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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

PHARMA 4.0 ɼʃʗ ʂʆʅɼɽʅʉɸʎɯʁʅʆɻʆ ʊɽʇʃʆʆɹʄɯʅʅʀʂɸ ʉʀʉʊɽʄʀ 

ʏʀʉʊʀʍ ʉɽʈɽɼʆɺʀʑ ʌɸʈʄɸʎɽɺʊʀʏʅʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʌʘʨʤʘʮʝʚʪʠʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʫ ʚʩʴʦʤʫ 

ʩʚʽʪʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʫʞʝ ʰʚʠʜʢʦ, ʦʩʦʙʣʠʚʦ ʧʽʩʣʷ ʝʧʽʜʝʤʽʾ COVID-19. ɿʚʘʞʘʶʯʠ ʥʘ ʜʫʞʝ 

ʩʪʨʦʛʽ ʫʤʦʚʠ ʚʠʨʦʙʥʠʮʪʚʘ ʣʽʢʽʚ [1], ʚ ʮʽʡ ʛʘʣʫʟʽ ʥʝʦʙʭʽʜʥʦ ʪʨʠʤʘʪʠ ʙʘʣʘʥʩ ʤʽʞ 

ʥʦʚʦʚʚʝʜʝʥʥʷʤʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘ ʨʝʛʫʣʷʪʦʨʥʦʶ ʚʽʜʧʦʚʽʜʥʽʩʪʶ, ʯʝʨʝʟ ʱʦ ʽʥʥʦʚʘʮʽʡʥʽ 

ʧʨʦʮʝʩʠ ʟʘʟʚʠʯʘʡ ʟʘʪʷʛʫʶʪʴʩʷ ʥʘ ʙʽʣʴʰ ʜʦʚʛʠʡ ʯʘʩ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʪʘʢʦʞ ʪʝ, ʱʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʠʨʦʙʥʠʮʪʚʘ ʣʽʢʽʚ ʚʞʝ ʤʘʶʪʴ ʝʬʝʢʪʠʚʥʫ ʚʠʨʦʙʥʠʯʫ ʙʘʟʫ, ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʶʪʴ ʙʫʪʠ ʥʘʮʽʣʝʥʽ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʞʝ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʪʘ ʢʨʠʪʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʪʫ ʚ 

ʮʽʡ ʛʘʣʫʟʽ ʻ ʩʠʩʪʝʤʘ ʯʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱ. ʉʘʤʝ ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽ 

ʧʦʢʨʘʱʝʥʥʷ ʩʠʩʪʝʤ ʧʦʜʘʯʽ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ ʩʠʩʪʝʤ ʤʽʢʨʦʢʣʽʤʘʪʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʬʝʨʽ ʽʥʥʦʚʘʮʽʡ 

ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʛʘʣʫʟʽ ʩʪʦʩʫʶʪʴʩʷ ʢʦʥʮʝʧʪʫ Pharma 4.0., ʱʦ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʥʘ ʮʠʬʨʦʚʽʡ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ Industry 4.0  ʣʷ ʧʦʣʽʧʰʝʥʥʷ ʚʩʽʭ 

ʘʩʧʝʢʪʽʚ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʢʣʶʯʘʶʯʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʫ, 

ʚʠʨʦʙʥʠʮʪʚʦ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ, ʣʦʛʽʩʪʠʢʫ ʪʘ ʜʠʩʪʨʠʙʫʮʽʶ. ʂʣʶʯʦʚʽ ʘʩʧʝʢʪʠ Pharma 4.0 

ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʘʥʘʣʽʪʠʢʠ ʜʘʥʠʭ, ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ 

(IoT), ʙʣʦʢʯʝʡʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʽʚ ʪʘ ʽʥʰʽ ʽʥʥʦʚʘʮʽʡʥʽ ʽʥʩʪʨʫʤʝʥʪʠ [2] ʎʽ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, 

ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ, ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʫ ʨʝʘʢʮʽʶ ʥʘ ʟʤʽʥʠ ʚ ʨʠʥʢʦʚʠʭ 

ʫʤʦʚʘʭ ʘʙʦ ʨʝʛʫʣʷʪʦʨʥʠʭ ʚʠʤʦʛʘʭ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʯʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʝʟʣʽʯ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʚʞʝ ʰʠʨʦʢʦ ʚʽʜʦʤʽ ʚ ʨʘʤʢʘʭ 

ʥ̔ʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ Industry 4.0. ʆʜʥʝ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʘʚʣʝʥʴ ʮʝ ʩʠʩʪʝʤʠ 

ʤʽʢʨʦʢʣʽʤʘʪʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʯʠʩʪʠʭ ʧʨʠʤʽʱʝʥʴ ʚʢʣʶʯʘʻ ʜʚʘ ʥʘʧʨʷʤʢʠ: 

ʩʠʩʪʝʤʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʽ ʩʠʩʪʝʤʠ ʯʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱ. 

ʏʠʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʚʦʜʠ ʦʯʠʱʝʥʦʾ, 

ʚʦʜʠ ʜʣʷ ʽʥôʻʢʮʽʡ ʪʘ ʯʠʩʪʦʾ ʧʘʨʠ. ʇʨʦʮʝʩʠ ʦʯʠʱʝʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ ʩʝʨʝʜʦʚʠʱ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʠʜʘʣʝʥʥʷ ʧʝʚʥʠʭ ʪʠʧʽʚ 

ʟʘʙʨʫʜʥʝʥʴ ʘʙʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʇʨʦʮʝʩʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʝʪʘʧʦʤ, ʧʝʨʝʣʽʯʝʥʽ ʥʠʞʯʝ. 

ɺʦʜʘ ʆʯʠʱʝʥʘ (Purified Water) ʧʨʦʭʦʜʠʪʴ ʧʦʧʝʨʝʜʥʻ ʦʯʠʱʝʥʥʷ ʱʦ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʚʝʣʠʢʠʭ ʯʘʩʪʦʢ ʪʘ ʦʩʘʜʫ. ɼʘʣʽ ʚʦʜʘ ʧʦʤ'ʷʢʰʫʻʪʴʩʷ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʪʘ ʤʘʛʥʽʶ ʯʝʨʝʟ ʧʨʦʮʝʩ ʽʦʥʦʦʙʤʽʥʫ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʤʦʪʠʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʭʣʦʨʫ ʪʘ ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ. ʆʙʝʨʥʝʥʠʡ ʦʩʤʦʩ - ʮʝʥʪʨʘʣʴʥʠʡ ʝʪʘʧ, ʥʘ ʷʢʦʤʫ 

ʚʠʜʘʣʷʻʪʴʩʷ ʙʽʣʴʰʽʩʪʴ ʨʦʟʯʠʥʝʥʠʭ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ, ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʪʘ ʧʽʨʦʛʝʥʠ, ʧʽʩʣʷ ʯʦʛʦ 

ʚʦʜʘ ʧʨʦʭʦʜʠʪʴ ʜʝʽʦʥʽʟʘʮʽʶ ʘʙʦ ʝʣʝʢʪʨʦʜʝʽʦʥʽʟʘʮʽʷ ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʜʘʣʝʥʥʷ ʽʦʥʽʚ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʯʠʩʪʦʪʠ. ʂʽʥʮʝʚʘ ʩʪʘʜʽʷ ï ʬʽʣʪʨʘʮʽʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʜʘʣʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʯʝʨʝʟ ʤʽʢʨʦʬʽʣʴʪʨʠ. 

ɺʦʜʘ ʜʣʷ ɯʥ'ʻʢʮʽʡ (Water for Injection, WFI) ʟʘʟʚʠʯʘʡ ʚʠʨʦʙʣʷʻʪʴʩʷ ʤʝʪʦʜʦʤ 

ʜʠʩʪʠʣʷʮʽʾ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʯʠʩʪʦʪʠ ʪʘ ʚʠʜʘʣʝʥʥʷ ʧʽʨʦʛʝʥʽʚ. ɼʠʩʪʠʣʷʮʽʷ - ʮʝ 
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ʦʩʥʦʚʥʠʡ ʤʝʪʦʜ ʚʠʨʦʙʥʠʮʪʚʘ WFI, ʱʦ ʚʢʣʶʯʘʻ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʫ ʢʦʥʜʝʥʩʘʮʽʶ 

ʚʦʜʠ, ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʥʝʨʦʟʯʠʥʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ ʧʽʨʦʛʝʥʽʚ. WFI ʤʘʻ 

ʟʙʝʨʽʛʘʪʠʩʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠʩʷ ʚ ʫʤʦʚʘʭ, ʷʢʽ ʟʘʧʦʙʽʛʘʶʪʴ ʟʘʙʨʫʜʥʝʥʥʶ ʪʘ ʨʦʩʪʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. 

ʏʠʩʪʘ ʇʘʨʘ (Clean Steam) ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʦʯʠʱʝʥʦʾ ʚʦʜʠ ʘʙʦ WFI ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʪʠʩʢ. ʏʠʩʪʘ ʧʘʨʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ ʩʪʝʨʠʣʽʟʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, ʢʦʥʪʝʡʥʝʨʽʚ, ʧʨʠʤʽʱʝʥʴ ʪʘ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʧʽʨʦʛʝʥʽʚ ʟ 

ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʣʽʢʘʨʩʴʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. ɼʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚʘʞʣʠʚʦ 

ʟʘʙʝʟʧʝʯʠʪʠ, ʱʦ ʯʠʩʪʘ ʧʘʨʘ ʥʝ ʤʽʩʪʠʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʯʠ ʽʥʰʠʭ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʯʠʩʪʠʭ ʧʨʠʤʽʱʝʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ. ʆʢʨʽʤ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ 

ʚʝʥʪʠʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʬʽʣʴʪʨʘʮʽʾ, ʜʝ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʽʣʴʪʨʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʧʠʣʫ, ʘʣʝʨʛʝʥʽʚ, ʙʘʢʪʝʨʽʡ ʪʘ ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, 

ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ ʪʘʢʦʞ ʜʝʷʢʽ ʽʥʰʽ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ. 

ʇʝʨʰʠʡ ʟ ʥʠʭ ʮʝ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ. ʇʽʩʣʷ ʬʽʣʴʪʨʘʮʽʾ ʩʠʩʪʝʤʘ ʤʘʻ ʦʙʦʚôʷʟʢʦʚʦ 

ʧʨʦʚʦʜʠʪʠ ʧʝʨʝʚʽʨʢʫ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʤ ʙʝʟʧʝʢʠ 

ʽ ʟʜʦʨʦʚ'ʷ. ɿʘʟʚʠʯʘʡ ʮʴʦʛʦ ʜʦʩʷʛʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤ ʘʥʘʣʽʟʫ ʯʘʩʪʦʢ. 

ɼʨʫʛʠʡ ʚʘʞʣʠʚʠʡ ʥʶʘʥʩ ʮʝ ʘʚʪʦʤʘʪʠʟʘʮʽʷ, ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ. ɹʽʣʴʰʽʩʪʴ 

ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʯʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱ ʤʘʶʪʴ ʬʫʥʢʮʽʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʽ ʚʠʤʦʛ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʉʠʩʪʝʤʠ ʪʘʢʦʞ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ: 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʪʦʱʦ. 

ɼʘʥʽ ʟ ʮʠʭ ʤʦʥʽʪʦʨʽʚ ʘʥʘʣʽʟʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʤʽʢʨʦʢʣʽʤʘʪʫ. 

ɿ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ ʚʠʜʥʦ, ʱʦ ʜʣʷ ʧʨʦʮʝʩʫ ʧʽʜʪʨʠʤʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʫ ʯʘʩʪʦ ʚ ʨʦʣʽ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʦʜʘ, ʷʢʘ ʪʘʢʦʞ ʻ ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʩʠʩʪʝʤ ʯʠʩʪʠʭ 

ʩʝʨʝʜʦʚʠʱ. ʇʦʻʜʥʘʪʠ ʮʽ ʜʚʘ ʧʨʦʮʝʩʠ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ.  

ʂʦʥʜʝʥʩʘʮʽʷ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ð ʮʝ ʥʝ ʣʠʰʝ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ, ʘ ʡ ʚʽʜʥʦʚʣʝʥʥʷ 

ʝʥʝʨʛʽʾ. ʂʦʣʠ ʧʘʨʘ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʫ ʚʦʜʫ, ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʛʘʟʫ ʚ ʨʽʜʠʥʫ ʚʠʜʽʣʷʻʪʴʩʷ 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ. ʋʣʦʚʣʶʚʘʥʥʷ ʮʴʦʛʦ ʪʝʧʣʘ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʨʝʢʫʧʝʨʘʮʽʾ. ɺʽʜʧʨʘʮʴʦʚʘʥʠʡ ʢʦʥʜʝʥʩʘʪ ʟʘʟʚʠʯʘʡ ʚʽʜʚʦʜʠʪʴʩʷ ʚ ʻʤʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʣʘʧʘʥʫ. ɹʫʜʦʚʘ ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʟʽ ʟʙʦʨʦʤ ʢʦʥʜʝʥʩʘʪʦʤ ʪʘ ʚʠʧʘʨʥʠʢʦʤ 

ʧʦʢʘʟʘʥʦ ʩʭʝʤʘʪʠʯʥʦ ʥʘ ʈʠʩʫʥʢʫ 1.  

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʢʦʪʣʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʧʣʘ ʚʽʜ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ ʭʦʣʦʜʥʦʾ ʚʦʜʠ ʥʘ ʚʭʦʜʽ ʚ ʢʦʪʝʣ: ʢʦʥʜʝʥʩʫʶʯʠʩʴ ʫ 

ʨʽʜʢʫ ʬʦʨʤʫ, ʜʠʤʦʚʽ ʛʘʟʠ ʚʽʜʥʦʚʣʶʶʪʴ ʩʚʦʶ ʧʨʠʭʦʚʘʥʫ ʪʝʧʣʦʪʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ 10-12% ʚʽʜʥʦʩʥʦ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʢʦʪʣʽʚ. ʆʜʥʘʢ 

ʤʦʥʽʪʦʨʠʥʛ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʢʦʪʣʽʚ ʻ ʩʢʣʘʜʥʠʤ ʯʝʨʝʟ ʾʭ ʥʝʣʽʥʽʡʥʫ 

ʜʠʥʘʤʽʢʫ. ʅʘʨʘʟʽ ʩʪʘʪʠʯʥʽ ʥʝʣʽʥʽʡʥʽ ʢʨʠʚʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʢʦʪʣʽʚ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʤʫ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʧʽʜ ʯʘʩ ʢʘʤʝʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ. ʆʪʞʝ, ʧʨʠ ʮʴʦʤʫ ʧʽʜʭʦʜʽ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʣʠʰʝ ʚ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ. ɺ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʥʦʩʽʡ 

ʪʝʧʣʘ ʜʣʷ ʽʥʰʠʭ ʢʦʥʪʫʨʽʚ ʥʘʛʨʽʚʫ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʦʥʪʫʨʫ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʅʝ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʢʦʥʜʝʥʩʘʪ ʤʦʞʥʘ ʧʝʨʝʥʘʧʨʘʚʣʷʪʠ ʚ ʩʠʩʪʝʤʠ ʯʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʞʝ ʷʢ ʩʠʨʦʚʠʥʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʦʜʠ ʦʯʠʱʝʥʦʾ ʪʦʱʦ 

ɺʨʘʭʦʚʫʶʯʠ ʪʝʥʜʝʥʮʽʶ ʨʦʟʚʠʪʢʫ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʛʘʣʫʟʽ, ʜʣʷ ʦʮʽʥʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʮʝʧʮʽʾ Pharma 4.0, ʥʘʧʨʠʢʣʘʜ, 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ. ɿ-ʧʦʤʽʞ ʽʥʰʠʭ, ʝʬʝʢʪʠʚʥʦʶ ʻ ʤʦʜʝʣʴ ʤʦʥʽʪʦʨʠʥʛ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʢʦʪʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʙʨʠʜʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [3].  

 



 6 

 
ʈʠʩʫʥʦʢ 1 ï ʙʫʜʦʚʘ ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟ ʚʠʧʘʨʥʠʢʦʤ 

 

ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʷʚʠʱʘ ʜʠʥʘʤʽʯʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʟʤʽʥʥʠʡ ʫ ʯʘʩʽ ʨʦʟʧʦʜʽʣ 

ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ/ʥʝʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʨʝʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʤʘʻ ʧʦʭʠʙʢʫ ʚʽʜ 0.1 ʜʦ 1.2% ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʝʢʮʽʡ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʜʣʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ 

ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʤʦʞʣʠʚʦ ʧʦʻʜʥʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ ʯʠʩʪʠʭ ʧʨʠʤʽʱʝʥʴ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʯʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʅʘʩʪʘʥʦʚʘ ʄʽʥʽʩʪʝʨʩʪʚʘ ʆʭʦʨʦʥʠ ɿʜʦʨʦʚôʷ ʋʢʨʘʾʥʠ ʉʊ-ʅ ʄʆɿʋ 42-4.0:2020. 

URL: https://www.dls.gov.ua/ wp-content/uploads/2020/05/ʅʘʩʪʘʥʦʚʘ-ʉʊ-ʅ-ʄʆɿʋ-42-

4.0_2020.pdf. 

2. Haruna Muhd Inuwa, Avinash Ravi Raja, Anil  Kumar, Bhim Singh, Sudesh Singh Status 

of Industry 4.0 applications in healthcare 4.0 and Pharma 4.0. URL: 

https://www.sciencedirect.com/science/article/pii/S2214785322025597. 

3. Harish Satyavada, Simone Baldi Monitoring energy efficiency of condensing boilers via 

hybrid first-principle modelling and estimation. URL: 

https://www.sciencedirect.com/science/article/pii/S0360544217316444.  
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ʋɼʂ 681.5 

ĭ ɸʩʧʽʨʘʥʪ 1 ʢʫʨʩʫ ɿʜʦʣʴʥʠʢ ʄ.ʆ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʉʪʝʧʘʥʝʮʴ ʆ.ɺ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊɸ ɺ ʉʀʉʊɽʄɸʍ ɸɺʊʆʄɸʊʀɿɸʎɯɰ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʨʦʧʦʨʮʽʡʥʦ-

ʽʥʪʝʛʨʘʣʴʥʦʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʻ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʪʘ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʟʘʩʪʦʩʫʚʘʥʴ, ʚʽʜ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʩʫʯʘʩʥʠʭ ʨʦʟʫʤʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʨʘʜʠʮʽʡʥʽ ʇɯɼ-ʢʦʥʪʨʦʣʝʨʠ ʩʪʠʢʘʶʪʴʩʷ ʟ ʦʙʤʝʞʝʥʥʷʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ 

ʨʠʛʽʜʥʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ, ʪʘ ʩʢʣʘʜʥʦʩʪʷʤʠ ʘʜʘʧʪʘʮʽʾ ʜʦ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʧʨʦʮʝʩʫ [1]. 

ʇʦʰʫʢ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʩʪʨʫʢʪʫʨ ʢʝʨʫʚʘʥʥʷ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʘʙʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ, ̫ ʢʠʡ ʚʠʧʣʠʚʘʻ ʟ ʧʦʪʨʝʙʠ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʦʙʤʝʞʝʥʴ,  ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʧʽʜʭʽʜ  ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟ ʘʣʛʦʨʠʪʤʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ). ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ 

ʧʨʦʧʦʥʫʻ ʧʝʨʝʜʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ 

ʩʘʤʦʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʫ ʩʠʩʪʝʤʽ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʫʧʨʘʚʣʽʥʥʷ. ɯʥʥʦʚʘʮʽʾ ʫ ʮʽʡ ʛʘʣʫʟʽ [2], ʦʙʽʮʷʶʪʴ ʨʝʚʦʣʶʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʩʢʣʘʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʢʦ-ʽʥʬʦʨʤʦʚʘʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (Physics-

Informed Neural Network, PINN), ʱʦ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʛʦʨʠʟʦʥʪʠ ʜʣʷ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʨʦʙʦʪʠ ʈʘʾʩʩʽ ʪʘ ʽʥ. 

(2019) [2], ʪʘ ʄʝʤʦʥʘ  ̔ʐʘʦ (2020) [3], ʧʽʜʢʨʝʩʣʶʶʪʴ ʧʦʪʝʥʮʽʘʣ ʽʥʪʝʛʨʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ 

ʐɯ ʟ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʥʘʯʥʠʭ ʧʦʢʨʘʱʝʥʴ ʫ ʪʦʯʥʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ 

ʨʝʘʢʮʽʾ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʴʥʠʭ ʩʠʩʪʝʤ. 

ʋ [2] ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʷʢ ʬʽʟʠʢʦ-ʽʥʬʦʨʤʦʚʘʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʧʨʦʮʝʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʨʝʛʫʣʷʪʦʨʘʤ "ʚʯʠʪʠʩʷ" ʟ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʤʘʡʙʫʪʥʽʭ ʟʤʽʥ ʫ ʩʠʩʪʝʤʽ 

ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʫʯʥʦʛʦ ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʥʷ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʛʦʨʠʟʦʥʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʙʽʣʴʰ ʨʦʟʫʤʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʦʩʣʽʜʞʝʥʥʷ [3] 

ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʇɯɼ-

ʧʘʨʘʤʝʪʨʽʚ. ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʥʘʩʣʽʜʫʶʪʴ ʧʨʦʮʝʩʠ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʙʦʨʫ ʪʘ 

ʝʚʦʣʶʮʽʾ, ʨʝʘʣʽʟʫʶʪʴ ʤʝʭʘʥʽʟʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ 

ʢʦʥʪʨʦʣʝʨʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʟʘʜʘʥʠʭ ʢʨʠʪʝʨʽʷʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʎʝʡ ʤʝʪʦʜ ʧʦʢʘʟʫʻ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʙʘʣʘʥʩʫ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʨʝʘʢʮʽʾ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʶ ʩʠʩʪʝʤʠ, 

ʤʽʥʽʤʽʟʫʶʯʠ ʧʦʤʠʣʢʠ ʪʘ ʧʦʢʨʘʱʫʶʯʠ ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ʉʪʘʪʪʷ [4] ʘʨʛʫʤʝʥʪʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯ, ʦʩʦʙʣʠʚʦ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ. ʐɯ ʤʦʞʝ ʧʝʨʝʜʙʘʯʘʪʠ ʟʙʫʨʝʥʥʷ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ 

ʟʚ'ʷʟʦʢ ʚʽʜ ʜʘʪʯʠʢʽʚ ʽ ʧʦʪʝʥʮʽʡʥʦ ʟʘʤʽʥʠʪʠ ʪʨʘʜʠʮʽʡʥʽ ʙʣʦʢʠ ʢʝʨʫʚʘʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ 

ʧʝʨʝʦʩʤʠʩʣʶʶʯʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟʘʤʢʥʫʪʠʭ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ. 
ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʧʠʩʘʥʽ ʜʘʥʽ ʧʨʦʮʝʩʫ, ʐɯ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʝʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ ʪʘ 

ʜʠʥʘʤʽʯʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʨʦʣʝʨʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʦʙʽʮʷʻ ʙʽʣʴʰ ʪʦʯʥʽ ʪʘ 

ʘʜʘʧʪʠʚʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʘ 

ʟʙʫʨʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 
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ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʘʻ 

ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷ, ʧʨʦʧʦʥʫʶʯʠ ʥʦʚʽʪʥʽ ʨʽʰʝʥʥʷ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʘʜʘʧʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʦʥʪʨʦʣʶ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʴ 

ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʘ ʝʪʘʧʘʭ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʧʽʜʭʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʪʠʮʽ, ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: 

Å ʄʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ (Model-Based Adaptive Control) ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʢʝʨʫʚʘʥʥʷ. ʎ ̔ ʤʝʪʦʜʠ 

ʧʦʪʨʝʙʫʶʪʴ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ, ʽ ʟʜʘʪʥʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ. 

Å ʄʝʪʦʜʠ ʩʘʤʦʥʘʣʘʰʪʫʚʘʥʥʷ (Self-Tuning Regulators) - ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʶʪʴ 

ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ. ʎ ̔ ʤʝʪʦʜʠ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʩʠʩʪʝʤ, ʜʝ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʦʪʷʛʦʤ ʯʘʩʫ. 

Å ɸʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ - ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ ʧʨʦ ʤʠʥʫʣʫ ʧʦʚʝʜʽʥʢʫ 

ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʄʝʪʦʜʠ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʜʘʪʥʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʩʢʣʘʜʥʠʭ ʽ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʟʤʽʥ ʫ 

ʩʠʩʪʝʤʽ. 

ʄʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ  ̒ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʇɯɼ-ʢʦʥʪʨʦʣʝʨʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʦ ʤʦʜʝʣʶʚʘʪʠ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺ ʨʦʙʦʪʽ ʉʪʽʚʝʥʘ ʃ. ɹʨʘʥʪʦʥʘ, ɼʞʦʰʫʘ 

ʃ. ʇʨʦʢʪʦʨʘ ʪʘ ɼʞ. ʅʝʡʪʘʥʘ ʂʫʪʮʘ (2016) ʧʨʝʜʩʪʘʚʣʝʥʦ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʨʽʜʞʝʥʠʭ 

ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʜʘʥʠʭ [5]. 

ʎʝʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦ 

ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ, ʜʦʟʚʦʣʷʶʯʠ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʩʢʣʘʜʥʽ ʥʝʣʽʥʽʡʥʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʪʘ 

ʜʠʥʘʤʽʢʫ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʥʝ ʚʠʷʚʠʪʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ  ̒ʢʣʶʯʦʚʠʤ ʜʣʷ ʨʦʟʨʦʙʢʠ  

ʝʬʝʢʪʠʚʥʠʭ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ, ʟʜʘʪʥʠʭ ʘʜʘʧʪʫʚʘʪʠʩʷ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʚʦʶ 

ʨʦʙʦʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ. 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʤʝʪʦʜʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ɹʨʘʥʪʦʥʦʤ ʪʘ ʩʧʽʚʘʚʪʦʨʘʤʠ, ʻ 

ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ, ʚʠʷʚʣʷʶʯʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʟʚ'ʷʟʢʠ ʚ ʜʠʥʘʤʽʮʽ ʩʠʩʪʝʤʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʫʯʥʫ 

ʟʘʜʘʚʘʪʠ ʤʦʜʝʣʴ ʘʙʦ ʾʾ ʧʘʨʘʤʝʪʨʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʽʥʞʝʥʝʨʘʤ ʪʘ ʜʦʩʣʽʜʥʠʢʘʤ ʪʦʯʥʦ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʪʘ ʝʬʝʢʪʠʚʥʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʇɯɼ-ʢʦʥʪʨʦʣʝʨʠ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ, ʜʝ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʧʦʢʨʘʱʠʪʠ 

ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʘʣʝ ʡ ʩʧʨʠʷʻ ʧʦʜʘʣʴʰʦʤʫ 

ʨʦʟʚʠʪʢʫ ʘʜʘʧʪʠʚʥʠʭ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ 

ʩʧʨʘʚʣʷʪʠʩʷ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʠʢʣʠʢʽʚ ʩʫʯʘʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʽʥʬʦʨʤʦʚʘʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (PINN) ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʛʦʨʠʟʦʥʪʠ ʫ ʩʬʝʨʽ ʦʧʪʠʤʽʟʘʮʽʾ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ ʈʘʾʩʩʽ ʪʘ ʽʥ. (2019). 

ʎ ̔ ʤʝʨʝʞʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʨʝʜʦʚʠʡ ʧʽʜʭʽʜ, ʱʦ ʽʥʪʝʛʨʫʻ ʟʘʢʦʥʠ ʬʽʟʠʢʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ ʪʦʯʥʽ ʪʘ ʬʽʟʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʤʦʜʝʣʽ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ [2]. 

ʌʽʟʠʯʥʦ ʽʥʬʦʨʤʦʚʘʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʥʦ ʟ ʪʠʤʠ, ʱʦ 
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ʢʝʨʫʶʪʴʩʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ. ɺʽʜʤʽʥʥʽʩʪʴ PINN ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʥʝ ʣʠʰʝ ʥʘʚʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʘʣʝ ʡ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʪʨʠʤʘʥʥʷ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʽʚ, ʷʢʽ ʢʝʨʫʶʪʴ ʩʠʩʪʝʤʦʶ. ʎʝ ʜʦʟʚʦʣʷʻ PINN 

ʝʬʝʢʪʠʚʥʦ ʤʦʜʝʣʶʚʘʪʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤ ʟ ʚʠʩʦʢʦʶ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ, 

ʥʘʚʽʪʴ ʟʘ ʦʙʤʝʞʝʥʦʛʦ ʦʙʩʷʛʫ ʜʦʩʪʫʧʥʠʭ ʜʘʥʠʭ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ PINN ʫ ʢʦʥʪʝʢʩʪʽ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷ ʤʦʞʝ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʠʪʠ ʧʨʦʮʝʩ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʶʯʠ ʘʚʪʦʤʘʪʠʯʥʦ ʘʜʘʧʪʫʚʘʪʠ ʾʭ ʧʘʨʘʤʝʪʨʠ 

ʜʦ ʩʢʣʘʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʫʯʥʫ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʢʦʞʝʥ 

ʧʘʨʘʤʝʪʨ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʪʽʣʴʢʠ ʟʥʠʞʫʻ ʯʘʩ ʪʘ ʟʫʩʠʣʣʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʇɯɼ-

ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ, ʘʜʘʧʪʦʚʘʥʫ ʜʦ 

ʩʧʝʮʠʬʽʢʠ ʢʦʞʥʦʾ ʩʠʩʪʝʤʠ. 

ɺʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʫ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʽ 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʦʯʥʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ. ʆʛʣʷʜ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ, ʧʦʪʝʥʮʽʡʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʐɯ, 

ʜʝʤʦʥʩʪʨʫʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʮʽʡ ʩʬʝʨʽ. 

ʐɯ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʧʨʦʮʝʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʨʦʣʝʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʨʝʘʣʴʥʽ 

ʫʤʦʚʠ ʧʨʦʮʝʩʽʚ ʪʘ ʤʦʞʣʠʚʽ ʟʙʫʨʝʥʥʷ, ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʴ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʐɯ ʚ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷ, ʽʩʥʫʶʪʴ ʡ  ʚʠʢʣʠʢʠ, ʪʘʢʽ 

ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʦʜʝʣʝʡ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʦʙʨʦʙʢʘ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ 

ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʟ ʽʩʥʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ. 
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ĭ ʅʊʋʋ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

 

ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ʉʀʉʊɽʄɸ ʂɽʈʋɺɸʅʅʗ ɸɺʊʆʅʆʄʅʀʄ ɹɽɿʇɯʃʆʊʅʀʄ 

ʃɯʊɸʖʏʀʄ ɸʇɸʈɸʊʆʄ ɿɸ ɼʆʇʆʄʆɻʆʖ ʂʆʄʇ'ʖʊɽʈʅʆɻʆ ɿʆʈʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘʜʽʡʥʦʛʦ 

ʫʥʠʢʥʝʥʥʷ ʦʙôʻʢʪʽʚ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʘʚʪʦʥʦʤʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʥʘʚʽʛʘʮʽʾ ʚ ʛʫʩʪʦʥʘʩʝʣʝʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ɹʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ 

(ɹʇʃɸ) ʻ ʩʘʤʦʢʝʨʦʚʘʥʦʶ ʧʣʘʪʬʦʨʤʦʶ, ʷʢʘ ʧʦʚʠʥʥʘ ʧʦʢʣʘʜʘʪʠʩʷ ʥʘ ʨʽʟʥʽ ʪʠʧʠ ʜʘʪʯʠʢʽʚ ʜʣʷ 

ʘʚʪʦʥʦʤʥʦʾ ʥʘʚʽʛʘʮʽʾ. ʉʠʩʪʝʤʠ ʙʘʯʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʫʥʠʢʥʝʥʥʷ 

ʧʝʨʝʰʢʦʜ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʷʢ ʜʞʝʨʝʣʘ ʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʽʜʝʦʟʦʙʨʘʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʟʜʘʪʥʽʩʪʴ ʥʘʜʘʚʘʪʠ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʙʽʣʴʰ ʚʘʞʣʠʚʠʭ 

ʟʘʚʜʘʥʴ, ʷʢ-ʦʪ ʫʥʠʢʥʝʥʥʷ ʟʽʪʢʥʝʥʴ. ʂʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ ʟʘʨʘʟ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 

ʨʦʙʦʪʦʪʝʭʥʽʮʽ ʪʘ ʘʚʪʦʥʦʤʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ. 

ʄʝʪʘ. ʇʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ ʙʝʟʧʽʣʦʪʥʠʤʠ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ 

ʨʫʭʦʤʠʭ ʽ ʥʝʨʫʭʦʤʠʭ ʦʙ'ʻʢʪʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

1) ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ . 

2) ʋʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʣʴʦʪʫ ɹʇʃɸ. 

3) ʋʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ (ʧʽʜʪʚʝʨʜʞʝʥʥʷ) ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʦʙ'ʻʢʪʽʚ;  

ɸʥʘʣʽʟ ʦʩʪʘʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɹʇʃɸ ʦʩʥʘʱʝʥʽ ʙʦʨʪʦʚʠʤʠ ʜʘʪʯʠʢʘʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ (ʝʢʩʪʝʨʦʮʝʧʪʠʚʥʽ) ʘʙʦ ʧʨʦ ʩʘʤ ɹʇʃɸ 

(ʧʨʦʧʨʽʦʮʝʧʪʠʚʥʽ). ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʙʦ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʂʦʞʝʥ ʜʘʪʯʠʢ ʤʘʻ ʨʽʟʥʽ 

ʨʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦʤʫ ʚʽʥ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʂʘʤʝʨʠ RGB ð ʮʝ ʧʘʩʠʚʥʽ 

ʜʘʪʯʠʢʠ, ʷʢʽ ʬʽʢʩʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ ʩʚʽʪʣʘ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ ʩʮʝʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʴʦʭ ʨʽʟʥʠʭ ʢʘʥʘʣʽʚ -ʯʝʨʚʦʥʦʛʦ, ʟʝʣʝʥʦʛʦ ʪʘ 

ʩʠʥʴʦʛʦ. ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʽʜ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʙʦʨʪʫ ɹʇʃɸ, ʻ ʰʚʠʜʢʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʘʙʦ ʨʘʧʪʦʚʠʡ ʩʧʣʝʩʢ ʩʚʽʪʣʘ, ʷʢʠʡ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʨʦʟʤʠʪʪʷ ʪʘ ʰʫʤʠ 

ʥʘ ʟʦʙʨʘʞʝʥʥʽ [ 1 ].  ʂʘʤʝʨʠ ʧʦʜʽʡ, ʥʘʧʨʠʢʣʘʜ, ʜʠʥʘʤʽʯʥʠʡ ʜʘʪʯʠʢ ʙʘʯʝʥʥʷ (DVS), ʟʦʢʨʝʤʘ, 

ʜʦʙʨʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʘʥʘʣʽʟʫ ʨʫʭʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʚʠʱʫ ʯʘʩʦʚʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ ʽ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʩʚʽʪʣʘ ʪʘ ʥʠʟʴʢʫ ʟʘʪʨʠʤʢʫ [ 2 ]. ɰʭ ʟʦʙʨʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʥʝ ʟ 

ʢʣʘʩʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʘ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʘʩʠʥʭʨʦʥʥʠʭ ʧʦʜʽʡ, ʪʦʤʫ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʻ ʜʫʞʝ 

ʘʢʪʫʘʣʴʥʦʶ ʪʝʤʦʶ [ 3 ]. ʊʝʧʣʦʚʽ ʢʘʤʝʨʠ - ʮʝ ʧʘʩʠʚʥʽ ʜʘʪʯʠʢʠ, ʷʢʽ ʚʣʦʚʣʶʶʪʴ ʽʥʬʨʘʯʝʨʚʦʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ ʚʩʽʤʘ ʦʙ'ʻʢʪʘʤʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʠʱʝ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ 

(ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ)[ 4 ].  3D-ʢʘʤʝʨʠ ʤʦʞʫʪʴ ʟʥʽʤʘʪʠ ʩʮʝʥʫ, ʥʘʜʘʶʯʠ ʢʦʣʽʨ, ʘ ʪʘʢʦʞ 

3D-ʽʥʬʦʨʤʘʮʽʶ. ʅʘʨʘʟʽ ʪʨʠ ʜʦʤʽʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʢʘʤʝʨ ï ʮʝ 

ʩʪʝʨʝʦʙʘʯʝʥʥʷ, ʯʘʩ ʧʦʣʴʦʪʫ (ToF) ʽ ʩʪʨʫʢʪʫʨʦʚʘʥʝ ʩʚʽʪʣʦ. . LiDAR (Light Detection and 

Ranging) ð ʮʝ ʘʢʪʠʚʥʽ ʜʘʪʯʠʢʠ, ʷʢʽ ʚʠʤʽʨʶʶʪʴ ʚʽʜʩʪʘʥʽ ʰʣʷʭʦʤ ʧʦʧʘʜʘʥʥʷ ʥʘ ʮʽʣʴ 

ʣʘʟʝʨʥʦʛʦ ʩʚʽʪʣʘ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʙʠʪʪʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʂʘʤʝʨʠ RGB ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʜʘʪʯʠʢʦʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʙʦʨʪʫ ɹʇʃɸ 

ʟʘʚʜʷʢʠ: ʟʤʝʥʰʝʥʦʤʫ ʨʦʟʤʽʨʫ ʪʘ ʚʘʟʽ, ʤʝʥʰʽʡ ʚʘʨʪʦʩʪʽ, ʟʤʝʥʰʝʥʦʤʫ ʩʧʦʞʠʚʘʥʥʶ ʝʥʝʨʛʽʾ ʪʘ 

ʜʫʞʝ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʧʨʦ ʾʭʥʽ ʚʠʤʽʨʶʚʘʥʥʷ.  ʗʢ ʥʘʩʣʽʜʦʢ, RGB-ʢʘʤʝʨʠ ʥʘ ʩʴʦʛʦʜʥʽ 
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ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʥʘ ʙʦʨʪʫ ɹʇʃɸ. 

ʇʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʘ ʨʦʙʦʪʘ ɹʇʃɸ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʥʘʜʽʡʥʦʩʪʽ, ʙʝʟʧʝʢʠ,  ʧʦʣʝʛʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʦʧʝʨʘʮʽʡ. ʊʠʤ ʥʝ ʤʝʥʰ, 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ ɹʇʃɸ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʨʽʰʝʥʦʶ ʜʦʩʣʽʜʥʠʮʴʢʦʶ 

ʧʨʦʙʣʝʤʦʶ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʦʙʽʪ, ʷʢʽ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʘʨʭʽʪʝʢʪʫʨʘʭ 

ʧʦʚʽʪʨʷʥʠʭ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʾ ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʦʾ ʨʦʙʦʪʠ, ʷʢ 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ Aerostack [ 5]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʮʽ ʘʨʭʽʪʝʢʪʫʨʠ ʧʦʢʣʘʜʘʶʪʴʩʷ 

ʥʘ ʽʩʥʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʛʦʪʦʚʠʭ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʱʝ ʥʝ ʜʦʩʷʛʣʠ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʟʨʽʣʦʩʪʽ. ʉʝʨʝʜ ʮʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʽ ʚʦʜʥʦʯʘʩ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʻ ʫʩʚʽʜʦʤʣʝʥʥʷ 

ʩʠʪʫʘʮʽʾ. ʎʝʡ ʢʦʤʧʦʥʝʥʪ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʧʨʠʡʥʷʪʪʷ ʝʣʝʤʝʥʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʧʝʚʥʦʤʫ ʦʙʩʷʟʽ ʯʘʩʫ ʪʘ ʧʨʦʩʪʦʨʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʪʘ ʩʪʘʥʫ ɹʇʃɸ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʜʘʪʯʠʢʘʤʠ (ʧʝʨʝʚʘʞʥʦ ʙʦʨʪʦʚʠʤʠ) 

[ 6 ]. 

ɺʠʩʥʦʚʢʠ. ɹʇʃɸ ʜʦʩʷʛʣʠ ʙʝʟʧʨʝʮʝʜʝʥʪʥʦʛʦ ʨʽʚʥʷ ʟʨʦʩʪʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ 

ʮʠʚʽʣʴʥʦʛʦ ʪʘ ʚʽʡʩʴʢʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʽ ʢʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ, ʙʝʟʩʫʤʥʽʚʥʦ, ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ 

ʨʦʣʴ ʫ ʥʘʜʘʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  ʂʘʤʝʨʠ RGB ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʜʘʪʯʠʢʦʤ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʙʦʨʪʫ ɹʇʃɸ ʟʘʚʜʷʢʠ: ʟʤʝʥʰʝʥʦʤʫ ʨʦʟʤʽʨʫ ʪʘ ʚʘʟʽ, ʤʝʥʰʽʡ ʚʘʨʪʦʩʪʽ, 

ʟʤʝʥʰʝʥʦʤʫ ʩʧʦʞʠʚʘʥʥʶ ʝʥʝʨʛʽʾ ʪʘ ʜʫʞʝ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʧʨʦ ʾʭʥʽ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɸʣʝ  ʮʽ ʧʝʨʝʚʘʛʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʮʽʥʦʶ ʚʠʩʦʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʥʘʜʘʶʪʴ ʾʭʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ , ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʜʘʪʯʠʢʽʚ, ʪʘʢʠʭ ʷʢ LiDAR, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʩʪʘʥʴ ʜʦ ʦʙôʻʢʪʘ. 
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ĭ ʅʊʋʋ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

 

ɸɼɸʇʊʀɺʅɸ ʉʀʉʊɽʄɸ ɸɺʊʆʄɸʊʀʏʅʆɰ ʇɽʈɽɺɯʈʂʀ ʗʂʆʉʊɯ 

ɺʀʈʆɹʅʀʎʊɺɸ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʧʝʨʝʭʽʜ ʜʦ ɯʥʜʫʩʪʨʽʾ 4.0 ʩʪʨʽʤʢʦ 

ʧʨʦʩʫʚʘʻʪʴʩʷ, ʙʽʣʴʰʽʩʪʴ ʚʠʨʦʙʥʠʢʽʚ ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʟʘʤʽʥʠʣʠ ʩʚʦʾ ʨʫʯʥʽ ʩʪʘʥʮʽʾ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ. ɺʠʩʦʢʘ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʽ ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʜʝʬʝʢʪʽʚ, ʱʦ 

ʤʦʞʫʪʴ ʟʫʩʪʨʽʯʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʪʠʧʘʭ ʧʨʦʜʫʢʮʽʾ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʯʥʦʾ ʽʥʩʧʝʢʮʽʾ, ʷʢʽ ʙʫʣʠ ʙ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʪʘ ʣʝʛʢʦ ʤʘʩʰʪʘʙʫʚʘʣʠʩʷ ʤʽʞ 

ʨʽʟʥʠʤʠ ʜʦʤʝʥʘʤʠ. ʂʦʞʝʥ ʜʦʤʝʥ ʘʙʦ ʛʘʣʫʟʴ ʤʘʻ ʫʥʽʢʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʪʘ ʪʠʧʠ 

ʧʦʪʝʥʮʽʡʥʠʭ ʜʝʬʝʢʪʽʚ, ʱʦ ʨʦʙʠʪʴ ʩʢʣʘʜʥʠʤ ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʷʢʝ ʝʬʝʢʪʠʚʥʦ 

ʧʨʘʮʶʚʘʣʦ ʙ ʫ ʚʩʽʭ ʢʦʥʪʝʢʩʪʘʭ ʙʝʟ ʟʥʘʯʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʥʘʧʨʷʤʢʫ ʦʧʪʠʯʥʦʾ ʽʥʩʧʝʢʮʽʾ 

ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ ʾʭ ʪʨʝʥʫʚʘʥʥʷ ʜʣʷ ʧʝʚʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʴ ʫ ʥʘʧʨʷʤʢʫ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʥʝ ʜʦʩʪʘʪʥʴʦ ʽ 

ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʠʢ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʧʝʨʝʭʽʜ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʨʫʯʥʠʭ ʧʝʨʝʚʽʨʦʢ ʜʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʽʥʩʧʝʢʮʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʊʠʧʦʚʠʡ ʢʦʥʚʝʻʨ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʦʧʪʠʯʥʦʾ ʽʥʩʧʝʢʮʽʾ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʽ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ. ɺʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ 

ʧʝʨʝʚʽʨʷʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʜʫʢʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʨʦʟʤʽʨʫ. ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʚʠʟʥʘʯʘʻ ʪʘʢʽ ʜʝʬʝʢʪʠ, 

ʷʢ ʥʝʧʨʘʚʠʣʴʥʽ ʢʦʣʴʦʨʠ, ʧʦʜʨʷʧʠʥʠ ʪʘ ʥʝʧʨʘʚʠʣʴʥʦ ʨʦʟʤʽʱʝʥʽ ʝʣʝʤʝʥʪʠ. ʎʽ ʜʚʘ ʢʨʦʢʠ 

ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʘʣʝ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʢʣʘʩʠʯʥʝ ʢʦʤʧôʶʪʝʨʥʝ 

ʙʘʯʝʥʥʷ ʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ. 

ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʚʠʤʘʛʘʶʪʴ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʽ, 

ʦʪʞʝ, ʻ ʰʚʠʜʰʠʤ, ʥʽʞ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ. ɺʦʥʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʦʙʦʪʽ ʟ ʟʦʙʨʘʞʝʥʥʷʤʠ ʪʘ ʤʘʣʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʦʤʝʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠ ʪʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʆʜʥʘʢ ʤʝʪʦʜʠ ʢʣʘʩʠʯʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʧʨʘʮʶʶʪʴ ʣʠʰʝ ʜʣʷ ʧʨʦʩʪʠʭ ʟʘʚʜʘʥʴ ʽʟ 

ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦʜʽ ʷʢ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʟʘ 

ʟʘʜʘʥʠʤʠ ʧʨʘʚʠʣʘʤʠ. ʎʷ ʛʥʫʯʢʽʩʪʴ ʤʘʻ ʩʚʦʶ ʮʽʥʫ: ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʚʠʢʦʥʫʶʪʴ ʙʽʣʴʰʝ 

ʦʙʯʠʩʣʝʥʴ ʽ, ʦʪʞʝ, ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʻ ʧʨʝʜʤʝʪʥʦ-

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʪʘ ʚʠʤʘʛʘʶʪʴ ʪʨʠʚʘʣʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʦʜʥʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ 

ʚʘʞʢʦ ʥʘʣʘʰʪʫʚʘʪʠ ʥʘ ʥʦʚʝ ʟʘʚʜʘʥʥʷ. 

ɸʣʛʦʨʠʪʤʠ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʚ ʢʣʘʩʠʯʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘʚʢʦʣʦ 

ʦʧʝʨʘʮʽʾ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʫʨʽʚ. ʆʜʠʥ ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʫʨʽʚ ʙʫʚ 

ʟʘʧʦʯʘʪʢʦʚʘʥʠʡ ɼʞʦʥʦʤ ʌ. ʂʝʥʥʽ ʪʘ ʟʘʟʚʠʯʘʡ ʽʥʪʝʛʨʦʚʘʥʠʡ ʽʟ ʢʣʘʩʠʯʥʠʤ ʧʽʜʭʦʜʘʤʠ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ [1]. ɿʘ ʩʚʦʻʶ ʩʫʪʪʶ ʜʝʪʝʢʪʦʨ ʢʦʥʪʫʨʽʚ Canny ʧʨʘʮʶʻ, ʽʜʝʥʪʠʬʽʢʫʶʯʠ 

ʧʽʢʩʝʣʽ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʟ ʥʘʡʙʽʣʴʰʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʷʢʽ ʧʦʪʽʤ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʷʢ ʢʦʥʪʫʨʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʘʙʣʦʥ ʪʦʛʦ, ʷʢ ʤʘʻ ʚʠʛʣʷʜʘʪʠ ʦʙôʻʢʪ ʪʘ ʡʦʛʦ ʦʢʨʝʤʽ 

ʚʥʫʪʨʽʰʥʽ ʢʦʤʧʦʥʝʥʪʠ.  

ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʟ ʜʝʪʝʢʪʦʨʦʤ ʢʦʥʪʫʨʽʚ Canny ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʩʠʣʴʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʚʽʥ ʦʙʨʦʙʣʷʻ. ɿʦʙʨʘʞʝʥʥʷ ʟ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 
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ʩʚʽʪʣʘ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʤʘʛʘʶʪʴ ʨʽʟʥʠʭ ʥʘʙʦʨʽʚ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʨʠʡʥʷʪʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʍʦʯʘ ʚʽʥ ʟʙʝʨʽʛʘʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʰʫʤʫ ʪʘ ʟʤʽʥʥʠʭ ʚʭʦʜʽʚ, ʮʝʡ 

ʥʝʜʦʣʽʢ ʨʦʙʠʪʴ ʜʝʪʝʢʪʦʨ ʢʦʥʪʫʨʽʚ Canny ʥʝʪʦʯʥʠʤ ʱʦʜʦ ʜʝʪʘʣʝʡ. ʎʷ ʧʨʦʙʣʝʤʘ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʪʦʛʦ, ʱʦ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʫʨʽʚ ʚʠʨʦʙʣʷʻ ʥʝʨʽʚʥʫ ʜʝʪʘʣʽʟʘʮʽʶ, ʷʢʘ ʟʘʚʘʞʘʻ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʜʘʣʴʰʠʭ ʧʨʦʮʝʜʫʨ ʟʽʩʪʘʚʣʝʥʥʷ ʬʦʨʤʠ ʪʘ ʰʘʙʣʦʥʫ. 

ʋ ʪʦʡ ʯʘʩ ʷʢ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʤʘʶʪʴ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʣʷ ʧʨʦʩʪʠʭ 

ʟʘʚʜʘʥʴ, ʚʦʥʠ ʧʦʪʨʝʙʫʶʪʴ ʥʘʚʯʘʥʥʷ, ʢʦʣʠ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʦʚʠʤʠ ʪʠʧʘʤ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʱʦ 

ʨʦʙʠʪʴ ʾʭ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʦʧʪʠʯʥʦʾ ʽʥʩʧʝʢʮʽʾ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʢʽʣʴʢʘ ʪʠʧʽʚ ʦʙôʻʢʪʽʚ. ʆʜʥʘʢ 

ʚʦʥʠ ʙʽʣʴʰ ʥʘʜʽʡʥʽ ʫ ʚʠʷʚʣʝʥʥʽ ʢʦʥʪʫʨʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʟʘ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʘʣʛʦʨʠʪʤ YOLO (You Only Look Once) ʻ ʨʝʚʦʣʶʮʽʡʥʠʤ ʧʽʜʭʦʜʦʤ ʫ ʛʘʣʫʟʽ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [2]. ɺʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ, YOLO ʨʦʟʛʣʷʜʘʻ ʟʘʜʘʯʫ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʷʢ 

ʻʜʠʥʫ ʨʝʛʨʝʩʽʡʥʫ ʧʨʦʙʣʝʤʫ, ʧʨʷʤʦ ʚʽʜ ʧʽʢʩʝʣʽʚ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʢʦʦʨʜʠʥʘʪ 

ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʪʘ ʢʣʘʩʦʚʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʦʙ'ʻʢʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ YOLO 

ʚʠʢʦʥʫʚʘʪʠ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʟʥʘʯʥʦ ʰʚʠʜʰʝ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ 

ʩʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʶʪʴ ʧʦʪʝʥʮʽʡʥʽ ʮʽʣʴʦʚʽ ʦʙʣʘʩʪʽ, ʘ ʧʦʪʽʤ ʢʣʘʩʠʬʽʢʫʶʪʴ ʾʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʻʜʥʘʚʰʠ ʢʣʘʩʠʯʥʝ ʢʦʤʧôʶʪʝʨʥʝ ʙʘʯʝʥʥʷ ʟ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ, ʷʢʘ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ, ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ,  ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʽʟʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʫ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʽ ʟʙʝʨʝʛʪʠ ʪʦʯʥʽʩʪʴ ʽ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʷʚʣʝʥʠʭ ʢʦʥʪʫʨʽʚ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʢʣʘʜ ʟʥʘʭʦʜʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ Raspberry Pi 5 ʪʘ YOLO 

 

ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʰʫʢʘʻ ʧʦʤʠʣʢʠ ʪʘ ʜʝʬʝʢʪʠ ʚ ʩʢʘʥʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. ɺʽʥ 

ʚʠʢʦʥʫʻ ʮʝ ʥʘ ʦʩʥʦʚʽ ʰʘʙʣʦʥʫ ʽ ʟʘʤʽʩʪʴ ʧʦʰʫʢʫ ʚʽʜʩʫʪʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʷʚʣʷʻ ʪʽ, ʷʢʠʭ ʪʘʤ 

ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʯʠ ʷʢʽ ʤʘʶʪʴ ʜʝʬʝʢʪʠ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʧʦʜʨʷʧʠʥʠ, ʧʠʣ, ʧʦʤʠʣʢʠ ʜʨʫʢʫ ʪʘ 

ʽʥʰʽ ʧʦʤʠʣʢʠ, ʷʢʽ ʟʥʠʞʫʶʪʴ ʷʢʽʩʪʴ ʧʨʦʜʫʢʪʫ ʘʙʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 

ɿʘ ʩʚʦʻʶ ʩʫʪʪʶ ʧʦʰʫʢ ʘʥʦʤʘʣʽʡ ʧʨʘʛʥʝ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ (ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

ʩʧʨʘʚʞʥʽʭ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ) ʽ ʪʦʯʥʽʩʪʴ (ʚʽʜʤʦʚʘ ʚʽʜ ʧʦʤʠʣʢʦʚʠʭ ʧʦʟʠʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ). 

