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ŒÒ ¨§ÊÎ ¥³ ³ £´¨É´ÊÕ ¢μ¸¶·¨¨³Î¨¢μ¸ÉÓ ±¢ ·±μ¢μ£μ ±μ´¤¥´¸ É  ¨  ³¶²¨ÉÊ¤Ê · ¸¶·¥¤¥²¥´¨Ö
ËμÉμ´  ¢¥¤ÊÐ¥£μ É¢¨¸É  ´  ¸¢¥Éμ¢μ³ ±μ´Ê¸¥ ¢ ²¨¤¨·ÊÕÐ¥³ ¶μ·Ö¤±¥ ¶¥·ÉÊ·¡ É¨¢´μ£μ · §²μ¦¥´¨Ö
¢ ¶μ¤Ìμ¤¥ ¸ ´¥²μ± ²Ó´Ò³¨ ±μ´¤¥´¸ É ³¨.

We investigate magnetic susceptibility and the leading twist light-cone distribution amplitude for the
photon in the framework of the nonlocal condensate approach at LO accuracy of perturbative expansion.
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ˆ¸¸²¥¤μ¢ ´¨¥  ³¶²¨ÉÊ¤Ò · ¸¶·¥¤¥²¥´¨Ö (��) ËμÉμ´  ¨ ³ £´¨É´μ° ¢μ¸¶·¨¨³Î¨¢μ¸É¨
(Œ‚) ±¢ ·±μ¢μ£μ ±μ´¤¥´¸ É  ¢ ¦´μ ¤²Ö ¨§ÊÎ¥´¨Ö ¦¥¸É±¨Ì Ô±¸±²Õ§¨¢´ÒÌ ¶·μÍ¥¸¸μ¢ ¸
¨§²ÊÎ¥´¨¥³ ËμÉμ´ . �·¨³¥·Ò ¢±²ÕÎ ÕÉ ¶¥·¥Ìμ¤´Ò° Ëμ·³Ë ±Éμ· γ∗ → πγ ¸ μ¤´¨³
·¥ ²Ó´Ò³ ¨ μ¤´¨³ ¢¨·ÉÊ ²Ó´Ò³ ËμÉμ´ ³¨ [1, 2], £²Ê¡μ±μ ¢¨·ÉÊ ²Ó´μ¥ ±μ³¶Éμ´μ¢¸±μ¥
· ¸¸¥Ö´¨¥ [3], · ¸¶ ¤Ò £¨¶¥·μ´μ¢ ¨ ³¥§μ´μ¢ Σ+ → pγ, B → ργ, B → K∗γ, D∗ →
Dγ [4Ä9],   É ±¦¥ Ô±¸±²Õ§¨¢´μ¥ ËμÉμ·μ¦¤¥´¨¥ ¤¢μ°´ÒÌ ¦¥¸É±¨Ì ¸É·Ê° [10].

Œ £´¨É´ Ö ¢μ¸¶·¨¨³Î¨¢μ¸ÉÓ χ ¡Ò²  ¢¢¥¤¥´  ¢ ´μ¢ Éμ·¸±μ° · ¡μÉ¥ [11]:
〈0 | q̄ σμνq | 0〉F = eq χ 〈q̄q〉Fμν , £¤¥ 〈q̄q〉 Å §´ Î¥´¨¥ ±¢ ·±μ¢μ£μ ±μ´¤¥´¸ É , Fμν Å É¥´-
§μ· ´ ¶·Ö¦¥´´μ¸É¨ ¢´¥Ï´¥£μ Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö,   ¨´¤¥±¸ F Ê± §Ò¢ ¥É ´  Éμ, ÎÉμ
¢¥²¨Î¨´  ¢ ±ÊÊ³´μ£μ μ¦¨¤ ´¨Ö ¢ÒÎ¨¸²Ö¥É¸Ö ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¢´¥Ï´¥£μ ¶μ²Ö Fμν . „²Ö ¢ÒÎ¨-
¸²¥´¨Ö ÔÉμ° ¢¥²¨Î¨´Ò ¨¸¶μ²Ó§μ¢ ²¨¸Ó · §²¨Î´Ò¥ É¥μ·¥É¨Î¥¸±¨¥ ¶μ¤Ìμ¤Ò: ¶· ¢¨²  ¸Ê³³
(�‘) Š•„ ¤²Ö ³ £´¨É´μ£μ ³μ³¥´É  ´¥°É·μ´  [11], ¡μ·¥²¥¢¸±¨¥ �‘ ¤¢ÊÌÉμÎ¥Î´μ£μ ±μ·-
·¥²ÖÉμ·  [12Ä14], ±μ··¥²ÖÉμ· ¢¥±Éμ·´μ£μ ¨ ´¥¸¨´£²¥É´μ£μ  ±¸¨ ²Ó´μ-¢¥±Éμ·´μ£μ Éμ±μ¢ ¢
¶·¥¤¶μ²μ¦¥´¨¨ ¶¨μ´´μ° ¤μ³¨´ ´É´μ¸É¨ [15] ¨ ³μ¤¥²Ó ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ [16Ä18].

‘²¥¤ÊÖ §  [9, 14], ³Ò μ¶·¥¤¥²Ö¥³ ´μ·³¨·μ¢ ´´ÊÕ ´  ¥¤¨´¨ÍÊ �� ËμÉμ´  φγ(x, μ2)
¢¥¤ÊÐ¥£μ É¢¨¸É , ¨¸¶μ²Ó§ÊÖ ³ É·¨Î´Ò° Ô²¥³¥´É É¥´§μ·´μ£μ Éμ±  ¸μ ¸¢¥Éμ¶μ¤μ¡´μ° · §-
¤¢¨¦±μ°:

〈0 | q̄(z)σμνC(z, 0)q(0) | γ(q, λ)〉
∣∣∣
z2=0

=

= i eqχ(q2)〈q̄q〉 (εμ(q, λ)qν − εν(q, λ)qμ)

1∫
0

dx eix(zq)φγ(x, μ2).
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‚ ÔÉμ³ μ¶·¥¤¥²¥´¨¨ ��, | γ(q, λ)〉 Å μ¤´μËμÉμ´´μ¥ ¸μ¸ÉμÖ´¨¥ ¸ ¨³¶Ê²Ó¸μ³ q ¨ ¢¥±-
Éμ·μ³ ¶μ²Ö·¨§ Í¨¨ εμ(q, λ),   μ2 Ë¨±¸¨·Ê¥É ÉμÎ±Ê ´μ·³¨·μ¢±¨. Œ £´¨É´ Ö ¢μ¸¶·¨¨³-
Î¨¢μ¸ÉÓ χ(q2) §¤¥¸Ó § ¢¨¸¨É μÉ ¢¨·ÉÊ ²Ó´μ¸É¨ ËμÉμ´ . ‚¨²Ó¸μ´μ¢¸± Ö ²¨´¨Ö C(z, 0) =

P exp
[
ig

z

∫
0

Aμ(τ)dτμ
]

£ · ´É¨·Ê¥É ¸μÌ· ´¥´¨¥ ± ²¨¡·μ¢μÎ´μ° ¨´¢ ·¨ ´É´μ¸É¨ ¨§ÊÎ ¥-

³μ£μ ³ É·¨Î´μ£μ Ô²¥³¥´É . ‚ ¤ ²Ó´¥°Ï¥³ ³Ò ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ± ²¨¡·μ¢±Ê ”μ± Ä
˜¢¨´£¥· : xμAμ(x) = 0, ¢ ±μÉμ·μ° ± ²¨¡·μ¢μÎ´μ¥ ¶μ²¥ ´¥¶μ¸·¥¤¸É¢¥´´μ ¸¢Ö§ ´μ ¸
´ ¶·Ö¦¥´´μ¸ÉÓÕ:

Aμ(x) = xν

1∫
0

Gνμ(τx) τ dτ.

