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�μ¸¸¨°¸±¨° Ë¥¤¥· ²Ó´Ò° Ö¤¥·´Ò° Í¥´É· Å ‚�ˆˆ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ë¨§¨±¨,

‘ ·μ¢, �μ¸¸¨Ö

‘Ëμ·³Ê²¨·μ¢ ´  ‘É ´¤ ·É´ Ö ³μ¤¥²Ó ¸ ³ ¸¸¨¢´Ò³¨ Ë¥·³¨μ´ ³¨ ¢ ¨§μÉμ¶¨Î¥¸±μ³ ¶·¥¤-
¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °§¥´ . SU(2) × U(1)-¨´¢ ·¨ ´É´μ¸ÉÓ É¥μ·¨¨ ¢ ÔÉμ³ ¶·¥¤¸É ¢²¥´¨¨ ´¥
§ ¢¨¸¨É μÉ ´ ²¨Î¨Ö ¨²¨ μÉ¸ÊÉ¸É¢¨Ö ³ ¸¸Ò Ê Ë¥·³¨μ´μ¢, ¨, ¸²¥¤μ¢ É¥²Ó´μ, μÉ¸ÊÉ¸É¢Ê¥É ´¥μ¡Ìμ¤¨-
³μ¸ÉÓ ¢¢¥¤¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¡μ§μ´μ¢ •¨££¸  ¸ Ë¥·³¨μ´ ³¨.

ˆ¸¸²¥¤μ¢ ´  ¢μ§³μ¦´ Ö ¸¢Ö§Ó ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö Î¥É´μ¸É¨ ¢ ¨§μÉμ¶¨Î¥¸±μ³ ¶·¥¤¸É -
¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °§¥´  ¸ ¸μ¸É ¢μ³ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ®É¥³´μ° ³ É¥·¨¨¯.

The Standard Model with massive fermions is formulated in the isotopic FoldyÄWouthuysen
representation. SU(2) × U(1) invariance of the theory in this representation is independent of
whether fermions possess mass or not, and, consequently, it is not necessary to introduce interactions
between Higgs bosons and fermions.

The study discusses a possible relation between spontaneous breaking of parity in the isotopic
FoldyÄWouthuysen representation and the composition of elementary particles of ®dark matter¯.

PACS: 12.10.Dm

‚‚…„…�ˆ…

� ¸ÉμÖÐ Ö · ¡μÉ  Ö¢²Ö¥É¸Ö ¶·μ¤μ²¦¥´¨¥³ · ¡μÉÒ [1] ¨ ¶μ¸¢ÖÐ¥´  ¶μ-
¸É·μ¥´¨Õ ‘É ´¤ ·É´μ° ³μ¤¥²¨ ¢ ¨§μÉμ¶¨Î¥¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉ-
Ì °§¥´  (IFW). ‚μ ¢Éμ·μ° Î ¸É¨ · ¡μÉÒ μ¡¸Ê¦¤ ¥É¸Ö ¢μ§³μ¦´ Ö ¸¢Ö§Ó ¸¶μ´-
É ´´μ£μ ´ ·ÊÏ¥´¨Ö Î¥É´μ¸É¨ ¢ IFW-¶·¥¤¸É ¢²¥´¨¨ ¸ ¶·μ¡²¥³ ³¨ ¨ ¸μ¸É ¢μ³
Î ¸É¨Í ®É¥³´μ° ³ É¥·¨¨¯.

Š ± ¨§¢¥¸É´μ, ¢ ‘É ´¤ ·É´μ° ³μ¤¥²¨ ¤²Ö μ¡¥¸¶¥Î¥´¨Ö SU(2)-¨´¢ ·¨ ´É-
´μ¸É¨ ¶¥·¢μ´ Î ²Ó´μ · ¸¸³ É·¨¢ ÕÉ¸Ö ¡¥§³ ¸¸μ¢Ò¥ Ë¥·³¨μ´Ò. � ¤¥²¥´¨¥
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Ë¥·³¨μ´μ¢ ³ ¸¸ ³¨ ¶·μ¨¸Ìμ¤¨É ¶μ¸²¥ ¢¢¥¤¥´¨Ö ³¥Ì ´¨§³  ¸¶μ´É ´´μ£μ ´ -
·ÊÏ¥´¨Ö ¸¨³³¥É·¨¨, ¶μÖ¢²¥´¨Ö ¢ ·¥§Ê²ÓÉ É¥ ÔÉμ£μ ¡μ§μ´μ¢ •¨££¸  ¨ ¶μ¸ÉÊ-
²¨·μ¢ ´¨Ö ¨Ì ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ Ë¥·³¨μ´ ³¨ ¸μ
¸¢Ö§ÓÕ É¨¶  	± ¢Ò [2].

� ´¥¥ ¢ [3, 4]  ¢Éμ· · ¸¸³ É·¨¢ ² ‘É ´¤ ·É´ÊÕ ³μ¤¥²Ó ¢ ³μ¤¨Ë¨Í¨·μ¢ ´-
´μ³ ¶·¥¤¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °§¥´ . 
Ò²μ ¶μ± § ´μ, ÎÉμ ¢ ÔÉμ³ ¶·¥¤¸É -
¢²¥´¨¨ SU(2)-¨´¢ ·¨ ´É´ Ö Ëμ·³Ê²¨·μ¢±  É¥μ·¨¨ ¢μ§³μ¦´  ¤²Ö ¨§´ Î ²Ó´μ
³ ¸¸¨¢´ÒÌ Ë¥·³¨μ´μ¢. ‚ ÔÉμ³ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢Ê¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ É·¥¡μ¢ ´¨Ö
¢§ ¨³μ¤¥°¸É¢¨Ö ¡μ§μ´μ¢ •¨££¸  ¸ Ë¥·³¨μ´ ³¨. �·¨ É ±μ³ ¶μ¤Ìμ¤¥ ³ ¸¸Ò Ë¥·-
³¨μ´μ¢ ¢¢μ¤ÖÉ¸Ö ¨§¢´¥. ’¥μ·¨Ö ´¥ ¨³¥¥É ¢¥·Ï¨´ Õ± ¢¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö
³¥¦¤Ê ¡μ§μ´ ³¨ •¨££¸  ¨ Ë¥·³¨μ´ ³¨, ¡μ§μ´Ò •¨££¸  μÉ¢¥É¸É¢¥´´Ò Éμ²Ó±μ § 
± ²¨¡·μ¢μÎ´ÊÕ ¨´¢ ·¨ ´É´μ¸ÉÓ ¡μ§μ´´μ£μ ¸¥±Éμ·  É¥μ·¨¨ ¨ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ
Éμ²Ó±μ ¸ ± ²¨¡·μ¢μÎ´Ò³¨ ¡μ§μ´ ³¨ W±

μ , Zμ, £²Õμ´ ³¨ ¨ ËμÉμ´ ³¨.
‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢ É¥μ·¨¨ μÉ¸ÊÉ¸É¢ÊÕÉ ¶·μÍ¥¸¸Ò · ¸¶ ¤  ¡μ§μ´μ¢ •¨££¸  ´ 

Ë¥·³¨μ´Ò (H → f f̄), μÉ¸ÊÉ¸É¢ÊÕÉ ±¢ ·±μ´¨¥¢Ò¥ ¸μ¸ÉμÖ´¨Ö Ψ, Υ, θ, ¢±²ÕÎ -
ÕÐ¨¥ ¡μ§μ´Ò •¨££¸ , μÉ¸ÊÉ¸É¢ÊÕÉ ¢§ ¨³μ¤¥°¸É¢¨Ö ¡μ§μ´μ¢ •¨££¸  ¸ £²Õμ´ ³¨
(ggH) ¨ ËμÉμ´ ³¨ (γγH) Î¥·¥§ Ë¥·³¨μ´´Ò¥ ¶¥É²¨ ¨ É. ¤.

ˆ§-§  Ê´¨É ·´μ¸É¨ ¶·¥μ¡· §μ¢ ´¨Ö ”μ²¤¨Ä‚ ÊÉÌ °§¥´  μ¸É ²Ó´Ò¥ É¥μ·¥-
É¨Î¥¸±¨¥ ·¥§Ê²ÓÉ ÉÒ ‘É ´¤ ·É´μ° ³μ¤¥²¨ (¢±²ÕÎ Ö ¶¥·¥´μ·³¨·Ê¥³μ¸ÉÓ É¥μ-
·¨¨), ¶μ²ÊÎ¥´´Ò¥ · ´¥¥ ¢ ¤¨· ±μ¢¸±μ³ ¶·¥¤¸É ¢²¥´¨¨, ¸μÌ· ´ÖÕÉ¸Ö.

–¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²Ö¥É¸Ö ¶μ¸É·μ¥´¨¥ CÉ ´¤ ·É´μ° ³μ¤¥²¨ ¢ ¨§μ-
Éμ¶¨Î¥¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °§¥´ , ¢¢¥¤¥´´μ³ ¢ ¶·¥¤Ò¤ÊÐ¥° · -
¡μÉ¥ [1]. ˆ§-§  ±¨· ²Ó´μ-¸¨³³¥É·¨Î´ÒÌ Ê· ¢´¥´¨° Ë¥·³¨μ´´ÒÌ ¶μ²¥° ¢ ¨§μ-
Éμ¶¨Î¥¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °§¥´  ¸ ³ ¸¸¨¢´Ò³¨ Ë¥·³¨μ´ ³¨
μÉ¸ÊÉ¸É¢¨¥ ´¥μ¡Ìμ¤¨³μ¸É¨ ¢¢¥¤¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö Ë¥·³¨μ´μ¢ ¸ ¡μ§μ´ ³¨
•¨££¸  ¶·μÖ¢²Ö¥É¸Ö μ¸μ¡¥´´μ ´ £²Ö¤´μ.

‚μ ¢Éμ·μ° Î ¸É¨ · ¡μÉÒ · ¸¸³ É·¨¢ ¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¸¶μ´É ´´μ£μ ´ ·Ê-
Ï¥´¨Ö Î¥É´μ¸É¨ ¢ ¨§μÉμ¶¨Î¥¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °§¥´ . Š ± Ê¦¥
μÉ³¥Î ²μ¸Ó, ² £· ´¦¨ ´ ¨ £ ³¨²ÓÉμ´¨ ´ ‘É ´¤ ·É´μ° ³μ¤¥²¨ ¢ ¨§μÉμ¶¨Î¥-
¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °§¥´  Ö¢²ÖÕÉ¸Ö ±¨· ²Ó´μ-¸¨³³¥É·¨Î´Ò³¨
´¥§ ¢¨¸¨³μ μÉ ´ ²¨Î¨Ö ¨²¨ μÉ¸ÊÉ¸É¢¨Ö ³ ¸¸Ò Ê Ë¥·³¨μ´μ¢.

�¤´ ±μ Ë¥·³¨μ´´Ò° ¢ ±ÊÊ³ ¢ IFW-¶·¥¤¸É ¢²¥´¨¨ Ö¢²Ö¥É¸Ö ¢Ò·μ¦¤¥´-
´Ò³ [1]. �¤´μ ¢ ±ÊÊ³´μ¥ ¸μ¸ÉμÖ´¨¥ Ö¢²Ö¥É¸Ö ±¨· ²Ó´μ-¸¨³³¥É·¨Î´Ò³ ¸μ¸Éμ-
Ö´¨¥³ ¤¨· ±μ¢¸±μ£μ ®³μ·Ö¯ Ë¥·³¨μ´μ¢ ¸ μÉ·¨Í É¥²Ó´μ° Ô´¥·£¨¥°. „¢  ¤·Ê£¨Ì
¢ ±ÊÊ³´ÒÌ ¸μ¸ÉμÖ´¨Ö ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¸μ¸ÉμÖ´¨Ö ®³μ·Ö¯ Ë¥·³¨μ´μ¢ ¸ μÉ-
·¨Í É¥²Ó´μ° Ô´¥·£¨¥° ¸ ´ ·ÊÏ¥´´μ° P -¸¨³³¥É·¨¥°.

�É¸Õ¤  ¢ IFW-¶·¥¤¸É ¢²¥´¨¨ ¤²Ö Ë¥·³¨μ´μ¢ ¢μ§´¨± ÕÉ ¶·¥¤¶μ¸Ò²±¨
¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö Î¥É´μ¸É¨. ‚ ¸²ÊÎ ¥ ·¥ ²¨§ Í¨¨ ÔÉμ£μ Ö¢²¥´¨Ö μ¡-
´ ·Ê¦¨¢ ¥É¸Ö ¸¢Ö§Ó ´ ·ÊÏ¥´´μ° P -¸¨³³¥É·¨¨ ¸ ¶·μ¡²¥³ ³¨ ¨ ¸μ¸É ¢μ³ Ô²¥-
³¥´É ·´ÒÌ Î ¸É¨Í ®É¥³´μ° ³ É¥·¨¨¯.

‚ · ¡μÉ¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸¨¸É¥³  ¥¤¨´¨Í ¨ μ¡μ§´ Î¥´¨Ö, ¶·¨´ÖÉÒ¥ ¢ ¶·¥-
¤Ò¤ÊÐ¥° · ¡μÉ¥ [1].
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‘É ´¤ ·É´ Ö ³μ¤¥²Ó μ¡² ¤ ¥É ± ²¨¡·μ¢μÎ´Ò³¨ ¸¨³³¥É·¨Ö³¨ SU(3) ×
SU(2)×U(1) [2]. „²Ö ¶μ¸É·μ¥´¨Ö ‘É ´¤ ·É´μ° ³μ¤¥²¨ ¢ IFW-¶·¥¤¸É ¢²¥´¨¨
¶¥·¢μ´ Î ²Ó´μ · ¸¸³μÉ·¨³ Ô²¥±É·μ¸² ¡ÊÕ ³μ¤¥²Ó ƒ²ÔÏμÊÄ‚ °´¡¥·£ Ä‘ ² ³ 
(ƒ‚‘) [5], ¨´¢ ·¨ ´É´ÊÕ μÉ´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨° SU(2) × U(1). ‚¢¥-
¤¥´¨¥ ¢ ‘É ´¤ ·É´ÊÕ ³μ¤¥²Ó ¢ ¨§μÉμ¶¨Î¥¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °-
§¥´  ±¢ ´Éμ¢μ° Ì·μ³μ¤¨´ ³¨±¨ (Š•„), μ¡² ¤ ÕÐ¥° SU(3)-¸¨³³¥É·¨¥°, ²¥£±μ
¶·μ¨§¢μ¤¨É¸Ö ¶μ¸²¥ ¶μ¸É·μ¥´¨Ö ³μ¤¥²¨ ƒ‚‘ ¢ IFW-¶·¥¤¸É ¢²¥´¨¨. „²Ö ¶·μ-
¸ÉμÉÒ ¢´ Î ²¥ ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ²¨ÏÓ ¶¥·¢μ¥ ¶μ±μ²¥´¨¥ ²¥¶Éμ´μ¢ (ve, e)
¨ ±¢ ·±μ¢ (u, d).

‚ μ¡μ§´ Î¥´¨ÖÌ [6] ±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö Ë¥·³¨μ´´μ£μ ¶μ²Ö, ¶·¨-
´ ¤²¥¦ Ð¥£μ ¶·¥¤¸É ¢²¥´¨Õ SU(2) ¨ ¨³¥ÕÐ¥£μ § ·Ö¤ Y μÉ´μ¸¨É¥²Ó´μ U(1),
· ¢´ 

Dμ = ∂μ − igAa
μT a − ig′Y Bμ, (1)

£¤¥ Aa
μ ¨ Bμ Å ± ²¨¡·μ¢μÎ´Ò¥ ¡μ§μ´Ò SU(2) ¨ U(1) ¸μμÉ¢¥É¸É¢¥´´μ.

„²Ö ³μ¤¥²¨ ƒ‚‘

Dμ = ∂μ − i
g√
2
(W+

μ T +
μ + W−

μ T−
μ )− i

g

cos θw
Zμ

(
T 3

w sin2 θwQ
)
− ieAμQ. (2)

‚ ¢Ò· ¦¥´¨¨ (2) W±
μ , Zμ Å ³ ¸¸¨¢´Ò¥ ¢¥±Éμ·´Ò¥ ¡μ§μ´Ò; Aμ Å Ô²¥±-

É·μ³ £´¨É´μ¥ ¶μ²¥; g =
e

sin θw
; θw Å Ê£μ² ¸² ¡μ£μ ¸³¥Ï¨¢ ´¨Ö; T±

μ =

T 1
w ± iT 2

w, T 3
w Å ±μ³¶μ´¥´ÉÒ ¸² ¡μ£μ ¨§μ¸¶¨´ ; Q = T 3

w + Yw, Yw Å ¸² ¡Ò°
£¨¶¥·§ ·Ö¤; Q · e Å Ô²¥±É·¨Î¥¸±¨° § ·Ö¤.

‚ ³μ¤¥²¨ ƒ‚‘ ² £· ´¦¨ ´ § ¶¨¸Ò¢ ¥É¸Ö ¤²Ö ¡¥§³ ¸¸μ¢ÒÌ Ë¥·³¨μ´μ¢,
³ ¸¸Ò Ê Ë¥·³¨μ´μ¢ ¶μÖ¢²ÖÕÉ¸Ö ¶μ¸²¥ ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö SU(2)-¸¨³³¥É-
·¨¨ ¨ ¢¢¥¤¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö (É¨¶  	± ¢Ò) Ì¨££¸μ¢¸±μ£μ ¡μ§μ´  ¸ Ë¥·-
³¨μ´ ³¨.

