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

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

�·¥¤²µ¦¥´ ·¥´µ·³¨´¢ ·¨ ´É´Ò°  ´ ²¨É¨Î¥¸±¨° ¶µ¤Ìµ¤ ± ¢Ò¶µ²´¥´¨Õ ¢ÒÎ¨¸²¥´¨° ¢ ±¢ ´-
Éµ¢µ° Ì·µ³µ¤¨´ ³¨±¥, ¢ ±µÉµ·µ³ ·¥´µ·³£·Ê¶¶µ¢µ¥ ¸Ê³³¨·µ¢ ´¨¥ ±µ··¥²¨·Ê¥É¸Ö ¸  ´ ²¨É¨Î´µ-
¸ÉÓÕ. ‚Ò· ¦¥´¨Ö ¤²Ö ¨´¢ ·¨ ´É´µ£µ § ·Ö¤  ¨ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ ³µ¤¨Ë¨Í¨·ÊÕÉ¸Ö É ±¨³
µ¡· §µ³, ÎÉµ ´¥Ë¨§¨Î¥¸±¨¥ µ¸µ¡¥´´µ¸É¨ É¨¶  ¶·¨§· Î´µ£µ ¶µ²Õ¸  ´¥ ¶µÖ¢²ÖÕÉ¸Ö ¢µµ¡Ð¥. ‚
· ³± Ì ´µ¢µ° ¸Ì¥³Ò ¤¥³µ´¸É·¨·Ê¥É¸Ö Ê¸Éµ°Î¨¢µ¸ÉÓ ·¥§Ê²ÓÉ Éµ¢ · ¸Î¥Éµ¢ ¤²Ö ·Ö¤  Ë¨§¨Î¥¸±¨Ì
¶·µÍ¥¸¸µ¢ ¶µ µÉ´µÏ¥´¨Õ ± ¢Ò¸Ï¨³ ¶¥É²¥¢Ò³ ÔËË¥±É ³ ¨ ¢Ò¡µ·Ê ·¥´µ·³ ²¨§ Í¨µ´´µ£µ ¶·¥¤-
¶¨¸ ´¨Ö. �µ± § ´µ, ÎÉµ  ´ ²¨É¨Î¥¸±¨° ¶µ¤Ìµ¤ ¶µ§¢µ²Ö¥É ¸ ³µ¸µ£² ¸µ¢ ´´Ò³ µ¡· §µ³ µ¶·¥¤¥-
²¨ÉÓ ¨´¢ ·¨ ´É´Ò° § ·Ö¤ ¢µ ¢·¥³¥´¨¶µ¤µ¡´µ° µ¡² ¸É¨. �·µ ´ ²¨§¨·µ¢ ´  ·µ²Ó É ± ´ §Ò¢ ¥-
³ÒÌ π2-Î²¥´µ¢. „²Ö ´¥Ê¶·Ê£µ£µ ²¥¶Éµ´- ¤·µ´´µ£µ · ¸¸¥Ö´¨Ö · §¢¨É ³¥Éµ¤ ¨§ÊÎ¥´¨Ö ÔËË¥±Éµ¢,
µ¡Ê¸²µ¢²¥´´ÒÌ ³ ¸¸µ° ³¨Ï¥´¨, µ¸´µ¢ ´´Ò° ´  ¨´É¥£· ²Ó´µ³ ¶·¥¤¸É ¢²¥´¨¨ ¤²Ö ¸É·Ê±ÉÊ·´ÒÌ
ËÊ´±Í¨°, ±µÉµ·µ¥  ±±Ê³Ê²¨·Ê¥É µ¡Ð¨¥ ¸¢µ°¸É¢  ²µ± ²Ó´µ° ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö. �µ± § ´µ,
ÎÉµ ¶µ²ÊÎ¥´´Ò¥ É ±¨³ µ¡· §µ³ ¢Ò· ¦¥´¨Ö ¤²Ö ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ´ Ìµ¤ÖÉ¸Ö ¢ ¸µ£² ¸¨¨ ¸µ
¸¶¥±É· ²Ó´Ò³ ¸¢µ°¸É¢µ³.

A renormalization invariant analytic approach of performing calculations in quantum chromody-
namics, in which the renormalization group summation is correlated with the analyticity is suggested.
The expressions for the invariant charge and matrix elements are modiˇed such that the unphysical
singularities of the ghost pole type do not appear at all. Using the new scheme, the results of calcu-
lations for a number of physical processes are shown to be stable with respect to higher-loop effects
and the choice of the renormalization prescription. It is argued that the analytic approach allows us to
give a self-consistent deˇnition of the running coupling in the timelike region. A role of the so-called
π2-terms is analyzed. A method of studying target mass effects based on the integral representation
for structure functions of the inelastic lepton-hadron scattering, which accumulates general properties
of local quantum ˇeld theory, is developed. It is shown that expressions obtained for the structure
functions have a correct spectral property.

