
 

129 

ʋɼʂ 519.6:551.5 
DOI: 10.33764/2618-981ʍ-2020-4-1-128-136 
 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɿʀʄʅɽʁ ʎʀʈʂʋʃʗʎʀʀ ɸʊʄʆʉʌɽʈʓ  
ʅɸɼ ʊɽʈʈʀʊʆʈʀɽʁ ɹɸʁʂɸʃʔʉʂʆɻʆ ʈɽɻʀʆʅɸ 
 
ʕʣʴʟʘ ɸʥʜʨʝʝʚʥʘ ʇʴʷʥʦʚʘ  
ʀʥʩʪʠʪʫʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʝʦʬʠʟʠʢʠ ʉʆ ʈɸʅ, 630090, ʈʦʩʩʠʷ, 
ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʃʘʚʨʝʥʪʴʝʚʘ, 6, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜ-
ʥʠʢ, ʪʝʣ. (383)330-61-52, e-mail: pyanova@ommgp.sscc.ru 
 
ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ ʇʝʥʝʥʢʦ 
ʀʥʩʪʠʪʫʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʝʦʬʠʟʠʢʠ ʉʆ ʈɸʅ, 630090, ʈʦʩʩʠʷ, 
ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʃʘʚʨʝʥʪʴʝʚʘ, 6, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ 
ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʪʝʣ. (383)330-61-52, e-mail: penenko@sscc.ru 
 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʧʨʠʤʝʩʝʡ ʥʘ ʘʪʤʦʩʬʝʨʫ ʘʢʚʘʪʦʨʠʠ ɹʘʡ-
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ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɺʳʧʦʣʥʝʥʳ ʜʚʘ ʩʮʝʥʘʨʥʳʭ ʨʘʩʯʝʪʘ, ʦʧʠʩʳʚʘʶʱʠʭ ʭʘʨʘʢʪʝʨʥʳʝ ʮʠʨʢʫ-
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In order to assess the influence of sources of pollutants on the atmosphere of the Lake Baikal 

water area, the ICMMG SB RAS model is adapted to the geographical and climatic conditions of the 
Baikal region. Two scenario calculations describing the characteristic circulation of the winter atmos-
phere in conditions when Lake Baikal is covered with ice and those in the presence of an open water 
surface were performed.  Some variants of passive impurity transfer from Irkutsk by the North-West 
wind flow simulated in these scenarios are discussed. With the same large-scale input data, the im-
purity concentrations reaching the lake's water area were lower in the scenario with frozen Lake 
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Baikal surface. A preliminary comparison of the results of calculations has shown that the influence 
of differences in the thermal properties of the surface of Lake Baikal in these scenarios is manifested 
in the atmosphere of the surrounding territory at distances of the order of the width of the lake. 

 
Key words: atmospheric dynamics, air quality, mathematical modeling, atmospheric processes, 

environmental prediction. 

ɺʚʝʜʝʥʠʝ 

ʆʟʝʨʦ ɹʘʡʢʘʣ – ʵʪʦ ʦʛʨʦʤʥʳʡ ʚʦʜʦʝʤ, ʢʦʪʦʨʳʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʣʠʷʝʪ 
ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʮʠʨʢʫʣʷʮʠʡ ʥʘʜ ʧʨʠʣʝʛʘʶʱʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ. 
ʆʢʨʫʞʘʶʱʠʝ ʦʟʝʨʦ ʚʳʩʦʢʠʝ ʭʨʝʙʪʳ ʪʦʞʝ ʚʥʦʩʷʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʟ-
ʜʫʰʥʳʭ ʧʦʪʦʢʦʚ. ʈʘʟʚʠʪʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʚʝʨʩʠʡ, ʦʩʦʙʝʥʥʦ ʯʘʩʪʳʭ ʚ ʭʦʣʦʜ-
ʥʦʝ ʚʨʝʤʷ ʛʦʜʘ, ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʥʩʠʚʥʳʭ ʩʪʨʫʡʥʳʭ ʪʝ-
ʯʝʥʠʡ. ʉʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚ ʖʞʥʦʤ ʇʨʠʙʘʡʢʘʣʴʝ ʦʙʨʘʟʫʶʪʩʷ ʩʪʨʫʠ ʩʝʚʝʨʦ-ʟʘʧʘʜ-
ʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʦʯʝʥʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʜʦʣʠʥʝ 
ʨʝʢʠ ɸʥʛʘʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʀʨʢʫʪʩʢʦ-ʏʝ-
ʨʝʤʭʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɽʩʣʠ ʚʳʙʨʦʩʳ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʧʘʜʫʪ ʚ ʪʘʢʫʶ 
ʩʪʨʫʶ, ʪʦ ʟʘʤʝʪʥʘʷ ʠʭ ʯʘʩʪʴ ʤʦʞʝʪ ʚʳʥʝʩʪʠʩʴ ʥʘ ʘʢʚʘʪʦʨʠʶ ɹʘʡʢʘʣʘ [1].  

ʎʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ – ʨʘʟʨʘʙʦʪʘʪʴ ʚʝʨʩʠʶ ʤʝʟʦʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ 
ʙʳ ʚʦʩʧʨʦʠʟʚʦʜʠʣʘ ʜʣʷ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʟʠʤʥʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʫʩʣʦʚʠʷ,  
ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʜʠʥʘ-
ʤʠʢʠ ʘʪʤʦʩʬʝʨʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʳ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠ-
ʦʥʘ. 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʩʮʝʥʘʨʥʳʝ ʨʘʩʯʝʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 
ʨʝʟʫʣʴʪʘʪ ʘʜʘʧʪʘʮʠʠ ʤʝʟʦʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʣʠ ʀɺʄʠʄɻ ʉʆ ʈɸʅ ʢ ʛʝʦʛʨʘʬʠʯʝ-
ʩʢʠʤ ʠ ʟʠʤʥʠʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ. 

ʄʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʩʮʝʥʘʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʄʝʟʦʤʘʩʰʪʘʙʥʘʷ ʘʪʤʦʩʬʝʨʥʘʷ ʤʦʜʝʣʴ ʀɺʄʠʄɻ ʉʆ ʈɸʅ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-
ʙʦʡ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʨʘʟʣʠʯ-
ʥʳʤʠ ʩʭʝʤʘʤʠ ʟʘʤʳʢʘʥʠʷ ʤʦʜʝʣʠ. ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʧʠʩʳ-
ʚʘʶʪ ʪʨʝʭʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʧʨʠʪʦʢ ʪʝʧʣʘ ʠ ʚʣʘʛʠ ʩ ʫʯʝʪʦʤ ʬʘʟʦʚʳʭ 
ʧʝʨʝʭʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʤʳʢʘʶʱʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ: ʤʦʜʝʣʴ ʉʤʘʛʦʨʠʥʩʢʦʛʦ [2] – ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦ-
ʵʬʬʠʮʠʝʥʪʳ, ʠ ʢ-ʝ-ʤʦʜʝʣʴ [3] – ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʉʢʦʨʦʩʪʠ ʬʘʟʦʚʳʭ 
ʧʝʨʝʭʦʜʦʚ ʚʣʘʛʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʤʝʪʦʜʠʢʦʡ ʠʟ ʨʘʙʦʪʳ [4].  

