ¢Ò¡· ÉÓ ¥¸É¥¸É¢¥´´ÊÕ
¸μ¶ÊÉ¸É¢ÊÕÐÊÕ ¸¨¸É¥³Ê ±μμ·¤¨´ É, ´ ³ ´Ê¦´μ ¨§¡ ¢¨ÉÓ¸Ö μÉ ¡μ²ÓÏ¨Ì §´ Î¥´¨° ±μ¸³μ²μ-
£¨Î¥¸±μ£μ ¶μ²Ö (19), (20) ¶ÊÉ¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¨§³¥´¥´¨Ö ³ ¸ÏÉ ¡μ¢ Ë·¨¤³ ´μ¢¸±¨Ì
¢·¥³¥´¨ ¨ · ¤¨Ê¸ :

R = rβ2a0,
dτ

dt
=

1
a3(t)

,

£¤¥ τ Å ¸μ¶ÊÉ¸É¢ÊÕÐ¥¥ ¢·¥³Ö. ’μ£¤  ³μ¦´μ § ¶¨¸ ÉÓ ¨´É¥·¢ ²Ò ·¨³ ´μ¢  ¶·μ¸É· ´¸É¢ 
¨ ¶·μ¸É· ´¸É¢  Œ¨´±μ¢¸±μ£μ (11), (12) ¢ ¢¨¤¥

ds2 = dτ2 − a2(τ)
a2
0

(dR2 + R2(dθ2 + sin θ2 dφ2)), (21)

dσ2 =
1

a6(τ)
dτ2 − 1

β4a2
0

(dR2 + R2(dθ2 + sin θ2 dφ2)). (22)

� §² £ Ö ³ ¸ÏÉ ¡´Ò° Ë ±Éμ· a(τ) = a0(1 + H0(τ − τ0) + . . . ), ´ Ìμ¤¨³ μÉ¸Õ¤ 

ds2 = dτ2 − (1 + 2H0δτ)(dR2 + R2(dθ2 + sin θ2 dφ2)), (23)

dσ2 = (1 − 6H0δτ)
dτ2

a6
0

− 1
β4a2

0

(dR2 + R2(dθ2 + sin θ2 dφ2)), (24)

£¤¥ δτ ≡ τ − τ0 Å Ì · ±É¥·´μ¥ ¢·¥³Ö ±μ´±·¥É´μ° ²μ± ²Ó´μ° § ¤ Î¨ (§¢¥§¤Ò, £ ² ±É¨±¨,
¸±μ¶²¥´¨Ö £ ² ±É¨±) ¢ ¡²¨¦´¥° ‚¸¥²¥´´μ°,   ¶μ¸ÉμÖ´´ Ö • ¡¡²  ¨³¥¥É ¶μ·Ö¤μ± ¢¥²¨Î¨´Ò
H0 ∼ 1/1010 £−1. „²Ö · ¸¸³ É·¨¢ ¥³μ° § ¤ Î¨ μ ¤¢¨¦¥´¨¨ £ ² ±É¨± ¢ Œ¥¸É´μ° £·Ê¶¶¥
¨ Œ¥¸É´μ³ ¶μÉμ±¥ Ì · ±É¥·´μ¥ ¢·¥³Ö ¸μ¸É ¢²Ö¥É

δτ ∼ R

v
=

2 Œ¶±

200 ±³ · c−1
= 104 £.
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�μÔÉμ³Ê
H0δτ ∼ 10−6 � 1.

„²Ö ¶·μÍ¥¸¸μ¢ ¢ ‘μ²´¥Î´μ° ¸¨¸É¥³¥ ÔÉμ ¸μμÉ´μÏ¥´¨¥ ¥Ð¥ §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥ [18].
ŒÒ ¶μ¤·μ¡´μ · ¸¸³μÉ·¥²¨ ÔÉ¨ μÍ¥´±¨, ÎÉμ¡Ò μ¡μ¸´μ¢ ÉÓ ¸²¥¤ÊÕÐ¥¥ ÊÉ¢¥·¦¤¥´¨¥:

¶·¨ μ¶¨¸ ´¨¨  ¸É·μË¨§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ ¢ ¡²¨¦´¥° ‚¸¥²¥´´μ° ³Ò ³μ¦¥³ ¶·¥´¥¡·¥ÎÓ
§ ¢¨¸¨³μ¸ÉÓÕ ±μ¸³μ²μ£¨Î¥¸±μ£μ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö μÉ ¢·¥³¥´¨ τ ¨ ¸Î¨É ÉÓ, ÎÉμ
μ´μ ¶μ¸ÉμÖ´´μ. �Éμ, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¶μ§¢μ²¨É ´ ³ ¨¸¶μ²Ó§μ¢ ÉÓ ¸É É¨Î¥¸±μ¥ ·¥Ï¥´¨¥
¢ § ¤ Î¥ μ Œ¥¸É´μ³ ¶μÉμ±¥ £ ² ±É¨±.