�¥µÉÑ¥³²¥³µ° Î ¸ÉÓÕ ¸µ¢·¥³¥´´µ° ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö (Š’�) Ö¢²Ö-
¥É¸Ö ¸Ëµ·³Ê²¨·µ¢ ´´Ò° ¢ ¸¥·¥¤¨´¥ 50-Ì ££. [1] ³¥Éµ¤ ·¥´µ·³ ²¨§ Í¨µ´´µ°
£·Ê¶¶Ò (�ƒ). ‘¥£µ¤´Ö · ¸¸³µÉ·¥´¨¥ ¶· ±É¨Î¥¸±¨ ¢¸¥Ì  ¤·µ´´ÒÌ ¶·µÍ¥¸¸µ¢
´  µ¸´µ¢¥ ±¢ ´Éµ¢µ° Ì·µ³µ¤¨´ ³¨±¨ (Š•„) ´¥³Ò¸²¨³µ ¢´¥ ·¥´µ·³£·Ê¶¶µ-
¢µ£µ  ´ ²¨§ . •µ·µÏµ ¨§¢¥¸É´µ, ÎÉµ ´¥¶µ¸·¥¤¸É¢¥´´µ¥ ·¥Ï¥´¨¥ �ƒ-Ê· ¢´¥´¨Ö
¤²Ö ¨´¢ ·¨ ´É´µ£µ § ·Ö¤  ¢ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° (’‚) ¶·¨¢µ¤¨É ± ´¥Ë¨§¨Î¥-
¸±¨³ µ¸µ¡¥´´µ¸ÉÖ³, ´ ¶·¨³¥· Å ¢ µ¤´µ¶¥É²¥¢µ³ ¶·¨¡²¨¦¥´¨¨ Å ± ¶·¨-
§· Î´µ³Ê ¶µ²Õ¸Ê. “Î¥É ¸²¥¤ÊÕÐ¨Ì, ³´µ£µ¶¥É²¥¢ÒÌ, ¶µ¶· ¢µ± ´¥ ³¥´Ö¥É
¸ÊÉ¨ ¤¥² ,   ²¨ÏÓ £¥´¥·¨·Ê¥É ¤µ¶µ²´¨É¥²Ó´Ò¥ · §·¥§Ò. ‘ÊÐ¥¸É¢µ¢ ´¨¥ É -
±µ£µ ·µ¤  µ¸µ¡¥´´µ¸É¥° ¶·µÉ¨¢µ·¥Î¨É µ¡Ð¨³ ¶·¨´Í¨¶ ³ ²µ± ²Ó´µ° Š’� [2].
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…Ð¥ ¢ ±µ´Í¥ 50-Ì ££. �. �. �µ£µ²Õ¡µ¢Ò³, �. �. ‹µ£Ê´µ¢Ò³ ¨ „. ‚. ˜¨·±µ-
¢Ò³ [3] ¢ ±µ´É¥±¸É¥ ±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¨ ¡Ò² ¶·¥¤²µ¦¥´ ¸¶µ¸µ¡ · §-
·¥Ï¥´¨Ö ÔÉµ° ¶·µ¡²¥³Ò, ¸µ¸ÉµÖÐ¨° ¢ µ¡Ñ¥¤¨´¥´¨¨ ³¥Éµ¤  �ƒ ¸ É·¥¡µ¢ ´¨¥³
 ´ ²¨É¨Î´µ¸É¨.

� §¢¨É¨¥ ¨¤¥¨ µ¡Ñ¥¤¨´¥´¨Ö ·¥´µ·³¨´¢ ·¨ ´É´µ¸É¨ ¨  ´ ²¨É¨Î´µ¸É¨ ¢
¸²ÊÎ ¥ Š•„ [4] µ¡´ ·Ê¦¨²µ ´µ¢Ò¥ ¢ ¦´Ò¥ ¸¢µ°¸É¢   ´ ²¨É¨Î¥¸±µ£µ ¶µ¤-
Ìµ¤  [5Ä8]. Š ¨Ì Î¨¸²Ê µÉ´µ¸¨É¸Ö ´ ²¨Î¨¥ Ê ¨´¢ ·¨ ´É´µ£µ  ´ ²¨É¨Î¥¸±µ£µ
§ ·Ö¤  ᾱan(Q2) ¨´Ë· ±· ¸´µ-¸É ¡¨²Ó´µ° ÉµÎ±¨, ±µÉµ· Ö µ± §Ò¢ ¥É¸Ö Ê´¨¢¥·-
¸ ²Ó´µ° ¢ Éµ³ ¸³Ò¸²¥, ÎÉµ ¥¥ §´ Î¥´¨¥ ᾱan(0) = 4π/β0 µ¶·¥¤¥²Ö¥É¸Ö Ê¦¥
µ¤´µ¶¥É²¥¢Ò³ ¢±² ¤µ³, É. ¥. ´¥ ¨§³¥´Ö¥É¸Ö ¶·¨ ÊÎ¥É¥ ³´µ£µ¶¥É²¥¢ÒÌ ¶µ¶· -
¢µ± ¨, ¸²¥¤µ¢ É¥²Ó´µ, Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´É´Ò³ µÉ´µ¸¨É¥²Ó´µ ¢Ò¡µ·  ¸Ì¥³Ò
¶¥·¥´µ·³¨·µ¢±¨. �Éµ §´ Î¥´¨¥ ´¥ § ¢¨¸¨É µÉ Ô±¸¶¥·¨³¥´É ²Ó´µ µ¶·¥¤¥²Ö¥-
³µ£µ ³ ¸ÏÉ ¡´µ£µ ¶ · ³¥É·  Λ,   ´ ¡µ· ±·¨¢ÒÌ ᾱan(Q2/Λ2), µÉ¢¥Î ÕÐ¨Ì
· §²¨Î´Ò³ §´ Î¥´¨Ö³ Λ, ¶·¥¤¸É ¢²ÖeÉ ¸µ¡µ° ¶ÊÎµ± ¸ µ¡Ð¥° ÉµÎ±µ° ᾱan(0).
ˆ´¢ ·¨ ´É´ Ö  ´ ²¨É¨Î¥¸± Ö Ëµ·³Ê²¨·µ¢±  ¸ÊÐ¥¸É¢¥´´µ ³µ¤¨Ë¨Í¨·Ê¥É ¶µ-
¢¥¤¥´¨¥ ᾱan(x) ¢ ¨´Ë· ±· ¸´µ° µ¡² ¸É¨, ¤¥² Ö ¥¥ Ê¸Éµ°Î¨¢µ° ± ¢Ò¸Ï¨³ ¶¥É-
²¥¢Ò³ ¶µ¶· ¢± ³. „¢ÊÌ¶¥É²¥¢µ¥ ¶·¨¡²¨¦¥´¨¥ µÉ²¨Î ¥É¸Ö µÉ µ¤´µ¶¥É²¥¢µ£µ
´¥ ¡µ²¥¥ Î¥³ ´  � 10 % ¢ µ¡² ¸É¨ ³ ²ÒÌ Q2,   É·¥Ì¶¥É²¥¢µ¥ µÉ²¨Î ¥É¸Ö µÉ
¤¢ÊÌ¶¥É²¥¢µ£µ ²¨ÏÓ ´  � 1 %. ’ ± Ö ¸¨ÉÊ Í¨Ö ± ·¤¨´ ²Ó´µ µÉ²¨Î ¥É¸Ö µÉ
¸¨ÉÊ Í¨¨ ¢ µ¡ÒÎ´µ° �ƒ-É¥µ·¨¨ ¢µ§³ÊÐ¥´¨°, ¤²Ö ±µÉµ·µ° Ì · ±É¥·´  ¸¨²Ó-
´ Ö ´¥Ê¸Éµ°Î¨¢µ¸ÉÓ ¶µ µÉ´µÏ¥´¨Õ ± ¶µ¸²¥¤ÊÕÐ¨³ ¶¥É²¥¢Ò³ ¶µ¶· ¢± ³ ¢
µ¡² ¸É¨ ³ ²ÒÌ Q2 � Λ2. �É³¥É¨³ É ±¦¥, ÎÉµ ¶µ¤¤¥·¦±  ±µ··¥±É´ÒÌ  ´ ²¨-
É¨Î¥¸±¨Ì ¸¢µ°¸É¢ ¶µ Q2 µ± §Ò¢ ¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ° ¤²Ö ¸ ³µ¸µ£² ¸µ¢ ´´µ£µ
µ¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´µ£µ § ·Ö¤  ¢µ ¢·¥³¥´¨¶µ¤µ¡´µ° µ¡² ¸É¨ [9]. Š·µ³¥
Éµ£µ, ¶·¨ µ¶¨¸ ´¨¨ ±µ´±·¥É´ÒÌ ¶·µÍ¥¸¸µ¢, ´ ¶·¨³¥· ¨´±²Õ§¨¢´µ£µ · ¸¶ ¤ 
τ -²¥¶Éµ´ , ´¥¶·µÉ¨¢µ·¥Î¨¢µ¥ · ¸¸³µÉ·¥´¨¥ ¢µ§³µ¦´µ Éµ²Ó±µ ²¨ÏÓ ¶·¨ ´ ²¨-
Î¨¨ µÉ³¥Î¥´´ÒÌ ¢ÒÏ¥  ´ ²¨É¨Î¥¸±¨Ì ¸¢µ°¸É¢.

