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‚ÒÖ¸´Ö¥É¸Ö ¶·¨´Í¨¶¨ ²Ó´ Ö ¸¢Ö§Ó ³¥¦¤Ê ¨§³¥´¥´¨¥³ µ¡Ð¥£µ Ì · ±É¥·  · ¸¸¥Ö-
´¨Ö ´Ê±²µ´µ¢ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ Ô´¥·£¨° ¨ ¸¢µ°¸É¢ ³¨ ´Ê±²µ´  ± ± ¤¨¸¸¨¶ -

É¨¢´µ° ¸·¥¤Ò. Wµ± § ´µ, ÎÉµ Ê¸¨²¨¢ ÕÐ¨°¸Ö ¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ ·µ¸É ¶µ²´µ£µ

¸¥Î¥´¨Ö ¨ ±µ´É¨´Ê ²Ó´µ¥ ¨§³¥´¥´¨¥ ¢¨¤  ¸¨³³¥É·¨¨ µ¡² ¸É¨ Ô³¨¸¸¨¨ Î ¸É¨Í (µÉ
¶²µ¸±µ¸¨³³¥É·¨Î´µ£µ ± ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ³Ê) µÉ¢¥Î ÕÉ ´ · ¸É ´¨Õ ¢Ö§±µ¸É¨

µ¶É¨Î¥¸±µ° ¸·¥¤Ò ´Ê±²µ´  µÉ ¶¥·¨Ë¥·¨¨ ± Í¥´É·Ê. Z´ ²¨§ n-· ¸¶·¥¤¥²¥´¨° ³¥Éµ-

¤µ³ µÉµ¡· ¦ ÕÐ¨Ì ËÊ´±Í¨° µ¡´ ·Ê¦¨¢ ¥É ´ ²¨Î¨¥ · §´ÒÌ ¤¨´ ³¨Î¥¸±¨Ì ·¥¦¨³µ¢
( ÉÉ· ±Éµ·µ¢, ¡¨ËÊ·± Í¨°, ¶·¥¤¥²Ó´ÒÌ Í¨±²µ¢ ¨ É.¤.), ¢µµ¡Ð¥ Ì · ±É¥·´ÒÌ ¤²Ö ¤¨-

´ ³¨±¨ ´¥²¨´¥°´ÒÌ ¸¨¸É¥³ ¨ ¤¨¸¸¨¶ É¨¢´ÒÌ ¸·¥¤. ‚ § ±²ÕÎ¥´¨¥ ¶µ¤Î¥·±¨¢ ¥É¸Ö
¢§ ¨³´µ ¤µ¶µ²´¨É¥²Ó´Ò° Ì · ±É¥· ±µ´É¨´Ê ²Ó´µ£µ µ¶¨¸ ´¨Ö ¸·¥¤Ò ¨ ¤¨¸±·¥É´µ£µ

 ´ ²¨§  ¤¨´ ³¨±¨.

Dissipative Evolution of the Elementary Act

I.A.Kuchin

Basic connection between change of general nucleon scattering character in a wide

energy interval and nucleon properties as dissipative medium is found out. It is shown,

that amplifying with energy increase growth of total cross-section and continual change
of a symmetry kind of particles emission domain (from }at to spherical symmetric)

responds to increase of viscosity of optical medium from periphery to centre. The
analysis of the n-distributions by the method of map functions has demonstrated pres-

ence of various dynamic modes (attractors, bifurcations, limiting cycles and so on) in

general characteristic for nonlinear systems and dissipative media. In conclusion, mu-
tually adding character of the continual description of medium and discretic analysis of

dynamics is emphasized.

1. ‚‚…„…�ˆ…

Š ± ¨§¢¥¸É´µ, µ ¶·µÉµ´¥-³¨Ï¥´¨ ³µ¦´µ £µ¢µ·¨ÉÓ ± ± µ ´¥±µ³ ¶·µÉÖ¦¥´´µ³ µ¡Ñ¥±É¥
(¸¶²µÏ´µ° ¸·¥¤¥), ±µ£¤  ¤²¨´  ¢µ²´Ò ¤¥ z·µ°²Ö, λ = h/PL, ¶ ¤ ÕÐ¥° Î ¸É¨ÍÒ-¸´ ·Ö¤ 

1”¨§¨±µ-É¥Ì´¨Î¥¸±¨° ¨´¸É¨ÉÊÉ Œ4¨. 0Š, Z²³ -ZÉ 
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¸É ´µ¢¨É¸Ö ³´µ£µ ³¥´ÓÏ¥ ¥£µ ¶µ¶¥·¥Î´¨±  d. „²Ö NN -¸Éµ²±´µ¢¥´¨° ÔÉµ Ê¸²µ¢¨¥ ¢Ò¶µ²-
´Ö¥É¸Ö Ê¦¥ ¶·¨ ¨³¶Ê²Ó¸¥ PL ¶µ·Ö¤±  10 ƒÔ‚/¸. Œ¥·µ° ¶·µ§· Î´µ¸É¨ É ±µ° ¸·¥¤Ò ¸²Ê¦¨É
Ê¤¢µ¥´´µ¥ µÉ´µÏ¥´¨¥ ¸¥Î¥´¨Ö Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö ± ¶µ²´µ³Ê [1]:

A(s) = 2σel(s)/σtot(s), ¨²¨ ρ(s, 0) = ReT (s, 0)/Im (s, 0).

QÉ¨ ¢¥²¨Î¨´Ò ¤µ¸É ÉµÎ´µ Ê¢¥·¥´´µ ¨§³¥·ÖÕÉ¸Ö ´  µ¶ÒÉ¥ ¨ ¢¥¤ÊÉ ¸¥¡Ö ´¥³µ´µÉµ´´µ ¸
·µ¸Éµ³ Ô´¥·£¨¨ (¢¥²¨Î¨´  ρ(s, 0) ¨³¥¥É ³¨´¨³Ê³ ¶·¨

√
s ≈ 5 ƒÔ‚), ¸¢¨¤¥É¥²Ó¸É¢ÊÖ É¥³

¸ ³Ò³ µ ´¥µ¤´µ·µ¤´µ³ Ì · ±É¥·¥ ¸·¥¤Ò. .¥²¨´¥°´µ¸ÉÓ ¶µ¸²¥¤´¥° ¶·µÖ¢²Ö¥É¸Ö ¢ µ¶Ò-
É Ì ¶µ £²Ê¡µ±µ´¥Ê¶·Ê£µ³Ê ep-· ¸¸¥Ö´¨Õ (DESY) ¶µ²Õ¸´µ° µ¸µ¡¥´´µ¸ÉÓÕ ¸É·Ê±ÉÊ·´µ°
ËÊ´±Í¨¨ ¶·µÉµ´  F2(x,Q2) ∼ x−αf(x,Q2) ¢ µ¡² ¸É¨ µÎ¥´Ó ³ ²ÒÌ µÉ´µ¸¨É¥²Ó´ÒÌ ¨³-
¶Ê²Ó¸µ¢ x (¶·¨ x ≈ 0) ¨ ¡µ²ÓÏ¨Ì ¶¥·¥¤ Î (Q2 ≈ 2000−5000 ƒÔ‚2) [2]. 4 ¤¨¸¸¨¶ É¨¢´ÒÌ
¸¢µ°¸É¢ Ì µ¶É¨Î¥¸±µ° ¸·¥¤Ò ´Ê±²µ´  ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ¡¨²¨¥ ¸¢Ö§ ´´ÒÌ ¸ ´¥° ´¥Ê¶·Ê£¨Ì
± ´ ²µ¢ · ¸¸¥Ö´¨Ö, Ì · ±É¥·¨§ÊÕÐ¨Ì¸Ö · §´µ° ¢¥²¨Î¨´µ° ±µÔËË¨Í¨¥´É  ´¥Ê¶·Ê£µ¸É¨
Š, ¸ÊÐ¥¸É¢µ¢ ´¨¥ ²¨¤¨·ÊÕÐ¨Ì (Ô´¥·£¥É¨Î¥¸±¨ ¢Ò¤¥²¥´´ÒÌ) Î ¸É¨Í ¨ É.¤. Œµ¦´µ ¶µ± -
§ ÉÓ, ÎÉµ ¥¸²¨ ¤ ´´ Ö ¸·¥¤  µ¡² ¤ ¥É ¤¨¸¸¨¶ É¨¢´µ¸ÉÓÕ ¨ ´¥²¨´¥°´µ¸ÉÓÕ, Éµ µ´  ¤µ²¦´ 
Ì · ±É¥·¨§µ¢ ÉÓ¸Ö ¨ ´¥±µÉµ·µ° ¢Ö§±µ¸ÉÓÕ ν, ¸¢Ö§ ´´µ° ¸ Î¨¸²µ³ 0¥°´µ²Ó¤¸  Re.

Q±¸¶¥·¨³¥´É ¶µ± §Ò¢ ¥É, ÎÉµ µ¡Ð¨¥ Ì · ±É¥·¨¸É¨±¨ pp- ¨ pp̄-· ¸¸¥Ö´¨Ö ³¥¤²¥´´µ,
´µ ´¥¶·¥·Ò¢´µ ³¥´ÖÕÉ¸Ö ¸ ·µ¸Éµ³ Ô´¥·£¨¨ ¸µÊ¤ ·¥´¨Ö

√
s, É ± ¦¥, ± ± ¨ µ¶É¨Î¥¸±¨¥ ¸¢µ°-

¸É¢  ÔÉ¨Ì Î ¸É¨Í (´ ¶·¨³¥·, ¶·µ§· Î´µ¸ÉÓ). ˆ´É¥·¥¸´µ ¢ÒÖ¸´¨ÉÓ ¶µÔÉµ³Ê, ± ± ¸¢Ö§ ´µ
¨§³¥´¥´¨¥ µ¡Ð¥£µ Ì · ±É¥·  ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ µ¸µ¡¥´´µ¸ÉÓÕ ¤¨´ ³¨Î¥¸±µ° ¸É·Ê±ÉÊ·Ò
ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ´¥³ Î ¸É¨Í.

Ÿ¸´µ, ÎÉµ ¶·µ§· Î´µ¸ÉÓ, ¤¨¸¸¨¶ É¨¢´µ¸ÉÓ, ¢Ö§±µ¸ÉÓ ¨ ´¥²¨´¥°´µ¸ÉÓ Å ÔÉµ ¢¸¥£µ
²¨ÏÓ µ¡µ¡Ð¥´´Ò¥ ¸¢µ°¸É¢  ¸·¥¤Ò, §  ±µÉµ·Ò³¨ ¸Éµ¨É ¤¨´ ³¨±  ±µ´¸É¨ÉÊ¥´Éµ¢. –¥²Ó
´ ¸ÉµÖÐ¥° · ¡µÉÒ Å ¶µ± § ÉÓ, ÎÉµ ¤¢¨¦¥´¨¥ ¶µ¸²¥¤´¨Ì µ·£ ´¨§µ¢ ´µ É ±¨³ µ¡· §µ³,
ÎÉµ Ê± § ´´Ò¥ ¸¢µ°¸É¢  · ¸¶·¥¤¥²¥´Ò ¢ ¸·¥¤¥ ±· °´¥ ´¥· ¢´µ³¥·´µ. Z ¨³¥´´µ, É ±,
ÎÉµ ¤¨¸¸¨¶ É¨¢´µ¸ÉÓ ¸·¥¤Ò ´ · ¸É ¥É µÉ ¶¥·¨Ë¥·¨¨ ± Í¥´É·Ê Î ¸É¨ÍÒ, ¶·¨¢µ¤Ö ¢ Ìµ¤¥
¢§ ¨³µ¤¥°¸É¢¨Ö ± ·Ö¤Ê ´ ¡²Õ¤ ¥³ÒÌ ÔËË¥±Éµ¢: Ê¸±µ·ÖÕÐ¥³Ê¸Ö ¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨
·µ¸ÉÊ ¶µ²´µ£µ ¸¥Î¥´¨Ö ¨ ±µ´É¨´Ê ²Ó´µ³Ê ¨§³¥´¥´¨Õ Ê£²µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö ¶·µ¤Ê±Éµ¢
·¥ ±Í¨¨ Å µÉ ¶²µ¸±µ¸¨³³¥É·¨Î´µ£µ ± ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ³Ê.

