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  Currently, laser interferometer measurement systems are the most accurate means employed for 

the registration of geodynamic, seismic and other geophysical deformation processes. In this report we 

describe the application of laser interferometers-strainmeters for registration of geophysical processes in 

the acoustic range of frequencies. Mobile and portable laser interferometers-strainmeters are used for 

measurements. In these devices we apply three-mirror interferometer, which simplifies the installation 

and configuration in the field observation. The registration system of heterodyne type, which is resistant 

to the turbulent distortions of the wave beam and which allows to measure in the open atmosphere, is 

used for a signal recording in the frequency range 10(-5)-10(3) Hz. The comparison of data, obtained 

from strainmeters and acoustic sensors installed in the energy active zone, is performed. Observations 

were carried out on the IRE underground beam waveguide (Moscow region), on the POI and IKIR FEB 

RAS Stations (Far East and Kamchatka region). Research and development aimed at creating technology 

for early detection of dangerous geodynamic processes- earthquakes, landslides, tsunami waves. The 

produced version of laser strainmeters can be effective in solving various problems: geological, 

geophysical and environmental services, construction, engineering infrastructure, etc. With their help, 

estimates of background processes in natural conditions may be obtained, including industrial and 

construction facilities, and underground mine workings, researching expeditions and field observation 

points.  

 
ɺʚʝʜʝʥʠʝ. 

 

ʃʘʟʝʨʥʳʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ-ʜʝʬʦʨʤʦʛʨʘʬʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʥʳʭ ʫʛʦʣʢʘʭ 

ʧʣʘʥʝʪʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [1-3]. ʋʥʠʢʘʣʴʥʦ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʣʘʟʝʨʥʳʭ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʝʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʠ 

ʥʘʙʣʶʜʝʥʠʷʭ ʙʦʣʴʰʦʛʦ ʢʣʘʩʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʵʥʝʨʛʦʘʢʪʠʚʥʳʭ ʟʦʥʘʭ. 

ʉʨʝʜʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʘʢʫʩʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʘʩʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʳʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ-ʜʝʬʦʨʤʦʛʨʘʬʦʚ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʦʣʝʙʘʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʝʡʩʤʠʯʝʩʢʦʤ ʠ ʘʢʫʩʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ. ɺʳʧʦʣʥʷʝʪʩʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʩ ʜʝʬʦʨʤʦʛʨʘʬʘ ʠ ʜʨʫʛʠʭ ʜʘʪʯʠʢʦʚ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʵʥʝʨʛʦʘʢʪʠʚʥʦʡ ʟʦʥʝ. ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʜʟʝʤʥʦʡ ʣʫʯʝʚʦʜʥʦʡ ʣʠʥʠʠ 

ʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ ʚʦ ʌʨʷʟʠʥʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ,  ʥʘ ʄʕʉ ʊʆʀ ɼɺʆ ʈɸʅ  çʤʳʩ 

ʐʫʣʴʮʘè ʠ ʚ ʀʂʀʈ ɼɺʆ ʈɸʅ ʧ. ʇʘʨʘʪʫʥʢʘ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʦʧʘʩʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʦʙʚʘʣʴʥʦ-ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ, ʚʦʣʥ 

ʮʫʥʘʤʠ. 

 

ʆʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʙʦʨʦʚ ʠ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʙʠʣʴʥʳʡ ʠ ʧʦʨʪʘʪʠʚʥʳʡ ʣʘʟʝʨʥʳʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ-

ʜʝʬʦʨʤʦʛʨʘʬʳ [4]. ɺ ʵʪʠʭ ʧʨʠʙʦʨʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʩʭʝʤʘ ʪʨʝʭʟʝʨʢʘʣʴʥʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʫʩʪʘʥʦʚʢʫ ʠ ʥʘʩʪʨʦʡʢʫ ʚ ʤʝʩʪʘʭ ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʪʨʝʭʟʝʨʢʘʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ-ʜʝʬʦʨʤʦʛʨʘʬʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʨʘʙʦʪʝ [5].  

ɹʣʦʢ ʩʭʝʤʘ ʧʨʠʙʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. ɼʝʬʦʨʤʦʛʨʘʬ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʀʟʣʫʯʝʥʠʝ ʣʘʟʝʨʘ ʯʝʨʝʟ ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʫʶ ʧʣʘʩʪʠʥʢʫ ʠ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʡ ʤʦʜʫʣʷʪʦʨ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʧʣʝʯʦ. ʏʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ, ʦʪʨʘʞʘʷʩʴ ʦʪ ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʦʡ 

ʧʣʘʩʪʠʥʢʠ, ʧʦʩʪʫʧʘʝʪ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢ, ʛʜʝ ʚʳʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ 

ʩʠʛʥʘʣ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʩʠʩʪʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʛʝʪʝʨʦʜʠʥʥʦʛʦ ʪʠʧʘ ʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 
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ʪʫʨʙʫʣʝʥʪʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʚʦʣʥʦʚʦʛʦ ʧʫʯʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʚ ʦʪʢʨʳʪʦʡ 

ʘʪʤʦʩʬʝʨʝ. ʀʩʩʣʝʜʫʶʪʩʷ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʝ ʠ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʟʤʫʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 

0,00005 ɻʮ ʜʦ 1000 ɻʮ. ʇʨʝʜʝʣʴʥʦʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 0,1 ʥʤ. 

 
ʈʠʩ 1. ɹʣʦʢ ʩʭʝʤʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ-ʜʝʬʦʨʤʦʛʨʘʬʘ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʪʨʝʭʟʝʨʢʘʣʴʥʳʡ ʣʘʟʝʨʥʳʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ-ʜʝʬʦʨʤʦʛʨʘʬ ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʘ 

ʣʘʟʝʨʘ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷʪʦʨʘ (ɹʃʆʄ), ʙʣʦʢʘ ʢʦʥʪʨʦʣʷ (ɹʂ) ʠ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ (ɹʋʀ), ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʙʣʦʢʘʤʠ ɹʂ ʠ ɹʃʆʄ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʘʙʝʣʝʤ ʜʣʠʥʦʡ 50 

ʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʙʣʦʢ ʧʠʪʘʥʠʷ (ɹʇ) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʝʧʝʥʥʦʡ ʚʳʨʘʙʦʪʢʠ ʝʛʦ ʨʝʩʫʨʩʘ.  

ʇʨʠʙʦʨ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʦʤʝʱʝʥʠʠ (ʧ. ʇʘʨʘʪʫʥʢʘ, ʀʂʀʈ ɼɺʆ ʈɸʅ). 

ɿʘʧʠʩʴ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɼʣʠʥʘ ʙʘʟʳ ʩʦʩʪʘʚʣʷʣʘ 12 ʤʝʪʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʠ ʠʟʤʝʨʝʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʚʦʟʤʫʱʝʥʠʠ ʩ ʯʘʩʪʦʪʦʡ 220 ɻʮ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʧʨʠʤʝʥʷʣʘʩʴ ʘʢʫʩʪʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ ʦʪ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, 

ʠʟʣʫʯʘʶʱʘʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʘʢʫʩʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʇʨʠʩʫʪʩʪʚʫʶʱʘʷ 

ʠʥʪʝʥʩʠʚʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʯʘʩʪʦʪʝ 100 ɻʮ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʘʧʧʘʨʘʪʫʨʥʦʡ ʩʝʪʝʚʦʡ ʧʦʤʝʭʦʡ, 

ʧʨʦʥʠʢʘʶʱʝʡ ʚ ʢʘʥʘʣ ʨʝʛʠʩʪʨʘʮʠʠ. ʇʨʦʛʨʘʤʤʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʬʠʣʴʪʨʘʮʠʶ ʜʘʥʥʦʡ ʧʦʤʝʭʠ [6]. 

 
ʈʠʩ. 2 ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʚʦʟʤʫʱʝʥʠʠ ʩ ʯʘʩʪʦʪʦʡ 220 ɻʮ. 
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ʍʘʨʘʢʪʝʨʥʳʡ ʧʨʠʤʝʨ ʟʘʧʠʩʝʡ ʪʨʝʭʟʝʨʢʘʣʴʥʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ-ʜʝʬʦʨʤʦʛʨʘʬʘ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 3. . ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ ʘʤʧʣʠʪʫʜʦʡ 2 ʤʢʤ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʟʘʪʫʭʘʥʠʝʤ. ɺ ʵʪʦ ʚʨʝʤʷ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʩʣʫʞʙʦʡ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

ʩ ʤʘʛʥʠʪʫʜʦʡ 4.3  ʚ ʪʨʝʭʩʪʘʭ ʢʠʣʦʤʝʪʨʘʭ ʦʪ ʤʝʩʪʘ ʥʘʙʣʶʜʝʥʠʷ. (21.09.2009  14h 15m 36.4s, 53.13 N  

162.71 E,   h=19 km,  m=4.3, ʫ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʘʤʯʘʪʢʠ, ɻʉ ʈɸʅ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʡ ʢʘʪʘʣʦʛ 

ʩʝʥʪʷʙʨʴ 2009 ʛ.)  

 
ʈʠʩ. 3 ʇʨʠʤʝʨ ʟʘʧʠʩʠ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ɿʘʢʣʶʯʝʥʠʝ. 

