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�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° ¢·¥³Ö ³¶²¨ÉÊ¤´ÒÌ Ì · ±É¥·¨¸É¨± Éμ´±μ¸É¥´´ÒÌ ¤·¥°-
Ëμ¢ÒÌ É·Ê¡μ± (¸É·μÊ) · §²¨Î´μ£μ ¤¨ ³¥É·  ¤²Ö £ §μ¢ÒÌ ¸³¥¸¥° ArCO2 ¸ ¤μ¡ ¢± ³¨ CF4 ¨ O2.
�μ± § ´μ ¸ÊÐ¥¸É¢¥´´μ¥ Ê³¥´ÓÏ¥´¨¥ ¢·¥³¥´¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¸É·μÊ ¶·¨ ¤μ¡ ¢±¥ CF4, μ¸μ¡¥´´μ
¸ Ê¢¥²¨Î¥´¨¥³ ¤¨ ³¥É·  ¸É·μÊ. „μ¡ ¢±  O2 ´¥§´ Î¨É¥²Ó´μ ¢²¨Ö¥É ´  ¢·¥³¥´´Ò¥ ¶ · ³¥É·Ò ¸É·μÊ.
„μ¡ ¢±¨ CF4 ¨²¨ O2, μ¡² ¤ ÕÐ¨¥ É ± ´ §Ò¢ ¥³Ò³¨ Î¨¸ÉÖÐ¨³¨ ¸¢μ°¸É¢ ³¨, ¶·¥¤¸É ¢²ÖÕÉ ¨´É¥·¥¸
¤²Ö μ¶É¨³¨§ Í¨¨ ¶ · ³¥É·μ¢ ¤¥É¥±Éμ·μ¢ ¸ ³ ²Ò³ ¢·¥³¥´¥³ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¢ Ê¸²μ¢¨ÖÌ ¢Ò¸μ±¨Ì
§ £·Ê§μ±.

Results of researches of time-amplitude characteristics of thin-walled drift tubes (straws) of various
diameter for gas mixtures ArCO2 with additives CF4 and O2 are described. Essential time of sensitivity
reduction for additive CF4 for straws is shown, especially with increase of their diameter. Additive
O2 in�uences time parameters of straws insigniˇcantly. Additive CF4 or O2, possessing the so-called
cleaning properties, is of interest for detectors with small sensitivity time in conditions of high loadings.

‚‚…„…�ˆ…

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ Ô±¸¶¥·¨³¥´É Ì ´  Ê¸±μ·¨É¥²ÖÌ ¢¸¥ Ï¨·¥ ¶·¨³¥´ÖÕÉ¸Ö ¤¥É¥±-
Éμ·Ò ´  μ¸´μ¢¥ Éμ´±μ¸É¥´´ÒÌ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ± (¸É·μÊ) ± ± ¤²Ö ¶μ²ÊÎ¥´¨Ö É·¥±μ¢μ°
¨´Ëμ·³ Í¨¨ μ § ·Ö¦¥´´ÒÌ Î ¸É¨Í Ì, É ± ¨ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢.
‚ § ¢¨¸¨³μ¸É¨ μÉ Í¥²¥° ¨ § ¤ Î ±μ´±·¥É´μ£μ Ô±¸¶¥·¨³¥´É  ´¥μ¡Ìμ¤¨³  μ¶É¨³¨§ Í¨Ö
¢·¥³Ö ³¶²¨ÉÊ¤´ÒÌ ¶ · ³¥É·μ¢ ¤¥É¥±Éμ·μ¢, μ¶·¥¤¥²Ö¥³ÒÌ ¢ §´ Î¨É¥²Ó´μ° ³¥·¥ £ §μ¢Ò³
´ ¶μ²´¥´¨¥³ ¤¥É¥±Éμ·μ¢.

–¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²Ö¥É¸Ö ¨§ÊÎ¥´¨¥ ¢²¨Ö´¨Ö ´  ÔÉ¨ Ì · ±É¥·¨¸É¨±¨ ¤μ¡ ¢μ± CF4

¨ O2 ¢ £ §μ¢ÊÕ ¸³¥¸Ó ArCO2 ¤²Ö ¸É·μÊ · §²¨Î´μ£μ ¤¨ ³¥É· , ¨¸¶μ²Ó§Ê¥³ÒÌ, ¢ Î ¸É´μ¸É¨, ¢
¸μ§¤ ¢ ¥³μ° Ê¸É ´μ¢±¥ Ô±¸¶¥·¨³¥´É  ATLAS [1] ´  LHC ¨ ¢ ¤¥°¸É¢ÊÕÐ¥³ ¸¶¥±É·μ³¥É·¥
COMPASS [2] ´  SPS ¢ –…�	.

