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

¢ ˆ´¸É¨ÉÊÉ É¥μ·¥É¨Î¥¸±μ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ë¨§¨±¨, Œμ¸±¢ 

�¡¸Ê¦¤ ¥É¸Ö ¶ · ³¥É·, μÉ¢¥É¸É¢¥´´Ò° §  ¢Ò¡μ· ¶·¥¤¸É ¢²¥´¨Ö ±¢ ´Éμ¢ÒÌ μ¶¥· Éμ·μ¢ ³μ¤¥²Ó-
´ÒÌ £ ³¨²ÓÉμ´¨ ´μ¢, ¨ ´  μ¸´μ¢¥ ¢ ·¨ Í¨μ´´μ£μ ¶·¨´Í¨¶  ´ Ìμ¤¨É¸Ö ¥£μ μ¶É¨³ ²Ó´μ¥ §´ Î¥´¨¥.
ˆ´É¥·¶·¥É Í¨Ö ¶μ²Ö μÉ±²μ´¥´¨° μÉ · ¢´μ¢¥¸´μ£μ §´ Î¥´¨Ö ± ± ¤¨´ ³¨Î¥¸±μ° ¶¥·¥³¥´´μ° ¶·¨-
¢μ¤¨É ± ¨¤¥¥ ¸± ²Ö·´μ£μ ¶μ²Ö ¸μ¢¥·Ï¥´´μ ´¥μ¡ÒÎ´μ° ¶·¨·μ¤Ò, μÉ¢¥Î ÕÐ¥£μ §  Ê¶μ·Ö¤μÎ¨¢ ´¨¥
μ¶¥· Éμ·μ¢.

The parameter responsible for the choice of quantum operators representation is discussed, and
with the help of the variational principle its optimal value is established. Interpretation of deviations
from equilibrium value as a dynamical variable leads to an idea of a scalar ˇeld of exceptional nature,
responsible for ordering of the operators.
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‚ ±¢ ´Éμ¢μ° É¥μ·¨¨ ¤μ¢μ²Ó´μ Î ¸Éμ ¢μ§´¨± ¥É ¸¨ÉÊ Í¨Ö, ±μ£¤  ´¥ ¸μ¢¸¥³ Ö¸´μ, ¢ ± -
±μ° μ¶¥· Éμ·´μ° (±¢ ´Éμ¢μ°) Ëμ·³¥ ¸²¥¤Ê¥É ¶·¥¤¸É ¢¨ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ±² ¸¸¨Î¥¸±μ¥
¢Ò· ¦¥´¨¥, ¢ Î ¸É´μ¸É¨, ´¥ ¢¸¥£¤  Ö¸¥´ ¶μ·Ö¤μ± ¸²¥¤μ¢ ´¨Ö μ¶¥· Éμ·μ¢. •μÉÖ ÔÉμ ¨ ´¥
¢Ò§Ò¢ ¥É ¸¥·Ó¥§´ÒÌ É·Ê¤´μ¸É¥° (¢ ±μ´Í¥ ±μ´Íμ¢ ¢μ¶·μ¸ ³μ¦´μ ·¥Ï¨ÉÓ ¶¥·¥¡μ·μ³ · §-
²¨Î´ÒÌ ¢ ·¨ ´Éμ¢), μ¸É ¥É¸Ö ´¥¶μ´ÖÉ´Ò³, ± ±μ³Ê ¦¥ ¨§ ´¨Ì ¸²¥¤Ê¥É μÉ¤ ÉÓ ¶·¥¤¶μÎÉ¥´¨¥.
	μ²¥¥ Éμ£μ, ¢μ§´¨± ¥É ¢μ¶·μ¸:   ¸ÊÐ¥¸É¢Ê¥É ²¨ ¢μμ¡Ð¥ ± ±μ°-´¨¡Ê¤Ó ¢Ò¡μ·, ¤¨±ÉÊ¥³Ò°
Ë¨§¨Î¥¸±¨³¨ ¸μμ¡· ¦¥´¨Ö³¨? ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ³Ò ¶·¨¢¥¤¥³, ´  ´ Ï ¢§£²Ö¤, ¢¥¸Ó³ 
¸μ¤¥·¦ É¥²Ó´Ò° ¶·¨³¥·, ±μ£¤  ¢Ò¡μ· ±¢ ´Éμ¢μ£μ ¶·¥¤¸É ¢²¥´¨Ö μ¤´μ§´ Î¥´ ¨ μ¶·¥¤¥²Ö-
¥É¸Ö §´ Î¥´¨¥³ ´¥±μÉμ·μ£μ ¶ · ³¥É· .

Šμ´±·¥É´μ, ³Ò · ¸¸³μÉ·¨³ ±¢ ·±¨, ´ Ìμ¤ÖÐ¨¥¸Ö ¶μ¤ ¢μ§¤¥°¸É¢¨¥³ ¸¨²Ó´μ£μ ¸ÉμÌ -
¸É¨Î¥¸±μ£μ £²Õμ´´μ£μ ¶μ²Ö. „²Ö ¶·μ¸ÉμÉÒ ¡Ê¤ÊÉ · ¸¸³ É·¨¢ ÉÓ¸Ö ±¢ ·±¨ μ¤´μ£μ  ·μ-
³ É . ‘ÉμÌ ¸É¨Î¥¸±μ¥ £²Õμ´´μ¥ ¶μ²¥ ¡Ê¤¥É Ì · ±É¥·¨§μ¢ ÉÓ¸Ö ´¥±μÉμ·μ° ±μ··¥²ÖÍ¨μ´-
´μ° ËÊ´±Í¨¥°, ¶·¨¢¥¤¥´´μ° ´¨¦¥. �²μÉ´μ¸ÉÓ ² £· ´¦¨ ´  ¨³¥¥É ¢¨¤

LE = q̄ (iγμDμ + im) q, (1)

£¤¥ q Å ¶μ²Ö ±¢ ·±μ¢; Dμ = ∂μ−igAa
μta, Aa

μ Å £²Õμ´´μ¥ ¶μ²¥; ta = λa/2 Å £¥´¥· Éμ·Ò
Í¢¥Éμ¢μ° ± ²¨¡·μ¢μÎ´μ° £·Ê¶¶Ò SU(Nc); m Å Éμ±μ¢ Ö ³ ¸¸ , μ = 1, 2, 3, 4. �²μÉ´μ¸ÉÓ
² £· ´¦¨ ´  ¶·¨¢¥¤¥´  ¢ ¥¢±²¨¤μ¢μ³ ¢¨¤¥, γμ Å Ô·³¨Éμ¢Ò ³ É·¨ÍÒ „¨· ±  (γ+

μ = γμ,
{γμ, γν} = 2 δμν), ¤²Ö μ¶·¥¤¥²¥´´μ¸É¨ ¢§ÖÉÒ¥ ¢ ±¨· ²Ó´μ³ ¶·¥¤¸É ¢²¥´¨¨. „²Ö ¶²μÉ´μ¸É¨
£ ³¨²ÓÉμ´¨ ´  ¨³¥¥³

H = πq̇ − LE , π =
∂LE

∂q̇
= iq+, (2)
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¢ Î ¸É´μ¸É¨, ¤²Ö ´¥¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¶μ²¥°

H0 = −q̄ (iγ∇ + im)q. (3)