’ ±¨³ μ¡· §μ³, ¢ ¸μ¶ÊÉ¸É¢ÊÕÐ¥° §¥³´μ³Ê ´ ¡²Õ¤ É¥²Õ ¸¨¸É¥³¥ μÉ¸Î¥É  ¨, ¸μμÉ¢¥É-
¸É¢¥´´μ, ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ Œ¥¸É´μ° £·Ê¶¶Ò ¢¸¥ ¢²¨Ö´¨¥ ±μ¸³μ²μ£¨Î¥¸±μ£μ £· ¢¨É -
Í¨μ´´μ£μ ¶μ²Ö ´  Ë¨§¨±Ê ¢ ¡²¨¦´¥° ‚¸¥²¥´´μ° ¸¢¥²μ¸Ó ± Éμ³Ê, ÎÉμ ±μ³¶μ´¥´ÉÒ ³¥É·¨-
Î¥¸±μ£μ É¥´§μ·  ¶·μ¸É· ´¸É¢  Œ¨´±μ¢¸±μ£μ Ö¢²ÖÕÉ¸Ö Î·¥§¢ÒÎ °´μ ³ ²Ò³¨ ¶μ¸ÉμÖ´´Ò³¨
¢¥²¨Î¨´ ³¨:

γττ =
1
a6
0

� 10−30, |γii| =
1

β4a2
0

� 10−30, (25)

  É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¥Ð¥¸É¢  ¸μ¤¥·¦¨É ¶μ¸ÉμÖ´´ÊÕ (¸ Ê± § ´´μ° ÉμÎ´μ¸ÉÓÕ) ¶²μÉ-
´μ¸ÉÓ ±¢¨´ÉÔ¸¸¥´Í¨¨:

T αβ
ν = (ρν + pν)uαuβ − pνgαβ,

ρν =
Aν

a3ν
, pν = ωνρν , ων = −(1 − ν), 0 < ν <

2
3
,

T 0
ν0 = ρν , T i

νk = (1 − ν)ρνδi
k.

�·¨ ÔÉμ³ ±μ³¶μ´¥´ÉÒ ·¨³ ´μ¢μ° ³¥É·¨±¨ ¨³¥ÕÉ ¶μ·Ö¤μ± ¢¥²¨Î¨´Ò O(1) (23). ‚ Ê· ¢-
´¥´¨Ö ¶μ²Ö �’ƒ (9) ¢Ìμ¤¨É ¨³¥´´μ ³¥É·¨±  Œ¨´±μ¢¸±μ£μ γαβ ¸ ´¨¦´¨³¨ ¨´¤¥±¸ ³¨,
¶μÔÉμ³Ê ¤²Ö ¢¸¥Ì Ë¨§¨Î¥¸±¨Ì § ¤ Î ¨ ¶·μÍ¥¸¸μ¢ ¢μ ‚¸¥²¥´´μ° ¢¶²μÉÓ ¤μ, ± ± ³¨´¨³Ê³,
¸ ³ÒÌ ¤ ²Ó´¨Ì ¨§ ¢¨¤¨³ÒÌ μ¡Ñ¥±Éμ¢ Å ±¢ § ·μ¢, ´ Ìμ¤ÖÐ¨Ì¸Ö ´  Ê¤ ²¥´¨¨ z = 2−3, ³Ò
³μ¦¥³ ¶·¥´¥¡·¥ÎÓ ¢ ÔÉ¨Ì Ê· ¢´¥´¨ÖÌ Î²¥´ ³¨, Ö¢´μ ¸μ¤¥·¦ Ð¨³¨ ³¥É·¨±Ê Œ¨´±μ¢¸±μ£μ:

m2

2

(
gμλδτ

ν − 1
2
δμ
ν gλτ

)
γλτ . (26)