1. “‘’���‚Š�

ˆ¸¸²¥¤μ¢ ´¨Ö ¢·¥³Ö ³¶²¨ÉÊ¤´ÒÌ Ì · ±É¥·¨¸É¨± ¸É·μÊ · §²¨Î´μ£μ ¤¨ ³¥É·  ¶·μ¢μ-
¤¨²¨¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨¸ÉμÎ´¨±μ¢ β-Ô²¥±É·μ´μ¢ 106Ru ¨ γ-±¢ ´Éμ¢ 55Fe. ‚ ¶¥·¢μ³
¸²ÊÎ ¥ ¸ ¶μ³μÐÓÕ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢ μÉ¡¨· ²¨¸Ó ¸· ¡ ÉÒ¢ ´¨Ö ¸É·μÊ μÉ ¡Ò-
¸É·ÒÌ β-Ô²¥±É·μ´μ¢. „²Ö ¨§³¥·¥´¨° ¶·¨³¥´Ö²¨¸Ó ¸É·μÊ ¤¨ ³¥É·μ³ 4; 6; 9,56 ¨ 15 ³³,
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�¨¸. 1. 
²μ±-¸Ì¥³  Ê¸É ´μ¢±¨: �“ Å ¶·¥¤¢ ·¨É¥²Ó´Ò° Ê¸¨²¨É¥²Ó; “ Å Ê¸¨²¨É¥²Ó; ” Å Ëμ·³¨-

·μ¢ É¥²Ó; ‹‡ Å ²¨´¨Ö § ¤¥·¦±¨; ‘‘ Å ¸Ì¥³  ¸μ¢¶ ¤¥´¨°

¨§£μÉμ¢²¥´´Ò¥ Éμ¦¤¥¸É¢¥´´Ò³ ¸¶μ¸μ¡μ³ ¨§ ± ¶Éμ´μ¢μ° ¶²¥´±¨ [3]. ’μ²Ð¨´  ¸É¥´μ±
¸É·μÊ ¡Ò²  μ±μ²μ 70 ³±³. ‚ ± Î¥¸É¢¥  ´μ¤  ¨¸¶μ²Ó§μ¢ ² ¸Ó §μ²μÎ¥´ Ö ¢μ²ÓË· ³μ¢ Ö
¶·μ¢μ²μ±  ¤¨ ³¥É·μ³ 30 ³±³. ‘¨£´ ²Ò ¸Î¨ÉÒ¢ ²¨¸Ó ¸  ´μ¤μ¢ ¨¸¸²¥¤Ê¥³ÒÌ ¸É·μÊ ¡Ò-
¸É·Ò³ Éμ±μ¢Ò³ Ê¸¨²¨É¥²¥³ ¸ ¢Ìμ¤´Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³ 300 �³. �μ·μ£ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨
·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·μ´¨±¨ ¸μμÉ¢¥É¸É¢μ¢ ² 750 Ô‚.

	  ·¨¸. 1 ¶·¨¢¥¤¥´  ¸Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨. ˆ¸¸²¥¤Ê¥³Ò° ¶·μÉμÉ¨¶ ¸μ-
¤¥·¦¨É ¸²μ° ¸±²¥¥´´ÒÌ ³¥¦¤Ê ¸μ¡μ° · §´ÒÌ ¸É·μÊ Å ¶μ ¤¢a ¸É·μÊ ± ¦¤μ£μ ¤¨ ³¥-
É· . �´μ¤´Ò¥ ¶·μ¢μ²μ±¨ ± ¦¤μ° ¸É·μÊ ´ Ìμ¤ÖÉ¸Ö ¢ ¥¤¨´μ° £μ·¨§μ´É ²Ó´μ° ¶²μ¸±μ¸É¨.
‚¸¥ ¸É·μÊ ¶·μ¤Ê¢ ÕÉ¸Ö ¸μ ¸±μ·μ¸ÉÓÕ 10 ²/Î £ §μ¢μ° ¸³¥¸ÓÕ, ¶μ¸ÉÊ¶ ÕÐ¥° ¢ μ¡Ð¨° ¤²Ö
´¨Ì £ §μ¢Ò° ±μ²²¥±Éμ·. �·μÉμÉ¨¶ · §³¥Ð¥´ ´ ¤ ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¸Î¥ÉÎ¨± ³¨, § -
¤ ÕÐ¨³¨ ¸É ·Éμ¢Ò¥ ¸¨£´ ²Ò ¶·¨ ¢·¥³¥´´ÒÌ ¨§³¥·¥´¨ÖÌ. 	 ¤ ¸Î¥ÉÎ¨± ³¨ Ê¸É ´μ¢²¥´
¸É¥±²μÉ¥±¸Éμ²¨Éμ¢Ò° ¶μ£²μÉ¨É¥²Ó ¸ Í¥²ÓÕ μ¡·¥§ ´¨Ö ³¥¤²¥´´μ° ¸μ¸É ¢²ÖÕÐ¥° ¶ÊÎ± 
β-Ô²¥±É·μ´μ¢. „²Ö μ¡²ÊÎ¥´¨Ö ¸É·μÊ ¶·¨ ¨§³¥·¥´¨¨ ¢·¥³¥´´ÒÌ Ì · ±É¥·¨¸É¨± ¡Ò² ¨§-
£μÉμ¢²¥´ ¸¶¥Í¨ ²Ó´Ò° Ð¥²¥¢μ° ±μ²²¨³ Éμ· ¨§ ¸¢¨´Í , μ¡¥¸¶¥Î¨¢ ÕÐ¨° ¢ ¶²μ¸±μ¸É¨
 ´μ¤´ÒÌ ¶·μ¢μ²μ± Ï¨·¨´Ê ¶ÊÎ±  ¶μ μ¸´μ¢ ´¨Õ μ±μ²μ 800 ³±³. ‘¶¥Í¨ ²Ó´μ¥ Ê¸É·μ°-
¸É¢μ ¸ ³¨±·μ³¥É·¨Î¥¸±¨³ ¢¨´Éμ³ μ¡¥¸¶¥Î¨¢ ²μ ¶¥·¥³¥Ð¥´¨¥ ±μ²²¨³ Éμ·  ¸ ÉμÎ´μ¸ÉÓÕ
¶μ§¨Í¨μ´¨·μ¢ ´¨Ö Í¥´É·  ¥£μ Ð¥²¨, · ¸¶μ²μ¦¥´´μ° ¶ · ²²¥²Ó´μ  ´μ¤´μ° ¶·μ¢μ²μ±¥, ´¥
ÌÊ¦¥ 50 ³±³.

