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‚�‡Œ“™…�ˆ‰ Š•„
�. �. � ±Ê²¥¢ ∗

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

Š· É±μ ¨§²μ¦¥´  ´ ²¨É¨Î¥¸±¨° ¶μ¤Ìμ¤ ¢ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° Š•„, ¨´¨Í¨¨·μ¢ ´´Ò° · ¡μ-
É ³¨ „¦μ´¸ , ‘μ²μ¢Íμ¢  ¨ ˜¨·±μ¢ . ’ ±¦¥ ±· É±μ ¶·¥¤¸É ¢²¥´Ò μ¸´μ¢´Ò¥ ¶μ²μ¦¥´¨Ö ¤·μ¡´μ-
 ´ ²¨É¨Î¥¸±μ° É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° („�’‚) ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ Î¨¸²¥ ±¢ ·±μ¢ÒÌ  ·μ³ Éμ¢,  
É ±¦¥ ¸ ÊÎ¥Éμ³ ¶μ·μ£μ¢ ÉÖ¦¥²ÒÌ ±¢ ·±μ¢ ¢ £²μ¡ ²Ó´μ° ¢¥·¸¨¨ „�’‚. � ¸¸³μÉ·¥´μ ¶¥·¥¸Ê³-
³¨·μ¢ ´¨¥ ¶¥·ÉÊ·¡ É¨¢´ÒÌ ·Ö¤μ¢ ¢ („)�’‚. �¶¨¸ ´μ ¶·¨²μ¦¥´¨¥ · §¢¨Éμ° £²μ¡ ²Ó´μ° ¢¥·¸¨¨
„�’‚ ± · ¸Î¥ÉÊ Ï¨·¨´Ò · ¸¶ ¤  Ì¨££¸μ¢¸±μ£μ ¡μ§μ´  H → bb̄.

PACS: 11.10.Hi; 11.15.Bt; 12.38.Bx; 12.38.Cy

1. �’‚ ˆ „�’‚ ‚ Š•„

‚ ¸É ´¤ ·É´μ° É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° (’‚) Š•„ Ê ´ ¸ ¨³¥¥É¸Ö ·¥´μ·³-
£·Ê¶¶μ¢μ¥ (�ƒ) Ê· ¢´¥´¨¥ das[L]/dL = −a2

s − . . . ¤²Ö ÔËË¥±É¨¢´μ£μ § -
·Ö¤  αs(Q2) = as[L]/βf , £¤¥ L = ln(Q2/Λ2), βf = b0(Nf )/(4π) = (11 −
2Nf/3)/(4π)∗∗. ’μ£¤  μ¤´μ¶¥É²¥¢μ¥ ·¥Ï¥´¨¥ μ¡² ¤ ¥É ¸¨´£Ê²Ö·´μ¸ÉÓÕ ¢ ¢¨¤¥
¶μ²Õ¸  ‹ ´¤ Ê, as[L] = 1/L.

‘É·μ£μ £μ¢μ·Ö,  ´ ²¨É¨Î¥¸± Ö É¥μ·¨Ö ¢μ§³ÊÐ¥´¨° (�’‚) ¡Ò²  ¨´¨Í¨¨-
·μ¢ ´  · ¡μÉμ° �.�. 	μ£μ²Õ¡μ¢  ¸ ¸μ ¢Éμ· ³¨ 1959 £. [1], £¤¥ ¡Ò² ¶μ¸É·μ¥´
ÔËË¥±É¨¢´Ò° § ·Ö¤ Š�„, ¸¢μ¡μ¤´Ò° μÉ ¶·¨§· Î´ÒÌ ¶μ²Õ¸μ¢. ‡ É¥³ ¢ 1982 £.
� ¤ÕÏ±¨´ [2] ¨ Š· ¸´¨±μ¢ ¨ �¨¢μ¢ ·μ¢ [3], ¨¸¶μ²Ó§ÊÖ ÉÊ ¦¥ ¸ ³ÊÕ ¤¨¸¶¥·-
¸¨μ´´ÊÕ É¥Ì´¨±Ê, ¶·¥¤²μ¦¨²¨ ·¥£Ê²Ö·´Ò° ÔËË¥±É¨¢´Ò° § ·Ö¤ ¢ Š•„ (¤²Ö

s � Λ2) ¢ μ¡² ¸É¨ Œ¨´±μ¢¸±μ£μ Å §´ ³¥´¨ÉÒ°
1
π

arctg
π

L
. � ¢ 1995 £.

„¦μ´¸ ¨ ‘μ²μ¢Íμ¢ μÉ±·Ò²¨ ¶·¥¤¸É ¢²¥´¨¥ ¤²Ö ÔÉμ£μ ÔËË¥±É¨¢´μ£μ § ·Ö¤ ,
±μÉμ·μ¥ μ± §Ò¢ ²μ¸Ó ·¥£Ê²Ö·´Ò³ ¤²Ö ¢¸¥Ì s ¨ ¸μ¢¶ ¤ ²μ ¸  ·±É ´£¥´¸μ³ � -
¤ÕÏ±¨´  ¶·¨ s � Λ2: ¨³¥´´μ, A1[L] ¢ (1.2 ¡). �·¨³¥·´μ ¢ ÔÉμ ¦¥ ¢·¥³Ö

∗E-mail: bakulev@theor.jinr.ru
∗∗ŒÒ ¨¸¶μ²Ó§Ê¥³ μ¡μ§´ Î¥´¨Ö f(Q2) ¨ f [L] ¤²Ö Éμ£μ, ÎÉμ¡Ò · §²¨Î ÉÓ  ·£Ê³¥´ÉÒ ËÊ´±Í¨°,

±μÉμ·Ò¥ ³Ò ¨¸¶μ²Ó§Ê¥³ Å ±¢ ¤· É ¶¥·¥¤ ´´μ£μ ¨³¶Ê²Ó¸  Q2 ¨²¨ ¥£μ ²μ£ ·¨Ë³ L = ln(Q2/Λ2),
É. ¥. f [L] = f(Λ2 · eL) ¨ Λ2 μ¡ÒÎ´μ μÉ´μ¸¨É¸Ö ± μ¡² ¸É¨ Nf = 3.
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	¥´¥±¥ ¸ ¸μ ¢Éμ· ³¨ [4,5], ¨¸¶μ²Ó§ÊÖ ·¥´μ·³ ²μ´´Ò¥  ·£Ê³¥´ÉÒ, ¨ ˜¨·±μ¢ ¨
‘μ²μ¢Íμ¢ [6], ¨¸¶μ²Ó§ÊÖ ÉμÉ ¦¥ ¸ ³Ò° ¤¨¸¶¥·¸¨μ´´Ò° ¶μ¤Ìμ¤ [1], ¶μ¸É·μ¨²¨
 ´ ²¨É¨Î¥¸±¨° ÔËË¥±É¨¢´Ò° § ·Ö¤ ¢ ¥¢±²¨¤μ¢μ° μ¡² ¸É¨, A1[L], ¸³. (1.2a).

�¤´ ±μ ¶μ¤Ìμ¤ ˜¨·±μ¢ Ä‘μ²μ¢Íμ¢ , ´ §Ò¢ ¥³Ò° É¥¶¥·Ó �’‚, ¡Ò² ³μÐ-
´¥¥: ¢ ¥¢±²¨¤μ¢μ° μ¡² ¸É¨, −q2 = Q2, L = lnQ2/Λ2, μ´ ¤ ¢ ² ¸²¥¤ÊÕ-
Ð¨° ´ ¡μ·  ´ ²¨É¨Î¥¸±¨Ì μ¡· §μ¢ ÔËË¥±É¨¢´μ£μ § ·Ö¤  ¨ ¥£μ n-Ì ¸É¥¶¥´¥°:
{An[L]}n∈N

, ¢ Éμ ¢·¥³Ö ± ± ¢ ³¨´±μ¢¸±μ° μ¡² ¸É¨, q2 = s, Ls = ln s/Λ2, Å
¤·Ê£μ° ´ ¡μ·, {An[Ls]}n∈N

(¸³. É ±¦¥ ¢ [7]). �’‚ μ¸´μ¢ ´  ´  �ƒ ¨ ¶·¨-
Î¨´´μ¸É¨, ÎÉμ £ · ´É¨·Ê¥É ¸É ´¤ ·É´ÊÕ ¶¥·ÉÊ·¡ É¨¢´ÊÕ “”  ¸¨³¶ÉμÉ¨±Ê ÔË-
Ë¥±É¨¢´ÒÌ § ·Ö¤μ¢,   É ±¦¥ § ¤ ¥É ¨Ì ¶· ¢¨²Ó´Ò¥ ¸¶¥±É· ²Ó´Ò¥ ¸¢μ°¸É¢ .
‘É¥¶¥´´Ò¥ ·Ö¤Ò μ¡ÒÎ´μ° ’‚

∑
m

dmam
s [L] ¶·¥μ¡· §ÊÕÉ¸Ö ¢ �’‚ ¢ ´¥¸É¥¶¥´-

´Ò¥ ·Ö¤Ò
∑
m

dmAm[L].

�μ¤  ´ ²¨É¨§ Í¨¥° ¢ �’‚ ¤²Ö ´ ¡²Õ¤ ¥³μ° f(Q2) ³Ò ¶μ´¨³ ¥³ ¸¶¥±-
É· ²Ó´μ¥ ¶·¥¤¸É ¢²¥´¨¥ É¨¶  —¥²²¥´ Ä‹¥³ ´ 

[
f(Q2)

]
an

=

∞∫
0

ρf (σ)
σ + Q2 − iε

dσ, (1.1)

¶·¨Î¥³ ρf (σ) =
1
π

Im
[
f(−σ)

]
. ’μ£¤  ¢ μ¤´μ¶¥É²¥¢μ³ ¶·¨¡²¨¦¥´¨¨ ρ1(σ) =

1/
√

L2
σ + π2 ¨

A1[L] =

∞∫
0

ρ1(σ)
σ + Q2

dσ =
1
L

− 1
eL − 1

, (1.2a)

A1[Ls] =

∞∫
s

ρ1(σ)
σ

dσ =
1
π

arccos
Ls√

π2 + L2
s

, (1.2 ¡)

¢ Éμ ¢·¥³Ö ± ±  ´ ²¨É¨Î¥¸±¨¥ μ¡· §Ò ¢Ò¸Ï¨Ì ¸É¥¶¥´¥° (n � 2, n ∈ N) É ±μ¢Ò:(
An[L]
An[Ls]

)
=

1
(n − 1)!

(
− d

dL

)n−1 (
A1[L]
A1[Ls]

)
. (1.3)

�  ¶¥·¢Ò° ¢§£²Ö¤ �’‚ Ö¢²Ö¥É¸Ö § ±μ´Î¥´´μ° É¥μ·¨¥°, ¸¶μ¸μ¡´μ° ¶μ¸É·μ-
¨ÉÓ  ´ ²¨É¨Î¥¸±¨° μ¡· § ¤²Ö ²Õ¡μ£μ ¶¥·ÉÊ·¡ É¨¢´μ£μ ·Ö¤  ¢ Š•„. �¤´ ±μ ¢
2001 £. Š · ´¨± ¸ ¨ ‘É¥Ë ´¨¸ [8] Ê± § ²¨ ´  ¶μÖ¢²¥´¨¥ ¢ ¢Ò¸Ï¨Ì ¶μ·Ö¤± Ì
É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° ²μ£ ·¨Ë³¨Î¥¸±¨Ì ¢±² ¤μ¢ ¨ ¶·¥¤²μ¦¨²¨ ¤²Ö  ¤·μ´´ÒÌ
´ ¡²Õ¤ ¥³ÒÌ ¢ Q2-¶²μ¸±μ¸É¨, · ¸¸Î¨ÉÒ¢ ¥³ÒÌ ¶¥·ÉÊ·¡ É¨¢´μ, ¶·¨´Í¨¶  ´ -
²¨É¨§ Í¨¨ ®¢ Í¥²μ³¯. 	μ²¥¥ ÉμÎ´μ, μ´¨ ¶·¥¤²μ¦¨²¨ É ±μ° ·¥Í¥¶É  ´ ²¨É¨§ -

Í¨¨ ¤²Ö ¢±² ¤μ¢ É¨¶ 
1∫
0

dx
1∫
0

dy αs

(
Q2xy

)
f(x)f(y), ±μÉμ·Ò¥ ³μ£ÊÉ É· ±Éμ-

¢ ÉÓ¸Ö ± ± ¢μ§´¨± ÕÐ¨¥ ¢ ·¥§Ê²ÓÉ É¥ ÔËË¥±É¨¢´μ£μ ÊÎ¥É  ²μ£ ·¨Ë³¨Î¥¸±¨Ì
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¢±² ¤μ¢ ¢ ¸²¥¤ÊÕÐ¥³ §  ¢¥¤ÊÐ¨³ ¶μ·Ö¤±¥ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° Š•„. ’ ±μ°
¶·¨´Í¨¶  ´ ²¨É¨§ Í¨¨ ¸ÊÐ¥¸É¢¥´´μ ÊÉμÎ´Ö² �’‚, ¶·¨³¥´Ö¢ÏÊÕ¸Ö ¢ [9] ´¥
¢ ¶μ²´μ° ³¥·¥. ‚ ¸ ³μ³ ¤¥²¥, ¢ ¸É ´¤ ·É´μ° É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° Š•„ ³Ò
¨³¥¥³

(1) Ë ±Éμ·¨§ Í¨μ´´ÊÕ Š•„-¶·μÍ¥¤Ê·Ê, ±μÉμ· Ö ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ
²μ£ ·¨Ë³¨Î¥¸±¨Ì ¢±² ¤μ¢ É¨¶  aν

s [L] L;
(2) �ƒ-Ô¢μ²ÕÍ¨Õ, ±μÉμ· Ö £¥´¥·¨·Ê¥É Ô¢μ²ÕÍ¨μ´´Ò¥ Ë ±Éμ·Ò É¨¶ 

B(Q2) =
[
Z(Q2)/Z(μ2)

]
B(μ2), ¸¢μ¤ÖÐ¨¥¸Ö ¢ μ¤´μ¶¥É²¥¢μ³ ¶·¨¡²¨¦¥´¨¨

± Z(Q2) ∼ aν
s [L], £¤¥ ν = γ0/(2b0) Å ¤·μ¡´ Ö (´¥Í¥² Ö) ¢¥²¨Î¨´ .

‚¸¥ ÔÉμ μ§´ Î ¥É, ÎÉμ ¤²Ö μ¡μ¡Ð¥´¨Ö �’‚ ¢ ´ ¶· ¢²¥´¨¨ ® ´ ²¨É¨§ -
Í¨¨ ¢ Í¥²μ³¯ ´¥μ¡Ìμ¤¨³μ ¶μ¸É·μ¨ÉÓ  ´ ²¨É¨Î¥¸±¨¥ μ¡· §Ò ´μ¢ÒÌ ËÊ´±Í¨°:
aν

s , aν
s Lm, . . . �É  § ¤ Î  ¡Ò²  ·¥Ï¥´  ¢ · ³± Ì É ± ´ §Ò¢ ¥³μ° „�’‚, ¶·¥¤-

²μ¦¥´´μ° ¢ · ¡μÉ Ì [10,11]. ‘¥°Î ¸ ³Ò ±· É±μ μ¶¨Ï¥³ ÔÉμÉ ¶μ¤Ìμ¤.
‚ μ¤´μ¶¥É²¥¢μ³ ¶·¨¡²¨¦¥´¨¨, ¨¸¶μ²Ó§μ¢ ¢ ·¥±Ê··¥´É´μ¥ ¸μμÉ´μÏ¥´¨¥

(1.3), ³Ò ¶μ²ÊÎ¨²¨ Ö¢´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö Aν [L] ¨ Aν [L]:

Aν [L] =
1

Lν
− F (e−L, 1 − ν)

Γ(ν)
, (1.4 a)

Aν [L] =
sin

[
(ν − 1) arccos

(
L√

π2 + L2

)]
π(ν − 1) (π2 + L2)(ν−1)/2

. (1.4 ¡)

‡¤¥¸Ó F (z, ν) Å ·¥¤ÊÍ¨·μ¢ ´´ Ö É· ´¸Í¥´¤¥´É´ Ö ËÊ´±Í¨Ö ‹¥·Ì , ±μÉμ-
· Ö Ö¢²Ö¥É¸Ö  ´ ²¨É¨Î¥¸±μ° ËÊ´±Í¨¥°  ·£Ê³¥´É  ν. �μ¸É·μ¥´´Ò¥ ¢Ò· ¦¥´¨Ö
¤²Ö Aν [L] ¨ Aν [L] ¨³¥ÕÉ μÎ¥´Ó ¨´É¥·¥¸´Ò¥ ¸¢μ°¸É¢ , ±μÉμ·Ò¥ ³Ò ¤¥É ²Ó´μ
μ¡¸Ê¤¨²¨ ¢ ¶·¥¤Ò¤ÊÐ¨Ì · ¡μÉ Ì [10Ä13].

�μ¸É·μ¥´¨¥ „�’‚ ¸ § ¤ ´´Ò³ Î¨¸²μ³  ±É¨¢´ÒÌ ±¢ ·±μ¢ÒÌ  ·μ³ Éμ¢, Nf ,
Ö¢²Ö¥É¸Ö ¤¢ÊÌ¸ÉÊ¶¥´Î Éμ° ¶·μÍ¥¤Ê·μ°: ³Ò ¸É ·ÉÊ¥³ ¸ ¶¥·ÉÊ·¡ É¨¢´μ£μ ¢Ò· -
¦¥´¨Ö

[
as(Q2)

]ν
, ¸É·μ¨³ μÉ¢¥Î ÕÐÊÕ ¥³Ê ¸¶¥±É· ²Ó´ÊÕ ¶²μÉ´μ¸ÉÓ ρν(σ) ¸

¶μ³μÐÓÕ Ê· ¢´¥´¨Ö (1.1),   § É¥³ ¶μ²ÊÎ ¥³  ´ ²¨É¨Î¥¸±¨¥ § ·Ö¤Ò Aν [L] ¨
Aν [L] ¨§ Ê· ¢´¥´¨° (1.2). ‡¤¥¸Ó Nf § ¤ ´μ ¢¸Õ¤Ê μ¤´¨³ ¨ É¥³ ¦¥ ¨ μÉË ±Éμ-
·¨§μ¢ ´μ. ŒÒ ³μ¦¥³ ¶μ¢Éμ·¨ÉÓ ÔÉÊ ¤¢ÊÏ £μ¢ÊÕ ¶·μÍ¥¤Ê·Ê ¤²Ö Nf -§ ¢¨¸¨³ÒÌ
¢¥²¨Î¨´:

[
αs(Q

2; Nf)
]ν ⇒ ρ̄ν(σ; Nf ) = ρ̄ν [Lσ; Nf ] ≡ ρν(σ)/βν

f ⇒ Āν [L; Nf ]
¨ Āν [L; Nf ] Å §¤¥¸Ó Nf § ¤ ´μ, ´μ ´¥ μÉË ±Éμ·¨§μ¢ ´μ.

ƒ²μ¡ ²Ó´ Ö ¢¥·¸¨Ö „�’‚ [12], ¢ ±μÉμ·μ° ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¶μ·μ£¨ ÉÖ¦¥²ÒÌ
±¢ ·±μ¢, ¸É·μ¨É¸Ö ¶μ Éμ° ¦¥ ¸ ³μ° ¸Ì¥³¥, ´μ ¢ ± Î¥¸É¢¥ ´ Î ²Ó´μ£μ μ¡Ñ-
¥±É  ¡¥·¥É¸Ö £²μ¡ ²Ó´Ò° ¶¥·ÉÊ·¡ É¨¢´Ò° § ·Ö¤

[
α glob

s (Q2)
]ν

, ±μÉμ·Ò° Ö¢²Ö-
¥É¸Ö ´¥¶·¥·Ò¢´μ° ËÊ´±Í¨¥° Q2 §  ¸Î¥É ¶μ¤¡μ·  · §²¨Î´ÒÌ §´ Î¥´¨° Š•„-
³ ¸ÏÉ ¡μ¢ Λf , μÉ¢¥Î ÕÐ¨Ì · §²¨Î´Ò³ §´ Î¥´¨Ö³ Nf . ŒÒ ¶·μ¨²²Õ¸É·¨·Ê¥³
ÔÉÊ ¸Ì¥³Ê ´  ¶·¨³¥·¥ ´ ²¨Î¨Ö Éμ²Ó±μ μ¤´μ£μ ¶μ·μ£  ¶·¨ s = m2

4, μÉ¢¥Î -
ÕÐ¥£μ ¶¥·¥Ìμ¤Ê Nf = 3 → Nf = 4. ‚ ·¥§Ê²ÓÉ É¥ ³Ò ¶μ²ÊÎ ¥³ ±Ê¸μÎ´μ-
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´¥¶·¥·Ò¢´ÊÕ ¸¶¥±É· ²Ó´ÊÕ ¶²μÉ´μ¸ÉÓ

ρglob
n (σ) = θ (Lσ < L4) ρ̄n [Lσ; 3] + θ (L4 � Lσ) ρ̄n [Lσ + λ4; 4] , (1.5)

£¤¥ Lσ ≡ ln
(
σ/Λ2

3

)
, Lf ≡ ln

(
m2

f/Λ2
3

)
¨ λf ≡ ln

(
Λ2

3/Λ2
f

)
¤²Ö f = 4.

