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‚ ¤ ´´μ° · ¡μÉ¥ ¢ Ëμ·³ ²¨§³¥ „ ËË¨´ ÄŠ¥³³¥· Ä�¥ÉÓÕ ´  μ¸´μ¢¥ ±μ¢ ·¨ ´É´μ° ³μ¤¥²¨,
ÊÎ¨ÉÒ¢ ÕÐ¥° ´ ¢¥¤¥´´Ò¥ ¤¨¶μ²Ó´Ò¥ ³μ³¥´ÉÒ Î ¸É¨ÍÒ ¸¶¨´  ¥¤¨´¨Í , ¶μ²ÊÎ¥´Ò ·¥²ÖÉ¨¢¨¸É¸±¨-
¨´¢ ·¨ ´É´Ò¥ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨¥ ² £· ´¦¨ ´Ò ¢§ ¨³μ¤¥°¸É¢¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö ¸ ÔÉ¨³¨
³μ³¥´É ³¨. �μ± § ´μ, ÎÉμ ¢ ¶·¥¤²μ¦¥´´μ° ±μ¢ ·¨ ´É´μ° ³μ¤¥²¨ ¸ ÊÎ¥Éμ³ ¶¥·¥±·¥¸É´μ° ¸¨³³¥-
É·¨¨, § ±μ´μ¢ ¸μÌ· ´¥´¨Ö Î¥É´μ¸É¨ ¨ ± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸É¨ μ¶·¥¤¥²¥´´Ò¥ ¶μ²Ö·¨§Ê¥-
³μ¸É¨ Î ¸É¨ÍÒ ¸¶¨´  ¥¤¨´¨Í  ¢´μ¸ÖÉ ¢±² ¤ ¢ · §²μ¦¥´¨¥  ³¶²¨ÉÊ¤Ò ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö,
´ Î¨´ Ö ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶μ·Ö¤±μ¢ ¶μ Î ¸ÉμÉ¥ ¨§²ÊÎ¥´¨Ö ¢ ¸μ£² ¸¨¨ ¸ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨³¨
É¥μ·¥³ ³¨ ¤²Ö ÔÉμ£μ ¶·μÍ¥¸¸ .

In this paper we proposed a relativistic-invariant deˇnition of the polarizabilities of the vector
particle, which is based on the construction of a covariant induced dipole moments and phenomenological
effective Lagrangian of interaction of electromagnetic ˇelds with these moments. It is shown that in
the proposed model taking into account the cross-symmetry, the laws of conservation of parity and
gauge invariance of certain polarizability vector particles contribute to the expansion of the amplitude
of Compton scattering, since the relevant orders of the radiation frequency.
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�¨§±μÔ´¥·£¥É¨Î¥¸±¨¥ É¥μ·¥³Ò, ¢ μ¸´μ¢¥ ±μÉμ·ÒÌ ²¥¦ É μ¡Ð¨¥ ¶·¨´Í¨¶Ò ·¥²ÖÉ¨¢¨¸É-
¸±μ° ±¢ ´Éμ¢μ° É¥μ·¨¨ ¨ · §²μ¦¥´¨Ö  ³¶²¨ÉÊ¤Ò ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ¶μ Ô´¥·£¨¨
ËμÉμ´μ¢, ¨£· ÕÉ ¢ ¦´ÊÕ ·μ²Ó ¢ ¶μ´¨³ ´¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö ¸
Ô²¥³¥´É ·´Ò³¨ Î ¸É¨Í ³¨. �  μ¸´μ¢¥ ÔÉ¨Ì É¥μ·¥³ ¢μ§´¨± ¥É ¢μ§³μ¦´μ¸ÉÓ ¶μ¸²¥¤μ¢ -
É¥²Ó´μ£μ  ´ ²¨§  μ¶·¥¤¥²¥´´ÒÌ Ô²¥±É·μ¤¨´ ³¨Î¥¸±¨Ì ³μ¤¥²¥° ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ²Ö ¸
Ô²¥³¥´É ·´Ò³¨ Î ¸É¨Í ³¨ ¸ ÊÎ¥Éμ³ ¨Ì ¸É·Ê±ÉÊ·´μ¸É¨.

‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¡μ²ÓÏμ¥ ¢´¨³ ´¨¥ μÉ¢μ¤¨É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¨ É¥μ·¥É¨Î¥¸±¨³
¨¸¸²¥¤μ¢ ´¨Ö³ ¶μ²Ö·¨§Ê¥³μ¸É¥°  ¤·μ´μ¢ [1]. �μ²Ö·¨§Ê¥³μ¸É¨ μÉ· ¦ ÕÉ μ¸μ¡¥´´μ¸É¨
¸É·Ê±ÉÊ·´μ¸É¨ Î ¸É¨Í, ±μÉμ·Ò¥ ¶·μÖ¢²ÖÕÉ¸Ö ²¨¡μ ¶·¨ ±μ³¶Éμ´μ¢¸±μ³ · ¸¸¥Ö´¨¨ ·¥ ²Ó-
´ÒÌ ¨ ¢¨·ÉÊ ²Ó´ÒÌ ËμÉμ´μ¢, ²¨¡μ ¶·¨ É ±μ³ ¢§ ¨³μ¤¥°¸É¢¨¨ Î ¸É¨Í, ±μÉμ·μ¥ ¸¢Ö§ ´μ ¸
·μ¦¤¥´¨¥³ ËμÉμ´μ¢. Š ± ¨§¢¥¸É´μ, Ô²¥±É·¨Î¥¸± Ö ¨ ³ £´¨É´ Ö ¶μ²Ö·¨§Ê¥³μ¸É¨  ¤·μ´μ¢
¢ μ¸´μ¢´μ³ ¸Î¨É ÕÉ¸Ö ±μÔËË¨Í¨¥´É ³¨, ¶μ¸·¥¤¸É¢μ³ ±μÉμ·ÒÌ Ê¸É ´ ¢²¨¢ ¥É¸Ö ¶·μ¶μ·-
Í¨μ´ ²Ó´μ¸ÉÓ ³¥¦¤Ê ´ ¢¥¤¥´´Ò³¨ ¤¨¶μ²Ó´Ò³¨ ³μ³¥´É ³¨ ¸ ¢¥±Éμ· ³¨ ´ ¶·Ö¦¥´´μ¸É¥°
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Ô²¥±É·¨Î¥¸±μ£μ ¨ ³ £´¨É´μ£μ ¶μ²¥° [1]. �É¨ ¢¥²¨Î¨´Ò ¢´μ¸ÖÉ ¢±² ¤ ¢ ¸É·Ê±ÉÊ·Ò ¢Éμ·μ£μ
¶μ·Ö¤±  ¶μ Ô´¥·£¨¨ ËμÉμ´μ¢  ³¶²¨ÉÊ¤Ò ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ´   ¤·μ´ Ì [2].

