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ƒ ³³ - ¤·µ´´µ¥ ¸¥³¥°¸É¢µ ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¸ ¶µ²´µ° Ô´¥·£¨¥° > 1016 Ô‚, § ·¥£¨¸É·¨·µ-
¢ ´´µ¥ Ô³Ê²Ó¸¨µ´´µ° ± ³¥·µ° ´  ¡µ·ÉÊ ¸É· Éµ¸Ë¥·´µ£µ ¡ ²²µ´ - Ô·µ¸É É , Ö¢²Ö¥É¸Ö Ê´¨± ²Ó´Ò³
¸²ÊÎ ¥³ Ö¤¥·´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸Éµ²Ó ¢Ò¸µ±µ° Ô´¥·£¨¨ ¢ ³¨·µ¢µ° Ô±¸¶¥·¨³¥´É ²Ó´µ° ¸É É¨¸É¨±¥.
‘ ¶·¨³¥´¥´¨¥³ µ¶ÒÉ   ´ ²¨§ , ´ ±µ¶²¥´´µ£µ ¢ ¸µÉ·Ê¤´¨Î¥¸É¢¥ ®� ³¨·¯ (£µ·´Ò° Ô³Ê²Ó¸¨µ´´Ò°
Ô±¸¶¥·¨³¥´É), ¢ ÔÉµ³ ¸Ê¶¥·¸¥³¥°¸É¢¥ ¡Ò² µ¡´ ·Ê¦¥´ Ë¥´µ³¥´ ±µ³¶² ´ ·´µ£µ · §²¥É  ´ ¨¡µ²¥¥
Ô´¥·£¨Î´ÒÌ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¨ ¸ÊÐ¥¸É¢¥´´ Ö ¶·µ¸É· ´¸É¢¥´´ Ö  ¸¨³³¥É·¨Ö µ¸É ²Ó´ÒÌ Î ¸É¨Í
¢ Í¥´É· ²Ó´µ° µ¡² ¸É¨ ÔÉµ£µ ¸µ¡ÒÉ¨Ö, ¶·¨´ ¤²¥¦ Ð¥£µ ± ¤¨ ¶ §µ´Ê Ô´¥·£¨°, ´¥¤µ¸ÉÊ¶´µ³Ê ¤²Ö
¸µ¢·¥³¥´´ÒÌ Ê¸±µ·¨É¥²¥°.

A gamma-hadron superfamily of cosmic rays with total energy > 1016 eV was detected by an
emulsion chamber aboard a stratospheric balloon, the event being the unique example of so high
energy nuclear interaction in the world statistics. Applying the experience accumulated in Pamir
Collaboration (a mountain emulsion experiment) for superfamily analysis, in this family there were found
the phenomenon of coplanar emission of most energetic particles and signiˇcant lateral asymmetry of
other particles in the central area of the event. The superfamily belongs to the energy range unattainable
for modern accelerators.

‚‚…„…�ˆ…

‚ 1975 £. ¢ Ô³Ê²Ó¸¨µ´´µ³ ¡ ²²µ´´µ³ Ô±¸¶¥·¨³¥´É¥ ´  ¢Ò¸µÉ¥ 30 ±³ ¡Ò²µ § ·¥£¨-
¸É·¨·µ¢ ´µ Ê´¨± ²Ó´µ¥ £ ³³ - ¤·µ´´µ¥ ¸¥³¥°¸É¢µ Î ¸É¨Í ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ®‘É· ´ ¯
¸ Ô´¥·£¨¥° ¸¢ÒÏ¥ 1016 Ô‚ [1]. �Éµ ¸µ¡ÒÉ¨¥ Ö¢²Ö¥É¸Ö ·¥§Ê²ÓÉ Éµ³ ¶· ±É¨Î¥¸±¨ ®Î¨¸Éµ£µ¯
Ö¤¥·´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö Î ¸É¨ÍÒ ¶¥·¢¨Î´µ£µ ±µ¸³¨Î¥¸±µ£µ ¨§²ÊÎ¥´¨Ö, É. ±. ¶µ Ê¸²µ-
¢¨Ö³ ´ ¡²Õ¤¥´¨Ö ¢ ¸É· Éµ¸Ë¥·¥ µÉ¸ÊÉ¸É¢ÊÕÉ ¢µ§³µ¦´µ¸É¨ ¤²Ö ± ¸± ¤´µ£µ · §³´µ¦¥´¨Ö
¢Éµ·¨Î´ÒÌ Î ¸É¨Í, ·µ¦¤¥´´ÒÌ ¢  ±É¥, ÎÉµ ·¥§±µ µÉ²¨Î ¥É ÔÉµ ¸¥³¥°¸É¢µ µÉ ¸µ¡ÒÉ¨°,
·¥£¨¸É·¨·Ê¥³ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ¶µ ±µ¸³¨Î¥¸±¨³ ²ÊÎ ³, ¶·µ¢µ¤¨³ÒÌ ´¨¦¥ ¢  É³µ¸Ë¥·¥.
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•µÉÖ ¶µ Ô´¥·£¨¨ µ´µ ¸µ¶µ¸É ¢¨³µ ¸ ´ ¨¡µ²¥¥ Ô´¥·£¨Î´Ò³¨ ¸µ¡ÒÉ¨Ö³¨, § ·¥£¨¸É·¨·µ¢ ´-
´Ò³¨ ·¥´É£¥´µÔ³Ê²Ó¸¨µ´´Ò³¨ ± ³¥· ³¨ ¸ ¡µ²ÓÏµ° ¶²µÐ ¤ÓÕ ¨ Ô±¸¶µ§¨Í¨¥° ¢ £µ·´ÒÌ
Ô±¸¶¥·¨³¥´É Ì [2].

