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�²¥±¸ ´¤·μ¢ �.�. P3-2010-63
� ¢§ ¨³μ¤¥°¸É¢¨¨ ³¥¦¤Ê ´¥°É·μ´μ³ ¨ Ô²¥±É·μ´μ³.
‘¢Ö§Ó ¸ ³¥§μ´´μ° É¥μ·¨¥° �± ¢Ò

•μÉ¥²μ¸Ó ¡Ò ¥Ð¥ · § ¶μ¤Î¥·±´ÊÉÓ, ÎÉμ §´ Î¥´¨¥ ¤²¨´Ò nÄe-· ¸¸¥Ö´¨Ö, · ¢´μ¥
−1,30(3) ·10−16 ¸³, ¶·μÉ¨¢μ·¥Î¨É ³¥§μ´´μ° É¥μ·¨¨ �± ¢Ò,   −1,60(4) ·10−16 ¸³
¸μ£² ¸Ê¥É¸Ö ¸ ´¥°. Š ¸μ¦ ²¥´¨Õ, ´  ÔÉμÉ Ë ±É ¶· ±É¨Î¥¸±¨ ´¥ μ¡· Ð ÕÉ ¢´¨³ -
´¨Ö.

ˆ§-§  ¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢  É·Ê¤´μ ÊÎ¨ÉÒ¢ ¥³ÒÌ ¶μ¶· ¢μ± ¡Ê¤ÊÐ¨¥ Ô±¸¶¥·¨-
³¥´ÉÒ ¶μ ¨§³¥·¥´¨Õ ¤²¨´Ò nÄe-· ¸¸¥Ö´¨Ö ¦¥² É¥²Ó´μ ¶·μ¢μ¤¨ÉÓ ¶·¨ ¸· ¢´¨-
É¥²Ó´μ ¡μ²ÓÏμ³ μÉ´μ¸¨É¥²Ó´μ³ ¢±² ¤¥ ¨¸±μ³μ° ¤²¨´Ò ¢ ¨§³¥·Ö¥³ÊÕ ¢¥²¨Î¨´Ê.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
�ˆŸˆ.
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Alexandrov Yu.A. P3-2010-63
On the Interaction between the Neutron and the Electron.
Connection with the Yukawa Meson Theory

It would be desirable to underline once again that the nÄe scattering length
value, which is −1.30(3) · 10−16 cm, contradicts the Yukawa meson theory and
−1.60(4) · 10−16 cm is in agreement with it. Unfortunately, practically nobody pays
attention to this fact.

Because of a considerable number of difˇcult-to-estimate corrections, the future
experiments on the measurement of the nÄe scattering length should be performed
at a rather big relative contribution of the sought-for length to the measured value.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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•μÉ¥²μ¸Ó ¡Ò ¥Ð¥ · § μ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  ¶·μ¡²¥³Ê ¢§ ¨³μ¤¥°¸É¢¨Ö
³¥¦¤Ê ´¥°É·μ´μ³ ¨ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³ Ô²¥±É·μ´  (nÄe-¢§ ¨³μ¤¥°¸É¢¨Ö) ¨
¥¥ ¸¢Ö§¨ ¸ ³¥§μ´´μ° É¥μ·¨¥° Ö¤¥·´ÒÌ ¸¨² �± ¢Ò.

‚ 1936 £. �. Šμ´¤μ´ · ¸¸³μÉ·¥² [1] Ê¶·Ê£μ¥ · ¸¸¥Ö´¨¥ ´¥°É·μ´μ¢ ´  Ô²¥±-
É·μ´ Ì  Éμ³ . �´ ´ Ï¥², ÎÉμ ¤²¨´  · ¸¸¥Ö´¨Ö ¤μ²¦´  ¡ÒÉÓ ¶·μ¶μ·Í¨μ´ ²Ó´ 
Zf , £¤¥ f Å  Éμ³´Ò° Ëμ·³Ë ±Éμ·, ´μ ¶μ² £ ², ÎÉμ · ¸¸³ É·¨¢ ¥³μ¥ Ö¢²¥´¨¥
¢Ò§¢ ´μ £² ¢´Ò³ μ¡· §μ³ ¸¢μ°¸É¢μ³ Ô²¥±É·μ´ ,   ´¥ ¸¢Ö§ ´μ ¸μ ¸É·Ê±ÉÊ·μ°
´¥°É·μ´ .

‚ 1941 £. „. „. ˆ¢ ´¥´±μ, ¢¨¤¨³μ, ¢¶¥·¢Ò¥ μ¡· É¨² ¢´¨³ ´¨¥ [2] ´  ¸¢Ö§Ó
nÄe-¢§ ¨³μ¤¥°¸É¢¨Ö ¸ É¥μ·¨¥° Ö¤¥·´ÒÌ ¸¨² �± ¢Ò [3] ¨ ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ-
·μ° ´¥°É·μ´ .

�±¸¶¥·¨³¥´É ²Ó´ Ö Î ¸ÉÓ ¶·μ¡²¥³Ò ¢¥¤¥É ¸¢μ° μÉ¸Î¥É μÉ · ¡μÉ •Ô¢¥´¸ 
¨ ¤·. [4] (¨§³¥·¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¶μ²´μ£μ ¸¥Î¥´¨Ö ¶·¨ Ô´¥·-
£¨¨ ´¥°É·μ´μ¢ ³¥´¥¥ 1 Ô‚) ¨ �. ”¥·³¨ ¨ ‹. Œ ·Ï ²²  [5] (¨§³¥·¥´¨¥  ¸¨³³¥-
É·¨¨ · ¸¸¥Ö´¨Ö É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¢¶¥·¥¤-´ § ¤). �±¸¶¥·¨³¥´É ²Ó´μ° Î ¸É¨
¶·μ¡²¥³Ò Ê¦¥ ¡μ²¥¥ 60 ²¥É, ´μ, ¶μ ³´¥´¨Õ ³´μ£¨Ì Ë¨§¨±μ¢, μ´  ´¥ Ö¢²Ö-
¥É¸Ö ¤μ ±μ´Í  ·¥Ï¥´´μ°. „¥°¸É¢¨É¥²Ó´μ, ¡μ²ÓÏ Ö Î ¸ÉÓ ¨§³¥·¥´¨° ¶·¨¢μ¤¨É
± ¢¥²¨Î¨´¥ ¤²¨´Ò nÄe-· ¸¸¥Ö´¨Ö ane = −1,33(3) · 10−16 ¸³, μ¤´ ±μ ¶μÎÉ¨
´¨±Éμ ¨§ Ë¨§¨±μ¢ (§  ¨¸±²ÕÎ¥´¨¥³, ¶μ¦ ²Ê°,  ¢Éμ·μ¢ · ¡μÉ [6Ä9]) ´¥ μ¡· -
Ð ¥É ¢´¨³ ´¨Ö, ÎÉμ É ±μ¥ §´ Î¥´¨¥ ane ¶·μÉ¨¢μ·¥Î¨É μ¸´μ¢´μ³Ê ¶μ²μ¦¥´¨Õ
É¥μ·¨¨ �± ¢Ò, μ¡ÑÖ¸´¨¢Ï¥£μ ¶·μ¨¸Ìμ¦¤¥´¨¥ Ö¤¥·´ÒÌ ¸¨², ¥¸²¨, ±μ´¥Î´μ, ´¥
¸μ³´¥¢ ÉÓ¸Ö ¢ · ¡μÉ Ì ‹. ”μ²¤¨ [10Ä12]∗, · §¤¥²¨¢Ï¥£μ ¤²¨´Ê · ¸¸¥Ö´¨Ö ane

´  ¤¢¥ Î ¸É¨:

ane = aI + aF . (1)

‚¥²¨Î¨´Ê

aF =
1
2

μn
e2

Mc2
, (2)

£¤¥ M Å ³ ¸¸  ´¥°É·μ´ , μ¡ÒÎ´μ ´ §Ò¢ ÕÉ ¤²¨´μ° · ¸¸¥Ö´¨Ö ”μ²¤¨. 	μ-
³¨³μ ¨§¢¥¸É´ÒÌ ±μ´¸É ´É μ´  § ¢¨¸¨É μÉ  ´μ³ ²Ó´μ£μ ³ £´¨É´μ£μ ³μ³¥´É 

∗‚ · ¡μÉ Ì ”μ²¤¨, ±μ´¥Î´μ, É·Ê¤´μ ¸μ³´¥¢ ÉÓ¸Ö. �´¨ ¶·¨¢μ¤ÖÉ¸Ö ¢ ¶Ê¡²¨± Í¨ÖÌ É ±¨Ì
¨§¢¥¸É´ÒÌ Ë¨§¨±μ¢, ± ± ‘¨·¸ [13], 
¥É¥ [14], ”· Ê¥´Ë¥²Ó¤¥· ¨ •Ô´²¨ [15], 
¥·´ÏÉ¥°´ [16], ‘¥-
£·¥ [17], ˜¢¥¡¥· [18]. ‚ ¤¥± ¡·¥ 1957 £. μ ¸¢μ¨Ì · ¡μÉ Ì ”μ²¤¨ · ¸¸± §Ò¢ ² ´  ³¥¦¤Ê´ ·μ¤´μ³
±μ´£·¥¸¸¥ ¢ ‘ÉÔ´Ëμ·¤¥.
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´¥°É·μ´ , Ìμ·μÏμ ¨§¢¥¸É´μ£μ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö: μn = −1,9130431(6). ‚μ-
¶·μ¸ μ ¶·¨·μ¤¥ ¤ ´´μ£μ ³μ³¥´É  ´¥ ¸É ¢¨É¸Ö, ¡¥·¥É¸Ö ²¨ÏÓ ¥£μ Ô±¸¶¥·¨³¥´-
É ²Ó´ Ö ¢¥²¨Î¨´ .

