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

‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μÍ¥¸¸  £ §μ¢μ£μ Ê¸¨²¥´¨Ö ¢ ¡¥¸¶·μ¢μ²μÎ-
´μ° ¶²μ¸±μ° ± ³¥·¥ ¸ μ¤´μ·μ¤´Ò³ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³ ¸ § §μ·μ³ ³¥¦¤Ê ± Éμ¤μ³ ¨  ´μ¤μ³,
· ¢´Ò³ 1 ³³. �μ± § ´μ, ÎÉμ ¶¥·¥Ìμ¤ μÉ ¶·μ¶μ·Í¨μ´ ²Ó´μ£μ ± ¸É·¨³¥·´μ³Ê ·¥¦¨³Ê · ¡μÉÒ £ §μ-
· §·Ö¤´μ£μ ¤¥É¥±Éμ·  ¤ ´´μ° ±μ´¸É·Ê±Í¨¨ ¶·μ¨¸Ìμ¤¨É ¶·¨ ¤μ¸É¨¦¥´¨¨ ¶μ·μ£  �¥É¥·  ¢ ¶·μ¸ÉÒÌ
¤¢ÊÌ±μ³¶μ´¥´É´ÒÌ £ §μ¢ÒÌ ¸³¥¸ÖÌ É¨¶  Ar+ 20% CO2 ¡¥§ Ë·¥μ´μ¢ÒÌ ¨ Ê£²¥¢μ¤μ·μ¤´ÒÌ ¤μ¡ ¢μ±.
�ÉμÉ Ë ±É ¸É ´μ¢¨É¸Ö μ¶·¥¤¥²ÖÕÐ¨³  ·£Ê³¥´Éμ³ ¶·¨ ¢Ò¡μ·¥ · ¡μÎ¥£μ £ §  ¶·¨ ¶² ´¨·μ¢ ´¨¨
¤²¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¢ § ³±´ÊÉμ° ¸·¥¤¥ ¸ ÉμÎ±¨ §·¥´¨Ö Ô±μ²μ£¨¨.

The paper presents the results of a study of a process of gas ampliˇcation in wireless 	at cell with
a homogeneous electric ˇeld with a gap between the cathode and the anode of 1 mm. It is shown that
the transition from proportional to streamer mode of operation of this design occurs when the threshold
Reter is reached in a simple two-component gas mixture of the type Ar+ 20% CO2 without freon and
hydrocarbon additives. This fact is decisive argument in the choice of working gas in the planning of
long-term experiments in a closed environment from ecological point of view.
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�É±·ÒÉÒ° †. ˜ ·¶ ±μ³ [1] c¨²Ó´μÉμÎ´Ò° ·¥¦¨³ · ¡μÉÒ ³´μ£μ¶·μ¢μ²μÎ´ÒÌ ¶·μ-
¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥· ¨³¥² ³¥¸Éμ ¢ £ §μ· §·Ö¤´μ³ ¶·μ³¥¦ÊÉ±¥ ¸ ¡μ²ÓÏ¨³ ±μ²¨Î¥¸É¢μ³
μÉ·¨Í É¥²Ó´μ° ¤μ¡ ¢±¨ ¢ ¢¨¤¥ Ë·¥μ´  13‚1 ¨ Ê£²¥¢μ¤μ·μ¤´μ° ¤μ¡ ¢±¨ ¢ ¢¨¤¥ ¨§μ¡ÊÉ ´ 
¶·¨ ´ ²¨Î¨¨ ¸¨²Ó´μ ´¥μ¤´μ·μ¤´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö. ‚ Ìμ¤¥ ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥-
¤μ¢ ´¨° [2, 3] ÔÉμÉ ·¥¦¨³ ¡Ò² ÉÐ É¥²Ó´μ ¨§ÊÎ¥´ ¢ ±μ´Ë¨£Ê· Í¨¨ £ §μ¢μ£μ ¤¥É¥±Éμ·  ¸
Éμ²¸ÉÒ³¨  ´μ¤´Ò³¨ ¶·μ¢μ²μ± ³¨ ¨ ¶μ²ÊÎ¨² ´ §¢ ´¨¥ ¸ ³μ£ ¸ÖÐ¥£μ¸Ö ¸É·¨³¥·´μ£μ ·¥-
¦¨³ , ¨²¨ ‘ƒ‘-·¥¦¨³ . � ¤¥¦´ Ö · ¡μÉ  É ±μ£μ ¤¥É¥±Éμ·  μ¡¥¸¶¥Î¨¢ ² ¸Ó ¶·¨¸ÊÉ¸É¢¨¥³
¢ £ §μ¢μ° ¸³¥¸¨ ËμÉμ´μ£ ¸ÖÐ¨Ì ¤μ¡ ¢μ± É¨¶  ¨§μ¡ÊÉ ´  ¨ ³¥É¨² ²Ö.