‚ ¸¢µÕ µÎ¥·¥¤Ó, ¢ £µ·´ÒÌ ·¥´É£¥´µÔ³Ê²Ó¸¨µ´´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¶·¨ Ô´¥·£¨ÖÌ
> 1016 Ô‚ ¡Ò²¨ ´ °¤¥´Ò É ±¨¥ Ë¨§¨Î¥¸±¨¥ Ë¥´µ³¥´Ò, ± ± £ ²µ (¤¨ËËÊ§´µ¥ ¶ÖÉ´µ ¶µÉ¥³-
´¥´¨Ö ¡µ²ÓÏµ° ¶²µÐ ¤¨ ¢ Í¥´É·¥ ¸¥³¥°¸É¢ ) [3] ¨ ¢Ò¸É·µ¥´´µ¸ÉÓ ¢¤µ²Ó ¶·Ö³µ° ²¨´¨¨
Ô´¥·£¥É¨Î¥¸±¨ ¢Ò¤¥²¥´´ÒÌ Í¥´É·µ¢ (É. ¥. ´ ¨¡µ²¥¥ Ô´¥·£¨Î´ÒÌ µ¡Ñ¥±Éµ¢) ¢ ¸Ê¶¥·¸¥³¥°-
¸É¢ Ì1 [4,5]. –¥²ÓÕ ¤ ´´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö ¡Ò²µ § ´µ¢µ ¶·µ ´ ²¨§¨·µ¢ ÉÓ ¸É· Éµ¸Ë¥·´µ¥
¢Ò¸µ±µÔ´¥·£¨Î´µ¥ ¸µ¡ÒÉ¨¥ ®‘É· ´ ¯ ¸ ÊÎ¥Éµ³ ¶µÖ¢¨¢Ï¨Ì¸Ö ¢ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ´µ¢ÒÌ
³µ¤¥²Ó´ÒÌ · ¸Î¥Éµ¢ ¨ ´ ±µ¶²¥´´µ£µ §  25 ²¥É · ¡µÉÒ ¸µÉ·Ê¤´¨Î¥¸É¢  ®� ³¨·¯ µ¶ÒÉ 
 ´ ²¨§  ´µ¢ÒÌ Ö¢²¥´¨°.

1. �Š‘�…�ˆŒ…�’

�µ²¥ÉÒ ¡ ²²µ´µ¢- Ô·µ¸É Éµ¢ ¸ Ô³Ê²Ó¸¨µ´´µ° ± ³¥·µ° ´  ¡µ·ÉÊ ¶·µÌµ¤¨²¨ ´  ¢Ò¸µÉ¥
µ±µ²µ 30 ±³ ¶µ ³ ·Ï·ÊÉÊ ¶µ²Êµ¸É·µ¢ Š ³Î É±  Å �µ¢µ²¦Ó¥. „²¨É¥²Ó´µ¸ÉÓ µ¤´µ£µ ¶µ-
²¥É  ¡Ò²  µ±µ²µ 160 Î. ‚Ò¸µÉ  ¶µ²¥É  ¸µµÉ¢¥É¸É¢Ê¥É ¤ ¢²¥´¨Õ ¢µ§¤ÊÌ  µ±µ²µ 10 £/¸³2.

�¨¸. 1. Šµ´¸É·Ê±Í¨Ö Ô³Ê²Ó¸¨µ´´µ° ± ³¥·Ò,

´¥¸µ³µ°  Ô·µ¸É Éµ³, ¨ ¸Ì¥³  ·¥£¨¸É· Í¨¨ ¸¥-
³¥°¸É¢ 

Œ´µ£µ¸²µ°´ Ö Ô³Ê²Ó¸¨µ´´ Ö ± ³¥·  (·¨¸. 1)
¶²µÐ ¤ÓÕ 40× 50 ¸³ ¸µ¸ÉµÖ²  ¨§ É·¥Ì µ¸´µ¢-
´ÒÌ ¡²µ±µ¢: ³¨Ï¥´´µ£µ ¡²µ± , ¸¶¥°¸¥·  ¨
± ²µ·¨³¥É· . “¸É ´µ¢±  ¡Ò²  ¶·¥¤´ §´ Î¥´ 
¶·¥¦¤¥ ¢¸¥£µ ¤²Ö ·¥£¨¸É· Í¨¨ ¶¥·¢¨Î´ÒÌ Î -
¸É¨Í ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥°. Œ¨Ï¥´´Ò° ¡²µ± ¸µ-
¸ÉµÖ² ¨§ 90 ¸²µ¥¢ ¶² ¸É¨±  Éµ²Ð¨´µ° ¶µ
1,5 ³³, ¶¥·¥¸²µ¥´´µ£µ ¶² ¸É¨´ ³¨ Éµ²Ð¨´µ°
200 ³±³ ¸ Ö¤¥·´µ° Ô³Ê²Ó¸¨¥° �-2T-50, ´ ´¥-
¸¥´´µ° ¸²µ¥³ 50 ³±³. Œ¨Ï¥´´Ò° ¡²µ± ´¥-
µ¡Ìµ¤¨³ ¤²Ö ·¥£¨¸É· Í¨¨ ¶¥·¢¨Î´µ° Î ¸É¨ÍÒ
¨ µ¶·¥¤¥²¥´¨Ö ¥¥ § ·Ö¤  ¶µ É·¥±Ê ¢ Ö¤¥·´µ°
Ô³Ê²Ó¸¨¨. ‘¶¥°¸¥·, ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö · ¸-
Ìµ¦¤¥´¨Ö ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¶µ¸²¥ ¢§ ¨³µ¤¥°-
¸É¢¨Ö, ¸µ¸ÉµÖ² ¨§ 10 ¸²µ¥¢ ¶² ¸É¨±  ¶µ 5 ³³
¨ ¡Ò² É ±¦¥ ¶¥·¥¸²µ¥´ ¶² ¸É¨´ ³¨ ¸ Ö¤¥·-
´µ° Ô³Ê²Ó¸¨¥°. ‘Ê³³ ·´ Ö Éµ²Ð¨´  ³¨Ï¥´-
´µ£µ ¡²µ±  ¨ ¸¶¥°¸¥·  Ô±¢¨¢ ²¥´É´  0,5 ±. ¥.,
¨²¨ 0,3 ¶·µ¡¥£  Ö¤¥·´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¤²Ö