‚ÒÎ¨¸²¥´¨Ö ¶·¨¢μ¤ÖÉ ± §´ Î¥´¨Õ

aF = −1,467971(4) · 10−16 ¸³. (3)

‚¥²¨Î¨´  aI ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° É ± ´ §Ò¢ ¥³ÊÕ ¢´ÊÉ·¥´´ÕÕ (intrinsic), ¢
¤ ´´μ³ ¸²ÊÎ ¥ ¢Ò§¢ ´´ÊÕ ¨³¥´´μ · ¸¶·¥¤¥²¥´¨¥³ Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢´Ê-
É·¨ ´¥°É·μ´ , ¤²¨´Ê nÄe-· ¸¸¥Ö´¨Ö. Œμ¦´μ ¶μ± § ÉÓ, ÎÉμ ¢¥²¨Î¨´  aI ¸¢Ö-
§ ´  ¸μ ¸·¥¤´¨³ ±¢ ¤· Éμ³ · ¤¨Ê¸  · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ´¥°-
É·μ´  [12, 13], μ¶¨¸Ò¢ ÕÐ¥£μ ¢´ÊÉ·¥´´ÕÕ · ¤¨ ²Ó´ÊÕ ¶·μÉÖ¦¥´´μ¸ÉÓ § ·Ö¤ :

aI =
Me2

3�2
〈r2

in〉, (4)

£¤¥

〈r2
in〉 =

∫
r2ρ(r) dV Å (5)

¸·¥¤´¨° ±¢ ¤· É · ¤¨Ê¸  · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢´ÊÉ·¨ ´¥°-
É·μ´ .

	μ¸±μ²Ó±Ê ¤²¨´  · ¸¸¥Ö´¨Ö ”μ²¤¨ aF Ìμ·μÏμ ¨§¢¥¸É´ ,   ÉμÎ´μ¸ÉÓ ¨§³¥-
·¥´¨° ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤μ¸É ÉμÎ´μ ¢Ò¸μ± , Éμ ¶·¨ ¨§³¥·¥´¨¨ ane ¡μ²ÓÏμ°
¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É μ¶·¥¤¥²¥´¨¥ aI , É. ¥. §´ ±  ¨ ¢¥²¨Î¨´Ò 〈r2

in〉. …¸²¨
ane < aF (´ ¶·¨³¥· ane = −1,6 · 10−16 ¸³), Éμ §´ ± 〈r2

in〉 μÉ·¨Í É¥²¥´, ¥¸²¨
¦¥ ane > aF (´ ¶·¨³¥· ane = −1,3 · 10−16 ¸³), Éμ 〈r2

in〉 > 0.
�¸´μ¢´Ò³ ¶μ²μ¦¥´¨¥³ É¥μ·¨¨ �± ¢Ò, μ¡ÑÖ¸´¨¢Ï¥° ¶·μ¨¸Ìμ¦¤¥´¨¥ Ö¤¥·-

´ÒÌ ¸¨², Ö¢²Ö¥É¸Ö ÊÉ¢¥·¦¤¥´¨¥, ÎÉμ ¸¨²Ò ¢μ§´¨± ÕÉ ¢ ·¥§Ê²ÓÉ É¥ μ¡³¥´  π-
³¥§μ´ ³¨ ³¥¦¤Ê ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨³¨ Ö¤· ³¨. 	μ¸±μ²Ó±Ê · ¤¨Ê¸ ¢§ ¨³μ¤¥°-
¸É¢¨Ö ¤μ²¦¥´ ¡ÒÉÓ ¶μ·Ö¤±  R = �/(mπc) = 1,4 · 10−13 ¸³, Éμ ³ ¸¸  π-³¥§μ´ 
mπ ¡Ê¤¥É ¶μ·Ö¤±  140 ŒÔ‚. ‚ ¸¨²Ê ¢¨·ÉÊ ²Ó´μ£μ ¶·μÍ¥¸¸  n ⇒ p + π− ´¥°-
É·μ´ Î ¸ÉÓ ¢·¥³¥´¨ ¤μ²¦¥´ ¶·μ¢μ¤¨ÉÓ ¢ ¢¨¤¥ ¶·μÉμ´  ¨ π−-³¥§μ´ . ˆ³¥´´μ
π−-³¥§μ´ ¤ ¥É μÉ·¨Í É¥²Ó´Ò° Ì¢μ¸É ¢ · ¸¶·¥¤¥²¥´¨¨ ¢´ÊÉ·¥´´¥£μ Ô²¥±É·¨Î¥-
¸±μ£μ § ·Ö¤  ± ± ´ ¨¡μ²¥¥ ²¥£± Ö μÉ·¨Í É¥²Ó´ Ö Î ¸É¨Í , ¨, ¸É ²μ ¡ÒÉÓ, §´ ±
〈r2

in〉 ¤μ²¦¥´ ¡ÒÉÓ μÉ·¨Í É¥²Ó´Ò³. �  ¤ ´´Ò° Ë ±É,   É ±¦¥ ´  ¶·μÉ¨¢μ·¥-
Î¨¢μ¸ÉÓ §´ Î¥´¨Ö ane = −1,33(3) · 10−16 ¸³ ¨ · ¡μÉ £·Ê¶¶Ò ‹. Š¥¸É¥·  [19]
¶μ μ¶·¥¤¥²¥´¨Õ ¤²¨´ ±μ£¥·¥´É´μ£μ · ¸¸¥Ö´¨Ö ¨ ¸¥Î¥´¨° · ¸¸¥Ö´¨Ö ´¥°É·μ-
´μ¢ ¸¢¨´Íμ³ ¨ ¢¨¸³ÊÉμ³∗ ¡Ò²μ μ¡· Ð¥´μ ¢´¨³ ´¨¥ ¢ ±μ´Í¥ ¶·μÏ²μ£μ ¢¥± 
¢ · ¡μÉ Ì [6Ä9]. �¨ μ¤´  É¥μ·¥É¨Î¥¸± Ö ±μ´Í¥¶Í¨Ö, ¡ §¨·ÊÕÐ Ö¸Ö ´  É¥μ·¨¨

∗	μ²ÊÎ ¥É¸Ö ±μ³¶²¥±¸´μ¥ §´ Î¥´¨¥ bp Å ¤²¨´Ò · ¸¸¥Ö´¨Ö, μ¡Ê¸²μ¢²¥´´μ° Ô²¥±É·¨Î¥¸±μ°
¶μ²Ö·¨§Ê¥³μ¸ÉÓÕ ´¥°É·μ´ . Œ¨´¨³ ²Ó´μ¥ ¤¥°¸É¢¨É¥²Ó´μ¥ §´ Î¥´¨¥ bp ¸μμÉ¢¥É¸É¢Ê¥É ²¨ÏÓ ane =
−1,37 · 10−16 ¸³, ¨ μ´μ · ¸É¥É ¸ ·μ¸Éμ³ |ane|.
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�± ¢Ò, ´¥ ³μ¦¥É ¶·¨¢¥¸É¨ ± 〈r2
in〉 > 0, ¨, ¸²¥¤μ¢ É¥²Ó´μ, ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥-

´¨°, ¤ ÕÐ¨¥ ane > aF , ²¨¡μ ¶·μ¸Éμ ´¥±μ··¥±É´Ò, ²¨¡μ μ¶¨¸ ´¨¥ ¸É·Ê±ÉÊ·Ò
´¥°É·μ´  ¥Ð¥ μÎ¥´Ó ¤ ²¥±μ μÉ ¸μ¢¥·Ï¥´¸É¢ ,   μ¸´μ¢´μ¥ ¶μ²μ¦¥´¨¥ É¥μ·¨¨
�± ¢Ò ´¥¢¥·´μ. Œμ¦´μ μ¡´μ¢²ÖÉÓ ¨ ¸μ¢¥·Ï¥´¸É¢μ¢ ÉÓ ¸É ·Ò¥ ¶·¥¤¸É ¢²¥´¨Ö
μ ¸É·Ê±ÉÊ·¥ Í¥´É· ²Ó´μ° Î ¸É¨ ´¥°É·μ´ , ´μ ¢·Ö¤ ²¨ ³μ¦´μ ¤μ¶μ²´¨É¥²Ó´μ
¢¢μ¤¨ÉÓ ²¥£±¨¥ ¢¨·ÉÊ ²Ó´Ò¥ ¶μ²μ¦¨É¥²Ó´μ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ´  ¶¥·¨Ë¥-
·¨¨ ´¥°É·μ´ , ´  · ¸¸ÉμÖ´¨ÖÌ ¶μ·Ö¤±  · ¤¨Ê¸  ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨².

„¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ ±μ£¥·¥´É´μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¨³¥¥É ¢¨¤

σ(E, ϕ) = |bn + Zf(sin ϕ/λ)ane + bp|2, (6)

£¤¥ E ¨ ϕ Å Ô´¥·£¨Ö ¨ Ê£μ² · ¸¸¥Ö´¨Ö; bn ≈ 10−12 ¸³ Å ¤²¨´  Ö¤¥·´μ£μ
· ¸¸¥Ö´¨Ö; f(sin ϕ/λ) Å  Éμ³´Ò° Ëμ·³Ë ±Éμ·; λ Å ¤²¨´  ¢μ²´Ò ´¥°É·μ´ ;
bp ≈ 3 · 10−15 ¸³ Å ¤²¨´  · ¸¸¥Ö´¨Ö, μ¡Ê¸²μ¢²¥´´ Ö Ô²¥±É·¨Î¥¸±μ° ¶μ-
²Ö·¨§Ê¥³μ¸ÉÓÕ ´¥°É·μ´  [20], ¶·¨ ³ ²ÒÌ §´ Î¥´¨ÖÌ kR (k = 2π/λ, R Å
· ¤¨Ê¸ Ö¤· ) μ´  ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É μÉ Ê£²  · ¸¸¥Ö´¨Ö ¨ ¥¥ ³μ¦´μ ¢±²Õ-
Î¨ÉÓ ¢ bn.

„²Ö ¸¢¨´Í  ¢¥²¨Î¨´  Zfane ≈ 1,3 · 10−14 ¸³, ¨ ¶μ¸±μ²Ó±Ê Zfane/bn ≈
0,013, ¢¥²¨Î¨´  ane ¶μ¤¤ ¥É¸Ö ¨§³¥·¥´¨Õ, μ¤´ ±μ ¨¸±μ³Ò° ÔËË¥±É ³ ²,  
¥£μ ´Ê¦´μ μ¶·¥¤¥²ÖÉÓ ¸ ¶μ£·¥Ï´μ¸ÉÓÕ, ¸μ¸É ¢²ÖÕÐ¥° ´¥¸±μ²Ó±μ ¶·μÍ¥´-
Éμ¢. �É¸Õ¤  ¢μ§´¨± ÕÉ É·Ê¤´μ¸É¨ ¶· ¢¨²Ó´μ£μ ÊÎ¥É  ¸¨¸É¥³ É¨Î¥¸±¨Ì ÔË-
Ë¥±Éμ¢.

‡ Î ¸ÉÊÕ μ´¨ μ± §Ò¢ ÕÉ¸Ö ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´Ò³¨. ’ ±, ´ ¶·¨³¥·, ¶·¨
¨§³¥·¥´¨¨ ¶μ²´μ£μ ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´  Ö¤· Ì ¸¢¨´Í  ¨²¨ ¢¨¸-
³ÊÉ  ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° μÉ É¥¶²μ¢μ° ¤μ 10 Ô‚ ¨§³¥´¥´¨¥ ¸¥Î¥´¨Ö Ö¤¥·-
´μ£μ · ¸¸¥Ö´¨Ö ¢¸¥£μ ²¨ÏÓ ´  0,1 % ¢Ò§Ò¢ ¥É ¨§³¥´¥´¨¥ ¨¸±μ³μ° ¤²¨´Ò
nÄe-¢§ ¨³μ¤¥°¸É¢¨Ö ´  10%. ‚ μ¡² ¸É¨ ³ ²ÒÌ Ê£²μ¢ ³μ¦¥É ¢²¨ÖÉÓ Ï¢¨´-
£¥·μ¢¸±μ¥ · ¸¸¥Ö´¨¥ (¢§ ¨³μ¤¥°¸É¢¨¥ ³ £´¨É´μ£μ ³μ³¥´É  ¤¢¨¦ÊÐ¥£μ¸Ö ´¥°-
É·μ´  ¸ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³ Ö¤· ) σSch, μ¤´ ±μ ¥£μ ³μ¦´μ ¤μ¸É ÉμÎ´μ ÉμÎ´μ
ÊÎ¥¸ÉÓ [20].