‚ Ï·¥¤¨´£¥·μ¢¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ Ô¢μ²ÕÍ¨Ö ±¢ ´Éμ¢μ£μ ±¢ ·±μ¢μ£μ ¶μ²Ö μ¶·¥¤¥²Ö-
¥É¸Ö Ê· ¢´¥´¨¥³ ´  ¸μ¸ÉμÖ´¨¥ ¶μ²Ö Ψ

Ψ̇ = −HΨ, (4)

¶·¨Î¥³ μ¶¥· Éμ·Ò ±¢ ·±μ¢μ£μ ¶μ²Ö ´¥ § ¢¨¸ÖÉ μÉ ¢·¥³¥´¨ Ö¢´μ:

qαi(x) =
∫

dp
(2π)3

1
(2|p|)1/2

[
a(p, s, c) uαi(p, s, c) eipx + b+(p, s, c) vαi(p, s, c) e−ipx

]
,

(5)
¢¸Õ¤Ê ¶μ¤· §Ê³¥¢ ¥É¸Ö ¸Ê³³¨·μ¢ ´¨¥ ¶μ ¨´¤¥±¸ ³ s ¨ c. ‚¨¤ ¤¨· ±μ¢¸±¨-¸μ¶·Ö¦¥´´μ£μ
¸¶¨´μ·  ¡Ê¤¥É Ö¸¥´ ¨§ ¶μ¸²¥¤ÊÕÐ¥£μ (¸³. ´¨¦¥). ‚ ÔÉμ³ ¢Ò· ¦¥´¨¨ ¨´¤¥±¸ s μ¶¨¸Ò¢ ¥É
¤¢¥ ¢μ§³μ¦´Ò¥ ¸¶¨´μ¢Ò¥ ¶μ²Ö·¨§ Í¨¨ ±¢ ·± ,   ¨´¤¥±¸ c ¤μ²¦¥´ ¨£· ÉÓ  ´ ²μ£¨Î´ÊÕ
·μ²Ó ¢ μÉ´μÏ¥´¨¨ Í¢¥É . ”¨±¸ Í¨Ö ¸¶¨´μ¢μ° ¶μ²Ö·¨§ Í¨¨, ± ± ¨§¢¥¸É´μ, μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
´ ²μ¦¥´¨¥³ ´  ¸¶¨´μ· ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¤μ¶μ²´¨É¥²Ó´μ£μ Ê¸²μ¢¨Ö (¸³. ´¨¦¥). �·Ö³μ£μ
¥£μ  ´ ²μ£  ¤²Ö Í¢¥Éμ¢μ° ¶μ²Ö·¨§ Í¨¨ ´¥ ¸ÊÐ¥¸É¢Ê¥É, ¨ ¸μ¸ÉμÖ´¨¥ Ë¨±¸¨·Ê¥É¸Ö ´¥±μ-
Éμ·Ò³ ¶μ²´Ò³ ´ ¡μ·μ³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±μ³³ÊÉ¨·ÊÕÐ¨Ì £¥´¥· Éμ·μ¢, ¢±²ÕÎ ÕÐ¨Ì, ¢
Î ¸É´μ¸É¨, ± §¨³¨·μ¢¸±¨¥ μ¶¥· Éμ·Ò. �¤´ ±μ ´ ¸Éμ²Ó±μ ¶μ²´ Ö ¸¶¥Í¨Ë¨± Í¨Ö ¸¶¨´μ· 
¶μ Í¢¥ÉÊ ´ ³ ´¥ ¶μ´ ¤μ¡¨É¸Ö. � ¡²Õ¤ ¥³Ò¥ ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ ¸Ê³³Ò ¶μ ¢¸¥³ ¶μ²Ö·¨-
§ Í¨Ö³ ´¥±μÉμ·ÒÌ ¡¨²¨´¥°´ÒÌ ±μ³¡¨´ Í¨° ¸¶¨´μ·μ¢ ¢ ¢¨¤¥ ¸¨´£²¥É´μ£μ ¨ μ±É¥É´μ£μ
¸μ¸ÉμÖ´¨°, ¶·¨Î¥³ ¸¨´£²¥É´ Ö ¶μ Í¢¥ÉÊ ±μ´Ë¨£Ê· Í¨Ö ±¢ ·±μ¢ μÉ¢¥Î ¥É Ô´¥·£¥É¨Î¥¸±¨
¡μ²¥¥ ¢Ò£μ¤´μ³Ê ¸μ¸ÉμÖ´¨Õ.

�²μÉ´μ¸ÉÓ £ ³¨²ÓÉμ´¨ ´  ¢§ ¨³μ¤¥°¸É¢¨Ö ¢Ò· ¦ ¥É¸Ö ± ±

VS = q̄(x) taγμAa
μ(t,x) q(x). (6)

Ÿ¢´ Ö § ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ ¢ ¶²μÉ´μ¸É¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨³¥¥É¸Ö Éμ²Ó±μ Ê £²Õμ´´μ£μ
¶μ²Ö. ŒÒ ¡Ê¤¥³ ¨´É¥·¥¸μ¢ ÉÓ¸Ö ¸ÉμÌ ¸É¨Î¥¸±¨³ £²Õμ´´Ò³ ¶μ²¥³, ÉμÎ´¥¥, É ±¨³ ¸²ÊÎ °-
´Ò³ ¶·μÍ¥¸¸μ³, ±μ£¤  ³μ¦´μ ²¨ÏÓ £μ¢μ·¨ÉÓ μ¡ μ¶·¥¤¥²¥´´μ° ¢¥·μÖÉ´μ¸É¨ ¶μÖ¢²¥´¨Ö
Éμ° ¨²¨ ¨´μ° £²Õμ´´μ° ±μ´Ë¨£Ê· Í¨¨. ‚ É ±¨Ì Ê¸²μ¢¨ÖÌ ¨ ¸ ³μ μ¶¨¸ ´¨¥ ±¢ ·±μ-
¢μ£μ ¶μ²Ö, μ¸ÊÐ¥¸É¢²Ö¥³μ¥ Ê· ¢´¥´¨¥³ (4), ¸É ´μ¢¨É¸Ö Ê¦¥ ¢¥·μÖÉ´μ¸É´Ò³ ¶·μÍ¥¸¸μ³.
�μÔÉμ³Ê ¨³¥¥É ¸³Ò¸² μ¶¨¸Ò¢ ÉÓ ¸μ¸ÉμÖ´¨Ö ¸¨¸É¥³Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸·¥¤´¨³¨ (¶μ
®¢·¥³¥´¨¯). �¤´ ±μ ¶μ ¸¢μ¥³Ê Ë¨§¨Î¥¸±μ³Ê ¸³Ò¸²Ê ¢μ²´μ¢ Ö ËÊ´±Í¨Ö Ψ Ö¢²Ö¥É¸Ö  ³-
¶²¨ÉÊ¤μ° ¢¥·μÖÉ´μ¸É¨, ¨ ¶μÔÉμ³Ê ´¥¶μ¸·¥¤¸É¢¥´´μ¥ Ê¸·¥¤´¥´¨¥, 〈Ψ〉, ³μ¦¥É μ± § ÉÓ¸Ö
¡¥¸¸μ¤¥·¦ É¥²Ó´Ò³. 	μ²¥¥ ¶μ¸²¥¤μ¢ É¥²Ó´Ò³ ¡Ò²μ ¡Ò ¨§ÊÎ¥´¨¥ ¸·¥¤´¥£μ μÉ ¶²μÉ´μ¸É¨

¢¥·μÖÉ´μ¸É¨ 〈
∗
ΨΨ〉, ±μÉμ·μ¥, ±¸É É¨ ¸± § ÉÓ, ³μ¦´μ É ±¦¥ ·¥ ²¨§μ¢ ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³

Ê¸²μ¦´¥´¨¥³ ±μ´É¨´Ê ²Ó´μ£μ ¨´É¥£· ²  [1] ¨²¨ ¦¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ³ É·¨Í¥Õ ¶²μÉ´μ-
¸É¨. �μ-¢¨¤¨³μ³Ê, ³μ¦´μ Ê± § ÉÓ μ¤¨´ ¸²ÊÎ °, ±μ£¤  ¨¸¶μ²Ó§μ¢ ´¨¥ Ê¸·¥¤´¥´´μ°  ³¶²¨-
ÉÊ¤Ò ¢¥·μÖÉ´μ¸É¨ 〈Ψ〉 μ¶· ¢¤ ´μ, ÔÉμ Å ¸²ÊÎ ° μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö.