�μÔÉμ³Ê ¢¸¥ ¢¨²Ó¸μ´μ¢¸±¨¥ ²¨´¨¨ ¶·¨ ¢Ò¡μ·¥ ¶ÊÉ¨ ¨´É¥£·¨·μ¢ ´¨Ö ¢ ¢¨¤¥ ¶·Ö³μ°, ¸μ-
¥¤¨´ÖÕÐ¥° ÉμÎ±¨ 0 ¨ z, μ¡· Ð ÕÉ¸Ö ¢ ¥¤¨´¨ÍÊ C(z, 0) = 1, ¨ ³Ò ¨Ì ¡Ê¤¥³ μ¶Ê¸± ÉÓ, ÎÉμ
§´ Î¨É¥²Ó´μ Ê¶·μÐ ¥É ¢ÒÎ¨¸²¥´¨Ö.

�³¶²¨ÉÊ¤  · ¸¶·¥¤¥²¥´¨Ö ËμÉμ´  ¡Ò²  ¢¢¥¤¥´  ¢ [9], £¤¥ ¡Ò²  Ê¸É ´μ¢²¥´  ¥¥ ¡²¨-
§μ¸ÉÓ ±  ¸¨³¶ÉμÉ¨Î¥¸±μ° Ëμ·³¥ φas

γ (x) = 6x(1−x) ´  μ¸´μ¢¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ¸É ´¤ ·É´ÒÌ
�‘ Š•„ ¸ ²μ± ²Ó´Ò³¨ ±μ´¤¥´¸ É ³¨. �¤´ ±μ  ¢Éμ·Ò · ¡μÉÒ [14] Ê± § ²¨ ´  ´¥¸É ¡¨²Ó-
´μ¸ÉÓ ¸É ´¤ ·É´ÒÌ �‘, ÎÉμ ¶μ§¢μ²Ö¥É �� ËμÉμ´  ¨³¥ÉÓ Ëμ·³Ê, μÉ²¨Î´ÊÕ μÉ  ¸¨³¶Éμ-
É¨Î¥¸±μ° [9]. ˆ¸¶μ²Ó§μ¢ ´¨¥ ¨´¸É ´Éμ´´μ° ³μ¤¥²¨ [17, 19] ¶μ± § ²μ, ÎÉμ �� ËμÉμ´ 
¸¨²Ó´μ μÉ²¨Î ¥É¸Ö μÉ  ¸¨³¶ÉμÉ¨Î¥¸±μ° ¨ ¶·¨¡²¨¦¥´´μ · ¢´  ±μ´¸É ´É¥ φγ(x) ≈ 1 ´ 
¢¸¥³ ¨´É¥·¢ ²¥ x. ŒÒ ¶·¥¤² £ ¥³ ¨¸¶μ²Ó§μ¢ ÉÓ μ¤¨´ ¨§ μ¸´μ¢´ÒÌ Ô²¥³¥´Éμ¢ ¶μ¤Ìμ¤ 
´¥²μ± ²Ó´ÒÌ ¢ ±ÊÊ³´ÒÌ ±μ´¤¥´¸ Éμ¢ (�‚Š) [20, 21],   ¨³¥´´μ ´¥²μ± ²Ó´Ò° ±¢ ·±μ¢Ò°
±μ´¤¥´¸ É, ¤²Ö ¢ÒÎ¨¸²¥´¨Ö Œ‚ ¨ �� ËμÉμ´ . ˆ¸¶μ²Ó§μ¢ ´¨¥ ³¥Éμ¤  �‚Š ¶μ§¢μ²Ö¥É
§´ Î¨É¥²Ó´μ Ê²ÊÎÏ¨ÉÓ ¨ · ¸Ï¨·¨ÉÓ μ¡² ¸ÉÓ ¶·¨³¥´¥´¨Ö μ¶¥· Éμ·´μ£μ · §²μ¦¥´¨Ö.
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”μ·³ ²¨§³ Ëμ´μ¢μ£μ ¶μ²Ö [14] ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¨ÉÓ Ô±¢¨¢ ²¥´É´μ¥ μ¶·¥¤¥²¥-
´¨¥ �� ËμÉμ´  ¸ ¶μ³μÐÓÕ ±μ··¥²ÖÉμ·  ´¥²μ± ²Ó´μ£μ É¥´§μ·´μ£μ Éμ±  q(0)σμνq(z) (´ 
¸¢¥Éμ¢μ³ ±μ´Ê¸¥) ¨ ¢¥±Éμ·´μ£μ Éμ±  jα:

∫
d4y eiqy 〈0 | T [q̄(0)σμνq(z)jα(y)] | 0〉

∣∣∣
z2=0

=

= iχ(q2)〈q̄q〉 (qμgνα − qνgμα)

1∫
0

dx eix(zq) φγ(x; q2, μ2). (1)

�ÉμÉ ´¥¤¨ £μ´ ²Ó´Ò° ±μ··¥²ÖÉμ· ³μ¦¥É ¡ÒÉÓ ¶·¨³¥´¥´ ¤²Ö ¨§¢²¥Î¥´¨Ö Œ‚ ¨ �� ËμÉμ´ 
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  μ¶¥· Éμ·´μ£μ · §²μ¦¥´¨Ö. ‡ ³¥Î É¥²Ó´μ¥ ¸¢μ°¸É¢μ ÔÉμ£μ ±μ·-
·¥²ÖÉμ·  ¢ Éμ³, ÎÉμ ¢¥¤ÊÐ¨° ¢±² ¤ ¶μ²´μ¸ÉÓÕ μ¶·¥¤¥²Ö¥É¸Ö ´¥¶¥·ÉÊ·¡ É¨¢´Ò³ ¢ ±ÊÊ³μ³
¨ ´¥ ¸μ¤¥·¦¨É ¶¥·ÉÊ·¡ É¨¢´ÒÌ ¢±² ¤μ¢ ¢ ±¨· ²Ó´μ³ ¶·¥¤¥²¥, ±μÉμ·Ò° ³Ò ¨ ¨¸¶μ²Ó§Ê¥³.
„¨ £· ³³ , ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¢¥¤ÊÐ¥³Ê ¢±² ¤Ê, ¶μ± § ´  ´  ·¨¸. 1,  . „²Ö ¢ÒÎ¨¸²¥´¨Ö
ÔÉμ£μ ¢±² ¤  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É¥Ì´¨±¨ �‚Š ´¥μ¡Ìμ¤¨³μ ÊÎ¥¸ÉÓ ²¨ÏÓ ´¥²μ± ²Ó´Ò° ¸± -
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〈q̄(0)q(x)〉 = 〈q̄q〉
∞∫
0

fS(α) eαx2/4 dα, (2)

