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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�·¨¢¥¤¥´Ò  ´ ²¨É¨Î¥¸±¨¥ µÍ¥´±¨ ¨ ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ÔËË¥±É  ´ £·Ê§±¨
Éµ±µ³ ¶ÊÎ±  ¢ Ê¸±µ·ÖÕÐ¨Ì ¸¥±Í¨ÖÌ Ê¸±µ·¨É¥²Ö ‹“�-200. �·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö
¤¨´ ³¨±¨ ¶ÊÎ±  Ô²¥±É·µ´µ¢ ¢ Ê¸±µ·¨É¥²¥ ¨ ± ´ ²¥ É· ´¸¶µ·É¨·µ¢±¨.

Analytical estimations and results of numerical simulation of beam loading effect in accelerating
sections of accelerator LUE-200 are resulted. Results of simulation of electron beam dynamics in the
accelerator and the channel of transportation are submitted.

‚‚…„…�ˆ…

ˆ¸¸²¥¤µ¢ ´¨Ö ´  ‹“�-200 ¢Ìµ¤ÖÉ ¢ ¸µ¸É ¢ ¶·µ¥±É  ˆ�…� [1]. �ÊÎµ± Ô²¥±É·µ´µ¢
¤²¨É¥²Ó´µ¸ÉÓÕ tb = 250 ´¸ ¶·¨ ¸·¥¤´¥³ Éµ±¥ ¢ ¨³¶Ê²Ó¸¥ I = 2 � Ê¸±µ·Ö¥É¸Ö ¢ ¤¢ÊÌ Ê¸±µ-
·ÖÕÐ¨Ì ¸¥±Í¨ÖÌ AS º1 ¨ AS º2 ¤µ Ô´¥·£¨¨ 200 ŒÔ‚. „ ²¥¥ ¶ÊÎµ± É· ´¸¶µ·É¨·Ê¥É¸Ö
´  ³¨Ï¥´Ó, £¤¥ µ¡· §ÊÕÉ¸Ö ¶ÊÎ±¨ ´¥°É·µ´µ¢. „²Ö µÍ¥´±¨ ÔËË¥±É  ´ £·Ê§±¨ Éµ±µ³ ¶ÊÎ± 
¨¸¶µ²Ó§µ¢ ²¨¸Ó Ô²¥±É·µ¤¨´ ³¨Î¥¸±¨¥ ¶ · ³¥É·Ò ¸¥±Í¨¨, ¶·¨¢¥¤e´´Ò¥ ¢ É ¡²¨Í¥.

� · ³¥É·Ò Ê¸±µ·ÖÕÐ¨Ì ¸¥±Í¨° ‹“�-200

� ¡µÎ Ö Î ¸ÉµÉ  f , ŒƒÍ 2856
‘·¥¤´¨° Ê¸±µ·ÖÕÐ¨° £· ¤¨¥´É, ŒÔ‚/³ 35
˜Ê´Éµ¢µ¥ ¸µ¶·µÉ¨¢²¥´¨¥ RÏ, ŒO³/³ 50
‘µ¡¸É¢¥´´ Ö ¤µ¡·µÉ´µ¸ÉÓ Q 13200
„²¨´  Ê¸±µ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò L, ³ 2,93
‚·¥³Ö § ¶µ²´¥´¨Ö tf , ³±¸ 0,465

‘µ£² ¸´µ [2]  ³¶²¨ÉÊ¤  Ê¸±µ·ÖÕÐ¥£µ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö Ez(s, t) ¢ ¸¥±Í¨¨ ¸ ¶µ¸Éµ-
Ö´´Ò³ ¨³¶¥¤ ´¸µ³, ¸ ÊÎ¥Éµ³ ´ £·Ê§±¨ ¶ÊÎ±µ³ ¸ Éµ±µ³ i(s, t), Ê¤µ¢²¥É¢µ·Ö¥É ¸²¥¤ÊÕÐ¥³Ê
Ê· ¢´¥´¨Õ:
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£¤¥ vg Å £·Ê¶¶µ¢ Ö ¸±µ·µ¸ÉÓ ¢µ²´Ò Ê¸±µ·ÖÕÐ¥£µ ¶µ²Ö (tf = L/vg) ¨ α =
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�¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (1) ¸ £· ´¨Î´Ò³ Ê¸²µ¢¨¥³ E(s = 0, t) = E0θ(t), £¤¥ θ(x) Å
¸ÉÊ¶¥´Î É Ö ËÊ´±Í¨Ö •¥¢¨¸ °¤ , ¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