ˆ¸¶μ²Ó§μ¢ ² ¸Ó ¸Î¨ÉÒ¢ ÕÐ Ö Ô²¥±É·μ´¨±  ¢ ¸É ´¤ ·É¥ Š�Œ�Š; ¶μ²ÊÎ ¥³Ò¥ ¤ ´´Ò¥
¶μ¸ÉÊ¶ ²¨ ´  ¶¥·¸μ´ ²Ó´Ò° ±μ³¶ÓÕÉ¥· Î¥·¥§ ±μ´É·μ²²¥· ±·¥°É  ŠŠ 012.

2. �Œ�‹ˆ’“„�›… •���Š’…�ˆ‘’ˆŠˆ

�³¶²¨ÉÊ¤´Ò¥ ¸¶¥±É·Ò ¨¸ÉμÎ´¨±  γ-±¢ ´Éμ¢ 55Fe (5,9 ±Ô‚) ´  ¨¸¸²¥¤Ê¥³ÒÌ ¸É·μÊ
¨§³¥·Ö²¨¸Ó ¶·¨ · ¢´μ³¥·´μ³ μ¡²ÊÎ¥´¨¨ ¨Ì ¶μ ¤¨ ³¥É·Ê. ‚¥²¨Î¨´   ´μ¤´μ£μ ´ ¶·Ö¦¥´¨Ö
¨¸¸²¥¤Ê¥³ÒÌ ¸É·μÊ ¶·¨ ¢¸¥Ì ÔÉ¨Ì ¨§³¥·¥´¨ÖÌ ¸μμÉ¢¥É¸É¢μ¢ ²  £ §μ¢μ³Ê Ê¸¨²¥´¨Õ G =
1,4 · 104.

	  ·¨¸. 2 ¶μ± § ´Ò · ¸Î¥É´Ò¥ §´ Î¥´¨Ö ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö E ¢
§ ¢¨¸¨³μ¸É¨ μÉ · ¸¸ÉμÖ´¨Ö ri ¤²Ö ¨¸¸²¥¤Ê¥³ÒÌ ¸É·μÊ ¸ · ¤¨Ê¸μ³ rs:

E = (1/ri)V (1 − ln (ri/ra)/ ln (rs/ra)),
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�¨¸. 2. ‡´ Î¥´¨Ö ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢¤μ²Ó · ¤¨Ê¸  ¸É·μÊ ¤¨ ³¥É·μ³ 4; 6; 9,56 ¨
15 ³³ ¤²Ö £ §μ¢μ° ¸³¥¸¨ ArCO2 (70/30). ‡´ Î¥´¨Ö  ´μ¤´μ£μ ´ ¶·Ö¦¥´¨Ö ¸μμÉ¢¥É¸É¢ÊÕÉ G = 1,4·104

¤²Ö ± ¦¤μ£μ ¸É·μÊ

£¤¥ V Å  ´μ¤´μ¥ ´ ¶·Ö¦¥´¨¥ ¸É·μÊ; ra Å · ¤¨Ê¸  ´μ¤´μ° ¶·μ¢μ²μ±¨. ‚¨¤´μ, ÎÉμ ¸
Ê¢¥²¨Î¥´¨¥³ ¤¨ ³¥É·  ¸É·μÊ ¤²Ö μ¡¥¸¶¥Î¥´¨Ö μ¤¨´ ±μ¢μ£μ §´ Î¥´¨Ö ¢¥²¨Î¨´Ò £ §μ¢μ£μ
Ê¸¨²¥´¨Ö ´¥μ¡Ìμ¤¨³μ ´¥±μÉμ·μ¥ Ê¢¥²¨Î¥´¨¥ ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö. Š·μ³¥
Éμ£μ, ¸ ¢μ§· ¸É ´¨¥³ ¤¨ ³¥É·  ¸É·μÊ Ê¢¥²¨Î¨¢ ¥É¸Ö μ¡² ¸ÉÓ ´¨§±μ° ´ ¶·Ö¦¥´´μ¸É¨. ’ ±,
¤²Ö ¸É·μÊ ¤¨ ³¥É·μ³ 4 ³³ ´ ¶·Ö¦¥´´μ¸ÉÓ ¶μ²Ö ³¥´¥¥ 100 ‚/¸³ ¨³¥¥É ³¥¸Éμ ¢¡²¨§¨
¶μ¢¥·Ì´μ¸É¨ ± Éμ¤  ´  · ¸¸ÉμÖ´¨¨ ³¥´¥¥ 3 % · ¤¨Ê¸  ¸É·μÊ. „²Ö ¸É·μÊ ¤¨ ³¥É·μ³ 15 ³³
μ¡² ¸ÉÓ ´ ¶·Ö¦¥´´μ¸É¨ ¶μ²Ö ³¥´¥¥ 100 ‚/¸³ Ê¢¥²¨Î¨¢ ¥É¸Ö ¤μ 15% · ¤¨Ê¸ .