�´  ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¸¶¥±É· ²Ó´Ò¥ ¶²μÉ´μ¸É¨ ¸ § ¤ ´´Ò³ Î¨¸²μ³ (3 ¨ 4)
 ·μ³ Éμ¢, ρ̄n[L; 3] ¨ ρ̄n[L + λ4; 4]. ’¥³ ´¥ ³¥´¥¥ ¢ μ¡² ¸É¨ Œ¨´±μ¢¸±μ£μ ³Ò
¶μ²ÊÎ ¥³ ´¥¶·¥·Ò¢´Ò¥ ¶μ s § ·Ö¤Ò

Aglob
ν [L] = θ (L<L4)

(
Āν[L; 3] + Δ43Āν

)
+ θ (L4 �L) Āν [L + λ4; 4], (1.6 a)

£¤¥ Δ43Āν = Āν [L4 + λ4; 4] − Āν [L4; 3], ¨  ´ ²¨É¨Î¥¸±¨¥ ¶μ Q2 ¥¢±²¨¤μ¢Ò
§ ·Ö¤Ò

Aglob
ν [L] = Āν [L + λ4; 4] +

L4∫
−∞

ρ̄ν [Lσ; 3] − ρ̄ν [Lσ + λ4; 4]
1 + eL−Lσ

dLσ (1.6 ¡)

(¤¥É ²¨ ¸³. ¢ [12]).

2. �…�…‘“ŒŒˆ��‚��ˆ… ‚ �„���…’‹…‚›• �’‚ ˆ „�’‚

� ¸¸³μÉ·¨³ É¥¶¥·Ó ¶¥·ÉÊ·¡ É¨¢´μ¥ · §²μ¦¥´¨¥ É¨¶¨Î´μ° Ë¨§¨Î¥¸±μ° ¢¥-
²¨Î¨´Ò É¨¶  ËÊ´±Í¨¨ �¤²¥·  ¨²¨ R-μÉ´μÏ¥´¨Ö ¢ μ¤´μ¶¥É²¥¢μ° �’‚. ˆ§-§ 
μ£· ´¨Î¥´¨° μ¡Ñ¥³  ¤μ±² ¤  ³Ò ¶·¨¢μ¤¨³ §¤¥¸Ó Ëμ·³Ê²Ò Éμ²Ó±μ ¤²Ö μ¡² ¸É¨
Œ¨´±μ¢¸±μ£μ:

R[L] =
∞∑

n=1

dn An[L]. (2.1)

�·¥¤¶μ²μ¦¨³, ÎÉμ ´μ·³¨·μ¢ ´´Ò¥ ±μÔËË¨Í¨¥´ÉÒ ¶¥·ÉÊ·¡ É¨¢´μ£μ ·Ö¤  d̃n =
dn/d1 £¥´¥·¨·ÊÕÉ¸Ö ¶·μ¨§¢μ¤ÖÐ¥° ËÊ´±Í¨¥° P (t) ¶μ ¸²¥¤ÊÕÐ¥³Ê ¶· ¢¨²Ê:

d̃n =

∞∫
0

P (t) tn−1dt ¸

∞∫
0

P (t) dt = 1. (2.2)

‘ Í¥²ÓÕ Ê±μ· Î¨¢ ´¨Ö ¶μ¸²¥¤ÊÕÐ¨Ì Ëμ·³Ê² ¢¢¥¤¥³ ¤²Ö ¨´É¥£· ² 
∞∫
0

f(t)P (t)dt ¸²¥¤ÊÕÐ¥¥ μ¡μ§´ Î¥´¨¥: 〈〈f(t)〉〉P (t). ’μ£¤  ±μÔËË¨Í¨¥´ÉÒ dn =

d1 〈〈tn−1〉〉P (t), ¨, ± ± ¡Ò²μ ¶μ± § ´μ ¢ [14], ³Ò ³μ¦¥³ ÉμÎ´μ ¶·μ¸Ê³³¨·μ¢ ÉÓ
¢ (2.1)

R[L] = d1 〈〈A1[L − t]〉〉P (t). (2.3)
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ˆ´É¥£·¨·μ¢ ´¨¥ ¶μ ¶¥·¥³¥´´μ° t §¤¥¸Ó ¶·μ¢μ¤¨É¸Ö ¸μ¢¥·Ï¥´´μ ¸É·μ£μ, ¡² -
£μ¤ ·Ö ±μ´¥Î´μ¸É¨ § ·Ö¤  A1[t] � 1 ¨ ¡Ò¸É·μ³Ê ¸¶ ¤Ê ¶·μ¨§¢μ¤ÖÐ¥° ËÊ´±Í¨¨
P (t) ¶·¨ ¡μ²ÓÏ¨Ì t.

‚ ´ Ï¨Ì ¶·¥¤Ò¤ÊÐ¨Ì ¶Ê¡²¨± Í¨ÖÌ [12, 15] ³Ò ¶μ¸É·μ¨²¨ μ¡μ¡Ð¥´¨Ö
ÔÉμ° ±μ´¸É·Ê±Í¨¨ ¸¶¥·¢  ¤²Ö ¸²ÊÎ Ö £²μ¡ ²Ó´μ° �’‚, ±μ£¤  ÊÎ¨ÉÒ¢ ÕÉ¸Ö
¶μ·μ£¨ ÉÖ¦¥²ÒÌ ±¢ ·±μ¢. ‚ ÔÉμ³ ¸²ÊÎ ¥ ´ ¸ ¨´É¥·¥¸Ê¥É ·Ö¤ É¨¶  (2.1), £¤¥ ¢¸¥
An[L] § ³¥´¥´Ò ¸¢μ¨³¨ £²μ¡ ²Ó´Ò³¨  ´ ²μ£ ³¨ Aglob

n [L] (§ ³¥É¨³, ÎÉμ ¨§-§ 
¤·Ê£μ° ´μ·³¨·μ¢±¨ £²μ¡ ²Ó´ÒÌ § ·Ö¤μ¢, Aglob

n [L] 
 An[L]/βf , ±μÔËË¨Í¨¥´ÉÒ
dn ¤μ²¦´Ò ¡ÒÉÓ É ±¦¥ ¨§³¥´¥´Ò). ’μ£¤ 

Rglob[L] = d1θ(L < L4)
〈〈

Δ4Ā1[t] + Ā1

[
L − t

β3
; 3

]〉〉
P (t)

+

+ d1θ(L � L4)
〈〈

Ā1

[
L + λ4 −

t

β4
; 4

]〉〉
P (t)

, (2.4)

£¤¥ Δ4Āν [t] ≡ Āν

[
L4 + λ4 − t/β4; 4

]
− Āν

[
L3 − t/β3; 3

]
.

‚Éμ·μ¥ μ¡μ¡Ð¥´¨¥ ¡Ò²μ ¶μ²ÊÎ¥´μ ¤²Ö ¸²ÊÎ Ö £²μ¡ ²Ó´μ° „�’‚. ‚ ÔÉμ³

¸²ÊÎ ¥ ´ Î ²Ó´Ò° ·Ö¤ ¨³¥¥É ¢¨¤
∞∑

n=0
dn A

glob

n+ν [L] ¨ ·¥§Ê²ÓÉ É ¶¥·¥¸Ê³³¨·μ¢ -

´¨Ö ¥¸ÉÓ ¶μ²´Ò°  ´ ²μ£ Ëμ·³Ê²Ò (2.4) ¸ ¶μ¤¸É ´μ¢± ³¨

P (t) ⇒ Pν(t) =

1∫
0

P

(
t

1 − x

)
ν xν−1dx

1 − x
, (2.5)

d0 ⇒ d0 Āν [L], Ā1[L − t] ⇒ Ā1+ν [L − t] ¨ Δ4Ā1[t] ⇒ Δ4Ā1+ν [t]. ‚¸¥ Ëμ·-
³Ê²Ò, ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö ¶¥·¥¸Ê³³¨·μ¢ ´¨Ö ´¥¸É¥¶¥´´ÒÌ ·Ö¤μ¢ ¢ ¥¢±²¨¤μ¢μ°
μ¡² ¸É¨, É ±¦¥ ¡Ò²¨ ¶μ²ÊÎ¥´Ò.

3. ��ˆ‹�†…�ˆŸ Š ��‘��„“ ��‡��� •ˆƒƒ‘�

�·μ ´ ²¨§¨·Ê¥³ · ¸¶ ¤ ¡μ§μ´  •¨££¸  ¢ ¶ ·Ê b̄b. „²Ö ¥£μ Ï¨·¨´Ò ¨³¥¥É¸Ö
¸²¥¤ÊÕÐ Ö Ëμ·³Ê² :

Γ(H → bb̄) =
GF

4
√

2π
MH R̃S(M2

H), (3.1)

£¤¥ R̃S(M2
H) ≡ m2

b(M
2
H)RS(M2

H) ¨ RS(s) ¥¸ÉÓ R-μÉ´μÏ¥´¨¥ ¤²Ö ±μ··¥²ÖÉμ· 
¤¢ÊÌ ¸± ²Ö·´ÒÌ b-±¢ ·±μ¢ÒÌ Éμ±μ¢, ¤¥É ²¨ ¸³. ¢ [10, 16]. ‚ μ¤´μ¶¥É²¥¢μ°
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„�’‚ ¤²Ö ÔÉμ° ¢¥²¨Î¨´Ò ¶μ²ÊÎ ¥É¸Ö ¸²¥¤ÊÕÐ¥¥ ´¥¸É¥¶¥´´μ¥ · §²μ¦¥´¨¥∗:

R̃S[L] = 3 m̂2
(1)

{
A

glob
ν0

[L] + dS
1

∑
n�1

d̃S
n

πn
A

glob

n+ν0
[L]

}
, (3.2)

£¤¥ m̂2
(1) = (9,05 ± 0,09) ƒÔ‚2 ¥¸ÉÓ �ƒ-¨´¢ ·¨ ´É μ¤´μ¶¥É²¥¢μ° Ô¢μ²ÕÍ¨¨

³ ¸¸Ò: m2
b(Q

2) = m̂2
(1) αν0

s (Q2), £¤¥ ν0 = 2γ0/b0(5) = 1,04,   γ0 ¥¸ÉÓ μ¤-

´μ¶¥É²¥¢ Ö  ´μ³ ²Ó´ Ö · §³¥·´μ¸ÉÓ ±¢ ·±μ¢μ° ³ ¸¸Ò. �Éμ §´ Î¥´¨¥ m̂2
(1)

¡Ò²μ ¶μ²ÊÎ¥´μ ¸ ¶μ³μÐÓÕ μ¤´μ¶¥É²¥¢μ£μ ¸μμÉ´μÏ¥´¨Ö [17] ³¥¦¤Ê ¶μ²Õ¸´μ°
³ ¸¸μ° b-±¢ ·±  ¨§ [18] ¨ ³ ¸¸μ° mb(mb).