Ez(s, t) = E0 e−αsθ(t − s/vg) + Eind(s, t),

Eind(s, t) = −RÏα
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ds′

. (2)

„²Ö ±µ·µÉ±µ£µ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±µ£µ ¸£Ê¸É±  Î ¸É¨Í c ¶µ²´Ò³ § ·Ö¤µ³ q, ¸É ·ÉÊÕ-
Ð¥£µ ¶·¨ s = 0 ¢ ³µ³¥´É ¢·¥³¥´¨ t = t0 (Éµ± i(s, t) = qδ(t − t0 − s/c)), ¨´¤ÊÍ¨·µ¢ ´´µ¥
Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥ · ¢´µ, ¸µ£² ¸´µ (2):

Eind(s, t) = −RÏαvgq e−αvg [(t−t0)−s/c] ¶·¨ s/c � (t − t0) � s/vg. (3)

„²Ö ¤·Ê£¨Ì §´ Î¥´¨° (s, t) ¨´¤ÊÍ¨·µ¢ ´´µ¥ ¶µ²¥ · ¢´µ ´Ê²Õ. �É³¥É¨³, ÎÉµ Ëµ·³Ê²  (3)
¶µ²ÊÎ¥´  ¢ ¶·¥¤¶µ²µ¦¥´¨¨ vg/c � 1.

�…‡“‹œ’�’› ��ƒ�“‡Šˆ ’�Š�Œ �“—Š�

ˆ§³¥´¥´¨¥ Ô´¥·£¨¨ Ô²¥±É·µ´  ∆ε(s) ´  ÊÎ ¸É±¥ ¸É·Ê±ÉÊ·Ò µÉ 0 ¤µ s ¢ ¨´¤ÊÍ¨·µ¢ ´´µ³
¶µ²¥ (3):

∆ε(s) = −eRÏαvgq e−αvg(ti−t0)[s − vg(ti − t0)]θ[s − vg(ti − t0)], (4)

£¤¥ ti > t0 Å ³µ³¥´É ¢·¥³¥´¨ ¢²¥É  Ô²¥±É·µ´  ¢ Ê¸±µ·ÖÕÐÊÕ ¸É·Ê±ÉÊ·Ê. „²Ö ¶µ¸²¥¤µ¢ -
É¥²Ó´µ¸É¨ ¸£Ê¸É±µ¢ ¨§³¥´¥´¨¥ Ô´¥·£¨¨ ´ Ìµ¤¨É¸Ö ¸Ê³³¨·µ¢ ´¨¥³ (4) ¤²Ö ¢¸¥Ì ¸£Ê¸É±µ¢,
¶·¥¤Ï¥¸É¢ÊÕÐ¨Ì Ô²¥±É·µ´Ê. �´¥·£¨Ö Ô²¥±É·µ´  ´  ¢ÒÌµ¤¥ Ê¸±µ·ÖÕÐ¥° ¸¥±Í¨¨ ¡Ê¤¥É
§ ¢¨¸¥ÉÓ µÉ ¤²¨É¥²Ó´µ¸É¨ ¶·¥¤Ï¥¸É¢ÊÕÐ¥£µ ¨³¶Ê²Ó¸  Éµ±  tb. �·¨ ¤²¨É¥²Ó´µ¸É¨ tb,
³¥´ÓÏ¥° ¢·¥³¥´¨ § ¶µ²´¥´¨Ö ¸¥±Í¨¨ ‚—-³µÐ´µ¸ÉÓÕ, µÉ²¨Î¨¥ Ô´¥·£¨¨ ¶ÊÎ±  µÉ ³ ±¸¨-
³ ²Ó´µ° ¸µ¸É ¢¨É
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�·¨ tb � tf Ô´¥·£¨Ö ¶ÊÎ±  ´¥ § ¢¨¸¨É µÉ ¤²¨É¥²Ó´µ¸É¨ ¨³¶Ê²Ó¸  Éµ±  ¨ µÉ²¨Î¨¥ Ô´¥·£¨¨
Ô²¥±É·µ´µ¢ µÉ ³ ±¸¨³ ²Ó´µ° ³µ¦¥É ¡ÒÉÓ ´ °¤¥´µ ¶µ Ëµ·³Ê²¥ (5) ¸ ¶µ³µÐÓÕ ¶µ¤¸É ´µ¢±¨
tb = tf .