0 ¡µÉ  ¶µ¸É·µ¥´  ¸²¥¤ÊÕÐ¨³ µ¡· §µ³. ‚´ Î ²¥ ¶µ± ¦¥³, ± ± µ¡Ð¨° Ì · ±É¥· · ¸¸¥Ö-
´¨Ö ¢µ²´ ¢ ¶·¨´Í¨¶¥ ¸¢Ö§ ´ ¸ ¤¨¸¸¨¶ É¨¢´µ¸ÉÓÕ ¸·¥¤Ò · ¸¸¥¨¢ É¥²Ö, ¨ ÔÉ¨³ µ¡ÑÖ¸´¨³
´ ¡²Õ¤ ¥³ÊÕ Ô¢µ²ÕÍ¨Õ Ì · ±É¥·¨¸É¨± Ô²¥³¥´É ·´µ£µ  ±É  ´  Ï± ²¥ Ô´¥·£¨°. ‡ É¥³
¤µ¶µ²´¨³ ÔÉÊ µ¡ÐÊÕ ± ·É¨´Ê  ´ ²¨§µ³ ¤¨´ ³¨Î¥¸±µ£µ ¸µ¤¥·¦ ´¨Ö ·Ö¤  ´¥Ê¶·Ê£¨Ì ¢§ ¨-
³µ¤¥°¸É¢¨° ¶·¨ Ë¨±¸¨·µ¢ ´´ÒÌ §´ Î¥´¨ÖÌ Ô´¥·£¨¨ ¸µÊ¤ ·¥´¨Ö.

2. Š��’ˆ�“�‹œ��… ��…„‘’�‚‹…�ˆ… ‘‚�‰‘’‚ ‘�…„›

W·¨·µ¤Ê ¢µ§´¨±´µ¢¥´¨Ö · §´µ£µ ·µ¤  ´¥²¨´¥°´ÒÌ ÔËË¥±Éµ¢ ¢ ¤¨¸¸¨¶ É¨¢´µ° ¸·¥¤¥
³µ¦´µ ¶µ´ÖÉÓ ´  ¶·¨³¥· Ì ¨§ ´¥²¨´¥°´µ° µ¶É¨±¨ ¨²¨  ±Ê¸É¨±¨. •µ·µÏµ ¨§¢¥¸É´µ, ÎÉµ
¶·¨ ¶·µÌµ¦¤¥´¨¨ ¢µ²´Ò ¢µ§¡Ê¦¤¥´¨Ö Î¥·¥§ ¤¨¸¸¨¶ É¨¢´ÊÕ ¸·¥¤Ê ¢ ¶µ¸²¥¤´¥° ¢µ§´¨± ÕÉ
¸µ¶ÊÉ¸É¢ÊÕÐ¨¥ ±µ²¥¡ ´¨Ö ¸ Î ¸ÉµÉ ³¨, ±· É´Ò³¨ µ¸´µ¢´µ° Î ¸ÉµÉ¥. ‚ ¸²ÊÎ ¥ ¸² ¡µ°
¤¨¸¶¥·¸¨¨ ¢Ò¸Ï¨¥ £ ·³µ´¨±¨, ¢µ§´¨± ÕÐ¨¥ ¡² £µ¤ ·Ö ´¥²¨´¥°´µ¸É¨ ¸·¥¤Ò, ¶·µÌµ¤ÖÉ
¶µ ´¥° ¸ Ë §µ¢Ò³¨ ¸±µ·µ¸ÉÖ³¨, µÉ²¨Î´Ò³¨ µÉ ¸±µ·µ¸É¨ µ¸´µ¢´µ° ±µ³¶µ´¥´ÉÒ. ‘¨´Ì·µ-
´¨§³  ³¥¦¤Ê ´¨³¨ ´¥ ¢µ§´¨± ¥É, ¨ ÔËË¥±É¨¢´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ µÉ¸ÊÉ¸É¢Ê¥É. ‚ ¸²ÊÎ ¥
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¸¨²Ó´µ° ¤¨¸¶¥·¸¨¨ ·¥ ²¨§Ê¥É¸Ö ¸¨²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ³¥¦¤Ê µ¸´µ¢´µ° ¨ ¢Ò¸Ï¨³¨ £ ·-
³µ´¨± ³¨, ¢ ·¥§Ê²ÓÉ É¥ Î¥£µ ¢µ²´  µ¡µ£ Ð ¥É¸Ö £ ·³µ´¨± ³¨, ¥¥ Ëµ·³  §´ Î¨É¥²Ó´µ
¨¸± ¦ ¥É¸Ö, ¢¶²µÉÓ ¤µ µ¡· §µ¢ ´¨Ö Ê¤ ·´µ° ¢µ²´Ò. .¥²¨´¥°´Ò³ ¶·µÍ¥¸¸ ³ ¸¢µ°¸É¢¥´´µ
¸¨²Ó´µ¥ ¨§³¥´¥´¨¥ Ì · ±É¥·¨¸É¨± ´¥ Éµ²Ó±µ ¢µ ¢·¥³¥´¨, ´µ ¨ ¢ ¶·µ¸É· ´¸É¢¥. ‚µ²´ 
µ¸É ¥É¸Ö ¶²µ¸±µ°, Éµ²Ó±µ ¥¸²¨ µ´  · ¸¶·µ¸É· ´Ö¥É¸Ö ¢ ¸·¥¤¥ ¶·¨ ¸µÌ· ´¥´¨¨ ¢Ö§±µ¸É¨ ´ 
¶µ¸ÉµÖ´´µ³ Ê·µ¢´¥. QÉµ ¸²ÊÎ ° ²¨´¥°´µ° ¤¨´ ³¨±¨: ¢µ²´Ò ´¥ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¤·Ê£ ¸
¤·Ê£µ³ ¨ ¢µ§³µ¦´  ¨Ì ¤¨Ë· ±Í¨Ö. ‚ ¤¨´ ³¨±¥  ¤·µ´µ¢ ·¥¦¨³ ¤¨Ë· ±Í¨¨, ± ± ¨§¢¥¸É´µ,
´ ¡²Õ¤ ¥É¸Ö ¢ ¶¥·¨Ë¥·¨Î¥¸±¨Ì ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ ³ ²µ° ¢¥²¨Î¨´¥ ¶¥·¥¤ ´´µ£µ 4-
¨³¶Ê²Ó¸  (¶·¨ Q2 ∼ 1).

‘µµÉ¢¥É¸É¢¥´´µ ÔÉµ³Ê, ¢ ³¥Ì ´¨±¥ ¸¶²µÏ´ÒÌ ¸·¥¤ ³µ¦´µ ¶µ± § ÉÓ (¨¸Ìµ¤Ö ¨§ ¸ ³ÒÌ
µ¡Ð¨Ì ¶·¥¤¸É ¢²¥´¨° É¥µ·¨¨ ¶µ¤µ¡¨Ö ¨ · §³¥·´µ¸É¥°), ÎÉµ ³µ£ÊÉ ¡ÒÉÓ Éµ²Ó±µ É·¨ ¸µ·É 
 ¢Éµ³µ¤¥²Ó´µ£µ · ¸¶·µ¸É· ´¥´¨Ö ¢µ§¡Ê¦¤¥´´µ£µ ¸µ¸ÉµÖ´¨Ö ¢ ¤¨¸¸¨¶ É¨¢´µ° ¸·¥¤¥. Š -
¦¤Ò° ¨§ ´¨Ì Ì · ±É¥·¨§Ê¥É¸Ö µ¶·¥¤¥²¥´´Ò³ ¢¨¤µ³ ¸¨³³¥É·¨¨ ¤²Ö Ëµ·³Ò Ê¤ ·´µ° ¢µ²´Ò
(¨§²ÊÎ ÕÐ¥£µ µ¡Ñ¥³ ) Å ¶²µ¸±µ°, Í¨²¨´¤·¨Î¥¸±µ° ¨²¨ ¸Ë¥·¨Î¥¸±µ°:

Rpl = (E/ρ)1/3t2/3, Rcyl = (E/ρ)1/4t1/2, Rsph = (E/ρ)1/5t2/5. (1)

‡¤¥¸Ó E Å Ô´¥·£¨Ö, ρ Å ¶²µÉ´µ¸ÉÓ, t Å ¢·¥³Ö. ”µ·³Ê²Ò (1) ¤µ¶Ê¸± ÕÉ µ¡Ð¥¥ ´ ¶¨-
¸ ´¨¥ R = (E/ρ)1/νt2/ν , £¤¥ ¶¥·¥³¥´´ Ö ν ¶·¨´¨³ ¥É §´ Î¥´¨Ö 3, 4 ¨ 5 ¸µµÉ¢¥É¸É¢¥´´µ
¤²Ö ¶²µ¸±µ-, Í¨²¨´¤·¨Î¥¸±¨- ¨ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ£µ · §²¥É  [3].

‚ ¸¢µ¥ ¢·¥³Ö 0.Œ.ŒÊ· ¤Ö´µ³ ¡Ò²µ ¶µ± § ´µ [4] (É ±¦¥ ¨§ ¸µµ¡· ¦¥´¨° · §³¥·´µ-
¸É¥°), ÎÉµ ¶¥·¢Ò° ¸²ÊÎ ° (¶²µ¸±µ¸¨³³¥É·¨Î´Ò° · §²¥É) ·¥ ²¨§Ê¥É¸Ö ¢ Ë¨§¨±¥ Î ¸É¨Í
¢ ¤¨Ë· ±Í¨µ´´ÒÌ ¶·µÍ¥¸¸ Ì ¨ µÉ¢¥Î ¥É · ¸¸¥Ö´¨Õ  ¤·µ´´ÒÌ ¢µ²´ ´  ¶·µÉÖ¦¥´´ÒÌ
µ¡Ñ¥±É Ì. Wµ  ´ ²µ£¨¨ ¸ ÉµÎ¥Î´Ò³ ¢§·Ò¢µ³ ¢ ·¥Ï¥´¨ÖÌ Ê· ¢´¥´¨° £ §µ¢µ° ¤¨´ ³¨±¨
‚.Z.Œ É¢¥¥¢Ò³ ¨ ¤·. [5] ¡Ò² ¢Ò¤¢¨´ÊÉ ¶·¨´Í¨¶  ¢Éµ³µ¤¥²Ó´µ¸É¨ ¤²Ö ¨§ÊÎ¥´¨Ö £²Ê¡µ±µ-
´¥Ê¶·Ê£¨Ì ²¥¶Éµ´- ¤·µ´´ÒÌ (ÉµÎ¥Î´ÒÌ) ¸µÊ¤ ·¥´¨°. W·µÍ¥¸¸Ò ÉµÎ¥Î´µ£µ ¨²¨ ±µ´É ±É-
´µ£µ É¨¶ , ± ± ¨§¢¥¸É´µ, µ¦¨¤ ÕÉ¸Ö §  ¶·¥¤¥² ³¨ ¸É ´¤ ·É´µ° ³µ¤¥²¨ ¢ ± Î¥¸É¢¥ ´¥±µ¥£µ
¶·¥¤¥²  µ¡³¥´´ÒÌ ¸¨² ¢ ¸²ÊÎ ¥, ±µ£¤  ³ ¸¸  ´µ¢µ° Î ¸É¨ÍÒ µ± ¦¥É¸Ö ³´µ£µ ¡µ²ÓÏ¥
Ô´¥·£¨¨ ¸µÊ¤ ·¥´¨Ö: mX �

√
s [6].

„¨Ë· ±Í¨µ´´Ò¥ ± ´ ²Ò · ¸¸¥Ö´¨Ö Ì · ±É¥·¨§ÊÕÉ¸Ö ¶µ¸ÉµÖ´¸É¢µ³ ¸¥Î¥´¨Ö: σdif(s) ∼
∼ s0. „²Ö ÉµÎ¥Î´ÒÌ Å Ì · ±É¥·¥´ ·µ¸É ¸¥Î¥´¨Ö, ¶·µ¶µ·Í¨µ´ ²Ó´Ò° Ô´¥·£¨¨ ¸µÊ¤ ·¥-
´¨Ö, σdot(s) ∼ s1. Wµ-¢¨¤¨³µ³Ê, ³Ò ¶¥·¢Ò¥ µ¡· É¨²¨ ¢´¨³ ´¨¥ ´  Éµ, ÎÉµ ÔÉ¨ ¤¢ 
¶·µÍ¥¸¸  Ö¢²ÖÕÉ¸Ö ±· °´¨³¨ ¢ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨ (1), É ± ÎÉµ ¢ Ë¨§¨±¥ Î ¸É¨Í ¤µ²¦¥´
¸ÊÐ¥¸É¢µ¢ ÉÓ É·¥É¨°, ¶¥·¥Ìµ¤´Ò° ·¥¦¨³  ¢Éµ³µ¤¥²Ó´µ¸É¨ ¸ ·µ¸Éµ³ ¸¥Î¥´¨Ö, ¶·µ¶µ·Í¨µ-
´ ²Ó´Ò³ ±µ·´Õ ¨§ Ô´¥·£¨¨ s. ‚ · ¡µÉ¥ [7] ³Ò ¨¤¥´É¨Ë¨Í¨·µ¢ ²¨ ¥£µ ¸µ ¸É·Ê°´Ò³¨,
Í¨²¨´¤·¨Î¥¸±¨-¸¨³³¥É·¨Î´Ò³¨ ¢§ ¨³µ¤¥°¸É¢¨Ö³¨ É¨¶  ®mini-jets¯, ¢±² ¤ ±µÉµ·ÒÌ ¢ ¶µ²-
´µ¥ ¸¥Î¥´¨¥ · ¸É¥É ¸ Ô´¥·£¨¥°, ¶·¨³¥·´µ ± ±

√
s [8].

‘ ÊÎ¥Éµ³ ÔÉµ£µ ·¥§Ê²ÓÉ É  ³Ò ¶µ²ÊÎ ¥³ ¢  ¤·µ¤¨´ ³¨±¥ ¶µ²´Ò° ´ ¡µ·  ¢Éµ³µ¤¥²Ó´ÒÌ
·¥¦¨³µ¢ ¨§ ³¥Ì ´¨±¨ ¸¶²µÏ´ÒÌ ¸·¥¤,   ¶µ²´µ¥ ¸¥Î¥´¨¥ pp-· ¸¸¥Ö´¨Ö ¶·¥¤¸É ¢¨³µ ¢ ¢¨¤¥
¸Ê³³Ò É·¥Ì ¢±² ¤µ¢ ¶µ ´ · ¸É ÕÐ¨³ ¸É¥¶¥´Ö³ Ô´¥·£¨¨:

σtot(s) ≈ σdif(s) + σjet(s) + σdot(s), (2)

¨²¨ ¶ · ³¥É·¨§ Í¨¥°
σtot(s) = As0 + Bs1/2 + Cs1, (3)

£¤¥ A, B ¨ C Å ´¥±¨¥ ±µ´¸É ´ÉÒ. —¨¸²¥´´Ò¥ §´ Î¥´¨Ö ¶µ¸²¥¤´¨Ì (A = 38 ³¡,
B = 0,03 ³¡/ƒÔ‚, C = 1,2 · 10−5 ³¡/ƒÔ‚2) ²¥£±µ ´ Ìµ¤ÖÉ¸Ö ¨§ ¶µ¤£µ´±¨ (3) ± Ô³¶¨-
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·¨Î¥¸±µ³Ê Ìµ¤Ê σtot ¶µ Ô´¥·£¨¨. Œ ¸ÏÉ ¡Ò Ê± § ´´ÒÌ ¶ · ³¥É·µ¢ µÉ· ¦ ÕÉ ¨¥· ·Ì¨Õ
¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¶·µÍ¥¸¸µ¢ ¢ ¶·µ¸É· ´¸É¢¥ ¶¥·¥¤ Î 4-¨³¶Ê²Ó¸µ¢ ¨²¨ µ¶·¥¤¥²¥´´ÊÕ ¨Ì
²µ± ²¨§ Í¨Õ (¢²µ¦¥´´µ¸ÉÓ) ¢ ¸·¥¤¥ ³¨Ï¥´¨. 0¥ ²Ó´µ (¶·¨ Ô´¥·£¨ÖÌ

√
s ≤ 1 ’Ô‚) ¸Ê³³ 

¢±² ¤µ¢ Ê± § ´´ÒÌ ¶·µÍ¥¸¸µ¢ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ  ¶¶·µ±¸¨³¨·Ê¥É¸Ö ±·¨¢Ò³¨ ²µ£ ·¨Ë³¨-
Î¥¸±µ£µ ·µ¸É  ¸µ ¸É ·Ï¨³ Î²¥´µ³ É¨¶  ln2(s/s0). W·¨Î¥³ ¢ ´µ·³ ²Ó´µ° Ï± ²¥ ±µµ·¤¨´ É
(σtot Å s) ·¥¦¨³Ò ¤¨Ë· ±Í¨µ´´ÒÌ ¨ ÉµÎ¥Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¢Ò¸ÉÊ¶ ÕÉ ± ± ¤¢¥  ¸¨³-
¶ÉµÉÒ µ¡Ð¥£µ Ìµ¤  ¶µ²´µ£µ ¸¥Î¥´¨Ö ¸µµÉ¢¥É¸É¢¥´´µ ¢ ¶·¥¤¥²¥ ´¨§±¨Ì ¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°.
’ ± ÎÉµ ´ ¡²Õ¤ ¥³Ò° ¢ Ï¨·µ±µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨°, 0,2 ≤

√
s ≤ 1 ’Ô‚, ·¥¦¨³ ·µ¸É 

¸É·Ê°´µ£µ ¶·µÍ¥¸¸ 
√
s ¢Ò£²Ö¤¨É ¶·µ³¥¦ÊÉµÎ´µ°  ¸¨³¶ÉµÉ¨±µ°.

0¨¸. 1. ‘É¥¶¥´´µ° ·µ¸É ¸¥Î¥´¨Ö σtot(s) ¢ ¸· ¢´¥´¨¨
¸ ¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´É  ¨ · ¸Î¥É ³¨ [10] ¶µ ³µ¤¥²¨
£µ²µ£µ ¶µ³¥·µ´  Š•„. Š·¨¢ Ö 1 Å Ìµ¤ ¸¥Î¥´¨Ö ¢ ´ -
Ï¥° É·¥Ì±µ³¶µ´¥´É´µ° ¶ · ³¥É·¨§ Í¨¨ (3); 2 Å ÊÎ¥É
Éµ²Ó±µ ¤¢ÊÌ ¸µ¸É ¢²ÖÕÐ¨Ì (¶ · ³¥É· C = 0); 3Ä5 Å
·¥§Ê²ÓÉ É · ¸Î¥É  [10] ¸ ¶ · ³¥É· ³¨ R ¨ ∆, Ê± -
§ ´´Ò³¨ ´  ·¨¸Ê´±¥. ‚¨¤´µ, ÎÉµ ¤µ¸ÉÊ¶´Ò¥ ´ ³ ¤ ´-
´Ò¥ ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥° § ³¥É´µ ¶·¥¢ÒÏ ÕÉ µ¦¨¤ ´¨Ö,
¸¢Ö§ ´´Ò¥ ¸ ³µ¤¨Ë¨± Í¨¥° É· ¤¨Í¨µ´´ÒÌ ¶·¥¤¸É ¢²¥-
´¨°

‡ ³¥É¨³, ÎÉµ ¸É¥¶¥´´ Ö ¶ · -
³¥É·¨§ Í¨Ö σtot(s) (¶· ¢¤ , ¤·Ê£µ£µ
É¨¶ ) Ê¦¥ ¤ ¢´µ ¨¸¶µ²Ó§µ¢ ² ¸Ó ¢
²¨É¥· ÉÊ·¥ [9],   · §ÑÖ¸´¥´¨Ö ¶µ
¶µ¢µ¤Ê ± ¦ÊÐ¥£µ¸Ö ¶·µÉ¨¢µ·¥Î¨Ö ¸
Ê´¨É ·´µ¸ÉÓÕ ¨ ¶·¥¤¥²µ³ ”·Ê ¸¸ · 
¶·¥¤¸É ¢²¥´Ò ¢ [1, 10]. WµÖ¢²¥-
´¨Ö ¨¸É¨´´µ Ë·Ê ¸¸ ·µ¢¸±µ£µ ·¥¦¨³ 
³µ¦´µ µ¦¨¤ ÉÓ ²¨ÏÓ ¢ ¶·¥¤¥²¥ Î¥·-
´µ£µ ¤¨¸± , É.¥. Éµ£¤ , ±µ£¤  µÉ´µ-
Ï¥´¨¥ σel/σin ¸É ´¥É ≈ 1. ‘¥°-
Î ¸ ¦¥ µ´µ ¡²¨§±µ ± 1/3,   ´Ê±²µ´
¢Ò£²Ö¤¨É ¸±µ·¥¥ ®¸¥·Ò³¯, Î¥³ ®Î¥·-
´Ò³¯ µ¡Ñ¥±Éµ³. WµÔÉµ³Ê ¤µ¸É¨£´Ê-
ÉÒ° ¸¥°Î ¸ ±¢ §¨Ë·Ê ¸¸ ·µ¢¸±¨° ·¥-
¦¨³ ·µ¸É  ¶µ²´µ£µ ¸¥Î¥´¨Ö, σtot(s) ∼
∼ ln2(s/s0), ¢ ¤¥°¸É¢¨É¥²Ó´µ¸É¨
Ö¢²Ö¥É¸Ö ¨²²Õ§µ·´Ò³ (¸³. [10]). . 
µ£· ´¨Î¥´´µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨° µ´
µ¶¨¸Ò¢ ¥É ¶¥·¥Ìµ¤ µÉ ¤¨Ë· ±Í¨µ´-
´µ£µ ·¥¦¨³  · ¸¸¥Ö´¨Ö ¶·µÉÖ¦¥´´ÒÌ
µ¡Ñ¥±Éµ¢ ¤·Ê£ ´  ¤·Ê£¥ ± ¨Ì · ¸¸¥Ö-
´¨Õ ± ± ¡Ò ¢ ¤¨¸¸µÍ¨¨·µ¢ ´´µ³ ¸µ-
¸ÉµÖ´¨¨, É.¥. ± · ¸¸¥Ö´¨Õ ´  ÉµÎ¥Î-
´ÒÌ µ¡Ñ¥±É Ì. —Éµ µÉ¢¥Î ¥É Éµ³Ê
Ë ±ÉÊ, ÎÉµ ¢ ¶µ²´µ³ ¸¥Î¥´¨¨ · ¸¸¥-
Ö´¨Ö Ê¦¥ ¸¥°Î ¸ (¢ ’Ô‚-´µ° µ¡² ¸É¨

Ô´¥·£¨°) ¤µ³¨´¨·ÊÕÉ ¶µ²Ê¦¥¸É±¨¥ ¢§ ¨³µ¤¥°¸É¢¨Ö. W·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ É¥³¶
·µ¸É  σtot(s) ¤µ²¦¥´ Ê¸¨²¨ÉÓ¸Ö. .  ÔÉµ Ê± §Ò¢ ÕÉ ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´É  ¶µ Ï¨·µ±¨³
 É³µ¸Ë¥·´Ò³ ²¨¢´Ö³ ¨ ·¥§Ê²ÓÉ ÉÒ ´ Ï¥£µ · ¸Î¥É  ¶µ Ëµ·³Ê²¥ (3), ¶·¥¤¸É ¢²¥´´Ò¥ ´ 
·¨¸. 1.

3. —’� ‘’�ˆ’ ‡� ��‘’�Œ σtot

0 §´ Ö Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ É¥·³µ¢ (3) µ¤´µ§´ Î´µ Ê¸É ´ ¢²¨¢ ¥É ¶µ·Ö¤µ±
¢±²ÕÎ¥´¨Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¶·µÍ¥¸¸µ¢ ´  Ï± ²¥ Ô´¥·£¨°: ¸´ Î ²  ¤µ³¨´¨·ÊÕÉ ¤¨Ë· ±-
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Í¨µ´´Ò¥ ± ´ ²Ò · ¸¸¥Ö´¨Ö, ¶µÉµ³ ¨Ì ¢ÒÉ¥¸´ÖÕÉ ¸É·Ê°´Ò¥ ¶·µÍ¥¸¸Ò, ±µÉµ·Ò¥ ¸³¥´ÖÕÉ¸Ö
ÉµÎ¥Î´Ò³¨. ˆ³¥´´µ É ±µ° ¨Ì ¶µ·Ö¤µ± µÉ¢¥Î ¥É Ê¸²µ¢¨Õ ·µ¸É  ¤¨¸¸¨¶ É¨¢´ÒÌ ¸¢µ°¸É¢
¸·¥¤Ò ¶µ ³¥·¥ Ê£²Ê¡²¥´¨Ö ¢ ´¥¥ §µ´¤¨·ÊÕÐ¥° Î ¸É¨ÍÒ.

