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‚ · ³± Ì ·Ö¤  ± ²¨¡·μ¢μÎ´ÒÌ É¥μ·¨° ´ °¤¥´Ò Ê¸²μ¢¨Ö ±¢ ´Éμ¢ ´¨Ö ¨ Ë¨±¸ Í¨¨ Ô²¥±É·¨Î¥-
¸±¨Ì § ·Ö¤μ¢ Î ¸É¨Í ¨ ¶μ± § ´μ, ÎÉμ ´ ²¨Î¨¥ Ì¨££¸μ¢¸±¨Ì ¶μ²¥° Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³Ò³ Ê¸²μ¢¨¥³
±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢ · ¸¸³μÉ·¥´´ÒÌ ³μ¤¥²ÖÌ.

In the framework of a number of gauge theories, particle electric charge quantization and ˇxing
conditions are found and it is shown that the presence of Higgs ˇelds is the necessary condition of the
electric charge quantization in the considered models.

PACS: 12.10.Dm; 12.10.-g; 12.15.-y; 14.80.-Bn; 11.15.-q
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�·¨·μ¤  ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¤μ ¸¨Ì ¶μ· μ¸É ¥É¸Ö ´¥¢ÒÖ¸´¥´´μ°. ˆ³¥-
¥É¸Ö ¤¢  Ô²¥£ ´É´ÒÌ ¶μ¤Ìμ¤  ± ·¥Ï¥´¨Õ ÔÉμ° ¶·μ¡²¥³Ò: ÔÉμ ¸ÊÐ¥¸É¢μ¢ ´¨¥ ³ £´¨É-
´μ£μ ³μ´μ¶μ²Ö [1] ¨ £¨¶μÉ¥§  ¢¥²¨±μ£μ μ¡Ñ¥¤¨´¥´¨Ö [2]. ˆ¸¸²¥¤μ¢ ´¨Õ ±¢ ´Éμ¢ ´¨Ö
Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢ ¸É ´¤ ·É´μ° ³μ¤¥²¨ (‘Œ) ¨ ¥£μ · ¸Ï¨·¥´¨ÖÌ ¶μ¸¢ÖÐ¥´ ·Ö¤
· ¡μÉ [3Ä12]. ‚ · ¡μÉ¥ [3] ¡Ò²μ μÉ³¥Î¥´μ, ÎÉμ Ô²¥±É·¨Î¥¸±¨° § ·Ö¤ ¢ ± ²¨¡·μ¢μÎ´ÒÌ
É¥μ·¨ÖÌ ³μ¦¥É ¡ÒÉÓ ±¢ ´Éμ¢ ´ ¨ Ë¨±¸¨·μ¢ ´ ¶·¨ ¸²¥¤ÊÕÐ¨Ì Ê¸²μ¢¨ÖÌ:  ) U(1)em ± ²¨-
¡·μ¢μÎ´ Ö ¸¨³³¥É·¨Ö ¤μ²¦´  μ¸É ¢ ÉÓ¸Ö ÉμÎ´μ°; ¡) ¤²Ö μ¡¥¸¶¥Î¥´¨Ö ¶¥·¥´μ·³¨·Ê¥³μ¸É¨
¨ ±μ¢ ·¨ ´É´μ¸É¨ É¥μ·¨¨ ¤μ²¦´Ò ¸μ±· Ð ÉÓ¸Ö ± ²¨¡·μ¢μÎ´Ò¥ [13, 14] ¨ ± ²¨¡·μ¢μÎ´μ-
£· ¢¨É Í¨μ´´Ò¥  ´μ³ ²¨¨ [15]; ¢) ³ ¸¸Ò Ë¥·³¨μ´μ¢ ¤μ²¦´Ò £¥´¥·¨·μ¢ ÉÓ¸Ö μ¡ÒÎ´Ò³
Ì¨££¸μ¢¸±¨³ ³¥Ì ´¨§³μ³. �´ ²¨§ ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢ ·Ö¤¥ ± ²¨¡·μ¢μÎ-
´ÒÌ ³μ¤¥²¥° ¢ · ³± Ì Ê¸²μ¢¨° ¡) ¨ ¢) · ¸¸³μÉ·¥´ ¢ · ¡μÉ¥ [3]. ‚ · ¡μÉ¥ [4] ¶μ± § ´μ,
ÎÉμ ¢ ± ²¨¡·μ¢μÎ´ÒÌ ³μ¤¥²ÖÌ, ¸μ¤¥·¦ Ð¨Ì ¶· ¢ÊÕ ±μ³¶μ´¥´ÉÊ ´¥°É·¨´μ, ±¢ ´Éμ¢ ´¨¥
Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¸²¥¤Ê¥É ¨§ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö  ´μ³ ²¨°, Éμ²Ó±μ ¥¸²¨ ´¥°É·¨´μ
Ö¢²Ö¥É¸Ö ³ °μ· ´μ¢¸±μ° Î ¸É¨Í¥°. Š ± ¡Ò²μ ¶μ± § ´μ ¢ [6], ¢¢¥¤¥´¨¥ ¶· ¢μ° ±μ³¶μ-
´¥´ÉÒ ´¥°É·¨´μ ¢ ‘Œ ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ¤μ¶μ²´¨É¥²Ó´μ£μ ¶ · ³¥É·  ¨ ¨§ Ê¸²μ¢¨°
¸μ±· Ð¥´¨Ö  ´μ³ ²¨° ´¥¢μ§³μ¦´μ ¶μ²ÊÎ¨ÉÓ ±¢ ´Éμ¢ ´¨¥ § ·Ö¤  (¸³. É ±¦¥ [4]). �·¥¤-
¶μ²μ¦¥´¨¥ Ô²¥±É·¨Î¥¸±μ° ´¥°É· ²Ó´μ¸É¨ ´¥°É·¨´μ ¢ ±μ´É¥±¸É¥ ‘Œ, ¶·¨¢μ¤ÖÐ¥° ± μ¡Ñ-
Ö¸´¥´¨Õ ¸μÌ· ´¥´¨Ö P -Î¥É´μ¸É¨ ¢ Ô²¥±É·μ³ £´¨É´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¨ ± ±¢ ´Éμ¢ ´¨Õ
Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ , · ¸¸³μÉ·¥´μ ¢ · ¡μÉ¥ [5].
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�É³¥É¨³, ÎÉμ ¢μ ¢¸¥Ì ÔÉ¨Ì · ¡μÉ Ì [3Ä9] ¤²Ö ¶μ²ÊÎ¥´¨Ö ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ
§ ·Ö¤  ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢¸¥ ¸μμÉ´μÏ¥´¨Ö, ¢ÒÉ¥± ÕÐ¨¥ ¨§ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö  ´μ³ ²¨° ¸
Ë¨±¸¨·μ¢ ´¨¥³ £¨¶¥·§ ·Ö¤  Ì¨££¸μ¢¸±μ£μ ¨§μ³Ê²ÓÉ¨¶²¥É .

‚ · ¡μÉ Ì [16, 17] ¢ ‘Œ ¸ ÊÎ¥Éμ³ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö  ´μ³ ²¨° ¢ ¸²ÊÎ ¥ ¶·μ¨§¢μ²Ó-
´μ£μ §´ Î¥´¨Ö £¨¶¥·§ ·Ö¤  Ì¨££¸μ¢¸±μ£μ ¶μ²Ö ¶μ± § ´  ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö ±¢ ´-
Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  Î ¸É¨Í. �·μ¶μ·Í¨μ´ ²Ó´μ¸ÉÓ £¨¶¥·§ ·Ö¤μ¢ Ë¥·³¨μ´´ÒÌ
¨§μ³Ê²ÓÉ¨¶²¥Éμ¢ £¨¶¥·§ ·Ö¤Ê Ì¨££¸μ¢¸±μ£μ ¶μ²Ö, ¶μ²ÊÎ¥´´ Ö ¨§ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö  ´μ-
³ ²¨°, ¨´É¥·¶·¥É¨·μ¢ ´  ± ± ´¥§ ¢¨¸¨³μ¸ÉÓ ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  μÉ £¨-
¶¥·§ ·Ö¤  Ì¨££¸μ¢¸±μ£μ ¶μ²Ö.

Š¢ ´Éμ¢ ´¨¥ Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢ · ³± Ì SU(3)C×SU(3)L×U(1)X ³μ¤¥²¥° (³¨-
´¨³ ²Ó´μ° ¨ ³μ¤¥²¨ ¸ ¶· ¢μ° ±μ³¶μ´¥´Éμ° ´¥°É·¨´μ) ¡Ò²μ · ¸¸³μÉ·¥´μ ¢ · ¡μÉ¥ [10]. ‚
ÔÉμ° · ¡μÉ¥ ¶μ± § ´μ, ÎÉμ ±¢ ´Éμ¢ ´¨¥ Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ´¥ § ¢¨¸¨É μÉ ±² ¸¸¨Î¥¸±¨Ì
μ£· ´¨Î¥´¨°, ¸²¥¤ÊÕÐ¨Ì ¨§ ² £· ´¦¨ ´  ¢§ ¨³μ¤¥°¸É¢¨Ö, £¥´¥·¨·ÊÕÐ¥£μ ³ ¸¸Ò Ë¥·³¨-
μ´μ¢, É¥¸´μ ¸¢Ö§ ´μ ¸ ¶·μ¡²¥³μ° Î¨¸²  ¶μ±μ²¥´¨° ¨ Ö¢²Ö¥É¸Ö ¥¸É¥¸É¢¥´´Ò³ ¸²¥¤¸É¢¨¥³
¸μÌ· ´¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¨ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö  ´μ³ ²¨°.

‚ · ¡μÉ Ì [11, 12] ´ ³¨ ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¢ ‘Œ ¸ ¶· ¢μ° ±μ³¶μ´¥´Éμ° ´¥°-
É·¨´μ ¤²Ö ¶μ²ÊÎ¥´¨Ö ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ´¥É ´¥μ¡Ìμ¤¨³μ¸É¨ ¨¸¶μ²Ó-
§μ¢ ÉÓ ¢¸¥ ¸μμÉ´μÏ¥´¨Ö, ¢ÒÉ¥± ÕÐ¨¥ ¨§ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö  ´μ³ ²¨°, ¨ Ë¨±¸¨·μ-
¢ ÉÓ £¨¶¥·§ ·Ö¤ Ì¨££¸μ¢¸±μ£μ ¶μ²Ö. ˆ¸¸²¥¤μ¢ ´¨Õ ¢μ§³μ¦´μ¸É¨ ¶μ¸É·μ¥´¨Ö ³μ¤¥²¨
Ô²¥±É·μ¸² ¡μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, μ¸´μ¢ ´´μ° ´  ¸¶μ´É ´´μ³ ´ ·ÊÏ¥´¨¨ ± ²¨¡·μ¢μÎ´μ°
SU(3)C × SU(3)L × U(1) × U ′(1) £·Ê¶¶Ò ¸¨³³¥É·¨¨, ¶μ¸¢ÖÐ¥´  · ¡μÉ  [18].

‚ · ¡μÉ Ì [11, 12, 18] ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¸μ¡¸É¢¥´´μ¥ ¸μ¸ÉμÖ´¨¥ ËμÉμ´  ¨ § ·Ö¤Ò
Î ¸É¨Í § ¢¨¸ÖÉ μÉ £¨¶¥·§ ·Ö¤μ¢ Ì¨££¸μ¢¸±¨Ì ¶μ²¥° (¸³. É ±¦¥ · ¡μÉÊ [10]), ÎÉμ ¶·¨¢μ¤¨É
± ´¥μ¡Ìμ¤¨³μ¸É¨ ¡μ²¥¥ ¤¥É ²Ó´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢
± ²¨¡·μ¢μÎ´ÒÌ É¥μ·¨ÖÌ.

‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ´ ¸ÉμÖÐ Ö · ¡μÉ  ¶μ¸¢ÖÐ¥´  ¢ÒÖ¢²¥´¨Õ Ê¸²μ¢¨° ¢ ·Ö¤¥ ± ²¨¡·μ¢μÎ-
´ÒÌ É¥μ·¨°, ¶·¨ ±μÉμ·ÒÌ Ô²¥±É·¨Î¥¸±¨° § ·Ö¤ ³μ¦¥É ¡ÒÉÓ ±¢ ´Éμ¢ ´ ¨ Ë¨±¸¨·μ¢ ´,
¨ ¨¸¸²¥¤μ¢ ´¨Õ ¢μ¶·μ¸  ´¥μ¡Ìμ¤¨³μ¸É¨ Ì¨££¸μ¢¸±¨Ì ¶μ²¥° ¤²Ö ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥-
¸±μ£μ § ·Ö¤  Î ¸É¨Í.

