
�¨¸Ó³  ¢ �—�Ÿ. 2009. ’. 6, º6(155). ‘. 745Ä753

”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��. ’…��ˆŸ

�‘–ˆ‹‹Ÿ–ˆˆ �…‰’��‹œ�›• Œ…‡���‚
ˆ ��ˆ�–ˆ� �Š‚ˆ‚�‹…�’��‘’ˆ

„‹Ÿ —�‘’ˆ– ˆ ��’ˆ—�‘’ˆ–

‘. ƒ. Š ·Ï¥´¡μ°³1

”ƒ“� �” ®‚¸¥·μ¸¸¨°¸±¨° ´ ÊÎ´μ-¨¸¸²¥¤μ¢ É¥²Ó¸±¨° ¨´¸É¨ÉÊÉ ³¥É·μ²μ£¨¨ ¨³. „. ˆ.Œ¥´¤¥²¥¥¢ ¯,
‘ ´±É-�¥É¥·¡Ê·£, �μ¸¸¨Ö

ˆ´¸É¨ÉÊÉ ±¢ ´Éμ¢μ° μ¶É¨±¨ ¨³. Œ. �² ´± , ƒ ·Ì¨´£, ƒ¥·³ ´¨Ö

�¸Í¨²²ÖÍ¨¨ ´¥°É· ²Ó´ÒÌ ³¥§μ´μ¢ (K0ÄK0, D0ÄD0 ¨ B0ÄB0) ±· °´¥ ÎÊ¢¸É¢¨É¥²Ó´Ò ± Ô´¥·£¨¨
³¥§μ´μ¢ ¨  ´É¨³¥§μ´μ¢ ¢ ¶μ±μ¥. �É  Ô´¥·£¨Ö μ¶·¥¤¥²Ö¥É¸Ö ± ± ¢¥²¨Î¨´μ° mc2 ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¥°
¨´¥·Í¨μ´´μ° ³ ¸¸μ°, É ± ¨ Ô´¥·£¨¥° £· ¢¨É Í¨μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö. �·¥¤¶μ² £ Ö ¢Ò¶μ²´¥´¨¥
CPT-É¥μ·¥³Ò ¤²Ö ¨´¥·Í¨μ´´ÒÌ ³ ¸¸ ¨ μÍ¥´¨¢ Ö £· ¢¨É Í¨μ´´Ò° ¶μÉ¥´Í¨ ², ´ ¨¡μ²ÓÏ¨° ¢±² ¤
¢ ±μÉμ·Ò° ¤ ¥É ¶μ²¥ Í¥´É·  ƒ ² ±É¨±¨, ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ K0ÄK0-μ¸Í¨²²ÖÍ¨Ö³
¶μ²ÊÎ ¥³ μÍ¥´±Ê
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∣∣∣∣ � 8 · 10−13 ¶·¨ C. L. = 90%.

�É  μÍ¥´±  ³μ¤¥²Ó´μ§ ¢¨¸¨³  ¨, ¢ Î ¸É´μ¸É¨, § ¢¨¸¨É μÉ ¸¶μ¸μ¡  μÍ¥´±¨ £· ¢¨É Í¨μ´´μ£μ ¶μ-
É¥´Í¨ ² . �´ ²¨§ μ¸Í¨²²ÖÍ¨° K0ÄK0, B0ÄB0 ¨ D0ÄD0 ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¡μ²¥¥ ¸² ¡Ò¥, ´μ
³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³Ò¥ μÍ¥´±¨, ±μÉμ·Ò¥, ¢ Î ¸É´μ¸É¨, ¨¸±²ÕÎ ÕÉ ¢μ§³μ¦´μ¸ÉÓ  ´É¨£· ¢¨É Í¨¨ ¤²Ö
 ´É¨Î ¸É¨Í.

The K0ÄK0, D0ÄD0, and B0ÄB0 oscillations are extremely sensitive to the K0 and K0 energy
at rest. The energy is determined by the values mc2 with the related mass as well as the energy of
the gravitational interaction. Assuming the CPT theorem for the inertial masses and estimating the
gravitational potential through the dominant contribution of the gravitational potential of our Galaxy
center, we obtain from the experimental data on the K0ÄK0 oscillations the following constraint:
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∣∣∣∣ � 8 · 10−13, CL = 90%.

This estimation is model dependent and in particular it depends on a way we estimate the gravitational
potential. Examining the K0ÄK0, B0ÄB0, and D0ÄD0 oscillations provides us also with weaker,
but model independent constraints, which in particular rule out the very possibility of antigravity for
antimatter.

PACS: 04.80.Cc, 14.40.-n, 95.30.-k, 95.30.Cq

1E-mail: s.g.karshenboim@vniim.ru, savely.karshenboim@mpq.mpg.de



746 Š ·Ï¥´¡μ°³ ‘. ƒ.

‚‚…„…�ˆ…

�·μ¢¥·±  μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ ¨, ¢ Î ¸É´μ¸É¨, ¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É´μ¸É¨
Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§ μ¡Ñ¥±Éμ¢ ± ± ¶μ²Ê±² ¸¸¨Î¥¸±¨Ì ² ¡μ· Éμ·´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¸· ¢-
´¥´¨Õ Ê¸±μ·¥´¨° ¸¢μ¡μ¤´μ£μ ¶ ¤¥´¨Ö ¶·μ¡´ÒÌ É¥², ¸μ¸ÉμÖÐ¨Ì ¨§ · §´ÒÌ ³ É¥·¨ ²μ¢, É ±
¨ μ¡· ¡μÉμ± · §²¨Î´ÒÌ ¢Ò¸μ±μÉμÎ´ÒÌ ´ ¡²Õ¤¥´¨° §  ¤¢¨¦¥´¨¥³ ¶² ´¥É ¨ ±μ¸³¨Î¥¸±¨Ì
 ¶¶ · Éμ¢.

� ¨¡μ²¥¥ ÉμÎ´Ò¥ ² ¡μ· Éμ·´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¸· ¢´¥´¨Õ ¸¢μ¡μ¤´μ£μ ¶ ¤¥´¨Ö É¨-
É ´μ¢ÒÌ ¨ ¡¥·¨²²¨¥¢ÒÌ Ï ·μ¢ ¶·¨¢μ¤ÖÉ ± μ£· ´¨Î¥´¨Õ [1]

ηBe−Ti = (0,3 ± 1,8) · 10−13, (1)

£¤¥

ηab =
2(ga − gb)
ga + gb

, (2)

  g... Å ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ Ê¸±μ·¥´¨¥ ¸¢μ¡μ¤´μ£μ ¶ ¤¥´¨Ö.
�£· ´¨Î¥´¨¥, ¸²¥¤ÊÕÐ¥¥ ¨§ ¤¢¨¦¥´¨Ö ±μ¸³¨Î¥¸±¨Ì μ¡Ñ¥±Éμ¢, ¨ ¢ Î ¸É´μ¸É¨, ‡¥³²¨ ¨

‹Ê´Ò ¢ ¶μ²¥ ¸μ²´¥Î´μ° £· ¢¨É Í¨¨, ¶·¨¢μ¤¨É ± ¢¥²¨Î¨´¥ [2]

η̃E−M = (−1,0 ± 1,4) · 10−13, (3)
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mi ¨ mg Å ÔÉμ ¨´¥·Í¨μ´´ Ö ¨ £· ¢¨É Í¨μ´´ Ö ³ ¸¸Ò.
�¡Ð Ö É¥μ·¨Ö μÉ´μ¸¨É¥²Ó´μ¸É¨ ¶·¥¤¶μ² £ ¥É, ÎÉμ ¨´¥·Í¨μ´´ Ö ³ ¸¸  Î ¸É¨Í ¸μ¢¶ -

¤ ¥É ¸ ¨Ì £· ¢¨É Í¨μ´´μ° ³ ¸¸μ° ¨²¨, ÎÉμ Éμ ¦¥ ¸ ³μ¥, ÎÉμ Ê¸±μ·¥´¨¥ ¸¢μ¡μ¤´μ£μ ¶ ¤¥´¨Ö
¢ £· ¢¨É Í¨μ´´μ³ ¶μ²¥ Ê´¨¢¥·¸ ²Ó´μ ¨ ´¥ § ¢¨¸¨É μÉ ¸¢μ°¸É¢ ¶ ¤ ÕÐ¨Ì μ¡Ñ¥±Éμ¢. ‘μ-
£² ¸´μ ¶·¨´Í¨¶Ê Ô±¢¨¢ ²¥´É´μ¸É¨, μ¡¥ ¶·¨¢¥¤¥´´Ò¥ ¢ÒÏ¥ ¢¥²¨Î¨´Ò ((2) ¨ (4)) ¤μ²¦´Ò
¸É·μ£μ · ¢´ÖÉÓ¸Ö ´Ê²Õ. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ [1,2] ¸μ¢³¥¸É´Ò ¸ ´Ê²¥³ ¢ ¶·¥¤¥² Ì
¶μ£·¥Ï´μ¸É¨, ±μÉμ· Ö ¨ Ê± §Ò¢ ¥É ´  Éμ, ¸ ± ±μ° ÉμÎ´μ¸ÉÓÕ ¶·¨´Í¨¶ Ô±¢¨¢ ²¥´É´μ¸É¨
¶μ¤É¢¥·¦¤¥´ Ô±¸¶¥·¨³¥´É ²Ó´μ.