„¥°¸É¢¨É¥²Ó´µ, ¥Ð¥ 0.‚.•µÌ²µ¢Ò³ ¸ ¸µÉ·Ê¤´¨± ³¨ ¡Ò²µ ¶µ± § ´µ, ÎÉµ Ê¸²µ¢¨Ö µ¡· -
§µ¢ ´¨Ö Ë·µ´É  Ê¤ ·´µ° ¢µ²´Ò ¢ µ¤´µ³¥·´µ° § ¤ Î¥ ¸ Í¨²¨´¤·¨Î¥¸±µ° ¸¨³³¥É·¨¥° ¶·¨-
¢µ¤ÖÉ ± ·¥Ï¥´¨Õ W (x) ¢¨¤ 

W (x) = W0 th[αW0τ/2δ(x/2R0)],

£¤¥ W = uv(R/R0), a x = 2v(RR0), ÎÉµ Ô±¢¨¢ ²¥´É´µ ·¥Ï¥´¨Õ § ¤ Î¨ µ · ¸¶·µ¸É· ´¥-
´¨¨ ¶²µ¸±µ° ¢µ²´Ò ¢ ¸·¥¤¥ ¸ ²¨´¥°´µ ´ · ¸É ÕÐ¥° ¢Ö§±µ¸ÉÓÕ [11]. ’µÎ´µ É ± ¦¥ ¡Ò²µ
¶µ± § ´µ, ÎÉµ · ¸¶·µ¸É· ´¥´¨¥ · ¸Ìµ¤ÖÐ¥°¸Ö ¸Ë¥·¨Î¥¸±µ° ¢µ²´Ò ±µ´¥Î´µ°  ³¶²¨ÉÊ¤Ò ¢
¢Ö§±µ° É¥¶²µ¶·µ¢µ¤´µ° ¸·¥¤¥ ¶·¨¢µ¤¨É ± ·¥Ï¥´¨Õ U(x) ¢¨¤ 

U(x) = U0 th[αU0τ/2δ exp (x)],

£¤¥ U = vr/r0 ¨ x = ln(r/r0), ÎÉµ Ô±¢¨¢ ²¥´É´µ § ¤ Î¥ µ · ¸¶·µ¸É· ´¥´¨¨ ¶²µ¸±¨Ì ¢µ²´
¢ ¸·¥¤¥ ¸ Ô±¸¶µ´¥´Í¨ ²Ó´µ ´ · ¸É ÕÐ¥° ¢Ö§±µ¸ÉÓÕ. Z § ¤ Î  µ · ¸¶·µ¸É· ´¥´¨¨ ¸Ìµ¤Ö-
Ð¥°¸Ö ¸Ë¥·¨Î¥¸±µ° ¢µ²´Ò Ô±¢¨¢ ²¥´É´  § ¤ Î¥ µ · ¸¶·µ¸É· ´¥´¨¨ ¶²µ¸±µ° (¶ ¤ ÕÐ¥°)
¢µ²´Ò ¢ ¸·¥¤¥ ¸ Ô±¸¶µ´¥´Í¨ ²Ó´µ Ê¡Ò¢ ÕÐ¥° ¢Ö§±µ¸ÉÓÕ [12].

’ ±¨³ µ¡· §µ³, ³µ¦´µ § ±²ÕÎ¨ÉÓ, ÎÉµ ¥¸²¨ ´  ¶ÊÉ¨ · ¸¶·µ¸É· ´¥´¨Ö ¢µ²´Ò ¤¨¸¸¨¶ -
É¨¢´Ò¥ ¸¢µ°¸É¢  ¸·¥¤Ò ³¥´ÖÕÉ¸Ö µÉ ´¥±µÉµ·µ£µ ¶µ¸ÉµÖ´´µ£µ §´ Î¥´¨Ö ¤µ Ô±¸¶µ´¥´Í¨ ²Ó-
´µ£µ Ê¸¨²¥´¨Ö, Éµ ¶²µ¸±¨° Ë·µ´É ¶ ¤ ÕÐ¥° ¢µ²´Ò ¢ ¶·µÍ¥¸¸¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸µ ¸·¥¤µ°
¡Ê¤¥É ¶·¥É¥·¶¥¢ ÉÓ µ¶·¥¤¥²¥´´Ò¥ ¨§³¥´¥´¨Ö: µÉ ¤¨Ë· ±Í¨µ´´µ£µ · ¸¸¥Ö´¨Ö ± Ö¢²¥´¨Ö³
¸ Í¨²¨´¤·¨Î¥¸±¨³,   § É¥³ ¨ ¸µ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´Ò³ · §²¥Éµ³ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í.

.µ ¨³¥´´µ É ± Ö ¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓ ¶·µÍ¥¸¸µ¢ ´ ¡²Õ¤ ¥É¸Ö ¢ Í¥²µ³ ´  Ï± ²¥
Ô´¥·£¨°

√
s: ¤¨Ë· ±Í¨µ´´Ò¥, ¸É·Ê°´Ò¥ ¨ ÉµÎ¥Î´Ò¥. …° µÉ¢¥Î ¥É ¶µ¸²¥¤µ¢ É¥²Ó´µ¥ ¨§-

³¥´¥´¨¥ Ëµ·³Ò ¸¨³³¥É·¨¨ µ¡² ¸É¨ ¨§²ÊÎ¥´¨Ö Î ¸É¨Í Å µÉ ¶²µ¸±µ¸¨³³¥É·¨Î´µ° ±
Í¨²¨´¤·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ° ¨ ± · ¤¨ ²Ó´µ³Ê · §²¥ÉÊ. ‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ ÔÉ¨³¨ ·¥§Ê²Ó-
É É ³¨ µ¡  ÔËË¥±É  ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ¸²¥¤¸É¢¨¥ ´ · ¸É ´¨Ö ¢Ö§±µ¸É¨  ¤·µ´´µ°
¸·¥¤Ò µÉ ¶¥·¨Ë¥·¨¨ ± Í¥´É·Ê.

4. „ˆ‘Š�…’��… ��…„‘’�‚‹…�ˆ…

0 §¢¨É¨¥ ²Õ¡µ£µ ¶·µÍ¥¸¸  ¢µ ¢·¥³¥´¨, ³µ¦´µ µ¶¨¸Ò¢ ÉÓ ´¥ Éµ²Ó±µ ±µ´É¨´Ê ²Ó´µ,
¸ ¶µ³µÐÓÕ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨°, ´µ ¨ ¤¨¸±·¥É´µ, ¸ ¶µ³µÐÓÕ ÉµÎ¥Î´ÒÌ µÉµ-
¡· ¦¥´¨° ¨ µÉµ¡· ¦ ÕÐ¨Ì ËÊ´±Í¨°. …¸²¨ ¨§³¥´¥´¨¥ ¸µ¸ÉµÖ´¨° ¸¨¸É¥³Ò ¢µ ¢·¥³¥´¨
¶·¥¤¸É ¢¨ÉÓ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓÕ ÉµÎ¥± x1, x2, ..., xi, xi+1, ..., xn ¢ ´¥±µ³ Ë §µ¢µ³ ¶·µ-
¸É· ´¸É¢¥, Éµ ¢Ò· ¦¥´¨¥, ¸¢Ö§Ò¢ ÕÐ¥¥ ¤¢¥ ¸µ¸¥¤´¨¥ ÉµÎ±¨, xi+1 = Φ(xi), ¤ ¥É µÉµ¡· -
¦ ÕÐÊÕ ËÊ´±Í¨Õ Φ(xi). Œ¥Éµ¤ µÉµ¡· ¦ ÕÐ¨Ì ËÊ´±Í¨° (4”) µ¡ÒÎ´µ ¶·¨³¥´ÖÕÉ ¢
É¥Ì ¸²ÊÎ ÖÌ, ±µ£¤  Ê· ¢´¥´¨¥ (¨²¨ Ê· ¢´¥´¨Ö), µ¶¨¸Ò¢ ÕÐ¥¥ Ô¢µ²ÕÍ¨Õ ¤¨´ ³¨Î¥¸±µ°
¸¨¸É¥³Ò ¢µ ¢·¥³¥´¨, ²¨¡µ ¢µ¢¸¥ ´¥ ¨§¢¥¸É´µ, ²¨¡µ ·¥Ï¥´¨¥ ¥£µ § É·Ê¤´¥´µ. ŒµÐÓ ¨
±· ¸µÉ  ³¥Éµ¤  4” § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ, ¢Ò· §¨¢ Î¨¸²µ Î ¸É¨Í ´  i-³ ÔÉ ¶¥ ¶·µÍ¥¸¸ 
± ± ËÊ´±Í¨Õ Î¨¸²  Î ¸É¨Í ´  ¶·¥¤Ò¤ÊÐ¥³ (i − 1) Ï £¥, ³µ¦´µ ´ °É¨ ¨´É¥·¥¸ÊÕÐÊÕ
´ ¸ § ¢¨¸¨³µ¸ÉÓ Φ(xi), µ¶¨· Ö¸Ó ´  ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´É . . ¶·¨³¥·, µ · ¸¶·¥¤¥²¥´¨¨
¸µ¡ÒÉ¨° ¶µ Î¨¸²Ê ¢Éµ·¨Î´ÒÌ Î ¸É¨Í Nf .
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„¥°¸É¢¨É¥²Ó´µ, ¢ ¸ ³µ³ ´ Î ²¥ ¶·µÍ¥¸¸  £¥´¥· Í¨¨ Î¨¸²µ Î ¸É¨Í ´  i-³ Ï £¥ ³µ¦´µ
¸Î¨É ÉÓ ¶·µ¶µ·Í¨µ´ ²Ó´Ò³ ¨Ì Î¨¸²Ê ´  ¶·¥¤Ï¥¸É¢ÊÕÐ¥³ (i − 1) Ï £¥. ’µ ¥¸ÉÓ ¶·¨
³ ²ÒÌ i (i ≈ 0) ¨¸±µ³ Ö § ¢¨¸¨³µ¸ÉÓ Φ(xi) ¤µ²¦´  ¢¥¸É¨ ¸¥¡Ö, ± ± MNi, É.¥. ¡ÒÉÓ ¶·µ-
¶µ·Í¨µ´ ²Ó´µ° ´¥±µ¥³Ê ¶µ¸ÉµÖ´´µ³Ê Ë ±Éµ·Ê ·µ¸É  M . .  § ±²ÕÎ¨É¥²Ó´µ° ¦¥ ¸É ¤¨¨
£¥´¥· Í¨¨, ±µ£¤  Ni → Nf , µ´  ¤µ²¦´  ¸É·¥³¨ÉÓ¸Ö ± ´Ê²Õ ± ± · §´µ¸ÉÓ (Nf − Ni).
W·µ¸É¥°Ï Ö ËÊ´±Í¨Ö, Ê¤µ¢²¥É¢µ·ÖÕÐ Ö ÔÉ¨³ ¤¢Ê³ Ê¸²µ¢¨Ö³, ¥¸ÉÓ [13]

Ni+1 = MNi(Nf −Ni).

‚¢µ¤Ö ´µ¢Ò¥ µ¡µ§´ Î¥´¨Ö: Nf = n, xi = Ni/n (0 ≤ xi ≤ 1) ¨ µ = nM , ¶µ²ÊÎ¨³
µ¤´µ¶ · ³¥É·¨Î¥¸±ÊÕ § ¢¨¸¨³µ¸ÉÓ ¢¨¤ 

xi+1 = µxi(1 − xi) = 4λxi(1 − xi). (4)

ˆ³¥´´µ ¥¥ · ¸¸³ É·¨¢ ² Œ.”¥°£¥´¡ Ê³ ¢ ¨§¢¥¸É´µ° · ¡µÉ¥ [14], ¨§ÊÎ Ö µ¡Ð¨¥ § ±µ´µ³¥·-
´µ¸É¨ ¶¥·¥Ìµ¤  ´¥²¨´¥°´ÒÌ ¤¨´ ³¨Î¥¸±¨Ì ¸¨¸É¥³ ± Ì µ¸Ê, ±µ£¤  Ê¶· ¢²ÖÕÐ¨° ¶ · ³¥É·
4” µ = 4λ ³¥´Ö²¸Ö µÉ 0 ¤µ 4. ‹¥£±µ ¢¨¤¥ÉÓ (¡µ²¥¥ ¶µ¤·µ¡´µ µ¡ ÔÉµ³ ¸³. [15]), ÎÉµ
É ±µ£µ ·µ¤  4” ¶·¨³¥´¨³Ò Éµ²Ó±µ ± ¶·µÍ¥¸¸ ³ ¤¨Ë· ±Í¨µ´´µ° ¤¨¸¸µÍ¨ Í¨¨ ´Ê±²µ´µ¢,
¶·µÍ¥¸¸Ò ¦¥ ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö Î ¸É¨Í ¨ e+e−- ´´¨£¨²ÖÍ¨¨ É·¥¡ÊÕÉ 4” ¨´µ£µ
¢¨¤ , ¶µ¸±µ²Ó±Ê ± ¦¤Ò° ¨§ ´¨Ì Ì · ±É¥·¨§Ê¥É¸Ö ¸¢µ¥° Ëµ·³µ° n-· ¸¶·¥¤¥²¥´¨Ö.

Š²ÕÎ¥¢Ò³ ¶·¥¤¸É ¢²¥´¨¥³ ÔÉµ£µ ³¥Éµ¤  Ö¢²Ö¥É¸Ö ¶µ´ÖÉ¨¥ µ ´¥¶µ¤¢¨¦´µ° ÉµÎ±¥ µÉµ-
¡· ¦¥´¨Ö. QÉµ  ´ ²µ£ ¸É Í¨µ´ ·´µ£µ ¸µ¸ÉµÖ´¨Ö ¤¨´ ³¨Î¥¸±µ° ¸¨¸É¥³Ò ¢ ±µ´É¨´Ê ²Ó´µ³
µ¶¨¸ ´¨¨ ¨ µ¶·¥¤¥²Ö¥É¸Ö ± ± ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö x∗

i = F (x∗
i ), £¤¥ F (xi) Å ¸µµÉ¢¥É¸É¢Ê-

ÕÐ¥¥ µÉµ¡· ¦¥´¨¥: F (xi) = xi+1. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ´¥¶µ¤¢¨¦´ Ö (¸É Í¨µ´ ·´ Ö) ÉµÎ± 
x∗ µ§´ Î ¥É Éµ §´ Î¥´¨¥ ¸·¥¤´¥° ³´µ¦¥¸É¢¥´´µ¸É¨ 〈n〉, ± ±µÉµ·µ³Ê ¸Ìµ¤ÖÉ¸Ö ¶µ±µ²¥´¨Ö
Î ¸É¨Í ¢ Ìµ¤¥ ¤¨´ ³¨Î¥¸±µ° Ô¢µ²ÕÍ¨¨ ¢µ§¡Ê¦¤¥´´µ° ¸¨¸É¥³Ò ¸ ÊÎ¥Éµ³ ± ± ¶·µÍ¥¸¸µ¢
·µ¦¤¥´¨Ö, É ± ¨ ¶µ£²µÐ¥´¨Ö (· ¸¶ ¤ ) ¶µ¸²¥¤´¨Ì.

‘É Í¨µ´ ·´µ¥ ¸µ¸ÉµÖ´¨¥ ¸¨¸É¥³Ò Ê¸Éµ°Î¨¢µ, ¥¸²¨ ¶·µ¨§¢µ¤´ Ö ¶µ ¢·¥³¥´¨ µÉ 4” ¢
´¥¶µ¤¢¨¦´µ° ÉµÎ±¥ x∗ ¶µ ³µ¤Ê²Õ ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ, |F ′

(x∗)| < 1, ¨ ´¥Ê¸Éµ°Î¨¢µ, ¥¸²¨
|F ′

(x∗)| > 1. “¸Éµ°Î¨¢ Ö ´¥¶µ¤¢¨¦´ Ö ÉµÎ±  ´µ¸¨É ´ §¢ ´¨¥  ÉÉ· ±Éµ· , ´¥Ê¸Éµ°Î¨-
¢ Ö Å ·¥¶¥²²¥· . ‡´ Î¥´¨¥ |F ′

(x∗)| = 1 µÉ¢¥Î ¥É £· ´¨Í¥ µ¡² ¸É¨ Ê¸Éµ°Î¨¢µ¸É¨. „²Ö
¢ÒÖ¸´¥´¨Ö ·¥¦¨³  ¶µ¢¥¤¥´¨Ö 4” ¢ ÔÉµ³ ¸²ÊÎ ¥ É·¥¡Ê¥É¸Ö §´ ´¨¥ ¢Ò¸Ï¨Ì ¶·µ¨§¢µ¤´ÒÌ.
’µÎ± , ¢ ±µÉµ·µ° ±·¨¢ Ö 4” F (xi) ± ¸ ¥É¸Ö ¡¨¸¸¥±É·¨¸Ò ¶·Ö³µ£µ Ê£²  y = x, µÉ¢¥-
Î ¥É ¡¨ËÊ·± Í¨¨, É.¥. · §¤¢µ¥´¨Õ ÉµÎ¥Î´µ£µ µÉµ¡· ¦¥´¨Ö ¢ ¸²¥¤ÊÕÐ¥° ËÊ´±Í¨µ´ ²Ó´µ°
¨É¥· Í¨¨.

…¸²¨  ´ ²¨É¨Î¥¸±µ¥ ¢Ò· ¦¥´¨¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì Ê· ¢´¥´¨° ´¥¨§¢¥¸É´µ ¨ ³Ò ¨³¥¥³
¤¥²µ ¸ Ô³¶¨·¨Î¥¸±¨³¨ · ¸¶·¥¤¥²¥´¨Ö³¨ ¢¥²¨Î¨´, Éµ ¶µ²µ¦¥´¨¥ ¡¨ËÊ·± Í¨µ´´ÒÌ ³ ±-
¸¨³Ê³µ¢ ³µ¦´µ Ê¸É ´µ¢¨ÉÓ £· Ë¨Î¥¸±¨ ¸ ¶µ³µÐÓÕ ¶·µÍ¥¤Ê·Ò µ¡· É´µ£µ µÉ· ¦¥´¨Ö,
±µÉµ· Ö ¸É ´µ¢¨É¸Ö ¢µ§³µ¦´µ° Éµ£¤ , ±µ£¤  ¶¥·¥¸¥Î¥´¨¥ 4” ¸ ¶·Ö³µ° y = x ¶·µ¨¸Ìµ¤¨É
¸¶· ¢  µÉ ³ ±¸¨³Ê³ , É.¥. ¶·¨ x∗ > xmax. ‚ ÉµÎ±¥ ¡¨ËÊ·± Í¨¨ ¶·µ¨¸Ìµ¤¨É ± Î¥¸É¢¥´´ Ö
¶¥·¥¸É·µ°±  Ë §µ¢µ£µ ¶µ·É·¥É  ¤¢¨¦¥´¨Ö, ³¥´Ö¥É¸Ö ¤¨´ ³¨Î¥¸±¨° ·¥¦¨³ ¶·µÍ¥¸¸ . ‚ ¦-
´µ¥ §´ Î¥´¨¥ ¡¨ËÊ·± Í¨° ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ, µ¤´ ¦¤Ò ´ Î ¢Ï¨¸Ó ¢ ´¥²¨´¥°´µ° ¸¨¸É¥³¥,
µ´¨ ¨³¥ÕÉ É¥´¤¥´Í¨Õ ´¥µ£· ´¨Î¥´´µ · ¸É¨ ¤µ ´ ¸ÉÊ¶²¥´¨Ö ¶µ²´µ£µ Ì µ¸  [14].

’ ±¨³ µ¡· §µ³, ¤²Ö ¢ÒÖ¸´¥´¨Ö ¤¨´ ³¨±¨ ¶·µÍ¥¸¸  ¢ ¦´  ²¨ÏÓ µ¡Ð Ö Ëµ·³  · ¸-
¶·¥¤¥²¥´¨Ö ¢ · °µ´¥ £² ¢´µ£µ ³ ±¸¨³Ê³  ¨ µ±·¥¸É´µ¸É¨ ¸É Í¨µ´ ·´µ° ÉµÎ±¨. •¢µ¸ÉÒ ¦¥
· ¸¶·¥¤¥²¥´¨° ´¥ ´¥¸ÊÉ ¶·¨´Í¨¶¨ ²Ó´µ° ¨´Ëµ·³ Í¨¨. ‡¤¥¸Ó · §³¥Ð ÕÉ¸Ö ¢Éµ·¨Î´Ò¥,
¨É¥· Í¨µ´´Ò¥ ÔËË¥±ÉÒ.
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0¨¸. 2. ‘µ¶µ¸É ¢²¥´¨¥ µ¤´µ³¥·´µ£µ µÉµ¡· ¦¥-
´¨Ö xi+1 = f(xi) ²µ£¨¸É¨Î¥¸±µ£µ É¨¶  (1) ¶·¨
λ = 0, 46 ¸ ¤ ´´Ò³¨ [16] µ ³´µ¦¥¸É¢¥´´µ-
¸É¨ ¶·µÍ¥¸¸  ¤¨Ë· ±Í¨µ´´µ° ¤¨¸¸µÍ¨ Í¨¨ ¢ pp-
¸µÊ¤ ·¥´¨ÖÌ ¶·¨

√
s = 30, 4 ƒÔ‚; α ¨ β Å

¸É Í¨µ´ ·´Ò¥ ÉµÎ±¨ µÉµ¡· ¦¥´¨Ö, ¶·Ö³ Ö ²¨-
´¨Ö Å ¡¨¸¸¥±É·¨¸  ¶·Ö³µ£µ Ê£²  y = x. ‘É·¥²±¨
¶µ± §Ò¢ ÕÉ Ìµ¤ ¶ ÊÉ¨´±¨ ‹ ³¥·¥Ö: ´¥§ ¢¨¸¨³µ
µÉ §´ Î¥´¨Ö ¶¥·¢µ´ Î ²Ó´µ° ³´µ¦¥¸É¢¥´´µ¸É¨ xi

¨É¥· Í¨µ´´ Ö ¶·µÍ¥¤Ê·  ¶·¨¢µ¤¨É ¥¥ ¢ ÉµÎ±Ê β.
‡´ Î¨É, ÔÉ  ÉµÎ±  Å  ÉÉ· ±Éµ·

ˆ§ ·¨¸. 2 ¢¨¤´µ, ÎÉµ ¤ ´´Ò¥ Ô±¸¶¥·¨-
³¥´É  ¶µ µ¤¨´µÎ´µ° ¤¨Ë· ±Í¨µ´´µ° ¤¨¸-
¸µÍ¨ Í¨¨ (SD) ¢ ¶·¥¤¥² Ì µÏ¨¡µ± Ô±¸¶¥-
·¨³¥´É  Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ Ê±² ¤Ò¢ ÕÉ¸Ö
´  ±·¨¢ÊÕ ±¢ ¤· É¨Î´µ£µ µÉµ¡· ¦¥´¨Ö (3)
¶·¨ §´ Î¥´¨¨ λ = 0, 46. W·¨ ÔÉµ³ ¨³¥-
ÕÉ¸Ö ¤¢¥ ¸É Í¨µ´ ·´Ò¥ ÉµÎ±¨ É¨¶   É-
É· ±Éµ·µ¢, α ¨ β, ¸ µÎ¥¢¨¤´Ò³ Ë¨§¨Î¥-
¸±¨³ ¸³Ò¸²µ³. 4¤´ , α, µÉ¢¥Î ¥É ´Ê²¥-
¢µ° ³´µ¦¥cÉ¢¥´´µ¸É¨, É.¥. Ê¶·Ê£µ³Ê · ¸-
¸¥Ö´¨Õ, ¤·Ê£ Ö, β Å ¸·¥¤´¥° ³´µ¦¥-
¸É¢¥´´µ¸É¨ ¢ SD. Wµ¸±µ²Ó±Ê ¶ · ³¥É·
λ ³¥´ÓÏ¥ ±·¨É¨Î¥¸±µ£µ §´ Î¥´¨Ö, · ¢-
´µ£µ 0,5, Éµ, ¸µ£² ¸´µ É¥µ·¨¨ ¤¨´ ³¨-
Î¥¸±¨Ì ¸¨¸É¥³, ¤²Ö ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨°
´¥²Ó§Ö ¶µ¸É·µ¨ÉÓ µ¡· É´µ¥ µÉ· ¦¥´¨¥,  
§´ Î¨É, §¤¥¸Ó ´¥¢µ§³µ¦´Ò ¨ ¡¨ËÊ·± Í¨¨
n-· ¸¶·¥¤¥²¥´¨Ö. QÉµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É
µ¡ Ê¸Éµ°Î¨¢µ³ Ì · ±É¥·¥ ¤¨Ë· ±Í¨µ´´µ°
¤¨¸¸µÍ¨ Í¨¨ ¨ ¶µ¤É¢¥·¦¤ ¥É¸Ö ·¥§Ê²ÓÉ -
É ³¨ Ô±¸¶¥·¨³¥´É  ¢ ¤µ¸ÉÊ¶´µ° µ¡² ¸É¨
Ô´¥·£¨° Å Ëµ·³  SD-· ¸¶·¥¤¥²¥´¨° ¸ ·µ-
¸Éµ³ ¨³¶Ê²Ó¸  PL ¶· ±É¨Î¥¸±¨ ´¥ ¨§³¥´Ö-
¥É¸Ö [16,17].