� ¨¡μ²¥¥ μÉ²¨Î¨É¥²Ó´Ò³¨ Î¥·É ³¨ ¸¨£´ ² , ¶μÖ¢²ÖÕÐ¥£μ¸Ö ¢ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ, ¡Ò²¨
¸²¥¤ÊÕÐ¨¥:

 )  ³¶²¨ÉÊ¤  ¨³¶Ê²Ó¸ , ¤μ¸É¨£ ÕÐ Ö ¢¥²¨Î¨´Ò, Ì · ±É¥·´μ° ¤²Ö ¶·μÍ¥¸¸  · §³´μ¦¥-
´¨Ö Ô²¥±É·μ´μ¢ ¶·¨ £¥°£¥·μ¢¸±μ³ · §·Ö¤¥;
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¡) É·¥Ê£μ²Ó´ Ö Ëμ·³  ¨³¶Ê²Ó¸  ¢ ‘ƒ‘-·¥¦¨³¥, ´ ¶μ³¨´ ÕÐ Ö  ´ ²μ£¨Î´Ò° ¢¨¤ ¨³-
¶Ê²Ó¸ , Ì · ±É¥·´Ò° ¤²Ö ¶·μÍ¥¸¸  ¸¡μ·  § ·Ö¤  ¢ ¨μ´¨§ Í¨μ´´μ° ± ³¥·¥;

¢) ¢μ§´¨±´μ¢¥´¨¥ ¸É·¨³¥· , ¢¸¥£¤  ¸μ¶·μ¢μ¦¤ ÕÐ¥¥¸Ö ¶·¨¸ÊÉ¸É¢¨¥³ ¨³¶Ê²Ó¸ -¶·¥¤-
Ï¥¸É¢¥´´¨±  (precursor).

�·μÍ¥¸¸ μ¡· §μ¢ ´¨Ö ¸É·¨³¥·  ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´ ± ± ¸²ÊÎ ° ¢μ§´¨±´μ¢¥´¨Ö
¶² §³Ò.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ É ±¦¥, ÎÉμ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´¥É ¨¸Î¥·¶Ò¢ ÕÐ¥£μ μ¡ÑÖ¸´¥´¨Ö
É ±μ³Ê Ë ±ÉÊ, ± ± 50%-Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ Î¨¸²  ¸É·¨³¥·μ¢ ¶μ μÉ´μÏ¥´¨Õ ±
μ¡Ð¥³Ê Î¨¸²Ê ¨³¶Ê²Ó¸μ¢ ± ± ¸É·¨³¥·´μ£μ, É ± ¨ ¶·μ¶μ·Í¨μ´ ²Ó´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö § 
μ¶·¥¤¥²¥´´Ò° ¶·μ³¥¦ÊÉμ± ¢·¥³¥´¨.

�¥ μ¸² ¡¥¢ ¥É ¨´É¥·¥¸ ¨ ± ¨´É¥·¶·¥É Í¨¨ ¶·¨Î¨´Ò ¢·¥³¥´´μ° § ¤¥·¦±¨ ¶μÖ¢²¥´¨Ö
¸É·¨³¥·  ¶μ μÉ´μÏ¥´¨Õ ± ¸É ·Éμ¢μ³Ê ¨³¶Ê²Ó¸Ê ¨²¨ É·¨££¥·Ê, μ¶·¥¤¥²Ö¥³μ£μ ¢ ³μ³¥´É
¶·μÌμ¦¤¥´¨Ö ¶¥·¢¨Î´μ° ¨μ´¨§¨·ÊÕÐ¥° § ·Ö¦¥´´μ° Î ¸É¨ÍÒ Î¥·¥§ μ¡Ñ¥³ £ §μ¢μ£μ ¤¥-
É¥±Éμ· . �¤´¨³ ¨§ ¢μ§³μ¦´ÒÌ μ¡ÑÖ¸´¥´¨° ³μ£²  ¡Ò ¡ÒÉÓ É· ±Éμ¢±  ÔÉμ° § ¤¥·¦±¨ ± ±
¸²¥¤¸É¢¨Ö ¢·¥³¥´´μ£μ ¤·¥°Ë  ²μ± ²Ó´μ£μ ¸£Ê¸É±  ¶² §³Ò, ¢μ§´¨± ÕÐ¥£μ ¶·¨ ¸²ÊÎ °´μ³
 ±É¥ ² ¢¨´´μ£μ · §³´μ¦¥´¨Ö Ô²¥±É·μ´μ¢ ¢ £ §μ¢μ³ μ¡Ñ¥³¥ ¢ ¸Ê³³ ·´μ³ Ô²¥±É·¨Î¥¸±μ³
¶μ²¥ μÉ ¢´¥Ï´¥£μ ¨¸ÉμÎ´¨±  ¨ ¸£Ê¸É±  ¶·μ¸É· ´¸É¢¥´´μ£μ ¶μ²μ¦¨É¥²Ó´μ£μ § ·Ö¤ .

