
P9-2005-33

�. �. ƒ² §µ¢, ƒ. �. Š · ³ÒÏ¥¢ , �. …. ‹¨¸¥´±µ¢ 

‚›‘�Š�—�‘’�’��Ÿ “‘Š��Ÿ�™�Ÿ ‘ˆ‘’…Œ�
CUSTOMS-–ˆŠ‹�’����

� ¶· ¢²¥´µ ¢ ¦Ê·´ ² ®�·¨±² ¤´ Ö Ë¨§¨± ¯



ƒ² §µ¢ �. �., Š · ³ÒÏ¥¢  ƒ. �., ‹¨¸¥´±µ¢  �. …. P9-2005-33
‚Ò¸µ±µÎ ¸ÉµÉ´ Ö Ê¸±µ·ÖÕÐ Ö ¸¨¸É¥³  CUSTOMS-Í¨±²µÉ·µ´ 

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¶ · ³¥É·µ¢ ¢Ò¸µ±µÎ ¸ÉµÉ´µ° Ê¸±µ·ÖÕÐ¥°
¸¨¸É¥³Ò CUSTOMS-Í¨±²µÉ·µ´ , ¶·¥¤´ §´ Î¥´´µ£µ ¤²Ö µ¡´ ·Ê¦¥´¨Ö ¢§·Ò¢Î -
ÉÒÌ ¢¥Ð¥¸É¢ ´  ¡ §¥ γ-·¥§µ´ ´¸´µ£µ ³¥Éµ¤ . �µ¸²¥ ¶·µ¢¥¤¥´¨Ö  ´ ²¨É¨Î¥¸±¨Ì
· ¸Î¥Éµ¢ ¡Ò²  ¢Ò¡· ´  ±µ´¸É·Ê±Í¨Ö ¢Ò¸µ±µÎ ¸ÉµÉ´µ£µ ·¥§µ´ Éµ· . �¥§Ê²ÓÉ ÉÒ
É·¥Ì³¥·´µ£µ Î¨¸²¥´´µ£µ · ¸ÎeÉ  ¶µ²´µ¸ÉÓÕ ¶µ¤É¢¥·¤¨²¨ ¶· ¢¨²Ó´µ¸ÉÓ  ´ ²¨É¨-
Î¥¸±¨Ì µÍ¥´µ±, ¢ Î ¸É´µ¸É¨, ¶µ Î ¸ÉµÉ¥ · §²¨Î¨¥ ¢ ·¥§Ê²ÓÉ É¥  ´ ²¨É¨Î¥¸±µ£µ
¨ Î¨¸²¥´´µ£µ · ¸Î¥Éµ¢ ´¥ ¶·¥¢Ò¸¨²µ 5 %. �µ²ÊÎ¥´´Ò¥ ± ·ÉÒ ±µ³¶µ´¥´Éµ¢
Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¶·¨³¥´ÖÕÉ¸Ö ¢ · ¸Î¥É Ì ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ Í¨±²µÉ·µ´¥.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ¶·µ¡²¥³ ¨³. ‚. �. „¦¥²¥¶µ¢ 
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High Frequency Acceleration System of the CUSTOMS Cyclotron

Results of the analytical and numeric calculations of the High Frequency Ac-
celeration System of the CUSTOMS cyclotron dedicated for explosives detection by
nuclear resonance absorption of γ-rays in nitrogen are presented.