…Ð¥ μ¤¨´ ¨§ ¨¸ÉμÎ´¨±μ¢ ¸¨¸É¥³ É¨Î¥¸±¨Ì ÔËË¥±Éμ¢ Å É¥¶²μ¢μ¥ ¤¢¨¦¥-
´¨¥  Éμ³μ¢, ´ ¶·¨³¥· ¢ μ¶ÒÉ Ì [5, 21]. �  ±¸¥´μ´¥ ¶μ¤μ¡´Ò° ÔËË¥±É ¶·¥-
¢ÒÏ ¥É ¨¸±μ³Ò° ¢ 4 · § ,   ´   ·£μ´¥ Å ¢ 10 · §. 	·¨ ÔÉμ³ ´Ê¦´μ Ìμ·μÏμ
§´ ÉÓ ¸¶¥±É· ¶ ¤ ÕÐ¨Ì ´¥°É·μ´μ¢, μ¸μ¡¥´´μ ¢ ¤²¨´´μ¢μ²´μ¢μ° ¥£μ μ¡² ¸É¨.

‚ ³¨Ï¥´¨ ´¥²Ó§Ö ¤μ¶Ê¸± ÉÓ ¶·¨³¥¸¥° ²¥£±¨Ì £ §μ¢. �¶ ¸´Ò É ±¦¥ ´¥-
¨§¢¥¸É´Ò¥ p-·¥§μ´ ´¸Ò ¢ Ö¤· Ì ³¨Ï¥´¨: μ´¨ ³μ£ÊÉ ¢Ò§¢ ÉÓ ¤μ¶μ²´¨É¥²Ó´ÊÕ
 ¸¨³³¥É·¨Õ ¶·¨ · ¸¸¥Ö´¨¨ ´¥°É·μ´μ¢.

	·¨ ¨§³¥·¥´¨¨ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¶μ²´μ£μ ¸¥Î¥´¨Ö ¤μ¶μ²´¨-
É¥²Ó´ Ö ¶μ£·¥Ï´μ¸ÉÓ ³μ¦¥É ¢μ§´¨±´ÊÉÓ ¨§-§  · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´  ³ ²Ò¥
Ê£²Ò. ‘¥Î¥´¨¥ ¶μ¤μ¡´μ£μ · ¸¸¥Ö´¨Ö σ(ϕ) = Nb2 exp (−q2L2/5) [22], £¤¥ N Å
Î¨¸²μ · ¸¸¥¨¢ ÕÐ¨Ì  Éμ³μ¢ ¢ ± ¦¤μ° ´¥μ¤´μ·μ¤´μ¸É¨ · ¤¨Ê¸  L, ¢Ò§Ò¢ Õ-
Ð¥° · ¸¸¥Ö´¨¥ ´  ³ ²Ò¥ Ê£²Ò; b Å ¤²¨´  · ¸¸¥Ö´¨Ö; q = 2k sin φ/2 ≈ kφ,
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k = 2π/λ = 2,19 · 109
√

E, £¤¥ E ¸²¥¤Ê¥É ¡· ÉÓ ¢ Ô²¥±É·μ´-¢μ²ÓÉ Ì. 	·¨Î¨-
´μ° É ±μ£μ · ¸¸¥Ö´¨Ö ³μ£ÊÉ ¡ÒÉÓ ±² ¸É¥·Ò ¤¥Ë¥±Éμ¢ ¸É·Ê±ÉÊ·Ò, ³ £´¨É´Ò¥
£¥É¥·μË §´Ò¥ Ë²Ê±ÉÊ Í¨¨ ¨ É. ¶. � §³¥·Ò ´¥μ¤´μ·μ¤´μ¸É¥° μ¡ÒÎ´μ ¶μ·Ö¤± 
L ≈ 20Ä50 �A. ‘¥Î¥´¨¥ · ¸¸¥Ö´¨Ö ¢¶¥·¥¤ ³μ¦¥É ¤μ¸É¨£ ÉÓ ´¥¸±μ²Ó±¨Ì ÉÒ¸ÖÎ
¡ ·´, μ´μ ¡Ò¸É·μ ¸¶ ¤ ¥É ¸ Ê¢¥²¨Î¥´¨¥³ Ê£²  · ¸¸¥Ö´¨Ö ¨ ¸¨²Ó´μ § ¢¨¸¨É ¶·¨
ÔÉμ³ μÉ Ô´¥·£¨¨ ´¥°É·μ´μ¢.