‚ ¤ ´´μ° § ³¥É±¥ ³Ò ¤¥³μ´¸É·¨·Ê¥³, ÎÉμ μ¸Í¨²²ÖÍ¨¨ ´¥°É· ²Ó´ÒÌ ¶¸¥¢¤μ¸± ²Ö·´ÒÌ
³¥§μ´μ¢, ¨ ¢ μ¸μ¡¥´´μ¸É¨, ± μ´μ¢, É ±¦¥ Ê¸É ´ ¢²¨¢ ÕÉ ¦¥¸É±¨° ¶·¥¤¥² ´  ´ ·ÊÏ¥´¨¥
¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É´μ¸É¨. �£· ´¨Î¥´¨¥, ¶μ²ÊÎ¥´´μ¥ ´ ³¨ ¤²Ö ¢¥²¨Î¨´Ò η̃K0K0 , μ± §Ò-
¢ ¥É¸Ö ´¨¦¥, Î¥³ 10−12.

�¸Í¨²²ÖÍ¨¨ ´¥°É· ²Ó´ÒÌ ± μ´μ¢ Å ¨¸±²ÕÎ¨É¥²Ó´μ ÎÊ¢¸É¢¨É¥²Ó´Ò° ¨´¸É·Ê³¥´É ¤²Ö
¶μ²ÊÎ¥´¨Ö μ£· ´¨Î¥´¨° ´  ´¥±μÉμ·Ò¥ Ö¢²¥´¨Ö É ± ´ §Ò¢ ¥³μ° ®´μ¢μ° Ë¨§¨±¨¯. ‚ ¶·¨´-
Í¨¶¥, μ¸Í¨²²ÖÍ¨¨ K0ÄK0 ¨¸¶μ²Ó§μ¢ ²¨¸Ó · ´¥¥ ¤²Ö μ£· ´¨Î¥´¨Ö, ´ ² £ ¥³μ£μ ´  ¢μ§-
³μ¦´Ò¥ ´ ·ÊÏ¥´¨Ö ¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É´μ¸É¨ ¢ ¸¨¸É¥³¥ Î ¸É¨Í Ä ´É¨Î ¸É¨Í , μ¤´ ±μ
μ£· ´¨Î¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¨§ ¸· ¢´¥´¨Ö ¤ ´´ÒÌ ¶μ μ¸Í¨²²ÖÍ¨Ö³ ¢ · §´ÒÌ ÉμÎ± Ì §¥³´μ°
μ·¡¨ÉÒ, ¡Ò²¨ ¤μ¸É ÉμÎ´μ ¸² ¡Ò³¨ [3]1.

1�¢Éμ· ¤ ´´μ° § ³¥É±¨ Ê§´ ² μ · ¡μÉ¥ [3],   É ±¦¥ μ [4], £¤¥ μ¸Í¨²²ÖÍ¨¨ ± μ´μ¢ ¢¶¥·¢Ò¥ μ¡¸Ê¦¤ ²¨¸Ó ¢
±μ´É¥±¸É¥ ¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É´μ¸É¨, Ê¦¥ ¶μ¸²¥ Éμ£μ, ± ±  ´ ²¨§ ¡Ò² § ¢¥·Ï¥´,   Ô²¥±É·μ´´Ò° ¶·¥¶·¨´É [5]
μ¶Ê¡²¨±μ¢ ´.
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�¥·¥¤ É¥³ ± ± ¶¥·¥°É¨ ± ¶μ¤·μ¡´μ³Ê μ¶¨¸ ´¨Õ ´ Ï¥£μ ·¥§Ê²ÓÉ É , μÉ³¥É¨³ ¤¢  μ¡-
¸ÉμÖÉ¥²Ó¸É¢ . � · ³¥É·Ò η ¨ η̃, ¢ É¥·³¨´ Ì ±μÉμ·ÒÌ ¢ÒÏ¥ ¢Ò¶¨¸ ´Ò μ£· ´¨Î¥´¨Ö, μÎ¥´Ó
¡²¨§±¨ ¶μ ¸³Ò¸²Ê ¨ ¢ · ³± Ì ´¥±μÉμ·ÒÌ · §Ê³´ÒÌ ¶·¥¤¶μ²μ¦¥´¨° ¸μ¢¶ ¤ ÕÉ. ‚¥²¨-
Î¨´  η Å ³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³ , É ± ± ± ¨³¥¥É ¤¥²μ ¸ ´¥¶μ¸·¥¤¸É¢¥´´μ ¨§³¥·Ö¥³Ò³¨
Ê¸±μ·¥´¨Ö³¨, ¢ Éμ ¢·¥³Ö ± ± η̃ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ Éμ²Ó±μ ¢ · ³± Ì μÎ¥¢¨¤´ÒÌ ¶·¥¤¶μ²μ-
¦¥´¨° ¶·¨ μ¡· ¡μÉ±¥ ¤ ´´ÒÌ (μ Éμ³, ÎÉμ ´¥Ê´¨¢¥·¸ ²Ó´μ¸ÉÓ μÉ´μÏ¥´¨Ö ¨´¥·Í¨μ´´μ°
¨ £· ¢¨É Í¨μ´´μ° ³ ¸¸ Å ¥¤¨´¸É¢¥´´ Ö ¸ÊÐ¥¸É¢¥´´ Ö ³μ¤¨Ë¨± Í¨Ö É¥μ·¨¨, ¨²¨ μ¤´ 
¨§ μ£· ´¨Î¥´´μ£μ Î¨¸²  ³μ¤¨Ë¨± Í¨°). �É³¥É¨³, ÎÉμ ¢¥²¨Î¨´  η ´¥ ¨³¥¥É ËÊ´¤ ³¥´-
É ²Ó´μ£μ Ì · ±É¥· ,   ²Õ¡ Ö ¥¥ ¨´É¥·¶·¥É Í¨Ö É ±¦¥ ¶μÉ·¥¡Ê¥É ¶·¥¤¶μ²μ¦¥´¨°. ’ ±¨³
μ¡· §μ³, ²Õ¡ Ö ¸μ¤¥·¦ É¥²Ó´ Ö ¶·μ¢¥·±  ¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É´μ¸É¨ ³μ¤¥²Ó´μ§ ¢¨¸¨³ .
‚¸¥ ¶·¥¤¶μ²μ¦¥´¨Ö, ±μÉμ·Ò¥ ¤¥² ²¨¸Ó ¢ Ìμ¤¥ ¶·¨¢¥¤¥´´μ£μ ´¨¦¥  ´ ²¨§ , Ö¢´μ ¶¥·¥Î¨-
¸²¥´Ò ¨ ¶·μ±μ³³¥´É¨·μ¢ ´Ò ¢ ´ Ï¥° § ³¥É±¥.