‘ ÊÎ¥Éμ³ ¡Ê¤ÊÐ¥£μ ¶¥·¥Ìμ¤  ¢ ¨§μÉμ¶¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ ”μ²¤¨Ä
‚ ÊÉÌ °§¥´  § ¶¨Ï¥³ ² £· ´¦¨ ´ ƒ‚‘ ¸ ¨§´ Î ²Ó´μ ³ ¸¸¨¢´Ò³¨ Ë¥·³¨μ´ ³¨
¨ ¡¥§ ¸² £ ¥³ÒÌ ¸ Õ± ¢¸±¨³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ¡μ§μ´  •¨££¸  ¸ Ë¥·³¨μ´ ³¨

L = ψ̄ve(i∂ − mve)ψve + ψ̄ve(i∂ − me)ψe+
+ ψ̄u(i∂ − mu)ψu + ψ̄d(i∂ − md)ψd+

+ g(W+
μ Jμ+

W + W−
μ Jμ−

W + Z0
μJμ

Z) + eAμJμ
em, (3)
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£¤¥

Jμ+
W =

1√
2

(
ψ̄veγ

μ 1
2

(
1 − γ5

)
ψe + ψ̄uγμ 1

2
(
1 − γ5

)
ψd

)
,

Jμ−
W =

1√
2

(
ψ̄eγ

μ 1
2

(
1 − γ5

)
ψve + ψ̄dγ

μ 1
2

(
1 − γ5

)
ψu

)
,

Jμ
Z =

1
cos θW

[
ψ̄veγ

μ 1
2

(
1 − γ5

)
ψve + ψ̄eγ

μ

(
−1

2
+ sin2 θW

)
1
2
(1 − γ5)ψe+

+ ψeγ
μ(sin2 θW )

(
1
2

)
(1 + γ5)ψe + ψ̄uγμ

(
1
2
− 2

3
sin2 θW

)
1
2
(1 − γ5)ψu+

+ψ̄uγμ

(
−2

3
sin2 θW

)
1
2
(1 + γ5)ψu +ψ̄dγ

μ

(
−1

2
+

1
3

sin2 θW

)
1
2
(1 − γ5)ψd+

+ψ̄dγ
μ

(
1
3

sin2 θW

)
1
2
(1 + γ5)ψd

]
, (4)

Jμ
em = ψ̄eγ

μ(−1)ψe + ψ̄uγμ

(
2
3

)
ψu + ψ̄dγ

μ

(
−1

3

)
ψd.

‚ ¢Ò· ¦¥´¨ÖÌ (3), (4) ´  ¤ ´´μ° ¸É ¤¨¨ · ¸¸³μÉ·¥´¨Ö ¶μ¤· §Ê³¥¢ ¥É¸Ö
¸ÊÐ¥¸É¢μ¢ ´¨¥ ¶· ¢μ£μ ¨ ²¥¢μ£μ ´¥°É·¨´μ ¸ ³ ¸¸μ° mve . „²Ö ¸μμÉ¢¥É¸É¢¨Ö ¸
³μ¤¥²ÓÕ ƒ‚‘ ¶μ¸²¥ ¶¥·¥Ìμ¤  ¢ IFW-¶·¥¤¸É ¢²¥´¨¥ ¶· ¢ Ö ±μ³¶μ´¥´É  ´¥°-
É·¨´´μ£μ ¶μ²Ö ¶·¨´¨³ ¥É¸Ö · ¢´μ° ´Ê²Õ: (ψve)R = 0.

‹ £· ´¦¨ ´ (3) ¢ ¤¨· ±μ¢¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ ´¥ μ¡² ¤ ¥É SU(2)-¸¨³³¥É-
·¨¥° ¨§-§  Î²¥´μ¢ ¸ ³ ¸¸ ³¨ Ë¥·³¨μ´μ¢, ¶¥·¥¶ÊÉÒ¢ ÕÐ¨Ì ¶· ¢Ò¥ ¨ ²¥¢Ò¥
±μ³¶μ´¥´ÉÒ Ë¥·³¨μ´´ÒÌ ¶μ²¥°.

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ëμ·³ ²¨§³μ³ ¶¥·¥Ìμ¤  ¢ ¨§μÉμ¶¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥
”μ²¤¨Ä‚ ÊÉÌ °§¥´  [1] ¶¥·¢μ´ Î ²Ó´μ ¨§ ² £· ´¦¨ ´  (3) ¶μ²ÊÎ¨³ £ ³¨²ÓÉμ-
´¨ ´, § ¶¨¸ ´´Ò° Î¥·¥§ ²¥¢Ò¥ ¨ ¶· ¢Ò¥ ±μ³¶μ´¥´ÉÒ Ë¥·³¨μ´´ÒÌ ¶μ²¥°:

H =
∑

i=ve,e,u,d

[
(ψ†

i )Lαp(ψi)L + (ψ†
i )Rαp(ψi)R+

+(ψ†
i )Lβmi(ψi)R + (ψ†

i )Rβmi(ψi)L

]
+

+ g(W+
μ (Jμ+

W )L + W−
μ (Jμ−

W )L + Z0
μ(Jμ

Z)L+

+ Z0
μ(Jμ

Z)R) + eAμ(Jμ
em)L + eAμ(Jμ

em)R, (5)

£¤¥

(Jμ+
W )L =

1√
2
((ψ†

ve
)Lαμ(ψe)L + (ψ†

u)Lαμ(ψd)L),

(Jμ−
W )L =

1√
2
((ψ†

e)Lαμ(ψve)L + (ψ†
d)Lαμ(ψu)L),



74 �…‡��Œ�‚ ‚. �.

(Jμ
Z)L =

1
cos θw

[
(ψ†

ve
)Lαμ(ψve)L + (ψ†

e)Lαμ

(
−1

2
+ sin2 θw

)
(ψe)L+

+(ψ†
u)Lαμ

(
1
2
− 2

3
sin2 θw

)
(ψu)L+

+(ψ†
d)Lαμ

(
−1

2
+

1
3

sin2 θw

)
(ψd)L

]
, (6)

(Jμ
Z)R =

1
cos θw

[
(ψ†

e)Rαμ sin2 θw(ψe)R + (ψ†
u)Rαμ

(
−2

3
sin2 θw

)
(ψu)R+

+(ψ†
d)Rαμ 1

3
sin2 θw(ψd)R

]
,

(Jμ
em)L = (ψ†

e)Lαμ(−1)(ψe)L + (ψ†
u)Lαμ

(
2
3

)
(ψu)L+

+ (ψ†
d)Lαμ

(
−1

3

)
(ψd)L,

(Jμ
em)R = (ψ†

e)Rαμ(−1)(ψe)R + (ψ†
u)Rαμ

(
2
3

)
(ψu)R+

+ (ψ†
d)Rαμ

(
−1

3

)
(ψd)R.

„ ²¥¥ ¢¢¥¤¥³ ¤²Ö ± ¦¤μ£μ Ë¥·³¨μ´´μ£μ ¶μ²Ö ¢μ¸Ó³¨±μ³¶μ´¥´É´Ò¥ ¸¶¨-
´μ·Ò

(Φi)1 =
(

(ψi)R

(ψi)L

)
, i = ve, e, u, d, (7)

¨ ¸¶¥Í¨ ²Ó´μ¥ ¨§μÉμ¶¨Î¥¸±μ¥ ¶·μ¸É· ´¸É¢μ ¸ ³ É·¨Í ³¨ τ1, τ2, τ3, ¤¥°¸É¢Ê-
ÕÐ¨³¨ Éμ²Ó±μ ´  Î¥ÉÒ·¥ ¢¥·Ì´¨¥ ¨ Î¥ÉÒ·¥ ´¨¦´¨¥ ±μ³¶μ´¥´ÉÒ ¸¶¨´μ·μ¢
(Φi)1 (7).

‚¢¥¤¥´´μ¥ ¨§μÉμ¶¨Î¥¸±μ¥ ¶·μ¸É· ´¸É¢μ ´¨± ± ´¥ ¸¢Ö§ ´μ ¸ ¶·μ¸É· ´-
¸É¢μ³ ¸² ¡μ£μ ¨§μ¸¶¨´ , ¤¥°¸É¢ÊÕÐ¨³ ¢ ‘É ´¤ ·É´μ° ³μ¤¥²¨ ¨, ¢ Î ¸É´μ¸É¨,
¢ ³μ¤¥²¨ ƒ‚‘. ’¥¶¥·Ó £ ³¨²ÓÉμ´¨ ´ (5) ³μ¦´μ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

H =
∑

i=ve,e,u,d

{
(Φ+

i )1(αp + τ1βmi(Φi)1 + e(Φ+
i )1Qiα

μAμ(Φi)1+

+
g

cos θw
(Φ+

i )1(T 3
1iw − sin2 θw Qiα

μZ0
μ(Φi)1

}
−

− g√
2

[
(Φ+

ve
)12T 3

1vewαμW+
μ 2T 3

1ew(Φe)1 + (Φ+
u )12T 3

1uwαμW+
μ 2T 3

1dw(Φd)1
]
−

− g√
2

[
(Φ+

e )12T 3
1ewαμW−

μ 2T 3
1vew(Φve)1 + (Φ+

d )12T 3
1dwαμW−

μ 2T 3
1uw(Φu1)

]
.

(8)
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‚ ¢Ò· ¦¥´¨¨ (8) T 3
1iw =

(
T 3

iR 0
0 T 3

iL

)
Å ¢μ¸Ó³¨±μ³¶μ´¥´É´ Ö ³ É·¨Í , £¤¥

¸μ£² ¸´μ ³μ¤¥²¨ ƒ‚‘ ¤²Ö ¶· ¢ÒÌ Î ¸É¨Í T 3
iR = 0; ¤²Ö ²¥¢ÒÌ Î ¸É¨Í T 3

ve
=

1/2, T 3
eL = −1/2; T 3

uL = 1/2; T 3
dL = −1/2. ‚¥²¨Î¨´  Qi μ¤¨´ ±μ¢  ¤²Ö

¶· ¢ÒÌ ¨ ²¥¢ÒÌ Î ¸É¨Í ¨ · ¢´  Qve = 0, Qe = −1; Qu = 2/3; Qd = −1/3.
ˆ§ £ ³¨²ÓÉμ´¨ ´  (8) ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¨¥ Ê· ¢´¥´¨Ö ¤²Ö Ë¥·³¨μ´´ÒÌ

¶μ²¥° (Φi)1:

p0(Φve)1 =
(

αp + τ1βmve +
g

cos θw
T 3

1vewαμZ0
μ

)
(Φve)1−

− g√
2
2T 3

1vewαμW+
μ 2T 3

1ew(Φe)1, (9)

p0(Φe)1 =
(

αp + τ1βme − eαμAμ +
g

cos θw
(T 3

1ew + sin2 θw)αμZ0
μ

)
(Φe)1+

+
g√
2
2T 3

1ewαμW−
μ 2T 3

1vew(Φve)1, (10)

p0(Φu)1 =
(

αp + τ1βmu +
2
3
eαμAμ+

+
g

cos θw

(
T 3

1uw − 2
3

sin2 θw

)
αμZ0

μ

)
(Φu)1 −

g√
2
2T 3

1uwαμW+
μ 2T 3

1dw(Φd)1,

(11)
p0(Φd)1 =

(
αp + τ1βmd − 1

3
eαμAμ+

+
g

cos θw

(
T 3

1dw +
1
3

sin2 θw

)
αμZ0

μ

)
(Φd)1 −

g√
2
2T 3

1dwαμW−
μ 2T 3

1uw(Φu)1.

(12)

‚ ± ¦¤μ³ ¨§ Ê· ¢´¥´¨° (9)Ä(12) ¥¤¨´¸É¢¥´´Ò³ ¸² £ ¥³Ò³, ¸³¥Ï¨¢ ÕÐ¨³
¶· ¢Ò¥ ¨ ²¥¢Ò¥ ±μ³¶μ´¥´ÉÒ ¶μ²¥°, Ö¢²Ö¥É¸Ö ¸² £ ¥³μ¥ ¸ ³ ¸¸μ° Ë¥·³¨-
μ´  (τ1βmi).

‚ ± ¦¤μ³ Ê· ¢´¥´¨¨ (9)Ä(12) ¢§ ¨³μ¤¥°¸É¢¨¥ ²¥¢μ£μ Ë¥·³¨μ´´μ£μ ¶μ²Ö
¸ W±

μ -¡μ§μ´ ³¨ ¶·¨¢μ¤¨É ± ¶·¨¸ÊÉ¸É¢¨Õ ¤·Ê£μ£μ ²¥¢μ£μ Ë¥·³¨μ´´μ£μ ¶μ²Ö
¨§ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ SU(2)-¤Ê¡²¥É .

„²Ö ¶· ¢ÒÌ Ë¥·³¨μ´´ÒÌ ¶μ²¥° ¢§ ¨³μ¤¥°¸É¢¨¥ ¸ W±
μ -¡μ§μ´ ³¨ ¢ ³μ¤¥²¨

ƒ‚‘ μÉ¸ÊÉ¸É¢Ê¥É.
‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ [1] Ë¥·³¨μ´´Ò¥ ¶μ²Ö

(Φi)2 = τ1(Φi)1 =
(

(ψi)L

(ψi)R

)
, i = ve, e, u, d, (13)

É ±¦¥ Ö¢²ÖÕÉ¸Ö ·¥Ï¥´¨Ö³¨ Ê· ¢´¥´¨° (9)Ä(12) ¸ ¨§³¥´¥´´μ° ³ É·¨Í¥° ¸² -
¡μ£μ ¨§μ¸¶¨´ 

T 3
2iw = τ1T

3
1iwτ1 =

(
T 3

iL 0
0 T 3

iR

)
. (14)
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…¸²¨ ¢¢¥¸É¨ 16-±μ³¶μ´¥´É´Ò¥ Ë¥·³¨μ´´Ò¥ ¶μ²Ö

Φi =
(

(Φi)1
(Φi)2

)
=

⎛
⎜⎜⎝

(ψi)R

(ψi)L

(ψi)L

(ψi)R

⎞
⎟⎟⎠ , i = ve, e, u, d, (15)

¸ § ³¥´μ°

e → 1
2
e(E+

16×16α
I
1), g → 1

2
g(E+

16×16α
I
1), (16)

Éμ ¤²Ö ¶μ²¥° Φi ³μ¦´μ § ¶¨¸ ÉÓ Ê· ¢´¥´¨Ö,  ´ ²μ£¨Î´Ò¥ (9)Ä(12) (¸³. [1]).
“· ¢´¥´¨Ö ¤²Ö (Φi)1, (Φi)2, (Φi) Ô±¢¨¢ ²¥´É´Ò ¤·Ê£ ¤·Ê£Ê. �μ ¢ IFW-

¶·¥¤¸É ¢²¥´¨¨ ÔÉ¨ Ê· ¢´¥´¨Ö μ¶¨¸Ò¢ ÕÉ · §´Ò¥ Ë¨§¨Î¥¸±¨¥ ± ·É¨´Ò [1].
�  ¶·¨³¥·¥ Ë¥·³¨μ´´ÒÌ ¶μ²¥° (Φi)1, ¶μ¤Î¨´ÖÕÐ¨Ì¸Ö Ê· ¢´¥-

´¨Ö³ (9)Ä(12), ¶·μ¢¥¤¥³ ¨§μÉμ¶¨Î¥¸±μ¥ ¶·¥μ¡· §μ¢ ´¨¥ ”μ²¤¨Ä‚ ÊÉÌ °§¥´ :

(Φi)1 = (Ui)+IFW(Φi)1IFW. (17)

„ ²¥¥ ± ¦¤μ¥ ¨§ Ê· ¢´¥´¨° (9)Ä(12) Ê³´μ¦¨³ ¸²¥¢  ´  ³ É·¨ÍÊ ¶·¥μ¡· §μ¢ -
´¨Ö

(Ui)IFW = (1 + δ1i + δ2i + . . .)(U0i)IFW. (18)

Œ É·¨Í  UIFW Ê´¨É ·´ ; · §²μ¦¥´¨¥ ¢ (18) ¶·μ¨§¢μ¤¨É¸Ö ¶·μ¶μ·Í¨μ´ ²Ó´μ
¸É¥¶¥´Ö³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±μ´¸É ´É ¸¢Ö§¨. Ÿ¢´Ò° ¢¨¤ μ¶¥· Éμ·μ¢ (U0)IFW,
δ1i, δ2i, . . . μ¶·¥¤¥²¥´ ¢ [1].

‚ ·¥§Ê²ÓÉ É¥ IFW-¶·¥μ¡· §μ¢ ´¨Ö ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¨¥ Ê· ¢´¥´¨Ö:

p0(Φi)1IFW = (τ3Ei + K1i + K2i + . . .)(Φi)1IFW+
+ (K ′

1i→j + K ′
2i→j + . . .)(Φj)1IFW,

(19)
i, j = ve, e ¨²¨ u, d, i �= j.

“· ¢´¥´¨Ö (19) ¸μ¤¥·¦ É Ê· ¢´¥´¨Ö ¤²Ö ²¥¶Éμ´´μ£μ ¨ ±¢ ·±μ¢μ£μ SU(2) ²¥-
¢ÒÌ ¤Ê¡²¥Éμ¢ ¨ ¶· ¢ÒÌ ¸¨´£²¥Éμ¢ ¸μμÉ¢¥É¸É¢¥´´μ.