ɸʣʛʦʨʠʪʤ PatchCore ʻ ʥʦʚʘʪʦʨʩʴʢʠʤ ʧʽʜʭʦʜʦʤ ʫ ʩʬʝʨʽ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷʭ, ʷʢʠʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [3]. ɺʽʥ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʭʘʥʽʟʤ ʩʘʤʦʥʘʚʯʘʥʥʷ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʟʚʠʯʘʡʥʠʭ ʘʙʦ ʜʝʬʝʢʪʥʠʭ ʦʙʣʘʩʪʝʡ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʽʪʦʢ 

ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʜʝʬʝʢʪʫ. ʆʩʥʦʚʥʘ ʽʜʝʷ PatchCore ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʘʣʛʦʨʠʪʤ ʩʧʦʯʘʪʢʫ ʛʝʥʝʨʫʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ "ʧʘʪʯʽʚ" ʘʙʦ 

ʬʨʘʛʤʝʥʪʽʚ, ʘ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜʠ ʟʥʠʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʣʷ 

ʚʠʙʽʨʢʠ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʟ ʮʠʭ ʧʘʪʯʽʚ, ʩʪʚʦʨʶʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ "ʷʜʨʦ" ʥʦʨʤʘʣʴʥʠʭ ʜʘʥʠʭ. 
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ʇʽʜ ʯʘʩ ʬʘʟʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ, ʥʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʧʘʪʯʽ, ʢʦʞʝʥ ʟ 

ʷʢʠʭ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʷʜʨʦʤ ʥʦʨʤʘʣʴʥʠʭ ʧʘʪʯʽʚ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʚʽʜʧʦʚʽʜʘʻ ʚʽʥ ʥʦʨʤʽ ʯʠ ʻ 

ʘʥʦʤʘʣʽʻʶ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ "ʥʦʨʤʘʣʴʥʠʭ" ʧʘʪʯʽʚ ʚʢʘʟʫʻ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʜʝʬʝʢʪʠ. ʎʝʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ PatchCore ʝʬʝʢʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʽʾ ʥʘʚʽʪʴ ʫ ʩʢʣʘʜʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʢʦʥʪʝʢʩʪʘʭ, ʜʝ ʷʢʽʩʪʴ ʽ ʦʜʥʦʨʽʜʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ, ʪʘ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʜʝʬʝʢʪʽʚ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ 

ʥʘʙʦʨʽ ʜʝʬʝʢʪʽʚ. 

 

 

 
ʈʠʩʫʥʦʢ 2 - ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ PatchCore ʥʘ ʥʘʙʦʨʽ ʜʘʥʠʭ MVTec [4] 

 

ɺʠʩʥʦʚʢʠ. ʇʨʘʚʠʣʴʥʦ ʥʘʣʘʰʪʦʚʘʥʝ ʨʽʰʝʥʥʷ ʦʧʪʠʯʥʦʾ ʽʥʩʧʝʢʮʽʾ ʧʨʠʩʢʦʨʶʻ 

ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʧʽʜʚʠʱʫʻ ʨʝʧʫʪʘʮʽʶ ʙʨʝʥʜʫ. ɺʠʙʽʨ ʤʽʞ ʢʣʘʩʠʯʥʠʤ ʢʦʤʧôʶʪʝʨʥʠʤ ʟʦʨʦʤ, 

ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʪʘ ʾʭ ʧʦʻʜʥʘʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ. ʇʨʠ ʥʘʣʝʞʥʦʤʫ ʚʠʢʦʥʘʥʥʽ 

ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʦʧʪʠʯʥʦʾ ʽʥʩʧʝʢʮʽʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ 

ʰʚʠʜʢʦ ʤʘʩʰʪʘʙʫʚʘʪʠʩʴ ʪʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʫ ʩʠʩʪʝʤʫ ʥʘ ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʷʭ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄɽʊʆɼʀ ɺɯɹʈɸʎɯʁʅʆɻʆ ɸʅɸʃɯɿʋ ɼʃʗ ʇʈʆɻʅʆɿʅʆɻʆ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ 

ʆɹʃɸɼʅɸʅʅʗ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺʠʭʽʜ ʟ ʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ ʫ ʩʫʯʘʩʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʥʠʞʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. 

ʆʙʩʷʛ ʚʠʪʨʘʪ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 50% ʚʽʜ ʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʨʦʛʥʦʟʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ï ʮʝ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʥʝʩʧʦʜʽʚʘʥʠʭ 

ʟʫʧʠʥʦʢ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ. ʄʦʥʽʪʦʨʠʥʛ ʚʽʙʨʘʮʽʾ ʻ ʦʩʥʦʚʥʠʤ ʽ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʷʚʣʝʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʰʠʥ. ʋ ʮʽʡ 

ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʝʪʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦ ʚʽʙʨʘʮʽʶ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʚʽʜʤʦʚʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʫ ʚʩʽʭ ʾʭ ʢʦʤʧʦʥʝʥʪʘʭ [1]. ɺʽʜʤʦʚʠ ʤʘʰʠʥ ʯʘʩʪʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ ʙʝʟʧʝʨʝʨʚʥʫ ʨʦʙʦʪʫ ʪʘ ʨʽʟʥʽ ʩʠʪʫʘʮʽʾ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝʡ 

ʧʨʦʮʝʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʟʙʽʣʴʰʫʻ ʨʠʟʠʢ ʚʠʭʦʜʫ ʟ 

ʣʘʜʫ. ʊʘʢʝ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʦʨʤʘʣʴʥʠʤ ʽ ʻ ʥʘʩʣʽʜʢʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʠ. ʆʜʥʘʢ ʥʝʥʦʨʤʘʣʴʥʦʶ ʻ ʨʦʙʦʪʘ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʢʨʠʪʠʯʥʠʭ ʫʤʦʚʘʭ, 

ʱʦ ʧʦʨʫʰʫʻ ʮʽʣʽʩʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʭʦʨʦʰʦʤʫ ʩʪʘʥʽ ʪʘ ʧʽʜʜʘʻ ʤʘʰʠʥʫ ʧʦʚʥʽʡ ʚʽʜʤʦʚʽ.  

ʅʝʩʧʨʘʚʥʦʩʪʽ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʽʘʛʥʦʩʪʠʢʠ. ʉʝʨʝʜ ʮʠʭ ʤʝʪʦʜʽʚ, 

ʘʥʘʣʽʟ ʚʽʙʨʘʮʽʾ ʩʪʘʚ ʥʘʡʙʽʣʴʰ ʮʽʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. ɸʥʘʣʽʟʫʶʯʠ ʭʘʨʘʢʪʝʨ ʚʽʙʨʘʮʽʾ ʤʘʰʠʥ, 

ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʚʠʷʚʣʷʪʠ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʨʘʥʥʽ ʦʟʥʘʢʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ʄʦʥʽʪʦʨʠʥʛ ʚʽʙʨʘʮʽʾ 

ʚʠʷʚʠʚʩʷ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʫ ʢʦʤʧʦʥʝʥʪʘʭ ʤʘʰʠʥ [2]. ɹʫʜʴ-

ʷʢʘ ʟʤʽʥʘ ʘʤʧʣʽʪʫʜʠ ʯʠ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʇʨʦʛʥʦʟʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʾ ʻ 

ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʟ ʧʦʛʣʷʜʫ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʘ 

ʘʜʝʢʚʘʪʥʦʛʦ ʾʾ ʧʦʜʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʞʝʥʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʠʛʥʘʣʠ ʚʽʙʨʘʮʽʾ ʚ 

ʤʘʰʠʥʘʭ ʻ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʘʥʘʣʽʟ ʯʝʨʝʟ ʟʤʽʥʫ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʜʦʚʽʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʦʜʠ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦ ʚʽʙʨʘʮʽʶ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚʽʙʨʘʮʽʾ, ʷʢʽ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʜʝʬʝʢʪʽʚ ʘʙʦ ʭʘʨʘʢʪʝʨʥʠʭ 

ʟʤʽʥ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʽ ʥʝʩʧʨʘʚʥʦʩʪʽ. ʎʽ ʤʝʪʦʜʠ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʘʥʘʣʽʟ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʘʥʘʣʽʟ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʪʘ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʠʡ ʘʥʘʣʽʟ. 

ɺʠʙʽʨ ʤʝʪʦʜʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ, 

ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʜʝʬʝʢʪʽʚ. 

ɸʥʘʣʽʟ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ʄʝʪʦʜʠʢʘ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʾ ʤʘʰʠʥ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʻ 

ʥʘʡʧʨʦʩʪʽʰʠʤ ʘʥʘʣʽʟʦʤ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ. ɹʘʛʘʪʦ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʪʘʢʠʭ ʷʢ ʥʘʷʚʥʽʩʪʴ 

ʘʤʧʣʽʪʫʜʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʘʣʫ, ʜʠʩʙʘʣʘʥʩ ʚʘʣʫ, ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʽ 

ʙʽʣʴʰ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʚʽʟʫʘʣʴʥʦ, ʘʥʘʣʽʟʫʶʯʠ ʯʘʩʪʠʥʠ 

ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʬʫʥʢʮʽʾ ʯʘʩʫ. ʆʜʥʘʢ ʮʴʦʛʦ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ 

ʩʠʛʥʘʣʫ ʚʽʙʨʘʮʽʾ, ʩʧʨʠʯʠʥʝʥʠʭ ʧʦʪʝʥʮʽʡʥʠʤʠ ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ. ɼʣʷ ʘʥʘʣʽʟʫ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ 

ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʧʽʜʭʦʜʠ, ʪʘʢʽ ʷʢ ʪʝʥʜʝʥʮʽʾ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ʄʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʧʽʢ, ʢʦʝʬʽʮʽʻʥʪ ʘʤʧʣʽʪʫʜʠ ʪʘ ʝʢʩʮʝʩ [2]. 

ɸʥʘʣʽʟ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. ɸʥʘʣʽʟ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ï ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 
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ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʚʽʙʨʘʮʽʾ ʚ ʤʘʰʠʥʘʭ, ʟ ʤʝʪʦʶ ʜʽʘʛʥʦʩʪʠʢʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ʎʝʡ ʤʝʪʦʜ 

ʜʦʧʦʤʘʛʘʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʧʨʠʩʫʪʥʽ ʚ ʩʠʛʥʘʣʽ, ʪʘ ʾʭ ʘʤʧʣʽʪʫʜʠ. ɹʘʛʘʪʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ, ʷʢʽ ʥʝ ʚʠʜʥʦ ʧʨʠ ʘʥʘʣʽʟʽ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʨʠ 

ʘʥʘʣʽʟʽ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ. ʆʜʥʘʢ ʯʘʩʪʦʪʥʠʡ ʘʥʘʣʽʟ ʥʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʩʠʛʥʘʣʽʚ, ʯʘʩʪʦʪʘ ʷʢʠʭ 

ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ. ʅʠʞʯʝ ʦʧʠʩʘʥʽ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʫ ʤʘʰʠʥʘʭ, ʚ 

ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. 

ʐʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ  ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʩʠʛʥʘʣ ʟ ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ ʥʘ ʯʘʩʪʦʪʥʫ 

ʦʙʣʘʩʪʴ. ʎʝʡ ʤʝʪʦʜ ʻ ʦʜʥʠʤ ʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʤʘʰʠʥʠ 

ʚʥʦʩʠʪʴ ʧʝʚʥʠʡ ʯʘʩʪʦʪʥʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʩʠʛʥʘʣ ʚʽʙʨʘʮʽʾ. ʊʦʤʫ ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʻ ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʘ ʾʭ ʘʤʧʣʽʪʫʜ ʽʟ ʩʠʛʥʘʣʦʤ ʪʽʻʾ ʞ ʤʘʰʠʥʠ, 

ʱʦ ʧʨʘʮʶʻ ʚ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʨʦʬʽʣʘʢʪʠʯʥʦʤʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʫ ʤʘʰʠʥʘʭ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ, 

ʪʘʢʠʭ ʷʢ ʟʩʫʚ, ʜʠʩʙʘʣʘʥʩ ʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ [3]. 

ʂʝʧʩʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ɸʥʘʣʽʟ ʢʝʧʩʪʨʫ ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʣʦʛʘʨʠʬʤʫ ʩʧʝʢʪʨʘ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʙʫʜʴ-

ʷʢʦʾ ʧʝʨʽʦʜʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʩʧʝʢʪʨʽ, ʪʘʢʠʡ ʷʢ ʛʘʨʤʦʥʽʢʠ, ʙʽʯʥʽ ʩʤʫʛʠ ʘʙʦ ʣʫʥʘ [4]. ʎʝ 

ʢʦʨʠʩʥʦ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʧʽʜʰʠʧʥʠʢʽʚ ʽ ʣʦʢʘʣʽʟʦʚʘʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʟʫʙʽʚ, ʷʢʽ 

ʩʪʚʦʨʶʶʪʴ ʥʠʟʴʢʽ ʛʘʨʤʦʥʽʡʥʦ ʧʦʚ'ʷʟʘʥʽ ʯʘʩʪʦʪʠ. 

ɸʥʘʣʽʟ çʢʦʥʚʝʨʪʽʚè (Envelope Analysis) 

ɼʘʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʚʽʜ 

ʬʦʥʦʚʦʛʦ ʰʫʤʫ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʢʦʯʝʥʥʷ ʽ ʧʨʠ ʜʽʘʛʥʦʩʪʠʮʽ ʥʠʟʴʢʦʰʚʠʜʢʽʩʥʠʭ ʤʘʰʠʥ. 

ʇʝʨʝʚʘʛʘ ʘʥʘʣʽʟʫ ʦʛʠʥʘʶʯʦʾ ʧʦʣʷʛʘʻ ʫ ʨʘʥʥʴʦʤʫ ʚʠʷʚʣʝʥʥʽ ʧʨʦʙʣʝʤ ʽʟ ʧʽʜʰʠʧʥʠʢʘʤʠ, ʘʣʝ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʜʣʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʥʝʧʨʦʩʪʠʤ ʟʘʚʜʘʥʥʷʤ. ɸʥʘʣʽʟ 

ʢʦʥʚʝʨʪʽʚ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʚ ʜʝʢʽʣʴʢʦʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʫ 

ʧʽʜʰʠʧʥʠʢʘʭ ʪʘ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʘʭ [5], ʘʣʝ ʚʽʥ ʧʦʢʘʟʘʚ ʧʦʛʘʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ 

ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʘʥʘʣʽʟ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ[6]. 

ʉʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ 

ʎʝ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʽʟʫ ʩʠʣʠ ʬʣʫʢʪʫʘʮʽʡ ʩʠʛʥʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʯʘʩʪʦʪʠ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʽ ʚʠʤʽʨʶʚʘʪʠ ʢʦʣʠʚʘʣʴʥʽ ʩʠʛʥʘʣʠ ʜʘʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʽ 

ʚʢʘʟʫʻ ʯʘʩʪʦʪʠ, ʥʘ ʷʢʠʭ ʢʦʣʠʚʘʥʥʷ ʻ ʩʠʣʴʥʠʤʠ ʘʙʦ ʩʣʘʙʢʠʤʠ. ʌʘʢʪʠʯʥʦ, ʮʝ ʛʨʘʬʽʯʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʟʘ ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚ ʘʩʠʥʭʨʦʥʥʠʭ ʤʘʰʠʥʘʭ. ɸʥʘʣʽʟ ʚʽʙʨʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʽʩʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʽ ʩʠʛʥʘʣʠ ʘʙʦ ʨʽʟʥʽ 

ʨʦʙʦʯʽ ʫʤʦʚʠ, ʧʦʣʝʛʰʫʶʯʠ ʘʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ [6].  

ɸʥʘʣʽʟ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ʋ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ ʙʽʣʴʰʽʩʪʴ ʩʠʛʥʘʣʽʚ ʥʝ ̒ 

ʩʪʘʮʽʦʥʘʨʥʠʤʠ, ʪʦʙʪʦ ʩʧʝʢʪʨ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟ ʯʘʩʦʤ. ʑʦʜʦ ʚʽʙʨʘʮʽʾ ʚ ʤʘʰʠʥʘʭ, ʪʦ ʚʦʥʘ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʽʙʨʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʤʦʞʝ ʤʽʩʪʠʪʠ ʨʽʟʥʽ ʯʘʩʪʦʪʥʽ 

ʩʢʣʘʜʦʚʽ ʫ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ [6]. ʎʷ ʟʤʽʥʘ ʻ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ. ʑʦʙ 

ʧʦʜʦʣʘʪʠ ʮʶ ʧʨʦʙʣʝʤʫ, ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʷʢʽ 

ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʯʘʩʪʦʪʥʠʡ ʩʢʣʘʜ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʯʘʩʽ. ʏʘʩʪʦʪʥʦ-ʯʘʩʦʚʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʧʨʝʜʩʪʘʚʠʪʠ ʩʠʛʥʘʣ ʫ ʪʨʴʦʭ ʚʠʤʽʨʘʭ, ʘ 

ʪʘʢʦʞ ʚʠʷʚʣʷʪʠ ʪʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʣʘʙʢʠʭ ʚʽʙʨʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʚʠʯʘʡʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʾ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʧʨʠʧʫʱʝʥʥʷʭ, ʷʢʽ ʥʝʧʨʠʜʘʪʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʛʥʘʣʽʚ. ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʜʣʷ 

ʘʥʘʣʽʟʫ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ: ʢʦʨʦʪʢʦʯʘʩʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ [7], ʚʝʡʚʣʝʪ-

ʧʝʨʝʪʚʦʨʝʥʥʷ [8], ʧʝʨʝʪʚʦʨʝʥʥʷ ɻʽʣʴʙʝʨʪʘ-ʍʫʘʥʛʘ [9], ʨʦʟʧʦʜʽʣ ɺʽʛʥʝʨ-ɺʽʣʣʷ [10]. ʎʽ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʣʦʢʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫ ʯʘʩʦʚʽʡ ʪʘ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʷʭ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʣʘʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʙʨʘʮʽʾ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʜʦʩʷʛʥʝʥʥʷʤ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ. ʗʢ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʚ ʮʴʦʤʫ ʦʛʣʷʜʽ, 
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ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʝʪʦʜʫ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʙʨʘʮʽʾ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʦʮʽʥʢʠ ʩʪʘʥʫ ʤʘʰʠʥʠ. ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʧʦʜʘʣʴʰʦʤʫ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʮʠʭ ʤʝʪʦʜʽʚ ʪʘ ʚʠʚʯʝʥʥʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʽʥʪʝʛʨʘʮʽʷ ɯʥʪʝʨʥʝʪʫ 

ʨʝʯʝʡ (IoT) ʪʘ ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʘʥʘʣʽʟʫ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, 

ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʅɽʁʈʆʅʅɯ ʄɽʈɽɾɯ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ʇʈʆɻʅʆɿʋɺɸʅʅʗ 

ʇʆɺɽɼɯʅʂʀ ʊɽʇʃʆʅɸʉʆʉʅʀʍ ʋʉʊɸʅʆɺʆʂ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ 

ɽʌɽʂʊʀɺʅʆʉʊɯ ʊɸ ɸɼɸʇʊʀɺʅʆɻʆ ʂɽʈʋɺɸʅʅʗ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ 

(ʊʅʋ), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʛʘʟʦʚʽ ʩʫʤʽʰʽ, ʟʨʦʩʪʘʻ ʯʝʨʝʟ ʧʦʰʫʢ ʝʢʦʣʦʛʽʯʥʠʭ ʽ 

ʝʬʝʢʪʠʚʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʬʨʝʦʥʘʤ, ʚʢʣʶʯʘʶʯʠ ʧʨʠʨʦʜʥʽ ʭʣʘʜʘʛʝʥʪʠ. ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʭʣʘʜʘʛʝʥʪʽʚ, ʯʘʩʪʦ ʥʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʥʦʚʠʭ ʩʫʤʽʰʝʡ ʯʝʨʝʟ ʾʭ 

ʫʥʽʢʘʣʴʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɸʢʪʠʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʨʘʟ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʘʜʘʧʪʘʮʽʶ 

ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʜʦ ʮʠʭ ʥʦʚʠʭ ʫʤʦʚ. ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʮʠʭ ʽʥʥʦʚʘʮʽʷʭ ʚʽʜʽʛʨʘʶʪʴ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʟʜʘʪʥʦʩʪʽ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ. 

ʎʝ ʩʧʨʠʷʻ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʶ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. AI-ʤʦʜʝʣʽ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʘʭ ʪʘ ʢʦʥʜʠʮʽʦʥʝʨʘʭ, ʬʦʢʫʩʫʶʯʠʩʴ ʥʘ ʧʦʣʽʧʰʝʥʥʽ ʪʦʯʥʦʩʪʽ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʨʽʟʥʦʛʦ ʪʠʧʫ. ɼʦʩʣʽʜʞʝʥʥʷ [1] ʜʦʩʣʽʜʞʫʻ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʽʘʛʥʦʩʪʠʢʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ RHVAC 

ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʥʝʡʨʦʥʥʠʭ ʤʦʜʝʣʝʡ. ɺʘʞʣʠʚʠʤ ʻ ʥʘʣʘʰʪʫʚʘʥʥʷ ʛʽʧʝʨʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ AI-ʩʪʨʫʢʪʫʨ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʄʝʪʦʜʠ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʧʦʤʠʣʦʢ ʪʘ ʘʣʛʦʨʠʪʤʠ ʥʘʚʯʘʥʥʷ ʻ ʢʣʶʯʦʚʠʤʠ ʫ ʨʦʟʨʦʙʮʽ, ʭʦʯʘ ʽʩʥʫʶʪʴ ʚʠʢʣʠʢʠ, ʪʘʢʽ ʷʢ 

ʛʨʘʜʽʻʥʪʥʽ ʧʨʦʙʣʝʤʠ, ʽʥʪʝʨʧʨʝʪʦʚʘʥʽʩʪʴ ʪʘ ʙʘʣʘʥʩ ʤʽʞ ʪʦʯʥʽʩʪʶ ʪʘ ʪʨʝʥʫʚʘʣʴʥʠʤ 

ʥʘʩʠʯʝʥʥʷʤ. 

ʉʪʘʪʪʷ [2] ʘʥʘʣʽʟʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ (ASHP) ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʚʠʢʠʜʽʚ ʙʫʜʽʚʝʣʴ ʧʨʠ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʽ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (ʐʅʄ) ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ɼʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ 

1.52%, ʦʧʘʣʝʥʥʷ ʥʘ 3.58% ʪʘ ʩʘʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʥʘ 0.76-0.81%. ʎʝ ʜʝʤʦʥʩʪʨʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ ʙʫʜʽʚʣʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʙʝʨʝʞʝʥʥʷʤ ʢʦʤʬʦʨʪʫ 

ʯʝʨʝʟ ʦʧʪʠʤʽʟʦʚʘʥʫ ʨʦʙʦʪʫ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʚʘʣʽʜʘʮʽʷ ʬʽʟʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʤʦʜʝʣʽ ʥʘ ʙʘʟʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɿʘʚʜʷʢʠ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʶ, ʥʝʡʨʦʥʥʘ 

ʤʦʜʝʣʴ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʙʣʠʟʴʢʫ ʜʦ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʧʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʦ 

ʩʧʨʦʩʪʠʚʰʠ ʾʾ ʩʢʣʘʜʥʽʩʪʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʥʝ ʣʠʰʝ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ, ʘʣʝ ʡ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʾʭ ʨʦʙʦʪʫ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. ɼʦʜʘʪʢʦʚʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʟʜʘʪʥʠʭ ʩʘʤʦʩʪʽʡʥʦ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠʩʷ ʥʘ ʟʤʽʥʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʘʥʘʣʽʟʫʚʘʣʘʩʴ ʪʝʧʣʦʥʘʩʦʩʥʘ ʫʩʪʘʥʦʚʢʘ ʪʠʧʫ "ʚʦʜʘ-

ʚʦʜʘè. ɺ ʧʨʦʝʢʪʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ, ʚʦʜʘ ʟ ʧʦʯʘʪʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ +6ÁC ʧʦʜʘʻʪʴʩʷ ʜʦ 

ʚʠʧʘʨʥʠʢʘ, ʜʝ ʾʾ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʞʫʻʪʴʩʷ ʜʦ +3ÁC. ʊʝʧʣʦ, ʦʪʨʠʤʘʥʝ ʚʽʜ ʚʦʜʠ, ʧʝʨʝʜʘʻʪʴʩʷ 

ʨʦʙʦʯʽʡ ʨʝʯʦʚʠʥʽ (ʬʨʝʦʥʫ R134-a) ʜʣʷ ʾʾ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʬʨʝʦʥ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʜʦ 

ʢʦʤʧʨʝʩʦʨʘ. ʊʘʤ ʚʽʥ ʩʪʠʩʢʘʻʪʴʩʷ, ʩʧʦʞʠʚʘʶʯʠ ʝʥʝʨʛʽʶ ʨʦʙʦʪʠ. ɼʘʣʽ, ʩʪʠʩʥʝʥʠʡ ʬʨʝʦʥ 
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ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ, ʜʝ ʚʽʜʜʘʻ ʪʝʧʣʦ ʚʦʜʽ ʦʧʘʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʧʽʜʽʛʨʽʚʘʶʯʠ ʾʾ ʟ 

+55ÁC ʜʦ +69ÁC. ʇʨʦʝʢʪʥʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʩʪʘʥʦʚʠʪʴ 25 ʢɺʪ. ʇʽʩʣʷ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʬʨʝʦʥ ʨʫʭʘʻʪʴʩʷ ʜʦ ʨʦʟʰʠʨʶʚʘʣʴʥʦʛʦ ʚʝʥʪʠʣʷ, ʜʝ ʡʦʛʦ ʪʠʩʢ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʥʠʞʫʶʪʴʩʷ, ʘ ʧʦʪʽʤ ʬʨʝʦʥ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʚʠʧʘʨʥʠʢ, ʟʘʚʝʨʰʫʶʯʠ ʮʠʢʣ. 

ɺʽʜʪʘʢ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ 

ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ [3]. ʎʽ ʤʦʜʝʣʽ ʦʭʦʧʣʶʶʪʴ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ ʫ 

ʢʦʥʜʝʥʩʘʪʦʨʽ ʪʘ ʚʠʧʘʨʥʠʢʫ, ʚʦʜʫ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ ʫ ʢʦʥʜʝʥʩʘʪʦʨʽ, ʧʦʚʝʨʭʥʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʘ 

ʚʠʧʘʨʥʠʢʘ, ʪʝʧʣʦʥʦʩʽʡ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʞʝʨʝʣʘ, ʘ ʪʘʢʦʞ ʢʦʤʧʨʝʩʦʨ ʪʘ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʚʝʥʪʠʣʴ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʦʯʠʭ ʨʝʯʦʚʠʥ, 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʧʣʦʚʦʤʫ ʥʘʩʦʩʽ, ʟʘʩʪʦʩʦʚʘʥʦ ʙʽʙʣʽʦʪʝʢʫ Coolprop[4]. 

ʄʦʜʝʣʴ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink ʽ ʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩ. 1. ɼʣʷ ʾʾ ʚʘʣʽʜʘʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʜʦʩʣʽʜʞʝʥʥʷ [5]. ʇʦʢʘʟʥʠʢ ʪʦʯʥʦʩʪʽ ʩʪʘʥʦʚʠʚ 

ʚʽʜ  8.3% ʜʦ 10.5%, ʱʦ ʻ ʟʘʜʦʚʽʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʷ  ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʄʦʜʝʣʴ ʪʝʧʣʦʥʘʩʦʩʦʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚ ʩʝʨʝʜʦʚʠʱʽ Simulink 

 

ʈʦʟʨʦʙʣʝʥʘ ʘʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʊʅʋ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ ʤʦʞʣʠʚʽʩʪʴ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ, ʚʨʘʭʦʚʫʶʯʠ ʯʠʩʣʝʥʥʽ ʬʽʟʠʯʥʽ ʬʘʢʪʦʨʠ. ʍʦʯʘ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ 

ʘʥʘʣʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ, ʨʦʟʨʦʙʢʘ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʫʩʠʣʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

LSTM ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʟ ʜʘʥʠʤʠ, ʛʝʥʝʨʦʚʘʥʠʤʠ ʚ MATLAB, ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʽ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʨʦʟʫʤʽʥʥʶ ʪʘ 

ʘʜʘʧʪʘʮʽʾ ʩʠʩʪʝʤʠ ʧʽʜ ʨʽʟʥʽ ʫʤʦʚʠ. ɸʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʚʢʣʶʯʘʻ ʚʭʽʜʥʠʡ, ʜʚʘ 

ʧʨʠʭʦʚʘʥʠʭ ʪʘ ʚʠʭʽʜʥʠʡ ʰʘʨʠ, ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʫʤʦʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. 

ʊʨʝʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʟʘʡʥʷʣʦ 68 ʝʧʦʭ ʪʘ 84 ʭʚʠʣʠʥʠ. ɺʘʣʽʜʘʮʽʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʟʛʝʥʝʨʦʚʘʥʦʤʫ (ʈʠʩ. 2) ʥʘʙʦʨʽ ʜʘʥʠʭ ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʝ ʧʨʠʰʚʠʜʰʝʥʥʷ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ (ʚ 16 

ʨʘʟʽʚ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1) ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ (MAE = 3.26).  

ʈʠʩʫʥʦʢ 2 - ʇʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʽ ʅʄ ʪʘ ʄʘʪʣʘʙ 
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ʊʘʙʣʠʮʷ 1 - ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ  

ʇʨʦʤʽʞʦʢ ʯʘʩʫ ʤʦʜʝʣʽ 

(Stop time), ʩ. 

ʏʘʩ ʨʦʟʨʘʭʫʥʢʫ 

Matlab, ʩ. 

ʏʘʩ ʨʦʟʨʘʭʫʥʢʫ 

LSTM, ʩ. 

 

ʂʨʘʪʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ 

5 3.5 0.22 15.9 

120 11 0.67 16.4 

600 85 5.14 15.53 

 

ɺʠʩʥʦʚʢʠ. ʉʪʨʘʪʝʛʽʷ ʨʦʟʨʦʙʢʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʽ ʟ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʚ MATLAB ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʠʭ ʧʨʠʥʮʠʧʽʚ, 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ 

ʟʽʙʨʘʪʠ ʚʝʣʠʢʽ ʤʘʩʠʚʠ ʜʘʥʠʭ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʦʙ'ʻʢʪʽʚ, ʥʘʜʘʶʯʠ ʤʽʮʥʫ ʦʩʥʦʚʫ ʜʣʷ 

ʪʨʝʥʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʘ ʥʝʡʨʦʥʥʘ ʤʦʜʝʣʴ, ʟʜʘʪʥʘ ʪʦʯʥʦ ʽ ʰʚʠʜʢʦ 

ʚʠʷʚʣʷʪʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʥʘʯʥʦ ʧʽʜʩʠʣʶʶʯʠ ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʧʨʦʛʥʦʟʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ LSTM-ʤʝʨʝʞ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʜʣʷ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʘʣʛʦʨʠʪʤʠ 

ʤʦʜʝʣʴʥʦ-ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʧʽʜʚʠʱʫʶʯʠ ʘʜʘʧʪʠʚʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ. 
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ĭ ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʯʽʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

 

ʆɻʃʗɼ ʇʃɸʊʌʆʈʄ ɼʃʗ ʉʀʄʋʃʗʎɯɰ ʇʆɺɽɼɯʅʂʀ ʆɹ'ɭʂʊɯɺ ɺʉɽʈɽɼʀʅɯ 

ʎʀʌʈʆɺʀʍ ɼɺɯʁʅʀʂɯɺ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʆʩʪʘʥʥʽ ʪʝʥʜʝʥʮʽʾ ʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 

ʧʨʠʟʚʦʜʷʪʴ  ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ, ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʫʩʽ ʩʬʝʨʠ ʞʠʪʪʷ, ʚʽʜ 

ʨʝʢʨʝʘʮʽʾ ʜʦ ʤʝʜʠʮʠʥʠ. ʅʝ ʻ ʚʠʢʣʶʯʝʥʥʷʤ ʽ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʷʢʘ ʪʘʢʦʞ ʦʪʨʠʤʘʣʘ ʩʚʦʶ ʯʘʩʪʢʫ 

ʽʥʥʦʚʘʮʽʡ, ʯʘʩʪʠʥʦʶ ʷʢʠʭ ʻ ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ, ʱʦ ʚʚʘʞʘʶʪʴʩʷ ʧʨʦʚʽʜʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ 

ʽʥʜʫʩʪʨʽʾ 4.0 [1], ʦʩʢʽʣʴʢʠ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʠʡ, ʷʢʽʩʥʦ ʽʥʰʠʡ ʨʽʚʝʥʴ ʚʟʘʻʤʦʜʽʾ ʟ ʨʝʘʣʴʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ. 

ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ Industrial Internet Consortium, ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ [2] - ʮʝ ʪʘʢʘ ʮʠʬʨʦʚʘ 

ʩʠʩʪʝʤʘ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʢʦʥʢʨʝʪʥʠʡ ʨʝʘʣʴʥʠʡ ʦʙôʻʢʪ ʟ ʧʦʚʥʠʤ ʘʙʦ ʯʘʩʪʢʦʚʠʤ ʟʙʝʨʝʞʝʥʥʷʤ 

ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʦʚʝʜʽʥʢʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʦʟʚʦʣʷʶʯʠ ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩʠ, 

ʟʙʝʨʽʛʘʪʠ, ʦʙʨʦʙʣʶʚʘʪʠ ʜʘʥʽ, ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʚôʷʟʦʢ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʾ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʥʘʰʠʭ 

ʫʤʦʚ ʷʢʦʩʪʽ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʤʘʪʠ ʚ ʩʦʙʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ, ʧʝʚʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʪʘ 

ʥʝʦʙʭʽʜʥʽ ʩʝʨʚʽʩʥʽ ʽʥʪʝʨʬʝʡʩʠ. ʅʘʙʽʨ ʜʘʥʠʭ ʤʦʞʝ ʧʦʻʜʥʫʚʘʪʠ ʚ ʩʦʙʽ ʯʘʩʦʚʽ ʨʷʜʠ ʧʦʢʘʟʥʠʢʽʚ, 

ʘʨʭʽʚʥʽ ʜʘʥʽ, ʪʨʘʥʟʘʢʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʚʽʟʫʘʣʴʥʽ ʤʦʜʝʣʽ, ʪʦʱʦ [3]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʘʛʘʣʦʤ, ʥʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ 

ʙʫʜʫʶʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʧʽʜ ʧʦʪʨʝʙʠ ʟʘʤʦʚʥʠʢʘ, ʟʘʟʚʠʯʘʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʧʨʽʻʪʘʨʥʠʭ 

ʟʘʩʪʦʩʫʥʢʽʚ, ʩʠʩʪʝʤ ʪʘ ʨʝʩʫʨʩʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʚʽʣʴʥʝʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʧʣʘʪʬʦʨʤ ʨʦʟʨʦʙʢʠ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ, ʱʦ ʩʪʘʣʦ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

open-source ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʚʠʱʝʥʘʟʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʉʝʨʝʜ ʪʘʢʠʭ 

ʧʣʘʪʬʦʨʤ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʽ, ʷʢ: Eclipse Ditto, Fiware, Equinox ʪʘ ʽʥʰʽ. ʆʜʥʘʢ, ʜʘʥʽ 

ʧʣʘʪʬʦʨʤʠ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʥʝʜʦʣʽʢ, ʘ ʩʘʤʝ ʚʽʜʩʫʪʥʽʩʪʴ ʚʙʫʜʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʠʤʫʣʷʮʽʾ 

ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʽʚ. ʊʘʢʘ ʩʠʤʫʣʷʮʽʷ ʻ ʢʣʶʯʦʚʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʩʮʝʥʘʨʽʾʚ ʧʦʚʝʜʽʥʢʠ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʽʥʰʠʭ. ɿʘ ʮʽʻʶ ʦʟʥʘʢʦʶ ʙʫʣʦ ʚʠʦʢʨʝʤʣʝʥʦ ʥʘʩʪʫʧʥʽ ʧʣʘʪʬʦʨʤʠ: TerriaJS [4], 

DTCC [5] ʪʘ INTO-CPS [6]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.  ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʤʫʣʷʮʽʾ 

ʧʨʦʮʝʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʽ ʦʙôʻʢʪʽʚ ʚʩʝʨʝʜʠʥʽ ʧʣʘʪʬʦʨʤʠ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ, 

ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʪʘ ʩʠʤʫʣʷʮʽʾ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʣʘʪʬʦʨʤʘ TerriaJS [4] ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʟ ʦʨʽʻʥʪʠʨʦʤ ʥʘ 

ʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ. ɼʘʥʘ ʧʣʘʪʬʦʨʤʘ ʥʘʜʘʻ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʨʦʙʦʪʠ ʟ ʛʝʦʧʨʦʩʪʦʨʦʚʠʤʠ, 

ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʷʢʽ ʤʦʞʥʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʪʘ ʘʛʨʝʛʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʠʤ ʢʦʨʠʩʪʫʚʘʯʫ ʯʠʥʦʤ. ʎʽʢʘʚʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʩʠʤʫʣʷʮʽʾ ʟ 

ʨʦʟʨʦʙʣʝʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʘ ʟʙʝʨʽʛʘʪʠ ʟʤʽʥʠ, ʷʢʽ ʙʫʜʫʪʴ ʪʘʢʠʤ ʯʠʥʦʤ ʟʧʨʦʛʥʦʟʦʚʘʥʽ. 

ʈʦʟʨʦʙʣʝʥʽ ʧʣʘʪʬʦʨʤʦʶ ʟʘʩʦʙʠ, ʟ ʧʝʚʥʠʤ ʜʦʦʧʨʘʮʶʚʘʥʥʷʤ ʟʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʩʠʤʫʣʷʮʽʾ ʧʦʚʝʜʽʥʢʠ ʬʽʟʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚ ʚ ʮʽʣʦʤʫ.  

ʅʘʩʪʫʧʥʘ ʧʣʘʪʬʦʨʤʘ, ʷʢʘ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʽʚ, ʮʝ 

Digital Twin Cities Centre (DTCC) [5]. ɼʘʥʘ ʧʣʘʪʬʦʨʤʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʫʨʙʘʥʽʩʪʠʯʥʽ ʧʦʪʨʝʙʠ 

ʟ ʦʩʦʙʣʠʚʦʶ ʫʚʘʛʦʶ ʜʦ ʩʠʤʫʣʷʮʽʾ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʩʥʦʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʻ 

ʩʠʤʫʣʷʮʽʷ ʥʘʪʦʚʧʫ, ʦʪʦʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʙʫʜʽʚʥʠʮʪʚʘ. ʉʠʤʫʣʷʮʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʩʪʚʦʨʝʥʥʷ Building Information Model, ʷʢʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʷʢ 3D ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙôʻʢʪʫ, ʪʘʢ 

ʽ ʚʩʽ ʚʣʘʩʪʠʚʦʩʪʽ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʪʘʢʘ ʤʦʜʝʣʴ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʥʦʚʣʶʚʘʪʠʩʴ 
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ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʜʘʚʘʯʽʚ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʙʫʜʽʚʥʠʮʪʚʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʣʘʪʬʦʨʤʘ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʦʙôʻʢʪʘ, ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʜʥʦʯʘʩʥʫ 

ʽʤʧʣʝʤʝʥʪʘʮʽʶ ʦʥʦʚʣʝʥʦʛʦ ʧʨʦʻʢʪʫ ʚ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ CAD 

ʢʨʝʩʣʝʥʥʷ. 

ʊʘʢʦʞ ʨʦʟʛʣʷʥʝʤʦ ʧʣʘʪʬʦʨʤʫ  INTO-CPS [6].  ʄʝʪʦʶ ʩʚʦʨʝʥʥʷ ʮʽʻʾ ʧʣʘʪʬʦʨʤʠ 

ʟʘʷʚʣʷʻʪʴʩʷ ʜʦʧʦʤʦʛʘ ʚ ʧʨʦʻʢʪʫʚʘʥʥʽ ʢʽʙʝʨ-ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ ʪʘ 

ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ. ɼʘʥʘ ʧʣʘʪʬʦʨʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʪʝʨʬʝʡʩ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʤʘʢʝʪʫ (functional mock-up interface, FMI) ʪʘ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʦʜʠʥʠʮʝʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʤʘʢʝʪʫ (functional mock-up unit, FMU). ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʫʥʽʬʽʢʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʪʘ ʧʨʦʚʦʜʠʪʠ ʧʦʢʨʦʢʦʚʫ ʩʠʤʫʣʷʮʽʶ ʷʢ ʟ ʬʽʢʩʦʚʘʥʠʤ ʨʦʟʤʽʨʦʤ 

ʢʨʦʢʫ, ʪʘʢ ʽ ʟ ʚʘʨʽʘʪʠʚʥʠʤ. ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ FMU ʜʦʟʚʦʣʠʣʦ 

ʽʥʪʝʛʨʫʚʘʪʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʠʩʦʢʦʪʦʯʥʽ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ. ʆʢʨʝʤʦʾ 

ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʤʝʪʦʜʠ ʢʦ-ʩʠʤʫʣʷʮʽʾ, ʷʢʽ ʥʘʷʚʥʽ ʥʘ ʧʣʘʪʬʦʨʤʽ, ʘ ʩʘʤʝ ʽʻʨʘʨʭʽʯʥʘ ʢʦ-

ʩʠʤʫʣʷʮʽʷ ʪʘ ʨʦʟʧʦʜʽʣʝʥʘ ʢʦ-ʩʠʤʫʣʷʮʽʷ. ʈʦʟʧʦʜʽʣʝʥʠʡ ʚʘʨʽʘʥʪ ʜʦʟʚʦʣʷʻ ʧʝʨʝʤʽʩʪʠʪʠ 

ʢʦʥʢʨʝʪʥʽ FMU ʥʘ ʽʥʰʽ, ʚʽʜʜʘʣʝʥʽ ʪʦʯʢʠ ʩʠʤʫʣʷʮʽʾ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ 

ʧʦʜʘʣʴʰʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʚ ʜʦʩʷʛʥʫʪʠʡ ʝʬʝʢʪ, ʢʦʣʠ ʬʽʟʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, 

ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʪʘ ʮʠʬʨʦʚʠʡ ʟʘʩʪʦʩʫʥʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʤʫʣʷʮʽʾ ʦʜʥʦʯʘʩʥʦ 

ʟʥʘʭʦʜʷʯʠʩʴ ʥʘ ʨʽʟʥʠʭ ʤʘʰʠʥʘʭ ʪʘ ʚ ʨʽʟʥʠʭ ʪʦʯʢʘʭ. ɯʻʨʘʨʭʽʯʥʘ ʢʦ-ʩʠʤʫʣʷʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʪʦʤʫ, ʱʦ ʦʜʠʥ FMU ʤʦʞʝ ʙʫʪʠ ʢʦʤʧʦʟʠʮʽʻʶ ʟ ʜʝʢʽʣʴʢʦʭ ʪʘʢʠʭ ʦʜʠʥʠʮʴ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʧʦʚʥʽʩʪʶ ʟʢʦʥʬʽʛʫʨʦʚʘʥʦʶ ʢʦ-ʩʠʤʫʣʷʮʽʻʶ, ʦʜʥʘʢ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʜʘʥʦʛʦ FMU ʤʦʞʝ ʙʫʪʠ 

ʥʝʦʙʭʽʜʥʘ ʨʽʟʥʘ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʷʚʥʠʡ ʙʣʦʢ ʟ ʪʨʴʦʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʜʠʥʠʮʴ, ʜʚʽ ʟ ʷʢʠʭ ʦʙôʻʜʥʘʥʦ ʫ ʦʢʨʝʤʠʡ, ʚʥʫʪʨʽʰʥʽʡ ʙʣʦʢ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ 

ʙʽʣʴʰ ʰʚʠʜʢʦʾ ʪʘ ʯʘʩʪʽʰʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʩʚʦʾʤʠ ʯʘʩʪʠʥʘʤ, ʥʽʞ ʟ ʪʨʝʪʽʤ ʙʣʦʢʦʤ.  ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʣʘʪʬʦʨʤʘ ʜʦʟʚʦʣʷʻ ʟʘʜʘʪʠ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʙʣʦʢʫ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ 

ʩʠʤʫʣʷʮʽʾ ʽ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ, ʚʦʜʥʦʯʘʩ ʟʘʜʘʚʰʠ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ ʜʣʷ ʩʠʤʫʣʷʮʽʾ 

ʟʦʚʥʽʰʥʴʦʛʦ ʙʽʣʴʰʦʛʦ ʙʣʦʢʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ 

ʟʥʠʞʫʶʯʠ ʪʦʯʥʽʩʪʴ.  

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʥʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ open-source ʧʣʘʪʬʦʨʤʠ ʟʜʝʙʽʣʴʰʦʛʦ 

ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʽ ʪʘ ʧʦʢʨʘʱʝʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʤʦʜʝʣʷʤʠ ʪʘ ʯʘʩʪʠʥʘʤʠ 

ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ, ʚʦʜʥʦʯʘʩ ʥʝʭʪʫʶʯʠ ʘʙʦ ʤʘʡʞʝ ʥʝʭʪʫʶʯʠ ʟʘʩʦʙʘʤʠ ʜʣʷ ʩʠʤʫʣʷʮʽʾ 

ʧʦʚʝʜʽʥʢʠ ʦʙʣʘʜʥʘʥʥʷ ʚ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ. ɺʢʨʘʡ ʚʘʞʣʠʚʠʤ ʻ ʥʘʜʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʦʚʝʜʝʥʥʷ ʩʠʤʫʣʷʮʽʡ ʟ ʪʘʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʟʙʝʨʽʛʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʧʦʜʘʣʴʰʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʷʭ. ɼʝʷʢʽ ʧʣʘʪʬʦʨʤʠ 

ʜʦʟʚʦʣʷʶʪʴ ʽʤʧʣʝʤʝʥʪʫʚʘʪʠ ʟʦʚʥʽʰʥʽ ʟʘʩʦʙʠ ʩʠʤʫʣʷʮʽʾ, ʦʜʥʘʢ ʮʝ ʤʦʞʝ ʫʩʢʣʘʜʥʠʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʙʦ ʜʘʚʘʪʠ ʥʝʪʦʯʥʽ ʜʘʥʽ, ʪʦʤʫ ʧʣʘʪʬʦʨʤʠ, ʷʢʽ ʤʘʶʪʴ ʚ ʩʦʙʽ 

ʚʙʫʜʦʚʘʥʽ ʟʘʩʦʙʠ ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʻ ʧʨʦʚʽʜʥʠʤʠ ʚ ʜʘʥʽʡ ʩʬʝʨʽ, ʘʣʝ ʚʩʝ ʱʝ ʧʦʪʨʝʙʫʶʪʴ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʉʀʅʊɽɿ ʅɽʏɯʊʂʆɻʆ ʈɽɻʋʃʗʊʆʈɸ ɼʃʗ ʉʀʉʊɽʄʀ ɺʇʆʈʉʂʋɺɸʅʅʗ 

ʇʈʗʄʆʊʆʏʅʆɻʆ ʂʆʊʃɸ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɿ ʧʨʦʙʣʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʘʤʠ 

ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʨʷʤʦʪʦʯʥʦʛʦ ʢʦʪʣʘ ʧʦʚ'ʷʟʘʥʘ ʩʢʣʘʜʥʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʚʧʦʨʩʢʫʚʘʥʥʷ, ʱʦ ʤʽʥʽʤʽʟʫʚʘʣʠ ʙ ʩʧʦʞʠʚʘʥʥʷ 

ʧʘʣʠʚʘ ʪʘ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʫ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ʇʨʦʪʝ ʽʩʥʫʶʪʴ ʧʨʦʛʘʣʠʥʠ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʟʦʢʨʝʤʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʯʽʪʢʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʜʣʷ ʩʠʩʪʝʤ ʚʧʦʨʩʢʫʚʘʥʥʷ 

ʧʨʷʤʦʪʦʯʥʠʭ ʢʦʪʣʽʚ. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [1] ʨʦʟʛʣʷʥʫʪʦ ʩʠʥʪʝʟ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʫʨʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʧʨʷʤʦʪʦʯʥʦʛʦ ʢʦʪʣʦʘʛʨʝʛʘʪʫ 

ʥʘ ʙʘʟʽ ʜʚʦʢʘʥʘʣʴʥʦʛʦ ʥʝʯʽʪʢʦʛʦ ʢʦʥʪʨʦʣʝʨʘ. ʈʦʙʦʪʘ [2] ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʛʫʣʶʚʘʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. ʋ ʩʪʘʪʪʽ [4] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʫʧʨʘʚʣʽʥʥʷ ʚʧʨʠʩʢʫʚʘʥʥʷʤ ʧʘʣʠʚʘ ʜʚʠʛʫʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʠʥʪʝʟ ʥʝʯʽʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ 

ʩʠʩʪʝʤʠ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʨʷʤʦʪʦʯʥʦʛʦ ʢʦʪʣʘ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʅʝʯʽʪʢʘ ʣʦʛʽʢʘ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʦʩʪʽʡ ʣʦʛʽʮʽ "ʷʢʱʦ-ʪʦʜʽ", 

ʫʥʠʢʥʫʚʰʠ ʩʢʣʘʜʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ.  

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʠ ʧʨʷʤʦʪʦʯʥʦʛʦ ʢʦʪʣʘ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʟʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1, ʜʝ ʚ ʷʢʦʩʪʽ ʟʤʽʥʥʠʭ ʚʠʩʪʫʧʘʶʪʴ 

ʊ2
*
 ï ʟʘʜʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʠ ʧʽʩʣʷ ʚʧʦʨʩʢʫʚʘʥʥʷ; U ï ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʚʧʦʨʩʢʫʚʘʥʥʷ; Gp ï 

ʚʠʪʨʘʪʠ ʧʘʨʠ, P ï ʪʠʩʢ ʧʘʨʠ, T1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ ʚʧʦʨʩʢʫʚʘʥʥʷ, T2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʩʣʷ 

ʚʧʦʨʩʢʫʚʘʥʥʷ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʝʯʽʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʙʫʚ ʦʙʨʘʥʠʡ ʘʧʘʨʘʪ ʥʝʯʽʪʢʦʛʦ ʥʝʡʨʦ-ʤʝʨʝʞʝʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʋ ʧʘʢʝʪʽ Fuzzy Logic Toolbox ʩʠʩʪʝʤʠ ʄɸʊLɸɺ ʛʽʙʨʠʜʥʽ ʤʝʨʝʞʽ ʨʝʘʣʽʟʦʚʘʥʽ ʫ 

ʬʦʨʤʽ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʥʝʡʨʦ-ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ ANFIS [3]. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʽʜʩʪʘʚʽ ʤʦʥʽʪʦʨʽʥʛʫ ʨʦʙʦʪʠ ʢʦʪʣʘ ʧʽʜʛʦʪʦʚʣʝʥʽ 

ʥʘʚʯʘʣʴʥʽ ʜʘʥʽ, ʷʢʽ ʤʽʩʪʷʪʴ ʙʣʠʟʴʢʦ 2500 ʨʷʜʢʽʚ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ: Gp ï ʚʠʪʨʘʪʠ ʧʘʨʠ, P ï ʪʠʩʢ 

ʧʘʨʠ, T1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʘ ʟʘ ʧʝʨʰʠʤ ʚʧʦʨʩʢʫʚʘʥʥʷʤ, T2 ï ʪʝʤʧʝʨʘʪʫʨʘ 
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ʧʽʩʣʷ ʜʨʫʛʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ, U* ï ʚʧʦʨʩʢʫʚʘʥʥʷ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ).  

ɺ ʷʢʦʩʪʽ ʥʘʣʘʰʪʫʚʘʥʴ ʨʝʜʘʢʪʦʨʘ ANFIS ʦʙʨʘʥʽ: ʤʝʪʦʜ ʥʘʚʯʘʥʥʷ ʛʽʙʨʠʜʥʦʾ ʤʝʨʝʞʽ 

ʟʘʜʘʥʠʡ -  ʛʽʙʨʠʜʥʠʡ (hybrid), ʪʦʙʪʦ ʤʝʪʦʜ ʫʙʫʚʘʥʥʷ ʟʚʦʨʦʪʥʴʦʛʦ ʛʨʘʜʽʻʥʪʘ, ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʨʽʚʝʥʴ ʧʦʤʠʣʢʠ ʥʘʚʯʘʥʥʷ (Error Tolerance) - ʧʦ ʟʘʤʦʚʯʫʚʘʥʥʶ ʟʥʘʯʝʥʥʷ 0, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ 

ʮʠʢʣʽʚ ʥʘʚʯʘʥʥʷ (Epochs) - 50. ɺ ʷʢʦʩʪʽ ʥʘʣʘʰʪʫʚʘʥʴ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʢʘʟʘʥʘ 

ʩʫʙʪʨʘʢʪʠʚʥʘ (ʛʽʨʩʴʢʘ) ʢʣʘʩʪʝʨʠʟʘʮʽʷ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʜʘʥʥʠʭ ʦʪʨʠʤʘʥʘ ʛʽʙʨʠʜʥʘ 

ʥʝʡʨʦʤʝʨʝʞʘ ʜʝ ʜʣʷ ʢʦʞʥʦʾ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʟʤʽʥʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʙʫʣʠ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ 6 ʪʝʨʤʽʚ, ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʽ 6 ʧʨʘʚʠʣ ʥʝʯʽʪʢʦʛʦ ʚʠʩʥʦʚʢʫ ʪʠʧʫ ʉʫʛʝʥʦ. 

ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʝʯʽʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʟʛʝʥʝʨʦʚʘʥʦʾ ʤʝʨʝʞʽ. 

 

 
ʈʠʩʫʥʦʢ 2ï ʅʝʯʽʪʢʠʡ ʨʝʛʫʣʷʪʦʨ 

ʅʝʯʽʪʢʠʡ ʨʝʛʫʣʷʪʦʨ ʙʫʚ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʥʘʷʚʥʠʭ ʜʘʥʠʭ, ʪʘʢʦʞ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʟʤʽʥʥʽ: ʚʠʪʨʘʪʘ ʚʦʜʠ, ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ ʚʧʨʠʩʢʫʚʘʥʥʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʩʣʷ ʚʧʦʨʩʢʫʚʘʥʥʷ. 

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʘ ʟʤʽʥʥʦʾ. çʊʝʤʧʝʨʘʪʫʨʘ ʧʘʨʠ ʜʦ 

ʚʧʦʨʩʢʫʚʘʥʥʷè - ʚʭʽʜʥʘ ʟʤʽʥʥʘ. ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʻ ʜʽʘʧʘʟʦʥ ʚʽʜ 0 ʜʦ 550 Ü ʉ, ʚʝʣʠʢʘ 

ʟʤʽʥʘ ʥʝ ʧʨʠʧʫʩʪʠʤʘ, ʪʦʤʫ ʱʦ ʤʦʞʝ ʚʠʚʝʩʪʠ ʟ ʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ. ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ 

ʪʝʤʧʝʨʘʪʫʨʠ Ü ʉ. 