ʄʦʜʝʣʴ ʀɺʄʠʄɻ ʥʘʮʝʣʝʥʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʩʮʝʥʘʨʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘʜ ʦʛʨʘʥʠ-
ʯʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʩʦ ʩʣʦʞʥʦʡ ʦʨʦʛʨʘʬʠʝʡ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʋʯʝʪ ʨʝʣʴʝʬʘ ʚ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥ ʥʘ ʠʜʝʷʭ ʤʝʪʦʜʘ ʬʠʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ [5]. ɺʟʘʠ-
ʤʦʜʝʡʩʪʚʠʝ ʘʪʤʦʩʬʝʨʳ ʩ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʝʪʩʷ ʯʝ-
ʨʝʟ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʟʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ [6]. ɺ ʤʦʜʝʣʠ ʪʘʢʞʝ ʨʘʩ-
ʩʯʠʪʳʚʘʝʪʩʷ ʩʫʪʦʯʥʳʡ ʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ [7]. 
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ʄʦʜʝʣʴ ʀɺʄʠʄɻ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʳʭ ʧʨʦʛʥʦʟʦʚ ʠ ʥʝ ʧʨʝʜ-
ʧʦʣʘʛʘʝʪ ʧʦʩʪʦʷʥʥʫʶ ʢʦʤʧʠʣʷʮʠʶ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ 
ʘʪʤʦʩʬʝʨʳ. ʇʦʩʢʦʣʴʢʫ ʯʘʱʝ ʚʩʝʛʦ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʘʥʥʳʭ ʥʘ ʛʨʘʥʠ-
ʮʘʭ ʦʙʣʘʩʪʠ ʫ ʥʘʩ ʥʝʪ, ʤʳ ʩʪʘʚʠʤ ʦʜʥʦʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʅʝʡʤʘʥʘ ʥʘ ʚʩʝʭ ʦʪʢʨʳʪʳʭ 
ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʩʮʝʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʝʨʨʠʪʦʨʠʷ ʚ ʧʨʝʜʝʣʘʭ 48 - 
60º ʩ.ʰ. ʠ 96 -120º ʚ.ʜ. (ʨʠʩ. 1). ʆʙʣʘʩʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʟʝʨʦ ɹʘʡʢʘʣ ʠ ʦʢʘʡʤʣʷ-
ʶʱʠʝ ʝʛʦ ʭʨʝʙʪʳ. ɺʳʙʦʨ ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ ʜʦʣʞʝʥ ʧʦʟʚʦʣʠʪʴ ʩʤʦʜʝʣʠʨʦʚʘʪʴ 
ʦʩʥʦʚʥʳʝ ʚʝʪʨʦʚʳʝ ʧʦʪʦʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʣʠʷʥʠʝʤ ʦʨʦʛʨʘʬʠʠ. «ʆʙʨʝʟʢʘ» ʪʝʨ-
ʨʠʪʦʨʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ 
ʚʳʧʘʜʝʥʠʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʥʘʯʠʤʳʭ (ʚ ʢʦʥʪʝʢʩʪʝ ʚʣʠʷʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʚʝʪʨʦʚʳʭ ʧʦʪʦʢʦʚ) ʦʨʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʇʦ ʚʝʨʪʠʢʘʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʝ-
ʣʦʩʴ ʜʦ ʚʳʩʦʪʳ 6050 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ.  

 

 

ʈʠʩ. 1. ʆʙʣʘʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
 
 

ɼʣʷ ʟʘʤʳʢʘʥʠʷ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʦ ʚʩʝʡ ʪʨʝʭʤʝʨʥʦʡ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʵʪʦʡ 
ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʜʘʥʥʳʭ ʤʳ ʚʟʷʣʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʝ 
ʜʣʷ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʧʦ ʤʝʟʦʤʘʩʰʪʘʙʥʦʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ COSMO. 
ʈʘʩʯʝʪ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ 17 ʥʦʷʙʨʷ 2019 ʛʦʜʘ. ɼʘʥʥʳʝ ʨʘʩʯʝʪʘ ʥʘ 00 ʯ UTC ʙʳʣʠ 
ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʌɹɻʋ «ʉʠʙʅʀɻʄʀ». ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʰʝʡ ʤʦʜʝʣʠ ʧʨʦ-
ʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʣʷ ʙʳʣʠ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʳ ʩ ʩʝʪʢʠ ʤʦʜʝʣʠ COSMO ʥʘ ʨʘʩʯʝʪʥʫʶ 
ʩʝʪʢʫ ʤʦʜʝʣʠ ʀɺʄʠʄɻ. 
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ʋʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʘʪʤʦʩʬʝʨʳ ʨʝʰʘʣʠʩʴ ʯʠʩʣʝʥʥʦ. ʅʘ ʦʩʥʦʚʝ ʚʘ-
ʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʙʘʣʘʥʩʥʳʝ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʘʧʧʨʦʢ-
ʩʠʤʘʮʠʠ [8]. ʉʠʩʪʝʤʘ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʱʝʧʣʷʣʘʩʴ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦ-
ʮʝʩʩʘʤ. ʅʘ ʵʪʘʧʝ ʧʝʨʝʥʦʩʘ ʩ ʜʠʬʬʫʟʠʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʥʦʪʦʥʥʳʝ ʪʨʘʥʩʧʦʨ-
ʪʠʚʥʳʝ ʩʭʝʤʳ [9]. ʇʦʜʨʦʙʥʝʝ ʦʧʠʩʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʤʦʜʝʣʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥ-
ʥʳʭ ʩʭʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ [8-10]. 

ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʘʪʤʦʩʬʝʨʳ ʚ ʟʘʜʘʥʥʦʡ ʦʙ-
ʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʝʪʢʘ 596ʭ568ʭ50 ʫʟʣʦʚ ʩ ʛʦʨʠ-
ʟʦʥʪʘʣʴʥʳʤʠ ʰʘʛʘʤʠ 2,2 ʢʤ. ʇʦ ʚʝʨʪʠʢʘʣʠ ʰʘʛ ʤʝʥʷʣʩʷ ʦʪ 100 ʜʦ 200 ʤ: ʩʝʪʢʘ 
ʩʛʫʱʘʣʘʩʴ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʪʘʥʦʚʠʣʘʩʴ ʙʦʣʝʝ ʨʘʟʨʝʞʝʥʥʦʡ ʢ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ. 

