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� §· ¡μÉ±  ± ¡¥²Ö ¸Î¨ÉÒ¢ ´¨Ö ¸ ³ ²Ò³ ±μ²¨Î¥¸É¢μ³ ¢¥Ð¥¸É¢ 
¤²Ö ¸¥£³¥´É´ÒÌ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ±

�·¥¤¸É ¢²¥´  É¥Ì´μ²μ£¨Ö ¨§£μÉμ¢²¥´¨Ö ¨ μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò · §· ¡μÉ ´-
´ÒÌ μ¡· §Íμ¢ ¶²μ¸±μ£μ ± ¡¥²Ö ¤²Ö ¸¥£³¥´É´ÒÌ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ Éμ´±μ¶²¥-
´μÎ´ÒÌ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ±. Œ´μ£μ¦¨²Ó´Ò¥ ± ¡¥²¨ μ¡² ¤ ÕÉ ³ ²Ò³ ±μ²¨Î¥¸É¢μ³
¸μ¡¸É¢¥´´μ£μ ¢¥Ð¥¸É¢ , μ¤´μ¢·¥³¥´´μ μ¡¥¸¶¥Î¨¢ ÕÉ ¶μ¤ ÎÊ ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ´ -
¶·Ö¦¥´¨Ö ¨ ¸Î¨ÉÒ¢ ´¨¥ ¸¨£´ ²μ¢ ¸  ´μ¤´μ£μ ¸¥£³¥´É  ¶μ μ¤´μ° μ¡Ð¥° Ï¨´¥.
’μ±¨ ÊÉ¥Î±¨ ´¥ ¶·¥¢ÒÏ ÕÉ 1 ´�,   ¢¥²¨Î¨´  ±·μ¸¸-Éμ±  ³¥¦¤Ê Ï¨´ ³¨ ³´μ£μ-
¦¨²Ó´μ£μ ± ¡¥²Ö ³¥´¥¥ 1 %.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚.ˆ. ‚¥±¸²¥· 
¨ �.Œ. � ²¤¨´  �ˆŸˆ.
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Davkov K. I., Myalkovskiy V.V., Peshekhonov V.D., P13-2010-105
Savenkov A.A.
Development of the Reading Cable with Small Quantity of Substance
for Segment Drift Tubes

