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‚ 2017 £. ¸μ¸ÉμÖ²¸Ö § ¶Ê¸± ¥¢·μ¶¥°¸±μ£μ ·¥´É£¥´μ¢¸±μ£μ ² §¥·  ´  ¸¢μ¡μ¤´ÒÌ Ô²¥±É·μ´ Ì
(XFEL). � §· ¡μÉ±μ°, ¶·μ¨§¢μ¤¸É¢μ³ ¨ ¶μ¸É ¢±μ° ¸¨¸É¥³Ò ¶¨É ´¨Ö ±μ··¥±É¨·ÊÕÐ¨Ì ³ £´¨Éμ¢
§ ´¨³ ²¸Ö ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ ¨³. ƒ.ˆ. 	Ê¤±¥·  (ˆŸ”). „²Ö ¶¨É ´¨Ö ±μ··¥±É¨·ÊÕÐ¨Ì ³ £´¨-
Éμ¢ ¡Ò²μ · §· ¡μÉ ´μ ¸¥³Ó É¨¶μ¢ ¶·¥Í¨§¨μ´´ÒÌ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö (¨¸ÉμÎ´¨±μ¢ Éμ± ). „²Ö μ¡¥¸-
¶¥Î¥´¨Ö ¢Ò¸μ±μ° ´ ¤¥¦´μ¸É¨ ¡Ò²  · §· ¡μÉ ´  ¸¨¸É¥³  ®£μ·ÖÎ¥°¯ § ³¥´Ò ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö.
‚¢¥¤¥´μ ¢ Ô±¸¶²Ê É Í¨Õ μ±μ²μ 400 ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ±μ··¥±É¨·ÊÕÐ¨Ì ³ £´¨Éμ¢ ¨ 50 Ê¸É·μ°¸É¢
®£μ·ÖÎ¥°¯ § ³¥´Ò, ¶μ¤·μ¡´μ¸É¨ § ¶Ê¸±  ¸¨¸É¥³Ò ¶¨É ´¨Ö ¶·¥¤¸É ¢²¥´Ò ¢ ÔÉμ° ¸É ÉÓ¥.

The European X-ray Free-Electron Laser (XFEL) was commissioned in 2017. The Budker Institute
of Nuclear Physics (BINP) participated in the development, production and delivery of the power system
for the corrector magnets. Seven types of high-precision power supplies (current sources) to feed the
corrector magnets were developed. To ensure high reliability, a ©hot-swapª system was developed for
the power supplies. About 400 power supplies for the corrector magnets and 50 hot-swap devices have
been put into operation. This article presents details of starting up the power system.
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Š·Ê¶´¥°Ï¨° ¢ ³¨·¥ ² §¥· ´  ¸¢μ¡μ¤´ÒÌ Ô²¥±É·μ´ Ì XFEL ¸μ§¤ ´ ¤²Ö £¥´¥· Í¨¨
Ê²ÓÉ· ±μ·μÉ±¨Ì ·¥´É£¥´μ¢¸±¨Ì ¨³¶Ê²Ó¸μ¢ ¸ ¶¨±μ¢Ò³ §´ Î¥´¨¥³ Ö·±μ¸É¨ 5 · 1033 Ëμ-
Éμ´/(¸ ·³³2·³· ¤2 · 0,1% BW) ¨ ¨´É¥´¸¨¢´μ¸ÉÓÕ 2700 ¢¸¶ÒÏ¥± ¢ ¸¥±Ê´¤Ê. ‘É·Ê±ÉÊ· 
XFEL ¸μ¤¥·¦¨É ²¨´¥°´Ò° ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨° Ê¸±μ·¨É¥²Ó ¸ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¥° Ô²¥±-
É·μ´μ¢ 17,5 ƒÔ‚, ´¥¸±μ²Ó±μ ËμÉμ´´ÒÌ ÉÊ´´¥²¥° ¸ μ´¤Ê²ÖÉμ· ³¨ ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¶μ³¥Ð¥´¨Ö [1]. ‚ ¸μ¸É ¢ ³ £´¨É´μ° ¸¨¸É¥³Ò XFEL ¢Ìμ¤ÖÉ 296 ±μ··¥±É¨·ÊÕÐ¨Ì ³ £-
´¨Éμ¢, ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¶¨É ¥É¸Ö μÉ μÉ¤¥²Ó´μ£μ ¶·¥Í¨§¨μ´´μ£μ ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö.
�¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ±μ··¥±É¨·ÊÕÐ¨Ì ³ £´¨Éμ¢ ¶·¨¢¥¤¥´Ò ¢ É -
¡²¨Í¥.