‚  ´ ²¨É¨Î¥¸±µ° É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° (�’‚) · ¸¸³ É·¨¢ ¥³ Ö ¢¥²¨Î¨´ 
 ¶¶·µ±¸¨³¨·Ê¥É¸Ö ´¥¸É¥¶¥´´Ò³ ·Ö¤µ³. ‚³¥¸Éµ ¸É¥¶¥´¥° ¶ · ³¥É·  · §²µ¦¥-
´¨Ö ¢ ’‚ Å ¶¥·ÉÊ·¡ É¨¢´µ£µ ¨´¢ ·¨ ´É´µ£µ § ·Ö¤  ᾱs Å ¢µ§´¨± ÕÉ ´µ¢Òe
´¥¸¨´£Ê²Ö·´Ò¥ ËÊ´±Í¨¨, · §²¨Î´Ò¥ ¤²Ö ¶·µ¸É· ´¸É¢¥´´µ- ¨ ¢·¥³¥´¨¶µ¤µ¡-
´µ° µ¡² ¸É¥°. �´ ²¨§ É ±¨Ì ¶·µÍ¥¸¸µ¢, ± ± e+e−- ´´¨£¨²ÖÍ¨Ö ¢  ¤·µ´Ò ¨ ¨´-
±²Õ§¨¢´Ò° τ -· ¸¶ ¤,   É ±¦¥ ¶· ¢¨² ¸Ê³³ ´¥Ê¶·Ê£µ£µ ²¥¶Éµ´- ¤·µ´´µ£µ · ¸-
¸¥Ö´¨Ö, ¶·µ¢¥¤¥´´Ò° ¶µ �’‚- ²£µ·¨É³Ê, ¶µ± § ², ÎÉµ, ¶µ³¨³µ ¶¥É²¥¢µ° ¸É -
¡¨²Ó´µ¸É¨, ¶µ²ÊÎ ¥³Ò¥ ·¥§Ê²ÓÉ ÉÒ µ¡² ¤ ÕÉ, ¶µ ¸· ¢´¥´¨Õ ¸ µ¡ÒÎ´Ò³ ¶µ¤-
Ìµ¤µ³, ¢¥¸Ó³  ¸² ¡µ° ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ ± ¢Ò¡µ·Ê ¸Ì¥³Ò ¶¥·¥´µ·³¨·µ¢µ±.

�´ ²¨É¨Î¥¸±¨° ¨´¢ ·¨ ´É´Ò° § ·Ö¤ a(Q2) = αs(Q2)/(4π) µ¶·¥¤¥²Ö¥É¸Ö
¸¶¥±É· ²Ó´µ° ËÊ´±Í¨¥° ρ(σ, a) Î¥·¥§ ¶·¥¤¸É ¢²¥´¨¥ —¥²²¥´ Ä‹¥³ ´ :

āan(Q2) =
1
π

∫ ∞

0

dσ
ρ(σ, a)

σ + Q2 − iε
. (1)
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‚ÒÎ¨¸²ÖÖ ÔÉÊ ËÊ´±Í¨Õ ¢ ¶·¨¡²¨¦¥´¨¨ £² ¢´ÒÌ ²µ£ ·¨Ë³µ¢, ´ Ìµ¤¨³ [4]:

ā(1)
an (Q2/Λ2) =

1
β0

[
1

ln Q2/Λ2
+

Λ2

Λ2 − Q2

]
. (2)

�¥·¢µ¥ ¸² £ ¥³µ¥ ¢ ¶· ¢µ° Î ¸É¨ ¸µÌ· ´Ö¥É µ¡ÒÎ´µ¥ Ê²ÓÉ· Ë¨µ²¥Éµ¢µ¥ ¶µ-
¢¥¤¥´¨¥ ¡¥£ÊÐ¥£µ § ·Ö¤  ¨ µ¡¥¸¶¥Î¨¢ ¥É ¸¢µ°¸É¢µ  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤Ò
É¥µ·¨¨. ‚Éµ·µ¥ ¸² £ ¥³µ¥, ±µÉµ·µ¥ ¶µÖ¢²Ö¥É¸Ö ¨§ ¸¶¥±É· ²Ó´µ£µ ¶·¥¤¸É ¢²¥-
´¨Ö, £ · ´É¨·Ê¥É ¶· ¢¨²Ó´Ò¥  ´ ²¨É¨Î¥¸±¨¥ ¸¢µ°¸É¢  § ·Ö¤ , ±µ³¶¥´¸¨·ÊÖ
¶·¨§· Î´Ò° ¶µ²Õ¸ ¶·¨ Q2 = Λ2. ‡ ¢¨¸¨³µ¸ÉÓ ÔÉµ£µ ¸² £ ¥³µ£µ µÉ ¨¸Ìµ¤´µ°
±µ´¸É ´ÉÒ ¸¢Ö§¨ É ±µ¢ , ÎÉµ ¶·¨ · §²µ¦¥´¨¨ ¢ ·Ö¤ ’‚ ¸²¥¤ µÉ ´¥£µ É¥·Ö¥É¸Ö.
’ ±¨³ µ¡· §µ³, É·¥¡µ¢ ´¨¥ ¢Ò¶µ²´¥´¨Ö ¶· ¢¨²Ó´ÒÌ  ´ ²¨É¨Î¥¸±¨Ì ¸¢µ°¸É¢
¶·¨¢µ¤¨É ± ¶µÖ¢²¥´¨Õ ¸É¥¶¥´´ÒÌ ¶µ Q2 ¢±² ¤µ¢, ´¥¢¨¤¨³ÒÌ ¢ ¨¸Ìµ¤´µ³ ¶¥·-
ÉÊ·¡ É¨¢´µ³ · §²µ¦¥´¨¨. �É³¥É¨³ É ±¦¥, ÎÉµ, ¢ µÉ²¨Î¨¥ µÉ Ô²¥±É·µ¤¨´ ³¨±¨,
¢ Š•„, ¡² £µ¤ ·Ö ¸¢µ°¸É¢Ê  ¸¨³¶ÉµÉ¨Î¥¸±µ° ¸¢µ¡µ¤Ò, ¶·µÖ¢²¥´¨¥ É ±¨Ì ´¥-
¶¥·ÉÊ·¡ É¨¢´ÒÌ ¢±² ¤µ¢ ¢ ÔËË¥±É¨¢´µ³ § ·Ö¤¥ ¸É ´µ¢¨É¸Ö µÐÊÉ¨³Ò³ ´¥ ¶·¨
Ë ´É ¸É¨Î¥¸±¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ (´¥¤µ¸ÉÊ¶´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´µ),   ¢ µ¡² -
¸É¨ Ô´¥·£¨° ¨ ¶¥·¥¤ Î ¨³¶Ê²Ó¸ , ¢¶µ²´¥ ·¥ ²Ó´ÒÌ ¢ ¸µ¢·¥³¥´´ÒÌ µ¶ÒÉ Ì.

’ ±¨³ µ¡· §µ³, ¸¨´É¥§ ·¥´µ·³£·Ê¶¶µ¢µ° ¨´¢ ·¨ ´É´µ¸É¨ ¨  ´ ²¨É¨Î´µ-
¸É¨ ¶·¨¢µ¤¨É ±  ´ ²¨É¨Î¥¸±µ³Ê ¨´¢ ·¨ ´É´µ³Ê § ·Ö¤Ê ¡¥§ ²µ£ ·¨Ë³¨Î¥¸±µ£µ
¶µ²Õ¸  ¨ ¸ ±µ´¥Î´Ò³ ˆŠ-§´ Î¥´¨¥³∗ ᾱan(0) = 4π/β0 � 1, 396. �Éµ ¶·¥-
¤¥²Ó´µ¥ §´ Î¥´¨¥ ´¥ § ¢¨¸¨É µÉ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨, ¸¢Ö§ ´´µ°
¸ ÉµÎ±µ° ´µ·³¨·µ¢±¨ a = a(µ2) ¨²¨ ¶ · ³¥É·µ³ Λ,   µ¶·¥¤¥²Ö¥É¸Ö ²¨ÏÓ ±µ-
ÔËË¨Í¨¥´Éµ³ β-ËÊ´±Í¨¨, ¸¢Ö§ ´´Ò³ ¸ µ¡Ð¥° £·Ê¶¶µ¢µ° ¸É·Ê±ÉÊ·µ° ² £· ´-
¦¨ ´ . �  ·¨¸. 1 ¨§µ¡· ¦¥´ ¶ÊÎµ± ±·¨¢ÒÌ ᾱan(Q2), µÉ¢¥Î ÕÐ¨Ì · §²¨Î´Ò³
§´ Î¥´¨Ö³ Λ,   É ±¦¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ É¥³ ¦¥ Λ µ¡ÒÎ´Ò¥ ’‚-·¥Ï¥´¨Ö. ˆ§Ê-
Î¥´¨¥ ¢Ò¸Ï¨Ì ¶µ¶· ¢µ± ±  ´ ²¨É¨Î¥¸±µ³Ê § ·Ö¤Ê∗∗ ¶µ± § ²µ Ê¤¨¢¨É¥²Ó´ÊÕ
¸É ¡¨²Ó´µ¸ÉÓ ·¥§Ê²ÓÉ Éµ¢. �ÉµÉ Ë ±É∗∗∗ ¤¥³µ´¸É·¨·Ê¥É¸Ö ´  ·¨¸. 2.

