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

”μ·³Ê²¨·μ¢±  ¢μ²´μ¢ÒÌ Ê· ¢´¥´¨° ¶μ§¢μ²Ö¥É É¥μ·¥É¨Î¥¸±¨ ¶μ²ÊÎ ÉÓ §´ Î¥´¨Ö ±¢ ´Éμ¢ÒÌ Î¨-
¸¥² ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ²¥¶Éμ´μ¢. Œ¨´¨³ ²Ó´μ¥ · ¸Ï¨·¥´¨¥ £·Ê¶¶, ´  μ¸´μ¢¥ ±μÉμ·ÒÌ μ¶¨¸Ò-
¢ ÕÉ¸Ö ¸É ¡¨²Ó´Ò¥ ²¥¶Éμ´Ò, ¶·¨¢¥²μ ± É·¥³ É¨¶ ³ ´μ¢ÒÌ £·Ê¶¶. Š ¦¤ Ö ¨§ ´¨Ì ¨³¥¥É ¸μμÉ-
¢¥É¸É¢ÊÕÐ¨° ¸É·Ê±ÉÊ·´Ò° ¨´¢ ·¨ ´É ±1,0 ¨ ¸¢μ° ´ ¡μ· ¶μ¤¸É·Ê±ÉÊ·, ¤μ¶Ê¸± ÕÐ¨Ì Ë¨§¨Î¥¸±ÊÕ
¨´É¥·¶·¥É Í¨Õ ¢ É¥·³¨´ Ì ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢. ‘¢μ°¸É¢  ¢´μ¢Ó · ¸¸³μÉ·¥´´ÒÌ £·Ê¶¶ ¶μ§¢μ²ÖÕÉ
¸Ëμ·³Ê²¨·μ¢ ÉÓ ´μ¢Ò¥ É¨¶Ò Ê· ¢´¥´¨° ¨ ¸¢Ö§ ÉÓ ¨Ì ¸ ¤¢Ê³Ö ¤Ê¡²¥É ³¨ (Î ¸É¨Í Ä ´É¨Î ¸É¨Í )
³ ¸¸¨¢´ÒÌ, § ·Ö¦¥´´ÒÌ ´¥¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢ ¨ ¤Ê¡²¥Éμ³ ´¥¸É ¡¨²Ó´ÒÌ ³ ¸¸¨¢´ÒÌ ´¥°É·¨´μ.

Formulation of wave equations allows one to obtain values of quantum numbers identifying the
leptons theoretically. Minimal extension of the groups describing stable leptons led to three new types
of groups. Each of them has an appropriate structural invariant ±1.0 and its own set of substructures
having physical interpretation in terms of stable leptons. The properties of the above mentioned groups
allow one to formulate new types of equations and to relate them with doublets (particleÄantiparticle)
of massive, charged nonstable leptons and a doublet of massive nonstable neutrinos.

PACS: 14.60.-z, 14.60.Hi, 14.60.Lm
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‘¢μ¡μ¤´Ò¥ ¸μ¸ÉμÖ´¨Ö Ö¢²ÖÕÉ¸Ö ´¥μ¡Ìμ¤¨³Ò³ Ê¸²μ¢¨¥³ μ¶¨¸ ´¨Ö ¢§ ¨³μ¤¥°¸É¢¨°.
�´¨ ¨£· ÕÉ ·μ²Ó ´ Î ²Ó´ÒÌ ¨ ±μ´¥Î´ÒÌ ¸μ¸ÉμÖ´¨° ¶·¨ § ¶¨¸¨ ³ É·¨Î´ÒÌ Ô²¥³¥´Éμ¢.
“· ¢´¥´¨Ö ¸¢μ¡μ¤´ÒÌ ¸μ¸ÉμÖ´¨° ´  ¸¥£μ¤´Ö Ö¢²ÖÕÉ¸Ö ¥¤¨´¸É¢¥´´μ° ¢μ§³μ¦´μ¸ÉÓÕ ¶μ-
²ÊÎ ÉÓ É¥μ·¥É¨Î¥¸±¨¥ §´ Î¥´¨Ö ±¢ ´Éμ¢ÒÌ Î¨¸¥², ¨¤¥´É¨Ë¨Í¨·ÊÕÐ¨¥ ²Õ¡Ò¥ ²¥¶Éμ´Ò.
’ ±¨¥ ±¢ ´Éμ¢Ò¥ Î¨¸²  (¨²¨ ¨Ì ´¥±μÉμ·ÊÕ ¸μ¢μ±Ê¶´μ¸ÉÓ) ¡Ê¤¥³ ´ §Ò¢ ÉÓ ¸É·Ê±ÉÊ·´Ò³¨
±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨ Éμ£μ ¨²¨ ¨´μ£μ ²¥¶Éμ´ . �¥¸³μÉ·Ö ´  Ö¸´ÊÕ ¨ ¢¶μ²´¥ μ¶·¥¤¥-
²¥´´ÊÕ ·μ²Ó ¸¢μ¡μ¤´ÒÌ ¸μ¸ÉμÖ´¨°, ³Ò ´¥ ¨³¥¥³ ¥¤¨´μ£μ ¨ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ£μ É¥μ-
·¥É¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö μ¡Ñ¥±Éμ¢, ±μÉμ·Ò¥ ´ §Ò¢ ¥³ ²¥¶Éμ´ ³¨ ± ± ¸É ¡¨²Ó´Ò³¨, É ± ¨
´¥¸É ¡¨²Ó´Ò³¨, ¢¶²μÉÓ ¤μ ´ Ï¨Ì ¤´¥°. ‚ Î ¸É´μ¸É¨, É¥μ·¨Ö ´¥ μ¡ÑÖ¸´Ö¥É ¶·¨Î¨´Ò ¨
Ì · ±É¥· · §²¨Î¨° ³¥¦¤Ê ¸É ¡¨²Ó´Ò³¨ ²¥¶Éμ´ ³¨ e± ¨ ´¥¸É ¡¨²Ó´Ò³¨ Î ¸É¨Í ³¨ É¨¶ 
μ± ((μ − e)-Ê´¨¢¥·¸ ²Ó´μ¸ÉÓ) ¨ ´¥ ¢ ¸μ¸ÉμÖ´¨¨ μÉ¢¥É¨ÉÓ ´  ¢μ¶·μ¸ μ ¶μ²´μ³ Î¨¸²¥ ²¥¶-
Éμ´μ¢ ¨ ·Ö¤ ¤·Ê£¨Ì ¢μ¶·μ¸μ¢. ’ ±μ¥ ¶μ²μ¦¥´¨¥ ¸²Ê¦¨É ¶·¨§´ ±μ³ ´¥¶μ²´μÉÒ É¥μ·¨¨ ¢
¢μ¶·μ¸¥, ±μÉμ·Ò° Ö¢²Ö¥É¸Ö ¨¸Ìμ¤´Ò³ ¤²Ö Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í.
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�μ¸²¥ μÉ±·ÒÉ¨Ö ´¥¸μÌ· ´¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ° Î¥É´μ¸É¨ ¢ ¸² ¡ÒÌ · ¸¶ ¤ Ì ´ Î -
² ¸Ó ´μ¢ Ö ¦¨§´Ó ²¥¶Éμ´´μ£μ ¸¥±Éμ· . �·¨Î¥³ ¨´É¥·¥¸ ± ´¥³Ê ´¥ Éμ²Ó±μ ´¥ Ê¡Ò¢ ¥É,
´μ ¢ ¶μ¸²¥¤´¨¥ £μ¤Ò § ³¥É´μ ¶·¥¢§μÏ¥² ¶¥·¢μ´ Î ²Ó´Ò°. �μ ¶·μÏ¥¸É¢¨¨ ¶μ²Ê¢¥±  ´¥-
²Ó§Ö ´¥ § ³¥É¨ÉÓ, ÎÉμ §´ Î¨É¥²Ó´Ò° ¶·μ£·¥¸¸ ´¥ μ¡μÏ¥²¸Ö ¡¥§ ¶·μ¡¥²μ¢ ¢ É¥μ·¥É¨Î¥¸±μ³
μ¶¨¸ ´¨¨ ²¥¶Éμ´μ¢. ‘μ¢¥·Ï¥´´μ ´¥ ¶·¥É¥´¤ÊÖ ´  ¶μ²´μ¥ μ¡¸Ê¦¤¥´¨¥ ¤ ´´μ£μ ¢μ¶·μ¸ ,
³Ò μÉ³¥É¨³ ²¨ÏÓ Éμ ´¥³´μ£μ¥, ÎÉμ ´μ¸¨É ¨²²Õ¸É· É¨¢´Ò° Ì · ±É¥· ¨²¨, ¸ ´ Ï¥° ÉμÎ±¨
§·¥´¨Ö, ³μ¦¥É μ± § ÉÓ¸Ö ¸ÊÐ¥¸É¢¥´´Ò³ ¢ ¤ ²Ó´¥°Ï¥³ ¶·¨ ¶¥·¥Ìμ¤¥ ± ±μ²¨Î¥¸É¢¥´´Ò³
μÍ¥´± ³ ¨ ¢ÒÎ¨¸²¥´¨Ö³.