�·¨ ¤²¨É¥²Ó´µ¸É¨ ¶ÊÎ±  tb � tf ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´  Ê¶·µÐ¥´´ Ö Ëµ·³Ê² :
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. (6)

‡ ¢¨¸¨³µ¸ÉÓ ∆ε ´  ¢ÒÌµ¤¥ Ê¸±µ·ÖÕÐ¥° ¸¥±Í¨¨ ˆ�…� µÉ ¤²¨É¥²Ó´µ¸É¨ ¨³¶Ê²Ó¸  tb,
¢ÒÎ¨¸²¥´´ Ö ¶µ Ëµ·³Ê² ³ (5) ¨ (6), ¶µ± § ´  ´  ·¨¸. 1. �É´µ¸¨É¥²Ó´µ¥ µÉ²¨Î¨¥ (5) ¨ (6)
´¥ ¶·¥¢ÒÏ ¥É 10 %.

�Ò²µ ¢Ò¶µ²´¥´µ Î¨¸²¥´´µ¥ ³µ¤¥²¨·µ¢ ´¨¥ ¤²Ö ¶ÊÎ± , ¸µ¸ÉµÖÐ¥£µ ¨§ ¶µ¸²¥¤µ¢ É¥²Ó-
´µ¸É¨ 715 Ô²¥±É·µ´´ÒÌ ¸£Ê¸É±µ¢, ¶µ 4,4 · 109 Ô²¥±É·µ´µ¢ ¢ ± ¦¤µ³. �¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨-
·µ¢ ´¨Ö ´ £·Ê§±¨ Éµ±µ³ ¶ÊÎ±  ¨ ¥e  ´ ²¨É¨Î¥¸±¨¥ µÍ¥´±¨ ¶µ Ëµ·³Ê²¥ (6) ¤²Ö ‹“�-200
¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2.
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�¨¸. 1. �´ ²¨É¨Î¥¸±¨¥ µÍ¥´±¨ ¨§³¥´¥´¨Ö

Ô´¥·£¨¨ ¶ÊÎ± : 1 Å Ëµ·³Ê²  (5); 2 Å Ëµ·-
³Ê²  (6)

�¨¸. 2. �´¥·£¨Ö Ô²¥±É·µ´µ¢ ¶µ¸²¥ ¶¥·¢µ° (1, 2)
¨ ¢Éµ·µ° (3, 4) ¸¥±Í¨°. 1, 3 Å Ëµ·³Ê²  (5);
2, 4 Å · ¸ÎeÉ