“· ¢´¥´¨Ö ¶μ²Ö (10), ¢Ò·¥§ ÕÐ¨¥ ¸¶¨´μ¢Ò¥ ¸μ¸ÉμÖ´¨Ö 2 ¨ 0,

Dβ

√
−ggαβ = 0

Ê¸É ´ ¢²¨¢ ÕÉ ¸¢Ö§Ó ³¥¦¤Ê ±μμ·¤¨´ É ³¨ ¸μ¶ÊÉ¸É¢ÊÕÐ¥° ¸¨¸É¥³Ò μÉ¸Î¥É , ¢ ±μÉμ·μ°
§ ¤ ´  ·¨³ ´μ¢  ³¥É·¨± , ¨ ±μμ·¤¨´ É ³¨ ¨´¥·Í¨ ²Ó´μ° ¸¨¸É¥³Ò μÉ¸Î¥É  ¶·μ¸É· ´¸É¢ 
Œ¨´±μ¢¸±μ£μ [10]. ‚ · ¸¸³ É·¨¢ ¥³μ³ ¶·¨¡²¨¦¥´¨¨ ÔÉ¨ Ê· ¢´¥´¨Ö ´¨± ± ´¥ ¢²¨ÖÕÉ ´ 
Ê· ¢´¥´¨Ö, μ¶·¥¤¥²ÖÕÐ¨¥ gμν (9).

’ ±¨³ μ¡· §μ³, ³Ò ¶μ± § ²¨, ÎÉμ ¢¶²μÉÓ ¤μ ¡μ²ÓÏ¨Ì ±· ¸´ÒÌ ¸³¥Ð¥´¨° z ∼ 102−103,
¸μ¶μ¸É ¢¨³ÒÌ ¸μ ¢·¥³¥´¥³ ·¥±μ³¡¨´ Í¨¨ ‚¸¥²¥´´μ°, Ê· ¢´¥´¨Ö ¶μ²Ö �’ƒ ¸ ³ ¸¸μ° £· -
¢¨Éμ´  §´ Î¨É¥²Ó´μ Ê¶·μÐ ÕÉ¸Ö:

R0
0 −

1
2
R − 3H2

0

[
Ωm(1 + z)3 + Ων(1 + z)3ν − m2

6H2
0

]
= 8πGT 0

0 , (27)
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Ri
k − 1

2
δi
kR − 3H2

0

[
(1 − ν)Ων(1 + z)3ν − m2

6H2
0

]
δi
k = 8πGT i

k, (28)

Dβ

√
−ggαβ = 0. (29)

‡¤¥¸Ó ¢ É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  T μ
ν Ê¦¥ ´¥ ¢Ìμ¤ÖÉ ´¨± ±¨¥ ±μ¸³μ²μ£¨Î¥¸±¨¥ ¶μ²Ö, μ´

§ ¤ ¥É¸Ö Éμ²Ó±μ ²μ± ²Ó´Ò³¨ ¨¸ÉμÎ´¨± ³¨, ¸μ¤¥·¦ Ð¨³¨ ¡ ·¨μ´Ò ¨ É¥³´ÊÕ ³ É¥·¨Õ.
„μ z < 103 ³μ¦´μ, μÎ¥¢¨¤´μ, ¶·¥´¥¡·¥ÎÓ ¨ ¢±² ¤μ³ ±μ¸³μ²μ£¨Î¥¸±μ£μ ³¨±·μ¢μ²´μ¢μ£μ
¨§²ÊÎ¥´¨Ö ¢ É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¥Ð¥¸É¢ . Š ± ¢¨¤´μ ¨§ (27), (28), Ê· ¢´¥´¨Ö �’ƒ
¶μ¸²¥ ·¥±μ³¡¨´ Í¨¨ ‚¸¥²¥´´μ° ¶·¨μ¡·¥²¨ Ëμ·³Ê Ê· ¢´¥´¨° �’� ¸ ±¢¨´ÉÔ¸¸¥´Í¨¥°,
Ê³¥´ÓÏ¥´´μ° ´  Λ-Î²¥´, ¸μ¤¥·¦ Ð¨° ±¢ ¤· É ³ ¸¸Ò £· ¢¨Éμ´ :

Ων(1 + z)3ν → Ων(1 + z)3ν − m2

6H2
0

.

Œ¥¸É´ Ö £·Ê¶¶  ¨ Œ¥¸É´Ò° ¶μÉμ± £ ² ±É¨± · ¸¶μ² £ ÕÉ¸Ö ¢ ¡²¨¦´¥° ‚¸¥²¥´´μ° ´ 
· ¸¸ÉμÖ´¨¨ z � 1, £¤¥ ¸ Ìμ·μÏ¥° ÉμÎ´μ¸ÉÓÕ (1 + z)3ν = 1.