1. ‘’�“Š’“�� ‘ˆ‘’…Œ› �ˆ’��ˆŸ

�  ·¨¸. 1 ¶·¨¢¥¤¥´  ¸É·Ê±ÉÊ·´ Ö ¸Ì¥³  ³μ¤Ê²Ö ¸¨¸É¥³Ò ¶¨É ´¨Ö. ‚ ¸μ¸É ¢ ³μ¤Ê²Ö
¢Ìμ¤ÖÉ μÉ μ¤´μ£μ ¤μ ¸¥³¨ μ¸´μ¢´ÒÌ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ¨ μ¤¨´ ·¥§¥·¢´Ò° ¨¸ÉμÎ´¨±
¶¨É ´¨Ö. Šμ³³ÊÉ Í¨Ö ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ¸ ±μ··¥±É¨·ÊÕÐ¨³¨ ³ £´¨É ³¨ ¢Ò¶μ²´¥´ 
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�¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö

� · ³¥É· ‡´ Î¥´¨¥

Œ ±¸¨³ ²Ó´Ò° ¢ÒÌμ¤´μ° Éμ±, � ± 5 ± 10

Œ¨´¨³ ²Ó´Ò° Ï £ ¨§³¥´¥´¨Ö Éμ± , ³±� 19 38

Œ ±¸¨³ ²Ó´μ¥ ¢ÒÌμ¤´μ¥ ´ ¶·Ö¦¥´¨¥, ‚ ± 24/48/72 ± 30/45/60

’¥³¶¥· ÉÊ·´Ò° ¤·¥°Ë ¢ÒÌμ¤´μ£μ Éμ± , 1/Š < 4 · 10−6

„·¥°Ë ¢ÒÌμ¤´μ£μ Éμ±  §  12 Î ¶·¨ T = const < 5 · 10−6

�¥²¨´¥°´μ¸ÉÓ ¢ÒÌμ¤´μ£μ Éμ±  < 10−5

Š· É±μ¢·¥³¥´´ Ö ´¥¸É ¡¨²Ó´μ¸ÉÓ ¢ÒÌμ¤´μ£μ Éμ±  (¤μ 1 ¸) < 10−5

‘Ê³³ ·´ Ö ¶μ£·¥Ï´μ¸ÉÓ ¢ÒÌμ¤´μ£μ Éμ± 
(¸ ¢·¥³¥´¥³ ´ · ¡μÉ±¨ ¤μ ´¥¸±μ²Ó±¨Ì ²¥É) < 10−4

‘·¥¤´¥¥ ¢·¥³Ö ´ · ¡μÉ±¨ ´  μÉ± §, Î > 100 000

Š�„, % > 90

�Ì² ¦¤¥´¨¥ …¸É¥¸É¢¥´´μ¥ ¢μ§¤ÊÏ´μ¥

ƒ ¡ ·¨É´Ò¥ · §³¥·Ò, ³³ 432× 355× 133

Œ ¸¸ , ±£ 12,5

�¨¸. 1. Œμ¤Ê²Ó ¸¨¸É¥³Ò ¶¨É ´¨Ö. ‘²¥¢  Å ¸É·Ê±ÉÊ·´ Ö ¸Ì¥³ ; ¸¶· ¢  Å ¢´¥Ï´¨° ¢¨¤. MPS Å

¨¸ÉμÎ´¨± ¶¨É ´¨Ö ±μ··¥±É¨·ÊÕÐ¨Ì ³ £´¨Éμ¢; RSC Å Ê¸É·μ°¸É¢μ ®£μ·ÖÎ¥°¯ § ³¥´Ò ¨¸ÉμÎ´¨±μ¢
¶¨É ´¨Ö; CM Å ±μ··¥±É¨·ÊÕÐ¨° ³ £´¨É; R Å Ô±¢¨¢ ²¥´É´ Ö ´ £·Ê§± 