•·μ´μ²μ£¨Î¥¸±¨ ¶¥·¢Ò³¨, ±Éμ μ¡· É¨²¸Ö ± ¢ÒÎ¨¸²¥´¨Ö³ ¸ ÊÎ ¸É¨¥³ ´¥°É·¨´μ, ´ -
·ÊÏ ÕÐ¨³ ¶·μ¸É· ´¸É¢¥´´ÊÕ Î¥É´μ¸ÉÓ, ¡Ò²¨ ‹¨ ¨ Ÿ´£ [1]. �¢Éμ·Ò ¸¤¥² ²¨ ¢Ò¡μ· ¢
¶μ²Ó§Ê É ± ´ §Ò¢ ¥³μ° ¤¢ÊÌ±μ³¶μ´¥´É´μ° É¥μ·¨¨ ´¥°É·¨´μ, ¶·¥¤²μ¦¥´´μ° � Ê²¨ [2].
’ ±μ° ¢Ò¡μ· ¤ ¦¥ ¢ Éμ ¢·¥³Ö ´¥ Ö¢²Ö²¸Ö μ¤´μ§´ Î´μ μ¡μ¸´μ¢ ´´Ò³.

‚ ¨§¢¥¸É´μ° · ¡μÉ¥ Œ °μ· ´Ò [3] ¸ ¶μ³μÐÓÕ ¨¸±Ê¸´μ£μ, ´μ Î ¸É´μ£μ ¶·¨¥³  ¶μ²ÊÎ¥´μ
Ê· ¢´¥´¨¥ ¤²Ö ´¥°É· ²Ó´μ° Î ¸É¨ÍÒ. Œμ¦´μ ¶μ± § ÉÓ [4], ÎÉμ μ´μ μ¶¨¸Ò¢ ¥É ¤Ê¡²¥É´μ¥
³ ¸¸¨¢´μ¥ ´¥°É·¨´μ, ¢¶μ²´¥ ¶·¨£μ¤´μ¥ ¤²Ö ¶μ¸É·μ¥´¨° ‹¨ ¨ Ÿ´£ . ‘ ³ Œ °μ· ´  ´¥
¸É ²  ´ ²¨§¨·μ¢ ÉÓ ¶μ²ÊÎ¥´´μ¥ Ê· ¢´¥´¨¥,   ´  ¥£μ μ¸´μ¢¥ ¶ÒÉ ²¸Ö ¶μ²ÊÎ¨ÉÓ Ê· ¢´¥´¨¥
¤²Ö μ¶¨¸ ´¨Ö Î ¸É¨Í, ±μÉμ·Ò¥ É¥¶¥·Ó ¨³¥´ÊÕÉ¸Ö ± ± ¨¸É¨´´μ ´¥°É· ²Ó´Ò¥. ‚Ò¢μ¤ μ
Éμ³, ÎÉμ ¢ ·¥§Ê²ÓÉ É¥ É ±¨Ì ¶μ¸É·μ¥´¨° ®´¥É ´¨± ±μ£μ μ¸´μ¢ ´¨Ö ¶·¥¤¶μ² £ ÉÓ ´ ²¨Î¨¥
 ´É¨´¥°É·μ´  ¨²¨  ´É¨´¥°É·¨´μ¯, ¸¥£μ¤´Ö ´¥ ³μ¦¥É ¡ÒÉÓ ¶·¨´ÖÉ,   ¸ ³μ ¶μ¸É·μ¥´¨¥
´¥²Ó§Ö ¸Î¨É ÉÓ ¢¶μ²´¥ § ±μ´Î¥´´Ò³.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ É ±¦¥, ÎÉμ · ¡μÉ  [1] ¸μ¤¥·¦¨É ´¨Î¥³ ´¥ μ¶· ¢¤ ´´Ò° ¶·¨¥³, ±μ£¤ 
¤¢ÊÌ±μ³¶μ´¥´É´μ¥ ´¥°É·¨´μ ¢¸É· ¨¢ ¥É¸Ö ¢ ¢ÒÎ¨¸²¨É¥²Ó´ÊÕ ¸Ì¥³Ê ¸ Î¥ÉÒ·¥Ì±μ³¶μ´¥´É-
´Ò³¨ ¸¶¨´μ· ³¨ ¶ÊÉ¥³ ¤μ¡ ¢±¨ ¤¢ÊÌ ´Ê²¥¢ÒÌ ±μ³¶μ´¥´Éμ¢. �Î¥¢¨¤´μ, ÎÉμ ¥¸²¨ ´¥°É·¨´μ
μ¶¨¸Ò¢ ÉÓ ¤¢ÊÌ±μ³¶μ´¥´É´Ò³ ¸¶¨´μ·μ³, Éμ ¢μ§´¨± ¥É É·Ê¤´μ¸ÉÓ ¸μ£² ¸μ¢ ´¨Ö ¢ÒÎ¨¸²¥-
´¨° ´  μ¸´μ¢¥ ¸É ´¤ ·É´μ° Î¥ÉÒ·¥ÌË¥·³¨μ´´μ° É¥Ì´¨±¨, ¢  ·¸¥´ ²¥ ±μÉμ·μ° ¨³¥ÕÉ¸Ö
Éμ²Ó±μ Î¥ÉÒ·¥Ì±μ³¶μ´¥´É´Ò¥ ¡¨¸¶¨´μ·Ò,   ¤¢ÊÌ±μ³¶μ´¥´É´Ò¥ ´¥ ¶·¥¤Ê¸³μÉ·¥´Ò.

‚ ¤·Ê£μ° §´ ±μ¢μ° · ¡μÉ¥, ¸¢Ö§ ´´μ° ¸ ¨³¥´ ³¨ ”¥°´³ ´  ¨ ƒ¥²²-Œ ´´  [5], ¸Ëμ·³Ê-
²¨·μ¢ ´  É ± ´ §Ò¢ ¥³ Ö Ê´¨¢¥·¸ ²Ó´ Ö (V -A)-É¥μ·¨Ö. �¸´μ¢´Ò¥ ¶·¥¤¶μ²μ¦¥´¨Ö É¥μ·¨¨
¸¢μ¤ÖÉ¸Ö ± ¸²¥¤ÊÕÐ¥³Ê. ‚μ²´μ¢ÊÕ ËÊ´±Í¨Õ Ô²¥±É·μ´  ¢ β-· ¸¶ ¤¥ ¢ μ¡ÒÎ´μ° Î¥ÉÒ·¥Ì-
Î ¸É¨Î´μ° ¸¢Ö§¨ ψe ¢¸¥£¤  ´Ê¦´μ § ³¥´ÖÉÓ ´ 

ψe −→ 1/2(1 + iγ5)ψe ≡ aψe.

