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ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ���, Œμ¸±¢ 

�·¥¤¸É ¢²¥´Ò ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μÍ¥¸¸  · §³´μ¦¥´¨Ö Ô²¥±É·μ´μ¢ ¢
³¨±·μ¸É·Ê±ÉÊ·´ÒÌ £ §μ¢ÒÌ ¤¥É¥±Éμ· Ì (MPGD) ¶·¨ ·¥£¨¸É· Í¨¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ Ê¸²μ¢¨ÖÌ ¢Ò-
¸μ±μ£μ Ê·μ¢´Ö Ëμ´  μÉ α-Î ¸É¨Í. �É  · ¡μÉ  · ¸Ï¨·¨²  £· ´¨ÍÒ ¶μ´¨³ ´¨Ö ¶·¨·μ¤Ò ¸É·¨³¥·´μ£μ
·¥¦¨³  ± ± ±μ³¶²¥±¸  Ô²¥±É·μ¸É É¨Î¥¸±¨Ì ¨ Ô²¥±É·μ³ £´¨É´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°, ´ Î¨´ ÕÐ¨Ì¸Ö ¸
¢μ§´¨±´μ¢¥´¨Ö ¶·¥¤Ò³¶Ê²Ó¸  (precursor), ¶¥·¥Ìμ¤ÖÐ¨Ì ¢ ¶² §³¥´´μ¥ ¸μ¸ÉμÖ´¨¥ ¨ § ± ´Î¨¢ ÕÐ¨Ì¸Ö
Ê§±¨³ ¸¢¥ÉÖÐ¨³¸Ö ± ´ ²μ³ ¨²¨ ¸É·¨³¥·μ³ ¶·¨ μ¸¢μ¡μ¦¤¥´¨¨ ´ ¢¥¤¥´´μ£μ μÉ·¨Í É¥²Ó´μ£μ § ·Ö¤ 
¸ ± Éμ¤ . ‚ Í¥²ÖÌ § Ð¨ÉÒ MPGD μÉ ¶·μ¡μ¥¢ ¢ Ê¸²μ¢¨ÖÌ ¡μ²ÓÏ¨Ì § £·Ê§μ± ¨ Ëμ´μ¢ ¶·¥¤² £ ¥É¸Ö
¨¸¶μ²Ó§μ¢ ÉÓ ¢ ± Î¥¸É¢¥ · ¡μÎ¥° £ §μ¢μ° ¸³¥¸¨ μ¶É¨³ ²Ó´μ¥ ¸μÎ¥É ´¨¥ ¡ÊË¥·´μ£μ, μÌ² ¦¤ ÕÐ¥£μ
¨ Ô²¥±É·μμÉ·¨Í É¥²Ó´μ£μ £ §μ¢, ´ ¶·¨³¥·, 70% He + 28 % CF4 + 2% SF6.

Preliminary results are presented of the research of the electron multiplication in MPGD at a high
level of alpha-particle background. This work has expanded borders of understanding of the streamer
mode nature. It is seen as a complex of electrostatic and electromagnetic interactions which begin
with appearance of the precursor in plasma state. In an interelectrode gap, the plasma oscillations
occur, accompanied by longitudinal elastic waves of ionization, which can reach the cathode surface
with induced negative charge. With the release of this charge due to previously established conducting
channel, there is a strong current pulse, accompanied by the emission due to recombination of positive
and negative ions and a thin cord or streamer derive. With the aim of the MPGD protection from the
spark breakdown at a high level of the alpha-particle background, the next gas composition of buffer,
cooling and electronegative components is offered: 70% He + 28% CF4 + 2% SF6.
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•μ·μÏμ ¨§¢¥¸É´μ, ÎÉμ Ê§±μ§ §μ·´Ò¥ £ §μ¢Ò¥ ¤¥É¥±Éμ·Ò Ö¢²ÖÕÉ¸Ö μÎ¥´Ó Ê¤μ¡´Ò³ ¨´-
¸É·Ê³¥´Éμ³ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶·¨·μ¤Ò £ §μ¢μ£μ · §·Ö¤ , ¶μ¸±μ²Ó±Ê ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¢²¨Ö-
´¨¥ ËμÉμ´´μ£μ ³¥Ì ´¨§³  μ¡· É´μ° ¸¢Ö§¨ ¸É ´μ¢¨É¸Ö ³ ²μ§ ³¥É´Ò³ [1]. „·Ê£¨³ Ê¶·μÐ -
ÕÐ¨³ Ë ±Éμ·μ³ ³μ¦´μ ¸Î¨É ÉÓ Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ, ÎÉμ ¢ μÉ¸ÊÉ¸É¢¨¥ ¶·μ¢μ²μ± ¨ μ¸É·¨°
Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥ ¢ ¶·μ¸É· ´¸É¢¥ ³¥¦¤Ê ¶²μ¸±¨³¨ Ô²¥±É·μ¤ ³¨ ¶· ±É¨Î¥¸±¨ Ö¢²Ö¥É¸Ö
μ¤´μ·μ¤´Ò³.

’¥³ ´¥ ³¥´¥¥, ´¥¸³μÉ·Ö ´  Ï¨·μ±ÊÕ μ¡² ¸ÉÓ ¶·¨³¥´¥´¨Ö MPGD ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö,
¨¸¸²¥¤μ¢ ´¨Õ ¶·μÍ¥¸¸  · §³´μ¦¥´¨Ö Ô²¥±É·μ´μ¢ ¢ É ±¨Ì Ê¸É·μ°¸É¢ Ì Ê¤¥²Ö²μ¸Ó ´¥¤μ¸É -
ÉμÎ´μ ¢´¨³ ´¨Ö. ‚³¥¸É¥ ¸ É¥³ ¨³¥¥É¸Ö ·Ö¤ μÉ²¨Î¨É¥²Ó´ÒÌ μ¸μ¡¥´´μ¸É¥° MPGD, É ±¨Ì
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± ± · §³´μ¦¥´¨¥ Ô²¥±É·μ´μ¢ ¢ μÉ¢¥·¸É¨ÖÌ, μÉ¸ÊÉ¸É¢¨¥ ¢²¨Ö´¨Ö ËμÉμ´´μ° μ¡· É´μ° ¸¢Ö§¨,
¢μ§³μ¦´μ¸ÉÓ ¸ÉÊ¶¥´Î Éμ£μ · §¢¨É¨Ö ² ¢¨´Ò,   É ±¦¥ ¤μ¸É¨¦¥´¨¥ ¢Ò¸μ±¨Ì ±μÔËË¨Í¨¥´-
Éμ¢ £ §μ¢μ£μ Ê¸¨²¥´¨Ö ¡¥§ § Ìμ¤  ¢ μ¡² ¸ÉÓ ¨¸±·μ¢ÒÌ ¶·μ¡μ¥¢ ¨ É. ¤. ˆ§ÊÎ¥´¨¥ ÔÉ¨Ì μ¸μ-
¡¥´´μ¸É¥° ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¡μ²¥¥ ± Î¥¸É¢¥´´μ ¶·μ¸²¥¤¨ÉÓ ¶·¨·μ¤Ê μ¡· §μ¢ ´¨Ö ¸¨£´ ² 
¢ MPGD ¶·¨ ¡μ²ÓÏ¨Ì § £·Ê§± Ì, ³¥Ì ´¨§³ ¶μÖ¢²¥´¨Ö ¸É·¨³¥·  ¨ ¶¥·¥Ìμ¤ ± ¨¸±·μ¢μ³Ê
¶·μ¡μÕ.

