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� Í¨μ´ ²Ó´μ£μ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ Í¥´É·  ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯, ƒ ÉÎ¨´ , �μ¸¸¨Ö

�¶¨¸Ò¢ ¥É¸Ö ´¥¨´¢ §¨¢´Ò° ³¥Éμ¤ ¢μ¸¸É ´μ¢²¥´¨Ö £ §μ· §·Ö¤´ÒÌ ¤¥É¥±Éμ·μ¢, ¤¥-
£· ¤¨·μ¢ ¢Ï¨Ì ¢ ·¥§Ê²ÓÉ É¥ · ¡μÉÒ ¢ ¨´É¥´¸¨¢´ÒÌ · ¤¨ Í¨μ´´ÒÌ ¶μ²ÖÌ. �¸´μ¢μ°
¶·¥¤¸É ¢²¥´´ÒÌ É¥Ì´μ²μ£¨° Ö¢²ÖÕÉ¸Ö ¶² §³μÌ¨³¨Î¥¸±¨¥ ·¥ ±Í¨¨, ¶·μ¨¸Ìμ¤ÖÐ¨¥ ¶·¨
É·¥´¨·μ¢±¥ ¤¥É¥±Éμ·μ¢ ¢ £ §μ¢μ³ · §·Ö¤¥ ¸¶¥Í¨ ²Ó´ÒÌ ¢μ¸¸É ´μ¢¨É¥²Ó´ÒÌ £ §μ¢ÒÌ
¸³¥¸¥°. �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¢μ¸¸É ´μ¢²¥´¨Ö · ¡μÎ¨Ì ¶ · ³¥É·μ¢ ¤²Ö ¶·μ¶μ·Í¨μ-
´ ²Ó´ÒÌ ± ³¥· ¨ ¸Î¥ÉÎ¨±μ¢.

A method of noninvasive recovery of gas discharge detectors degraded due to oper-
ation in the intensive radiation ˇelds is described. The plasma-chemical reactions are the
basis of the given techniques and occur during the detectors training at gas discharge of
special recovering gas mixtures. Results of recovery of the operating parameters for the
proportional chambers and counters are presented.
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�·¨ ¶μ¤£μÉμ¢±¥ ± Ô±¸¶¥·¨³¥´É ³ 	�Š ¢ –…�� Ê¸¨²¨Ö³¨ ³´μ£¨Ì ¨¸¸²¥-
¤μ¢ É¥²Ó¸±¨Ì £·Ê¶¶ ¡Ò²μ ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ, ÎÉμ ¶·¨ ´ ±μ¶²¥´¨¨ § ·Ö¤ 
0,1Ä1 Š² · ¸³−1 ¸É ·¥´¨¥ £ §μ· §·Ö¤´ÒÌ ¤¥É¥±Éμ·μ¢, ¨¸¶μ²Ó§ÊÕÐ¨Ì £ §μ¢Ò¥
¸³¥¸¨ Ar, CO2 ¨ CF4, ¨³¥¥É ¤¢  μ¸´μ¢´ÒÌ É¨¶ . �¥·¢Ò° Å ¶μÖ¢²¥´¨¥ ´ 
¶μ¢¥·Ì´μ¸É¨  ´μ¤´ÒÌ ¶·μ¢μ²μÎ¥± ±·¥³´¨¥¢ÒÌ μ¸ ¤±μ¢, ¨¸ÉμÎ´¨±μ³ ±μÉμ·ÒÌ
Ö¢²ÖÕÉ¸Ö ±μ´¸É·Ê±Í¨μ´´Ò¥ ³ É¥·¨ ²Ò ¨ Ô²¥³¥´ÉÒ ¸¨¸É¥³Ò £ §μμ¡¥¸¶¥Î¥´¨Ö
¤¥É¥±Éμ·  [1]. ‚Éμ·μ° Å  ´μ³ ²Ó´ Ö Ô³¨¸¸¨Ö Ô²¥±É·μ´μ¢ Î¥·¥§ ¤¨Ô²¥±É·¨-
Î¥¸±¨¥ ¶²¥´±¨ (±·¥³´¨¥¢Ò¥, μ·£ ´¨Î¥¸±¨¥ ¨²¨ μ±¨¸´Ò¥), μ¡· §μ¢ ¢Ï¨¥¸Ö ´ 
± Éμ¤¥.
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…¸²¨ § £·Ö§´¥´¨Ö ±·¥³´¨¥³ ¢ ¤¥É¥±Éμ·¥ ´¥É, Éμ ¶·¨ ´ ±μ¶²¥´¨¨ § ·Ö¤ 
¡μ²¥¥ 1 Š² · ¸³−1 ³μ¦¥É ¶·μ¨¸Ìμ¤¨ÉÓ · ¸¶ÊÌ ´¨¥ ¶·μ¢μ²μÎ¥±, ÎÉμ ¢Ò§Ò¢ -
¥É¸Ö μ±¨¸²¥´¨¥³ ¶μ¤ §μ²μÉÒ³ ¶μ±·ÒÉ¨¥³ μ¸´μ¢´μ£μ ³ É¥·¨ ²  ¶·μ¢μ²μÎ±¨ Å
¢μ²ÓË· ³  [2]. ‚μ ¢¸¥Ì ¸²ÊÎ ÖÌ ¸É ·¥´¨Ö  ´μ¤´ÒÌ ¶·μ¢μ²μÎ¥± ¨Ì ¤¨ ³¥É·
Ê¢¥²¨Î¨¢ ¥É¸Ö ¨ ¶ ¤ ¥É ±μÔËË¨Í¨¥´É £ §μ¢μ£μ Ê¸¨²¥´¨Ö (Šƒ“).