�·¨ ÔÉμ³ a2 = a, a = (1 − iγ5), aa = 0.
„ ²¥¥ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ÔÉμ ¦¥ ¶· ¢¨²μ ¶·¨²μ¦¨³μ ±μ ¢¸¥³ ¢μ²´μ¢Ò³ ËÊ´±Í¨Ö³,

¢Ìμ¤ÖÐ¨³ ¢μ ¢§ ¨³μ¤¥°¸É¢¨¥ (n, p, μ, ν). ’μ²Ó±μ ¢ É ±μ³ ¸²ÊÎ ¥ É¥μ·¨Ö ¸É ´μ¢¨É¸Ö Ê´¨-
¢¥·¸ ²Ó´μ°. � §²¨Î¨¥ ³¥¦¤Ê Î ¸É¨Í ³¨ ¸¢μ¤¨É¸Ö ± · §²¨Î¨Õ ³ ¸¸. ‡¤· ¢Ò° ¸³Ò¸², ¤μ¢¥-
·ÖÕÐ¨° ¶·Ö³Ò³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ´ ¡²Õ¤¥´¨Ö³, ¡Ê¤¥É É¥·¶¥ÉÓ É ±μ¥ ¶μ²μ¦¥´¨¥, ¶μ± 
´¥ ¶μÖ¢¨É¸Ö ±μ´¸É·Ê±É¨¢´ Ö É¥μ·¥É¨Î¥¸± Ö  ²ÓÉ¥·´ É¨¢ . ‡ ¡¥£ Ö ¢¶¥·¥¤, ³μ¦´μ ¸± § ÉÓ,
ÎÉμ ¢ ²¥¶Éμ´´μ³ ¸¥±Éμ·¥ μ´  Ê¦¥ μ¡μ§´ Î¨² ¸Ó. �¥μ¡Ìμ¤¨³μ¸ÉÓ ¢ ¸Éμ²Ó ¸¨²Ó´ÒÌ ¶·¥¤¶μ-
²μ¦¥´¨ÖÌ ¡Ò²  ¶·μ¤¨±Éμ¢ ´  ¤²Ö  ¢Éμ·μ¢ É¥³, ÎÉμ Ô²¥±É·μ´Ò, μ¡· §ÊÕÐ¨¥¸Ö ¢ ¶·μÍ¥¸¸¥
β-· ¸¶ ¤ , ¨³¥ÕÉ ¶·μ¤μ²Ó´ÊÕ ¶μ²Ö·¨§ Í¨Õ.

Š·μ³¥ Éμ£μ, ¸²¥¤Ê¥É ¶μ³´¨ÉÓ, ÎÉμ ¶·¨´ÖÉÓ ´ §¢ ´´Ò¥ ¶·¥¤¶μ²μ¦¥´¨Ö ¢ É¥μ·¨¨ μ§´ -
Î ¥É μÉ± § ÉÓ¸Ö μÉ ¢μ§³μ¦´μ¸É¨ § ¶¨¸ ÉÓ ¢μ²´μ¢Ò¥ Ê· ¢´¥´¨Ö É¨¶  „¨· ±  ¨²¨ ¨³ ¶μ-
¤μ¡´Ò¥ ¨ μÉ± § ÉÓ¸Ö μÉ ¶μ¨¸±μ¢ ±¢ ´Éμ¢ÒÌ Î¨¸¥² ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í. „¥²μ ¢
Éμ³, ÎÉμ ¢ ¸¨²Ê  ¸¸μÍ¨ É¨¢´μ¸É¨ £·Ê¶¶  ´¥ ³μ¦¥É ¸μ¤¥·¦ ÉÓ Ô²¥³¥´ÉÒ É¨¶  (1 ± iγ5),
É ± ± ± μ´¨ ´¥ ¨³¥ÕÉ μ¡· É´ÒÌ.
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‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ³μ¦´μ ¶μ± § ÉÓ [6], ÎÉμ ¢¸¥ ²¥¶Éμ´Ò (§  ¨¸±²ÕÎ¥´¨¥³ T -¸¨´£²¥É-
´μ£μ ¸μ¸ÉμÖ´¨Ö) ¨³¥ÕÉ ¢ ¸¢μ¥° ¸É·Ê±ÉÊ·¥ P -¸μ¶·Ö¦¥´´Ò° ±μ³¶μ´¥´É ¸¢Ö§´μ¸É¨. …£μ
´ ²¨Î¨¥ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶·¨¶¨¸ ÉÓ ²¥¶Éμ´ ³ ¶·μ¤μ²Ó´ÊÕ ¶μ²Ö·¨§ Í¨Õ. �μ¸²¥ Î¥£μ
§ ¤ Î  ¸¢μ¤¨É¸Ö ± £· ³μÉ´μ° Ëμ·³Ê²¨·μ¢±¥ ¢§ ¨³μ¤¥°¸É¢¨Ö, É. ¥.  ¤¥±¢ É´μ° § ¶¨¸¨ ¨´-
¢ ·¨ ´Éμ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö. ‚ É ±μ³ ¸²ÊÎ ¥ ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¢ ¶·μ¥±Í¨μ´´ÒÌ μ¶¥· Éμ· Ì
(1 ± iγ5) ¤²Ö ²¥¶Éμ´μ¢ μÉ¶ ¤ ¥É.

�μ¸²¥¤ÊÕÐ¥¥ ´ ±μ¶²¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¶·¨¢¥²μ ± μÉ±·ÒÉ¨Õ É Ê-
μ´ . “¦¥ ¸ÊÐ¥¸É¢μ¢ ¢Ï Ö (μ−e)-Ê´¨¢¥·¸ ²Ó´μ¸ÉÓ · ¸Ï¨·¨² ¸Ó ¤μ (μ−e−τ)-Ê´¨¢¥·¸ ²Ó-
´μ¸É¨. “´¨¢¥·¸ ²Ó´μ¸ÉÓ ¢ ¤ ´´μ³ ±μ´É¥±¸É¥ μ§´ Î ¥É ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ¢ É¥μ·¥É¨Î¥¸±μ³
¶μ´¨³ ´¨¨ · §²¨Î¨° ¨ ¸Ìμ¤¸É¢  ³¥¦¤Ê É·¥³Ö Î ¸É¨Í ³¨. „·Ê£¨³ ¸²¥¤¸É¢¨¥³ Éμ£μ ¦¥
μÉ±·ÒÉ¨Ö ¸É ²μ · ¸Ï¨·¥´¨¥ ¸¥³¥°¸É¢  ´¥°É·¨´μ. �·¨ ÔÉμ³ ¢μ§´¨± ¥É ´¥μ¡ÑÖ¸´¨³μ¥ ¶μ-
²μ¦¥´¨¥, ±μ£¤  · §²¨Î´Ò¥ É¨¶Ò ´¥°É·¨´μ ³Ò ¸¢Ö§Ò¢ ¥³ ¶μ ¨Ì ¶·μ¨¸Ìμ¦¤¥´¨Õ μÉ Î ¸É¨Í,
±μÉμ·Ò¥ ³Ò ´¥ ³μ¦¥³ · §²¨Î ÉÓ ¨´ Î¥, Î¥³ ¶μ ³ ¸¸ ³. �¢Éμ³ É¨Î¥¸±¨ É ± Ö ¦¥ ÊÎ ¸ÉÓ
¶μ¸É¨£ ¥É νe, νμ, ντ . �Éμ μ§´ Î ¥É, ÎÉμ ¶·¨ É ±μ³ ¶μ¤Ìμ¤¥ ³Ò ´¥ ¨³¥¥³ ¤μ¸ÉÊ¶  ± Éμ°
Î ¸É¨ ¨´Ëμ·³ Í¨¨, ±μÉμ· Ö ¸¢Ö§ ´  ¸ ¢´ÊÉ·¥´´¨³¨ Ì · ±É¥·¨¸É¨± ³¨ É ±¨Ì ²¥¶Éμ´μ¢,
É. ¥. ± ¸É·Ê±ÉÊ·´Ò³ ±¢ ´Éμ¢Ò³ Î¨¸² ³.

