
�¨¸Ó³  ¢ �—�Ÿ. 2007. ’. 4, º6(142). ‘. 799Ä820

”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��. ’…��ˆŸ

C�…Š’�› ��…�ƒ…’ˆ—…‘Šˆ• ��’…�œ ‹…�’���‚
‚ �…“��“ƒ�Œ ��‘‘…Ÿ�ˆˆ �� Ÿ„��•

Š.‘. ŠÊ§Ó³¨´  , ¡, Š. ‘. ‹μÌÉ¨´ ¢, C.ˆ.‘¨´¥£μ¢¸±¨° ¢

  �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
¡ ˆ´¸É¨ÉÊÉ É¥μ·¥É¨Î¥¸±μ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ë¨§¨±¨, Œμ¸±¢ 

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

�μ¸É·μ¥´  £¨¡·¨¤´ Ö ³μ¤¥²Ó ²¥¶Éμ´-Ö¤¥·´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°, ¢ · ³± Ì ±μÉμ·μ° · ¸¸Î¨É ´Ò
¸¶¥±É·Ò Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ¨ ¸·¥¤´¨¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ³Õμ´μ¢ ¨ É Ê-²¥¶Éμ´μ¢ ¢ ´¥Ê¶·Ê£μ³
· ¸¸¥Ö´¨¨ ´  Ö¤· Ì ¢ £·Ê´É¥ ¨ ¢μ¤¥ ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° 102Ä109 ƒÔ‚. �¡¸Ê¦¤ ¥É¸Ö § ·Ö¤μ-
¢ Ö  ¸¨³³¥É·¨Ö · ¸¸¥Ö´¨Ö, μ¡Ê¸²μ¢²¥´´ Ö ¶·μÍ¥¸¸ ³¨ ¸μ ¸² ¡Ò³ ´¥°É· ²Ó´Ò³ Éμ±μ³. �·¨¢μ¤¨É¸Ö
¸· ¢´¥´¨¥ ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥É  ¢ ¤·Ê£¨Ì ³μ¤¥²ÖÌ.

Two versions are constructed of the hybrid model to describe inelastic high-energy scattering on
nuclei of muons and taus passing through standard rock or water in the energy range 102Ä109 GeV.
The charge asymmetry of the scattering due to the mixture of the weak neutral current is considered.
The calculated energy losses are compared with those of variety of the models.

PACS: 13.60.-r 13.60.Hb 61.85.+p
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�¥Ê¶·Ê£μ¥ · ¸¸¥Ö´¨¥ ³Õμ´μ¢ ´  Ö¤· Ì Ö¢²Ö¥É¸Ö ¢ ¦´μ° ¸μ¸É ¢²ÖÕÐ¥° ¶·μÍ¥¸¸μ¢,
μÉ¢¥É¸É¢¥´´ÒÌ §  Ô´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ³Õμ´μ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°. �μ²Ó ÔÉμ£μ ¢§ ¨³μ-
¤¥°¸É¢¨Ö ¢ μ¡· §μ¢ ´¨¨ ± ¸± ¤´ÒÌ ²¨¢´¥° ¢ ¶²μÉ´μ³ ¢¥Ð¥¸É¢¥, ¥£μ ¢²¨Ö´¨¥ ´  Ëμ·³¨-
·μ¢ ´¨¥ ¸¶¥±É·  ³Õμ´μ¢ ¶·¨ μÎ¥´Ó ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¢¸¥ ¥Ð¥ ¤¥É ²Ó´μ ´¥ ¨¸¸²¥¤μ¢ ´Ò.
�· ±É¨Î¥¸±¨° ¨´É¥·¥¸ ± Ô´¥·£¥É¨Î¥¸±¨³ ¶μÉ¥·Ö³ É Ê-²¥¶Éμ´μ¢ μ¡Ê¸²μ¢²¥´ § ¤ Î ³¨ ´¥°-
É·¨´´μ°  ¸É·μË¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨°:  ¸É·μË¨§¨Î¥¸±¨¥ ³Õμ´´Ò¥ ´¥°É·¨´μ ´  ¶ÊÉ¨ ±
‡¥³²¥ ³μ£ÊÉ ¶·¥¢· Ð ÉÓ¸Ö ¢ É Ê-´¥°É·¨´μ, ±μÉμ·Ò¥ ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¸ ´Ê±²μ´ ³¨
£¥´¥·¨·ÊÕÉ É Ê-²¥¶Éμ´Ò, ÔËË¥±É¨¢´μ¸ÉÓ ¦¥ ·¥£¨¸É· Í¨¨ ¶μ¸²¥¤´¨Ì μ¶·¥¤¥²Ö¥É¸Ö ¢ §´ -
Î¨É¥²Ó´μ° ¸É¥¶¥´¨ ¨³¥´´μ ´¥Ê¶·Ê£¨³ · ¸¸¥Ö´¨¥³ ´  Ö¤·¥. ‚ ±μ´É¥±¸É¥ § ¤ Î, ¸¢Ö§ ´´ÒÌ
¸ ·¥£¨¸É· Í¨¥° § ·Ö¦¥´´ÒÌ ²¥¶Éμ´μ¢ ´  ¡μ²ÓÏ¨Ì £²Ê¡μ±μ¢μ¤´ÒÌ ¨²¨ ¶μ¤§¥³´ÒÌ ¤¥É¥±-
Éμ· Ì, ±¨´¥³ É¨Î¥¸±¨ ¢Ò¤¥²¥´  μ¡² ¸ÉÓ ³ ²ÒÌ ¨³¶Ê²Ó¸μ¢, ¶¥·¥´μ¸¨³ÒÌ μÉ ²¥¶Éμ´  ±
 ¤·μ´´μ° ¸¨¸É¥³¥ (´Ê±²μ´ ³ Ö¤· ) ¶·μ³¥¦ÊÉμÎ´Ò³¨ ¡μ§μ´ ³¨ (ËμÉμ´μ³ ¨ Z-¡μ§μ´μ³).
�¤´ ±μ ¶·¨ ¸¢¥·Ì¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ § ³¥É´Ò° ¢±² ¤ ¢ · ¸¸¥Ö´¨¥ ³μ£ÊÉ ¢´¥¸É¨ ¨ ¶·μÍ¥¸¸Ò
¸ ¡μ²ÓÏ¨³¨ ¶¥·¥¤ ´´Ò³¨ ¨³¶Ê²Ó¸ ³¨.

„²Ö μ¡² ¸É¨ ´¥¡μ²ÓÏ¨Ì Q2, ¤ ÕÐ¥° μ¸´μ¢´μ° ¢±² ¤ ¢ ¸¶¥±É·Ò Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó
§ ·Ö¦¥´´ÒÌ ²¥¶Éμ´μ¢, Ìμ·μÏμ ¨§¢¥¸É´Ò ¤¢¥ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨¥ ¸Ì¥³Ò · ¸Î¥Éμ¢ ²¥¶Éμ´-
Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö Å ³μ¤¥²Ó ¢¥±Éμ·´μ° ¤μ³¨´ ´É´μ¸É¨ ¨ ¶μ¤Ìμ¤Ò, μ¸´μ¢ ´´Ò¥ ´ 
¤¥É ²Ó´μ · §· ¡μÉ ´´μ° ·¥¤¦¥¢¸±μ° Ë¥´μ³¥´μ²μ£¨¨, ¶μ²ÊÎ¨¢Ï¥° Š•„-¨´É¥·¶·¥É Í¨Õ
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(¸³. μ¡§μ· [1]). ‚ ·¨ ´É ´¥¤¨ £μ´ ²Ó´μ° ³μ¤¥²¨ μ¡μ¡Ð¥´´μ° ¢¥±Éμ·´μ° ¤μ³¨´ ´É´μ¸É¨
(�‚„) [2, 3] ´  ¶·μÉÖ¦¥´¨¨ ³´μ£¨Ì ²¥É · ¸¸³ É·¨¢ ²¸Ö ¢ ± Î¥¸É¢¥ ´¥±μÉμ·μ£μ ¸É ´-
¤ ·É  [4] ¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ³´μ£¨³¨  ¢Éμ· ³¨ ¢ · ¸Î¥É Ì Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ³Õμ´μ¢
±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°, ¸¶¥±É·μ¢ ¨ ±·¨¢μ° ¶μ£²μÐ¥´¨Ö ³Õμ´μ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¢ ¢¥Ð¥-
¸É¢¥ (¸³., ´ ¶·¨³¥·, [5Ä8]). �¤´ ±μ ¸¶· ¢¥¤²¨¢μ¸ÉÓ ÔÉμ° ³μ¤¥²¨ ¶·¨ ¢Ò¸μ±¨Ì ¨ μÎ¥´Ó
¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¸μ¢¸¥³ ´¥ μÎ¥¢¨¤´ .

‚ ´¥¤ ¢´¨Ì · ¡μÉ Ì [9Ä14] · ¸¸Î¨É ´Ò ¸¥Î¥´¨Ö ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ³Õμ´μ¢ ¨ É Ê-
²¥¶Éμ´μ¢ ´  Ö¤·¥ ¨ Ô´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ²¥¶Éμ´μ¢ ¢ ÔÉ¨Ì ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨ μÎ¥´Ó
¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ. �É²¨Î¨¥ ´μ¢ÒÌ ¶·¥¤¸± § ´¨° μÉ ¸É ·ÒÌ ¢ μ¡² ¸É¨ Ô´¥·£¨° ²¥¶Éμ´ 
E � 106 ƒÔ‚ ´¥ ± ¦¥É¸Ö ¡μ²ÓÏ¨³, μ¤´ ±μ μ´μ ¢μ§· ¸É ¥É ¸ ·μ¸Éμ³ Ô´¥·£¨°, ¤μ¸É¨£ Ö 50%
¨ ¡μ²¥¥ ¤²Ö Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ¢ ´¥Ê¶·Ê£μ³ · ¸¸¥Ö´¨¨ ´  Ö¤· Ì £·Ê´É . �¥ ¢¶μ²´¥
Ö¸´μ, ÎÉμ Ö¢²Ö¥É¸Ö ¨¸ÉμÎ´¨±μ³ ÔÉ¨Ì · §²¨Î¨° Å ¶μ¢¥¤¥´¨¥ ²¨ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ¶·¨
³ ²ÒÌ ¡Ó¥·±¥´μ¢¸±¨Ì x ¨ Q2 (Éμ ¥¸ÉÓ μÉ²¨Î¨¥ ¶ · ³¥É·¨§ Í¨°, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ Í¨É¨·μ-
¢ ´´ÒÌ · ¡μÉ Ì) ¨²¨ ¢μ§· ¸É ÕÐ¨° ¸ ·μ¸Éμ³ Ô´¥·£¨¨ ¢±² ¤ £²Ê¡μ±μ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö
¨ ¶·¨³¥¸¨ ¸² ¡μ£μ ´¥°É· ²Ó´μ£μ Éμ± . „·Ê£¨³ ¢μ§³μ¦´Ò³ ¨ ¢ ¦´Ò³ ¨¸ÉμÎ´¨±μ³ ´¥μ¶·¥-
¤¥²¥´´μ¸É¥° Ö¢²Ö¥É¸Ö ÊÎ¥É Ö¤¥·´ÒÌ ÔËË¥±Éμ¢, ¢ Éμ³ Î¨¸²¥ ¨ ¶·¨ ³ ²ÒÌ x.