‚ ¶·¥¤¸É ¢²¥´¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö Ψ = eH0t Φ Ê· ¢´¥´¨¥ (4) ¶¥·¥¶¨Ï¥É¸Ö ¢ ¢¨¤¥

Φ̇ = −V Φ, V = eH0t VS e−H0t. (7)
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’¥¶¥·Ó, ´ ·Ö¤Ê ¸ £²Õμ´´Ò³ ¶μ²¥³, § ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ ¶μÖ¢¨² ¸Ó ¨ ¢ μ¶¥· Éμ· Ì
±¢ ·±μ¢. �ÊÉ¥³ Ê¸·¥¤´¥´¨Ö ¶μ ¡Ò¸É·μ¶¥·¥³¥´´μ° ±μ³¶μ´¥´É¥ ¤²Ö ¤²¨´´μ¢μ²´μ¢μ° ¸μ-
¸É ¢²ÖÕÐ¥° ¶μ²ÊÎ ÕÉ

〈Φ̇(t)〉 = +

∞∫
0

dτ 〈V (t)V (t − τ)〉 〈Φ(t)〉. (8)

“¸²μ¢¨Ö, ¶·¨ ±μÉμ·ÒÌ ³μ¦´μ Ë ±Éμ·¨§μ¢ ÉÓ ¤²¨´´μ¢μ²´μ¢ÊÕ ±μ³¶μ´¥´ÉÊ, μ¡¸Ê¦¤ ÕÉ¸Ö,
´ ¶·¨³¥·, ¢ [2]. � ¶μ³´¨³ ´¥±μÉμ·Ò¥ μ¡¸ÉμÖÉ¥²Ó¸É¢ , ¸¢Ö§ ´´Ò¥ ¸ ¢Ò¢μ¤μ³ ¶·¨¡²¨¦¥-
´¨Ö (8). ‡´ ±, ¸ ±μÉμ·Ò³ ¢Ìμ¤¨É ±μ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö, ¸É·μ£μ μ¶·¥¤¥²¥´. ‚ ¸¨²Ê
¶·¥¤¶μ² £ ¥³μ£μ ¡Ò¸É·μ£μ ¸¶ ¤ ´¨Ö ±μ··¥²ÖÍ¨° ³μ¦´μ · ¸¶·μ¸É· ´¨ÉÓ ¨´É¥£·¨·μ¢ ´¨¥
¤μ ¡¥¸±μ´¥Î´μ¸É¨. „²Ö Éμ£μ ÎÉμ¡Ò ¢³¥¸Éμ ¨´É¥£·μ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ Ê· ¢´¥´¨Ö ¨³¥ÉÓ
¤¥²μ ¸ μ¡Ò±´μ¢¥´´Ò³ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³ Ê· ¢´¥´¨¥³, § ±μ´´μ, ´¥ ¢ÒÌμ¤Ö §  ¶·¥¤¥²Ò
 ¶¶·μ±¸¨³ Í¨¨, ¢ ¶· ¢μ° Î ¸É¨ Ê· ¢´¥´¨Ö ¨¸¶μ²Ó§μ¢ ÉÓ 〈Φ(t)〉. ‚ ¶·¨³¥´¥´¨¨ ¶·¨¡²¨-
¦¥´¨Ö (8) ± ±¢ ´Éμ¢μ° É¥μ·¨¨ ¶μ²Ö ³Ò ¸É ²±¨¢ ¥³¸Ö ¸ ¥Ð¥ μ¤´μ° ¶·μ¡²¥³μ°: § É·Ê¤´¨-
É¥²Ó´μ ¶μ²ÊÎ¨ÉÓ ±μ··¥²ÖÍ¨μ´´ÊÕ ËÊ´±Í¨Õ μ¡Ð¥£μ ¢¨¤ , ±μ£¤  Ì · ±É¥·´Ò¥ ±¢ ·±μ¢Ò¥
¨ £²Õμ´´Ò¥ ±μ··¥²ÖÍ¨μ´´Ò¥ ¢·¥³¥´  ¸· ¢´¨³Ò. …¤¨´¸É¢¥´´Ò° ¶·μ¸Éμ° ¶·¥¤¥²Ó´Ò°
¸²ÊÎ ° Å ÔÉμ ±μ£¤  ±¢ ·±μ¢Ò¥ ¶μ²Ö · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ¡Ò ¶μ¸ÉμÖ´´Ò³¨, ´  Ëμ´¥
£²Õμ´´ÒÌ. �·¨ ÔÉμ³ £²Õμ´´Ò° ¢±² ¤ Ë ±Éμ·¨§Ê¥É¸Ö ¢ ¢¨¤¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ±μ··¥²Ö-
Í¨μ´´μ° ËÊ´±Í¨¨ 〈Aa

μ(x)Ab
ν (y)〉. �μ-¢¨¤¨³μ³Ê, ÔÉμÉ ¶·¨¥³ μ¶· ¢¤ ´ ¢ ¶·¨³¥´¥´¨¨ ±

¶μ¨¸±Ê μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö. ‡ ³¥É¨³ É ±¦¥, ÎÉμ Ê¸·¥¤´¥´¨¥ ¶μ ®¢·¥³¥´¨¯ ( ´¸ ³¡²Õ)
¢ ¶· ¢μ° Î ¸É¨ Ë¨´ ²Ó´μ° Ëμ·³Ê²Ò (8) ¶·μ¢μ¤¨É¸Ö ± ± ¡Ò ¤¢ ¦¤Ò, ¨ ¢ ±μ··¥²ÖÉμ·¥,
¨ ¢ 〈Φ(t)〉. „²Ö ±¢ ´Éμ¢μ° É¥μ·¨¨ ¶μ²Ö ÔÉμ μ§´ Î ¥É, ÎÉμ ¶ÊÉ¥³ ¶¥·¥¸Ê³³¨·μ¢ ´¨Ö ¨
Ê¸·¥¤´¥´¨Ö ± ±μ£μ-²¨¡μ ±² ¸¸  ¤¨ £· ³³ ³μ¦´μ ¶μ-· §´μ³Ê ÊÎ¨ÉÒ¢ ÉÓ ¢±² ¤Ò ¢Ò¸Ï¨Ì
±μ··¥²ÖÉμ·μ¢, ¸¶¥Í¨Ë¨Í¨·ÊÖ ¢¨¤ ËÊ´±Í¨¨ 〈Φ(t)〉.

ˆ´É¥·¥¸´Ò¥ ¢ ¶·¨³¥´¥´¨¨ ± ±¢ ´Éμ¢μ° É¥μ·¨¨ ¶μ²Ö ±μ··¥²ÖÍ¨μ´´Ò¥ ËÊ´±Í¨¨ ¤μ²¦´Ò
¡ÒÉÓ É· ´¸²ÖÍ¨μ´´μ-¨´¢ ·¨ ´É´Ò, ¨ ¶μÔÉμ³Ê ±μ··¥²ÖÉμ· ¢ Ëμ·³Ê²¥ (8) ¤μ²¦¥´ ¶·¥¤¸É -
¢²ÖÉÓ¸Ö ¢ ¢¨¤¥

〈V (t)V (t − τ)〉 = F (τ),

É. ¥., ´ ¶·¨³¥·, μ¤´μ³¥·´Ò° ¶·μÍ¥¸¸, ¶μ¸²¥ ¨´É¥£·¨·μ¢ ´¨Ö ¢ (8), μ¶¨¸Ò¢ ¥É¸Ö ¶·μ¸Éμ
±μ´¸É ´Éμ°, Ì · ±É¥·¨§ÊÕÐ¥° ³¥¤²¥´´Ò° ¶·μÍ¥¸¸. ‚ ¨´É¥·¥¸ÊÕÐ¥³ ¦¥ ´ ¸ ¸²ÊÎ ¥ ±¢ ´-
Éμ¢μ° É¥μ·¨¨ ¶μ²Ö ¢³¥¸Éμ ±μ´¸É ´ÉÒ ¶μÖ¢¨É¸Ö ±μ··¥²ÖÉμ·, ¸¢Ö§Ò¢ ÕÐ¨° ¤¢¥ ¶·μ¸É· ´-
¸É¢¥´´Ò¥ ÉμÎ±¨,

〈Φ̇(t)〉 =
∫

dx q̄(x, t)taγμq(x, t)×

×
∞∫
0

dτ

∫
dy q̄(y, t − τ)tbγν q(y, t − τ)g2〈Aa

μ(t,x)Ab
ν(t − τ,y)〉〈Φ(t)〉.

�·¥¤¶μ² £ Ö, ÎÉμ ±μ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö ¡Ò¸É·μ ¸¶ ¤ ¥É ¢μ ¢·¥³¥´¨, ¶·¥´¥¡·¥¦¥³
§ ¶ §¤Ò¢ ´¨¥³ ¨ § ³¥´¨³ ¶·¨¡²¨¦¥´´μ ®¢·¥³Ö¯ t − τ ¢ ±¢ ·±μ¢ÒÌ ¶μ²ÖÌ ´  t, ¶μ¸²¥
Î¥£μ ¸μ¢¥·Ï¨³ μ¡· É´μ¥ ¶·¥μ¡· §μ¢ ´¨¥ ± ¶·¥¤¸É ¢²¥´¨Õ ˜·¥¤¨´£¥· . ‚¢μ¤Ö ËÊ´±-
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Í¨Õ χ = e−H0t 〈Φ〉, ¶μ²ÊÎ¨³1

χ̇ = −Hind χ,

Hind = −q̄ (iγ∇ + im) q − q̄taγμq

∫
dy q̄′tbγνq′

∞∫
0

dτ g2〈Aa
μA

′b
ν 〉,

(9)

£¤¥ q = q(x), q̄ = q̄(x), q′ = q(y), q̄′ = q̄(y), Aa
μ = Aa

μ(t,x), A
′b
ν = Ab

ν(t−τ,y). ˆ¸Ìμ¤Ö ¨§
¢¨¤  ¨´¤ÊÍ¨·μ¢ ´´μ£μ 4-Ë¥·³¨μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¡Ê¤¥³ ¨¸± ÉÓ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥
± ± ¡μ£μ²Õ¡μ¢¸±ÊÕ ¶·μ¡´ÊÕ ËÊ´±Í¨Õ [3]

|σ〉 = T |0〉,
(10)

T = Πp,s,c exp{ϕ[ a+(p, s, c) b+(−p, s, c) + a(p, s, c) b(−p, s, c)]}

(§¤¥¸Ó ϕ = ϕ(p), |0〉 Å ¢ ±ÊÊ³ ¸¢μ¡μ¤´μ£μ £ ³¨²ÓÉμ´¨ ´  a(p, s, c) |0〉 = 0,
b(p, s, c) |0〉 = 0), ±μÉμ· Ö μ¶·¥¤¥²Ö¥É¸Ö ¨§ Ê¸²μ¢¨Ö ³¨´¨³Ê³  ¸·¥¤´¥° Ô´¥·£¨¨ ¶μ ϕ

E = 〈σ|H |σ〉. (11)

‚¢μ¤Ö ¸ ¶μ³μÐÓÕ μ¤¥¢ ÕÐ¥£μ ¶·¥μ¡· §μ¢ ´¨Ö T μ¶¥· Éμ·Ò ·μ¦¤¥´¨Ö ¨ Ê´¨ÎÉμ¦¥´¨Ö
±¢ §¨Î ¸É¨Í

A = T a T−1, B+ = T b+T−1, (T−1 = T + Å¤²Ö Ë¥·³¨μ´μ¢),

¶·¥¤¸É ¢¨³ μ¶¥· Éμ· (5) ¢ ¢¨¤¥

q(x) =
∫

dp
(2π)3

1
(2|p4|)1/2

[
A(p, s, c) U(p, s, c) eipx + B+(p, s, c) V (p, s, c) e−ipx

]
,

(12)
£¤¥ ¸¶¨´μ·Ò U ¨ V § ¤ ÕÉ¸Ö ± ±

U(p, s, c) = cos(ϕ) u(p, s, c) − sin(ϕ) v(−p, s, c),
(13)

V (p, s, c) = sin(ϕ) u(−p, s, c) + cos(ϕ) v(p, s, c).

„¨· ±μ¢¸±¨-¸μ¶·Ö¦¥´´Ò° ¸¶¨´μ· μ¶·¥¤¥²Ö¥É¸Ö ¶μ ¶· ¢¨²Ê

q̄(x) =
∫

dp
(2π)3

1
(2|p4|)1/2

[
A+(p, s, c) U(p, s, c) e−ipx + B(p, s, c)V (p, s, c) eipx

]
, (14)

£¤¥ U(p, s, c) = U+(p, s, c) γ4, V (p, s, c) = V +(p, s, c) γ4.
’¥¶¥·Ó ¸¶¥Í¨Ë¨Í¨·Ê¥³ ´ Ï ¢Ò¡μ· ¸¶¨´μ·μ¢ ¢ ¥¢±²¨¤μ¢ÒÌ ¶¥·¥³¥´´ÒÌ. �´¨ Ê¤μ¢²¥-

É¢μ·ÖÕÉ Ê· ¢´¥´¨Õ „¨· ± 

(p̂ − im) u(p) = 0, (p̂ + im) v(p) = 0, (15)

£¤¥ p̂ = p4γ4+pγ, ¨ ¤μ¶μ²´¨É¥²Ó´μ³Ê Ê¸²μ¢¨Õ, Ì · ±É¥·¨§ÊÕÐ¥³Ê ¶μ²Ö·¨§ Í¨Õ ¸¶¨´μ· ,

iγ5ŝu(p) = u(p), iγ5ŝv(p) = v(p), (16)