‡´ Î¨³μ¸ÉÓ ±μ´Í¥¶Í¨¨ ±¢ ´Éμ¢ÒÌ Î¨¸¥² ¡Ê¤¥É ¢μ§· ¸É ÉÓ ¢ Éμ° ³¥·¥, ¢ ± ±μ° ¡Ê¤¥É
· ¸É¨ ·μ²Ó £·Ê¶¶μ¢ÒÌ ³¥Éμ¤μ¢ ¢ É¥μ·¨¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. �μ¤É¢¥·¦¤¥´¨¥³ Éμ³Ê
¸²Ê¦¨É ¥³±μ¥ μ¶·¥¤¥²¥´¨¥ ±¢ ´Éμ¢ÒÌ Î¨¸¥², ¤ ´´μ¥ ‚¥°²¥³. Š¢ ´Éμ¢Ò¥ Î¨¸²  Ö¢²ÖÕÉ¸Ö
¨´¤¥±¸ ³¨, Ì · ±É¥·¨§ÊÕÐ¨³¨ ¶·¥¤¸É ¢²¥´¨Ö £·Ê¶¶ [7]. Š Î¥¸É¢¥´´μ ´μ¢ÊÕ ·μ²Ó ±μ´-
Í¥¶Í¨Ö ±¢ ´Éμ¢ÒÌ Î¨¸¥² ¸Ò£· ²  ¢ ÊÉ¢¥·¦¤¥´¨¨ ¨ · §¢¨É¨¨ Ê´¨É ·´μ° ¸¨³³¥É·¨¨. …¥
·μ²Ó ¢  ¤·μ´´μ³ ¸¥±Éμ·¥ μ± § ² ¸Ó μ¶·¥¤¥²ÖÕÐ¥°. „ ´´Ò° ¶·¨³¥· ¸²Ê¦¨É μ¤´¨³ ¨§
 ·£Ê³¥´Éμ¢ ¢ ¶μ²Ó§Ê ¢μ²´μ¢ÒÌ Ê· ¢´¥´¨° ¤²Ö ²¥¶Éμ´μ¢ ± ± ´μ¸¨É¥²¥° ¸É·Ê±ÉÊ·´μ° ¨´-
Ëμ·³ Í¨¨.

‘μμ¡· ¦¥´¨Ö, ¶μ¤μ¡´Ò¥ ¢Ò¸± § ´´Ò³ ¢ÒÏ¥, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³, ÎÉμ É·Ê¤´μ¸É¨
¨ ´¥Ê¢Ö§±¨ ¢ ²¥¶Éμ´´μ³ ¸¥±Éμ·¥ ¸ ÊÎ¥Éμ³ ¤²¨É¥²Ó´μ¸É¨ ¨Ì ¸ÊÐ¥¸É¢μ¢ ´¨Ö ¶·¨´Ö²¨ ¸¨-
¸É¥³´Ò° Ì · ±É¥·. �¥ ¨¸±²ÕÎ¥´μ É ±¦¥, ÎÉμ ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ³Ò ¸Éμ²±´Ê²¨¸Ó ¸ É ±¨³
¶μ²μ¦¥´¨¥³, ±μ£¤  ´¥É ¸³Ò¸²  £μ¢μ·¨ÉÓ μ¡ μÉ¤¥²Ó´ÒÌ Ö¢²¥´¨ÖÌ, ´¥ μÌ¢ É¨¢ ¢¸¥£μ ±·Ê£ 
¢μ§³μ¦´ÒÌ ÊÎ ¸É´¨±μ¢ ÌμÉÖ ¡Ò ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°. �μ²μ¦¥´¨¥ μ¸²μ¦´Ö¥É¸Ö ¥Ð¥
É¥³, ÎÉμ ± ± ¶μ¸É ´μ¢±  Ô±¸¶¥·¨³¥´Éμ¢, É ± ¨ ¨´É¥·¶·¥É Í¨Ö ¨Ì ·¥§Ê²ÓÉ Éμ¢ ¶· ±É¨Î¥-
¸±¨ ¢¸¥£¤  Ö¢²ÖÕÉ¸Ö ³μ¤¥²Ó´μ-§ ¢¨¸¨³Ò³¨.

�É³¥Î¥´´Ò³ É·Ê¤´μ¸ÉÖ³ ³μ¦´μ ¶·μÉ¨¢μ¶μ¸É ¢¨ÉÓ ¸¨¸É¥³´Ò° ¶μ¤Ìμ¤. ‚ ¤ ´´μ³ ¸²Ê-
Î ¥ ÔÉμ μ§´ Î ¥É ³ ±¸¨³ ²Ó´ÊÕ ¸¢μ¡μ¤Ê μÉ ¶·μ¨§¢μ²Ó´ÒÌ ¶·¥¤¶μ²μ¦¥´¨° ¨ μ£· ´¨-
Î¥´´μ¸ÉÓ ³¨´¨³ ²Ó´Ò³ ±μ²¨Î¥¸É¢μ³ ´ ¤¥¦´ÒÌ ¶·¨´Í¨¶μ¢ ¤²Ö Ëμ·³Ê²¨·μ¢±¨ ¢μ²´μ¢ÒÌ
Ê· ¢´¥´¨°.

�· ±É¨Î¥¸±μ° ·¥ ²¨§ Í¨¥° É ±μ° ¶·μ£· ³³Ò Ö¢¨²μ¸Ó ¸μ§¤ ´¨¥  ²£μ·¨É³  ¶μ¸É·μ¥´¨Ö
Ê· ¢´¥´¨° ¤²Ö ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢ [6]. �²£μ·¨É³ μ¸´μ¢ ´ ´  ¸²¥¤ÊÕÐ¨Ì É·¥¡μ¢ ´¨ÖÌ:

1) ²μ·¥´Í-¨´¢ ·¨ ´É´μ¸ÉÓ ¸ ÊÎ¥Éμ³ ¢¸¥Ì ±μ³¶μ´¥´Éμ¢ ¸¢Ö§´μ¸É¨;
2) ´¥¶·¥·Ò¢´μ¸ÉÓ Î¥ÉÒ·¥Ì¢¥±Éμ·  Éμ±  ¢¥·μÖÉ´μ¸É¨ ¨ ¶μ²μ¦¨É¥²Ó´ Ö μ¶·¥¤¥²¥´´μ¸ÉÓ

Î¥É¢¥·Éμ£μ ±μ³¶μ´¥´É  Éμ± ;
3) ¢¥²¨Î¨´  ¸¶¨´  · ¢´Ö¥É¸Ö 1/2;
4) ´¥¶·¨¢μ¤¨³μ¸ÉÓ ¶·¥¤¸É ¢²¥´¨° £·Ê¶¶Ò γ-³ É·¨Í, ¸¢Ö§ ´´ÒÌ ¸ ± ¦¤Ò³ ¨§ ²¥¶Éμ´-

´ÒÌ Ê· ¢´¥´¨°.
‚ μ¸´μ¢¥ ± ¦¤μ£μ Ê· ¢´¥´¨Ö ²¥¦¨É ¸μμÉ¢¥É¸É¢ÊÕÐ Ö £·Ê¶¶  γ-³ É·¨Í. Š ¦¤ Ö £·Ê¶¶ 