‚Éμ·Ò³ ¢ ¦´Ò³ μ¡¸ÉμÖÉ¥²Ó¸É¢μ³ Ö¢²Ö¥É¸Ö ¶· ¢¨²Ó´Ò° ¢Ò¡μ· ¨¸ÉμÎ´¨±  £· ¢¨É Í¨¨.
‚ ´ Ï¥³  ´ ²¨§¥ [5] ³Ò ¢μ¸¶μ²Ó§μ¢ ²¨¸Ó £ ² ±É¨Î¥¸±¨³ £· ¢¨É Í¨μ´´Ò³ ¶μ²¥³, ±μÉμ·μ¥
μ¶·¥¤¥²Ö¥É ¤¢¨¦¥´¨¥ ‘μ²´¥Î´μ° ¸¨¸É¥³Ò μÉ´μ¸¨É¥²Ó´μ Í¥´É·  ´ Ï¥° ƒ ² ±É¨±¨ ¨ ´ Ï¥°
£ ² ±É¨±¨ μÉ´μ¸¨É¥²Ó´μ Í¥´É·  ³¥¸É´μ£μ ±² ¸É¥·  [6]. ‚ ¶·¨´Í¨¶¥, É ±μ¥ ¶μ²¥ É ±¦¥
μ¡¸Ê¦¤ ²μ¸Ó · ´ÓÏ¥ (¸³., ´ ¶·¨³¥·, [1]), ´μ ¢¥²¨Î¨´  μÍ¥´±¨ §´ Î¨É¥²Ó´μ Ê¸ÉÊ¶ ² 
μÍ¥´± ³, μ¸´μ¢ ´´Ò³ ´  ¡μ²¥¥ É· ¤¨Í¨μ´´ÒÌ ¨¸ÉμÎ´¨± Ì £· ¢¨É Í¨¨. ‘ÊÐ¥¸É¢¥´´μ¥
μÉ²¨Î¨¥ ´ Ï¥£μ  ´ ²¨§  [5] (¸³. É ±¦¥ [7]), ±μÉμ·μ¥ ¨ ¶μ§¢μ²¨²μ ¶μ²ÊÎ¨ÉÓ ¤μ¸É ÉμÎ´μ
¸¨²Ó´Ò¥ μ£· ´¨Î¥´¨Ö, § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ³Ò ¢μ¸¶μ²Ó§μ¢ ²¨¸Ó ¢¥²¨Î¨´μ° ¶μÉ¥´Í¨ ² 
¶μ μÉ´μÏ¥´¨Õ ± ¡¥¸±μ´¥Î´μ Ê¤ ²¥´´μ° ÉμÎ±¥, ¶·¨³¥´¨É¥²Ó´μ ± ±μÉμ·μ° ¢¢¨¤Ê μÉ¸ÊÉ¸É¢¨Ö
£· ¢¨É Í¨¨ ³μ¦´μ ¸¤¥² ÉÓ ¶·¥¤¶μ²μ¦¥´¨¥ μ Ë¨§¨±¥ ¨´É¥·¥¸ÊÕÐ¨Ì ´ ¸ Ö¢²¥´¨°.
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�¶¨Ï¥³, ´  Î¥³ μ¸´μ¢ ´ ´ Ï  ´ ²¨§. �´ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¸²¥¤ÊÕÐ¨¥ Ô²¥³¥´ÉÒ:
• ³Ò ¶·¥¤¶μ² £ ¥³, ÎÉμ ¶·¨ μÉ¸ÊÉ¸É¢¨¨ £· ¢¨É Í¨¨ ¨³¥¥É ³¥¸Éμ CPT-¸¨³³¥É·¨Ö ¨,

¢ Î ¸É´μ¸É¨, ¤²Ö ¨´¥·Í¨μ´´ÒÌ ³ ¸¸ ¢Ò¶μ²´Ö¥É¸Ö · ¢¥´¸É¢μ mK0 = mK0 (É ± ± ± Í¥²Ó
´ Ï¥£μ  ´ ²¨§  Å μ£· ´¨Î¥´¨Ö ´  ®´μ¢ÊÕ Ë¨§¨±Ê¯, Éμ ³Ò ¤μ²¦´Ò Ö¢´μ ¶¥·¥Î¨¸²¨ÉÓ ¨
É¥ ¶·¥¤¶μ²μ¦¥´¨Ö, ±μÉμ·Ò¥ μ¡ÒÎ´μ ¸Î¨É ÕÉ¸Ö μÎ¥¢¨¤´Ò³¨);

• ³Ò ¶·¥¤¶μ² £ ¥³, ÎÉμ ¤²Ö ¶·μ¸ÉÒÌ μÍ¥´μ± ¤μ¸É ÉμÎ´μ · ¸¸³ É·¨¢ ÉÓ μ¸Í¨²²ÖÍ¨¨
K0ÄK0 ¤²Ö ¶μ±μÖÐ¨Ì¸Ö ± μ´μ¢, ¨³¥Ö ¢ ¢¨¤Ê, ÎÉμ ± μ´Ò μÉ´μ¸¨É¥²Ó´μ ³¥¤²¥´´Ò ¨ ÊÎ¥É
·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶μ¶· ¢μ± ´¥ ¨§³¥´¨É Ì · ±É¥·  ·¥§Ê²ÓÉ É ;

• ³Ò ¶·¥¤¶μ² £ ¥³, ÎÉμ ¤¢¥ Ê¸É ´μ¢²¥´´Ò¥ ±μ³¶μ´¥´ÉÒ ¤¢¨¦¥´¨Ö ´ Ï¥° ‘μ²´¥Î-
´μ° ¸¨¸É¥³Ò [6] (¤¢¨¦¥´¨¥ ‘μ²´Í  μÉ´μ¸¨É¥²Ó´μ Í¥´É·  ´ Ï¥° ƒ ² ±É¨±¨ ¸μ ¸±μ·μ-
¸ÉÓÕ 259 ±³/¸ ¨ ´ Ï¥° ƒ ² ±É¨±¨ μÉ´μ¸¨É¥²Ó´μ Í¥´É·  ³¥¸É´μ£μ ±² ¸É¥·  ¸μ ¸±μ·μ¸ÉÓÕ
185 ±³/¸) ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± μÉ´μ¸ÖÐ¨¥¸Ö ± ¤¢¨¦¥´¨Õ ¶μ ±·Ê£μ¢Ò³ μ·¡¨É ³ (´¥-
¡μ²ÓÏμ¥ μÉ±²μ´¥´¨¥ μÉ ÔÉμ£μ ´¥ ¤μ²¦´μ ¢²¨ÖÉÓ ´  ¢¥²¨Î¨´Ê μÍ¥´±¨), μ¶¨¸Ò¢ ¥³μ³Ê
¶·μ¸ÉÒ³¨ § ±μ´ ³¨ ´ÓÕÉμ´μ¢¸±μ° ³¥Ì ´¨±¨1.

1�Éμ ¶·¥¤¶μ²μ¦¥´¨¥ ´Ê¦´μ ¤²Ö Ê¶·μÐ¥´¨Ö ´ Ï¥£μ  ´ ²¨§ . ‚μ§³μ¦´μ¸ÉÓ · §¡¨ÉÓ ¤¢¨¦¥´¨¥ ‘μ²´¥Î´μ°
¸¨¸É¥³Ò (μÉ´μ¸¨É¥²Ó´μ ¸¨¸É¥³Ò μÉ¸Î¥É , ¢ ±μÉμ·μ° ·¥²¨±Éμ¢μ¥ ¨§²ÊÎ¥´¨¥ ¨§μÉ·μ¶´μ) ´  ´¥¸±μ²Ó±μ ±μ³¶μ-
´¥´É, ¤¢¥ ¨§ ±μÉμ·ÒÌ ¸¢Ö§ ´Ò ¸ ¤¢¨¦¥´¨¥³ ¢´ÊÉ·¨ ´ Ï¥° ƒ ² ±É¨±¨ ¨²¨ ¸±μ¶²¥´¨Ö £ ² ±É¨± [6], μ¸´μ¢ ´  ´ 
 ´ ²¨§¥ ¸ ³ÒÌ · §²¨Î´ÒÌ ¤ ´´ÒÌ. ‚ ¸²ÊÎ ¥ ±·Ê£μ¢μ£μ (¨²¨ ¶μÎÉ¨ ±·Ê£μ¢μ£μ) ¤¢¨¦¥´¨Ö ¤²Ö μÍ¥´±¨ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¥£μ £· ¢¨É Í¨μ´´μ£μ ¶μÉ¥´Í¨ ²  ¤μ¸É ÉμÎ´μ ²¨ÏÓ §´ ÉÓ μ¸´μ¢´μ° ·¥§Ê²ÓÉ É  ´ ²¨§  [6] Å Ê¸É ´μ¢²¥´´Ò¥
±μ³¶μ´¥´ÉÒ ¸±μ·μ¸É¨. ‚ ¸²ÊÎ ¥ ¡μ²¥¥ ¸²μ¦´μ£μ ¤¢¨¦¥´¨Ö ¶μ´ ¤μ¡¨²¨¸Ó ¡Ò ¨ ¤·Ê£¨¥ ¤¥É ²¨.
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ˆ¤¥Ö ¶μ²ÊÎ¥´´ÒÌ ´¨¦¥ μ£· ´¨Î¥´¨° μÎ¥´Ó ¶·μ¸É  [5] (¸·. [3]). ’¥μ·¨Ö K0ÄK0-
μ¸Í¨²²ÖÍ¨° ¶·¥¤¶μ² £ ¥É ¢Ò·μ¦¤¥´´μ¸ÉÓ ¤¨ £μ´ ²Ó´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éμ¢ £ ³¨²ÓÉμ-
´¨ ´  (¢ ¸μ¸ÉμÖ´¨¨ ¶μ±μÖ ¨ ¢ μÉ¸ÊÉ¸É¢¨¥ £· ¢¨É Í¨¨ Å ÔÉμ ¢¥²¨Î¨´Ò mc2 ¤²Ö ± μ´  ¨
 ´É¨± μ´ ) ¶·¨ ´ ²¨Î¨¨ ³ ²μ£μ ¶¥·¥Ìμ¤´μ£μ ³ É·¨Î´μ£μ Ô²¥³¥´É , ¸¢Ö§ ´´μ£μ ¸μ ¸² -
¡Ò³¨ ¶¥·¥Ìμ¤ ³¨ ³¥¦¤Ê ± μ´μ³ ¨  ´É¨± μ´μ³ Î¥·¥§ ¶·μ³¥¦ÊÉμÎ´Ò¥ ¶ ·Ò 2π. ‘´ÖÉ¨¥
¢Ò·μ¦¤¥´¨Ö ¤¨ £μ´ ²Ó´ÒÌ Î²¥´μ¢ ¶·¨¢μ¤¨É ± ± Î¥¸É¢¥´´μ³Ê ¨§³¥´¥´¨Õ ± ·É¨´Ò μ¸Í¨²-
²ÖÍ¨°. �¡ÒÎ´μ μ£· ´¨Î¥´¨Ö Ëμ·³Ê²¨·ÊÕÉ¸Ö ¢ É¥·³¨´ Ì · §´μ¸É¨ ³ ¸¸ ± μ´  ¨  ´É¨± μ´ 
(¸³. [8, 9]) ∣∣mK0 − mK0