„²Ö ¶·μ¨§¢μ¤ÖÐ¥° ËÊ´±Í¨¨ P (t) ³Ò ¶μ¸É·μ¨²¨ ³μ¤¥²Ó ¸ ²¨¶ Éμ¢¸±μ°
 ¸¨³¶ÉμÉ¨±μ° [15]

d̃S
n = cn−1 Γ(n + 1) + β Γ(n)

1 + β
, PS(t) =

(t/c) + β

c (1 + β)
e−t/c (3.3)

¸ ¶ · ³¥É· ³¨ {c = 2,4, β = −0,52}. �´  ¤ ¥É ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥¥ μ¶¨¸ ´¨¥
¶¥·ÉÊ·¡ É¨¢´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ d̃ S

n ¶·¨ n = 2, 3, 4: 7,50, 61,1 ¨ 625, ÎÉμ ¸²¥-
¤Ê¥É ¸· ¢´¨ÉÓ ¸ ·¥§Ê²ÓÉ É ³¨ ¶·Ö³ÒÌ · ¸Î¥Éμ¢ [16]: 7,42, 62,3 ¨ 620. �μ¸²¥
ÔÉμ£μ ³Ò ³μ¦¥³ ¶·¨³¥´¨ÉÓ Ëμ·³Ê²Ê ¶¥·¥¸Ê³³¨·μ¢ ´¨Ö £²μ¡ ²Ó´μ° „�’‚ ¨
μÍ¥´¨ÉÓ, ´ ¸±μ²Ó±μ Ìμ·μÏμ Î ¸É¨Î´ Ö ¸Ê³³  „�’‚ μ¶¨¸Ò¢ ¥É ·¥§Ê²ÓÉ É ¶μ²-
´μ£μ ¸Ê³³¨·μ¢ ´¨Ö R̃S[L] ¢ μ¡² ¸É¨ L ∈ [12,6, 13,7], μÉ¢¥Î ÕÐ¥° ³ ¸¸¥ ¡μ§μ´ 

•¨££¸  MH ∈ [100, 180] ƒÔ‚ ¶·¨ ΛNf=3
QCD = 189 ŒÔ‚ ¨ A

glob

1 (m2
Z) = 0,122. ‚

ÔÉμ° μ¡² ¸É¨ (L6 = ln (m2
t /Λ2

3))

R̃S [L]
3 m̂2

(1)

= A
glob
ν0

[L] +
dS
1

π

〈〈
Ā1+ν0

[
L + λ5 −

t

πβ5
; 5

]
+

+ Δ6Ā1+ν0

[
t

π

]〉〉
P S

ν0

, (3.4)

£¤¥ P S
ν0

(t) μ¶·¥¤¥²¥´  ¢ (3.3) ¨ (2.5).
�Í¥´¨³ É¥¶¥·Ó ÉμÎ´μ¸ÉÓ, ±μÉμ·ÊÕ ¤ ¥É μ¡·Ò¢ ´¨¥ ·Ö¤  ´  N -³ ¢±² ¤¥:

R̃S [L; N ] = 3 m̂2
(1)

[
Aglob

ν0
[L] + dS

1

N∑
n=1

d̃S
n

πn
A

glob

n+ν0
[L]

]
, (3.5)

¨ ¸· ¢´¨³ ¸μ §´ Î¥´¨¥³ ¢¸¥° ¸Ê³³Ò R̃S [L] ¢ (3.4) ¸ ¶μ³μÐÓÕ μÉ´μ¸¨É¥²Ó´ÒÌ
μÏ¨¡μ± ΔN [L] = 1 − R̃S [L; N ]/R̃S[L]. �  ·¨¸. 1 ÔÉ¨ μÏ¨¡±¨ ¶μ± § ´Ò ¤²Ö

∗�μÖ¢²¥´¨¥ §´ ³¥´ É¥²¥° πn ¶·¨ ±μÔËË¨Í¨¥´É Ì d̃n ¸¢Ö§ ´μ ¸ ´μ·³¨·μ¢±μ° ±μÔËË¨Í¨¥´-
Éμ¢ dn.
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�¨¸. 1. �É´μ¸¨É¥²Ó´Ò¥ μÏ¨¡±¨ μ¡·Ò¢  ·Ö¤  „�’‚, ΔN [L], N = 2, 3 ¨ 4

