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‚. � ² ±¨´  , 1, „. �¥·± ¥¢ ¡, ”. …³ ´μ¢ a, ‘. ‚ ¸¨²Ó¥¢ ¡, „. �μ²Ìμ¢¨ÉÖ´μ¢ ¡

  �μ¢μ¸¨¡¨·¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É, �μ¢μ¸¨¡¨·¸±, �μ¸¸¨Ö
¡ ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ ¨³. ƒ. ˆ. 	Ê¤±¥·  CO ���, �μ¢μ¸¨¡¨·¸±, �μ¸¸¨Ö

�μ¸²¥ ¶¥·¥±²ÕÎ¥´¨Ö ±μ²² °¤¥·μ¢ ‚���-2000 ¨ ‚���-4Œ ´  ¸´ ¡¦¥´¨¥ ¶ÊÎ± ³¨ μÉ ¨´-
¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ‚���-5 ¢μ§´¨±²  § ¤ Î  μ¡¥¸¶¥Î¥´¨Ö ¸É ¡¨²Ó´μ¸É¨ · ¡μÉÒ ¨´Ë²¥±Éμ·μ¢
´ ±μ¶¨É¥²Ö-μÌ² ¤¨É¥²Ö. „²Ö ¨§ÊÎ¥´¨Ö ¢·¥³¥´´ÒÌ ¨  ³¶²¨ÉÊ¤´ÒÌ μÉ±²μ´¥´¨° ¨³¶Ê²Ó¸μ¢ £¥´¥· Éμ-
·μ¢ ¨´Ë²¥±Éμ·μ¢ ¸μ§¤ ´μ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ´  μ¸´μ¢¥ ³¥Éμ¤μ¢ ±μ··¥²ÖÍ¨μ´´μ£μ  ´ ²¨§ .
�Éμ ¶μ§¢μ²¨²μ ·¥£¨¸É·¨·μ¢ ÉÓ ¢·¥³¥´´Ò¥ μÉ±²μ´¥´¨Ö ¢ 1 ´¸ ¤²Ö ¨³¶Ê²Ó¸μ¢ ¨´Ë²¥±Éμ·μ¢, μÍ¨Ë-
·μ¢ ´´ÒÌ ¶·¨ ¶μ³μÐ¨ �–� ¸ Î ¸ÉμÉμ° ¤¨¸±·¥É¨§ Í¨¨ 200 ŒƒÍ. ‚ ·¥§Ê²ÓÉ É¥ ¤μ²£μ¢·¥³¥´´ÒÌ
´ ¡²Õ¤¥´¨° μ¡´ ·Ê¦¥´  § ¢¨¸¨³μ¸ÉÓ ¢·¥³¥´¨ ¸· ¡ ÉÒ¢ ´¨Ö £¥´¥· Éμ·μ¢ μÉ ´ ¶·Ö¦¥´¨Ö ¸¥É¨.

After switching the VEPP-2000 and VEPP-4M colliders to supply beams from the VEPP-5 injection
complex, the problem arose to ensure the operation stability of the damping ring in
ectors. In order to
observe in
ector generators amplitude and delay deviations software set based on correlation analysis
was developed. This allowed us to observe delay deviations about 1 ns for in
ector signals using ADC
with 200 MHz sampling frequency. Moreover, we discovered AC line voltage in
uences on in
ector
delay deviation as a result of long term observations.
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ˆ´¦¥±Í¨μ´´Ò° ±μ³¶²¥±¸ ‚���-5 (ˆŠ) [1] ¶·¥¤´ §´ Î¥´ ¤²Ö ´ ±μ¶²¥´¨Ö, μÌ² ¦¤¥-
´¨Ö ¨ É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±μ¢ Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢ ¤²Ö ¤¢ÊÌ ¤¥°¸É¢ÊÕÐ¨Ì ±μ²² °-
¤¥·μ¢ ˆŸ” ‘� ���: ‚���-2000 [2] ¨ ‚���-4 [5]. ‚ ¸μ¸É ¢ ˆŠ ¢Ìμ¤ÖÉ Ô²¥±É·μ´´ Ö
¶ÊÏ± , Ô²¥±É·μ´´Ò° ²¨´¥°´Ò° Ê¸±μ·¨É¥²Ó, ±μ´¢¥·¸¨μ´´ Ö ¸¨¸É¥³ , ¶μ§¨É·μ´´Ò° ²¨´¥°-
´Ò° Ê¸±μ·¨É¥²Ó, ±μ²ÓÍμ ´ ±μ¶¨É¥²Ö-μÌ² ¤¨É¥²Ö ¨ É· ´¸¶μ·É´Ò° ± ´ ² Š-500.