‘¢µ°¸É¢   ´ ²¨É¨Î´µ¸É¨ ¢ ¦´Ò ¤²Ö ±µ··¥±É´µ£µ µ¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢-
´µ£µ § ·Ö¤  ¢µ ¢·¥³¥´¨¶µ¤µ¡´µ° µ¡² ¸É¨. …£µ ¢Ò· ¦¥´¨¥ Î¥·¥§ ¸¶¥±É· ²Ó´ÊÕ
ËÊ´±Í¨Õ ¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤ [9]:

ās(s) =
1
π

∫ ∞

s

dσ

σ
ρ(σ) . (3)

∗„²Ö Î¨¸²¥´´ÒÌ µÍ¥´µ± ¶·¨ ³ ²ÒÌ Q2 ³Ò ¨¸¶µ²Ó§Ê¥³ Î¨¸²µ  ±É¨¢´ÒÌ ±¢ ·±µ¢ f = 3.
∗∗‚ ÔÉµ³ ¸²ÊÎ ¥ ¢µ¸¸É ´µ¢²¥´¨¥ ¶· ¢¨²Ó´ÒÌ  ´ ²¨É¨Î¥¸±¨Ì ¸¢µ°¸É¢ ¶·µ¨¸Ìµ¤¨É ´¥ Éµ²Ó±µ

¶ÊÉ¥³ Ê¸É· ´¥´¨Ö ¶·¨§· Î´µ£µ ¶µ²Õ¸ , ´µ ¨ §  ¸Î¥É ¢ÒÎ¨É ´¨Ö ´¥Ë¨§¨Î¥¸±¨Ì · §·¥§µ¢, µ¡Ê-
¸²µ¢²¥´´ÒÌ ¤¢µ°´µ° ²µ£ ·¨Ë³¨Î¥¸±µ° § ¢¨¸¨³µ¸ÉÓÕ ¢ ¶¥·ÉÊ·¡ É¨¢´µ³ § ·Ö¤¥. „²Ö ¶µ²ÊÎ¥´¨Ö
±µ²¨Î¥¸É¢¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¢ ¢Ò¸Ï¨Ì ¶µ·Ö¤± Ì ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ ± ± ´¥¶µ¸·¥¤¸É¢¥´´Ò° Î¨-
¸²¥´´Ò° · ¸Î¥É, É ± ¨ ¢Ò· ¦¥´¨¥ ·¥Ï¥´¨° �ƒ-Ê· ¢´¥´¨° ¢ É¥·³¨´ Ì ËÊ´±Í¨¨ ‹ ³¡¥·É  [10].
ˆ³¥ÕÐ¨¥¸Ö ¶·¨¡²¨¦¥´´Ò¥ Ëµ·³Ê²Ò (¸³. [6]) Ê¤µ¡´Ò ¤²Ö Î¨¸²¥´´ÒÌ µÍ¥´µ±.

∗∗∗’·¥Ì¶¥É²¥¢ Ö MS-ËÊ´±Í¨Ö ¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ¥É ¸ ¤¢ÊÌ¶¥É²¥¢µ° ¸ ÉµÎ´µ¸ÉÓÕ ¶µ·Ö¤± 
1% ¨ ´  ·¨¸Ê´±¥ ´¥ ¶·¨¢µ¤¨É¸Ö.
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�¨¸. 1. �µ¢¥¤¥´¨¥  ´ ²¨É¨Î¥¸±µ£µ ¨´¢ ·¨ ´É´µ£µ § ·Ö¤  ᾱan(Q2) ¤²Ö Λ = 200 (a) ¨
400 ŒÔ‚ (¡). Š·¨¢Ò¥ (¢) ¨ (£) ¸µµÉ¢¥É¸É¢ÊÕÉ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° ¤²Ö É¥Ì ¦¥ §´ Î¥´¨°
¶ · ³¥É·  Λ

�¨¸. 2. ‘É ¡¨²Ó´µ¸ÉÓ  ´ ²¨É¨Î¥¸±µ£µ ¨´¢ ·¨ ´É´µ£µ § ·Ö¤  ¶µ µÉ´µÏ¥´¨Õ ± ¢Ò¸Ï¨³
¶¥É²¥¢Ò³ ¶µ¶· ¢± ³. ˆ¸¶µ²Ó§µ¢ ´  ´µ·³¨·µ¢±  ᾱan(M2

