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�ˆ“ ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¶·μ¡²¥³ 	¥²μ·Ê¸¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É ,
Œ¨´¸±, 	¥²μ·Ê¸¸¨Ö

‚Ò¢¥¤¥´Ò μ¡Ð¨¥ ¸μμÉ´μÏ¥´¨Ö, μ¶¨¸Ò¢ ÕÐ¨¥ ¤¨´ ³¨±Ê ¸¶¨´  ¶ÊÎ±μ¢ Ö¤¥· ¸ ´ Î ²Ó´μ° É¥´§μ·-
´μ° ¨ ¢¥±Éμ·´μ° ¶μ²Ö·¨§ Í¨¥° ¶·¨ ¶²μ¸±μ¸É´μ³ ± ´ ²¨·μ¢ ´¨¨ ¢ ¨§μ£´ÊÉÒÌ ±·¨¸É ²² Ì. �·μ¢¥-
¤¥´´Ò°  ´ ²¨§ ¶μ± §Ò¢ ¥É ¢μ§³μ¦´μ¸ÉÓ μ¡´ ·Ê¦¥´¨Ö ¶·¥¤¸± § ´´μ£μ 	 ·ÒÏ¥¢¸±¨³ ¨ ‘μ±μ²Ó¸±¨³
ÔËË¥±É  ¶μÖ¢²¥´¨Ö ¢¥±Éμ·´μ° ¶μ²Ö·¨§ Í¨¨ ¶·¨ ¶²μ¸±μ¸É´μ³ ± ´ ²¨·μ¢ ´¨¨ ¶ÊÎ±  Ö¤¥· ¸ ´ Î ²Ó-
´μ° É¥´§μ·´μ° ¶μ²Ö·¨§ Í¨¥°. �²μ¸±μ¸É´μ¥ ± ´ ²¨·μ¢ ´¨¥ ¶ÊÎ±  Ö¤¥· ¸ ´ Î ²Ó´μ° É¥´§μ·´μ° ¨
¢¥±Éμ·´μ° ¶μ²Ö·¨§ Í¨¥° ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´μ ¤²Ö μ¶·¥¤¥²¥´¨Ö ±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´Éμ¢ ´¥-
¸É ¡¨²Ó´ÒÌ Ö¤¥· ¸ ³ ²Ò³ ¢·¥³¥´¥³ ¦¨§´¨ ¢¶²μÉÓ ¤μ ¶μ·Ö¤±  10−7 ¸. Š¢ ¤·Ê¶μ²Ó´Ò¥ ³μ³¥´ÉÒ
Ö¤¥· ¸ ¢·¥³¥´¥³ ¦¨§´¨ ¶μ·Ö¤±  10−7 ¸ ´¥ ³μ£ÊÉ ¡ÒÉÓ ¨§³¥·¥´Ò ¸ ¶μ³μÐÓÕ ¨§¢¥¸É´ÒÌ ³¥Éμ¤μ¢,
¢±²ÕÎ Ö μ¶É¨Î¥¸±¨¥ ³¥Éμ¤Ò.

General formulas describing spin dynamics of nuclear beams with the initial tensor and vector
polarization at planar channelling in bent crystals are derived. Presented analysis shows a possibility
of discovering the effect of an appearance of vector polarization at planar channelling of a beam with
the initial tensor polarization which was predicted by Baryshevsky and Sokolsky. Planar channelling
of a beam with the initial tensor and vector polarization can be used for a determination of quadrupole
moments of unstable nuclei with a short lifetime up to about 10−7 s. Quadrupole moments of nuclei
with a lifetime of order of 10−7 s cannot be measured by known methods including optical methods.

PACS: 21.10.Ky; 29.27.Hj; 61.85.+p
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�±ÉÊ ²Ó´μ° ¶·μ¡²¥³μ° Ö¢²Ö¥É¸Ö ¨§³¥·¥´¨¥ ³μ³¥´Éμ¢ ´¥¸É ¡¨²Ó´ÒÌ Ö¤¥·, ¢ Éμ³ Î¨¸²¥
³ £´¨É´ÒÌ ¤¨¶μ²Ó´ÒÌ ¨ Ô²¥±É·¨Î¥¸±¨Ì ±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´Éμ¢. „²Ö Ö¤¥· ¸ ¢·¥³¥´¥³
¦¨§´¨ ¡μ²¥¥ 10−6 ¸ ³μ£ÊÉ Ê¸¶¥Ï´μ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö μ¶É¨Î¥¸±¨¥ ³¥Éμ¤Ò ¨§³¥·¥´¨Ö [1].
�¤´ ±μ ¤²Ö Ö¤¥· ¸ ¢·¥³¥´¥³ ¦¨§´¨ ¶μ·Ö¤±  10−6 ¸ ¨Ì ¶·¨³¥´¥´¨¥ ¸μ¶·Ö¦¥´μ ¸μ §´ -
Î¨É¥²Ó´Ò³¨ É·Ê¤´μ¸ÉÖ³¨,   ¤²Ö ¡μ²¥¥ ±μ·μÉ±μ¦¨¢ÊÐ¨Ì Ö¤¥· μ´¨ ´¥¶·¨³¥´¨³Ò. ’ ±¨³
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μ¡· §μ³, ¨§³¥·¥´¨¥ ³ £´¨É´ÒÌ ¤¨¶μ²Ó´ÒÌ ¨ Ô²¥±É·¨Î¥¸±¨Ì ±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´Éμ¢
Ö¤¥· ¸ ¢·¥³¥´¥³ ¦¨§´¨ ¶μ·Ö¤±  10−6−10−7 ¸ Ö¢²Ö¥É¸Ö ¸¥·Ó¥§´μ° ¶·μ¡²¥³μ°.

‚ · ¡μÉ¥ 	 ·ÒÏ¥¢¸±μ£μ [2] (¸³. É ±¦¥ [3]) ¡Ò²μ ¢¶¥·¢Ò¥ ¶μ± § ´μ, ÎÉμ ¶·¨ ¶²μ¸±μ¸É-
´μ³ ± ´ ²¨·μ¢ ´¨¨ ¢ ¨§μ£´ÊÉÒÌ ±·¨¸É ²² Ì ¶·μ¨¸Ìμ¤¨É §´ Î¨É¥²Ó´Ò° ¶μ¢μ·μÉ ¸¶¨´ 
Î ¸É¨Í ¨ Ö¤¥·, ¨ ¶·¥¤²μ¦¥´μ ¨¸¶μ²Ó§μ¢ ÉÓ ÔÉμÉ ÔËË¥±É ¤²Ö μ¶·¥¤¥²¥´¨Ö ³ £´¨É´ÒÌ ³μ-
³¥´Éμ¢ ±μ·μÉ±μ¦¨¢ÊÐ¨Ì Î ¸É¨Í. �·μ¸É Ö § ¢¨¸¨³μ¸ÉÓ ³¥¦¤Ê Ê£² ³¨ ¶μ¢μ·μÉ  Î ¸É¨Í ¨
¨Ì ¸¶¨´  ¢ ¨§μ£´ÊÉÒÌ ±·¨¸É ²² Ì ¡Ò²  ´ °¤¥´  ‹Õ¡μÏ¨Í¥³ [4]. ‚ É ±¨Ì ±·¨¸É ²² Ì
Í¥´É·μ¡¥¦´ Ö ¸¨² , ¤¥°¸É¢ÊÕÐ Ö ´  ¤¢¨¦ÊÐ¨¥¸Ö ¶μ ¨¸±·¨¢²¥´´μ° É· ¥±Éμ·¨¨ Î ¸É¨ÍÒ
¨²¨ Ö¤· , ±μ³¶¥´¸¨·Ê¥É¸Ö ¸¨²μ° ŠÊ²μ´ , ÎÉμ ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ¤μ¸É ÉμÎ´μ ¸¨²Ó´μ£μ
Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö, ¢· Ð ÕÐ¥£μ ¸¶¨´. �ËË¥±É ¢· Ð¥´¨Ö ¸¶¨´  Ô±¸¶¥·¨³¥´É ²Ó´μ ´ -
¡²Õ¤ ²¸Ö ¢ [5, 6]. Š ± ¶μ± § ´μ ¢ · ¡μÉ¥ 	 ·ÒÏ¥¢¸±μ£μ ¨ ‘μ±μ²Ó¸±μ£μ [7], ¤²Ö Î ¸É¨Í
(Ö¤¥·, ¨μ´μ¢) ¸μ ¸¶¨´μ³ I � 1 ´ ²¨Î¨¥ Ê ´¨Ì ³Ê²ÓÉ¨¶μ²Ó´ÒÌ ³μ³¥´Éμ¢, ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó
±¢ ¤·Ê¶μ²Ó´μ£μ, ¶·¨¢μ¤¨É ± ¶μ¢μ·μÉÊ ¨ μ¸Í¨²²ÖÍ¨Ö³ ¸¶¨´  ¢ ´¥μ¤´μ·μ¤´μ³ Ô²¥±É·¨Î¥-
¸±μ³ ¶μ²¥ ¤ ¦¥ ¶·¨ ¤¢¨¦¥´¨¨ ¢ ¶·Ö³ÒÌ ±·¨¸É ²² Ì. �É¨ ÔËË¥±ÉÒ μ¡Ê¸²μ¢²¥´Ò ¢§ ¨³-
´Ò³ ¶·¥μ¡· §μ¢ ´¨¥³ ¢¥±Éμ·´μ° ¨ É¥´§μ·´μ° ¶μ²Ö·¨§ Í¨¨, ¤¥É ²Ó´μ μ¶¨¸ ´´Ò³ ¢ [3,8].
�¤´¨³ ¨§ ´ ¨¡μ²¥¥ ¨´É¥·¥¸´ÒÌ ¸²¥¤¸É¢¨° É ±μ£μ ¢§ ¨³´μ£μ ¶·¥μ¡· §μ¢ ´¨Ö Ö¢²Ö¥É¸Ö
ÔËË¥±É ¶μÖ¢²¥´¨Ö ¢¥±Éμ·´μ° ¶μ²Ö·¨§ Í¨¨ ¶·¨ ¶²μ¸±μ¸É´μ³ ± ´ ²¨·μ¢ ´¨¨ ¶ÊÎ±  Ö¤¥·
(Î ¸É¨Í) ¸ ´ Î ²Ó´μ° É¥´§μ·´μ° ¶μ²Ö·¨§ Í¨¥°, ¤ ¦¥ ¥¸²¨ ´ Î ²Ó´ Ö ¢¥±Éμ·´ Ö ¶μ²Ö·¨§ -
Í¨Ö · ¢´  ´Ê²Õ (¸³. [7]). ‚ ¤ ´´μ³ ¸²ÊÎ ¥ ÔËË¥±É μ¡Ê¸²μ¢²¥´ ±¢ ¤· É¨Î´Ò³ ¶μ ¸¶¨´Ê
¢§ ¨³μ¤¥°¸É¢¨¥³ ±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´Éμ¢ Ö¤¥· ¸ ´¥μ¤´μ·μ¤´Ò³ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³
¶²μ¸±μ¸É¥°. �μ¤μ¡´Ò° ÔËË¥±É ¸ÊÐ¥¸É¢Ê¥É ¨ ¤²Ö ¶ÊÎ±μ¢ Ö¤¥· ¢ ´ ±μ¶¨É¥²Ó´ÒÌ ±μ²ÓÍ Ì
(¸³. [9Ä12] ¨ Í¨É¨·μ¢ ´´ÊÕ É ³ ²¨É¥· ÉÊ·Ê), ¨ §¤¥¸Ó ¶·¨Î¨´μ° ¥£μ ¸ÊÐ¥¸É¢μ¢ ´¨Ö Ö¢²Ö-
¥É¸Ö ´ ²¨Î¨¥ Ê Ö¤¥· É¥´§μ·´ÒÌ Ô²¥±É·¨Î¥¸±μ° ¨ ³ £´¨É´μ° ¶μ²Ö·¨§Ê¥³μ¸É¥°.

	 ·ÒÏ¥¢¸±¨° ¨ ˜¥ÌÉ³ ´ [13] ¨¸¸²¥¤μ¢ ²¨ ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ÔËË¥±É  μ¸-
Í¨²²ÖÍ¨° ¸¶¨´  ¶·¨ ¶²μ¸±μ¸É´μ³ ± ´ ²¨·μ¢ ´¨¨ ¢ ¶·Ö³ÒÌ ±·¨¸É ²² Ì ¤²Ö ¨§³¥·¥-
´¨Ö ±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´Éμ¢ ±μ·μÉ±μ¦¨¢ÊÐ¨Ì Î ¸É¨Í, ¢ Î ¸É´μ¸É¨ Ω−-£¨¶¥·μ´  (τ =
0,8 · 10−10 ¸), ¨ ¶·μ¨§¢¥²¨ ¤¥É ²Ó´Ò°  ´ ²¨§ Ê¸²μ¢¨° ¶·μ¢¥¤¥´¨Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ Ô±¸-
¶¥·¨³¥´É . ‚ · ¡μÉ¥ 	 ·ÒÏ¥¢¸±μ£μ ¨ ƒÊ·¨´μ¢¨Î [14] ¸¨¸É¥³ É¨§¨·μ¢ ´Ò ¸¶¨´-É¥´§μ·´Ò¥
ÔËË¥±ÉÒ, ¨³¥ÕÐ¨¥ ³¥¸Éμ ¶·¨ ± ´ ²¨·μ¢ ´¨¨ ¢ ¶·Ö³ÒÌ ¨ ¨§μ£´ÊÉÒÌ ±·¨¸É ²² Ì, ¨ ¶μ-
± § ´μ, ÎÉμ ± ´ ²¨·μ¢ ´¨¥ ¶ÊÎ±μ¢ Ö¤¥· ¶μ§¢μ²Ö¥É ¨§³¥·¨ÉÓ ¨Ì É¥´§μ·´Ò¥ Ô²¥±É·¨Î¥¸±ÊÕ
¨ ³ £´¨É´ÊÕ ¶μ²Ö·¨§Ê¥³μ¸É¨.

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´μ¢Ò¥ ¢μ§³μ¦´μ¸É¨ ¶·¨³¥´¥´¨Ö ± ´ ²¨·μ¢ ´¨Ö ¤²Ö ¨§³¥·¥´¨Ö
±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´Éμ¢ ´¥¸É ¡¨²Ó´ÒÌ Ö¤¥· μÉ±·Ò¢ ÕÉ¸Ö ¢ ¸¢Ö§¨ ¸ ¢¢¥¤¥´¨¥³ ¢ ¸É·μ°
Ê¸±μ·¨É¥²Ö Ö¤¥· Å ´Ê±²μÉ·μ´  �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
(„Ê¡´ ).

‚ ¤ ´´μ° · ¡μÉ¥ ¶·μ¨§¢μ¤¨É¸Ö ¤¥É ²Ó´Ò° · ¸Î¥É ¸¶¨´-É¥´§μ·´ÒÌ ÔËË¥±Éμ¢ ¶·¨ ± -
´ ²¨·μ¢ ´¨¨ ¶ÊÎ±μ¢ ¶μ²Ö·¨§μ¢ ´´ÒÌ Ö¤¥· ¢ ¨§μ£´ÊÉÒÌ ±·¨¸É ²² Ì. „²Ö ± ´ ²¨·μ¢ ´¨Ö ¢
¶·Ö³ÒÌ ±·¨¸É ²² Ì É ±μ° · ¸Î¥É ¡Ò² ¢Ò¶μ²´¥´ ¢ [7]. ‚ ÔÉμ° · ¡μÉ¥ ¡Ò²¨ μ¶¨¸ ´Ò ¨ ¢¸¥
μ¸´μ¢´Ò¥ ¶μ²Ö·¨§ Í¨μ´´Ò¥ ÔËË¥±ÉÒ, ¢±²ÕÎ Ö ÔËË¥±É ¶μÖ¢²¥´¨Ö ¢¥±Éμ·´μ° ¶μ²Ö·¨§ -
Í¨¨ Ê ¶ÊÎ±  ¸ ´ Î ²Ó´μ° É¥´§μ·´μ° ¶μ²Ö·¨§ Í¨¥°. ˆ¸¶μ²Ó§μ¢ ´¨¥ ¨§μ£´ÊÉÒÌ ±·¨¸É ²²μ¢
¨³¥¥É Éμ ¢ ¦´μ¥ ¶·¥¨³ÊÐ¥¸É¢μ, ÎÉμ ¶μ§¢μ²Ö¥É ¨§¡¥¦ ÉÓ ¶μ¶ ¤ ´¨Ö ¢ ¶μ²Ö·¨³¥É· ±¢ §¨± -
´ ²¨·μ¢ ´´ÒÌ ¨ ¤¥± ´ ²¨·μ¢ ´´ÒÌ Ö¤¥·. �·μ¢μ¤¨³Ò° ±μ²¨Î¥¸É¢¥´´Ò°  ´ ²¨§ ¶μ¤É¢¥·-
¦¤ ¥É ¸¤¥² ´´Ò° ¢ [7] ¢Ò¢μ¤ μ ¡μ²ÓÏμ° ¢¥²¨Î¨´¥ ´ ¡²Õ¤ ¥³ÒÌ ÔËË¥±Éμ¢ ¨ ¶μ± §Ò¢ ¥É
¢μ§³μ¦´μ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ´ ¡²Õ¤¥´¨Ö ¶·¥¤¸± § ´´μ£μ ¢ [7] ¶μÖ¢²¥´¨Ö ¢¥±Éμ·´μ°
¶μ²Ö·¨§ Í¨¨ Ê ¶ÊÎ±  ¸ ´ Î ²Ó´μ° É¥´§μ·´μ° ¶μ²Ö·¨§ Í¨¥°. ŒÒ ¸Î¨É ¥³ Î·¥§¢ÒÎ °´μ
¢ ¦´Ò³, ÎÉμ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ ¥³Ò¥ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¨ ¶μ³μÐ¨ ³¥Éμ¤ , ¶·¨´Í¨-
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¶¨ ²Ó´μ μÉ²¨Î ÕÐ¥£μ¸Ö μÉ ¨¸¶μ²Ó§μ¢ ´´μ£μ 	 ·ÒÏ¥¢¸±¨³ ¨ ‘μ±μ²Ó¸±¨³ [7], ¶μ²´μ¸ÉÓÕ
¸μ£² ¸ÊÕÉ¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ · ¡μÉÒ [7].

’ ±¨³ μ¡· §μ³, ¨¸¶μ²Ó§μ¢ ´¨¥ ¶²μ¸±μ¸É´μ£μ ± ´ ²¨·μ¢ ´¨Ö ¶μ§¢μ²Ö¥É ¨§³¥·¨ÉÓ ±¢ -
¤·Ê¶μ²Ó´Ò¥ ³μ³¥´ÉÒ ´¥¸É ¡¨²Ó´ÒÌ Ö¤¥· ¸ ¢·¥³¥´¥³ ¦¨§´¨ ¶μ·Ö¤±  10−7 ¸ ¨ ¡μ²¥¥, ¢ Éμ
¢·¥³Ö ± ± ¤·Ê£¨¥ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ³¥Éμ¤Ò ´¥ ¶μ§¢μ²ÖÕÉ ¨§³¥·¨ÉÓ ³μ³¥´ÉÒ ¸Éμ²Ó ±μ·μÉ±μ-
¦¨¢ÊÐ¨Ì Ö¤¥·.

‚ · ¡μÉ¥ ¨¸¶μ²Ó§Ê¥É¸Ö ¸¨¸É¥³  ¥¤¨´¨Í � = c = 1.

