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„²Ö μ¶É¨³¨§ Í¨¨ ¸Éμ¨³μ¸É¨ ¨´¦¥±Éμ·  ¤²Ö ‘-É Ê Ë ¡·¨±¨ ¡Ò²μ ¶·¥¤²μ¦¥´μ ¨§£μÉμ¢¨ÉÓ Ê¸±μ-
·¨É¥²Ó´Ò¥ ³μ¤Ê²¨ S-¤¨ ¶ §μ´  ´  200 ŒÔ‚, ´ ¡μ· ±μÉμ·ÒÌ ¶μ§¢μ²¨² ¡Ò ¶μ²ÊÎ¨ÉÓ É·¥¡Ê¥³ÊÕ Ô´¥·-
£¨Õ ¶ÊÎ± . ‚ ±μ³¶²¥±É ³μ¤Ê²Ö ¢Ìμ¤ÖÉ: ±²¨¸É·μ´ ¸ ³μ¤Ê²ÖÉμ·μ³ ¨ ¸Éμ°±μ° Ê¶· ¢²¥´¨Ö, Ê³´μ¦¨É¥²Ó
³μÐ´μ¸É¨, Ë §μ¢· Ð É¥²¨, Î¥ÉÒ·¥ Ê¸±μ·ÖÕÐ¨¥ ¸¥±Í¨¨, ´ £·Ê§±¨ ¨ ·Ö¤ ¢μ²´μ¢μ¤´ÒÌ Ô²¥³¥´Éμ¢.
ˆ¸¶μ²Ó§μ¢ ´¨¥ ³μ¤Ê²¥° ¢μ§³μ¦´μ ¨ ¢ ¤·Ê£¨Ì ´ ÊÎ´ÒÌ ¨ ¶·μ³ÒÏ²¥´´ÒÌ Ê¸É ´μ¢± Ì, £¤¥ É·¥¡ÊÕÉ¸Ö
²¨´¥°´Ò¥ Ê¸±μ·¨É¥²¨.

In order to optimize the cost of the injector of the c-τ factory of the Budker Institute of Nuclear
Physics, the S-band accelerating module with beam energy up to 200 MeV is under development. The
injector has to consist of a number of such modules, which allow achieving the necessary beam energy
for the operating of the c-τ factory. The module includes the following equipment: a klystron with
modulator and control system, a SLED-type power compressor, a phase shifter, up to four disk loaded
travelling wave accelerating structures, the RF power loads and waveguide feeders. The presented
module can be used not only for the c-τ factory, but also for industrial devices, where the linear
accelerators are needed.

PACS: 29.20.-c; 29.27.Ac
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‚ ˆŸ” ‘� ��� ¶·μ¤μ²¦ ¥É¸Ö · ¡μÉ  ´ ¤ ¶·μ¥±Éμ³ (·¨¸. 1) Ê¸±μ·¨É¥²Ó´μ£μ ±μ³-
¶²¥±¸ , ¶·¥¤´ §´ Î¥´´μ£μ ¤²Ö ·¥Ï¥´¨Ö ¸²¥¤ÊÕÐ¨Ì Ë¨§¨Î¥¸±¨Ì ¶·μ¡²¥³ ¢ μ¡² ¸É¨ §´ -
Î¥´¨° Ô´¥·£¨¨ μÉ 1,5 ¤μ 2,5 ƒÔ‚, ¢ÒÌμ¤ÖÐ¨Ì §  · ³±¨ ‘É ´¤ ·É´μ° ³μ¤¥²¨:

Å ´ ·ÊÏ¥´¨¥ ‘�-¸¨³³¥É·¨° ¢ · ¸¶ ¤ Ì Î ·³-Î ¸É¨Í;
Å ¶·μ¢¥·±  ‘É ´¤ ·É´μ° ³μ¤¥²¨ ¶ÊÉ¥³ ¨§ÊÎ¥´¨Ö · ¸¶ ¤  τ -²¥¶Éμ´μ¢;
Å ¨§ÊÎ¥´¨¥ ¶·μÍ¥¸¸μ¢ ·μ¦¤¥´¨Ö c-±¢ ·±μ¢ ¨ τ -²¥¶Éμ´μ¢ ¨ ¶μ¨¸± É ± ´ §Ò¢ ¥³ÒÌ

Ô±§μÉ¨Î¥¸±¨Ì  ¤·μ´μ¢, £¨¡·¨¤μ¢ ¨ É. ¤.
“¸±μ·¨É¥²Ó´Ò° ±μ³¶²¥±¸ É ±¦¥ ¡Ê¤¥É ¸²Ê¦¨ÉÓ ¨¸ÉμÎ´¨±μ³ ¸¨´Ì·μÉ·μ´´μ£μ ¨§²ÊÎ¥-

´¨Ö ¢Ò¸μ±μ° Ö·±μ¸É¨ ¤²Ö ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨ ¶·¨±² ¤´ÒÌ ¨¸¸²¥¤μ¢ ´¨° [1].

1E-mail: samnt@mail.ru
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�¨¸. 1. ‘Ì¥³  ‘-É Ê Ë ¡·¨±¨

Š��‘’�“Š–ˆŸ ˆ ��ˆ�–ˆ� „…‰‘’‚ˆŸ

�¤´¨³ ¨§ μ¸´μ¢´ÒÌ Ô²¥³¥´Éμ¢ Ë ¡·¨±¨ ¤²Ö ¶μ²ÊÎ¥´¨Ö É·¥¡Ê¥³μ° Ô´¥·£¨¨ Ö¢²Ö¥É¸Ö
²¨´¥°´Ò° Ê¸±μ·¨É¥²Ó, ¡ §μ¢Ò³ Ô²¥³¥´Éμ³ ±μÉμ·μ£μ ¤μ²¦¥´ ¸É ÉÓ Ê¸±μ·¨É¥²Ó´Ò° ³μ-
¤Ê²Ó ´  200 ŒÔ‚ (·¨¸. 2) ¨²¨ ¥£μ Ê±μ·μÎ¥´´ Ö ³μ¤¨Ë¨± Í¨Ö ´  140 ŒÔ‚. „²Ö ¶μ-
²ÊÎ¥´¨Ö § Ö¢²¥´´μ° ¢Ìμ¤´μ° Ô´¥·£¨¨ ¢ ±μ²ÓÍμ ¶μÉ·¥¡Ê¥É¸Ö ´¥ ³¥´¥¥ 52 Ê±μ·μÎ¥´´ÒÌ
³μ¤Ê²¥°.

Šμ³¶²¥±É Í¨Õ ³μ¤Ê²Ö ³μ¦´μ Ê¸²μ¢´μ · §¡¨ÉÓ ´  ¤¢¥ Î ¸É¨: ¸¨¸É¥³Ê ¢μ²´μ¢μ¤´μ£μ
É· ±É  ¨ ¸¨¸É¥³Ê ¥£μ ¶¨É ´¨Ö. ‚μ²´μ¢μ¤´Ò° É· ±É ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¢μ²´μ¢μ¤´Ò¥ Ô²¥-
³¥´ÉÒ, Ê³´μ¦¨É¥²Ó ³μÐ´μ¸É¨ SLED [2], Ê¶· ¢²Ö¥³Ò¥ Ë §μ¢· Ð É¥²¨, Î¥ÉÒ·¥ Ê¸±μ·¨-
É¥²Ó´Ò¥ ¸¥±Í¨¨, ³μÐ´Ò¥ ¢ ±ÊÊ³´Ò¥ ´ £·Ê§±¨ ¨ ¨§³¥·¨É¥²Ó´Ò¥ ´ ¶· ¢²¥´´Ò¥ μÉ¢¥É¢¨-
É¥²¨. �¶ÒÉ ¶μ ¨Ì ¨§£μÉμ¢²¥´¨Õ, ´ ¸É·μ°±¥, ³μ´É ¦Ê ¨ É·¥´¨·μ¢±¥ ¤²Ö · ¡μÉÒ ¸ ¡μ²ÓÏμ°
‘‚—-³μÐ´μ¸ÉÓÕ ¡Ò² ¶μ²ÊÎ¥´ ¶·¨ ¸¡μ·±¥ Ê¦¥ ¸ÊÐ¥¸É¢ÊÕÐ¥£μ ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸ 
¤²Ö ‚���-4 ¨ ‚���-2000 [3]. �±¸¶²Ê É Í¨Ö ÔÉμ£μ ±μ³¶²¥±¸  ¶μ± § ²  ¢μ§³μ¦´μ¸ÉÓ ¶μ-
²ÊÎ¥´¨Ö 50 ŒÔ‚ ´  μ¤´Ê Ê¸±μ·ÖÕÐÊÕ ¸¥±Í¨Õ ´  Î ¸ÉμÉ¥ 2856 ŒƒÍ. ‘¨¸É¥³  ¶¨É ´¨Ö
¢μ²´μ¢μ¤´μ£μ É· ±É  ¸μ¸Éμ¨É ¨§ ³μÐ´μ£μ ‘‚—-±²¨¸É·μ´ , ¶·¥¤¢ ·¨É¥²Ó´μ£μ Ê¸¨²¨É¥²Ö,
¨³¶Ê²Ó¸´μ£μ ³μ¤Ê²ÖÉμ· , ¸Éμ°±¨ Ê¶· ¢²¥´¨Ö ¨ ±μ´É·μ²Ö.