�´¥·£¨Ö ¶¥·¢µ£µ ¸£Ê¸É±  ¶ÊÎ±  ¶µ¸²¥ ¢Éµ·µ° Ê¸±µ·ÖÕÐ¥° ¸¥±Í¨¨ AS º2 ¸µ¸É ¢²Ö¥É
205 ŒÔ‚,   ¶µ¸²¥¤´¥£µ (715-£µ) 137 ŒÔ‚. C·¥¤´ÖÖ Ô´¥·£¨Ö ¶ÊÎ±  Ê³¥´ÓÏ ¥É¸Ö ¶·¨¡²¨-
§¨É¥²Ó´µ ´  20%. Š ± ¢¨¤´µ ¨§ ·¨¸. 2, Ô´¥·£¨Ö Ê¸±µ·¥´´ÒÌ ¸£Ê¸É±µ¢ ¶ÊÎ±  Ê³¥´ÓÏ ¥É¸Ö
¶µÎÉ¨ ²¨´¥°´µ ¸ ¤²¨É¥²Ó´µ¸ÉÓÕ ¨³¶Ê²Ó¸  ¨ ¶·µ¶µ·Í¨µ´ ²Ó´µ ¥£µ Éµ±Ê.

�É¨ ·¥§Ê²ÓÉ ÉÒ ¶µ§¢µ²ÖÕÉ ¶·¨ ³µ¤¥²¨·µ¢ ´¨¨ ¤¨´ ³¨±¨ ±µ´±·¥É´µ£µ ¸£Ê¸É±  ÊÎ¨ÉÒ-
¢ ÉÓ ÔËË¥±É ´ £·Ê§±¨ ¶ÊÎ±µ³, ¨§³¥´ÖÖ Ê¸±µ·ÖÕÐ¥¥ ¶µ²¥ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¢·¥³¥´´Ò³
¶µ²µ¦¥´¨¥³ ¸£Ê¸É±  ¢ ¶ÊÎ±¥. �·¨ ³µ¤¥²¨·µ¢ ´¨¨ Ê¸±µ·¥´¨Ö ¨ É· ´¸¶µ·É¨·µ¢±¨ · §²¨Î-
´ÒÌ ¸£Ê¸É±µ¢ ¶ÊÎ±  Ô²¥±É·µ´µ¢ ¸ ¶µ³µÐÓÕ ¶·µ£· ³³Ò PARMELA [3] Ô²¥±É·¨Î¥¸±µ¥
¶µ²¥ Ê³¥´ÓÏ ²µ¸Ó É ±, ÎÉµ¡Ò ¶µ²ÊÎ¨ÉÓ ¸·¥¤´ÕÕ Ô´¥·£¨Õ ¶ÊÎ±  ¸ ÊÎ¥Éµ³ ´ £·Ê§±¨ Éµ-
±µ³ ¶ÊÎ± . ƒ· ¤¨¥´ÉÒ ±¢ ¤·Ê¶µ²Ó´ÒÌ ²¨´§ ¸µµÉ¢¥É¸É¢µ¢ ²¨ ´µ³¨´ ²Ó´Ò³ §´ Î¥´¨Ö³. ‚
· ¸ÎeÉ¥ ¤¨´ ³¨±¨ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ ´ Î ²Ó´Ò¥ ¶ · ³¥É·Ò: Ô´¥·£¨Ö ¨´¦¥±Í¨¨
Ô²¥±É·µ´µ¢ 200 ±Ô‚, Ô´¥·£¥É¨Î¥¸±¨° · §¡·µ¸ ±2 ±Ô‚, ¤²¨É¥²Ó´µ¸ÉÓ ¸£Ê¸É±  360◦, Éµ±
¶ÊÎ±  2 �, Ô³¨ÉÉ ´¸ 100 π ·³³ ·³· ¤, · ¤¨Ê¸ ¶ÊÎ±  4 ³³. � ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´µ£µ

�¨¸. 3. �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¨ µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò ¶¥·¢µ£µ (a) ¨ ¶µ¸²¥¤´¥£µ (¡) ¸£Ê¸É±µ¢ ¶ÊÎ± 

´  ³¨Ï¥´¨



Œµ¤¥²¨·µ¢ ´¨¥ ´ £·Ê§±¨ Éµ±µ³ ¶ÊÎ±  Ê¸±µ·¨É¥²Ö ‹“�-200 75

¶µ²Ö ¸µµÉ¢¥É¸É¢Ê¥É ¶ · ³¥É· ³ ¸¨¸É¥³Ò ¸µ²¥´µ¨¤ ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨ · ¡µÉÒ [4]. � 
·¨¸. 3 ¶µ± § ´Ò Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¶¥·¢µ£µ ¨ ¶µ¸²¥¤´¥£µ (715-£µ) ¸£Ê¸É±  ¶ÊÎ±  ´ 
³¨Ï¥´¨.

�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í ´  ³¨Ï¥´¨: a) ¸£Ê¸Éµ± º 1; ¡) ¸£Ê¸Éµ± º715

Š ± ¢¨¤´µ ¨§ ¤ ´´ÒÌ ·¨¸. 3, Ê·µ¢¥´Ó ¶µÉ¥·Ó Î ¸É¨Í ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É µÉ ´µ-
³¥·  ¸£Ê¸É± . � ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·µ´µ¢ ¶¥·¢µ£µ ¨ ¶µ¸²¥¤´¥£µ ¸£Ê¸É±µ¢ ¶ÊÎ±  ´  ³¨Ï¥´¨
¶µ± § ´Ò ´  ·¨¸. 4. ‚¨¤´µ, ÎÉµ Ì · ±É¥· · ¸¶·¥¤¥²¥´¨Ö ³¥´Ö¥É¸Ö ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶µ-
²µ¦¥´¨Ö ¸£Ê¸É±  ¢ ¶ÊÎ±¥: ¢¥·É¨± ²Ó´µ ¢ÒÉÖ´ÊÉÒ° Ô²²¨¶¸ ¤²Ö ´ Î ²  ¶ÊÎ±  ¶¥·¥Ìµ¤¨É ¢
£µ·¨§µ´É ²Ó´µ ¢ÒÉÖ´ÊÉÒ° ¤²Ö ¶µ¸²¥¤´¨Ì ¸£Ê¸É±µ¢.

‡�Š‹�—…�ˆ…

‚ ·¥§Ê²ÓÉ É¥ ´ £·Ê§±¨ Éµ±µ³ ¶ÊÎ±  ¸·¥¤´ÖÖ Ô´¥·£¨Ö Ê¸±µ·¥´´ÒÌ Ô²¥±É·µ´µ¢ Ê³¥´Ó-
Ï ¥É¸Ö ´  20 % ¨ ¸µ¸É ¢²Ö¥É ∼ 160 ŒÔ‚. ’¥³ ´¥ ³¥´¥¥, ¶·¨ Ë¨±¸¨·µ¢ ´´ÒÌ £· ¤¨¥´É Ì
²¨´§ Ê¤ ¥É¸Ö ¶·µ¢¥¸É¨ ¶ÊÎµ± ¸ ¶² ´¨·Ê¥³Ò³¨ ¶µÉ¥·Ö³¨ ¢ 25%.

� §´Ò¥ Ëµ±Ê¸¨·ÊÕÐ¨¥ ¸¢µ°¸É¢  ± ´ ²  ±¢ ¤·Ê¶µ²Ó´µ° Ëµ±Ê¸¨·µ¢±¨ ¶·¨ · §´ÒÌ Ô´¥·-
£¨ÖÌ ¸£Ê¸É±µ¢, ¨§-§  ´ £·Ê§±¨ Ê¸±µ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò Éµ±µ³ ¶ÊÎ± , ³µ£ÊÉ ¨£· ÉÓ ¶µ²µ¦¨-
É¥²Ó´ÊÕ ·µ²Ó, ¶µ§¢µ²ÖÖ ¡µ²¥¥ · ¢´µ³¥·´µ · ¸¶·¥¤¥²ÖÉÓ Î ¸É¨ÍÒ ¶µ ¶²µÐ ¤¨ · §³´µ¦ -
ÕÐ¥° ³¨Ï¥´¨.
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