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ʄʦʥʽʪʦʨʠʥʛ ʟʘʙʨʫʜʥʝʥʥʷ  ̒ʥʘʜʟʚʠʯʘʡʥʦ ʮʽʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʮʠʚʽʣʴʥʦʤʫ ʧʣʘʥʫʚʘʥʥʽ, 

ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. ʄʦʥʽʪʦʨʠʥʛ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟʘʧʘʩʽʚ ʚʦʜʠ, ʧʦʚʽʪʨʷ ʪʘ 

ˇʨʫʥʪʫ ʤʦʞʝ ʥʘʜʘʪʠ ʷʢ ʜʝʨʞʘʚʥʠʤ, ʪʘʢ  ̔ʧʨʠʚʘʪʥʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ ʮʽʥʥʽ ʜʘʥʽ, ʷʢʠʤʠ ʢʝʨʫʶʪʴ 

ʯʝʨʝʟ ʧʣʘʪʬʦʨʤʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʥʽʷʤ ʰʚʠʜʰʝ ʨʝʘʛʫʚʘʪʠ ʥʘ ʚʧʣʠʚ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʙʝʟʧʝʢʫ ʧʨʘʮʽʚʥʠʢʽʚ, ʛʨʦʤʘʜʩʴʢʝ ʟʜʦʨʦʚôʷ ʪʘ ʟʘʭʦʜʠ ʱʦʜʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʱʦʜʦ ʨʦʟʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤʠ, ʷʢʘ ʘʚʪʦʤʘʪʠʟʫʻ ʜʽʾ ʧʦ 

ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʠʚʝʜʝʥʥʶ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʛʣʦʙʘʣʴʥʠʡ ʤʦʥʽʪʦʨʠʥʛ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʥʽʪʦʨʠʥʛ, ʟʘʙʨʫʜʥʝʥʥʷ, ʩʠʩʪʝʤʘ. 
 

Pollution monitoring is an extremely valuable tool in civil planning, manufacturing and 

agriculture. Monitoring the chemistry of water, air, and soil supplies can provide both public and 

private organizations with valuable data that can be managed through IoT platforms. This allows 

companies to respond more quickly to pollution impacts, worker safety, public health and 

sustainability initiatives. Therefore, the issue of developing a system that automates the calculation 

and output of information on global monitoring becomes urgent. 

Key words: monitoring, pollution, system. 

 

ɿʤʽʥʘ ʢʣʽʤʘʪʫ, ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ, ʚʦʜʠ ʪʘ ʧʦʚʽʪʨʷ, ʚʪʨʘʪʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ - ʮʝ ʣʠʰʝ 

ʜʝʷʢʽ ʟ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʻʪʴʩʷ ʣʶʜʩʪʚʦ. ʎʽ ʧʨʦʙʣʝʤʠ ʤʘʶʪʴ ʩʝʨʡʦʟʥʽ 

ʥʘʩʣʽʜʢʠ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ, ʝʢʦʥʦʤʽʢʠ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʽʜʥʽ ʪʦʯʥʽ ʪʘ ʘʢʪʫʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʠʩʪʝʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ (ʉɻʄ) ʟʙʠʨʘʶʪʴ ʮʽ ʜʘʥʽ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ 

ʩʫʧʫʪʥʠʢʠ, ʜʘʪʯʠʢʠ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʩʪʘʥʮʽʾ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (ɯʊ) ʤʦʞʫʪʴ ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʉɻʄ. ɿ ʾʭ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ: ʟʙʠʨʘʪʠ, ʦʙʨʦʙʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ 

ʟ ʉɻʄ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ; ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʫ ʟʨʫʯʥʠʡ ʩʧʦʩʽʙ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; 

ʨʦʟʨʦʙʣʷʪʠ ʤʦʜʝʣʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʟʤʽʥ. ɼʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʢʠ ʉɻʄ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ɯʊ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ ʪʝʤʦʶ, ʦʩʢʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ 

ʜʦʧʦʤʦʛʪʠ ʥʘʤ ʨʦʟʨʦʙʠʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʥʘʰʦʛʦ ʜʦʚʢʽʣʣʷ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦʣʷʛʘʻ ʚ ʫʧʨʘʚʣʽʥʥʽ ʪʘ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘʙʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʪʨʠʤʘʥʥʷ ʟʘʢʦʥʽʚ  ̔ʥʦʨʤʘʪʠʚʥʠʭ ʘʢʪʽʚ, ʘʙʦ ʜʣʷ ʧʦʤôʷʢʰʝʥʥʷ ʨʠʟʠʢʽʚ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʘʭʠʩʪʫ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ. 

ɹʝʟʧʝʨʝʨʚʥʘ ʨʦʟʨʦʙʢʘ ʧʝʨʝʜʦʚʠʭ ʧʨʦʛʨʘʤ  ̔ʧʨʠʩʪʨʦʾʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʟʚʽʪʽʚ ʧʨʦ ʤʦʥʽʪʦʨʠʥʛ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʦʩʢʽʣʴʢʠ ʯʠʩʝʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ, ʧʨʦʤʠʩʣʦʚʘ ʜʽʷʣʴʥʽʩʪʴ  ̔ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʦʜʦʚʞʫʶʪʴ 

ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʪʠ. 

ʇʨʦʛʨʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ï ʮʝ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʧʣʘʥʠ, ʚ ʷʢʠʭ ʪʦʯʥʦ ʚʢʘʟʘʥʦ, ʷʢʽ 

ʝʣʝʤʝʥʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜʣʷʛʘʶʪʴ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʘʛʘʣʴʥʽ ʮʽʣʽ, ʢʦʥʢʨʝʪʥʽ ʩʪʨʘʪʝʛʽʾ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʚʠʙʽʨʢʠ, ʧʨʦʝʢʪʠ ʚ ʨʘʤʢʘʭ ʢʦʞʥʦʾ ʩʪʨʘʪʝʛʽʾ ʪʘ ʯʘʩʦʚʽ ʨʘʤʢʠ. 
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ʇʨʦʜʫʢʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʧʨʦ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ (EDMS), ʧʦʣʝʛʰʫʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʧʨʦʛʨʘʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʮʽʥʢʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʢʣʶʯʘʻ ʮʝʥʪʨʘʣʴʥʠʡ ʮʝʥʪʨ ʢʝʨʫʚʘʥʥʷ 

ʜʘʥʠʤʠ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ ʤʦʥʽʪʦʨʠʥʛ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʝʨʝʚʽʨʢʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʚʘʣʽʜʘʮʽʶ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ  ̔ʩʪʚʦʨʝʥʥʷ ʟʚʽʪʽʚ ʧʨʦ ʧʦʨʽʚʥʷʥʥʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ. 

ɯʩʥʫʶʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ [1] ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ - ʮʝ 

ˇʨʫʥʪ, ʘʪʤʦʩʬʝʨʘ ʪʘ ʚʦʜʘ. ɼʝʷʢʽ ʤʝʪʦʜʠ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚʢʣʶʯʘʶʪʴ ʬʽʣʴʪʨʘʮʽʶ, ʩʝʜʠʤʝʥʪʘʮʽʶ, ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʧʨʦʙʠ, ʚʽʜʙʽʨ ʧʨʦʙ ʽʟ 

ʟʘʭʚʘʪʫ ʪʘ ʚʽʜʙʽʨ ʢʦʤʧʦʟʠʪʥʠʭ ʧʨʦʙ. 

ɼʘʥʽ, ʟʽʙʨʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʚʝʜʝʥʽ ʚ ʉʋɹɼ, ʜʝ ʾʭ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ, ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʪʘ 

ʩʪʚʦʨʶʚʘʪʠ ʧʨʘʢʪʠʯʥʽ ʚʠʩʥʦʚʢʠ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ ʧʨʠʡʥʷʪʪʶ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ [2]. 

ʄʦʥʽʪʦʨʠʥʛ ʧʦʚʽʪʨʷ: ʜʘʥʽ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʟʽʙʨʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʪʘʢʠʭ ʷʢ ʤʝʨʝʞʽ ʜʘʪʯʠʢʽʚ  ̔ʤʦʜʝʣʽ ɻʝʦʛʨʘʬʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ɻɯʉ), ʟ ʙʘʛʘʪʴʦʭ ʨʽʟʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʤʝʨʝʞ  ̔ʽʥʩʪʠʪʫʪʽʚ, ʽʥʪʝʛʨʫʶʪʴʩʷ ʚ 

ʤʦʜʝʣʽ ʨʦʟʩʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʚʠʢʠʜʠ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʪʘ ʪʦʧʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʧʦʚʽʪʨʷ. 

ʄʦʥʽʪʦʨʠʥʛ ˇʨʫʥʪʫ: ʚʽʜʙʽʨ ʧʨʦʙ (ʦʢʨʝʤʠʭ ʧʨʦʙ)  ̔ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʙ (ʢʽʣʴʢʘ ʧʨʦʙ) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ˇʨʫʥʪʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʘʟʦʚʠʭ ʣʽʥʽʡ  ̔ʚʠʷʚʣʝʥʥʷ ʟʘʛʨʦʟ, 

ʪʘʢʠʭ ʷʢ ʧʽʜʢʠʩʣʝʥʥʷ, ʚʪʨʘʪʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʫʱʽʣʴʥʝʥʥʷ, ʟʘʙʨʫʜʥʝʥʥʷ, ʝʨʦʟʽʷ, ʚʪʨʘʪʘ 

ʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʩʦʣʝʥʥʷ ʪʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʭʠʣʽʚ.  

- ʄʦʥʽʪʦʨʠʥʛ ʩʦʣʦʥʦʩʪʽ: ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ, ɻɯʉ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʦʣʦʥʦʩʪʽ ˇʨʫʥʪʫ, ʷʢʘ, ʷʢʱʦ ʾʾ ʥʝʟʙʘʣʘʥʩʦʚʘʥʦ, ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʚʦʜʠ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʚʨʦʞʘʡʥʽʩʪʴ ʨʦʩʣʠʥ. 
- ʄʦʥʽʪʦʨʠʥʛ ʟʘʙʨʫʜʥʝʥʥʷ: ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʭʨʦʤʘʪʦʛʨʘʬʽʷ ʪʘ ʩʧʝʢʪʨʦʤʝʪʨʽʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʷʜʝʨʥʽ ʚʽʜʭʦʜʠ, ʚʫʛʽʣʴʥʘ 

ʟʦʣʘ, ʤʽʢʨʦʧʣʘʩʪʠʢ, ʥʘʬʪʦʭʽʤʽʷ ʪʘ ʢʠʩʣʦʪʥʽ ʜʦʱʽ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʚʠʪʢʫ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ, ʷʢʱʦ ʚʦʥʠ ʩʧʦʞʠʚʘʶʪʴʩʷ ʣʶʜʴʤʠ ʘʙʦ ʪʚʘʨʠʥʠ. 
- ʄʦʥʽʪʦʨʠʥʛ ʝʨʦʟʽʾ: ʤʦʥʽʪʦʨʠʥʛ  ̔ʤʦʜʝʣʶʚʘʥʥʷ ʝʨʦʟʽʾ ˇʨʫʥʪʫ  ̒ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʫ 

ʷʢʦʤʫ ʪʦʯʥʽ ʧʨʦʛʥʦʟʠ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʽ ʜʣʷ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ. ʋʥʽʚʝʨʩʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʚʪʨʘʪ 

ˇʨʫʥʪʫ (USLE) ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʪʨʘʪ ˇʨʫʥʪʫ ʚʥʘʩʣʽʜʦʢ ʚʦʜʥʦʾ 

ʝʨʦʟʽʾ. ɽʨʦʟʽʷ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʘ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ, 

ʨʽʯʢʠ, ʩʪʨʫʤʢʠ, ʧʦʚʝʥʽ, ʚʽʪʝʨ, ʨʫʭ ʤʘʩ, ʢʣʽʤʘʪ, ʩʢʣʘʜ  ̔ʩʪʨʫʢʪʫʨʘ ʨ̌ʫʥʪʫ, ʨʝʣʴʻʬ  ̔ʚʽʜʩʫʪʥʽʩʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʩʣʠʥʥʽʩʪʶ. 
ʄʦʥʽʪʦʨʠʥʛ ʚʦʜʠ: ʤʝʪʦʜʠ ʚʽʜʙʦʨʫ ʧʨʦʙ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʢʣʶʯʘʶʪʴ 

ʦʮʽʥʦʯʥʝ, ʧʨʦʩʪʝ ʚʠʧʘʜʢʦʚʝ, ʩʪʨʘʪʠʬʽʢʦʚʘʥʝ, ʩʠʩʪʝʤʘʪʠʯʥʝ ʪʘ ʩʽʪʢʦʚʝ, ʘʜʘʧʪʠʚʥʝ ʢʣʘʩʪʝʨʥʝ, 

ʟʘʭʦʧʣʝʥʥʷ ʪʘ ʧʘʩʠʚʥʝ; ʥʘʧʽʚʙʝʟʧʝʨʝʨʚʥʠʡ  ̔ ʙʝʟʧʝʨʝʨʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ; 

ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ;  ̔ ʙʽʦʤʦʥʽʪʦʨʠʥʛ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʜʽʘʧʘʟʦʥʽʚ ʙʽʦʣʦʛʽʯʥʠʭ, ʭʽʤʽʯʥʠʭ, 

ʨʘʜʽʦʣʦʛʽʯʥʠʭ, ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ  ̔ʧʦʧʫʣʷʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʄʦʥʽʪʦʨʠʥʛʦʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʠ ʢʝʨʫʶʪʴ ʬʝʜʝʨʘʣʴʥʽ, ʜʝʨʞʘʚʥʽ ʪʘ ʤʽʩʮʝʚʽ 

ʫʩʪʘʥʦʚʠ, ʫʥʽʚʝʨʩʠʪʝʪʠ ʪʘ ʚʦʣʦʥʪʝʨʠ,  ̔ʚʽʥ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜ, 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʧʨʦʛʨʘʤ ʢʦʥʪʨʦʣʶ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʪʝʥʜʝʥʮʽʡ  ̔

ʥʦʚʠʭ ʧʨʦʙʣʝʤ, ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʟʫʩʠʣʴ ʽʟ ʢʦʥʪʨʦʣʶ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ʧʦʪʨʝʙʠ,  ̔ʚ ʟʫʩʠʣʣʷʭ ʟ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ. 

ʇʝʨʝʚʘʛʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦʣʷʛʘʶʪʴ ʫ ʡʦʛʦ ʟʜʘʪʥʦʩʪʽ 

ʧʦʢʨʘʱʫʚʘʪʠ ʷʢʽʩʪʴ ʞʠʪʪʷ ʩʫʩʧʽʣʴʩʪʚʘ ʰʣʷʭʦʤ ʚʠʩʚʽʪʣʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ  ̔ʟʜʦʨʦʚôʷʤ [3]. ʇʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʩʚʦʻʯʘʩʥʝ ʜʦʥʝʩʝʥʥʷ ʜʦ ʩʧʽʣʴʥʦʪʠ ʢʦʨʠʩʥʠʭ ʚʠʩʥʦʚʢʽʚ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʽʥʬʦʨʤʫʚʘʥʥʷ ʛʨʦʤʘʜʷʥ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ʇʨʘʢʪʠʯʥʽ ʧʨʦʛʨʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʢʣʶʯʘʶʪʴ ʟʘʭʠʩʪ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʥʝʙʝʟʧʝʯʥʠʤʠ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ, 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʪʘ ʘʥʘʣʽʟ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʤʽʩʴʢʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʡʦʛʦ 

ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, ʟʘʭʠʩʪ  ̔ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʪʘʢʠʤʠ ʷʢ ˇʨʫʥʪ  ̔

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʧʨʦʛʥʦʟ ʧʦʛʦʜʠ, ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʟʝʤʣʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʟ ʝʥʝʨʛʝʪʠʯʥʦʶ ʘʥʘʣʽʪʠʢʦʶ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤ ʙʽʟʥʝʩ-ʘʥʘʣʽʪʠʢʦʤ, ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʝʣʝʡ 

ʱʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʫ ʟʚôʷʟʢʫ ʟ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʝʢʦʥʦʤʽʯʥʠʤ ʨʦʟʚʠʪʢʦʤ, 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʘʭʠʩʪ ʚʠʜʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʟʘʛʨʦʟʦʶ ʟʥʠʢʥʝʥʥʷ, 

ʪʘ ʛʣʦʙʘʣʴʥʘ ʟʤʽʥʘ ʢʣʽʤʘʪʫ. 

ʆʛʣʷʜ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʠʚ ʦʙʨʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ 

ʟʘʩʦʙʠ: ʧʨʦʛʨʘʤʘ Visual Studio, ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C#, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ASP.NET 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ web-ʜʦʜʘʪʢʫ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʙʦʪʠ ʟ ʙʘʟʘʤʠ ʜʘʥʠʭ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

MySQL. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʦʩʥʦʚʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʷʢʦʾ ʻ: ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʨʘʭʫʥʦʢ ʜʘʥʠʭ ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʧʝʨʝʛʣʷʜ ʟʘʛʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʛʣʦʙʘʣʴʥʠʡ ʤʦʥʽʪʦʨʠʥʛ. 

ɼʣʷ ʷʢʽʩʥʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʚʠʙʽʨ ʥʘʡʙʽʣʴʰ 

ʭʘʨʘʢʪʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʮʽʥʶʚʘʥʥʷ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ [4]. ɼʣʷ ʢʦʞʥʦʾ 

ʟʤʽʥʥʦʾ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʨʦʮʝʜʫʨʫ ʬʘʟʠʬʽʢʘʮʽʾ, ʩʬʦʨʤʦʚʘʥʦ ʧʨʘʚʠʣʘ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʚʠʟʥʘʯʝʥʠʭ ʪʝʨʤ-ʤʥʦʞʠʥ ʚʭʽʜʥʠʭ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ ʜʣʷ ʢʦʞʥʦʛʦ ʪʝʨʤʫ 

ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ.  

ɻʣʦʙʘʣʴʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʴʦʭ ʬʘʢʪʦʨʽʚ: ʷʢʦʩʪʽ ʚʦʜʠ, ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʪʘ 

ʷʢʦʩʪʽ ˇʨʫʥʪʫ [5].  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʤʽʩʪ ʧʝʚʥʠʭ ʨʝʯʦʚʠʥ. 

ʊʦʤʫ, ʜʣʷ ʩʠʩʪʝʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʽ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ:  

ɺʤʽʩʪ ʟʘʣʽʟʘ ʫ ʚʦʜʽ (ʟʤʽʥʥʘ «ɿʘʣʽʟʦ») ï ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʟʘʣʽʟʘ ʫ ʚʦʜʽ ʜʦʜʘʻ ʾʡ ʭʘʨʘʢʪʝʨʥʠʡ 

ʥʝʧʨʠʻʤʥʠʡ ʧʨʠʩʤʘʢ, ʷʢʠʡ ʥʝ ʚʠʢʣʠʢʘʻ ʙʘʞʘʥʥʷ ʾʾ ʧʠʪʠ. ʅʦʨʤʘ ʚʤʽʩʪʫ ʟʘʣʽʟʘ ʚ ʧʠʪʥʽʡ ʚʦʜʽ 

ʩʪʘʥʦʚʠʪʴ 0,30 ʤʛ/ʣ (ʤʽʣʽʛʨʘʤʽʚ ʥʘ ʣʽʪʨ). ʁʦʛʦ ʥʘʟʠʚʘʶʪʴ ʚʪʦʨʠʥʥʠʤ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʽʚʥʝʤ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʘʙʦ SMCL, ʦʩʢʽʣʴʢʠ ʨʽʚʝʥʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʩʪʝʪʠʯʥʠʭ (ʢʦʣʽʨ ʽ ʩʤʘʢ) ʩʢʣʘʜʦʚʠʭ, ʘ 

ʥʝ ʥʘ ʚʧʣʠʚʽ ʥʘ ʟʜʦʨʦʚôʷ. ʗʢʱʦ ʨʽʚʝʥʴ ʟʘʣʽʟʘ ʫ ʚʦʜʽ ʩʪʘʥʦʚʠʪʴ ʘʙʦ ʧʝʨʝʚʠʱʫʻ 0,30 ʤʛ/ʣ, ʤʦʞʝ 

ʙʫʪʠ ʤʝʪʘʣʝʚʠʡ ʧʨʠʩʤʘʢ. 

ɺʤʽʩʪ ʩʫʣʴʬʘʪʽʚ ʪʘ ʭʣʦʨʠʜʽʚ ʫ ʚʦʜʽ (ʟʤʽʥʥʘ «ʉʫʣʴʬʘʪʠ ʽ ʭʣʦʨʠʜʠ») ï ʮʝ ʦʜʥʽ ʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʘʥʽʦʥʽʚ ʚ ʩʢʣʘʜʽ ʚʦʜʠ, ʙʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʻ ʧʦʚʥʽʩʪʶ 

ʨʦʟʯʠʥʥʠʤʠ ʫ ʚʦʜʽ. ɼʽʘʧʘʟʦʥ ʭʣʦʨʠʜʽʚ 35-125 ʤʛ/ʣ ʜʣʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚʚʘʞʘʻʪʴʩʷ ʥʦʨʤʘʣʴʥʠʤ. 

ʂʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʧʝʨʝʚʠʱʫʻ 250-400 ʤʛ/ʣ, ʚʦʜʘ ʙʫʜʝ ʩʦʣʦʥʦʶ ʥʘ ʩʤʘʢ. 

ɺʤʽʩʪ ʜʽʦʢʩʠʜʫ ʘʟʦʪʫ ʫ ʧʦʚʽʪʨʽ (ʟʤʽʥʥʘ «ɼʽʦʢʩʠʜ ʘʟʦʪʫ») ï ʚʠʢʠʜʠ ʘʟʦʪʫ ʚ ʘʪʤʦʩʬʝʨʫ, ʾʭ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʥʽʪʨʘʪʠ ʪʘ ʘʟʦʪʥʫ ʢʠʩʣʦʪʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʢʠʩʣʦʪʥʠʭ ʜʦʱʽʚ. 

ɼʽʦʢʩʠʜ ʘʟʦʪʫ ʜʫʞʝ ʦʪʨʫʡʥʠʡ. ɺʜʠʭʘʥʥʷ ʡʦʛʦ ʚʠʢʣʠʢʘʻ ʩʠʣʴʥʝ ʧʦʜʨʘʟʥʝʥʥʷ ʜʠʭʘʣʴʥʠʭ 

ʦʨʛʘʥʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ 1-ʛʦʜʠʥʥʠʡ ʩʪʘʥʜʘʨʪ NO2 ʥʘ ʨʽʚʥʽ 100 ʯʘʩʪʠʥ ʥʘ ʤʽʣʴʷʨʜ (ppb). ʊʘʢʦʞ  ̒

ʟʙʝʨʝʞʝʥʠʤ ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʩʪʘʥʜʘʨʪ NO2 ï 53 ppb. 1-ʛʦʜʠʥʥʠʡ ʩʪʘʥʜʘʨʪ ʟʘʭʠʩʪʠʪʴ 

ʛʨʦʤʘʜʩʴʢʝ ʟʜʦʨʦʚôʷ, ʦʙʤʝʞʫʶʯʠ ʚʧʣʠʚ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʧʽʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ NO2 ʥʘ ʣʶʜʝʡ, 

ʷʢʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʥʠʢʘʶʪʴ ʙʽʣʷ ʛʦʣʦʚʥʠʭ ʜʦʨʽʛ. 

ɺʤʽʩʪ ʦʟʦʥʫ ʫ ʧʦʚʽʪʨʽ (ʟʤʽʥʥʘ «ʆʟʦʥ») ï ʦʟʦʥ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʢʦʣʠ 

ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ, ʚʠʢʣʠʢʘʥʽ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʪʘ ʟʘʚʦʜʘʤʠ, ʚʩʪʫʧʘʶʪʴ ʫ 

ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʉʦʥʮʷ. ɾʦʜʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʟʜʦʨʦʚô̫ ʥʝ ʦʯʽʢʫʻʪʴʩʷ, ʢʦʣʠ ʷʢʽʩʪʴ 

ʧʦʚʽʪʨʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 50 ʯʘʩʪʠʥ ʥʘ ʤʽʣʴʡʦʥ (ppm). ʇʦʢʘʟʥʠʢʠ ʚʠʱʽ ʮʴʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʧʦʯʠʥʘʶʪʴ ʧʨʦʷʚʣʷʪʠ ʚʧʣʠʚ ʥʘ ʣʶʜʩʴʢʝ ʟʜʦʨʦʚᾷʷ, ʪʦʤʫ ʧʦʪʨʽʙʥʦ ʦʙʤʝʞʠʪʠ 

ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʚʽʜʢʨʠʪʠʭ ʧʨʦʩʪʦʨʘʭ. 

ɺʤʽʩʪ ʢʘʜʤʽʶ ʫ ˇʨʫʥʪʽ (ʟʤʽʥʥʘ «ʂʘʜʤʽʡ») ï ʚʝʣʠʯʝʟʥʦʶ ʥʝʙʝʟʧʝʢʦʶ ʜʣʷ ʦʨʛʘʥʽʟʤʫ 

ʣʶʜʠʥʠ  ̒ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʢʘʜʤʽʻʤ. ʇʦʪʨʘʧʣʷʶʯʠ ʚ ʾʞʫ, ʚʽʥ ʚʠʢʣʠʢʘʻ ʜʝʬʦʨʤʘʮʽʶ ʩʢʝʣʝʪʘ, 
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ʟʫʧʠʥʢʫ ʨʦʩʪʫ ʫ ʜʽʪʝʡ  ̔ʩʠʣʴʥʽ ʙʦʣʽ ʚ ʩʧʠʥʽ. ʄʝʜʽʘʥʘ ʚʤʽʩʪʫ Cd ʚ ʢʦʨʽ ʩʪʘʥʦʚʠʪʴ 0,2 ʤʛ/ʢʛ. ʋ 

ˇʨʫʥʪʘʭ Cd ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʚʽʜ 0,01 ʜʦ 1 ʤʛ/ʢʛ ʽʟ ʩʝʨʝʜʥʽʤ ʩʚʽʪʦʚʠʤ ʟʥʘʯʝʥʥʷʤ 

0,36 ʤʛ/ʢʛ. ɺʠʚʽʪʨʶʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ Cd ʜʦ 5 ʤʢʛ/ʣ ʫ ˇʨʫʥʪʦʚʽʡ ʚʦʜʽ ʪʘ ʜʦ 

1 ʤʢʛ/ʣ ʫ ˇʨʫʥʪʦʚʽʡ ʚʦʜʽ. 

ɺʤʽʩʪ ʩʚʠʥʮʶ ʫ ˇʨʫʥʪʽ (ʟʤʽʥʥʘ «ʉʚʠʥʝʮʴ») ï  ̒ʜʫʞʝ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʣʶʜʝʡ  ̔ʚʩʽʭ 

ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. ɺʽʜ ʥʘʜʣʠʰʢʫ ʩʚʠʥʮʶ ʫʨʘʞʘʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʘ ʥʝʨʚʦʚʘ ʩʠʩʪʝʤʘ, ʛʦʣʦʚʥʠʡ 

ʤʦʟʦʢ, ʧʝʯʽʥʢʘ  ̔ʥʠʨʢʠ. ɺʽʥ ʥʝʙʝʟʧʝʯʥʠʡ ʩʚʦʾʤʠ ʢʘʥʮʝʨʦʛʝʥʥʠʤʠ  ̔ʤʫʪʘʛʝʥʥʠʤʠ ʜʽʷʤʠ. ʇʨʠ 

ʦʮʽʥʮʽ ʥʘʩʪʘʥʦʚʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʡ ʨʝʮʝʧʪʦʨ (ʤʘʣʝʥʴʢʘ ʜʠʪʠʥʘ)  ̔ʥʘʡʙʽʣʴʰ 

ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʚʧʣʠʚ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʷʢʙʠ ʜʫʞʝ ʤʘʣʝʥʴʢʘ ʜʠʪʠʥʘ ʙʫʣʘ ʧʽʜʜʘʥʘ ʚʧʣʠʚʫ 

ˇʨʫʥʪʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʚʠʥʮʶ 140 ʯʘʩʪʠʥ ʥʘ ʤʽʣʴʡʦʥ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ ʥʘ ʜʦʙʫ, 365 ʜʥʽʚ ʥʘ 

ʨʽʢ ʮʝ ʥʝ ʚʧʣʠʥʫʣʦ ʙ ʥʘ ʨʽʚʝʥʴ ʩʚʠʥʮʶ ʚ ʢʨʦʚʽ. ɸʛʝʥʪʩʪʚʦ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (USEPA) ʚʚʘʞʘʻ, ʱʦ ʨʽʚʥʽ ʩʚʠʥʮʶ ʚ ˇʨʫʥʪʽ ʜʦ 400 ʯʘʩʪʠʥ ʥʘ ʤʽʣʴʡʦʥ çʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʞʦʜʥʠʭ ʜʽʡè. ʈʽʚʝʥʴ ʩʚʠʥʮʶ ʚ ˇʨʫʥʪʽ ʤʽʞ 400-1200 ppm ʚʚʘʞʘʻʪʴʩʷ çʨʽʚʥʝʤ 

ʟʘʥʝʧʦʢʦʻʥʥʷè. 

ʄʦʥʽʪʦʨʠ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʦʩʥʘʱʝʥʽ ʜʘʪʯʠʢʘʤʠ, ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ [6]. ɼʝʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʘʟʝʨʠ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʫ ʢʫʙʽʯʥʦʤʫ ʤʝʪʨʽ ʧʦʚʽʪʨʷ, ʪʦʜʽ ʷʢ ʽʥʰʽ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʚʽʜʙʠʪʦʾ ʘʙʦ ʚʠʧʨʦʤʽʥʶʚʘʥʦʾ ɿʝʤʣʝʶ. 

ɿʘʙʨʫʜʥʶʚʘʯʽ, ʧʦʚôʷʟʘʥʽ ʟ ʚʧʣʠʚʦʤ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, 

ʚʢʣʶʯʘʶʪʴ PM2,5, PM10, ʧʨʠʟʝʤʥʠʡ ʦʟʦʥ, ʜʽʦʢʩʠʜ ʘʟʦʪʫ ʪʘ ʜʽʦʢʩʠʜ ʩʽʨʢʠ. ʏʠʤ ʙʽʣʴʰʘ 

ʱʽʣʴʥʽʩʪʴ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʽ, ʪʠʤ ʚʠʱʠʡ ʽʥʜʝʢʩ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ (AQI), ʰʢʘʣʘ ʚʽʜ 

ʥʫʣʷ ʜʦ 500. AQI 50 ʘʙʦ ʥʠʞʯʝ ʚʚʘʞʘʻʪʴʩʷ ʙʝʟʧʝʯʥʠʤ, ʪʦʜʽ ʷʢ ʧʦʢʘʟʥʠʢʠ ʚʠʱʝ 100 ʚʚʘʞʘʶʪʴʩʷ 

ʥʝʟʜʦʨʦʚʠʤʠ. 

ʗʢʽʩʪʴ ʚʦʜʠ [7] ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʰʣʷʭʦʤ ʟʙʦʨʫ ʧʨʦʙ ʚʦʜʠ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʘʙʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʥʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʧʠʩʫʚʘʪʠ ʜʘʥʽ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʯʘʩʫ ʘʙʦ ʨʝʻʩʪʨʫʚʘʪʠ ʜʘʥʽ 

ʯʝʨʝʟ ʨʝʛʫʣʷʨʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ. 

ʂʦʣʦʨʠʤʝʪʨʠ ʪʘ ʬʦʪʦʤʝʪʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʙ ʚʦʜʠ, ʟʚʘʞʝʥʠʭ ʦʧʘʜʽʚ ʽ 

ʜʦʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʤʽʩʪ ʥʝʦʨʛʘʥʽʯʥʠʭ ʽ ʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʊʝʩʪ-ʩʤʫʞʢʠ ʻ ʝʢʦʥʦʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʽʨʢʦʚʦʾ ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʚʦʜʠ. 

ɺʦʥʠ ʟʤʽʥʶʶʪʴ ʢʦʣʽʨ ʧʽʜ ʚʧʣʠʚʦʤ ʮʽʢʘʚʠʪʴ ʬʘʢʪʦʨʘ. 

ɿʘʛʘʣʦʤ ʢʦʣʦʨʠʤʝʪʨʠʯʥʘ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʜʙʘʯʘʻ ʜʦʜʘʚʘʥʥʷ ʧʝʚʥʦʛʦ ʪʠʧʫ ʭʽʤʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ (ʘʙʦ çʨʝʘʛʝʥʪʫè) ʜʦ ʟʨʘʟʢʘ ʚʦʜʠ. ʇʦʪʽʤ ʨʝʘʛʝʥʪ ʨʝʘʛʫʻ ʟ ʨʝʯʦʚʠʥʦʶ, ʷʢʫ ʥʘʤʘʛʘʶʪʴʩʷ 

ʚʠʤʽʨʷʪʠ, ʚʠʢʣʠʢʘʶʯʠ ʟʤʽʥʫ ʢʦʣʴʦʨʫ ʟʨʘʟʢʘ. 

ɯʩʥʫʻ ʪʨʠ ʦʩʥʦʚʥʽ ʢʘʪʝʛʦʨʽʾ ʽʥʜʠʢʘʪʦʨʽʚ ˇʨʫʥʪʫ [8]: ʭʽʤʽʯʥʽ, ʬʽʟʠʯʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ. ʊʠʧʦʚʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ˇʨʫʥʪʫ ʨʦʟʛʣʷʜʘʶʪʴ ʣʠʰʝ ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. ʗʢʽʩʪʴ ˇʨʫʥʪʫ ʥʘʤʘʛʘʻʪʴʩʷ 

ʦʙôʻʜʥʘʪʠ ʚʩʽ ʪʨʠ ʪʠʧʠ ʧʦʢʘʟʥʠʢʽʚ. ʂʘʪʝʛʦʨʽʾ ʥʝ ʪʦʯʥʦ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʽʟʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ˇʨʫʥʪʫ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʘ ʽʥʪʝʛʨʘʮʽʷ. ʋ ʪʘʙʣʠʮʽ ʥʠʞʯʝ ʧʦʢʘʟʘʥʦ ʟʚôʷʟʦʢ ʤʽʞ ʪʠʧʦʤ ʽʥʜʠʢʘʪʦʨʘ ʪʘ 

ʬʫʥʢʮʽʻʶ ˇʨʫʥʪʫ. 

ʍʽʤʽʯʥʽ ʽʥʜʠʢʘʪʦʨʠ ʤʦʞʫʪʴ ʜʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʽʚʥʦʚʘʛʫ ʤʽʞ ˇʨʫʥʪʦʚʠʤ ʨʦʟʯʠʥʦʤ 

(ˇʨʫʥʪʦʚʘ ʚʦʜʘ ʪʘ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ) ʪʘ ʤʽʩʮʷʤʠ ʦʙʤʽʥʫ (ʯʘʩʪʠʥʢʠ ʛʣʠʥʠ, ʦʨʛʘʥʽʯʥʘ ʨʝʯʦʚʠʥʘ); 

ʟʜʦʨʦʚ'ʷ ʨʦʩʣʠʥ; ʭʘʨʯʦʚʽ ʧʦʪʨʝʙʠ ʫʛʨʫʧʦʚʘʥʴ ʨʦʩʣʠʥ ʽ ˇʨʫʥʪʦʚʠʭ ʪʚʘʨʠʥ; ʨʽʚʥʽ ʟʘʙʨʫʜʥʶʚʘʯʽʚ 

ˇʨʫʥʪʫ ʪʘ ʾʭ ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʪʚʘʨʠʥʘʤʠ ʪʘ ʨʦʩʣʠʥʘʤʠ. 

ʌʽʟʠʯʥʽ ʽʥʜʠʢʘʪʦʨʠ ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʽʜʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʫ, ʪʘʢʽ 

ʷʢ ʥʘʜʭʦʜʞʝʥʥʷ ʪʘ ʫʪʨʠʤʘʥʥʷ ʚʦʜʠ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʨʦʩʣʠʥ. ɼʝʷʢʽ ʧʦʢʘʟʥʠʢʠ 

ʧʦʚôʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʯʝʨʝʟ ʾʭ ʚʧʣʠʚ ʥʘ ʦʙʩʷʛ ʫʢʦʨʽʥʝʥʥʷ ʪʘ ʩʪʘʥ ʘʝʨʘʮʽʾ. 

ɹʽʦʣʦʛʽʯʥʽ ʽʥʜʠʢʘʪʦʨʠ ʤʦʞʫʪʴ ʨʦʟʧʦʚʽʩʪʠ ʥʘʤ ʧʨʦ ʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʭʘʨʯʦʚʫ 

ʤʝʨʝʞʫ ˇʨʫʥʪʫ, ʚʽʜʧʦʚʽʜʘʣʴʥʫ ʟʘ ʨʦʟʢʣʘʜʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʢʨʫʛʦʦʙʽʛ ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ. 

ɺ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. 

ʊʝʭʥʦʣʦʛʽʷ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ï ʮʝ ʢʦʤʧ'ʶʪʝʨʥʠʡ ʧʽʜʭʽʜ ʜʦ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ. ɺʦʥʘ ʙʝʨʝ 

ʩʪʫʧʝʥʽ ʽʩʪʠʥʥʦʩʪʽ ʷʢ ʤʘʪʝʤʘʪʠʯʥʫ ʦʩʥʦʚʫ ʟʘ ʧʨʠʥʮʠʧʦʤ ʘʩʧʝʢʪʫ ʜʚʦʟʥʘʯʥʦʩʪʽ [9]. 

ʇʝʨʝʚʘʛʠ ʪʝʭʥʦʣʦʛʽʾ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ: 
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1. ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʙʘʟʫʻʪʴʩ ̫ʥʘ ʣʶʜʩʴʢʠʭ ʤʽʨʢʫʚʘʥʥʷʭ  ̔ʣʽʥʛʚʽʩʪʠʯʥʽʡ 

ʤʦʜʝʣʽ 

2. ɻʥʫʯʢʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

3. ɺʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʧʝʨʘʮʽʾ ʜʣʷ ʥʝʣʽʥʽʡʥʠʭ  ̔ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ 

4. ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʝʣʝʢʪʨʦʥʥʠʭ  ̔ ʧʨʦʤʠʩʣʦʚʠʭ 

ʩʠʩʪʝʤ 

ɺʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʘ ʟʤʽʥʥʽ ʚ ʥʝʯʽʪʢʽʡ ʤʦʜʝʣʽ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʨʠʢʫʪʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ʥʘʣʝʞʥʦʩʪʽ. ʋʩʽ ʚʭʽʜʥʽ ʟʤʽʥʥʽ ʚʠʟʥʘʯʝʥʽ ʙʘʟʦʚʦʶ ʤʥʦʞʠʥʦʶ ʪʝʨʤʽʚ: low, high, ʚ ʤʝʞʘʭ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʤʥʦʞʠʥ:  

1. ɿʘʣʽʟʦ: low ï [0, 0.1], high ï [0.05, 0.3]; 

2. ʉʫʣʴʬʘʪʠ ʪʘ ʭʣʦʨʠʜʠ: low ï [0, 100], high ï [60, 200]; 

3. ɼʽʦʢʩʠʜ ʘʟʦʪʫ: low ï [0, 30], high ï [20, 180]; 

4. ʆʟʦʥ: low ï [0, 60], high ï [50, 300]; 

5. ʂʘʜʤʽʡ: low ï [0, 50], high ï [30, 80]; 

6. ʉʚʠʥʝʮʴ: low ï [0, 1], high ï [1, 10]. 

ɺʠʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ  ̒ ʟʤʽʥʥʘ ñɽʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟò, ʚʠʟʥʘʯʝʥʘ ʙʘʟʦʚʦʶ ʪʝʨʤ-

ʤʥʦʞʠʥʦʶ { low, medium, high},  ʚ ʤʝʞʘʭ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʥʦʞʠʥʠ [0,3] (ʨʠʩ.1). 

 

ʈʠʩ. 1. ɺʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʘ ʟʤʽʥʥʽ ʤʦʜʝʣʽ 

 

ʉʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ʝʣʝʤʝʥʪʽʚ: ʜʘʥʽ ʟ ʜʘʪʯʠʢʽʚ, ʙʘʟʘ ʜʘʥʠʭ, 

ʩʝʨʚʝʨ, ʧʨʦʛʨʘʤʘ, ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ. 

ɼʘʥʽ ʟʯʠʪʫʶʪʴʩʷ ʟ ʜʘʪʯʠʢʽʚ ʪʘ ʟʘʧʠʩʫʶʪʴʩʷ ʚ ʙʘʟʫ ʜʘʥʠʭ. ɼʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʦʥʝʢʪʦʨʘ, ʽʥʬʦʨʤʘʮʽʷ ʟ ʙʘʟʠ ʜʘʥʠʭ ʽʤʧʦʨʪʫʻʪʴʩʷ ʥʘ ʩʝʨʚʝʨ, ʟʚʽʜʢʠ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʤʦʜʫʣʽ ʧʨʦʛʨʘʤʠ. ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʥʘʧʠʩʘʪʠ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ, ʷʢʠʡ ʦʙʨʦʙʣʷʻ 

ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʪʘ ʟʘʧʠʩʫʻ ʥʘ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ 

ʥʠʤʠ. 

ʉʝʨʝʜ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʴ ʢʦʨʠʩʪʫʚʘʯʘ ʩʠʩʪʝʤʠ ʻ: ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʩʘʤʝ 

ʧʨʦ ʚʧʣʠʚ ʥʘ ʣʶʜʠʥʫ, ʧʨʦ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʚʦʜʠ, ˇʨʫʥʪʽʚ ʪʘ ʧʝʨʝʛʣʷʜ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʤʘʧʠ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʨʦʟʨʘʭʫʥʦʢ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʩʘʤʝ ʚʚʝʜʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʧʝʨʝʛʣʷʜ 

ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʧʝʨʝʛʣʷʜ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ. 



 

 

10 
 

ʈʦʟʨʘʭʫʥʦʢ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʥʘʡʛʦʣʦʚʥʽʰʦʶ ʬʫʥʢʮʽʻʶ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʉʠʩʪʝʤʘ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʨʦʟʨʘʭʫʚʘʪʠ ʷʢʽʩʪʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ 

ʚʣʘʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʫ ʡʦʛʦ ʤʽʩʮʝʚʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʣʠʰʝ ʚʚʝʩʪʠ ʧʦʢʘʟʥʠʢʠ ʪʘ 

ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ «ʈʦʟʨʘʭʫʚʘʪʠ». ʉʠʩʪʝʤʘ ʚʠʚʝʜʝ ʚʠʩʥʦʚʦʢ ʟʛʽʜʥʦ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ 

ʪʘʢʦʞ ʧʦʢʘʞʝ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʪʘ ʟʜʦʨʦʚôʷ 

ʣʶʜʠʥʠ. 

ʉʠʩʪʝʤʘ ʙʫʜʝ ʥʘʜʘʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʨʦʟʰʠʨʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʉʝʨʝʜ 

ʦʩʥʦʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʙʫʜʫʪʴ ʪʘʢʽ ʚʠʜʠ ʽʥʬʦʨʤʘʮʽʾ: ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʷʢʽʩʪʴ ʚʦʜʠ, ʷʢʽʩʪʴ ˇʨʫʥʪʽʚ, 

ʘ ʪʘʢʦʞ ʧʝʨʝʛʣʷʜ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʤʘʧʠ ʷʢʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʦʜʘʪʢʦʚʦ, ʤʦʞʥʘ 

ʙʫʜʝ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʧʣʠʚ ʥʘ ʣʶʜʠʥʫ. 

ʂʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʝ ʙʫʜʝ ʮʽʢʘʚʦ ʧʝʨʝʚʽʨʠʪʠ ʪʘ ʧʦʨʽʚʥʷʪʠ ʜʘʥʽ, ʷʢʽ ʙʫʣʠ ʟʘʧʠʩʘʥʽ 

ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ ʫ ʤʠʥʫʣʦʤʫ. ɼʣʷ ʮʴʦʛʦ ʻ ʬʫʥʢʮʽʷ ʧʝʨʝʛʣʷʜʫ ʩʪʘʪʠʯʥʠʭ ʜʘʥʠʭ. 

ʂʦʨʠʩʪʫʚʘʯʫ ʙʫʜʝ ʚʠʚʦʜʠʪʠʩʷ ʪʘʙʣʠʮʷ ʟ ʚʠʤʽʨʷʥʠʤʠ ʨʘʥʽʰʝ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʟ 

 ʤʦʞʣʠʚʽʩʪʶ ʚʠʙʦʨʫ ʧʝʨʽʦʜʫ, ʷʢʠʡ ʡʦʛʦ ʮʽʢʘʚʠʪʴ.

ʂʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʥʝʩʪʠ ʜʘʥʽ, ʷʢʽ ʚʽʥ ʟʥʘʻ ʧʨʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʧʨʦʛʨʘʤʘ 

ʩʘʤʦʩʪʽʡʥʦ ʚʠʟʥʘʯʠʪʴ ʡʦʛʦ ʨʽʚʝʥʴ, ʟʛʽʜʥʦ ʧʨʦʛʨʘʤʥʠʭ ʧʨʘʚʠʣ. 
ɹʘʟʘ ʜʘʥʠʭ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 9 ʪʘʙʣʠʮʴ: «ʂʦʨʠʩʪʫʚʘʯ», «ʄʽʩʪʦ», «ʇʦʢʘʟʥʠʢʠ 

ɺʦʜʠ», «ʇʦʢʘʟʥʠʢʠ ʇʦʚʽʪʨʷ»,  «ʇʦʢʘʟʥʠʢʠ ˆʨʫʥʪʫ», «ʄʦʥ̔ʪʦʨʠʥʛ», «ɺʤʽʩʪ ʈʝʯʦʚʠʥ ɺʦʜʠ», 

«ɺʤʽʩʪ ʈʝʯʦʚʠʥ ʇʦʚʽʪʨʷ», «ɺʤʽʩʪ ʈʝʯʦʚʠʥ ˆʨʫʥʪʫ». 

ʂʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʟʘʭʦʜʠʪʴ ʥʘ ʩʘʡʪ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʡʦʤʫ ʚʽʜʢʨʠʚʘʻʪʴʩʷ 

ʛʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ, ʷʢʘ ʤʽʩʪʠʪʴ ʜʝʷʢʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʦʥʽʪʦʨʠʥʛ ʚ ʟʘʛʘʣʴʥʦʤʫ.  

ʇʝʨʝʭʦʜʷʯʠ ʥʘ ʽʥʰʽ ʩʪʦʨʽʥʢʠ: «ʇʦʚʽʪʨʷ», «ɺʦʜʘ» ʪʘ «̂ ʨʫʥʪ», ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʘ 

ʢʘʨʪʘ ʟ ʤʽʩʪʘʤʠ ʪʘ ʧʦʟʥʘʯʢʘʤʠ ʥʘ ʥʽʡ. ɼʘʥʽ ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʙʘʟʠ ʜʘʥʠʭ.  ʅʘʪʠʩʢʘʶʯʠ ʥʘ ʢʦʞʝʥ ʟ 

ʧʦʢʘʟʥʠʢʽʚ, ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʧʦʙʘʯʠʪʠ ʡʦʛʦ ʢʦʦʨʜʠʥʘʪʠ. ʊʘʢʦʞ ʧʽʜ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʨʦʟʪʘʰʦʚʘʥʘ ʘʢʪʠʚʥʘ ʢʥʦʧʢʘ «ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʘʙʨʫʜʥʝʥʥʷ», ʷʢʘ ʨʦʙʠʪʴ ʧʝʨʝʘʜʨʝʩʘʮʽʶ ʥʘ 

ʩʪʦʨʽʥʢʫ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʧʦ ʜʘʥʦʤʫ ʤʽʩʪʫ.  

ʅʘʪʠʩʥʫʚʰʠ ʥʘ ʢʥʦʧʢʫ «ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʘʙʨʫʜʥʝʥʥʷ», ʢʦʨʠʩʪʫʚʘʯʫ ʚʽʜʢʨʠʻʪʴʩʷ ʥʦʚʘ 

ʩʪʦʨʽʥʢʘ ʟ ʜʝʪʘʣʴʥʦʶ ̔ ʥʬʦʨʤʘʮʽʻʶ ʧʦ ʮʴʦʤʫ ʤʽʩʪʫ, ʩʝʨʝʜ ̫ ʢʠʭ ʟʘʛʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʦʢʘʟʥʠʢʠ ʚʤʽʩʪʫ ʨʝʯʦʚʠʥ, ʢ̫ ̔  ̒ʨʽʟʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʑʝ ʦʜʥʽʻʶ ʩʪʦʨʽʥʢʦʶ ̒ ʢʘʣʴʢʫʣʷʪʦʨ, ̫ ʢʠʡ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ, ʟʛʽʜʥʦ 

ʚʚʝʜʝʥʠʭ ʧʨʘʚʠʣ. ʅʘ ʮʽʡ ʩʪʦʨʽʥʮʽ ̒ ʧʦʣʷ ʜʣ ̫ʚʚʦʜʫ ̔ ʥʬʦʨʤʘʮʽʾ, ʷʢ ʧʦʚʽʪʨʷ, ʪʘʢ  ̔ʚʦʜʠ ʪʘ ˇʨʫʥʪʫ. 

ʅʝʦʙʭʽʜʥʦ ʚʥʝʩʪʠ ʜʘʥʽ ʪʘ ʥʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ «ʈʦʟʨʘʭʫʚʘʪʠ». ʇʨʦʛʨʘʤʘ ʨʘʭʫʻ ʨʽʚʝʥʴ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʻ ʚʚʝʜʝʥʽ ʧʦʢʘʟʥʠʢʠ,  ̔ʚʠʚʦʜʠʪʴ ʮ ̔ʧʦʨʘʭʦʚʘʥʽ ʜʘʥʽ ʥʘ ʝʢʨʘʥ.  

ɼʣʷ ʢʦʥʪʨʦʣʶ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʩʪʦʨʽʥʢʠ ʚʠʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ 

ʟʥʘʯʝʥʴ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʫ ʟ ʙʘʟʠ ʜʘʥʠʭ ʙʝʨʫʪʴʩʷ ʧʦʢʘʟʥʠʢʠ ʟʘ ʦʩʪʘʥʥʽ 5 ʜʥʽʚ, ʟʛʽʜʥʦ ʷʢʠʭ 

ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʜʠʥʘʤʽʢʫ ʟʘʙʨʫʜʥʝʥʥʷ. ʗʢʱʦ ʚ ʮʝʡ ʜʝʥʴ ʜʦʜʘʥʦ ʜʝʢʽʣʴʢʘ ʟʘʧʠʩʽʚ, ʪʦ ʙʝʨʝʪʴʩʷ 

ʥʘʡʥʦʚʽʰʠʡ ʜʦʜʘʥʠʡ ʟʘʧʠʩ. ʗʢʱʦ ʧʦʢʘʟʥʠʢ ʚ ʮʝʡ ʜʝʥʴ ʥʝ ʜʦʜʘʥʠʡ, ʚʽʜʧʦʚʽʜʥʦ ʧʦʢʘʟʥʠʢ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. ɻʨʘʬʽʢʠ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʢʘʟʥʠʢʘ.  

ʈʦʟʨʦʙʣʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʣʦ ʧʨʦʪʝʩʪʦʚʘʥʦ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʡʦʛʦ ʨʦʙʦʪʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʙʝʟ ʧʦʤʠʣʦʢ. 
ʆʪʞʝ, ʫ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʘ ʩʘʤʝ: 

ʩʬʦʨʤʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʦʜʝʣʴ ʜʦʩʣʽʜʞʝʥʥʷ; ʦʧʠʩʘʥʦ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʤʦʜʝʣʽ; ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦʝʢʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʘʩʦʙʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ. ʟʙʠʨʘʪʠ, ʦʙʨʦʙʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʚʩʽ ʪʠʧʠ ɼʘʥʘ ʩʠʩʪʝʤʘ ʜʘʻ ʟʤʦʛʫ 

ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɼʘʥʽ, ʷʢʽ ʟʙʠʨʘʶʪʴʩʷ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʚʘʞʣʠʚʠʭ ʨʽʰʝʥʴ.  ʉʠʩʪʝʤʘ ʻ ʝʬʝʢʪʠʚʥʦʶ, ʰʚʠʜʢʦ ʧʨʘʮʶʻ ʽ 

ʙʝʟ ʧʦʤʠʣʦʢ, ʻ ʧʨʦʩʪʦʶ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ.  
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Abstract. Today, with the development of industry, the issue of combating noise pollution is 

gaining more and more importance. Physically, the concept of noise is described by chaotic processes 

and is closely related to such a concept as randomness. It can be argued that noise is the result of 

randomness. Methods of creating pseudorandom sequences can be used to create controlled noise, 

which in turn makes it possible to create active noise control systems. Therefore, research in the field 

of finding new pseudorandom sequences, which are most suitable for use as a noise source with 

controlled parameters, is of great importance both for application in the field of environmental 

protection from noise pollution and in the field of information protection. 

Key words: Noise control, noise pollution, environment, pseudo noise sequences, generators 

of pseudo random sequences. 

 

ɸʥʦʪʘʮʽʷ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟ ʨʦʟʚʠʪʢʦʤ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʠʪʘʥʥʷ ʙʦʨʦʪʴʙʠ ʽʟ 

ʰʫʤʦʚʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ. ʌʽʟʠʯʥʦ ʧʦʥʷʪʪʷ ʰʫʤʫ ʦʧʠʩʫʻʪʴʩʷ 

ʭʘʦʪʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʪʘʢʠʤ ʧʦʥʷʪʪʷʤ ʷʢ ʚʠʧʘʜʢʦʚʽʩʪʴ. ʄʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʦɦ ʰʫʤ ʻ ʥʘʩʣʽʜʢʦʤ ʚʠʧʘʜʢʦʚʦʩʪʽ. ʄʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʰʫʤʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʘʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʰʫʤʦʤ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ 

ʧʦʰʫʢʫ ʥʦʚʠʭ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʰʫʤʫ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʷʢ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʬʝʨʽ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘʢ ʽʚ 

ʩʬʝʨʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɹʦʨʦʪʴʙʘ ʽʟ ʰʫʤʦʤ, ʰʫʤʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ,  ʜʦʚʢʽʣʣʷ, ʧʩʝʚʜʦ ʰʫʤʦʚʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʛʝʥʝʨʘʪʦʨʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ.  

 

1. ɺʩʪʫʧ. 

ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʤʽʩʪ, ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʚ ʥʠʭ ʚʩʝ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʥʦʚʠʭ 

ʚʠʨʦʙʥʠʮʪʚ, ʪʨʘʥʩʧʦʨʪʫ, ʧʦʷʚʘ ʘʝʨʦʧʦʨʪʽʚ ʧʦʙʣʠʟʫ ï ʮʝ ʚʩʝ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʞʠʪʪʷ ʣʶʜʝʡ, 

ʜʣʷ ʷʢʠʭ ʟʜʘʚʘʣʦʩʷ ʙʠ ʽ ʙʫʜʫʶʪʴʩʷ ʮʽ ʤʽʩʪʘ. ʂʨʽʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʜʦʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʚʦʜʠ ʪʘʢʦʞ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʽ ʪʘʢ ʟʚʘʥʝ «ʟʘʙʨʫʜʥʝʥʥʷ» ʧʽʜʚʠʱʝʥʠʤ ʰʫʤʦʤ. ʏʘʩʪʦ 

ʥʝʙʘʞʘʥʠʤ ʷʚʠʱʝʤ ʻ ʥʘʷʚʥʽʩʪʴ ʰʫʤʽʚ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤʘʭ, ʜʝ ʚʦʥʠ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʈʽʚʝʥʴ ʰʫʤʫ ʪʘʢʦʞ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʝʨʝʜʘʯʽ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ɼʦ ʟʘʭʠʩʪʫ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʰʫʤʫ ʤʘʙʫʪʴ ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʽ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʰʫʤʽʚ, ʱʦ ʥʘʧʨʘʚʣʝʥʽ ʧʝʨʝʰʢʦʜʠʪʠ ʥʦʨʤʘʣʴʥʦʤʫ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ.  

ɺʧʣʠʚ ʰʫʤʫ ʥʘ ʩʪʘʥ ʣʶʜʠʥʠ ʤʘʻ ʷʢ ʥʝʛʘʪʠʚʥʠʡ ʪʘʢ ʽ ʧʦʟʠʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. ʆʪʞʝ ï 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʮʝ ʥʘʧʨʠʢʣʘʜ ʥʝ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʥʫʪʠ ʧʽʜ ʟʚʫʢ ʪʨʘʥʩʧʦʨʪʫ ʟʘ ʚʽʢʥʦʤ, 

ʩʢʣʘʜʥʽʩʪʴ ʫ ʩʧʽʣʢʫʚʘʥʥʽ ʧʽʜ ʯʘʩ ʛʘʣʘʩʣʠʚʠʭ ʚʝʣʠʢʠʭ ʧʫʙʣʽʯʥʠʭ ʟʽʙʨʘʥʴ, ʬʽʟʠʯʥʠʡ ʚʧʣʠʚ 

ʧʦʪʫʞʥʦʛʦ ʟʚʫʢʫ ʥʘ ʦʨʛʘʥʠ ʩʣʫʭʫ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʷʢ ʜʦ ʧʦʥʠʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʩʣʫʭʫ ʪʘʢ ʽ  

ʜʦ ʧʦʚʥʦʾ ʡʦʛʦ ʚʪʨʘʪʠ. ɺʩʝ ʮʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽ ʦʪʨʠʤʘʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʜʘʥʠʤʠ [1]. ʊʘʢʦʞ 
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ʰʫʤ ʟʘ ʩʚʦʾʤʠ ʧʝʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʽʟʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ, ʪʘʢ 

ʢʦʣʠʚʘʥʥʷ ʽʥʬʨʘʟʚʫʢʦʚʠʭ ʭʚʠʣʴ ʙʫʢʚʘʣʴʥʦ ʤʦʞʫʪʴ ʚʙʠʪʠ ʣʶʜʠʥʫ. ʊʦʤʫ ʫ ʙʽʣʴʰʦʩʪʽ 

ʮʠʚʽʣʽʟʦʚʘʥʠʭ ʢʨʘʾʥ ʚʩʪʘʥʦʚʣʝʥʽ ʜʦʧʫʩʪʠʤʽ ʥʦʨʤʠ ʰʫʤʫ ʫ ʛʨʦʤʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʥʷʭ. 

ɸʥʘʣʦʛʽʯʥʽ ʻ ʽ ʚ ʋʢʨʘʾʥʽ [2]. ʄʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʰʫʤʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʥʘʚʝʜʝʥʽ ʚ «ʈʝʢʦʤʝʥʜʘʮʽʷʭ ʟ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʰʫʤʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ», ʦʧʫʙʣʽʢʦʚʘʥʠʭ 

ɯʥʩʪʠʪʫʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʮʽʥʢʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (IEMA) ʚ 2014 [3].  

ɼʦ ʧʦʟʠʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʢʘʞʽʤʦ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʣʶʜʠʥʫ, ʷʢʘ  

ʚʽʜʧʦʯʠʚʘʻ ʧʽʜ ʰʫʤ ʜʦʱʫ, ʤʦʨʷ ʘʙʦ ʣʽʩʫ. ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʰʫʤʫ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ 

ʚʽʜʤʽʯʘʻʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʧʦʚʽʜʦʤʣʝʥʥʷʭ, ʘʣʝ ʚʩʽ ʚʦʥʠ ʧʝʨʝʚʘʞʥʦ ʥʝ ʷʚʣʷʶʪʴʩʷ ʘʢʘʜʝʤʽʯʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ʅʘ ʧʨʠʢʣʘʜ ʽʩʥʫʶʪʴ ʧʨʘʢʪʠʢʠ ʪʘʢ ʟʚʘʥʦʛʦ ʩʥʫ ʥʘ ʚʫʣʠʢʘʭ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʷʢ 

ʚʢʘʟʘʥʦ ʥʘ ʩʘʡʪʽ ʄʆɿ ʋʢʨʘʾʥʠ [4], ʞʦʜʥʠʭ ʧʽʜʪʚʝʨʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʥʝ ʽʩʥʫʻ.  

2. ʇʨʠʨʦʜʘ ʰʫʤʫ. 

ɿʛʽʜʥʦ ʝʪʠʤʦʣʦʛʽʯʥʦʛʦ ʩʣʦʚʥʠʢʘ [5] ʩʣʦʚʦ ʰʫʤ çʛʘʣʘʩ; ʚʠʨè, ʚʽʜʦʤʝ ʱʝ ʚ ʤʦʚʽ ʜʘʚʥʴʦʾ 

ʈʫʩʽ ʟ 2-ʾ ʧʦʣʦʚʠʥʠ 11-ʛʦ ʚʽʢʫ ʽ ʧʦʭʦʜʠʪʴ ʚʽʜ ʧʨʘʩʣʦʚôʷʥʩʴʢʦʛʦ ʢʦʨʝʥʷ. ɼʘʥʝ ʧʦʥʷʪʪʷ ʪʘʢʦʞ 

ʤʦʞʥʘ ʧʦʚôʷʟʘʪʠ ʽ ʟ ʧʦʥʷʪʪʷʤ ʭʘʦʩʫ, ʷʢʝ ʻ ʘʥʪʦʥʽʤʦʤ ʩʣʦʚʫ ʧʦʨʷʜʦʢ. ɺ ʬʽʟʠʮʽ ʽ ʤʘʪʝʤʘʪʠʮʽ 

ʪʝʦʨʽʷ ʭʘʦʩʫ ʚʠʜʽʣʝʥʘ ʚ ʦʢʨʝʤʠʡ ʧʽʜʨʦʟʜʽʣ.  

ɿ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʟʚʫʢʦʚʠʡ ʰʫʤ ʷʚʣʷʻ ʩʦʙʦʶ ʭʘʦʪʠʯʥʫ ʩʫʢʫʧʥʽʩʪʴ ʟʚʫʢʦʚʠʭ 

ʢʦʣʠʚʘʥʴ ʨʽʟʥʦʾ ʯʘʩʪʦʪʠ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʪʠʩʢʫ [6]. ʐʫʤ ʟʘ ʩʚʦʾʤʠ ʯʘʩʪʦʪʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʥʘ  ʨʦʟʧʦʜʽʣʠʪʠ ʧʦ ʪʠʧʘʤ. ɿʘ ʘʥʘʣʦʛʽʻʶ ʟʽ ʩʚʽʪʣʦʤ ʚʠʜʽʣʷʶʪʴ ʧʝʚʥʽ 

«ʢʦʣʴʦʨʠ» ʰʫʤʫ. ʈʦʟʛʣʷʥʝʤʦ ʧʦ ʯʝʨʟʽ ʾʭ ʫʩʽ. ʆʪʞʝ «ʙʽʣʠʡ» ʰʫʤ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʫʩʽ 

ʯʘʩʪʦʪʠ, ʪʦʙʪʦ ʧʦʪʫʞʥʽʩʪʴ ʡʦʛʦ ʩʠʛʥʘʣʫ  ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʚʩʽʡ ʧʦʣʦʩʽ ʯʘʩʪʦʪ (ʧʨʷʤʘ 

1 ʥʘ ʨʠʩ. 1.). ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʽ ʘʩʠʤʧʪʦʪʠ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ 

ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚʽʜ ʯʘʩʪʦʪʠ.  
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ʈʠʩ. 1. ɸʩʠʤʧʪʦʪʠ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚʽʜ 

ʯʘʩʪʦʪʠ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʰʫʤʽʚ 

ʉʘʤ ʨʝʘʣʴʥʠʡ ʩʠʛʥʘʣ, ʥʘ ʧʨʠʢʣʘʜ ʜʣʷ «ʙʽʣʦʛʦ» ʰʫʤʫ, ʤʘʻ ʬʦʨʤʫ ʟʘʣʝʞʥʦʩʪʽ, ʥʘʚʝʜʝʥʫ 

ʥʘ ʨʠʩ. 2. ʂʦʣʽʨ ʰʫʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʪʦʤʫ ʚ ʷʢʫ ʦʙʣʘʩʪʴ ʟʤʽʱʝʥʘ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʠʛʥʘʣʫ ʰʫʤʫ, ʜʣʷ ʙʽʣʦʛʦ ʰʫʤʫ ʟʤʽʱʝʥʥʷ ʚʽʜʩʫʪʥʻ.  ɼʣʷ «ʯʝʨʚʦʥʦʛʦ» ʰʫʤʫ (ʧʨʷʤʘ 2 ʥʘ ʨʠʩ. 

1.), ʽʥʰʘ ʡʦʛʦ ʥʘʟʚʘ ʙʨʦʫʥʽʚʩʴʢʦʛʦ ʘʙʦ ʰʫʤʫ ɹʨʘʫʥʘ [7], ʤʘʻʤʦ ʚʽʜʧʦʚʽʜʥʦ ʟʩʫʚ ʙʽʣʴʰʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚ ʦʙʣʘʩʪʴ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ. ʊʦʙʪʦ ʡʦʛʦ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  ʤʘʻ 
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ʚʠʛʣʷʜ ~ 1/f
2 
ʽʟ ʥʘʭʠʣʦʤ -20 dB/dec. ʌʽʟʠʯʥʘ ʧʨʠʨʦʜʘ ʜʘʥʦʛʦ ʰʫʤʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʛʣʷʜʽ 

ʙʨʦʫʥʽʚʩʴʢʦʛʦ ʨʫʭʫ ʯʘʩʪʠʥʦʢ, ʟʚʘʞʝʥʠʭ ʫ ʩʝʨʝʜʦʚʠʱʽ. ɼʘʥʠʡ ʰʫʤ ʧʦʜʽʙʥʠʡ ʜʦ ʰʫʤʫ ʩʠʣʴʥʦʛʦ 

ʜʦʱʫ ʘʙʦ ʚʦʜʦʩʧʘʜʫ. ɺ [8]  ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʷʢ ʤʝʪʦʜʦʤ ʽʥʪʝʨʫʚʘʥʥʷ ʤʦʞʥʘ ʽʟ «ʙʽʣʦʛʦ» ʰʫʤʫ 

ʦʪʨʠʤʘʪʠ ñʯʝʨʚʦʥʠʡò.  

 

 

ʈʠʩ. 2. ɸʤʧʣʽʪʫʜʥʦ ï ʯʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʩʠʛʥʘʣʫ «ʙʽʣʦʛʦ» ʰʫʤʫ 

ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʪʠʧʦʤ ʰʫʤʫ ʻ ʪʘʢ ʟʚʘʥʠʡ ʰʫʤʦʚʠʡ ʧʨʦʮʝʩ ʆʨʥʰʪʝʡʥʘ-ʋʣʝʥʙʝʢʘ, ʷʢʠʡ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʤʦʜʝʣʶʚʘʥʥʷʭ [8], ʚ ʝʢʦʥʦʤʽʯʥʠʭ ʤʦʜʝʣʶʚʘʥʥʷʭ ʢʫʨʩʽʚ 

ʦʙʤʽʥʫ ʚʘʣʶʪ, ʧʨʦʮʝʥʪʥʠʭ ʩʪʘʚʦʢ ʧʦ ʢʨʝʜʠʪʘʤ ʽ ʜʝʧʦʟʠʪʘʤ, ʮʽʥ ʥʘ ʪʦʚʘʨʠ, ʚ ʪʝʭʥʽʯʥʠʭ 

ʤʦʜʝʣʶʚʘʥʥʷʭ ʧʦʚʝʜʽʥʢʠ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʥʘʧʨʠʢʣʘʜ ʧʦʣʴʦʪʫ 

ʜʨʦʥʘ ʚ ʨʽʟʥʠʭ ʧʦʛʦʜʥʽʭ ʫʤʦʚʘʭ [9].  

ʊʘʢ ʟʚʘʥʠʡ «ʨʦʞʝʚʠʡ» ʰʫʤ (ʧʨʷʤʘ 3 ʥʘ ʨʠʩ. 1), ʱʝ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʜʨʦʙʦʚʠʤ ʘʙʦ 

ʬʨʘʢʪʘʣʴʥʠʤ, ʤʘʻ ʚʽʜʧʦʚʽʜʥʦ ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ 

ʧʨʦʧʦʨʮʽʡʥʦ ~ 1/f. ɿʚʫʢ ñʨʦʞʝʚʦʛʦò ʰʫʤʫ ʧʦʜʽʙʥʠʡ ʜʦ ʟʚʫʢʫ ʚʦʜʦʩʧʘʜʫ. ɼʘʥʠʡ ʪʠʧ ʰʫʤʫ, 

ʪʦʙʪʦ ʰʫʤʫ ʽʟ ʯʘʩʪʦʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 1/f  ʧʦʚ'ʷʟʫʶʪʴ ʽʟ ʝʣʝʢʪʨʦʥʥʠʤʠ ʬʣʫʢʪʫʘʮʽʷʤʠ ʫ 

ʪʚʝʨʜʠʭ ʪʽʣʘʭ [10]. ʂʚʘʥʪʦʚʘ ʪʝʦʨʽʷ 1/f ʰʫʤʫ [11], ʩʪʚʦʨʝʥʘ ʇʽʪʝʨʦʤ ɻʝʥʜʝʣʝʤ ʽ ʙʫʣʘ 

ʦʧʫʙʣʽʢʦʚʘʥʘ ʚʧʝʨʰʝ ʚ 1980 ʨ. ɸʣʝ ʮʷ ʪʝʦʨʽʷ ʦʪʨʠʤʘʣʘ ʟʘʧʝʨʝʯʝʥʥʷ 2-ʤʘ ʥʝʟʘʣʝʞʥʠʤʠ 

ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ ʛʨʫʧʘʤʠ [12; 13], ʱʦ ʽ ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ ʚ ʦʛʣʷʜʦʚʽʡ ʩʪʘʪʪʽ ʄ. ɺʘʡʩʤʘʥʘ  [14]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʠʪʘʥʥʷ ʦʩʪʘʪʦʯʥʦ ʱʦʜʦ ʢʚʘʥʪʦʚʦʾ ʪʝʦʨʽʾ 1/f ʰʫʤʫ ʘ ʪʘʢʦʞ ʙʘʛʘʪʴʦʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ, ʱʦ ʽʾ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ, ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ.  

3. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʰʫʤʫ.  

ʊʘʢ ʷʢ ʬʽʟʠʯʥʦ ʰʫʤ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʚʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʪʦ ʚʽʜʧʦʚʽʜʥʦ 

ʧʨʠʨʦʜʥʽʤ ʻ ʨʦʟʛʣʷʜ ʰʫʤʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʩʪʘʪʠʩʪʠʢʠ. ʋʩʪʘʪʠʩʪʠʮʽ 

ʨʦʟʛʣʷʜʘʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʧʝʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʂʨʽʤ 

ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʫ ʩʪʘʪʠʩʪʠʮʽ ʱʝ ʚʠʜʽʣʷʶʪʴ ʤʘʨʢʽʚʩʴʢʠʡ ʽ ʚʽʥʝʨʦʚʩʴʢʠʡ ʧʨʦʮʝʩʠ [15; 

16]. ɿʛʽʜʥʦ ʽʟ [17] ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʜʨʦʙʦʚʦʛʦ ʽ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ 

ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʩʘʤʝ ʧʫʘʩʩʦʥʽʚʩʴʢʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʰʫʤ ʷʢ 

ʽʤʧʫʣʴʩʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ, ʦʨʜʠʥʘʨʥʦʩʪʽ ʽ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʽʩʣʷʜʽʾ ʪʦ ʚʽʥ ʙʫʜʝ ʦʧʠʩʫʚʘʪʠʩʴ ʢʣʘʩʠʯʥʠʤ ʧʫʘʩʩʦʥʽʚʩʴʢʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʜʣʷ 

ʙʽʥʦʤʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʘʙʦ ʧʦ ʽʥʰʦʤʫ ʧʨʦʩʪʦ ʧʫʘʩʩʦʥʽʚʩʴʢʠʤ ʨʦʟʧʦʜʽʣʦʤ ʫ ʬʽʢʩʦʚʘʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ t : 

ὖὯȟ‗ὸ  Ὡ ‗ὸȾὯȦ                                                           (1) 

ʜʝ ‗ - ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, Ὡ - ʯʠʩʣʦ ɽʡʣʝʨʘ, k ï ʢʽʣʴʢʽʩʪʴ 

ʽʤʧʫʣʴʩʽʚ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʊʦʙʪʦ ʜʘʥʘ ʬʦʨʤʫʣʘ ʦʧʠʩʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ὖὯȟ‗ὸ ʧʦʷʚʠ k  

ʽʤʧʫʣʴʩʽʚ ʟʘ ʯʘʩ t. ʂʦʣʠ ʟʘʜʦʚʽʣʴʥʷʶʪʴʩʷ ʫʩʽ ʪʨʠ ʫʤʦʚʠ ʪʦ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʠʤ ʽ 

ʥʝ ʩʪʘʮʽʦʥʘʨʥʠʤ ʢʦʣʠ ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʩʫʪʥʷ ʫʤʦʚʘ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʨʦʮʝʩʫ. ɼʦ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴ ʡʦʛʦ ʚʽʜ ʽʥʰʠʭ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʦ ʷʢʠʭ ʤʦʞʥʘ 

ʝʢʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʧʨʘʚʜʦʧʦʜʽʙʥʽʩʪʴ ʛʽʧʦʪʝʟʠ ʧʨʦ ʧʨʠʥʘʣʝʞʥʽʩʪ ʧʨʦʮʝʩʫ ʜʦ 

ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ, ʻ ʨʽʚʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʽ ʜʠʩʧʝʨʩʽʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

(M(k)=D(k)).    

ɺʠʭʦʜʷʯʠ ʽʟ ʩʪʘʪʠʩʪʠʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ ʰʫʤʫ ʜʦ ʪʘʢ ʟʚʘʥʠʭ ʰʫʤʦ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʦ 

ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʽ ʧʨʦʮʝʩʠ ʛʝʥʝʨʫʚʘʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʰʪʫʯʥʦʛʦ 
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ʩʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʰʫʤʫ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʠ ʢʝʨʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʰʫʤʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʤʠ 

ʤʦʞʝʤʦ ʛʝʥʝʨʫʚʘʪʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʘʤ ʰʫʤʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ [17]. ʊʘʢ ʚʘʨʽʘʥʪʠ ʤʦʜʝʣʶʚʘʥʥʷ «ʯʝʨʚʦʥʦʛʦ», 

«ʨʦʞʝʚʦʛʦ», «ʛʦʣʫʙʦʛʦ»  ʽ «ʬʽʦʣʝʪʦʚʦʛʦ» ʰʫʤʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ Matlab ʥʘʚʝʜʝʥʽ ʚ [*9].  

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʟʛʝʥʝʨʦʚʘʥʠʭ ʰʫʤʦ ʧʦʜʽʙʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʻ 

ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ (ɸʂʌ): 

Ὑ В ὼὼ                                                             (2) 

ʜʝ j = 0, m. ʇʨʠ ʮʴʦʤʫ ɸʂʌ ʧʨʠ j = 0 ʤʘʻ ʧʽʢ, ʘ ʧʨʠ ʚʩʽʭ ʽʥʰʠʭ j ( j >  0) ʾʾ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʝ 

ʥʫʣʶ. ɼʣʷ ʦʮʽʥʢʠ ʩʪʝʧʝʥʷ ʰʫʤʦʧʦʜʽʙʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ 

ʛʦʣʦʚʥʦʛʦ ʧʽʢʘ ʜʦ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʤʘʭʫ ʙʦʢʦʚʦʛʦ ʧʝʣʶʩʪʢʘ, ʯʠʤ ʚʦʥʦ ʙʽʣʴʰʝ, ʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʴ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʛʝʥʝʨʘʪʦʨʽ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʙʽʣʴʰ ʤ 

ʧʫʤʦʧʦʜʽʙʥʘ. ʎʝ ʽʣʣʶʩʪʨʫʻʪʴʩʷ ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 2-ʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʙʘʟʽ ʛʝʥʝʨʘʪʦʨʽʚ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ: - ʣʽʥʽʡʥʦʛʦ 

ʢʦʥʛʨʫʝʥʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʃʂɻ) 

ὢ ὥὢ ὦÍÏÄ Í                                        (3) 

ʜʝ a = 106, b = 1283, m = 6075; 

  ̔ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʌ̔ ʙʦʥʘʯʯʽ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ: 

ὢ ὢ ὢ  άέὨ ς ȟ̐ ̑ ̉ὲ υυ                                  τ  
  ʜʝ a = 55, b =  24, m=  20 

 

     
ʘ)       ʙ) 

 

ʈʠʩ. 3. ʘ) ɸʂʌ ʰʫʤʦ ʧʦʜʽʙʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʃʂɻ, ʙ)  ɸʂʌ ʰʫʤʦ ʧʦʜʽʙʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʌ̔ ʙʦʥʘʯʯʽ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ. 

 

ʗʢ ʚʠʜʥʦ ʽʟ ʛʨʘʬʽʢʽʚ ʚʽʜʥʦʰʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʽʢʫ ʜʦ ʙʦʢʦʚʠʭ ʧʝʣʶʩʪʦʢ ʜʣʷ 

ʰʫʤʦʧʦʜʽʙʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʃʂɻ ʤʝʥʰʝ ʘʥʘʣʦʛʽʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʜʣʷ 

ʰʫʤʦʧʦʜʽʙʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʌ̔ ʙʦʥʘʯʯʽ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʨʫʛʠʡ ʛʝʥʝʨʘʪʦʨ ʤʘʻ ʧʝʨʝʚʘʛʠ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʷʢʦʩʪʽ ʰʫʤʦ ʧʦʜʽʙʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʎʝ ʪʘʢʦʞ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʟʘʛʘʣʦʤ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʘ ʪʝʩʪʘʤʠ NIST ʪʘʢʦʞ ʧʦʢʘʟʫʶʪʴ ʚʠʱʫ ʷʢʽʩʪʴ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʌ̔ ʙʦʥʘʯʯʽ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤ. 

ʉʪʚʦʨʠʚʰʠ ʥʘ ʙʘʟʽ ʚʠʙʨʘʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʧʩʝʚʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʛʝʥʝʨʘʪʦʨ ʰʫʤʫ ʤʠ ʤʦʞʝʤʦ 

ʧʝʨʝʡʪʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʚ 

ʟʘʭʠʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʰʫʤʦʤ ʪʘʢ. 

4. ɸʢʪʠʚʥʝ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ. 

ɯʜʝʷ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʨʝʥʮʽʾ 

ʩʠʛʥʘʣʽʚ ʜʦʙʠʪʠʩʴ ʩʢʘʩʫʚʘʥʥʷ ʰʫʤʫ, ʰʣʷʭʦʤ ʥʘʢʣʘʜʘʥʥʷ ʪʘʢʦʛʦ ʞ ʰʫʤʫ ʘʣʝ ʟʩʫʥʫʪʠʤ ʧʦ ʬʘʟʽ 

ʥʘ 180 ʛʨʘʜʫʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʰʠʡ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʦʯʠʱʝʥʠʡ ʚʽʜ ʰʫʤʫ ʧʦʚʥʽʩʪʶ ʘʙʦ 

ʞ ʟʥʘʯʥʦʶ ʤʽʨʦʶ [18]. ʇʨʠ ʮʠʬʨʦʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʾ ʪʝʭʥʽʢʠ ʤʦʞʥʘ 
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ʜʦʙʠʪʠʩʴ ʧʦʚʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʽʜ ʰʫʤʫ, ʦʜʥʘʢ ʧʨʠ ʨʦʙʦʪʽ ʟ ʘʥʘʣʦʛʦʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʘʙʦ ʞ 

ʨʝʘʣʴʥʦʾ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʪʨʫʜʥʦʱʽ.  

ɺ ʢʦʥʪʝʢʩʪʽ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʛʝʥʝʨʘʪʦʨʠ ʰʫʤʫ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʧʘʩʠʚʥʦʛʦ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʞ ʘʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʣʦʚʤʠʩʥʠʢʘ, ʱʦʙ ʫʥʝʤʦʞʣʠʚʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʦʛʦ 

ʧʨʦʤʽʞʢʫ ʯʘʩʪʦʪ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʣʦʚʤʠʩʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʝʥʝʨʘʪʦʨ ʰʫʤʫ ʥʘ ʟʦʥʫ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʟʘʭʠʩʪʠʪʠ, ʝʬʝʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʭʠʩʪʫ ʻ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʝ ʧʝʨʝʣʘʰʪʫʚʘʥʥʷ 

ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ. ʆʩʢʽʣʴʢʠ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʩʧʝʢʪʨʫ ʯʘʩʪʦʪ, ʛʝʥʝʨʘʪʦʨ 

ʰʫʤʫ ʚʪʨʘʯʘʻ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʚʠʤʘʛʘʻ ʙʽʣʴʰʠʭ ʨʝʩʫʨʩʽʚ ʚʽʜ ʟʣʦʚʤʠʩʥʠʢʘ, ʮʷ ʪʝʭʥʽʢʘ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʰʫʤʦʤ. 

ʆʜʥʘʢ ʙʫʚʘʶʪʴ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʮʽ ʪʝʭʥʽʢʠ ʥʝʤʦʞʣʠʚʦ ʚʧʨʦʚʘʜʠʪʠ ʘʙʦ ʞ ʚʦʥʠ ʻ 

ʥʝʝʬʝʢʪʠʚʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʛʝʥʝʨʘʪʦʨʘ ʰʫʤʫ ʜʦʩʪʘʪʥʴʦ ʱʦʙ ʧʦʢʨʠʪʠ ʫʩʽ ʢʘʥʘʣʠ, ʤʽʞ 

ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʤʠʢʘʥʥʷ ʯʘʩʪʦʪʠ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʰʦʛʦ ʩʧʝʢʪʨʫ ʟʘʙʦʨʦʥʝʥʝ 

ʯʝʨʝʟ ʤʦʞʣʠʚʫ ʽʥʪʝʨʬʝʨʝʥʮʽʶ ʟ ʽʥʰʠʤʠ ʩʠʛʥʘʣʘʤʠ. ʑʝ ʦʜʥʠʤ ʧʨʠʢʣʘʜʦʤ ʻ ʩʠʛʥʘʣʠ, ʷʢʽ ʥʝ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʠʩʘʥʽ ʪʝʭʥʽʢʠ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʧʨʠʩʪʨʦʶ ʘʙʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʩʠʛʥʘʣ ʻ ʧʨʠʨʦʜʥʽʤ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ ʻ ʭʦʨʦʰʦʶ 

ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ. 

5. ʇʨʦʙʣʝʤʠ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ. 

ɭ ʢʽʣʴʢʘ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʙʘͪʪʠ ʜʦ ʫʚʘʛʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ 

ʰʫʤʫ:  

¶ h ʚʠʜʢʦʜʽʷ ʧʨʠʩʪʨʦʶ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ;  

¶ ʜʞʝʨʝʣʦ ʪʘ ʧʨʠʨʦʜʘ ʰʫʤʫ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʚʠʪʠ; 

¶ ʟʦʥʘ ʜʽʾ ʰʫʤʫ ʪʘ ʟʦʥʘ ʷʢʫ ʪʨʝʙʘ ʦʯʠʩʪʠʪʠ; 

¶ ʧʦʪʫʞʥʽʩʪʴ ʰʫʤʫ. 

ʗʢʱʦ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʷʤʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʯʠ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ 

ʰʫʤʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʨʠʩʪʨʦʾ, ʦʙʝʨʥʝʥʠʡ ʰʫʤ ʤʦʞʥʘ ʛʝʥʝʨʫʚʘʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽ 

ʪʘʢʠʤ ʯʠʥʦʤ ʧʨʦʪʠʜʽʷʪʠ ʟʦʚʥʽʰʥʴʦʤʫ ʰʫʤʫ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʜʘʧʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʤʦʞʫʪʴ ʘʜʘʧʪʦʚʫʚʘʪʠʩʴ ʧʽʜ ʟʤʽʥʠ ʚ ʰʫʤʽ, 

ʘʙʦ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʜʙʘʯʘʪʠ ʰʫʤ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʴʦ ʦʧʨʘʮʴʦʚʘʥʠʭ ʜʘʥʠʭ. ɺ 

ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʧʦʜʘʚʣʝʥʥʷ ʟʘʣʝʞʘʪʠʤʝ ʦʜʥʦʯʘʩʥʦ ʚʽʜ ʚʩʽʭ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʢʦʨʝʣʷʮʽʾ ʰʫʤʫ ʟ ʢʦʨʠʩʥʠʤ ʩʠʛʥʘʣʦʤ ʽ ʧʘʨʘʤʝʪʨʽʚ ʟ ʷʢʠʤʠ ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ 

ʘʣʛʦʨʠʪʤʠ. ɺ ʷʢʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ: ʘʣʛʦʨʠʪʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ [19] ʪʘ 

ʨʝʢʫʨʩʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʬʽʣʴʪʨ ɺʽʥʝʨʘ [20; 21]. ʗʢʱʦ ʩʪʘʪʠʩʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ ʥʝ ʻ ʩʪʘʣʠʤʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʙʫʜʝ ʤʝʥʰʘ. ʊʘʢʦʞ ʮʽ 

ʘʣʛʦʨʠʪʤʠ ʥʝ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʜʽʣʠʪʠ ʩʠʛʥʘʣ ʷʢʠʡ ʙʫʜʝ ʽʜʝʥʪʠʯʥʠʡ ʢʦʨʠʩʥʦʤʫ, ʪʦʤʫ ʱʦ ʯʘʩʪʠʥʘ 

ʰʫʤʫ ʚʩʝ ʱʝ ʙʫʜʝ ʧʨʠʩʫʪʥʷ.  

6. ʈʝʘʣʽʟʘʮʽʷ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ. 

ʅʘʙʽʨ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʭʽʜʥʠʭ ʫʤʦʚ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ. ʉʘʤʝ ʪʦʤʫ ʚʘʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʘʜʘʧʪʘʮʽʾ ʧʨʠʩʪʨʦʶ ʜʦ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. ʇʝʨʰ ʟʘ 

ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʤʦʜʫʣʴ(ɸʥ, ʨʠʩ. 4), ʷʢʠʡ ʙʝʟʧʝʨʝʨʚʥʦ ʘʥʘʣʽʟʫʚʘʪʠʤʝ ʟʦʥʫ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʟʘʭʠʩʪʠʪʠ. ʎʝ ʚʦʜʥʦʯʘʩ ʜʦʟʚʦʣʠʪʴ ʟʽʙʨʘʪʠ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ 

ʚʠʜʘʣʝʥʥʷ ʰʫʤʫ, ʽ ʜʦʧʦʤʦʞʝ ʚʠʷʚʣʷʪʠ ʪʘ ʩʧʦʚʽʱʘʪʠ ʧʨʦ ʚʧʣʠʚ ʰʫʤʫ ʥʘ ʩʠʩʪʝʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʟʝʨʚʥʠʭ ʢʘʥʘʣʽʚ ʟʚô̫ ʟʢʫ. ʊʘʢʦʞ ʮʝʡ ʤʦʜʫʣʴ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠ ʢʦʨʝʣʷʮʽʾ ʟ ʧʦʧʝʨʝʜʥʽʤʠ 

ʰʫʤʘʤʠ. ʗʢʱʦ ʤʦʜʫʣʴ ʟʤʦʞʝ ʚʠʷʚʠʪʠ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ ʛʝʥʝʨʘʪʦʨʘ ʰʫʤʫ ʘʙʦ ʞ ʦʜʥʘʢʦʚʽ 

ʰʫʤʠ, ʷʢʽ ʩʧʨʠʯʠʥʝʥʽ ʢʦʥʩʪʘʥʪʥʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʟʥʘʯʝʥʥʥʷʤʠ, ʚʠʜʘʣʝʥʥʷ ʰʫʤʫ ʙʫʜʝ 

ʧʨʦʩʪʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʡʜʝ ʜʦ ʤʦʜʫʣʶ ʟ ʘʣʛʦʨʠʪʤʘʤʠ 

ʚʠʜʘʣʝʥʥʷ ʰʫʤʫ(ɸʣʛ).  
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ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ 

 

ɿʥʘʶʯʠ ʦʨʠʛʽʥʘʣʴʥʠʡ ʩʠʛʥʘʣ, ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʰʫʤʫ ʪʘ ʟʘʰʫʤʣʝʥʠʡ ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ, 

ʤʦʜʫʣʴ ʧʦʯʥʝ ʧʽʜʙʠʨʘʪʠ ʧʘʨʘʤʝʪʨʠ ʬʽʣʴʪʨʽʚ, ʧʨʠ ʷʢʠʭ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʡ ʩʠʛʥʘʣ ʤʘʢʩʠʤʘʣʴʥʦ 

ʢʦʨʝʣʶʚʘʪʠʤʝ ʟ ʦʨʠʛʽʥʘʣʴʥʠʤ ʩʠʛʥʘʣʦʤ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʢʦʨʝʣʷʮʽʾ ʙʫʜʝ ʜʦʩʪʘʪʥʽʤ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʦʙʝʨʥʝʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʧʦʰʠʨʝʥʠʡ ʨʘʟʦʤ ʟ ʢʦʨʠʩʥʠʤ. ʗʢʱʦ 

ʮʝ ʤʦʞʣʠʚʦ, ʜʦʜʘʪʢʦʚʦʶ ʦʧʮʽʻʶ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʧʽʜʩʠʣʶʚʘʯ(ʇʽʜ) ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ(ʇʨ), 

ʷʢʠʡ ʚʤʠʢʘʪʠʤʝʪʴʩʷ ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ ʜʽʾ ʥʝʙʘʞʘʥʦʛʦ ʰʫʤʫ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʟʦʥʫ. ʎʝ ʚʠʤʘʛʘʪʠʤʝ 

ʚʽʜ ʟʣʦʚʤʠʩʥʠʢʘ ʙʽʣʴʰʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʩʘʤʝ ʧʦʪʫʞʥʽʰʦʾ ʘʥʪʝʥʠ. ʊʘʢʦʞ ʩʣʽʜ ʧʘʤô̫ ʪʘʪʠ ʱʦ ʩʠʛʥʘʣ 

ʚʪʨʘʯʘʻ ʧʦʪʫʞʥʽʩʪʴ ʟ ʚʽʜʩʪʘʥʥʶ, ʪʦʤʫ ʪʦʡ ʭʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʝʥʝʨʘʪʦʨ ʰʫʤʫ, ʧʦʚʠʥʝʥ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ.  

ɺʠʩʥʦʚʢʠ 

ɺ ʜʘʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʽʩʥʫʶʯʽ ʩʧʦʩʦʙʠ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘʢ ʽ ʚ ʢʦʥʪʝʢʩʪʽ ʢʽʙʝʨʙʝʟʧʝʢʠ. ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʙʣʝʤʠ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʙʦʨʽ ʤʝʪʦʜʫ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ ʪʘ ʤʝʪʦʜʠ ʾʭ ʚʠʨʽʰʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʥʷ ʰʫʤʫ ʜʣʷ ʩʠʩʪʝʤʠ, ʷʢʘ ʥʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʛʦ ʧʝʨʝʣʘʰʪʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ ʘʙʦ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ. 
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Abstract. This article explores the multifaceted relationship between financial market 

regulators and corporate transfer pricing, focusing on the mechanisms and tools used by regulators to 

shape and monitor this practice, as well as the risks that corporations may face if they fail to comply 

with transfer pricing rules. Financial market regulators play a key role in establishing and enforcing 

rules, often in accordance with international standards, to ensure fair and transparent transfer pricing 

worldwide. 

Key words. OECD, financial market regulators, Country-by-Country Reporting (CbCR), 

transfer pricing, risks. 

 

Relevance of the research work.Transfer pricing, the setting of prices for transactions 

between affiliated entities within a multinational corporation, has become a crucial aspect of 

international business operations. As corporations expand globally, the influence of financial market 

regulators on transfer pricing strategies has gained prominence. This article delves into the intricate 

relationship between financial market regulators and the transfer pricing practices of corporations, 

exploring how regulatory frameworks shape, monitor, and enforce transfer pricing policies. 

Transfer pricing involves determining the prices at which different divisions or entities within 

a multinational corporation transact with each other. The primary objective is to allocate profits fairly 

among these entities while complying with tax regulations in various jurisdictions. The complexity 

arises when corporations seek to optimize their tax liabilities by manipulating transfer prices, a 

practice that has drawn the attention of financial market regulators. 

Review of recent publications and research. Smith, J., & Johnson, A. did an in-depth 

analysis and review of various transfer pricing strategies adopted by corporations. It likely covers 

different methods, approaches, and implications of transfer pricing strategies within the context of 

financial regulations [1]. Brown, K. & White, S. explores the specific influence and impact of 

financial market regulators on the shaping of corporate transfer pricing strategies. It may discuss the 

regulatory framework's role in determining or influencing how companies structure their transfer 

pricing practices [2]. Garcia, M. and Li, R. delves into how corporate strategies related to transfer 

pricing adapt in response to changes in financial regulations. It might discuss case studies or 

theoretical models illustrating adaptation strategies [3]. Chen, L., & Wang, Q. investigates the direct 

impact of financial market regulations on the behavior of corporations concerning their transfer 

pricing practices. It might explore how regulatory changes influence decision-making processes [4]. 

Williams, P., and Turner, E. provide a comprehensive view of transfer pricing dynamics, considering 

the regulatory aspects that shape these dynamics. It might discuss the interaction between transfer 

pricing and regulatory frameworks [5]. Martinez, G. and Adams, K. focus on how financial market 

regulators impact and influence decision-making processes related to transfer pricing within 

corporations. It may provide insights into the decision criteria companies consider under regulatory 

influence [6]. Young, S. and Patel, R. examines the challenges and ethical considerations faced by 

companies in complying with transfer pricing regulations amidst evolving financial regulations. It 

might discuss best practices and ethical implications for compliance [7]. 
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Dering the research, the following methods were used: analysis and systematization; logical 

generalization; deduction, comparison, synthesis and analysis. 

Financial market regulators play a pivotal role in establishing and enforcing rules related to 

transfer pricing. Organizations such as the Organisation for Economic Co-operation and 

Development (OECD) provide guidelines and standards to ensure fair and transparent transfer pricing 

practices globally. Many countries have adopted these guidelines, incorporating them into their 

domestic tax laws [7]. 

Transfer pricing in Ukraine is regulated by the State Fiscal Service of Ukraine (SFS). The 

SFS is responsible for overseeing tax matters in the country, including the implementation and 

enforcement of transfer pricing regulations. In Ukraine, transfer pricing rules were introduced in 

2013 as part of the broader tax legislation. The regulatory framework includes requirements for 

documentation, disclosure, and compliance with arm's length principles in transactions between 

related parties. 

Of course, the impact of financial market regulators on corporate transfer pricing varies from 

jurisdiction to jurisdiction. Table 1 provides a list of some of the prominent financial market 

regulators and organizations that influence transfer pricing practices around the world. 

 

Table 1 

List of some of the prominent financial market regulators and organizations that influence 

transfer pricing practices around the world 

 

Financial market 

regulators 

Description 

Organisation for 

Economic Co-operation 

and Development 

(OECD) 

Develops guidelines and standards for transfer pricing that are widely 

adopted by many countries. 

 

Internal Revenue Service 

(IRS) 

In the United States, the IRS is a key regulator that enforces transfer 

pricing rules and guidelines. 

Her Majesty's Revenue 

and Customs (HMRC) 

The UK tax authority plays a crucial role in regulating transfer 

pricing for companies operating in the United Kingdom. 

Australian Taxation 

Office (ATO) 

The ATO oversees transfer pricing regulations in Australia and 

enforces compliance. 

Bundeszentralamt für 

Steuern (BZSt) 

In Germany, the Federal Central Tax Office is involved in regulating 

transfer pricing. 

Autorité des marchés 

financiers (AMF) 

In France, the AMF regulates financial markets and may influence 

transfer pricing practices. 

State Administration of 

Taxation (SAT) 

In China, the SAT is the primary regulatory authority for tax matters, 

including transfer pricing. 

Swiss Federal Tax 

Administration (SFTA) 

In Switzerland, the SFTA oversees tax matters, including transfer 

pricing. 

European Securities and 

Markets Authority 

(ESMA) 

While primarily focused on securities markets, ESMA's activities can 

influence financial regulations that may impact transfer pricing. 

*Created based on [8; 9; 10]. 

