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‚. �. ‘ ²¥¥¢ a, ¡,1, �. ‚. ˜¨¶¨²μ¢  a,2, …. ‚. ŸÍ¥´±μ a,3

a ‘ ³ ·¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É, ‘ ³ · , �μ¸¸¨Ö
¡ ‘ ³ ·¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò°  Ô·μ±μ¸³¨Î¥¸±¨° Ê´¨¢¥·¸¨É¥É, ‘ ³ · , �μ¸¸¨Ö

ŒÒ · ¸¸³ É·¨¢ ¥³ ¨´±²Õ§¨¢´μ¥  ¤·μ·μ¦¤¥´¨¥ ¸É·Ê°, ¶·Ö³ÒÌ ËμÉμ´μ¢ ¨ b-±¢ ·±μ¢ÒÌ ¸É·Ê° ¢
É¥μ·¨¨ ·¥¤¦¥§μ¢ ´´ÒÌ ¶ ·Éμ´μ¢, μ¸´μ¢ ´´μ° ´  £¨¶μÉ¥§¥ ·¥¤¦¥§ Í¨¨ t-± ´ ²Ó´ÒÌ £²Õμ´μ¢ ¨ ±¢ ·-
±μ¢ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ±μ²² ¡μ· Í¨° CDF ¨ D0 ´  ±μ²² °¤¥·¥
ÉÔ¢ É·μ´ Ìμ·μÏμ μ¶¨¸Ò¢ ÕÉ¸Ö ¢ μ¡² ¸É¨ xT = 2pT /

√
s � 0,1, ¡¥§ ¶·¨¢²¥Î¥´¨Ö ¸¢μ¡μ¤´ÒÌ ¶ · -

³¥É·μ¢. ‚ ´ Ï¨Ì Î¨¸²¥´´ÒÌ · ¸Î¥É Ì ¨¸¶μ²Ó§Ê¥É¸Ö ¶·¥¤¶¨¸ ´¨¥ Š¨³¡¥· ÄŒ ·É¨´ Ä�Ò¸±¨´  ¤²Ö
´¥¨´É¥£·¨·μ¢ ´´ÒÌ £²Õμ´´μ° ¨ ±¢ ·±μ¢ÒÌ ËÊ´±Í¨° · ¸¶·¥¤¥²¥´¨Ö, £¤¥ ¢ ± Î¥¸É¢¥ § É· ¢μÎ´ÒÌ
¢§ÖÉÒ ±μ²²¨´¥ ·´Ò¥ ¶ ·Éμ´´Ò¥ ¶²μÉ´μ¸É¨ Œ ·É¨´ Ä�μ¡¥·É¸ Ä‘É¨·²¨´£ Ä’μ·´  ¤²Ö ¶·μÉμ´ .

We consider inclusive hadroproduction of jets, prompt photons and b-quark jets in the quasi-multi-
Regge-kinematics approach based on the hypothesis of gluon and quark Reggeization in t-channel
exchanges at high energies. The data taken by the CDF and D0 Collaborations at the Fermilab Tevatron
are well described in the region of xT = 2pT /

√
s � 0.1 and with no free parameters. At the stage of

numerical calculations we use the KimberÄMartinÄRyskin prescription for unintegrated gluon and quark
distribution functions using as input the MartinÄRobertsÄStirlingÄThorne collinear parton distribution
functions of the proton.

PACS: 29.20.db; 13.87.Ce; 12.40.Nn

‚‚…„…�ˆ…

ˆ§ÊÎ¥´¨¥ ¨´±²Õ§¨¢´μ£μ ·μ¦¤¥´¨Ö ¸É·Ê° ¨ ¶·Ö³ÒÌ ËμÉμ´μ¢ ¸ ¡μ²ÓÏ¨³¨ ¶μ¶¥·¥Î-
´Ò³¨ ¨³¶Ê²Ó¸ ³¨, ¢μ§´¨± ÕÐ¨³¨ ¢ ·¥§Ê²ÓÉ É¥ ¦¥¸É±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¤¢ÊÌ ¶ ·Éμ´μ¢
¢  ¤·μ´´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ ´  ±μ²² °¤¥· Ì ¢Ò¸μ±¨Ì Ô´¥·£¨°, ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ± ±
¤²Ö ¶·μ¢¥·±¨ ¶¥·ÉÊ·¡ É¨¢´μ° ±¢ ´Éμ¢μ° Ì·μ³μ¤¨´ ³¨±¨ (Š•„), É ± ¨ ¤²Ö ¶μ²ÊÎ¥´¨Ö ¨´-
Ëμ·³ Í¨¨ μ ¶ ·Éμ´´ÒÌ ¶²μÉ´μ¸ÉÖÌ ¢ ¶·μÉμ´¥. �μ²´ Ö Ô´¥·£¨Ö ¸Éμ²±´μ¢¥´¨Ö ¢ ¸¨¸É¥³¥
Í¥´É·  ³ ¸¸ ´  ±μ²² °¤¥·¥ ÉÔ¢ É·μ´, · ¢´ Ö

√
s = 1,8 ’Ô‚ (Run I) ¨

√
s = 1,96 ’Ô‚

(Run II), §´ Î¨É¥²Ó´μ ¶·¥¢μ¸Ìμ¤¨É Ô´¥·£¥É¨Î¥¸±¨° ³ ¸ÏÉ ¡ μ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¦¥¸É±¨Ì

1E-mail: saleev@ssu.samara.ru
2E-mail: alexshipilova@ssu.samara.ru
3E-mail: spectrum11@mail.ru



ˆ´±²Õ§¨¢´μ¥ ·μ¦¤¥´¨¥ ¸É·Ê° ´  ±μ²² °¤¥·¥ ÉÔ¢ É·μ´ 211

¶·μÍ¥¸¸μ¢, É. ¥.
√

s � μ � ΛŠ•„. ‚ É ±μ³ ·¥¦¨³¥ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¢±² ¤Ò ¶μ¤¶·μ-
Í¥¸¸μ¢ ¸ μ¡³¥´ ³¨ ¶ ·Éμ´ ³¨ (±¢ ·± ³¨ ¨²¨ £²Õμ´ ³¨) ¢ t-± ´ ²¥ ¢ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö
³μ£ÊÉ μ± § ÉÓ¸Ö ¤μ³¨´¨·ÊÕÐ¨³¨. ‚ ÔÉμ³ ¸²ÊÎ ¥ ´¥²Ó§Ö ¡μ²¥¥ ¶·¥´¥¡·¥£ ÉÓ ¶μ¶¥·¥Î´Ò³¨
¨³¶Ê²Ó¸ ³¨ ¨¸Ìμ¤´ÒÌ ¶ ·Éμ´μ¢ ¨ ¨Ì ¢´¥³ ¸¸μ¢Ò³¨ ¸¢μ°¸É¢ ³¨, É ± ± ± ³Ò ¨³¥¥³ ¤¥²μ
¸ ·¥¤¦¥§μ¢ ´´Ò³¨ t-± ´ ²Ó´Ò³¨ ¶ ·Éμ´ ³¨. ‚ É ± ´ §Ò¢ ¥³μ° É¥μ·¨¨ ·¥¤¦¥§μ¢ ´´ÒÌ
¶ ·Éμ´μ¢ Î ¸É¨ÍÒ (¢ ³Ê²ÓÉ¨·¥¤¦¥¢¸±μ° ±¨´¥³ É¨±¥) ¨²¨ £·Ê¶¶Ò Î ¸É¨Í (¢ ±¢ §¨³Ê²Ó-
É¨·¥¤¦¥¢¸±μ° ±¨´¥³ É¨±¥), ¢Ò²¥É ÕÐ¨¥ ¢ ·¥§Ê²ÓÉ É¥ ¸Éμ²±´μ¢¥´¨Ö, ¸¨²Ó´μ · §¤¥²¥´Ò
¶μ ¡Ò¸É·μÉ ³. ‚ ¸²ÊÎ ¥ ¨´±²Õ§¨¢´μ£μ ·μ¦¤¥´¨Ö ¸É·Ê° ¨ ¶·Ö³ÒÌ ËμÉμ´μ¢ ÔÉμ μ§´ Î ¥É
¸²¥¤ÊÕÐ¥¥: μ¤¨´μÎ´ Ö ¸É·ÊÖ ¨²¨ ËμÉμ´ ·μ¦¤ ÕÉ¸Ö ¢ Í¥´É· ²Ó´μ° μ¡² ¸É¨ ¶μ ¡Ò¸É·μÉ¥,
¢ Éμ ¢·¥³Ö ± ± ¤·Ê£¨¥ Î ¸É¨ÍÒ ·μ¦¤ ÕÉ¸Ö ¸ ¡μ²ÓÏ¨³¨ ¡Ò¸É·μÉ ³¨. ’¥μ·¨Ö ·¥¤¦¥§μ¢ ´-
´ÒÌ ¶ ·Éμ´μ¢ [1] ¶·¥¤¸É ¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ ¶μ¤Ìμ¤ÖÐ¥° ¤²Ö É ±μ£μ ·μ¤  Ë¥´μ³¥´μ²μ£¨¨
¢Ò¸μ±¨Ì Ô´¥·£¨°. �´  μ¸´μ¢ ´  ´  ÔËË¥±É¨¢´μ° ±¢ ´Éμ¢μ-¶μ²¥¢μ° É¥μ·¨¨ ¸ ´¥ ¡¥²¥¢Ò³
± ²¨¡·μ¢μÎ´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³, ¢±²ÕÎ ÕÐ¨³ ¢ ¸¥¡Ö ¶μ²Ö ·¥¤¦¥§μ¢ ´´ÒÌ £²Õμ´μ¢ [2]
¨ ·¥¤¦¥§μ¢ ´´ÒÌ ±¢ ·±μ¢ [3]. ƒ·Ê¡μ £μ¢μ·Ö, ·¥¤¦¥§ Í¨Ö  ³¶²¨ÉÊ¤ Ö¢²Ö¥É¸Ö ¶·¨¥³μ³,
±μÉμ·Ò° ¶μ§¢μ²Ö¥É ÔËË¥±É¨¢´μ ÊÎ¥¸ÉÓ ¡μ²ÓÏ¨¥ · ¤¨ Í¨μ´´Ò¥ ¶μ¶· ¢±¨ ± ¶·μÍ¥¸¸ ³,
¶·μ¨¸Ìμ¤ÖÐ¨³ ¢ Ê¸²μ¢¨ÖÌ ·¥¤¦¥¢¸±μ£μ ¶·¥¤¥² , ¢ÒÌμ¤Ö §  · ³±¨ ±μ²²¨´¥ ·´μ£μ ¶·¨-
¡²¨¦¥´¨Ö ¶ ·Éμ´´μ° ³μ¤¥²¨. �¥¤¦¥§ Í¨Ö Î ¸É¨Í ¨§¢¥¸É´  ¢ ±¢ ´Éμ¢μ° Ô²¥±É·μ¤¨´ ³¨±¥
Éμ²Ó±μ ¤²Ö Ô²¥±É·μ´μ¢ [4] ¨ ¤²Ö £²Õμ´μ¢ ¨ ±¢ ·±μ¢ ¢ Š•„.

‚ ÔÉμ° · ¡μÉ¥ ³Ò · ¸¸³ É·¨¢ ¥³ ¨´±²Õ§¨¢´μ¥  ¤·μ·μ¦¤¥´¨¥ ¸É·Ê°, ¶·Ö³ÒÌ ËμÉμ´μ¢
¨ b-±¢ ·±μ¢ÒÌ ¸É·Ê° ¢ É¥μ·¨¨ ·¥¤¦¥§μ¢ ´´ÒÌ ¶ ·Éμ´μ¢, ¨¸¶μ²Ó§ÊÖ £¨¶μÉ¥§Ê ·¥¤¦¥§ Í¨¨
£²Õμ´μ¢ [5] ¨ ±¢ ·±μ¢ [6,7].

1. �””…Š’ˆ‚�›… ‚…�˜ˆ�›
ˆ �Œ�‹ˆ’“„› ��„���–…‘‘�‚ 2 → 1

‚ ´ Ï¥³ ¤ ²Ó´¥°Ï¥³  ´ ²¨§¥ ³Ò ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ¸²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥´¨Ö: Q Å
·¥¤¦¥§μ¢ ´´Ò° ±¢ ·±, R Å ·¥¤¦¥§μ¢ ´´Ò° £²Õμ´, q Å μ¡ÒÎ´Ò° ±¢ ·±, g Å Ö´£-
³¨²²¸μ¢¸±¨° £²Õμ´,   4-¨³¶Ê²Ó¸Ò Î ¸É¨Í Ê± §Ò¢ ÉÓ ¢ ¸±μ¡± Ì ¶μ¸²¥ ¨Ì ¸¨³¢μ²μ¢.

ŒÒ · ¸¸³ É·¨¢ ¥³ ·μ¦¤¥´¨¥ Î ¸É¨Í ¢ ¶·μÉμ´- ´É¨¶·μÉμ´´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ ´  ±μ²-
² °¤¥·¥ ÉÔ¢ É·μ´. ‚ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ 4-¨³¶Ê²Ó¸Ò ¨¸Ìμ¤´ÒÌ ¶·μÉμ´  ¨  ´É¨¶·μÉμ´ 
¨³¥ÕÉ ¢¨¤ P1 = E1(1, 0, 0, 1) ¨ P2 = E2(1, 0, 0,−1) ¸μμÉ¢¥É¸É¢¥´´μ.

‚¢¥¤¥³ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¢¥±Éμ·Ò n±
μ = (1, 0, 0,∓1) ¨ ¤²Ö ²Õ¡μ£μ 4-¨³¶Ê²Ó¸  kμ, qμ, pμ

μ¶·¥¤¥²¨³

k± = k · n±, γ(±)
μ (q, p) = γμ + q̂

n±
μ

p±
. (1)

‚ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ 4-¨³¶Ê²Ó¸ ·¥¤¦¥§μ¢ ´´μ° Î ¸É¨ÍÒ, ¨¸¶ÊÐ¥´´μ° ´ Î ²Ó´Ò³
 ¤·μ´μ³, ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´ ¢ ¢¨¤¥ qi = xiPi + qiT , i = 1, 2, £¤¥ xi Å ¤μ²Ö ¶·μ¤μ²Ó´μ£μ
¨³¶Ê²Ó¸  ´ Î ²Ó´μ£μ  ¤·μ´ , Ê´μ¸¨³ Ö ·¥¤¦¥§μ¢ ´´μ° Î ¸É¨Í¥°, qiT = (0,qiT , 0) Å
¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ ·¥¤¦¥§μ¢ ´´μ£μ ¶ ·Éμ´ , ¨ ti = −q2

iT = q2
iT .

�¨¦¥ ³Ò ¶·¨¢μ¤¨³ ÔËË¥±É¨¢´Ò¥ ¢¥·Ï¨´Ò ¨ ±¢ ¤· ÉÒ ³μ¤Ê²¥°  ³¶²¨ÉÊ¤ ¶μ¤¶·μ-
Í¥¸¸μ¢ 2 → 1 ¸ ¤¢Ê³Ö ·¥¤¦¥§μ¢ ´´Ò³¨ ¶ ·Éμ´ ³¨ ¢ ´ Î ²Ó´μ³ ¸μ¸ÉμÖ´¨¨: Q + R → q,
R + R → g, Q + Q̄ → g. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶μ¶¥·¥Î´Ò¥ ¨³¶Ê²Ó¸Ò Î ¸É¨Í, ÊÎ ¸É¢ÊÕÐ¨Ì ¢
¶μ¤¶·μÍ¥¸¸¥, ¸¢Ö§ ´Ò ¸μμÉ´μÏ¥´¨¥³ p2

T = t1 +t2+2
√

t1t2 cosφ12, £¤¥ p = (p0,pT , pz) Å
4-¨³¶Ê²Ó¸ ±μ´¥Î´μ£μ ±¢ ·±  ¨²¨ £²Õμ´ , φ12 Å  §¨³ÊÉ ²Ó´Ò° Ê£μ² ³¥¦¤Ê ¢¥±Éμ· ³¨ q1T

¨ q2T .
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� ¸¸³μÉ·¨³ ¢´ Î ²¥ ¦¥¸É±¨° ¶μ¤¶·μÍ¥¸¸ ·μ¦¤¥´¨Ö μ¤¨´μÎ´μ£μ ±¢ ·±  ¢ ·¥§Ê²ÓÉ É¥
· ¸¸¥Ö´¨Ö ·¥¤¦¥§μ¢ ´´μ£μ ±¢ ·±  ´  ·¥¤¦¥§μ¢ ´´μ³ £²Õμ´¥:

Q(q1) + R(q2) → q(p). (2)

…¸²¨ ¶·¥´¥¡·¥ÎÓ ³ ¸¸ ³¨ ±¢ ·±μ¢, ÔËË¥±É¨¢´ Ö ¢¥·Ï¨´  ÔÉμ£μ ¶μ¤¶·μÍ¥¸¸  ³μ¦¥É ¡ÒÉÓ
§ ¶¨¸ ´ , ¸²¥¤ÊÖ · ¡μÉ¥ [3], ¢ ¢¨¤¥

Cq
QR(q1, q2) = i

√
4παs T aŪ(k)γ(−)μ(q1, q2)Π(+)

μ (q2), (3)

£¤¥ T a Å £¥´¥· Éμ·Ò Í¢¥Éμ¢μ° ± ²¨¡·μ¢μÎ´μ° £·Ê¶¶Ò SU (3), a = 1, . . . , N2
c − 1;