„²Ö ¡μ²¥¥ ¤μ¸Éμ¢¥·´μ£μ μ¶·¥¤¥²¥´¨Ö ¶μ²Ö·¨§Ê¥³μ¸É¥°  ¤·μ´μ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ¤μ¸É -
ÉμÎ´μ Ï¨·μ±¨° ±² ¸¸ Ô²¥±É·μ¤¨´ ³¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢, ¢ ±μÉμ·ÒÌ ·¥ ²¨§Ê¥É¸Ö · ¸¸¥Ö´¨¥
·¥ ²Ó´ÒÌ ¨ ¢¨·ÉÊ ²Ó´ÒÌ ËμÉμ´μ¢,   É ±¦¥ ¤¢ÊÌËμÉμ´´μ¥ ·μ¦¤¥´¨¥ ¢  ¤·μ´- ¤·μ´´ÒÌ
¢§ ¨³μ¤¥°¸É¢¨ÖÌ. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢μ§´¨± ¥É § ¤ Î  ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ±μ¢ ·¨ ´É´μ£μ
μ¶·¥¤¥²¥´¨Ö ¢±² ¤  ¶μ²Ö·¨§Ê¥³μ¸É¥° ¢  ³¶²¨ÉÊ¤Ò ¨ ¸¥Î¥´¨Ö Ô²¥±É·μ¤¨´ ³¨Î¥¸±¨Ì ¶·μ-
Í¥¸¸μ¢ ´   ¤·μ´ Ì [1, 4].

�¥Ï¥´¨¥ ¶μ¤μ¡´ÒÌ § ¤ Î ¢μ§³μ¦´μ ¢Ò¶μ²´¨ÉÓ ¢ · ³± Ì É¥μ·¥É¨±μ-¶μ²¥¢μ£μ ±μ¢ -
·¨ ´É´μ£μ ¶μ¤Ìμ¤  μ¶¨¸ ´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö ¸  ¤·μ´ ³¨ ¸ ÊÎ¥-
Éμ³ ¨Ì ¶μ²Ö·¨§Ê¥³μ¸É¥°. ‚ · ¡μÉ Ì [5Ä10]  ±É¨¢´μ · §¢¨¢ ²¨¸Ó ±μ¢ ·¨ ´É´Ò¥ ³¥Éμ¤Ò
μ¶¨¸ ´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö ¸  ¤·μ´ ³¨, ¢ ±μÉμ·ÒÌ Ô²¥±É·μ³ £-
´¨É´Ò¥ Ì · ±É¥·¨¸É¨±¨ Î ¸É¨Í Ö¢²ÖÕÉ¸Ö μ¸´μ¢μ¶μ² £ ÕÐ¨³¨.

�ËË¥±É¨¢´Ò° ±μ¢ ·¨ ´É´Ò° ² £· ´¦¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö ¸
Î ¸É¨Í ³¨ ¸¶¨´  ¶μ²μ¢¨´  ¸ ÊÎ¥Éμ³ ¶μ²Ö·¨§Ê¥³μ¸É¥°, ¶·¥¤²μ¦¥´´Ò° ¢ [5, 11], ´¥¤ ¢´μ
¡Ò² ¨¸¶μ²Ó§μ¢ ´ ¤²Ö Ë¨É¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ ±μ³¶Éμ´μ¢¸±μ³Ê · ¸-
¸¥Ö´¨Õ ´  ¶·μÉμ´¥ ¢ Ô´¥·£¥É¨Î¥¸±μ° μ±·¥¸É´μ¸É¨ ·μ¦¤¥´¨Ö Δ(1232)-·¥§μ´ ´¸  [12].

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¨³¥¥É¸Ö Í¥²Ò° ·Ö¤ É¥μ·¥É¨Î¥¸±¨Ì · ¡μÉ, ¶μ¸¢ÖÐ¥´´ÒÌ ¢¢¥¤¥´¨Õ ¨
μÍ¥´±¥ ¸¶¨´μ¢ÒÌ ¶μ²Ö·¨§Ê¥³μ¸É¥°  ¤·μ´μ¢ ¸¶¨´  1/2, ´ ¶·¨³¥·, É ±¨Ì ± ± [1, 3, 13Ä15],
±μÉμ·Ò¥ ¢´μ¸ÖÉ ¢±² ¤ ¢ · §²μ¦¥´¨¥  ³¶²¨ÉÊ¤Ò ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ¶·¨ Ô´¥·£¨¨
ËμÉμ´μ¢ ¢ É·¥ÉÓ¥³ ¶μ·Ö¤±¥.

Š ± μÉ³¥Î¥´μ ¢ · ¡μÉ¥ [3], ´  ¤ ´´Ò° ³μ³¥´É ´¥ ´ °¤¥´ ¶·μ¸Éμ° Ô²¥±É·μ¤¨´ ³¨-
Î¥¸±¨°  ´ ²μ£ Ë¨§¨Î¥¸±μ° ¨´É¥·¶·¥É Í¨¨ ¸¶¨´μ¢ÒÌ ¶μ²Ö·¨§Ê¥³μ¸É¥°  ¤·μ´μ¢. �¤´ ±μ
¤¢Ê³ ¨§ Î¥ÉÒ·¥Ì ¸¶¨´μ¢ÒÌ ¶μ²Ö·¨§Ê¥³μ¸É¥°, ±μÉμ·Ò¥ ¡Ò²¨ ¢¢¥¤¥´Ò ¢ [5], ¤ ´  Ë¨§¨-
Î¥¸± Ö ¨´É¥·¶·¥É Í¨Ö [16],   ¢ · ¡μÉ¥ [7] ¶·¨¢¥¤¥´Ò ¶¥·¢Ò¥ Î¨¸²¥´´Ò¥ μÍ¥´±¨ ÔÉ¨Ì
¶μ²Ö·¨§Ê¥³μ¸É¥°, ¸μ£² ¸ÊÕÐ¨Ì¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ ¸μ¢·¥³¥´´ÒÌ · ¸Î¥Éμ¢ [1].