τ ) = 0, 34 ¤²Ö f = 3

‚ · ¡µÉ Ì 	. ˜¢¨´£¥·  ¤²Ö ¸²ÊÎ Ö ±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¨ ¡Ò²  ¢Ò-
¤¢¨´ÊÉ  £¨¶µÉ¥§  µ ¢µ§³µ¦´µ° ¶·µ¶µ·Í¨µ´ ²Ó´µ¸É¨ ·¥´µ·³£·Ê¶¶µ¢µ° ËÊ´±-
Í¨¨ ƒ¥²²-Œ ´´ Ä‹µÊ ¨ ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨. ‚ ¶µ¸²¥¤ÊÕÐ¥³ ÔÉµ ¶·¥¤¶µ-
²µ¦¥´¨¥ ¶µ¤É¢¥·¤¨²µ¸Ó ´  ¤¢ÊÌ¶¥É²¥¢µ³ Ê·µ¢´¥. �¤´ ±µ É·¥Ì¶¥É²¥¢Ò¥ ¢±² ¤Ò
¶·¨¢¥²¨ ± ´ ·ÊÏ¥´¨Õ É ±µ° ¢§ ¨³µ¸¢Ö§¨. ‡ ±µ´ Ô¢µ²ÕÍ¨¨ § ·Ö¤  (3), µ¶·¥-
¤¥²¥´´µ£µ ¢µ ¢·¥³¥´¨¶µ¤µ¡´µ° µ¡² ¸É¨, ¡Ê¤¥É µÉ²¨Î ÉÓ¸Ö µÉ § ±µ´  Ô¢µ²Õ-
Í¨¨ ¡¥£ÊÐ¥£µ § ·Ö¤  ¢ ¥¢±²¨¤µ¢µ° µ¡² ¸É¨, ÎÉµ ¢¥¤¥É ± ¨´µ° β-ËÊ´±Í¨¨.
ˆ³¥´´µ ÔÉ  β-ËÊ´±Í¨Ö, µÉ¢¥Î ÕÐ Ö ÔËË¥±É¨¢´µ³Ê § ·Ö¤Ê ¢µ ¢·¥³¥´¨¶µ¤µ¡-
´µ° µ¡² ¸É¨, ¨ µ± §Ò¢ ¥É¸Ö ¶·µ¶µ·Í¨µ´ ²Ó´µ° ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨. ’ -
±¨³ µ¡· §µ³, £¨¶µÉ¥§  	. ˜¢¨´£¥·  µ± § ² ¸Ó ¸¶· ¢¥¤²¨¢µ° ¤²Ö β-ËÊ´±Í¨¨,
¸µµÉ¢¥É¸É¢ÊÕÐ¥° ÔËË¥±É¨¢´µ³Ê § ·Ö¤Ê, µ¶·¥¤¥²¥´´µ³Ê ¢µ ¢·¥³¥´¨¶µ¤µ¡´µ°
µ¡² ¸É¨.

�Ö¤Ò �’‚ ¢Ò£µ¤´µ µÉ²¨Î ÕÉ¸Ö µÉ ¶¥·ÉÊ·¡ É¨¢´ÒÌ · §²µ¦¥´¨° ¢ ¸³Ò-
¸²¥ ¸¢µ°¸É¢ ¸Ìµ¤¨³µ¸É¨. �ÉµÉ Ë ±É ¤¥³µ´¸É·¨·Ê¥É¸Ö ¢ É ¡²¨Í¥, £¤¥ ¢ ± Î¥-
¸É¢¥ ¶·¨³¥·  ¢§ÖÉÒ ¶· ¢¨²  ¸Ê³³ ƒ·µ¸¸ Ä‹ÓÕ¢¥²²¨´  ‘³¨É  ¤²Ö ´¥Ê¶·Ê£µ£µ
²¥¶Éµ´-´Ê±²µ´´µ£µ · ¸¸¥Ö´¨Ö ¶·¨ Q2 = 3, 1 ƒÔ‚2 (¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡-
´ Ö µ¡² ¸ÉÓ) ¨ ¶·µÍ¥¸¸ ¨´±²Õ§¨¢´µ£µ · ¸¶ ¤  τ -²¥¶Éµ´  (Mτ = 1, 777 ƒÔ‚,
¢·¥³¥´¨¶µ¤µ¡´ Ö µ¡² ¸ÉÓ).

�¥¨§¡¥¦´Ò° µ¡·Ò¢ ·Ö¤  É¥µ·¨¨ ¢µ§³ÊÐ¥´¨°, Éµ ¥¸ÉÓ  ¶¶·µ±¸¨³ Í¨Ö Ë¨-
§¨Î¥¸±µ° ¢¥²¨Î¨´Ò ´¥±µÉµ·µ° ¥£µ Î ¸É¨Î´µ° ¸Ê³³µ°, ¶·¨¢µ¤¨É ± ¨§¢¥¸É´µ°
¶·µ¡²¥³¥ § ¢¨¸¨³µ¸É¨ ·¥§Ê²ÓÉ É  µÉ ¢Ò¡µ·  ·¥´µ·³ ²¨§ Í¨µ´´µ£µ ¶·¥¤¶¨¸ -
´¨Ö. �ÉµÉ Ë ±É ¸²Ê¦¨É ¨¸ÉµÎ´¨±µ³ É¥µ·¥É¨Î¥¸±µ° ´¥µ¶·¥¤¥²¥´´µ¸É¨ ¢ µ¶¨-
¸ ´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. „²Ö ·¥Ï¥´¨Ö ¢µ¶·µ¸  µ¡ Ê¸Éµ°Î¨¢µ¸É¨
¶µ²ÊÎ ¥³ÒÌ ·¥§Ê²ÓÉ Éµ¢ ´¥¤µ¸É ÉµÎ´µ ¨¸¸²¥¤µ¢ ÉÓ ²¨ÏÓ ¶¥É²¥¢ÊÕ ¸É ¡¨²Ó-
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‚±² ¤Ò · §²¨Î´ÒÌ ¶µ·Ö¤±µ¢ ¶·¨  ´ ²¨§¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ É¥µ·¨¨
¢µ§³ÊÐ¥´¨° ¨ ¢  ´ ²¨É¨Î¥¸±µ³ ¶µ¤Ìµ¤¥

