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‘É·Ê±ÉÊ·´μ-±¨´¥³ É¨Î¥¸±¨° ¶μ¤Ìμ¤ ¢ Ë¨§¨±¥ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í

�·¥¤²μ¦¥´ ¥¤¨´Ò° ¶μ¤Ìμ¤ ¤²Ö ¶μ¸É·μ¥´¨Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¢μ²´μ¢ÒÌ Ê· ¢´¥-
´¨° ¤²Ö ²¥¶Éμ´μ¢. �´ Ö¢²Ö¥É¸Ö ±¨´¥³ É¨Î¥¸±¨³ ¢ ¸¨²Ê Éμ£μ, ÎÉμ ¶·¥¤¸É ¢²Ö¥É ¸μ-
¡μ° ÉμÎ´Ò¥ ·¥§Ê²ÓÉ ÉÒ, μ¸´μ¢ ´´Ò¥ ´  ´¥³´μ£¨Ì μ¡Ð¥¶·¨´ÖÉÒÌ ËÊ´¤ ³¥´É ²Ó-
´ÒÌ ¶·¨´Í¨¶ Ì. ‚μ§´¨± ÕÐ¨¥ ¶·¨ ÔÉμ³ ¸É·Ê±ÉÊ·´Ò¥ ¸μ¸É ¢²ÖÕÐ¨¥ Ê· ¢´¥´¨°
¨ Î ¸É¨Í Ö¢²ÖÕÉ¸Ö ¸²¥¤¸É¢¨¥³ ¤¨¸±·¥É´ÒÌ ¸¨³³¥É·¨° ¨²¨ ±μ³¶μ´¥´Éμ¢ ¸¢Ö§-
´μ¸É¨ ¶·¥¤¸É ¢²¥´¨° £·Ê¶¶Ò ‹μ·¥´Í . �¡Ð´μ¸ÉÓ ¨ ¸É·μ£μ¸ÉÓ · §¢¨Éμ£μ ³¥Éμ¤ 
¶μ§¢μ²ÖÕÉ ¸É ¢¨ÉÓ ¢μ¶·μ¸ μ ¥£μ · ¸Ï¨·¥´¨¨ ´   ¤·μ´´Ò° ¸¥±Éμ·. �¡¸Ê¦¤ ÕÉ¸Ö
´¥±μÉμ·Ò¥ Ê¸²μ¢¨Ö ¤²Ö ·¥Ï¥´¨Ö ´ §¢ ´´μ° ¶·μ¡²¥³Ò, É ±¨¥ ± ± Ê´¨Ë¨± Í¨Ö
³ É¥³ É¨Î¥¸±μ£μ Ëμ·³ ²¨§³  ¨ μ¡μ¡Ð¥´¨Ö Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥³ÒÌ ¶μ´ÖÉ¨°.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚.ˆ. ‚¥±¸²¥· 
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Structural Kinematical Approach in Elementary Particle Physics

Unique approach is proposed for constructing of relativistic lepton wave equa-
tions. It is kinematical approach because it is exact results based on few conventional
fundamental principles. Arising structural constituents of equations and particles are
corollary of discrete symmetries or connected components of Lorentz group. Gen-
erality and accuracy of the developed method allow one to put the question of its
extension on the hadron sector. The conditions for solving of the named problem are
discussed such as uniˇcation of the mathematical formalism and some widely used
notions.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2010



‚‚…„…�ˆ…

‡´ Î¨³μ¸ÉÓ ¨ Ê´¨¢¥·¸ ²Ó´μ¸ÉÓ ¸É·Ê±ÉÊ·´ÒÌ ¶·¥¤¸É ¢²¥´¨°, ´ Î¨´ Ö ¸
¤·¥¢´¥£·¥Î¥¸±μ° ¨¤¥¨  Éμ³¨§³ , ¢Ò·μ¸²  ¸μ ¢·¥³¥´¥³ ´ ¸Éμ²Ó±μ, ÎÉμ ´ -
¶· Ï¨¢ ¥É¸Ö Ëμ·³Ê²¨·μ¢± : ¢¸¥ ·¥ ²Ó´μ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ Ë¨§¨Î¥¸±¨¥ μ¡Ñ¥±ÉÒ
¨³¥ÕÉ ¸É·Ê±ÉÊ·Ê, ¨ ´ ²¨Î¨¥ ¸¢μ¨Ì ¸μ¡¸É¢¥´´ÒÌ ¸É·Ê±ÉÊ· ¶μ§¢μ²Ö¥É · §²¨Î ÉÓ
´¥Éμ¦¤¥¸É¢¥´´Ò¥ μ¡Ñ¥±ÉÒ. ‚ Ë¨§¨±¥ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¢¥¸Ó³  Ê¸¶¥Ï´μ
¨ ¶²μ¤μÉ¢μ·´μ ÔÉ  ¨¤¥Ö ¢μ¶²μÉ¨² ¸Ó ¢ ±μ´Í¥¶Í¨¨ ¸É·Ê±ÉÊ·´ÒÌ ±¢ ´Éμ¢ÒÌ
Î¨¸¥², ¶μ²ÊÎ¨¢Ï¥° ´ §¢ ´¨¥ £¨¶μÉ¥§Ò ±¢ ·±μ¢ [1,2].

‚¸±μ·¥ ¶μ¸²¥ ¥¥ ¶·μ¢μ§£² Ï¥´¨Ö ¶μÖ¢¨²¸Ö ·Ö¤ · ¡μÉ, μÉ³¥Î ÕÐ¨Ì É·Ê¤-
´μ¸É¨ ¸μÎ¥É ´¨Ö £¨¶μÉ¥§Ò ±¢ ·±μ¢ ¨ £·Ê¶¶Ò �Ê ´± ·¥. �´¨ ¶μ²ÊÎ¨²¨ μ¡Ð¥¥
´ §¢ ´¨¥ ®É¥μ·¥³Ò § ¶·¥É ¯ (no-go theorems) [3]. � ¨¡μ²¥¥ ¸¨²Ó´μ¥ ¢Ò¸± §Ò-
¢ ´¨¥ ¶μ¤μ¡´μ£μ É¨¶  ¶·¨´ ¤²¥¦¨É � °Ë¥·É¨ (O'Raifeartaigh) [4]. ‘ÊÐ¥¸É¢μ
¢μ¶·μ¸  ¸¢μ¤¨É¸Ö ± Éμ³Ê, ÎÉμ μ¡Ñ¥¤¨´¥´¨¥ £·Ê¶¶Ò �Ê ´± ·¥ ¨ £·Ê¶¶Ò ¢´Ê-
É·¥´´¨Ì ¸¨³³¥É·¨° ¢μ§³μ¦´μ Éμ²Ó±μ É·¨¢¨ ²Ó´Ò³ μ¡· §μ³, É. ¥. ¢ ¢¨¤¥ ¶·Ö-
³μ£μ ¶·μ¨§¢¥¤¥´¨Ö. ‚ É ±μ³ ¸²ÊÎ ¥ ¢¸¥ Î ¸É¨ÍÒ, μ¡Ñ¥¤¨´Ö¥³Ò¥ ¢´ÊÉ·¥´´¨³¨
¸¨³³¥É·¨Ö³¨ ¢ ³Ê²ÓÉ¨¶²¥ÉÒ, ¤μ²¦´Ò ¨³¥ÉÓ μ¤¨´ ±μ¢Ò¥ ³ ¸¸Ò. �μ¸²¥¤´¥¥
´¥ ¸μμÉ¢¥É¸É¢Ê¥É ¤¥°¸É¢¨É¥²Ó´μ¸É¨.

�  ¶·μÌμ¤¨¢Ï¥³ ¢ „Ê¡´¥ ¢ 2000 £. XXIII Œ¥¦¤Ê´ ·μ¤´μ³ ±μ²²μ±¢¨Ê³¥
¶μ É¥μ·¥É¨±μ-£·Ê¶¶μ¢Ò³ ³¥Éμ¤ ³ ¢ Ë¨§¨±¥ ¸μ¸ÉμÖ²μ¸Ó ¢·ÊÎ¥´¨¥ ¶·μË¥¸¸μ·Ê
� °Ë¥·É¨ ‚¨£´¥·μ¢¸±μ° ³¥¤ ²¨ (	μ²ÓÏμ° §μ²μÉμ° ³¥¤ ²¨ �³¥·¨± ´¸±μ£μ
³ É¥³ É¨Î¥¸±μ£μ μ¡Ð¥¸É¢ ) §  Ê¶μ³Ö´ÊÉÊÕ · ¡μÉÊ. ’¥³ ¸ ³Ò³ ¡Ò²  μÉ³¥Î¥´ 
¢ ¦´μ¸ÉÓ ¶·μ¡²¥³Ò ·¥²ÖÉ¨¢¨¸É¸±μ£μ μ¶¨¸ ´¨Ö ±¢ ·±μ¢ ¨ μÉ¸ÊÉ¸É¢¨¥ É ±μ£μ
¥¥ ·¥Ï¥´¨Ö, ±μÉμ·μ¥ ´¥ ¢Ò§Ò¢ ²μ ¡Ò ¢μ§· ¦¥´¨° ¨ ¸μ³´¥´¨°. ‘ Éμ£μ ¢·¥³¥´¨
¶μ²μ¦¥´¨¥ ´¥ ¨§³¥´¨²μ¸Ó.

‘μ¤¥·¦ ´¨¥ · ¡μÉ, ¨§²μ¦¥´´ÒÌ ¢ Í¨±²¥ ¸É É¥° [5Ä7], ³μ¦¥É ¡ÒÉÓ μÌ · ±-
É¥·¨§μ¢ ´μ ± ± · §¢¨É¨¥ ¸É·Ê±ÉÊ·´μ-±¨´¥³ É¨Î¥¸±¨Ì ³¥Éμ¤μ¢ ¢ ·¥²ÖÉ¨¢¨¸É-
¸±μ° Ë¨§¨±¥ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. Š¨´¥³ É¨Î¥¸±¨¥ ·¥§Ê²ÓÉ ÉÒ ¢ ¤ ´´μ³
¸²ÊÎ ¥ μ§´ Î ÕÉ ÉμÎ´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¢ÒÉ¥± ÕÐ¨¥ ¨§ ¤μ¸É ÉμÎ´μ μ¡Ð¨Ì ËÊ´-
¤ ³¥´É ²Ó´ÒÌ ¶·¨´Í¨¶μ¢. „·Ê£μ° ¸Éμ·μ´μ° ÔÉ¨Ì ¦¥ · ¡μÉ Ö¢¨²¸Ö ¨¸Î¥·¶Ò-
¢ ÕÐ¨°  ´ ²¨§, ¡² £μ¤ ·Ö ±μÉμ·μ³Ê Ê¤ ²μ¸Ó Ê¸É ´μ¢¨ÉÓ ´ ²¨Î¨¥ ¶μ¤¸É·Ê±ÉÊ·
¨§ÊÎ ¥³ÒÌ μ¡Ñ¥±Éμ¢. ˆ¸Î¥·¶Ò¢ ÕÐ¨° μ§´ Î ¥É ´ ¸Éμ²Ó±μ ¶μ²´Ò°, ÎÉμ ´¥
μ¸É ¢²Ö¥É ¢μ§³μ¦´μ¸É¨ ¤²Ö ¶·μ¤μ²¦¥´¨Ö ³ É¥³ É¨Î¥¸±μ£μ  ´ ²¨§  ¨ ¶μÉμ³Ê
¨¸±²ÕÎ ¥É ´ ²¨Î¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ Ì · ±É¥·¨¸É¨± É¨¶  ±¢ ´Éμ¢ÒÌ Î¨¸¥² ¨²¨
¤·Ê£¨Ì Ë¨§¨Î¥¸±¨Ì ¸¢μ°¸É¢.
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� §¢¨É¨¥ Ë¨§¨±¨ §  ¶μ¸²¥¤´¨¥ ¸Éμ ²¥É Ê¡¥¦¤ ¥É ´ ¸ ¢ Éμ³, ÎÉμ ¤²Ö μ¶¨¸ -
´¨Ö ³¨±·μ³¨·  ·¥²ÖÉ¨¢¨§³ ´¥ ¨³¥¥É  ²ÓÉ¥·´ É¨¢Ò. �μ¤μ¡´Ò¥ ¢Ò¸± §Ò¢ ´¨Ö
¸¥°Î ¸ ¶·¥¤¸É ¢²ÖÕÉ¸Ö É·¨¢¨ ²Ó´Ò³¨, μ¤´ ±μ ¶· ±É¨Î¥¸± Ö, ¶μ¸²¥¤μ¢ É¥²Ó-
´ Ö ·¥ ²¨§ Í¨Ö ¤ ´´μ£μ É·¥¡μ¢ ´¨Ö ¤ ²¥±  μÉ ¶μ²´μÉÒ ¨ μÎ¥´Ó Î ¸Éμ ¶·¨´¨-
³ ¥É Ëμ·³Ê Ô±²¥±É¨±¨, £¤¥ ·¥²ÖÉ¨¢¨§³ ³¥Ì ´¨Î¥¸±¨ ¶¥·¥³¥Ï¨¢ ¥É¸Ö ¸ ´¥·¥-
²ÖÉ¨¢¨§³μ³. ˆ§¢¥¸É´Ò¥ Ê¸¶¥Ì¨ ´¥·¥²ÖÉ¨¢¨¸É¸±μ° ±¢ ´Éμ¢μ° ³¥Ì ´¨±¨ ´  Éμ³
¨²¨ ¨´μ³ Ï £¥ ¸É ²±¨¢ ÕÉ¸Ö ¸ ®´¥¶μ´ÖÉ´Ò³, ¢ÒÌμ¤ÖÐ¨³ §  · ³±¨¯ ¨ É. ¶.
� ¤¥¦´Ò³ ¢ É ±¨Ì ¸²ÊÎ ÖÌ μ¸É ¥É¸Ö Éμ²Ó±μ Éμ, ÎÉμ ¸¢Ö§ ´μ ¸ ¨´¢ ·¨ ´É´μ-
¸ÉÓÕ μÉ´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨° £·Ê¶¶Ò É·¥Ì³¥·´ÒÌ ¢· Ð¥´¨°, É. ¥. ¶μ¤-
£·Ê¶¶Ò £·Ê¶¶Ò ‹μ·¥´Í , § ±μ´μ¢ ¸μÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸  ¨ ¶μ²´μ£μ
³μ³¥´É . ‚ ·¥²ÖÉ¨¢¨§³¥ § ±μ´Ò ¸μÌ· ´¥´¨Ö ¶μ²ÊÎ¨²¨ ¡μ²¥¥ ¶μ²´μ¥ ¢Ò· ¦¥-
´¨¥ ¨ ¶·¨¢¥²¨ ± ¶μ´ÖÉ¨Ö³ ®¤¥Ë¥±É ³ ¸¸Ò¯, ¸¶¨´-Î ¸É¨ÍÒ, ¢Ò¢¥¸É¨ ±μÉμ·Ò¥
¢ · ³± Ì ´¥·¥²ÖÉ¨¢¨¸É¸±μ° ±¢ ´Éμ¢μ° ³¥Ì ´¨±¨ ´¥¢μ§³μ¦´μ. ’ ± Ö μ·¨¥´É -
Í¨Ö, ±μ´¥Î´μ, ´¥ μÉ·¨Í ¥É ¢μ§³μ¦´μ¸ÉÓ ± Î¥¸É¢¥´´μ£μ · ¸¸³μÉ·¥´¨Ö Í¥²μ£μ
·Ö¤  ¢μ¶·μ¸μ¢, ¶μ¸É·μ¥´¨Ö ´ £²Ö¤´ÒÌ ³μ¤¥²¥° ´  μ¸´μ¢¥ ´¥·¥²ÖÉ¨¢¨¸É¸±μ°
±¢ ´Éμ¢μ° ³¥Ì ´¨±¨ ¨ ¶μ²ÊÎ¥´¨Ö ¢¶μ²´¥ ¤μ¡·μÉ´ÒÌ ·¥§Ê²ÓÉ Éμ¢, μ¸μ¡¥´´μ
±μ£¤  ·¥ÎÓ ¨¤¥É μ ¶·¨±² ¤´ÒÌ ´ ¶· ¢²¥´¨ÖÌ. �¤´ ±μ ¡μ²¥¥ £²Ê¡μ±μ¥ ¶μ´¨-
³ ´¨¥ ¶·¨·μ¤Ò Ö¢²¥´¨°, ¤μ¸É¨¦¥´¨¥ ¥¤¨´¸É¢  ¢ μ¶¨¸ ´¨¨ ¨ μÌ¢ É ¡μ²ÓÏ¥°
¸μ¢μ±Ê¶´μ¸É¨ Ö¢²¥´¨° ¢ · ³± Ì ¥¤¨´μ£μ ¶μ¤Ìμ¤  ´¥¢μ§³μ¦´Ò ¡¥§ ¡μ²ÓÏ¥°
¸É¥¶¥´¨ μ¡Ð´μ¸É¨, ± ± ÔÉμ ¨³¥¥É ³¥¸Éμ ¢ ¸μμÉ´μÏ¥´¨¨ ³¥¦¤Ê ·¥²ÖÉ¨¢¨§³μ³
¨ ´¥·¥²ÖÉ¨¢¨§³μ³.