γ-³ É·¨Í ¶μ·μ¦¤ ¥É¸Ö Î¥ÉÒ·Ó³Ö £¥´¥· Éμ· ³¨. ’·¨ ¨§ ´¨Ì ¤μ²¦´Ò  ´É¨±μ³³ÊÉ¨·μ¢ ÉÓ,
Î¥É¢¥·ÉÒ° ³μ¦¥É  ´É¨±μ³³ÊÉ¨·μ¢ ÉÓ ¨²¨ ±μ³³ÊÉ¨·μ¢ ÉÓ ¸ É·¥³Ö ¶¥·¢Ò³¨. �É¨ É·¥¡μ-
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¢ ´¨Ö ¸μ¸É ¢²ÖÕÉ ´¥μ¡Ìμ¤¨³Ò¥ ¨ ¤μ¸É ÉμÎ´Ò¥ Ê¸²μ¢¨Ö ¤²Ö Ëμ·³Ê²¨·μ¢±¨ ¢μ²´μ¢μ£μ
Ê· ¢´¥´¨Ö ¤²Ö ¸¢μ¡μ¤´μ£μ ¸É ¡¨²Ó´μ£μ ²¥¶Éμ´ . �¨ μ¤´μ ¨§ Ê± § ´´ÒÌ É·¥¡μ¢ ´¨° ´¥
¢μ§³μ¦´μ ¨¸±²ÕÎ¨ÉÓ, ´¥ · §·ÊÏ¨¢ ¶·¨ ÔÉμ³ Ê· ¢´¥´¨¥, ¢ Éμ³ Î¨¸²¥ Ê· ¢´¥´¨¥ „¨· ± .
�μ¸²¥¤´¥¥ ¶μ¸²Ê¦¨²μ μ¡· §Íμ³, ¶μ§¢μ²¨¢Ï¨³ ¸Ëμ·³Ê²¨·μ¢ ÉÓ  ²£μ·¨É³. ‚ ·¥§Ê²ÓÉ É¥
Ê¸É ´μ¢²¥´μ, ÎÉμ ± ¦¤μ¥ Ê· ¢´¥´¨¥ ¤²Ö ¸É ¡¨²Ó´μ£μ ²¥¶Éμ´  ¨³¥¥É ¸μ¡¸É¢¥´´Ò°, ´¥ ¶μ-
¢Éμ·ÖÕÐ¨°¸Ö ¸μ¸É ¢.

1. “· ¢´¥´¨¥ „¨· ±  Å Dγ [II]: dγ , bγ , fγ .
2. “· ¢´¥´¨¥ ¤²Ö ¤Ê¡²¥É  ³ ¸¸¨¢´ÒÌ ´¥°É·¨´μ Å Dγ [I]: dγ , cγ , fγ .
3. “· ¢´¥´¨¥ ¤²Ö ±¢ ·É¥É  ¡¥§³ ¸¸μ¢ÒÌ ´¥°É·¨´μ Å Dγ [III]: dγ , bγ , cγ , fγ .
4. “· ¢´¥´¨¥ ¤²Ö ¡¥§³ ¸¸μ¢μ£μ T -¸¨´£²¥É  Å Dγ [IV]: bγ .
5. “· ¢´¥´¨¥ ¤²Ö ¡¥§³ ¸¸μ¢μ£μ P -¸¨´£²¥É  Å Dγ [V]: cγ .
‡¤¥¸Ó dγ , bγ , cγ , fγ Å ¶μ¤£·Ê¶¶Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¥° £·Ê¶¶Ò γ-³ É·¨Í, ´  ±μÉμ·ÒÌ ·¥-

 ²¨§Ê¥É¸Ö μ¤¨´ ¨§ Î¥ÉÒ·¥Ì ±μ³¶μ´¥´Éμ¢ ¸¢Ö§´μ¸É¨ £·Ê¶¶Ò ‹μ·¥´Í .
‚¨¤´μ, ÎÉμ ¸É·Ê±ÉÊ·  Ê· ¢´¥´¨° ¶μ§¢μ²Ö¥É μÉ²¨Î¨ÉÓ μ¤´μ Ê· ¢´¥´¨¥ μÉ ¤·Ê£μ£μ. ‚¸¥

Ê· ¢´¥´¨Ö ´¥ ¨³¥ÕÉ ¶μ¤¸É·Ê±ÉÊ·, ¤μ¶Ê¸± ÕÐ¨Ì Ë¨§¨Î¥¸±ÊÕ ¨´É¥·¶·¥É Í¨Õ. �μ ÔÉμ°
¶·¨Î¨´¥ μ´¨ Ö¢²ÖÕÉ¸Ö ¸É ¡¨²Ó´Ò³¨. Š·μ³¥ Éμ£μ, ¶·¥¤² £ ¥³Ò° ³¥Éμ¤ ¶μ§¢μ²Ö¥É ÊÉ¢¥·-
¦¤ ÉÓ, ÎÉμ ¤·Ê£¨Ì ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢ ¢ · ³± Ì μ£μ¢μ·¥´´ÒÌ ¶·¥¤¶μ²μ¦¥´¨° ´¥ ¨³¥-
¥É¸Ö.

��‘˜ˆ�…�ˆŸ ƒ�“�� ‘’��ˆ‹œ�›• ‹…�’���‚

Œμ¦´μ ²¨, μ¸É ¢ Ö¸Ó ¢ · ³± Ì ¶·¥¦´¨Ì Î¥ÉÒ·¥Ì ¶·¥¤¶μ²μ¦¥´¨°, ¶μ²ÊÎ¨ÉÓ ¤μ¶μ²´¨-
É¥²Ó´Ò¥ ²¥¶Éμ´´Ò¥ Ê· ¢´¥´¨Ö? �± § ²μ¸Ó, ÎÉμ ¢μ§³μ¦´μ.

„μ¸É¨£ ¥É¸Ö ¶μ¸É ¢²¥´´ Ö § ¤ Î  ¢¢¥¤¥´¨¥³ ¤μ¶μ²´¨É¥²Ó´μ£μ (¶ÖÉμ£μ) £¥´¥· Éμ·  ¤²Ö
¶μ·μ¦¤¥´¨Ö £·Ê¶¶Ò γ-³ É·¨Í. ‚ÒÖ¸´¨²μ¸Ó, ÎÉμ ¸ÊÐ¥¸É¢Ê¥É É·¨ ¨ Éμ²Ó±μ É·¨ ¢μ§³μ¦-
´μ¸É¨. Š ¦¤ Ö ¨§ ´¨Ì · ¢´μ¸¨²Ó´  ¢¢¥¤¥´¨Õ ¸¢μ¨Ì ¤μ¶μ²´¨É¥²Ó´ÒÌ ±¢ ´Éμ¢ÒÌ Î¨¸¥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¢. ‚ ÔÉμ³ ¨Ì £² ¢´μ¥ μÉ²¨Î¨¥ μÉ ¶·¥¤Ò¤ÊÐ¨Ì,
±μÉμ·μ¥ ¤¥² ¥É ¨Ì ´¥¸É ¡¨²Ó´Ò³¨.

’ ± · ¸Ï¨·¥´¨¥ £·Ê¶¶Ò γ-³ É·¨Í „¨· ±  (Dγ(II)) ¸ ¶μ³μÐÓÕ μ¤´μ£μ  ´É¨±μ³³Ê-
É¨·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′2

5 = −1, ¤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′′2

5 = −1 ¶·¨¢μ¤¨É ±
£·Ê¶¶¥ Δ2 ¸ ¨´¢ ·¨ ´Éμ³ In[Δ2] = 1.