±μÉμ·Ò° ¶ · ³¥É·¨§Ê¥É¸Ö ËÊ´±Í¨¥° · ¸¶·¥¤¥²¥´¨Ö fS(α) ±¢ ·±μ¢ ¢ ¢ ±ÊÊ³¥ ¶μ ¢¨·ÉÊ-
 ²Ó´μ¸ÉÖ³ α [20, 21]. Ÿ¢´Ò° ¢¨¤ ÔÉ¨Ì ËÊ´±Í¨° ¤μ²¦¥´ ¡· ÉÓ¸Ö, ¢μμ¡Ð¥ £μ¢μ·Ö, ¨§
±μ´±·¥É´μ° ³μ¤¥²¨ ´¥¶¥·ÉÊ·¡ É¨¢´μ£μ ¢ ±ÊÊ³  Š•„, ´ ¶·¨³¥· ¨§ ¨´¸É ´Éμ´´μ° ³μ¤¥²¨,

�¨¸. 1.  ) „¨ £· ³³  ¸ ´¥²μ± ²Ó´Ò³ ±¢ ·±μ¢Ò³ ±μ´¤¥´¸ Éμ³, μÉ¢¥Î ÕÐ Ö ²¨¤¨·ÊÕÐ¥³Ê ¢±² ¤Ê ¢

¨§ÊÎ ¥³Ò° ±μ··¥²ÖÉμ· (1). ¡) ƒ Ê¸¸μ¢ Ë¨É ·¥Ï¥ÉμÎ´ÒÌ ¤ ´´ÒÌ ¶¨§ ´¸±μ° £·Ê¶¶Ò [22,23] ¶μ ´¥²μ-
± ²Ó´μ³Ê ±¢ ·±μ¢μ³Ê ±μ´¤¥´¸ ÉÊ 〈q̄(0)q(x)〉. ‘¶²μÏ´ Ö ²¨´¨Ö μÉ¢¥Î ¥É §´ Î¥´¨Õ ´¥²μ± ²Ó´μ¸É¨

2λ2
q = 0,95 ƒÔ‚2,   ¸¥·Ò° Ëμ´ Å ¢ ·¨ Í¨¨ 2λ2

q = (0,95± 0,15) ƒÔ‚2. �Ê´±É¨·´ Ö ²¨´¨Ö μÉ¢¥Î ¥É

²μ± ²Ó´μ³Ê ¶·¥¤¥²Ê 〈q̄(0)q(0)〉, ±μ£¤  ±¢ ·±μ¢Ò° ±μ´¤¥´¸ É ¶μ¸ÉμÖ´¥´ ¨ ´¥ § ¢¨¸¨É μÉ · ¸¸ÉμÖ´¨Ö
x ³¥¦¤Ê ±¢ ·± ³¨

²¨¡μ ¨§ ³μ¤¥²¨·μ¢ ´¨Ö ´  ·¥Ï¥É±¥. ‚ μÉ¸ÊÉ¸É¢¨¥ ¨´Ëμ·³ Í¨¨ μ ±μμ·¤¨´ É´μ° § ¢¨¸¨-
³μ¸É¨ ±¢ ·±μ¢μ£μ ±μ´¤¥´¸ É  (2) ¡Ò²μ ¶·¥¤²μ¦¥´μ ¶μ²Ó§μ¢ ÉÓ¸Ö ¶¥·¢Ò³ ´¥É·¨¢¨ ²Ó´Ò³
¶·¨¡²¨¦¥´¨¥³, ÊÎ¨ÉÒ¢ ÕÐ¨³ ²¨ÏÓ ±μ´¥Î´ÊÕ Ï¨·¨´Ê ¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö
±¢ ·±μ¢ ¢ ¢ ±ÊÊ³¥: fS(α) = δ

(
α − λ2

q/2
)
. ‚ ÔÉμ° ³μ¤¥²¨ ¢ ± Î¥¸É¢¥ ¶ · ³¥É·  ¨¸¶μ²Ó§Ê-

¥É¸Ö ¸·¥¤´ÖÖ ¢¨·ÉÊ ²Ó´μ¸ÉÓ ±¢ ·±μ¢ ¢ ¢ ±ÊÊ³¥: λ2
q ≡ 〈ψ̄D2ψ〉/〈ψ̄ψ〉, É ± ÎÉμ ¢Ò¶μ²´ÖÕÉ¸Ö

´¥μ¡Ìμ¤¨³Ò¥ Ê¸²μ¢¨Ö ´μ·³¨·μ¢±¨:

∞∫
0

fS(α) dα = 1;

∞∫
0

α fS(α) dα =
λ2

q

2
. (3)

	μ²¥¥ ¢Ò¸μ±¨¥ ³μ³¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö fS ¸¢Ö§ ´Ò ¸ ¢ ±ÊÊ³´Ò³¨ ¸·¥¤´¨³¨ ±¢ ·±μ¢ÒÌ
¶μ²¥° ¡μ²¥¥ ¢Ò¸μ±¨Ì · §³¥·´μ¸É¥°. ’ ±μ° ³μ¤¥²¨ μÉ¢¥Î ¥É £ Ê¸¸μ¢ , ∼ exp

(
λ2

qx
2/8

)
,

Ëμ·³  ±μ´¤¥´¸ É  ¢ ±μμ·¤¨´ É´μ³ ¶·¥¤¸É ¢²¥´¨¨, ¶μÔÉμ³Ê ¢ ¤ ²Ó´¥°Ï¥³ ³Ò ¡Ê¤¥³ ´ -
§Ò¢ ÉÓ ¥¥ £ Ê¸¸μ¢μ° ³μ¤¥²ÓÕ ´¥²μ± ²Ó´μ£μ ±μ´¤¥´¸ É . ˜¨·¨´  É ±μ£μ · ¸¶·¥¤¥²¥´¨Ö
¶·¨¡²¨¦¥´´μ · ¢´  2/λq ¨ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ·¥Ï¥ÉμÎ´Ò³¨ ¤ ´´Ò³¨ [23] (´  ·¨¸. 1
ÔÉμ³Ê §´ Î¥´¨Õ ¸μμÉ¢¥É¸É¢Ê¥É  ¡¸Í¨¸¸  ¸¨³¢μ²  ). �É  ³μ¤¥²Ó ÊÎ¨ÉÒ¢ ¥É μ¤´μ, ´μ μÎ¥´Ó



�¥²μ± ²Ó´Ò° ±¢ ·±μ¢Ò° ±μ´¤¥´¸ É ¨  ³¶²¨ÉÊ¤  · ¸¶·¥¤¥²¥´¨Ö ËμÉμ´  757

¢ ¦´μ¥ ¸¢μ°¸É¢μ ´¥¶¥·ÉÊ·¡ É¨¢´μ£μ ¢ ±ÊÊ³  Å ±¢ ·±¨ ³μ£ÊÉ É¥ÎÓ Î¥·¥§ ¢ ±ÊÊ³ ¸ ´¥´Ê-
²¥¢Ò³ ¨³¶Ê²Ó¸μ³ k, ¶·¨Î¥³ ¢¨·ÉÊ ²Ó´μ¸ÉÓ ±¢ ·±μ¢ 〈k2〉 = λ2

q/2, ¸³. (3). �ÉμÉ ¶ · ³¥É·
¡Ò² μÍ¥´¥´ ¢ �‘ Š•„ [24,25] ¨ ´  ·¥Ï¥É±¥ [22,23]: λ2

q = (0,45±0,05) ƒÔ‚2. �¥§Ê²ÓÉ ÉÒ
¨´¸É ´Éμ´´μ° ³μ¤¥²¨ ¶·¥¢ÒÏ ÕÉ ¶μ²ÊÎ¥´´Ò¥ ´  ·¥Ï¥É±¥ ¨ ¢ �‘ Š•„ μÍ¥´±¨ ¶ · ³¥É· 
´¥²μ± ²Ó´μ¸É¨ ¢ ¶μ²Éμ· -¤¢  · §  [26,27].

ˆ¸¶μ²Ó§ÊÖ (2) ¨ (1), ³Ò ¶μ²ÊÎ¨²¨ ³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö Œ‚ ¨ ��
ËμÉμ´  ¶·¨ ¶·μ¨§¢μ²Ó´μ° ¢¨·ÉÊ ²Ó´μ¸É¨ Q2 = −q2 > 0:

φγ(x, Q2) =
x

χ(Q2)

∞∫
0

dα

α
fS(α) exp

(
−x̄

Q2

α

)
+ (x → x̄), (4)

χ(Q2) =
2

Q2

∞∫
0

dα fS(α)
(

1 − α

Q2

(
1 − e−Q2/α

))
, (5)

£¤¥ x̄ ≡ 1 − x. ‡¤¥¸Ó ¨ ¤ ²¥¥ ¢¸¥ ¢ÒÎ¨¸²¥´¨Ö ³Ò ¶·μ¢μ¤¨³ ¢ ÉμÎ±¥ ´μ·³¨·μ¢±¨ μ2 =
1 ƒÔ‚2 ¨ μ¶Ê¸± ¥³  ·£Ê³¥´É μ2 ¢ �� ËμÉμ´ . „²Ö ¸· ¢´¥´¨Ö ¶·¨¢¥¤¥³ ·¥§Ê²ÓÉ É [14] ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ²μ± ²Ó´μ£μ ±μ´¤¥´¸ É :

χ²μ±(Q2) =
2

Q2
+ O(αS) + O

(
λ2

q

Q4

)
. (6)

ˆ§ ¶μ²ÊÎ¥´´μ£μ ¸μμÉ´μÏ¥´¨Ö (5) ¢¨¤´μ, ÎÉμ Œ‚ μ¶·¥¤¥²¥´  ¢ ¶·¥¤¥²¥ Q2 → 0 ¢ ¶μ¤Ìμ¤¥

¸ �‚Š ¶·¨ ¢¸¥Ì fS É ±¨Ì, ÎÉμ μ¶·¥¤¥²¥´ μ¡· É´Ò° ³μ³¥´É
∞
∫
0
dα fS(α)/α, ¢ μÉ²¨Î¨¥ μÉ

¸É ´¤ ·É´μ£μ ¶μ¤Ìμ¤  ¸ ²μ± ²Ó´Ò³¨ ±μ´¤¥´¸ É ³¨ [14], £¤¥ ¶¥·¥Ìμ¤ Q2 → 0 ± ·¥ ²Ó´μ³Ê
ËμÉμ´Ê ´¥ μ¶·¥¤¥²¥´.

�μ ¶· ¢¤¥ £μ¢μ·Ö, ¶·¨³¥´¥´¨¥ μ¶¥· Éμ·´μ£μ · §²μ¦¥´¨Ö ¶·¨ ³ ²ÒÌ ¢¨·ÉÊ ²Ó´μ¸ÉÖÌ
Q2 � λ2

q/2 ³μ¦¥É ´ ·ÊÏ¨ÉÓ μ¸´μ¢Ê ¶μ¤Ìμ¤ . �μ ÔÉ  ´¥´ ¤¥¦´ Ö Ô±¸É· ¶μ²ÖÍ¨Ö Q2 → 0
¢¥¤¥É ±

χ ≡ χ(0) =

∞∫
0

dα fS(α)/α
£ Ê¸. ³μ¤¥²Ó−−−−−−−→ χ =

2
λ2

q

= (4,5 ± 0,5) ƒÔ‚−2, (7)

ÎÉμ ¤ ¥É ´ ³ · §Ê³´ÊÕ μÍ¥´±Ê χ ¢ £ Ê¸¸μ¢μ° ³μ¤¥²¨ ¢ ¸μ£² ¸¨¨ ¸ ¶·¥¤Ò¤ÊÐ¨³¨ ·¥§Ê²Ó-
É É ³¨: χ ≈ 2,3−5,6 ƒÔ‚−2 [12Ä18] (¸³. ·¨¸. 4). ˆ¸ÉμÎ´¨±μ³ ¶μ£·¥Ï´μ¸É¨ ¢ (7) ¸²Ê¦¨É
¶μ£·¥Ï´μ¸ÉÓ ¢ §´ Î¥´¨¨ ¶ · ³¥É·  ´¥²μ± ²Ó´μ¸É¨ λ2

q = (0,45 ± 0,05) ƒÔ‚2.
�¥²μ± ²Ó´Ò¥ ¢Ò· ¦¥´¨Ö (4) ¨ (5) ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö ¶μ²ÊÎ¥´¨Ö Œ‚ ¨

�� ËμÉμ´  ¶·¨ ²Õ¡μ° ¢¨·ÉÊ ²Ó´μ¸É¨ Q2. �μ²ÊÎ ¥³ Ö § ¢¨¸¨³μ¸ÉÓ Œ‚ χ(Q2)/χ(0) μÉ
¢¨·ÉÊ ²Ó´μ¸É¨ ¢ £ Ê¸¸μ¢μ° ³μ¤¥²¨ ±¢ ·±μ¢μ£μ ±μ´¤¥´¸ É  ¶·¨¢¥¤¥´  ´  ·¨¸. 2. �É³¥É¨³,
ÎÉμ ¶·¨ λ2

q = 0,5 ƒÔ‚2 § ¢¨¸¨³μ¸ÉÓ Œ‚ μÉ ¢¨·ÉÊ ²Ó´μ¸É¨ ¢ ¶μ¤Ìμ¤¥ �‚Š ¶· ±É¨Î¥¸±¨
¸μ¢¶ ¤ ¥É ¸ ·¥§Ê²ÓÉ Éμ³ ¨´¸É ´Éμ´´μ° ³μ¤¥²¨ [16], ´¥¸³μÉ·Ö ´  Éμ, ÎÉμ ¢ ¨´¸É ´Éμ´-
´μ³ ¶μ¤Ìμ¤¥ [16] §´ Î¥´¨¥ Œ‚ ´  ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨ ËμÉμ´  χ(0) = 2,73 ƒÔ‚−2

μÉ²¨Î ¥É¸Ö μÉ ´ Ï¥£μ ·¥§Ê²ÓÉ É  χ = 4 ƒÔ‚−2 ¶·¨ λ2
q = 0,5 ƒÔ‚2.

‚ ¶·¥¤¥²¥ Q2 → 0 ¤²Ö ¢¸¥Ì fS É ±¨Ì, ÎÉμ ¸ÊÐ¥¸É¢Ê¥É μ¡· É´Ò° ³μ³¥´É
∞
∫
0

dα fS (α) /α,

¶μ²ÊÎ ¥³ ¨§ (4) ³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³ÊÕ �� ·¥ ²Ó´μ£μ ËμÉμ´ :

φγ(x) = θ(1 > x > 0),
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�¨¸. 2.  ) �� ËμÉμ´  ¢ · §²¨Î´ÒÌ ¶μ¤Ìμ¤ Ì: ±·¨¢ Ö Å ¨´¸É ´Éμ´´ Ö ³μ¤¥²Ó [19]; £μ·¨§μ´É ²Ó-

´ Ö ¶·Ö³ Ö Å ´ Ï ·¥§Ê²ÓÉ É, μ¸´μ¢ ´´Ò° ´  ³¥Éμ¤¥ �‚Š. ¡) ‡ ¢¨¸¨³μ¸ÉÓ Œ‚ χ(Q2)/χ(0) μÉ

¢¨·ÉÊ ²Ó´μ¸É¨ ¢ ¶μ¤Ìμ¤¥ �‚Š. –¥´É· ²Ó´μ° ²¨´¨¨ μÉ¢¥Î ¥É §´ Î¥´¨¥ λ2
q = 0,45 ƒÔ‚2,   ¸¥·Ò°

Ëμ´ ¸μμÉ¢¥É¸É¢Ê¥É ¢ ·¨ Í¨¨ ¶ · ³¥É·  ´¥²μ± ²Ó´μ¸É¨: ¢¥·Ì´ÖÖ £· ´¨Í  λ2
q = 0,5 ƒÔ‚2,   ´¨¦´ÖÖ

λ2
q = 0,4 ƒÔ‚2. �·¨ ÔÉμ³ ¢¥·Ì´ÖÖ £· ´¨Í  ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ¥É ¸ ·¥§Ê²ÓÉ Éμ³ ¨´¸É ´Éμ´´μ°

³μ¤¥²¨ [16]

É. ¥. ��, ¢ μÉ²¨Î¨¥ μÉ Œ‚, ´¥ § ¢¨¸¨É μÉ ¢¨¤  ËÊ´±Í¨¨ fS . ‚ ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ´ Ï
³¥Éμ¤ ´¥ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ¶μ¢¥¤¥´¨¥ �� ËμÉμ´  ¢ μ¡² ¸É¨ ±μ´Í¥¢ÒÌ ÉμÎ¥± x = 0,1.
�Éμ μ¸É ¥É¸Ö ´¥μ¶·¥¤¥²¥´´Ò³ ¨§-§  ´¥´ ¤¥¦´μ¸É¨ μ¶¥· Éμ·´μ£μ · §²μ¦¥´¨Ö ¢ ÔÉμ° μ¡² -
¸É¨. 	²¨§±¨° ·¥§Ê²ÓÉ É ¡Ò² ¶μ²ÊÎ¥´ ¢ ÔËË¥±É¨¢´μ° ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° ³μ¤¥²¨ [19],
μ¸´μ¢ ´´μ° ´  ¨´¸É ´Éμ´´ÒÌ ·¥Ï¥´¨ÖÌ (¸³. ·¨¸. 2, a). ‚ ¸²ÊÎ ¥ ¢Ò¡μ·  fS(α) = δ(α), ÎÉμ
¸μμÉ¢¥É¸É¢Ê¥É ¶¥·¥Ìμ¤Ê ± ²μ± ²Ó´μ³Ê ±μ´¤¥´¸ ÉÊ [14], ´¥ ¸ÊÐ¥¸É¢Ê¥É μ¡· É´μ£μ ³μ³¥´É 
ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö fS ¨ ¨§³¥´Ö¥É¸Ö �� ËμÉμ´ 

φ²μ±
γ (x) =

δ(x) + δ(1 − x)
2

,

±μ´Í¥´É·¨·ÊÖ¸Ó ¢ ±μ´Í¥¢ÒÌ ÉμÎ± Ì x = 0 ¨ x = 1.
�³¶²¨ÉÊ¤  · ¸¶·¥¤¥²¥´¨Ö ¢¨·ÉÊ ²Ó´μ£μ ËμÉμ´  (4) ¶·¨ ¥¢±²¨¤μ¢μ³ (Q2 > 0) ¨ ³¨´-

±μ¢¸±μ³ (Q2 < 0) ¨³¶Ê²Ó¸ Ì ¶·¨¢¥¤¥´  ´  ·¨¸. 3 ¤²Ö £ Ê¸¸μ¢μ° ³μ¤¥²¨ ±¢ ·±μ¢μ£μ ±μ´-
¤¥´¸ É  ¢ ¸· ¢´¥´¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ ¨´¸É ´Éμ´´μ£μ ¶μ¤Ìμ¤  [19]. ”μ·³  x-§ ¢¨¸¨³μ¸É¨
�� φγ(x; Q2) ËμÉμ´ , ± ± ¢¨¤´μ ¨§ ·¨¸. 3, ¸μ¢¶ ¤ ¥É ¢ μ¡μ¨Ì ¶μ¤Ìμ¤ Ì ¶·¨ · §²¨Î´ÒÌ
¢¨·ÉÊ ²Ó´μ¸ÉÖÌ Q2. �É³¥É¨³ É ±¦¥, ÎÉμ § ¢¨¸¨³μ¸ÉÓ �� ¢¨·ÉÊ ²Ó´μ£μ ËμÉμ´  μÉ ¶ · ³¥-
É·  ´¥²μ± ²Ó´μ¸É¨ λq ´¥§´ Î¨É¥²Ó´ Ö (¸³. ·¨¸. 3), ÎÉμ Ê± §Ò¢ ¥É ´  ¥¥ ¸² ¡ÊÕ § ¢¨¸¨³μ¸ÉÓ
μÉ ¢Ò¡μ·  ³μ¤¥²¨ ±¢ ·±μ¢μ£μ ±μ´¤¥´¸ É .

‚ · ¡μÉ Ì [7, 8] ¡Ò²¨ ¶μ²ÊÎ¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ μ£· ´¨Î¥´¨Ö ´  Œ‚ χ ≈ 2,4Ä
3,6 ƒÔ‚−2 (¸³. ·¨¸. 4,  ) ¸ ¶μ³μÐÓÕ  ´ ²¨§  ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ · ¤¨ Í¨μ´´ÒÌ · ¸¶ ¤μ¢
³¥§μ´μ¢ ¨ ³ £´¨É´μ£μ ³μ³¥´É  ¶·μÉμ´  ¢ · ³± Ì ¶μ¤Ìμ¤  ¡μ·¥²¥¢¸±¨Ì �‘ ¢ ¶·¥¤¶μ²μ-
¦¥´¨¨, ÎÉμ �� ËμÉμ´  ¨³¥¥É  ¸¨³¶ÉμÉ¨Î¥¸±ÊÕ Ëμ·³Ê. �·¨ ÔÉμ³ ¨§´ Î ²Ó´μ ¶μ²ÊÎ ²¨¸Ó
μ£· ´¨Î¥´¨Ö ´  ¶·μ¨§¢¥¤¥´¨¥ Œ‚ ¨ §´ Î¥´¨Ö �� ËμÉμ´  ¢ ÉμÎ±¥ x = 1/2, É. ¥. μ£· ´¨Î¥-
´¨Ö ´  χ φγ(1/2) ≈ 3,6−5,4 ƒÔ‚−2,   § É¥³ ¨¸¶μ²Ó§μ¢ ²μ¸Ó  ¸¨³¶ÉμÉ¨Î¥¸±μ¥ ¶·¨¡²¨¦¥-
´¨¥ φγ(1/2) = 3/2. …¸²¨ ¦¥ ¨¸¶μ²Ó§μ¢ ÉÓ ¶·¥¤¶μ²μ¦¥´¨¥ φγ(1/2) = 1, Éμ μ£· ´¨Î¥´¨Ö
´  Œ‚ [7, 8], μ¸´μ¢ ´´Ò¥ ´  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¸¤¢¨´ÊÉ¸Ö ¢ μ¡² ¸ÉÓ ¡μ²ÓÏ¨Ì
§´ Î¥´¨° χ ≈ 3,5−5,4 ƒÔ‚−2, ÎÉμ ¨ ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ ´  ·¨¸. 4, ¡. ’ ±¨³ μ¡· §μ³, ¶μ-
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�¨¸. 3. �³¶²¨ÉÊ¤  · ¸¶·¥¤¥²¥´¨Ö ËμÉμ´  (4) ¢ £ Ê¸¸μ¢μ° ³μ¤¥²¨ ¶·¨ ¥¢±²¨¤μ¢ÒÌ ( ) ¨ ³¨´±μ¢¸±¨Ì

(¡) §´ Î¥´¨ÖÌ ¢¨·ÉÊ ²Ó´μ¸É¨ Q2 ¢ ¸· ¢´¥´¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ ¨´¸É ´Éμ´´μ° ³μ¤¥²¨ [19]. ‡ É¥´¥´-

´Ò¥ μ¡² ¸É¨ μÉ¢¥Î ÕÉ ¢ ·¨ Í¨¨ ¶ · ³¥É·  ´¥²μ± ²Ó´μ¸É¨ λ2
q = (0,45 ± 0,05) ƒÔ‚2. –¥´É· ²Ó´Ò¥

²¨´¨¨ ÔÉ¨Ì μ¡² ¸É¥° ¢ÒÎ¨¸²¥´Ò ¶·¨ λ2
q = 0,45 ƒÔ‚2.  ) ‡´ Î¥´¨Õ Q2 = 0,25 ƒÔ‚2 ¸μμÉ¢¥É-

¸É¢Ê¥É: ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö Å ¶μ¤Ìμ¤ �‚Š; ÉμÎ¥Î´ Ö Å ¨´¸É ´Éμ´´ Ö ³μ¤¥²Ó,   ¤²Ö Q2 = 2 m2
ρ:

¸¶²μÏ´ Ö ²¨´¨Ö Å ¶μ¤Ìμ¤ �‚Š; ÏÉ·¨Ì¶Ê´±É¨·´ Ö Å ¨´¸É ´Éμ´´ Ö ³μ¤¥²Ó. ¡) ‡´ Î¥´¨Õ

Q2 = −0,09 ƒÔ‚2 ¸μμÉ¢¥É¸É¢Ê¥É: ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö Å ¶μ¤Ìμ¤ �‚Š; ÉμÎ¥Î´ Ö Å ¨´¸É ´Éμ´´ Ö

³μ¤¥²Ó,   ¤²Ö Q2 = −m2
ρ/2: ¸¶²μÏ´ Ö ²¨´¨Ö Å ¶μ¤Ìμ¤ �‚Š; ÏÉ·¨Ì¶Ê´±É¨·´ Ö Å ¨´¸É ´Éμ´´ Ö

³μ¤¥²Ó. ˆ¸¶μ²Ó§Ê¥³μ¥ §´ Î¥´¨¥ ³ ¸¸Ò ρ-³¥§μ´  mρ = 0,77 ƒÔ‚

�¨¸. 4. ‘· ¢´¥´¨¥ É¥μ·¥É¨Î¥¸±¨Ì μÍ¥´μ± ´  Œ‚ χ ¶·¨ μ2 = 1 ƒÔ‚2 ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ μ£· -

´¨Î¥´¨Ö³¨: � Å Ë¥´μ³¥´μ²μ£¨Î¥¸± Ö μÍ¥´±  (8); Å ¶μ¤Ìμ¤ ¸ �‚Š (7); � Å ¨´¸É ´Éμ´´ Ö
³μ¤¥²Ó [16]; � Å ¡μ·¥²¥¢¸±¨¥ �‘ Š•„ ¸ ²μ± ²Ó´Ò³¨ ±μ´¤¥´¸ É ³¨ [14]; • Å �‘ Š•„ [12,13];

� Å AVV-±μ··¥²ÖÉμ· ¨ ¤μ³¨´ ´É´μ¸ÉÓ ¶¨μ´  [15]; ¸¥·Ò¥ μ¡² ¸É¨ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ μ£· -

´¨Î¥´¨Ö [7,8].  ) ˆ¸Ìμ¤´Ò¥ μ£· ´¨Î¥´¨Ö (¸¥·Ò¥ μ¡² ¸É¨) [7,8], μ¸´μ¢ ´´Ò¥ ´  ¶·¥¤¶μ²μ¦¥´¨¨ μ¡
 ¸¨³¶ÉμÉ¨Î´μ¸É¨ �� ËμÉμ´ . ¡) „²Ö ¶²μ¸±μ° �� ËμÉμ´  φγ(x) = 1 Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ μ£· ´¨Î¥-

´¨Ö ¸¤¢¨´ÊÉ¸Ö ¢ μ¡² ¸ÉÓ ¡μ²ÓÏ¨Ì §´ Î¥´¨° Œ‚

²ÊÎ¥´´ Ö ´ ³¨ μÍ¥´±  (7) ¨ ¶μ¢¥¤¥´¨¥ φγ(x) = 1 ¨³¥ÕÉ ¸μ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨.