The design of the acceleration system was chosen as a result of analytical
calculations. Numeric 3D simulation of chosen system conˇrmed results of analytical
estimations with a good agreement (< 5%). Electric ˇeld distribution in accelerating
gap for beam dynamic simulation was determined.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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‚ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ¶·µ¡²¥³ �ˆŸˆ · §· ¡ ÉÒ¢ ¥É¸Ö ¶·µ¥±É ±µ³-
¶²¥±¸  ¶µ µ¡´ ·Ê¦¥´¨Õ ¢§·Ò¢Î ÉÒÌ ¢¥Ð¥¸É¢ [1] ´  ¡ §¥ γ-·¥§µ´ ´¸´µ£µ ³¥-
Éµ¤  [2]. Šµ³¶²¥±¸ ¸µ¸Éµ¨É ¨§ Í¨±²µÉ·µ´ , ³¨Ï¥´´µ£µ Ê§²  ¨ ¤¥É¥±É¨·ÊÕ-
Ð¥£µ Ê¸É·µ°¸É¢ . �¡´ ·Ê¦¥´¨¥ ¢§·Ò¢Î ÉÒÌ ¢¥Ð¥¸É¢ ¢ · ¸¸³ É·¨¢ ¥³µ³ ¸²ÊÎ ¥
µ¸´µ¢ ´µ ´  ¤¥É¥±É¨·µ¢ ´¨¨ ¢Ò¸µ±¨Ì ±µ´Í¥´É· Í¨°  §µÉ  ¢ ¶·¥¤³¥É Ì ¡ £ ¦ 
¶µ ·¥§µ´ ´¸´µ³Ê · ¸¸¥Ö´¨Õ ²¨¡µ ¶µ£²µÐ¥´¨Õ γ-±¢ ´Éµ¢, ¶µ²ÊÎ¥´´ÒÌ ¢ ·¥-
§Ê²ÓÉ É¥ ·¥ ±Í¨¨ ‘13(P, γ)N14. „²Ö ¶µ²ÊÎ¥´¨Ö ¶ÊÎ±  Ê¸±µ·¥´´ÒÌ ¶·µÉµ´µ¢
¶² ´¨·Ê¥É¸Ö ¨¸¶µ²Ó§µ¢ ÉÓ ±µ³¶ ±É´Ò° Í¨±²µÉ·µ´ ¸  ±¸¨ ²Ó´µ° ¨´¦¥±Í¨¥°
¶ÊÎ±  µÉ ¢´¥Ï´¥£µ ¨¸ÉµÎ´¨± ,  §¨³ÊÉ ²Ó´µ° ¢ ·¨ Í¨¥° ¶µ²Ö ¨ Ô²¥±É·µ¸É É¨-
Î¥¸±µ° ¸¨¸É¥³µ° ¢Ò¢µ¤ . �·¥¨³ÊÐ¥¸É¢  Í¨±²µÉ·µ´  § ±²ÕÎ ÕÉ¸Ö ¢ ¶·µ¸ÉµÉ¥
¨ É¥Ì´µ²µ£¨Î´µ¸É¨ ±µ´¸É·Ê±Í¨¨, ´¥¡µ²ÓÏ¨Ì £ ¡ ·¨É Ì, ´¥¡µ²ÓÏ¨Ì ¢¥¸ Ì Ô²¥-
³¥´Éµ¢ Ê¸±µ·¨É¥²Ö. �´¥·£¨Ö ¢Ò¢¥¤¥´´µ£µ ¶ÊÎ±  ¶·µÉµ´µ¢ ¸µ¸É ¢¨É 1,75 ŒÔ‚,
µ¦¨¤ ¥³ Ö ¢¥²¨Î¨´  ¸·¥¤´¥£µ Éµ±  ¶ÊÎ±  2Ä5 ³�.

‚ · ¡µÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸ÎeÉµ¢ ¶ · ³¥É·µ¢ ¢Ò¸µ±µÎ ¸ÉµÉ´µ°
Ê¸±µ·ÖÕÐ¥° ¸¨¸É¥³Ò CUSTOMS-Í¨±²µÉ·µ´ .

��‡����’Š� ‚›‘�Š�—�‘’�’��‰ “‘Š��Ÿ�™…‰ ‘ˆ‘’…Œ›

� §· ¡µÉ±  ¢Ò¸µ±µÎ ¸ÉµÉ´µ° Ê¸±µ·ÖÕÐ¥° ¸¨¸É¥³Ò ¶·µÌµ¤¨É ¢ ¤¢  ÔÉ ¶ .
�¥·¢Ò° ÔÉ ¶ Å ¶·µ¢¥¤¥´¨¥  ´ ²¨É¨Î¥¸±¨Ì · ¸ÎeÉµ¢ ¸ Í¥²ÓÕ ¢Ò¡µ·  ¸É·Ê±-
ÉÊ·Ò ¨ µ¸´µ¢´ÒÌ ¶ · ³¥É·µ¢ ‚—-¸¨¸É¥³Ò. Ha ÔÉµ³ ÔÉ ¶e ¢µ§³µ¦´µ ¶·µ¢¥-
¤¥´¨¥ ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢  · ¸ÎeÉµ¢ ¤²Ö ¢Ò¡µ·  µ¶É¨³ ²Ó´µ° ±µ´¸É·Ê±Í¨¨
·¥§µ´ Éµ· . ‚Éµ·µ° ÔÉ ¶ Å ¶·µ¢¥¤¥´¨¥ Î¨¸²¥´´µ£µ · ¸ÎeÉ  ¢Ò¡· ´´µ° £¥µ³¥-
É·¨¨ ‚—-¸¨¸É¥³Ò ¶µ É·eÌ³¥·´µ° ¶·µ£· ³³¥, ¶·¥¤´ §´ Î¥´´µ° ¤²Ö · ¸ÎeÉµ¢
¢Ò¸µ±µÎ ¸ÉµÉ´µ£µ Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö ¨ ¨¸¶µ²Ó§ÊÕÐ¥° ¤²Ö ÔÉµ° Í¥²¨ ³¥-
Éµ¤ ±µ´¥Î´ÒÌ Ô²¥³¥´Éµ¢. �¥§Ê²ÓÉ Éµ³ ¢Éµ·µ£µ ÔÉ ¶  Ö¢²ÖÕÉ¸Ö ÉµÎ´Ò¥ ¤ ´´Ò¥
µ¸´µ¢´ÒÌ ¶ · ³¥É·µ¢ ·¥§µ´ Éµ·  ¨ ± ·ÉÒ Ê¸±µ·ÖÕÐ¥£µ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö,
´¥µ¡Ìµ¤¨³Ò¥ ¤²Ö ¶·µ¢¥¤¥´¨Ö Î¨¸²¥´´ÒÌ · ¸ÎeÉµ¢ ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ Í¨±²µ-
É·µ´¥. ‚µ§³µ¦´µ¸ÉÓ ¸· ¢´¥´¨Ö ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ · §´Ò³¨ ³¥Éµ¤ ³¨,
¶µ§¢µ²Ö¥É µÍ¥´¨ÉÓ ¶µ£·¥Ï´µ¸ÉÓ ¨ ¶·¥¤¥²Ò ¶·¨³¥´¨³µ¸É¨  ´ ²¨É¨Î¥¸±µ£µ ³¥-
Éµ¤  ± ¨¸¸²¥¤µ¢ ´¨Õ ¤ ´´µ° Ê¸±µ·ÖÕÐ¥° ¸¨¸É¥³Ò Í¨±²µÉ·µ´ .