�·µÍ¥¸¸ Œ¥Éµ¤ �¥·¢Ò° ‚Éµ·µ° ’·¥É¨°
¶µ·Ö¤µ±, % ¶µ·Ö¤µ±, % ¶µ·Ö¤µ±, %

�· ¢¨²  ¸Ê³³ ’‚ 65,1 24,4 10,5
ƒ·µ¸¸ Ä‹ÓÕ¢¥²²¨´  ‘³¨É  �’‚ 75,7 20,7 3,6

ˆ´±²Õ§¨¢´Ò° · ¸¶ ¤ ’‚ 54,7 29,5 15,8
τ -²¥¶Éµ´  �’‚ 87,9 11,0 1,1

´µ¸ÉÓ; ´ Ìµ¤Ö¸Ó ¢ · ³± Ì ± ±µ°-²¨¡µ µ¤´µ° ¨§ ¸Ì¥³ ¶¥·¥´µ·³¨·µ¢µ±, ¸²¥¤Ê¥É
· ¸¸³µÉ·¥ÉÓ É ±¦¥ ¨Ì ¸Ì¥³´ÊÕ Ê¸Éµ°Î¨¢µ¸ÉÓ. ‚ · ¡µÉ¥ [5] ¨¸¸²¥¤µ¢ ´ ¢µ-
¶·µ¸ µ ¸Ì¥³´µ° § ¢¨¸¨³µ¸É¨ ·¥§Ê²ÓÉ Éµ¢  ´ ²¨É¨Î¥¸±µ°  ¶¶·µ±¸¨³ Í¨¨. ‚
± Î¥¸É¢¥ ¶·¨³¥·  ¶·µ ´ ²¨§¨·Ê¥³ ¸Ì¥³´ÊÕ § ¢¨¸¨³µ¸ÉÓ Š•„-¢±² ¤  r(s) ¢
R-µÉ´µÏ¥´¨¥ ¤²Ö ¶·µÍ¥¸¸  e+e−- ´´¨£¨²ÖÍ¨¨ ¢  ¤·µ´Ò, ¢µ§´¨± ÕÐÊÕ ¶·¨
µ¡·Ò¢¥ ·Ö¤µ¢ ’‚ ¨ �’‚. � ¸¸³µÉ·¨³ ¤¢¥ ¸Ì¥³Ò: É· ¤¨Í¨µ´´ÊÕ MS ¨ É ± ´ -
§Ò¢ ¥³ÊÕ ¸Ì¥³Ê É'•oËÉ  (H). �¡¥ ÔÉ¨ ¸Ì¥³Ò ¨³¥ÕÉ ¶·¨³¥·´µ µ¤¨´ ¨ ÉµÉ ¦¥
¨´¤¥±¸ ¸µ±· Ð¥´¨° ¨ ¢ ÔÉµ³ ¸³Ò¸²¥ ¡²¨§±¨ ¤·Ê£ ± ¤·Ê£Ê. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É ,
¢Ò¶µ²´¥´´µ£µ ¢ É·¥ÉÓ¥³ ¶µ·Ö¤±¥ ¢ · ³± Ì ’‚ ¨ �’‚, ¶µ± § ´Ò ´  ·¨¸. 3.
Š ± ¢¨¤´µ ¨§ ÔÉµ£µ ·¨¸Ê´± , ¶·¨³¥´¥´¨¥  ´ ²¨É¨Î¥¸±µ£µ ¶µ¤Ìµ¤  ¶µ§¢µ²Ö¥É

�¨¸. 3. ƒ· Ë¨± ËÊ´±Í¨¨ r(s), ¢ÒÎ¨¸²¥´´µ° ¢ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° (PT) ¨ ¢  ´ ²¨É¨Î¥-
¸±µ³ ¶µ¤Ìµ¤¥ (AA) ¤²Ö ¤¢ÊÌ ¸Ì¥³ ¶¥·¥´µ·³¨·µ¢±¨: MS ¨ H

�¨¸. 4. �µ¢Ò°  ´ ²¨§ ¶ÖÉ¨±¢ ·±µ¢µ° ¢·¥³¥´¨¶µ¤µ¡´µ° µ¡² ¸É¨. � §²¨Î¨¥ ¢ ¶µ²µ¦¥-
´¨¨ ÉµÎ¥±, µ¡µ§´ Î¥´´ÒÌ (+) ¨ (◦, •), µ¡Ê¸²µ¢²¥´µ π2-¶µ¶· ¢± ³¨. ‘¶²µÏ´ Ö �’‚-

±·¨¢ Ö ¸µµÉ¢¥É¸É¢Ê¥É Λ
(5)
MS = 270 ŒÔ‚ ¨ αs(MZ) = 0, 124. „²Ö ¸· ¢´¥´¨Ö ¶·¨¢¥¤¥´ 

¸É ´¤ ·É´ Ö ±·¨¢ Ö, µ¡µ§´ Î¥´´ Ö ÉµÎ± ³¨ ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ Ö Λ
(5)
MS = 213 ŒÔ‚ ¨