∣∣
mK0

� 0,8 · 10−18 ¶·¨ C. L. = 90 % (5)

± ± ¶·μ¢¥·±  ‘�’-É¥μ·¥³Ò. ’ ±μ° ¶μ¤Ìμ¤ ¢¥·¥´ ¢ ¶·¥¤¶μ²μ¦¥´¨¨ ¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É-
´μ¸É¨, ¢¢¨¤Ê ±μÉμ·μ£μ £· ¢¨É Í¨μ´´Ò¥ ÔËË¥±ÉÒ μ¤¨´ ±μ¢Ò ¤²Ö Î ¸É¨ÍÒ ¨  ´É¨Î ¸É¨ÍÒ
¨ ´¥ ¸´¨³ ÕÉ ¢Ò·μ¦¤¥´¨Ö. ‚ μ¡Ð¥³ ¸²ÊÎ ¥, ¥¸²¨ ¤μ¶Ê¸É¨ÉÓ ¢μ§³μ¦´μ¥ ´ ·ÊÏ¥´¨¥
¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É´μ¸É¨, ¤²Ö ¶μ±μÖÐ¨Ì¸Ö Î ¸É¨Í ¶μ²ÊÎ ¥³ μ£· ´¨Î¥´¨Ö ´  ¤·Ê£ÊÕ
¢¥²¨Î¨´Ê: ∣∣∣E(0)

K − E
(0)

K0

∣∣∣
mKc2

, (6)

£¤¥ Ô´¥·£¨Ö ¶μ±μÖ E(0) É¥¶¥·Ó ¢±²ÕÎ ¥É ¨ ¶μÉ¥´Í¨ ²Ó´ÊÕ Ô´¥·£¨Õ, ¸¢Ö§ ´´ÊÕ ¸ £· ¢¨É -
Í¨¥°. �·¨Î¨´Ò, ¶μ ±μÉμ·Ò³ ³Ò · ¸¸³ É·¨¢ ¥³ ¶μ±μÖÐ¨¥¸Ö Î ¸É¨ÍÒ, § ±²ÕÎ ÕÉ¸Ö ¢ Éμ³,
ÎÉμ ´ ·ÊÏ¥´¨¥ ¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É´μ¸É¨ μ§´ Î ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ³μ¤¨Ë¨± Í¨¨ �’�,
  ¢ ÔÉμ³ ¸²ÊÎ ¥ ³Ò ´¥ ³μ¦¥³ a priori §´ ÉÓ, ± ± £· ¢¨É Í¨μ´´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ § ¢¨¸¨É
μÉ ¸±μ·μ¸É¨; É ±¨¥ ÔËË¥±ÉÒ ³μ¤¥²Ó´μ§ ¢¨¸¨³Ò. ŒÒ μ£· ´¨Î¨¢ ¥³ ´ Ï¥ · ¸¸³μÉ·¥´¨¥
´ÓÕÉμ´μ¢¸±¨³ ¶μÉ¥´Í¨ ²μ³.

…¸²¨ ³Ò ¶·¥¤¶μ²μ¦¨³, ÎÉμ ¢¸¥ ¢μ§³μ¦´μ¥ μÉ±²μ´¥´¨¥ ¤ ´´μ£μ ¶ · ³¥É·  μÉ ´Ê²Ö
¸¢Ö§ ´μ ¸ ´ ·ÊÏ¥´¨¥³ ¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É´μ¸É¨, Éμ ¶·¨¤¥³ ± ¸μμÉ´μÏ¥´¨Õ∣∣∣E(0)

K − E
(0)

K0

∣∣∣
mKc2

=
∣∣∣∣
(

mg

mi

)
K0

−
(

mg

mi

)
K0

∣∣∣∣
∣∣∣∣U(r) − U(∞)

c2

∣∣∣∣ . (7)

‡¤¥¸Ó ³Ò Ö¢´μ ÊÎ²¨, ÎÉμ, ± ± ÔÉμ ¸²¥¤Ê¥É ¨§ ‘�’-É¥μ·¥³Ò, mi(K0) = mi(K0), ¨ ÎÉμ ¢
μÉ¸ÊÉ¸É¢¨¥ £· ¢¨É Í¨¨ (¨ ¢ Î ¸É´μ¸É¨, ¶·¨ r = ∞) μ¡¸Ê¦¤ ¥³ Ö · §´μ¸ÉÓ · ¢´  ´Ê²Õ.

ƒ�‹�Š’ˆ—…‘Šˆ… ƒ��‚ˆ’�–ˆ���›… ��‹Ÿ

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¸Î¨É ¥É¸Ö Ê¸É ´μ¢²¥´´Ò³ [6], ÎÉμ ¤¢¨¦¥´¨¥ ´ Ï¥° ‘μ²´¥Î´μ° ¸¨-
¸É¥³Ò μÉ´μ¸¨É¥²Ó´μ ¸¨¸É¥³Ò, ¢ ±μÉμ·μ° ·¥²¨±Éμ¢μ¥ ¨§²ÊÎ¥´¨¥ μ¡² ¤ ¥É ¨§μÉ·μ¶´μ¸ÉÓÕ,
¸μ¤¥·¦¨É ¶μ ±· °´¥° ³¥·¥ É·¨ ±μ³¶μ´¥´ÉÒ. „¢¥ ¨§ ´¨Ì ¨¤¥´É¨Ë¨Í¨·μ¢ ´Ò ± ± ¢· Ð -
É¥²Ó´μ¥ ¤¢¨¦¥´¨¥ ‘μ²´Í  μÉ´μ¸¨É¥²Ó´μ Í¥´É·  ´ Ï¥° ƒ ² ±É¨±¨ ((259± 25) ±³/¸) ¨ ± ±
¢· Ð¥´¨¥ ´ Ï¥° ƒ ² ±É¨±¨ μÉ´μ¸¨É¥²Ó´μ Í¥´É·  ¸±μ¶²¥´¨Ö £ ² ±É¨± ((185 ± 20) ±³/¸).

�ÉμÉ ·¥§Ê²ÓÉ É ¶μ²ÊÎ¥´ [6] ´  μ¸´μ¢¥  ´ ²¨§  ¢¸¥Ì ¨³¥ÕÐ¨Ì¸Ö ¤ ´´ÒÌ. „¢¨¦¥´¨¥
§¢¥§¤´ÒÌ μ¡Ñ¥±Éμ¢ ¤μ¸É ÉμÎ´μ ³¥¤²¥´´μ, ÎÉμ¡Ò μ¸´μ¢μ°  ´ ²¨§  ¡Ò²μ ´ÓÕÉμ´μ¢¸±μ¥ ÉÖ-
£μÉ¥´¨¥. �·¨ ÔÉμ³ § ±μ´ Ê¡Ò¢ ´¨Ö ¶μÉ¥´Í¨ ²  μÉ Í¥´É·  Å ´¥ ´ÓÕÉμ´μ¢¸±¨° ¢¢¨¤Ê
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´ ²¨Î¨Ö É¥³´μ° ³ É¥·¨¨. �¤´ ±μ, ¨³¥Ö ¢ ¢¨¤Ê ¥¥ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ¥ · ¸¶·¥¤¥-
²¥´¨¥ μÉ´μ¸¨É¥²Ó´μ Í¥´É·  ÉÖ£μÉ¥´¨Ö, ³μ¦´μ ¨£´μ·¨·μ¢ ÉÓ ÉÊ É¥³´ÊÕ ³ É¥·¨Õ, ±μÉμ· Ö
´ Ìμ¤¨É¸Ö §  ¶·¥¤¥² ³¨ ±·Ê£μ¢μ° μ·¡¨ÉÒ. �Éμ ¤ ¥É ¶· ¢¨²Ó´ÊÕ · §´μ¸ÉÓ ¶μÉ¥´Í¨ ²μ¢
¶μ ¸· ¢´¥´¨Õ ¸ ¡¥¸±μ´¥Î´μ¸ÉÓÕ.