 

It's important to note that international organizations like the OECD play a significant role in 

shaping global transfer pricing standards. Companies operating internationally must navigate the 

regulatory landscape of each jurisdiction in which they conduct business. 

Financial market regulators emphasize transparency and documentation to curb aggressive 

transfer pricing practices. Corporations are often required to maintain detailed documentation 

justifying their transfer pricing decisions. This documentation is subject to scrutiny by regulators, and 
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non-compliance can result in penalties. This increased focus on transparency aims to prevent profit 

shifting and ensure that corporations pay taxes in the jurisdictions where economic activities occur 

[16]. 

Financial market regulators use a variety of tools and mechanisms to control and monitor 

corporate transfer pricing policies to ensure compliance with tax laws and prevent abuse. The list of 

key instruments commonly used by regulators is presented in Table 2. 

 

Table 2 

List of key instruments commonly used by regulators 
 

Tools and 

mechanisms 

Description 

Transfer Pricing 

Guidelines 

 

Development and Publication: Regulators, often in collaboration with 

international organizations like the OECD, develop comprehensive transfer 

pricing guidelines. These guidelines provide a framework for corporations to 

structure their transfer pricing policies in accordance with accepted principles. 

Documentation 

Requirements 

 

Mandatory Documentation: Regulators may require corporations to maintain 

detailed documentation supporting their transfer pricing decisions. This 

documentation typically includes information on the economic analysis, 

comparables, and the rationale behind the pricing strategies. 

Audits and 

Examinations 

 

Regular Audits: Regulators conduct audits and examinations of corporations to 

assess the accuracy and fairness of their transfer pricing arrangements. This 

involves a thorough review of financial records, documentation, and 

transactions to ensure compliance with regulatory standards. 

Advance Pricing 

Agreements 

(APAs) 

 

Pre-approval Mechanisms: Regulators may offer corporations the option to 

enter into advance pricing agreements. These agreements allow corporations to 

seek pre-approval for their transfer pricing methodologies, providing a level of 

certainty and reducing the risk of later regulatory challenges. 

Country-by-

Country 

Reporting 

(CbCR) 

 

Transparency Measures: Many jurisdictions have adopted CbCR requirements, 

which mandate multinational corporations to report detailed financial and 

operational information on a country-by-country basis. This helps regulators 

assess transfer pricing risks and enforce compliance. 

Mutual 

Agreement 

Procedures 

(MAPs) 

 

Dispute Resolution Mechanisms: Regulators often have mechanisms such as 

MAPs to resolve transfer pricing disputes between countries. This involves 

collaboration between tax authorities to reach a mutually agreed-upon 

resolution. 

Penalties and 

Fines 

Deterrent Measures: Regulators may impose penalties and fines for non-

compliance with transfer pricing regulations. These financial consequences 

serve as deterrents and encourage corporations to adhere to regulatory 

guidelines. 

International 

Collaboration 

 

Information Exchange: Regulators engage in international collaboration to 

exchange information about transfer pricing practices. This collaboration 

enhances the ability to identify and address cross-border tax avoidance. 

Technology and 

Data Analytics 

Data-Driven Approaches: Regulators leverage technology and data analytics to 

analyze large sets of financial data. This enables them to identify patterns, 

anomalies, and potential areas of non-compliance in transfer pricing practices. 

Training and 

Guidance 

Educational Initiatives: Regulators may offer training programs and guidance to 

corporations to enhance their understanding of transfer pricing regulations. This 

proactive approach aims to foster voluntary compliance and reduce inadvertent 

errors. 
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Legal 

Framework and 

Legislation 

Enactment of Laws: Regulators may enact or update legislation to strengthen 

the legal framework surrounding transfer pricing. This includes incorporating 

international standards and addressing emerging issues in the field. 
*Created based on [11,12,13]. 

 

Financial market regulators use a combination of these tools to create a robust regulatory 

environment, ensuring that transfer pricing practices align with the broader objectives of fair taxation 

and economic transparency. The effectiveness of these tools relies on the collaboration between 

regulators, corporations, and international bodies to adapt to evolving business landscapes. 

The influence of financial market regulators on transfer pricing significantly impacts 

corporate decision-making. Corporations must align their transfer pricing strategies with regulatory 

expectations to mitigate legal and financial risks. This often involves a delicate balance between 

optimizing tax efficiencies and complying with evolving regulatory frameworks [17]. 

Corporations that fail to comply with the requirements of financial market regulators when 

implementing transfer pricing policies may face a range of risks. Non-compliance can have serious 

consequences, both financially and legally. The risks that corporations may face are summarized in 

Table 3. 

Table 3 

Risks that corporations may face when using non-compliance transfer pricing 

 

Risks Description 

Penalties and Fines Monetary Consequences: Financial market regulators have the authority to 

impose penalties and fines for non-compliance with transfer pricing 

regulations. These financial consequences can be substantial and may 

significantly impact the corporation's bottom line. 

Adjustments to 

Transfer Prices 

Tax Assessments: Regulators may make adjustments to the transfer prices 

declared by the non-compliant corporation. This can result in increased tax 

assessments, leading to higher tax liabilities for the corporation. 

Double Taxation Cross-Border Issues: Non-compliance may lead to disputes between 

different tax jurisdictions, resulting in double taxation ï the risk of being 

taxed on the same income by multiple jurisdictions. Resolving double 

taxation issues can be complex and time-consuming. 

Reputational 

Damage 

Public Perception: Non-compliance with transfer pricing regulations can 

damage a corporation's reputation. Stakeholders, including customers, 

investors, and the public, may view non-compliance negatively, affecting 

trust and brand value. 

Increased 

Regulatory 

Scrutiny 

Ongoing Monitoring: Non-compliance can trigger increased regulatory 

scrutiny. Regulators may subject the corporation to more frequent audits and 

examinations, leading to ongoing monitoring and potential disruptions to 

normal business operations. 

Legal 

Consequences 

Legal Action: Non-compliance may lead to legal action by regulatory 

authorities. Corporations may face lawsuits, legal proceedings, and the 

possibility of court-ordered remedies, which can be time-consuming and 

costly. 

Loss of Tax 

Benefits 

Incentive Reversal: Some jurisdictions offer tax incentives or benefits to 

corporations that comply with transfer pricing regulations. Non-compliance 

could result in the reversal of these benefits, leading to increased tax 

liabilities. 

Impact on 

Business 

Relationships: 

 

Supplier and Customer Relationships: Non-compliance can strain 

relationships with suppliers and customers, especially in cases where 

transactions are subject to transfer pricing scrutiny. Business partners may be 

reluctant to engage with a corporation facing regulatory issues. 
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Difficulty in 

Accessing Capital 

Investor Confidence: Non-compliance can erode investor confidence, 

making it difficult for the corporation to raise capital. Investors may perceive 

increased risk, leading to a higher cost of capital or reduced access to 

funding. 

Loss of Business 

Opportunities 

Market Access: Non-compliance with transfer pricing regulations may limit 

a corporation's ability to enter new markets. Regulatory barriers and a 

negative reputation may hinder expansion opportunities. 

Strain on Internal 

Resources 

Operational Challenges: Dealing with regulatory investigations, disputes, 

and compliance issues can divert internal resources away from core business 

activities. This strain on resources can impact operational efficiency. 

Changes in 

Transfer Pricing 

Policies 

Restrictions on Future Practices: Regulators may impose restrictions on the 

corporation's future transfer pricing practices as a consequence of non-

compliance. This can limit the corporation's flexibility in designing transfer 

pricing policies. 
*Created based on [15; 16]. 

 

To mitigate these risks, corporations should prioritize a proactive and compliant approach to 

transfer pricing. This includes staying informed about regulatory requirements, maintaining accurate 

documentation, engaging in advance pricing agreements where applicable, and seeking professional 

advice to ensure adherence to evolving regulatory standards. Complying with transfer pricing 

regulations not only reduces the risk of penalties but also contributes to a corporation's overall 

financial stability and reputation in the business community. 

Conclusion.The influence of financial market regulators on the transfer pricing strategies of 

corporations is a critical aspect of international business. As regulators continue to enhance 

transparency, enforce compliance, and adapt to evolving economic landscapes, corporations must 

navigate this intricate terrain. Balancing the pursuit of tax efficiencies with adherence to regulatory 

frameworks is essential for corporations aiming to thrive in a globalized business environment. 

Ultimately, the synergy between financial market regulators and corporations in addressing transfer 

pricing challenges contributes to fostering fair and sustainable international business practices. 
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ɸʥʦʪʘʮʽʷ. ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʦʛʣʷʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ̔ ʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʣ ̫ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʚ ʋʢʨʘʾʥʽ ʯʝʨʝʟ ʧʨʠʟʤʫ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ʈʦʟʛʣʷʥʫʪʦ ʩʪʘʥ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʨʷʜʫʚʘʥʥʷ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʧʨʦʙʣʝʤʠ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ ʫ ʮʽʡ ʛʘʣʫʟʽ. ʉʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ̔ ʥʬʦʨʤʘʮʽʶ ʧʨʦ ̔ ʩʥʫʶʯʽ ̔ ʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ, ɦ ʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣ ̫ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ʚ ʋʢʨʘʾʥʽ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʙʣʝʤʠ, ʧʦʚô̫ ʟʘʥʽ ʟ 

ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ. ʆʢʨʝʩʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ̔ ʥʩʪʨʫʤʝʥʪʽʚ h ʪʫʯʥʦʛʦ ̔ ʥʪʝʣʝʢʪʫ ʜʣ ̫

ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʭʠʩʪ ʜʦʚʢʽʣʣʷ, ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, 

ʤʦʥʽʪʦʨʠʥʛ, hʪʫʯʥʠʡ ̔ʥʪʝʣʝʢʪ. 

 

ɺʩʪʫʧ. ʇʨʦʙʣʝʤʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʧʝʨʝʜ ʣʶʜʩʪʚʦʤ ʚʞʝ ʧʦʥʘʜ ʩʪʦʣʽʪʪʷ ̔ 

ʧʦʛʣʠʙʣʶʻʪʴʩʷ ʟ ʧʦʰʠʨʝʥʥʷʤ ̔ ʥʜʫʩʪʨʽʘʣʽʟʘʮʽʾ. ʆʜʥʘʢ ʩʴʦʛʦʜʥʽ, ʢʦʣʠ ʪʨʠʚʘʻ ʮʠʬʨʦʚʘ 

ʨʝʚʦʣʶʮʽʷ, ʤʠ ʤʦʞʝʤʦ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽʪʥʽ ʡ ʥʝʩʪʘʥʜʘʨʪʥʽ ̔ ʥʩʪʨʫʤʝʥʪʠ ʜʣ ̫ʚʠʨʽʰʝʥʥʷ 

ʥʝʧʨʦʩʪʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ̒ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣ ̫ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʚ ʋʢʨʘʾʥʽ, ʟʦʢʨʝʤʘ ʧʨʦʙʣʝʤʠ ʪʘ ʚʠʢʣʠʢʠ, ̫ ʢ ̔

ʧʦʩʪʘʶʪʴ ʧʝʨʝʜ ʥʘʤʠ ʥʘʨʘʟʽ ʚ ʢʦʥʪʝʢʩʪʽ ʪʨʠʚʘʶʯʦʾ ʚʽʡʥʠ.  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺ ʦʩʥʦʚʫ ʂʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʧʨʠʡʥʷʪʦʾ ʫ 1992 ʨʦʮʽ 

ʆʨʛʘʥʽʟʘʮʽʻʶ ʦʙôʻʜʥʘʥʠʭ ʥʘʮʽʡ, ʙʫʣʦ ʧʦʢʣʘʜʝʥʦ ʽʜʝʶ ʜʠʥʘʤʽʯʥʦʾ ʨ̔ ʚʥʦʚʘʛʠ ʷʢ ʨʦʟʚʠʪʢʫ ʫ 

ʤʝʞʘʭ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʻʤʥʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʥʝ ʚʥʦʩʠʪʴ ʥʝʟʚʦʨʦʪʥʠʭ ʟʤʽʥ ʫ 

ʧʨʠʨʦʜʫ  ̔ʥʝ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʠ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʽʩʥʫʚʘʥʥʷ ʣʶʜʠʥʠ ʷʢ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʜʫ [1, c. 34] 

ʪʘ ʾʾ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. ʈʷʜ ʚʯʝʥʠʭ ʚʚʘʞʘʶʪʴ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʦʶ 

ʽʜʝʦʣʦʛʽʻʶ ʍʍɯ ʩʪʦʣʽʪʪʷ  ̔ʥʘʚʽʪʴ ʫʩʴʦʛʦ ʪʨʝʪʴʦʛʦ ʪʠʩʷʯʦʣʽʪʪʷ, ʷʢʘ, ʟ ʧʦʛʣʠʙʣʝʥʥʷʤ ʥʘʫʢʦʚʦʾ 

ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ, ʚʠʪʽʩʥʠʪʴ ʫʩʽ ʥʘʷʚʥʽ ʩʚʽʪʦʛʣʷʜʥʽ ʽʜʝʦʣʦʛʽʾ, ʷʢ ʪʘʢʽ, ʱʦ  ̒ʬʨʘʛʤʝʥʪʘʨʥʠʤʠ  ̔

ʥʝʩʧʨʦʤʦʞʥʠʤʠ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʘʣʘʥʩʦʚʘʥʠʡ ʨʦʟʚʠʪʦʢ ʮʠʚʽʣʽʟʘʮʽʾ. 

ʆʩʢʽʣʴʢʠ ʋʢʨʘʾʥʘ ʷʢ ʜʝʨʞʘʚʘ ʥʝ ʽʩʥʫʻ ʫ ʚʘʢʫʫʤʽ, ʢʦʥʩʝʥʩʫʩ ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʣʴʥʦʪʠ ʫ 

ʤʝʞʘʭ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʥʘʢʣʘʜʘʻ ʥʘ ʥʘʰʫ ʢʨʘʾʥʫ ʟʦʙʦʚôʷʟʘʥʥʷ ʫ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʠʡ ʙʠ ʚʽʜʦʙʨʘʞʘʚ ʫʞʝ ʽʩʥʫʶʯʽ 

ʤʽʞʥʘʨʦʜʥʽ ʥʦʨʤʠ, ʧʽʜʭʦʜʠ ʪʘ ʢʦʥʮʝʧʮʽʾ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʧʦʪʨʝʙʫʻ 

ʜʝʨʞʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʨʷʜʫʚʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ  ̒ ʥʝʜʦʩʪʘʪʥʽʤ ʪʘ 

ʬʨʘʛʤʝʥʪʘʨʥʠʤ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʧʨʘʢʪʠʮʽ.  

ɿʛʽʜʥʦ ʟ ʧʦʣʦʞʝʥʥʷʤʠ ʂʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʨʷʜʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ, 

ʟʘʪʚʝʨʜʞʝʥʦʾ ʈʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʚʽʜ 20 ʚʝʨʝʩʥʷ 2017 ʨ.  ̄649-ʨ, ʦʯʽʢʫʻʪʴʩʷ, 

ʱʦ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʜʦ 2020 ʨʦʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʧʨʦʚʘʜʠʪʠ [2]: ʩʠʩʪʝʤʫ 
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ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ; ʝʣʝʢʪʨʦʥʥʠʡ ʽʥʪʝʛʨʦʚʘʥʠʡ ʜʦʟʚʽʣ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ; ʝʣʝʢʪʨʦʥʥʫ ʩʠʩʪʝʤʫ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʋʢʨʘʾʥʠ. 

ʉʝʨʝʜ ʽʥʰʦʛʦ, ʤʝʪʦʶ ʢʦʥʮʝʧʮʽʾ  ̒ ʩʧʨʠʷʥʥ ̫ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʧʨʽʦʨʠʪʝʪʽʚ, 

ʚʠʟʥʘʯʝʥʠʭ ʉʪʨʘʪʝʛʽʻʶ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ çʋʢʨʘʾʥʘ-2018» [3], ʱʦ ʟʥʘʡʰʣʘ ʩʚʦʻ ʧʨʦʜʦʚʞʝʥʥʷ  ̔

ʫ ʉʪʨʘʪʝʛʽʾ  ʜʦ 2030 ʨʦʢʫ. ʅʘ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʂʦʥʮʝʧʮʽʾ, ʱʦ ʤʘʻ ʥʘ ʤʝʪʽ ʥʘʙʣʠʟʠʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʋʢʨʘʾʥ ̔ʜʦ ʩʪʘʥʜʘʨʪʽʚ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʧʨʠʡʥʷʪʦ ʚʽʜʧʦʚʽʜʥʠʡ ʇʣʘʥ ʟʘʭʦʜʽʚ [4]. ʆʜʥʘʢ ʚʽʥ ʥʝ ʤʽʩʪʠʪʴ ʞʦʜʥʠʭ 

ʢʦʥʢʨʝʪʥʠʭ ʧʦʣʦʞʝʥʴ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʯʽʪʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʪʘ 

ʚʧʨʦʚʘʜʠʪʠ ʚ ʝʢʦʣʦʛʽʯʥʽʡ ʩʬʝʨʽ, ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʪʘ ʾʭʥʴʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʩʘʤʝ ï ʷʢʽ 

ʧʨʦʙʣʝʤʠ ʚʦʥʠ ʧʦʢʣʠʢʘʥʽ ʚʠʨʽʰʠʪʠ. ɺʢʘʟʘʥʦ ʣʠʰʝ, ʱʦ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ 

ʧʣʘʥʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʝʣʝʢʪʨʦʥʥʦʛʦ ʫʨʷʜʫʚʘʥʥʷ ʚ ʄʽʥʧʨʠʨʦʜʠ ʪʘ 

ʽʥʰʠʭ ʦʨʛʘʥʘʭ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʷʢʽ ʡʦʤʫ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ. ʊʦʤʫ ʮ ̔ʧʣʘʥʠ ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ 

ʣʠʰʝ ʯʘʩʪʢʦʚʦ. 

ʗʢʱʦ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʩʧʠʩʢʫ ʥʘʙʦʨʽʚ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ [5], ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʘ ʩʘʡʪʽ 

ʄʽʥʜʦʚʢʽʣʣʷ ʷʢ ʨʦʟʧʦʨʷʜʥʠʢʘ ʽʥʬʦʨʤʘʮʽʻʶ, ʪʦ ʢʦʞʝʥ ʥʘʙʽʨ ʥʝ ʤʽʩʪʠʪʴ ʚʝʣʠʢʽ ʥʘʙʦʨʠ ʜʘʥʠʭ 

(big data), ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʢʦʨʝʣʷʮʽʾ, ʦʮʽʥʶʚʘʪʠ ʨʝʘʣʴʥʠʡ ʩʪʘʥ ʧʨʠʨʦʜʥʠʭ 

ʦʙôʻʢʪʽʚ ʪʘ ʟʦʥ ʪʘ ʷʢʽʩʥʦ ʧʦʢʨʘʱʫʚʘʪʠ ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʚʠʨʦʙʣʝʥʥʷ ʟʘʭʦʜʽʚ ʫ ʩʬʝʨʽ 

ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ. ɿʦʢʨʝʤʘ, ʡʜʝʪʴʩʷ ʧʨʦ ʜʘʥʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʩʽʚ, ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ. ɼʦ 

ʪʦʛʦ ʞ ʧʨʦʙʣʝʤʘʪʠʢʘ ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʽ ʟʙʦʨʫ ʪʘ ʧʫʙʣʽʢʘʮʽʾ ʮʠʭ ʜʘʥʠʭ ʪʘʢʦʞ ʧʦʩʪʘʻ, ʦʩʢʽʣʴʢʠ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘʡʘʢʪʫʘʣʴʥʽʰʽ ʜʘʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʩʽʚ ʜʘʪʫʶʪʴʩʷ 2020 ʨʦʢʦʤ. ʈʦʟʚ'ʷʟʘʥʥʷ ʪʘʢʠʭ 

ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʧʨʦʙʣʝʤ, ʢ̫ ʥʝʩʬʦʨʤʦʚʘʥʽʩʪʴ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ, ʱʦ ʨʝʛʫʣʶʻ ʩʬʝʨʫ 

ʥʘʜʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʦʩʣʫʛ, ʙʨʘʢ ʜʦʚʽʨʠ ʜʦ ʝʣʝʢʪʨʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʫʙ'ʻʢʪʽʚ ʥʘʜʘʥʥʷ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʦʩʣʫʛ ʪʘ ʩʫʙ'ʻʢʪʽʚ ʟʚʝʨʥʝʥʥʷ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʦʩʣʫʛ ʥʘ ʦʩʥʦʚʽ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʠʤʦʛ [6, ʩ. 76] ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʟʥʘʯʥʝ ʚʽʜʩʪʘʚʘʥʥʷ ʋʢʨʘʾʥʠ ʚʽʜ ʩʚʽʪʦʚʠʭ 

ʨʽʚʥʽʚ ʨʦʟʚʠʪʢʫ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʾ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʞʝ ʚʽʜʙʫʚʘʣʠʩʷ ʩʧʨʦʙʠ ʱʦʜʦ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʪʘ ʜʠʟʘʡʥʫ ʧʦʜʘʣʴʰʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʥʘ ʦʩʥʦʚʽ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ 

ʻʜʠʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʩʬʝʨʠ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʽʥʽʮʽʡʦʚʘʥʦʾ ʈʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ 

çʇʨʦ ʩʭʚʘʣʝʥʥʷ ʂʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ñɺʽʜʢʨʠʪʝ 

ʜʦʚʢʽʣʣʷòè ʚʽʜ 07 ʣʠʩʪʦʧʘʜʘ 2018 ʨ.  ̄825-ʨ [7].  

ɼʣʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʽ ʮʽʣʽ [8, c. 11]: 

 1) ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫʨʷʜʦʚʦʾ ʧʦʣʽʪʠʢʠ ʫ ʮʽʡ ʩʬʝʨʽ;  

 2) ʝʣʝʢʪʨʦʥʥʘ ʢʦʤʫʥʽʢʘʮʽʷ ʽʟ ʛʨʦʤʘʜʷʥʘʤʠ ʪʘ ʙʽʟʥʝʩʦʤ ʱʦʜʦ ʩʪʘʥʫ ʪʘ ʚʧʣʠʚʫ ʥʘ 

ʜʦʚʢʽʣʣʷ; 

 3) ʽʥʬʦʨʤʘʮʽʡʥʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʫʙʣʽʯʥʠʭ 

ʢʦʰʪʽʚ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʡ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ;  

 4) ʥʘʜʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʦʩʣʫʛ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʘʚʘ ʪʘ ʦʙʦʚôʷʟʢʠ 

ʛʨʦʤʘʜʷʥ ʫ ʧʦʚʦʜʞʝʥʥʽ ʽʟ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʝʢʦʥʦʤʽʯʥʽʡ ʪʘ ʩʦʮʽʘʣʴʥʽʡ 

ʜʽʷʣʴʥʦʩʪʽ.  

ʊʘʢʦʞ ʚ ʤʝʞʘʭ ʧʨʦʻʢʪʫ ʧʝʨʝʜʙʘʯʘʣʦʩʷ ʩʪʚʦʨʝʥʥʷ ʜʚʦʭ ʩʝʨʚʽʩʽʚ ʜʣʷ ʛʨʦʤʘʜʷʥ ʪʘ ʙʽʟʥʝʩʫ 

ï çɻʝʦʧʦʨʪʘʣ ʝʢʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭè ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ çʇʦʨʪʘʣ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʦʩʣʫʛè ʪʘ ʪʨʠ ʩʝʨʚʽʩʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʨʷʜʫʚʘʥʥʷ. ʆʜʥʘʢ ʥʝ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʟ ʷʢʠʤ ʙʠ ʤʦʞʥʘ ʙʫʣʦ ʦʟʥʘʡʦʤʠʪʠʩʷ, ʪʘ ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʙʠ ʝʣʝʢʪʨʦʥʥʫ 

ʫʯʘʩʪʴ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʫ ʜʦʩʪʫʧʽ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʪʘ ʜʦ ʩʝʨʚʽʩʽʚ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʨʷʜʫʚʘʥʥʷ 

ʟʘʜʣʷ ʩʫʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʦʙʫʜʦʚʫ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ. ʇʦʯʠʥʘʶʯʠ ʟ ʩʝʨʧʥʷ 2018 ʨʦʢʫ, 

ʥʘ ʩʘʡʪʽ ʨʦʟʨʦʙʥʠʢʽʚ IT-ʩʠʩʪʝʤʠ çɺʽʜʢʨʠʪʝ ʜʦʚʢʽʣʣʷè, ʚʽʜʩʫʪʥʷ ʙʫʜʴ-ʷʢʘ ʘʢʪʠʚʥʽʩʪʴ ʥʘ 
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ʦʬʽʮʽʡʥʽʡ ʚʝʙ-ʩʪʦʨʽʥʮʽ, ʱʦ ʜʘʻ ʧʽʜʩʪʘʚʠ ʚʚʘʞʘʪʠ, ʱʦ ʘʜʤʽʥʽʩʪʨʘʮʽʶ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʣʦ ʧʨʠʟʫʧʠʥʝʥʦ.  

ʈʝʟʫʣʴʪʘʪʠ. ɿʥʘʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʋʢʨʘʾʥʽ ʧʦʯʘʚ ʥʘʙʫʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ  ̒

ʤʦʥʽʪʦʨʠʥʛ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ IOT ʜʝʚʘʡʩʽʚ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʫʪʴ 

ʙʫʪʠ SaveEcoBot ʪʘ Eco-city. ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ 

ʟ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʩʪʘʥʮʽʡ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ. ɼʘʥʽ ʥʘʜʘʶʪʴʩʷ ʚ ʨʽʟʥʦʤʫ ʬʦʨʤʘʪʽ, 

ʦʩʢʽʣʴʢʠ ʩʪʘʥʮʽʾ ʥʝ  ̒ʫʥʽʬʽʢʦʚʘʥʠʤʠ, ʪʦʤʫ ʯʝʨʝʟ ʮʝ ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʩʠʩʪʝʤʠ ʟʤʫʰʝʥʽ ʧʨʠʚʦʜʠʪʠ 

ʾʭ ʜʦ ʦʜʥʦʛʦ ʚʠʜʫ. ʅʘʨʘʟʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʥʘʣʽʯʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 300 ʧʨʘʮʶʶʯʠʭ ʩʪʘʥʮʽʡ, 

ʧʨʦʪʝ ʜʘʥʘ ʢʽʣʴʢʽʩʪʴ  ̒ ʜʦʚʦʣʽ ʥʝʟʥʘʯʥʦʶ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʨʦʙʣʝʤʫ ʚʽʜʩʫʪʥʦʩʪʽ ʘʢʪʫʘʣʴʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʤʽʩʪʝʯʦʢ ʪʘ ʩʝʣʠʱ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ɺʘʩʠʣʴʢʽʚ ʪʘ ɹʦʷʨʢʘ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ʎ ̔ ʤʽʩʪʘ ʥʝ ʤʘʶʪʴ ʞʦʜʥʦʾ ʩʪʘʥʮʽʾ, ʦʜʥʘʢ ʧʨʦʙʣʝʤʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ 

ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʘ ʩʘʤʝ ʚ ʤʘʣʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ. ʅʘʷʚʥʽʩʪʴ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʪʘʥʮʽʡ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʥʝʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʪʘ ʩʝʣʘʭ ʜʦʟʚʦʣʠʣʘ ʙ ʢʨʘʱʝ 

ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ ʥʘ ʧʨʦʙʣʝʤʽ ʩʧʘʣʶʚʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʪʘ ʩʧʨʠʷʣʘ ʙ ʧʦʧʝʨʝʜʞʝʥʥʶ 

ʪʘʢʠʭ ʧʨʘʚʦʧʦʨʫʰʝʥʴ.  

ɼʨʫʛʦʶ ʩʫʪʪʻʚʦʶ ʧʨʦʙʣʝʤʦʶ ʦʧʠʩʘʥʠʭ ʩʠʩʪʝʤ  ̒ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʪʘʥʮʽʡ, 

ʾʭ ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʷ ʨʽʟʥʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ ʪʘ ʧʨʠʚʘʪʥʠʤ ʦʩʦʙʘʤ, ʷʢʽ ʥʽʷʢ ʤʽʞ ʩʦʙʦʶ ʥʝ ʧʦʚôʷʟʘʥʽ 

ʪʘ ʥʝ ʛʘʨʘʥʪʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʫ ʨʦʙʦʪʫ ʩʪʘʥʮʽʡ. ʊʘʢʦʞ ʜʦ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʽʜʩʫʪʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ 

ʜʦʟʚʦʣʠʣʘ ʙ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʟʤʽʥ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. ɿ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʟʨʦʟʫʤʽʣʦ, 

ʱʦ ʥʘʧʨʷʤʦʢ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʜʠʥʘʤʽʯʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʋʢʨʘʾʥʽ, ʧʦʧʨʠ 

ʧʨʦʙʣʝʤʠ ʟʽ ʟʙʦʨʦʤ ʪʘ ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ.  

ʇʦʨʷʜ ʽʟ ʮʠʤ, ʽʩʥʫʶʪʴ ʯʠʩʣʝʥʥʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ, ʜʝ ʧʫʙʣʽʢʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ï ʬʘʢʪʠʯʥʦ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʈʦʟʛʣʷʥʝʤʦ ʣʠʰʝ ʦʬʽʮʽʡʥʽ 

ʨʝʩʫʨʩʠ. ʊʘʢ, ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʋʢʨʘʾʥʠ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʧʫʙʣʽʢʫʻ ʜʘʥʽ ʧʨʦ 

ʨʘʜʽʘʮʽʡʥʠʡ ʬʦʥ ʚ ʋʢʨʘʾʥʽ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ ʪʘ ʪʘʙʣʠʮʴ. ɺʦʜʥʦʯʘʩ, ʜʘʥʽ ʜʦʩʪʫʧʥʽ 

ʣʠʰʝ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ, ʪʘ ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ʋʢʨʘʾʥʩʴʢʠʡ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʡ ʮʝʥʪʨ ʧʫʙʣʽʢʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʘʥʠʭ ʧʨʦ ʨʘʜʽʘʮʽʡʥʠʡ 

ʬʦʥ, ʚʢʣʶʯʘʶʯʠ ʜʘʥʽ ʧʨʦ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʙʝʪʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʘʣʴʬʘ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʦʜʘʶʯʠ ʾʭ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ ʪʘ ʛʨʘʬʽʢʽʚ. ɼʘʥʽ ʪʘʢʦʞ ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ ʥ ̔

ʽʥʪʝʨʘʢʪʠʚʥʽ ʢʘʨʪʽ, ʧʨʦʪʝ ʽʥʪʝʨʬʝʡʩ ʩʘʡʪʫ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʥʝ ʤʘʶʪʴ 

ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ ʟ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

ʆʜʥʠʤ ʟ ʘʢʪʫʘʣʴʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʻ ʤʦʥʽʪʦʨʠʥʛ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɺʦʜʥʦʾ ʈʘʤʢʦʚʦʾ ɼʠʨʝʢʪʠʚʠ ɭʉ ʚ ʋʢʨʘʾʥʽ ʧʨʠʡʥʷʪʠʡ 

ʥʦʚʠʡ ʇʦʨʷʜʦʢ ʧʨʦ ʟʜʽʡʩʥʝʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜ, ʟʘʪʚʝʨʜʞʝʥʠʡ ʇʦʩʪʘʥʦʚʦʶ ʂʄʋ 

ʚʽʜ 19 ʚʝʨʝʩʥʷ 2018 ʨʦʢʫ ˉ 758. ʇʦʨʷʜʢʦʤ ʚʠʟʥʘʯʝʥʦ ʯʽʪʢʠʡ ʨʦʟʧʦʜʽʣ ʦʙʦʚôʷʟʢʽʚ ʤʽʞ 

ʩʫʙôʻʢʪʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʙʝʟ ʜʫʙʣʶʚʘʥʥʷ ʧʦʚʥʦʚʘʞʝʥʴ, ʚʚʝʜʝʥʦ ʥʦʚʽ ʧʦʢʘʟʥʠʢʠ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʷʢʽ ʚ ʋʢʨʘʾʥʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʚʠʤʽʨʶʚʘʣʠʩʴ ï ʧʨʽʦʨʠʪʝʪʥʽ, ʛʽʜʨʦʤʦʨʬʦʣʦʛʽʯʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ. ɿ 

2019 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʥʘʥʥʷ ʪʨʴʦʭ ʚʠʜʽʚ ʜʝʨʞʘʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜ ʜʣʷ 

ʤʘʩʠʚʽʚ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ: ʜʽʘʛʥʦʩʪʠʯʥʠʡ, ʦʧʝʨʘʮʽʡʥʠʡ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʡ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ 

ʙʘʩʝʡʥʦʚʠʤ ʧʨʠʥʮʠʧʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʜʘʶʪʴʩʷ ʥʘ ʩʘʡʪʽ ɼʝʨʞʚʦʜʘʛʝʥʪʩʪʚʘ ʚ 

ʧʨʦʛʨʘʤʥʽʡ ʩʠʩʪʝʤʽ çʄʦʥʽʪʦʨʠʥʛ ʪʘ ʝʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠè (ʥʘ 

ʝʣʝʢʪʨʦʥʥʽʡ ʢʘʨʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ, ʧʦ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤ ʪʘ ʢʨʘʪʥʽʩʪʴ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤ) [9]. 

ʇʦʪʨʝʙʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʽʭ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ 

ʟʙʝʨʝʞʝʥʥʷ ʾʭ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ, ʚʽʜʧʦʚʽʜʥʦ, ʷʢʦʩʪʽ ˇʨʫʥʪʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʱʦ 

ʟʫʤʦʚʣʶʶʪʴʩʷ ʧʝʚʥʠʤʠ ʥʝʛʘʪʠʚʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʥʘʜ ʪʨʝʪʠʥʘ ʟʝʤʝʣʴ, ʷʢʽ 

 ̒ ʝʨʦʜʦʚʘʥʠʤʠ, ʤʘʡʞʝ ʧʦʣʦʚʠʥʘ, ʟʦʢʨʝʤʘ ʯʦʨʥʦʟʝʤʠ ʽʟ ʩʝʨʝʜʥʽʤʠ ʘʙʦ, ʥʘʚʽʪʴ, ʥʠʟʴʢʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʨʽʚʥʷ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʥʝʦʙʭʽʜʥʠʤʠ ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ.  
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ʅʘ ʩʴʦʛʦʜʥʽ ʤʠ ʤʦʞʝʤʦ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʩʫʯʘʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʋʢʨʘʾʥʠ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. ɺʦʜʥʦʶ ʪʘ ʚʽʪʨʦʚʦʶ 

ʝʨʦʟʽʻʶ ʫʨʘʞʝʥʽ ʙʣʠʟʴʢʦ 57 % ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʧʦʥʘʜ 12 % ʪʝʨʠʪʦʨʽʾ ʜʝʨʞʘʚʠ ʟʘʟʥʘʶʪʴ 

ʧʽʜʪʦʧʣʝʥʥʷ. ɿʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʟʘʙʨʫʜʥʝʥʠʤʠ  ̒ʙʣʠʟʴʢʦ 20 % ʟʝʤʝʣʴ ʋʢʨʘʾʥʠ. ʋʥʘʩʣʽʜʦʢ 

ʘʙʨʘʟʽʾ ʨʫʡʥʫʻʪʴʩʷ ʜʦ 60 % ʫʟʙʝʨʝʞʞʷ ɸʟʦʚʩʴʢʦʛʦ  ̔ʏʦʨʥʦʛʦ ʤʦʨʽʚ ʪʘ 41 % ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ 

ʜʥʽʧʨʦʚʩʴʢʠʭ ʚʦʜʦʩʭʦʚʠʱ. ɹʽʣʴʰ ʷʢ 150 ʪʠʩʷʯ ʛʝʢʪʘʨʽʚ ʟʝʤʝʣʴ ʧʦʨʫʰʝʥʽ ʚʥʘʩʣʽʜʦʢ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ. ʑʦʨʦʢʫ ʬʽʢʩʫʻʪʴʩʷ ʤʘʡʞʝ 23 ʪʠʩʷʯʽ ʚʠʧʘʜʢʽʚ 

ʟʩʫʚʽʚ. ʂʽʣʴʢʽʩʪʴ ʧʽʜʟʝʤʥʠʭ  ̔ʧʦʚʝʨʭʥʝʚʠʭ ʢʘʨʩʪʦʧʨʦʷʚʽʚ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 27 ʪʠʩʷʯ [10]. 

ɺʧʝʨʰʝ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ ʚ ʋʢʨʘʾʥʽ ʚʽʜʙʫʣʦʩʷ ʟ 

ʧʨʠʡʥʷʪʠʤ ʫ 1990 ʨ. ɿʝʤʝʣʴʥʠʤ ʢʦʜʝʢʩʦʤ. ɸ ʚʞʝ ʬʘʢʪʠʯʥʦ ʩʠʩʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʴʦʛʦʜʝʥʥʠʤ ʩʪʘʥʦʤ ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʠʤ ʨʦʟʚʠʪʢʦʤ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʦʯʘʣʠ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚ ʋʢʨʘʾʥʽ ʫʞʝ ʧʽʩʣʷ ʟʘʪʚʝʨʜʞʝʥʥʷ ʂʘʙʽʥʝʪʦʤ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʇʦʩʪʘʥʦʚʠ ʚʽʜ 

20.08.1993 ʨ.  ̄661 çʇʦʣʦʞʝʥʥʷ ʧʨʦ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʦʭʦʨʦʥʫ ʟʝʤʝʣʴè. ʋʞʝ ʧʽʩʣʷ, ʘ ʩʘʤʝ 

ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʧʦʯʘʣʘ ʚʽʜʙʫʚʘʪʠʩʷ ʜʝʪʘʣʽʟʘʮʽʷ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ.  

ʄʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴ  ̒ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʗʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʛʘʣʫʟʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ, ʪʦ ʟʝʤʝʣʴʥʠʡ ʤʦʥʽʪʦʨʠʥʛ  ̒ʥʝʚʽʜ'ʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʮʽʻʶ ʛʘʣʫʟʟʶ. ʆʜʥʘʢ ʤʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʛʘʣʫʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʘ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʨʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʮʽʡ ʛʘʣʫʟʽ. ɸʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʥʘ 

ʩʴʦʛʦʜʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʚʦʨʝʥʦʾ ʚʞʝ ʤʝʪʦʜʦʣʦʛʽʾ ʪʘ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ, ʙʦ ʮʝ ʚʠʩʪʫʧʘʻ ʦʩʥʦʚʦʶ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʟʘʭʠʩʪʫ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʢʦʥʘʥʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʘ ʚ ʮʴʦʤʫ ʘʩʧʝʢʪʽ 

ʥʘʜʘʻʪʴʩʷ ʩʘʤʝ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ɺʘʞʣʠʚʦ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʚʦʥʠ 

ʚʽʜʽʛʨʘʶʪʴ ʯʠ ʥʝ ʥʘʡʛʦʣʦʚʥʽʰʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚʠ, ʘ ʪʘʢʦʞ ʟʘʡʤʘʶʪʴʩʷ ʫʩʧʽʰʥʠʤ 

ʚʠʨʽʰʝʥʥʷʤ ʘʛʨʘʨʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʠʪʘʥʴ. ʊʘʢʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʚ ʋʢʨʘʾʥʽ  ̒

ʙʝʟʟʘʧʝʨʝʯʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʝʪʦʜʽʚ ʪʘ ʰʣʷʭʽʚ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ˇʨʫʥʪʽʚ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ [11].  

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʟʝʤʝʣʴ ʪʘ ʷʢʦʩʪʽ ˇʨʫʥʪʽʚ ʷʢ ʩʢʣʘʜʦʚʽ ʜʝʨʞʘʚʥʦʾ ʧʨʦʛʨʘʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʇʦʣʦʞʝʥʥʽ çʇʨʦ ʜʝʨʞʘʚʥʫ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɿʝʤʝʣʴʥʦʛʦ ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ ʪʘ ɿʘʢʦʥʫ çʇʨʦ ʦʭʦʨʦʥʫ ʟʝʤʝʣʴè ʜʽʷʣʴʥʽʩʪʴ, ʷʢʫ 

ʧʨʦʚʦʜʠʪʴ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʦʭʦʨʦʥʘ ʟʝʤʝʣʴ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʥʘ ʤʝʪʽ ʟʘʙʝʟʧʝʯʠʪʠʩʷ ɼʝʨʞʘʚʥʠʤ 

ʘʛʝʥʪʩʪʚʦʤ ʋʢʨʘʾʥʠ. ɺʽʜʧʦʚʽʜʥʦ ʟ ʥʠʤ, ʟʛʽʜʥʦ ʟʘʢʦʥʽʚ çʇʨʦ ʦʭʦʨʦʥʫ ʟʝʤʝʣʴè ʪʘ çʇʨʦ 

ʜʝʨʞʘʚʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘ ʦʭʦʨʦʥʦʶ ʟʝʤʝʣʴè, ʜʦ ʧʦʚʥʦʚʘʞʝʥʴ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʦʨʛʘʥʫ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʷʢʠʡ ʟʘʡʤʘʻʪʴʩʷ ʧʠʪʘʥʥʷʤʠ ʘʛʨʘʨʥʦʾ ʧʦʣʽʪʠʢʠ, ʜʦ ʷʢʦʛʦ ʥʘʣʝʞʠʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ [12]. ʄʦʥʽʪʦʨʠʥʛ ʪʘ ʦʭʦʨʦʥʘ ʟʝʤʝʣʴ ʚʠʨʽʰʫʶʪʴ ʥʠʟʢʫ ʧʠʪʘʥʴ ʪʘ ʤʘʶʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʫʩʽʭ ʟʤʽʥ ʟʝʤʝʣʴ, ʷʢʽ ʚʽʜʙʫʚʘʣʠʩʷ 

ʚʥʘʩʣʽʜʦʢ ʥʝʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʶʜʠʥʦʶ. ɿʜʽʡʩʥʝʥʥʷ ʦʮʽʥʢʠ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ˇʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ, ʘ ʪʘʢʦʞ ʫʩʫʥʝʥʥʷ ʨʽʟʥʦʙʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʇʨʠʡʥʷʪʪʷ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ 

çʇʨʦ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʦʭʦʨʦʥʫ ʟʝʤʝʣʴè ʩʪʘʣʦ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʚʠʨʽʰʝʥʥʽ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ. 

ɿʛʽʜʥʦ ʪʘʢʦʛʦ ʟʘʢʦʥʫ ʚ ʦʩʥʦʚʫ ʤʝʪʠ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʦʾ ʨʦʙʦʪʠ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ ʣʷʛʣʦ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʝʤʣʝʚʦʣʦʜʽʥʥʷ  ̔ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʩʪʘʥʦʚʣʶʻ ʧʨʠʥʮʠʧʠ 

ʤʦʥʽʪʦʨʠʥʛʫ: ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʪʘ ʟʘʢʦʥʥʽʩʪʴ, ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʪʘ ʻʜʥʽʩʪʴ [13].  

ʋʢʨʘʾʥʘ  ̒ʘʛʨʘʨʥʦʶ ʜʝʨʞʘʚʦʶ, ʪʦʤʫ ʤʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴ  ̒ʩʢʣʘʜʥʦʶ  ̔ʢʦʤʧʣʝʢʩʥʦʶ 

ʟʘʜʘʯʝʶ, ʫ ʚʠʢʦʥʘʥʥʽ ʷʢʦʾ ʟʘʜʽʷʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʫʙôʻʢʪʽʚ. ɿʚʽʩʥʦ, ʛʦʣʦʚʥʠʤ ʩʫʙôʻʢʪʦʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʝʣʴ  ̒ɼʝʨʞʛʝʦʢʘʜʘʩʪʨ, ʦʜʥʘʢ ʢʨʽʤ ʥʴʦʛʦ, ʤʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴ ʚʠʢʦʥʫʶʪʴ ʱʝ 

ʜʝʩʷʪʴ ʦʨʛʘʥʽʚ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ, ʢʦʞʝʥ ʚ ʤʝʞʘʭ ʩʚʦʻʾ ʢʦʤʧʝʪʝʥʮʽʾ. ʉʘʤʝ ʪʦʤʫ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʝʣʴ ʪʘʢ ʚʘʞʢʦ ʟʚʦʜʠʪʠ ʚʦʻʜʠʥʦ,  ̔ ʮʝʡ ʤʝʭʘʥʽʟʤ ʜʦʩʽ ʥʝ ʨʝʘʣʽʟʦʚʘʥʠʡ. 
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ʄʽʥʽʩʪʝʨʩʪʚʦ ʘʛʨʘʨʥʦʾ ʧʦʣʽʪʠʢʠ ʪʘ ʧʨʦʜʦʚʦʣʴʩʪʚʘ ʋʢʨʘʾʥʠ ʩʧʽʚʧʨʘʮʶʻ ʟ ʄʽʥʽʩʪʝʨʩʪʚʦʤ 

ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, ɼʝʨʞʘʚʥʠʤ ʘʛʝʥʪʩʪʚʦʤ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, 

ɼʝʨʞʘʚʥʠʤ ʘʛʝʥʪʩʪʚʦʤ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʟ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤʠ ʫʩʪʘʥʦʚʘʤʠ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʘʛʨʘʨʥʠʭ ʥʘʫʢ ʋʢʨʘʾʥʠ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ˇʨʫʥʪʽʚ ʥʘ ʟʝʤʣʷʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʮʽʣʝʡ, ʪʘʢʠʭ ʷʢ ʝʢʦʥʦʤʽʯʥʘ ʪʘ ʛʨʦʰʦʚʘ ʦʮʽʥʢʘ ʟʝʤʝʣʴ, ʚʨʝʛʫʣʶʚʘʥʥʷ ʧʨʘʚʦʚʠʭ 

ʚʽʜʥʦʩʠʥ ʱʦʜʦ ʟʝʤʣʽ, ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʧʣʘʪʠ ʟʘ ʟʝʤʣʶ, ʧʣʘʥʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʫʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ɿʛʽʜʥʦ ʟ ʜʽʶʯʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ, ʽʥʬʦʨʤʘʮʽ ̫ʧʨʦ ʤʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴ ʚʢʣʶʯʘʻʪʴʩʷ ʜʦ 

ɼʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ, ʚʽʜʦʤʦʩʪʽ ʷʢʦʛʦ ʦʧʨʠʣʶʜʥʶʶʪʴʩʷ ʥʘ ʇʫʙʣʽʯʥʽʡ ʢʘʜʘʩʪʨʦʚʽʡ 

ʢʘʨʪʽ. ʆʜʥʘʢ ʚ ʜʽʡʩʥʦʩʪʽ ʥʘ ʇʫʙʣʽʯʥʽʡ ʢʘʜʘʩʪʨʦʚʽʡ ʢʘʨʪʽ ʥʘʷʚʥʽ ʣʠʰʝ ʜʚʘ ʰʘʨʠ, ʟʤʽʩʪ ʷʢʠʭ  ̒

ʜʦʪʠʯʥʠʤ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʝʣʴ. ʐʘʨ çɼʝʨʞʘʚʥʠʡ ʥʘʛʣʷʜ ʟʘ ʟʝʤʣʷʤʠè ʧʦʚʠʥʝʥ 

ʚʽʜʦʙʨʘʞʘʪʠ ʢʦʥʪʫʨʠ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ, ʧʦ ʷʢʠʭ ʟʛʽʜʥʦ ʟ ʈʽʯʥʠʤ ʧʣʘʥʦʤ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʦʜʽʚ 

ʜʝʨʞʘʚʥʦʛʦ ʥʘʛʣʷʜʫ (ʢʦʥʪʨʦʣʶ) ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʫ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʨʽʢ ʟʜʽʡʩʥʶʶʪʴʩʷ ʪʘʢʽ 

ʟʘʭʦʜʠ. ʇʦʚʠʥʝʥ ï ʪʦʤʫ ʱʦ ʮʝʡ ʰʘʨ ʥʘʨʘʟʽ  ̒ ʧʦʨʦʞʥʽʤ, ʭʦʯʘ ʧʣʘʥ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʦʜʽʚ 

ʜʝʨʞʘʚʥʦʛʦ ʥʘʛʣʷʜʫ ʥʘ 2024 ʨʽʢ ʙʫʚ ʟʘʪʚʝʨʜʞʝʥʠʡ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʦʤ ʫ ʣʠʩʪʦʧʘʜʽ 2023 ʨ. ʐʘʨ 

çɿʝʤʣʽ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʢʦʥʩʝʨʚʘʮʽʾè ʤʽʩʪʠʪʴ ʜʘʥʽ ʱʦʜʦ ʢʦʥʩʝʨʚʘʮʽʾ ʜʝʛʨʘʜʦʚʘʥʠʭ  ̔

ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʭ ʟʝʤʝʣʴ, ʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ  ̒ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʤ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦ ʥʝʝʬʝʢʪʠʚʥʠʤ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʛʝʥʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ, ʥʘ ʷʢʠʭ 

ʥʝʤʦʞʣʠʚʦ ʦʜʝʨʞʘʪʠ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʫ ʧʨʦʜʫʢʮʽʶ, ʘ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ ʥʘ ʮʠʭ ʟʝʤʝʣʴʥʠʭ 

ʜʽʣʷʥʢʘʭ  ̒ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʾʭ ʟʜʦʨʦʚôʷ. ʅʘ ʩʘʡʪʽ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʫ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʦʙʠʜʚʘ ʮ ̔

ʰʘʨʠ ʥʝ ʤʽʩʪʷʪʴ ʦʬʽʮʽʡʥʠʭ ʚʽʜʦʤʦʩʪʝʡ  ̔ʥʦʩʷʪʴ ʽʥʬʦʨʤʘʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ [14]. ʂʨʽʤ ʪʦʛʦ, ʥʘʨʘʟʽ 

ʇʫʙʣʽʯʥʘ ʢʘʜʘʩʪʨʦʚʘ ʢʘʨʪʘ  ̒ʟʘʢʨʠʪʦʶ  ̔ʜʦʩʪʫʧʥʘ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʣʠʰʝ ʦʙʤʝʞʝʥʦʤʫ ʢʦʣʫ ʦʩʽʙ ï 

ʚʣʘʩʥʝ ʩʣʫʞʙʦʚʮʷʤ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʫ  ̔ ʩʝʨʪʠʬʽʢʦʚʘʥʠʤ ʽʥʞʝʥʝʨʘʤ-ʟʝʤʣʝʚʧʦʨʷʜʥʠʢʘʤ, 

ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ ʥʝʾ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʧʦʨʷʜʢʫ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʤʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴ ʫ ʥʘʰʽʡ 

ʢʨʘʾʥʽ  ̒ʥʘʡʤʝʥʰ ʧʨʦʟʦʨʠʤ ʚʠʜʦʤ ʤʦʥʽʪʦʨʠʥʛʫ, ʘ ʦʪʨʠʤʘʥʥʷ ʛʨʦʤʘʜʩʴʢʽʩʪʶ ʡʦʛʦ ʟʚʝʜʝʥʠʭ 

ʦʬʽʮʽʡʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʨʘʟʽ  ̒ʚʢʨʘʡ ʫʩʢʣʘʜʥʝʥʠʤ. 

ɻʨʦʤʘʜʩʴʢʠʡ ʤʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʪʬʦʨʤʠ çɽʢʦʟʘʛʨʦʟʘè, 

ʜʝ ʤʦʞʥʘ ʟʘʣʠʰʠʪʠ ʟʘʷʚʢʫ ʧʨʦ ʜʞʝʨʝʣʦ ʧʦʪʝʥʮʽʡʥʦʾ ʰʢʦʜʠ ʟʝʤʝʣʴʥʠʤ, ʚʦʜʥʠʤ  ̔ ʣʽʩʦʚʠʤ 

ʨʝʩʫʨʩʘʤ, ʦʙôʻʢʪʘʤ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ, ʨʦʩʣʠʥʥʦʛʦ  ̔ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ, ʧʦʚʽʜʦʤʠʪʠ 

ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʥʝʙʝʟʧʝʯʥʠʭ ʚʽʜʭʦʜʽʚ ʯʠ ʟʥʠʱʝʥʦʾ ʪʝʭʥʽʢʠ. ɽʢʦɿʘʛʨʦʟʘ ï ʮʝ ʦʬʽʮʽʡʥʠʡ ʨʝʩʫʨʩ 

ʄʽʥʜʦʚʢʽʣʣʷ, ʨʦʟʨʦʙʣʝʥʠʡ ʟʘ ʧʽʜʪʨʠʤʢʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʋʢʨʘʾʥʠ, 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʘ ʬʦʨʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʙʦʨʫ ʪʘ ʬʽʢʩʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʟʘʛʨʦʟʠ 

ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʟ ʛʝʦʛʨʘʬʽʯʥʦʶ ʧʨʠʚôʷʟʢʦʶ ʜʦ ʤʽʩʮʝʚʦʩʪʽ [15]. ʋʩʽ ʟʘʷʚʢʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʛʝʦʧʦʨʪʘʣʽ, ʘ ʪʘʢʦʞ ʬʽʢʩʫʻʪʴʩʷ ʾʭ ʩʪʘʪʫʩ. ʉʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʧʣʘʪʬʦʨʤʠ ʩʪʘʣʦ 

ʟʥʘʯʥʠʤ ʢʨʦʢʦʤ ʚʧʝʨʝʜ ʚ ʯʘʩʪʠʥʽ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʛʨʦʤʘʜʩʴʢʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ̔

ʦʭʦʨʦʥʦʶ ʟʝʤʝʣʴ ʪʘ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʆʩʪʘʥʥʽʤʠ ʜʝʩʷʪʠʣʽʪʪʷʤʠ ʥʘʙʠʨʘʻ ʧʦʧʫʣʷʨʥʦʩʪʽ ʜʠʩʪʘʥʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʥʘʰʦʾ ʜʝʨʞʘʚʠ, ʦʩʢʽʣʴʢʠ 

ʪʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʣʝʛʢʦ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ. ʄʘʙʫʪʴ, ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʩʝʨʝʜ ʘʛʨʘʨʽʾʚ  ̒ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ 

ʚʽʜʥʦʩʥʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ (NDVI), ʷʢʠʡ  ̒ʧʦʢʘʟʥʠʢʦʤ ʢʽʣʴʢʦʩʪʽ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦ-ʘʢʪʠʚʥʦʾ 

ʙʽʦʤʘʩʠ. ʊʘʢʦʞ ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʚʽʜʥʦʩʥʠʡ ʚʦʜʥʠʡ ʽʥʜʝʢʩ NDWI, ʷʢʠʡ 

ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʚʘʨʽʘʮʽʾ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʧʦʚôʷʟʘʥʽ ʟ ʫʤʦʚʘʤʠ ʟʚʦʣʦʞʝʥʥʷ,  ̔ʚʠʟʥʘʯʘʪʠ 

ʚʝʩʴ ʦʙôʻʤ ʚʦʣʦʛʠ ʫ ʚʝʛʝʪʘʮʽʡʥʦʤʫ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ. ʆʜʥʘʢ ʥʘʩʧʨʘʚʜʽ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʽʥʜʝʢʩʽʚ ʽʩʥʫʻ ʥʘʙʘʛʘʪʦ ʙ̔ ʣʴʰʝ,  ̔ ʢʦʞʝʥ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ ʩʧʝʮʠʬʽʯʥʠʭ 

ʟʘʚʜʘʥʴ. 

ʅʝʱʦʜʘʚʥʦ ʟôʷʚʠʚʩʷ ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʩʠʩʪʝʤʘʪʠʟʫʻ ʽʥʬʦʨʤʘʮʽʶ ʟ ʫʩʽʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʽʥʜʝʢʩʽʚ, ʷʢʽ ʟʘʨʘʟ ʽʩʥʫʶʪʴ. ʎʝ ʙʘʟʘ Index Data Base, ʷʢʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 519 ʽʥʜʝʢʩʽʚ, 

167 ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʝʥʩʦʨʘ, 43 ʥʘʧʨʷʤʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʜʝʢʩʽʚ, 230 ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. 
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ʆʢʨʽʤ ʪʦʛʦ,  ̒ ʱʝ ʜʚʘ ʛʨʘʬʽʯʥʠʭ ʧʝʨʝʣʽʢʠ ï ʚʽʟʫʘʣʽʟʘʮʽʾ ʢʘʥʘʣʽʚ ʟʡʦʤʢʠ ʜʣʷ ʨʽʟʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʽʘʧʘʟʦʥʽʚ ʩʧʝʢʪʨʫ, ʟʡʦʤʢʘ ʚ ʷʢʠʭ ʧʦʪʨʽʙʥʘ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʽʚ [16]. 

ɺ ʋʢʨʘʾʥʽ ʟ 24 ʣʶʪʦʛʦ 2022 ʨ. (ʘ ʥʘ ʉʭʦʜʽ ʋʢʨʘʾʥʠ ï ʚʞʝ ʚʧʨʦʜʦʚʞ 10 ʨʦʢʽʚ) ʱʦʜʝʥʥʦ 

ʽʥʪʝʥʩʠʚʥʦ ʚʝʜʫʪʴʩʷ ʦʙʩʪʨʽʣʠ, ʫʪʚʦʨʶʶʪʴʩʷ ʚʠʨʚʠ ʚʽʜ ʘʚʽʘʙʦʤʙ ʪʘ ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʦʙʩʪʨʽʣʽʚ, 

ʩʪʚʦʨʶʶʪʴʩʷ ʥʦʚʽ ʟʘʤʽʥʦʚʘʥʽ ʪʝʨʠʪʦʨʽʾ, ʟʥʠʱʫʻʪʴʩʷ ʚʘʞʢʘ ʚʽʡʩʴʢʦʚʘ ʪʝʭʥʽʢʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʪʦʢʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʚʠʧʘʣʝʥʥʷ ʟʝʤʣʽ ʪʦʱʦ. ʎʽ ʥʘʩʣʽʜʢʠ ʚʦʻʥʥʠʭ ʜʽʡ ʟʘʙʨʫʜʥʶʶʪʴ ˇʨʫʥʪ, ʘ 

ʟ ʮʠʤ ʡ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʦʥʦʤʽʢʫ ʢʨʘʾʥʠ ʪʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ. ɺʽʡʥʘ ʧʨʠʥʝʩʣʘ ʋʢʨʘʾʥʽ 

ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ, ʩʝʨʝʜ ʷʢʠʭ ʜʝʛʨʘʜʘʮʽʷ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ. ʇʨʦʪʝ ʧʝʨʝʜ çʣʽʢʫʚʘʥʥʷʤè 

ʟʝʤʣʽ ʚʘʨʪʦ ʧʨʦʚʝʩʪʠ ʾʾ ʘʥʘʣʽʟ ʥʘ ʟʘʙʨʫʜʥʶʶʯʽ ʯʘʩʪʢʠ. ɹʝʟ ʘʥʘʣʽʟʫ ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ 

ʯʠʥʦʤ ʮʶ ʟʝʤʣʶ ʤʦʞʥʘ ʦʯʠʩʪʠʪʠ, ʮʝ ʻ ʛʣʦʙʘʣʴʥʠʡ ʚʠʢʣʠʢ ʜʣʷ ʥʘʰʦʾ ʜʝʨʞʘʚʠ, ʷʢʫ ʧʦʪʨʽʙʥʦ 

ʙʫʜʝ ʚʠʨʽʰʫʚʘʪʠ ʩʘʤʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ.  

ʉʴʦʛʦʜʥʽ ʚʩʝ ʙʽʣʴʰʠʭ ʦʙʝʨʪʽʚ ʥʘʙʠʨʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʚ ʫʩʽʭ 

ʩʬʝʨʘʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʻ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʪʫʞʥʠʤ ʘʥʘʣʽʪʠʯʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ, ʪʦʤʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʚʽʥ ʚʽʜʽʛʨʘʚʘʪʠʤʝ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʭʠʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ: 

1. ʄʦʥʽʪʦʨʠʥʛ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʐɯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʘʥʘʣʽʟʫ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ, ʦʪʨʠʤʘʥʠʭ ʟ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʜʨʦʥʽʚ ʘʙʦ 

ʩʝʥʩʦʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ. ɺʽʥ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʟʤʽʥʠ ʫ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʽ, ʟʘʙʨʫʜʥʝʥʥʽ 

ʧʦʚʽʪʨʷ ʪʘ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʦʱʦ. 

2. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʢʣʽʤʘʪʫ. ʐɯ ʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠ ʛʣʦʙʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʢʣʽʤʘʪ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʦʛʦ ʟʤʽʥʠ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʫ ʧʨʠʡʥʷʪʪʽ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʨʽʰʝʥʴ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʧʨʠʨʦʜʫ. 

3. ʆʧʪʠʤʽʟʘʮʽʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʐɯ ʤʦʞʝ ʜʦʧʦʤʘʛʘʪʠ ʚ ʫʧʨʘʚʣʽʥʥʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʛʨʦʤʘʜʩʴʢʦʤʫ ʩʝʢʪʦʨʽ. 

4.  ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ. ʐɯ ʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʟʝʤʣʝʪʨʫʩʠ, 

ʧʦʚʝʥʽ, ʣʽʩʦʚʽ ʧʦʞʝʞʽ ʪʦʱʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʠʨʦʜʥʠʤ ʢʘʪʘʩʪʨʦʬʘʤ. 

5. ʋʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʫ ʩʠʩʪʝʤʘʭ ʩʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ 

ʫʧʨʘʚʣʽʥʥʽ ʚʪʦʨʠʥʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʤʦʞʝ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ 

ʩʤʽʪʪʻʟʚʘʣʠʱʘ, ʪʘ ʩʧʨʠʷʪʠ ʾʭ ʧʝʨʝʨʦʙʮʽ. 

6. ʆʭʦʨʦʥʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʐɯ ʤʦʞʝ ʜʦʧʦʤʘʛʘʪʠ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʚʽʜʩʪʝʞʝʥʥʽ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʠʜʽʚ, ʘ ʪʘʢʦʞ ʫ ʚʠʷʚʣʝʥʥʽ ʨʠʟʠʢʦʚʘʥʠʭ ʟʦʥ ʜʣʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. 

ɺʠʩʥʦʚʢʠ. ɺʠʱʝ ʧʝʨʝʣʽʯʝʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʚʠʢʣʠʢʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʝ ʚʽʜʩʪʘʚʘʥʥʷ 

ʋʢʨʘʾʥʠ ʚʽʜ ʩʚʽʪʦʚʠʭ ʪʝʤʧʽʚ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʆʜʥʘʢ ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʩʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʟʙʦʨʫ ʪʘ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʙʫʜʝ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʜʣʷ ʧʦʟʠʪʠʚʥʠʭ ʟʨʫʰʝʥʴ ʫ ʧʦʢʨʘʱʝʥʥʽ ʥʘʷʚʥʦʛʦ 

ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʰʣʷʭʦʤ ʩʧʽʚʧʨʘʮʽ ʧʫʙʣʽʯʥʠʭ ʦʨʛʘʥʽʚ ʚʣʘʜʠ ʟ ʛʨʦʤʘʜʩʴʢʠʤ ʩʫʩʧʽʣʴʩʪʚʦʤ ʪʘ 

ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʜʙʘʯʘʪʠ ʥʝʛʘʪʠʚʥʽ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʜʦ ʾʭ ʧʦʷʚʠ ʪʘ ʷʢʽʩʥʦ ʾʤ ʟʘʧʦʙʽʛʘʪʠ. 

ɺʦʜʥʦʯʘʩ, ʚʘʞʣʠʚʦ, ʱʦʙ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʝʢʦʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʩʧʦʩʽʙ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʪʠʯʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʥʘʩʣʽʜʢʽʚ. ɺʦʜʥʦʯʘʩ, ʚʽʡʥʘ ʧʨʦʜʦʚʞʫʻʪʴʩʷ, ʽ ʚʦʻʥʥʦ-

ʪʝʭʥʦʛʝʥʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʪʨʠʚʘʻ. ʗʢʱʦ ʧʨʦ ʪʝʨʠʪʦʨʽʾ, ʜʝ ʚʝʜʫʪʴʩʷ ʙʦʡʦʚʽ ʜʽʾ, ʤʦʚʘ ʥʝ ʡʜʝʪʴʩʷ, 

ʪʦ ʥʘ ʜʝʦʢʫʧʦʚʘʥʠʭ ʟʝʤʣʷʭ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʤʽʥʫʚʘʥʥʷ, ʪʦʤʫ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ 

ʛʘʨʥʦʶ ʽʜʝʻʶ ʙʫʣʦ ʙ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʝʢʫʣʴʪʠʚʘʮʽʾ 

ʪʘʢʠʭ ʟʝʤʝʣʴ. 
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MCTEST ʉʊɸʊʀʉʊʀʏʅʆɻʆ ʉɽʈɽɼʆɺʀʑɸ R 

 

ʂʦʙʠʣʴʥʠʢ ʊʘʨʘʩ ʇʝʪʨʦʚʠʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 
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In the article, we analyze the capabilities of the R statistical environment for investigating 

multicollinearity in multiple linear regression. We identified the advantages and disadvantages of the 

linear regression model. We describe the causes of multicollinearity and its impact on regression 

parameter estimates. We define the main criteria for determining the presence of multicollinearity in 

the regression model. In a concrete example, we show the application of the mctest package for 

multicollinearity model testing. In particular, we use the imcdiag and omcdiag functions to 

investigate multicollinearity. And we analyze the obtained results. For the study, we used longley 

data, which is built into the R environment. 

Key words: regression model, multicollinearity, R, mctest. 

 

ʋ ʩʪʘʪʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ R ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʫ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽʡ ʣʽʥʽʡʥʽʡ ʨʝʛʨʝʩʽʡʥʽʡ ʤʦʜʝʣʽ. ɺʠʟʥʘʯʝʥʦ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʦʧʠʩʘʥʦ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ 

ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ, ʚʧʣʠʚ ʮʴʦʛʦ ʷʚʠʱʘ ʥʘ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʨʝʩʽʾ. ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ 

ʢʨʠʪʝʨʽʾ ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʽʡ ʤʦʜʝʣʽ. ɺʠʟʥʘʯʝʥʦ ʧʝʨʝʚʘʛʠ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ R ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʅʘ ʢʦʥʢʨʝʪʥʦʤʫ 

ʧʨʠʢʣʘʜʽ ʧʦʢʘʟʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʢʝʪʫ mctest ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʥʘ 

ʤʫʣʴʢʦʣʽʥʝʘʨʥʽʩʪʴ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʫʥʢʮʽʾ 

imcdiag ʪʘ omcdiag. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ longley, ʷʢʽ ʻ ʚʙʫʜʦʚʘʥʠʤʠ ʚ R.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ, ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ, R, mctest. 

 

ʇʦʙʫʜʦʚʘ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʜʝʷʢʠʭ ʫʤʦʚ. ʆʜʥʽʻʶ ʟ 

ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʣʽʥʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʝʟʘʣʝʞʥʠʤʠ ʟʤʽʥʥʠʤʠ. ʗʢʱʦ ʪʘʢʽ ʟʚôʷʟʢʠ ʽʩʥʫʶʪʴ, ʪʦ ʚ 

ʤʦʜʝʣʽ ʻ ʥʘʷʚʥʘ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ. 

ʄʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ ʥʝ ʻ ʧʨʦʙʣʝʤʦʶ, ʷʢʱʦ ʥʘʩ ʥʝ ʮʽʢʘʚʠʪʴ ʧʦʚʝʜʽʥʢʘ ʦʢʨʝʤʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ, ʘ ʮʽʢʘʚʠʪʴ ʤʦʜʝʣʴ ʟʘʛʘʣʦʤ. ʇʨʦʪʝ ʪʘʢʝ ʙʫʚʘʻ ʥʝ ʯʘʩʪʦ. ʗʢ ʧʨʘʚʠʣʦ, 

ʜʦʩʣʽʜʥʠʢʽʚ ʮʽʢʘʚʠʪʴ ʷʢ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʟʘʛʘʣʦʤ, ʪʘʢ ʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ ʟʦʢʨʝʤʘ. ɿʘ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʢʦʞʥʦʛʦ 

ʬʘʢʪʦʨʘ ʟʦʢʨʝʤʘ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʽʩʪʴ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʙʫʜʝ ʧʨʦʙʣʝʤʦʶ, ʦʩʢʽʣʴʢʠ 

ʜʝʷʢʽ (ʘʙʦ ʚʩʽ) ʧʘʨʘʤʝʪʨʠ ʨʝʛʨʝʩʽʾ ʟʘ t-ʩʪʘʪʠʩʪʠʢʦʶ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʟʥʘʯʫʱʠʤʠ. 

ɼʣʷ ʦʧʨʘʮʴʦʚʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ: ʚʽʜ ʪʘʙʣʠʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʜʦ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʢʝʪʽʚ ʪʘ ʩʠʩʪʝʤ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. ʊʦʤʫ ʛʨʘʤʦʪʥʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʪʘ 

ʙʝʟʧʦʤʠʣʢʦʚʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʧʨʠʧʫʱʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʢʽʣʴʢʽʩʥʠʭ ʽ ʷʢʽʩʥʠʭ ʦʮʽʥʦʢ 

ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʾʭ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʤʠ ʦʙʨʘʣʠ ʩʪʘʪʠʩʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ R. ɺʠʙ̔ʨ 

ʦʙʫʤʦʚʣʝʥʠʡ ʪʘʢʠʤʠ ʯʠʥʥʠʢʘʤʠ [7, c.315]: 

- ʮʝ ʚʽʣʴʥʦ ʧʦʰʠʨʶʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʙʫʜʴ-ʭʪʦ ʤʦʞʝ ʟʘʚʘʥʪʘʞʠʪʠ ʡʦʛʦ ʟ 

http://www.r-project.org;  

-  ̒ʨʝʘʣʽʟʘʮʽʷ ʜʣʷ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʽʤʝʡʩʪʚ Windows, Mac OS, Linux;  

- ʙʘʟʦʚʘ ʚʝʨʩʽʷ R ʟʘʡʤʘʻ ʤʘʣʦ ʤʽʩʮʷ ʥʘ ʞʦʨʩʪʢʦʤʫ ʜʠʩʢʫ ʪʘ ʤʽʩʪʠʪʴ ʫʩʽ ʬʫʥʢʮʽʾ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ;  
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- ʨʦʟʨʦʙʣʝʥʦ ʧʘʢʝʪʠ ʨʦʟʰʠʨʝʥʥʷ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ, 

ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ;  

-  ̒ʤʦʞʣʠʚʽʩʪ ɹʩʘʤʦʩʪʽʡʥʦ ʧʠʩʘʪʠ ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ;  

- ʜʘʥʽ ʤʦʞʥʘ ʚʚʦʜʠʪʠ ʟ ʢʣʘʚʽʘʪʫʨʠ ʘʙʦ ʽʤʧʦʨʪʫʚʘʪʠ ʟ ʪʝʢʩʪʦʚʠʭ ʬʘʡʣʽʚ, ʝʣʝʢʪʨʦʥʥʠʭ 

ʪʘʙʣʠʮʴ, ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ. 

ʗʢ ʧʨʘʚʠʣʦ, ʙʽʣʴʰʽʩʪʴ ʷʚʠʱ ʯʠ ʧʨʦʮʝʩʽʚ ʤʘʶʪʴ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʦʪʝ ʥʝʣʽʥʽʡʥʽ 

ʟʚôʷʟʢʠ ʟʘ ʧʝʚʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ (ʟʘʤʽʥʦʶ ʟʤʽʥʥʠʭ ʯʠ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷʤ) ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ 

ʣʽʥʽʡʥʦʛʦ ʚʠʛʣʷʜʫ, ʪʦʙʪʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʣʽʥʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ʄʦʜʝʣʴ 

ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ ʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʚʠʜʦʤ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʟʤʽʥʥʠʤʠ. ɸʙʦ: ʣʽʥʽʡʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʦʛʦ ʦʙôʻʢʪʘ ʯʠ 

ʷʚʠʱʘ, ʷʢʽ ʤʘʶʪʴ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʙʫʜʦʚʘ 

ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ. 

ʉʝʨʝʜ ʧʝʨʝʚʘʛ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ: 

1. ʐʚʠʜʢʠʡ ʪʘ ʧʨʦʩʪʠʡ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ. 

2. ʄʦʜʝʣʴ ʜʦʩʪʘʪʥʴʦ ʟʨʦʟʫʤʽʣʘ ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. 

3. ʃʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ʻ ʜʦʚʦʣʽ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʪʘ ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

4. ʄʝʪʦʜ ʻ ʜʦʩʪʘʪʥʴʦ ʚʽʜʦʤʠʤ, ʘ, ʦʪʞʝ, ʽ ʜʦʙʨʝ ʚʠʚʯʝʥʠʤ, ʪʦʞ ʫʩʽ ʥʘʷʚʥʽ ʧʨʦʙʣʝʤʠ ʤʘʶʪʴ ʡ 

ʫʞʝ ʨʦʟʨʦʙʣʝʥʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ:  

1. ɿʜʘʪʥʽʩʪʴ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʣʠʰʝ ʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ.  

2. ɿʥʘʯʥʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʠʢʠʜʽʚ. 

ʆʜʥʘ ʟ ʧʝʨʝʜʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʣʽʥʽʡʥʦʾ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ ï ʚʽʜʩʫʪʥʽʩʪʴ ʣʽʥʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʝʟʘʣʝʞʥʠʤʠ 

ʟʤʽʥʥʠʤʠ ʤʦʜʝʣʽ. ʗʢʱʦ ʪʘʢʽ ʟʚôʷʟʢʠ ʽʩʥʫʶʪʴ, ʪʦ ʮʝ ʷʚʠʱʝ ʥʘʟʠʚʘʶʪʴ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʶ. 

ʆʟʥʘʢʠ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ɭ ʪʘʢʠʤʠ [9]: 

- ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʪʝʨʤʽʥʘʮʽʾ ʧʦʨʷʜ ʟ ʥʝʟʥʘʯʫʱʽʩʪʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ; 

- ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʧʘʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʥʝʟʘʣʝʞʥʠʭ (ʬʘʢʪʦʨʥʠʭ) ʟʤʽʥʥʠʭ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʫʥʢʮʽʾ ʧʘʢʝʪʫ 

mctest [5] ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ R. 

ɿʦʢʨʝʤʘ, ʫ ʧʘʢʝʪʽ mctest ʤʽʩʪʠʪʴʩʷ ʜʚʽ ʬʫʥʢʮʽʾ: omcdiag ʪʘ imcdiag, ʟʘ ʷʢʠʤʠ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʜʽʘʛʥʦʩʪʠʯʥʘ ʧʝʨʝʚʽʨʢʘ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ 

ʚʽʜʧʦʚʽʜʥʦ. ɿʘ ʬʫʥʢʮʽʻʶ mc.plot, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʛʨʘʬʽʯʥʦʛʦ ʧʦʜʘʥʥʷ VIF ʽ 

ʚʣʘʩʥʠʭ ʟʥʘʯʝʥʴ. 

ʋ ʧʘʢʝʪʽ mctest ʪʝʩʪʠ ʚʠʷʚʣʝʥʥʷ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʟʛʨʫʧʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ: 

ʧʝʨʝʚʽʨʢʘ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʚʩʴʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ï ʟʘʛʘʣʴʥʽ ʪʝʩʪʠ ʧʝʨʝʚʽʨʢʠ 

ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ; ʽ ʚʠʷʚʣʝʥʥʷ ʨʝʛʨʝʩʦʨʽʚ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ï 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʪʝʩʪʠ. 

ɿʘʛʘʣʴʥʽ ʪʝʩʪʠ ʧʝʨʝʚʽʨʢʠ ʤʫʣʴʪʠʢʦʽʣʥʝʘʨʥʦʩʪʽ. 

ɿʘ ʬʫʥʢʮʽʻʶ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʫʩʴʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʥʘ ʥʘʷʚʥʽʩʪʴ ʫ ʥʴʦʤʫ 

ʤʫʣʴʪʠʢʦʣʽʥʝʢʘʨʥʦʩʪʽ. ʋ ʮʽʡ ʬʫʥʢʮʽʾ ʨʝʘʣʽʟʦʚʘʥʽ ʪʘʢʽ ʪʝʩʪʠ: 

ï ʧʝʨʝʚʽʨʢʘ ʨʽʚʥʦʩʪʽ ʥʫʣʶ ʚʠʟʥʘʯʥʠʢʘ ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʘʪʨʠʮʽ. ʆʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ  ̒

ʨʦʟʚôʷʟʢʦʤ ʩʠʩʪʝʤʠ ʥʦʨʤʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ὢὢ‍ ὢὣ. ʗʢʱʦ ʨʝʛʨʝʩʦʨʠ 

ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽ, ʪʦ ʚʠʟʥʘʯʥʠʢ ʥʦʨʤʦʚʘʥʦʾ ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʘʪʨʠʮʽ ȿὢὢȿ ʙʣʠʟʴʢʠʡ ʜʦ ʥʫʣʷ. 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʦʨʽʛ ʜʦʨʽʚʥʶʻ 0,1 (detr=0.01). 

ï ʪʝʩʪ ʌʘʨʨʘʨʘ-ɻʣʦʙʝʨʘ (ʢʨʠʪʝʨʽʡ … ) [2]. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʥʘʷʚʥʦʩʪʽ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʫ 

ʚʩʴʦʤʫ ʤʘʩʠʚʽ ʜʘʥʠʭ ʦʙʯʠʩʣʶʻʪʴʩʷ ʩʪʘʪʠʩʪʠʢʘ  

ὊὋ̒ ̐ ὲ ρ ςὴ υ ὰὲÄÅÔ Ὑ , 

ʜʝ ὲ ï ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ, ὴ ï ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ÄÅÔ Ὑ ï ʚʠʟʥʘʯʥʠʢ ʢʦʨʝʣʷʮʽʡʥʦʾ 

ʤʘʪʨʠʮʽ.  
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ʎʷ ʩʪʘʪʠʩʪʠʢʘ ʤʘʻ ʨʦʟʧʦʜʽʣ … (çʭʽ-ʢʚʘʜʨʘʪè). ʆʙʯʠʩʣʝʥʝ ʟʥʘʯʝʥʥʷ ὊὋ̒  ̐ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ 

ʪʘʙʣʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ … ʟ πȟυὴὴ ρ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ ʥʘ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ ‌. ʗʢʱʦ 
ὊὋ̒ ̐ …, ʪʦ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʤʘʩʠʚʽ ʜʘʥʠʭ ʻ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ. 

ï Red Indicator (ʏʝʨʚʦʥʠʡ ʽʥʜʠʢʘʪʦʨ). ʏʝʨʚʦʥʠʡ ʽʥʜʠʢʘʪʦʨ ʇ. ʂʦʚʘʯʘ [8] ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʥʘʜʤʽʨʥʦʩʪʽ. ɺʠʟʥʘʯʠʪʠ ʡʦʛʦ ʤʦʞʥʘ ʪʘʢʠʤ 

ʯʠʥʦʤ: 

ὙὩὨ ,  

ʜʝ ὴ ï ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ὠ
В

„, ‗ ï ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ὢὢ.  

ʗʢʱʦ ʟʥʘʯʝʥʥʷ Red ʙʣʠʟʴʢʝ ʜʦ ʥʫʣʷ, ʪʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ, ʘ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʝ ʜʦ ʦʜʠʥʠʮʽ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ. 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʦʨʽʛ ʜʦʨʽʚʥʶʻ 0,5 (red=0.5). 

ï ʉʫʤʘ ʦʙʝʨʥʝʥʠʭ ʟʥʘʯʝʥʴ ʚʣʘʩʥʠʭ ʯʠʩʝʣ. ɺ ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ В ὴ, ʘ ʦʪʞʝ, ʜʣʷ 

ʤʘʪʨʠʮʽ ʢʦʨʝʣʷʮʽʾ Ὑ ʟ ʚʣʘʩʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ‗ В  ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ. ʗʢʱʦ В  ʙʽʣʴʰʝ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ ʚ ʤʦʜʝʣʽ, ʪʦ 

ʬʘʢʪʦʨʠ ʢʦʣʽʥʝʘʨʥʽ. 

ï Theil ʽʥʜʠʢʘʪʦʨ. ʍ.ʊʝʡʣ [11] ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʽʨʫ ʢʦʣʽʥʝʘʨʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʶʚʘʥʥʷ 

ʚʢʣʘʜʫ ʜʦʧʦʤʽʞʥʠʭ ʨʝʛʨʝʩʽʡ Ὑ Ὑ  ʫ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ. Ὑ   ̒ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʝʪʝʨʤʽʥʘʮʽʾ ʜʦʧʦʤʽʞʥʦʾ j-ʦ ʾʨʝʛʨʝʩʽʾ ʗʢʱʦ Ὧ π, ʪʦ ʚʩʽ ʬʘʢʪʦʨʠ ʚʟʘʻʤʥʦ ʥʝʢʦʨʝʣʴʦʚʘʥʽ, 

ʷʢʱʦ Ὧͯ ρ, ʪʦ ʽʩʥʫʻ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ ʩʝʨʝʜ ʨʝʛʨʝʩʦʨʽʚ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʦʨʦʛʦʚʝ 

ʟʥʘʯʝʥʥʷ  ̒0,5. 

ï ɯʥʜʝʢʩ ʦʙʫʤʦʚʣʝʥʦʩʪʽ (CI). ʇʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ 30 (cn=30). 

ɼʽʘʛʥʦʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʢʦʣʽʥʝʘʨʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ: 

1. ʪʝʩʪ VIF; 

2. ʪʝʩʪ TOL.  Ὕὕὒ ρ Ὑ. 

ɺʚʘʞʘʻʪʴʩʷ, ʷʢʱʦ ὠὍὊ ρπ ʘʙʦ ʟʥʘʯʝʥʥʷ Ὕὕὒͯ π, ʪʦ ʮʝ ʚʢʘʟʫʻ ʥʘ ʽʩʥʫʚʘʥʥʷ 

ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʩʝʨʝʜ ʬʘʢʪʦʨʽʚ.  

3. Farrar wi (ʪʝʩʪ ʌʘʨʨʘʨʘ-ɻʣʦʙʝʨʘ, F-ʢʨʠʪʝʨʽʡ) [2]. ʎʝ  ̒ʨʝʘʣʽʟʘʮʽʷ F-ʪʝʩʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ (ʧʦʙʫʜʦʚʘ ʜʦʧʦʤʽʞʥʦʾ ʨʝʛʨʝʩʽʾ). 

4. ʊʝʩʪ Fi. ʎʝʡ ʪʝʩʪ [4] ʧʨʘʢʪʠʯʥʦ ʜʫʙʣʶ  ̒ʧʦʧʝʨʝʜʥʽʡ. ɿʚôʷʟʦʢ F-ʢʨʠʪʝʨʽʶ  ̔Ὑ  ʤʦʜʝʣʽ ʨʝʛʨʝʩʽʾ 

ὼ ʥʘ ʽʥʰʽ ʬʘʢʪʦʨʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ. ɿʚôʷʟʦʢ 

ʦʧʠʩʫʻʪʴʩʷ ʪʘʢʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

Ὂ
Ὑ ȟȣ

ρ Ὑ ȟȣ Ⱦὲ Ὧ ρ
 

ʗʢʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ Ὂ ʧʝʨʝʚʠʱʫʻ ʢʨʠʪʠʯʥʝ Ὂᶻ‌ȟὲ ὴȟὴ ρ ʥʘ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ ‌, 

ʪʦ ὼ ʻ ʢʦʣʽʥʝʘʨʥʠʤ ʟ ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

5. Leamerôs test. ʃʽʤʝʨ [3] ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʽʨʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʜʣʷ 

Ὦ-ʛʦ ʬʘʢʪʦʨʘ 

ὅ
В

Ȣ

. 

ʗʢʱʦ ὼ ʥʝ ʢʦʨʝʣʶʻ ʟ ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʦ ὅ π. ɯʥʘʢʰʝ ὅ ρ Ὑ
Ȣ
, ʪʦʙʪʦ ὅͯ π 

ʚʢʘʟʫʻ ʥʘ ʽʩʥʫʚʘʥʥʷ ʢʦʣʽʥʝʘʨʥʦʩʪʽ ʩʝʨʝʜ ʬʘʢʪʦʨʽʚ. 

6. ʪʝʩʪ CVIF. ɼʘʥʠʡ ʪʝʩʪ [1] ʦʮʽʥʶʻ ʚʧʣʠʚ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʬʘʢʪʦʨʘʤʠ ʫ ʜʠʩʧʝʨʩʽʶ 

ὅὠὍὊ ὠὍὊϽ , 
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ʜʝ Ὑ Ὑ Ὑ ȢȢȢὙ . 

ʗʢʱʦ ὅὠὍὊ ρπ, ʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ Ὦ-ʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ. 

7. Kleinôs rule [6]. ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʜʦʧʦʤʽʞʥʦʾ ʨʝʛʨʝʩʽʾ ʙʽʣʴʰʠʡ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ 

ʦʩʥʦʚʥʦʾ ʨʝʛʨʝʩʽʾ, ʪʦ ʥʘʷʚʥʘ ʤʫʣɹʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʡ omcdiag ʪʘ imcdiag ʥʘ ʪʘʢʦʤʫ ʧʨʠʢʣʘʜʽ (ʊʘʙʣʠʮʷ 1). 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʜʘʥʽ longley [9], ʷʢʽ ʻ ʚʙʫʜʦʚʘʥʠʤʠ ʚ R. 

ʊʘʙʣʠʮʷ 1 
 

GNP.deflator 

(X1) 

GNP 

(X2) 

Unemployed 

(X3) 

Armed.Forces 

(X4)  

Population 

(X5)  

Year  

(X6) 

Employed  

(Y) 

83.0 234.289 235.6 159.0 107.608 1947 60.323 

88.5 259.426 232.5 145.6 108.632 1948 61.122 

88.2 258.054 368.2 161.6 109.773 1949 60.171 

89.5 284.599 335.1 165.0 110.929 1950 61.187 

96.2 328.975 209.9 309.9 112.075 1951 63.221 

98.1 346.999 193.2 359.4 113.270 1952 63.639 

99.0 365.385 187.0 354.7 115.094 1953 64.989 

100.0 363.112 357.8 335.0 116.219 1954 63.761 

101.2 397.469 290.4 304.8 117.388 1955 66.019 

104.6 419.180 282.2 285.7 118.734 1956 67.857 

108.4 442.769 293.6 279.8 120.445 1957 68.169 

110.8 444.546 468.1 263.7 121.950 1958 66.513 

112.6 482.704 381.3 255.2 123.366 1959 68.655 

114.2 502.601 393.1 251.4 125.368 1960 69.564 

115.7 518.173 480.6 257.2 127.852 1961 69.331 

116.9 554.894 400.7 282.7 130.081 1962 70.551 

 

ʃʽʥʽʡʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʫ R ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ lm, ʩʠʥʪʘʢʩʠʩ ʷʢʦʾ ʻ 

ʪʘʢʠʤ: 

lm(formula, data,é), 

ʜʝ formula ï ʦʮʽʥʢʦʚʘ ʤʦʜʝʣʴ ʟʘʣʝʞʥʦʩʪʽ; data ï ʜʘʥʽ, é - ʽʥʰʽ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ 

(ʥʝʦʙʦʚôʷʟʢʦʚʽ). 

ɿʘʜʘʤʦ ʜʘʥʽ ʊʘʙʣʠʮʷ 1 ʯʝʨʝʟ ʚʝʢʪʦʨʠ Y, X1, X2, X3, X4, X5. ɼʣʷ ʬʫʥʢʮʽʾ lm ʷʢ ʧʘʨʘʤʝʪʨ 

ʚʠʙʨʘʥʘ ʣʽʥʽʡʥʘ ʤʦʜʝʣʴ ʟ ʚʽʣʴʥʠʤ ʯʣʝʥʦʤ (Y~X1+X2+X3+X4+X5). ʈʝʟʫʣʴʪʘʪʠ ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦ ʥʘ ʈʠʩ. 1. 

 
ʈʠʩ. 1 
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ɿʘ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ (Multiple R-squared) (0,9955) ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʧʨʠʙʣʠʟʥʦ 100% ʚʘʨʽʘʮʽʾ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʧʦʷʩʥʶʻʪʴʩʷ ʚʘʨʽʘʮʽʷʤʠ 

ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ, ʪʦʙʪʦ ʟʤʽʥʠ ʦʙʩʷʛʫ ʧʨʦʜʘʞ ʤʘʡʞʝ ʥʘ 100% ʧʦʷʩʥʶʶʪʴʩʷ ʟʤʽʥʘʤʠ ʯʘʩʫ, 

ʚʠʪʨʘʪ ʥʘ ʨʝʢʣʘʤʫ, ʮʽʥʠ ʪʦʚʘʨʫ, ʮʽʥʠ ʥʘ ʪʦʚʘʨ ʫ ʢʦʥʢʫʨʝʥʪʽʚ, ʽʥʜʝʢʩʫ ʩʧʦʞʠʚʯʠʭ ʚʠʪʨʘʪ. ɿʽ 

ʩʪʦʚʧʮʷ (Pr(>|t|)) ʚʠʜʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ Â, Â,  Â ʟʘ t-ʢʨʠʪʝʨʽʻʤ ʉʪʴʶʜʝʥʪʘ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʫʣʷ (ʪʦʙʪʦ ʻ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʥʘʯʫʱʠʤʠ). ɸʜʝʢʚʘʪʥʽʩʪʴ 

ʧʦʙʫʜʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ F-ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ. ɻʽʧʦʪʝʟʫ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ὴ τȟωψτϽρπ , ʪʦʙʪʦ ʤʘʡʞʝ ʟ 
ʡʤʦʚʽʨʥʽʩʪʶ 1 ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʤʦʜʝʣʴ ʻ ʘʜʝʢʚʘʪʥʦʶ ʱʦʜʦ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ (ʪʦʙʪʦ 

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʻ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʠʤ). 

ɺʨʘʭʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʘ ʩʘʤʝ ʟʥʘʯʫʱʽʩʪʴ F-

ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʥʝʟʥʘʯʫʱʽʩʪʴ t-ʩʪʘʪʠʩʪʠʢʠ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʦʜʝʣʽ ʽʩʥʫʻ 

ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ. ʇʨʦʚʝʜʝʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʬʫʥʢʮʽʾ omcdiag ʪʘ imcdiag  ʟ ʙʽʙʣʽʦʪʝʢʠ mctest.  

ʈʝʟʫʣʴʪʘʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ omcdiag (ʈʠʩ. 2) 

 
ʈʠʩ. 2 

 

ʋʩʽ ʪʝʩʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʫ ʤʦʜʝʣʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʻ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʠʤʠ ʟ ʽʥʰʠʤʠ ʚʠʢʦʨʠʩʪʘʻʤʦ ʬʫʥʢʮʽʶ 

imcdiag, ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʷʢʦʾ ʻ ʪʘʢʠʤ (ʈʠʩ. 3): 

 
ʈʠʩ. 3 

 

ʗʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʬʘʢʪʦʨʠ X1, X2 ʪʘ X5 ʻ ʢʦʣʽʥʝʘʨʥʠʤʠ ʟ ʽʥʰʠʤʠ. 

ʉʝʨʝʜ ʩʧʦʩʦʙʽʚ ʫʩʫʥʝʥʥʷ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʽ: 

Å ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ; 
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Å ʚʠʢʣʶʯʠʪʠ ʟ ʤʦʜʝʣʽ ʬʘʢʪʦʨ (ʬʘʢʪʦʨʠ), ʷʢʠʡ ʤʘʻ (ʤʘʶʪʴ) ʚʠʩʦʢʫ ʪʽʩʥʦʪʫ ʟʚôʷʟʢʫ ʟ ʽʥʰʠʤʠ 
ʬʘʢʪʦʨʘʤʠ; 

Å ʧʝʨʝʪʚʦʨʠʪʠ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽ ʟʤʽʥʥʽ ʰʣʷʭʦʤ ʧʦʜʘʥʥʷ ʾʭ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ; 

Å ʚʠʢʦʨʠʩʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʬʘʢʪʦʨʥʠʡ ʘʥʘʣʽʟ, 

ʛʨʝʙʝʥʝʚʘ ʨʝʛʨʝʩʽʷ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʫʩʫʥʝʥʥʷ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʻ 

ʚʠʣʫʯʝʥʥʷ ʟ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʥʝʟʥʘʯʫʱʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʊʦʤʫ ʚʠʢʣʶʯʠʤʦ ʟ ʨʦʟʛʣʷʜʫ ʬʘʢʪʦʨʠ 

X1, X2 ʪʘ X5 (ʜʠʚ. ʈʠʩ. 4) ʪʘ ʧʝʨʝʚʽʨʠʤʦ ʦʪʨʠʤʘʥʫ ʤʦʜʝʣʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ 

(ʜʠʚ. ʈʠʩ. 5, ʈʠʩ. 6): 

 

 
ʈʠʩ. 4 

 

 
ʈʠʩ. 5 

 

 
ʈʠʩ. 6 
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ʗʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚ ʮʽʣʦʤʫ ʨʽʚʥʷʥʥʷ ʻ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʤ, ʢʦʞʝʥ 

ʢʦʝʬʽʮʽʻʥʪ (X3, X4 ʪʘ X6) ʻ ʪʘʢʦʞ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʤ, ʜʦʩʪʘʥʴʦ ʚʠʢʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʤʥʦʞʠʥʥʦʾ ʜʝʪʝʨʤʽʥʘʮʽʾ ʽ ʚʽʜʩʫʪʥʷ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʬʫʥʢʮʽʶ confint ʜʦ ʦʙôʻʢʪʽʚ ʬʫʥʢʮʽʾ lm, ʦʪʨʠʤʫʻʤʦ ʤʝʞʽ ʥʘʜʽʡʥʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ὥ, ὥ,  ὥ (ʈʠʩ. 7). 

 

 
ʈʠʩ. 7 

 

ɸʥʘʣʽʟ ʤʝʞ ʥʘʜʽʡʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟ 

ʡʤʦʚʽʨʥʽʩʪʶ Ð ρ ɻ πȢωυ, ʟʥʘʭʦʜʷʯʠʩʴ ʫ ʚʢʘʟʘʥʠʭ ʤʝʞʘʭ, ʚʦʥʠ ʥʝ ʥʘʙʫʚʘʶʪʴ ʥʫʣʴʦʚʦʛʦ 
ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ ʚʦʥʠ ʻ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʤʠ ʪʘ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʫʣʷ (ʮʝ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽ ʧʝʨʝʚʽʨʢʦʶ ʟʘ t-ʢʨʠʪʝʨʽʻʤ ʉʪʴʶʜʝʥʪʘ). 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʤʫʣʴʢʦʣʽʥʝʘʨʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʫ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ R. ʇʘʢʝʪ mctest ʻ ʩʧʨʦʙʦʶ ʦʙôʻʜʥʘʪʠ ʨʽʟʥʽ ʢʨʠʪʝʨʽʾ 

ʚʠʟʥʘʯʝʥʥʷ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʦʩʪʽ ʚ ʻʜʠʥʝ ʮʽʣʝ. ʋ ʮʴʦʤʫ ʧʘʢʝʪʽ ʥʝ ʨʝʘʣʽʟʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʘʩʪʢʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ, ʱʦ ʻ ʩʢʣʘʜʦʚʦʶ ʟʘʛʘʣʴʥʦʛʦ ʪʝʩʪʫ 

ʌʘʨʨʘʨʘ-ɻʣʦʙʝʨʘ. ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʡ imcdiag ʪʘ omcdiag ʥʘʜʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʟʘʩʦʙʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʥʘ ʤʫʣʴʪʠʢʦʣʽʥʝʘʨʥʽʩʪʴ.  
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The combination of quantum dot-based sensors and artificial neural networks has the potential 

to enable effective environmental monitoring. This technology can be utilized to evaluate the degree 

of pollution in water sources and the atmosphere, examine patterns, and forecast future pollution 

levels. The model of nanosensor for determining atmospheric pollution based on core-shell A
2
B

6
 

quantum dots with a combination of an artificial neural network has been developed. It is shown that 

the energy spectrum of A
2
B

6
 quantum dots is sensitive to the concentration of polluting impurities 

and their type. The interaction occurs through an electric field and an elastic medium. For the 

recognition of multispectral signals (radiation of quantum dots), the architecture of an artificial neural 

network with oscillatory dynamic neurons, which perform recognition based on resonance effects, 

has been developed. 

Key word: quantum dot, deformation, electric field, neural network, sulfur dioxide 

 

Introduction  
Modern nanotechnology makes it possible to use new materials and methods in ecology and 

biology [1-3]. Among such materials, the semiconductor nanoheterostructures with quantum dots 

(QDs) should be singled out, which have a high quantum yield of photoluminescence, the energy of 

the radiated quantum that depends on the size of the crystal, and are able to retain their optical 

properties for a long time. This is what makes them extremely attractive for wide use in medicine, 

ecology, and biology [4, 5]. 