Manufacturing techniques and key parameters of the developed samples of a 	at
cable are discussed for segment detectors based on thin-ˇlm drift tubes. Multiwire
cables possess a small quantity of their own substance simultaneously providing
transmission of high voltage and reading the signals from the anode segment on
one common trunk. Dark currents of the out	ow do not exceed 1 nA and the
cross-current value between the trunks of the multiwire cable is less than 1%.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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‚ ¸μ¢·¥³¥´´ÒÌ Ê¸±μ·¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´É Ì Ï¨·μ±μ¥ ¶·¨³¥´¥´¨¥ ´ -
Ìμ¤ÖÉ Éμ´±μ¸É¥´´Ò¥ ¤·¥°Ëμ¢Ò¥ É·Ê¡±¨ (¸É·μÊ), μ¤´¨³ ¨§ ¶·¥¨³ÊÐ¥¸É¢ ±μÉμ-
·ÒÌ Ö¢²Ö¥É¸Ö ¨Ì ³¨´¨³ ²Ó´ Ö ¢ ¸· ¢´¥´¨¨ ¸ ¤·Ê£¨³¨ ¤¥É¥±Éμ· ³¨ · ¤¨ Í¨-
μ´´ Ö Éμ²Ð¨´ . „²Ö Ê³¥´ÓÏ¥´¨Ö ¨Ì ¸ÊÐ¥¸É¢¥´´μ£μ ´¥¤μ¸É É±  (´¥¤μ¸É ÉμÎ´μ
¢Ò¸μ±μ° £· ´Ê²Ö·´μ¸É¨, μ¶·¥¤¥²Ö¥³μ° ¶·μ¨§¢¥¤¥´¨¥³ ¤²¨´Ò ¸É·μÊ ´  ¨Ì ¤¨ -
³¥É·) ¡Ò²¨ · §· ¡μÉ ´Ò ¸É·μÊ ¸ ³´μ£μ¸¥£³¥´É´Ò³¨  ´μ¤ ³¨ [1, 2]. �´μ¤
± ¦¤μ° ¸É·μÊ ¸μ¸Éμ¨É ¨§ ´¥¸±μ²Ó±¨Ì £ ²Ó¢ ´¨Î¥¸±¨ ¨§μ²¨·μ¢ ´´ÒÌ ¤·Ê£ μÉ
¤·Ê£   ´μ¤´ÒÌ ¸¥£³¥´Éμ¢, ´  ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ´¥§ ¢¨¸¨³μ ¶μ¤ ¥É¸Ö ¢Ò¸μ-
±μ¢μ²ÓÉ´μ¥ ´ ¶·Ö¦¥´¨¥ ¨ ¸ ± ¦¤μ£μ ´¥§ ¢¨¸¨³μ ¸Î¨ÉÒ¢ ÕÉ¸Ö ¸¨£´ ²Ò. �·¨
´¥μ¡Ìμ¤¨³μ¸É¨ ¸μÌ· ´¥´¨Ö ³¨´¨³ ²Ó´μ° · ¤¨ Í¨μ´´μ° Éμ²Ð¨´Ò ¤¥É¥±Éμ·μ¢
´  μ¸´μ¢¥ ¸¥£³¥´É´ÒÌ ¸É·μÊ ¸Î¨ÉÒ¢ ÕÐ Ö Ô²¥±É·μ´¨±  · ¸¶μ² £ ¥É¸Ö ¢´¥
¥£μ ÎÊ¢¸É¢¨É¥²Ó´μ° μ¡² ¸É¨, ¨ ¤²Ö ¶¥·¥¤ Î¨ ± ´¥°  ´μ¤´ÒÌ ¸¨£´ ²μ¢ É·¥¡Ê-
ÕÉ¸Ö ± ¡¥²¨ ¸ ³ ²Ò³ ±μ²¨Î¥¸É¢μ³ ¢¥Ð¥¸É¢  (¶¥·¥¤ ÉμÎ´Ò¥ ²¨´¨¨, ¢ ¤ ²Ó-
´¥°Ï¥³ �‹).

� §· ¡μÉ ´´Ò¥ · ´¥¥ �‹ [3] μ¡² ¤ ÕÉ ¤μ¸É ÉμÎ´μ ³ ²Ò³ ±μ²¨Î¥¸É¢μ³
¢¥Ð¥¸É¢  ¶μ ¨Ì ¤²¨´¥, ±·μ³¥ ÊÎ ¸É±μ¢ ¸μ¥¤¨´¥´¨Ö ¨Ì Ï¨´ ¸ ±μ´É ±É´Ò³¨
¶·μ¢μ²μ± ³¨  ´μ¤´ÒÌ ¸¥£³¥´Éμ¢. ‘ Í¥²ÓÕ Ê³¥´ÓÏ¥´¨Ö ¢¥Ð¥¸É¢  �‹ ¢ ÔÉ¨Ì
μ¡² ¸ÉÖÌ,   É ±¦¥ ¨ ¶μ ¨Ì ¤²¨´¥ ¡Ò²  ¶·¥¤²μ¦¥´  ¤·Ê£ Ö É¥Ì´μ²μ£¨Ö ¨§£μÉμ-
¢²¥´¨Ö ²¨´¨°.
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�  ± ¶Éμ´μ¢μ° ¶μ¤²μ¦±¥ · §³¥·μ³ 10×460 ³³, Éμ²Ð¨´μ° 30 ³±³ · ¸¶μ-
² £ ÕÉ¸Ö ¶μ¤ ´ ÉÖ¦¥´¨¥³ ¶·μ¢μ²μÎ´Ò¥ Ï¨´Ò �‹, ¢ ´ Ï¥³ ¸²ÊÎ ¥ Å Î¥ÉÒ·¥
Ï¨´Ò ¨§ ¢μ²ÓË· ³μ¢μ° ¶·μ¢μ²μ±¨ ¤¨ ³¥É·μ³ 30 ³±³. �μ¤²μ¦±  ¶·¥¤¢ ·¨-
É¥²Ó´μ · ¸¶μ²μ¦¥´  ´   ²Õ³¨´¨¥¢μ³ ®cÉμ²¥¯, ¢´ÊÉ·¨ ±μÉμ·μ£μ · §³¥Ð¥´
´ £·¥¢ É¥²Ó (·¨¸. 1). ‚¡²¨§¨ ±μ´Íμ¢ ¸Éμ²  Ê¸É ´μ¢²¥´Ò ·μ²¨±¨ ¸ ±·Ê£μ¢Ò³¨
± ´ ¢± ³¨ ¸ Ï £μ³ 0,5 ³³, μ¶·¥¤¥²ÖÕÐ¨¥ Ï £ Ê¸É ´μ¢±¨ Ï¨´ �‹.