Ha ·¨¸. 3Ä6 ¶·¨¢¥¤¥´Ò  ³¶²¨ÉÊ¤´Ò¥ ¸¶¥±É·Ò ¨¸ÉμÎ´¨±  γ-±¢ ´Éμ¢ 55Fe (5,9 ±Ô‚) ¤²Ö
¸É·μÊ ¤¨ ³¥É·μ³ 4; 6; 9,56 ¨ 15 ³³ ¶·¨ ¶·μ¤Ê¢¥ ¨Ì £ §μ¢μ° ¸³¥¸ÓÕ ArCO2 ¸ ¤μ¡ ¢± ³¨
CF4 (·¨¸. 3,   Å 6,  ) ¨ ¸ ¤μ¡ ¢± ³¨ O2 (·¨¸. 3, ¡ Å 6, ¡). “¢¥²¨Î¥´¨¥ ´  1 % ¶ ·Í¨-
 ²Ó´μ£μ ¤ ¢²¥´¨Ö CF4 ¢ £ §μ¢μ° ¸³¥¸¨ ÊÌÊ¤Ï ¥É Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ´  ¢¥²¨Î¨´Ê
μ±μ²μ 0,7 % (É ¡². 1). „μ¡ ¢±¨ ¸ μ¶·¥¤¥²¥´´Ò³ ¶ ·Í¨ ²Ó´Ò³ ¤ ¢²¥´¨¥³ CF4 ¶· ±É¨-
Î¥¸±¨ ´¥ ¢²¨ÖÕÉ ´  Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¸É·μÊ ¤¨ ³¥É·μ³ μÉ 4 ¤μ 15 ³³, Éμ£¤ 

�¨¸. 3. �³¶²¨ÉÊ¤´Ò° ¸¶¥±É· ¸É·μÊ ¤¨ ³¥É·μ³ 4 ³³ ¶·¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° 5,9 ±Ô‚.

ƒ §μ¢ Ö ¸³¥¸Ó ArCO2 ¸ ¤μ¡ ¢± ³¨ CF4 (a) ¨ O2 (¡), G = 1,4 · 104
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�¨¸. 4. �³¶²¨ÉÊ¤´Ò° ¸¶¥±É· ¸É·μÊ ¤¨ ³¥É·μ³ 6 ³³ ¶·¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° 5,9 ±Ô‚.
ƒ §μ¢ Ö ¸³¥¸Ó ArCO2 ¸ ¤μ¡ ¢± ³¨ CF4 (a) ¨ O2 (¡), G = 1,4 · 104

�¨¸. 5. �³¶²¨ÉÊ¤´Ò° ¸¶¥±É· ¸É·μÊ ¤¨ ³¥É·μ³ 9,56 ³³ ¶·¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥°

5,9 ±Ô‚. ƒ §μ¢ Ö ¸³¥¸Ó ArCO2 ¸ ¤μ¡ ¢± ³¨ CF4 (a) ¨ O2 (¡), G = 1,4 · 104

�¨¸. 6. �³¶²¨ÉÊ¤´Ò° ¸¶¥±É· ¸É·μÊ ¤¨ ³¥É·μ³ 15 ³³ ¶·¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° 5,9 ±Ô‚.

ƒ §μ¢ Ö ¸³¥¸Ó ArCO2 ¸ ¤μ¡ ¢± ³¨ CF4 (a) ¨ O2 (¡), G = 1,4 · 104

± ± ¢ ¸²ÊÎ ¥ ¸³¥¸¨ ArCO2 ¡¥§ CF4 Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¸μÌ· ´Ö¥É¸Ö ¤²Ö ¸É·μÊ
¤¨ ³¥É·μ³ ¤μ 10 ³³. „μ¡ ¢±  CF4 ´¥ μ± §Ò¢ ¥É ¢²¨Ö´¨Ö ´  ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨
± ± γ-±¢ ´Éμ¢, É ± ¨ β-Ô²¥±É·μ´μ¢.

„μ¡ ¢±  ¤μ 1,5 % �2 ¶· ±É¨Î¥¸±¨ ´¥ ¢²¨Ö¥É ´  Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¸É·μÊ
¤¨ ³¥É·μ³ 4 ³³. ‘ Ê¢¥²¨Î¥´¨¥³ ¶ ·Í¨ ²Ó´μ£μ ¤ ¢²¥´¨Ö �2 ¨/¨²¨ ¤¨ ³¥É·  ¸É·μÊ Ô´¥·£¥-
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É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ·¥§±μ ÊÌÊ¤Ï ¥É¸Ö ¨ ¶μÖ¢²Ö¥É¸Ö ´¥ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¸μ-
¡ÒÉ¨°. ‚¨¤´μ, ÎÉμ ¸É·μÊ ¤¨ ³¥É·μ³ ¤μ 10 ³³ ³μ£ÊÉ · ¡μÉ ÉÓ ¡¥§ ¶μÉ¥·¨ ÔËË¥±É¨¢´μ¸É¨
¨ ÊÌÊ¤Ï¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¶·¨ ¤μ¡ ¢±¥ ¤μ 1 % �2.