‚ ´ Ï¨Ì ¶μ¸É·μ¥´¨ÖÌ ³Ò ¶·¨´¨³ ²¨ ¢μ ¢´¨³ ´¨¥ É ±¦¥ ¶μ²μ¦¥´¨Ö,
±μÉμ·Ò¥ ´¥ μÉ´μ¸ÖÉ¸Ö ± É·¥¡μ¢ ´¨Ö³ É¨¶   ±¸¨μ³, ´μ ¡¥§ ¸μ¡²Õ¤¥´¨Ö ±μ-
Éμ·ÒÌ ´¥¢μ§³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ·¥Ï¥´¨¥ ·Ö¤  É¥μ·¥É¨Î¥¸±¨Ì ¢μ¶·μ¸μ¢. ‘Õ¤ 
μÉ´μ¸¨É¸Ö Ê´¨Ë¨± Í¨Ö ³ É¥³ É¨Î¥¸±μ£μ Ëμ·³ ²¨§³ , ´¥μ¡Ìμ¤¨³μ¸ÉÓ ÊÎ¥É 
¸É·Ê±ÉÊ·Ò μ¡Ñ¥±É  ¨ ¤·Ê£¨¥ ¢μ¶·μ¸Ò.

„¢  μ¡¸ÉμÖÉ¥²Ó¸É¢  § ¸É ¢²ÖÕÉ ¶·¨¤¥·¦¨¢ ÉÓ¸Ö ¨¤¥¨ Ê´¨Ë¨± Í¨¨ ³ É¥³ -
É¨Î¥¸±μ£μ Ëμ·³ ²¨§³ . ‚μ-¶¥·¢ÒÌ, · §¢¨É¨¥ ¸μ¡¸É¢¥´´μ Ë¨§¨±¨ ³¨±·μ³¨· 
¨, ¢μ-¢Éμ·ÒÌ, Ê¸¶¥Ì¨ ¸³¥¦´ÒÌ μÉ· ¸²¥° §´ ´¨Ö, ±μÉμ·Ò¥ ¢ÒÏ²¨ ´   Éμ³-
´Ò° ¨²¨ ¸Ê¡ Éμ³´Ò° Ê·μ¢¥´Ó ¸É·Ê±ÉÊ·Ò ³ É¥·¨¨. �¥§Ê²ÓÉ ÉÒ, ¶·¥¤¸É ¢²¥´-
´Ò¥ ¸³¥¦´¨± ³¨ (É¥³´ Ö ³ É¥·¨Ö ¨ ¸±·ÒÉ Ö Ô´¥·£¨Ö,  ¸¨³³¥É·¨Ö ¢¥Ð¥¸É¢ 
¨  ´É¨¢¥Ð¥¸É¢  ¢ ³¨·¥, ¢μ§´¨±´μ¢¥´¨¥ § ±μ´μ³¥·´μ¸É¥° ¨§ Ì μ¸  ¨ É. ¶.), ´¥
³μ£ÊÉ ¨£´μ·¨·μ¢ ÉÓ¸Ö ¶·¨ ¤ ²Ó´¥°Ï¥³ · §¢¨É¨¨ Ë¨§¨±¨ ³¨±·μ³¨· . ˆ¸Éμ·¨Ö
´ ÊÎ´μ° ³Ò¸²¨ Å ÔÉμ ¨¸Éμ·¨Ö ¸¨´É¥§  ¶μ´ÖÉ¨°, ± § ²μ¸Ó ¡Ò, · §´μÌ · ±É¥·-
´ÒÌ ¨²¨ ¤ ²¥±μ μÉ¸ÉμÖÐ¨Ì ¤·Ê£ μÉ ¤·Ê£ . ’ ±μ¢  £²Ê¡¨´´ Ö μ¸´μ¢  Ê´¨Ë¨± -
Í¨¨. ‚ ¸ ³μ° Ë¨§¨±¥ ³¨±·μ³¨·  ¶¥·¨μ¤¨Î¥¸±¨ ¢μ§´¨± ÕÉ § ¤ Î¨, É·¥¡ÊÕÐ¨¥
Í¥²μ¸É´μ£μ · ¸¸³μÉ·¥´¨Ö ¢¸¥° ¸μ¢μ±Ê¶´μ¸É¨ ± ±¨Ì-²¨¡μ Î ¸É¨Í ¨²¨ ¨Ì ¢§ ¨-
³μ¤¥°¸É¢¨°. �·¨³¥· ³¨ Éμ³Ê ³μ£ÊÉ ¸²Ê¦¨ÉÓ ¸¥³¥°¸É¢  Î ¸É¨Í, Ëμ·³¨·Ê¥³Ò¥
Ê´¨É ·´Ò³¨ ¸¨³³¥É·¨Ö³¨ ¨²¨ K-³¥§μ´´Ò¥ ¨ ´¥°É·¨´´Ò¥ μ¸Í¨²²ÖÍ¨¨. ‡¤¥¸Ó
¶·μ¡²¥³  Ê´¨Ë¨± Í¨¨ ¶·¨´¨³ ¥É Ëμ·³Ê ¶·Ö³μ° ¶·μ¨§¢μ¤¸É¢¥´´μ° ´¥μ¡Ìμ-
¤¨³μ¸É¨.
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ŒÒ ¶μ´¨³ ¥³, ÎÉμ μÉ³¥Î¥´´Ò¥ É·¥¡μ¢ ´¨Ö ´¥ μÌ¢ ÉÒ¢ ÕÉ ¨ ´¥ ¨¸Î¥·¶Ò-
¢ ÕÉ ¢¸¥Ì ¶·μ¡²¥³ Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. �´¨ Ö¢²ÖÕÉ¸Ö μ¡Ö§ É¥²Ó-
´Ò³¨ ¨ ¶¥·¢μμÎ¥·¥¤´Ò³¨ ¤²Ö § ¤ Î μ¶·¥¤¥²¥´´μ£μ ¸μ·É . ‚ ¸Éμ·μ´¥ μ¸É ÕÉ¸Ö
¶μ±  ¢μ¶·μ¸Ò Ê¸Éμ°Î¨¢μ¸É¨, É¥μ·¨¨ ¤¨´ ³¨Î¥¸±¨Ì ¸¨¸É¥³ ¨ É. ¶., ¡¥§ ·¥Ï¥´¨Ö
±μÉμ·ÒÌ ¥¤¢  ²¨ ³μ¦´μ ¡Ê¤¥É £μ¢μ·¨ÉÓ μ ±¨´¥É¨±¥ ³¨±·μ³¨·  (¢§ ¨³μ¤¥°-
¸É¢¨° ¢μ ¢´ÊÉ·¨Ö¤¥·´μ° ¸·¥¤¥) ¨²¨ μ ¶μ´¨³ ´¨¨ ¶·μÍ¥¸¸μ¢ ³´μ¦¥¸É¢¥´´μ£μ
·μ¦¤¥´¨Ö ¢ ´¥³. �¤´ ±μ ¨Ì  ±ÉÊ ²Ó´μ¸ÉÓ μÉ ÔÉμ£μ ´¥ Ê³¥´ÓÏ ¥É¸Ö.

“¶μ³Ö´ÊÉ Ö μ¡§μ·´ Ö ¸É ÉÓÖ [3] § ± ´Î¨¢ ¥É¸Ö ¢μ¶·μ¸μ³: ¸ÊÐ¥¸É¢ÊÕÉ ²¨
¶¥·¥¤ É¥μ·¥³ ³¨ § ¶·¥É  ± ±¨¥-²¨¡μ  ²ÓÉ¥·´ É¨¢´Ò¥ ¸¨ÉÊ Í¨¨? �²ÓÉ¥·´ -
É¨¢μ°, ´¥ ¢Ò§Ò¢ ÕÐ¥° ¢μ¶·μ¸μ¢ ¨²¨ ¢μ§· ¦¥´¨°, ³μ£²μ ¡Ò ¡ÒÉÓ É ±μ¥ ¶μ-
²μ¦¥´¨¥, ±μ£¤  ¸ ³¨ ¸É·Ê±ÉÊ·´Ò¥ ¸μ¸É ¢²ÖÕÐ¨¥ ¶μ μ¶·¥¤¥²¥´¨Õ Ö¢²ÖÕÉ¸Ö
·¥²ÖÉ¨¢¨¸É¸±¨³¨. ˆ³¥´´μ ÔÉμ ¨³¥¥É ³¥¸Éμ ¢ · §¢¨¢ ¥³μ° ´ ³¨ ³μ¤¥²¨ ¤²Ö
²¥¶Éμ´´μ£μ ¸¥±Éμ· . ‡¤¥¸Ó ³¨´¨³ ²Ó´Ò³¨ ¸μ¸É ¢²ÖÕÐ¨³¨ Ö¢²ÖÕÉ¸Ö ´¥¶·¨-
¢μ¤¨³Ò¥ ¶·¥¤¸É ¢²¥´¨Ö £·Ê¶¶Ò ‹μ·¥´Í  ¸ ¶¥·¢Ò³ ¢¥¸μ¢Ò³ Î¨¸²μ³ l0 = 1/2,
É. ¥. μ¶¥· Éμ·Ò, ¤¥°¸É¢ÊÕÐ¨¥ ¢ ¶·μ¸É· ´¸É¢¥ ¸¶¨´μ·μ¢. �¥μ¡Ìμ¤¨³Ò¥ ±¢ ´-
Éμ¢Ò¥ Î¨¸²  ¶·¨ ÔÉμ³ ¢μ§´¨± ÕÉ ¡² £μ¤ ·Ö ¨§³¥´ÖÕÐ¥°¸Ö ¸É·Ê±ÉÊ·¥ ¨, ¢ ±μ-
´¥Î´μ³ ¨Éμ£¥, É·¥¡μ¢ ´¨Ö³ ¡ÒÉÓ ´ ¡²Õ¤ ¥³μ° Î ¸É¨Í¥° ¸μ ¸¢μ¥° ¸¶¥Í¨Ë¨±μ°
¢§ ¨³μ¤¥°¸É¢¨°.

�  ÔÉμ³ ¶ÊÉ¨ ¢μ§³μ¦´  ¤¥É ²¨§ Í¨Ö ¸É·Ê±ÉÊ·Ò  ¤·μ´μ¢ ´  ¸É·μ£μ ·¥²ÖÉ¨-
¢¨¸É¸±μ° μ¸´μ¢¥. ‚ §´ Î¨É¥²Ó´μ° ³¥·¥ Ê¸É· ´Ö¥É¸Ö · §·Ò¢ ³¥¦¤Ê ²¥¶Éμ´ ³¨
¨  ¤·μ´ ³¨, ¶·¨ ±μÉμ·μ³ ²¥¶Éμ´Ò ´¥ ¨³¥ÕÉ ´¨± ±μ° ¸É·Ê±ÉÊ·Ò,    ¤·μ´Ò
¨³¥ÕÉ ¸É·Ê±ÉÊ·Ê, ´μ ´¥ ·¥²ÖÉ¨¢¨¸É¸±ÊÕ. ’ ±μ¥ · ¸Ìμ¦¤¥´¨¥ ³¥¦¤Ê ¤¢Ê³Ö
¸¥±Éμ· ³¨ ³μ¦´μ ¶μ´¨³ ÉÓ É ±, ÎÉμ Î²¥´¥´¨¥  ¤·μ´μ¢ ´  ±¢ ·±¨ Ö¢²Ö¥É¸Ö
¡μ²¥¥ ±·Ê¶´Ò³,   ¸ ³¨ ¸μ¸É ¢²ÖÕÐ¨¥ ¡μ²¥¥ ¸²μ¦´Ò³¨, Î¥³ É·¥¡Ê¥É¸Ö ¤²Ö
μ¶¨¸ ´¨Ö ²¥¶Éμ´μ¢. �Éμ ¦¥ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ³μ¦¥É μ± § ÉÓ¸Ö ¢ ¦´Ò³ ¤²Ö ²ÊÎ-
Ï¥£μ ¶μ´¨³ ´¨Ö · §²¨Î¨° ³¥¦¤Ê ¸¨²Ó´Ò³¨ ¨ ¸² ¡Ò³¨ ¢§ ¨³μ¤¥°¸É¢¨Ö³¨.

1. “�ˆ”ˆŠ�–ˆŸ Œ�’…Œ�’ˆ—…‘Š�ƒ� ”��Œ�‹ˆ‡Œ�

�·¨¤¥·¦¨¢ Ö¸Ó ´ §¢ ´´ÒÌ μ¡Ð¨Ì ³μ³¥´Éμ¢, ³Ò ¶μ²ÊÎ¨²¨ μÉ¢¥É ´  ¢μ-
¶·μ¸ μ ¶μ²´μ³ Î¨¸²¥ £·Ê¶¶ Ê· ¢´¥´¨° ¸É ¡¨²Ó´ÒÌ ¨ ´¥¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢.
�¥μ¡Ìμ¤¨³Ò¥ ¨ ¤μ¸É ÉμÎ´Ò¥ Ê¸²μ¢¨Ö ¨Ì ¶μ²ÊÎ¥´¨Ö ¢ ¤ ´´μ³ ¸²ÊÎ ¥ μ± § ²¨¸Ó
É ±¨³¨:

1) ¨´¢ ·¨ ´É´μ¸ÉÓ ¨ ±μ¢ ·¨ ´É´μ¸ÉÓ Ê· ¢´¥´¨° μÉ´μ¸¨É¥²Ó´μ μ¤´μ·μ¤´μ°
£·Ê¶¶Ò ‹μ·¥´Í  ¸ ÊÎ¥Éμ³ Î¥ÉÒ·¥Ì ±μ³¶μ´¥´Éμ¢ ¸¢Ö§´μ¸É¨;

2) Ëμ·³Ê²¨·μ¢±  Ê· ¢´¥´¨° ´  μ¸´μ¢¥ ´¥¶·¨¢μ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨°
£·Ê¶¶, μ¶·¥¤¥²ÖÕÐ¨Ì ± ¦¤μ¥ ²¥¶Éμ´´μ¥ Ê· ¢´¥´¨¥;

3) ¸μÌ· ´¥´¨¥ 4-¢¥±Éμ·  Éμ±  ¢¥·μÖÉ´μ¸É¨ ¨ ¶μ²μ¦¨É¥²Ó´μ μ¶·¥¤¥²¥´´Ò°
Î¥É¢¥·ÉÒ° ±μ³¶μ´¥´É Éμ± ;

4) ¢¥²¨Î¨´  ¸¶¨´  ²¥¶Éμ´μ¢, ¶·¥¤¶μ²μ¦¨É¥²Ó´μ · ¢´ Ö 1/2;
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5) ´¥μ¡Ìμ¤¨³μ¸ÉÓ ± ¦¤μ³Ê ²¥¶Éμ´´μ³Ê Ê· ¢´¥´¨Õ ·¥¤ÊÍ¨·μ¢ ÉÓ¸Ö ± Ê· ¢-
´¥´¨Õ Š²¥°´ Äƒμ·¤μ´ .