Recently, along with the traditional methods of research on the use of QDs for the diagnosis 

of pollution, treatment and drug removal, a new approach ï neural network modeling ï has been 

used. [6]. Traditional methods of environmental monitoring often rely on cumbersome equipment and 

time-consuming processes, limiting the frequency and scope of data collection. However, the 

integration of quantum dots, nanoscale semiconductor particles exhibiting quantum mechanical 

properties, into sensor platforms presents a paradigm shift in sensing capabilities. Quantum dots offer 

unique advantages such as tunable optical properties, high quantum yields, and enhanced stability, 

making them ideal candidates for detecting various environmental pollutants with exceptional 

precision. Furthermore, by harnessing the power of artificial neural networks (ANN), complex 

patterns within the collected sensor data can be effectively analyzed and interpreted in real-time. 

When coupled with quantum dot-based sensors, ANNs enable rapid and accurate identification of 

pollutant concentrations, facilitating timely intervention and mitigation efforts. 

This article explores the synergistic potential of quantum dot-based sensors and artificial 

neural networks in environmental monitoring applications. 

1. The model 

Modification of the surface of nanoparticles with various organic ligands led to the emergence 

of a new class of compounds ï hybrid nanosystems. Strictly speaking, any colloidal quantum dot is a 
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hybrid structure because it has a shell of an organic stabilizing ligand. However, when talking about 

hybrid structures, we usually mean the presence of a ñfunctionalò ligand, which is able to respond in 

a certain way to external influences, and the introduction of which into the QD shell can lead to the 

appearance of electron or energy transfer between the components of the system. Similar systems are 

mainly used as sensors and biomarkers. 

In most cases, the semiconductor nanocrystals are obtained in nonpolar or amphiphilic 

solvents, and the stabilizing shell of nanoparticles consists, as a rule, of trioctylphosphine oxide, 

alkylamines, alkanethiols, and fatty carboxylic acids. There are two main methods of further 

functionalization of quantum dots: 1) this is the method of exchanging ligands of the QD shell 

(replacement of the shell ï a monolayer of stabilizer on the surface, ñcap exchangeò) and 2) the 

method of self-assembly of the secondary covering layer (i.e. QD encapsulation). 

An important factor affecting the optical and electrical properties of QDs with a multilayer 

shell is mechanical deformation [7-9]. In addition to internal factors (the mismatch of lattice 

parameters of the contacting materials; the pressure due to surface curvature), the mechanical strain 

in QDs can arise due to the presence of adsorbed pollutant atoms on the QD surface and acoustic 

pressure. Ligands that ñenvelopò QDs also exert additional pressure. In the case of a high degree of 

pollution, the concentration of adsorbed atoms of the pollutant can change rapidly. As a result of the 

charge transfer from the impurity to the QD and vice versa, the non-stationary signals arise and sound 

vibrations are excited. 

In such conditions, despite the good sensitivity of QD, the probability of adequate operation 

of the QD-based sensors to determine the level of pollution in the air is small. 

In this case, it is relevant to use an artificial neural network with oscillatory neurons that have 

their own frequencies [10, 11]. In this case, it is possible to perform qualitative recognition of 

multispectral electromagnetic and acoustic signals radiated by dynamic objects. Dynamic neurons 

can be effectively employed in ecosystem research and pollution detection, especially concerning the 

monitoring of environmental conditions and determination of contamination levels in water bodies 

and the atmosphere. 

Dynamic neurons can analyze temporal data series, such as changes in pollution levels in 

water sources or concentrations of harmful substances in the air over time. They can detect trends, 

cyclicality, and other patterns indicative of ecosystem changes. 

Dynamic neurons can be used to forecast future pollution levels based on historical data. They 

can consider various factors such as weather conditions, geographical features, and human activities 

to refine predictions. 

Dynamic neurons can identify anomalous patterns in pollution level changes, which may 

indicate significant events or issues within the ecosystem. For instance, they can detect sudden 

increases in toxic substance levels in water bodies, potentially linked to industrial discharge or 

emergency situations. 

The utilization of dynamic neurons in ecosystem research can enhance environmental 

monitoring, facilitating timely detection of pollution and protection of natural resources. 

Quantum dots are functionalized with specific ligands or receptors that selectively bind to 

target pollutants. This functionalization ensures that the quantum dots respond specifically to the 

presence of the desired pollutants. 

Interaction with Pollutants: when exposed to the environment containing pollutants, the 

functionalized quantum dots interact with the target pollutants through chemical or physical 

processes. This interaction may induce changes in the quantum dotsô fluorescence properties, such as 

emission wavelength. 

Thus, QD, which interacts with molecules of the pollutant, is the source of a multispectral 

signal (electromagnetic and/or acoustic). The parameters of these signals (amplitude and frequency) 

are functions of the concentration and type of impurity. A three-layer perceptron containing dynamic 

oscillatory neurons is proposed for pattern recognition. Such perceptron contains an input layer, a 

hidden layer and an output. The number of neurons in the input layer is equal to the number of input 

attributes (input data about pollutants). The last layer should contain Kin dynamic neurons. Their 
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number should be equal to the number of decision classes Kin = N1N2, where N1 is the number of 

polluting impurities that can be ñecognizedò by QD, N2 is the number of discretized concentration 

intervals into which the entire range of possible concentrations of an impurity of one type is divided. 

The biggest problem in this case is the task of constructing a decision rule in conditions of 

complete a posteriori uncertainty: when there is a certain number of impurities and many sample 

values of the concentration of the polluting impurity (represented in the form of spectral signals) 

without indicating their classification, that is, neither the number of objects nor what kind of objects 

are known in advance. Therefore, the first step of the learning process ñwithout a teacherò is the 

division of data into subgroups (clusters); at the same time, objects with similar characteristics are 

combined into one group. The distance between them is chosen as a measure of similarity (or 

difference) between two observations: the distance between objects from the same group (of the same 

class) will be significantly smaller than the distance between objects from different groups. In our 

case, the distance between the frequencies and amplitudes of the signals, which completely determine 

the character of impurity and its concentration. As a criterion function, we choose the sum of squared 

errors. 

The hidden layer consists of M dynamic neurons, each of which has its own oscillation 

frequency )1(min0 -D+= jjj www , where j = 1, 2, é, m; minw is the minimum natural frequency of 

one of the oscillatory neurons; iwD  is the frequency step between adjacent natural frequencies of the 

neuron. 

N multifrequency signals are received at the input of the m-th neuron: 
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where nmX is the weighting factor; nmw is the frequency of the external n-th signal applied to the  

m-th neuron. 

Then the dynamics of such a neuron is described by a differential equation for forced 

oscillations [9]: 
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Here, bm is the parameter that describes the attenuation of the corresponding neuron. 

It is obvious that the solution of such an equation will have the form of oscillations with an 

amplitude that will have a resonant character. For sufficiently small values of the parameter bm, when 

the frequency of the external signal nmw  approaches the natural frequency of the oscillator, the 

amplitude of the corresponding component will increase sharply. This is the essence of identifying 

the relevant features of the pollutant. 

2. Interaction of quantum dots with atmospheric pollutants 

The main air pollutants (pollutants) are formed in the process of production and other human 

activities. These are sulfur dioxide (SO2), carbon monoxide (CO) and solid particles, which account 

for about 98% of the total volume of emissions of harmful substances into the atmosphere. The 

development of more sensitive and accurate sensors is essential to monitor the levels of pollutant 

gases that are causing high damage to the biosphere [12]. The basis of such sensors are QDs that 

interact with pollutant molecules through an electric and/or elastic field [13-15]. 

The spherical QD with a three-layer shell with core radius R0 and thicknesses of the i-th layer 

of the shell di = Ri ï Ri-1 (i = 1, 2, é, n), which does not interact with other QDs and interacts with 

sulfur dioxide SO2 or carbon monoxide (CO), is considered (Fig. 1). 

To determine the spatial distribution of the concentration of electron, energy electron, 

concentrations of adsorbed impurities, it is necessary to solve a system of self-consistent equations: 

1) the diffusion equation taking into account the deformation and electric fluxes  

0div =(i)
dj ,                                                                                                                            (2) 
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Fig. 1. The model of the core / multilayer shell quantum dot  

that interacts with sulfur dioxide molecules 

 

2) the Poissonôs equation for determining the electrostatic potential 
()ij  

( ))()(

0
)(

)(

~
ii

di

i nN
e

--=D
ee

j ,                                                                                                 (3) 

where )(~ ie  is the dielectric permittivity of QD materials; )(in  is the concentration of electrons; 

3) the Schrödinger equation 
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)(
 is the mismatch of the conduction bands of the materials of the core and the  

i-th shell without taking into account the deformation; ic  is the electron affinity; 
()i
ca  is the 

constants of hydrostatic deformation potential of the conduction band [15]; 

4) the equation that determines the concentration of electrons 
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where m is the chemical potential; 

5) the stationary equation of mechanical equilibrium for a spherically symmetric system 

( ) 0)ŭ(ȹ
1

ȹ )(

2)()(

)( =+- i
d

i
ddi

l
i

i Nr
c

qq
r

e ,                                                                                  (6) 

where dq  is the deformation potential created by a adsorbed impurities (depending on the type of 

impurity it can be positive or negative); 
()ir  and 

()i
lc  are the density and the sound speed of 

longitudinal acoustic waves in the i-th material of the nanosystem, respectively. 
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The mechanical deformation is created by: 1) adsorbed impurities in the QD surface, 2) the 

mismatch of lattice parameters of the contacting materials of QD. The interaction of QD with 

adsorbed impurities leads to the occurrence of additional pressure on its surface: 

31
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= ,                                                                                                       (7) 

where ns, SA and p are the surface concentration of adsorbed impurities, the effective cross section 

and the dipole moment of the adsorbed impurities, respectively; E is the intensity of the non-uniform 

electric field arising as a result of charge redistribution in QDs. 

The system of equations (2) ï (6) must satisfy the boundary conditions:  
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where ()i
rrs  is the mechanical strain; ( )3

1
3)()( 4 --Ö=D ii

ii RRfV p  is the change in QD volume in the 

vicinity of corresponding heteroboundary due to the mismatch of lattice parameters 
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The energy spectrum nlE  and wave functions of electron in the investigated system are found 

from the solution of the Schrödinger equation with corresponding continuity conditions of wave 

functions and probability flux densities at heteroboundaries: 
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The system of equations (2) ï (9) was solved by the method of successive approximations.  

Then the width of optical gap of the QD with j-impurity depends on the surface concentration 

of adsorbed impurities and is determined by the formula: 
() () () )()()(10 s
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()() ()()s
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s

j
c nEnE uDD ,  are the shift of the bottom of conduction band and the tops of the valence 

band. 
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The dependence of the shift of the bottom of conduction band in the  

CdSe-core / ZnS-shell QD on the surface concentration of adsorbed impurities SO2 (curve 1) and CO 

(curve 2) is presented in Fig. 2. 

   
Fig 2. The dependence of the shift of the bottom of conduction band in the CdSe-core / ZnS-shell QD 

on the surface concentration of adsorbed impurities: SO2 (curve 1) and CO (curve 2) 

at different the core radii of the QD:  R0 = 2 nm (a);  R0 = 6 nm (b) 

 
Obviously, the parameter E10 defines the frequency of the signal that needs to be identified to 

determine contamination. 

Fig. 3 shows the results of modeling in the presence of two types of pollutants at different 

moments in time (in relative units). Fig. 3a shows the dependence of the frequency of the 

electromagnetic wave which is radiated by the QD interacting with an impurity of the j-th pollutant. 

Fig. 3b presents the results of recognition of the type of impurity in the air and its concentration. 

16 input-output pairs (elements) were selected for neural network learning. During the check, 

2 elements were selected that were successfully recognized. 

 

 
 

Fig. 3. Time dependences of the frequency of the input signal (of the electromagnetic wave 

radiated by the QD) and the concentration of the air pollutant 

 

 

Conclusions. 

1. The model of nanosensor for determining atmospheric pollution based on core-shell A
2
B

6
 

quantum dots with a combination of an artificial neural network has been developed. This model uses 

an artificial neural network to process the received data. 

2. It is shown that the energy spectrum of A
2
B

6
 quantum dots is sensitive to the concentration 

of polluting impurities and their type. The interaction occurs through an electric field (in most cases 

as a dipole-dipole interaction) and an elastic medium: adsorbed impurities, being attracted to a 

quantum dot, create a pressure that depends on their type and concentration. 
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3. For the recognition of multispectral signals (radiation of quantum dots), the architecture of 

an artificial neural network with oscillatory dynamic neurons, which perform recognition based on 

resonance effects, has been developed. 
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Abstract. The article describes the process of developing a software system based on the use 

of modern information technologies that allows to quickly collect, process, analyse the results of 

observations of the state of atmospheric air and visualise data on its pollution. 

Keywords: atmosphere, observation, website, pollution, scalable system. 

 

Introduction  

Air pollution is both natural and anthropogenic. Atmospheric air is polluted with various 

gases, suspended fine particles, and liquid substances that adversely affect living beings, worsening 

their living conditions. Humans cannot influence natural air pollution, but they can and should 

regulate the level and nature of pollution caused by their activities. The state of the air environment is 

of particular importance for the normal functioning of the human body and maintaining health. The 

air basin, despite its large size, is constantly exposed to significant destructive effects that cause 

changes in its composition both in certain areas and throughout the planet, regardless of whether this 

effect was caused by humans or nature itself. As a result of human activity, the amount of carbon 

dioxide in the atmosphere is constantly increasing (over the past 100 years, we have seen an increase 

from 0.004% to 0.032%). Emissions from industrial enterprises and motor vehicles release several 

hundred and sometimes thousands of tonnes of various harmful substances into the atmosphere every 

year. The level of air pollution depends on several factors: the quantitative and qualitative 

composition of industrial emissions, their frequency, the conditions of the gas-air mixture leaving the 

emission source, climatic conditions, the number of vehicles, the intensity of their movement, etc. 

We cannot ignore the damage that humanity has already caused to nature, such as global 

warming or the destruction of the biosphere. We must constantly monitor the environment in order to 

detect negative changes in the state of the natural environment promptly and develop 

recommendations to eliminate or mitigate them. Today, we have good technologies to collect the 

necessary information to analyse and prevent problems related to environmental pollution. But to 

properly respond to cases of detected pollution, we also need to be able to analyse the data collected 

correctly.  

Atmospheric observation is the monitoring of the composition and properties of atmospheric 

air, as well as its changes as a result of the intake or formation of physical, biological factors and/or 

chemical compounds that may adversely affect human health and the environment. 

Air monitoring in our country is carried out in accordance with the Law of Ukraine ñOn 

Protection of Atmospheric Airò. It is carried out to obtain, collect, process, store, and analyse 

information on pollutant emissions and the level of air pollution, assess and forecast its changes and 

the degree of danger, and develop scientifically based recommendations for decision-making in the 

field of air protection.  

During air monitoring, the following substances are measured: carbon monoxide, 

hydrocarbons, nitrogen oxides, sulfur oxides, ammonia, ozone, suspended solids, carbon dioxide, as 

well as temperature and humidity, and the level of hazardous physical impacts. 

For air protection measures to be effective, information must be accurate and complete. 

Completeness of information is ensured by the rational location of the network of monitoring 

stations, a sufficient number of monitored areas, and long-term observations; information is accurate 

due to the strict adherence to the technologies for measuring various indicators that characterise the 

state of the air. 



 

 

47 
 

In this paper, we will share our experience of creating a scalable system for monitoring the 

state of the atmosphere and air pollution with data output to an online website using such information 

technologies as ASP.Net, C#, Linq, PostgreSQL, PGSQL, Views, Javascript/Typescript, Vue, 

VuePrime.  

Let's start with the formation of system requirements.  

The system should be: 

ǒ  easy to use;  

ǒ  easily expandable; 

ǒ  interactive, i.e. with dynamic graphs; 

ǒ  contain the latest data, with a permissible delay of 2 minutes; 

ǒ  run on different operating systems; 

ǒ  have a web interface; 

ǒ  be divided into components; 

ǒ  C#/TypeScrip.t programming language should be used. 

Developing the logical structure of the system 
To build a system for monitoring the state of the atmosphere, let's take the SaveEcoBot 

service as a basis. It provides a large amount of data, but its problem is that this data is difficult to 

extract, process and analyse. This service stores data for no more than 2 minutes, which means that if 

a user wants to see the data for the previous month, they will not be able to do so ï  the service 

ñforgetsò it. 

SaveEcoBot provides data in JSON format: 

{  

StationId: string, 

Pollutants: [] 

}  

To solve the problem of SaveEcoBot's ñmemoryò, we have developed a mechanism that runs 

every minute and a half, downloads data from this service, compares it with the data in the database, 

and if it does not find any data, adds it.  

AWS Lambda was chosen as the platform for launching the SaveEcoBot service in 

conjunction with AWS CloudWatch and EventBridge. 

The service logic is shown in the diagram (Fig. 1). 

We have the following point services: 

ǒ  data collection sensors; 

ǒ  temporary storage bank; 

ǒ  fence services; 

ǒ  processing service; 

ǒ  database; 

ǒ  API service for data uploading; 

ǒ  website. 

Let us consider these components of the service in more detail. 

Data collection sensors 

Each sensor records the following data: 

ǒ air pollution by PM 2.5 particles 

ǒ  air pollution by PM 10 particles; 

ǒ  temperature 

ǒ  pressure 

ǒ  humidity. 

Sensors are characterised by properties that do not change over time: 

ǒ  name of the settlement where the sensor is installed; 

ǒ  latitude 

ǒ  longitude 

ǒ  unique identification number; 
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ǒ  time zone. 

With these unique values, we can identify each sensor and link the data to the time it was 

collected. These sensors have a significant drawback: due to their low cost, they have a very small 

memory capacity, which means they can store data for only two minutes. 

 
Fig. 1. Diagram of the logical structure of the system 

Temporary storage bank 

This is a service that receives data as soon as it is read by the sensor in binary form. The 

sensor takes a reading, for example, of the temperature and immediately transmits it to this bank to 

free up its memory for storing the next batch of readings.  

All data that is aggregated in this temporary storage is not processed in any way and is stored 

with a time stamp and the identifier of the sensor that collected it.  

Data acquisition service 

This service collects data and converts it into an understandable format, in our case, CSV.  

Processing service 

The main service through which all the data passes and is already aggregated into the 

database. 

REST API service 

The backend of our system, through this point the user communicates with the database that 

stores the aggregated data. It is the backend that analyses the user's request and provides the relevant 

data. For example, the user wants to get the data of indicators for 20 April 2023 in the city of Lviv. 

The backend has to generate a corresponding query to the database and translate the response into 

REST format. 

The service can also provide a list of all sensors registered in the system and a HeatMap of the 

territory's pollution at the user's request. 

Website 
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Here, the user can receive and analyse the data he needs from any station for any period. It is 

through this interface that the user interacts with the system. Let's look at the main features of the 

interface. 

1. Map (Fig. 2). 

 
 

Fig. 2. Map with a selection of all sensors 

 

Here, it is possible to see all the sensor stations registered in the system and select any of 

them to request data. 

2. HeatMap (Fig. 3). 

 
 

Fig. 3. Pollution map 

 

This map shows the pollution of a region. The redder the region, the more polluted it is. For 

example, the central part of Ukraine has less pollution compared to the industrial centre of Donetsk. 

3. Station and time period selection (Fig. 4). 

4.  



 

 

50 
 

 
 

Fig. 4. Station and time period selection 

 

Here we can select the station we need and the time period for downloading the data. 

5. Graphs (Fig. 5-6). 

 
 

Fig. 5. Graph showing the presence of PM2.5 and PM10 particles in the air 

 
Fig. 6. Temperature and humidity graphs 

 

Visual representation of time series with indicators of air pollution, temperature and humidity. 

6. Download indicators for further analysis (Fig. 7). 

7.  
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Fig. 7. Obtaining indicators for a specific station 

 

Ability to download sensor readings in a convenient format for reading them using Excel and 

Word. 

Methods of data collection and storage in the system 
The easiest way to write data to a file is to separate the values with some kind of separator. It 

can be a space, a newline character, a tab, etc. The most commonly used is the comma character. 

The format where value fields are separated by commas is called CSV, Comma Separated 

Values. This is the most common format for saving tabular data in a text file. 

CSV allows you to write not only a list of values but also to arrange them in a simple table, 

where each row of the table starts on a new line. The first line can contain the column headings of the 

table. In the CSV format, an unequal number of data fields (table cells) in each record (row) is 

considered an error, and such a file is not processed. Data fields can be separated by double quotation 

marks (") to include a comma or a newline character that are not delimiters. 

The CSV format is the de facto standard for recording tabular data. Indeed, almost all 

spreadsheets and databases import and export data in this format. It is equally important that only the 

data itself can be saved in CSV format ï no formulas, no macros, which are not data but methods of 

processing it and which incorporate spreadsheet files. 

An example of data in CSV format is shown in Fig. 8. 

 

 
 

Fig. 8. Example of data in CSV format 

 

After the service processes this data, it is transferred to the database, where it is stored in SQL 

format (Fig. 9). 
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Fig. 9. Example of data in SQL format 

 

Designing a REST API for system interaction 
The OpenAPI specification, originally known as Swagger, is a specification of machine-

readable interface files for describing, creating, using, and visualising REST web services. Various 

tools can generate code, documentation, and tests from an interface file. The Open API Initiative, a 

project of the Linux Foundation, oversees the development of the OpenAPI (OAS) specification. 

Applications developed with OpenAPI interface files can automatically generate 

documentation of methods, parameters, and models. It helps to synchronise documentation, client 

development libraries, and application code. 

The REST API of the system is divided into two controllers: 

ǒ  Location: 

1.  GET ï a request that returns a specific station; 

2.  GET /List ï a request that returns a list of all stations; 

3.  GET /HeatMap ï a request that returns data for generating a HeatMap. 

ǒ Measurement: 

1. GET ï is a query that returns all the measurements for a particular station for a certain 

period; 

2. GET /Type ï a query that returns the readings for a specific station, but by type, for example, 

only temperature or pressure. It was made to parallelise the work with the database to speed 

up the operation of the entire system. 

The generated interactive documentation looks like the one shown in Fig. 10. 

 

 
Fig. 10.  Interactive documentation 
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An example of an OpenAPI specification is shown in Fig. 11. 

 

{  

  "openapi": "3.0.1", 

  "info": {  

    "title": "My API" , 

    "version": "v1" 

  },  

  "paths": { 

    "/Location": { 

      "get": { 

        "tags": [ 

          "Location" 

        ], 

        "parameters": [ 

          {  

            "name": "locationId", 

            "in": "query", 

            "required": true, 

            "schema": { 

              "type": "string" 

            }  

          }  

        ], 

        "responses": { 

          "200": { 

            "description": "Success", 

            "content": { 

              "text/plain": { 

                "schema": {  

                  "$ref": "#/components/schemas/LocationViewModel" 

                }  

              },  

              "application/json": { 

                "schema": { 

                  "$ref": "#/components/schemas/LocationViewModel" 

                }  

              },  

              "text/json": { 

                "schema": { 

                  "$ref": "#/components/schemas/LocationViewModel" 

                }  

              }  

            }  

          }  

  ... 

 

Fig. 11. OpenAPI specification 

 

REST (Representational State Transfer) is an approach to the architecture of network 

protocols that provide access to information resources. It was described and popularised in 2000 by 

Roy Fielding, one of the creators of the HTTP protocol. REST is based on the principles of the World 
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Wide Web and, in particular, the capabilities of HTTP. Fielding developed REST in parallel with 

HTTP 1.1, based on the previous HTTP 1.0 protocol. 

Data should be transmitted in a small number of standard formats (e.g. HTML, XML, JSON). 

Any REST protocol (including HTTP) should support caching, should not depend on the network 

layer, and should not store state information between request-response pairs. It is argued that this 

approach ensures the scalability of the system and allows it to evolve in accordance with new 

requirements. 

The system we have created uses REST technology to communicate with the client. 

Database design 
We use the PostgreSQL database to store information. In Fig. 12 is a diagram of the Location 

database. 

 

 
 

Fig. 12. Scheme of the Location database 

 

The Location database stores basic data in the following tables: 

ǒ  LocationHumidity (Fig. 13) ï humidity indicators; 

ǒ  LocationPM10 (Fig. 14) ï indicators of PM10 pollution; 

ǒ  LocationPM25 (Fig. 15) ï indicators of PM2.5 pollution; 

ǒ  LocationPressure (Fig. 16) ï pressure indicators; 

ǒ  LocationTemperature (Fig. 17) ï temperature indicators. 

 

 
 

Fig. 13. Table with humidity indicators 
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Fig. 14. Table with indicators of PM10 particle pollution 

 

 
 

Fig. 15. Sign with PM25 particle pollution indicators 

 

 
 

Fig. 16. Table with pressure indicators 

 

 
 

Fig. 17. Table with temperature indicators 

 

We also use two additional tables for statistics and analysis of the amount of data: 

ǒ  BatchInfo ï contains a list of all data occurrences in the database; 

ǒ  LocationStatistic ï contains the extremes of each display for each location. 

Creating a service for data collection 
This service is implemented as an AWS Lambda function that runs every two minutes. It 

collects information, analyses it, and transfers it to the database. 

The components of this service are as follows: 

1.  Measurements.Lambda.FetchData.Function.FunctionHandler. 

The entry point to the application, the sensor ID is passed to it, then this service downloads 

the data in CSV format and formats it into an understandable format, removes duplicate and damaged 

data. 
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2.  Measurements.Lambda.FetchData.Function.DoWork. 

This method receives data that needs to be entered into the database. 

The system's extensibility lies in the fact that there are as many such services as there are 

sensors, thus maximising system performance and allowing users to see the latest data. 

Every minute, one such service passes through approximately 2 Megabytes of data. 

Creating a REST API service 

The ASP.NET Core framework was chosen for the API. 

ASP.NET Core is a new, robust, and feature-rich framework that provides features for 

developing ultra-fast APIs for web applications. 

The ASP.NET Core framework provides built-in support for dependency injection, which 

means you no longer need to rely on third-party frameworks. 

Dependency Injection is essentially a template that helps developers separate different parts of 

applications. Before the release of ASP.NET Core, the only way to achieve dependency injection in 

an application was to use the Ninject and AutoFactor frameworks. In ASP.NET Core, dependency 

injection is treated as a first-class object. This means that developers are no longer limited in the 

choice of web applications and they can use new libraries in more event-oriented applications, such 

as AWS Lambda or Azure Functions. 

In general, the introduction of dependencies in the ASP.NET Core framework improves the 

testing capabilities and extensibility of web applications. 

To simplify the work, the entire API service was divided into the following components: 

¶  Measurements.Dal; 

¶  Measurements.Bll; 

¶  Measurements; 

¶  Measurements.Utilities. 

Measurements.Dal 

Dal ï Data Access Layer, a module for working with the database. It implements access and 

work with the database. For example, extracting information about the temperature. This software 

layer connects data from the database with controller views (Fig. 18). 

 

 
 

Fig.18. Schematic presentation of the DAL operation 

 

Measurements.Bll 

Bll ï Business Logic Layer, a module that acts as a manager in the API. It is this layer that 

receives the command ñgive data for 19.07.2021ò and, using the methods implemented in Dal, 

imposes additional logic, such as input validation, and provides the necessary data to the user. 

Fig. 19 illustrates the scheme of interaction between the Bll layer and other layers of the 

application. 
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Fig. 19. Scheme of interaction of the Bll layer with other layers of the application 

 

Measurements 

The project that gathers all the layers into one and makes them work is the entry and exit 

point to the application. In this project, all controllers are implemented in accordance with the REST 

OpenAPI specification. 

Measurements.Utilities 

Auxiliary functions and classes that were used in the project. For example, a response 

generator for AWS Lambda functions, middleware used in ASP.NET Core, etc. 

Website development 
To create the website, we chose the TypeScript language with the VUE JS framework and the 

PrimeVue component library. All these platforms are built by the npm package manager using the 

ñnpm run buildò command. When the project is ready for use, it needs to be compiled into a single 

file. This file must be moved to the server. The created file does not need to be run and is a static 

index.html file to which js bundles are linked. 

Vue.js allows you to control properties before they are passed to components. You can check 

the type, require properties to be defined, set defaults, and perform custom checks. 

We used type-checking to make sure that the right type of data was being passed to the 

component. This will be especially useful if we forget to use dynamic syntax to pass non-standard 

values. It was because of such checks that we decided to use TypeScript. 

The entire front-end application consists of the view shown in Fig. 20. 

 

 
 

Fig. 20. Description of the front-end application view 
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The user interacts with the system through this view. 

Just as the backend project is divided, the frontend project is also divided. Its main 

components are as follows: 

1. Charts.vue; 

2. LocationMap.vue; 

3. Vue2LeafletHeatmap.vue; 

4. Home.vue. 

Let's consider the functions of these components. 

Charts.vue 

A component that builds graphs of air pressure, temperature, pollution, and humidity. It 

allows you to visually analyse the data coming from the backend. The graphs are created using 

Canvas technology, which is best suited for this task because it allows us to manage the elements we 

want to display as if they were objects in 2D space, rather than HTML markup elements. 

LocationMap.vue 

A component that displays a map and clearly shows all the detectors on this map. So, if the 

user does not know the sensor ID, but knows its approximate location, he can find his coordinates on 

the map and select the sensor he needs.  

To draw the map, we used an open-source analog of Google maps called OpenStreet 

DataMap. 

Vue2LeafletHeatmap.vue 

The component that overlays the HeatMap on the map. This way the user can see which 

regions are the most polluted.  

Home.vue 

The view component connects all the previous components on one page and arranges them in 

the correct order, which is most convenient for the user. This component is also used to communicate 

with the backend and transfer data from the backend to the previous components. 

Auxiliary components that are not visible on the user interface: ApiClient.ts and FileSaver.js. 

ApiClient.ts 

A service that implements communication between the frontend and the backend. As 

arguments, it can use, for example, the date and station ID, as well as return data that came from the 

backend. 

FileSaver.js 

A service that implements communication between the frontend and the backend. It can 

accept, for example, the date and station ID as arguments, and return the data that came from the 

backend. 

Setting up CI/CD 

For any system, there comes a time when it is made available to end users. To reduce the 

waiting time for updates and the system's inoperability while updates are applied, it was decided to 

make a CI/CD for this system. 

GitHub Actions was chosen as the basis. This is a service that is integrated into the git SCM 

when using the GitHub service. It can respond to various triggers, such as a commit or file upload to 

this service. Thanks to this feature, we can make quite flexible CI/CD systems. 

The CI/CD of the created system was divided into three parts, which correspond to each 

independent component of the system: 

ǒ  deploy-fetch-data.yml; 

ǒ  deploy-webapi.yml; 

ǒ  deploy-webui.yml. 

These files are the triggers for starting CI/CD, and they describe the algorithm for collecting 

and delivering components.  

deploy-fetch-data.yml 
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A file that describes the algorithm for collecting and deploying a service to collect data from 

the saveEcoBot service. It creates an AWS Lambda function for each of the sensors to collect data 

from it. 

deploy-webapi.yml 

A file that describes the logic of building and deploying the backend. During this process, we 

build our API written in C# and upload the resulting files to the server via ssh. After that, we run it on 

a separate port to make it publicly available. 

deploy-webui.yml 

Judging by the name, you can understand that the logic for building the user interface is 

described here. Similar to the backend, the frontend is built using npm and uploaded to the server as 

an index.html file. After that, it can be accessed through a reverse proxy in the form of nginx. 

Thus, several goals were achieved by using CI/CD: 

ǒ  reduced system downtime; 

ǒ  faster delivery of updates; 

ǒ  the update process is automated, the developer does not have to do it all manually; 

ǒ  the user is less likely to encounter a bug that has already been fixed. 
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Abstract. Bees play a crucial role in maintaining ecosystem sustainability by contributing to 

the preservation of natural landscapes and ensuring ecological balance. Beekeeping is a common and 

traditional sector of agriculture where Internet of Things (IoT) based solutions and machine learning 

approaches can significantly facilitate and enhance apiary management. This paper proposes an IoT-

based intelligent bee apiary monitoring system. The primary focus of the research was on utilizing 

artificial intelligence methods to detect various pests within the apiary. The developed methods and 

obtained results were tested under real beekeeping conditions. Their application not only aids in pest 

detection but also improves overall bee colony management. This opens up possibilities for 

increasing hive productivity and reducing the impact of pests on bee health and apiary quality. 

Keywords: monitoring system, honey bees, apiary, Varroa destructor, Internet of things, IoT, 

machine learning. 

 

ɸʥʦʪʘʮʽʷ. ɹʜʞʦʣʠ ʻ ʚʘʞʣʠʚʦʶ ʣʘʥʢʦʶ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʝʢʦʩʠʩʪʝʤ. ɺʦʥʠ 

ʩʧʨʠʷʶʪʴ ʟʙʝʨʝʞʝʥʥʶ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʽ ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʫ 

ʨʽʚʥʦʚʘʛʫ. ɹʜʞʽʣʴʥʠʮʪʚʦ ʻ ʦʜʥʽʻʶ ʟ ʧʦʰʠʨʝʥʠʭ ʽ ʪʨʘʜʠʮʽʡʥʠʭ ʛʘʣʫʟʝʡ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ, ʜʝ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʽ ʧʽʜʭʦʜʠ ʜʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʦʣʝʛʰʠʪʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʫʧʨʘʚʣʽʥʥʷ ʧʘʩʽʢʘʤʠ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʙʜʞʦʣʠʥʦʾ ʧʘʩʽʢʠ ʥʘ ʦʩʥʦʚʽ IoT. ʆʩʥʦʚʥʠʡ ʘʢʮʝʥʪ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʰʢʽʜʥʠʢʽʚ ʥʘ ʧʘʩʽʮʽ. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʪʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʙʜʞʽʣʴʥʠʮʪʚʘ. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʧʦʣʝʛʰʫʻ ʚʠʷʚʣʝʥʥʷ 

ʰʢʽʜʥʠʢʽʚ, ʘʣʝ ʽ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʟʘʛʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʙʜʞʦʣʠʥʠʤʠ ʢʦʣʦʥʽʷʤʠ. ʎʝ 

ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʫʣʠʢʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʰʢʽʜʥʠʢʽʚ 

ʥʘ ʟʜʦʨʦʚ'ʷ ʙʜʞʽʣ ʪʘ ʷʢʽʩʪʴ ʧʘʩʽʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ, ʤʝʜʦʥʦʩʥʽ ʙʜʞʦʣʠ, ʧʘʩʽʢʘ, Varroa destructor, 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ. 

 

ʄʝʜʦʥʦʩʥʽ ʙʜʞʦʣʠ ʻ ʚʘʞʣʠʚʠʤ ʟʘʧʠʣʶʚʘʯʝʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʪʘ 

ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʛʣʦʙʘʣʴʥʽʡ ʝʢʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ. ɿʘʨʘʟ ʮʽ ʟʘʧʠʣʶʚʘʯʽ ʚʩʝ ʯʘʩʪʽʰʝ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʟʘʛʨʦʟʦʶ ʟʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʾʭ ʧʨʠʨʦʜʥʠʭ ʭʠʞʘʢʽʚ, ʟʤʽʥʫ ʢʣʽʤʘʪʫ ʪʘ ʥʦʚʽ 

ʟʘʛʨʦʟʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʘʩʦʚʦʛʦ ʟʥʠʢʥʝʥʥʷ ʙʜʞʦʣʠʥʠʭ ʢʦʣʦʥʽʡ. ɿʘʛʘʣʦʤ ʧʦʧʫʣʷʮʽʷ ʙʜʞʽʣ ʫ 

ʚʩʴʦʤʫ ʩʚʽʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 2007 ʨʦʢʫ. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʦʨʦʩʣʠʭ 

ʨʦʙʦʯʠʭ ʙʜʞʽʣ ʻ ʚʘʨʦʦʟ, ʧʘʨʘʟʠʪʘʨʥʝ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʩʧʨʠʯʠʥʝʥʝ ʢʣʽʱʝʤ Varroa destructor (V. 

destructor) [1]. ʎʝ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʽʚ ʘʢʪʠʚʥʦʩʪʽ ʙʜʞʽʣ, ʱʦʙ 

ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʢʣʽʱʽ V.destructor ʙʫʜʫʪʴ ʚʠʷʚʣʝʥʽ ʜʦ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʧʦʰʠʨʷʪʴʩʷ ʥʘ ʫʚʝʩʴ 

ʚʫʣʠʢ. ɸʜʞʝ ʮʝ ʟʘʭʚʦʨʶʚʘʥʥʷ ʤʦʞʥʘ ʰʚʠʜʢʦ ʟʥʠʱʠʪʠ ʟ ʚʫʣʠʢʽʚ ʧʽʩʣʷ ʡʦʛʦ ʚʠʷʚʣʝʥʥʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ɯʦʊ (ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ) ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʙʝʟʣʽʯ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʽʰʝʥʴ ʧʦʜʦʣʘʥʥʷ ʜʝʷʢʠʭ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. 

ʆʩʢʽʣʴʢʠ ʟʙʝʨʝʞʝʥʥʷ ʟʜʦʨʦʚôʷ ʪʘ ʧʦʧʫʣʷʮʽʾ ʙʜʞʽʣ ʥʝ ʻ ʚʠʢʣʶʯʝʥʥʷʤ, ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ʻ ʯʫʜʦʚʠʤ 
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ʨʽʰʝʥʥʷʤ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʧʘʩʽʯʥʠʢʘʤ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʨʷʪʫʚʘʪʠ ʩʚʦʾ ʙʜʞʦʣʠʥʽ ʩʽʤôʾ. 

ʊʝʭʥʦʣʦʛʽʾ ɯʦʊ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʦʜʥʦʯʘʩʥʦ ʫ ʢʽʣʴʢʦʭ ʥʘʧʨʷʤʢʘʭ: 

- ʟʙʽʨ ʪʦʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʝʨʝʜʙʘʯʝʥʥʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ; 

- ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʥʪʨʦʣʴ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʚʫʣʠʢʘ; 

- ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʟʙʠʨʘʥʥʷ ʤʝʜʫ. 

ʊʦʯʥʽ ʜʘʥʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʟʽʙʨʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, 

ʩʧʨʦʤʦʞʥʽ ʜʦʧʦʤʦʛʪʠ ʙʜʞʦʣʷʨʘʤ ʧʦʙʫʜʫʚʘʪʠ ʙʽʣʴʰ ʪʦʯʥʝ ʨʦʟʫʤʽʥʥʷ ʧʦʚʝʜʽʥʢʠ ʙʜʞʽʣ ʫ ʾʭʥʽʭ 

ʢʦʣʦʥʽʷʭ. ʊʝʭʥʦʣʦʛʽʾ IoT ʪʘʢʦʞ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʤʽʢʨʦʢʣʽʤʘʪʫ, ʜʝ 

ʧʽʜʢʣʶʯʝʥʽ ʜʘʚʘʯʽ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʚʦʣʦʛʽʩʪʴ, ʘ ʪʘʢʦʞ ʜʘʥʽ ʧʨʦ ʽʥʰʽ 

ʢʣʽʤʘʪʠʯʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʤʦʞʥʘ ʟʙʠʨʘʪʠ ʪʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɼʘʚʘʯʽ, 

ʨʦʟʤʽʱʝʥʽ ʫ ʚʫʣʠʢʘʭ, ʢʦʥʪʨʦʣʶʶʪʴ ʚʦʣʦʛʽʩʪʴ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘ ʜʚʦʤʘ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʟʜʦʨʦʚôʷ ʙʜʞʽʣ. ʂʦʣʠ ʚʦʣʦʛʽʩʪʴ ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʤʽʥʶʻʪʴʩʷ ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʩʪʘʥʫ, ʙʜʞʦʣʷʨʽ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʥʝʛʘʡʥʝ ʩʧʦʚʽʱʝʥʥʷ, ʘ ʟʚʽʜʪʠ 

ʤʦʞʫʪʴ ʥʘʜʽʩʣʘʪʠ ʜʠʩʪʘʥʮʽʡʥʫ ʢʦʤʘʥʜʫ, ʱʦʙ ʚʥʝʩʪʠ ʥʘʣʝʞʥʽ ʟʤʽʥʠ ʜʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚʫʣʠʢʘ. 

ʂʨʠʭʽʪʥʽ ʤʽʢʨʦʬʦʥʠ, ʷʢʽ ʽʤʧʣʘʥʪʦʚʘʥʽ ʫ ʚʫʣʠʢ, ʤʦʞʫʪʴ ʟʙʠʨʘʪʠ ʘʫʜʽʦʜʘʥʽ ʧʨʦ ʧʦʚʩʷʢʜʝʥʥʫ 

ʧʦʚʝʜʽʥʢʫ ʙʜʞʽʣ, ʢʨʽʤ ʪʦʛʦ ʢʦʞʝʥ ʨʫʭ ʦʢʨʝʤʦʾ ʙʜʞʦʣʠ ʧʝʚʥʦʶ ʤʽʨʦʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʙʨʘʮʽʾ ʚ 

ʧʦʚʽʪʨʽ ʘʙʦ ʥʘ ʧʦʚʝʨʭʥʽ. ɿ ʦʪʨʠʤʘʥʠʭ ʟʚʫʢʦʚʠʭ ʯʘʩʪʦʪ ʪʘ ʚʽʙʨʘʮʽʡ, ʷʢʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʥʦʨʤʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʙʜʞʽʣ, ʤʦʞʥʘ ʚʠʷʚʠʪʠ [2]:  

- ʭʚʦʨʠʡ ʚʫʣʠʢ ʽ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʟʘʭʚʦʨʶʚʘʥʥʷ; 

- ʢʦʣʠ ʫ ʚʫʣʠʢʫ ʻ ʜʚʽ ʯʠ ʙʽʣʴʰʝ ʙʜʞʦʣʠʥʠʭ ʤʘʪʦʢ ʘʙʦ ʞ ʢʦʣʠ ʫ ʚʫʣʠʢʫ ʾʭ ʥʝʤʘʻ; 

- ʢʦʣʠ ʙʜʞʦʣʠ ʚʽʜʯʫʚʘʶʪʴ ʥʝʙʝʟʧʝʢʫ ʪʘ ʟʘʭʠʱʘʶʪʴ ʚʫʣʠʢ; 

- ʧʝʨʝʙʽʛ ʟʠʤʫʚʘʥʥʷ; 

ʅʘ ʜʘʥʠʡ ʯʘʩ, ʽʩʥʫʻ ʪʘʢʦʞ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, ʟʜʝʙʽʣʴʰʦʛʦ ʨʦʟʫʤʥʠʭ ʚʘʛ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ. ʇʘʩʽʯʥʠʢʫ ʥʝ ʧʦʪʨʽʙʥʦ ʟʘʡʚʠʡ ʨʘʟ ʪʫʨʙʫʚʘʪʠ ʙʜʞʽʣ ʪʘ 

ʧʝʨʝʚʽʨʷʪʠ ʩʦʪʠ, ʝʣʝʢʪʨʦʥʥʽ ʚʘʛʠ, ʜʦʧʦʤʘʛʘʶʪʴ ʽʟ ʮʽʻʶ ʟʘʜʘʯʝʶ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʻ ʤʘʣʦ ʛʦʪʦʚʠʭ 

ʩʪʘʥʜʘʨʪʥʠʭ ʨʽʰʝʥʴ ʚ ʨʦʟʨʽʟʽ ɯʦʊ, ʜʝ ʟʘʜʽʷʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʘʚʘʯʽ, ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ [3]. ɺ ʙʽʣʴʰʦʩʪʽ ʮʽ ʨʽʰʝʥʥʷ ʻ ʣʦʢʘʣʴʥʠʤʠ ʥʘ ʨʠʥʢʫ ʩʚʦʻʾ ʢʨʘʾʥʠ.  

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ) ʫ ʩʠʥʝʨʛʽʾ ʟ ɯʥʪʝʨʥʝʪʦʤ ʨʝʯʝʡ ʤʘʻ ʧʦʪʝʥʮʽʘʣ, ʱʦʙ ʙʫʪʠ ʜʫʞʝ 

ʢʦʨʠʩʥʠʤ ʫ ʤʦʥʽʪʦʨʠʥʛʫ ʟʜʦʨʦʚôʷ ʚʫʣʠʢʽʚ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʰʢʽʜʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ ʢʣʽʱʽ Varroa, ʽ 

ʜʦʧʦʤʘʛʘʪʠ ʙʜʞʦʣʷʨʘʤ ʝʬʝʢʪʠʚʥʽʰʝ ʢʝʨʫʚʘʪʠ ʩʚʦʾʤʠ ʧʘʩʽʢʘʤʠ [4]. ɺʨʘʭʦʚʫʶʯʠ ʩʧʝʮʠʬʽʢʫ 

ʙʜʞʽʣʴʥʠʮʪʚʘ, ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʧʘʩʽʢʠ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʠʤ ʚʠʤʦʛʘʤ ʪʘ 

ʢʨʠʪʝʨʽʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʫʩʧʽʰʥʦʾ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʚ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʦʢʨʝʤʦʛʦ ʚʫʣʠʢʘ ʪʘ ʦʪʨʠʤʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʩʠʩʪʝʤʘʪʠʯʥʦ ʟʙʠʨʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʭʽʜʥʽ ʜʘʥʽ, ʷʢʽ 

ʥʘʡʙʽʣʴʰʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʘʢʪʫʘʣʴʥʠʡ ʩʪʘʥ ʧʘʩʽʢʠ. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʨʠ ʟʙʦʨʽ ʜʘʥʠʭ, ʚʢʣʶʯʘʶʪʴ [5]: 

- ʊʝʤʧʝʨʘʪʫʨʘ ʫ ʚʫʣʠʢʫ: ʎʝʡ ʧʘʨʘʤʝʪʨ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʚʫʣʠʢʘ, ʱʦ 
ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʨʦʟʚʠʪʢʫ ʙʜʞʽʣ ʪʘ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʤʦʞʣʠʚʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʯʠ 

ʩʪʨʝʩʦʚʽ ʩʠʪʫʘʮʽʾ. 

- ɺʦʣʦʛʽʩʪʴ ʫ ʚʫʣʠʢʫ: ɺʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʚʘʞʣʠʚʦ ʜʣʷ ʢʦʥʪʨʦʣʶ ʥʘʜ ʤʽʢʨʦʢʣʽʤʘʪʦʤ 

ʚʫʣʠʢʘ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʡʚʽʡ ʚʦʣʦʛʦʩʪʽ, ʷʢʘ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʭʚʦʨʽʙ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ 

ʜʣʷ ʙʜʞʽʣ. 

- ɺʘʛʘ ʚʫʣʠʢʘ: ʄʦʥʽʪʦʨʠʥʛ ʚʘʛʠ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʘʧʘʩʠ ʤʝʜʫ, ʘ ʪʘʢʦʞ ʤʦʞʝ 
ʚʢʘʟʫʚʘʪʠ ʥʘ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʙʜʞʽʣʴʥʦʛʦ ʥʘʨʦʜʞʝʥʥʷ. 

- ɿʚʫʢ ʯʠ ʯʘʩʪʦʪʘ ʟʚʫʢʫ ʫ ʚʫʣʠʢʫ: ɿʚʫʢʦʚʠʡ ʘʥʘʣʽʟ ʤʦʞʝ ʩʣʫʞʠʪʠ ʽʥʜʠʢʘʪʦʨʦʤ 

ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʘʥʫ ʙʜʞʦʣʠʥʦʛʦ ʚʫʣʠʢʘ. 

- ʉʪʘʪʠʩʪʠʢʘ ʢʽʣʴʢʦʩʪʽ ʙʜʞʽʣ, ʧʦʨʘʭʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʐʪʫʯʥʦʛʦ 
ɯʥʪʝʣʝʢʪʫ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʙʜʞʽʣ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʪʠ ʯʠʩʝʣʴʥʽʩʪʴ 

ʧʦʧʫʣʷʮʽʾ. 
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- ʉʪʘʪʠʩʪʠʢʘ ʚʠʷʚʣʝʥʠʭ ʢʣʽʱʽʚ ʚʘʨʦʘ: ɺʘʞʣʠʚʦ ʚʠʷʚʣʷʪʠ ʥʘʷʚʥʽʩʪʴ ʮʴʦʛʦ ʰʢʽʜʥʠʢʘ, 
ʷʢʠʡ ʤʦʞʝ ʩʝʨʡʦʟʥʦ ʟʘʛʨʦʞʫʚʘʪʠ ʟʜʦʨʦʚ'ʶ ʙʜʞʽʣ. 

ʂʦʥʪʨʦʣʝʨ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʚʫʣʠʢʫ, ʧʦʚʠʥʝʥ ʧʝʨʝʜʘʚʘʪʠ ʮʽ ʜʘʥʽ ʥʘ ʩʝʨʚʝʨ ʟ ʟʘʜʘʥʦʶ 

ʯʘʩʪʦʪʦʶ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʥʠʭ ʫʤʦʚʘʭ ʜʦʚʢʽʣʣʷ ʪʘ ʚʣʘʩʥʠʭ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʙʜʞʦʣʷʨʘ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥ ʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʨʦʟʨʦʙʣʝʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ IoT-ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʧʘʩʽʢʠ. ʎʷ ʩʭʝʤʘ ʜʝʪʘʣʴʥʦ ʦʧʠʩʫʻ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʘ ʫʤʦʚʥʦ 

ʨʦʟʜʽʣʝʥʘ ʥʘ ʭʤʘʨʥʫ ʯʘʩʪʠʥʫ (Cloud) ʪʘ ʣʦʢʘʣʴʥʫ (On-premise), ʟʽ ʩʢʣʘʜʦʚʠʤʠ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ 

ʤʽʞ ʩʦʙʦʶ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ IoT-ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʚʫʣʠʢʘ 

ʍʤʘʨʥʝ ʨʽʰʝʥʥʷ (Cloud). ʉʢʣʘʜʦʚʠʤʠ ʩʝʨʚʽʩʽʚ, ʢʦʜ ʷʢʠʭ ʚʠʢʦʥʫʚʘʪʠʤʝʪʴʩʷ ʫ ʭʤʘʨʽ ʻ: 

- ɺʝʙ ʽʥʪʝʨʬʝʡʩ (React): ɺʝʙ-ʜʦʜʘʪʦʢ ʩʪʚʦʨʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ React ʜʣʷ 

ʚʽʟʫʘʣʴʥʦʛʦ ʦʛʣʷʜʫ ʧʘʩʽʢʠ.  

- ʄʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ: ʄʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ 
(ʙʜʞʦʣʷʨʽʚ), ʷʢʠʡ ʤʦʞʝ ʥʘʜʩʠʣʘʪʠ push-ʩʧʦʚʽʱʝʥʥʷ. 

- ʇʨʦʛʨʘʤʘ ʩʧʦʚʽʱʝʥʴ: ʉʧʦʚʽʱʝʥʥʷ, ʷʢʽ ʧʨʠʭʦʜʠʪʠʤʫʪʴ ʫ ʜʦʜʘʪʦʢ ʧʨʠ ʢʨʠʪʠʯʥʠʭ 
ʫʤʦʚʘʭ ʫ ʚʫʣʠʢʫ ʘʙʦ ʩʠʩʪʝʤʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ. 

- ʉʝʨʚʝʨ ʦʙʨʦʙʢʠ (Backend): ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ ʟ frontend ʽ 

ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʦʶ ʜʘʥʠʭ.  

- ʉʝʨʚʝʨ ʙʘʟʠ ʜʘʥʠʭ: ʄʽʩʪʠʪʴ ʨʽʟʥʽ ʪʘʙʣʠʮʽ: 

ï User (Table): ɿʙʝʨʽʛʘʻ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ. 

ï Hive (Table): ʄʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʞʝʥ ʚʫʣʠʢ. 

ï Metrics (Table/DB): ɿʘʧʠʩʫʻ ʤʝʪʨʠʯʥʽ ʜʘʥʽ, ʟʽʙʨʘʥʽ ʟ ʚʫʣʠʢʽʚ. 

ï ML output (Table): ɿʙʝʨʽʛʘʻ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʤʘʰʠʥʥʠʤ ʥʘʚʯʘʥʥʷʤ. 

- ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʧʘʪʝʨʥʽʚ (ML Batch Jobs): ʄʦʜʫʣʴ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʠʡ ʚʠʢʦʥʫʻ 
ʘʥʘʣʽʟ ʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʘʪʝʨʥʽʚ, ʘ ʩʘʤʝ ʜʣʷ ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʭʚʦʨʽʙ ʚʫʣʠʢʘ, 

ʯʠ ʧʘʨʘʟʠʪʽʚ ʫ ʥʴʦʤʫ. 

ʃʦʢʘʣʴʥʘ ʯʘʩʪʠʥʘ (On-premise). ʎʝʥʪʨʘʣʴʥʠʡ ʤʦʜʫʣʴ ʧʘʩʽʢʠ, ʷʢʠʡ ʧʽʜ'ʻʜʥʘʥʠʡ ʜʦ 

ɯʥʪʝʨʥʝʪʫ, ʟʙʠʨʘʻ ʜʘʥʽ ʟ ʚʫʣʠʢʽʚ ʽ ʥʘʜʩʠʣʘʻ: 

- Raspberry PI: ʄʽʢʨʦʢʦʤʧ'ʶʪʝʨ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʣʦʢʘʣʴʥʠʡ ʩʝʨʚʝʨ ʘʙʦ 
ʰʣʶʟ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʟ ʚʫʣʠʢʽʚ. 
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- ɸʛʨʝʛʘʪʦʨ ʤʝʪʨʠʢ (Python App): ɿʘʩʪʦʩʫʥʦʢ, ʥʘʧʠʩʘʥʠʡ ʥʘ Python, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʢʦʤʫʥʽʢʘʮʽʶ ʟ ʚʫʣʠʢʘʤʠ, ʟʙʝʨʝʞʝʥʥʷʤ ʜʘʥʠʭ ʫ ʪʠʤʯʘʩʦʚʫ ʙʘʟʫ ʜʘʥʠʭ, ʘʛʨʝʛʫʚʘʥʥʷ ʤʝʪʨʠʯʥʠʭ 

ʜʘʥʠʭ ʪʘ ʾʭ ʚʽʜʧʨʘʚʣʝʥʥʷʤ ʜʦ ʭʤʘʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ HTTP ʟʘʧʠʪʠ ʜʦ ʙʝʢʝʥʜ ʯʘʩʪʠʥʠ. 

- ʃʦʢʘʣʴʥʝ ʩʭʦʚʠʱʝ: ʃʦʢʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ ʜʣʷ ʪʠʤʯʘʩʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʤʝʪʨʠʢ ʧʝʨʝʜ ʾʭ 

ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʟ ʭʤʘʨʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ. 

ʂʦʤʧʦʥʝʥʪʠ ʚʫʣʠʢʘ (Hive): 

- ʄʽʢʨʦʬʦʥ: ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʧʠʩʫ ʟʚʫʢʽʚ ʚʫʣʠʢʘ, ʷʢʽ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ 
ʚʠʷʚʠʪʠ ʩʪʘʥ ʙʜʞʽʣ. 

- ɼʘʚʘʯʽ: ɼʘʚʘʯʽ ʚʦʣʦʛʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʘʛʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʚʫʣʠʢʘ. 

- ʎʝʥʪʨʘʣʴʥʠʡ ʤʦʜʫʣʴ (ESP): ʄʦʜʫʣʴ ʥʘ ʦʩʥʦʚʽ ESP ʜʣʷ ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ ʜʘʚʘʯʽʚ. 

- ʄʦʜʫʣʴ ʚʠʟʥʘʯʝʥʥʷ ʢʣʽʱʽʚ Varroa (ESP): ʄʦʜʫʣʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʣʽʱʽʚ, ʱʦ ʻ 
ʟʘʛʨʦʟʦʶ ʜʣʷ ʙʜʞʽʣ. 

- ʊʨʘʥʩʧʦʨʪʥʠʡ ʤʦʜʫʣʴ RS 485: ʄʦʜʫʣʴ ʪʘ ʧʨʦʤʠʩʣʦʚʠʡ ʩʪʘʥʜʘʨʪ ʢʦʤʫʥʽʢʘʮʽʾ, ʷʢʠʡ 
ʜʦʟʚʦʣʷʻ ʤʦʜʫʣʷʤ Arduino ʚʟʘʻʤʦʜʽʷʪʠ ʟ Raspberry Pi. 

ʇʽʜʢʣʶʯʝʥʥʷ ʜʦ ʭʤʘʨʥʦʾ ʯʘʩʪʠʥʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʤʝʨʝʞʝʚʠʡ ʧʨʦʪʦʢʦʣ SSH, ʚ ʪʦʡ ʯʘʩ ʷʢ ʢʽʥʮʝʚʠʡ ʢʦʨʠʩʪʫʚʘʯ (ʙʜʞʦʣʷʨ) ʚʟʘʻʤʦʜʽʻ ʟ ʩʠʩʪʝʤʦʶ 

ʯʝʨʝʟ ʚʝʙ ʧʦʨʪʘʣ. ʉʠʩʪʝʤʘ ʧʽʜʪʨʠʤʫʻ CRUD ʦʧʝʨʘʮʽʾ (ʩʪʚʦʨʝʥʥʷ, ʯʠʪʘʥʥʷ, ʦʥʦʚʣʝʥʥʷ, 

ʚʠʜʘʣʝʥʥʷ) ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʚ ʭʤʘʨʥʽʡ ʙʘʟʽ ʜʘʥʠʭ. 

ʆʩʢʽʣʴʢʠ ʧʘʩʽʢʠ ʯʘʩʪʦ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʘʭ, ʜʝ ʤʦʞʝ ʙʫʪʠ ʧʦʛʘʥʝ 

ʧʦʢʨʠʪʪʷ ʪʝʭʥʦʣʦʛʽʾ ɯʥʪʝʨʥʝʪ, ʪʦʤʫ ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʩʪʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʩʪʨʫʤʝʥʪʫ 

ʤʘʠhʥʥʦʛʦ ʥʘʚʯʘʥʥʷ tinyML (Tiny Machine Learning).  ʎʷ ʛʽʣʢʘ ʨʦʟʚʠʪʢʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʜʦʟʚʦʣʷʻ ʨʦʟʛʦʨʪʘʥʥʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʧʨʠʩʪʨʦʷʭ ʟ ʦʙʤʝʞʝʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ï 

ʯʘʩʪʦ ʟ ʥʠʟʴʢʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʧʘʤôʷʪʪʶ ʪʘ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʦʙʨʦʙʢʠ ʽ 

ʚʽʜʦʤʝ ʷʢ çʢʨʠʭʽʪʥʝ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷè. ʄʝʪʦʶ TinyML ʻ ʧʝʨʝʥʝʩʝʥʥʷ ʧʝʨʝʚʘʛ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʥʘ ʧʝʨʠʬʝʨʽʡʥʽ ʧʨʠʩʪʨʦʾ, ʪʘʢʽ ʷʢ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ, ʧʨʠʩʪʨʦʾ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʪʘ 

ʽʥʰʽ ʚʙʫʜʦʚʘʥʽ ʩʠʩʪʝʤʠ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʧʨʦʛʨʘʤ, ʜʝ ʥʝʤʦʞʣʠʚʦ ʥʘʜʩʠʣʘʪʠ ʜʘʥʽ ʚ 

ʭʤʘʨʫ ʜʣʷ ʦʙʨʦʙʢʠ ʯʝʨʝʟ ʧʨʦʙʣʝʤʠ ʟ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʟʘʪʨʠʤʢʦʶ ʘʙʦ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʶ 

[6]. ɼʣʷ ʽʥʪʝʛʨʘʮʽʾ ʟ ʪʝʭʥʦʣʦʛʽʻʶ TinyML ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ESP32-CAM [7]. 

ESP32-CAM ʩʫʤʽʩʥʠʡ ʽʟ ʬʨʝʡʤʚʦʨʢʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʪʘʢʠʤʠ ʷʢ TinyML, ʱʦ ʜʦʟʚʦʣʷʻ 

ʣʝʛʢʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʤʦʜʝʣʽ ʥʘ ʧʨʠʩʪʨʦʾ ʟ ʦʙʤʝʞʝʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʅʘʷʚʥʽʩʪʴ 

ʚʙʫʜʦʚʘʥʦʾ ʢʘʤʝʨʠ ʨʦʙʠʪʴ ESP32-CAM ʛʦʪʦʚʠʤ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʤʦʜʫʣʽʚ ʘʙʦ 

ʟʦʚʥʽʰʥʽʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʦʣʝʛʰʫʻ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʪʘ ʟʥʠʞʫʻ ʚʠʪʨʘʪʠ. ʊʘʢʦʞ ʢʘʤʝʨʘ ʙʫʜʝ 

ʟʘʬʽʢʩʦʚʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʙʜʞʽʣ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʢʣʽʱʽʚ. ʑʦʙ 

ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤ ʟ ʧʝʨʝʜʘʯʝʶ ʜʘʥʠʭ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʽʥʪʝʨʥʝʪ ʟʚ'ʷʟʢʫ, 

ʧʝʨʝʜʙʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʫ ʣʦʢʘʣʴʥʽʡ ʙʘʟʽ ʫ ʚʠʛʣʷʜʽ ʯʝʨʛʠ ʯʠ ʢʝʰʫ. ʎʝ 

ʛʘʨʘʥʪʫʻ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʮʽʣʽʩʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ ʥʝʜʦʩʪʫʧʥʦʩʪʽ ʩʝʨʚʝʨʘ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʪʘ 

ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʱʝ ʥʘ ʝʪʘʧʽ ʾʭʥʴʦʛʦ ʟʙʦʨʫ. ʎʝ ʟʘʧʦʙʽʛʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʽʜʧʨʘʚʢʠ ʟʦʙʨʘʞʝʥʴ ʥʘ 

ʩʝʨʚʝʨ ʪʘ ʧʦʢʨʘʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʮʴʦʛʦ ʥʝ ʧʦʪʨʽʙʝʥ ʩʪʘʙʽʣʴʥʠʡ ʪʘ 

ʰʚʠʜʢʠʡ ʽʥʪʝʨʥʝʪ-ʟʚ'ʷʟʦʢ. ʅʘʚʯʘʥʥʷ ʤʦʜʝʣʽ TinyML ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʙʜʞʽʣ ʪʘ ʢʣʽʱʽʚ ʚʘʨʦʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ESP32-CAM ʚʽʜʙʫʚʘʣʦʩʷ ʫ ʢʽʣʴʢʘ ʝʪʘʧʽʚ. 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʚʽ 

ʢʘʪʝʛʦʨʽʾ ʟʦʙʨʘʞʝʥʴ: ʪʽ, ʥʘ ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʙʜʞʦʣʠ, ʪʘ ʪʽ, ʥʘ ʷʢʠʭ ʚʦʥʠ ʚʽʜʩʫʪʥʽ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚʽʜʢʨʠʪʽ ʨʝʩʫʨʩʠ ʚ ɯʥʪʝʨʥʝʪʽ, ʷʢʽ ʥʘʜʘʶʪʴ ʬʦʪʦʛʨʘʬʽʾ ʙʜʞʽʣ ʪʘ ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʥʠʤʠ ʦʙ'ʻʢʪʽʚ. ʂʦʞʥʝ ʟʽʙʨʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʘʥʦʪʫʚʘʣʦʩʷ ʰʣʷʭʦʤ ʚʢʘʟʘʥʥʷ ʥʘ ʥʴʦʤʫ ʤʽʪʦʢ, ʯʠ ʻ 

ʙʜʞʦʣʘ ʧʨʠʩʫʪʥʴʦʶ, ʪʘ ʯʠ ʻ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʢʣʽʱʽ Varroa. ɿʽʙʨʘʥʽ ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʠ ʧʦʧʝʨʝʜʥʴʦ 

ʦʙʨʦʙʣʝʥʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʦʜʥʘʢʦʚʠʡ ʬʦʨʤʘʪ ʪʘ ʨʦʟʤʽʨ. ʂʦʞʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʦ ʧʦʟʥʘʯʝʥʦ 

ʥʘʷʚʥʽʩʪʶ ʙʜʞʦʣʠ ʪʘ ʢʣʽʱʽʚ Varroa. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʥʘʙʽʨ ʘʥʦʪʦʚʘʥʠʭ ʜʘʥʠʭ, ʷʢʠʡ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. ʅʘʙʽʨ ʜʘʥʠʭ ʙʫʣʦ ʨʦʟʧʦʜʽʣʝʥʦ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ: ʥʘʚʯʘʣʴʥʫ ʪʘ 

ʪʝʩʪʫʚʘʣʴʥʫ. ʅʘʚʯʘʣʴʥʘ ʯʘʩʪʠʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ, ʘ ʪʝʩʪʫʚʘʣʴʥʘ - ʜʣʷ 

ʦʮʽʥʢʠ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʥʦʚʠʭ, ʨʘʥʽʰʝ ʥʝ ʙʘʯʝʥʠʭ ʜʘʥʠʭ. 
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ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʙʫʣʦ ʦʙʨʘʥʦ ʘʣʛʦʨʠʪʤ, ʩʫʤʽʩʥʠʡ ʟ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʢʦʥʪʨʦʣʝʨʘ ESP32-CAM ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʠʟʴʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʩʧʝʮʽʘʣʴʥʫ ʙʽʙʣʽʦʪʝʢʫ FOMO. FOMO ð ʮʝ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ ʧʽʜʨʘʭʫʥʦʢ ʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʭ ʽ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ <200 ʂʙ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ [8]. ʅʘ ʦʩʥʦʚʽ ʦʙʨʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʪʘ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʥʘ ESP32-CAM. 

ʄʦʜʝʣʴ ʦʪʨʠʤʫʚʘʣʘ ʟʦʙʨʘʞʝʥʥʷ ʟ ʥʘʚʯʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʥʘʙʦʨʫ ʜʘʥʠʭ ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʣʘ ʩʚʦʾ 

ʧʘʨʘʤʝʪʨʠ, ʱʦʙ ʚʠʟʥʘʯʘʪʠ ʥʘʷʚʥʽʩʪʴ ʙʜʞʽʣ ʪʘ ʢʣʽʱʽʚ Varroa ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ. ɼʣʷ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʩʪʫʚʘʣʴʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ. ʄʦʜʝʣʴ ʫʩʧʽʰʥʦ ʚʧʦʨʘʣʘʩʴ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʙʜʞʽʣ ʪʘ ʢʣʽʱʽʚ ʚʘʨʦʘ ï ʧʨʦʘʥʘʣʽʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 2ʘ), ʪʘ ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʧʨʘʚʠʣʴʥʦ ʨʦʟʩʪʘʚʣʝʥʠʤʠ ʤʽʪʢʘʤʠ (ʨʠʩ. 2ʙ) ʙʜʞʽʣ (ʟʝʣʝʥʘ ʤʽʪʢʘ) ʪʘ ʢʣʽʱʘ ʚʘʨʦʘ (ʞʦʚʪʘ ʤʽʪʢʘ).  

 

 ʘ)   ʙ) 

 

ʈʠʩ. 2. ʇʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ ʥʘ ʪʝʩʪʦʚʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ: ʘ ï ʚʭʽʜʥʝ ʪʝʩʪʦʚʝ ʟʦʙʨʘʞʝʥʥʷ,  

ʙ ï ʧʨʦʘʥʘʣʽʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟ ʤʽʪʢʘʤʠ ʙʜʞʽʣ (ʟʝʣʝʥʘ ʤʽʪʢʘ) ʪʘ ʢʣʽʱʘ Varroa (ʞʦʚʪʘ ʤʽʪʢʘ) 

 

ʇʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ TinyML ʚʠʷʚʣʝʥʥʷ ʙʜʞʽʣ ʽ ʢʣʽʱʽʚ Varroa, ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ. 

ʆʩʥʦʚʥʽ ʢʨʦʢʠ ʢʦʜʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʙʜʞʽʣ ʪʘ ʢʣʽʱʽʚ Varroa ʥʘ ESP32-CAM: 

1. ɯʥʽʮʽʘʣʽʟʘʮʽʷ ï ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʽʥʽʮʽʘʣʽʟʘʮʽʷ Serial ʧʦʨʪʫ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

2. ʅʘʣʘʰʪʫʚʘʥʥʷ ʢʘʤʝʨʠ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ ESP32-CAM ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʢʘʤʝʨʠ, ʪʘʢʠʭ ʷʢ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ, ʥʘʩʠʯʝʥʽʩʪʴ, ʪʘ ʨʦʟʰʠʨʝʥʥʷ. 

3. ɿʘʭʦʧʣʝʥʥʷ ʢʘʜʨʫ ï ʟʘ ʜʦʧʦʤʦʛʦʶ ESP32-CAM ʢʘʤʝʨʘ ʟʘʭʦʧʣʶʻ ʢʘʜʨ, ʷʢʠʡ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

4. ɿʘʧʫʩʢ ʤʦʜʝʣʽ FOMO ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʯʝʥʦʾ ʤʦʜʝʣʽ TinyML FOMO ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʦʙ'ʻʢʪʽʚ (ʙʜʞʽʣ ʪʘ ʢʣʽʱʽʚ Varroa) ʥʘ ʟʦʙʨʘʞʝʥʥʽ. 

5. ɺʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ï ʷʢʱʦ ʦʙ'ʻʢʪʠ ʚʠʷʚʣʝʥʽ, ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʽʣʴʢʽʩʪʴ 

ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʦʙ'ʻʢʪʘ. ʗʢʱʦ ʦʙ'ʻʢʪʠ ʥʝ ʚʠʷʚʣʝʥʽ, ʚʠʚʝʜʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ "ʆʙ'ʻʢʪʠ 

ʥʝ ʚʠʷʚʣʝʥʽ". 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʝʙ ʽʥʪʝʨʬʝʡʩʫ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʩʽʢʠ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ JavaScript-

ʙʽʙʣʽʦʪʝʢʘ ï React, ʷʢʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʦʩʦʙʣʠʚʦ ʜʣʷ ʦʜʥʦʩʪʦʨʽʥʢʦʚʠʭ ʧʨʦʛʨʘʤ, ʜʝ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʩʪʦʨʽʥʢʦʶ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʾ ʦʥʦʚʣʝʥʥʷ [9]. 

ʂʣʽʻʥʪʩʴʢʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʙʜʞʦʣʠʥʠʭ ʚʫʣʠʢʽʚ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʚʝʙ-

ʜʦʜʘʪʢʫ, ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʫʯʥʦʛʦ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʢʣʯʁʦʚʠʭ ʤʝʪʨʠʢ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚʫʣʠʢʘʤʠ. ɯʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ (UI) ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʜʠʟʘʡʥʫ ʪʘ ʪʝʭʥʦʣʦʛʽʡ frontend- ʨʦʟʨʦʙʢʠ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʦʣʦʚʥʠʡ ʝʢʨʘʥ ʜʦʜʘʪʢʫ, ʷʢʠʡ ʜʝʤʦʥʩʪʨʫʻ ʦʩʥʦʚʥʠʡ dashboard 

ʩʠʩʪʝʤʠ. 
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ʈʠʩ. 3. ɺʝʙ ʽʥʪʝʨʬʝʡʩ ɯʦʊ-ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʩʽʢʠ 

 

ʎʝʥʪʨʘʣʴʥʝ ʤʽʩʮʝ ʥʘ ʝʢʨʘʥʽ ʟʘʡʤʘʶʪʴ ʢʘʨʪʢʠ ʚʫʣʠʢʽʚ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʽʜʦʙʨʘʞʘʻ 

ʘʢʪʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʢʦʥʢʨʝʪʥʦʛʦ ʚʫʣʠʢʘ, ʚʢʣʶʯʥʦ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʚʦʣʦʛʽʩʪʶ ʪʘ 

ʚʘʛʦʶ. ʎʽ ʜʘʥʽ ʦʥʦʚʣʶʶʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʯʘʩʦʚʦʶ ʤʽʪʢʦʶ 

ʦʩʪʘʥʥʴʦʛʦ ʦʥʦʚʣʝʥʥʷ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʯʘʩʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʟʤʽʥʠ ʫʤʦʚ ʚʫʣʠʢʘ. ɼʦʜʘʪʦʢ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʩʠʩʪʝʤʫ ʩʧʦʚʽʱʝʥʴ, ʷʢʘ ʽʥʬʦʨʤʫʻ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦ 

ʚʘʞʣʠʚʽ ʟʤʽʥʠ ʯʠ ʧʦʜʽʾ ʯʝʨʝʟ ʽʥʪʝʛʨʘʮʽʶ ʟ ʤʦʙʽʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʝʣʝʢʪʨʦʥʥʦʶ ʧʦʰʪʦʶ. 

ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʪʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʩʠʩʪʝʤʦʶ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʪʝʥʮʽʡʥʽ 

ʧʨʦʙʣʝʤʠ ʘʙʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʪʨʫʯʘʥʥʷ. 

ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʘʨʭʽʪʝʢʪʫʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ REST API (ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʠ ʧʝʨʝʜʘʯʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʪʘʥʫ). Backend ʯʘʩʪʠʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʭʤʘʨʽ  ̔ʾʾ ʦʩʥʦʚʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʻ: 

ï ʟʙʽʨ ʜʘʥʠʭ ʟ ʧʘʩʽʢ ( ʢʦʞʥʘ ʧʘʩʽʢʘ ʥʘʜʩʠʣʘʻ ʜʘʥʽ ʥʘ ʩʝʨʚʝʨ). 

ï ʨʦʙʦʪʘ ʟ ʩʭʦʚʠʱʝʤ ʜʘʥʠʭ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʚʩʽʭ ʜʘʥʠʭ.  

ï ʨʦʙʦʪʘ ʚʝʙ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʠʡ ʦʪʨʠʤʫʻ ʜʘʥʽ ʥʘʜʩʠʣʘʶʯʠ HTTPS ʟʘʧʠʪʠ ʜʦ 

ʩʝʨʚʝʨʘ.  

ï ʘʛʨʝʛʘʮʽʷ ʜʘʥʠʭ ʪʘ ʦʙʨʦʙʢʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ Python ʪʘ SQLAlchemy ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʘʟʠ ʜʘʥʠʭ ʫ ʜʘʥʦʤʫ ʧʨʦʻʢʪʽ 

ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʫ ʪʘ ʝʬʝʢʪʠʚʥʫ ʦʩʥʦʚʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ESP32-CAM. ɹʝʟʧʝʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ SQLAlchemy, ʷʢ 

ORM (Object-Relational Mapping), ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʙʘʟʦʶ 

ʜʘʥʠʭ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʨʷʤʦʾ ʨʦʙʦʪʠ ʟ SQL-ʟʘʧʠʪʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʨʦʙʦʪʽ ʟ ʙʘʟʦʶ ʜʘʥʠʭ [10]. 

ʇʽʩʣʷ ʨʦʟʨʦʙʢʠ ʧʨʠʩʪʨʦʶ ʪʘ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʟʽʙʨʘʥʦʛʦ ʟ 

ʽʥʪʝʨʥʝʪ-ʟʦʙʨʘʞʝʥʴ, ʡʦʛʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʦʜʥʽʡ ʽʟ ʧʘʩʽʢ ʉʘʤʙʽʨʩʴʢʦʛʦ ʨʘʡʦʥʫ ʃʴʚʽʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ. ʇʨʦʮʝʩ ʫʩʪʘʥʦʚʢʠ ʚʢʣʶʯʘʚ ʚ ʩʝʙʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʚ ʥʘʡʟʨʫʯʥʽʰʦʤʫ ʤʽʩʮʽ ʜʣʷ 

ʟʙʦʨʫ ʜʘʥʠʭ, ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʞʠʚʣʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʤʫʥʽʢʘʮʽʾ ʟ ʭʤʘʨʥʦʶ ʽ ʣʦʢʘʣʴʥʦʶ 

ʯʘʩʪʠʥʘʤʠ ʩʠʩʪʝʤʠ. ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʩʪʨʦʶ ʨʦʟʧʦʯʘʚʩʷ ʧʨʦʮʝʩ ʟʙʦʨʫ ʜʘʥʠʭ ʟ ʚʫʣʠʢʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʘʚʘʯʽʚ ʪʘ ʤʦʜʫʣʽʚ, ʚʢʣʶʯʝʥʠʭ ʜʦ ʩʠʩʪʝʤʠ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʝ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʣʦʛʽʩʪʴ, ʚʘʛʫ ʚʫʣʠʢʘ, ʟʚʫʢʦʚʽ ʩʠʛʥʘʣʠ ʪʘ ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ, 

ʷʢʽ ʙʫʣʠ ʥʘʜʽʩʣʘʥʽ ʜʦ ʭʤʘʨʥʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ 
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ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʣʽʱʘ 

Varroa ʥʘ ʟʽʙʨʘʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. ʄʦʜʝʣʴ, ʥʘʚʯʝʥʘ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʟ ɯʥʪʝʨʥʝʪʫ, 

ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʜʦ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʫʣʠʢʘ. 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʨʝʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʚʢʣʶʯʘʶʯʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʽ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʨʠʩʪʨʦʶ ʚ ʨʽʟʥʠʭ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʝʣʴ ʚʠʷʚʣʝʥʥʷ ʢʣʽʱʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʜʦʚʞʠʪʠ 

ʪʨʝʥʫʚʘʪʠ, ʽ ʦʧʪʠʤʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʝ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʦʛʦ 

ʥʘʙʦʨʫ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʙʜʞʽʣ ʟ ʤʦʜʫʣʷ ʪʘ ʧʝʨʝʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʟ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ. ʎʝ 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʴ ʪʦʯʥʽʩʪʴ, ʘʜʞʝ ʨʘʢʫʨʩ, ʢʘʤʝʨʘ ʪʘ ʦʩʚʽʪʣʝʥʥʷ ʜʫʞʝ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʝʣʠʢʠʭ ʯʝʨʚʦʥʠʭ ʮʷʪʦʢ ʥʘ ʙʜʞʦʣʘʭ. ʎʝʡ ʧʽʜʭʽʜ ʩʧʨʠʷʪʠʤʝ ʧʦʣʽʧʰʝʥʥʶ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʤʽʥ ʫ ʩʝʨʝʜʦʚʠʱʽ. ʊʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ 

ʜʦʮʽʣʴʥʦ ʙʫʜʝ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʜ ʡʦʛʦ ʘʥʘʣʽʟʦʤ, ʢʦʣʴʦʨʦʢʦʨʝʢʮʽʷ ʯʠ 

ʨʝʜʘʛʫʚʘʥʥʷ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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Abstract. The monograph analyzes the ways of environmental monitoring that allow 

controlling population growth, forecasting weather conditions, studying negative environmental 

changes, controlling the quality of the atmosphere, and observing biotic factors of the habitat. Author 

determines the priorities of the European Union in resolving global environmental issues, most 

notably focusing on the European Green Deal and Europe fit for the digital age. In particular, are 

considered the main problems of ensuring climate neutrality of cities, reducing greenhouse gas 

emissions and implementing a carbon-free future on the example of urban transport, waste 

management, and energy supply for industrial processes, agriculture, forestry and other land use. 

Finally, in the monograph is determined an action plan to promote a «green» future in the world. 

Keywords: ecological monitoring, information technology, pollution, environmental 

protection, climate neutrality, carbon-free future, greenhouse gases, waste, biodiversity. 

 

Introduction  

Nowadays, ensuring the required quality of the environment is a very relevant topic. In all 

countries of the world, environmental parameters indicate deterioration in the standard of living and 

health of citizens. This is especially true for the rapidly changing indicators of air quality and the 

level of noise as well as water pollution, which primarily affect society. Therefore, it is necessary to 

study topical issues of determining the level of environmental pollution, monitoring of atmospheric 

air, surface water and soil. Also important are chemical, physicochemical, physical, biological and 

biochemical methods of quantitative analysis of the concentration of chemical elements in the 

environment. 

To measuring various indicators affecting the environment and forecasting dangerous and 

positive changes in the global environmental situation, is carried out the ecological monitoring. It 

may be characterized as a means of collecting, accumulating, and systematizing information on the 

state of environmental objects and observations of sources and factors of anthropogenic impact 

against the general background of natural processes for the purpose of further analysis, assessment, 

and forecasting of the state of the environment, identifying reserves of production technologies and 

reserves of the biosphere. 

The main tasks of the environmental monitoring are the following [1]: 

ï monitoring over the growth of the world's population and the associated increase in energy 

consumption, world usage of fertilizers, concentration of harmful substances in the biosphere, and 

accumulation of conventional and hazardous waste; 

ï forecasting weather conditions, including short-term and long-term climate change, 

monitoring global climate change and developing strategies to reduce emissions of gases that pollute 

the environment and are dangerous to human health; 

ï studying negative changes in the environment, stressful situations and violations of the 

ecological balance of natural and anthropogenic characteristics; the impact on human health of 

physical pollution and the most dangerous substances; 

ï monitoring of the state and quality of the atmosphere, urban and indoor air, sources of 

pollution and their transportation, state and quality of soil, sources of soil pollution, protection of soil 

resources from depletion and degradation, state and quality of surface and groundwater, water 

resources, sources of water pollution, protection of public water supply, implementation of water 

cleaning technologies; 
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ï monitoring of the radio ecological situation, radioactive waste emissions, their impact on 

human health, transportation, preservation and utilization; 

ï observation of climatic factors of the environment, in particular, atmospheric pressure, 

wind, precipitation, air humidity and soil condition, temperature of biosphere components, natural 

radiation, and interaction of these factors; 

ï observation of biotic factors of the environment, their response to anthropogenic impacts; 

deviations from the normal natural situation; 

ï monitoring the vegetation cover, species composition of fauna and flora, and the diversity of 

the world around us; 

ï acquaintance with the basic methods and principles of operation of devices for measuring 

environmental parameters, using automated and remote sensing of biosphere components. 

With the development of information technologies, it is necessary to apply computer 

hardware and modern software to solve the above environmental monitoring tasks. To prepare 

specialists who are able to combine the skills of the ecological and computer fields of knowledge, the 

Department of Information Systems and Technologies of Lviv Polytechnic National University 

provides master's training in the educational and professional program «Computer Environmental 

and Economic Monitoring» [2]. 

In this case, one of the main tasks of the educational process is to promote the ideas of the 

European Union to create an environmentally safe green continent and planet. To resolve global 

environmental issues and improve the quality of life of society, the Joint Research Center (JRC) of 

the European Union has identified the following priorities [3]: 

ï European Green Deal; 

ï Europe fit  for the digital age; 

ï strengthening Europe's influence in the world; 

ï promotion of the European way of life; 

ï economics that works for people; 

ï more powerful Europe in the world; 

ï new challenge for European democracy. 

The JRC is participating in a number of environmental monitoring activities that examine the 

ever-increasing amount of pollutants in our ecosystems, shortages of food and water, rapid climate 

change, natural disasters and hazards. The JRC supports the implementation of relevant European 

Union and global policies, facilitates the exchange of best practices and develops, implements and 

harmonizes testing methods. 

1. Building  and developing climate-neutral and smart cities 

Cities are at the center of the European Union economy and are the centers of green and 

digital transformation. The creation of modern buildings and living spaces, including through the use 

of smart technologies, can bring significant benefits to citizens in terms of sustainability, energy and 

water efficiency and security, climate neutrality, quality of life and inclusiveness. 

The development of cities is closely linked to climate neutrality, which is envisaged by the 

European Green Deal. Cities cover 4 percent of the European Union's territory with a population of 

more than 75 percent of the European Union citizens. With regard to the implementation of green 

technologies, it is worth noting that cities consume more than 65 percent of the world's energy and 

emit 70 percent of global carbon dioxide emissions [4]. 

The examples of scientific research activities for creating climate-neutral smart cities are as 

follows. 

1. Innovative projects that prove the feasibility and cost-effectiveness of energy-efficient and 

flexible urban districts or groups of connected buildings. Such city districts make it possible to create 

parts of cities with positive energy, characterized by an annual surplus of renewable energy 

production, such as smart electrical grids, smart water supply systems, smart waste collection, 

sorting, and treatment systems, and virtually zero greenhouse gas emissions. In this case, it is 

important to create a large consortium of cities to ensure joint solution of the tasks. 
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2. Creating new business and financial approaches to empower citizens and stakeholders 

through informed decision-making and policy-making, with joint development and implementation 

of climate-neutral transformation projects by participants. 

3. The implementation of projects focused on urban planning and modern design to ensure 

human well-being using modern knowledge, practices, and decision support systems. The result is 

high-tech, smart, traditional, and environmentally friendly solutions that promote the smooth 

interaction of urban infrastructure, transportation, energy, water supply, and the environment. These 

projects are implemented to ensure climate change resilience, climate neutrality, and sustainable 

urban development. 

4. By organizing scientific seminars, roundtables and other forms of communication among 

those interested in the development of climate-neutral cities, it allow for the environmentally friendly 

use of public transport and help develop alternatives to private transport to increase inclusive 

mobility, reduce congestion and promote the decarbonization of urban transport through the use of 

digital and intelligent traffic management tools. 

5. To improve the efficiency and optimization of basic urban processes, evaluation and 

experimentation are carried out using the European Commission's priorities for a sustainable future, 

including the use of social innovation, digitalization, artificial intelligence, big data and other 

information technologies. 

The European Commission has announced a competition for climate-neutral cities [4], which 

was open from November 25, 2021, to January 31, 2022. 377 cities from all European Union member 

states, as well as nine associated and negotiating countries, applied to participate in the competition. 

After evaluating the submitted documents on April 28, 2022, the Commission awarded 112 cities that 

have participated in the competition. All cities have developed Climate City Contracts, which include 

an overall plan for climate neutrality in all sectors, such as energy, building, waste management and 

transport, combined with the necessary investment plans. In October 2023, after a positive 

assessment, the first 10 cities received the European Union's mission mark: Sonderborg (Denmark), 

Mannheim (Germany), Madrid, Valencia, Valladolid, Vitoria-Gasteiz and Zaragoza (Spain), 

Klagenfurt (Austria), Cluj-Napoca (Romania) and Stockholm (Sweden). 

To ensure climate neutrality, cities have been focusing on the following strategies [5]. 

When planning the integrated interaction of different sectors, there should be a link between 

regional and national projects, and the regional orientation can go beyond the boundaries of 

administrative territories to achieve a positive result. The expansion of interacting territories can be 

used to develop urban-rural ties in the form of flows of workers, providing the necessary logistics, 

public services, and mobility. In such cases, positive results can be achieved for low-carbon economy 

and sustainable food strategies. 

It is also important to use urban planning strategies to ensure climate neutrality. Then all 

potential stakeholders and ordinary citizens can be effectively involved in the process. To implement 

a sustainable urban development strategy, are involved stakeholders from administrative, economic 

and social levels, universities, training and research centers, business and civil society. 

For the formation of climate neutrality plans must be used different sources of financing and 

the associated increasing importance of financial instruments. Obtaining funds from multiple sources 

of financing provides increased efficiency by integrating revenues and mobilizing more participants 

and resources. This integration can include European structural and investment funds, domestic 

funds, and funds of individual private investors. 

One more principle is to establish a coherent and effective monitoring system. It is important 

to make sure that the monitoring system follows a logical structure and links needs to specific goals 

and indicators of change. To develop and support monitoring systems, there should be cooperation 

between city administrations and universities and scientific research institutes, as well as the 

involvement of external experts and stakeholders. Monitoring systems for analysis use large amounts 

of data, so it is necessary to consider cost-effective procedures and methodologies for data collection. 

Another important point is that global monitoring systems should be designed for a long time of use, 

and running measurement systems that ensure the quality of monitoring (measurement accuracy) can 
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be changed at short intervals. Monitoring systems are significant early warning systems, providing 

information on the effectiveness of research. 

Now consider one of the possible processes for planning the climate neutrality of cities. 

1. Determining priorities, which involves involving the public in the climate strategy by 

communicating ideas for improving the quality of life, reducing energy costs, benefits from new 

employment opportunities, reducing air and water pollution, and efficient waste management. 

2. Assessment of the process of ensuring climate neutrality with the definition of the initial 

conditions of the research, in particular, it is necessary to determine the year for comparisons and, as 

an example, define the initial estimate of greenhouse gas emissions. Next, it is necessary to take the 

baseline scenario if no actions are taken to improve the situation, and to estimate the residual 

greenhouse gas emissions that not be eliminate, which allow predicting the use of renewable energy 

sources, carbon credits and other expenses. 

3. Determining the advantages and disadvantages of the selected measures in terms of 

renewable energy production, creation of employment, cost and energy savings, and reduction of 

greenhouse gas emissions. The resources to implement the necessary measures should be assessed 

and sources of funding identified, prioritizing the most important measures and establishing a 

sequence of implementation. For each of the measures, it is also necessary to establish indicators for 

monitoring positive changes. 

4. The next step in ensuring the climate neutrality of cities is to implement measures with 

technical and economic research, a techno-economic feasibility study to allocate the necessary funds, 

and publication of information on the positively implemented measures. 

5. After implementing successful climate neutrality projects, cities need monitoring the 

measures used. By tracking the indicators of each measure (for example, monitoring solar energy 

consumption), updating greenhouse gas emissions inventories, and monitoring information to 

identify any necessary changes in climate action priorities, can be achieved better results for cities 

over a longer period of time. 

2. Monitoring  greenhouse gas emissions to ensure environmental safety 

Another part of the research is related to the monitoring of greenhouse gas emissions. 

With robust operations and high volume data sources, accurate estimates of actual greenhouse 

gas emissions are difficult and can be subject to significant error. It is important to analyze emission 

sources related to stationary energy, land transport, and waste management, but it is possible to invest 

in studying less common sources of greenhouse gas emissions, for example, from less common 

modes of transport (water). There should be accounting of emissions of such hazardous greenhouse 

gases as carbon dioxide, methane, nitrogen oxide, hydrofluorocarbon, nitrogen trifluoride and sulfur 

hexafluoride. 

Consider the sources and sectors of greenhouse gas emissions that are included in the 

accounting of greenhouse gas emissions in cities [6]. 

1. Buildings. 

Emissions from all buildings, objects and permanent infrastructure/equipment, in particular 

stationary energy used by public, private, residential and industrial sectors within the city. 

2. Transportation. 

Emissions from land transport and railways, transport in the city divided into municipal 

vehicle sector, public transport, private and commercial transport; transport in the city using 

electricity supplied from the grid to charge electric vehicles. 

3. Waste. 

Emissions from waste generated and disposed of/ sent to a garbage dump within the city. 

4. Industrial processes and use of products. 

Emissions from greenhouse gases used in industrial processes and products or as a by-product 

(if available/relevant). A source of emissions can be considered insignificant if the amount of 

emissions is less than in any other sub-sector. Total emissions from all sources considered 

insignificant should not exceed 5% of total emissions. 

5. Agriculture, forestry and other land use. 
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Changes in greenhouse gas emissions from any changes in land use that leads to the 

acquisition (sources) or reduction (sinks) of emissions (if significant). It is also necessary to take into 

account sources of pollution resulting from the production, processing and transportation of materials 

and food in the city, waste utilized outside the city, and the use of transport to transport people to 

work in cities. One more problem in ensuring the climate neutrality of cities is the treatment of 

residual greenhouse gas emissions, which are eliminated either through carbon credits or the use of 

natural or technological means of carbon removal. 

Particularly, the use of carbon credits (a certificate for one ton of carbon dioxide that can be 

sold in case of surplus or deficit of greenhouse gas emissions) to account for residual emissions 

within the city  allow demonstrating climate neutrality, subject to certain rules and restrictions. 

Carbon credits are focused in parallel on similar other projects within the country, which can provide 

additional benefits. The natural means of carbon sequestration are vegetated areas of cities or 

changed land use (creation of parks, flower gardens, nature reserves). Technological sinks use 

biomass processing technologies to produce energy with carbon capture and storage or direct capture 

of carbon dioxide from the air. They can reduce the amount of carbon dioxide. 

3. Construction and transportation  in ensuring the carbon-free future  

One more way to achieve climate neutrality in cities is through energy-efficient operation of 

buildings. This means not burning any fossil fuels for heating or cooling buildings, and zero 

emissions when consuming electricity from the grid. Construction areas include permanent and 

temporary buildings (residential, commercial, industrial, municipal, public), other structures in 

combination with urban lighting systems. 

To achieve the requirement of zero greenhouse gas emissions, it is necessary to take the 

following actions in construction. Erect new buildings with high energy efficiency characteristics. 

The use of renewable energy to meet the demand that is not met by energy efficiency allows for the 

creation of buildings with near-zero energy consumption. In this case, people creating buildings with 

positive energy, zero carbon emissions, and zero energy districts. During the reconstruction of the 

existing housing stock, it is necessary to change the energy management of buildings, improve the 

thermal performance of buildings and technical services for heating or cooling, and reduce the 

amount of carbon for energy supply by using energy from renewable sources. 

The elimination of fossil fuel heating or cooling in buildings defines the strategy of any city 

aimed at reducing greenhouse gas emissions. Near-zero energy consumption means use of buildings 

with renewable energy sources generated on-site or nearby, as well as buildings with zero carbon 

emissions for at least one year. The use of these buildings leads to the creation of zero-energy 

districts, which aim is to achieve zero or positive energy consumption, with the residual energy 

demand being covered by renewable energy sources. 

City transportation defines activities related to logistics and mobility in cities. Most emissions 

are generated by land transport, but there are also impacts from water, air, and rail transport. The 

latter three modes of transport are defined by travel within the city, although air transport has an 

impact due to the landing and takeoff of regional and international flights. In general, the city is 

responsible for traffic regulation and transportation infrastructure, influencing the management 

process. Buses, cars, trucks, and machinery emit greenhouse gases either from fuel combustion, 

electricity consumption for charging electric vehicles, or the production of alternative clean fuels. 

To achieve climate neutrality, cities should use environmentally friendly vehicles. For 

example, cars or minibuses are considered environmentally friendly if they emit up to 50 g/km of 

carbon dioxide and up to 80 percent of nitrogen oxides and particulate matter emissions. The 

appearance of zero-emission vehicles requires the expansion of infrastructure to support such 

transport, for example, the creation of new vehicle charging stations. 

There are several ways to reduce greenhouse gas emissions [6]. 

1. Transition to carbon-neutral buses and city trains as an alternative to cars. 

2. More use of public transport, cycling and walking allow for a transition to more 

environmentally friendly modes of transportation, reducing congestion, accidents and improving 

public health. 
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3. Using business models in the form of e-medical services, online shopping and remote 

work, and implementing software applications that allow for the sharing of bicycles or electric bikes 

optimize the number of movements in the city and thus achieve the goal of reducing greenhouse gas 

emissions. 

Another issue in ensuring climate neutrality is waste and wastewater management. 

Greenhouse gas emissions arise from the use of energy for waste processing and wastewater 

pumping, the emergence of hazardous compounds due to wastewater decomposition or waste decay, 

the use of energy to transport waste between different facilities. 

During waste management, should be used environmentally friendly methods of processing. 

In particular, waste can be disposed of at controlled sanitary landfills and dumps or uncontrolled ï 

pits, ravines. Applying of biological recycling in the form of composting or fermentation of organic 

waste; incineration of waste in a controlled process rather than open burning; wastewater treatment 

rather than discharge into open water bodies provide an opportunity to achieve a positive result in 

limiting emissions. 

The European Union's environmental security priorities also take into account healthy 

biodiversity. At this time, there is a threat of biodiversity loss and, as a result, the need to protect 

nature and reduce the link between the unsustainable use of natural resources and economic growth. 

Therefore, biodiversity issues should be included in policy with parallel involvement of society and 

reduce the degradation of ecosystems, as environmental quality and human health are interconnected. 

Application of global navigation satellite systems and other ground-based space systems allows 

improving environmental monitoring and better solving the issue of natural resources protection. 

4. Conclusions 

To ensure environmental protection, can be recommend the following measures, which are 

practiced in the European Union: 

ï use of vehicles with zero greenhouse gas emissions, in particular, transition to carbon-

neutral buses; 

ï improving logistics in cities by increasing the use of public transport, cycling and pedestrian 

traffic; 

ï changing the energy management of buildings to reduce the amount of carbon used for 

energy supply by using energy from renewable sources; 

ï use of carbon credits for the transition to a carbon-free future; 

ï development of new environmental monitoring systems using information technologies to 

control greenhouse gas emissions and ensure climate-neutral and smart cities. 
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Abstract. Environmental monitoring is receiving increasing attention due to growing 

concerns about climate change. Over the last few decades, advanced information and communication 

technologies have been utilized to develop various environmental monitoring systems. One key 

technology in this area is the Internet of Things (IoT). This article provides an overview of how 

environmental monitoring data is processed within IoT systems.Key aspects covered include: 

integrating data from diverse sources, ensuring real-time processing, utilizing machine learning 

algorithms for analysis and forecasting, emphasizing the importance of data security and integrity. 

The importance of integrating various types of sensors and effectively managing large volumes of 

information to ensure accurate environmental monitoring is highlighted. 