‚¸¥ É·¨ £·Ê¶¶Ò ¨³¥ÕÉ ·Ö¤ μ¡Ð¨Ì ¸¢μ°¸É¢. �μ·Ö¤μ± £·Ê¶¶ · ¢¥´ 64, Í¥´É· ± ¦¤μ°
£·Ê¶¶Ò ¸μ¤¥·¦¨É Î¥ÉÒ·¥ Ô²¥³¥´É , Ô²¥³¥´ÉÒ ¨³¥ÕÉ ¶μ·Ö¤μ± ¤¢  ¨²¨ Î¥ÉÒ·¥ ¨ ± ¦¤ Ö
¨§ £·Ê¶¶ ¨³¥¥É 34 ¸μ¶·Ö¦¥´´ÒÌ ±² ¸¸ . Š ± ¸²¥¤¸É¢¨¥ £·Ê¶¶Ò ¨³¥ÕÉ ¶μ 32 μ¤´μ³¥·´ÒÌ
´¥¶·¨¢μ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨Ö ¨ ¶μ ¤¢  ´¥Ô±¢¨¢ ²¥´É´ÒÌ Î¥ÉÒ·¥Ì³¥·´ÒÌ. Š·μ³¥ Éμ£μ,
± ¦¤ Ö £·Ê¶¶  ¨³¥¥É ¢ ¸¢μ¥³ ¸μ¸É ¢¥ ¶μ É·¨ ¨ Éμ²Ó±μ É·¨ ¶μ¤£·Ê¶¶Ò 32-£μ ¶μ·Ö¤± ,
±μÉμ·Ò¥ ¨§μ³μ·Ë´Ò μ¤´μ³Ê ¨§ ¶ÖÉ¨ ¶¥·¥Î¨¸²¥´´ÒÌ ¢ ·¨ ´Éμ¢. �μ ¸μ¸É ¢ ¶μ¤£·Ê¶¶ 32-£μ
¶μ·Ö¤±  ¢ ± ¦¤μ³ ¸²ÊÎ ¥ ¸¢μ°, ´¥ ¶μ¢Éμ·ÖÕÐ¨°¸Ö.

ƒ·Ê¶¶  Δ1 ¨³¥¥É ¸²¥¤ÊÕÐ¨¥ μ¶·¥¤¥²ÖÕÐ¨¥ ¸μμÉ´μÏ¥´¨Ö:

ΓμΓν + ΓνΓμ = 2δμν (μ, ν = 1, 2, 3, 4, 5). (1)
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ˆ§ ´¨Ì ¢ÒÉ¥± ¥É

Γ6 = Γ1Γ2Γ3Γ4Γ5, Γ6Γμ = ΓμΓ6 (μ = 1, 2, 3, 4, 5), (2)

£¤¥ Γ6 Ö¢²Ö¥É¸Ö Í¥´É·μ³ £·Ê¶¶Ò, ¨, Γ2
6 = I . �Éμ μ§´ Î ¥É, ÎÉμ ¶·¨ ¶¥·¥Ìμ¤¥ ± ´¥¶·¨¢μ-

¤¨³μ³Ê ³ É·¨Î´μ³Ê ¶·¥¤¸É ¢²¥´¨Õ ³μ¦´μ § ¶¨¸ ÉÓ Γ6 = ±1.
�Î¥¢¨¤´μ, ÎÉμ ±μ£¤  μ ¨ ν ¶·μ¡¥£ ÕÉ §´ Î¥´¨Ö 1, 2, 3, 4, ³Ò ¶μ²ÊÎ ¥³ £·Ê¶¶Ê „¨· ± .

Œμ¦´μ ¶μ± § ÉÓ ´  μ¸´μ¢¥ (1), ÎÉμ ¶μ³¨³μ ¶μ¤£·Ê¶¶Ò „¨· ±  Δ1 ¸μ¤¥·¦¨É ¤¢¥ ¨ Éμ²Ó±μ
¤¢¥ ¶μ¤£·Ê¶¶Ò 32-£μ ¶μ·Ö¤± . ‚ ·¥§Ê²ÓÉ É¥ ³Ò ¶μ²ÊÎ ¥³ É ±μ° ¸É·Ê±ÉÊ·´Ò° ¸μ¸É ¢

Δ1{Dγ(II), Dγ(III), Dγ(IV)}. (3)

‘μμÉ´μÏ¥´¨¥ (3) ¢³¥¸É¥ ¸μ ¸É·Ê±ÉÊ·´Ò³ ¨´¢ ·¨ ´Éμ³ In[Δ1] = −1 ¨¤¥´É¨Ë¨Í¨·Ê¥É
£·Ê¶¶Ê Δ1, É. ¥. ¤¥² ¥É ¥¥ Ë¨§¨Î¥¸±μ¥ ¸μ¤¥·¦ ´¨¥ μÉ²¨Î´Ò³ μÉ μ¸É ²Ó´ÒÌ.

‚μ²´μ¢μ¥ Ê· ¢´¥´¨¥ Ëμ·³Ê²¨·Ê¥É¸Ö ¢ ¶μ²´μ°  ´ ²μ£¨¨ ¸ Ê· ¢´¥´¨¥³ „¨· ±  [8] ¶·¨
Ê¸²μ¢¨¨ ´ ¤²¥¦ Ð¥£μ ¢Ò¡μ·  Ö¢´μ£μ ¢¨¤  γ-³ É·¨Í[

i

4∑
a=1

(Γapa) + Γ6m

]
ψ = 0, Γ6 = ±1, (4)

£¤¥ pa(a = 1, 2, 3, 4) ¨ m Å Î¥ÉÒ·¥Ì¨³¶Ê²Ó¸ ¨ ³ ¸¸  ´¥¸É ¡¨²Ó´μ° Î ¸É¨ÍÒ. ‡ ¶¨¸Ó
Ê· ¢´¥´¨Ö ¢ ¢¨¤¥ (4) μ± § ² ¸Ó ¢μ§³μ¦´μ° ¡² £μ¤ ·Ö Ê¤ Î´μ³Ê ¸É¥Î¥´¨Õ μ¡¸ÉμÖÉ¥²Ó¸É¢,
¢ ¸¨²Ê ±μÉμ·ÒÌ · §³¥·´μ¸ÉÓ ´¥¶·¨¢μ¤¨³μ£μ ¶·¥¤¸É ¢²¥´¨Ö ¤²Ö £·Ê¶¶Ò Δ1 ¸μ¢¶ ²  ¸
· §³¥·´μ¸ÉÓÕ ¶·¥¤¸É ¢²¥´¨Ö ¤²Ö ¶μ¤£·Ê¶¶Ò „¨· ±  Å Dγ(II). �·¨ ÔÉμ³ ¤¢  §´ ± 
¶·¨ Γ6 = ±1, ¸¢Ö§ ´´Ò¥ ¸ ¤¢Ê³Ö ´¥Ô±¢¨¢ ²¥´É´Ò³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨,  ¸¸μÍ¨¨·ÊÕÉ¸Ö ¸
Î ¸É¨Í¥° ¨  ´É¨Î ¸É¨Í¥°.

‚ÒÎ¨¸²¥´¨¥ ´¥¶·¨¢μ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° ¤²Ö £·Ê¶¶Ò Δ1 ¸ ¶μ³μÐÓÕ μÉ· ¡μÉ ´´μ°
· ´¥¥ ³¥Éμ¤¨±¨ [6] ¤ ¥É Ö¢´Ò° ¢¨¤ Γ-³ É·¨Í:

Γ1 =

⎛
⎜⎜⎝

−1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 −1

⎞
⎟⎟⎠ , Γ2 =

⎛
⎜⎜⎝

0 −1 0 0
−1 0 0 0
0 0 0 1
0 0 1 0

⎞
⎟⎟⎠ ,

Γ3 =

⎛
⎜⎜⎝

0 i 0 0
−i 0 0 0
0 0 0 −i
0 0 i 0

⎞
⎟⎟⎠ , Γ4 =

⎛
⎜⎜⎝

0 0 −1 0
0 0 0 −1
−1 0 0 0
0 −1 0 0

⎞
⎟⎟⎠ ,

Γ5 =

⎛
⎜⎜⎝

0 0 −i 0
0 0 0 −i
i 0 0 0
0 i 0 0

⎞
⎟⎟⎠ .