“¸É ´μ¢²¥´´Ò¥ ´  ¶μ¤²μ¦±¥ ¶·μ¢μ²μÎ´Ò¥ Ï¨´Ò ¶μ±·Ò¢ ÕÉ¸Ö Î¥ÉÒ·Ó³Ö
¸²μÖ³¨ ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ² ±  Cellpack ®Urethan Transparent¯ [4] ¨ ¸ÊÏ É¸Ö
¢ É¥Î¥´¨¥ 2Ä3 Î ¶·¨ T = 80 ◦‘; ¶μ¸²¥ ¢Ò¸ÒÌ ´¨Ö Ï¨´Ò ± ¡¥²Ö ¸μ ¸Éμ·μ´Ò
¸μ¥¤¨´¥´¨Ö ¨Ì ¸ ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·μ´¨±μ° · ¸¶ ¨¢ ÕÉ¸Ö ´  ± ¶Éμ´μ¢Ò¥
¶² ÉÒ · §³¥·μ³ 12 × 7 ³³, ´ ±²¥¥´´Ò¥ ´  ¶μ¤²μ¦±¥ �‹ (·¨¸. 2). ˜¨´Ò
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�¨¸. 1. �·¨¸¶μ¸μ¡²¥´¨Ö ¤²Ö ¸¡μ·±¨ �‹

�¨¸. 2. Šμ´¥Í ± ¡¥²Ö ¸ · ¸¶ °±μ° ± Ô²¥±É·μ´¨±¥

�¨¸. 3. ‡μ´  ¶μ¤±²ÕÎ¥´¨Ö Ï¨´ ± ¡¥²Ö ±  ´μ¤´Ò³ ¸¥£³¥´É ³
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¶¥·¥Ìμ¤´ÒÌ ¶² É ¢ ¤ ²Ó´¥°Ï¥³ ¸μ¥¤¨´ÖÕÉ¸Ö ¸ Ï¨´ ³¨ ¶² É ¸Î¨ÉÒ¢ ´¨Ö ¤¥-
É¥±Éμ·  ¨ ¨§μ²¨·ÊÕÉ¸Ö ¸¨²¨±μ´μ¢Ò³ ±μ³¶ Ê´¤μ³ ®�¥´ÉÔ² ¸É 712 �¯, É ±
± ± ± ¦¤ Ö Ï¨´  ¸²Ê¦¨É ´¥ Éμ²Ó±μ ¤²Ö ¶¥·¥¤ Î¨ ¸¨£´ ² , ´μ ¨ ¤²Ö ¶μ¤ Î¨
¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ´ ¶·Ö¦¥´¨Ö ´   ´μ¤´Ò° ¸¥£³¥´É.

