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�·µ¢¥¤¥´Ò · ¸Î¥ÉÒ ¸¨¸É¥³Ò Ëµ±Ê¸¨·µ¢±¨ ¨ É· ´¸¶µ·É¨·µ¢±¨ ¶ÊÎ±  Ô²¥±É·µ´µ¢ Ê¸±µ·¨É¥²Ö
‹“�-200 Å ¤· °¢¥·  ¨³¶Ê²Ó¸´µ£µ ¨¸ÉµÎ´¨±  ·¥§µ´ ´¸´ÒÌ ´¥°É·µ´µ¢ (ˆ�…�) [1]. � ¸Î¥ÉÒ ¤¨´ -
³¨±¨ ¶ÊÎ±  Ô²¥±É·µ´µ¢ ¢ É· ±É¥ Ê¸±µ·¨É¥²Ö ¸ ¡¥£ÊÐ¥° ¢µ²´µ° ¢Ò¶µ²´Ö²¨¸Ó ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò
PARMELA [2] ¤²Ö ¶·µ¥±É¨·Ê¥³µ° ±µ´Ë¨£Ê· Í¨¨: Ô²¥³¥´Éµ¢ Ê¸±µ·ÖÕÐ¥° ¸¨¸É¥³Ò, ¸¨¸É¥³Ò ³ £-
´¨É´µ° Ëµ±Ê¸¨·µ¢±¨ Ê¸±µ·¨É¥²Ö µÉ ¨¸ÉµÎ´¨±  Ô²¥±É·µ´µ¢ ¤µ ±µ´Í  Ê¸±µ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò, ± ´ ² 
É· ´¸¶µ·É¨·µ¢±¨ ¶ÊÎ±  µÉ ¢ÒÌµ¤  Ê¸±µ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò ¤µ ³¨Ï¥´¨. �¸ÊÐ¥¸É¢²¥´µ ³µ¤¥²¨·µ¢ -
´¨¥ ·¥¦¨³µ¢ Ê¸±µ·¥´¨Ö ¨ É· ´¸¶µ·É¨·µ¢±¨ ¶·¨ · §²¨Î´ÒÌ ¶ · ³¥É· Ì Ëµ±Ê¸¨·ÊÕÐ¥£µ ³ £´¨É´µ£µ
¶µ²Ö ¢ Ê¸±µ·¨É¥²¥ ¨ ± ´ ²¥, · §²¨Î´ÒÌ Éµ± Ì ¶ÊÎ±  ¨ · §²¨Î´ÒÌ ´ Î ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ Ô²¥±-
É·µ´µ¢.

Calculations are performed for the focusing and transport system of an electron beam of the LUE-
200 accelerator Å the driver of a pulse source of resonant neutrons (IREN) [1]. The calculations of
the beam dynamics in the travelling wave accelerator were carried out with the help of PARMELA
code [2] for a designed conˇguration: elements of accelerating system, system of magnetic focusing
of the accelerator from an electron source up to the end of accelerating structure, the channel of beam
transport from an output of accelerating structure up to a target. Modelling of modes of acceleration
and transportation is performed for various parameters of the focusing magnetic ˇeld in the accelerator
and the channel, for various currents of the beam and various initial distributions of electrons.

‚‚…„…�ˆ…

“¸É ´µ¢±  ˆ�…� ± ± ¨´É¥´¸¨¢´Ò° ¨³¶Ê²Ó¸´Ò° ¨¸ÉµÎ´¨± ·¥§µ´ ´¸´ÒÌ ´¥°É·µ´µ¢
¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° É· ¤¨Í¨µ´´ÊÕ ¤²Ö �ˆŸˆ ±µ³¡¨´ Í¨Õ ¨§ ¤· °¢¥·  Å ²¨´¥°´µ£µ
Ê¸±µ·¨É¥²Ö Ô²¥±É·µ´µ¢ Å ¨ ³¨Ï¥´¨-±µ´¢¥·É¥·  ¸ ¡Ê¸É¥·µ³-· §³´µ¦¨É¥²¥³.

Šµ´Í¥¶Í¨Ö ²¨´¥°´µ£µ Ê¸±µ·¨É¥²Ö · §· ¡µÉ ´  ¢ ˆŸ” ¨³. ƒ. ˆ. �Ê¤±¥·  ‘� ��� ´ 
¡ §¥ ¶·µÉµÉ¨¶  Å Ëµ·¨´¦¥±Éµ·  Ê¸±µ·¨É¥²Ó´µ£µ ±µ³¶²¥±¸  ‚���-5 [3]. �·µ¥±É´Ò¥
¶ · ³¥É·Ò ˆ�…� ¶µ ¢ÒÌµ¤Ê ´¥°É·µ´µ¢ § ¤ ÕÉ ¸·¥¤´ÕÕ ³µÐ´µ¸ÉÓ ¶ÊÎ±  Ô²¥±É·µ´µ¢
∼ 10 ±‚É, ÎÉµ ¶·¨ ¤²¨É¥²Ó´µ¸É¨ ¨³¶Ê²Ó¸  250 ´¸, §´ Î¥´¨¨ Éµ±  Ô²¥±É·µ´µ¢ ¢ ¨³¶Ê²Ó¸¥
1,5 � ¨ Î ¸ÉµÉ¥ ¸²¥¤µ¢ ´¨Ö ¨³¶Ê²Ó¸µ¢ 150 ƒÍ µ¶·¥¤¥²Ö¥É Ô´¥·£¨Õ Ô²¥±É·µ´µ¢ 200 ŒÔ‚.
ˆ§-§  µ£· ´¨Î¥´¨° ¶µ · §³¥Ð¥´¨Õ Ê¸±µ·¨É¥²Ö ¢ ¸ÊÐ¥¸É¢ÊÕÐ¥³ §¤ ´¨¨ ¸·¥¤´¨° É¥³¶
´ ¡µ·  Ô´¥·£¨¨ ¢ Ê¸±µ·ÖÕÐ¨Ì ¸É·Ê±ÉÊ· Ì ¤µ²¦¥´ ¸µ¸É ¢²ÖÉÓ ´¥ ³¥´¥¥ 35 ŒÔ‚/³.