 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʧʳʪʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʘʢʝʪʦʚ 

ʪʨʝʭʟʝʨʢʘʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʜʝʬʦʨʤʦʛʨʘʬʘ.  

ʇʦ ʩʦʚʤʝʩʪʥʦʡ ʧʨʦʛʨʘʤʤʝ ʚʳʧʦʣʥʝʥʳ ʥʘʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧ. 

ʇʘʨʘʪʫʥʢʘ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʀʂʀʈ ɼɺʆ ʈɸʅ.  

ʇʦʣʫʯʝʥʳ ʮʠʬʨʦʚʳʝ ʟʘʧʠʩʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʣʘʟʝʨʥʦ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʠʙʦʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʢʫʩʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 

ʉʦʟʜʘʚʘʝʤʳʝ ʚʘʨʠʘʥʪʳ ʣʘʟʝʨʥʳʭ ʜʝʬʦʨʤʦʛʨʘʬʦʚ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ ʨʝʰʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ: ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʣʫʞʙʳ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 

ʠʥʞʝʥʝʨʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʠ ʜʨ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʝʥʢʠ ʬʦʥʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʧʦʜʟʝʤʥʳʝ ʠ 

ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʠʟʳʩʢʘʪʝʣʴʥʳʝ ʵʢʩʧʝʜʠʮʠʠ ʠ ʧʦʣʝʚʳʝ ʧʫʥʢʪʳ ʥʘʙʣʶʜʝʥʠʷ.  
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ʆ ɹɸɿʆɺʓʍ ʌʀɿʀʏɽʉʂʀʍ ʕʌʌɽʂʊɸʍ, ʆʇʈɽɼɽʃʗʖʑʀʍ ɺʆɿʄʆɾʅʆʉʊʔ  

ɺʃʀʗʅʀʗ  ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʀʄʇʋʃʔʉʆɺ ʅɸ 

ʊʈɽʑʀʅʆʆɹʈɸɿʆɺɸʅʀɽ ɺ ʅɸɻʈʋɾɽʅʅʓʍ ʆɹʈɸɿʎɸʍ ɻɽʆʄɸʊɽʈʀɸʃʆɺ. 

ON THE FUNDAMENTAL E FFECTS ALLOWING THE INLUENCE OF  

ELECTROMAGNETIC PULS ES OVER MICROCRACKIN G  IN 

LOADED SPECIMENS OF  MATERIALS  
ʃ.ʄ. ɹʦʛʦʤʦʣʦʚ

1
, ɸ.ʉ. ɿʘʢʫʧʠʥ

2
, ɺ.ɸ. ɻʘʚʨʠʣʦʚ

3
, ɺ.ɸ. ʄʫʙʘʩʩʘʨʦʚʘ

2
 

1
- ʀʥʩʪʠʪʫʪ ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ 

2
-ʅʘʫʯʥʘʷ ʩʪʘʥʮʠʷ ʈɸʅ ʚ ʛ. ɹʠʰʢʝʢʝ, ʂʠʨʛʠʟʩʪʘʥ,  

3
-ʀʥʩʪʠʪʫʪ ʚʫʣʢʘʥʦʣʦʛʠʠ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ɼɺʆ ʈɸʅ  

The work is devoted to the peculiar features of acoustic emission, (AE) responses triggered by 

external actions of electromagnetic pulses over loaded rocks specimens. New results on AE responses 

have been obtained, which manifested themselves the rate of defects formation in rocks. The model is 

proposed that relates origination of AE responses to nonlinear resonant interaction similar to stimulated 

Brillouin scattering.   This model (coming from Nonlinear Optics and Condensed Media Physics) 

allows understanding of that why triggered variations of AE activity are similar for specimens with 

differing properties, in particular semi-brittle and pseudo-plastic, dry and water-saturated. 
 

ʀʜʝʷ ʥʝʚʟʨʳʚʥʦʛʦ, ʚʠʙʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʣʠʙʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʩʣʘʙʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʘʟʨʷʜʢʠ ʠʟʙʳʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʛʝʦʩʨʝʜʝ ʠ ʩʥʠʞʝʥʠʷ 

ʨʠʩʢʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʆʧʨʝʜʝʣʝʥʥʳʡ 

ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ, ʪʝʤʘʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʟʘʤʳʩʣʦʤ, ʤʦʞʝʪ ʚʥʝʩʪʠ ʣʘʙʦʨʘʪʦʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʷʭ ʠʤʧʫʣʴʩʦʚ 

ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʵʥʝʨʛʦʚʦʟʜʝʡʩʪʚʠʷʭ). ʅʘʙʣʶʜʝʥʠʷ ʚʣʠʷʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ: ʦʪ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʠ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʠʥʝ 1-10 ʩʤ, ʜʦ 

ʥʘʪʫʨʥʦʛʦ ī ʢʠʣʦʤʝʪʨʦʚʦʛʦ ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ [1-3]. ɺʣʠʥ̫ʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʦʚ ʠ ʚʠʙʨʘʮʠʡ) ʥʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʦʙʨʘʟʮʘʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʨʷʜʝ ʨʘʙʦʪ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ, ɸʕ (ʦʙʟʦʨ ʚ [1]). 

ɹʳʣ ʚʳʷʚʣʝʥ ʵʬʬʝʢʪ ʧʨʠʨʦʩʪʘ ʘʢʪʠʚʥʦʩʪʠ ɸʕ, ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʚʥʝʰʥʠʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ 

ʧʦʣʷʤʠ [1,2], ʢʦʪʦʨʳʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʚʣʠʷʥʠʠ ʥʘ ʩʢʦʨʦʩʪʴ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʦʝ 

ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ (ʕʄʇ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʜʝʬʝʢʪʘʤʠ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ). ɺʟʘʠʤʦʩʚʷʟʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʣʷʨʠʟʘʮʠʝʡ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ (ʧʨʦʷʚʣʝʥʠʝʤ ʧʣʘʩʪʠʯʥʦʩʪʠ), ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ [4] ʜʣʷ ʩʣʫʯʘʷ ʦʙʨʘʟʮʦʚ ʙʝʟ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʜʦʣʞʝʥʦ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʪʢʣʠʢʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʥʘ 

ʠʤʧʫʣʴʩʳ ʕʄʇ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʳʤʠ ʧʦʣʷʤʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʭʦʜʝ 

ʩʝʘʥʩʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʦʙʨʘʟʮʦʚ ʥʘ ʧʦʣʟʫʯʝʩʪʴ ʥʘ ʙʝʩʰʫʤʥʳʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʩʩʘʭ. ʄʝʪʦʜʠʢʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʪʘʣʴʥʦ ʠʟʣʦʞʝʥʘ ʚ [5]. ʉʠʛʥʘʣʳ ɸʕ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʰʠʨʦʢʦʤ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 80 ʢɻʮ ʜʦ 2,5 ʄɻʮ, ʘʧʧʘʨʘʪʫʨʘ ʨʘʙʦʪʘʣʘ ʚ ʞʜʫʱʝʤ ʨʝʞʠʤʝ. ɺ ʧʨʦʚʝʜʝʥʥʦʡ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʧʨʠ ʥʘʛʨʫʟʢʘʭ 70-95 % ʦʪ 



 316 

ʤʘʢʩʠʤʘʣʴʥʳʭ (ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʨʘʟʮʘ) ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʡ ʦʪʢʣʠʢ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʜʝʬʦʨʤʘʮʠʠ ʩʚʳʰʝ 10
-5
, (ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʦʚ ʤʝʥʴʰʝ ʤʠʢʨʦʥʘ). ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʦʪʢʣʠʢʠ ʦʙʨʘʟʮʦʚ ʛʘʙʙʨʦ ʠ ʢʘʤʝʥʥʦʡ ʩʦʣʠ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʛʝʥʝʨʘʪʦʨʘ ɻ5-54 ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʙʳʣʘ ʚ ʧʨʝʜʝʣʘʭ 0,8-1,5 ʢB/ʤ, ʘ ʧʨʠ ʠʤʧʫʣʴʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 

ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʨʘʟʨʷʜʦʚ ï ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʦʙʨʘʟʮʘʤʠ ʢʘʤʝʥʥʦʡ ʩʦʣʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ï ʵʪʦ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʚ ʢʦʪʦʨʦʤ ʟʘʚʝʜʦʤʦ ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʬʨʘʢʮʠʠ ʠ ʧʣʝʥʢʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʪʨʝʱʠʥ. ʉʣʫʯʘʡ ʨʠʩ. 1ʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʦʪʢʣʠʢ ʦʙʨʘʟʮʘ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʥʝ ʤʝʥʝʝ 

ʢʦʥʪʨʘʩʪʝʥ, ʯʝʤ ʛʘʙʙʨʦ, ʠ, ʚʦ-ʚʪʦʨʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʞʠʤʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ, 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʨʠʨʦʩʪʘ ʘʢʪʠʚʥʦʩʪʠ ʩʣʘʙʳʭ ʠ ʩʠʣʴʥʳʭ ʩʦʙʳʪʠʡ. ʇʨʠ ʵʪʦʤ ʩʣʘʙʳʝ ʩʦʙʳʪʠʷ 

ʚʥʦʩʷʪ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʦʙʱʠʡ ʧʨʠʨʦʩʪ ʯʠʩʣʘ ʥʘʢʦʧʣʝʥʥʳʭ ʩʦʙʳʪʠʡ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ [2,5] ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʧʨʠʤʝʨ rʩʭʦʜʩʪʚʘ ʦʪʢʣʠʢʦʚ ʦʙʨʘʟʮʦʚ ʢʘʤʝʥʥʦʡ ʩʦʣʠ (ʨʠʩ.1ʩ) ʠ ʛʘʙʙʨʦ (ʨʠʩ.1ʘ), ʘ ʪʘʢʞʝ 

ʩʭʦʜʩʪʚʦ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚ [5] ʦʪʢʣʠʢʘʤʠ ʢʚʘʨʮʠʪʘ ʠ ʛʨʘʥʠʪʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ɸʕ 

ʛʝʦʤʘʪʝʨʠʘʣʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʭʦʜʥʳʤ 

ʦʙʨʘʟʦʤ ʨʝʘʛʠʨʫʶʪ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʕʄʇ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʩʪʦʣʴ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʙʫʞʜʝʥʠʝ ʤʠʢʨʦʢʦʣʝʙʘʥʠʡ (ʩʣʘʙʳʭ ʚʠʙʨʘʮʠʡ), ʘ ʦʥʠ ʫʞʝ ʦʢʘʟʳʚʘʶʪ ʪʨʠʛʛʝʨʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪ ʤʠʢʨʦʪʨʝʱʠʥ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʵʬʬʝʢʪ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ɸʕ ʩʣʘʙʳʤʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʚʠʙʨʘʮʠʷʤʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ, ʛʜʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʪʘʢʦʛʦ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʡ ʥʘ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ: ʦʪ ʩʘʥʪʠʤʝʪʨʦʚʳʭ 

(ʣʘʙʦʨʘʪʦʨʥʳʭ, [6,7]), ʜʦ ʢʠʣʦʤʝʪʨʦʚʳʭ ʠ ʙʦʣʝʝ (ʥʘʪʫʨʥʳʭ, [8]). ʆʪʤʝʪʠʤ,  ʯʪʦ ʵʪʠ ʨʘʙʦʪʳ ʩʳʛʨʘʣʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʪʘʥʦʚʣʝʥʠʠ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʦʤ ʚʳʜʝʣʝʥʠʷ 

ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʩʪʘʥʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

 
ʈʠʩ.1. ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʪʠʚʥʦʩʪʠ ɸʕ ʦʙʨʘʟʮʦʚ ʚ ʩʝʩʩʠʷʭ ʩ ʧʦʜʘʯʝʡ ʵʣʝʢʪʨʦʠʤʧʫʣʴʩʦʚ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ: a) ʦʙʨʘʟʝʮ ʛʘʙʙʨʦ ʧʨʠ ʥʘʛʨʫʟʢʝ 92% ʦʪ ʨʘʟʨʫʰʘʶʱʝʡ ʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʤʧʫʣʴʩʦʚ ɻ5-54 

(ʧʘʨʘʤʝʪʨʳ ï 30ɺ, 2ʤʢʩ, 90ʢɻʮ; ʙ) ʦʙʨʘʟʝʮ ʛʘʙʙʨʦ ʥʘ ʩʪʫʧʝʥʠ ʥʘʛʨʫʞʝʥʠʷ 98%, ʩʪʨʝʣʢʠ -ʩʝʨʠʠ ʠʟ 10 

ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʨʘʟʨʷʜʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 500ɺ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 1ʤʢʩ; c) ʩʝʣʝʢʪʠʚʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʮʘ  ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʧʨʠ ʥʘʛʨʫʟʢʝ 70 % ʦʪ ʨʘʟʨʫʰʘʶʱʝʡ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʚʳʙʦʨʢʘʤ ʩʦʙʳʪʠʡ 

ʩ ʤʝʥʴʰʝʡ (NW) ʠ ʙʦʣʴʰʝʡ NS ʘʤʧʣʠʪʫʜʘʤʠ, N(t) = NW(t) + NS (t). ʇʘʨʘʤʝʪʨʳ- 60ɺ, 5ʤʢʩ, 2ʢɻʮ. ʇʦʣʦʩʘ ʥʘ 

ʛʨʘʬʠʢʘʭ ʘ), ʚ) ʫʢʘʟʳʚʘʝʪ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʦʚ ʛʝʥʝʨʘʪʦʨʘ ɻ5-54 

 

ʇʦ ʦʮʝʥʢʘʤ [9], ʵʬʬʝʢʪ ʦʪʢʣʠʢʘ ʘʢʪʠʚʥʦʩʪʠ ɸʕ ʦʙʨʘʟʮʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʦʷʚʣʷʝʪʩʷ, ʢʦʛʜʘ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʦʨʷʜʢʘ 10
-6
 ʦʪ ʫʨʦʚʥʷ ʛʣʘʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʨʘʟʨʷʜʦʚ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʩ ʘʤʧʣʠʪʫʜʦʡ ʪʘʢʦʛʦ 

ʧʦʨʷʜʢʘ ʚʳʪʝʢʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʫʨʘʚʥʝʥʠʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʧʦʥʜʝʨʤʦʪʦʨʥʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʜʠʩʧʝʨʩʠʝʡ [10]. ʆʜʥʘʢʦ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʚʘʣʩʷ ʟʘʛʘʜʦʯʥʳʤ ʤʝʭʘʥʠʟʤ ʚʦʟʙʫʞʜʝʥʠʷ ñʘʥʦʤʘʣʴʥʳʭò ʚʠʙʨʘʮʠʡ ʚ 

ʩʝʩʩʠʷʭ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ɻ5-54, ʪ.ʝ. ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ. ʇʦ ʤʥʝʥʠʶ 

ʘʚʪʦʨʦʚ, ʚʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ʧʨʠ ʧʦʜʘʯʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʠʤʧʫʣʴʩʦʚ. ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʪʘʢʦʡ ʚʦʣʥʦʚʦʡ ʵʬʬʝʢʪ ʢʘʢ ʥʝʣʠʥʝʡʥʦʝ ʨʝʟʦʥʘʥʩʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʚʫʢʦʚʳʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʩ ʨʝʟʦʥʘʥʩʦʤ ʥʘ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʝ. ɼʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʦʚ ɻ5-54 ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʵʣʝʢʪʨʦʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ɸʕ ʦʙʨʘʟʮʦʚ ʢʘʤʝʥʥʦʡ 

ʩʦʣʠ ʢʨʫʪʳʝ ʬʨʦʥʪʳ ʥʘʨʘʩʪʘʥʠʷ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʤʝʥʝʝ 0,1 ʤʢʩ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʙʫʞʜʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʛʘʨʤʦʥʠʢ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʚʳʰʝ  ~ 10
7
 1/c. ʉʨʝʜʠ ʥʠʭ ʥʘʡʜʫʪʩʷ ʯʘʩʪʦʪʳ 1, 2 , 

ʣʝʞʘʱʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 10
7
 1/c, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʟʥʦʩʪʴ 1 - 2 ʧʦʧʘʜʘʝʪ ʚ ʜʠʘʧʘʟʦʥ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ 

S ʦʪ ʩʦʪʝʥ 1/c ʜʦ 10
3
 1/ʩ. ʇʨʠ ʪʘʢʦʤ ʨʝʟʦʥʘʥʩʝ ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ ʩ ʯʘʩʪʦʪʦʡ S = 1 - 2 ʙʫʜʝʪ 
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ʫʩʠʣʠʚʘʪʴʩʷ. ʇʦ-ʩʫʱʝʩʪʚʫ, ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʘʥʘʣʦʛʦʤ ʠʟʚʝʩʪʥʦʛʦ ʚ ʥʝʣʠʥʝʡʥʦʡ 

ʦʧʪʠʢʝ ʵʬʬʝʢʪʘ ʚʳʥʫʞʜʝʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ɹʨʠʣʣʶʵʥʘ [11] ï ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʥʘ ʚʨʝʤʝʥʥʳʭ 

ʬʣʫʢʪʫʘʮʠʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʬʣʫʢʪʫʘʮʠʡ ʧʣʦʪʥʦʩʪʠ, 

ʪ.ʝ. ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʥʘʛʨʫʞʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʦʢʨʫʞʘʶʱʝʤ 

ʦʙʲʝʤʝ ʚʝʱʝʩʪʚʘ ʥʝʩʦʤʥʝʥʥʦ ʠʤʝʶʪ ʤʝʩʪʦ ʥʝʦʜʥʦʨʦʜʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ. ɽʩʣʠ ʵʪʠ 

ʚʦʟʤʫʱʝʥʠʷ ʧʦʣʫʯʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ʠ ʠʤʧʫʣʴʩ ʦʪ ʚʥʝʰʥʝʛʦ ʧʦʣʷ, ʘ ʘʢʫʩʪʠʯʝʩʢʘʷ 

ʜʦʙʨʦʪʥʦʩʪʴ ʩʨʝʜʳ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ, ʢʦʣʝʙʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʪʨʠʛʛʝʨʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʪʨʝʱʠʥʳ ʚ ʜʨʫʛʦʡ ʦʙʣʘʩʪʠ. ɼʘʣʝʝ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ñʩʘʤʦʨʘʟʛʦʥò ʨʦʩʪʘ ʤʠʢʨʦʪʨʝʱʠʥ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʘʢ ʚʨʝʤʝʥʥʳʡ 

ʧʨʠʨʦʩʪ ʘʢʪʠʚʥʦʩʪʠ ɸʕ. ɼʣʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʙʝʟ ʢʨʫʧʥʳʭ ʪʨʝʱʠʥ ʜʦʙʨʦʪʥʦʩʪʴ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ Q~ 100-400, ʘ ʚ ʩʞʘʪʦʤ ʩʦʩʪʦʷʥʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ [12]. ʌʘʢʪʦʨ 

ʜʦʙʨʦʪʥʦʩʪʠ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ. ʊʘʢ ʢʘʢ ʙʣʘʛʦʜʘʨʷ ʥʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩʦ ʟʚʫʢʦʚʳʤʠ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʥʘʤʥʦʛʦ ʜʦʣʴʰʝ ʚʨʝʤʝʥʠ ʧʨʦʙʝʛʘ 

ʫʧʨʫʛʦʡ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʝʱʠʥʳ. ʇʨʠ ʵʪʦʤ ʫʩʪʨʘʥʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩ ʯʘʩʪʦʪʦʡ  ~ 10
7
 1/c (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʝ ʚʦʣʥʳ = 

2  C/  ~ 100 ʤ) ʩ ʦʙʲʝʢʪʘʤʠ (ʬʣʫʢʪʫʘʮʠʷʤʠ) ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ (ʦʪ ʜʣʠʥʳ ʤʠʢʨʦʪʨʝʱʠʥʳ ʧʦʨʷʜʢʘ 

10-100 ʤʢʤ, ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ, ʪ.ʝ. ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʦʙʨʘʟʮʘ). 

ʕʣʝʢʪʨʦʜʳ, ʥʘ ʢʦʪʦʨʳʝ ʧʦʜʘʚʘʣʠʩʴ ʠʤʧʫʣʴʩʳ ʛʝʥʝʨʘʪʦʨʘ ɻ5-54, ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʭʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ ʦʧʠʩʳʚʘʶʪʩʷ ʢʘʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʚʫʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩ ʚʝʢʪʦʨʘʤʠ ʋʤʦʚʘ-

ʇʦʡʥʪʠʥʛʘ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʜʨʫʛ ʜʨʫʛʫ (ʨʠʩ. 2). ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʚʳʥʫʞʜʝʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ɹʨʠʣʣʶʵʥʘ [11] ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ ñʨʘʩʩʝʷʥʠʷ ʥʘʟʘʜò, ʧʨʠ 

ʢʦʪʦʨʦʤ ʫʩʣʦʚʠʝ ʫʩʠʣʝʥʠʷ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʬʦʨʤʝ: 

S = (VS/C) ( 1 + 2)  2 (VS/C) 1,2 ,   (1) 

ʛʜʝ VS ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ, ʉ ï ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʜʣʷ ʩʧʣʦʰʥʦʡ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʦʙʳʯʥʦ VS/C ~ 10
-5
. ʇʦʵʪʦʤʫ ʫʩʣʦʚʠʝ (1) ʩʦʚʤʝʩʪʠʤʦ ʩ ʪʨʝʙʦʚʘʥʠʝʤ S 

= 1 - 2, ʝʩʣʠ 1,2 ~ 10
7
 1/c, ʘ ʯʘʩʪʦʪʘ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʩʦʪʝʥ 1/c ʜʦ 10

3
 1/ʩ. 

ʇʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʣʘʩʩʠʯʝʩʢʦʤ (ʥʝʢʚʘʥʪʦʚʦʤ) ʚʘʨʠʘʥʪʝ ʤʦʜʝʣʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ɹʨʠʣʣʶʵʥʘ [11] ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʵʪʦʛʦ ʵʬʬʝʢʪʘ, ʥʘʨʷʜʫ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʢʦʣʝʙʘʥʠʡ 

ʥʘ ʯʘʩʪʦʪʝ S, ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʠʝ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ 1, 2, (ʩʤ.ʨʠʩ.2). ʆʮʝʥʠʪʴ ʘʤʧʣʠʪʫʜʫ 

ʤʠʢʨʦʚʠʙʨʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ɹʨʠʣʣʶʵʥʦʚʩʢʦʤ ʨʘʩʩʝʷʥʠʠ ʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʳ [11]: 

     Ů0 Ů(1)  G
2
 S E~( 1, k1)  E~( 2, k2) / (2  VS S) ,  (2) 

ʛʜʝ ʦʙʦʟʥʘʯʝʥʦ:  ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, G ï ʫʧʨʫʛʠʡ ʤʦʜʫʣʴ, ʪʘʢ ʯʪʦ VS
2
 ~G/ , S ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ ʟʚʫʢʘ, ʚʳʨʘʞʘʶʱʠʡʩʷ ʯʝʨʝʟ ʜʦʙʨʦʪʥʦʩʪʴ Q ʩʦʦʪʥʦʰʝʥʠʝʤ S = S/2  Q, E~ ï 

ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʚʦʣʥʝ ʩ ʫʢʘʟʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ 

k, 0 = 8,8510
-12

 ʌ/ʤ, (1) ï ʚʦʟʤʫʱʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʬʣʫʢʪʫʘʮʠʠ 

ʧʣʦʪʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1) ~ (d /d ) ~. 

ɽʩʣʠ ʜʣʷ ʛʨʫʙʳʭ ʦʮʝʥʦʢ ʚʟʷʪʴ ~ ~ 0,2-0,5  (ʠʤʝʝʤ ʜʝʣʦ ʩ ʦʢʨʝʩʪʥʦʩʪʴʶ ʨʘʩʪʫʱʝʡ ʪʨʝʱʠʥʳ), ʪʦ 

ʧʦʜʩʪʘʥʦʚʢʘ ʚʩʝʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ (2) ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʠʶ: 

 ~
2
  İ  Ů0 Ů  E~

2
,     (3) 

ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚ ʦʙʩʫʞʜʘʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʷʭ E ~ 1 ʢɺ/ʤ 

(ʩʣʫʯʘʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻ5-54) ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʢʦʣʝʙʘʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ 

ʜʘʚʣʝʥʠʷ (ʥʘʧʨʷʞʝʥʠʷ) ʧʦʨʷʜʢʘ 10
-7
 -10

-6
 ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʛʣʘʚʥʦʛʦ ʩʞʠʤʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʯʘʩʪʦʪʝ S ʦʢʘʟʘʣʠʩʴ ʧʨʠʤʝʨʥʦ ʚ 10 Q 

ʨʘʟ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʚʳʨʘʞʝʥʠʷʤ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʧʦʥʜʝʨʤʦʪʦʨʥʳʭ 

ʩʠʣ ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ [10], ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʚʝʣʠʯʠʥʘʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ E. ɺʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʦʙʲʷʩʥʷʝʪ, ʚ ʢʘʢʦʡ-ʪʦ 

ʩʪʝʧʝʥʠ, ʩʭʦʜʩʪʚʦ ʘʢʫʩʪʦʵʤʠʩʩʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ ʥʘ ʜʝʡʩʪʚʠʝ ʩʣʘʙʳʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʠ 

ʥʘ ʠʤʧʫʣʴʩʳ ʕʄʇ, ʢʦʪʦʨʦʝ ʨʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʷʜʝ ʨʘʙʦʪ. 
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ʈʠʩ.2.ɸʥʘʣʦʛ ʥʝʣʠʥʝʡʥʦʛʦ ʪʨʝʭʚʦʣʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ: ʨʝʟʦʥʘʥʩ ʥʘ ʙʠʝʥʠʷʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ c ʙʣʠʟʢʠʤʠ ʯʘʩʪʦʪʘʤʠ 1, 2: a) ʪʠʧʦʚʘʷ ʩʭʝʤʘ 

ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʙʨʘʟʮʝ; ʙ) ʛʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ ʩ 

ʦʙʣʘʩʪʴʶ, ʛʜʝ ʧʨʠ ʨʦʩʪʝ ʪʨʝʱʠʥʳ ʚʦʟʥʠʢʘʶʪ ʢʦʣʝʙʘʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʇʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ ʠ ʫʩʠʣʝʥʥʦʡ 

ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʜʣʷ ʫʩʣʦʚʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʦʣʥʘ ʩ ʯʘʩʪʦʪʦʡ 

1> 2 ñʠʜʝʪ ʩʥʠʟʫò. ʆʙʣʘʩʪʴ ʩʠʣʴʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʚʳʜʝʣʝʥʘ 

ʵʣʣʠʧʩʦʤ. 1, 2- ʧʦʜʚʦʜʷʱʠʝ ʵʣʝʢʪʨʦʜʳ, 3 ï ʤʝʩʪʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʘ ɸʕ ʣʠʙʦ ʛʝʦʬʦʥʘ. 