�  ·¨¸. 3 ¶μ± § ´μ ¸μ¥¤¨´¥´¨¥ Ï¨´ �‹ ¸ ±μ´É ±É´Ò³¨ ¶·μ¢μ²μ± ³¨
 ´μ¤´ÒÌ ¸¥£³¥´Éμ¢. �  ¶μ¢¥·Ì´μ¸É¨ ± ¡¥²Ö Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¶² ¸É¨±μ¢Ò¥
¨§μ²ÖÍ¨μ´´Ò¥ Éμ´±μ¸É¥´Ò¥ É·Ê¡±¨ ¤²¨´μ° 4 ³³ ¸ ´ ·Ê¦´Ò³ ¨ ¢´ÊÉ·¥´´¨³
¤¨ ³¥É·μ³ 0,8 ¨ 0,3 ³³ ¸μμÉ¢¥É¸É¢¥´´μ. ‘¢μ¡μ¤´Ò° ±μ´¥Í Ï¨´Ò ± ¡¥²Ö ¶·μ-
Ìμ¤¨É Î¥·¥§ É·Ê¡±Ê ¢ μ¤´Ê ¨ ¢ μ¡· É´ÊÕ ¸Éμ·μ´Ê, μ¡· §ÊÖ ¶¥É²Õ, ¢ ±μÉμ·ÊÕ
¢¸É ¢²Ö¥É¸Ö ±μ´É ±É´ Ö ¶·μ¢μ²μ±  ¸¥£³¥´É  ¨ ¢±²¥¨¢ ¥É¸Ö Éμ±μ¶·μ¢μ¤ÖÐ¨³
±²¥¥³ ®Du Pont 4922¯. ‚¸¥ ±μ´É ±É´Ò¥ ¸μ¥¤¨´¥´¨Ö § É¥³ ¨§μ²¨·ÊÕÉ¸Ö ¢´¥Ï-
´¨³ ¶μ±·ÒÉ¨¥³. ’¥Ì´μ²μ£¨Ö ÔÉ¨Ì ¸μ¥¤¨´¥´¨° ¨²²Õ¸É·¨·μ¢ ´  ·¨¸. 4.

˜¨·¨´  ²¨´¨° ¶¥·¥¤ Î H μ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³ H = b(n − 1)+
(2Ä4) ³³, £¤¥ b Å Ï £ ³¥¦¤Ê Ï¨´ ³¨,   n Å ±μ²¨Î¥¸É¢μ Ï¨´. ‚μ§³μ¦´μ
¨§£μÉμ¢²¥´¨¥ ³´μ£μ¸²μ°´ÒÌ ²¨´¨°,   É ±¦¥ ¢Ò¢μ¤ Ï¨´ ´  · §´Ò¥ ¸Éμ·μ´Ò
�‹. �μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ²¨´¨¨ ¸ Ô±· ´μ³ ¨§ 10-³±³  ²Õ³¨´¨¥¢μ° Ëμ²Ó£¨ ¨
¤¨¸É ´Í¨μ´´Ò³¨ § §μ· ³¨ c ¤¨Ô²¥±É·¨Î¥¸±μ° ¶·μ´¨Í ¥³μ¸ÉÓÕ ε = 2, ¸²Ê¦ -
Ð¨³¨ ¤²Ö Ê³¥´ÓÏ¥´¨Ö ¥³±μ¸É´ÒÌ ¸¢Ö§¥°, ¶μ± § ´μ ´  ·¨¸. 5.

�¨¸. 4. ‘Ì¥³  ¶μ¤±²ÕÎ¥´¨Ö ¶·μ¢μ²μ± ±  ´μ¤´Ò³ ¢Ò¢μ¤ ³: 1 Å ¶·μ¢μ²μ±  ± ¡¥²Ö;
2 Å ¨§μ²ÖÍ¨μ´´ Ö ¶² ¸É¨±μ¢ Ö É·Ê¡± ; 3 Å ±²¥¥¢μ¥ ¨§μ²ÖÍ¨μ´´μ¥ ¶μ±·ÒÉ¨¥; 4 Å
±μ´É ±É´ Ö ¶·μ¢μ²μ±   ´μ¤´μ£μ ¸¥£³¥´É ; 5 Å Éμ±μ¶·μ¢μ¤ÖÐ¨° ±²¥° ¸ ´ ´¥¸¥´´Ò³
Éμ´±¨³ ¨§μ²¨·ÊÕÐ¨³ ¸²μ¥³