‚ ¶·µÍ¥¸¸ Ì ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö Î ¸É¨Í ´¥¶µ¤¢¨¦´ Ö ÉµÎ±  n∗ É ±¦¥ ¶·¨Ìµ-
¤¨É¸Ö ´  µ±·¥¸É´µ¸ÉÓ ¸·¥¤´¥° ³´µ¦¥¸É¢¥´´µ¸É¨, n∗ ∼= 〈n〉, ´µ ¤¨´ ³¨±  ¶·µÍ¥¸¸  §¤¥¸Ó ¢
µ¡Ð¥³ ¡µ²¥¥ ¸²µ¦´ Ö, Î¥³ ¶·¨ ¤¨Ë· ±Í¨µ´´µ³ · ¸¸¥Ö´¨¨. ‘ ·µ¸Éµ³ Ô´¥·£¨¨ ¸µÊ¤ ·¥´¨Ö
³ ±¸¨³Ê³ · ¸¶·¥¤¥²¥´¨Ö dσin/dnch ¸³¥Ð ¥É¸Ö ¢ ¸Éµ·µ´Ê ¡µ²ÓÏ¨Ì n ¨ Ê³¥´ÓÏ ¥É¸Ö ¶µ
¢Ò¸µÉ¥. WµÔÉµ³Ê §¤¥¸Ó Í¥²¥¸µµ¡· §´µ ¶µ¸É·µ¥´¨¥ 4” ¢ É¥·³¨´ Ì ŠNO-¸±¥°²¨´£ , É.¥.
¢¥²¨Î¨´Ò 〈n〉P (z) ± ± ËÊ´±Í¨¨ ¶¥·¥³¥´´µ° z = n/〈n〉. .  ·¨¸. 3 ¶µ± § ´ µ¡Ð¨° ¢¨¤
É ±µ£µ · ¸¶·¥¤¥²¥´¨Ö ¢ µ¡² ¸É¨ £² ¢´µ£µ ³ ±¸¨³Ê³  0, 2 < z < 3 ¶·¨

√
s = 200 ƒÔ‚. 4´

Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ ¢µ¸¶·µ¨§¢µ¤¨É¸Ö É·¥Ì¶ · ³¥É·¨Î¥¸±µ° § ¢¨¸¨³µ¸ÉÓÕ ¢¨¤ 

F (z) = Azγ exp(−βz), (5)

£¤¥ z = n/〈n〉 ¸ ¶ · ³¥É· ³¨ A = 33,6, γ = 3,2 ¨ β = 2,92. ”Ê´±Í¨Ö É ±µ£µ ¢¨¤ 
Ï¨·µ±µ ¨¸¶µ²Ó§Ê¥É¸Ö ¢ É¥µ·¨¨ ¤¨´ ³¨Î¥¸±¨Ì ¸¨¸É¥³ ¤²Ö  ´ ²¨§  ¸²ÊÎ ¥¢ Í¨±²¨Î¥¸±µ°
´¥¸É ¡¨²Ó´µ¸É¨ ¤¨´ ³¨Î¥¸±¨Ì ¸¨¸É¥³. ‚ ¸ÊÐ´µ¸É¨, Å ÔÉµ ¨§¢¥¸É´µ¥ ¢ Ë¨§¨±¥ Î ¸É¨Í
£ ³³ -· ¸¶·¥¤¥²¥´¨¥:

P (z) = N0z
k−1 exp(−ckz).

.¥¶µ¤¢¨¦´ Ö ÉµÎ±  z∗, ± ± ¢¨¤´µ ¨§ ·¨¸. 3, ¶·¨Ìµ¤¨É¸Ö ´  3/2 ¸·¥¤´¥° ³´µ¦¥¸É¢¥´-
´µ¸É¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, É.¥. ´  ¶µ²´ÊÕ ³´µ¦¥¸É¢¥´´µ¸ÉÓ. . ±²µ´ ¶·µ¨§¢µ¤´µ° 4”
¢ ÔÉµ° ÉµÎ±¥ ¶µ ³µ¤Ê²Õ ÎÊÉÓ ¡µ²ÓÏ¥ 1, ÎÉµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ´¥Ê¸Éµ°Î¨¢µ¸É¨ ³´µ-
£µÎ ¸É¨Î´µ° ¤¨´ ³¨±¨. ‡¤¥¸Ó ¢µ§³µ¦´Ò ¡¨ËÊ·± Í¨¨, É.¥. · §¤¢µ¥´¨¥ ¶ÊÉ¥° Ô¢µ²ÕÍ¨¨
¢µ§¡Ê¦¤¥´´µ° ¸¨¸É¥³Ò.
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0¨¸. 3. Z´ ²¨§ µ¡Ð¥° Ëµ·³Ò n-· ¸¶·¥¤¥²¥´¨Ö ¶·¨
√
s = 200 ƒÔ‚ ¢ É¥·³¨´ Ì ¨É¥· Í¨° µÉµ¡· -

¦ ÕÐ¥° ËÊ´±Í¨¨. Š·¨¢ Ö ¶·µ¢¥¤¥´  ¶µ ÉµÎ± ³ Ô³¶¨·¨Î¥¸±µ£µ · ¸¶·¥¤¥²¥´¨Ö [18] ¢ KNO-Ëµ·³¥.
ˆÉ¥· Í¨Ö ¤¥³µ´¸É·¨·Ê¥É, ÎÉµ ´¥¶µ¤¢¨¦´ Ö ÉµÎ±  z∗ ¶·¨ z = 3/2 ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ¥¸ÉÓ Í¨±² ¶¥·¨-
µ¤  2
0¨¸. 4. ‘· ¢´¥´¨¥ µ¡Ð¥° Ëµ·³Ò n-· ¸¶·¥¤¥²¥´¨Ö ¤²Ö e+e−- ´´¨£¨²ÖÍ¨¨ (1 Å Í¥²µ¥ ¸µ¡ÒÉ¨¥, 2 Å
µ¤´  ¶µ²Ê¸Ë¥· ) ¶·¨ Ô´¥·£¨¨

√
s = 91, 2 ƒÔ‚ [19] ¸ · ¸¶·¥¤¥²¥´¨¥³ 3 ¢ pp̄-¢§ ¨³µ¤¥°¸É¢¨¨ ¶·¨

Ô±¢¨¢ ²¥´É´µ° Ô´¥·£¨¨
√
s = 200 ƒÔ‚ [18]. .¥¶µ¤¢¨¦´ Ö ÉµÎ±  µÉµ¡· ¦¥´¨Ö (§ ÏÉ·¨Ìµ¢ ´ )

§¤¥¸Ó Å ·¥¶¥²²¥·. 4´ ¶¥·¥¢µ¤¨É ³´µ¦¥¸É¢¥´´µ¸ÉÓ ¨§ ²Õ¡µ° ÉµÎ±¨ Ï± ²Ò z ¢ ´ Î ²µ ±µµ·¤¨´ É.
‚µ§³µ¦´ Ö ¶·µÍ¥¤Ê·  µ¡· É´µ£µ µÉ· ¦¥´¨Ö ( ) ¤¥³µ´¸É·¨·Ê¥É ¶µ²µ¦¥´¨¥ ¢Éµ·¨Î´ÒÌ ¡¨ËÊ·± Í¨-
µ´´ÒÌ ³ ±¸¨³Ê³µ¢

ˆ, ´ ±µ´¥Í, ¸²ÊÎ °  ´´¨£¨²ÖÍ¨¨. ŒÒ · ¸¸³µÉ·¥²¨ ¶·¨³¥· e+e−- ´´¨£¨²ÖÍ¨¨ ¶·¨√
s = 91 ƒÔ‚, ±µ£¤  ¢Éµ·¨Î´Ò¥  ¤·µ´Ò Î Ð¥ ¢¸¥£µ µ¡· §ÊÕÉ¸Ö µÉ · ¸¶ ¤  Z0-¡µ§µ´ ,

³ ¸¸  ±µÉµ·µ£µ Ë¨±¸¨·µ¢ ´  (m0
Z = 92, 4 ƒÔ‚) ¨ ¡²¨§±  ± ¶µ²´µ° Ô´¥·£¨¨ ¸Éµ²±´µ-

¢¥´¨Ö ¢ ¸.Í.³. n-· ¸¶·¥¤¥²¥´¨¥ ¤²Ö ÔÉµ£µ ¶·µÍ¥¸¸  ¸· ¢´¨¢ ²µ¸Ó ¸ · ¸¶·¥¤¥²¥´¨¥³ ¤²Ö
pp̄-· ¸¸¥Ö´¨Ö ¶·¨ Ô±¢¨¢ ²¥´É´µ° Ô´¥·£¨¨

√
s = 200 ƒÔ‚. .  ·¨¸. 4 ¶µ± § ´Ò É·¨ · ¸¶·¥-

¤¥²¥´¨Ö: ¤²Ö Í¥²ÒÌ  ´´¨£¨²ÖÍ¨µ´´ÒÌ ¸µ¡ÒÉ¨° (1), ¤²Ö µ¤´µ° ¶µ²Ê¸Ë¥·Ò ¨§ ´¨Ì (2) ¨ ¤²Ö
pp̄-· ¸¸¥Ö´¨Ö ¢ Í¥²µ³ (3). „ ´´Ò¥ µ¶ÒÉ  ¤²Ö ´ £²Ö¤´µ¸É¨ ¶·¥¤¸É ¢²¥´Ò §¤¥¸Ó £² ¤±¨³¨
±·¨¢Ò³¨, ±µÉµ·Ò¥ ¶·µ¸Éµ ¶·µ¢¥¤¥´Ò ¶µ ÉµÎ± ³ (¶µ£·¥Ï´µ¸ÉÓ ¨§³¥·¥´¨Ö ³ ²  ¡² £µ¤ ·Ö
¡µ²ÓÏµ° ¸É É¨¸É¨±¥ Ô±¸¶¥·¨³¥´É ). ‚¨¤´µ, ÎÉµ  ´´¨£¨²ÖÍ¨µ´´Ò¥ n-· ¸¶·¥¤¥²¥´¨Ö ´¥
¶·µ¸Éµ Ê¦¥, ´µ § ³¥É´µ ¢ÒÏ¥, Î¥³ Ê ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö. „²Ö ¤¨´ ³¨Î¥¸±µ£µ
¶µ¤Ìµ¤  ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¨³¥¥É ¢ ¦´µ¥ §´ Î¥´¨¥, É ± ± ± ´ ±²µ´ ¶·µ¨§¢µ¤´ÒÌ 4” ¢
´¥¶µ¤¢¨¦´ÒÌ ÉµÎ± Ì ¡² £µ¤ ·Ö ÔÉµ³Ê ¶µ²ÊÎ ¥É¸Ö § ³¥É´µ ¡µ²ÓÏ¥ ¥¤¨´¨ÍÒ. QÉµ §´ Î¨É,
ÎÉµ ¢ ¸²ÊÎ ¥  ´´¨£¨²ÖÍ¨¨ ¸É Í¨µ´ ·´Ò¥ ÉµÎ±¨ µÉ´µ¸ÖÉ¸Ö ± É¨¶Ê ·¥¶¥²²¥· . Wµ¸²¥¤´¨¥,
± ± ¢¨¤´µ ¨§ Ìµ¤  ¨É¥· Í¨°, ´ ¶· ¢²ÖÕÉ ¶·µ¨§¢µ²Ó´ÊÕ ³´µ¦¥¸É¢¥´´µ¸ÉÓ ¢ ´ Î ²µ ±µµ·-
¤¨´ É, £¤¥ µ´  ¸É·¥³¨É¸Ö ± ´Ê²Õ. ’ ±µ¥ ¶µ¢¥¤¥´¨Ö 4” Ì · ±É¥·´µ ± ± · § ¤²Ö · ¸¶ ¤´ÒÌ
¶·µÍ¥¸¸µ¢, ¢Ò³¨· ÕÐ¨Ì ¶µ¶Ê²ÖÍ¨° ¨ É.¤.