 
 

ʈʠʩʫʥʦʢ 3 ï ʃʽʥʛʚʽʩʪʠʯʥʘ ʟʤʽʥʥʘ çʊʝʤʧʝʨʘʪʫʨʘ ʧʘʨʠ ʜʦ ʚʧʦʨʩʢʫʚʘʥʥʷè 

 

 
ʈʠʩʫʥʦʢ 4 ï ʃʽʥʛʚʽʩʪʠʯʥʘ ʟʤʽʥʥʘ çʊʝʤʧʝʨʘʪʫʨʘ ʧʽʩʣʷ ʚʧʦʨʩʢʫʚʘʥʥʷè 
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ʃʽʥʛʚʽʩʪʠʯʥʘ ʟʤʽʥʥʘ çʊʝʤʧʝʨʘʪʫʨʘ ʧʽʩʣʷ ʚʧʦʨʩʢʫʚʘʥʥʷè ʻ ʚʭʽʜʥʦʶ ʟʤʽʥʥʦʶ. 

ɼʽʘʧʘʟʦʥ ʟʤʽʥ ʚʽʜ 0 ʜʦ 560 Ü ʉ, ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʚʝʜʝʥʥʷ ʟ 

ʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ. ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ Ü ʉ. 

ʇʨʘʚʠʣʘ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʩʣʷ ʨʦʙʦʪʠ ʨʝʛʫʣʷʪʦʨʘ, ʢʦʞʥʘ ʟʤʽʥʥʘ ʨʦʟʙʠʪʘ 

ʥʘ 6 ʢʣʘʩʪʝʨʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʘ ʚʠʭʽʜʥʘ ʟʤʽʥʥʘ ʪʘʢʦʞ ʟ ʰʽʩʪʴʤʘ ʢʣʘʩʪʝʨʘʤʠ. ʂʦʞʝʥ 

ʢʣʘʩʪʝʨ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʚʥʫ ʦʙʣʘʩʪʴ ʚʠʜʦʟʤʽʥʝʥʥʷ ʟʤʽʥʥʦʾ. 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʥʝʯʽʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʥʝʯʽʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʻ ʽʥʥʦʚʘʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʫ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʪʘ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʫʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ 

ʥʝʯʽʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʦʩʪʽ ʚʧʦʨʩʢʫʚʘʥʥʷ ʚ  ʧʨʷʤʦʪʦʯʥʦʤʫ ʢʦʪʣʽ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʆʃɯɻʆʅ ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʆ 

ʆʇʊʀʄɸʃʔʅʀʍ ʊɽʇʃʆɽʅɽʈɻɽʊʀʏʅʀʍ ʉɸʈ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʉɸʈ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʆʋ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʪʘ 

ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʉɸʈ. 

ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ (ʊʆʋ) ï ʮʝ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʘʛʨʝʛʘʪ (ʧʽʯ, ʢʦʪʝʣ, ʽʥʞʝʥʝʨʥʘ ʩʠʩʪʝʤʘ ʪʦʱʦ). ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʤʧʣʝʢʩ 

(ɸʊʂ) ï ʮʝ ʊʆʋ, ʢʝʨʦʚʘʥʠʡ ɸʉʋ. ʊʆʋ ï ʮʝ ʢʦʧʣʝʢʩ ʆʋ (ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʜʽʾ çʟʤʽʥʘ 

ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʜʽʾ ï ʟʤʽʥʘ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫè). ɸʉʋ ï ʮʝ ʢʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʨʝʛʫʣʶʚʘʥʥʷ (ɸʉʈ). ɸʊʂ ï ʮʝ ʢʦʤʧʣʝʢʩ ʉɸʈ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɸʊʂ ï ʮʝ ʢʽʙʝʨ-

ʬʽʟʠʯʥʘ ʩʠʩʪʝʤʘ (ʂʌʉ). ʊʝʧʣʦʝʥʝʨʛʝʪʠʯʥʘ ʉɸʈ ï ʮʝ ʉɸʈ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʆʋ. 

ʊʝʧʣʦʝʥʝʨʛʝʪʠʯʥʽ ʆʋ ʚ ʩʢʣʘʜʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʊʆʋ ï ʮʝ çʧʦʚʽʣʴʥʽè ʽ çʜʫʞʝ ʧʦʚʽʣʴʥʽè  

ʆʋ (ʘʧʝʨʽʦʜʠʯʥʽ ʣʘʥʢʠ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ; ʙʘʢ ʟ ʨʽʜʠʥʦʶ ï ʽʥʪʝʛʨʘʣʴʥʘ ʣʘʥʢʘ). 

ʊʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʘ ʉɸʈ ï ʮʝ ʉɸʈ, ʨʦʟʨʦʙʣʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʥʘ 

ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʊʂ. ʇʦʥʷʪʪʷ çʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʪʠʤʘʣʴʥʦʩʪʽè 

ʧʨʦʪʠʩʪʘʚʣʷʻʪʴʩʷ ʧʦʥʷʪʪʶ çʪʝʭʥʽʯʥʦʾ ʦʧʪʠʤʘʣʴʥʦʩʪʽè. 

ʊʝʭʥʽʯʥʦ ʦʧʪʠʤʘʣʴʥʘ ʉɸʈ ʨʝʘʣʽʟʫʻ ʧʨʠʥʮʠʧ ʤʽʥʽʤʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʉʦʣʦʜʦʚʥʽʢʦʚʘ 

[1]. ʇʨʠʥʮʠʧ ʤʽʥʽʤʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʚʠʟʥʘʯʘʻ, ʱʦ ʉɸʈ ʤʘʻ ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʪʝʭʥʽʯʥʫ 

ʩʢʣʘʜʥʽʩʪʴ (ʤʽʥʽʤʽʟʘʮʽʷ ʪʝʭʥʽʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʟʥʠʟʫ ʥʘ ʷʢʽʩʪʴ 

ʨʝʛʫʣʶʚʘʥʥʷ). 

ʊʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʘ ʉɸʈ ʨʝʘʣʽʟʫʻ ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ. 

ʇʨʠʥʮʠʧ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʚʠʟʥʘʯʘʻ, ʱʦ ʉɸʈ ʤʘʻ ʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ (ʤʘʢʩʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʙʤʝʞʝʥʴ ʟʥʠʟʫ ʥʘ ʷʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ). 

ʇʦʥʷʪʪʷ çʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʪʠʤʘʣʴʥʦʩʪʽè ʉɸʈ ʙʽʣʴʰ ʰʠʨʦʢʝ, ʥʽʞ ʧʦʥʷʪʪʷ çʪʝʭʥʽʯʥʦʾ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽè ʉɸʈ. ʊʝʭʥʽʯʥʦ ʦʧʪʠʤʘʣʴʥʘ ʉɸʈ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʦʧʪʠʤʘʣʴʥʦʾ ʉɸʈ (ʤʽʥʽʤʽʟʘʮʽʷ ʪʝʭʥʽʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ). 

ʇʦʥʷʪʪʷ çʪʝʭʥʦʣʦʛʽʯʥʘ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴè ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ: ʪʝʭʥʽʯʥʫ ʩʢʣʘʜʥʽʩʪʴ ʉɸʈ; 

ʥʘʜʽʡʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʚʠʤʽʨʶʚʘʣʴʥʠʭ, ʫʧʨʘʚʣʷʶʯʠʭ ʽ ʟʘʭʠʩʥʠʭ ʬʫʥʢʮʽʡ ʉɸʈ; ʙʝʟʣʶʜʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉɸʈ; ʤʘʣʦʯʫʪʣʠʚʽʩʪʴ ʉɸʈ ʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ (ʜʨʝʡʬʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʋ); ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʣʘʛʦʜʞʝʥʥʷ 

ʽ ʪʝʩʪʫʚʘʥʥʷ ʉɸʈ; ʤʦʜʠʬʽʢʦʚʘʥʽʩʪʴ ʽ ʪʠʨʘʞʦʚʘʥʽʩʪʴ ʉɸʈ (ʟʜʘʪʥʽʩʪʴ ʜʦ ʤʦʜʠʬʽʢʘʮʽʾ ʽ 

ʪʠʨʘʞʫʚʘʥʥʷ). ʇʦʥʷʪʪʷ çʪʝʭʥʦʣʦʛʽʯʥʘ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʉɸʈè ʻ ʜʦʩʪʘʪʥʴʦ ʥʝʯʽʪʢʠʤ 

ʧʦʥʷʪʪʷʤ ʽ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʤʘʪʝʤʘʪʠʯʥʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ. ɭʜʠʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʦʥʷʪʪʷ çʪʝʭʥʦʣʦʛʽʯʥʘ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʉɸʈè ï ʩʬʦʨʤʫʣʶʚʘʪʠ ʢʦʤʧʣʝʢʩ 

ʚʠʤʦʛ ʜʦ ʩʪʨʫʢʪʫʨʠ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʉɸʈ, ʷʢʽ ʚʞʝ ʤʦʞʥʘ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦ 

(ʜʝʢʦʤʧʦʟʠʮʽʷ ï ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ). 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʈʦʟʨʦʙʠʪʠ ʧʦʣʽʛʦʥ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʠʭ ʉɸʈ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʆʋ. ɺʠʟʥʘʯʠʪʠ ʪʠʧʠ ʉɸʈ, ʷʢʽ ʻ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʦʧʪʠʤʘʣʴʥʠʤʠ. ɼʦʩʣʽʜʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʽ ʉɸʈ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʽʤʽʪʘʮʽʡʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ʈʝʘʣʽʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʥʝ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʦʾ ʉɸʈ ʟ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʆʋ. 
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ʄʦʜʝʣʶʚʘʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʦʣʽʛʦʥ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʧʣʘʪʬʦʨʤʽ ʉʂʄ Matlab Simulink ï ʩʦʬʪʇʃʂ CoDeSys ï 

HMI/SCADA-ʩʠʩʪʝʤʘ AVEVA  Web Studio [2]. 

ʊʝʭʥʦʣʦʛʽʯʥʦ ʨʦʙʦʪʦʟʜʘʪʥʘ ʉɸʈ ʤʘʻ ʧʨʘʮʶʚʘʪʠ 1) ʷʢ ʤʦʞʥʘ ʜʦʚʰʝ (ʪʦʙʪʦ, ʤʘʻ ʤʘʪʠ 

ʚʽʜʥʦʩʥʦ ʤʘʣʫ ʪʝʭʥʽʯʥʫ ʩʢʣʘʜʥʽʩʪʴ) ʽ ʚ 2) ʙʝʟʣʶʜʥʦʤʫ ʨʝʞʠʤʽ (ʪʦʙʪʦ, ʥʝ ʤʘʻ ʧʦʪʨʝʙʫʚʘʪʠ 

ʧʦʩʪʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʦʧʪʠʤʘʣʴʥʘ ʉɸʈ ʤʘʻ ʙʫʪʠ ʣʽʥʽʡʥʦʶ (ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ) ʽ 

ʤʘʣʦʯʫʪʣʠʚʦʶ ʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ (ʪʦʙʪʦ, ʻ ʧʘʩʠʚʥʦ ʘʜʘʧʪʠʚʥʦʶ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʦʛʦ ʟʘʧʘʩʫ ʩʪʘʣʦʩʪʽ ʟʘʤʢʥʝʥʦʾ ʉɸʈ ʽ ʥʝ ʧʦʪʨʝʙʫʻ ʧʝʨʽʦʜʠʯʥʦʾ ʘʢʪʠʚʥʦʾ 

ʘʜʘʧʪʘʮʽʾ). ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʟ ʚʢʘʟʘʥʥʠʭ ʯʠʥʥʠʢʽʚ ʻ ʧʨʠʥʮʠʧʦʚʘ ʚʠʤʦʛʘ ʣʽʥʽʡʥʦʩʪʽ ʉɸʈ 

(ʣʽʥʽʡʥʽʩʪʴ ʆʋ ʽ ʨʝʛʫʣʶʶʯʦʛʦ ʦʨʛʘʥʫ (ʈʆ); ʣʽʥʽʡʥʽʩʪʴ ʨʝʛʫʣʷʪʦʨʫ). 

ʃʽʥʽʡʥʘ ʉɸʈ ʚʠʙʠʨʘʻʪʴʩʷ ʥʝ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʣʝʛʰʘ ʟʘ ʥʝʣʽʥʽʡʥʫ ʚ ʨʦʟʨʘʭʫʥʢʘʭ (ʭʦʯʘ ʽ 

ʣʝʛʰʘ), ʘ ʪʦʤʫ, ʱʦ ʜʣʷ ʥʝʾ ʽ ʪʽʣʴʢʠ ʜʣʷ ʥʝʾ ʧʨʘʮʶʻ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ ï ʥʘʡʚʘʞʣʠʚʽʰʠʡ 

ʧʽʩʣʷ ʧʨʠʥʮʠʧʫ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʚʽʜʭʠʣʝʥʥʷʤ (ʧʨʠʥʮʠʧʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʫ) ʧʨʠʥʮʠʧ 

ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ ʥʝʣʽʥʽʡʥʦʾ ʉɸʈ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ ʥʝ ʧʨʘʮʶʻ. ʇʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ 

ʚʠʟʥʘʯʘʻ, ʱʦ ʚ ʣʽʥʽʡʥʽʡ ʉɸʈ ʨʝʘʢʮʽʷ ʥʘ ʟʙʫʨʝʥʥʷ ʻ ʩʫʤʦʶ ʨʝʘʢʮʽʡ ʥʘ ʪʠʧʦʚʽ ʟʙʫʨʝʥʥʷ, ʥʘ ʷʢʽ 

ʮʝ ʟʙʫʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʢʣʘʜʝʥʝ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 4-ʭ ʧʨʠʥʮʠʧʦʚʠʭ ʥʘʩʣʽʜʢʽʚ. 1) ʗʢʽʩʪʴ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʣʽʥʽʡʥʽʡ ʉɸʈ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʟʙʫʨʝʥʥʷ. ʄʦʜʝʣʶʻʤʦ ʜʣʷ 

ʦʜʠʥʠʯʥʦʛʦ ʟʙʫʨʝʥʥʷ. ɼʣʷ ʥʝʦʜʠʥʠʯʥʠʭ ʟʙʫʨʝʥʴ ʢʨʠʚʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʝʢʚʽʜʝʩʪʘʥʪʥʽ ï 

ʧʨʦʧʦʨʮʽʡʥʦ ʘʤʧʣʽʪʫʜʘʤ ʟʙʫʨʝʥʴ ʟʤʽʥʶʶʪʴʩʷ ʪʽʣʴʢʠ ʘʤʧʣʽʪʫʜʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʘʤʧʣʽʪʫʜ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʧʨʷʤʽ ʽ 

ʥʝʧʨʷʤʽ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ ʟʘʧʘʩ ʩʪʘʣʦʩʪʽ ʉɸʈ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʾʾ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 2) ɿʙʫʨʝʥʥʷ ʚ ʣʽʥʽʡʥʽʡ ʉɸʈ ʘʜʠʪʠʚʥʽ 

ʜʦ ʆʋ ʷʢ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʜʽʾ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʷʢʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ (ʷʢ 

ʟʘʧʘʩ ʩʪʘʣʦʩʪʽ) ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʷ ʥʘʥʝʩʝʥʥʷ ʟʙʫʨʝʥʥʷ (ʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ 

ʟʘʤʢʥʝʥʦʾ ʉɸʈ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʦʧʝʨʘʪʦʨ ʟʙʫʨʝʥʥʷ ʟʘʚʞʜʠ ʚ ʯʠʩʝʣʴʥʠʢʫ ʦʧʝʨʘʪʦʨʘ 

ʟʘʤʢʥʝʥʦʾ ʉɸʈ). 3) ʊʝʦʨʝʤʘ ʣʽʥʽʡʥʦʩʪʽ ʚ ʪʝʦʨʽʾ ʬʽʣʴʪʨʘʮʽʾ ʚʠʟʥʘʯʘʻ, ʱʦ ʪʽʣʴʢʠ ʜʣʷ ʣʽʥʽʡʥʦʾ 

ʉɸʈ ʤʦʞʥʘ ʦʢʨʝʤʦ ʬʽʣʴʪʨʫʚʘʪʠ ʩʠʛʥʘʣ ʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʡ ʩʠʛʥʘʣ ʧʦʜʘʪʠ ʥʘ ʨʝʛʫʣʶʚʘʥʥʷ (ʚ 

ʥʝʣʽʥʽʡʥʽʡ ʉɸʈ ʮʝ ʤʘʻ ʙʫʪʠ ʦʜʥʠ ʘʣʛʦʨʠʪʤ). ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʣʴʥʦ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʬʽʣʴʪʨʘʮʽʷ ʚʠʤʽʨʷʥʦʛʦ ʩʠʛʥʘʣʫ ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʜʣʷ ʣʽʥʽʡʥʦʾ ʉɸʈ. 4) ʊʽʣʴʢʠ ʜʣʷ ʣʽʥʽʡʥʦʾ 

ʉɸʈ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ. ʊʽʣʴʢʠ ʣʽʥʽʡʥʫ ʉɸʈ ʤʠ 

ʤʦʞʝʤʦ ʦʜʠʥ ʨʘʟ ʨʦʟʨʘʭʫʚʘʪʠ ʽ ʟʤʦʜʝʣʶʚʘʪʠ ʜʣʷ ʦʜʠʥʠʯʥʦʛʦ ʟʙʫʨʝʥʥʷ  - ʽ ʙʫʪʠ 100%-ʚʦ 

ʪʝʦʨʝʪʠʯʥʦ ʚʧʝʚʥʝʥʠʤʠ, ʱʦ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʊʆʋ ʚ ʙʫʜʴ-ʷʢʽʡ ʯʘʩʪʠʥʽ ʚʩʝʩʚʽʪʫ ʚʦʥʘ ʙʫʜʝ ʩʝʙʝ 

ʧʦʚʦʜʠʪʠ ʪʘʢ ʩʘʤʦ, ʪʦʙʪʦ ʝʢʚʽʜʝʩʪʘʥʪʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʙʫʜʴ-ʷʢʽ ʟʙʫʨʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ 

ʘʤʧʣʽʪʫʜʠ. ɼʣʷ ʥʝʣʽʥʽʡʥʦʾ ʉɸʈ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʜʣʷ 

ʧʨʦʪʝʩʪʦʚʘʥʦʛʦ ʟʙʫʨʝʥʥʷ ʧʨʦʪʝʩʪʦʚʘʥʦʾ ʘʤʣʽʪʫʜʠ. ɼʣʷ ʽʥʰʠʭ ʥʝʧʨʦʪʝʩʪʦʚʘʥʠʭ ʘʤʧʣʽʪʫʜ ʽ 

ʟʙʫʨʝʥʴ ʥʝʣʽʥʽʡʥʘ ʉɸʈ 100%-ʚʦ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʝ ʧʦʚʦʜʠʪʠʩʴ ʧʦ ʽʥʰʦʤʫ, ʪʦʙʪʦ 

ʥʝʝʢʚʽʜʝʩʪʘʥʪʥʦ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʠʭ ʉɸʈ ʟ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʆʋ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʥʘʥʝʩʝʥʥʷʤ ʩʠʛʥʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʟʽ ʩʪʦʨʦʥʠ ʈʆ (ʚʥʫʪʨʽʰʥʻ ʟʙʫʨʝʥʥʷ) ʽ 

ʟʤʽʥʦʶ ʟʘʚʜʘʥʥʷ. ɸʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʠʭ ʉɸʈ ʟ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʆʋ ʱʦʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ (ʜʨʝʡʬʫ ʧʘʨʘʤʝʪʨʽʚ ʆʋ) 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ ʉɸʈ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʠʭ 

ʉɸʈ ʱʦʜʦ ʩʠʛʥʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʽ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʦʧʪʠʤʘʣʴʥʠʭ ʉɸʈ ʱʦʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ (ʨʝʢʦʤʝʥʜʘʮʽʾ). 

1. ɼʣʷ ʣʽʥʽʡʥʦʛʦ ʆʋ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʫ ʟ ʧʨʦʤʽʞʥʦʾ ʪʦʯʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʦʧʪʠʤʘʣʴʥʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʘ ʉɸʈ ï ʮʝ ʣʽʥʽʡʥʘ ʢʘʩʢʘʜʥʘ ʉɸʈ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ. 

2. ɼʣʷ ʣʽʥʽʡʥʦʛʦ ʆʋ ʙʝʟ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʟ ʧʨʦʤʽʞʥʦʾ ʪʦʯʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦ  

ʦʧʪʠʤʘʣʴʥʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʘ ʉɸʈ ï ʮʝ ʣʽʥʽʡʥʘ ʦʜʥʦʢʦʥʪʫʨʥʘ ʉɸʈ ʟ ʢʣʘʩʠʯʥʠʤ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʦʤ ʘʙʦ ʩʪʨʫʢʪʫʨʥʠʤ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ (ʥʘʧʨʠʢʣʘʜ, ʧʨʝʜʠʢʪʠʚʥʠʡ, ʢʘʩʢʘʜʥʠʡ, 
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ʢʚʘʜʨʘʪʠʯʥʠʡ ʨʝʛʫʣʷʪʦʨ ʪʦʱʦ). 

3. ɼʣʷ ʥʝʣʽʥʽʡʥʦʛʦ ʆʋ (ʟ ʥʝʣʽʥʽʡʥʠʤʠ ʈʆ) ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʘ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʘ ʉɸʈ ï ʮʝ ʣʽʥʽʡʥʘ ʢʘʩʢʘʜʥʘ ʉɸʈ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

(ʆʋ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʫ ʟ ʧʨʦʤʽʞʥʦʾ ʪʦʯʢʠ) ʘʙʦ ʦʜʥʦʢʦʥʪʫʨʥʘ ʉɸʈ ʟ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʦʤ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʆʋ ʙʝʟ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʟ ʧʨʦʤʽʞʥʦʾ ʪʦʯʢʠ). 

4. ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʆʋ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʦʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʾ ʉɸʈ 

ʬʦʨʤʫʣʶʻʪʴʩʷ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ, ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʜʽʘʧʘʟʦʥʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʩʝʥʩʦʨʫ ʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʈʆ. ɼʠʥʘʤʽʢʘ ʆʋ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʣʘʥʢʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʧʽʟʥʝʥʥʷ ʽ ʘʧʝʨʽʦʜʠʯʥʦʾ ʣʘʥʢʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʉʪʘʣʽ ʯʘʩʫ ʣʘʥʦʢ 

ʚʠʙʠʨʘʶʪʴʩʷ ʦʜʥʘʢʦʚʽ. ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʽʡ ʉɸʈ 

ï ʮʝ ʧʨʦʮʝʩ ʟ 20%-ʠʤ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷʤ. ʆʩʥʦʚʥʝ ʟʙʫʨʝʥʥʷ ʚ ʉɸʈ  ï ʟʙʫʨʝʥʥʷ ʟʽ ʩʪʦʨʦʥʠ 

ʈʆ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʇɯ-ʨʝʛʫʣʷʪʦʨ (ʘ ʥʝ ʇɯɼ) ʟ ʧʨʠʯʠʥʠ ʧʦʚʽʣʴʥʦʩʪʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʆʋ (ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʢʽʥʮʝʚʘ ʨʽʟʥʠʮʷ ʟʘ ʧʝʨʽʦʜ ʢʚʘʥʪʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʯʫʪʣʠʚʦʩʪʽ 

ʩʝʥʩʦʨʫ). ʗʢʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʦʩʪʘʪʦʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʣʘʛʦʜʞʝʥʥʷʤ ʩʪʘʣʦʾ ʯʘʩʫ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʇɯ-ʨʝʛʫʣʷʪʦʨʫ. 

5. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʬʽʣʴʪʨʫ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʚ ʇʃʂ (ʧʨʦʛʨʘʤʥʦ 

ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʚ ʇʃʂ) ʚ ʟʘʤʢʥʝʥʦʤʫ ʢʦʥʪʫʨʽ ʨʝʛʫʣʶʚʘʥʥʷ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤ, ʪʘʢ ʷʢ ʬʘʢʪʠʯʥʦ 

ʚʥʦʩʠʪʴ ʜʦʜʘʪʢʦʚʫ ʽʥʝʨʮʽʡʥʽʩʪʴ ʚ ʢʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ. ʊʘʢ ʷʢ ʆʋ ʩʘʤ ʻ ʬʽʣʴʪʨ ʥʠʞʥʽʭ 

ʯʘʩʪʦʪ, ʪʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʧʝʨʝʰʢʦʜʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʚ 

ʉɸʈ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʬʽʣʴʪʨʫ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʚ ʇʃʂ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘ ʨʝʻʩʪʨʫʶʯʠʡ ʧʨʠʣʘʜ ʘʙʦ ʚ 

HMI/SCADA-ʩʠʩʪʝʤʫ. 

6. ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʻ ʧʨʠʥʮʠʧ çʦʜʥʘ ʨʝʛʫʣʶʚʘʣʴʥʘ ʜʽʷ ï ʦʜʠʥ ʨʝʛʫʣʴʦʚʘʥʠʡ 

ʧʘʨʘʤʝʪʨè (ʆʋ ï SISO). ʊʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʽ ʉɸʈ ʤʘʶʪʴ ʙʫʪʠ ʘʚʪʦʥʦʤʥʽ. ʅʽʷʢʠʭ 

ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʦʢʨʝʤʠʤʠ ʉɸʈ ʥʝ ʤʘʻ ʙʫʪʠ. ɺʟʘʻʤʥʽ ʚʧʣʠʚʠ ʉɸʈ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʰʢʽʜʣʠʚʽ ʟʙʫʨʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʢʦʤʧʝʥʩʦʚʘʥʽ ʩʘʤʦʶ ʉɸʈ. ɼʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʨʠʥʮʠʧ çʦʜʠʥ ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ ï 

ʜʚʽ ʨʝʛʫʣʶʚʘʣʴʥʽ ʜʽʾè (ʷʢʱʦ ʻ ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʦʞʣʠʚʽʩʪʴ). 

7. ʋʥ̔ ʚʝʨʩʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʦʶ ʉɸʈ ʻ ʢʘʩʢʘʜʥʘ ʉɸʈ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, 

ʚʦʥʘ ʣʝʛʢʦ ʤʦʞʝ ʙʫʪʠ ʨʝʜʫʢʦʚʘʥʘ ʜʦ ʦʜʥʦʢʦʥʪʫʨʥʦʾ ʉɸʈ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʚʠʢʨʠʩʪʦʚʫʚʘʪʠ ʚ ʇʃʂ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʤʘʢʨʦʙʣʦʢ ʢʘʩʢʘʜʥʦʾ ɸʉʈ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʣʦʛʽʢʦʶ 

ʚʠʙʦʨʫ ʘʣʛʦʨʠʪʤʫ. 

8. ʉʪʨʫʢʪʫʨʥʝ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʪʝʭʥʽʯʥʦ ʦʧʪʠʤʘʣʴʥʦʾ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʾ ʉɸʈ ï ʮʝ ʤʦʜʝʣʶʚʘʥʥʷ ʢʘʩʢʘʜʥʦʾ ʉɸʈ. ɺʽʜʧʦʚʽʜʥʦ, ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʆʋ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ï ʮʝ ʆʋ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʫ ʟ ʧʨʦʤʽʞʥʦʾ ʪʦʯʢʠ. 