� ¸¸³μÉ·¨³  ²ÓÉ¥·´ É¨¢´Ò° ¸¶μ¸μ¡ ¢ÒÎ¨¸²¥´¨Ö Œ‚, μ¸´μ¢ ´´Ò° ´  ¤¨¸¶¥·¸¨μ´´μ³
¶·¥¤¸É ¢²¥´¨¨:

χ(q2)〈q̄q〉 =

∞∫
0

ds
ρ(s)

s − q2
.
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ŒÒ § ¶¨¸Ò¢ ¥³ Ë¨§¨Î¥¸±ÊÕ ¸¶¥±É· ²Ó´ÊÕ ¶²μÉ´μ¸ÉÓ ËÊ´±Í¨¨ ¨§ÊÎ ¥³μ£μ ±μ··¥²ÖÉμ-
·  (1) ± ± ¸Ê³³Ê ´¥¸±μ²Ó±¨Ì ¶¥·¢ÒÌ ·¥§μ´ ´¸μ¢ ¶²Õ¸ ¢±² ¤ μÉ ±μ´É¨´ÊÊ³ , ´ Î¨´ Ö ¸
¶μ·μ£  s0:

ρ(s) = −
∑

i

mifif
T
i δ (s − mi) + Θ (s − s0) ρcont (s) ,

£¤¥ fi ¨ fT
i Å ±μ´¸É ´ÉÒ · ¸¶ ¤  i-£μ ·¥§μ´ ´¸  ¢ ¢¥±Éμ·´μ³ ¨ É¥´§μ·´μ³ ± ´ ² Ì.

‚ ¶·¥¤¶μ²μ¦¥´¨¨ ±¢ ·±- ¤·μ´´μ° ¤Ê ²Ó´μ¸É¨ ¢±² ¤ ±μ´É¨´ÊÊ³  ρcont ³μ¦¥É ¡ÒÉÓ ¶·¥¤-
¸É ¢²¥´ ³´¨³μ° Î ¸ÉÓÕ ¨§ÊÎ ¥³μ£μ ±μ··¥²ÖÉμ· . �ÉμÉ ¢±² ¤ μ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³¨
§  ¢¥¤ÊÐ¨³ ¢±² ¤μ³ O(αS) ± ´¥¤¨ £μ´ ²Ó´μ³Ê ±μ··¥²ÖÉμ·Ê (1), μ´ ¢ÒÎ¨¸²¥´ ¢ [14] ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ²μ± ²Ó´ÒÌ ±¢ ·±μ¢ÒÌ ±μ´¤¥´¸ Éμ¢: ρcont (s) = 8αs〈q̄q〉/(3πs). „²Ö ¶¥·¢μ£μ
¶·¨¡²¨¦¥´¨Ö ³μ¦´μ ¸μÌ· ´¨ÉÓ ¢±² ¤Ò Éμ²Ó±μ ¤¢ÊÌ ´¨¦¥²¥¦ Ð¨Ì ¸μ¸ÉμÖ´¨° ρ-³¥§μ´  ¨
¨¸¶μ²Ó§μ¢ ÉÓ §´ Î¥´¨Ö ¶μ·μ£  s0 = 2,8 ƒÔ‚2 ¨ ±μ´¸É ´É · ¸¶ ¤ , ¶μ²ÊÎ¥´´Ò¥ ¢ �‘ Š•„
¸ �‚Š ¤²Ö ±μ··¥²ÖÉμ·  ¤¢ÊÌ ¢¥±Éμ·´ÒÌ Éμ±μ¢ [28]. ’μ£¤  Œ‚ ¶·¨ Q2 = 0 ¨ μ2 = 1 ƒÔ‚2

¨³¥¥É ¢¨¤:

χ = −
fρf

T
ρ

mρ〈q̄q〉
−

fρ′fT
ρ′

mρ′〈q̄q〉 +
8αs

3π

1
s0

= 4,05(33) ƒÔ‚−2, (8)

£¤¥

〈q̄q〉 = (−0,25 ƒÔ‚)3, αS(μ = 1 ƒÔ‚) = 0,56, s0 = 2,8 ƒÔ‚2,

mρ = 0,7755(4) ƒÔ‚, fL
ρ = 0,201(5) ƒÔ‚−2, fT

ρ = 0,169(5) ƒÔ‚−2,

mρ′ = 1,465(22) ƒÔ‚, fL
ρ′ = 0,175(10) ƒÔ‚−2, fT

ρ′ = 0,140(10) ƒÔ‚−2.

�μ²ÊÎ¥´´ Ö ¨§ ¤¨¸¶¥·¸¨μ´´μ£μ ¸μμÉ´μÏ¥´¨Ö μÍ¥´±  (8) ´ Ìμ¤¨É¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨
¸ ·¥§Ê²ÓÉ Éμ³ (7), μ¶·¥¤¥²¥´´Ò³ ²¨¤¨·ÊÕÐ¨³ ¢±² ¤μ³ μ¶¥· Éμ·´μ£μ · §²μ¦¥´¨Ö ´¥¤¨ -
£μ´ ²Ó´μ£μ ±μ··¥²ÖÉμ·  (1).

‡�Š‹�—…�ˆ…

ˆ¸¶μ²Ó§μ¢ ´¨¥ ´¥²μ± ²Ó´μ£μ ±¢ ·±μ¢μ£μ ±μ´¤¥´¸ É  ¶μ§¢μ²Ö¥É ²¥£±μ ¶μ²ÊÎ¨ÉÓ ³ £-
´¨É´ÊÕ ¢μ¸¶·¨¨³Î¨¢μ¸ÉÓ ±¢ ·±μ¢μ£μ ±μ´¤¥´¸ É  ¢ ¢¥¤ÊÐ¥³ ¶μ·Ö¤±¥ ± ± ËÊ´±Í¨Õ μÉ
¢¨·ÉÊ ²Ó´μ¸É¨ ËμÉμ´  Q2 ¡¥§ ¸¨´£Ê²Ö·´μ¸É¥° ¶·¨ Ô±¸É· ¶μ²ÖÍ¨¨ Q2 → 0. �μ²ÊÎ¥´´ Ö
¶·¨ §´ Î¥´¨¨ ¶ · ³¥É·  ´¥²μ± ²Ó´μ¸É¨ λ2

q = (0,45 ± 0,05) ƒÔ‚2 ³ £´¨É´ Ö ¢μ¸¶·¨¨³-
Î¨¢μ¸ÉÓ ±¢ ·±μ¢μ£μ ±μ´¤¥´¸ É  χ = (4,5 ± 0,5) ƒÔ‚−2 ´ Ìμ¤¨É¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸
¡μ²¥¥ · ´´¨³¨ μÍ¥´± ³¨ [7, 8, 12Ä18]. ‡ ¢¨¸¨³μ¸ÉÓ Œ‚ μÉ ¢¨·ÉÊ ²Ó´μ¸É¨ ¶·¨ §´ Î¥´¨¨
¶ · ³¥É·  ´¥²μ± ²Ó´μ¸É¨ λ2

q = 0,5 ƒÔ‚2 ¢ ¨¸¶μ²Ó§Ê¥³μ³ ¶μ¤Ìμ¤¥ ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ¥É
¸ ·¥§Ê²ÓÉ Éμ³ ¨´¸É ´Éμ´´μ° ³μ¤¥²¨ [16].