1. ‚‡�ˆŒ�„…‰‘’‚ˆ… —�‘’ˆ– ˆ Ÿ„…�
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�·¨ ¶²μ¸±μ¸É´μ³ ± ´ ²¨·μ¢ ´¨¨ ¶μ²¥ ¶²μ¸±μ¸É¥° Ì · ±É¥·¨§Ê¥É¸Ö Î¥É´Ò³ ¶μÉ¥´Í¨-
 ²μ³ Φ(x) = Φ(−x). „²Ö ¤¢¨¦ÊÐ¨Ì¸Ö ¢ ·¥¦¨³¥ ± ´ ²¨·μ¢ ´¨Ö Ö¤¥·, § ·Ö¤ ±μÉμ·ÒÌ
¶μ²μ¦¨É¥²¥´, ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ £ ·³μ´¨Î¥¸±¨° ¶μÉ¥´Í¨ ²:

Φ(x) =
ax2

2
, a =

8U0

d2
p

, (1)

£¤¥ U0 Å ³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶μÉ¥´Í¨ ² ; dp Å · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ±·¨¸É ²²¨Î¥¸±¨³¨
¶²μ¸±μ¸ÉÖ³¨. 	Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ ±·¨¸É ²² ¨§μ£´ÊÉ É ±¨³ μ¡· §μ³, ÎÉμ ¶²μ¸±μ¸ÉÓ ¨§£¨¡ 
¶¥·¶¥´¤¨±Ê²Ö·´  ±·¨¸É ²²¨Î¥¸±¨³ ¶²μ¸±μ¸ÉÖ³,   · ¤¨Ê¸ ±·¨¢¨§´Ò · ¢¥´ R. ‚Ò¡¥·¥³
μ¶·¥¤¥²¥´´ÊÕ ÉμÎ±Ê É· ¥±Éμ·¨¨ Î ¸É¨ÍÒ (Ö¤· ) ¢ ± Î¥¸É¢¥ ´ Î ²  μÉ¸Î¥É  ¨ ´ ¶· ¢¨³ μ¸Ó
y ¢¤μ²Ó ´μ·³ ²¨ ± ¸¨¸É¥³¥ ¶²μ¸±μ¸É¥°,   μ¸Ó x Å ¶¥·¶¥´¤¨±Ê²Ö·´μ μ¸¨ y ¢ ´ ¶· ¢²¥´¨¨
¨§£¨¡ . �¸¨ x ¨ y ²¥¦ É ¢ ¶²μ¸±μ¸É¨ ¤¢¨¦¥´¨Ö Î ¸É¨ÍÒ. „¢¨¦¥´¨¥ Î ¸É¨ÍÒ ¢ ¨§μ£´ÊÉμ³
±·¨¸É ²²¥ Ô±¢¨¢ ²¥´É´μ ¥¥ ¤¢¨¦¥´¨Õ ¢ ¶·Ö³μ³ ±·¨¸É ²²¥, ¶·¨ ±μÉμ·μ³ Î ¸É¨Í  μ¡² ¤ ¥É
¤μ¶μ²´¨É¥²Ó´μ° ¶μÉ¥´Í¨ ²Ó´μ° Ô´¥·£¨¥°

W = −pyvyx

R
= − ε2 − m2

εR
x, (2)

£¤¥ v Å ¸±μ·μ¸ÉÓ Î ¸É¨ÍÒ; ε =
√

m2 + p2 Å ¥¥ ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö. �·¨ ± ´ ²¨·μ-
¢ ´¨¨ Î ¸É¨ÍÒ ¤¢¨¦ÊÉ¸Ö ¶μ¤ ³ ²Ò³¨ Ê£² ³¨ ± ±·¨¸É ²²¨Î¥¸±¨³ ¶²μ¸±μ¸ÉÖ³,   ¶μ²´ Ö
Ô´¥·£¨Ö Î ¸É¨ÍÒ E ¶·¨¡²¨§¨É¥²Ó´μ · ¢´  ±¨´¥É¨Î¥¸±μ° (E ≈ ε). –¥´É·μ¡¥¦´ Ö ¸¨² 
±μ³¶¥´¸¨·Ê¥É¸Ö ¸¨²μ° ŠÊ²μ´ , μ¡¥¸¶¥Î¨¢ ÕÐ¥° Ê¸Éμ°Î¨¢μ¥ ¤¢¨¦¥´¨¥ Î ¸É¨ÍÒ. “£²μ-
¢ Ö ¸±μ·μ¸ÉÓ ¢· Ð¥´¨Ö ¸¶¨´  ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ê· ¢´¥´¨¥³ ’μ³ ¸ Ä	 ·£³ ´´ ÄŒ¨Ï¥²ÖÄ
’¥²¥£¤¨ [17Ä19] ¨³¥¥É ¢¨¤

Ω =
e

m

(
g − 2

2
+

1
γ + 1

)
(β × E), (3)

£¤¥ β = v/c. ‚ · ¸¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥ Ê¸·¥¤´¥´´Ò¥ ±μ³¶μ´¥´ÉÒ ¢¥±Éμ·  Ê£²μ¢μ°
¸±μ·μ¸É¨ ¢· Ð¥´¨Ö ¸¶¨´  · ¢´Ò (γ = ε/m) [2Ä4,20]:

Ωx = Ωy = 0, Ωz = a
(γ2 − 1)3/2

γ2R

(
g − 2

2
+

1
γ + 1

)
. (4)
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‚ · ¡μÉ¥ ‹Õ¡μÏ¨Í  [4] Ê¸É ´μ¢²¥´μ ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¶·μ¸Éμ° ¸¢Ö§¨ ³¥¦¤Ê Ê£²μ¢μ°
¸±μ·μ¸ÉÓÕ ¶·¥Í¥¸¸¨¨ ¸¶¨´  Ωz ¨ ¶μ¢μ·μÉ  ¨³¶Ê²Ó¸  ωz Î ¸É¨ÍÒ, ¤¢¨¦ÊÐ¥°¸Ö ¢ Ô²¥±É·¨-
Î¥¸±μ³ ¶μ²¥:

Ωz =
(

g − 2
2

γ2 − 1
γ

+
γ − 1

γ

)
ωz. (5)

�´ ²μ£¨Î´ Ö ¸¢Ö§Ó ¨³¥¥É ³¥¸Éμ ³¥¦¤Ê Ê£² ³¨ ¶μ¢μ·μÉ  ´ ¶· ¢²¥´¨° ¸¶¨´  ¨ ¨³-
¶Ê²Ó¸ . �¤´ ±μ ¶μ¢μ·μÉ ¸¶¨´  ´¥·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· (γ − 1 � γ) ¤ ¦¥ ¸ÊÐ¥¸É¢¥´´μ
³¥´ÓÏ¥, Î¥³ ¶μ¢μ·μÉ ¨Ì ¨³¶Ê²Ó¸ , ¨ Ö¢²Ö¥É¸Ö ¶·¥´¥¡·¥¦¨³μ ³ ²Ò³.

	Ò¸É·Ò° ·μ¸É μÉ´μÏ¥´¨Ö Ωz/ωz ¸ Ê¢¥²¨Î¥´¨¥³ γ ¶μ§¢μ²Ö¥É ¨§³¥·¨ÉÓ ³ £´¨É´Ò¥
³μ³¥´ÉÒ ±μ·μÉ±μ¦¨¢ÊÐ¨Ì ·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í [2].

�¡ÒÎ´μ ¨§³¥·Ö¥É¸Ö ¶μ¢μ·μÉ ¸¶¨´  μÉ´μ¸¨É¥²Ó´μ ´ ¶· ¢²¥´¨Ö ¨³¶Ê²Ó¸ , Ê£²μ¢ Ö ¸±μ-
·μ¸ÉÓ ±μÉμ·μ£μ · ¢´  (¸³. [21]):

ωa =
e

m

(
g − 2

2
− 1

γ2 − 1

)
(β × E). (6)

‚ · ¸¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥

(ωa)z = a
(γ2 − 1)3/2

γ2R

(
g − 2

2
− 1

γ2 − 1

)
. (7)

‚ ¶·Ö³ÒÌ ±·¨¸É ²² Ì ¸·¥¤´¥¥ Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥ · ¢´μ ´Ê²Õ, ¨ μ´μ ´¥ μ± §Ò¢ ¥É
¢μ§¤¥°¸É¢¨Ö ´  ³ £´¨É´Ò¥ ³μ³¥´ÉÒ Ö¤¥·. ‚ ¨§μ£´ÊÉÒÌ ±·¨¸É ²² Ì ´ ²¨Î¨¥ É ±μ£μ ¢μ§-
¤¥°¸É¢¨Ö ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ¢ § ¢¨¸ÖÐ¥° μÉ ¸¶¨´  Î ¸É¨ μ¶¥· Éμ·  ¢§ ¨³μ¤¥°¸É¢¨Ö
Î ¸É¨ÍÒ ¸ ¢´¥Ï´¨³ ¶μ²¥³ ¸² £ ¥³μ£μ, ±μÉμ·μ¥ ¢ ¸¨¸É¥³¥ μÉ¸Î¥É , ¢· Ð ÕÐ¥°¸Ö ¢³¥¸É¥
¸ Î ¸É¨Í¥°, · ¢´μ I · ωa [15].

�¶¥· Éμ· É¥´§μ·  ±¢ ¤·Ê¶μ²Ó´μ£μ ³μ³¥´É  μ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

Qij =
3Q

2I(2I − 1)

[
IiIj + IjIi −

2
3
I(I + 1)δij

]
, (8)

£¤¥ I Å ¸¶¨´ Î ¸É¨ÍÒ (I � 1); Ii Å ¶·μ¥±Í¨¨ μ¶¥· Éμ·  ¸¶¨´ ; Q Å ±¢ ¤·Ê¶μ²Ó-
´Ò° ³μ³¥´É. �´¥·£¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö, μ¡Ê¸²μ¢²¥´´ Ö Ô²¥±É·¨Î¥¸±¨³¨ ±¢ ¤·Ê¶μ²Ó´Ò³¨
³μ³¥´É ³¨ Ö¤¥·, ¨³¥¥É ¢¨¤

Vq =
1
6
Qxx

∂2Φ(x)
∂x2

=
a

6
Qxx. (9)

‡ ¢¨¸ÖÐ Ö μÉ ¸¶¨´  Î ¸ÉÓ Ô´¥·£¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö (9) · ¢´ 

V =
aQ

2I(2I − 1)
I2
x. (10)

„²Ö · ¸¸³ É·¨¢ ¥³μ° § ¤ Î¨ ·¥²ÖÉ¨¢¨¸É¸±¨³¨ ¶μ¶· ¢± ³¨ ± ÔÉμ° Ëμ·³Ê²¥ ³μ¦´μ ¶·¥-
´¥¡·¥ÎÓ.