1. �´ ²¨É¨Î¥¸±¨¥ · ¸ÎeÉÒ ‚—-¸¨¸É¥³Ò.“¸±µ·ÖÕÐ Ö ¢Ò¸µ±µÎ ¸ÉµÉ´ Ö
¸¨¸É¥³  µ¡· §µ¢ ´  ¤¢Ê³Ö ·¥§µ´ Éµ· ³¨, ¸µ¸ÉµÖÐ¨³¨ ¨§ 45-£· ¤Ê¸´ÒÌ ¸¥±-
Éµ·´ÒÌ Ê¸±µ·ÖÕÐ¨Ì Ô²¥±É·µ¤µ¢-¤Ê ´Éµ¢, ±µÉµ·Ò¥ · ¸¶µ²µ¦¥´Ò ¢ ¶·µÉ¨¢µ¶µ-
²µ¦´ÒÌ ¤µ²¨´ Ì ¶µ²Õ¸µ¢ Ô²¥±É·µ³ £´¨É , £µ·¨§µ´É ²Ó´µ · ¸¶µ²µ¦¥´´Ò³¨
·¥§µ´ ´¸´Ò³¨ ²¨´¨Ö³¨, ¸¨¸É¥³ ³¨ ‚—-¶¨É ´¨Ö, ¸É ¡¨²¨§ Í¨¨ ¨ Ê¶· ¢²¥´¨Ö.
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� ¡µÎ Ö Î ¸ÉµÉ  f = 38,9848 ŒƒÍ ¸µµÉ¢¥É¸É¢Ê¥É Î¥É¢¥·Éµ° ±· É´µ¸É¨
Î ¸ÉµÉÒ µ¡· Ð¥´¨Ö,  ³¶²¨ÉÊ¤  Ê¸±µ·ÖÕÐ¥£µ ´ ¶·Ö¦¥´¨Ö V = 60 ±‚.

� ¡µ· Ô´¥·£¨¨ ¨µ´µ³ ¶·¨ ¶·µ²¥É¥ ¢ Ê¸±µ·ÖÕÐ¥³ ¶·µ³¥¦ÊÉ±¥ µ¶·¥¤¥²Ö-
¥É¸Ö ¢Ò· ¦¥´¨¥³

W = 2V eZg sin (qαd/2) cos ϕ, (1)

£¤¥ V Å  ³¶²¨ÉÊ¤  Ê¸±µ·ÖÕÐ¥£µ ´ ¶·Ö¦¥´¨Ö; eZ Å § ·Ö¤ ¨µ´ ; ϕ Å Ë § 
‚—-´ ¶·Ö¦¥´¨Ö ¢ ³µ³¥´É ¶¥·¥¸¥Î¥´¨Ö ¨µ´µ³ ¸¥·¥¤¨´Ò (µ¸¨ ¸¨³³¥É·¨¨) ¤Ê-
 ´É ; q = F/F0 Å ±· É´µ¸ÉÓ Ê¸±µ·¥´¨Ö; F Å Î ¸ÉµÉ  Ê¸±µ·ÖÕÐ¥£µ ´ ¶·Ö¦¥-
´¨Ö; F0 Å Î ¸ÉµÉ  µ¡· Ð¥´¨Ö ¨µ´ ; αd Å Ê£µ² ¤Ê ´É ; g Å Ë ±Éµ· ¢·¥³¥´¨

¶·µ²eÉ  ¢ Ê¸±µ·ÖÕÐ¥³ ¶·µ³¥¦ÊÉ±¥; g =
sin (qαg/2)

qαg/2
; αg Å Ê£µ² Ê¸±µ·ÖÕÐ¥£µ

¶·µ³¥¦ÊÉ± .
ˆ§ ¢Ò· ¦¥´¨Ö (1) ¸²¥¤Ê¥É, ÎÉµ ³ ±¸¨³ ²Ó´Ò° ´ ¡µ· Ô´¥·£¨¨ µ¡¥¸¶¥Î¨¢ -

¥É¸Ö ¢ ¸²ÊÎ ¥ qαd=π, É ±¨³ µ¡· §µ³, ¢Ò¡· ´´ Ö  §¨³ÊÉ ²Ó´ Ö ¶·µÉÖ¦e´´µ¸ÉÓ
¤Ê ´É  Å 45◦ Ö¢²Ö¥É¸Ö µ¶É¨³ ²Ó´µ° ¤²Ö Î¥É¢e·Éµ° ±· É´µ¸É¨ Ê¸±µ·¥´¨Ö.

�¸µ¡¥´´µ¸ÉÓÕ Ê¸±µ·ÖÕÐ¥° ¸¨¸É¥³Ò · §· ¡ ÉÒ¢ ¥³µ£µ Í¨±²µÉ·µ´  Ö¢²Ö-
ÕÉ¸Ö ³ ²Ò¥ · §³¥·Ò Ê¸±µ·ÖÕÐ¥£µ Ô²¥±É·µ¤  ¶µ µÉ´µÏ¥´¨Õ ± ¤²¨´¥ ¢µ²´Ò
Ê¸±µ·ÖÕÐ¥£µ ´ ¶·Ö¦¥´¨Ö, · ¢´µ° 7,695 ³. ‚ É ±µ³ ¸²ÊÎ ¥ ·¥ ²Ó´µ µÉ¸ÊÉ-
¸É¢Ê¥É · ¸¶·¥¤¥²¥´¨¥ ´ ¶·Ö¦¥´¨Ö ¶µ Ô²¥±É·µ¤Ê ¨ ¥£µ ¸ ¤µ¸É ÉµÎ´µ° ÉµÎ´µ-
¸ÉÓÕ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ¸µ¸·¥¤µÉµÎ¥´´ÊÕ ¥³±µ¸ÉÓ Cd.

‡ §µ· ¢ ¤µ²¨´ Ì ³ £´¨É  ¸µ¸É ¢²Ö¥É 40 ¸³, µ¤´ ±µ § §µ· ³¥¦¤Ê ± ÉÊÏ-
± ³¨ · ¢¥´ 27,3 ¸³. ‘ ÊÎeÉµ³ ±µ´¸É·Ê±Í¨¨ µ´ ³µ¦¥É ¸µ±· É¨ÉÓ¸Ö ¤µ 25,3 ¸³,
¨, ¥¸²¨ ¸Î¨É ÉÓ, ÎÉµ Éµ²Ð¨´  ¸É¥´µ± ´ ·Ê¦´µ° É·Ê¡Ò ·¥§µ´ ´¸´µ° ²¨´¨¨
¸µ¸É ¢²Ö¥É 5 ³³, Í¥²¥¸µµ¡· §´µ Ê³¥´ÓÏ¨ÉÓ ‚—-§ §µ· ¤µ 24 ¸³, ÎÉµ ¡Ê¤¥É ¸µ-
µÉ¢¥É¸É¢µ¢ ÉÓ ³ ±¸¨³ ²Ó´µ³Ê ¢´ÊÉ·¥´´¥³Ê ¤¨ ³¥É·Ê D1 ·¥§µ´ ´¸´µ° ²¨´¨¨,
· ¸¶µ²µ¦¥´´µ° ¢´ÊÉ·¨ ³ £´¨É  ¤µ ¢´¥Ï´¥£µ · ¤¨Ê¸  ± ÉÊÏ±¨ (55 ¸³).

‚Ò¸µÉ  ¤Ê ´É  ¢Ò¡· ´  · ¢´µ° 5 ¸³, ¨§ ±µÉµ·ÒÌ 3 ¸³ Å  ¶¥·ÉÊ· . � -
·Ê¦´Ò° · ¤¨Ê¸ · ¢¥´ 34 ¸³. �¡Ð¨° ¢¨¤ ·¥§µ´ Éµ·  ¨ ∆-Ô²¥±É·µ¤  ¶µ± § ´
´  ·¨¸. 1.

�¨¸. 1. ‚¨¤ ·¥§µ´ Éµ·  ¨ ∆-Ô²¥±É·µ¤ 
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…³±µ¸ÉÓ ¤Ê ´É  µ¡· §Ê¥É¸Ö ¨§ ¥³±µ¸É¨ ±·ÒÏ¥±, Ê¸±µ·ÖÕÐ¨Ì § §µ·µ¢ ¨
¥³±µ¸É¨ ¶¥·¥¤´¥° ¨ § ¤´¥° ¸É¥´µ±. …³±µ¸ÉÓ ±·ÒÏ¥± µ¶·¥¤¥²Ö² ¸Ó ± ± ¥³-
±µ¸ÉÓ ¶²µ¸±µ£µ ±µ´¤¥´¸ Éµ· . „²Ö · ¸Î¥É  ¡µ±µ¢ÒÌ ¥³±µ¸É¥° ¨¸¶µ²Ó§µ¢ ²¨¸Ó
¢Ò· ¦¥´¨Ö ¤²Ö ¢§ ¨³´µ° ¥³±µ¸É¨ ¶µ¢¥·Ì´µ¸É¥°, ± ± ²¥¦ Ð¨Ì ¢ µ¤´µ° ¶²µ¸-
±µ¸É¨, É ± ¨ µ·Éµ£µ´ ²Ó´ÒÌ. �É¨ ¥³±µ¸É¨ ¢Ò· ¦ ÕÉ¸Ö µÉ´µÏ¥´¨¥³ ¶µ²´ÒÌ
Ô²²¨¶É¨Î¥¸±¨Ì ¨´É¥£· ²µ¢ ¶¥·¢µ£µ ·µ¤ ,  ·£Ê³¥´ÉÒ ±µÉµ·ÒÌ, ¢ ¸¢µÕ µÎ¥·¥¤Ó,
µ¶·¥¤¥²ÖÕÉ¸Ö £¥µ³¥É·¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ § §µ·µ¢.

�± § ²µ¸Ó, ÎÉµ µ¸´µ¢´µ° ¢±² ¤ ¢ ¥³±µ¸ÉÓ ¤Ê ´É  ¢´µ¸¨É Ê¸±µ·ÖÕÐ¨°
§ §µ· (¥³±µ¸ÉÓ ´  ¶·µÉ¨¢µ¤Ê ´É´ÊÕ · ³±Ê ¨ ¸É¥´±Ê ± ³¥·Ò). ‘Ê³³ ·´ Ö
¥³±µ¸ÉÓ ¤Ê ´É  ¸µ¸É ¢²Ö¥É ∼ 65 ¶±” ¶·¨ Ê¸±µ·ÖÕÐ¥³ § §µ·¥ ¢ 1 ¸³ ¨ 55 ¶±”
¶·¨ § §µ·¥ 2 ¸³.

� ¸ÎeÉÒ ·¥§µ´ ´¸´µ° ²¨´¨¨ ¶·µ¢µ¤¨²¨¸Ó ¤²Ö ¸²¥¤ÊÕÐ¨Ì §´ Î¥´¨° e³±µ-
¸É¨ ¤Ê ´É  ¨ ´ ·Ê¦´µ£µ ¤¨ ³¥É·  ¢´ÊÉ·¥´´¥° É·Ê¡Ò:

Cd = 55 ¶±”, d = 4 ¸³ ¨ Cd = 65 ¶±”, d = 5 ¸³.
�µ¸±µ²Ó±Ê ¶·¥¤¶µ² £ ¥É¸Ö ±µ³¶ ±É´µ¸ÉÓ Ê¸±µ·¨É¥²Ö, ¢ ± Î¥¸É¢¥ µ£· ´¨-

Î¨É¥²Ó´µ£µ ¢Ò¡· ´µ ¶·¥¤¶µ²µ¦¥´¨¥ µ Éµ³, ÎÉµ ·¥§µ´ ´¸´ Ö ²¨´¨Ö ´¥ ¤µ²¦´ 
¢Ò¸ÉÊ¶ ÉÓ ¡µ²¥¥ Î¥³ ´  30 ¸³ §  £ ¡ ·¨ÉÒ ³ £´¨É .

� ¸¸³µÉ·¥´Ò · §²¨Î´Ò¥ ¢ ·¨ ´ÉÒ ·¥§µ´ ´¸´ÒÌ ²¨´¨° ± ± µ¤´µ·µ¤´ÒÌ,
É ± ¨ ¸µ¸ÉµÖÐ¨Ì ¨§ ¤¢ÊÌ ÊÎ ¸É±µ¢ Å ¢´ÊÉ·¨ (¶¥·¢ Ö ¸ÉÊ¶¥´Ó) ¨ ¢´¥ (¢Éµ· Ö
¸ÉÊ¶¥´Ó) µ¡³µÉ±¨ ³ £´¨É , Å Ê¤µ¢²¥É¢µ·ÖÕÐ¨Ì µ£· ´¨Î¨É¥²Ó´µ³Ê Ê¸²µ¢¨Õ

’ ¡²¨Í 

Šµ²¨Î¥¸É¢µ ·¥§µ´ Éµ·µ¢ 2
�¥§µ´ ´¸´ Ö Î ¸ÉµÉ , MƒÍ 38,98
„²¨´  ‚—-¢µ²´Ò, ³ 7,695
�§¨³ÊÉ ²Ó´ Ö ¶·µÉÖ¦e´´µ¸ÉÓ, ◦ 45
“¸±µ·ÖÕÐ¥¥ ´ ¶·Ö¦¥´¨¥, ±‚ 60
ŒµÐ´µ¸ÉÓ ¶µÉ¥·Ó, ±‚É 5Ä5,5
˜¨·¨´  Ê¸±µ·ÖÕÐ¥£µ § §µ· , ¸³ 1

