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�. …. „µ·µÌµ¢, ‘. ‚. Œ¨Ì °²µ¢

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

‹ ¡µ· Éµ·¨Ö É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨ ¨³. �. �. �µ£µ²Õ¡µ¢ 

�·¥¤²µ¦¥´ ´µ¢Ò° ± ²¨¡·µ¢µÎ´µ-¨´¢ ·¨ ´É´Ò° ¶µ¤Ìµ¤ ±  ´ ²¨§Ê ´¥²µ± ²Ó´ÒÌ ¸¢µ°¸É¢
±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¢ ¢ ±ÊÊ³¥ Š•„, µ¸´µ¢ ´´Ò° ´  ³µ¤¥²¨ ¢ ±ÊÊ³  ± ± ¦¨¤±µ¸É¨ ¨´¸É ´Éµ´µ¢.
� °¤¥´µ ´µ¢µ¥ Éµ¶µ²µ£¨Î¥¸±¨ ´¥É·¨¢¨ ²Ó´µ¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨° Ÿ´£ ÄŒ¨²²¸  ¢ Ë¨§¨Î¥¸±µ³
¢ ±ÊÊ³¥ Š•„, ±µÉµ·Ò° ¶·¥¤¸É ¢²Ö¥É¸Ö ± ± ¤²¨´´µ¢µ²´µ¢µ¥ Ëµ´µ¢µ¥ ¶µ²¥. �Éµ ·¥Ï¥´¨¥ ¥¸ÉÓ
³µ¤¨Ë¨Í¨·µ¢ ´´Ò° ¨´¸É ´Éµ´ ¸ Ô±¸¶µ´¥´Í¨ ²Ó´µ Ê¡Ò¢ ÕÐ¥° ´  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ  ¸¨³¶Éµ-
É¨±µ°. Œµ¤¨Ë¨Í¨·µ¢ ´´Ò° ¨´¸É ´Éµ´ ¸É ¡¨²¥´, ¥¸²¨ ¢§ ¨³µ¤¥°¸É¢¨¥ ¸ Ëµ´µ¢Ò³ ¶µ²¥³ ¸² ¡µ¥
¨ ´  ¸¨¸É¥³Ê ´ ²µ¦¥´Ò ¤µ¶µ²´¨É¥²Ó´Ò¥ Ê¸²µ¢¨Ö (¸¢Ö§¨). „ ´Ò µÍ¥´±¨ ¢¨·ÉÊ ²Ó´µ¸É¥° ±¢ ·±µ¢
¨ £²Õµ´µ¢ ¢ ¢ ±ÊÊ³¥ Š•„. �µ± § ´µ, ÎÉµ ¨´¸É ´Éµ´´ Ö ³µ¤¥²Ó Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¡ÑÖ¸´Ö¥É
´¥²µ± ²Ó´ÊÕ ¸É·Ê±ÉÊ·Ê ¢ ±ÊÊ³  Š•„. ‚ ÔËË¥±É¨¢´µ° ³µ¤¥²¨ ¨´¸É ´Éµ´´µ£µ ¢ ±ÊÊ³  ¢ÒÎ¨¸²¥´
¤¢ÊÌÉµÎ¥Î´Ò° ¢ ±ÊÊ³´Ò° ±µ··¥²ÖÉµ· ´ ¶·Ö¦¥´´µ¸É¨ £²Õµ´´µ£µ ¶µ²Ö.

New gauge invariant approach to analyze nonlocal properties of quarks and gluons in the physical
QCD vacuum is suggested. It is based on the instanton liquid model. The topologically nontrivial
solution of the classical YangÄMills equations in the physical QCD vacuum is found. This solution,
called constrained instanton, decays exponentially at large distances. It is stable only if the interaction
of the instanton with the background vacuum ˇeld is small and additional constraints are introduced.
The estimates of the averaged virtualities of quarks and gluons in the QCD vacuum are given. It is
shown that the instanton model is satisfactory in description of the nonlocal structure of the QCD
vacuum. The two-point vacuum correlator of gluon ˇeld strengths is calculated in the framework of
the effective instanton vacuum model.