1. Š��‘’�“Š–ˆŸ „…’…Š’���

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ±μ´¸É·Ê±Í¨Ö ¶²μ¸±μ£μ Ê§±μ§ §μ·´μ£μ ¤¥É¥±Éμ·  ¨ ¸Ì¥³  ¨§-
³¥·¥´¨° ¥£μ μ¸´μ¢´ÒÌ Ì · ±É¥·¨¸É¨±. �´μ¤ ¨ ± Éμ¤ ¨§£μÉμ¢²¥´Ò ¨§ Ëμ²Ó£¨·μ¢ ´´μ£μ
¸É¥±²μÉ¥±¸Éμ²¨É  Éμ²Ð¨´μ° 0,2 ³³ ¢ ¢¨¤¥ ¤¨¸±μ¢, ¨³¥ÕÐ¨Ì · ¡μÎÊÕ ¶²μÐ ¤Ó ¢ · §-

�¨¸. 1. �±¸¶¥·¨³¥´É ²Ó´ Ö ¸Ì¥³  ¨¸¶ÒÉ ´¨° ¶²μ¸±μ° ± ³¥·Ò

³¥·¥ 60 ¸³2. ƒ¥·³¥É¨Î´μ¸ÉÓ ¤¥É¥±Éμ·  μ¡¥¸¶¥Î¨¢ ¥É¸Ö §  ¸Î¥É ³Ö£±μ° ¶²μ¸±μ° ·¥§¨´Ò,
· §³¥Ð¥´´μ° ¶¥·¥¤ ¸¶¥°¸¥·μ³ Éμ²Ð¨´μ° 1 ³³ ¨§ ËÉμ·μ¶² ¸É  ¤ ²¥±μ μÉ ¶·μ¢μ¤ÖÐ¥°
¶μ¢¥·Ì´μ¸É¨ Ô²¥±É·μ¤μ¢ ¢μ ¨§¡¥¦ ´¨¥ ÊÉ¥Î¥± ¨ ¶·μ¡μ¥¢.

2. �…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰

�·¥¤¢ ·¨É¥²Ó´ Ö ¶·μ¢¥·±  £¥μ³¥É·¨¨ ¸¡μ·±¨ ¨ Ô²¥±É·¨Î¥¸±μ° ¶·μÎ´μ¸É¨ ¤¥É¥±Éμ· 
μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¸ ¶μ³μÐÓÕ ³¥Éμ¤¨±¨ ¨¸¶ÒÉ ´¨Ö £ §μ· §·Ö¤´ÒÌ ¤¥É¥±Éμ·μ¢ ´  ¢μ§¤ÊÌ¥,
μ¶¨¸ ´´μ° ¢ · ¡μÉ¥ [4].
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�  ·¨¸. 2 ¶μ± § ´  ¢μ²ÓÉ- ³¶¥·´ Ö Ì · ±É¥·¨¸É¨±  É ±μ£μ ¨§³¥·¥´¨Ö. ˆ§ Ìμ¤  ±·¨-
¢μ° ¸²¥¤Ê¥É, ÎÉμ ¶·μ¡μ° ¢μ§¤ÊÏ´μ£μ ¶·μ³¥¦ÊÉ±  ´ ¸ÉÊ¶ ¥É ¶·¨ ´ ¶·Ö¦¥´¨¨ ¶¨É ´¨Ö,

�¨¸. 2. Š·¨¢ Ö ¶·μ¡μÖ ¶²μ¸±μ£μ § §μ·  ´ 
¢μ§¤ÊÌ¥

· ¢´μ³ 2,34 ±‚, ÎÉμ ¶μ²´μ¸ÉÓÕ ¸μμÉ¢¥É¸É¢Ê¥É
Ô³¶¨·¨Î¥¸±¨³ ¤ ´´Ò³ ¨ Ö¢²Ö¥É¸Ö ¸¢¨¤¥É¥²Ó-
¸É¢μ³ ¶· ¢¨²Ó´μ° £¥μ³¥É·¨¨ ¨ É¥Ì´μ²μ£¨¨
¸¡μ·±¨ ¤¥É¥±Éμ· .