� ¶μ³´¨³, ÎÉμ ¶·¨ ¢· Ð É¥²Ó´μ³ ¤¢¨¦¥´¨¨ ¢μ±·Ê£ ¶·¨ÉÖ£¨¢ ÕÐ¥£μ Í¥´É·  ¶μÉ¥´-
Í¨ ² ³μ¦´μ ²¥£±μ ¢Ò· §¨ÉÓ Î¥·¥§ ¸±μ·μ¸ÉÓ ¢· Ð¥´¨Ö ¶μ μ·¡¨É¥. „²Ö ±·Ê£μ¢ÒÌ μ·¡¨É
Ê¸±μ·¥´¨¥ ¢Ò· ¦ ¥É¸Ö ¨§¢¥¸É´Ò³ μ¡· §μ³ ¨ Î¥·¥§ £· ¢¨É Í¨μ´´Ò° ¶μÉ¥´Í¨ ², ¨ Î¥·¥§
¸±μ·μ¸ÉÓ ¢· Ð¥´¨Ö:

a = −U(r)
r

=
v2

r
, (8)

£¤¥ ¶μÉ¥´Í¨ ² U(r) μ¶·¥¤¥²¥´ É ±¨³ μ¡· §μ³, ÎÉμ U(r = ∞) = 0. ‚ ¨Éμ£¥ ´ Ìμ¤¨³

U(r) = −v2.

‚ ¸²ÊÎ ¥ ´¥¸±μ²Ó±¨Ì £· ¢¨É Í¨μ´´ÒÌ Í¥´É·μ¢ ´¥μ¡Ìμ¤¨³μ ¶·μ¸Ê³³¨·μ¢ ÉÓ ¶μÉ¥´Í¨ ²Ò

Utot =
∑

i

Ui.

‚ Î ¸É´μ¸É¨, ¸Ê³³¨·ÊÖ Ê¶μ³Ö´ÊÉÒ¥ ¢ÒÏ¥ ¸±μ·μ¸É¨ ¢· Ð¥´¨Ö [6], ¶μ²ÊÎ ¥³

−Utot

c2
=

∑
i

v2
i

c2
� 10−6.

‚ ·¥§Ê²ÓÉ É¥ ´ Ìμ¤¨³ μ£· ´¨Î¥´¨¥ ´  ¤μ¶Ê¸É¨³μ¥ ´ ·ÊÏ¥´¨¥ ¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É-
´μ¸É¨ ¤²Ö ± μ´  ¨  ´É¨± μ´ ∣∣η̃K0K0

∣∣ � 8 · 10−13 ¶·¨ C. L. = 90 %, (9)

±μÉμ·μ¥ ¸μ¶μ¸É ¢¨³μ ¶μ Ê·μ¢´Õ ¸ ¶·¨¢¥¤¥´´Ò³¨ ¢ ´ Î ²¥ ¸É ÉÓ¨ ´ ¨²ÊÎÏ¨³¨ ·¥§Ê²ÓÉ -
É ³¨ ¤²Ö £· ¢¨É Í¨μ´´ÒÌ ¨¸¸²¥¤μ¢ ´¨° É· ¤¨Í¨μ´´μ£μ Ì · ±É¥·  [1,2].

‚ÒÏ¥ ³Ò ¶·μ¨£´μ·¨·μ¢ ²¨ ´ ¨¡μ²ÓÏÊÕ ¨§ É·¥Ì ±μ³¶μ´¥´ÉÊ ¸±μ·μ¸É¨ ‘μ²´¥Î´μ°
¸¨¸É¥³Ò (455 ±³/¸) [6], ¶μ¸±μ²Ó±Ê ¥¥ ¶·μ¨¸Ìμ¦¤¥´¨¥ ´¥Ö¸´μ. �É³¥É¨³, ÎÉμ ¢ · ³± Ì
¶·¨¢¥¤¥´´ÒÌ ¶·¥¤¶μ²μ¦¥´¨° ÊÎ¥É ¤·Ê£¨Ì ±μ³¶μ´¥´É ¸±μ·μ¸É¨ ²¨ÏÓ Ê¢¥²¨Î¨É ¢¥²¨Î¨´Ê
Utot ¨, ¸²¥¤μ¢ É¥²Ó´μ, Ê¸¨²¨É μ£· ´¨Î¥´¨¥.

‚ÒÏ¥ ³Ò ¶·¥¤¶μ²μ¦¨²¨, ÎÉμ ¶μÉ¥´Í¨ ² ´  ¡¥¸±μ´¥Î´μ¸É¨ μ¡· Ð ¥É¸Ö ¢ ´μ²Ó, ÎÉμ,
¢μμ¡Ð¥ £μ¢μ·Ö, ´¥Ö¸´μ ¨ ´¥ μ¡Ö§ É¥²Ó´μ ¸¶· ¢¥¤²¨¢μ. �¤´ ±μ ¨¸¸²¥¤μ¢ ´¨¥ ¤¢¨¦¥´¨° ¢μ-
±·Ê£ · §²¨Î´ÒÌ Í¥´É·μ¢ ¶·¨ÉÖ¦¥´¨Ö [6] ¶μ± §Ò¢ ¥É, ÎÉμ ¶μÉ¥´Í¨ ² §´ Î¨É¥²Ó´μ Ê¡Ò¢ ¥É
¶μ ³¥·¥ Ê¤ ²¥´¨Ö μÉ Í¥´É· . “¡Ò¢ ´¨Ö ¶μÉ¥´Í¨ ²  ¢ ´¥¸±μ²Ó±μ · § ¢¶μ²´¥ ¤μ¸É ÉμÎ´μ
¤²Ö ¸¶· ¢¥¤²¨¢μ¸É¨ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ μÍ¥´μ±,   ¸É·μ£μ¥ μ¡· Ð¥´¨¥ ¢ ´μ²Ó ´¥μ¡Ìμ¤¨³Ò³
Ê¸²μ¢¨¥³ ´¥ Ö¢²Ö¥É¸Ö.

�·¨¢¥¤¥´´μ¥ μ£· ´¨Î¥´¨¥ μÉ²¨Î ¥É¸Ö μÉ ¶μ²ÊÎ¥´´ÒÌ · ´¥¥ μ£· ´¨Î¥´¨° ´  Ê·μ¢´¥
10−12 (¸³., ´ ¶·¨³¥·, [1, 2]) É¥³, ÎÉμ

• Ö¢´μ ¨¸¶μ²Ó§Ê¥É¸Ö CPT-¨´¢ ·¨ ´É´μ¸ÉÓ (¢ ¢¨¤¥ Ê¸²μ¢¨Ö mK0 = mK0 );
• ¶·μ¡´Ò¥ Î ¸É¨ÍÒ Å ´¥ ¡ ·¨μ´Ò;
• £· ¢¨É Í¨Ö É ±¦¥ ´¥ Ö¢²Ö¥É¸Ö Î¨¸Éμ ¡ ·¨μ´´μ° (¢ ´¥° ¶·¥μ¡² ¤ ¥É É¥³´ Ö ³ É¥·¨Ö).
� ´¥¥ ¶μ²ÊÎ¥´´Ò¥ μ£· ´¨Î¥´¨Ö ¨²¨ ¡Ò²¨ ¸ÊÐ¥¸É¢¥´´μ ³¥´¥¥ ¦¥¸É±¨³¨, ¨²¨ ¨³¥²¨

¤¥²μ ¸ £· ¢¨É Í¨¥° μ¡ÒÎ´μ£μ  Éμ³´μ£μ ¢¥Ð¥¸É¢  ¨ ¥£μ ¤¥°¸É¢¨¥³ ´  ¶·μ¡´Ò¥ É¥² , É ±¦¥
¸μ¸ÉμÖÐ¨¥ ¨§  Éμ³μ¢.
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ˆ¸¶μ²Ó§ÊÖ ¤·Ê£¨¥ ¨¸ÉμÎ´¨±¨ £· ¢¨É Í¨¨ ¨ ¤·Ê£¨¥ ¶·μ¡´Ò¥ Î ¸É¨ÍÒ, ³μ¦´μ ¶μ²ÊÎ¨ÉÓ
¤μ¶μ²´¨É¥²Ó´Ò¥ μ£· ´¨Î¥´¨Ö, ¡μ²¥¥ ¸² ¡Ò¥, ´μ ´¥§ ¢¨¸¨³Ò¥.

� ¸¸³μÉ·¨³ μ¸Í¨²²ÖÍ¨¨ ¤·Ê£¨Ì ´¥°É· ²Ó´ÒÌ ³¥§μ´μ¢ D0ÄD0 ¨ B0ÄB0. �£· ´¨Î¥-
´¨Ö [8] ´  · §´μ¸ÉÓ ¨Ì ³ ¸¸ ¸μ¸É ¢²ÖÕÉ∣∣mD0 − mD0

∣∣
mD0

� 10−15,

∣∣mB0 − mB0

∣∣
mB0

� 10−12. (10)

�Éμ ¶·¨¢μ¤¨É ± ¸²¥¤ÊÕÐ¨³ μ£· ´¨Î¥´¨Ö³:∣∣η̃D0D0

∣∣ � 10−9,
∣∣η̃B0B0

∣∣ � 10−6.

‚ ± Î¥¸É¢¥ ¤·Ê£μ£μ £· ¢¨É Í¨μ´´μ£μ ¨¸ÉμÎ´¨±  ³μ¦´μ · ¸¸³μÉ·¥ÉÓ ¸μ²´¥Î´ÊÕ £· ¢¨-
É Í¨Õ. �·¨ ¸±μ·μ¸É¨ ¢· Ð¥´¨Ö ‡¥³²¨ ¢μ±·Ê£ ‘μ²´Í , ¸μ¸É ¢²ÖÕÐ¥° 30 ±³/¸, ¶μ²ÊÎ ¥³

USun(r∞) − USun(rEarth)
c2

� 10−8.

�Éμ ¶·¨¢μ¤¨É ± μ£· ´¨Î¥´¨Ö³,  ´ ²μ£¨Î´Ò³ μ£· ´¨Î¥´¨Ö³ ¸ £ ² ±É¨Î¥¸±¨³¨ ¶μ²Ö³¨, ´μ
´  ¤¢  ¶μ·Ö¤±  ¸² ¡¥¥.

(�…)‚�‡Œ�†��‘’œ ��’ˆƒ��‚ˆ’�–ˆˆ „‹Ÿ ��’ˆ—�‘’ˆ–

…Ð¥ ¡μ²¥¥ ¸² ¡μ¥ μ£· ´¨Î¥´¨¥ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ, ¸· ¢´¨¢ Ö ¶μÉ¥´Í¨ ²Ò ¢  Ë¥²¨¨ ¨
¶¥·¨£¥²¨¨ μ·¡¨ÉÒ ‡¥³²¨ (´ ¨¡μ²¥¥ ¢Ò¸μ± Ö ¨ ´ ¨¡μ²¥¥ ´¨§± Ö ÉμÎ±¨ §¥³´μ° μ·¡¨ÉÒ),
ÎÉμ μÉ¢¥Î ¥É ¢¥²¨Î¨´¥

USun(rperihelion) − USun(raphelion)
c2

� 3,2 · 10−10. (11)

ˆ³¥´´μ É ±μ° ¶μÉ¥´Í¨ ² ¨¸¶μ²Ó§μ¢ ²¸Ö ¢ · ¡μÉ¥ [3]. ’ ±¨¥ μ£· ´¨Î¥´¨Ö ¸ÊÐ¥¸É¢¥´´μ
¸² ¡¥¥, Î¥³ ¶μ²ÊÎ¥´´Ò¥ ¢ÒÏ¥, μ¤´ ±μ ³μ£ÊÉ ¶·¥¤¸É ¢²ÖÉÓ ¨´É¥·¥¸ ¤²Ö ¶·μ¢¥·±¨ £¨¶μÉ¥§Ò
 ´É¨£· ¢¨É Í¨¨ ¤²Ö  ´É¨³ É¥·¨¨.

�É  £¨¶μÉ¥§ , ± ±μÉμ·μ° É¥μ·¥É¨±¨ μÉ´μ¸ÖÉ¸Ö ¸±¥¶É¨Î¥¸±¨, ¶·¨¢²¥± É¥²Ó´  ¤²Ö Ô±¸-
¶¥·¨³¥´É Éμ·μ¢ ¶μ ·Ö¤Ê ¶·¨Î¨´. ’ ±μ¥ ¶·¥¤¶μ²μ¦¥´¨¥ μÉ¢¥Î ¥É ¡μ²ÓÏμ³Ê ÔËË¥±ÉÊ
(100%), ´μ ¤²Ö ¸¶¥Í¨Ë¨Î¥¸±¨Ì ¸¨ÉÊ Í¨°. “·μ¢¥´Ó μ£· ´¨Î¥´¨° ´  ¶·¨´Í¨¶ Ô±¢¨¢ ²¥´É-
´μ¸É¨ §¤¥¸Ó ³¥´¥¥ ¢ ¦¥´, ´μ ¦¥² É¥²Ó´μ ¤¥² ÉÓ ± ± ³μ¦´μ ³¥´ÓÏ¥ ³μ¤¥²Ó´μ§ ¢¨¸¨³ÒÌ
¶·¥¤¶μ²μ¦¥´¨°.

�·¨ ¸· ¢´¥´¨¨ ¶μÉ¥´Í¨ ²  ¢  Ë¥²¨¨ ¨ ¶¥·¨£¥²¨¨ ´¥É ´¥μ¡Ìμ¤¨³μ¸É¨ ¤¥² ÉÓ ¶·¥¤¶μ-
²μ¦¥´¨Ö ´¨ μ ¢Ò¶μ²´¥´¨¨ ‘�’-É¥μ·¥³Ò ¢ μÉ¸ÊÉ¸É¢¨¥ £· ¢¨É Í¨μ´´ÒÌ ÔËË¥±Éμ¢, ´¨ μ
Ì · ±É¥·¥ Ê¡Ò¢ ´¨Ö £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö ¢¤ ²¨ μÉ ¨¸ÉμÎ´¨± 1.

1Šμ´¥Î´μ, ³Ò ¨³¥¥³ £μ· §¤μ ¡μ²¥¥ Ö¸´μ¥ ¶μ´¨³ ´¨¥ £· ¢¨É Í¨μ´´μ£μ ¶μÉ¥´Í¨ ²  ‘μ²´Í  (¶μ ¸· ¢´¥´¨Õ ¸
£ ² ±É¨Î¥¸±¨³¨ ¶μÉ¥´Í¨ ² ³¨) ¨ §´ ¥³, ÎÉμ μ´ ¸ Ìμ·μÏ¥° ÉμÎ´μ¸ÉÓÕ μ¶¨¸Ò¢ ¥É¸Ö § ±μ´μ³ �ÓÕÉμ´ . �μÔÉμ³Ê
¢ Éμ° Î ¸É¨, ±μÉμ· Ö ± ¸ ¥É¸Ö £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö, μÍ¥´±¨ ¸ £· ¢¨É Í¨¥° ‘μ²´Í  ¤μ¸É ÉμÎ´μ ´ ¤¥¦´Ò.
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‘Éμ¶·μÍ¥´É´Ò° ÔËË¥±É, ¸¢Ö§ ´´Ò° ¸ ¶μÉ¥´Í¨ ²μ³ (11), ¡Ò² ¡Ò ´  Ê·μ¢´¥ 3 · 10−10,
ÎÉμ ¸ÊÐ¥¸É¢¥´´μ ¢ÒÏ¥, Î¥³ ¤μ¶Ê¸É¨³ Ö ¢¥²¨Î¨´  [8] ΔE/mc2 ¤²Ö ¢¸¥Ì É·¥Ì ´¥°É· ²Ó´ÒÌ
³¥§μ´μ¢.

�·μ¡²¥³μ° ¤²Ö ¶·Ö³μ° ¨´É¥·¶·¥É Í¨¨ ¢²¨Ö´¨Ö £· ¢¨É Í¨¨ (¨  ´É¨£· ¢¨É Í¨¨) ´ 
μ¸Í¨²²ÖÍ¨¨ Ö¢²Ö¥É¸Ö Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ, ÎÉμ ³¥§μ´Ò ¸μ¸ÉμÖÉ ¨§ ¶ ·Ò ±¢ ·±Ä ´É¨±¢ ·±
(K0 = sd, D0 = cu, B0 = bd), Éμ£¤  ± ± ¡ ·¨μ´Ò (¶·μÉμ´Ò ¨ ´¥°É·μ´Ò) ¸μ¸ÉμÖÉ ¨§
É·μ°±¨ ±¢ ·±μ¢. �μÔÉμ³Ê ´¥ ¢¶μ²´¥ Ö¸´μ, ± ± ¸É·μ£μ μÍ¥´¨ÉÓ  ¸¨³³¥É·¨Õ ³ É¥·¨¨ ¨
 ´É¨³ É¥·¨¨ ¢ ³¥§μ´ Ì.