„¨Ô²¥±É·¨Î¥¸±¨¥ ¶²¥´±¨ ´  ± Éμ¤¥ μ¡ÒÎ´μ ¸É ´μ¢ÖÉ¸Ö ¶·¨Î¨´μ° ¢μ§´¨±-
´μ¢¥´¨Ö ÔËË¥±É  Œ ²ÓÉ¥·  [3, 4] Å ¸¶μ´É ´´μ£μ ¸ ³μ¶μ¤¤¥·¦¨¢ ÕÐ¥£μ¸Ö
Éμ±  ¢ ¤¥É¥±Éμ·¥, ±μÉμ·Ò° ¨´¨Í¨¨·Ê¥É¸Ö Ô²¥±É·μ´´μ° Ô³¨¸¸¨¥° ¸ ¶μ¢¥·Ì-
´μ¸É¨ ± Éμ¤ . � §· ¡μÉ ´´Ò° ¢ �ˆŸ” ´¥¨´¢ §¨¢´Ò° ³¥Éμ¤ μÎ¨¸É±¨ ¶μ¢¥·Ì-
´μ¸É¨ ± Éμ¤  ¨  ´μ¤´ÒÌ ¶·μ¢μ²μÎ¥± μÉ ¸μ¥¤¨´¥´¨° μ·£ ´¨±¨, ±·¥³´¨Ö ¨²¨
¢μ²ÓË· ³  ¡ §¨·Ê¥É¸Ö ´  ¶² §³μÌ¨³¨Î¥¸±¨Ì ·¥ ±Í¨ÖÌ É· ¢²¥´¨Ö, ¶·¨³¥´Ö¥-
³ÒÌ ¢ ³¨±·μÔ²¥±É·μ´¨±¥. ‚μ¸¸É ´μ¢²¥´¨¥ ¤¥É¥±Éμ·  ¶μ¸²¥ ¸É ·¥´¨Ö ¡¥§ · §-
¡μ·±¨ ¤²Ö ·¥³μ´É   ±ÉÊ ²Ó´μ ¤²Ö ³´μ£¨Ì Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éμ¢, É ± ± ±
¸μ§¤ ´¨¥ ¤¥É¥±Éμ· , · ¡μÉ ÕÐ¥£μ ¶·¨ ´ ±μ¶²¥´´μ³ § ·Ö¤¥ 10Ä20 Š² · ¸³−1,
¤μ ¸¨Ì ¶μ· Ö¢²Ö¥É¸Ö ¶·μ¡²¥³μ°.