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´  ±² ¸¸¨Ë¨± Í¨Ö · §²¨Î´ÒÌ É¨¶μ¢ ¨ μ¡² ¸É¥° £ §μ¢μ£μ · §·Ö¤ ,
Ì · ±É¥·´ÒÌ ¤²Ö Ê¸É·μ°¸É¢ ± ± ¸ μ¤´μ·μ¤´Ò³, É ± ¨ ´¥μ¤´μ·μ¤´Ò³ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³
¶·¨ ´ ¶μ²´¥´¨¨ ¨Ì · ¡μÎ¨³ £ §μ³ ¶·¨  É³μ¸Ë¥·´μ³ ¤ ¢²¥´¨¨ ¨ ´¨¦¥, ± ± ¢ ¸²ÊÎ ¥ ¸
£¥°£¥·μ¢¸±¨³¨ ¸Î¥ÉÎ¨± ³¨. ˆ§ ¤ ´´ÒÌ É ¡²¨ÍÒ ¸²¥¤Ê¥É, ÎÉμ ´  ¸³¥´Ê É Ê´¤¸¥´¤μ¢¸±μ°
² ¢¨´¥ ¶μ¸²¥ ¤μ¸É¨¦¥´¨Ö μ¡² ¸É¨ μ£· ´¨Î¥´´μ° ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨ ³μ¦¥É ¶·¨°É¨ μ¤¨´
¨§ É·¥Ì ·¥¦¨³μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¤ ¢²¥´¨Ö ¨ ¶·¨·μ¤Ò ´ ¶μ²´ÖÕÐ¥£μ £ § ,   É ±¦¥
±μ´Ë¨£Ê· Í¨¨ Ô²¥±É·μ¤μ¢:  ) £¥°£¥·μ¢¸±¨°; ¡) ±μ·μ´´Ò°; ¢) ¸É·¨³¥·´Ò°.

‚¨¤ ˆμ´¨§ Í¨μ´´Ò° ’ Ê´¤¸¥´¤μ¢¸± Ö ƒ¥°£¥·μ¢¸±¨° Šμ·μ´´Ò° ‘É·¨³¥·´Ò° ˆ¸±·μ¢μ°
· §·Ö¤  ·¥¦¨³ ² ¢¨´  ·¥¦¨³ · §·Ö¤ ·¥¦¨³ ·¥¦¨³

‘·¥¤´¨°
Éμ± · §·Ö¤  ¶� ´� ³±� ³�

‡´ Î¥´¨¥ ¸·¥¤´¥£μ Éμ± , ¶·μÉ¥± ÕÐ¥£μ ¢μ ¢´¥Ï´¥° Í¥¶¨, ±μ¸¢¥´´Ò³ μ¡· §μ³ μÉ· -
¦ ¥É ± ·É¨´Ê · §·Ö¤ . Š ± ÊÉ¢¥·¦¤ ¥É¸Ö ¢ · ¡μÉ¥ [1], ¢ ² ¢¨´¥ ¸ £ §μ¢Ò³ Ê¸¨²¥´¨¥³
107Ä108 ´ ¨¡μ²¥¥ ¢¥·μÖÉ´Ò³ Ö¢²Ö¥É¸Ö ¶² §³¥´´μ¥ ¸μ¸ÉμÖ´¨¥ ¸ Ì · ±É¥·´Ò³¨ ¤²Ö ´¥£μ
¶·¨§´ ± ³¨, É ±¨³¨ ± ± Éμ·³μ¦¥´¨¥ Ô²¥±É·μ´μ¢, Ô²¥±É·μ´¥°É· ²¨§ Í¨Ö § ·Ö¤μ¢, Ô²¥±-
É·μ¸É É¨Î¥¸±¨¥ ¶² §³¥´´Ò¥ ±μ²¥¡ ´¨Ö ¨μ´´μ° ¢¥É¢¨ ¨ ¤·.

…¸²¨ ¸Î¨É ÉÓ, ÎÉμ ¢ ¸²ÊÎ ¥ ¶¥·¥Ìμ¤  É Ê´¤¸¥´¤μ¢¸±μ° ² ¢¨´Ò ¢ £¥°£¥·μ¢¸±¨° ·¥¦¨³
·¥Ï ÕÐÊÕ ·μ²Ó ¢ · §¢¨É¨¨ ² ¢¨´Ò ¨£· ÕÉ ¶·μÍ¥¸¸Ò ËμÉμ¨μ´¨§ Í¨¨ ¢ £ §¥ [2] ¨ ¢Ò-
¡¨¢ ´¨Ö Ô²¥±É·μ´μ¢ ¨§ ± Éμ¤ , Éμ μ´¨ ¦¥ ¢ ¶μ²´μ° ³¥·¥ ³μ£ÊÉ ´¥¸É¨ μÉ¢¥É¸É¢¥´´μ¸ÉÓ
§  μ¡· §μ¢ ´¨¥ ±μ·μ´Ò, Éμ£¤  ± ± ¢ ¸²ÊÎ ¥ μ¡· §μ¢ ´¨Ö ¸É·¨³¥·  ·¥ ²Ó´μ¸ÉÓ É ±μ£μ ³¥-
Ì ´¨§³  ¨ ¤²Ö μ¤´μ·μ¤´μ£μ, ¨ ¤²Ö ´¥μ¤´μ·μ¤´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¤μ ¸¨Ì ¶μ· ´¥
¶μ²ÊÎ¨²  Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¶μ¤É¢¥·¦¤¥´¨Ö.