� ·Ö¤Ê ¸ ¨¸¸²¥¤μ¢ ´¨¥³ ¶μ²Ö·¨§Ê¥³μ¸É¥°  ¤·μ´μ¢ ¸¶¨´  1/2 ¢ ·Ö¤¥ · ¡μÉ ¶·¥¤¸É -
¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ μ¶·¥¤¥²¥´¨Ö ¨ μÍ¥´±¨ ¶μ²Ö·¨§Ê¥³μ¸É¥° Î ¸É¨Í ¸¶¨´  ¥¤¨´¨Í  [19,
17, 18]. ‚ · ¡μÉ¥ [19] ¶μ²ÊÎ¥´Ò ´¨§±μÔ´¥·£¥É¨Î¥¸±¨¥ É¥μ·¥³Ò ¤²Ö ±μ³¶Éμ´μ¢¸±μ£μ · ¸-
¸¥Ö´¨Ö ´  Î ¸É¨Í¥ ¸¶¨´  1, ´  μ¸´μ¢¥ ±μÉμ·ÒÌ, ¨¸¶μ²Ó§ÊÖ ³¥Éμ¤Ò μ¶¨¸ ´¨Ö ¢±² ¤  ¶μ²Ö-
·¨§Ê¥³μ¸É¥° Î ¸É¨Í ¸¶¨´  1/2 ¢  ³¶²¨ÉÊ¤Ò ¨ ¸¥Î¥´¨Ö Ô²¥±É·μ¤¨´ ³¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢,
³μ¦´μ ¶μ²ÊÎ¨ÉÓ ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´Ò¥ ² £· ´¦¨ ´Ò ¨  ³¶²¨ÉÊ¤Ò ¤¢ÊÌËμÉμ´´μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ÊÎ¥Éμ³ ¶μ²Ö·¨§Ê¥³μ¸É¥° Î ¸É¨Í ¸¶¨´  1. �¥Ï¥´¨Õ ÔÉμ° § ¤ Î¨ ¨ ¶μ-
¸¢ÖÐ¥´  ¤ ´´ Ö · ¡μÉ .

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¢ · ³± Ì ±μ¢ ·¨ ´É´μ£μ É¥μ·¥É¨±μ-¶μ²¥¢μ£μ ¶μ¤Ìμ¤  ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ ³¥Éμ¤  ¨§ · ¡μÉ [6, 20] ¶μ²ÊÎ¥´ ² £· ´¦¨ ´ ¨  ³¶²¨ÉÊ¤Ò ±μ³¶Éμ´μ¢¸±μ£μ · ¸-
¸¥Ö´¨Ö ´  Î ¸É¨Í Ì ¸¶¨´  ¥¤¨´¨Í  ¢ Ëμ·³ ²¨§³¥ „ ËË¨´ ÄŠ¥³³¥· Ä�¥ÉÓÕ ¸ ÊÎ¥Éμ³ ¨Ì
¶μ²Ö·¨§Ê¥³μ¸É¥°.
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�¶·¥¤¥²¨³  ³¶²¨ÉÊ¤Ê · ¸¸¥Ö´¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö ¢ μ¡² ¸É¨ ´¨§±¨Ì Ô´¥·£¨°
¢ ¤¨¶μ²Ó´μ³ ¶·¨¡²¨¦¥´¨¨ ¨ ¶μ²ÊÎ¨³ ¨´É¥·¶·¥É Í¨Õ ±μ´¸É ´É C1, C2, C3 ¨ C4 ¸¶¨-
´μ¢μ° ¸É·Ê±ÉÊ·Ò  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö [19]. �¥ ²¨§ Í¨Õ ·¥²ÖÉ¨¢¨¸É¸±¨-¶μ²¥¢μ£μ μ¡μ¡-
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Ð¥´¨Ö ´¨§±μÔ´¥·£¥É¨Î¥¸±μ°  ³¶²¨ÉÊ¤Ò ¢Ò¶μ²´¨³ ¢ · ³± Ì ±μ¢ ·¨ ´É´μ£μ Ëμ·³ ²¨§³ 
„ ËË¨´ ÄŠ¥³³¥· Ä�¥ÉÓÕ.

—Éμ¡Ò ¶μ²ÊÎ¨ÉÓ ´¨§±μÔ´¥·£¥É¨Î¥¸±ÊÕ  ³¶²¨ÉÊ¤Ê · ¸¸¥Ö´¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö
´  ¸¶¨´μ¢μ° Î ¸É¨Í¥ ¸ ÊÎ¥Éμ³ ¶μ²Ö·¨§Ê¥³μ¸É¥°, ¡Ê¤¥³ ¸²¥¤μ¢ ÉÓ · ¡μÉ¥ [21]. �¤´ ±μ
¶·¨ μ¶·¥¤¥²¥´¨¨ ´ ¢¥¤¥´´ÒÌ ¤¨¶μ²Ó´ÒÌ Ô²¥±É·¨Î¥¸±μ£μ d ¨ ³ £´¨É´μ£μ m ³μ³¥´Éμ¢
Î¥·¥§ ¢¥±Éμ·Ò Ô²¥±É·¨Î¥¸±μ° E ¨ ³ £´¨É´μ° H ´ ¶·Ö¦¥´´μ¸É¥° Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö
¨¸¶μ²Ó§Ê¥³ ¸μμÉ´μÏ¥´¨Ö [22]

d = 4πα̂E, (1)

m = 4πβ̂H, (2)

£¤¥ α̂ ¨ β̂ Å ³ É·¨ÍÒ, ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ±μÉμ·ÒÌ Ö¢²ÖÕÉ¸Ö É¥´§μ· ³¨ Ô²¥±É·¨Î¥¸±μ°
¨ ³ £´¨É´μ° ¶μ²Ö·¨§Ê¥³μ¸É¥°. „¨ £μ´ ²Ó´Ò¥ Ô²¥³¥´ÉÒ ÔÉ¨Ì ³ É·¨Í ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§
¸± ²Ö·´Ò¥ Ô²¥±É·¨Î¥¸±ÊÕ ¨ ³ £´¨É´ÊÕ ¶μ²Ö·¨§Ê¥³μ¸É¨:

αij = α1δij , βij = β1δij .