1. “‘Š��ˆ’…‹œ ‹“�-200

“¸±µ·¨É¥²Ó ¸µ¸Éµ¨É ¨§ Ô²¥±É·µ´´µ° ¶ÊÏ±¨, £·Ê¶¶¨·µ¢ É¥²Ö, ¤¢ÊÌ Ê¸±µ·ÖÕÐ¨Ì ¸¥±Í¨°
¨ ± ´ ²  É· ´¸¶µ·É¨·µ¢±¨ ¶ÊÎ±  ± ³¨Ï¥´¨. �  µ¡Ð¥° ¸Ì¥³¥ (·¨¸. 1) Ê¸²µ¢´µ ¢Ò¤¥²¥´Ò
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Ô²¥±É·µ´´ Ö ¶ÊÏ±  (K-A), £·Ê¶¶¨·µ¢ É¥²Ó (ƒ·), Ê¸±µ·ÖÕÐ¨¥ ¸¥±Í¨¨, ¶·µ³¥¦ÊÉµÎ´Ò¥
ÊÎ ¸É±¨ ³¥¦¤Ê ¸¥±Í¨Ö³¨ (�·1, �·2) ¨ ± ´ ² É· ´¸¶µ·É¨·µ¢±¨ ¶ÊÎ±  ± ³¨Ï¥´¨ (Œ).
“¸É ´µ¢±  · §³¥Ð ¥É¸Ö ¢¥·É¨± ²Ó´µ ¢ ¤¢ÊÌ ¢¥·Ì´¨Ì ÔÉ ¦ Ì É·¥ÌÔÉ ¦´µ£µ §¤ ´¨Ö ¡ Ï¥´-
´µ£µ É¨¶ . �ÊÏ± , £·Ê¶¶¨·µ¢ É¥²Ó ¨ ¶¥·¢ Ö ¸¥±Í¨Ö Ê¸±µ·¨É¥²Ö · §³¥Ð ÕÉ¸Ö ¢ ¢¥·Ì´¥³
ÔÉ ¦¥, ¢Éµ· Ö ¸¥±Í¨Ö Å ÔÉ ¦µ³ ´¨¦¥. “¸±µ·¥´´Ò° ¶ÊÎµ± É· ´¸¶µ·É¨·Ê¥É¸Ö ¢ ´¨¦´¨°
ÔÉ ¦ (³¨Ï¥´´Ò° § ²) ± ³¨Ï¥´¨, µÉ±Ê¤  ¶ÊÎ±¨ ´¥°É·µ´µ¢ ¶µ ¸¶¥Í¨ ²Ó´Ò³ ± ´ ² ³ ´ -
¶· ¢²ÖÕÉ¸Ö ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³ Ê¸É ´µ¢± ³.

�²¥±É·µ´´ Ö ¶ÊÏ±  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¤¨µ¤´ÊÕ ¸¨¸É¥³Ê (± Éµ¤Ä ´µ¤) ¸ ´ ± ²Ó´Ò³
Ô±· ´¨·µ¢ ´´Ò³ ± Éµ¤µ³ ¶µ¤ ¢Ò¸µ±¨³ ¶µÉ¥´Í¨ ²µ³ ¨ ¶µ²Ò³ § §¥³²¥´´Ò³  ´µ¤µ³. �ÊÎµ±
Ô²¥±É·µ´µ¢ Ëµ·³¨·Ê¥É¸Ö Ô²¥±É·¨Î¥¸±¨³ ¶µ²¥³ Ô²¥±É·µ´´µ-µ¶É¨Î¥¸±µ° ¸¨¸É¥³Ò ¶ÊÏ±¨
¨ Î¥·¥§ ¶µ²Ò°  ´µ¤ ¢Ò¶Ê¸± ¥É¸Ö ¢ ± ´ ² Ê¸±µ·¨É¥²Ó´µ£µ É· ±É .

“¸±µ·ÖÕÐ Ö ¸¨¸É¥³  ‹“�-200 ¸µ¸Éµ¨É ¨§ £·Ê¶¶¨·µ¢ É¥²Ö ¨ ¤¢ÊÌ Ê¸±µ·ÖÕÐ¨Ì ¸¥±-
Í¨°, ¢ ± ¦¤ÊÕ ¨§ ±µÉµ·ÒÌ ¶µ¤ ¥É¸Ö ‘‚—-³µÐ´µ¸ÉÓ µÉ ´¥§ ¢¨¸¨³ÒÌ ±²¨¸É·µ´´ÒÌ Ê¸¨²¨-
É¥²¥° ´  ¡ §¥ ±²¨¸É·µ´  5045 SLAC, · ¡µÉ ÕÐ¨Ì ´  Î ¸ÉµÉ¥ 2856 ŒƒÍ.

ƒ·Ê¶¶¨·µ¢ É¥²Ó [4], ¸Ì¥³ É¨Î¥¸±¨ ¶µ± § ´´Ò° ´  ·¨¸. 2, ¸µ¸Éµ¨É ¨§ Î¥ÉÒ·¥Ì ¸¢Ö-
§ ´´ÒÌ Í¨²¨´¤·¨Î¥¸±¨Ì ·¥§µ´ Éµ·µ¢ (É·¨ Î Ï±¨-ÖÎ¥°±¨ + É· ´¸Ëµ·³ Éµ· É¨¶  ¢µ²´Ò-
Ê¸É·µ°¸É¢  ¢¢µ¤  ‘‚—-³µÐ´µ¸É¨) ¸ · ¡µÎ¥° Î ¸ÉµÉµ° 2855,6 ŒƒÍ. ‚ £·Ê¶¶¨·µ¢ É¥²¥
¨¸¶µ²Ó§Ê¥É¸Ö · ¡µÎ¨° É¨¶ ±µ²¥¡ ´¨° 4π/3. ‘µ¡¸É¢¥´´ Ö ¤µ¡·µÉ´µ¸ÉÓ 3303. � ¸¶·¥¤¥²¥-
´¨¥ ´ ¶·Ö¦¥´´µ¸É¨ ¶·µ¤µ²Ó´µ£µ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢¤µ²Ó µ¸¨ £·Ê¶¶¨·µ¢ É¥²Ö ¶µ± § ´o
´  ·¨¸. 3.

“¸±µ·ÖÕÐ¨¥ ¸¥±Í¨¨ ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° ±·Ê£²Ò° ¤¨ Ë· £³¨·µ¢ ´´Ò° ¢µ²´µ¢µ¤ ¸
¶µ¸ÉµÖ´´Ò³ ¨³¶¥¤ ´¸µ³ Å ¶µ¸ÉµÖ´´µ° £¥µ³¥É·¨¥° ÖÎ¥¥± ¶µ ¢¸¥° ¤²¨´¥ (·¨¸. 4). �¸´µ¢-
´Ò¥ ¶ · ³¥É·Ò ¸¥±Í¨¨ ¶·¨¢¥¤¥´Ò ¢ [5].

”µ±Ê¸¨·ÊÕÐ Ö ¸¨¸É¥³  ¸µ¸Éµ¨É ¨§ ± ´ ²  ¸µ²¥´µ¨¤ ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨ ¨ ± ´ ² 
±¢ ¤·Ê¶µ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨.

Š ´ ² ¸µ²¥´µ¨¤ ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨ (·¨¸. 1) ¨¸¶µ²Ó§Ê¥É¸Ö ¢ µ¡² ¸É¨ Ëµ·³¨·µ¢ ´¨Ö
¶ÊÎ±  ¨ Ê¸±µ·¥´¨Ö µÉ Ô´¥·£¨¨ 200 ±Ô‚ ¤µ 100 ŒÔ‚. �´ ¸µ¸Éµ¨É ¨§ ³ £´¨É´ÒÌ ²¨´§ �‘,
Œ‹1 ¨ Œ‹2 ¨¸ÉµÎ´¨±  Ô²¥±É·µ´µ¢ ¨ ¸¨¸É¥³Ò ¸µ²¥´µ¨¤µ¢, µÌ¢ ÉÒ¢ ÕÐ¨Ì £·Ê¶¶¨·µ¢ É¥²Ó
(± ÉÊÏ±  £·Ê¶¶¨·µ¢ É¥²Ö Šƒ) ¨ ¶¥·¢ÊÕ Ê¸±µ·ÖÕÐÊÕ ¸¥±Í¨Õ. ‚ ¶·µÍ¥¸¸¥ ¶·µ¥±É¨·µ¢ ´¨Ö
±µ´Ë¨£Ê· Í¨Ö ± ´ ²  ¸µ²¥´µ¨¤ ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨ ¢ ·Ó¨·µ¢ ² ¸Ó. ‚ ¶¥·¢µ´ Î ²Ó´µ³
¢ ·¨ ´É¥ ± ´ ²  [3] Ëµ±Ê¸¨·µ¢±  ¶ÊÎ±  ¢ ¶¥·¢µ° ¸¥±Í¨¨ µ¸ÊÐ¥¸É¢²Ö² ¸Ó ¸¨¸É¥³µ° ¤¢ÊÌ
¸µ²¥´µ¨¤µ¢: ‘1 (¤²¨´  ∼ 0,75 ³, ¶µ²¥ ∼ 1,5 ±ƒ¸) ¨ ‘2 (¤²¨´  ∼ 2,1 ³, ¶µ²¥ ∼ 4,0 ±ƒ¸) ¸µ
¢¸É·¥Î´Ò³ ´ ¶· ¢²¥´¨¥³ ¶µ²¥°. �·¨ µ¸ÊÐ¥¸É¢²¥´¨¨ · ¸Î¥Éµ¢ ¨ Î¨¸²¥´´µ° µ¶É¨³¨§ Í¨¨
¶µ²¥° ¸¨¸É¥³  ¤¢ÊÌ ¸µ²¥´µ¨¤µ¢ § ³¥´Ö² ¸Ó µ¤´¨³ ¸¥±Í¨µ´¨·µ¢ ´´Ò³ ¸µ²¥´µ¨¤µ³ ‘1 (16
¸¥±Í¨°), µÌ¢ ÉÒ¢ ÕÐ¨³ ¶¥·¢ÊÕ Ê¸±µ·ÖÕÐÊÕ ¸¥±Í¨Õ ¶µ ¢¸¥° ¤²¨´¥ Ê¸±µ·¥´¨Ö.