„Ê ´É

‚Ò¸µÉ  ¤Ê ´É , c³ 5
�¶¥·ÉÊ· , c³ 3
‚´¥Ï´¨° · ¤¨Ê¸, c³ 34

�¥§µ´ ´¸´ Ö ²¨´¨Ö

„¨ ³¥É· ¶¥·¢µ° ¸ÉÊ¶¥´¨ D1, c³ 24
„²¨´  ¶¥·¢µ° ¸ÉÊ¶¥´¨, c³ 21
„¨ ³¥É· ¢Éµ·µ° ¸ÉÊ¶¥´¨ D2, c³ 35
„²¨´  ¢Éµ·µ° ¸ÉÊ¶¥´¨, c³ 45
„¨ ³¥É· ¢´ÊÉ·¥´´¥° É·Ê¡Ò d, ¸³ 4
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¨ ¢¶¨¸Ò¢ ÕÐ¨Ì¸Ö ¢ £ ¡ ·¨ÉÒ ³ £´¨É´µ° ¸¨¸É¥³Ò. �± § ²µ¸Ó, ÎÉµ µ£· ´¨Î¨-
É¥²Ó´µ³Ê Ê¸²µ¢¨Õ Ìµ·µÏµ Ê¤µ¢²¥É¢µ·ÖÕÉ ¤¢ÊÌ¸ÉÊ¶¥´Î ÉÒ¥ ·¥§µ´ ´¸´Ò¥ ²¨-
´¨¨ ¸ Ê¢¥²¨Î¥´´Ò³ ¤µ D2 = 35 ¸³ ¤¨ ³¥É·µ³ ´ ·Ê¦´µ° É·Ê¡Ò ¢´¥ ± ÉÊÏ¥±
(¢Éµ· Ö ¸ÉÊ¶¥´Ó).

‘Ê³³ ·´ Ö ³µÐ´µ¸ÉÓ ¶µÉ¥·Ó ²¥¦¨É ¢ ¤¨ ¶ §µ´¥ 5Ä5,5 ±‚É. Œ ±¸¨³ ²Ó´ Ö
¶²µÉ´µ¸ÉÓ Éµ±  ¢ § ±µ·µÉ±¥ ´¥ ¶·¥¢ÒÏ ¥É 75 �/¸³, ÎÉµ ¢¶µ²´¥ ¤µ¶Ê¸É¨³µ.

‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉµ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ³ £´¨É  ¸µ ¸¶²µÏ´Ò³ Ö·³µ³
¢µ ¢Éµ·µ° ¸ÉÊ¶¥´¨ ·¥§µ´ Éµ·  ³µ¦¥É ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö ²¨´¨Ö ¸ ¶·Ö³µÊ£µ²Ó´Ò³
¸¥Î¥´¨¥³ ¢´¥Ï´¥£µ Ô²¥±É·µ¤ .

� · ³¥É·Ò ¢Ò¡· ´´µ£µ ¢ ·¨ ´É  ¢Ò¸µ±µÎ ¸ÉµÉ´µ° ¸¨¸É¥³Ò ¶·¥¤¸É ¢²¥´Ò
¢ É ¡²¨Íe.

�²¥±É·¨Î¥¸± Ö ¶·µÎ´µ¸ÉÓ ¸¨¸É¥³Ò ¶·¨ ¢Ò¡· ´´ÒÌ § §µ· Ì ¨ · ¤¨Ê¸ Ì
§ ±·Ê£²¥´¨Ö ¶·¥¤¸É ¢²Ö¥É¸Ö ¤µ¸É ÉµÎ´µ°. �µ ±·¨É¥·¨Õ Š¨²¶ É·¨±  § §µ· ¢
1 ¸³ ¤µ¶Ê¸± ¥É ´ ¶·Ö¦¥´´µ¸ÉÓ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ´  Î ¸ÉµÉ¥ 39 ŒƒÍ ¢
100 ±‚/¸³, ¢ Éµ ¢·¥³Ö ± ± ´ ¶·Ö¦¥´´µ¸ÉÓ ¶µ²Ö ´  ±·µ³± Ì ¤Ê ´É  ¸ · ¤¨Ê¸µ³
5 ³³ ´¥ ¡Ê¤¥É ¶·¥¢ÒÏ ÉÓ 80 ±‚/¸³.