�¥¶¥·ÉÊ·¡ É¨¢´Ò° ¢ ±ÊÊ³ Š•„ ´ ¸ÒÐ¥´ ¨´É¥´¸¨¢´Ò³¨ ¤²¨´´µ¢µ²´µ-
¢Ò³¨ Ë²Ê±ÉÊ Í¨Ö³¨ £²Õµ´´µ£µ ¨ ±¢ ·±µ¢µ£µ ¶µ²¥°. � · ³¥É·Ò ¶µ·Ö¤±  ÔÉµ£µ
¸²µ¦´µ£µ ¸µ¸ÉµÖ´¨Ö Ì · ±É¥·¨§ÊÕÉ¸Ö ¢ ±ÊÊ³´Ò³¨ ³ É·¨Î´Ò³¨ Ô²¥³¥´É ³¨
(±µ´¤¥´¸ É ³¨) · §²¨Î´ÒÌ ¸¨´£²¥É´ÒÌ ±µ³¡¨´ Í¨°, ¸µ¸É ¢²¥´´ÒÌ ¨§ ¶µ²¥°

±¢ ·±µ¢ ¨ £²Õµ´µ¢: 〈: q̄q :〉,
〈
: F a

µνF a
µν :

〉
,

〈
: q̄

(
σµνF a

µν

λa

2

)
q :

〉
¨ É. ¤. �¥´Ê-

²¥¢µ° ±µ´¤¥´¸ É ±¢ ·±µ¢ 〈: q̄q :〉 µÉ¢¥Î ¥É §  ¸¶µ´É ´´µ¥ ´ ·ÊÏ¥´¨¥ ±¨· ²Ó´µ°
¸¨³³¥É·¨¨, ¥£µ ¢¥²¨Î¨´  ¡Ò²  µÍ¥´¥´  ³´µ£µ ²¥É ´ § ¤ ¨§  ²£¥¡·Ò Éµ±µ¢. �¥-
´Ê²¥¢µ° £²Õµ´´Ò° ±µ´¤¥´¸ É

〈
: F a

µνF a
µν :

〉
Î¥·¥§ ±µ´Ëµ·³´ÊÕ  ´µ³ ²¨Õ § -

¤ ¥É ³ ¸ÏÉ ¡  ¤·µ´´ÒÌ ³ ¸¸. ‚¥²¨Î¨´Ò £²Õµ´´µ£µ ±µ´¤¥´¸ É  ¨ ´¥±µÉµ·ÒÌ
¤·Ê£¨Ì ±µ´¤¥´¸ Éµ¢ ´ ¨´¨§Ï¥° · §³¥·´µ¸É¨ ¡Ò²¨ µ¶·¥¤¥²¥´Ò Ë¥´µ³¥´µ²µ-
£¨Î¥¸±¨ ¨§  ´ ²¨§  · §²¨Î´ÒÌ ´ ¡²Õ¤ ¥³ÒÌ  ¤·µ´µ¢ ³¥Éµ¤µ³ ¶· ¢¨² ¸Ê³³
(�‘) Š•„.
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�¥²µ± ²Ó´Ò¥ ¢ ±ÊÊ³´Ò¥ ±µ´¤¥´¸ ÉÒ (¨²¨ ±µ··¥²ÖÉµ·Ò) [1] Ì · ±É¥·¨-
§ÊÕÉ · ¸¶·¥¤¥²¥´¨¥ ±¢ ·±µ¢ ¨ £²Õµ´µ¢ ¢ ´¥¶¥·ÉÊ·¡ É¨¢´µ³ ¢ ±ÊÊ³¥. ”¨§¨Î¥-
¸±¨ ÔÉµ µ§´ Î ¥É, ÎÉµ ¢ ¢ ±ÊÊ³¥ ±¢ ·±¨ ¨ £²Õµ´Ò ¨³¥ÕÉ ´¥´Ê²¥¢µ° ¸·¥¤´¥±¢ -
¤· É¨Î´Ò° ¨³¶Ê²Ó¸ (¢¨·ÉÊ ²Ó´µ¸ÉÓ). � ¸¸³µÉ·¨³ ±µ··¥²ÖÉµ· ´ ¶·Ö¦¥´´µ¸É¨
£²Õµ´´µ£µ ¶µ²Ö