�¥·¢Ò³ ¶·Ö³Ò³ ·¥§Ê²ÓÉ Éμ³ Ö¢¨²μ¸Ó ´ Ìμ¦¤¥´¨¥  ²£μ·¨É³  ¤²Ö ¶μ¸É·μ¥-
´¨Ö ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢. �´ ¡Ò² Ë ±É¨Î¥¸±¨ ¨§¢²¥Î¥´ ¨§ Ê· ¢´¥´¨Ö „¨· ± 
¸ ¶μ³μÐÓÕ ¨¸Î¥·¶Ò¢ ÕÐ¥£μ  ´ ²¨§  £·Ê¶¶Ò γ-³ É·¨Í „¨· ± . �´ ²¨§ ¶μ± -
§ ², ÎÉμ £·Ê¶¶  ¸μ¤¥·¦¨É É·¨ ¨§ Î¥ÉÒ·¥Ì ¢μ§³μ¦´ÒÌ ±μ³¶μ´¥´Éμ¢ ¸¢Ö§´μ¸É¨
£·Ê¶¶Ò ‹μ·¥´Í . “· ¢´¥´¨¥ ¢ Í¥²μ³ μ± § ²μ¸Ó ¤μ¸É ÉμÎ´μ ¨´Ëμ·³ É¨¢´Ò³
¤²Ö μ¡μ¡Ð¥´¨Ö  ²£μ·¨É³  ´  ¢¥¸Ó ´ ¡μ· ²¥¶Éμ´μ¢.

�¥·¢Ò° ¶Ê´±É ´¥μ¡Ìμ¤¨³ÒÌ ¨ ¤μ¸É ÉμÎ´ÒÌ Ê¸²μ¢¨°, ¸¢Ö§ ´´Ò° ¸ É·¥¡μ-
¢ ´¨¥³ μ¤´μ·μ¤´μ¸É¨ £·Ê¶¶Ò ‹μ·¥´Í , ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ ¢¸¥ Î ¸É¨ÍÒ,
¢±²ÕÎ Ö ´¥¸É ¡¨²Ó´Ò¥, μ¶¨¸Ò¢ ÕÉ¸Ö ± ± ÉμÎ¥Î´Ò¥ É ± ¦¥, ± ± Ô²¥±É·μ´.

‚¸¥ ¶·¥¤¸É ¢²¥´´Ò¥ Ê· ¢´¥´¨Ö ¶μ²ÊÎ¥´Ò ¡¥§ μ¡· Ð¥´¨Ö ± Ëμ·³ ²¨§³Ê
‹ £· ´¦ . �μÔÉμ³Ê ³μ¦¥É ¢¸É ÉÓ ¢μ¶·μ¸: ± ±¨³ μ¡· §μ³ ¨ ÎÉμ Ö¢²Ö¥É¸Ö Ô±¢¨-
¢ ²¥´Éμ³? „²Ö ´ Î ²  μÉ³¥É¨³, ÎÉμ É·¥¡μ¢ ´¨¥ ·¥²ÖÉ¨¢¨§³  ¶·¨¸ÊÉ¸É¢Ê¥É ± ±
¢ ´ Ï¥³, É ± ¨ ¢ É· ¤¨Í¨μ´´μ³ ¶μ¤Ìμ¤¥,   ¢μÉ ³¥Éμ¤¨±¨ ¶μ²ÊÎ¥´¨Ö Ö¢´μ£μ
¢¨¤  Ê· ¢´¥´¨° ¶·¨´Í¨¶¨ ²Ó´μ · §²¨Î´Ò¥. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ¢³¥¸Éμ ¢ ·¨ -
Í¨μ´´μ£μ ³¥Éμ¤  ¶μ²ÊÎ¥´¨Ö ¢μ²´μ¢μ£μ Ê· ¢´¥´¨Ö ³Ò ¨¸¶μ²Ó§Ê¥³ ´¥¶·¨¢μ¤¨-
³μ¸ÉÓ ¶·¥¤¸É ¢²¥´¨° £·Ê¶¶Ò ‹μ·¥´Í  ¸ ¶μ¸²¥¤ÊÕÐ¨³ · ¸Ï¨·¥´¨¥³ ¨Ì ¤μ
£·Ê¶¶ ¢μ²´μ¢ÒÌ Ê· ¢´¥´¨°. �·¨ ÔÉμ³ μ± § ²μ¸Ó, ÎÉμ ¸ ÊÎ¥Éμ³ ¢¸¥Ì ¶ÖÉ¨
¶¥·¥Î¨¸²¥´´ÒÌ ¶Ê´±Éμ¢ ¨ Î¥ÉÒ·¥Ì ±μ³¶μ´¥´Éμ¢ ¸¢Ö§´μ¸É¨ ¶μÖ¢²Ö¥É¸Ö ¢μ§-
³μ¦´μ¸ÉÓ ¶¥·¥Î¨¸²¨ÉÓ ¢¸¥ ¢ ·¨ ´ÉÒ, ¤μ¶Ê¸É¨³Ò¥ Ë¨§¨Î¥¸±¨³¨ ¨ ³ É¥³ É¨-
Î¥¸±¨³¨ É·¥¡μ¢ ´¨Ö³¨. ‚¸¥£μ ¨Ì ¶μ²ÊÎ¨²μ¸Ó ¶ÖÉÓ ¤²Ö ³ ¸¸¨¢´ÒÌ ²¥¶Éμ´μ¢
¨ 18 ¤²Ö ¡¥§³ ¸¸μ¢ÒÌ. „ ²¥¥ ¢ÒÖ¸´¨²μ¸Ó, ÎÉμ ¢¸¥ ÔÉ¨ ¢ ·¨ ´ÉÒ ¢ ±μ´¥Î´μ³
¨Éμ£¥ ¸¢μ¤ÖÉ¸Ö ± ¶ÖÉ¨ ¨ Éμ²Ó±μ ± ¶ÖÉ¨ ´¥Ô±¢¨¢ ²¥´É´Ò³. �±¢¨¢ ²¥´É´Ò¥ μÉ-
²¨Î ÕÉ¸Ö μ¤¨´ μÉ ¤·Ê£μ£μ Éμ²Ó±μ · §²¨Î´Ò³¨ ¢Ò¡μ· ³¨ £¥´¥· Éμ·μ¢ ¢´ÊÉ·¨
£·Ê¶¶Ò. ‘·¥¤¨ 23 ¢ ·¨ ´Éμ¢ ´¥ ´ Ï²μ¸Ó ´¨ μ¤´μ£μ ®²¨Ï´¥£μ¯ ¨²¨ ¤μ¶μ²-
´¨É¥²Ó´μ£μ ¸¢¥·Ì Ê¶μ³Ö´ÊÉÒÌ ¶ÖÉ¨ ´¥Ô±¢¨¢ ²¥´É´ÒÌ É¨¶μ¢ Ê· ¢´¥´¨° ¤²Ö
¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢. �Éμ ³μ¦´μ ¶μ´¨³ ÉÓ ± ± ¸¢μ¥μ¡· §´ÊÕ Ê¸Éμ°Î¨¢μ¸ÉÓ
¶·μÍ¥¤Ê·Ò ¢ÒÎ¨¸²¥´¨Ö ¶·¨ ¢ ·Ó¨·μ¢ ´¨¨ ¶μ·Ö¤±  £¥´¥· Éμ·μ¢. ˆ§³¥´¥´¨¥
¶μ·Ö¤±  £¥´¥· Éμ·μ¢ (É. ¥. ¨Ì ¶μ·Ö¤±  ± ± Ô²¥³¥´Éμ¢ £·Ê¶¶ 2 ¨²¨ 4) ¶·¨¢μ-
¤¨É ± Éμ³Ê, ÎÉμ Ê· ¢´¥´¨¥ ¶¥·¥Ìμ¤¨É ¸ ³μ ¢ ¸¥¡Ö ²¨¡μ ¢ ¤·Ê£μ¥ ¨§ Î¨¸² 
´ °¤¥´´ÒÌ. Œ ¸¸¨¢´Ò¥ Ê· ¢´¥´¨Ö ¶¥·¥Ìμ¤ÖÉ ¢ ³ ¸¸¨¢´Ò¥, ¡¥§³ ¸¸μ¢Ò¥ Å
¢ ¡¥§³ ¸¸μ¢Ò¥. �μ·Ö¤μ± £¥´¥· Éμ·μ¢ 2 ¨²¨ 4 Í¥²¨±μ³ μ¶·¥¤¥²Ö¥É¸Ö É·¥¡μ¢ -
´¨¥³ Å ¸¶¨´ ²¥¶Éμ´μ¢ · ¢´Ö¥É¸Ö 1/2.

ˆ§¢¥¸É´μ, ÎÉμ ¢¸¥ ²¨´¥°´Ò¥ ¢μ²´μ¢Ò¥ Ê· ¢´¥´¨Ö ¤μ²¦´Ò ·¥¤ÊÍ¨·μ¢ ÉÓ¸Ö
± Ê· ¢´¥´¨Õ Š²¥°´ Äƒμ·¤μ´ . ‚μμ¡Ð¥ £μ¢μ·Ö, μ´μ ´¥ μ¶¨¸Ò¢ ¥É ´¨ μ¤¨´
±μ´±·¥É´Ò° É¨¶ Î ¸É¨Í ¨ Ö¢²Ö¥É¸Ö ¸¢μ¥μ¡· §´μ° μ¡μ²μÎ±μ°, μ¡Ñ¥³²ÕÐ¥° ¢¸¥
·¥²ÖÉ¨¢¨¸É¸±¨¥ ¢μ²´μ¢Ò¥ Ê· ¢´¥´¨Ö ´¥§ ¢¨¸¨³μ μÉ ¸¶¨´ . Š·μ³¥ Éμ£μ, ¥¸²¨
¢ ´¥³ ¶μ²μ¦¨ÉÓ m = 0, Éμ μ´μ μ¸É ´¥É¸Ö ¸¶· ¢¥¤²¨¢Ò³. ’ ±μ¥ ¸¢μ°¸É¢μ
Ö¢²Ö¥É¸Ö ·¥§Ê²ÓÉ Éμ³ Éμ£μ, ÎÉμ μ´μ ´¥ ¸μ¤¥·¦¨É ¨´Ëμ·³ Í¨¨ μ ¸É·Ê±ÉÊ·¥ Î -
¸É¨Í. ˆ´μ¥ ¶μ²μ¦¥´¨¥ ¢ ¸²ÊÎ ¥ Ê· ¢´¥´¨° ¶¥·¢μ° ¸É¥¶¥´¨ ¶μ ¶·μ¨§¢μ¤´Ò³.
’ ±, ´ ¶·¨³¥·, ¢ Ê· ¢´¥´¨ÖÌ É¨¶  „¨· ±  ´¥²Ó§Ö ¶μ²μ¦¨ÉÓ m = 0. ’ ±μ°
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¶·¥¤¥²Ó´Ò° ¶¥·¥Ìμ¤ É·¥¡Ê¥É ¸É·Ê±ÉÊ·´μ° ¶¥·¥¸É·μ°±¨ ¤²Ö Éμ£μ, ÎÉμ¡Ò ´μ-
¢μ¥ ¢Ò· ¦¥´¨¥ μ¸É ²μ¸Ó ¢μ²´μ¢Ò³ Ê· ¢´¥´¨¥³. ‚ μÉ²¨Î¨¥ μÉ ¶μ¤Ìμ¤  „¨· ± 
³Ò ´¥ · §² £ ¥³ Ê· ¢´¥´¨¥ Š²¥°´ -ƒμ·¤μ´  ´  ¶·μ¨§¢¥¤¥´¨¥ ¸μ³´μ¦¨É¥²¥°
¶¥·¢μ£μ ¶μ·Ö¤±  ¶μ ¶·μ¨§¢μ¤´Ò³,   ¸· §Ê ¸É·μ¨³ É ±μ¢Ò¥, ¨¸Ìμ¤Ö ¨§ ´ °¤¥´-
´μ£μ  ²£μ·¨É³ . �μ ÔÉμ° ¶·¨Î¨´¥ ·¥¤Ê±Í¨Ö ± Ê· ¢´¥´¨Õ Š²¥°´ -ƒμ·¤μ´  ¢
´ Ï¥³ ¸²ÊÎ ¥ Ö¢²Ö¥É¸Ö μ¡Ö§ É¥²Ó´Ò³ ±μ´¸É·Ê±É¨¢´Ò³ É·¥¡μ¢ ´¨¥³. ‚ Î ¸É-
´μ¸É¨, μ´μ ¶μ§¢μ²Ö¥É Ê¸É ´μ¢¨ÉÓ ¢ ¤ ´´μ³ ¶μ¤Ìμ¤¥, ³μ¦¥É ²¨ ³ ¸¸  Î ¸É¨ÍÒ
¡ÒÉÓ Î¨¸²μ³, μÉ²¨Î´Ò³ μÉ ´Ê²Ö, ¨²¨ ´¥É.

ƒ·Ê¶¶  � Ê²¨ ¨ ¸μ¡¸É¢¥´´μ¥ ¶·¥¤¸É ¢²¥´¨¥. �μ²¥§´Ò³ ¨ ±μ´¸É·Ê±É¨¢-
´Ò³ μ± § ²μ¸Ó ¸μ¶μ¸É ¢²¥´¨¥  ²£¥¡·Ò ‹¨ £·Ê¶¶Ò ‹μ·¥´Í  ¨ £·Ê¶¶Ò ¸¶¨´μ-
¢ÒÌ ³ É·¨Í � Ê²¨. �´μ ¶μ§¢μ²¨²μ ¢Ò°É¨ ´  ¶·Ö³ÊÕ ¨´É¥·¶·¥É Í¨Õ μ¶¥· -
Éμ·μ¢ ¡Ê¸Éμ¢ ¤²Ö ¢¸¥Ì ±μ³¶μ´¥´Éμ¢ ¸¢Ö§´μ¸É¨, ´ Ìμ¦¤¥´¨Õ ¨Ì Ö¢´μ£μ ¢¨¤ 
É ± ¦¥, ± ± ¨ Ö¢´μ£μ ¢¨¤  ¸ ³¨Ì  ²£¥¡· ‹¨ ¤²Ö É·¥Ì ±μ³¶μ´¥´Éμ¢ ¸¢Ö§´μ¸É¨
¶μ³¨³μ ¸μ¡¸É¢¥´´μ£μ ¶·¥¤¸É ¢²¥´¨Ö. �¥§Ê²ÓÉ ÉÒ, μÉ´μ¸ÖÐ¨¥¸Ö ± ´¥¸μ¡¸É¢¥´-
´Ò³ ±μ³¶μ´¥´É ³ ¸¢Ö§´μ¸É¨, ¢ Ë¨§¨Î¥¸±μ° ²¨É¥· ÉÊ·¥ ¢ Ö¢´μ³ ¢¨¤¥ ¡Ò²¨
¶·¥¤¸É ¢²¥´Ò ´ ³¨ ¢¶¥·¢Ò¥.

	Ê¤¥³ ¨¸Ìμ¤¨ÉÓ ¨§ μ¡Ð¥¶·¨´ÖÉμ£μ ¶μ²μ¦¥´¨Ö, ¶·¨´ ¤²¥¦ Ð¥£μ � Ê²¨,
μ Éμ³, ÎÉμ ¸¶¨´ Ö¢²Ö¥É¸Ö ¸μ¡¸É¢¥´´Ò³ ³μ³¥´Éμ³ ±μ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö Ô²¥-
³¥´É ·´μ° Î ¸É¨ÍÒ, ¨³¥ÕÐ¨³ ±¢ ´Éμ¢ÊÕ ¶·¨·μ¤Ê ¨ ´¥ ¸¢Ö§ ´´Ò³ ¸ ¶¥·¥³¥-
Ð¥´¨¥³ Î ¸É¨ÍÒ ± ± Í¥²μ£μ. �·¨ ÔÉμ³ ³μ¤Ê²Ó ¸¶¨´  ¸Î¨É ¥É¸Ö ¶μ¸ÉμÖ´´Ò³
Î¨¸²μ³. �Éμ μ¶·¥¤¥²¥´¨¥ ´¥ ¨§³¥´¨²μ¸Ó ¢ ´ Ï¥ ¢·¥³Ö. ‚ ¸²ÊÎ ¥ Ô²¥±É·μ´ 
¸μ¡¸É¢¥´´Ò° ³μ³¥´É ±μ²¨Î¥¸É¢  ¤¢¨¦¥´¨Ö, ± ± ¨§¢¥¸É´μ, μ¶¨¸Ò¢ ¥É¸Ö Ëμ·-
³ ²¨§³μ³ ¸¶¨´μ¢ÒÌ ³ É·¨Í � Ê²¨ [13]:

σx =
(

0 1
1 0

)
; σy =

(
0 −i
i 0

)
; σz =

(
1 0
0 −1

)
.

ˆ§¢¥¸É´μ, ÎÉμ ³ É·¨ÍÒ � Ê²¨ ¶μ·μ¦¤ ÕÉ £·Ê¶¶Ê 16-£μ ¶μ·Ö¤±  [14]. ‚¢¥¤¥³
¸²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥´¨Ö:

σzσy ≡ a1, σxσz ≡ a2, σyσx ≡ a3 (1)

¨
σx ≡ b1, σy ≡ b2, σz ≡ b3. (2)

�Î¥¢¨¤´μ, ÎÉμ

b1 = a1c, b2 = a2c, b3 = a3c, (3)

£¤¥ c = σxσyσz = iI ¥¸ÉÓ μ¤¨´ ¨§ Î¥ÉÒ·¥Ì (I,−I, iI,−iI) Ô²¥³¥´Éμ¢ Í¥´-
É·  £·Ê¶¶Ò. ‡¤¥¸Ó I Å ¥¤¨´¨Î´ Ö 2 × 2 ³ É·¨Í . �Éμ μ§´ Î ¥É, ÎÉμ ¤²Ö
¤ ´´μ£μ ´¥¶·¨¢μ¤¨³μ£μ ¶·¥¤¸É ¢²¥´¨Ö (��) μ¶¥· Éμ·Ò a1, a2, a3 ¸¢Ö§ ´Ò ¸
μ¶¥· Éμ· ³¨ b1, b2, b3 ¶·μ¸ÉÒ³¨ ¸μμÉ´μÏ¥´¨Ö³¨

b1 = ia1, b2 = ia2, b3 = ia3. (4)
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Œμ¦´μ μÉ³¥É¨ÉÓ É ±¦¥, ÎÉμ

a2a1a
−1
2 = a−1

1 = a3
1, a1a2 ≡ a3, a2

1 = a2
2 = a2

3. (5)

�Éμ μ§´ Î ¥É, ÎÉμ Ô²¥³¥´ÉÒ a1, a2 ¶μ·μ¦¤ ÕÉ ¶μ¤£·Ê¶¶Ê ±¢ É¥·´¨μ´μ¢ [5].
�¡μ§´ Î¨³ ¥¥ É ±: Q2[a1, a2]. ‘Î¨É Ö Ô²¥³¥´ÉÒ ¢¸¥° £·Ê¶¶Ò μ¡· §ÊÕÐ¨³¨
Ô²¥³¥´É ³¨  ²£¥¡·Ò, ´ Ìμ¤¨³ É ±¨¥ ±μ³³ÊÉ Éμ·Ò:

[a1, a2] = 2a3, [a2, a3] = 2a1, [a3, a1] = 2a2,

[b1, b2] = −2a3, [b2, b3] = −2a1, [b3, b1] = −2a2,

[a1, b1] = 0, [a2, b2] = 0, [a3, b3] = 0,

(6)[a1, b2] = 2b3 [a1, b3] = −2b2,

[a2, b3] = 2b1, [a2, b1] = −2b3,

[a3, b1] = 2b2, [a3, b2] = −2b1.

‘ ÉμÎ´μ¸ÉÓÕ ¤μ μ¡Ð¥£μ ¤²Ö ¢¸¥Ì · ¢¥´¸É¢ ³´μ¦¨É¥²Ö 2 ¶μ²ÊÎ¥´´Ò¥ ±μ³³ÊÉ -
Í¨μ´´Ò¥ ¸μμÉ´μÏ¥´¨Ö ¶μ²´μ¸ÉÓÕ ¸μ¢¶ ¤ ÕÉ ¸ ±μ³³ÊÉ Éμ· ³¨ ¨´Ë¨´¨É¥§¨-
³ ²Ó´ÒÌ ³ É·¨Í ¸μ¡¸É¢¥´´μ£μ ¶·¥μ¡· §μ¢ ´¨Ö ‹μ·¥´Í  [15]. „ ²¥¥ £·Ê¶¶ ,
±μÉμ· Ö £¥´¥·¨·Ê¥É¸Ö É·¥³Ö σ-³ É·¨Í ³¨ � Ê²¨, ¡Ê¤¥É μ¡μ§´ Î ÉÓ¸Ö ± ± dγ .
Šμ³³ÊÉ Í¨μ´´Ò¥ ¸μμÉ´μÏ¥´¨Ö (Š‘) (6) μ§´ Î ÕÉ, ÎÉμ ´  £·Ê¶¶¥ dγ ·¥ -
²¨§Ê¥É¸Ö ¸μ¡¸É¢¥´´μ¥ μ·ÉμÌ·μ´´μ¥ ´¥¶·¨¢μ¤¨³μ¥ ¶·¥¤¸É ¢²¥´¨¥ μ¤´μ·μ¤´μ°
£·Ê¶¶Ò ‹μ·¥´Í .

‚ ¸¨²Ê ¶μ¸É·μ¥´¨Ö ±μ³³ÊÉ Í¨μ´´ÒÌ ¸μμÉ´μÏ¥´¨° (6) ¢¸¥ Ï¥¸ÉÓ μ¶¥-
· Éμ·μ¢ (a1, a2, a3) ¨ (b1, b2, b3) ¨³¥ÕÉ ¢¶μ²´¥ μ¶·¥¤¥²¥´´Ò° Ë¨§¨Î¥¸±¨°
¸³Ò¸² [15]. �É¸Õ¤ , ¢ Î ¸É´μ¸É¨, ¸²¥¤Ê¥É, ÎÉμ σx ≡ b1, σy ≡ b2, σz ≡ b3

Ö¢²ÖÕÉ¸Ö ¨´Ë¨´¨É¥§¨³ ²Ó´Ò³¨ μ¶¥· Éμ· ³¨ ¶·¥μ¡· §μ¢ ´¨° ‹μ·¥´Í  ¢¤μ²Ó
¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶·μ¸É· ´¸É¢¥´´ÒÌ μ¸¥°. �·¨ ÔÉμ³ σzσy ≡ a1, σxσz ≡ a2,
σyσx ≡ a3 ¨³¥ÕÉ ¸³Ò¸² ¨´Ë¨´¨É¥§¨³ ²Ó´ÒÌ μ¶¥· Éμ·μ¢ ¶μ¤£·Ê¶¶Ò É·¥Ì³¥·-
´ÒÌ ¢· Ð¥´¨°.

”μ·³Ê²Ò (6) ¤μ¶Ê¸± ÕÉ ¶·¥¤¥²Ó´μ ¸¦ ÉÊÕ, ¸¢¥·´ÊÉÊÕ Ëμ·³Ê § ¶¨¸¨ ´ 
μ¸´μ¢¥  ´É¨±μ³³ÊÉ Í¨μ´´ÒÌ ¸μμÉ´μÏ¥´¨° ³¥¦¤Ê £¥´¥· Éμ· ³¨ £·Ê¶¶Ò dγ

{bs, bt} = 2δst (s, t = 1, 2, 3). (7)

ˆ§ Ê· ¢´¥´¨Ö (7) ¸²¥¤Ê¥É, ÎÉμ É·¨ £¥´¥· Éμ·  (bs, s = 1, 2, 3) ¶μ·μ¦¤ ÕÉ
£·Ê¶¶Ê (¢ ¤ ´´μ³ ¸²ÊÎ ¥ dγ), μ¤´μ ¨§ ¤¢Ê³¥·´ÒÌ ¶·¥¤¸É ¢²¥´¨° ±μÉμ·μ° Ô±¢¨-
¢ ²¥´É´μ σ-³ É·¨Í ³ � Ê²¨. „·Ê£¨³¨ ¸²μ¢ ³¨, Ê· ¢´¥´¨¥ (7) ³μ¦´μ ¶μ´¨³ ÉÓ
± ± μ¤´μ§´ Î´μ¥ ¸¨³¢μ²Ó´μ¥ μ¡μ§´ Î¥´¨¥ ¢¸¥° ¸μ¢μ±Ê¶´μ¸É¨ · ¢¥´¸É¢ (6).

P -¸μ¶·Ö¦¥´´μ¥ ¶·¥¤¸É ¢²¥´¨¥. �μ¸²¥¤ÊÕÐ¥¥ ¨ ¡μ²¥¥ ¤¥É ²Ó´μ¥ ¨§ÊÎ¥-
´¨¥ ¸É·Ê±ÉÊ·Ò £·Ê¶¶Ò � Ê²¨ (dγ) ¶μ± § ²μ, ÎÉμ μ´  μ¡² ¤ ¥É ¤¢μ°¸É¢¥´´μ-
¸ÉÓÕ. �Éμ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ Éμ£μ, ÎÉμ ¶μ³¨³μ ¶μ¤£·Ê¶¶Ò Q2[a1, a2] μ´ 
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¸μ¤¥·¦¨É ¥Ð¥ μ¤´Ê ¶μ¤£·Ê¶¶Ê ¢μ¸Ó³μ£μ ¶μ·Ö¤±  Å q2[a1, a
′
2]. �¶·¥¤¥²ÖÕ-

Ð¨¥ ¸μμÉ´μÏ¥´¨Ö ³¥¦¤Ê £¥´¥· Éμ· ³¨ ¤²Ö μ¡¥¨Ì £·Ê¶¶ μ¤¨´ ±μ¢Ò¥. � §²¨Î¨¥
Éμ²Ó±μ ¢ ¶μ·Ö¤± Ì £¥´¥· Éμ·μ¢. �¡  £¥´¥· Éμ·  ¢ Q2[a1, a2] ¨³¥ÕÉ ¶μ·Ö¤μ±
Î¥ÉÒ·¥. �¤¨´ £¥´¥· Éμ· (a1) ¢ q2[a1, a

′
2] ¨³¥¥É ¶μ·Ö¤μ± Î¥ÉÒ·¥,   ¢Éμ·μ° ¤¢ .

Šμ³³ÊÉ Í¨μ´´Ò¥ ¸μμÉ´μÏ¥´¨Ö ¤²Ö q2[a1, a
′
2] ( ²£¥¡·  ‹¨) ¶·¨´¨³ ÕÉ ¢¨¤

[a1, a
′
2] = 2a′

3, [a′
2, a

′
3] = −2a1, [a′

3, a1] = 2a′
2, (8)

£¤¥ a1 = σzσy, a′
2 = a2c, a3 = a1a

′
2, c = σxσyσz = iI .

	Ê¤¥³ ´ §Ò¢ ÉÓ q2[a1, a
′
2] £·Ê¶¶μ° ±¢ É¥·´¨μ´μ¢ ¢Éμ·μ£μ ·μ¤ . �μ¢Éμ·ÖÖ

¶μ¸É·μ¥´¨Ö ‚¨£´¥·  [16], ´¥É·Ê¤´μ Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ Q2[a1, a2] ¸¢Ö§ ´  ¸ SU(2),
±μ£¤  detU = 1, Éμ£¤  ± ± q2[a1, a

′
2] ¸¢Ö§ ´  ¸ SU(2), ±μ£¤  detU = −1.

…¸²¨ · ¸Ï¨·¨ÉÓ q2[a1, a
′
2] É¥³ ¦¥ ¸ ³Ò³ Ô²¥³¥´Éμ³, ± ± · ´¥¥ c =

σxσyσz = iI , ³Ò ¶μ²ÊÎ¨³ ¸²¥¤ÊÕÐ¨¥ ±μ³³ÊÉ Í¨μ´´Ò¥ ¸μμÉ´μÏ¥´¨Ö:

[a1, a
′
2] = 2a′

3, [a′
2, a

′
3] = −2a1, [a′

3, a1] = 2a′
2,

[b′1, b
′
2] = −2a′

3, [b′2, b
′
3] = 2a1, [b′3, b

′
1] = −2a′

2,

[a1, b
′
1] = 0, [a′

2, b
′
2] = 0, [a′

3, b
′
3] = 0,

(9)[a1, b
′
2] = 2b′3, [a1, b

′
3] = −2b′2,

[a′
2, b

′
3] = −2b′1, [a′

2, b
′
1] = −2b′3,

[a′
3, b

′
1] = 2b′2, [a′

3, b
′
2] = 2b′1,

£¤¥ b′1 = a1c, b′2 = a′
2c, b′3 = a′

3c.
„ ´´Ò¥ ¸μμÉ´μÏ¥´¨Ö μÉ²¨Î ÕÉ¸Ö μÉ É ±μ¢ÒÌ, ´ ¶¨¸ ´´ÒÌ ¢ÒÏ¥ (6). ŒÒ

¡Ê¤¥³ ¸¢Ö§Ò¢ ÉÓ ¨Ì ¸ £·Ê¶¶μ° fγ , ¶·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥, ÎÉμ fγ ¨ dγ ¨§μ-
³μ·Ë´Ò. �´¨ μÉ²¨Î ÕÉ¸Ö · §²¨Î´Ò³ ¢Ò¡μ·μ³ É·¥Ì £¥´¥· Éμ·μ¢.

�·¥¤¸É ¢²¥´¨¥ (9) ¡Ê¤¥³ ´ §Ò¢ ÉÓ P -¸μ¶·Ö¦¥´´Ò³ ¶μ μÉ´μÏ¥´¨Õ ± dγ

¢ ¸¨²Ê μÉ³¥Î¥´´μ£μ ¢ÒÏ¥ · §²¨Î¨Ö ¢ §´ ± Ì ¤¥É¥·³¨´ ´Éμ¢. � §²¨Î¨Ö ¢μ§´¨-
± ÕÉ ´  Ê·μ¢´¥ ¶μ¤£·Ê¶¶Ò É·¥Ì³¥·´ÒÌ ¢· Ð¥´¨°, É. ¥. ¢ ¶¥·¢μ° ¸É·μ±¥. ‚¸¥
¶μ¸²¥¤ÊÕÐ¨¥ · §²¨Î¨Ö ¢ÒÉ¥± ÕÉ ¨§ ¨§³¥´¥´¨° ¢ ¶¥·¢μ° ¸É·μ±¥.

‘¢¥·´ÊÉ Ö Ëμ·³  § ¶¨¸¨ · ¢¥´¸É¢ (9) ¶·¨´¨³ ¥É ¢¨¤

{b′s, b′t} = −2δst (s, t = 1, 2, 3, s = t �= 1),
(10)

{b′s, b′t} = 2δst (s = t = 1).

‚ μÉ²¨Î¨¥ μÉ · ¢¥´¸É¢ (7), §¤¥¸Ó Éμ²Ó±μ μ¤¨´ £¥´¥· Éμ· ¨§ É·¥Ì ¨³¥¥É ¶μ·Ö¤μ±
¤¢ , ¤¢  ¤·Ê£¨Ì ¨³¥ÕÉ ¶μ·Ö¤μ± Î¥ÉÒ·¥.

