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‘Ì¥³  ¸μ£² ¸μ¢ ´¨Ö ¨³¶¥¤ ´¸μ¢ ¤·¥°Ëμ¢μ° ¸É·μÊ-É·Ê¡±¨ ¨ Ê¸¨²¨É¥²Ö ¢²¨Ö¥É ± ± ´   ³¶²¨ÉÊ¤Ê
¸¨£´ ² , É ± ¨ ´  ¢¥²¨Î¨´Ê ÏÊ³  Ê¸¨²¨É¥²Ö, ÎÉμ ¢ ¨Éμ£¥ μ¶·¥¤¥²Ö¥É ±μμ·¤¨´ É´μ¥ · §·¥Ï¥´¨¥
¤¥É¥±Éμ· , ³¨´¨³ ²Ó´ÊÕ ¢¥²¨Î¨´Ê ¶μ·μ£  ¨ ³¨´¨³ ²Ó´μ¥ £ §μ¢μ¥ Ê¸¨²¥´¨¥ ¤¥É¥±Éμ· , ´¥μ¡Ìμ¤¨³μ¥
¤²Ö ÔËË¥±É¨¢´μ° ·¥£¨¸É· Í¨¨ ¸¨£´ ² . ˆ¸¸²¥¤μ¢ ´μ ¶ÖÉÓ ¸Ì¥³ ¸μ£² ¸μ¢ ´¨Ö Ê¸¨²¨É¥²Ö ¨ ¸É·μÊ-
É·Ê¡±¨ ¤²¨´μ° 2,5 ³. �μ± § ´μ, ÎÉμ ¸ ¶· ±É¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö ¸¶μ¸μ¡ ¸μ£² ¸μ¢ ´¨Ö ¸É·μÊ-É·Ê¡±¨
¸ Ê¸¨²¨É¥²¥³ ¸ ¶μ³μÐÓÕ ·¥§¨¸Éμ·  ¶·¨ μÉ¸ÊÉ¸É¢¨¨ ¸μ£² ¸μ¢ ´¨Ö ´  ¤ ²Ó´¥³ ±μ´Í¥ ¸É·μÊ-É·Ê¡±¨
¶·¨¥³²¥³. ‚ ÔÉμ³ ¸²ÊÎ ¥ Ô±¢¨¢ ²¥´É´Ò° ÏÊ³μ¢μ° § ·Ö¤ Ê¸¨²¨É¥²Ö · ¢¥´ ENC = 4000−5000
Ô²¥±É·μ´μ¢ ¶·¨ C¤¥É = 20−30 ¶”.

A choice of schematics for impedance matching of the straw drift tube and ampliˇer impacts both
the signal and noise. Optimal straw-ampliˇer impedance matching is important for a good straw spatial
resolution and track registration efˇciency with a minimal electronic threshold and gas gain. Five
schemes of impedance matching were tested with the straw L = 2.5 m. The results have shown that
simple straw-ampliˇer impedance matching by the resistor and non-matching at the furthest straw end
is useful. In this case the ampliˇer equivalent noise charge is in the range ENC = 4000−5000 e− at
Cdet = 20−30 pF.

PACS: 07.50.Qx; 07.77.Ka; 29.40.Cs; 29.40.Gx; 84.30.Le; 84.37.+q
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„²Ö ¸μ¢·¥³¥´´ÒÌ ®É·¥±¥·μ¢¯ Å ±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¨¸-
¶μ²Ó§Ê¥³ÒÌ ¢ Ë¨§¨±¥ ¢Ò¸μ±¨Ì Ô´¥·£¨°, É·¥¡Ê¥É¸Ö ¶·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ ¶μ·Ö¤± 
100 ³±³. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤²Ö ¸μ§¤ ´¨Ö É·¥±¥·μ¢ Ï¨·μ±μ ¨¸¶μ²Ó§ÊÕÉ¸Ö Éμ´±μ¸É¥´-
´Ò¥ ¤·¥°Ëμ¢Ò¥ ¸É·μÊ-É·Ê¡±¨ (straw tubes). „²Ö ¶μ²ÊÎ¥´¨Ö É ±μ£μ ¢Ò¸μ±μ£μ · §·¥Ï¥´¨Ö
´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ³´μ£μ · §²¨Î´ÒÌ Ë ±Éμ·μ¢, ¢ Éμ³ Î¨¸²¥ ± Î¥¸É¢μ ¸μ£² ¸μ¢ ´¨Ö
¨³¶¥¤ ´¸μ¢ ¤·¥°Ëμ¢μ° ¸É·μÊ-É·Ê¡±¨ ¨ Ê¸¨²¨É¥²Ö. ‚Ò¡μ· ¸Ì¥³Ò ¸μ£² ¸μ¢ ´¨Ö ¢²¨Ö¥É ± ±
´  ¢¥²¨Î¨´Ê ¸¨£´ ² , É ± ¨ ´  ¢¥²¨Î¨´Ê ÏÊ³ , ¸μμÉ¢¥É¸É¢¥´´μ, μ¶·¥¤¥²Ö¥É ¶·μ¸É· ´¸É¢¥´-
´μ¥ · §·¥Ï¥´¨¥ ¤¥É¥±Éμ·  ¨ ·¥¦¨³ ¥£μ · ¡μÉÒ: ³¨´¨³ ²Ó´Ò° · ¡μÎ¨° ¶μ·μ£, ³¨´¨³ ²Ó-
´μ¥ £ §μ¢μ¥ Ê¸¨²¥´¨¥ ¨ · ¡μÎ¥¥ ´ ¶·Ö¦¥´¨¥ ¤¥É¥±Éμ· , ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö ÔËË¥±É¨¢´μ°
·¥£¨¸É· Í¨¨ ¸¨£´ ² .

�μ± ¦¥³ ÔÉμ ´  ±μ´±·¥É´μ³ ¶·¨³¥·¥ Éμ´±μ¸É¥´´ÒÌ ¤·¥°Ëμ¢ÒÌ ¸É·μÊ-É·Ê¡μ± ¸ ¤¨ -
³¥É·μ³ ± Éμ¤μ¢ 10 ³³, ¤¨ ³¥É·μ³  ´μ¤´ÒÌ ¶·μ¢μ²μÎ¥± 30 ³±³ ¨ ¤²¨´μ° É·Ê¡μ± 2,5 ³.
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‘É·μÊ-É·Ê¡±  ¤μ²¦´  · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ¤²¨´´ Ö ²¨´¨Ö ¸ · ¸¶·¥¤¥²¥´´Ò³¨ ¶ · ³¥-
É· ³¨ L, C (L = 1,2 ³±ƒ´/³, C = 9,5 ¶”/³), ¶·¨Î¥³ ¨³¥ÕÐ Ö ¤μ¢μ²Ó´μ ¢Ò¸μ±μ¥ Ì · ±-
É¥·¨¸É¨Î¥¸±μ¥ ¸μ¶·μÉ¨¢²¥´¨¥, Rc ∼ 350 �³. „²Ö ¶·¥¤μÉ¢· Ð¥´¨Ö ¨¸± ¦¥´¨Ö ¸¨£´ ²μ¢ ¢
²¨´¨¨ ´¥μ¡Ìμ¤¨³μ ¸μ£² ¸μ¢ ´¨¥ ¨³¶¥¤ ´¸μ¢ ´ £·Ê§±¨ ¸ Ì · ±É¥·¨¸É¨Î¥¸±¨³ ¸μ¶·μÉ¨¢²¥-
´¨¥³ É·Ê¡±¨ ± ± ´  ¡²¨¦´¥³ (¸μ ¸Éμ·μ´Ò Ê¸¨²¨É¥²Ö), É ± ¨ ´  ¤ ²Ó´¥³ ±μ´Í¥. ‚Ò¸μ±μ¥
¶μ£μ´´μ¥ ¸μ¶·μÉ¨¢²¥´¨¥ Éμ´±μ°  ´μ¤´μ° ¶·μ¢μ²μÎ±¨ (¢μ²ÓË· ³), · ¢´μ¥ ∼ 120 �³/³,
¶·¨¢μ¤¨É ± Î ¸ÉμÉ´μ° § ¢¨¸¨³μ¸É¨ ¨³¶¥¤ ´¸  ¤²¨´´μ° ²¨´¨¨, ÎÉμ § É·Ê¤´Ö¥É ¸μ£² ¸μ¢ -
´¨¥, ¶·¨¢μ¤¨É ± ¶μÉ¥·Ö³ ¸¨£´ ² , § ¢¨¸ÖÐ¨³ μÉ ±μμ·¤¨´ ÉÒ,   É ±¦¥ §´ Î¨É¥²Ó´μ Ê¢¥-
²¨Î¨¢ ¥É Ô²¥±É·¨Î¥¸±¨¥ ÏÊ³Ò. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶μ± § ´μ, ÎÉμ Ô²¥±É·¨Î¥¸±¨¥ ÏÊ³Ò
¨§-§  μÉ· ¦¥´¨Ö μÉ ±μ´Íμ¢ ¤²¨´´μ° ²¨´¨¨ Ê¢¥²¨Î¨¢ ÕÉ Ô±¢¨¢ ²¥´É´Ò° ÏÊ³μ¢μ° § -
·Ö¤, ¶·¨Î¥³ ¸ÊÐ¥¸É¢¥´´μ ¶·¨ ´¥¶μ²´μ³ ¸μ£² ¸μ¢ ´¨¨ ¨³¶¥¤ ´¸μ¢ ¸μ ¸Éμ·μ´Ò Ê¸¨²¨É¥²Ö.
� ¨²ÊÎÏ¨³ Ö¢²Ö¥É¸Ö ¸¶μ¸μ¡ ¸μ£² ¸μ¢ ´¨Ö ¨³¶¥¤ ´¸μ¢ ´ £·Ê§±¨ ¨ ¸É·μÊ-É·Ê¡±¨ ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³  ±É¨¢´μ£μ Ô²¥³¥´É  (É· ´§¨¸Éμ· ), É ± ´ §Ò¢ ¥³μ¥ ®Ìμ²μ¤´μ¥¯ ¸μ£² ¸μ¢ ´¨¥.
Š ± ¶μ± § ´μ ¢ · ¡μÉ¥, ¸μ£² ¸μ¢ ´¨¥ ¨³¶¥¤ ´¸μ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥§¨¸Éμ· , ¨²¨ ®£μ-
·ÖÎ¥¥¯ ¸μ£² ¸μ¢ ´¨¥ ¸μ ¸Éμ·μ´Ò Ê¸¨²¨É¥²Ö, ¶·¨ · §μ³±´ÊÉμ³ ¤ ²Ó´¥³ ±μ´Í¥ ¸É·μÊ-É·Ê¡±¨
(μ¡·Ò¢ ²¨´¨¨) ´¥§´ Î¨É¥²Ó´μ Ê¢¥²¨Î¨¢ ¥É Ô±¢¨¢ ²¥´É´Ò° ÏÊ³μ¢μ° § ·Ö¤ ¶μ ¸· ¢´¥´¨Õ
¸ Ìμ²μ¤´Ò³ ¸μ£² ¸μ¢ ´¨¥³, ÎÉμ Ê¶·μÐ ¥É ¸Ì¥³Ê ¸μ£² ¸μ¢ ´¨Ö.
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‚ ¸μ¢·¥³¥´´ÒÌ É·¥±¥· Ì, ¢Ò¶μ²´¥´´ÒÌ ´  ¤·¥°Ëμ¢ÒÌ ¸É·μÊ-É·Ê¡± Ì, Î¨¸²μ ± ´ -
²μ¢ ¤μ¸É¨£ ¥É ´¥¸±μ²Ó±¨Ì ÉÒ¸ÖÎ, ¢³¥¸É¥ ¸ É¥³ μÉ¸ÊÉ¸É¢ÊÕÉ ³¨±·μ¸Ì¥³Ò, ¸¶¥Í¨ ²Ó´μ
· §· ¡μÉ ´´Ò¥ ¤²Ö ¸É·μÊ-É·Ê¡μ±. ‚ · ¡μÉ¥ ¢Ò¶μ²´¥´Ò ¨§³¥·¥´¨Ö Ô±¢¨¢ ²¥´É´μ£μ ÏÊ³μ-
¢μ£μ § ·Ö¤  ¨ μ¡¸Ê¦¤ ÕÉ¸Ö · §²¨Î´Ò¥ ¸¶μ¸μ¡Ò ¶μ¤±²ÕÎ¥´¨Ö ¸É·μÊ-É·Ê¡±¨ ± ³¨±·μ¸Ì¥³¥
CARIOC� [1, 2]. ˆ´É¥£· ²Ó´ Ö ³¨±·μ¸Ì¥³  CARIOCA, · §· ¡μÉ ´´ Ö ¤²Ö ³´μ£μ¶·μ¢μ-
²μÎ´ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥· (Œ�Š), ¨³¥¥É μÉ´μ¸¨É¥²Ó´μ ´¨§±μ¥ ¢Ìμ¤´μ¥ ¸μ¶·μ-
É¨¢²¥´¨¥, Ra = 50 �³. �Éμ 8-± ´ ²Ó´ Ö ¸Ì¥³ , ± ¦¤Ò° ± ´ ² ±μÉμ·μ° ¸μ¤¥·¦¨É ´ 
¢Ìμ¤¥ § ·Ö¤μÎÊ¢¸É¢¨É¥²Ó´Ò° ¶·¥¤Ê¸¨²¨É¥²Ó (μ¤¨´ ¶·¥¤Ê¸¨²¨É¥²Ó Å · ¡μÎ¨°, ¢Éμ·μ° Å
®¶² ¢ ÕÐ¨°¯) ¤²Ö μ¡²¥£Î¥´¨Ö ¶μ¤±²ÕÎ¥´¨Ö ¶μ ¶μ¸ÉμÖ´´μ³Ê Éμ±Ê ± ¶μ¸²¥¤ÊÕÐ¨³ ¤¨ËË¥-
·¥´Í¨ ²Ó´Ò³ ± ¸± ¤ ³; ¤ ²¥¥ ¸²¥¤ÊÕÉ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ± ¸± ¤Ò μ¸´μ¢´μ£μ Ê¸¨²¨É¥²Ö-
Ëμ·³¨·μ¢ É¥²Ö, ¢μ¸¸É ´μ¢¨É¥²Ö ¡ §μ¢μ£μ Ê·μ¢´Ö, ¤¨¸±·¨³¨´ Éμ·  ¨ LVDS-¤· °¢¥·  ´ 
¢ÒÌμ¤¥ ³¨±·μ¸Ì¥³Ò. �  ·¨¸. 1 ¶·¨¢¥¤¥´  ¡²μ±-¸Ì¥³  μ¤´μ£μ ± ´ ² ,   ´  ·¨¸. 2 Å ¶·¨´-
Í¨¶¨ ²Ó´ Ö ¸Ì¥³  ¨´É¥£·¨·ÊÕÐ¥£μ ¶·¥¤Ê¸¨²¨É¥²Ö ³¨±·μ¸Ì¥³Ò CARIOC�.

�·¥¤Ê¸¨²¨É¥²Ó ¨´É¥£·¨·Ê¥É ¨³¶Ê²Ó¸´Ò° Éμ± ¤¥É¥±Éμ· , ¶·¥μ¡· §ÊÖ § ·Ö¤ ¢ ¨³¶Ê²Ó¸
´ ¶·Ö¦¥´¨Ö ´  ¢Ìμ¤¥ μ¸´μ¢´μ£μ Ê¸¨²¨É¥²Ö. “¸¨²¨É¥²Ó-Ëμ·³¨·μ¢ É¥²Ó (Ë¨²ÓÉ·) μ¡¥¸¶¥-
Î¨¢ ¥É ¤¨ËË¥·¥´Í¨·μ¢ ´¨¥ ¶μ¸ÉÊ¶¨¢Ï¥£μ ¸¨£´ ² , ¶·¨ ÔÉμ³ ¤μ¶μ²´¨É¥²Ó´μ ±μ³¶¥´¸¨-
·Ê¥É ¤²¨´´Ò° ®Ì¢μ¸É¯ ¢Ìμ¤´μ£μ ¸¨£´ ² , ¢Ò§¢ ´´Ò° ¤·¥°Ëμ³ ¶μ²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢ ¢
£ §¥ (±μ³¶¥´¸ Í¨Ö ¶μ²Õ¸  ´Ê²¥³), ÎÉμ μ¡¥¸¶¥Î¨¢ ¥É ¡²¨§±μ¥ ± CR−RC2 Ëμ·³¨·μ¢ -
´¨¥ ±μ·μÉ±μ£μ ¨³¶Ê²Ó¸  ¸ ¶¨±μ¢Ò³ ¢·¥³¥´¥³ ∼ 12 ´¸. ’ ±μ¥ Ëμ·³¨·μ¢ ´¨¥ É·¥¡Ê¥É¸Ö
¤²Ö · ¡μÉÒ ¶·¨ ¢Ò¸μ±¨Ì § £·Ê§± Ì ¶μ·Ö¤±  1 ŒƒÍ/± ´ ². �É  μ¸μ¡¥´´μ¸ÉÓ ¸Ì¥³Ò ¨¸-
±²ÕÎ¨É¥²Ó´μ ¢ ¦´  ¤²Ö É·¥±¥·μ¢ ´  ¸É·μÊ-É·Ê¡± Ì, É ± ± ± Ë¨§¨±  · §¢¨É¨Ö ¸¨£´ ²  ¢
¸É·μÊ-É·Ê¡±¥ μ¤¨´ ±μ¢ Ö ¸ Œ�Š,   § £·Ê§±  ´  É·Ê¡±Ê ¤μ¸É¨£ ¥É ¢¥²¨Î¨´ ¶μ·Ö¤±  1 ŒƒÍ.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨§³¥·Ö²¸Ö Ô±¢¨¢ ²¥´É´Ò° ÏÊ³μ¢μ° § ·Ö¤, μ¡μ§´ Î ¥³Ò° ´¨¦¥
¸μ±· Ð¥´´μ ENC (Equivalent Noise Charge), ¤²Ö ¶ÖÉ¨ ¢ ·¨ ´Éμ¢ ¸μ£² ¸μ¢ ´¨Ö ¨³¶¥¤ ´¸μ¢
¸É·μÊ-É·Ê¡±¨ ¨ Ê¸¨²¨É¥²Ö:
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�¨¸. 1. 	²μ±-¸Ì¥³  μ¤´μ£μ ± ´ ²  8-± ´ ²Ó´μ° ³¨±·μ¸Ì¥³Ò CARIOCA

�¨¸. 2. ‘Ì¥³  ¶·¥¤Ê¸¨²¨É¥²Ö ³¨±·μ¸Ì¥³Ò CARIOC� ¤²Ö ¸¨£´ ²  μÉ·¨Í É¥²Ó´μ° ¶μ²Ö·´μ¸É¨

Å ¸Ì¥³  ¸ ¶·Ö³Ò³ ¶μ¤±²ÕÎ¥´¨¥³ ¸É·μÊ-É·Ê¡±¨ ± ³¨±·μ¸Ì¥³¥ CARIOC� ¶·¨ £μ·ÖÎ¥³
¸μ£² ¸μ¢ ´¨¨ É·Ê¡±¨ ´  ¤ ²Ó´¥³ ±μ´Í¥;

Å ¸Ì¥³  ¸ £μ·ÖÎ¨³ ¸μ£² ¸μ¢ ´¨¥³ ´  μ¡μ¨Ì ±μ´Í Ì É·Ê¡±¨;
Å ¸Ì¥³  ¸ Ìμ²μ¤´Ò³ ¸μ£² ¸μ¢ ´¨¥³ ¸μ ¸Éμ·μ´Ò Ê¸¨²¨É¥²Ö ¨ £μ·ÖÎ¨³ ¸μ£² ¸μ¢ ´¨¥³

É·Ê¡±¨ ´  ¤ ²Ó´¥³ ±μ´Í¥;
Å ¸Ì¥³Ò ¸ μ¡·Ò¢μ³ ²¨´¨¨ ´  ¤ ²Ó´¥³ ±μ´Í¥ ¶·¨ £μ·ÖÎ¥³ ¸μ£² ¸μ¢ ´¨¨ ¸μ ¸Éμ·μ´Ò

Ê¸¨²¨É¥²Ö;
Å ¸Ì¥³Ò ¸ μ¡·Ò¢μ³ ²¨´¨¨ ´  ¤ ²Ó´¥³ ±μ´Í¥ ¶·¨ Ìμ²μ¤´μ³ ¸μ£² ¸μ¢ ´¨¨ ¸μ ¸Éμ·μ´Ò

Ê¸¨²¨É¥²Ö.
‚ ² ¡μ· Éμ·´ÒÌ ¨§³¥·¥´¨ÖÌ ¸μ¢³¥¸É´μ ¸ ¤·¥°Ëμ¢Ò³¨ É·Ê¡± ³¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó 16-

± ´ ²Ó´ Ö ¶² É  CARDIAC, § ¨³¸É¢μ¢ ´´ Ö ¨§ [3], ´  ±μÉμ·μ° ¸³μ´É¨·μ¢ ´Ò ¤¢¥ ³¨±·μ-
¸Ì¥³Ò CARIOC� ¨ μ¤´  Ê¶· ¢²ÖÕÐ Ö ³¨±·μ¸Ì¥³  DIALOG. “¶· ¢²ÖÕÐ Ö ³¨±·μ¸Ì¥³ 
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DIALOG μ¡¥¸¶¥Î¨¢ ¥É ¸É ´¤ ·É¨§ Í¨Õ ¨³¶Ê²Ó¸  ¶μ ¤²¨É¥²Ó´μ¸É¨ ¸ ·¥£Ê²¨·Ê¥³μ° § -
¤¥·¦±μ°,   É ±¦¥ § ¤ ¥É ¤²Ö ³¨±·μ¸Ì¥³Ò CARIOCA ¶μ·μ£¨, ¶·¨Î¥³ · §¤¥²Ó´μ ¢ ± ¦¤μ³
± ´ ²¥. �μ¸²¥¤´¥¥ ¢Ò§¢ ´μ ¨³¥ÕÐ¨³¸Ö Ê ³¨±·μ¸Ì¥³Ò CARIOCA, ¶·¨Î¥³ §´ Î¨É¥²Ó´Ò³,
· §¡·μ¸μ³ μÉ ± ´ ²  ± ± ´ ²Ê ¶μ²μ¦¥´¨Ö ¡ §μ¢μ° ²¨´¨¨ ´  ¢Ìμ¤¥ ¤¨¸±·¨³¨´ Éμ· . Œ¨-
±·μ¸Ì¥³  DIALOG ¶μ§¢μ²Ö¥É ¢Ò¶μ²´¨ÉÓ ¸Î¥É ¨³¶Ê²Ó¸μ¢ ¢ ± ¦¤μ³ ± ´ ²¥ ¢ § ¤ ´´μ³
¨´É¥·¢ ²¥ ¢·¥³¥´¨, ´ ¶·¨³¥·, 1 ¸. �É  ËÊ´±Í¨μ´ ²Ó´ Ö μ¸μ¡¥´´μ¸ÉÓ ¡Ò²  ¶·¥¤²μ¦¥´  ¢
· ¡μÉ¥ [4] ¤²Ö ¢¸É· ¨¢ ´¨Ö ¢ ³¨±·μ¸Ì¥³Ê ¸ Í¥²ÓÕ ·¥±μ´¸É·Ê±Í¨¨ ÏÊ³μ¢μ£μ · ¸¶·¥¤¥²¥-
´¨Ö, É. ¥. ¨§³¥·¥´¨Ö Ô±¢¨¢ ²¥´É´μ£μ ÏÊ³μ¢μ£μ § ·Ö¤ . Š·μ³¥ ÔÉμ° 16-± ´ ²Ó´μ° ¶² ÉÒ,
¢ · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤¢¥ 8-± ´ ²Ó´Ò¥ ¶² ÉÒ ¸μ¡¸É¢¥´´μ° · §· ¡μÉ±¨: CARIOC� hot
¨ CARIOC� cold ¤²Ö ¢Ò¶μ²´¥´¨Ö ÏÊ³μ¢ÒÌ ¨§³¥·¥´¨°, ´μ É ±¦¥ ¤²Ö ¶ÊÎ±μ¢ÒÌ É¥¸Éμ¢ ¸
Í¥²ÓÕ ¨§³¥·¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ · §·¥Ï¥´¨Ö ¨ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ Î ¸É¨Í
¸É·μÊ-É·Ê¡±μ°.