3. ‡�„�—� � ‘Š���‘’Ÿ• Œ…‘’��ƒ� ��’�Š� ƒ�‹�Š’ˆŠ ‚ �’ƒ

‚μ§¢· É¨³¸Ö ± · ¸¸³μÉ·¥´¨Õ § ¤ Î¨ μ ¸±μ·μ¸ÉÖÌ Œ¥¸É´μ£μ ¶μÉμ±  £ ² ±É¨±. �μ-
¸±μ²Ó±Ê Ê· ¢´¥´¨Ö �’ƒ ¢ ¡²¨¦´¥° ‚¸¥²¥´´μ° ¸¢¥²¨¸Ó ± Ê· ¢´¥´¨Ö³ �’� ¸ ±¢¨´ÉÔ¸-
¸¥´Í¨¥° ¨ Λ-Î²¥´μ³, ³Ò ³μ¦¥³ ¢μ¸¶μ²Ó§μ¢ ÉÓ¸Ö É¥μ·¥³μ° 	¨·±£μË  ¨ ÊÉ¢¥·¦¤ ÉÓ, ÎÉμ
¢¥Ð¥¸É¢μ, ´ Ìμ¤ÖÐ¥¥¸Ö ¢´¥ ¸Ë¥·Ò Œ¥¸É´μ£μ ¶μÉμ± , ¢±²ÕÎ Ö É¥³´ÊÕ Ô´¥·£¨Õ ¨ μ¸É ¢-
Ï¨°¸Ö m2-Î²¥´, ±μÉμ·Ò° ³μ¦´μ ¶¥·¥´¥¸É¨ ¢ ¶· ¢ÊÕ Î ¸ÉÓ, Ëμ·³ ²Ó´μ ¸¤¥² ¢ ¥£μ Î ¸ÉÓÕ
T μ

ν , ´¥ μ± §Ò¢ ¥É ´  ´¥¥ ´¨± ±μ£μ ¢μ§¤¥°¸É¢¨Ö. ’μ£¤  ¤²Ö · ¸Î¥É  ¢¥²¨Î¨´Ò Ê¸±μ·¥´¨Ö
£ ² ±É¨±¨ ´ ³ ´Ê¦´μ · ¸¸³μÉ·¥ÉÓ ²¨ÏÓ ¨¸ÉμÎ´¨±¨ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö ¢´ÊÉ·¨ ¸Ë¥·Ò.
‚ÒÖ¸´¨³ ¢´ Î ²¥, ± ±μ¥ £· ¢¨É Í¨μ´´μ¥ ¶μ²¥ ¸μ§¤ ÕÉ É¥³´ Ö Ô´¥·£¨Ö ¨ ±μ¸³μ²μ£¨Î¥-
¸±¨° m2-Î²¥´ ¤²Ö ´ Ï¥° ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ° ¸É É¨Î¥¸±μ° § ¤ Î¨. �μ±  ´¨± ±¨Ì
²μ± ²Ó´ÒÌ ¨¸ÉμÎ´¨±μ¢ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö ³Ò ´¥ · ¸¸³ É·¨¢ ¥³.

‚Ò¡μ· ±μμ·¤¨´ É ¢ ÔÉμ³ ¸²ÊÎ ¥ ¡Ò² μ¡μ¸´μ¢ ´ ¢ÒÏ¥:

ds2 = U(R) dτ2 − V (R) dR2 − R2(dθ2 + sin θ2 dφ2), (30)

dσ2 =
dτ2

a6
0

− 1
β4a2

0

(dR2 + R2(dθ2 + sin θ2 dφ2)), (31)

£¤¥ R Å Ï¢ ·ÍÏ¨²Ó¤μ¢¸± Ö · ¤¨ ²Ó´ Ö ±μμ·¤¨´ É  (´¥ ¶ÊÉ ÉÓ ¸μ ¸± ²Ö·´μ° ±·¨¢¨§´μ°);
r = 1/β2a0R(R) Å · ¤¨ ²Ó´ Ö ±μμ·¤¨´ É  ¶·μ¸É· ´¸É¢  Œ¨´±μ¢¸±μ£μ (12). ’ ± ± ±
¤²Ö · ¸¸³ É·¨¢ ¥³μ° § ¤ Î¨ z � 1, Éμ, ¢¢μ¤Ö μ¡μ§´ Î¥´¨Ö

Λ1 ≡ 3H2
0

(
Ωm + Ων − m2

6H2
0

)
, Λ2 ≡ 3H2

0

[
(1 − ν)Ων − m2

6H2
0

]
,

§ ¶¨Ï¥³ Ê· ¢´¥´¨Ö £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö (27)Ä(29) ¢ ¢¨¤¥

R0
0 −

1
2
R − Λ1 = 8πGT 0

0 , (32)
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Ri
k − 1

2
δi
kR − Λ2δ

i
k = 8πGT i

k, (33)

Dβ

√
−ggαβ = 0. (34)

�μ¤¸É ¢²ÖÖ ¸Õ¤  ·¨³ ´μ¢Ê ³¥É·¨±Ê (30), ¶μ²ÊÎ ¥³

1 −
(

R

V

)′
− Λ1R

2 = 0, (35)

1 − R

V
(ln (UR))′ − Λ2R

2 = 0, (36)

(R2)′

β4a2
0

=
1√
UV

(
R2

√
U

V

)′

, (37)

£¤¥ ()′ = d/dR.
‚Ò· ¦¥´¨Ö ¤²Ö U(R), V (R) ¨ r(R) ´ Ìμ¤ÖÉ¸Ö ÉμÎ´μ. � ³ ¦¥ ¶μ´ ¤μ¡ÖÉ¸Ö Éμ²Ó±μ

¶¥·¢Ò¥ Î²¥´Ò · §²μ¦¥´¨Ö, É ± ± ± Λ1R
2, Λ2R

2 � 1:

U(R) =
(

1 − Λ1

3
R2

) 3Λ2−Λ1
2Λ1 ∼= 1 − 1

6
(3Λ2 − Λ1)R2, (38)

V (R) =
1

1 − Λ1

3
R2

∼= 1 +
Λ1

3
R2, (39)

R2 =
R2

(
1 − Λ1

3
R2

) 7Λ1−3Λ2
4Λ1

(
5Λ1 + 3Λ2

8Λ1

)
⎡⎢⎢⎢⎢⎢⎢⎣

11Λ1 − 3Λ2

8Λ1
− 9

⎛⎝1 −
(

1 − Λ1

3
R2

)−
(

7Λ1−3Λ2
4Λ1

)⎞⎠
R2 (7Λ1 − 3Λ2)

⎤⎥⎥⎥⎥⎥⎥⎦ ∼=

∼= R2

[
1 − 1

3
Λ1R

2

]
. (40)

…¸²¨ É¥¶¥·Ó ¤μ¡ ¢¨ÉÓ ¢ ¶· ¢ÊÕ Î ¸ÉÓ Ê· ¢´¥´¨° (32), (33) É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¢¥-
Ð¥¸É¢  £ ² ±É¨± Œ¥¸É´μ° £·Ê¶¶Ò, ÊÎ¨ÉÒ¢ Ö, ÎÉμ ¨Ì ¸±μ·μ¸É¨ ³ ²Ò:

v2 ∼ 10−6, T 0
0 =

∑
i

Miδ(R − Ri) = Mδ(R), (41)

T i
k
∼= 0, (42)

Éμ ¨§ (32), (33) ¨ (38), (39), (41), (42) ¢ ¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ ¶μ²ÊÎ¨³ μ±μ´Î É¥²Ó´μ

U(R) = 1 − 2GM

R
− 1

6
(3Λ2 − Λ1)R2, (43)
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V (R) = 1 +
2GM

R
+

Λ1

3
R2, (44)

R = R

[
1 − GM

R
− Λ1

6
R2

]
. (45)

’¥¶¥·Ó ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ ¢Ò· ¦¥´¨¥ ¤²Ö Ê¸±μ·¥´¨Ö, ¸ ±μÉμ·Ò³ ¢ É ±μ³ ¶μ²¥ ¤¢¨£ ÕÉ¸Ö
¶·μ¡´Ò¥ Î ¸É¨ÍÒ Å £ ² ±É¨±¨ Œ¥¸É´μ£μ ¶μÉμ± . „²Ö ÔÉμ£μ ¢μ¸¶μ²Ó§Ê¥³¸Ö Ê· ¢´¥´¨¥³
£¥μ¤¥§¨Î¥¸±¨Ì ¢ ·¨³ ´μ¢μ³ ¶·μ¸É· ´¸É¢¥:

d2xμ

ds2 = −Γμ
αβ

dxα

ds

dxβ

ds
.

�·¥´¥¡·¥£ Ö Î²¥´ ³¨ ¸μ ¸±μ·μ¸ÉÖ³¨ ¨ ¶¥·¥Ìμ¤Ö ± ¸μ¶ÊÉ¸É¢ÊÕÐ¥³Ê ¢·¥³¥´¨ τ , μÉ¸Õ¤ 
´ Ìμ¤¨³ ¢¥²¨Î¨´Ê Ê¸±μ·¥´¨Ö:

R̈ = −GM

R2
+ 2

4π

3
Gρ̃XR, (46)

¸μ¢¶ ¤ ÕÐÊÕ ¸ Ëμ·³Ê²μ° —¥·´¨´ Ä’¥¥·¨±μ·¶¨Ä	 ·ÒÏ¥¢  [4, 5], ¶μ²ÊÎ¥´´ÊÕ ¨§ ¶·μ-
¸Éμ£μ ´ÓÕÉμ´μ¢¸±μ£μ · ¸¸³μÉ·¥´¨Ö, ´μ £¤¥ ¢³¥¸Éμ ¶²μÉ´μ¸É¨ É¥³´μ° Ô´¥·£¨¨ ρX ¸Éμ¨É
¢¥²¨Î¨´  ρ̃X :

ρX =
3

8πG
H2

0ΩΛ → ρ̃X =
3Λ2 − Λ1

16πG
=

3
8πG

H2
0

[(
1 − 3ν

2

)
Ων − m2

6H2
0

]
, (47)

£¤¥ ΩΛ = Λ/3H2
0 Å Ê¤¥²Ó´ Ö ¶²μÉ´μ¸ÉÓ ±μ¸³μ²μ£¨Î¥¸±μ£μ ¢ ±ÊÊ³  ¢ �’�; Λ Å Ô°´ÏÉ¥°-

´μ¢¸± Ö ±μ¸³μ²μ£¨Î¥¸± Ö ¶μ¸ÉμÖ´´ Ö. �μÔÉμ³Ê ¢ �’ƒ ¢¥²¨Î¨´  ²μ± ²Ó´μ° ¶μ¸ÉμÖ´´μ°
• ¡¡²  ¢ § ¤ Î¥ μ Œ¥¸É´μ³ ¶μÉμ±¥, ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ (15), (18), (47), ¡Ê¤¥É · ¢´ 

Hl =

√
8πGρ̃X

3
= H0

√(
1 − 3ν

2

) (
Ων − m2

6H2
0

)
− ν

m2

4H2
0

=

= H0

√(
1 − 3ν

2

)
(1 − Ωm) − ν

m2

4H2
0

. (48)

…Ð¥ ¤μ μÉ±·ÒÉ¨Ö É¥³´μ° Ô´¥·£¨¨ ´  μ¸´μ¢¥ ¨§³¥·¥´¨Ö ¶¥±Ê²Ö·´ÒÌ ¸±μ·μ¸É¥° £ -
² ±É¨± ¢ ¸±μ¶²¥´¨ÖÌ, £· ¢¨É Í¨μ´´μ£μ ²¨´§¨·μ¢ ´¨Ö ¸±μ¶²¥´¨¨°, ±·¨¢ÒÌ ¢· Ð¥´¨Ö £ -
² ±É¨±, É¥³¶¥· ÉÊ·Ò ·¥´É£¥´μ¢¸±¨Ì ¸±μ¶²¥´¨° ¨ ¤·. [20] ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¶μ²´ Ö
¶²μÉ´μ¸ÉÓ ³ ¸¸Ò ´¥·¥²ÖÉ¨¢¨¸É¸±μ° ³ É¥·¨¨, ¨§ ±μÉμ·μ° ¸μ¸Éμ¨É ´¥μ¤´μ·μ¤´ Ö ¸É·Ê±-
ÉÊ·  ´ Ï¥° ³ É¥·¨¨, É. ¥. £ ² ±É¨±¨ ¨ ¨Ì μ¡· §μ¢ ´¨Ö, ¢±²ÕÎ Ö É¥³´ÊÕ ³ ¸¸Ê, ¸μ¸É ¢²Ö¥É
¶·¨³¥·´μ 30% μÉ ±·¨É¨Î¥¸±μ° ¶²μÉ´μ¸É¨:

Ωm ≈ 0,3 ± 0,1. (49)

�ÉμÉ ·¥§Ê²ÓÉ É ¡Ê¤¥É ¸¶· ¢¥¤²¨¢ ¨ ¢ �’ƒ, ¶μ¸±μ²Ó±Ê ¤²Ö μ¶¨¸ ´¨Ö ¢¸¥Ì ÔÉ¨Ì  ¸É·μË¨-
§¨Î¥¸±¨Ì μ¡Ñ¥±Éμ¢, ´ Ìμ¤ÖÐ¨Ì¸Ö ´  · ¸¸ÉμÖ´¨¨ z � 1, ¤μ¸É ÉμÎ´μ ¨¸¶μ²Ó§μ¢ ÉÓ ²¨ÏÓ
´ÓÕÉμ´μ¢¸±ÊÕ £· ¢¨É Í¨Õ,   ®· ¤¨Ê¸ ´ Î ²  ¢²¨Ö´¨Ö É¥³´μ° Ô´¥·£¨¨¯ (5) § ³¥É´μ ¶·¥-
¢ÒÏ ¥É · §³¥·Ò ÔÉ¨Ì ¸¨¸É¥³.
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�μ¤¸É ¢²ÖÖ ¢ (48) ¨§³¥·¥´´ÊÕ ¢¥²¨Î¨´Ê  ÉÉ· ±Éμ·  [8]