Π(+)
μ (q−2 ) = −

q−2 n+
μ

2
√

t2
. ‘μμÉ¢¥É¸É¢ÊÕÐ¨° ±¢ ¤· É ³μ¤Ê²Ö  ³¶²¨ÉÊ¤Ò ¨³¥¥É ¶·μ¸ÉÊÕ

Ëμ·³Ê²Ê [8,9]:

|M(Q + R → q)|2 =
2
3
παsp2

T . (4)

�ËË¥±É¨¢´ Ö ¢¥·Ï¨´  ¶¥·¥Ìμ¤  ¤¢ÊÌ ·¥¤¦¥§μ¢ ´´ÒÌ £²Õμ´μ¢ ¢ Ö´£-³¨²²¸μ¢¸±¨°
£²Õμ´ R + R → g ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³ [1,10,11]:

Cg,μ
RR(q1, q

−
2 ) = −

√
4παsf

abc q+
1 q−2

2
√

t1t2
×

×
[(

q1 − q−2
)μ

+
(n+)μ

q+
1

(
q2
2 + q+

1 q−2
)
− (n−)μ

q−2

(
q2
1 + q+

1 q−2
)]

, (5)

£¤¥ a ¨ b Å Í¢¥Éμ¢Ò¥ ¨´¤¥±¸Ò ·¥¤¦¥§μ¢ ´´ÒÌ £²Õμ´μ¢ ¸ 4-¨³¶Ê²Ó¸ ³¨ q1 ¨ q2 ¸μμÉ-
¢¥É¸É¢¥´´μ. Š¢ ¤· É ³μ¤Ê²Ö  ³¶²¨ÉÊ¤Ò ¶μ¤¶·μÍ¥¸¸  R + R → g ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´ ¢
·¥§Ê²ÓÉ É¥ ´¥¸²μ¦´ÒÌ ¢ÒÎ¨¸²¥´¨°:

|M(R + R → g)|2 =
3
2
παsp2

T . (6)

�ËË¥±É¨¢´ Ö ¢¥·Ï¨´  ¶¥·¥Ìμ¤  ·¥¤¦¥§μ¢ ´´μ£μ ±¢ ·±  ¸ 4-¨³¶Ê²Ó¸μ³ q1 ¨ ·¥¤¦¥§μ-
¢ ´´μ£μ  ´É¨±¢ ·±  ¸ 4-¨³¶Ê²Ó¸μ³ q2 ¢ ËμÉμ´ ¨²¨ Ö´£-³¨²²¸μ¢¸±¨° £²Õμ´ ³μ¦¥É ¡ÒÉÓ
¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ [6,7]

C
γ(g),μ

QQ̄ (q1, q2) = C1

[
γμ − q̂1

(n−)μ

q−1 + q−2
− q̂2

(n+)μ

q+
1 + q+

2

]
, (7)

£¤¥ C1 = −i
√

4παZq ¤²Ö ËμÉμ´ , α = 1/137 Å ¶μ¸ÉμÖ´´ Ö Éμ´±μ° ¸É·Ê±ÉÊ·Ò ¨ Zq Å
Ô²¥±É·¨Î¥¸±¨° § ·Ö¤ ±¢ ·± . „²Ö £²Õμ´  C1 = −i

√
4παsT

a. Š¢ ¤· É ³μ¤Ê²Ö  ³¶²¨ÉÊ¤Ò
· ¸¸³ É·¨¢ ¥³μ£μ ¶·μÍ¥¸¸  ¨³¥¥É ¢¨¤

|M
(
Q + Q̄ → γ(g)

)
|2 = C2(t1 + t2), (8)

£¤¥ ³´μ¦¨É¥²Ó C2 = (4/3)παZ2
q ¤²Ö ËμÉμ´  ¨ C2 = (16/3)παs ¤²Ö £²Õμ´ .
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‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ £¨¶μÉ¥§μ° Ë ±Éμ·¨§ Í¨¨ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ, § ¶¨Ï¥³  ¤·μ´´μ¥
¸¥Î¥´¨¥ ·μ¦¤¥´¨Ö dσ ± ± ¸¢¥·É±Ê ¶ ·Éμ´´μ£μ ¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö dσ̂ ¸ ´¥¨´É¥£·¨·μ¢ ´-
´Ò³¨ ¶μ ¶μ¶¥·¥Î´μ³Ê ¨³¶Ê²Ó¸Ê ¶ ·Éμ´´Ò³¨ ËÊ´±Í¨Ö³¨ · ¸¶·¥¤¥²¥´¨Ö Φh

a ·¥¤¦¥§μ-
¢ ´´ÒÌ ¶ ·Éμ´μ¢ a ¢  ¤·μ´ Ì h. �¥¨´É¥£·¨·μ¢ ´´Ò¥ ¶ ·Éμ´´Ò¥ ËÊ´±Í¨¨ Φh

a(x, t, μ2)
¸¢Ö§ ´Ò ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ±μ²²¨´¥ ·´Ò³¨ Î¥·¥§ Ê¸²μ¢¨¥ ´μ·³¨·μ¢±¨

xFh
a (x, μ2) =

μ2∫
dt Φh

a(x, t, μ2), (9)

±μÉμ·μ¥ μ¡¥¸¶¥Î¨¢ ¥É ¶· ¢¨²Ó´Ò° ¶¥·¥Ìμ¤ μÉ Ëμ·³Ê² ¢ É¥μ·¨¨ ·¥¤¦¥§μ¢ ´´ÒÌ ¶ ·Éμ´μ¢
± Ëμ·³Ê² ³ ¢ ±μ²²¨´¥ ·´μ° ¶ ·Éμ´´μ° ³μ¤¥²¨, £¤¥ ¶μ¶¥·¥Î´Ò³ ¨³¶Ê²Ó¸μ³ ¶ ·Éμ´μ¢ ¶·¥-
´¥¡·¥£ ¥É¸Ö. ‚ ´ Ï¨Ì Î¨¸²¥´´ÒÌ · ¸Î¥É Ì ³Ò ¨¸¶μ²Ó§Ê¥³ ¶·¥¤¶¨¸ ´¨¥ Š¨³¡¥· , Œ ·-
É¨´  ¨ �Ò¸±¨´  [12] ¶·¨ ¶μ²ÊÎ¥´¨¨ ´¥¨´É¥£·¨·μ¢ ´´ÒÌ £²Õμ´´ÒÌ ¨ ±¢ ·±μ¢ÒÌ ËÊ´±Í¨°
· ¸¶·¥¤¥²¥´¨Ö ¤²Ö ¶·μÉμ´  ¨§ μ¡ÒÎ´ÒÌ ±μ²²¨´¥ ·´ÒÌ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³´ÒÌ ±μ¤μ¢
‚μÉÉ  [13]. ‚ ± Î¥¸É¢¥ ¨¸Ìμ¤´ÒÌ ËÊ´±Í¨° ¤²Ö ÔÉμ° ¶·μÍ¥¤Ê·Ò ³Ò ¨¸¶μ²Ó§Ê¥³ ¶ ·Éμ´´Ò¥
ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö Œ ·É¨´ Ä�μ¡¥·É¸ Ä‘É¨·²¨´£ Ä’μ·´  [14] ¤²Ö ¶·μÉμ´ .

‚ ´ Ï¥³  ´ ²¨§¥ ³ ¸ÏÉ ¡Ò ·¥´μ·³ ²¨§ Í¨¨ ¨ Ë ±Éμ·¨§ Í¨¨ ¢Ò¡· ´Ò ¢ ¢¨¤¥ μ = ξkT ,
£¤¥ ¤²Ö μÍ¥´±¨ É¥μ·¥É¨Î¥¸±μ° ´¥μ¶·¥¤¥²¥´´μ¸É¨ · ¸Î¥Éμ¢ ξ ¢ ·Ó¨·Ê¥É¸Ö ¢ ¶·¥¤¥² Ì ³¥¦¤Ê
1/2 ¨ 2 ¢μ±·Ê£ ¸·¥¤´¥£μ §´ Î¥´¨Ö, · ¢´μ£μ 1. �μ²ÊÎ¥´´Ò¥ ´¥μ¶·¥¤¥²¥´´μ¸É¨ ¨§μ¡· ¦¥´Ò
´  ·¨¸Ê´± Ì § ÏÉ·¨Ìμ¢ ´´Ò³¨ μ¡² ¸ÉÖ³¨.

ŒÒ · ¸¸³ É·¨¢ ¥³ ·μ¦¤¥´¨¥ Î ¸É¨Í ¸ ¡μ²ÓÏ¨³¨ ¶μ¶¥·¥Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨ pT � mq,
ÎÉμ ¶μ§¢μ²Ö¥É μ¶· ¢¤ ´´μ ¶·¨³¥´ÖÉÓ ¡¥§³ ¸¸μ¢μ¥ ¶·¨¡²¨¦¥´¨¥.

2. ˆ�Š‹�‡ˆ‚��… ��†„…�ˆ… ‘’�“‰

�¥·¢Ò³ ¶·¥¤³¥Éμ³ ´ Ï¥£μ ¨¸¸²¥¤μ¢ ´¨Ö ¢Ò¸ÉÊ¶ ¥É ¨´±²Õ§¨¢´μ¥ ·μ¦¤¥´¨¥ ¸É·Ê°. � 
Ô±¸¶¥·¨³¥´É¥ μ´μ ¡Ò²μ ¨§ÊÎ¥´μ ±μ²² ¡μ· Í¨Ö³¨ CDF [15] ¨ D0 [16] ¢ ´¥¸±μ²Ó±¨Ì ¨´-
É¥·¢ ² Ì ¡Ò¸É·μÉ ¶·¨ ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸ Ì ¸É·Ê° ¢¶²μÉÓ ¤μ 700 ƒÔ‚. �¸´μ¢´μ° ¢±² ¤
¢ É ±¨¥ ¶·μÍ¥¸¸Ò ¢ ²¨¤¨·ÊÕÐ¥³ ¶·¨¡²¨¦¥´¨¨ ¶μ ±μ´¸É ´É¥ αs ¢ É¥μ·¨¨ ·¥¤¦¥§μ¢ ´-
´ÒÌ ¶ ·Éμ´μ¢ ¢´μ¸¨É ¶μ¤¶·μÍ¥¸¸ 2 → 1 ¸²¨Ö´¨Ö ·¥¤¦¥§μ¢ ´´ÒÌ £²Õμ´μ¢ ¸ ·μ¦¤¥´¨¥³
Ö´£-³¨²²¸μ¢¸±μ£μ £²Õμ´ , ±μÉμ·Ò° μ¶¨¸Ò¢ ¥É¸Ö ÔËË¥±É¨¢´μ° ¢¥·Ï¨´μ° (5) ¨ ±¢ ¤· -
Éμ³ ³μ¤Ê²Ö  ³¶²¨ÉÊ¤Ò (6). ˆ¸¶μ²Ó§ÊÖ £¨¶μÉ¥§Ê Ë ±Éμ·¨§ Í¨¨ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ,
¶μ²ÊÎ ¥³

dσ(pp̄ → jet X) =
∫

dx1

x1

∫
d2q1T

π

∫
dx2

x2

∫
d2q2T

π
×

× Φp
g(x1, t1, μ

2)Φp̄
g(x2, t2, μ

2)dσ̂(RR → g). (10)

„²Ö Ê¤μ¡¸É¢  ¶·¨¢¥¤¥³ ±μ³¶ ±É´Ò¥ Ëμ·³Ê²Ò ¤²Ö ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ·μ¦¤¥´¨Ö
(10):

dσ

dpT dy
(pp̄ → jetX) =

1
p3

T

∫
dφ1

∫
dt1×

× Φp
g(x1, t1, μ

2)Φp̄
g(x2, t2, μ

2)|M(RR → g)|2, (11)
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�¨¸. 1. �¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ · ³± Ì É¥μ·¨¨ ·¥¤¦¥§μ¢ ´´ÒÌ ¶ ·Éμ´μ¢ ¤²Ö ¨´±²Õ§¨¢´μ£μ ·μ-
¦¤¥´¨Ö ¸É·Ê°, ¢ ¸· ¢´¥´¨¨ ¸ ¤ ´´Ò³¨ ±μ²² ¡μ· Í¨¨ CDF [15]: ¸¶²μÏ´Ò¥ ²¨´¨¨ Å É¥μ·¥É¨Î¥¸±¨¥