¶·µÉµ´ . Š ²µ·¨³¥É· ¡Ò² ¸²µ¦¥´ ¨§ 9 ¸²µ¥¢ ¸¢¨´Í  ¶µ 0,5 ³³, ¶¥·¥¸²µ¥´´µ£µ ¤¢Ê³Ö
É¨¶ ³¨ Ô³Ê²Ó¸¨°: Ö¤¥·´µ° (�-2T-50) ¨ ·¥´É£¥´µ¢¸±µ° (�T-6M). ‘Ê³³ ·´ Ö Éµ²Ð¨´  ± -
²µ·¨³¥É·  ¸µµÉ¢¥É¸É¢Ê¥É 9 ±. ¥. ¨²¨ 0,26 ¶·µ¡¥£  Ö¤¥·´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö. ‚ ¸¢¨´Íµ-
¢ÒÌ ¶² ¸É¨´ Ì ± ²µ·¨³¥É·  · §¢¨¢ ÕÉ¸Ö Ô²¥±É·µ´´µ-ËµÉµ´´Ò¥ ± ¸± ¤Ò µÉ  ¤·µ´µ¢ ¨
γ-±¢ ´Éµ¢, ·¥£¨¸É·¨·Ê¥³Ò¥ ´  ·¥´É£¥´µ¢¸±µ° ¶²¥´±¥ ¢ ¢¨¤¥ ¶ÖÉ¥´ ¶µÉ¥³´¥´¨Ö, ¶µ ±µÉµ-
·Ò³ µ¶·¥¤¥²Ö¥É¸Ö Ô´¥·£¨Ö Ê¶ ¢Ï¥° ´  ± ³¥·Ê Î ¸É¨ÍÒ.

1‘Ê¶¥·¸¥³¥°¸É¢ ³¨ ´ §Ò¢ ÕÉ¸Ö ¸µ¡ÒÉ¨Ö ¸ ¸Ê³³ ·´µ° Ô´¥·£¨¥° £ ³³ -±µ³¶µ´¥´É  Eγ > 1000 ’Ô‚.
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‚ ¤ ´´µ° · ¡µÉ¥ ¤²Ö  ´ ²¨§  ¢ µ¸´µ¢´µ³ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ¶µ ·¥´É-
£¥´µ¢¸±¨³ ¶²¥´± ³ ± ²µ·¨³¥É· .

2. ��™ˆ… •���Š’…�ˆ‘’ˆŠˆ

„ ´´µ¥ γ- ¤·µ´´µ¥ ¸¥³¥°¸É¢µ ¸µ¸Éµ¨É ¨§ 107 Î ¸É¨Í, Ê¶ ¢Ï¨Ì ´  ± ³¥·Ê ¨ § ·¥£¨¸É·¨-
·µ¢ ´´ÒÌ ± ²µ·¨³¥É·µ³: 76 Ô²¥±É·µ³ £´¨É´ÒÌ Î ¸É¨Í (´ §Ò¢ ¥³ÒÌ ¤ ²¥¥ γ-±¢ ´É ³¨) ¸
¸Ê³³ ·´µ° Ô´¥·£¨¥° ΣEγ = 1400 ’Ô‚ ¨ 30  ¤·µ´µ¢ ¸ ¸Ê³³ ·´µ° ´ ¡²Õ¤ ¥³µ° (É. ¥.

¢Ò¤¥²¥´´µ° ¢ γ-±µ³¶µ´¥´É ¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ¢ ¸¢¨´Í¥) Ô´¥·£¨¥° ΣE
(γ)
h = 800 ’Ô‚

(¡¥§ ÊÎ¥É  ²¨¤¨·ÊÕÐ¥° Î ¸É¨ÍÒ). ‡¥´¨É´Ò° Ê£µ² ¶ ¤¥´¨Ö ¸¥³¥°¸É¢  ´  ± ³¥·Ê Θ = 30◦,
ÎÉµ ¤¥² ¥É £²Ê¡¨´Ê ·¥£¨¸É· Í¨¨ · ¢´µ° 11,5 £/¸³2.

“ÎÉ¥³, ÎÉµ ÔËË¥±É¨¢´Ò° 〈kγ〉 (¤µ²Ö Ô´¥·£¨¨, ¶¥·¥¤ ¢ ¥³µ°  ¤·µ´µ³ ¢ γ-±µ³¶µ´¥´É
¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ¸ ¢¥Ð¥¸É¢µ³) ¢ ¸¢¨´Í¥ ¸µ¸É ¢²Ö¥É µ±µ²µ 1/3. ’µ£¤  ¶µ²´ Ö Ô´¥·£¨Ö

§ ·¥£¨¸É·¨·µ¢ ´´ÒÌ  ¤·µ´µ¢ ΣE0
h = ΣE

(γ)
h /〈kγ〉 ≈ 2500 ’Ô‚. “ÎÉ¥³ É ±¦¥, ÎÉµ ¨§-§ 

µ£· ´¨Î¥´´µ° £²Ê¡¨´Ò ± ³¥·Ò ÔËË¥±É¨¢´µ¸ÉÓ ·¥£¨¸É· Í¨¨  ¤·µ´µ¢ ¤ ´´µ° Ê¸É ´µ¢±µ°
¸µ¸É ¢²Ö¥É ≈ 40 %. ˆ µ±µ²µ 30 % Î ¸É¨Í ¶µÉ¥·Ö´µ ¨§-§  Éµ£µ, ÎÉµ ¤ ´´µ¥ ¸µ¡ÒÉ¨¥ Ê¶ ²µ
´¥¤ ²¥±µ µÉ ±· Ö ± ³¥·Ò. �µ¸²¥ ¢¢¥¤¥´¨Ö ¢¸¥Ì ¶µ¶· ¢µ± Ô´¥·£¨Ö ¢µ§¤ÊÏ´µ£µ ¸¥³¥°¸É¢ 
(¡¥§ ÊÎ¥É  ²¨¤¨·ÊÕÐ¥° Î ¸É¨ÍÒ) ¡Ê¤¥É ¸µ¸É ¢²ÖÉÓ µ±µ²µ 0, 9 · 1016 Ô‚.