�¨§±μÔ´¥·£¥É¨Î¥¸±ÊÕ  ³¶²¨ÉÊ¤Ê · ¸¸¥Ö´¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö ¢ ¤¨¶μ²Ó´μ³ ¶·¨-
¡²¨¦¥´¨¨ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ ¸μμÉ´μÏ¥´¨Ö

|H0|
R

M(n2) = (e(λ2)∗ [HRn2]),

£¤¥ M(n2) Å  ³¶²¨ÉÊ¤  · ¸¸¥Ö´¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö; R Å · ¸¸ÉμÖ´¨¥, ´  ±μ-
Éμ·μ³ μ¶·¥¤¥²Ö¥É¸Ö · ¸¸¥Ö´´ Ö Ô²¥±É·μ³ £´¨É´ Ö ¢μ²´ ; HR Å ¢¥±Éμ· ´ ¶·Ö¦¥´´μ¸É¨
³ £´¨É´μ£μ ¶μ²Ö · ¸¸¥Ö´´μ° ¢μ²´Ò; |H0| Å ³μ¤Ê²Ó ¢¥±Éμ·  ´ ¶·Ö¦¥´´μ¸É¨ ¶ ¤ ÕÐ¥°
¢μ²´Ò; n2 = k2/|k2|, e(λ2) ¨ k2 Å ¢¥±Éμ· ¶μ²Ö·¨§ Í¨¨ ¨ ¢μ²´μ¢μ° ¢¥±Éμ· · ¸¸¥Ö´´μ°
¢μ²´Ò ¸μμÉ¢¥É¸É¢¥´´μ.

‚μ¸¶μ²Ó§μ¢ ¢Ï¨¸Ó μ¶·¥¤¥²¥´¨¥³ HR ¸μ£² ¸´μ [21, ¸. 285],   É ±¦¥ ¸μμÉ´μÏ¥´¨¥³

ER = [HRn2],

£¤¥ ER Å ¢¥±Éμ· ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö · ¸¸¥Ö´´μ° ¢μ²´Ò, ¶μ²ÊÎ¨³
 ³¶²¨ÉÊ¤Ê · ¸¸¥Ö´¨Ö ¸ ÊÎ¥Éμ³ ¶μ²Ö·¨§Ê¥³μ¸É¥°:

M(n2) = 4πω2{(e(λ2)∗ α̂e(λ1)) + (n2e(λ1))(n1β̂e(λ2)
∗

+ (n1e(λ2)
∗
)(e(λ1)β̂n2)−

− (e(λ2)∗e(λ1))(n1β̂n2) − (n1n2)(e(λ1)β̂e(λ2)∗) + [(n2n1)(e(λ2)∗e(λ1))−
− (n2e(λ1))(n1e(λ2)∗)] Sp (β̂)}. (3)

‚ ¢Ò· ¦¥´¨¨ (3) ¢¢¥¤¥´Ò ¸²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥´¨Ö: ω Å Î ¸ÉμÉ  ËμÉμ´μ¢; n1 = k1/|k2|,
e(λ1) ¨ k1 Å ¢¥±Éμ· ¶μ²Ö·¨§ Í¨¨ ¨ ¢μ²´μ¢μ° ¢¥±Éμ· ¶ ¤ ÕÐ¥° ¢μ²´Ò ¸μμÉ¢¥É¸É¢¥´´μ.

ˆ§ μ¶·¥¤¥²¥´¨Ö d ¨ m ¸μ£² ¸´μ (1) ¨ (2) ¸²¥¤Ê¥É, ÎÉμ α̂ ¨ β̂ ¤μ²¦´Ò Ê¤μ¢²¥É¢μ-
·ÖÉÓ Ê¸²μ¢¨Õ Ô·³¨Éμ¢μ¸É¨. “Î¨ÉÒ¢ Ö ÔÉμ Ê¸²μ¢¨¥,   É ±¦¥  ²£¥¡·Ê μ¶¥· Éμ·μ¢ ¸¶¨´ 
¥¤¨´¨Í  Ŝj [19]:

[Ŝi, Ŝj ] = iδijkŜk, (4)

ŜiŜjŜk = iδijk +
1
2
(Ŝjδjk) +

i

2
δikl(ŜjŜl + ŜlŜj), (5)
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μ¶¥· Éμ·Ò α̂ ¨ β̂ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ [6, 23]:

αij = α1δij + iα2δijk Ŝk + ¯̄α(ŜiŜj + ŜjŜi), (6)

βij = β1δij + iβ2δijkŜk + ¯̄β(ŜiŜj + ŜjŜi), (7)

£¤¥ i, j, k ¨ l ¶·¨´¨³ ÕÉ §´ Î¥´¨Ö 1, 2, 3,   δijk Å É·¥Ì³¥·´Ò° É¥´§μ· ‹¥¢¨Ä—¨¢¨É .
‚ μ¶·¥¤¥²¥´¨ÖÌ (6) ¨ (7) α1 ¨ β1 Å ¤¨¶μ²Ó´Ò¥ Ô²¥±É·¨Î¥¸±¨¥ ¨ ³ £´¨É´Ò¥ ¶μ²Ö-

·¨§Ê¥³μ¸É¨, ¯̄α ¨ ¯̄β Å É¥´§μ·´Ò¥ ¶μ²Ö·¨§Ê¥³μ¸É¨,   α2 ¨ β2 Å ¸¶¨´μ¢Ò¥ ¤¨¶μ²Ó´Ò¥
¶μ²Ö·¨§Ê¥³μ¸É¨, ¢±² ¤ ±μÉμ·ÒÌ ¢  ³¶²¨ÉÊ¤Ê ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö μÉ²¨Î¥´ μÉ ´Ê²Ö
¢ É·¥ÉÓ¥³ ¶μ·Ö¤±¥ ¶μ Ô´¥·£¨¨ ËμÉμ´μ¢ (¢¸²¥¤¸É¢¨¥ É·¥¡μ¢ ´¨Ö ¶¥·¥±·¥¸É´μ° ¸¨³³¥É·¨¨).