2. Šµ³¶ÓÕÉ¥·´ Ö ³µ¤¥²Ó ‚—-¸¨¸É¥³Ò. „²Ö Î¨¸²¥´´ÒÌ · ¸ÎeÉµ¢ ¨¸¶µ²Ó-
§µ¢ ² ¸Ó ±µ´¸É·Ê±Í¨Ö ‚—-·¥§µ´ Éµ· , ¶·¨§´ ´´ Ö µ¶É¨³ ²Ó´µ° ´  ¶¥·¢µ³
ÔÉ ¶¥ ³µ¤¥²¨·µ¢ ´¨Ö (¸³. ·¨¸. 1 ¨ É ¡².). �  ·¨¸. 2 ¶µ± § ´  ³µ¤¥²Ó ·¥§µ-
´ Éµ·  ¸ ´ ²µ¦¥´´µ° · ¸ÎeÉ´µ° ¸¥É±µ°. ’ ± ± ± ·¥§µ´ Éµ· µ¡² ¤ ¥É µ¸¥-
¢µ° ¸¨³³¥É·¨¥°, ¶·µ¢µ¤¨²¸Ö · ¸ÎeÉ ¶µ²µ¢¨´Ò ·¥§µ´ Éµ·  (¤²Ö µ¡¥¸¶¥Î¥´¨Ö
³ ±¸¨³ ²Ó´µ° ÉµÎ´µ¸É¨ ·¥§Ê²ÓÉ Éµ¢). Œµ¤¥²Ó ·¥§µ´ Éµ·  ¡Ò²  · §¤¥²¥´  ´ 
∼ 1 ³²´ Ô²¥³¥´Éµ¢ (ÔÉµ ³ ±¸¨³ ²Ó´µ¥ Î¨¸²µ · §¡¨¥´¨°, ±µÉµ·µ¥ ¤µ¶Ê¸± ¥É
¨³¥ÕÐ¨°¸Ö ¢ ´ Ï¥³ · ¸¶µ·Ö¦¥´¨¨ ±µ³¶ÓÕÉ¥· (AMD Athlon, 2,7 ƒƒÍ, µ¡Ñe³
µ¶¥· É¨¢´µ° ¶ ³ÖÉ¨ 1024 Œ¡). � ¸ÎeÉ § ´¨³ ¥É µ±µ²µ ¤¢ÊÌ Î ¸µ¢, µ£· ´¨Î¥-
´¨¥ ´  ±µ²¨Î¥¸É¢µ Ô²¥³¥´Éµ¢ · §¡¨¥´¨Ö ¸¢Ö§ ´µ ¸ ´¥¤µ¸É ÉµÎ´Ò³ µ¡Ñe³µ³
µ¶¥· É¨¢´µ° ¶ ³ÖÉ¨. ‡ ³¥É¨³, ÎÉµ ´  ·¨¸. 2 ¨§µ¡· ¦¥´  ¸¥É±  ¸ ¸ÊÐ¥¸É¢¥´´µ
³¥´ÓÏ¨³ ±µ²¨Î¥¸É¢µ³ Ô²¥³¥´Éµ¢ (∼100 000), É ± ± ± ± Î¥¸É¢¥´´µ ¶µ± § ÉÓ
³µ¤¥²Ó ·¥§µ´ Éµ· , ¸µ¸ÉµÖÐÊÕ ¨§ ³¨²²¨µ´  Ô²¥³¥´Éµ¢, ´¥ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢µ§-
³µ¦´Ò³.

�¨¸. 2. Šµ³¶ÓÕÉ¥·´ Ö ³µ¤¥²Ó ·¥§µ´ Éµ· 
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�¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´µ£µ · ¸ÎeÉ  ¶µ²´µ¸ÉÓÕ ¶µ¤É¢¥·¤¨²¨ ¶· ¢¨²Ó´µ¸ÉÓ  ´ -
²¨É¨Î¥¸±¨Ì µÍ¥´µ± ¶ · ³¥É·µ¢ ¢Ò¸µ±µÎ ¸ÉµÉ´µ£µ ·¥§µ´ Éµ· , ¢ Î ¸É´µ¸É¨, ¶µ
Î ¸ÉµÉ¥ · §²¨Î¨¥ ¢ ·¥§Ê²ÓÉ É¥  ´ ²¨É¨Î¥¸±µ£µ ¨ Î¨¸²¥´´µ£µ ¶µ¤Ìµ¤µ¢ ´¥ ¶·¥-
¢Ò¸¨²µ 5 %.

Šµ´¥Î´µ° Í¥²ÓÕ ¶·µ¢¥¤¥´¨Ö Î¨¸²¥´´ÒÌ · ¸ÎeÉµ¢ ·¥§µ´ Éµ·  Ö¢²Ö¥É¸Ö ¶µ-
²ÊÎ¥´¨¥ ¶·µ¸É· ´¸É¢¥´´µ£µ · ¸¶·¥¤¥²¥´¨Ö ±µ³¶µ´¥´É Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö,
´¥µ¡Ìµ¤¨³µ£µ ¤²Ö ¶µ¸²¥¤ÊÕÐ¥£µ ³µ¤¥²¨·µ¢ ´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ± . �  ·¨¸. 3
¶·¥¤¸É ¢²¥´µ · ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢ ³¥¤¨ ´´µ° ¶²µ¸±µ¸É¨.
�¨¸. 4 ¶µ± §Ò¢ ¥É · ¸¶·¥¤¥²¥´¨¥ Eϕ-, Er-, Ez-±µ³¶µ´¥´É Ô²¥±É·¨Î¥¸±µ£µ
¶µ²Ö (¢ Í¨²¨´¤·¨Î¥¸±µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É) ¢ § ¢¨¸¨³µ¸É¨ µÉ · ¤¨ ²Ó´µ°
±µµ·¤¨´ ÉÒ ¤²Ö ¸¥·¥¤¨´Ò Ê¸±µ·ÖÕÐ¥£µ ¶·µ³¥¦ÊÉ±  ¢ ³¥¤¨ ´´µ° ¶²µ¸±µ¸É¨.

