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�¶·¥¤¥²¥´¨¥ ³ ±¸¨³ ²Ó´μ° Î ¸ÉμÉÒ Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨,
·¥£¨¸É·¨·Ê¥³ÒÌ ¶·¥Í¨§¨μ´´Ò³ ² §¥·´Ò³ ¨´±²¨´μ³¥É·μ³

„²Ö ¶·¥Í¨§¨μ´´μ£μ ² §¥·´μ£μ ¨´±²¨´μ³¥É·  (�‹ˆ) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³ ¸² 
ˆ-20� μ¶·¥¤¥²¥´  ¢Ò¸μ±μÎ ¸ÉμÉ´ Ö £· ´¨Í  4 ƒÍ ´ ¤¥¦´μ£μ ¤¥É¥±É¨·μ¢ ´¨Ö
Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨. 	 §· ¡μÉ ´´ Ö ³¥Éμ¤¨±  μ¡· ¡μÉ±¨ ³¨±-
·μ¸¥°¸³¨Î¥¸±¨Ì ¸¨£´ ²μ¢ · ¸Ï¨·¨²  · ¡μÎ¨° ¤¨ ¶ §μ´ ¶·¨¥³  �‹ˆ ¨ ¶μ§¢μ²¨² 
§ ·¥£¨¸É·¨·μ¢ ÉÓ Ê§±μ¶μ²μ¸´Ò¥ ¸¨£´ ²Ò Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨
¨´¤Ê¸É·¨ ²Ó´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö.

	 ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.�. „¦¥²¥¶μ¢ 
�ˆŸˆ.
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Azaryan N. et al. P13-2017-35
Determination of the Maximum Recording Frequency by the Precision Laser
Inclinometer of an Earth Surface Angular Oscillation

For the Precision Laser Inclinometer (PLI) using the I-20A oil, a high-frequency
4 Hz boundary was determined for reliable detection of the Earth surface angular
vibrations. The proposed method makes use of the microseismic signal and its
processing to expand the PLI working interval for signal reception and allows one
to record the narrow frequency-band signals originated by the Earth surface angular
oscillations caused by industrial sources.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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‚‚…„…�ˆ…

„²Ö ·¥£¨¸É· Í¨¨ Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨ ¸¥°¸³¨Î¥¸±μ£μ
¶·μ¨¸Ìμ¦¤¥´¨Ö ¶·¥¤²μ¦¥´ ¨ · §· ¡ ÉÒ¢ ¥É¸Ö ³¥Éμ¤ ¶·¥Í¨§¨μ´´μ£μ ² §¥·´μ£μ
¨´±²¨´μ³¥É·  (�‹ˆ) [1Ä4]. „μ¸É¨£´ÊÉÒ¥ ·¥§Ê²ÓÉ ÉÒ ¶μ§¢μ²ÖÕÉ ¨¸¶μ²Ó§μ-
¢ ÉÓ ¥£μ ¢ ± Î¥¸É¢¥ μ¸´μ¢Ò ¤²Ö ¸É ¡¨²¨§ Í¨¨ μÉ ³¨±·μ¸¥°¸³¨Î¥¸±¨Ì Ö¢²¥´¨°
¶·μÉÖ¦¥´´ÒÌ Ë¨§¨Î¥¸±¨Ì Ê¸É ´μ¢μ±: Ê¸±μ·¨É¥²¥°, ±μ²² °¤¥·μ¢, ¡μ²ÓÏ¨Ì É¥-
²¥¸±μ¶μ¢, £· ¢¨É Í¨μ´´ÒÌ  ´É¥´´ ¨ ¤·.

�‹ˆ ·¥£¨¸É·¨·Ê¥É Ê£μ² ´ ±²μ´  ¶μ¢¥·Ì´μ¸É¨. ‡´ Ö ¸±μ·μ¸ÉÓ · ¸¶·μ¸É· -
´¥´¨Ö ¶μ¢¥·Ì´μ¸É´ÒÌ ¢μ²´, ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¨§ ¤ ´´ÒÌ �‹ˆ  ³¶²¨ÉÊ¤Ò
¢¥·É¨± ²Ó´ÒÌ ±μ²¥¡ ´¨° ¢ ¨§³¥·Ö¥³μ° ÉμÎ±¥. ˆ¸¶μ²Ó§ÊÖ ¸¨¸É¥³Ê · ¸¶·¥¤¥-
²¥´´ÒÌ �‹ˆ ¸ ¨§¢¥¸É´Ò³¨ ±μμ·¤¨´ É ³¨ ¨Ì · ¸¶μ²μ¦¥´¨Ö, ¢μ§³μ¦´μ ³μ-
´¨Éμ·¨·μ¢ ÉÓ ¨§³¥´¥´¨¥ ®² ´¤Ï ËÉ ¯ ³¥¸É´μ¸É¨ ¢μ ¢·¥³¥´¨. „²Ö ·¥Ï¥´¨Ö
ÔÉμ° § ¤ Î¨ ´¥μ¡Ìμ¤¨³μ μ¶·¥¤¥²¨ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ �‹ˆ ¢ § ¢¨¸¨³μ¸É¨ μÉ
Î ¸ÉμÉÒ ·¥£¨¸É·¨·Ê¥³ÒÌ Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨.

�·¨ ·¥£¨¸É· Í¨¨ Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨ ¸¥°¸³¨Î¥¸±μ£μ
¶·μ¨¸Ìμ¦¤¥´¨Ö ´ ¡²Õ¤ ¥É¸Ö ¶¥·¨μ¤¨Î¥¸± Ö ¸¥°¸³¨Î¥¸± Ö  ±É¨¢´μ¸ÉÓ Å É ±
´ §Ò¢ ¥³Ò° ³¨±·μ¸¥°¸³¨Î¥¸±¨° ¶¨± [5Ä9]. �´ · ¸¶μ²μ¦¥´ ¢ Î ¸ÉμÉ´μ³ ¤¨ -
¶ §μ´¥ [0,1; 0,5 ƒÍ] ¨ Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§ ¸ ³ÒÌ ¢Ò¸μ±μÎ ¸ÉμÉ´ÒÌ ±¢ §¨¶¥·¨-
μ¤¨Î¥¸±¨Ì ³¨±·μ¸¥°¸³¨Î¥¸±¨Ì Ö¢²¥´¨°. �μ²¥¥ ¢Ò¸μ±μÎ ¸ÉμÉ´Ò¥ ¶¥·¨μ¤¨Î¥¸-
±¨¥ Ê£²μ¢Ò¥ ±μ²¥¡ ´¨Ö ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨ ¨³¥ÕÉ, ± ± ¶· ¢¨²μ, ¨´¤Ê¸É·¨ ²Ó-
´ÊÕ ¶·¨·μ¤Ê (· ¡μÉ  ¢ ±ÊÊ³´ÒÌ ´ ¸μ¸μ¢, ¤¢¨¦¥´¨¥ É· ´¸¶μ·É  ¨ ¤·.).

‚ ¸É ÉÓ¥ μ¶·¥¤¥²ÖÕÉ¸Ö Î ¸ÉμÉ´ Ö § ¢¨¸¨³μ¸ÉÓ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· -
Í¨¨ ¨ ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´ Ö ¤²Ö ·¥£¨¸É· Í¨¨ Î ¸ÉμÉ  Ê£²μ¢ÒÌ ±μ²¥¡ ´¨°
¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨ ¶·¥Í¨§¨μ´´Ò³ ² §¥·´Ò³ ¨´±²¨´μ³¥É·μ³.

Œ�Š‘ˆŒ�‹œ�� ‚�‡Œ�†��Ÿ —�‘’�’� �…ƒˆ‘’��–ˆˆ
“ƒ‹�‚›• Š�‹…���ˆ‰ ˆ�Š‹ˆ��Œ…’��Œ

‚ �‹ˆ ¢ ± Î¥¸É¢¥ ·¥¶¥·´μ° ¶μ¢¥·Ì´μ¸É¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¶μ¢¥·Ì´μ¸ÉÓ ¦¨¤-
±μ¸É¨. �¸μ¡¥´´μ¸ÉÓ �‹ˆ Å ¸²μ° ¦¨¤±μ¸É¨ Éμ´μ±. ‚ Éμ´±μ³ ¸²μ¥ ¦¨¤±μ¸É¨
(¤²¨´  ¢μ²´Ò ¶μ¢¥·Ì´μ¸É´μ£μ ¸²μÖ ¢μ²´Ò §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥ Éμ²Ð¨´Ò ¸²μÖ)
É·¥´¨¥ ¦¨¤±μ¸É¨ μ ¤´μ ¸μ¸Ê¤  Ê³¥´ÓÏ ¥É  ³¶²¨ÉÊ¤Ê ¶μ¢¥·Ì´μ¸É´ÒÌ ¢μ²´. 
Éμ
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± Î¥¸É¢μ §´ Î¨É¥²Ó´μ Ê³¥´ÓÏ ¥É  ³¶²¨ÉÊ¤Ê ®¶ · §¨É´ÒÌ ¢μ²´¯, μÉ· ¦¥´´ÒÌ
μÉ ¸É¥´μ± ¸μ¸Ê¤ , ¢ ±μÉμ·μ³ ´ Ìμ¤¨É¸Ö ¦¨¤±μ¸ÉÓ.

’¥μ·¥É¨Î¥¸± Ö ¸±μ·μ¸ÉÓ ¶μ¢¥·Ì´μ¸É´ÒÌ ¢μ²´ ¢ Éμ´±μ³ ¸²μ¥ ¦¨¤±μ¸É¨
¥¸ÉÓ V =

√
gd, £¤¥ g Å Ê¸±μ·¥´¨¥ ¶ ¤¥´¨Ö ¢ ¶μ²¥ ‡¥³²¨; d Å Éμ²Ð¨´  ¸²μÖ

¦¨¤±μ¸É¨ [10]. �·¨Î¥³ É¥μ·¥É¨Î¥¸±¨ ÔÉ  ¸±μ·μ¸ÉÓ ´¥ § ¢¨¸¨É μÉ Î ¸ÉμÉÒ.
„²Ö ¸²μÖ ¦¨¤±μ¸É¨ 4 ³³ ¶μ²ÊÎ ¥³ μÍ¥´±Ê ¸±μ·μ¸É¨ 19 ¸³/¸. �·¨ ¤¨ ³¥É·¥
¸μ¸Ê¤  5 ¸³ ¸²¥¤Ê¥É μ¦¨¤ ÉÓ μ£· ´¨Î¥´¨¥ (´¥¸±μ²Ó±μ ƒÍ) ´  ·¥£¨¸É· Í¨Õ
³ ±¸¨³ ²Ó´μ° Î ¸ÉμÉÒ ¨§-§  ¶μÖ¢²¥´¨Ö ¨´É¥·Ë¥·¥´Í¨¨ ¸ μÉ· ¦¥´´μ° ¢μ²´μ°.

„μ¡ ¢¨³ É ±¦¥, ÎÉμ ¶·¨ ´ ±²μ´¥ ¸μ¸Ê¤  ¸ Éμ´±¨³ ¸²μ¥³ ¦¨¤±μ¸É¨ ³μ-
¦¥É ¨ ´¥ ¢μ§´¨± ÉÓ ¶μ¢¥·Ì´μ¸É´ÒÌ ¢μ²´ ¨ ¶·μÍ¥¸¸ μ¡· §μ¢ ´¨Ö ´μ¢μ° £μ-
·¨§μ´É ²Ó´μ° ¶μ¢¥·Ì´μ¸É¨ ¸μ¸Éμ¨É ¢ μ¸´μ¢´μ³ ¢ ¸É¥± ´¨¨ ¦¨¤±μ¸É¨ ¶μ ¤´Ê
¸μ¸Ê¤ . ‚ ÔÉμ³ ¸²ÊÎ ¥, ¢Ò¡· ¢ ¦¨¤±μ¸ÉÓ ¸ ³¨´¨³ ²Ó´μ° ±¨´¥³ É¨Î¥¸±μ° ¢Ö§-
±μ¸ÉÓÕ [11], ´¥μ¡Ìμ¤¨³μ Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥¤¥²¨ÉÓ ¢·¥³Ö ®¢μ¸¸É ´μ¢²¥-
´¨Ö £μ·¨§μ´É ¯ ¶μ¢¥·Ì´μ¸ÉÓÕ ¦¨¤±μ¸É¨.

�Š‘�…�ˆŒ…�’

‚ Ô±¸¶¥·¨³¥´É Ì ¨¸¶μ²Ó§μ¢ ²¸Ö ¢ ±ÊÊ³´Ò° ¢ ·¨ ´É �‹ˆ (·¨¸. 1).
—Ê¢¸É¢¨É¥²Ó´Ò° Ô²¥³¥´É Å ±Õ¢¥É  ¸ ¦¨¤±μ¸ÉÓÕ Å · ¸¶μ² £ ²¸Ö ¢ ¢ -

±ÊÊ³´μ³ μ¡Ñ¥³¥. ‚ ± Î¥¸É¢¥ ¦¨¤±μ¸É¨ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ³ ¸²μ, ¨³¥ÕÐ¥¥ ³¨-
´¨³ ²Ó´μ¥ ¨¸¶ ·¥´¨¥ ¢ ¢ ±ÊÊ³¥. ’¨¶ ³ ¸²  ¢Ò¡¨· ²¸Ö É ±¦¥ ¸ Ê¸²μ¢¨¥³
³¨´¨³ ²Ó´μ° ¤¨´ ³¨Î¥¸±μ° ¢Ö§±μ¸É¨. ‚ Ô±¸¶¥·¨³¥´É¥ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ³ ¸-
²μ ˆ-20� ¸ ±¨´¥³ É¨Î¥¸±μ° ¢Ö§±μ¸ÉÓÕ 30 ³³2/¸ ¶·¨ 40 ◦‘. „²Ö ¸· ¢´¥-
´¨Ö, ±¨´¥³ É¨Î¥¸± Ö ¢Ö§±μ¸ÉÓ ¢μ¤Ò ¶·¨ Éμ° ¦¥ É¥³¶¥· ÉÊ·¥ ¸μ¸É ¢²Ö¥É
0,6 ³³2/¸ [12,13].

Vacuum volume

Oil
Cuvette

Two separated
steel bolls

Piezo Staker

Unmovable aseb

Support of the ensitivitys
element of the inclinometer

Concrete flo ro

	¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ¶μ μ¶·¥¤¥²¥´¨Õ ¢Ò¸μ±μÎ ¸ÉμÉ´μ° £· -
´¨ÍÒ ¤¨ ¶ §μ´  ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ �‹ˆ
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	¨¸. 2. 	¥ ±Í¨Ö �‹ˆ ´  ¡Ò¸É·Ò° (10−3 ¸) ´ ±²μ´ μ¸´μ¢ ´¨Ö

„²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶·μÍ¥¸¸  ®£μ·¨§μ´É ²¨§ Í¨¨¯ ¶μ¢¥·Ì´μ¸É¨ ¦¨¤±μ¸É¨
μ¸´μ¢ ´¨¥ ¡Ò¸É·μ ´ ±²μ´Ö²μ¸Ó ¶Ó¥§μÔ²¥±É·¨Î¥¸±¨³ Ô²¥³¥´Éμ³ (Piezo Sta-
ker (PS)), ¨¸¶μ²Ó§Ê¥³Ò³ ¶·¨ ± ²¨¡·μ¢±¥ �‹ˆ [9]. �  PS ¶μ¤ ¢ ²μ¸Ó ´ ¶·Ö-
¦¥´¨¥ 50 ‚, ¨ §  ¢·¥³Ö ³¥Ì ´¨Î¥¸±μ° ¤¥Ëμ·³ Í¨¨ ¶Ó¥§μÔ²¥±É·¨Î¥¸±μ£μ Ô²¥-
³¥´É  (10−3 ¸) [14] μ¸´μ¢ ´¨¥ �‹ˆ ´ ±²μ´Ö²μ¸Ó ´  8,4 ³±· ¤, μ¸Ó ¢· Ð¥´¨Ö
¶·μÌμ¤¨²  Î¥·¥§ Í¥´É·Ò Ï ·μ¢ÒÌ μ¶μ·. 
ÉμÉ ´ ±²μ´ ¨§³¥·Ö²¸Ö ¨´±²¨´μ³¥-
É·μ³. ‘É ²Ó´Ò¥ Ï ·¨±¨ ¨ PS ±·¥¶¨²¨¸Ó ´  ´¥¶μ¤¢¨¦´μ³ μ¸´μ¢ ´¨¨, ±μÉμ·μ¥
¢ ¸¢μÕ μÎ¥·¥¤Ó § ±·¥¶²Ö²μ¸Ó ´  ¡¥Éμ´´μ³ ¶μ²Ê É· ´¸¶μ·É´μ£μ Éμ´´¥²Ö º1
(’’1) (–…	�).

�μ¸±μ²Ó±Ê ¢·¥³Ö ·¥ ±Í¨¨ PS ´  ¶μ¤ ´´μ¥ ´ ¶·Ö¦¥´¨¥ § ¢¥¤μ³μ ³¥´ÓÏ¥
¢·¥³¥´¨ ·¥ ±Í¨¨ ¢Ò· ¢´¨¢ ´¨Ö £μ·¨§μ´É ²Ó´μ° ¶μ¢¥·Ì´μ¸É¨, Éμ ¶·¨ ¶·μ-
¤μ²¦¨É¥²Ó´μ¸É¨ ¨§³¥·¥´¨Ö 0,04Ä0,01 ¸ ³μ¦´μ Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥¤¥²¨ÉÓ
§ ¢¨¸¨³μ¸ÉÓ ¶·μÍ¥¸¸  ®£μ·¨§μ´É ²¨§ Í¨¨¯ ¶μ¢¥·Ì´μ¸É¨ ¦¨¤±μ¸É¨ μÉ ¢·¥³¥´¨.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´ ¸¨£´ ² ¸ ¶·¥Í¨§¨μ´´μ£μ ² §¥·´μ£μ ¨´±²¨´μ³¥É·  ¢
§ ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ ¶·¨ ¡Ò¸É·μ³ (∼= 10−3 ¸) ´ ±²μ´¥ ¥£μ μ¸´μ¢ ´¨Ö ´ 
Ê£μ² D = 8,4 ³±· ¤. „²¨É¥²Ó´μ¸ÉÓ μ¤´μ£μ ¨§³¥·¥´¨Ö 0,04 ¸.
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ˆ§ ·¨¸. 2 ¢¨¤´μ, ÎÉμ μÉ±²¨± ¨´±²¨´μ³¥É·  ´  ´ ±²μ´ ¥£μ μ¸´μ¢ ´¨Ö ¨³¥¥É
´¥¸±μ²Ó±μ Ë §:

1) ¨´¥·Í¨μ´´μ¥ ¤¢¨¦¥´¨¥ ¦¨¤±μ¸É¨ ¢ ´ ¶· ¢²¥´¨¨ ´ ±²μ´  ¢ É¥Î¥´¨¥
0,08 ¸ (³¥¦¤Ê ÉμÎ± ³¨ 1 ¨ 2);

2) ¢μ¸¸É ´μ¢²¥´¨¥ ®£μ·¨§μ´É ²Ó´μ¸É¨¯ ¶μ¢¥·Ì´μ¸É¨ ¦¨¤±μ¸É¨: ®¡Ò¸É· Ö¯
Î ¸ÉÓ, 0,24 ¸, ³¥¦¤Ê ÉμÎ± ³¨ 2 ¨ 3 ¨ ®³¥¤²¥´´ Ö¯ Î ¸ÉÓ, 20 ¸, ³¥¦¤Ê ÉμÎ± ³¨
3 ¨ 4.

‚¨¤´μ, ÎÉμ ¡Ò¸É· Ö Î ¸ÉÓ ¶·μÍ¥¸¸  Ê¸É ´μ¢²¥´¨Ö £μ·¨§μ´É ²Ó´μ£μ ¶μ-
²μ¦¥´¨Ö ¦¨¤±μ¸É¨ ¸μ¸É ¢²Ö¥É 77 %∗ μÉ ¤²¨É¥²Ó´μ¸É¨ ¶μ²´μ£μ ´ ±²μ´  D,
¤μ¸É¨£ ¥³μ£μ ¢ ³¥¤²¥´´μ° Î ¸É¨ (3Ä4). �Ê¤¥³ ¸Î¨É ÉÓ ÔÉμ ¢·¥³Ö 0,25 ¸ ³¨´¨-
³ ²Ó´Ò³ (dead time), ¶μ ¨¸É¥Î¥´¨¨ ±μÉμ·μ£μ ¢μ§³μ¦´  ·¥£¨¸É· Í¨Ö ¨´±²¨´μ-
³¥É·μ³ ¸²¥¤ÊÕÐ¥£μ ´ ±²μ´ .


ÉμÉ ¢Ò¢μ¤ ¸¶· ¢¥¤²¨¢ ¤²Ö ³ ¸²  ˆ-20�. ƒ· ´¨Î´ Ö Î ¸ÉμÉ  μ¶·¥¤¥²Ö¥É¸Ö
¨§ ¶·μ¤μ²¦¨É¥²Ó´μ¸É¨ ¡Ò¸É·μ° Î ¸É¨ ¢ ·¥ ±Í¨¨ �‹ˆ ´  ¡Ò¸É·Ò° ´ ±²μ´ ¨
¸μ¸É ¢²Ö¥É ≈ 4 ƒÍ.

Œ¥¤²¥´´ Ö Î ¸ÉÓ μ¡Ê¸²μ¢²¥´  ´ ²¨Î¨¥³ ³¥´¨¸± , ¢μ§´¨± ÕÐ¥£μ ¶·¨ ±μ´-
É ±É¥ ³ ¸²  ¸μ ¸É¥´±μ° ¸μ¸Ê¤ . �·¨ ·¥§±μ³ ´ ±²μ´¥ μ¸´μ¢ ´¨Ö ¶·¥¦¤¥ ¢¸¥£μ
¶·μ¨¸Ìμ¤¨É ¤¢¨¦¥´¨¥ Í¥´É· ²Ó´μ° Î ¸É¨ ¦¨¤±μ¸É¨ ¨ § É¥³ ¸É¥± ´¨¥ Î ¸É¨
¦¨¤±μ¸É¨ ¨§ §μ´Ò ³¥´¨¸± .

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ μÉ¸ÊÉ¸É¢¨¥ ¸¨£´ ²  μÉ· ¦¥´´μ° ¢μ²´Ò ¢ ÉμÎ±¥ 3. 
Éμ
£μ¢μ·¨É μ ¤μ³¨´¨·μ¢ ´¨¨ ¶·μÍ¥¸¸  ¸É¥± ´¨Ö ¦¨¤±μ¸É¨ ´ ¤ ¶μ¢¥·Ì´μ¸É´Ò³¨
¢μ²´μ¢Ò³¨ ¤¢¨¦¥´¨Ö³¨. 
Éμ Å ¤μ¸Éμ¨´¸É¢μ ¨´±²¨´μ³¥É·  (·¥£¨¸É· Í¨Ö ´ ±-
²μ´  μ¸´μ¢ ´¨Ö ¢ ¤¨ ¶ §μ´¥ Î ¸ÉμÉ μÉ 4 ƒÍ ¨ ³¥´ÓÏ¥), ¨ μ´μ Ö¢²Ö¥É¸Ö ¢¥¸Ó³ 
§´ Î¨É¥²Ó´Ò³ ¶·¥¨³ÊÐ¥¸É¢μ³ ¶μ ¸· ¢´¥´¨Õ ¸ ±² ¸¸¨Î¥¸±¨³¨ ¨´¥·Í¨ ²Ó´Ò³¨
¸¥°¸³μ£· Ë ³¨, ¶μ¸±μ²Ó±Ê ·¥£¨¸É·¨·Ê¥³Ò¥ ±μ²¥¡ ´¨Ö ´¥ ¨¸± ¦ ÕÉ¸Ö ·¥§μ-
´ ´¸´Ò³¨ Ö¢²¥´¨Ö³¨.

‚¶μ²´¥ μÎ¥¢¨¤´μ, ÎÉμ ¢¸¥ ±μ²¥¡ ´¨Ö, ¶·μ¤μ²¦¨É¥²Ó´μ¸ÉÓ ±μÉμ·ÒÌ ³¥´ÓÏ¥
¶·μ¤μ²¦¨É¥²Ó´μ¸É¨ μ±μ´Î É¥²Ó´μ£μ ¢Ò· ¢´¨¢ ´¨Ö £μ·¨§μ´É  ¶μ¢¥·Ì´μ¸É¨
¦¨¤±μ¸É¨, ¡Ê¤ÊÉ ·¥£¨¸É·¨·μ¢ ÉÓ¸Ö ¸ Ê³¥´ÓÏ¥´´μ°  ³¶²¨ÉÊ¤μ°. �μÔÉμ³Ê ´¥-
μ¡Ìμ¤¨³μ μ¶·¥¤¥²¨ÉÓ ¶μ¶· ¢μÎ´Ò° ±μÔËË¨Í¨¥´É ¤²Ö ¢μ¸¸É ´μ¢²¥´¨Ö ¤¥°¸É-
¢¨É¥²Ó´μ°  ³¶²¨ÉÊ¤Ò ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨.

���…„…‹…�ˆ… �����‚�—��ƒ� Š��””ˆ–ˆ…�’�
��ˆ �…ƒˆ‘’��–ˆˆ Š�‹…���ˆ‰ ‡…Œ��‰

��‚…�•��‘’ˆ �‹ˆ ‚ „ˆ���‡��… [0,07 ƒ–; 8 ƒ–]

�¡· É¨³ ¢´¨³ ´¨¥, ÎÉμ ¢ ®³¥¤²¥´´μ° Î ¸É¨¯ (³¥¦¤Ê ÉμÎ± ³¨ 3 ¨ 4, ·¨¸. 2)
´ ·Ö¤Ê ¸ ¶·μÍ¥¸¸μ³ ¢μ¸¸É ´μ¢²¥´¨Ö £μ·¨§μ´É ²Ó´μ£μ ¶μ²μ¦¥´¨Ö ¦¨¤±μ¸É¨
´ ¡²Õ¤ ÕÉ¸Ö ¶¥·¨μ¤¨Î¥¸±¨¥ ¸¨£´ ²Ò ¨´¤Ê¸É·¨ ²Ó´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö.

∗	 ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ÉμÎ± ³¨ 2 ¨ 3, ¤¥²¥´´μ¥ ´  D.

4



	¨¸. 3. �¶¶·μ±¸¨³ Í¨Ö ³¥¤²¥´´μ° Î ¸É¨ ·¨¸. 2 Ô±¸¶μ´¥´Í¨ ²Ó´μ° § ¢¨¸¨³μ¸ÉÓÕ
Φ(t) = a + b ect

Š ± ¢¨¤´μ ¨§ ·¨¸. 2, 3, Î ¸ÉμÉ´Ò¥ ±μ³¶μ´¥´ÉÒ ¸ ¶¥·¨μ¤ ³¨ μÉ 0,24 ¤μ
20 ¸ (Î ¸ÉμÉ´Ò° ¨´É¥·¢ ² [0,05 ƒÍ; 4 ƒÍ]) ·¥£¨¸É·¨·ÊÕÉ¸Ö ¸ ³¥´ÓÏ¥° ÔËË¥±-
É¨¢´μ¸ÉÓÕ, Î¥³ ¶μ¸²¥ 20 ¸.

‚ÒÎ¨¸²¨³ ¢¥²¨Î¨´Ê ¶μ¶· ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  ¤²Ö μ¶·¥¤¥²¥´¨Ö ¤¥°-
¸É¢¨É¥²Ó´μ°  ³¶²¨ÉÊ¤Ò Ê£²μ¢ÒÌ ±μ²¥¡ ´¨°.

„²Ö ÔÉμ£μ μ¶·¥¤¥²¨³ (·¨¸. 3) · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê £μ·¨§μ´É ²Ó´μ° ²¨´¨¥°,
¸μμÉ¢¥É¸É¢ÊÕÐ¥° Ê¸É ´μ¢¨¢Ï¥³Ê¸Ö £μ·¨§μ´É ²Ó´μ³Ê Ê·μ¢´Õ ¶μ¢¥·Ì´μ¸É¨
¦¨¤±μ¸É¨, ¨ ÉμÎ± ³¨ ¨§³¥·¥´¨Ö Ê£²μ¢ Φ. ‘¨£´ ² (3Ä4)  ¶¶·μ±¸¨³¨·μ¢ ´
ËÊ´±Í¨¥° Φ(t) = a + b ect, ÎÉμ ¤ ¥É

Φ = 11,08 − 4,252 exp (−0,242t). (1)

ˆ§ Ëμ·³Ê²Ò (1) μ¶·¥¤¥²¨³ · ¸¸ÉμÖ´¨Ö d(t) ³¥¦¤Ê  ¶¶·μ±¸¨³¨·μ¢ ´-
´μ° ±·¨¢μ° ¨ £μ·¨§μ´É ²Ó´μ° ²¨´¨¥° ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ ¨§³¥·¥´¨Ö
(¸³. ·¨¸. 3):

d = 4,252 exp (−0,242t). (2)
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	¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ¶μ¶· ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  (f) μÉ Î ¸ÉμÉÒ ·¥£¨¸É· Í¨¨ ¸¨£´ ² 
¢ ¤¨ ¶ §μ´¥ [0,05 ƒÍ; 4 ƒÍ]

‡´ Ö · ¸¸ÉμÖ´¨¥ D = 8,4 ³±· ¤ ³¥¦¤Ê £μ·¨§μ´É ²Ó´Ò³¨ ²¨´¨Ö³¨ ´ 
·¨¸. 2, ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¶μ²μ¦¥´¨Ö³ �‹ˆ ¤μ ¨ ¶μ¸²¥ ´ ±²μ´ , μ¶·¥¤¥²¨³
μÉ´μÏ¥´¨¥ K(t) = d(t)/D ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨. �¥§· §³¥·´Ò° ¶ · ³¥É·
K(t) μ¶·¥¤¥²Ö¥É ®£μ·¨§μ´É ²¨§ Í¨Õ¯ ¶μ¢¥·Ì´μ¸É¨ ¦¨¤±μ¸É¨ ¢μ ¢·¥³¥´¨:

K(t) =
d(t)
D

= 0,062 exp (−0,242t). (3)

„²¨É¥²Ó´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¸¨£´ ²μ¢ μÉ ÉμÎ±¨ 3 ¤μ 4 ¸μμÉ¢¥É¸É¢Ê¥É Î ¸-
ÉμÉ´μ° ±μ³¶μ´¥´É¥ ¸¨£´ ²  ± ± t = 1/f . ’ ±, ´ ¶·¨³¥·, ¶·¨ ¢·¥³¥´¨ ´ ¡²Õ-
¤¥´¨Ö 20 ¸ ¶·μ¨¸Ìμ¤¨É ¶μ²´μ¥ ¢Ò· ¢´¨¢ ´¨¥ £μ·¨§μ´É  ¶μ¢¥·Ì´μ¸É¨ ¦¨¤±μ¸-
É¨; ¸²¥¤μ¢ É¥²Ó´μ, ¤²Ö Î ¸ÉμÉÒ Ê£²μ¢μ£μ ±μ²¥¡ ´¨Ö 1/20 ƒÍ ¨ ´¨¦¥ ´¥ ¡Ê¤¥É
´ ¡²Õ¤ ÉÓ¸Ö Ê³¥´ÓÏ¥´¨Ö ¤¥°¸É¢¨É¥²Ó´μ°  ³¶²¨ÉÊ¤Ò ÔÉμ£μ ±μ²¥¡ ´¨Ö.

�μÔÉμ³Ê

K(f) = 0,5062 exp
(
−0,242

1
f

)
. (4)

�  ·¨¸. 4 ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ K(f) μÉ Î ¸ÉμÉÒ f ¢ ¤¨ ¶ §μ´¥ [0,05 ƒÍ;
4 ƒÍ].

�μ ¸ÊÉ¨, ¶μ¶· ¢μÎ´Ò° ±μÔËË¨Í¨¥´É K(f) (4) μ¶·¥¤¥²Ö¥É ¢¥²¨Î¨´Ê μÉ´μ-
¸¨É¥²Ó´μ° ¤μ¡ ¢±¨, ±μÉμ·ÊÕ ´¥μ¡Ìμ¤¨³μ ¶·¨¡ ¢¨ÉÓ ± ¢¥²¨Î¨´¥ § ·¥£¨¸É·¨·μ-
¢ ´´μ£μ Ê£²μ¢μ£μ ´ ±²μ´  ´  ³¥¤²¥´´μ° Î ¸É¨ (3Ä4) ·¥ ±Í¨¨ ¨´±²¨´μ³¥É·  ´ 
¡Ò¸É·Ò° ´ ±²μ´. � ¶·¨³¥·, ¶·¨ ·¥£¨¸É· Í¨¨ ¸¨´Ê¸μ¨¤ ²Ó´μ£μ ¸¨£´ ²  Ames
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´  Î ¸ÉμÉ¥ 1 ƒÍ ¸  ³¶²¨ÉÊ¤μ°, ¸±μ··¥±É¨·μ¢ ´´μ° ¶·¨ ¶μ³μÐ¨ ±μÔËË¨Í¨¥´É 
K , ¢¥²¨Î¨´  ¤¥°¸É¢¨É¥²Ó´μ°  ³¶²¨ÉÊ¤Ò Acor ¥¸ÉÓ

Acor(1 ƒÍ) = Ames(1 ƒÍ)(1 + K(1 ƒÍ)) = Ames(f) · 1,18. (5)

‡ ¢¨¸¨³μ¸ÉÓ (4) ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ ± ± ¶μ¶· ¢μÎ´Ò° ±μÔËË¨Í¨-
¥´É ¶·¨ ËÊ·Ó¥- ´ ²¨§¥  ³¶²¨ÉÊ¤´ÒÌ ¸¶¥±É·μ¢.

‘±μ··¥±É¨·μ¢ ´´Ò° Î ¸ÉμÉ´Ò° ¸¶¥±É· ËÊ·Ó¥- ´ ²¨§  ·¥£¨¸É·¨·Ê¥³ÒÌ
 ³¶²¨ÉÊ¤ μ¶·¥¤¥²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥

Φcor(f) = Φmes(f)(1 + K(f)). (6)

”μ·³Ê²  (4) ¤²Ö ¶μ¶· ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  ¶μ²ÊÎ¥´  ¤²Ö ³ ¸² 
ˆ-20� ¶·¨ É¥³¶¥· ÉÊ·¥ 16,2 ◦‘, ¢ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨ÖÌ, ¶·¨ ¤¨ ³¥É·¥ ¸μ¸Ê¤ 
50 ³³ ¨ £²Ê¡¨´¥ ¸²μÖ ³ ¸²  4 ³³. �·¨ ¨§³¥´¥´¨¨ ÔÉ¨Ì Ê¸²μ¢¨° ´¥μ¡Ìμ¤¨³Ò
ÊÉμÎ´ÖÕÐ¨¥ ¨§³¥·¥´¨Ö.

ˆ‡Œ…�…�ˆ… ��Š‹��� ‡…Œ��‰ ��‚…�•��‘’ˆ,
��“‘‹�‚‹…���ƒ� ˆ‘’�—�ˆŠ�Œˆ ˆ�„“‘’�ˆ�‹œ��ƒ�

���ˆ‘•�†„…�ˆŸ

„²Ö Ô±¸¶¥·¨³¥´É ²Ó´μ£μ μ¶·¥¤¥²¥´¨Ö ³ ±¸¨³ ²Ó´μ ¤μ¸É¨¦¨³μ° Î ¸ÉμÉÒ
·¥£¨¸É· Í¨¨ ¡Ò²¨ ¨§³¥·¥´Ò Ê£²μ¢Ò¥ ´ ±²μ´Ò ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨ ·Ö¤μ³ ¸
· ¡μÉ ÕÐ¨³ ¢ ±ÊÊ³´Ò³ ´ ¸μ¸μ³. 
±¸¶¥·¨³¥´É ¶·μ¢μ¤¨²¸Ö ¢ É· ´¸¶μ·É´μ³
Éμ´´¥²¥ º1 (’’1) (–…	�) ¢ É¥Î¥´¨¥ ¸ÊÉμ±. 	 ¡μÉ ÕÐ¨° ¢ ±ÊÊ³´Ò° ´ ¸μ¸
· ¸¶μ² £ ²¸Ö ¢ 3 ³ μÉ �‹ˆ (·¨¸. 5). Š Éμ³Ê ¦¥ ¢ · ¡μÎ¥¥ ¢·¥³Ö ¢ ´¥¶μ¸-
·¥¤¸É¢¥´´μ° ¡²¨§μ¸É¨ ± ’’1 ¤¥°¸É¢μ¢ ²μ ¢¨¡· Í¨μ´´μ¥ μ¡μ·Ê¤μ¢ ´¨¥ (¨´-
¤Ê¸É·¨ ²Ó´Ò° ÏÊ³ ¢ Ï¨·μ±μ° ¶μ²μ¸¥ Î ¸ÉμÉ). �§¨³ÊÉ ’’1 ¸μμÉ¢¥É¸É¢μ¢ ²
18◦. ˆ§³¥·¥´¨Ö ¶·μ¨§¢μ¤¨²¨¸Ó ¢ ´ ¶· ¢²¥´¨¨, ¶¥·¶¥´¤¨±Ê²Ö·´μ³ μ¸¨ ’’1
¸  §¨³ÊÉμ³ 108◦ μÉ´μ¸¨É¥²Ó´μ ´ ¶· ¢²¥´¨Ö ´  ¸¥¢¥·. „²¨É¥²Ó´μ¸ÉÓ μ¤´μ£μ
¨§³¥·¥´¨Ö �‹ˆ ¡Ò²  0,04 ¸. �  ·¨¸. 6 ¶μ± § ´  ¸¥°¸³μ£· ³³  ±μ²¥¡ ´¨°

	¨¸. 5. 	 ¸¶μ²μ¦¥´¨¥ �‹ˆ ¢μ ¢·¥³Ö ¨§³¥·¥´¨° ¢ ’’1
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	¨¸. 6. ‘¥°¸³μ£· ³³  ¨´¤Ê¸É·¨ ²Ó´ÒÌ ÏÊ³μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ �‹ˆ ¢ É¥Î¥´¨¥
¸ÊÉμ±

	¨¸. 7. ‡ ·¥£¨¸É·¨·μ¢ ´´Ò¥ ¸¨´Ê¸μ¶μ¤μ¡´Ò¥ ¸¨£´ ²Ò ¨´¤Ê¸É·¨ ²Ó´μ£μ ¶·μ¨¸Ìμ¦¤¥-
´¨Ö §  ¢·¥³Ö 7 ¸ (´  μ¸´μ¢ ´¨¨ £· Ë¨±  ·¨¸. 6)
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	¨¸. 8. ‘¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ±μ²¥¡ ´¨° (·¨¸. 6), § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ ´μÎ´μ¥
¢·¥³Ö

	¨¸. 9. ‘¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ±μ²¥¡ ´¨° (·¨¸. 6), § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ ¤´¥¢´μ¥
¢·¥³Ö
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	¨¸. 10. ‘¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ¨´¤Ê¸É·¨ ²Ó´ÒÌ ÏÊ³μ¢ ¢ μ¡² ¸É¨ Î ¸ÉμÉ [1 ƒÍ; 10 ƒÍ]

¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨. �  ·¨c. 7 ¤ ´  Î ¸ÉÓ ¶·¥¤Ò¤ÊÐ¥° ¸¥°¸³μ£· ³³Ò §  ±μ-
·μÉ±¨° (7 ¸) ¶¥·¨μ¤, Ë· £³¥´É ¤ ´´ÒÌ (Zoom), ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 6. � 
·¨¸. 8 ¨ 9 ¶·¥¤¸É ¢²¥´ ËÊ·Ó¥- ´ ²¨§ (¸¶¥±É· ²Ó´Ò° ¸μ¸É ¢) § ·¥£¨¸É·¨·μ¢ ´-
´ÒÌ ±μ²¥¡ ´¨° (·¨¸. 6) ¢ ´μÎ´μ¥ ¨ · ¡μÎ¥¥ ¢·¥³Ö.

Š ± ¢¨¤´μ ¨§ ·¨¸. 7, ´ ¡²Õ¤ ÕÉ¸Ö ¸¨´Ê¸μ¶μ¤μ¡´Ò¥ ¸¨£´ ²Ò ´  · §²¨Î´ÒÌ
Î ¸ÉμÉ Ì, ÎÉμ ¶μ¤É¢¥·¦¤ ¥É¸Ö ËÊ·Ó¥- ´ ²¨§μ³ ±μ²¥¡ ´¨° ¤ ´´ÒÌ ´  ·¨¸. 8, 9.
„μ³¨´¨·ÊÕÐ Ö Î ¸ÉμÉ  Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨ μÉ ¢ ±ÊÊ³´μ£μ
´ ¸μ¸  ¸μ¸É ¢²Ö¥É 3,23 ƒÍ, É ±¦¥ ´ ¡²Õ¤ ÕÉ¸Ö Î ¸ÉμÉÒ 2,27 ¨ 4,93 ƒÍ.

� Î¨´ Ö ¸ Î ¸ÉμÉÒ 4 ƒÍ (·¨¸. 10), ´ ¡²Õ¤ ¥É¸Ö ·¥§±μ¥ ¸´¨¦¥´¨¥ ¸¶¥±-
É· ²Ó´μ° ¶²μÉ´μ¸É¨ ËÊ·Ó¥-±μ³¶μ´¥´É Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨,
±μÉμ·μ¥ μ¶·¥¤¥²Ö¥É¸Ö ¶·¨¢¥¤¥´´μ° ¢ÒÏ¥ £· ´¨Í¥° ¢Ò¸μ±μÎ ¸ÉμÉ´μ£μ ¤¥É¥±-
É¨·μ¢ ´¨Ö �‹ˆ.

”“�œ…-���‹ˆ‡ ‚›‘�Š�—�‘’�’�›• Š�Œ���…�’
ˆ�„“‘’�ˆ�‹œ�›• ‘ˆƒ��‹�‚ ‘ “—…’�Œ

�����‚�—��ƒ� Š��””ˆ–ˆ…�’�

ˆ¸¶μ²Ó§ÊÖ Ëμ·³Ê²Ê (5), ¸±μ··¥±É¨·Ê¥³ ¤ ´´Ò¥ ËÊ·Ó¥- ´ ²¨§  ·¥§Ê²ÓÉ -
Éμ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ ´μÎ´μ¥ ¨ · ¡μÎ¥¥ ¢·¥³Ö.

�  ·¨¸. 11, 12 ¶μ± § ´ ËÊ·Ó¥- ´ ²¨§ ¸±μ··¥±É¨·μ¢ ´´ÒÌ ¨ ¶¥·¢¨Î´ÒÌ
¤ ´´ÒÌ, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ �‹ˆ ¢ ´μÎ´μ¥ ¨ · ¡μÎ¥¥ ¢·¥³Ö.
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	¨¸. 12. ‘¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨, § ·¥£¨¸É·¨-
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Š ± ¢¨¤´μ ¨§ ·¨¸. 11, 12, ±μ··¥±É¨·μ¢±  ¶μ§¢μ²¨²  μ¶·¥¤¥²¨ÉÓ Ë ±É¨-
Î¥¸±¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¢Ò¸μ±μÎ ¸ÉμÉ´ÒÌ ±μ³¶μ´¥´É ¢ ¸¶¥±É· ²Ó´μ³ ¸μ¸É ¢¥
ËÊ·Ó¥-¤ ´´ÒÌ (¸³. ·¨¸. 6). 
Éμ ¶μ¤É¢¥·¦¤ ¥É ¶·¨³¥´¨³μ¸ÉÓ �‹ˆ ¤²Ö ·¥-
£¨¸É· Í¨¨ ¢Ò¸μ±μÎ ¸ÉμÉ´ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨ ¢ Éμ³ Î¨¸²¥ ¨
¨´¤Ê¸É·¨ ²Ó´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö.

��‘“†„…�ˆ…

�É´μ¸¨É¥²Ó´μ ¶·μ¤μ²¦¨É¥²Ó´μ¥ ¢Ò· ¢´¨¢ ´¨¥ £μ·¨§μ´É  ¶μ¢¥·Ì´μ¸É¨
¦¨¤±μ¸É¨ (10Ä20 ¸) ¶μ± §Ò¢ ¥É, ÎÉμ ¶·¨³¥´¥´¨¥ �‹ˆ ¤²Ö ¢Ò¸μ±μÉμÎ´μ° Ê£²μ-
¢μ° ¸É ¡¨²¨§ Í¨¨ ¨§³¥·¨É¥²Ó´μ° ¶² ÉËμ·³Ò ¢ Î ¸ÉμÉ´μ³ ¤¨ ¶ §μ´¥ [0,05 ƒÍ;
4 ƒÍ] É·¥¡Ê¥É ¨¸¶μ²Ó§μ¢ ´¨Ö ¶μ¶· ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É . �·¥¤²μ¦¥´´ Ö
³¥Éμ¤¨±  (¶μ¶· ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É ) ¶μ§¢μ²¨²  ¶μ²ÊÎ¨ÉÓ Ë ±É¨Î¥¸±ÊÕ
¨´É¥´¸¨¢´μ¸ÉÓ ¢ ¸¶¥±É· ²Ó´μ³ ¸μ¸É ¢¥ ¶·¨ ËÊ·Ó¥- ´ ²¨§¥. ‚μ¸¸É ´μ¢²¥´¨¥
ËÊ·Ó¥-±μ³¶μ´¥´É ¢ÒÏ¥¨§²μ¦¥´´μ° ³¥Éμ¤¨±μ° ¤ ¥É Ê¤μ¢²¥É¢μ·¨É¥²Ó´ÊÕ
ÉμÎ´μ¸ÉÓ.

	¥£¨¸É·¨·Ê¥³Ò° Ê£²μ¢μ° ¸¥°¸³¨Î¥¸±¨° ¸¨£´ ² ¸μ¤¥·¦¨É · §´Ò¥ Î ¸ÉμÉÒ,
¨ ¢ ÔÉμ³ ¸²ÊÎ ¥ ±μ··¥±É¨·μ¢ ÉÓ ´ ¡²Õ¤ ¥³Ò° ¸¨£´ ² § É·Ê¤´¨É¥²Ó´μ. �·¨
¶μ³μÐ¨ Î ¸ÉμÉ´μ£μ Ë¨²ÓÉ·  ³μ¦´μ ¡Ò²μ ¡Ò ¢Ò·¥§ ÉÓ μÉ¤¥²Ó´Ò¥ Î ¸ÉμÉ´Ò¥
¸μ¸É ¢²ÖÕÐ¨¥, Ê³´μ¦¨ÉÓ ¨Ì ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶μ¶· ¢μÎ´Ò° ±μÔËË¨Í¨-
¥´É ¨ § É¥³ ¢μ¸¸É ´μ¢¨ÉÓ ¤¥°¸É¢¨É¥²Ó´ÊÕ  ³¶²¨ÉÊ¤Ê ¶·¨Ìμ¤ÖÐ¥£μ ¸¨£´ ² .
�μ¤μ¡´ Ö ³¥Éμ¤¨±  É·¥¡Ê¥É ¤μ¶μ²´¨É¥²Ó´μ° ¶·μ· ¡μÉ±¨.

‚ ± Î¥¸É¢¥ ¨²²Õ¸É· Í¨¨ · ¸¸³μÉ·¨³ ±μ··¥±Í¨Õ  ³¶²¨ÉÊ¤Ò ³¨±·μ¸¥°-
¸³¨Î¥¸±μ£μ ¸¨£´ ²  É¨¶  ®³¨±·μ¸¥°¸³¨Î¥¸±¨° ¶¨±¯, ¤¥É¥±É¨·Ê¥³μ£μ μ´² °´.
— ¸ÉμÉ´Ò° ¤¨ ¶ §μ´ ®³¨±·μ¸¥°¸³¨Î¥¸±μ£μ ¶¨± ¯ ¸μ¸É ¢²Ö¥É [0,1 ƒÍ; 0,5 ƒÍ].
ˆ§ Ëμ·³Ê² (4), (5) μ¶·¥¤¥²¨³ ¸±μ··¥±É¨·μ¢ ´´ÊÕ  ³¶²¨ÉÊ¤Ê ·¥£¨¸É·¨·Ê¥³ÒÌ
Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ´  ±· °´¨Ì Î ¸ÉμÉ Ì ®³¨±·μ¸¥°¸³¨Î¥¸±μ£μ ¶¨± ¯ 0,1 ƒÍ
¨ 0,5 ƒÍ:

Acor(0,1 ƒÍ) = Ames(0,1 ƒÍ)(1 + K(0,1 ƒÍ)) = Ames(0,1 ƒÍ) · 1,02;
Acor(0,5 ƒÍ) = Ames(0,5 ƒÍ)(1 + K(0,5 ƒÍ)) = Ames(0,5 ƒÍ) · 1,14.

„²Ö Ê³¥´ÓÏ¥´¨Ö μÏ¨¡±¨ ¢ ¢¥²¨Î¨´¥ ±μ··¥±É¨·ÊÕÐ¥£μ ±μÔËË¨Í¨¥´É  1 + K
¶·¨ μ¶·¥¤¥²¥´¨¨  ³¶²¨ÉÊ¤Ò ·¥£¨¸É·¨·Ê¥³ÒÌ Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¢μ ¢¸¥³ Î -
¸ÉμÉ´μ³ ¤¨ ¶ §μ´¥ ®³¨±·μ¸¥°¸³¨Î¥¸±μ£μ ¶¨± ¯ ¨¸¶μ²Ó§Ê¥³ ¸·¥¤´¨° ±μ··¥±-
É¨·ÊÕÐ¨° ±μÔËË¨Í¨¥´É 1 + K = 1,08. 	 §´¨Í  ¢ ±μ··¥±É¨·ÊÕÐ¨Ì ±μÔË-
Ë¨Í¨¥´É Ì ´  ®±· °´¨Ì¯ (0,1; 0,5 ƒÍ) Î ¸ÉμÉ Ì ®³¨±·μ¸¥°¸³¨Î¥¸±μ£μ ¶¨± ¯
μÉ´μ¸¨É¥²Ó´μ ¸·¥¤´¥° ¢¥²¨Î¨´Ò ¸μ¸É ¢²Ö¥É Δ = 1 + K − (1 + K(0,1 ƒÍ) =
1 + K(0,5 ƒÍ) − 1 + K = 0,06. ‘μμÉ¢¥É¸É¢¥´´μ, μÉ´μ¸¨É¥²Ó´ Ö μÏ¨¡±  ¢

¢¥²¨Î¨´¥ ¸·¥¤´¥£μ §´ Î¥´¨Ö ±μ··¥±É¨·ÊÕÐ¥£μ ±μÔËË¨Í¨¥´É 
Δ

1 + K
= 0,055
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¤²Ö ¢¸¥£μ ¤¨ ¶ §μ´  Î ¸ÉμÉ ®³¨±·μ¸¥°¸³¨Î¥¸±μ£μ ¶¨± ¯ μ¶·¥¤¥²¨É ÉμÎ´μ¸ÉÓ
¢μ¸¸É ´μ¢²¥´¨Ö ¤¥°¸É¢¨É¥²Ó´μ°  ³¶²¨ÉÊ¤Ò ·¥£¨¸É·¨·Ê¥³ÒÌ Ê£²μ¢ÒÌ ±μ²¥-
¡ ´¨° ®³¨±·μ¸¥°¸³¨Î¥¸±μ£μ ¶¨± ¯ ¢ 5,5%. ’ ±¨³ μ¡· §μ³, ¤²Ö μ´² °´-
±μ··¥±É¨·Ê¥³ÒÌ ¸¨¸É¥³ (¸¥°¸³μ¨§μ²¨·μ¢ ´´ Ö ¶² ÉËμ·³ ) ¢μ§³μ¦´μ ¸´¨¦¥-
´¨¥  ³¶²¨ÉÊ¤Ò Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ®³¨±·μ¸¥°¸³¨Î¥¸±μ£μ ¶¨± ¯ ¢ 18 · §.