’ ±¨³ μ¡· §μ³, ¶μ¤¸É ¢²ÖÖ ¢ (3), (6) ¨ (7), ¢ ±μÉμ·ÒÌ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢±² ¤ ¶μ²Ö·¨-
§Ê¥³μ¸É¥° α1, β1, ¯̄α ¨ ¯̄β, ¶μ²ÊÎ¨³  ³¶²¨ÉÊ¤Ê · ¸¸¥Ö´¨Ö ¢μ ¢Éμ·μ³ ¶μ·Ö¤±¥ ¶μ Ô´¥·£¨¨
ËμÉμ´μ¢:

M = M(α1, β1) + M(¯̄α, ¯̄β). (8)

‚ ÔÉμ³ ¢Ò· ¦¥´¨¨ ¢¢¥¤¥´Ò μ¶·¥¤¥²¥´¨Ö:

M(α1, β1) = 4πω2
[
α1(e(λ2)∗e(λ1))(λ(r2)

∗
λ(r1)) + β1([e(λ2)∗n2][e(λ1)n1])(λ(r2)

∗
λ(r1))

]
,

(9)

M(¯̄α, ¯̄β) = 4πω2
[
¯̄αλ(r2)

∗{
(Ŝe(λ1)), (Ŝe(λ2)

∗
)
}
λ(r1)+

+ ¯̄βλ(r2)
∗{

(Ŝ[e(λ1)n1]), (Ŝ[e(λ2)∗n2])
}
λ(r1)

]
. (10)

‚ (9) ¨ (10) ¢¢¥¤¥´Ò ¢¥±Éμ·Ò ¶μ²Ö·¨§ Í¨¨ Î ¸É¨ÍÒ ¸¶¨´  1 λ(r1) ¨ λ(r2), ±μÉμ·Ò¥
Ö¢²ÖÕÉ¸Ö ¸μ¡¸É¢¥´´Ò³¨ ¢¥±Éμ· ³¨ μ¶¥· Éμ·μ¢ Ŝ2 ¨ Ŝ3, Ë¨£Ê·´Ò¥ ¸±μ¡±¨ μ¡μ§´ Î ÕÉ
¸μμÉ´μÏ¥´¨Ö μ¶¥· Éμ·μ¢ {â, b̂} = âb̂ + b̂â. �É³¥É¨³, ÎÉμ ¶·¨ ¶μ²ÊÎ¥´¨¨ ¸É·Ê±ÉÊ·Ò (10)
¨§ (3) ¡Ò²μ ¨¸¶μ²Ó§μ¢ ´μ ¸μμÉ´μÏ¥´¨¥

(Ŝ[e(λ1)n1]), (Ŝ[e(λ2)∗n2]) = Ŝ2([e(λ2)∗n2][e(λ1)n1]) + (n2e(λ1))(n1Ŝ)(e(λ2)∗ Ŝ)+

+ (n1e(λ2)∗)(e(λ1)Ŝ)(n2Ŝ) − (e(λ2)
∗
e(λ1))(n1Ŝ)(n2Ŝ) − (n1n2)(e(λ1)Ŝ)(e(λ2)∗ Ŝ).

‘¶¨´μ¢ Ö ¸É·Ê±ÉÊ·  (8) ¸μ¢¶ ¤ ¥É ¸ ´¥¡μ·´μ¢¸±μ° Î ¸ÉÓÕ  ³¶²¨ÉÊ¤Ò, ±μÉμ· Ö Ö¢²Ö¥É¸Ö
¸²¥¤¸É¢¨¥³ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° É¥μ·¥³Ò,   ±μ´¸É ´ÉÒ Ci μ¶·¥¤¥²ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³
μ¡· §μ³ [19]:

C1 = α1, C2 = β1, C3 = ¯̄α ¨ C4 = ¯̄β.

�¥·¥°¤¥³ É¥¶¥·Ó ± μ¶·¥¤¥²¥´¨Õ ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´μ° ¸¶¨´μ¢μ° ¸É·Ê±ÉÊ·Ò
 ³¶²¨ÉÊ¤Ò ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ´  Î ¸É¨Í¥ ¸¶¨´  ¥¤¨´¨Í  ´  μ¸´μ¢¥ ±μ¢ ·¨ ´É´μ£μ
¶·¥¤¸É ¢²¥´¨Ö (6) ¨ (7) ¸μ£² ¸´μ · ¡μÉ¥ [6].

“· ¢´¥´¨Ö „ ËË¨´ ÄŠ¥³³¥· Ä�¥ÉÓÕ ¤²Ö ¸¢μ¡μ¤´μ° Î ¸É¨ÍÒ ¸¶¨´  ¥¤¨´¨Í 
¨³¥ÕÉ ¢¨¤

(βμ
−→
∂ μ + m)ψ(x) = 0, (11)

ψ̄(x)(βμ
←−
∂ μ − m) = 0, (12)
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£¤¥ ψ(x) ¨ ¯ψ(x) Å ¤¥¸ÖÉ¨³¥·´Ò¥ ËÊ´±Í¨¨ Î ¸É¨Í; η = 2(β(10)
4 )2 − I , ¢¥±Éμ·Ò ´ ¤

¶·μ¨§¢μ¤´Ò³¨ ∂μ Ê± §Ò¢ ÕÉ ´ ¶· ¢²¥´¨¥ ¨Ì ¤¥°¸É¢¨Ö,   Î¥ÉÒ·¥Ì³¥·´Ò° ¢¥±Éμ· μ¶·¥¤¥-
²Ö¥É¸Ö ±μ³¶μ´¥´É ³¨ aμ{a, ia0}. ‚ Ê· ¢´¥´¨ÖÌ (11) ¨ (12) βμ Å ¤¥¸ÖÉ¨³¥·´Ò¥ ³ É·¨ÍÒ
„ ËË¨´ ÄŠ¥³³¥· Ä�¥ÉÓÕ, ±μÉμ·Ò¥ Ê¤μ¢²¥É¢μ·ÖÕÉ ¶¥·¥¸É ´μ¢μÎ´Ò³ ¸μμÉ´μÏ¥´¨Ö³:

βμβνβρ + βρβνβμ = δμνβρ + δρνβμ. (13)

�ËË¥±É¨¢´Ò° ² £· ´¦¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö ¸ Î ¸É¨Í¥° ¸¶¨´ 
¥¤¨´¨Í  ¸ ÊÎ¥Éμ³ ¶μ²Ö·¨§Ê¥³μ¸É¥° ¢ · ³± Ì É¥μ·¥É¨±μ-¶μ²¥¢μ£μ ±μ¢ ·¨ ´É´μ£μ ¶μ¤Ìμ¤ 
¨³¥¥É ¢¨¤ [6, 9]:

L = − π

2m
ψ̄

[
βνL̂νσ

←→
∂ σ + L̂νσβν

←→
∂ σ

]
ψ, (14)

£¤¥ βν Å ¤¥¸ÖÉ¨³¥·´Ò¥ ³ É·¨ÍÒ, Ê¤μ¢²¥É¢μ·ÖÕÐ¨¥ (13); ψ(x) Å ¤¥¸ÖÉ¨³¥·´Ò¥ ¢μ²´μ¢Ò¥

ËÊ´±Í¨¨ Î ¸É¨ÍÒ ¸¶¨´  ¥¤¨´¨Í ,
←→
∂ σ =

−→
∂ σ − ←−

∂ σ. ‚ μ¶·¥¤¥²¥´¨¨ ² £· ´¦¨ ´  (14)
É¥´§μ· L̂νσ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ É¥´§μ·Ò ¶μ²Ö·¨§Ê¥³μ¸É¥°

L̂νσ = L̂νσ(α) + L̂νσ(β), (15)

£¤¥ L̂νσ(α) = Fνμα̂μρFρσ , L̂νσ(β) = F̃νμβ̂μρF̃ρσ , Fνμ ¨ F̃νμ Å É¥´§μ·Ò Ô²¥±É·μ³ £´¨É-
´μ£μ ¶μ²Ö

Fνμ = ∂μAν − ∂νAμ, F̃νμ =
i

2
δνμρσFρσ.

’¥´§μ·Ò ¶μ²Ö·¨§Ê¥³μ¸É¥° α̂μρ ¨ β̂μρ Ö¢²ÖÕÉ¸Ö ±μ¢ ·¨ ´É´Ò³ μ¡μ¡Ð¥´¨¥³ ¸μμÉ´μ-
Ï¥´¨° (6) ¨ (7)

α̂μρ = αδμρ + ¯̄α(ŴμŴρ + ŴρŴμ), (16)

β̂μρ = βδμρ + ¯̄β(ŴμŴρ + ŴρŴμ). (17)

‚ μ¶·¥¤¥²¥´¨¨ (16) ¨ (17) ¨¸¶μ²Ó§μ¢ ´ ¨§¢¥¸É´Ò° ±μ¢ ·¨ ´É´Ò° ¸¶¨´μ¢Ò° ¢¥±Éμ·,
±μÉμ·Ò° ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ³ É·¨ÍÒ βν ¸²¥¤ÊÕÐ¨³ μ¡· §μ³ [24]:

Wμ = − i

4m
δμκδηĴ [δη]←→∂ κ ,

£¤¥ Ĵ [δη] = βδβη − βηβδ .
�¶·¥¤¥²¨³ S Å ³ É·¨Î´Ò° Ô²¥³¥´É ¨  ³¶²¨ÉÊ¤Ò ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ´  Î -

¸É¨Í¥ ¸¶¨´  ¥¤¨´¨Í  ¸ ÊÎ¥Éμ³ ¢±² ¤μ¢ ¶μ²Ö·¨§Ê¥³μ¸É¥° α, β, ¯̄α ¨ ¯̄β ´  μ¸´μ¢¥ ² £· ´-
¦¨ ´  (14) [24]:

〈k2, p2|Ŝ|k1, p1〉 =
imδ(k1 + p1 − k2 − p2)

(2π)2
√

4ω1ω2E1E2

M, (18)

£¤¥ M Å  ³¶²¨ÉÊ¤  ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö, ±μÉμ· Ö Ö¢²Ö¥É¸Ö ¸Ê³³μ° ¤¢ÊÌ  ³¶²¨-
ÉÊ¤ M(α, β) ¨ M(¯̄α, ¯̄β):

M = M(α, β) + M(¯̄α, ¯̄β). (19)

�³¶²¨ÉÊ¤  M(α, β) ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ¸ ÊÎ¥Éμ³ ² £· ´¦¨ ´  (14) ¨³¥¥É ¢¨¤

M(α, β) =
(
−2πi

m

) {
α
[
F (2)

νμ F (1)
μσ + F (1)

νμ F (2)
μσ

]
+

+ β
[
F̃ (2)

νμ F̃ (1)
μσ + F̃ (1)

νμ F̃ (2)
μσ

]}
Pσψ̄(r2)(p2)βνψ(r1)(p1). (20)
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‚ (20) ¢¢¥¤¥´Ò ¸²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥´¨Ö:

F (2)
νμ = k2νe(λ2)

∗

μ − k2μe(λ2)∗

ν ,

F (1)
μσ = k1μe(λ1)

σ − k1σe(λ1)
μ ,

¢ ¸¢μÕ μÎ¥·¥¤Ó, F̃ (2) = (i/2)δνμκδF
(2)
κδ , Pσ = (1/2)(p1 + p2)σ, p1 ¨ p2 Å ¨³¶Ê²Ó¸Ò

´ Î ²Ó´μ° ¨ ±μ´¥Î´μ° Î ¸É¨ÍÒ ¸¶¨´  ¥¤¨´¨Í .
‚μ²´μ¢Ò¥ ËÊ´±Í¨¨ ψ(r)(p) ¸μ£² ¸´μ · ¡μÉ¥ [24] ¶·¥¤¸É ¢²¥´Ò ¢ ¢¨¤¥

ψ(r)(p) = ψ(r)
μ (p)εμ1 +

1
2
ψ

(r)
[μν](p)ε[μν]1. (21)

‚ ÔÉμ³ ¸μμÉ´μÏ¥´¨¨

ψ(r)
μ (p) =

i√
2
λ(r)

μ , (22)

ψ
(r)
[μν](p) = − 1√

2m
(pμλ(r)

ν − λ(r)
μ pν), (23)

λ
(r)
μ Å ±μ³¶μ´¥´ÉÒ ¢¥±Éμ·μ¢ ¶μ²Ö·¨§ Í¨¨ Î ¸É¨ÍÒ ¸¶¨´  1,   εAB Å Ô²¥³¥´ÉÒ ¶μ²´μ°

³ É·¨Î´μ°  ²£¥¡·Ò [24]:

(εAB)CD = δACδBD, εABεCD = δBCεAD,

¤²Ö Î ¸É¨ÍÒ ¸¶¨´  1 ¨´¤¥±¸Ò A, B, C, D = μ, [ρσ], ±¢ ¤· É´Ò¥ ¸±μ¡±¨ μ¡μ§´ Î ÕÉ  ´É¨-
¸¨³³¥É·¨Õ ¶μ ¨´¤¥±¸ ³ ρ ¨ σ.

…¸²¨ ¢μ¸¶μ²Ó§μ¢ ÉÓ¸Ö μ¶·¥¤¥²¥´¨¥³ ¤¥¸ÖÉ¨³¥·´ÒÌ ³ É·¨Í Î¥·¥§ Ô²¥³¥´ÉÒ ¶μ²´μ°
³ É·¨Î´μ°  ²£¥¡·Ò εAB [24]:

βν = εμ[μν] + ε[μν]μ,

ÊÎ¨ÉÒ¢ Ö É ±¦¥, ÎÉμ

ψ̄(r)(p) = ψ+(p)η =
(
− i√

2

) [
λ̇(r)

μ ε1μ +
i

2m
ε1[μν](pμλ̇(r)

ν − pν λ̇(r)
μ )

]
,

£¤¥ λ̇
(r)
μ {λ(r)∗

i , λ
(r)
4 }, ´¥É·Ê¤´μ ¢ÒÎ¨¸²¨ÉÓ ³ É·¨Î´Ò° Ô²¥³¥´É

ψ̄(r2)βνψ(r1) =
i

2m

[
(λ̇(r2)p1)λ(r1)

ν −(λ̇(r2)λ(r1))p1ν+(p2λ
(r1))λ̇(r2)

ν −p2ν(λ̇(r2)λ(r1))
]
. (24)

’¥¶¥·Ó ¨§ ±μ¢ ·¨ ´É´μ£μ ¢¨¤   ³¶²¨ÉÊ¤Ò (20) ¸²¥¤Ê¥É ¢Ò¶μ²´¥´¨¥ Ê¸²μ¢¨Ö ¶¥·¥±·¥¸É-
´μ° ¸¨³³¥É·¨¨ μÉ´μ¸¨É¥²Ó´μ ËμÉμ´μ¢ ¨ Î ¸É¨Í ¸¶¨´  ¥¤¨´¨Í , É. ¥. M(α, β) ¨´¢ ·¨ ´É´ 
μÉ´μ¸¨É¥²Ó´μ § ³¥´Ò

k1 ↔ −k2, p1 ↔ −p2, ė(λ2) ↔ e(λ1), λ̇(r2) ↔ λ(r1).

Š·μ³¥ Éμ£μ, ¨§ (20) ¸²¥¤Ê¥É, ÎÉμ ¢±² ¤ ¶μ²Ö·¨§Ê¥³μ¸É¥° α ¨ β ¢  ³¶²¨ÉÊ¤Ê ±μ³¶Éμ-
´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ´ Î¨´ ¥É¸Ö ¸μ ¢Éμ·μ£μ ¶μ·Ö¤±  ¶μ Î ¸ÉμÉ¥ ¨§²ÊÎ¥´¨Ö.
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‚ ¸ ³μ³ ¤¥²¥ ¢ ¸¨¸É¥³¥ ¶μ±μÖ ³¨Ï¥´¨ ¢μ ¢Éμ·μ³ ¶μ·Ö¤±¥ ¶μ Î ¸ÉμÉ¥ ¨§²ÊÎ¥´¨Ö (20)
¶·¨´¨³ ¥É ¢¨¤ (9).

—Éμ¡Ò Ê¸É ´μ¢¨ÉÓ ¢±² ¤ ¯̄α ¨ ¯̄β ¢ ±μ¢ ·¨ ´É´μ¥ ¶·¥¤¸É ¢²¥´¨¥  ³¶²¨ÉÊ¤Ò ±μ³¶Éμ´μ¢-
¸±μ£μ · ¸¸¥Ö´¨Ö, μ¶ÖÉÓ ¢μ¸¶μ²Ó§Ê¥³¸Ö ÔËË¥±É¨¢´Ò³ ² £· ´¦¨ ´μ³ (14). ‚ ·¥§Ê²ÓÉ É¥
¶μ²ÊÎ¨³

M(¯̄α, ¯̄β) =
(
− iπ

m

) {
¯̄α
[
F (2)

νμ F (1)
ρσ + F (1)

νμ F (2)
ρσ

]
+ ¯̄β

[
F̃ (2)

νμ F̃ (1)
ρσ + F̃ (1)

νμ F̃ (2)
ρσ

]}
×

× ψ̄(r2)(p2)
[
βν{Ŵμ, Ŵρ} + {Ŵμ, Ŵρ}βν

]
Pσψ(r1)(p1), (25)

£¤¥ {Ŵμ, Ŵρ} = ŴmuŴρ + ŴρŴμ,Ŵμ = (1/2m)δμκδηPκJ [δη].
‚ÒÎ¨¸²¨³  ³¶²¨ÉÊ¤Ê (25) ¢ ¸¨¸É¥³¥ ¶μ±μÖ ³¨Ï¥´¨ ¢ ¶·¥´¥¡·¥¦¥´¨¨ ¨³¶Ê²Ó¸μ³ μÉ-

¤ Î¨ Î ¸É¨ÍÒ ³¨Ï¥´¨. ‚ ÔÉμ³ ¶·¨¡²¨¦¥´¨¨

Ŵμ → Ŝi = −iδijkβjβk, (26)