¶·¥¤¸± § ´¨Ö; § ÏÉ·¨Ìμ¢ ´´Ò¥ μ¡² ¸É¨ Å É¥μ·¥É¨Î¥¸±¨¥ ´¥μ¶·¥¤¥²¥´´μ¸É¨. �±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥: 1 Å |y| < 0,1 (×106); 2 Å 0,1 < |y| < 0,7 (×104); 3 Å 0,7 < |y| < 1,1 (×102); 4 Å

1,1 < |y| < 1,6 (×10); 5 Å 1,6 < |y| < 2,1

�¨¸. 2. �¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ · ³± Ì É¥μ·¨¨ ·¥¤¦¥§μ¢ ´´ÒÌ ¶ ·Éμ´μ¢ ¤²Ö ¨´±²Õ§¨¢´μ£μ
·μ¦¤¥´¨Ö ¸É·Ê°, ¢ ¸· ¢´¥´¨¨ ¸ ¤ ´´Ò³¨ ±μ²² ¡μ· Í¨¨ D0 [16]: ¸¶²μÏ´Ò¥ ²¨´¨¨ Å É¥μ·¥É¨Î¥¸±¨¥

¶·¥¤¸± § ´¨Ö; § ÏÉ·¨Ìμ¢ ´´Ò¥ μ¡² ¸É¨ Å É¥μ·¥É¨Î¥¸±¨¥ ´¥μ¶·¥¤¥²¥´´μ¸É¨. �±¸¶¥·¨³¥´É ²Ó´Ò¥

¤ ´´Ò¥: 1 Å |y| < 0,4 (×107); 2 Å 0,4 < |y| < 0,8 (×105); 3 Å 0,8 < |y| < 1,2 (×103); 4 Å
1,2 < |y| < 1,6 (×102); 5 Å 1,6 < |y| < 2,0 (×10); 6 Å 2,0 < |y| < 2,4
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£¤¥ y Å ¡Ò¸É·μÉ ; φ1 Å  §¨³ÊÉ ²Ó´Ò° Ê£μ² ³¥¦¤Ê ¢¥±Éμ· ³¨ q1T ¨ pT ;

x1,2 =
pT exp(±y)√

s
; t2 = t1 + p2

T − 2pT

√
t1 cos φ1. (12)

�  ·¨¸. 1 ¨ 2 ³Ò ¸· ¢´¨¢ ¥³ ´ Ï¨ ¶·¥¤¸± § ´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¢ É¥μ·¨¨ ·¥¤¦¥§μ¢ ´-
´ÒÌ ¶ ·Éμ´μ¢, ¸ ¤ ´´Ò³¨ ±μ²² ¡μ· Í¨° CDF [15] ¨ D0 [16] ¸μμÉ¢¥É¸É¢¥´´μ. ’¥μ·¥-
É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¢¶²μÉÓ ¤μ
pT � 100 ƒÔ‚. �·¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì §´ Î¥´¨ÖÌ xT � 0,1 ¸·¥¤´¨¥ §´ Î¥´¨Ö ¶¥·¥³¥´´ÒÌ
x1,2 ¸É ´μ¢ÖÉ¸Ö ´¥¤μ¸É ÉμÎ´μ ³ ²Ò³¨ (x1,2 � 0,1) ¤²Ö Ê¤μ¢²¥É¢μ·¥´¨Ö Ê¸²μ¢¨Ö ·¥¤¦¥-
§ Í¨¨ Î ¸É¨Í. �μÔÉμ³Ê ¢ ¤ ´´μ° μ¡² ¸É¨ ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢ ¸É·Ê° ´Ê¦´μ ¶¥·¥°É¨
¢ · ³±¨ ±μ²²¨´¥ ·´μ° ¶ ·Éμ´´μ° ³μ¤¥²¨, £¤¥ ¢±² ¤ ¶ ·Éμ´´ÒÌ ¶μ¤¶·μÍ¥¸¸μ¢ 2 → 1 ¢
¸¥Î¥´¨¥ ·μ¦¤¥´¨Ö ´Ê²¥¢μ°, ¨ ¢ ²¨¤¨·ÊÕÐ¥³ ¶·¨¡²¨¦¥´¨¨ ´Ê¦´μ ÊÎ¨ÉÒ¢ ÉÓ ¶ ·Éμ´´Ò¥
¶μ¤¶·μÍ¥¸¸Ò 2 → 2 (qg → qγ, qq̄ → gγ ¨ É. ¤.).

3. ˆ�Š‹�‡ˆ‚��… ��†„…�ˆ…
b-Š‚��Š�‚›• ‘’�“‰

�¥¤ ¢´μ ±μ²² ¡μ· Í¨Ö CDF ¶·¥¤¸É ¢¨²  ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ¤ ´´Ò¥ ¶μ ¨´±²Õ§¨¢´μ³Ê
·μ¦¤¥´¨Õ μ¤¨´μÎ´ÒÌ b-±¢ ·±μ¢ÒÌ ¸É·Ê° ¢ pp̄-¸Éμ²±´μ¢¥´¨ÖÌ ´  ±μ²² °¤¥·¥ ÉÔ¢ É·μ´
Run II [17]. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ ±¨´¥³ É¨Î¥¸±μ° μ¡² ¸É¨ 38 < pT < 400 ƒÔ‚ ¨
|y| < 0,7. ŒÒ ¶·¥¤¶μ² £ ¥³, ÎÉμ b-±¢ ·± ¢Ìμ¤¨É ¢ ¸É·Ê±ÉÊ·´ÊÕ ËÊ´±Í¨Õ ¶·μÉμ´ , É ±
± ±  ¡¸μ²ÕÉ´ Ö ¢¥²¨Î¨´  ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  b-±¢ ·±  §´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ ¥É ¥£μ
³ ¸¸Ê mb. ’ ±¨³ μ¡· §μ³, ³μ¦´μ ¨¸¸²¥¤μ¢ ÉÓ · ¸¸³ É·¨¢ ¥³Ò° ¶·μÍ¥¸¸ ¢ ¸Ì¥³¥ ¸ Ë¨±-
¸¨·μ¢ ´´Ò³ Î¨¸²μ³  ±É¨¢´ÒÌ ±¢ ·±μ¢ÒÌ  ·μ³ Éμ¢ nf = 5. ‚ ²¨¤¨·ÊÕÐ¥³ ¶·¨¡²¨¦¥´¨¨
É¥μ·¨¨ ·¥¤¦¥§μ¢ ´´ÒÌ ¶ ·Éμ´μ¢ ¨³¥¥É¸Ö Éμ²Ó±μ μ¤¨´ ¶ ·Éμ´´Ò° ¶μ¤¶·μÍ¥¸¸