‚ Ê· ¢´¥´¨ÖÌ (19) ¢ ¢Ò· ¦¥´¨ÖÌ K1i, K2i, . . ., μ¶¨¸Ò¢ ÕÐ¨Ì Ô²¥±É·μ-
³ £´¨É´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¨ ¸² ¡μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¸ μ¡³¥´μ³ Z0

μ-¡μ§μ´ ³¨,
¢³¥¸Éμ ¢§ ¨³μ¤¥°¸É¢¨Ö qαμBμ, ¨¸¶μ²Ó§Ê¥³μ£μ ¢ [1], ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ
§ ³¥´Ê

qαμBμ → eQiα
μAμ +

g

cos θw
(T 3

1iw − sin2 θwQi)αμZ0
μ. (20)

‚ Ê· ¢´¥´¨ÖÌ (19) ¸² £ ¥³Ò¥ K ′
1i→j , K

′
2i→j , . . . μÉ¢¥É¸É¢¥´´Ò §  ¸² ¡μ¥ ¢§ ¨-

³μ¤¥°¸É¢¨¥ ¸ ÊÎ ¸É¨¥³ § ·Ö¦¥´´ÒÌ W±-¡μ§μ´μ¢. ‘É·Ê±ÉÊ·Ê ¢Ò· ¦¥´¨° K ′
ni→j
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· ¸¸³μÉ·¨³ ´  ¶·¨³¥·¥ ¶·¥μ¡· §μ¢ ´¨Ö Ê· ¢´¥´¨Ö (9). �μ¸²¥ IFW-¶·¥μ¡· §μ-
¢ ´¨Ö ¶μ¸²¥¤´¥¥ ¸² £ ¥³μ¥ ¢ Ê· ¢´¥´¨¨ (9) ¨³¥¥É ¢¨¤

(Uve)IFW

(
− g√

2
2T 3

1vewαμW+
μ 2T 3

1ew

)
(U+

e )IFW(Φe)1IFW =

= (1 + δ1ve + δ2ve + . . .)(U+
0e)IFW

(
− g√

2
2T 3

1vewαμW+
μ 2T 3

1ew

)
×

× (U+
0e)IFW(1 + δ1ve + δ2ve + . . .)(Φe)1IFW =

=
[
(U0ve)IFW

(
− g√

2
2T 3

1vewαμW+
μ 2T 3

1ew

)
(U+

0e)IFW+

+δ1ve(U0ve)IFW

(
− g√

2
2T 3

1vewαμW+
μ 2T 3

1ew

)
(U+

0e)IFW−

−(U0ve)IFW

(
− g√

2
2T 3

1vewαμW+
μ 2T 3

1ew

)
(U+

0e)IFWδ1e + . . .

]
×

× (Φe)1IFW = (K ′
1ve→e + K ′

2ve→e + . . .)(Φe)1IFW. (21)

‚ ¢Ò· ¦¥´¨¨ (21) μ¶¥· Éμ·Ò δ1ve ¨ δ1e μ¶·¥¤¥²ÖÕÉ¸Ö ¸μ£² ¸´μ Ëμ·³ -
²¨§³Ê [1] ¸ § ³¥´μ° (20).

‚ Ê· ¢´¥´¨ÖÌ (19) ¸² £ ¥³Ò¥ ¸ τ3Ei, Kni ¶μ μ¶·¥¤¥²¥´¨Õ Ö¢²ÖÕÉ¸Ö Î¥É-
´Ò³¨ μÉ´μ¸¨É¥²Ó´μ ¸³¥Ï¨¢ ´¨Ö ¢¥·Ì´¨Ì (¶· ¢ÒÌ) ¨ ´¨¦´¨Ì (²¥¢ÒÌ) ±μ³-
¶μ´¥´É (Φi)1IFW. ‘² £ ¥³Ò¥ ¸ K ′

nve→e Ëμ·³ ²Ó´μ Ö¢²ÖÕÉ¸Ö ´¥Î¥É´Ò³¨, ´μ
Ë ±É¨Î¥¸±¨ ¨Ì ³μ¦´μ ¸Î¨É ÉÓ Î¥É´Ò³¨ ¨§-§  ÊÎ ¸É¨Ö ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸
§ ·Ö¦¥´´Ò³¨ ¡μ§μ´ ³¨ W±

μ Éμ²Ó±μ ²¥¢ÒÌ Ë¥·³¨μ´μ¢, ÎÉμ ´ Ï²μ μÉ· ¦¥´¨¥
¢ μ¶·¥¤¥²¥´¨¨ T 3

1iw (¸³. (8)).
„²Ö Ë¥·³¨μ´´ÒÌ ¶μ²¥° (Φi)2FW ³μ¦´μ § ¶¨¸ ÉÓ Ê· ¢´¥´¨Ö,  ´ ²μ£¨Î-

´Ò¥ (19), ¸ § ³¥´μ° T 3
1iw → T 3

2iw (¸³. (14)). � ±μ´¥Í, ³μ¦´μ ¶μ²ÊÎ¨ÉÓ
Ê· ¢´¥´¨Ö ”μ²¤¨Ä‚ ÊÉÌ °§¥´  ¢ IFW-¶·¥¤¸É ¢²¥´¨¨ ¤²Ö ¤¨· ±μ¢¸±¨Ì ¶μ²¥°
Φi (15) ¸ § ³¥´μ° (16) ¢ ¢Ò· ¦¥´¨ÖÌ (20), (21).

‚Ò¶¨Ï¥³ Ê± § ´´Ò¥ Ê· ¢´¥´¨Ö ¢³¥¸É¥ ¸ Ê· ¢´¥´¨Ö³¨ (19) ¨ ¨Ì ¶²μÉ´μ-
¸ÉÖ³¨ £ ³¨²ÓÉμ´¨ ´μ¢:

p0(Φi)1IFW = (τ3Ei + K1i + K2i + . . .)(Φi)1IFW+
+ (K ′

1i→j + K ′
2i→j + . . .)(Φj)1IFW, (22)

H′
IFW =

∑
i

(Φi)+1IFW(τ3Ei + K1i + K2i + . . .)(Φi)1IFW+

+
∑
i,j

(Φi)+1IFW(K ′
1i→j + K ′

2i→j + . . .)(Φj)1IFW, (23)
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p0(Φi)2IFW = (τ3Ei + K1i + K2i + . . .)(Φi)2IFW+
+ (K ′

1i→j + K ′
2i→j + . . .)(Φj)2IFW, (24)

H′′
IFW =

∑
i

(Φi)+2IFW(τ3Ei + K1i + K2i + . . .)(Φi)2IFW+

+
∑
i,j

(Φi)+2IFW(K ′
1i→j + K ′

2i→j + . . .)(Φj)2IFW, (25)

P0(Φi)IFW = (τ3Ei + KΦ
1i + KΦ

2i + . . .)(Φi)IFW+

+ (K ′Φ
1i→j + K ′Φ

2i→j + . . .)(Φj)IFW, (26)

H′′′
IFW =

∑
i

(Φi)+IFW(τ3Ei + KΦ
1i + KΦ

2i + . . .)(Φi)IFW+

+
∑
i,j

(Φi)+IFW(K ′Φ
1i→j + K ′Φ

2i→j + . . .)(Φj)IFW. (27)

‚ ¢Ò· ¦¥´¨ÖÌ (22)Ä(27) i, j = ve, e ¨²¨ u, d; i �= j; ¢ ¢Ò· ¦¥´¨ÖÌ (22), (23)

T 3
1iw =

(
T 3

iR 0
0 T 3

iL

)
; ¢ ¢Ò· ¦¥´¨ÖÌ (24), (25) T 3

2iw =
(

T 3
iL 0
0 T 3

iR

)
; ¢ ¢Ò-

· ¦¥´¨ÖÌ (26), (27) ¤²Ö ¢μ¸Ó³¨±μ³¶μ´¥´É´ÒÌ ¶μ²¥° (Φi)1IFW ¨¸¶μ²Ó§Ê¥É¸Ö
³ É·¨Í  T 3

1iw, ¤²Ö ¶μ²¥° (Φi)2IFW Å ³ É·¨Í  T 3
2iw.