�¨¸. 5. ‘Ì¥³  ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö ± ¡¥²Ö
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2. ����Œ…’�› �‹

ˆ¸¸²¥¤μ¢ ´¨Ö ¨§£μÉμ¢²¥´´ÒÌ μ¡· §Íμ¢ ¶μ± § ²¨ ¨Ì Ìμ·μÏ¨¥ Ô²¥±É·¨Î¥-
¸±¨¥ ¸¢μ°¸É¢ . ’μ±¨ ¸É¥± ´¨Ö ¶·¨ § §¥³²¥´´ÒÌ Ô±· ´ Ì ¨ · §´μ¸É¨ ¶μÉ¥´-
Í¨ ²μ¢ 2 ±‚ ³¥¦¤Ê ¸μ¸¥¤´¨³¨ Ï¨´ ³¨ ³¥´¥¥ 1 ´�. …³±μ¸ÉÓ ³¥¦¤Ê ¸μ¸¥¤-
´¨³¨ Ï¨´ ³¨ ¸μ¸É ¢²Ö¥É 14Ä16 ¶”,   ³¥¦¤Ê Ï¨´μ° ¨ Ô±· ´μ³ · ¢´  36Ä39
¨ 45Ä50 ¶”, ¸μμÉ¢¥É¸É¢¥´´μ ¸ ¤¨¸É ´Í¨μ´´Ò³ § §μ·μ³ (·¨¸. 5) ¨ ¡¥§ ´¥£μ.
Šμ´É ±É´μ¥ ¸μ¶·μÉ¨¢²¥´¨¥ ³¥¦¤Ê Ï¨´ ³¨ ± ¡¥²Ö ¨ ¶·μ¢μ²μ± ³¨  ´μ¤´ÒÌ
¸¥£³¥´Éμ¢ 1Ä1,5 �³.

‚¥²¨Î¨´Ò ¸Î¨ÉÒ¢ ¥³ÒÌ ¸¨£´ ²μ¢ ¶μ¸²¥ Éμ±μ¢μ£μ Ê¸¨²¨É¥²Ö (·¨¸. 6) ¢ § -
¢¨¸¨³μ¸É¨ μÉ  ´μ¤´μ£μ ´ ¶·Ö¦¥´¨Ö ¶μ± § ´Ò ´  ·¨¸. 7, ¤²Ö ¸Î¨ÉÒ¢ ´¨Ö ´¥¶μ-

�¨¸. 6. 
²¥±É·¨Î¥¸± Ö ¸Ì¥³  ¸Î¨ÉÒ¢ ´¨Ö ¸¨£´ ²μ¢ ¸μ ¸É·μÊ ´  μ¸´μ¢¥ ³¨±·μ¸Ì¥³Ò
ŒSD-2 [5]