ψ̄(r2)(p2)
[
β

ν
{Ŵμ, Ŵρ} + {Ŵμ, Ŵρ}βν

]
ψ(r1)(p1) →

→ 2
[
δij(λ(r2)

∗
λ(r1)) − (λ̇(r2)

i λ
(r1)
j + λ̇

(r2)
j λ

(r1)
i )

]
. (27)

…¸²¨ ÊÎ¥¸ÉÓ (26) ¨ (27) ¢ (25), Éμ  ³¶²¨ÉÊ¤  ¶·¨´¨³ ¥É ¢¨¤

M(¯̄α, ¯̄β) ≈ 4πω1ω2

{
¯̄α
[
2(ė(λ2)e(λ1))(λ(r2)∗λ(r1))−

− (λ(r2)
∗
ė(λ2))(λ(r1)e(λ1)) − (λ(r2)

∗
e(λ1))(λ(r1)ė(λ2))

]
+ ¯̄β

[
2(λ(r2)∗λ(r1))(Σ2Σ1)−

− (λ(r2)
∗
Σ2)(λ(r1)Σ1) − (λ(r2)

∗
Σ1)(λ(r1)Σ2)

]}
, (28)

£¤¥ Σ1 = [e(λ1)n1], Σ2 = [e(λ2)∗n2].
�¥É·Ê¤´μ É¥¶¥·Ó Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ (28) ¸μ¢¶ ¤ ¥É ¸ ¸μμÉ´μÏ¥´¨¥³ (10), ±μÉμ·μ¥ ¸²¥¤Ê¥É

¨§ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° É¥μ·¥³Ò ¤²Ö ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ´  Î ¸É¨Í¥ ¸¶¨´  ¥¤¨-
´¨Í . „²Ö ÔÉμ£μ ´¥μ¡Ìμ¤¨³μ ÊÎ¥¸ÉÓ, ÎÉμ ¢ ¸¨¸É¥³¥ ¶μ±μÖ Î ¸É¨ÍÒ ±μ³¶μ´¥´ÉÒ μ¶¥· Éμ· 
¸¶¨´  Ŝi ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ Ô²¥³¥´ÉÒ ¶μ²´μ° ³ É·¨Î´μ°  ²£¥¡·Ò

Ŝi = −iδijkεjk. (29)

�μÔÉμ³Ê, ¨¸¶μ²Ó§ÊÖ (29) ¢ μ¶·¥¤¥²¥´¨¨  ³¶²¨ÉÊ¤Ò M(¯̄α, ¯̄β) Î¥·¥§ ±μ³¶μ´¥´ÉÒ μ¶¥· -
Éμ·μ¢ Ŝi (10), ¶μ²ÊÎ¨³

λ(r2)
∗
(ŜiŜj + ŜjŜi)λ(r1) = 2δij(λ(r2)∗λ(r1)) − λ

(r2)∗

j λ
(r1)
i − λ

(r1)
j λ

(r2)∗

i .

’¥¶¥·Ó μÎ¥¢¨¤´μ, ÎÉμ  ³¶²¨ÉÊ¤  M(¯̄α, ¯̄β), ±μÉμ· Ö ¸²¥¤Ê¥É ¨§ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ°
É¥μ·¥³Ò, ¸μ¢¶ ¤ ¥É ¸  ³¶²¨ÉÊ¤μ° (28).

‡�Š‹�—…�ˆ…

‚ Ëμ·³ ²¨§³¥ „ ËË¨´ ÄŠ¥³³¥· Ä�¥ÉÓÕ ´  μ¸´μ¢¥ ±μ¢ ·¨ ´É´μ° ³μ¤¥²¨, ÊÎ¨ÉÒ¢ Õ-
Ð¥° ´ ¢¥¤¥´´Ò¥ ¤¨¶μ²Ó´Ò¥ ³μ³¥´ÉÒ Î ¸É¨ÍÒ ¸¶¨´  ¥¤¨´¨Í , ¶μ²ÊÎ¥´Ò ·¥²ÖÉ¨¢¨¸É¸±¨-
¨´¢ ·¨ ´É´Ò¥ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨¥ ² £· ´¦¨ ´Ò ¢§ ¨³μ¤¥°¸É¢¨Ö Ô²¥±É·μ³ £´¨É´μ£μ
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¶μ²Ö ¸ ÔÉ¨³¨ ³μ³¥´É ³¨. �μ± § ´μ, ÎÉμ ¢ ¶·¥¤²μ¦¥´´μ° ±μ¢ ·¨ ´É´μ° ³μ¤¥²¨ ¸ ÊÎ¥Éμ³
¶¥·¥±·¥¸É´μ° ¸¨³³¥É·¨¨, § ±μ´μ¢ ¸μÌ· ´¥´¨Ö Î¥É´μ¸É¨ ¨ ± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ-
¸É¨ μ¶·¥¤¥²¥´´Ò¥ ¶μ²Ö·¨§Ê¥³μ¸É¨ Î ¸É¨ÍÒ ¸¶¨´  ¥¤¨´¨Í  ¢´μ¸ÖÉ ¢±² ¤ ¢ · §²μ¦¥´¨¥
 ³¶²¨ÉÊ¤Ò ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö, ´ Î¨´ Ö ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶μ·Ö¤±μ¢ ¶μ Î ¸ÉμÉ¥
¨§²ÊÎ¥´¨Ö ¢ ¸μ£² ¸¨¨ ¸ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨³¨ É¥μ·¥³ ³¨ ¤²Ö ÔÉμ£μ ¶·μÍ¥¸¸ .

�¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´Ò° ² £· ´¦¨ ´ (14) ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¤²Ö μ¶·¥¤¥-
²¥´¨Ö ¢¥·Ï¨´ · ¸¸¥Ö´¨Ö ËμÉμ´μ¢ ´  Î ¸É¨Í Ì ¸¶¨´  ¥¤¨´¨Í  ¶·¨ · ¸Î¥É Ì  ³¶²¨ÉÊ¤
¨ ¸¥Î¥´¨° Ô²¥±É·μ¤¨´ ³¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ ¢ Ëμ·³ ²¨§³¥ „ ËË¨´ ÄŠ¥³³¥· Ä�¥ÉÓÕ ¸
ÊÎ¥Éμ³ ¨Ì ¶μ²Ö·¨§Ê¥³μ¸É¥°.
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