‚Éμ·μ° ¸¶μ¸μ¡ Ê¢¥²¨Î¥´¨Ö ÉμÎ´μ¸É¨ Å ÔÉμ ¨¸¶μ²Ó§μ¢ ´¨¥ ³ ¸¥² ¸ ¡μ²¥¥
´¨§±μ° ±¨´¥³ É¨Î¥¸±μ° ¢Ö§±μ¸ÉÓÕ. � ¶·¨³¥·, ³ ¸²μ ˆ-5� ¨³¥¥É ¢Ö§±μ¸ÉÓ ¢
4Ä5 · § ´¨¦¥, Î¥³ ¨¸¶μ²Ó§Ê¥³μ¥ ³ ¸²μ ˆ-20�. 
Éμ ¶μ§¢μ²¨É Ê³¥´ÓÏ¨ÉÓ ¢·¥³Ö
¢μ¸¸É ´μ¢²¥´¨Ö £μ·¨§μ´É ²Ó´μ° ¶μ¢¥·Ì´μ¸É¨ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, Ê³¥´ÓÏ¨É ¶μ-
¶· ¢μÎ´Ò° ±μÔËË¨Í¨¥´É ¢ μ¡² ¸É¨ Î ¸ÉμÉ ®³¨±·μ¸¥°¸³¨Î¥¸±μ£μ ¶¨± ¯. ‚
¨Éμ£¥, ± ± μ¦¨¤ ¥É¸Ö, ÔÉμ Ê¢¥²¨Î¨É ÉμÎ´μ¸ÉÓ ¢μ¸¸É ´μ¢²¥´¨Ö  ³¶²¨ÉÊ¤Ò ³¨±-
·μ¸¥°¸³¨Î¥¸±¨Ì ±μ²¥¡ ´¨°.

‡�Š‹	—…�ˆ…

„²Ö μ¶·¥¤¥²¥´¨Ö ¢¥·Ì´¥° £· ´¨ÍÒ Î ¸ÉμÉ´μ£μ ¤¨ ¶ §μ´  ·¥£¨¸É· Í¨¨
Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨ ¶·¥Í¨§¨μ´´Ò³ ² §¥·´Ò³ ¨´±²¨´μ-
³¥É·μ³ ¶·μ¢¥¤¥´ Ô±¸¶¥·¨³¥´É ¸ ¡Ò¸É·Ò³ (≈ 10−3 ¸) ´ ±²μ´μ³ μ¸´μ¢ ´¨Ö
¨´±²¨´μ³¥É· . ‚ Ô±¸¶¥·¨³¥´É¥ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¨´¤Ê¸É·¨ ²Ó´μ¥ ³ ¸²μ ˆ-20�
¶·¨ É¥³¶¥· ÉÊ·¥ 16,2 ◦‘, ¢ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨ÖÌ, ¶·¨ ¤¨ ³¥É·¥ ¸μ¸Ê¤  50 ³³
¨ £²Ê¡¨´¥ ¸²μÖ ³ ¸²  4 ³³. �¶·¥¤¥²¥´  ¢¥·Ì´ÖÖ £· ´¨Í  4 ƒÍ Î ¸ÉμÉ´μ£μ
¤¨ ¶ §μ´  ·¥£¨¸É· Í¨¨ Ê£²μ¢ÒÌ ±μ²¥¡ ´¨° ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨.


±¸¶¥·¨³¥´É ²Ó´μ ¤μ± § ´μ μÉ¸ÊÉ¸É¢¨¥ μÉ· ¦¥´´μ° ¢μ²´Ò ´  ¶μ¢¥·Ì´μ¸-
É¨ ¦¨¤±μ¸É¨ ¢ �‹ˆ ¶·¨ ¡Ò¸É·μ³ ´ ±²μ´¥ μ¸´μ¢ ´¨Ö, ÎÉμ £μ¢μ·¨É μ¡ μÉ¸ÊÉ-
¸É¢¨¨ ·¥§μ´ ´¸´ÒÌ Ö¢²¥´¨° ¢ · ¡μÉ¥ ¶·¨¡μ· .

‡ ·¥£¨¸É·¨·μ¢ ´Ò Ê§±μ¶μ²μ¸´Ò¥ ¸¨£´ ²Ò Ê£²μ¢μ£μ ±μ²¥¡ ´¨Ö ¶μ¢¥·Ì´μ¸-
É¨ ‡¥³²¨ μÉ · ¡μÉ ÕÐ¥£μ ¢ ±ÊÊ³´μ£μ ´ ¸μ¸  ¨ Ï¨·μ±μ¶μ²μ¸´Ò° ¨´¤Ê¸É·¨-
 ²Ó´Ò° ÏÊ³ ¢ ´μÎ´μ¥ ¨ · ¡μÎ¥¥ ¢·¥³Ö.

�¡´ ·Ê¦¥´μ Ö¢²¥´¨¥ ¶μ¸É¥¶¥´´μ£μ ¢μ¸¸É ´μ¢²¥´¨Ö £μ·¨§μ´É ²Ó´μ¸É¨ ¶μ-
¢¥·Ì´μ¸É¨, ¸¢Ö§ ´´μ¥ ¸μ ¸É¥± ´¨¥³ ³ ¸²  ¨§ §μ´Ò ³¥´¨¸±  ´  ¸É¥´±¥ ¸μ¸Ê¤ .

‘μ§¤ ´  ³¥Éμ¤¨±  μ¶·¥¤¥²¥´¨Ö ¶μ¶· ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  ¤²Ö ËÊ·Ó¥-
¸¶¥±É·  ·¥£¨¸É·¨·Ê¥³ÒÌ ±μ²¥¡ ´¨° ¨ ¢μ¸¸É ´μ¢²¥´ ¶¥·¢μ´ Î ²Ó´Ò° ËÊ·Ó¥-
¸¶¥±É· ·¥£¨¸É·¨·Ê¥³ÒÌ ¨´¤Ê¸É·¨ ²Ó´ÒÌ ÏÊ³μ¢.

�¶·¥¤¥²¥´  ÉμÎ´μ¸ÉÓ (5,5 %) μ´² °´-¢μ¸¸É ´μ¢²¥´¨Ö  ³¶²¨ÉÊ¤Ò ³¨±·μ-
¸¥°¸³¨Î¥¸±μ£μ ¶¨±  ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ³ ¸²  ˆ-20�. „²Ö ¶μ¢ÒÏ¥´¨Ö ÉμÎ-
´μ¸É¨ ¶·¥¤²μ¦¥´μ ¨¸¶μ²Ó§μ¢ ´¨¥ ³ ¸¥² ˆ-5� ¸ ¡μ²¥¥ ´¨§±¨³ ±μÔËË¨Í¨¥´Éμ³
±¨´¥³ É¨Î¥¸±μ° ¢Ö§±μ¸É¨.

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¡² £μ¤ ·ÖÉ ‘.�. ‘ÉÊ¤¥´μ¢  §  ¢Ò¸μ±μ± Î¥¸É¢¥´-
´μ¥ ¨§£μÉμ¢²¥´¨¥ ¢ ¦´ÒÌ Ê§²μ¢ ¢ ±ÊÊ³¨·μ¢ ´´μ£μ ¶·¥Í¨§¨μ´´μ£μ ² §¥·´μ£μ
¨´±²¨´μ³¥É· .
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