Š ´ ² ±¢ ¤·Ê¶µ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨ ¨¸¶µ²Ó§Ê¥É¸Ö ¶µ¸²¥ ¢ÒÌµ¤  ¶ÊÎ±  ¨§ ¶¥·¢µ°
Ê¸±µ·ÖÕÐ¥° ¸¥±Í¨¨, Ê¸±µ·¥´¨¨ ¢µ ¢Éµ·µ° ¸¥±Í¨¨ µÉ Ô´¥·£¨¨ 100 ¤µ 200 ŒÔ‚ ¨ ¶·¨
¤ ²Ó´¥°Ï¥° É· ´¸¶µ·É¨·µ¢±¥ ¶ÊÎ±  ± ³¨Ï¥´¨. Š ´ ² ¸µ¸Éµ¨É ¨§ ¤¥¢ÖÉ¨ ±¢ ¤·Ê¶µ²Ó´ÒÌ
²¨´§ Q1ÄQ9. ‘µ£² ¸ÊÕÐ Ö ²¨´§  Q1 ¸µ¢³¥Ð¥´  ¸ ±µ··¥±Éµ·µ³ ¶µ²µ¦¥´¨Ö ¶ÊÎ±  Š3.
Š¢ ¤·Ê¶µ²¨ Q2ÄQ5 ¸  ¶¥·ÉÊ·µ° ¤¨ ³¥É·µ³ 160 ³³ Ê¸É ´µ¢²¥´Ò ´  ¢Éµ·ÊÕ Ê¸±µ·ÖÕÐÊÕ
¸¥±Í¨Õ ¨ µ¡· §ÊÕÉ ¤¢  ¤Ê¡²¥É  ¤²Ö ¶·µ¢µ¤±¨ ¶ÊÎ±  Î¥·¥§ ± ´ ² ³ ²µ°  ¶¥·ÉÊ·Ò (¢´ÊÉ·¨
¸¥±Í¨¨). Š¢ ¤·Ê¶µ²¨ Q6ÄQ9 ¸  ¶¥·ÉÊ·µ° 60 ³³ µ¡· §ÊÕÉ ¥Ð¥ ¤¢  ¤Ê¡²¥É  ¤²Ö ¶·µ¢µ¤±¨
¨ Ëµ±Ê¸¨·µ¢±¨ ¶ÊÎ±  ´  ³¨Ï¥´Ó. Š¢ ¤·Ê¶µ²¨ Q8 ¨ Q9 · ¸¶µ² £ ÕÉ¸Ö ¢ § ²¥ ³¨Ï¥´¨.
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�¨¸. 1. �¡Ð Ö ¸Ì¥³ 

Ê¸±µ·¨É¥²Ö ‹“�-200

¨ ± ´ ²  É· ´¸¶µ·-
É¨·µ¢±¨

�¨¸. 2. �¡Ð Ö ¸Ì¥³  £·Ê¶¶¨·µ¢ É¥²Ö

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ´ ¶·Ö¦¥´´µ¸É¨ ¶·µ¤µ²Ó´µ£µ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö
¢¤µ²Ó µ¸¨ £·Ê¶¶¨·µ¢ É¥²Ö

�¨¸. 4. ƒ¥µ³¥É·¨Ö Ê¸±µ·ÖÕÐ¥° ¸¥±Í¨¨
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Œµ¤¥²¨·µ¢ ´¨¥ ¤¨´ ³¨±¨ ¶ÊÎ±  ¶·µ¢µ¤¨²µ¸Ó ¸ Í¥²ÓÕ µ¶É¨³¨§ Í¨¨ ¶ · ³¥É·µ¢ ± -
´ ²  ¸µ²¥´µ¨¤ ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨ ¨ ± ´ ²  ±¢ ¤·Ê¶µ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨ ¶·¨ ÏÉ É´µ°
· ¸¸É ´µ¢±¥ Ëµ±Ê¸¨·ÊÕÐ¨Ì Ô²¥³¥´Éµ¢, µ¡Ê¸²µ¢²¥´´µ° ¸¶¥Í¨Ë¨±µ° ®¶·¨¢Ö§±¨¯ Ê¸±µ·¨-
É¥²Ö ¨ ± ´ ²  É· ´¸¶µ·É¨·µ¢±¨ ± ¸ÊÐ¥¸É¢ÊÕÐ¥³Ê §¤ ´¨Õ.

Š § ¤ Î ³ ³µ¤¥²¨·µ¢ ´¨Ö µÉ´µ¸¨²¨¸Ó:
Å µ¶É¨³¨§ Í¨Ö ¢¥²¨Î¨´Ò ¨ · ¸¶·¥¤¥²¥´¨Ö ¶·µ¤µ²Ó´µ£µ ³ £´¨É´µ£µ ¶µ²Ö ¢ µ¡² ¸É¨

± Éµ¤´µ£µ Ê§²  ¨ £·Ê¶¶¨·µ¢ É¥²Ö;
Å ¶·µ¢¥·±  ¢µ§³µ¦´µ¸É¨ ¸´¨¦¥´¨Ö Ê·µ¢´Ö ³ £´¨É´µ£µ ¶µ²Ö ¢ ¸µ²¥´µ¨¤ Ì ¨ ¨¸±²ÕÎ¥-

´¨Ö ·¥¢¥·¸  ¶µ²Ö ¢ µ¡² ¸É¨ ¶¥·¢µ° Ê¸±µ·ÖÕÐ¥° ¸¥±Í¨¨.
Å µ¶É¨³¨§ Í¨Ö ¶ · ³¥É·µ¢ ± ´ ²  ±¢ ¤·Ê¶µ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨, µ¡¥¸¶¥Î¨¢ ÕÐ¨Ì

É·¥¡Ê¥³Ò¥ Éµ± (1,5 �) ¨ · §³¥·Ò (∅ 20 ³³) ¶ÊÎ±  ´  · §³´µ¦ ÕÐ¥° ³¨Ï¥´¨ ¶·¨ ÏÉ É´µ°
· ¸¸É ´µ¢±¥ ±¢ ¤·Ê¶µ²Ó´ÒÌ ²¨´§, µ¡Ê¸²µ¢²¥´´µ° ¸¶¥Í¨Ë¨±µ° · §³¥Ð¥´¨Ö Ê¸±µ·¨É¥²Ö ¨
± ´ ²  É· ´¸¶µ·É¨·µ¢±¨ ¢ ¸ÊÐ¥¸É¢ÊÕÐ¥³ §¤ ´¨¨.