T -¸μ¶·Ö¦¥´´μ¥ ¶·¥¤¸É ¢²¥´¨¥. ˆ¸Î¥·¶Ò¢ ÕÐ¨°  ´ ²¨§ ¸É·Ê±ÉÊ·Ò £·Ê¶-
¶Ò γ-³ É·¨Í Ê· ¢´¥´¨Ö „¨· ±  [7] ¶μ± § ², ÎÉμ ¢ ¥¥ ¸μ¸É ¢¥ ¨³¥¥É¸Ö ¤¢¥
¨ Éμ²Ó±μ ¤¢¥ ´¥ ¨§μ³μ·Ë´ÒÌ ¶μ¤£·Ê¶¶Ò 16-£μ ¶μ·Ö¤± . �¤´μ° ¨§ ´¨Ì μ± -
§ ² ¸Ó Ê¦¥ · ¸¸³μÉ·¥´´ Ö £·Ê¶¶  dγ , ¤·Ê£ Ö ¶μ¤£·Ê¶¶  ¡Ò²  μ¡μ§´ Î¥´  bγ .
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�²£¥¡·  ‹¨ ¤²Ö bγ ¨³¥¥É ¢¨¤

[a1, a2] = 2a3, [a2, a3] = 2a1, [a3, a1] = 2a2,

[b′′1 , b′′2 ] = 2a3, [b′′2 , b′′3 ] = 2a1, [b′′3 , b′′1 ] = 2a2,

[a1, b
′′
1 ] = 0, [a2, b

′′
2 ] = 0, [a3, b

′′
3 ] = 0,

[a1, b
′′
2 ] = 2b′′3 , [a1, b

′′
3 ] = −2b′′2 , (11)

[a2, b
′′
3 ] = 2b′′1 , [a2, b

′′
1 ] = −2b′′3 ,

[a3, b
′′
1 ] = 2b′′2 , [a3, b

′′
2 ] = −2b′′1 .

‘μμÉ¢¥É¸É¢ÊÕÐ Ö ¥° ¸¢¥·´ÊÉ Ö Ëμ·³  § ¶¨¸Ò¢ ¥É¸Ö É ±:

{b′′s , b′′t } = −2δst (s, t = 1, 2, 3). (12)

ˆ§ ´¥¥ ¸²¥¤Ê¥É, ÎÉμ ¶μ¤£·Ê¶¶  bγ ¶μ·μ¦¤ ¥É¸Ö É·¥³Ö  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨³¨
£¥´¥· Éμ· ³¨ Î¥É¢¥·Éμ£μ ¶μ·Ö¤± . �Î¥¢¨¤´μ, ÎÉμ (6) ¶¥·¥Ìμ¤¨É ¢ (11) ¶·¨
§ ³¥´¥

bk → b′′k = ibk (k = 1, 2, 3). (13)

�·¨ ÔÉμ³ ¶·μ¨¸Ìμ¤¨É ¶¥·¥Ìμ¤ μ¤´μ° £·Ê¶¶Ò ¢ ¤·Ê£ÊÕ, dγ → bγ . „¥É ²¨ ¶μ-
²ÊÎ¥´¨Ö Ê· ¢´¥´¨° (11) ´  μ¸´μ¢¥ £·Ê¶¶Ò „¨· ±  ¶·¨¢¥¤¥´Ò ¢ [7]. � §²¨Î¨¥
³¥¦¤Ê Š‘ (6) ¨ (11) ´ Î¨´ ¥É¸Ö ¸ · ¢¥´¸É¢ ¢μ ¢Éμ·μ° ¢¥·Ì´¥° ¸É·μ±¥. ˆ¸¶μ²Ó-
§ÊÖ ¨§¢¥¸É´Ò° £μ³μ³μ·Ë¨§³ [8] ³¥¦¤Ê £·Ê¶¶μ° ‹μ·¥´Í  ¨ SL(2, c), ³μ¦´μ
¶μ± § ÉÓ ¶·Ö³Ò³ ¢ÒÎ¨¸²¥´¨¥³, ÎÉμ ±μ³³ÊÉ Í¨μ´´Ò¥ ¸μμÉ´μÏ¥´¨Ö (11) ¸μ¢¶ -
¤ ÕÉ ¸ ¨´Ë¨´¨É¥§¨³ ²Ó´Ò³¨ ³ É·¨Í ³¨ ¶·¥μ¡· §μ¢ ´¨° ‹μ·¥´Í , ¢ ±μÉμ·ÒÌ
¶·μ¨§¢¥¤¥´μ μ¡· Ð¥´¨¥ ¢·¥³¥´¨ t → −t. �μÔÉμ³Ê ¶·¥¤¸É ¢²¥´¨¥ (11) ¡Ò²μ
´ §¢ ´μ T -¸μ¶·Ö¦¥´´Ò³ ¶μ μÉ´μÏ¥´¨Õ ± (6).

PT-¸μ¶·Ö¦¥´´μ¥ ¶·¥¤¸É ¢²¥´¨¥. �μ¤μ¡´μ Éμ³Ê, ± ± ¶μ¤£·Ê¶¶Ò dγ ¨ bγ

Ö¢²ÖÕÉ¸Ö ¤¢Ê³Ö ¶μ¤£·Ê¶¶ ³¨ 16-£μ ¶μ·Ö¤±  £·Ê¶¶Ò Ê· ¢´¥´¨Ö „¨· ± , ÉμÎ´μ
É ± ¦¥ ¤¢¥ ¨ Éμ²Ó±μ ¤¢¥ ¶μ¤£·Ê¶¶Ò 16-£μ ¶μ·Ö¤±  ¸μ¤¥·¦ É¸Ö ¢ Ê· ¢´¥´¨¨
Œ °μ· ´Ò [10]. ‚ ´ Ï¨Ì μ¡μ§´ Î¥´¨ÖÌ ÔÉμ £·Ê¶¶  Dγ(I). ˆ³¨ μ± § ²¨¸Ó
¶μ¤£·Ê¶¶Ò dγ ¨ cγ . �μ¤£·Ê¶¶  cγ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ·¥§Ê²ÓÉ É ¶μ¸²¥¤μ¢ -
É¥²Ó´μ£μ ¤¥°¸É¢¨Ö P - ¨ T -¸μ¶·Ö¦¥´¨° ´  £·Ê¶¶Ê dγ . �É¨ μ¶¥· Í¨¨ ±μ³³Ê-
É¨·ÊÕÉ ³¥¦¤Ê ¸μ¡μ°. Šμ³³ÊÉ Í¨μ´´Ò¥ ¸μμÉ´μÏ¥´¨Ö É¨¶  (6) ¤²Ö cγ ¶·μÐ¥
¢¸¥£μ ¶μ²ÊÎ¨ÉÓ ¶ÊÉ¥³ ¸²¥¤ÊÕÐ¥° § ³¥´Ò ¢ Ê· ¢´¥´¨ÖÌ (6):

a2 → a′
2 = ia2, bk → b∗k = ibk (k = 1, 2, 3). (14)
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‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ ¥É¸Ö É ±μ° ´ ¡μ· ±μ³³ÊÉ Í¨μ´´ÒÌ ¸μμÉ´μÏ¥´¨°:

[a1, a
′
2] = 2a′

3, [a′
2, a

′
3] = −2a1, [a′

3, a1] = 2a′
2,

[b∗1, b
∗
2] = 2a′

3, [b∗2, b
∗
3] = −2a1, [b∗3, b

∗
1] = 2a′

2,

[a1, b
∗
1] = 0, [a′

2, b
∗
2] = 0, [a′

3, b
∗
3] = 0,

(15)[a1, b
∗
2] = 2b∗3, [a1, b

∗
3] = −2b∗2,

[a′
2, b

∗
3] = −2b∗1, [a′

2, b
∗
1] = −2b∗3,

[a′
3, b

∗
1] = 2b∗2, [a′

3, b
∗
2] = 2b∗1.

�μ¤μ¡´μ É·¥³ ¶·¥¤Ò¤ÊÐ¨³ £·Ê¶¶ ³ (7), (10), (12) ³μ¦´μ ´ ¶¨¸ ÉÓ ¸¢¥·-
´ÊÉÊÕ Ëμ·³Ê ¤²Ö cγ :

{b∗s, b∗t } = 2δst (s, t = 1, 2, 3, s = t �= 1), (16)

{b∗s, b∗t } = −2δst (s = t = 1).

‘¢¥·´ÊÉÒ¥ Ëμ·³Ò Ö¢²ÖÕÉ¸Ö ¢ ´ Ï¥³ ¸²ÊÎ ¥ μ¤´¨³ ¨§ ¸¶μ¸μ¡μ¢ § ¤ ´¨Ö μ¶·¥-
¤¥²ÖÕÐ¨Ì ¸μμÉ´μÏ¥´¨° ¤²Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥° £·Ê¶¶Ò. ’ ±¨³ μ¡· §μ³, ¢¨¤´μ,
ÎÉμ ²Õ¡μ° ±μ³¶μ´¥´É ¸¢Ö§´μ¸É¨ ¨²¨ ± ¦¤ Ö ¨§ Î¥ÉÒ·¥Ì ¶μ¤£·Ê¶¶ (dγ , bγ ,
cγ , fγ) ¶μ·μ¦¤ ¥É¸Ö É·¥³Ö  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨³¨ £¥´¥· Éμ· ³¨. ‚¨¤´μ É ±¦¥,
ÎÉμ μ´¨  ´ ²μ£¨Î´Ò § ¶¨¸¨ £·Ê¶¶Ò Ê· ¢´¥´¨Ö „¨· ±  [9]

γμγν + γνγμ = 2δμν , μ, ν = 1, 2, 3, 4, γ2
μ = 1, (17)

μÉ²¨Î Ö¸Ó ²¨ÏÓ Î¨¸²μ³ £¥´¥· Éμ·μ¢ ¨ ¨Ì ¶μ·Ö¤± ³¨.’ ±¨³ μ¡· §μ³, ¸¤¥² ´
¥Ð¥ μ¤¨´ Ï £ ´  ¶ÊÉ¨ Ê´¨Ë¨± Í¨¨ § ¶¨¸¨ ¢μ²´μ¢ÒÌ Ê· ¢´¥´¨° ¨ ¸¶μ¸μ¡  ¨Ì
¶μ²ÊÎ¥´¨Ö. ’ ±, ´ ¶·¨³¥·, ¸· ¢´¥´¨¥ ¢Ò· ¦¥´¨° (7), (10), (12), (16) ¸ (17)
μ¤´μ§´ Î´μ Ê± §Ò¢ ¥É ´  Éμ, ÎÉμ Ëμ·³Ê²¨·μ¢±  ¢μ²´μ¢μ£μ Ê· ¢´¥´¨Ö É¨¶ 
„¨· ±  É·¥¡Ê¥É ¤²Ö ´ Î ²  ´ ²¨Î¨Ö É·¥Ì  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨Ì £¥´¥· Éμ·μ¢.

2. ‘’�“Š’“�� ‹…�’���›• “��‚�…�ˆ‰

�  μ¸´μ¢¥  ²£μ·¨É³ , ¶μ²ÊÎ¥´´μ£μ ¶ÊÉ¥³ ¢¸¥¸Éμ·μ´´¥£μ  ´ ²¨§  Ê· ¢´¥-
´¨Ö „¨· ± , ¡Ò²μ Ê¸É ´μ¢²¥´μ, ÎÉμ ³μ¦´μ ¸Ëμ·³Ê²¨·μ¢ ÉÓ ¶ÖÉÓ ¢¨¤μ¢ Ê· ¢-
´¥´¨° (¢±²ÕÎ Ö Ê· ¢´¥´¨¥ „¨· ± ) ¤²Ö ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢.

1. “· ¢´¥´¨¥ „¨· ±  Å Dγ(II):
¸É·Ê±ÉÊ·´Ò° ¸μ¸É ¢ dγ , bγ , fγ .
In [Dγ(II)] = −1.
2. “· ¢´¥´¨¥ ¤²Ö ¤Ê¡²¥É  ³ ¸¸¨¢´ÒÌ ´¥°É·¨´μ Å Dγ(I):
¸É·Ê±ÉÊ·´Ò° ¸μ¸É ¢ dγ , cγ , fγ .
In [Dγ(I)] = 1.
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3. “· ¢´¥´¨¥ ¤²Ö ±¢ ·É¥É  ¡¥§³ ¸¸μ¢ÒÌ ´¥°É·¨´μ Å Dγ(III):
¸É·Ê±ÉÊ·´Ò° ¸μ¸É ¢ dγ , bγ , cγ , fγ .

In [Dγ(III)] = 0.
4. “· ¢´¥´¨¥ ¤²Ö ¡¥§³ ¸¸μ¢μ£μ T -¸¨´£²¥É  Å Dγ(IV):
¸É·Ê±ÉÊ·´Ò° ¸μ¸É ¢ bγ .

In [Dγ(IV)] = −1.
5. “· ¢´¥´¨¥ ¤²Ö ¡¥§³ ¸¸μ¢μ£μ PT -¸¨´£²¥É  Å Dγ(V):
¸É·Ê±ÉÊ·´Ò° ¸μ¸É ¢ cγ .

In [Dγ(V)] = 1.
‚¨¤´μ, ÎÉμ ¸É·Ê±ÉÊ·  Ê· ¢´¥´¨°,   ÔÉμ ´ ²¨Î¨¥ ´¥¸μ¢¶ ¤ ÕÐ¨Ì ±μ³¡¨´ -

Í¨° ¨§ Î¥ÉÒ·¥Ì ±μ³¶μ´¥´Éμ¢ ¸¢Ö§´μ¸É¨ μ¤´μ·μ¤´μ° £·Ê¶¶Ò ‹μ·¥´Í , É. ¥. ¶μ¤-
£·Ê¶¶ dγ , bγ , cγ , fγ , ¶μ§¢μ²Ö¥É μÉ²¨Î¨ÉÓ μ¤´μ Ê· ¢´¥´¨¥ μÉ ¤·Ê£μ£μ. ‚¸¥ ¶ÖÉÓ
É¨¶μ¢ Ê· ¢´¥´¨° ´¥ ¨³¥ÕÉ ¶μ¤¸É·Ê±ÉÊ·, ¤μ¶Ê¸± ÕÐ¨Ì Ë¨§¨Î¥¸±ÊÕ ¨´É¥·¶·¥-
É Í¨Õ ¢ ± Î¥¸É¢¥ ¸ ³μ¸ÉμÖÉ¥²Ó´μ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì μ¡Ñ¥±Éμ¢. �μ ÔÉμ° ¶·¨Î¨´¥
´¥É μ¸´μ¢ ´¨° ¸Î¨É ÉÓ ¨Ì ´¥¸É ¡¨²Ó´Ò³¨ É ± ¦¥, ± ± ÔÉμ ¨³¥¥É ³¥¸Éμ ¢ ¸²ÊÎ ¥
Ô²¥±É·μ´  . ‡¤¥¸Ó In [Dγ(..)] ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Î¨¸²¥´´ÊÕ Ì · ±É¥·¨¸É¨±Ê
�� ±μ´¥Î´μ° ³ É·¨Î´μ° £·Ê¶¶Ò, ¶·¨´¨³ ÕÐÊÕ μ¤´μ ¨§ É·¥Ì §´ Î¥´¨° ±1
¨²¨ 0 [7, 8]. „ ²¥¥ In [Dγ(..)] ¡Ê¤¥É ´ §Ò¢ ÉÓ¸Ö ¸É·Ê±ÉÊ·´Ò³ ¨´¢ ·¨ ´Éμ³
£·Ê¶¶Ò Dγ(..). �¥·¥¡μ· ¢¸¥Ì ¢μ§³μ¦´μ¸É¥° ´  μ¸´μ¢¥ ÔÉ¨Ì ¸É·Ê±ÉÊ·´ÒÌ ¨´-
¢ ·¨ ´Éμ¢ ¤²Ö Î¥ÉÒ·¥Ì ±μ³¶μ´¥´Éμ¢ ¸¢Ö§´μ¸É¨ ¨ ¤²Ö ¢μ§³μ¦´ÒÌ ¨´¢ ·¨ ´Éμ¢
Ê· ¢´¥´¨° ¢ Í¥²μ³ ¶μ§¢μ²Ö¥É ÊÉ¢¥·¦¤ ÉÓ, ÎÉμ ¤·Ê£¨Ì ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢ ¢
· ³± Ì μ£μ¢μ·¥´´ÒÌ ¶·¥¤¶μ²μ¦¥´¨° ¨ É·¥¡μ¢ ´¨° ´¥ ¨³¥¥É¸Ö.