�¥§Ê²ÓÉ¨·ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö μ¶¥· Éμ·  ƒ ³¨²ÓÉμ´  Î ¸É¨ÍÒ ¢μ ¢´¥Ï´¥³ ¶μ²¥ ¢
¸¨¸É¥³¥ μÉ¸Î¥É , ¢· Ð ÕÐ¥°¸Ö ¢³¥¸É¥ ¸ Î ¸É¨Í¥°, ¨³¥¥É ¢¨¤

H = H0 + Iz(ωa)z +
aQ

2I(2I − 1)
I2
x. (11)
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2. ��‡ˆ‘�›… “��‚�…�ˆŸ

�μ²Ö·¨§ Í¨Ö Î ¸É¨Í (Ö¤¥·) μ¶¨¸Ò¢ ¥É¸Ö É·¥Ì±μ³¶μ´¥´É´Ò³ ¢¥±Éμ·μ³ ¶μ²Ö·¨§ Í¨¨ P
¨ ¨³¥ÕÐ¨³ ¶ÖÉÓ ´¥§ ¢¨¸¨³ÒÌ ±μ³¶μ´¥´É É¥´§μ·μ³ ¶μ²Ö·¨§ Í¨¨ Pij :

Pi =
〈Ii〉
I

, Pij =
3〈IiIj + IjIi〉 − 2I(I + 1)δij

2I(2I − 1)
, (12)

£¤¥ Pij = Pji ¨ Pxx+Pyy+Pzz = 1. “£²μ¢Ò¥ ¸±μ¡±¨ μ¡μ§´ Î ÕÉ Ê¸·¥¤´¥´¨¥ ¶μ  ´¸ ³¡²Õ
Î ¸É¨Í,   i, j μ¡μ§´ Î ÕÉ ¶·μ¥±Í¨¨ ´  μ¸¨ x, y, z.

‚ · ¡μÉ Ì [7,13] ¨ ¢ · ¡μÉ¥  ¢Éμ·  [22], É ±¦¥ ¶μ¸¢ÖÐ¥´´μ° ¨¸¸²¥¤μ¢ ´¨Õ ¤¨´ ³¨±¨
¸¶¨´  Î ¸É¨Í ¢ ¸·¥¤¥, μ¡Ê¸²μ¢²¥´´μ° ¢§ ¨³μ¤¥°¸É¢¨¥³ ³ £´¨É´μ£μ ¤¨¶μ²Ó´μ£μ ¨ Ô²¥±É·¨-
Î¥¸±μ£μ ±¢ ¤·Ê¶μ²Ó´μ£μ ³μ³¥´Éμ¢ ¸ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³, § ¤ Î  ·¥Ï ² ¸Ó ¶ÊÉ¥³  ´ ²¨§ 
μ¶¥· Éμ·´ÒÌ Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¸¶¨´ . ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ¡²¥³Ò
³Ò ¨¸¶μ²Ó§Ê¥³ ¤·Ê£μ° Ìμ·μÏμ ¨§¢¥¸É´Ò° ³¥Éμ¤ ±¢ ´Éμ¢μ° ³¥Ì ´¨±¨, ¡ §¨·ÊÕÐ¨°¸Ö ´ 
¨¸¶μ²Ó§μ¢ ´¨¨ ¸¶¨´μ¢ÒÌ  ³¶²¨ÉÊ¤ ¨ Ê· ¢´¥´¨Ö ¤²Ö ³ É·¨Î´μ£μ £ ³¨²ÓÉμ´¨ ´  [23]. �ÉμÉ
³¥Éμ¤ ¡Ò² Ê¸¶¥Ï´μ ¶·¨³¥´¥´ ¤²Ö μ¶¨¸ ´¨Ö ¤¨´ ³¨±¨ ¸¶¨´ , μ¡Ê¸²μ¢²¥´´μ° É¥´§μ·-
´Ò³¨ Ô²¥±É·¨Î¥¸±μ° ¨ ³ £´¨É´μ° ¶μ²Ö·¨§Ê¥³μ¸ÉÖ³¨ Î ¸É¨Í ¨ Ö¤¥·, ¢ ´ ±μ¶¨É¥²Ó´ÒÌ
±μ²ÓÍ Ì [12, 15, 16]. ‘· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ÔÉ¨³ ³¥Éμ¤μ³, ¸ ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¨³¨ ·¥§Ê²ÓÉ É ³¨, · ´¥¥ ¶μ²ÊÎ¥´´Ò³¨ ¢ · ¡μÉ Ì [9, 10, 24Ä27] ¶ÊÉ¥³ ·¥Ï¥´¨Ö μ¶¥· -
Éμ·´ÒÌ Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¸¶¨´ , ¶μ± § ²μ ¨Ì ¶μ²´ÊÕ ¸μ¢³¥¸É¨³μ¸ÉÓ [15]. ‚ Éμ ¦¥
¢·¥³Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ³¥Éμ¤  ¸¶¨´μ¢ÒÌ  ³¶²¨ÉÊ¤ § Î ¸ÉÊÕ ¸ÊÐ¥¸É¢¥´´μ Ê¶·μÐ ¥É  ´ ²¨§
¤¨´ ³¨±¨ ¸¶¨´ , ¶μ¸±μ²Ó±Ê Ô¢μ²ÕÍ¨Ö É·¥Ì±μ³¶μ´¥´É´μ° ¸¶¨´μ¢μ° ¢μ²´μ¢μ° ËÊ´±Í¨¨
( ´ ²μ£  ¤¢ÊÌ±μ³¶μ´¥´É´μ£μ ¸¶¨´μ·  ¤²Ö Î ¸É¨Í ¸μ ¸¶¨´μ³ 1/2) · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¶·μÐ¥,
Î¥³ Ô¢μ²ÕÍ¨Ö É·¥Ì ±μ³¶μ´¥´É ¢¥±Éμ·  ¶μ²Ö·¨§ Í¨¨ ¨ ¶ÖÉ¨ ´¥§ ¢¨¸¨³ÒÌ ±μ³¶μ´¥´É É¥´-
§μ·  ¶μ²Ö·¨§ Í¨¨.

ˆ§¢¥¸É´μ, ÎÉμ Ëμ·³ ²¨§³, ¡ §¨·ÊÕÐ¨°¸Ö ´  ¤¢ÊÌ±μ³¶μ´¥´É´ÒÌ ¸¶¨´μ· Ì ¨ ³ É·¨Í Ì
� Ê²¨, ¶·¨³¥´¨³ ¤²Ö μ¶¨¸ ´¨Ö ¢· Ð¥´¨Ö ¢¥±Éμ·  ¶μ²Ö·¨§ Í¨¨ Î ¸É¨Í ¸ ²Õ¡Ò³ ¸¶¨´μ³.
�´ ²μ£¨Î´μ, ¨¸¶μ²Ó§μ¢ ´¨¥ É·¥Ì±μ³¶μ´¥´É´ÒÌ ¸¶¨´μ¢ÒÌ ¢μ²´μ¢ÒÌ ËÊ´±Í¨° ¶μ§¢μ²Ö¥É
 ¤¥±¢ É´μ μ¶¨¸Ò¢ ÉÓ Ô¢μ²ÕÍ¨Õ ¢¥±Éμ·´μ° ¨ É¥´§μ·´μ° ¶μ²Ö·¨§ Í¨¨ Î ¸É¨Í ¸μ ¸¶¨´μ³
I � 3/2, ¥¸²¨ Éμ²Ó±μ ¢Ò¸Ï¨¥ ³Ê²ÓÉ¨¶μ²Ó´Ò¥ ³μ³¥´ÉÒ, ¸μ¤¥·¦ Ð¨¥ ¶·μ¨§¢¥¤¥´¨Ö É·¥Ì
¨ ¡μ²¥¥ ¸¶¨´μ¢ÒÌ ³ É·¨Í, ´¥ ¶·¨´¨³ ÕÉ¸Ö ¢μ ¢´¨³ ´¨¥.

“· ¢´¥´¨¥ ¤²Ö ³ É·¨Î´μ£μ £ ³¨²ÓÉμ´¨ ´  H , μ¶¨¸Ò¢ ÕÐ¥¥ Ô¢μ²ÕÍ¨Õ ¸¶¨´μ¢μ° ¢μ²-
´μ¢μ° ËÊ´±Í¨¨ Ψ, ¨³¥¥É ¢¨¤

i
dΨ
dt

= HΨ, Ψ =

⎛
⎝ C1(t)

C0(t)
C−1(t)

⎞
⎠ , Hij = 〈i|H|j〉, (13)

£¤¥ H Å ³ É·¨Í  3 × 3; ¥¥ ±μ³¶μ´¥´ÉÒ Hij Å ÔÉμ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ μ¶¥· Éμ· 
ƒ ³¨²ÓÉμ´  H;  ³¶²¨ÉÊ¤Ò Ci Ì · ±É¥·¨§ÊÕÉ ¸μ¸ÉμÖ´¨Ö ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¶·μ¥±Í¨¥°
¸¶¨´  ´  ¨§¡· ´´μ¥ ´ ¶· ¢²¥´¨¥ (μ¸Ó z) ¨ i, j = 1, 0,−1.