‚Ò¸µ±µÔ´¥·£¨Î´ Ö ²¨¤¨·ÊÕÐ Ö Î ¸É¨Í  ¨¸¶ÒÉ ²  ¢Éµ·µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¢ 12-³ ¸²µ¥
¢¥·Ì´¥£µ ³¨Ï¥´´µ£µ ¡²µ±  (¸³. ·¨¸. 1). �¥§Ê²ÓÉ Éµ³ ÔÉµ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö Ö¢¨²¸Ö Ê§±¨°
¶ÊÎµ± ¢Éµ·¨Î´ÒÌ Î ¸É¨Í (´ ¡²Õ¤ ¥³Ò° ¢ ¢¨¤¥ É·¥±µ¢ ¢ Ö¤¥·´ÒÌ Ô³Ê²Ó¸¨ÖÌ), ¡Ò¸É·µ · §-
¢¨¢ ÕÐ¨°¸Ö ¢ Ê£²¥·µ¤´µ³ ¢¥Ð¥¸É¢¥ ³¨Ï¥´¨ ¨ µ¡· §ÊÕÐ¨° ¡µ²ÓÏµ¥ ¶ÖÉ´µ ¶µÉ¥³´¥´¨Ö
(£ ²µ) ¢ Í¥´É·¥ ¸¥³¥°¸É¢  ´  ·¥´É£¥´µ¢¸±¨Ì ¶²¥´± Ì ¢ ± ²µ·¨³¥É·¥. ‘ ¨¸¶µ²Ó§µ¢ ´¨¥³
·¥§Ê²ÓÉ Éµ¢ ¨§³¥·¥´¨° É·¥±µ¢ ¢ Ö¤¥·´µ° Ô³Ê²Ó¸¨¨ ¶µ¸É·µ¥´µ · ¸¶·¥¤¥²¥´¨¥ ¶µ ¶¸¥¢¤µ-
¡Ò¸É·µÉ¥ η = − ln (tg (θ/2)) ¤²Ö ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¢´ÊÉ·¨ ÔÉµ° ¸É·Ê¨. ‘· ¢´¥´¨¥ ÔÉµ£µ
· ¸¶·¥¤¥²¥´¨Ö ¸ · ¸Î¥Éµ³, ¢Ò¶µ²´¥´´Ò³ ¶µ ³µ¤¥²Ö³ QGS ¨ VENUS [6], ¤ ²µ µÍ¥´±Ê
Ô´¥·£¨¨ ²¨¤¨·ÊÕÐ¥° ¸É·Ê¨ ≈ 1016 Ô‚. „²Ö ¢¸¥Ì µ¸É ²Ó´ÒÌ Î ¸É¨Í ¢µ§¤ÊÏ´µ£µ ¸¥³¥°¸É¢ 
¶µ ¶¸¥¢¤µ¡Ò¸É·µÉ´µ³Ê · ¸¶·¥¤¥²¥´¨Õ É ±¦¥ ¡Ò²  ¶µ²ÊÎ¥´  ¸Ê³³ ·´ Ö µÍ¥´±  ≈ 1016 Ô‚,
ÎÉµ Ìµ·µÏµ ¸µ£² ¸Ê¥É¸Ö ¸ ¶·¨¢¥¤¥´´µ° ¢ÒÏ¥ Ô´¥·£¨¥° ¸¥³¥°¸É¢ .

’ ±¨³ µ¡· §µ³, ¶µ²´ Ö Ô´¥·£¨Ö ¶¥·¢¨Î´µ° Î ¸É¨ÍÒ µÍ¥´¨¢ ¥É¸Ö ± ± 2 · 1016 Ô‚.

3. ‚›‘’��…���‘’œ —�‘’ˆ–

‘µÉ·Ê¤´¨Î¥¸É¢µ³ ®� ³¨·¯ ¡Ò²µ µÉ±·ÒÉµ ¨ ¨¸¸²¥¤µ¢ ´µ Ö¢²¥´¨¥ ¢Ò¸É·µ¥´´µ¸É¨ (É. ¥.
· ¸¶µ²µ¦¥´¨Ö ¢¤µ²Ó ¶·Ö³µ° ²¨´¨¨ ¢ ´µ·³ ²Ó´µ° ¶²µ¸±µ¸É¨) ´ ¨¡µ²¥¥ ¢Ò¸µ±µÔ´¥·£¨Î-
´ÒÌ µ¡Ñ¥±Éµ¢ (®Ô´¥·£¥É¨Î¥¸±¨ ¢Ò¤¥²¥´´ÒÌ Í¥´É·µ¢¯ ¨²¨ �‚–) ¢ γ- ¤·µ´´ÒÌ ¸¥³¥°-
¸É¢ Ì [7, 8]. ‚Ò¸É·µ¥´´µ¸ÉÓ �‚– ´  ¶²¥´±¥ ¢¤µ²Ó ¶·Ö³µ° ²¨´¨¨ ¸µµÉ¢¥É¸É¢Ê¥É ±µ³-
¶² ´ ·´µ³Ê · §²¥ÉÊ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¢  ±É¥ Ö¤¥·´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ´ ¤ ± ³¥·µ°.
Œ¥Ì ´¨§³ ÔÉµ£µ Ö¢²¥´¨Ö ¤µ ¸¨Ì ¶µ· ÉµÎ´µ ´¥ Ê¸É ´µ¢²¥´. �¤´µ° ¨§ ´ ¨¡µ²¥¥ ¢¥·µÖÉ-
´ÒÌ £¨¶µÉ¥§ Ö¢²Ö¥É¸Ö ·µ¦¤¥´¨¥ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¢¸²¥¤¸É¢¨¥ · §·Ò¢  ±¢ ·±-£²Õµ´´µ°
¸É·Ê´Ò, § ¤ ÕÐ¥° ¶²µ¸±µ¸ÉÓ · §²¥É  ÔÉ¨Ì Î ¸É¨Í [9]. �µ ¤ ´´Ò³ ¶ ³¨·¸±µ£µ ¸µÉ·Ê¤´¨-
Î¥¸É¢  ¸ ³ Ë¥´µ³¥´ ¢µ§´¨± ¥É ¶·¨ Ô´¥·£¨ÖÌ ¢§ ¨³µ¤¥°¸É¢¨Ö ∼ 1016 Ô‚.
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�¨¸. 2. Œ¨Ï¥´´ Ö ¤¨ £· ³³  Í¥´É· ²Ó´µ° Î ¸É¨