�¨¸. 7. ‡ ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò ¸¨£´ ²μ¢ μÉ  ´μ¤´μ£μ ´ ¶·Ö¦¥´¨Ö ¶·¨ ¸Î¨ÉÒ¢ ´¨¨ ¡¥§
�‹ (¢¥·Ì´ÖÖ ±·¨¢ Ö),   Î¥·¥§ �‹ ¸ § §μ·μ³ ¨ ¡¥§ ´¥£μ Å ¸·¥¤´ÖÖ ¨ ´¨¦´ÖÖ ±·¨¢Ò¥
¸μμÉ¢¥É¸É¢¥´´μ
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¸·¥¤¸É¢¥´´μ (¢¥·Ì´ÖÖ ±·¨¢ Ö), Î¥·¥§ �‹ ¸ ¤¨¸É ´Í¨μ´´Ò³ § §μ·μ³ Éμ²Ð¨´μ°
0,3 ³³ (¸·¥¤´ÖÖ ±·¨¢ Ö) ¨ ¡¥§ § §μ·  (´¨¦´ÖÖ ±·¨¢ Ö). ‚¨¤´μ, ÎÉμ ¶μÉ¥·¨ ¢
¢¥²¨Î¨´¥ ¸¨£´ ²μ¢ ¢ ± ¡¥²¥ É ±μ° ¤²¨´Ò ¸μ¸É ¢²ÖÕÉ ¶·¨³¥·´μ 2,5 ¨ 13 % ¤²Ö
�‹ ¸ § §μ·μ³ ¨ ¡¥§ ´¥£μ ¸μμÉ¢¥É¸É¢¥´´μ. �·¨ ¸Î¨ÉÒ¢ ´¨¨ ¸¨£´ ²μ¢ ¡¥§ �‹
¢·¥³Ö ´ · ¸É ´¨Ö ¸¨£´ ²  ¸μ¸É ¢²Ö¥É 4 ´¸ ¨ Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·¨ ¸Î¨ÉÒ¢ ´¨¨
Î¥·¥§ �‹ ¤μ 5 ´¸ (²¨´¨Ö ¸ ¤¨¸É ´Í¨μ´´Ò³ § §μ·μ³) ¨ 7 ´¸ (¡¥§ § §μ· ). ‚¥-
²¨Î¨´  ±·μ¸¸-Éμ±  ³¥¦¤Ê ¸μ¸¥¤´¨³¨ Ï¨´ ³¨ �‹ ³¥´¥¥ 1 % ¢ μ¡μ¨Ì ¸²ÊÎ ÖÌ.

Šμ²¨Î¥¸É¢μ ¢¥Ð¥¸É¢  · §· ¡μÉ ´´ÒÌ ²¨´¨° ¸· ¢´¨³μ ¸ ±μ²¨Î¥¸É¢μ³ ¢¥-
Ð¥¸É¢  ¸É·μÊ, · ¢´Ò³ ∼ 0,06%X0. ‚´¥ ±μ´É ±É´ÒÌ ¶² É · ¤¨ Í¨μ´´ Ö Éμ²-
Ð¨´  �‹ ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ∼ 0,07%X0 ¨ ¢ ¨Ì μ¡² ¸É¨ (·¨¸. 3)
∼ 0,18%X0.

‡�Š‹�—…�ˆ…

� §· ¡μÉ±  ´μ¢μ° É¥Ì´μ²μ£¨¨ ¨§£μÉμ¢²¥´¨Ö �‹ ¶μ§¢μ²¨²  Ê³¥´ÓÏ¨ÉÓ Éμ²-
Ð¨´Ê ²¨´¨¨ ¢¤μ²Ó ¥¥ ¤²¨´Ò ¤μ 0,07 %X0,   ¢ μ¡² ¸É¨ ±μ´É ±É´μ£μ ¸μ¥¤¨-
´¥´¨Ö (¶²μÐ ¤ÓÕ 0,8 ¸³2) Ï¨´ ²¨´¨¨ ¸  ´μ¤´Ò³¨ ¸¥£³¥´É ³¨ Ê³¥´ÓÏ¨ÉÓ
¸ÊÐ¥¸É¢¥´´μ ¤μ ¢¥²¨Î¨´Ò 0,18 %X0. ‘É¥´¤μ¢ Ö ¶·μ¢¥·±  μ¡· §Íμ¢ �‹ ¤²¨-
´μ° 46 ¸³ ¶μ± § ²  ¸μÌ· ´¥´¨¥ μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ ¶·μÌμ¤ÖÐ¨Ì ¸¨£´ ²μ¢.
ˆ§³¥´¥´¨¥ ¢·¥³¥´¨ ´ · ¸É ´¨Ö ¶¥·¥¤´¥£μ Ë·μ´É  ¸¨£´ ²μ¢, Ê³¥´ÓÏ¥´¨¥ ¨Ì
¢¥²¨Î¨´Ò ¨ ¢¥²¨Î¨´  ±·μ¸¸-Éμ±  ´¥§´ Î¨É¥²Ó´Ò.
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