9. ʅʘ ʝʪʘʧʽ ʧʽʜʛʦʪʦʚʢʠ ʊʆʋ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ, ʷʢʱʦ ʮʝ ʤʦʞʣʠʚʦ, 

ʨʝʘʣʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ (ʥʝ ʨʽʰʝʥʥʷ ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʘ ʩʘʤʝ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʨʽʰʝʥʥʷ), ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠʥʮʠʧ ʘʚʪʦʥʦʤʥʦʩʪʽ (ʣʽʢʚʽʜʫʚʘʪʠ ʚʧʣʠʚʠ (ʟʙʫʨʝʥʥʷ) 

ʤʽʞ ʘʚʪʦʥʦʤʥʠʤʠ ʉɸʈ) ʽ ʧʨʠʥʮʠʧ ʢʘʩʢʘʜʥʦʩʪʽ (ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʟ ʧʨʦʤʽʞʥʦʾ ʪʦʯʢʠ 

ʆʋ) ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʦʾ ʉɸʈ. 

10. ʂʣʘʩʠʯʥʘ ʊɸʋ (ʧʝʨʝʜʘʪʥʽ ʬʫʥʢʮʽʾ; ʯʘʩʪʦʪʥʠʡ ʘʥʘʣʽʟ) ʤʘʻ ʽʜʝʦʣʦʛʽʯʥʫ ʧʝʨʝʚʘʛʫ 

ʧʝʨʝʜ ʩʫʯʘʩʥʦʶ ʊɸʋ (ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ; ʤʦʜʝʣʽ ʚ ʧʨʦʩʪʦʨʽ ʩʪʘʥʽʚ) ʱʦʜʦ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʉɸʈ ʽ ʬʦʨʤʘʣʽʟʘʮʽʾ ʚʠʤʦʛ ʜʦ 

ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʉɸʈ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ (ʢʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ) // ɼʦʩʷʛʥʝʥʥʷ ʋʢʨʘʾʥʠ ʪʘ ʢʨʘʾʥ ɭʉ ʫ ʩʬʝʨʽ 

ʽʥʥʦʚʘʮʽʡ ʽ ʚʠʥʘʭʽʜʥʠʮʪʚʘ ʚ ʛʘʣʫʟʽ ʪʝʭʥʽʢʠ : ʢʦʣʝʢʪʠʚʥʘ ʤʦʥʦʛʨʘʬʽʷ. ʉ. 44-109. ʈʠʛʘ, ʃʘʪʚʽʷ 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʀʁ ʆɹɯɻʈɯɺ ʇʈʀʄɯʑɽʅʔ ɺ ʋʄʆɺɸʍ ʂʆʄɹɯʅʆɺɸʅʆɰ 

ɻɽʅɽʈɸʎɯɰ

ʆʙôʻʢʪʠ, ʜʣʷ ʷʢʠʭ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ ʻ ʥʘʜʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ, 

ʜʦʩʠʪʴ ʦʙʣʘʰʪʦʚʫʶʪʴ ʜʝʢʽʣʴʢʦʤʘ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘʤʠ ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʤʠʢʘʪʠ. ʊʘʢʝ 

ʧʝʨʝʤʠʢʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʽʥʠ ʛʝʥʝʨʘʮʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɸʙʠ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ, ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ, ʷʢʘ ʙ 

ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ  ʘʣʛʦʨʠʪʤ, ʱʦ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʚ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ.  ʈʦʟʨʦʙʢʘ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʝʨʝʢʣʶʯʝʥʥʷ ʧʦʚ'ʷʟʘʥʘ ʷʢ ʽʟ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ, ʪʘʢ ʽ ʟ ʥʘʜʽʡʥʽʩʪʶ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʘ.  

ɺ ʙʫʜʽʚʣʽ, ʜʝ ʧʣʘʥʫʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʤʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʘ, ʪʘʢʽ ʷʢ: ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ, ʛʘʟʦʚʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʢʦʪʣʠ, ʘ ʪʘʢʦʞ ʛʘʨʷʯʝ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʽʜ ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʽ. ɼʣʷ ʢʦʞʥʝ ʟ ʮʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʽʩʥʫʶʪʴ ʩʚʦʾ 

ʧʨʦʙʣʝʤʠ, ʪʘʢʽ ʷʢ ʢʦʣʠʚʘʥʥʷ ʮʽʥ ʥʘ ʛʘʟ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʤʦʞʣʠʚʽ ʚʽʜʤʦʚʠ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚ ʩʠʩʪʝʤʽ ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ. ɯ ʚʩʝ ʮʝ ʩʣʽʜ ʪʘʢʦʞ ʚʨʘʭʫʚʘʪʠ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʩʠʩʪʝʤʠ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʽʚ ʪʝʧʣʘ ʥʘ ʜʘʥʦʤʫ ʦʙ'ʻʢʪʽ ʨʦʟʨʦʙʣʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭʥʴʦʾ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ 

ʚʘʨʪʦʩʪʽ. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻ ʝʬʝʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʪʝʧʣʦ ʛʝʥʝʨʘʮʽʻʶ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʥʦʤʽʾ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʽ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ:  

¶ ɻʘʨʷʯʘ ʚʦʜʘ ʟ ʤʽʩʴʢʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ: ʅʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʡ ʚʘʨʽʘʥʪ, ʘʣʝ ʽʟ 

ʟʘʩʪʝʨʝʞʝʥʥʷʤʠ. ɸʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʚʨʘʭʦʚʫʻ ʜʦʩʪʫʧʥʽʩʪʴ ʛʘʨʷʯʦʾ ʚʦʜʠ ʪʘ 

ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ. ʋ ʚʠʧʘʜʢʫ ʥʝʜʦʩʪʫʧʥʦʩʪʽ ʘʙʦ ʧʦʩʪʽʡʥʠʭ ʟʙʦʾʚ, ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ 

ʜʦ ʽʥʰʠʭ ʜʞʝʨʝʣ.  

¶ ʊʝʧʣʦʚʠʡ ʥʘʩʦʩ: ɺʠʩʦʢʠʡ ʧʨʽʦʨʠʪʝʪ, ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʥʠʞʯʝ ï 7 ʛʨʘʜʫʩʽʚ. ʋ 

ʚʠʧʘʜʢʫ ʧʦʜʘʣʴʰʦʛʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʟʥʠʞʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ ʧʝʨʝʤʠʢʘʥʥʷ ʥʘ ʽʥʰʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ 

[1].  

¶ ʂʘʩʢʘʜ ʛʘʟʦʚʠʭ ʢʦʪʣʽʚ: ʗʢʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩʫ ʩʪʘʻ ʥʝʝʬʝʢʪʠʚʥʠʤ ʘʙʦ 

ʥʝʤʦʞʣʠʚʠʤ, ʩʠʩʪʝʤʘ ʘʢʪʠʚʫʻ ʛʘʟʦʚʽ ʢʦʪʣʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʘʛʨʝʛʘʪʽʚ ʥʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʻ ʜʝʰʝʚʰʝ, ʥʽʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʪʣʽʚ, ʘʣʝ ʥʝ ʩʣʽʜ ʚʠʢʣʶʯʘʪʠ  ʽʟ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʙʦʾʚ ʫ ʛʘʟʦʧʦʩʪʘʯʘʥʥʽ ʪʘ ʜʦʨʦʞʯʘʥʥʷ ʛʘʟʫ [2]. 

¶ ʂʘʩʢʘʜ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʪʣʽʚ: ʆʩʪʘʥʥʽʡ ʚʘʨʽʘʥʪ ʫ ʧʦʨʷʜʢʫ ʧʨʽʦʨʠʪʝʪʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʽʥʰʽ ʜʞʝʨʝʣʘ ʥʝ ʜʦʩʪʫʧʥʽ ʘʙʦ ʾʭ 

ʨʦʙʦʪʘ ʥʝʝʬʝʢʪʠʚʥʘ [3]. 

ʊʘʢʠʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʙʠʨʘʪʠ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʝ ʜʞʝʨʝʣʦ 

ʪʝʧʣʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʚʘʨʪʽʩʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʠ ʟʤʽʥʥʠʭ ʫʤʦʚʘʭ. 

ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʽʥ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ. ʉʠʩʪʝʤʘ 

ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʻ ʧʦʛʦʜʥʽ ʫʤʦʚʠ. 

ʇʨʠ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʫʩʪʘʥʦʚʢʠ ʢʦʥʪʨʦʣʝʨ ʘʢʪʠʚʫʻ ʧʝʨʰʠʡ ʢʦʪʝʣ ʽ ʩʧʦʩʪʝʨʽʛʘʻ ʟʘ 

ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʋ ʚʠʧʘʜʢʫ ʥʝʩʪʘʪʢʫ ʧʦʪʫʞʥʦʩʪʽ ʢʦʥʪʨʦʣʝʨ ʚʠʜʘʻ ʢʦʤʘʥʜʫ ʥʘ 
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ʟʘʧʫʩʢ ʥʘʩʪʫʧʥʦʛʦ ʢʦʪʣʘ, ʧʨʦʜʦʚʞʫʶʯʠ ʮʝʡ ʧʨʦʮʝʩ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ   

ʨʦʙʦʪʠ. 

ʂʦʥʪʨʦʣʴ ʨʦʙʦʪʠ ʢʘʩʢʘʜʫ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʪʣʽʚ ʧʨʘʮʶʻ ʥʘ ʘʥʘʣʦʛʽʯʥʦʤʫ ʧʨʠʥʮʠʧʽ, 

ʧʨʦʪʝ ʟ ʜʝʷʢʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ʂʦʞʝʥ ʟ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʪʣʽʚ ʤʘʻ ʜʚʽ ʩʪʫʧʝʥʽ, ʷʢʽ 

ʯʝʨʛʫʶʪʴʩʷ ʟʘ ʯʘʩʦʤ ʨʦʙʦʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʥʘʧʨʘʮʶʚʘʥʥʷ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ʉʭʝʤʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʛʝʥʝʨʘʮʽʾ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʽʥʥʷ ʛʝʥʝʨʘʮʽʻʶ ʪʝʧʣʘ ʥʘ ʦʙ'ʻʢʪʽ ʚʨʘʭʦʚʫʻ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʾʭʥʽ ʧʨʦʙʣʝʤʠ, ʩʧʨʷʤʦʚʫʶʯʠʩʴ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ɺʨʘʭʦʚʫʶʯʠ ʧʨʽʦʨʠʪʝʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ (ʛʘʨʷʯʘ ʚʦʜʘ ʟ ʤʽʩʴʢʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ, ʛʘʟʦʚʽ ʢʦʪʣʠ, ʝʣʝʢʪʨʠʯʥʽ 

ʢʦʪʣʠ), ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʥʘ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ 

ʫʤʦʚ, ʪʘʢʠʭ ʷʢ ʮʽʥʠ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʪʘ ʤʦʞʣʠʚʽ ʪʝʭʥʽʯʥʽ ʥʝʧʦʣʘʜʢʠ. 

ɺʩʝ ʮʝ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʪʫʧʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʘ ʥʘ ʦʙ'ʻʢʪʽ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄʆʅɯʊʆʈʀʅɻ ʊɸ ʋʇʈɸɺʃɯʅʅʗ ʂɯʅʎɽɺʀʄʀ ʊʆʏʂɸʄʀ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ɯʅʊɽʈɸʂʊʀɺʅʆɰ ʂʆʅʉʆʃɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, 

ʦʩʦʙʣʠʚʦ ʚ ʛʘʣʫʟʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʠʥʘʭʦʜʽʚ. ʅʘ ʙʫʜʴ-ʷʢʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ 

ʽʩʥʫʻ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʫ ʻʜʠʥʽʡ ʤʝʨʝʞʽ ï ʮʝ ʢʦʤʧ'ʶʪʝʨʠ, 

ʪʝʣʝʬʦʥʠ, ʧʨʠʥʪʝʨʠ ʪʘ ʩʝʨʚʝʨʠ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ ʫ ʤʝʨʝʞʽ ʩʪʘʻ ʚʘʞʯʝ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʾʭ ʩʪʘʥ, ʘ ʮʝʡ ʧʨʦʮʝʩ ʟʘʙʠʨʘʻ ʙʘʛʘʪʦ ʯʘʩʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʥʝ ʚʩʽ ʧʨʠʩʪʨʦʾ 

ʟʘʚʞʜʠ ʤʘʶʪʴ ʦʩʪʘʥʥʽ ʦʥʦʚʣʝʥʥʷ, ʚʘʞʯʝ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤ ʪʘ ʟʘʛʨʦʟʠ, ʱʦ 

ʨʦʙʠʪʴ ʩʘʤʫ ʤʝʨʝʞʫ ʚʨʘʟʣʠʚʽʰʦʶ. 

ʉʫʯʘʩʥʠʡ ʣʘʥʜʰʘʬʪ ʟʘʛʨʦʟ ʩʪʘʚ ʙʽʣʴʰ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʤ, ʦʩʦʙʣʠʚʦ ʧʽʩʣʷ COVID-

19, ʧʦʚʥʦʤʘʰʪʘʙʥʦʛʦ ʚʪʦʨʛʝʥʥʷ ʨʦʩʽʾ ʥʘ ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ, ʪʘ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʜʠʩʪʘʥʮʽʡʥʦʾ ʪʘ ʛʽʙʨʠʜʥʦʾ ʨʦʙʦʪʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʮʝʩʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪʨʦʷʤʠ, ʪʘʢ ʷʢ ʙʽʣʴʰʽʩʪʴ ʣʶʜʝʡ ʥʝ ʤʦʞʫʪʴ ʮʝ ʨʦʙʠʪʠ ʚʯʘʩʥʦ ʪʘ ʷʢʽʩʥʦ. ɸ 

ʢʽʣʴʢʽʩʪʴ ʟʘʛʨʦʟ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʢʣʘʜʠ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʟʚ'ʷʟʢʫ ʟ ʦʩʪʘʥʥʽʤʠ ʧʦʜʽʷʤʠ, ʚʩʝ ʙʽʣʴʰʝ ʣʶʜʝʡ 

ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʚʽʜʜʘʣʝʥʫ ʨʦʙʦʪʫ, ʽ, ʦʪʞʝ, ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʬʽʟʠʯʥʦ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʧʨʠʩʪʨʦʾ 

ʚʨʫʯʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʟʙʽʣʴʰʝʥʦʾ ʚʨʘʟʣʠʚʦʩʪʽ. ʈʽʯ ʫ ʪʦʤʫ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʷʢʽ ʧʨʘʮʶʶʪʴ ʚʽʜʜʘʣʝʥʦ, ʱʦʨʽʯʥʦ ʟʨʦʩʪʘʻ ʥʘ 25-30% [1]. ʎʝ ʥʝ ʩʪʦʩʫʻʪʴʩʷ ʣʠʰʝ ʢʦʤʧʘʥʽʡ ʫ 

ʩʬʝʨʘʭ ɯʊ, ʣʦʛʽʩʪʠʢʠ ʯʠ ʬʽʥʘʥʩʽʚ, ʘʣʝ ʡ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʽʜʧʨʠʻʤʩʪʚ. ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʽʩʥʫʻ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ ʤʝʨʝʞʫ ʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʥʘʛʣʷʜʫ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʥʦʚʣʝʥʴ ʪʘ ʪʝʭʥʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ. ʋʩʝ ʮʝ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʦʥʩʦʣʽ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʽʜʜʘʣʝʥʦ ʤʦʥʽʪʦʨʠʪʠ ʪʘ ʫʧʨʘʚʣʷʪʠ ʢʽʥʮʝʚʠʤʠ ʪʦʯʢʘʤʠ. ʇʨʦʪʝ, ʥʘ ʤʦʶ ʜʫʤʢʫ, ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʻ ʢʦʥʩʦʣʴ ʚʽʜ ʢʦʤʧʘʥʽʾ Syxsense. ɼʘʚʘʡʪʝ ʨʦʟʛʣʷʥʝʤʦ ʮʝ ʨʽʰʝʥʥʷ ʙʣʠʞʯʝ. 
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ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɯʥʪʝʨʘʢʪʠʚʥʘ ʢʦʥʩʦʣʴ ʚʽʜ ʢʦʤʧʘʥʽʾ Syxsense ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʪʘ ʫʧʨʘʚʣʷʪʠ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʩʪʨʦʾʚ, ʚʢʣʶʯʘʶʯʠ ʢʦʤʧ'ʶʪʝʨʠ ʪʘ 

ʥʦʫʪʙʫʢʠ ʥʘ ʙʘʟʽ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ Windows 7, Windows 10, Windows 11 [2], ʨʽʟʥʽ 

ʜʠʩʪʨʠʙʫʪʠʚʠ Linux ʪʘ Mac OS, ʘ ʪʘʢʦʞ ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʟ ʨʽʟʥʠʤʠ ʦʧʝʨʘʮʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʩʝʨʚʝʨʠ ʥʘ ʙʘʟʽ Windows Server, Active Directory ʪʘ ʽʥʰʝ. 

ɼʘʚʘʡʪʝ ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Windows. ɼʣʷ ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʜʦ ʢʦʥʩʦʣʽ 

ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʩʧʝʮʽʘʣʴʥʫ ʧʨʦʛʨʘʤʫ. ʎʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʣʝʛʢʦ ʪʘ ʰʚʠʜʢʦ, ʟʘʡʤʘʶʯʠ 

ʤʝʥʰʝ 2 ʭʚʠʣʠʥ. ʇʨʦʪʝ, ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ, ʮʝʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ 

ʥʝʝʬʝʢʪʠʚʥʠʤ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, Windows Discovery Agent ʩʪʘʻ ʚʠʨʽʰʘʣʴʥʠʤ, ʜʦʟʚʦʣʷʶʯʠ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʘʛʝʥʪ ʥʘ ʢʦʤʧ'ʶʪʝʨʠ ʫ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʯʝʨʝʟ ʟʘʚʜʘʥʥʷ Discovery. 

ɿʘʟʥʘʯʘʶʯʠ IP-ʘʜʨʝʩʠ ʧʨʠʩʪʨʦʾʚ ʪʘ ʜʘʥʽ ʣʦʢʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʘʛʝʥʪ 

Syxsense Micro agent, ʫʥʠʢʥʫʚʰʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʠ ʥʘ ʢʦʞʥʦʤʫ 

ʦʢʨʝʤʦʤʫ ʧʨʠʩʪʨʦʾ. 

ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ, ʥʘ ʩʪʦʨʽʥʮʽ "ɼʝʪʘʣʴʥʠʡ ʦʛʣʷʜ ʧʨʠʩʪʨʦʶ" ʜʦʩʪʫʧʥʘ 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʩʪʘʥʫ "ɿʜʦʨʦʚ'ʷ ʢʦʤʧ'ʶʪʝʨʘ" ʟ ʧʦʚʥʦʶ ʨʦʟʙʠʚʢʦʶ, ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

"ɹʝʟʧʝʢʫ ʢʦʤʧ'ʶʪʝʨʘ", "ʇʦʪʦʯʥʫ ʘʢʪʠʚʥʽʩʪʴ" ʪʘ "ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʠʩʪʝʤʫ". 

ɿʘʛʘʣʦʤ, ʢʦʥʩʦʣʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʦʧʝʨʘʮʽʾ ʟ ʧʨʠʩʪʨʦʷʤʠ ʪʘ 

ʤʝʨʝʞʝʶ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʷʢ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʠʯʘʡʥʦʛʦ ʚʽʜʜʘʣʝʥʦʛʦ ʜʦʩʪʫʧʫ, 

ʪʘʢ ʽ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʜʦ ʛʨʫʧʠ, ʥʘʧʠʩʘʥʥʷ ʩʢʨʠʧʪʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʯʠ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ. ɯ ʚʩʝ ʮʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʚʠʜʢʦ ʪʘ ʟʨʫʯʥʦ ʟʘʚʜʷʢʠ ʣʝʛʢʦʤʫ 

ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʦʤʫ ʽʥʪʝʨʬʝʡʩʫ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʠʛʣʷʜ Windows ʜʝʚʘʡʩʽʚ ʫ ʢʦʥʩʦʣʽ 

 

ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʜʦ ʢʦʥʩʦʣʽ ʘʚʪʦʤʘʪʠʯʥʦ ʬʦʨʤʫʶʪʴʩʷ ʟʘʚʜʘʥʥʷ Patch Scan 

ʪʘ Security Scan. 

ʋ Patch Scan ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ Syxsense ʧʨʦʚʦʜʠʪʴ ʩʢʘʥʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʧʘʪʯʽʚ ʷʢ ʜʣʷ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʪʘʢ ʽ ʜʣʷ 

ʩʪʦʨʦʥʥʴʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʦ ʧʝʨʝʚʽʨʷʻ, ʯʠ ʧʨʠʩʫʪʥʽ ʥʘ 

ʧʨʠʩʪʨʦʷʭ ʟʘʩʪʘʨʽʣʽ ʘʙʦ ʥʦʚʽʰʽ ʧʘʪʯʽ. 

Security Scan - ʮʝ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʣʘʥʫʚʘʪʠ ʨʝʛʫʣʷʨʥʝ ʘʙʦ 

ʦʜʥʦʨʘʟʦʚʝ ʩʢʘʥʫʚʘʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ʚʩʽʭ ʧʨʠʩʪʨʦʾʚ ʘʙʦ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʊʘʢʦʞ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʢʘʩʪʦʤʥʽ ʧʝʨʝʚʽʨʢʠ ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʘʶʯʠ ʚʨʘʟʣʠʚʦʩʪʽ ʪʘ 

ʧʝʨʝʚʽʨʷʶʯʠ ʚʽʣʴʥʝ ʤʽʩʮʝ ʥʘ ʜʠʩʢʫ ʯʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʧʠʩʽʚ ʫ ʨʝʻʩʪʨʽ. 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʚʽʨʦʢ ʤʦʞʥʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʜʽʾ ʯʝʨʝʟ Low Code 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʩʪʚʦʨʶʶʯʠ Cortex Workflow. 

Syxsense Cortex - ʮʝ ʩʠʩʪʝʤʘ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʟʘ 
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ʧʨʠʥʮʠʧʦʤ "drag-and-drop". ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʦʨʢʬʣʦʫ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʧʠʪʠ ʩʝʨʚʝʨʘ ʜʦ 

ʧʨʠʩʪʨʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʧʨʠʩʪʨʽʡ ʧʝʨʝʙʫʚʘʻ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ, ʚʠ ʤʦʞʝʪʝ 

ʦʨʛʘʥʽʟʫʚʘʪʠ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʪʠʢʠ Cortex ʜʣʷ ʛʘʨʘʥʪʽʾ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʝʨʚʝʨ ʧʦʚʪʦʨʥʦ ʚʠʩʠʣʘʻ ʟʘʧʠʪʠ ʜʦ ʧʨʠʩʪʨʦʶ ʜʦ ʦʪʨʠʤʘʥʥʷ ʧʦʟʠʪʠʚʥʦʾ ʚʽʜʧʦʚʽʜʽ. 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʧʨʠʩʪʨʦʶ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʧʣʘʥʦʚʘʥʘ ʟʘʜʘʯʘ, ʷʢʘ ʜʦʜʘʻʪʴʩʷ ʜʦ 

ʯʝʨʛʠ ʟʘʚʜʘʥʴ. 

Syxsense Cortex ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʪʫʞʥʫ ʪʘ ʣʝʛʢʫ ʚ ʫʧʨʘʚʣʽʥʥʽ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘʚʜʘʥʴ ʚ ʢʦʥʩʦʣʽ Syxsense. 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʩʪʫʧʥʦ 20 ʜʘʰʙʦʨʜʽʚ, ʷʢʽ ʦʧʪʠʤʽʟʦʚʘʥʽ ʧʽʜ ʢʦʥʢʨʝʪʥʽ 

ʧʨʦʮʝʩʠ ʪʘ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʠ ʤʘʻʪʝ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ 

ʜʘʰʙʦʨʜʠ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʚʘʰʠʤʠ ʧʦʪʨʝʙʘʤʠ. 

ʅʫ ʽ, ʟʚʽʩʥʦ, ʤʦʞʥʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʩʧʦʚʽʱʝʥʥʷ ʧʽʩʣʷ ʢʦʞʥʦʾ ʚʠʢʦʥʘʥʦʾ ʜʽʾ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʦʥʩʦʣʽ ʻ ʧʦʪʫʞʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʙʽʟʥʝʩʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʨʽʰʝʥʥʷ ʟʘʦʱʘʜʞʫʻ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ ʽ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʾʭʥʶ ʟʘʭʠʱʝʥʽʩʪʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʤʦʥʽʪʦʨʠʪʠ ʩʪʘʥ 

ʩʠʩʪʝʤ ʽ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʮʷ ʩʚʽʪʫ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. IRIS SHIPPING LLC URL: https://ua.linkedin.com/company/iris-shipping-com-

ua?trk=article-ssr-frontend-pulse_publisher-author-card (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 07.03.2024) 

2. Syxsense. URL: https://www.syxsense.com/ (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ 07.03.2024) 
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ʋɼʂ 681.5 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ɼʟʶʤʘʢ ɺ.ʉ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʉʪʝʧʘʥʝʮʴ ʆ.ɺ. 

  https://scholar.google.com/citations?hl=uk&user=Kq9ce50AAAAJ 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʅɸʃɸʐʊʋɺɸʅʅʗ ʈɽɻʋʃʗʊʆʈɯɺ ɸɺʊʆʄɸʊʀʏʅʆɰ ʉʀʉʊɽʄʀ 

ʂɽʈʋɺɸʅʅʗ ʇɸʈʆɺʀʄ ʊɽʇʃʆʇʋʅʂʊʆʄ ʄɽʊʆɼʆʄ ʉʂʆɻɽʉʊɸɼɸ  
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʣʷ ʜʘʥʦʛʦ ʪʝʢʩʪʫ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʠʧʦʚʠʭ ʫʩʪʘʥʦʚʦʢ. ɼʦ ʥʠʭ 

ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʧʦʰʠʨʝʥʠʡ ʢʣʘʩ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʪʝʧʣʦʧʫʥʢʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʘʨʦʚʠʭ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʦʢʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʽʜ ʯʘʩ ʧʫʩʢʦ-ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʪʘ ʚʧʨʦʜʦʚʞ 

ʪʨʠʚʘʛʣʦʛʦ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʧʦʰʫʢ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʨʝʛʫʣʷʪʦʨʽʚ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʻ ʤʝʪʦʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʉʢʦʛʝʩʪʘʜʦʤ [1], ʷʢʠʡ 

ʧʨʦʧʦʥʫʻ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʣʷ ʦʙôʻʢʪʽʚ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨ.  