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´   ³¶²¨ÉÊ¤´ Ö Ì -
· ±É¥·¨¸É¨±  ¨¸¸²¥¤Ê¥³μ° Ê§±μ§ §μ·´μ° ¶²μ¸-
±μ° ± ³¥·Ò. ‚ ± Î¥¸É¢¥ · ¡μÎ¥° £ §μ-
¢μ° ¸³¥¸¨ ¡Ò²  ¢Ò¡· ´  ¸³¥¸Ó ¨§  ·£μ´  ¨
20 % Ê£²¥±¨¸²μ£μ £ §  ¨§-§  Ê¸²μ¢¨° μ¡¥¸-
¶¥Î¥´¨Ö ³¨´¨³ ²Ó´μ£μ ¸É ·¥´¨Ö, ¢§·Ò¢μ¡¥-
§μ¶ ¸´μ¸É¨ ¨ ¤·Ê£¨Ì ¶·¨Î¨´, μ£· ´¨Î¨¢ -
ÕÐ¨Ì ¶·¨³¥´¥´¨¥ £ §μ· §·Ö¤´ÒÌ ¤¥É¥±Éμ-
·μ¢ ¶·¨ ¤²¨É¥²Ó´ÒÌ μ¡²ÊÎ¥´¨ÖÌ ¢ § ³±´Ê-
ÉÒÌ ¶·μ¸É· ´¸É¢ Ì. �  ·¨¸Ê´±¥ μÉÎ¥É²¨¢μ
¢¨¤´μ, ÎÉμ ¨³¥ÕÉ¸Ö ¤¢  É¨¶  ¨³¶Ê²Ó¸μ¢ · §-
´μ°  ³¶²¨ÉÊ¤Ò ¨ ¤²¨É¥²Ó´μ¸É¨, ¨§³¥·¥´-

´Ò¥ ´  ¢Ò¸μ±μμ³´μ³ ¢Ìμ¤¥ μ¸Í¨²²μ£· Ë . ‚Éμ·μ° ¨³¶Ê²Ó¸ § ¤¥·¦ ´ μÉ´μ¸¨É¥²Ó´μ
¶¥·¢μ£μ ´  ´¥¸±μ²Ó±μ ¸μÉ ´ ´μ¸¥±Ê´¤ ¨ Ö¢²Ö¥É¸Ö É¨¶¨Î´Ò³ ¸¨£´ ²μ³, Ì · ±É¥·-
´Ò³ ¤²Ö ‘ƒ‘-·¥¦¨³ . �¥·¢Ò° ¨³¶Ê²Ó¸ ¨³¥¥É §´ Î¨É¥²Ó´μ ³¥´ÓÏÊÕ ¤²¨É¥²Ó´μ¸ÉÓ
¨  ³¶²¨ÉÊ¤Ê, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¶·μÉ¥± ´¨Õ ² ¢¨´μμ¡· §´μ£μ É Ê´¤¸¥´¤μ¢¸±μ£μ · §-
³´μ¦¥´¨Ö Ô²¥±É·μ´μ¢ ¢ μ¡Ñ¥³¥ ¤¥É¥±Éμ·  [5]. ‚³¥¸É¥ ¸ É¥³ ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ,

�¨¸. 3. �³¶²¨ÉÊ¤´ Ö Ì · ±É¥·¨¸É¨±  ¶²μ¸±μ° ± ³¥·Ò ¶·¨ ´ ¶μ²´¥´¨¨ £ §μ¢μ° ¸³¥¸ÓÕ

�r+ 20% CO2

ÎÉμ  ³¶²¨ÉÊ¤  ¶¥·¢μ£μ ¨³¶Ê²Ó¸  ¶·¥¢ÒÏ ¥É §´ Î¥´¨Ö  ³¶²¨ÉÊ¤ μ¡ÒÎ´ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó-
´ÒÌ ¨³¶Ê²Ó¸μ¢, ±μÉμ·Ò¥ ´¥ ¢¨¤´Ò ´  ·¨¸. 3. 
² £μ¤ ·Ö ¤ ´´μ³Ê Ë ±ÉÊ ¶¥·¢Ò° ¨³¶Ê²Ó¸
¶μ²ÊÎ¨² ´ §¢ ´¨¥ precursor ¨²¨ ¶·¥¤Ï¥¸É¢¥´´¨± , ±μÉμ·Ò° ¢¸¥£¤  ¸μ¶·μ¢μ¦¤ ¥É ¶μÖ¢²¥-
´¨¥ ‘ƒ‘-¸¨£´ ² .
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3. ‚›‚�„›

