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ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ ¨³. ƒ. ˆ. �Ê¤±¥·  ‘� ���, �μ¢μ¸¨¡¨·¸±, �μ¸¸¨Ö

�μ¢μ¸¨¡¨·¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É, �μ¢μ¸¨¡¨·¸±, �μ¸¸¨Ö

“· ¢´¥´¨¥ 	”Š‹ ¡Ò²μ ¶μ²ÊÎ¥´μ ¤²Ö μ¶¨¸ ´¨Ö ¶μ¢¥¤¥´¨Ö  ³¶²¨ÉÊ¤ · ¸¸¥Ö´¨Ö
¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¢ ´¥ ¡¥²¥¢ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ É¥μ·¨ÖÌ. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö μ´μ
Ï¨·μ±μ ¨§¢¥¸É´μ ¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ±¢ ´Éμ¢μ° Ì·μ³μ¤¨´ ³¨±¥ ¢ £² ¢´μ³ ²μ£ ·¨Ë³¨Î¥-
¸±μ³ ¶·¨¡²¨¦¥´¨¨ ¨ ¸²¥¤ÊÕÐ¥³ §  ´¨³. …£μ ¢Ò¢μ¤ μ¸´μ¢ ´ ´  ¶μ²Õ¸´μ° ·¥¤¦¥¢¸±μ°
Ëμ·³¥  ³¶²¨ÉÊ¤ ¸ £²Õμ´´Ò³ μ¡³¥´μ³ ¢ ±·μ¸¸-± ´ ² Ì. ‚ ¢Ò¸Ï¨Ì ¶·¨¡²¨¦¥´¨ÖÌ ÔÉ 
Ëμ·³  ´ ·ÊÏ ¥É¸Ö ¢±² ¤ ³¨ ·¥¤¦¥¢¸±¨Ì · §·¥§μ¢, ÎÉμ § É·Ê¤´Ö¥É ¢Ò¢μ¤ Ê· ¢´¥´¨Ö ¢
¶μ¤Ìμ¤¥ 	”Š‹.

The BFKL equation was derived for description of high energy behaviour of scat-
tering amplitudes in non-Abelian gauge theories. Now it is widely known and used in
quantum chromodynamics in the leading and next-to-leading logarithmic approximations.
Its derivation is based on the pole Regge form of amplitudes with gluon exchanges in
cross channels. In higher approximations this form is violated by contributions of Regge
cuts, which complicates the derivation of the equation in the BFKL approach.

PACS: 12.38.-t; 12.40.Nn
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‘·¥¤¨ ³´μ¦¥¸É¢  ¢Ò¤ ÕÐ¨Ì¸Ö ¤μ¸É¨¦¥´¨° ¨ μÉ±·ÒÉ¨° �.�. 	μ£μ²Õ¡μ¢ 
¥¸ÉÓ ¨ μÉ±·ÒÉ¨¥ ´μ¢μ£μ ±¢ ´Éμ¢μ£μ Î¨¸²  Å Í¢¥É , ´μ¸¨É¥²Ö³¨ ±μÉμ·μ£μ
Ö¢²ÖÕÉ¸Ö ±¢ ·±¨ Å Ô²¥³¥´É ·´Ò¥ Î ¸É¨ÍÒ ¸ ¸¨²Ó´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³. ‚¶μ-
¸²¥¤¸É¢¨¨ μ± § ²μ¸Ó, ÎÉμ ÔÉμ ±¢ ´Éμ¢μ¥ Î¨¸²μ Ö¢²Ö¥É¸Ö ´¥ ¶·μ¸Éμ ³¥É±μ°,
±μÉμ· Ö ¸²Ê¦¨É ¤²Ö · §²¨Î¥´¨Ö ±¢ ·±μ¢, ´μ ¨ ¨¸ÉμÎ´¨±μ³ ¸¨²Ó´μ£μ ¢§ ¨-
³μ¤¥°¸É¢¨Ö, ¶μ¤μ¡´μ Éμ³Ê, ± ± Ô²¥±É·¨Î¥¸±¨° § ·Ö¤ Ö¢²Ö¥É¸Ö ¨¸ÉμÎ´¨±μ³
Ô²¥±É·μ³ £´¨É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö. �μ´ÖÉ¨¥ Í¢¥É  ²¥¦¨É ¢ μ¸´μ¢¥ ¸μ¢·¥-
³¥´´μ° É¥μ·¨¨ ¸¨²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ±μÉμ· Ö ¶μ  ´ ²μ£¨¨ ¸ ±¢ ´Éμ¢μ°
Ô²¥±É·μ¤¨´ ³¨±μ° (Š�„) ´ §Ò¢ ¥É¸Ö ±¢ ´Éμ¢μ° Ì·μ³μ¤¨´ ³¨±μ° (Š•„). �É¨
É¥μ·¨¨ μ¡Ñ¥¤¨´Ö¥É Éμ, ÎÉμ μ¡¥ μ´¨ Ö¢²ÖÕÉ¸Ö ± ²¨¡·μ¢μÎ´Ò³¨, É. ¥. μ¸´μ¢ ´Ò
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´  É·¥¡μ¢ ´¨¨ ¨´¢ ·¨ ´É´μ¸É¨ ¤¥°¸É¢¨Ö μÉ´μ¸¨É¥²Ó´μ ²μ± ²Ó´ÒÌ ± ²¨¡·μ-
¢μÎ´ÒÌ ¶·¥μ¡· §μ¢ ´¨°. �μ ¥¸ÉÓ ¸ÊÐ¥¸É¢¥´´ Ö · §´¨Í : Ô²¥±É·¨Î¥¸±¨° § ·Ö¤
Ö¢²Ö¥É¸Ö ¸± ²Ö·´μ° (μ¤´μ±μ³¶μ´¥´É´μ°) ¢¥²¨Î¨´μ°, É ± ÎÉμ ¸μμÉ¢¥É¸É¢ÊÕÐ Ö
£·Ê¶¶  ¶·¥μ¡· §μ¢ ´¨°  ¡¥²¥¢ ,   Í¢¥É ¨³¥¥É É·¨ ±μ³¶μ´¥´É , ¸μμÉ¢¥É¸É¢Ê-
ÕÐ Ö £·Ê¶¶  ¶·¥μ¡· §μ¢ ´¨° ´¥ ¡¥²¥¢ , É ± ÎÉμ Š•„ Ö¢²Ö¥É¸Ö ´¥ ¡¥²¥¢μ°
± ²¨¡·μ¢μÎ´μ° É¥μ·¨¥°.

�¥ ¡¥²¥¢Ò ± ²¨¡·μ¢μÎ´Ò¥ É¥μ·¨¨ ¡Ò²¨ ¢¢¥¤¥´Ò ¢ Ë¨§¨±Ê ¢ 1954 £. [1],
´μ μ´¨ ¶μ²ÊÎ¨²¨ ·¥ ²Ó´μ¥ ¶·¨³¥´¥´¨¥ Éμ²Ó±μ ¶μ¸²¥ ¸μ§¤ ´¨Ö É¥μ·¨¨ Ô²¥±-
É·μ¸² ¡μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö [2, 3] ¨ ±¢ ´Éμ¢μ° Ì·μ³μ¤¨´ ³¨±¨ [4, 5], μ¡· §Ê-
ÕÐ¨Ì ¸μ¢·¥³¥´´ÊÕ É¥μ·¨Õ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, ´ §Ò¢ ¥³ÊÕ ‘É ´¤ ·É´μ°
³μ¤¥²ÓÕ.

“· ¢´¥´¨¥, ±μÉμ·μ¥ É¥¶¥·Ó ´ §Ò¢ ¥É¸Ö Ê· ¢´¥´¨¥³ 	”Š‹ (	 ²¨Í±μ£μÄ
” ¤¨´ ÄŠÊ· ¥¢ Ä‹¨¶ Éμ¢ ), ¡Ò²μ ¢Ò¢¥¤¥´μ [6Ä8] ¤²Ö ¸Ê³³¨·μ¢ ´¨Ö · ¤¨ -
Í¨μ´´ÒÌ ¶μ¶· ¢μ± ±  ³¶²¨ÉÊ¤ ³ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¶·¨ ¡μ²ÓÏμ° Ô´¥·£¨¨√

s ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¢ £² ¢´μ³ ²μ£ ·¨Ë³¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨ (ƒ‹�),
±μ£¤  ¢ ± ¦¤μ³ ¶μ·Ö¤±¥ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° ¸μÌ· ´ÖÕÉ¸Ö Éμ²Ó±μ Î²¥´Ò ¸
¢Ò¸Ï¨³¨ ¸É¥¶¥´Ö³¨ ln s. ‚Ò¢μ¤ ¡Ò² ¶·μ¤¥² ´ ¢ ´¥ ¡¥²¥¢ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ
É¥μ·¨ÖÌ ¸ Ì¨££¸μ¢¸±¨³ ³¥Ì ´¨§³μ³ £¥´¥· Í¨¨ ³ ¸¸ [9Ä11], ¸μÌ· ´ÖÕÐ¨³ ¶¥-
·¥´μ·³¨·Ê¥³μ¸ÉÓ ¨ ¶μ§¢μ²ÖÕÐ¨³ ¨§¡¥¦ ÉÓ ¨´Ë· ±· ¸´ÒÌ μ¸μ¡¥´´μ¸É¥°.

�μ§¤´¥¥ ¡Ò²  ¶μ± § ´  [12] ¶·¨³¥´¨³μ¸ÉÓ Ê· ¢´¥´¨Ö ¢ Š•„. ‚ ´ ¸ÉμÖ-
Ð¥¥ ¢·¥³Ö μ¸´μ¢´ Ö μ¡² ¸ÉÓ ¶·¨³¥´¥´¨Ö Ê· ¢´¥´¨Ö 	”Š‹ ²¥¦¨É ¢ Š•„, ¨
¢¸¥ ¤ ²Ó´¥°Ï¥¥ μÉ´μ¸¨É¸Ö ± Š•„.

1. ��„•�„ �”Š‹

„²Ö · ¸Î¥É   ³¶²¨ÉÊ¤ · ¸¸¥Ö´¨Ö ¨¸¶μ²Ó§μ¢ ²¸Ö ¤¨¸¶¥·¸¨μ´´Ò° ³¥Éμ¤,
μ¸´μ¢ ´´Ò° ´  μ¡Ð¨Ì ¸¢μ°¸É¢ Ì É¥μ·¨¨: Ê´¨É ·´μ¸É¨,  ´ ²¨É¨Î´μ¸É¨ ¨ ¶¥·¥-
´μ·³¨·Ê¥³μ¸É¨. “´¨É ·´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¤²Ö · ¸Î¥É  ¸± Î±μ¢  ³¶²¨ÉÊ¤,
 ´ ²¨É¨Î´μ¸ÉÓ ¨ ¶¥·¥´μ·³¨·Ê¥³μ¸ÉÓ Å ¤²Ö ¨Ì ¶μ²´μ£μ ¢μ¸¸É ´μ¢²¥´¨Ö.

„¨¸¶¥·¸¨μ´´Ò° ¶μ¤Ìμ¤ É·¥¡Ê¥É §´ ´¨Ö ¢¸¥Ì  ³¶²¨ÉÊ¤, ¢Ìμ¤ÖÐ¨Ì ¢ ¸μμÉ-
´μÏ¥´¨Ö Ê´¨É ·´μ¸É¨. —¨¸²μ É ±¨Ì  ³¶²¨ÉÊ¤ ´¥μ£· ´¨Î¥´´μ ¢μ§· ¸É ¥É ¸ ·μ-
¸Éμ³ ¶μ·Ö¤±  É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°. Ÿ¸´μ, ÎÉμ ¶·Ö³μ° · ¸Î¥É É ±¨Ì  ³¶²¨ÉÊ¤
¢μ ¢¸¥Ì ¶μ·Ö¤± Ì É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° ´¥¢μ§³μ¦¥´. �Ê¦´  ± ± Ö-Éμ ®¤¥¡ÕÉ´ Ö
¨¤¥Ö¯. �Éμ° ¨¤¥¥° ¡Ò²  £¨¶μÉ¥§  ·¥¤¦¥§ Í¨¨ ± ²¨¡·μ¢μÎ´ÒÌ ¡μ§μ´μ¢.

�¤´¨³ ¨§ § ³¥Î É¥²Ó´ÒÌ ¸¢μ°¸É¢ Š•„ Ö¢²Ö¥É¸Ö ·¥¤¦¥§ Í¨Ö ¢¸¥Ì ¥¥ Ô²¥-
³¥´É ·´ÒÌ Î ¸É¨Í ¢ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°. �¥¤¦¥§ Í¨Ö £²Õμ´μ¢ μ¸μ¡¥´´μ ¢ ¦-
´ , ¶μ¸±μ²Ó±Ê μ´  μ¶·¥¤¥²Ö¥É ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ¥ ¶μ¢¥¤¥´¨¥ ´¥Ê¡Ò¢ ÕÐ¨Ì
¸ ·μ¸Éμ³ Ô´¥·£¨¨ ¸¥Î¥´¨°.

„²Ö ¶·μÍ¥¸¸μ¢ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö A + B → A′ + B′ ¢ ·¥¤¦¥¢¸±μ° ±¨-
´¥³ É¨Î¥¸±μ° μ¡² ¸É¨ s � −u → ∞, t Ë¨±¸¨·μ¢ ´μ (É. ¥. ´¥ · ¸É¥É ¸ s),
s = (pA + pB)2, u = (pA − pB′)2, t = (pA − pA′)2, ·¥¤¦¥§ Í¨Ö μ§´ Î ¥É, ÎÉμ
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 ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö ¸ ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨ £²Õμ´μ¢ ¢ t-± ´ ²¥ ¨ μÉ·¨Í -
É¥²Ó´μ° ¸¨£´ ÉÊ·μ° (¸¨³³¥É·¨¥° μÉ´μ¸¨É¥²Ó´μ s ↔ u) § ¶¨¸Ò¢ ÕÉ¸Ö ¢ ¢¨¤¥

AA′B′

AB = ΓR
A′A

[(
−s

−t

)j(t)

−
(

s

−t

)j(t)
]

ΓR
B′B, (1)

£¤¥ ΓR
P ′P Å ¢¥·Ï¨´Ò Î ¸É¨Í ÄÎ ¸É¨Í Ä·¥¤¦¥μ´ (——�) ¨²¨ ¢¥·Ï¨´Ò · ¸¸¥Ö-

´¨Ö; j(t) = 1 + ω(t) Å É· ¥±Éμ·¨Ö ·¥¤¦¥§μ¢ ´´μ£μ £²Õμ´ .
�¥¤¦¥§ Í¨Ö μ§´ Î ¥É μ¶·¥¤¥²¥´´ÊÕ Ëμ·³Ê ´¥ Éμ²Ó±μ Ê¶·Ê£¨Ì  ³¶²¨ÉÊ¤,

´μ É ±¦¥ ¨ ·¥ ²Ó´ÒÌ Î ¸É¥° ´¥Ê¶·Ê£¨Ì  ³¶²¨ÉÊ¤ ¢ ³Ê²ÓÉ¨·¥¤¦¥¢¸±μ° ±¨´¥³ -
É¨±¥ (Œ�Š). Œ�Š Å ÔÉμ ±¨´¥³ É¨± , £¤¥ ¢¸¥ Î ¸É¨ÍÒ ¨³¥ÕÉ μ£· ´¨Î¥´´Ò¥
(´¥ · ¸ÉÊÐ¨¥ ¸ s) ¶μ¶¥·¥Î´Ò¥ ¨³¶Ê²Ó¸Ò ¨ μ¡Ñ¥¤¨´¥´Ò ¢ ¸É·Ê¨ ¸ Ë¨±¸¨-
·μ¢ ´´μ° ¨´¢ ·¨ ´É´μ° ³ ¸¸μ° ± ¦¤μ° ¸É·Ê¨ ¨ ¡μ²ÓÏ¨³¨ (· ¸ÉÊÐ¨³¨ ¸ s)
¨´¢ ·¨ ´É´Ò³¨ ³ ¸¸ ³¨ ²Õ¡μ° ¶ ·Ò ¸É·Ê°. �³¶²¨ÉÊ¤Ò ·μ¦¤¥´¨Ö n ¸É·Ê° Ji

¸ ¨³¶Ê²Ó¸ ³¨ ki § ¶¨¸Ò¢ ÕÉ¸Ö ¢ ¢¨¤¥

�AÃB̃+n
AB = 2s ΓR1

ÃA

n∏
i=1

(
1
ti

γJi

RiRi+1

(
si

k(i−1)⊥ki⊥

)ω(ti)
)
×

× 1
tn+1

(
sn+1

kn⊥k(n+1)⊥

)ω(tn+1)

ΓRn+1

B̃B
, (2)

£¤¥ � μ§´ Î ¥É ·¥ ²Ó´ÊÕ Î ¸ÉÓ; γJi

RiRi+1
Å ¢¥·Ï¨´Ò ·¥¤¦¥μ´Ä·¥¤¦¥μ´ÄÎ ¸-

É¨Í  (��—) ¨²¨ ¢¥·Ï¨´Ò ·μ¦¤¥´¨Ö, si = (ki−1 + ki)2, k0 = pÃ, kn+1 = pB̃ ,
ti = q2

i , qi = qi−1−ki, q0 = pA, ⊥ μ§´ Î ¥É ¶μ¶¥·¥Î´ÊÕ ± ¶²μ¸±μ¸É¨ (pA, pB)
Î ¸ÉÓ.

‚ÒÎ¨¸²¥´¨¥ ·¥¤¦¥¢¸±¨Ì ¢¥·Ï¨´ ¨ É· ¥±Éμ·¨¨ ¸¨²Ó´μ Ê¶·μÐ ¥É¸Ö ¢ ¶·¥¤-
¶μ²μ¦¥´¨¨ ·¥¤¦¥§ Í¨¨ £²Õμ´ . ‚ ƒ‹� ¢¥·Ï¨´Ò ´Ê¦´Ò ¢ ¡μ·´μ¢¸±μ³ ¶·¨-
¡²¨¦¥´¨¨. „²Ö ´ Ìμ¦¤¥´¨Ö ²Õ¡μ° ¢¥·Ï¨´Ò ΓR

P ′P ¤μ¸É ÉμÎ´μ ¢ÒÎ¨¸²¨ÉÓ ¶·μ-
¸É¥°ÏÊÕ  ³¶²¨ÉÊ¤Ê Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¸ ¶¥·¥Ìμ¤μ³ P → P ′. —Éμ ± ¸ ¥É¸Ö
¢¥·Ï¨´ ��—, ¢ ƒ‹� ´¥μ¡Ìμ¤¨³  Éμ²Ó±μ ¢¥·Ï¨´  ·μ¦¤¥´¨Ö £²Õμ´ ; ¶μ¸²¥
μ¶·¥¤¥²¥´¨Ö ¢¥·Ï¨´ ——� ¥¥ ³μ¦´μ ¨§¢²¥ÎÓ ¨§  ³¶²¨ÉÊ¤Ò ·μ¦¤¥´¨Ö £²Õμ´ 
¢ Œ�Š ¸ ²Õ¡Ò³¨ ´ Î ²Ó´Ò³¨ Î ¸É¨Í ³¨. „²Ö ´ Ìμ¦¤¥´¨Ö É· ¥±Éμ·¨¨ ¤μ-
¸É ÉμÎ´μ ¢ÒÎ¨¸²¨ÉÓ ¸ ²μ£ ·¨Ë³¨Î¥¸±μ° ÉμÎ´μ¸ÉÓÕ μ¤´μ¶¥É²¥¢ÊÕ ¶μ¶· ¢±Ê
±  ³¶²¨ÉÊ¤¥ ²Õ¡μ£μ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¸ £²Õμ´´Ò³¨ ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨
¢ t-± ´ ²¥. ‘ ³μ¸μ£² ¸μ¢ ´´μ¸ÉÓ £¨¶μÉ¥§Ò ·¥¤¦¥§ Í¨¨ ³μ¦¥É ¡ÒÉÓ ¶·μ¢¥·¥´ ,
¶μ¸±μ²Ó±Ê μ´  É·¥¡Ê¥É ¸μ¢¶ ¤¥´¨Ö ¢¥·Ï¨´ ¨ É· ¥±Éμ·¨°, ¨§¢²¥Î¥´´ÒÌ ¨§  ³-
¶²¨ÉÊ¤ · §²¨Î´ÒÌ ¶·μÍ¥¸¸μ¢.

‚ÒÎ¨¸²¥´¨¥ ¢¥·Ï¨´ ¨ É· ¥±Éμ·¨¨ �¥¤¦¥ ¸ ÉμÎ´μ¸ÉÓÕ, É·¥¡Ê¥³μ° ‘ƒ‹�,
´ ³´μ£μ ¸²μ¦´¥¥ ¨ ¨³¥¥É ¤²¨´´ÊÕ ¨¸Éμ·¨Õ (¸³. [13] ¨ ¸¸Ò²±¨ É ³).

‚Ò· ¦¥´¨Ö (1) ¨ (2) ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¶μ²Õ¸´Ò¥ ·¥¤¦¥¢¸±¨¥ Ëμ·³Ò.
�´¨ ¶μÖ¢¨²¨¸Ó ± ± £¨¶μÉ¥§  ·¥¤¦¥§ Í¨¨ ´  μ¸´μ¢¥ ¶·Ö³ÒÌ É·¥Ì¶¥É²¥¢ÒÌ · ¸-
Î¥Éμ¢ ¤²Ö Ê¶·Ê£¨Ì  ³¶²¨ÉÊ¤ ¨ μ¤´μ¶¥É²¥¢ÒÌ · ¸Î¥Éμ¢ ¤²Ö  ³¶²¨ÉÊ¤ ·μ¦¤¥´¨Ö
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μ¤´μ£μ £²Õμ´ . ƒ¨¶μÉ¥§  Î·¥§¢ÒÎ °´μ ¸¨²Ó´ , É ± ± ± ¡¥¸±μ´¥Î´μ¥ Î¨¸²μ
 ³¶²¨ÉÊ¤ ¢μ ¢¸¥Ì ¶μ·Ö¤± Ì É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° ¢Ò· ¦ ¥É¸Ö Î¥·¥§ £²Õμ´´ÊÕ
É· ¥±Éμ·¨Õ �¥¤¦¥ ¨ ´¥¸±μ²Ó±μ ·¥¤¦¥μ´´ÒÌ ¢¥·Ï¨´. �Î¥¢¨¤´μ, ¥¥ ¤μ± § -
É¥²Ó¸É¢μ ¡Ò²μ ±· °´¥ ¦¥² É¥²Ó´μ. �´μ ¡Ò²μ ¢Ò¶μ²´¥´μ ± ± ¢ ƒ‹� [14], É ±
¨ ¢ ‘ƒ‹� (¸³. [15] ¨ ¸¸Ò²±¨ É ³) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸μμÉ´μÏ¥´¨° ¡ÊÉ¸É· ¶ ,
¢ÒÉ¥± ÕÐ¨Ì ¨§ É·¥¡μ¢ ´¨Ö ¸μ¢³¥¸É¨³μ¸É¨ ¶μ²Õ¸´μ° ·¥¤¦¥¢¸±μ° Ëμ·³Ò ¸
s-± ´ ²Ó´μ° Ê´¨É ·´μ¸ÉÓÕ.

‘ÊÐ¥¸É¢¥´´Ò³ μ¡¸ÉμÖÉ¥²Ó¸É¢μ³, ¨¸¶μ²Ó§μ¢ ´´Ò³ ¢ ¤μ± § É¥²Ó¸É¢¥, Ö¢²Ö-
¥É¸Ö ¢Ò¶μ²´¥´¨¥ ¸ ÉμÎ´μ¸ÉÓÕ ‘ƒ‹� · ¢¥´¸É¢ 

1
−2πi

discs (lnn(−s) + lnn s) =
1
2

∂

∂ ln s
Re [lnn(−s) + lnn s] , (3)

±μÉμ·μ¥ Ö¢²Ö¥É¸Ö ¤¨ËË¥·¥´Í¨ ²Ó´Ò³ ¸μμÉ´μÏ¥´¨¥³ ³¥¦¤Ê ¤¥°¸É¢¨É¥²Ó´μ° ¨
³´¨³μ° Î ¸ÉÖ³¨,   ´¥ μ¡ÒÎ´Ò³ ¨´É¥£· ²Ó´Ò³ ¤¨¸¶¥·¸¨μ´´Ò³ ¸μμÉ´μÏ¥´¨¥³,
¨ ¢¥¤¥É ± ¸μμÉ´μÏ¥´¨Ö³ ¡ÊÉ¸É· ¶ . �·μ¸É¥°Ï¨³ ¨§ ´¨Ì Ö¢²Ö¥É¸Ö ¸μμÉ´μÏ¥´¨¥
¡ÊÉ¸É· ¶  ¤²Ö Ê¶·Ê£¨Ì  ³¶²¨ÉÊ¤. ˆ¸¶μ²Ó§ÊÖ (3) ¨ (1), ¶μ²ÊÎ ¥³

1
−2πis

discsA2→2 =
1
2
ω(t)AR

2→2. (4)

‘± Îμ± ¢ ²¥¢μ° Î ¸É¨ ³μ¦¥É ¡ÒÉÓ ¢ÒÎ¨¸²¥´ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸μμÉ´μÏ¥´¨°
Ê´¨É ·´μ¸É¨ ¨  ³¶²¨ÉÊ¤ (1), (2), É ± ÎÉμ μ¡¥ Î ¸É¨ (4) ³μ£ÊÉ ¡ÒÉÓ ¢Ò· ¦¥´Ò
Î¥·¥§ ·¥¤¦¥¢¸±¨¥ ¢¥·Ï¨´Ò ¨ É· ¥±Éμ·¨Õ. ˆÌ ¸· ¢´¥´¨¥ ¶·¨¢μ¤¨É ± Ê· ¢´¥-
´¨Ö³ ´  ¢¥·Ï¨´Ò ¨ É· ¥±Éμ·¨¨, ´ §Ò¢ ¥³Ò³ Ê¸²μ¢¨Ö³¨ ¡ÊÉ¸É· ¶ .

„¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸μμÉ´μÏ¥´¨Ö (3) ¶μ§¢μ²ÖÕÉ ¶μ²ÊÎ¨ÉÓ ¸μμÉ´μÏ¥´¨Ö
¡ÊÉ¸É· ¶  ¨ ¤²Ö ´¥Ê¶·Ê£¨Ì  ³¶²¨ÉÊ¤ (2), ±μÉμ·Ò¥, ±μ´¥Î´μ, Ö¢²ÖÕÉ¸Ö ¡μ²¥¥
¸²μ¦´Ò³¨. �μ¸±μ²Ó±Ê ¸ÊÐ¥¸É¢Ê¥É ¡¥¸±μ´¥Î´μ¥ ±μ²¨Î¥¸É¢μ  ³¶²¨ÉÊ¤ A2→n+2,
¥¸ÉÓ ¡¥¸±μ´¥Î´μ¥ Î¨¸²μ ¸μμÉ´μÏ¥´¨° ¡ÊÉ¸É· ¶ . �  ¶¥·¢Ò° ¢§£²Ö¤ ± ¦¥É¸Ö
´¥¢μ§³μ¦´Ò³ ¢¸¥ ¨Ì Ê¤μ¢²¥É¢μ·¨ÉÓ, É ± ± ± ¢¸¥  ³¶²¨ÉÊ¤Ò ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§
´¥¸±μ²Ó±μ ·¥¤¦¥μ´´ÒÌ ¢¥·Ï¨´ ¨ £²Õμ´´ÊÕ É· ¥±Éμ·¨Õ �¥¤¦¥. �± §Ò¢ ¥É¸Ö,
μ¤´ ±μ, ÎÉμ ÔÉμ ´¥ É ±. 	¥¸±μ´¥Î´μ¥ Î¨¸²μ ¸μμÉ´μÏ¥´¨° ¡ÊÉ¸É· ¶  ¢Ò¶μ²´Ö-
¥É¸Ö, ¥¸²¨ ¢Ò¶μ²´Ö¥É¸Ö ´¥¸±μ²Ó±μ Ê¸²μ¢¨° ¡ÊÉ¸É· ¶  [16]. ‚Ò¶μ²´¥´¨¥ ÔÉ¨Ì
Ê¸²μ¢¨° ¡Ò²μ ¶μ± § ´μ ¢ ·Ö¤¥ · ¡μÉ (¸³. [15] ¨ ¸¸Ò²±¨ É ³).

—·¥§¢ÒÎ °´μ ¢ ¦´μ, ÎÉμ ± ± ¢ ƒ‹�, É ± ¨ ¢ ‘ƒ‹�  ³¶²¨ÉÊ¤Ò, ¨¸¶μ²Ó-
§Ê¥³Ò¥ ¢ ¸μμÉ´μÏ¥´¨ÖÌ Ê´¨É ·´μ¸É¨, μ¶·¥¤¥²ÖÕÉ¸Ö ¶μ²Õ¸´Ò³¨ ·¥¤¦¥¢¸±¨³¨
Ëμ·³ ³¨ (1), (2). �μÔÉμ³Ê ·¥¤¦¥§ Í¨Ö μ¡¥¸¶¥Î¨¢ ¥É ¶·μ¸Éμ° ¢Ò¢μ¤ Ê· ¢´¥-
´¨Ö 	”Š‹ ¢ ƒ‹� ¨ ¢ ‘ƒ‹�. ‚ 	”Š‹-¶μ¤Ìμ¤¥ s-± ´ ²Ó´Ò¥ ¸± Î±¨ Ê¶·Ê-
£¨Ì  ³¶²¨ÉÊ¤ ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¢ ¢¨¤¥ ΦA′A ⊗ G ⊗ ΦB′B , £¤¥ ΦPP ′ Å ¢Ò-
· ¦ ÕÐ¨¥¸Ö Î¥·¥§ ¢¥·Ï¨´Ò ——� ¨³¶ ±É-Ë ±Éμ·Ò, μ¶¨¸Ò¢ ÕÐ¨¥ ¶¥·¥Ìμ¤Ò
P + R → P ′ + R′,   G Å ËÊ´±Í¨Ö ƒ·¨´  ¤¢ÊÌ ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ·¥¤¦¥§μ-
¢ ´´ÒÌ £²Õμ´μ¢. ‘¨³¢μ²¨Î¥¸±¨ Ê· ¢´¥´¨¥ 	”Š‹ ¶·¥¤¸É ¢²Ö¥É¸Ö ± ±

d

d ln s
G = K̂G, (5)
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£¤¥ K̂ μ¡μ§´ Î ¥É Ö¤·μ 	”Š‹, ±μÉμ·μ¥ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¢¥·Ï¨´Ò ��— ¨
É· ¥±Éμ·¨Õ £²Õμ´ . Ÿ¤·μ Ê´¨¢¥·¸ ²Ó´μ (´¥ § ¢¨¸¨É μÉ ¶·μÍ¥¸¸ ) ¨ μ¶·¥¤¥²Ö¥É
Ô´¥·£¥É¨Î¥¸±ÊÕ § ¢¨¸¨³μ¸ÉÓ  ³¶²¨ÉÊ¤ · ¸¸¥Ö´¨Ö.

2. �‘��‚�›… �…‡“‹œ’�’›

�É¤¥²Ó´Ò¥ ¢±² ¤Ò ¢ Ö¤·μ ¸μ¤¥·¦ É ¨´Ë· ±· ¸´Ò¥ ¸¨´£Ê²Ö·´μ¸É¨. �´¨
¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ ¸¥·¨¨ · ¡μÉ (¸³. [13] ¨ ¸¸Ò²±¨ É ³) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §-
³¥·´μ¸É´μ° ·¥£Ê²Ö·¨§ Í¨¨ ¢ · §³¥·´μ¸É¨ ¶·μ¸É· ´¸É¢ -¢·¥³¥´¨ D = 4 − 2ε.
�μ ¢ ¡¥¸Í¢¥É´μ³ (¶μ³¥·μ´´μ³) ± ´ ²¥ Ö¤·μ ¨´Ë· ±· ¸´μ ¸É ¡¨²Ó´μ. �± §Ò¢ -
¥É¸Ö, ³μ¦´μ Ö¢´μ ¸μ±· É¨ÉÓ ¸¨´£Ê²Ö·´μ¸É¨ [17] ¨ § ¶¨¸ ÉÓ Ö¤·μ ¢ Ë¨§¨Î¥¸±μ³
¶·μ¸É· ´¸É¢¥ D = 4. „²Ö · ¸¸¥Ö´¨Ö ¢¶¥·¥¤

K(q, l) =
αs(μ2)Nc

2π2

[
2

(q − l)2
− δ(q − l)

∫
dl q 2

(q − l)2l2

]
×

×
[
1 +

αs(μ2)Nc

4π

(
67
9

− 2ζ(2) − 10
9

nf

Nc

)]
+

+
α2

s(μ
2)N2

c

4π3

[
1

(q − l)2

(
β0

Nc
ln

(
μ2

(q − l) 2

)
− ln2

(
q2

l2

))
+ f1(q, l) +

+f2(q, l) + δ(q − l)
(

β0

2Nc

∫
dl q 2

(q − l)2l2
ln

(
(q − l)2l2

μ2q 2

)
+ 6πζ(3)

)]
, (6)

£¤¥ β0 = 11/3 − 2nf/(3Nc) Å ¶¥·¢Ò° ±μÔËË¨Í¨¥´É β-ËÊ´±Í¨¨,

f1(q1,q2) = − 2(q2
1 − q2

2)
k 2(q1 + q2)2

(
1
2

ln
(

q2
1

q2
2

)
ln

(
q2

1q
2
2k

4

(q2
1 + q2

2)
4

)
+

+ Li2

(
−q2

1

q2
2

)
− Li2

(
−q2

2

q2
1

) )
−

−
(

1 − (q2
1 − q2

2)2

k2(q1 + q2)2

) ⎛
⎝ 1∫

0

−
∞∫
1

⎞
⎠ dz ln

(
(zq1)2/(q2)2

)
(q2 − zq1)2

, (7)

f2(q1,q2) = −
(

1 +
nf

N3
c

)
2q2

1q
2
2 − 3(q1q2)2

16q2
1q

2
2

(
2
q2

2

+
2
q2

1

+

+
(

1
q2

2

− 1
q2

1

)
ln

q2
1

q2
2

)
−

(
3 +

(
1 +

nf

N3
c

)(
1 − (q2

1 + q2
2)

2

8q2
1q

2
2

−

− 2q2
1q

2
2 − 3q4

1 − 3q4
2

16q4
1q

4
2

(q1q2)2
)) ∞∫

0

dx ln |(1 + x)/(1 − x)|
q2

1 + x2q2
2

. (8)
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�Éμ ¶·¥¤¸É ¢²¥´¨¥ §´ Î¨É¥²Ó´μ Ê¶·μÐ ¥É ¢ÒÎ¨¸²¥´¨¥ ¸μ¡¸É¢¥´´ÒÌ §´ Î¥´¨°
Ö¤· . ‘ �‹� ÉμÎ´μ¸ÉÓÕ

αs(μ2) = αs(q2)
(

1 + β0αs(q2) ln
(

q2

μ2

))
, (9)

∫
d2l K(q, l)

(
l2

q2

)γ−1

= ω(q2, γ) =
αs(q2)Nc

π
χ(γ),

χ(γ) = χB(γ) +
αsNc

π
χ(1)(γ).

(10)

‡¤¥¸Ó χB(γ) ¤ ¥É ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö £² ¢´μ£μ ¶μ·Ö¤± :

χB(γ) = 2ψ(1) − ψ(γ) − ψ(1 − γ),

¨ ¶μ¶· ¢±  χ(1)(γ) ¥¸ÉÓ

χ(1)(γ) = −1
4

[
β0

2Nc

(
χ2

B(γ)(γ) + χ′
B(γ) − 6ζ(3)

)
−

−
(

67
9

− π2

3
− 10

9
nf

Nc

)
χB(γ) + χ′′

B(γ)) +
π2 cos (πγ)

sin2(πγ)(1 − 2γ)
×

×
(

3 +
(

1 +
nf

N3
c

)
2 + 3γ(1 − γ)

(3 − 2γ)(1 + 2γ)

)
− π3

sin (πγ)
+ 4φ(γ)

]
, (11)

£¤¥

φ(γ) =
∞∑

n=0

(−1)n

[
ψ(n + 1 + γ) − ψ(1)

(n + γ)2
+

ψ(n + 2 − γ) − ψ(1)
(n + 1 − γ)2

]
. (12)

�ÉμÉ ·¥§Ê²ÓÉ É ¡Ò² ¢¶¥·¢Ò¥ ¶μ²ÊÎ¥´ ¢ [18] ¨ ¶μ¤É¢¥·¦¤¥´ ¢ [19].
�É´μ¸¨É¥²Ó´ Ö ¶μ¶· ¢±  r(γ) = −χ(1)(γ)/χB(γ) ¢ ¸¨³³¥É·¨Î´μ° ÉμÎ±¥

γ = 1/2, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ´ ¨¡μ²ÓÏ¥³Ê ¸μ¡¸É¢¥´´μ³Ê §´ Î¥´¨Õ Ö¤·  ¢ £² ¢-
´μ³ ¶·¨¡²¨¦¥´¨¨,

ω
(1)
P = −r

(
1
2

)
αsNc

π
ωB

P , ωB
P = 4Nc

αs

π
ln 2,

r

(
1
2

)
� 6,46 + 0,05

nf

Nc
+ 0,96

nf

N3
c

.

(13)

�μ¶· ¢±  μÎ¥´Ó ¢¥²¨± . „²Ö ·¥Ï¥´¨Ö ÔÉμ° ¶·μ¡²¥³Ò ¡Ò²¨ · §· ¡μÉ ´Ò · §-
²¨Î´Ò¥ ³¥Éμ¤Ò, ¢±²ÕÎ ÕÐ¨¥ Î ¸É¨Î´μ¥ ¸Ê³³¨·μ¢ ´¨¥ ¢Ò¸Ï¨Ì ¶·¨¡²¨¦¥´¨°.



540 ”�„ˆ� ‚. ‘.

�·¥¤¸É ¢²¥´¨¥ (6) ¶μ²¥§´μ É ±¦¥ ¤²Ö ´ Ìμ¦¤¥´¨Ö ¢¸¥Ì ¸μ¡¸É¢¥´´ÒÌ §´ -
Î¥´¨° Ö¤· . �¶·¥¤¥²ÖÖ ¨Ì ± ±

∫
d2l K(q, l)

(
l2

q2

)γ−1

ein(φl−φq) =

=
αs(q2)Nc

π

(
χB(γ, n) +

αsNc

π
χ(1)(γ, n)

)
, (14)

£¤¥

χB(γ, n) = 2ψ(1) − ψ

(
γ +

|n|
2

)
− ψ

(
1 − γ +

|n|
2

)
, (15)

¶μ²ÊÎ ¥³ ·¥§Ê²ÓÉ É [20]

4χ(1) (γ, n) = − β0

2Nc

(
χ2

B(γ, n) + χ′
B(γ, n)

)
+ 6ζ (3) − χ′′

B(γ, n)+

+
(

67
9

− π2

3
− 10

9
nf

Nc

)
χB(γ, n) − 2Φ(n, γ) − 2Φ(n, 1 − γ) + F (n, γ), (16)

F (n, γ) =
π2 cos (πγ)

sin2 (πγ) (1 − 2γ)

[
γ (1 − γ) (δn,2 + δn,−2)

2 (3 − 2γ) (1 + 2γ)
×

×
(

1 +
nf

N3
c

)
−

(
3γ (1 − γ) + 2

(3 − 2γ) (1 + 2γ)

(
1 +

nf

N3
c

)
+ 3

)
δn,0

]
(17)

¨

Φ (n, γ) =

1∫
0

dt

1 + t
tγ−1+n/2

{
π2

12
− 1

2
ψ′

(
n + 1

2

)
− Li2 (t) − Li2 (−t)−

−
(

ψ (n + 1) − ψ (1) + ln (1 + t) +
∞∑

k=1

(−t)k

k + n

)
ln t−

−
∞∑

k=1

tk

(k + n)2
[
1 − (−1)k

]}
. (18)

� ·Ö¤Ê ¸ μÉ³¥Î¥´´Ò³¨ ´ ¨¡μ²¥¥ ¢ ¦´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ ¶μ¤Ìμ¤¥
	”Š‹, ¢±²ÕÎ ÕÉ ¸²¥¤ÊÕÐ¥¥:

Å ¸¢Ö§Ó ³¥¦¤Ê ¸μ¡¸É¢¥´´Ò³¨ §´ Î¥´¨Ö³¨ Ö¤·  	”Š‹ ¢ ¸²¥¤ÊÕÐ¥³ § 
£² ¢´Ò³ ¶μ·Ö¤±¥ (‘ƒ�) ¨  ´μ³ ²Ó´μ° · §³¥·´μ¸ÉÓÕ γω μ¶¥· Éμ·μ¢ É¢¨-
¸É  2 [18];
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Å Ö¤·μ ¢ ¸²¥¤ÊÕÐ¥³ §  £² ¢´Ò³ ¶μ·Ö¤±¥ (‘ƒ�) ¤²Ö ¶·¨¸μ¥¤¨´¥´´μ£μ
¶·¥¤¸É ¢²¥´¨Ö ¢ t-± ´ ²¥ [21,22];

Å Ö¤·μ ‘ƒ� ¢ ³ ±¸¨³ ²Ó´μ · ¸Ï¨·¥´´μ° ¸Ê¶¥·¸¨³³¥É·¨Î´μ° É¥μ·¨¨
Ÿ´£ ÄŒ¨²²¸  (N = 4 SYM) [20];

Å Ö¤·μ ‘ƒ� ¤²Ö t 
= 0 [23,24];
Å ¶·¥¤¸É ¢²¥´¨¥ Ö¤·  ‘ƒ� ¢ Ëμ·³¥, £¤¥ ±μ´Ëμ·³´ Ö ¨´¢ ·¨ ´É´μ¸ÉÓ

´ ·ÊÏ ¥É¸Ö Éμ²Ó±μ ¶¥·¥´μ·³¨·μ¢±μ° [25];
Å μ¸É ÉμÎ´ÊÕ ËÊ´±Í¨Õ BDS  ´§ Í  ¢ N = 4 SYM ¢ ‘ƒ‹� [26];
Å Œ¥¡¨Ê¸-¨´¢ ·¨ ´É´μ¥ Ê· ¢´¥´¨¥ 	”Š‹ ¤²Ö ¶·¨¸μ¥¤¨´¥´´μ£μ ¶·¥¤¸É -

¢²¥´¨Ö ¢ N = 4 SYM [27].
�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ Ï¨·μ±μ ¶·¨³¥´ÖÕÉ¸Ö ± ± ¢ Ë¥´μ³¥´μ²μ£¨¨, £¤¥

¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö μ¶¨¸ ´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ´  ²¥¶Éμ´- ¤·μ´´ÒÌ ¨  ¤·μ´- ¤·μ´-
´ÒÌ ±μ²² °¤¥· Ì, É ± ¨ ¢ É¥μ·¨¨, £¤¥ ¸²Ê¦ É μÉ¶· ¢´Ò³¨ ¨²¨ ±μ´É·μ²Ó´Ò³¨
¶Ê´±É ³¨ ¤²Ö ¶·μ¤¢¨´ÊÉÒÌ ¢ÒÎ¨¸²¥´¨° ¨ £¨¶μÉ¥§.

3. ����‹…Œ›

�μ²Õ¸´ Ö ·¥¤¦¥¢¸± Ö Ëμ·³   ³¶²¨ÉÊ¤ (1), (2), ¤ ÕÐ¨Ì ¢±² ¤ ¢ ¸μμÉ-
´μÏ¥´¨Ö Ê´¨É ·´μ¸É¨, μ¡¥¸¶¥Î¨¢ ¥É ¶·μ¸Éμ° ¢Ò¢μ¤ Ê· ¢´¥´¨Ö 	”Š‹ ¢ ƒ‹�
¨ ¢ ‘ƒ‹�. �μ ÔÉ  Ëμ·³  ´ ·ÊÏ¥´  ¢ ‘ƒ‹�.

�¥·¢μ¥ ´ ¡²Õ¤¥´¨¥ ´ ·ÊÏ¥´¨Ö ¡Ò²μ ¸¤¥² ´μ [28] ¢ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥-
¸±μ³ ¶·¥¤¥²¥ ¤¢ÊÌ¶¥É²¥¢ÒÌ  ³¶²¨ÉÊ¤ gg-, gq- ¨ qq-· ¸¸¥Ö´¨Ö. �μ§¤´¥¥ ¨´-
Ë· ±· ¸´Ò¥ ¸¨´£Ê²Ö·´Ò¥ Î²¥´Ò, ´ ·ÊÏ ÕÐ¨¥ ¶μ²Õ¸´ÊÕ ·¥¤¦¥¢¸±ÊÕ Ëμ·³Ê,
¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ É·¥Ì ¶¥É²ÖÌ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤μ¢ ¨´Ë· ±· ¸´μ° Ë ±-
Éμ·¨§ Í¨¨ [29Ä31].

� ·ÊÏ¥´¨¥ ¶μ²Õ¸´μ° ·¥¤¦¥¢¸±μ° Ëμ·³Ò ¸²¥¤μ¢ ²μ μ¦¨¤ ÉÓ, ¶μÉμ³Ê ÎÉμ
Ìμ·μÏμ ¨§¢¥¸É´μ, ÎÉμ ¶μ²Õ¸Ò �¥¤¦¥ ¢ ¶²μ¸±μ¸É¨ ±μ³¶²¥±¸´ÒÌ Ê£²μ¢ÒÌ ³μ-
³¥´Éμ¢ ¶μ·μ¦¤ ÕÉ ·¥¤¦¥¢¸±¨¥ · §·¥§Ò. 	μ²¥¥ Éμ£μ, ¢  ³¶²¨ÉÊ¤ Ì ¸ ¶μ²μ¦¨-
É¥²Ó´μ° ¸¨£´ ÉÊ·μ° ·¥¤¦¥¢¸±¨¥ · §·¥§Ò ¶μÖ¢²ÖÕÉ¸Ö Ê¦¥ ¢ ƒ‹�. ‚ Î ¸É´μ¸É¨,
	”Š‹ ¶μ³¥·μ´ Ö¢²Ö¥É¸Ö ¤¢ÊÌ·¥¤¦¥μ´´Ò³ · §·¥§μ³. �μ ¢  ³¶²¨ÉÊ¤ Ì ¸ μÉ-
·¨Í É¥²Ó´μ° ¸¨£´ ÉÊ·μ° ·¥¤¦¥¢¸±¨¥ · §·¥§Ò ¤μ²¦´Ò ¡ÒÉÓ ¶μ ±· °´¥° ³¥·¥
É·¥Ì·¥¤¦¥μ´´Ò³¨ ¨ ¶μÖ¢²ÖÉÓ¸Ö Éμ²Ó±μ ¢ ‘‘ƒ‹�. �μÔÉμ³Ê ¡Ò²μ ¥¸É¥¸É¢¥´´μ
μ¦¨¤ ÉÓ, ÎÉμ ´ ¡²Õ¤ ¥³μ¥ ´ ·ÊÏ¥´¨¥ ¸¢Ö§ ´μ ¸ ¢±² ¤μ³ · §·¥§μ¢.

�¥·¢μ¥ μ¡ÑÖ¸´¥´¨¥ ´ ¡²Õ¤ ¥³μ£μ ´ ·ÊÏ¥´¨Ö ¡Ò²μ ¤ ´μ ¢ [32], £¤¥ ¡Ò²μ
¶μ± § ´μ, ÎÉμ Î²¥´Ò, ´ ·ÊÏ ÕÐ¨¥ ¶μ²Õ¸´ÊÕ ·¥¤¦¥¢¸±ÊÕ Ëμ·³Ê, ³μ£ÊÉ ¨¤É¨
μÉ ¢±² ¤μ¢ É·¥Ì·¥¤¦¥μ´´μ£μ · §·¥§ . �μ ¶μÎÉ¨ ¢ Éμ ¦¥ ¸ ³μ¥ ¢·¥³Ö ¡Ò²μ
¤ ´μ ¤·Ê£μ¥ μ¡ÑÖ¸´¥´¨¥ [33], £¤¥ ¢±² ¤ · §·¥§  μÉ²¨Î ¥É¸Ö μÉ [32] (¸³. É ±-
¦¥ [34,35]) ¨ ¶μ³¨³μ · §·¥§  ¨¸¶μ²Ó§Ê¥É¸Ö ¸³¥Ï¨¢ ´¨¥ · §·¥§  ¨ ¶μ²Õ¸ .

‚ · ¡μÉ Ì [32] ¨ [33] ¤²Ö ¢ÒÎ¨¸²¥´¨Ö  ³¶²¨ÉÊ¤ ¨¸¶μ²Ó§ÊÕÉ¸Ö · §´Ò¥ ¶μ¤-
Ìμ¤Ò. ‚ [32] ¶·¨³¥´Ö¥É¸Ö ¶μ¤Ìμ¤, μ¸´μ¢ ´´Ò° ´  ¤¨ £· ³³ Ì ”¥°´³ ´ , ¢ Éμ
¢·¥³Ö ± ± ¶μ¤Ìμ¤, ¨¸¶μ²Ó§μ¢ ´´Ò° ¢ [33], ´¥ ¨³¥¥É μÉ´μÏ¥´¨Ö ± ¤¨ £· ³³ ³
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”¥°´³ ´  ¨ μ¸´μ¢ ´ ´  ¶·¥¤¸É ¢²¥´¨¨  ³¶²¨ÉÊ¤ · ¸¸¥Ö´¨Ö ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·-
£¨ÖÌ ¢¨²Ó¸μ´μ¢¸±¨³¨ ²¨´¨Ö³¨. �¡  ¶μ¤Ìμ¤  μ¡ÑÖ¸´ÖÕÉ ´ ·ÊÏ¥´¨¥ ¶μ²Õ¸´μ°
Ëμ·³Ò ¢ É·¥Ì ¶¥É²ÖÌ, ´μ ¶μ-· §´μ³Ê.

‚ ¤¨ £· ³³´μ³ ¶μ¤Ìμ¤¥ É·¥Ì·¥¤¦¥μ´´Ò° · §·¥§ ´ Î¨´ ¥É¸Ö ¸μ ¢±² ¤ 
 ³¶²¨ÉÊ¤ ¸ μÉ·¨Í É¥²Ó´μ° ¸¨£´ ÉÊ·μ°, μÉ¢¥Î ÕÐ¨Ì ¤¨ £· ³³ ³ ”¥°´³ ´  ¸
É·¥³Ö £²Õμ´ ³¨ ¢ t-± ´ ²¥. ‘ÊÐ¥¸É¢μ¢ ´¨¥ · §·¥§  ¸²¥¤Ê¥É Ê¦¥ ¨§ Éμ£μ, ÎÉμ
¢ ÔÉ¨Ì  ³¶²¨ÉÊ¤ Ì ¥¸ÉÓ ¢±² ¤ ¶·¥¤¸É ¢²¥´¨° Í¢¥Éμ¢μ° £·Ê¶¶Ò, μÉ²¨Î´ÒÌ μÉ
¶·¨¸μ¥¤¨´¥´´μ£μ, μÉ¢¥Î ÕÐ¥£μ ·¥¤¦¥§μ¢ ´´μ³Ê £²Õμ´Ê. �± §Ò¢ ¥É¸Ö, ÎÉμ
¤²Ö É ±¨Ì ¶·¥¤¸É ¢²¥´¨° Í¢¥Éμ¢Ò¥ ±μÔËË¨Í¨¥´ÉÒ ¢¸¥Ì ¤¨ £· ³³ μ¤¨´ ±μ¢Ò,
É ± ÎÉμ § ¢¨¸ÖÐ¨¥ μÉ ¨³¶Ê²Ó¸μ¢ ³´μ¦¨É¥²¨ ¸Ê³³¨·ÊÕÉ¸Ö ¢ Ô°±μ´ ²Ó´ÊÕ  ³-
¶²¨ÉÊ¤Ê, ÎÉμ μ¡¥¸¶¥Î¨¢ ¥É ¨Ì ± ²¨¡·μ¢μÎ´ÊÕ ¨´¢ ·¨ ´É´μ¸ÉÓ. �Éμ ´¥ É ±
¢ ± ´ ²¥ ·¥¤¦¥§μ¢ ´´μ£μ £²Õμ´ . �± §Ò¢ ¥É¸Ö, μ¤´ ±μ, ÎÉμ Í¢¥Éμ¢Ò¥ ±μÔË-
Ë¨Í¨¥´ÉÒ ¤¨ £· ³³ μ¤¨´ ±μ¢Ò ¤²Ö Î²¥´μ¢, ´ ·ÊÏ ÕÐ¨Ì ¶μ²Õ¸´ÊÕ Ëμ·³Ê.

‚ ¶μ¤Ìμ¤¥ ¢¨²Ó¸μ´μ¢¸±¨Ì ²¨´¨° ¸¢Ö§Ó É·¥Ì·¥¤¦¥μ´´ÒÌ · §·¥§μ¢ ¸ ¤¨ -
£· ³³ ³¨ ”¥°´³ ´  ´¥ ¶·μ¸²¥¦¨¢ ¥É¸Ö. –¢¥Éμ¢Ò¥ ±μÔËË¨Í¨¥´ÉÒ ¤²Ö ¢±² -
¤μ¢ · §·¥§  ¢ [33] ¤ ÕÉ¸Ö ¶μ ¸ÊÐ¥¸É¢Ê ¡¥§ μ¡ÑÖ¸´¥´¨Ö. ‡ ¢¨¸ÖÐ Ö μÉ ¨³¶Ê²Ó-
¸μ¢ Î ¸ÉÓ  ³¶²¨ÉÊ¤Ò ¶·¨´¨³ ¥É¸Ö · ¢´μ° Ô°±μ´ ²Ó´μ°, ÎÉμ ¸ ÉμÎ±¨ §·¥´¨Ö
¤¨ £· ³³´μ£μ ¶μ¤Ìμ¤  ´¥ ¸μ£² ¸Ê¥É¸Ö ¸ ¢Ò¡· ´´μ° Ëμ·³μ° Í¢¥Éμ¢ÒÌ ±μÔË-
Ë¨Í¨¥´Éμ¢.