Qb(q1) + R(q2) → b(p), (13)

£¤¥ Qb Å ·¥¤¦¥§μ¢ ´´Ò° b-±¢ ·±. ‘ ÊÎ¥Éμ³ ¶·¥´¥¡·¥¦¥´¨Ö ³ ¸¸ ³¨ ·¥¤¦¥§μ¢ ´´ÒÌ
±¢ ·±μ¢ ÔËË¥±É¨¢´ Ö ¢¥·Ï¨´  ¨ ±¢ ¤· É ³μ¤Ê²Ö  ³¶²¨ÉÊ¤Ò ¤ ´´μ£μ ¶μ¤¶·μÍ¥¸¸  ¤ ÕÉ¸Ö
¢Ò· ¦¥´¨Ö³¨ (3) ¨ (4). ”μ·³Ê²  Ë ±Éμ·¨§ Í¨¨ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¤²Ö ¸¥Î¥´¨Ö
·μ¦¤¥´¨Ö ¶·¨´¨³ ¥É ¢¨¤

dσ(pp̄ → bX) =
∫

dx1

x1

∫
d2q1T

π

∫
dx2

x2

∫
d2q2T

π

[
Φp

b(x1, t1, μ
2)Φp̄

g(x2, t2, μ
2)+

+ Φp
g(x1, t1, μ

2)Φp̄
b (x2, t2, μ

2)
]
dσ̂(QbR → b) (14)

¨ ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´  ¢ ±μ³¶ ±É´μ³ ¢¨¤¥  ´ ²μ£¨Î´μ (11).

�  ·¨¸. 3 ³Ò ¶·¥¤¸É ¢²Ö¥³ ·¥§Ê²ÓÉ ÉÒ ´ Ï¨Ì ¢ÒÎ¨¸²¥´¨° ¢ ¸· ¢´¥´¨¨ ¸ ¤ ´´Ò³¨
CDF [17]. ‚¨¤´μ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ´  ¢¸¥³ ¨´É¥·¢ ²¥ ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢ b-±¢ ·-
±μ¢ pT .
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�¨¸. 3. �¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ · ³± Ì É¥μ·¨¨ ·¥¤¦¥§μ¢ ´´ÒÌ ¶ ·Éμ´μ¢ ¤²Ö ¨´±²Õ§¨¢´μ£μ
·μ¦¤¥´¨Ö b-±¢ ·±μ¢ÒÌ ¸É·Ê°, ¢ ¸· ¢´¥´¨¨ ¸ ¤ ´´Ò³¨ ±μ²² ¡μ· Í¨¨ CDF [17]: ¸¶²μÏ´Ò¥ ²¨´¨¨ Å

É¥μ·¥É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö; § ÏÉ·¨Ìμ¢ ´´Ò¥ μ¡² ¸É¨ Å É¥μ·¥É¨Î¥¸±¨¥ ´¥μ¶·¥¤¥²¥´´μ¸É¨; • Å

Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥

„¥É ²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ μ¤¨´μÎ´μ£μ ¨  ¸¸μÍ¨ É¨¢´μ£μ ·μ¦¤¥´¨Ö b-¸É·Ê° ¢ É¥μ·¨¨ ·¥-
¤¦¥§μ¢ ´´ÒÌ ¶ ·Éμ´μ¢, ¢±²ÕÎ Ö ¤ ´´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶·¥¤¸É ¢²¥´μ ¢ ´ Ï¥° ¡μ²¥¥ · ´´¥°
· ¡μÉ¥ [18].

4. ��†„…�ˆ… ��ŸŒ›• ”�’���‚

‚ ¤ ´´μ³ · §¤¥²¥ ³Ò · ¸¸³ É·¨¢ ¥³ ¨´±²Õ§¨¢´μ¥ ·μ¦¤¥´¨¥ ¶·Ö³ÒÌ ËμÉμ´μ¢ ´  ±μ²-
² °¤¥·¥ ÉÔ¢ É·μ´, Run I [19] ¨ Run II [20], Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§ÊÎ¥´´μ¥ ±μ²² ¡μ· Í¨¥°
D0. ‚ É¥μ·¨¨ ·¥¤¦¥§μ¢ ´´ÒÌ ¶ ·Éμ´μ¢ μ¸´μ¢´μ° ¢±² ¤ ¤ ¥É  ´´¨£¨²ÖÍ¨Ö ·¥¤¦¥§μ¢ ´´ÒÌ
±¢ ·±  ¨  ´É¨±¢ ·± . ” ±Éμ·¨§ Í¨μ´´ Ö Ëμ·³Ê²  ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´  ¢ ¢¨¤¥ [8]

dσ(pp̄ → γX) =
∫

dx1

x1

∫
d2q1T

π

∫
dx2

x2

∫
d2q2T

π
×

× Φp
q(x1, t1, μ

2)Φp̄
q(x2, t2, μ

2)dσ̂(QqQ̄q → γ), (15)

£¤¥ q = u, d, s ¨ ÊÎÉ¥´Ò § ·Ö¤μ¢μ-¸μ¶·Ö¦¥´´Ò¥ ¶μ¤¶·μÍ¥¸¸Ò.
�  ·¨¸. 4 ³Ò ¶·¥¤¸É ¢²Ö¥³ ·¥§Ê²ÓÉ ÉÒ ´ Ï¨Ì ¢ÒÎ¨¸²¥´¨° ¢ ¸· ¢´¥´¨¨ ¸ ¤ ´´Ò³¨

±μ²² ¡μ· Í¨¨ D0 [19,20]. ˆ ¢´μ¢Ó ´ ¡²Õ¤ ¥³ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ³¥¦¤Ê É¥μ·¥É¨Î¥¸±¨³¨
·¥§Ê²ÓÉ É ³¨ ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, §  ¨¸±²ÕÎ¥´¨¥³ μ¡² ¸É¨ pT > 100 ƒÔ‚,
£¤¥ É¥μ·¥É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö ¢ÒÏ¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨°.
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�¨¸. 4. �¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ · ³± Ì É¥μ·¨¨ ·¥¤¦¥§μ¢ ´´ÒÌ ¶ ·Éμ´μ¢ ¤²Ö ·μ¦¤¥´¨Ö ¶·Ö³ÒÌ

ËμÉμ´μ¢, ¢ ¸· ¢´¥´¨¨ ¸ ¤ ´´Ò³¨ ±μ²² ¡μ· Í¨¨ D0: ¸¶²μÏ´Ò¥ ²¨´¨¨ Å É¥μ·¥É¨Î¥¸±¨¥ ¶·¥¤-

¸± § ´¨Ö, § ÏÉ·¨Ìμ¢ ´´Ò¥ μ¡² ¸É¨ Å É¥μ·¥É¨Î¥¸±¨¥ ´¥μ¶·¥¤¥²¥´´μ¸É¨; 1 Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥ ¤²Ö

√
s = 1,8 ’Ô‚ [19]; 2 Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö

√
s = 1,96 ’Ô‚ [20]

‡�Š‹�—…�ˆ…

ŒÒ ¨§ÊÎ¨²¨ ¨´±²Õ§¨¢´μ¥  ¤·μ·μ¦¤¥´¨¥ ¸É·Ê°, ¶·Ö³ÒÌ ËμÉμ´μ¢ ¨ b-±¢ ·±μ¢ÒÌ ¸É·Ê°
¢ ²¨¤¨·ÊÕÐ¥³ ¶·¨¡²¨¦¥´¨¨ É¥μ·¨¨ ·¥¤¦¥§μ¢ ´´ÒÌ ¶ ·Éμ´μ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ £¨¶μÉ¥§Ò
·¥¤¦¥§ Í¨¨ ±¢ ·±μ¢ ¶·¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ ±μ²² °¤¥·  ÉÔ¢ É·μ´. �¥¸³μÉ·Ö ´ 
¶·μ¸ÉμÉÊ ´ Ï¨Ì Ëμ·³Ê², É¥μ·¥É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö ´ Ìμ¤ÖÉ¸Ö ¢ ¢Ò¸μ±μ° ¸É¥¶¥´¨ ¸μ-
£² ¸¨Ö ¸ ¤ ´´Ò³¨ ¶μ ¨§³¥·¥´¨Õ ¸¶¥±É·μ¢ ·μ¦¤¥´¨Ö ¶μ ¶μ¶¥·¥Î´μ³Ê ¨³¶Ê²Ó¸Ê · §²¨Î´ÒÌ
±μ´¥Î´ÒÌ Î ¸É¨Í ´  ±μ²² °¤¥·¥ ÉÔ¢ É·μ´, ¡¥§ ¨¸¶μ²Ó§μ¢ ´¨Ö ± ±¨Ì-²¨¡μ ad hoc ¶·¥¤¶μ-
²μ¦¥´¨° ¨²¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¶ · ³¥É·μ¢. � ¶·μÉ¨¢, ¤²Ö ¤μ¸É¨¦¥´¨Ö Éμ° ¦¥ ¸É¥¶¥´¨
¸μ£² ¸¨Ö ¢ ±μ²²¨´¥ ·´μ° ¶ ·Éμ´´μ° ³μ¤¥²¨ Š•„ É·¥¡Ê¥É¸Ö ÊÎ¥É ¸²¥¤ÊÕÐ¥£μ §  ²¨¤¨-
·ÊÕÐ¨³ ¶·¨¡²¨¦¥´¨Ö ¨ ¢Ò¶μ²´¥´¨¥ ¶·μÍ¥¤Ê·Ò ¸Ê³³¨·μ¢ ´¨Ö ³Ö£±¨Ì £²Õμ´μ¢. ’ ±¨³
μ¡· §μ³, ¢ ¶·μ¤μ²¦¥´¨¥ ´ Ï¨Ì ¶·¥¤Ò¤ÊÐ¨Ì · ¡μÉ [8, 18, 21, 22], ³Ò ¢´μ¢Ó ¶μ± §Ò¢ ¥³,
ÎÉμ £¨¶μÉ¥§  ·¥¤¦¥§ Í¨¨ ±¢ ·±μ¢ ¨ £²Õμ´μ¢ ¶μ§¢μ²Ö¥É Ê¸¶¥Ï´μ μ¶¨¸ ÉÓ Š•„-¶·μÍ¥¸¸Ò
¢ ¶·¥¤¥²¥ ¢Ò¸μ±¨Ì Ô´¥·£¨°.

�¢Éμ·Ò ¡² £μ¤ ·ÖÉ ‚.‘.” ¤¨´ , ‹.�. ‹¨¶ Éμ¢  ¨ �.�.ŠÊ· ¥¢  §  ±μ´¸Ê²ÓÉ Í¨¨ ¨
¶μ²¥§´μ¥ μ¡¸Ê¦¤¥´¨¥ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢. � ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �μ¸-
¸¨°¸±μ£μ Ëμ´¤  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, £· ´É �””ˆ º11-02-00769- .
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