…Ð¥ μ¤´μ° ¶·¨Î¨´μ° ´¥ÊÎÉ¥´´μ° ¶μ£·¥Ï´μ¸É¨ ³μ¦¥É ¡ÒÉÓ ·¥§μ´ ´¸´μ¥
Ö¤¥·´μ¥ · ¸¸¥Ö´¨¥. …¸²¨ ¤²Ö Ê·μ¢´¥° ¸ ¶μ²μ¦¨É¥²Ó´μ° Ô´¥·£¨¥° μ¶¥· Í¨Õ ¥£μ
ÊÎ¥É  ³μ¦´μ ¶·μ¢¥¸É¨, Éμ ¤²Ö Ê·μ¢´¥° ¸ μÉ·¨Í É¥²Ó´μ° Ô´¥·£¨¥° μ´  ³μ¦¥É
¡ÒÉÓ ´¥¢μ§³μ¦´  ¨§-§  μÉ¸ÊÉ¸É¢¨Ö ¤μ¸É ÉμÎ´μ ¶μ²´μ° ¨´Ëμ·³ Í¨¨. 	μ¤μ¡´Ò¥
´¥±μ··¥±É´μ¸É¨ ¡Ò²¨ ¤μ¶ÊÐ¥´Ò, ´ ¶·¨³¥·, ¢ · ¡μÉ Ì Š¥¸É¥· , ¢ Î ¸É´μ¸É¨ ¢
¥£μ ¶μ¸²¥¤´¥° ¨Éμ£μ¢μ° · ¡μÉ¥ [23].

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥, ¶μ²ÊÎ¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ÊÎ¥É  ´¥±μÉμ·ÒÌ
¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥°, £¤¥ ¶μ¶· ¢± , ¸¢Ö§ ´´ Ö ¸  £·¥£ É´Ò³ ¸μ¸Éμ-
Ö´¨¥³ μ¡· §Í , Δσ = σexp(1 − S),   S Å ¢¥²¨Î¨´ , ¡²¨§± Ö ± ¥¤¨´¨Í¥.
� ¥¥ μ¶·¥¤¥²¥´¨¨ ¸³., ´ ¶·¨³¥·, [24]. ‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉμ, ± ± ¡Ò²μ ¶μ-
± § ´μ ¢ · ¡μÉ¥ [25], ¢¢μ¤¨ÉÓ ¶μ¶· ¢±¨ ´   £·¥£ É´μ¥ ¸μ¸ÉμÖ´¨¥ ¢¥Ð¥¸É¢ 
¶·¨ Ô´¥·£¨ÖÌ ´¥°É·μ´μ¢ ´¨¦¥ 1 Ô‚ ³μ¦´μ, ± ± ¶· ¢¨²μ, ²¨ÏÓ ¸ ¡μ²ÓÏμ°
´¥μ¶·¥¤¥²¥´´μ¸ÉÓÕ.

E, Ô‚ Δσ, ¡ ΔσSch, ¡ Δσabs, ¡

0,1 0,1 10−3 10−2

1,3 7 · 10−3 Å Å

100 10−4 10−2 6 · 10−4

�¶·¥¤¥²¥´¨¥ ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥° (  ¸ ¡μ²ÓÏμ° ¢¥·μÖÉ´μ¸ÉÓÕ
¥¸ÉÓ ¥Ð¥ ¨ ´¥¢ÒÖ¢²¥´´Ò¥) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸ÊÐ¥¸É¢¥´´ÊÕ É·Ê¤´μ¸ÉÓ ¶·¨
¨§¢²¥Î¥´¨¨ ane ¨§ Ô±¸¶¥·¨³¥´Éμ¢,   ¢¥¤Ó ¢ ¡μ²ÓÏ¨´¸É¢¥ ¨§ ´¨Ì ¢±² ¤ nÄe-
¢§ ¨³μ¤¥°¸É¢¨Ö ´¥ ¶·¥¢ÒÏ ¥É 1Ä1,5 % μÉ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ ¨²¨ ¶μ²´μ£μ
¨§³¥·Ö¥³μ£μ ¸¥Î¥´¨Ö. ‘ÊÐ¥¸É¢¥´´μ É ±¦¥ Éμ, ÎÉμ ¢±² ¤ ¨§³¥·Ö¥É¸Ö ¸ ¶μ-
£·¥Ï´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 2Ä3%. ’ ±¨³ μ¡· §μ³, ¶· ±É¨Î¥¸±¨ ¢¸¥£¤  ¸ÊÐ¥¸É¢Ê¥É
μ¶ ¸´μ¸ÉÓ ²¨¡μ ´¥¤μ¸É ÉμÎ´μ ÉμÎ´μ£μ ÊÎ¥É  ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥°,
²¨¡μ ¶·μ¸Éμ ´¥ÊÎ¥É  ¨¸ÉμÎ´¨±μ¢ ¨Ì ¶·μ¨¸Ìμ¦¤¥´¨Ö.