Î¥·¥§ Ê¸É·μ°¸É¢μ ®£μ·ÖÎ¥°¯ § ³¥´Ò [2]. ‚ ¸²ÊÎ ¥ ¶μ²μ³±¨ μ¤´μ£μ ¨§ μ¸´μ¢´ÒÌ ¨¸ÉμÎ-
´¨±μ¢ ¶¨É ´¨Ö ¶μ ±μ³ ´¤¥ μÉ ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ±μ··¥±É¨·ÊÕÐ¨°
³ £´¨É ³μ¦¥É ¡ÒÉÓ ¶¥·¥±²ÕÎ¥´ ¸¨¸É¥³μ° ®£μ·ÖÎ¥°¯ § ³¥´Ò ´  ·¥§¥·¢´Ò° ¨¸ÉμÎ´¨± ¶¨-
É ´¨Ö, ¨ ¸¨¸É¥³  ¶¨É ´¨Ö ¶·μ¤μ²¦¨É · ¡μÉÊ ¢ ÏÉ É´μ³ ·¥¦¨³¥. ’ ± Ö ¸É·Ê±ÉÊ·  ¸¨¸É¥³Ò
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¶¨É ´¨Ö ¶μ§¢μ²Ö¥É §´ Î¨É¥²Ó´μ Ê³¥´ÓÏ¨ÉÓ ¢·¥³Ö ¶·μ¸ÉμÖ XFEL ¢ ¸²ÊÎ ¥ ¶μ²μ³±¨ ¨¸ÉμÎ-
´¨±μ¢ ¶¨É ´¨Ö.

Œμ¤Ê²Ó ¸¨¸É¥³Ò ¶¨É ´¨Ö ¢Ò¶μ²´¥´ ¢ ¢¨¤¥ Ï± Ë  2000× 800× 600 ³³ ±μ´¸É·Ê±É¨¢ 
®…¢·μ³¥Ì ´¨± ¯. ‚¸¥£μ ´  XFEL ¶μ¸É ¢²¥´μ 50 ÏÉ. ³μ¤Ê²¥° ¸¨¸É¥³Ò ¶¨É ´¨Ö. ˆ§ ´¨Ì
48 ÏÉ. ´ Ìμ¤ÖÉ¸Ö ¢ Ô±¸¶²Ê É Í¨¨ ¨ 2 ÏÉ. ¢ ·¥§¥·¢¥.

‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ¨³¶Ê²Ó¸´ÒÌ ¶·¥μ¡· §μ¢ É¥-
²¥° ¶¥·¥³¥´´μ£μ ´ ¶·Ö¦¥´¨Ö ¢ ¶μ¸ÉμÖ´´μ¥ ¨ ¶μ¸ÉμÖ´´μ£μ ´ ¶·Ö¦¥´¨Ö ¢ ¶μ¸ÉμÖ´´Ò°
Éμ±. ‚ÒÌμ¤´μ° Éμ± ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö ¸É ¡¨²¨§¨·Ê¥É¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·¥Í¨§¨μ´´μ£μ
¡¥¸±μ´É ±É´μ£μ ¤ ÉÎ¨±  ¶μ¸ÉμÖ´´μ£μ Éμ± . Šμ´É·μ²Ó ¨ Ê¶· ¢²¥´¨¥ ¨¸ÉμÎ´¨±μ³ ¶¨É ´¨Ö
μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μ ¨´É¥·Ë¥°¸Ê CANbus. ’·¥¡Ê¥³μ¥ ± Î¥¸É¢μ ·¥£Ê²¨·μ¢ ´¨Ö μ¡¥¸¶¥Î¨¢ ¥É
¶¥É²Ö μ¡· É´μ° ¸¢Ö§¨ ¶μ Éμ±Ê, ¢ ¸μ¸É ¢ ±μÉμ·μ° ¢Ìμ¤¨É ¶·μ¶μ·Í¨μ´ ²Ó´μ-¨´É¥£· ²Ó´μ¥
§¢¥´μ [3].

2. ˆ‘�›’��ˆŸ

‘¨¸É¥³  ¶¨É ´¨Ö ±μ··¥±É¨·ÊÕÐ¨Ì ³ £´¨Éμ¢ ¤μ²¦´  Ê¤μ¢²¥É¢μ·ÖÉÓ É·¥¡μ¢ ´¨Ö³ Ô²¥±-
É·μ³ £´¨É´μ° ¸μ¢³¥¸É¨³μ¸É¨ ¸ ¤·Ê£¨³ μ¡μ·Ê¤μ¢ ´¨¥³ XFEL,   É ±¦¥ £ · ´É¨·μ¢ ÉÓ ¤μ²-
£μ¸·μÎ´ÊÕ ¸É ¡¨²Ó´μ¸ÉÓ ¶ · ³¥É·μ¢ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö. „²Ö £ · ´É¨¨ ± Î¥¸É¢  ¶·μ¨§-
¢μ¤¸É¢  ¨ ´ ² ¤±¨ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ¨¸¶ÒÉ ´¨Ö ¸¥·¨°´ÒÌ Ô±§¥³¶²Ö·μ¢ ¶·μ¢μ¤¨²¨¸Ó ¢
¤¢  ÔÉ ¶ , ´  ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ³ ¸É¥´¤¥ ˆŸ” ¨ ¢ ¸μ¸É ¢¥ ¸¨¸É¥³Ò ¶¨É ´¨Ö XFEL.