Keywords: environmental monitoring, Internet of Things (IoT), data processing 

 

ɸʥʦʪʘʮʽʷ. ʄʦʥʽʪʦʨʠʥʛ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʚʝʨʪʘʻ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʯʝʨʝʟ 

ʟʨʦʩʪʘʶʯʝ ʟʘʥʝʧʦʢʦʻʥʥʷ ʱʦʜʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʢʽʣʴʢʦʭ ʜʝʩʷʪʠʣʽʪʴ ʧʝʨʝʜʦʚʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʽʟʥʠʭ ʩʠʩʪʝʤ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʉʝʨʝʜ ʽʥʰʠʭ, ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʮʽʡ ʩʬʝʨʽ ʚʽʜʽʛʨʘʻ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ 

(IoT). ʋ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʛʣʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚ 

ʩʠʩʪʝʤʘʭ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ʈʦʟʛʣʷʥʫʪʽ ʘʩʧʝʢʪʠ ʚʢʣʶʯʘʶʪʴ ʦʙ'ʻʜʥʘʥʥʷ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʦʙʨʦʙʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʥʷ, ʘ ʪʘʢʦʞ ʚʘʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ. 

ɺʠʩʚʽʪʣʝʥʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʝʥʩʦʨʽʚ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʝʣʠʢʠʤʠ 

ʦʙʩʷʛʘʤʠ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ, ʦʙʨʦʙʢʘ ʜʘʥʠʭ 

 

ʉʚʦʻʶ ʧʦʷʚʦʶ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (ʘʥʛʣ. Internet of Things, IoT) ʟʤʽʥʠʚ ʩʧʦʩʽʙ ʚʟʘʻʤʦʜʽʾ ʟ 

ʦʪʦʯʫʶʯʠʤ ʩʚʽʪʦʤ, ʧʨʠ ʮʴʦʤʫ ʨʦʟʰʠʨʶʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʥʘʫʢʠ, ʘ 

ʪʘʢʦʞ ʚʽʜʢʨʠʚʘʶʯʠ ʥʦʚʽ ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʪʝʭʥʦʣʦʛʽʷ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ  ʦʪʨʠʤʘʣʘ 

ʙʘʛʘʪʦ ʧʦʚʩʷʢʜʝʥʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʦʩʚʽʪʠ, ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʭ. ʂʨʽʤ ʪʦʛʦ, IoT ʪʘʢʦʞ ʩʪʘʚ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʧʨʦʨʠʚʦʤ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɺʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʟʜʦʨʦʚʦʾ ʝʢʦʣʦʛʽʾ ʻ ʷʢʽʩʪʴ 

ʧʦʚʽʪʨʷ, ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ, ʜʝ ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ ʤʦʞʝ ʞʠʪʠ ʙʝʟʧʝʯʥʦ. 

ʆʩʢʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʛʨʝʩʫʚʘʣʠ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʝʚʦʣʶʮʽʦʥʫʚʘʣʠ ʚʽʜ ʧʨʦʩʪʦʛʦ ʚʽʜʜʘʣʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʩʠʩʪʝʤ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʩʢʣʘʜʥʽ ʩʝʥʩʦʨʥʽ ʤʦʜʫʣʽ ʪʘ ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʨʝʞʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʜʘʚʘʯʽʚ ʽ ʧʨʠʩʪʨʦʾʚ, ʝʢʦʣʦʛʽʯʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʥʘ ʦʩʥʦʚʽ IoT ʟʙʠʨʘʻ, ʧʝʨʝʜʘʻ ʪʘ ʘʥʘʣʽʟʫʻ ʜʘʥʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʚʘʯʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʝʭʥʦʣʦʛʽʷ 

IoT ʜʦʟʚʦʣʠʣʘ ʩʪʚʦʨʠʪʠ ʢʦʤʧʣʝʢʩʥʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʜʘʪʥʽ ʬʽʢʩʫʚʘʪʠ ʩʢʣʘʜʥʽ ʚʟʘʻʤʦʜʽʾ ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʝʪʘʣʽʟʘʮʽʾ ʪʘ ʦʭʦʧʣʝʥʥʷ ʜʘʥʠʭ. ʉʝʥʩʦʨʥʽ ʤʝʨʝʞʽ 
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ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʜʘʥʠʭ ʜʦ ʜʝʷʢʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʩʘʡʪʽʚ ʦʙʨʦʙʢʠ. ɺʦʥʠ 

ʧʦʻʜʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʜʘʥʠʭ ʜʘʚʘʯʽʚ ʽʟ ʛʝʦʧʨʦʩʪʦʨʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ ʟʤʽʥʠ 

ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʯʠʩʣʝʥʥʠʭ ʧʨʦʛʨʘʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʘʥʛʣ. Artificial  intelligence (AI)) ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

(ʘʥʛʣ. Machine learning (ML)) ʫ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʝʨʝʪʚʦʨʠʣʦ ʾʭ ʥʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʪʦʯʥʽʰʝ ʢʦʥʪʨʦʣʶʚʘʪʠ ʬʘʢʪʦʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [1]. ɿʘʛʘʣʦʤ ɯʦʊ-ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʨʝʘʣʽʟʫʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʷʢ ʤʦʥʽʪʦʨʠʥʛ ʦʢʨʝʤʠʭ 

ʝʢʦʩʠʩʪʝʤ [2-6], ʪʘʢ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʛʦʜʠ [7], ʢʦʥʪʨʦʣʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ [8], ʢʦʥʪʨʦʣʴ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛ ʷʢʦʩʪʽ ʚʦʜʠ [9], ʦʮʽʥʢʘ ʟʘʚʜʘʥʦʾ ʰʢʦʜʠ ʧʦʩʽʚʘʤ [10] ʪʘ ʽʥ.  

Cʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ IoT ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ ʘʚʪʦʤʘʪʠʟʘʮʽʶ, 

ʜʦʩʪʫʧʥʽʩʪʴ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ. 

ʆʜʥʘʢ, ʨʘʟʦʤ ʟ ʧʝʨʝʚʘʛʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʚʠʥʠʢʘʶʪʴ ʽ ʧʠʪʘʥʥʷ ʱʦʜʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ, ʦʙʨʦʙʢʠ ʪʘ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʫʚʘʪʠ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ, ʧʨʦʙʣʝʤ ʽ ʥʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʫ ʢʦʥʪʝʢʩʪʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 

ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʽ ʧʨʦʮʝʩʘʤʠ ʩʠʩʪʝʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ IoT 

ʻ: 

¶ ɼʘʚʘʯʽ. ɼʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʽ ʜʘʚʘʯʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ, 

ʷʢʽʩʪʴ ʚʦʜʠ, ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʪʘ ʨʽʚʝʥʴ ʦʩʚʽʪʣʝʥʥʷ. ʎʽ ʜʘʚʘʯʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʦʣʽ, ʥʘ 

ʙʫʜʽʚʣʷʭ ʽ ʥʘʚʽʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʽ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ. 

¶ ɿʙʽʨ ʜʘʥʠʭ. ɼʘʚʘʯʽ ʧʦʩʪʽʡʥʦ ʟʙʠʨʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʯʝʨʝʟ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʽ 

ʧʨʦʤʽʞʢʠ ʯʘʩʫ. ʇʦʪʽʤ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ ʘʙʦ 

ʭʤʘʨʥʫ ʧʣʘʪʬʦʨʤʫ. ɼʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʪʦʢʦʣʠ ʙʝʟʜʨʦʪʦʚʦʛʦ 

ʟʚôʷʟʢʫ, ʪʘʢʽ ʷʢ Wi-Fi, ʩʪʽʣʴʥʠʢʦʚʠʡ ʟʚôʷʟʦʢ, LoRa WAN ʽ Zigbee.  

¶ ʆʙʨʦʙʢʘ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ɼʘʥʽ ʜʘʚʘʯʽʚ ʦʙʨʦʙʣʷʶʪʴʩʷ ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ 

ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʘʙʦ ʣʦʢʘʣʴʥʠʭ ʩʝʨʚʝʨʘʭ. ʍʤʘʨʥʽ ʧʣʘʪʬʦʨʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʧʨʦʩʪʠʡ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʮʷ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʦʧʫʣʷʨʥʠʤ 

ʚʘʨʽʘʥʪʦʤ ʜʣʷ IoT-ʩʠʩʪʝʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

¶ ɸʥʘʣʽʪʠʢʘ. ʈʦʟʰʠʨʝʥʘ ʘʥʘʣʽʪʠʢʘ ʪʘ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʥʦʚʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʟʤʽʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ. 

¶ ɺʽʟʫʘʣʽʟʘʮʽʷ. ɼʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʧʦʞʠʚʘʯʘʤ ʯʝʨʝʟ ʚʝʙ-ʧʘʥʝʣʽ, ʤʦʙʽʣʴʥʽ 

ʜʦʜʘʪʢʠ ʘʙʦ ʽʥʰʽ ʽʥʪʝʨʬʝʡʩʠ ʢʦʨʠʩʪʫʚʘʯʘ. ɼʦʩʣʽʜʥʠʢʠ, ʜʝʨʞʘʚʥʽ ʫʩʪʘʥʦʚʠ ʪʘ ʰʠʨʦʢʘ 

ʛʨʦʤʘʜʩʴʢʽʩʪʴ ʤʦʞʫʪʴ ʜʽʟʥʘʪʠʩʷ ʧʨʦ ʫʤʦʚʠ ʪʘ ʪʝʥʜʝʥʮʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ. 

¶ ʇʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʩʧʦʚʽʱʝʥʥʷ. ʉʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʤʦʞʥʘ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʥʘ ʥʘʜʩʠʣʘʥʥʷ ʧʦʧʝʨʝʜʞʝʥʴ ʘʙʦ ʩʧʦʚʽʱʝʥʴ, ʢʦʣʠ ʚʠʢʦʥʫʶʪʴʩʷ 

ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʽ ʫʤʦʚʠ ʘʙʦ ʢʦʣʠ ʚʠʷʚʣʷʶʪʴʩʷ ʘʥʦʤʘʣʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʢʨʠʪʠʯʥʽ ʩʠʪʫʘʮʽʾ, ʪʘʢʽ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʝʢʩʪʨʝʤʘʣʴʥʽ ʧʦʛʦʜʥʽ ʷʚʠʱʘ. 

¶ ɯʥʪʝʛʨʘʮʽʷ. IoT-ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʥʘ ʽʥʪʝʛʨʫʚʘʪʠ ʟ ʽʥʰʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʪʘ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ, ʪʘʢʠʤʠ ʷʢ ʧʨʦʛʥʦʟʠ ʧʦʛʦʜʠ, ɻɯʉ (ʛʝʦʛʨʘʬʽʯʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ) ʪʘ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʥʘʷʚʥʽ ʫʤʦʚʠ ʘʙʦ ʟʤʽʥʠ ʫʤʦʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

¶ ʂʝʨʫʚʘʥʥʷ ʞʠʚʣʝʥʥʷʤ. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʻ 

ʚʘʞʣʠʚʦʶ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʪʘ ʚʽʜʜʘʣʝʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ. ɼʝʷʢʽ ʜʘʚʘʯʽ ʪʘ ʧʨʠʩʪʨʦʾ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʚʽʜ ʙʘʪʘʨʝʾ ʘʙʦ ʞʠʚʣʝʥʥʷ ʚʽʜ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʥʘʧʨʠʢʣʘʜ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. 

¶ ɹʝʟʧʝʢʘ. ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʪʘ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ IoT-ʩʠʩʪʝʤʘʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʦʩʢʽʣʴʢʠ ʚʪʨʘʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ 
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ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʫʪʴ ʤʘʪʠ ʟʥʘʯʥʽ ʥʘʩʣʽʜʢʠ. ɺʘʞʣʠʚʦ ʟʘʧʨʦʚʘʜʠʪʠ 

ʰʠʬʨʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʪʘ ʨʝʛʫʣʷʨʥʽ ʧʝʨʝʚʽʨʢʠ ʙʝʟʧʝʢʠ. 

¶ ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʥʦʨʤʘʤ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ IoT-

ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʥʠʟʮʽ ʧʨʠʡʥʷʪʠʭ ʥʦʨʤ ʽ ʩʪʘʥʜʘʨʪʽʚ.  

ʆʩʢʽʣʴʢʠ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʣʷ ʩʠʩʪʝʤ IoT ʚʩʝ ʱʝ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ, ʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʧʣʘʪʬʦʨʤ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɯʦʊ 

ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʻ: ʦʙʤʝʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʦʙʤʝʞʝʥʠʡ ʨʦʟʤʽʨ ʧʘʤôʷʪʽ ʧʨʠʩʪʨʦʾʚ IoT, ʱʦ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʝʢʩʪʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʥʘʜʘʥʠʭ ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʧʨʦʙʣʝʤʠ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʽʜʤʦʚ ʚ ʩʠʩʪʝʤʘʭ ʦʙʨʦʙʢʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʚ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ɯʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ ʣʝʞʠʪʴ ʯʦʪʠʨʠʨʽʚʥʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ [11], ʫ ʷʢʽʡ ʜʘʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʟʙʠʨʘʶʪʴʩʷ ʤʝʨʝʞʝʶ 

ʜʘʚʘʯʽʚ, ʘʛʨʝʛʫʶʪʴʩʷ, ʘ ʧʦʪʽʤ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨ ʯʝʨʝʟ ʭʤʘʨʥʠʡ ʩʝʨʚʽʩ. ʇʦʪʽʤ ʮʽ ʜʘʥʽ 

ʘʥʘʣʽʟʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ IoT, ʧʽʩʣʷ ʯʦʛʦ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦʜʘʪʢʘʤ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ.  

ʈʽʚʝʥʴ ʩʧʨʠʡʥʷʪʪʷ. ʎʝ ʬʽʟʠʯʥʠʡ ʨʽʚʝʥʴ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT), ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʜʘʚʘʯʽ ʜʣʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɿʘʛʘʣʦʤ, ʫ ʧʨʦʛʨʘʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ  

ʢʦʞʝʥ ʩʝʥʩʦʨʥʠʡ ʚʫʟʦʣ ʧʦʚʠʥʝʥ ʧʝʨʽʦʜʠʯʥʦ ʚʠʢʦʥʫʚʘʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ, ʘ ʩʘʤʝ 

ʛʝʥʝʨʘʮʽʶ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʥʜʫʚʘʥʥʷ, ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʽ ʟʚʽʪʫʚʘʥʥʷ ʜʘʥʠʭ. ʑʦʙ ʚʠʢʦʥʘʪʠ 

ʟʘʚʜʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʜʘʥʠʭ, ʧʦʢʘʟʠ ʜʘʚʘʯ̔ʚ ʟʙʠʨʘʶʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦ ʟ ʧʝʚʥʦʶ ʙʘʞʘʥʦʶ ʯʘʩʪʦʪʦʶ, 

ʘ ʜʘʥʽ ʜʘʚʘʯ̔ʚ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʤʽʪʢʘʤʠ ʯʘʩʫ ʧʽʜ ʯʘʩ ʚʠʙʽʨʢʠ, ʱʦ ʚʠʤʘʛʘʻ ʛʣʦʙʘʣʴʥʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʯʘʩʫ ʚ ʤʝʨʝʞʽ. ʇʦʪʽʤ, ʱʦʙ ʚʠʢʦʥʘʪʠ ʟʘʚʜʘʥʥʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʚʫʟʣʠ ʜʘʚʘʯ̔ʚ 

ʢʘʣʽʙʨʫʶʪʴ, ʘʛʨʝʛʫʶʪʴ, ʧʽʜʩʫʤʦʚʫʶʪʴ ʽ ʩʪʠʩʢʘʶʪʴ ʜʘʥʽ. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʩʝʥʩʦʨʘʤʠ ʧʦʣʷʛʘʻ ʫ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʥʽʪʦʨʠʥʛʫ (ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʣʦʛʽʩʪʴ, ʨʽʚʝʥʴ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ, ʪʦʱʦ) ʫ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ ʘʙʦ ʮʠʬʨʦʚʽ ʜʘʥʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʩʠʛʥʘʣʠ ʚʽʜ ʩʝʥʩʦʨʽʚ ʩʧʦʯʘʪʢʫ ʢʦʥʚʝʨʪʫʶʪʴʩʷ ʟ ʘʥʘʣʦʛʦʚʦʛʦ 

ʚʠʛʣʷʜʫ ʚ ʮʠʬʨʦʚʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʢʦʥʪʨʦʣʝʨʘʤ (ʥʘʧʨʠʢʣʘʜ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʤ ʘʙʦ ʢʦʤʧ'ʶʪʝʨʘʤ) ʦʙʨʦʙʣʷʪʠ ʮʽ ʜʘʥʽ. ʇʝʨʰ ʥʽʞ 

ʜʘʥʽ ʙʫʜʫʪʴ ʧʝʨʝʜʘʥʽ ʧʦ ʤʝʨʝʞʽ, ʜʝʷʢʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʙʘʟʦʚʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʥʘ 

ʙʦʨʪʫ (ʘʥʛʣ. On-board Processing), ʥʘʧʨʠʢʣʘʜ, ʬʽʣʴʪʨʘʮʽʶ ʘʙʦ ʫʩʝʨʝʜʥʝʥʥʷ. ʎʝ ʜʦʧʦʤʘʛʘʻ 

ʟʤʝʥʰʠʪʠ ʦʙʩʷʛ ʧʝʨʝʜʘʚʘʥʠʭ ʜʘʥʠʭ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʙʘʟʦʚʽ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʤʽʩʮʽ. 

ʗʢʽʩʪʴ ʜʘʥʠʭ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʘʚʘʯʽʚ IoT ʜʣʷ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ, ʧʦʚʥʦʪʫ, ʫʟʛʦʜʞʝʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʟ 

ʨʽʟʥʠʭ ʜʘʚʘʯʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ʚ ʝʢʦʩʠʩʪʝʤʽ IoT. ʆʩʢʽʣʴʢʠ ʩʠʩʪʝʤʠ IoT ʛʝʥʝʨʫʶʪʴ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ 

ʜʘʥʠʭ ʽʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʞʝʨʝʣ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʜʘʥʠʭ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʫʱʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʠʭ 

ʧʨʦʛʥʦʟʽʚ [12]. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟ ʷʢʽʩʪʶ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʽ ʤʝʪʦʜʠ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʷʢʽ ʚʽʜʩʽʶʶʪʴ ʧʦʤʠʣʢʦʚʽ ʧʦʢʘʟʠ ʪʘ ʽʥʪʝʨʧʦʣʶʶʪʴ ʚʽʜʩʫʪʥʽ ʪʦʯʢʠ 

ʜʘʥʠʭ. ɺʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʟʙʦʨʫ ʜʘʥʠʭ ʻ ʝʬʝʢʪʠʚʥʝ ʪʘ ʪʦʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʜʘʚʘʯʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥʠ ʧʦʚʝʜʽʥʢʠ 

ʩʝʥʩʦʨʘ. 

ʄʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ. ʆʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ ʻ ʧʝʨʝʜʘʯʘ ʨʽʟʥʠʭ ʟʽʙʨʘʥʠʭ 

ʜʘʥʠʭ ʥʘ ʨʽʚʝʥʴ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʯʝʨʝʟ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʧʨʠʩʫʪʥʽ 

ɯʥʪʝʨʥʝʪ/ʤʝʨʝʞʝʚʽ ʰʣʶʟʠ, ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ ʪʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʜʘʥʠʭ (ʘʥʛʣ. 

Data Acquisition System, DAS). ʈʦʟʰʠʨʝʥʽ ʰʣʶʟʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʚôʷʟʦʢ ʤʽʞ 

ʩʝʥʩʦʨʥʠʤʠ ʤʝʨʝʞʘʤʠ ʪʘ ɯʥʪʝʨʥʝʪʦʤ, ʜʦʟʚʦʣʷʶʯʠ ʾʤ ʩʧʽʣʢʫʚʘʪʠʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ. DAS ʚʠʢʦʥʫʻ 

ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʰʣʶʟʫ, ʪʘʢʽ ʷʢ ʘʛʨʝʛʘʮʽʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ (ʟʙʽʨ ʜʘʥʠʭ ʽʟ ʜʘʚʘʯʽʚ ʽ 

ʧʦʜʘʣʴʰʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʭ ʫ ʮʠʬʨʦʚʠʡ ʬʦʨʤʘʪ).  

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʦʩʥʦʚʦʶ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ ʩʫʯʘʩʥʠʭ ɯʦʊ-ʩʠʩʪʝʤ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫʻ ʻ ʙʝʟʜʨʦʪʦʚʽ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʬʘʢʪʠʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʤʽʞ 

ʧʨʠʩʪʨʦʷʤʠ IoT ʽ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʘʚʘʯʽʚ. ɺʦʥʠ ʦʙôʻʜʥʫʶʪʴ 
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ʩʫʯʘʩʥʽ ʜʘʚʘʯʽ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ AI. 

[13] 

ʅʘ ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʨʝʞʝʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʚʽʜ ʩʝʥʩʦʨʽʚ ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʙʝʟʜʨʦʪʦʚʽ ʪʘ ʧʨʦʚʦʜʦʚʽ 

ʧʨʦʪʦʢʦʣʠ ʟʚôʷʟʢʫ, ʪʘʢʽ ʷʢ Wi-Fi, Bluetooth, Zigbee, LoRa, NB-IoT ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ, ʮʝʡ ʨʽʚʝʥʴ 

ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʢʦʤʫʥʽʢʘʮʽʶ ʤʽʞ 

ʩʝʥʩʦʨʘʤʠ ʪʘ ʮʝʥʪʨʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ. 

ʄʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʧʦʯʘʪʢʦʚʫ ʦʙʨʦʙʢʫ ʪʘ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ: 

ï  ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʪʦʢʦʣ, ʷʢʠʡ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʎʝ ʤʦʞʝ 
ʙʫʪʠ Ethernet, Wi-Fi, Bluetooth, Zigbee, LoRaWAN ʪʦʱʦ. ʂʦʞʝʥ ʧʨʦʪʦʢʦʣ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ 

ʱʦʜʦ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ, ʜʘʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ, ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʚʠʙʦʨʫ. 

ï ʜʘʥʽ, ʷʢʽ ʛʦʪʦʚʽ ʜʦ ʧʝʨʝʜʘʯʽ, ʬʦʨʤʘʪʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʧʝʨʝʜʘʯʽ 
ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʽʚ ʟ ʟʘʛʦʣʦʚʢʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʞʝʨʝʣʦ, ʧʨʠʟʥʘʯʝʥʥʷ, ʪʠʧ 

ʜʘʥʠʭ ʪʦʱʦ. 

ɺʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʠʙʽʨ ʧʨʦʪʦʢʦʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʻ: 

ï  ʦʙʩʷʛ ʽ ʪʠʧ ʜʘʥʠʭ ʜʣʷ ʥʘʜʩʠʣʘʥʥʷ; 

ï   ʙʘʞʘʥʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʽʥʪʝʨʚʘʣ ʧʝʨʝʜʘʯʽ; 

ï ʥʘʜʽʡʥʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ; 

ï  ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ; 

ï  ʙʝʟʧʝʢʘ ʜʘʥʠʭ ʽ ʤʝʨʝʞʽ; 

ï  ʟʚô̫ ʟʦʢ ʤʽʞ ʧʝʨʠʬʝʨʽʡʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

ʄʝʨʝʞʝʚʠʡ ʨʽʚʝʥʴ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʽʥʰʠʭ ʨʦʟʫʤʥʠʭ ʨʝʯʝʡ, ʧʨʠʩʪʨʦʾʚ ʽ 

ʩʝʨʚʝʨʽʚ. 

ʈʽʚʝʥʴ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ. ʎʝ ʨʽʚʝʥʴ ʧʨʦʛʨʘʤʥʠʭ ʽ ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʙʽʨ, ʘʥʘʣʽʟ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʜʘʥʠʭ ʟ ʧʨʠʩʪʨʦʾʚ IoT. ɺʽʥ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʨʦʙʣʝʥʠʭ ʜʘʥʠʭ ʽʟ ʧʨʠʩʪʨʦʾʚ, ʾʭ ʦʙʨʦʙʢʫ ʪʘ ʥʘʜʘʥʥʷ ʜʦʩʪʫʧʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʘʥʘʣʽʟʫ ʯʠ ʜʽʾ ʪʘ ʚʢʣʶʯʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʜʘʥʠʤʠ, ʘʥʘʣʽʪʠʯʥʽ ʧʣʘʪʬʦʨʤʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʋʩʽ ʮʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʫʱʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʘʥʠʭ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʾʭ 

ʦʩʥʦʚʽ. 

ʉʠʩʪʝʤʘ IoT ʥʘ ʨʽʚʥʽ ʦʙʨʦʙʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʨʠʝʪʘʧʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʮʠʭ 

ʜʘʥʠʭ ʜʣʷ ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ [14]: 

ï ʅʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ. ʇʨʦʤʽʞʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʘʻ ʪʘ 
ʧʨʠʟʥʘʯʘʻ ʨʽʟʥʽ ʪʠʧʠ ʜʘʥʠʭ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʭʦʚʠʱʘ. ʅʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ, ʷʢ-ʦʪ ʘʫʜʽʦ- ʪʘ 

ʚʽʜʝʦʧʦʪʦʢʠ ʪʘ ʟʦʙʨʘʞʝʥʥʷ, ʟʘʟʚʠʯʘʡ ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰʝ ʤʽʩʮʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ 

ʦʟʝʨʘʭ ʜʘʥʠʭ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ, ʱʦ ʤʽʩʪʷʪʴ ʧʦʢʘʟʠ ʧʨʠʣʘʜʽʚ, ʟʥʘʯʝʥʥʷ ʞʫʨʥʘʣʫ 

ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ (ʜʘʥʽ ʪʝʣʝʤʝʪʨʽʾ), ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʩʭʦʚʠʱʘʭ ʜʘʥʠʭ. 

ʍʤʘʨʥʽ ʩʭʦʚʠʱʘ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʚ ʩʠʩʪʝʤʘʭ IoT. 

ï ɸʙʩʪʨʘʢʮʽʷ ʜʘʥʠʭ. ʇʝʨʝʜʙʘʯʘʻ ʘʛʨʝʛʫʚʘʥʥʷ ʜʘʥʠʭ ʽʟ ʢʽʣʴʢʦʭ ʜʞʝʨʝʣ, ʘ ʪʘʢʦʞ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʫ ʬʦʨʤʘʪ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ çʧʨʦʯʠʪʘʥʠʡè ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʨʠʢʣʘʜʥʦʛʦ ʨʽʚʥʷ. 

ï  ɸʥʘʣʽʟ ʜʘʥʠʭ. ɺʠʢʦʨʠʩʪʦʚʫʻ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʘʙʦ ʘʣʛʦʨʠʪʤʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʷʢʽ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʚʠʷʚʣʝʥʥʽ ʰʘʙʣʦʥʽʚ ʫ ʚʝʣʠʢʠʭ ʽ ʚʠʧʘʜʢʦʚʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ. 

ʇʦʛʣʠʙʣʝʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ, ʱʦ ʥʝ ʚʠʤʘʛʘʻ ʥʝʛʘʡʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʚʠʢʦʥʫʻʪʴʩʷ ʚ 

ʭʤʘʨʽ ʘʙʦ ʫ ʬʽʟʠʯʥʠʭ ʮʝʥʪʨʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʜʝ ʧʦʪʫʞʥʽ ɯʊ-ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʶʪʴ ʢʝʨʫʚʘʥʥʷ, 

ʘʥʘʣʽʟ ʪʘ ʙʝʟʧʝʯʥʝ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ʎʝ ʪʘʢʦʞ ʤʽʩʮʝ, ʜʝ ʜʘʥʽ ʜʘʚʘʯʽʚ ʤʦʞʥʘ ʧʦʻʜʥʫʚʘʪʠ ʟ 

ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ ʜʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʇʨʠʢʣʘʜʥʠʡ ʨʽʚʝʥʴ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʴʦʛʦ ʨʽʚʥʷ ʻ ʥʘʜʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʣʫʞʙ 

ʜʦʜʘʪʢʽʚ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʈʽʚʝʥʴ ʜʦʜʘʪʢʽʚ ð ʮʝ ʽʥʪʝʨʬʝʡʩ ʤʽʞ ʧʨʠʩʪʨʦʻʤ 

IoT ʽ ʤʝʨʝʞʝʶ, ʟ ʷʢʦʶ ʡʦʤʫ ʧʦʪʨʽʙʥʦ ʩʧʽʣʢʫʚʘʪʠʩʷ. ɺʽʥ ʢʝʨʫʻ ʬʦʨʤʘʪʫʚʘʥʥʷʤ ʽ 
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ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʜʘʥʠʭ ʽ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʥʠʭ 

ʟ ʦʜʥʽʻʾ ʤʝʨʝʞʽ ʚ ʽʥʰʫ. 

ʊʘʢʘ ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʫ ʢʘʨʪʠʥʫ ʧʦʪʦʢʫ 

ʜʘʥʠʭ/ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ IoT. 

ʆʩʢʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪʦʤ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʨʦʟʛʦʨʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʫ 

ʩʠʩʪʝʤʘʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʣʦ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʯʝʟʥʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʪʦ ʚʽʜʧʦʚʽʜʥʦ 

ʟʨʦʩʣʠ ʧʨʦʙʣʝʤʠ ʟʙʝʨʽʛʘʥʥʷ, ʧʝʨʝʜʘʯʽ ʪʘ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ. ʏʘʩʪʢʦʚʠʤ 

ʚʠʨʽʰʝʥʥʷʤ ʮʠʭ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʪʘ ʩʪʠʩʥʝʥʥʷ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ 

ʆʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʽʟ ʙʘʛʘʪʴʦʭ ʜʞʝʨʝʣ ʪʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʜʘʥʠʭ. ʉʠʩʪʝʤʠ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʩʢʣʘʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʟʙʠʨʘʶʪʴ, ʦʙʨʦʙʣʷʶʪʴ ʪʘ ʘʥʘʣʽʟʫʶʪʴ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ (ʥʘʧʨʠʢʣʘʜ, ʩʝʥʩʦʨʽʚ, ʩʪʘʥʮʽʡ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ). ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʦʚʥʽʰʝ ʪʘ ʢʦʤʧʣʝʢʩʥʝ ʨʦʟʫʤʽʥʥʷ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ. ʆʙ'ʻʜʥʘʥʥʷ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ (ʘʥʛʣ. Data Fusion) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʦʚʥʽʰʝ ʪʘ 

ʢʦʤʧʣʝʢʩʥʝ ʨʦʟʫʤʽʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʰʠʨʝʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʩʘʡʪʽʚ ʪʘ 

ʚʠʷʚʣʝʥʥʷ ʧʘʪʝʨʥʽʚ ʚ ʩʪʘʥʽ ʜʦʚʢʽʣʣʷ, ʨʦʟʨʦʙʣʷʪʠ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ, 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʽ ʪ.ʜ. 

ʄʝʪʦʜʠ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʟʙʦʨʫ ʘʙʦ ʛʨʫʧʫʚʘʥʥʷ 

ʜʘʥʠʭ [14]: 

ï ʥʝʦʙʨʦʙʣʝʥʽ ʜʘʥʽ ʘʙʦ ʟʣʠʪʪʷ ʜʘʥʠʭ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. ʆʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ 
ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʨʘʟʫ ʧʽʩʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʚʽʜ ʜʘʚʘʯʽʚ. ɸʣʛʦʨʠʪʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ 

ʮʴʦʤʫ ʨʽʚʥʽ, ʙʘʟʫʶʪʴʩʷ ʷʢ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʪʘ ʟʦʙʨʘʞʝʥʴ, ʪʘʢ ʽ ʚʠʣʫʯʝʥʥʷ ʦʟʥʘʢ 

ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʦʙôʻʢʪ ʫ ʩʝʨʝʜʦʚʠʱʽ; 

ï ʬʫʥʢʮʽʾ ʘʙʦ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʷʢ ʚʭʽʜ, ʪʘʢ ʽ ʚʠʭʽʜ 
ʧʨʦʮʝʩʫ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʻ ʬʫʥʢʮʽʷʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʩʪʦʩʫʻʪʴʩʷ 

ʥʘʙʦʨʫ ʬʫʥʢʮʽʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʙʦ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʡ. ʎʝʡ ʧʨʦʮʝʩ 

ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʟʣʠʪʪʷ ʦʟʥʘʢ, ʟʣʠʪʪʷ ʩʠʤʚʦʣʽʚ, ʟʣʠʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʟʣʠʪʪʷ ʥʘ ʧʨʦʤʽʞʥʦʤʫ 

ʨʽʚʥʽ; 

ï ʨ̔ ʰʝʥʥʷ ʘʙʦ ʟʣʠʪʪʷ ʜʘʥʠʭ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ʎʝʡ ʨʽʚʝʥʴ ʦʪʨʠʤʫʻ ʥʘʙʽʨ ʬʫʥʢʮʽʡ ʷʢ 

ʚʭʽʜʥʽ ʜʘʥʽ ʪʘ ʥʘʜʘʻ ʥʘʙʽʨ ʨʽʰʝʥʴ ʷʢ ʚʠʭʽʜʥʽ ʜʘʥʽ ʘʙʦ ʧʦʻʜʥʫʻ ʚʭʽʜʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʢʨʘʱʠʭ ʘʙʦ ʥʦʚʠʭ ʨʽʰʝʥʴ ʽ ʚʽʜʦʤʠʡ ʷʢ ʟʣʠʪʪʷ ʨʽʰʝʥʴ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʟʣʠʪʪʷ ʜʘʥʠʭ ʩʠʩʪʝʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʻ : 

1. ʌʽʣʴʪʨ ʂʘʣʤʘʥʘ (ʘʥʛʣ. Kalman Filter) ʻ ʝʬʝʢʪʠʚʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ 

ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʦʮʽʥʦʢ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʴ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, 

ʚʨʘʭʦʚʫʶʯʠ ʚʠʧʘʜʢʦʚʽʩʪʴ ʚʠʤʽʨʽʚ ʽ ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤʠ. ʌʽʣʴʪʨ ʂʘʣʤʘʥʘ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʣʠʪʪʷ ʥʠʟʴʢʦʨʽʚʥʝʚʠʭ ʜʘʥʠʭ [15]. 

2. ɻʨʘʥʫʣʷʨʥʠʡ ʬʽʣʴʪʨ (ʘʥʛʣ. Particle Filter) ʮʝ ʤʝʪʦʜ ʬʽʣʴʪʨʘʮʽʾ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʪʘ ʚʠʤʽʨʶʚʘʥʴ. ɺʠʢʦʨʠʩʪʦʚʫʻ 

ʘʧʨʦʢʩʠʤʘʮʽʶ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʘʩʪʠʥʦʢ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ.  

3. ɹʘʡʻʩʽʚʩʴʢʽ ʤʝʨʝʞʽ (ʘʥʛʣ. Bayesian Networks) ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʨʽʟʥʠʤʠ ʟʤʽʥʥʠʤʠ ʪʘ ʦʮʽʥʶʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʨʽʟʥʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʤʙʽʥʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ 

ʜʘʥʠʭ [16]. 

4. ʆʙô̒ ʜʥʘʥʥʷ ʜʘʥʠʭ ʟ ʩʝʥʩʦʨʽʚ (ʘʥʛʣ. Sensor Fusion) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ 

ʚʠʤʽʨʶʚʘʥʴ ʟ ʨʽʟʥʠʭ ʩʝʥʩʦʨʽʚ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ, ʢʦʨʝʢʮʽʾ ʧʦʤʠʣʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʚʠʨʽʰʝʥʥʷ 

ʩʫʧʝʨʝʯʣʠʚʠʭ ʜʘʥʠʭ [17]. 

5. ʆʙô̒ ʜʥʘʥʥʷ ʥʘ ʨʽʚʥʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʘʥʛʣ. Decision-Level Fusion) ʧʦʣʷʛʘʻ ʚ 

ʦʙ'ʻʜʥʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʭ 
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ʨʽʰʝʥʴ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʞʝʨʝʣ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [17]. 

ʎʽ ʘʣʛʦʨʠʪʤʠ ʜʦʧʦʤʘʛʘʶʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʪʘ ʢʦʨʠʩʥʽʩʪʴ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʫ ʩʠʩʪʝʤʘʭ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ IoT, ʩʧʨʠʷʶʯʠ ʝʬʝʢʪʠʚʥʽʰʦʤʫ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʪʘ 

ʧʨʠʡʥʷʪʪʶ ʽʥʬʦʨʤʦʚʘʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʠ. ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ. ʑʦʙ ʚʠʟʥʘʯʠʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ/ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʫ ʪʘ ʟʘʪʨʠʤʢʫ, ʚʚʝʜʝʥʫ ʚ ʟʚôʷʟʦʢ. 

ʆʙ'ʻʜʥʘʥʥʷ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʰʠʨʝʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʘ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʩʘʡʪʽʚ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʘʪʝʨʥʽʚ ʚ ʩʪʘʥʽ ʜʦʚʢʽʣʣʷ. 

ʉʪʠʩʥʝʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʬʦʨʤʘʪʽʚ ʜʘʥʠʭ 

ʫ ʩʠʩʪʝʤʘʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʯʘʩʦʚʽ ʨʷʜʠ ʯʝʨʝʟ ʾʭ ʚʣʘʩʪʠʚʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʯʘʩʦʚʽ 

ʟʘʧʠʩʠ ʚʠʤʽʨʶʚʘʥʠʭ ʟʤʽʥʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʤʽʥʠ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʯʘʩʽ, ʚʠʷʚʣʷʪʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʪʨʝʥʜʠ ʪʘ ʩʝʟʦʥʥʽ ʚʘʨʽʘʮʽʾ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʷʪʠ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʣʷ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʤʘʡʙʫʪʥʽʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʥʽʪʦʨʠʥʛʫ. ʇʨʦʙʣʝʤʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʦʚʠʭ 

ʨ̫ ʜʽʚ ʷʢ ʬʦʨʤʘʪʫ ʜʘʥʠʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʫ IoT-ʩʠʩʪʝʤʘʭ ʻ ʦʙʤʝʞʝʥʠʡ ʦʙʩʷʛ ʧʘʤôʷʪʽ, 

ʘ ʪʘʢʦʞ ʩʝʨʝʜʦʚʠʱʘ ʟ ʦʙʤʝʞʝʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʟôʻʜʥʘʥʥʷ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʤʘʥʽʧʫʣʶʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʾʾ ʧʝʨʝʜʘʯʫ [19].  

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʫ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ 

ʦʙʨʦʙʣʷʶʪʴʩʷ IoT ʧʨʠʩʪʨʦʷʤʠ ʻ ʩʪʠʩʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʫ ʬʦʨʤʘʪʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʩʪʨʘʪʝʛʽʡ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ʋ ʢʦʥʪʝʢʩʪʽ IoT 

ʩʪʨʘʪʝʛʽʷ ʩʪʠʩʥʝʥʥʷ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʫ ʜʘʥʠʭ ʽʟ ʛʘʨʘʥʪʽʻʶ ʪʦʛʦ, ʱʦ ʾʭ 

ʷʢʽʩʪʴ ʥʝ ʙʫʜʝ ʧʦʛʽʨʰʝʥʘ. ʇʨʦʪʝ, ʚʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʽ ʧʨʦʛʨʘʤ IoT, ʧʨʦʮʝʩ 

ʩʪʠʩʥʝʥʥʷ ʪʘʢʦʞ ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ: 

ï ɹʽʣʴʰʽʩʪʴ ʧʨʠʩʪʨʦʾʚ IoT ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʪʘʢʽ ʷʢ ʦʙʩʷʛ 
ʧʘʤ'ʷʪʽ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʦʨʘ. ɼʝʷʢʽ ʤʝʪʦʜʠ ʩʪʠʩʥʝʥʥʷ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʝʥʴ 

(ʥʘʧʨʠʢʣʘʜ, ʜʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ), ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘ 

ʪʘʢʠʭ ʧʨʠʩʪʨʦʷʭ. 

ï ɹʘʛʘʪʦ ʧʨʠʩʪʨʦʾʚ IoT ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʾ ʝʥʝʨʛʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ 
ʘʣʛʦʨʠʪʤʽʚ ʩʪʠʩʥʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʙʽʣʴʰʝʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʩʢʦʨʦʯʫʻ ʯʘʩ 

ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʚʽʜ ʦʜʥʦʛʦ ʟʘʨʷʜʫ.  

ï ɼʦʜʘʪʢʠ IoT ʧʦʪʨʝʙʫʶʪʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʥʠʟʴʢʦʾ ʟʘʪʨʠʤʢʠ ʚ 
ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ ʤʝʪʦʜʽʚ ʩʪʠʩʥʝʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʥʝʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʪʘʢʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʟʥʘʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʪʝʭʥʽʮʽ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ ʟʘʚʜʷʢʠ 

ʧʨʦʛʨʝʩʫ ʪʝʭʥʦʣʦʛʽʡ. ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ ʚ IoT ʻ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʷʢ ʙʝʟ 

ʚʪʨʘʪ, ʪʘʢ ʽ ʟ ʚʪʨʘʪʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʩʪʠʩʥʝʥʥʷ ʙʝʟ ʚʪʨʘʪ, ʪʘʢʠʭ ʷʢ ʤʝʪʦʜʠ ʍʘʬʬʤʘʥʘ 

ʪʘ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʙʫʣʦ ʧʦʰʠʨʝʥʠʤ ʫ ʜʦʜʘʪʢʘʭ IoT ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ 

ʜʝʩʷʪʠʣʽʪʪʷ. ʄʝʪʦʜʠ ʩʪʠʩʥʝʥʥʷ ʟ ʚʪʨʘʪʘʤʠ ï ʮʝ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ ʜʘʥʠʭ, ʚʠʜʘʣʝʥʥʷ ʰʫʤʽʚ ʘʙʦ 

ʽʥhʦʾ ʥʝʧʦʪʨʽʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʎʽ ʤʝʪʦʜʠ ʩʪʠʩʢʘʶʪʴ ʜʘʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʪʠʩʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʘʥʠʭ ʽ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʢʦʜʫʶʯʠ ʾʭ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʙʨʝ ʚʽʜʦʤʠʡ ʽ ʟʘʩʪʦʩʦʚʥʠʡ ʫ 

ʢʽʣʴʢʦʭ ʩʠʪʫʘʮʽʷʭ; ʦʜʥʘʢ ʚʽʥ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʯʠʤ ʩʢʣʘʜʥʽʰʝ 

ʦʙʯʠʩʣʝʥʥʷ, ʪʠʤ ʚʘʞʯʠʤ ʩʪʘʻ ʟʘʚʜʘʥʥʷ, ʽ, ʦʪʞʝ, ʮʝ ʤʦʞʝ ʧʦʛʽʨʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤʠ 

IoT ʟ ʦʙʤʝʞʝʥʠʤ ʨʝʩʫʨʩʦʤ. ʉʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ ʚ IoT ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤʠ ʚ ʜʝʷʢʠʭ ʢʦʥʪʝʢʩʪʘʭ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʜʘʥʽ ʤʝʥʰ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʪʘ ʤʽʩʪʷʪʴ ʤʝʥʰ 

ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʰʘʙʣʦʥʠ. ʂʨʽʤ ʪʦʛʦ, ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʥʰ ʚʨʘʟʣʠʚʠʤʠ ʜʦ 

ʘʛʨʝʩʠʚʥʠʭ ʘʪʘʢ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʤ ʚʘʨʽʘʥʪʦʤ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʽ ʮʽ ʤʝʪʦʜʠ ʥʝ 

ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʯʝʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ ʟʜʽʡʩʥʝʥʥʠʤ 

ʚʘʨʽʘʥʪʦʤ ʫ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʤʽʯʝʥʽ ʜʘʥʽ ʥʝʜʦʩʪʫʧʥʽ . 

ɯʥʰʠʤ ʟʥʘʯʥʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʫ ʩʪʠʩʥʝʥʥʽ ʜʘʥʠʭ ʜʣʷ IoT ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ML, 

ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ ʰʣʷʭʦʤ ʚʠʚʯʝʥʥʷ ʰʘʙʣʦʥʽʚ ʫ 

ʜʘʥʠʭ ʽ ʾʭ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʠʩʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʘʣʛʦʨʠʪʤʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʪʘʢʽ ʷʢ 
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ʘʚʪʦʢʦʜʝʨʠ [20] ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ, 

ʜʝ ʩʪʠʩʥʝʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʷʢ 

ʛʝʥʝʨʘʪʠʚʥʽ ʟʤʘʛʘʣʴʥʽ ʤʝʨʝʞʽ (ʘʥʛʣ. Generative adversarial networks, GAN) ʽ ʚʘʨʽʘʮʽʡʥʽ 

ʘʚʪʦʢʦʜʝʨʠ (ʘʥʛʣ. Variational autoencoder, VAE) ʜʣʷ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ, ʻ ʩʬʝʨʦʶ ʜʦʩʣʽʜʞʝʥʴ, 

ʷʢʘ ʧʦʢʘʟʫʻ ʙʘʛʘʪʦʦʙʽʮʷʶʯʽ ʨʝʟʫʣʴʪʘʪʠ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʽʥʪʝʛʨʦʚʘʥʦʛʦ 

ʥʘʚʯʘʥʥʷ [20], ʢʦʣʠ ʤʦʜʝʣʽ ʥʘʚʯʘʶʪʴʩʷ ʣʦʢʘʣʴʥʦ ʥʘ ʧʨʠʩʪʨʦʷʭ IoT, ʘ ʧʦʪʽʤ ʘʛʨʝʛʫʶʪʴʩʷ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʩʝʨʚʝʨʽ, ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ IoT ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ML ʜʣʷ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ ʚ IoT ʤʘʻ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ, ʪʘʢʠʭ ʷʢ ʢʨʘʱʝ 

ʩʪʠʩʥʝʥʥʷ, ʩʪʠʩʥʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. ʆʜʥʘʢ ʚʽʥ ʪʘʢʦʞ ʤʘʻ 

ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʦʙʯʠʩʣʝʥʴ, ʚʠʤʦʛʠ ʜʦ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ, ʤʦʞʣʠʚʽʩʪʴ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ. ɺʠʨʽʰʫʶʯʠ, ʯʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ML ʜʣʷ ʩʪʠʩʥʝʥʥʷ ʜʘʥʠʭ 

ʚ IoT, ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʪʘʢʽ ʘʩʧʝʢʪʠ, ʷʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʠʭ, ʚʠʤʦʛʠ 

ʙʝʟʧʝʢʠ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. ʈʝʪʝʣʴʥʠʡ ʘʥʘʣʽʟ ʮʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʚʠʟʥʘʯʠʪʠ, ʯʠ ʻ ML ʚʽʜʧʦʚʽʜʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʥʪʝʢʩʪʫ IoT. 

ʆʪʞʝ, ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ IoT-ʩʠʩʪʝʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʥʘʩʪʫʧʥʽ 

ʧʨʦʙʣʝʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

1. ʆʙʨʦʙʢʘ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ (Big Data): ɼʘʚʘʯʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ 

IoT, ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʱʦ ʧʦʪʨʝʙʫʻ ʝʬʝʢʪʠʚʥʦʛʦ ʟʙʦʨʫ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ. ʎʝ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʧʨʦʙʣʝʤʠ ʟ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʤʝʨʝʞʽ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ. 

2. ʗʢʽʩʪʴ ʜʘʥʠʭ: ɼʘʥʽ ʜʘʚʘʯʽʚ ʤʦʞʫʪʴ ʩʧʦʪʚʦʨʝʥʽ ʧʦʤʠʣʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʰʫʤ, 

ʥʝʪʦʯʥʦʩʪʽ ʪʘ ʚʪʨʘʪʠ ʟʚ'ʷʟʢʫ. ʆʙʨʦʙʢʘ ʥʝʧʝʨʝʚʽʨʝʥʠʭ ʜʘʥʠʭ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʪʦʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ. 

3. ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʜʘʥʠʭ: ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʪʘ ʣʝʛʢʦʩʪʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʚʘʞʣʠʚʦ ʤʘʪʠ ʯʽʪʢʽ ʩʪʘʥʜʘʨʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʬʦʨʤʘʪʠ ʜʘʥʠʭ, ʧʨʦʪʦʢʦʣʠ ʟʚ'ʷʟʢʫ ʪʘ ʤʝʪʦʜʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʘʥʠʭ. 

4. ɿʘʭʠʩʪ ʜʘʥʠʭ: ɼʘʥʽ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʤʝʨʝʞʫ IoT, ʤʦʞʫʪʴ ʟʘʟʥʘʚʘʪʠ ʢʽʙʝʨʘʪʘʢ, 

ʚʢʣʶʯʘʶʯʠ ʧʝʨʝʭʦʧʣʝʥʥʷ, ʤʦʜʠʬʽʢʘʮʽʶ ʪʘ ʚʠʪʽʢ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ. 

5. ʅʝʜʦʩʪʘʪʥʷ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʽʜʢʣʶʯʝʥʠʭ ʜʘʚʘʯʽʚ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʙʣʝʤ ʟ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʶ ʩʠʩʪʝʤʠ, ʷʢʘ ʤʦʞʝ ʥʝ ʚʠʪʨʠʤʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʦʜʥʦʯʘʩʥʠʭ ʧʽʜʢʣʶʯʝʥʴ ʪʘ ʦʙʨʦʙʢʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʦʜʥʦʯʘʩʥʦ. 

6. ʇʨʦʙʣʝʤʠ ʟ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷʤ: ɼʘʚʘʯʽ IoT ʤʦʞʫʪʴ ʧʦʪʨʝʙʫʚʘʪʠ ʝʥʝʨʛʽʾ ʜʣʷ 

ʩʚʦʛʦ ʞʠʚʣʝʥʥʷ, ʱʦ ʤʦʞʝ ʩʪʘʪʠ ʧʨʦʙʣʝʤʦʶ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ 

ʘʙʦ ʫ ʚʽʜʜʘʣʝʥʠʭ ʪʦʯʢʘʭ, ʜʝ ʚʘʞʢʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʠʡ ʜʦʩʪʫʧ ʜʦ ʝʥʝʨʛʦʞʠʚʣʝʥʥʷ. 

7. ʃʦʢʘʣʽʟʘʮʽʷ ʜʘʥʠʭ: ɼʣʷ ʜʝʷʢʠʭ ʜʦʜʘʪʢʽʚ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʟʥʘʪʠ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʜʝʷʢʠʭ ʜʘʚʘʯʽʚ. ʇʨʦʪʝ, ʟʙʽʨ ʽ ʦʙʨʦʙʢʘ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʤʦʞʝ ʚʠʤʘʛʘʪʠ 

ʜʦʜʘʪʢʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʱʦʜʦ 

ʟʘʭʠʩʪʫ ʧʨʠʚʘʪʥʦʩʪʽ. 

8. ɯʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ: ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʦʾ ʢʘʨʪʠ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʤʦʞʝ 

ʟʥʘʜʦʙʠʪʠʩʷ ʽʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ ʜʘʚʘʯʽ, ʙʘʟʠ ʜʘʥʠʭ, ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ 

ʪʦʱʦ. ʎʝ ʚʠʤʘʛʘʻ ʨʦʟʚô̫ ʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʻʶ ʪʘ ʟʣʠʪʪʷʤ ʨʽʟʥʠʭ ʬʦʨʤʘʪʽʚ ʜʘʥʠʭ. 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ, ʨʦʟʨʦʙʢʦʶ ʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʘʥʘʣʽʟʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ IoT. 
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Abstract 

The article describes the main factors affecting the environmental safety of Ukrainian regions 

in the context of a full -scale war. They relate to environmental threats to the quality of air and water, 

the state of soils, the formation of destruction waste, negative influences on ecosystems and the 

development of hazardous military situations. It is indicated that measures of the post-war restoration 

of Ukraine should be developed, taking into account the scale of the impact of military operations on 

the ecological state of the regions. It is noted that monitoring plays an important role in the impact 

evaluation. It is emphasized that the use of geographic information systems and technologies 

enhances the effectiveness of the monitoring process. 

Key words: ecological safety, Ukrainian regions, Russian-Ukrainian war. 

 

ɸʥʦʪʘʮʽʷ 

ʋ ʩʪʘʪʪʽ ʥʘʚʦʜʷʪʴʩʷ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʨʝʛʽʦʥʽʚ 

ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ. ɺʦʥʠ ʩʪʦʩʫʶʪʴʩʷ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʛʨʦʟ ʱʦʜʦ ʷʢʦʩʪʽ 

ʧʦʚʽʪʨʷʥʦʛʦ ʪʘ ʚʦʜʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʨʫʡʥʫʚʘʥʥʷ, 

ʪʠʩʢʫ ʥʘ ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʨʦʟʚʠʪʢʫ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ ʚʦʻʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɺʢʘʟʘʥʦ, ʱʦ 

ʟʘʭʦʜʠ ʱʦʜʦ ʧʽʩʣʷʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʨʞʘʚʠ ʚʘʨʪʦ ʨʦʟʨʦʙʣʷʪʠ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʘʩʰʪʘʙʽʚ 

ʚʧʣʠʚʫ ʚʦʻʥʥʠʭ ʜʽʡ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʨʝʛʽʦʥʽʚ. ɿʘʟʥʘʯʝʥʦ, ʱʦ ʚʘʞʣʠʚʘ ʨʦʣʴ ʚ ʦʮʽʥʶʚʘʥʥʽ 

ʚʧʣʠʚʽʚ ʚʽʜʚʦʜʠʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʷʢʦʛʦ ʟʥʘʯʥʦ ʧʽʜʩʠʣʶʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ, ʨʝʛʽʦʥʠ ʋʢʨʘʾʥʠ, ʨʦʩʽʡʩʴʢʦ-ʫʢʨʘʾʥʩʴʢʘ ʚʽʡʥʘ. 

 

ʇʦʚʥʦʤʘʩʰʪʘʙʥʘ ʚʽʡʥʘ ʚ ʋʢʨʘʾʥʽ ʪʘ ʪʽ ʚʧʣʠʚʠ, ʱʦ ʯʠʥʷʪʴʩʷ ʥʘ ʜʦʚʢʽʣʣʷ, ʩʧʦʥʫʢʘʶʪʴ ʧʦ-

ʥʦʚʦʤʫ ʦʮʽʥʠʪʠ ʝʢʦʣʦʛʽʯʥʽ ʟʘʛʨʦʟʠ  ʪʘ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ  ̔ʟʘʣʠʰʘʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤʠ 

ʚʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʋʢʨʘʾʥʘ ʚʧʝʨʰʝ ʟ ʯʘʩʽʚ ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ ʨʝʘʣʴʥʦ ʟʽʪʢʥʫʣʘʩʴ ʽʟ 

ʥʘʜʟʚʠʯʘʡʥʠʤʠ ʩʠʪʫʘʮʽʷʤʠ ʚʦʻʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɺʦʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ  ʝʢʦʥʦʤʽʯʥʦʾ 

ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʠʭ ʩʫʩʧʽʣʴʩʪʚʘ, ʱʦ ʢʘʪʘʩʪʨʦʬʽʯʥʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘ ʝʢʦʣʦʛʽʯʥʽʡ ʩʠʪʫʘʮʽʾ. 

ʂʨʽʤ ʪʦʛʦ, ʥʘʩʣʽʜʢʠ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʧʦʢʘʟʥʠʢʽʚ  ̔

ʥʦʨʤʘʪʠʚʽʚ, ʟʘ ʷʢʠʤʠ ʧʦʪʨʽʙʥʦ ʦʮʽʥʶʚʘʪʠ ʷʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʢʽʣʣʷ ʪʘ ʚʠʤʘʛʘʶʪʴ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʟʘʭʦʜʽʚ, ʟʘʚʜʷʢʠ ʢ̫ʠʤ ʫ ʙʣʠʟʴʢʽʡ ʪʘ ʫ ʧʦʜʘʣʴʰʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʤʦʞʣʠʚʠʤ ʙʫʣʦ ʙ 

ʧʦʢʨʘʱʠʪʠ ʩʪʘʥ ˇʨʫʥʪʽʚ, ʷʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʚʦʜʠ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ 

ʣʶʜʴʤʠ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʦʭʦʧʣʝʥʘ ʚʦʻʥʥʠʤʠ ʜʽʷʤʠ, ʪʘ ʥʘʚʽʪʴ 

ʪʝʨʠʪʦʨʽʾ, ʜʝ ʚʦʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʪʽʻʶ ʯʠ ʽʥʰʦʶ ʤʽʨʦʶ ʩʪʨʘʞʜʘʶʪʴ 

ʚʥʘʩʣʽʜʦʢ ʜʽʡ ʜʝʨʞʘʚʠ-ʘʛʨʝʩʦʨʘ. ʅʠʞʯʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫʤʦʚʥʠʡ ʧʦʜʽʣ ʨʝʛʽʦʥʽʚ ʱʦʜʦ ʚʧʣʠʚʫ 

ʚʽʡʥʠ ʥʘ ʩʪʘʥ ʜʦʚʢʽʣʣʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʚʘʨʪʦ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʶʚʘʥʥʷ ʤʘʩʰʪʘʙʽʚ 
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ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ, ʥʘʧʨʘʮʴʦʚʫʚʘʪʠ ʩʪʨʘʪʝʛʽʾ ʪʘ ʬʦʨʤʫʚʘʪʠ ʧʣʘʥʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʜʦʣʘʥʥʷ 

ʾʭ ʥʘʩʣʽʜʢʽʚ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʨʝʛʽʦʥʽʚ ʱʦʜʦ ʤʘʩʰʪʘʙʽʚ ʚʧʣʠʚʫ ʚʦʻʥʥʠʭ ʜʽʡ: 

¶ ʈʝʛʽʦʥʠ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʷʢʠʭ ʥʝ ʚʝʜʫʪʴʩʷ ʙʦʡʦʚʽ ʜʽʾ ʪʘ ʷʢʽ ʟʘʟʥʘʣʠ ʥʝʟʥʘʯʥʦʛʦ 

ʚʧʣʠʚʫ ʚʽʡʥʠ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ (ɿʘʢʘʨʧʘʪʩʴʢʘ, ʊʝʨʥʦʧʽʣʴʩʴʢʘ, ʏʝʨʥʽʚʝʮʴʢʘ, 

ʈʽʚʥʝʥʩʴʢʘ ʪʘ ɺʦʣʠʥʩʴʢʘ ʦʙʣʘʩʪʽ). ɼʚʽ ʦʩʪʘʥʥʽ ʦʙʣʘʩʪʽ ʤʘʶʪʴ ʢʦʨʜʦʥʠ ʽʟ ɹʽʣʦʨʫʩʩʶ, ʪʦʤʫ 

ʤʘʶʪʴ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʧʝʨʝʩʫʚʘʥʥʷ ʫ ʧʨʠʢʦʨʜʦʥʥʠʭ ʪʝʨʠʪʦʨʽʷʭ;  

¶ ʈʝʛʽʦʥʠ, ʷʢʽ ʥʝ ʧʝʨʝʙʫʚʘʣʠ ʫ ʟʦʥʽ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʚʦʻʥʥʠʭ ʜʽʡ, ʦʜʥʘʢ ʜʦʩʪʘʪʥʴʦ 

ʧʦʩʪʨʘʞʜʘʣʠ/ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʨʘʢʝʪʥʠʭ ʫʜʘʨʽʚ (ʃʴʚʽʚʩʴʢʘ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, 

ʍʤʝʣʴʥʠʮʴʢʘ, ɺʽʥʥʠʮʴʢʘ, ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ, ʇʦʣʪʘʚʩʴʢʘ, ʏʝʨʢʘʩʴʢʘ ʦʙʣʘʩʪʽ); 

¶ ʈʝʛʽʦʥʠ, ʥʘ ʷʢʠʭ ʚʝʜʫʪʴʩʷ (ʚʝʣʠʩʷ) ʙʦʡʦʚʽ ʜʽʾ ʘʙʦ ʪʠʤʯʘʩʦʚʦ ʦʢʫʧʦʚʘʥʽ ʈʦʩʽʡʩʴʢʦʶ 

ʌʝʜʝʨʘʮʽʻʶ, ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [1] ʷʢ: 

o ʪʝʨʠʪʦʨʽʾ ʤʦʞʣʠʚʠʭ ʙʦʡʦʚʠʭ ʜʽʡ (ʜʝʷʢʽ ʨʘʡʦʥʠ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ, ɼʦʥʝʮʴʢʦʾ, 

ɿʘʧʦʨʽʟʴʢʦʾ, ʂʠʾʚʩʴʢʦʾ, ʄʠʢʦʣʘʾʚʩʴʢʦʾ, ʆʜʝʩʴʢʦʾ, ʉʫʤʩʴʢʦʾ, ʍʘʨʢʽʚʩʴʢʦʾ, ʍʝʨʩʦʥʩʴʢʦʾ ʪʘ 

ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ); 

o ʪʝʨʠʪʦʨʽʾ ʘʢʪʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ (ʜʝʷʢʽ ʨʘʡʦʥʠ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ, ɼʦʥʝʮʴʢʦʾ, 

ɿʘʧʦʨʽʟʴʢʦʾ, ʂʠʾʚʩʴʢʦʾ, ʃʫʛʘʥʩʴʢʦʾ, ʄʠʢʦʣʘʾʚʩʴʢʦʾ, ʆʜʝʩʴʢʦʾ, ʉʫʤʩʴʢʦʾ, ʍʘʨʢʽʚʩʴʢʦʾ,  

ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʪʘ ʤʽʩʪʦ ʂʠʾʚ); 

o ʪʝʨʠʪʦʨʽʾ ʘʢʪʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ, ʥʘ ʷʢʠʭ ʬʫʥʢʮʽʦʥʫʶʪʴ ʜʝʨʞʘʚʥʽ ʝʣʝʢʪʨʦʥʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ (ʜʝʷʢʽ ʨʘʡʦʥʠ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ, ɼʦʥʝʮʴʢʦʾ, ɿʘʧʦʨʽʟʴʢʦʾ, 

ʄʠʢʦʣʘʾʚʩʴʢʦʾ, ʍʘʨʢʽʚʩʴʢʦʾ  ̔ʍʝʨʩʦʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ); 

o ʪʠʤʯʘʩʦʚʦ ʦʢʫʧʦʚʘʥʽ ʈʦʩʽʡʩʴʢʦʶ ʌʝʜʝʨʘʮʽʻʶ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ (ʙʫʣʠ ʘʙʦ 

ʟʘʣʠʰʘʶʪʴʩʷ ï ɸʚʪʦʥʦʤʥʘ ʈʝʩʧʫʙʣʽʢʘ ʂʨʠʤ, ʜʝʷʢʽ ʨʘʡʦʥʠ ɼʦʥʝʮʴʢʦʾ, ɾʠʪʦʤʠʨʩʴʢʦʾ, 

ɿʘʧʦʨʽʟʴʢʦʾ, ʂʠʾʚʩʴʢʦʾ, ʃʫʛʘʥʩʴʢʦʾ, ʄʠʢʦʣʘʾʚʩʴʢʦʾ, ʉʫʤʩʴʢʦʾ, ʍʘʨʢʽʚʩʴʢʦʾ, ʍʝʨʩʦʥʩʴʢʦʾ, 

ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʪʘ ʤʽʩʪʦ ʉʝʚʘʩʪʦʧʦʣʴ). 

ʆʯʝʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ  ̒ʪʝʨʠʪʦʨʽʾ, ʷʢʽ ʧʝʨʝʙʫʚʘʣʠ ʯʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʟʦʥʽ 

ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʚʦʻʥʥʠʭ ʜʽʡ, ʦʩʦʙʣʠʚʦ ʪʽ, ʷʢʽ  ̔ʜʘʣʽ  ̒ʧʽʜ ʦʢʫʧʘʮʽʻʶ,  ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʥʝʤʦʞʣʠʚʦ 

ʧʦʚʥʽʩʪʶ ʦʮʽʥʠʪʠ ʤʘʩʰʪʘʙʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʧʦʨʘʭʫʚʘʪʠ ʙʽʣʴʰ ʪʦʯʥʦ ʟʙʠʪʢʠ, 

ʟʘʜʦʢʫʤʝʥʪʫʚʘʪʠ ʥʝʛʘʪʠʚʥʽ ʚʧʣʠʚʠ ʪʘ ʩʧʨʦʻʢʪʫʚʘʪʠ ʟʘʭʦʜʠ ʟ ʤʽʥʽʤʽʟʘʮʽʾ ʾʭʥʽʭ ʥʘʩʣʽʜʢʽʚ. 

ʄʘʩʰʪʘʙʠ ʨʫʡʥʫʚʘʥʴ  ̔ʟʙʠʪʢʠ ʜʦʚʢʽʣʣʶ ʦʮʽʥʶʶʪʴʩʷ ʥʘ ʢʚʽʪʝʥʴ 2024 ʨʦʢʫ ʧʨʠʙʣʠʟʥʦ ʚ 2,4 ʪʨʣ. 

ʛʨʠʚʝʥʴ  ̔ʮ ̫ʮʠʬʨʘ ʙʫʜʝ ʪʽʣʴʢʠ ʟʨʦʩʪʘʪʠ.  

ʆʩʥʦʚʥʠʤʠ ʚʧʣʠʚʘʤʠ ʥʘ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʨʝʛʽʦʥʽʚ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʻ:  

¶ ɽʢʦʣʦʛʽʯʥʽ ʟʘʛʨʦʟʠ ʢʦʤʧʦʥʝʥʪʘʤ ʜʦʚʢʽʣʣʷ:  

o ɺʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ï ʚʠʚʽʣʴʥʝʥʥʷ ʧʦʣʶʪʘʥʪʽʚ (ʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ, ʜʽʦʢʩʠʜʫ ʘʟʦʪʫ, ʩʽʨʯʠʩʪʦʛʦ ʘʥʛʽʜʨʠʜʫ, ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ, ʥʝʤʝʪʘʥʦʚʠʭ ʣʝʪʢʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʬʦʨʤʘʣʴʜʝʛʽʜʫ ʪʘ ʽʥʰʠʭ) ʚʥʘʩʣʽʜʦʢ ʧʦʞʝʞ ʚʽʜ ʧʦʪʨʘʧʣʷʥʥʷ ʨʘʢʝʪ ʫ 

ʥʘʬʪʦʙʘʟʠ, ʘʚʪʦʟʘʧʨʘʚʥʽ ʩʪʘʥʮʽʾ, ʩʢʣʘʜʠ ʟ ʧʦʣʽʫʨʝʪʘʥʦʤ ʪʘ ʽʥʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɿʘʛʨʦʟʣʠʚʦʶ  ̒

ʩʠʪʫʘʮʽʷ ʥʝ ʪʽʣʴʢʠ ʥʘ ʣʦʢʘʣʴʥʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʟʦʥʠ ʛʦʨʽʥʥʷ, ʘ ʡ 

ʥʘ ʜʘʣʴʥʽʭ ʪʝʨʠʪʦʨʽʷʭ, ʦʩʢʽʣʴʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʪʨʦʚʦʛʦ ʨʝʞʠʤʫ (ʩʠʣʠ  ̔ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ) ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʦʚʽʪʨʷ (ʽʥʚʝʨʩʽʷ, ʽʟʦʪʝʨʤʽʷ ʯʠ ʢʦʥʚʝʢʮʽʷ) ʪʦʢʩʠʯʥʽ ʧʨʦʜʫʢʪʠ ʛʦʨʽʥʥʷ 

ʤʦʞʫʪʴ ʧʝʨʝʥʦʩʠʪʠʩʴ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ. ʇʦʪʨʘʧʣʷʥʥʷ ʨʘʢʝʪ ʫ ʮʠʩʪʝʨʥʠ ʟ ʭʽʤʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʣʠʰʝ ʜʦ ʚʠʚʽʣʴʥʝʥʥʷ ʮʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʧʦʚʽʪʨʷ, ʘ ʡ 

ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʱʝ ʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ. ɺʠʧʘʜʘʥʥʷ ʢʠʩʣʦʪʥʠʭ 

ʜʦʱʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʟʥʠʞʫʶʯʠ ʙʽʦʤʘʩʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ  ̔ʧʦʩʣʘʙʣʶʶʯʠ ʩʪʽʡʢʽʩʪʴ ʣʽʩʦʚʠʭ ʢʫʣʴʪʫʨ. ʆʢʨʝʤʦ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʚʧʣʠʚ ʚʝʣʠʯʝʟʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʩʫʚʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʪʦʙʪʦ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʪʨʘʥʩʧʦʨʪʫ, ʥʘ ʯʠʩʪʦʪʫ ʧʦʚʽʪʨʷ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʘʢʦʾ ʪʝʭʥʽʢʠ, ʥʝ ʦʙʣʘʜʥʘʥʘ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʦʪʨʘʧʣʷʥʥʷ ʚ 

ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʚʫʛʣʝʚʦʜʥʽʚ, ʩʘʞʽ, 

ʙʝʥʟʘʧʽʨʝʥʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʘʥʠʭ, ʧʦʜʘʥʠʭ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʦʙʩʷʛ ʚʠʢʠʜʽʚ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʪʽʣʴʢʠ ʟʘ ʦʜʠʥ ʨʽʢ 

ʚʽʡʥʠ ʟʨʽʩ ʟ 2 ʪʠʩʷʯ ʪʦʥʥ ʚʠʢʠʜʽʚ ʫ 2021 ʨʦʮʽ ʜʦ 46 ʪʠʩʷʯ ʪʦʥʥ ʚʠʢʠʜʽʚ ʫ 2022 ʨʦʮʽ. ʉʣʽʜ ʪʘʢʦʞ 
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ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʦʻʥʥʽ ʜʽʾ ʧʦʟʥʘʯʘʶʪʴʩʷ  ̔ʥʘ ʟʙʽʣʴʰʝʥʥʽ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʟʦʢʨʝʤʘ ʉʆ2, 

ʦʙʩʷʛ ʷʢʦʛʦ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʦʮʽʥʶʶʪʴ ʫ 180 ʤʣʥ. ʪʦʥʥ. 

o ɺʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ï ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʩʫʚʘʥʥʷ ʚʘʞʢʦʾ ʚʽʡʩʴʢʦʚʦʾ 

ʪʝʭʥʽʢʠ, ʩʪʚʦʨʝʥʥʷ ʦʙʦʨʦʥʥʠʭ ʩʧʦʨʫʜ (ʦʢʦʧʽʚ, ʙʣʽʥʜʘʞʽʚ ʽ ʪ.ʧ.) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷ 

ʮʽʣʽʩʥʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʡʦʛʦ ʷʢʽʩʥʽ ʟʤʽʥʠ (ʚʪʨʘʪʘ ʯʠ ʟʤʝʥʰʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʨʦʜʶʯʦʛʦ 

ʰʘʨʫ ʛʫʤʫʩʫ, ʟʥʠʱʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʧʦʨʫʰʝʥʥʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʝʨʦʟʽʾ). 

ʌʽʟʠʯʥʽ ʚʧʣʠʚʠ, ʪʘʢʽ ʷʢ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʯʝʨʝʟ ʧʦʪʨʘʧʣʷʥʥʷ ʨʘʢʝʪ ʽ 

ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞ, ʫʪʚʦʨʝʥʥʷ ʚʠʨʚ ʚʽʜ ʙʦʻʧʨʠʧʘʩʽʚ ʫʩʢʣʘʜʥʶʶʪʴ ʧʨʦʨʦʩʪʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ 

ʩʧʨʠʯʠʥʷʶʪʴ ʾʾ ʚʠʧʘʣʶʚʘʥʥʷ. ʇʦʜʽʙʥʽ ʚʧʣʠʚʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽ ʚʥʘʩʣʽʜʦʢ ʭʽʤʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʩʧʦʣʫʢʘʤʠ ʩʽʨʢʠ, ʥʘʷʚʥʠʤʠ ʫ ʨʘʢʝʪʥʦʤʫ ʧʘʣʠʚʽ ʪʘ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʧʘʣʠʚʥʦ-

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʝʛʘʪʠʚʥʦ ʜʽʶʪʴ ʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, ʯʠ ʚʠʧʘʣʶʶʪʴ ʾʾ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʽʩʥʫʚʘʥʥʽ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʪʠʭ, ʱʦ ʥʘʩʝʣʷʶʪʴ ʚʝʨʭʥʽ 

ʰʘʨʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ʩʚʠʥʮʶ, ʢʘʜʤʽʶ, ʪʠʪʘʥʫ, 

ʩʪʨʦʥʮʽʶ, ʥʽʢʝʣʶ) ʧʦʪʨʘʧʣʷʻ ʚ ˇʨʫʥʪ ʧʽʜ ʯʘʩ ʜʝʪʦʥʘʮʽʾ ʤʽʥ ʪʘ ʩʥʘʨʷʜʽʚ, ʷʢ ʽ ʧʨʦʜʫʢʪʠ ʛʦʨʽʥʥʷ 

ʬʦʩʬʦʨʥʠʭ ʙʦʤʙ. ʎʽ ʥʝʙʝʟʧʝʯʥʽ ʭʽʤʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ ʫ ˇʨʫʥʪʦʚʫ ʚʦʣʦʛʫ, ʜʘʣʽ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʴ ʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʽ ʯʝʨʝʟ ʭʘʨʯʦʚʽ ʣʘʥʮʶʞʢʠ ʦʩʽʜʘʪʠ ʚ ʦʨʛʘʥʽʟʤʘʭ ʪʚʘʨʠʥ ʽ ʣʶʜʝʡ, 

ʩʧʨʠʯʠʥʷʶʯʠ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʞʠʪʪʷ [2, 3]. ʅʘ ʪʘʢʠʭ ʪʝʨʠʪʦʨʽʷʭ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʩʪʘʻ 

ʧʨʦʞʠʚʘʥʥʷ,  ʟʘʟʥʘʯʝʥʽ ʥʝʛʘʪʠʚʥʽ ʚʧʣʠʚʠ ʥʘ ʬʘʫʥʫ ʪʘ ʬʣʦʨʫ ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘ ʚʠʜʦʚʦʤʫ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʽ ʽ ʚʝʜʫʪʴ ʜʦ ʟʤʽʥʠ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ. ʊʽ ʧʣʦʱʽ ˇʨʫʥʪʽʚ, ʥʘ ʷʢʠʭ ʚʠʷʚʠʪʴʩʷ 

ʟʥʘʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʤʦʞʫʪʴ ʩʪʘʪʠ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʜʦʚʛʠʡ ʯʘʩ (ʫ ʌʨʘʥʮʽʾ ʥʘ 

ʪʝʨʠʪʦʨʽʾ, ʜʝ ʚʽʜʙʫʚʘʣʠʩʴ ʦʩʦʙʣʠʚʦ ʽʥʪʝʥʩʠʚʥʽ ʙʦʡʦʚʽ ʜʽʾ ʧʽʜ ʯʘʩ ʇʝʨʰʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ, 

ʟʘʢʦʥʦʜʘʚʯʦ ʚʠʣʫʯʝʥʽ ʽʟ ʧʨʘʢʪʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʥʘ ʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ ʧʦʧʨʠ 

ʩʪʦʣʽʪʥʽʡ ʧʝʨʽʦʜ ʚʽʜʥʦʚʣʝʥʥʷ) [4, 5]. ɺʘʨʪʦ ʚʨʘʭʫʚʘʪʠ ʽ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʤʽʥʫʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʟʥʘʯʥʽ ʪʝʨʠʪʦʨʽʾ ʚʠʣʫʯʘʶʪʴʩʷ ʟ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʧʨʠʢʨʠʤ ʻ ʪʦʡ 

ʬʘʢʪ, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʯʝʧʣʝʥʠʤʠ ʻ ʨʦʜʶʯʽ ʫʢʨʘʾʥʩʴʢʽ ʯʦʨʥʦʟʝʤʠ. 

o ɺʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ï ʚʥʘʩʣʽʜʦʢ ʦʙʩʪʨʽʣʽʚ ʯʘʩʪʢʦʚʠʭ ʘʙʦ ʧʦʚʥʠʭ 

ʨʫʡʥʫʚʘʥʴ ʟʘʟʥʘʣʠ ʧʦʥʘʜ 500 ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʟʘʣʫʯʝʥʽ ʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ (ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ, ʜʘʤʙʠ, ʩʧʦʨʫʜʠ ʚʦʜʦʩʭʦʚʠʱ). ɺʠʚʝʜʝʥʥʷ ʟ ʣʘʜʫ 

ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʫʩʪʘʥʦʚʦʢ ʚʦʜʦʦʯʠʱʝʥʥʷ, ʧʦʨʫʰʝʥʥʷ ʩʘʥʽʪʘʨʥʠʭ ʟʦʥ ʤʦʞʝ ʤʘʪʠ 

ʥʘʩʣʽʜʢʘʤʠ ʧʦʪʨʘʧʣʷʥʥʷ ʥʝʦʯʠʱʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʜʦ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʽ ʚʦʜʠ ʤʽʩʪʷʪʴ ʷʢ 

ʥʝʙʝʟʧʝʯʥʽ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʥʘʷʚʥʽ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜʘʭ, ʪʘʢ ʽ ʟʘʙʨʫʜʥʠʢʠ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚ ʧʦʙʫʪʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜʘʭ. ʆʢʨʝʤʽ ʨʝʛʽʦʥʠ ʟʤʫʰʝʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʦʜʫ ʥʝʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʷʢ ʪʝʭʥʽʯʥʫ. 

ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʄʠʢʦʣʘʻʚʽ ī ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʚʦʜʦʛʦʥʫ ɼʥʽʧʨʦ-

ʄʠʢʦʣʘʾʚ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʫ ʤʽʩʪʽ ʙʫʜʝ ʚʽʜʥʦʚʣʝʥʝ ʪʽʣʴʢʠ ʜʦ 2025 ʨʦʢʫ [6]. 

ʏʝʨʝʟ ʤʠʥʫʣʦʨʽʯʥʠʡ ʧʽʜʨʠʚ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ ʦʨʽʻʥʪʦʚʥʦ 700 ʪʠʩʷʯ ʣʶʜʝʡ ʟʘʣʠʰʠʣʠʩʴ ʙʝʟ 

ʧʠʪʥʦʾ ʚʦʜʠ ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ. ɿʘʙʨʫʜʥʝʥʥʷ ʏʦʨʥʦʛʦ ʪʘ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʽʚ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ 

ʧʦʨʪʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʦʪʨʘʧʣʷʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʫ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʤʦʨʩʴʢʽ ʝʢʦʩʠʩʪʝʤʠ (ʟʘʛʠʙʝʣʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʣʴʬʽʥʽʚ, ʤʽʜʽʡ ʪʘ ʽʥʰʠʭ ʛʽʜʨʦʙʽʦʥʪʽʚ) [7]. 

ɺʘʨʪʦ ʪʘʢʦʞ ʟʛʘʜʘʪʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ʚʦʜʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʧʝʨʝʥʝʩʝʥʥʷ ʤʽʥ ʚʦʜʘʤʠ ʤʦʨʽʚ (ʚʞʝ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʪʘʢʽ ʚʠʢʠʜʠ ʥʘ 

ʙʝʨʝʛʘʭ ɹʦʣʛʘʨʽʾ ʪʘ ʈʫʤʫʥʽʾ). ʉʢʣʘʜʥʦ ʦʮʽʥʠʪʠ ʥʘʩʢʽʣʴʢʠ ʤʘʩʰʪʘʙʥʠʤʠ ʙʫʜʫʪʴ ʚʧʣʠʚʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʪʘ ʽʥʛʨʝʜʽʻʥʪʥʦʛʦ ʟʘʙʨʫʜʥʝʥʴ ʥʘ ʷʢʽʩʪʴ ʚʦʜʠ ʏʦʨʥʦʛʦ ʪʘ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʽʚ ʽ ʷʢ 

ʮʝ ʚʧʣʠʥʝ ʥʘ ʤʦʨʩʴʢʽ. 

¶ ʋʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʨʫʡʥʫʚʘʥʴ ï ʮʝ ʩʧʝʮʠʬʽʯʥʠʡ ʪʠʧ ʚʽʜʭʦʜʽʚ, ʜʦ ʷʢʦʛʦ ʚʽʜʥʦʩʷʪʴ 

ʨʝʰʪʢʠ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʽ ʬʨʘʛʤʝʥʪʠ ʚʠʙʫʭʽʚʢʠ, ʟʨʫʡʥʦʚʘʥʽ ʧʦʙʫʪʦʚʽ ʙʫʜʽʚʣʽ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʥʠʱʝʥʽ ʤʦʩʪʠ, ʜʦʨʦʛʠ, ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʦʜʥʦʨʘʟʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʘ ʽʥʬʦʨʤʘʮʽʻʶ ʄʽʥʜʦʚʢʽʣʣʷ ʋʢʨʘʾʥʠ ʫ 2022 ʨʦʮʽ ʦʙôʻʤ ʚʽʜʭʦʜʽʚ ʨʫʡʥʫʚʘʥʴ ʩʢʣʘʚ 10-12 ʤʣʥ. 

ʪʦʥʥ, ʱʦ ʨʽʚʥʦʟʥʘʯʥʝ ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʘ ʨʽʢ 

[8], ʘ ʥʘ ʙʝʨʝʟʝʥʴ 2024 ʨʦʢʫ ʮʽ ʦʙʩʷʛʠ ʟʨʦʩʣʠ ʥʘ ʧʦʥʘʜ 600 ʪʠʩʷʯ ʪʦʥʥ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟʨʫʡʥʦʚʘʥʠʭ ʙʫʜʽʚʝʣʴ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʷʢ ʚʪʦʨʠʥʥʘ ʩʠʨʦʚʠʥʘ ʧʽʩʣʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʝʨʝʨʦʙʣʝʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʚʽʜʙʫʜʦʚʽ. 
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ʈʝʰʪʫ ʚʽʜʭʦʜʽʚ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʩʦʨʪʫʚʘʪʠ ʽ ʚʠʟʥʘʯʠʪʠʩʴ, ʷʢʽ ʟ ʥʠʭ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʝʨʦʙʣʝʥʽ ʘʙʦ 

ʟʘʭʦʨʦʥʝʥʽ.  

¶ ɺʠʥʠʢʥʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦ-ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ, ʱʦ ʧʦʚôʷʟʘʥʦ ʥʘʩʘʤʧʝʨʝʜ ʟ ʨʠʟʠʢʦʤ 

ʭʽʤʽʯʥʦʛʦ ʪʘ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʷʢ ʧʦʨʫʰʝʥʥʷʤʠ ʨʦʙʦʪʠ ʝʢʦʣʦʛʦ-

ʥʝʙʝʟʧʝʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʟʦʥʽ ʙʦʡʦʚʠʭ ʜʽʡ, ʪʘʢ ʽ ʤʦʞʣʠʚʠʤʠ ʨʫʡʥʫʚʘʥʥʷʤʠ ʚʥʘʩʣʽʜʦʢ 

ʨʘʢʝʪʥʠʭ ʫʜʘʨʽʚ ʧʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʪʠʣʫ ʚʠʨʦʙʥʠʮʪʚʘʭ. ɿ 4 ʜʽʶʯʠʭ ɸɽʉ ʚ ʋʢʨʘʾʥʽ ɿʘʧʦʨʽʟʴʢʘ 

ɸɽʉ ʚʽʜ ʧʦʯʘʪʢʫ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʚʦʨʦʛʘ ʽ ʧʨʘʮʶʻ ʚ 

ʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʽ. ɺʦʥʘ ʥʝʦʜʥʦʨʘʟʦʚʦ ʟʘʟʥʘʚʘʣʘ ʟʥʝʩʪʨʫʤʣʝʥʴ ʚʥʘʩʣʽʜʦʢ ʧʨʠʧʠʥʝʥʥʷ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʦʙʩʪʨʽʣʘʤʠ, ʟʥʘʯʥʘ ʪʝʨʠʪʦʨʽʷ ʧʦʙʣʠʟʫ ʟʘʤʽʥʦʚʘʥʘ, ʱʦ 

ʟʘʛʨʦʞʫʻ ʤʦʞʣʠʚʽʩʪʶ ʚʠʥʠʢʥʝʥʥʷ ʚʠʪʦʢʽʚ ʨʘʜʽʘʮʽʾ, ʘ ʪʦ ʡ ʷʜʝʨʥʦʾ ʢʘʪʘʩʪʨʦʬʠ, ʤʘʩʰʪʘʙʠ ʷʢʦʾ 

ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʟʥʘʯʥʠʤʠ. ʅʝʜʽʶʯʘ ʏʦʨʥʦʙʠʣʴʩʴʢʘ ɸɽʉ (ʏɸɽʉ) ʧʝʨʝʙʫʚʘʣʘ ʧʽʜ ʦʢʫʧʘʮʽʻʶ 

ʙʽʣʴʰʝ ʤʽʩʷʮʷ (ʧʦʚʥʽʩʪʶ ʧʦʚʝʨʥʫʣʘʩʴ ʧʽʜ ʢʦʥʪʨʦʣʴ ʋʢʨʘʾʥʠ 5 ʢʚʽʪʥʷ 2022 ʨʦʢʫ). ʇʝʨʝʙʫʚʘʥʥʷ 

ʚʦʨʦʞʦʾ ʘʨʤʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ʏɸɽʉ ʚʽʜ ʧʦʯʘʪʢʫ ʩʧʨʠʯʠʥʠʣʦ ʧʨʦʙʣʝʤʠ, ʟʦʢʨʝʤʘ ʚʞʝ ʥʘ ʜʨʫʛʠʡ 

ʜʝʥʴ ʾʭ ʧʝʨʝʙʫʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ çɼʘʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷè, ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʟʨʦʩʪʘʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʦʥʫ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʦ 

ʚʪʨʘʯʝʥʦ ʟʚ'ʷʟʦʢ ʟ ʤʦʥʽʪʦʨʠʥʛʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʏɸɽʉ, ʩʪʘʥʮʽʷ ʟʘʟʥʘʚʘʣʘ ʥʝʦʜʥʦʨʘʟʦʚʦʛʦ 

ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʚʠʥʠʢʥʝʥʥʷ ʢʽʣʴʢʦʭ ʣʦʢʘʣʴʥʠʭ ʦʩʝʨʝʜʢʽʚ ʧʦʞʝʞ, ʷʢʽ 

ʚʯʘʩʥʦ ʙʫʣʠ ʣʽʢʚʽʜʦʚʘʥʽ. ʉʧʦʨʫʜʞʝʥʥʷ ʬʦʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʧʦʨʫʜ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʫʜʦʛʦ ʣʽʩʫ, ʷʢʠʡ 

ʟʘʟʥʘʚ ʥʘʡʙʽʣʴʰʦʛʦ ʫʨʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʘʚʘʨʽʾ, ʧʨʠʟʚʝʣʦ ʜʦ ʧʽʜʥʷʪʪʷ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʧʠʣʫ ʽ ʨʦʟʩʽʶʚʘʥʥʷ ʡʦʛʦ ʧʦ ʪʝʨʠʪʦʨʽʾ. ɿʥʘʯʥʘ ʰʢʦʜʘ ʥʘʥʝʩʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʛʨʘʙʫʚʘʥʥʷ ʽ ʟʥʠʱʝʥʥʷ ʎʝʥʪʨʘʣʴʥʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ, ʷʢʘ ʤʘʣʘ ʫ ʩʚʦʻʤʫ 

ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʫʥʽʢʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʚʦʜʠʣʘ ʨʦʙʦʪʠ ʱʦʜʦ ʚʩʽʭ ʝʪʘʧʽʚ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ.  

ʋ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʠ, ʷʢʘ  ̒ʟʦʥʦʶ ʙʦʡʦʚʠʭ ʜʽʡ, ʟʦʩʝʨʝʜʞʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ, ʷʢʽ ʯʘʩʪʦ ʟʥʝʩʪʨʫʤʣʝʥʽ, ʯʝʨʝʟ ʱʦ ʥʝʚʯʘʩʥʦ ʚʽʜʢʘʯʫʶʪʴʩʷ ˇʨʫʥʪʦʚʽ ʚʦʜʠ, ʘ ʮʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʪʦʧʣʝʥʥʷ ʰʘʭʪ. ɿʦʢʨʝʤʘ, ʟʘʬʽʢʩʦʚʘʥʠʡ ʬʘʢʪ ʯʘʩʪʢʦʚʦʛʦ ʘʙʦ ʧʦʚʥʦʛʦ 

ʟʘʪʦʧʣʝʥʥʷ 36 ʰʘʭʪ. ʇʽʜʪʦʧʣʝʥʥʷ ʰʘʭʪ ʪʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ ï ʦʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. ʊʘʢʝ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʩʽʜʘʥʥʷ 

ˇʨʫʥʪʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ [9].  

¶ ʅʝʙʝʟʧʝʯʥʽ ʚʧʣʠʚʠ ʥʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʩʪʘʥ ʝʢʦʩʠʩʪʝʤ ʪʘ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ï 

ʦʨʽʻʥʪʦʚʥʦ ʪʨʝʪʠʥʘ ʧʣʦʱ ʧʨʠʨʦʜʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʧʦʪʨʘʧʠʣʠ ʫ ʪʝʨʠʪʦʨʽʶ ʘʢʪʠʚʥʠʭ 

ʙʦʡʦʚʠʭ ʜʽʡ ʯʠ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʥʠʭ (ʦʢʫʧʦʚʘʥʠʤʠ ʥʘʨʘʟʽ  ̒ 8 ʟʘʧʦʚʽʜʥʠʢʽʚ  ̔ 10 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʧʘʨʢʽʚ), ʪʦʤʫ ʥʝʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʭʦʜʽʚ 

ʱʦʜʦ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʟʙʝʨʝʞʝʥʥʷ ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʫʥʽʢʘʣʴʥʠʭ ʝʢʦʩʠʩʪʝʤ. ɺʽʡʥʘ ʚ ʋʢʨʘʾʥʽ ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ ʥʘ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʦʢʨʝʤʠʭ 

ʨʝʛʽʦʥʽʚ ʯʠ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ, ʘ ʡ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʽʥ ʤʽʛʨʘʮʽʡʥʠʭ ʰʣʷʭʽʚ, ʟʥʠʢʥʝʥʥʷ 

ʧʦʧʫʣʷʮʽʡ ʧʝʚʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ  ̔ʪʚʘʨʠʥ ʫ ʩʚʽʪʦʚʦʤʫ ʢʦʥʪʝʢʩʪʽ, ʘʜʞʝ ʧʝʚʥʽ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʤʘʁʪʴ ʦʭʦʨʦʥʥʠʡ ʩʪʘʪʫʩ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʦʛʦ ʨʽʚʥʷ. ʊʫʪ ʨʦʟʪʘʰʦʚʘʥʽ 160 ʦʙôʻʢʪʽʚ, 

ʚʽʜʥʝʩʝʥʠʭ ʜʦ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ, 17 ʈʘʤʩʘʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʽʷʣʴʥʦʩʪʽ ʚʦʜʥʦ-ʙʦʣʦʪʷʥʠʭ ʫʛʽʜʴ ʪʘ ʚʠʜʽʚ, ʱʦ ʪʘʤ ʤʝʰʢʘʶʪʴ [10].  

ʇʦʚʥʦʤʘʩʰʪʘʙʥʘ ʚʽʡʥʘ ʪʘʢʦʞ ʩʧʨʠʯʠʥʷʻ ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

 ̔ʩʪʚʦʨʶʻ ʙʝʟʧʦʩʝʨʝʜʥʽ ʟʘʛʨʦʟʠ ʜʣʷ ʞʠʪʪʷ ʪʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ. ʆʢʨʽʤ ʧʨʷʤʠʭ ʚʧʣʠʚʽʚ ï ʩʤʝʨʪʝʡ 

 ̔ ʧʦʨʘʥʝʥʴ ʚʥʘʩʣʽʜʦʢ ʦʙʩʪʨʽʣʽʚ, ʧʽʜʨʠʚʽʚ ʥʘ ʤʽʥʘʭ, ʧʦʞʝʞ, ʧʦʪʨʘʧʣʷʥʥʷ ʧʽʜ ʟʘʚʘʣʠ, ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ  ̔ ʚʽʜʜʘʣʝʥʽ ʥʘʩʣʽʜʢʠ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ, ʪʘʢʽ ʷʢ ʨʦʟʚʠʪʦʢ ʟʣʦʷʢʽʩʥʠʭ 

ʥʦʚʦʫʪʚʦʨʝʥʴ, ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʘʣʝʨʛʽʯʥʠʭ ʨʝʘʢʮʽʡ  ̔ʪ.ʧ.  

ʇʝʨʰʦʯʝʨʛʦʚʽ ʟʘʭʦʜʠ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʫ 

ʚʦʻʥʥʠʡ ʪʘ ʧʽʩʣʷʚʦʻʥʥʠʡ ʧʝʨʽʦʜ ʚʠʢʣʘʜʝʥʽ ʫ ʨʦʟʜʽʣʽ ʇʣʘʥʫ ʚʽʜʥʦʚʣʝʥʥʷ ʋʢʨʘʾʥʠ ʫ ʚʦʻʥʥʠʡ 

ʪʘ ʧʽʩʣʷʚʦʻʥʥʠʡ ʧʝʨʽʦʜ, ʧʨʠʩʚʷʯʝʥʦʤʫ ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʮʽ.  

ʇʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʚʠʟʥʘʯʝʥʦ: ʨʝʬʦʨʤʫʚʘʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʫ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽʡ ʛʘʣʫʟʽ; ʢʣʽʤʘʪʠʯʥʫ ʧʦʣʽʪʠʢʫ; ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʪʘ ʝʬʝʢʪʠʚʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ; ʟʙʘʣʘʥʩʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʫʤʦʚʘʭ 

ʧʽʜʚʠʱʝʥʦʛʦ ʧʦʧʠʪʫ ʽ ʦʙʤʝʞʝʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ; ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʽ 
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ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ; ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ 

ʦʙôʻʢʪʽʚ [11].  

ɿʘʭʦʜʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʨʝʛʽʦʥʽʚ ʧʦʚʠʥʥʽ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ 

ʨʝʪʝʣʴʥʠʤ ʧʨʦʚʝʜʝʥʥʷʤ ʤʦʥʽʪʦʨʠʥʛʫ ʱʦʜʦ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʢʽʣʣʷ. ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʻ 

ʦʪʨʠʤʘʥʥʷ ʚʠʯʝʨʧʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʚʠʷʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʡʥʷʪʠʭ 

ʨʽʰʝʥʴ ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʪʘ ʣʽʢʚʽʜʘʮʽʾ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ. ʄʦʥʽʪʦʨʠʥʛ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʠʭ ʤʝʪʦʜʠʢ ʱʦʜʦ ʦʮʽʥʶʚʘʥʥʷ ʟʙʠʪʢʽʚ, ʷʢʽ ʩʪʦʩʫʚʘʪʠʤʫʪʴʩʷ 

ʚʨʘʟʣʠʚʠʭ ʨʝʛʽʦʥʽʚ ʪʘ ʚʨʘʭʦʚʫʚʘʪʠ ʪʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʚʠʤʘʛʘʶʪʴʩʷ ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ ʜʣʷ 

ʘʜʘʧʪʘʮʽʾ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ 

ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ʏʘʩʪʠʥʘ ʪʘʢʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʚʞʝ ʨʦʟʨʦʙʣʝʥʘ ʽ 

ʜʦʩʪʫʧʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ [12-15].  

ɺʘʞʣʠʚʠʤʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʽ ʧʨʠʰʚʠʜʰʝʥʥʷ ʪʘʢʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ ɻɯʉ/ɼɿɿ-ʪʝʭʥʦʣʦʛʽʾ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

ʜʘʶʪʴ ʟʤʦʛʫ ʙʫʜʫʚʘʪʠ ʢʘʨʪʠ ʟ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʧʣʠʚʫ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʷʚʠʱ ʥʘ 

ʧʦʰʠʨʝʥʥʷ ʧʦʣʶʪʘʥʪʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ, ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ. ʊʘʢ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʥʽʪʦʨʠʥʛʦʚʝ 

ʦʮʽʥʶʚʘʥʥʷ ʟʤʽʥ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʧʝʨʰʽ ʧʝʨʽʦʜʠ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ. 

ɿʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʘʝʨʦʬʦʪʦʟʡʦʤʦʢ ʘʥʘʣʽʟʫʚʘʣʠʩʴ ʟʤʽʥʠ ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʢʩʠʜʫ 

ʘʟʦʪʫ (NO2) ʪʘ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (ʉʆ) ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʪʘ ʧʦʙʣʠʟʫ ʢʦʨʜʦʥʽʚ, ʙʽʣʷ ʷʢʠʭ 

ʧʨʦʭʦʜʠʪʴ ʣʽʥʽʷ ʬʨʦʥʪʫ ʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʫ ʧʦʧʝʨʝʜʥʽ 

ʨʦʢʠ. ɺʽʜʤʽʯʘʣʦʩʴ, ʱʦ ʪʝʨʠʪʦʨʽʷ ʘʢʪʠʚʥʠʭ ʚʦʻʥʥʠʭ ʜʽʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤʠ 

ʨʽʚʥʷʤʠ NO2, ʷʢʽ ʧʦʚôʷʟʫʶʪʴ ʟ ʧʝʨʝʩʫʚʘʥʥʷʤ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʽ 

ʚʠʢʠʜʘʤʠ ʚʽʜ ʦʙʩʪʨʽʣʽʚ, ʘ ʟʨʦʩʪʘʶʯʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ ʚʽʜʥʦʩʷʪʴ ʜʦ ʤʘʩʰʪʘʙʥʠʭ ʣʽʩʦʚʠʭ ʧʦʞʝʞ 

[16]. ʂʦʩʤʽʯʥʽ ʩʠʩʪʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ GPS-ʥʘʚʽʛʘʮʽʷ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ 

ʤʦʥʽʪʦʨʠʥʛ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʚʦʜʥʠʭ ʦʙôʻʢʪʘʭ, ʟʦʢʨʝʤʘ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʩʪʘʥ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʽʥʞʝʥʝʨʥʠʭ 

ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʤʝʨʝʞ ʽ ʚʦʜʦʛʦʥʽʚ, ʦʮʽʥʶʚʘʪʠ ʟʤʽʥʠ ʤʝʞ ʚʦʜʦʡʤ ʧʽʩʣʷ ʟʥʠʱʝʥʥʷ ʜʘʤʙ, 

ʤʦʩʪʽʚ ʪʘ ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʷʢ ʮʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʤʘʩʰʪʘʙʽʚ ʨʫʡʥʫʚʘʥʴ 

ʂʘʭʦʚʩʴʢʦʾ ʛʨʝʙʣʽ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ) [17]. ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʧʨʦʚʦʜʷʪʴ ʝʬʝʢʪʠʚʥʠʡ ʘʥʘʣʽʟ ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚʥʘʩʣʽʜʦʢ 

ʫʪʚʦʨʝʥʠʭ ʚʽʜ ʙʦʻʧʨʠʧʘʩʽʚ ʚʠʨʚ, ʦʮʽʥʶʶʪʴ ʩʪʫʧʽʥʴ ʬʽʟʠʯʥʦʛʦ ʫʰʢʦʜʞʝʥʥʷ ʟʘ ʦʙʩʷʛʘʤʠ 

ʧʝʨʝʤʽʱʝʥʦʛʦ ˇʨʫʥʪʫ ʽ ʚʝʣʠʯʠʥʫ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʦʙʤʝʞʝʥʫ ʟʦʥʦʶ ʨʦʟʨʠʚʽʚ 

ʙʦʻʧʨʠʧʘʩʽʚ [18], ʩʪʚʦʨʶʶʪʴ ʢʘʨʪʠ ʟʦʥ ʧʦʰʢʦʜʞʝʥʥʷ, ʫʪʚʦʨʝʥʽ ʚʥʘʩʣʽʜʦʢ ʙʦʤʙʦʪʫʨʙʘʮʽʾ, 

ʚʠʦʢʨʝʤʣʶʶʪʴ ʥʘʡʙʽʣʴʰ ʧʦʩʪʨʘʞʜʘʣʽ ʟʝʤʣʽ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʚʽʜʥʦʚʣʝʥʥʷ [19], ʘʥʘʣʽʟʫʶʪʴ ʩʪʘʥ ʙʽʦʮʝʥʦʟʽʚ ʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʷʢʽ ʧʦʩʪʨʘʞʜʘʣʠ ʚʽʜ 

ʧʦʞʝʞ, ʩʧʨʠʯʠʥʝʥʠʭ ʦʙʩʪʨʽʣʘʤʠ ʽ ʪ.ʧ. [20, 21].  

ɺʠʩʥʦʚʢʠ. ɿʘʙʨʫʜʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʢʽʣʣʷ (ˇʨʫʥʪʽʚ, ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ), ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʨʫʡʥʫʚʘʥʴ, ʟʤʝʥʰʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʽ ʟʥʠʱʝʥʥʷ 

ʝʢʦʩʠʩʪʝʤ ï ʦʩʥʦʚʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʟʥʘʯʥʠʭ ʢʦʰʪʽʚ ʽ 

ʥʦʚʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʧʦʜʦʣʘʥʥʷ ʾʭʥʽʭ ʥʘʩʣʽʜʢʽʚ. ʄʘʩʰʪʘʙʠ ʟʘʙʨʫʜʥʝʥʴ ʥʘʩʪʽʣʴʢʠ ʟʥʘʯʥʽ, ʱʦ ʥʝ 

ʦʙʤʝʞʫʶʪʴʩʷ ʪʽʣʴʢʠ ʪʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ, ʘ ʡ ʤʘʶʪʴ ʪʨʘʥʩʢʦʨʜʦʥʥʠʡ ʚʧʣʠʚ. ʉʢʣʘʜʥʦ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʪʨʠʚʘʣʠʤ ʙʫʜʝ ʚʧʣʠʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʽ ʩʪʨʦʢʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʥʘʣʝʞʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ. ɺʘʞʣʠʚʠʤ ʙʫʜʝ 

ʧʨʘʚʠʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʟʙʠʪʢʽʚ, ʜʝʪʘʣʴʥʽ ʧʣʘʥʠ ʪʘ ʟʘʭʦʜʠ ʟ ʚʽʜʥʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ 

ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ.  
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ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʍVɯI ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 
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Abstract. The presented article describes the implementation of a web-oriented system 

designed for monitoring atmospheric air in the city of Lviv and presenting the results in a convenient 

structured format. To achieve this goal, the following tasks were performed: an analysis of existing 

methods and models for assessing the state of atmospheric air was carried out, the main 

environmental factors that most affect the quality of atmospheric air were analyzed and identified, an 

air assessment model based on fuzzy logic was developed, and the system software was implemented 

for presentation of the state of the ecosystem and assessment of atmospheric air quality. As a result of 

the implementation of the system, it is possible to ensure monitoring and improvement of the state of 

atmospheric air in the city. 

Key words: atmospheric air, fuzzy logic, evaluation model 
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ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ: ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʚʠʦʢʨʝʤʣʝʥʦ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ 

ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ ʧʦʚʽʪʨʷ 

ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʦʮʽʥʶʚʘʥʥʶ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʤʽʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ, ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ, ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ. 

 

1. ʆʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ 

ʃʶʜʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥ ʘʪʤʦʩʬʝʨʠ. ɿ ʤʝʪʦʶ ʦʙʤʝʞʝʥʥʷ 

ʰʢʽʜʣʠʚʠʭ ʚʧʣʠʚʽʚ ʥʘ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʡʦʛʦ 

ʩʪʘʥʫ. 

ʄʦʥʽʪʦʨʠʥʛ ʘʪʤʦʩʬʝʨʠ ï ʮʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʧʦʚʽʪʨʷ ʽ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʩʠʪʫʘʮʽʡ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʪʘ ʩʪʘʥ ʽʥʰʠʭ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ [1]. 

ʄʦʥʽʪʦʨʠʥʛ ʘʪʤʦʩʬʝʨʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ ʧʨʦ ʦʭʦʨʦʥʫ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʘʙʨʫʜʥʶʶʯʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, 

ʰʢʽʜʣʠʚʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʧʣʠʚʘʤʠ ʪʘ ʦʮʽʥʢʫ ʟʤʽʥ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ [2]. 

ʄʦʥʽʪʦʨʠʥʛ ʘʪʤʦʩʬʝʨʠ ʚʢʣʶʯʘʻ ʪʘʢʽ ʝʪʘʧʠ: 

¶ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʪʘ ʦʙôʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ; 

¶ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ; 
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¶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʟʘʙʨʫʜʥʝʥʥʷ  ̔ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ; 

¶ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ; 

¶ ʧʨʦʛʥʦʟ ʟʤʽʥ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ; 

¶ ʨʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ  ̔ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʥʽ ʥʘ ʟʙʝʨʝʞʝʥʥʷ 

ʧʦʚʽʪʨʷ. 

ʇʽʜ ʯʘʩ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʠ ʚʝʜʫʪʴʩʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʪʘʢʠʤʠ ʨʝʯʦʚʠʥʘʤʠ: ʦʢʩʠʜ 

ʚʫʛʣʝʮʶ, ʜʚʦʦʢʩʠʜ ʚʫʛʣʝʮʶ, ʦʢʩʠʜʠ ʘʟʦʪʫ, ʦʢʩʠʜʠ ʩʽʨʢʠ, ʘʤʽʘʢ, ʦʟʦʥ, ʚʫʛʣʝʚʦʜʥʽ, ʟʘʚʠʩʣʽ 

ʨʝʯʦʚʠʥʠ, ʤʽʣʢʦ ʪʘ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʠʡ ʧʠʣ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʚʦʣʦʛʽʩʪʴ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, 

ʨʽʚʝʥʴ ʰʢʽʜʣʠʚʠʭ ʬʽʟʠʯʥʠʭ ʚʧʣʠʚʽʚ. 

ɿʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʚʠʢʣʠʢʘʻ ʪʘʢʽ ʛʣʦʙʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʷʢ ʧʦʪʝʧʣʽʥʥʷ ʢʣʽʤʘʪʫ 

(ʧʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ), ʢʠʩʣʦʪʥʽ ʜʦʱʽ, ʨʫʡʥʫʚʘʥʥʷ ʦʟʦʥʦʚʦʛʦ ʰʘʨʫ, ʦʧʫʩʪʝʣʶʚʘʥʥʷ ʪʘ ʽʥʰʽ.  

ʇʨʠʨʦʜʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʚʫʣʢʘʥʽʯʥʽ ʚʠʚʝʨʞʝʥʥʷ, ʧʠʣʦʚʽ ʙʫʨʽ, ʢʦʩʤʽʯʥʠʡ 

ʧʠʣ, ʛʝʡʟʝʨʠ, ɼʝʷʢʽ ʰʢʽʜʣʠʚʽ ʜʦʤʽʰʢʠ (ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʦʢʩʠʜ ʚʫʛʣʝʮʶ, ʩʽʨʢʦʚʦʜʝʥʴ, ʭʣʦʨʠʜʠ 

ʡ ʽʥʰʽ ʩʧʦʣʫʢʠ) ʧʦʩʪʫʧʘʶʪʴ ʚ ʘʪʤʦʩʬʝʨʫ ʟ ʦʢʝʘʥʫ. ʆʩʦʙʣʠʚʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʥʝ ʪʘʢʽ ʪʦʢʩʠʯʥʽ, ʷʢ ʘʥʪʨʦʧʦʛʝʥʥʽ, ʽ ʜʽʶʪʴ ʧʝʨʽʦʜʠʯʥʦ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʪʫʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ 

ʟʥʘʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʩʢʣʘʜ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ɿʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʙʫʜʦʚʠ ʽ ʚʧʣʠʚʫ 

ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʚʠʜʠ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ:  

¶ ʤʝʭʘʥʽʯʥʽ ï ʚʠʢʠʜʠ ʮʝʤʝʥʪʥʠʭ ʟʘʚʦʜʽʚ, ʜʠʤ, ʩʘʞʘ  ̔ʽʥ.;  

¶ ʭʽʤʽʯʥʽ ï ʛʘʟʦʧʦʜʽʙʥʽ ʨʝʯʦʚʠʥʠ, ʟʜʘʪʥʽ ʚʩʪʫʧʘʪʠ ʚ ʨʝʘʢʮʽʾ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʚʽʪʨʷ, 

ʥʘʧʨʠʢʣʘʜ CO, CO2, SO2, NOx. 

ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ [3] ʚ ʋʢʨʘʾʥʽ ʪʘ 

ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʩʚʽʪʫ ʻ:  

¶ ʦʙô̒ ʢʪʠ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ (ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʪʦʧʢʠ ʢʦʪʝʣʝʥʴ ʪʘ ʙʫʜʽʚʝʣʴ);  

¶ ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʯʦʨʥʦʾ, ʢʦʣʴʦʨʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ, ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʦʙ'ʻʢʪʠ ʚʠʜʦʙʫʪʢʫ  ̔ʧʝʨʝʨʦʙʢʠ ʧʨʠʨʦʜʥʠʭ ʢʦʧʘʣʠʥ);  

¶ ʪʨʘʥʩʧʦʨʪ (ʧʝʨʝʚʘʞʥʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪ);  

¶ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʪʚʘʨʠʥʥʠʮʴʢʽ ʢʦʤʧʣʝʢʩʠ, ʨʽʣʣʷ  ̔

ʨʦʩʣʠʥʥʠʮʪʚʦ, ʢʦʥʩʝʨʚʥʽ ʟʘʚʦʜʠ ʪʦʱʦ);  

¶ ʙʫʜʽʚʝʣʴʥʽ ʤʘʡʜʘʥʯʠʢʠ. 

ʇʦʨʽʚʥʷʥʥʷ ʪʘ ʘʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʧʦʢʘʟʘʚ, ʱʦ ʧʽʜ ʚʠʤʦʛʠ ʜʘʥʦʛʦ ʧʨʦʝʢʪʫ, ʥʝ ʚʜʘʩʪʴʩʷ ʘʜʘʧʪʫʚʘʪʠ ʞʦʜʥʫ ʟ 

ʥʘʷʚʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʥʦʚʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʚʝʩʴ ʩʧʝʢʪʨ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. 

ʈʦʟʨʦʙʢʘ ʪʘ ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʤʽʩʪʽ ʃʴʚʦʚʽ ï 

ʮʝ ʩʢʣʘʜʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʨʦʮʝʩ ʽ ʧʝʨʝʜ ʡʦʛʦ ʧʦʯʘʪʢʦʤ ʧʦʪʨʽʙʥʦ ʯʽʪʢʦ ʚʠʟʥʘʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʩʠʩʪʝʤʠ ʪʘ ʥʝʦʙʭʽʜʥʠʡ ʤʘʡʙʫʪʥʽʡ ʬʫʥʢʮʽʦʥʘʣ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʩʝ ʚʠʱʝ ʚʠʢʣʘʜʝʥʝ, ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʦ ʟʘʜʦʚʦʣʴʥʷʪʠ ʥʘʩʪʫʧʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ: 

1. ʧʦʩʪʽʡʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʩʪʘʥ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʤ. ʃʴʚʽʚ; 

2. ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʘʛʨʝʛʫʚʘʪʠ ʜʘʥʽ ʟ ʜʝʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʩʪʘʥʮʽʡ ʝʢʦʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʾ ʦʮʽʥʢʠ; 

3. ʤʘʪʠ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʨʫʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʫ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟ 

ʚʢʘʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

4. ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʪʘ ʥʘʜʘʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʦʛʣʷʜʫ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ 

ʜʘʥʠʭ; 

5. ʤʘʪʠ ʬʫʥʢʮʽʦʥʘʣ ʧʝʨʝʛʣʷʜʫ ʜʘʥʠʭ ʢʦʥʢʨʝʪʥʦʾ ʩʪʘʥʮʽʾ; 

6. ʧʦʚʠʥʥʘ ʤʘʪʠ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʩʪʘʥʮʽʡ ʪʘ ʜʘʥʠʭ ʟ ʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʷʢ 

ʩʧʠʩʢʦʤ, ʪʘʢ  ̔ʫ ʚʠʛʣʷʜʽ ʢʘʨʪʠ; 

7. ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʽʥʪʝʛʨʘʮʽʶ ʟ ʷʢʠʤʦʩʴ API ʚʽʜ ʩʠʩʪʝʤ ʧʘʨʪʥʝʨʽʚ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ 

ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʟʽ ʩʪʘʥʮʽʡ ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ; 
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8. ʤʘʪʠ ʘʜʘʧʪʠʚʥʠʡ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ ʧʽʜ ʨʽʟʥʽ ʪʠʧʠ ʧʣʘʪʬʦʨʤ (ʢʦʤʧôʶʪʝʨʠ, 

ʧʣʘʥʰʝʪʠ ʪʘ ʩʤʘʨʪʬʦʥʠ). 

ʆʢʨʽʤ ʮʴʦʛʦ, ʨʦʟʨʦʙʢʘ ʪʘ ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʜʘʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ ʫ ʤʽʩʪʽ ʃʴʚʦʚʽ ʧʝʨʝʜʙʘʯʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʥʝʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛ: 

1. ʨʽhʝʥʥʷ ʧʦʚʠʥʥʦ ʚʠʛʣʷʜʘʪʠ ʣʦʛʽʯʥʠʤ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ; 

2. ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʧʨʘʮʶʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦ, ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʜʦʩʚʽʜʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

2. ɺʠʙʽʨ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʫ 

ʤʽʩʪʽ ʃʴʚʦʚʽ. 

ʇʽʩʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʥʘʷʚʥʠʭ ʥʘ ʨʠʥʢʫ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʩʠʩʪʝʤʠ ʙʫʣʦ ʚʠʙʨʘʥʦ ʥʘʩʪʫʧʥʠʡ ʥʘʙʽʨ ʪʝʭʥʦʣʦʛʽʡ: Python Django; SQLite; HTML + CSS; 

JavaScript; JQuery; Virtualenv; Materialize.css; Pillow; Sklearn; Leaflet. 

Django ï ʮʝ ʥʘʧʠʩʘʥʠʡ ʥʘ Python, ʚʽʣʴʥʠʡ ʽ ʚʽʜʢʨʠʪʠʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-

ʜʦʜʘʪʢʽʚ. ʌʨʝʡʤʚʦʨʢ ï ʮʝ ʥʝ ʙʽʣʴʰ, ʥʽʞ ʥʘʙʽʨ ʤʦʜʫʣʽʚ, ʷʢʽ ʩʧʨʦʱʫʶʪʴ ʨʦʟʨʦʙʢʫ. ɺʦʥʠ 

ʟʛʨʫʧʦʚʘʥʽ ʨʘʟʦʤ ʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʠ ʘʙʦ ʚʝʙ-ʩʘʡʪʠ ʟ ʽʩʥʫʶʯʠʭ ʚʠʭʽʜʥʠʭ ʢʦʜʽʚ, ʘ 

ʥʝ ʟ ʥʫʣʷ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʚʝʙ-ʩʘʡʪʠ, ʥʘʚʽʪʴ ʥʘʡʧʨʦʩʪʽʰʽ ʟ ʥʠʭ, ʨʦʟʨʦʙʣʝʥʽ ʦʜʥʽʻʶ ʣʶʜʠʥʦʶ, 

ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʨʦʟʰʠʨʝʥʽ ʬʫʥʢʮʽʾ, ʪʘʢʽ ʷʢ ʧʽʜʪʨʠʤʢʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʧʘʥʝʣʽ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, ʢʦʥʪʘʢʪʥʽ ʬʦʨʤʠ, ʢʦʤʝʥʪʘʨʽ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʽʚ, ʽ ʙʘʛʘʪʦ 

ʽʥʰʦʛʦ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʨʝʡʤʚʦʨʢ, ʮʽ ʢʦʤʧʦʥʝʥʪʠ ʦʪʨʠʤʫʶʪʴʩʷ ʚʞʝ ʚʙʫʜʦʚʘʥʠʤʠ ʽ 

ʧʦʪʨʽʙʥʦ ʧʨʦʩʪʦ ʥʘʣʘʰʪʫʚʘʪʠ ʾʭ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʜʣʷ ʨʦʙʦʪʠ ʟ ʩʘʡʪʦʤ. 

Django ï ʮʝ ʚʠʩʦʢʦʨʽʚʥʝʚʘ ʚʝʙ-ʧʣʘʪʬʦʨʤʘ Python, ʷʢʘ ʟʘʦʭʦʯʫʻ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʽ 

ʯʠʩʪʠʡ, ʧʨʘʛʤʘʪʠʯʥʠʡ ʜʠʟʘʡʥ. ʇʦʙʫʜʦʚʘʥʠʡ ʜʦʩʚʽʜʯʝʥʠʤʠ ʨʦʟʨʦʙʥʠʢʘʤʠ, ʚʽʥ ʚʠʨʽʰʫʻ ʙʽʣʴʰʫ 

ʯʘʩʪʠʥʫ ʧʨʦʙʣʝʤ ʟ ʚʝʙ-ʨʦʟʨʦʙʢʦʶ, ʪʦʤʫ ʤʦʞʥʘ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʥʘʧʠʩʘʥʥʽ ʧʨʦʛʨʘʤʠ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ "ʚʠʥʘʭʦʜʠʪʠ ʢʦʣʝʩʦ". ʎʝ ʚʽʣʴʥʠʡ ʽ ʚʽʜʢʨʠʪʠʡ ʢʦʜ. 

SQLite ï ʮʝ ʚʙʫʜʦʚʘʥʘ ʨʝʣʷʮʽʡʥʘ ʙʘʟʘ ʜʘʥʠʭ, ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ. ʊʦʙʪʦ ʚʦʥʘ 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʚʠʯʥʫ ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʙʘʟʠ ʜʘʥʠʭ ʢʣʽʻʥʪ-ʩʝʨʚʝʨ ʽ ʥʝ ʻ ʦʢʨʝʤʠʤ ʧʨʘʮʶʶʯʠʤ 

ʧʨʦʮʝʩʦʤ. ʅʘʧʨʠʢʣʘʜ, ʙʘʟʘ ʜʘʥʠʭ MySQL. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ ʜʚʠʞʦʢ SQLite ʩʪʘʻ ʷʢ ʙʠ 

ʯʘʩʪʠʥʦʶ ʥʘʰʦʛʦ ʚʝʙ-ʜʦʜʘʪʢʠ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʙʘʟʘ ʜʘʥʠʭ SQLite (ʟ ʫʩʽʤʘ ʪʘʙʣʠʮʷʤʠ) 

ʷʚʣʷʻ ʩʦʙʦʶ ʟʚʠʯʘʡʥʠʡ ʪʝʢʩʪʦʚʠʡ ʬʘʡʣ, ʷʢʠʡ ʚʠ ʤʦʞʝʪʝ ʨʦʟʪʘʰʫʚʘʪʠ ʚ ʟʨʫʯʥʦʤʫ ʜʣʷ ʚʘʩ 

ʤʽʩʮʽ. ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ SQLite ʚʢʘʟʘʥʽ ʥʠʞʯʝ. 

¶ ʉʘʤʦʜʦʩʪʘʪʥʽʩʪʴ ï ʙʘʟʽ ʜʘʥʠʭ SQLite ʥʝ ʧʦʪʨʽʙʝʥ ʦʢʨʝʤʠʡ ʩʝʨʚʝʨ ʜʣʷ ʨʦʙʦʪʠ. ɼʚʠʛʫʥ 

SQLite ʚʙʫʜʦʚʫʻʪʴʩʷ ʧʨʷʤʦ ʚ ʜʦʜʘʪʦʢ  ̔ʧʦʪʨʝʙʫʻ ʣʠʰʝ ʜʦʩʪʫʧ ʜʦ ʬʘʡʣʽʚ. 

¶ ʇʨʦʩʪʦʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʦʚʦʾ ʙʘʟʠ ʜʫʞʝ ʧʨʦʩʪʘ  ̔ ʥʝ ʧʦʪʨʝʙʫʻ 

ʚʪʨʫʯʘʥʥʷ ʩʠʩʪʝʤʥʠʭ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ. 

¶ ɺʙʫʜʦʚʘʥʠʡ ʜʚʠʛʫʥ SQLite ʧʦʚʥʽʩʪʶ ʚʙʫʜʦʚʘʥʠʡ ʚ Django  ̔ʥʝ ʧʦʪʨʽʙʥʘ ʫʩʪʘʥʦʚʢʘ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

¶ ʅʘʜʘʻ ʷʢ ʧʨʦʮʝʜʫʨʥʠʡ, ʪʘʢ  ̔ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʨʦʙʦʪʠ. 

¶ ɺʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ï ʜʚʠʛʫʥ ʩʧʦʞʠʚʘʻ ʜʫʞʝ ʤʘʣʦ ʨʝʩʫʨʩʽʚ  ̔ʥʝ ʚʠʪʨʘʯʘʻʪʴʩʷ ʯʘʩ 

ʥʘ ʚʽʜʧʨʘʚʢʫ ʜʘʥʠʭ ʜʦ ʦʢʨʝʤʦʛʦ ʚʠʜʽʣʝʥʦʛʦ ʩʝʨʚʝʨʘ. 

SQLite ʯʫʜʦʚʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʢʦʣʠ ʦʩʥʦʚʥʘ ʤʘʩʘ ʟʘʧʠʪʽʚ ʷʚʣʷʻ ʩʦʙʦʶ 

ʟʘʧʠʪʠ ʥʘ ʯʠʪʘʥʥʷ, ʪʘʢʦʞ ʜʫʞʝ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʧʨʦʝʢʪʽʚ. ʊʘʢ ʷʢ SQLite ʧʨʘʮʶʻ 

ʟ ʪʘʢʠʤʠ ʞ SQL ʟʘʧʠʪʘʤʠ, ʱʦ ʽ ʙʘʟʠ ʜʘʥʠʭ ʩʝʨʚʝʨʥʦʛʦ ʪʠʧʫ, ʘ ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʢʦ ʧʝʨʝʡʪʠ 

ʥʘ ʽʥʰʫ ʙʘʟʫ ʜʘʥʠʭ, ʥʝ ʚʥʦʩʷʯʠ ʢʘʨʜʠʥʘʣʴʥʠʭ ʟʤʽʥ ʫ ʣʦʛʽʢʫ ʚʝʙ-ʜʦʜʘʪʢʫ (ʦʩʦʙʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʰʠʨʝʥʥʷ PDO). 

JavaScript ("JS" ʩʢʦʨʦʯʝʥʦ) ï ʮʝ ʧʦʚʥʦʮʽʥʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʘ, ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ HTML ʜʦʢʫʤʝʥʪʽ, ʤʦʞʝ ʥʘʜʘʪʠ ʜʠʥʘʤʽʯʥʫ ʽʥʪʝʨʘʢʪʠʚʥʽʩʪʴ ʥʘ ʚʝʙ-ʩʘʡʪʘʭ. ɺʦʥʘ 

ʙʫʣʘ ʚʠʥʘʡʜʝʥʘ ɹʨʝʥʜʘʥʦʤ Eʡʭʦʤ, ʩʧʽʚʟʘʩʥʦʚʥʠʢʦʤ ʧʨʦʝʢʪʫ Mozilla, the Mozilla Foundation, ʪʘ 

Mozilla Corporation. JavaScript ʤʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʙʘʛʘʪʦ ʟʘʩʪʦʩʫʚʘʥʴ, ʟʦʢʨʝʤʘ: ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ 

"ʢʘʨʫʩʝʣʽ", ʛʘʣʝʨʝʾ ʟʦʙʨʘʞʝʥʴ, ʜʠʥʘʤʽʯʥʽ ʤʘʢʝʪʠ ʩʪʦʨʽʥʦʢ, ʚʽʜʧʦʚʽʜʽ ʥʘ ʥʘʪʠʩʢʠ ʢʥʦʧʦʢ, ʪʦʱʦ. 

ɯʟ ʜʦʩʚʽʜʦʤ, ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʽʛʨʠ, 2D ʪʘ 3D ʛʨʘʬʽʢʫ, ʩʢʣʘʜʥʽ ʟʘʩʪʦʩʫʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʟ ʜʘʥʠʭ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ.  
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JavaScript ʜʦʚʦʣʽ ʢʦʤʧʘʢʪʥʘ ʪʘ ʛʥʫʯʢʘ ʤʦʚʘ. ʈʦʟʨʦʙʥʠʢʠ ʟʘʙʝʟʧʝʯʠʣʠ ʚʝʣʠʢʝ ʨʦʟʤʘʾʪʪʷ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʜʦʧʦʚʥʶʶʪʴ ʦʩʥʦʚʫ ʤʦʚʠ JavaScript, ʷʢʽ ʚʽʜʢʨʠʚʘʶʪʴ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ 

ʜʦʜʘʪʢʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʫʩʠʣʣʷʤʠ. ʉʝʨʝʜ ʥʠʭ: 

¶ ʧʨʦʛʨʘʤʥʽ ʽʥʪʝʨʬʝʡʩʠ (APIs) ʜʣʷ ʙʨʘʫʟʝʨʽʚ ï API, ʷʢʽ ʚʙʫʜʦʚʘʥʽ ʫ ʙʨʘʫʟʝʨʠ, ʱʦ 

ʥʘʜʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣ ʥʘ ʟʨʘʟʦʢ ʜʠʥʘʤʽʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ HTML ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ CSS-ʩʪʠʣʽʚ, ʟʙʽʨ 

ʪʘ ʦʙʨʦʙʢʘ ʚʽʜʝʦ-ʧʦʪʦʢʽʚ ʟ ʚʝʙ-ʢʘʤʝʨʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʛʝʥʝʨʘʮʽʷ 3D-ʛʨʘʬʽʢʠ ʪʘ ʘʫʜʽʦ-ʩʝʤʧʣʽʚ; 

¶ API ʪʨʝʪʽʭ ʦʩʽʙ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʥʠʢʘʤ ʽʥʪʝʛʨʫʚʘʪʠ ʫ ʚʣʘʩʥʽ ʩʘʡʪʠ ʬʫʥʢʮʽʦʥʘʣ 

ʽʥʰʠʭ ʧʨʦʚʘʡʜʝʨʽʚ, ʪʘʢʠʭ ʷʢ Twitter ʘʙʦ Facebook; 

¶ ʬʨʝʡʤʚʦʨʢʠ ʪʘ ʙʽʙʣʽʦʪʝʢʠ ʪʨʝʪʽʭ ʦʩʽʙ, ʷʢʽ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ HTML, ʱʦʙ 

ʧʨʠʩʢʦʨʠʪʠ ʩʪʚʦʨʝʥʥʷ ʩʘʡʪʽʚ ʪʘ ʟʘʩʪʦʩʫʥʢʽʚ. 

Virtualenv ï ʧʨʦʛʨʘʤʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʦʪʦʯʝʥʥʷʤʠ Python. ɼʦʟʚʦʣʷʻ 

ʩʪʚʦʨʠʪʠ ʩʝʨʝʜʦʚʠʱʝ ʟʽ ʩʚʦʾʤʠ ʦʢʨʝʤʠʤʠ ʤʦʜʫʣʷʤʠ, ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʽ ʧʨʦʛʨʘʤʘʤʠ. 

ʉʝʨʝʜʦʚʠʱʝ ʦʙʤʝʞʫʻʪʴʩʷ ʨʘʤʢʘʤʠ ʦʜʥʦʛʦ ʢʘʪʘʣʦʛʫ. ɼʫʞʝ ʟʨʫʯʥʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʨʽʟʥʠʤʠ 

ʚʝʨʩʽʷʤʠ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʤʦʜʫʣʽʚ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʝʢʪʽʚ, ʫ ʷʢʠʭ "ʚʩʝ ʟ ʩʦʙʦʶ", ʷʢʽ ʥʝ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

CSS ʬʨʝʡʤʚʦʨʢ Materialize ï ʩʧʨʦʙʘ ʩʪʚʦʨʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʰʚʠʜʢʦʛʦ 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ web-ʧʨʦʛʨʘʤ, ʩʣʽʜʫʶʯʠ ʽʜʝʦʣʦʛʽʾ ʢʦʥʮʝʧʪʫ Material Design. ɹʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʚ Google. ɼʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʘʜʘʧʪʠʚʥʽ ʩʘʡʪʠ. ʈʦʟʨʦʙʥʠʢʠ ʨʦʟʜʽʣʠʣʠ ʝʣʝʤʝʥʪʠ 

ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: çʢʦʤʧʦʥʝʥʪʠè ʪʘ çʤʦʙʽʣʴʥʝè. ɺ ʢʦʞʥʽʡ ʛʨʫʧʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʛʦʪʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚ ʦʧʠʩʽ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʩʢʘʟʘʥʦ, ʚ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ ʷʢ ʡʦʛʦ ʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ, ʬʨʝʡʤʚʦʨʢ ʤʘʻ ʧʨʠʻʤʥʫ 

ʘʥʽʤʘʮʽʶ. 

Python Imaging Library (PIL) ï ʙʽʙʣʽʦʪʝʢʘ Python ʩʪʚʦʨʝʥʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʨʘʩʪʨʦʚʦʶ 

ʛʨʘʬʽʢʦʶ. ʈʦʟʨʦʙʢʘ ʙʽʙʣʽʦʪʝʢʠ ʧʨʠʟʫʧʠʥʠʣʘʩʷ ʱʝ ʚ 2011 ʨʦʮʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʟôʷʚʠʚʩʷ ʧʨʦʝʢʪ 

Pillow, ʻ ʬʦʨʢʦʤ PIL. ɺʽʥ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʦ ʩʠʭ ʧʽʨ ʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʽʜʪʨʠʤʢʫ Python 3.ʭ . ɿ 

ʯʘʩʦʤ ʮʝʡ ʬʦʨʢ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʚ ʷʢʦʩʪʽ ʟʘʤʽʥʠ ʦʨʠʛʽʥʘʣʴʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʽ ʚʢʣʶʯʝʥʠʡ ʚ ʜʝʷʢʽ 

ʜʠʩʪʨʠʙʫʪʠʚʠ Linux. 

Sklearn ï ʮʝ ʚʽʜʢʨʠʪʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʙʽʙʣʽʦʪʝʢʘ) ʜʣʷ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

Python, ʷʢʝ ʥʘʜʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. 

Scikit-learn ʩʪʚʦʨʝʥʦ ʥʘ ʦʩʥʦʚʽ ʽʥʰʠʭ ʧʦʧʫʣʷʨʥʠʭ ʙʽʙʣʽʦʪʝʢ Python, ʪʘʢʠʭ ʷʢ NumPy, SciPy ʽ 

matplotlib, ʽ ʚʦʥʘ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʙʽʙʣʽʦʪʝʢ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

Leaflet ï ʮʝ ʧʨʦʚʽʜʥʘ JavaScript ʙʽʙʣʽʦʪʝʢʘ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʜʣʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ, 

ʟʨʫʯʥʠʭ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʦʥʘ ʨʦʟʨʦʙʣʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʩʪʦʪʠ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʘ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɽʬʝʢʪʠʚʥʦ ʧʨʘʮʶʻ ʥʘ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʥʘʩʪʽʣʴʥʠʭ ʽ ʤʦʙʽʣʴʥʠʭ 

ʧʣʘʪʬʦʨʤʘʭ, ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʴʦʭ ʧʣʘʛʽʥʽʚ, ʤʘʻ ʛʘʨʥʠʡ, ʧʨʦʩʪʠʡ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʜʦʙʨʝ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʠʡ API, ʘ ʪʘʢʦʞ ʧʨʦʩʪʠʡ, ʯʠʪʘʙʝʣʴʥʠʡ ʚʠʭʽʜʥʠʡ ʢʦʜ. 

3. ʌʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʉʠʩʪʝʤʘ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʟʽ ʩʪʘʥʮʽʡ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ ʫ ʤʽʩʪʽ ʃʴʚʦʚʽ. ɼʦʩʪʫʧ ʜʦ ʜʘʥʠʭ, ʱʦ ʟʙʠʨʘʶʪʴ ʮʽ ʩʪʘʥʮʽʾ, ʥʘʜʘʻ ʧʘʨʪʥʝʨ. ɺ ʨʘʤʢʘʭ 

ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ 3 ʦʧʮʽʾ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʚ ʩʠʩʪʝʤʫ:  

¶ ʨʫʯʥʝ ʜʦʜʘʚʘʥʥʷ ʟʘʧʠʩʽʚ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʯʝʨʝʟ ʧʘʥʝʣʴ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ; 

¶ ʧʽʜʩʠʩʪʝʤʘ (ʩʢʨʠʧʪ), ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʚʘʥʪʘʞʠʪʠ ʜʘʥʽ ʟ CSV ʬʘʡʣʽʚ ʜʘʥʠʭ ʩʪʘʥʮʽʡ 

ʝʢʦʤʦʥʽʪʦʨʠʥʛʫ; 

¶ ʧʽʜʩʠʩʪʝʤʘ (ʩʢʨʠʧʪ), ʱʦ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ɸʈɯ ʧʘʨʪʥʝʨʘ ʪʘ ʦʥʦʚʣʶʻ 

ʜʘʥʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʣʷ ʟʘʜʘʥʠʭ ʩʪʘʥʮʽʡ ʝʢʦʤʦʥʽʪʦʨʠʥʛʫ. 

ɺ ʩʠʩʪʝʤʫ ʧʦʪʨʘʧʣʷʶʪʴ ʣʠʰʝ ʥʦʚʽ ʨʷʜʢʠ, ʘʜʞʝ ʩʪʘʥʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʞʦʜʥʠʤ ʯʠʥʦʤ ʥʝ ʟʤʽʥʶʶʪʴ ʚʞʝ ʥʘʜʘʥʽ ʜʘʥʽ. ɺ ʙʘʟʽ ʜʘʥʠʭ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʘʥʽ ʧʨʦ ʩʘʤʽ ʩʪʘʥʮʽʾ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʘʥʽ ʟ ʥʠʭ. ʊʘʢʦʞ ʜʘʥʽ ʚ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʟʘʥʦʩʠʪʠ ʚ ʨʫʯʥʦʤʫ 

ʨʝʞʠʤʽ ʯʝʨʝʟ ʧʘʥʝʣʴ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ. ɹʣʦʢʠ ʩʪʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ, 

ʘʜʞʝ ʚʦʥʠ ʥʝʟʤʽʥʥʽ. 
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ʊʘʢʠʤ ʯʠʥʦʤ ʩʠʩʪʝʤʘ ʦʪʨʠʤʫʚʘʪʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦ ʩʚʦʻʯʘʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʠʜʘʯʽ ʦʮʽʥʢʠ ʩʪʘʥʫ ʥʘʡʚʘʞʣʠʚʽʰʦʾ ʜʣʷ ʣʶʜʩʴʢʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʩʬʝʨʠ ʜʦʚʢʽʣʣʷ, ʪʦʙʪʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. 

ɺʘʞʣʠʚʠʤʠ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʩʠʩʪʝʤʠ ʦʮʽʥʢʠ ʙʫʜʫʪʴ 6 ʧʘʨʘʤʝʪʨʽʚ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ, ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ, ʯʘʩʪʢʘ ʚʤʽʩʪʫ ʚ ʧʦʚʽʪʨʽ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ ʨʦʟʤʽʨʦʤ 1 ʤʽʢʨʦʥ, ʯʘʩʪʢʘ ʚʤʽʩʪʫ ʚ ʧʦʚʽʪʨʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ 

ʨʦʟʤʽʨʦʤ 2.5 ʤʽʢʨʦʥʽʚ, ʯʘʩʪʢʘ ʚʤʽʩʪʫ ʚ ʧʦʚʽʪʨʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ ʨʦʟʤʽʨʦʤ 10 ʤʽʢʨʦʥʽʚ. 

ɿʘʛʘʣʴʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ 

 

 ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʘʥ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʧʨʦʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʩʪʘʥʽʚ ʮʠʭ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

4. ʈʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʪʘ ʾʾ ʧʝʨʝʚʽʨʢʘ ʚ 

ʩʝʨʝʜʦʚʠʱʽ MatLab ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Fuzzy Logic Toolbox 
ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʣʴʪʝʨʥʘʪʠʚʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʷʢʦʩʪʽ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʯʽʪʢʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʦʙʨʘʥʦ ʪʨʠʢʫʪʥʽ 

ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ. 

 ɼʣʷ ʦʧʠʩʫ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʪʝʨʤʠ (low, average, high) ʪʘ ʧʦʙʫʜʦʚʘʥʦ 

ʚʽʜʧʦʚʽʜʥʽ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʫ. 

 ɼʣʷ ʩʧʨʦʱʝʥʦʛʦ ʦʧʠʩʫ ʤʦʜʝʣʽ ʚ ʩʝʨʝʜʦʚʠʱʽ MatLab Fuzzy Logic Toolbox ʟ 6 ʧʘʨʘʤʝʪʨʽʚ 

ʙʫʣʦ ʦʙʨʘʥʦ 3 ʦʩʥʦʚʥʽ. ɺ ʩʘʤʽʡ ʩʠʩʪʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʩʽ.  

 

 

 
 

ʈʠʩ. 2. ɿʘʜʘʥʥʷ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ MatLab  
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ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʘʨʘʤʝʪʨʫ çʚʽʜʥʦʩʥʘ 

ʚʦʣʦʛʽʩʪʴè: 

 

 
 

ʈʠʩ. 3. ʌʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʫ çʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴè 

  

ʆʮʽʥʢʘ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ ʪʘ ʜʝʬʘʟʠʬʽʢʘʮʽʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʧʨʘʚʠʣʘʤʠ, ʟʘ ʷʢʠʤʠ ʚʤʽʩʪ 

pm2.5 ʚ ʧʦʚʽʪʨʽ ï ʥʘʡʙʽʣʴʰ ʧʨʽʦʨʠʪʝʪʥʘ ʯʘʩʪʠʥʘ, ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ï ʤʝʥʰ ʧʨʽʦʨʠʪʝʪʥʘ 

ʯʘʩʪʠʥʘ, ʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ï ʥʘʡʤʝʥʰʝ ʚʧʣʠʚʘʻ ʥʘ ʦʮʽʥʢʫ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. 

 ʆʧʠʩ ʧʨʘʚʠʣ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 4. 

 

 
 

ʈʠʩ.4. ʅʘʙʽʨ ʧʨʘʚʠʣ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ 

 

ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʘʚʠʣ ʤʦʜʝʣʽ: 
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ʈʠʩ. 5. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʮʝʩʫ  

 

5. ʈʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ 

ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɿʘ ʦʩʥʦʚʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʙʫʣʦ ʚʠʨʽʰʝʥʦ 

ʚʟʷʪʠ ʩʠʩʪʝʤʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʷ Scikit-learn, ʘʙʦ ʧʨʦʩʪʦ sklearn.  

ɼʣʷ ʪʨʝʥʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʤʦʜʝʣʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʦʪʨʽʙʝʥ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ 

[4]. ɿʘ ʦʩʥʦʚʫ ʚʽʟʴʤʝʤʦ ʽʥʬʦʨʤʘʮʽʶ ʚʟʷʪʫ ʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʪʘʥʮʽʡ ʫ ʤʽʩʪʽ 

ʃʴʚʦʚʽ.  

ʉʠʨʽ (ʥʝʦʙʨʦʙʣʝʥʽ) ʜʘʥʽ ʚʠʛʣʷʜʘʶʪʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʢʦʞʥʫ ʭʚʠʣʠʥʫ ʘʙʦ ʜʚʽ ʭʚʠʣʠʥʠ 

ʩʠʩʪʝʤʘ ʟʙʝʨʽʛʘʻ 6 ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: pm1, pm25, pm10, ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʣʦʛʽʩʪʴ ʪʘ 

ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ 

 

 
 

ʈʠʩ. 6. çʉʠʨʽè ʜʘʥʽ ʟ ʩʪʘʥʮʽʾ ʝʢʦʤʦʥʽʪʦʨʠʥʛʫ 

 

ɼʣʷ ʥʘʚʯʘʥʥʷ ʚʽʟʴʤʝʤʦ ʜʘʥʽ ʟʘ 2-4 ʨʦʢʠ ʟ ʜʝʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʦʙôʻʜʥʘʻʤʦ ʾʭ ʚ 

ʦʜʠʥ ʥʘʙʽʨ ʜʘʥʠʭ. ʆʪʨʠʤʫʻʤʦ ʥʘʙʽʨ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʠʪʴ 17 810 823 ʟʘʧʠʩʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʟʨʦʙʠʤʦ ʜʝʢʽʣʴʢʘ ʤʘʥʽʧʫʣʷʮʽʡ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ: ʚʠʜʘʣʠʤʦ ʫʩʽ ʜʫʙʣʽʢʘʪʠ ʧʦ ʙʽʟʥʝʩ-ʢʣʶʯʫ, 

ʧʝʨʝʡʤʝʥʫʻʤʦ ʜʝʷʢʽ ʢʦʣʦʥʢʠ, ʧʨʠʚʝʜʝʤʦ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ ʚ ʙʽʣʴʰ ʟʨʦʟʫʤʽʣʠʡ ʬʦʨʤʘʪ ʪʘ 

ʟʘʧʦʚʥʠʤʦ ʚʽʜʩʫʪʥʽ ʜʘʥʽ. 

ʅʘʩʪʫʧʥʠʤ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʻ ʦʧʝʨʘʮʽʷ Pivot ï ʨʦʟʚʝʨʪʘʥʥʷ ʪʘʙʣʠʮʽ. ʊʘʢ ʷʢ ʟʘʨʘʟ ʜʘʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʬʦʨʤʘʪʽ 1 ʨʷʜʦʢ ï 1 ʫʥʽʢʘʣʴʥʠʡ ʟʘʤʽʨ ʧʝʚʥʦʛʦ ʚʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʫ. ʆʙôʻʜʥʘʻʤʦ 

ʮʝ ʟʘ ʩʪʘʥʮʽʻʶ ʪʘ ʯʘʩʦʤ ʟʘʤʽʨʫ. ʆʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ, ʜʝ ʢʦʞʝʥ ʨʷʜʦʢ ï ʮʝ ʟʘʤʽʨ 

ʫʩʽʭ 6 ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʚʥʦʶ ʩʪʘʥʮʽʻʶ ʚ ʧʝʚʥʠʡ ʯʘʩ. ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʨʦʟʤʽʨ ʥʘʙʦʨʫ 

ʜʘʥʠʭ ʩʢʦʨʦʪʠʚʩʷ ʜʦ 3 070 260 ʟʘʧʠʩʽʚ. 
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ʈʠʩ. 7. ʆʙôʻʜʥʘʥʽ ʜʘʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟʘʤʽʨʫ 

  

 ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʫ ʥʘʩ ʻ ʛʦʪʦʚʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘʣʝ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ 

ʤʦʜʝʣʽ ʧʦʪʨʽʙʥʦ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʽ ʮʽʣʴʦʚʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʤʦʜʝʣʴ ʙʫʜʝ ʥʘʤʘʛʘʪʠʩʴ 

ʧʝʨʝʜʙʘʯʠʪʠ. ɼʣʷ ʮʴʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʧʦʨʘʭʫʻʤʦ ʽʥʜʝʢʩ 

ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʜʣʷ ʢʦʞʥʦʛʦ ʨʷʜʢʘ ʧʽʜʛʦʪʦʚʘʥʠʭ ʜʘʥʠʭ. ʆʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ 

ʬʽʥʘʣʴʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ: 

 

 
ʈʠʩ. 8. ʌʽʥʘʣʴʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ 

 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʛʦʪʦʚʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʨʦʟʜʽʣʷʻʤʦ ʡʦʛʦ ʥʘ ʪʨʝʥʫʚʘʣʴʥʠʡ ʪʘ 

ʪʝʩʪʫʚʘʣʴʥʠʡ ʥʘʙʽʨ. ʊʘʢʦʞ ʜʣʷ ʢʨʘʱʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʪʨʝʥʫʚʘʥʥʷ, ʦʙʨʦʙʠʤʦ ʜʘʥʽ ʟʘ ʤʝʪʦʜʦʤ 

StandardScaler [5]. ʉʘʤ Scaler ʟʙʝʨʝʞʝʤʦ ʷʢ ʬʘʡʣ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ. 

ʊʘʢ ʷʢ ʟʘʚʜʘʥʥʷʤ ʻ ʧʝʨʝʜʙʘʯʠʪʠ ʦʜʠʥ ʯʠʩʣʦʚʠʡ ʧʘʨʘʤʝʪʨ ʥʘ ʦʩʥʦʚʽ ʽʥʰʠʭ ʯʠʩʣʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ï ʮʝ ʥʘʡʙʽʣʴʰ ʝʪʘʣʦʥʥʠʡ ʧʨʠʢʣʘʜ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ. ʆʪʞʝ, ʩʪʚʦʨʶʻʤʦ ʦʙôʻʢʪ ʢʣʘʩʫ 

LinearRegression ʙʽʙʣʽʦʪʝʢʠ Sklearn ʪʘ ʪʨʝʥʫʻʤʦ ʽ ʦʮʽʥʶʻʤʦ ʤʦʜʝʣʴ ʥʘ ʧʦʧʝʨʝʜʥʴʦ 

ʧʽʜʛʦʪʦʚʘʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ. 

 

 
 

ʈʠʩ. 9. ʇʨʦʮʝʩ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ 
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 ʌʽʥʘʣʴʥʠʤ ʝʪʘʧʦʤ ʻ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʮʠʭ ʮʽʣʝʡ. 

 

 
 

ʈʠʩ. 10. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʤʦʜʝʣʽ 

 

ʆʩʪʘʥʥʽʤ ʢʨʦʢʦʤ ʻ ʟʙʝʨʝʞʝʥʥʷ ʥʘʪʨʝʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʚ ʬʘʡʣ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʚ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʩʠʩʪʝʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʚ ʷʢʦʩʪʽ ʙʝʢʝʥʜ ʯʘʩʪʠʥʠ ʥʘ ʚʝʙ-

ʩʘʡʪʽ. 

 
 

ʈʠʩ. 11. ɿʙʝʨʝʞʝʥʥʷ ʤʦʜʝʣʽ ʚ ʬʘʡʣ ʪʘ ʧʦʜʘʣʴʰʘ ʚʠʯʠʪʢʘ ʾʾ ʟ ʮʴʦʛʦ ʬʘʡʣʫ 

 

6. ʆʧʠʩ ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ 

ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 6 ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʠʭ html ʩʪʦʨʽʥʦʢ. ɻʦʣʦʚʥʦʶ ʻ index.html, ʚʦʥʘ 

ʞ Main page, ʟ ʷʢʦʾ ʤʦʞʥʘ ʧʦʪʨʘʧʠʪʠ ʥʘ ʩʪʦʨʽʥʢʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚ ʽʻʨʘʨʭʽʾ. ɿ ʢʦʞʥʦʾ ʩʪʦʨʽʥʢʠ 

ʤʦʞʥʘ ʦʜʨʘʟʫ ʧʝʨʝʡʪʠ ʥʘ ʛʦʣʦʚʥʫ ʩʪʦʨʽʥʢʫ ʜʘʥʠʭ ʟ ʩʪʘʥʮʽʡ, ʜʦ ʤʝʪʦʜʦʣʦʛʽʾ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʩʪʦʨʽʥʢʫ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʨʦʟʨʦʙʥʠʢʽʚ, ʩʪʦʨʽʥʢʫ ʟ ʤʘʧʦʶ ʩʪʘʥʮʽʡ ʪʘ ʩʪʦʨʽʥʢʫ ʟ 

ʢʘʣʴʢʫʣʷʪʦʨʦʤ ʽʥʜʝʢʩʫ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ. 

 
ʈʠʩ. 12. ʉʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ 
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ɯʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʢʦʥʘʥʠʡ ʚ ʤʽʥʽʤʘʣʽʩʪʠʯʥʦʤʫ ʩʪʠʣʽ, ʜʘʣʽ ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ 

ʚʘʞʣʠʚʠʭ ʩʪʦʨʽʥʦʢ ʩʘʡʪʫ. ʊʘʢʦʞ, ʩʝʢʮʽʾ header ʪʘ footer ï ʮʝ ʻʜʠʥʠʡ ʰʘʙʣʦʥ ʜʣʷ ʫʩʽʭ ʩʪʦʨʽʥʦʢ. 

ʉʘʡʪ ʢʦʨʝʢʪʥʦ ʘʜʘʧʪʦʚʘʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ʧʨʠʩʪʨʦʾʚ, ʫʩʽ ʤʝʜʽʘ-ʦʙôʻʢʪʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʯʽʪʢʠʤʠ ʪʘ ʯʠʪʘʙʝʣʴʥʠʤʠ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʧʨʠʩʪʨʦʾ 

 

 
 

ʈʠʩ. 13. ɯʥʪʝʨʬʝʡʩ ʦʩʥʦʚʥʦʾ ʩʪʦʨʽʥʢʠ ʚʝʙ-ʩʘʡʪʫ 

 

 
 

ʈʠʩ. 14. ɯʥʪʝʨʬʝʡʩ ʩʪʦʨʽʥʢʠ ʟ ʩʪʘʥʮʽʷʤʠ ʪʘ ʦʩʪʘʥʥʽʤʠ ʜʘʥʠʤʠ ʟ ʥʠʭ 
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ʈʠʩ. 18. ʇʝʨʝʚʽʨʢʘ ʟʘʧʦʚʥʝʥʦʩʪʽ ʧʦʣʽʚ 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.17-18, ʥʘ ʩʘʡʪʽ ʪʘʢʦʞ ʧʨʠʩʫʪʥʷ ʚʘʣʽʜʘʮʽʷ ʜʘʥʠʭ ʥʘ ʩʪʦʨʦʥʽ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʚʦʥʘ ʟʨʦʙʣʝʥʘ ʣʠʰʝ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʢʘʟʘʪʠ ʢʦʨʠʩʪʫʚʘʯʫ ʧʨʘʚʠʣʴʥʠʡ ʬʦʨʤʘʪ 

ʜʘʥʠʭ, ʱʦ ʦʯʽʢʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ. ʊʘʢʦʞ, ʫʩʽ ʜʘʥʽ ʧʝʨʝʜ ʚʽʜʧʨʘʚʢʦʶ ʟʘʧʠʪʫ ʥʘ ʩʝʨʚʝʨ, 

ʦʯʠʱʘʶʪʴʩʷ ʚʽʜ ʤʦʞʣʠʚʦʛʦ ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʩʠʤʚʦʣʽʚ, ʱʦ ʥʝ ʦʯʽʢʫʶʪʴʩʷ 

ʩʠʩʪʝʤʦʶ.  

7. ʆʧʠʩ ʩʪʨʫʢʪʫʨʠ ʙʘʟʠ ʜʘʥʠʭ ʩʠʩʪʝʤʠ 

ʅʘ ʨʠʩ. 19 ʟʦʙʨʘʞʝʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ, ʱʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ 

ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ. ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʘʚʠʣʘ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʪʨʴʦʭ 

ʥʦʨʤʘʣʴʥʠʭ ʬʦʨʤ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʝ ʧʦʣʝ ʚ ʙʘʟʽ ʜʘʥʠʭ ʤʽʩʪʠʪʴ ʦʜʥʝ ʘʪʦʤʘʨʥʝ ʟʥʘʯʝʥʥʷ, 

ʘʪʨʠʙʫʪʠ ʚ ʪʘʙʣʠʮʷʭ ʙʘʟʠ ʜʘʥʠʭ ʟʛʨʫʧʦʚʘʥʽ ʨʘʟʦʤ ʣʦʛʽʯʥʦ ʪʘ ʥʝ ʤʘʶʪʴ ʪʨʘʥʟʠʪʠʚʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ. 

 

 
  

ʈʠʩ. 19. ɼʽʘʛʨʘʤʘ ʙʘʟʠ ʜʘʥʠʭ 

 

ɺ ʙʘʟʽ ʜʘʥʠʭ ʻ 2 ʦʩʥʦʚʥʽ ʪʘʙʣʠʮʽ. 

Station ï ʪʘʙʣʠʮʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ. ɺʦʥʘ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʘʪʨʠʙʫʪʠ: 

¶ station_id ï ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʩʪʘʥʮʽʾ; 

¶ title ï ʥʘʟʚʘ ʩʪʘʥʮʽʾ; 

¶ address ï ʘʜʨʝʩʘ ʩʪʘʥʮʽʾ; 

¶ provider ï ʥʘʟʚʘ ʧʘʨʪʥʝʨʘ, ʱʦ ʥʘʜʘʻ ʜʘʥʽ; 

¶ lat ï ʛʝʦʛʨʘʬʽʯʥʘ ʰʠʨʦʪʘ ʩʪʘʥʮʽʾ; 

¶ long - ʛʝʦʛʨʘʬʽʯʥʘ ʜʦʚʛʦʪʘ ʩʪʘʥʮʽʾ. 

AirPollution ï ʪʘʙʣʠʮʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʩʠʨʠʭ ʜʘʥʠʭ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ 

ʟ ʩʪʘʥʮʽʡ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɺʦʥʘ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʘʪʨʠʙʫʪʠ: 
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¶ station_id ï ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʩʪʘʥʮʽʾ, ʟ ʷʢʦʾ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʘʥʽ; 

¶ logged_at ï ʜʘʪʘ ʪʘ ʯʘʩ ʟʘʤʽʨʫ ʜʘʥʠʭ ʩʪʘʥʮʽʻʶ; 

¶ temperature ï ʪʝʤʧʝʨʘʪʫʨʘ; 

¶ humidity ï ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ; 

¶ pressure ï ʘʪʤʦʩʬʨʝʥʠʡ ʪʠʩʢ; 

¶ pm1 ï ʯʘʩʪʢʘ ʚ ʧʦʚʽʪʨʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ ʨʦʟʤʽʨʦʤ 1 ʤʽʢʨʦʥ; 

¶ pm10 ï ʯʘʩʪʢʘ ʚ ʧʦʚʽʪʨʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ ʨʦʟʤʽʨʦʤ 10 ʤʽʢʨʦʥ; 

¶ pm25 ï ʯʘʩʪʢʘ ʚ ʧʦʚʽʪʨʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ ʨʦʟʤʽʨʦʤ 2.5 ʤʽʢʨʦʥʘ; 

¶ score ï ʽʥʜʝʢʩ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ 

ʚʥʝʩʝʥʥʽ ʜʘʥʠʭ ʚ ʩʠʩʪʝʤʫ; 

ʊʘʢʦʞ ʚ ʙʘʟʽ ʜʘʥʠʭ ʧʨʠʩʫʪʥʽ ʩʠʩʪʝʤʥʽ ʪʘʙʣʠʮʽ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ ʜʘʥʽ ʧʨʦ ʟʤʽʥʫ ʩʭʝʤʠ ɹɼ 

ʪʘ ʪʘʙʣʠʮʷ ʟ ʦʙʣʽʢʦʚʠʤʠ ʟʘʧʠʩʘʤʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ. 

ɹʘʟʘ ʜʘʥʠʭ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ Django. ʉʪʚʦʨʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ 

ʧʨʦʚʦʜʠʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʥʘ ʦʩʥʦʚʽ Django ORM (Object-related model). ʊʦʙʪʦ ʨʦʟʨʦʙʥʠʢ 

ʦʧʠʩʫʻ ʢʣʘʩʠ, ʾʭ ʘʪʨʠʙʫʪʠ ʪʘ ʟʚôʷʟʢʠ ʤʽʞ ʥʠʤʠ, ʘ Django ORM ʚʽʜʪʚʦʨʶʻ ʫʩʶ ʦʧʠʩʘʥʫ ʣʦʛʽʢʫ ʫ 

ʩʘʤʽʡ ʉʋɹɼ. ʎʝ ʟʥʘʯʥʦ ʧʨʠʰʚʠʜʰʫʻ ʨʦʙʦʪʫ ʨʦʟʨʦʙʥʠʢʘ ʪʘ ʟʥʽʤʘʻ ʟ ʥʴʦʛʦ ʯʘʩʪʠʥʫ ʟ 

ʩʪʚʦʨʝʥʥʷʤ ʪʘ ʫʧʨʘʚʣʽʥʥʷʤ ɹɼ. 

ɿʘʛʘʣʦʤ, ʚ ʩʠʩʪʝʤʽ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ: ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ 

ʪʘ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʤʽʩʪʽ ʃʴʚʦʚʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ; ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ ʜʘʥʠʭ; ʤʦʞʣʠʚʽʩʪʴ ʘʛʨʝʛʫʚʘʪʠ ʜʘʥʽ ʟ ʜʝʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʩʪʘʥʮʽʡ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʦʙôʻʢʪʠʚʥʦʩʪʽ; ʤʦʞʣʠʚʽʩʪʴ ʨʫʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʫ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ; ʥʘʷʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʫ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʜʘʥʠʭ ʢʦʥʢʨʝʪʥʦʾ ʩʪʘʥʮʽʾ; ʥʘʷʚʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʫ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʤʘʧʠ ʩʪʘʥʮʽʡ; ʤʦʞʣʠʚʽʩʪʴ ʥʘʧʦʚʥʶʚʘʪʠ ʩʠʩʪʝʤʫ ʜʘʥʠʤʠ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ; 

ɿʘʛʘʣʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʛʦʪʦʚʘ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʽʩʮʝʚʠʤʠ ʦʨʛʘʥʘʤʠ ʚʣʘʜʠ ʪʘ ʽʥʰʠʤʠ ʟʘʮʽʢʘʚʣʝʥʠʤʠ 

ʩʪʦʨʦʥʘʤʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʨʝʛʽʦʥʽ. 
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ʤ. ʏʝʨʚʦʥʦʛʨʘʜ, ʋʢʨʘʾʥʘ 

 

ɼʦʩʣʽʜʞʝʥʦ ʪʘ ʨʦʟʢʨʠʪʦ ʦʩʥʦʚʥʽ ʽʩʪʦʨʠʯʥʽ, ʛʝʦʛʨʘʬʽʯʥʽ, ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ, 

ʛʝʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʮʝʩʫ ʧʽʜʟʝʤʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʫ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʤʫ 

ʚʫʛʽʣʴʥʦʤʫ ʙʘʩʝʡʥʽ. ɺʠʦʢʨʝʤʣʝʥʦ ʧʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʷʢʽ ʚʠʥʠʢʣʠ ʚʥʘʩʣʽʜʦʢ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʜʦʚʠʱʘ ʙʘʩʝʡʥʫ, ʟʦʢʨʝʤʘ ʩʬʦʨʤʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʾʭ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ 

ʪʝʨʠʪʦʨʽʡ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʪʘ ʚʫʛʽʣʴʥʦʛʦ ʨʝʛʽʦʥʫ ʚ ʮʽʣʦʤʫ. ʉʬʦʨʤʦʚʘʥʦ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ 

ʰʣʷʭʽʚ ʧʦʜʦʣʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʟʚʝʨʥʝʥʦ ʫʚʘʛʫ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʜʝʨʞʘʥʠʭ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʜʦʢʫʤʝʥʪʽʚ  ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ ʋʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ ʜʣʷ ʧʦʜʦʣʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʤʠʥʫʣʦʛʦ, ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʽʰʝʥʴ ʩʪʦʩʦʚʥʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʠʡ ʚʫʛʽʣʴʥʠʡ ʙʘʩʝʡʥ, ʝʢʦʣʦʛʽʷ,  ʚʫʛʽʣʴʥʠʡ ʨʝʛʽʦʥ, 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʨʦʙʣʝʤʠ, ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʷ, ʩʧʨʘʚʝʜʣʠʚʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ, 

ʪʝʨʠʪʦʨʽʘʣʴʥʽ ʛʨʦʤʘʜʠ, ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʧʨʦʙʣʝʤʥʦ-ʧʨʽʦʨʠʪʝʪʥʠʡ ʧʽʜʭʽʜ. 

 

ɺʽʜʯʫʪʥʽ ʧʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʚʫʛʽʣʴʥʠʭ ʨʝʛʽʦʥʽʚ ʢʨʘʾʥʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ ʢʨʘʾʥʠ 

ʚʠʥʠʢʣʠ ʱʝ ʚ ʢʽʥʮʽ 80-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʫ ʪʦʡ ʯʘʩ ʢʦʣʠ ʚʫʛʣʝʚʠʜʦʙʫʪʦʢ ʚ ʋʢʨʘʾʥʽ 

ʜʦʩʷʛ ʥʘʡʙʽʣʴʰʦʛʦ ʧʽʢʫ. ʇʦʧʨʠ ʮʝ, ʥʘʡʙʽʣʴʰʦʛʦ ʟʘʛʦʩʪʨʝʥʥʷ ʥʘʙʫʣʠ ʧʠʪʘʥʥʷ ʩʦʮʽʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʛʽʨʥʠʢʽʚ, ʧʨʦʷʚʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʜʦʨʦʚôʷ ʷʢ ʩʘʤʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʰʘʭʪ, ʪʘʢ ʽ 

ʤʝʰʢʘʥʮʽʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʫ ʟʦʥʽ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ, ʱʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʥʝʟʘʜʦʚʽʣʴʥʠʤ ʟʘʭʠʩʪʦʤ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʦʩʠʣʶʚʘʣʘʩʴ ʝʢʦʣʦʛʽʯʥʘ ʥʝʙʝʟʧʝʢʘ ʚ 

ʨʝʛʽʦʥʽ. 

ʈʘʟʦʤ ʽʟ ʮʠʤ ʥʘʨʦʩʪʘʥʥʷ ʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʧʨʦʙʣʝʤ ʚʽʜ ʥʘʩʣʽʜʢʽʚ ʧʽʜʟʝʤʥʦʛʦ ʚʠʜʦʙʫʪʢʫ 

ʚʫʛʽʣʣʷ ʥʘʨʦʩʪʘʻ ʽʟ ʧʦʯʘʪʢʦʤ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ ʟʘʢʨʠʪʪʷ ʥʝʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ, 

ʷʢʫ ʚʪʽʣʶʚʘʚ ʄʽʥʚʫʛʣʝʧʨʦʤ ʥʘ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. ɿʘʢʨʠʪʪʷ ʰʘʭʪ ʥʝ 

ʚʠʨʽʰʫʻ ʧʨʷʤʦ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʥʘ 

ʢʦʥʢʨʝʪʥʽʡ ʣʦʢʘʣʴʥʽʡ ʪʝʨʠʪʦʨʽʾ. ʇʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʧʦʰʠʨʶʻʪʴʩʷ ʽ ʧʝʨʝʨʦʩʪʘʻ ʫ 

ʨʝʛʽʦʥʘʣʴʥʠʡ ʨʽʚʝʥʴ, ʢʦʣʠ ʟʤʽʥʠ ʦʭʦʧʣʶʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʦʚʝʨʭʥʝʚʽ ʢʦʤʧʦʥʝʥʪʠ ʣʘʥʜʰʘʬʪʽʚ 

(ˇʨʫʥʪʠ, ʨʦʩʣʠʥʥʽʩʪʴ, ʚʦʜʘ), ʘ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʥʽ ʩʬʝʨʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ. 

ɽʢʦʣʦʛʽʯʥʘ ʧʨʦʙʣʝʤʘ ʩʪʘʻ ʢʦʤʧʣʝʢʩʥʦʶ, ʧʨʠ ʮʴʦʤʫ ʦʢʨʝʤʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʴ 

ʚʽʜʥʦʚʣʝʥʥʶ (ʨʝʢʫʣʴʪʠʚʘʮʽʷ ʟʝʤʝʣʴ, ʨʦʩʣʠʥʥʽʩʪʴ ʪʦʱʦ), ʘʣʝ ʫ ʙʽʣʴʰʦʩʪʽ ï ʮʝ ʧʨʦʙʣʝʤʠ 

ʩʠʩʪʝʤʥʦʛʦ ʛʣʠʙʦʢʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʷʢʽ ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴ ʦʩʥʦʚʠ ʨʦʟʚʠʪʢʫ ʫ ʩʬʝʨʽ ʝʢʦʥʦʤʽʢʠ, 
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ʩʦʮʽʦʣʦʛʽʾ, ʧʦʪʨʝʙʫʶʪʴ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʴ  ʥʘ ʽʥʥʦʚʘʮʽʡʥʽʡ ʦʩʥʦʚʽ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʙʘʯʘʪʠ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʘʙʦ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʦʟʢʨʠʪʠ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʫ ʚʫʛʽʣʴʥʦʤʫ ʨʝʛʽʦʥʽ ʃʴʚʽʚʱʠʥʠ ʚ ʢʦʥʪʝʢʩʪʽ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ, ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʪʘ ʤʽʩʮʝʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʾʾ ʚʠʨʽʰʝʥʥʷ. 

 ɽʢʩʧʣʫʘʪʘʮʽʷ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʚʠʯʝʨʧʥʠʭ, ʥʝʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʧʨʠʨʦʜʥʠʭ ʧʽʜʟʝʤʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʚʽʜʘʥʠʭ ʪʘ ʚʠʟʥʘʯʝʥʠʭ ʜʣʷ   

ʚʠʜʦʙʫʚʘʥʥʷ.ʈʦʟʛʣʷʥʝʤʦ ʢʦʨʦʪʢʫ ʽʩʪʦʨʠʯʥʫ, ʛʝʦʛʨʘʬʽʯʥʫ ʪʘ ʛʝʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ, ʱʦ ʧʦʩʣʫʞʠʣʘ 

ʬʦʨʤʫʚʘʥʥʶ ʪʝʨʠʪʦʨʽʘʣʴʥʦ-ʚʠʨʦʙʥʠʯʦʛʦ ʢʦʤʧʣʝʢʩʫ ï ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʠʡ ʚʫʛʽʣʴʥʠʡ 

ʙʘʩʝʡʥ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ ʫ ʚʝʨʭʥʽʡ ʪʝʯʽʾ ʨʽʢ ɿʘʭʽʜʥʠʡ ɹʫʛ. 

ʈʘʟʦʤ ʽʟ ʮʠʤ ʙʘʩʝʡʥ ʫ ʤʝʞʘʭ ʃʴʚʽʚʩʴʢʦʾ ʪʘ ɺʦʣʠʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʻ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʶ ʯʘʩʪʠʥʦʶ 

ʃʶʙʣʽʥʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʇʦʣʴʱʽ. 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʩʪʘʥʦʚʠʪʴ 1400 ʢʚ. ʢʤ, 

ʧʨʦʪʷʞʥʽʩʪʶ 190 ʢʤ, ʰʠʨʠʥʦʶ 60 ʢʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʣʘʜʽʚ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʥʘ ʮʽʡ 

ʪʝʨʠʪʦʨʽʾ ʨʦʟʧʦʯʘʣʠʩʴ ʱʝ ʥʘ ʧʦʯʘʪʢʫ 20-ʛʦ ʩʪʦʣʽʪʪʷ ʧʦʣʴʩʴʢʠʤʠ ʚʯʝʥʠʤʠ ʫ ʛʘʣʫʟʽ ʛʝʦʣʦʛʽʾ, ʜʘʣʽ 

ʧʨʦʜʦʚʞʠʣʠʩʴ ʚ ʯʘʩʠ ʽʩʥʫʚʘʥʥʷ ʉʈʉʈ, ʽ ʪʽʣʴʢʠ ʫ 1931 ʨʦʮʽ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʘʷʚʥʽʩʪʴ 

ʛʘʣʴʢʠ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʧʦʨʽʜ. ɿʛʦʜʦʤ ʫ 1938-1939 ʨʦʢʘʭ ʧʦʰʫʢʦʚʽ ʙʫʨʽʥʥʷ ʥʘʙʫʣʠ ʘʢʪʠʚʥʦʩʪʽ 

ʪʘ ʩʪʚʦʨʝʥʘ ʩʧʝʮʽʘʣʴʥʘ ʢʦʤʽʩʽʷ ʛʝʦʣʦʛʽʚ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʦ çʃʴʚʽʚʚʫʛʣʝʨʦʟʚʽʜʢʘè, ʨʦʙʦʪʘ ʷʢʦʾ 

ʙʫʣʘ ʧʝʨʝʨʚʘʥʘ ʚʽʡʥʦʶ, ʘʣʝ ʚʽʜʥʦʚʣʝʥʘ ʫ ʧʽʩʣʷʚʦʻʥʥʠʡ ʧʝʨʽʦʜ. ʇʦʰʫʢʦʚʽ ʛʝʦʣʦʛʦ-

ʨʦʟʚʽʜʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʜʘʣʠ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʱʦ ʧʽʜʪʚʝʨʜʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʥʷ  ʚʫʛʽʣʴʥʦʛʦ ʨʦʜʦʚʠʱʘ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʤʝʞʘʭ ʡʦʛʦ ʪʝʨʠʪʦʨʽʡ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ, ʱʦ 

ʻ ʧʦʯʘʪʢʦʤ ʡ ʟʥʘʯʥʠʤ ʜʦʩʷʛʥʝʥʥʷʤ ʚ ʛʘʣʫʟʽ ʚʫʛʽʣʴʥʦʾ ʛʝʦʣʦʛʽʾ, ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʽʜʢʨʠʪʪʷ ʫ 1949 

ʨʦʮʽ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʡ ʙʫʜʽʚʥʠʮʪʚʦ ʦʢʨʝʤʠʭ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ - ʰʘʭʪ.ʇʝʨʰʽ ʪʦʥʠ ʚʫʛʽʣʣʷ ʙʫʣʠ ʚʠʜʘʥʽ ʥʘ-ʛʦʨʘ ʚ ʢʽʥʮʽ 1957 ʨʦʢʫ ʥʘ ʦʜʥʽʡ ʽʟ 

ʟʙʫʜʦʚʘʥʠʭ ʪʘ ʚʚʝʜʝʥʠʭ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʰʘʭʪ. ɿʛʦʜʦʤ ʨʦʟʧʦʯʘʣʘʩʴ ʝʢʩʧʣʫʘʪʘʮʽʷ ʽʥʰʠʭ, 

ʟʦʢʨʝʤʘ ʦʩʪʘʥʥʷ 12-ʪʘ ʰʘʭʪʘ ˉ 10 çɺʝʣʠʢʦʤʦʩʪʽʚʩʴʢʘè (ʥʠʥʽ ï ʰʘʭʪʘ çʉʪʝʧʦʚʘè ʨʦʟʧʦʯʘʣʘ 

ʩʚʦʶ ʨʦʙʦʪʫ ʚ ʢʽʥʮʽ 1978 ʨʦʢʫ. ʐʘʭʪʠ ʃʴʚʽʚʱʠʥʠ ʪʘ ʰʘʭʪʠ ɺʦʣʠʥʽ (9 ʰʘʭʪ), ʎʝʥʪʨʘʣʴʥʘ 

ʟʙʘʛʘʯʫʚʘʣʴʥʘ ʬʘʙʨʠʢʘ çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʘè, ʜʦʧʦʤʽʞʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ ʩʬʝʨʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʘ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʙʫʜʽʚʥʠʮʪʚʘ, ʤʦʥʪʘʞʫ ʽ ʥʘʣʘʜʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ, 

ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʪʘ ʽʥʰʽ ʙʫʣʠ ʦʙôʻʜʥʘʥʽ ʫ ʥʘʡʙʽʣʴʰʝ ʥʘ ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ ʧʽʜʧʨʠʻʤʩʪʚʦ ï 

ɺʠʨʦʙʥʠʯʝ ʦʙôʻʜʥʘʥʥʷ çʋʢʨʟʘʭʽʜʚʫʛʽʣʣʷè. ɿʛʦʜʦʤ ʚ ʢʽʥʮʽ 90-ʭ ʨʦʢʽʚ ʟʘʟʥʘʯʝʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʙʫʣʦ ʨʝʦʨʛʘʥʽʟʦʚʘʥʝ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʘ ʡʦʛʦ ʙʘʟʽ ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çʃʴʚʽʚʚʫʛʽʣʣʷè 

ʪʘ ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çɺʦʣʠʥʴʚʫʛʽʣʣʷè. 

 ʆʢʨʝʤʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʫʤʦʚ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʫ ʪʦʤʫ 

ʧʦʢʣʘʜʽʚ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ,  ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʫ ʧʨʘʮʷʭ ʩʫʯʘʩʥʠʭ ʚʯʝʥʠʭ, ʟʦʢʨʝʤʘ  ʄ. ʅʘʟʘʨʫʢʘ, 

ʜʝ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ   ʢʘʤôʷʥʝ ʚʫʛʽʣʣʷ ʨʦʟʨʦʙʣʷʶʪʴ ʚ ʤʝʞʘʭ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ 

ʙʘʩʝʡʥʫ, ʷʢʠʡ ʻ  ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʃʶʙʣʽʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ (ʇʦʣʴʱʘ). ʋ ʨʝʛʽʦʥʽ 

ʨʦʟʤʽʱʝʥʦ ʜʚʘ ʟ ʪʨʴʦʭ ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʨʘʡʦʥʽʚ (ɻʇʈ) ʙʘʩʝʡʥʫ: ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʠʡ 

(ɿʘʙʫʟʴʢʝ, ʉʦʢʘʣʴʩʴʢʝ ʽ ʄʝʞʠʨʽʯʘʥʩʴʢʝ ʨʦʜʦʚʠʱʘ) ʽ ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʠʡ (ʊʷʛʣʽʚʩʴʢʝ ʽ 

ʃʶʙʝʣʴʩʢʝ ʨʦʜʦʚʠʱʘ) [1]. 

ɼʣʷ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʦʙʣʝʤ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʚʧʣʠʚʫ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ 

ʙʘʩʝʡʥʫ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʛʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʟʘ ʢʽʣʴʢʽʩʥʠʤʠ ʪʘ 

ʷʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ɺʫʛʽʣʴʥʽ ʧʣʘʩʪʠ ʙʘʩʝʡʥʫ ʟʘ ʩʚʦʻʶ ʧʦʪʫʞʥʽʩʪʶ ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ 

ʧʝʨʝʚʘʞʥʦ ʪʦʥʢʠʭ, ʨʽʜʰʝ ʩʝʨʝʜʥʽʭ, ʥʝʚʠʪʨʠʤʘʥʠʭ, ʚʠʪʨʠʤʘʥʠʭ ʽ ʧʦʨʽʚʥʷʥʦ ʚʠʪʨʠʤʘʥʠʭ 

ʩʝʨʝʜʥʴʦʶ ʧʦʪʫʞʥʽʩʪʶ ʨʦʙʦʯʠʭ ʧʣʘʩʪʽʚ ï 0,4-1,5 ʤ, ʘ ʪʘʢʦʞ ʪʨʘʧʣʷʶʪʴʩʷ ʧʣʘʩʪʠ ʙʽʣʴʰʦʾ 

ʪʦʚʱʠʥʠ (ʟʘʛʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ) 1,5-1,9 ʤ, ʱʦ ʻ ʥʘʡʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʠʤʠ ʫ ʙʘʩʝʡʥʽ.  

ɿ ʤʝʪʦʶ ʤʦʞʣʠʚʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʛʘʟʫ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʫ ʧʨʦʮʝʩʽ ʧʽʜʟʝʤʥʦʛʦ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ, ʘ ʪʘʢʦʞ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʧʽʜʟʝʤʥʠʭ ʚʠʙʫʭʽʚ, 

ʚʘʞʣʠʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʛʘʟʦʥʦʩʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʧʦʩʪʽʡʥʦ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʬʘʭʽʚʮʷʤʠ 

ʪʘ ʥʘʫʢʦʚʮʷʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʧʨʷʤʫ, ɿʘ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʢʣʘʜʫ ʛʘʟʽʚ ʫ ʚʫʛʣʝʥʦʩʥʽʡ ʪʦʚʱʽ 
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ʚʠʦʢʨʝʤʣʶʶʪʴ 3 ʛʘʟʦʚʽ ʟʦʥʠ: ʜʦ 400 ʤ ï ʤʝʪʘʥʦʚʦʘʟʦʪʥʘ, 400-500 ï ʘʟʦʪʥʦʤʝʪʘʥʦʚʘ, ʤʝʪʘʥʦʚʘ 

ï 500 ʤ ʽ ʥʠʞʯʝ, ʷʢʘ ʜʘʻ 50-98% ʤʝʪʘʥʫ, ʨʝʰʪʘ ʫ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ ï ʘʟʦʪ, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, 

ʢʠʩʝʥʴ ʪʘ ʚʦʜʝʥʴ [2]. 

ɺʠʜʦʙʫʪʝ ʚʫʛʽʣʣʷ ʽʟ ʥʘʜʨ ʪʘ ʧʽʜʥʷʪʝ ʥʘ ʧʦʚʝʨʭʥʶ ʷʢ ʧʨʘʚʠʣʦ ʻ ʫ ʚʠʛʣʷʜʽ ʛʽʨʥʠʯʦʾ ʤʘʩʠ, 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʷʢʦʾ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʯʠ ʷʢ ʧʦʙʫʪʦʚʝ ʧʘʣʠʚʦ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʙʘʛʘʯʝʥʥʷ (ʚʽʜʜʽʣʝʥʥʷ ʥʝ 

ʚʫʛʽʣʴʥʦʾ ʤʘʩʠ ʚʽʜ ʚʫʛʽʣʣʷ ʟʘ ʪʝʭʥʦʣʦʛʽʷʤʠ ʩʫʭʦʛʦ ʪʘ ʚʦʣʦʛʦʛʦ ʧʨʦʮʝʩʫ). ɿʙʘʛʘʯʝʥʥʷ ʚʫʛʽʣʣʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʰʘʭʪ (ʤʝʭʘʥʽʯʥʠʡ ʚʽʜʙʽʨ ʧʦʨʦʜʠ), 

ʪʘ ʥʘ ʎʝʥʪʨʘʣʴʥʽʡ ʟʙʘʛʘʯʫʚʘʣʴʥʽʡ ʬʘʙʨʠʮʽ çʏʝʨʚʦʥʦʛʘʜʩʴʢʘè, ʧʦʙʫʜʦʚʘʥʽʡ ʚ ʢʽʥʮʽ 70-ʭ ʨʦʢʽʚ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. 

ʇʨʦʜʫʢʪ ʟʙʘʛʘʯʝʥʥʷ (ʢʦʥʮʝʥʪʨʘʪ) ʥʘʙʫʚʘʻ ʥʘʣʝʞʥʠʭ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʱʦʜʦ 

ʟʦʣʴʥʦʩʪʽ,ʚʤʽʩʪʫ ʩʽʨʢʠ, ʣʝʪʶʯʠʭ ʨʝʯʦʚʠʥ, ʚʦʣʦʛʦʩʪʽ ʽ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʪʘ ʚʽʜʚʘʥʪʘʞʫʻʪʴʩʷ ʜʣʷ 

ʧʦʪʨʝʙ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʘ ʚʽʜʭʦʜʠ ʟʙʘʛʘʯʝʥʥʷ (ʧʦʨʦʜʘ) ʩʢʣʘʜʫʻʪʴʩʷ ʫ ʚʽʜʚʘʣʠ (ʪʝʨʠʢʦʥʠ) 

ʪʘ ʚʦʣʦʛʽ ʚʽʜʩʪʽʡʥʠʢʠ (ʭʚʦʩʪʦʩʭʦʚʠʱʘ). ʈʘʟʦʤ ʽʟ ʮʠʤ, ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʻ ʟʘʟʥʘʯʝʥʽ 

ʥʘʢʦʧʠʯʝʥʥʷ ʛʽʨʥʠʯʦʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʷʢ ʧʝʨʝʛʦʨʽʣʽ, ʪʘʢ ʽ ʩʚʽʞʽ ʧʦʨʦʜʠ ʻ ʥʘʡʙʽʣʴʰʠʤʠ 

ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʫʤʦʚʣʶʶʪʴ ʫʪʚʦʨʝʥʥʷ ʘʥʦʤʘʣʽʡ ʥʘ ʧʦʚʝʨʭʥʽ ʰʘʭʪʥʠʭ 

ʪʝʨʠʢʦʥʽʚ [3]. 

ʗʢ ʚʽʜʦʤʦ, ʪʝʭʥʦʣʦʛʽʷ ʚʠʜʦʙʫʪʢʫ ʫ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʤʫ ʚʫʛʽʣʴʥʦʤʫ ʙʘʩʝʡʥʽ 

ʤʦʞʣʠʚʘ ʣʠʰʝ ʧʽʜʟʝʤʥʠʤ ʩʧʦʩʦʙʦʤ, ʪʘʢ ʷʢ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʟʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ 

ʚ ʩʝʨʝʜʥʴʦʤʫ 400-500-600 ʤ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʘʨôʻʨʥʠʡ ʩʧʦʩʽʙ ʦʩʚʦʻʥʥʷ 

ʨʦʜʦʚʠʱʘ. ʇʽʜʟʝʤʥʠʡ ʩʧʦʩʽʙ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ  ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʡʤʘʥʥʷʤ ʨʦʙʦʯʠʭ ʧʣʘʩʪʽʚ ʟ 

ʧʦʚʥʠʤ ʦʙʚʘʣʦʤ ʙʦʢʦʚʠʭ ʧʦʨʽʜ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʫʛʣʝʚʠʜʦʙʫʚʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, 

ʥʘʷʚʥʠʭ ʚ ʧʽʜʧʨʠʻʤʩʪʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʝʚʥʦʾ ʪʦʚʱʠʥʠ ʧʣʘʩʪʽʚ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʠ 

ʚʠʜʦʙʫʚʘʥʥʽ ʚʫʛʽʣʣʷ ʽʟ ʥʝʚʽʜʧʦʚʽʜʥʦ ʪʦʥʢʦʛʦ ʧʣʘʩʪʫ ʪʝʭʥʽʢʦʶ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʽʥʰʫ 

ʧʦʪʫʞʥʽʩʪʴ ʧʣʘʩʪʘ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠʩʽʢʘʥʥʷ ʛʽʨʥʠʯʦʾ ʧʦʨʦʜʠ ʥʝ ʚʫʛʽʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʟʥʠʞʫʻ 

ʷʢʽʩʪʴ ʚʫʛʽʣʣʷ, ʘʙʦ ʞ ʥʘʚʧʘʢʠ, ʯʘʩʪʠʥʘ ʧʦʪʫʞʥʦʛʦ ʧʣʘʩʪʫ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʥʘʜʨʘʭ, ʷʢ ʚʽʜʧʦʚʽʜʥʽ 

ʚʪʨʘʪʠ.  

ʊʦʙʪʦ, ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ ʚʽʜʧʦʚʽʜʥʦʾ ʷʢʦʩʪʽ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʪʨʘʪ ʫ ʧʽʜʟʝʤʥʠʭ ʧʦʢʣʘʜʘʭ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʥʘʜʨ, ʷʢʽ ʥʘʡʢʨʘʱʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʝʨʝʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʨʝʛʽʦʥʽ, ʘ ʪʘʢʦʞ ʢʫʨʩ ʢʨʘʾʥʠ ʥʘ 

ʩʢʦʨʦʯʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽʟ ʚʠʢʦʧʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʧʦʚʥʦʛʦ 

ʟʘʢʨʠʪʪʷ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʃʴʚʽʚʱʠʥʠ ʫ ʚʽʜʧʦʚʽʜʥʠʡʧʝʨʽʦʜ. ʇʦʧʨʠ 

ʮʝ, ʷʢ ʟʘʟʥʘʯʘʻ ʄ. ʅʘʟʘʨʫʢ, ʟʚʘʞʘʶʯʠ ʱʦ ʄʝʞʠʨʽʯʘʥʩʴʢʝ ʨʦʜʦʚʠʱʝ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ 

ʚʠʯʝʨʧʘʣʦ ʩʚʦʾ ʟʘʧʘʩʠ, ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʤʘʻ ʨʦʟʨʦʙʣʝʥʥʷ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʚ ʤʝʞʘʭ 

ɿʘʙʫʟʴʢʦʛʦ ʪʘ ʉʦʢʘʣʴʩʴʢʦʛʦ ʨʦʜʦʚʠʱ. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʤʝʞʘʭ ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʦʛʦ ɻʇʈ 

ʨʦʟʚʽʜʘʥʦ ʪʘ ʧʝʨʝʜʘʥʦ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʩʚʦʻʥʥʷ ʜʽʣʷʥʢʠ ʧʽʜ ʙʫʜʽʚʥʠʮʪʚʦ ʜʚʦʭ ʰʘʭʪ ˉ3 ʽ 4 

çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʽ ʟ ʙʘʣʘʥʩʦʚʠʤʠ ʟʘʧʘʩʘʤʠ 169.1 ʤʣʥ ʪ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʘ ʱʝ ʜʚʽ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʽʣʷʥʢʠ (ˉ5 ʽ 6 çʏʝʨʚʦʥʦʛʨʘʜʩʴʢʽ) ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʩʪʘʜʽʾ ʜʦʨʦʟʚʽʜʢʠ.  ʈʘʟʦʤ ʽʟ 

ʮʠʤ ʽʩʥʫʶʪʴ ʟʥʘʯʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʨʦʙʣʝʥʥʷ ʧʦʢʣʘʜʽʚ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʫ ʇʽʚʜʝʥʥʦ-

ɿʘʭʽʜʥʦʤʫ ʨʝʛʽʦʥʽ, ʟʦʢʨʝʤʘ ʫ ʤʝʞʘʭ ʊʷʛʣʽʚʩʴʢʦʛʦ ʪʘ ʃʶʙʝʣʴʩʴʢʦʛʦ ʨʦʜʦʚʠʱ, ʟʘʛʘʣʴʥʽ ʟʘʧʘʩʠ 

ʷʢʠʭ ʫʜʚʽʯʽ ʧʝʨʝʚʘʞʘʶʪʴ ʟʘʧʘʩʠ ʜʽʶʯʦʾ ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ ʽ ʩʪʘʥʦʚʣʷʪʴ 1.1 ʤʣʨʜ ʪ, ʫ ʧʝʨʩʧʝʢʪʠʚʽ 

ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʱʝ 5-8 ʥʦʚʠʭ ʰʘʭʪ [1].  

ɿʘʟʥʘʯʘʻʪʴʩʷ ʱʦ ʩʴʦʛʦʜʥʽ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʶʪʴʩʷ ʧʽʜʭʦʜʠ ʪʘ ʙʘʯʝʥʥʷ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ, ʷʢʽ ʜʠʢʪʫʶʪʴʩʷ ʩʫʯʘʩʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʚʠʢʣʠʢʘʤʠ, 

ʥʝʛʘʪʠʚʦʤ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʡʩʴʢʠʭ ʚʽʡʩʴʢ ʥʘ ʪʝʨʠʪʦʨʽʶ ʢʨʘʾʥʠ. ɺʠʙʽʨ 

ʻʚʨʦʽʥʪʝʛʨʘʮʽʡʥʦʛʦ ʚʝʢʪʦʨʫ ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚʠ ʩʪʠʤʫʣʶʻ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʥʘ ʦʩʥʦʚʽ 

ʧʦʟʠʪʠʚʥʦʛʦ ʩʚʽʪʦʚʦʛʦ ʧʦʨʷʜʢʫ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ, ʩʦʮʽʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ 

ʨʽʚʥʷ ʞʠʪʪʷ ʣʶʜʠʥʠ [4]. 

ʋ ʟʚôʷʟʢʫ ʽʟ ʮʠʤ, ʜʝʨʞʘʚʦʶ ʟʘʧʦʯʘʪʢʦʚʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʢʫʨʩʫ ʚʽʜ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ 

ʚʫʛʽʣʴʥʦʾ ʛʘʣʫʟʽ, ʜʦ ʙʘʣʘʥʩʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʘʾʥʠ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʥʠʞʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʚʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʫʛʽʣʣʷ. 
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ʅʘ ʦʩʥʦʚʽ ʚʠʢʣʘʜʝʥʠʭ ʚʠʱʝ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʤʝʥʪʽʚ ʧʽʜʟʝʤʥʦʛʦ 

ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʥʘ ʃʴʚʽʚʱʠʥʽ,ʪʨʠʚʘʣʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʘʭʪ (ʙʽʣʴʰʝ 70-ʪʠ 

ʨʦʢʽʚ), ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʟʘʛʘʣʴʥʽ ʥʘʧʨʷʤʠ ʧʦʨʫʰʝʥʥʷ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʫ 

ʰʘʭʪʘʨʩʴʢʦʤʫ ʨʝʛʽʦʥʽ. ʗʢ ʩʪʚʝʨʜʞʫʻ ʄ. ʉʤʦʣʷʨʯʫʢ ʥʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʛʦʩʪʨʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ ʚ ʤʝʞʘʭ ʛʽʨʥʠʯʦʧʨʦʤʠʩʣʦʚʠʭ ʪʝʨʠʪʦʨʽʡ, ʦʩʢʽʣʴʢʠ 

ʥʘʩʣʽʜʢʠ ʛʽʨʥʠʯʠʭ ʨʦʟʨʦʙʦʢ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʩʪʘʥʽ ʣʘʥʜʰʘʬʪʽʚ, ʷʢʽ ʻ ʩʝʨʝʜʦʚʠʱʝʤ 

ʽʩʥʫʚʘʥʥʷ ʣʶʜʠʥʠ [5].  

ɿʘ ʦʧʝʨʘʪʠʚʥʠʤʠ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çʃʴʚʽʚʚʫʛʽʣʣʷè ʟʘ ʧʝʨʽʦʜ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʰʘʭʪ ʫ ʃʴʚʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ (1958 ï 2024 ʨʨ.) ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʜʦʙʫʪʦ,  

ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʟʙʘʛʘʯʝʥʦ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʷʢ ʝʥʝʨʛʝʪʠʯʥʝ ʪʘ ʧʦʙʫʪʦʚʝ ʧʘʣʠʚʦ 358, 6 ʤʣʥ ʪʦʥ 

ʚʫʛʽʣʣʷ, ʦʙôʻʤʥʘ ʚʘʛʘ ʷʢʦʛʦ ʧʨʠʙʣʠʟʥʦ ʩʢʣʘʜʘʻ 256 ʤʣʥ ʤ
3
 [6]. 

ʈʘʟʦʤ ʽʟ ʮʠʤ, ʚʠʜʦʙʫʪʦ ʪʘ ʥʘʛʨʦʤʘʜʞʝʥʦ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʧʦʨʫʯ ʽʟ ʥʘʩʝʣʝʥʠʤʠ 

ʧʫʥʢʪʘʤʠ ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʦʛʦ ʨʘʡʦʥʫ ʧʨʠʙʣʠʟʥʦ 38 ʤʣʥ ʤ
3
 ʛʽʨʥʠʯʦʾ ʤʘʩʠ ʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʽʚ 

(ʪʝʨʠʢʦʥʽʚ). ʆʢʨʽʤ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʚʠʙʦʾʚ, ʩʫʤʘʨʥʦ ʥʘ ʫʩʽʭ ʰʘʭʪʘʭ ʧʨʦʡʜʝʥʦ ʙʽʣʴʰʝ ʪʠʩʷʯʽ 

ʢʽʣʦʤʝʪʨʽʚ ʧʽʜʛʦʪʦʚʯʠʭ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ, (ʧʽʜʟʝʤʥʠʭ ʪʫʥʝʣʝʡ), ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʽʣʣʷ, ʧʦʨʦʜʠ, ʚʘʥʪʘʞʽʚ, ʦʙʣʘʜʥʘʥʥʷ, ʛʽʨʥʠʢʽʚ ʧʽʜ ʟʝʤʣʝʶ, ʥʘʨʽʟʘʥʥʷ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʜʽʣʷʥʦʢ (ʣʘʚʠ), ʧʨʦʚʽʪʨʶʚʘʥʥʷ ʧʽʜʟʝʤʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʦʙôʻʤ 

ʧʦʨʦʞʥʠʥ, ʷʢʠʡ ʫʪʚʦʨʠʚʩʷ ʚʥʘʩʣʽʜʦʢ ʜʽʷʣʴʥʦʩʪʽ ʟʘʢʨʠʪʠʭ ʪʘ ʜʽʶʯʠʭ ʰʘʭʪ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ 

ʦʨʽʻʥʪʦʚʥʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʠʙʣʠʟʥʦ 300 ʤʣʥ ʤ
3
. 

ʇʣʦʱʘ ʧʽʜʟʝʤʥʠʭ ʪʝʨʠʪʦʨʽʡ ʧʦʢʣʘʜʽʚ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʰʘʭʪʥʠʤʠ 

ʧʦʣʷʤʠ ʪʘ ʚʽʜʚʦʜʷʪʴʩʷ ʜʣʷ ʢʦʞʥʦʾ ʰʘʭʪʠ ʦʢʨʝʤʦ, ʦʜʥʘʢ ʥʝ ʧʦʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʽʜʟʝʤʥʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ, ʘ ʚʽʜʦʢʨʝʤʣʝʥʽ ʣʠʰʝ ʮʽʣʽʩʥʠʤʠ ʥʝʚʝʣʠʢʠʤʠ ʧʣʦʱʘʤʠ  ʚʫʛʽʣʣʷ, ʷʢʝ ʥʝ ʧʽʜʣʷʛʘʻ 

ʚʠʜʦʙʫʪʢʫ, ʽ ʧʽʜʪʨʠʤʫʻ ʪʠʩʢ ʟʝʤʥʦʾ ʤʘʩʠ 186,92 ʢʤ
2
.  