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ  ʤʝʪʦʜʫ ʉʢʦʛʝʩʪʘʜʘ  

ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʫʥʢʪʫ ʚʠʨʦʙʥʠʯʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ [2].  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ 

ʧʫʥʢʪʫ ʥʝʦʙʭʽʜʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʧʽʜʪʨʠʤʫʚʘʪʠʤʝ ʧʘʨʘʤʝʪʨʠ, ʱʦ 

ʧʽʜʣʷʛʘʶʪʴ ʨʝʛʫʣʶʚʘʥʥʶ, ʥʘ ʟʘʜʘʥʦʤʫ ʦʧʝʨʘʪʦʨʦʤ ʨʽʚʥʽ. ʇʘʨʦʚʠʡ ʪʝʧʣʦʚʠʡ ʧʫʥʢʪ, 

ʦʧʠʩʘʥʠʡ ʚ [2], ʤʘʻ ʢʽʣʴʢʘ ʢʦʥʪʫʨʽʚ ʢʝʨʫʚʘʥʥʷ, ʧʨʠʯʦʤʫ ʤʦʜʝʣʽ ʦʙôʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ ʤʘʶʪʴ 

ʨʽʟʥʫ ʩʪʨʫʢʪʫʨʫ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʚʽʟʴʤʝʤʦ ʜʝʢʽʣʴʢʘ ʤʦʜʝʣʝʡ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʷ 1 ï ʄʦʜʝʣʽ ʦʙôʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ 

 ̄ ʅʘʟʚʘ ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ 

ɼʦʩʣʽʜ 1 ʇʦʣʦʞʝʥʥʷ ʢʣʘʧʘʥʘ ʧʦʜʘʯʽ ʧʘʨʠ - 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʥʘ ʧʦʜʘʯʽ ʚ 

ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ 

ὡ ί
Ȣ

ϽὩ             (1) 

ɼʦʩʣʽʜ 2 ʇʦʣʦʞʝʥʥʷ ʢʣʘʧʘʥʫ ʧʦʜʘʯʽ 

ʭʦʣʦʜʥʦʾ ʚʦʜʠ ï ʨʽʚʝʥʴ ʫ ʙʘʢʫ ɻɺʇ 
ὡ ί ϽὩ Ȣ                             (2)  

ɼʦʩʣʽʜ 3 ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʽʚ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ 

ʦʧʘʣʝʥʥʷ 

ὡ ί
Ȣ

Ȣ
Ὡz                         (3) 

 

ʄʝʪʦʜ ʉʢʦʛʝʩʪʘʜʘ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ, ʚ ʷʢʽʡ 

ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʬʫʥʢʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʩʘʤʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ. ʎʝʡ ʤʝʪʦʜ 

ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʘʻ ʙʣʦʢ-ʩʭʝʤʫ ʧʝʨʝʜʘʯʽ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1 [1]. 

 
ʈʠʩʫʥʦʢ 1 - ɹʣʦʢ-ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʟʘ 

ʤʝʪʦʜʦʤ ʉʢʦʛʝʩʪʘʜʘ 
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ʅʘ ʜʘʥʽʡ ʩʭʝʤʽ ʟʦʙʨʘʞʝʥʘ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ Hps(s) ʷʢʘ ʻ ʫʟʘʛʘʣʴʥʝʥʦʶ ʬʫʥʢʮʽʻʶ 

ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʜʘʪʯʠʢʘ ʪʘ ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ ʯʘʩʪʦʪ. ɹʣʦʢ-ʩʭʝʤʘ ʪʘʢʦʞ ʧʦʢʘʟʫʻ 

ʤʦʞʣʠʚʝ ʟʙʫʨʝʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʉʧʦʩʽʙ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʪʦʜʫ ʉʢʦʛʝʩʪʘʜʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ: ʧʝʨʝʜʘʚʘʣʴʥʘ 

ʬʫʥʢʮʽʷ T(s) ʟʘʤʢʥʝʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʽʜ ʫʩʪʘʚʢʠ ʜʦ ʪʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʽʥʝʨʮʽʡʥʘ ʣʘʥʢʘ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟʽ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʧʽʟʥʝʥʥʷʤ (ʟʘ 

ʧʦʪʨʝʙʠ). 

Ὕί ϽὩ                  (1) 

ʜʝ Tʉ ð ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʫ ʤʘʻ ʚʢʘʟʘʪʠ 

ʢʦʨʠʩʪʫʚʘʯ;  

Ű ð ʪʨʘʥʩʧʦʨʪʥʝ ʟʘʧʽʟʥʝʥʥʷ ʧʨʦʮʝʩʫ. 

ɿ ʙʣʦʢ-ʩʭʝʤʠ (ʨʠʩ. 1) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ: 

Ὕί
Ͻ

Ͻ
                      (2) 

ɿʚʽʜʢʠ: 
Ͻ

Ͻ
ϽὩ                    (3) 

ʊʫʪ ʻʜʠʥʦʶ ʥʝʚʽʜʦʤʦʶ ʻ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʨʝʛʫʣʷʪʦʨʘ, Hc(s). ɸʚʪʦʨ ʤʝʪʦʜʫ, 

ʟʨʦʙʠʚʰʠ ʜʝʷʢʽ ʥʘʣʝʞʥʽ ʩʧʨʦʱʝʥʥʷ, ʚʠʟʥʘʯʘʻ ʟʘʢʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʷʢ ʇɯɼ ʘʙʦ ʇɯ-ʨʝʛʫʣʷʪʦʨ 

ʜʣʷ ʦʯʽʢʫʚʘʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ 

ʢʝʨʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʬʦʨʤʫʣʠ ʥʘʣʘʰʪʫʚʘʥʥʷ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʷ 2 ï ʌʦʨʤʫʣʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʪʦʜʫ ʉʢʦʛʝʩʪʘʜʘ 

ʊʠʧ ʧʨʦʮʝʩʫ Hpsf (s) (ʧʨʦʮʝʩ) Kp Ti Td 

ɯʥʪʝʛʨʘʣʴʥʘ ʣʘʥʢʘ 

+ ʟʘʧʽʟʥʝʥʥʷ 

ὑ

ί
Ὡ  

ρ

ὑὝ †
 ὧὝ † 0 

ɯʥʝʨʮʽʡʥʘ ʣʘʥʢʘ 

+ʟʘʧʽʟʥʝʥʥʷ 

ὑ

Ὕίρ
Ὡ  

Ὕ

ὑὝ †
 min [T, ὧὝ †] 0 

ɯʥʪʝʛʨʘʣʴʥʘ + 

ʽʥʝʨʮʽʡʥʘ ʣʘʥʢʠ + 

ʟʘʧʽʟʥʝʥʥʷ 

ὑ

Ὕίρί
Ὡ  

ρ

ὑὝ †
 ὧὝ † T 

ɯʥʝʨʮʽʡʥʘ ʣʘʥʢʘ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

+ ʟʘʧʽʟʥʝʥʥʷ 

ὑ

Ὕί ρ Ὕί ρ
Ὡ  

Ὕ

ὑὝ †
 min [T1, ὧὝ †] T2 

ɯʥʪʝʛʨʘʣʴʴʥʘ 

ʣʘʥʢʘ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ + 

ʟʘʧʽʟʥʝʥʥʷ 

ὑ

ί
Ὡ  

ρ

τὑὝ †
 τὝ † τὝ † 

ʊʫʪ ʧʘʨʘʤʝʪʨ c ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʦʙʠʨʘʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʩ=2..4. 

ʌʦʨʤʫʣʠ ʉʢʦʛʝʩʪʘʜʘ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʩʣʽʜʦʚʥʫ ʬʦʨʤʫ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ, ʷʢʠʡ ʤʘʻ 

ʪʘʢʫ ʬʫʥʢʮʽʶ ʧʝʨʝʜʘʯʽ: 

όί ὑ Ͻ Ὡί                     (4) 

ʜʝ ὑ , Ὕ, Ὕ ï ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʘ 

ɼʣʷ ʩʪʘʥʜʘʨʪʥʦʾ ISA-ʬʦʨʤʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʨʘʭʫʥʦʢ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʘʰʪʫʚʘʥʴ ʟʘ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

ὑ ὑ ρ ;  Ὕ Ὕ ρ ;  Ὕ Ὕ          (5) 

ʇʝʨʝʭʽʥʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʽʚ ʫ ʟʘʤʢʥʝʥʠʭ ʢʦʥʪʫʨʘʭ ʜʣʷ ʦʙʨʘʥʠʭ ʦʙôʻʢʪʽʚ 

ʢʝʨʫʚʘʥʥʷ (ʪʘʙʣ. 1) ʧʦ ʢʘʥʘʣʘʭ ʚʽʜʧʨʘʶʚʘʥʥʷ ʫʩʪʘʚʦʢ ʪʘ ʧʨʦʪʠʜʽʾ ʟʙʫʨʝʥʥʷʤ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ.  2. 



 36 

 
ʈʠʩʫʥʦʢ 2 -  ʇʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ çʟʘʚʜʘʥʥʷ-ʚʠʭʽʜè ʪʘ çʟʙʫʨʝʥʥʷ-ʚʠʭʽʜè 

 

ʊʘʙʣʠʮʷ 3 ï ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

 ɼʦʩʣʽʜ 1 ɼʦʩʣʽʜ 2 ɼʦʩʣʽʜ 3 

 ɿʘʚʜʘʥʥʷ-
ʚʠʭʽʜ 

ɿʙʫʨʝʥʥʷ-
ʚʠʭʽʜ 

ɿʘʚʜʘʥʥʷ-
ʚʠʭʽʜ 

ɿʙʫʨʝʥʥʷ-
ʚʠʭʽʜ 

ɿʘʚʜʘʥʥʷ-
ʚʠʭʽʜ 

ɿʙʫʨʝʥʥʷ-
ʚʠʭʽʜ 

ʉʪʘʪʠʩʪʠʯʥʘ ʧʦʭʠʙʢʘ Ў̒  ̓ 0 0 0 0 0 0 

ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ Ў̅ ̉ ̎ 0.17 0.3 0.49 0.42 0.176 0.05 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ů, % 17 0 8 7 17.6 0 

ʉʪʫʧʽʥʴ ʟʘʪʫʭʘʥʥʷ ɣ 1 1 0.999 0.999 1 1 

ʏʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʩ 120 140 290 405 33 17 

ɺʠʩʥʦʚʦʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʉʢʦʛʝʩʪʘʜʘ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʘ ʧʦʢʘʟʘʣʦ, ʱʦ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʫ ʟʘʜʘʥʠʭ 

ʤʝʞʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʠʣʦ ʧʦʙʫʜʫʚʘʪʠ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟ ʟʘʜʦʚʽʣʴʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʨʝʘʢʮʽʾ ʪʘ ʜʦʧʫʩʪʠʤʠʤ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷʤ ʜʣʷ ʦʙôʻʢʪʽʚ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ 

ʤʦʜʝʣʷʤʠ ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʨʠʜʘʪʥʽʩʪʴ ʤʝʪʦʜʫ 

ʉʢʦʛʝʩʪʘʜʘ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ ʫ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ. 

ʆʜʥʘʢ, ʷʢ ʽ ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʠʢ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʫʪʦʯʥʝʥʽ. ʈʘʟʦʤ ʟ ʪʠʤ ʨʦʟʛʣʷʥʫʪʠʡ ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ, ʘ ʡ ʫʥʽʬʽʢʫʻ ʧʨʦʮʝʜʫʨʫ 

ʥʘʣʘʰʪʫʚʘʥʥʷ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Finn Haugen, Advanced Dynamics And Control: TechTeach: 2010. ʉ. 289-295.  

2. ʉʪʝʧʘʥʝʮʴ ʆ. ɺ., ʋʱʘʧʦʚʩʴʢʠʡ ɸ. ʇ. ʉʠʥʪʝʟ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʠʤ ʧʘʨʦʚʦʜʷʥʠʤ ʪʝʧʣʦʚʠʤ ʧʫʥʢʪʦʤ. ʉʭʽʜʥʦ ï ɭʚʨʦʧʝʡʩʴʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 2015. ˉ 75. ʉ. 54ï60. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɽʌɽʂʊʀɺʅɽ ʈɽɻʋʃʖɺɸʅʅʗ ʊɽʄʇɽʈɸʊʋʈʀ ɺ ʇʈʀʄɯʑɽʅʅʗʍ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʉʀʉʊɽʄʀ ɺɽʅʊʀʃʗʎɯɰ ɿ ʈɽʂʋʇɽʈɸʎɯɭʖ

ɺʝʥʪʠʣʷʮʽʷ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ï ʮʝ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʘ ʘʙʦ ʭʦʣʦʜʫ, ʷʢʝ ʟʘʟʚʠʯʘʡ ʚʪʨʘʯʘʻʪʴʩʷ ʧʨʠ ʚʠʪʷʞʮʽ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʽʟ 

ʧʨʠʤʽʱʝʥʥʷ [1]. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʮʽʾ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʪʷʞʥʝ ʧʦʚʽʪʨʷ ʟ 

ʙʫʜʽʚʣʽ ʧʝʨʝʜ ʚʠʭʦʜʦʤ ʥʘʟʦʚʥʽ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʛʣʽʢʦʣʝʚʠʡ ʨʝʢʫʧʝʨʘʪʦʨ, ʜʝ ʡʦʛʦ ʪʝʧʣʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʩʚʽʞʦʤʫ ʧʦʚʽʪʨʶ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʙʫʜʽʚʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʚʽʞʝ ʧʦʚʽʪʨʷ 

ʧʨʦʛʨʽʚʘʻʪʴʩʷ ʘʙʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʧʦʪʨʘʧʠʪʠ ʜʦ ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ [2].  

ɻʣʽʢʦʣʝʚʠʡ ʨʝʢʫʧʝʨʘʪʦʨ ï ʮʝ ʪʠʧ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʘ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʤʽʞ ʷʢʠʤʠ ʮʠʨʢʫʣʶʻ ʛʣʽʢʦʣʝʚʠʡ ʨʦʟʯʠʥ ʽ ʧʝʨʝʜʘʻ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʚʽʜ 

ʦʜʥʦʛʦ ʜʦ ʽʥʰʦʛʦ. ʋ ʨʝʢʫʧʝʨʘʪʦʨʽ ʚʠʪʷʞʥʝ ʧʦʚʽʪʨʷ ʽ ʩʚʽʞʝ ʧʦʜʘʚʘʣʴʥʝ ʧʦʚʽʪʨʷ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʦʢʨʝʤʽ ʢʘʥʘʣʠ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʧʦʨʫʯ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʈʦʟʯʠʥ ʮʠʨʢʫʣʶʻ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʘʥʘʣʘʭ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʤʽʞ ʚʠʪʷʞʥʠʤ ʽ ʧʦʜʘʶʯʠʤ ʧʦʚʽʪʨʷʤ 

ʟʟʦʚʥʽ[3]. ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʨʦʙʦʪʠ ʛʣʽʢʦʣʝʚʦʛʦ ʨʝʢʫʧʝʨʘʪʦʨʘ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʦʙʦʪʠ ʛʣʽʢʦʣʝʚʦʛʦ ʨʝʢʫʧʝʨʘʪʦʨʘ 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ʻ ʧʽʜʚʠʱʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ, ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ. ʆʜʥʘʢ, ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ʪʘʢʦʞ ʤʘʶʪʴ ʩʚʦʾ 

ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʪʨʝʙʘ ʫ 

ʨʝʛʫʣʷʨʥʦʤʫ ʦʯʠʱʝʥʥʽ. ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʦ ʩʧʨʦʱʝʥʫ ʩʭʝʤʫ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʮʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ. 
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ʈʠʩʫʥʦʢ 2 - ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʫ ʨʝʞʠʤʽ ʥʘʛʨʽʚʘʥʥʷ: ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʨʝʛʫʣʶʶʯʦʛʦ ʦʨʛʘʥʫ ʫ ʢʣʘʧʘʥʽ ʨʝʢʫʧʝʨʘʪʦʨʘ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʩʫʤʽʰʽ ʨʽʜʠʥʠ ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢ.  ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʛʫʣʷʪʦʨʘ ʫ ʨʝʢʫʧʝʨʘʪʦʨʽ ʧʦʚôʷʟʘʥʝ ʟ ʚʠʤʦʛʘʤʠ ʚʝʥʪʠʣʷʮʽʾ ʧʨʠʤʽʱʝʥʥʷ ʫ ʷʢʦʤʫ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʛʝʥʝʨʫʶʪʴ ʜʦʜʘʪʢʦʚʝ ʪʝʧʣʦ/ʭʦʣʦʜ. ɿʘ ʩʧʨʠʷʪʣʠʚʠʭ 

ʫʤʦʚ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʫ 

ʙʫʜʽʚʣʶ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʫʧʝʨʘʪʦʨʘ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʝʥʝʨʛʦʨʝʩʫʨʩʫ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʯʠ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʙʫʜʽʚʣʶ. ʂʦʣʠ ʨʝʢʫʧʝʨʘʪʦʨ ʚʠʭʦʜʠʪʴ ʥʘ ʩʚʽʡ 

ʤʘʢʩʠʤʫʤ ʚʽʜʜʘʯʽ ʝʥʝʨʛʽʾ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʨʝʛʫʣʶʶʯʠʡ ʦʨʛʘʥ ʥʘʛʨʽʚʘʯʘ, ʱʦ ʟʤʽʥʶʻ ʚʠʪʨʘʪʫ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʥʘʛʨʽʚʘʯʘ. ʅʘ ʨʠʩ. 3 ʟʦʙʨʘʞʝʥʦ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʪʫʨʫ 

ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʙʫʜʽʚʣʶ. 

 

ʈʠʩʫʥʦʢ 3 ï ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʪʫʨʫ ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʱʦ 

ʧʦʜʘʻʪʴʩʷ ʚ ʙʫʜʽʚʣʶ ʧʦ ʢʘʥʘʣʫ ʟʘʚʜʘʥʥʷ-ʚʠʭʽʜ 

ʇʨʠ ʮʽʣʦʜʦʙʦʚʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʪʘʢʦʛʦ ʦʙôʻʢʪʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʫʧʝʨʘʪʦʨʘ ʟ 

ʢʝʨʫʚʘʥʥʷʤ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ ʜʦ ʧʨʠʪʦʯʥʦʛʦ, ʜʦʟʚʦʣʠʪʴ 
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ʟʘʦʱʘʜʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, 

ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʦʱʘʜʞʫʻ ʢʦʰʪʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɹɽɿʇɽʂɸ ʇɽʈɽɼɸʏɯ ɼɸʅʀʍ ɺ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʗʍ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʩʫʩʧʽʣʴʩʪʚʽ ʙʝʟʧʝʢʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ 

ʧʨʦʙʣʝʤ. ɿ ʚʝʣʠʢʠʤ ʦʙʩʷʛʦʤ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʙʤʽʥʶʻʪʴʩʷ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, 

ʥʘʨʦʩʪʘʻ ʨʠʟʠʢ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ, ʧʝʨʝʭʦʧʣʝʥʥʷ ʪʘ ʟʣʦʚʞʠʚʘʥʥʷ ʜʘʥʠʤʠ. ʉʫʯʘʩʥʝ 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʩʪʘʻ ʤʽʰʝʥʥʶ ʜʣʷ ʢʽʙʝʨʟʣʦʯʠʥʮʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʦʾ ʷʢ ʦʩʦʙʠʩʪʽ ʜʘʥʽ, 

ʬʽʥʘʥʩʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʪʘ ʢʦʤʝʨʮʽʡʥʽ ʚʽʜʦʤʦʩʪʽ. ɿ ʧʨʦʛʨʝʩʦʤ ʪʝʭʥʦʣʦʛʽʡ ʟʨʦʩʪʘʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʪʘ ʧʝʨʝʭʦʧʣʝʥʥʷ ʧʝʨʝʜʘʚʘʥʠʭ ʜʘʥʠʭ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʪʦʢʫ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʦʨʫʰʝʥʥʷ ʧʨʠʚʘʪʥʦʩʪʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʙʝʟʧʝʢʠ ʧʨʠʚʘʪʥʠʭ 

ʜʘʥʠʭ ʧʽʜʢʨʝʩʣʶʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʩʧʝʢʪʠ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʪʝʤ ʻ ʨʦʟʨʦʙʢʘ 

ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʜʣʷ ʟʘʭʠʩʪʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʘʢʮʝʥʪʫʶʪʴ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʟʘʛʨʦʟ [3]. 

ʑʝ ʦʜʥʽʻʶ ʚʘʞʣʠʚʦʶ ʪʝʤʦʶ ʻ ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʽʥʮʠʜʝʥʪʠ ʙʝʟʧʝʢʠ, ʚʢʣʶʯʘʶʯʠ ʧʣʘʥʠ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʩʣʷ ʢʽʙʝʨʘʪʘʢ, ʘ ʪʘʢʦʞ ʥʘʚʯʘʥʥʷ 

ʧʝʨʩʦʥʘʣʫ ʟ ʧʠʪʘʥʴ ʢʽʙʝʨʙʝʟʧʝʢʠ [3]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʧʨʦʪʦʢʦʣʫ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ɼʽʬʬʽ-ʍʝʣʣʤʘʥʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʜʚʦʤ ʘʙʦ ʙʽʣʴʰʝ ʩʪʦʨʦʥʘʤ 

ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʠʡ ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʙʝʟ ʧʽʜʩʣʫʭʦʚʫʚʘʥʥʷ. 

ʆʪʨʠʤʘʥʠʡ ʢʣʶʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʦʙʤʽʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʤʝʪʨʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʙʝʟʧʝʯʥʦ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʤʽʞ 

ʩʪʦʨʦʥʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭʥʶ ʥʝʜʦʪʦʨʢʘʥʽʩʪʴ [1]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʫ ʟʫʩʪʨʽʯʽ 

ʟʽ ʟʨʦʩʪʘʶʯʠʤʠ ʢʽʙʝʨʟʘʛʨʦʟʘʤʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʰʠʬʨʫʚʘʥʥʷ, 

ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʥʘʜʽʡʥʠʭ ʤʝʨʝʞʝʚʠʭ ʧʨʦʪʦʢʦʣʽʚ ʻ ʢʣʶʯʦʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʮʠʬʨʦʚʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. 

ʊʦʤʫ ʟʘʨʘʟ ʤʠ ʟʦʩʝʨʝʜʠʤʦʩʴ ʥʘ ʦʜʥʦʤʫ ʟ ʧʨʦʪʦʢʦʣʽʚ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ 

ʨʦʟʨʦʙʣʝʥʠʤ ɼʽʬʬʽ - ʍʝʣʣʤʘʥʦʤ, ʷʢʘ ʩʧʨʘʚʠʣʘ ʩʧʨʘʚʞʥʶ ʨʝʚʦʣʶʮʽʶ ʫ ʩʚʽʪʽ ʰʠʬʨʫʚʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʟʥʽʤʘʣʘ ʦʩʥʦʚʥʫ ʧʨʦʙʣʝʤʫ ʢʣʘʩʠʯʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ï ʧʨʦʙʣʝʤʫ ʨʦʟʧʦʜʽʣʫ ʢʣʶʯʽʚ. 

ɺʽʜʢʨʠʪʝ ʧʦʰʠʨʝʥʥʷ ʢʣʶʯʽʚ ɼʽʬʬʽ-ʍʝʣʣʤʘʥʘ ʜʦʟʚʦʣʷʻ ʧʘʨʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ ʚʠʨʦʙʠʪʠ 

ʩʧʽʣʴʥʠʡ ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ, ʥʝ ʦʙʤʽʥʶʶʯʠʩʴ ʩʝʢʨʝʪʥʠʤʠ ʜʘʥʠʤʠ [2]. 

ʇʨʠʧʫʩʪʠʤʦ, ʦʙʦʤ ʘʙʦʥʝʥʪʘʤ ʚʽʜʦʤʽ ʜʝʷʢʽ ʜʚʘ ʯʠʩʣʘ: ʚʝʣʠʢʝ ʧʨʦʩʪʝ ὴ  ̔Ὣ, ʷʢʽ ʥʝ ʻ 
ʩʝʢʨʝʪʥʠʤʠ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʦʤʽ ʡ ʽʥʰʠʤ ʟʘʮʽʢʘʚʣʝʥʠʤ ʦʩʦʙʘʤ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʪʚʦʨʠʪʠ 

ʥʝ ʚʽʜʦʤʠʡ ʥʽʢʦʤʫ ʽʥʰʦʤʫ ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ, ʦʙʠʜʚʘ ʫʯʘʩʥʠʢʠ ʛʝʥʝʨʫʶʪʴ ʚʝʣʠʢʽ ʚʠʧʘʜʢʦʚʽ 

ʯʠʩʣʘ:  

ʇʝʨʰʠʡ ð ʯʠʩʣʦ: ‌ᶲρȟȣȟὴ ρ 

ɼʨʫʛʠʡ ð ʯʠʩʣʦ: ὦɸ ρȟȣȟὴ ρ 

 

ʇʦʪʽʤ ʜʚʘ ʫʯʘʩʥʠʢʠ ʦʙʯʠʩʣʶʶʪʴ  ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ: 
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ὃ ὫάέὨὴ 

ὄ ὫάέὨὴ 

 

ɺʦʥʠ ʦʙʤʽʥʶʶʪʴʩʷ ʮʠʤʠ ʯʠʩʣʘʤʠ ʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ  ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ 

ʮʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘʣʝ ʥʝ ʟʤʽʥʠʪʠ ʾʭ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ, ʧʝʨʰʠʡ ʢʦʨʠʩʪʫʚʘʯ ʥʘ ʦʩʥʦʚʽ ʩʚʦʛʦ ‌ ʽ ʦʪʨʠʤʘʥʦʛʦ ʤʝʨʝʞʝʶ ὄ 

ʦʙʯʠʩʣʶʻ ʟʥʘʯʝʥʥʷ: 
ὑ ὄάέὨὴ Ὣ άέὨὴ 

 

ɸ ʜʨʫʛʠʡ ʢʦʨʠʩʪʫʚʘʯ ʥʘ ʦʩʥʦʚʽ ʩʚʦʛʦ ὦ ʽ ʦʪʨʠʤʘʥʦʛʦ ʤʝʨʝʞʝʶ ὃ ʦʙʯʠʩʣʶʻ ʟʥʘʯʝʥʥʷ: 

 

ὑ ὃάέὨὴ Ὣ άέὨὴ 

 

ʅʝʚʘʞʢʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʚ ʦʙʦʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʠʭʦʜʠʪʴ ʪʝ ʩʘʤʝ ʯʠʩʣʦ: 

 

ὑ Ὣ άέὨὴ 

 

ʆʪʞʝ, ʩʘʤʝ ʮʝ ʯʠʩʣʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ, ʦʩʢʽʣʴʢʠ 

ʟʣʦʚʤʠʩʥʠʢ ʟʽʪʢʥʝʪʴʩʷ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʙʯʠʩʣʠʪʠ ʬʫʥʢʮʽʶ: 

 

ὈὌ ὫȟὫ Ὣ άέὨὴ 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ ɼʽʬʬʽ - ʍʝʣʣʤʘʥʘ 

 

ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ, ʨʦʟʙʝʨʝʤʦ ʾʭ ʜʝʪʘʣʴʥʽʰʝ: 

 

ʇʝʨʝʚʘʛʠ: 

1. ɸʣʛʦʨʠʪʤ ɼʽʬʬʽ-ʍʝʣʣʤʘʥʘ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʯʥʠʡ ʦʙʤʽʥ ʢʣʶʯʘʤʠ ʯʝʨʝʟ ʥʝʟʘʭʠʱʝʥʠʡ 

ʢʘʥʘʣ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʽʜʝʘʣʴʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʚʽʜʢʨʠʪʠʭ ʤʝʨʝʞʘʭ. 

2. ʎʝʡ ʧʨʦʪʦʢʦʣ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʩʠʤʝʪʨʠʯʥʫ ʢʨʠʧʪʦʛʨʘʬʽʶ, ʜʝ ʧʫʙʣʽʯʥʠʡ ʢʣʶʯ ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʙʝʟʧʝʯʥʠʤ ʯʠʥʦʤ, ʪʦʜʽ ʷʢ ʧʨʠʚʘʪʥʠʡ ʟʘʣʠʰʘʻʪʴʩʷ ʩʝʢʨʝʪʥʠʤ. 
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3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʙʣʝʤʠ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʫ ʩʢʣʘʜʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ 
ʦʧʝʨʘʮʽʾ ʨʦʙʠʪʴ ʘʪʘʢʠ ʥʘ ʧʨʦʪʦʢʦʣ ɼʽʬʬʽ-ʍʝʣʣʤʘʥʘ ʚʠʪʨʘʪʥʠʤʠ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ 

ʧʣʘʥʽ. 

4. ɸʣʛʦʨʠʪʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʪʘʢʠʭ ʷʢ ʟʘʭʠʩʪ ʚʽʜ 

ʧʝʨʝʭʦʧʣʝʥʥʷ, ʧʽʜʪʨʠʤʢʘ ʙʝʟʧʝʯʥʠʭ ʚʝʙ-ʟ'ʻʜʥʘʥʴ, ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʚʘʪʥʠʭ 

ʤʝʨʝʞ. 

 

ʅʝʜʦʣʽʢʠ: 

1. ɸʣʛʦʨʠʪʤ ʚʨʘʟʣʠʚʠʡ ʜʦ ʘʪʘʢʠ "ʣʶʜʠʥʘ ʧʦʩʝʨʝʜʠʥʽ" (Man-in-the-Middle), ʜʝ 

ʟʣʦʚʤʠʩʥʠʢ ʤʦʞʝ ʧʝʨʝʭʦʧʠʪʠ ʪʘ ʤʦʜʠʬʽʢʫʚʘʪʠ ʦʙʤʽʥʶʚʘʥʽ ʢʣʶʯʽ ʙʝʟ ʚʽʜʦʤʘ ʩʪʦʨʽʥ. 

2. ɸʣʛʦʨʠʪʤ ʥʝ ʥʘʜʘʻ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʩʪʦʨʽʥ, ʪʦʙʪʦ ʚʽʥ ʥʝ ʚʠʨʽʰʫʻ 
ʧʨʦʙʣʝʤʠ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʘʤʠ. 

3. ʇʨʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʜʘʥʠʭ ʘʙʦ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʘʣʛʦʨʠʪʤ ɼʽʬʬʽ-ʍʝʣʣʤʘʥʘ 

ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

4. ɺʠʙʽʨ ʧʨʘʚʠʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʜʣʷ ʙʝʟʧʝʢʠ ʧʨʦʪʦʢʦʣʫ. ʗʢʱʦ 
ʧʘʨʘʤʝʪʨʠ ʦʙʨʘʥʽ ʥʝʧʨʘʚʠʣʴʥʦ, ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʙʝʟʧʝʢʠ. 

5. ʇʨʦʪʦʢʦʣ ʩʘʤ ʧʦ ʩʦʙʽ ʥʝ ʥʘʜʘʻ ʚʙʫʜʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʽ ʮʝ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʥʝʜʦʣʽʢʦʤ ʫ ʜʝʷʢʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ. 

 

ɺʠʩʥʦʚʢʠ.  ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʧʨʦʪʦʢʦʣʽʚ, ʪʘʢʠʭ ʷʢ ɼʽʬʬʽ-ʍʝʣʣʤʘʥ, ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʮʽʣʽʩʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ 

ʦʙʫʤʦʚʣʝʥʘ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʽʙʝʨʟʘʛʨʦʟ, ʽ ʚʘʞʣʠʚʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʩʪʘʻ ʢʣʶʯʦʚʦʶ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʮʠʬʨʦʚʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʚ ʩʫʯʘʩʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ. 

ʇʨʦʪʦʢʦʣ ɼʽʬʬʽ-ʍʝʣʣʤʘʥʘ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʯʝʨʝʟ ʥʝʟʘʭʠʱʝʥʽ 

ʢʘʥʘʣʠ ʟʘʚʜʷʢʠ ʙʝʟʧʝʯʥʦʤʫ ʦʙʤʽʥʫ ʢʣʶʯʘʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʻ ʘʩʠʤʝʪʨʠʯʥʫ ʢʨʠʧʪʦʛʨʘʬʽʶ, 

ʣʝʛʢʦ ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʪʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ, ʘʣʝ ʚʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʚʠʙʠʨʘʪʠ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ, ʪʘʢʠʭ ʷʢ ʘʪʘʢʠ 

"ʣʶʜʠʥʘ ʧʦʩʝʨʝʜʠʥʽ". 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʅɸʃɸʐʊʋɺɸʅʅʗ PID-ʈɽɻʋʃʗʊʆʈɸ ɼʃʗ ʋʇʈɸɺʃɯʅʅʗ FPV-ɼʈʆʅʆʄ 

 

Person Viev (FPV) ʜʨʦʥ ï ʮʝ ʚʠʜ ʙʝʟʧʽʣʦʪʥʠʢʽʚ, ʢʝʨʫʚʘʥʥʷ ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ FPV-ʧʽʣʦʪʫʚʘʥʥʷ. FPV-ʧʽʣʦʪʫʚʘʥʥʷ ʮʝ ʦʜʠʥ ʽʟ ʥʘʧʨʷʤʽʚ 

ʘʤʘʪʦʨʩʴʢʦʛʦ ʘʚʽʘʤʦʜʝʣʽʟʤʫ, ʚ ʷʢʦʤʫ ʧʽʣʦʪ ʢʝʨʫʻ ʤʦʜʝʣʣʶ, ʩʧʦʩʪʝʨʽʛʘʶʯʠ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʟ ʢʘʤʝʨʠ ʤʦʜʝʣʽ, ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʚʽʜʝʦʦʢʫʣʷʨʘʭ ʘʙʦ ʥʘ ʤʦʥʽʪʦʨʽ.  ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʢʝʨʫʚʘʥʥʷ ʘʚʽʘʤʦʜʝʣʣʶ ʟʘ ʨʘʜʽʦʢʘʥʘʣʦʤ ʩʠʩʪʝʤʠ 

ʨʘʜʽʦʢʝʨʫʚʘʥʥʷ, ʘ ʡ ʧʨʠʡʤʘʥʥʷ ʩʠʛʥʘʣʫ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʦʜʝʣʽ ʧʦ ʜʦʜʘʪʢʦʚʦʤʫ 

ʚʽʜʝʦʨʘʜʽʦʢʘʥʘʣʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʆʙôʻʢʪʘʤʠ ʢʝʨʫʚʘʥʥʷ ʚ FPV-ʜʨʦʥʽ ʻ ʜʚʠʛʫʥʠ, ʨʦʟʤʽʱʝʥʽ ʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ 

ʮʝʥʪʨʫ ʚ ʯʦʪʠʨʴʦʭ ʢʨʘʷʭ ʜʨʦʥʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʣʴʦʪʫ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʮʠʭ ʜʚʠʛʫʥʽʚ, ʚʢʣʶʯʥʦ ʟ ʩʠʛʥʘʣʦʤ ʚʽʜ ʛʽʨʦʩʢʦʧʫ 

ʥʘʜʘʻʪʴʩʷ ʥʘ ʫʧʨʘʚʣʷʶʯʠʡ ʢʦʥʪʨʦʣʝʨ ʜʨʦʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʥʪʨʦʣʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ PID-

ʨʝʛʫʣʷʪʦʨʘ ʨʝʛʫʣʶʻ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʽʚ, ʟʘʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʦʞʝʥʥʷ ʜʨʦʥʫ [1].  

ʆʩʥʦʚʥʘ ʤʝʪʘ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ FPV-ʜʨʦʥʽ ð ʚʠʧʨʘʚʠʪʠ çʧʦʤʠʣʢʫè, ʨʝʛʫʣʶʶʯʠ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ. ʂʦʥʪʫʨ ʢʝʨʫʚʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦ ʟʯʠʪʫʻ ʜʘʥʽ ʜʘʪʯʠʢʽʚ ʽ 

ʨʦʟʨʘʭʦʚʫʻ ʰʚʠʜʢʽʩʪʴ ʜʚʠʛʫʥʘ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʤʠʣʢʫ. 

 
ʈʠʩʫʥʦʢ 1- ʉʭʝʤʘ ɸʉʋ ʇʦʣʴʦʪʫ FPV-ʜʨʦʥʘ 

ʋ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽ ʻ ʪʨʠ ʩʢʣʘʜʦʚʽ:  

- ʧʨʦʧʦʨʮʽʡʥʘ ʩʢʣʘʜʦʚʘ (P); 

- ʽʥʪʝʛʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ (I);  

- ʜʠʬʝʨʝʥʮʽʡʥʘ ʩʢʣʘʜʦʚʘ (D). 

P (ʧʨʦʧʦʨʮʽʡʥʠʡ) ʩʪʦʩʫʻʪʴʩʷ ʧʦʪʦʯʥʦʾ ʧʦʤʠʣʢʠ. ʏʠʤ ʙʽʣʴʰʘ ʧʦʤʠʣʢʘ, ʪʠʤ ʩʠʣʴʥʽʰʝ 

ʟʨʦʩʪʘʻ ʩʠʛʥʘʣ. 

ʋ ʚʠʧʘʜʢʫ ʜʨʦʥʫ ʧʨʦʧʦʨʮʽʡʥʫ ʩʢʣʘʜʦʚʫ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʷʢ ʧʘʨʘʤʝʪʨ ʯʫʪʣʠʚʦʩʪʽ. 

ɺʠʩʦʢʝ ʧʦʩʠʣʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘʜʘʻ ʤʠʪʪʻʚʠʡ ʚʽʜʛʫʢ, ʩʪʚʦʨʶʶʯʠ ʚʽʜʯʫʪʪʷ, 
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ʥʽʙʠ ʷʢʽʩʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʛʥʘʣʫ. ʆʜʥʘʢ ʷʢʱʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʩʢʣʘʜʦʚʘ ʟʘʥʘʜʪʦ ʚʠʩʦʢʘ, ʜʨʦʥ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʥʘʜʤʽʨʥʦʾ ʢʦʨʝʢʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʽʟʢʠʭ ʚʽʜʭʠʣʝʥʴ ʧʽʜ ʯʘʩ ʩʘʣʴʪʦ ʪʘ ʧʝʨʝʢʠʜʽʚ. ʅʘʜʤʽʨʥʦ ʚʠʩʦʢʝ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʤʦʞʝ ʥʘʚʽʪʴ ʚʠʢʣʠʢʘʪʠ ʢʦʣʠʚʘʥʥʷ. ɯ ʥʘʚʧʘʢʠ, ʢʦʣʠ ʧʨʦʧʦʨʮʽʡʥʘ ʯʘʩʪʢʘ ʟʘʥʘʜʪʦ 

ʥʠʟʴʢʘ, ʜʨʦʥ ʤʘʪʠʤʝ ʧʦʚʽʣʴʥʫ ʨʝʘʢʮʽʶ ʥʘ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʪʘ ʤʘʪʠʤʝ ʙʽʣʴʰʫ ʧʦʭʠʙʢʫ 

ʚʽʜʭʠʣʝʥʥʷ. 

D (ʜʠʬʝʨʝʥʮʽʡʥʘ) ʧʝʨʝʜʙʘʯʘʻ ʤʘʡʙʫʪʥʶ ʧʦʤʠʣʢʫ. ɺʦʥʘ ʚʨʘʭʦʚʫʻ, ʷʢ ʰʚʠʜʢʦ ʦʙôʻʢʪ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʽ ʥʝʡʪʨʘʣʽʟʫʻ ʧʨʦʧʦʨʮʽʡʥʫ ʩʢʣʘʜʦʚʫ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʧʝʨʝʚʠʱʝʥʥʷ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʮʽʣʽ. ʂʦʣʠ ʜʠʬʝʨʝʥʮʽʡʥʝ ʧʽʜʩʠʣʝʥʥʷ ʟʘʥʘʜʪʦ ʥʠʟʴʢʝ, ʜʨʦʥ 

ʜʝʤʦʥʩʪʨʫʚʘʪʠʤʝ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʫʩʪʘʚʢʠ ʧʽʩʣʷ ʩʘʣʴʪʦ ʪʘ ʢʨʝʥʽʚ ʽ ʚʽʜʯʫʚʘʪʠʤʝ 

ʩʠʣʴʥʽʰʽ ʢʦʣʠʚʘʥʥʷ ʧʽʜ ʯʘʩ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʧʫʩʢʽʚ. 

ɿʙʽʣʴʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʦʞʝ ʧʦʤôʷʢʰʠʪʠ ʮʽ ʧʨʦʙʣʝʤʠ; ʦʜʥʘʢ ʥʘʜʤʽʨʥʝ 

ʧʽʜʩʠʣʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʯʘʩʪʢʠ ʤʦʞʝ ʧʦʩʠʣʠʪʠ ʚʽʙʨʘʮʽʶ ʪʘ ʰʫʤ ʫ ʜʨʦʥʽ, ʩʧʨʠʯʠʥʷʶʯʠ 

ʨʽʟʢʽ ʢʦʣʠʚʘʥʥʷ ʪʘ ʧʝʨʝʛʨʽʚ ʜʚʠʛʫʥʘ.  

I (ʽʥʪʝʛʨʘʣʴʥʘ) ʥʘʢʦʧʠʯʫʻ ʤʠʥʫʣʽ ʧʦʤʠʣʢʠ. ɺʦʥʘ ʚʨʘʭʦʚʫʻ ʟʦʚʥʽʰʥʽ ʩʠʣʠ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʟ ʯʘʩʦʤ, ʥʘʧʨʠʢʣʘʜ ʜʨʦʥ, ʱʦ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʝʨʝʟ ʚʽʪʝʨ ʘʙʦ 

ʥʝʮʝʥʪʨʦʚʘʥʫ ʚʘʛʫ, ʟʤʽʥʶʻ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ, ʱʦʙ ʧʨʦʪʠʜʽʷʪʠ ʮʴʦʤʫ. ʋ ʚʠʧʘʜʢʫ 

ʟ FPV-ʜʨʦʥʦʤ, ʽʥʪʝʛʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ  ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʪʘʪʠʯʥʫ ʧʦʭʠʙʢʫ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʪʝ, 

ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʜʨʦʥ ʪʨʠʤʘʻ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʢʨʘʱʫʻ 

ʚʽʜʩʪʝʞʝʥʥʷ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʽʜ ʯʘʩ ʨʽʟʢʠʭ ʧʦʚʦʨʦʪʽʚ, ʘʣʝ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻ ʞʦʨʩʪʢʽʩʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʜʨʦʥʦʤ. 

ʇʦʜʽʙʥʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʥʘʜʤʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʚʽʜʩʢʦʢʠ ʪʘ ʢʦʣʠʚʘʥʥʷ, ʭʦʯʘ ʡ ʽʟ ʧʦʤʽʪʥʦ ʥʠʞʯʦʶ ʰʚʠʜʢʽʩʪʶ. 

ʗʢʱʦ ʞ ʽʥʪʝʛʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʟʘʥʘʜʪʦ ʥʠʟʴʢʘ, ʜʨʦʥ ʚʽʜʯʫʚʘʪʠʤʝ ʢʦʣʠʚʘʥʥʷ ʪʘ çʧʨʦʚʘʣʠ 

ʥʦʩʘè ʧʽʜ ʯʘʩ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʅʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʯʘʩʪʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʘʥʦʛʦ ʫʪʨʠʤʘʥʥʷ ʧʽʜ ʢʫʪʦʤ ʧʽʜ ʯʘʩ ʫʤʦʚ ʩʠʣʴʥʦʛʦ ʚʽʪʨʫ, ʯʝʨʝʟ ʱʦ 

ʜʨʦʥ ʚʽʜʯʫʚʘʻ ʩʝʙʝ ʜʨʝʡʬʫʶʯʠʤ ʽ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʧʽʣʦʪʘ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ. 

ʂʦʞʝʥ FPV-ʜʨʦʥ ʤʘʪʠʤʝ ʫʥʽʢʘʣʴʥʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ PID-ʥʘʣʘʰʪʫʚʘʥʴ, ʥʘ ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʟʦʢʨʝʤʘ [2]: 

ï ɿʘʛʘʣʴʥʘ ʚʘʛʘ ʪʘ ʨʦʟʧʦʜʽʣ ʚʘʛʠ; 

ï ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʷʛʠ ʜʦ ʚʘʛʠ; 

ï ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʦʙʝʨʪʽʚ; 

ï ɺʘʛʘ ʪʘ ʢʨʦʢ ʛʚʠʥʪʘ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʘʢʮʽʶ ʜʚʠʛʫʥʘ. 

ɾʦʜʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ PID ʥʝ ʻ ʫʥʽʚʝʨʩʘʣʴʥʦ ʽʜʝʘʣʴʥʠʤ. ʅʘʧʨʠʢʣʘʜ, ʘʚʘʨʽʾ ʤʦʞʫʪʴ 

ʥʝʟʥʘʯʥʦ ʧʦʰʢʦʜʠʪʠ ʛʚʠʥʪʠ, ʨʘʤʠ ʘʙʦ ʜʚʠʛʫʥʠ, ʟʤʽʥʶʶʯʠ ʨʝʟʦʥʘʥʩʥʫ ʯʘʩʪʦʪʫ ʪʘ 

ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ PID. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʤʽʱʝʥʥʷ ʙʘʪʘʨʝʾ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʤʘʩʦʚʠʡ 

ʨʦʟʧʦʜʽʣ. ɺ ʽʜʝʘʣʽ ʮʝ ʪʦʯʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ PID-ʨʝʛʫʣʷʪʦʨʘ, ʱʦʙ ʚʽʜʧʦʚʽʜʘʪʠ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʫ ʤʦʞʣʠʚʠʭ ʩʠʪʫʘʮʽʡ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. FPV Drone PID Explained - Mastering Flight Performance through PID Tuning - Oscar 

Liang. Oscar Liang. URL: https://oscarliang.com/pid/#Understanding-PID-in-FPV-Drones (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 13.03.2024). 

2.  Proceedings of 2022 International Conference on Autonomous Unmanned Systems 

(ICAUS 2022) : ʝʣʝʢʪʨʦʥʥʘ ʢʥʠʛʘ / ed. by W. Fu, Y. Niu, M. Gu. Singapore : Springer Nature 

Singapore, 2023. 3940 p. . 
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ĭ ʅʊʋʋ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʆʇʊʀʄɸʃʔʅʆɰ ɺʆʃʆɻʆʉʊɯ ɼɽʈɽɺʀʅʀ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ 

ɽʌɽʂʊʀʅʆʉʊɯ ʂʆʊʃɸ

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʦʞ ʚʠʤʦʛʠ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʦʙʫʤʦʚʣʶʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʜʞʝʨʝʣ. ɺ ʋʢʨʘʾʥʽ ʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, 

ʧʘʣʠʚʦʤ ʜʣʷ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʙʫʜʴ-ʷʢʽ ʪʚʝʨʜʽ ʚʽʜʭʦʜʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʜʝʨʝʚʦ ʽ ʜʝʨʝʚʥʘ ʪʨʽʩʢʘ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʝʨʝʚʥʦʾ ʪʨʽʩʢʠ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʥʘ ʣʽʩʦʧʠʣʮʽ, ʜʦʟʚʦʣʷʻ 

ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. ʇʨʦʙʣʝʤʘ ʩʧʘʣʶʚʘʥʥʷ ʪʘʢʦʛʦ ʧʘʣʠʚʘ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʝʨʝʚʠʥʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʛʦʨʷʥʥʷ, ʤʘʻ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʚʤʽʩʪ 

ʚʦʣʦʛʠ ʽ ʜʝʨʝʚʥʦʾ ʨʝʯʦʚʠʥʠ.  

ɽʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʜʝʨʝʚʥʽʡ ʪʨʽʩʮʽ, ʧʦʪʨʝʙʫʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ 

ʟʘʧʘʩʽʚ ʧʘʣʠʚʘ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʩʪʘʙʽʣʴʥʦʾ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ 

ʧʦʪʨʝʙ ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʽʛʘʪʠ ʧʘʣʠʚʦ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʩʢʣʘʜʘʭ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʜʝʢʽʣʴʢʘ 

ʛʝʢʪʘʨʽʚ ʧʣʦʱʽ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʟʘʙʝʟʧʝʯʠʪʠ ʩʢʣʘʜʠ ʧʘʣʠʚʘ ʟʘʭʠʩʪʦʤ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʦʧʘʜʽʚ 

ʤʘʡʞʝ ʥʝ ʤʦʞʣʠʚʦ, ʪʦʤʫ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʮʝ ʧʘʣʠʚʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʦʩʪʦ ʥʝʙʘ. ʇʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʚʦʣʦʛʠ ʚ ʪʘʢʦʤʫ ʧʘʣʠʚʽ ʩʢʣʘʜʘʻ 39.43%, ʘ ʾʾ ʟʤʽʥʘ 

ʚʧʣʠʚʘʻ ʥʘ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ [1]. ʇʨʠ ʚʤʽʩʪʽ ʚʦʣʦʛʠ 39.77% 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʪʣʘ 92.18%, ʘ ʧʨʠ ʚʤʽʩʪʽ ʚʦʣʦʛʠ 43.77% ʚʦʥʘ ʚʞʝ ʩʪʘʥʦʚʠʪʴ 91.22% [1]. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ [2] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʠʤʦʚʠʭ ʛʘʟʽʚ 120  ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʝʨʝʚʠʥʠ ʽʟ ʚʤʽʩʪʦʤ ʚʦʣʦʛʠ 10% ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʪʣʘ ʩʪʘʥʦʚʠʪʴ 91.1%, ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʝʨʝʚʠʥʠ ʽʟ ʚʤʽʩʪʦʤ ʚʦʣʦʛʠ 60% ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʪʣʘ ʩʪʘʥʦʚʠʪʴ 86.9%. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ 200  ʽ ʪʘʢʠʤ ʩʘʤʠʤ ʚʤʽʩʪʦʤ ʚʦʣʦʛʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 84.33% ʽ 76.83% 

ʚʽʜʧʦʚʽʜʥʦ. ʅʘ ʥʘʚʝʜʝʥʦʤʫ ʛʨʘʬʽʢʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʷʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʽ 

ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʚʦʣʦʛʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ɺʧʣʠʚ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ʜʝʨʝʚʠʥʽ ʥʘ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʽ ʪʝʧʣʦʪʚʦʨʥʫ ʟʜʘʪʥʽʩʪʴ [1]. 

ʇʦʤʘʨʘʥʯʝʚʘ ʣʽʥʽʷ ï ʪʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ ʧʘʣʠʚʘ(ʄɼʞ/ʢʛ), ʩʠʥʷ ʣʽʥʽʷ ï ʚʤʽʩʪ ʚʦʣʦʛʠ(%), 

ʩʽʨʘ ʣʽʥʽʷ ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ(ʤį/ʛʦʜ) 
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ɹʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʧʨʦʙʣʝʤʘʪʠʢʘ ʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟ ʚʦʣʦʛʽʩʪʶ ʨʝʯʦʚʠʥʠ, 

ʦʩʢʽʣʴʢʠ ʚ ʨʘʤʢʘʭ ʦʙᾷʻʢʪʫ ʥʝ ʤʦʞʥʘ ʚʧʣʠʥʫʪʠ ʥʘ ʧʦʩʪʘʯʘʥʥʷ ʜʝʨʝʚʠʥʠ. 

ʄʦʞʣʠʚʠʤ ʤʝʪʦʜʦʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʷʚʣʷʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʙʫʥʢʝʨʫ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ. ɿʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʘʱʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʪʣʘ, ʪʚʝʨʜʝ ʧʘʣʠʚʦ 

ʙʫʜʝ ʚʠʚʘʥʪʘʞʝʥʦ ʚ ʙʫʥʢʝʨ, ʚ ʷʢʦʤʫ ʨʝʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʨʦʩʫʰʢʠ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ, ʘ 

ʪʘʢʦʞ ʩʠʩʪʝʤʘ ʧʦʩʪʘʯʘʥʥʷ ʧʘʣʠʚʘ ʚ ʢʦʪʝʣ. ɺʠʤʽʨ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʫʥʢʝʨʽ ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʦ 

ʯʝʨʝʟ ʛʨʫʧʫ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʘʥʽ ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʚʩʴʦʤʫ ʙʫʥʢʝʨʫ. ʎʝʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʥʝʢʦʨʝʢʪʥʦʾ ʨʝʛʫʣʷʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʯʝʨʝʟ ʪʝ, ʱʦ ʟʘʤʽʨ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʦʚʝʜʝʥʠʡ ʚ ʦʜʥʽʡ ʪʦʯʮʽ ʥʝ ʚʽʜʦʙʨʘʞʘʻ ʜʽʡʩʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʚʩʴʦʤʫ 

ʙʫʥʢʝʨʫ. ʇʽʜʪʨʠʤʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʙʫʥʢʝʨʽ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʟʘʚʜʷʢʠ ʩʠʩʪʝʤʽ ʨʝʢʫʧʝʨʘʮʽʾ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʢʦʪʣʘ. ʎʽ ʛʘʟʠ ʙʫʜʫʪʴ ʩʣʫʞʠʪʠ ʪʝʧʣʦʥʦʩʽʻʤ 

ʜʣʷ ʩʠʩʪʝʤʠ ʥʘʛʨʽʚʫ ʧʦʚʽʪʨʷ. ɹʫʥʢʝʨ ʪʘʢʦʞ ʙʫʜʝ ʤʽʩʪʠʪʠ ʚ ʩʦʙʽ ʩʠʩʪʝʤʫ ʢʦʥʚʝʻʨʽʚ, ʟʘʚʜʷʢʠ 

ʷʢʠʤ ʚʞʝ ʧʨʦʩʫʰʝʥʝ ʧʘʣʠʚʦ ʙʫʜʝ ʧʦʪʨʘʧʣʷʪʠ ʥʘ ʧʨʦʤʠʩʣʦʚʠʡ ʦʙᾷʻʢʪ, ʜʝ ʽ ʙʫʜʝ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʟʛʦʨʘʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ: ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʚ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʪʣʘ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʜʝʨʝʚʠʥʘ 

ʙʫʜʝ ʚʠʱʦʾ ʷʢʦʩʪʽ. ɼʣʷ ʛʝʥʝʨʘʮʽʾ ʦʜʥʦʾ ʡ ʪʦʾ ʞ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ ʙʫʜʝ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʜʝʨʝʚʠʥʠ, ʱʦ ʟʤʝʥʰʠʪʴ ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʧʘʣʠʚʘ 

ʥʘ ʜʦʙʫ. ɿ ʥʝʜʦʣʽʢʽʚ ʮʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʱʝ ʦʜʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʧʨʦʩʫʰʢʘ ʜʝʨʝʚʠʥʠ ʙʫʣʘ ʝʬʝʢʪʠʚʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʚʝʣʠʢʠʭ ʟʘʪʨʘʪ. 

ɿ ʥʘʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʱʦ ʧʨʦʙʣʝʤʘ ʥʘʷʚʥʘ, ʽ ʧʨʦʮʝʩ ʟʛʦʨʷʥʥʷ 

ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʧʦʪʨʽʙʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ. ʅʘ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʘʭ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʱʦ 

ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʛʠ ʚ ʜʝʨʝʚʠʥʽ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʪʣʘ. ʆʩʢʽʣʴʢʠ ʙʝʟ 

ʮʽʻʾ ʩʠʩʪʝʤʠ ʜʝʨʝʚʥʘ ʪʨʽʩʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʦʩʪʦ ʥʝʙʘ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʚʦʣʦʛʠ, ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʚ ʜʝʨʝʚʠʥʽ ʥʝ ʻ ʩʪʘʙʽʣʴʥʦʶ, ʽ ʪʦʤʫ ʚʦʥʘ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʴ ʚʽʜ 

ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ(~10-15%), ʜʦ ʜʫʞʝ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ (ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʧʦʛʦʜʥʽ ʫʤʦʚʠ), ʱʦ 

ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʠʣʴʥʦ ʟʥʠʞʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʪʣʘ ