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�²¥±¸ ´¤·μ¢ �. �. P3-2009-104
�·¥¤²μ¦¥´¨¥ ¶μ¨¸±  μÉ±²μ´¥´¨° μÉ ´ÓÕÉμ´μ¢¸±μ£μ § ±μ´  ÉÖ£μÉ¥´¨Ö
¸ ¶μ³μÐÓÕ ´¥°É·μ´μ¢ ³ ²ÒÌ Ô´¥·£¨°

�ÓÕÉμ´μ¢¸±¨° § ±μ´ ÉÖ£μÉ¥´¨Ö Ìμ·μÏμ ¶·μ¢¥·¥´ ²¨ÏÓ ´  · ¸¸ÉμÖ´¨ÖÌ ¶μ·Ö¤±  ¶ÖÉ¨
¨ ¡μ²¥¥ ³¨²²¨³¥É·μ¢.

„²Ö ¥£μ ¶μ¢¥·±¨ ´  ³¥´ÓÏ¨Ì · ¸¸ÉμÖ´¨ÖÌ ¶·¥¤² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ · ¸¸¥Ö´¨¥ ³¥¤-
²¥´´ÒÌ ´¥°É·μ´μ¢ ´  ¢¥Ð¥¸É¢ Ì, ¨³¥ÕÐ¨Ì ¶· ±É¨Î¥¸±¨ ´Ê²¥¢ÊÕ ¤²¨´Ê Ö¤¥·´μ£μ · ¸¸¥-
Ö´¨Ö ¨ ¶μ§¢μ²ÖÕÐ¨Ì Ê¢¥²¨Î¨ÉÓ É¥³ ¸ ³Ò³ μÉ´μ¸¨É¥²Ó´Ò° ¢±² ¤ £· ¢¨É Í¨μ´´μ£μ · ¸-
¸¥Ö´¨Ö. �¤´¨³ ¨§ É ±¨Ì ¢¥Ð¥¸É¢ Ö¢²Ö¥É¸Ö ¨§μÉμ¶¨Î¥¸± Ö ¸³¥¸Ó Ö¤¥· ¢μ²ÓË· ³ . „²¨´ 
Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö ¶μ¤μ¡´μ° ¸³¥¸¨, ¸μ¤¥·¦ Ð¥° ¶μ·Ö¤±  90% ¢μ²ÓË· ³ -186, ³μ¦¥É
¤μ¸É¨£ ÉÓ ¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ ´¥°É·μ´μ¢ (¤²¨´  ¢μ²´Ò μÉ 1 ¤μ 15 
A) ´Ê²¥¢ÒÌ §´ Î¥´¨°.
�¸ÊÐ¥¸É¢²¥´¨¥ ¶·¥Í¨§¨μ´´ÒÌ ¨§³¥·¥´¨° § ¢¨¸¨³μ¸É¨ ¤²¨´ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ μÉ Ô´¥·-
£¨¨ ¨ ¥¥  ´ ²¨§ ³μ£ÊÉ ¶μ§¢μ²¨ÉÓ ¶μ¨¸± ÉÓ ¨, ¢μ§³μ¦´μ, ¸ÊÐ¥¸É¢¥´´μ ¸´¨§¨ÉÓ ¤¨ ¶ §μ´
· ¸¸ÉμÖ´¨° (¢¶²μÉÓ ¤μ · §³¥·μ¢  Éμ³ ), £¤¥ ¸¶· ¢¥¤²¨¢ § ±μ´ ÉÖ£μÉ¥´¨Ö �ÓÕÉμ´ .

�¤´¨³ ¨§ ³¥Éμ¤μ¢ ¨§³¥·¥´¨° ¤²¨´ · ¸¸¥Ö´¨Ö ³μ¦¥É ¸²Ê¦¨ÉÓ ³¥Éμ¤ Ë¨²ÓÉ·μ¢ Š·¨¸É¨-
 ´¸¥´  (· ¸¸¥Ö´¨¥ ´¥°É·μ´μ¢ ´  ³ ²Ò¥ Ê£²Ò), ¶μ§¢μ²ÖÕÐ¨° μ¶·¥¤¥²ÖÉÓ ¤²¨´Ò · ¸¸¥Ö´¨Ö
¸ ¶μ£·¥Ï´μ¸ÉÓÕ ¤μ 0,1% ¨, ¢μ§³μ¦´μ, ¶·μ¢¥·¨ÉÓ ´ÓÕÉμ´μ¢¸±¨° § ±μ´ ÉÖ£μÉ¥´¨Ö ¤μ · ¸-
¸ÉμÖ´¨° 10−8 ¸³ ¨²¨ ³¥´ÓÏ¥.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´±  �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Alexandrov Yu.A. P3-2009-104
Proposition to Test Newton's Gravity Law Using Small-Energy
Neutron Scattering

Newton's gravity law has been tested for certain only for distances no less than several
millimeters. For testing the law for smaller distances it is suggested to use neutron scattering
by the nuclei having very small nuclear scattering lengths acoh, e. g., by a mixture of tungsten
isotopes. At the concentration of tungsten-186 of about 90% in the mixture, acoh may turn
to zero at low energies. Analysis of the energy dependence of acoh can considerably reduce
the range of distances (up to the size of an atom) where Newton's law is correct.

One of the methods of measurement may be the Christiansen-ˇlter method (small-angle
neutron scattering) allowing one to determine the value of acoh with an uncertainty of no
more than 0.1%.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR.
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�ÓÕÉμ´μ¢¸±¨° § ±μ´ ¢¸¥³¨·´μ£μ ÉÖ£μÉ¥´¨Ö, Ê¸É ´μ¢²¥´´Ò° ¡μ²¥¥ 300 ²¥É
´ § ¤, ¢ ±μ´Í¥ XVII ¢., ¨³¥¥É ¢¨¤

F = −m1m2G

r2
, (1)

£¤¥ F Å £· ¢¨É Í¨μ´´ Ö ¸¨²  ¶·¨ÉÖ¦¥´¨Ö; m1 ¨ m2 Å ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨¥
³ ¸¸Ò; G Å £· ¢¨É Í¨μ´´ Ö ¶μ¸ÉμÖ´´ Ö.

Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ § ±μ´ Ìμ·μÏμ ¶·μ¢¥·¥´ (¢ ³ ±·μ¸±μ¶¨Î¥¸±¨Ì
μ¶ÒÉ Ì) ¤μ · ¸¸ÉμÖ´¨° ¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ³¨²²¨³¥É·μ¢. �  ³¥´ÓÏ¨Ì · ¸-
¸ÉμÖ´¨ÖÌ § ±μ´ ¶·Ö³Ò³ μ¡· §μ³ ´¥ ¶·μ¢¥·Ö²¸Ö, ¸ÊÐ¥¸É¢ÊÕÉ ²¨ÏÓ ´¥³´μ£μ-
Î¨¸²¥´´Ò¥ μÍ¥´±¨ μÉ²¨Î¨Ö £· ¢¨É Í¨μ´´μ° ¸¨²Ò μÉ ´ÓÕÉμ´μ¢¸±μ£μ § ±μ´ 
1/r2 [1Ä3].