‚ ´ ±μ¶¨É¥²¥-μÌ² ¤¨É¥²¥ ¶·¨³¥´¥´  μ¤´μμ¡μ·μÉ´ Ö ¨´¦¥±Í¨Ö ¸ ¶·¥¤Ê¤ ·μ³, ¶μÔÉμ³Ê
¤²Ö ± ¦¤μ£μ § ·Ö¤  Î ¸É¨Í Ê¸É ´μ¢²¥´  ¶ ·  ¨´Ë²¥±Éμ·μ¢ [6]. ˆ³¶Ê²Ó¸Ò £¥´¥· Éμ· 
¨´Ë²¥±Éμ·  (¤ ²¥¥ Å £¥´¥· Éμ· ) ¶·¨¢¥¤¥´Ò ´  ·¨¸. 1.

1E-mail: balakinvitaly@gmail.com
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�¨¸. 1. ˆ³¶Ê²Ó¸Ò £¥´¥· Éμ·μ¢ ¨´Ë²¥±Éμ·μ¢

‚ ¸¢Ö§¨ ¸ ´¥¤μ¸É ÉμÎ´μ° Î ¸ÉμÉμ° ¤¨¸±·¥É¨§ Í¨¨ § ¤¥°¸É¢μ¢ ´´ÒÌ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö
�–� (200 ŒƒÍ) · ¸¸³ É·¨¢ ¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¶¥·¥Ìμ¤  ± 1 ƒƒÍ. ’¥³ ´¥ ³¥´¥¥ ¢ ¸ÊÐ¥-
¸É¢ÊÕÐ¨Ì μ¡¸ÉμÖÉ¥²Ó¸É¢ Ì ¶·¥¤¶·¨´ÖÉ  ¶μ¶ÒÉ±  Í¨Ë·μ¢μ° μ¡· ¡μÉ±¨ ¸¨£´ ²μ¢ ¨´Ë²¥±-
Éμ·μ¢ ¸ Í¥²ÓÕ μ¶·¥¤¥²¥´¨Ö ¢·¥³¥´´μ£μ ¸¤¢¨£  ¨³¶Ê²Ó¸μ¢ ¨ ¶μ¨¸±  ¥£μ ¶·¨Î¨´.
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�·¨ ´ ¸É·μ°±¥ ¢¶Ê¸± /¢Ò¶Ê¸±  ¶μ¤¡¨· ÕÉ¸Ö § ¤¥·¦±¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ´ ¨²ÊÎÏ¥³Ê
¢¶Ê¸±Ê ¨ ¢Ò¶Ê¸±Ê. ’ ± ± ±  ´ ²¨É¨Î¥¸±μ£μ ¢Ò· ¦¥´¨Ö ¤²Ö Ëμ·³Ò ¨³¶Ê²Ó¸  ´¥É, ¨³-
¶Ê²Ó¸Ò £¥´¥· Éμ·μ¢ ¸· §Ê ¶μ¸²¥ ´ ¸É·μ°±¨ ¸Î¨É ÕÉ¸Ö ®Ìμ·μÏ¨³¨¯ ¨ § ¶μ³¨´ ÕÉ¸Ö ¤²Ö
¶μ¸²¥¤ÊÕÐ¥£μ ¸· ¢´¥´¨Ö ¸ ¢´μ¢Ó ¨§³¥·¥´´Ò³¨. ’ ± ± ± Ëμ·³  ¨³¶Ê²Ó¸μ¢ £¥´¥· Éμ·μ¢
¤μ¸É ÉμÎ´μ ¶·μ¸É Ö ¨ Ìμ·μÏμ ¶μ¢Éμ·Ö¥É¸Ö μÉ ¨³¶Ê²Ó¸  ± ¨³¶Ê²Ó¸Ê, ¤²Ö ´ Ìμ¦¤¥´¨Ö ¢·¥-
³¥´´μ£μ ¸¤¢¨£  ³¥¦¤Ê ¤¢Ê³Ö ¨³¶Ê²Ó¸ ³¨ ´¥μ¡Ìμ¤¨³μ ´ °É¨ ¸¤¢¨£, ±μÉμ·Ò° ³ ±¸¨³¨§¨-
·Ê¥É ±μ··¥²ÖÍ¨μ´´ÊÕ ËÊ´±Í¨Õ ÔÉ¨Ì ¸¨£´ ²μ¢. „²Ö ¡μ²¥¥ ÉμÎ´μ£μ ´ Ìμ¦¤¥´¨Ö § ¤¥·¦±¨
´¥μ¡Ìμ¤¨³Ò ¸¤¢¨£¨ ³¥´ÓÏ¥ ¨´É¥·¢ ²  ¤¨¸±·¥É¨§ Í¨¨ (5 ´¸), ¢ ÔÉμ³ ¸²ÊÎ ¥ ¶·¨³¥´Ö-
¥É¸Ö ¨´É¥·¶μ²ÖÍ¨Ö ±Ê¡¨Î¥¸±¨³ ¸¶² °´μ³. „²Ö μ¶·¥¤¥²¥´¨Ö ´ ¨²ÊÎÏ¥£μ Ï £  ¶μ ¢·¥³¥´¨
¶·¨ ¶μ¨¸±¥ ³ ±¸¨³Ê³  ±μ··¥²ÖÍ¨μ´´μ° ËÊ´±Í¨¨ ¶·μ¢μ¤¨²¸Ö ¶μ¨¸± ¸¤¢¨£  § ¶¨¸ ´´μ£μ
¸¨£´ ²  μÉ´μ¸¨É¥²Ó´μ ¥£μ ¨¸±Ê¸¸É¢¥´´μ § ÏÊ³²¥´´μ£μ ´  1Ä5 % ¢ ·¨ ´Éμ³, ¸³¥Ð¥´´Ò³
´  21,22 ´¸. ‚ ·¥§Ê²ÓÉ É¥ ¢ÒÖ¸´¨²μ¸Ó, ÎÉμ ´ ¨²ÊÎÏ¨° ·¥§Ê²ÓÉ É ¤ ¥É Ï £ ¸¤¢¨£  0,25 ´¸,
¶·¨ ÔÉμ³ ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ¸¤¢¨£  μ±μ²μ 1 ´¸.
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‚ ¶μ²¥ μÉμ¡· ¦¥´¨Ö ¤ ´´ÒÌ (·¨¸. 2) ¶·¨¸ÊÉ¸É¢ÊÕÉ ¸μÌ· ´¥´´Ò° ¢ ¶ ³ÖÉ¨ ¨ ¨§³¥-
·¥´´Ò° ¸¨£´ ²Ò £¥´¥· Éμ·μ¢. ’ ±¦¥ ¸É·μ¨É¸Ö £¨¸Éμ£· ³³  ¶μ ·¥§Ê²ÓÉ É ³ ¶μ¸²¥¤´¨Ì
100 § ¶Ê¸±μ¢ £¥´¥· Éμ·  ¸ ¢ÒÎ¨¸²¥´¨¥³ ¸·¥¤´¥±¢ ¤· É¨Î´μ£μ μÉ±²μ´¥´¨Ö.

„ ´´μ¥ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¤²Ö  ´ ²¨§  Ë ±É  § ¢¨¸¨³μ¸É¨ ¶ -
· ³¥É·μ¢ ¨³¶Ê²Ó¸  £¥´¥· Éμ·  ¨´Ë²¥±Éμ·μ¢ μÉ ´ ¶·Ö¦¥´¨Ö ¸¥É¨. „²Ö ÔÉμ£μ ¢ ¡ §Ê ¤ ´´ÒÌ
¡Ò²¨ § ¶¨¸ ´Ò ¸ÊÉμÎ´Ò¥ ±μ²¥¡ ´¨Ö ´ ¶·Ö¦¥´¨Ö ¸¥É¨ ¨ μÉ±²μ´¥´¨Ö ¨³¶Ê²Ó¸μ¢ £¥´¥· Éμ-
·μ¢ (·¨¸. 3).

�  ·¨¸. 3 Ìμ·μÏμ ¢¨¤´   ´É¨±μ··¥²ÖÍ¨Ö ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ. �·¨ μÉ¸ÊÉ¸É¢¨¨ ¸É ¡¨²¨-
§ Í¨¨ ´ ± ²  É¨· É·μ´  £¥´¥· Éμ·μ¢ ¨´Ë²¥±Éμ·μ¢ ¶·¨ ¸ÊÉμÎ´μ³ ¨§³¥´¥´¨¨ ´ ¶·Ö¦¥´¨Ö



870 � ² ±¨´ ‚. ¨ ¤·.