‚ ¤ ´´μ° · ¡μÉ¥ ¶μ¸É·μ¥´  ³μ¤¥²Ó ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ´¥¶μ²Ö·¨§μ¢ ´´ÒÌ § ·Ö¦¥´-
´ÒÌ ²¥¶Éμ´μ¢ ´  Ö¤· Ì ¶·¨ μÎ¥´Ó ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ, ¢±²ÕÎ ÕÐ Ö ³Ö£±¨¥ ¨ ¶μ²Ê¦¥¸É±¨¥
ËμÉμ¶·μÍ¥¸¸Ò,   É ±¦¥ ¦¥¸É±μ¥ · ¸¸¥Ö´¨¥ ¸ μ¡³¥´μ³ γ-±¢ ´Éμ³ ¨ Z-¡μ§μ´μ³. ‚ · ¸Î¥É¥
ÊÎÉ¥´Ò Ö¤¥·´Ò¥ ÔËË¥±ÉÒ Å § É¥´¥´¨¥ ¨  ´É¨Ô±· ´¨·μ¢ ´¨¥ ´Ê±²μ´μ¢, EMC-ÔËË¥±É ¨
Ë¥·³¨-¤¢¨¦¥´¨¥ ´Ê±²μ´μ¢ ¢ Ö¤·¥. �¡¸Ê¦¤ ¥É¸Ö · §²¨Î¨¥ · ¸¸¥Ö´¨Ö Î ¸É¨ÍÒ ¨  ´É¨Î -
¸É¨ÍÒ, μ¡Ê¸²μ¢²¥´´μ¥ ¶·¨³¥¸ÓÕ ¸² ¡μ£μ ´¥°É· ²Ó´μ£μ Éμ± . � ¸Î¥É ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ
¸¥Î¥´¨° · ¸¸¥Ö´¨Ö Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢ ´  ¶·μÉμ´¥ ¢ ÔÉμ° ³μ¤¥²¨ ¶·μ¢¥·¥´ ¸· ¢´¥-
´¨¥³ ¸ ¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´Éμ¢ H1 ¨ ZEUS ´  ±μ²² °¤¥·¥ HERA. � ¸¸Î¨É ´Ò Ô´¥·£¥É¨-
Î¥¸±¨¥ ¶μÉ¥·¨ ¢ ´¥Ê¶·Ê£μ³ · ¸¸¥Ö´¨¨ ´  Ö¤· Ì ¶·¨ ¶·μÌμ¦¤¥´¨¨ ³Õμ´μ¢ ¨ É Ê-²¥¶Éμ´μ¢
Î¥·¥§ £·Ê´É ¨ ¢μ¤Ê, ¶·¨¢μ¤¨É¸Ö ¸· ¢´¥´¨¥ ¸ ¤·Ê£¨³¨ · ¸Î¥É ³¨. Š· É±μ ¢¥·¸¨Ö ÔÉμ°
³μ¤¥²¨ ¨ ´¥±μÉμ·Ò¥ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¡Ò²¨ ¶·¥¤¸É ¢²¥´Ò ¢ · ¡μÉ Ì [12,13].
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� ¸¸¥Ö´¨¥ § ·Ö¦¥´´μ£μ ²¥¶Éμ´  ´  ´Ê±²μ´¥

�±(k) + N(p) → �±(k′) + X (1)

Ì · ±É¥·¨§Ê¥É¸Ö ¤¢Ê³Ö ¤¨ £· ³³ ³¨ (·¨¸. 1).
�¡μ§´ Î¨¢ Î¥·¥§ k ¨ k′ 4-¨³¶Ê²Ó¸Ò ´ Î ²Ó´μ£μ ¨ ±μ´¥Î´μ£μ ²¥¶Éμ´ , p Å 4-¨³¶Ê²Ó¸

´Ê±²μ´  ³ ¸¸Ò M , q = k − k′ Å 4-¨³¶Ê²Ó¸ ¶·μ³¥¦ÊÉμÎ´μ£μ ¡μ§μ´  (γ-±¢ ´É  ¨ Z0),
§ ¶¨Ï¥³ ±¨´¥³ É¨Î¥¸±¨¥ ¨´¢ ·¨ ´ÉÒ ·¥ ±Í¨¨ (1):

−Q2 = q2 = (k − k′)2 = 2m2
� − 2 (EE′ − kk′) , x =

Q2

2pq
=

Q2

2Mν
, (2)

ν =
p q

M
= E − E′, y =

pq

pk
=

ν

E
, W 2 = (p + q)2 = M2 + 2Mν − Q2. (3)

‡¤¥¸Ó Q2, x Å ¡Ó¥·±¥´μ¢¸±¨¥ ¶¥·¥³¥´´Ò¥; m� Å ³ ¸¸  ²¥¶Éμ´ ; E, E′ Å ´ Î ²Ó´ Ö
¨ ±μ´¥Î´ Ö Ô´¥·£¨¨ ²¥¶Éμ´  ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥; y Å ¤μ²Ö Ô´¥·£¨¨, ¶μÉ¥·Ö´´ Ö
²¥¶Éμ´μ³ (´¥Ê¶·Ê£μ¸ÉÓ ·¥ ±Í¨¨); W 2 Å ±¢ ¤· É ³ ¸¸Ò  ¤·μ´´μ° ¸¨¸É¥³Ò X .
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�¨¸. 1. „¨ £· ³³Ò · ¸¸¥Ö´¨Ö § ·Ö¦¥´´μ£μ ²¥¶Éμ´  ´  ´Ê±²μ´¥

Œ¨´¨³ ²Ó´ Ö Ô´¥·£¨Ö · ¸¸¥Ö´´μ£μ ²¥¶Éμ´  · ¢´  ¥£μ ³ ¸¸¥ m�, ¶μÔÉμ³Ê

ymax =
E − E′

min

E
= 1 − m�

E
. (4)

�¸É ²Ó´Ò¥ ±¨´¥³ É¨Î¥¸±¨¥ ¶·¥¤¥²Ò ¶μ²ÊÎ¨³ ¨§ μ¶·¥¤¥²¥´¨Ö Q2 ¨ W 2:

Q2 = 2MEy + M2 − W 2, (5)

Q2 = 2 (EE′ − kk′) − 2m2
� . (6)

ˆ§ (5) μÎ¥¢¨¤´μ, ÎÉμ Q2 ¶·¨ § ¤ ´´ÒÌ E ¨ y ¶·¨´¨³ ¥É ³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶·¨
W 2 = W 2

min = (M + mπ)2 (·μ¦¤¥´¨¥ Δ-·¥§μ´ ´¸ ):

Q2
max = 2MEy −

[
(M + mπ)2 − M2

]
= 2ME(y − δ), (7)

£¤¥

δ =
W 2

min − M2

2ME
=

mπ

E

(
1 +

mπ

2M

)
. (8)

”μ·³Ê²  (7) ¢¥·´ , ¥¸²¨ ´¥ · ¡μÉ ¥É ¡μ²¥¥ ¸¨²Ó´μ¥ μ£· ´¨Î¥´¨¥, μ¡Ê¸²μ¢²¥´´μ¥ · ¸¸¥Ö-
´¨¥³ ²¥¶Éμ´  ´ § ¤:

Q2 � 2
(
EE′ + |k||k′| − m2

�

)
. (9)

� ¢¥´¸É¢μ ¢Ò· ¦¥´¨° (7) ¨ (9)

Q2
max(y) = 2E2

[
1 − y +

√
(1 − m2

�/E2) [(1 − y)2 − m2
�/E2] − m2

�/E2

]
(10)

¨³¥¥É ³¥¸Éμ ¶·¨ y = y0,

y0 � (1 − m2
�/E2)/[1 +

(
M2 + m2

�

)
/2ME]. (11)

’ ±¨³ μ¡· §μ³, ¤²Ö y � y0 ¢¥·Ì´ÕÕ £· ´¨ÍÊ Q2
max ¤ ¥É Ëμ·³Ê²  (7),   ¤²Ö y > y0 Å

Ëμ·³Ê²  (10) (¸³. É ±¦¥ [14]). ˆ¸¶μ²Ó§μ¢ ´¨¥ ¢ μ¡² ¸É¨ y0 < y � ymax £· ´¨ÍÒ (7) ¢³¥-
¸Éμ (10) ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¶·¨¢μ¤¨É ²¨ÏÓ ± ´¥§´ Î¨É¥²Ó´μ³Ê ¨¸± ¦¥´¨Õ ¨´É¥£· ² 
¶μ Q2 μÉ ¸¥Î¥´¨Ö ¨§-§  ¶μ¤ ¢²¥´´μ¸É¨ ¶·μÍ¥¸¸μ¢ ¸ ¡μ²ÓÏ¨³¨ Q2.

Œ¨´¨³ ²Ó´μ³Ê §´ Î¥´¨Õ Q2 μÉ¢¥Î ¥É · ¸¸¥Ö´¨¥ ²¥¶Éμ´  ¢¶¥·¥¤:

Q2
min = 2

(
EE′ − |k||k′| − m2

�

)
=

2m2
� (E − E′)2

EE′ + |k||k′| − m2
�

, (12)
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¨²¨ ¢ ¶¥·¥³¥´´ÒÌ (E, y)

Q2
min =

2m2
�y

2

1 − y +
√

(1 − m2
�/E2) [(1 − y)2 − m2

�/E2] − m2
�/E2

. (13)

�·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ (E � m�) ¢³¥¸Éμ ÉμÎ´μ° £· ´¨ÍÒ (13) μ¡ÒÎ´μ ¨¸¶μ²Ó§ÊÕÉ ¶·¨-
¡²¨¦¥´´μ¥ ¢Ò· ¦¥´¨¥ Q2

min � m2
�y

2/(1−y) (¸³., ´ ¶·¨³¥·, [9]), ±μÉμ·μ¥ ¶·¨¢μ¤¨É ± É¥³
¡μ²ÓÏ¥° μÏ¨¡±¥, Î¥³ ¡²¨¦¥ y ± ¢¥·Ì´¥° £· ´¨Í¥ ymax. ‚ ¸ ³μ³ ¤¥²¥, ¶·¨ m�/E � 1
¨§ (13) ¶μ²ÊÎ¨³

Q2
min �

{
m2

�y
2/(1 − y), y � 1,

2m2
�y

2/(1 − y − m2
�/E2), y � ymax.

(14)

�·¨ y = ymax ¢¥·Ì´¥¥ · ¢¥´¸É¢μ ¢ (14) ¤ ¥É ·¥§Ê²ÓÉ É ¶·¨³¥·´μ ¢ ¤¢  · §  ´¨¦¥ ÉμÎ´μ£μ
Q2

min = 2m�(E − m�), Éμ£¤  ± ± ´¨¦´¥¥ ¢μ¸¶·μ¨§¢μ¤¨É ¥£μ.
‚Ò· ¦¥´¨¥ ¤²Ö ymin ´ °¤¥³ ¨§ Ê· ¢´¥´¨Ö, ¶μ²ÊÎ¥´´μ£μ ¶μ¤¸É ´μ¢±μ° (13) ¢ (5),

2MEy = Q2
min(y) + W 2

min − M2. (15)

‚¢μ¤Ö μ¡μ§´ Î¥´¨¥ ξ = m2
�/(2ME), ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (15) § ¶¨Ï¥³ ¢ ¢¨¤¥

ymin � 1 + δ

2(1 + ξ)

[
1 −

√
1 − 4δ(1 + ξ)

(1 + δ)2

]
� δ

1 + δ

[
1 +

δ(1 + ξ)
(1 + δ)2

]
� δ, (16)

£¤¥ ³Ò ¢μ¸¶μ²Ó§μ¢ ²¨¸Ó ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨³ ¶·¨¡²¨¦¥´¨¥³ ¤²Ö Q2
min (¶·¨ ³ ²ÒÌ y) ¨

μÎ¥¢¨¤´μ° ³ ²μ¸ÉÓÕ ¢¥²¨Î¨´ δ, ξ.

2. ‘…—…�ˆ… ��‘‘…Ÿ�ˆŸ ‹…�’��� �� Ÿ„�…

‘±μ´¸É·Ê¨·Ê¥³ £¨¡·¨¤´ÊÕ ³μ¤¥²Ó (¸³. É ±¦¥ [12]), · §¡¨¢ ¤μ¶Ê¸É¨³ÊÕ μ¡² ¸ÉÓ Q2 ´ 
É·¨ ¨´É¥·¢ ² : 1) Q2 � 0,1 ƒÔ‚2; 2) 0,1 < Q2 � 5 ƒÔ‚2; 3) Q2 > 5 ƒÔ‚2. „²Ö μ¡² ¸É¨
1 ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ³μ¤¥²Ó ´¥Ê¶·Ê£μ£μ ¤¨Ë· ±Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö [2, 3], ¶μ¸É·μ¥´´ÊÕ
¢ · ³± Ì ´¥¤¨ £μ´ ²Ó´μ° ³μ¤¥²¨ �‚„. ‚ μ¡² ¸É¨ 2 ¢μ¸¶μ²Ó§Ê¥³¸Ö ¶ · ³¥É·¨§ Í¨¥°
¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ´Ê±²μ´  ¢ ·¥¤¦¥¢¸±μ° ³μ¤¥²¨ CKMT [15, 16],   ¢ μ¡² ¸É¨ £²Ê¡μ-
±μ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¸¥Î¥´¨¥ ¡Ê¤¥³ · ¸¸Î¨ÉÒ¢ ÉÓ ¢ ±¢ ·±-¶ ·Éμ´´μ° ³μ¤¥²¨ ¸ ¶ ·-
Éμ´´Ò³¨ ËÊ´±Í¨Ö³¨ CTEQ6 [17] ¨ MRST [18]. „²Ö ÊÎ¥É  Ö¤¥·´ÒÌ ÔËË¥±Éμ¢ ¢ μ¡² ¸É¨
´¥ ¸²¨Ï±μ³ ³ ²ÒÌ x (10−3 < x < 1) ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶ · ³¥É·¨§ Í¨Ö ¨§ · ¡μÉ [19] ¨
¤²Ö μ¡² ¸É¨ x < 10−3 Å ¸Ì¥³ , ¶·¥¤²μ¦¥´´ Ö ¢ · ¡μÉ¥ [10]. �¨¦¥ ¤²Ö ±· É±μ¸É¨ ¡Ê¤¥³
´ §Ò¢ ÉÓ ÔÉÊ ³μ¤¥²Ó 3K , μÉ²¨Î Ö ¥¥ μÉ ¢ ·¨ ´É  2K , ¢ ±μÉμ·μ³ ¶ · ³¥É·¨§ Í¨Ö CKMT
¶·¨³¥´¥´  ´  ¨´É¥·¢ ²¥ 0 < Q2 < 5 ƒÔ‚2. „²Ö £² ¤±μ° ¸Ï¨¢±¨ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨°
´  £· ´¨Í Ì ¨´É¥·¢ ²μ¢ ¨¸¶μ²Ó§μ¢ ² ¸Ó ²¨´¥°´ Ö ¨´É¥·¶μ²ÖÍ¨Ö.

„²Ö ´ Ï¨Ì Í¥²¥° Ê¤μ¡´  § ¶¨¸Ó ¸¥Î¥´¨Ö d2σ/(dQ2dy) ¢ ¶¥·¥³¥´´ÒÌ (Q2, y). ‚ Éμ
¦¥ ¢·¥³Ö, ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ μ¶·¥¤¥²¥´¨¥³, ¸Î¨É ¥³ ¸É·Ê±ÉÊ·´Ò¥ ËÊ´±Í¨¨ § ¢¨¸ÖÐ¨³¨ μÉ
´ ¡μ·  (x, Q2), £¤¥ x = Q2/(2MEy). ‘¶¥±É· Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó Φn(E, y) ²¥¶Éμ´  ¢
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· ¸¸¥Ö´¨¨ ´  Ö¤· Ì ¸ ³ ¸¸μ¢Ò³ Î¨¸²μ³ A ¢¥Ð¥¸É¢  μ¶·¥¤¥²Ö¥É¸Ö ¨´É¥£· ²μ³

Φn(E, y) ≡ N0y
dσ�A

dy
= N0y

Q2
max∫

Q2
min

dQ2 d2σ�A

dQ2dy
,

d2σ�A

dQ2dy
= ArA(x, Q2)

d2σ�N

dQ2dy
, (17)

£¤¥ N0 = NA/A Å Î¨¸²μ Ö¤¥· ¢ 1 £ ¢¥Ð¥¸É¢ ; rA(x, Q2) Å μÉ´μÏ¥´¨¥ ¸É·Ê±ÉÊ·´μ° ËÊ´±-
Í¨¨ ¸¢Ö§ ´´μ£μ ¢ Ö¤·¥ ´Ê±²μ´  ± ¸É·Ê±ÉÊ·´μ° ËÊ´±Í¨¨ ¸¢μ¡μ¤´μ£μ ´Ê±²μ´  (¸³. ¶. 2.4).
ŠμÔËË¨Í¨¥´É Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ¢ ¢¥Ð¥¸É¢¥ (¤μ²Ö ¸·¥¤´¥° Ô´¥·£¨¨, ¶μÉ¥·Ö´´μ° ²¥¶-
Éμ´μ³ ¶·¨ ¶·μÌμ¦¤¥´¨¨ ¸²μÖ h = 1 £/¸³2) ¥¸ÉÓ ¨´É¥£· ² μÉ ¸¶¥±É· :

bn(E) ≡ − 1
E

dE

dh
=

ymax∫
ymin

Φn(E, y)dy. (18)

2.1. ŒÖ£±¨¥ ¶·μÍ¥¸¸¸Ò. ‘¥Î¥´¨¥ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ´¥¶μ²Ö·¨§μ¢ ´´μ£μ § ·Ö¦¥´-
´μ£μ ²¥¶Éμ´  ´  ´¥¶μ²Ö·¨§μ¢ ´´μ³ ´Ê±²μ´¥ ¢ μ¤´μËμÉμ´´μ³ ¶·¨¡²¨¦¥´¨¨ ³μ¦´μ § ¶¨-
¸ ÉÓ (¸³., ´ ¶·¨³¥·, [1, 20]) Î¥·¥§ Ô²¥±É·μ³ £´¨É´Ò¥ ¸É·Ê±ÉÊ·´Ò¥ ËÊ´±Í¨¨ ³¨Ï¥´¨ W1

¨ W2:
d2σ

dQ2dy
=

4πα2

Q4E

[(
Q2

2
− m2

�

)
W1 +

(
E2(1 − y) − Q2

4

)
W2

]
, (19)

£¤¥ α � 1/137 Å ¶μ¸ÉμÖ´´ Ö Éμ´±μ° ¸É·Ê±ÉÊ·Ò. ‚ ³μ¤¥²¨ ËμÉμÖ¤¥·´μ£μ ¢§ ¨³μ¤¥°-
¸É¢¨Ö [21] ¸¥Î¥´¨¥ · ¸¸¥Ö´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¸¥Î¥´¨Ö³¨ ¶μ£²μÐ¥´¨Ö ¢¨·ÉÊ ²Ó´ÒÌ ËμÉμ´μ¢
¸ ¶μ¶¥·¥Î´μ° σT ¨ ¶·μ¤μ²Ó´μ° σL ¶μ²Ö·¨§ Í¨Ö³¨:

d2σ

dQ2dy
=

α E

π
(ΓT σT + ΓLσL) =

α E

π
ΓT (σT + εσL) =

α E

π
ΓT σc(Q2, ν), (20)

£¤¥ ΓT ¨ ΓL Å ®¶μÉμ±¨¯ ¶μ¶¥·¥Î´μ- ¨ ¶·μ¤μ²Ó´μ-¶μ²Ö·¨§μ¢ ´´ÒÌ ¢¨·ÉÊ ²Ó´ÒÌ ËμÉμ´μ¢

ΓT =
ω

Q2 (Q2 + ν2)E2

[
E(E − ν) +

ν2

2

(
1 − 2m2

�

Q2

)
+

Q2

4
− m2

�

]
, (21)

ΓL =
ω

Q2 (Q2 + ν2)E2

[
E(E − ν) − Q2

4

]
, (22)

ε = ΓL/ΓT Å ¸É¥¶¥´Ó ¶·μ¤μ²Ó´μ° ¶μ²Ö·¨§ Í¨¨,   σc(Q2, ν) = σT + εσL Å ¸¥Î¥´¨¥
±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ¢¨·ÉÊ ²Ó´μ£μ ËμÉμ´ . ‡¤¥¸Ó ω ¨³¥¥É ¸³Ò¸² Ô´¥·£¨¨, ±μÉμ·ÊÕ
¤μ²¦¥´ ¨³¥ÉÓ ·¥ ²Ó´Ò° ËμÉμ´ ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥, ÎÉμ¡Ò ¸μ§¤ ÉÓ É ±μ¥ ¦¥ ±μ´¥Î´μ¥
 ¤·μ´´μ¥ ¸μ¸ÉμÖ´¨¥ ¸ ¨´¢ ·¨ ´É´μ° ³ ¸¸μ° W , ±μÉμ·μ¥ ¸μ§¤ ¥É ¢¨·ÉÊ ²Ó´Ò° ËμÉμ´ ¸
4-¨³¶Ê²Ó¸μ³ q, ¶μ£²μÐ¥´´Ò° ¶μ±μÖÐ¨³¸Ö ´Ê±²μ´μ³:

ω =
W 2 − M2

2M
= ν − Q2

2M
= ν(1 − x) −−−−→

Q2→0
ν. (23)

(‚ ¸ ³μ³ ¤¥²¥: pγ = (ω,kγ), p = (M, 0) ¨ (pγ + p)2 = W 2, Éμ ¥¸ÉÓ 2Mω + M2 = W 2.)
’μ ¥¸ÉÓ ¸É·Ê±ÉÊ·´Ò¥ ËÊ´±Í¨¨ μ¶·¥¤¥²ÖÕÉ¸Ö ¸¥Î¥´¨Ö³¨ σT ¨ σL ¢ ÔÉμ° ¨¤¥μ²μ£¨¨:

W1 =
ω

4π2α
σT , W2 =

ω

4π2α

(
Q2

Q2 + ν2

)
(σT + σL). (24)
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‚¢μ¤Ö ¡¥§· §³¥·´Ò¥ ¸É·Ê±ÉÊ·´Ò¥ ËÊ´±Í¨¨ F1 = MW1 ¨ F2 = νW2, ¸¥Î¥´¨¥ (19) ³μ¦´μ
§ ¶¨¸ ÉÓ ¢ ¢¨¤¥

d2σ

dQ2dy
=

4πα2

yQ4

[(
1 − y − Q2

4E2

)
F2 +

(
1 − 2m2

�

Q2

)
y2xF1

]
. (25)

Š·μ³¥ Éμ£μ, ¤²Ö § ¶¨¸¨ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö ²¥¶Éμ´  ¨¸¶μ²Ó§ÊÕÉ É ±¦¥
´ ¡μ·Ò (F2, R) ¨²¨ (F2, FL):

R(x, Q2) ≡ σL

σT
=

(
1 +

Q2

ν2

)
F2

2xF1
− 1 =

FL

2xF1
, (26)

£¤¥ FL(x, Q2) Å ¸É·Ê±ÉÊ·´ Ö ËÊ´±Í¨Ö, μÉ¢¥Î ÕÐ Ö ¢§ ¨³μ¤¥°¸É¢¨Õ ¶·μ¤μ²Ó´μ-¶μ²Ö·¨§μ-
¢ ´´μ£μ ¢¨·ÉÊ ²Ó´μ£μ ËμÉμ´ :

FL(x, Q2) =
(

1 +
Q2

ν2

)
F2 − 2xF1 =

Q2[1 − Q2/(2Mν)]
4π2α

σL. (27)

„²Ö · ¸Î¥É  ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö § ·Ö¦¥´´μ£μ ²¥¶Éμ´  ´  Ö¤·¥ ¶·¨ ³ ²ÒÌ ¢¨·ÉÊ ²Ó´μ-
¸ÉÖÌ (Q2 < 0,1 ƒÔ‚2) ³Ò ¨¸¶μ²Ó§μ¢ ²¨ ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨ �‚„ [2,3]:

d2σ�A

dQ2dy
=

αE

π

[
ΓT σA

T (ν, Q2) + ΓLσA
L (ν, Q2)

]
. (28)

� · ³¥É·¨§ Í¨Ö ¸¥Î¥´¨° ¶μ£²μÐ¥´¨Ö ´  Ö¤·¥ ¢¨·ÉÊ ²Ó´μ£μ ËμÉμ´  ¶·¥¤¸É ¢²¥´  ¢ [3]
¤²Ö ¨´É¥·¢ ²  0 < Q2 < 3 ƒÔ‚2:

σA
T

(
ν, Q2

)
= AσγN (ν)

[
0,75m4

1

(m2
1 + Q2)2

G(z) +
0,25m2

2

m2
2 + Q2

]
, (29)

σA
L

(
ν, Q2

)
=

1
4
AσγN (ν)

[
0,75m2

1Q
2

(m2
1 + Q2)2

G(z) +
0,25m2

2

Q2
ln

(
1 +

Q2

m2
2

)
− 0,25m2

2

m2
2 + Q2

]
. (30)

‡¤¥¸Ó σγN (ν) = 114,3+1,647 ln2(0,0213ν) (³±¡) Å ¸¥Î¥´¨¥ ËμÉμ¶μ£²μÐ¥´¨Ö ´  ´Ê±²μ´¥.
”Ê´±Í¨Ö G(z), § ¢¨¸ÖÐ Ö μÉ A, μ¶·¥¤¥²Ö¥É ÔËË¥±ÉÒ § É¥´¥´¨Ö ´Ê±²μ´μ¢ ¢ Ö¤·¥:

rA =
σγA

AσγN
= 0,75G(z) + 0,25, z = 0,00282A1/3σγN (ν)/(1 ³±¡), (31)

G(z) =

{[
z2/2 − 1 + e−z(1 + z)

]
(3/z3), A > 1,

1, A = 1.
(32)

2.2. �μ²Ê¦¥¸É±¨¥ ¶·μÍ¥¸¸Ò. „²Ö μ¡² ¸É¨ 0,1 < Q2 � 5 ƒÔ‚2 ³Ò ¨¸¶μ²Ó§Ê¥³ ¶ · ³¥-
É·¨§ Í¨Õ ¸ÉÊ±ÉÊ·´μ° ËÊ´±Í¨¨ ´Ê±²μ´  F2, ¶μ²ÊÎ¥´´ÊÕ ¢ ·¥¤¦¥¢¸±μ° ³μ¤¥²¨
CKMT [15,16]:

F2(x, Q2) = FS(x, Q2) + FNS(x, Q2). (33)

�¥·¢μ¥ ¸² £ ¥³μ¥ ¢ (33) (¸¨´£²¥É´Ò° ¢±² ¤)

FS(x, Q2) = Ax−Δ(Q2)(1 − x)n(Q2)+4

(
Q2

Q2 + a

)1+Δ(Q2)

(34)
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μÉ¢¥Î ¥É ¢±² ¤Ê ´ ¤±·¨É¨Î¥¸±μ£μ ¶μ³¥·μ´  c ¶¥·¥¸¥Î¥´¨¥³ αP = 1 + Δ Å Ë¥´μ³¥´μ-
²μ£¨Î¥¸±μ£μ Ô±¢¨¢ ²¥´É  ¢§ ¨³μ¤¥°¸É¢¨Ö ³μ·¸±¨Ì ±¢ ·±μ¢ ¨ £²Õμ´μ¢ ¸ ³ ²Ò³¨ x. “Î¥É
· §·¥§μ¢ ¶·¨¢μ¤¨É ± § ¢¨¸¨³μ¸É¨ Δ μÉ Q2, ¨ ¶·¨ x → 0

F2(x, Q2) ∼ x−Δ(Q2), Δ(Q2) = Δ0

(
1 +

Δ1Q
2

Q2 + Δ2

)
. (35)

‚Éμ·μ¥ ¸² £ ¥³μ¥ (´¥¸¨´£²¥É´Ò° ¢±² ¤) ¢ (33) ¸μμÉ¢¥É¸É¢Ê¥É ·¥¤¦¥μ´ ³ (ρ, ω, f , A2)
c ¶¥·¥¸¥Î¥´¨¥³ αR ∼ 0,4Ä0,6, ±μÉμ·Ò¥ μ¶·¥¤¥²ÖÕÉ ¶μ¢¥¤¥´¨¥ ¢ ²¥´É´ÒÌ ±¢ ·±μ¢ ¶·¨
x → 0:

FNS(x, Q2) = Bx1−αR(1 − x)n(Q2)

(
Q2

Q2 + b

)αR

. (36)

� · ³¥É· n(Q2) ¢ (34) ¨ (36), μ¶·¥¤¥²ÖÕÐ¨° ¶μ¢¥¤¥´¨¥ ¸É·Ê±ÉÊ·´μ° ËÊ´±Í¨¨ ¶·¨
x → 1, § ¤ ¥É¸Ö ËÊ´±Í¨¥°

n(Q2) =
3
2

(
1 +

Q2

Q2 + c

)
. (37)

ˆ¸¶μ²Ó§ÊÖ · ¸¶·¥¤¥²¥´¨Ö ¢ ²¥´É´ÒÌ u- ¨ d-±¢ ·±μ¢, ´¥¸¨´£²¥É´Ò° ¢±² ¤ § ¶¨¸Ò¢ ÕÉ ¢
¢¨¤¥

FNS(x, Q2) = xUV (x, Q2) + xDV (x, Q2), (38)

£¤¥

xUV (x, Q2) = Bux1−αR(1 − x)n(Q2)

(
Q2

Q2 + b

)αR

, (39)

xDV (x, Q2) = Bdx
1−αR(1 − x)n(Q2)+1

(
Q2

Q2 + b

)αR

. (40)

‡´ Î¥´¨Ö ¶ · ³¥É·μ¢ ³μ¤¥²¨ [16] ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

’ ¡²¨Í  1. � · ³¥É·Ò ³μ¤¥²¨ CKMT [16]

A a Δ0 Δ1 Δ2 c b αR Bu Bd

0,1301 0,2628 0,09663 1,9533 1,1606 3,5489 0,3840 0,4150 1,1555 0,1722

„¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ · ¸¸¥Ö´¨Ö ¢ ¶¥·¥³¥´´ÒÌ (Q2, y) ³μ¦´μ § ¶¨¸ ÉÓ
(¸³. (25), (26)) ¢ ¢¨¤¥

d2σ

dQ2dy
=

4πα2

yQ4

[
1 − y − Q2

4E2
+

y2 + Q2/E2

2(1 + R)

(
1 − 2m2

�

Q2

)]
F2(x, Q2). (41)

„²Ö ¢ÒÎ¨¸²¥´¨Ö R(x, Q2) ¢ μ¡² ¸É¨ Q2 � Q2
0 = 1,4 ƒÔ‚2 ¨¸¶μ²Ó§Ê¥É¸Ö ¶ · ³¥É·¨§ Í¨Ö,

¶·¥¤²μ¦¥´´ Ö ¢ · ¡μÉ¥ [22]. �·¨ Q2 < Q2
0 ¸²¥¤Ê¥³ ·¥Í¥¶ÉÊ · ¡μÉÒ [10]:

R(x, Q2) = RGVDM(x, Q2) = C(x)
Q2

Q2 + m2
ρ

, (42)
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£¤¥ mρ Å ³ ¸¸  ρ-³¥§μ´ ,   ËÊ´±Í¨Ö C(x) μ¶·¥¤¥²Ö¥É¸Ö Ê¸²μ¢¨¥³ ´μ·³¨·μ¢±¨ ¶·¨
Q2 = Q2

0:
RGVDM(x, Q2

0) = R(x, Q2
0), (43)

ËÊ´±Í¨Ö R(x, Q2
0) ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ Ëμ·³Ê² ³, ¶·¨¢¥¤¥´´Ò³ ¢ · ¡μÉ¥ [22].

2.3. ƒ²Ê¡μ±μ´¥Ê¶·Ê£μ¥ · ¸¸¥Ö´¨¥. „²Ö ¦¥¸É±¨Ì ¶·μÍ¥¸¸μ¢ (Q2 > 5 ƒÔ‚2) ¸¥Î¥´¨¥
· ¸¸¥Ö´¨Ö ´¥¶μ²Ö·¨§μ¢ ´´μ£μ ²¥¶Éμ´  ´  ´¥¶μ²Ö·¨§μ¢ ´´μ³ ´Ê±²μ´¥ ¸ ÊÎ¥Éμ³ ³ ¸¸Ò
²¥¶Éμ´  § ¶¨Ï¥³ ¢ ¢¨¤¥ (c³. [23,24])

d2σ

dQ2dy
=

4πα2

yQ4

[(
1 − y − Q2

4E2
+

y2

2

(
1 − 2m2

�

Q2

))
FNC

2 ±
(

y2

2
− y

)
xFNC

3

]
, (44)

£¤¥ ³Ò ¶μ²μ¦¨²¨ R = Q2/(Ey)2 (ÎÉμ μÉ¢¥Î ¥É ¸μμÉ´μÏ¥´¨Õ Š ²² ´ Äƒ·μ¸¸ ). ‡´ ±¨
®±¯ μÉ¢¥Î ÕÉ �± (� = μ, τ ). ‚ Ëμ·³Ê² Ì (44) ¨¸¶μ²Ó§μ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥´¨Ö:

FNC
2 (x, Q2) = F γ

2 − g�
V ηγZF γZ

2 +
(
g�

V

2
+ g�

A

2
)

η2
γZFZ

2 , (45)

FNC
3 (x, Q2) = −g�

AηγZF γZ
3 + 2g�

V g�
Aη2

γZFZ
3 . (46)

‡¤¥¸Ó ηγZ Å μÉ´μÏ¥´¨¥ ¶·μ¶ £ Éμ·μ¢ Z-¡μ§μ´  ¨ ËμÉμ´ :

ηγZ =
GF M2

Z

2
√

2πα

Q2

Q2 + M2
Z

=
1

sin2 θW

Q2

Q2 + M2
Z

; (47)

GF Å ±μ´¸É ´É  ”¥·³¨; MZ Å ³ ¸¸  Z-¡μ§μ´ ; g�
V = −0,5 + 2 sin2 θW ; g�

A = −0,5 Å
¢¥±Éμ·´ Ö ¨  ±¸¨ ²Ó´ Ö ±μ´¸É ´ÉÒ ¸¢Ö§¨ ²¥¶Éμ´ ; θW Å Ê£μ² ‚ °´¡¥·£ . ‘É·Ê±ÉÊ·´Ò¥
ËÊ´±Í¨¨ FZ

2 ¨ FZ
3 ¶·¥¤¸É ¢²ÖÕÉ ¢±² ¤ ¸² ¡μ£μ ´¥°É· ²Ó´μ£μ Éμ± , F γZ

2 ¨ F γZ
3 ÊÎ¨-

ÉÒ¢ ÕÉ ¨´É¥·Ë¥·¥´Í¨Õ Ô²¥±É·μ³ £´¨É´μ£μ ¨ ¸² ¡μ£μ Éμ±μ¢. ‚ ±¢ ·±-¶ ·Éμ´´μ° ³μ¤¥²¨
¸É·Ê±ÉÊ·´Ò¥ ËÊ´±Í¨¨ F2, F3 ¸¢Ö§ ´Ò [23] ¸ ¶²μÉ´μ¸ÉÖ³¨ q(x, Q2) (q = u, c, t ¨ d, s, b):[

F γ
2 , F γZ

2 , FZ
2

]
= x

∑
q

[
e2

q, 2eqg
q
V , gq

V
2 + gq

A
2
]
(q + q) , (48)

[
F γZ

3 , FZ
3

]
= 2

∑
q

[eqg
q
A, gq

V gq
A] (q − q) , (49)

£¤¥ gq
V = ±0,5−2eq sin2 θW ¨ gq

A = ±0,5 (§´ ± ®+¯ μÉ¢¥Î ¥É ¢¥·Ì´¨³ ±¢ ·± ³, eq = 2/3).
2.4. Ÿ¤¥·´Ò¥ ÔËË¥±ÉÒ. �É²¨Î¨¥ ¸É·Ê±ÉÊ·´μ° ËÊ´±Í¨¨ ¸¢μ¡μ¤´ÒÌ ´Ê±²μ´μ¢ F2 μÉ

¸É·Ê±ÉÊ·´μ° ËÊ´±Í¨¨ FA
2 ¸¢Ö§ ´´μ£μ ´Ê±²μ´ , μ¡´ ·Ê¦¥´´μ¥ Ô±¸¶¥·¨³¥´É ²Ó´μ (¸³. [25]),

¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¢´ÊÉ·¨Ö¤¥·´μ³ ¨§³¥´¥´¨¨ ±¢ ·±μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ´Ê±²μ´  Å ¶μ-
Ö¢²¥´¨¨ ³´μ£μ±¢ ·±μ¢ÒÌ ±μ´Ë¨£Ê· Í¨°, Ê¸¨²¥´¨¨ ¢±² ¤  ³μ·¸±¨Ì ±¢ ·±μ¢ ¨ ¤·Ê£¨Ì ¤¨-
´ ³¨Î¥¸±¨Ì ¶·μÖ¢²¥´¨ÖÌ.

Šμ²¨Î¥¸É¢¥´´μ ¢²¨Ö´¨¥ Ö¤·  ´  ¸É·Ê±ÉÊ·´Ò¥ ËÊ´±Í¨¨ ´Ê±²μ´  Ì · ±É¥·¨§Ê¥É μÉ´μ-
Ï¥´¨¥ rA(x, Q2) = FA

2 /F d
2 , £¤¥ FA

2 , F d
2 Å ¸É·Ê±ÉÊ·´Ò¥ ËÊ´±Í¨¨ ´Ê±²μ´  ¢ Ö¤·¥ A ¨

¤¥°É·μ´¥. …¸²¨ ¶·¥´¥¡·¥ÎÓ Ö¤¥·´Ò³¨ ÔËË¥±É ³¨ ¢ ¤¥°É·μ´¥, Éμ F d
2 ³μ¦´μ μÉμ¦¤¥¸É¢¨ÉÓ

¸ Ê¸·¥¤´¥´´μ° ¶μ ¨§μ¸¶¨´Ê ¸É·Ê±ÉÊ·´μ° ËÊ´±Í¨¥° ´Ê±²μ´  FN
2 = (F p

2 + Fn
2 )/2. � ¡²Õ-

¤ ¥³μ¥ ´  Ô±¸¶¥·¨³¥´É¥ ¶μ¢¥¤¥´¨¥ rA É ±μ¢μ [25,26]: 1) rA < 1 ¤²Ö x < 0,1 Å ÔËË¥±É
§ É¥´¥´¨Ö ´Ê±²μ´μ¢ (Ê¸¨²¨¢ ÕÐ¨°¸Ö ¸ ·μ¸Éμ³ A, ¸² ¡μ § ¢¨¸ÖÐ¨° μÉ Q2 ¨ ¶μÎÉ¨ ´¥ § -
¢¨¸ÖÐ¨° μÉ x ¶·¨ x < 10−3); 2) ·μ¸É μÉ´μÏ¥´¨Ö ¤μ §´ Î¥´¨° rA > 1 ¶·¨ x ∼ 0,1Ä0,2 Å
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ÔËË¥±É, ±μÉμ·Ò° ´ §Ò¢ ÕÉ  ´É¨Ô±· ´¨·μ¢ ´¨¥³ (¶μÎÉ¨ ´¥ § ¢¨¸¨É μÉ Q2); 3) Ê³¥´ÓÏ¥-
´¨¥ rA ¶·¨ 0,3 < x < 0,6 ¨ ¤μ¸É¨¦¥´¨¥ ³¨´¨³Ê³  ¶·¨ x = 0,6; 4) ·μ¸É μÉ´μÏ¥´¨Ö
¤μ rA > 1 ¶·¨ x > 0,6 Å ÔËË¥±ÉÒ ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ´Ê±²μ´μ¢. �μ¢¥¤¥´¨¥ rA ¶·¨
0,2 < x < 0,8 μ¡ÒÎ´μ ´ §Ò¢ ÕÉ EMC-ÔËË¥±Éμ³. �¡² ¸ÉÓ x > 0,8, ¢ ±μÉμ·μ° rA > 1,
¸Î¨É ÕÉ μ¡² ¸ÉÓÕ Ë¥·³¨-¤¢¨¦¥´¨Ö.

“¶·μÐ¥´´ÊÕ ± ·É¨´Ê Ö¤¥·´ÒÌ ÔËË¥±Éμ¢ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ É ± (¸³. [27Ä32]). �·¨
³ ²ÒÌ x Ì · ±É¥·´Ò° ¶·μ¤μ²Ó´Ò° · §³¥· (¢ ². ¸.) μ¡² ¸É¨ ¢§ ¨³μ¤¥°¸É¢¨Ö (· §³¥· ¶ ·-
Éμ´´μ° Ë²Ê±ÉÊ Í¨¨) zI ∼ ν/Q2 = 1/(2Mx) ¢¥²¨± ¶μ ¸· ¢´¥´¨Õ ¸μ ¸·¥¤´¨³ ³¥¦´Ê-
±²μ´´Ò³ · ¸¸ÉμÖ´¨¥³ ¢ Ö¤·¥ rNN ∼ 1/mπ. Œ ²μ¸ÉÓ μÉ´μÏ¥´¨Ö rNN/zI = 2Mx/mπ

³μ¦´μ § ¶¨¸ ÉÓ ± ± Ê¸²μ¢¨¥ x � xc, £¤¥ xc = mπ/2M � 0,07 Å ³ ¸ÏÉ ¡ ¡Ó¥·±¥´μ¢¸±μ°
¶¥·¥³¥´´μ°, · §¤¥²ÖÕÐ¨° μ¡² ¸É¨ ±μ£¥·¥´É´μ£μ (x < xc) ¨ ´¥±μ£¥·¥´É´μ£μ (x � xc)
· ¸¸¥Ö´¨Ö. „²Ö x � xc ¢§ ¨³μ¤¥°¸É¢¨¥ ¢¨·ÉÊ ²Ó´μ£μ ËμÉμ´  ®· ¸ÉÖ£¨¢ ¥É¸Ö¯ ¢μ ¢·¥³¥´¨
¨ ¢ ¶·μ¤μ²Ó´μ³ ´ ¶· ¢²¥´¨¨: ËμÉμ´ ·μ¦¤ ¥É ¢´¥ Ö¤·  ¶ ·Ê ±¢ ·±Ä ´É¨±¢ ·±, Ëμ·³¨·ÊÕ-
ÐÊÕ ±¢ ·±-£²Õμ´´ÊÕ ±μ´Ë¨£Ê· Í¨Õ, ±μÉμ· Ö ±μ£¥·¥´É´μ (¢μ ¢§ ¨³μ¤¥°¸É¢¨¨ ÊÎ ¸É¢ÊÕÉ
´¥¸±μ²Ó±μ ´Ê±²μ´μ¢ ¸· §Ê) · ¸¸¥¨¢ ¥É¸Ö ´  ´Ê±²μ´ Ì, ÎÉμ ¶·¨¢μ¤¨É ± Aα-§ ¢¨¸¨³μ¸É¨
¸¥Î¥´¨Ö ¶μ£²μÐ¥´¨Ö ¢¨·ÉÊ ²Ó´μ£μ γ-±¢ ´É  Ö¤·μ³ ¨ ± ÔËË¥±ÉÊ Ô±· ´¨·μ¢ ´¨Ö: α < 1,
rA < 1. �·¨ x > xc ¢§ ¨³μ¤¥°¸É¢¨¥ ± Î¥¸É¢¥´´μ ¤·Ê£μ¥: ¢·¥³Ö ¦¨§´¨ ¢¨·ÉÊ ²Ó´μ£μ
ËμÉμ´  ³ ²μ, ¶·μ¤μ²Ó´Ò° · §³¥· μ¡² ¸É¨ · ¸¸¥Ö´¨Ö ³¥´ÓÏ¥ ³¥¦´Ê±²μ´´ÒÌ · ¸¸ÉμÖ´¨°
¢ Ö¤·¥, ¶μÔÉμ³Ê ¢§ ¨³μ¤¥°¸É¢¨¥ ´¥±μ£¥·¥´É´μ, Éμ ¥¸ÉÓ σγ∗A ∼ Aσγ∗N , ¨ ¸ ·μ¸Éμ³ x
¢¥²¨Î¨´  rA · ¸É¥É, ¤μ¸É¨£ Ö §´ Î¥´¨° rA > 1 ( ´É¨Ô±· ´¨·μ¢± ). Œ¥Ì ´¨§³  ´É¨Ô±· -
´¨·μ¢ ´¨Ö, ¶·¥¤¸± § ´´μ£μ ´  μ¸´μ¢¥ ¶· ¢¨² ¸Ê³³ ¤²Ö ¨³¶Ê²Ó¸μ¢ ±¢ ·±μ¢ (¸³. [28]),
¸¢Ö§ ´ ¸ ¶·μÍ¥¸¸ ³¨ ¸²¨Ö´¨Ö ¶ ·Éμ´μ¢ · §´ÒÌ ´Ê±²μ´μ¢ ¢ Ö¤·¥, ±μÉμ·Ò¥ ¶μ¤ ¢²¥´Ò ¢
¦¥¸É±¨Ì ¶·μÍ¥¸¸ Ì, ´μ ³μ£ÊÉ ¤ ¢ ÉÓ ¢±² ¤ ¶·¨ ´¨§±¨Ì Q2.