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¥¤² £ ¥É¸Ö ¨¸± ÉÓ μÉ±²μ´¥´¨Ö μÉ Ëμ·³Ê²Ò (1)
¸ ¶μ³μÐÓÕ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´¨§±¨Ì Ô´¥·£¨° ´  Ö¤· Ì ¸ ³ ²μ° ¤²¨-
´μ° Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö, ´ ¶·¨³¥·, ´  ¸³¥¸¨ ¨§μÉμ¶  ¢μ²ÓË· ³ -186 (¥£μ
¸μ¤¥·¦ ´¨¥ ¢ ¸³¥¸¨ ¤μ²¦´μ ¡ÒÉÓ α ≈ 0,9) ¸ ¥¸É¥¸É¢¥´´Ò³ ¢μ²ÓË· ³μ³.
„²¨´  · ¸¸¥Ö´¨Ö μ¤´μ° ¨§ É ±¨Ì ¸³¥¸¥° ¡Ò²  ¨§³¥·¥´  ¨ ¸μ¸É ¢²Ö¥É ¶·¨
λ = 15 
A acoh = −0,0466(6) · 10−12 ¸³ [4].

�¤´¨³ ¨§ ¶·¨¥³²¥³ÒÌ ³¥Éμ¤μ¢ ¨§³¥·¥´¨Ö ¢¥²¨Î¨´Ò ¤²¨´Ò · ¸¸¥Ö´¨Ö
Ö¢²Ö¥É¸Ö ³¥Éμ¤ Ë¨²ÓÉ·μ¢ Š·¨¸É¨ ´¸¥´  (¢ μ¶É¨±¥ μ´ ¡Ò² ¢¶¥·¢Ò¥ ¶·¨³¥-
´¥´ ¥Ð¥ ¢ 1884 £.). ‘ÊÉÓ ³¥Éμ¤  § ±²ÕÎ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ (¸³., ´ ¶·¨-
³¥·, [4, 5]). �  Ìμ·μÏμ ¸±μ²²¨³¨·μ¢ ´´μ³ ¶ÊÎ±¥ ´¥°É·μ´μ¢ (· ¸Ìμ¤¨³μ¸ÉÓ ¢
£μ·¨§μ´É ²Ó´μ° ¶²μ¸±μ¸É¨ ´¥ ¶·¥¢ÒÏ ¥É 2Ä3 Ê£²μ¢ÒÌ ³¨´ÊÉ) Ê¸É ´ ¢²¨¢ ÕÉ
É ± ´ §Ò¢ ¥³Ò° Ë¨²ÓÉ· Š·¨¸É¨ ´¸¥´ , ¶·¥¤¸É ¢²ÖÕÐ¨° ¸μ¡μ° ¢¥·É¨± ²Ó´ÊÕ
¶μ²μ¸ÉÓ ¨§ ¨¸¸²¥¤Ê¥³μ£μ ¢¥Ð¥¸É¢ . ’μ²Ð¨´  ¶μ²μ¸É¨ ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ± 
¸μ¸É ¢²Ö¥É ´¥¸±μ²Ó±μ ³¨²²¨³¥É·μ¢,   ¶μ Ï¨·¨´¥ μ´  ¶μ²´μ¸ÉÓÕ ¶¥·¥±·Ò¢ ¥É
¶ÊÎμ±. �·μ¸É· ´¸É¢μ ³¥¦¤Ê ±·Ê¶¨´± ³¨ ¶μ·μÏ±  § ¶μ²´ÖÕÉ ¶μμÎ¥·¥¤´μ ´¥-
¸±μ²Ó±¨³¨ ¦¨¤±μ¸ÉÖ³¨ ¸ ¨§¢¥¸É´Ò³¨ ¶μ± § É¥²Ö³¨ ¶·¥²μ³²¥´¨Ö ´¥°É·μ´μ¢.
‡  Ë¨²ÓÉ·μ³ ´  · ¸¸ÉμÖ´¨¨ ´¥¸±μ²Ó±¨Ì ³¥É·μ¢ ´  μ¸¨ ¶ÊÎ±  Ê¸É ´ ¢²¨¢ ÕÉ
¤¥É¥±Éμ· ´¥°É·μ´μ¢ É ±μ° Ï¨·¨´Ò, ÎÉμ μ´ ³μ¦¥É ·¥£¨¸É·¨·μ¢ ÉÓ ´¥°É·μ´Ò,
· ¸¸¥Ö´´Ò¥ Ë¨²ÓÉ·μ³ ´  Ê£²Ò ³¥´¥¥ 0,5◦ ¢ £μ·¨§μ´É ²Ó´μ° ¶²μ¸±μ¸É¨. ˆ§-
³¥·¥´¨Ö § ±²ÕÎ ÕÉ¸Ö ¢ ´ ¡²Õ¤¥´¨¨ ¨´É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´ 
³ ²Ò¥ Ê£²Ò Ë¨²ÓÉ·μ³ ¶·¨ ´¥¸±μ²Ó±¨Ì §´ Î¥´¨ÖÌ ¶μ± § É¥²Ö ¶·¥²μ³²¥´¨Ö
§ ¶μ²´ÖÕÐ¥° ¥£μ ¦¨¤±μ¸É¨. ‚ ± Î¥¸É¢¥ ¦¨¤±μ¸É¨ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ, ´ -
¶·¨³¥·, · §²¨Î´Ò¥ ¸³¥¸¨ ÉÖ¦¥²μ° (Nacoh > 0) ¨ ²¥£±μ° (Nacoh < 0) ¢μ¤Ò,
£¤¥ N Å Î¨¸²μ Ö¤¥· ¢ ¥¤¨´¨Í¥ μ¡Ñ¥³ .

‚ ¶·¨´Í¨¶¥, É ±μ¥ · ¸¸¥Ö´¨¥ ¤μ²¦´μ ¶μ²´μ¸ÉÓÕ μÉ¸ÊÉ¸É¢μ¢ ÉÓ, ¥¸²¨ ¶μ-
± § É¥²Ó ¶·¥²μ³²¥´¨Ö ¦¨¤±μ¸É¨ · ¢¥´ ¶μ± § É¥²Õ ¶·¥²μ³²¥´¨Ö ¢¥Ð¥¸É¢  ¶μ-
·μÏ± . Œμ¦´μ ¶μ± § ÉÓ, ÎÉμ ¨´É¥´¸¨¢´μ¸ÉÓ · ¸¸¥Ö´¨Ö

I ∼ (Nacoh)L − (Nacoh)P , (2)

£¤¥ L μÉ´μ¸¨É¸Ö ± ¦¨¤±μ¸É¨,   P Å ± ¶μ·μÏ±Ê.
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�É¸ÊÉ¸É¢¨¥ · ¸¸¥Ö´¨Ö ´  ³ ²Ò¥ Ê£²Ò, ±μ£¤  (Nacoh)L = (Nacoh)P , ¶μ§-
¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ acoh,P . �μ£·¥Ï´μ¸ÉÓ Ô±¸¶¥·¨³¥´É  ³μ¦¥É ´¥ ¶·¥¢Ò-
Ï ÉÓ 0,1 %.

„²¨´Ê · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¢μ²ÓË· ³μ³ ¤²Ö ¸²ÊÎ Ö ³ ²ÒÌ Ô´¥·£¨° ´¥°-
É·μ´μ¢ ³μ¦´μ § ¶¨¸ ÉÓ ¢ ¢¨¤¥ (¸³., ´ ¶·¨³¥·, [4, 5])

acoh = R − αΓn

2k0E0
(1 +

E

E0
) + Zfane, (3)