Š ¦¤μ³Ê ¨§ ¶ÖÉ¨ Ê· ¢´¥´¨° ¸μμÉ¢¥É¸É¢Ê¥É ¸¢μÖ ¸μ¡¸É¢¥´´ Ö £·Ê¶¶ , ¸É·Ê±-
ÉÊ·  ±μÉμ·μ° μ¤´μ§´ Î´μ Ë¨±¸¨·Ê¥É¸Ö μ¶·¥¤¥²ÖÕÐ¨³¨ ¸μμÉ´μÏ¥´¨Ö³¨ ³¥¦¤Ê
Î¥ÉÒ·Ó³Ö £¥´¥· Éμ· ³¨. ’·¨ ¨§ ´¨Ì ¤μ²¦´Ò  ´É¨±μ³³ÊÉ¨·μ¢ ÉÓ,   Î¥É¢¥·ÉÒ°
³μ¦¥É ²¨¡μ  ´É¨±μ³³ÊÉ¨·μ¢ ÉÓ, ²¨¡μ ±μ³³ÊÉ¨·μ¢ ÉÓ ¸ É·¥³Ö ¤·Ê£¨³¨. ‚ ¶¥·-
¢μ³ ¸²ÊÎ ¥ ³Ò ¶μ²ÊÎ ¥³ ¤¢  Ê· ¢´¥´¨Ö ¤²Ö ³ ¸¸¨¢´ÒÌ ²¥¶Éμ´μ¢ Å Ê· ¢´¥´¨¥
„¨· ±  (Dγ(II)) ¨ Œ °μ· ´Ò (Dγ(I)). ‚μ ¢Éμ·μ³ Å É·¨ Ê· ¢´¥´¨Ö ¤²Ö ¡¥§-
³ ¸¸μ¢ÒÌ ´¥°É·¨´μ (Dγ(III)), (Dγ(IV)), (Dγ(V)).

Š ± ¨§¢¥¸É´μ, μ¶·¥¤¥²ÖÕÐ¨¥ ¸μμÉ´μÏ¥´¨Ö ¤²Ö £·Ê¶¶Ò Ê· ¢´¥´¨Ö „¨· ± 
¢Ò· ¦ ÕÉ¸Ö · ¢¥´¸É¢μ³ (17). �¶·¥¤¥²ÖÕÐ¨¥ ¸μμÉ´μÏ¥´¨Ö ¤²Ö μ¸É ²Ó´ÒÌ
£·Ê¶¶ ¢ Ëμ·³¥  ´É¨±μ³³ÊÉ Éμ·μ¢ ¨ ±μ³³ÊÉ Éμ·μ¢ ¶μ²ÊÎ¥´Ò ¢ ¸É ÉÓ¥ [7]. �´¨
¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¢¨¤:
¤²Ö Dγ(I)

γsγt + γtγs = 2δst, γ2
s,t = 1 (s, t = 1, 2, 3),

γsγ4 + γ4γs = 0 (s = 1, 2, 3), (18)

γ2
4 = −1;
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¤²Ö Dγ(III):

γsγt + γtγs = 2δst, γ2
s = 1 (s, t = 1, 2, 3).

γsγ4 − γ4γs = 0 (s, = 1, 2, 3), (19)

γ2
4 = 1;

¤²Ö Dγ(IV):

γsγt + γtγs = −2δst, (s, t = 1, 2, 3)
(20)

γ4γs − γsγ4 = 0, γ2
4 = 1;

¤²Ö Dγ(V):

γsγt + γtγs = 0, s �= t, (s, t = 1, 2, 3)

γ2
3 = γ2

2 = 1, γ2
1 = −1, (21)

γ4γs − γsγ4 = 0, γ2
4 = 1

‚¸¥ ¶ÖÉÓ £·Ê¶¶ ¨³¥ÕÉ ¶μ·Ö¤μ± 32.
�¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ ¸μμÉ¢¥É¸É¢¨¥ ¶¥·¥Î¨¸²¥´´ÒÌ £·Ê¶¶ ²¥¶Éμ´´ÒÌ Ê· ¢-

´¥´¨° ¨ Ìμ·μÏμ ¨§¢¥¸É´ÒÌ, ¶·¥¤²μ¦¥´´ÒÌ · ´¥¥. Š ± Ê¦¥ μÉ³¥Î ²μ¸Ó, £·Ê¶¶ 
Dγ(II) ¶·Ö³μ ¨ μ¤´μ§´ Î´μ ¸¢Ö§ ´  ¸ Ê· ¢´¥´¨¥³ „¨· ± . ‚Éμ·μ¥ Ê· ¢´¥´¨¥
Dγ(I) ¡Ò²μ ¶·¥¤²μ¦¥´μ Œ °μ· ´μ° [10]. “· ¢´¥´¨¥, ¸¢Ö§ ´´μ¥ ¸ £·Ê¶¶μ°
Dγ(III), Ô±¢¨¢ ²¥´É´μ¥ Ê· ¢´¥´¨Õ ¤²Ö ¡¥§³ ¸¸μ¢ÒÌ ²¥¶Éμ´μ¢, ´ ·ÊÏ ÕÐ¨Ì
¶·μ¸É· ´¸É¢¥´´ÊÕ Î¥É´μ¸ÉÓ, ¡Ò²μ ¶·¥¤²μ¦¥´μ � Ê²¨ [11]. � ±μ´¥Í, ¸ £·Ê¶-
¶ ³¨ Dγ(IV) ¨ Dγ(V) ³μ¦´μ ¸¢Ö§Ò¢ ÉÓ ¡¥§³ ¸¸μ¢Ò¥ ¨¸É¨´´μ ´¥°É· ²Ó´Ò¥
²¥¶Éμ´Ò [12]. �μÔÉμ³Ê ·¥§Ê²ÓÉ ÉÒ, ¸¢Ö§ ´´Ò¥ ¸ Ê· ¢´¥´¨Ö³¨ ¤²Ö ¸É ¡¨²Ó´ÒÌ
²¥¶Éμ´μ¢, ¢ μ¸´μ¢´μ³, ¸¢μ¤ÖÉ¸Ö ± μ¡´ ·Ê¦¥´¨Õ ¨Ì ¸É·Ê±ÉÊ·Ò ¨ Ê´¨Ë¨± Í¨¨
§ ¶¨¸¨ ¸μ¸É ¢²ÖÕÐ¨Ì ¨ Ê· ¢´¥´¨° ¢ Í¥²μ³.

� ²¨Î¨¥ · §²¨Î´ÒÌ ±μ³¶μ´¥´Éμ¢ ¸¢Ö§´μ¸É¨ ¢ ¸μ¸É ¢¥ Ê· ¢´¥´¨° ¶μ§¢μ-
²Ö¥É ¸ ´μ¢μ° ÉμÎ±¨ §·¥´¨Ö ¶μ´ÖÉÓ ¢μ§³μ¦´μ¸ÉÓ μ¶¨¸ ´¨Ö Î ¸É¨ÍÒ ¨  ´É¨-
Î ¸É¨ÍÒ ¢ · ³± Ì μ¤´μ£μ Ê· ¢´¥´¨Ö. …¸²¨ ¢ ¸É·Ê±ÉÊ·¥ Ê· ¢´¥´¨Ö ¨³¥ÕÉ¸Ö
T -¸μ¶·Ö¦¥´´Ò¥ ±μ³¶μ´¥´ÉÒ ¸¢Ö§´μ¸É¨, Éμ μ´μ μ¶¨¸Ò¢ ¥É ± ± Î ¸É¨ÍÊ, É ± ¨
 ´É¨Î ¸É¨ÍÊ. …¸²¨ Ê± § ´´ÒÌ ¶μ¤¸É·Ê±ÉÊ· ´¥ ¨³¥¥É¸Ö, Éμ Ê· ¢´¥´¨¥ ³μ¦¥É
μ¶¨¸Ò¢ ÉÓ ¨¸É¨´´μ ´¥°É· ²Ó´ÊÕ Î ¸É¨ÍÊ. ’ ±μ¥ ¶μ´¨³ ´¨¥ ¸μμÉ´μÏ¥´¨Ö
Î ¸É¨Í Ä ´É¨Î ¸É¨Í  ¶μ§¢μ²Ö¥É μ¡μ¡Ð¨ÉÓ μ¶·¥¤¥²¥´¨¥ ® ´É¨Î ¸É¨Í ¯ ´  ²Õ-
¡Ò¥ ¸É·Ê±ÉÊ·´Ò¥ ¸μ¸É ¢²ÖÕÐ¨¥, ¢Ò· ¦ ¥³Ò¥ Î¥·¥§ ±μ³¶μ´¥´ÉÒ ¸¢Ö§´μ¸É¨,
¢±²ÕÎ Ö É ±¨¥, ±μÉμ·Ò¥ ´¥ ³μ£ÊÉ ¡ÒÉÓ ´ ¡²Õ¤ ¥³Ò³¨ Î ¸É¨Í ³¨. „¥²μ ¢ Éμ³,
ÎÉμ ¢¸¥ Î¥ÉÒ·¥ ±μ³¶μ´¥´É  ¸¢Ö§´μ¸É¨ ¨ ²Õ¡ Ö ¨Ì ±μ³¡¨´ Í¨Ö ³μ£ÊÉ ¡ÒÉÓ
¢Ò· ¦¥´Ò ¤·Ê£ Î¥·¥§ ¤·Ê£  ¸ ¶μ³μÐÓÕ ¸μμÉ´μÏ¥´¨Ö É¨¶  (14) ¨ ¤²Ö ± ¦¤μ£μ
¨§ ´¨Ì ¨³¥¥É¸Ö T -¸μ¶·Ö¦¥´´Ò° ±μ³¶μ´¥´É.

ˆ§ ¸± § ´´μ£μ ¢ÒÏ¥ ¢ÒÉ¥± ¥É, ÎÉμ  ²£μ·¨É³ ¶μ¸É·μ¥´¨Ö ¸É ¡¨²Ó´ÒÌ ²¥¶-
Éμ´μ¢ ¢ · ³± Ì μ¤´μ·μ¤´μ° £·Ê¶¶Ò ‹μ·¥´Í  ¨¸Î¥·¶ ´. „ ²¥¥ ¡Ò²μ Ê¸É ´μ-
¢²¥´μ, ÎÉμ ¶·¨ É¥Ì ¦¥ Ê¸²μ¢¨ÖÌ ¢μ§³μ¦´μ μ¡μ¡Ð¥´¨¥  ²£μ·¨É³  É ±μ¥, ÎÉμ
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Ëμ·³  Ê· ¢´¥´¨° μ¸É ¥É¸Ö ¶·¥¦´¥°, ´μ ¸É·Ê±ÉÊ·  Ê· ¢´¥´¨° § ³¥É´μ Ê¸²μ¦-
´Ö¥É¸Ö. „μ¸É¨£ ¥É¸Ö ¶μ¸É ¢²¥´´ Ö § ¤ Î  ¢¢¥¤¥´¨¥³ ¤μ¶μ²´¨É¥²Ó´μ£μ (¶ÖÉμ£μ)
£¥´¥· Éμ·  ¤²Ö ¶μ·μ¦¤¥´¨Ö ´μ¢ÒÌ £·Ê¶¶ ¢μ²´μ¢ÒÌ Ê· ¢´¥´¨°. ‚ÒÖ¸´¨²μ¸Ó,
ÎÉμ ¢ É ±μ³ ¸²ÊÎ ¥ ¸ÊÐ¥¸É¢Ê¥É É·¨ ¨ Éμ²Ó±μ É·¨ ¢μ§³μ¦´μ¸É¨, ±μÉμ·Ò¥ ¤μ-
¶Ê¸± ÕÉ ¨´É¥·¶·¥É Í¨Õ ± ± ´μ¢Ò¥ ¢μ²´μ¢Ò¥ Ê· ¢´¥´¨Ö ¸μ ¸¢μ¨³¨ ¤μ¶μ²´¨-
É¥²Ó´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ ¨ ¸¶¨´ ³¨, · ¢´Ò³¨ 1/2. �·¨ ÔÉμ³ ¢ ´μ¢ÒÌ
£·Ê¶¶ Ì ¶μÖ¢²ÖÕÉ¸Ö ¶μ¤¸É·Ê±ÉÊ·Ò, ¤μ¶Ê¸± ÕÐ¨¥ Ë¨§¨Î¥¸±ÊÕ ¨´É¥·¶·¥É Í¨Õ
¢ É¥·³¨´ Ì ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢, É. ¥. ¶¥·¥Î¨¸²¥´´ÒÌ ¢ÒÏ¥ ¶ÖÉ¨ É¨¶μ¢ Ê· ¢-
´¥´¨°. ‚ ÔÉμ³ ¨Ì μÉ²¨Î¨¥ μÉ £·Ê¶¶ ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢, ±μÉμ·μ¥ ¶μ§¢μ²Ö¥É
¨´É¥·¶·¥É¨·μ¢ ÉÓ ¨Ì ± ± ´¥¸É ¡¨²Ó´Ò¥, ¥¸²¨ ³ ¸¸  Î ¸É¨ÍÒ μ± ¦¥É¸Ö ¡μ²ÓÏ¥
¸Ê³³Ò ³ ¸¸ ¶·μ¤Ê±Éμ¢ · ¸¶ ¤ . �ÖÉÒ¥ £¥´¥· Éμ·Ò ¢¥¤ÊÉ ± ¤μ¶μ²´¨É¥²Ó´Ò³
¨´¤¥±¸ ³ ¤²Ö ¸¶¥Í¨Ë¨± Í¨¨ ´μ¢ÒÌ ¸μ¸ÉμÖ´¨° ¨²¨ ± ¶μÖ¢²¥´¨Õ ´μ¢ÒÌ ±¢ ´-
Éμ¢ÒÌ Î¨¸¥² ¸μ£² ¸´μ μ¶·¥¤¥²¥´¨Õ ‚¥°²Ö [17].