¸Ê¶¥·¸¥³¥°¸É¢  ®‘É· ´ ¯: • Å Î ¸É¨ÍÒ ¸ E0 >

100 ’Ô‚; � Å Î ¸É¨ÍÒ ¸ E0 = 20−100 ’Ô‚; • Å

Î ¸É¨ÍÒ ¸ E0 = 3−20 ’Ô‚; 1Ä5 Å ¶ÖÉÓ ´ ¨¡µ²¥¥

Ô´¥·£¨Î´ÒÌ µ¡Ñ¥±Éµ¢ ¢ ¸Ê¶¥·¸¥³¥°¸É¢¥

‚ £µ·´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¸ ·¥´É£¥-
´µÔ³Ê²Ó¸¨µ´´Ò³¨ ± ³¥· ³¨ ¶·Ö³µ¥ ´ -
¡²Õ¤¥´¨¥ Ö¢²¥´¨Ö § É·Ê¤´¥´µ ¢²¨Ö´¨¥³
Ö¤¥·´µ-Ô²¥±É·µ³ £´¨É´µ£µ ± ¸± ¤ , · §¢¨-
¢ ÕÐ¥£µ¸Ö ¢  É³µ¸Ë¥·¥ ´ ¤ ± ³¥·µ°. ‚
¸É· Éµ¸Ë¥·´µ³ ¸Ê¶¥·¸¥³¥°¸É¢¥ ®‘É· ´ ¯
É ±¨¥ É·Ê¤´µ¸É¨ µÉ¸ÊÉ¸É¢ÊÕÉ. ˆ µ¦¨-
¤ ¥³Ò° ¶·¨ E0 > 1016 Ô‚ ÔËË¥±É ¢Ò-
¸É·µ¥´´µ¸É¨ �‚– ´ ¡²Õ¤ ¥É¸Ö ¢ ¤ ´´µ³
¸¥³¥°¸É¢¥, ÎÉµ Ö¢²Ö¥É¸Ö ¢ ¦´¥°Ï¨³ Ë ±-
Éµ³ ´ ¡²Õ¤¥´¨Ö ÔËË¥±É  ¢Ò¸É·µ¥´´µ¸É¨
¢ ®Î¨¸Éµ³¯ ¢§ ¨³µ¤¥°¸É¢¨¨, ¶µ¤É¢¥·¦¤ Õ-
Ð¨³ ¸ÊÐ¥¸É¢µ¢ ´¨¥ Ë¥´µ³¥´  ±µ³¶² ´ ·-
´µ£µ · §²¥É  ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¶·¨ ¢§ ¨-
³µ¤¥°¸É¢¨ÖÌ ¸¢¥·Ì¢Ò¸µ±¨Ì Ô´¥·£¨°.

„²Ö ¶· ¢¨²Ó´µ£µ ¢Ò¤¥²¥´¨Ö ´ ¨¡µ²¥¥
Ô´¥·£¨Î´ÒÌ Î ¸É¨Í ´¥µ¡Ìµ¤¨³µ ÊÎ¥¸ÉÓ, ÎÉµ
¤²Ö · ¢´µ¶· ¢´µ£µ · ¸¸³µÉ·¥´¨Ö  ¤·µ´-
´µ£µ ¨ γ-±µ³¶µ´¥´É  ¢ ¸¥³¥°¸É¢¥ ´¥µ¡-
Ìµ¤¨³µ ¶¥·¥°É¨ µÉ ¢Ò¤¥²¥´´µ° ¢ ± ³¥·¥
Ô´¥·£¨¨ ± ¦¤µ£µ  ¤·µ´  ± ¥£µ ¶µ²´µ°
Ô´¥·£¨¨ ¶ÊÉ¥³ ¢¢¥¤¥´¨Ö ¶µ¶· ¢±¨ E0

h =
E

(γ)
h /〈kγ〉. �µ¸²¥ Î¥£µ ¢¸¥ ·¥£¨¸É·¨·Ê¥-

³Ò¥ ¢ ± ³¥·¥ Î ¸É¨ÍÒ ´ ¤µ ¸¶·µ¥±É¨·µ-
¢ ÉÓ ´  ¥¤¨´ÊÕ ¶²µ¸±µ¸ÉÓ (¶µ¸É·µ¨ÉÓ ³¨-

Ï¥´´ÊÕ ¤¨ £· ³³Ê). � ¡²Õ¤ ¥³ Ö ± ·É¨´  ¢ ¶²µ¸±µ¸É¨, ¶¥·¶¥´¤¨±Ê²Ö·´µ° µ¸¨ ¶ ¤¥´¨Ö
¶¥·¢¨Î´µ° Î ¸É¨ÍÒ, ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2.

Š·¨É¥·¨¥³ ¢Ò¸É·µ¥´´µ¸É¨ Ö¢²Ö¥É¸Ö £¥µ³¥É·¨Î¥¸±¨° ¶ · ³¥É· λm [10]:

λm =

∑
i�=j �=k cos 2ϕijk

m(m − 1)(m − 2)
,

£¤¥ m Å Î¨¸²µ · ¸¸³ É·¨¢ ¥³ÒÌ ÉµÎ¥±; ϕijk Å Ê£µ² ³¥¦¤Ê ¢¥±Éµ· ³ ki ¨ kj.
‡´ Î¥´¨¥ λ ¸É·¥³¨É¸Ö ± 1 ¶·¨ · ¸¶µ²µ¦¥´¨¨ m ÉµÎ¥± ¢¤µ²Ó ¶·Ö³µ° ²¨´¨¨. ‘µ¡ÒÉ¨¥

¸Î¨É ¥É¸Ö ¢Ò¸É·µ¥´´Ò³, ¥¸²¨ λm > 0, 8.
‚ ¤ ´´µ³ ¸¥³¥°¸É¢¥ ¤²Ö É·¥Ì ¸ ³ÒÌ Ô´¥·£¨Î´ÒÌ µ¡Ñ¥±Éµ¢ λ3 = 0,98, ¤²Ö Î¥ÉÒ·¥Ì Å

λ4 = 0,99, ¤²Ö ¶ÖÉ¨ Å λ5 = 0,90. �Éµ ³µ¦´µ ¸Î¨É ÉÓ ¢Ò¸µ±µ° ¸É¥¶¥´ÓÕ ¢Ò¸É·µ¥´-
´µ¸É¨, ÎÉµ ´¥ Ê¤¨¢¨É¥²Ó´µ ¢ ®Î¨¸Éµ³¯ ¸µ¡ÒÉ¨¨. ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ Ï¥¸ÉÓ ´ ¨¡µ²¥¥
Ô´¥·£¨Î´ÒÌ Î ¸É¨Í ¢ ¸¥³¥°¸É¢¥ Ö¢²ÖÕÉ¸Ö  ¤·µ´ ³¨. ’ ±¨³ µ¡· §µ³, §¤¥¸Ó ´ ¡²Õ¤ ¥É¸Ö
¢Ò¸É·µ¥´´µ¸ÉÓ ´¥ γ-±¢ ´Éµ¢ ¨²¨ Ô²¥±É·µ³ £´¨É´ÒÌ £ ²µ, ± ± ¢ ¡µ²ÓÏ¨´¸É¢¥ ¶¥·¢ÒÌ
¨¸¸²¥¤µ¢ ´¨° ¸µÉ·Ê¤´¨Î¥¸É¢  ®� ³¨·¯,    ¤·µ´µ¢, ¶·¨ ÔÉµ³ ¸ ³Ò° ¢Ò¸µ±µÔ´¥·£¨Î´Ò°
 ¤·µ´ ¢ ¤ ´´µ³ ¸¥³¥°¸É¢¥ µ¡· §Ê¥É ´¥¡µ²ÓÏµ¥ £ ²µ ¢ ·¥´É£¥´µ¢¸±¨Ì ¶²¥´± Ì. �¸µ¡ Ö
·µ²Ó  ¤·µ´µ¢ µÉ³¥Î ² ¸Ó ´ ³¨ · ´¥¥ ¢ [11]. Š·µ³¥ Éµ£µ, ¸²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ´  ·¨¸. 2
¢¨¤´  ¢Ò· ¦¥´´ Ö  ¸¨³³¥É·¨Ö ¢ · ¸¶µ²µ¦¥´¨¨ ´¥ Éµ²Ó±µ ´ ¨¡µ²¥¥ Ô´¥·£¨Î´ÒÌ, ´µ ¨
¢¸¥Ì Î ¸É¨Í ¢ Í¥´É· ²Ó´µ° µ¡² ¸É¨ ¸¥³¥°¸É¢ . �Éµ ´¥ ¸¢Ö§ ´µ ¸ µ¡·¥§ ´¨¥³ ±· Ö ¶²¥´±¨,
É. ±. ÔÉµÉ ±· ° ´ Ìµ¤¨É¸Ö ¤ ²¥¥, Î¥³ ¢ 10 ³³ µÉ Í¥´É·  ¸µ¡ÒÉ¨Ö,   §¤¥¸Ó · ¸¸³ É·¨¢ -
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¥É¸Ö Éµ²Ó±µ Í¥´É· ²Ó´ Ö µ¡² ¸ÉÓ ¸¥³¥°¸É¢ , ¸µ¤¥·¦ Ð Ö ¢¸¥ ´ ¨¡µ²¥¥ Ô´¥·£¨Î´Ò¥ ¥£µ
Î ¸É¨ÍÒ. …¸²¨ · ¸¸³µÉ·¥ÉÓ ¢¸¥ ¸¥³¥°¸É¢µ, Éµ 15 ¨§ 107 Î ¸É¨Í ¸¥³¥°¸É¢  · ¸¶µ²µ¦¥´Ò
¢¡²¨§¨ ²¨´¨¨ ¢Ò¸É·µ¥´´µ¸É¨. �É¨ 15 Î ¸É¨Í ´¥¸ÊÉ ¡µ²¥¥ ¶µ²µ¢¨´Ò Ô´¥·£¨¨ ¶¥·¢¨Î´µ°
Î ¸É¨ÍÒ ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥°.

�¨¸. 3. ‡ ¢¨¸¨³µ¸ÉÓ ¤µ²¨ ¸µ¡ÒÉ¨° ¸ ¢Ò-

¸É·µ¥´´µ¸ÉÓÕ µÉ Î¨¸²  ¶·¨´ÖÉÒÌ ± · ¸-
¸³µÉ·¥´¨Õ ´ ¨¡µ²¥¥ Ô´¥·£¨Î´ÒÌ µ¡Ñ¥±-

Éµ¢ ¢ ¸¥³¥°¸É¢¥ Nobj. � ¸Î¥É ¢Ò¶µ²´¥´

¶µ ³µ¤¥²¨ QGSJET, ¶µ 10000 ¨¸±Ê¸¸É¢¥´-
´ÒÌ ¸µ¡ÒÉ¨° ¤²Ö ± ¦¤µ£µ É¨¶  ¶¥·¢¨Î´µ°

Î ¸É¨ÍÒ ¨ ¥¥ Ô´¥·£¨¨. Š·Ê¦±¨ Å ¸µ¡ÒÉ¨Ö
µÉ ¶¥·¢¨Î´µ£µ ¶·µÉµ´  ¸ Ô´¥·£¨¥° 1014 Ô‚

(◦) ¨ 2·1016 Ô‚ (•); ±¢ ¤· ÉÒ Å ¸¥³¥°¸É¢ 

µÉ Ö¤·  ¦¥²¥§  ¸ Ô´¥·£¨¥° 1014 Ô‚ (�) ¨
2 · 1016 Ô‚ (�)