ʊʝʭʥʦʣʦʛʽʻʶ ʚʠʜʦʙʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ɼʇ çʃʴʚʽʚʚʫʛʽʣʣʷè, ʷʢʘ ʥʝʟʤʽʥʥʘ ʟ 

ʯʘʩʽʚ ʾʭ ʩʪʚʦʨʝʥʥʷ, ʧʝʨʝʜʙʘʯʝʥʝ ʧʦʚʥʝ ʦʙʚʘʣʝʥʥʷ ʧʦʨʽʜ ʚʩʣʽʜ ʟʘ ʚʠʡʤʘʥʥʷʤ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, 

ʪʦʙʪʦ ʫʪʚʦʨʝʥʫ ʧʦʨʦʞʥʠʥʫ ʧʦʩʪʫʧʦʚʦ ʟʘʧʦʚʥʶʶʪʴ ʚʝʨʭʥʽ ʧʦʨʦʜʠ ʚʽʜ ʧʨʦʩʽʜʘʥʥʷ ʧʦʢʨʽʚʣʽ. ʎʝʡ 

ʧʨʦʮʝʩ ʨʦʟʪʷʛʥʫʪʠʡ ʚ ʯʘʩʽ ʟʘʣʝʞʥʦ ʚʽʜ ʬʽʟʠʢʦ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʦʢʦʚʠʭ ʧʦʨʽʜ, ʘʣʝ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ï ʧʦʩʪʫʧʦʚʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʧʫʩʪʦʪ ʥʘ ʚʩʶ ʚʠʩʦʪʫ ʚʠʡʥʷʪʦʛʦ ʰʘʨʫ ʚʫʛʽʣʣʷ. 

ʊʨʠʚʘʣʠʡ ʤʘʩʰʪʘʙʥʠʡ ʚʠʜʦʙʫʪʦʢ ʚʫʛʽʣʣʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʨʦʟʨʘʭʦʚʘʥʠʡ ʪʘʢ, ʱʦ ʚ ʤʝʞʘʭ 

ʰʘʭʪʥʦʛʦ ʧʦʣʷ ʧʦ ʚʠʩʦʪʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ 2-4 ʙʘʣʘʥʩʦʚʽ ʧʣʘʩʪʠ, ʪʦʤʫ ʩʫʤʘʨʥʘ ʪʦʚʱʠʥʘ 

ʚʠʡʥʷʪʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʤʦʞʝ ʩʷʛʘʪʠ ʜʦ 5-ʪʠ ʤʝʪʨʽʚ. ʅʘʷʚʥʽʩʪʴ ʤʘʩʰʪʘʙʥʠʭ ʧʽʜʟʝʤʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʨʦʞʥʠʥ ʰʘʭʪʥʦʛʦ ʧʦʣʷ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʦʙʚʘʣʝʥʥʷ ʽ ʧʨʦʩʽʜʘʥʥʷ ʚʝʨʭʥʽʭ 

ʧʦʨʽʜ ʧʽʜ ʪʠʩʢʦʤ ʟʝʤʥʠʭ ʤʘʩ, ʩʧʨʠʯʠʥʷʶʪʴ ʧʨʦʩʽʜʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʜ ʥʠʤʠ ʽ 

ʨʦʟʰʠʨʶʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ, ʚʠʨʦʙʥʠʯʽ ʦʙôʻʢʪʠ, ʪʨʘʥʩʧʦʨʪʥʽ 

ʰʣʷʭʠ, ʟʘʣʽʟʥʠʮʽ, ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ, ʟʝʤʝʣʴʥʽ ʫʛʽʜʜʷ, ʨʽʢʠ, ʣʽʩʠ ʪʘ ʽʥʰʽ ʧʦʚʝʨʭʥʝʚʽ ʩʧʦʨʫʜʠ 

ʪʦʱʦ. ʗʢ ʚʠʢʣʶʯʝʥʥʷ, ʜʣʷ ʦʭʦʨʦʥʠ ʚʘʞʣʠʚʠʭ ʦʙ`ʻʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ (ʤʽʩʴʢʘ ʟʘʙʫʜʦʚʘ, 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʩʧʦʨʫʜʠ) ʧʽʜ ʦʙ`ʻʢʪʦʤ  ʥʘ ʨʦʟʨʘʭʦʚʘʥʽʡ ʧʣʦʱʽ ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ ʥʝ ʚʠʡʤʘʻʪʴʩʷ 

(ʩʪʚʦʨʶʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ ʦʭʦʨʦʥʥʠʡ ʮʽʣʠʢ), ʽʥʰʽ ʦʙ`ʻʢʪʠ ʚ ʤʝʞʘʭ ʚʽʜʚʝʜʝʥʦʛʦ ʰʘʭʪʥʦʛʦ ʧʦʣʷ 

ʚʚʘʞʘʶʪʴʩʷ ʧʽʜʨʦʙʣʝʥʠʤʠ, ʪʦʙʪʦ ʧʨʦʩʽʜʘʶʪʴ ʨʘʟʦʤ ʟ ʦʩʽʜʘʥʥʷʤ ʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ. ʎʝ 

ʟʫʤʦʚʠʣʦ ʥʝʛʘʪʠʚʥʽ ʢʦʤʧʣʝʢʩʥʽ ʪʝʭʥʦʛʝʥʥʽ ʟʤʽʥʠ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʩʝʨʝʜ ʷʢʠʭ 

ʥʘʡʙʽʣʴʰ ʟʘʛʨʦʟʣʠʚʠʤʠ ʻ: 

1. ʅʘʛʨʦʤʘʜʞʝʥʥʷ ʧʫʭʢʠʭ  ̔ ʥʝʩʪʽʡʢʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʥʘ 

ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ (ʪʝʨʠʢʦʥʽʚ) ʙʣʠʟʴʢʦ ʜʦ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʪʘ ʧʨʦʞʠʚʘʥʥʷ ʣʶʜʝʡ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʭʽʤʽʯʥʽ ʩʫʙʩʪʘʥʮʽʾ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʷʚʠʱ, 

ʩʘʤʦʟʘʡʤʘʥʥʷ ʟʘʣʠʰʢʽʚ ʚʫʛʽʣʣʷ. 

2. ɺʪʨʘʪʘ ʟʥʘʯʥʠʭ ʧʣʦʱ ʧʨʠʨʦʜʥʠʭ ʪʘ ʘʛʨʦʢʫʣʴʪʫʨʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʷʢʽ ʚʽʜʽʛʨʘʶʪʴ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʫ ʣʦʢʘʣʴʥʫ ʝʢʦʩʪʘʙʽʣʽʟʫʶʯʫ ʬʫʥʢʮʽʶ, ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ ʟʘʙʦʣʦʯʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʟʤʽʥʶʶʪʴ (ʟʥʠʱʫʶʪʴ) ʣʽʩʦʚʽ ʜʽʣʷʥʢʠ, ʣʫʢʠ, ʬʣʦʨʫ  ̔ ʬʘʫʥʫ, ʷʢʘ ʤʘʣʘ ʤʩ̔ʮʝ ʫ 

ʧʨʠʨʦʜʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʦ ʮʴʦʛʦ. 

3. ʇʨʦʩʽʜʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽʟ ʝʬʝʢʪʦʤ çʟʘʛʘʣʴʥʦʛʦ ʢʦʪʣʘè ʚʝʣʠʢʦʾ ʧʣʦʱʽ, 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʥʝʙʝʟʧʝʢʘ ʧʦʨʫʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʥʘʟʝʤʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 

ʧʽʜʟʝʤʥʠʭ ʽʥʞʝʥʝʨʥʠʭ  ̔ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ. 
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4. ɿʤʽʥʘ ʙʘʣʘʥʩʫ ʪʘ ʟʤʽʥʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʥʠʢʥʝʥʥʷ 

ʰʪʫʯʥʠʭ ʚʦʜʥʠʭ ʧʽʜʟʝʤʥʠʭ ʧʦʪʦʢʽʚ (ʦʟʝʨ)  ̔ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʰʘʭʪʥʠʭ ʚʦʜ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʧʦʩʪʽʡʥʦʤʫ ʨʫʩʽ ʥʘ  ʜʽʶʯʠʭ ʰʘʭʪʘʭ, ʪʘʢ  ̔ʟʘʢʨʠʪʠʭ. ʇʨʠ ʮʴʦʤʫ ʯʝʨʝʟ ʟʤʽʰʘʥʽ ˇʨʫʥʪʦʚʽ ʚʦʜʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʩʪʨʫʢʮʽʷ ˇʨʫʥʪʽʚ, ʧʦʨʫʰʫʶʪʴʩʷ ʭʘʨʯʦʚʠʡ, ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʡ, ʚʦʜʥʦ-ʧʦʚʽʪʨʷʥʠʡ 

ʨʝʞʠʤʠ. 

5. ʇʦʨʫʰʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʚʦʜ ʪʘ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ 

ʤʘʩʰʪʘʙʽ. 

6. ɿʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʧʨʠ ʘʢʪʠʚʥʽʡ ʛʦʩʧʦʜʘʨʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ ʰʘʭʪ ʰʣʷʭʦʤ 

ʚʠʢʠʜʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʫ ʢʦʪʝʣʴʥʷʭ, ʛʦʨʽʥʥʷ ʪʝʨʠʢʦʥʽʚ. 

7. ɿʤʽʥʘ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚʥʘʩʣʽʜʦʢ ʨʫʭʫ (ʧʨʦʩʽʜʘʥʥʷ) ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʽʚ, ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʚʠʢʠʜʫ ʚ ʘʪʤʦʩʬʝʨʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʪʦʱʦ, 

ʟʦʢʨʝʤʘ ʩʽʨʯʠʩʪʦʛʦ ʘʥʛʽʜʨʠʜʫ, ʱʦ  ̒ʧʨʠʯʠʥʦʶ ʚʠʧʘʜʘʥʥʷ ʢʠʩʣʦʪʥʠʭ ʜʦʱʽʚ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʟʘʚʜʘʥʥʷ ʨʦʟʙʫʜʦʚʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʾʾ ʝʢʦʤʝʨʝʞʽ, ʟʘʣʫʯʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ, ʱʦ ʧʦʪʝʨʧʘʶʪʴ ʩʪʦʩʦʚʥʦ ʥʘʷʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʪʘʢʽ 

ʧʝʨʝʧʣʽʪʘʶʪʴʩʷ, ʧʦʛʣʠʙʣʶʶʪʴʩʷ,  ʨʦʟʰʠʨʶʶʪʴʩʷ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ, ʤʘʶʪʴ ʩʠʩʪʝʤʥʠʡ ʭʘʨʘʢʪʝʨ, 

ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ ʰʣʷʭʽʚ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʈʘʟʦʤ ʽʟ ʮʠʤ ʥʝʦʙʭʽʜʥʦ ʨʦʟʫʤʽʪʠ, ʱʦ ʧʨʦʙʣʝʤʠ 

ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚʥʘʩʣʽʜʦʢ ʧʽʜʟʝʤʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʪʘʢʽ 

ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʚʽʜʥʦʚʣʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʨʝʩʫʨʩʽʚ (ʥʘʧʨʠʢʣʘʜ ʨʝʢʫʣʴʪʠʚʘʮʽʷ ʟʝʤʝʣʴ), ʪʘ ʽʥʰʽ, ʟ ʷʢʠʤʠ ʥʝʦʙʭʽʜʥʦ ʘʜʘʧʪʫʚʘʪʠʩʴ, 

ʧʨʦʞʠʚʘʪʠ, ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʨʦʙʥʠʯʦ-ʛʦʩʧʦʜʘʨʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ, ʩʠʩʪʝʤʥʫ ʦʭʦʨʦʥʫ ʪʦʱʦ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ, ʷʢʽ ʚʽʜʥʦʚʣʝʥʥʶ ʪʘ  ʥʝ ʧʽʜʣʷʛʘʶʪʴ. 

ʅʘʩʘʤʧʝʨʝʜ ʧʦʪʨʽʙʝʥ ʧʨʦʛʥʦʟ ʨʦʟʚʠʪʢʫ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʧʨʦʩʽʜʘʥʥʷʤ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʨʦʟʰʠʨʝʥʥʷʤ ʪʝʨʠʪʦʨʽʾ ʧʨʦʩʽʜʘʥʥʷ. ʊʘʢʠʡ ʧʨʦʛʥʦʟ ʤʦʞʝ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ ʰʘʭʪʥʠʭ ʧʦʣʽʚ ʤʠʥʫʣʦʛʦ ʜʽʶʯʠʭ ʪʘ ʟʘʢʨʠʪʠʭ ʰʘʭʪ, 

ʩʫʯʘʩʥʦʛʦ ʪʘ ʤʘʡʙʫʪʥʴʦʛʦ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ʇʽʜʟʝʤʥʠʡ ʧʨʦʩʪʽʨ ʰʘʭʪʥʠʭ ʧʦʣʽʚ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʃʴʚʽʚʱʠʥʠ 
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ʗʢʱʦ ʧʦʨʽʚʥʷʪʠ ʧʽʜʟʝʤʥʠʡ ʧʨʦʩʪʽʨ, ʷʢ ʻʜʠʥʫ ʩʫʢʫʧʥʽʩʪʴ ʰʘʭʪʥʠʭ ʧʦʣʽʚ 

ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʃʴʚʽʚʱʠʥʠ, ʷʢʘ ʩʢʣʘʜʘʻ ʧʣʦʱʫ 186,92 ʢʤ
2
 ʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʽʜ 

ʧʝʨʝʚʘʞʥʦʶ ʙʽʣʴʰʽʩʪʶ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʦʛʦ ʨʘʡʦʥʫ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, 

ʧʣʦʱʘ ʷʢʦʛʦ 2970 ʢʤ
2
, ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ, ʧʣʦʱʘ ʷʢʦʾ 230,3 ʢʤ

2
, ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʤʘʩʰʪʘʙʠ ʚʧʣʠʚʫ ʟʘʛʘʣʴʥʦʾ ʪʝʥʜʝʥʮʽʾ ʧʨʦʩʽʜʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʫ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ (ʨʠʩ. 2). ʅʝʟʚʘʞʘʶʯʠ, ʱʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʦʨʤʘʪʠʚʘʤʠ ʟʘʙʦʨʦʥʝʥʦ 

ʚʠʡʤʘʥʥʷ ʚʫʛʽʣʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʤʽʩʪʘʤʠ, ʚʝʣʠʢʠʤʠ ʩʝʣʠʱʘʤ ʪʘ ʩʝʣʘʤʠ ʽʟ ʞʠʪʣʦʚʦʶ 

ʟʘʙʫʜʦʚʦʶ, ʝʬʝʢʪ çʟʘʛʘʣʴʥʦʛʦ ʢʦʪʣʘè ʧʨʦʩʽʜʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʪʘʢ ʯʠ ʽʥʘʢʰʝ ʪʦʨʢʘʻʪʴʩʷ ʮʠʭ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʽ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤʠ ʱʦʜʦ ʧʨʦʚʘʣʽʚ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʚʦʜʦʟʘʙʦʨʽʚ, 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ  ʫ ʙʫʜʠʥʢʘʭ ʪʦʱʦ. ʈʘʟʦʤ ʽʟ ʮʠʤ, ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʧʽʜʣʷʛʘʻ 

ʥʝʛʘʪʠʚʥʦʤʫ ʚʧʣʠʚʫ ʥʘ ʞʠʪʪʷ ʽ ʟʜʦʨʦʚôʷ, ʯʘʩʪʽʰʝ ʚʠʷʚʣʷʶʪʴʩʷ ʭʚʦʨʦʙʠ ʧʨʦʬʝʩʽʡʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʡ ʩʧʝʮʠʬʽʯʥʽ ʭʚʦʨʦʙʠ, ʧʦʚôʷʟʘʥʽ ʧʝʨʝʚʘʞʥʦ ʽʟ ʧʝʨʝʙʫʚʘʥʥʷʤ ʣʶʜʠʥʠ ʚ ʟʦʥʽ ʚʧʣʠʚʫ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ (ʛʽʧʦʧʣʘʟʽʷ). 

ɺʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʜʽʷʣʴʥʦʩʪʽ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʃʴʚʽʚʱʠʥʠ 

ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʽ ʟʘʭʦʜʠ ʩʪʦʩʦʚʥʦ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʨʝʛʽʦʥʽ. ɿʦʢʨʝʤʘ, 

ʚʥʘʩʣʽʜʦʢ ʙʫʜʽʚʥʠʮʪʚʘ ʧʦʪʫʞʥʠʭ ʜʘʤʙ ʚ ʟʦʥʘʭ ʧʽʜʪʦʧʣʝʥʥʷ, ʘ ʚ ʦʢʨʝʤʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ, 

ʧʦʚʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ (ʩʝʣʘ ɺʦʣʩʚʠʥ, ʄʝʞʠʨʽʯʯʷ, 

ɹʝʥʜʶʛʘ, ʉʽʣʝʮʴ ʪʘ ʽʥʰʽ), ʱʦ ʤʘʣʦ ʤʽʩʮʝ ʫ 60-70-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʫ ʧʽʜ ʯʘʩ ʨʦʟʣʠʚʫ 

ʨʽʢʠ ɿʘʭʽʜʥʠʡ ɹʫʛ ʽ ʾʾ ʧʨʠʪʦʢ ʨʽʯʦʢ ʉʦʣʦʢʽʾ ʪʘ ʈʘʪʠ, ʮʝʡ ʥʝʛʘʪʠʚʥʠʡ ʧʨʦʮʝʩ ʟʫʧʠʥʝʥʦ. 

ɺʽʜʥʦʚʣʝʥʦ ʪʝʨʠʪʦʨʽʾ, ʧʘʩʦʚʠʱʘ, ʟʝʤʝʣʴʥʽ ʫʛʽʜʜʷ ʪʦʱʦ, ʧʦʙʫʜʦʚʘʥʽ ʥʦʚʽ ʘʚʪʦʤʦʙʽʣʴʥʽ ʰʣʷʭʠ, 

ʚʦʜʦʟʘʙʦʨʠ, ʽʥʰʽ ʩʧʦʨʫʜʠ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʪʘ ʩʫʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɿʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʨʦʮʝʩ ʛʘʩʽʥʥʷ ʪʝʨʠʢʦʥʽʚ, ʾʭ ʟʘʣʽʩʥʝʥʥʷ, ʱʦ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ. 

. 

ʈʠʩ. 2. ʊʝʨʠʪʦʨʽʷ ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʦʾ ʄʊɻ ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʦʛʦ ʨʘʡʦʥʫ 

 

ɿʘʛʘʣʦʤ, ʚʙʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʫ ʰʘʭʪʘʨʩʴʢʠʭ ʨʝʛʽʦʥʘʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʃʴʚʽʚʱʠʥʽ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʬʽʥʘʥʩʦʚʠʭ, ʪʨʫʜʦʚʠʭ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ  ʚʢʣʶʯʘʶʪʴʩʷ ʜʦ 

ʩʢʣʘʜʫ ʝʣʝʤʝʥʪʽʚ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʥʘ ʜʽʶʯʠʭ ʰʘʭʪʘʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʙʶʜʞʝʪʥʠʭ ʨʝʩʫʨʩʽʚ ʫʩʽʭ ʨʽʚʥʽʚ, ʢʦʰʪʽʚ ʜʝʨʞʘʚʥʦ-ʧʨʠʚʘʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ, 

ʛʨʘʥʪʦʚʽ ʨʝʩʫʨʩʠ ʪʘ ʽʥʰʽ, ʥʝ ʟʘʙʦʨʦʥʝʥʽ ʟʘʢʦʥʦʤ. 
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ɿʦʢʨʝʤʘ, ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʫ ʚʫʛʽʣʴʥʦʤʫ ʨʝʛʽʦʥʽ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʥʘ ʃʴʚʽʚʱʠʥʽ, ʟʘ ʦʢʨʝʤʠʤʠ ʥʘʧʨʷʤʘʤʠ ʪʘ ʙʣʦʢʘʤʠ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʦʮʽʥʠʚʰʠ ʾʭ 

ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʽʣʴʢʽʩʥʽ, ʷʢʽʩʥʽ, ʚʽʜʥʦʩʥʽ ʧʦʢʘʟʥʠʢʠ ʽ ʧʘʨʘʤʝʪʨʠ ʤʠʥʫʣʦʛʦ, ʩʫʯʘʩʥʦʛʦ ʪʘ 

ʤʘʡʙʫʪʥʴʦʛʦ ʧʝʨʽʦʜʫ, ʘ ʩʘʤʝ: 

- ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʥʘʩʣʽʜʢʠ ʟʘʢʨʠʪʠʭ ʰʘʭʪ ʪʘ ʪʝʨʠʪʦʨʽʡ, ʥʘ ʷʢʠʭ ʚʦʥʠ ʙʫʣʠ 

ʨʦʟʤʽʱʝʥʽ; 

- ʥʘʩʣʽʜʢʠ ʜʽʷʣʴʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ ʪʘ ʟʙʘʛʘʯʝʥʥʷ ʱʦʜʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʟʘʭʦʜʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʠʤʠ ʫ ʧʝʨʽʦʜ ʦʩʥʦʚʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ; 

- ʨʦʟʛʣʷʥʫʪʠ ʧʝʨʩʧʝʢʪʠʚʫ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʢʦʧʘʣʝʥʴ ʟ ʦʛʣʷʜʫ ʥʘ ʽʩʥʫʶʯʽ ʨʦʟʚʽʜʘʥʽ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʟʘʧʘʩʠ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ, ʘʣʝ ʫ ʢʦʥʮʝʧʮʽʾ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʢʦʥʦʤʽʢʠ, ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽʟ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ, çʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠè ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʦʧʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʧʦʨʠ ʮʝ 

ʚʨʘʭʦʚʫʶʯʠ ʨʫʡʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʟʫʧʠʥʢʫ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ ʥʘ ʪʠʤʯʘʩʦʚʦ ʦʢʫʧʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ ʋʢʨʘʾʥʠ; 

- ʦʮʽʥʠʪʠ ʥʘʩʣʽʜʢʠ ʟʘʢʨʠʪʪʷ ʜʽʶʯʠʭ ʰʘʭʪ, ʷʢʽ ʙʫʜʫʪʴ ʟʘʢʨʠʪʽ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ 

ʚʥʘʩʣʽʜʦʢ ʚʠʯʝʨʧʘʥʥʷ ʟʘʧʘʩʽʚ, ʘʙʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʥʘ ʫʨʷʜʦʚʦʤʫ ʨʽʚʥʽ ʧʨʦ ʟʘʢʨʠʪʪ ̫ʢʦʧʘʣʴʥʽ 

ʫ ʟʚôʷʟʢʫ ʽʟ ʬʦʨʤʫʚʘʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ ʢʨʘʾʥʠ  ̔ ʩʚʽʪʫ, ʧʦʛʣʠʙʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʨʦʙʣʝʤ ʫ ʩʚʽʪʦʚʦʤʫ ʤʘʩʰʪʘʙʽ, ʟʦʢʨʝʤʘ  ̔ʥʘ ʰʣʷʭʫ ʜʦ ʚʩʪʫʧʫ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ; 

- ʟʜʽʡʩʥʶʚʘʪʠ ʩʠʩʪʝʤʥʠʡ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʡ, ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʚʫʛʽʣʴʥʦʛʦ ʨʝʛʽʦʥʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʩʪʦʨʦʚʦʤʫ ʪʘ ʯʘʩʦʚʦʤʫ ʚʠʤʽʨʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʾʭ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʦʙʤʝʞʝʥʥʷ; 

- ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʟʘʛʨʦʟʠ ʪʘ ʨʠʟʠʢʠ ʤʘʡʙʫʪʥʽʭ ʟʤʽʥ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʨ̌ʫʥʪʽʚ, 

ʧʽʜʟʝʤʥʠʭ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʥʝʙʝʟʧʝʢʠ ʚʠʭʦʜʫ ʛʘʟʫ-ʤʝʪʘʥʫ ʥʘ ʧʦʚʝʨʭʥʶ ʥʘ ʪʝʨʠʪʦʨʽʷʭ 

ʟʘʢʨʠʪʠʭ ʰʘʭʪ, ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚʥʘʩʣʽʜʦʢ  ʥʝʟʚʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʘʭ; 

- ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘʟʝʤʥʠʭ ʦʙôʻʢʪʽʚ, 

ʩʧʦʨʫʜ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ, ʧʽʜʟʝʤʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʛʘʟʦ-ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, 

ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ, ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʞʠʪʣʘ, ʩʦʮʽʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʪʦʱʦ, ʷʢʽ  ̒ʙʘʟʦʚʦʶ 

ʦʩʥʦʚʦʶ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ; 

- ʨʦʟʨʦʙʠʪʠ ʧʨʦʧʦʟʠʮʽʾ ʩʪʦʩʦʚʥʦ ʙʫʜʽʚʥʠʮʪʚʘ ʝʢʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ, 

ʯʠʩʪʠʭ ʚʦʜʦʟʘʙʦʨʽʚ, ʚʦʜʦʛʦʥʽʚ ʪʘ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ 

ʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʽʚ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʯʠ ʽʥʰʽʡ ʛʘʣʫʟʷʭ; 

- ʦʮʽʥʠʪʠ ʩʦʮʽʘʣʴʥʫ ʩʢʣʘʜʦʚʫ, ʟʦʢʨʝʤʘ ʰʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, 

ʩʦʮʽʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʱʦʜʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

ʅʘ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʮʽʥʢʠ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘʛʘʣʴʥʝ 

ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʚʪʨʘʪ ʫ ʟʚʷôʟʢʫ ʽʟ ʢʦʥʢʨʝʪʥʦʶ ʝʢʦʣʦʛʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʨʘʟʦʤ ʽʟ ʚʝʣʠʯʠʥʦʶ 

ʚʠʪʨʘʪ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʾ ʚʠʨʽʰʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʪʘʢʦʛʦ ʟʙʘʣʘʥʩʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʧʨʦʙʣʝʤʥʦ-ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʬʽʥʘʥʩʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʜʞʝʨʝʣ ʾʭ ʤʦʙʽʣʽʟʘʮʽʾ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 ɿʘʩʪʦʩʦʚʘʥʠʡ ʧʨʠʥʮʠʧ ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʧʨʦʙʣʝʤ ʪʘ ʧʝʨʝʚʘʛ, ʷʢʽ ʘʥʘʣʽʪʠʯʥʠʤ, 

ʜʦʩʣʽʜʥʠʮʴʢʠʤ, ʥʘʫʢʦʚʠʤ ʤʝʪʦʜʘʤʠ ʧʦʚʠʥʥʽ ʦʪʨʠʤʘʪʠ ʥʘʣʝʞʥʫ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʪʘ 

ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʢʦʞʥʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ. ʂʦʤʧʣʝʢʩʥʠʡ ʩʠʩʪʝʤʥʽʡ ʧʽʜʭʽʜ ʪʘʢʦʛʦ 

ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ ʨʝʘʣʴʥʠʭ ʧʨʠʯʠʥ, ʬʘʢʪʦʨʽʚ, ʯʠʥʥʠʢʽʚ, ʾʭ ʷʢʽʩʥʠʭ, 

ʢʽʣʴʢʽʩʥʠʭ, ʚʽʜʥʦʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʦʙʩʷʛʠ ʚʧʣʠʚʫ, ʱʦ ʧʨʠʟʚʝʣʠ 

ʜʦʪʝʧʝʨʽʰʥʴʦʛʦ ʩʪʘʥʫ, ʥʘʩʣʽʜʢʽʚ ʽ ʜʦʩʚʽʜʫ  ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʫ 

ʤʠʥʫʣʦʤʫ [4].  

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ  ʧʽʜʭʦʜʫ ʧʦʜʦʣʘʥʥʷ ʧʨʦʙʣʝʤ ʪʘ ʥʘʩʣʽʜʢʽʚ ʧʽʜʟʝʤʥʦʛʦ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ 

ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʻ ʧʨʠʡʥʷʪʪʷ ʧʦʩʪʘʥʦʚʠ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 22 ʚʝʨʝʩʥʷ 2021 ʨ. 

ˉ 1024 çʇʨʦ ʩʭʚʘʣʝʥʥʷ ʂʦʥʮʝʧʮʽʾ ɼʝʨʞʘʚʥʦʾ ʮʽʣʴʦʚʦʾ ʧʨʦʛʨʘʤʠ ʩʧʨʘʚʝʜʣʠʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 
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ʚʫʛʽʣʴʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫè. (ʥʘʜʘʣʽ ï ʂʦʥʮʝʧʮʽʷ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʂʦʥʮʝʧʮʽʾ ʚʫʛʽʣʴʥʽ ʨʝʛʽʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʨʝʛʽʦʥʠ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʽ ʪʘ ʚʫʛʣʝʧʝʨʝʨʦʙʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʽ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʜʽʾ 

ʣʽʢʚʽʜʘʮʽʾ, ʢʦʥʩʝʨʚʘʮʽʾ ʘʙʦ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʥʘ ʽʥʰʽ ʚʠʜʠ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʚʫʛʽʣʴʥʦʾ ʪʝʧʣʦʚʦʾ ʛʝʥʝʨʘʮʽʾ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽè [7].  

ɿʛʽʜʥʦ ʟ ʅʘʮʽʦʥʘʣʴʥʦʶ ʝʢʦʥʦʤʽʯʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ, ʷʢʘ 

ʟʘʪʚʝʨʜʞʝʥʘ ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 3.03.2021 ʨʦʢʫ ˉ179 ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʷ ʝʢʦʥʦʤʽʢʠ (ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʨʦʟʚʠʪʦʢ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʨʦʟʚʠʪʦʢ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʽʟ ʽʥʽʮʽʘʪʠʚʦʶ çɭʚʨʦʧʝʡʩʴʢʠʡ 

ʟʝʣʝʥʠʡ ʢʫʨʩè [8].  

ʇʨʠʡʥʷʪʪʷ ɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ, ʫ ʷʢʽʡ 

ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ  ʮʽʣʽ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ ʢʨʘʾʥʠ, 

ʟʦʢʨʝʤʘ ʜʝʨʞʘʚʥʘ ʧʦʣʽʪʠʢʘ ʨʦʟʚʠʪʢʫ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʘ ʷʢ ʢʫʨʩ ʜʽʡ ʦʨʛʘʥʽʚ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠʟ ʤʝʪʦʶ ʚʧʣʠʚʫ ʥʘ ʥʘʮʽʦʥʘʣʴʥʫ ʝʢʦʥʦʤʽʢʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʠʥʢʽʚ, ʫʩʫʥʝʥʥʷ 

ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʾʭʥʴʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʡ ʟʘʭʠʩʪʫ ʥʘʮʽʦʥʘʣʴʥʠʭ ʽʥʪʝʨʝʩʽʚ [9].  

ʅʘʜʘʣʽ, ʽʟ ʧʨʠʡʥʷʪʪʷʤ ɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2050 ʨʦʢʫ, 

ʟʘʪʚʝʨʜʞʝʥʦʾ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 21 ʢʚʽʪʥʷ 2023 ʨʦʢʫ ˉ 373-

ʨ,ʷʢʘ ʧʦʛʣʠʥʫʣʘ ʧʦʣʦʞʝʥʥʷ ɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ,ʧʝʨʝʭʽʜ ʥʘ ʰʣʷʭ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʝʥʝʨʛʝʪʠʮʽ ʤʘʻ ʥʘ ʫʚʘʟʽ ʧʨʦʮʝʩ ʟʤʽʥ, ʟʘ ʷʢʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʷ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʥʘʧʨʷʤʠ ʽʥʚʝʩʪʠʮʽʡ, ʦʨʽʻʥʪʘʮʽʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ , ʨʦʟʚʠʪʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ [10].  

ʆʪʞʝ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʝʜʙʘʯʝʥʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ 

ʢʨʘʾʥʠ ʥʘ ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ, ʪʝʧʝʨʽʰʥʽʡ ʩʪʘʥ ʫ ʚʫʛʽʣʴʥʠʭ ʨʝʛʽʦʥʘʭ, ʧʽʜʭʦʜʠ ʜʦ 

ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚ ʩʬʝʨʠ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ, ʟʘʢʨʠʪʪʷ ʜʽʶʯʠʭ ʰʘʭʪ, ʙʫʜʽʚʥʠʮʪʚʘ 

ʥʦʚʠʭ, ʧʦʚʠʥʥʽ ʙʫʜʫʚʘʪʠʩʴ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʰʠʨʦʢʠʭ ʚʠʤʦʛ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʜʦʣʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. 

ɺʠʩʥʦʚʢʠ. ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʫ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʘʭ ʩʪʚʦʨʶʶʪʴʩʷ ʩʠʩʪʝʤʥʦ ʷʢ 

ʫ ʧʨʦʮʝʩʽ ʧʦʪʦʯʥʦʛʦ ʧʽʜʟʝʤʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʢʘʤ`ʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʪʘʢ ʚ ʚʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ 

ʧʝʨʽʦʜʫ ʧʽʩʣʷ ʟʘʢʨʠʪʪʷ ʰʘʭʪʠ, ʪʘ ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʩʦʮʽʘʣʴʥʦ ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ 

ʪʝʨʠʪʦʨʽʡ.  

ɽʥʝʨʛʝʪʠʯʥʘ ʧʦʣʽʪʠʢʘ ʤʘʡʙʫʪʥʴʦʛʦ ʢʨʘʾʥʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʟʥʠʞʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʝʧʣʦʚʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ, ʟʛʦʨʪʘʥʥʷ ʧʽʜʟʝʤʥʦʛʦ ʚʠʜʦʙʫʪʢʫ 

ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʘʢʪʠʚʽʟʘʮʽʶ ʧʝʨʝʭʦʜʫ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʘʭʪ ʪʘ ʾʭ ʧʽʜʟʝʤʥʠʭ ʰʘʭʪʥʠʭ ʧʦʣʽʚ, 

ʟ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʫʛʣʝʚʠʜʦʙʫʪʦʢ, ʩʪʚʦʨʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ ʦʙʚʘʣ ʧʦʨʽʜ ʚ ʥʘʜʨʘʭ ʫ ʤʽʩʮʷʭ ʧʦʨʦʞʥʠʥ ʚʠʙʨʘʥʦʾ ʛʽʨʥʠʯʦʾ ʤʘʩʠ, ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʧʨʦʩʽʜʘʥʥʷ ʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʫʪʚʦʨʝʥʥʷ ʦʟʝʨ, ʟʘʙʦʣʦʯʝʥʥʷ ˇʨʫʥʪʽʚ, ʨʫʡʥʫʚʘʥʥʷ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ, ʚʠʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʦʙʦʨʦʪʫ ʟʘ ʾʭ 

ʧʦʧʝʨʝʜʥʽʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. ʏʘʩʪʠʥʘ ʛʽʨʥʠʯʦʾ ʤʘʩʠ ʥʝʚʫʛʽʣʴʥʦʛʦ ʩʢʣʘʜʫ (ʧʦʨʦʜʘ, ʢʘʤʽʥʴ ʪʦʱʦ), 

ʚʠʜʦʙʫʪʘ ʥʘ ʧʦʚʝʨʭʥʶ ʪʘ ʚʽʜʜʽʣʝʥʘ ʚʽʜ ʚʫʛʽʣʣʷ, ʬʦʨʤʫʻʪʴʩʷ ʫ ʧʦʨʦʜʥʽ ʚʽʜʚʘʣʠ (ʪʝʨʠʢʦʥʠ), 

ʧʦʩʠʣʶʻ ʪʠʩʢ ʟʝʤʥʦʾ ʤʘʩʠ ʥʘ ʧʽʜʟʝʤʥʽ ʧʫʩʪʦʪʠ, ʘ ʪʘʢʦʞ ʟʘʙʨʫʜʥʶʻ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʥʝʛʘʪʠʚʥʠʤʠ ʚʠʢʠʜʘʤʠ  ʚ ʘʪʤʦʩʬʝʨʫ ʚʥʘʩʣʽʜʦʢ ʛʦʨʽʥʥʷ, ʧʦʚʝʨʭʥʝʚʽ ʪʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʭʽʤʽʯʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʫ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ. 

ʇʨʦʩʽʜʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤʠ ʩʪʦʩʦʚʥʦ ʧʦʨʫʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʙʫʜʠʥʢʽʚ, 

ʩʧʦʨʫʜ, ʰʣʷʭʽʚ, ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ, ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʟʝʤʥʠʭ ʚʦʜ ʭʽʤʽʯʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ ʫ ʢʨʠʥʠʮʽ ʤʝʰʢʘʥʮʽʚ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʜʦʜʘʪʢʦʚʠʭ 

ʢʦʰʪʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʨʝʤʦʥʪʫ ʽ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʚʫʛʽʣʴʥʠʭ ʨʝʛʽʦʥʽʚ, ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʥʘʩʣʽʜʢʽʚ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʧʽʜʟʝʤʥʦʛʦ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
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ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʝʢʦʥʦʤʽʢʠ ʚʥʘʩʣʽʜʦʢ ʟʛʦʨʪʘʥʥʷ ʦʙʩʷʛʽʚ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ, 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʝʨʠʪʦʨʽʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʬʦʨʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʧʨʦʛʨʘʤʫ, ʧʣʘʥ ʜʽʡ, ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʩʽʭ ʚʠʜʽʚ ʜʦʜʘʪʢʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʟʦʢʨʝʤʘ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʟʤʽʥʠ ʙʘʣʘʥʩʫ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʠʥʢʫ ʢʨʘʾʥʠ. 
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Abstract. The publication provides a detailed characterization of a modern directionð

biomimicry (biomimetics), which is still insufficiently popularized in Ukrainian education and 

science. It highlights the historical background of this alternative direction, which is based on 

prototyping natural forms, materials, functions, models, and constructions into sustainable 

technological solutions; legislative approaches; and the possibilities of modern information 

technologies that make biomimicry accessible for scientific research and the practical implementation 

of innovative ideas. The authors discuss the experience of practically implementing this approach in 

various fields and industries, including in combination with modern information and communication 

technologies (ICT). 

Keywords: biomimicry, biomimetics, innovation, information technology, sustainable 

technological solutions. 

 

ɸʥʦʪʘʮʽʷ. ʋ ʧʫʙʣʽʢʘʮʽʾ ʥʘʚʦʜʠʪʴʩʷ ʜʝʪʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʫʯʘʩʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ï 

ʙʽʦʤʽʤʽʢʨʽʾ (ʙʽʦʤʽʤʝʪʠʢʠ), ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʧʫʣʷʨʠʟʦʚʘʥʦʛʦ ʚ ʫʢʨʘʾʥʩʴʢʽʡ ʦʩʚʽʪʽ ʪʘ ʥʘʫʮʽ. 

ɺʠʩʚʽʪʣʶʻʪʴʩʷ ʽʩʪʦʨʠʯʥʝ ʧʽʜˇʨʫʥʪʷ ʜʘʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʽ ʧʨʠʨʦʜʥʠʭ ʬʦʨʤ, ʤʘʪʝʨʽʘʣʽʚ, ʬʫʥʮʽʡ, ʤʦʜʝʣʝʡ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʩʪʘʣʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ; ʟʘʢʦʥʦʜʘʚʯʽ ʧʽʜʭʦʜʠ; ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʷʢʽ ʨʦʙʣʷʪʴ ʙʽʦʤʽʤʽʢʨʽʶ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʥʘʫʢʦʚʦʛʦ ʧʦʰʫʢʫ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʥʦʚʽʪʥʽʭ 

ʽʜʝʡ. ɸʚʪʦʨʘʤʠ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʜʦʩʚʽʜ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʨʽʟʥʽ ʩʬʝʨʠ 

ʪʘ ʛʘʣʫʟʽ, ʚ ʪ.ʯ. ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʩʫʯʘʩʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ɯʂʊ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʽʦʤʽʤʽʢʨʽʷ, ʙʽʦʤʽʤʝʪʠʢʘ, ʽʥʥʦʚʘʮʽʾ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʩʪʘʣʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ.  

 

çɹʽʦʤʽʤʽʢʨʽʷè (ʘʙʦ ʙʽʦʤʽʤʝʪʠʢʘ) (ʚʽʜ ʛʨʝʮ. bios ï ʞʠʪʪʷ ʽ mimesis ï ʽʤʽʪʫʚʘʪʠ) 

ʙʫʢʚʘʣʴʥʦ ʦʟʥʘʯʘʻ çʥʘʩʣʽʜʫʚʘʪʠ, ʽʤʽʪʫʚʘʪʠ ʞʠʪʪʷè. ʊʝʨʤʽʥ çʙʽʦʤʽʤʽʢʨʽʷè ʟôʷʚʠʚʩʷ ʱʝ ʚ 

1982 ʨʦʮʽ. ɹʽʦʥʽʢʘ ʘʙʦ ʙʽʦʤʽʤʽʢʨʽʷ (ʟ ʘʥʛʣ. çbiomimicryè) ʦʜʥʘ ʟ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʢʨʫʛʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʷʢʘ ʥʘʙʫʣʘ ʧʦʧʫʣʷʨʥʦʩʪʽ ʟʘʚʜʷʢʠ ʢʥʠʟʽ ɼʞʘʥʽʥ ɹʝʥʶʩ 

çɹʽʦʤʽʤʽʢʨʽʷ: ʽʥʥʦʚʘʮʽʾ, ʥʘ ʷʢʽ ʥʘʜʠʭʥʫʣʘ ʧʨʠʨʦʜʘè (1997), ʷʢʘ ʬʘʢʪʠʯʥʦ ʧʦʧʫʣʷʨʠʟʫʚʘʣʘ ʜʘʥʝ 

ʩʧʨʷʤʫʚʘʥʥʷ. ɿʛʦʜʦʤ ʙʝʟʣʽʯ ʙʽʦʣʦʛʽʚ, ʥʘʪʫʨʘʣʽʩʪʽʚ, ʬʽʥʘʥʩʠʩʪʽʚ, ʦʩʚʽʪʷʥ ʽ ʝʢʦʣʦʛʽʯʥʦ ʩʚʽʜʦʤʠʭ 

ʜʠʟʘʡʥʝʨʽʚ ʧʨʠʻʜʥʘʣʠʩʷ ʜʦ ɼ. ɹʝʥʶʩ, ʱʦʙ ʨʦʟʧʦʯʘʪʠ ʪʝ, ʱʦ ʪʝʧʝʨ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʛʣʦʙʘʣʴʥʠʤ 

ʨʫʭʦʤ ʟʘ ʙʽʦʤʽʤʽʢʨʽʶ. 

ɸʚʪʦʨʢʘ ʚʠʟʥʘʯʘʻ ʙʽʦʤʽʤʽʢʨʽʶ ʷʢ ʥʦʚʫ ʥʘʫʢʫ, ʷʢʘ ʚʠʚʯʘʻ ʤʦʜʝʣʽ ʧʨʠʨʦʜʠ, ʘ ʧʦʪʽʤ ʽʤʽʪʫʻ 

ʘʙʦ ʟʘʧʦʟʠʯʫʻ ʽʜʝʾ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʣʶʜʩʴʢʠʭ ʧʨʦʙʣʝʤ. 

ʋ ʩʚʦʾʡ ʢʥʠʟʽ ʚʦʥʘ ʬʦʨʤʫʣʶʻ ʧʨʠʥʮʠʧʠ, ʥʘ ʷʢʽ ʧʦʢʣʘʜʘʻʪʴʩʷ ʙʽʦʤʽʤʽʢʨʽʷ, ʟʦʢʨʝʤʘ çʧʨʠʨʦʜʘ-
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ʤʦʜʝʣʴè, çʧʨʠʨʦʜʘ-ʤʽʨʘè ʪʘ çʧʨʠʨʦʜʘ-ʥʘʩʪʘʚʥʠʢè, ʘ ʪʘʢʦʞ ʧʽʜʢʨʝʩʣʶʻ ʩʪʽʡʢʽʩʪʴ ʷʢ ʟʘʛʘʣʴʥʫ 

ʤʝʪʫ ʙʽʦʥʽʢʠ [1]. 

ʂʝʤʙʨʠʜʞʩʴʢʠʡ ʩʣʦʚʥʠʢ ʥʘʜʘʻ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʫ ʙʽʦʤʽʤʽʢʨʽʷ, ʷʢ ʧʨʘʢʪʠʢʘ 

ʢʦʧʽʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʨʘʟʢʘ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ: ʽʜʝʷ ʙʽʦʤʽʤʽʢʨʽʾ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠʨʦʜʘ ʚʞʝ ʚʠʨʽʰʠʣʘ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʤʠ ʥʘʤʘʛʘʻʤʦʩʷ ʚʠʨʽʰʠʪʠ [2]. 

ʇʦ ʬʘʢʪʫ ʪʝʨʤʽʥ çʙʽʦʤʽʤʽʢʨʽʷè ʻ ʧʦʭʽʜʥʠʤ ʚʽʜ ʚʠʟʥʘʯʝʥʥʷ çʙʽʦʤʽʤʝʪʠʢʘè, ʷʢʠʡ ʤʘʻ 

ʙʽʣʴʰ ʜʘʚʥʶ ʽʩʪʦʨʽʶ ʧʦʭʦʜʞʝʥʥʷ ʜʘʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ. ʊʝʨʤʽʥ, ʷʢʠʡ ʧʦʭʦʜʠʪʴ ʚʽʜ ʛʨʝʮʴʢʠʭ ʩʣʽʚ 

çbiosè (ʞʠʪʪʷ) ʽ çmimesisè (ʥʘʩʣʽʜʫʚʘʪʠ), ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʤʝʨʠʢʘʥʩʴʢʠʤ ʫʯʝʥʠʤ ʽ 

ʚʠʥʘʭʽʜʥʠʢʦʤ ʆʪʪʦ ʐʤʽʜʪʦʤ ʫ 1960-ʭ ʨʦʢʘʭ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʧʝʨʝʭʦʜʫ ʚʽʜ ʙʽʦʣʦʛʽʾ ʜʦ 

ʪʝʭʥʦʣʦʛʽʾ. ɺ ʽʩʪʦʨʠʯʥʦʤʫ ʘʩʧʝʢʪʽ ʙʽʦʤʽʤʝʪʠʢʫ ʯʘʩʪʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʃʝʦʥʘʨʜʦ ʜʘ ɺʽʥʯʽ, ʷʢʠʡ 

ʚʚʘʞʘʻʪʴʩʷ ʧʝʰʠʤ ʫ ʩʚʽʪʽ ʚʯʝʥʠʤ-ʙʽʦʤʽʤʝʪʠʢʦʤ. 

ɯʩʪʦʨʠʯʥʦ ʨʦʟʚʠʪʦʢ ʙʽʦʤʽʤʝʪʠʢʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: ʙʽʦʤʽʤʝʪʠʢʘ, 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʦʜʝʣʷʭ, ʙʫʣʘ ʟʘʧʨʦʚʘʜʞʝʥʘ, ʧʦʯʠʥʘʶʯʠ ʧʨʠʙʣʠʟʥʦ ʟ 1950 ʨʦʢʫ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʙʫʜʽʚʥʠʮʪʚʽ ʣʽʪʘʢʽʚ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʢʦʨʘʙʣʽʚ 

ʰʣʷʭʦʤ ʚʠʚʝʜʝʥʥʷ ʧʨʘʚʠʣ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʜʣʷ ʧʝʨʝʥʝʩʝʥʥʷ 

ʧʨʠʥʮʠʧʽʚ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʫ ʪʝʭʥʽʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɹʣʠʟʴʢʦ 1960 ʨʦʢʫ ʜʚʘ ʩʪʦʚʧʠ 

ʙʽʦʤʽʤʝʪʠʢʠ (ʙʽʦʣʦʛʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʷ) ʙʫʣʠ ʚʧʝʨʰʝ ʣʽʥʛʚʽʩʪʠʯʥʦ ʦʙôʻʜʥʘʥʽ ʟʘʚʜʷʢʠ ʚʧʣʠʚʫ 

ʢʽʙʝʨʥʝʪʠʢʠ ʪʘ ʧʦʩʪʘʚʣʝʥʽ ʥʘ ʩʧʽʣʴʥʫ ʣʽʥʛʚʽʩʪʠʯʥʫ ʪʘ ʤʝʪʦʜʠʯʥʫ ʦʩʥʦʚʫ. ʇʦʪʽʤ ʮʷ ʦʩʥʦʚʘ ʩʪʘʣʘ 

ʚʘʞʣʠʚʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʛʘʣʫʟʽ ʙʽʦʤʽʤʝʪʠʢʠ: ʧʝʨʝʜʘʯʽ ʟʥʘʥʴ. ʇʨʠʙʣʠʟʥʦ 

ʟ 1980 ʨʦʢʫ ʙʽʦʤʽʤʝʪʠʢʘ ʪʘʢʦʞ ʙʫʣʘ ʨʦʟʰʠʨʝʥʘ ʜʦ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʤʘʩʰʪʘʙʽʚ. ʂʣʶʯʝʤ ʜʦ ʮʠʭ 

ʨʦʟʰʠʨʝʥʴ ʙʫʣʠ ʥʦʚʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ. ɿ 1990-ʭ ʨʦʢʽʚ 

ʙʽʦʤʽʤʝʪʠʢʘ ʦʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʧʦʰʪʦʚʭ, ʟʦʢʨʝʤʘ ʟʘʚʜʷʢʠ ʩʪʨʽʤʢʦʤʫ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʩʫʤʽʞʥʠʭ ʛʘʣʫʟʷʭ ʽʥʬʦʨʤʘʪʠʢʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʤʝʭʘʪʨʦʥʽʢʠ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʡ [3]. 

ʉʴʦʛʦʜʥʽ ʦʙʣʘʩʪʴ ʙʽʦʤʽʤʝʪʠʢʠ ʚʩʝ ʙʽʣʴʰʝ ʚʚʘʞʘʻʪʴʩʷ ʥʘʫʢʦʚʦʶ ʜʠʩʮʠʧʣʽʥʦʶ, ʷʢʘ 

ʧʦʨʦʜʠʣʘ ʯʠʩʣʝʥʥʽ ʽʥʥʦʚʘʮʽʾ ʚ ʧʨʦʜʫʢʪʘʭ ʽ ʪʝʭʥʦʣʦʛʽʷʭ. ʎʝ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʝ ʩʧʨʷʤʫʚʘʥʥʷ, 

ʱʦ ʦʙôʻʜʥʫʻ ʝʢʩʧʝʨʪʽʚ ʫ ʛʘʣʫʟʽ ʙʽʦʣʦʛʽʾ, ʽʥʞʝʥʝʨʥʠʭ ʥʘʫʢ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʜʠʩʮʠʧʣʽʥ, ʤʘʻ 

ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽʥʥʦʚʘʮʽʡ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʮʴʦʛʦ ʩʣʦʚʘ ʧʽʜ ʙʽʦʤʽʤʝʪʠʢʦʶ ʨʦʟʫʤʽʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ 

ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʥʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʜʣʷ ʧʦʰʫʢʫ ʨʽʰʝʥʴ 

ʧʨʦʙʣʝʤ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʚʠʥʘʭʦʜʽʚ ʪʘ ʽʥʥʦʚʘʮʽʡ ʽ ʧʝʨʝʜʘʯʽ ʮʠʭ ʟʥʘʥʴ ʪʝʭʥʽʯʥʠʤ ʩʠʩʪʝʤʘʤ. 

ɯʜʝʷ ʧʝʨʝʥʝʩʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʠʥʮʠʧʽʚ ʫ ʪʝʭʥʦʣʦʛʽʶ ʻ ʮʝʥʪʨʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʙʽʦʤʽʤʝʪʠʢʠ. 

ɿʘʢʦʥʦʜʘʚʯʦ ʟ 2015 ʨʦʢʫ ʜʘʥʝ ʥʘʫʢʦʚʝ ʩʧʨʷʤʫʚʘʥʥʷ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʉʪʘʥʜʘʨʪʘʤʠ ISO 18458 ʪʘ ISO 18459: 

Å ISO 18458:2015 çɹʽʦʤʽʤʝʪʠʢʘ. ʊʝʨʤʽʥʦʣʦʛʽʷ, ʧʦʥʷʪʪʷ ʽ ʤʝʪʦʜʦʣʦʛʽʷè ï ʩʣʫʞʠʪʴ 

ʦʩʥʦʚʦʶ ʜʣʷ ʪʝʨʤʽʥʦʣʦʛʽʾ ʚ ʙʽʦʤʽʤʝʪʠʢʠ ʜʣʷ ʥʘʫʢʦʚʦʾ, ʧʨʦʤʠʩʣʦʚʦʾ ʪʘ ʦʩʚʽʪʥʴʦʾ ʦʙʣʘʩʪʝʡ; 

Å ISO 18459:2015 çɹʽʦʤʽʤʝʪʠʢʘ. ɹʽʦʤʽʤʝʪʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨʠè ï ʚʠʟʥʘʯʘʻ 

ʬʫʥʢʮʽʾ ʪʘ ʦʙʩʷʛʠ ʙʽʦʤʽʤʝʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʪʨʫʢʪʫʨʫ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣʠ, ʚʘʛʠ ʘʙʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ [3]. 

ɹʽʦʤʽʤʽʢʨʽʷ ï ʮʝ ʚʽʜʥʦʩʥʦ ʥʦʚʝ ʩʧʨʷʤʫʚʘʥʷ, ʩʬʦʢʫʩʦʚʘʥʝ ʚʠʢʣʶʯʥʦ ʥʘ ʝʚʦʣʶʮʽʡʥʦʤʫ 

ʜʦʩʚʽʜʽ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʦʩʥʦʚʥʠʤʠ ʩʝʨʝʜ ʷʢʠʭ ʻ: 

¶ ʧʨʠʨʦʜʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʠʰʝ ʥʝʦʙʭʽʜʥʫ ʾʡ ʝʥʝʨʛʽʶ; 

¶ ʧʨʠʨʦʜʘ ʧʽʜʙʠʨʘʻ ʦʧʪʠʤʘʣʴʥʽ ʬʦʨʤʠ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; 

¶ ʫ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʩʝ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ; 

¶ ʧʨʠʨʦʜʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ; 

¶ ʢʦʞʥʘ ʨʝʛʽʦʥʘʣʴʥʘ ʝʢʦʩʠʩʪʝʤʘ ï ʫʥʽʢʘʣʴʥʘ [1; 4]. 

ɺʠʜʽʣʷʶʪʴ ʪʨʠ ʨʽʚʥʽ ʙʽʦʤʽʤʽʢʨʽʾ: ʨʽʚʝʥʴ ʦʨʛʘʥʽʟʤʫ, ʧʦʚʝʜʽʥʢʠ ʪʘ ʽʤʽʪʘʮʽʷ ʚʩʽʻʾ 

ʝʢʦʩʠʩʪʝʤʠ. ʅʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʻ ʧô̫ ʪʴ ʚʠʤʽʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ ʽʤʽʪʘʮʽʾ: ʬʦʨʤʘ, 

ʤʘʪʝʨʽʘʣ, ʢʦʥʩʪʨʫʢʮʽʷ, ʧʨʦʮʝʩ ʽ ʬʫʥʢʮʽʷ [4; 5].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʨʦʜʘ ʯʘʩʪʦ ʢʦʥʮʝʧʪʫʘʣʽʟʫʻʪʴʩʷ ʷʢ çʢʘʪʘʣʦʛ ʧʨʦʜʫʢʪʽʚè, çʞʠʚʘ 

ʝʥʮʠʢʣʦʧʝʜʽʷ ʚʠʥʘʭʽʜʣʠʚʦʩʪʽè, ʷʢʘ ʤʘʻ 3,8 ʤʣʨʜ. ʨʦʢʽʚ ʽʜʝʡ ʽ ʨʦʟʫʤʥʠʭ ʘʜʘʧʪʘʮʽʡ, ʤʽʩʪʠʪʴ 
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ʛʣʠʙʠʥʥʫ ʤʫʜʨʽʩʪʴ, ʟ ʷʢʦʶ ʣʶʜʠ ʧʦʚʠʥʥʽ ʢʦʥʩʫʣʴʪʫʚʘʪʠʩʷ, ʥʘʩʣʽʜʫʚʘʪʠ ʪʘ ʚʯʠʪʠʩʷ, ʱʦʙ 

çʜʦʩʷʛʪʠè ʩʪʽʡʢʦʩʪʽ [6, 7]. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʪʨʴʦʭ ʜʝʩʷʪʠʣʽʪʴ ʙʽʦʤʽʤʽʢʨʽʷ ʥʘʙʫʣʘ ʧʦʧʫʣʷʨʥʦʩʪʽ ʷʢ ʜʠʩʮʠʧʣʽʥʘ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʧʦʻʜʥʫʻ ʽʥʞʝʥʝʨʥʽ, ʧʨʦʝʢʪʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɻʣʦʙʘʣʴʥʘ ʤʝʨʝʞʘ çɹʽʦʤʽʤʽʢʨʽʷè ï ʮʝ ʦʙôʻʜʥʘʥʥʷ ʧʨʘʢʪʠʢʽʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ 21 

ʢʨʘʾʥʽ, 36 ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʽ ʦʭʦʧʣʶʶʪʴ ʧʦʥʘʜ 12 ʪʠʩ. ʯʣʝʥʽʚ. ʄʝʨʝʞʘ ʧʦʭʦʜʠʪʴ ʚʽʜ 

ɯʥʩʪʠʪʫʪʫ ʙʽʦʤʽʤʽʢʨʽʾ ʚ ʄʦʥʪʘʥʽ, ʉʐɸ [6; 8]. 

ɼʫʞʝ ʯʘʩʪʦ ʙʽʦʤʽʤʽʢʨʽʡʥʽ ʧʽʜʭʦʜʠ ʧʦʟʠʮʽʦʥʫʶʪʴʩʷ ʷʢ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʧʽʜʭʦʜʠ ʥʘ ʰʣʷʭʫ 

ʜʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʘʣʝ ʟ ʦʛʣʷʜʫ ʥʘ ʜʘʥʝ ʪʚʝʨʜʞʝʥʥʷ ʜʫʤʢʘ ʥʘʫʢʦʚʮʽʚ ʜʫʞʝ ʨʽʟʥʠʪʴʩʷ, 

ʚʠʢʣʠʢʘʻ ʥʘʫʢʦʚʽ ʧʨʦʪʠʨʽʯʯʷ ʪʘ ʧʦʩʪʽʡʥʽ ʜʠʩʢʫʩʽʾ. ʇʨʠʭʠʣʴʥʠʢʠ ʮʽʻʾ ʛʽʧʦʪʝʟʠ (ʧʦʯʠʥʘʶʯʠ ʚʽʜ 

ɾ. ɹʝʥʶʩ, ʢʝʨʽʚʥʠʮʽ ʢʦʥʩʘʣʪʠʥʛʦʚʦʾ ʬʽʨʤʠ ʪʘ ʦʩʚʽʪʥʴʦʾ ʤʝʨʝʞʽ Biomimicry 3.8), ʩʪʚʝʨʜʞʫʶʪʴ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʻ ʧʨʦʪʦʪʠʧʘʤʠ ʧʨʠʨʦʜʥʠʭ ʬʦʨʤ, ʬʫʥʢʮʽʡ, ʰʣʷʭʦʤ 

ʩʢʦʨʦʯʝʥʥʷ ʨʝʩʫʨʩʦʚʠʢʦʨʠʩʪʘʥʥʷ, ʨʦʙʠʪʴ ʢʣʶʯʦʚʠʡ ʚʥʝʩʦʢ ʚ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ. ɸ ʪʘʢʦʞ ʻ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʧʨʷʤʠʡ ʟʚôʷʟʦʢ ʚʘʞʢʦ ʚʽʜʩʪʝʞʠʪʠ, ʘ çʙʽʦʤʽʤʽʢʨʽʷ ʥʝ 

ʦʙʦʚ'ʷʟʢʦʚʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽ ʨʝʟʫʣʴʪʘʪʠè ʜʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʢʨʠʪʠʢʠ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ 

ʦʩʥʦʚʽ ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʘʣʦʩʪʽ, ʩʪʚʝʨʜʞʫʶʯʠ, ʱʦ çʣʶʜʩʴʢʘ ʚʠʥʘʭʽʜʣʠʚʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʱʦʶ 

ʟʘ ʙʽʦʣʦʛʽʯʥʽ ʬʦʨʤʠè [9-11]. 

ʂʦʞʥʘ ˇʨʫʥʪʦʚʥʘ ʢʨʠʪʠʢʘ, ʫ ʪ.ʯ. ʽ ʥʘʫʢʦʚʘ, ʤʘʻ ʤʽʩʮʝ ʥʘ ʽʩʥʫʚʘʥʥʷ, ʘ ʜʦʧʦʢʠ ʬʘʭʽʚʮʽ 

ʜʦʚʦʜʷʪʴ, ʱʦ ʙʽʦʤʽʤʽʢʨʽʡʥʽ ʧʨʠʥʮʠʧʠ ʩʪʚʦʨʶʶʪʴ ʧʨʦʪʠʨʽʯʯʷ ʜʣʷ ʧʝʚʥʠʭ ʩʚʽʪʦʛʣʷʜʥʠʭ 

ʢʦʥʮʝʧʮʽʡ ʤʘʪʝʨʽʘʣʽʟʤʫ, ʜʘʥʝ ʢʨʦʩʜʠʩʮʠʧʣʽʥʘʨʥʝ ʩʧʨʷʤʫʚʘʥʥʷ ʥʘʙʫʚʘʻ ʦʙʝʨʪʽʚ ʫ ʚʠʛʣʷʜʽ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʥʘʪʭʥʝʥʥʠʭ ʧʨʠʨʦʜʦʶ, ʘ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ 

ʥʝʟʚʠʯʥʠʭ ʪʘ ʚʝʣʴʤʠ ʽʥʥʦʚʘʮʽʡʥʠʭ ʬʦʨʤʘʭ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ. 

ʋ ʩʚʽʡ ʯʘʩ ʙʽʦʤʽʤʽʢʨʽʶ ʩʧʨʠʡʥʷʣʠ ʷʢ ʤʝʡʥʩʪʨʽʤ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʙʽʟʥʝʩ-

ʽʥʚʘʡʨʦʥʤʝʥʪʘʣʽʟʤ, ʷʢ ʜʦʢʘʟ ʪʦʛʦ, ʱʦ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʪʘ ʧʽʢʣʫʚʘʥʥʷ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʙʽʣʴʰʝ ʥʝ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʧʦʟʠʮʽʶ ʦʜʥʝ ʜʦ ʦʜʥʦʛʦ. ʅʘ ʧʦʯʘʪʢʫ ʍʍɯ ʩʪ. 

ʙʘʛʘʪʦ ʧʨʠʭʠʣʴʥʠʢʽʚ ʙʽʦʤʽʤʽʢʨʽʾ ʧʦʢʣʘʜʘʣʠ ʥʘʜʽʾ ʥʘ ʙʽʦʣʦʛʽʯʥʫ ʨʝʚʦʣʶʮʽʶ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ, ʷʢʘ ʟʤʦʞʝ ʩʢʘʩʫʚʘʪʠ ʪʦʢʩʠʯʥʫ ʪʘ ʨʝʩʫʨʩʦʤʽʩʪʢʫ ʧʨʘʢʪʠʢʫ ʍʍ-ʛʦ ʩʪʦʣʽʪʪʷ ʪʘ 

ʧʨʠʟʚʝʜʝ ʜʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ, ʝʢʦʣʦʛʽʯʥʦ ʩʪʽʡʢʦʾ ʤʘʪʝʨʽʘʣʴʥʦʾ ʢʫʣʴʪʫʨʠ, ʦʧʠʩʫʶʯʠ 

ʙʽʦʤʽʤʽʢʨʽʶ ʷʢ ʢʣʶʯʦʚʠʡ ʤʝʪʦʜ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʩʪʽʡʢʦʾ ʝʢʦʥʦʤʽʢʠ [12]. 

ʇʨʘʢʪʠʯʥʽ ʧʨʠʢʣʘʜʠ ʙʽʦʤʽʤʽʢʨʽʡʥʠʭ ʨʽʰʝʥʴ ʟôʷʚʠʣʠʩʴ ʟʘʜʦʚʛʦ ʜʦ ʧʦʷʚʠ ʩʘʤʦʛʦ 

ʪʝʨʤʽʥʫ ʪʘ ʩʧʨʷʤʫʚʘʥʥʷ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʟʘʛʘʣʴʥʦʚʞʠʚʘʥʠʤ ʧʨʠʢʣʘʜʦʤ ʙʽʦʤʽʤʝʪʠʢʠ ʻ ʫʩʽʤ 

ʜʦʙʨʝ ʚʽʜʦʤʽ ʟʘʩʪʽʙʢʠ-ʣʠʧʫʯʢʠ (ʘʙʦ çVelcroè), ʚʠʥʘʡʜʝʥʽ ʫ 1948 ʨʦʮʽ ʰʚʝʡʮʘʨʩʴʢʠʤ ʽʥʞʝʥʝʨʦʤ 

ɾʦʨʞʝʤ ʜʝ ʄʝʩʪʨʘʣʝʤ. ʇʨʠʨʦʜʥʠʤ ʧʨʦʪʦʪʠʧʦʤ ʩʪʘʣʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʩʪʦʩʫʚʘʣʴʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʢʦʨʦʙʦʯʦʢ ʥʘʩʽʥʥʷ ʥʝʪʨʝʙʠ ʟʚʠʯʘʡʥʦʾ (Xanthium strumarium). ʑʝ ʦʜʥʠʤ ʟ ʧʨʠʢʣʘʜʽʚ 

ʪʝʭʥʦʣʦʛʽʡ ʤʘʪʝʨʽʘʣʽʚ ʻ ʢʣʝʡʢʘ ʽʤʽʪʘʮʽʷ ʣʘʧʦʢ ʛʝʢʦʥʘ, ʩʫʯʘʩʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

ʚʢʣʶʯʘʶʪʴ ʬʘʨʙʠ, ʷʢʽ ʽʤʽʪʫʶʪʴ ʢʦʣʴʦʨʠ ʢʨʠʣ ʤʝʪʝʣʠʢʘ; ʥʘʜʤʽʮʥʘ ʢʝʨʘʤʽʢʘ, ʱʦ ʽʤʽʪʫʻ 

ʧʝʨʣʘʤʫʪʨ; ʥʘʜʨʫʢʦʚʘʥʽ ʥʘ 3D ʧʨʠʥʪʝʨʘʭ, ʩʪʽʡʢʽ ʜʦ ʧʝʨʝʣʦʤʽʚ, ʩʭʦʞʽ ʥʘ ʢʽʩʪʢʠ ʤʘʪʝʨʽʘʣʠ. 

ʌʽʟʽʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʣʠʩʪʷ ʣʦʪʦʩʫ ʥʘʜʠʭʥʫʣʠ ʥʘ ʩʪʚʦʨʝʥʥʷ ʛʽʜʨʦʬʦʙʥʠʭ ʬʘʨʙ 

ʩʪʽʡʢʠʭ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʣʽʩʥʷʚʠ. ʇʦʚʝʨʭʥʷ ʣʠʩʪʷ ʮʽʻʾ ʨʦʩʣʠʥʠ ʥʘʩʪʽʣʴʢʠ ʜʦʙʨʝ ʚʽʜʰʪʦʚʭʫʻ 

ʙʨʫʜ ʽ ʚʦʜʫ, ʱʦ ʮʷ ʚʣʘʩʪʠʚʽʩʪʴ ʩʘʤʦʦʯʠʱʝʥʥʷ ʫ 1977 ʨ., ʟʘʚʜʷʯʫʶʯʠ ʧʨʦʬ. ɹʦʥʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ɺʽʣʴʛʝʣʴʤʫ ɹʘʨʪʣʦʪʪʫ, ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çʣʦʪʦʩ ï ʝʬʝʢʪè. ʋ 1999 ʨ. ʥʽʤʝʮʴʢʘ 

ʙʫʜʽʚʝʣʴʥʘ ʢʦʤʧʘʥʽʷ Sto ʚʠʧʫʩʪʠʣʘ ʝʢʩʪʝʨôʻʨʥʫ ʬʘʨʙʫ ʧʽʜ ʥʘʟʚʦʶ çLotusanè (ʨʠʩ.1) [13].  

 

ʈʠʩ. 1. ʇʨʠʨʦʜʥʠʡ çʣʦʪʦʩ ï ʝʬʝʢʪè, ʚʪʽʣʝʥʠʡ ʥʽʤʝʮʴʢʦʶ ʢʦʤʧʘʥʽʻʶ Sto ʫ ʝʢʩʪʝʨôʻʨʥʽʡ ʬʘʨʙʽ 

«Lotusan» [13] 
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ʇʽʩʣʷ ʚʠʩʠʭʘʥʥʷ ʤʽʢʨʦʪʝʢʩʪʫʨʘ ʬʘʨʙʠ ʽʤʽʪʫʻ ʧʦʚʝʨʭʥʶ ʣʠʩʪʷ ʣʦʪʦʩʘ, ʱʦʙ 

ʚʽʜʰʪʦʚʭʫʚʘʪʠ ʚʦʣʦʛʫ ʪʘ ʙʨʫʜ ʟʟʦʚʥʽ. 

ʇʦʚʝʨʭʥʽ, ʩʪʽʡʢʽ ʜʦ ʧʦʰʠʨʝʥʥʷ ʙʘʢʪʝʨʽʡ ʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʥʦʚʘʮʽʷ ʚʽʜ ʢʦʤʧʘʥʽʾ Sharklet 

Technologies ï ʧʨʦʪʦʪʠʧʠ ʘʢʫʣʷʯʦʾ ʰʢʽʨʠ (ʨʠʩ. 2) [14]. ʋ ʭʽʤʽʾ ʙʘʛʘʪʦ ʨʦʙʽʪ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ 

ʰʪʫʯʥʦʤʫ ʬʦʪʦʩʠʥʪʝʟʽ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʨʦʙʢʘ ʜʝʰʝʚʠʭ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. 

ʇʨʦʬʝʩʦʨ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ 

ʂʘʣʽʬʦʨʥʽʡʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ɻʝʨʙʝʨʪ ɺʝʡʪ, ʧʨʘʮʶʶʯʠ ʥʘʜ 

ʩʪʚʦʨʝʥʥʷʤ ʢʣʝʶ ʜʣʷ ʤʦʢʨʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʚʝʨʥʫʚ ʫʚʘʛʫ ʥʘ ʧʨʠʨʦʜʥʫ 

ʟʜʘʪʥʽʩʪʴ ʤʦʣʶʩʢʽʚ ʫʪʨʠʤʫʚʘʪʠʩʷ ʥʘ 

ʦʜʥʦʤʫ ʤʽʩʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʩʫʩʘ, 

ʙʽʣʢʦʚʠʭ ʥʠʪʦʢ, ʟʜʘʪʥʠʭ ʤʽʮʥʦ 

ʧʨʠʢʣʝʶʚʘʪʠʩʷ ʜʦ ʚʦʩʢʫ, ʩʢʣʘ, ʢʽʩʪʢʠ 

ʪʘ ʤʝʪʘʣʫ. ʈʦʙʦʪʘ ɺʝʡʪʘ ʟ ʨʦʟʨʦʙʢʠ 

ʘʥʘʣʦʛʽʯʥʠʭ ʙʽʣʢʽʚ ʜʘʣʘ ʧʦʯʘʪʦʢ 

ʙʘʛʘʪʴʦʤ ʽʥʰʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʪʘ 

ʩʧʨʠʷʣʘ ʩʪʚʦʨʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ PureBond, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʜʝʨʝʚʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʥʝ 

ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʘʣʴʜʝʛʽʜʽʚ. 

ʉʪʚʦʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ ʧʦʨʦʰʦʢ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʪʘʢʦʞ çʟʘʚʜʷʯʫʻè ʜʦʩʚʽʜʫ 

ʧʨʠʨʦʜʠ, ʘ ʩʘʤʝ ʧʨʦʮʝʩʫ ʬʽʢʩʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʢʦʨʘʣʘʤʠ; ʧʦʨʦʰʦʢ ʤʦʞʝ ʟʘʤʽʥʠʪʠ 

ʯʘʩʪʠʥʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʚ ʪʨʘʜʠʮʽʡʥʠʭ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʘʭ, ʱʦ ʟʤʝʥʰʫʻ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ 

ʮʝʤʝʥʪʫ  

ɹʨʠʪʘʥʩʴʢʘ ʢʦʤʧʘʥʽʷ Stabilitech ʩʪʚʦʨʠʣʘ ʙʽʦʤʽʤʝʪʠʯʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʽʛʘʪʠ ʪʘ ʦʙʨʦʙʣʷʪʠ ʙʽʦʣʦʛʽʯʥʽ ʟʨʘʟʢʠ ʙʝʟ ʦʭʦʣʦʜʞʝʥʥʷ. ʊʨʘʜʠʮʽʡʥʦ ʙʽʦʣʦʛʽʯʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʪʘʢʽ ʷʢ ʚʘʢʮʠʥʠ, ʧʦʚʠʥʥʽ ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʭʦʣʦʜʠʣʴʥʠʢʫ ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʪʘʚʢʠ ʧʘʮʽʻʥʪʫ, ʱʦʙ 

ʟʘʧʦʙʽʛʪʠ ʾʭ ʜʝʛʨʘʜʘʮʽʾ. ʄʝʜʠʯʥʽ ʟʘʢʣʘʜʠ ʚ ʢʨʘʾʥʘʭ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʥʝ ʤʘʶʯʠ ʥʘʜʽʡʥʦʾ 

ʭʦʣʦʜʠʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʙʫʣʠ ʟʤʫʰʝʥʽ ʚʠʢʠʜʘʪʠ ʧʦʣʦʚʠʥʫ ʧʦʩʪʘʚʣʝʥʠʭ ʚʘʢʮʠʥ ʯʝʨʝʟ 

ʧʨʦʙʣʝʤʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ. ɯʤʽʪʫʶʯʠ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ (ʥʘʧʨʠʢʣʘʜ, 

ʜʝʷʢʽ ʚʠʜʠ ʤʦʭʽʚ ʪʘ ʢʨʝʚʝʪʦʢ), ʢʦʤʧʘʥʽʷ Stabilitech ʫʩʧʽʰʥʦ ʨʦʟʨʦʙʠʣʘ ʥʝʪʦʢʩʠʯʥʽ ʪʘ ʥʝʜʦʨʦʛʽ 

ʜʦʧʦʤʽʞʥʽ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʩʪʘʙʽʣʽʟʫʶʪʴ ʙʽʦʣʦʛʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [16]. 

ʉʫʯʘʩʥʝ ʽʥʞʝʥʝʨʥʝ ʨʽʰʝʥʥʷ ʷʧʦʥʩʴʢʦʛʦ ʧʦʪʷʛʫ-ʢʫʣʽ, ʷʢʠʡ ʨʦʟʚʠʚʘʻ ʰʚʠʜʢʽʩʪʴ ʜʦ 200 

ʤʠʣʴ/ʛʦʜ. ʪʝʞ ʻ ʦʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʨʠʢʣʘʜʽʚ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʦʟʥʘʢ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ (ʨʠʩ. 3). ʇʝʨʚʠʥʥʘ ʤʦʜʝʣʴ ʧʦʪʷʛʫ ʤʘʣʘ ʧʝʚʥʠʡ ʥʝʜʦʣʽʢ, 

ʚʠʢʣʠʢʘʥʠʡ ʧʽʜʚʠʱʝʥʥʷʤ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ ʪʫʥʝʣʷʭ, ʱʦ ʩʪʚʦʨʶʚʘʣʦ ʟʚʫʢʦʚʠʡ ʛʫʨʢʽʪ ʢʦʞʥʦʛʦ 

ʨʘʟʫ, ʢʦʣʠ ʧʦʾʟʜ ʚʠʭʦʜʠʚ ʟ ʪʫʥʝʣʶ. ʃʶʜʠ, ʷʢʽ ʞʠʚʫʪʴ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 15 ʤʠʣʴ, ʩʢʘʨʞʠʣʠʩʷ ʥʘ 

ʰʫʤ. ɯʥʞʝʥʝʨʠ, ʷʢʠʤ ʜʦʨʫʯʠʣʠ ʧʝʨʝʨʦʙʠʪʠ ʥʦʩʦʚʫ ʯʘʩʪʠʥʫ ʧʦʾʟʜʘ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʰʫʤ, 

ʩʪʚʦʨʠʣʠ ʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʟʘ ʟʨʘʟʢʦʤ ʜʟʴʦʙʘ ʨʠʙʘʣʦʯʢʠ (Alcedo atthis), ʧʪʘʭʘ, ʷʢʠʡ ʧʽʨʥʘʻ 

ʛʦʣʦʚʦʶ ʚʧʝʨʝʜ ʫ ʚʦʜʫ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʫʪʚʦʨʶʶʯʠ ʙʨʠʟʦʢ ʪʘ ʩʧʣʝʩʢʫ ʚʦʜʠ. ʅʦʚʠʡ ʧʦʾʟʜ 

ʪʠʭʽʰʠʡ ʟʘ ʦʨʠʛʽʥʘʣʴʥʫ ʤʦʜʝʣʴ, ʥʘ 10 % ʰʚʠʜʰʠʡ ʽ ʧʨʠ ʮʴʦʤʫ ʩʧʦʞʠʚʘʻ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 

15 % ʤʝʥʰʝ [17]. 

 
 

ʈʠʩ. 3. ɸʝʨʦʜʠʥʘʤʽʢʘ ʦʙʪʽʯʥʦʛʦ ʜʠʟʘʡʥʫ ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ ʷʧʦʥʩʴʢʦʛʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ 

ʧʦʾʟʜʘ Shinkansen Series 500 ʙʫʣʘ ʟʤʦʜʝʣʴʦʚʘʥʘ ʟʘ ʜʟʴʦʙʦʤ ʧʪʘʭʘ ʟʠʤʦʨʦʜʢʘ [17] 

ʈʠʩ. 2. ʉʪʽʡʢʽ ʜʦ ʙʘʢʪʝʨʽʡ ʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʧʦʚʝʨʭʥʽ ʚʽʜ Sharklet Technologies [14;15] 
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ʈʠʩ. 5. ʆrnilux bird protection glass [18]  

 

ʌʽʟʽʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʤʽʙʽʡʩʴʢʦʛʦ ʞʫʢʘ 

(Stenocara gracilipes) ʩʪʘʣʠ ʜʽʻʚʠʤ ʧʨʦʪʦʪʠʧʦʤ 

ʘʜʩʦʨʙʮʽʾ ʘʪʤʦʩʬʝʨʥʦʾ ʚʦʣʦʛʠ ʚ ʧʫʩʪʝʣʴʥʠʭ ʫʤʦʚʘʭ 

(ʨʠʩ.4). ɺʯʝʥʽ ʄʘʩʩʘʯʫʩʝʪʩʴʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʽʥʩʪʠʪʫʪʫ ʡ ʂʘʪʦʣʠʮʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʏʠʣʽ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʘ ʧʨʦʮʝʩʦʤ ʽ ʚʠʥʘʡʰʣʠ ʥʦʚʝ ʜʠʟʘʡʥ-

ʨʽʰʝʥʥʷ. ɰʭʥʷ ʩʽʪʯʘʩʪʘ ʪʝʭʥʦʣʦʛʽʷ ʟʙʦʨʫ ʚʦʣʦʛʠ ʟ 

ʪʫʤʘʥʫ ʤʦʞʝ ʧʦʛʣʠʥʘʪʠ 10% ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʻ 

ʛʦʪʦʚʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʥʘʧʽʚʟʘʩʫʰʣʠʚʠʭ ʨʝʛʽʦʥʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʏʠʣʽ ʧʦʛʣʠʥʘʥʥʷ ʣʠʰʝ 4% ʚʤʽʩʪʫ ʚʦʜʠ 

ʟ ʪʫʤʘʥʫ ʟʘʜʦʚʦʣʴʥʠʪʴ ʧʦʪʨʝʙʠ ʧʽʚʥʽʯʥʠʭ ʨʝʛʽʦʥʽʚ ʫ 

ʚʦʜʽ. ʉʫʯʘʩʥʽ ʪʝʧʣʠʯʥʽ ʩʠʩʪʝʤʠ ʟ ʤʦʨʩʴʢʦʶ ʚʦʜʦʶ 

ʽʤʽʪʫʶʪʴ ʧʨʦʮʝʩ ʟʙʦʨʫ ʚʦʜʠ, ʷʢ ʮʝ ʨʦʙʠʪʴ 

ʥʘʤʽʙʽʡʩʴʢʠʡ ʞʫʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʝʟʤʝʞʥʽ 

ʩʦʥʷʯʥʽ ʨʝʩʫʨʩʠ, ʜʦʙʦʚʽ ʧʝʨʝʧʘʜʠ ʪʝʤʧʝʨʘʪʫʨ ʽ, ʧʝʨʝʚʘʞʥʦ, ʪʝʧʣʽ ʚʽʪʨʠ ʜʣʷ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ 

ʚ ʧʨʽʩʥʫ ʚʦʜʫ. ʂʘʪʘʨʩʴʢʠʡ ʜʦʩʣʽʜʥʠʡ ʟʘʚʦʜ ʢʦʤʧʘʥʽʾ Sahara Forest Project ʟʘʜʽʷʚ ʮʶ ʩʠʩʪʝʤʫ 

ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʮʽʥʥʠʭ ʧʨʦʜʦʚʦʣʴʯʠʭ ʢʫʣʴʪʫʨ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘ 50% ʤʝʥʰʝ ʚʦʜʠ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ [15]. 

ʊʝʭʥʦʣʦʛʽʷ ORNILUX ï ʮʝ ʫʪʝʧʣʝʥʝ ʩʢʣʦ, ʚʠʛʦʪʦʚʣʝʥʝ ʥʽʤʝʮʴʢʦʶ ʢʦʤʧʘʥʽʻʶ Arnold 

Glas, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʚʜʘʣʦʩʷ ʟʘʧʦʙʽʛʪʠ ʚʠʧʘʜʢʘʤ ʛʠʙʝʣʽ ʧʪʘʭʽʚ (ʨʠʩ.5). ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʝ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʩʚʽʪʣʦʚʽʜʙʠʚʘʶʯʝ ʧʦʢʨʠʪʪʷ, ʷʢʝ ʜʣʷ ʣʶʜʩʴʢʦʛʦ 

ʦʢʘ ʟʜʘʻʪʴʩʷ ʤʘʡʞʝ ʧʨʦʟʦʨʠʤ, ʘʣʝ ʜʦʙʨʝ ʚʠʜʥʝ ʧʪʘʭʘʤ, ʘʜʞʝ ʚʦʥʠ ʟʜʘʪʥʽ ʙʘʯʠʪʠ ʙʽʣʴʰ 

ʰʠʨʦʢʠʡ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ ʩʧʝʢʪʨ, ʥʽʞ ʣʶʜʩʴʢʝ 

ʦʢʦ. ɯʜʝʷ ʚʠʢʦʨʠʩʪʘʪʠ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʝ ʧʦʢʨʠʪʪʷ 

ʟôʷʚʠʣʘʩʷ ʟʘʚʜʷʢʠ ʥʘʫʢʦʚʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʷʢʽ 

ʚʠʷʚʠʣʠ, ʱʦ ʜʝʷʢʽ ʚʠʜʠ ʧʘʚʫʢʽʚ ʚʧʣʽʪʘʶʪʴ ʫ ʩʚʦʶ 

ʧʘʚʫʪʠʥʫ ʩʚʽʪʣʦʪʝʭʥʽʯʥʽ ʧʘʩʤʘ. ʊʘʢ ʧʘʚʫʢʠ 

ʟʘʤʘʥʶʶʪʴ ʢʦʤʘʭ ʪʘ ʚʽʜʣʷʢʫʶʪʴ ʚʝʣʠʢʠʭ ʪʚʘʨʠʥ, 

ʟʦʢʨʝʤʘ ʧʪʘʭʽʚ [18; 19]. 

ʇʨʦʚʽʜʥʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʢʦʤʘʥʜʘ Nanomik 

ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʨʝʮʝʧʪʫʨ, ʚʽʜʢʨʠʪʪʽ 

ʥʦʚʠʭ ʙʽʦʤʦʣʝʢʫʣ ʽ ʙʽʦʽʥʞʝʥʝʨʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʋʚʝʩʴ ʮʝʡ ʜʦʩʚʽʜ ʜʦʧʦʤʘʛʘʻ ʨʦʟʨʦʙʣʷʪʠ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʽ, ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʽ ʪʘ ʚʠʩʦʢʦʙʽʦʣʦʛʽʯʥʽ 

ʧʨʦʜʫʢʪʠ, ʪʘʢʽ ʷʢ ʙʽʦʬʫʥʛʽʮʠʜʠ, ʙʽʦʽʥʩʝʢʪʠʮʠʜʠ, 

ʥʘʪʫʨʘʣʴʥʽ ʽʥʛʽʙʽʪʦʨʠ ʮʚʽʣʽ, ʚʦʜʦʨʦʩʪʝʡ ʽ ʙʘʢʪʝʨʽʡ 

ʪʦʱʦ [20]. 

ɺ ɯʂʊ ʧʦʚʝʜʽʥʢʘ ʨʦʟʧʦʜʽʣʫ ʙʜʞʽʣ ʥʘʜʠʭʥʫʣʘ ʥʘ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʩʝʨʚʝʨʽʚ. REGEN 

Energy - ʪʝʭʥʦʣʦʛʽʯʥʘ ʢʦʤʧʘʥʽʷ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʙʽʦʤʽʤʽʢʨʽʾ, ʟʘʩʥʦʚʥʠʢʠ ʷʢʦʾ ʧʦʩʪʘʚʠʣʠ 

ʩʦʙʽ ʟʘ ʤʝʪʫ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʧʽʜʭʦʜʠ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʠʪʠ ʥʦʚʫ ʩʢʣʘʜʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʽʻʶ ʥʘ ʦʩʥʦʚʽ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʤʝʜʦʥʦʩʥʠʭ ʙʜʞʽʣ. 

ɹʜʞʦʣʠ ʩʧʽʣʢʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ ʪʽʣʘ ʪʘ ʟʘʣʠʰʘʶʪʴ ʬʝʨʦʤʦʥʥʽ ʩʣʽʜʠ. ʋ 

ʚʫʣʠʢʫ ʥʝʤʘʻ ʫʧʨʘʚʣʽʥʥʷ çʟʚʝʨʭʫ ʚʥʠʟè. ʅʦʚʘʪʦʨʠ ʄʘʨʢ ʂʝʨʙʝʣʴ ʪʘ ʈʦʤʘʥ ʂʫʣʠʢ ʟʨʦʟʫʤʽʣʠ, 

ʱʦ ʟʤʦʞʫʪʴ ʢʝʨʫʚʘʪʠ ʧʨʠʣʘʜʘʤʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ, ʷʢʱʦ ʘʜʘʧʪʫʶʪʴ ʮʶ ʣʦʛʽʢʫ ʜʦ ʩʚʦʻʾ 

ʪʝʭʥʦʣʦʛʽʾ. ʎʷ ʽʥʥʦʚʘʮʽʡʥʘ ʽʜʝʷ ʧʨʠʟʚʝʣʘ ʜʦ ʟʘʧʫʩʢʫ ʢʦʤʧʘʥʽʾ, ʷʢʘ ʧʦʟʠʮʽʦʥʫʻ ʩʝʙʝ ʜʣʷ 

ʩʠʣʴʥʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ ʥʘ ʨʠʥʢʘʭ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʯʘʪʢʦʚʠʡ ʩʢʝʧʪʠʮʠʟʤ, 

ʧʝʨʝʧʦʚʥʝʥʠʡ ʽ ʟʘʩʪʠʛʣʠʡ ʨʠʥʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [19]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʙʝʟʣʽʯ ʮʽʢʘʚʠʭ ʨʽʰʝʥʴ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʥʘʨʘʭʦʚʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʤʽʤʽʢʨʽʾ ʚ 

ʘʨʭʽʪʝʢʪʫʨʥʽ ʪʘ ʜʠʟʘʡʥʽ. ɺʽʜʦʤʠʡ ʩʚʦʾʤʠ ʨʦʙʦʪʘʤʠ ʟʽʤʙʘʙʚʽʡʩʴʢʠʡ ʘʨʭʽʪʝʢʪʦʨ ʄʽʢ ʇʽʨʩ, 

ʩʧʦʩʪʝʨʽʛʘʶʯʠ ʟʘ ʪʝʨʤʽʪʥʠʢʦʤ, ʜʽʡʰʦʚ ʚʠʩʥʦʚʢʫ, ʱʦ ʡʦʛʦ ʬʦʨʤʘ ʪʘ ʚʝʥʪʠʣʷʮʽʷ ʽʜʝʘʣʴʥʦ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʽʥ ʩʪʚʦʨʠʚ ʧʨʦʻʢʪ-ʧʨʦʪʦʪʠʧ ʪʝʨʤʽʪʥʠʢʘ ʫ ʚʠʛʣʷʜʽ 

ʈʠʩ. 4. ʇʨʠʢʣʘʜ ʧʨʦʪʠʧʫʚʘʥʥʷ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʥʘʤʽʙʽʡʩʴʢʦʛʦ ʞʫʢʘ [15] 
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ʪʦʨʛʦʚʦ-ʦʬʽʩʥʦʾ ʙʫʜʽʚʣʽ Eastgate Center ʍʘʨʘʨʝ (ɿʽʤʙʘʙʚʝ), ʦʬʽʩʥʦʾ ʙʫʜʽʚʣʽ ʚ ʄʝʣʴʙʫʨʥʽ 

(ɸʚʩʪʨʘʣʽʷ), ʘ ʧʽʟʥʽʰʝ ʾʜʘʣʴʥʽ ʚ ʐʝʥʴʯʞʝʥʽ (ʂʠʪʘʡ). ʈʦʟʫʤʥʘ ʙʫʜʽʚʣʷ Eastgate ʟʢʦʥʩʪʨʫʡʦʚʘʥʘ 

ʟ ʥʝʨʽʚʥʠʭ ʢʘʤôʷʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʬʘʩʘʜʽ (ʧʨʦʪʦʪʠʧʠ ʢʦʣʶʯʦʢ ʢʘʢʪʫʩʫ). ɿʘʛʦʩʪʨʝʥʽ ʧʦʚʝʨʭʥʽ, 

ʧʦʛʣʠʥʘʶʪʴ ʤʝʥʰʝ ʪʝʧʣʘ, ʥʽʞ ʟʚʠʯʘʡʥʝ ʧʣʦʩʢʝ ʩʢʣʦ, ʮʝʛʣʘ ʯʠ ʢʘʤʽʥʴ, ʚʦʥʠ ʪʘʢʦʞ ʣʝʛʰʝ 

ʚʽʜʚʦʜʷʪʴ ʪʝʧʣʦ, ʟʙʝʨʽʛʘʶʯʠ ʭʦʣʦʜʥʽʰʠʤ, ʥʽʞ ʟʚʠʯʘʡʥʘ ʙʫʜʽʚʣʷ [21]. 

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʽʦʤʽʤʽʢʨʽʾ ʚ ʦʩʚʽʪʥʶ ʩʢʣʘʜʦʚʫ ʤʘʻ 

ʤʽʩʮʝ ʚ ʻʚʨʦʧʝʡʩʴʢʠʭ ʪʘ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʫʥʽʚʝʨʩʠʪʝʪʘʭ. ʅʘʧʨʠʢʣʘʜ, ʋʥʽʚʝʨʩʠʪʝʪ ɸʢʨʦʥʘ 

(ʆʛʘʡʦ, ʉʐɸ) ʪʘ ɯʥʩʪʠʪʫʪ ʤʠʩʪʝʮʪʚ ʂʣʽʚʣʝʥʜʘ ʩʪʚʦʨʠʣʠ ʩʧʽʣʴʥʫ ʧʨʦʛʨʘʤʫ ʟ ʙʽʦʤʽʤʽʢʨʽʾ, ʷʢʘ 

ʧʨʦʧʦʥʫʻ ʟʜʦʙʫʚʘʯʘʤ ʪʨʠ ʦʩʥʦʚʥʽ ʢʫʨʩʠ (ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ): ʙʘʢʘʣʘʚʨʘ ʟ ʙʽʦʤʽʤʽʢʨʽʾ, ʧʨʦʛʨʘʤʫ 

ʩʪʠʧʝʥʜʽʡ ʟ ʙʽʦʤʽʤʽʢʨʽʾ ʪʘ ʧʨʦʛʨʘʤʫ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ.  

ʋʥʽʚʝʨʩʠʪʝʪʦʤ ʰʪʘʪʫ ɸʨʠʟʦʥʘ (ʩʧʽʣʴʥʦ ʟ ʢʦʥʩʘʣʪʠʥʛʦʚʦʶ ʢʦʤʧʘʥʽʻʶ ʟ ʙʽʦʽʥʪʝʣʝʢʪʫ 

Biomimicry 3.8) ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʜʚʽ ʦʥʣʘʡʥ-ʧʨʦʛʨʘʤʠ ʨʽʚʥʷ ʤʘʛʽʩʪʨʘ, ʘ ʪʘʢʦʞ 

ʙʘʢʘʣʘʚʨʘ ʚ ʬʦʨʤʘʪʽ ʜʝʥʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ. 

ʋʥʽʚʝʨʩʠʪʝʪ ʋʪʨʝʭʪʘ ʚ ʅʽʜʝʨʣʘʥʜʘʭ ʧʨʦʧʦʥʫʻ ʤʘʛʽʩʪʝʨʩʴʢʫ ʧʨʦʛʨʘʤʫ Bio-Inspired 

Innovation ï ʮʝ ʜʚʦʨʽʯʥʠʡ ʢʫʨʩ ʜʝʥʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʩʪʫʜʝʥʪʽʚ ʟʽ ʩʪʫʧʝʥʝʤ 

ʙʘʢʘʣʘʚʨʘ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ. ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʧʨʦʧʦʥʫʻ ʫʥʽʢʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʟʥʘʥʴ ʽ ʥʘʚʯʘʥʥʷ 

ʥʘʚʠʯʢʘʤ, ʷʢʽ ʧʽʜʪʨʠʤʫʚʘʪʠʤʫʪʴ ʧʦʰʫʢ ʽ ʨʦʟʨʦʙʢʫ ʮʠʢʣʽʯʥʠʭ ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ ʽ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʽʥʥʦʚʘʮʽʡ, ʥʘʪʭʥʝʥʥʠʭ ʙʽʦʣʦʛʽʻʶ. 

ɹʘʢʘʣʘʚʨʩʴʢʘ ʧʨʦʛʨʘʤʘ çɹʽʦʤʽʤʝʪʠʢʘè ʧʨʦʧʦʥʫʻʪʴʩʷ ɺʝʩʪʬʘʣʴʩʴʢʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ 

ʧʨʠʢʣʘʜʥʠʭ ʥʘʫʢ (ʅʽʤʝʯʯʠʥʘ) ʪʘ ʧʦʟʠʮʽʦʥʫʻʪʴʩʷ ʷʢ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʢʫʨʩ, ʚ ʤʝʞʘʭ ʢʦʪʨʦʛʦ 

ʟʜʦʙʫʚʘʶʪʴʩʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʟ ʥʘʫʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʙʽʦʣʦʛʽʾ ʪʘ ʭʽʤʽʾ, ʦʩʥʦʚ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ɯʊ ʪʘ 

ʦʪʨʠʤʫʶʪʴʩʷ ʥʘʚʠʯʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʽʚ, ʟʥʘʡʜʝʥʠʭ ʫ 

ʧʨʠʨʦʜʽ. 

ɹʽʦʤʽʤʽʢʨʽʷ ʚʢʣʶʯʝʥʘ ʚ ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ ɯʙʝʨʦʘʤʝʨʠʢʘʥʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʄʝʭʽʢʦ, 

ʄʝʢʩʠʢʘ), ʜʚʘ ʢʫʨʩʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ ʤʠʩʪʝʮʪʚʘ ʪʘ ʜʠʟʘʡʥʫ ʆʥʪʘʨʽʦ (ʊʦʨʦʥʪʦ, 

ʆʥʪʘʨʽʦ, ʂʘʥʘʜʘ), ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʬʝʨʽ ʙʽʦʤʽʤʝʪʠʢʠ ʜʣʷ ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʻ ʚ 

ʄʘʥʯʝʩʪʝʨʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ (ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ). 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʧʨʦʛʨʘʤʘ çɹʽʦʤʽʤʽʢʨʽʷè ʐʫʤʘʭʝʨʩʴʢʦʛʦ ʢʦʣʝʜʞʫ (ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ), 

ʟʘʥʫʨʶʻ ʩʪʫʜʝʥʪʽʚ ʫ ʩʝʨʝʜʦʚʠʱʝ ʥʘʚʯʘʥʥʷ, ʧʦʻʜʥʫʶʯʠ ʥʘʫʢʫ, ʤʠʩʪʝʮʪʚʦ ʪʘ ʜʠʟʘʡʥ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʪʦʥʢʦʱʽʚ ʙʽʦʤʽʤʽʢʨʽʾ. 