ɻʠʧʦʪʝʟʘ ʦ ʤʝʭʘʥʠʟʤʝ ʪʨʠʛʛʝʨʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ɸʕ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʯʝʨʝʟ 

ʚʦʟʙʫʞʜʝʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʚʳʛʣʷʜʠʪ ʢʘʢ ʥʝʦʞʠʜʘʥʥʘʷ, ʧʦʩʢʦʣʴʢʫ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʯʪʦ ʨʝʘʢʮʠʷ ʩʨʝʜʳ (ʠʟʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʜʝʩʪʨʫʢʮʠʠ) ʥʘʯʠʥʘʝʪʩʷ 

ʥʘ ʥʠʟʰʠʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ, ʘ ʤʘʣʳʤ ʨʘʟʤʝʨʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ. ʆʜʥʘʢʦ 

ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦʙ ʦʧʝʨʝʞʘʶʱʝʤ ʚʦʟʙʫʞʜʝʥʠʠ ʠʤʝʥʥʦ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʚ ʩʝʩʩʠʠ ʩ 

ʵʣʝʢʪʨʦʚʦʟʜʝʡʩʪʚʠʝʤ. ʕʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦ- ʨʳʯʘʞʥʦʤ ʧʨʝʩʩʝ ʚ 2008 ʛ. c 

ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ ʧʦʪʦʢʘ ʦʙʳʯʥʳʭ ʩʠʛʥʘʣʦʚ ɸʕ (ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʩʧʝʢʪʨʘ ʚ ʧʦʣʦʩʝ 100-500 ʢɻʮ) ʠ 

ʚʘʨʠʘʮʠʡ ʫʨʦʚʥʷ ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʳ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʠ (ɻɸʕ) ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 10
2
 -10

3
 ɻʮ), ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʛʝʦʬʦʥʘ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʠʜʝʥʪʠʯʥʦʛʦ ʧʨʠʤʝʥʷʝʤʦʤʫ ʧʨʠ ʩʢʚʘʞʠʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ [13]. ɺ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʝʩʩʠʷʭ ʚʢʣʶʯʘʣʩʷ ʣʠʙʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ, ʣʠʙʦ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʢʘʥʘʣ, ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʧʝʨʚʠʯʥʳʭ ʧʴʝʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ɼʣʷ ʠʩʧʳʪʘʥʥʦʛʦ ʛʨʘʥʠʪʥʦʛʦ 

ʦʙʨʘʟʮʘ ʧʨʠ ʧʦʨʷʜʢʘ 80% ʦʪ ʨʘʟʨʫʰʘʶʱʝʡ ʦʪʢʣʠʢ ʘʢʪʠʚʥʦʩʪʠ ɸʕ ʥʘ ʠʤʧʫʣʴʩʳ ʕʄʇ 

(ʢʦʥʜʝʥʩʘʪʦʨʥʳʝ ʨʘʟʨʷʜʳ)  ʥʘʩʪʫʧʘʣ ʟʘʜʝʨʞʢʦʡ 600-1000 ʩ. ʅʘ ʨʠʩ.3 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ 

ʘʤʧʣʠʪʫʜʳ ɻɸʕ ʚ ʭʦʜʝ ʩʝʘʥʩʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʘʢʠʭ ʞʝ ʠʤʧʫʣʴʩʦʚ ʥʘ 2-7 ʤʠʥ. ʇʨʠʨʦʩʪ ʫʨʦʚʥʷ 

ɻɸʕ ʧʨʦʠʟʦʰʝʣ ʨʘʥʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʟʘʜʝʨʞʢʦʡ ʦʪʢʣʠʢʘ ʘʢʪʠʚʥʦʩʪʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ɸʕ. ʅʦ ʠʤʝʥʥʦ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʨʘʩʩʫʞʜʝʥʠʡ ʦ ʨʝʟʦʥʘʥʩʥʦʤ ʫʩʠʣʝʥʠʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʠʙʨʘʮʠʡ ʟʘ ʩʯʝʪ ʚʳʥʫʞʜʝʥʥʦʛʦ ɹʨʠʣʣʶʵʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ.    

 

ʈʠʩ.3. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʵʤʠʩʩʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ. 

ʂʦʥʜʝʥʩʘʪʦʨʥʳʝ ʨʘʟʨʷʜʳ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 600 

ɺ, ʜʣʠʪʝʣʴʥʦʩʪʴ ~ 2 ʤʩ) ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʟ ʚ ʤʠʥʫʪʫ ʩ 2 ʧʦ 

7 ʤʠʥʫʪʫ ʜʘʥʥʦʛʦ ʩʝʘʥʩʘ. ʈʘʟʨʳʚ ʛʨʘʬʠʢʦʚ ʩʚʷʟʘʥ ʩ 

ʧʘʫʟʦʡ ʚ ʨʝʛʠʩʪʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʳʛʨʫʟʢʠ 

ʜʘʥʥʳʭ.  

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʨʠʛʛʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʕʄʇ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʦʙʳʯʥʦʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʨʝʞʠʤʝ 

ʚʳʜʚʠʞʝʥʠ ̫ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʪʦʯʥʝʥʠʝʤ  ʤʦʜʝʣʠ ʠ ʪ.ʜ. 
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ʂɸʈʓʄʐʀʅɸ 

INVESTIGA TION OF DEFORMATION AND HIGH FREQUENSY GEOACOUSTIC PROCESS 

IN SEDIMENTARY AT KAR YMSHINA STATION  

ʀ.ɸ. ʃʘʨʠʦʥʦʚ, ʖ.ɺ. ʄʘʨʘʧʫʣʝʮ, ɹ.ʄ. ʐʝʚʮʦʚ 

ʀʥʩʪʠʪʫʪ ʢʦʩʤʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ɼɺʆ ʈɸʅ 

Investigation of sedimentary deformations is determined by their significant role in many 

geophysical processes which are considered in seismology, oceanology, mining and so on. Many 

natural phenomena in sedimentary are the result of its low strength and high plasticity, which 

are determined by external factors. In mediums with similar properties favorable conditions are 

formed, where even weak deformation changes occur. This changes entail clearly registered 

acoustic signals, that is why it is perspective to allocate detection systems in such mediums and 

to investigate earthquake precursors the appearance of which is determined by sedimentary 

properties. In the paper the results of joint researches of deformation and high frequency 

geoacoustic process in sedimentary at Karymshina station are considered. Deformation 

measurements were carried out by unequal-arm laser deformograph-interferometer. 

Geoacoustic emission is registered by directed acoustic receivers oriented vertically downward 

and located around the measuring arm of the deformograph in artificial pools.  
 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʚʘʞʥʦʡ ʨʦʣʴʶ ʚʦ 

ʤʥʦʛʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʩʝʡʩʤʦʣʦʛʠʠ, ʦʢʝʘʥʦʣʦʛʠʠ, ʛʦʨʥʦʤ 

ʜʝʣʝ ʠ ʪ.ʜ. ʐʠʨʦʢʠʡ ʢʨʫʛ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʩʚʷʟʘʥ ʩ ʠʭ ʤʘʣʦʡ ʧʨʦʯʥʦʩʪʴʶ 

ʠ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ 

ʩʚʦʡʩʪʚʘʤ ʜʘʞʝ ʥʠʟʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʘʢʠʭ ʩʨʝʜʘʭ ʚʳʟʳʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʭʦʨʦʰʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʝʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [1,2], ʥʦ ʢʘʢ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʵʪʦʪ ʚʦʧʨʦʩ ʦʩʪʘʚʘʣʩʷ ʦʪʢʨʳʪʳʤ. ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʷʩʥʠʪʴ, ʢʘʢʦʚʳ ʤʘʩʰʪʘʙʳ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʚʦʟʤʦʞʥʘ ʣʠ ʩʚʷʟʴ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʡ ʩ 

ʠʩʪʦʯʥʠʢʘʤʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʣʘʩʪʷʭ, ʢʦʪʦʨʳʝ ʫʜʘʣʝʥʳ ʥʘ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʠʩʪʝʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʛʝʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʩʪʘʥʮʠʠ ʂʘʨʳʤʰʠʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʝʤʥʘʷ ʩʠʩʪʝʤʘ ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ 

ʥʝʙʦʣʴʰʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʘʭ. ʉ ʚʳʭʦʜʦʚ ʧʨʠʝʤʥʠʢʦʚ ʩʠʛʥʘʣʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0.1-

11000 ɻʮ ʫʩʠʣʠʚʘʶʪʩʷ, ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʬʠʣʴʪʨʘʤʠ ʧʦ ʯʘʩʪʦʪʘʤ 0.1-10, 10-50, 50-200, 200-700, 
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700-1500, 1500-7000, 7000-11000 ɻʮ, ʧʦʜʘʶʪʩʷ ʥʘ ʘʤʧʣʠʪʫʜʥʳʝ ʜʝʪʝʢʪʦʨʳ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʟʘ 4 ʩ, 

ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨʝ. ʇʦʜʨʦʙʥʦ ʧʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʠʟʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [3]. ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ ʫʩʪʘʥʦʚʣʝʥ ʣʘʟʝʨʥʳʡ ʜʝʬʦʨʤʦʛʨʘʬ-ʠʥʪʝʨʬʝʨʦʤʝʪʨ, ʥʝʨʘʚʥʦʧʣʝʯʥʦʛʦ 

ʪʠʧʘ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʦʡ 18 ʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʜʦ 10
-

8
 [4]. ɼʣʷ ʫʜʘʣʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʤʝʪʦʜ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʂʘʤʯʘʪʩʢʦʛʦ ʬʠʣʠʘʣʘ 

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʈɸʅ.  

 ʉʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʘʜʠʫʩʝ ʜʦ 250 ʢʤ ʠ ʩʚʳʰʝ 11 ʢʣʘʩʩʘ, ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤʠ ʠʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʩʠʛʥʘʣʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʙʣʶʜʝʥʠʡ 

(ʨʠʩ.1.) ʇʦ ʵʪʠʤ ʦʮʝʥʢʘʤ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʙʣʠʟʢʠ ʢ ʩʧʨʘʚʦʯʥʳʤ 

ʩʢʦʨʦʩʪʷʤ ʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ ʠ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 5-6 ʢʤ/ʩ ʠ 3-4 ʢʤ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʠ ʘʢʫʩʪʠʯʝʩʢʠʤ ʠʟʤʝʨʝʥʠʷʤ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚ ʧʝʨʠʦʜʳ ʧʦʜʛʦʪʦʚʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ʇʨʠ ʘʥʘʣʠʟʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘʷ ʝʛʦ ʩʪʨʫʢʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʯʝʨʝʜʫ ʩʣʫʯʘʡʥʳʭ ʠʤʧʫʣʴʩʦʚ ʫʜʘʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ ʟʘʧʦʣʥʝʥʠʷ ʦʢʦʣʦ ʥʝʩʢʦʣʴʢʠʭ 

ʢɻʮ. ʅʘʙʣʶʜʘʝʤʳʝ ʛʝʦʘʢʫʩʪʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʩ ʥʝʢʦʪʦʨʳʤ ʬʦʥʦʚʳʤ ʫʨʦʚʥʝʤ ʬʦʨʤʠʨʫʶʪ 

ʛʝʦʘʢʫʩʪʠʯʝʩʢʫʶ ʵʤʠʩʩʠʶ. 

 

ʈʠʩ.1. ʉʝʡʩʤʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ 29 

ʘʧʨʝʣʷ 2007 ʛʦʜʘ, ʢʣʘʩʩ 11,2, 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʫʥʢʪʘ ʥʘʙʣʶʜʝʥʠʡ 197 

ʢʤ. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʘ) 

ɼʝʬʦʨʤʦʛʨʘʬʦʤ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ 

(æL), ʙ) ɸʢʫʩʪʠʯʝʩʢʠʤ 

ʧʨʠʝʤʥʠʢʦʤ(Ps). 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [5-9], ʛʝʦʘʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ ʚ ʦʙʳʯʥʦʤ ʩʧʦʢʦʡʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʠʤʝʝʪ ʥʠʟʢʠʡ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʫʶ ʯʘʩʪʦʪʫ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ. ʆʜʥʘʢʦ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʝʜʜʚʝʨʠʠ ʩʠʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʥʝ ʙʦʣʝʝ 200 ʢʤ, 

ʛʝʦʘʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʯʘʩʦʚ ʠʤʝʝʪ ʚʦʟʤʫʱʝʥʥʳʡ ʚʠʜ. 

ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʬʦʥʦʚʳʤ ʫʨʦʚʥʝʤ ʠ ʫʚʝʣʠʯʝʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʠ ʯʘʩʪʦʪʦʡ 

ʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʠʤʧʫʣʴʩʦʚ.  

ʇʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʵʧʠʮʝʥʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʦʙrʪʠʡ ʦʙʫʩʣʦʚʣʝʥʦ ʨʦʩʪʦʤ ʣʦʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʵʬʬʝʢʪʦʤ ʦʩʪʘʝʪʩʷ ʚʩʝ ʝʱʝ ʥʝʚʳʷʩʥʝʥʥʳʤ.  ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʰʫʤʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʚ 

ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

  ɿʘ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʚʘ ʚʠʜʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʧʨʝʜʜʚʝʨʠʠ ʩʠʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ʅʘ 

ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʩʠʛʥʘʣʦʚ ʩ ʦʙʝʠʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʘ ʩʫʪʢʠ ʜʦ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʠ ʩ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 1 ʤʢʤ ʠ ʩʢʦʨʦʩʪʴʶ 

ʜʦ 100 ʥʤ/ʩ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʟʤʫʱʝʥʠʶ ʜʦ 2,5 ʤʇʘ ʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʘʢʫʩʪʠʯʝʩʢʦʤ ʩʠʛʥʘʣʝ [11]. 
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ʈʠʩ.2. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ (æL), 

ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʡ (æLǋ) ʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ (Ps) 1 

ʤʘʷ 2007 ʛʦʜʘ.  

 

  ɺʪʦʨʦʡ ʚʠʜ ʚʦʟʤʫʱʝʥʠʡ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʣʝʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3, ʠʟ ʢʦʪʦʨʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʟʘ 

36 ʯʘʩʦʚ ʜʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʢʣʘʩʩʘ 11,9 ʧʨʦʠʟʦʰʣʦ ʚʦʟʤʫʱʝʥʠʝ ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 12 ʯʘʩʦʚ. ɸʤʧʣʠʪʫʜʘ ʚʦʟʤʫʱʝʥʠʷ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 5 ʤʇʘ ʠ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʫʚʝʣʠʯʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʨʝʜʫ 

ʠʤʧʫʣʴʩʦʚ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʠ ʧʦʚʳʰʝʥʥʳʡ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʦʢʦʡʥʳʤ 

ʧʝʨʠʦʜʦʤ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʤʫʱʝʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʘʢʫʩʪʠʯʝʩʢʦʤ ʩʠʛʥʘʣʝ 

ʧʨʦʠʟʦʰʝʣ ʨʦʩʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʪʦʨʦʥʫ ʨʘʩʪʷʞʝʥʠʷ ʙʘʟʳ ʜʝʬʦʨʤʦʛʨʘʬʘ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʘʚʠʣ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʦʢʦʣʦ 40 ʤʢʤ ʟʘ 5 ʯʘʩʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʣʠ ʨʝʟʢʠʝ ʩʢʘʯʢʠ 

ʜʝʬʦʨʤʘʮʠʡ, ʘ ʚ ʮʝʣʦʤ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʧʦʨʷʜʢʘ 6 ʤʤ. ʅʘ ʫʚʝʣʠʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʨʠʩ. 3 

ʧʦʢʘʟʘʥʳ ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ ʚ ʧʝʨʠʦʜ ʚʦʟʤʫʱʝʥʠʷ (ʘ, ʙ) ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ï ʚ ʩʧʦʢʦʡʥʳʡ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʷ (ʚ). 

 

ʈʠʩ.3. 

ɸʢʫʩʪʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ ʚ 

ʯʘʩʪʦʪʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳ

ʡ ʧʨʦʮʝʩʩ ʩ 6 ʧʦ 

8 ʦʢʪʷʙʨʷ 2009 

ʛʦʜʘ. ɺ ʥʠʞʥʝʡ 

ʯʘʩʪʠ (ʘ, ʙ, ʚ) 

ʧʦʢʘʟʘʥʳ 

ʫʚʝʣʠʯʝʥʥʳʝ 

ʬʨʘʛʤʝʥʪʳ 

ʟʘʧʠʩʠ. æL ï 

ʜʝʬʦʨʤʘʮʠʠ, æL' 

ï ʩʢʦʨʦʩʪʴ 

ʜʝʬʦʨʤʘʮʠʡ, Ps 

ï ʘʢʫʩʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ  ʥʘ 

ʫʚʝʣʠʯʝʥʥʳʭ 

ʬʨʘʛʤʝʥʪʘʭ f = 

2.5-6.5 ʢɻʮ. 
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ʕʪʦʪ ʚʠʜ ʚʦʟʤʫʱʝʥʠʡ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʯʘʱʝ ʧʝʨʚʦʛʦ, ʦʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ 

ʥʘʙʣʶʜʝʥʠʷ, ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʦʛ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʧʦʨʦʛʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʨʘʟʥʳʭ ʩʣʫʯʘʷʭ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʦʘʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ ʠʥʜʫʮʠʨʫʝʪʩʷ ʣʦʢʘʣʴʥʳʤʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʘ ʠʥʪʝʥʩʠʚʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʟʤʫʱʝʥʠʷ 

ʚʦʟʥʠʢʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʝʨʠʦʜʳ ʧʦʜʛʦʪʦʚʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠ ʧʦʜʣʝʞʠʪ ʜʘʣʴʥʝʡʰʝʤʫ ʠʟʫʯʝʥʠʶ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ɼɺʆ ʈɸʅ 10-III -ɺ-02-021. 
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STATISTICAL ANALYSIS OF A TIME SERIES OF GEOACOUSTI C 

DISTURBANCES FROM çMIKIZHA è OBSERVATORY DURING 2002-2007 

ʄ.ɸ. ʄʠʱʝʥʢʦ 

ʀʥʩʪʠʪʫʪ ʢʦʩʤʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ɼɺʆ ʈɸʅ 

Since 2002 IKIR FEB RAS has been carrying out geoacoustic emission monitoring. As the 

observation time series grew, the necessity to organize, analyze and classify the data appeared. The paper 

is devoted to the results of investigation of geoacoustic disturbance series, their comparison with 

meteorological and seismic catalogs and further statistic analysis. Event localization was considered; 

response zones, disturbance types, their parameters and selection criteria were determined. The results of 

statistical processing of the data are shown. 