’ ¡²¨Í  1. �´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¸É·μÊ ¤¨ ³¥É·μ³ d ¶·¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¸ Ô´¥·-
£¨¥° 5,9 ±Ô‚. G = 1,4 · 104

ƒ §μ¢ Ö �·μÍ¥´É´μ¥ dE/E, %

¸³¥¸Ó ¸μ¤¥·¦ ´¨¥ d = 4 ³³ d = 6 ³³ d = 9,56 ³³ d = 15 ³³

Ar/CO2 70/30 18,6 18,8 19,2 26

Ar/CO2/CF4 63/32/5 22,5 22,5 22 25
Ar/CO2/CF4 63/27/10 26 26,4 26 27
Ar/CO2/CF4 63/17/20 33 33,5 33,6 34,5

Ar/CO2/O2 (70/30)/0,8 18 18,8 21 35,5
Ar/CO2/O2 (70/30)/1 18 19 21,3 41,3
Ar/CO2/O2 (70/30)/1,5 19,4 28 Å Å
Ar/CO2/O2 (70/30)/3 23 Å Å Å

‚ É ¡². 1 ¶·¨¢¥¤¥´Ò ¨§³¥·¥´´Ò¥ §´ Î¥´¨Ö ¢¥²¨Î¨´ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¸É·μÊ
· §²¨Î´μ£μ ¤¨ ³¥É·  ¶·¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° 5,9 ±Ô‚ ¶·¨ £ §μ¢μ³ Ê¸¨²¥´¨¨
G = 1,4 · 104.

3. ‚�…Œ…��›… •���Š’…�ˆ‘’ˆŠˆ

‚·¥³¥´´Ò¥ ¶ · ³¥É·Ò ¨§³¥·Ö²¨¸Ó ¶·¨ μ¡²ÊÎ¥´¨¨ ¸É·μÊ ¨¸ÉμÎ´¨±μ³ 106Ru ¶·¨ ´ -
¶·Ö¦¥´¨¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ £ §μ¢μ³Ê Ê¸¨²¥´¨Õ G = 105. ‘É·μÊ · §²¨Î´μ£μ ¤¨ ³¥É· 
¶·μ¤Ê¢ ²¨¸Ó £ §μ¢μ° ¸³¥¸ÓÕ ¸ · §²¨Î´Ò³ ¶ ·Í¨ ²Ó´Ò³ ¤ ¢²¥´¨¥³ CF4 ¨ O2. �·¨ ÔÉμ³
μ´¨ μ¡²ÊÎ ²¨¸Ó · ¢´μ³¥·´μ ¢¤μ²Ó ¤¨ ³¥É· . 	  ·¨¸. 7 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³μ¸É¨ ³ ±¸¨-

�¨¸. 7. Œ ±¸¨³ ²Ó´μ¥ ¢·¥³Ö ¤·¥°Ë  Ô²¥±É·μ´μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶ ·Í¨ ²Ó´μ£μ ¤ ¢²¥´¨Ö CF4 (a)
¨²¨ O2 (¡) ¢ £ §μ¢μ° ¸³¥¸¨ ArCO2 (É ¡². 2 ¨ 3): � Å ¤²Ö ¸É·μÊ ¤¨ ³¥É·μ³ 15 ³³; � Å 9,56 ³³;
� Å 6 ³³; � Å 4 ³³
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’ ¡²¨Í  2. ‚·¥³Ö ¤·¥°Ë  Ô²¥±É·μ´μ¢ Tmax ¤²Ö · §²¨Î´μ£μ ¶·μÍ¥´É´μ£μ ¸μ¤¥·¦ ´¨Ö CF4 ¢
£ §μ¢μ° ¸³¥¸¨ ArCO2CF4

‘μ¸É ¢ Tmax, ´¸

£ §μ¢μ° ¸³¥¸¨ d = 4 ³³ d = 6 ³³ d = 9,56 ³³ d = 15 ³³

ArCO2 (70/30) 38 68,4 129 309
ArCO2CF4 (63/32/5) 36,5 66,7 144 320

ArCO2CF4 (63/27/10) 36 60 119 262
ArCO2CF4 (63/17/20) 34 45 99 178

’ ¡²¨Í  3. ‚·¥³Ö ¤·¥°Ë  Ô²¥±É·μ´μ¢ Tmax ¤²Ö · §²¨Î´μ£μ ¶·μÍ¥´É´μ£μ ¸μ¤¥·¦ ´¨Ö ¤μ¡ ¢±¨
O2 ¢ £ §μ¢μ° ¸³¥¸¨ ArCO2O2,   É ±¦¥ ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ (εγ , %) ¢ ¸É·μÊ
¤¨ ³¥É·μ³ 4, 6, 9,56, 15 ³³ ¢ ¸²ÊÎ ÖÌ ´¥¶μ²´μ° ¨Ì ÔËË¥±É¨¢´μ¸É¨

‘μ¸É ¢ Tmax, ´¸, ¨ εγ , % (¢ ¸±μ¡± Ì)

£ §μ¢μ° ¸³¥¸¨ d = 4 ³³ d = 6 ³³ d = 9,56 ³³ d = 15 ³³

ArCO2 (70/30) 38 68,4 129 309

ArCO2O2 (70/30)/0,8 38,7 64,1 135 (99,7) 278,7 (78,3)
ArCO2O2 (70/30)/1 37 63,2 (99,6) 129 (89,9) 275,3 (72,6)

ArCO2O2 (70/30)/1,5 36,5 59,5 (99,4) 119,7 (70,1) 149,6 (62,6)

ArCO2O2 (70/30)/3 36 56,2 (99,3) 102,6 (66,6) 108,5 (59,6)

�¨¸. 8. ‚²¨Ö´¨¥ ¶ ·Í¨ ²Ó´μ£μ ¤ ¢²¥´¨Ö O2 ´  ¢·¥³Ö ¤·¥°Ë  Ô²¥±É·μ´μ¢ ¢ ¸É·μÊ ¤¨ ³¥É·μ³ 9,56 ³³

¶·¨ £ §μ¢μ³ Ê¸¨²¥´¨¨ G = 105

³ ²Ó´μ£μ ¢·¥³¥´¨ ¤·¥°Ë  Tmax Ô²¥±É·μ´μ¢ ¨μ´¨§ Í¨¨, · ¢´μ£μ ¢·¥³¥´¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨
¸É·μÊ, μÉ ¶ ·Í¨ ²Ó´μ£μ ¤ ¢²¥´¨Ö ¤μ¡ ¢μ±.