£¤¥ R Å · ¤¨Ê¸ Ö¤· ; α Å ±μ´Í¥´É· Í¨Ö ¢μ²ÓË· ³ -186 ¢ ¸³¥¸¨; k =
2,197 · 109 ·

√
E Å ¢μ²´μ¢μ¥ Î¨¸²μ (Ô´¥·£¨Ö E ¢ Ô‚); Γn Å ´¥°É·μ´´ Ö

Ï¨·¨´  ¶¥·¢μ£μ ·¥§μ´ ´¸  ¢μ²ÓË· ³ -186 (E0 = 18,83 Ô‚); f Å  Éμ³´Ò°
Ëμ·³Ë ±Éμ· (¶·¨ ³ ²ÒÌ Ê£² Ì · ¸¸¥Ö´¨Ö ³μ¦´μ ¶μ± § ÉÓ, ÎÉμ f = 1); ane Å
¤²¨´  · ¸¸¥Ö´¨Ö ´¥°É·μ´  ´  Ô²¥±É·μ´¥ (¢¥²¨Î¨´  ane = −1,60(3) · 10−16 ¸³,
¨³¥´´μ μ´  ¸μ£² ¸Ê¥É¸Ö ¸ ³¥§μ´´μ° É¥μ·¨¥° �± ¢Ò [6]). �·¨ ³ ²ÒÌ Ê£² Ì
· ¸¸¥Ö´¨Ö ¤²Ö ¢μ²ÓË· ³  ¢¥²¨Î¨´  Zfane = −0,118 · 10−13 ¸³. �¤´ ±μ ¢¥-
²¨Î¨´  ane ´¥¸ÊÐ¥¸É¢¥´´  ¤²Ö · ¸¸³ É·¨¢ ¥³μ£μ ´¨¦¥ Ô±¸¶¥·¨³¥´É : ¢ ¦´μ
²¨ÏÓ, ÎÉμ¡Ò Zfane ´¥ § ¢¨¸¥²  μÉ Ô´¥·£¨¨ ´¥°É·μ´ .

…¸²¨ ¢Ò¡· ÉÓ ¢¥²¨Î¨´Ê α É ±¨³ μ¡· §μ³, ÎÉμ¡Ò ¢Ìμ¤ÖÐ¨¥ ¢ Ëμ·³Ê²Ê (3)
Î²¥´Ò ±μ³¶¥´¸¨·μ¢ ²¨ ¤·Ê£ ¤·Ê£ , Éμ ¸Ê³³ ·´ Ö ¤²¨´  · ¸¸¥Ö´¨Ö ¡Ê¤¥É ¡²¨§± 
± ´Ê²Õ. �·¨ ¤²¨´¥ ¢μ²´Ò ´¥°É·μ´  λ = 15 
A ¢¥²¨Î¨´  α ¤μ²¦´  ¸μ¸É ¢²ÖÉÓ
¶·¨ ÔÉμ³ μ±μ²μ 0,9. ‚ ¨´É¥·¢ ²¥ ¤²¨´ ¢μ²´ μÉ 1 ¤μ 15 
A ¢¥²¨Î¨´  ¤²¨´Ò
· ¸¸¥Ö´¨Ö ¡Ê¤¥É ¨§³¥´ÖÉÓ¸Ö ¶·¨ ¨§³¥´¥´¨¨ Ô´¥·£¨¨, ´μ ´¥ μÎ¥´Ó ¸¨²Ó´μ,
¶μ¸±μ²Ó±Ê E � E0 (¶·¨ λ = 15 
A E = 0,00036 Ô‚,   E ∼ 1/λ2).

„²¨´Ò £· ¢¨É Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö acoh,grav ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ ¢ ¡μ·´μ¢-
¸±μ³ ¶·¨¡²¨¦¥´¨¨:

acoh,grav =
2mn

�2

∞∫

0

V (r)
sin qr

qr
r2dr, (4)

£¤¥ V (r) = −A/rn+1 Å ¶μÉ¥´Í¨ ² £· ¢¨É Í¨¨; q = 2k sin ϕ/2; ϕ Å Ê£μ²
· ¸¸¥Ö´¨Ö; A Å ´¥±μÉμ· Ö ±μ´¸É ´É .