1‚ μ¡Ð¥³ ¸²ÊÎ ¥ ÔÉμ ¢Ò· ¦¥´¨¥ ´¥ ¸μ¢¶ ¤ ¥É ¸ 〈e−H0t Φ〉.
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£¤¥ γ5 = −γ1γ2γ3γ4,   4-¢¥±Éμ· s ´μ·³¨·μ¢ ´ ´  ¥¤¨´¨ÍÊ ¨ μ·Éμ£μ´ ²¥´ 4-¢¥±Éμ·Ê p:
s2 = 1, (ps) = 0. � ¶·¨³¥·,

s4 =
(pn)
im

, s = n +
(pn) p

im (p4 − im)
,

  n Å ¶·μ¨§¢μ²Ó´Ò° ¥¤¨´¨Î´Ò° ¢¥±Éμ·. � ² £ Ö ¤ ²¥¥ ±μ¢ ·¨ ´É´μ¥ Ê¸²μ¢¨¥ ´μ·³¨-
·μ¢±¨

ūu = 2im, v̄v = −2im, (17)

μ¶·¥¤¥²¨³ ¸¶¨´μ·Ò μ±μ´Î É¥²Ó´μ, ¸ ÉμÎ´μ¸ÉÓÕ ¤μ Ë §μ¢μ£μ ³´μ¦¨É¥²Ö. �·¥¤¸É ¢²¥´´ÒÌ
Ê¸²μ¢¨° ¤μ¸É ÉμÎ´μ, ÎÉμ¡Ò ¶μ²ÊÎ¨ÉÓ ¸²¥¤ÊÕÐ¥¥ ³ É·¨Î´μ¥ ¶·¥¤¸É ¢²¥´¨¥:

u(p) ū(p) =
p̂ + im

2
(1 + iγ5ŝ), v(p) v̄(p) =

p̂ − im

2
(1 + iγ5ŝ), (18)

¤²Ö ¶·μ¸ÉμÉÒ § ¶¨¸¨ ¶μ²Ö·¨§ Í¨μ´´Ò° ¨´¤¥±¸ s Ê ¸¶¨´μ·μ¢ ´¥ ¢Ò¶¨¸Ò¢ ¥³. �·¨ ´ Ìμ-
¦¤¥´¨¨ ¸·¥¤´¥£μ (11), ± ± ²¥£±μ ¢¨¤¥ÉÓ ¨§ (13), ¢¸É·¥ÉÖÉ¸Ö ±μ³¡¨´ Í¨¨ ¸¶¨´μ·μ¢ ¸μ ¢§ -
¨³´μ ¶·μÉ¨¢μ¶μ²μ¦´Ò³¨ ¨³¶Ê²Ó¸ ³¨. „²Ö Ê¤μ¡¸É¢  § ¶¨¸¨ ¢¢¥¤¥³ 4-¢¥±Éμ· q = (p4,−p).
‘ ¶μ³μÐÓÕ ¶·μ¥±Í¨μ´´ÒÌ μ¶¥· Éμ·μ¢ ¢Ò· §¨³, ´ ¶·¨³¥·, ¸¶¨´μ· v(q, s) Î¥·¥§ ¸¶¨-
´μ· u(p, s)

v(q, s) = α
q̂ − im

−2im

1 + iγ5ŝ

2
u(p, s). (19)

ŠμÔËË¨Í¨¥´É α ´ Ìμ¤¨É¸Ö ¨§ ±μ¢ ·¨ ´É´μ£μ Ê¸²μ¢¨Ö ´μ·³¨·μ¢±¨ (17) ¨ μ¶·¥¤¥²Ö¥É¸Ö ¸
ÉμÎ´μ¸ÉÓÕ ¤μ Ë §Ò

∗
α α= − 2m2

(pq) + m2 =
m2

p2 , |α| =
m

|p| . (20)

‚ ·¥§Ê²ÓÉ É¥ ¤²Ö ¸Ê³³ ¶μ ¸¶¨´μ·´Ò³ ¸μ¸ÉμÖ´¨Ö³ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ∑
s

u(q, s) v̄(p, s) = α
q̂ + im

2im
(p̂ − im),

∑
s

v(p, s) ū(q, s) =
∗
α (p̂ − im)

q̂ + im

2im
,

(21)∑
s

u(p, s) v̄(q, s) =
∗
α (p̂ + im)

q̂ − im

2im
,

∑
s

v(q, s) ū(p, s) = α
q̂ − im

2im
(p̂ + im).

�·¨ ¢ÒÎ¨¸²¥´¨¨ ¸·¥¤´¥£μ (11) ´¥É·¨¢¨ ²Ó´Ò° ¢±² ¤, ¡¨²¨´¥°´Ò° ¶μ ±¢ ·±μ¢Ò³ μ¶¥-
· Éμ· ³, ¢μ§´¨± ¥É μÉ ±μ³¡¨´ Í¨° ¢¨¤  〈σ|BB+|σ〉. � ¶μ³´¨³, ÎÉμ B|σ〉 = 0, A|σ〉 = 0.
‚±² ¤ 〈σ|AA+|σ〉 μÉ¸ÊÉ¸É¢Ê¥É ¢ ¸¨²Ê ¶·¨³¥´Ö¥³μ£μ ¶·¥¤¸É ¢²¥´¨Ö ¡¨²μ± ²Ó´ÒÌ μ¶¥· -
Éμ·μ¢ ¢ ¢¨¤¥ q̄q, ¢ ·¥§Ê²ÓÉ É¥ Î¥£μ ±¢ ¤· É¨Î´Ò¥ ¢±² ¤Ò ¢Ò· ¦ ÕÉ¸Ö Éμ²Ó±μ Î¥·¥§ V -,
V̄ -¸¶¨´μ·Ò. �´ ²μ£¨Î´Ò³ μ¡· §μ³ ¨ ¢ Î¥ÉÒ·¥Ì±¢ ·±μ¢ÒÌ μ¶¥· Éμ· Ì ´¥´Ê²¥¢Ò³¨ μ± -
§Ò¢ ÕÉ¸Ö ¤¢¥ ±μ³¡¨´ Í¨¨ 〈σ|BB+B′B

′+|σ〉 ¨ 〈σ|BAA
′+B

′+|σ〉. �¥·¢ Ö μÉ¢¥Î ¥É ¢±² ¤Ê
£μ²μ¢ ¸É¨Î´ÒÌ ¤¨ £· ³³, ¢Éμ· Ö ¶·¨´ ¤²¥¦¨É ±² ¸¸Ê É ± ´ §Ò¢ ¥³ÒÌ §¢¥§¤Î ÉÒÌ1 ¤¨ -

1…¸²¨ ¨´É¥·¥¸μ¢ ÉÓ¸Ö ¢±² ¤ ³¨ ¸ÉμÌ ¸É¨Î¥¸±¨Ì £²Õμ´´ÒÌ ¶μ²¥° Éμ²Ó±μ ¢ ¸É ·Ï¥³ μ¤´μÎ ¸É¨Î´μ³ ¶·¨¡²¨-
¦¥´¨¨, Éμ ¢¸¥ £²Õμ´´Ò¥ ²¨´¨¨ ¡Ê¤ÊÉ ¨§μ¡· ¦ ÉÓ¸Ö ¨¸Ìμ¤ÖÐ¨³¨ ¨§ μ¤´μ° ÉμÎ±¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ±μμ·¤¨´ É¥
Í¥´É·  £²Õμ´´μ° ±μ´Ë¨£Ê· Í¨¨.
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£· ³³. ‚ ·¥§Ê²ÓÉ É¥ ¢±² ¤ Î¥ÉÒ·¥ÌË¥·³¨μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥

〈˜Aa
μAb

ν(0)〉
∫

dp dp′

(2π)6
1

4|p4||p′4|
×

× V αi(p, s, c)taijγ
μ
αβVβj(p, s, c)V γk(p′, s′, c′)tbklγ

μ
γδVδl(p′, s′, c′)+

+
∫

dp dp′

(2π)6
1

4|p4||p′4|
×

× V αi(p, s, c)taijγ
μ
αβVδl(p, s, c)Uγk(p′, s′, c′)tbklγ

ν
γδUβj(p′, s′, c′)〈˜Aa

μAb
ν(p + p′)〉.

‡¤¥¸Ó 〈˜Aa
μA′b

ν
〉 μ¡μ§´ Î ¥É ËÊ·Ó¥-μ¡· § £²Õμ´´μ£μ ±μ··¥²ÖÉμ· , ¨ ¶μ¤· §Ê³¥¢ ¥É¸Ö ¸Ê³³ 

¶μ ¸¶¨´μ·´Ò³ ¨ Í¢¥Éμ¢Ò³ ¨´¤¥±¸ ³. „²Ö ¸¨´£²¥É´μ° ¶μ Í¢¥ÉÊ ±μ´Ë¨£Ê· Í¨¨ ±¢ ·±μ¢
¢±² ¤ ¶¥·¢μ° £μ²μ¢ ¸É¨Î´μ° ¤¨ £· ³³Ò Éμ¦¤¥¸É¢¥´´μ μ¡· Ð ¥É¸Ö ¢ ´μ²Ó. ‚ μ±É¥É´μ³
± ´ ²¥ ¶μ²ÊÎ ¥³ μÉÉ ²±¨¢ ´¨¥ ±¢ ·±μ¢ ∼ −1/(4Nc), ¨ ¶μÔÉμ³Ê ÔÉμÉ ·¥¦¨³ ³μ¦´μ ´¥
· ¸¸³ É·¨¢ ÉÓ ¶·¨ ¶μ¨¸±¥ ³¨´¨³Ê³  ¸·¥¤´¥£μ (11). „²Ö ¸Ê³³ ¸¶¨´μ·μ¢ ¢ ¶·¥¤¸É ¢²¥´´μ³
¢Ò· ¦¥´¨¨ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ

V V = p4γ4 + cos(θ) (pγ − im) −
∗
α + α

2im
sin(θ) (p2 − im pγ),

UU = p4γ4 + cos(θ) (pγ + im) +
∗
α + α

2im
sin(θ) (p2 + im pγ),

£¤¥ Ê£μ² θ = 2ϕ. �É³¥É¨³, ÎÉμ V V (m) = UU(−m), ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¢±² ¤Ò ¸μ¢¶ ¤ ÕÉ
Éμ²Ó±μ ¢ ±¨· ²Ó´μ³ ¶·¥¤¥²¥ m = 0.

„²Ö Éμ£μ ÎÉμ¡Ò § ¶¨¸ ÉÓ μ±μ´Î É¥²Ó´Ò° μÉ¢¥É, § Ë¨±¸¨·Ê¥³ ¢¨¤ ±μ··¥²ÖÍ¨μ´´μ°
ËÊ´±Í¨¨. 	Ê¤¥³ μ·¨¥´É¨·μ¢ ÉÓ¸Ö ´  ¸ÉμÌ ¸É¨Î¥¸±¨°  ´¸ ³¡²Ó ( ´É¨)¨´¸É ´Éμ´μ¢ ¢ ¸¨´-
£Ê²Ö·´μ° ± ²¨¡·μ¢±¥. ˆ´¸É ´Éμ´´μ¥ ·¥Ï¥´¨¥ ¶·¥¤¸É ¢¨³μ ¢ ¢¨¤¥

Aa
μ(x) =

2
g
4π2iρ2ωabη̄μbν

∫
dq

(2π)4
qν φ(q) eiq(x−z), φ(q) =

1
q2

(
K2(qρ) − 2

q2ρ2

)
, (22)

£¤¥ K2 Å ³μ¤¨Ë¨Í¨·μ¢ ´´ Ö ËÊ´±Í¨Ö 	¥¸¸¥²Ö ³´¨³μ£μ  ·£Ê³¥´É ; ρ Å · §³¥· ¨´-
¸É ´Éμ´ , ³ É·¨Í  ω μ¶·¥¤¥²Ö¥É μ·¨¥´É Í¨Õ ¢ Í¢¥Éμ¢μ³ ¶·μ¸É· ´¸É¢¥; z Å ±μμ·¤¨´ É 
Í¥´É·  ¨´¸É ´Éμ´ ; η̄ Å ¸¨³¢μ² É'•μμËÉ . ‚ ¸É ·Ï¥³ ¶μ ¶²μÉ´μ¸É¨ ±μ´Ë¨£Ê· Í¨¨ n-
¶μ·Ö¤±¥ ¶·μ¨´É¥£·¨·μ¢ ´´Ò° ¶μ ®¢·¥³¥´´μ°¯ ±μμ·¤¨´ É¥ ËÊ·Ó¥-μ¡· § ¨´É¥·¥¸ÊÕÐ¥£μ
´ ¸ ±μ··¥²ÖÉμ·  ( ´É¨)¨´¸É ´Éμ´´μ£μ  ´¸ ³¡²Ö ³μ¦´μ ¨§¢²¥ÎÓ ¨§ ¸²¥¤ÊÕÐ¥£μ ¸μμÉ´μ-
Ï¥´¨Ö

∞∫
0

dx4〈Aa
μ(x)Ab

ν (y)〉 =
1
2

∞∫
−∞

dx4〈Aa
μ(x)Ab

ν (y)〉 =

=
4(4π2)2

g2

δabnρ4

N2
c − 1

(δμνδαβ − δμαδνβ)
∫

dp

(2π)4
pαpβeip(x−y)φ(−p)φ(p)

1
2
2πδ(p4). (23)
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�¥·¢μ¥ · ¢¥´¸É¢μ ¢Ò¶μ²´¥´μ ¢ ¸¨²Ê ¸¢μ°¸É¢ ¸¨³³¥É·¨¨ ¨´¸É ´Éμ´´μ£μ ·¥Ï¥´¨Ö. Šμ··¥-
²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥

〈˜Aa
μAb

ν(p)〉 =
(4π2)2nρ4

g2

2δab

N2
c − 1

[I(p)δμν − Jμν(p)] ,

(24)
I(p) = p2φ(−p)φ(p), Jij(p) = pipjφ(−p)φ(p), J0i = Ji0 = J00 = 0.

‚ÒÎ¨¸²¥´¨Ö ¶·¨¢μ¤ÖÉ ± ¸²¥¤ÊÕÐ¥³Ê ¢Ò· ¦¥´¨Õ ¤²Ö ¸·¥¤´¥£μ (11):

〈σ|Hind|σ〉 = −
∫

dp
(2π)3

2Ncp
2
4

|p4|
(1 − cos θ) + G̃

∫
dp dq
(2π)6

{
(3Ĩ − J̃)

p4q4

|p4||q4|
−

−(4Ĩ − J̃)
m2

|p4||q4|

(
cos θ −

∗
α + α

2
p2

m2 sin θ

) (
cos θ′ −

∗
α ′+ α′

2
q2

m2 sin θ′

)
+

+(2Ĩδij + 2J̃ij − J̃δij)
piqj

|p4||q4|

(
cos θ +

∗
α + α

2
sin θ

) (
cos θ′ +

∗
α ′+ α′

2
sin θ′

)}
, (25)

§¤¥¸Ó p = |p|, q = |q|, Ĩ = Ĩ(p + q), J̃ij = J̃ij(p + q), J̃ =
3∑

i=1

J̃ii, G̃ = (4π2)2 nρ4,

p2 = q2 = −m2, θ′ = θ(q). ‚ ¶¥·¢μ³ ¸² £ ¥³μ³ ³Ò ¢¢¥²¨ ·¥£Ê²Ö·¨§ÊÕÐ¨° ¢±² ¤,  
¨³¥´´μ ¥¤¨´¨ÍÊ ¢ ¸±μ¡±¥, ¸μ¤¥·¦ Ð¨° cos θ, ¶μ¸±μ²Ó±Ê ´μ·³¨·μ¢±  ËÊ´±Í¨μ´ ²  ´ 
¸¢μ¡μ¤´Ò° £ ³¨²ÓÉμ´¨ ´ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¶μ²´¥ Ê³¥¸É´μ°. � ¶μ³´¨³ É ±¦¥, ÎÉμ ¢ ¥¢-
±²¨¤μ¢ÒÌ ¶¥·¥³¥´´ÒÌ p2

4 Ö¢²Ö¥É¸Ö μÉ·¨Í É¥²Ó´μ° ¢¥²¨Î¨´μ°. “¸²μ¢¨¥ (20) Ë¨±¸¨·Ê¥É
Éμ²Ó±μ ³μ¤Ê²Ó α,   ¢Ò· ¦¥´¨¥ ¦¥ ¤²Ö ¸·¥¤´¥° Ô´¥·£¨¨ ¸μ¤¥·¦¨É, ¢μμ¡Ð¥ £μ¢μ·Ö, É ±¦¥

¨ ´¥±μÉμ·ÊÕ Ë §Ê:
∗
α + α. Œμ¤Ê²Ó ÔÉμ£μ ¢¥Ð¥¸É¢¥´´μ£μ Î¨¸²  ³μ¦¥É ³¥´ÖÉÓ¸Ö μÉ ´Ê²Ö

¤μ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö m/p. �´ ²¨§ ËÊ´±Í¨μ´ ²  ¸·¥¤´¥° Ô´¥·£¨¨ (25) ¶μ± §Ò¢ ¥É,
ÎÉμ ´ ¨¡μ²¥¥ ¢Ò£μ¤´Ò³¨ §´ Î¥´¨Ö³¨ ¶ · ³¥É·  α μ± §Ò¢ ÕÉ¸Ö ¤¥°¸É¢¨É¥²Ó´Ò¥ Î¨¸² 
α = ±|m|/p. � ¨³¥´ÓÏ¥¥ §´ Î¥´¨¥ ¸·¥¤´¥° Ô´¥·£¨¨ ¶·¨ ¶μ²μ¦¨É¥²Ó´μ³ α ¤μ¸É¨£ ¥É¸Ö
¤²Ö μÉ·¨Í É¥²Ó´μ° ¤¨´ ³¨Î¥¸±μ° ³ ¸¸Ò ±¢ ·± , ¨ ´ μ¡μ·μÉ, μÉ·¨Í É¥²Ó´μ³Ê α ¸μμÉ-
¢¥É¸É¢Ê¥É ¶μ²μ¦¨É¥²Ó´μ¥ §´ Î¥´¨¥ ¤¨´ ³¨Î¥¸±μ° ³ ¸¸Ò. ‹¥£±μ ¶·μ¸²¥¤¨ÉÓ ¨³¥ÕÐÊÕ¸Ö
¸¨³³¥É·¨Õ ¶·¨ ¨§³¥´¥´¨¨ §´ ±μ¢ m ¨ α. „²Ö μ¶·¥¤¥²¥´´μ¸É¨ ³Ò ´¨¦¥ ¡Ê¤¥³ · ¸¸³ -
É·¨¢ ÉÓ ¸²ÊÎ ° α = |m|/p. ˆ³¥Ö ¢Ò· ¦¥´¨¥ (25), ³μ¦´μ ´ °É¨ ´ ¨¢Ò£μ¤´¥°Ï¥¥ §´ Î¥´¨¥
Ê£²  θ ¨§ Ê¸²μ¢¨Ö

d〈σ|Hind|σ〉
dθ

= 0.

	Ê¤¥³ ¶μ² £ ÉÓ, ÎÉμ · §²¨Î´Ò¥ ¸ÉμÌ ¸É¨Î¥¸±¨¥  ´¸ ³¡²¨ £²Õμ´´ÒÌ ¶μ²¥° Ì · ±É¥·¨§Ê-
ÕÉ¸Ö ¸¢μ¨³¨ ¶·μË¨²Ó´Ò³¨ ËÊ´±Í¨Ö³¨ I(p), J(p).

�¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ ÉμÉ Ë ±É, ÎÉμ ¶μ²ÊÎ¥´´μ¥ ¢Ò· ¦¥´¨¥ (25) Ëμ·³ ²Ó´μ ´¥
¸¨³³¥É·¨Î´μ ¶μ μÉ´μÏ¥´¨Õ ± V - ¨ U -¸¶¨´μ· ³ (H0 ¢Ò· ¦ ¥É¸Ö Î¥·¥§ V V̄ -±μ³¡¨´ Í¨Õ
¸¶¨´μ·μ¢, Vint Î¥·¥§ V V̄ UŪ ), É. ¥. Î ¸É¨ÍÒ ¨  ´É¨Î ¸É¨ÍÒ ¢´¥ ±¨· ²Ó´μ£μ ¶·¥¤¥²  ¶·¨¢μ-
¤ÖÉ ± ± ± ¡Ò · §´Ò³ ¢±² ¤ ³. �·¨Î¨´  ¶μÖ¢²¥´¨Ö É ±μ° Ëμ·³ ²Ó´μ° ´¥¸¨³³¥É·¨¨ ¢ÒÏ¥
Ê¦¥ ¡Ò²  μÉ³¥Î¥´ . ŒÒ ³μ²Î ²¨¢μ Ë¨±¸¨·μ¢ ²¨ ¶μ·Ö¤μ± ¸²¥¤μ¢ ´¨Ö μ¶¥· Éμ·μ¢ ·μ¦¤¥-
´¨Ö ¨ Ê´¨ÎÉμ¦¥´¨Ö ¢ ¡¨²¨´¥°´ÒÌ ¨ ±¢ ¤· É¨Î´ÒÌ ¶μ ±¢ ·± ³ ¢Ò· ¦¥´¨ÖÌ. Š ± ¨§¢¥¸É´μ,
¸¨³³¥É·¨Õ ³μ¦´μ ¢μ¸¸É ´μ¢¨ÉÓ, ¥¸²¨ ´ ·Ö¤Ê ¸ q̄q ¨¸¶μ²Ó§μ¢ ÉÓ ¨ μ¡· É´μ¥ ¸²¥¤μ¢ ´¨¥
μ¶¥· Éμ·μ¢ qq̄ [4]. � ¶·¨³¥·, § ¶¨¸Ó ¸·¥¤´¥£μ μÉ μ¶¥· Éμ·  ¨³¶Ê²Ó¸  〈σ|q̄α pγαβ qβ |σ〉
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¶¥·¥°¤¥É ¢ 〈σ|qβ pγαβ q̄α|σ〉. ˆÉ ±, ¢¢μ¤Ö ¤¢  ´μ¢ÒÌ ¶ · ³¥É·  β, βs ¤²Ö ¢¥±Éμ·´ÒÌ ¨
¸± ²Ö·´ÒÌ ¡¨²¨´¥°´ÒÌ ±¢ ·±μ¢ÒÌ μ¶¥· Éμ·μ¢, ¶·μ¨§¢¥¤¥³ ¸²¥¤ÊÕÐ¨¥ § ³¥´Ò ¢ ³μ¤¥²Ó-
´μ³ £ ³¨²ÓÉμ´¨ ´¥ Hind → Hsv (¸³. Ëμ·³Ê²Ê (9))