	μ²¥¥ Éμ£μ, ¢ ±μ´¸É·Ê±Í¨ÖÌ É¨¶  GEM, TGEM, É. ¥. ¢ ¸¨¸É¥³ Ì ¸ ¤Ò·μÎ´Ò³¨ Ô²¥±-
É·μ¤ ³¨, ¶· ±É¨Î¥¸±¨ μÉ¸ÊÉ¸É¢Ê¥É ³¥Ì ´¨§³ ¢Ò¡¨¢ ´¨Ö Ô²¥±É·μ´μ¢ ¨§ ¶μ¢¥·Ì´μ¸É¨ ± -
Éμ¤ , § ±·ÒÉμ° ¸²μ¥³ ¤¨Ô²¥±É·¨±  μÉ ¶·Ö³μ£μ ¶μ¶ ¤ ´¨Ö ËμÉμ´μ¢. ‚ ±μ´¸É·Ê±Í¨¨ É¨¶ 
MICROMEGAS ÔÉμÉ ³¥Ì ´¨§³ É ±¦¥ ³ ²μ¢¥·μÖÉ¥´, ¶μ¸±μ²Ó±Ê ËμÉμ´Ò ¨§ £μ²μ¢±¨ ¶¥·-
¢¨Î´μ° ² ¢¨´Ò ¤μ²¦´Ò ¶·μ²¥É¥ÉÓ ¢ ´ ¶· ¢²¥´¨¨ ± ± Éμ¤Ê ¤²Ö ¸μ§¤ ´¨Ö ¢Éμ·¨Î´ÒÌ Ô²¥±-
É·μ´μ¢ · ¸¸ÉμÖ´¨¥ ´¥ ³¥´¥¥ 100 ³±³, ¢ Éμ ¢·¥³Ö ± ± ¤²¨´  ¶μ£²μÐ¥´¨Ö ËμÉμ´μ¢ ¢ £ §μ¢ÒÌ
¸³¥¸ÖÌ ¸ Ô²¥±É·μμÉ·¨Í É¥²Ó´Ò³¨ ¨ μÌ² ¦¤ ÕÐ¨³¨ ¤μ¡ ¢± ³¨ ´¥ ¶·¥¢ÒÏ ¥É 20Ä40 ³±³.

ˆ§ · ¡μÉÒ [3] É ±¦¥ ¸²¥¤Ê¥É, ÎÉμ ¢ Ï¨·μ±μ§ §μ·´μ° ± ³¥·¥ ²μ± ²¨§ Í¨Ö ¸É·¨³¥· 
¶·μ¨¸Ìμ¤¨É ¢¤μ²Ó ²¨´¨¨ ¤·¥°Ë  ¶¥·¢¨Î´ÒÌ Ô²¥±É·μ´μ¢ ¨ μ¸¨ ¶¥·¢¨Î´μ° ² ¢¨´Ò, É. ¥. ¢
§μ´ Ì ¸ ¡μ²ÓÏ¨³ ¸μ¤¥·¦ ´¨¥³ ¢μ§¡Ê¦¤¥´´ÒÌ ¨ ³¥É ¸É ¡¨²Ó´ÒÌ  Éμ³μ¢ (¤¨³¥·μ¢) ¨ ¶·¨
¶· ±É¨Î¥¸±¨ ¶μ²´μ³ μÉ¸ÊÉ¸É¢¨¨ ËμÉμ¨μ´¨§ Í¨¨.

�ÉμÉ Ë ±É Ê¸¨²¨¢ ¥É ¶·¥¤¶μ²μ¦¥´¨¥ μ Éμ³, ÎÉμ ¢ μ¸´μ¢¥ Ö¢²¥´¨Ö ¶·μ¡μÖ ¢ Ê§±μ§ -
§μ·´ÒÌ £ §μ¢ÒÌ ¶·μ³¥¦ÊÉ± Ì ²¥¦ É ¤·Ê£¨¥ ¶·μÍ¥¸¸Ò, ´¥ ¸¢Ö§ ´´Ò¥ ¸ ËμÉμ¨μ´¨§ Í¨¥°
¢ £ §¥.
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�·¨¸ÊÉ¸É¢¨¥ ¢ MPGD ¸²μ¦´ÒÌ £ §μ¢ ¸ Ô²¥±É·μμÉ·¨Í É¥²Ó´Ò³¨ ¤μ¡ ¢± ³¨ ¶·¨¢μ¤¨É ±
Éμ³Ê, ÎÉμ ¶·μÉ¥± ´¨¥ ³μÐ´ÒÌ Ô²¥±É·μ´´ÒÌ ² ¢¨´ ¸ £ §μ¢Ò³ Ê¸¨²¥´¨¥³ > 107 ¶·μ¨¸Ìμ¤¨É
¸ § ¤¥·¦±μ° ¢μ ¢·¥³¥´¨ μÉ´μ¸¨É¥²Ó´μ · §¢¨É¨Ö ¶¥·¢¨Î´μ° ² ¢¨´Ò ¶μ ³¥·¥ ¶·μ¤¢¨¦¥´¨Ö
μ¡Ñ¥³´μ£μ ¶μ²μ¦¨É¥²Ó´μ£μ § ·Ö¤  ¢ ¸Éμ·μ´Ê ± Éμ¤ . �  ÔÉμÉ Ë ±É Ê± §Ò¢ ² ‹μÔ¡ [4],
ÊÉ¢¥·¦¤ Ö, ÎÉμ · §¢¨É¨¥ ¸É·¨³¥·  ´ Î¨´ ¥É¸Ö ´  ´¥±μÉμ·μ³ · ¸¸ÉμÖ´¨¨ μÉ  ´μ¤ . �·¨
ÔÉμ³ ³¥¤²¥´´Ò³¨, ¨²¨ ®§ É· ¢μÎ´Ò³¨¯, Ô²¥±É·μ´ ³¨, ¨´¨Í¨¨·ÊÕÐ¨³¨ · §¢¨É¨¥ ± Éμ¤μ-
´ ¶· ¢²¥´´μ£μ ¸É·¨³¥· , ³μ£ÊÉ ¡ÒÉÓ É¥, ±μÉμ·Ò¥ μ¡· §μ¢ ²¨¸Ó ¢ ·¥§Ê²ÓÉ É¥ ¸²¥¤ÊÕÐ¨Ì
¸Éμ²±´μ¢¥´¨°:

1) A∗∗ + B = B+ + e− + A Å ³¥É ¸É ¡¨²Ó´Ò° ÔËË¥±É �¥´´¨´£ ;

2) A∗ + A∗ + B = B+ + e− + A2 Å ´¥³¥É ¸É ¡¨²Ó´Ò° ÔËË¥±É �¥´´¨´£ ;

3) A∗ + A = A+
2 + e− Å  ¸¸μÍ¨ É¨¢´ Ö ¨μ´¨§ Í¨Ö;

4) A∗ + A∗ = A+
2 + e− Å ¸ÉÊ¶¥´Î É Ö ¨μ´¨§ Í¨Ö.

(1)

ˆ¸Ìμ¤Ö ¨§ ¢Ò¢μ¤μ¢, ¶·¨¢¥¤¥´´ÒÌ ¢ · ¡μÉ¥ [5], μÉ´μ¸¨É¥²Ó´μ μÉ¸ÊÉ¸É¢¨Ö ¸É·¨³¥·´μ£μ
· §·Ö¤  ¢ Î¨¸Éμ³  ·£μ´¥ ¨ ³¥É ´¥, ´ ¨¡μ²ÓÏ¥¥ ¶·¥¤¶μÎÉ¥´¨¥, ¶μ-¢¨¤¨³μ³Ê, ¸²¥¤Ê¥É μÉ-
¤ ÉÓ ·¥ ±Í¨Ö³ É¨¶  1 ¨ 2. �·μÉ¥± ´¨¥ ¢ÒÏ¥¶·¨¢¥¤¥´´ÒÌ ¶·μÍ¥¸¸μ¢ ¢ ¸¨²Ó´μ° ² ¢¨´¥,
¸¶μ¸μ¡¸É¢ÊÕÐ¨Ì ¶μÖ¢²¥´¨Õ ³¥¤²¥´´ÒÌ Ô²¥±É·μ´μ¢, μ¡ÑÖ¸´Ö¥É¸Ö É¥³ Ë ±Éμ³, ÎÉμ ÔËË¥±-
É¨¢´μ¥ ¸¥Î¥´¨¥ ¨μ´¨§ Í¨¨ ¢μ§¡Ê¦¤¥´´ÒÌ  Éμ³μ¢ ¨ ³μ²¥±Ê² £μ· §¤μ ¢ÒÏ¥, Î¥³ ¸¥Î¥´¨Ö
¨μ´¨§ Í¨¨  Éμ³μ¢ ¨ ³μ²¥±Ê², ´ Ìμ¤ÖÐ¨Ì¸Ö ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨ [6].

’ ±¨³ μ¡· §μ³, ¶μÖ¢²¥´¨¥ ¢´ÊÉ·¨ Ê§±μ£μ £ §μ´ ¶μ²´¥´´μ£μ ¶·μ³¥¦ÊÉ±  100Ä1000 ³±³
μ¡Ñ¥³´μ£μ § ·Ö¤  ¢¥²¨Î¨´μ° 107Ä108 Ô²¥±É·μ´μ¢  ¢Éμ³ É¨Î¥¸±¨ ¶·¨¢μ¤¨É ± · §¤¥²¥´¨Õ
§ ·Ö¤μ¢ ¨ ± ¢μ§´¨±´μ¢¥´¨Õ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö, ¸É·¥³ÖÐ¥£μ¸Ö ± ¢Ò· ¢´¨¢ ´¨Õ § ·Ö-
¤μ¢ ¶·μÉ¨¢μ¶μ²μ¦´ÒÌ §´ ±μ¢. ’ ±μ° ³¥Ì ´¨§³ ´ ¨¡μ²¥¥ Ì · ±É¥·¥´ ¤²Ö ¶² §³¥´´μ£μ
¸μ¸ÉμÖ´¨Ö £ §  ¸μ ¢¸¥³¨ ¢ÒÉ¥± ÕÐ¨³¨ μÉ¸Õ¤  μ¸μ¡¥´´μ¸ÉÖ³¨,   ¨³¥´´μ:

 ) Éμ·³μ¦¥´¨¥³ Ô²¥±É·μ´μ¢;
¡) Ô²¥±É·μ´¥°É· ²¨§ Í¨¥° § ·Ö¤μ¢;
¢) § ¤¥·¦±μ° ± Éμ¤´μ£μ ¸¨£´ ² ;
£) ¶μÖ¢²¥´¨¥³ ¶·¥¤Ò³¶Ê²Ó¸μ¢;
¤) ‚— ¨ �— ¶² §³¥´´Ò³¨ ±μ²¥¡ ´¨Ö³¨.

�‘��…���‘’ˆ ��‡‚ˆ’ˆŸ �����‰�›• Ÿ‚‹…�ˆ‰ ‚ MPGD
‚ “‘‹�‚ˆŸ• ��‹œ˜ˆ• ”���‚›• ‡�ƒ�“‡�Š �’ α-—�‘’ˆ–

“¸²μ¢¨¥ ¶μÖ¢²¥´¨Ö ¸É·¨³¥·  ± ± ¶·¥¤Ï¥¸É¢¥´´¨±  ¨¸±·μ¢μ£μ ¶·μ¡μÖ ¢ μ¤´μ·μ¤´ÒÌ
Ô²¥±É·¨Î¥¸±¨Ì ¶μ²ÖÌ ‹μÔ¡, Œ¨± ¨ �¥É¥· μ¶·¥¤¥²¨²¨ Ô³¶¨·¨Î¥¸±¨³ ¶ÊÉ¥³ ¢ ¢¨¤¥ ¸²¥¤Ê-
ÕÐ¥£μ · ¢¥´¸É¢  [4]:

α(E0) · d = 20, (2)

£¤¥ α(E0) Å ±μÔËË¨Í¨¥´É ¨μ´¨§ Í¨¨ ¶·¨ § ¤ ´´μ° ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö
E0; d Å ³¥¦Ô²¥±É·μ¤´μ¥ · ¸¸ÉμÖ´¨¥.

ŠμÔËË¨Í¨¥´É £ §μ¢μ£μ Ê¸¨²¥´¨Ö ¶·¨ ¢Ò¶μ²´¥´¨¨ ¤ ´´μ£μ · ¢¥´¸É¢  ³μ£ ¤μ¸É¨£ ÉÓ
§´ Î¥´¨° ¶μ·Ö¤±  (5−10) · 107. �·¨ ÔÉμ³ ¸Î¨É ²μ¸Ó, ÎÉμ ´ ¶·Ö¦¥´´μ¸ÉÓ ¶μ²Ö ¢ · °-
μ´¥ μ¡· §μ¢ ´¨Ö ¸É·¨³¥·  ¸μ¸É ¢²Ö²  É ±ÊÕ ¦¥ ¢¥²¨Î¨´Ê, ± ± ¨ ¢ ¸²ÊÎ ¥ ¶·μÌμ¦¤¥´¨Ö
¶¥·¢μ´ Î ²Ó´μ° ² ¢¨´Ò,   ¸É·¨³¥· ¨³¥² ± Éμ¤´ÊÕ ´ ¶· ¢²¥´´μ¸ÉÓ.
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’ ±¦¥ ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ ´ ²¨Î¨¥ ¢·¥³¥´´μ° § ¤¥·¦±¨ ¶μÖ¢²¥´¨Ö ¸É·¨³¥·  μÉ´μ¸¨-
É¥²Ó´μ ¶¥·¢¨Î´μ° ² ¢¨´Ò, ±μÉμ· Ö ¸μ¸É ¢²Ö²  ¤μ²¨ ³¨±·μ¸¥±Ê´¤Ò ¢ § ¢¨¸¨³μ¸É¨ μÉ d.

ˆ§ § ±μ´  ¶μ¤μ¡¨Ö, ¸ÊÐ¥¸É¢ÊÕÐ¥£μ ¢ Ë¨§¨±¥ £ §μ¢μ£μ · §·Ö¤ , ¢ÒÉ¥± ¥É, ÎÉμ, ´¥¸³μ-
É·Ö ´  · §´Ò° Ì · ±É¥· ¶·μÉ¥± ´¨Ö Éμ£μ ¨²¨ ¨´μ£μ ¢¨¤  · §·Ö¤ , ¢ ¶·μÍ¥¸¸¥ ¨Ì · §¢¨É¨Ö
¨³¥ÕÉ¸Ö μ¡Ð¨¥ Î¥·ÉÒ. � ¶·¨³¥·, Ö¢²¥´¨¥ ¶·¥¤Ò³¶Ê²Ó¸  ¸ÊÐ¥¸É¢Ê¥É ¤²Ö £·μ§μ¢μ£μ · §-
·Ö¤  ¢ ¢¨¤¥ ± ´ ² -²¨¤¥·  ¨²¨ ¢ ¸²ÊÎ ¥ £¥°£¥·μ¢¸±μ£μ · §·Ö¤ , ±μ£¤  ¶μÖ¢²Ö¥É¸Ö ´ Î ²Ó-
´Ò° ¨³¶Ê²Ó¸ ¸Î¥É ,   § É¥³ ¨³¥¥É¸Ö § ¤¥·¦±  ¤μ ¢ÒÌμ¤  ´  ¸É ¡¨²Ó´μ¥ ¶² Éμ ¸Î¥É´μ°
Ì · ±É¥·¨¸É¨±¨.

�μÖ¢²¥´¨¥ ¶·¥¤Ò³¶Ê²Ó¸  ¢ MPGD ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¸μ§¤ ´Ò ´¥μ¡Ìμ¤¨³Ò¥
Ê¸²μ¢¨Ö ¤²Ö ¶¥·¥Ìμ¤  É Ê´¤¸¥´¤μ¢¸±μ° ² ¢¨´Ò ¢ ¶² §³¥´´μ¥ ¸μ¸ÉμÖ´¨¥, μ¶·¥¤¥²Ö¥³Ò¥
£ §μ¢Ò³ ¸μ¸É ¢μ³ ¨ · ¡μÎ¨³ ´ ¶·Ö¦¥´¨¥³. �ÉμÉ ¶·μÍ¥¸¸ ¸É ´μ¢¨É¸Ö ´ ¨¡μ²¥¥ ¢¥·μÖÉ-
´Ò³, ±μ£¤  ¢ ¤ ´´μ³ ²μ± ²Ó´μ³ ¶·μ¸É· ´¸É¢¥ ³¨±·μ¸±μ¶¨Î¥¸±¨Ì · §³¥·μ¢ ¶μÖ¢²Ö¥É¸Ö
¤μ¸É ÉμÎ´μ¥ Î¨¸²μ ³¥¤²¥´´ÒÌ Ô²¥±É·μ´μ¢ ¸μ£² ¸´μ ¸Ì¥³¥ (1) ¨ Î¨¸²μ α ¢ Ëμ·³Ê²¥ (2)
¤μ¸É¨£ ¥É ¶μ·μ£μ¢μ£μ §´ Î¥´¨Ö. Œμ³¥´É μ¡· §μ¢ ´¨Ö ¶·¥¤Ò³¶Ê²Ó¸  ¸μ¶·μ¢μ¦¤ ¥É¸Ö ¢μ§-
´¨±´μ¢¥´¨¥³ Ê¤ ·´μ° ¨μ´¨§ Í¨μ´´μ° ¢μ²´Ò. „¢¨£ Ö¸Ó ¢ ´ ¶· ¢²¥´¨¨ ± Éμ¤  ¸μ ¸±μ·μ-
¸ÉÓÕ, ´ ³´μ£μ ¶·¥¢ÒÏ ÕÐ¥° ¸±μ·μ¸ÉÓ ¤·¥°Ë  Ô²¥±É·μ´μ¢ ¢ £ § Ì, Ë·μ´É ÔÉμ° ¢μ²´Ò
¶·¨ ¤μ¸É¨¦¥´¨¨ ¶μ¢¥·Ì´μ¸É¨ ± Éμ¤  μ¸¢μ¡μ¦¤ ¥É ´ ¢¥¤¥´´Ò° μÉ·¨Í É¥²Ó´Ò° § ·Ö¤ ¨
§ ³Ò± ¥É ± ´ ² ¶·μ¢μ¤¨³μ¸É¨ ³¥¦¤Ê  ´μ¤μ³ ¨ ± Éμ¤μ³. �·¨ ÔÉμ³ μ¡· §Ê¥É¸Ö ¢¸¶²¥¸±
Éμ±  ¨ ¸¢¥Î¥´¨¥ μÉ ·¥±μ³¡¨´ Í¨¨ ¶μ²μ¦¨É¥²Ó´ÒÌ ¨ μÉ·¨Í É¥²Ó´ÒÌ ¨μ´μ¢ ¨ Ô²¥±É·μ´μ¢
¢ ¢¨¤¥ Éμ´±μ£μ ¨μ´¨§¨·μ¢ ´´μ£μ Ï´Ê·  ¨²¨ ¸É·¨³¥· . ‚·¥³Ö ¸¢¥Î¥´¨Ö ¨²¨ ¤¥¨μ´¨§ Í¨¨
¸É·¨³¥·  ¢ £ §μ¢ÒÌ ¤¥É¥±Éμ· Ì ¨§³¥·Ö¥É¸Ö ³¨²²¨¸¥±Ê´¤ ³¨ ¨ ¤ ¦¥ ¸¥±Ê´¤ ³¨.

�·¨³¥´¨É¥²Ó´μ ± MPGD ´  ¢¥·μÖÉ´μ¸ÉÓ ¶·μÍ¥¸¸  μ¡· §μ¢ ´¨Ö ¸É·¨³¥·  ¢ Ê¸²μ¢¨ÖÌ
¡μ²ÓÏμ£μ Ëμ´  ¨§²ÊÎ¥´¨° · §²¨Î´μ£μ É¨¶  ¤μ²¦´μ ¸¨²Ó´μ ¢μ§¤¥°¸É¢μ¢ ÉÓ Ê³¥´ÓÏ¥´¨¥
μ¡μ¨Ì ³´μ¦¨É¥²¥° ¢Ò· ¦¥´¨Ö (2).

ŠμÔËË¨Í¨¥´É α ³μ¦´μ ¸ÊÐ¥¸É¢¥´´μ ¸´¨§¨ÉÓ §  ¸Î¥É ¶·¨³¥´¥´¨Ö £¥²¨Ö ¢ ± Î¥¸É¢¥
¡ÊË¥·´μ£μ £ §  ¨ Ê¢¥²¨Î¥´¨Ö ¤μ²¨ Ô²¥±É·μμÉ·¨Í É¥²Ó´μ° ¤μ¡ ¢±¨ É¨¶  SF6 ¤μ 2 %.

—Éμ ± ¸ ¥É¸Ö ³¥¦Ô²¥±É·μ¤´μ£μ · ¸¸ÉμÖ´¨Ö d, Éμ §¤¥¸Ó ¸²¥¤Ê¥É ¶·¨´ÖÉÓ ¢μ ¢´¨³ ´¨¥
¸²¥¤ÊÕÐ¨° Ë ±É. ˆ§ · ¢¥´¸É¢  106 ∼= 220 ¢ÒÉ¥± ¥É, ÎÉμ ¶·¨ μÎ¥´Ó ¸¨²Ó´μ³ Ô²¥±É·¨-
Î¥¸±μ³ ¶μ²¥, ´ ¶·¨³¥· 100 ±‚/¸³ ¢ ¤¥É¥±Éμ·¥ É¨¶  MICROMEGAS, Ô²¥±É·μ´ Ê¸¶¥¢ ¥É
´  · ¸¸ÉμÖ´¨¨ 1 ³±³ ¶·¨μ¡·¥¸É¨ Ô´¥·£¨Õ, ¤μ¸É ÉμÎ´ÊÕ ¤²Ö ¢μ§¡Ê¦¤¥´¨Ö ¨²¨ ¨μ´¨§ -
Í¨¨  Éμ³μ¢ ¡ÊË¥·´μ£μ £ § , É ± ÎÉμ ´  ¤²¨´¥ 20 ³±³ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ £ §μ¢μ¥ Ê¸¨²¥´¨¥
¶μ·Ö¤±  106.

�·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥ É ±¦¥ ÉμÉ Ë ±É, ÎÉμ ¢ MICROMEGAS ± Éμ¤´ Ö ¶²μ¸±μ¸ÉÓ ¢
μÉ²¨Î¨¥ μÉ GEM, TGEM ´ Ìμ¤¨É¸Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ´ ¶·μÉ¨¢  ´μ¤´μ° ¶²μ¸±μ¸É¨, μ¡· -
§μ¢ ´¨¥ ¸É·¨³¥·  §  ¸Î¥É ´ ¢¥¤¥´´μ£μ § ·Ö¤  ¸É ´μ¢¨É¸Ö ´ ¨¡μ²¥¥ ¢¥·μÖÉ´Ò³ ¢ ¶·μÍ¥¸¸¥
¶μÖ¢²¥´¨Ö ¶·μ¡μ¥¢. ” §Ò · §¢¨É¨Ö ¸É·¨³¥·  ¶·¨ ÔÉμ³ ¸É ´μ¢ÖÉ¸Ö μÎ¥´Ó ±μ·μÉ±¨³¨ Å ´ 
Ê·μ¢´¥ ´¥¸±μ²Ó±¨Ì ´ ´μ¸¥±Ê´¤.

’ ±¨³ μ¡· §μ³, ¶·¨³¥´¨É¥²Ó´μ ± ¸¶¥Í¨Ë¨±¥ ±μ´¸É·Ê±Í¨¨ MICROMEGAS ¸ Í¥²ÓÕ
¶μ¢ÒÏ¥´¨Ö Ê¸Éμ°Î¨¢μ¸É¨ ± ¶·μ¡μÖ³ ´Ê¦´μ ¶·¥¤¶·¨´ÖÉÓ ¸²¥¤ÊÕÐ¨¥ ³¥·Ò:

1) Ê³¥´ÓÏ¨ÉÓ ³¥¦Ô²¥±É·μ¤´Ò° § §μ· d ¤μ §´ Î¥´¨° 25Ä30 ³±³ ¡¥§ § ³¥É´μ£μ ¢²¨Ö´¨Ö
´  ÔËË¥±É¨¢´μ¸ÉÓ;

2) Ê³¥´ÓÏ¨ÉÓ ±μÔËË¨Í¨¥´É ¨μ´¨§ Í¨¨ α §  ¸Î¥É ¶·¨³¥´¥´¨Ö £¥²¨Ö ¢ ± Î¥¸É¢¥ ¡ÊË¥·-
´μ£μ £ § ;

3) ¶·¨³¥´ÖÉÓ ¢ ± Î¥¸É¢¥ μÌ² ¦¤ ÕÐ¥° ¤μ¡ ¢±¨ £ § CF4 ± ± ´ ¨¡μ²¥¥ · ¤¨ Í¨μ´´μ
¸Éμ°±¨° ¸ ¢Ò¸μ±μ° ¤¨Ô²¥±É·¨Î¥¸±μ° ¶·μÎ´μ¸ÉÓÕ;
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4) Ê¢¥²¨Î¨ÉÓ ¸μ¤¥·¦ ´¨¥ Ô²¥±É·μμÉ·¨Í É¥²Ó´μ° ±μ³¶μ´¥´ÉÒ SF6 ¢ £ §μ¢μ° ¸³¥¸¨
¤μ 2 % ¨ ¡μ²¥¥, μ¸μ¡¥´´μ ¢ ¸²ÊÎ ¥ ¢Ò¸μ±μ£μ Ëμ´  μÉ α-Î ¸É¨Í.

‚›‚�„›

1. “§±μ§ §μ·´Ò¥ £ §μ¢Ò¥ ¤¥É¥±Éμ·Ò É¨¶  MPGD ¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ ¡μ²¥¥ £²Ê¡μ±μ
¨¸¸²¥¤μ¢ ÉÓ ¶·μÍ¥¸¸Ò μ¡· §μ¢ ´¨Ö ¸É·¨³¥·  ± ± ¶·¥¤Ï¥¸É¢¥´´¨±  ¶·μ¡μÖ.

2. �·¥¤¥²Ó´Ò¥ ¢μ§³μ¦´μ¸É¨ · ¡μÉÒ Ê§±μ§ §μ·´ÒÌ £ §μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ¢ Ê¸²μ¢¨ÖÌ ¢Ò-
¸μ±¨Ì § £·Ê§μ± ³μ¦´μ μÍ¥´¨ÉÓ ¢ ¸μ£² ¸¨¨ ¸ Ô³¶¨·¨Î¥¸±μ° Ëμ·³Ê²μ° ‹μÔ¡ , ¢Ò¢¥¤¥´´μ°
¤²Ö ¸²ÊÎ ¥¢ ¶·μ¡μÖ ´  ¢μ§¤ÊÌ¥ ¢ Ï¨·μ±μ§ §μ·´ÒÌ ¤¥É¥±Éμ· Ì ¸ μ¤´μ·μ¤´Ò³ ¨ ´¥μ¤´μ·μ¤-
´Ò³ Ô²¥±É·¨Î¥¸±¨³¨ ¶μ²Ö³¨.

3. Œ¥Éμ¤¨Î¥¸±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö Ì · ±É¥·¨¸É¨± Ê§±μ§ §μ·´ÒÌ £ §μ¢ÒÌ ¤¥É¥±Éμ·μ¢ É¨¶ 
MPGD ¶μ§¢μ²ÖÕÉ ¡μ²¥¥ ¤¥É ²Ó´μ ¨§ÊÎ¨ÉÓ ¶·μÍ¥¸¸ ¶¥·¥Ìμ¤  · §·Ö¤  ¨§ μ¡² ¸É¨ μ£· ´¨-
Î¥´´μ° ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨ ¢ ¸É·¨³¥·´Ò° ·¥¦¨³.