Hl
∼= 60 ±³ · c−1 · Œ¶±−1,

¶μ¸ÉμÖ´´ÊÕ • ¡¡² 

H0 = (69 ± 1) ±³ · c−1 · Œ¶±−1,

  É ±¦¥ μÍ¥´±Ê (49), ´ Ìμ¤¨³ μ£· ´¨Î¥´¨¥ ¸¢¥·ÌÊ ´  ¶ · ³¥É· ±¢¨´ÉÔ¸¸¥´Í¨¨ ¢ �’ƒ:

0,92 � 1 − 3ν

2
� 1,22.

�É¸Õ¤ 

−0,15 � ν � 0,05, −1,15 � ων � −0,95. (50)

’ ± ± ± ¶ · ³¥É· ν ³μ¦¥É ¡ÒÉÓ Éμ²Ó±μ ¶μ²μ¦¨É¥²Ó´Ò³ [14], ³Ò ¶μ²ÊÎ ¥³ ¤²Ö ´¥£μ
¤μ¢μ²Ó´μ ¸¨²Ó´ÊÕ μÍ¥´±Ê:

0 � ν � 0,05, ¨²¨ − 1 � ων � −0,95.

�μ¤Î¥·±´¥³, ÎÉμ ÔÉμÉ ·¥§Ê²ÓÉ É ¸¶· ¢¥¤²¨¢ ¨ ¢ �’�, £¤¥ ¢ ± Î¥¸É¢¥ É¥³´μ° Ô´¥·£¨¨ ¨¸-
¶μ²Ó§Ê¥É¸Ö ¸± ²Ö·´μ¥ ¶μ²¥ ±¢¨´ÉÔ¸¸¥´Í¨¨,   ³ ¸¸  £· ¢¨Éμ´  · ¢´  ´Ê²Õ. �£· ´¨Î¥´¨¥
´  ων (50) ¶· ±É¨Î¥¸±¨ ´¥ μÉ²¨Î ¥É¸Ö μÉ μÍ¥´±¨, ¶μ²ÊÎ¥´´μ° ¢ �’� ´  μ¸´μ¢¥ ·¥§Ê²Ó-
É Éμ¢ ¶μ  ´¨§μÉ·μ¶¨¨ ¸¶¥±É·  ·¥²¨±Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö WMAP ¨ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ ¶μ
¸¢¥·Ì´μ¢Ò³ É¨¶  Ia [21]:

−1,051 � ων � −0,961.

ˆ§ ·¥§Ê²ÓÉ É  (48) ³μ¦´μ ´ °É¨ ¨ μ£· ´¨Î¥´¨¥ ¸¢¥·ÌÊ ´  ³ ¸¸Ê £· ¢¨Éμ´ , ´μ ²¨ÏÓ ¢ Éμ³
¸²ÊÎ ¥, ±μ£¤  ¨§¢¥¸É¥´ ¶ · ³¥É· ±¢¨´ÉÔ¸¸¥´Í¨¨ ν:

m < H0

√
0,26
ν

− 4,8.

’ ±, ¶·¨ ν = 0,03 m < 1,97H0 = 5,2 · 10−66 £,   ¶·¨ ν = 0,01 m < 4,6H0 = 1,2 · 10−65 £.
ˆ ¢ �’�, ¨ ¢ �’ƒ ²μ± ²Ó´ Ö ¶μ¸ÉμÖ´´ Ö Hl ´¥ ³μ¦¥É · ¢´ÖÉÓ¸Ö £²μ¡ ²Ó´μ° H0,

É ± ± ± ¢ · ¸¸³ É·¨¢ ¥³μ³ μ¡Ñ¥³¥ ´¥É ¤·Ê£¨Ì £ ² ±É¨±, ÎÉμ ¨ μÉ· ¦ ÕÉ ¨Éμ£μ¢Ò¥
Ëμ·³Ê²Ò (47), (48). �μ ³¥·¥ ·μ¸É  ³ ¸ÏÉ ¡  ÖÎ¥°±¨ R0 ¢ ¥¥ μ¡Ñ¥³ ¡Ê¤¥É ¶μ¶ ¤ ÉÓ

¢¸¥ ¡μ²ÓÏ¥¥ ±μ²¨Î¥¸É¢μ ¡ ·¨μ´´μ£μ ¢¥Ð¥¸É¢  ¨ É¥³´μ° ³ É¥·¨¨, É ± ÎÉμ Î²¥´
M

R(
M

R
=

M

R0

(
R

R0

)2−γ

, γ = 3

)
¢ (3) ´Ê¦´μ ¡Ê¤¥É c´ Î ²  § ³¥´¨ÉÓ ´ 

M

R0

(
R

R0

)2−γ

,

£¤¥ γ ≈ 1,8 Å Ë· ±É ²Ó´ Ö · §³¥·´μ¸ÉÓ [22],   ¶·¨ R > 200 Œ¶± Å ´ 
4π

3
ρmR2, £¤¥

ρm =
3

8πG
H2

0Ωm = const ¨ γ = 0.

�μ ³¥·¥ ÊÉμÎ´¥´¨Ö ¶ · ³¥É·μ¢ Hl, H0 ¨ Ωm ³μ¦´μ ¡Ê¤¥É Ê²ÊÎÏ¨ÉÓ μ£· ´¨Î¥´¨Ö ´ 
¤¢  ¢ ¦´¥°Ï¨Ì ¶ · ³¥É·  �’ƒ Å ¶ · ³¥É· ±¢¨´ÉÔ¸¸¥´Í¨¨ ν ¨ ³ ¸¸Ê £· ¢¨Éμ´  m.
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� ¸¸³μÉ·¥´¨¥ § ¤ Î¨ μ ¸±μ·μ¸ÉÖÌ ²μ± ²Ó´μ£μ ¶μÉμ±  £ ² ±É¨± ¢ · ³± Ì �’ƒ ¶μ§¢μ²¨²μ
Ê¸É ´μ¢¨ÉÓ, ÎÉμ ¨§-§  ¶·¨¸ÊÉ¸É¢¨Ö ¢μ ‚¸¥²¥´´μ° É¥³´μ° Ô´¥·£¨¨, ¤²Ö ±μÉμ·μ° ¨¸¶μ²Ó§μ¢ -
² ¸Ó ³μ¤¥²Ó ¸± ²Ö·´μ£μ ¶μ²Ö ±¢¨´ÉÔ¸¸¥´Í¨¨, £ ² ±É¨±¨ É ±μ° £·Ê¶¶Ò ¡Ê¤ÊÉ ´ Ìμ¤¨ÉÓ¸Ö ¢
¤¢¨¦¥´¨¨ ¶μ § ±μ´Ê • ¡¡² , Ê¤ ²ÖÖ¸Ó μÉ ¥¥ Í¥´É·  ³ ¸¸. �μ²ÊÎ¥´μ ¢Ò· ¦¥´¨¥ ¤²Ö £· ¢¨-
É Í¨μ´´μ£μ ¶μ²Ö ¢ É ±μ° ¸¨¸É¥³¥, ´  μ¸´μ¢¥ ±μÉμ·μ£μ ¢ÒÎ¨¸²¥´Ò Ê¸±μ·¥´¨Ö ¨ ¸±μ·μ¸É¨
£ ² ±É¨±. �μ± § ´μ, ÎÉμ ¶μ¸ÉμÖ´´ Ö • ¡¡²  ²μ± ²Ó´μ£μ ¶μÉμ±  § ¢¨¸¨É μÉ ¶²μÉ´μ¸É¨
¡ ·¨μ´´μ° ³ É¥·¨¨, ¶ · ³¥É·  ±¢¨´ÉÔ¸¸¥´Í¨¨ ¨ ³ ¸¸Ò ¶μ±μÖ £· ¢¨Éμ´ . ‘· ¢´¥´¨¥ ¸
´ ¡²Õ¤ É¥²Ó´Ò³¨ ¤ ´´Ò³¨ HST ¶μ§¢μ²¨²μ Ê¸É ´μ¢¨ÉÓ ¦¥¸É±μ¥ μ£· ´¨Î¥´¨¥ ´  ¶ · ³¥É·
±¢¨´ÉÔ¸¸¥´Í¨¨: 0 � ν � 0,05, ¨²¨ −1 � ων � −0,95.

‚ § ±²ÕÎ¥´¨¥  ¢Éμ· ÌμÉ¥² ¡Ò ¢Ò· §¨ÉÓ ¸¢μÕ ¨¸±·¥´´ÕÕ ¡² £μ¤ ·´μ¸ÉÓ

�.�. ‹μ£Ê´μ¢Ê , Œ. �.Œ¥¸É¢¨·¨Ï¢¨²¨, �. ‚. 	 ·ÒÏ¥¢Ê ¨ Š.�.Œμ¤¥¸Éμ¢Ê §  μ¡¸Ê¦¤¥-

´¨Ö ¨ ¨´É¥·¥¸ ± · ¡μÉ¥.
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