’ ±, · ¸Ï¨·¥´¨¥ £·Ê¶¶Ò γ-³ É·¨Í „¨· ±  (Dγ(II)) ¸ ¶μ³μÐÓÕ μ¤´μ£μ
 ´É¨±μ³³ÊÉ¨·ÊÕÐ¥£μ £¥´¥· Éμ·  Γ5 É ±μ£μ, ÎÉμ Γ2

5 = I , ¶·¨¢μ¤¨É ± £·Ê¶¶¥
Δ1 ¸μ ¸É·Ê±ÉÊ·´Ò³ ¨´¢ ·¨ ´Éμ³ In [Δ1] = −1. � ¸Ï¨·¥´¨¥ Éμ° ¦¥ £·Ê¶¶Ò
¸ ¶μ³μÐÓÕ £¥´¥· Éμ·  É ±μ£μ, ÎÉμ Γ′

5
2 = −I ¤μ¸É ¢²Ö¥É Δ3 ¸μ ¸É·Ê±ÉÊ·´Ò³

¨´¢ ·¨ ´Éμ³ In [Δ3] = 0. � ±μ´¥Í, · ¸Ï¨·¥´¨¥ £·Ê¶¶Ò γ-³ É·¨Í ¤Ê¡²¥É´μ£μ
´¥°É·¨´μ (Dγ(I)) ¸ ¶μ³μÐÓÕ Γ′′

5
2 = −I ¶·¨¢μ¤¨É ± £·Ê¶¶¥ Δ2 ¸ ¨´¢ ·¨ ´Éμ³

In [Δ2] = I . ‡¤¥¸Ó ¢¥§¤¥ I Å ³ É·¨Í  4 × 4.
‘É·Ê±ÉÊ·  ´μ¢ÒÌ £·Ê¶¶ ¥¸É¥¸É¢¥´´μ ¨ μ¤´μ§´ Î´μ ¢Ò· ¦ ¥É¸Ö ¢ É¥·³¨´ Ì

£·Ê¶¶ ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢.
ƒ·Ê¶¶  Δ1 ¨³¥¥É ¸²¥¤ÊÕÐ¨¥ μ¶·¥¤¥²ÖÕÐ¨¥ ¸μμÉ´μÏ¥´¨Ö:

ΓμΓν + ΓνΓμ = 2δμν (μ, ν = 1, 2, 3, 4, 5). (22)

ˆ§ ´¨Ì ¢ÒÉ¥± ¥É É ±μ° ¸É·Ê±ÉÊ·´Ò° ¸μ¸É ¢:

Δ1{Dγ(II), Dγ(III), Dγ(IV)}. (23)

ƒ·Ê¶¶  Δ3 ¶μ²ÊÎ ¥É¸Ö ¶·¨ · ¸Ï¨·¥´¨¨ £·Ê¶¶Ò „¨· ±  ¸ ¶μ³μÐÓÕ ¶μ-
Ìμ¦¨Ì μ¶·¥¤¥²ÖÕÐ¨Ì ¸μμÉ´μÏ¥´¨°. �É²¨Î¨¥ ²¨ÏÓ ¢ ¶μ·Ö¤±¥ ¶ÖÉμ£μ £¥´¥· -
Éμ·  Γ5:

ΓsΓt + ΓtΓs = 2δst (s, t = 1, 2, 3, 4),
ΓsΓ5 + Γ5Γs = 0 (s = 1, 2, 3, 4), (24)

Γ2
5 = −1.

Š ± ¸²¥¤¸É¢¨¥, ¶μ²ÊÎ ¥É¸Ö ¤·Ê£μ° ¸É·Ê±ÉÊ·´Ò° ¸μ¸É ¢:

Δ3{Dγ(II), Dγ(I), Dγ(III)}. (25)
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ƒ·Ê¶¶  Δ2 μ¶·¥¤¥²¥´  ¸ ¶μ³μÐÓÕ ¸μμÉ´μÏ¥´¨°

ΓsΓt + ΓtΓs = 2δst (s, t = 1, 2, 3),
ΓsΓ4 + Γ4Γs = 0 (s = 1, 2, 3),

Γ2
4 = −1, (26)

ΓuΓ5 + Γ5Γu = 0 (u = 1, 2, 3, 4),

Γ2
5 = −1.

‘μ¸É ¢ £·Ê¶¶Ò μÉ²¨Î ¥É¸Ö μÉ ¤¢ÊÌ ¶·¥¤Ò¤ÊÐ¨Ì:

Δ2{Dγ(I), Dγ(III), Dγ(V)}. (27)

’ ± ¦¥, ± ± ¢ ¸²ÊÎ ¥ ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢, ± ¦¤μ¥ Ê· ¢´¥´¨¥ μ± § ²μ¸Ó
´ ¤¥²¥´μ ¸¢μ¥° ¸μ¡¸É¢¥´´μ° ¸É·Ê±ÉÊ·μ°. ’ ±¦¥ ³μ¦´μ μÉ³¥É¨ÉÓ Ê¸Éμ°Î¨-
¢μ¸ÉÓ Å · ¸Ï¨·¥´¨¥ ¸É ¡¨²Ó´ÒÌ ¶μ¤£·Ê¶¶ ¸ ¶μ³μÐÓÕ ¶ÖÉμ£μ  ´É¨±μ³³ÊÉ¨-
·ÊÕÐ¥£μ £¥´¥· Éμ·  ¢¥¤¥É Éμ²Ó±μ ± ÔÉ¨³ É·¥³ £·Ê¶¶ ³. �¤´μ§´ Î´μ¸ÉÓ ± -
¦¤μ£μ ¨§ ¸É·Ê±ÉÊ·´ÒÌ ¸μ¸É ¢μ¢ £·Ê¶¶ 64-£μ ¶μ·Ö¤±  Δ1, Δ2, Δ3 μ§´ Î ¥É, ÎÉμ
¢ ± ¦¤μ° ¨§ £·Ê¶¶ ¨³¥¥É¸Ö Éμ²Ó±μ É·¨ ¶μ¤£·Ê¶¶Ò 32-£μ ¶μ·Ö¤±  ¨§ ¶ÖÉ¨ · ´¥¥
¶¥·¥Î¨¸²¥´´ÒÌ É¨¶μ¢.

�  μ¸´μ¢¥ ¨§²μ¦¥´´μ£μ ³μ¦´μ μÉ³¥É¨ÉÓ £² ¢´Ò¥ ³μ³¥´ÉÒ  ²£μ·¨É³  ¶μ-
¸É·μ¥´¨Ö Ê· ¢´¥´¨° É¨¶  „¨· ±  (É. ¥. ¤²Ö ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢). „²Ö § ¶¨¸¨
¨Ì ´¥μ¡Ìμ¤¨³μ ¨³¥ÉÓ Î¥ÉÒ·¥ £¥´¥· Éμ·  ¤²Ö ¶μ·μ¦¤¥´¨Ö £·Ê¶¶Ò É ± ¦¥, ± ±
ÔÉμ ¨³¥¥É ³¥¸Éμ ¢ Ê· ¢´¥´¨¨ „¨· ± . ‚¸¥ Î¥ÉÒ·¥ ¤μ²¦´Ò ¨³¥ÉÓ ¶μ·Ö¤μ± ¤¢ 
¨²¨ Î¥ÉÒ·¥. ’μ²Ó±μ ¢ É ±μ³ ¸²ÊÎ ¥ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¸¶¨´, · ¢´Ò° 1/2.

…¸²¨ ¢¸¥ Î¥ÉÒ·¥ £¥´¥· Éμ·   ´É¨±μ³³ÊÉ¨·ÊÕÉ ³¥¦¤Ê ¸μ¡μ°, Éμ ¢ § ¢¨-
¸¨³μ¸É¨ μÉ ¶μ·Ö¤±  £¥´¥· Éμ·μ¢ (¤¢  ¨²¨ Î¥ÉÒ·¥) ¨ ¨Ì ¢¸¥¢μ§³μ¦´ÒÌ ±μ³-
¡¨´ Í¨° ³Ò ¶μ²ÊÎ ¥³ ¶ÖÉÓ ¢ ·¨ ´Éμ¢. ‚¸¥ μ´¨ Ô±¢¨¢ ²¥´É´Ò ¤¢Ê³ ¨ Éμ²Ó±μ
¤¢Ê³: ÔÉμ ²¨¡μ Ê· ¢´¥´¨¥ „¨· ±  (Dγ(II)) [9], ²¨¡μ Ê· ¢´¥´¨¥ ¤²Ö ³ ¸¸¨¢´μ£μ
´¥°É·¨´μ (Dγ(I)) [10]. Š ± Ê¦¥ μÉ³¥Î ²μ¸Ó, ¶¥·¢Ò¥ É·¨  ´É¨±μ³³ÊÉ¨·ÊÕÐ¨Ì
£¥´¥· Éμ·  ¶μ·μ¦¤ ÕÉ μ¤¨´ ¨§ Î¥ÉÒ·¥Ì ±μ³¶μ´¥´Éμ¢ ¸¢Ö§´μ¸É¨. ‚Ò¡μ· Éμ£μ
¨²¨ ¨´μ£μ ±μ´±·¥É´μ£μ ±μ³¶μ´¥´É  ¨§ ´¨Ì ¤²Ö § ¶¨¸¨ Ö¢´μ£μ ¢¨¤  Ê· ¢´¥´¨Ö
(®Ë ¸ ¤¯ Ê· ¢´¥´¨Ö) ¤¨±ÉÊ¥É¸Ö Ê¤μ¡¸É¢μ³ ¶¥·¥Ìμ¤  μÉ μ¤´μ£μ ¶·¥¤¸É ¢²¥´¨Ö,
±μ£¤ , ´ ¶·¨³¥·, ¤¥³μ´¸É·¨·Ê¥É¸Ö ±μ¢ ·¨ ´É´μ¸ÉÓ Ëμ·³Ê²¨·μ¢±¨ Ê· ¢´¥´¨Ö,
± ¤·Ê£μ³Ê, ¸¢Ö§ ´´μ³Ê ¸ ¶·μ¢¥·±μ° ´¥μ¡Ìμ¤¨³ÒÌ ¸¢μ°¸É¢ 4-¢¥±Éμ·  Éμ±  ¢¥-
·μÖÉ´μ¸É¨.

” ±É¨Î¥¸±¨, ¸μ¢μ±Ê¶´μ¸ÉÓ Ê± § ´´ÒÌ É·¥¡μ¢ ´¨° ¸μ¢³¥¸É´μ ¸ É·¥¡μ¢ -
´¨¥³ ·¥¤Ê±Í¨¨ ± Ê· ¢´¥´¨Õ Š²¥°´ Äƒμ·¤μ´  · ¢´μ¸¨²Ó´Ò Ê¸²μ¢¨Õ ¡ÒÉÓ
Î ¸É¨Í¥°, ´ ¡²Õ¤ ¥³μ° ¢ ±¢ ´Éμ¢μ-³¥Ì ´¨Î¥¸±μ³ ¸³Ò¸²¥ ¨ ¢ Éμ ¦¥ ¢·¥³Ö
·¥²ÖÉ¨¢¨¸É¸±μ°.

‚ É¥Ì ¸²ÊÎ ÖÌ, ±μ£¤  Î¥É¢¥·ÉÒ° £¥´¥· Éμ· ±μ³³ÊÉ¨·Ê¥É ¸ É·¥³Ö ¤·Ê£¨³¨,
³Ò ¶μ²ÊÎ ¥³ É·¨ ¨ Éμ²Ó±μ É·¨ £·Ê¶¶Ò Ê· ¢´¥´¨° ¤²Ö ¡¥§³ ¸¸μ¢ÒÌ ´¥°É·¨´μ.
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‚¸¥ É·¨ ¶μ²ÊÎ ÕÉ¸Ö ¶ÊÉ¥³ · ¸Ï¨·¥´¨Ö É·¥Ì £·Ê¶¶ (dγ , bγ , cγ), ´¥ ¨§μ³μ·Ë-
´ÒÌ ¤·Ê£ ¤·Ê£Ê, ¤μ £·Ê¶¶Ò ²¥¶Éμ´´μ£μ Ê· ¢´¥´¨Ö. � ¶μ³´¨³, ÎÉμ £·Ê¶¶  fγ

¨§μ³μ·Ë´  dγ ¨ Ö¢²Ö¥É¸Ö P -¸μ¶·Ö¦¥´´Ò³ ±μ³¶μ´¥´Éμ³ ¶μ μÉ´μÏ¥´¨Õ ± dγ .
ˆÉ ±, · ¸Ï¨·¥´¨¥ dγ ¢¥¤¥É ± ±¢ ·É¥É´μ³Ê ¸μ¸ÉμÖ´¨Õ Dγ(III). � ¸Ï¨·¥´¨¥
bγ ¤μ¸É ¢²Ö¥É T -¸¨´£²¥É´μ¥ ¸μ¸ÉμÖ´¨¥ Dγ(IV). ‚ ·¥§Ê²ÓÉ É¥ · ¸Ï¨·¥´¨Ö cγ

³Ò ¶μ²ÊÎ ¥³ Dγ(V).
Š¢ ·É¥É´Ò¥ ¸μ¸ÉμÖ´¨Ö Ì · ±É¥·¨§ÊÕÉ¸Ö ´ ²¨Î¨¥³ ¤¢ÊÌ ¶ · ±μ³¶μ´¥´Éμ¢

¸¢Ö§´μ¸É¨, ±μÉμ·Ò¥ T -¸μ¶·Ö¦¥´Ò ³¥¦¤Ê ¸μ¡μ°. T -¸μ¶·Ö¦¥´´Ò¥ ¶ ·Ò ¨³¥ÕÉ
μ¤¨´ ±μ¢Ò¥ ¸¶¨´μ¢Ò¥ ¸¢μ°¸É¢ . ’ ±μ¢Ò³¨ Ö¢²ÖÕÉ¸Ö dγ ¨ bγ ,   É ±¦¥ fγ ¨
cγ . ’ ±, ¢ ¸²ÊÎ ¥ ¶ ·Ò dγ ¨ bγ ¢μ§³μ¦´  μ·¨¥´É Í¨Ö ¸¶¨´  ¢¤μ²Ó ²Õ¡μ°
¶·μ¸É· ´¸É¢¥´´μ° μ¸¨ ±μμ·¤¨´ É. ‚ ¸²ÊÎ ¥ ¶ ·Ò fγ ¨ cγ μ·¨¥´É Í¨Ö ¸¶¨-
´μ¢ ¢μ§³μ¦´  Éμ²Ó±μ ¶μ ¨³¶Ê²Ó¸Ê ¨²¨ ¶·μÉ¨¢ ´¥£μ. ‘¨´£²¥É´Ò¥ ¸μ¸μÉμÖ´¨Ö
Dγ(IV) ¨ Dγ(V) Ì · ±É¥·¨§ÊÕÉ¸Ö É¥³, ÎÉμ μ´¨ ´¥ ¨´¢ ·¨ ´É´Ò μÉ´μ¸¨É¥²Ó´μ
²Õ¡μ£μ ¤¨¸±·¥É´μ£μ ¶·¥μ¡· §μ¢ ´¨Ö. �μ ÔÉμ° ¶·¨Î¨´¥ μ´¨ ´¥ ¨³¥ÕÉ  ´É¨-
Î ¸É¨Í. ‚ ¸²ÊÎ ¥ T -¸¨´£²¥É´ÒÌ ¸μ¸ÉμÖ´¨° ¸¶¨´Ò ³μ£ÊÉ ¡ÒÉÓ μ·¨¥´É¨·μ¢ ´Ò
¢¤μ²Ó ²Õ¡μ° ¨§ É·¥Ì ¶·μ¸É· ´¸É¢¥´´ÒÌ μ¸¥°, ¢ ¸²ÊÎ ¥ P -¸¨´£²¥Éμ¢ Å Éμ²Ó±μ
¢¤μ²Ó ¨²¨ ¶·μÉ¨¢ ¨³¶Ê²Ó¸ .

� ¸Ï¨·¥´¨Ö £·Ê¶¶ ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢ ¸ ¶μ³μÐÓÕ ¶ÖÉμ£μ  ´É¨±μ³³Ê-
É¨·ÊÕÐ¥£μ £¥´¥· Éμ·  ¢¥¤¥É ± Ëμ·³¨·μ¢ ´¨Õ £·Ê¶¶ ´¥¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢.
„¢¥ ¨Ì ´¨Ì (Δ1, Δ3) ³μ¦´μ ¸¢Ö§Ò¢ ÉÓ ¸ § ·Ö¦¥´´Ò³¨ ²¥¶Éμ´ ³¨. ’·¥ÉÓÕ (Δ2)
¢ ¸¨²Ê Éμ£μ, ÎÉμ In [Δ2] = I (¢ ¶μ²´μ°  ´ ²μ£¨¨ ¸ Dγ(I)) ³μ¦´μ ¸¢Ö§Ò¢ ÉÓ
¸ ´¥°É· ²Ó´Ò³, ³ ¸¸¨¢´Ò³, ´μ Ê¦¥ ´¥¸É ¡¨²Ó´Ò³ ²¥¶Éμ´μ³. ‘É·Ê±ÉÊ·  ¢¸¥Ì
É·¥Ì £·Ê¶¶ É ±μ¢ , ÎÉμ ± ¦¤ Ö ¨§ ´¨Ì ¨³¥¥É ¶μ ¤¢  ´¥Ô±¢¨¢ ²¥´É´ÒÌ ´¥¶·¨¢μ-
¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨Ö Î¥É¢¥·Éμ£μ ¶μ·Ö¤± . � ¶μ³´¨³, ÎÉμ ¢ Ê· ¢´¥´¨¨ „¨· ± 
¨ Œ °μ· ´Ò ¨³¥¥É¸Ö ¶μ μ¤´μ³Ê ´¥Ô±¢¨¢ ²¥´É´μ³Ê ¶·¥¤¸É ¢²¥´¨Õ Î¥É¢¥·Éμ£μ
¶μ·Ö¤± . ˆ³¥´´μ ¸ ´¨³¨ ¸¢Ö§ ´Ò γ-³ É·¨ÍÒ 4 × 4.