“¸¶¥Ì ³¥Éµ¤  ¢ µ¡Ð¥³ ¶µ´ÖÉ¥´ ¨ ´¥ Ö¢¨²¸Ö ¤²Ö ´ ¸ ¡µ²ÓÏµ° ´¥µ¦¨¤ ´´µ¸ÉÓÕ. ‚¥¤Ó
£² ¢´Ò¥ ¶·¥¶ÖÉ¸É¢¨Ö, ¸ÉµÖÐ¨¥ ´  ¶ÊÉ¨ · ¸¶·µ¸É· ´¥´¨Ö ¤µ¸É¨¦¥´¨° ±² ¸¸¨Î¥¸±¨Ì É¥µ·¨°
„‘, Å ·¥²ÖÉ¨¢¨§³ ¨ ±¢ ´Éµ¢Ò° Ì · ±É¥· ¢§ ¨³µ¤¥°¸É¢¨Ö Å ³Ò ¶µ¸É · ²¨¸Ó µ¡µ°É¨,
µ£· ´¨Î¨¢ ¸¢µ¥ · ¸¸³µÉ·¥´¨¥  ´ ²¨§µ³ n-· ¸¶·¥¤¥²¥´¨°, ÊÎ¨ÉÒ¢ Ö, ÎÉµ ³´µ¦¥¸É¢¥´´µ¸ÉÓ
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Ö¢²Ö¥É¸Ö ·¥²ÖÉ¨¢¨¸É¸±¨³ ¨´¢ ·¨ ´Éµ³,   ¡µ²ÓÏµ¥ Î¨¸²µ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò, ¢µ¢²¥Î¥´´ÒÌ
¢ ¶·µÍ¥¸¸ £¥´¥· Í¨¨, ¶µ§¢µ²Ö¥É · ¸¸Î¨ÉÒ¢ ÉÓ ´  ¥£µ ±¢ §¨±² ¸¸¨Î¥¸±µ¥ µ¶¨¸ ´¨¥, ± ± ¢
¸²ÊÎ ¥ ±¢ ´Éµ¢µ° Ô²¥±É·µ´¨±¨.

5. �…��‚��‚…‘��Ÿ „ˆ��ŒˆŠ�

‘ ¶µ³µÐÓÕ ³¥Éµ¤  4” ³µ¦´µ ²¥£±µ Ê¡¥¤¨ÉÓ¸Ö ¢ Éµ³, ÎÉµ ¶·µÍ¥¸¸Ê ³´µ¦¥¸É¢¥´´µ£µ
·µ¦¤¥´¨Ö Ö¢´µ ¶·¨¸ÊÐ  ¤¨´ ³¨Î¥¸± Ö ´¥Ê¸Éµ°Î¨¢µ¸ÉÓ, ±µÉµ· Ö ¢Ò· ¦ ¥É¸Ö ¢ ¶µÖ¢²¥´¨¨
¡¨ËÊ·± Í¨° ¨ ¶·¥¤¥²Ó´ÒÌ Í¨±²µ¢. ˆ³¥´´µ ¡¨ËÊ·± Í¨¨ ·¥¦¨³µ¢ ³´µ¦¥¸É¢¥´´µ° £¥´¥-
· Í¨¨ ¶µ·µ¦¤ ÕÉ Í¨±²Ò ¶¥·¨µ¤  2 [20]. .  ¤¨ £· ³³¥ ·¨¸. 3 ¢¨¤´µ, ± ± ¶·µ¨§¢µ²Ó´ Ö
³´µ¦¥¸É¢¥´´µ¸ÉÓ Î ¸É¨Í z1 (¨²¨ z2) ¨É¥· Í¨µ´´µ ¢µ¢²¥± ¥É¸Ö ¢ µ¡² ¸ÉÓ ¸É Í¨µ´ ·´µ°
ÉµÎ±¨ z∗ ¨ ®´ ³ ÉÒ¢ ¥É¸Ö¯ ´  ´¥¥, µ¡· §ÊÖ Í¨±². Š· °´¨¥ ÉµÎ±¨ ÔÉµ£µ Í¨±²  z∗1 ¨ z∗2
Ö¢²ÖÕÉ¸Ö ¸É Í¨µ´ ·´Ò³¨ ÉµÎ± ³¨ Í¨±²  ¨ µÉ¢¥Î ÕÉ ¢Éµ·µ° ËÊ´±Í¨µ´ ²Ó´µ° ¨É¥· Í¨¨ ¢
¸µµÉ¢¥É¸É¢¨¨ ¸ ¶·µÍ¥¤Ê·µ° µ¡· É´µ£µ µÉ· ¦¥´¨Ö. ‘µ£² ¸´µ ·¥§Ê²ÓÉ É ³ Œ.”¥°£¥´¡ Ê³ 
[14] ¡¨ËÊ·± Í¨¨ ·¥¦¨³µ¢ ¢¥¤ÊÉ ¤¨´ ³¨±Ê ± Ì µ¸Ê. ‘µµÉ¢¥É¸É¢¥´´µ ÔÉµ³Ê, ´  ¡µ²ÓÏµ°
Ï± ²¥ Ô´¥·£¨° ¢ ³Ö£±¨Ì ¢§ ¨³µ¤¥°¸É¢¨ÖÌ · §¢¥·ÉÒ¢ ¥É¸Ö Ô¢µ²ÕÍ¨Ö ³¥Ì ´¨§³µ¢ £¥´¥· -
Í¨¨ Î ¸É¨Í ¢ ´ ¶· ¢²¥´¨¨ ®µÉ ¤¨Ë· ±Í¨¨ ± Ì µ¸Ê¯. ’µ ¥¸ÉÓ µÉ ¤µ³¨´¨·µ¢ ´¨Ö ·¥-
£Ê²Ö·´ÒÌ (±µ£¥·¥´É´ÒÌ) ¤¨Ë· ±Í¨µ´´ÒÌ ¶·µÍ¥¸¸µ¢ ¶·¨ µÉ´µ¸¨É¥²Ó´µ ´¨§±¨Ì Ô´¥·£¨ÖÌ
¢§ ¨³µ¤¥°¸É¢¨Ö ± ¶·¥µ¡² ¤ ´¨Õ ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö Î ¸É¨Í, ¤¨´ ³¨±  ±µÉµ·µ£µ
¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¡Ê¤¥É ¸ÊÐ¥¸É¢¥´´µ ´¥·¥£Ê²Ö·´µ°, Ì µÉ¨Î¥¸±µ°. W·¨ ÔÉµ³ ¸²¥-
¤Ê¥É ÊÎ¨ÉÒ¢ ÉÓ, ÎÉµ ·¥¦¨³ ¸ÉµÌ ¸É¨§ Í¨¨ ³´µ£µÎ ¸É¨Î´µ° ¤¨´ ³¨±¨ ¢ Í¥²µ³ § ³¥É´µ
µÉ²¨Î ¥É¸Ö µÉ ¸²ÊÎ Ö, · ¸¸³µÉ·¥´´µ£µ Œ.”¥°£¥´¡ Ê³µ³ ¢ · ¡µÉ¥ [14]. QÉµ · §²¨Î¨¥
´¥¶µ¸·¥¤¸É¢¥´´µ ¸²¥¤Ê¥É ¨§ ¢¨¤  µÉµ¡· ¦ ÕÐ¨Ì ËÊ´±Í¨° (4) ¨ (5). Z µ´ ¤¨±ÉÊ¥É¸Ö
µ¡Ð¥° Ëµ·³µ° ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì · ¸¶·¥¤¥²¥´¨°: ¸¨³³¥É·¨Î´µ£µ ¤²Ö ¤¨Ë· ±Í¨µ´´µ£µ ¨
´¥¸¨³³¥É·¨Î´µ£µ ¤²Ö ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö.

‚ § ±²ÕÎ¥´¨¥ ÌµÉ¥²µ¸Ó ¡Ò µ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  ¢§ ¨³´µ ¤µ¶µ²´¨É¥²Ó´Ò° Ì · ±É¥·
± ·É¨´ ¤¨¸±·¥É´µ£µ ¨ ±µ´É¨´Ê ²Ó´µ£µ µ¶¨¸ ´¨° ¶·µÍ¥¸¸µ¢ · ¸¸¥Ö´¨Ö ¢ ¤¨¸¸¨¶ É¨¢´µ°
¸·¥¤¥. Š ¦¤Ò° ¨§ · ¸¸³µÉ·¥´´ÒÌ §¤¥¸Ó ± ´ ²µ¢ · ¸¸¥Ö´¨Ö (¤¨Ë· ±Í¨µ´´µ° ¤¨¸¸µÍ¨ Í¨¨,
e+e−- ´´¨£¨²ÖÍ¨¨ ¨²¨ ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö) ¨´¤¨¢¨¤Ê ²Ó´µ ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É -
¢²¥´ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¤¨ £· ³³µ° 0.”¥°´³ ´ . ’µ ¥¸ÉÓ µ¶¨¸ ´ ¢ É¥·³¨´ Ì ¸µÊ¤ ·¥´¨Ö
µÉ¤¥²Ó´ÒÌ ¶ · Î ¸É¨Í, ¤²Ö ±µÉµ·ÒÌ ´¥ ¨³¥ÕÉ ³¥¸É  É ±¨¥ ¶µ´ÖÉ¨Ö, ± ± Í¨±² ¨²¨ ¡¨ËÊ·-
± Í¨Ö. ’µ£¤  ± ± ¶·¨  ´ ²¨§¥ ¸µ¢µ±Ê¶´µ¸É¨ ¤ ´´µ£µ ±² ¸¸  ¸µ¡ÒÉ¨°, ¶·¥¤¸É ¢²¥´´µ°
Ì · ±É¥·´µ° Ëµ·³µ° · ¸¶·¥¤¥²¥´¨Ö dσ/dn, ÔÉ¨ ¶µ´ÖÉ¨Ö µ± §Ò¢ ÕÉ¸Ö Ê³¥¸É´Ò³¨ ¨ ´¥µ¡-
Ìµ¤¨³Ò³¨. ’¥³ ¸ ³Ò³ · ¸±·Ò¢ ¥É¸Ö ±µ²²¥±É¨¢´Ò°  ¸¶¥±É Ê± § ´´ÒÌ ¶·µÍ¥¸¸µ¢, ´¥ ¶·¥¤-
¸É ¢¨³Ò° ´  Ö§Ò±¥ µÉ¤¥²Ó´ÒÌ ¤¨ £· ³³. W·¨Î¨´  ÔÉµ° ¤µ¶µ²´¨É¥²Ó´µ¸É¨ ±µ·¥´¨É¸Ö, ¶µ-
¢¨¤¨³µ³Ê, ¢ ¸É·Ê±ÉÊ·¥ ¡µ²ÓÏ¨Ì ¤¨´ ³¨Î¥¸±¨Ì ¸¨¸É¥³ (¨²¨ ¸·¥¤). Wµ �.‹.Š²¨³µ´Éµ¢¨ÎÊ
± ¦¤ Ö ¸·¥¤  Ì · ±É¥·¨§Ê¥É¸Ö ¸¢µ¨³ ³¨´¨³ ²Ó´Ò³ µ¡Ñ¥³µ³ (Ë¨§¨Î¥¸±µ° ®ÉµÎ±µ°¯), ±µ-
Éµ· Ö µ¡² ¤ ¥É ±µ´±·¥É´Ò³¨ ¸¢µ°¸É¢ ³¨ ¤ ´´µ° ¸·¥¤Ò,   ¢´ÊÉ·¨ Í ·¨É ¤¨¸±·¥É´ Ö ¤¨-
´ ³¨±  ±µ´¸É¨ÉÊ¥´Éµ¢: ¸µ¸É ¢²ÖÕÐ¨¥ ¢¥¤ÊÉ ¸¥¡Ö ± ± ¸¢µ¡µ¤´Ò¥ Î ¸É¨ÍÒ ¨ § ±µ´Ò ¨Ì
¢§ ¨³µ¤¥°¸É¢¨Ö (· ¸¸¥Ö´¨Ö) µ¶·¥¤¥²ÖÕÉ Ë¨§¨Î¥¸±¨¥ ¸¢µ°¸É¢  ± ± ÔÉµ£µ ³¨´¨³ ²Ó´µ£µ
µ¡Ñ¥³ , É ± ¨ ±µ´É¨´ÊÊ³ .