� ¡²Õ¤ ÕÐ¥¥¸Ö ¶·¨ 0,3 � x < 0,6 Ê³¥´ÓÏ¥´¨¥ ¨ ¶μ¸²¥¤ÊÕÐ¨° ·μ¸É ¸É·Ê±ÉÊ·´μ°
ËÊ´±Í¨¨ F2 ¶·¨ x → 1,0 μ¡Ê¸²μ¢²¥´Ò ± ± ±¨´¥³ É¨Î¥¸±¨³¨ ÔËË¥±É ³¨ ¢´ÊÉ·¥´´¥£μ
¤¢¨¦¥´¨Ö ¸¢Ö§ ´´ÒÌ ´Ê±²μ´μ¢ Å · ¸¶·¥¤¥²¥´¨Ö³¨ ¶μ Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸Ê, É ± ¨ ¢μ§-
³μ¦´Ò³ ¨§³¥´¥´¨¥³ ¢´ÊÉ·¥´´¨Ì ¸¢μ°¸É¢ ´Ê±²μ´  (´ ¶·¨³¥·, ¥£μ · §³¥· ) Å Éμ ¥¸ÉÓ
¤¨´ ³¨Î¥¸±¨³¨ ³μ¤¨Ë¨± Í¨Ö³¨ ¶ ·Éμ´´μ° ¸É·Ê±ÉÊ·Ò. ‘¢Ö§ ´´μ¸ÉÓ ´Ê±²μ´  ¢ Ö¤·¥ ´ ¨-
¡μ²¥¥ § ³¥É´μ ¢²¨Ö¥É ´  ¸É·Ê±ÉÊ·´ÊÕ ËÊ´±Í¨Õ ¢ μ¡² ¸É¨ x ∼ 0,5, ± ± ¡Ò²μ ¶μ± § ´μ ¢
· ¡μÉ¥ [31]: ÔËË¥±É ¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ´Ê±²μ´  ´ ·ÊÏ ¥É ¶· ¢¨²μ ¸Ê³³ Å ¨³¶Ê²Ó¸
±¢ ·±μ¢ ¢ Ö¤·¥ ¸É ´μ¢¨É¸Ö μÉ²¨Î´Ò³ μÉ ¸Ê³³Ò ¨³¶Ê²Ó¸μ¢ ±¢ ·±μ¢ ¢ ´Ê±²μ´ Ì Ö¤· . ‘É¥-
¶¥´Ó ´ ·ÊÏ¥´¨Ö ¶· ¢¨²  ¸Ê³³ μ¶·¥¤¥²Ö¥É¸Ö Ô´¥·£¨¥° ¸¢Ö§¨, ¶·¨Ìμ¤ÖÐ¥°¸Ö ¢ ¸·¥¤´¥³ ´ 
´Ê±²μ´ ¢ Ö¤·¥ (ÊÎ¥É ÔÉμ£μ Ë ±Éμ·  ¶·¨¢μ¤¨É ± Ê³¥´ÓÏ¥´¨Õ ¸É·Ê±ÉÊ·´μ° ËÊ´±Í¨¨ ¸¢Ö-
§ ´´μ£μ ´Ê±²μ´  ¶μ ¸· ¢´¥´¨Õ ¸μ ¸¢μ¡μ¤´Ò³ ´Ê±²μ´μ³ ¨ Ê³¥´ÓÏ¥´¨Õ rA), ¨ ¸·¥¤´¥°
±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¥° ´Ê±²μ´  Å ÔËË¥±É Ë¥·³¨-¤¢¨¦¥´¨Ö, ¶·¨¢μ¤ÖÐ¥£μ ± ¸¨²Ó´μ³Ê
·μ¸ÉÊ rA ¶·¨ ¡μ²ÓÏ¨Ì x [30]. ‡ ³¥É¨³, ÎÉμ ¢ Ö¤·¥, ¢ μÉ²¨Î¨¥ μÉ ¸¢μ¡μ¤´μ£μ ´Ê±²μ´ ,
¢μ§³μ¦´Ò ±μ´Ë¨£Ê· Í¨¨ ¸ x > 1,0 (¸³. [26,30]).

„²Ö ÊÎ¥É  Ö¤¥·´ÒÌ ÔËË¥±Éμ¢ ¢ · ¸Î¥É¥ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ¶·¨¡¥£ ÕÉ ± Ô³¶¨-
·¨Î¥¸±¨³ ¨ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨³ ¸Ì¥³ ³ (¸³. μ¡§μ·Ò Ô±¸¶¥·¨³¥´É  ¨ É¥μ·¨¨ ¢ · ¡μ-
É Ì [25, 26, 30, 32]). �²μÌμ ¨§ÊÎ¥´´μ¥ ¶μ¢¥¤¥´¨¥ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ´Ê±²μ´μ¢ ¢ Ö¤·¥ ¢
μ¡² ¸É¨ ³ ²ÒÌ x Ö¢²Ö¥É¸Ö, ¶μ-¢¨¤¨³μ³Ê, ¨¸ÉμÎ´¨±μ³ ¸ ³ÒÌ ¡μ²ÓÏ¨Ì ´¥μ¶·¥¤¥²¥´´μ¸É¥°
· ¸Î¥É  Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó § ·Ö¦¥´´ÒÌ ²¥¶Éμ´μ¢ ¢ ¶·μÍ¥¸¸ Ì ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö
´  Ö¤· Ì. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ËÊ´±Í¨Ö rA(x) · ¸¸Î¨É ´  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ · ³¥É·¨-
§ Í¨°, ¢§ÖÉÒÌ ¨§ · ¡μÉ [19] (¸³. É ±¦¥ [10]).
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„²Ö ¨´É¥·¢ ²  10−3 � x � 0,3

rA(x) = xm1 (1 + m2) (1 − m3x) , (50)

£¤¥ mi = Mi (1 − AS/A),   M1 = 0,129, M2 = 0,456, M3 = 0,553 Å ´μ·³¨·μ¢μÎ´Ò¥
¶ · ³¥É·Ò. —¨¸²μ ´Ê±²μ´μ¢ AS ´  ¶μ¢¥·Ì´μ¸É¨ Ö¤·  μÍ¥´¨¢ ¥É¸Ö ¸ ¶μ³μÐÓÕ ¶μÉ¥´Í¨ ² 
‚Ê¤¸ Ä‘ ±¸μ´ :

AS = ρ0

∞∫
r0

4πr2dr

1 + exp [(r − r0) /a]
, (51)

£¤¥ ρ0 = 0,17 Ë³−3 Å ¶²μÉ´μ¸ÉÓ ´Ê±²μ´μ¢ ¢ Í¥´É· ²Ó´μ° μ¡² ¸É¨ Ö¤· ; a = 0,54 Ë³ Å
¶μ¢¥·Ì´μ¸É´Ò° ±μÔËË¨Í¨¥´É ¤¨ËËÊ§¨¨; r0(A) = 1,12A1/3 − 0,86A−1/3 Å · ¤¨Ê¸ Ö¤· .

‚ μ¡² ¸É¨ x > 0,3

rA(x) = 1 − mb(A)(1 − 0,5x)

[
1

1 − x
− 1

1 − x2
− mπ

M

(
1

(1 − x)2
− 1

(1 − x2)
2

)]
, (52)

£¤¥ mb(A) = 0,473(1 − AS/A), x2 = 0,278.
�·¨ x0 < x < 10−3 ¤²Ö ¢ÒÎ¨¸²¥´¨Ö rA ¨¸¶μ²Ó§Ê¥É¸Ö É  ¦¥ Ëμ·³Ê²  (50),   £· ´¨Í 

x0 μ¶·¥¤¥²Ö¥É¸Ö [10] ¢Ò· ¦¥´¨¥³

x0 =
[
0,75 G(z) + 0,25

1 + m2

]1/m1

, (53)

£¤¥ G(z) ¤ ¥É¸Ö Ëμ·³Ê²μ° (32). �·¨ x < x0 ¶·¥¤¶μ² £ ¥É¸Ö rA(x) = 0,75 G(z) + 0,25.
‘Î¨É ¥É¸Ö, ÎÉμ Ö¤¥·´Ò¥ ÔËË¥ÉÒ μ¤¨´ ±μ¢μ § É· £¨¢ ÕÉ ¸É·Ê±ÉÊ·´Ò¥ ËÊ´±Í¨¨ F1 ¨ F2,
¶μÔÉμ³Ê ¢¥²¨Î¨´  R(x, Q2) ¢ (41) ´¥ § ¢¨¸¨É μÉ A.

3. �…‡“‹œ’�’› ��‘—…’�

�¥·¢Ò³ É¥¸Éμ³ Ö¢²Ö¥É¸Ö ¸· ¢´¥´¨¥ · ¸Î¥É  ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ¸ ¤ ´´Ò³¨ Ô±¸¶¥·¨-
³¥´Éμ¢ EMC [33], SLAC [34], NMC [35], E665 [36], H1 [37], ZEUS [38Ä40]. �  ·¨¸. 2Ä4
¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  F2(x, Q2) ¢ ³μ¤¥²ÖÌ �‚„ [2], CKMT [16],   ¤²Ö ¡μ²ÓÏ¨Ì
Q2 Å ´  μ¸´μ¢¥ ¶ ·Éμ´´ÒÌ · ¸¶·¥¤¥²¥´¨° CTEQ5 [17] ¨ MRST [18]. „²Ö Q2 < 0,1 ƒÔ‚2

·¥§Ê²ÓÉ ÉÒ · ¡μÉ [3] ¨ [16] ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ÕÉ ¢ μ¡² ¸É¨ ³ ²ÒÌ x ¨ μÉ²¨Î ÕÉ¸Ö ¶·¨
x > 10−2 (·¨¸. 2). �·¨ Q2 � 0,3 ƒÔ‚2 ¶ · ³¥É·¨§ Í¨Ö [3] ¤²Ö §´ Î¥´¨° x < 10−4

Ö¢´μ ´¥ ¶μ¤É¢¥·¦¤ ¥É¸Ö ¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´Éμ¢. „²Ö Ê³¥·¥´´ÒÌ Q2 (·¨¸. 3) ¶ · ³¥É·¨-
§ Í¨Ö ‘ŠŒ’, Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ ¸μ£² ¸ÊÖ¸Ó ¸ Ô±¸¶¥·¨³¥´Éμ³, ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ¥É¸Ö
μÉ ·¥§Ê²ÓÉ É  [3] ¢μ ¢¸¥° μ¡² ¸É¨ x.

‚±² ¤ ¸² ¡μ£μ Éμ±  ¢ ¸É·Ê±ÉÊ·´ÊÕ ËÊ´±Í¨Õ FNC
2 (x, Q2) ¶μ± § ´ ´  ·¨¸. 5. �²¥±É·μ-

³ £´¨É´ Ö ¸É·Ê±ÉÊ·´ Ö ËÊ´±Í¨Ö F γ
2 (ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö) ¸±μ²Ó-´¨¡Ê¤Ó § ³¥É´μ μÉ²¨Î ¥É¸Ö

μÉ ¶μ²´μ° FNC
2 (¸¶²μÏ´ Ö ²¨´¨Ö) Éμ²Ó±μ ¶·¨ ³ ²ÒÌ x ¨ μÎ¥´Ó ¡μ²ÓÏ¨Ì Q2. �  ·¨¸. 6

¶·¨¢¥¤¥´  ¸É·Ê±ÉÊ·´ Ö ËÊ´±Í¨Ö xF3, · ¸¸Î¨É ´´ Ö ¸ ¶μ³μÐÓÕ ¶ ·Éμ´´ÒÌ · ¸¶·¥¤¥²¥´¨°
´ ¡μ·  CTEQ6. � ¸Î¥É Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ ¸μ£² ¸Ê¥É¸Ö ¸ ¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´Éμ¢ H1 [41]
¨ ZEUS [42] ¶μ · ¸¸¥Ö´¨Õ Ô²¥±É·μ´μ¢ ´  ¶·μÉμ´ Ì.
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�¨¸. 2. CÉ·Ê±ÉÊ·´ Ö ËÊ´±Í¨Ö F2(x, Q2) ¢ μ¡² ¸É¨ ´¥¡μ²ÓÏ¨Ì Q2. Š·¨¢Ò¥ Å · ¸Î¥É ¸ ¶ · ³¥É·¨-

§ Í¨Ö³¨ ¨§ · ¡μÉ [16] (KMP) ¨ [3] (BB)

�¨¸. 3. F2(x, Q2) ¢ μ¡² ¸É¨ 1 < Q2 � 6 ƒÔ‚2. ˜É·¨Ì¶Ê´±É¨·´Ò¥ ±·¨¢Ò¥ Å · ¸Î¥É ¸ ¨¸¶μ²Ó§μ¢ -
´¨¥³ ¶ ·Éμ´´ÒÌ · ¸¶·¥¤¥²¥´¨° CTEQ6 [17]
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�¨¸. 4. F2(x, Q2) ¢ μ¡² ¸É¨ £²Ê¡μ±μ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö. ˜É·¨Ì¶Ê´±É¨·´Ò¥ ±·¨¢Ò¥ Å · ¸Î¥É ¸

¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ ·Éμ´´ÒÌ · ¸¶·¥¤¥²¥´¨° MRST2001 [18]

�¨¸. 5. ‚±² ¤ ¸² ¡μ£μ Éμ±  ¢ ¸É·Ê±ÉÊ·´ÊÕ ËÊ´±Í¨Õ FNC
2 (x, Q2)

�  ·¨¸. 7 ¶μ± § ´μ μÉ´μÏ¥´¨¥ rA = FA
2 /F d

2 ± ± ËÊ´±Í¨Ö x, · ¸¸Î¨É ´´μ¥ ¶μ Ëμ·³Ê-
² ³ (50)Ä(52) ¤²Ö Ö¤¥· ²¨É¨Ö, Ê£²¥·μ¤ , ± ²ÓÍ¨Ö ¨ ¦¥²¥§  (¸¶²μÏ´Ò¥ ²¨´¨¨); ¸¨³¢μ² ³¨
¶·¥¤¸É ¢²¥´Ò ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´Éμ¢ –…�� ¶μ · ¸¸¥Ö´¨Õ ³Õμ´μ¢ ´  Ö¤· Ì BCDMS [43],
EMC [44], NMC [45] ¨ ¤ ´´Ò¥ SLAC [46] ¶μ · ¸¸¥Ö´¨Õ Ô²¥±É·μ´μ¢ ´  Ö¤· Ì. „²Ö
¸· ¢´¥´¨Ö ¶μ± § ´Ò É ±¦¥ ¶ · ³¥É·¨§ Í¨Ö ¨§ · ¡μÉÒ [9] (ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö), ´¥¶²μÌμ
¸μ£² ¸ÊÕÐ Ö¸Ö ¸ ¤ ´´Ò³ · ¸Î¥Éμ³, ¨ ·¥§Ê²ÓÉ É, ¶μ²ÊÎ¥´´Ò° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³  ¶¶·μ±¸¨-
³ Í¨¨ [3] ¤²Ö ´¥¸±μ²Ó±¨Ì §´ Î¥´¨° Q2 (ÏÉ·¨Ì¶Ê´±É¨·´Ò¥ ±·¨¢Ò¥). ‚ ¶μ¸²¥¤´¥³ ¸²ÊÎ ¥
§ ³¥É´  Q2-§ ¢¨¸¨³μ¸ÉÓ μÉ´μÏ¥´¨Ö rA.
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�¨¸. 6. ‘É·Ê±ÉÊ·´ Ö ËÊ´±Í¨Ö xF3 ¶·¨ ¡μ²ÓÏ¨Ì Q2. Š·¨¢Ò¥ Å · ¸Î¥É ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ ·Éμ´´ÒÌ

· ¸¶·¥¤¥²¥´¨° CTEQ6 [17]

�¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° · ¸¸¥Ö´¨Ö Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢
´  ¶·μÉμ´¥ ¶·¨ Ô´¥·£¨¨

√
s = 300, 320 ƒÔ‚ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 8, 9 ¢³¥¸É¥ ¸ ¤ ´´Ò³¨

Ô±¸¶¥·¨³¥´Éμ¢ H1 [41] ¨ ZEUS [42, 47]. ‚ Í¥²μ³ · ¸Î¥É ´¥¶²μÌμ μ¶¨¸Ò¢ ¥É Ô±¸¶¥·¨-
³¥´É ¢ ¤μ¢μ²Ó´μ Ï¨·μ±μ³ ¨´É¥·¢ ²¥ §´ Î¥´¨° Q2,   ¢ μ¡² ¸É¨ ¡μ²ÓÏ¨Ì Q2 ¶· ¢¨²Ó´μ
¢μ¸¶·μ¨§¢μ¤¨É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´μ ´ ¡²Õ¤ ¥³μ¥ · §²¨Î¨¥ ¶μ¢¥¤¥´¨Ö ¸¥Î¥´¨° · ¸¸¥Ö´¨Ö
Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´ . � ·Ò ¡²¨§±¨Ì ±·¨¢ÒÌ ´  ·¨¸. 9, ¡ ¨ ¢ ¨²²Õ¸É·¨·ÊÕÉ ¥¤¢  § -
³¥É´Ò¥ · §²¨Î¨Ö (∼ 5 %), ¢´μ¸¨³Ò¥ ´ ¡μ·μ³ ¶ ·Éμ´´ÒÌ · ¸¶·¥¤¥²¥´¨° CTEQ6 ¨ MRST
(Éμ´±¨³¨ ²¨´¨Ö³¨ ¶·¥¤¸É ¢²¥´ · ¸Î¥É ¸ ËÊ´±Í¨Ö³¨ MRST).

‘¶¥±É·Ò Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ³Õμ´μ¢ ¨ τ -²¥¶Éμ´μ¢ ¢ ¸É ´¤ ·É´μ³ £·Ê´É¥ (A = 22),
· ¸¸Î¨É ´´Ò¥ ¢ · ³± Ì ´¥¸±μ²Ó±¨Ì ³μ¤¥²¥° ¤²Ö ¤¢ÊÌ §´ Î¥´¨° Ô´¥·£¨¨ 100 ’Ô‚ ¨
100 �Ô‚, ¶·¨¢¥¤¥´Ò ´  ·¨¸. 10. ‡¤¥¸Ó ¸¶²μÏ´Ò³¨ ²¨´¨Ö³¨ ¶·¥¤¸É ¢²¥´ · ¸Î¥É 2K-
³μ¤¥²¨, ÏÉ·¨Ì¶Ê´±É¨·´Ò³¨ ±·¨¢Ò³¨ Å 3K-³μ¤¥²Ó, ¶Ê´±É¨·´Ò³¨ Å · ¸Î¥É ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³  ¶¶·μ±¸¨³ Í¨¨ ¸¥Î¥´¨Ö dσ�A/dy ¨§ · ¡μÉÒ [11], ÏÉ·¨Ìμ¢Ò³¨ Å ³μ¤¥²Ó �‚„ [3].
�·¨ E > 105 ƒÔ‚ ¸ÊÐ¥¸É¢ÊÕÉ § ³¥É´Ò¥ μÉ²¨Î¨Ö · ¸Î¥É  ¢ ³μ¤¥²ÖÌ 3K (2K) μÉ ·¥§Ê²Ó-
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�¨¸. 7. �É´μÏ¥´¨¥ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° rA = F A
2 /F d

2 . ˜É·¨Ìμ¢Ò¥ ±·¨¢Ò¥ Å ¶ · ³¥É·¨§ Í¨Ö

¨§ · ¡μÉÒ [9] (Dutta et al.); ÏÉ·¨Ì¶Ê´±É¨·´Ò¥ Å ·¥±μ´¸É·Ê±Í¨Ö ´  μ¸´μ¢¥ ¶ · ³¥É·¨§ Í¨¨ ¨§

· ¡μÉÒ [3] (‚‚). –¨Ë·Ò Ê ¶μ¸²¥¤´¨Ì Å §´ Î¥´¨Ö Q2 ¢ ƒÔ‚2

�¨¸. 8. „¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö dσ/dQ2 e±p-· ¸¸¥Ö´¨Ö
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�¨¸. 9. „¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö dσ/dy e±p-· ¸¸¥Ö´¨Ö

�¨¸. 10. ‘¶¥±É·Ò Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ³Õμ´μ¢ ( , ¡) ¨ É Ê-²¥¶Éμ´μ¢ (¢, £) ¢ £·Ê´É¥, · ¸¸Î¨É ´´Ò¥
¤²Ö Ô´¥·£¨° 100 ’Ô‚ ¨ 100 �Ô‚. �Ê´±É¨·´Ò¥ ²¨´¨¨ Å  ¶¶·μ±¸¨³ Í¨Ö ¨§ · ¡μÉÒ [11] (BS);

ÏÉ·¨Ìμ¢Ò¥ Å ³μ¤¥²Ó �‚„ [3] (BB)

É É  [3] ´¥ Éμ²Ó±μ ¶·¨ y � 1, ´μ ¨ ¢ μ¡² ¸É¨ y > 10−3, ´ ¨¡μ²¥¥ §´ Î¨³μ° ¶·¨ · ¸Î¥É¥
Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ²¥¶Éμ´  ¢ ¢¥Ð¥¸É¢¥.

�  ·¨¸. 11 ¨ 12 ¶μ± § ´Ò Ô´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ¢ £·Ê´É¥ ¨ ¢μ¤¥ ¢ ¶·μÍ¥¸¸ Ì ´¥-
Ê¶·Ê£μ£μ · ¸¸Ö´¨Ö ³Õμ´μ¢ ¨ τ -²¥¶Éμ´μ¢ ´  Ö¤· Ì, · ¸¸Î¨É ´´Ò¥ ¢ 2K- ¨ 3K-³μ¤¥²ÖÌ
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�¨¸. 11. �´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ³Õμ´μ¢ ¨ τ -²¥¶Éμ´μ¢ ¢ £·Ê´É¥

�¨¸. 12. �´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ³Õμ´μ¢ ¨ τ -²¥¶Éμ´μ¢ ¢ ¢μ¤¥

(μ¡μ§´ Î¥´¨Ö, ± ± ´  ·¨¸. 10). ‘¨³¢μ² ³¨ ¶μ± § ´ · ¸Î¥É ¤²Ö ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ¢ ·¨-
 ´É  3K-³μ¤¥²¨ (3Km), ¢ ±μÉμ·μ³ Ö¤¥·´Ò¥ ÔËË¥±ÉÒ ¢ μ¡² ¸É¨ Q2 < 0,1 ƒÔ‚2 ÊÎÉ¥´Ò
´¥ ¶μ Ëμ·³Ê²¥ (31) ³μ¤¥²¨ �‚„ [3],   ¸μ£² ¸´μ ¶ · ³¥É·¨§ Í¨¨ (50)Ä(53). �¸´μ¢´μ°
¢±² ¤ ¢ ±μÔËË¨Í¨¥´É Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ¤ ¥É μ¡² ¸ÉÓ y > 0,01, μÉ¢¥Î ÕÐ Ö ³ ²Ò³
x, £¤¥ ¤²Ö ¸· ¢´¨É¥²Ó´μ ´¥¡μ²ÓÏ¨Ì Q2 §´ Î¥´¨Ö ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° F2 ¢ ³μ¤¥²ÖÌ
�‚„ [3] ¨ CKMT [16] ¡²¨§±¨. ‘²¥¤μ¢ É¥²Ó´μ, ´ ¡²Õ¤ ¥³Ò¥ ´  ·¨¸. 11, 12 μÉ²¨Î¨Ö ¤¢ÊÌ
¢¥·¸¨° 3K-³μ¤¥²¨ (Ï·¨Ì¶Ê´±É¨·´ Ö ±·¨¢ Ö ¨ ¸¨³¢μ²Ò) μ¡Ê¸²μ¢²¥´Ò · §²¨Î´Ò³ ÊÎ¥Éμ³
Ö¤¥·´ÒÌ ÔËË¥±Éμ¢ ¢ ³μ¤¥²ÖÌ CKMT ¨ �B„ (¸³. ·¨¸. 7).