�·μ¢¥·±  ¸É ¡¨²Ó´μ¸É¨ ¢ÒÌμ¤´ÒÌ ¶ · ³¥É·μ¢ ¶·μÉμÉ¨¶μ¢ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ¶·μ-
¢μ¤¨² ¸Ó ¢ ˆŸ” ¨ DESY. „²Ö £ · ´É¨¨ ¸μÌ· ´¥´¨Ö ¶ · ³¥É·μ¢ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ¢
É¥Î¥´¨¥ ¶¥·¨μ¤  Ô±¸¶²Ê É Í¨¨ ´  ÔÉ ¶¥ ¶·μ¥±É¨·μ¢ ´¨Ö ¶·μÉμÉ¨¶μ¢ § ±² ¤Ò¢ ²¸Ö É·¥Ì-
±· É´Ò° § ¶ ¸ ¶·¥Í¨§¨μ´´ÒÌ ¶ · ³¥É·μ¢. ’ ±, ¨§³¥·¥´´ Ö ¤¨¸¶¥·¸¨Ö ¢ÒÌμ¤´μ£μ Éμ± 
¶·μÉμÉ¨¶  ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö ¸μ¸É ¢¨²  2,2 · 10−6 §  60 Î · ¡μÉÒ ¢ ¤¨ ¶ §μ´¥ É¥³¶¥· -
ÉÊ· μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ±0,5 K,   ¸·¥¤´¥±¢ ¤· É¨Î´μ¥ ¨§³¥·¥´´μ¥ §´ Î¥´¨¥ ¶Ê²Ó¸ Í¨°
¢ÒÌμ¤´μ£μ Éμ±  ¸μ¸É ¢¨²μ 2,8 · 10−6 ¢ ¶μ²μ¸¥ Î ¸ÉμÉ μÉ 1 ƒÍ ¤μ 1 ±ƒÍ. �·μ¢¥·±  ¸μμÉ-
¢¥É¸É¢¨Ö Ô²¥±É·μ³ £´¨É´μ° ¸μ¢³¥¸É¨³μ¸É¨ ¶·μÉμÉ¨¶μ¢ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ¶·μ¢μ¤¨² ¸Ó
¢ ² ¡μ· Éμ·¨¨ �Œ‘ ®TéUV NORD¯ (£. ƒ ³¡Ê·£). �·μ¢¥·Ö² ¸Ó ¸¶μ¸μ¡´μ¸ÉÓ ¨¸ÉμÎ´¨±μ¢
¶¨É ´¨Ö · ¡μÉ ÉÓ ¢ Ê¸²μ¢¨ÖÌ μ¶·¥¤¥²¥´´μ° Ô²¥±É·μ³ £´¨É´μ° μ¡¸É ´μ¢±¨ ¸ ¸μÌ· ´¥´¨¥³
¸É ¡¨²Ó´μ¸É¨ ¨Ì ¶ · ³¥É·μ¢ ¨ ¡¥§ ¸μ§¤ ´¨Ö ¤·Ê£¨³ Ô²¥±É·μ´´Ò³ Ê¸É·μ°¸É¢ ³ ´¥¤μ¶Ê¸É¨-
³ÒÌ Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ³¥Ì [4].