6. ‡�Š‹f—…�ˆ…

W·¥¤¸É ¢²¥´¨¥ µ ´Ê±²µ´¥ ± ± µ ´¥±µ³ ¶·µÉÖ¦¥´´µ³ µ¡Ñ¥±É¥ ¤ ¢´µ Ô±¸¶²Ê É¨·Ê¥É¸Ö
¢ Ë¨§¨±¥ Î ¸É¨Í: ´ Î¨´ Ö ¸ µ¶É¨Î¥¸±¨Ì ³µ¤¥²¥° · ¸¸¥Ö´¨Ö ¨ É¥µ·¨¨ ³´µ¦¥¸É¢¥´´µ£µ
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·µ¦¤¥´¨Ö (£¨¤·µ¤¨´ ³¨Î¥¸± Ö É¥µ·¨Ö ‹.„.‹ ´¤ Ê) ¨ ±µ´Î Ö ³µ¤¥²Ö³¨ ±¢ ·±-£²Õµ´´µ°
¶² §³Ò (Q.‚.˜Ê·Ö±), ¸µ¸É ¢´Ò³¨ ³µ¤¥²Ö³¨ Î ¸É¨Í (³µ¤¥²¨ ³¥Ï±µ¢ ¨ ¨ É.¤.). Q±¸¶¥·¨-
³¥´É ²Ó´µ µ´µ ¶µ¤É¢¥·¦¤ ¥É¸Ö ¤¨Ë· ±Í¨µ´´Ò³ Ì · ±É¥·µ³ Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö ¶·µÉµ-
´µ¢. ’¥³ ´¥ ³¥´¥¥ ÔÉµ ¶·¥¤¸É ¢²¥´¨¥ ¨¸¶µ²Ó§Ê¥É¸Ö ¤µ¢µ²Ó´µ ·¥¤±µ, ¸¶µ· ¤¨Î¥¸±¨. Š ±
¶· ¢¨²µ, ¤²Ö ·¥Ï¥´¨Ö ± ±¨Ì-Éµ Î ¸É´ÒÌ § ¤ Î, ¨´É¥·¶·¥É Í¨¨ ¸¶¥Í¨Ë¨Î¥¸±¨Ì ÔËË¥±Éµ¢
¢ ±µ´±·¥É´µ° µ¡² ¸É¨ Ô´¥·£¨° ¨ ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸µ¢.

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥, ¶µ-¢¨¤¨³µ³Ê, ¢¶¥·¢Ò¥ ¶·¥¤¶·¨´ÖÉ  ¶µ¶ÒÉ±  ¸¢Ö§ ÉÓ µ¡Ð¨° Ì -
· ±É¥· ¨§³¥´¥´¨Ö £²µ¡ ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± pp- ¨ pp̄-· ¸¸¥Ö´¨Ö ¸ µ¡Ð¨³ Ì · ±É¥·µ³
¸É·Ê±ÉÊ·Ò ÔÉ¨Ì Î ¸É¨Í, · ¸¸³ É·¨¢ ¥³µ° ¢ É¥·³¨´ Ì ¸¶²µÏ´µ° ¸·¥¤Ò, É.¥. ¤µ¸É ÉµÎ´µ
µ¡µ¡Ð¥´´µ. ŒÒ ¶µ± § ²¨, ÎÉµ µ¶·¥¤¥²¥´´ Ö ´¥µ¤´µ·µ¤´µ¸ÉÓ ÔÉµ° ¸·¥¤Ò (±µ£¤  ¢Ö§±µ¸ÉÓ
´ · ¸É ¥É µÉ ¶¥·¨Ë¥·¨¨ ± Í¥´É·Ê ´Ê±²µ´ ) ¸¶µ¸µ¡´  ¶·¨¢¥¸É¨ ± ¡Ò¸É·µ³Ê ·µ¸ÉÊ ¶µ²´µ£µ
¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö ¨ ± ±µ´É¨´Ê ²Ó´µ³Ê ¨§³¥´¥´¨Õ Ëµ·³Ò ¸¨³³¥É·¨¨ ±µ´¥Î´µ£µ ¸µ¸Éµ-
Ö´¨Ö Å µÉ ¶²µ¸±µ° ± ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ°. 4¡  ÔËË¥±É  ´¥¶µ²´µ¸ÉÓÕ, ´µ ¤µ¸É -
ÉµÎ´µ Ê¡¥¤¨É¥²Ó´µ µ¡´ ·Ê¦¨¢ ÕÉ ¸¥¡Ö ¢ ¤µ¸ÉÊ¶´µ° µ¡² ¸É¨ Ô´¥·£¨°, ¸¢¨¤¥É¥²Ó¸É¢ÊÖ, É¥³
¸ ³Ò³, µ¡ Ê± § ´´µ³ ¢ÒÏ¥ É¨¶¥ ´¥µ¤´µ·µ¤´µ¸É¨ µ¶É¨Î¥¸±µ° ¸·¥¤Ò ´Ê±²µ´ .

Šµ´±·¥É´µ ´¥²¨´¥°´Ò° Ì · ±É¥· ¤¨¸¸¨¶ É¨¢´ÒÌ ¶·µÍ¥¸¸µ¢ · ¸±·Ò¢ ¥É¸Ö ¢µ ¢§ ¨-
³µ¤¥°¸É¢¨ÖÌ Î ¸É¨Í ¶·¨ µ¶·¥¤¥²¥´´µ° Ô´¥·£¨¨ ¢ ¢¨¤¥ ¡¨ËÊ·± Í¨°, ¶·¥¤¥²Ó´ÒÌ Í¨±²µ¢,
¶·¨ÉÖ£¨¢ ÕÐ¨Ì ¨ µÉÉ ²±¨¢ ÕÐ¨Ì ·¥¦¨³µ¢, ±µÉµ·Ò³¨ Ì · ±É¥·¨§ÊÕÉ¸Ö Ô³¶¨·¨Î¥¸±¨¥
· ¸¶·¥¤¥²¥´¨Ö ¤²Ö · §´ÒÌ ¢¨¤µ¢ ´¥Ê¶·Ê£¨Ì ¶·µÍ¥¸¸µ¢. “± § ´´Ò¥ ·¥¦¨³Ò Ì · ±É¥·´Ò
¤²Ö ´¥²¨´¥°´ÒÌ ¤¨´ ³¨Î¥¸±¨Ì ¸¨¸É¥³ (¸·¥¤) ¸ ³µ° · §´µµ¡· §´µ° ¶·¨·µ¤Ò ¨ µ¡´ ·Ê¦¨-
¢ ÕÉ ¸¥¡Ö ²¨ÏÓ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ³¥Éµ¤µ¢  ´ ²¨§  É¥µ·¨¨ ¤¨´ ³¨Î¥-
¸±¨Ì ¸¨¸É¥³. . ¶·¨³¥·, ¸ ¶µ³µÐÓÕ ³¥Éµ¤  µÉµ¡· ¦ ÕÐ¨Ì ËÊ´±Í¨°.

‹¨É¥· ÉÊ· 

1. Z³ ²Ó¤¨ “. Å “”., 1978, É.124, º4, ¸.651.

2. Derrick M. et al. Å Z. f. Phys, 1996, v.C69, p.607.

3. ‘¥¤µ¢ ‹.ˆ. Å Œ¥Éµ¤Ò ¶µ¤µ¡¨Ö ¨ · §³¥·´µ¸É¨ ¢ ³¥Ì ´¨±¥. Œ., 1965.

4. ŒÊ· ¤Ö´ 0.Œ. Å Z¢Éµ³µ¤¥²Ó´µ¸ÉÓ ¢ ¨´±²Õ§¨¢´ÒÌ ·¥ ±Í¨ÖÌ. 02-6762, „Ê¡´ , 1972.

5. Œ É¢¥¥¢ ‚.Z. ¨ ¤·. Å Q—ZŸ, 1970, É.2, ¢Ò¶.1, ¸.5.

6. Schrempp F. Å Preprint DESY 89-047.

7. ŠÊÎ¨´ ˆ.Z. Å „¨Ë· ±Í¨Ö  ¤·µ´µ¢ ´  ¡µ²ÓÏ¨¥ Ê£²Ò ¨ ÔËË¥±É ¤¢ÊÌ±µ³¶µ´¥´É´µ¸É¨.
„¥¶. ‚ˆ.ˆ’ˆ 6079-‚89, Z²³ -ZÉ , 1989.

8. Ellis R.K., Scott W.G. Å Proton-Antiproton Collider Physics, 1989, v.4, p.131.

9. Lipkin H.J. Å Phys. Rev., 1975, v.D11, p.1827.

10. Nikolaev N.N. Å Nucl. Phys. B (Proc. Suppl.), 1990, v.12, p.95.

11. . Ê£µ²Ó´ÒÌ Š.Z., ‘µ²ÊÖ´ ‘.ˆ., •µÌ²µ¢ 0.‚. Å ‚¥¸É´. Œƒ“, ¸¥·. Ë¨§.  ¸É·µ´., 1962,
º4, ¸.65.



ŠÊÎ¨´ ˆ.
. „¨¸¸¨¶ É¨¢´ Ö Ô¢µ²ÕÍ¨Ö Ô²¥³¥´É ·´µ£µ  ±É  39

12. . Ê£µ²Ó´ÒÌ Š.Z., ‘µ²ÊÖ´ ‘.ˆ., •µÌ²µ¢ 0.‚. Å Z±Ê¸É. ¦Ê·´., 1963, É.9, º1, ¸.54.

13. ZÌ·µ³¥¥¢  ’.‘., ŠÊ·¤Õ³µ¢ ‘.W., Œ ²¨´¥Í±¨° ƒ.ƒ., ‘ ³ ·¸±¨° Z.Z. Å .¥¸É Í¨µ´ ·-
´Ò¥ ¸É·Ê±ÉÊ·Ò ¨ ¤¨ËËÊ§´Ò° Ì µ¸. Œ., 1992.

14. ”¥°£¥´¡ Ê³ Œ. Å “”., 1983, É.141, ¸.343.

15. ŠÊÎ¨´ ˆ.Z. Å ˆ§¢¥¸É¨Ö Œ.-Z. 0Š, ¸¥·. Ë¨§.-³ É., 1997, º6, c.36.

16. Breakstone A. et al. Å Phys. Rev., 1984, v.D30, p.530.

17. Barish S. et al. Å Phys. Rev., 1974, v.D9, p.2683.

18. Ansorge R. Å Z. Phys., 1989, v.C43. p.357.

19. Acton P. et al. Å Preprint CERN-PPE/91-176, 1991.

20. ŠÊÎ¨´ ˆ.Z. Å ˆ§¢¥¸É¨Ö Œ.-Z. 0Š, ¸¥·. Ë¨§.-³ É., 1998, º2, c.55.

21. Š²¨³µ´Éµ¢¨Î �.‹. Å ‘É É¨¸É¨Î¥¸± Ö É¥µ·¨Ö µÉ±·ÒÉÒÌ ¸¨¸É¥³. Œ., 1995.

0Ê±µ¶¨¸Ó ¶µ¸ÉÊ¶¨²  4  ¢£Ê¸É  2000 £µ¤ .