1. Œ�‹œ’…��‚‘Šˆ‰ �””…Š’ �� Š�’�„…

„²Ö ¢μ¸¸É ´μ¢²¥´¨Ö ³´μ£μ¶·μ¢μ²μÎ´ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥· (Œ�Š)
³Õμ´´μ£μ É·¥±¥·  Ô±¸¶¥·¨³¥´É  LHCb ´  	�Š μÉ ¸¶μ´É ´´μ ¢μ§´¨± Õ-
Ð¨Ì ³ ²ÓÉ¥·μ¢¸±¨Ì Éμ±μ¢ ¡Ò²  ¨¸¶ÒÉ ´  · ¡μÎ Ö £ §μ¢ Ö ¸³¥¸Ó 55 %Ar+
40 %CO2 + 5%CF4 ¸ ¤μ¡ ¢²¥´¨¥³ 2% ±¨¸²μ·μ¤ . �μ²ÊÎ¥´´Ò¥ ¢ £ §μ· §·Ö¤-
´μ° ¶² §³¥ Ê ¶·μ¢μ²μÎ±¨ · ¤¨± ²Ò ±¨¸²μ·μ¤  ¨ μ§μ´ ÔËË¥±É¨¢´μ ¢§ ¨³μ¤¥°-
¸É¢ÊÕÉ ¸ μ·£ ´¨Î¥¸±¨³¨ ¨ ±·¥³´¨¥¢Ò³¨ ¶²¥´± ³¨ ´  ± Éμ¤¥, μ¡· §ÊÖ ²¥ÉÊÎ¨¥
¸μ¥¤¨´¥´¨Ö, ±μÉμ·Ò¥ Ê¤ ²ÖÕÉ¸Ö ¶·μ¤Ê¢μ³ £ §  [5, 6]. �  ·¨¸. 1 ¶·¨¢¥¤¥´Ò

35

30

25

20

15

10

5

0 1 2 3 4 5 6 7

Время тренировки, ч

2600 B 2750 B�

2700 B 2850 B�

Т
о

к
,

м
к
А

�¨¸. 1. Œ ²ÓÉ¥·μ¢¸±¨° Éμ± ¢ Œ�Š ¢ ¶·μÍ¥¸¸¥ ¢μ¸¸É ´μ¢²¥´¨Ö: � Å É·¥´¨·μ¢±  ¢ · -
¡μÎ¥° £ §μ¢μ° ¸³¥¸¨; � Å É·¥´¨·μ¢±  ¢ · ¡μÎ¥° £ §μ¢μ° ¸³¥¸¨ ¸ ¤μ¡ ¢²¥´¨¥³ 2% O2
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§ ¢¨¸¨³μ¸É¨ ³ ²ÓÉ¥·μ¢¸±μ£μ Éμ±  μÉ ¢·¥³¥´¨ É·¥´¨·μ¢±¨ ³μ¤Ê²¥° Œ�Š. ’μ±
´  Ê·μ¢´¥ 25 ³±� ¢μ§¡Ê¦¤ ²¸Ö μ¡²ÊÎ¥´¨¥³ β-¨¸ÉμÎ´¨±  90Sr ¶·¨ ´ ¶·Ö¦¥-
´¨¨ 2600Ä2700 ‚ ¨ ¶μ¤¤¥·¦¨¢ ²¸Ö Ê¢¥²¨Î¥´¨¥³ ´ ¶·Ö¦¥´¨Ö ¤μ 50 ‚, ¸¶ ¤ Ö
¶μ ³¥·¥ Ê¤ ²¥´¨Ö μ¡· §μ¢ ´¨° ´  ± Éμ¤¥. ‚¨¤´μ, ÎÉμ §  4 Î É·¥´¨·μ¢±¨ ¢
£ §μ¢μ° ¸³¥¸¨ ¸ 2 % ±¨¸²μ·μ¤  ³ ²ÓÉ¥·μ¢¸±¨° Éμ± ¢ Œ�Š ¶· ±É¨Î¥¸±¨ ¨¸Î¥-
§ ¥É. ’μ£¤  ± ± ¶·¨ É·¥´¨·μ¢±¥ Œ�Š ¢ · ¡μÎ¥° £ §μ¢μ° ¸³¥¸¨ Éμ± μ¸É ¥É¸Ö
´  ¶·¥¦´¥³ Ê·μ¢´¥ ¨ Î¥·¥§ 6 Î. �μ¤μ¡´μ° ³¥Éμ¤¨±μ° Ê¤ ²μ¸Ó ¢μ¸¸É ´μ¢¨ÉÓ
Î¥ÉÒ·¥ ³μ¤Ê²Ö Œ�Š, ´¥ ¶μ¤¤ ¢ ¢Ï¨¥¸Ö ¢μ¸¸É ´μ¢²¥´¨Õ, ¶·¨ É·¥´¨·μ¢±¥ ¢
· ¡μÎ¥° £ §μ¢μ° ¸³¥¸¨.