�·¨ n = 0 ¸¶· ¢¥¤²¨¢ ´ÓÕÉμ´μ¢¸±¨° ¶μÉ¥´Í¨ ² £· ¢¨É Í¨¨ V (r) =

−mnmtG

r
, £¤¥ mn Å ³ ¸¸  ´¥°É·μ´ , mt Å ³ ¸¸   Éμ³  ³¨Ï¥´¨, ¨ ¢ÒÎ¨-

¸²¥´¨Ö ¸μ£² ¸´μ Ëμ·³Ê²¥ (4) ¶·¨¢μ¤ÖÉ ± acoh,grav ≈ −10−32 ¸³, É. ¥. ¤μ¢μ²Ó´μ
³ ²μ° ¢¥²¨Î¨´¥. …¥ ¶· ±É¨Î¥¸±¨ ´¥¢μ§³μ¦´μ ¨§³¥·¨ÉÓ.

�·¨ n = 1
V (r) = −A1/r2. (5)

’ ±, ´ ¶·¨³¥·, ¢ Ô²¥±É·μ¸² ¡μ³ ¢ ·¨ ´É¥ É¥μ·¨¨ [1] ¸μ£² ¸´μ · ¡μÉ¥ [7]

¶·¨ n = 1 A1 =
m2

nmtGRc

�2
, £¤¥ Rc Å · ¸¸ÉμÖ´¨¥, ¢ ¶·¥¤¥² Ì ±μÉμ·μ£μ
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¤¥°¸É¢Ê¥É ¢Ò¡· ´´Ò° ¶μÉ¥´Í¨ ² ∼ 1/r2, a ´  ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨ÖÌ ¶·¨ r �
Rc ¸¶· ¢¥¤²¨¢ ´ÓÕÉμ´μ¢¸±¨° ¶μÉ¥´Í¨ ² ∼ 1/r. ‘μ£² ¸´μ · ¡μÉ¥ [7] ¶·¨
n = 1 ³μ¦´μ ¶μ²ÊÎ¨ÉÓ É ±¦¥ Rc = 1,2 · 1017 c³ ¨

A1 = m2
nmtc

6(Gf )3/2, (6)

£¤¥ Gf = 1,166 · 10−5 ƒÔ‚−2, ¨ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ Ëμ·³Ê²Ò (4), ÎÉμ

acoh,grav = −A

q

∫ Rc

0

sin qr

r
dr ≈ −πA

2q
. (7)

‚ÒÎ¨¸²¥´¨Ö ¶μ Ëμ·³Ê²¥ (7) ¶·¨¢μ¤ÖÉ ± £· ¢¨É Í¨μ´´Ò³ ¤²¨´ ³ · ¸-
¸¥Ö´¨Ö:

acoh,grav = −6, 77 · 10−10 ¸³ ¶·¨ λ = 25 
A,

acoh,grav = −3, 10 · 10−11 ¸³ ¶·¨ λ = 1, 1 
A. (8)

„²Ö ¸· ¢´¥´¨Ö ¸²¥¤Ê¥É ´ ¶μ³´¨ÉÓ, ÎÉμ ¤²¨´Ò · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ÉÖ¦¥²Ò³¨
(Z > 50) Ö¤· ³¨ ¸μ¸É ¢²ÖÕÉ μ¡ÒÎ´μ a ≈ 5 · 10−13 ¸³, É. ¥. §´ Î¨É¥²Ó´μ
³¥´ÓÏ¥. �· ¢¤ , ¸μ£² ¸´μ · ¡μÉ¥ [1] ¢ ·¨ ´É n = 1 ¢·Ö¤ ²¨ ·¥ ²¨§Ê¥É¸Ö ¢
¶·¨·μ¤¥, ¶μ¸±μ²Ó±Ê Rc ≈ 1017 ¸³ ¨ ‘μ²´¥Î´ Ö ¸¨¸É¥³ , ¢¨¤¨³μ, ´¥ ¡Ò² 
¡Ò ¸É ¡¨²Ó´μ°. �¤´ ±μ ´¥ ¸²¥¤Ê¥É § ¡Ò¢ ÉÓ, ÎÉμ Ô²¥±É·μ¸² ¡Ò° ¢ ·¨ ´É É¥-
μ·¨¨ [1] ¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ²¨ÏÓ ± ± μÍ¥´μÎ´Ò°: ¢¥²¨Î¨´  Rc ³μ¦¥É
¨§³¥´¨ÉÓ¸Ö, ´ ¶·¨³¥·, ¢ 137 · § (137 = 1/α, £¤¥ α Å ¶μ¸ÉμÖ´´ Ö Éμ´±μ°
¸É·Ê±ÉÊ·Ò) ¤ ¦¥ ¢ · ¡μÉ¥ [1].