‚ ¸¢Ö§¨ ¸ ¡μ²ÓÏ¨³ ±μ²¨Î¥¸É¢μ³ ³μ¤Ê²¥° ¨ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ¨³¥ÉÓ § ¶ ¸´Ò¥ Ô²¥³¥´ÉÒ
¤²Ö μ¡¥¸¶¥Î¥´¨Ö ±·Ê£²μ¸ÊÉμÎ´μ£μ ·¥¦¨³  · ¡μÉÒ ¡Ò²μ ¶·¨´ÖÉμ ·¥Ï¥´¨¥, μ¸´μ¢ ´´μ¥ ´ 
¨³¥ÕÐ¨Ì¸Ö ´ ÊÎ´ÒÌ ¨ É¥Ì´¨Î¥¸±¨Ì ¢μ§³μ¦´μ¸ÉÖÌ, ¨§£μÉμ¢¨ÉÓ ¸μ¡¸É¢¥´´Ò° ±²¨¸É·μ´.
�·¥¤¢ ·¨É¥²Ó´Ò¥ · ¸Î¥ÉÒ ¶μ± §Ò¢ ÕÉ ·¥ ²Ó´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö ¢ÒÌμ¤´μ° ³μÐ´μ¸É¨ ´¥ ³¥-
´¥¥ 50 Œ‚É. ‚Ò¡μ· ±μ´¸É·Ê±Í¨¨ μ¡Ê¸²μ¢²¨¢ ²¸Ö ¢μ§³μ¦´μ¸ÉÓÕ § ³¥´Ò  ³¥·¨± ´¸±¨Ì
±²¨¸É·μ´μ¢ 5045, ¨¸¶μ²Ó§Ê¥³ÒÌ ´  ¤¥°¸É¢ÊÕÐ¥³ ¨´¦¥±Í¨μ´´μ³ ±μ³¶²¥±¸¥ ¨ ¨³¥ÕÐ¨Ì
¸Ê³³ ·´Ò° É·¨¤Í É¨²¥É´¨° ¸É ¦ Ô±¸¶²Ê É Í¨¨.

Šμ´¸É·Ê±Í¨Ö ±²¨¸É·μ´  ¸μ¸Éμ¨É ¨§ ¶ÊÏ¥Î´μ£μ Ê§² , £·Ê¶¶¨·μ¢ É¥²Ö, ¸¨¸É¥³Ò ¢¢μ¤  ¨
¢Ò¢μ¤  ³μÐ´μ¸É¨ ¸ ¤¢Ê³Ö ¢ ±ÊÊ³´Ò³¨ μ±´ ³¨, ±μ²²¥±Éμ· , ¸μ²¥´μ¨¤  ¨ ¸¨¸É¥³Ò μÌ² -
¦¤¥´¨Ö.
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�ÊÏ¥Î´Ò° Ê§¥² (·¨¸. 3) ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ Éμ± ¶ÊÎ±  350 � ¶·¨ ´ ¶·Ö¦¥´¨¨ ´ 
± Éμ¤¥ 350 ±‚, ¶¨É ´¨¨ ´ ± ²  120 ‚ ¨ Éμ±¥ 3 �. „²Ö μ¡¥¸¶¥Î¥´¨Ö ¢Ò¸μ±μ¢μ²ÓÉ´μ°
· §¢Ö§±¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ¨§μ²ÖÉμ·, ¨§£μÉμ¢²¥´´Ò° ´  § ¢μ¤¥ ��‚‡ (�μ¢μ¸¨¡¨·¸±), ¨ ± Éμ¤
¸ ¶μ±·ÒÉ¨¥³ ¨§ ³¥É ²²μ¶μ·¨¸Éμ£μ μ±¸¨¤ .

�¨¸. 3. �ÊÏ¥Î´Ò° Ê§¥²

ƒ·Ê¶¶¨·μ¢ É¥²Ó (·¨¸. 4) ¸μ¸Éμ¨É ¨§ ¢Ìμ¤´μ£μ, ¢ÒÌμ¤´μ£μ ¨ Î¥ÉÒ·¥Ì £·Ê¶¶¨·ÊÕÐ¨Ì
·¥§μ´ Éμ·μ¢, ÎÉμ ¶μ§¢μ²¨É ¶μ²ÊÎ¨ÉÓ ±μÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö ´¥ ³¥´¥¥ 53 ¤	.

�¨¸. 4. ƒ·Ê¶¶¨·μ¢ É¥²Ó

‚ÒÌμ¤ ´  ¶·μ¥±É´ÊÕ ³μÐ´μ¸ÉÓ · §¤¥²¥´ ´  ¤¢  ÔÉ ¶ . ‘´ Î ²  ¢¥¤¥É¸Ö ¸¡μ·±  ¤²Ö
¢μ§³μ¦´μ¸É¨ · ¡μÉÒ ¢ ¤¨μ¤´μ³ ·¥¦¨³¥, £¤¥ ¢³¥¸Éμ £·Ê¶¶¨·μ¢ É¥²Ö Ê¸É ´ ¢²¨¢ ¥É¸Ö μ¤-
´μ·μ¤´ Ö ¶·μ²¥É´ Ö É·Ê¡±  (·¨¸. 5). �Éμ ¶μ§¢μ²¨É ¶·μ¢¥·¨ÉÓ ¨ ´ ¸É·μ¨ÉÓ ¢¸¥ ¸¨¸É¥³Ò
¶¨É ´¨Ö, ¸¨¸É¥³Ò ±μ´É·μ²Ö ¨ § Ð¨ÉÒ, · ¡μÉÊ ¸μ²¥´μ¨¤ , ¢ ±ÊÊ³´Ò¥ ¨ μÌ² ¤¨É¥²Ó´Ò¥
¸¨¸É¥³Ò, ¢Ò¸É ¢¨ÉÓ ¶ÊÏ¥Î´Ò° Ê§¥² ¤²Ö ¶μ²ÊÎ¥´¨Ö ´μ³¨´ ²Ó´μ£μ Éμ± . „ ²¥¥ ¶·μ²¥É´ Ö
É·Ê¡±  § ³¥´Ö¥É¸Ö £·Ê¶¶¨·μ¢ É¥²¥³, ¨ ¶μ¸²¥ ¶μ²ÊÎ¥´¨Ö É·¥¡Ê¥³μ£μ ¢ ±ÊÊ³  ´ Î¨´ ¥É¸Ö
É·¥´¨·μ¢±  ±²¨¸É·μ´  ¤²Ö ¨¸±²ÕÎ¥´¨Ö ¢μ§³μ¦´μ¸É¨ ¢μ§´¨±´μ¢¥´¨Ö ¶·μ¡μ¥¢.

Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ¸μ§¤ ´  Ê¸É ´μ¢±  ®Š²¥´¯, £¤¥ ¢¥¤¥É¸Ö ³μ´É ¦ ³μ¤Ê²ÖÉμ· ,
¢Ò¶μ²´¥´´μ£μ ¶μ ¸Ì¥³¥ ²¨´¥°´μ£μ É¨¶  ¸ ¶μ²´Ò³ · §·Ö¤μ³ Ëμ·³¨·ÊÕÐ¥° ²¨´¨¨ [4], ¸¨-
¸É¥³  ¢μ¤μ¸´ ¡¦¥´¨Ö ¤²Ö μÌ² ¦¤¥´¨Ö ±²¨¸É·μ´ . � · ²²¥²Ó´μ ¢ Í¥ÌÊ ´ Î¨´ ¥É¸Ö · ¡μÉ 
¶μ ¶·μ¨§¢μ¤¸É¢Ê ¢¸¥Ì ¢μ²´μ¢μ¤´ÒÌ Ô²¥³¥´Éμ¢.
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�¨¸. 5. Šμ´¸É·Ê±Í¨Ö ¸ μ¤´μ·μ¤´μ° ¶·μ²¥É´μ° É·Ê¡±μ°

�μ § ¢¥·Ï¥´¨¨ § ¶Ê¸±  Ê¸É ´μ¢±¨ ¨ ¶μ²ÊÎ¥´¨Ö ‘‚—-³μÐ´μ¸É¨ ¶μÖ¢¨É¸Ö ¢μ§³μ¦´μ¸ÉÓ
¶·μ¢¥¸É¨ · ¡μÉÒ ¶μ ´ ¸É·μ°±¥ ¨ É·¥´¨·μ¢±¥ ¢¸¥Ì ´¥μ¡Ìμ¤¨³ÒÌ Ô²¥³¥´Éμ¢ ¢μ²´μ¢μ¤´μ£μ
É· ±É . �μ¸²¥ ¢¸¥Ì ¶¥·¥Î¨¸²¥´´ÒÌ · ¡μÉ ¡Ê¤¥É ¶μ²´μ¸ÉÓÕ ¸μ¡· ´ ¨ Ê±μ³¶²¥±Éμ¢ ´ Ê¸±μ-
·¨É¥²Ó´Ò° ³μ¤Ê²Ó ´  200 ŒÔ‚.

‡�Š‹�—…�ˆ…

“¸±μ·¨É¥²Ó´Ò° ³μ¤Ê²Ó ¶μ¤· §Ê³¥¢ ¥É ¥£μ ¨¸¶μ²Ó§μ¢ ´¨¥ ± ± Ê´¨¢¥·¸ ²Ó´μ£μ Ô²¥³¥´É 
¶·¨ ¶·μ¥±É¨·μ¢ ´¨¨ ²¨´¥°´ÒÌ Ê¸±μ·¨É¥²¥° ¤²Ö ´ ÊÎ´ÒÌ, ¶·μ³ÒÏ²¥´´ÒÌ ¨ ³¥¤¨Í¨´¸±¨Ì
Í¥²¥°.

ˆ¸¸²¥¤μ¢ ´¨¥ ¢Ò¶μ²´¥´μ §  ¸Î¥É £· ´É  �μ¸¸¨°¸±μ£μ ´ ÊÎ´μ£μ Ëμ´¤  (¶·μ¥±É
º14-50-00080) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê´¨± ²Ó´μ° ´ ÊÎ´μ° Ê¸É ´μ¢±¨ ®Šμ³¶²¥±¸ ‚���-4 Ä
‚���-2000¯, ¶μ²ÊÎ¨¢Ï¥° Ë¨´ ´¸μ¢ÊÕ ¶μ¤¤¥·¦±Ê £μ¸Ê¤ ·¸É¢  ¢ ²¨Í¥ Œ¨´μ¡·´ Ê±¨ �”
(Ê´¨± ²Ó´Ò° ¨¤¥´É¨Ë¨± Éμ· ¶·μ¥±É  RFMEFI61917X0008).
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