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö

�¨¸. 4. ‡ ¢¨¸¨³µ¸É¨ ¸µ¸É ¢²ÖÕÐ¨Ì Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö Eϕ, Er, Ez µÉ · ¤¨Ê¸ : ¶Ê´±-
É¨·´ Ö ²¨´¨Ö Å Eϕ; ¸¶²µÏ´ Ö Å Er; ÏÉ·¨Ì¶Ê´±É¨·´ Ö Å Ez
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�  ¶¥·¢µ³ ÔÉ ¶¥ ±µ³¶ÓÕÉ¥·´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ¤¢¨¦¥´¨Ö Î ¸É¨Í ¢ Í¨-
±²µÉ·µ´¥ Ê¸±µ·ÖÕÐ¥¥ Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥ ´¥·¥¤±µ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥  ´ -
²¨É¨Î¥¸±¨Ì Ëµ·³Ê², É ±¨Ì ± ±, ´ ¶·¨³¥·, ¢ · ¡µÉ¥ [3]. „²Ö µ¶·¥¤¥²¥´¨Ö
£· ´¨ÍÒ ¶·¨³¥´¨³µ¸É¨  ´ ²¨É¨Î¥¸±µ£µ ¶·¥¤¸É ¢²¥´¨Ö Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö
 ¢Éµ·Ò ¸· ¢´¨²¨ ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´µ£µ · ¸Î¥É  ¸  ´ ²¨É¨Î¥¸±¨³ ¶·¨¡²¨¦¥-
´¨¥³.

�¨¸. 5 ¤¥³µ´¸É·¨·Ê¥É · ¸¸Î¨É ´´µ¥ Î¨¸²¥´´µ (¶µ± § ´µ ÏÉ·¨Ìµ¢µ° ²¨-
´¨¥°) ¨  ´ ²¨É¨Î¥¸±¨ [3] (¶µ± § ´µ ¸¶²µÏ´µ° ²¨´¨¥°) · ¸¶·¥¤¥²¥´¨¥  §¨³Ê-
É ²Ó´µ° Eϕ (¢ ³¥¤¨ ´´µ° ¶²µ¸±µ¸É¨) ¨  ±¸¨ ²Ó´µ° Ez (´  · ¸¸ÉµÖ´¨¨ 1 ¸³ µÉ
³¥¤¨ ´´µ° ¶²µ¸±µ¸É¨) ±µ³¶µ´¥´É Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢ Ê¸±µ·ÖÕÐ¥³ ¶·µ³¥-
¦ÊÉ±¥ ´  · ¤¨Ê¸¥ 30 ¸³.

�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥  §¨³ÊÉ ²Ó´µ° Eϕ ¨  ±¸¨ ²Ó´µ° Ez ¸µ¸É ¢²ÖÕÐ¨Ì Ô²¥±É·¨Î¥-
¸±µ£µ ¶µ²Ö ¢ Ê¸±µ·ÖÕÐ¥° Ð¥²¨ ·¥§µ´ Éµ·  (Î¨¸²¥´´Ò° (¶Ê´±É¨·) ¨  ´ ²¨É¨Î¥¸±¨°
(¸¶²µÏ´ Ö ²¨´¨Ö) · ¸Î¥É)

‡�Š‹�—…�ˆ…

‚ ·¥§Ê²ÓÉ É¥ ¶·µ¢¥¤¥´¨Ö  ´ ²¨É¨Î¥¸±¨Ì · ¸ÎeÉµ¢ ¡Ò²  ¢Ò¡· ´  ±µ´-
¸É·Ê±Í¨Ö ¢Ò¸µ±µÎ ¸ÉµÉ´µ£µ ·¥§µ´ Éµ·  ¤²Ö Ê¸±µ·¥´¨Ö ¨µ´µ¢ ¢ CUSTOMS-
Í¨±²µÉ·µ´¥, ¶·¥¤´ §´ Î¥´´µ³ ¤²Ö µ¡´ ·Ê¦¥´¨Ö ¢§·Ò¢Î ÉÒÌ ¢¥Ð¥¸É¢. �¥§Ê²Ó-
É ÉÒ Î¨¸²¥´´µ£µ · ¸ÎeÉ  ¶ · ³¥É·µ¢ ·¥§µ´ Éµ·  ¶µ²´µ¸ÉÓÕ ¶µ¤É¢¥·¤¨²¨ ¶· -
¢¨²Ó´µ¸ÉÓ  ´ ²¨É¨Î¥¸±¨Ì µÍ¥´µ±, ¢ Î ¸É´µ¸É¨, ¶µ Î ¸ÉµÉ¥ · §²¨Î¨¥ ¢ ·¥§Ê²Ó-
É É¥  ´ ²¨É¨Î¥¸±µ£µ ¨ Î¨¸²¥´´µ£µ · ¸ÎeÉµ¢ ´¥ ¶·¥¢Ò¸¨²µ 5 %. �¤´ ±µ ¤²Ö
¶·¥¤¸É ¢²¥´¨Ö Ê¸±µ·ÖÕÐ¥£µ ¶µ²Ö ¶·¨ ¶·µ¢¥¤¥´¨¨ ±µ³¶ÓÕÉ¥·´µ£µ ³µ¤¥²¨·µ-
¢ ´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ±  ²ÊÎÏ¥ ¨¸¶µ²Ó§µ¢ ÉÓ ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´µ£µ · ¸ÎeÉ .
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