αs(MZ) = 0, 118
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�¨¸. 5. ‘É·Ê±ÉÊ·´Ò¥ ËÊ´±Í¨¨ ¤²Ö
ε = M2/Q2 = 0, 5. ˜É·¨Ìµ¢ Ö ±·¨-
¢ Ö ¸µµÉ¢¥É¸É¢Ê¥É ¨¸Ìµ¤´µ³Ê ¶ ·Éµ´-
´µ³Ê · ¸¶·¥¤¥²¥´¨Õ F (x). ”Ê´±Í¨¨
W (x, ε = M2/Q2) ¸µ¤¥·¦ É § ¢¨¸¨-
³µ¸ÉÓ µÉ ³ ¸¸Ò ³¨Ï¥´¨ ¨ ¶µ²ÊÎ¥´Ò
¤¢Ê³Ö ¸¶µ¸µ¡ ³¨: ´  µ¸´µ¢¥ ³¥Éµ¤ 
ξ-¸±¥°²¨´£  (¸µµÉ¢¥É¸É¢ÊÕÐ Ö ±·¨¢ Ö
µ¡µ§´ Î¥´  ÉµÎ± ³¨) ¨ ´  µ¸´µ¢¥ ¶·¥¤-
¸É ¢²¥´¨Ö ‰‹„ (¸¶²µÏ´ Ö ²¨´¨Ö)

± ·¤¨´ ²Ó´Ò³ µ¡· §µ³ ¸´¨§¨ÉÓ É¥µ·¥É¨Î¥¸±ÊÕ ´¥µ¶·¥¤¥²¥´´µ¸ÉÓ, ¸¢Ö§ ´´ÊÕ
¸µ ¸Ì¥³´Ò³ ¶·µ¨§¢µ²µ³∗.

‚µ ¢·¥³¥´¨¶µ¤µ¡´µ° µ¡² ¸É¨ ´ ¡²Õ¤ ¥³Ò¥ ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¢ ¢¨¤¥ ´¥-
¸É¥¶¥´´ÒÌ · §²µ¦¥´¨° ¶µ ËÊ´±Í¨Ö³, ±µÉµ·Ò¥ ¸Ê³³¨·ÊÕÉ É ± ´ §Ò¢ ¥³Ò¥
π2-Î²¥´Ò. �´ ²¨§ s-± ´ ²Ó´ÒÌ ´ ¡²Õ¤ ¥³ÒÌ, ¢Ò¶µ²´¥´´Ò° ¢ [11], ¶·¨¢¥² ±
¸²¥¤ÊÕÐ¨³ ¢Ò¢µ¤ ³. ‚ µ¡² ¸É¨ Ô´¥·£¨° ≥ 50 ƒÔ‚ ¨ f = 5, ¶µ ¸· ¢´¥´¨Õ ¸µ
¸É ´¤ ·É´Ò³ NLO- ´ ²¨§µ³, Ê ±µ´¸É ´ÉÒ ¸¢Ö§¨ αs ¢µ§´¨± ¥É ÔËË¥±É¨¢´Ò°
¶µ²µ¦¨É¥²Ó´Ò° ¸¤¢¨£ ´  ¢¥²¨Î¨´Ê ∆ᾱs � +0, 002. �·¨ Ô´¥·£¨ÖÌ 10÷50 ƒÔ‚
(f = 5) ¢¥²¨Î¨´  ÔÉµ£µ ¸¤¢¨£  ¢µ§· ¸É ¥É: ∆ᾱs � +0, 003. ‚ ·¥§Ê²ÓÉ É¥ ¢µ§-
´¨± ¥É ´µ¢µ¥ §´ Î¥´¨¥ ¨´¢ ·¨ ´É´µ£µ § ·Ö¤  ´  ³ ¸ÏÉ ¡¥ ³ ¸¸Ò Z-¡µ§µ´ :
ᾱs(M2

Z) = 0, 124. �µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 4.
‚ ¸²ÊÎ ¥ ´¥Ê¶·Ê£µ£µ ²¥¶Éµ´- ¤·µ´´µ£µ · ¸¸¥Ö´¨Ö µ¡Ð¨¥ ¶·¨´Í¨¶Ò Š’�,

É ±¨¥ ± ± Ô·³¨Éµ¢µ¸ÉÓ, ±µ¢ ·¨ ´É´µ¸ÉÓ, ¸¶¥±É· ²Ó´µ¸ÉÓ ¨ ¶·¨Î¨´´µ¸ÉÓ [2],
 ±±Ê³Ê²¨·Ê¥É ¨´É¥£· ²Ó´µ¥ ¶·¥¤¸É ¢²¥´¨¥ ‰µ¸É Ä‹¥³ ´ Ä„ °¸µ´  (‰‹„).
�Éµ ¶·¥¤¸É ¢²¥´¨¥ ¡Ò²µ ¨¸¶µ²Ó§µ¢ ´µ ¢ [12] ¤²Ö ¨§ÊÎ¥´¨Ö ÔËË¥±Éµ¢, ¸¢Ö-
§ ´´ÒÌ ¸ ³ ¸¸µ° ³¨Ï¥´¨. �¡ÒÎ´µ ¶·¨³¥´Ö¥³Ò° ¤²Ö ÔÉµ° Í¥²¨ ³¥Éµ¤ ξ-¸±¥°-
²¨´£  ¶·¨¢µ¤¨É ± ¶·µÉ¨¢µ·¥Î¨Õ ¸µ ¸¶¥±É· ²Ó´Ò³ Ê¸²µ¢¨¥³∗∗ ¶·¨ x = 1.
ˆ¸¶µ²Ó§µ¢ ´¨¥ ¶·¥¤¸É ¢²¥´¨Ö ‰‹„ ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ ±µ··¥±É´µ¥ ¢Ò· ¦¥-
´¨¥. ‘µµÉ¢¥É¸É¢ÊÕÐ¨° ·¥§Ê²ÓÉ É ¨²²Õ¸É·¨·Ê¥É¸Ö ´  ·¨¸. 5.
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