ʉʮʝʥʘʨʥʳʝ ʨʘʩʯʝʪʳ ʜʠʥʘʤʠʢʠ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʚʳʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ ɹʘʡ-
ʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 24 ʯʘʩʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʣʦ ʨʘʩʯʝʪ 
ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ ʦʩʥʦʚʥʳʭ ʧʦʣʝʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʀʩʪʦʯʥʠʢʦʤ ʚʦʟ-
ʤʫʱʝʥʠʡ ʧʦʣʝʡ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ 
ʧʦʜʩʪʠʣʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ ʪʘʢʞʝ, ʯʪʦ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ 
ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʝʪʨʦʚʦʡ ʧʦʪʦʢ ʩʚʷʟʘʥ ʩ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʧʦʵʪʦʤʫ 
ʥʘ ʧʝʨʠʦʜ ʨʘʩʯʝʪʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʚʝʪʨʘ. ɿʘ 
ʚʨʝʤʷ ʩʮʝʥʘʨʠʷ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʘʜʘʧʪʘʮʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʢ ʪʝʨ-
ʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦ ʝʩʪʴ ʟʜʝʩʴ 
ʚʦʩʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ 
ʤʦʜʝʣʠ COSMO, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʦʛʨʝʚʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʠ ʟʘʜʘʥʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ. ɼʨʫʛʠʭ ʠʩ-
ʪʦʯʥʠʢʦʚ ʚʦʟʤʫʱʝʥʠʡ ʘʪʤʦʩʬʝʨʳ ʚ ʩʮʝʥʘʨʥʳʭ ʨʘʩʯʝʪʘʭ ʥʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʩʮʝʥʘʨʠʷ. ɺ ʧʝʨʚʦʤ ʩʮʝʥʘʨʥʦʤ ʨʘʩʯʝʪʝ ʧʦʚʝʨʭʥʦʩʪʴ 
ɹʘʡʢʘʣʘ – ʵʪʦ ʦʪʢʨʳʪʘʷ ʚʦʜʘ (ʩʮʝʥʘʨʠʡ 1), ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʯʝʥʠʝ ʤʦʜʝʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ ʥʝ ʤʝʥʷʣʘʩʴ. ɺʦ ʚʪʦʨʦʤ – ʧʦʚʝʨʭʥʦʩʪʴ ɹʘʡʢʘʣʘ ʧʦʢʨʳʪʘ ʣʴʜʦʤ (ʩʮʝʥʘ-
ʨʠʡ 2). ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʠ ʥʘʯʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʝʦʨʦ-
ʣʦʛʠʯʝʩʢʠʭ ʧʦʣʝʡ ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʩʮʝʥʘʨʠʝʚ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ.  

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʵʪʠʤ ʜʚʫʤ ʩʮʝʥʘʨʠʷʤ ʧʦʢʘʟʘʣʦ, 
ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʳʭ ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʝ ʦʪʢʨʳʪʦʡ ʚʦʜʳ ɹʘʡʢʘʣʘ ʨʘʩʧʨʦ-
ʩʪʨʘʥʷʣʦʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʢʨʫʛ ʦʟʝʨʘ ʧʦʨʷʜʢʘ ʰʠʨʠʥʳ ʩʘʤʦʛʦ ʚʦʜʦʝʤʘ. ʏʝʤ 
ʜʘʣʴʰʝ ʦʪ ɹʘʡʢʘʣʘ, ʪʝʤ ʙʦʣʝʝ ʙʣʠʟʢʠʝ ʨʘʩʯʝʪʥʳʝ ʧʦʣʷ ʧʦʣʫʯʘʣʠʩʴ ʧʦ ʜʚʫʤ ʦʧʠ-
ʩʘʥʥʳʤ ʩʮʝʥʘʨʠʷʤ. ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. ʅʘ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʧʦʣʷ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 100 ʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʝʨʝʟ 24 ʯ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  
ɺ ʦʙʦʠʭ ʩʮʝʥʘʨʠʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʚʝʪʨʦʚʳʝ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʦʩʥʦʚʥʳʭ ʛʦʨʥʳʭ 
ʭʨʝʙʪʦʚ, ʦʢʘʡʤʣʷʶʱʠʭ ɹʘʡʢʘʣ. ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʨʠʟʝʤʥʦʤ ʧʦʣʝ ʚʝʪʨʘ ʧʨʦ-
ʷʚʣʷʶʪʩʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɹʘʡʢʘʣʘ ʠ ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ.  