Dµν,ρσ(x − y) ≡
〈
: Tr Fµν(x)Ê(x, y)F ρσ(y)Ê(y, x) :

〉
, (1)

±µÉµ·Ò° ³µ¦¥É ¡ÒÉÓ § ¶¨¸ ´ ¢ Ëµ·³¥, ¸µ£² ¸µ¢ ´´µ° ¸ É·¥¡µ¢ ´¨Ö³¨ ± ²¨-
¡·µ¢µÎ´µ° ¨ ²µ·¥´Í-¸¨³³¥É·¨¨:

Dµν,ρσ(x) ≡ 1
24

〈
: F 2 :

〉{
(δµρδνσ − δµσδνρ)[D(x2) + D1(x2)] +

+ (xµxρδνσ − xµxσδνρ + xνxσδµρ − xνxρδµσ)
∂D1(x2)

∂x2

}
, (2)

£¤¥ Ê¶µ·Ö¤µÎ¥´´Ò° ¶µ ±µ´ÉÊ·Ê Ë §µ¢Ò° Ë ±Éµ· (¨´É¥£·¨·µ¢ ´¨¥ ¢Ò¶µ²´Ö-
¥É¸Ö ¢¤µ²Ó ¶·Ö³µ° ²¨´¨¨) Ê(x, y) = P exp

(
i
∫ y

x
Aµ(z)dzµ

)
£ · ´É¨·Ê¥É ± -

²¨¡·µ¢µÎ´ÊÕ ¨´¢ ·¨ ´É´µ¸ÉÓ ¨ Aµ(z) = Aa
µ(z)

λa

2
, Fµν(x) = F a

µν(x)
λa

2
,

F a
µν(x) = ∂µAa

ν(x) − ∂νAa
µ(x) + fabcAb

µ(x)Ac
ν(x).

‚ (2)
〈
: F 2 :

〉
=

〈
: F a

µν(0)F a
µν(0) :

〉
Å £²Õµ´´Ò° ±µ´¤¥´¸ É,   D(x2)

¨ D1(x2) Å ¨´¢ ·¨ ´É´Ò¥ ËÊ´±Í¨¨, ±µÉµ·Ò¥ Ì · ±É¥·¨§ÊÕÉ ´¥²µ± ²Ó´Ò¥
¸¢µ°¸É¢  ±µ´¤¥´¸ É  ¢ · §²¨Î´ÒÌ ´ ¶· ¢²¥´¨ÖÌ. �µ·³¨·µ¢±  Ëµ·³Ë ±Éµ·µ¢
¢ ´Ê²¥, D(0) = κ, D1(0) = 1−κ, ¸ÊÐ¥¸É¢¥´´µ § ¢¨¸¨É µÉ · ¸¸³ É·¨¢ ¥³µ° ¤¨-
´ ³¨±¨. ’ ±, ¤²Ö ¸ ³µ¤Ê ²Ó´ÒÌ ¶µ²¥° ¨³¥¥³ κ = 1, ¢ Éµ ¢·¥³Ö ± ± ¢  ¡¥²¥¢µ°
³µ¤¥²¨ ¡¥§ ³µ´µ¶µ²¥° ¢Ò¶µ²´¥´µ κ = 0. �É³¥É¨³ É ±¦¥, ÎÉµ ¸É ´¤ ·É´Ò¥
¢ ±ÊÊ³´Ò¥ ¸·¥¤´¨¥ É¨¶  〈: q̄q :〉,

〈
: q̄D2q :

〉
,
〈
: g2F 2 :

〉
, . . . ¢µ§´¨± ÕÉ ± ± ±µ-

ÔËË¨Í¨¥´ÉÒ · §²µ¦¥´¨Ö ±µ··¥²ÖÉµ·µ¢ ±¢ ·±µ¢ M(x) =
〈
: q̄(0)Ê(0, x)q(x) :

〉
¨ £²Õµ´µ¢ Dµν,ρσ(x) ¢ ·Ö¤ ’¥°²µ·  ¶µ ¶¥·¥³¥´´µ° x2/4.

‚ [2] ¡Ò²µ ¶µ± § ´µ, ÎÉµ ¨´¸É ´Éµ´´ Ö ³µ¤¥²Ó ¢ ±ÊÊ³  Š•„ ¶·¨¢µ¤¨É ±
¸¶µ¸µ¡Ê ¶µ¸É·µ¥´¨Ö ´¥²µ± ²Ó´ÒÌ ±µ´¤¥´¸ Éµ¢. ‚ ÔËË¥±É¨¢´µ³ µ¤´µ¨´¸É ´-
Éµ´´µ³ ¶·¨¡²¨¦¥´¨¨ ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¢Ò· ¦¥´¨Ö ¤²Ö ±µ´¤¥´¸ Éµ¢ £²Õµ´µ¢
Dµν,ρσ

I (x) ¨ ±¢ ·±µ¢ MI(x),   É ±¦¥ ´ °¤¥´Ò ¨Ì ¸·¥¤´¨¥ ¢¨·ÉÊ ²Ó´µ¸É¨ λ2
q ,

λ2
g . �µ¢¥¤¥´¨¥ ±µ··¥²ÖÍ¨µ´´ÒÌ ËÊ´±Í¨° ¤¥³µ´¸É·¨·Ê¥É, ÎÉµ ¢ µ¤´µ¨´¸É ´-

Éµ´´µ³ ¶·¨¡²¨¦¥´¨¨ ³µ¤¥²Ó ´¥²µ± ²Ó´ÒÌ ±µ´¤¥´¸ Éµ¢ Ìµ·µÏµ ¢µ¸¶·µ¨§-
¢µ¤¨É ¶µ¢¥¤¥´¨¥ ±µ··¥²ÖÉµ·µ¢ ±¢ ·±µ¢ ¨ £²Õµ´µ¢ ´  ³ ²ÒÌ · ¸¸ÉµÖ´¨ÖÌ.
„¥°¸É¢¨É¥²Ó´µ, ¸·¥¤´¨¥ ¢¨·ÉÊ ²Ó´µ¸É¨ ±¢ ·±µ¢ ¨ £²Õµ´µ¢ µ¶·¥¤¥²ÖÕÉ¸Ö ± ±
¶¥·¢Ò¥ ¶·µ¨§¢µ¤´Ò¥ ±µ··¥²ÖÉµ·µ¢ MI(x2), DI(x) ¢ ´Ê²¥:

λ2
q ≡ − 8

MI(0)
dMI(x2)

dx2

∣∣∣∣x=0 = 2
1
ρ2

c

, λ2
g ≡ −8

dDI(x2)
dx2

∣∣∣∣x=0 =
24
5

1
ρ2

c

(3)
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¨ ¸¢Ö§ ´Ò ¸ ¢ ±ÊÊ³´Ò³¨ µ¦¨¤ ´¨Ö³¨, ±µÉµ·Ò¥ ¶ · ³¥É·¨§ÊÕÉ �‘ Š•„:

λ2
q ≡

〈
: q̄D2q :

〉
〈: q̄q :〉 , λ2

g ≡

〈
: F a

µνD̃2F a
µν :

〉
〈: F 2 :〉 = 2

〈
: fF 3 :

〉
〈: F 2 :〉 − 2

〈
: g4J2 :

〉
〈: F 2 :〉 , (4)

£¤¥
〈
: fF 3 :

〉
=

〈
: fabcF a

µνF b
νρF c

ρµ :
〉
, J2 = Ja

µJa
µ ¨ Ja

µ = q̄(x)
λa

2
γµq(x). ‡´ -

Î¥´¨¥ λ2
q ≈ 0,5 ƒÔ‚2, µÍ¥´¥´´µ¥ ¢ �‘ Š•„, ¢µ¸¶·µ¨§¢µ¤¨É¸Ö ¶·¨ ρc ≈

2 ƒÔ‚−1. �Éµ Î¨¸²µ ¡²¨§±µ ± µÍ¥´±¥, ¶µ²ÊÎ¥´´µ° ¨§ Ë¥´µ³¥´µ²µ£¨¨ ¢ ±Ê-
Ê³  Š•„ ¢ ³µ¤¥²¨ ¨´¸É ´Éµ´´µ° ¦¨¤±µ¸É¨. ’¥³ ´¥ ³¥´¥¥ µ¤´µ¨´¸É ´Éµ´´µ¥
¶·¨¡²¨¦¥´¨¥ ¶¥·¥¸É ¥É · ¡µÉ ÉÓ ¢ µ¡² ¸É¨ ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨°.

‚ ± Î¥¸É¢¥ ·¥Ï¥´¨Ö ¢µ§´¨±Ï¥° ¶·µ¡²¥³Ò ¢ [3] ¡Ò²µ ¶·¥¤²µ¦¥´µ · ¸-
¸³µÉ·¥ÉÓ ¨´¸É ´Éµ´´µ¥ ¶µ²¥ ACI

µ (x) ¢ Ë¨§¨Î¥¸±µ³ ¢ ±ÊÊ³´µ³ ¶µ²¥ bµ(x),
±µÉµ·µ¥ ¨´É¥·¶µ²¨·Ê¥É ¤²¨´´µ¢µ²´µ¢Ò¥ ¢ ±ÊÊ³´Ò¥ Ë²Ê±ÉÊ Í¨¨. �Ò²µ ¶µ± -
§ ´µ, ÎÉµ ¨´¸É ´Éµ´, ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨° ¸µ ¸² ¡Ò³ ¢´¥Ï´¨³ ¶µ²¥³, ¨³¥¥É
Ô±¸¶µ´¥´Í¨ ²Ó´µ ¸¶ ¤ ÕÐÊÕ  ¸¨³¶ÉµÉ¨±Ê. ’ ±µ¥ ·¥Ï¥´¨¥ ´ §Ò¢ ¥É¸Ö ³µ-
¤¨Ë¨Í¨·µ¢ ´´Ò³ ¨´¸É ´Éµ´µ³ (Œˆ). „²¨´´µ¢µ²´µ¢µ¥ ¢ ±ÊÊ³´µ¥ ¶µ²¥ bµ(x)
§ ¤ ¥É¸Ö ±µ··¥²ÖÍ¨µ´´µ° ËÊ´±Í¨¥° B̃(x2), µ¶·¥¤¥²Ö¥³µ° ¥¥ ¨´É¥´¸¨¢´µ¸ÉÓÕ〈
F 2

b

〉
b

¨ ±µ··¥²ÖÍ¨µ´´µ° ¤²¨´µ° R. ‚ É ±µ° ¸¨¸É¥³¥, Ê¸·¥¤´¨¢ ÔËË¥±É¨¢´µ¥
¤¥°¸É¢¨¥, · ¸¸³µÉ·¥´´µ¥ ¢ [3], ¶µ ¸²ÊÎ °´Ò³ µ·¨¥´É Í¨Ö³ ¢´¥Ï´¥£µ ¶µ²Ö
¢ ¶·µ¸É· ´¸É¢¥ Í¢¥Éµ¢ ¶µ µÉ´µÏ¥´¨Õ ± Ë¨±¸¨·µ¢ ´´µ° µ·¨¥´É Í¨¨ ¨´¸É ´-
Éµ´ , ³Ò ¶µ²ÊÎ¨²¨ Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö

Dab
µ

[
ACI

]
FCI,b

µν (x) −
Nc

〈
F 2

b

〉
b

24(N2
c − 1)

x2Φ
(
x2

)
ACI,a

µ (x) + constraint term = 0,

(5)

µ¶·¥¤¥²ÖÕÐ¥¥ ¤¥Ëµ·³ Í¨Õ ¨´¸É ´Éµ´  ¶µ¤ ¢µ§¤¥°¸É¢¨¥³ ¸² ¡µ£µ ¢´¥Ï´¥£µ
¢ ±ÊÊ³´µ£µ ¶µ²Ö. ‚ Ê· ¢´¥´¨¥ (5) ¤µ¡ ¢²¥´µ ¤µ¶µ²´¨É¥²Ó´µ¥ Ê¸²µ¢¨¥, ±µÉµ-
·µ¥ ¶·¥¤µÉ¢· Ð ¥É ¨´¸É ´Éµ´ µÉ ¸Ì²µ¶Ò¢ ´¨Ö. ‚ Ê· ¢´¥´¨¨ (5)

Φ
(
x2

)
= 4

∫ 1

0

dα

∫ 1

0

dβαβB̃
[
(α − β)2 x2

]
, Φ (0) = 1, (6)

¨ Nc Å Î¨¸²µ Í¢¥Éµ¢. ˆ§ Ê· ¢´¥´¨Ö ´ °¤¥³  ¸¨³¶ÉµÉ¨±¨ ³µ¤¨Ë¨Í¨·µ¢ ´´µ£µ
¨´¸É ´Éµ´´µ£µ ·¥Ï¥´¨Ö, ±µÉµ·Ò¥ ´¥ § ¢¨¸ÖÉ µÉ ¤µ¶µ²´¨É¥²Ó´µ£µ Ê¸²µ¢¨Ö:

ACI,a
µ,asympt(x) = ηa

νµ

2xν

x2
a4/3(ρηg)2K4/3

[
2
3

(ηg |x|)3/2

]
, (7)

£¤¥ a4/3 =
2

Γ (1/3) 31/3
Å ´µ·³¨·µ¢µÎ´Ò° ±µÔËË¨Í¨¥´É; K4/3(z) Å ËÊ´±Í¨Ö

Œ ±¤µ´ ²Ó¤  ¨ Γ(z) Å £ ³³ -ËÊ´±Í¨Ö. Œµ¤¨Ë¨Í¨·µ¢ ´´µ¥ ·¥Ï¥´¨¥ Ô±¸¶µ-

´¥´Í¨ ²Ó´µ ¶ ¤ ¥É ´  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ ∼ exp
[
−2

3
(ηg |x|)3/2

]
¢ µÉ²¨Î¨¥
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µÉ ¸É¥¶¥´´µ£µ ¶µ¢¥¤¥´¨Ö ¨´¸É ´Éµ´ . ‚ ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ ¢¨¤  ¸¨³¶ÉµÉ¨±¨
´¥ § ¢¨¸¨É µÉ ³µ¤¥²¨ ¤²Ö Ëµ´µ¢µ£µ ¶µ²Ö,   ¶ · ³¥É·

ηg ∼
(

Nc

9 (N2
c − 1)

R
〈
F 2

b

〉
b

)1/3

²¨ÏÓ ¸² ¡µ § ¢¨¸¨É µÉ ³µ¤¥²¨. ‚ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ Ëµ´µ¢µ¥ ¶µ²¥ ¸² ¡µ¥,
¶·µË¨²Ó´ Ö ËÊ´±Í¨Ö Œˆ µ± §Ò¢ ¥É¸Ö ¡²¨§±µ° ± ¶·µË¨²Ó´µ° ËÊ´±Í¨¨ ¨´-
¸É ´Éµ´  ´  · ¸¸ÉµÖ´¨ÖÌ ³¥´ÓÏ¨Ì, Î¥³ ρc, ¨ ¸¶ ¤ ¥É Ô±¸¶µ´¥´Í¨ ²Ó´µ ´ 
· ¸¸ÉµÖ´¨ÖÌ ¡µ²ÓÏ¨Ì, Î¥³ η−1

g . ‡´ Ö ´¥§ ¢¨¸¨³Ò¥ µÉ ¤µ¶µ²´¨É¥²Ó´µ£µ Ê¸²µ-
¢¨Ö ±Ê¸±¨ Œˆ, ³µ¦´µ ¶µ¸É·µ¨ÉÓ ¶µ²´µ¥ ·¥Ï¥´¨¥ ¢ Ëµ·³¥  ´§ Í 