Š ± ¶· ¢¨²μ, ³ É·¨Î´Ò° £ ³¨²ÓÉμ´¨ ´ ¸μ¢¶ ¤ ¥É ¸ μ¶¥· Éμ·μ³ ƒ ³¨²ÓÉμ´ , ¶·¥¤¸É -
¢²¥´´Ò³ ¢ ³ É·¨Î´μ° Ëμ·³¥. �Éμ ¸μ¢¶ ¤¥´¨¥ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ Éμ£μ μ¡¸ÉμÖÉ¥²Ó¸É¢ ,
ÎÉμ ¨¸¶μ²Ó§Ê¥³Ò° μ¶¥· Éμ· ƒ ³¨²ÓÉμ´  ´¥ § ¢¨¸¨É μÉ ±μμ·¤¨´ É [16].
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Œ É·¨Î´Ò° £ ³¨²ÓÉμ´¨ ´ ¤²Ö ¨¸¸²¥¤Ê¥³μ£μ ¸²ÊÎ Ö ¨³¥¥É É ±μ° ¦¥ ¢¨¤, ± ± ¢ · ¡μ-
É Ì [12,15,16]:

H =

⎛
⎝ E0+ω0+A 0 A

0 E0+2A 0
A 0 E0−ω0+A

⎞
⎠ , (14)

£¤¥ E0 Å ´Ê²¥¢μ° Ê·μ¢¥´Ó Ô´¥·£¨¨, ω0 ≡ (ωa)z. „²Ö · ¸¸³ É·¨¢ ¥³μ° § ¤ Î¨

A =
aQ

4I(2I − 1)
. (15)

Š ± ¸²¥¤Ê¥É ¨§ ·¥§Ê²ÓÉ Éμ¢ ¶·¥¤Ò¤ÊÐ¥£μ · §¤¥² , ¤²Ö ´¥·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· ¢¥²¨Î¨´ 
ω0 ¶μ ³μ¤Ê²Õ ¶·¨¡²¨§¨É¥²Ó´μ · ¢´  Ê£²μ¢μ° ¸±μ·μ¸É¨ ¢· Ð¥´¨Ö ¥¤¨´¨Î´μ£μ ¢¥±Éμ·  N,
μ¶·¥¤¥²ÖÕÐ¥£μ ´ ¶· ¢²¥´¨¥ ¢¥±Éμ·  ¨³¶Ê²Ó¸ .

ŒÒ · ¸¸³ É·¨¢ ¥³ ¸²ÊÎ °, ±μ£¤  Î ¸É¨Í  ¨²¨ Ö¤·μ ¨³¥¥É Ë¨±¸¨·μ¢ ´´ÊÕ ¶·μ¥±Í¨Õ
¸¶¨´  (Il = +1, 0 ¨²¨ −1) ´  ¢Ò¤¥²¥´´μ¥ ´ ¶· ¢²¥´¨¥ l, μ¶·¥¤¥²Ö¥³μ¥ ¸Ë¥·¨Î¥¸±¨³¨
Ê£² ³¨ θ ¨ ψ. ‘μ¡¸É¢¥´´Ò¥ ¢μ²´μ¢Ò¥ ËÊ´±Í¨¨ ¸μ¸ÉμÖ´¨° ¸ Ë¨±¸¨·μ¢ ´´Ò³¨ ¶·μ¥±Í¨Ö³¨
¸¶¨´  ´  μ¸Ó l μ¶·¥¤¥²ÖÕÉ¸Ö ¸μμÉ´μÏ¥´¨Ö³¨ [12]

ψ−1 = eiα1

⎛
⎝ − sin2 (θ/2) e−iψ

√
2 sin (θ/2) cos (θ/2)
− cos2 (θ/2) eiψ

⎞
⎠ , ψ0 =

1√
2

eiα2

⎛
⎝ − sin θ e−iψ

√
2 cos θ

sin θ eiψ

⎞
⎠ ,

ψ1 = eiα3

⎛
⎝ cos2 (θ/2) e−iψ

√
2 sin (θ/2) cos (θ/2)

sin2 (θ/2) eiψ

⎞
⎠ ,

(16)

£¤¥ α1, α2 ¨ α3 Å ¶·μ¨§¢μ²Ó´Ò¥ Ë §Ò.
‡ ¢¨¸¨³μ¸ÉÓ ±μ³¶μ´¥´É ¢¥±Éμ·  ¨ É¥´§μ·  ¶μ²Ö·¨§ Í¨¨ μÉ É·¥Ì ±μ³¶μ´¥´É ¸¶¨´μ¢μ°

¢μ²´μ¢μ° ËÊ´±Í¨¨ μ¶·¥¤¥²Ö¥É¸Ö Ê· ¢´¥´¨Ö³¨

Px =
1√
2
(C1C

∗
0 + C∗

1C0 + C0C
∗
−1 + C∗

0C−1),

Py =
i√
2
(C1C

∗
0 − C∗

1C0 + C0C
∗
−1 − C∗

0C−1), Pz = (C1C
∗
1 − C−1C

∗
−1),

Pxx =
3
2
(C1C

∗
−1 + C∗

1C−1 + C0C
∗
0 ) − 1

2
,

Pyy = −3
2
(C1C

∗
−1 + C∗

1C−1 − C0C
∗
0 ) − 1

2
,

Pzz = C1C
∗
1 − 2C0C

∗
0 + C−1C

∗
−1, Pxy = i

3
2
(C1C

∗
−1 − C∗

1C−1),

Pxz =
3

2
√

2
(C1C

∗
0 + C∗

1C0 − C0C
∗
−1 − C∗

0C−1),

Pyz = i
3

2
√

2
(C1C

∗
0 − C∗

1C0 − C0C
∗
−1 + C∗

0C−1).

(17)

� ¸¸³ É·¨¢ ¥³ Ö § ¤ Î  Ô±¢¨¢ ²¥´É´  ¨¸¸²¥¤μ¢ ´´μ° ¢ [12], ¨ ³Ò ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ
¶μ²ÊÎ¥´´Ò¥ É ³ ·¥§Ê²ÓÉ ÉÒ.
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3. �‚�‹	–ˆŸ ‘�ˆ�� —�‘’ˆ– ˆ Ÿ„…�

� ¨²ÊÎÏ¨¥ Ê¸²μ¢¨Ö ¤²Ö ¨§³¥·¥´¨Ö ±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´Éμ¢ ´¥¸É ¡¨²Ó´ÒÌ Ö¤¥· ¤μ-
¸É¨£ ÕÉ¸Ö ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¶ÊÎ±μ¢ Ö¤¥· ¸ ´ Î ²Ó´μ° É¥´§μ·´μ° ¶μ²Ö·¨§ Í¨¥°. ‚ ÔÉμ³
¸²ÊÎ ¥ ³μ¦´μ μ£· ´¨Î¨ÉÓ¸Ö · ¸¸³μÉ·¥´¨¥³ ¶ÊÎ±μ¢ ¸ ´Ê²¥¢μ° ¶·μ¥±Í¨¥° ¸¶¨´  ´  ¢Ò¤¥-
²¥´´μ¥ ´ ¶· ¢²¥´¨¥. Šμ£¤  ÔÉμ ´ ¶· ¢²¥´¨¥ μ¶·¥¤¥²Ö¥É¸Ö ¸Ë¥·¨Î¥¸±¨³¨ Ê£² ³¨ θ ¨ ψ,
´ Î ²Ó´ Ö ¶μ²Ö·¨§ Í¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ´μÏ¥´¨Ö³¨

P(0) = 0, Pxx(0) = 1 − 3 sin2 θ cos2 ψ, Pyy(0) = 1 − 3 sin2 θ sin2 ψ,

Pzz(0) = 1 − 3 cos2 θ, Pxy(0) = −3
2

sin2 θ sin (2ψ), (18)

Pxz(0) = −3
2

sin (2θ) cosψ, Pyz(0) = −3
2

sin (2θ) sinψ.

�¡Ð¥¥ Ê· ¢´¥´¨¥, μ¶¨¸Ò¢ ÕÐ¥¥ Ô¢μ²ÕÍ¨Õ ¢¥±Éμ·  ¶μ²Ö·¨§ Í¨¨, ¨³¥¥É ¢¨¤ [12]

Px(t)=sin (2θ)
{
−

[
cos (ω′t) sin ψ+

ω0

ω′ sin (ω′t) cosψ
]
sin (At)+

A
ω′ sin (ω′t) cos (At) sin ψ

}
,

Py(t)=sin (2θ)
{[

cos (ω′t) cosψ − ω0

ω′ sin (ω′t) sinψ
]
sin (At)+

A
ω′ sin (ω′t) cos (At) cosψ

}
,

(19)

Pz(t)=−2A
ω′ sin2 θ sin (ω′t)

[
cos (ω′t) sin (2ψ) +

ω0

ω′ sin (ω′t) cos (2ψ)
]
,

£¤¥

ω′ =
√

ω2
0 + A2. (20)

‚ ¶·¥¤¥²Ó´μ³ ¸²ÊÎ ¥ At � 1 ¤²Ö ± ´ ²¨·μ¢ ´¨Ö ¢ ¨§μ£´ÊÉμ³ ±·¨¸É ²²¥, ¶·¥´¥¡·¥£ Ö
A2 ¶μ ¸· ¢´¥´¨Õ ¸ ω2

0 , ´ Ìμ¤¨³

Px(t) = A sin (2θ)
[
−t sin (ω0t + ψ) +

1
ω0

sin (ω0t) sin ψ

]
,

Py(t) = A sin (2θ)
[
t cos (ω0t + ψ) +

1
ω0

sin (ω0t) cosψ

]
, (21)

Pz(t) = −2A
ω0

sin2 θ sin (ω0t) sin (ω0t + 2ψ).

�·¨ ± ´ ²¨·μ¢ ´¨¨ ¢ ¶·Ö³μ³ ±·¨¸É ²²¥ ω0 = 0, ¨¸¶μ²Ó§ÊÖ ¸μμÉ´μÏ¥´¨Ö (18) ¤²Ö
´ Î ²Ó´μ° ¶μ²Ö·¨§ Í¨¨, ³μ¦´μ ¶·¨¢¥¸É¨ Ê· ¢´¥´¨¥ (19) ± ¢¨¤Ê

Px(t) = 0, Py(t) = −2
3
Pxz(0) sin (2At), Pz(t) =

2
3
Pxy(0) sin (2At). (22)

“· ¢´¥´¨Ö (19), (22) ¶μ± §Ò¢ ÕÉ, ÎÉμ ¤²Ö ¶ÊÎ±  ¸ ´ Î ²Ó´μ° É¥´§μ·´μ° (¨ ´Ê²¥¢μ°
¢¥±Éμ·´μ°) ¶μ²Ö·¨§ Í¨¥° ¨³¥¥É ³¥¸Éμ μ¶¨¸ ´´Ò° ¢ [7] ÔËË¥±É ¶μÖ¢²¥´¨Ö ¢¥±Éμ·´μ° ¶μ-
²Ö·¨§ Í¨¨ ¶·¨ ¶²μ¸±μ¸É´μ³ ± ´ ²¨·μ¢ ´¨¨. ‚¥±Éμ· ¶μ²Ö·¨§ Í¨¨ ¶·¨μ¡·¥É ¥É ´¥´Ê²¥¢Ò¥
¶·μ¥±Í¨¨ ´  É·¨ ¤¥± ·Éμ¢Ò μ¸¨ ¤²Ö ¨§μ£´ÊÉÒÌ ¨ ´  μ¸¨ y, z ¤²Ö ¶·Ö³ÒÌ ±·¨¸É ²²μ¢.
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Šμ£¤  ´ Î ²Ó´ Ö ¶μ²Ö·¨§ Í¨Ö ¶ÊÎ±  Ö¢²Ö¥É¸Ö ¢¥±Éμ·´μ° ¨ ¥¥ ´ ¶· ¢²¥´¨¥ μ¶·¥¤¥²Ö-
¥É¸Ö ¸Ë¥·¨Î¥¸±¨³¨ Ê£² ³¨ θ ¨ ψ, ¨³¥ÕÉ ³¥¸Éμ ¸²¥¤ÊÕÐ¨¥ ¸μμÉ´μÏ¥´¨Ö:

Px(0) = sin θ cosψ, Py(0) = sin θ sin ψ, Pz(0) = cos θ,

Pxx(0) =
3
2

sin2 θ cos2 ψ − 1
2
, Pyy(0) =

3
2

sin2 θ sin2 ψ − 1
2
,

Pzz(0) =
3
2

cos2 θ − 1
2
, Pxy(0) =

3
4

sin2 θ sin (2ψ),

Pxz(0) =
3
4

sin (2θ) cosψ, Pyz(0) =
3
4

sin (2θ) sin ψ.

(23)

�£· ´¨Î¨³¸Ö ¨¸¸²¥¤μ¢ ´¨¥³ Ô¢μ²ÕÍ¨¨ z-±μ³¶μ´¥´ÉÒ ¢¥±Éμ·  ¶μ²Ö·¨§ Í¨¨. ‚ μ¡Ð¥³
¸²ÊÎ ¥ [12]

Pz(t) =
[
1 − 2A2

ω′2 sin2 (ω′t)
]

cos θ+

+
A
ω′ sin2 θ sin (ω′t)

[
cos (ω′t) sin (2ψ) +

ω0

ω′ sin (ω′t) cos (2ψ)
]
. (24)

‹¥£±μ ¢¨¤¥ÉÓ, ÎÉμ ¤²Ö ¢¥±Éμ·´μ° ¶μ²Ö·¨§ Í¨¨ ÔËË¥±É ¢ ¤¢  · §  ³¥´ÓÏ¥, Î¥³ ¤²Ö É¥´-
§μ·´μ°, ¨ ¨³¥¥É ¶·μÉ¨¢μ¶μ²μ¦´Ò° §´ ±.

„²Ö ± ´ ²¨·μ¢ ´¨Ö ¢ ¨§μ£´ÊÉμ³ ±·¨¸É ²²¥ ¶·¨ At � 1

Pz(t) = cos θ +
A
ω0

sin2 θ sin (ω0t) sin (ω0t + 2ψ). (25)

„²Ö ± ´ ²¨·μ¢ ´¨Ö ¢ ¶·Ö³μ³ ±·¨¸É ²²¥

Pz(t) = Pz(0) cos (2At) +
2
3
Pxy(0) sin (2At). (26)

‚ ÔÉμ³ ¸²ÊÎ ¥ ¶μ³¨³μ μ¸Í¨²²ÖÍ¨° ¸¶¨´  [7,13] ¶μÖ¢²Ö¥É¸Ö ¤μ¶μ²´¨É¥²Ó´ Ö ¢¥±Éμ·´ Ö
¶μ²Ö·¨§ Í¨Ö. …¸²¨ ¶ÊÎμ± ¨³¥¥É ´ Î ²Ó´ÊÕ £μ·¨§μ´É ²Ó´ÊÕ ¢¥±Éμ·´ÊÕ ¶μ²Ö·¨§ Í¨Õ (θ =
π/2), Éμ ± ± ¢ ¨§μ£´ÊÉÒÌ, É ± ¨ ¢ ¶·Ö³ÒÌ ±·¨¸É ²² Ì μ´ ¶·¨μ¡·¥É ¥É ¨ ¢¥·É¨± ²Ó´ÊÕ
¢¥±Éμ·´ÊÕ ¶μ²Ö·¨§ Í¨Õ.

“· ¢´¥´¨Ö (22), (26) ¶μ²´μ¸ÉÓÕ ¸μ£² ¸ÊÕÉ¸Ö ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ Ê· ¢´¥´¨Ö³¨, ¢Ò¢¥-
¤¥´´Ò³¨ ¢ [7]. ’ ±¨³ μ¡· §μ³, ¶· ¢¨²Ó´μ¸ÉÓ ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ¢ ÔÉμ° · ¡μÉ¥, ¶μ¤-
É¢¥·¦¤¥´  ¶·¨ ¶μ³μÐ¨ ³¥Éμ¤ , ¶·¨´Í¨¶¨ ²Ó´μ μÉ²¨Î ÕÐ¥£μ¸Ö μÉ ¨¸¶μ²Ó§μ¢ ´´μ£μ ¢ [7].

4. ��‘“†„…�ˆ… �…‡“‹œ’�’�‚ ˆ ‚›‚�„›

�´ ²¨§¨·Ê¥³Ò¥ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ÔËË¥±ÉÒ ¨³¥ÕÉ ³¥¸Éμ ± ± ¤²Ö ¨§μ£´ÊÉÒÌ, É ± ¨
¤²Ö ¶·Ö³ÒÌ ±·¨¸É ²²μ¢. �¤´ ±μ ¨¸¶μ²Ó§μ¢ ´¨¥ ¨§μ£´ÊÉÒÌ ±·¨¸É ²²μ¢ ¨³¥¥É Éμ ¢ ¦´μ¥
¶·¥¨³ÊÐ¥¸É¢μ, ÎÉμ ¶μ§¢μ²Ö¥É ¶μÎÉ¨ ¨¸±²ÕÎ¨ÉÓ ·¥£¨¸É· Í¨Õ ¢ ¶μ²Ö·¨³¥É·¥ ±¢ §¨± ´ -
²¨·μ¢ ´´ÒÌ ¨ ¤¥± ´ ²¨·μ¢ ´´ÒÌ Ö¤¥·. ’ ±¨¥ Ö¤·  ¨³¥ÕÉ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏÊÕ ¶μ¶¥-
·¥Î´ÊÕ Ô´¥·£¨Õ ¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ ¶¥·¥¸¥± ÕÉ ·Ö¤ ¶²μ¸±μ¸É¥° ±·¨¸É ²² . �μ¸±μ²Ó±Ê
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¢¥²¨Î¨´  ∂2Φ(x)/∂x2 ¶·μ¶μ·Í¨μ´ ²Ó´  ¶²μÉ´μ¸É¨ § ·Ö¤  ¢ ±·¨¸É ²²¥ ρ(x),   ¸·¥¤´¨°
§ ·Ö¤ ¢ ±·¨¸É ²²¥ · ¢¥´ ´Ê²Õ, Éμ μÎ¥¢¨¤´μ, ÎÉμ ¸·¥¤´¥¥ §´ Î¥´¨¥ ¤ ´´μ° ¢¥²¨Î¨´Ò ¤²Ö
± ´ ²¨·μ¢ ´´ÒÌ, ±¢ §¨± ´ ²¨·μ¢ ´´ÒÌ ¨ ¤¥± ´ ²¨·μ¢ ´´ÒÌ Ö¤¥· μÎ¥´Ó ¸¨²Ó´μ · §²¨Î -
¥É¸Ö. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¤²Ö ±¢ §¨± ´ ²¨·μ¢ ´´ÒÌ Ö¤¥· ¸·¥¤´¥¥ §´ Î¥´¨¥ ¢¥²¨Î¨´Ò
∂2Φ(x)/∂x2 ´¥ · ¢´μ ´Ê²Õ ¢¸²¥¤¸É¢¨¥ § ¢¨¸¨³μ¸É¨ ¸±μ·μ¸É¨ ¶μ¶¥·¥Î´μ£μ ¤¢¨¦¥´¨Ö μÉ
x. ˆ¸±²ÕÎ¥´¨¥ ±¢ §¨± ´ ²¨·μ¢ ´´ÒÌ ¨ ¤¥± ´ ²¨·μ¢ ´´ÒÌ Ö¤¥· ¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ ¥É
¸¨¸É¥³ É¨Î¥¸±ÊÕ μÏ¨¡±Ê. •μÉÖ ±¢ §¨± ´ ²¨·μ¢ ´´Ò¥ Ö¤·  ³μ£ÊÉ ¢¥·´ÊÉÓ¸Ö ¢ ·¥¦¨³
± ´ ²¨·μ¢ ´¨Ö (É ± ´ §Ò¢ ¥³Ò° μ¡Ñ¥³´Ò° ¢μ§¢· É), ¨Ì Î¨¸²μ ¸· ¢´¨É¥²Ó´μ ´¥¢¥²¨±μ.
�É³¥É¨³ É ±¦¥, ÎÉμ, ¶μ¸±μ²Ó±Ê ¢ ·¥ ²Ó´ÒÌ ±·¨¸É ²² Ì ¢¥²¨Î¨´  ∂2Φ(x)/∂x2 § ¢¨¸¨É μÉ
x ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ¸É¨ § ·Ö¤ , ¸·¥¤´¨¥ §´ Î¥´¨Ö ÔÉμ° ¢¥²¨Î¨´Ò
¤²Ö ± ´ ²¨·μ¢ ´¨Ö ¢ ¶·Ö³ÒÌ ¨ ¨§μ£´ÊÉÒÌ ±·¨¸É ²² Ì ³μ£ÊÉ ´¥¸±μ²Ó±μ · §²¨Î ÉÓ¸Ö.

�μ²ÊÎ¥´´Ò¥ ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ Ëμ·³Ê²Ò ¤ ÕÉ ¤¥É ²Ó´μ¥ μ¶¨¸ ´¨¥ Ô¢μ²ÕÍ¨¨
¸¶¨´  Î ¸É¨Í ¨ Ö¤¥· ¸μ ¸¶¨´μ³ I � 1 ¢ ¶·Ö³ÒÌ ¨ ¨§μ£´ÊÉÒÌ ±·¨¸É ²² Ì. �ÊÎμ± Ö¤¥·
(Î ¸É¨Í) ¸ ´ Î ²Ó´μ° É¥´§μ·´μ° ¶μ²Ö·¨§ Í¨¥° (¨ ´Ê²¥¢μ° ¢¥±Éμ·´μ°) ¶·¨ ¶²μ¸±μ¸É´μ³
± ´ ²¨·μ¢ ´¨¨ ± ± ¢ ¶·Ö³ÒÌ, É ± ¨ ¢ ¨§μ£´ÊÉÒÌ ±·¨¸É ²² Ì ¶·¨μ¡·¥É ¥É ¢¥±Éμ·´ÊÕ
¶μ²Ö·¨§ Í¨Õ. �·¨´Í¨¶¨ ²Ó´μ ¢ ¦´μ, ÎÉμ ¤ ´´Ò° ÔËË¥±É, ¶·¥¤¸± § ´´Ò° ¢ [7], ´¥ ³μ-
¦¥É ¡ÒÉÓ μ¡Ê¸²μ¢²¥´ μ¸É ÉμÎ´Ò³¨ ³ £´¨É´Ò³¨ ¶μ²Ö³¨ ¨ ¤·Ê£¨³¨ ¸¨¸É¥³ É¨Î¥¸±¨³¨
μÏ¨¡± ³¨ Ô±¸¶¥·¨³¥´É , ¶·¨¢μ¤ÖÐ¨³¨ ± ¢· Ð¥´¨Õ ¸¶¨´ , ¶μ¸±μ²Ó±Ê μ´μ ´¥ ¢¥¤¥É ±
¶μÖ¢²¥´¨Õ ¢¥±Éμ·´μ° ¶μ²Ö·¨§ Í¨¨ Ê É¥´§μ·´μ ¶μ²Ö·¨§μ¢ ´´μ£μ ¶ÊÎ± . �ÉμÉ ¨´É¥·¥¸´Ò°
ÔËË¥±É ³μ¦¥É ¡ÒÉÓ ¢¶¥·¢Ò¥ μ¡´ ·Ê¦¥´ ¶·¨ ¶²μ¸±μ¸É´μ³ ± ´ ²¨·μ¢ ´¨¨ ¶ÊÎ±μ¢ Ö¤¥·,
¶·¨Î¥³ ¤²Ö ¥£μ μ¡´ ·Ê¦¥´¨Ö ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¨ ¸É ¡¨²Ó´Ò¥ Ö¤· .

Šμ£¤  ¶μÖ¢²ÖÕÐ Ö¸Ö ¢¥·É¨± ²Ó´ Ö ¶μ²Ö·¨§ Í¨Ö ¤μ¸É ÉμÎ´μ ¢¥²¨±  (¶μ·Ö¤±  ¥¤¨-
´¨ÍÒ), ¨¸¶μ²Ó§μ¢ ´¨¥ ¶ÊÎ±μ¢ ¸ ´ Î ²Ó´μ° ¢¥±Éμ·´μ° ¶μ²Ö·¨§ Í¨¥° ³μ¦¥É ¡ÒÉÓ ¡μ²¥¥
¶·¥¤¶μÎÉ¨É¥²Ó´Ò³ ¤²Ö ¨§³¥·¥´¨Ö ±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´Éμ¢, ¶μ¸±μ²Ó±Ê ¶μ²ÊÎ¥´¨¥ ¢¥±-
Éμ·´μ-¶μ²Ö·¨§μ¢ ´´ÒÌ ¶ÊÎ±μ¢ Ö¤¥· Ö¢²Ö¥É¸Ö ¡μ²¥¥ ¶·μ¸Éμ° Ô±¸¶¥·¨³¥´É ²Ó´μ° § ¤ Î¥°.

�Î¥¢¨¤´μ, ÎÉμ ¤²Ö Ö¤¥· ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  ²¨³¨É¨·μ¢ ´  ¨Ì ¢·¥-
³¥´¥³ ¦¨§´¨. �ÊÎμ± Ö¤¥· ´¥μ¡Ìμ¤¨³μ Ê¸±μ·¨ÉÓ ¨ ¶·μ¶Ê¸É¨ÉÓ Î¥·¥§ ¡²μ± ±·¨¸É ²²μ¢
(¨²¨ μ¤¨´μÎ´Ò° ±·¨¸É ²²) ¨ ¶μ²Ö·¨³¥É·. …¸²¨ ¶ÊÎμ± Ê¸±μ·Ö¥É¸Ö ¤μ ¸±μ·μ¸É¥° ¶μ·Ö¤± 
107 ³/¸ ¨ ¸Ê³³ ·´ Ö ¤²¨´  Ê¸É ´μ¢±¨ ¸μ¸É ¢²Ö¥É μ¤¨´ ¨²¨ ´¥¸±μ²Ó±μ ³¥É·μ¢, Éμ ¢·¥³Ö
¦¨§´¨ Ö¤¥· ¶μ ¶μ·Ö¤±Ê ¢¥²¨Î¨´Ò ¤μ²¦´μ ¡ÒÉÓ 10−7 ¸ ¨ ¡μ²¥¥. �Î¥¢¨¤´μ, ÎÉμ ¶ÊÉ¥³
¨¸¶μ²Ó§μ¢ ´¨Ö ¶²μ¸±μ¸É´μ£μ ± ´ ²¨·μ¢ ´¨Ö ³μ¦´μ ¨§³¥·¨ÉÓ ±¢ ¤·Ê¶μ²Ó´Ò¥ ³μ³¥´ÉÒ
¡μ²¥¥ ±μ·μÉ±μ¦¨¢ÊÐ¨Ì Ö¤¥·, Î¥³ ¸ ¶μ³μÐÓÕ μ¶É¨Î¥¸±¨Ì ³¥Éμ¤μ¢.

�Í¥´¨³ ¢¥²¨Î¨´Ê ±¢ ¤·Ê¶μ²Ó´μ£μ ³μ³¥´É , ±μÉμ·Ò° ³μ¦´μ ¨§³¥·¨ÉÓ ¢ ¶·¥¤² £ ¥-
³μ³ Ô±¸¶¥·¨³¥´É¥. „²Ö ¸±μ·μ¸É¥° Ö¤¥· ¶μ·Ö¤±  107 ³/¸ ¨ ¸Ê³³ ·´μ° ¤²¨´Ò ±·¨¸É ²²μ¢
¶μ·Ö¤±  0,1 ³ t∼10−8 ¸. „²Ö ± ´ ²¨·μ¢ ´¨Ö ¢ ´ ¶· ¢²¥´¨¨, ¶¥·¶¥´¤¨±Ê²Ö·´μ³ ¶²μ¸±μ-
¸ÉÖ³ (110) ¢ ±·¨¸É ²²¥ ±·¥³´¨Ö, U0 = 22 Ô‚, dp = 1,92 · 10−10 ³ ¨ a = 4,8 · 1021 Ô‚/³2.
�±¸¶¥·¨³¥´É ²Ó´μ ³μ¦´μ ´ ¤¥¦´μ § ·¥£¨¸É·¨·μ¢ ÉÓ ¨ ¨§³¥·¨ÉÓ ¢¥·É¨± ²Ó´ÊÕ ¶μ²Ö·¨§ -
Í¨Õ ¶μ·Ö¤±  10 %. �·¨ Ê± § ´´ÒÌ Ê¸²μ¢¨ÖÌ É ± Ö ¶μ²Ö·¨§ Í¨Ö ¸μ§¤ ¥É¸Ö ±¢ ¤·Ê¶μ²Ó´Ò³
³μ³¥´Éμ³ ¶μ·Ö¤±  10−29 ³2, ¨²¨ 0,1 ¡. Š ± ¶· ¢¨²μ, ±¢ ¤·Ê¶μ²Ó´Ò¥ ³μ³¥´ÉÒ ´¥¸É ¡¨²Ó-
´ÒÌ Ö¤¥· ´  μ¤¨´ ¨²¨ ´¥¸±μ²Ó±μ ¶μ·Ö¤±μ¢ ¡μ²ÓÏ¥. ‚ ·¥§Ê²ÓÉ É¥ ¢¥·É¨± ²Ó´ Ö ¶μ²Ö-
·¨§ Í¨Ö ¶ÊÎ± , ¶·μÏ¥¤Ï¥£μ ±·¨¸É ²²Ò, μ± §Ò¢ ¥É¸Ö ¶μ·Ö¤±  ¥¤¨´¨ÍÒ. Š ± ¸²¥¤¸É¢¨¥,
±¢ ¤·Ê¶μ²Ó´Ò¥ ³μ³¥´ÉÒ ³μ£ÊÉ ¡ÒÉÓ ´ ¤¥¦´μ ¨§³¥·¥´Ò ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¶ÊÎ±μ¢ ± ± ¸
´ Î ²Ó´μ° É¥´§μ·´μ°, É ± ¨ ¸ ´ Î ²Ó´μ° ¢¥±Éμ·´μ° ¶μ²Ö·¨§ Í¨¥°. �É  μÍ¥´±  ¸μ£² ¸Ê-
¥É¸Ö ¸μ ¸¤¥² ´´μ° ¢ [7]. ’ ±¨³ μ¡· §μ³, ¢ ¶·¥¤² £ ¥³μ³ Ô±¸¶¥·¨³¥´É¥ ±¢ ¤·Ê¶μ²Ó´Ò¥
³μ³¥´ÉÒ ´¥¸É ¡¨²Ó´ÒÌ Ö¤¥·, Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì Ê± § ´´μ³Ê ¢ÒÏ¥ μ£· ´¨Î¥´¨Õ ´  ¢·¥³Ö
¦¨§´¨, ³μ£ÊÉ ¡ÒÉÓ ¨§³¥·¥´Ò ¸ ¤μ¸É ÉμÎ´μ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ. ˆ¸¶μ²Ó§μ¢ ´¨¥ ´Ê±²μ-
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É·μ´  �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¶ÊÎ±¨ Ö¤¥·,
¶ · ³¥É·Ò ±μÉμ·ÒÌ ¤¥² ÕÉ ¢μ§³μ¦´Ò³ ¶·μ¢¥¤¥´¨¥ ¤ ´´μ£μ Ô±¸¶¥·¨³¥´É .