ɺ ʩʮʝʥʘʨʠʠ 1 ʩ ʦʪʢʨʳʪʦʡ ʚʦʜʦʡ ʦʟʝʨʘ ʥʘ ʥʠʞʥʝʤ ʨʘʩʯʝʪʥʦʤ ʫʨʦʚʥʝ ʥʘ ʚʳ-
ʩʦʪʝ 100 ʤ ʥʘʜ ɹʘʡʢʘʣʦʤ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʠʣʴʥʳʝ ʧʦʪʦʢʠ ʚʝʪʨʘ ʙʦʣʝʝ 10 ʤ/ʩ 
(ʨʠʩ. 2). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʜ ʧʦʢʨʳʪʦʡ ʣʴʜʦʤ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦ ʚʪʦʨʦʤ ʩʮʝʥʘʨʠʠ 
ʚʝʪʝʨ ʥʝ ʧʨʝʚʳʰʘʣ 5 ʤ/ʩ (ʨʠʩ. 3). ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʘʨʪʠʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʚʝʪʨʘ 
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ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʠ ʥʘ ʩʝʚʝʨʝ ʦʟʝʨʘ ɹʘʡʢʘʣ, ʚ ʩʘʤʦʡ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʡʢʘʣʘ ʧʦʣʷ 
ʚʝʪʨʘ ʚ ʦʙʦʠʭ ʩʮʝʥʘʨʠʷʭ ʙʳʣʠ ʩʭʦʞʠ. ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʮʝ-
ʥʘʨʠʷʭ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ  
ʚ ʖʞʥʦʤ ʇʨʠʙʘʡʢʘʣʴʝ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʚʝʪʝʨ ʠʟ ʜʦʣʠʥʳ 
ʨʝʢʠ ɸʥʛʘʨʳ.  

 

 

ʈʠʩ. 2. ʇʦʣʝ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 100 ʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʝʨʝʟ 24 ʯ ʩ ʥʘʯʘʣʘ  
ʨʘʩʯʝʪʘ. ʈʘʩʯʝʪʥʳʡ ʩʮʝʥʘʨʠʡ 1 ʩ ʦʪʢʨʳʪʦʡ ʚʦʜʦʡ ʥʘ ɹʘʡʢʘʣʝ.  

ʉʪʨʝʣʦʯʢʠ ʧʦʣʷ ʚʝʪʨʘ ʥʘʨʠʩʦʚʘʥʳ ʪʦʣʴʢʦ  
ʚ ʢʘʞʜʦʡ ʜʝʩʷʪʦʡ ʪʦʯʢʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ.  

 

 

ʈʠʩ. 3. ʊʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 2, ʥʦ ʜʣʷ ʩʮʝʥʘʨʠʷ 2 – ʧʦʚʝʨʭʥʦʩʪʴ ɹʘʡʢʘʣʘ  
ʧʦʢʨʳʪʘ ʣʴʜʦʤ. 
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ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʚʣʠʷʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ɸʥʛʘʨʳ ʥʘ ʩʦʩʪʘʚ 
ʘʪʤʦʩʬʝʨʳ ʘʢʚʘʪʦʨʠʠ ɹʘʡʢʘʣʘ ʤʳ ʩʤʦʜʝʣʠʨʦʚʘʣʠ ʧʝʨʝʥʦʩ ʠ ʨʘʩʩʝʠʚʘʥʠʝ ʪʨʘʩ-
ʩʝʨʘ ʦʪ ʫʩʣʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʀʨʢʫʪʩʢʝ. ʀʩʪʦʯʥʠʢ ʙʳʣ ʟʘʜʘʥ 
ʥʘ ʚʳʩʦʪʝ 200 ʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʱʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʠʩʪʦʯ-
ʥʠʢʘ – 1 ʫʩʣʦʚʥʘʷ ʝʜʠʥʠʮʘ. ʇʨʠʤʝʩʴ ʧʘʩʩʠʚʥʘʷ, ʥʝʚʝʩʦʤʘʷ. 

ʅʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʜʘʥʳ ʨʘʩʯʝʪʥʳʝ ʧʦʣʷ ʚʝʪʨʘ ʠ ʠʟʦʣʠʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ-
ʤʝʩʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʩʮʝʥʘʨʠʝʚ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʩ ʥʘʯʘʣʘ 
ʨʘʩʯʝʪʘ. ʅʘ ʨʠʩʫʥʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʩʴ ʜʦʩʪʠʛʘʝʪ ʘʢʚʘʪʦʨʠʠ 
ɹʘʡʢʘʣʘ, ʘ ʙʦʣʝʝ ʩʣʘʙʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʙʝ-
ʨʝʛʫ ʦʟʝʨʘ (ʨʠʩ. 4, 5).  

 

 

ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʣʝ ʚʝʪʨʘ ʠ ʠʟʦʣʠʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʧʘʩʩʠʚʥʳʭ ʧʨʠʤʝʩʝʡ (ʫʩʣ. ʝʜ.) ʥʘ ʚʳʩʦʪʝ 100 ʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʝʨʝʟ 12 ʯ  

ʩ ʥʘʯʘʣʘ ʨʘʩʯʝʪʘ: ʩʮʝʥʘʨʠʡ  1 – ʩʣʝʚʘ, ʩʮʝʥʘʨʠʡ 2 – ʩʧʨʘʚʘ.  
ʉʪʨʝʣʦʯʢʠ ʥʘʨʠʩʦʚʘʥʳ ʪʦʣʴʢʦ ʚ ʢʘʞʜʦʡ ʧʷʪʦʡ ʪʦʯʢʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ɿʥʘʯʝʥʠʝ 

ʠʟʦʣʠʥʠʡ: 10, 1 ʠ ʚʥʝʰʥʷʷ – 0.1 ʫʩʣʦʚʥʦʡ ʝʜʠʥʠʮʳ. 
 
ɼʣʷ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʟʘʧʘʜʥʳʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʚʝʪʨʳ ʷʚʣʷʶʪʩʷ ʭʘ-

ʨʘʢʪʝʨʥʳʤʠ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʳʥʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʧʨʠʤʝʩʝʡ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʀʨ-
ʢʫʪʩʢʦ-ʏʝʨʝʤʭʦʚʩʢʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʠʢʩʠʨʫʝʪʩʷ ʩʪʘʥʮʠʷʤʠ 
ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʨʦʙʘʤʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʦʟʝʨʝ ɹʘʡʢʘʣ [1, 11 ʠ ʜʨ.]. ʇʨʝʜʩʪʘʚ-
ʣʝʥʥʳʝ ʩʮʝʥʘʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʠʩʳʚʘʶʪ ʦʜʥʫ ʠʟ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʪʫʘ-
ʮʠʡ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʥʘʰʠ ʨʘʩʯʝʪʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʢʘ-
ʯʝʩʪʚʝʥʥʫʶ ʩʭʦʞʝʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʖʞʥʦʤ ʇʨʠ-
ʙʘʡʢʘʣʴʝ ʚ ʫʩʣʦʚʠʷʭ ʩʮʝʥʘʨʠʝʚ 1 ʠ 2, ʦʪʢʨʳʪʘʷ ʚʦʜʘ ʥʘ ɹʘʡʢʘʣʝ ʤʦʞʝʪ ʩʧʦʩʦʙ-
ʩʪʚʦʚʘʪʴ ʚʳʥʦʩʫ ʧʨʠʤʝʩʠ ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʘʪʤʦʩʬʝʨʫ ʘʢʚʘʪʦʨʠʠ ɹʘʡ-
ʢʘʣʘ, ʯʝʤ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʟʝʨʦ ʧʦʢʨʳʪʦ ʣʴʜʦʤ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʵʪʦ ʦʙʲʷʩʥʷ-
ʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʪʢʨʳʪʘʷ ʚʦʜʘ ɹʘʡʢʘʣʘ, ʙʫʜʫʯʠ ʙʦʣʝʝ ʪʝʧʣʦʡ, ʯʝʤ ʦʢʨʫʞʘʶʱʠʝ ʪʝʨ-
ʨʠʪʦʨʠʠ, ʫʩʠʣʠʚʘʝʪ ʧʦʪʦʢʠ ʚʝʪʨʘ ʥʘ ʦʟʝʨʦ ʩʦ ʩʪʦʨʦʥʳ ʩʫʰʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʦ 
ʩʪʦʨʦʥʳ ʜʦʣʠʥʳ ɸʥʛʘʨʳ.  