q̄q → βsq̄q + (1 − βs)qq̄,
(26)

q̄γμq → βq̄γμq + (1 − β) qγT
μ q̄.

�¥ ¶·¥¤² £ Ö ¥Ð¥ ± ±¨Ì-²¨¡μ ¢ ·¨ ´Éμ¢ Ê¸²μ¦´¥´¨Ö ¸²¥¤μ¢ ´¨Ö μ¶¥· Éμ·μ¢, ¶·¨¢¥¤¥³
μ±μ´Î É¥²Ó´Ò° μÉ¢¥É:

〈σ|Hind|σ〉 = −
∫

dp
(2π)3

{
2Ncp

2
4

|p4|
(1 − cos θ) + 4Nc(βs − β)m

p

|p4|

(
sin θ − m

|p| cos θ

)}
+

+G̃

∫
dp dq
(2π)6

{
(3Ĩ − J̃)

p4q4

|p4||q4|
− (4Ĩ − J̃)

pq

|p4||q4|
r2

(
sin θ − m

p
cos θ

)(
sin θ′− m

q
cos θ′

)
+

+(2Ĩδij + 2J̃ij − J̃δij)
piqj

|p4||q4|
r2

(
cos θ +

m

p
sin θ

)(
cos θ′ +

m

q
sin θ′

)}
, (27)

£¤¥ r = 2β − 1. ‹¥£±μ ¢¨¤¥ÉÓ, ÎÉμ Ê¸²μ¢¨Ö ³¨´¨³Ê³  ËÊ´±Í¨μ´ ²  ¶μ ¶ · ³¥É· ³
βs ¨ β ¶·¨¢μ¤ÖÉ ± § ´Ê²¥´¨Õ ´¥É·¨¢¨ ²Ó´ÒÌ ¢±² ¤μ¢, ¨ Ë ±É¨Î¥¸±¨ ¸·¥¤´ÖÖ Ô´¥·£¨Ö
¸¢μ¤¨É¸Ö Éμ²Ó±μ ±μ ¢±² ¤Ê ¸¢μ¡μ¤´μ£μ £ ³¨²ÓÉμ´¨ ´ . � ¶·¨³¥·, ¢ Éμ³ Î ¸É´μ³ ¸²ÊÎ ¥,
±μ£¤  ±μ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö ¨³¥¥É δ-μ¡· §´Ò° ¢¨¤ ¢ ±μμ·¤¨´ É´μ³ ¶·μ¸É· ´¸É¢¥, ³Ò
¶·¨Ìμ¤¨³ ± ³μ¤¥²¨ � ³¡ÊÄˆμ´ -‹ §¨´¨μ [5] ¸ ¥¸É¥¸É¢¥´´Ò³ Ê¸²μ¢¨¥³ ·¥£Ê²Ö·¨§ Í¨¨,
μ£· ´¨Î¨¢ ÕÐ¨³ ¨´É¥£·¨·μ¢ ´¨¥ ¶μ ¨³¶Ê²Ó¸Ê ¤μ §´ Î¥´¨Ö Λ:

W =

Λ∫
dp

(2π)3

[
|p4| (1 − cos θ)−

− Gr2 p

|p4|

(
sin θ − m

p
cos θ

) Λ∫
dq

(2π)3
q

|q4|

(
sin θ′− m

q
cos θ′

)]
, (28)

£¤¥ p = |p|, q = |q| (¤²Ö ¶·μ¸ÉμÉÒ ¶μ²μ¦¨³, ÎÉμ ±μ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö J(p) = 0).
“¸²μ¢¨¥ ³¨´¨³Ê³  ¶μ β

Λ∫
dp

(2π)3
p

|p4|

(
sin θ − m

p
cos θ

)
= 0 (29)

μ§´ Î ¥É Ë ±É¨Î¥¸±¨, ÎÉμ ¸μ¸É ¢´ Ö ³ ¸¸  ±¢ ·±  ¤μ²¦´  μ¡· É¨ÉÓ¸Ö ¢ ´μ²Ó. �¤´ ±μ
Ö¸´μ, ÎÉμ ÔÉ  ÉμÎ±  ´¥ Ö¢²Ö¥É¸Ö Ê¸Éμ°Î¨¢μ°, ¨ ´ ¨¡μ²¥¥ ¢Ò£μ¤´Ò³¨ μ± §Ò¢ ÕÉ¸Ö Ô±¸É·¥-
³ ²Ó´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·  β, É. ¥. ²¨¡μ ´μ²Ó, ²¨¡μ ¥¤¨´¨Í .

Œμ¦´μ ¢¨¤¥ÉÓ, ÎÉμ ÔÉ  ¸¨ÉÊ Í¨Ö ¨³¥¥É ³¥¸Éμ ´¥ Éμ²Ó±μ ¤²Ö ¸¶¥Í¨ ²Ó´μ£μ ¢Ò¡μ· 
±μ··¥²ÖÍ¨μ´´μ° ËÊ´±Í¨¨ É¨¶  ³μ¤¥²¨ � ³¡ÊÄˆμ´ -‹ §¨´¨μ, ´μ ¨ ¢ μ¡Ð¥³ ¸²ÊÎ ¥. …¸²¨
É· ±Éμ¢ ÉÓ ¶ · ³¥É· β ± ± ¤¨´ ³¨Î¥¸±ÊÕ ¶¥·¥³¥´´ÊÕ, Éμ ³μ¦´μ ¸Î¨É ÉÓ, ÎÉμ ¢μ§´¨± ¥É
´¥Ê¸Éμ°Î¨¢μ¥ ¸± ²Ö·´μ¥ ¶μ²¥ ¸μ¢¥·Ï¥´´μ ´¥μ¡ÒÎ´μ° ¶·¨·μ¤Ò, μÉ¢¥É¸É¢¥´´μ¥ §  ¢Ò¡μ·
¶·¥¤¸É ¢²¥´¨Ö μ¶¥· Éμ·μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ £· ´Éμ¢ INTAS-04-84-398 ¨ �É¤¥²¥´¨Ö
Ë¨§¨±¨ ¨  ¸É·μ´μ³¨¨ ��� “±· ¨´Ò.
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