‚ μ¸É ²Ó´μ³ ¶· ¢¨²  Ëμ·³¨·μ¢ ´¨Ö ¢μ²´μ¢ÒÌ Ê· ¢´¥´¨° ¤²Ö ´¥¸É ¡¨²Ó-
´ÒÌ ²¥¶Éμ´μ¢ ¸μ¢¶ ¤ ÕÉ ¸ É ±μ¢Ò³¨ ¤²Ö ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢, ¢±²ÕÎ Ö · §-
³¥·´μ¸ÉÓ Γ-³ É·¨Í.

‡�Š‹�—…�ˆ…

“· ¢´¥´¨¥ Š²¥°´ Äƒμ·¤μ´ Ä”μ±  Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ μ¡Ð¥° Ëμ·³Ê²¨·μ¢-
±μ° ·¥²ÖÉ¨¢¨¸É¸±μ£μ ¢μ²´μ¢μ£μ Ê· ¢´¥´¨Ö ¸ ¶·μ¨§¢μ¤´Ò³¨ ¢Éμ·μ£μ ¶μ·Ö¤± .
…£μ · ¸Ð¥¶²¥´¨¥ ´  ¶·μ¨§¢¥¤¥´¨¥ ¤¢ÊÌ ¸μ³´μ¦¨É¥²¥°, ²¨´¥°´Òx ¶μ ¶¥·¢Ò³
¶·μ¨§¢μ¤´Ò³, ¶·¨¢¥²μ ± Ô¶μÌ ²Ó´μ³Ê ¸ ÉμÎ±¨ §·¥´¨Ö Ë¨§¨±¨ ´ ÊÎ´μ³Ê μÉ±·Ò-
É¨Õ. �¤´¨³ ¨§ ¥£μ ¢¶¥Î É²ÖÕÐ¨Ì ¶·μÖ¢²¥´¨° ¸É ²μ ¶·¥¤¸± § ´¨¥ ¶μ§¨É·μ´ 
¨ ¶μ¸²¥¤ÊÕÐ¥¥ · §¢¨É¨¥ ±μ´Í¥¶Í¨¨  ´É¨¢¥Ð¥¸É¢ . ‚ ·¥§Ê²ÓÉ É¥ ¢μ§´¨±²μ
¡μ²¥¥ £²Ê¡μ±μ¥ μ¶¨¸ ´¨¥ ¸É·Ê±ÉÊ·Ò ³¨±·μÎ ¸É¨Í ¨ ¶·μÍ¥¸¸μ¢, ¶·μ¨¸Ìμ¤Ö-
Ð¨Ì ¸ ´¨³¨.

–¨±² ´ Ï¨Ì · ¡μÉ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¤ ²Ó´¥°ÏÊÕ ¤¥É ²¨§ Í¨Õ ¸É·Ê±-
ÉÊ·´ÒÌ ¶μ¸É·μ¥´¨°, ¸¢Ö§ ´´ÒÌ ¸ ²¥¶Éμ´´Ò³ ¸¥±Éμ·μ³, ´  μ¸´μ¢¥ ³¥Éμ¤μ¢
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„¨· ± . ‘²¥¤¸É¢¨¥³ ¥¤¨´μ£μ ¶μ¤Ìμ¤  ¨ Ê´¨Ë¨± Í¨¨ ³ É¥³ É¨Î¥¸±μ£μ Ëμ·-
³ ²¨§³ , ¤μ¸É¨£´ÊÉÒÌ ¶·¨ ÔÉμ³, ¸É ²μ · ¸Ï¨·¥´¨¥ ±·Ê£  ¶μ¸É ¢²¥´´ÒÌ ¢μ-
¶·μ¸μ¢ ¨ μÉ¢¥Éμ¢ ´  ´¨Ì. ’ ±, μ± § ²μ¸Ó ¢μ§³μ¦´Ò³ ¶μ²ÊÎ¨ÉÓ μÉ¢¥É ´ 
¢μ¶·μ¸ μ ¶μ²´μ³ Î¨¸²¥ ²¥¶Éμ´´ÒÌ Ê· ¢´¥´¨° ¢ · ³± Ì ¨¸Ìμ¤´ÒÌ ¶·¥¤¶μ-
²μ¦¥´¨°. �·μÍ¥¤Ê·  ¢ÒÎ¨¸²¥´¨Ö ± ¦¤μ£μ ¨§ Ê· ¢´¥´¨° μ± § ² ¸Ó Ê¸Éμ°Î¨¢μ°
¢ Éμ³ ¸³Ò¸²¥, ÎÉμ ¢ ·¨ Í¨¨ ¶μ·Ö¤±μ¢ £¥´¥· Éμ·μ¢ £·Ê¶¶ ¢¥¤ÊÉ Éμ²Ó±μ ± £·Ê¶-
¶ ³ ²¥¶Éμ´´ÒÌ Ê· ¢´¥´¨°. �·¨ ÔÉμ³ ¢¸Ö ¸μ¢μ±Ê¶´μ¸ÉÓ ²¥¶Éμ´´ÒÌ Ê· ¢´¥´¨°
´μ¸¨É § ³±´ÊÉÒ° ¨ Í¥²μ¸É´Ò° Ì · ±É¥·. �Éμ μ§´ Î ¥É, ÎÉμ ¢ · ³± Ì Ê¸É -
´μ¢²¥´´μ£μ  ²£μ·¨É³  ´¥¢μ§³μ¦´μ ¶μ²ÊÎ¨ÉÓ Ê· ¢´¥´¨Ö ¸¢¥·Ì ¶¥·¥Î¨¸²¥´´ÒÌ
¨ ¢ ± ¦¤μ³ ¸²ÊÎ ¥ ±μ´¸É·Ê±É¨¢´Ò³¨ ¸μ¸É ¢²ÖÕÐ¨³¨ Ö¢²ÖÕÉ¸Ö ±μ³¶μ´¥´ÉÒ
¸¢Ö§´μ¸É¨ £·Ê¶¶Ò ‹μ·¥´Í . � ´¥¥ ¶μ¤μ¡´Ò¥ ¢μ¶·μ¸Ò ´¥ ¢¸É ¢ ²¨.

Š ± ¸²¥¤¸É¢¨¥, ¶μ²¥§´μ¥ ¤²Ö ¤ ²Ó´¥°Ï¨Ì ¶·¨²μ¦¥´¨°, ³μ¦´μ μÉ³¥É¨ÉÓ
É ±μ° Ë ±É. ‚μ ¢¸¥Ì · ¸¸³μÉ·¥´´ÒÌ ¸²ÊÎ ÖÌ ¸É·Ê±ÉÊ·  ²¥¶Éμ´μ¢,   §´ Î¨É
¨Ì ¸μ¡¸É¢¥´´Ò¥ ¨²¨ ¢´ÊÉ·¥´´¨¥ ¸¢μ°¸É¢ , ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¸¢μ¥μ¡· §´ÊÕ
±μ´¢¥·¸¨Õ ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´ÒÌ ¸¨³³¥É·¨° ± ± ´¥¶·¥·Ò¢´ÒÌ, É ± ¨
¤¨¸±·¥É´ÒÌ. „ ²Ó´¥°Ï¥¥ ³´μ£μμ¡· §¨¥ ¸¢μ°¸É¢ ³μ¦¥É · ¸É¨ §  ¸Î¥É · §²¨Î¨Ö
¢´ÊÉ·¥´´¨Ì ¸É·Ê±ÉÊ· ¨ §  ¸Î¥É ¢ÒÉ¥± ÕÐ¨Ì μÉ¸Õ¤  · §²¨Î¨° ¢§ ¨³μ¤¥°¸É¢¨°
³¥¦¤Ê ´¨³¨. ‚¸¥ ¶·¨³¥·Ò ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ´μ¸ÖÉ Î ¸É´Ò° Ì · ±É¥·, μ¤´ ±μ
³¥Éμ¤Ò ¶μ²ÊÎ¥´¨Ö ¢Ò¢μ¤μ¢ Ö¢²ÖÕÉ¸Ö ¢¥¸Ó³  μ¡Ð¨³¨ ¨ Ê´¨¢¥·¸ ²Ó´Ò³¨ ¤²Ö
¢¸¥£μ ±·Ê£  ²¥¶Éμ´μ¢. �μÔÉμ³Ê ´¥ ¨¸±²ÕÎ¥´μ, ÎÉμ ¶·¨³¥·Ò ¶μ¤μ¡´μ£μ É¨¶ 
¡Ê¤ÊÉ ³´μ¦¨ÉÓ¸Ö ¤ ¦¥ ¢ ¸²ÊÎ ¥ ¡μ²¥¥ ¸²μ¦´ÒÌ μ¡· §μ¢ ´¨° É¨¶  ¸μ¸É ¢²ÖÕ-
Ð¨Ì  ¤·μ´μ¢.

�¤´¨³ ¨§ ·¥§Ê²ÓÉ Éμ¢ ¢Ò¶μ²´¥´´ÒÌ ¨¸¸²¥¤μ¢ ´¨° Ö¢¨²μ¸Ó μ¡´ ·Ê¦¥-
´¨¥ ¸É·Ê±ÉÊ·Ò ²¥¶Éμ´μ¢, ±μÉμ· Ö ´  ¤ ´´μ³ ÔÉ ¶¥ ¢Ò£²Ö¤¨É ± ± Ëμ·³ ²Ó´μ-
³ É¥³ É¨Î¥¸±μ¥ ¸¢μ°¸É¢μ ¢μ²´μ¢ÒÌ Ê· ¢´¥´¨°. �É¨ ¸É·Ê±ÉÊ·Ò ¶·¨¸ÊÉ¸É¢μ¢ ²¨
¢ Éμ³ ¦¥ Ê· ¢´¥´¨¨ „¨· ±  ¸ ³μ³¥´É  ¥£μ ´ ¶¨¸ ´¨Ö, ´μ μÉ´Õ¤Ó ´¥ ¶·¨¢´¥-
¸¥´Ò ± ±¨³-²¨¡μ ¤μ¶μ²´¨É¥²Ó´Ò³¨ ¸μμ¡· ¦¥´¨Ö³¨, ÌμÉÖ μ´¨ ¸É ²¨ ¨§¢¥¸É´Ò
¸· ¢´¨É¥²Ó´μ ´¥¤ ¢´μ. —Éμ ± ¸ ¥É¸Ö ¨Ì ¶μ²Ó§Ò ¨ ´¥μ¡Ìμ¤¨³μ¸É¨, Éμ μ´¨ ¸¢Ö-
§ ´Ò ¸ É¥±ÊÐ¨³¨ § ¤ Î ³¨ ²¥¶Éμ´´μ£μ ¸¥±Éμ·  ¨ É¥³¨, ±μÉμ·Ò¥ ¢ÒÌμ¤ÖÉ § 
¥£μ £· ´¨ÍÒ. ’ ±μ¢Ò³¨ Ö¢²ÖÕÉ¸Ö ¢μ¶·μ¸Ò ¶·μ¨¸Ìμ¦¤¥´¨Ö ±¢ ´Éμ¢ÒÌ Î¨¸¥²
²¥¶Éμ´μ¢ ¨  ¤·μ´μ¢.

‚¸¥ ¶·¥¤Ï¥¸É¢ÊÕÐ¨¥ É¥μ·¥É¨Î¥¸±¨¥ ¸Ì¥³Ò, ¶ÒÉ ¢Ï¨¥¸Ö Ê¸É ´μ¢¨ÉÓ ¸¢Ö§Ó
³¥¦¤Ê ²¥¶Éμ´ ³¨ ¨  ¤·μ´ ³¨, μÉ± §Ò¢ ²¨ ²¥¶Éμ´ ³ ¢ ± ±μ°-²¨¡μ ¸É·Ê±ÉÊ·¥.
‚ Î ¸É´μ¸É¨, ²¥¶Éμ´´Ò° ¸¥±Éμ· ¶μ²´μ¸ÉÓÕ ¢Ò¶ ² ¨§ ¸É·Ê±ÉÊ·´ÒÌ ¢μ§³μ¦´μ-
¸É¥° ±¢ ·±μ¢μ° Ë¥´μ³¥´μ²μ£¨¨. �μ²ÊÎ¥´´Ò¥ ´ ³¨ ·¥§Ê²ÓÉ ÉÒ ¸μ§¤ ÕÉ ¶·¥¤-
¶μ¸Ò²±¨ ¤²Ö · ¸¶·μ¸É· ´¥´¨Ö ³¥Éμ¤ , · §¢¨Éμ£μ ¤²Ö μ¶¨¸ ´¨Ö ²¥¶Éμ´μ¢, ´ 
 ¤·μ´´Ò° ¸¥±Éμ· ´  ¸É·μ£μ ·¥²ÖÉ¨¢¨¸É¸±μ° μ¸´μ¢¥ ¨ ¢ ¥¤¨´μ³ ¶μ¤Ìμ¤¥. �·¨´-
Í¨¶¨ ²Ó´ÒÌ § ¶·¥Éμ¢ ¨²¨ μ£· ´¨Î¥´¨° ¤²Ö ¶·μ¤¢¨¦¥´¨Ö ± ¤ ´´μ° Í¥²¨ ´¥
¨³¥¥É¸Ö.

�  ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ³μ¦´μ ¢§£²Ö´ÊÉÓ ¸ ¤·Ê£μ° ¸Éμ·μ´Ò ¨ ¶·¥¤-
¸É ¢¨ÉÓ ¨Ì ± ±  ´ ²μ£  ±¸¨μ³ É¨±¨, É. ¥. ¸Ë¥·Ò É¥μ·¥É¨Î¥¸±μ° ¤¥ÖÉ¥²Ó´μ¸É¨,
±μÉμ· Ö ¨¸Ìμ¤¨É ¨§ ´¥μ¡Ìμ¤¨³μ¸É¨ μ£· ´¨Î¨ÉÓ¸Ö Î¥É±μ § Ë¨±¸¨·μ¢ ´´Ò³ ´ -
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¡μ·μ³ ¨¸Ìμ¤´ÒÌ ¶·¨´Í¨¶μ¢, ¨ ¸É·μ¨ÉÓ ´  ¨Ì μ¸´μ¢¥ É¥μ·¨Õ. �¥μ¡Ìμ¤¨³μ¸ÉÓ
¨  ±ÉÊ ²Ó´μ¸ÉÓ É ±¨Ì ¶μ¸É·μ¥´¨° ¡Ê¤¥É ¢μ§· ¸É ÉÓ ¶μ ³¥·¥ ·μ¸É  ¸²μ¦´μ-
¸É¨ ´ ¡²Õ¤ ¥³ÒÌ Ö¢²¥´¨°, ¶¥·¥£·Ê¦¥´´μ¸É¨ É¥μ·¨¨ ¶·¥¤¶μ²μ¦¥´¨Ö³¨, ´ -
¶· ¢²¥´´Ò³¨ ´  ¸μ¢¶ ¤¥´¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ÉμÎ± ³¨ ¢ · ³± Ì ± ±μ°-
²¨¡μ Ê§±μ° § ¤ Î¨, ¢¸¥ ¡μ²ÓÏ¥° § ¢¨¸¨³μ¸É¨ ¶μ¸É ´μ¢±¨ ¨ ¨´É¥·¶·¥É Í¨¨
Ô±¸¶¥·¨³¥´É  μÉ É¥μ·¨¨ ¨ ¢²¨Ö´¨Ö ¤·Ê£¨Ì Ë ±Éμ·μ¢.
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