„²Ö µÍ¥´±¨ Ëµ´  ¸²ÊÎ °´ÒÌ ¸µ¡ÒÉ¨° ¸ ¢Ò-
¸É·µ¥´´µ¸ÉÓÕ ¡Ò²¨ ¢Ò¶µ²´¥´Ò · ¸Î¥ÉÒ ¸ ¨¸-
¶µ²Ó§µ¢ ´¨¥³ ¸µ¢·¥³¥´´µ° ³µ¤¥²¨ Ö¤¥·´µ£µ ¢§ -
¨³µ¤¥°¸É¢¨Ö QGSJET [12], £¤¥ ´¥ § ²µ¦¥´µ
± ±µ£µ-²¨¡µ ¸¶¥Í¨ ²Ó´µ£µ ³¥Ì ´¨§³  ±µ³¶² ´ ·-
´µ£µ · §²¥É  Î ¸É¨Í. �  ·¨¸. 3 ¶·¨¢¥¤¥´Ò ¤µ²¨
¸µ¡ÒÉ¨° ¸ ¢Ò¸É·µ¥´´µ¸ÉÓÕ É·¥Ì, Î¥ÉÒ·¥Ì ¨ É. ¤.
´ ¨¡µ²¥¥ Ô´¥·£¨Î´ÒÌ Î ¸É¨Í ¢µ ¢§ ¨³µ¤¥°¸É¢¨¨ ¸
¢µ§¤ÊÌµ³ ¶¥·¢¨Î´µ£µ ¶·µÉµ´  ¨ ¶¥·¢¨Î´µ£µ Ö¤· 
¦¥²¥§ . ‚¥·µÖÉ´µ¸ÉÓ ¸²ÊÎ °´µ° ¢Ò¸É·µ¥´´µ¸É¨
·¥§±µ ¶ ¤ ¥É ¸ ·µ¸Éµ³ Î¨¸²  Î ¸É¨Í, ¢±²ÕÎ¥´´ÒÌ
¢ · ¸¸³µÉ·¥´¨¥. ‘· ¢´¥´¨¥ ¤ ´´ÒÌ µÉ ¢§ ¨³µ¤¥°-
¸É¢¨° ¸ · §´Ò³¨ E0 ¶µ± §Ò¢ ¥É ´¥§ ¢¨¸¨³µ¸ÉÓ
¸²ÊÎ °´µ° ¢Ò¸É·µ¥´´µ¸É¨ µÉ Ô´¥·£¨¨ ¸µ¡ÒÉ¨Ö.
Š Î¥¸É¢¥´´µ É ±µ¥ ¦¥ ¶µ¢¥¤¥´¨¥ ¡Ò²µ ¶·µ¤¥³µ´-
¸É·¨·µ¢ ´µ ¨ ¢ ¡µ²¥¥ · ´´¨Ì · ¸Î¥É Ì, ± ± ´ -
Ï¨Ì, É ± ¨ ¤·Ê£¨Ì  ¢Éµ·µ¢, ´µ §¤¥¸Ó ¢¶¥·¢Ò¥ ¡Ò² 
¨¸¶µ²Ó§µ¢ ´  ´ ¨¡µ²¥¥ ¸µ¢·¥³¥´´ Ö ³µ¤¥²Ó ¢§ -
¨³µ¤¥°¸É¢¨Ö QGSJET, µ¶¨¸Ò¢ ÕÐ Ö µ¡² ¸ÉÓ ¸ -
³ÒÌ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¨ ·¥±µ³¥´¤Ê¥³ Ö ± ¨¸¶µ²Ó-
§µ¢ ´¨Õ ³¥¦¤Ê´ ·µ¤´Ò³¨ ±µ²² ¡µ· Í¨Ö³¨ (´ -
¶·¨³¥·, KASCADE). ‚¶¥·¢Ò¥ ¸ µÎ¥´Ó ¡µ²ÓÏµ°
¸É É¨¸É¨±µ° (¶µ 10000 ¸µ¡ÒÉ¨°) ¡Ò²¨ ´ ¨£· ´Ò
¢§ ¨³µ¤¥°¸É¢¨Ö ¤²Ö ¸Éµ²Ó ¢Ò¸µ±µ° Ô´¥·£¨¨, ± ±
E0 = 2 · 1016 Ô‚/Ö¤·µ. ’ ±¦¥ ¶·µ ´ ²¨§¨·µ¢ ´ 
§ ¢¨¸¨³µ¸ÉÓ Ëµ´µ¢µ° ¸²ÊÎ °´µ° ¢Ò¸É·µ¥´´µ¸É¨
µÉ É¨¶  Ö¤· , ÎÉµ Ö¢²Ö¥É¸Ö ¢¥¸Ó³   ±ÉÊ ²Ó´Ò³
¢ ¸¢Ö§¨ ¸ ¶·¥¤¶µ² £ ¥³Ò³ ¢ ´¥±µÉµ·ÒÌ · ¡µÉ Ì
·µ¸Éµ³ ¤µ²¨ ÉÖ¦¥²ÒÌ Ö¤¥· ¢ ¶¥·¢¨Î´µ³ ±µ¸³¨-
Î¥¸±µ³ ¨§²ÊÎ¥´¨¨ ¶·¨ E0 > 1015 Ô‚. ˆ§ ·¨¸. 3
¢¨¤´µ, ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ ¢Ò¸É·µ¥´´µ¸É¨ ¢ ¸¥³¥°-
¸É¢ Ì µÉ Ö¤¥· ¦¥²¥§  ¢ÒÏ¥, Î¥³ ¢ ¸¥³¥°¸É¢ Ì µÉ
¶·µÉµ´ , µ¸µ¡¥´´µ ÔÉµ ± ¸ ¥É¸Ö ¡µ²¥¥ ®¸¨²Ó´ÒÌ¯ ±·¨É¥·¨¥¢ ¢Ò¸É·µ¥´´µ¸É¨ (É. ¥. ¤²Ö
¶ÖÉ¨ ¨ ¡µ²¥¥ µ¡Ñ¥±Éµ¢). �·¨ ÔÉµ³  ¡¸µ²ÕÉ´µ¥ §´ Î¥´¨¥ ¢¥·µÖÉ´µ¸É¨ ¸²ÊÎ °´µ° ¢Ò¸É·µ-
¥´´µ¸É¨ µ¸É ¥É¸Ö ¤µ¸É ÉµÎ´µ ´¨§±¨³, £µ· §¤µ ´¨¦¥ § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¸µÉ·Ê¤´¨Î¥¸É¢µ³
®� ³¨·¯ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° [4].