ACI,a
µ (x) = ηa

νµ

xν

x2
ϕg

(
x2

)
, ϕg

(
x2

)
=

ρ2
(
x2

)
x2 + ρ2 (x2)

, (8)

£¤¥ ¨¸¶µ²Ó§µ¢ ´Ò µ¡µ§´ Î¥´¨Ö

ρ2
(
x2

)
= a4/3η

2
gx2K4/3

[
2
3
(ηgx)3/2

]
, ρ2 (0) = ρ2.

“¸·¥¤´ÖÖ ¶µ µ·¨¥´É Í¨Ö³ Œˆ ¢ ¶·µ¸É· ´¸É¢¥ Í¢¥Éµ¢, ´ °¤¥³ ¨´¢ ·¨-
 ´É´Ò¥ ËÊ´±Í¨¨ ±µ··¥²ÖÉµ·  £²Õµ´´ÒÌ ´ ¶·Ö¦¥´´µ¸É¥° D

(
x2

)
¨ D1

(
x2

)
.

“¤µ¡´µ µ¶·¥¤¥²¨ÉÓ ¸²¥¤ÊÕÐ¨¥ ±µ³¡¨´ Í¨¨:

A
(
x2

)
= δµρδνσ

Dµν,ρσ(x)〈
0

∣∣F 2
µν

∣∣ 0
〉CI

= D
(
x2

)
+ D1

(
x2

)
+

1
2
x2 ∂D1

(
x2

)
∂x2

,

B
(
x2

)
= 4

xµxρ

x2
δνσ

Dµν,ρσ(x)〈
0

∣∣F 2
µν

∣∣ 0〉CI
= D

(
x2

)
+ D1

(
x2

)
+ x2 ∂D1

(
x2

)
∂x2

.

(9)

”Ê´±Í¨¨ D
(
x2

)
Ê¤µ¢²¥É¢µ·ÖÕÉ £· ´¨Î´Ò³ Ê¸²µ¢¨Ö³ ¢ ´Ê²¥: D(0)+D1(0) = 1

¨ ´  ¡¥¸±µ´¥Î´µ¸É¨: D(∞) = D1(∞) = 0. �±µ´Î É¥²Ó´ Ö Ëµ·³  ±µ³¡¨´ Í¨°
A ¨ B ¶·¨¢¥¤¥´  ¢ · ¡µÉ¥ [3].

’ ±¨³ µ¡· §µ³, ³µ¤¥²Ó ¢ ±ÊÊ³  Š•„, ¶µ¸É·µ¥´´ Ö ¢ É¥·³¨´ Ì ³µ¤¨Ë¨-
Í¨·µ¢ ´´µ£µ ¨´¸É ´Éµ´´µ£µ ·¥Ï¥´¨Ö, Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¶¨¸Ò¢ ¥É ¶µ¢¥¤¥-
´¨¥ ´¥¶¥·ÉÊ·¡ É¨¢´µ° Î ¸É¨ £²Õµ´´µ£µ ±µ··¥²ÖÉµ·  ± ± ´  ³ ²ÒÌ, É ± ¨
´  ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ. �¥²µ± ²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¢ ±ÊÊ³  Š•„ ¨³¥ÕÉ
Ê´¨¢¥·¸ ²Ó´Ò° Ì · ±É¥· ¨ ¨£· ÕÉ ¶·¨´Í¨¶¨ ²Ó´ÊÕ ·µ²Ó ¶·¨ ¶µ¸É·µ¥´¨¨ ·¥-
 ²¨¸É¨Î¥¸±¨Ì ³µ¤¥²¥°  ¤·µ´µ¢ [4].
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