4. �·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¨§ μ¡· ¡μÉ±¨ Ì · ±É¥·¨¸É¨± RPC, GEM,
TGEM, RETGEM, MICROMEGAS, ¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ ¢Ò¤¥²¥´¨Ö ´¥μ¡Ìμ¤¨³ÒÌ ¨ ¤μ¸É -
ÉμÎ´ÒÌ Ê¸²μ¢¨° ¤²Ö μ¡· §μ¢ ´¨Ö ¸É·¨³¥·  ¶μ¸²¥ ¶μÖ¢²¥´¨Ö ¨³¶Ê²Ó¸ -¶·¥¤Ï¥¸É¢¥´´¨± 
(precursor), ¨³¥ÕÐ¥£μ ¤μ¸É ÉμÎ´ÊÕ  ³¶²¨ÉÊ¤Ê ¨ ¸¢Ö§ ´´μ£μ ¸μ ¢Éμ·¨Î´μ° ² ¢¨´μ° ¢ · °-
μ´¥ ³ ±¸¨³ ²Ó´μ° ¶²μÉ´μ¸É¨ ¶μ²μ¦¨É¥²Ó´μ£μ ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤ ,   É ±¦¥ ³¥¤²¥´-
´ÒÌ Ô²¥±É·μ´μ¢ ¶·¨ ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö, · ¢´μ° ´ ¶·Ö¦¥´´μ¸É¨ ¢´¥Ï-
´¥£μ ¶μ²Ö, ±μ£¤  ¶·μ¨¸Ìμ¤¨É § ³Ò± ´¨¥ ³¥¦Ô²¥±É·μ¤´μ£μ ¶·μ³¥¦ÊÉ±  §  ¸Î¥É Ê¶·Ê£μ°
¨μ´¨§ Í¨μ´´μ° ¢μ²´Ò. ‚ ·¥§Ê²ÓÉ É¥ ´ ¡²Õ¤ ¥É¸Ö ¸± Î±μμ¡· §´μ¥ ¢μ§· ¸É ´¨¥ ¨³¶Ê²Ó¸ 
Éμ±  ¶·¨ ¶·μÉ¥± ´¨¨ ´ ¢¥¤¥´´μ£μ μÉ·¨Í É¥²Ó´μ£μ § ·Ö¤  ¸ ± Éμ¤  ¨ ¢μ§´¨± ¥É Ê§±¨°
¸¢¥ÉÖÐ¨°¸Ö μÉ ·¥±μ³¡¨´ Í¨¨ ± ´ ² ¢ ¢¨¤¥ ´¨É¨, É. ¥. ¸É·¨³¥·.

5. …¸²¨ ¶·¥¤¶μ²μ¦¨ÉÓ É ±ÊÕ Í¥¶Ó ¢ ¶·μÍ¥¸¸¥ μ¡· §μ¢ ´¨Ö ¶·μ¡μ°´ÒÌ Ö¢²¥´¨°, Éμ
´ ¨¡μ²¥¥ ÊÖ§¢¨³μ° ¢Ò£²Ö¤¨É ±μ´¸É·Ê±Í¨Ö MICROMEGAS ¢ ¥¥ ¸¥£μ¤´ÖÏ´¥³ ¢¨¤¥ ¢ μÉ²¨-
Î¨¥ μÉ ±μ´¸É·Ê±Í¨° GEM, TGEM, RETGEM.

‡�Š‹�—…�ˆ…

1. ˆ¸¸²¥¤μ¢ ´¨¥ μ¸μ¡¥´´μ¸É¥° ¶·μÍ¥¸¸  ¶¥·¥Ìμ¤  £ §μ¢μ£μ · §·Ö¤  ¨§ μ¡² ¸É¨ μ£· -
´¨Î¥´´μ° ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨ ¢ ¶² §³¥´´Ò° ¨²¨ ¸É·¨³¥·´Ò° ·¥¦¨³ ¢ Ê§±μ§ §μ·´ÒÌ
¤¥É¥±Éμ· Ì É¨¶  MPGD, ¶·¥¦¤¥ ¢¸¥£μ ¢ Ê¸²μ¢¨ÖÌ ¡μ²ÓÏμ£μ Ëμ´  μÉ α-Î ¸É¨Í ´  LHC,
¨³¥¥É ¶¥·¢μ¸É¥¶¥´´μ¥ §´ Î¥´¨¥ ¢ Í¥²ÖÌ ¡μ·Ó¡Ò ¸ ¶·μ¡μÖ³¨.

2. �É¸ÊÉ¸É¢¨¥ ¶μ²μ¦¨É¥²Ó´μ° ËμÉμ´´μ° μ¡· É´μ° ¸¢Ö§¨ ¶·¨ · ¡μÉ¥ ¸ GEM, TGEM,
RETGEM ¨ ´ ²¨Î¨¥ ¶· ±É¨Î¥¸±¨ μ¤´μ·μ¤´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ MICROMEGAS
³μ£ÊÉ ¸²Ê¦¨ÉÓ ¤μ¶μ²´¨É¥²Ó´Ò³¨ Ê¶·μÐ ÕÐ¨³¨ Ë ±Éμ· ³¨ ¶·¨ · ¸¸³μÉ·¥´¨¨ ¶·μÍ¥¸¸ 
¶·μ¡μ¥¢ £ §  ¢ Ê§±¨Ì ³¥¦Ô²¥±É·μ¤´ÒÌ ¶·μ³¥¦ÊÉ± Ì.

3. �¤´μ° ¨§ ·¥ ²Ó´ÒÌ ¶·¨Î¨´, μ¡ÑÖ¸´ÖÕÐ¨Ì ¢μ§´¨±´μ¢¥´¨¥ ¸É·¨³¥·  ± ± ¶·¥¤Ï¥-
¸É¢¥´´¨±  ¨¸±·Ò, ³μ¦¥É ¡ÒÉÓ ¸²¥¤ÊÕÐ Ö: ¶·¨ ¢Ò¸μ±μ° ¶²μÉ´μ¸É¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í
¢ Ê§±μ³ ³¥¦Ô²¥±É·μ¤´μ³ § §μ·¥ ¢μ§´¨± ÕÉ ¶² §³¥´´Ò¥ ±μ²¥¡ ´¨Ö, ¸μ¶·μ¢μ¦¤ ÕÐ¨¥¸Ö
¶·μ¤μ²Ó´Ò³¨ Ê¶·Ê£¨³¨ ¨μ´¨§ Í¨μ´´Ò³¨ ¢μ²´ ³¨, ±μÉμ·Ò¥ ³μ£ÊÉ ¤μ¸É¨£ ÉÓ ¶μ¢¥·Ì´μ¸É¨
± Éμ¤  ¸ ´ ¢¥¤¥´´Ò³ μÉ·¨Í É¥²Ó´Ò³ § ·Ö¤μ³. �·¨ μ¸¢μ¡μ¦¤¥´¨¨ ÔÉμ£μ § ·Ö¤  ¡² £μ¤ ·Ö
¶·¥¤¢ ·¨É¥²Ó´μ ¸μ§¤ ´´μ³Ê ¶·μ¢μ¤ÖÐ¥³Ê ± ´ ²Ê ¶μÖ¢²Ö¥É¸Ö ³μÐ´Ò° Éμ±μ¢Ò° ¨³¶Ê²Ó¸,
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¸μ¶·μ¢μ¦¤ ¥³Ò° ¸¢¥Î¥´¨¥³ ¨§-§  ·¥±μ³¡¨´ Í¨¨ ¶μ²μ¦¨É¥²Ó´ÒÌ ¨ μÉ·¨Í É¥²Ó´ÒÌ ¨μ´μ¢,
¶·¥¤¸É ¢²ÖÕÐ¨³ ¸μ¡μ° Éμ´±¨° Ï´Ê· ¨²¨ ¸É·¨³¥·.