1. Š‚��’�‚��ˆ… �‹…Š’�ˆ—…‘Š�ƒ� ‡��Ÿ„�
‚ Œ�„ˆ”ˆ–ˆ��‚����‰ ‘Œ

1.1. ‘Œ ¨ £¨¶¥·§ ·Ö¤ ±¢ ·±μ¢μ£μ ¨§μ¤Ê¡²¥É . � ¸¸³μÉ·¨³ ¤μ¢μ²Ó´μ ¶·μ¸ÉÊÕ ¢μ§³μ¦-
´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢ ‘Œ. � ¸¸³μÉ·¨³ μ¤´μ ¸¥³¥°¸É¢μ
²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢ ‘Œ ¡¥§ ¸³¥Ï¨¢ ´¨Ö ¨ ´¥ ¡Ê¤¥³ ¶μ²Ó§μ¢ ÉÓ¸Ö ¨§¢¥¸É´μ° Ëμ·³Ê²μ°
¤²Ö § ·Ö¤ . „²Ö ¶μ²´μÉÒ  ´ ²¨§  ¶·¥¤¶μ²μ¦¨³, ÎÉμ ´¥°É·¨´μ μ¡² ¤ ¥É É ±¦¥ ¶· ¢μ°
±μ³¶μ´¥´Éμ°. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¨³¥ÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ Ë¥·³¨μ´´Ò¥ ¶μ²Ö:

ψL =
(

ν
e−

)
L

, ψeR = eR, ψνR = νR, ψQL =
(

u
d

)
L

, ψuR = uR, ψdR = dR (1)

¨ Ì¨££¸μ¢¸±¨° ¨§μ¤Ê¡²¥É

ϕ =
(

ϕ+

ϕ0

)
. (2)
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‹ £· ´¦¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö Ë¥·³¨μ´μ¢ ¨ Ì¨££¸μ¢¸±μ£μ ¶μ²Ö ¸ ± ²¨¡·μ¢μÎ´Ò³¨ ¶μ²Ö³¨
¨³¥¥É ¢¨¤

L = iψfL

∧
D ψfL + iψfR

∧
D ψfR + (Dμϕ)+ (Dμϕ) , (3)

£¤¥ ψfL ¨ ψfR Å ²¥¢Ò¥ ¨ ¶· ¢Ò¥ ¨§μ³Ê²ÓÉ¨¶²¥ÉÒ Ë¥·³¨μ´´ÒÌ ¶μ²¥° (1),  

Dμ = ∂μ − ig
τAμ

2
− ig′

X

2
Bμ. (4)

„²Ö ¶ · ³¥É·μ¢ X , μ¡Ê¸² ¢²¨¢ ÕÐ¨Ì ¢§ ¨³μ¤¥°¸É¢¨¥ ¶μ²¥° (1) ¨ (2) ¸ ³ ±¸¢¥²²μ¢¸±¨³
¶μ²¥³ Bμ, ¶·¨³¥³ ¸²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥´¨Ö:

X (ϕ) = xϕ, X (ψL) = xL, X (ψeR) = xeR, X(ψνR) = xνR,

X (ψQL) = x′
QL, X (ψuR) = xuR, X (ψdR) = xdR.

(5)

	Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ ¶ · ³¥É·Ò (5) ¢¥Ð¥¸É¢¥´´Ò.
� ¸¸³μÉ·¨³ É·¥É¨° Î²¥´ ¢ ² £· ´¦¨ ´¥ (3). ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶·¥μ¡· §μ¢ ´¨¥ ¶μ²¥° A3

μ

¨ Bμ ¢ Ë¨§¨Î¥¸±¨¥ ¶μ²Ö Aμ ¨ Zμ § ¶¨Ï¥³ ¢ ¢¨¤¥

A3
μ = Aμ sin θϕ + Zμ cos θϕ,

Bμ = Aμ cos θϕ − Zμ sin θϕ.
(6)

‡¤¥¸Ó ¸ ÊÎ¥Éμ³ μ¡μ§´ Î¥´¨° (5)

sin θϕ =
xϕg′

ḡϕ
, cos θϕ =

g

ḡϕ
, ḡϕ =

√
g2 + x2

ϕg′2. (7)

�É³¥É¨³, ÎÉμ ¢Ò· ¦¥´¨Ö ¤²Ö ¶·¥μ¡· §μ¢ ´¨Ö ¶μ²¥° A3
μ ¨ Bμ ¢ Ë¨§¨Î¥¸±¨¥ ¶μ²Ö Aμ ¨

Zμ ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò É ±¦¥ ¨§ iψL

∧
D ψL- ¨ iψQL

∧
D ψQL-Î ¸É¥° ² £· ´¦¨ ´ . ‹¥£±μ

¢¨¤¥ÉÓ, ÎÉμ ¨§ iψL

∧
D ψL-Î ¸É¨ ¤²Ö Ê£²  ¸³¥Ï¨¢ ´¨Ö ´¥°É· ²Ó´ÒÌ ¶μ²¥° ¨³¥¥³

sin θL = − xLg′√
g2 + x2

Lg′2
. (8)

“£μ² ¸³¥Ï¨¢ ´¨Ö ´¥°É· ²Ó´ÒÌ ¶μ²¥°, ¸²¥¤ÊÕÐ¨° ¨§ iψQL

∧
D ψQL-Î ¸É¨, ¨³¥¥É ¢¨¤

sin θQL =
x′

QLg′√
g2 + x′2

QLg′2
. (9)

’·¥¡μ¢ ´¨¥ · ¢¥´¸É¢  Ê£²μ¢ (7), (8) ¨ (9) ¶·¨¢μ¤¨É ± ¸μμÉ´μÏ¥´¨Ö³

xϕ = −xL, xϕ = x′
QL, xL = −x′

QL, (10)

¨§ ±μÉμ·ÒÌ ¸²¥¤Ê¥É, ÎÉμ ¶ · ³¥É·Ò X ¨, ¸²¥¤μ¢ É¥²Ó´μ, ±μ´¸É ´ÉÒ ¢§ ¨³μ¤¥°¸É¢¨Ö Ì¨££-
¸μ¢¸±μ£μ ¨ Ë¥·³¨μ´´ÒÌ ¶μ²¥° ¸ ¶μ²¥³ Bμ · ¢´Ò ¶μ ³μ¤Ê²Õ.

‚ ‘Œ ¢¥²¨Î¨´μ°, Ì · ±É¥·¨§ÊÕÐ¥° ¢§ ¨³μ¤¥°¸É¢¨¥ Ì¨££¸μ¢¸±μ£μ ¨ Ë¥·³¨μ´´ÒÌ ¶μ-
²¥° ¸ ¶μ²¥³ Bμ, Ö¢²Ö¥É¸Ö £¨¶¥·§ ·Ö¤. ‚ ¸²ÊÎ ¥, ±μ£¤  ¶ · ³¥É·Ò (5) μ¡ÒÎ´Ò¥ £¨¶¥·§ ·Ö¤Ò
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‘Œ, ¶μ²ÊÎ ¥³, ÎÉμ §´ Î¥´¨Ö £¨¶¥·§ ·Ö¤μ¢ Ì¨££¸μ¢¸±μ£μ ¨ ²¥¶Éμ´´μ£μ ¨§μ¤Ê¡²¥Éμ¢ ¢ ‘Œ
(Y CM

ϕ = 1, Y CM
L = −1) ¤¥°¸É¢¨É¥²Ó´μ Ê¤μ¢²¥É¢μ·ÖÕÉ ¶¥·¢μ³Ê Ê¸²μ¢¨Õ (10). —Éμ ± ¸ -

¥É¸Ö £¨¶¥·§ ·Ö¤  ²¥¢μ£μ ±¢ ·±μ¢μ£μ ¨§μ¤Ê¡²¥É , Éμ ¢ ‘Œ μ´ · ¢¥´ Y CM
QL = 1/3 ¨, ¸²¥¤μ-

¢ É¥²Ó´μ, ¢Éμ·μ¥ ¨ É·¥ÉÓ¥ Ê¸²μ¢¨Ö (10) ´¥ Ê¤μ¢²¥É¢μ·ÖÕÉ¸Ö. ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ ¥³, ÎÉμ ¢
μ¡Ð¥³ ¸²ÊÎ ¥ ¢¥²¨Î¨´ , Ì · ±É¥·¨§ÊÕÐ Ö ¢§ ¨³μ¤¥°¸É¢¨¥ ²¥¢μ£μ ±¢ ·±μ¢μ£μ ¨§μ¤Ê¡²¥É 
¸ ¶μ²¥³ Bμ(x′

QL), ´¥ ³μ¦¥É ¡ÒÉÓ μÉμ¦¤¥¸É¢²¥´  ¸ £¨¶¥·§ ·Ö¤μ³ ²¥¢μ£μ ±¢ ·±μ¢μ£μ ¨§μ¤Ê-

¡²¥É  ‘Œ (Y CM
QL ). ‘²¥¤μ¢ É¥²Ó´μ, ¢μ§´¨± ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¢ ¨´É¥·¶·¥É Í¨¨ ¢¥²¨Î¨´Ò

x′
QL ¨ ¢ÒÖ¸´¥´¨¨ ¥¥ ¸¢Ö§¨ ¸ £¨¶¥·§ ·Ö¤μ³ Y CM

QL .
„²Ö ·¥Ï¥´¨Ö ÔÉμ° É·Ê¤´μ¸É¨ ‘Œ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ Ê¸²μ¢¨Ö ¸μ±· Ð¥´¨Ö  ´μ³ -

²¨° [3Ä9, 16, 17], ¨§ ±μÉμ·ÒÌ ¸²¥¤Ê¥É x′
QL = 3xQL = 3Y CM

QL . Œμ¦´μ É ±¦¥ ¨¸¶μ²Ó§μ¢ ÉÓ
Ë ±É · ¢¥´¸É¢  Ê£²  ‚ °´¡¥·£ , ¨§³¥·¥´´μ£μ ¢ Î¨¸Éμ ²¥¶Éμ´´ÒÌ, ¶μ²Ê²¥¶Éμ´´ÒÌ ¨  ¤·μ´-
´ÒÌ ¶·μÍ¥¸¸ Ì, ¨ ¤²Ö ¸μμÉ¢¥É¸É¢¨Ö ¸ Ô±¸¶¥·¨³¥´Éμ³ ¶·¨´ÖÉÓ x′

QL = 3xQL = 3Y CM
QL .

�¤´ ±μ ¸ ³  ³μ¤¥²Ó ¨ ¶¥·¥Î¨¸²¥´´Ò¥ ¢ÒÏ¥ Ë ±ÉÒ ´¥ ¶μ§¢μ²ÖÕÉ ± ±-Éμ ¨´É¥·¶·¥É¨-
·μ¢ ÉÓ ¢¥²¨Î¨´Ê x′

QL. ‘¢Ö§Ó ¢¥²¨Î¨´Ò x′
QL ¸ £¨¶¥·§ ·Ö¤μ³ ‘Œ Y CM

QL ³μ¦´μ ¶μ²ÊÎ¨ÉÓ

Éμ²Ó±μ ¨§ ¸μμÉ´μÏ¥´¨Ö x′
QL = 3xQL = 3Y CM

QL , ¸²¥¤ÊÕÐ¥£μ ¨§ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö  ´μ-
³ ²¨°. Š ± ¡Ê¤¥É ¢¨¤´μ ¤ ²¥¥, ÔÉμ ¸μμÉ´μÏ¥´¨¥ ¤μ¸É ÉμÎ´μ ¤²Ö ¶μ²ÊÎ¥´¨Ö ±¢ ´Éμ¢ ´¨Ö
Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢ ‘Œ. ‚ ÔÉμ³ ¸²ÊÎ ¥ Ê¸²μ¢¨Ö (10) ³μ¦´μ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

xϕ = −xL, xϕ = 3xQL, xL = −3xQL, (11)

¨, ¸²¥¤μ¢ É¥²Ó´μ, ¢¸¥ ¶ · ³¥É·Ò x ³μ£ÊÉ ¡ÒÉÓ μÉμ¦¤¥¸É¢²¥´Ò ¸ £¨¶¥·§ ·Ö¤ ³¨ ¶μ²¥° ‘Œ.
‚ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢¨Ö ¢ É¥μ·¨¨ Ì¨££¸μ¢¸±μ£μ ¶μ²Ö ¨³¥¥³ Éμ²Ó±μ μ¤´μ Ê¸²μ¢¨¥ xL = −3xQL.
‘²¥¤μ¢ É¥²Ó´μ, ¢±²ÕÎ¥´¨¥ ¢ É¥μ·¨Õ Ì¨££¸μ¢¸±μ£μ ¶μ²Ö ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ £¨¶¥·§ ·Ö¤Ò
²¥¢ÒÌ Ë¥·³¨μ´´ÒÌ ¨§μ¤Ê¡²¥Éμ¢ Ë¨±¸¨·μ¢ ´Ò £¨¶¥·§ ·Ö¤μ³ Ì¨££¸μ¢¸±μ£μ ¶μ²Ö.

1.2. Š¢ ´Éμ¢ ´¨¥ Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ . ‘´ Î ²  · ¸¸³μÉ·¨³ ¢§ ¨³μ¤¥°¸É¢¨¥ ²¥¶-
Éμ´μ¢ ¸ Ô²¥±É·μ³ £´¨É´Ò³ ¶μ²¥³. „²Ö É ±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ · ¸¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥
¨³¥¥³

Llγ = νγμ (Qν + Q′
νγ5) νAμ + eγμ (Q0e + Q′

0eγ5) eAμ. (12)

‡¤¥¸Ó

Qν =
g

4

(
1 +

xL + xνR

xϕ

)
sin θϕ, Q′

ν =
g

4

(
1 +

xL − xνR

xϕ

)
sin θϕ,

Q0e = −g

4

(
1 − xL + xeR

xϕ

)
sin θϕ, Q′

0e = −g

4

(
1 − xL − xeR

xϕ

)
sin θϕ.

(13)

�¥¦¥² É¥²Ó´Ò¥ Î²¥´Ò ¢ (12) ³μ¦´μ Ê¸É· ´¨ÉÓ É·¥¡μ¢ ´¨¥³ P -¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ-
³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö [19], ±μÉμ·μ¥ ¶·¨¢μ¤¨É ± Q′

ν = 0 ¨ Q′
0e = 0, μÉ±Ê¤  ¶μ²ÊÎ ¥³

xL = xνR − xϕ, xL = xeR + xϕ. (14)

�É³¥É¨³, ÎÉμ ¸μμÉ´μÏ¥´¨Ö (14) É ±¦¥ ¸²¥¤ÊÕÉ ¨§ · ¢¥´¸É¢  § ·Ö¤μ¢ ²¥¢μ£μ ¨ ¶· ¢μ£μ
Ô²¥±É·μ´  QeL = QeR ¨ ¢ ¸²ÊÎ ¥ ¸μÌ· ´¥´¨Ö £¨¶¥·§ ·Ö¤  ¨§ Õ± ¢¸±μ£μ ² £· ´¦¨ ´ 
¢§ ¨³μ¤¥°¸É¢¨Ö

Ll
mass = feψ̄LψeRϕ + fνψ̄LψνRϕc + h. c., (15)

£¤¥ ϕc = iτ2ϕ
∗.
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Š·μ³¥ Éμ£μ, ¢ ¸²ÊÎ ¥ ±μ£¤  μÉ¸ÊÉ¸É¢Ê¥É ¶· ¢ Ö ±μ³¶μ´¥´É  ´¥°É·¨´μ, É·¥¡μ¢ ´¨¥ P -
¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨ Ê¸²μ¢¨¥ Ô²¥±É·¨Î¥¸±μ° ´¥°É· ²Ó-
´μ¸É¨ ´¥°É·¨´μ Ô±¢¨¢ ²¥´É´Ò (¸³. É ±¦¥ [5]).