ƒ·Ê¶¶  Δ3 ¶μ²ÊÎ ¥É¸Ö ¶·¨ · ¸Ï¨·¥´¨¨ £·Ê¶¶Ò „¨· ±  ¸ ¶μ³μÐÓÕ ¶μÌμ¦¨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),
Γ2

5 = −1.
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�É¸Õ¤  ¢ÒÉ¥± ¥É, ÎÉμ

Γ6 = Γ1Γ2Γ3Γ4Γ5, Γ6Γμ = ΓμΓ6 (μ = 1, 2, 3, 4, 5). (5)

�μ-¶·¥¦´¥³Ê Γ6 Ö¢²Ö¥É¸Ö Í¥´É·μ³ £·Ê¶¶Ò ¨ Γ2
6 = −I . ‚ ¤ ´´μ³ ¸²ÊÎ ¥ ³ É·¨Î´ Ö

·¥ ²¨§ Í¨Ö ¶·¥¤¸É ¢²¥´¨Ö ¢¥¤¥É ± Γ6 = ±i1.
‘μ¸É ¢ £·Ê¶¶Ò ¨§³¥´¨²¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

Δ3{Dγ(II), Dγ(I), Dγ(III)}, (6)

ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¸É·Ê±ÉÊ·´μ³Ê ¨´¢ ·¨ ´ÉÊ In[Δ3] = 0. �μ¤£·Ê¶¶  „¨· ±  ¶μ-¶·¥¦´¥³Ê
¨³¥¥É¸Ö ¢ ¸μ¸É ¢¥, ´μ ¢ Í¥²μ³ μ´ ¨§³¥´¨²¸Ö.

‚¸¥ § ³¥Î ´¨Ö, ¢Ò¸± § ´´Ò¥ ¤²Ö ¶·¥¤Ò¤ÊÐ¥£μ ¢μ²´μ¢μ£μ Ê· ¢´¥´¨Ö, μ¸É ÕÉ¸Ö ¢ ¸¨²¥
¨ ¢ ¤ ´´μ³ ¸²ÊÎ ¥: [

4∑
a=1

(Γapa) ± m

]
ψ = 0, Γ6 = ±i.

‡¤¥¸Ó μ¶ÖÉÓ pa ¨ m Å ¨³¶Ê²Ó¸ ¨ ³ ¸¸  ´¥¸É ¡¨²Ó´μ°, ´μ Ê¦¥ ¤·Ê£μ° Î ¸É¨ÍÒ.
Ÿ¢´Ò° ¢¨¤ Γ-³ É·¨Í:

Γ1 =

⎛
⎜⎜⎝

−1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 −1

⎞
⎟⎟⎠ , Γ2 =

⎛
⎜⎜⎝

0 −1 0 0
−1 0 0 0
0 0 0 1
0 0 1 0

⎞
⎟⎟⎠ ,

Γ3 =

⎛
⎜⎜⎝

0 i 0 0
−i 0 0 0
0 0 0 −i
0 0 i 0

⎞
⎟⎟⎠ , Γ4 =

⎛
⎜⎜⎝

0 0 −1 0
0 0 0 −1
−1 0 0 0
0 −1 0 0

⎞
⎟⎟⎠ ,

Γ5 =

⎛
⎜⎜⎝

0 0 1 0
0 0 0 1
−1 0 0 0
0 −1 0 0

⎞
⎟⎟⎠ .

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.
ΓuΓ5 + Γ5Γu = 0 (u = 1, 2, 3, 4),
Γ2

5 = −1.

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ

Γ6 = Γ1Γ2Γ3Γ4Γ5, Γ6Γμ = ΓμΓ6 (μ = 1, 2, 3, 4, 5), (7)

É. ¥. Γ6 Ö¢²Ö¥É¸Ö Í¥´É·μ³ £·Ê¶¶Ò ¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Ô²¥³¥´É ¢Éμ·μ£μ ¶μ·Ö¤±  Γ2
6 = I .

‚ ³ É·¨Î´μ° ·¥ ²¨§ Í¨¨ μ´ ¶·¨´¨³ ¥É ¢¨¤ Γ6 = ±1.
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‘μ¸É ¢ £·Ê¶¶Ò μÉ²¨Î ¥É¸Ö μÉ ¤¢ÊÌ ¶·¥¤Ò¤ÊÐ¨Ì:

Δ2{Dγ(I), Dγ(III), Dγ(V)}, (8)

É ± ¦¥ ± ± ¨ ¸É·Ê±ÉÊ·´Ò° ¨´¢ ·¨ ´É In[Δ2] = 1. ‘· ¢´¥´¨¥ ¸μ¸É ¢  Δ2 ¸ ¶ÖÉÓÕ ¶·¨-
¢¥¤¥´´Ò³¨ · ´¥¥ Ê· ¢´¥´¨Ö³¨ ¤²Ö ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢ ¶μ± §Ò¢ ¥É, ÎÉμ ¢Ò· ¦¥´¨¥ (8)
¸μ¤¥·¦¨É Éμ²Ó±μ ´¥°É·¨´´Ò¥ ¸μ¸É ¢²ÖÕÐ¨¥.

‚μ²´μ¢μ¥ Ê· ¢´¥´¨¥ ¤²Ö ¤ ´´μ£μ ¸²ÊÎ Ö ¶·¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ ¢Ò¡μ·¥ Ö¢´μ£μ ¢¨¤ 
Γ-³ É·¨Í ¸μ¢¶ ¤ ¥É ¸ Ê· ¢´¥´¨¥³ (4). � §²¨Î¨Ö ³¥¦¤Ê ´¨³¨ ¶μ²´μ¸ÉÓÕ μ¶·¥¤¥²ÖÕÉ¸Ö
¸μμÉ´μÏ¥´¨Ö³¨ (2) ¨ (8).[

i
4∑

a=1

(Γapa) + Γ6m

]
ψ = 0, Γ6 = ±1.

‘³Ò¸² μ¡μ§´ Î¥´¨° ¶·¥¦´¨°.
�μ²ÊÎ¥´ ¸²¥¤ÊÕÐ¨° ¢¨¤ Γ-³ É·¨Í:

Γ1 =

⎛
⎜⎜⎝

0 0 −1 0
0 0 0 −1
−1 0 0 0
0 −1 0 0

⎞
⎟⎟⎠ , Γ2 =

⎛
⎜⎜⎝

0 1 0 0
1 0 0 0
0 0 0 −1
0 0 −1 0

⎞
⎟⎟⎠ ,

Γ3 =

⎛
⎜⎜⎝

−1 0 0 0
0 1 0 0
0 0 −1 0
0 0 0 1

⎞
⎟⎟⎠ , Γ4 =

⎛
⎜⎜⎝

0 1 0 0
−1 0 0 0
0 0 0 1
0 0 −1 0

⎞
⎟⎟⎠ ,

Γ5 =

⎛
⎜⎜⎝

0 0 −1 0
0 0 0 −1
1 0 0 0
0 1 0 0

⎞
⎟⎟⎠ .

�É³¥É¨³, ÎÉμ ¢¸¥ ¶ÖÉÓ ³ É·¨Í Ö¢²ÖÕÉ¸Ö ¤¥°¸É¢¨É¥²Ó´Ò³¨, ÎÉμ ´ Ìμ¤¨É¸Ö ¢ ¸μμÉ¢¥É¸É¢¨¨
¸ ¨§¢¥¸É´μ° É¥μ·¥³μ° μ ´¥¶·¨¢μ¤¨³ÒÌ ³ É·¨Î´ÒÌ £·Ê¶¶ Ì [9]. ’¥μ·¥³ , ¢ Î ¸É´μ¸É¨,
ÊÉ¢¥·¦¤ ¥É, ÎÉμ ¢ ¸²ÊÎ ¥, ±μ£¤  In[Dγ ] = 1, ¸ÊÐ¥¸É¢Ê¥É ´¥μ¸μ¡¥´´ Ö ³ É·¨Í , ±μÉμ· Ö
¶·¥μ¡· §Ê¥É ¢¸¥ ³ É·¨ÍÒ ¶·¥¤¸É ¢²¥´¨Ö ¢ ¤¥°¸É¢¨É¥²Ó´Ò¥, ÎÉμ ¨ ¡Ò²μ ¢Ò¶μ²´¥´μ.

‡�Š‹	—…�ˆ…

�·¥¤²μ¦¥´´Ò° ³¥Éμ¤ ¶μ¸É·μ¥´¨Ö ¢μ²´μ¢ÒÌ Ê· ¢´¥´¨° ¤²Ö ´¥¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´´ÒÌ
¸μ¸ÉμÖ´¨° ³μ¦´μ ´ §¢ ÉÓ ±¨´¥³ É¨Î¥¸±¨³ ¶μÉμ³Ê, ÎÉμ μ´ μ¸´μ¢ ´ ´  ´¥³´μ£¨Ì ¤μ¸É -
ÉμÎ´μ μ¡Ð¨Ì ¨ ´ ¤¥¦´μ Ê¸É ´μ¢²¥´´ÒÌ ¶·¨´Í¨¶ Ì. Œ¥Éμ¤ Ö¢²Ö¥É¸Ö ¶·Ö³Ò³ ¶·μ¤μ²¦¥-
´¨¥³ ¶·¥¤Ò¤ÊÐ¨Ì ·¥§Ê²ÓÉ Éμ¢, μ¸´μ¢ ´´ÒÌ ´  É¥Ì ¦¥ ¸ ³ÒÌ ¶·¨´Í¨¶ Ì.

� ²¨Î¨¥ ¶μ¤£·Ê¶¶Ò „¨· ±  ¢ £·Ê¶¶ Ì Δ1 ¨ Δ3 £μ¢μ·¨É μ Éμ³, ÎÉμ ¶μ¸²¥¤´¨¥ Ö¢²ÖÕÉ¸Ö
μÎ¥¢¨¤´Ò³¨ ± ´¤¨¤ É ³¨ ´  μ¶¨¸ ´¨¥ ´¥¸É ¡¨²Ó´ÒÌ § ·Ö¦¥´´ÒÌ ²¥¶Éμ´μ¢.

�·¥¤²μ¦¥´´Ò° ³¥Éμ¤ Ö¢²Ö¥É¸Ö ±μ³¶²¥±¸´Ò³. ‚μ-¶¥·¢ÒÌ, ¶μ²ÊÎ¥´´Ò¥ ¢Ò· ¦¥´¨Ö ¶μ-
Ö¢¨²¨¸Ó ´¥ ¢ ·¥§Ê²ÓÉ É¥ ¶μ¨¸± , Ê§±μ ´ ¶· ¢²¥´´μ£μ ´  § ·Ö¦¥´´Ò° ´¥¸É ¡¨²Ó´Ò° ²¥¶Éμ´,
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´μ ± ± ¸²¥¤¸É¢¨¥ ¡μ²¥¥ Ï¨·μ±μ° ¶μ¸É ´μ¢±¨ ¢μ¶·μ¸ . ‚μ-¢Éμ·ÒÌ, ¶μ¶ÊÉ´μ¥ μ¡´ ·Ê¦¥-
´¨¥ £·Ê¶¶Ò Δ2 μÉ±·Ò¢ ¥É ¢μ§³μ¦´μ¸ÉÓ μ¶¨¸ ´¨Ö ³ ¸¸¨¢´μ£μ ´¥¸É ¡¨²Ó´μ£μ ´¥°É·¨´μ. ˆ,
´ ±μ´¥Í, ¶·¥¤²μ¦¥´´Ò° ³¥Éμ¤ ¶μ§¢μ²Ö¥É ÊÉ¢¥·¦¤ ÉÓ, ÎÉμ ¤·Ê£¨Ì ²¥¶Éμ´´ÒÌ ¸μ¸ÉμÖ´¨°,
¸μ¤¥·¦ Ð¨Ì Éμ²Ó±μ ¸É ¡¨²Ó´Ò¥ ¶μ¤¸É·Ê±ÉÊ·Ò, ¢ · ³± Ì μ¤´μ·μ¤´μ° £·Ê¶¶Ò ‹μ·¥´Í  ´¥
¸ÊÐ¥¸É¢Ê¥É.

Œ¥Éμ¤ μ¡² ¤ ¥É ¸¢μ¥μ¡· §´μ° ®Ê¸Éμ°Î¨¢μ¸ÉÓÕ¯. � ¸Ï¨·¥´¨¥ ²Õ¡μ° ¨§ ¶ÖÉ¨ £·Ê¶¶
¤²Ö μ¶¨¸ ´¨Ö ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢ ¸ ¶μ³μÐÓÕ  ´É¨±μ³³ÊÉ¨·ÊÕÐ¥£μ ¶ÖÉμ£μ £¥´¥· Éμ· 
¢¥¤¥É ± É·¥³ ¶¥·¥Î¨¸²¥´´Ò³ £·Ê¶¶ ³ Δ1, Δ2, Δ3 ¨ ´¨± ±¨³ ¤·Ê£¨³.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Lee T. D., Yang C. N. Parity Nonconservation and a Two-Component Theory of the Neutrino // Phys.
Rev. 1957. V. 105, No. 5. P. 1671Ä1675.

2. Pauli W. Handbuch der Physik. Berlin, 1933. Bd. 24. S. 226Ä227 (� Ê²¨ ‚. �¡Ð¨¥ ¶·¨´Í¨¶Ò
¢μ²´μ¢μ° ³¥Ì ´¨±¨. Œ., 1947. ‘. 254).

3. Majorana E. Teoria Simmetrica dell' Ellettrone e del Positrone // Nuovo Cim. 1937. V. 14. P. 171.

4. Šμ¸³ Î¥¢ �.‘. Šμ¢ ·¨ ´É´ Ö Ëμ·³Ê²¨·μ¢±  ¢μ²´μ¢μ£μ Ê· ¢´¥´¨Ö ¤²Ö ¤Ê¡²¥É  ³ ¸¸¨¢´ÒÌ ´¥°-
É· ²Ó´ÒÌ ²¥¶Éμ´μ¢. �·¥¶·¨´É �ˆŸˆ �4-2003-127. „Ê¡´ , 2003.

5. Feynman R. P., Gell-Mann M. Theory of the Fermi Interaction // Phys. Rev. 1958. V. 109, No. 1.
P. 193Ä198.

6. Šμ¸³ Îe¢ �.‘. �·¥¤¸É ¢²¥´¨Ö £·Ê¶¶Ò ‹μ·¥´Í  ¨ ±² ¸¸¨Ë¨± Í¨Ö ¸É ¡¨²Ó´ÒÌ ²¥¶Éμ´μ¢. �·¥-
¶·¨´É �ˆŸˆ �2-2006-6. „Ê¡´ , 2006.

7. ‚¥°²Ó ƒ. ’¥μ·¨Ö £·Ê¶¶ ¨ ±¢ ´Éμ¢ Ö ³¥Ì ´¨± . Œ., 1986. ‘. 16.

8. Dirac P. A. M. The Quantum Theory of the Electron // Proc. Roy. Soc. A. 1928. V. 117. P. 610Ä624.

9. Lomont J. S. Applications of Finite Groups. N.Y.; London, 1959. P. 40; 51.

�μ²ÊÎ¥´μ 28 ¤¥± ¡·Ö 2006 £.