ˆ§¢¥¸É´Ò¥ ¶Ê¡²¨± Í¨¨ ¶μ ³¨±·μ¸Ì¥³¥ CARIOC� ´¥¶μ²´Ò¥ ¨ ¶·μÉ¨¢μ·¥Î¨¢Ò¥ [1].
�μ ÔÉμ° ¶·¨Î¨´¥ ¶·¥¦¤¥ ¢¸¥£μ ´¥μ¡Ìμ¤¨³μ ¡Ò²μ ¨§³¥·¨ÉÓ § ·Ö¤μ¢ÊÕ ÎÊ¢¸É¢¨É¥²Ó-

´μ¸ÉÓ ¨ μÍ¥´¨ÉÓ ÏÊ³μ¢Ò¥ ¶ · ³¥É·Ò Ê¸¨²¨É¥²Ö. �μ¸²¥¤´¥¥ ¢Ò¶μ²´¥´μ Ë¨É¨·μ¢ ´¨¥³
¨§³¥·¥´´μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ Ê¸¨²¨É¥²Ö μÉ ¥³±μ¸É¨ ¤¥É¥±Éμ·  ¸ ¶μ³μÐÓÕ Ëμ·³Ê²Ò (1).
�μ ·¥§Ê²ÓÉ É ³ Ë¨É¨·μ¢ ´¨Ö ´ °¤¥´Ò ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¶·¨ ´Ê²¥¢μ° ¥³±μ¸É¨ ¤¥É¥±Éμ· ,
S(0) = 18 ³‚/ËŠ², ¨ ±μÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö ¶μ ´ ¶·Ö¦¥´¨Õ, A = 2700:

S(0) =
1

Cf
, S(C¤¥É + C¢Ì) =

1
Cf

(
1 +

C¤¥É + C¢Ì

ACf

)−1

. (1)

�μ² £ Ö A ≈ gm1Rf , ³μ¦´μ ´ °É¨ ÔËË¥±É¨¢´μ¥ ¸μ¶·μÉ¨¢²¥´¨¥ Rf ¢ Í¥¶¨ μ¡· É-
´μ° ¸¢Ö§¨ ¨´É¥£· Éμ·  (·¨¸. 3) ¶·¨ ¨§¢¥¸É´μ°, ¢§ÖÉμ° ¨§ [1], ±·ÊÉ¨§´¥ ¶¥·¢μ£μ É· ´-
§¨¸Éμ·  ³¨±·μ¸Ì¥³Ò CARIOCA gm1 = 30 ³�/‚. �Éμ ¶μ§¢μ²¨²μ μ¶·¥¤¥²¨ÉÓ ¨¸±μ³Ò¥
¶ · ³¥É·Ò ÏÊ³ : in =

√
4kT/Rp Î¥·¥§ Rp = Rf = 90 ±�³ ¨ en =

√
4 kTR s Î¥·¥§

Rs = 28 �³.
„²Ö ¨§³¥·¥´¨Ö ENC ¢ ¥¤¨´¨Í Ì § ·Ö¤ , ËŠ² ¨ Ô²¥±É·μ´ Ì, ¨ ¸· ¢´¥´¨Ö ·¥§Ê²ÓÉ -

Éμ¢ ¸ · ¸Î¥Éμ³ ¡Ò²  ¶·μ¨§¢¥¤¥´  ± ²¨¡·μ¢±  ¶μ·μ£μ¢ ¤¨¸±·¨³¨´ Éμ· , ¢Ò¸É ¢²Ö¥³ÒÌ ´ 
¶· ±É¨±¥, ± ± ¶· ¢¨²μ, ¢ ¥¤¨´¨Í Ì ´ ¶·Ö¦¥´¨Ö, ³‚. �  ·¨¸. 4 ¶·¨¢¥¤¥´  ¸Ì¥³ , ¨¸-
¶μ²Ó§μ¢ ´´ Ö ¤²Ö ¨§³¥·¥´¨Ö § ·Ö¤μ¢μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ³¨±·μ¸Ì¥³Ò CARIOC� ¶ÊÉ¥³
¢¶·Ò¸±¨¢ ´¨Ö ¨§¢¥¸É´μ£μ § ·Ö¤  ¢ · §²¨Î´Ò¥ ÉμÎ±¨ ¸Ì¥³Ò.

�·¨ ¶μ¤±²ÕÎ¥´¨¨ Ê¸¨²¨É¥²Ö ± ¸É·μÊ-É·Ê¡±¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ Ê³¥´ÓÏ ¥É¸Ö ¨§-§  ¤¥²¥-
´¨Ö Éμ±  ¨ § ÉÊÌ ´¨Ö ¸¨£´ ²  ¢ ²¨´¨¨. �μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¶·¨¢¥¤¥´Ò
¢ É ¡². 1.

�¨¸. 3. ’¨¶μ¢ Ö ¡²μ±-¸Ì¥³  § ·Ö¤μÎÊ¢¸É¢¨É¥²Ó´μ£μ ¶·¥¤Ê¸¨²¨É¥²Ö ¸ £¥´¥· Éμ· ³¨ ÏÊ³ 
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�¨¸. 4. Š ¨§³¥·¥´¨Õ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¶·¨ · §²¨Î´ÒÌ ¸¶μ¸μ¡ Ì ¸μ£² ¸μ¢ ´¨Ö ¨³¶¥¤ ´¸μ¢

’ ¡²¨Í  1. ‡ ·Ö¤μ¢ Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¸¶μ¸μ¡  ¸μ£² ¸μ¢ ´¨Ö ¨³¶¥¤ ´¸μ¢

’μÎ±  ‡ ·Ö¤μ¢ Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ
‘¨£´ ² Šμ³³¥´É ·¨°

¢¶·Ò¸±¨¢ ´¨Ö § ·Ö¤  S, ³‚/ËŠ²
1 18 1 CARIOCA
2 8,3 0,46 ‘ ·¥§¨¸Éμ· ³¨ R1 ¨ R2

3
4,5 0,25 ‘ ·¥§¨¸Éμ· ³¨ R1 ¨ R2
11,2 0,62 �É±·ÒÉÒ° ¤ ²Ó´¨° ±μ´¥Í

�  ·¨¸. 5 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ± ²¨¡·μ¢±¨ ¶μ·μ£  ¢ ¥¤¨´¨Í Ì § ·Ö¤  ¤²Ö ¤¢ÊÌ ¶² É
Ô²¥±É·μ´¨±¨ CARIOCA hot ¨ CARIOCA cold. � °¤¥´´Ò° ²¨´¥°´Ò³ Ë¨É¨·μ¢ ´¨¥³ ´ -
±²μ´ ± ²¨¡·μ¢μÎ´ÒÌ ¶·Ö³ÒÌ ¸μμÉ¢¥É¸É¢Ê¥É § ·Ö¤μ¢μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ Ê¸¨²¨É¥²Ó´μ£μ
É· ±É  ¤μ ¤¨¸±·¨³¨´ Éμ·  ¶·¨ ´Ê²¥¢μ° ¥³±μ¸É¨ ¤¥É¥±Éμ· .

‘Ì¥³  £μ·ÖÎ¥£μ ¸μ£² ¸μ¢ ´¨Ö CARIOCA hot ¸ ¸μ£² ¸ÊÕÐ¨³ ·¥§¨¸Éμ·μ³ R1 = 300 �³,
¢±²ÕÎ¥´´Ò³ ¶μ¸²¥¤μ¢ É¥²Ó´μ ¸ ¢Ìμ¤´Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³ ¶·¥¤Ê¸¨²¨É¥²Ö CARIOCA Ra =
50 �³ ¡¥§ ¸É·μÊ-É·Ê¡±¨, ¨³¥¥É ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ 18 ³‚/ËŠ² ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ (1),  
¸Ì¥³  Ìμ²μ¤´μ£μ ¸μ£² ¸μ¢ ´¨Ö CARIOCA cold c ¢Ìμ¤´Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³ 350 �³ Å
15 ³‚/ËŠ², ÎÉμ ¸μ£² ¸Ê¥É¸Ö ¸ ±μÔËË¨Í¨¥´Éμ³ Ê¸¨²¥´¨Ö ¶μ Éμ±Ê (α ≈ 0,8) ¨¸¶μ²Ó§Ê¥³μ£μ
¢ ¸Ì¥³¥ ¸ μ¡Ð¥° ¡ §μ° (�	) ¡¨¶μ²Ö·´μ£μ É· ´§¨¸Éμ·  BFR93. ‘Ì¥³  �	, ¢±²ÕÎ¥´´ Ö
´  ¢Ìμ¤¥ CARIOCA cold, μÉ²¨Î ¥É¸Ö ¶μ ¶ · ³¥É· ³ ÏÊ³ : ³¥´ÓÏ¨° ¶μ¸²¥¤μ¢ É¥²Ó´Ò°,

�¨¸. 5. Š ²¨¡·μ¢±  ¶μ·μ£μ¢ 8-± ´ ²Ó´ÒÌ Ê¸¨²¨É¥²¥°:  ) ¸ £μ·ÖÎ¨³ ¸μ£² ¸μ¢ ´¨¥³ CARIOCA hot;

¡) ¸ Ìμ²μ¤´Ò³ ¸μ£² ¸μ¢ ´¨¥³ CARIOCA cold. � ±²μ´ ²¨´¨° μ¶·¥¤¥²Ö¥É ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ± ´ ² 

¢ ³‚/ËŠ²
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´μ ¡μ²ÓÏ¨° ¶ · ²²¥²Ó´Ò° ÏÊ³. �¤´ ±μ ÔÉμ ¶·¥¨³ÊÐ¥¸É¢μ ´¥§ ³¥É´μ ¨§-§  ¢Ò¸μ±μ£μ
μ³¨Î¥¸±μ£μ ¸μ¶·μÉ¨¢²¥´¨Ö  ´μ¤´μ° ¢μ²ÓË· ³μ¢μ° ¶·μ¢μ²μÎ±¨ ¸É·μÊ-É·Ê¡±¨, ±μÉμ·μ¥ ¨
¢´μ¸¨É μ¸´μ¢´μ° ¢±² ¤ ¢ ENC.

Œ…’�„ˆŠ� ˆ‡Œ…�…�ˆŸ ˆ ��‘—…’� �Š‚ˆ‚�‹…�’��ƒ�
˜“Œ�‚�ƒ� ‡��Ÿ„�

�¨¦¥ ¶·¨¢¥¤¥´  ³¥Éμ¤¨± , ¶μ§¢μ²ÖÕÐ Ö ¶μ ·¥§Ê²ÓÉ É ³ ¨§³¥·¥´¨Ö ÏÊ³μ¢μ£μ ¸Î¥É 
´  ¢ÒÌμ¤¥ ¤¨¸±·¨³¨´ Éμ·  μÉ ¶μ·μ£  ¢ § ¤ ´´μ³ ± ´ ²¥ ¨§³¥·¨ÉÓ ENC ´  ¢Ìμ¤¥ ÔÉμ£μ
± ´ ² . ˆ§¢¥¸É´μ, ÎÉμ ÏÊ³μ¢μ° ¸Î¥É fn ± ± ËÊ´±Í¨Ö ¶μ·μ£  ¢Ò· ¦ ¥É¸Ö ¸²¥¤ÊÕÐ¥°
Ëμ·³Ê²μ°:

fn = fn0 exp
[
−Q2

th

2σ2
n

]
= fn0 exp

[
− Q2

th

2ENC2

]
, (2)

£¤¥ Qth Å ¶μ·μ£ ¢ ¥¤¨´¨Í Ì § ·Ö¤ ; σn = ENC Å Ô±¢¨¢ ²¥´É´Ò° ÏÊ³μ¢μ° § ·Ö¤ (¸·¥¤´¥-
±¢ ¤· É¨Î´μ¥ §´ Î¥´¨¥ ÏÊ³ , ¶·¨¢¥¤¥´´μ¥ ±μ ¢Ìμ¤Ê); fn0 Å ÏÊ³μ¢μ° ¸Î¥É ´  ¢ÒÌμ¤¥
¤¨¸±·¨³¨´ Éμ·  ¶·¨ ´Ê²¥¢μ³ ¶μ·μ£¥, ±μÉμ·Ò° ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¶μ £· ´¨Î´Ò³ Î ¸ÉμÉ ³
¶μ²μ¸Ò ¶·μ¶Ê¸± ´¨Ö fa ¨ fb ²¨´¥°´μ£μ Ë¨²ÓÉ· , ¸²¥¤ÊÕÐ¥£μ §  ¶·¥¤Ê¸¨²¨É¥²¥³:

fn0 =

√√√√√√√√√

fb∫
fa

f2w(f) df

fb∫
fa

w(f) df

=

√
1
3

f3
b − f3

a

fb − fa
. (3)

”μ·³Ê²  (3) ´ §Ò¢ ¥É¸Ö Ëμ·³Ê²μ° � °¸  [4Ä6], ±μÉμ· Ö Ê± §Ò¢ ¥É ´  μ¦¨¤ ¥³μ¥ ¢ 1 ¸ Î¨-
¸²μ ¶¥·¥¸¥Î¥´¨° ´Ê²¥¢μ£μ ¶μ·μ£  ¸²ÊÎ °´Ò³ ¸¨£´ ²μ³ ¸ ¶μ¸ÉμÖ´´μ° ¸¶¥±É· ²Ó´μ° ¶²μÉ-
´μ¸ÉÓÕ w(f). ‚ ¤ ´´μ³ ¸²ÊÎ ¥ Ë¨²ÓÉ· Å ÔÉμ ¢¥¸Ó ²¨´¥°´Ò° É· ±É Ê¸¨²¥´¨Ö, ´ Î¨´ Ö ¸
Ê¸¨²¨É¥²Ö-Ëμ·³¨·μ¢ É¥²Ö, ´  ¢Ìμ¤ ±μÉμ·μ£μ ¸ ¶·¥¤Ê¸¨²¨É¥²Ö-¨´É¥£· Éμ·  ¶μ¸ÉÊ¶ ¥É ¸²Ê-
Î °´Ò° ¸¨£´ ² ¢ Ëμ·³¥ ´ ¶·Ö¦¥´¨Ö, ¤μ ¢ÒÌμ¤  ¢μ¸¸É ´μ¢¨É¥²Ö ¡ §μ¢μ° ²¨´¨¨ (¸³. ·¨¸. 1).
�Í¥´¨³ fn0 ¶μ ¶¥·¥Ìμ¤´μ° Ì · ±É¥·¨¸É¨±¥ Ê¸¨²¨É¥²Ö-Ëμ·³¨·μ¢ É¥²Ö ¸ ¶¨±μ¢Ò³ ¢·¥³¥-
´¥³ Tp = 12 ´¸ ¨ Ë·μ´Éμ³ ¨³¶Ê²Ó¸  tË ≈ 8 ´¸ ´  Ê·μ¢´¥ 0,1−0,9. ˆ§¢¥¸É´μ, ÎÉμ
¢ ÔÉμ³ ¸²ÊÎ ¥ ¢¥·Ì´ÖÖ Î ¸ÉμÉ  ³μ¦¥É ¡ÒÉÓ ´ °¤¥´  ± ± fb ≈ 0,35/tË = 43,7 ŒƒÍ, ¨,
¶μ²Ó§ÊÖ¸Ó Ëμ·³Ê²μ° (2) ¶·¨ Ê¸²μ¢¨¨ fb � fa, ´ Ìμ¤¨³ Î ¸ÉμÉÊ � °¸  fn0 = 1/