‘μ£² ¸´μ ÔÉμ³Ê ¶μ¤Ìμ¤Ê  ³¶²¨ÉÊ¤  · ¸¶·¥¤¥²¥´¨Ö ËμÉμ´  φγ(x) ¢¥¤ÊÐ¥£μ É¢¨¸É  ¢
¢¥¤ÊÐ¥³ ¶μ·Ö¤±¥ ¶μ¸ÉμÖ´´  ¶·¨ ¸·¥¤´¨Ì §´ Î¥´¨ÖÌ x ´  ¨´É¥·¢ ²¥ 0 < x < 1 ¨ ´¥ § ¢¨¸¨É
μÉ ¢Ò¡μ·  ³μ¤¥²¨ fS(α) ´¥²μ± ²Ó´μ£μ ±μ´¤¥´¸ É  (2). ’ ±μ¥ ¶μ¢¥¤¥´¨¥ �� ¸μ£² ¸Ê¥É¸Ö
¸ ·¥§Ê²ÓÉ Éμ³ ¨´¸É ´Éμ´´μ° ³μ¤¥²¨ [19]. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ · ¸¸³ É·¨¢ ¥³Ò° ´ ³¨
¶μ¤Ìμ¤ ¸ ´¥²μ± ²Ó´Ò³¨ ±μ´¤¥´¸ É ³¨ ´¥ ¶μ§¢μ²Ö¥É § Ë¨±¸¨·μ¢ ÉÓ ¶μ¢¥¤¥´¨¥ �� ËμÉμ´ 
φγ ¢ μ±·¥¸É´μ¸É¨ ±μ´Í¥¢ÒÌ ÉμÎ¥± x = 0,1, ÎÉμ ¸¢Ö§ ´μ ¸ ´¥¶·¨³¥´¨³μ¸ÉÓÕ ³¥Éμ¤ 
μ¶¥· Éμ·´μ£μ · §²μ¦¥´¨Ö ¢ ¤ ´´μ° μ¡² ¸É¨.
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�¢Éμ· ¡² £μ¤ ·¥´ ‘.‚.Œ¨Ì °²μ¢Ê §  ¶μ¸É ´μ¢±Ê § ¤ Î¨, ¶μ¸ÉμÖ´´ÊÕ ¶μ¤¤¥·¦±Ê ¨
±·¨É¨Î¥¸±¨¥ § ³¥Î ´¨Ö, �.	 ±Ê²¥¢Ê, �. „μ·μÌμ¢Ê ¨ �.‘É¥Ë ´¨¸Ê Å §  ¶²μ¤μÉ¢μ·´Ò¥
μ¡¸Ê¦¤¥´¨Ö,   É ±¦¥ ¶·¨§´ É¥²¥´ ¶·μË¥¸¸μ·Ê Š. ƒß±¥ ¨ �.‘É¥Ë ´¨¸Ê §  £μ¸É¥¶·¨¨³¸É¢μ
¢ “´¨¢¥·¸¨É¥É¥ 	μÌÊ³ , £¤¥ · ¡μÉ  ¡Ò²  § ¢¥·Ï¥´ . � ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Î ¸É¨Î´μ°
¶μ¤¤¥·¦±¥ �””ˆ (07-02-91557, 08-01-00686 ¨ 09-02-01149), ¶·μ£· ³³Ò ®ƒ¥°§¥´¡¥·£Ä
‹ ´¤ Ê¯ (£· ´É 2008 £. ¨ 2009 £.) ¨  ´ ²¨É¨Î¥¸±μ° ¢¥¤μ³¸É¢¥´´μ° Í¥²¥¢μ° ¶·μ£· ³³Ò
®� §¢¨É¨¥ ´ ÊÎ´μ£μ ¶μÉ¥´Í¨ ²  ¢Ò¸Ï¥° Ï±μ²Ò (2009Ä2010 ££.)¯ (¶·μ¥±É ��� 2.2.1.1/1483
¨ 2.2.1.1/1539).
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16. Dorokhov A. E. V -A-Ṽ Correlator Within the Instanton Vacuum Model // Eur. Phys. J. C. 2005.
V. 42. P. 309Ä317.



762 �¨³¨±μ¢ �. ‚.

17. Petrov V. Y. et al. Pion and Photon Light-Cone Wave Functions from the Instanton Vacuum // Phys.
Rev. D. 1999. V. 59. P. 114018.

18. Goeke K. et al. 1/Nc Corrections to the Magnetic Susceptibility of the QCD Vacuum // Phys. Rev.
D. 2007. V. 76. P. 116007.

19. Dorokhov A. E., Broniowski W., Ruiz Arriola E. Photon Distribution Amplitudes and Light-Cone
Wave Functions in Chiral Quark Models // Phys. Rev. D. 2006. V. 74. P. 054023.

20. Mikhailov S. V., Radyushkin A. V. Nonlocal Condensates and QCD Sum Rules for Pion Wave
Function // JETP Lett. 1986. V. 43. P. 712Ä715.

21. Mikhailov S. V., Radyushkin A. V. Quark Condensate Nonlocality and Pion Wave Function in QCD //
Sov. J. Nucl. Phys. 1989. V. 49. P. 494Ä503.

22. D'Elia M., Di Giacomo A., Meggiolaro E. Gauge-invariant Quark Antiquark Nonlocal Condensates
in Lattice QCD // Phys. Rev. D. 1999. V. 59. P. 054503.

23. Bakulev A. P., Mikhailov S. V. Lattice Measurements of Nonlocal Quark Condensates, Vacuum Cor-
relation Length, and Pion Distribution Amplitude in QCD // Phys. Rev. D. 2002. V. 65. P. 114511.

24. Belyaev V. M., Ioffe B. L. Determination of Baryon and Baryonic Masses from QCD Sum Rules.
Strange Baryons // Sov. Phys. JETP. 1983. V. 57. P. 716Ä721.

25. Ovchinnikov A. A., Pivovarov A. A. QCD Sum Rule Calculation of the Quark Gluon Condensate //
Sov. J. Nucl. Phys. 1988. V. 48. P. 721Ä723.

26. Dorokhov A. E., Esaibegian S. V., Mikhailov S. V. Virtualities of Quarks and Gluons in QCD Vacuum
and Nonlocal Condensates within Single Instanton Approximation // Phys. Rev. D. 1997. V. 56.
P. 4062Ä4068.

27. Polyakov M. V., Weiss C. Mixed QuarkÄGluon Condensate from Instantons // Phys. Lett. B. 1996.
V. 387. P. 841Ä847.

28. Bakulev A. P., Mikhailov S. V. New Shapes of Light-Cone Distributions of the Transversely Polarized
Rho Mesons // Eur. Phys. J. C. 2001. V. 19. P. 361Ä372.

�μ²ÊÎ¥´μ 16 ³ ·É  2009 £.