�·¨ n = 2 V (r) = −A2/r3. ‘μ£² ¸´μ · ¡μÉ¥ [7] ¢ Ô²¥±É·μ¸² ¡μ³ ¢ ·¨-
 ´É¥ Rc ≈ 2,8 ¸³, ¨ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ Ëμ·³Ê²Ò (4) ´ ¸ÉμÖÐ¥° · ¡μÉÒ

acoh,grav = −2
3
m2

nmtG
2
f c7

�

Rc∫

0

sin qr

qr2
dr. (9)

�·¨ r = 0 ¤ ´´Ò° ¨´É¥£· ² · ¸Ìμ¤¨É¸Ö. �¤´ ±μ, ¶μ² £ Ö ¢ ¨´É¥·¢ ²¥ ¤²¨´

μÉ 0 ¤μ R mt = mT · r3

R3
, £¤¥ R Å · ¤¨Ê¸ Ö¤· , a mT Å ³ ¸¸  Ö¤· , ³μ¦´μ

¶μ²ÊÎ¨ÉÓ ¤²Ö · ¸¸³ É·¨¢ ¥³μ£μ ¸²ÊÎ Ö ³ ²ÒÌ qR

acoh,grav = −A2(0, 756 − ln (qR)), (10)

£¤¥

A2 =
2
3
m2

nmT G2
f c7

�, (11)

¨
acoh,grav = −5, 44 · 10−21 ¸³ ¶·¨ λ = 25 
A

acoh,grav = −4, 56 · 10−21 ¸³ ¶·¨ λ = 1, 1 
A. (12)
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�·¨ n > 2 ¢¥²¨Î¨´  acoh,grav ¢ Ô²¥±É·μ¸² ¡μ³ ¢ ·¨ ´É¥ ¸¨²Ó´μ Ê³¥´ÓÏ ¥É¸Ö
(É ±, ¶·¨ n = 3 acoh,grav ≈ 10−26 ¸³).

�¥¸±μ²Ó±μ ¸²μ¢ μ ¢μ§³μ¦´μ¸ÉÖÌ ¶·¥¤² £ ¥³μ£μ ³¥Éμ¤  ¶μ¨¸±  £· ¢¨É -
Í¨μ´´μ° ¤²¨´Ò · ¸¸¥Ö´¨Ö. �·¥¦¤¥ ¢¸¥£μ, μ´ §´ Î¨É¥²Ó´μ ¡μ²¥¥ ¶·μ¸É ¤²Ö
Ô±¸¶¥·¨³¥´É Éμ·μ¢, ¶μ¸±μ²Ó±Ê ´¥ ´Ê¦¤ ¥É¸Ö ¢μ ³´μ£¨Ì ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ-
¶· ¢± Ì, ´¥¤μ¸É ÉμÎ´μ Ìμ·μÏμ ¨§³¥·¥´´ÒÌ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö, ´μ ´¥μ¡Ìμ¤¨-
³ÒÌ ¤²Ö ·Ö¤  ¤·Ê£¨Ì ¢ ·¨ ´Éμ¢ ¶·¥¤²μ¦¥´¨° (¸³., ´ ¶·¨³¥·, · ¡μÉÊ [3]).