ʂʦʣʝʜʞ ʤʠʩʪʝʮʪʚʘ ʪʘ ʜʠʟʘʡʥʫ ʄʽʥʥʝʘʧʦʣʽʩʘ (MCAD) (ʄʽʥʥʝʘʧʦʣʽʩ, ʄʽʥʥʝʩʦʪʘ, ʉʐɸ) 

ʧʨʦʧʦʥʫʻ ʟʜʦʙʫʚʘʯʘʤ ʦʥ-ʣʘʡʥ ʢʫʨʩ çBiomimicryè (120 ʛʦʜ.) ʫ ʪʝʤʘʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʜʠʟʘʡʥʫ. ʂʫʨʩ ʚʢʣʶʯʘʻ ʩʪʨʘʪʝʛʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʨʦʜʽ, ʝʢʦʣʦʛʽʯʥʠʡ ʜʠʟʘʡʥ.  

ɺ ʋʥʽʚʝʨʩʠʪʝʪʽ ʖʪʠ (ʉʐɸ) ʻ ʊʦʚʘʨʠʩʪʚʦ ʙʽʦʤʽʤʽʢʨʽʾ ï ʮʝ ʥʦʚʠʡ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʡ 

ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʮʝʥʪʨ, ʘ ʩʘʤʝ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʩʪʫʜʝʥʪʩʴʢʘ ʦʨʛʘʥʽʟʘʮʽʷ. ɸ ʚ ʋʥʽʚʝʨʩʠʪʝʪʽ 

ɻʘʜʜʝʨʩʬʽʣʜʘ (ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ) ʩʪʚʦʨʝʥʦ Center for Biomimetic Societal Futures. 

ʋʥʽʚʝʨʩʠʪʝʪ ʂʘʣʽʬʦʨʥʽʾ, ɹʝʨʢʣʽ, ʘ ʩʘʤʝ ʎʝʥʪʨ ʝʢʦʣʦʛʽʯʥʦʾ ʭʽʤʽʾ ʤʘʻ ʢʫʨʩ ʜʣʷ ʘʩʧʽʨʘʥʪʽʚ 

ʧʽʜ ʥʘʟʚʦʶ çɹʽʣʴʰ ʝʢʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷè ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʽ 

ʧʦʪʝʥʮʽʡʥʠʭ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʥʠʢʽʚ ʽʟ ʤʝʪʦʜʦʣʦʛʽʻʶ ʙʽʦʤʽʤʽʢʨʽʾ ʥʘ ʧʨʘʢʪʠʯʥʠʭ ʧʨʠʢʣʘʜʘʭ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʽʥʰʠʭ ʢʫʨʩʽʚ ʥʘʚʯʘʥʥʷ, ʮʝ ʥʝ ʛʽʧʦʪʝʪʠʯʥʽ ʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ 

ʩʧʨʘʚʞʥʽ ʧʨʦʙʣʝʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʷʢʠʤʠ ʟ ʥʘʡʙʽʣʴʰʠʭ ʽ ʥʘʡʫʩʧʽʰʥʽʰʠʭ ʢʦʤʧʘʥʽʡ ʢʨʘʾʥʠ ʪʘ 

ʩʚʽʪʫ [22, 23]. 

ɺ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ ʫʢʨʘʾʥʩʴʢʠʭ ɿɺʆ ʚʝʣʴʤʠ ʨʽʜʢʦ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ çʙʽʦʤʽʤʽʢʨʽʶè ʚ 

ʷʢʦʩʪʽ ʦʢʨʝʤʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʥʝ ʯʘʩʪʦ ʜʘʥʘ ʪʝʤʘʪʠʢʘ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʽ ʚ ʩʪʨʫʢʪʫʨʽ 

ʩʠʣʘʙʫʩʽʚ ʦʢʨʝʤʠʭ ʦʩʚʽʪʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʨʦʪʝ ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʘʥʘ ʧʨʘʢʪʠʢʘ ʻ ʽ ʚʦʥʘ 

ʫʩʧʽʰʥʦ ʧʦʧʫʣʷʨʠʟʫʻʪʴʩʷ [24]. 

ʉʫʯʘʩʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ï ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʜʦʩʪʫʧʥʦʩʪʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʥʘʫʢʦʚʦʤʫ ʧʦʰʫʮʽ ʙʽʦʤʽʤʽʢʨʽʡʥʠʭ 

ʩʪʨʘʪʝʛʽʡ. 

ˆʨʫʥʪʦʚʥʠʡ ʧʣʘʮʜʘʨʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ ï ʮʝ ʨʝʟʫʣʴʪʘʪ ʧʣʽʜʥʦʾ ʙʘʛʘʪʦʨʽʯʥʦʾ 

ʨʦʙʦʪʠ ɼʞʘʥʽʥ ɹʝʥʶʩ ʪʘ ʾʾ ʢʦʤʘʥʜʠ. ɼʘʥʽ ʨʦʟʨʦʙʢʠ ʚʢʣʶʯʘʶʪʴ: 
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¶ Biomimicry 3.8 ï ʮʝ ʧʨʦʚʽʜʥʘ ʫ ʩʚʽʪʽ ʢʦʥʩʘʣʪʠʥʛʦʚʘ ʢʦʤʧʘʥʽʷ ʟ ʙʽʦʽʥʪʝʣʝʢʪʫ, ʷʢʘ 

ʧʨʦʧʦʥʫʻ ʢʦʥʩʫʣʴʪʘʮʽʾ ʟ ʧʠʪʘʥʴ ʙʽʦʣʦʛʽʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʧʨʦʬʝʩʽʡʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʥʘʪʭʥʝʥʥ ̫

(https://synapse.bio/); 

¶ ɺʝʙʩʘʡʪ ʟ ʮʠʬʨʦʚʠʤʠ ʨʝʩʫʨʩʘʤʠ ɯʥʩʪʠʪʫʪʫ ʙʽʦʤʽʤʽʢʨʽʾ (ʄʦʥʪʘʥʘ, ʉʐɸ), ʷʢʠʡ 

ʤʽʩʪʠʪʴ TOOLBOX ï ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʙʽʦʤʽʤʽʢʨʽʾ (https://toolbox.biomimicry.org/),  

¶ ASKNATURE (https://asknature.org/) ʽʥʥʦʚʘʮʽʡʥʠʡ ʮʠʬʨʦʚʠʡ ʨʝʩʫʨʩ ʜʣʷ ʧʦʰʫʢʫ 

ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʪʦʪʠʧʽʚ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʩʪʨʘʪʝʛʽʡ, ʙʘʟʫ ʜʘʥʠʭ ʙʽʦʣʦʛʽʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, 

ʦʨʛʘʥʽʟʦʚʘʥʫ ʟʘ ʧʨʦʻʢʪʥʠʤʠ ʪʘ ʽʥʞʝʥʝʨʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. 

ʉʫʯʘʩʥʽ ʤʦʞʣʠʚʦʩʪʽ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʠʡ ʟʜʘʪʝʥ ʜʦʧʦʤʦʛʪʠ ʟ 

ʦʧʨʘʮʶʚʘʥʥʷʤ ʥʘʷʚʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʥʘʰʪʦʚʭʥʫʪʠ ʜʦʩʣʽʜʥʠʢʘ ʥʘ ʧʦʰʫʢ ʽʜʝʡ-ʧʨʦʪʦʪʠʧʽʚ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (ɯʊ) ʚʽʜʽʛʨʘʶʪʴ ʜʝʜʘʣʽ ʚʘʞʣʠʚʽʰʫ ʨʦʣʴ ʫ ʩʬʝʨʽ ʙʽʦʤʽʤʽʢʨʽʾ. 

ɯʊ-ʽʥʩʪʨʫʤʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ: 

¶ ʚʠʚʯʝʥʥʷ ʧʨʠʨʦʜʠ ï ʧʽʜʚʠʱʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

¶ ʨʦʟʨʦʙʢʠ ʙʽʦʤʽʤʝʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʧʦʩʣʫʛ ʪʘ ʤʦʜʝʣʝʡ; 

¶ ʥʘʚʯʘʥʥʷ ʪʘ ʧʨʦʩʚʽʪʠ ï ʟʘʚʜʷʢʠ ʟʘʭʦʧʣʶʶʯʠʤ ʚʽʟʫʘʣʽʟʘʮʽʷʤ, ʽʥʪʝʨʘʢʪʠʚʥʠʤ ʦʥʣʘʡʥ-

ʢʫʨʩʘʤ ʪʘ ʽʛʨʘʤ, ɯʊ ʨʦʙʣʷʪʴ ʚʠʚʯʝʥʥʷ ʙʽʦʤʽʤʽʢʨʽʾ ʜʦʩʪʫʧʥʠʤ ʪʘ ʮʽʢʘʚʠʤ ʜʣʷ ʰʠʨʦʢʦʾ ʘʫʜʠʪʦʨʽʾ, 

ʥʘʜʠʭʘʶʯʠ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ ʜʦʩʣʽʜʥʠʢʽʚ ʪʘ ʽʥʥʦʚʘʪʦʨʽʚ; 

¶ 3D-ʜʨʫʢ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʦʤʽʤʝʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ; 

¶ ʐɯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣ ̫ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʥʘʪʭʥʝʥʥʠʭ ʧʨʠʨʦʜʦʶ; 

¶ ʘʥʘʣʽʪʠʢʠ ʙʘʟ ʜʘʥʠʭ, ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʧʨʦ ʧʨʠʨʦʜʥʽ ʩʠʩʪʝʤʠ, 

ʧʦʰʫʢ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʩʠʩʪʝʤʥʠʭ ʟʚôʷʟʢʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʦʧʪʠʤʘʣʴʥʠʭ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʨʽʰʝʥʴ; 

¶ ʩʧʽʚʧʨʘʮʽ, ʦʙʤʽʥʽ ʟʥʘʥʥʷʤʠ ʪʘ ʜʦʩʚʽʜʦʤ: ɯʊ-ʧʣʘʪʬʦʨʤʠ ʪʘ ʦʥʣʘʡʥ-ʩʧʽʣʴʥʦʪʠ 

ʧʦʣʝʛʰʫʶʪʴ ʩʧʽʚʧʨʘʮʶ ʤʽʞ ʜʦʩʣʽʜʥʠʢʘʤʠ, ʽʥʞʝʥʝʨʘʤʠ ʪʘ ʜʠʟʘʡʥʝʨʘʤʠ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ, 

ʩʪʠʤʫʣʶʶʯʠ ʦʙʤʽʥ ʟʥʘʥʥʷʤʠ ʪʘ ʧʨʠʩʢʦʨʶʶʯʠ ʧʨʦʮʝʩ ʽʥʥʦʚʘʮʽʡ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʥʘ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʧʨʠʢʣʘʜʘʭ ʜʦʚʝʜʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʚʦʣʶʮʽʡʥʦʛʦ ʜʦʩʚʽʜʫ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʰʣʷʭʦʤ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ï ʮʝ ʘʣʴʪʝʨʥʘʪʠʚʥʝ 

ʩʧʨʷʤʫʚʘʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʡ ʨʽʰʝʥʴ, ʦʧʪʠʤʽʟʘʮʽʾ ʜʽʶʯʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʩʠʩʪʝʤ. ʋ 

ʧʦʻʜʥʘʥʥʽ ʟ ɯʂʊ ʙʽʦʤʽʤʽʢʨʽʷ ʤʦʞʝ ʩʪʘʪʠ ʧʦʪʫʞʥʠʤ ʽʥʥʦʚʘʮʽʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʥʘ ʰʣʷʭʫ ʜʦ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʮʠʨʢʫʣʷʨʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ 

ʨʦʟʰʠʨʠʪʠ ʥʘʫʢʦʚʠʡ ʧʦʰʫʢ ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ. 
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Abstract. This publication analyzes the possibilities of using artificial intelligence (AI) in the 

field of ecology across three main directions: the application of AI in the system of formal ecological 

education, in conducting scientific research, and in practical activities. The advantages and risks of 

using generative artificial intelligence in the educational process, which currently provoke a wave of 

ambiguous discussions among educators, are analyzed. A list of the main possibilities for the 

application of AI in educational activities and scientific research, taking into account the principles of 

academic integrity, is presented. Practical experience with the use of artificial intelligence 

technologies for solving applied tasks in the field of ecology and the prospective potential of AI for 

simplifying the resolution of specialized tasks are highlighted through specific examples. 

Keywords: artificial intelligence, interactive learning methods, formal ecological education, 

practical activities in the field of ecology. 

 

ɸʥʦʪʘʮʽʷ. ʋ ʧʫʙʣʽʢʘʮʽʾ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

(ʐɯ) ʚ ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʾ ʟʘ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʩʧʨʷʤʫʚʘʥʥʷʤʠ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯ ʫ ʩʠʩʪʝʤʽ 

ʬʦʨʤʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʝʨʝʚʘʛʠ ʪʘ ʨʠʟʠʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ 

ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ, ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽ ʚʠʢʣʠʢʘʶʪʴ ʭʚʠʣʶ ʥʝʦʜʥʦʟʥʘʯʥʠʭ ʦʙʛʦʚʦʨʝʥʴ ʩʝʨʝʜ 

ʦʩʚʽʪʷʥ. ʅʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʦʩʥʦʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯ ʚ ʦʩʚʽʪʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʪʘ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ ʘʢʘʜʝʤʽʯʥʦʾ ʜʦʙʨʦʯʝʩʥʦʩʪʽ. ʅʘ ʢʦʥʢʨʝʪʥʠʭ 

ʧʨʠʢʣʘʜʘʭ ʚʠʩʚʽʪʣʝʥʦ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʚ ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʾ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʐɯ ʜʣʷ 

ʩʧʨʦʱʝʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘʚʜʘʥʴ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʽʥʪʝʨʘʢʪʠʚʥʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ, ʬʦʨʤʘʣʴʥʘ 

ʝʢʦʣʦʛʽʯʥʘ ʦʩʚʽʪʘ, ʧʨʘʢʪʠʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʚ ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʾ. 

 

ɺʩʪʫʧ. ʇʦʷʚʘ ʯʘʪʫ GPT ʪʘ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʰʠʨʝʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

(ʐɯ) ʩʪʘʣʘ ʩʚʦʛʦ ʨʦʜʫ ʧʨʦʨʠʚʥʠʤ ʤʝʡʥʩʪʨʠʤʦʤ ʚ ʫʩʽʭ ʩʬʝʨʘʭ ʞʠʪʪʷ. ʇʦʜʘʣʴʰʘ ʧʝʨʩʧʝʢʪʠʚʘ 

ʨʦʟʚʠʪʢʫ ʐɯ ʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʝʡ ʚ ʙʫʜʝʥʥʽ ʧʨʦʮʝʩʠ, ʟʘʤʽʥʘ ʟʚʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʧʦ 

ʚʠʨʽʰʝʥʥʶ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʪʝʭʥʦʣʦʛʽʷʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʚʠʢʣʠʢʘʣʘ ʨʝʟʦʥʘʥʩʥʫ 

ʭʚʠʣʶ ʦʙʛʦʚʦʨʝʥʴ ʫ ʥʘʫʢʦʚʽʡ ʪʘ ʦʩʚʽʪʷʥʩʴʢʽʡ ʩʧʽʣʴʥʦʪʘʭ. ʇʝʨʝʚʘʞʥʠʤ ʯʠʥʦʤ ʚʦʥʘ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ: ʧʦ-ʧʝʨʰʝ, ʮʝ ʧʝʨʩʧʝʢʪʠʚʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ, ʷʢʽ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʧʝʨʝʜ 

ʣʶʜʩʪʚʦʤ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯ, ʘ, ʧʦ-ʜʨʫʛʝ, ʮʝ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʧʦʚôʷʟʘʥʽ ʟ 

ʜʦʪʨʠʤʘʥʥʷ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ, ʧʨʠʥʮʠʧʽʚ ʘʢʘʜʝʤʽʯʥʦʾ ʜʦʙʨʦʯʝʩʥʦʩʪʽ ʪʘ ʚʽʨʦʛʽʜʥʠʭ ʧʦʤʠʣʦʢ 

ʩʠʩʪʝʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʐɯ.  
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ɺʨʘʭʦʚʫʶʯʠ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ, ʥʘʤʠ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʤʝʪʘ ʜʦʩʣʽʜʠʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, ʧʨʦʚʝʜʝʥʥʽ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʮʝʩʽ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʾ, ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʦʞʣʠʚʦʩʪʷʭ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʘʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ 

ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 101 çɽʢʦʣʦʛʽʷè. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʆʩʪʘʥʥʽ ʨʦʢʠ ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʽ 

ʜʦʩʷʛʥʝʥʥʷ ʚ ʘʥʘʣʽʪʠʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ ʽ ʚʽʜʢʨʠʪʪʷʭ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 

ʤʝʪʦʜʦʣʦʛʽʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʥʦʚʠʤʠ ʩʬʝʨʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ï ʮʝ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʩʠʩʪʝʤʠ, ʯʠ ʩʝʨʚʽʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢʦʛʦ ʤʦʞʥʘ ʟʙʠʨʘʪʠ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʜʘʥʽ 

ʢʦʨʠʩʪʫʚʘʯʘ (ʘʙʦ ʜʘʥʽ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʫ ʚʽʜʢʨʠʪʠʭ ʨʝʧʦʟʠʪʦʨʽʷʭ), ʪʘ ʥʘ ʾʭ ʦʩʥʦʚʽ ʛʝʥʝʨʫʚʘʪʠ ʥʦʚʽ 

ʨʽʰʝʥʥʷ ʯʠ ʚʠʩʥʦʚʢʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʜʘʥʦʛʦ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ [1].  

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʤʘʻ ʩʚʦʶ ʮʽʢʘʚʫ ʽʩʪʦʨʽʶ, ʘʣʝ ʧʨʦʨʠʚʥʠʤ ʩʪʘʚ 

ʤʦʤʝʥʪ ʧʦʷʚʠ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ChatGPT. ʌʝʻʨʠʯʥʘ ʧʦʷʚʘ 

ʚʠʢʣʠʢʘʣʘ ʥʝ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʜʠʩʢʫʩʽʡʥʠʭ ʧʠʪʘʥʴ ʟ ʧʨʠʚʦʜʫ ʘʨʛʫʤʝʥʪʘʮʽʾ ʪʘ ʜʦʙʨʦʯʝʩʥʦʩʪʽ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʝʞʘʭ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʩʚʽʪʷʥʠ ʟʘʥʝʧʦʢʦʻʥʽ, ʱʦ ʤʦʞʣʠʚʦʩʪʽ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʐɯ  ʚʧʣʠʥʫʪʴ ʥʘ ʘʢʘʜʝʤʽʯʥʫ 

ʜʦʙʨʦʯʝʩʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʽʚ.  ʎʝ ʥʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ,  ʙʝʟʫʤʦʚʥʦ,  ʤʘʻ  

ʙʘʛʘʪʦ  ʧʝʨʝʚʘʛ  ʽ  ʚʽʜʢʨʠʚʘʻ  ʥʦʚʽ  ʤʦʞʣʠʚʦʩʪʽ,  ʧʨʦʪʝ, ʮʝ  ʽ ʪʝʭʥʦʣʦʛʽʷ,  ʷʢʦʶ  ʥʝʤʦʞʥʘ  

ʟʣʦʚʞʠʚʘʪʠ.  

ʆʩʪʘʥʥʽ ʧʘʨʫ ʨʦʢʽʚ ʚ ʥʘʫʢʦʚʦʤʫ ʽʥʬʦʧʨʦʩʪʦʨʽ ʟôʷʚʠʣʘʩʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ 

ʧʨʠʩʚʷʯʝʥʠʭ ʘʥʘʣʽʟʫ ʧʝʨʩʧʝʢʪʠʚ ʪʘ ʥʝʜʦʣʽʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʐɯ ʚ ʦʩʚʽʪʽ ʪʘ ʥʘʫʮʽ. 

ɿʦʢʨʝʤʘ, ʮʝ ʥʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʫʢʨʘʾʥʩʴʢʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ɸʥʜʨʦʱʫʢ ɸ. ɻ., ʄʘʣʶʛʠ ʆ. ʉ., ʉʦʜʝʣʴ ʆ., ʂʦʣʦʤʽʻʮʴ ɸ., ʂʫʰʥʽʨ ʆ., ʄʘʨôʻʥʢʦ ʄ., ʉʦʤʝʥʢʦ 

ɼ., ʊʨʠʬʦʥʦʚʦʾ ʆ., ʉʘʜʦʚʦʛʦ ʄ., ʐʘʨʦʚʘ ʉ.ɺ., ɼʨʘʯ ɯ., ʇʝʪʨʦʻ ʆ., ɹʦʨʦʜʽʻʥʢʦ ʆ., ʈʝʛʝʡʣʦ ɯ., 

ɹʘʟʝʣʶʢ ʆ., ɹʘʟʝʣʶʢ ʅ., ʉʣʦʙʦʜʷʥʶʢ ʆ., ɺʽʟʥʶʢ ɯ. ʄ., ɹʫʛʣʘʡ ʅ. ʄ., ʂʫʮʘʢ ʃ. ɺ., ʇʦʣʽʱʫʢ ɸ. 

ʉ., ʂʠʣʠʚʥʠʢ ɺ. ɺ.,. ʇʝʜʘʥ ʆ. ɸ., ʋʰʘʢʦʚʘ ɯ. ʆ., ɹʠʢʦʚʘ ɺ.,  ɹʘʭʨʫʰʠʥʘ ɺ.,  ʆʩʘʜʯʦʛʦ ɺ.,  

ɼʦʮʝʥʢʦ  ɯ.ʆ. ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ. ʉʪʨʽʤʢʘ ʧʦʷʚʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ, ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ 

ʽ ʟʘ ʢʦʨʜʦʥʦʤ, ʦʙʫʤʦʚʣʝʥʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʱʦʾ 

ʦʩʚʽʪʠ, ʝʪʠʯʥʠʤʠ ʥʦʨʤʘʤʠ ʜʦʪʨʠʤʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʘʢʘʜʝʤʽʯʥʦʾ ʜʦʙʨʦʯʝʩʥʦʩʪʽ ʪʘ ʩʚʦʙʦʜʠ, 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʧʦʧʝʨʝʜʠʪʠ ʫʩʽ ʨʠʟʠʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʘʜʘʧʪʘʮʽʻʶ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʐɯ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ.  
ɻʝʥʝʨʘʪʠʚʥʠʡ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘ ʬʦʨʤʘʣʴʥʘ ʝʢʦʣʦʛʽʯʥʘ ʦʩʚʽʪʘ. ʋ ʧʝʨʝʚʘʞʥʽʡ 

ʙʽʣʴʰʦʩʪʽ ʦʩʚʽʪʷʥʠ ʜʦʪʨʠʤʫʶʪʴʩʷ ʜʫʤʢʠ, ʱʦ ʥʘʚʯʘʣʴʥʽ ʟʘʢʣʘʜʠ ʤʘʶʪʴ ʧʨʠʡʥʷʪʠ ʪʝʭʥʦʣʦʛʽʶ 

ʐɯ ʪʘ ʟʥʘʡʪʠ ʩʧʦʩʦʙʠ ʽʥʪʝʛʨʫʚʘʪʠ ʾʾ ʫ ʩʚʦʾ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ, ʦʜʥʦʯʘʩʥʦ ʟʙʝʨʽʛʘʶʯʠ ʘʢʘʜʝʤʽʯʥʽ 

ʩʪʘʥʜʘʨʪʠ ʪʘ ʟʘʙʝʟʧʝʯʫʶʯʠ ʘʢʘʜʝʤʽʯʥʫ ʜʦʙʨʦʯʝʩʥʽʩʪʴ. ɿʘ ʫʤʦʚʠ ʨʝʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ 

ʥʘʣʝʞʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽʥʩʪʨʫʤʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʡʤʦʚʽʨʥʦ 

ʢʦʨʠʩʥʠʤʠ ʷʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʪʘʢ ʽ ʜʣʷ ʚʠʢʣʘʜʘʯʽʚ. 

ɼʦ ʧʝʨʝʣʽʢʫ ʢʣʶʯʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʐɯ ʚ ʦʩʚʽʪʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ (ʐɯ ʟʜʘʪʥʠʡ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ  ̔

ʟʜʽʡʩʥʶʚʘʪʠ ʾʭ ʘʥʘʣʽʟ ʟ ʤʠʪʪʻʚʦʶ ʰʚʠʜʢʽʩʪʶ); 

ï ʟʥʘʯʥʝ ʩʧʨʦʱʝʥʥʷ ʨʦʙʦʪʠ ʟ ʪʝʢʩʪʘʤʠ  ̔ʤʦʚʘʤʠ; 

ï ʧʦʰʫʢ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʘʥʠʭ, ʩʠʥʪʝʟ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ  ̔ʟʘʩʦʙʽʚ; 

ï ʛʝʥʝʨʘʮʽʷ ʥʦʚʠʭ ʛʽʧʦʪʝʟ, ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ; 

ï ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ; 

ï ʦʬʦʨʤʣʝʥʥʷ ʮʠʪʫʚʘʥʥʷ [2].  

ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʐɯ ʤʦʞʝ ʩʪʘʪʠ ʛʽʜʥʠʤ ʧʦʤʽʯʥʠʢʦʤ ʚʠʢʣʘʜʘʯʘ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ. 

ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʪʝʥʮʽʘʣ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʦʩʚʽʪʽ, ʪʘʢʦʞ ʻ ʟʘʥʝʧʦʢʦʻʥʥʷ ʱʦʜʦ ʡʦʛʦ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ. ʉʝʨʝʜ  ʢʣʶʯʦʚʠʭ  ʨʠʟʠʢʽʚ  

ʧʦʜʘʣʴʰʦʛʦ  ʨʦʟʚʠʪʢʫ  ʐɯ  ʥʘʫʢʦʚʮʽ ʚʠʦʢʨʝʤʣʶʶʪʴ ʥʘʩʪʫʧʥʽ: 
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ï ʛʣʦʙʘʣʴʥʝ ʧʦʨʫʰʝʥʥʷ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ (ʧʝʨʰʦʜʞʝʨʝʣʦ ʪʚʦʨʫ, ʥʘʫʢʦʚʦʾ ʧʨʘʮʽ ʟʥʘʡʪʠ 

ʚʩʝ ʩʢʣʘʜʥʽʰʝ); 

ï ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʢʦʥʪʝʥʪʫ, ʚʪʨʘʪʘ ʦʨʠʛʽʥʘʣʴʥʦʩʪʽ, ʬʘʢʪʦʣʦʛʽʯʥʽ ʧʦʤʠʣʢʠ, 

"ʛʘʣʶʮʠʥʘʮʽʾ", ʷʢʽ ʤʦʞʝ ʧʦʙʘʯʠʪʠ ʣʠʰʝ ʣʶʜʠʥʘ; 

ï ʚʪʨʘʪʘ ʢʨʝʘʪʠʚʥʦʩʪʽ (ʐɯ ʥʝ ʤʦʞʝ ʚʠʛʘʜʘʪʠ ʩʚʦʶ ʚʣʘʩʥʫ ʽʜʝʶ, ʚʽʥ ʢʦʤʧʽʣʶʻ ʯʫʞʽ ʽʜʝʾ 

ʪʘ ʨʦʙʠʪʴ ʾʭ ʥʝʚʧʽʟʥʘʥʥʠʤʠ, ʘʣʝ ʥʝ ʥʦʚʠʤʠ); 

ï ʟʨʦʩʪʘʥʥʷ ʙʝʟʨʦʙʽʪʪʷ ʫ ʢʨʝʘʪʠʚʥʽʡ ʩʬʝʨʽ; 

ï ʥʠʟʴʢʘ ʷʢʽʩʪʴ ʜʘʥʠʭ ʪʘ ʾʭ ʥʘʜʽʡʥʽʩʪʴ (ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʐɯ ʪʘ 

ʥʝʡʨʦʤʝʨʝʞʽ ʧʦʪʨʝʙʫʶʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʷʢʽʩʥʠʭ ʜʘʥʠʭ, ʷʢʱʦ ʜʘʥʽ, ʥʘ ʷʢʠʭ ʚʦʥʠ 

ʥʘʚʯʘʶʪʴʩʷ, ʤʽʩʪʷʪʴ ʧʦʤʠʣʢʠ ʘʙʦ ʥʝʪʦʯʥʦʩʪʽ, ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʨʘʚʠʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ); 

ï ʥʝʘʜʝʢʚʘʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʝʡ ʪʘ ʨʠʟʠʢʠ ʧʦʤʠʣʢʦʚʠʭ ʨʽʰʝʥʴ; 

ï ʧʠʪʘʥʥʷ ʙʝʟʧʝʢʠ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʪʘ ʥʝʡʨʦʤʝʨʝʞ ʩʪʚʦʨʶʻ ʨʠʟʠʢ ʜʣʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ; 

ï ʨʠʟʠʢ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʪʨʘʪʠ (ʘʙʦ ʥʝʜʦʦʪʨʠʤʘʥʥʷ) ʥʘʚʠʯʦʢ ʩʘʤʦʩʪʽʡʥʦʛʦ 

ʥʘʚʯʘʥʥʷ [3; 4]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ 

ʝʢʦʣʦʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʨʦʛʥʦʟʥʝ ʨʦʟʫʤʽʥʥʷ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ, ʫ ʷʢʠʭ ʥʝʣʽʥʽʡʥʽʩʪʴ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ 

ʚ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ. ʇʽʩʣʷ ʩʪʦʣʽʪʪʷ ʥʝʟʘʣʝʞʥʠʭ, ʘʩʠʥʭʨʦʥʥʠʭ ʜʦʩʷʛʥʝʥʴ ʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʘ 

ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʢʨʠʪʠʯʥʘ ʧʦʪʨʝʙʘ ʚ ʥʘʚʤʠʩʥʽʡ ʩʠʥʝʨʛʽʾ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʦʪʦʯʥʠʭ ʩʫʩʧʽʣʴʥʠʭ ʚʠʢʣʠʢʽʚ ʥʘ ʪʣʽ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ [5].  

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʧʝʮʠʬʽʢʦʶ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʘʞʣʠʚʽʩʪʴ ʥʘʷʚʥʦʛʦ ʨʷʜʫ 

ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɽʢʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʤʘʛʘʶʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʤʽʥʘʭ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ 

ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ ʚʽʨʦʛʽʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʮʝʥʘʨʽʾʚ, ʦʮʽʥʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʟʤʽʥʠ ʪʘ 

ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʽ ʾʭ ʥʘʩʣʽʜʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʐɯ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʰʠʨʶʻ ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ ʚ ʨʽʟʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʘʭ. 

ʇʨʦʜʫʤʘʥʦ ʨʦʟʨʦʙʣʝʥʠʡ  ̔ ʝʤʧʽʨʠʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʐɯ ʚ ʝʢʦʣʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʩʧʨʦʤʦʞʥʠʡ ʤʦʜʝʣʶʚʘʪʠ ʩʢʣʘʜʥʽ ʝʢʦʩʠʩʪʝʤʥʽ ʟʚôʷʟʢʠ. ʎʝ ʥʦʚʽʪʥʻ ʧʘʨʪʥʝʨʩʪʚʦ ʤʽʞ 

ʜʦʩʣʽʜʥʠʢʘʤʠ ʪʘ ʤʘʰʠʥʘʤʠ ʧʦʛʣʠʙʠʪʴ ʝʢʦʣʦʛʽʯʥʝ ʨʦʟʫʤʽʥʥʷ ʜʣʷ ʩʪʘʣʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʝʢʦʩʠʩʪʝʤʘʤʠ ʥʘ ʧʣʘʥʝʪʽ, ʷʢʘ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʧʝʨʝʥʘʩʝʣʝʥʦʶ [6]. 

ɼʦʩʣʽʜʥʠʢʠ ʚʠʜʽʣʷʶʪʴ ʦʩʥʦʚʥʽ ʩʧʨʷʤʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʚ ʛʘʣʫʟʽ 

ʝʢʦʣʦʛʽʾ:  

¶ ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʚʠʜʽʚ. ʆʜʥʠʤ ʟ ʥʘʫʢʦʚʠʭ ʚʠʢʣʠʢʽʚ ʝʢʦʣʦʛʽʾ ʷʢ 

ʥʘʫʢʠ - ʻ ʢʘʪʘʣʦʛʽʟʘʮʽʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʨʦʩʣʠʥ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ 10-20% ʚʠʜʽʚ ʨʦʩʣʠʥ ʥʘ 

ʧʣʘʥʝʪʽ ʜʦʩʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʷʚʣʝʥʠʤʠ. ʊʝʭʥʦʣʦʛʽʾ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʚʠʜʠ ʚʩʽʭ ʚʠʜʽʚ ʪʚʘʨʠʥ ʽ ʨʦʩʣʠʥ ʽʟ ʟʦʙʨʘʞʝʥʴ ʬʦʪʦʧʘʩʪʦʢ ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʟʙʦʨʫ ʜʘʥʠʭ.  

ʂʨʽʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʤʝʪʦʜʠ ʟʙʦʨʫ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ ʟʤʽʥʠʣʠ ʩʧʦʩʽʙ, ʫ ʷʢʠʡ 

ʝʢʦʣʦʛʠ ʟʙʠʨʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʜʠ ʨʦʩʣʠʥ. ʊʝʭʥʦʣʦʛʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, 

ʦʩʥʘʱʝʥʽ ʘʣʛʦʨʠʪʤʘʤʠ ʐɯ, ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʟʙʠʨʘʪʠ ʜʘʥʽ, ʟʤʝʥʰʫʶʯʠ ʧʦʪʨʝʙʫ ʚ 

ʪʨʫʜʦʤʽʩʪʢʽʡ ʧʦʣʴʦʚʽʡ ʨʦʙʦʪʽ. ʎʷ ʽʥʥʦʚʘʮʽʷ ʥʝ ʪʽʣʴʢʠ ʧʨʠʩʢʦʨʶʻ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ, ʘʣʝ ʡ 

ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʧʦʚʥʝ ʪʘ ʙʝʟʧʝʨʝʨʚʥʝ ʨʦʟʫʤʽʥʥʷ ʧʦʰʠʨʝʥʥʷ ʚʠʜʽʚ ʨʦʩʣʠʥ. 

¶ ɿʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʧʦʣʝʛʰʫʻ ʚʜʦʩʢʦʥʘʣʝʥʝ 

ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʚʠʜʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʟʘʛʨʦʟʦʶ ʟʥʠʢʥʝʥʥʷ. ʌʦʪʦʧʘʩʪʢʠ ʪʘ 

ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ, ʦʩʥʘʱʝʥʽ ʘʣʛʦʨʠʪʤʘʤʠ ʐɯ, ʤʦʞʫʪʴ ʪʦʯʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʢʨʝʤʠʭ ʪʚʘʨʠʥ, 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʤʽʛʨʘʮʽʡʥʽ ʪʘ ʦʮʽʥʶʚʘʪʠ ʜʠʥʘʤʽʢʫ ʧʦʧʫʣʷʮʽʾ. ʎʽ ʜʘʥʽ ʜʦʧʦʤʘʛʘʶʪʴ ʟʨʦʟʫʤʽʪʠ 

ʩʭʝʤʠ ʤʽʛʨʘʮʽʾ, ʫʧʦʜʦʙʘʥʥʷ ʩʝʨʝʜʦʚʠʱ ʽʩʥʫʚʘʥʥʷ, ʟʜʦʨʦʚôʷ ʧʦʧʫʣʷʮʽʾ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʘʭʦʜʠ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷʤ ʽ ʬʘʢʪʦʨʘʤʠ ʩʝʨʝʜʦʚʠʱʘ: ʘʣʛʦʨʠʪʤʠ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʪʘʢʩʦʥʦʤʽʯʥʠʤ, 
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ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʾ ʐɯ [7] 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ, ʛʝʥʝʪʠʯʥʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʪʘ ʝʢʦʩʠʩʪʝʤʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ɹʦʨʦʪʴʙʘ ʟ ʙʨʘʢʦʥʴʻʨʩʪʚʦʤ. ʈʦʟʫʤʥʽ ʜʘʪʯʠʢʠ, ʜʨʦʥʠ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʢʘʤʝʨ 

ʩʧʨʦʤʦʞʥʽ ʚʠʷʚʣʷʪʠ ʪʘ ʩʧʦʚʽʱʘʪʠ ʢʦʥʪʨʦʣʶʶʯʽ ʦʨʛʘʥʠ ʧʨʦ ʧʦʪʝʥʮʽʡʥʫ ʙʨʘʢʦʥʴʻʨʩʴʢʫ 

ʜʽʷʣʴʥʽʩʪʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʇʨʦʛʥʦʟʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʧʝʨʝʜʙʘʯʠʪʠ ʟʦʥʠ ʚʠʩʦʢʦʛʦ ʨʠʟʠʢʫ ʙʨʘʢʦʥʴʻʨʩʪʚʘ, ʜʦʟʚʦʣʷʶʯʠ 

ʚʞʠʚʘʪʠ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʨʘʟʣʠʚʠʭ ʚʠʜʽʚ. 

ʊʘʢʦʞ ʐɯ ʜʦʧʦʤʘʛʘʻ ʜʦʩʣʽʜʥʠʢʘʤ ʚʠʚʯʘʪʠ ʛʝʥʝʪʠʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʦʧʫʣʷʮʽʡ, ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʟʘʛʨʦʟʦʶ ʟʥʠʢʥʝʥʥʷ, ʚʠʟʥʘʯʘʪʠ ʢʣʶʯʦʚʽ ʛʝʥʠ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʪʘ ʧʨʠʡʤʘʪʠ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʨʦʛʨʘʤ ʨʦʟʚʝʜʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʛʝʥʝʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

¶ ʄʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʤʝʨʝʞʽ ʜʘʪʯʠʢʽʚ, ʢʝʨʦʚʘʥʠʭ 

ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ, ʘʜʘʧʪʠʚʥʦ ʢʦʥʪʨʦʣʶʶʪʴ ʝʢʦʩʠʩʪʝʤʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, 

ʚʽʜʩʪʝʞʫʶʯʠ ʜʠʥʘʤʽʢʫ ʧʦʢʘʟʥʠʢʽʚ. 

¶ ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ. ɺ ʫʤʦʚʘʭ ʢʣʽʤʘʪʠʯʥʦʾ ʢʨʠʟʠ ʪʘ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ ʜʦ ʮʠʭ ʟʤʽʥ, ʐɯ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʮʝʥʘʨʽʾ. ʅʘʧʨʠʢʣʘʜ, 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʫ ʛʝʦʛʨʘʬʽʯʥʠʭ ʘʨʝʘʣʽʚ ʧʦʰʠʨʝʥʥʷ ʚʠʜʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʝʥʮʽʡʥʦʾ ʟʤʽʥʠ 

ʢʣʽʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ.  

ʄʦʜʝʣʶʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʜʦʟʚʦʣʷʻ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʧʣʠʚ ʧʦʪʝʧʣʽʥʥʷ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʝʤʝʣʴ ʥʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʜʦʧʦʤʘʛʘʻ ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʧʣʘʥʫʚʘʥʥʶ ʘʜʘʧʪʘʮʽʾ ʜʦ ʢʣʽʤʘʪʫ ʜʣʷ ʟʘʭʠʩʪʫ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. 

¶ ɸʛʨʦʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʚ ʛʘʣʫʟʽ ʨʦʩʣʠʥʥʠʮʪʚʘ: 

V ʟʘʙʝʟʧʝʯʫʻ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʢʫʣʴʪʫʨ, ʪʝʨʤʽʥʽʚ ʚʠʨʦʱʫʚʘʥʥʷ 

 ̔ʚʨʦʞʘʡʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʟʤʽʥʥʠʭ, ʷʢ ʛʝʥʝʪʠʢʘ, ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ, ʧʦʛʦʜʥʽ ʫʤʦʚʠ,  ʩʪʘʥ 

ˇʨʫʥʪʫ, ʟʦʥʠ ʟ ʜʝʬʽʮʠʪʦʤ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʩʪʨʝʩʦʤ ʚʽʜ ʧʦʩʫʭʠ, ʩʧʘʣʘʭʘʤʠ ʭʚʦʨʦʙ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʝʨʦʬʦʪʦʟʥʽʤʢʠ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʟʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʦʥʽʚ, 

ʣʽʪʘʢʽʚ ʘʙʦ ʩʫʧʫʪʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ; 

V ʜʦʟʚʦʣʷʻ ʧʨʦʜʫʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʭʚʦʨʦʙʠ ʪʘ ʰʢʽʜʥʠʢʽʚ ʩ/ʛ ʨʦʩʣʠʥ;  ʧʨʦʚʦʜʠʪʠ 

ʩʝʛʤʝʥʪʘʮʽʶ ʙʫʨ'ʷʥʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ɹʇʃɸ, ʚʠʷʚʣʷʶʯʠ ʤʽʩʮʷ 

ʽʥʚʘʟʠʚʥʠʭ ʘʙʦ ʩʪʽʡʢʠʭ ʜʦ ʛʝʨʙʽʮʠʜʽʚ ʙʫʨôʷʥʽʚ, ʱʦ ʜʘ̒ ʤʦʞʣʠʚʽʩʪʴ ʨʘʥʥʴʦʛʦ ʚʪʨʫʯʘʥʥʷ ʜʦ ʪʦʛʦ, 

ʷʢ ʚʦʥʠ ʧʦʰʠʨʷʪʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʦʯʥʝ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʦʙʧʨʠʩʢʫʚʘʥʥʷ ʣʠʰʝ ʪʘʤ, ʜʝ ʮʝ 

ʥʝʦʙʭʽʜʥʦ; 

V ʦʧʪʠʤʽʟʫʻ ʢʝʨʫʚʘʥʥʷ ʟʨʦʰʝʥʥʷʤ ʟʘʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʚʨʦʞʘʡʥʦʩʪʽ ʢʫʣʴʪʫʨ ʧʦʨʽʚʥʷʥʦ ʟ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ; 

V ʥʘʜʘʻ ʟʤʦʛʫ ʟʜʽʡʩʥʶʚʘʪʠ ʘʛʨʦʭʽʤʽʯʥʫ 

ʦʧʪʠʤʽʟʘʮʽʶ: ʪʦʯʥʝ ʚʥʝʩʝʥʥʷ ʟʤʽʥʥʠʭ ʥʦʨʤ 

ʜʦʙʨʠʚ, ʧʝʩʪʠʮʠʜʽʚ  ̔ ʛʝʨʙʽʮʠʜʽʚ ʥʘ ʧʦʣʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʝʡ ML, ʷʢʽ ʦʙôʻʜʥʫʶʪʴ ʜʘʥʽ ʧʨʦ 

ˇʨʫʥʪ, ʧʦʛʦʜʫ ʪʘ ʚʨʦʞʘʡ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ; 

V ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʰʝ ʧʨʦʛʥʦʟʫʚʘʥʷ 

ʚʨʦʞʘʡʥʽʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ; 

V ʩʪʚʦʨʶʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘ 

ʧʦʰʫʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʩʝʣʝʢʮʽʡʥʦʛʦ 

ʨʦʟʚʝʜʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. 

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʦʟʥʘʢ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʜʝʢʽʣʴʢʦʤʘ ʛʝʥʘʤʠ, ʷʢʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ  ̔ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʩʢʣʘʜʥʠʤ ʯʠʥʦʤ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʦʾ ʩʝʣʝʢʮʽʾ ʧʨʠʥʮʠʧʫ ʫʩʧʘʜʢʫʚʘʥʥʷ ʟʘ 

ʄʝʥʜʝʣʝʤ). ɺʽʨʦʛʽʜʥʦ, ʱʦ ʐɯ ʩʧʨʦʤʦʞʥʠʡ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚ ʜʘʥʠʭ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʦʯʝʚʠʜʥʠʤʠ ʜʣʷ ʣʶʜʝʡ, ʰʚʠʜʰʝ 

ʪʘ ʝʬʝʢʪʠʚʥʽʰʝ ʽʜʝʥʪʠʬʽʢʫʶʯʠ ʙʘʞʘʥʽ ʨʠʩʠ ʜʣʷ 
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ʤʦʜʠʬʽʢʘʮʽʾ. 

¶ ʐɯ ʚ ʛʘʣʫʟʽ ʪʚʘʨʠʥʥʠʮʪʚʘ ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ ʨʫʭ, ʧʦʚʝʜʽʥʢʫ ʪʘ ʟʜʦʨʦʚôʷ ʪʚʘʨʠʥ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʧʝʨʝʥʦʩʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ, 

ʟʘʙʝʟʧʝʯʫʻ ʨʘʥʥʶ ʜʽʘʛʥʦʩʪʠʢʫ ʟʘʭʚʦʨʶʚʘʥʥʷ.  

¶ ʉʫʧʫʪʥʠʢʦʚʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱ ʽʩʥʫʚʘʥʥʷ: ʐɯ-ʘʥʘʣʽʟ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʤʦʞʝ ʢʘʨʪʦʛʨʘʬʫʚʘʪʠ ʨʦʩʣʠʥʥʽʩʪʴ (ʧʨʠʢʣʘʜ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ.1), 

ʨʦʟʧʦʜʽʣ ʚʠʜʽʚ ʽ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʥʘ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʷʭ, 

ʱʦʙ ʚʠʷʚʠʪʠ ʧʨʦʩʪʦʨʦʚʽ ʤʦʜʝʣʽ. 

¶ ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʝʢʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ: ʤʝʪʦʜʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʷʚʠʪʠ ʧʨʠʭʦʚʘʥʽ ʟʚôʷʟʢʠ ʪʘ ʪʝʥʜʝʥʮʽʾ ʫ ʤʘʩʠʚʥʠʭ 

ʥʘʙʦʨʘʭ ʝʢʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʨʦʟʧʽʟʥʘʪʠ ʚʨʫʯʥʫ [7]. 

ʇʨʘʢʪʠʯʥʽ ʧʨʠʢʣʘʜʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʨʦʙʦʢ ʚ ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʾ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʐɯ.  

ʂʦʤʧʘʥʽʷ DeepMind, ʱʦ ʥʘʣʝʞʠʪʴ Google ʽ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷʭ ʫ ʛʘʣʫʟʽ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʞʣʠʚʦʩʪʽ ʥʝʡʨʦʤʝʨʝʞ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, 

ʧʦʚôʷʟʘʥʠʭ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ. ʉʽʤʩ ɺʽʟʝʨʩʧʫʥ, ʩʧʝʮʽʘʣʽʩʪ ʟʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʟʘʟʥʘʯʘʻ,  ʱʦ ʐɯ 

ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʫ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʘʭ: 

¶  ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. ʄʦʜʝʣʽ DeepMind ʩʧʨʦʤʦʞʥʽ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʧʘʜʠ (ʚʽʜ ʜʚʦʭ ʛʦʜʠʥ ʜʦ 10 ʜʥʽʚ ʚʧʝʨʝʜ), ʮʝ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ 

ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʱʝ ʩʢʣʘʜʥʽʰʠʭ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

¶  ʆʧʪʠʤʽʟʘʮʽʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʂʦʤʧʘʥʽʷ ʩʧʨʦʙʫʚʘʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʐɯ ʚ ʜʘʪʘ-ʮʝʥʪʨʘʭ ʪʘ ʟʫʤʽʣʘ ʟʘʦʱʘʜʠʪʠ 40% ʝʥʝʨʛʽʾ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʜʣʷ 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ CO2. 

¶  ʋ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʟ ʧʨʦʝʢʪʽʚ ʥʝʡʨʦʤʝʨʝʞʫ ʥʘʚʯʠʣʠ ʢʝʨʫʚʘʪʠ ʬʦʨʤʦʶ ʧʣʘʟʤʠ 

ʫ ʩʧʨʘʚʞʥʴʦʤʫ ʪʝʨʤʦʷʜʝʨʥʦʤʫ ʨʝʘʢʪʦʨʽ ʪʠʧʫ ʪʦʢʘʤʘʢ, ʮʝ ʚʘʞʣʠʚʠʡ ʢʨʦʢ ʥʘ ʰʣʷʭʫ ʩʪʚʦʨʝʥʥʷ 

ʜʦʩʢʦʥʘʣʦʛʦ, ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʧʝʨʝʢʦʥʘʥʽ ʩʧʝʮʽʘʣʽʩʪʠ [8]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʐɯ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʦʟʨʦʙʢʘʭ 

ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʩʫʨʩʦʦʱʘʜʣʠʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʜʦʩʷʛʥʝʥʥʷ 

ʮʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ.   

ʉʠʩʪʝʤʘ Algoretail (ɯʟʨʘʾʣʴ) ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʮʝʜʫʨ ʟʘʢʫʧʽʚʣʽ ʧʨʦʜʫʢʪʽʚ ʫ ʨʦʟʜʨʽʙʥʽʡ ʪʦʨʛʽʚʣʽ. ɯʥʩʪʨʫʤʝʥʪ ʘʚʪʦʤʘʪʠʟʘʮʽʾ Algoretail IO 

ʧʨʦʧʦʥʫʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʜʘʞʽʚ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʽʚ 

ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʧʦʧʠʪʫ, ʱʦ ʰʚʠʜʢʦ ʧʩʫʶʪʴʩʷ, ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʥʦ ʤʽʥʽʤʽʟʫʶʯʠ ʢʽʣʴʢʽʩʪʴ 

ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ. ɿʘ ʚʽʜʛʫʢʘʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʾʤ ʚʜʘʣʦʩʷ ʩʢʦʨʦʪʠʪʠ ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ ʥʘ 30-

40% [9]. 

ʊʨʝʥʜʦʚʠʤʠ  ̒ʩʪʘʨʪʘʧʠ ʜʣʷ ʩʦʨʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʪʘʢʦʞ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʪʝʭʥʦʣʦʛʽʾ ʐɯ. Cycled Technologies AS (ʅʦʨʚʝʛʽʷ) ï ʨʦʟʫʤʥʠʡ ʢʦʰʠʢ ʟ ʪʝʭʥʦʣʦʛʽʻʶ 

ʩʘʤʦʩʦʨʪʫʚʘʥʥʷ ʪʘ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ. ʉʭʦʞʠʤ  ̒ʧʨʦʻʢʪ Bin-e (ʇʦʣʴʱʘ) ï ʨʦʟʫʤʥʠʡ ʩʤʽʪʪʻʚʠʡ 

ʙʘʢ ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʧʽʟʥʘʻ ʧʨʝʜʤʝʪʠ  ̔ ʩʦʨʪʫʻ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ  ̔

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. CleanRobotics (ʉʐɸ) ï ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʐɯ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʠ. 

ʌʨʘʥʮʫʟʴʢʠʡ ʩʪʘʨʪʘʧ Trizzy ʧʨʦʧʦʥʫʻ ʧʦʤʽʯʥʠʢʘ ʟ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʜʣʷ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʢʦʤʧʘʥʽʡ ʪʘ ʩʧʽʣʴʥʦʪ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʽʥ ʨʦʟʧʽʟʥʘ ̒ʨʽʟʥʽ 

ʚʠʜʠ ʚʽʜʭʦʜʽʚ  ̔ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʟʘʧʠʪʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦ ʪʝ, ʷʢ ʧʦʚʦʜʠʪʠʩʷ ʟ ʧʝʚʥʠʤʠ ʚʠʜʘʤʠ 

ʚʽʜʭʦʜʽʚ, ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʨʘʬʽʢʠ ʟʙʦʨʫ, ʢʦʤʧʦʩʪʫʚʘʥʥʷ, ʥʘʡʙʣʠʞʯʠʭ ʮʝʥʪʨʘʭ 

ʧʝʨʝʨʦʙʢʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ.  

ʇʨʦʜʫʢʪ ʽʟ ʧʽʜʪʨʠʤʢʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʽʜ ʥʘʟʚʦʶ Winnow Vision, ʟʘʧʫʱʝʥʠʡ 

ʙʨʠʪʘʥʩʴʢʦʶ ʢʦʤʧʘʥʽʻʶ Winnow Solutions  ̒ʨʝʚʦʣʶʮʽʡʥʠʤ ʩʪʘʨʪʘʧʦʤ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʠʤʠ 

ʚʽʜʭʦʜʘʤʠ ʥʘ ʢʦʤʝʨʮʽʡʥʠʭ ʢʫʭʥʷʭ. Winnow Vision ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʢʘʤʝʨʫ, ʨʦʟʫʤʥʽ ʚʘʛʠ ʪʘ 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʱʦʙ ʨʦʟʧʽʟʥʘʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʾʞʽ, ʚʠʢʠʥʫʪʦʾ ʫ ʩʤʽʪʥʠʢ. ʉʠʩʪʝʤʘ ʨʦʟʨʘʭʦʚʫʻ 

ʬʽʥʘʥʩʦʚʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʾʞʫ, ʱʦʙ ʢʫʭʘʨʽ ʫʩʚʽʜʦʤʠʣʠ ʮʽʥʥʽʩʪʴ ʚʽʜʭʦʜʽʚ. ʂʦʤʧʘʥʽʾ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Winnow Vision, ʟʤʝʥʰʫʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 
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ʈʠʩ. 2. Clearbot Neo ï ʟʙʠʨʘʯ 

ʦʢʝʘʥʽʯʥʦʛʦ ʩʤʽʪʪʷ [12] 

2-8%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʮʝ ʨʽʰʝʥʥ ̫ʥʘ ʦʩʥʦʚʽ ʐɯ ʧʨʠʥʦʩʠʪʴ ʢʦʨʠʩʪʴ ʷʢ ʧʽʜʧʨʠʻʤʩʪʚʘʤ, 

ʪʘʢ  ̔ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʪʘ ʚʽʜʧʦʚʽʜʘʪʠ ʢʦʥʮʝʧʮʽʷʤ ʩʪʘʣʦʩʪʽ, ʧʝʨʝʜʙʘʯʝʥʠʤ 

ʢʦʨʧʦʨʘʪʠʚʥʠʤʠ ʩʪʨʘʪʝʛʽʷʤʠ [10, 11]. 

Clearbot (ʂʠʪʘʡ) ï ʮʝ ʘʚʪʦʥʦʤʥʽ ʨʦʙʦʪʠ-ʟʙʠʨʘʯʽ ʦʢʝʘʥʽʯʥʦʛʦ ʩʤʽʪʪʷ ʥʘ ʦʩʥʦʚʽ ʐɯ (ʨʠʩ.2), 

ʷʢʽ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʪʘ ʟʙʠʨʘʪʠ ʩʤʽʪʪʷ ʟ ʚʦʜʠ. Clearbot Neo ʟʜʘʪʝʥ ʟʽʙʨʘʪʠ ʜʦ 15 ʣ ʥʘʬʪʠ ʪʘ 200 

ʢʛ ʧʣʘʚʘʶʯʦʛʦ ʩʤʽʪʪʷ ʟʘ ʜʝʥʴ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʝʥʝʨʛʦʥʦʩʽʾʚ. Clearbot Neo ï ʩʫʯʘʩʥʠʡ, 

ʝʬʝʢʪʠʚʥʠʡ  ̔ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ ʩʧʦʩʽʙ ʦʯʠʱʝʥʥʷ ʚʦʜʥʠʭ ʰʣʷʭʽʚ [12]. 

ʂʦʤʘʥʜʘ ʚʯʝʥʠʭ ʟ Descartes Labs (ʉʐɸ, 

ʉʘʥʪʘ-ʌʝ) ʟʘʧʫʩʪʠʣʘ ʽʥʥʦʚʘʮʽʡʥʠʡ ʜʝʪʝʢʪʦʨ 

ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʣʽʩʦʚʠʭ ʧʦʞʝʞ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʐɯ ʜʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʢʦʞʥʽ 

ʢʽʣʴʢʘ ʭʚʠʣʠʥ ʥʘʜʩʠʣʘʶʪʴʩʷ ʟ ʜʚʦʭ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ. ɸʣʛʦʨʠʪʤ ʰʫʢʘʻ 

ʥʘʷʚʥʽʩʪʴ ʜʠʤʫ ʘʙʦ ʟʤʽʥʠ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʪʝʧʣʦʚʠʭ 

ʜʘʥʠʭ, ʘ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʝʪʝʢʪʦʨ, ʱʦʙ 

ʥʘʜʽʩʣʘʪʠ ʧʦʧʝʨʝʜʞʝʥʥʷ ʣʽʩʥʠʢʘʤ. ʅʘʨʘʟʽ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ 6200 ʣʽʩʦʚʠʭ ʧʦʞʝʞ, ʫ ʪʦʤʫ ʯʠʩʣʽ  ̔

ʤʘʣʦʤʘʩʰʪʘʙʥʽ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʣʠʰʝ 4 ʛʘ ʣʽʩʫ.  

ʉʭʦʞʦʶ  ̒ʨʦʟʨʦʙʢʘ Pano (ʉʐɸ), ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʐɯ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʷʚʣʝʥʥʷ, ʧʝʨʝʚʽʨʢʠ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [13, 

14].  

Cervest (ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ) ʩʪʚʦʨʠʚ ʧʝʨʰʫ 

ʧʣʘʪʬʦʨʤʫ ʐɯ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʢʦʤʧʘʥʽʷʤ, ʫʨʷʜʘʤ 

ʽ ʚʠʨʦʙʥʠʢʘʤ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ 

ʢʣʽʤʘʪʫ ʪʘ ʟʘʭʠʩʪʠʪʠ ʥʘʰʫ ʧʣʘʥʝʪʫ. ʇʝʨʝʜʦʚʘ ʪʝʭʥʦʣʦʛʽʷ EarthScan ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʠʭ, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʥʘʡʩʫʯʘʩʥʽʰʫ ʢʣʽʤʘʪʦʣʦʛʽʶ, ʱʦʙ ʥʘʜʘʪʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʢʣʽʤʘʪʠʯʥʠʭ ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʚʝʥʷʤʠ, ʧʦʩʫʭʘʤʠ ʪʘ 

ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ [15]. 

ɺʠʥʦʨʦʙʥʽ E. & J. Gallo Winery ʚʜʘʣʦʩʴ ʩʢʦʨʦʪʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ ʥʘ 25%, ʧʨʠ ʮʴʦʤʫ 

ʟʙʽʣʴʰʠʚʰʠ ʜʦʭʦʜʠ ʥʘ 30 %. ɼʣʷ ʮʴʦʛʦ ʜʘʥʽ ʧʨʦ ʧʦʛʦʜʫ, ʩʪʘʥ ˇʨʫʥʪʫ, ʩʫʭʽʩʪʴ, ʚʽʪʝʨ ʪʦʱʦ ʙʫʣʠ 

ʟʽʙʨʘʥʽ ʪʘ ʦʮʽʥʝʥʽ ʐɯ, ʟ ʧʦʜʘʣʴʰʠʤ ʦʙʨʘʭʫʥʢʦʤ ʥʝʦʙʭʽʜʥʦʾ ʥʦʨʤʠ ʟʨʦʰʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ 

ʦʢʨʝʤʦʾ ʣʦʟʠ [16]. 

ʊʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʧʽʜʭʦʜʘʤʠ ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ ʪʘ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɹʇʃɸ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʥʘʙʫʚʘʶʪʴ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʪʘ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʩʧʨʷʤʫʚʘʥʥʷʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɼʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʘʢʪʠʚʥʦ ʘʜʘʧʪʫʶʪʴʩʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʚ 

ʣʽʩʦʚʢʨʠʪʠʭ ʜʽʣʷʥʢʘʭ ʣʘʥʜʰʘʬʪʽʚ, ʘ ʪʘʢʦʞ ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ [17].  

Wegaw (ʐʚʝʡʮʘʨʽʷ) ï ʮʝ ʩʠʩʪʝʤʘ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʩʠʥʪʝʟʫ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʦʜʥʠʭ ʽ ʩʥʽʛʦʚʠʭ ʨʝʩʫʨʩʽʚ. ʉʠʩʪʝʤʘ 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʛʝʥʝʨʘʮʽʶ ʝʥʝʨʛʽʾ ʥʘ 10%. ɸ ʢʦʤʧʘʥʽʷ GE Renewable Energy ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʫ ʩʚʦʾʭ ʚʽʪʨʦʚʠʭ ʪʫʨʙʽʥʘʭ, ʱʦʙ ʧʦʢʨʘʱʠʪʠ ʾʭʥʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʎʽ ʪʫʨʙʽʥʠ 

ʦʩʥʘʱʝʥʽ ʜʘʪʯʠʢʘʤʠ ʪʘ ʘʣʛʦʨʠʪʤʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ 

ʚʽʪʨʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʢʦʨʝʛʫʶʪʴ ʨʦʙʦʪʫ ʪʫʨʙʽʥʠ [18, 19]. 

Pachama (ʉʐɸ) ʪʘ  Treefera (ʉʐɸ) ï ʮʝ ʨʠʥʦʢ ʢʨʝʜʠʪʽʚ ʥʘ ʚʠʜʘʣʝʥʥʷ ʚʫʛʣʝʮʶ ʚ 

ʧʨʠʨʦʜʽ ʥʘ ʦʩʥʦʚʽ ʐɯ. Pachama ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʾ:  

Å ʦʮʽʥʢʘ ʚʫʛʣʝʮʶ (ʤʦʜʝʣʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, 

ʧʦʣʴʦʚʽ ʜʽʣʷʥʢʠ ʪʘ 3D-ʣʽʜʘʨʥʽ ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʦʚʽʪʨʷ, ʱʦʙ ʢʘʨʪʫʚʘʪʠ ʣʽʩʦʚʠʡ ʚʫʛʣʝʮʴ ʫ ʮʽʣʠʭ 

ʨʝʛʽʦʥʘʭ ʽ, ʟʨʝʰʪʦʶ, ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʩʚʽʪʫ);  
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Å ʤʦʥʽʪʦʨʠʥʛ ʟʤʽʥʠ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ: ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ  ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʚʪʨʘʪʠ ʪʘ ʧʨʠʨʦʩʪʠ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ ʟ ʯʘʩʦʤ [20, 21]. 

ʋ ʧʦʪʦʯʥʦʤʫ ʨʦʮʽ ʧʣʘʥʫʻʪʴʩʷ  ʟʘʧʫʩʢ ʥʘ ʦʨʙʽʪʫ ɿʝʤʣʽ ʉʫʧʫʪʥʠʢ ʌʦʥʜʫ ʟʘʭʠʩʪʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ MethaneSAT. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ, ʷʢʽ ʚ ʧʦʻʜʥʘʥʥʽ ʟʽ 

ʐɯ Google ʽ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷʤ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʦʧʦʤʦʞʫʪʴ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ, ʷʢ ʟʤʝʥʰʠʪʠ 

ʚʠʢʠʜʠ ʤʝʪʘʥʫ. ʅʦʚʠʡ ʩʫʧʫʪʥʠʢ EDF, MethaneSAT, ʢʘʨʪʦʛʨʘʬʫʚʘʪʠʤʝ, ʚʠʤʽʨʶʚʘʪʠʤʝ ʪʘ 

ʚʽʜʩʪʝʞʫʚʘʪʠʤʝ ʤʝʪʘʥ ʽʟ ʙʝʟʧʨʝʮʝʜʝʥʪʥʦʶ ʪʦʯʥʽʩʪʶ, ʧʨʦʧʦʥʫʶʯʠ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʠʢʠʜʠ 

ʤʝʪʘʥʫ. ɺʽʥ ʚʠʤʽʨʶʚʘʪʠʤʝ ʨʽʚʝʥʴ ʤʝʪʘʥʫ ʚ ʥʘʡʙʽʣʴʰʠʭ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ ʜʣʷ 

ʨʝʛʫʣʷʨʥʦʛʦ ʘʥʘʣʽʟʫ [22].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʚ ʝʢʦʣʦʛʽʾ, ʷʢʝ ʻ ʚʠʚʯʝʥʥʷʤ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʨʛʘʥʽʟʤʫ ʪʘ ʡʦʛʦ ʨʦʣʣʶ ʚ ʝʢʦʩʠʩʪʝʤʽ, ʤʘʻ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʫ ʽʩʪʦʨʽʶ ʧʦʨʽʚʥʷʥʦ 

ʟ ʽʥʰʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʐɯ. ʇʨʦʪʝ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʨʦʩʪʘʻ ʽʥʪʝʨʝʩ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʚʠʚʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ ʨʦʟʫʤʽʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʨʦʣʽ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʢʝʨʫʶʪʴ ʝʢʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ɿʘʛʘʣʴʥʦʜʦʩʪʫʧʥʽ ʘʥʦʪʦʚʘʥʽ 

ʙʘʟʠ ʜʘʥʠʭ ʚʩʝ ʯʘʩʪʽʰʝ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ɯʥʪʝʨʥʝʪʽ, ʱʦʙ ʧʦʣʝʛʰʠʪʠ ʥʘʚʯʘʥʥʷ ʛʣʠʙʦʢʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚ ʝʢʦʣʦʛʽʾ.  ʎʝ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʠʜʽʚ ʟʘ ʟʦʙʨʘʞʝʥʥʷʤ, ʘʙʦ ʚʠʟʥʘʯʥʠʢʠ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʦʨʥʽʪʦʬʘʫʥʠ ʟʘ ʟʚʫʢʘʤʠ.  

ʆʨʥʽʪʦʣʦʛʽʯʥʽ ʙʽʙʣʽʦʪʝʢʠ Macaulay (https://www.macaulaylibrary.org/)  ʘʙʦ Merlin Bird ID 

(https://merlin.allaboutbirds.org/), Bird ID (https://www.natureid.no/bird/), ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʥʘ 

ʦʩʥʦʚʽ ʐɯ BirdNET (https://birdnet.cornell.edu/), ʇʪʘʭʠ ʋʢʨʘʾʥʠ ï ʦʨʥʽʪʦʣʦʛʽʯʥʠʡ ʚʠʟʥʘʯʥʠʢ ʟ 

ʬʦʪʦ, ʦʧʠʩʘʤʠ ʪʘ ʟʚʫʢʘʤʠ ʧʪʘʭʽʚ, ʚ ʷʢʦʤʫ ʚʤʽʱʝʥʦ 428 ʚʠʜʽʚ ʩʫʯʘʩʥʦʾ ʦʨʥʽʪʦʬʘʫʥʠ ʋʢʨʘʾʥʠ. 

ʇʣʘʟʫʥʠ ʪʘ ʟʝʤʥʦʚʦʜʥʽ Xeno-Canto ( https://www.xeno-canto.org/ ), ʢʨʠʢʠ ʢʘʞʘʥʽʚ 

(https://www.batdetective.org/). ʈʦʩʣʠʥʠ ʘʙʦ ʟʦʙʨʘʞʝʥʥʷ ʪʚʘʨʠʥ, ʥʘʧʨʠʢʣʘʜ, ʮʝ ʧʣʘʪʬʦʨʤʘ Wild 

Me (https://www.wildme.org/), ʷʢʘ ʨʦʟʨʦʙʣʷʻ ʚʽʜʢʨʠʪʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʐɯ  ʜʣʷ 

ʥʘʫʢʦʚʦʾ ʩʧʽʣʴʥʦʪʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʮʽʚ; iNaturalist (https://www.inaturalist.org/) ï ʮʝ ʙʘʟʘ ʜʘʥʠʭ ʟ 

ʧʦʥʘʜ 470 ʪʠʩ. ʚʠʜʽʚ; PlantNet (PlantNet) ï ʢʦʣʝʢʮʽʷ 20 ʪʠʩ. ʚʠʜʽʚ ʝʢʟʦʪʠʯʥʠʭ ʨʦʩʣʠʥ [23, 24].  

ʇʨʦʻʢʪ AMMOD (Automated Multisensor station for Monitoring Of Specific Diversity), 

ʩʪʚʦʨʝʥʠʡ ʫ ʅʽʤʝʯʯʠʥʽ, ʩʧʨʷʤʦʚʘʥʠʡ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʤʽʥʠ ʚ ʨʦʟʚʠʪʢʫ ʚʠʜʦʚʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ. 

ɺʽʥ ʧʦʻʜʥʫʻ ʜʘʥʽ ʟ ʘʚʪʦʤʘʪʠʯʥʦ ʚʟʷʪʠʭ ʟʨʘʟʢʽʚ ɼʅʂ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʐɯ, ʙʽʦʘʢʫʩʪʠʢʫ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʢʨʠʢʠ ʧʪʘʭʽʚ, ʜʟʠʞʯʘʥʥʷ ʢʦʤʘʭ) ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʘʥʘʣʽʟ ʟʘʧʘʭʽʚ [25].  

ʋ ʚʝʨʝʩʥʽ 2023 ʨʦʢʫ ʥʘʫʢʦʚʮʽ ʋʢʨʘʾʥʩʴʢʦʛʦ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ (ʋʢʨɻʄɯ) 

ɼʉʅʉ ʋʢʨʘʾʥʠ ʪʘ ʅɸʅ ʋʢʨʘʾʥʠ ʫ ʩʧʽʚʧʨʘʮʽ ʟ IBM Research ʽ Texas Agrilife Research 

ʧʨʝʟʝʥʪʫʚʘʣʠ ʩʧʽʣʴʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʧʨʦʻʢʪ, ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

ɿʘʚʜʷʢʠ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘʤ çLand & Waterè (https://landwater.uhmi.org.ua/, ʨʠʩ.3) ʪʘ 

«AgroStats» (https://agrostats.uhmi.org.ua/,) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʩʫʭ, ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʩʪʘʪʠʩʪʠʢʠ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠ [26-28]. 

 

  
ʈʠʩ. 3. ɯʥʪʝʨʬʝʡʩ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ Land & Water ʪʘ AgroStats [27; 28] 

 

ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʐɯ ʜʣʷ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʪʘ 

ʧʦʰʫʢʫ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʦʯʝʚʠʜʥʽ. ʇʦʧʨʠ ʫʩʽ ʚʽʨʦʛʽʜʥʽ ʨʠʟʠʢʠ, ʙʽʣʴʰʽʩʪʴ ʦʩʚʽʪʥʷ ʩʭʠʣʷʻʪʴʩʷ ʜʦ 

ʪʦʛʦ, ʱʦ ʟʘʙʦʨʦʥʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʚʩʝ ʦʜʥʦ ʥʝ ʚʜʘʩʪʴʩʷ, ʪʦʤʫ ʢʨʘʱʝ 

ʘʜʘʧʪʫʚʘʪʠ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʟʘʻʤʥʦʾ ʢʦʨʠʩʪʽ ʚ ʩʠʩʪʝʤʽ ʚʟʘʻʤʦʜʽʾ çʚʠʢʣʘʜʘʯ-

ʟʜʦʙʫʚʘʯè. 

https://www.macaulaylibrary.org/
https://merlin.allaboutbirds.org/
https://www.natureid.no/bird/
https://birdnet.cornell.edu/
https://play.google.com/store/apps/details?id=com.needapps.birds.birdua&hl=uk&gl=US
https://www.xeno-canto.org/
https://www.batdetective.org/
https://www.wildme.org/
https://www.inaturalist.org/
http://plantnet.org/
https://landwater.uhmi.org.ua/
https://agrostats.uhmi.org.ua/
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ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʠʡ ʚʠʱʝ ʤʘʪʝʨʽʘʣ, ʚʙʘʯʘʻʤʦ ʜʦʮʽʣʴʥʠʤ ʟʘʧʠʪʘʪʠ ʚ ʯʘʪʫ Gemini 

(https://gemini.google.com/app), ʷʢʽ ʞ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ, ʥʘ ʱʦ ʦʪʨʠʤʫʻʤʦ ʚʝʣʴʤʠ ʩʪʨʫʢʪʫʨʦʚʘʥʫ ʚʽʜʧʦʚʽʜʴ ʥʘʚʝʜʝʥʫ ʥʠʞʯʝ: 

çʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ) ʤʘʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʝʚʦʣʶʮʽʡʥʠʭ ʟʤʽʥ ʫ ʩʬʝʨʽ 

ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ, ʧʨʦʧʦʥʫʶʯʠ ʽʥʥʦʚʘʮʽʡʥʽ ʪʘ ʟʘʭʦʧʣʶʶʯʽ ʩʧʦʩʦʙʠ ʥʘʚʯʘʥʥʷ ʣʶʜʝʡ ʧʨʦ 

ʜʦʚʢʽʣʣʷ. ʆʩʴ ʢʽʣʴʢʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ: 

1. ʇʝʨʩʦʥʘʣʽʟʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʘʜʘʧʪʠʚʥʽ ʦʩʚʽʪʥʽ ʩʠʩʪʝʤʠ: 

ʐɯ-ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʟʜʦʙʫʚʘʯʽʚ, ʱʦʙ ʩʪʚʦʨʶʚʘʪʠ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʽ ʥʘʚʯʘʣʴʥʽ ʧʣʘʥʠ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʥʘʚʯʘʣʴʥʠʡ ʢʦʥʪʝʥʪ ʜʦ ʾʭʥʽʭ ʧʦʪʨʝʙ, ʽʥʪʝʨʝʩʽʚ ʽ 

ʩʪʠʣʶ ʥʘʚʯʘʥʥʷ. ʎʝ ʤʦʞʝ ʟʨʦʙʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʦʩʚʽʪʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʪʘ ʮʽʢʘʚʦʶ ʜʣʷ ʫʯʥʽʚ 

ʫʩʽʭ ʨʽʚʥʽʚ. 

ɯʥʪʝʨʘʢʪʠʚʥʽ ʥʘʚʯʘʣʴʥʽ ʩʠʤʫʣʷʮʽʾ ʪʘ ʚʽʨʪʫʘʣʴʥʽ ʩʝʨʝʜʦʚʠʱʘ: ʐɯ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʘʣʽʩʪʠʯʥʠʭ ʩʠʤʫʣʷʮʽʡ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʫʯʥʷʤ ʜʦʩʣʽʜʞʫʚʘʪʠ ʨʽʟʥʽ ʝʢʦʩʠʩʪʝʤʠ, ʚʠʚʯʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʚʽʜʯʫʚʘʪʠ 

ʥʘʩʣʽʜʢʠ ʩʚʦʾʭ ʜʽʡ ʥʘ ʜʦʚʢʽʣʣʷ. 

ɯʛʨʠ ʪʘ ʛʝʡʤʽʬʽʢʘʮʽʷ: ʐɯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʟʘʭʦʧʣʶʶʯʠʭ ʽʛʦʨ ʪʘ 

ʟʘʩʪʦʩʫʥʢʽʚ, ʷʢʽ ʨʦʙʣʷʪʴ ʥʘʚʯʘʥʥʷ ʧʨʦ ʜʦʚʢʽʣʣʷ ʙʽʣʴʰ ʚʝʩʝʣʠʤ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʤ. 

2. ɼʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʝʩʫʨʩʽʚ: 

ʐɯ-ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʟʙʠʨʘʪʠ ʪʘ ʘʛʨʝʛʫʚʘʪʠ ʜʘʥʽ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ ʥʘʫʢʦʚʽ ʩʪʘʪʪʽ, 

ʫʨʷʜʦʚʽ ʟʚʽʪʠ ʪʘ ʜʘʪʯʠʢʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ, ʥʘʜʘʶʯʠ ʟʜʦʙʫʚʘʯʘʤ ʜʦʩʪʫʧ ʜʦ ʘʢʪʫʘʣʴʥʦʾ ʪʘ 

ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ. 

ʏʘʪ-ʙʦʪʠ ʪʘ ʚʽʨʪʫʘʣʴʥʽ ʧʦʤʽʯʥʠʢʠ: ʐɯ-ʧʦʤʽʯʥʠʢʠ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘ ʟʘʧʠʪʠ 

ʟʜʦʙʫʚʘʯʽʚ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, ʥʘʜʘʚʘʪʠ ʾʤ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʽʩʮʝʚʽ ʝʢʦʣʦʛʽʯʥʽ 

ʽʥʽʮʽʘʪʠʚʠ ʪʘ ʟ'ʻʜʥʫʚʘʪʠ ʾʭ ʟ ʝʢʩʧʝʨʪʘʤʠ ʪʘ ʨʝʩʫʨʩʘʤʠ. 

ʇʝʨʝʢʣʘʜ ʤʦʚ ʪʘ ʘʜʘʧʪʘʮʽʷ ʢʦʥʪʝʥʪʫ: ʐɯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʝʨʝʢʣʘʜʫ 

ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʽʟʥʽ ʤʦʚʠ ʪʘ ʘʜʘʧʪʘʮʽʾ ʾʭ ʜʦ ʨʽʟʥʠʭ ʢʫʣʴʪʫʨʥʠʭ ʢʦʥʪʝʢʩʪʽʚ, ʨʦʙʣʷʯʠ 

ʝʢʦʣʦʛʽʯʥʫ ʦʩʚʽʪʫ ʙʽʣʴʰ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʣʶʜʝʡ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. 

3. ʇʽʜʪʨʠʤʢʘ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʽʥʥʦʚʘʮʽʡ ʚ ʝʢʦʣʦʛʽʯʥʽʡ ʦʩʚʽʪʽ: 

ʐɯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʧʨʦ ʝʢʦʣʦʛʽʯʥʫ ʦʩʚʽʪʫ, 

ʱʦʙ ʚʠʷʚʣʷʪʠ ʪʝʥʜʝʥʮʽʾ, ʚʠʟʥʘʯʘʪʠ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʪʘ ʦʮʽʥʶʚʘʪʠ ʚʧʣʠʚ ʨʽʟʥʠʭ 

ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ. 

ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ: ʐɯ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʽʥʪʝʨʘʢʪʠʚʥʽ 

ʢʘʨʪʠ, ʩʠʩʪʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ, ʷʢʽ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ 

ʚʯʠʪʝʣʷʤ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʥʘʚʯʘʪʠ ʧʨʦ ʜʦʚʢʽʣʣʷ. 

ʉʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʩʝʨʝʜʦʚʠʱ: ʐɯ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʫʯʥʷʤ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʥʝ 

ʚʠʭʦʜʷʯʠ ʟ ʜʦʤʫ. 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʚ ʝʢʦʣʦʛʽʯʥʽʡ ʦʩʚʽʪʽ ʪʘʢʦʞ ʤʘʻ ʚʠʢʣʠʢʠ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ. ʅʘʧʨʠʢʣʘʜ, ʚʘʞʣʠʚʦ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʐɯ-ʩʠʩʪʝʤʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʥʘʫʢʦʚʦ-ʜʦʩʪʦʚʽʨʥʽʡ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʥʝ ʫʧʝʨʝʜʞʝʥʦ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʧʝʚʥʠʭ ʪʦʯʦʢ ʟʦʨʫ. ɺ ʮʽʣʦʤʫ, 

ʐɯ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ, ʨʦʙʣʷʯʠ ʾʾ ʙʽʣʴʰ 

ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʶ, ʟʘʭʦʧʣʶʶʯʦʶ, ʜʦʩʪʫʧʥʦʶ ʪʘ ʝʬʝʢʪʠʚʥʦʶ. ɿ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʨʦʟʚʠʪʢʦʤ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐɯ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʥʘʤ ʥʘʚʯʠʪʠ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ ʣʶʜʝʡ ʮʽʥʫʚʘʪʠ ʪʘ ʟʘʭʠʱʘʪʠ 

ʜʦʚʢʽʣʣʷè. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʘʜʘʧʪʠʚʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʦʢʨʝʩʣʶʶʪʴ ʢʦʣʦ ʚʘʛʦʤʠʭ 

ʧʝʨʩʧʝʢʪʠʚ ʷʢ ʜʣʷ ʦʩʚʽʪʥʴʦʾ, ʪʘʢ ʽ ʜʣʷ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʨʘʭʫʚʘʚʰʠ ʫʩʽ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ, ʤʦʞʥʘ ʫʨʽʟʥʦʤʘʥʽʪʥʠʪʠ ʪʨʘʜʠʮʽʡʥʽ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʽ ʤʝʪʦʜʠ 

ʥʘʚʯʘʥʥʷ [29] (ʦʩʦʙʣʠʚʦ ʚ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʬʦʨʤʘʪʽ) ʪʘ ʽʥʪʝʛʨʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʐɯ ʜʣʷ 

ʚʟʘʻʤʦʢʦʨʠʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʟʜʦʙʫʚʘʯʘʤʠ, ʪʘʢ ʽ ʚʠʢʣʘʜʘʯʘʤʠ.  
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ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʥʘʷʚʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʚ 

ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʾ, ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ ʥʘʫʢʦʚʽ ʨʦʟʨʦʙʢʠ ʪʘ ʩʪʘʨʪʘʧʠ ʘʢʪʠʚʥʦ ʧʦʧʫʣʷʨʠʟʫʶʪʴʩʷ ʪʘ 

ʟʥʘʭʦʜʷʪʴ ʚʽʜʛʫʢ ʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʽʥʚʝʩʪʦʨʽʚ ʣʠʰʝ ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ, ʘʣʝ ʟ 

ʢʦʞʥʠʤ ʨʦʢʦʤ ʘʢʪʠʚʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʛʘʣʫʟʝʡ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴ ʐɯ ʚ 

ʩʚʦʾ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʦʟʨʦʙʢʠ, ʘ ʩʘʤʝ: ʩʠʩʪʝʤʠ ʩʦʨʪʫʚʘʥʥʷ ʩʤʽʪʪʷ, ʰʚʠʜʢʦʛʦ ʪʘ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ (ʦʩʦʙʣʠʚʦ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʟ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʬʽʟʠʯʥʦʛʦ 

ʜʦʩʪʫʧʫ), ʘʥʘʣʽʟʫ ʪʘ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʩʫʨʩʦʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʰʣʷʭʫ ʧʝʨʝʭʦʜʫ ʜʦ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʜʦʩʷʛʥʝʥʥʷ 

ʮʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʧʝʨʩʧʝʢʪʠʚʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʪʘ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʽʨʦʛʽʜʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʨʠʟʠʢʽʚ ʚ ʪ.ʯ. ʜʣʷ ʛʘʣʫʟʽ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʦʮʽʥʢʘ ʧʦʪʝʥʮʽʘʣʫ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʨʠʢʣʘʜʠ ʧʦʜʽʙʥʠʭ ʨʦʟʨʦʙʦʢ 

ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ, ʚʦʥʠ ʽʥʪʝʛʨʫʶʪʴʩʷ ʥʘ ʟʘʤʽʥʫ ʧʝʚʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʫ, ʘʙʦ ʷʢ 

ʜʦʜʘʪʢʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʘʣʝ ʫʩʽ ʚʦʥʠ ʤʘʶʪʴ ʢʣʶʯʦʚʫ ʤʝʪʫ ï 

ʟʤʝʥʰʝʥʥʷ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʢʦʨʦʯʝʥʥʷ ʫʪʚʦʨʝʥʠʭ 

ʚʽʜʭʦʜʽʚ ʥʘ ʰʣʷʭʫ ʜʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ.  

ʊʝʭʥʦʣʦʛʽʷ ʐɯ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʦʮʽʥʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʝʷʢʠʤ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʘʤ 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʜʽʻʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʝʢʦʥʦʤʽʾ ʯʘʩʫ 

ʪʘ ʨʝʩʫʨʩʽʚ ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʝʣʠʢʠʤʠ ʤʘʩʠʚʘʤʠ ʜʘʥʠʭ ʟ ʥʦʚʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʷʤʠ.  
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ɸʥʦʪʘʮʽʷ. ʋʥʽʢʘʣʴʥʽ ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ ʽ ʨʝʩʫʨʩʠ ʪʘ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʪʫʨʠʩʪʠʯʥʦʾ ʩʬʝʨʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʩʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ʚ ʋʢʨʘʾʥʽ ʤʦʞʝ ʩʪʘʪʠ ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ʻ ʦʜʥʠʤ ʽʟ ʚʠʜʽʚ ʪʫʨʠʟʤʫ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʫ ʩʦʙʽ ʽʥʰʽ ʧʽʜʚʠʜʠ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʽ ʟ ʚʽʜʧʦʯʠʥʢʦʤ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʩʴʢʫ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʢʦʤʧʣʝʢʩʫ ʧʨʷʤʠʭ ʟʚôʷʟʢʽʚ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʪʫʨʠʟʤʫ ʪʘ 

ʜʝʪʘʣʽʟʦʚʘʥʦ ʾʭ ʢʣʶʯʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʱʦʜʦ ʥʘʜʘʥʥʷ ʚʽʜʧʦʯʠʥʢʦʚʠʭ ʧʦʩʣʫʛ. ʋʟʘʛʘʣʴʥʝʥʦ 

ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ. ɺʠʷʚʣʝʥʦ ʢʣʶʯʦʚʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ 

ʚʽʜʨʦʜʞʝʥʥʶ ʩʽʣʴʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʽ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʰʣʷʭʠ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʬʦʨʤʫʚʘʪʠʤʝ ʧʦʟʠʪʠʚʥʠʡ ʽʤʽʜʞ ʋʢʨʘʾʥʠ ʥʘ 

ʩʚʽʪʦʚʦʤʫ ʪʫʨʠʩʪʠʯʥʦʤʫ ʨʠʥʢʫ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ, ʪʫʨʠʟʤ, ʚʠʜʠ ʪʫʨʠʟʤʫ, ʩʽʣʴʩʴʢʘ ʤʽʩʮʝʚʽʩʪʴ, ʩʽʣʴʩʴʢʘ 

ʩʘʜʠʙʘ, ʋʢʨʘʾʥʘ. 

 

Abstract. The unique natural conditions and resources potential opportunities for the 

development of the tourism sector indicate that rural tourism in Ukraine can become one of the 

important tools for ensuring the sustainable development of of rural settlements. It is established that 

rural tourism is one of the types of tourism that combines other subspecies that are directly related to 

recreation in the countryside. The authorôs classification of the complex of direct links of rural 

tourism with other types of tourism is presented. The key features of the provision of recreational 

services are detailed. The main functions of rural tourism are summarized. The key tasks are 

identified and the ways of their implementation are proposed, that will contribute to the revival of 

rural settlements and the development of rural tourism, which will further shape a positive image of 

Ukraine in the world tourism market. 

Keywords: rural tourism, tourism, types of tourism, rural area, rural estate, Ukraine. 

 

ɺʩʪʫʧ 

ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʨʦʣʴ ʪʫʨʠʩʪʠʯʥʦʾ ʽʥʜʫʩʪʨʽʾ ʟʥʘʯʥʦ ʟʨʦʩʣʘ. Cʴʦʛʦʜʥʽ 

ʪʫʨʠʟʤ ʻ ʥʝ ʣʠʰʝ ʩʧʦʩʦʙʦʤ ʚʽʜʧʦʯʠʥʢʫ ʪʘ ʮʽʢʘʚʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʟʚʽʣʣʷ, ʘʣʝ ʡ ʦʜʥʠʤ ʟ 

ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʧʦʧʦʚʥʝʥʥʷ ʤʽʩʮʝʚʠʭ ʙʶʜʞʝʪʽʚ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʜʝʨʞʘʚ 

ʪʫʨʠʟʤ ʚʞʝ ʜʘʚʥʦ ʩʪʘʚ ʦʜʥʠʤ ʽʟ ʩʪʨʘʪʝʛʽʯʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ. ɿ 

ʨʦʟʰʠʨʝʥʥʷʤ ʩʬʝʨʠ ʥʘʜʘʥʥʷ ʪʫʨʠʩʪʠʯʥʠʭ ʧʦʩʣʫʛ ʟô̫ ʚʠʣʠʩʷ ʥʦʚʽ ʚʠʜʠ ʪʫʨʠʟʤʫ, ʷʢʽ ʧʦʩʪʫʧʦʚʦ 

ʫʪʚʝʨʜʠʣʠʩʷ ʥʘ ʪʫʨʠʩʪʠʯʥʦʤʫ ʨʠʥʢʫ. ʆʜʥʠʤ ʽʟ ʥʠʭ ʻ ʩʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ï ʧʝʨʩʧʝʢʪʠʚʥʠʡ 

ʥʘʧʨʷʤ ʨʦʟʚʠʪʢʫ ʪʫʨʠʟʤʫ, ʷʢʠʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʧʨʦʙʣʝʤ 

ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ. ʉʘʤʝ ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʩʘʜ 

ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ, ʚʠʚʯʝʥʥʷ ʧʨʦʙʣʝʤ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʜʣʷ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʨʽʰʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʷʢʽ ʩʴʦʛʦʜʥʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʛʣʠʙʣʝʥʠʭ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʩʬʝʨʽ. 

ʉʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ʻ ʦʜʥʠʤ ʟ ʝʢʦʣʦʛʽʯʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʚʠʜʽʚ ʪʫʨʠʟʤʫ, ʦʩʢʽʣʴʢʠ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ ʪʘ ʢʫʣʴʪʫʨʥʦ-ʽʩʪʦʨʠʯʥʦʾ ʩʧʘʜʱʠʥʠ ʩʽʣʴʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ, 

ʘ ʪʘʢʦʞ ʥʘ ʧʽʜʪʨʠʤʢʫ ʤʽʩʮʝʚʦʛʦ ʥʘʩʝʣʝʥʥʷ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ. ʎʝʡ ʚʠʜ 
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ʪʫʨʠʟʤʫ ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʚʽʜʫʚʘʥʥʷ ʩʽʣʴʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʽʟ ʩʧʦʩʦʙʦʤ ʞʠʪʪʷ 

ʤʽʩʮʝʚʦʛʦ ʥʘʩʝʣʝʥʥʷ, ʪʨʘʜʠʮʽʷʤʠ, ʢʫʣʴʪʫʨʦʶ, ʘ ʪʘʢʦʞ ʟ ʤʦʞʣʠʚʽʩʪʴ ʮʽʢʘʚʦʛʦ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʟʚʽʣʣʷ (ʘʢʪʠʚʥʠʡ ʚʽʜʧʦʯʠʥʦʢ, ʝʢʩʢʫʨʩʽʾ ʪʦʱʦ).  

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʴʦʛʦʜʥʽ ʩʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ʚ ʋʢʨʘʾʥʽ ʧʝʨʝʙʫʚʘʻ ʥʘ ʩʪʘʜʽʾ 

ʩʪʘʥʦʚʣʝʥʥʷ, ʘ ʪʫʨʠʩʪʠʯʥʽ ʧʦʩʣʫʛʠ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʧʦʯʘʣʠ ʩʠʩʪʝʤʥʦ ʨʦʟʚʠʚʘʪʠʩʷ 

ʧʦʯʠʥʘʶʯʠ ʟ ʢʽʥʮʷ 20 ʩʪʦʣʽʪʪʷ. ɺʽʜʧʦʯʠʥʦʢ ʫ ʤʘʣʴʦʚʥʠʯʦʤʫ ʩʝʣʽ ʚ ʧʨʠʚʘʪʥʽʡ ʩʘʜʠʙʽ ʛʦʩʧʦʜʘʨʷ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʝ ʣʠʰʝ ʥʘ ʟʜʦʨʦʚôʷ ʪʫʨʠʩʪʽʚ, ʘʣʝ ʡ ʥʘ ʤʽʩʮʝʚʫ ʝʢʦʥʦʤʽʢʫ ʩʽʣʴʩʴʢʠʭ 

ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ. ʗʢ ʥʘʩʣʽʜʦʢ, ʩʽʣʴʩʴʢʝ ʥʘʩʝʣʝʥʥʷ ʦʪʨʠʤʫʻ ʰʠʨʰʠʡ ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ 

ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ, ʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʧʨʦʜʫʢʪʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʚʣʘʩʥʠʢʘʤʠ ʩʽʣʴʩʴʢʠʭ ʩʘʜʠʙ, 

ʤʦʞʥʘ ʧʨʦʜʘʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. 

ʉʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ʚʠʩʪʫʧʘʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʽʣʴʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʇʨʦʙʣʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʯʠʥʘʻ 

ʥʘʙʫʚʘʪʠ ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ ʪʨʫʜʥʦʱʽʚ ʫ ʚʟʘʻʤʦʟʚôʷʟʢʘʭ ʤʽʞ 

ʣʶʜʠʥʦʶ ʪʘ ʥʘʚʢʦʣʠʰʥʽʤ ʧʨʠʨʦʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʧʦʚʠʥʝʥ ʬʦʢʫʩʫʚʘʪʠʩʷ 

ʥʘ ʧʨʦʮʝʩʽ, ʱʦ ʛʘʨʤʦʥʽʡʥʦ ʧʦʻʜʥʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʘʩʧʝʢʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʽʥʩʪʠʪʫʮʽʡʥʽ ʟʤʽʥʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʧʦʪʨʝʙʘʤʠ ʪʝʧʝʨʽʰʥʴʦʛʦ ʽ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. 

ʉʘʤʝ ʪʦʤʫ ʢʣʶʯʦʚʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʻ: ʟʙʝʨʝʞʝʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʝʢʦʩʠʩʪʝʤ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʚʠʜʽʚ ʚʽʜʧʦʯʠʥʢʫ; 

ʧʽʜʪʨʠʤʢʘ ʤʽʩʮʝʚʦʾ ʝʢʦʥʦʤʽʢʠ ʰʣʷʭʦʤ ʩʦʮʽʦʢʫʣʴʪʫʨʥʦʛʦ ʦʙʤʽʥʫ; ʩʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ʩʧʨʠʷʻ 

ʟʙʝʨʝʞʝʥʥʶ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʪʘ ʪʨʘʜʠʮʽʡ, ʘ ʪʘʢʦʞ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʬʦʨʤ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ. 

1. ʉʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ʷʢ ʦʜʠʥ ʽʟ ʚʠʜʽʚ ʪʫʨʠʟʤʫ, ʱʦ ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʦʤʫ ʩʦʮʽʦ-

ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʋʢʨʘʾʥʘ ʨʦʟʛʣʷʜʘʻ ʪʫʨʠʟʤ ʷʢ ʦʜʠʥ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ 

ʢʫʣʴʪʫʨʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʜʣʷ ʪʫʨʠʩʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʯʽʪʢʦʾ 

ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʧʨʘʚʦʚʦʾ ʙʘʟʠ, ʘ ʂʦʥʩʪʠʪʫʮʽʷ ʋʢʨʘʾʥʠ (ʩʪʘʪʪʷ 45) [10] ʛʘʨʘʥʪʫʻ ʧʨʘʚʦ ʥʘ 

ʚʽʜʧʦʯʠʥʦʢ ʫʩʽʤ ʛʨʦʤʘʜʷʥʘʤ ʋʢʨʘʾʥʠ. 

ʆʩʥʦʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ, ʷʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʝʛʫʣʶʻ ʟʜʽʡʩʥʝʥʥʷ ʪʫʨʠʩʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʽ ʻ ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʪʫʨʠʟʤè [9]. ʎʝʡ ɿʘʢʦʥ ʚʠʟʥʘʯʘʻ ʟʘʛʘʣʴʥʽ ʧʨʘʚʦʚʽ, 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʟʘʩʘʜʠ ʨʝʘʣʽʟʘʮʽʾ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ ʫ ʩʬʝʨʽ 

ʪʫʨʠʟʤʫ. ʋ ʥʴʦʤʫ ʪʘʢʦʞ ʦʢʨʝʩʣʝʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʫʨʠʩʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʽ ʟʚʝʨʥʝʥʦ ʫʚʘʛʫ ʥʘ ʚʽʜʥʦʩʠʥʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ ʪʘ ʟʜʽʡʩʥʝʥʥʷʤ 

ʪʫʨʠʩʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ʇʨʘʚʦ ʩʝʣʷʥʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʟʘʡʤʘʪʠʩʷ 

ʩʽʣʴʩʴʢʠʤ ʪʫʨʠʟʤʦʤ ʚʠʟʥʘʯʝʥʝ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʦʙʠʩʪʝ ʩʝʣʷʥʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦè [8]. 

ɺʨʘʭʦʚʫʶʯʠ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʪʫʨʠʩʪʠʯʥʦʾ ʛʘʣʫʟʽ, ʋʨʷʜ ʋʢʨʘʾʥʠ ʩʭʚʘʣʠʚ 

ʉʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ ʪʫʨʠʟʤʫ ʪʘ ʢʫʨʦʨʪʽʚ ʥʘ ʧʝʨʽʦʜ ʜʦ 2026 ʨʦʢʫ. ʉʪʨʘʪʝʛʽʷ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʪʫʨʠʟʤʫ ʪʘ ʢʫʨʦʨʪʽʚ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʷʢʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʻʚʨʦʧʝʡʩʴʢʠʭ ʮʽʥʥʦʩʪʝʡ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʾ ʥʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʫ ʪʘ ʚʠʩʦʢʦʨʝʥʪʘʙʝʣʴʥʫ ʛʘʣʫʟʴ, ʽʥʪʝʛʨʦʚʘʥʫ ʫ ʩʚʽʪʦʚʠʡ ʨʠʥʦʢ, ʷʢʘ ʩʧʨʠʷʻ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʽ ʜʝʨʞʘʚʠ ʚ ʮʽʣʦʤʫ, ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʞʠʪʪʷ 

ʥʘʩʝʣʝʥʥʷ, ʢʦʥʩʦʣʽʜʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʋʢʨʘʾʥʠ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʽʚʥʽ [6]. 