�¨¸. 2. ˜¨·¨´  ΓH→bb̄ ± ± ËÊ´±Í¨Ö ³ ¸¸Ò ¡μ§μ´  •¨££¸  MH ¢ ¶¥·¥¸Ê³³¨·μ¢ ´-
´μ° „�’‚. ˜¨·¨´  ¸¥·μ° ¶μ²μ¸Ò μÉ· ¦ ¥É ¶μ²´ÊÕ ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ¶·¥¤¸± § ´¨°,
¨´¤ÊÍ¨·μ¢ ´´ÊÕ ± ± ´¥μ¶·¥¤¥²¥´´μ¸ÉÖ³¨ ¶·μÍ¥¤Ê·Ò ¶¥·¥¸Ê³³¨·μ¢ ´¨Ö, É ± ¨ μÏ¨¡-
± ³¨ μ¶·¥¤¥²¥´¨Ö �ƒ-¨´¢ ·¨ ´É´μ° ³ ¸¸Ò m̂(1)

N = 2, N = 3 ¨ N = 4 ¢ ¨´É¥·¢ ²¥ §´ Î¥´¨° L ∈ [12,6, 13,7]. •μ·μÏμ
¢¨¤´μ, ÎÉμ Ê¦¥ R̃S [L; 2] ¤ ¥É ÉμÎ´μ¸ÉÓ ¶μ·Ö¤±  2,5 %, ¢ Éμ ¢·¥³Ö ± ± R̃S [L; 3]
¤μ¸É¨£ ¥É ÉμÎ´μ¸É¨ ¶μ·Ö¤±  1%. ˆ§ÊÎ¥´¨¥ ·¨¸. 1 £μ¢μ·¨É ´ ³, ÎÉμ Éμ²Ó±μ ¢
¸²ÊÎ ¥, ±μ£¤  ³Ò ÌμÉ¨³ ¨³¥ÉÓ ÉμÎ´μ¸ÉÓ ²ÊÎÏ¥ 0,5 %, ´ ³ ´ ¤μ ÊÎ¨ÉÒ¢ ÉÓ Î¥É-
¢¥·ÉÊÕ ¶μ¶· ¢±Ê. ŒÒ É ±¦¥ ¶μ± § ²¨, ÎÉμ ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ³μ¤¥²¨·μ¢ ´¨Ö
¶·μ¨§¢μ¤ÖÐ¥° ËÊ´±Í¨¨ P (t) ³ ² , � 0,6%, ¢ Éμ ¢·¥³Ö ± ± ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ
´ Ï¥£μ §´ ´¨Ö �ƒ-¨´¢ ·¨ ´É´μ° ³ ¸¸Ò ¶μ·Ö¤±  2 %. ’ ±¨³ μ¡· §μ³, ¸Ê³³ ·-
´ Ö ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ μ± §Ò¢ ¥É¸Ö ¶μ·Ö¤±  3 % (·¨¸. 2).

‡�Š‹�—…�ˆ…

‚ ÔÉμ³ ¤μ±² ¤¥ ³Ò μ¶¨¸ ²¨ ¶μ¤Ìμ¤ ¶¥·¥¸Ê³³¨·μ¢ ´¨Ö ¢ £²μ¡ ²Ó´ÒÌ ¢¥·-
¸¨ÖÌ μ¤´μ¶¥É²¥¢ÒÌ �’‚ ¨ „�’‚ ¨ ¶μ± § ²¨, ÎÉμ μ´ ¤ ¥É ±μ´¥Î´Ò¥ μÉ¢¥ÉÒ,
¥¸²¨ Éμ²Ó±μ ¶·μ¨§¢μ¤ÖÐ Ö ËÊ´±Í¨Ö P (t) ±μÔËË¨Í¨¥´Éμ¢ dn Ìμ·μÏμ ¨§¢¥¸É´ .
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�¸´μ¢´μ° ¢Ò¢μ¤ É ±μ¢: ¤²Ö ¤μ¸É¨¦¥´¨Ö ÉμÎ´μ¸É¨ ¶·¥¤¸± § ´¨° ¶μ·Ö¤±  1 %
¤μ¸É ÉμÎ´μ ÊÎ¨ÉÒ¢ ÉÓ ¢¸¥ ¢±² ¤Ò ¢¶²μÉÓ ¤μ É·¥ÉÓ¥° ¶μ¶· ¢±¨, ÎÉμ Ìμ·μÏμ
¸μ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ Š É ¥¢ ÄŠ¨³  [17]. ŠμÔËË¨Í¨¥´É d4 ´Ê¦¥´ ¶·¨
ÔÉμ³ ¤²Ö ²ÊÎÏ¥£μ ³μ¤¥²¨·μ¢ ´¨Ö ¶·μ¨§¢μ¤ÖÐ¥° ËÊ´±Í¨¨ P (t).

�² £μ¤ ·´μ¸É¨. �¢Éμ· ¡² £μ¤ ·¥´ ¸¢μ¨³ ¤·Ê§ÓÖ³ ¨ ¸μ ¢Éμ· ³ ‘.Œ¨Ì °-
²μ¢Ê ¨ �.‘É¥Ë ´¨¸Ê §  ¶μ´¨³ ´¨¥ ¨ ¶μ¤¤¥·¦±Ê. � ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤-
¤¥·¦±¥ �””ˆ (£· ´ÉÒ º07-02-91557 ¨ 08-01-00686), ¶·μ£· ³³Ò ¸μÉ·Ê¤´¨Î¥-
¸É¢  	�””ˆÄ�ˆŸˆ (±μ´É· ±É ºF06D-002), ¶·μ£· ³³Ò ƒ¥°§¥´¡¥·£Ä‹ ´¤ Ê
(£· ´ÉÒ 2009Ä2010 ££.).
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