�¢Éμ· ¢Ò· ¦ ¥É £²Ê¡μ±ÊÕ ¡² £μ¤ ·´μ¸ÉÓ ‚. ƒ. 	 ·ÒÏ¥¢¸±μ³Ê §  ¸¤¥² ´´Ò¥ § ³¥Î ´¨Ö
¨ μ¡¸Ê¦¤¥´¨¥ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢. � ¡μÉ  ¶μ¤¤¥·¦ ´  	¥²μ·Ê¸¸±¨³ ·¥¸¶Ê¡²¨± ´-
¸±¨³ Ëμ´¤μ³ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (£· ´É ”10„-001).

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. ƒ ´£·¸±¨° �. �. �¶É¨Î¥¸±¨¥ ³¥Éμ¤Ò ¢ ¨¸¸²¥¤μ¢ ´¨ÖÌ  Éμ³´ÒÌ Ö¤¥· // ‘μ·μ¸. μ¡· §μ¢. ¦Ê·´.
2000. ’. 6, º 8. C. 93Ä99.

2. � ·ÒÏ¥¢¸±¨° ‚. ƒ. ‚· Ð¥´¨¥ ¸¶¨´  Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í, ¶·μ²¥É ÕÐ¨Ì Î¥·¥§ ±·¨-
¸É ²² // �¨¸Ó³  ¢ †’”. 1979. ’. 5, ¢Ò¶. 3. ‘. 182Ä184.

3. Baryshevsky V. G. Spin Oscillations of High-Energy Particles (Nuclei) Passing through Matter and
the Possibility of Measuring the Spin-Dependent Part of the Amplitude of Zero-Angle Elastic
Coherent Scattering // J. Phys. G. 1993. V. 19, No. 2. P. 273Ä282.

4. ‹Õ¡μÏ¨Í ‚. ‹. �μ¢μ·μÉ ¸¶¨´  ¶·¨ μÉ±²μ´¥´¨¨ ·¥²ÖÉ¨¢¨¸É¸±μ° § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¢ Ô²¥±-
É·¨Î¥¸±μ³ ¶μ²¥ // Ÿ”. 1980. ’. 31, ¢Ò¶. 4. ‘. 702Ä708.

5. Chen D. et al. First Observation of Magnetic Moment Precession of Channeled Particles in Bent
Crystals // Phys. Rev. Lett. 1992. V. 69, No. 23. P. 3286Ä3289.

6. Khanzadeev A. V. et al. Experiment to Observe the Spin Precession of Channeled Relativistic
Sigma-Plus Hyperons // Nucl. Instr. Meth. B. 1996. V. 119, No. 5. P. 266Ä270.

7. � ·ÒÏ¥¢¸±¨° ‚. ƒ., ‘μ±μ²Ó¸±¨° �. �. � ¸ÊÐ¥¸É¢μ¢ ´¨¨ ÔËË¥±É  μ¸Í¨²²ÖÍ¨° ¶μ²Ö·¨§ Í¨¨ ¡Ò-
¸É·μ° ± ´ ²¨·μ¢ ´´μ° Î ¸É¨ÍÒ, μ¡Ê¸²μ¢²¥´´μ£μ ¥¥ ±¢ ¤·Ê¶μ²Ó´Ò³ ³μ³¥´Éμ³ // �¨¸Ó³  ¢
†’”. 1980. ’. 6, ¢Ò¶. 23. ‘. 1419Ä1421.

8. Baryshevsky V. G. Birefringence of Particles (Nuclei, Atoms) of Spin S � 1 in Matter // Phys. Lett.
A. 1992. V. 171, No. 5Ä6. P. 431Ä434.

9. Baryshevsky V., Shirvel A. The Deuteron (Nuclei) Birefringence Effect in a Matter and in an
Electric Field and the Searches for an EDM of a Deuteron (Nucleus) Rotating in a Storage Ring.
hep-ph/0503214. 2005.

10. Baryshevsky V. G. Deuteron Birefringence Effect in Matter and Electric Fields and Experiments for
Measurement of the EDM of Deuterons (Nuclei) Rotating in a Storage Ring // STORI 2005: Conf.
Proc. Schriften des Forschungszentrums Jéulich. Matter and Materials. 2005. V. 30. P. 227Ä230.

11. Baryshevsky V. G. Rotation of Particle Spin in a Storage Ring with a Polarized Beam and Measure-
ment of the Particle EDM, Tensor Polarizability and Elastic Zero-Angle Scattering Amplitude // J.
Phys. G: Nucl. Part. Phys. 2008. V. 35, No. 3. P. 035102.

12. Silenko A. J. Potential for Measurement of the Tensor Polarizabilities of Nuclei in Storage Rings
by the Frozen Spin Method // Phys. Rev. C. 2009. V. 80, No. 4. P. 044315.

13. Baryshevsky V. G., Shechtman A. G. Spin Oscillation and the Possibility of Quadrupole Moment
Measurement for Ω-hyperons Moving in a Crystal // Nucl. Instr. Meth. B. 1993. V. 83, No. 1Ä2.
P. 250Ä254.

14. Baryshevsky V. G., Gurinovich A. A. Spin Rotation and Oscillations of High Energy Particles in a
Crystal and Possibility to Measure the Quadrupole Moments and Tensor Polarizabilities of Elemen-
tary Particles and Nuclei // Nucl. Instr. Meth. B. 2006. V. 252, No. 1. P. 136Ä141.

15. Silenko A. J. Tensor Electric Polarizability of the Deuteron in Storage-Ring Experiments // Phys.
Rev. C. 2007. V. 75, No. 1. P. 014003.



ˆ§³¥·¥´¨¥ ±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´Éμ¢ ´¥¸É ¡¨²Ó´ÒÌ Ö¤¥· 625

16. Silenko A. J. Potential for Measurement of the Tensor Polarizabilities of Nuclei in Storage Rings
by the Frozen Spin Method // Phys. Rev. C. 2008. V. 77, No. 2. P. 021001.

17. Thomas L.H. The Motion of the Spinning Electron // Nature (London). 1926. V. 117, No. 2945.
P. 514.

18. Thomas L.H. The Kinematics of an Electron with an Axis // Philos. Mag. (Ser. 7). 1927. V. 3,
No. 13. P. 1Ä22.

19. Bargmann V., Michel L., Telegdi V. L. Precession of the Polarization of Particles Moving in a
Homogeneous Electromagnetic Field // Phys. Rev. Lett. 1959. V. 2, No. 10. P. 435Ä436.

20. ‘¨²¥´±μ �. Ÿ. Š¢ ´Éμ¢μ-³¥Ì ´¨Î¥¸±μ¥ μ¶¨¸ ´¨¥ ¶μ¢μ·μÉ  ¸¶¨´  Î ¸É¨Í ¶·¨ ± ´ ²¨·μ¢ ´¨¨ //
†�’”. 1995. ’. 107, º4. ‘. 1240Ä1246.

21. Silenko A. J. Equation of Spin Motion in Storage Rings in the Cylindrical Coordinate System //
Phys. Rev. ST Accel. Beams. 2006. V. 9, No. 3. P. 034003.

22. ‘¨²¥´±μ �. Ÿ. „¢¨¦¥´¨¥ ¸¶¨´  Î ¸É¨Í ¢ ´¥μ¤´μ·μ¤´μ³ Ô²¥±É·μ³ £´¨É´μ³ ¶μ²¥ // †�’”. 2003.
’. 123, ¢Ò¶. 5. ‘. 883Ä890.

23. Feynman R. P., Leighton R. B., Sands M. The Feynman Lectures on Physics. V. 2. Reading: Addison-
Wesley, 1964.

24. Baryshevsky V. G. Birefringence Effect in the Nuclear Pseudoelectric Field of Matter and an External
Electric Field for a Deuteron (Nucleus) Rotating in a Storage Ring. hep-ph/0504064. 2005.

25. Baryshevsky V. G., Gurinovich A. A. Spin Rotation and Birefringence Effect for a Particle in a
High Energy Storage Ring and Measurement of the Real Part of the Coherent Elastic Zero-Angle
Scattering Amplitude, Electric and Magnetic Polarizabilities. hep-ph/0506135. 2005.

26. Baryshevsky V.G. About In
uence of the Deuteron Electric and Magnetic Polarizabilities on Mea-
surement of the Deuteron EDM in a Storage Ring. hep-ph/0510158. 2005.

27. Baryshevsky V. G. Spin Rotation of Polarized Beams in High Energy Storage Ring. hep-ph/0603191.

2006.

�μ²ÊÎ¥´μ 23 ¸¥´ÉÖ¡·Ö 2010 £.