“Î¨ÉÒ¢ Ö (14) ¢ (13), É. ¥. ¨¸±²ÕÎ Ö £¨¶¥·§ ·Ö¤Ò ¶· ¢ÒÌ ²¥¶Éμ´´ÒÌ ¨§μ³Ê²ÓÉ¨¶²¥Éμ¢,
¨³¥¥³

Qν =
Qe

2

(
1 +

xL

xϕ

)
, Q0e = −Qe

2

(
1 − xL

xϕ

)
, (16)

£¤¥ Qe = g sin θϕ = xϕgg′/gϕ, gϕ =
√

g2 + x2
ϕg′2.

�É³¥É¨³, ÎÉμ ¶μ¸±μ²Ó±Ê ¢Ò· ¦¥´¨Ö § ·Ö¤μ¢ (16) ´¥ ¸μ¤¥·¦ É £¨¶¥·§ ·Ö¤Ò ¶· ¢ÒÌ
²¥¶Éμ´´ÒÌ ¨§μ³Ê²ÓÉ¨¶²¥Éμ¢, Éμ μ´¨ ¢¥·´Ò ¨ ¢ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢¨Ö ¶· ¢μ° ±μ³¶μ´¥´ÉÒ
´¥°É·¨´μ.

„²Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ±¢ ·±μ¢ ¸ Ô²¥±É·μ³ £´¨É´Ò³ ¶μ²¥³ ¨³¥¥³

Lqγ = uγμ (Q1u + Q′
1uγ5) uAμ + dγμ (Q2d + Q′

2dγ5) dAμ. (17)

‡¤¥¸Ó

Q1u =
g

4

(
1 +

xQL + xuR

xϕ

)
sin θϕ, Q′

1u =
g

4

(
1 +

xQL − xuR

xϕ

)
sin θϕ,

Q2d = −g

4

(
1 − xQL + xdR

xϕ

)
sin θϕ, Q′

2d = −g

4

(
1 − xQL − xdR

xϕ

)
sin θϕ.

(18)

�´ ²μ£¨Î´μ ¢§ ¨³μ¤¥°¸É¢¨Õ ²¥¶Éμ´μ¢ ¸ Ô²¥±É·μ³ £´¨É´Ò³ ¶μ²¥³ ¤²Ö ±¢ ·±μ¢ ¨§ Ê¸²μ¢¨Ö
P -¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö (Q′

1u = 0 ¨ Q′
2d = 0) ¶μ²ÊÎ ¥³

xQL = xuR − xϕ, xQL = xdR + xϕ. (19)

�É³¥É¨³, ÎÉμ ¸μμÉ´μÏ¥´¨Ö (19) É ± ¦¥, ± ± ¨ ¢ ¸²ÊÎ ¥ ²¥¶Éμ´μ¢, ¸²¥¤ÊÕÉ ¨§ · ¢¥´-
¸É¢  § ·Ö¤μ¢ ²¥¢μ£μ ¨ ¶· ¢μ£μ ±¢ ·±μ¢ ¨ ¢ ¸²ÊÎ ¥ ¸μÌ· ´¥´¨Ö £¨¶¥·§ ·Ö¤  ¨§ Õ± ¢¸±μ£μ
² £· ´¦¨ ´  ¢§ ¨³μ¤¥°¸É¢¨Ö

Lq
mass = fdψ̄QLψdRϕ + fuψ̄QLψuRϕc + h. c. (20)

‘²¥¤μ¢ É¥²Ó´μ, É·¥ÉÓ¥ Ê¸²μ¢¨¥ ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢ ± ²¨¡·μ¢μÎ´ÒÌ É¥μ-
·¨ÖÌ (É. ¥. ³ ¸¸Ò Ë¥·³¨μ´μ¢ ¤μ²¦´Ò £¥´¥·¨·μ¢ ÉÓ¸Ö μ¡ÒÎ´Ò³ Ì¨££¸μ¢¸±¨³ ³¥Ì ´¨§³μ³),
· ¸¸³μÉ·¥´´μ¥ ¢ · ¡μÉ¥ [3], Ô±¢¨¢ ²¥´É´μ Ê¸²μ¢¨Õ P -¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö ¨²¨ Ê¸²μ¢¨Õ · ¢¥´¸É¢  § ·Ö¤μ¢ ²¥¢ÒÌ ¨ ¶· ¢ÒÌ Î ¸É¨Í.

“Î¨ÉÒ¢ Ö (19) ¢ (18), É. ¥. ¨¸±²ÕÎ Ö £¨¶¥·§ ·Ö¤Ò ¶· ¢ÒÌ ¨§μ¤Ê¡²¥Éμ¢, ¶μ²ÊÎ ¥³

Qu =
Qe

2

(
1 +

xQL

xϕ

)
, Qd = −Qe

2

(
1 − xQL

xϕ

)
. (21)

‚Ò· ¦¥´¨Ö (16) ¨ (21) ¤²Ö § ·Ö¤μ¢ Î ¸É¨Í ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± ¸¢¨¤¥É¥²Ó¸É¢μ ±¢ ´-
Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢. “Î¨ÉÒ¢ Ö ¸μμÉ´μÏ¥´¨Ö (11) ¤²Ö Î¨-
¸²¥´´ÒÌ §´ Î¥´¨° § ·Ö¤μ¢ ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢ ¨§ (16) ¨ (21), ¨³¥¥³

Qν = 0, Q0e = −Qe, Qu =
2
3
Qe, Qd = −1

3
Qe. (22)
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�´ ²μ£¨Î´Ò¥ (22) ¢Ò· ¦¥´¨Ö ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò ¨ ¤²Ö ¤·Ê£¨Ì ¸¥³¥°¸É¢ ²¥¶Éμ´μ¢ ¨
±¢ ·±μ¢. �É¨ ·¥§Ê²ÓÉ ÉÒ μ¶·¥¤¥²ÖÕÉ ±¢ ´Éμ¢ ´¨¥ ¨ Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ
§ ·Ö¤  ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢ (¢ ¥¤¨´¨Í Ì § ·Ö¤  Ô²¥±É·μ´ ). ’ ±¨³ μ¡· §μ³, ¶·¨Ìμ¤¨³ ± ¢Ò-
¢μ¤Ê, ÎÉμ ¸μμÉ´μÏ¥´¨Ö (11), (14) ¨ (19) Ö¢²ÖÕÉ¸Ö ´¥μ¡Ìμ¤¨³Ò³¨ Ê¸²μ¢¨Ö³¨ ±¢ ´Éμ¢ ´¨Ö
Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¡¥§ ´ ²¨Î¨Ö Ì¨££¸μ¢¸±μ£μ ¶μ²Ö ¢ · ¸¸³ É·¨-
¢ ¥³μ³ ¸²ÊÎ ¥ ´¥É ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ . Š·μ³¥ Éμ£μ, ¢ · ¸¸³ É·¨¢ ¥³μ³
¸²ÊÎ ¥ ¤²Ö ¶μ²ÊÎ¥´¨Ö ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ´¥É ´¥μ¡Ìμ¤¨³μ¸É¨ ¢ ¨¸¶μ²Ó-
§μ¢ ´¨¨ ¢¸¥Ì ¸μμÉ´μÏ¥´¨°, ¢ÒÉ¥± ÕÐ¨Ì ¨§ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö  ´μ³ ²¨°, ¨ ´¥ É·¥¡Ê-
¥É¸Ö Ë¨±¸ Í¨Ö £¨¶¥·§ ·Ö¤μ¢ ± ±μ£μ-²¨¡μ ¨§μ¤Ê¡²¥É . ‚§ ¨³μ¤¥°¸É¢¨¥ Ì¨££¸μ¢¸±μ£μ ¶μ²Ö
¸ Ë¥·³¨μ´´Ò³¨ ¨§μ¤Ê¡²¥É ³¨ (¨²¨ ¦¥ Ê¸²μ¢¨¥ P -¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö) ¶·¨¢μ¤¨É É ±¦¥ ¨ ± Ë¨±¸ Í¨¨ £¨¶¥·§ ·Ö¤μ¢ ¶· ¢ÒÌ ¶μ²¥°

xνR = 0, xeR = −2xϕ, xdR = −2
3
xϕ, xuR =

4
3
xϕ. (23)

Š·μ³¥ Éμ£μ, ¢ μÉ²¨Î¨¥ μÉ ·¥§Ê²ÓÉ Éμ¢ · ¡μÉ [3Ä9, 13, 14] ¢ ³μ¤¥²¨ ¸ ¶· ¢μ° ±μ³¶μ´¥´Éμ°
´¥°É·¨´μ ±¢ ´Éμ¢ ´¨¥ § ·Ö¤  É ±¦¥ ¨³¥¥É ³¥¸Éμ.

‚ · ¸¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥ ¢Ò· ¦¥´¨Ö ¤²Ö § ·Ö¤μ¢ (16) ¨ (21) ³μ¦´μ § ¶¨¸ ÉÓ ¢ ¸²¥-
¤ÊÕÐ¥³ μ¡Ð¥³ ¢¨¤¥:

Qf

Qe
= T f

3L +
xfL

2yϕ
, (24)

£¤¥ T f
3L Å É·¥ÉÓÖ ±μ³¶μ´¥´É  ¨§μÉμ¶¨Î¥¸±μ£μ ¸¶¨´ ,   xfL Å £¨¶¥·§ ·Ö¤ ²¥¢μ£μ ¨§μ³Ê²Ó-

É¨¶²¥É  Ë¥·³¨μ´´ÒÌ ¶μ²¥°. ‚Ò· ¦¥´¨¥ (24) ¸μ¢¶ ¤ ¥É ¶μ ¢¨¤Ê ¸ ¨§¢¥¸É´μ° Ëμ·³Ê²μ°
§ ·Ö¤ , ´μ Ö¢²Ö¥É¸Ö μ¡μ¡Ð¥´¨¥³ ¶μ²ÊÎ¥´´ÒÌ ¢Ò· ¦¥´¨° ¤²Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  Î -
¸É¨Í. �´μ μ¶¨¸Ò¢ ¥É ¨ μ¡ÑÖ¸´Ö¥É §´ Î¥´¨Ö § ·Ö¤μ¢ Î ¸É¨Í (¸ ÊÎ¥Éμ³ Ê¸²μ¢¨° (11)).
‚Ò· ¦¥´¨¥ (24) É ±¦¥ ¸²¥¤Ê¥É ¨§ μ¡Ð¨Ì ¶·¨´Í¨¶μ¢ ± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸É¨ · ¸-
¸³ É·¨¢ ¥³μ° ³μ¤¥²¨ [4, 16].

�É³¥É¨³, ÎÉμ Ë¨±¸ Í¨Ö Ì¨££¸μ¢¸±¨³¨ ¶μ²Ö³¨ £¨¶¥·§ ·Ö¤μ¢ Ë¥·³¨μ´´ÒÌ ¶μ²¥° ¨
§ ¢¨¸¨³μ¸ÉÓ Ê¸²μ¢¨° ±¢ ´Éμ¢ ´¨Ö § ·Ö¤μ¢ μÉ £¨¶¥·§ ·Ö¤μ¢ Ì¨££¸μ¢¸±¨Ì ¶μ²¥° (Ëμ·³Ê-
²Ò (11), (14), (19) ¨ (23)) ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ´¥μ¡Ìμ¤¨³μ¸É¨ ´ ²¨Î¨Ö Ì¨££¸μ¢¸±¨Ì ¶μ²¥°
¤²Ö ¶μ²ÊÎ¥´¨Ö ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  Î ¸É¨Í.

�¤´ ±μ ¢μ§´¨± ¥É ¢μ¶·μ¸, ÎÉμ ¸²ÊÎ¨É¸Ö, ¥¸²¨ ¢ É¥μ·¨¨ ´¥É Ì¨££¸μ¢¸±μ£μ ¶μ²Ö? ‚
ÔÉμ³ ¸²ÊÎ ¥ ¢ ² £· ´¦¨ ´¥ ¢§ ¨³μ¤¥°¸É¢¨Ö (3) ´¥É É·¥ÉÓ¥£μ Î²¥´ , ´μ ¥¸ÉÓ § ·Ö¤Ò Î -
¸É¨Í. ’ ± Ö É¥μ·¨Ö ¡Ò²  · ¸¸³μÉ·¥´  ¢ · ¡μÉ¥ [20], ±μÉμ· Ö, ¢μ-¶¥·¢ÒÌ, Ö¢²Ö¥É¸Ö
´¥¶¥·¥´μ·³¨·Ê¥³μ°, ¢μ-¢Éμ·ÒÌ, ³ ¸¸  Î ¸É¨Í ¢ É ±μ° É¥μ·¨¨ ¢¢μ¤¨É¸Ö ®·Ê± ³¨¯ ¨, ¢-
É·¥ÉÓ¨Ì, ¢ ÔÉμ° É¥μ·¨¨ ´¥É μ¡ÑÖ¸´¥´¨Ö ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ . ‘É ´¤ ·É´ Ö
³μ¤¥²Ó, ¶·¥±· ¸´μ μ¶¨¸Ò¢ ÕÐ Ö ¸ÊÐ¥¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ¶¥·¥´μ·-
³¨·Ê¥³  ¨, ± ± ¶μ± §Ò¢ ¥É ¶·μ¢¥¤¥´´Ò°  ´ ²¨§, μ¡ÑÖ¸´Ö¥É ±¢ ´Éμ¢ ´¨¥ Ô²¥±É·¨Î¥¸±μ£μ
§ ·Ö¤ .

’ ±¨³ μ¡· §μ³, ¢ · ¸¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥ ³μ¦´μ ¶·¨°É¨ ± ¢Ò¢μ¤Ê, ÎÉμ ´ ²¨Î¨¥ Ì¨££-
¸μ¢¸±μ£μ ¶μ²Ö Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³Ò³ Ê¸²μ¢¨¥³ ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ .

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢ · ¸¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥ ¶ · ³¥É·Ò x É ± ¦¥, ± ± ¨ ¢ ±Ê-
Ê³´μ¥ ¸·¥¤´¥¥ Ì¨££¸μ¢¸±μ£μ ¶μ²Ö υ, É¥μ·¨¥° ´¥ μ¶·¥¤¥²¥´Ò. ‚μ§³μ¦´μ¸É¨ Ô±¸¶¥·¨-
³¥´É ²Ó´μ£μ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ x ¨ ¶·μ¢¥·±¨ ¸μμÉ´μÏ¥´¨° (11) · ¸¸³μÉ·¥´Ò ¢
· ¡μÉ Ì [11, 12].
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2. Š‚��’�‚��ˆ… �‹…Š’�ˆ—…‘Š�ƒ� ‡��Ÿ„�
‚ SUC (3) × SU(3)L × U(1)X Œ�„…‹ˆ ‘ �Š‡�’ˆ—…‘ŠˆŒˆ —�‘’ˆ–�Œˆ

‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¨´É¥·¥¸ ± ³μ¤¥²Ö³, μ¸´μ¢ ´´Ò³ ´  ± ²¨¡·μ¢μÎ´μ° SUC(3) ×
SU(3)L × U(1)X £·Ê¶¶¥ ¸¨³³¥É·¨¨, ¢μ§·μ¸ ¢ ¸¢Ö§¨ ¸ ¢μ§³μ¦´μ¸ÉÓÕ ·¥Ï¥´¨Ö ¶·μ¡²¥³Ò
¶μ±μ²¥´¨°, μ¸´μ¢ ´´μ° ´  ¸μ±· Ð¥´¨¨ ±¨· ²Ó´ÒÌ  ´μ³ ²¨° [20Ä23]. ‚ ÔÉ¨Ì 3-3-1 ³μ¤¥-
²ÖÌ ¡Ò² ¤μ¸É¨£´ÊÉ μ¶·¥¤¥²¥´´Ò° ¶·μ£·¥¸¸ ¢ ·¥Ï¥´¨¨ É ±¨Ì ¢μ¶·μ¸μ¢, ± ± ¶·μ¡²¥³  ¶μ-
±μ²¥´¨° [23Ä25], ³ ¸¸Ò ´¥°É·¨´μ [26], ´ ·ÊÏ¥´¨¥ P -Î¥É´μ¸É¨ ¢  Éμ³´ÒÌ ¶¥·¥Ìμ¤ Ì [27]
¨ É. ¤. ˆ¸¸²¥¤μ¢ ´¨Õ ¢μ§³μ¦´μ¸É¨ ¶μ²ÊÎ¥´¨Ö ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢ · ³-
± Ì ³¨´¨³ ²Ó´μ° (¡¥§ Ô±§μÉ¨Î¥¸±¨Ì Î ¸É¨Í) ³μ¤¥²¨ ¨ ³μ¤¥²¨ ¸ ¶· ¢μ° ±μ³¶μ´¥´Éμ°
´¥°É·¨´μ, μ¸´μ¢ ´´μ° ´  SUC(3) × SU(3)L × U(1)X £·Ê¶¶¥ ¸¨³³¥É·¨¨, ¶μ¸¢ÖÐ¥´  · -
¡μÉ  [10]. �É³¥É¨³, ÎÉμ ±¢ ´Éμ¢ ´¨¥ Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ , · ¸¸³μÉ·¥´´μ¥ ¢ · ¡μÉ¥ [10],
¡Ò²μ ¶μ²ÊÎ¥´μ ¤²Ö μ¶·¥¤¥²¥´´ÒÌ §´ Î¥´¨° ¶ · ³¥É·μ¢ α ¨ β, ¢Ìμ¤ÖÐ¨Ì ¢ ¢Ò· ¦¥´¨¥
Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¨ ±² ¸¸¨Ë¨Í¨·ÊÕÐ¨Ì · §²¨Î´Ò¥ 3-3-1 ³μ¤¥²¨.

‚ ¤ ´´μ³ · §¤¥²¥ · ¡μÉÒ · ¸¸³μÉ·¥´  ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨-
Î¥¸±μ£μ § ·Ö¤  ¢ · ³± Ì SUC(3) × SU(3)L × U(1)X ³μ¤¥²¨, É ±¦¥ ¨ ¸ Ô±§μÉ¨Î¥¸±¨³¨
Î ¸É¨Í ³¨, ´¥ § ¢¨¸ÖÐ¨³¨ μÉ ¶ · ³¥É·μ¢ α ¨ β, ¨¸¸²¥¤μ¢ ´ ¢μ¶·μ¸ ¢²¨Ö´¨Ö Ì¨££¸μ¢¸±¨Ì
¶μ²¥° ´  ±¢ ´Éμ¢ ´¨¥ Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ .

2.1. ‘É·Ê±ÉÊ·  SUC(3)×SU(3)L×U(1)X ³μ¤¥²¨. ‚ · ³± Ì ³μ¤¥²¥° É¨¶  3-3-1 Ô²¥±-
É·¨Î¥¸±¨° § ·Ö¤ μ¶·¥¤¥²Ö¥É¸Ö ± ± ²¨´¥°´ Ö ±μ³¡¨´ Í¨Ö £¥´¥· Éμ·μ¢ £·Ê¶¶Ò SUC(3) ×
SU(3)L × U(1)X

Q = α
∧
T 3 + β

∧
T 8 + X

∧
I, (25)

£¤¥ T3 =
1
2

diag (1,−1, 0), T8 =
1

2
√

3
diag (1, 1,−2) ¨ ´μ·³ ²¨§ Í¨Ö ¢Ò¡¨· ¥É¸Ö É ±, ÎÉμ

Tr (TαTβ) =
1
2
δαβ. � · ³¥É·Ò α ¨ β ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ±² ¸¸¨Ë¨± Í¨¨ · §²¨Î´ÒÌ 3-3-1

³μ¤¥²¥° (¸³., ´ ¶·¨³¥·, [28]).
ƒ¨¶¥·§ ·Ö¤ Y ¨§μ³Ê²ÓÉ¨¶²¥É  Ë¥·³¨μ´´ÒÌ (  É ±¦¥ Ì¨££¸μ¢¸±¨Ì) ¶μ²¥°, μ¡Ê¸² ¢²¨-

¢ ÕÐ¨Ì ¢§ ¨³μ¤¥°¸É¢¨¥ ¸ ³ ±¸¢¥²²μ¢¸±¨³ ¶μ²¥³, μ¶·¥¤¥²Ö¥É¸Ö ± ±

∧
Y = β

∧
T 8 + X

∧
I. (26)

�É³¥É¨³, ÎÉμ ¶μ¸±μ²Ó±Ê Í¥²ÓÕ ´ ¸ÉμÖÐ¥£μ · §¤¥²  · ¡μÉÒ Ö¢²Ö¥É¸Ö ¨§ÊÎ¥´¨¥ ±¢ ´Éμ¢ -
´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ , ¤ ²¥¥ ¢Ò· ¦¥´¨Ö ± ± ¤²Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  (25), É ± ¨
£¨¶¥·§ ·Ö¤  ¶μ²¥° (26) ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ´¥ ¡Ê¤ÊÉ.

� ¸¸³μÉ·¨³ ¸²ÊÎ °, ±μ£¤  ¸¨³³¥É·¨Ö ´ ·ÊÏ¥´  É·¥³Ö ¨§μÉ·¨¶²¥É ³¨ Ì¨££¸μ¢¸±¨Ì ¶μ-
²¥° ¸ μÉ²¨Î´Ò³¨ μÉ ´Ê²Ö ¢ ±ÊÊ³´Ò³¨ ¸·¥¤´¨³¨

〈χ〉 =
1√
2

⎛
⎝ 0

0
V

⎞
⎠ , 〈ρ〉 =

1√
2

⎛
⎝ 0

υ
0

⎞
⎠ , 〈η〉 =

1√
2

⎛
⎝ u

0
0

⎞
⎠ . (27)

— ¸ÉÓ ² £· ´¦¨ ´ , μ¶¨¸Ò¢ ÕÐ Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ²¥° •¨££¸  ¸ ± ²¨¡·μ¢μÎ´Ò³¨ ¶μ-
²Ö³¨, ¨³¥¥É ¢¨¤

Vkin = (Dμχ)+(Dμχ) + (Dμη)+(Dμη) + (Dμρ)+(Dμρ). (28)
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‡¤¥¸Ó ¨ ¢ ¤ ²Ó´¥°Ï¥³ ¢¥²¨Î¨´  Dμ ¤²Ö ± ¦¤μ£μ ¨§μ³Ê²ÓÉ¨¶²¥É , ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥£μ ¸
± ²¨¡·μ¢μÎ´Ò³¨ ¶μ²Ö³¨, μ¶·¥¤¥²Ö¥É¸Ö ¸μ£² ¸´μ

Dμ = ∂μ − igTaWaμ − ig′T9XBμ, (29)

£¤¥ Ta(a = 1, . . . , 8) Å £¥´¥· Éμ·Ò £·Ê¶¶Ò SU(3)L ¨ T9 =
1√
6

diag (1, 1, 1) Å ¢Ò¡¨-

· ÕÉ¸Ö É ±, ÎÉμ¡Ò Ê¤μ¢²¥É¢μ·¨ÉÓ Ê¸²μ¢¨Õ Tr(TaTb) =
1
2
δab(a, b = 1, 2, . . . , 9); g ¨ g′ Å

±μ´¸É ´ÉÒ ¢§ ¨³μ¤¥°¸É¢¨°.
ƒ¨¶¥·§ ·Ö¤Ò Ì¨££¸μ¢¸±¨Ì ¶μ²¥° (27) μ¡μ§´ Î¨³ ± ± Xχ, Xρ, Xη ¨ ¶·¥¤¶μ²μ¦¨³, ÎÉμ

¢ ±ÊÊ³´Ò¥ ¸·¥¤´¨¥ Ì¨££¸μ¢¸±¨Ì ¶μ²¥° Ê¤μ¢²¥É¢μ·ÖÕÉ Ê¸²μ¢¨Õ V � υ � u ( ´ ²μ£¨Î´μ
· ¡μÉ ³ [21]).

„²Ö ²¥¶Éμ´´ÒÌ ¨ ±¢ ·±μ¢ÒÌ ¨§μ³Ê²ÓÉ¨¶²¥Éμ¢ ¢Ò¡¥·¥³ ¸²¥¤ÊÕÐ¨¥ ¶·¥¤¸É ¢²¥´¨Ö (¡Ê-
¤¥³ · ¸¸³ É·¨¢ ÉÓ μ¤´μ ¸¥³¥°¸É¢μ ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢ ¡¥§ ¸³¥Ï¨¢ ´¨Ö):

ψlL =

⎛
⎝ ν

e−

N

⎞
⎠

L

∼ (1, 3, ylL), ψeR = eR ∼ (1, 1, yeR), ψNR = NR ∼ (1, 1, yNR),

ψQL =

⎛
⎝ u

d
U

⎞
⎠

L

∼ (3, 3, yQL), ψuR = uR ∼ (3, 1, yuR), (30)

ψdR = dR ∼ (3, 1, ydR), ψUR = UR ∼ (3, 1, yUR).

‚ · ¸¸³ É·¨¢ ¥³μ° ³μ¤¥²¨ ± ²¨¡·μ¢μÎ´Ò¥ ¡μ§μ´Ò μ¡· §ÊÕÉ¸Ö ¨§ μ±É¥É  Waμ ¨ ¨§ ¨§μ-
¸¨´£²¥É  Bμ,  ¸¸μÍ¨¨·μ¢ ´´Ò³¨ SU(3)L- ¨ U(1)-£·Ê¶¶ ³¨ ¸μμÉ¢¥É¸É¢¥´´μ. ‹¥£±μ ¢¨¤¥ÉÓ,
ÎÉμ ¡¥§³ ¸¸μ¢Ò¥ ± ²¨¡·μ¢μÎ´Ò¥ ¡μ§μ´Ò, Gaμ,  ¸¸μÍ¨¨·μ¢ ´´Ò¥ £·Ê¶¶μ° SU(3)C , μÉ¤¥-
²ÖÕÉ¸Ö μÉ ³ ¸¸μ¢μ° ³ É·¨ÍÒ ´¥°É· ²Ó´ÒÌ ¡μ§μ´μ¢ ¨ ¢ ¤ ²Ó´¥°Ï¥³ · ¸¸³ É·¨¢ ÉÓ¸Ö ´¥
¡Ê¤ÊÉ.

Œ ¸¸μ¢ Ö ³ É·¨Í  ± ²¨¡·μ¢μÎ´ÒÌ ¡μ§μ´μ¢ ¸²¥¤Ê¥É ¨§ ±¨´¥É¨Î¥¸±μ° Î ¸É¨ ² £· ´¦¨-
 ´  Ì¨££¸μ¢¸±¨Ì ¶μ²¥° (28). Šμ¢ ·¨ ´É´ÊÕ ¶·μ¨§¢μ¤´ÊÕ ¤²Ö É·¨¶²¥É  Ì¨££¸μ¢¸±¨Ì ¶μ²¥°
§ ¶¨Ï¥³ ¢ ¢¨¤¥

Dμϕi = ∂μϕi − iPμϕi, (31)

£¤¥ ϕi Å Ì¨££¸μ¢¸±¨¥ ¶μ²Ö (27),   ³ É·¨Í  Pμ ¨³¥¥É ¢¨¤

Pμ =
g

2

⎛
⎜⎜⎜⎜⎜⎜⎜⎝

W3μ +
W8μ√

3
+

√
2
3
tXBμ

√
2W+

μ

√
2X

′0
μ

√
2W−

μ −W3μ +
W8μ√

3
+

√
2
3
tXBμ

√
2Y

′−
μ

√
2X

′0∗
μ

√
2Y

′+
μ −2W8μ√

3
+

√
2
3
tXBμ

⎞
⎟⎟⎟⎟⎟⎟⎟⎠

. (32)

‡¤¥¸Ó ¶·¨´ÖÉÒ μ¡μ§´ Î¥´¨Ö t = g′/g ¨

W±
μ =

W1μ ∓ iW2μ√
2

, Y ′∓
μ =

W6μ ∓ iW7μ√
2

, X ′0
μ =

W4μ − iW5μ√
2

. (33)
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‚ ÔÉμ³ ¸²ÊÎ ¥, ÊÎ¨ÉÒ¢ Ö (27), (32) ¨ (33) ¢ (28), ¤²Ö ³ ¸¸ ± ²¨¡·μ¢μÎ´ÒÌ ¡μ§μ´μ¢ ¨³¥¥³

Lmass = M2
XX ′0

μ X ′0∗
μ +

+ M2
W W+

μ W−
μ + M2

Y Y ′+
μ Y ′−

μ +
g2u2

8

(
W3μ +

1√
3
W8μ +

√
2
3
tXηBμ

)2

+

+
g2υ2

8

(
−W3μ +

1√
3
W8μ +

√
2
3
tXρBμ

)2

+
g2V 2

8

(
− 2√

3
W8μ +

√
2
3
tXχBμ

)2

, (34)

£¤¥

M2
W =

g2

4
(
υ2 + u2

)
, M2

Y =
g2

4
(
V 2 + υ2

)
, M2

X =
g2

4
(
V 2 + u2

)
. (35)

‹ £· ´¦¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¸μ¤¥·¦ Ð¨° ³ ¸¸Ò ´¥°É· ²Ó´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ¡μ§μ´μ¢,
¨³¥¥É ¢¨¤

LNG
mass =

1
2
V T M2

0 V, (36)

£¤¥ V T = (W3μ, W8μ, Bμ) ¨

M2
0 =

g2

4

⎛
⎝ m11 m12 m13

m12 m22 m23

m13 m23 m33

⎞
⎠ . (37)

‡¤¥¸Ó

m11 =
(
u2 + υ2

)
, m12 =

1√
3

(
u2 − υ2

)
,

m13 =
2√
6
t
(
u2Xη − υ2Xρ

)
, m22 =

1
3

(
4V 2 + u2 + υ2

)
, (38)

m23 =
2

3
√

2
t
(
u2Xη + υ2Xρ − 2V 2Xχ

)
, m33 =

2
3
t2

(
u2X2

η + υ2X2
ρ + V 2X2

χ

)
.

�É³¥É¨³, ÎÉμ ¤²Ö ²Õ¡μ° 3-3-1 ³μ¤¥²¨ (¸μ¤¥·¦ Ð¥° Ì¨££¸μ¢¸±¨¥ É·¨¶²¥ÉÒ,  ´É¨É·¨¶²¥ÉÒ
¨ ¸¥±¸É¥ÉÒ ¨²¨ ²Õ¡μ° ¤·Ê£μ° ´¥μ¡Ìμ¤¨³Ò° Ì¨££¸μ¢¸±¨° ¸± ²Ö·) ³ ¸¸μ¢ Ö ³ É·¨Í  ´¥°-
É· ²Ó´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ¡μ§μ´μ¢ ¢¸¥£¤  ¨³¥¥É Ëμ·³Ê (37) (¸³. É ±¦¥ · ¡μÉÒ [10, 12, 29]).

‘μ¡¸É¢¥´´Ò³¨ §´ Î¥´¨Ö³¨ ³ ¸¸μ¢μ° ³ É·¨ÍÒ (37) Ö¢²ÖÕÉ¸Ö ±μ·´¨ Ê· ¢´¥´¨Ö

M3 − χ1M
2 + χ2M − χ3 = 0, (39)

£¤¥ M = 4M2
0/g2 ¨

χ1 =
2
3

[
2

(
u2 + υ2 + V 2

)
+ t2

(
u2X2

η + υ2X2
ρ + V 2X2

χ

)]
,

χ2 =
4
3

{(
u2V 2 + υ2V 2 + u2υ2

)
+

2t2

3

[
u2V 2

(
X2

η + X2
χ + XηXχ

)
+

+υ2V 2
(
X2

ρ + X2
χ + XρXχ

)
+ u2υ2

(
X2

η + X2
ρ + XηXρ

) ]}
,

χ3 =
8
9
u2υ2V 2t2 (Xη + Xρ + Xχ)2 .

(40)
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‚ μ¡Ð¥³ ¸²ÊÎ ¥ ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö ³ ¸¸μ¢μ° ³ É·¨ÍÒ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ³ ¸¸ ³ ´¥°-
É· ²Ó´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ¡μ§μ´μ¢, ³μ£ÊÉ ¡ÒÉÓ ¢¥Ð¥¸É¢¥´´Ò ¨ μÉ²¨Î´Ò μÉ ´Ê²Ö. ‚ ¸²ÊÎ ¥,
±μ£¤  ±μ·´¨ Ê· ¢´¥´¨Ö (39) Ê¤μ¢²¥É¢μ·ÖÕÉ Ê¸²μ¢¨Õ M2

1 � M2
2 � M2

3 (ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É
¸μ¢·¥³¥´´Ò³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ [30]), ¨³¥¥³

M2
Z1

≈ g2V 2

6
(
2 + t2Xχ

)
, M2

Z2
≈ g2υ2

6
3 + 2t2

(
X2

ρ + X2
χ + XρXχ

)
2 + t2Xχ

,

M2
Z3

≈ g′2u2

2
(Xη + Xρ + Xχ)2

3 + 2t2
(
X2

ρ + X2
χ + XρXχ

) .

(41)

‚ · ¸¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥ V � υ � u ¸ ³ Ö ²¥£± Ö ¨§ ³ ¸¸ (41) ³μ¦¥É ¡ÒÉÓ μÉμ¦¤¥-
¸É¢²¥´  ¸ ³ ¸¸μ° ËμÉμ´  (M2

3
= M2

γ ) Éμ²Ó±μ ¶·¨ Ê¸²μ¢¨¨

Xη + Xρ + Xχ = 0, (42)

ÎÉμ É ±¦¥ ¸²¥¤Ê¥É ¨§ Ê¸²μ¢¨Ö ¸μÌ· ´¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  (¸³. É ±¦¥ [10]).
‚ ·¥§Ê²ÓÉ É¥, ¸ ÊÎ¥Éμ³ ¸μμÉ´μÏ¥´¨Ö (42), ¨§ Ê· ¢´¥´¨Ö (39) ¤²Ö ³ ¸¸ ´¥°É· ²Ó´ÒÌ

¢¥±Éμ·´ÒÌ ¡μ§μ´μ¢ ¨³¥¥³

M2
γ = 0, M2

Z1,2
≈ g2

8

[
χ1 ±

√
χ2

1 − 4χ2

]
. (43)

‹¥£±ÊÕ ³ ¸¸Ê ¨§ ³ ¸¸¨¢´ÒÌ ´¥°É· ²Ó´ÒÌ ¢¥±Éμ·´ÒÌ ¡μ§μ´μ¢ (43) ³μ¦´μ μÉμ¦¤¥¸É¢¨ÉÓ ¸
Z-¡μ§μ´μ³ ‘Œ, É. ¥. MZ2 ≡ MZ .

�É³¥É¨³, ÎÉμ ¶μ¸±μ²Ó±Ê ´¨ ³ ¸¸Ò (35), ´¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ± ²¨¡·μ¢μÎ´ÒÌ ¡μ§μ-
´μ¢ (33) ´¥ Ö¢²ÖÕÉ¸Ö ¶·¥¤³¥Éμ³ ¨¸¸²¥¤μ¢ ´¨Ö ¤ ´´μ° · ¡μÉÒ, ¢ ¤ ²Ó´¥°Ï¥³ μ¡¸Ê¦¤ ÉÓ
ÔÉ¨ ¢μ¶·μ¸Ò ³Ò ´¥ ¡Ê¤¥³. �¡¸Ê¦¤¥´¨¥ ÔÉ¨Ì ¢μ¶·μ¸μ¢ ³μ¦´μ ´ °É¨ ¢ · ¡μÉ Ì [20Ä27].

2.2. Š¢ ´Éμ¢ ´¨¥ Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ . �·¥μ¡· §μ¢ ´¨¥ ´¥°É· ²Ó´ÒÌ ¶μ²¥° W3μ,
W8μ, Bμ ¢ Ë¨§¨Î¥¸±μ¥ ËμÉμ´´μ¥ ¶μ²¥ Aμ § ¶¨Ï¥³ ¢ ¢¨¤¥

Aμ = a1W3μ + a2W8μ + a3Bμ. (44)

‘μ¡¸É¢¥´´μ¥ ¸μ¸ÉμÖ´¨¥ ¸ ´Ê²¥¢Ò³ ¸μ¡¸É¢¥´´Ò³ §´ Î¥´¨¥³ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ Ê· ¢´¥´¨Ö

M2

⎛
⎝ a1

a2

a3

⎞
⎠ = 0. (45)

‚ · ¸¸³ É·¨¢ ¥³μ° 3-3-1 ³μ¤¥²¨ Ê· ¢´¥´¨¥ (45) ¶·¨¢μ¤¨É ± ¸²¥¤ÊÕÐ¨³ §´ Î¥´¨Ö³ ¤²Ö
¢¥²¨Î¨´ ai(i = 1−3) :

a1 = − g′√
2g

(Xρ − Xη) , a2 =
3g′√
6g

(Xρ + Xη), a3 = −
√

3g

g
, (46)

£¤¥

g = g
[
3 + 2t2

(
X2

η + X2
ρ + XηXρ

)]1/2
. (47)

ˆ§ ¢Ò· ¦¥´¨° (44), (46) ¨ (47) ¢¨¤´μ, ÎÉμ ¸μ¡¸É¢¥´´μ¥ ¸μ¸ÉμÖ´¨¥ ËμÉμ´  ´¥ ¸μ¤¥·¦¨É
¢ ±ÊÊ³´ÒÌ ¸·¥¤´¨Ì Ì¨££¸μ¢¸±¨Ì ¶μ²¥° [10Ä12], ´μ § ¢¨¸¨É μÉ £¨¶¥·§ ·Ö¤μ¢ Ì¨££¸μ¢¸±¨Ì
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¶μ²¥°. 	μ²¥¥ Éμ£μ, ¤²Ö ¸μμÉ¢¥É¸É¢¨Ö ¸ ±¢ ´Éμ¢μ° Ô²¥±É·μ¤¨´ ³¨±μ°, μ¸´μ¢ ´´μ° ´  ´¥-
´ ·ÊÏ¥´´μ° U(1)Q-± ²¨¡·μ¢μÎ´μ° £·Ê¶¶¥, ËμÉμ´´μ¥ ¶μ²¥ ¤μ²¦´μ Ê¤μ¢²¥É¢μ·ÖÉÓ É ±μ³Ê
μ¡Ð¥³Ê ¸¢μ°¸É¢Ê Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ± ± P -¨´¢ ·¨ ´É´μ¸ÉÓ [19].

‘´ Î ²  · ¸¸³μÉ·¨³ ¢§ ¨³μ¤¥°¸É¢¨¥ ²¥¶Éμ´μ¢ ¸ Ô²¥±É·μ³ £´¨É´Ò³ ¶μ²¥³. „²Ö É ±μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö ¢ · ¸¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥ ¨³¥¥³

Llγ = Qννγμ(1 + γ5)νeAμ + eγμ(Q0e + Q′
0eγ5)eAμ + Nγμ(QN + Q′

Nγ5)NAμ, (48)

£¤¥

Qν =
g

4

[
a1 +

1√
3
a2 +

√
2
3
ta3ylL

]
= 0,

Q0e =
g

4

[
− a1 +

1√
3
a2 +

√
2
3
ta3 (ylL + yeL)

]
,

Q′
0e =

g

4

[
− a1 +

1√
3
a2 +

√
2
3
ta3 (ylL − yeR)

]
,

QN =
g

4

[
− 2√

3
a2 +

√
2
3
ta3 (ylL + yNR)

]
,

Q′
N =

g

4

[
− 2√

3
a2 +

√
2
3
ta3 (ylL − yNR)

]
.