“· ¢´¥´¨Ö (26) ¨ £ ³¨²ÓÉμ´¨ ´ (27) ¸μμÉ¢¥É¸É¢ÊÕÉ ¢ μ¸´μ¢´μ³ μ¶¨¸ -
´¨Õ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨ ¨Ì ¢§ ¨³μ¤¥°¸É¢¨° ¸ ³μ¤¥²ÓÕ ƒ‚‘. „²Ö ¶μ²´μ£μ
¸μμÉ¢¥É¸É¢¨Ö ´¥μ¡Ìμ¤¨³μ ¨¸±²ÕÎ¨ÉÓ ¢ (26), (27) ¸μ¸ÉμÖ´¨Ö ¸ ¶· ¢Ò³ ´¥°-
É·¨´μ. �  ¤ ´´μ° ¸É ¤¨¨ ÔÉμ ²¥£±μ ¸¤¥² ÉÓ, ¶μ²μ¦¨¢ (ψve)R = 0 ¢ ¡ §¨¸´ÒÌ
ËÊ´±Í¨ÖÌ (Φve)1IFW, (Φve)2IFW, (Φve)IFW.

“· ¢´¥´¨Ö (22) ¨ £ ³¨²ÓÉμ´¨ ´ (23) μ¶¨¸Ò¢ ÕÉ ¤¢¨¦¥´¨¥ ¨ ¢§ ¨³μ¤¥°-
¸É¢¨Ö ¶· ¢ÒÌ Ë¥·³¨μ´μ¢ ¨ ²¥¢ÒÌ  ´É¨Ë¥·³¨μ´μ¢ ¸ μÉ¸ÊÉ¸É¢¨¥³ ¢§ ¨³μ¤¥°-
¸É¢¨Ö ·¥ ²Ó´ÒÌ Î ¸É¨Í ¨  ´É¨Î ¸É¨Í.

“· ¢´¥´¨Ö (24) ¨ £ ³¨²ÓÉμ´¨ ´ (25), ´ μ¡μ·μÉ, μ¶¨¸Ò¢ ÕÉ ¤¢¨¦¥´¨¥ ¨
¢§ ¨³μ¤¥°¸É¢¨Ö ²¥¢ÒÌ Ë¥·³¨μ´μ¢ ¨ ¶· ¢ÒÌ  ´É¨Ë¥·³¨μ´μ¢ É ±¦¥ ¸ μÉ¸ÊÉ-
¸É¢¨¥³ ¢§ ¨³μ¤¥°¸É¢¨Ö ·¥ ²Ó´ÒÌ Î ¸É¨Í ¨  ´É¨Î ¸É¨Í.


μ²¥¥ ¶μ¤·μ¡´μ É·¨ μ¶¨¸ ´´Ò¥ ¢ÒÏ¥ Ë¨§¨Î¥¸±¨¥ ± ·É¨´Ò μ¡¸Ê¦¤ -
ÕÉ¸Ö ¢ [1].

“· ¢´¥´¨Ö ¨ £ ³¨²ÓÉμ´¨ ´Ò (22)Ä(27) ¢ IFW-¶·¥¤¸É ¢²¥´¨¨ Ë ±É¨Î¥¸±¨
§ ¶¨¸ ´Ò ¢ ±¨· ²Ó´μ-¸¨³³¥É·¨Î´μ³ ¢¨¤¥ ´¥§ ¢¨¸¨³μ μÉ ´ ²¨Î¨Ö ¨²¨ μÉ¸ÊÉ-
¸É¢¨Ö ³ ¸¸Ò Ê Ë¥·³¨μ´μ¢. ‚Ò· ¦¥´¨Ö (22)Ä(27) ¨´¢ ·¨ ´É´Ò μÉ´μ¸¨É¥²Ó´μ
¶·¥μ¡· §μ¢ ´¨Ö ±¨· ²Ó´μ° ¸¨³³¥É·¨¨

(Φi)1IFW → eiαγ5
(Φi)1IFW,

(Φi)2IFW → eiαγ5
(Φi)2IFW, (28)

(Φi)IFW → eiαγ5
(Φi)IFW.
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�É³¥É¨³, ÎÉμ μ¶¥· Éμ· γ5 ¢ IFW-¶·¥¤¸É ¢²¥´¨¨ ´¥ ¸¢Ö§ ´ ¸μ ¸¶¨· ²Ó´μ¸ÉÖ³¨
Ë¥·³¨μ´μ¢. �É  ¸¢Ö§Ó ¸ÊÐ¥¸É¢Ê¥É ¤²Ö μ¶¥· Éμ·  (γ5)IFW = UIFWγ5U+

IFW

(¸³. [1]).
‘ ÊÎ¥Éμ³ ¢ÒÏ¥¸± § ´´μ£μ Ê· ¢´¥´¨Ö ¨ £ ³¨²ÓÉμ´¨ ´Ò (22)Ä(27) Ö¢²ÖÕÉ¸Ö

SU(2)-¨´¢ ·¨ ´É´Ò³¨ ´¥§ ¢¨¸¨³μ μÉ ´ ²¨Î¨Ö ¨²¨ μÉ¸ÊÉ¸É¢¨Ö ³ ¸¸Ò Ê Ë¥·-
³¨μ´μ¢. ‘²¥¤μ¢ É¥²Ó´μ, ¢ ¨§μÉμ¶¨Î¥¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °§¥´ 
SU(2)-¨´¢ ·¨ ´É´ Ö Ëμ·³Ê²¨·μ¢±  ³μ¤¥²¨ ƒ‚‘ ¸ÊÐ¥¸É¢Ê¥É ± ± ¤²Ö ¡¥§³ ¸-
¸μ¢ÒÌ, É ± ¨ ¤²Ö ³ ¸¸¨¢´ÒÌ Ë¥·³¨μ´μ¢. �ÉμÉ ¢Ò¢μ¤ ´¥ ³¥´Ö¥É¸Ö ¶·¨ ÊÎ¥É¥
¢ IFW-¶·¥¤¸É ¢²¥´¨¨ ¤¢ÊÌ ¤·Ê£¨Ì ¶μ±μ²¥´¨° Î ¸É¨Í ‘É ´¤ ·É´μ° ³μ¤¥²¨
(vμ, μ, c, s) ¨ (vτ , τ, t, b),   É ±¦¥ ¶·¨ ÊÎ¥É¥ SU(3)-¸¨³³¥É·¨Î´μ° ±¢ ´Éμ¢μ°
Ì·μ³μ¤¨´ ³¨±¨.

’ ±¨³ μ¡· §μ³, ¢ ¨§μÉμ¶¨Î¥¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °§¥´  ³Ò
¶μ± § ²¨ μÉ¸ÊÉ¸É¢¨¥ ´¥μ¡Ìμ¤¨³μ¸É¨ ¢¢¥¤¥´¨Ö ¤²Ö Í¥²¥° SU(2)-¨´¢ ·¨ ´É-
´μ¸É¨ É¥μ·¨¨ Õ± ¢¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¡μ§μ´μ¢ •¨££¸  ¸ Ë¥·³¨μ´ ³¨.

2. ‘���’����… ���“˜…�ˆ… —…’��‘’ˆ
‚ IFW-��…„‘’�‚‹…�ˆˆ ˆ ����‹…Œ› ®’…Œ��‰ Œ�’…�ˆˆ¯

Š ± Ê¦¥ μ¡¸Ê¦¤ ²μ¸Ó ¢ [1], ±¨· ²Ó´μ-¸¨³³¥É·¨Î´Ò³ Ê· ¢´¥´¨Ö³ ¨ £ -
³¨²ÓÉμ´¨ ´ ³ (22)Ä(27) ¸μμÉ¢¥É¸É¢ÊÕÉ É·¨ ¢ ±ÊÊ³´ÒÌ ¸μ¸ÉμÖ´¨Ö. �¸´μ¢´μ¥
¸μ¸ÉμÖ´¨¥ £ ³¨²ÓÉμ´¨ ´  (27) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¤¨· ±μ¢¸±μ¥ ®³μ·¥¯ ¶· -
¢ÒÌ ¨ ²¥¢ÒÌ Ë¥·³¨μ´μ¢ ¸ μÉ·¨Í É¥²Ó´μ° Ô´¥·£¨¥°. �¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥ £ -
³¨²ÓÉμ´¨ ´μ¢ (23), (25) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸μμÉ¢¥É¸É¢¥´´μ ®³μ·¥¯ ²¥¢ÒÌ ¨
®³μ·¥¯ ¶· ¢ÒÌ Ë¥·³¨μ´μ¢ ¸ μÉ·¨Í É¥²Ó´μ° Ô´¥·£¨¥°.

� ²¨Íμ ¶·¥¤¶μ¸Ò²±¨ ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö Î¥É´μ¸É¨ ¨ ¶¥·¥Ìμ¤  μÉ
¢ ±ÊÊ³  £ ³¨²ÓÉμ´¨ ´  (27) ± ¢ ±ÊÊ³Ê £ ³¨²ÓÉμ´¨ ´  (23) ¨²¨ ± ¢ ±ÊÊ³Ê
£ ³¨²ÓÉμ´¨ ´  (25).