4. �¸μ¡Ò° ¨´É¥·¥¸ ¨ ´μ¢Ò° ³¥Éμ¤¨Î¥¸±¨° ¶μ¤Ìμ¤ ³μ¦¥É ¡ÒÉÓ ¶·μÖ¢²¥´ ± ¨¸¸²¥¤μ¢ -
´¨Õ ¶·μÍ¥¸¸  ¶·μ¡μÖ ¢ MICROMEGAS, É ± ± ± ¶·¨ ³¥¦Ô²¥±É·μ¤´μ³ § §μ·¥ ¢¥²¨Î¨´μ°
μÉ 25 ¤μ 100 ³±³ ¢¸¥ ¸É ¤¨¨ Ëμ·³¨·μ¢ ´¨Ö ¸É·¨³¥·  ¤μ²¦´Ò ¶·μÉ¥± ÉÓ ¢ ¸ÊÐ¥¸É¢¥´´μ
¡μ²¥¥ ±μ·μÉ±¨¥ ¢·¥³¥´ , Î¥³ 1 ´¸.

5. ‘²¥¤ÊÖ Ëμ·³Ê²¥ ‹μÔ¡  (2), ¢ Í¥²ÖÌ Ê³¥´ÓÏ¥´¨Ö ¢¥²¨Î¨´Ò α ¢ £ §μ¢ÊÕ ¸³¥¸Ó ´Ê¦´μ
¢¢¥¸É¨ ´¥ ³¥´¥¥ 2% Ô²¥±É·μμÉ·¨Í É¥²Ó´μ£μ £ §  É¨¶  SF6. �·¨ ³ ²μ³ § §μ·¥ ÔÉμ ´¥
¤μ²¦´μ ¢²¨ÖÉÓ ´  ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. ’ ±¦¥ ¸²¥¤Ê¥É ¶·¨-
³¥´ÖÉÓ £¥²¨° ¢ ± Î¥¸É¢¥ ¡ÊË¥·´μ£μ £ §  ¨ ¢¢¥¸É¨ ®μÌ² ¦¤ ÕÐÊÕ¯ ¤μ¡ ¢±Ê ¢ ¢¨¤¥ CF4

± ± ´ ¨¡μ²¥¥ · ¤¨ Í¨μ´´μ ¸Éμ°±ÊÕ ¸ ¢Ò¸μ±μ° ¤¨Ô²¥±É·¨Î¥¸±μ° ¶·μÎ´μ¸ÉÓÕ.
‚ § ±²ÕÎ¥´¨¥ ¢ ± Î¥¸É¢¥ μ¶É¨³ ²Ó´μ° £ §μ¢μ° ¸³¥¸¨ ¤²Ö MPGD ³μ¦´μ ¶·¥¤²μ¦¨ÉÓ

É ±μ° ¸μ¸É ¢: 70 % He + 28 % CF4 + 2 % SF6.
�·£Ê³¥´É Í¨Ö ¶·¨³¥´¥´¨Ö Ê± § ´´μ° £ §μ¢μ° ¸³¥¸¨ μ¶·¥¤¥²Ö¥É¸Ö ¨¸Ìμ¤Ö ¨§ μ¶ÒÉ´ÒÌ

¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¢ ´ Ï¥° £·Ê¶¶¥ ¶μ ¶·¨³¥´¥´¨Õ ¶·μ¢μ²μÎ´ÒÌ ¨ ³¨±·μ¸É·Ê±ÉÊ·´ÒÌ
¤¥É¥±Éμ·μ¢ ¨ ¶μ± § ´´ÒÌ, ´ ¶·¨³¥·, ¢ · ¡μÉ¥ [7]. CÎ¨É ¥É¸Ö, ÎÉμ ´ ¨¡μ²¥¥ ±·¨É¨Î´μ°
¢ ¢Ò¡μ·¥ £ §μ¢μ° ¸³¥¸¨ Ö¢²Ö¥É¸Ö ¢¥²¨Î¨´  Ô²¥±É·μμÉ·¨Í É¥²Ó´μ° £ ¸ÖÐ¥° ±μ³¶μ´¥´ÉÒ
É¨¶  SF6. …¸²¨ ¢ Ï¨·μ±μ§ §μ·´ÒÌ ± ³¥· Ì μ´  ±μ²¥¡²¥É¸Ö μÉ 0,1 ¤μ 0,7 %, Éμ ¢ Ê§±μ§ -
§μ·´ÒÌ ¸É·Ê±ÉÊ· Ì ÔÉ  ¢¥²¨Î¨´  ³μ¦¥É ¶·¨´¨³ ÉÓ §´ Î¥´¨Ö μÉ 1 ¤μ 10% ¢ § ¢¨¸¨³μ¸É¨
μÉ Ï¨·¨´Ò § §μ· . ‚ ´ Ï¥° · ¡μÉ¥ ¶μ¤É¢¥·¦¤ ¥É¸Ö ÉμÉ Ë ±É, ÎÉμ ¢ £ §μ¢μ° ¸³¥¸¨ ´ ·Ö¤Ê ¸
¡ÊË¥·´μ° (�¥) ¨ μÌ² ¦¤ ÕÐ¥° (‘F4) ±μ³¶μ´¥´É ³¨ ´ ²¨Î¨¥ 2 % Ô²¥±É·μμÉ·¨Í É¥²Ó´μ°
±μ³¶μ´¥´ÉÒ (SF6) ¢ ¤¥É¥±Éμ·¥ ¸ ³¥¦Ô²¥±É·μ¤´Ò³ § §μ·μ³ ¢ 1 ³³ μ¡¥¸¶¥Î¨¢ ¥É ¡²¨§-
±ÊÕ ± 100 % ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¶μÉμ±  § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ
¶μ·Ö¤±  104 ³³−2.
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