ʇʨʦʚʝʜʝʥʥʳʤʠ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 1.5 ʩʫʪʦʯʥʦʤ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʧʝʨʝʜ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ ʥʘ ʂʘʤʯʘʪʢʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʦʟʤʫʱʝʥʠʷ 

ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ (ɻɸʕ) ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ - ʝʜʠʥʠʮʳ ʢʠʣʦʛʝʨʮ [1]. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʦʪʢʣʠʢʘ ʧʦʨʦʜʳ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʣʦʢʘʣʴʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʩʧʫʩʢʘʥʠʝʤ ʠʤʧʫʣʴʩʦʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʢʘʢ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʨʘʟʣʦʤʦʚ ʠ ʪʨʝʱʠʥ, ʪʘʢ ʠ ʠʟ-ʟʘ ʧʦʜʚʠʞʝʢ ʚ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʣʦʤʘʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʦʙʳʯʥʦ ʚʦʜʦʥʘʩʳʱʝʥʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ [2]. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ɻɸʕ ʚ ʀʂʀʈ ɼɺʆ ʈɸʅ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʝʤʥʘʷ ʩʠʩʪʝʤʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʜʥʝ ʦʟʝʨʘ ʄʠʢʠʞʘ. ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ 4-ʭ ʥʘʧʨʘʚʣʝʥʥʳʭ ʛʠʜʨʦʬʦʥʦʚ, ʪʨʠ ʠʟ 
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ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦ ʩʪʦʨʦʥʘʤ ʩʚʝʪʘ (ʢʨʦʤʝ ʟʘʧʘʜʘ) ʠ ʦʜʠʥ ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʦʚ ɻɸʕ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʢ ʚʦ ʚʩʝʤ ʧʨʠʥʠʤʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ (0 ï 22 ʢɻʮ), ʪʘʢ ʠ ʥʘ ʚʳʭʦʜʝ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ, ʜʝʣʷʱʠʭ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʜʠʘʧʘʟʦʥʦʚ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʧʨʠ ʵʪʦʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʉʠʛʥʘʣʳ ʩ ʚʳʭʦʜʦʚ 4-ʭ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʫʩʠʣʠʚʘʶʪʩʷ, ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 22 

ʢɻʮ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ "ʞʝʩʪʢʠʡ ʜʠʩʢ" ʧʝʨʚʦʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ [3]. ɺ ʢʘʯʝʩʪʚʝ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʮʠʬʨʦʚʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʚʫʢʦʚʳʝ ʢʘʨʪʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʟʘʧʠʩʴʶ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʚʪʦʨʦʤ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʬʠʣʴʪʨʘʮʠʷ, ʚʳʯʠʩʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʫʩʨʝʜʥʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʥʘ ʠʥʪʝʨʚʘʣʝ 4 ʩʝʢʫʥʜʳ). ʌʠʣʴʪʨʘʮʠʷ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʝʤʠ 

ʯʘʩʪʦʪʥʳʭ ʧʦʜʜʠʘʧʘʟʦʥʘʭ: 0.1-10, 30-60, 70-200, 200-700, 700-2000, 2000-6500, 6500-11000 ɻʮ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʧʧʘʨʘʪʫʨʘ ʨʝʛʠʩʪʨʠʨʫʝʪ ʩʠʛʥʘʣʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚʦʟʤʫʱʝʥʠʷ ɻɸʕ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʠʥʘʤʠʢʦʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ 

ʩʠʛʥʘʣʳ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʪʝʦʬʘʢʪʦʨʦʚ (ʦʩʘʜʢʠ, ʚʝʪʝʨ) ʠ ʩʠʛʥʘʣʳ ʪʝʭʥʦʛʝʥʥʦʛʦ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ [3]. ʅʘ ʨʠʩ.1 ʜʣʷ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʦʟʤʫʱʝʥʠʝ ɻɸʕ ʟʘ 1.5 ʩʫʪʦʢ 

ʧʝʨʝʜ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ʩ K=13.8, ʧʨʦʠʟʦʰʝʜʰʠʤ 24 ʘʚʛʫʩʪʘ 2006 ʛ. ʥʘ ʨʘʩʩʪʦʷʥʠʠ 220 ʢʤ ʦʪ ʧʫʥʢʪʘ 

ʥʘʙʣʶʜʝʥʠʡ. 

ʉ ʨʦʩʪʦʤ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʝʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʢʘʪʘʣʦʛʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠ ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʨʷʜ ʥʘʙʣʶʜʝʥʠʡ ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʟʘ ʧʝʨʠʦʜ 01.11.2002 - 31.12.2007 ʛʛ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʚʨʝʤʝʥʥʦʡ ʨʷʜ 

ʜʦʩʪʦʚʝʨʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ɼʘʣʝʝ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʠʜʳ ʚʦʟʤʫʱʝʥʠʡ 

ɻɸʕ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʚʦʟʤʫʱʝʥʠʷ ɻɸʕ ʣʠʙʦ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ 

ʩʠʛʥʘʣʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ (ʨʠʩ.2), ʣʠʙʦ ʥʦʩʷʪ ʠʤʧʫʣʴʩʥʳʡ ʭʘʨʘʢʪʝʨ (ʦʪʜʝʣʴʥʳʝ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʦʷʚʣʷʶʱʠʝʩʷ ʩʠʛʥʘʣʳ ʥʝʙʦʣʴʰʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ (ʨʠʩ.3). 

 

ʈʠʩ. 1. ʇʨʠʤʝʨ 

ʚʦʟʤʫʱʝʥʠʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥ

ʦʡ ɻɸʕ ʧʝʨʝʜ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ

ʤ 24 ʘʚʛʫʩʪʘ 

2006 ʛ. 

 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʧʦʨʦʛʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʦʟʤʫʱʝʥʠʷ ʧʝʨʚʦʛʦ ʪʠʧʘ (ʨʠʩ.2) ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʙʦʣʝʝ 15 ʤʠʥʫʪ, 

ʧʨʝʚʳʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʙʦʣʝʝ ʯʝʤ 4 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ. ʌʦʥʦʚʳʡ ʫʨʦʚʝʥʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ ʛʦʜʘ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʪʘʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʩʯʸʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
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ʦʞʠʜʘʥʠʷ. ʉʫʪʦʯʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʫʩʨʝʜʥʷʝʪʩʷ ʧʷʪʠʤʠʥʫʪʥʳʤ ʦʢʥʦʤ. ɼʘʣʝʝ ʫʩʨʝʜʥʸʥʥʳʡ 

ʨʷʜ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʥʘʣʠʯʠʝ ʚʦʟʤʫʱʝʥʠʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ 15 ʤʠʥʫʪ.  

 

ʈʠʩ. 2. 

ʇʨʠʤʝʨ 

ʚʦʟʤʫʱʝʥʠʷ 

ɻɸʕ. 

 

 

ʈʠʩ. 3. 

ʇʨʠʤʝʨ 

ʚʦʟʤʫʱʝʥʠʷ 

ɻɸʕ. 

 

ʅʘ (ʨʠʩ.4) ʠʟʦʙʨʘʞʸʥ ʧʨʠʤʝʨ ʩʫʪʦʯʥʦʡ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʩ ʚʦʟʤʫʱʝʥʠʝʤ ʧʝʨʚʦʛʦ ʪʠʧʘ 

(ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ). ʅʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ ʠʟʦʙʨʘʞʸʥ ʨʷʜ ʜʘʥʥʳʭ, ʫʩʨʝʜʥʸʥʥʳʡ ʥʘ ʠʥʪʝʨʚʘʣʝ 5 ʤʠʥʫʪ 

ʠ ʧʦʨʦʛ (ʧʨʷʤʘʷ ʣʠʥʠʷ), ʧʨʝʚʳʰʘʶʱʠʡ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ ʚ 4 ʨʘʟʘ. 

 ɼʣʷ ʚʦʟʤʫʱʝʥʠʡ, ʠʤʝʶʱʠʭ ʠʤʧʫʣʴʩʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ.3), ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʦʨʦʛʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʥʦʤʘʣʠʠ ʙʦʣʝʝ 1 ʯʘʩʘ, ʩʢʚʘʞʥʦʩʪʴʶ ʧʦʷʚʣʝʥʠʷ 

ʠʤʧʫʣʴʩʦʚ - ʦʪ ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʳʜʫʱʘʷ ʤʝʪʦʜʠʢʘ 

ʫʩʨʝʜʥʝʥʠʷ ʩʠʛʥʘʣʘ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʮʝʥʢʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ʉʂʆ) ʜʣʷ ʪʨʸʭʤʠʥʫʪʥʦʛʦ ʦʢʥʘ ʜʘʥʥʳʭ ʠ ʩʨʘʚʥʝʥʠʝ ʩ 

ʉʂʆ ʬʦʥʦʚʦʛʦ ʧʝʨʠʦʜʘ. ʇʨʝʚʳʰʝʥʠʝ ʉʂʆ ʥʘ ʪʝʢʫʱʝʤ ʠʥʪʝʨʚʘʣʝ ʚ 4 ʨʘʟʘ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʥʘʯʘʣʝ 

ʚʦʟʤʫʱʝʥʠʷ. ʅʘ (ʨʠʩ.5) ʠʟʦʙʨʘʞʸʥ ʧʨʠʤʝʨ ʩʫʪʦʯʥʦʡ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʩ ʚʦʟʤʫʱʝʥʠʝʤ ʚʪʦʨʦʛʦ 

ʪʠʧʘ (ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ). ʅʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ ʠʟʦʙʨʘʞʸʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʨʷʜ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʨʘʩʯʸʪʘ ʉʂʆ ʥʘ ʪʨʝʭʤʠʥʫʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠ ʧʦʨʦʛ, ʧʨʝʚʳʰʘʶʱʠʡ ʉʂʆ 

ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ ʚ 4 ʨʘʟʘ. 