�¥ ¶·¥¤² £ Ö ±μ´±·¥É´μ£μ ³¥Ì ´¨§³  ´ ·ÊÏ¥´¨Ö P -¸¨³³¥É·¨¨,  ¢Éμ·
μ¡· Ð ¥É ¢´¨³ ´¨¥, ÎÉμ ¢ ¸²ÊÎ ¥ É ±μ£μ ´ ·ÊÏ¥´¨Ö μ¶¨¸ ´¨¥ ¶·¨·μ¤Ò Ê· ¢-
´¥´¨Ö³¨ ¨ £ ³¨²ÓÉμ´¨ ´ ³¨ (22)Ä(25) ¸ÊÐ¥¸É¢¥´´μ ¡¥¤´¥¥, Î¥³ μ¶¨¸ ´¨¥
¢Ò· ¦¥´¨Ö³¨ (26), (27). ‚Ò· ¦¥´¨Ö (22)Ä(25), μ¶¨¸Ò¢ ÕÐ¨¥ ²¨¡μ Éμ²Ó±μ
¶· ¢Ò¥ Ë¥·³¨μ´Ò ¨ ²¥¢Ò¥  ´É¨Ë¥·³¨μ´Ò, ²¨¡μ Éμ²Ó±μ ²¥¢Ò¥ Ë¥·³¨μ´Ò ¨
¶· ¢Ò¥  ´É¨Ë¥·³¨μ´Ò, ¨¸±²ÕÎ ÕÉ ¸¨²Ó´Ò¥ ¨ Ô²¥±É·μ³ £´¨É´Ò¥ ¢§ ¨³μ¤¥°-
¸É¢¨Ö ¨§-§  ¨Ì P -, C-¨´¢ ·¨ ´É´μ¸É¨. ‚ ¢Ò· ¦¥´¨ÖÌ (22)Ä(23), μ¶¨¸Ò¢ ÕÐ¨Ì
¤¢¨¦¥´¨¥ ¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶· ¢ÒÌ Ë¥·³¨μ´μ¢ ¨ ²¥¢ÒÌ  ´É¨Ë¥·³¨μ´μ¢, μ¸É -
¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¸ÊÐ¥¸É¢μ¢ ´¨Ö ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° Î¥·¥§ ´¥°É· ²Ó´Ò°
Éμ± ¶· ¢ÒÌ Î ¸É¨Í (Jμ

Z)R (¸³. (6)). ‚ ¢Ò· ¦¥´¨ÖÌ (24), (25), μ¶¨¸Ò¢ ÕÐ¨Ì
¤¢¨¦¥´¨¥ ¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ²¥¢ÒÌ Ë¥·³¨μ´μ¢ ¨ ¶· ¢ÒÌ  ´É¨Ë¥·³¨μ´μ¢, ¸² -
¡Ò¥ ¢§ ¨³μ¤¥°¸É¢¨Ö μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö Î¥·¥§ § ·Ö¦¥´´Ò¥ Éμ±¨ ²¥¢ÒÌ Î ¸É¨Í
(Jμ+

W )L, (Jμ−
W )L ¨ Î¥·¥§ ´¥°É· ²Ó´Ò° Éμ± ²¥¢ÒÌ Î ¸É¨Í (Jμ

Z)L. �·¨Î¥³, ± ±
¢ Éμ³, É ± ¨ ¢ ¤·Ê£μ³ ¸²ÊÎ ¥ ¨§-§  ¸¶¨´μ·´μ° ¸É·Ê±ÉÊ·Ò ¡ §¨¸´ÒÌ ËÊ´±Í¨° ¢
Ê· ¢´¥´¨ÖÌ ¨ £ ³¨²ÓÉμ´¨ ´ Ì (22)Ä(25) μÉ¸ÊÉ¸É¢ÊÕÉ ¶·μÍ¥¸¸Ò ¸ μ¤´μ¢·¥³¥´-
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´Ò³ ÊÎ ¸É¨¥³ ·¥ ²Ó´ÒÌ Î ¸É¨Í ¨  ´É¨Î ¸É¨Í [1]. Š ÔÉ¨³ ¶·μÍ¥¸¸ ³ μÉ´μ¸ÖÉ¸Ö
¶·Ö³μ° ¨ μ¡· É´Ò° β−-· ¸¶ ¤ ¨ É. ¤.

’ ±¨³ μ¡· §μ³, Ê· ¢´¥´¨Ö ¨ £ ³¨²ÓÉμ´¨ ´Ò (22)Ä(25) μ¶¨¸Ò¢ ÕÉ ¤¢¨¦¥-
´¨¥ ²¥¢ÒÌ ¨²¨ ¶· ¢ÒÌ Î ¸É¨Í ‘É ´¤ ·É´μ° ³μ¤¥²¨, ²¨Ï¥´´ÒÌ ¸¨²Ó´μ£μ ¨
Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨° ¨ ÊÎ ¸É¢ÊÕÐ¨Ì Éμ²Ó±μ ¢ ¸² ¡ÒÌ ¢§ ¨³μ-
¤¥°¸É¢¨ÖÌ ¶μ ¸¨²Ó´μ μ£· ´¨Î¥´´Ò³ ± ´ ² ³, μ¶¨¸ ´´Ò³ ¢ÒÏ¥.

Œ¨·, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° Ë¨§¨Î¥¸±¨³ ± ·É¨´ ³, μ¶¨¸Ò¢ ¥³Ò³ ¢Ò· ¦¥´¨-
Ö³¨ (22), (23) ²¨¡μ ¢Ò· ¦¥´¨Ö³¨ (24), (25), ¤μ²¦¥´ μ¡² ¤ ÉÓ ¸²¥¤ÊÕÐ¨³¨
¸¢μ°¸É¢ ³¨:

Å ´¥ ¨¸¶Ê¸± ÉÓ ¨ ´¥ ¶μ£²μÐ ÉÓ ¸¢¥É;
Å ¢Ò£²Ö¤¥ÉÓ Ô²¥±É·μ´¥°É· ²Ó´Ò³;
Å ¤¢¨¦¥´¨¥ Î ¸É¨Í ¤μ²¦´μ ´μ¸¨ÉÓ ´¥·¥²ÖÉ¨¢¨¸É¸±¨° Ì · ±É¥·;
Å ¸² ¡μ ¢§ ¨³μ¤¥°¸É¢μ¢ ÉÓ ¸ ¢´¥Ï´¨³ ³¨·μ³;
Å ±¢ ·±¨ ¤μ²¦´Ò ¤¢¨£ ÉÓ¸Ö ¡¥§ ±μ´Ë °´³¥´É .
�¥·¥Î¨¸²¥´´Ò¥ ¸¢μ°¸É¢  (±·μ³¥ ¶μ¸²¥¤´¥£μ) ¢ ²¨É¥· ÉÊ·¥ Ö¢²ÖÕÉ¸Ö μ¸´μ¢-

´Ò³¨, ¶·¨¶¨¸Ò¢ ¥³Ò³¨ Ìμ²μ¤´μ° ®É¥³´μ° ³ É¥·¨¨¯ (¸³., ´ ¶·¨³¥·, [7]). �É-
¸Õ¤  ³μ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ®É¥³´ Ö ³ É¥·¨Ö¯ ¢μ§´¨±²  ¢ μ¶·¥¤¥²¥´´μ¥
¢·¥³Ö ¨ ¢ μ¶·¥¤¥²¥´´μ° Î ¸É¨ ‚¸¥²¥´´μ° ¨§-§  ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö Î¥É-
´μ¸É¨. ‚ ·¥§Ê²ÓÉ É¥ ¶·μ¨§μÏ¥² ¶¥·¥Ìμ¤ μÉ ³¨· , μ¶¨¸Ò¢ ¥³μ£μ Ê· ¢´¥´¨Ö³¨
¨ £ ³¨²ÓÉμ´¨ ´μ³ (26), (27), ± ³¨·Ê, μ¶¨¸Ò¢ ¥³μ³Ê ¢Ò· ¦¥´¨Ö³¨ (22), (23)
²¨¡μ ¢Ò· ¦¥´¨Ö³¨ (24), (25). ‚ ÔÉμ³ ¸²ÊÎ ¥ ®É¥³´ Ö ³ É¥·¨Ö¯ ¸μ¸Éμ¨É ²¨¡μ
¨§ ¶· ¢ÒÌ Ë¥·³¨μ´μ¢ ¨ ²¥¢ÒÌ  ´É¨Ë¥·³¨μ´μ¢, ²¨¡μ ¨§ ²¥¢ÒÌ Ë¥·³¨μ´μ¢
¨ ¶· ¢ÒÌ  ´É¨Ë¥·³¨μ´μ¢ ¸ ¸μ¸É ¢μ³ Î ¸É¨Í, ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ‘É ´¤ ·É´μ°
³μ¤¥²¨. �·¨ É ±μ³ ¶μ¤Ìμ¤¥ ¢ ®É¥³´μ° ³ É¥·¨¨¯ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¸¢μ¡μ¤´Ò¥
±¢ ·±¨, ¤¢¨¦ÊÐ¨¥¸Ö ¡¥§ ±μ´Ë °´³¥´É .

— ¸É¨ÍÒ ®É¥³´μ° ³ É¥·¨¨¯ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ ¤·Ê£ ¸ ¤·Ê£μ³ ¨ ¸ ³¨·μ³
®¸¢¥É²μ° ³ É¥·¨¨¯ Î¥·¥§ μ£· ´¨Î¥´´Ò¥ ± ´ ²Ò ¸² ¡μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¡¥§
μ¤´μ¢·¥³¥´´μ£μ ÊÎ ¸É¨Ö ¢ ¶·μÍ¥¸¸ Ì ·¥ ²Ó´ÒÌ Î ¸É¨Í ¨  ´É¨Î ¸É¨Í.

‡�Š‹�—…�ˆ…

‚ · ¡μÉ¥ ¸Ëμ·³Ê²¨·μ¢ ´  ‘É ´¤ ·É´ Ö ³μ¤¥²Ó ¸ ³ ¸¸¨¢´Ò³¨ Ë¥·³¨μ-
´ ³¨ ¢ ¨§μÉμ¶¨Î¥¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °§¥´ . “· ¢´¥´¨Ö Ë¥·³¨-
μ´´ÒÌ ¶μ²¥° ¨ ¨Ì £ ³¨²ÓÉμ´¨ ´Ò ¢ IFW-¶·¥¤¸É ¢²¥´¨¨ ¨´¢ ·¨ ´É´Ò μÉ´μ¸¨-
É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨° ±¨· ²Ó´μ° ¸¨³³¥É·¨¨. SU(2)×U(1)-¨´¢ ·¨ ´É´μ¸ÉÓ
É¥μ·¨¨ ¢ IFW-¶·¥¤¸É ¢²¥´¨¨ ´¥ § ¢¨¸¨É μÉ ´ ²¨Î¨Ö ¨²¨ μÉ¸ÊÉ¸É¢¨Ö ³ ¸¸Ò Ê
Ë¥·³¨μ´μ¢. �É¸Õ¤  ¸²¥¤Ê¥É μÉ¸ÊÉ¸É¢¨¥ ´¥μ¡Ìμ¤¨³μ¸É¨ ¢¢¥¤¥´¨Ö ¢§ ¨³μ¤¥°-
¸É¢¨Ö ¡μ§μ´μ¢ •¨££¸  ¸ Ë¥·³¨μ´ ³¨. ‚ ÔÉμ³ ¸²ÊÎ ¥ ³ ¸¸Ò Ë¥·³¨μ´μ¢ ¢¢μ-
¤ÖÉ¸Ö ¨§¢´¥. 
μ§μ´Ò •¨££¸  μÉ¢¥É¸É¢¥´´Ò §  ± ²¨¡·μ¢μÎ´ÊÕ ¨´¢ ·¨ ´É´μ¸ÉÓ
¡μ§μ´´μ£μ ¸¥±Éμ·  É¥μ·¨¨ ¨ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ Éμ²Ó±μ ¸ ± ²¨¡·μ¢μÎ´Ò³¨ ¢¥±-
Éμ·´Ò³¨ ¡μ§μ´ ³¨ W±

μ , Z0
μ, £²Õμ´ ³¨ ¨ ËμÉμ´ ³¨. �·¨ É ±μ³ ¶μ¤Ìμ¤¥ μÉ-

¸ÊÉ¸É¢ÊÕÉ ¶·μÍ¥¸¸Ò · ¸¶ ¤  ¡μ§μ´μ¢ •¨££¸  ´  Ë¥·³¨μ´Ò (H → f f̄), μÉ¸ÊÉ-
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¸É¢ÊÕÉ ±¢ ·±μ´¨¥¢Ò¥ ¸μ¸ÉμÖ´¨Ö ψ, γ, θ, ¢±²ÕÎ ÕÐ¨¥ ¡μ§μ´Ò •¨££¸ , μÉ¸ÊÉ-
¸É¢ÊÕÉ ¢§ ¨³μ¤¥°¸É¢¨Ö ¡μ§μ´μ¢ •¨££¸  ¸ £²Õμ´ ³¨ (ggH) ¨ ËμÉμ´ ³¨ (γγH)
Î¥·¥§ Ë¥·³¨μ´´Ò¥ ¶¥É²¨ ¨ É. ¤.

ˆ§-§  Ê´¨É ·´μ¸É¨ ¨§μÉμ¶¨Î¥¸±μ£μ ¶·¥¤¸É ¢²¥´¨Ö ”μ²¤¨Ä‚ ÊÉÌ °§¥´  ¢¸¥
μ¸É ²Ó´Ò¥ É¥μ·¥É¨Î¥¸±¨¥ ·¥§Ê²ÓÉ ÉÒ ‘É ´¤ ·É´μ° ³μ¤¥²¨ ¤μ²¦´Ò ¸μ¢¶ ¤ ÉÓ
¸ ·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ¥´´Ò³¨ · ´¥¥ ¢ ¤¨· ±μ¢¸±μ³ ¶·¥¤¸É ¢²¥´¨¨.

‚μ ¢Éμ·μ° Î ¸É¨ · ¡μÉÒ ¨¸¸²¥¤μ¢ ´  ¢μ§³μ¦´ Ö ¸¢Ö§Ó ¸¶μ´É ´´μ£μ ´ ·Ê-
Ï¥´¨Ö P -¸¨³³¥É·¨¨ ¢ IFW-¶·¥¤¸É ¢²¥´¨¨ ¸ ¶·μ¡²¥³ ³¨ ¨ ¸μ¸É ¢μ³ Ô²¥³¥´-
É ·´ÒÌ Î ¸É¨Í ®É¥³´μ° ³ É¥·¨¨¯.

…¸²¨ ®É¥³´ Ö ³ É¥·¨Ö¯ ¶μ¸²¥ ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö Î¥É´μ¸É¨ μ¶¨¸Ò-
¢ ¥É¸Ö Ê· ¢´¥´¨Ö³¨ ¨ £ ³¨²ÓÉμ´¨ ´ ³¨ (22)Ä(25), Éμ μ´  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°
¨²¨ ´ ¡μ· ²¥¢ÒÌ Î ¸É¨Í ¨ ¶· ¢ÒÌ  ´É¨Î ¸É¨Í, ¨²¨ ´ ¡μ· ¶· ¢ÒÌ Î ¸É¨Í ¨
²¥¢ÒÌ  ´É¨Î ¸É¨Í ‘É ´¤ ·É´μ° ³μ¤¥²¨ ¡¥§ ¢§ ¨³μ¤¥°¸É¢¨° ·¥ ²Ó´ÒÌ Î ¸É¨Í
¨  ´É¨Î ¸É¨Í. �É¨ ´ ¡μ·Ò Î ¸É¨Í ²¨Ï¥´Ò ¸¨²Ó´ÒÌ ¨ Ô²¥±É·μ³ £´¨É´ÒÌ
¢§ ¨³μ¤¥°¸É¢¨° ¨ ÊÎ ¸É¢ÊÕÉ ¢ μ£· ´¨Î¥´´ÒÌ ± ´ ² Ì ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°
¡¥§ ¶·μÍ¥¸¸μ¢ ¸ μ¤´μ¢·¥³¥´´Ò³ ¶·¨¸ÊÉ¸É¢¨¥³ ·¥ ²Ó´ÒÌ Î ¸É¨Í ¨  ´É¨Î ¸É¨Í.
�·¨ É ±μ³ ¶μ¤Ìμ¤¥ ¢ ®É¥³´μ° ³ É¥·¨¨¯ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¸¢μ¡μ¤´Ò¥ ±¢ ·±¨, ¤¢¨-
¦ÊÐ¨¥¸Ö ¡¥§ ±μ´Ë °´³¥´É .

„ ²Ó´¥°Ï¥° § ¤ Î¥° μ¡μ¸´μ¢ ´¨Ö ¶·¥¤²μ¦¥´´μ£μ ¢ · ¡μÉ¥ ´ ¡μ·  Î ¸É¨Í
®É¥³´μ° ³ É¥·¨¨¯ Ö¢²Ö¥É¸Ö · §· ¡μÉ±  ±μ´±·¥É´μ£μ ³¥Ì ´¨§³  ¸¶μ´É ´´μ£μ
´ ·ÊÏ¥´¨Ö Î¥É´μ¸É¨ ¢ ¨§μÉμ¶¨Î¥¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ ”μ²¤¨Ä‚ ÊÉÌ °§¥´  ¨
¸· ¢´¥´¨¥ ¸²¥¤¸É¢¨° ´ ·ÊÏ¥´¨Ö P -¸¨³³¥É·¨¨ ¸ ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³¨ ¤ ´´Ò³¨.
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