Œ¥·μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ³μ¦´μ ¸Î¨É ÉÓ ¢¥²¨Î¨´Ê

κq1q2 =

∣∣∣mq1
− mq2

∣∣∣
mM

�

⎧⎪⎨
⎪⎩

0,2 ¤²Ö K,

0,6 ¤²Ö D,

0,85 ¤²Ö B,

(12)

£¤¥ ³Ò Ö¢´μ ÊÎ²¨, ÎÉμ ¨´É¥·¥¸ÊÕÐ¨¥ ´ ¸ ³¥§μ´Ò ¸μ¸ÉμÖÉ ¨§ ±¢ ·±  ¨  ´É¨±¢ ·±  · §´μ°
³ ¸¸Ò, ¨ ¸· ¢´¨²¨ ³ ¸¸Ò Éμ±μ¢ÒÌ ±¢ ·±μ¢ ¸ ³ ¸¸μ° ³¥§μ´ . Œμ¦´μ μ¦¨¤ ÉÓ, ÎÉμ £¨¶μÉ¥§ 
μ £· ¢¨É Í¨¨ ¤²Ö ±¢ ·±μ¢ ¨  ´É¨£· ¢¨É Í¨¨ ¤²Ö  ´É¨±¢ ·±μ¢ ¶·μ¢¥·Ö¥³  ¢ μ¸Í¨²²ÖÍ¨ÖÌ
´¥°É· ²Ó´ÒÌ ± μ´μ¢, μ¤´ ±μ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ³μ¦¥É ¡ÒÉÓ ¶μ¤ ¢²¥´  ´¥ ¡μ²¥¥ Î¥³ ´ 
¶μ·Ö¤μ±.

‚ [3] ¶·¨  ´ ²¨§¥ ± μ´´ÒÌ μ¸Í¨²²ÖÍ¨° ¡Ò²μ ¶·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ¢
 Ë¥²¨¨ ¨ ¶¥·¨£¥²¨¨ §¥³´μ° μ·¡¨ÉÒ. „²Ö μ¸É ²Ó´ÒÌ ³¥§μ´μ¢, ± ± ¨ ¢ ¸²ÊÎ ¥ ¡μ²¥¥
ÉμÎ´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¶μ ± μ´ ³ [8] ((5) ¨ (10)), Ö¢´ÒÌ ¤ ´´ÒÌ ¶μ ¢·¥³¥´¨ ¨§³¥·¥´¨° ´¥É,
μ¤´ ±μ ÔËË¥±É ¢ ¸²ÊÎ ¥  ´É¨£· ¢¨É Í¨¨ ¤μ²¦¥´ ´  ¶μ·Ö¤±¨ ¶·¥¢ÒÏ ÉÓ μ£· ´¨Î¥´¨Ö (5)
¨ (10) ¨ ´¥³¨´Ê¥³μ ¶·μÖ¢¨ÉÓ¸Ö ± ± ±· °´¥ ¸¨²Ó´Ò° ÏÊ³. �¥²¨Ï´¥ μÉ³¥É¨ÉÓ, ÎÉμ ¢
¸²ÊÎ ¥ ± μ´μ¢ ¨ D-³¥§μ´μ¢ ¤ ¦¥ ¨§³¥´¥´¨Ö ¸μ²´¥Î´μ£μ ¶μÉ¥´Í¨ ²  ¶·¨ ¶¥·¥Ìμ¤¥ ¤¥´ÓÄ
´μÎÓ (ΔU/c2 � 4,2 ·10−13 Å ¢¥²¨Î¨´  § ¢¨¸¨É μÉ Ï¨·μÉÒ ¨ ´  ¶μ²Õ¸ Ì Ê¡Ò¢ ¥É ¤μ ´Ê²Ö)
¡Ò²¨ ¡Ò Ìμ·μÏμ · §²¨Î¨³Ò. 	²¨§±ÊÕ ¢¥²¨Î¨´Ê ¨³¥¥É ¨ ¢±² ¤ ²Ê´´μ° £· ¢¨É Í¨¨ ¶·¨
¶¥·¥Ìμ¤¥ ¤¥´ÓÄ´μÎÓ.

‚ ¸²ÊÎ ¥ ± μ´μ¢ ¨ D-³¥§μ´μ¢ ¤ ´´Ò¥ · §´ÒÌ ² ¡μ· Éμ·¨° É ±¦¥ ³μ£ÊÉ ´ ²μ¦¨ÉÓ
¦¥¸É±¨¥ μ£· ´¨Î¥´¨Ö. ’ ±, · §´μ¸ÉÓ ¶μÉ¥´Í¨ ²μ¢ ¶·¨ · §´μ¸É¨ ¢Ò¸μÉÒ ² ¡μ· Éμ·¨° ¢
100 ³ ¸μ¸É ¢²Ö¥É

ΔU(Δr = 100 ³)
c2

� 1,1 · 10−14. (13)

ˆ§³¥´¥´¨Ö £· ¢¨É Í¨μ´´μ£μ ¶μÉ¥´Í¨ ² , ¶¥·¥Î¨¸²¥´´Ò¥ ¢ÒÏ¥, ¤μ¸É ÉμÎ´μ ¢¥²¨±¨ ¶μ
¸· ¢´¥´¨Õ ¸ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ μ¸Í¨²²ÖÍ¨° ± · §´μ¸É¨ Ô´¥·£¨° ³¥§μ´μ¢ ¨  ´É¨³¥§μ´μ¢.
�Éμ ¶μ§¢μ²Ö¥É § ±²ÕÎ¨ÉÓ, ÎÉμ  ´É¨£· ¢¨É Í¨Ö ¤²Ö  ´É¨Î ¸É¨Í ¶·μÉ¨¢μ·¥Î¨É Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³ ¤ ´´Ò³.

Œ�„…‹œ��Ÿ ‡�‚ˆ‘ˆŒ�‘’œ �–…��Š

— ¸ÉÓ ³μ¤¥²Ó´μ§ ¢¨¸¨³ÒÌ ¶·¥¤¶μ²μ¦¥´¨° ¡Ò²  Ö¢´μ ¶¥·¥Î¨¸²¥´  ¢ÒÏ¥. �É³¥É¨³
¥Ð¥ ¤¢  μ¡¸ÉμÖÉ¥²Ó¸É¢ .

‚μ-¶¥·¢ÒÌ, ¨³¥¥É¸Ö ¤¢  É¨¶  ³μ¤¨Ë¨± Í¨° £· ¢¨É Í¨¨. ‚ ¶¥·¢μ³ ¸²ÊÎ ¥ ¶·¥¤¶μ² -
£ ¥É¸Ö, ÎÉμ £· ¢¨É Í¨Ö ¸¢Ö§ ´  Éμ²Ó±μ ¸ ³ ¸¸μ°, Éμ£¤  ± ± ¤·Ê£ Ö ¢μ§³μ¦´μ¸ÉÓ ¸¢Ö§ ´  ¸
¶·¨¸ÊÉ¸É¢¨¥³ ´¥±μ° ¤μ¶μ²´¨É¥²Ó´μ° ¸¨²Ò (®¶ÖÉμ°¯ ¸¨²Ò), ±μÉμ· Ö ´¥ ¶·μ¶μ·Í¨μ´ ²Ó´ 
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³ ¸¸¥. �£· ´¨Î¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¢ÒÏ¥, ´  ¶·¨´Í¨¶ Ô±¢¨¢ ²¥´É´μ¸É¨ ´¥ § ¢¨¸ÖÉ μÉ Éμ£μ,
± ±μ° É¨¶ ³μ¤¨Ë¨± Í¨¨ ³μ£ ¡Ò ¨³¥ÉÓ ³¥¸Éμ (¢ μÉ²¨Î¨¥, ´ ¶·¨³¥·, μÉ μ£· ´¨Î¥´¨°,
¢ÒÉ¥± ÕÐ¨Ì ¨§  ´ ²¨§  £· ¢¨É Í¨μ´´ÒÌ ¸³¥Ð¥´¨°  Éμ³´ÒÌ Ê·μ¢´¥° (¸·. [7])).