√
3fb =

25,3 ŒƒÍ. ‘μ£² ¸´μ [5], Î ¸ÉμÉ  � °¸  ¤²Ö ³¨±·μ¸Ì¥³Ò CARIOCA fn0 = 25 ŒƒÍ ¨
log10(25 · 106) = 7,4. ‹μ£ ·¨Ë³¨·μ¢ ´¨¥ ¢Ò· ¦¥´¨Ö (2) ¶μ μ¸´μ¢ ´¨Õ 10 ¸ § ³¥´μ° ¶¥-
·¥³¥´´ÒÌ x = Q2

th ¨ y = log10(fn) ¶μ§¢μ²Ö¥É ¶¥·¥°É¨ μÉ ¢Ò· ¦¥´¨Ö (2) ± ¢Ò· ¦¥´¨Õ (4)
¨ ´ °É¨ ENC ¶μ É ´£¥´¸Ê Ê£²  ´ ±²μ´  ¶·Ö³μ° ²¨´¨¨:

y

log10(fn0)
+

x

2ENC2 log10(fn0)
log10(e)

= 1 ⇒ ENC =
0,466√

| tg Ê£²  ´ ±²μ´ |
. (4)

‚Éμ·μ° ¶ · ³¥É· ¶·Ö³μ° ²¨´¨¨ y(0) = log10(fn0) = 7,4 Å ÉμÎ±  ¶¥·¥¸¥Î¥´¨Ö ¶·Ö³μ° ¸
¢¥·É¨± ²Ó´μ° μ¸ÓÕ Å Ê± §Ò¢ ¥É ´  Éμ, ÎÉμ · ¸¶·¥¤¥²¥´¨¥ Í¥´É·¨·μ¢ ´μ [4, 5].

�  ·¨¸. 6 ®²¨´¥ ·¨§ Í¨Ö¯, É. ¥. ¶¥·¥Ìμ¤ μÉ Ô±¸¶μ´¥´Í¨ ²Ó´μ° § ¢¨¸¨³μ¸É¨ (2) ± ²¨-
´¥°´μ° (4), ¨ ®Í¥´É·¨·μ¢ ´¨¥¯, É. ¥. ¶¥·¥Ìμ¤ ± ´Ê²¥¢μ³Ê ¶μ·μ£Ê, ¢Ò¶μ²´¥´Ò ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨³ Ë¨É¨·μ¢ ´¨¥³ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨Ö ÏÊ³μ¢μ£μ ¸Î¥É  ¤²Ö · §²¨Î´ÒÌ ¸¶μ¸μ¡μ¢
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CARIOCA_хол./гор.

CARIOCA_гор./гор.

CARIOCA_прям./гор.

CARIOCA_хол./откр.

CARIOCA_гор./откр.

а б

y x= –0,0222 + 7,4

y x= –0,0815 + 7,4

y x= –0,1861 + 7,4

y x= –0,3243 + 7,4

y x= –0,3961 + 7,4
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�¨¸. 6. �·Ö³Ò¥ ²¨´¨¨ ¸μμÉ¢¥É¸É¢ÊÕÉ · §²¨Î´Ò³ ¸¶μ¸μ¡ ³ ¸μ£² ¸μ¢ ´¨Ö ¨³¶¥¤ ´¸μ¢ ¸É·μÊ-É·Ê¡±¨

¨ Ê¸¨²¨É¥²Ö: Î¥³ ¡μ²ÓÏ¥ ´ ±²μ´, É¥³ ³¥´ÓÏ¥ ÏÊ³.  ) „ ²Ó´¨° ±μ´¥Í ¸É·μÊ-É·Ê¡±¨ ¸μ£² ¸μ¢ ´
·¥§¨¸Éμ·μ³ R2 = 350 �³; ¡) μÉ±·ÒÉÒ° ¤ ²Ó´¨° ±μ´¥Í

¸μ£² ¸μ¢ ´¨Ö ¨³¶¥¤ ´¸μ¢. �·Ö³Ò¥ ¤²Ö ²Õ¡μ£μ ÏÊ³  ¨³¥ÕÉ μ¡ÐÊÕ ¢¥·Ï¨´Ê, ¸μμÉ¢¥É¸É¢Ê-
ÕÐÊÕ ËÊ´¤ ³¥´É ²Ó´μ° Î ¸ÉμÉ¥ � °¸  (3). ‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ëμ·³Ê²μ° (4) Î¥³ ¡μ²ÓÏ¥
´ ±²μ´ ²¨´¨°, É¥³ ³¥´ÓÏ¥ ENC.

�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ´ ±²μ´  ²¨´¨° ¤²Ö É·¥Ì ¸Ì¥³ ¸ £μ·ÖÎ¨³ ¸μ£² ¸μ¢ ´¨¥³ ´ 
¤ ²Ó´¥³ ±μ´Í¥ ¶·¨¢¥¤¥´Ò £· Ë¨Î¥¸±¨ ´  ·¨¸. 6,  ,   ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¤²Ö ¤¢ÊÌ ¤·Ê£¨Ì
¸Ì¥³ ¸ μÉ±·ÒÉÒ³ ¤ ²Ó´¨³ ±μ´Íμ³ Å ´  ·¨¸. 6, ¡. �μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ´ ±²μ´  ²¨´¨°
¸¢¥¤¥´Ò ¢ É ¡². 2. ˆ§³¥·¥´¨Ö ¢Ò¶μ²´¥´Ò ¢ μ¤´¨Ì ¨ É¥Ì ¦¥ Ê¸²μ¢¨ÖÌ, É ± ÎÉμ μÉ´μ¸¨É¥²Ó´μ
¤·Ê£ ¤·Ê£  ´ ¤¥¦´Ò. „²Ö Ê¶·μÐ¥´¨Ö §¤¥¸Ó ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ ¤²Ö μ¤´μ£μ ± ´ ² , ¤·Ê£¨¥
± ´ ²Ò ¤ ÕÉ  ´ ²μ£¨Î´Ò¥ ·¥§Ê²ÓÉ ÉÒ.

ˆ§³¥·¥´¨¥ ENC ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ¨ Ê¸É ´μ¢¨ÉÓ ³¨´¨³ ²Ó´Ò° · ¡μÎ¨° ¶μ·μ£
¤¨¸±·¨³¨´ Éμ·  (¶μ·μ£ Ô²¥±É·μ´¨±¨), ±μÉμ·Ò° ¶·¨´¨³ ¥É¸Ö μ¡ÒÎ´μ · ¢´Ò³ 5 × ENC.
�·¨ É ±μ³ ¢Ò¡μ·¥ · ¡μÎ¥£μ ¶μ·μ£  Î ¸ÉμÉ  fn0 = 25 ŒƒÍ, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ÏÊ³μ¢μ³Ê
¸Î¥ÉÊ ¶·¨ ´Ê²¥¢μ³ ¶μ·μ£¥ ¸μ£² ¸´μ Ëμ·³Ê²¥ (2), ¶μ¤ ¢²Ö¥É¸Ö ¤μ Ê·μ¢´Ö 93 ƒÍ (8 ±ƒÍ ¶·¨
4×ENC). ˆ§ É ¡². 2 ³μ¦´μ ¢¨¤¥ÉÓ ¢²¨Ö´¨¥ ENC ´¥ Éμ²Ó±μ ´  ¢Ò¡μ· · ¡μÎ¥£μ ¶μ·μ£ , ´μ ¨
´  · ¡μÎ¨° ·¥¦¨³ ¤¥É¥±Éμ· . � ¶·¨³¥·, ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö ³¨´¨³ ²Ó´μ ´¥μ¡Ìμ¤¨³μ£μ
£ §μ¢μ£μ Ê¸¨²¥´¨Ö ¤¥É¥±Éμ·  ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ Ê¸É ´μ¢²¥´´Ò° Ô²¥±É·μ´´Ò° ¶μ·μ£
¸μμÉ¢¥É¸É¢Ê¥É ¶¥·¢μ³Ê ±² ¸É¥·Ê ¶¥·¢¨Î´μ° ¨μ´¨§ Í¨¨ ¢ · ¡μÎ¥³ £ §¥, É. ¥. ¸μμÉ¢¥É¸É¢Ê¥É
¶·¨³¥·´μ É·¥ÉÓ¥³Ê ¶¥·¢¨Î´μ³Ê Ô²¥±É·μ´Ê. �Í¥´±¨ ¸¤¥² ´Ò ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ § 
¶¨±μ¢μ¥ ¢·¥³Ö Tp = 12 ´¸ ·¥£¨¸É·¨·Ê¥É¸Ö ∼ 10 % ´ ¢¥¤¥´´μ£μ § ·Ö¤ .