1. �μ²ÊÎ¥´´Ò° ·¥§Ê²ÓÉ É ¨¸¸²¥¤μ¢ ´¨Ö £ §μ· §·Ö¤´μ£μ · §³´μ¦¥´¨Ö Ô²¥±É·μ´μ¢ ¢ Ê§-
±μ§ §μ·´μ³ ¤¥É¥±Éμ·¥ ¸ ¶²μ¸±μ° £¥μ³¥É·¨¥° Ô²¥±É·μ¤μ¢ ¶μ± §Ò¢ ¥É, ÎÉμ ¸É·¨³¥·´Ò°
·¥¦¨³ ¤μ¸É¨£ ¥É¸Ö ¶·¨ ¢Ò¶μ²´¥´¨¨ ´¥μ¡Ìμ¤¨³ÒÌ ¨ ¤μ¸É ÉμÎ´ÒÌ Ê¸²μ¢¨°, ¢Ò· ¦¥´´ÒÌ ¢
Ëμ·³Ê²¥ �¥É¥· , ¤ ¦¥ ¢ ¶·μ¸Éμ° £ §μ¢μ° ¸·¥¤¥ ¡¥§ Ê£²¥¢μ¤μ·μ¤´ÒÌ ¨ Ë·¥μ´μ¢ÒÌ ¤μ¡ ¢μ±.

2. �¡· §μ¢ ´¨¥ ¸¨£´ ²  ¢ ‘ƒ‘-·¥¦¨³¥ ¢¸¥£¤  ¸¢Ö§ ´μ ¸ ¶μÖ¢²¥´¨¥³ ¨³¶Ê²Ó¸ -¶·¥¤-
Ï¥cÉ¢¥´´¨± , ¨³¥ÕÐ¥£μ ¤μ¸É ÉμÎ´μ ¢Ò¸μ±ÊÕ  ³¶²¨ÉÊ¤Ê ¶μ ¸· ¢´¥´¨Õ ¸ ¨³¶Ê²Ó¸ ³¨
¶·μ¶μ·Í¨μ´ ²Ó´μ£μ ·¥¦¨³  ¨ ¸¢Ö§ ´´μ£μ ¸μ ¢Éμ·¨Î´μ° ² ¢¨´μ° ¢ · °μ´¥ ³ ±¸¨³ ²Ó´μ°
¶²μÉ´μ¸É¨ ¸Ê³³ ·´μ£μ μ¡Ñ¥³´μ£μ ¨ ¢´¥Ï´¥£μ ¶μ²μ¦¨É¥²Ó´μ£μ § ·Ö¤μ¢, ¢ ·¥§Ê²ÓÉ É¥ ±μÉμ-
·μ° ¶·μ¨¸Ìμ¤¨É § ³Ò± ´¨¥ ³¥¦Ô²¥±É·μ¤´μ£μ ¶·μ³¥¦ÊÉ±  §  ¸Î¥É Ê¶·Ê£μ° ¨μ´¨§ Í¨μ´´μ°
¢μ²´Ò, Ì · ±É¥·´μ° ¤²Ö ¶² §³¥´´ÒÌ ±μ²¥¡ ´¨°.

3. �ÉμÉ ·¥§Ê²ÓÉ É ³μ¦¥É ¡ÒÉÓ ¶μ²μ¦¥´ ¢ μ¸´μ¢Ê ¨´É¥·¶·¥É Í¨¨ Éμ£μ Ë ±É , ÎÉμ ÔË-
Ë¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ Î¨¸²  ¸É·¨³¥·μ¢ ¶μ μÉ´μÏ¥´¨Õ ± μ¡Ð¥³Ê Î¨¸²Ê ¨³¶Ê²Ó¸μ¢ ± ±
¸É·¨³¥·´μ£μ, É ± ¨ ² ¢¨´´μ£μ ¶·μ¶μ·Í¨μ´ ²Ó´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö ´¥ ³μ¦¥É ¶·¥¢ÒÏ ÉÓ
¢¥²¨Î¨´Ò, · ¢´μ° 50 %.

4. �·¨³¥´¥´¨¥ ¶·μ¸Éμ° £ §μ¢μ° ¸³¥¸¨ É¨¶  Ar+ 20 % CO2 ³μ¦¥É ¸É ÉÓ μ¶·¥¤¥²ÖÕÐ¨³
Ë ±Éμ·μ³ ¶·¨ ¶² ´¨·μ¢ ´¨¨ ¤²¨É¥²Ó´ÒÌ Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¢ § ³±´ÊÉμ° ¸·¥¤¥
¸ Ô±μ²μ£¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö.
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