(49)

’ ± ¦¥ ± ± ¨ ¢ · §¤. 1, ´¥¦¥² É¥²Ó´Ò¥ Î²¥´Ò ¢ (48) ³μ¦´μ Ê¸É· ´¨ÉÓ É·¥¡μ¢ ´¨¥³ P -
¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ±μÉμ·μ¥ ¶·¨¢μ¤¨É ± Ê¸²μ¢¨Ö³

Qν = 0, Q′
0e = 0, Q′

N = 0, (50)

μÉ±Ê¤ , ¸ ÊÎ¥Éμ³ (46), ¶μ²ÊÎ ¥³ ¸μμÉ´μÏ¥´¨Ö

ylL = Xη, yeR = Xη − Xρ, yNR = Xη − Xχ. (51)

‘²¥¤μ¢ É¥²Ó´μ, ¤²Ö Ô²¥±É·¨Î¥¸±¨Ì § ·Ö¤μ¢ ²¥¶Éμ´μ¢ ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¨³¥¥³

Qν = 0, Q0e = −Qe, QN = −Qe
2Xη + Xρ

Xη − Xρ
, (52)

£¤¥

Qe =
gg′√
2g

(Xη − Xρ) . (53)

�É³¥É¨³, ÎÉμ ³ ¸¸Ò ²¥¶Éμ´μ¢ ¢ · ¸¸³ É·¨¢ ¥³μ° 3-3-1 ³μ¤¥²¨ £¥´¥·¨·ÊÕÉ¸Ö ¢§ ¨³μ¤¥°-
¸É¢¨¥³

Ll
Y = feψ̄lLρψeR + fN ψ̄lLχψNR + h. c., (54)

μÉ±Ê¤ , ¢ ¸²ÊÎ ¥ ¸μÌ· ´¥´¨Ö £¨¶¥·§ ·Ö¤  ¢ (54), É ±¦¥ ¨³¥¥³ ¢Éμ·μ¥ ¨ É·¥ÉÓ¥ Ê¸²μ¢¨Ö (51).
‘²¥¤μ¢ É¥²Ó´μ, É ± ¦¥, ± ± ¨ ¢ · §¤. 1, ¶μ²ÊÎ ¥³, ÎÉμ Ê¸²μ¢¨Ö P -¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±-
É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö Ô±¢¨¢ ²¥´É´Ò Ê¸²μ¢¨Õ ¸μÌ· ´¥´¨Ö £¨¶¥·§ ·Ö¤  ¢ (54).
‘²¥¤Ê¥É É ±¦¥ μÉ³¥É¨ÉÓ, ÎÉμ ¢ ¸²ÊÎ ¥, ±μ£¤  ¢ ³μ¤¥²¨ μÉ¸ÊÉ¸É¢Ê¥É ¶· ¢ Ö ±μ³¶μ´¥´É 
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´¥°É·¨´μ, Ê¸²μ¢¨Ö P -¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨ Ô²¥±É·¨Î¥-
¸±μ° ´¥°É· ²Ó´μ¸É¨ ´¥°É·¨´μ Ô±¢¨¢ ²¥´É´Ò.

‘μμÉ´μÏ¥´¨Ö (51) ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Ë¨±¸ Í¨¨ £¨¶¥·§ ·Ö¤μ¢ ²¥¶Éμ´´ÒÌ ¨§μ³Ê²ÓÉ¨-
¶²¥Éμ¢ Ì¨££¸μ¢¸±¨³¨ ¶μ²Ö³¨ ¨ Ö¢²ÖÕÉ¸Ö Ê¸²μ¢¨Ö³¨ ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ 
²¥¶Éμ´μ¢. �¥·¥°¤¥³ ± · ¸¸³μÉ·¥´¨Õ ¢§ ¨³μ¤¥°¸É¢¨Ö ±¢ ·±μ¢ ¸ Ô²¥±É·μ³ £´¨É´Ò³ ¶μ²¥³.
“Î¨ÉÒ¢ Ö (29) ¢ (44), ¤²Ö É ±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨³¥¥³

Lqγ = uγμ(Qu + Q′
uγ5)uAμ + dγμ(Qd + Q′

dγ5)dAμ + Uγμ(QU + Q′
Uγ5)UAμ, (55)

£¤¥

Qu =
g

4

[
a1 +

1√
3
a2 +

√
2
3
ta3(yQL + yuR)

]
,

Q′
u =

g

4

[
a1 +

1√
3
a2 +

√
2
3
ta3(yQL − yuR)

]
,

Qd =
g

4

[
− a1 +

1√
3
a2 +

√
2
3
ta3(yQL + ydR)

]
,

Q′
d =

g

4

[
− a1 +

1√
3
a2 +

√
2
3
ta3(yQL − ydR)

]
,

Q′
U =

g

4

[
− 2√

3
a2 +

√
2
3
ta3(yQL − yUR)

]
,

QU =
g

4

[
− 2√

3
a2 +

√
2
3
ta3(yQL + yUR)

]
.

(56)

’ ± ¦¥ ± ± ¨ ¢ ¸²ÊÎ ¥ ²¥¶Éμ´μ¢, ÊÎ¨ÉÒ¢ Ö P -¨´¢ ·¨ ´É´μ¸ÉÓ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ -
¨³μ¤¥°¸É¢¨Ö, ¨§ (54) ¨ (55) ¨³¥¥³ Ê¸²μ¢¨Ö

Q′
u = 0, Q′

d = 0, Q′
U = 0, (57)

±μÉμ·Ò¥ ¶·¨¢μ¤ÖÉ ± ¸²¥¤ÊÕÐ¨³ ¸μμÉ´μÏ¥´¨Ö³, ¸¢Ö§Ò¢ ÕÐ¨³ £¨¶¥·§ ·Ö¤Ò ±¢ ·±μ¢ÒÌ
¨§μ³Ê²ÓÉ¨¶²¥Éμ¢ ¸ £¨¶¥·§ ·Ö¤ ³¨ Ì¨££¸μ¢¸±¨Ì ¶μ²¥°:

yQL − yuR = Xη, yQL − ydR = Xρ, yQL − yUR = Xχ. (58)

‘μμÉ´μÏ¥´¨Ö (58) Ë¨±¸¨·ÊÕÉ · §´μ¸ÉÓ £¨¶¥·§ ·Ö¤μ¢ ±¢ ·±μ¢ÒÌ ¨§μ³Ê²ÓÉ¨¶²¥Éμ¢ ¨ É ±¦¥
Ö¢²ÖÕÉ¸Ö Ê¸²μ¢¨Ö³¨ ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ±¢ ·±μ¢. ’·¥¡μ¢ ´¨¥ ¸μÌ· ´¥´¨Ö
£¨¶¥·§ ·Ö¤  ¢ ² £· ´¦¨ ´¥

Lq
Y = fuψ̄QLηψuR + fdψ̄QLρψdR + fU ψ̄QLχψUR + h. c., (59)

£¥´¥·¨·ÊÕÐ¥³ ³ ¸¸Ò ±¢ ·±μ¢, É ±¦¥ ¶·¨¢μ¤¨É ± Ê¸²μ¢¨Ö³ (58). ‘²¥¤μ¢ É¥²Ó´μ, ¨ ¢
¸²ÊÎ ¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ±¢ ·±μ¢ Ê¸²μ¢¨¥ P -¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ-
¤¥°¸É¢¨Ö Ô±¢¨¢ ²¥´É´μ Ê¸²μ¢¨Õ ¸μÌ· ´¥´¨Ö £¨¶¥·§ ·Ö¤  ¢ (59).

“Î¨ÉÒ¢ Ö (58), (46) ¨ (42) ¢ (56), ¤²Ö Ô²¥±É·¨Î¥¸±¨Ì § ·Ö¤μ¢ ±¢ ·±μ¢ ¨³¥¥³

Qu = Qe
Xη − yQL

Xη − Xρ
, Qd = Qe

Xρ − yQL

Xη − Xρ
, QU = Qe

Xχ − yQL

Xη − Xρ
. (60)
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�μ²ÊÎ¥´´Ò¥ ¢Ò· ¦¥´¨Ö (52) ¨ (60) ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± ¸¢¨¤¥É¥²Ó¸É¢μ ±¢ ´Éμ¢ -
´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢. �¤´ ±μ ÔÉ¨ ¢Ò· ¦¥´¨Ö ´¥ μ¶·¥¤¥²ÖÕÉ
Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö (¢ ¥¤¨´¨Í Ì § ·Ö¤  Ô²¥±É·μ´ ) Ô²¥±É·¨Î¥¸±¨Ì § ·Ö¤μ¢ N -²¥¶Éμ´  ¨
±¢ ·±μ¢.

�É³¥É¨³, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ ¶·μ¸Éμ£μ ¸²ÊÎ Ö, · ¸¸³μÉ·¥´´μ£μ ¢ · §¤. 1, ¢ ± ²¨¡·μ¢μÎ-
´ÒÌ ³μ¤¥²ÖÌ ¸ ¤μ¶μ²´¨É¥²Ó´Ò³¨ Ì¨££¸μ¢¸±¨³¨ ¶μ²Ö³¨ ¨ · ¸Ï¨·¥´´μ° £·Ê¶¶μ° ¸¨³-
³¥É·¨° ¶μ²ÊÎ¨ÉÓ ¸μμÉ´μÏ¥´¨Ö (¶μ¤μ¡´μ ¸μμÉ´μÏ¥´¨Ö³ (11)), ¸¢Ö§Ò¢ ÕÐ¨¥ £¨¶¥·§ -
·Ö¤Ò Ì¨££¸μ¢¸±¨Ì ¨ Ë¥·³¨μ´´ÒÌ ¶μ²¥°, ´¥¢μ§³μ¦´μ. ‚ É ±¨Ì ³μ¤¥²ÖÌ ¤μ¶μ²´¨É¥²Ó´Ò¥
¸μμÉ´μÏ¥´¨Ö ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò ¨§ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö ± ²¨¡·μ¢μÎ´ÒÌ [13, 14] ¨
± ²¨¡·μ¢μÎ´μ-£· ¢¨É Í¨μ´´ÒÌ  ´μ³ ²¨° [15]. ‚ · ¸¸³ É·¨¢ ¥³μ° 3-3-1 ³μ¤¥²¨ Ê¸²μ¢¨Ö
¸μ±· Ð¥´¨Ö É·¥Ê£μ²Ó´ÒÌ  ´μ³ ²¨° ¶·¨¢μ¤ÖÉ ± ¸²¥¤ÊÕÐ¨³ ¸μμÉ´μÏ¥´¨Ö³:

ylL + 3yQL = 0, 3yQL − yuR − ydR − yUR =0,

3ylL + 9yQL − 3(yuR + ydR + yUR) − yeR − yNR = 0,

3y3
lL + 9y3

QL − 3(y3
uR + y3

dR + y3
UR) − y3

eR − y3
NR = 0.

(61)

‘ ÊÎ¥Éμ³ (51) ¨ (58) ¨§ ¶¥·¢μ£μ Ê¸²μ¢¨Ö ¸μμÉ´μÏ¥´¨° (61) ¨³¥¥³

yQL = −1
3
Xη, yuR = −4

3
Xη, ydR = −1

3
Xη − Xρ, yUR = −1

3
Xη − Xχ. (62)

‚Éμ·μ¥ ¨ É·¥ÉÓ¥ Ê¸²μ¢¨Ö ¸μ±· Ð¥´¨Ö  ´μ³ ²¨° (61) ¸ ÊÎ¥Éμ³ (62) ¶·¨¢μ¤ÖÉ ± ¢Ò· ¦¥-
´¨Õ (42). ˆ§ Î¥É¢¥·Éμ£μ Ê¸²μ¢¨Ö ¸μ±· Ð¥´¨Ö  ´μ³ ²¨° (61) ¸ ÊÎ¥Éμ³ (62) ¶μ²ÊÎ ¥³

Xη = −Xρ. (63)

‚ ·¥§Ê²ÓÉ É¥ ¸ ÊÎ¥Éμ³ (63) ¤²Ö £¨¶¥·§ ·Ö¤μ¢ ²¥¶Éμ´´ÒÌ ¨ ±¢ ·±μ¢ÒÌ ¨§μ³Ê²ÓÉ¨¶²¥Éμ¢
¨³¥¥³

ylL = Xη, yeR = 2Xη, yNR = Xχ,

yQL = −1
3
Xη, yuR = −4

3
Xη, ydR =

2
3
Xη, yUR = −1

3
Xη.

(64)

“Î¨ÉÒ¢ Ö (64) ¢ (52) ¨ (60), ¤²Ö Ô²¥±É·¨Î¥¸±¨Ì § ·Ö¤μ¢ ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢ ¢ · ¸¸³ É·¨-
¢ ¥³μ° ³μ¤¥²¨ ¨³¥¥³

Qν = 0, Qe =
√

2gg′Xη

(3 + 2X2
ηt2)1/2

, QN = −1
2
Qe,

Qu =
2
3
Qe, Qd = −1

3
Qe, QU =

1
6
Qe.

(65)

�´ ²μ£¨Î´Ò¥ (65) ¢Ò· ¦¥´¨Ö ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò ¨ ¤²Ö ¤·Ê£¨Ì ¸¥³¥°¸É¢ ²¥¶Éμ´μ¢ ¨
±¢ ·±μ¢. �É¨ ·¥§Ê²ÓÉ ÉÒ μ¶·¥¤¥²ÖÕÉ ±¢ ´Éμ¢ ´¨¥ ¨ Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ
§ ·Ö¤  ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢ (¢ ¥¤¨´¨Í Ì § ·Ö¤  Ô²¥±É·μ´ ).

“¸²μ¢¨Ö (51) ¨ (58) ¨ ¸μμÉ´μÏ¥´¨Ö, ¸²¥¤ÊÕÐ¨¥ ¨§ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö É·¥Ê£μ²Ó-
´ÒÌ  ´μ³ ²¨°, Ë¨±¸¨·ÊÕÉ £¨¶¥·§ ·Ö¤Ò ¢¸¥Ì ¨§μ³Ê²ÓÉ¨¶²¥Éμ¢. ’ ±¨³ μ¡· §μ³, ¥¸²¨ ´¥É
Ê¸²μ¢¨° (51) ¨ (58), Éμ ´¥É ¨ ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ , ¸²¥¤μ¢ É¥²Ó´μ, ¢ · ¸¸³ -
É·¨¢ ¥³μ° ³μ¤¥²¨ ÔÉ¨ Ê¸²μ¢¨Ö Ö¢²ÖÕÉ¸Ö Ê¸²μ¢¨Ö³¨ ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ 
Î ¸É¨Í.
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3. Š‚��’�‚��ˆ… �‹…Š’�ˆ—…‘Š�ƒ� ‡��Ÿ„�
‚ SU(3)C × SU(3)L ×U(1)×U ′(1) Œ�„…‹ˆ ‘ �Š‡�’ˆ—…‘ŠˆŒˆ —�‘’ˆ–�Œˆ

3.1. Š¢ ´Éμ¢ ´¨¥ Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢ SU(3)C×SU(3)L×U(1)×U ′(1) ³μ¤¥²¨. ‚
¤ ´´μ° Î ¸É¨ · ¡μÉÒ ¢ · ³± Ì SU(3)C × SU(3)L ×U(1)×U ′(1) ³μ¤¥²¨, · ¸¸³μÉ·¥´´μ°
¢ [18], ¨¸¸²¥¤Ê¥³ ¢μ¶·μ¸ ¢²¨Ö´¨Ö Ì¨££¸μ¢¸±¨Ì ¶μ²¥° ´  ±¢ ´Éμ¢ ´¨¥ Ô²¥±É·¨Î¥¸±μ£μ
§ ·Ö¤  Î ¸É¨Í. �É³¥É¨³, ÎÉμ ¢ · ¸¸³ É·¨¢ ¥³μ° SU(3)C ×SU(3)L×U(1)×U ′(1) ³μ¤¥²¨
¨³¥ÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ Ë¥·³¨μ´´Ò¥ ¨ Ì¨££¸μ¢¸±¨¥ ¶μ²Ö [18]:

ψlL =

⎛
⎝ ν

e
N

⎞
⎠

L

∼ (1, 3, ylL, y′
lL), ψeR = eR ∼ (1, 1, yeR, y′

eR),

ψNR = NR ∼ (1, 1, yNR, y′
NR),

ψQL =

⎛
⎝ u

d
U

⎞
⎠

L

∼ (3, 3, yQL, y′
QL), ψuR = uR ∼ (1, 1, yuR, y′

uR),

ψdR = dR ∼ (3, 1, ydR, y′
dR), ψUR = UR ∼ (3, 1, yUR, y′

UR),

〈χ〉 =
1√
2

⎛
⎝ 0

0
V

⎞
⎠ ∼

(
1, 3, Xχ, X ′

χ

)
,

〈ρ〉 =
1√
2

⎛
⎝ 0

υ
0

⎞
⎠ ∼ (1, 3, Xρ, X

′
ρ),

〈η〉 =
1√
2

⎛
⎝ u

0
0

⎞
⎠ ∼ (1, 3, Xη, X

′
η).

‚ ÔÉμ° ³μ¤¥²¨ ËμÉμ´´μ¥ ¶μ²¥ Aμ Ö¢²Ö¥É¸Ö ²¨´¥°´μ° ±μ³¡¨´ Í¨¥° ¶μ²¥° W3μ, W8μ, Bμ, Cμ

Aμ = a′
1W3μ + a′

2W8μ + a′
3Bμ + a′

4Cμ, (66)

£¤¥

a′
1 =

tt′

t
P, a′

2 =
√

3tt′

t
P1, a′

3 =
√

6t′

t
P2, a′

4 = −
√

6t

t
P3. (67)

‡¤¥¸Ó ¶·¨´ÖÉÒ μ¡μ§´ Î¥´¨Ö:

t =
√

t2t′2 (P 2 + 3P 2
1 ) + 6t′2P 2

2 + 6t2P 2
3 ;

P = Xχ

(
X ′

η − X ′
ρ

)
− X ′

χ (Xη − Xρ) + 2
(
XρX

′
η − XηX ′

ρ

)
;

P1 = Xχ

(
X ′

η + X ′
ρ

)
− X ′

χ (Xη + Xρ) ;

P2 = X ′
χ + X ′

ρ + X ′
η;

P3 = Xχ + Xρ + Xη,

(68)

£¤¥ Xχ, Xη, Xρ ¨ X ′
χ, X ′

η, X ′
ρ Å U(1)- ¨ U ′(1)-£¨¶¥·§ ·Ö¤Ò Ì¨££¸μ¢¸±¨Ì ¶μ²¥° ¸μμÉ¢¥É-

¸É¢¥´´μ; t = g′/g, t′ = g′′/g ¨ g, g′, g′′ Å ±μ´¸É ´ÉÒ ¸¢Ö§¨.



530 �¡¤¨´μ¢ �. �., • ²¨²-§ ¤¥ ”. ’., �§ ¥¢  ‘.‘.

’ ± ¦¥ ± ± ¨ · §¤. 1 ¨ 2, ¨§ ¢Ò· ¦¥´¨° (66), (67) ¨ (68) ¸²¥¤Ê¥É, ÎÉμ ¸μ¡¸É¢¥´´μ¥
¸μ¸ÉμÖ´¨¥ ËμÉμ´  ´¥ ¸μ¤¥·¦¨É ¢ ±ÊÊ³´ÒÌ ¸·¥¤´¨Ì Ì¨££¸μ¢¸±¨Ì ¶μ²¥°, ´μ § ¢¨¸¨É μÉ
£¨¶¥·§ ·Ö¤μ¢ Ì¨££¸μ¢¸±¨Ì ¶μ²¥°.

„²Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ²¥¶Éμ´μ¢ ¸ Ô²¥±É·μ³ £´¨É´Ò³ ¶μ²¥³ ¨³¥¥³ [18]

Llγ = Qννγμ(1 + γ5)νAμ + eγμ(Q0e + Q′
0eγ5)eAμ + Nγμ(QN + Q′

Nγ5)NAμ, (69)

£¤¥

Qν =
g

4

[
a′
1 +

1√
3
a′
2 +

√
2
3
(ta′

3ylL + t′a′
4y

′
lL)

]
= 0,

Q0e =
g

4

[
− a′

1 +
1√
3
a′
2 +

√
2
3
ta′

3(ylL + yeR) +

√
2
3
t′a′

4(y
′
lL + y′

eR)
]
,

Q′
0e =

g

4

[
− a′

1 +
1√
3
a′
2 +

√
2
3
ta′

3(ylL − yeR) +

√
2
3
t′a′

4(y
′
lL − y′

eR)
]
,

QN =
g

4

[
− 2√

3
a′
2 +

√
2
3
ta′

3(ylL + yNR) +

√
2
3
t′a′

4(y
′
lL + y′

NR)
]
,

Q′
N =

g

4

[
− 2√

3
a′
2 +

√
2
3
ta′

3(ylL − yNR) +

√
2
3
t′a′

4(y
′
lL − y′

NR)
]
.

(70)

“Î¨ÉÒ¢ Ö, ÎÉμ Ô²¥±É·μ³ £´¨É´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ P -¨´¢ ·¨ ´É´μ, ¨§ (70) ¨ (68) ¨³¥¥³

Qν = 0, Q′
0e = 0, Q′

N = 0, Q0e = −Qe, QN = −3P1 + P

2P
Qe, (71)

£¤¥ Qe = gtt′P/t.
�É³¥É¨³, ÎÉμ ¨ ¢ · ¸¸³ É·¨¢ ¥³μ° ³μ¤¥²¨, ±μ£¤  μÉ¸ÊÉ¸É¢Ê¥É ¶· ¢ Ö ±μ³¶μ´¥´É 

´¥°É·¨´μ, É·¥¡μ¢ ´¨¥ P -¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨ Ê¸²μ¢¨¥
· ¢¥´¸É¢  ´Ê²Õ § ·Ö¤  ´¥°É·¨´μ Ô±¢¨¢ ²¥´É´Ò. �·¨¢¥¤¥³ É ±¦¥ ´¥±μÉμ·Ò¥ ¸μμÉ´μ-
Ï¥´¨Ö, ¸¢Ö§Ò¢ ÕÐ¨¥ £¨¶¥·§ ·Ö¤Ò Ì¨££¸μ¢¸±¨Ì ¨ ²¥¶Éμ´´ÒÌ ¶μ²¥°, ¸²¥¤ÊÕÐ¨¥ ¨§ P -
¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ (69):

P + P1 + 2ylLP2 − 2y′
lLP3 = 0,

−P + P1 + 2(ylL − yeR)P2 − 2(y′
lL − y′

eR)P3 = 0,

−P1 + (ylL − yNR)P2 − (y′
lL − y′

NR)P3 = 0.

(72)

�É³¥É¨³, ÎÉμ ¨§ Ê¸²μ¢¨° ¸μÌ· ´¥´¨Ö ¸Ê³³Ò U(1)- ¨ U ′(1)-£¨¶¥·§ ·Ö¤μ¢ ¢ ² £· ´¦¨ ´¥

Ll
Y = feψ̄lLρψeR + fN ψ̄lLχψNR + h. c., (73)

£¥´¥·¨·ÊÕÐ¥³ ³ ¸¸Ò ²¥¶Éμ´μ¢, ¨³¥¥³

ylL + y′
lL = yeR + y′

eR + Xρ + X ′
ρ, ylL + y′

lL = yNR + y′
NR + Xχ + X ′

χ, (74)

ÎÉμ, ± ± ²¥£±μ Ê¡¥¤¨ÉÓ¸Ö, ¶·¨¢μ¤¨É ± ¸μμÉ´μÏ¥´¨Ö³ (72). ‘²¥¤μ¢ É¥²Ó´μ, ¨ ¢ ¤ ´´μ³
¸²ÊÎ ¥ Ê¸²μ¢¨Ö P -¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ²¥¶Éμ´μ¢ Ô±¢¨¢ -
²¥´É´Ò Ê¸²μ¢¨Õ ¸μÌ· ´¥´¨Ö μ¡Ð¥£μ £¨¶¥·§ ·Ö¤  ¢ (73).
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„²Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ±¢ ·±μ¢ ¸ Ô²¥±É·μ³ £´¨É´Ò³ ¶μ²¥³ ¨³¥¥³ [18]

Lqγ = uγμ(Qu + Q′
uγ5)uAμ + dγμ(Qd + Q′

dγ5)dAμ + Uγμ(QU + Q′
Uγ5)UAμ, (75)

£¤¥

Qu =
g

4

[
a′
1 +

1√
3
a′
2 +

√
2
3
ta′

3(yQL + yuR) +

√
2
3
t′a′

4(y
′
QL + y′

uR)
]
,

Q′
u =

g

4

[
a′
1 +

1√
3
a′
2 +

√
2
3
ta′

3(yQL − yuR) +

√
2
3
t′a′

4(y
′
QL − y′

uR)
]
,

Qd =
g

4

[
− a′

1 +
1√
3
a′
2 +

√
2
3
ta′

3(yQL + ydR) +

√
2
3
t′a′

4(y
′
QL + y′

dR)
]
,

Q′
d =

g

4

[
− a′

1 +
1√
3
a′
2 +

√
2
3
ta′

3(yQL − ydR) +

√
2
3
t′a′

4(y
′
QL − y′

dR)
]
,

QU =
g

4

[
− 2√

3
a′
2 +

√
2
3
ta′

3(yQL + yUR) +

√
2
3
t′a′

4(y
′
QL + y′

UR)
]
,

Q′
U =

g

4

[
− 2√

3
a′
2 +

√
2
3
ta′

3(yQL − yUR) +

√
2
3
t′a′

4(y
′
QL − y′

UR)
]
.

(76)

“Î¨ÉÒ¢ Ö P -¨´¢ ·¨ ´É´μ¸ÉÓ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¨§ (76) ¨ (68) ¨³¥¥³

Q′
u = 0, Q′

d = 0, Q′
U = 0, Qu =

P + P1 + 2(P2yQL − P3y
′
QL)

2P
Qe,

Qd = −
P − P1 − 2(P2yQL − P3y

′
QL)

2P
Qe, QU = −

P1 − P2yQL + P3y
′
QL

P
Qe.

(77)

Š·μ³¥ Éμ£μ, ¨³¥¥³ ¸²¥¤ÊÕÐ¨¥ ¸μμÉ´μÏ¥´¨Ö, ¸¢Ö§Ò¢ ÕÐ¨¥ £¨¶¥·§ ·Ö¤Ò Ì¨££¸μ¢¸±¨Ì ¨
±¢ ·±μ¢ÒÌ ¨§μ³Ê²ÓÉ¨¶²¥Éμ¢:

P2yuR − P3y
′
uR = P2yQL − P3y

′
QL +

1
2
(P + P1),

P2ydR − P3y
′
dR = P2yQL − P3y

′
QL − 1

2
(P − P1),

P2yUR − P3y
′
UR = P2yQL − P3y

′
QL − P.

(78)

’·¥¡μ¢ ´¨¥ ¸μÌ· ´¥´¨Ö μ¡Ð¥£μ £¨¶¥·§ ·Ö¤  ¢ ² £· ´¦¨ ´¥

Lq
Y = fuψ̄QLηψuR + fdψ̄QLρψdR + fU ψ̄QLχψUR + h. c., (79)

£¥´¥·¨·ÊÕÐ¥³ ³ ¸¸Ò ±¢ ·±μ¢, É ±¦¥ ¶·¨¢μ¤¨É ± Ê¸²μ¢¨Ö³:

yQL + y′
QL − yuR − y′

uR = Xη + X ′
η,

yQL + y′
QL − ydR − y′

dR = Xρ + X ′
ρ,

yQL + y′
QL − yUR − y′

UR = Xχ + X ′
χ,

(80)
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±μÉμ·Ò¥, ± ± ²¥£±μ Ê¡¥¤¨ÉÓ¸Ö, ¶·¨¢μ¤ÖÉ ± ¸μμÉ´μÏ¥´¨Ö³ (78). ‘²¥¤μ¢ É¥²Ó´μ, ¨ ¢ ¤ ´-
´μ³ ¸²ÊÎ ¥ Ê¸²μ¢¨Ö, ¸²¥¤ÊÕÐ¨¥ ¨§ P -¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö
±¢ ·±μ¢, Ô±¢¨¢ ²¥´É´Ò Ê¸²μ¢¨Ö³ ¸μÌ· ´¥´¨Ö μ¡Ð¥£μ £¨¶¥·§ ·Ö¤  ¢ (79).

‚Ò· ¦¥´¨Ö (71) ¨ (77) ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± ¸¢¨¤¥É¥²Ó¸É¢μ ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨-
Î¥¸±μ£μ § ·Ö¤  ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢. “¸²μ¢¨Ö (72) ¨ (78) Ö¢²ÖÕÉ¸Ö Ê¸²μ¢¨Ö³¨ ±¢ ´Éμ¢ ´¨Ö
Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢. ‚Ò· ¦¥´¨Ö (71) ¨ (77), § ¢¨¸ÖÐ¨¥ μÉ £¨-
¶¥·§ ·Ö¤μ¢ Ì¨££¸μ¢¸±¨Ì ¶μ²¥°, ´¥ μ¶·¥¤¥²ÖÕÉ Î¨¸²¥´´Ò¥ (¢ ¥¤¨´¨Í Ì § ·Ö¤  Ô²¥±É·μ´ )
§´ Î¥´¨Ö § ·Ö¤μ¢ Î ¸É¨Í. �É³¥É¨³, ÎÉμ ¢ · ¸¸³ É·¨¢ ¥³μ° ³μ¤¥²¨ É ± ¦¥, ± ± ¢ · §¤. 2,
¶μ²ÊÎ¨ÉÓ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¸μμÉ´μÏ¥´¨Ö (¶μ¤μ¡´μ ¸μμÉ´μÏ¥´¨Ö³ (11)), ¸¢Ö§Ò¢ ÕÐ¨¥ £¨-
¶¥·§ ·Ö¤Ò Ì¨££¸μ¢¸±¨Ì ¨ Ë¥·³¨μ´´ÒÌ ¶μ²¥°, ´¥¢μ§³μ¦´μ. „μ¶μ²´¨É¥²Ó´Ò¥ ¸μμÉ´μÏ¥´¨Ö
³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò ¨§ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö  ´μ³ ²¨°, ±μÉμ·Ò¥ ¢ · ¸¸³ É·¨¢ ¥³μ³ ¸²Ê-
Î ¥ ¨³¥ÕÉ ¢¨¤

ylL + y′
lL + 3yQL + 3y′

QL = 0,

3(yQL + y′
QL) − (yuR + y′

uR) − (ydR + y′
dR) − (yUR + y′

UR) = 0,

3(ylL + y′
lL) + 9(yQL + y′

QL) − 3[(yuR + y′
uR) + (ydR + y′

dR) + (yUR + y′
UR)]−

− (yeR + y′
eR) − (yNR + y′

NR) = 0, (81)

3(ylL + y′
lL)3 + 9(yQL + y′

QL)3 − 3[(yuR + y′
uR)3 + (ydR + y′

dR)3+

+ (yUR + y′
UR)3 − (yeR + y′

eR)3 − (yNR + y′
NR)3 = 0.

ˆ§ ¢Éμ·μ£μ ¸μμÉ´μÏ¥´¨Ö (81) ¸ ÊÎ¥Éμ³ (80) (¨²¨ (78)) ¨³¥¥³

P2 = −P3, (82)

ÎÉμ É ±¦¥ ¸²¥¤Ê¥É ¨§ Ê¸²μ¢¨Ö ¸μÌ· ´¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ . ’·¥ÉÓ¥ ¸μμÉ´μÏ¥´¨¥
(81) ¸ ÊÎ¥Éμ³ (82) ¨ Ê¸²μ¢¨° ¶·¨¢μ¤¨É ± ¢Ò· ¦¥´¨Õ

yQL + y′
QL = −1

3
(Xη + X ′

η). (83)

‘ ÊÎ¥Éμ³ (83) ¨§ ¶¥·¢μ£μ ¸μμÉ´μÏ¥´¨Ö (81) ¨³¥¥³

ylL + y′
lL = Xη + X ′

η. (84)

—¥É¢¥·Éμ¥ ¸μμÉ´μÏ¥´¨¥ (81) ¶·¨¢μ¤¨É ± Ê¸²μ¢¨Õ

Xη + X ′
η = −(Xρ + X ′

ρ), (85)

μÉ±Ê¤  ¸ ÊÎ¥Éμ³ (82) ¨³¥¥³
Xχ + X ′

χ = 0. (86)

‚ ·¥§Ê²ÓÉ É¥ ¤²Ö ¸Ê³³ £¨¶¥·§ ·Ö¤μ¢ ²¥¶Éμ´´ÒÌ ¨ ±¢ ·±μ¢ÒÌ ¨§μ³Ê²ÓÉ¨¶²¥Éμ¢ ¶μ²ÊÎ¨³

ylL + y′
lL = Xη + X ′

η, yeR + y′
eR = 2(Xη + X ′

η), yNR + y′
NR = Xη + X ′

η,

yQL + y′
QL = −1

3
(Xη + X ′

η), ydR + y′
dR =

2
3
(Xη + X ′

η), (87)

yuR + y′
uR = −4

3
(Xη + X ′

η), yUR + y′
UR = −1

3
(Xη + X ′

η).
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“Î¨ÉÒ¢ Ö (87) ¢ (71) ¨ (77), ¤²Ö Ô²¥±É·¨Î¥¸±¨Ì § ·Ö¤μ¢ ²¥¶Éμ´μ¢ ¨ ±¢ ·±μ¢ ¢ · ¸¸³ É·¨-
¢ ¥³μ° ³μ¤¥²¨ ¨³¥¥³:

Qν = 0, QN = −1
2
Qe, Qu =

2
3
Qe, Qd = −1

3
Qe, QU =

1
6
Qe. (88)

‡�Š‹	—…�ˆ…

‚ ·¥§Ê²ÓÉ É¥ ¶·μ¢¥¤¥´´μ£μ  ´ ²¨§  ³μ¦´μ ¶·¨°É¨ ± ¢Ò¢μ¤Ê, ÎÉμ ¢ · ¸¸³ É·¨¢ ¥³ÒÌ
³μ¤¥²ÖÌ ¸μ¡¸É¢¥´´μ¥ ¸μ¸ÉμÖ´¨¥ ËμÉμ´  ´¥ ¸μ¤¥·¦¨É ¢ ±ÊÊ³´ÒÌ ¸·¥¤´¨Ì Ì¨££¸μ¢¸±¨Ì ¶μ-
²¥°, ´μ § ¢¨¸¨É μÉ £¨¶¥·§ ·Ö¤μ¢ Ì¨££¸μ¢¸±¨Ì ¶μ²¥° [10Ä12, 18]. �Éμ, ¢ ¸¢μÕ μÎ¥·¥¤Ó,
¶·¨¢μ¤¨É ± § ¢¨¸¨³μ¸É¨ ¶μ²ÊÎ¥´´ÒÌ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ Ê¸²μ¢¨° ±¢ ´Éμ¢ ´¨Ö (Ëμ·-
³Ê²Ò (14), (19), (51), (58) ¨ (80)) μÉ £¨¶¥·§ ·Ö¤μ¢ Ì¨££¸μ¢¸±¨Ì ¶μ²¥°. �Î¥¢¨¤´μ, ÎÉμ
¥¸²¨ ´¥É ÔÉ¨Ì Ê¸²μ¢¨°, Éμ ´¥É ¨ ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  Î ¸É¨Í, ¶μ¸±μ²Ó±Ê
¡¥§ ÔÉ¨Ì Ê¸²μ¢¨° ´¥¢μ§³μ¦´μ ·¥Ï¨ÉÓ Ê· ¢´¥´¨Ö, ¸²¥¤ÊÕÐ¨¥ ¨§ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö
 ´μ³ ²¨°.

”¨±¸ Í¨Ö Ì¨££¸μ¢¸±¨³¨ ¶μ²Ö³¨ £¨¶¥·§ ·Ö¤μ¢ Ë¥·³¨μ´´ÒÌ ¶μ²¥° ¨ § ¢¨¸¨³μ¸ÉÓ Ê¸²μ-
¢¨° ±¢ ´Éμ¢ ´¨Ö § ·Ö¤μ¢ μÉ £¨¶¥·§ ·Ö¤μ¢ Ì¨££¸μ¢¸±¨Ì ¶μ²¥° ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ´¥μ¡Ìμ-
¤¨³μ¸É¨ ´ ²¨Î¨Ö Ì¨££¸μ¢¸±¨Ì ¶μ²¥° ¤²Ö ¶μ²ÊÎ¥´¨Ö ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ 
Î ¸É¨Í ¢ · ¸¸³ É·¨¢ ¥³ÒÌ ³μ¤¥²ÖÌ.

Š·μ³¥ Éμ£μ, ¢ μÉ²¨Î¨¥ μÉ ·¥§Ê²ÓÉ É  · ¡μÉÒ [10] ¶μ± § ´μ, ÎÉμ Ê¸²μ¢¨Ö ±¢ ´Éμ¢ ´¨Ö
Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ± ± ¸²¥¤ÊÕÐ¨¥ ¨§ P -¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ-
¤¥°¸É¢¨Ö, É ± ¨ ¨³¥ÕÐ¨¥¸Ö ¢ ¸²ÊÎ ¥ ¸μÌ· ´¥´¨Ö £¨¶¥·§ ·Ö¤  ¢ ² £· ´¦¨ ´ Ì, £¥´¥·¨·Ê-
ÕÐ¨Ì ³ ¸¸Ò Ë¥·³¨μ´μ¢, Ô±¢¨¢ ²¥´É´Ò (Ê¸²μ¢¨¥ ¨§ · ¡μÉÒ [3]; ¸³. É ±¦¥ [11, 12, 18]).

‚ μ¡Ð¥³ ¸²ÊÎ ¥ ¢ ‘Œ Ô²¥±É·¨Î¥¸±¨° § ·Ö¤ ³μ¦¥É ¡ÒÉÓ ±¢ ´Éμ¢ ´ ¨ Ë¨±¸¨·μ¢ ´
¨¸¶μ²Ó§μ¢ ´¨¥³ Éμ²Ó±μ μ¤´μ£μ ¸μμÉ´μÏ¥´¨Ö, ¸²¥¤ÊÕÐ¥£μ ¨§ Ê¸²μ¢¨° ¸μ±· Ð¥´¨Ö  ´μ³ -
²¨° ¨ ¡¥§ Ë¨±¸ Í¨¨ £¨¶¥·§ ·Ö¤  ± ±μ£μ-²¨¡μ ¨§μ¤Ê¡²¥É . ‚ ÔÉμ³ ¸²ÊÎ ¥ ¢¢¥¤¥´¨¥ ¶· ¢μ°
±μ³¶μ´¥´ÉÒ ´¥°É·¨´μ ¢ ³μ¤¥²Ó ´¥ ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ¤μ¶μ²´¨É¥²Ó´μ£μ ¶ · ³¥É·  ¢
Ê¸²μ¢¨ÖÌ ¸μ±· Ð¥´¨Ö  ´μ³ ²¨°, ¨ ¶μÔÉμ³Ê ´¥É ´¥μ¡Ìμ¤¨³μ¸É¨ ¢¢¥¤¥´¨Ö ¢ É¥μ·¨Õ ³ °μ-
· ´μ¢¸±μ£μ ´¥°É·¨´μ.

�±¢¨¢ ²¥´É´μ¸ÉÓ Ê¸²μ¢¨° ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ± ± ¸²¥¤ÊÕÐ¨Ì ¨§ P -
¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, É ± ¨ ¨³¥ÕÐ¨Ì¸Ö ¢ ¸²ÊÎ ¥ ¸μÌ· ´¥-
´¨Ö £¨¶¥·§ ·Ö¤  ¨§ ² £· ´¦¨ ´μ¢, £¥´¥·¨·ÊÕÐ¨Ì ³ ¸¸Ò Ë¥·³¨μ´μ¢ (¸³. É ±¦¥ [11, 12,
18]), ¤ ¥É μ¸´μ¢ ´¨¥ · ¸¸³ É·¨¢ ÉÓ Ì¨££¸μ¢¸±¨¥ ¶μ²Ö ¢ ± Î¥¸É¢¥ ¢μ§³μ¦´μ£μ ³¥Ì ´¨§³ 
μ¡ÑÖ¸´¥´¨Ö ¸μÌ· ´¥´¨Ö P -Î¥É´μ¸É¨ ¢ Ô²¥±É·μ³ £´¨É´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ.

‡ ¢¨¸¨³μ¸ÉÓ Ê¸²μ¢¨° ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  Î ¸É¨Í μÉ £¨¶¥·§ ·Ö¤μ¢ Ì¨££-
¸μ¢¸±¨Ì ¶μ²¥°, Ô±¢¨¢ ²¥´É´μ¸ÉÓ Ê¸²μ¢¨° ±¢ ´Éμ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ , ¸²¥¤ÊÕ-
Ð¨Ì ± ± ¨§ ² £· ´¦¨ ´μ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö, £¥´¥·¨·ÊÕÐ¨Ì ³ ¸¸Ò Î ¸É¨Í, É ± ¨ ¨§ P -
¨´¢ ·¨ ´É´μ¸É¨ Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¨ Ë ±É Ë¨±¸ Í¨¨ Ì¨££¸μ¢¸±¨³¨ ¶μ-
²Ö³¨ £¨¶¥·§ ·Ö¤μ¢ Ë¥·³¨μ´´ÒÌ ¶μ²¥° ³μ£ÊÉ ¡ÒÉÓ ¨´É¥·¶·¥É¨·μ¢ ´Ò ± ± ´μ¢Ò¥ ¸¢μ°¸É¢ 
Ì¨££¸μ¢¸±¨Ì ¶μ²¥°.

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ¤-·Ê „. �²²¨¸Ê (–…��), „. Š § ±μ¢Ê
(�ˆŸˆ), ¸μÉ·Ê¤´¨± ³ ‹Ÿ� �ˆŸˆ ¨ ¤-·Ê ’. Œ.�²¨¥¢Ê §  μ¡¸Ê¦¤¥´¨Ö ·¥§Ê²ÓÉ Éμ¢ · ¡μÉÒ.
�¢Éμ·Ò É ±¦¥ ¡² £μ¤ ·´Ò R.N.Mohapatra, μ¡· É¨¢Ï¥³Ê ´ Ï¥ ¢´¨³ ´¨¥ ´  · ¡μÉÊ [5].
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