ʂʦʥʮʝʧʮʽʷ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʧʽʜʭʦʜʘʤʠ çʩʪʘʣʦʛʦ ʪʫʨʠʟʤʫè, ʜʝ 

ʪʫʨʠʟʤ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ ʫʩʽ ʧʦʪʦʯʥʽ ʪʘ ʤʘʡʙʫʪʥʽ ʩʦʮʽʦ-ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʽ ʥʘʩʣʽʜʢʠ, 

ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʧʦʪʨʝʙʠ ʪʫʨʠʩʪʽʚ, ʜʦʚʢʽʣʣʷ ʪʘ ʛʘʣʫʟʽ ʝʢʦʥʦʤʽʢʠ  [2]. 

ʈʝʘʣʽʾ ʩʴʦʛʦʜʝʥʥʷ ʚʠʤʘʛʘʶʪʴ ʛʥʫʯʢʦʩʪʽ ʪʘ ʰʚʠʜʢʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ 

ʨʦʟʚʠʪʢʫ. ʊʫʨʠʟʤ ʷʢ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʝ ʷʚʠʱʝ ʥʝ ʻ ʚʠʥʷʪʢʦʤ. ʅʘʚʧʘʢʠ, ʪʫʨʠʟʤ ʽʥʪʝʥʩʠʚʥʦ 

ʩʧʨʠʷʻ ʚʧʨʦʚʘʜʞʝʥʥʶ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʬʦʨʤʫʻ ʩʦʮʽʘʣʴʥʽ ʦʨʽʻʥʪʠʨʠ ʪʘ ʧʨʠʥʦʩʠʪʴ 

ʝʢʦʥʦʤʽʯʥʫ ʚʠʛʦʜʫ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʟô̫ ʚʣʷʶʪʴʩʷ ʥʦʚʽ ʥʘʧʨʷʤʢʠ ʪʘ ʚʠʜʠ ʪʫʨʠʟʤʫ. ʈʦʟʚʠʪʦʢ 

ʧʝʚʥʠʭ ʚʠʜʽʚ ʪʫʨʠʟʤʫ ʚ ʢʦʞʥʦʤʫ ʨʝʛʽʦʥʽ ʋʢʨʘʾʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʪʘ 

ʝʢʦʥʦʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʇʦʷʚʽ ʪʘ ʧʦʰʠʨʝʥʥʶ ʥʦʚʠʭ ʚʠʜʽʚ ʪʫʨʠʟʤʫ ʪʘʢʦʞ ʩʧʨʠʷʶʪʴ ʧʨʦʮʝʩʠ 

ʛʣʦʙʘʣʽʟʘʮʽʾ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ. ɿʨʝʰʪʦʶ, ʽʥʪʝʨʥʘʮʽʦʥʘʣʽʟʘʮʽʷ ʝʢʦʥʦʤʽʢʠ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʜʦʩʷʛʥʝʥʴ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʩʧʨʠʷʣʠ ʧʦʷʚʽ ʪʘ ʨʦʟʚʠʪʢʫ ʘʙʩʦʣʶʪʥʦ ʥʦʚʠʭ 
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ʥʘʧʨʷʤʽʚ ʫ ʪʫʨʠʟʤʽ [3]. 

ɸʥʘʣʽʟʫʶʯʠ ʪʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʷʢ ʥʘʫʢʦʚʦ-ʪʝʨʤʽʥʦʣʦʛʽʯʥʦʛʦ 

ʧʦʥʷʪʪʷ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʮʝʡ ʚʠʜ ʪʫʨʠʟʤʫ ʱʝ ʡ ʜʦʩʽ  ̒ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʧʨʘʮʷʭ 

ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʮʽʚ  ̔ ʪʨʘʢʪʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʫ ʩʫʩʧʽʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʚʽʜʥʦʩʠʥʘʭ. 

ʆʢʨʽʤ ʪʦʛʦ, ʩʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ  ̒ʚʠʜʦʤ ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʥʘʜʘʥʥʷ 

ʷʢʽʩʥʠʭ ʧʦʩʣʫʛ ʟ ʚʽʜʧʦʯʠʥʢʫ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʜʦʭʦʜʽʚ. 

ɸʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʟʘ ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʠʭ ʪʦʯʦʢ 

ʟʦʨʫ ʚʯʝʥʠʭ ʩʪʦʩʦʚʥʦ ʤʽʩʮʷ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʩʝʨʝʜ ʽʥʰʠʭ ʚʠʜʽʚ ʪʫʨʠʟʤʫ. ʐʣʷʭʦʤ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʘʷʚʥʠʭ ʧʽʜʭʦʜʽʚ ʚʽʪʯʠʟʥʷʥʠʭ  ̔ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʜʽʚ ʪʫʨʠʟʤʫ 

ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʽʜʚʠʜʽʚ 

ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʜʘʥʥʷ ʥʠʤʠ ʚʽʜʧʦʯʠʥʢʦʚʠʭ ʧʦʩʣʫʛ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ʂʦʤʧʣʝʢʩ ʧʨʷʤʠʭ ʟʚôʷʟʢʽʚ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʟ ʚʠʜʘʤʠ ʪʫʨʠʟʤʫ 
ʇʨʠʤʽʪʢʘ. ʈʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ. 

 

ʉʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʥʘʧʨʷʤʠ ʚʽʜʧʦʯʠʥʢʫ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ 

ʚʽʜʧʦʯʠʥʢʦʤ ʫ ʩʽʣɹʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ (ʩʽʣʴʩʴʢʽʡ ʩʘʜʠʙʽ ʯʠ ʙʫʜʠʥʢʫ ʛʦʩʧʦʜʘʨʷ), ʧʦʭʦʜʘʤʠ ʚ ʣʽʩ, 

ʛʦʨʠ, ʧʦʜʦʨʦʞʽ ʜʦ ʚʠʟʥʘʯʥʠʭ ʤʽʩʮʴ ʧʝʚʥʦʛʦ ʨʝʛʽʦʥʫ ʪʦʱʦ (ʪʘʙʣ. 1). ʉʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ʤʦʞʝ 

ʙʫʪʠ ʷʢ ʧʘʩʠʚʥʠʤ ʚʠʜʦʤ ʚʽʜʧʦʯʠʥʢʫ, ʪʘʢ  ̔ʘʢʪʠʚʥʠʤ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʦʙʠʩʪʠʭ ʚʧʦʜʦʙʘʥʴ 

ʪʫʨʠʩʪʘ).  

ʉʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ  ̒ʦʜʥʠʤ ʽʟ ʚʠʜʽʚ ʪʫʨʠʟʤʫ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʽʥʰʽ ʧʽʜʚʠʜʠ. ɺʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʡ ʧʽʜʚʠʜʽʚ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʚʢʘʟʫʻ ʥʘ ʙʘʛʘʪʦʛʨʘʥʥʽʩʪʴ ʪʘ 

ʙʘʛʘʪʦʚʝʢʪʦʨʥʽʩʪʴ ʪʫʨʠʩʪʠʯʥʦʾ ʛʘʣʫʟʽ. ʅʘ ʩʴʦʛʦʜʥʽ ʩʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ  ̒ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʧʦʰʠʨʝʥʥʷ ʟʥʘʥʴ ʧʨʦ ʧʨʠʨʦʜʥʽ, ʽʩʪʦʨʠʯʥʽ, ʢʫʣʴʪʫʨʥʽ, ʝʪʥʦʛʨʘʬʽʯʥʽ ʪʘ ʢʫʣʽʥʘʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʋʢʨʘʾʥʠ. 

ʊʘʙʣʠʮʷ 1 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʽʜʚʠʜʽʚ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʜʘʥʥʷ  

ʚʽʜʧʦʯʠʥʢʦʚʠʭ ʧʦʩʣʫʛ 
 

ʇʽʜʚʠʜʠ ʆʩʦʙʣʠʚʦʩʪʽ ʥʘʜʘʥʥʷ ʚʽʜʧʦʯʠʥʢʦʚʠʭ ʧʦʩʣʫʛ 

ʅʘʫʢʦʚʠʡ ʆʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʚʠʚʯʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɸʢʪʠʚʥʠʡ 
ʇʦʻʜʥʫʻ ʫ ʩʦʙʽ ʘʢʪʠʚʥʽ ʩʧʦʩʦʙʠ ʚʽʜʧʦʯʠʥʢʫ ʥʘ ʧʨʠʨʦʜʽ: ʧʽʰʽ ʧʦʭʦʜʠ, 

ʧʨʦʛʫʣʷʥʢʠ, ʘʣʴʧʽʥʽʟʤ, ʚʝʣʦʧʨʦʛʫʣʷʥʢʠ, ʢʘʪʘʥʥʷ ʥʘ ʢʦʥʷʭ ʪʦʱʦ. 
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ɯʩʪʦʨʠʯʥʠʡ 
ʇʦʾʟʜʢʠ ʟ ʤʝʪʦʶ ʦʟʥʘʡʦʤʣʝʥʥʷ  ̔ ʧʽʟʥʘʥʥʷ ʽʩʪʦʨʠʯʥʦʾ ʩʧʘʜʱʠʥʠ ʨʽʟʥʠʭ 

ʨʝʛʽʦʥʽʚ. 

ʂʫʣʴʪʫʨʥʠʡ 
ʇʦʾʟʜʢʠ ʟ ʤʝʪʦʶ ʦʟʥʘʡʦʤʣʝʥʥʷ  ̔ ʧʽʟʥʘʥʥʷ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʪʘ 

ʪʨʘʜʠʮʽʡ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ. 

ɽʢʦʣʦʛʽʯʥʠʡ 

(ʧʨʠʨʦʜʦʦʭʦʨʦ

ʥʥʠʡ) 

ʇʦʜʦʨʦʞ ʜʦ ʧʨʠʨʦʜʥʠʭ ʨʝʟʝʨʚʘʪʽʚ ʟ ʤʝʪʦʶ ʥʘʩʦʣʦʜʠʪʠʩʴ ʢʨʘʻʚʠʜʦʤ, 

ʚʢʣʶʯʘʶʯʠ ʨʦʩʣʠʥʥʠʡ ʪʘ ʪʚʘʨʠʥʥʠʡ ʩʚʽʪ. ʉʧʨʷʤʦʚʘʥʠʡ ʥʘ ʦʭʦʨʦʥʫ 

ʧʨʠʨʦʜʥʦʾ ʪʘ ʢʫʣʴʪʫʨʥʦʾ ʩʘʤʦʙʫʪʥʦʩʪʽ ʨʝʛʽʦʥʽʚ, ʷʢʽ ʚʽʜʚʽʜʫʶʪʴ ʪʫʨʠʩʪʠ. 

ɸʛʨʘʨʥʠʡ 

ɼʽʷʣʴʥʽʩʪʴ, ʧʽʜ ʯʘʩ ʷʢʦʾ ʪʫʨʠʩʪ ʚʽʜʚʽʜʫʻ ʬʝʨʤʫ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʚʨʘʞʝʥʥʷ, 

ʥʘʙʫʪʠ ʜʦʩʚʽʜ ʘʙʦ ʚʟʷʪʠ ʫʯʘʩʪʴ ʫ ʙʫʜʴ-ʷʢʽʡ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ 

ʜʽʷʣʴʥʦʩʪʽ. ʇʝʨʝʜʙʘʯʘʻ ʘʢʪʠʚʥʝ ʟʘʣʫʯʝʥʥʷ ʪʫʨʠʩʪʽʚ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʬʦʨʤ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. 

ʂʫʣʽʥʘʨʥʠʡ 
ʇʦʻʜʥʫʻ ʫ ʩʦʙʽ ʟ ʦʟʥʘʡʦʤʣʝʥʥʷ ʪʘ ʜʝʛʫʩʪʘʮʽʶ ʥʘʮʽʦʥʘʣʴʥʠʭ ʢʫʣʽʥʘʨʥʠʭ 

ʪʨʘʜʠʮʽʡ ʧʝʚʥʦʛʦ ʨʝʛʽʦʥʫ, ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʟʷʪʠ ʫʨʦʢʠ ʢʫʣʽʥʘʨʽʾ. 

ʈʝʣʽʛʽʡʥʠʡ 

ʇʝʨʝʜʙʘʯʘʻ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ  ̔ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʪʫʨʠʩʪʽʚ, ʷʢʽ 

ʧʦʜʦʨʦʞʫʶʪʴ ʜʦ ʩʚʷʪʠʭ ʤʽʩʮʴ  ̔ ʨʝʣʽʛʽʡʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ 

ʤʝʞʘʤʠ ʟʚʠʯʘʡʥʦʛʦ ʜʣʷ ʥʠʭ ʩʝʨʝʜʦʚʠʱʘ. 

ʆʨʥʽʪʦʣʦʛʽʯʥʠʡ 
ʆʜʠʥ ʽʟ ʚʠʜʽʚ ʘʢʪʠʚʥʦʛʦ ʚʽʜʧʦʯʠʥʢʫ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʟʘ 

ʞʠʪʪʷʤ ʧʪʘʭʽʚ ʫ ʾʭʥʴʦʤʫ ʧʨʠʨʦʜʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʃʽʢʫʚʘʣʴʥʦ-

ʦʟʜʦʨʦʚʯʠʡ 

ɿʜiʡcʥʶʻʪʴcʷ ʟ ʤeʪoʶ ʟʤiʮʥeʥʥʷ ʟʜoʨoʚôʷ i ʧeʨeʜʙaʯaʻ ʧeʨeʙʫʚaʥʥʷ ʫ 

caʥaʪoʨʥo-ʢʫʨoʨʪʥʠx ʫcʪaʥoʚax. 

ʈʝʢʨʝʘʮʽʡʥʠʡ 

ɺʽʜʥʦʚʣʝʥʥʷ ʬʽʟʠʯʥʠʭ  ̔ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʩʠʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʪʠʚʥʦʛʦ 

ʚʜ̔ʧʦʯʠʥʢʫ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʛʫʣʷʥʢʠ ʩʽʣʴʩʴʢʦʶ 

ʤʽʩʮʝʚʽʩʪʶ ʯʠ ʣʽʩʦʤ, ʚʽʜʧʦʯʠʥʦʢ ʥʘ ʩʚʽʞʦʤʫ ʧʦʚʽʪʨʽ ʫ ʩʘʜʠʙʽ, ʩʦʥʷʯʥʽ 

ʚʘʥʥʠ, ʢʫʧʘʥʥʷ, ʟʙʠʨʘʥʥʷ ʛʨʠʙʽʚ, ʷʛʽʜ, ʙʜʞʽʣʴʥʠʮʪʚʦ ʪʘ ʨʠʙʘʣʴʩʪʚʦ. 
ʇʨʠʤʽʪʢʘ. ʈʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ. 

 

ʉʫʪʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʪʘʢʦʞ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʫ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʷʭ (ʨʠʩ. 2). 

 
 

ʈʠʩ. 2. ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ 
ʇʨʠʤʽʪʢʘ. ʈʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [4] .  
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ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʧʝʮʠʬʽʢʘ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʚʢʣʶʯʘʻ ʫ ʪʘʢʽ ʝʣʝʤʝʥʪʠ: 

ʛʦʩʧʦʜʘʨʩʴʢʫ ʯʘʩʪʠʥʫ (ʦʨʛʘʥʽʟʘʮʽʷ ʚʽʜʧʦʯʠʥʢʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʩʝʨʝʜʠʥʽ ʙʫʜʠʥʢʫ ʛʦʩʧʦʜʘʨʷ ʪʘ 

ʥʘ ʚʣʘʩʥʽʡ ʪʝʨʠʪʦʨʽʾ ʙʽʣʷ ʥʴʦʛʦ); ʧʨʦʛʫʣʷʥʢʠ ʜʦ ʣʽʩʫ, ʨʽʯʢʠ, ʦʟʝʨʘ; ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʽ ʬʘʢʪʠ 

ʤʽʩʮʝʚʦʩʪʽ; ʦʟʜʦʨʦʚʯʽ ʪʘ ʣʽʢʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ; ʢʫʣʽʥʘʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʝʛʽʦʥʽʚ ʪʦʱʦ. ʊʦʙʪʦ, ʮʝʡ ʚʠʜ ʪʫʨʠʟʤʫ ʦʭʦʧʣʶʻ ʢʦʤʧʣʝʢʩ ʽʥʰʠʭ ʧʽʜʚʠʜʽʚ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʩʪʦʩʫʶʪʴʩʷ ʚʽʜʧʦʯʠʥʢʫ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. ʆʨʛʘʥʽʟʦʚʫʶʯʠ ʚʽʜʧʦʯʠʥʦʢ ʫ ʚʣʘʩʥʽʡ ʩʽʣʴʩʴʢʽʡ 

ʩʘʜʠʙʽ, ʛʦʩʧʦʜʘʨʶ ʪʘʢʦʞ ʩʣʽʜ ʧʦʜʙʘʪʠ ʧʨʦ ʢʦʤʧʣʝʢʩ ʜʦʜʘʪʢʦʚʠʭ ʧʦʩʣʫʛ, ʷʢʽ ʚʽʥ ʤʦʞʝ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʪʫʨʠʩʪʫ ʯʠ ʛʨʫʧʽ ʪʫʨʠʩʪʽʚ. ɺʠʙʽʨ ʜʦʜʘʪʢʦʚʠʭ ʧʦʩʣʫʛ ʜʣʷ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ 

ʪʫʨʠʩʪʽʚ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ. 

ʆʪʞʝ, ʩʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ï ʮʝ ʙʘʛʘʪʦʘʩʧʝʢʪʥʠʡ ʚʽʜʧʦʯʠʥʢʦʚʠʡ ʚʠʜ ʪʫʨʠʟʤʫ, ʷʢʠʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʣʶʜʴʤʠ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʽʤʝʡʥʠʭ ʯʠ 

ʨʦʜʠʥʥʠʭ ʚʽʜʥʦʩʠʥʘʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʩʦʙʠʩʪʦʛʦ ʩʝʣʷʥʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ (ʫ ʩʽʣʴʩʴʢʽʡ ʩʘʜʠʙʽ) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʽʥ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʽʰʦʭʽʜʥʽ ʪʘ ʢʽʥʥʽ ʧʨʦʛʫʣʷʥʢʠ, 

ʝʢʩʢʫʨʩʽʾ, ʧʦʜʦʨʦʞʽ ʚʠʭʽʜʥʦʛʦ ʜʥʷ, ʬʦʪʦʧʦʣʶʚʘʥʥʷ, ʨʠʙʦʣʦʚʣʶ, ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʤʽʩʮʝʚʠʤ 

ʧʦʙʫʪʦʤ, ʥʘʮʽʦʥʘʣʴʥʦʶ ʢʫʭʥʝʶ, ʬʦʣʴʢʣʦʨʥʦʶ ʪʚʦʨʯʽʩʪʶ, ʪʨʘʜʠʮʽʷʤʠ ʧʨʦʚʝʜʝʥʥʷ ʥʘʨʦʜʥʠʭ 

ʩʚʷʪ ʪʘ ʫʥʽʢʘʣʴʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʽʜʧʦʚʽʜʥʦʾ ʤʽʩʮʝʚʦʩʪʽ. 

 2. ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʚ ʋʢʨʘʾʥʽ. 
ʋ ʧʝʨʽʦʜ ʜʽʾ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚʥʫʪʨʽʰʥʽʡ ʪʫʨʠʟʤ ʪʘ ʝʢʩʢʫʨʩʽʾ ʜʦ ʩʽʣʴʩʴʢʠʭ ʤʽʩʮʝʚʦʩʪʝʡ 

ʋʢʨʘʾʥʠ ʚʠʩʪʫʧʘʶʪʴ ʦʜʥʽʻʶ ʟ ʬʦʨʤ ʪʝʨʘʧʽʾ ʜʣʷ ʥʘʩʝʣʝʥʥʷ. ʊʘʢʠʡ ʚʠʜ ʚʽʜʧʦʯʠʥʢʫ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʪʫʨʠʩʪʘʤ ʚʽʜʯʫʪʠ ʧʦʟʠʪʠʚʥʽ ʝʤʦʮʽʾ ʪʘ ʚʽʜʧʦʯʠʪʠ ʚʽʜ ʤʽʩʴʢʦʛʦ ʨʠʪʤʫ ʞʠʪʪʷ. 

ɺʘʞʣʠʚʠʤ  ̒ ʪʘʢʦʞ ʚʧʣʠʚ ʪʫʨʠʟʤʫ ʥʘ ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʩʽʣʴʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. 

ɸʜʞʝ, ʦʙʠʨʘʶʯʠ ʪʘʢʠʡ ʚʠʜ ʚʽʜʧʦʯʠʥʢʫ, ʪʫʨʠʩʪʠ ʧʽʜʪʨʠʤʫʶʪʴ ʨʦʟʚʠʪʦʢ ʪʫʨʠʩʪʠʯʥʦʾ ʛʘʣʫʟʽ 

ʢʨʘʾʥʠ, ʽʥʚʝʩʪʫʶʯʠ ʚ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʠʜʠ ʧʦʩʣʫʛ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʚʣʘʩʥʠʢʠ ʩʽʣʴʩʴʢʠʭ ʩʘʜʠʙ.  

ʉʴʦʛʦʜʥʽ ʦʩʥʦʚʥʠʤʠ ʤʦʪʠʚʘʤʠ ʚʠʙʦʨʫ ʚʽʜʧʦʯʠʥʢʫ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʚʚʘʞʘʶʪʴ: 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʟʥʘʯʥʠʭ ʢʦʰʪʽʚ ʥʘ ʚʽʜʧʦʯʠʥʦʢ ʫ ʬʝʰʝʥʝʙʝʣʴʥʦʤʫ ʢʫʨʦʨʪʽ 

(ʧʝʨʝʚʘʞʘʶʯʠʡ ʤʦʪʠʚ); 

ï ʙʘʞʘʥʥʷ ʧʝʚʥʦʾ ʢʘʪʝʛʦʨʽʾ  ʣʶʜʝʡ ʚʽʜʧʦʯʠʪʠ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ; 

ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʣʽʢʘʨʝʤ ʦʟʜʦʨʦʚʣʝʥʥʷ ʫ ʧʝʚʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ; 

ï ʙʣʠʟʴʢʽʩʪʴ ʜʦ ʧʨʠʨʦʜʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʧʦʯʠʪʠ ʥʘ ʩʚʽʞʦʤʫ ʧʦʚʽʪʨʽ, ʚ ʣʽʩʽ, ʥʘ ʦʟʝʨʽ 

ʪʦʱʦ; 

ï ʭʘʨʯʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʷʢʽ ʤʦʞʥʘ ʧʨʠʜʙʘʪʠ ʟʘ ʜʦʩʪʫʧʥʠʤʠ 

ʮʽʥʘʤʠ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʜʦʣʫʯʠʪʠʩʷ ʜʦ ʧʝʚʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ; 

ï ʧʦʪʨʝʙʘ ʚ ʩʧʦʢʽʡʥʦʤʫ ʨʠʪʤʽ ʞʠʪʪʷ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʜʦʣʫʯʠʪʠʩʷ ʜʦ ʤʽʩʮʝʚʠʭ ʩʚʷʪ, ʨʦʟʚʘʛʘʭ, ʩʽʣʴʩʴʢʦʾ ʢʫʣʴʪʫʨʠ ʪʘ ʟʚʠʯʘʾʚ, 

ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʣʶʜʴʤʠ ʽʥʰʦʾ ʩʫʩʧʽʣʴʥʦʾ ʬʦʨʤʘʮʽʾ [5]. 

ʂʣʶʯʦʚʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʚ ʋʢʨʘʾʥʽ ʻ ʥʘʩʪʫʧʥʽ: 

1. ɯʥʩʪʠʪʫʮʽʡʥʽ. ɺʽʜʩʫʪʥʽʩʪʴ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ, ʱʦ ʨʝʛʫʣʶʻ ʩʬʝʨʫ ʩʽʣʴʩʴʢʦʛʦ 

ʪʫʨʠʟʤʫ; ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʭʘʥʽʟʤʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʠʤʠ ʪʘ 

ʢʫʣʴʪʫʨʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʩʪʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

2. ʆʨʛʘʥʽʟʘʮʽʡʥʽ. ʅʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʨʝʢʣʘʤʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʧʨʦʩʫʚʘʥʥʷ ʧʦʩʣʫʛ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ; ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʟʥʘʥʴ ʽʥʦʟʝʤʥʠʭ ʤʦʚ ʚʣʘʩʥʠʢʘʤʠ 

ʘʛʨʦʦʩʝʣʴ; ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʩʪʨʘʪʝʛʽʡ. 

3. ʌʽʥʘʥʩʦʚʽ. ʅʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ ʩʬʝʨʠ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ; 

ʥʝʟʥʘʯʥʠʡ ʦʙʩʷʛ ʽʥʚʝʩʪʠʮʽʡ ʫ ʜʘʥʫ ʛʘʣʫʟʴ ʪʫʨʠʟʤʫ. 

4. ɽʢʦʥʦʤʽʯʥʽ. ɽʢʦʥʦʤʽʯʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʜʝʨʞʘʚʽ; ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʚʽʜʫ ʫ ʚʣʘʩʥʠʢʽʚ 
ʩʽʣʴʩʴʢʠʭ ʩʘʜʠʙ ʜʣʷ ʟʘʧʦʯʘʪʢʫʚʘʥʥʷ ʙʽʟʥʝʩʫ ʫ ʩʬʝʨʽ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ; ʥʝʜʦʩʪʘʪʥʻ 

ʩʪʠʤʫʣʶʚʘʥʥʷ ʦʨʛʘʥʽʚ ʚʣʘʜʠ ʪʘ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʯʘʥʴ ʪʘ 

ʢʦʥʩʫʣʴʪʘʮʽʡ ʜʣʷ ʚʣʘʩʥʠʢʽʚ ʩʽʣʴʩʴʢʠʭ ʩʘʜʠʙ. 

5. ʉʦʮʽʘʣʴʥʽ. ʅʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʢʘʜʨʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 
ʧʽʜʛʦʪʦʚʢʠ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʫʨʠʩʪʽʚ;  ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ 
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ʪʫʨʠʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʦʛʦ ʽʥʚʝʩʪʫʚʘʥʥʷ ʫ ʜʘʥʫ 

ʪʫʨʠʩʪʠʯʥʫ ʛʘʣʫʟʴ. 

6. ʇʦʣʽʪʠʯʥʽ. ɺʽʡʥʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʣʽʪʠʢʠ 
ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʋʢʨʘʾʥʽ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʘʢʪʠʚʽʟʫʚʘʪʠ ʪʫʨʠʩʪʠʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ: 

ï ʧʦʩʠʣʠʪʠ ʧʨʦʤʦʮʽʶ ʪʫʨʠʩʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʤʽʩʮʝʚʦʤʫ, 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʷʭ; 

ï ʩʧʨʠʷʪʠ ʚʠʚʯʝʥʥʶ ʟʘʨʫʙʽʞʥʦʛʦ ʜʦʩʚʽʜʫ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʽʚ 

ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ, ʦʟʥʘʡʦʤʣʝʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʭ ʧʽʜʧʨʠʻʤʮʽʚ ʽ ʤʝʰʢʘʥʮʽʚ ʩʽʣʴʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ 

ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʟʘʧʦʯʘʪʢʫʚʘʥʥʷ ʪʘ ʚʝʜʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ; 

ï ʟʜʽʡʩʥʶʚʘʪʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʫ ʜʽʷʣʴʥʽʩʪʴ ʩʪʦʩʦʚʥʦ ʚʽʜʥʦʚʣʝʥʥʷ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʚʽʜʨʦʜʞʝʥʥʷ ʤʽʩʮʝʚʠʭ ʪʨʘʜʠʮʽʡ ʽ ʟʚʠʯʘʾʚ ʟ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ ʩʽʣʴʩʴʢʦʛʦ 

ʪʫʨʠʟʤʫ; 

ï ʩʧʨʠʷʪʠ ʫʯʘʩʪʽ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʘʛʨʦʪʫʨʠʩʪʠʯʥʦʛʦ ʙʽʟʥʝʩʫ ʚ ʤʽʞʥʘʨʦʜʥʠʭ, 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʭ ʚʠʩʪʘʚʢʘʭ ʽ ʷʨʤʘʨʢʘʭ; 

ï ʟʘ ʫʯʘʩʪʶ ʜʽʪʝʡ ʰʢʽʣʴʥʦʛʦ ʚʽʢʫ, ʘ ʪʘʢʦʞ ʤʦʣʦʜʽ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ 

ʟʘʭʦʜʠ ʟ ʤʝʪʦʶ ʩʧʽʣʴʥʦʛʦ ʧʨʠʙʠʨʘʥʥʷ ʩʽʣʴʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ, ʣʽʩʽʚ ʪʘ ʚʦʜʦʡʤ ʚʽʜ ʧʦʙʫʪʦʚʠʭ 

ʚʽʜʭʦʜʽʚ;  

ï ʽʥʽʮʽʶʚʘʪʠ ʩʪʚʦʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʪʫʨʠʩʪʠʯʥʠʭ ʫʤʦʚ 

ʣʶʜʝʡ ʟ ʦʩʦʙʣʠʚʠʤʠ ʧʦʪʨʝʙʘʤʠ [1; 7]. 

ʋ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʦ ʧʨʽʦʨʠʪʝʪʥʽ ʟʘʚʜʘʥʥʷ ʪʘ ʰʣʷʭʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ, ʱʦ ʩʧʨʠʷʪʠʤʫʪʴ 

ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ ʚ ʋʢʨʘʾʥʽ. 

 

ʊʘʙʣʠʮʷ 2 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʪʘ ʰʣʷʭʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ, ʱʦ ʩʧʨʠʷʪʠʤʫʪʴ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ 

ʪʫʨʠʟʤʫ ʚ ʋʢʨʘʾʥʽ 

 

ɿʘʚʜʘʥʥʷ ʐʣʷʭʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ 

ʉʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ 

ʫʤʦʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ 

ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ 

ɼʦʩʪʫʧʥʽʩʪʴ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ʨʝʛʽʦʥʫ. ɿʙʝʨʝʞʝʥʥʷ ʢʫʣʴʪʫʨʥʦ-ʽʩʪʦʨʠʯʥʦʾ ʩʧʘʜʱʠʥʠ. 

ʌʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʦʾ ʪʫʨʠʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ 

ʢʦʤʬʦʨʪʥʦʛʦ ʚʽʜʧʦʯʠʥʢʫ ʪʫʨʠʩʪʽʚ, ʨʦʟʨʦʙʣʝʥʥʷ ʪʫʨʠʩʪʠʯʥʠʭ 

ʤʘʨʰʨʫʪʽʚ. ʉʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʜʣʷ ʥʘʚʯʘʥʥʷ ʚʣʘʩʥʠʢʽʚ 

ʩʽʣʴʩʴʢʠʭ ʩʘʜʠʙ (ʧʨʦʚʝʜʝʥʥʷ ʩʝʤʽʥʘʨʽʚ, ʪʨʝʥʽʥʛʽʚ ʪʦʱʦ). 

 

ʇʦʧʫʣʷʨʠʟʘʮʽʷ 

ʪʫʨʠʩʪʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʨʝʛʽʦʥʫ 

ʇʨʦʚʝʜʝʥʥʷ ʬʦʨʫʤʽʚ, ʬʝʩʪʠʚʘʣʽʚ, ʟʘʭʦʜʽʚ, ʩʦʮʽʦʣʦʛʽʯʥʠʭ 

ʦʧʠʪʫʚʘʥʴ ʪʘ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ, 

ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʟʘʭʦʜʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʾ ʧʨʦʤʦʮʽʾ 

ʪʫʨʠʩʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʝʛʽʦʥʫ. 

ʉʪʚʦʨʝʥʥʷ ʧʨʠʚʘʙʣʠʚʦʛʦ 

ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʢʣʽʤʘʪʫ ʫ 

ʩʬʝʨʽ ʩʽʣʴʩʴʢʦʛʦ 

ʪʫʨʠʟʤʫ 

ʅʘʣʘʛʦʜʞʝʥʥʷ ʩʧʽʚʧʨʘʮʽ ʟ ʟʘʢʦʨʜʦʥʥʠʤʠ ʧʘʨʪʥʝʨʘʤʠ, ʨʦʟʨʦʙʢʘ 

ʧʨʦʻʢʪʽʚ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘ ʦʪʨʠʤʘʥʥʷ ʢʦʰʪʽʚ 

ʩʝʢʪʦʨʘʣʴʥʦʾ ʧʽʜʪʨʠʤʢʠ ʟ ʙʦʢʫ ʜʝʨʞʘʚ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, 

ʛʨʘʥʪʦʚʘ ʧʽʜʪʨʠʤʢʘ ʪʘ ʬʽʥʘʥʩʫʚʘʥʥʷ, ʪʨʘʥʩʢʦʨʜʦʥʥʝ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ. 

ʇʽʜʛʦʪʦʚʢʘ ʢʘʜʨʽʚ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʦʪʨʝʙ 

ʝʢʦʥʦʤʽʢʠ ʨʝʛʽʦʥʫ 

ʅʘʜʘʥʥʷ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʟ ʤʝʪʦʶ ʥʘʙʫʪʪʷ ʧʨʦʬʝʩʽʡʥʠʭ ʥʘʚʠʯʦʢ 

ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ. 

ʉʪʠʤʫʣʶʚʘʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʤʝʰʢʘʥʮʽʚ ʛʨʦʤʘʜ 

ʇʽʜʪʨʠʤʢʘ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ, ʬʝʨʤʝʨʩʪʚʘ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʧʦʢʨʘʱʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦ-

ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ, ʥʘʣʘʛʦʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʩʮʝʚʠʭ ʚʠʨʦʙʥʠʢʽʚ 

ʧʨʦʜʫʢʮʽʾ. 
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ɿʙʝʨʝʞʝʥʥʷ ʯʠʩʪʦʪʠ 

ʜʦʚʢʽʣʣʷ 

ɿʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʧʦʚʽʪʨʷʥʦʛʦ ʙʘʩʝʡʥʫ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʈʦʟʚʠʪʦʢ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʪʘ ʦʙʣʽʢʫ ʚʠʢʠʜʽʚ ʥʘ ʜʞʝʨʝʣʘʭ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʚʦʜʠ. 

ɿʙʝʨʝʞʝʥʥʷ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ 

ʨʦʟʚʠʪʦʢ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ 

ʪʝʨʠʪʦʨʽʡ 

ɿʘʧʦʙʽʛʘʥʥʷ ʚʪʨʘʪʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʪʘ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ; 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʫʪʨʠʤʘʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ; ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʰʣʷʭʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʣʽʩʽʚ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʩʪʨʫʢʪʫʨʠ ʣʘʥʜʰʘʬʪʽʚ. 

ɺʠʭʦʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ 

ʩʚʽʜʦʤʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ 

ʌʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ, ʦʨʛʘʥʽʟʘʮʽʷ 

ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ ʟʘʜʣʷ ʧʦʽʥʬʦʨʤʦʚʘʥʦʩʪʽ 

ʥʘʩʝʣʝʥʥʷ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʚʽʜʦʤʦʩʪʽ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ 

ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʫʨʠʩʪʠʯʥʠʭ ʜʘʥʠʭ 

ʅʘʣʘʛʦʜʞʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʨʝʢʨʝʘʮʽʡʥʠʭ ʟʦʥ; 

ʟʙʽʨ ʪʘ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ ɯʥʪʝʨʥʝʪʫ, ʦʙʣʘʰʪʫʚʘʥʥʷ ʚʝʙ-ʢʘʤʝʨʘʤʠ 

ʪʫʨʠʩʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ QR-ʢʦʜʽʚ, ʩʠʩʪʝʤ 

ʙʝʟʛʦʪʽʚʢʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ; ʧʨʦʛʨʘʤ ʣʦʷʣʴʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʘʨʪʦʢ ʪʫʨʠʩʪʘ; ʝʣʝʢʪʨʦʥʥʠʭ ʢʚʠʪʢʽʚ ʥʘ ʪʫʨʠʩʪʠʯʥʠʭ ʦʙôʻʢʪʘʭ ʽ ʚ 

ʟʘʢʣʘʜʘʭ ʜʦʟʚʽʣʣʷ ʪʦʱʦ. 
ʇʨʠʤʽʪʢʘ. ʈʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ. 

 

ʋʢʨʘʾʥʘ ʤʘʻ ʟʥʘʯʥʠʡ ʪʫʨʠʩʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ. ʉʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʽʥʜʫʩʪʨʽʾ ʪʫʨʠʟʤʫ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʨʝʛʽʦʥʽ, ʷʢʠʡ ʧʨʠʚʘʙʣʶʻ ʪʫʨʠʩʪʽʚ ʩʚʦʾʤʠ 

ʧʨʠʨʦʜʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʘ ʙʘʛʘʪʦʶ ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʶ ʩʧʘʜʱʠʥʦʶ. ɸʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʢʦʞʝʥ ʨʝʛʽʦʥ ʤʘʻ ʱʝ ʟʥʘʯʥʠʡ ʥʝʚʠʢʦʨʠʩʪʘʥʠʡ ʣʶʜʩʴʢʠʡ ʽ ʨʝʢʨʝʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣʠ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ, ʷʢʽ ʤʦʞʥʘ ʙʫʣʦ ʙ ʝʬʝʢʪʠʚʥʦ ʩʧʨʷʤʫʚʘʪʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʫ 

ʨʦʟʚʠʪʦʢ ʪʫʨʠʩʪʠʯʥʦʾ ʩʬʝʨʠ. ɼʣʷ ʮʴʦʛʦ ʜʝʨʞʘʚʘ ʤʘʻ ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ ʜʣʷ ʩʧʨʠʷʥʥʷ ʨʦʟʚʠʪʢʫ 

ʤʘʣʦʛʦ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ ʫ ʚʽʜʧʦʯʠʥʢʦʚʽʡ ʩʬʝʨʽ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʚʩʝʙʽʯʥʦʛʦ ʟʘʦʭʦʯʝʥʥʷ 

ʫʯʘʩʪʽ ʥʘʩʝʣʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ. 

ɺʠʩʥʦʚʢʠ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʫʥʽʢʘʣʴʥʽ ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ ʽ ʨʝʩʫʨʩʠ ʪʘ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʪʫʨʠʩʪʠʯʥʦʾ ʩʬʝʨʠ, ʋʢʨʘʾʥʘ ʥʘ ʜʘʥʠʡ ʯʘʩ ʱʝ ʥʝ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʢʦʥʢʫʨʝʥʮʽʶ 

ʧʨʦʚʽʜʥʠʤ ʩʚʽʪʦʚʠʤ ʜʝʨʞʘʚʘʤ. ʉʘʤʝ ʪʦʤʫ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ 

ʩʬʝʨʽ ʪʫʨʠʟʤʫ ʧʦʚʠʥʥʽ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦ ʙʫʜʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ 

ʥʘ ʤʽʩʮʝʚʦʤʫ, ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʷʭ. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʪʫʨʠʟʤʫ ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʷʢʦʩʪʽ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʻʚʨʦʧʝʡʩʴʢʠʭ ʮʽʥʥʦʩʪʝʡ, ʱʦ ʩʧʨʠʷʪʠʤʝ 

ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ, ʛʘʨʤʦʥʽʡʥʦʤʫ ʨʦʟʚʠʪʢʫ ʽ ʢʦʥʩʦʣʽʜʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ, 

ʬʦʨʤʫʚʘʥʥʷ ʽʤʽʜʞʫ ʋʢʨʘʾʥʠ ʫ ʩʚʽʪʽ. 

ʇʽʩʣʷʚʦʻʥʥʠʡ ʪʫʨʠʟʤ ʚ ʋʢʨʘʾʥʽ, ʦʩʦʙʣʠʚʦ ʩʽʣʴʩʴʢʠʡ, ʤʘʻ ʚʩʽ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʫʩʧʽʰʥʦʛʦ 

ʨʦʟʚʠʪʢʫ, ʘʜʞʝ ʚʽʥ ʩʧʨʠʷʻ ʧʽʜʪʨʠʤʮʽ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ, ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ, 

ʧʦʢʨʘʱʝʥʥʶ ʩʽʣʴʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʟʘʭʠʩʪʫ ʢʫʣʴʪʫʨʥʦ-ʽʩʪʦʨʠʯʥʦʾ ʩʧʘʜʱʠʥʠ ʢʦʞʥʦʛʦ 

ʨʝʛʽʦʥʫ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʽʡʥʠ, ʷʢʘ ʟʘʚʜʘʻ ʥʝʧʦʧʨʘʚʥʦʾ ʰʢʦʜʠ ʣʶʜʷʤ, ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʫ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʢʨʘʾʥʠ, ʪʫʨʠʩʪʠ ʟʘʥʦʚʦ ʦʮʽʥʷʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ ʚ 

ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʦʩʣʫʛ ʩʽʣʴʩʴʢʦʛʦ ʪʫʨʠʟʤʫ, ʷʢʽ ʨʦʙʣʷʪʴ ʮʶ ʩʬʝʨʫ 

ʪʫʨʠʟʤʫ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʪʘ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʥʘʷʚʥʦʩʪʽ ʮʽʥʥʠʭ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʉʽʣʴʩʴʢʠʡ ʪʫʨʠʟʤ ʚʠʩʪʫʧʘʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦʧʦʤʦʛʠ 

ʩʽʣʴʩʴʢʦʤʫ ʥʘʩʝʣʝʥʥʶ ʧʦʢʨʘʱʠʪʠ ʩʦʮʽʦ-ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʩʽʣʴʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʪʘ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ ʨʦʟʚʠʪʢʫ ʪʘ ʚʽʜʙʫʜʦʚʠ ʫʢʨʘʾʥʩʴʢʠʭ ʩʽʣ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʪʘ 

ʧʽʩʣʷʚʦʻʥʥʦʛʦ ʧʝʨʽʦʜʫ. 
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Abstract. The methods and means of using information technologies for data analysis and 

processing in environmental research are considered. The priorities of the European Union in 

achieving the goals of digital transformation are analyzed. It is established that with the strengthening 

of the digitalization role in various studies, it is important to use effective methods and tools for 

processing and analyzing information, which will contribute to both the digital and green transition. 

For more accurate calculations, it is important to use algorithms on neural networks, which are now 

gaining more and more popularity. It is emphasized that digitalization in the field of environmental 

monitoring will help to automate this process and will be useful for remote monitoring and 

environmental research. 

Keywords: digitalization, Green Deal, environmental monitoring, innovative technologies. 

 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʧʨʽʦʨʠʪʝʪʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʫ ʜʦʩʷʛʥʝʥʥʽ ʮʽʣʝʡ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʟ ʧʦʩʠʣʝʥʥʷʤ ʨʦʣʽ ʮʠʬʨʦʚʽʟʘʮʽʾ ʫ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʘʞʣʠʚʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʷʢ ʮʠʬʨʦʚʦʤʫ, 

ʪʘʢ ʽ ʟʝʣʝʥʦʤʫ ʧʝʨʝʭʦʜʫ. ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʘʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ 

ʥʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʘʭ, ʱʦ ʟʘʨʘʟ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ. ʇʽʜʢʨʝʩʣʝʥʦ, ʱʦ 

ʮʠʬʨʦʚʽʟʘʮʽʷ ʚ ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʧʦʤʦʞʝ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ ʪʘ ʩʪʘʥʝ 

ʫ ʥʘʛʦʜʽ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʢʽʣʣʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʠʬʨʦʚʽʟʘʮʽʷ, ɿʝʣʝʥʘ ʫʛʦʜʘ, ʤʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷ, ʽʥʥʦʚʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. 

  

Introduction  
Digital and green transition are closely related. While digital technologies offer many 

solutions to climate change, it is important to ensure that they are not themselves contributing to the 

problem. Digital products and services must be designed, manufactured and disposed of in such a 

way as to reduce their impact on the environment and society. There should also be more information 

of impact of such services on the environmental and energy consumption. The impact of digital 

transformation on societal goals should be regularly assessed, as the quality and direction of digital 

growth are also important. They need to be delivered through strategic priorities and principles that 

will be used alongside quantitative indicators. It is important to take into account and better assess the 

impact of digitalization on environmental quality research in the framework of digital transformation, 

while making digital technologies a support for the green transition [1]. 

The direction of digital transformation involves stability in the field of cyber security, the 

development of secure communication systems, and raising the general educational level of the 

population in mastering digital technologies. It will promote job creation, economic development and 

innovation, providing opportunities for young people to learn and work, locally or remotely, and to 

start businesses with low start-up capital. 

Europe must harness the potential of digital transformation, which is a key factor in achieving 

the goals of the Green Deal. The European Union must promote and invest in the necessary digital 

transformation, as digital technologies are critical to achieving the Green Deal sustainable 

development goals in many different sectors. Digital technologies such as artificial intelligence, 5G, 

cloud and edge computing and the Internet of Things can accelerate and maximize the impact of 
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policies to combat climate change and protect the environment. Digitization also opens up new 

opportunities for remote monitoring of air and water pollution, or for monitoring and optimizing the 

use of energy and natural resources. Europe needs a digital sector with sustainability at its heart, 

which ensures that digital infrastructures and technologies become significantly more sustainable, 

energy- and resource-efficient, and contribute to a sustainable circular and climate-neutral economy 

and society in line with the European Green Deal [2]. 

1. EU priorities in achieving the goals of digital transformation 

In 2021 the Digital Decade policy programme 2030 was introduced [3]. With increasing the 

dependence on technology, digital competences and skills have become essential to participate in 

society, take advantage of digital public services and remain competitive in the labor market. It is 

assumed, that by 2030, about 80% of European citizens should have at least a basic level of digital 

skills [4]. The Digital Decade is a part of the European Commission wider strategic priority: ensuring 

that Europe is a fit for the Digital Era. Being a strategic initiative, it underlies and complements a 

number of recent actions of EU institutions (Digital Europe Programme, Digital Education Action 

Plan, the Recovery and Resilience Facility) aimed at promoting the improvement of skills of citizens 

and enterprises. The ambition of the EU is to be digitally sovereign in an open and interconnected 

world and pursue digital policies that empower people and businesses to achieve a people-centred, 

sustainable and prosperous digital future. 

 

 
Fig. 1. The Digital Decade policy programme 2030 with specific goals and objectives 

The Policy Programme «Path to the Digital Decade» aims to ensure that the European Union 

achieves its goals of digitally transforming society and the economy in line with EU values, 

strengthening our digital leadership and promoting people-centred, inclusive and sustainable 

development of digital policies that empower citizens and businesses. The aim is to enable the digital 

transformation of the EU by creating a clear, structured and collaborative process to achieve this 

outcome.  

This Policy Programme complements, performs and implements the vision, goals and actions 

provided for in the Communication «Digital Compass» and is aimed at consolidating and ensuring 

the effective implementation of the actions defined in the 2019 Strategy for shaping Europe's digital 

future. The proposal is also consistent with the Commission's Communication updating the new 

Industrial Strategy 2020, which identifies areas of strategic dependencies that could lead to 

vulnerabilities such as supply shortages or cyber security risks. This proposal is also in line with the 

objectives of the Critical Technologies Observatory, which aims to help identify the EU current and 

possible future digital strategic dependencies and contribute to strengthening its digital sovereignty. 

Digital learning and education should support a workforce where people can acquire 

specialized digital skills to gain quality employment and rewarding careers.  
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An important factor to take advantage of digitization for further technological development 

and digital leadership in Europe is a sustainable digital infrastructure to connect microelectronics and 

the ability to process big data. Great and secure connectivity is needed for everyone and everywhere 

in Europe, including rural and remote areas. Society demand for download bandwidth is constantly 

increasing. By 2030, networks with gigabit speeds should be available on terms for everyone who 

needs or wants such capacity. In addition, it is predicted that microprocessors, which are already the 

beginning of most of the key strategic value chains, will enjoy even greater demand in the future, 

especially the most innovative ones. A climate-neutral, highly secure edge node is essential, 

guaranteeing access to low-latency data services wherever the enterprise is located. Quantum 

capacity is also expected to become a critical factor. 

The spread of digitalization involves achieving the following general goals: 

- promoting a people-centred, inclusive, secure and open digital environment where digital 

technologies and services respect and reinforce the principles and values of the European Union; 

- strengthening the collective resilience of Member States and bridging the digital divide, in 

particular promoting basic and specialized digital skills for all and promoting the development of 

high-performance digital education and training systems; 

- strengthening the collective resilience of Member States and bridging the digital divide, in 

particular promoting basic and specialized digital skills for all and promoting the development of 

high-performance digital education and training systems; 

- ensuring digital sovereignty, in particular through a secure and accessible digital 

infrastructure capable of processing massive amounts of data, enabling other technological 

developments, supporting the competitiveness of European Union industry; 

- promoting the deployment and use of digital capabilities that provide access to digital 

technologies and data on simple and fair terms to achieve a high level of digital intensity and 

innovation in the EU enterprises, in particular small and medium-sized enterprises; 

- ensuring democratic life, public services and health care services; Internet access for all, in 

particular for vulnerable groups, including people with disabilities, by offering inclusive, efficient 

and personalized services and tools with high security and privacy standards; 

- ensuring the sustainability of digital infrastructure and technologies, energy and resource 

security, as well as promoting the development of a sustainable circular and climate-neutral economy 

and society in accordance with the European Green Deal; 

- facilitating the conditions for investments in digital transformation across the EU, including 

developing predictable regulatory approaches, etc. 

Another important initiative of the European Union is the Green Deal ï a strategic plan of the 

EU with the aim of achieving climate neutrality by 2050. Digitization plays a key role in achieving 

these goals, as technology can help reduce emissions, optimize energy efficiency and increase 

resilience to climate change. 

Here are some of the main goals of the Green Deal for digitization: 

- reducing the carbon footprint of technologies. The Green Deal aims to reduce greenhouse 

gas emissions from information and communication technologies, such as data centers and 

telecommunications networks. 

- energy efficiency. Accelerating the development and implementation of energy-efficient 

technologies, such as "green" data centers, energy-saving computers and software tools to optimize 

energy use. 

- promoting digital transformation in sectors critical to combating climate change. Applying 

digital technologies in areas such as energy, transport, agriculture and construction to reduce 

emissions and increase resilience to climate change. 

- protection against cyber threats. Ensuring the cyber security of digital infrastructures as 

they become increasingly important to the functioning of the economy and society. 

- digital education and standards compliance. Developing digital literacy among the 

population and supporting standards that promote the sustainable use of technology. 
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These goals aim to ensure that digital transformation contributes to the fight against climate 

change and becomes a key tool for achieving climate neutrality. 

Member States cooperate with private and public stakeholders, including social partners, in 

accordance with national legislation, in adopting their national strategic roadmaps for the digital 

decade and their adjustments. Strengthening the EU technological excellence and industrial 

competitiveness in critical technologies, digital products, services and infrastructures is essential for 

economic recovery and prosperity, and the safety and security of citizens. 

2. Methods and means of digital transformation and automation of data processing for 

environmental monitoring 

Digital transformation includes the use of various methods and tools to modernize business 

processes, introduce new technologies and optimize the activities of various enterprises. The main 

methods and means of digital transformation include: 

- cloud technologies. The use of cloud computing allows businesses to store and process data 

online, making it easier to access and increase scalability; 

- data analytics. The use of analytical tools allows enterprises to obtain valuable insights from 

large volumes of data, which helps in making better management decisions; 

- Internet of Things (IoT). The introduction of IoT technologies allows collecting data from 

various devices and combining them for analysis and use in various fields, from manufacturing to 

medicine; 

- artificial  intelligence (AI). The use of machine learning methods and other artificial 

intelligence technologies allows to automate many processes, increasing efficiency and accuracy; 

- automation of business processes. The introduction of automation systems allows you to 

optimize and speed up the execution of routine tasks and processes; 

- digital platforms. The creation of digital platforms allows combining different services and 

functions in a single environment to promote cooperation and interaction; 

- blockchain technology. The use of blockchain allows for the security and reliability of data 

exchange and transactions, especially in the financial and logistics sectors. 

Digital transformation in the field of environmental research opens up many new 

opportunities for collecting, analyzing and using data in order to preserve natural resources and 

reduce the negative impact of human activities on ecosystems. Among the methods and means of 

digital transformation of the environment, the following can be distinguished (Fig. 2): 

- sensors and IoT. The use of sensors and the Internet of Things (IoT) allows the collection of 

large volumes of data on air quality, water resources, noise levels, climate parameters and other 

environmental indicators in real time; 

- Big Data and analytics. Thanks to the use of machine learning and artificial intelligence, it is 

possible to analyze large volumes of data, which helps to identify trends, predict changes and identify 

problematic situations; 

- geospatial analysis. The integration of geospatial data allows establishing spatial 

relationships between various aspects of the environment, which helps in the development of 

effective resource management strategies; 

- digital data sharing platforms. The creation of digital platforms where different stakeholders 

can exchange data and information promotes joint work in the field of environmental protection; 

- data visualization. The use of data visualization tools allows to visually display complex 

information and clearly present it for decision-making; 

- development of innovative solutions. On the basis of digital data, new technologies and 

innovative solutions can be developed to preserve natural resources and reduce the negative impact 

on the environment. 

Digital transformation in the field of environmental research helps increase the effectiveness 

of environmental monitoring, promote more effective resource management, and raise public 

awareness of environmental problems. It is the process of applying digital technologies to collect, 

analyze, visualize and understand data about the environment. Digital transformation in the field of 
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environmental research makes it possible to more efficiently solve the problems of pollution, 

conservation of natural resources and creation of sustainable development. 

 
Fig. 2. Digital transformation in the field of environmental research 

 

Expanding the boundaries of digital transformation helps increase the circle of interested 

parties. This, in turn, will help to implement research processes more efficiently, as more employees 

will be knowledgeable in innovative technologies. The implementation of practices of using IT 

technologies and demonstrations of their use in education will make it possible to form a contingent 

of young people who will be promising highly qualified workers in various fields. The following 

aspects will contribute to the expansion of digital transformation: 

- environmental monitoring: using and IoT to continuously monitor environmental parameters 

such as air quality, noise level, water pollution level, etc; 

- data collection and analysis: collecting large amounts of environmental data and analyzing it 

using machine learning algorithms to identify patterns and trends; 

- forecasting and modeling: using digital tools to predict changes in the environment and 

model the consequences of different scenarios; 

- effective resource management: optimizing the use of natural resources and support 

sustainable practices; 

- involvement of the public: using digital platforms to engage the public in environmental 

monitoring and data collection; 

- communication and education: using digital media to increase public awareness of 

environmental problems and how to solve them. 

If we consider the digitization of environmental research, then more specific means of 

research can be added to the above list. For example, microelectronic and nanoelectronic remote 

control systems for weather stations based on Arduino are popular solutions for automating the 

collection and processing of weather data. Arduino is an open hardware and software environment 

that allows you to create electronic devices with convenient interfaces for programming and 

interacting with sensors. 

Remote control of a weather station using Arduino can include a number of functions, such 

as:  

Å reading and collecting data from sensors for temperature, humidity, barometric pressure and 

other parameters; 

Å real-time visualization of data processing and results on a display or web page; 
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Å remote control of weather stations using wireless technologies such as WLAN and 

Bluetooth; 

Å automatic management of weather stations based on preset parameters and conditions. 

Using micro- and nanoelectronic systems with Arduino, it is possible to reduce the size and 

weight of the weather station, reduce costs and increase the efficiency of their operation. In addition, 

it can be easily modified and expanded with additional modules and sensors. 

It is worth noting that neural networks can be used to monitor the environment in various 

aspects, providing a wide range of opportunities for analyzing and detecting changes in the research 

area. Below are several methods of applying neural networks for environmental monitoring. 

- Satellite imagery and segmentation. Neural networks can be used to analyze satellite images 

to segment different environmental elements such as forests, water bodies, urban areas, etc. This 

allows to automatically identify and track changes in these areas over time. 

- Monitoring of forests and biodiversity. Neural networks can analyze aerial photographs or 

satellite images to identify and classify forest vegetation types, as well as assess the state of 

biodiversity. They can also detect changes in forest cover, such as deforestation or changes in species 

distribution. 

- Detection of environmental pollution. Neural networks can be trained to detect 

environmental pollution in images such as photos or videos taken from drones. This may include 

detecting oil spills, surface water contamination, or other types of contamination. 

- Monitoring of water resources. Neural networks can analyze images of bodies of water to 

detect changes in water levels, determine water quality, and detect environmental problems such as 

falls or pollution. 

- Climate change forecasting. Neural networks can be used to analyze climate data and predict 

climate change, including predicting weather trends, temperature changes, water levels, and 

more. 

These methods demonstrate the potential applications of neural networks for environmental 

monitoring, which can help in the management and conservation of natural resources and reduce the 

impact of human activities on the environment. 

The following table shows the different methods of applying neural networks for 

environmental monitoring and their brief description. 

Table 1 

Methods of using neural networks for environmental monitoring 

Method Description 

Image and video 

analysis 

Trained neural networks are used to recognize and analyze images or videos 

to detect changes in vegetation, soil erosion, water pollution, and more. 

Data segmentation 

Neural networks divide the image into separate segments corresponding to 

different elements of the environment, which helps in determining the area 

of certain types of areas and detecting changes. 

Analysis of satellite 

images 

Neural networks process satellite images from space to detect changes in 

land use, deforestation, urban sprawl, and other changes in the environment. 

Forecasting changes 

Neural networks are used to predict future changes in the environment based 

on historical data and current trends, helping to identify risks such as forest 

fires or pollution. 

Pollution monitoring 

Neural networks help to detect and classify pollution on the surface of the 

earth, in water bodies or in the air, which allows to identify the sources of 

pollution and track their distribution in space and time. 

 

It is worth noting that at this stage of the development of science and technology, the proper 

place should be given to quantum technologies ï a promising field that is increasingly developing. 

Quantum technologies can also be used for environmental monitoring, providing more accurate, fast 
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and efficient methods of data collection and analysis. Here are some ways quantum technology can 

be used in this field: 

- quantum sensors can measure various environmental parameters, such as air, water or soil 

pollution levels, as well as measure emissions of harmful substances; 

- quantum algorithms can improve image analysis, allowing more accurate detection of 

changes in the environment, such as deforestation, changes in ocean currents or water pollution; 

- quantum networks can ensure the security of the transmission of data about the state of the 

environment, ensuring the confidentiality and integrity of information about the environment; 

- quantum machine learning algorithms can help find correlations in massive environmental 

data sets and predict changes based on these data; 

- quantum cryptography can ensure the security and privacy of environmental data during its 

transmission and storage. 

Overall, the quantum technologies use can greatly improve the way of environment 

monitoring, providing more accurate and efficient methods of collecting, analyzing and protecting 

data about the state of environment. 

4. Conclusions 

The use of information technology in environmental research is becoming more and more 

common and allows obtaining more accurate data, analyzing it faster and solving environmental 

problems more efficiently. The main means and methods related to the global and domestic practice 

of using IT in environmental research: 

- sensor networks and the Internet of Things used to create sensor networks and IoT systems 

that provide real-time data collection from various sources. This allows you to receive more detailed 

and up-to-date information about the state of the environment; 

- geographic information systems used to collect, analyze, and visualize geographic data 

about the environment. They allow researchers to analyze the spatial relationships between various 

elements of the environment and develop strategies for the conservation of natural resources; 

- artificial intelligence and machine learning help identify and predict trends in climate 

change, environmental pollution and other environmental problems based on the analysis of large 

volumes of data; 

- modeling and simulation to create complex mathematical models and simulations that allow 

predicting the consequences of various environmental impacts and developing strategies for their 

management; 

- electronic pollution monitoring systems allow for the development of electronic monitoring 

systems that automatically detect and measure levels of air, water and soil pollution, which allows 

prompt response to environmental threats. 
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ɸʥʦʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʨʦʙʣʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʢʽʣʣʷ. ʈʦʟʛʣʷʥʫʪʦ ʨʷʜ 

ʧʨʦʛʨʘʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʟ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʮʠʬʨʦʚʠʭ ʢʘʨʪ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʦʙʨʦʙʣʝʥʠʭ ʬʦʪʦ ʟ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤ 

DroneDeploy ʪʘ QGIS. ɿʘʟʥʘʯʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷ, ʮʠʬʨʦʚʽʟʘʮʽʷ, ʦʨʪʦʬʦʪʦʧʣʘʥ, ɹʇʃɸ. 

 

Abstract. An overview of the main ways of using quadcopters for environmental monitoring 

is carried out. It is made the analysis of existing studies on the use of unmanned aerial vehicles for 

environmental research. A number of programs for automated processing of images obtained from 

quadcopters for creating digital maps are considered. Examples of processed quadcopter photos 

based on DroneDeploy and QGIS programs are given. It is noted that obtaining data from a 

quadcopter in real time can be carried out using various methods and means of data processing. 

Keywords: environmental monitoring, digitalization, orthophoto, UAV. 

 

ɺʩʪʫʧ 

ɿ ʧʦʰʠʨʝʥʥʷʤ ʜʽʜʞʠʪʘʣʽʟʘʮʽʾ ʪʘ ʟʨʦʩʪʘʥʥʷʤ ʨʦʣʽ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʝʜʘʣʽ 

ʚʘʞʣʠʚʽʰʠʤʠ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʩʪʘʶʪʴ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ, ʜʨʦʥʠ, 

ʢʚʘʜʨʦʢʦʧʪʝʨʠ). ʋ ʧʦʻʜʥʘʥʥʽ ʟ ʧʨʦʛʨʝʩʦʤ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʦʥʠ ʻ ʮʽʥʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʚʘʜʨʦʢʦʧʪʝʨʠ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʟʜʽʡʩʥʶʚʘʪʠ ʦʛʣʷʜ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧʥʽ ʜʣʷ 

ʧʦʩʪʦʙʨʦʙʢʠ ʜʘʥʽ, ʟʦʢʨʝʤʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ɹʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʚʝʣʠʢʽ ʧʣʦʱʽ ʜʦʚʢʽʣʣʷ ʜʣʷ ʦʮʽʥʢʠ 

ʧʦʢʘʟʥʠʢʽʚ ʟ ʚʠʩʦʢʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʟ ʧʦʜʘʣʴʰʦʶ ʾʭ ʦʙʨʦʙʢʦʶ. ʊʘʢʽ ʘʧʘʨʘʪʠ ʜʘʶʪʴ ʛʝʦʜʝʟʠʯʥʫ 

ʪʦʯʥʽʩʪʴ ʧʨʠ ʩʘʥʪʠʤʝʪʨʦʚʽʡ ʧʨʦʩʪʦʨʦʚʽʡ ʨʦʟʜʽʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ 

ʜʣʷ ʢʘʤʝʨ ʟʥʽʤʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʠʪʠ ʾʭ ʜʦʩʠʪʴ ʢʦʤʧʘʢʪʥʠʤʠ.  

ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʙʘʛʘʪʦ ʨʦʙʽʪ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɹʇʃɸ ʜʣʷ 

ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʜʦʚʢʽʣʣʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɿʦʢʨʝʤʘ, ʘʚʪʦʨʠ ʨʦʙʦʪʠ [1] 

ʨʦʟʛʣʷʜʘʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʧʘʩʦʚʠʱ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʦʥʽʚ, ʘ ʫ ʨʦʙʦʪʽ [2] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʤʝʪʦʜʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʪʘ ʢʦʤʧʨʝʩʽʾ ʟʦʙʨʘʞʝʥʴ ʧʽʜ ʯʘʩ ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ ʟ ɹʇʃɸ. ʂʨʽʤ 

ʪʦʛʦ, ʚʘʞʣʠʚʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ ʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʫʭʫ ʜʨʦʥʽʚ. 

ɿʦʢʨʝʤʘ, ʘʚʪʦʨʠ ʨʦʙʦʪʠ [3] ʦʧʠʩʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʧʦʚʝʜʽʥʢʠ ʟʛʨʘʡ ʫ ʧʨʠʨʦʜʽ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʛʨʫʧʦʚʠʭ ʧʦʣʴʦʪʘʭ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ʊʘʢ ʟʚʘʥʠʡ ñʨʦʾʥʠʡ ʤʝʪʦʜò 

ʻ ʦʜʥʠʤ ʟ ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʦʙʣʠʚʦ ʚ ʛʘʣʫʟʽ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ. ʎʝʡ 

ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʨʫʧʫ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʨʘʟʦʤ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʪʘ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʜʘʥʴ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ, ʜʦʟʚʦʣʷʶʯʠ ʟʙʠʨʘʪʠ ʙʽʣʴʰʝ ʜʘʥʠʭ ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʰʚʠʜʢʽʩʪʶ. 

1. ʉʧʦʩʦʙʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʘʻ 

ʰʠʨʦʢʝ ʢʦʣʦ ʟʘʚʜʘʥʴ, ʟʦʢʨʝʤʘ:  

- ʤʦʥʽʪʦʨʠʥʛ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ;  

- ʚʠʷʚʣʝʥʥʷ ʩʝʨʝʜʦʚʠʱ ʧʦʞʝʞ ʪʘ ʜʦʧʦʤʦʛʘ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʟʘʭʦʜʽʚ;  

- ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, ʫʪʦʯʥʝʥʥʷ ʪʘ ʘʢʪʫʘʣʽʟʘʮʽʷ ʽʩʥʫʶʯʠʭ ʢʘʨʪ;  

- ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʤʽʥʘʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʦʱ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ 
ʚ ʨʽʟʥʠʡ ʯʘʩ ʦʨʪʦʬʦʪʦʧʣʘʥʽʚ;  

- ʢʦʥʪʨʦʣʴ ʟʘ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʤ ʙʫʜʽʚʥʠʮʪʚʦʤ ʚ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʦʥʘʭ;  

- ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʪʚʘʨʠʥʘʤʠ ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʯʠʩʝʣʴʥʦʩʪʽ ʥʘ ʧʝʚʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ (ʙʝʟʧʽʣʦʪʥʠʢ ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʟʡʦʤʢʫ ʥʝʧʦʤʽʪʥʦ); 

- ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʽʪ ʥʘ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʽ ʾʭ ʨʦʟʧʦʜʽʣ ʥʘ ʯʘʩʪʠʥʠ; 

- ʦʙʧʨʠʩʢʫʚʘʥʥʷ ʣʽʩʽʚ ʪʘ ʧʦʣʽʚ ʚʽʜ ʰʢʽʜʥʠʢʽʚ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ ʯʘʩ ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʩʦʚʠʭ 

ʝʢʦʩʠʩʪʝʤ ʢʚʘʜʨʦʢʦʧʪʝʨʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ 

ʚʠʩʦʪʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʝʥʩʦʨʽʚ. ʂʚʘʜʨʦʢʦʧʪʝʨʠ ʦʩʥʘʱʝʥʽ ʚʠʩʦʢʦʷʢʽʩʥʠʤʠ 

ʢʘʤʝʨʘʤʠ, ʷʢʽ ʟʜʘʪʥʽ ʟʜʽʡʩʥʶʚʘʪʠ ʘʝʨʦʬʦʪʦʟʡʦʤʢʫ ʟ ʚʝʣʠʢʦʾ ʚʠʩʦʪʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʜʝʪʘʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ɹʇʃɸ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʣʴʦʪʠ ʥʘʚʢʦʣʦ ʣʽʩʦʚʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ 

ʤʦʜʝʣʝʡ ʣʽʩʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʢʣʘʜʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʣʽʩʦʚʦʾ ʤʽʩʮʝʚʦʩʪʽ. 

ʂʚʘʜʨʦʢʦʧʪʝʨʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʘʨʘʞʝʥʠʭ ʜʝʨʝʚ ʪʘ ʽʥʰʠʭ ʦʟʥʘʢ 

ʟʘʭʚʦʨʶʚʘʥʴ ʘʙʦ ʧʦʰʢʦʜʞʝʥʥʷ ʚʽʜ ʰʢʽʜʥʠʢʽʚ. 

ɼʨʦʥʠ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʚʠʷʚʠʪʠ ʙʝʟʣʽʯ ʨʫʡʥʽʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʥʠʱʝʥʥʷ 

ʣʽʩʫ ʯʝʨʝʟ ʨʫʙʢʠ ʘʙʦ ʥʝʟʘʢʦʥʥʫ ʜʽʷʣʴʥʽʩʪʴ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʪʘʢʽ 

ʧʨʦʙʣʝʤʠ ʪʘ ʚʞʠʚʘʪʠ ʟʘʭʦʜʽʚ ʜʣʷ ʾʭ ʚʠʨʽʰʝʥʥʷ. 

ʂʚʘʜʨʦʢʦʧʪʝʨʠ ʚʠʷʚʣʷʶʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʠʤʠ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʘ ʚʠʷʚʣʝʥʥʽ 

ʩʝʨʝʜʦʚʠʱ ʧʦʞʝʞ, ʥʘʜʘʶʪʴ ʟʥʘʯʥʫ ʜʦʧʦʤʦʛʫ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʟʘʭʦʜʽʚ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʣʘʜʥʘʥʽ ʪʝʧʣʦʚʽʟʽʡʥʠʤʠ ʢʘʤʝʨʘʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʟʦʥʠ ʧʽʜʚʠʱʝʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʦʞʝʞʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʧʦʞʝʞʥʽ 

ʫʨʘʞʝʥʥʷ ʥʘ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʚʢʣʶʯʘʶʯʠ ʚʘʞʢʦʜʦʩʪʫʧʥʽ ʤʽʩʮʷ. ʂʚʘʜʨʦʢʦʧʪʝʨʠ ʩʪʘʶʪʴ ʫ 

ʜʦʧʦʤʦʟʽ ʧʦʞʝʞʥʽʡ ʩʣʫʞʙʽ, ʱʦʙ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʟʘʭʦʜʽʚ 

ʰʣʷʭʦʤ ʥʘʜʘʥʥʷ ʰʚʠʜʢʦʾ ʪʘ ʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʠʪʫʘʮʽʶ ʥʘ ʤʽʩʮʽ ʧʦʞʝʞʽ, ʘ ʜʦʜʘʪʢʦʚʝ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʢʚʘʜʨʦʢʦʧʪʝʨʽ ʜʦʟʚʦʣʷʻ ʧʨʦʪʠʧʦʞʝʞʥʫ ʧʦʨʦʰʢʦʚʫ ʩʫʤʽʰ ʜʦʩʪʘʚʠʪʠ ʚ ʝʧʽʮʝʥʪʨ 

ʟʘʛʦʨʷʥʥʷ. 

ɹʇʃɸ ʻ ʢʦʨʠʩʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, ʫʪʦʯʥʝʥʥʷ ʪʘ ʘʢʪʫʘʣʽʟʘʮʽʾ 

ʽʩʥʫʶʯʠʭ ʢʘʨʪ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʤʦʞʣʠʚʦʩʪʽ ʟʜʽʡʩʥʶʚʘʪʠ ʘʝʨʦʬʦʪʦʟʡʦʤʢʫ ʪʘ ʚʠʩʦʢʫ ʤʘʥʝʚʨʝʥʽʩʪʴ. 

ʆʪʨʠʤʘʥʽ ʚʠʩʦʢʦʷʢʽʩʥʽ ʟʦʙʨʘʞʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʢʘʨʪ ʘʙʦ ʦʥʦʚʣʝʥʥʷ ʽʩʥʫʶʯʠʭ. ʂʚʘʜʨʦʢʦʧʪʝʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʥʘʱʝʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʜʘʪʯʠʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝʨʠʪʦʨʽʶ (ʚʠʩʦʪʘ ʨʝʣʴʻʬʫ, 

ʜʝʨʝʚ ʪʘ ʙʫʜʽʚʝʣʴ ʪʦʱʦ), ʱʦ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʢʘʨʪ. ʇʽʩʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʢʚʘʜʨʦʢʦʧʪʝʨʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʮʠʬʨʦʚʠʭ ʢʘʨʪ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ, 

ʘʥʘʣʽʟʫ ʟʤʽʥ ʪʘ ʽʥʰʠʭ ʟʘʚʜʘʥʴ. ʋʩʽ ʮʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ ʜʦʧʦʤʘʛʘʶʪʴ ʧʦʢʨʘʱʠʪʠ 

ʷʢʽʩʪʴ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʢʘʨʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, ʚʢʣʶʯʘʶʯʠ ʤʽʩʴʢʝ 

ʧʣʘʥʫʚʘʥʥʷ, ʣʘʥʜʰʘʬʪʥʠʡ ʜʠʟʘʡʥ, ʝʢʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʱʦ. 
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ʊʘʢʦʞ ʢʚʘʜʨʦʢʦʧʪʝʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʠʤʠ ʧʨʠ ʢʦʥʪʨʦʣʽ ʟʘ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʤ ʙʫʜʽʚʥʠʮʪʚʦʤ ʫ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʦʥʘʭ ʟʘʚʜʷʢʠ ʾʭ ʤʦʞʣʠʚʦʩʪʽ 

ʟʜʽʡʩʥʶʚʘʪʠ ʘʝʨʦʬʦʪʦʟʡʦʤʢʫ ʪʘ ʥʘʜʘʚʘʪʠ ʚʽʜʜʘʣʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʩʢʣʘʜʥʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʴ.  

ɼʨʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʧʦʨʫʰʝʥʴ ʫ ʚʠʛʣʷʜʽ ʬʦʪʦ- ʪʘ 

ʚʽʜʝʦʤʘʪʝʨʽʘʣʽʚ. ʅʘ ʦʩʥʦʚʽ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʢʚʘʜʨʦʢʦʧʪʝʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʧʽʜʛʦʪʦʚʢʠ ʟʚʽʪʽʚ ʧʨʦ ʚʠʷʚʣʝʥʽ ʧʦʨʫʰʝʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʦʜʘʣʴʰʠʭ ʜʽʡ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʂʚʘʜʨʦʢʦʧʪʝʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʢʦʨʠʩʥʠʤʠ ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʟʘ ʪʚʘʨʠʥʘʤʠ ʟ ʤʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ (ʘʝʨʦʬʦʪʦʟʡʦʤʢʘ, ʪʝʧʣʦʚʽʟʽʡʥʘ 

ʟʡʦʤʢʘ, ʨʦʟʨʦʙʢʘ ʪʨʘʩʧʦʨʪʫʚʘʣʴʥʠʭ ʰʣʷʭʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʪʚʘʨʠʥ, 

ʤʦʥʽʪʦʨʠʥʛ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ ʜʣʷ ʪʚʘʨʠʥ ʪʦʱʦ). ɺʠʢʦʨʠʩʪʘʥʥʷ ɹʇʃɸ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ 

ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʨʦʟʧʦʜʽʣʫ ʪʚʘʨʠʥ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʪʠ ʾʭ ʟʙʝʨʝʞʝʥʥʶ ʪʘ ʦʭʦʨʦʥʽ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʤʦʞʝ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɺʠʜʽʣʠʤʦ ʜʝʷʢʽ ʟ ʥʠʭ: 

Á ɹʝʟʧʨʦʚʽʜʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʂʚʘʜʨʦʢʦʧʪʝʨ ʤʦʞʝ ʙʫʪʠ ʦʙʣʘʜʥʘʥʠʡ 

ʙʝʟʧʨʦʚʽʜʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ (Wi-Fi, Bluetooth), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʚ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ ʥʘ ʟʝʤʣʶ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ- ʪʘ ʬʦʪʦʤʘʪʝʨʽʘʣʽʚ 

ʘʙʦ ʽʥʰʠʭ ʪʠʧʽʚ ʜʘʥʠʭ. 

Á ʈʘʜʽʦʟʚ'ʷʟʦʢ. ɹʇʃɸ ʤʦʞʝ ʙʫʪʠ ʦʙʣʘʜʥʘʥʠʡ ʨʘʜʽʦʧʝʨʝʜʘʚʘʯʝʤ, ʷʢʠʡ ʧʝʨʝʜʘʻ ʜʘʥʽ ʥʘ 

ʟʝʤʣʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʭʚʠʣʴ. ʎʝʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʝʡ ʪʘ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. 

Á ʉʫʧʫʪʥʠʢʦʚʝ ʟ'ʻʜʥʘʥʥʷ. ɼʝʷʢʽ ʢʚʘʜʨʦʢʦʧʪʝʨʠ ʦʙʣʘʜʥʘʥʽ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 
ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʯʝʨʝʟ ʩʫʧʫʪʥʠʢʦʚʝ ʟ'ʻʜʥʘʥʥʷ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʚ ʙʫʜʴ-ʷʢʠʡ 

ʧʫʥʢʪ ʧʣʘʥʝʪʠ, ʜʝ ʻ ʟʚ'ʷʟʦʢ ʽʟ ʩʫʧʫʪʥʠʢʦʤ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

Á ɺʙʫʜʦʚʘʥʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʜʘʥʠʭ. ʂʚʘʜʨʦʢʦʧʪʝʨʠ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘʧʠʩ ʜʘʥʠʭ ʥʘ 

ʚʙʫʜʦʚʘʥʠʡ ʥʘʢʦʧʠʯʫʚʘʯ ʧʽʜ ʯʘʩ ʧʦʣʴʦʪʫ, ʘ ʧʦʪʽʤ ʧʝʨʝʜʘʚʘʪʠ ʮʽ ʜʘʥʽ ʥʘ ʟʝʤʣʶ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʤʽʩʽʾ. ʎʝʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʫ ʚʠʧʘʜʢʫ ʚʪʨʘʪʠ 

ʟʚ'ʷʟʢʫ ʘʙʦ ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ. 

ʂʦʞʝʥ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ, ʽ ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʪʘ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʨʠʩ. 1). ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʪʨʘʥʩʣʷʮʽʾ ʚʽʜʝʦ ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʘ ʙʝʟʧʨʦʚʽʜʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʜʘʥʠʭ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʩʫʧʫʪʥʠʢʦʚʝ ʟ'ʻʜʥʘʥʥʷ. 

ʆʩʥʦʚʥʠʤ ʢʘʨʪʦʛʨʘʬʽʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʘʨʪ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʻ ʦʨʪʦʬʦʪʦʧʣʘʥ ï ʬʦʪʦʛʨʘʬʽʯʥʠʡ ʧʣʘʥ 

ʤʽʩʮʝʚʦʩʪʽ ʥʘ ʪʦʯʥʽʡ ʛʝʦʜʝʟʠʯʥʽʡ ʦʩʥʦʚʽ, ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ ʯʠ ʢʦʩʤʽʯʥʦʾ 

ʟʡʦʤʢʠ ʟ ʧʦʜʘʣʴʰʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʟʥʽʤʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʦʨʪʦʪʨʘʥʩʬʦʨʤʫʚʘʥʥʷ. 

ʆʨʪʦʬʦʪʦʧʣʘʥ ʥʝʟʘʤʽʥʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʦʙôʻʢʪʽʚ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʽʥʞʝʥʝʨʥʠʭ ʧʦʰʫʢʽʚ ʽ ʚʠʢʦʥʘʥʥʽ ʢʘʜʘʩʪʨʦʚʠʭ ʨʦʙʽʪ [4].  

ɿʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʥʘʚʽʛʘʮʽʾ ʽ ʤʦʜʫʣʽʚ RTK, ʢʘʨʪʠ, ʩʪʚʦʨʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʤʘʶʪʴ ʩʘʥʪʠʤʝʪʨʦʚʫ ʪʦʯʥʽʩʪʴ. ɺʠʢʦʥʘʥʥʷ ʧʦʣʴʦʪʫ ʥʘ ʛʨʘʥʠʯʥʠʭ 

ʚʠʩʦʪʘʭ ʧʽʜʚʠʱʫʻ ʜʝʪʘʣʽʟʘʮʽʶ ʽ ʷʢʽʩʪʴ ʟʥʽʤʢʽʚ. ʊʘʢʘ ʪʦʯʥʽʩʪʴ ʜʦ ʦʜʥʦʛʦ ʩʘʥʪʠʤʝʪʨʘ ʥʘ ʧʽʢʩʝʣʴ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʝʪʘʣʴʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʩʪʘʥ ʢʨʦʥʠ ʜʝʨʝʚʘ, ʧʦʨʘʭʫʚʘʪʠ ʦʙôʻʤ ʟʘʣʠʰʝʥʦʾ ʥʘ 

ʜʽʣʷʥʮʽ ʤʝʨʪʚʦʾ ʜʝʨʝʚʠʥʠ, ʧʣʦʱʽ ʚʢʨʠʪʽ ʧʨʠʨʦʜʥʽʤ ʧʦʥʦʚʣʝʥʥʷʤ, ʧʨʦʪʷʞʥʽʩʪʴ ʣʽʩʦʚʠʭ ʜʦʨʽʛ ʪʘ 

ʣʽʩʦʚʠʭ ʧʦʪʦʢʽʚ ʪʦʱʦ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ 

 

ɼʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʘʨʰʨʫʪʫ ʟʥʽʤʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʛʨʘʤʠ, ʪʘʢʽ ʷʢ DroneDeploy 

ʯʠ Pix4D. ʊʘʢʽ ʧʨʦʛʨʘʤʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʣʘʥʫʚʘʪʠ ʤʘʨʰʨʫʪ ʟʥʽʤʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʘʨʪ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʚ'ʷʟʢʫ ʜʦ ʢʚʘʨʪʘʣʴʥʦ-ʚʠʜʽʣʴʥʦʾ ʩʽʪʢʠ, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʣʴʦʪʫ: ʚʠʩʦʪʠ ʟʥʽʤʘʥʥʷ, ʨʽʟʥʦʩʪʦʨʦʥʥʻ ʧʝʨʝʢʨʠʪʪʷ ʟʥʽʤʢʽʚ, ʷʢʝ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʪʽʣʴʢʠ 

ʩʪʚʦʨʶʚʘʪʠ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʦʨʪʦʬʦʪʦʧʣʘʥʠ, ʘ ʡ ʙʫʜʫʚʘʪʠ 3D ʧʨʦʻʢʮʽʾ ʤʽʩʮʝʚʦʩʪʽ. ʇʨʦʛʨʘʤʘ 

ʧʦʚʥʽʩʪʶ ʧʣʘʥʫʻ ʧʦʣʽʪ ʙʝʟʧʽʣʦʪʥʠʢʘ, ʨʦʟʨʘʭʦʚʫʶʯʠ ʟʘʨʷʜ ʙʘʪʘʨʝʾ ʪʘ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʾ ʟʘʤʽʥʫ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʚʘʨʽʘʥʪʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʟ 

ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ ʟʦʙʨʘʞʝʥʴ ʪʘ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʢʘʨʪ. ʐʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʣʠ: 

Pix4D ï ʦʜʠʥ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʫ ʛʘʣʫʟʽ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʟ 

ʧʦʚʽʪʨʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʪʝʨʠʪʦʨʽʡ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʪʦʯʥʽ ʮʠʬʨʦʚʽ 

ʢʘʨʪʠ, ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʪʘ ʦʮʽʥʶʚʘʪʠ ʦʙ'ʻʢʪʠ ʥʘ ʟʝʤʣʽ. 

DroneDeploy ï ʭʤʘʨʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʦʙʨʦʙʢʫ 

ʪʘ ʘʥʘʣʽʟ ʘʝʨʦʬʦʪʦʟʡʦʤʦʢ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʶʚʘʪʠ ʮʠʬʨʦʚʽ ʢʘʨʪʠ ʪʘ ʤʦʜʝʣʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ.  

Agisoft Metashape ï ʽʥʩʪʨʫʤʝʥʪ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʪʦʯʥʽ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ, ʦʨʪʦʬʦʪʦʧʣʘʥʠ ʪʘ 3D ʤʦʜʝʣʽ 

ʟʦʙʨʘʞʝʥʴ. 

QGIS ï ʙʝʟʢʦʰʪʦʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʛʝʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ɻɯʉ) ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ, ʨʝʜʘʛʫʚʘʥʥʷ ʘʥʘʣʽʟʫ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ ʫ ʛʝʦʛʨʘʬʽʯʥʦʤʫ ʢʦʥʪʝʢʩʪʽ.  

ArcGIS Pro ï ʛʝʦʧʨʦʩʪʦʨʦʚʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʤʘʻ ʚʙʫʜʦʚʘʥʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʜʣʷ ʦʙʨʦʙʢʠ ʘʝʨʦʬʦʪʦʟʡʦʤʦʢ ʪʘ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʢʘʨʪ. ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ 

ʛʝʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʷʢʽʩʥʽ ʢʘʨʪʠ ʟ ʨʽʟʥʠʤʠ ʰʘʨʘʤʠ ʽ ʘʥʘʣʽʪʠʯʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ. 

Global Mapper ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʷʢʝ 

ʧʽʜʪʨʠʤʫʻ ʦʙʨʦʙʢʫ ʘʝʨʦʬʦʪʦʟʡʦʤʦʢ ʪʘ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʢʘʨʪ. ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʘʥʘʣʽʟ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ. 
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OpenDroneMap ï ʚʽʜʢʨʠʪʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ 

ʟ ʜʨʦʥʽʚ. ɺʦʥʦ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʨʪʦʬʦʪʦʧʣʘʥʽʚ, ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʪʘ 

3D-ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ ʚʽʜʢʨʠʪʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʎʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʥʘʜʘʶʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʟ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʢʘʨʪ 

ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʜʝʪʘʣʽʟʘʮʽʻʶ. ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʘ, ʦʙʩʷʛʫ ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʝʢʪʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʬʽʥʘʥʩʦʚʠʭ ʨʝʩʫʨʩʽʚ. 

2. ʇʨʠʢʣʘʜʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ ʦʙʨʦʙʢʠ 

ʗʢ ʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʝʤʦ ʦʙʨʦʙʣʝʥʝ ʬʦʪʦ ʟ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʠ 

DroneDeploy (ʨʠʩ. 2) [5].  

 

 
 

ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʤʝʞ ʧʦʣʴʦʪʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʡʦʤʢʠ ʪʝʨʠʪʦʨʽʾ ʟ 

ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʠ DroneDeploy 

 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʤʝʞʽ ʧʦʣʴʦʪʫ 

ʤʦʞʥʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʷʢ ʚ ʨʫʯʥʠʡ ʩʧʦʩʽʙ, ʟʘʜʘʶʯʠ ʩʽʪʢʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʦʣʴʦʪʫ, ʪʘʢ ʽ ʛʦʪʦʚʠʤ 

ʬʘʡʣʦʤ ʬʦʨʤʘʪʫ KML. ɼʘʥʠʡ ʬʦʨʤʘʪ KML (Keyhole Markup Language) ʤʽʩʪʠʪʴ ʛʝʦʧʨʦʩʪʦʨʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʫ ʬʦʨʤʘʪʽ XML. ʌʦʨʤʘʪ KML ʻ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ QGIS 

ʪʘ Google Earch Pro ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʨʠʪʠʡ ʚ ʽʥʰʠʭ ʜʦʜʘʪʢʘʭ ʛʝʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ (ɻɯʉ). ʎʝʡ ʬʦʨʤʘʪ ʜʘʻ ʟʤʦʛʫ ʟʘʜʘʪʠ ʪʦʯʥʫ ʬʦʨʤʫ ʢʚʘʨʪʘʣʴʥʦ-ʚʠʜʽʣʴʥʦʾ ʩʽʪʢʠ, ʟʦʢʨʝʤʘ 

ʦʢʨʝʤʠʡ ʚʠʜʽʣ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʦʙʩʪʝʞʠʪʠ (ʨʠʩ. 3). ɼʦʜʘʪʢʦʚʦ ʜʦʜʘʻʪʴʩʷ ʟʚʽʪ ʧʨʦ ʦʙʨʦʙʢʫ ʢʘʨʪ, 

ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ 1,2-2 ʩʤ/ʧʽʢʩ, ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʢʣʶʯʦʚʘ ʽʥʬʦʨʤʘʮʽʷ, 

ʚʢʘʟʫʶʪʴʩʷ ʥʘ ʨʦʟʙʽʞʥʦʩʪʽ ʚ ʧʦʣʴʦʪʘʭ ʽ ʚʠʩʚʽʪʣʶʶʪʴʩʷ ʬʘʢʪʦʨʠ, ʷʢʽ, ʤʦʞʣʠʚʦ, ʧʦʪʨʽʙʥʦ ʙʫʜʝ 

ʩʢʦʨʝʛʫʚʘʪʠ ʘʙʦ ʨʦʟʛʣʷʥʫʪʠ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʪʦʯʥʫ ʢʘʨʪʫ.  
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ʈʠʩ. 3. ʂʚʘʨʪʘʣʴʥʦ-ʚʠʜʽʣʴʥʘ ʩʽʪʢʘ ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çɼʝʣʷʪʠʥʩʴʢʝ ʣʽʩʦʚʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦè ʄʘʡʜʘʥʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ ʢʚ.55-56 ʽʟ ʥʘʥʝʩʝʥʠʤ ʦʨʪʦʬʦʪʦʧʣʘʥʦʤ ʢʚ.56. ʚʠʜ. 7. ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ QGIS 

 

ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ ʽʟ ʚʠʷʚʣʝʥʥʷʤ 

ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ ʧʦʨʫʰʝʥʥʷ ʤʝʞ ʦʩʦʙʣʠʚʦ ʮʽʥʥʠʭ ʣʽʩʦʚʠʭ ʜʽʣʷʥʦʢ ʥʘ ʪʝʨʠʪʦʨʽʾ ɼʝʨʞʘʚʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ çɼʝʣʷʪʠʥʩʴʢʝ ʣʽʩʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦè ʄʘʡʜʘʥʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ, ʜʝ ʙʫʣʦ ʚʠʷʚʣʝʥʽ 

ʟʤʽʥʠ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ ʫ ʢʚ. 55. ʚʠʜ. 2. ɼʘʥʘ ʜʽʣʷʥʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʘʣʽʩʦʚʠʭ ʧʘʤʷʪʦʢ 

ʧʨʠʨʦʜʠ ʪʘ ʚʽʜʥʝʩʝʥʽ ʜʦ ʢʘʪʝʛʦʨʽʾ ñʢʚʘʟʽʧʨʘʣʽʩʠò. ɿʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʋʢʨʘʾʥʠ ˉ 2063-VIII ʚʽʜ 23 

ʪʨʘʚʥʷ 2017 ʨʦʢʫ «ʇʨʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʜʝʷʢʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʋʢʨʘʾʥʠ ʱʦʜʦ ʦʭʦʨʦʥʠ 

ʧʨʘʣʽʩʽʚ ʟʛʽʜʥʦ ʟ ʈʘʤʢʦʚʦʶ ʢʦʥʚʝʥʮʽʻʶ ʧʨʦ ʦʭʦʨʦʥʫ ʪʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʂʘʨʧʘʪ» ʥʘʚʢʦʣʦ 

ʧʨʘʣʽʩʦʚʠʭ, ʢʚʘʟʽʧʨʘʣʽʩʦʚʠʭ ʽ ʧʨʠʨʦʜʥʠʭ ʣʽʩʦʚʠʭ ʜʽʣʷʥʦʢ ʩʪʚʦʨʶʻʪʴʩʷ ʙʫʬʝʨʥʘ (ʦʭʦʨʦʥʥʘ) 

ʟʦʥʘ, ʰʠʨʠʥʦʶ ʫ ʜʚʽ ʚʠʩʦʪʠ ʜʝʨʝʚʦʩʪʘʥʫ ñʚ ʷʢʠʭ ʟʘʙʦʨʦʥʷʶʪʴʩʷ ʙʫʜ-ɹʷʢʽ ʩʫʮʽʣʴʥʽ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʩʘʥʽʪʘʨʥʽ, ʘ ʪʘʢʦʞ ʧʦʩʪʫʧʦʚʽ ʨʫʙʢʠò. ʆʩʢʽʣʴʢʠ ʚ ʢʚ. 56 ʚʠʜ. 7 ʄʘʡʜʘʥʩʴʢʦʛʦ ʣʽʩʥʠʮʪʚʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʨʽʚʥʦʤʽʨʥʦ-ʧʦʩʪʫʧʦʚʘ ʨʫʙʢʘ, ʪʦ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʫʪʦʯʥʠʪʠ ʯʠ ʟʘ ʫʯʘʩʪʶ 

ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʝ ʙʫʣʦ ʚʪʨʫʯʘʥʴ ʫ ʢʚʘʟʽʧʨʘʣʽʩʦʚʫ ʜʽʣʷʥʢʫ ʩʫʩʽʜʥʴʦʛʦ ʚʠʜʽʣʫ. 

ɿʜʽʡʩʥʝʥʥʷ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʘʭʦʜʽʚ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʚʦʣʦʢʽʚ ʽ ʜʦʨʽʛ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʯʘʩʪʢʦʚʦʾ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʦʛʦ ʨʝʣʴʻʬʫ. ʊʘʢʽ ʟʤʽʥʠ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʧʨʠ 

ʧʦʣʴʦʚʠʭ ʦʙʩʪʝʞʝʥʥʷʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ  ʪʘ ʩʪʚʦʨʝʥʠʭ ʥʠʤʠ ʦʨʪʦʬʦʪʦʧʣʘʥʽʚ ʽʟ 

ʥʘʥʝʩʝʥʥʷʤ ʢʚʘʨʪʘʣʴʥʦ-ʚʠʜʽʣʴʥʦʾ ʩʽʪʢʠ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʧʦʨʫʰʝʥʥʷ ʤʝʞ ʦʩʦʙʣʠʚʦ ʮʽʥʥʠʭ 

ʣʽʩʦʚʠʭ ʜʽʣʷʥʦʢ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʛʦ ʦʨʪʦʬʦʪʦʧʣʘʥʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʜʽʣʷʥʮʽ ʟʤʽʥ 

ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ ʫ ʢʚʘʟʽʧʨʘʣʽʩʽ ʥʝ ʚʠʷʚʣʝʥʦ.  

ʇʦʜʘʣʴʰʘ ʦʙʨʦʙʢʘ ʦʨʪʦʬʦʪʦʧʣʘʥʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʘʭʫʚʘʪʠ ʪʦʯʥʫ ʧʣʦʱʫ ʤʽʩʮʝʚʦʩʪʽ, 

ʥʘ ʷʢʽʡ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʘʭʦʜʠ, ʽ ʫʪʦʯʥʠʪʠ ʯʠ ʜʘʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʥʝ ʧʦʨʫʰʝʥʽ 

ʤʝʞʽ (ʨʠʩ. 4). 

ʑʦʙ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʦʙʨʘʭʫʥʦʢ ʨʽʟʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʨʪʦʬʦʪʦʧʣʘʥʽ, 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʢʦʣʠ ʷʢ ʨʝʟʫʣʴʪʘʪ ʦʙʨʦʙʢʠ ʤʦʞʥʘ 

ʙʫʜʝ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ, ʥʘʧʨʠʢʣʘʜ, ʜʦʚʞʠʥʠ ʟʘʣʠʰʝʥʦʾ ʜʝʨʝʚʠʥʠ, ʧʣʦʱʽ 

ʜʦʨʽʛ, ʧʦʪʦʢʽʚ ʪʦʱʦ. 
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ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʦʙʨʘʭʫʥʢʫ ʧʣʦʱʽ ʤʽʩʮʝʚʦʩʪʽ ʟʘ ʦʨʪʦʬʦʪʦʧʣʘʥʦʤ ʪʘ ʫʪʦʯʥʝʥʥʷ ʤʝʞʽ 

ʥʝʚʪʨʫʯʘʥʥʷ ʫ ʧʨʘʣʽʩʦʚʫ ʜʽʣʷʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ QGIS 

 

ʇʨʠ ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʦʨʪʦʬʦʪʦʧʣʘʥʽʚ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʤʦʞʥʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʟʘʣʠʰʝʥʠʭ ʩʦʨʪʠʤʝʥʪʽʚ ʜʝʨʝʚʠʥʠ ʪʘ ʾʭʥʶ ʜʦʚʞʠʥʫ, ʢʽʣʴʢʽʩʪʴ ʧʦʚʘʣʝʥʠʭ ʜʝʨʝʚ ʽ ʨʦʟʤʽʨʠ ʢʨʦʥ 

(ʨʠʩ. 5. ʘ, ʙ, ʚ). 

 

 
 

ʘ) ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʤʽʨʫ ʢʨʦʥʠ 

 

 
 

ʙ) ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱʽ ʜʦʨʦʛʠ 

 