2. ‚�‘‘’���‚‹…�ˆ… ���„��‰ ���‚�‹�—Šˆ

’· ¢²¥´¨¥ μ¡· §μ¢ ´¨° ´   ´μ¤¥ ¶·μ¨¸Ìμ¤¨É ¢ ¶² §³¥ £ §μ¢μ£μ · §·Ö¤ 
¢μ¸¸É ´μ¢¨É¥²Ó´μ° ¸³¥¸¨ 80%CF4 + 20 %CO2 Ê ¶μ¢¥·Ì´μ¸É¨ ¶·μ¢μ²μÎ±¨,
± ±μÉμ·μ° ¶·¨²μ¦¥´ μÉ·¨Í É¥²Ó´Ò° ¶μÉ¥´Í¨ ². �¸´μ¢μ° ¶·μÍ¥¸¸  Ö¢²Ö¥É¸Ö
¶² §³μÌ¨³¨Î¥¸±μ¥ É· ¢²¥´¨¥  ±É¨¢´Ò³¨ · ¤¨± ² ³¨ ËÉμ·  ¸μ¥¤¨´¥´¨° ±·¥³-
´¨Ö ¨²¨ ¢μ²ÓË· ³  ¢ £ §μ¢μ³ · §·Ö¤¥ Ê ¶·μ¢μ²μÎ±¨. �¥§Ê²ÓÉ Éμ³ ¢§ ¨³μ¤¥°-
¸É¢¨Ö Ö¢²Ö¥É¸Ö μ¡· §μ¢ ´¨¥ ²¥ÉÊÎ¨Ì ¸μ¥¤¨´¥´¨°. ‚ ¶·μÍ¥¸¸¥ ¢μ¸¸É ´μ¢²¥´¨Ö
¶μ¢·¥¦¤¥´´ Ö §μ´  μ¡²ÊÎ ¥É¸Ö ¨¸ÉμÎ´¨±μ³ 55Fe. �¥´É£¥´μ¢¸±¨¥ ËμÉμ´Ò ¸
Ô´¥·£¨¥° 6 ±Ô‚ ¶μ¤¤¥·¦¨¢ ÕÉ ¨μ´¨§ Í¨Õ ¢ ¶² §³¥ £ §μ¢μ£μ · §·Ö¤  ¨ μ¡¥¸-
¶¥Î¨¢ ÕÉ ¤¥¸μ·¡Í¨Õ ¶·μ¤Ê±Éμ¢ É· ¢²¥´¨Ö [7Ä9].