� ¸Î¥ÉÒ ¤¨´ ³¨±¨ ¶ÊÎ±  ¶·µ¢µ¤¨²¨¸Ó ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò PARMELA. � Î ²Ó´Ò¥
¶ · ³¥É·Ò ¶ÊÎ±  Ô²¥±É·µ´µ¢ ´  ¢ÒÌµ¤¥ Ô²¥±É·µ´´µ° ¶ÊÏ±¨ § ¤ ¢ ²¨¸Ó ¸µ£² ¸´µ [1]:

�´¥·£¨Ö Ô²¥±É·µ´µ¢ 200 ±Ô‚
Œ ±¸¨³ ²Ó´Ò° Éµ± ¶ÊÎ±  ¢ ¨³¶Ê²Ó¸¥ ¤µ 3 �
„²¨É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸  Éµ±  ¶ÊÎ±  250 ´¸
�µ¶¥·¥Î´Ò° · §³¥· ¶ÊÎ±  r = 4 ³³
�³¨ÉÉ ´¸ ¶ÊÎ±  (´¥ ¡µ²¥¥) � 0,01 π· ¸³ · · ¤
�´¥·£¥É¨Î¥¸±¨° · §¡·µ¸ � 2 ±Ô‚.

“¸±µ·ÖÕÐ Ö ¨ Ëµ±Ê¸¨·ÊÕÐ Ö ¸¨¸É¥³  ¤µ²¦´Ò µ¡¥¸¶¥Î¨¢ ÉÓ Ëµ·³¨·µ¢ ´¨¥ ´  ³¨-
Ï¥´¨ ¶ÊÎ±  Ô²¥±É·µ´µ¢ ¸ ¶ · ³¥É· ³¨:

�´¥·£¨Ö Ô²¥±É·µ´µ¢ 200 ŒÔ‚
Œ ±¸¨³ ²Ó´Ò° Éµ± ¶ÊÎ±  ¢ ¨³¶Ê²Ó¸¥ 1,5 �
„²¨É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸  Éµ±  ¶ÊÎ±  250 ´¸
� ¤¨Ê¸ ¶ÊÎ±  ´  ³¨Ï¥´¨ 10 ³³.

‚ ± Î¥¸É¢¥ ´ Î ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶²µÉ´µ¸É¨ Ô²¥±É·µ´µ¢ ¶µ ¸¥Î¥´¨Õ ¶ÊÎ±  ¨¸-
¶µ²Ó§µ¢ ²¨¸Ó:

Å · ¸¶·¥¤¥²¥´¨¥ ‚² ¤¨³¨·¸±µ£µÄŠ ¶Î¨´¸±µ£µ (³¨±·µ± ´µ´¨Î¥¸±µ¥) ¢ ¶µ¶¥·¥Î´µ³
Ë §µ¢µ³ ¶·µ¸É· ´¸É¢¥ ¨ · ¢´µ³¥·´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶µ ´ Î ²Ó´Ò³ Ë § ³ (µÉ ´Ê²Ö ¤µ
360◦) ¨ Ô´¥·£¥É¨Î¥¸±µ³Ê · §¡·µ¸Ê;

Å £ Ê¸¸µ¢¸±µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶µ ¶µ¶¥·¥Î´µ³Ê ¸¥Î¥´¨Õ ¶ÊÎ±  ¨ · ¢´µ³¥·´µ¥ · ¸¶·¥-
¤¥²¥´¨¥ ¶µ ´ Î ²Ó´Ò³ Ë § ³ ¶·¨ ´Ê²¥¢ÒÌ Ô³¨ÉÉ ´¸¥ ¨ Ô´¥·£¥É¨Î¥¸±µ³ · §¡·µ¸¥.

�·¨ ³µ¤¥²¨·µ¢ ´¨¨ ¤¢¨¦¥´¨Ö Î ¸É¨Í ¢ £·Ê¶¶¨·µ¢ É¥²¥ ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò
PARMELA ¨¸¶µ²Ó§µ¢ ²¨¸Ó  ³¶²¨ÉÊ¤Ò £ ·³µ´¨± ËÊ·Ó¥-· ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±µ£µ
¶µ²Ö, ¶·¥¤¸É ¢²¥´´µ£µ ´  ·¨¸. 3. „²Ö ÊÎ¥É  ±¢ ¤·Ê¶µ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨ ¢Éµ· Ö ¸¥±Í¨Ö
· §¡¨¢ ² ¸Ó ´  ¶ÖÉÓ Î ¸É¥° ¸ Ê¸±µ·ÖÕÐ¨³¨ Ô²¥±É·¨Î¥¸±¨³¨ ¶µ²Ö³¨, ¶µ¤µ¡· ´´Ò³¨ É ±,
ÎÉµ¡Ò ¸µÌ· ´¨ÉÓ ´¥µ¡Ìµ¤¨³Ò° ´ ¡µ· Ô´¥·£¨¨ ´  ¤²¨´¥ ¸¥±Í¨¨.

Š ± ¸²¥¤Ê¥É ¨§ ·¥§Ê²ÓÉ Éµ¢ · ¡µÉÒ [5], Ô´¥·£¨Ö Ê¸±µ·¥´´ÒÌ ¡ ´Î¥° ¶ÊÎ±  Ê³¥´ÓÏ ¥É¸Ö
¶·¨¡²¨§¨É¥²Ó´µ ²¨´¥°´µ ¸ ¤²¨´µ° (¤²¨É¥²Ó´µ¸ÉÓÕ) ¶ÊÎ±  ¨ ¶·µ¶µ·Í¨µ´ ²Ó´µ ¥£µ Éµ±Ê.
�·¨ ³µ¤¥²¨·µ¢ ´¨¨ Ê¸±µ·¥´¨Ö ¨ É· ´¸¶µ·É¨·µ¢±¨ · §²¨Î´ÒÌ ¸£Ê¸É±µ¢ ¶ÊÎ±  Ô²¥±É·µ´µ¢
Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥ Ê³¥´ÓÏ ²µ¸Ó É ±, ÎÉµ¡Ò ¶µ²ÊÎ¨ÉÓ ¸·¥¤´ÕÕ Ô´¥·£¨Õ ¸£Ê¸É±  ¸ ÊÎ¥Éµ³
beamloading-ÔËË¥±É .
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3. �…‡“‹œ’�’› Œ�„…‹ˆ��‚��ˆŸ