	μÔÉμ³Ê £μ· §¤μ ¡μ²¥¥ ¶·¥¤¶μÎÉ¨É¥²Ó´Ò³¨ μ± §Ò¢ ÕÉ¸Ö μ¶ÒÉÒ
¸ μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏ¨³ ¢±² ¤μ³ nÄe-¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ¨§³¥·Ö¥³ÊÕ ¢¥²¨-
Î¨´Ê. ’ ±¨³¨ Ö¢²ÖÕÉ¸Ö, ´ ¶·¨³¥·, μ¶ÒÉÒ £·Ê¶¶Ò „. �§  [26] ¶μ ¨§³¥·¥´¨Õ
Ê£²  ¶μ²´μ£μ μÉ· ¦¥´¨Ö É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ μÉ £· ´¨ÍÒ ¦¨¤±μ£μ ±¨¸²μ-
·μ¤  ¨ ¢¨¸³ÊÉ . �É· ¦¥´¨¥ ¢Ò§¢ ´μ ´¥¸±μ³¶¥´¸¨·μ¢ ´´Ò³ Ö¤¥·´Ò³ · ¸¸¥-
Ö´¨¥³ ¨ nÄe-¢§ ¨³μ¤¥°¸É¢¨¥³ ¶·¨³¥·´μ ¢ · ¢´μ° ¸É¥¶¥´¨. �¥§Ê²ÓÉ É: ane =
−1,39(13) · 10−16 ¸³.
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„·Ê£¨³ Ô±¸¶¥·¨³¥´Éμ³ ¸ ¡μ²ÓÏ¨³ ¨§³¥·Ö¥³Ò³ ÔËË¥±Éμ³ Ö¢²ÖÕÉ¸Ö ¤¨-
Ë· ±Í¨μ´´Ò¥ μ¶ÒÉÒ, ¶·μ¢¥¤¥´´Ò¥ £·Ê¶¶μ° Ë¨§¨±μ¢ „Ê¡´Ò [27], ´  ³μ´μ-
±·¨¸É ²² Ì ¢μ²ÓË· ³  ¨§ · §²¨Î´ÒÌ ¸³¥¸¥° ¥£μ ¨§μÉμ¶μ¢, ¨³¥ÕÐ¨Ì ¤²¨´Ò
· ¸¸¥Ö´¨Ö ¢ 10Ä15 · § ³¥´ÓÏ¥, Î¥³ Ê ¥¸É¥¸É¢¥´´μ° ¨§μÉμ¶¨Î¥¸±μ° ¸³¥¸¨
¢μ²ÓË· ³ . ‚ É ±¨Ì μ¶ÒÉ Ì ¢±² ¤ nÄe-¢§ ¨³μ¤¥°¸É¢¨Ö ¸μ¸É ¢²Ö² 20Ä25%,  
´¥ 1Ä1,5%. ‚ ¶·μÍ¥¸¸¥ ¨§³¥·¥´¨° ¡Ò² μ¡´ ·Ê¦¥´ ¨ ¨§³¥·¥´ ¢±² ¤ ¤μ¶μ²-
´¨É¥²Ó´μ£μ ¨¸ÉμÎ´¨±  ¸¨¸É¥³ É¨Î¥¸±μ° ¶μ£·¥Ï´μ¸É¨ Å ³ £´¨É´μ£μ £¥É¥·μ-
Ë §´μ£μ ¸μ¸ÉμÖ´¨Ö ¢μ²ÓË· ³  (¶ · - ¨ Ë¥··μ³ £´¨É´μ° Ë §, ¸ÊÐ¥¸É¢ÊÕÐ¨Ì
μ¤´μ¢·¥³¥´´μ) [28]. �¥§Ê²ÓÉ É ¨§³¥·¥´¨°: ane = −1,60(5) · 10−16 ¸³. �´ ´¥
¶·μÉ¨¢μ·¥Î¨É É¥μ·¨¨ �± ¢Ò,   ´ Ìμ¤¨É¸Ö ¸ ´¥° ¢ ¶μ²´μ³ ¸μ£² ¸¨¨.

‚ § ±²ÕÎ¥´¨¥ ÌμÉ¥²μ¸Ó ¡Ò § ³¥É¨ÉÓ, ÎÉμ ´μ¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¨§³¥·¥-
´¨Õ ¤²¨´Ò nÄe-· ¸¸¥Ö´¨Ö ¡Ò²¨ ¡Ò, ±μ´¥Î´μ, ¦¥² É¥²Ó´Ò, ´μ ²¨ÏÓ ¶·¨ ¨¸±μ-
³μ³ ÔËË¥±É¥ ¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ¤¥¸ÖÉ±μ¢ ¶·μÍ¥´Éμ¢. ’·Ê¤´μ ¸μ£² ¸¨ÉÓ¸Ö ¸
´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ¨§³¥´¥´¨Ö É¥μ·¨¨ �± ¢Ò ¢ ¶¥·¨Ë¥·¨Î¥¸±¨Ì μ¡² ¸ÉÖÌ ´¥°-
É·μ´ .
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