Š ¦¤Ò° ¶·μ¨§¢¥¤¥´´Ò° ¨¸ÉμÎ´¨± ¶¨É ´¨Ö ¶μ¸²¥ ´ ² ¤±¨ ¨ ¶ ¸¶μ·É¨§ Í¨¨ ¶·μÌμ¤¨²
¶·μ¢¥·±Ê ¢ É¥Î¥´¨¥ 24 Î ´  ³´μ£μ± ´ ²Ó´μ³  ¢Éμ³ É¨§¨·μ¢ ´´μ³ ¸É¥´¤¥ [5]. ‚ ¶·μÍ¥¸¸¥
¶·μ¢¥·±¨ ¨¸ÉμÎ´¨± ¶¨É ´¨Ö £¥´¥·¨·μ¢ ² Éμ± É· ¶¥Í¥¨¤ ²Ó´μ° Ëμ·³Ò ¸ ¢·¥³¥´¥³ ¶¥·¥-
¸É·μ°±¨ 1 ³¨´. ‡´ Î¥´¨¥ ¢ÒÌμ¤´μ£μ Éμ±  ¨ É¥³¶¥· ÉÊ·Ò μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ´  ¸É¥´¤¥
¤μ¶μ²´¨É¥²Ó´μ ±μ´É·μ²¨·μ¢ ²μ¸Ó ¢´¥Ï´¨³¨ ¶·¥Í¨§¨μ´´Ò³¨ ¨§³¥·¨É¥²Ö³¨, ¶·¨ ÔÉμ³ ¶μ
μÉ¤¥²Ó´μ¸É¨  ´ ²¨§¨·μ¢ ²¸Ö ¤·¥°Ë ¶ · ³¥É·μ¢ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ´  ¶μ²μ¦¨É¥²Ó´μ°
¨ μÉ·¨Í É¥²Ó´μ° ®¶μ²μÎ± Ì¯ É· ¶¥Í¨¨. �  ·¨¸. 2 ¶μ± § ´μ ¨´Ëμ·³ Í¨μ´´μ¥ μ±´μ ¶·μ-
£· ³³´μ£μ  ´ ²¨§  ¶ · ³¥É·μ¢ μ¤´μ£μ ¨§ ¶·μ¨§¢¥¤¥´´ÒÌ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö. ’ ±μ¥
É¥¸É¨·μ¢ ´¨¥ ¶μ§¢μ²Ö²μ ¢ÒÖ¢¨ÉÓ ¸±·ÒÉÒ¥ ¤¥Ë¥±ÉÒ, ±μÉμ·Ò¥ ´¥ ¡Ò²¨ μ¡´ ·Ê¦¥´Ò ¢ ¶·μ-
Í¥¸¸¥ ´ ² ¤±¨ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö.

�μ § ¢¥·Ï¥´¨¨ ³μ´É ¦´ÒÌ · ¡μÉ ¸¨¸É¥³Ò ¶¨É ´¨Ö ±μ··¥±É¨·ÊÕÐ¨Ì ³ £´¨Éμ¢ ¢¸¥
¨¸ÉμÎ´¨±¨ ¶¨É ´¨Ö ¶·μÌμ¤¨²¨ ¶·¨¥³μÎ´Ò¥ ¨¸¶ÒÉ ´¨Ö ´  ·¥ ²Ó´ÒÌ ´ £·Ê§± Ì XFEL.
Š ¦¤μ³Ê ¨¸¶ÒÉÊ¥³μ³Ê ¨¸ÉμÎ´¨±Ê ¶¨É ´¨Ö ¸¶¥Í¨ ²Ó´μ° ¶·μ£· ³³μ° § ¤ ¢ ²¸Ö É· ¶¥Í¥-
¨¤ ²Ó´Ò° Éμ± (·¨¸. 3). ‚ ·¥ ²Ó´μ³ ·¥¦¨³¥ ¢·¥³¥´¨ ¨§³¥·Ö²¨¸Ó ¢ÒÌμ¤´Ò¥ ¶ · ³¥É·Ò
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�¨¸. 2. ˆ´Ëμ·³ Í¨μ´´μ¥ μ±´μ ¶·μ£· ³³´μ£μ  ´ ²¨§ . ‘¢¥·ÌÊ Å ¶·μÉμ±μ² É¥¸É¨·μ¢ ´¨Ö ¨¸ÉμÎ´¨± 

¶¨É ´¨Ö; ¸´¨§Ê Å £· Ë¨± ¤·¥°Ë  ¢ÒÌμ¤´μ£μ Éμ±  ´  ¶μ²μ¦¨É¥²Ó´μ° ¨ μÉ·¨Í É¥²Ó´μ° ®¶μ²μÎ± Ì¯
É· ¶¥Í¨¨

�¨¸. 3. ‚·¥³¥´´ Ö § ¢¨¸¨³μ¸ÉÓ ¢ÒÌμ¤´μ£μ Éμ±  ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö

¨¸ÉμÎ´¨±  ¶¨É ´¨Ö (Éμ±, ´ ¶·Ö¦¥´¨¥, ¶Ê²Ó¸ Í¨¨ ¨ É. ¤.). ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ ¤¨´ -
³¨±¥ (¶·¨ ¶¥·¥¸É·μ°±¥ Éμ± ) ¨ ¢ ¸É É¨±¥ (´  ®¶μ²μÎ± Ì¯ É· ¶¥Í¨¨). �´ ²¨§ ¶μ²ÊÎ¥´´ÒÌ
¤ ´´ÒÌ ¶μ§¢μ²Ö² ¢ÒÖ¢¨ÉÓ ¶μ¢·¥¦¤¥´¨Ö ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ¢ ·¥§Ê²ÓÉ É¥ É· ´¸¶μ·É¨-
·μ¢±¨, ±μ³³ÊÉ Í¨μ´´Ò¥ μÏ¨¡±¨ Ë¨´ ²Ó´μ° ¸¡μ·±¨ ¸¨¸É¥³Ò ¶¨É ´¨Ö ¨ ¤ ¦¥ ´¥¨¸¶· ¢-
´μ¸É¨ ±μ··¥±É¨·ÊÕÐ¨Ì ³ £´¨Éμ¢.
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“¸¶¥Ì § ¶Ê¸±  ¡μ²ÓÏ¨Ì Ë¨§¨Î¥¸±¨Ì Ê¸É ´μ¢μ± ¢μ ³´μ£μ³ § ¢¨¸¨É μÉ ¶·¥¤¶Ê¸±μ¢μ°
μÉ² ¦¥´´μ¸É¨ μÉ¤¥²Ó´ÒÌ ¸¨¸É¥³. �¶¨¸ ´´Ò¥ É¥¸Éμ¢Ò¥ ¶·μÍ¥¤Ê·Ò ¶μ§¢μ²¨²¨ ¢ÒÖ¢¨ÉÓ ¢¸¥
´¥¶·¨ÖÉ´μ¸É¨ ´  ÔÉ ¶¥ μÉ² ¤±¨ ¸¨¸É¥³Ò ¶¨É ´¨Ö ¨ ¶μ¤£μÉμ¢¨ÉÓ¸Ö ± · ¡μÉ¥ ¸ ¶ÊÎ±μ³.
‡ ¶Ê¸± ¸¨¸É¥³Ò ¶¨É ´¨Ö § ¢¥·Ï¨²¸Ö ¢ ´μÖ¡·¥ 2016 £. �¥·¢Ò° Ô²¥±É·μ´´Ò° ¶ÊÎμ± ¡Ò²
Ê¸±μ·¥´ ¢ ²¨´¥°´μ³ Ê¸±μ·¨É¥²¥ XFEL ¢ Ö´¢ ·¥ 2017 £.,   ¢ ³ ¥ 2017 £. ¡Ò²  ¶μ²ÊÎ¥´ 
£¥´¥· Í¨Ö ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´Éμ³ 14-50-00080 �μ¸¸¨°¸±μ£μ ´ ÊÎ´μ£μ Ëμ´¤ .

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Decking W. et al. European XFEL Construction Status // Proc. of FEL-2014, Basel, Switzerland,
Aug. 2014. WEB03. P. 623.

2. Belikov O. et al. Hardware for Increasing Reliability of the Power Supply System for Corrector
Magnets of the European XFEL // Proc. of RuPAC-2016, St. Petersburg, Russia, Nov. 21Ä25, 2016.
P. 578Ä580.

3. Belikov O. V., Kozak V. R., Medvedko A. S. Power Supply System for Corrector Magnets of the
European X-Ray Free-Electron Laser // Proc. of SFR-2016, Novosibirsk, Russia, July 4Ä8, 2016;
Phys. Procedia 2016. V. 84. P. 108Ä112.

4. Belikov O. et al. Electromagnetic Compatibility of the Power Supply System for Corrector Magnets
of the European XFEL // Proc. of RuPAC-2016, St. Petersburg, Russia, Nov. 21Ä25, 2016. P. 581Ä
583.

5. �¥²¨±μ¢ �. ‚. ¨ ¤·. �¶¶ · É´Ò¥ ¨ ¶·μ£· ³³´Ò¥ ¸·¥¤¸É¢  ¶μ¢ÒÏ¥´¨Ö ± Î¥¸É¢  ¶·¥Í¨§¨μ´´ÒÌ

¨¸ÉμÎ´¨±μ¢ Éμ±  ¤²Ö ±·Ê¶´ÒÌ Ë¨§¨Î¥¸±¨Ì Ê¸É ´μ¢μ± // ‘¨¡¨·¸±¨° Ë¨§. ¦Ê·´. 2017. ’. 12, º1.
‘. 5Ä12.