Š ± ¢¨¤´μ ¨§ É ¡². 2, ¤²Ö μ¤¨´ ±μ¢μ° ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ¸¨£´ ² , É. ¥. ¤²Ö
μ¤¨´ ±μ¢μ£μ ¶μ·μ£  ¢ ¶¥·¢¨Î´ÒÌ Ô²¥±É·μ´ Ì, ´¥μ¡Ìμ¤¨³μ¥ £ §μ¢μ¥ Ê¸¨²¥´¨¥ ¶·¨ ´¥¸μ¢¥·-
Ï¥´´μ³ ¸μ£² ¸μ¢ ´¨¨ ¨³¶¥¤ ´¸μ¢ ¸É·μÊ-É·Ê¡±¨ ¸ Ê¸¨²¨É¥²¥³ ³μ¦¥É ¢ 2Ä3 · §  ¢μ§· ¸É¨.
�μ¸²¥¤´¥¥ ´¥¦¥² É¥²Ó´μ, É ± ± ± ¶·¨¢μ¤¨É ± ¶·¥¦¤¥¢·¥³¥´´μ³Ê ¸É ·¥´¨Õ ¤¥É¥±Éμ·  ¨
¸μ±· Ð¥´¨Õ ¥£μ ¢·¥³¥´¨ ¦¨§´¨.

�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ Ô±¢¨¢ ²¥´É´μ£μ ÏÊ³μ¢μ£μ § ·Ö¤  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¥³±μ¸É¨ ¤¥-
É¥±Éμ·  (C¤¥É + C¢Ì) ¤²Ö · §²¨Î´ÒÌ ¸¶μ¸μ¡μ¢ ¸μ£² ¸μ¢ ´¨Ö ¨³¶¥¤ ´¸μ¢ ¸É·μÊ-É·Ê¡±¨ ¨
Ê¸¨²¨É¥²Ö CARIOCA ¶·¨¢¥¤¥´Ò ´  ·¨¸.7. ‘¤¢¨£ ²¨´¨° μÉ´μ¸¨É¥²Ó´μ ´Ê²Ö μ¡Ê¸²μ¢²¥´
¶·¨¸ÊÉ¸É¢¨¥³ ¶ · ²²¥²Ó´μ C¤¥É ¶ · §¨É´μ° ¥³±μ¸É¨ C¢Ì ∼ 20 ¶” (§¤¥¸Ó ÔÉμ ³´μ£μ¤¨μ¤´ Ö
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’ ¡²¨Í  2. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö Ô±¢¨¢ ²¥´É´μ£μ ÏÊ³μ¢μ£μ § ·Ö¤  ¤²Ö · §²¨Î´ÒÌ ¸¶μ¸μ¡μ¢
¸μ£² ¸μ¢ ´¨Ö ¨³¶¥¤ ´¸μ¢ ¸É·μÊ-É·Ê¡±¨ ¨ Ê¸¨²¨É¥²Ö CARIOCA. �¶·¥¤¥²¥´Ò ³¨´¨³ ²Ó´ Ö ¢¥-
²¨Î¨´  ¶μ·μ£  ·¥£¨¸É· Í¨¨ ¨ ³¨´¨³ ²Ó´μ ´¥μ¡Ìμ¤¨³ Ö ¢¥²¨Î¨´  £ §μ¢μ£μ Ê¸¨²¥´¨Ö

� · ³¥É·Ò

‘¶μ¸μ¡ ¸μ£² ¸μ¢ ´¨Ö ¨³¶¥¤ ´¸μ¢
�·Ö³./£μ·.

ƒμ·./£μ·.
(Rp = 600 �³,
Rs = 600 �³)

•μ²./£μ·.
ƒμ·./μÉ±·.

(Rp = 90 ±�³,
Rs = 600 �³)

•μ²./μÉ±·.
(Ra = 50 �³, (Ra = 350 �³, (Ra = 350 �³,
Rp = 600 �³, Rp = 600 �³, Rp = 90 ±�³,
Rs = 3000 �³) Rs = 300 �³) Rs = 300 �³)

’ ´£¥´¸ Ê£² 
´ ±²μ´  ¶·Ö³μ° Ä0,0222 Ä0,0815 Ä0,1861 Ä0,3961 Ä0,3243
ENC, ËŠ² 3,13 1,63 1,08 0,74 0,82
ENC, Ô²¥±É·μ´Ò 19562 10187 6750 4628 5114
ENC · ¸Î¥É,
Ô²¥±É·μ´Ò 19552 8965 6655 5131 4856
∂ENC/∂C,
Ô²¥±É·μ´Ò/¶” 375 152 102 169 120
�μ·μ£
5×ENC, ËŠ² 15,64 8,16 5,4 3,70 4,09
�μ·μ£ 5×ENC,
Ô²¥±É·μ´Ò 97737 51010 33757 23138 25572
Œ¨´¨³ ²Ó´μ
´¥μ¡Ìμ¤¨³μ¥
£ §μ¢μ¥ Ê¸¨²¥´¨¥
¤²Ö ·¥£¨¸É· Í¨¨
É·¥Ì ¶¥·¢¨Î´ÒÌ
Ô²¥±É·μ´μ¢ 325790 170034 112523 77128 85240

�¨¸. 7. �±¢¨¢ ²¥´É´Ò° ÏÊ³μ¢μ° § ·Ö¤ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¥³±μ¸É¨ ¤¥É¥±Éμ·  Å · ¸Î¥É

§ Ð¨É  Ê¸¨²¨É¥²Ö μÉ ¨¸±·μ¢μ£μ p §·Ö¤  ¢ ¤¥É¥±Éμ·¥ ¶²Õ¸ ¥³±μ¸ÉÓ ³μ´É ¦ ). ‚ ¸Ì¥³¥ ¸ ¸μ-
£² ¸μ¢ ´¨¥³ ®£μ·./μÉ±·.¯ ÔÉμÉ ÔËË¥±É ¸¤¢¨£  μÉ¸ÊÉ¸É¢Ê¥É, É ± ± ± μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏμ°
·¥§¨¸Éμ· R1 = 300 �³ · §¤¥²Ö² ¤¥É¥±Éμ· ¨ ¤¨μ¤´ÊÕ Í¥¶μÎ±Ê § Ð¨ÉÒ. ‚ ¦´μ μÉ³¥É¨ÉÓ
§¤¥¸Ó, ÎÉμ ¶ · §¨É´ Ö ¥³±μ¸ÉÓ C¢Ì ¸ Í¥²ÓÕ Ê³¥´ÓÏ¥´¨Ö ¥¥ ¢±² ¤  ¢ ENC ¤μ²¦´  ¡ÒÉÓ
¶·¥¤¥²Ó´μ ³¨´¨³¨§¨·μ¢ ´ .

‘· ¢´¨¢ ÉÓ ¸Ì¥³Ò ¸²¥¤Ê¥É ¶μ ´ ±²μ´ ³ ²¨´¨°. �·Ö³μ¥ ¶μ¤±²ÕÎ¥´¨¥ É·Ê¡±¨ ¸ ¢Ò¸μ-
±¨³ Ì · ±É¥·¨¸É¨Î¥¸±¨³ ¸μ¶·μÉ¨¢²¥´¨¥³ ± Ê¸¨²¨É¥²Õ ¸ ´¨§±μμ³´Ò³ ¢Ìμ¤´Ò³ ¸μ¶·μÉ¨-
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¢²¥´¨¥³ (Ra = 50 �³) ¤ ¦¥ ¶·¨ ¸μ£² ¸μ¢ ´¨¨ É·Ê¡±¨ ´  ¤ ²Ó´¥³ ±μ´Í¥ (R2= 350 �³)
¶·¨¢μ¤¨É ± §´ Î¨É¥²Ó´Ò³ ÏÊ³ ³ ∂ENC/∂C = 375 Ô²./¶”, ÎÉμ Ô±¢¨¢ ²¥´É´μ ÏÊ³μ-
¢μ³Ê ·¥§¨¸Éμ·Ê Rs = 3000 �³, ´  ¶μ·Ö¤μ± ¡μ²ÓÏ¥³Ê, Î¥³ μ³¨Î¥¸±μ¥ ¸μ¶·μÉ¨¢²¥´¨¥
 ´μ¤´μ° ¶·μ¢μ²μÎ±¨. ’ ±μ° ÔËË¥±É ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ Ê¢¥²¨Î¥´¨¥³  ³¶²¨ÉÊ¤Ò ÏÊ³μ¢ÒÌ
¨³¶Ê²Ó¸μ¢ ¶·¨ ¨Ì μÉ· ¦¥´¨¨ μÉ ´¨§±μμ³´μ£μ ¡²¨¦´¥£μ ±μ´Í  ²¨´¨¨. ‚ Éμ ¦¥ ¢·¥³Ö
¶·¨ £μ·ÖÎ¥³ ¸μ£² ¸μ¢ ´¨¨ ¨§³¥·¥´¨¥ ¨ · ¸Î¥É ¤ ÕÉ ¢ 2,5 · §  ³¥´ÓÏ¥¥ §´ Î¥´¨¥ ÏÊ³ 
∂ENC/∂C = 152 Ô²./¶”,   ¶·¨ Ìμ²μ¤´μ³ Å ¢ 3,5 · §  ³¥´ÓÏ¥¥ ∂ENC/∂C = 102 Ô²./¶”.
�·¨ μ¡·Ò¢¥ ¸μ£² ¸ÊÕÐ¥£μ ·¥§¨¸Éμ·  ´  ¤ ²Ó´¥³ ±μ´Í¥ É·Ê¡±¨ ¶ · ²²¥²Ó´Ò° ÏÊ³ Ê³¥´Ó-
Ï ¥É¸Ö, É ± ± ± ¸μ¶·μÉ¨¢²¥´¨¥ ·¥§¨¸Éμ· , ¢±²ÕÎ¥´´μ£μ ¶ · ²²¥²Ó´μ Ê¸¨²¨É¥²Õ, Ê¢¥²¨-
Î¨¢ ¥É¸Ö ´  ¤¢  ¶μ·Ö¤± : Rp = 90 ±�³ (CARIOCA). �μ¸²¥¤μ¢ É¥²Ó´Ò° ÏÊ³ ¶μ ´ ±²μ´Ê
²¨´¨° ³¥´ÓÏ¥ ¢ ¸²ÊÎ ¥ Ìμ²μ¤´μ£μ ¸μ£² ¸μ¢ ´¨Ö ∂ENC/∂C = 120 Ô²./¶” ¨ ¡μ²ÓÏ¥ ¢ ¸²Ê-
Î ¥ £μ·ÖÎ¥£μ ¸μ£² ¸μ¢ ´¨Ö ∂ENC/∂C = 169 Ô²./¶”. �¤´ ±μ, ± ± ¶μ± §Ò¢ ÕÉ ¨§³¥·¥´¨Ö,
ÔËË¥±É μÉ· ¦¥´¨Ö ÏÊ³μ¢ ¢ ¸²ÊÎ ¥ μÉ±·ÒÉμ£μ ¤ ²Ó´¥£μ ±μ´Í  ¸É·μÊ-É·Ê¡±¨ ¶·¨ £μ·ÖÎ¥³
¸μ£² ¸μ¢ ´¨¨ ¸μ ¸Éμ·μ´Ò Ê¸¨²¨É¥²Ö ´¥§´ Î¨É¥²Ó´μ Ê¢¥²¨Î¨¢ ¥É Ô±¢¨¢ ²¥´É´Ò° ÏÊ³μ¢μ°
§ ·Ö¤ μ¸μ¡¥´´μ ¶·¨ ³ ²ÒÌ (C¤¥É + C¢Ì) < 30 ¶”.

� ¸Î¥É ´¥¶²μÌμ ¸μ¢¶ ¤ ¥É ¸ ¨§³¥·¥´¨¥³, ¥¸²¨ ¸Î¨É ÉÓ ¢±² ¤ ¢ ÏÊ³ μ³¨Î¥¸±μ£μ ¸μ¶·μ-
É¨¢²¥´¨Ö ¢μ²ÓË· ³μ¢μ° ¶·μ¢μ²μÎ±¨ ¸ ¤¨ ³¥É·μ³ 20Ä30 ³±³ ¤μ³¨´¨·ÊÕÐ¨³.

‚›‚�„›

‚ · ¡μÉ¥ ¶μ± § ´μ, ÎÉμ ¸Ì¥³Ò ¸ ´¥¸μ£² ¸μ¢ ´´Ò³ ¤ ²Ó´¨³ ±μ´Íμ³ ¸É·μÊ-É·Ê¡±¨,
´μ ¸ £μ·ÖÎ¨³ (·¥§¨¸Éμ·) ¨²¨ Ìμ²μ¤´Ò³ (É· ´§¨¸Éμ·) ¸μ£² ¸μ¢ ´¨¥³ ¸μ ¸Éμ·μ´Ò Ê¸¨²¨-
É¥²Ö Ô±¢¨¢ ²¥´É´Ò ¢ ¶·¥¤¥² Ì 10 % ¶·¨ 20 � (C¤¥É + C¢Ì) � 30 ¶”, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É
¤²¨´¥ ¸É·μÊ-É·Ê¡μ± 2,0Ä3,0 ³. �É¨ ¸Ì¥³Ò ¤ ÕÉ ¢¥²¨Î¨´Ê Ô±¢¨¢ ²¥´É´μ£μ ÏÊ³μ¢μ£μ § -
·Ö¤  ¢ ¶·¥¤¥² Ì ENC = 4000−5000 Ô²¥±É·μ´μ¢. ‘μ¡¸É¢¥´´μ Ê¸¨²¨É¥²Ó ¢´μ¸¨É ¢±² ¤ ¢
ÏÊ³Ò ¶μ·Ö¤±  1000 Ô²¥±É·μ´μ¢. ‘ ¶· ±É¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö μ¶É¨³ ²Ó´Ò³ ·¥Ï¥´¨¥³
Ö¢²Ö¥É¸Ö ¸Ì¥³  ¸ £μ·ÖÎ¨³ ¸μ£² ¸μ¢ ´¨¥³, ¶·¨ ÔÉμ³ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ³¨±·μ¸Ì¥³Ò,
· §· ¡μÉ ´´Ò¥ ¤²Ö ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ¨ ¤·¥°Ëμ¢ÒÌ ± ³¥·. �·¨ · §· ¡μÉ±¥ ¸¶¥Í¨ ²Ó-
´μ° ³¨±·μ¸Ì¥³Ò ¤²Ö ¸É·μÊ-É·Ê¡μ± Ìμ²μ¤´μ¥ ¸μ£² ¸μ¢ ´¨¥ ¸μ ¸Éμ·μ´Ò Ê¸¨²¨É¥²Ö μ¸É ¥É¸Ö
¶·¥¤¶μÎÉ¨É¥²Ó´Ò³. �·¨ Ê± § ´´μ³ ¢ÒÏ¥ §´ Î¥´¨¨ ENC ³¨´¨³ ²Ó´μ ¤μ¸É¨¦¨³Ò° ¶μ·μ£
Ô²¥±É·μ´¨±¨ ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ¶μ·Ö¤±  4Ä5 ËŠ²,   £ §μ¢μ¥ Ê¸¨²¥´¨¥ ¸É·μÊ-É·Ê¡±¨,
´¥μ¡Ìμ¤¨³μ¥ ¤²Ö ·¥£¨¸É· Í¨¨ ¶¥·¢μ£μ ±² ¸É¥·  ¨μ´¨§ Í¨¨, ¤μ²¦´μ ¡ÒÉÓ ´¥ ³¥´¥¥ 105.
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