�¶¨· Ö¸Ó ´  · ¡μÉÊ [8], ³μ¦´μ ¶μ² £ ÉÓ, ÎÉμ ¤²Ö ¨¸¶μ²Ó§Ê¥³μ° ¸³¥¸¨
¨§μÉμ¶μ¢ ¢μ²ÓË· ³  μÉ±²μ´¥´¨¥ ¤²¨´Ò · ¸¸¥Ö´¨Ö μÉ ²¨´¥°´μ° Ô´¥·£¥É¨Î¥-
¸±μ° § ¢¨¸¨³μ¸É¨ ¢¸²¥¤¸É¢¨¥ Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ³ ²μ¢¥·μÖÉ´μ. �¤´ ±μ
¢ ¸²ÊÎ ¥ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ μ¡´ ·Ê¦¥´¨Ö μÉ±²μ´¥´¨Ö ¤²¨´Ò · ¸¸¥Ö´¨Ö μÉ
¶μ¤μ¡´μ° ²¨´¥°´μ° Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¸²¥¤Ê¥É ¡μ²¥¥ ¢´¨³ É¥²Ó´μ
· ¸¸³μÉ·¥ÉÓ ¤ ´´Ò° ¢μ¶·μ¸. ’ ±, £· ¢¨É Í¨μ´´ Ö ¤²¨´  · ¸¸¥Ö´¨Ö ³μ¦¥É
¢¥¸É¨ ¸¥¡Ö ± ± 1/k ∼ 1/

√
E ¶·¨ n = 1 (Ëμ·³Ê²  (7)) ¨²¨ ¥Ð¥ ¡μ²¥¥ ¸²μ¦-

´Ò³ μ¡· §μ³ (Ëμ·³Ê²  (10)), ÎÉμ ¨´μ£¤  ¢μ§³μ¦´μ ¨ ¤²Ö ¸²ÊÎ Ö Ö¤¥·´μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö (¸³. · ¡μÉÊ [8]).

„ ²¥¥, ¥¸²¨ ¸Î¨É ÉÓ ¤μ¸É ÉμÎ´μ ¸¶· ¢¥¤²¨¢Ò³¨ Ëμ·³Ê²Ò (2) ¨ (3), Éμ,
¶·¨´¨³ Ö ´ ¨³¥´ÓÏÊÕ ¶μ£·¥Ï´μ¸ÉÓ ¢ ¨§¢¥¸É´ÒÌ μ¶ÒÉ Ì ¶μ ³¥Éμ¤Ê Ë¨²Ó-
É·μ¢ Š·¨¸É¨ ´¸¥´  · ¢´μ° ±2 · 10−16 ¸³ (¸³., ´ ¶·¨³¥·, ±´¨£Ê [9]), ³μ¦´μ
¶μ² £ ÉÓ, ÎÉμ ¤μ¶Ê¸É¨³ Ö ¨§³¥·Ö¥³ Ö ¤²¨´  £· ¢¨É Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö ¢ ´ -
¸ÉμÖÐ¥¥ ¢·¥³Ö ³μ¦¥É ¸μ¸É ¢¨ÉÓ ¢¥²¨Î¨´Ê ¶μ·Ö¤±  5 · 10−16 ¸³. �¤´ ±μ ¶μ-
£·¥Ï´μ¸ÉÓ ¨§³¥·¥´¨° ¢μ§³μ¦´μ Ê³¥´ÓÏ¨ÉÓ, ¨ ¶·¥¤²μ¦¥´´Ò° ¢ÒÏ¥ ³¥Éμ¤
¨§³¥·¥´¨°, ¢¨¤¨³μ, ¢¸¥-É ±¨ ¡²¨§μ± ± ´ ¨¡μ²¥¥  ±ÉÊ ²Ó´μ³Ê.

�¢Éμ· ¡² £μ¤ ·¥´ ‚. ƒ. Š ¤ÒÏ¥¢¸±μ³Ê §  ¶μ²¥§´μ¥ μ¡¸Ê¦¤¥´¨¥.
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