„²Ö µÍ¥´±¨ ¢¥·µÖÉ´µ¸É¨ µ¤¨´µÎ´µ£µ ¸µ¡ÒÉ¨Ö ¸ ¶·¨¢¥¤¥´´Ò³¨ ¢ÒÏ¥ §´ Î¥´¨Ö³¨ ¶ -
· ³¥É·  λ ¤²Ö É·¥Ì, Î¥ÉÒ·¥Ì ¨ ¶ÖÉ¨ ´ ¨¡µ²¥¥ Ô´¥·£¨Î´ÒÌ Î ¸É¨Í ¡Ò² ¨¸¶µ²Ó§µ¢ ´ ÉµÉ
¦¥ ¡ ´± ¨¸±Ê¸¸É¢¥´´ÒÌ ¸µ¡ÒÉ¨°. ’ ± Ö ¸µ¢³¥¸É´ Ö ¢¥·µÖÉ´µ¸ÉÓ µ¡´ ·Ê¦¨ÉÓ ¸µ¡ÒÉ¨¥ ¸
λ3 = 0, 98, λ4 = 0, 99, λ5 = 0, 90 ¤²Ö ¸¥³¥°¸É¢ µÉ ¶¥·¢¨Î´µ£µ ¶·µÉµ´  ¸µ¸É ¢²Ö¥É 0,01 %,
  ¤²Ö ¶¥·¢¨Î´µ£µ Ö¤·  ¦¥²¥§  Å 0,03 %. “Î¥É ¢µ§³µ¦´ÒÌ µÏ¨¡µ± ¶·¨ µ¶·¥¤¥²¥´¨¨
±µµ·¤¨´ É Î ¸É¨Í ¢ Ô±¸¶¥·¨³¥´É¥ ¶· ±É¨Î¥¸±¨ ´¥ ¨§³¥´Ö¥É ÔÉ¨ ¢¥·µÖÉ´µ¸É¨. �Î¥¢¨¤´µ,
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ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ ¸²ÊÎ °´µ£µ ¶µÖ¢²¥´¨Ö ¤²Ö É ±µ° ¢Ò¸É·µ¥´´µ° ±µ´Ë¨£Ê· Í¨¨ Î·¥§¢ÒÎ °-
´µ ´¨§± .

‘Éµ¨É É ±¦¥ µÉ³¥É¨ÉÓ, ÎÉµ, ¥¸²¨ µÉµ¡· ÉÓ ¶ÖÉ¨ ´ ¨¡µ²¥¥ Ô´¥·£¨Î´ÒÌ Î ¸É¨Í ¢ ¨¸-
±Ê¸¸É¢¥´´ÒÌ γ- ¤·µ´´ÒÌ ¸¥³¥°¸É¢ Ì, Éµ ¤²Ö ¶¥·¢¨Î´ÒÌ ¶·µÉµ´µ¢ 75 % ÔÉ¨Ì µ¡Ñ¥±Éµ¢
Ö¢²ÖÕÉ¸Ö  ¤·µ´ ³¨,   ¤²Ö ¶¥·¢¨Î´ÒÌ Ö¤¥· ¦¥²¥§  Å 99 % ¨³¥ÕÉ  ¤·µ´´ÊÕ ¶·¨·µ¤Ê (¨§
´¨Ì 10 % Å Ë· £³¥´ÉÒ Ö¤· ). �Éµ ¨ ¸µ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´Éµ³, ¨ ¥Ð¥ · § ¶µ¤É¢¥·-
¦¤ ¥É µ¸µ¡ÊÕ ·µ²Ó  ¤·µ´µ¢ ¶·¨ ¨§ÊÎ¥´¨¨ ±µ³¶² ´ ·´µ£µ · §²¥É  ´ ¨¡µ²¥¥ Ô´¥·£¨Î´ÒÌ
¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¢ Ö¤¥·´µ³ ¢§ ¨³µ¤¥°¸É¢¨¨ ¶·¨ µÎ¥´Ó ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ.

‚›‚�„›

�·¨  ´ ²¨§¥ Ê´¨± ²Ó´µ£µ ¸É· Éµ¸Ë¥·´µ£µ γ- ¤·µ´´µ£µ ¸¥³¥°¸É¢  ¸ E0 > 1016 Ô‚ ¢Ò-
Ö¢²¥´Ò Ì · ±É¥·¨¸É¨±¨, ´¥´ ¡²Õ¤ ¥³Ò¥ ¶·¨ ¡µ²¥¥ ´¨§±¨Ì Ô´¥·£¨ÖÌ. �Éµ ¶·¥¦¤¥ ¢¸¥£µ
¢Ò· ¦¥´´ Ö  ¸¨³³¥É·¨Ö ¨ ¢Ò¸É·µ¥´´µ¸ÉÓ ¢¤µ²Ó ¶·Ö³µ° ²¨´¨¨ ´ ¨¡µ²¥¥ Ô´¥·£¨Î´ÒÌ Î -
¸É¨Í ¢ Í¥´É· ²Ó´µ° Î ¸É¨ ¸¥³¥°¸É¢ .

‚¶¥·¢Ò¥ ¶·¨ ¸Éµ²Ó ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ Ö¢²¥´¨¥ ±µ³¶² ´ ·´µ£µ · §²¥É   ¤·µ´´µ£µ ±µ³-
¶µ´¥´É  ´ ¡²Õ¤ ¥É¸Ö ¢ Î¨¸Éµ³ Ö¤¥·´µ³ ¢§ ¨³µ¤¥°¸É¢¨¨ ¶· ±É¨Î¥¸±¨ ¡¥§ ¨¸± ¦¥´¨° ± ¸-
± ¤´Ò³ ¶·µÍ¥¸¸µ³ ¢  É³µ¸Ë¥·¥.

„ ´´ Ö · ¡µÉ  ¶µ¤¤¥·¦ ´  £· ´É ³¨ �””ˆ 00-15-96632 ¨ 00-02-17250.
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