�·¨¢¥¤¥´´ Ö ´  ·¨¸. 1 £¥µ³¥É·¨Ö Ô²¥³¥´Éµ¢ Ëµ·³¨·µ¢ ´¨Ö ³ £´¨É´µ£µ ¶µ²Ö ¢ µ¡² ¸É¨
µÉ ± Éµ¤  ¤µ ±µ´Í  ¶¥·¢µ° Ê¸±µ·ÖÕÐ¥° ¸¥±Í¨¨ ¡Ò²  ¨¸¶µ²Ó§µ¢ ´  ¢ · ¸Î¥É Ì ¸ ¶µ³µÐÓÕ

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

¸µ²¥´µ¨¤ ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨

¶·µ£· ³³Ò POISSON.
Œµ¤¥²¨·µ¢ ´¨¥ ¶µ± § ²µ, ÎÉµ É·¥¡Ê-

¥³Ò¥ ¶ · ³¥É·Ò ¶ÊÎ±  ´  ³¨Ï¥´¨ ³µ£ÊÉ
¡ÒÉÓ ¤µ¸É¨£´ÊÉÒ ¶·¨ Ê·µ¢´¥ ¶·µ¤µ²Ó´µ£µ
³ £´¨É´µ£µ ¶µ²Ö ¢ Ê¸±µ·ÖÕÐ¥° ¸¥±Í¨¨
� 2 ±ƒ¸ ¨ ¡¥§ ¨§³¥´¥´¨Ö ¥£µ ´ ¶· ¢²¥-
´¨Ö. � ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´µ£µ ¶µ²Ö ´ 
µ¸¨ ± ´ ²  ¤²Ö µ¶É¨³ ²Ó´ÒÌ ¶ · ³¥É·µ¢
Ô²¥³¥´Éµ¢ ¶µ± § ´µ ´  ·¨¸. 5.

„²Ö ¸Ëµ·³¨·µ¢ ´´µ£µ ³ £´¨É´µ£µ
¶µ²Ö ¢ µ¡² ¸É¨ ± Éµ¤´µ£µ Ê§²  ¨ £·Ê¶¶¨-
·µ¢ É¥²Ö ÔËË¥±É¨¢´µ¸ÉÓ § Ì¢ É  ¢ ·¥¦¨³
Ê¸±µ·¥´¨Ö ¸µ¸É ¢²Ö²  ∼ 80 %. ˆ§³¥´¥-
´¨¥ ¢§ ¨³´µ£µ · ¸¶µ²µ¦¥´¨Ö ±¢ ¤·Ê¶µ-

²¥° Q6ÄQ9, ¸¢Ö§ ´´µ¥ ¸ · §³¥Ð¥´¨¥³ ± ´ ²  ¢ ¸ÊÐ¥¸É¢ÊÕÐ¥³ §¤ ´¨¨, ¶µÉ·¥¡µ¢ ²µ µ¶É¨-
³¨§ Í¨¨ £· ¤¨¥´Éµ¢ ±¢ ¤·Ê¶µ²¥° ¶µ ¶ · ³¥É· ³ ¶ÊÎ±  ´  ³¨Ï¥´¨. �¶É¨³¨§ Í¨Ö ¶·µ¢µ-
¤¨² ¸Ó ¶µ ³¥Éµ¤¨±¥ ¨ ¶·µ£· ³³¥, µ¶¨¸ ´´Ò³ ¢ [6], ¶ · ³¥É·Ò ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.

� · ³¥É·Ò ± ´ ²  ±¢ ¤·Ê¶µ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨

�¸¥¢µ° ”¨§¨Î¥¸± Ö � ¡µÎ Ö � ¸Î¥É´Ò° Ma±¸.
� ¨³¥´µ- · §³¥·  ¶¥·ÉÊ· ,  ¶¥·ÉÊ· , £· ¤¨¥´É, £· ¤¨¥´É,

¢ ´¨¥ ¶µ ¦¥²¥§Ê, ³³ ³³ ³³ ƒ¸/¸³ ƒ¸/¸³

Q1 100 20 10 161 200
Q2 200 160 30 Ä267 300
Q3 200 160 30 277 300
Q4 200 160 30 Ä306 300
Q5 200 160 30 306 300
Q6 200 60 30 Ä146 350
Q7 200 60 30 108 350
Q8 200 60 30 Ä181 350
Q9 200 60 30 198 350

’µ±µ¶·µÌµ¦¤¥´¨¥ ¶µ É· ±ÉÊ Ê¸±µ·¨É¥²Ö ¨ ¢ ± ´ ²¥ É· ´¸¶µ·É¨·µ¢±¨,   É ±¦¥ ´ ¡µ·
Ô´¥·£¨¨ ¢ ¶·µÍ¥¸¸¥ Ê¸±µ·¥´¨Ö ¢ ¤ ´´µ³ ¢ ·¨ ´É¥ · ¸Î¥É  ¶µ± § ´Ò ´  ·¨¸. 6, 7. �¡-
Ð¨¥ ¶µÉ¥·¨ ¶ÊÎ±  ¸µ¸É ¢²ÖÕÉ µ±µ²µ 25 % ¶·¨ ´ Î ²Ó´µ³ Éµ±¥ ¶ÊÎ±  2 �. �¸´µ¢´Ò¥
¶µÉ¥·¨ ¶ÊÎ±  ¶·µ¨¸Ìµ¤ÖÉ ¢ µ¡² ¸É¨ £·Ê¶¶¨·µ¢ É¥²Ö. Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö Ô²¥±É·µ´µ¢
´  ³¨Ï¥´¨ ¸µ¸É ¢²Ö¥É 204 ŒÔ‚, ¸·¥¤´ÖÖ Ô´¥·£¨Ö 192 ŒÔ‚ ¤²Ö ¶¥·¢µ£µ ¡ ´Î  ¨³¶Ê²Ó¸ 
Éµ± .