„μ¡ ¢±  20 % CF4 Ê³¥´ÓÏ ¥É ¢·¥³Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ´  10 % ¤²Ö ¸É·μÊ ¤¨ ³¥É·μ³
4 ³³ ¨ ´  42 % ¤²Ö ¸É·μÊ ¤¨ ³¥É·μ³ 15 ³³. „μ¡ ¢±  O2 ¶· ±É¨Î¥¸±¨ ´¥ ¢²¨Ö¥É ´  ¢·¥³Ö
ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¸É·μÊ ¶·¨ Ê¸²μ¢¨¨ ¸μÌ· ´¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨.

‡´ Î¥´¨Ö ³ ±¸¨³ ²Ó´ÒÌ ¢·¥³¥´ ¤·¥°Ë  Tmax ¢ ¸É·μÊ ¶·¨¢¥¤¥´Ò ¢ É ¡². 2 ¨ 3. ’¨-
¶¨Î´Ò¥ ¢·¥³¥´´Ò¥ ¸¶¥±É·Ò, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ · ¢´μ³¥·´μ³ μ¡²ÊÎ¥´¨¨ ¸É·μÊ, ¶μ± § ´Ò
´  ·¨¸. 8, 9.
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�¨¸. 9. ‚²¨Ö´¨¥ ¶ ·Í¨ ²Ó´μ£μ ¤ ¢²¥´¨Ö CF4 ´  ¢·¥³Ö ¤·¥°Ë  Ô²¥±É·μ´μ¢ ¤²Ö ¸É·μÊ ¤¨ ³¥É·μ³

4 ³³ (a) ¨ 9,56 ³³ (¡)

�·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸. 8 ¢·¥³¥´´Ò¥ ¸¶¥±É·Ò ¶μ± §Ò¢ ÕÉ, ÎÉμ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Éμ-
±μ¢μ£μ Ê¸¨²¨É¥²Ö ¸ ¢Ìμ¤´Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³ 300 �³ ¤μ¡ ¢±  3 % O2 ¶·¨¢μ¤¨É ± Ê³¥´Ó-
Ï¥´¨Õ ¢·¥³¥´¨ ´ · ¸É ´¨Ö ¶¥·¥¤´¥£μ Ë·μ´É  ¢·¥³¥´´ÒÌ · ¸¶·¥¤¥²¥´¨° ¢ ¸·¥¤´¥³ ¤μ
3,5 ´¸.

‚¨¤´μ, ÎÉμ ¸³¥¸Ó ¸ ¤μ¡ ¢±μ° CF4 Ö¢²Ö¥É¸Ö ¡μ²¥¥ ¡Ò¸É·Ò³ £ §μ³ (·¨¸. 9), É ± ± ± ´ -
· ¸É ´¨¥ ¶¥·¥¤´¥£μ Ë·μ´É  · ¸¶·¥¤¥²¥´¨° Ê³¥´ÓÏ ¥É¸Ö ´  7Ä8 ´¸ ¸ Ê¢¥²¨Î¥´¨¥³ ¤μ¡ ¢±¨
CF4 μÉ 0 ¤μ 20 %.

4. ‘Š���‘’œ „�…‰”�

„²Ö μÍ¥´±¨ ¢¥²¨Î¨´Ò ¸±μ·μ¸É¨ ¤·¥°Ë  ¢ · §²¨Î´ÒÌ ÉμÎ± Ì ¢¤μ²Ó · ¤¨Ê¸  ¸É·μÊ ¶·μ-
¢μ¤¨²μ¸Ó ¨Ì μ¡²ÊÎ¥´¨¥ β-¨¸ÉμÎ´¨±μ³ 106Ru Î¥·¥§ Ð¥²¥¢μ° ±μ²²¨³ Éμ·, · ¸¶μ²μ¦¥´´Ò°
¶ · ²²¥²Ó´μ  ´μ¤´Ò³ ¶·μ¢μ²μ± ³ ¶·μÉμÉ¨¶ . �¡²ÊÎ ²¨¸Ó ¸É·μÊ ¤¨ ³¥É·μ³ 6, 9,56 ¨
15 ³³, Ï¨·¨´  ¶ÊÎ±  ¶μ μ¸´μ¢ ´¨Õ ¸μ¸É ¢²Ö²  μ±μ²μ 0,8 ³³.

	  ·¨¸. 10 ¶·¨¢¥¤¥´Ò É¨¶¨Î´Ò¥ ¢·¥³¥´´Ò¥ ¸¶¥±É·Ò ¢ · §´ÒÌ ÉμÎ± Ì μ¡²ÊÎ¥´¨Ö ¶μ
· ¤¨Ê¸Ê ¸É·μÊ ¤¨ ³¥É·μ³ 9,56 ³³ ¤²Ö £ §μ¢μ° ¸³¥¸¨ ArCO2CF4 (63/17/20).

‡ ¢¨¸¨³μ¸É¨ Í¥´É·μ¢ ÉÖ¦¥¸É¨ ¢·¥³¥´´ÒÌ ¸¶¥±É·μ¢ μÉ · ¸¸ÉμÖ´¨Ö ri ³¥¦¤Ê Í¥´É·μ³
±μ²²¨³ Éμ·  ¨  ´μ¤´μ° ¶·μ¢μ²μ±μ° ¸É·μÊ ¶μ± § ´Ò ´  ·¨¸. 11. ’ ± ¦¥ ± ± ¨ ¶·¨¢¥¤¥´´Ò¥

�¨¸. 10. ˆ§³¥´¥´¨¥ ¶μ²μ¦¥´¨Ö Í¥´É·  ÉÖ¦¥-
¸É¨ ¶¨±  ¢·¥³¥´´μ£μ ¸¶¥±É·  ¶·¨ μ¡²ÊÎ¥´¨¨

¸É·μÊ ¤¨ ³¥É·μ³ 9,56 ³³ ¢ · §²¨Î´ÒÌ ÉμÎ± Ì

ri (³³)
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�¨¸. 11. ‡ ¢¨¸¨³μ¸ÉÓ Í¥´É·μ¢ ÉÖ¦¥¸É¨ ¢·¥-
³¥´´ÒÌ ¸¶¥±É·μ¢ μÉ ri ¤²Ö ¸É·μÊ ¸ d =

9,56 ³³. ƒ §μ¢Ò¥ ¸³¥¸¨: �, 1 Å ArCO2

(70/30); �, 2 Å ArCO2CF4 (63/17/20); �, 3 Å
ArCO2O2 (70/30)/3. G = 105. –¥´  ± ´ ² 

‚–� · ¢´  1,14 ´¸

´  ·¨¸. 9 ¢·¥³¥´´Ò¥ ¸¶¥±É·Ò ¸¨£´ ²μ¢ ¸É·μÊ, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¨Ì · ¢´μ³¥·´μ³ μ¡²ÊÎ¥´¨¨
¶μ ¤¨ ³¥É·Ê, ÔÉ¨ § ¢¨¸¨³μ¸É¨ £μ¢μ·ÖÉ μ ¡μ²¥¥ ¡Ò¸É·ÒÌ ¶·μÍ¥¸¸ Ì ¸¡μ·  § ·Ö¤μ¢ ¶·¨
¤μ¡ ¢²¥´¨¨ ¢ ¸μ¸É ¢ £ §μ¢μ° ¸³¥¸¨ CF4. „μ¡ ¢±  O2 (±·¨¢ Ö 2 ´  ·¨¸. 11) ´¥§´ Î¨É¥²Ó´μ
Ê¸±μ·Ö¥É ¸¡μ· § ·Ö¤μ¢ ¤²Ö ³ ²ÒÌ ¤·¥°Ëμ¢ÒÌ · ¸¸ÉμÖ´¨°, ´  ±μÉμ·ÒÌ ¥Ð¥ ´¥ ¶·μÖ¢²Ö¥É¸Ö
¶·μÍ¥¸¸ § Ì¢ É  Ô²¥±É·μ´μ¢, ¶·¨¢μ¤ÖÐ¨° ± ¡μ²ÓÏμ° ´¥ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨.

�Í¥´±  ¸·¥¤´¥° ¸±μ·μ¸É¨ ¤·¥°Ë  Ô²¥±É·μ´μ¢ ¢ ´¥±μÉμ·ÒÌ ¨´É¥·¢ ² Ì ´ ¶·Ö¦¥´´μ¸É¨
Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ΔEi ¶·¨ μ¡²ÊÎ¥´¨¨ ¸É·μÊ ¢ · §´ÒÌ ÉμÎ± Ì ¢¤μ²Ó ¨Ì ¤¨ ³¥É· 
μ¶·¥¤¥²Ö² ¸Ó ¢Ò· ¦¥´¨¥³

〈Wi〉 = (ri − ri−1)/(Mi − Mi−1),

£¤¥ ri Å · ¸¸ÉμÖ´¨¥ μÉ Í¥´É·  Ð¥²¥¢μ£μ ±μ²²¨³ Éμ·  ¤μ  ´μ¤´μ° ¶·μ¢μ²μ±¨ ¸É·μÊ;
Mi Å §´ Î¥´¨¥ § ¤¥·¦±¨ Í¥´É·  ÉÖ¦¥¸É¨ ¶¨±  ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¢·¥³¥´´μ£μ ¸¶¥±É· 
μÉ´μ¸¨É¥²Ó´μ ¸¨£´ ²  ®¸É ·É¯ ‚–�. 	  ·¨¸. 12Ä14 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ ¸·¥¤´¥° ¸±μ-
·μ¸É¨ ¤·¥°Ë  Ô²¥±É·μ´μ¢ μÉ ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¤²Ö £ §μ¢ÒÌ ¸³¥¸¥°
¸ ¤μ¡ ¢± ³¨ CF4 ¨ O2 ¶·¨ £ §μ¢μ³ Ê¸¨²¥´¨¨ G = 105. B¨¤´μ, ÎÉμ ¤²Ö ¸É·μÊ · §´μ£μ
¤¨ ³¥É·  ¶·¨ μ¤¨´ ±μ¢μ° £ §μ¢μ° ¸³¥¸¨ ¨ ¢ ®ÉμÎ± Ì¯ ¸ μ¤¨´ ±μ¢Ò³ §´ Î¥´¨¥³ E ¸·¥¤´¨¥
§´ Î¥´¨Ö ¸±μ·μ¸É¨ ¤·¥°Ë  Ô²¥±É·μ´μ¢ · ¢´Ò Éμ²Ó±μ ¢ μ¡² ¸É¨ ¢Ò¸μ±μ° ´ ¶·Ö¦¥´´μ¸É¨,

�¨¸. 12. ‡ ¢¨¸¨³μ¸É¨ ¸·¥¤´¥° ¸±μ-

·μ¸É¨ ¤·¥°Ë  Ô²¥±É·μ´μ¢ μÉ ´ ¶·Ö-
¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö E ¢

¸É·μÊ ¤¨ ³¥É·μ³ 6 ¨ 9,56 ³³. ƒ §μ¢ Ö

¸³¥¸Ó ArCO2O2 (70/30)/3, G = 105
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�¨¸. 13. ‡ ¢¨¸¨³μ¸É¨ ¸·¥¤´¥° ¸±μ·μ-

¸É¨ ¤·¥°Ë  Ô²¥±É·μ´μ¢ μÉ ´ ¶·Ö¦¥´´μ¸É¨

Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö E ¢ ¸É·μÊ ¤¨ ³¥É·μ³
6; 9,56 ¨ 15 ³³. ƒ §μ¢ Ö ¸³¥¸Ó ArCO2CF4

(63/17/20), G = 105

�¨¸. 14. ‡ ¢¨¸¨³μ¸É¨ ¸·¥¤´¥° ¸±μ·μ-
¸É¨ ¤·¥°Ë  Ô²¥±É·μ´μ¢ μÉ ´ ¶·Ö¦¥´´μ¸É¨

Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö E ¢ ¸É·μÊ ¤¨ ³¥É·μ³

6, 9,56 ¨ 15 ³³. ƒ §μ¢ Ö ¸³¥¸Ó ArCO2

(70/30), G = 105

± ± ·¥§Ê²ÓÉ É Éμ£μ, ÎÉμ ¸±μ·μ¸ÉÓ ¤·¥°Ë  Ô²¥±É·μ´μ¢ W ¶·μ¶μ·Í¨μ´ ²Ó´  ´ ¶·Ö¦¥´´μ¸É¨
Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¢Ò· ¦¥´¨¥³ [4]

W ∼ (E/P )b, £¤¥ 1/2 < b < 1.

‚ μ¡² ¸É¨ ¢Ò¸μ±μ° ´ ¶·Ö¦¥´´μ¸É¨ ¶μ²Ö b ∼ 1/2, ¨ ¢ μ¡² ¸É¨ ´¨§±μ° ´ ¶·Ö¦¥´´μ¸É¨
¶μ²Ö b ¶·¨¡²¨¦ ¥É¸Ö ± 1.

‡�Š‹
—…�ˆ…

ˆ¸¸²¥¤μ¢ ´¨¥ ¢·¥³Ö ³¶²¨ÉÊ¤´ÒÌ Ì · ±É¥·¨¸É¨± ¸É·μÊ ¤¨ ³¥É·μ³ ¤μ 15 ³³ ¤²Ö ¸³¥¸¨
ArCO2 c ¤μ¡ ¢± ³¨ CF4 ¨ O2 ¶μ± § ²μ, ÎÉμ ¤μ¡ ¢±  CF4 Ê³¥´ÓÏ ¥É ¢·¥³Ö ÎÊ¢¸É¢¨É¥²Ó´μ-
¸É¨ ¢¸¥Ì ¸É·μÊ ¶·¨ ¸μÌ· ´¥´¨¨ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨, ´μ ¸ ´¥±μÉμ·Ò³ ÊÌÊ¤Ï¥´¨¥³
Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö.

„μ¡ ¢±  O2 � 1 % ´¥§´ Î¨É¥²Ó´μ Ê³¥´ÓÏ ¥É ¢·¥³Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¸É·μÊ ¤¨ ³¥É·μ³
¤μ 10 ³³, ´¥ ¢²¨ÖÖ ¶·¨ ÔÉμ³ ´  Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¨ ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨.
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„²Ö 15-³³ ¸É·μÊ ¤μ¡ ¢±  0,8% O2 ¸´¨¦ ¥É ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¶·¨¡²¨§¨É¥²Ó´μ
´  20 %. „μ¡ ¢±  O2 ¤μ 3 % ¢μ§³μ¦´  Éμ²Ó±μ ¶·¨ · ¡μÉ¥ ¸μ ¸É·μÊ ¤¨ ³¥É·μ³ ´¥ ¡μ²¥¥
4 ³³ ¸ ´¥§´ Î¨É¥²Ó´Ò³ ÊÌÊ¤Ï¥´¨¥³ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö.

„²Ö ¶μ²ÊÎ¥´¨Ö ¢Ò¸μ±μ£μ ¶·μ¸É· ´¸É¢¥´´μ£μ · §·¥Ï¥´¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸É·μÊ · §-
²¨Î´μ£μ ¤¨ ³¥É·  ´¥μ¡Ìμ¤¨³μ μ¶·¥¤¥²ÖÉÓ ±μ··¥²ÖÍ¨μ´´Ò¥ ¢·¥³Ö±μμ·¤¨´ É´Ò¥ ±μÔËË¨-
Í¨¥´ÉÒ ¤²Ö ¸É·μÊ ± ¦¤μ£μ ¤¨ ³¥É·  ´¥§ ¢¨¸¨³μ.
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