ˆ§ÊÎ¥´¨¥ É· ¢²¥´¨Ö μ¡· §μ¢ ´¨° ±·¥³´¨Ö ¨ ¢μ²ÓË· ³  ¶·μ¢μ¤¨²μ¸Ó ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ¸Î¥ÉÎ¨±μ¢ É¨¶  ¸É·μÊ (straw Å ¸μ²μ³¨´± ,
É·Ê¡μÎ± ). �¥§Ê²ÓÉ ÉÒ ¢μ¸¸É ´μ¢²¥´¨Ö ¸É·μÊ μÉ ±·¥³´¨¥¢ÒÌ μ¡· §μ¢ ´¨° ¶μ-
± § ´Ò ´  ·¨¸. 2. „¨ ³¥É·  ´μ¤´μ° ¶·μ¢μ²μÎ±¨ ¢ ¸É·μÊ ¸μ¸É ¢²Ö² 50 ³±³, ¤¨ -
³¥É· ± Éμ¤  Å ¶μ²¨ ³¨¤´μ° É·Ê¡±¨ ¸ Ê£²¥·μ¤´Ò³ ´ ¶Ò²¥´¨¥³ Å 4 ³³. �·¨
¸É ·¥´¨¨ ¸É·μÊ ¢ £ §μ¢μ° ¸³¥¸¨ 60%Ar+ 30%CO2 + 10 %CF4 μ¡²ÊÎ ²¨¸Ó
β-¨¸ÉμÎ´¨±μ³ 90Sr ¸ μ¡Ð¥° ¨´É¥´¸¨¢´μ¸ÉÓÕ 15 ŒƒÍ. �´μ¤´Ò¥ ¶·μ¢μ²μÎ±¨
¸É·μÊ É·¨¦¤Ò ¸É ·¨²¨¸Ó ¢ § £·Ö§´¥´´μ° ±·¥³´¨¥³ £ §μ¢μ° ¸³¥¸¨ ¤μ ¶ ¤¥´¨Ö
 ³¶²¨ÉÊ¤Ò ´  ∼ 35% ¨ ¢μ¸¸É ´ ¢²¨¢ ²¨¸Ó ± ¦¤Ò° · § ¢ 80%CF4 + 20%CO2.
�  ·¨¸. 2, a ¶·¥¤¸É ¢²¥´Ò ¸´¨³±¨ ¸± ´¨·ÊÕÐ¥£μ ³¨±·μ¸±μ¶  ¨ ¸¶¥±É·Ò ·¥´É-
£¥´μË²Õμ·¥¸Í¥´É´μ£μ  ´ ²¨§  (SEM/XEM) ¶μ¢¥·Ì´μ¸É¨ ¶·μ¢μ²μÎ±¨ ¤μ ¨ ¶μ-
¸²¥ É·¥Ì Ë § ®¸É ·¥´¨¥Ä¢μ¸¸É ´μ¢²¥´¨¥¯. ‡ ¢¨¸¨³μ¸ÉÓ Šƒ“ μÉ ´ ±μ¶²¥´´μ£μ
§ ·Ö¤  ¶μ± § ´  ´  ·¨¸. 2, ¡.

„²Ö ¤μ¸É¨¦¥´¨Ö ÔËË¥±É  · ¸¶ÊÌ ´¨Ö  ´μ¤  ¨¸¶μ²Ó§μ¢ ² ¸Ó Î¨¸É Ö £ §μ-
¢ Ö ¸¨¸É¥³ . ‚Ò¶μ²´¥´μ ¤¢  Í¨±²  ¨§³¥·¥´¨° ¸ É·¥³Ö Ë § ³¨ ®¸É ·¥´¨¥Ä
¢μ¸¸É ´μ¢²¥´¨¥¯. ‚ ¶¥·¢μ³ Í¨±²¥ ¸É·μÊ μ¡²ÊÎ ²¨¸Ó ¤μ ¶ ¤¥´¨Ö  ³¶²¨ÉÊ¤Ò
¸¨£´ ²  ´  ∼ 6%,   ¢μ ¢Éμ·μ³ ´  ∼ 3% [10]. �μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¨§-
³¥·¥´¨° ¶·¨¢¥¤¥´Ò ´  ·¨¸. 3. �¥§Ê²ÓÉ ÉÒ SEM/XEM  ´ ²¨§  ¶μ¢¥·Ì´μ¸É¨
¶·μ¢μ²μÎ±¨ ¶μ± § ´Ò ´  ·¨¸. 3, a,   § ¢¨¸¨³μ¸É¨ Šƒ“ μÉ ´ ±μ¶²¥´´μ£μ § -
·Ö¤  Å ´  ·¨¸. 3, ¡.
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�¨¸. 2.  ) �¥§Ê²ÓÉ ÉÒ SEM/XEM  ´ ²¨§  ¶μ¢¥·Ì´μ¸É¥° ¸μ¸É ·¥´´μ° (¢¢¥·ÌÊ) ¨ ¢μ¸¸É -
´μ¢²¥´´μ° É· ¢²¥´¨¥³ (¢´¨§Ê)  ´μ¤´ÒÌ ¶·μ¢μ²μÎ¥±. ¡) ‡ ¢¨¸¨³μ¸É¨ £ §μ¢μ£μ Ê¸¨²¥´¨Ö
μÉ ´ ±μ¶²¥´´μ£μ § ·Ö¤  ¢ ¶·μÍ¥¸¸¥ ³´μ£μ±· É´μ£μ ¢μ¸¸É ´μ¢²¥´¨Ö ¤¢ÊÌ ¸Î¥ÉÎ¨±μ¢:
¸É·μÊ º1 (�) ¨ ¸É·μÊ º2 (�); ´ ±²μ´´Ò¥ ²¨´¨¨ Å ¶ ¤¥´¨¥ Šƒ“ ¶·¨ μ¡²ÊÎ¥´¨¨;
¢¥·É¨± ²Ó´Ò¥ ²¨´¨¨ Å ¢μ¸¸É ´μ¢²¥´¨¥ Šƒ“ ¶·¨ É· ¢²¥´¨¨ [9]

‡�Š‹�—…�ˆ…

�·¨³¥´¥´¨¥ ¶² §³μÌ¨³¨Î¥¸±μ£μ É· ¢²¥´¨Ö ¢ £ §μ¢μ³ · §·Ö¤¥ ¤²Ö ¢μ¸¸É -
´μ¢²¥´¨Ö Œ�Š ¢ ´¥¸±μ²Ó±μ · § Ê¢¥²¨Î¨¢ ¥É ¢·¥³Ö ¦¨§´¨ ¤¥É¥±Éμ· . �·¨-
³¥´¥´¨¥ ¤ ´´μ£μ ³¥Éμ¤  ¢μ¸¸É ´μ¢²¥´¨Ö, ¢μ§³μ¦´μ, ³μ¦¥É ¸É ÉÓ ·¥Ï¥´¨¥³
¶·μ¡²¥³Ò ¸É ·¥´¨Ö ¤²Ö ¡Ê¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´Éμ¢.
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�¨¸. 3.  ) �¥§Ê²ÓÉ ÉÒ SEM/XEM  ´ ²¨§  ¶μ¢¥·Ì´μ¸É¥° ¸μ¸É ·¥´´μ° (¢¢¥·ÌÊ) ¨ É·¨-
¦¤Ò μÎ¨Ð¥´´μ° (¢´¨§Ê)  ´μ¤´ÒÌ ¶·μ¢μ²μÎ¥±. ¡) ‡ ¢¨¸¨³μ¸É¨ Šƒ“ μÉ ´ ±μ¶²¥´-
´μ£μ § ·Ö¤  ¢ ¶·μÍ¥¸¸¥ ³´μ£μ±· É´μ£μ ¢μ¸¸É ´μ¢²¥´¨Ö ¸Î¥ÉÎ¨±μ¢: ¸É·μÊ º1 (�) ¨
¸É·μÊ º 2 (�) [10]
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