’¥ ¦¥ ¶ · ³¥É·Ò ¤²Ö ¶µ¸²¥¤´¥£µ (715-£µ) ¡ ´Î  ¸µ¸É ¢²ÖÕÉ 145 ¨ 137 ŒÔ‚ ¸µµÉ-
¢¥É¸É¢¥´´µ. ‘É ´¤ ·É´µ¥ µÉ±²µ´¥´¨¥ Ô´¥·£¨¨ µÉ ¸·¥¤´¥° (¶µ²ÊÏ¨·¨´  · ¸¶·¥¤¥²¥´¨Ö ´ 
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¶µ²Ê¢Ò¸µÉ¥) · ¢´µ 23 ŒÔ‚. �·¨ ÔÉµ³ ³¨´¨³ ²Ó´ Ö Ô´¥·£¨Ö Ô²¥±É·µ´µ¢ (> 65 ŒÔ‚)
´ Ìµ¤¨É¸Ö ¢ É·¥¡Ê¥³µ° µ¡² ¸É¨ ÔËË¥±É¨¢´µ£µ ¶·µ¨§¢µ¤¸É¢  ´¥°É·µ´µ¢ ¢ ËµÉµ³¨Ï¥´¨
(> 60 ŒÔ‚ [3]).

�¨¸. 6. ’µ±µ¶·µÌµ¦¤¥´¨¥ ¶µ É· ±ÉÊ �¨¸. 7. � ¡µ· Ô´¥·£¨¨ ¶µ ¤²¨´¥ É· ±É 

�  ·¨¸. 8 ¶µ± § ´µ ¶µ¢¥¤¥´¨¥ ¶µ¶¥·¥Î´ÒÌ · §³¥·µ¢ ¶ÊÎ±  ¶·¨ Ê¸±µ·¥´¨¨ ¨ É· ´¸¶µ·-
É¨·µ¢±¥, · ¸¸Î¨É ´´µ¥ ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò PARMELA.

�¨¸. 8. �£¨¡ ÕÐ¨¥ ¶ÊÎ± : a) x-· §³¥·; ¡) y-· §³¥·

�  ·¨¸. 9 ¶·¨¢¥¤¥´Ò · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¢ ¶µ¶¥·¥Î´µ³ ¸¥Î¥´¨¨ ¶ÊÎ±  ´  ³¨Ï¥´¨
¤²Ö ´ Î ²Ó´ÒÌ ³¨±·µ± ´µ´¨Î¥¸±µ° ¨ £ Ê¸¸µ¢¸±µ° · ¸¸É ´µ¢µ± Ô²¥±É·µ´µ¢. Š ± ¢¨¤´µ
¨§ ·¨¸Ê´± , ¶µ²Ê· §³¥· ¶ÊÎ±  ´  ³¨Ï¥´¨ (3 ¸É ´¤ ·É´ÒÌ µÉ±²µ´¥´¨Ö) ´¥ ¶·¥¢ÒÏ ¥É
5 ³³ ¢ ¸²ÊÎ ¥ ³¨±·µ± ´µ´¨Î¥¸±µ£µ ´ Î ²Ó´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¨ 4 ³³ ¤²Ö £ Ê¸¸µ¢¸±µ£µ.
’µ±µ¶·µÌµ¦¤¥´¨¥ Ê³¥´ÓÏ¨²µ¸Ó ´  5 % ¶µ ¸· ¢´¥´¨Õ ¸ ³¨±·µ± ´µ´¨Î¥¸±¨³ ´ Î ²Ó´Ò³
· ¸¶·¥¤¥²¥´¨¥³. ˆ³¶Ê²Ó¸ Éµ±  ´  ³¨Ï¥´¨ ¨ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¶¥·¢µ£µ ¡ ´Î  ¶µ± -
§ ´Ò ´  ·¨¸. 10.
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�¨¸. 9. � ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í ¢ ¶µ¶¥·¥Î´µ³ ¸¥Î¥´¨¨ ¶ÊÎ±  ´  ³¨Ï¥´¨ ¤²Ö ´ Î ²Ó´ÒÌ ³¨±·µ± ´µ-
´¨Î¥¸±µ£µ (a) ¨ £ Ê¸¸µ¢¸±µ£µ · ¸¶·¥¤¥²¥´¨° (¡)

�¨¸. 10. ˆ³¶Ê²Ó¸ Éµ±  (a) ¨ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¡ ´Î  º 1 ´  ³¨Ï¥´¨ (¡)