„²Ö ¸É ´¤ ·É´μ£μ £·Ê´É  § ¢¨¸¨³μ¸ÉÓ μÉ Ô´¥·£¨¨ ±μÔËË¨Í¨¥´Éμ¢ Ô´¥·£¥É¨Î¥¸±¨Ì ¶μ-
É¥·Ó ¢ ²¥¶Éμ´-Ö¤¥·´μ³ · ¸¸¥Ö´¨¨ ´  ¨´É¥·¢ ²¥ 102Ä109 ƒÔ‚ ³μ¦´μ  ¶¶·μ±¸¨³¨·μ¢ ÉÓ
Ëμ·³Ê²μ° (� = μ, τ )

b(�)
n (E) =

(
c0 + c1η + c2η

2 + c3η
3 + c4η

4
)
· 10−6 ¸³2/£, η = lg (E/1 ƒÔ‚); (54)

μ : c0 = 0,98711, c1 = −0,56840, c2 = 0,17677, c3 = −0,02114, c4 = 0,00112;

τ : c0 = 0,33247, c1 = −0,22283, c2 = 0,06811, c3 = −0,00873, c4 = 0,00048.
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„²Ö · ¸¸¥Ö´¨Ö ¢ ¢μ¤¥ ±μÔËË¨Í¨¥´ÉÒ  ¶¶·μ±¸¨³ Í¨¨ (54) ¤²Ö ³Õμ´  ¨ É Ê-²¥¶Éμ´  ¶·¨-
´¨³ ÕÉ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö:

μ : c0 = 1,06416, c1 = −0,64629, c2 = 0,20394, c3 = −0,02465, c4 = 0,00133;
τ : c0 = 0,35697, c1 = −0,24437, c2 = 0,07403, c3 = −0,00940, c4 = 0,00051.

‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ¶·¥¤¸± § ´¨Ö ³μ¤¥²¥° 2K (¶¥·¢Ò° ¸Éμ²¡¥Í) ¨ 3K (Í¨Ë·Ò ¢
¸±μ¡± Ì) ¤²Ö ±μÔËË¨Í¨¥´Éμ¢ Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ³Õμ´μ¢ ¨ τ -²¥¶Éμ´μ¢ ¢ ´¥Ê¶·Ê£μ³
· ¸¸¥Ö´¨¨ ´  Ö¤· Ì ¢ £·Ê´É¥,   É ±¦¥ ·¥§Ê²ÓÉ ÉÒ ¤·Ê£¨Ì ´¥¤ ¢´¨Ì · ¸Î¥Éμ¢ [9Ä11,14]. „²Ö
μÎ¥´Ó ¢Ò¸μ±¨Ì Ô´¥·£¨° ´ Ï¨ ·¥§Ê²ÓÉ ÉÒ ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ÕÉ¸Ö μÉ ¶·¥¤¸± § ´¨° [11]

¨ [14] ¤²Ö b
(μ)
n . Š·μ³¥ Éμ£μ, ¢ · ¡μÉ¥ [14] ¶·¥¤¸± §Ò¢ ¥É¸Ö ¸ ³Ò° ¡Ò¸É·Ò° ·μ¸É ±μÔË-

Ë¨Í¨¥´Éμ¢ b
(�)
n (E).

’ ¡²¨Í  2. �´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ³Õμ´μ¢ ¨ τ -²¥¶Éμ´μ¢ ¢ £·Ê´É¥

E, ƒÔ‚

b
(�)
n (E), 10−6 ¸³2· £−1

„ ´´ Ö · ¡μÉ 
[9] [10] [11] [14]

2K (3K)
ŒÕμ´

105 0,62 (0,59) 0,60 0,68 0,70 0,70
106 0,82 (0,78) 0,80 0,88 1,08 1,00
108 1,53 (1,38) 1,50 Å 2,25 2,50
109 2,16 (1,91) 2,15 Å 3,10 4,00

τ -²¥¶Éμ´
105 0,13 (0,13) 0,12 Å 0,14 0,12
106 0,19 (0,18) 0,18 Å 0,21 0,20
108 0,41 (0,40) 0,40 Å 0,50 0,60
109 0,65 (0,62) 0,60 Å 0,72 1,30

�¨¸. 13, 14 ¨²²Õ¸É·¨·ÊÕÉ ¢±² ¤ ¸² ¡μ£μ ´¥°É· ²Ó´μ£μ Éμ±  ¢ Ô´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨
³Õμ´  ¨ τ -²¥¶Éμ´  ¢ ¢μ¤¥. �ËË¥±É ³ ² (∼ 10−4), ´μ · §²¨Î¨Ö ³¥¦¤Ê ²¥¶Éμ´μ³ ¨  ´É¨-
²¥¶Éμ´μ³,   É ±¦¥ ³¥¦¤Ê ³Õμ´μ³ ¨ τ -²¥¶Éμ´μ³ ¢¨¤´Ò ¸μ¢¥·Ï¥´´μ μÉÎ¥É²¨¢μ.

�¨¸. 13. ‚±² ¤ ´¥°É· ²Ó´μ£μ Éμ±  ¢ · ¸¸¥Ö´¨¥ τ±-²¥¶Éμ´μ¢ c Ô´¥·£¨¥° 10 ’Ô‚ ¨ Q2 > 104 ƒÔ‚2

´  ¶·μÉμ´ Ì ( ) ¨ Ö¤· Ì (A = 22) (¡)
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�¨¸. 14. ‚±² ¤ ¸² ¡μ£μ ´¥°É· ²Ó´μ£μ Éμ±  ¢ Ô´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ²¥¶Éμ´μ¢ ¢ ¢μ¤¥

‘ ·μ¸Éμ³ Ô´¥·£¨¨ · §²¨Î¨¥ ¸¥Î¥´¨° · ¸¸¥Ö´¨Ö ´¥¶μ²Ö·¨§μ¢ ´´ÒÌ ²¥¶Éμ´μ¢ ¨  ´É¨-
²¥¶Éμ´μ¢, μ¡Ê¸²μ¢²¥´´μ¥ ¢±² ¤μ³ ¸É·Ê±ÉÊ·´μ° ËÊ´±Í¨¨ FNC

3 , ¨¸Î¥§ ¥É, ¶μ¸±μ²Ó±Ê FNC
3

¶·μ¶μ·Í¨μ´ ²Ó´  · §´μ¸É¨ ±¢ ·±μ¢ÒÌ ¨  ´É¨±¢ ·±μ¢ÒÌ · ¸¶·¥¤¥²¥´¨°.

‡�Š‹	—…�ˆ…

‚ · ³± Ì 2K- ¨ 3K-¢¥·¸¨° ¸μ¸É ¢´μ° ³μ¤¥²¨ ¢Ò¶μ²´¥´ · ¸Î¥É ¸¥Î¥´¨° ´¥Ê¶·Ê£μ£μ
· ¸¸¥Ö´¨Ö ´¥¶μ²Ö·¨§μ¢ ´´ÒÌ § ·Ö¦¥´´ÒÌ ²¥¶Éμ´μ¢ ´  ´Ê±²μ´¥, ¶μ²ÊÎ¥´Ò ¸¶¥±É·Ò ¨
±μÔËË¨Í¨¥´ÉÒ Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ¢ ²¥¶Éμ´-Ö¤¥·´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¢ £·Ê´É¥ ¨ ¢μ¤¥
¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° 102Ä109 ƒÔ‚. C· ¢´¥´¨¥ · ¸Î¥É  ¸¥Î¥´¨° £²Ê¡μ±μ´¥Ê¶·Ê£μ£μ e±p-
· ¸¸¥Ö´¨Ö ¸ ¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´Éμ¢ ´  ±μ²² °¤¥·¥ HERA ¶μ§¢μ²Ö¥É § ±²ÕÎ¨ÉÓ, ÎÉμ ÔÉ 
³μ¤¥²Ó Ìμ·μÏμ μ¶¨¸Ò¢ ¥É ¨§³¥·¥´¨Ö ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ §´ Î¥´¨° Q2.

� ¸Î¥É ¸¶¥±É·μ¢ ¨ ±μÔËË¨Í¨¥´Éμ¢ ¶μÉ¥·Ó Ô´¥·£¨¨ b
(�)
n ¢ ´¥Ê¶·Ê£μ³ · ¸¸¥Ö´¨¨ ³Õμ´μ¢

¨ É Ê-²¥¶Éμ´μ¢ ¢ £·Ê´É¥ ¨ ¢μ¤¥ ¶μ± § ², ÎÉμ ·¥§Ê²ÓÉ É ¸±μ·¥¥ ÎÊ¢¸É¢¨É¥²¥´ ± ¸Ì¥³¥ ÊÎ¥É 
Ö¤¥·´ÒÌ ÔËË¥±Éμ¢, Î¥³ ± ¤¥É ²Ö³ ¶μ¢¥¤¥´¨Ö Ô²¥±É·μ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨°
¶·¨ ³ ²ÒÌ ¢¨·ÉÊ ²Ó´μ¸ÉÖÌ. “Î¥É ¸² ¡μ£μ ´¥°É· ²Ó´μ£μ Éμ±  ¶· ±É¨Î¥¸±¨ ´¥ ¸± §Ò¢ ¥É¸Ö
(∼ 10−4) ´  ¢¥²¨Î¨´¥ Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ¢ ´¥Ê¶·Ê£¨Ì ²¥¶Éμ´-Ö¤¥·´ÒÌ ¢§ ¨³μ¤¥°-
¸É¢¨ÖÌ.

�·¨ Ô´¥·£¨ÖÌ ¤μ 100 ’Ô‚ ·¥§Ê²ÓÉ ÉÒ ´¥¤ ¢´¨Ì · ¡μÉ ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ÕÉ, ´μ

¶·¥¤¸± § ´´μ¥ ¶μ¢¥¤¥´¨¥ b
(�)
n (E) ¸ ·μ¸Éμ³ Ô´¥·£¨¨ ¢ ÔÉ¨Ì · ¡μÉ Ì § ³¥É´μ · §²¨Î ¥É¸Ö.

…¸²¨ ¢ · ¡μÉ Ì [9, 10] ¨ ´ ¸ÉμÖÐ¥³ · ¸Î¥É¥ §´ Î¥´¨Ö b
(μ)
n Î¨¸²¥´´μ ¡²¨§±¨ (¢ ¶·¥¤¥² Ì

∼ 10 %) ¢¶²μÉÓ ¤μ 100 �Ô‚, Éμ ¢ ³μ¤¥²ÖÌ [11] ¨ [14] ¶·¥¤¸± § ´ § ³¥É´μ ¡μ²¥¥ ¡Ò¸É·Ò°

·μ¸É ÔÉμ£μ ±μÔËË¨Í¨¥´É . �¸μ¡¥´´μ ¸¨²Ó´Ò° ·μ¸É ±μÔËË¨Í¨¥´Éμ¢ b
(μ)
n (E) ¨ b

(τ)
n (E)

¢ ³μ¤¥²¨ [14] ¶·¨¢μ¤¨É ¶·¨ E = 100 �Ô‚ ± ¢¥²¨Î¨´ ³, ¢ ¤¢  · §  ¶·¥¢μ¸Ìμ¤ÖÐ¨³
· ¸Î¥É ´ ¸ÉμÖÐ¥° · ¡μÉÒ. �·¨Î¨´Ò É ±μ£μ · §²¨Î¨Ö ¶μ±  ´¥Ö¸´Ò, ´μ ¢μ§³μ¦´Ò³ ¥£μ
¨¸ÉμÎ´¨±μ³ Ö¢²Ö¥É¸Ö ¶μ¢¥¤¥´¨¥ ¶ ·Éμ´´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶·¨ ³ ²ÒÌ ¡Ó¥·±¥´μ¢¸±¨Ì x.

�¢Éμ·Ò ¡² £μ¤ ·ÖÉ �. ‚.	Ê£ ¥¢  ¨ ‚.�.� Ê³μ¢  §  μ¡¸Ê¦¤¥´¨¥ ¢μ¶·μ¸μ¢, § É·μ´Ê-
ÉÒÌ ¢ · ¡μÉ¥. � ¡μÉ  ¶μ¤¤¥·¦ ´  £· ´Éμ³ �˜-5362.2006.2 £μ¸Ê¤ ·¸É¢¥´´μ° ¶μ¤¤¥·¦±¨
¢¥¤ÊÐ¨Ì ´ ÊÎ´ÒÌ Ï±μ² �”.
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