�¨¸. 2. �Éμ¡· ¦¥´¨¥ ·¥§Ê²ÓÉ Éμ¢  ´ ²¨§ 

¸¥É¨ ´  8 ‚ ¶·μ¨¸Ìμ¤¨²μ ¨§³¥´¥´¨¥ ¢·¥³¥´¨ ¸· ¡ ÉÒ¢ ´¨Ö £¥´¥· Éμ·μ¢ μÉ 4 ¤μ 8 ´¸, ¸μ
¸É ¡¨²¨§ Í¨¥° ÔÉμ ¢·¥³Ö Ê³¥´ÓÏ ²μ¸Ó ¤μ 1,4 ´¸.
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‘μ§¤ ´μ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¤²Ö μ¡· ¡μÉ±¨ ¸¨£´ ²μ¢ £¥´¥· Éμ·μ¢ ¨´Ë²¥±Éμ-
·μ¢, ¶μ§¢μ²ÖÕÐ¥¥ ¢¥¸É¨ μ¶¥· É¨¢´μ¥ ¨ ¤μ²£μ¢·¥³¥´´μ¥ ´ ¡²Õ¤¥´¨¥ §  ¨§³¥´¥´¨¥³ § -
¤¥·¦±¨ ¸· ¡ ÉÒ¢ ´¨Ö ¨´Ë²¥±Éμ·μ¢ ¸ ÉμÎ´μ¸ÉÓÕ ¤μ ´¥¸±μ²Ó±¨Ì ´ ´μ¸¥±Ê´¤. ‘ ¥£μ ¶μ-
³μÐÓÕ ¶·μ ´ ²¨§¨·μ¢ ´  ¸¢Ö§Ó ³¥¦¤Ê ¢·¥³¥´¥³ ¸· ¡ ÉÒ¢ ´¨Ö £¥´¥· Éμ·μ¢ ¨´Ë²¥±Éμ·μ¢
¨ ´ ¶·Ö¦¥´¨¥³ ¸¥É¨,   É ±¦¥ ¢ÒÖ¢²¥´Ò Ì · ±É¥·´Ò¥ ¢·¥³¥´  ¨§³¥´¥´¨° ¢·¥³¥´¨ § -
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�¨¸. 3. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ¸ÊÉμÎ´μ£μ ¶μ¢¥¤¥´¨Ö: ´ ¶·Ö¦¥´¨Ö ¸¥É¨ ( ); μÉ±²μ´¥´¨Ö ¶μ ¢·¥-

³¥´¨ ¸· ¡ ÉÒ¢ ´¨Ö £¥´¥· Éμ·  ¨´Ë²¥±Éμ·  ¡¥§ ¸É ¡¨²¨§ Í¨¨ ´ ± ²  É¨· É·μ´  (¡) ¨ ¸μ ¸É ¡¨²¨§ -

Í¨¥° ´ ± ²  É¨· É·μ´  (¢)

¶Ê¸±  É¨· É·μ´ . ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶² ´¨·Ê¥É¸Ö ¶μ¸É·μ¥´¨¥ ¸¨¸É¥³Ò μ¡· É´μ° ¸¢Ö§¨
¸ Í¥²ÓÕ ¸É ¡¨²¨§ Í¨¨ ¢·¥³¥´ ¸· ¡ ÉÒ¢ ´¨Ö £¥´¥· Éμ·μ¢ ¨´Ë²¥±Éμ·μ¢ ´  ¡ §¥ ¤ ´´μ£μ
¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö.

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ �.”·μ²μ¢Ê, �. 	ÊÉ ±μ¢Ê,   É ±¦¥
¢¸¥° ±μ³ ´¤¥ ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ‚���-5 §  ´¥μÍ¥´¨³ÊÕ ¶μ³μÐÓ ¶·¨ · §· -
¡μÉ±¥ ¤ ´´μ£μ ¶·μ¥±É . 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±¨ �μ¸¸¨¨ (Ê´¨± ²Ó´Ò° ¨¤¥´É¨Ë¨± Éμ· ¶·μ¥±É  RFMEFI61917X0008).
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