‚ ¤¢ÊÌ ¶¥É²ÖÌ ¢±² ¤Ò · §·¥§  μÉ²¨Î ÕÉ¸Ö ´  ¢¥²¨Î¨´Ê, ±μÉμ·ÊÕ ³μ¦´μ
μÉ´¥¸É¨ ± ¢±² ¤Ê ¶μ²Õ¸ , ¤²Ö Î¥£μ ¤μ¸É ÉμÎ´μ ¨§³¥´¨ÉÓ ¤¢ÊÌ¶¥É²¥¢Ò¥ ¢±² ¤Ò
¢ ¢¥·Ï¨´Ò ΓR

P ′P . �μ ¢ É·¥Ì ¶¥É²ÖÌ ¤²Ö μ¡ÑÖ¸´¥´¨Ö ´ ·ÊÏ¥´¨Ö ¶μ²Õ¸´μ°
Ëμ·³Ò ¶·¨Ìμ¤¨É¸Ö ¢¢μ¤¨ÉÓ ¸³¥Ï¨¢ ´¨¥ ¶μ²Õ¸  ¨ · §·¥§ .

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢ ¨¸¶μ²Ó§Ê¥³μ³ ¢ [33] ¶μ¤Ìμ¤¥ ¢±² ¤ · §·¥§  ´¥
¶μ¤ ¢²¥´ ¶·¨ ¡μ²ÓÏ¨Ì Nc, É. ¥. μ´ ¸ÊÐ¥¸É¢Ê¥É ¢ ¶² ´ ·´μ° N = 4 SYM.
�Éμ ¶·μÉ¨¢μ·¥Î¨É μ¡Ð¥³Ê ¶·¥¤¸É ¢²¥´¨Õ, ÎÉμ ¢ ¶·¥¤¥²¥ ¢Ò¸μ±¨Ì Ô´¥·£¨°
Î¥ÉÒ·¥ÌÉμÎ¥Î´Ò¥  ³¶²¨ÉÊ¤Ò ¢ ÔÉμ° É¥μ·¨¨ ¤ ÕÉ¸Ö ¢±² ¤μ³ ·¥¤¦¥§μ¢ ´´μ£μ
£²Õμ´ .

‡�Š‹�—…�ˆ…

“· ¢´¥´¨¥ 	”Š‹ ¡Ò²μ ¶μ²ÊÎ¥´μ ¢ ¶·¥¤¶μ²μ¦¥´¨¨ ¶μ²Õ¸´μ° ·¥¤¦¥¢¸±μ°
Ëμ·³Ò  ³¶²¨ÉÊ¤ ¸ ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨ £²Õμ´  ¢ ±·μ¸¸-± ´ ² Ì ¨ μÉ·¨Í -
É¥²Ó´μ° ¸¨£´ ÉÊ·μ°. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢μ ¢¸¥Ì ¶μ·Ö¤± Ì É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°
¤μ± § ´μ, ÎÉμ ÔÉ  Ëμ·³  ¸¶· ¢¥¤²¨¢  ± ± ¢ £² ¢´μ³, É ± ¨ ¢ ¸²¥¤ÊÕÐ¥³ § 
´¨³ ²μ£ ·¨Ë³¨Î¥¸±¨Ì ¶·¨¡²¨¦¥´¨ÖÌ. ‚ ÔÉμ³ (	”Š‹) ¶μ¤Ìμ¤¥ ¡Ò²μ ¶μ²Ê-
Î¥´μ ³´μ¦¥¸É¢μ ·¥§Ê²ÓÉ Éμ¢, ¢ ¦´ÒÌ ± ± ¤²Ö Ô±¸¶¥·¨³¥´É , É ± ¨ ¤²Ö É¥μ·¨¨
¨ ¶μ²ÊÎ¨¢Ï¨Ì Ï¨·μ±μ¥ ¶·¨³¥´¥´¨¥. �¤´ ±μ ¤ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ ¶μ¤Ìμ¤ 
	”Š‹ Ê¸²μ¦´Ö¥É¸Ö ´ ·ÊÏ¥´¨¥³ ¶μ²Õ¸´μ° ·¥¤¦¥¢¸±μ° Ëμ·³Ò. „¢Ê³Ö · §-
´Ò³¨ ¸¶μ¸μ¡ ³¨ ¡Ò²μ ¶μ± § ´μ, ÎÉμ ´ ¡²Õ¤ ¥³μ¥ ´ ·ÊÏ¥´¨¥ ³μ¦´μ μ¡ÑÖ¸-
´¨ÉÓ ¢±² ¤ ³¨ É·¥Ì·¥¤¦¥μ´´ÒÌ · §·¥§μ¢. Š ¸μ¦ ²¥´¨Õ, ¶μ²ÊÎ¥´´Ò¥ ÔÉ¨³¨
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¸¶μ¸μ¡ ³¨ ·¥§Ê²ÓÉ ÉÒ ¸μ£² ¸ÊÕÉ¸Ö ¢ É·¥Ì ¶¥É²ÖÌ, ´μ ¤μ²¦´Ò · ¸Ìμ¤¨ÉÓ¸Ö ¢
¡μ²¥¥ ¢Ò¸μ±¨Ì ¶·¨¡²¨¦¥´¨ÖÌ. ‚μ§³μ¦´Ò° ¢Ò¡μ· ³¥¦¤Ê ´¨³¨ ³μ¦¥É ¡ÒÉÓ
¸¤¥² ´ ¢ Î¥ÉÒ·¥Ì ¶¥É²ÖÌ. �¤´ ±μ ÊÉ¢¥·¦¤¥´¨¥, ÎÉμ  ³¶²¨ÉÊ¤Ò Š•„ ¸ ±¢ ´Éμ-
¢Ò³¨ Î¨¸² ³¨ £²Õμ´μ¢ ¢ ±·μ¸¸-± ´ ² Ì ¨ μÉ·¨Í É¥²Ó´μ° ¸¨£´ ÉÊ·μ° ¤ ÕÉ¸Ö
¢ ‘‘ƒ‹� ¢±² ¤ ³¨ ¶μ²Õ¸  �¥¤¦¥ ¨ É·¥Ì·¥¤¦¥μ´´μ£μ · §·¥§ , ³μ¦¥É ¡ÒÉÓ
Éμ²Ó±μ £¨¶μÉ¥§μ°, ¶μ±  ´¥ ¡Ê¤¥É ¤μ± § ´μ ¢ ± ¦¤μ³ ¶μ·Ö¤±¥ É¥μ·¨¨ ¢μ§³Ê-
Ð¥´¨°, ÎÉμ É·¥¡Ê¥É ¨§μ¡·¥É¥´¨Ö ± ±μ£μ-Éμ ³¥Éμ¤ , É ±μ£μ ± ± ¡ÊÉ¸É· ¶ ¤²Ö
¤μ± § É¥²Ó¸É¢  ·¥¤¦¥§ Í¨¨ £²Õμ´ .

�² £μ¤ ·´μ¸É¨. � ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ Î ¸É¨Î´μ Œ¨´¨¸É¥·-
¸É¢  ´ Ê±¨ ¨ ¢Ò¸Ï¥£μ μ¡· §μ¢ ´¨Ö �μ¸¸¨°¸±μ° ”¥¤¥· Í¨¨, Î ¸É¨Î´μ �””ˆ,
£· ´É º19-02-00690.
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