„·Ê£μ° ¢μ¶·μ¸ ¸¢Ö§ ´ ¸ ¢μ§³μ¦´μ¸ÉÓÕ ¸μ±· Ð¥´¨Ö ³¥¦¤Ê ÔËË¥±É ³¨ ´¥¡μ²ÓÏμ° · §-
´μ¸É¨ ¢ ¨´¥·Í¨μ´´μ° ³ ¸¸¥ Î ¸É¨Í ¨  ´É¨Î ¸É¨Í ¨ ¸ÊÐ¥¸É¢¥´´μ ¡μ²ÓÏ¥° · §´μ¸É¨ ¢ ¨Ì
£· ¢¨É Í¨μ´´μ³ ¢§ ¨³μ¤¥°¸É¢¨¨. ’ ± Ö Éμ´± Ö ¶μ¤¸É·μ°±  Ëμ·³ ²Ó´μ ³μ£²  ¡Ò ¨³¥ÉÓ
³¥¸Éμ (μ¸μ¡¥´´μ ¥¸²¨ ÊÎ¥¸ÉÓ, ÎÉμ ¢ ¸²ÊÎ ¥ ´ ·ÊÏ¥´¨Ö �’� ³Ò ´¥ ³μ¦¥³ ³μ¤¥²Ó´μ-
´¥§ ¢¨¸¨³μ μ¶¨¸Ò¢ ÉÓ ÔËË¥±ÉÒ, ¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ ¸±μ·μ¸É¨), μ¤´ ±μ ¢ μÉ²¨Î¨¥ μÉ
¸É ´¤ ·É´ÒÌ  ·£Ê³¥´Éμ¢ ¢ ¤ÊÌ¥  ´É·μ¶´μ£μ ¶·¨´Í¨¶  ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¶·¥¤¶μ² £ ¥³μ¥
¸μ±· Ð¥´¨¥ ¨³¥²μ ¡Ò ³¥¸Éμ ´¥ ¢μ ¢¸¥° ‚¸¥²¥´´μ°,   ´  μ¶·¥¤¥²¥´´μ³ · ¸¸ÉμÖ´¨¨ μÉ
Í¥´É·  ´ Ï¥° ƒ ² ±É¨±¨ ¨ É. ¤. �μÔÉμ³Ê É ±¨¥ ¸μ±· Ð¥´¨Ö ³ ²μ¢¥·μÖÉ´Ò.

‡�Š‹	—…�ˆ…

‚ÒÏ¥ ³Ò ¶·μ¤¥³μ´¸É·¨·μ¢ ²¨, ÎÉμ ¢ · ³± Ì ´¥±μÉμ·ÒÌ ¥¸É¥¸É¢¥´´ÒÌ ¶·¥¤¶μ²μ¦¥´¨°
³μ¦´μ ¶μ²ÊÎ¨ÉÓ Î·¥§¢ÒÎ °´μ ¸É·μ£μ¥ μ£· ´¨Î¥´¨¥ (9) ´  ¢μ§³μ¦´μ¥ ´ ·ÊÏ¥´¨¥ ¶·¨´Í¨¶ 
Ô±¢¨¢ ²¥´É´μ¸É¨ ¤²Ö Î ¸É¨Í ¨  ´É¨Î ¸É¨Í. �Éμ μ£· ´¨Î¥´¨¥ ¸μ¶μ¸É ¢¨³μ ¶μ ¸¨²¥ ¸
²ÊÎÏ¨³¨ μ£· ´¨Î¥´¨Ö³¨ [1,2], ¶μ²ÊÎ¥´´Ò³¨ ¢ É· ¤¨Í¨μ´´ÒÌ ¨¸¸²¥¤μ¢ ´¨ÖÌ.

‚ ¶·¨´Í¨¶¥ ¨³¥¥É¸Ö Í¥²Ò° ·Ö¤ ¢Ò¸μ±μÎÊ¢¸É¢¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, ±μÉμ·Ò¥ ³μ£²¨
¡Ò ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¢ ¶μ²ÊÎ¥´¨¨ ¶μ¤μ¡´ÒÌ μ£· ´¨Î¥´¨°,   É ±¦¥ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ
¸ ³Ò¥ · §²¨Î´Ò¥ ¨¸ÉμÎ´¨±¨ £· ¢¨É Í¨μ´´μ£μ ¶μ²Ö. ‘Ì¥³ É¨Î´μ ¢¥²¨Î¨´  £· ¢¨É Í¨-
μ´´ÒÌ ÔËË¥±Éμ¢ ¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ · §´ÒÌ ¨§³¥·¥´¨° ¶·¨¢¥¤¥´Ò ´  ·¨¸Ê´±¥. �£· ´¨-
Î¥´¨¥ (9), ¶μ²ÊÎ¥´´μ¥ ¢ÒÏ¥, μ¸´μ¢ ´μ ´  ¸ ³μ³ ¸¨²Ó´μ³ ¨¸ÉμÎ´¨±¥ £· ¢¨É Í¨μ´´μ£μ
¶μÉ¥´Í¨ ²  ¨ ´  ¸ ³μ³ ÎÊ¢¸É¢¨É¥²Ó´μ³ ÔËË¥±É¥.

‚ÒÏ¥ ³Ò É ±¦¥ · ¸¸³μÉ·¥²¨ É ±μ¥ ¸¶¥Í¨Ë¨Î¥¸±μ¥ ´ ·ÊÏ¥´¨¥ ¶·¨´Í¨¶  Ô±¢¨¢ ²¥´É-
´μ¸É¨, ± ± ¶·¥¤¶μ²μ¦¥´¨¥  ´É¨£· ¢¨É Í¨¨ ¤²Ö  ´É¨Î ¸É¨Í. �μ± § ´μ, ÎÉμ ·¥§Ê²ÓÉ ÉÒ
¶μ ¨¸¸²¥¤μ¢ ´¨Õ μ¸Í¨²²ÖÍ¨° ´¥°É· ²Ó´ÒÌ ³¥§μ´μ¢ ¢ · §²¨Î´ÒÌ £· ¢¨É Í¨μ´´ÒÌ ¶μ²ÖÌ,
¤μ¸ÉÊ¶´ÒÌ ¢ ² ¡μ· Éμ·´ÒÌ Ê¸²μ¢¨ÖÌ, ¶·μÉ¨¢μ·¥Î É ÔÉμ° £¨¶μÉ¥§¥.

�É´μ¸¨É¥²Ó´Ò¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¨ ¶μ£·¥Ï´μ¸É¨ (¸¶· ¢ ) · §²¨Î´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, ±μÉμ·Ò¥ ÎÊ¢-

¸É¢¨É¥²Ó´Ò ± £· ¢¨É Í¨¨, ¨ μÉ´μ¸¨É¥²Ó´Ò¥ ¢¥²¨Î¨´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì £· ¢¨É Í¨μ´´ÒÌ ÔËË¥±Éμ¢

(¸²¥¢ ) (¸·. [7])



�¸Í¨²²ÖÍ¨¨ ´¥°É· ²Ó´ÒÌ ³¥§μ´μ¢ ¨ ¶·¨´Í¨¶ Ô±¢¨¢ ²¥´É´μ¸É¨ ¤²Ö Î ¸É¨Í ¨  ´É¨Î ¸É¨Í 753

�² £μ¤ ·´μ¸É¨. � ¡μÉ  ¡Ò²  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �””ˆ (£· ´ÉÒ 08-02-91969
¨ 08-02-13516) ¨ DFG (£· ´É GZ 436 RUS 113/769/0-3).

�¢Éμ· ¶·¨§´ É¥²¥´ ‘.ˆ. �°¤¥²Ó³ ´Ê, �. �. ‘Õ´Ö¥¢Ê, „. �. ‚ ·Ï ²μ¢¨ÎÊ, ’. “¤¥³Ê
(Th.Udem) ¨ ‚. ƒ. ˆ¢ ´μ¢Ê §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Schlamminger S. et al. // Phys. Rev. Lett. 2008. V. 100. P. 041101.

2. Williams J. G., Turyshev S.G., Boggs D.H. // Phys. Rev. Lett. 2004. V. 93. P. 261101.

3. Apostolakis A. et al. // Phys. Lett. B. 1999. V. 452. P. 425.

4. Good M. L. // Phys. Rev. 1961. V. 121. P. 311.

5. Karshenboim S.G. gr-gc/0811.1008v1.

6. Tully R. B. et al. // Astrophys. J. 2008. V. 676. P. 184.

7. Karshenboim S.G. gr-gc/0811.1009v1.

8. Amsler C. et al. (Particle Data Group) // Phys. Lett. B. 2008. V. 667. P. 1.

9. Carosi R. et al. // Phys. Lett. B. 1990. V. 237. P. 303.

�μ²ÊÎ¥´μ 10 ³ ·É  2009 £.