 
ʈʠʩ. 4. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ɻɸʕ. 
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ʈʠʩ. 5. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ɻɸʕ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʜʘʥʥʳʭ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʜʚʘʞʜʳ ï ʚʥʘʯʘʣʝ ʥʘ ʥʘʣʠʯʠʝ 

ʚʦʟʤʫʱʝʥʠʡ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʘ ʟʘʪʝʤ ï ʚʪʦʨʦʛʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥ ʢʘʪʘʣʦʛ ʚʦʟʤʫʱʝʥʠʡ 

ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʟʘ ʧʝʨʠʦʜ 2002 - 2007 ʛʛ. ɺʩʝʛʦ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 

710 ʚʦʟʤʫʱʝʥʠʡ. 

 ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʠʟʚʝʜʝʥʘ ʦʯʠʩʪʢʘ ʢʘʪʘʣʦʛʘ ʦʪ ʚʦʟʤʫʱʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʜʝʡʩʪʚʠʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʡ (ʥʘʣʠʯʠʝ ʦʩʘʜʢʦʚ ʠ ʚʝʪʨʘ > 5 ʤ/ʩ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʥʦʛʠʝ ʚʦʟʤʫʱʝʥʠʷ ɻɸʕ ʧʝʨʚʦʛʦ ʪʠʧʘ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʤʝʪʝʦʫʩʣʦʚʠʷʤʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚʦʟʤʫʱʝʥʠʷ ʚʪʦʨʦʛʦ ʪʠʧʘ ʯʘʩʪʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘ ʬʦʥʝ ʜʦʞʜʷ, ʠ ʚʦʦʙʱʝ ʚʦʟʤʫʱʝʥʠʷ 

ʪʘʢʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʪʠʧʘ ʥʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʣʦʭʦʡ ʧʦʛʦʜʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʩʪʦʤ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʢʘʪʘʣʦʛʦʚ ʛʝʦʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʫʜʘʣʠʪʴ 

ʚʦʟʤʫʱʝʥʠʷ ʥʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʋʯʠʪʳʚʘʷ ʵʪʦʪ ʬʘʢʪ, ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʩʣʝʜʫʶʱʝʝ. 

ʀʟ ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʪʘʣʦʛʘ ʫʜʘʣʝʥʳ ʩʧʣʦʰʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʧʝʨʠʦʜʳ 

ʧʣʦʭʦʡ ʧʦʛʦʜʳ. ʂʘʪʘʣʦʛ ʚʦʟʤʫʱʝʥʠʡ ʠʤʧʫʣʴʩʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʦʩʪʘʣʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʪʘʢʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʙʳʣ ʧʦʣʫʯʝʥ ʢʘʪʘʣʦʛ ʚʦʟʤʫʱʝʥʠʡ ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʟʘ ʧʝʨʠʦʜ 2002 - 

2007 ʛʛ., ʥʝ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʜʝʡʩʪʚʠʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʡ. ɺʩʝʛʦ ʚ ʢʘʪʘʣʦʛʝ ʦʩʪʘʣʦʩʴ 

445 ʚʦʟʤʫʱʝʥʠʡ. 

 ʇʦʣʫʯʝʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʚʦʟʤʫʱʝʥʠʷʤ ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʧʦʟʚʦʣʷʝʪ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʝʝ ʘʥʦʤʘʣʠʡ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ. 

ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʢʘʪʘʣʦʛ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʠ ʚʦʟʤʫʱʝʥʠʡ ʵʤʠʩʩʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ.  
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ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓɽ ʂʆʃɽɹɸʅʀʗ  ɺ ʀʆʅʆʉʌɽʈʅʆ-ʄɸɻʅʀʊʆʉʌɽʈʅʆʄ 

ʂʆʅʊʋʈɽ 

ELECTROMAGNETIC FLUCTUATIONS IN IONOSPHERE -ATMOSPHERE 

CONTOUR 

ɺ.ʇ.ʉʠʚʦʢʦʥʴ 

ʀʥʩʪʠʪʫʪ ʢʦʩʤʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ɼɺʆ ʈɸʅ 

The observation method   of electromagnetic fluctuations in a range of geomagnetic 

pulsations based on registration of variations in a range SLF-VLF of hissings, modulated by 

these electromagnetic fluctuations, is offered. The observation over natural noises in electrical 

networks of Kamchatka have allowed to find out electromagnetic fluctuations in a range of 

frequencies (35õ 67)Ā10-3 Hz. It is shown, that these fluctuations are possible in ionosphere-

atmosphere oscillatory contour formed power magnetic tubes (inductance) and a site of 

electrojet-Earth (capacity). 

  ɺ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʝ ʛʝʥʝʨʘʮʠʠ ʧʫʣʴʩʘʮʠʡ ʧʦʣʦʞʝʥ 

ʧʨʠʥʮʠʧ ʧʨʦʪʦʯʥʦʛʦ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʤʘʟʝʨʘ [ʊʨʘʭʪʝʥʛʝʨʮ ʠ ʜʨ.,1986]. ʀʟʚʝʩʪʥʦ 

[ʉʝʤʝʥʦʚ,1973], ʯʪʦ  ʜʣʠʥʘ  ʦʪʢʨʳʪʦʛʦ ʨʝʟʦʥʘʪʦʨʘ, ʢʘʢʦʚʳʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ 

ʤʘʛʥʠʪʥʘʷ ʩʠʣʦʚʘʷ ʪʨʫʙʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʚʦʣʦʢʥʦ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ, 

ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʠʣʠ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʈʘʩʯʸʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʦʝ ʪʨʝʙʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʫʣʴʩʘʮʠʡ Pc1. ɸʥʘʣʠʟ ʩʠʪʫʘʮʠʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʝʥʝʟʠʩ ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ, ʯʝʤ ʈʩ1 ʧʫʣʴʩʘʮʠʡ, ʤʦʞʥʦ ʦʙʲ̫ ʩʥʠʪʴ ʥʘ 

ʦʩʥʦʚʝ ʠʦʥʦʩʬʝʨʥʦ-ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʢʦʥʪʫʨʘ, ʚ ʢʦʪʦʨʦʤ ʨʦʣʴ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠʛʨʘʶʪ 

ʩʠʣʦʚʳʝ ʪʨʫʙʢʠ, ʘ ʸʤʢʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʯʘʩʪʦʢ ʵʣʝʢʪʨʦʜʞʝʪ - ɿʝʤʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʪʦʢʦʚʦʡ ʠʦʥʦʩʬʝʨʥʦ-

ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʩʠʩʪʝʤʝ  ʧʨʠʤʝʥʷʣʦʩʴ  ʨʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [ʄʘʣʴʮʝʚ ʠ ʜʨ.,1975]. ɺ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʦʜʭʦʜʝ  ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʦʩʪʘʚʘʣʦʩʴ ʫʯʝʩʪʴ ʥʘʣʠʯʠʝ 

ʸʤʢʦʩʪʠ ʵʣʝʢʪʨʦʜʞʝʪ-ɿʝʤʣʷ.  
ɺ ʢʘʯʝʩʪʚʝ çʧʨʠʸʤʥʳʭ ʫʩʪʨʦʡʩʪʚè ʚʘʨʠʘʮʠʡ  ʵʣʝʢʪʨʦʜʞʝʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ  ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʦʢʦʣʦ 100 ʢʠʣʦʤʝʪʨʦʚ. ʆʥʠ  ʠʤʝʶʪ  ʸʤʢʦʩʪʴ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʪ.ʝ. ʦʙʣʘʜʘʶʪ ʨʝʟʦʥʘʥʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  ʇʨʠ ʵʪʦʤ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ  ʨʘʚʥʘ å 3 

ʢʠʣʦʛʝʨʮ, ʘ ʜʦʙʨʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʝ̫ʪ  å 20.  

ɺ ʭʦʜʝ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʦʟʤʫʱʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ  ʚʥʝʟʘʧʥʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʰʫʤʘ ʚ ʧʦʣʦʩʝ ʦʪ 2 ʢɻʮ ʜʦ 19 ʢɻʮ.  ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ.1 ʧʨʠʚʦʜʠʪʩʷ 

ʟʘʧʠʩʴ 1 ʥʦ̫ʙʨʷ 2008 ʛʦʜʘ 21.00 UT  ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 3-11 ʢɻʮ.  ʂʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʠʦʜʦʤ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 15 ʜʦ 29 ʩʝʢʫʥʜ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  

 

ʈʠʩʫʥʦʢ 1. 

 