‡�Š‹�—…�ˆ…

1. ‚ ·¥§Ê²ÓÉ É¥ ¶·µ¢¥¤¥´´ÒÌ · ¸Î¥Éµ¢ Ê¸É ´µ¢²¥´µ, ÎÉµ ¶·¥¤²µ¦¥´´ Ö ¸Ì¥³  Ê¸±µ·¨-
É¥²Ö ¨ ± ´ ²  É· ´¸¶µ·É¨·µ¢±¨ · ¡µÉµ¸¶µ¸µ¡´  ± ± ¶·¨ ´µ³¨´ ²Ó´ÒÌ ¶ · ³¥É· Ì, É ± ¨
¶·¨ · §²¨Î´ÒÌ ±µ´Ë¨£Ê· Í¨ÖÌ Ëµ±Ê¸¨·ÊÕÐ¥£µ ³ £´¨É´µ£µ ¶µ²Ö ¢ Ê¸±µ·¨É¥²Ó´µ³ É· ±É¥,
· §²¨Î´ÒÌ Éµ± Ì ¨ ´ Î ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ Ô²¥±É·µ´µ¢ ¢ ¶ÊÎ±¥. � · ³¥É·Ò Ê¸±µ·¥´-
´µ£µ ¶ÊÎ± : ¶µ²Ê· §³¥·Ò ´  ³¨Ï¥´¨ ³¥´ÓÏ¥ 10 ³³, ¸·¥¤´ÖÖ ±µ´¥Î´ Ö Ô´¥·£¨Ö 165 ŒÔ‚,
³¨´¨³ ²Ó´ Ö Ô´¥·£¨Ö > 65 ŒÔ‚, ³ ±¸¨³ ²Ó´ Ö 204 ŒÔ‚, Éµ±µ¶·µÌµ¦¤¥´¨¥ 70Ä75 % ¶·¨
´ Î ²Ó´µ³ Éµ±¥ ¶ÊÎ±  2 � Å Ê¤µ¢²¥É¢µ·ÖÕÉ ¶·µ¥±É´Ò³ É·¥¡µ¢ ´¨Ö³ [1Ä2].

2. ˆ§³¥´¥´¨¥ §´ ±  ³ £´¨É´µ£µ ¶µ²Ö ¢ ¸µ²¥´µ¨¤¥ ´¥ µ± §Ò¢ ¥É § ³¥É´µ£µ ¢²¨Ö´¨Ö
´  ¤¨´ ³¨±Ê ¨ ±µ´¥Î´Ò¥ ¶ · ³¥É·Ò ¶ÊÎ± . ˆ¸¶µ²Ó§µ¢ ´¨¥ ¢´¥Ï´¥£µ ³ £´¨É´µ£µ Ô±· ´ 
¸µ²¥´µ¨¤  ¶·¨¢µ¤¨É ± 3 %-³Ê Ê¢¥²¨Î¥´¨Õ ³ ±¸¨³Ê³  ¨´¤Ê±Í¨¨ ³ £´¨É´µ£µ ¶µ²Ö ´  µ¸¨,
ÎÉµ Éµ¦¥ ´¥ ¸± §Ò¢ ¥É¸Ö ´  ±µ´¥Î´ÒÌ ¶ · ³¥É· Ì ¶ÊÎ± .
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3. ‘´¨¦¥´¨¥ Ê·µ¢´Ö ³ £´¨É´µ£µ ¶µ²Ö ¢ Ê¸±µ·ÖÕÐ¥° ¸¥±Í¨¨ ¤µ 2Ä2,5 ±ƒ¸ ¶·¨ µ¶É¨-
³¨§¨·µ¢ ´´ÒÌ §´ Î¥´¨ÖÌ £· ¤¨¥´Éµ¢ ±¢ ¤·Ê¶µ²Ó´ÒÌ ²¨´§ ´¥ Ê¸²µ¦´Ö¥É ¶µ²ÊÎ¥´¨¥ É·¥¡Ê-
¥³µ£µ · §³¥·  ¶ÖÉ´  ¶ÊÎ±  ´  ³¨Ï¥´¨ ¶·¨ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ³ Éµ±µ¶·µÌµ¦¤¥´¨¨ ¶ÊÎ± 
¶µ É· ±ÉÊ.

4. „²Ö ¶·µ¢¥¤¥´¨Ö ¢µ§³µ¦´µ° ±µ··¥±Í¨¨ · §³¥·µ¢ Ê¸±µ·¥´´µ£µ ¶ÊÎ±  ´¥µ¡Ìµ¤¨³µ
¨³¥ÉÓ § ¶ ¸ ¢ 25Ä30 % ¢¥²¨Î¨´ £· ¤¨¥´Éµ¢ ±¢ ¤·Ê¶µ²Ó´ÒÌ ²¨´§ ¶µ ¸· ¢´¥´¨Õ ¸ ´µ³¨-
´ ²Ó´Ò³¨.

5. ‘µ¡¸É¢¥´´µ¥ ¶µ²¥ ¶ÊÎ±  (¡¥§ ÊÎ¥É  ÔËË¥±Éµ¢ wake ˇeld) ¢ · ¸¸³µÉ·¥´´µ³ ¤¨ -
¶ §µ´¥ ´ Î ²Ó´ÒÌ Éµ±µ¢ (2Ä5 �), ±µ´Ë¨£Ê· Í¨° ³ £´¨É´ÒÌ ¶µ²¥° Ê¸±µ·¨É¥²Ö (³ ±¸¨-
³ ²Ó´µ¥ ¶µ²¥ ¸µ²¥´µ¨¤  ‘1 µÉ ±2 ¤µ ±5 ±ƒ¸), § ¤ ´´µ° ´ Î ²Ó´µ° Ô´¥·£¨¨ Ô²¥±É·µ´µ¢
¨ § ¤ ´´µ° · ¸¸É ´µ¢±¥ ¨ ¶ · ³¥É· Ì ²¨´§ ± ´ ²  É· ´¸¶µ·É¨·µ¢±¨ ¶·¨ · §²¨Î´ÒÌ ´ -
Î ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ (³¨±·µ± ´µ´¨Î¥¸±µ¥ ¨ £ Ê¸¸µ¢¸±µ¥) ´¥ µ± §Ò¢ ¥É ¸ÊÐ¥¸É¢¥´´µ£µ
¢²¨Ö´¨Ö ´  ¤¨´ ³¨±Ê ¶ÊÎ± .

’ ±¨³ µ¡· §µ³, ¶·¨ Ë¨±¸¨·µ¢ ´´ÒÌ £· ¤¨¥´É Ì ²¨´§ Ê¤ ¥É¸Ö ¶·µ¢¥¸É¨ ¶ÊÎµ± ¶·¨
¶² ´¨·Ê¥³ÒÌ (∼ 25 %) ¶µÉ¥·ÖÌ Ô²¥±É·µ´µ¢.
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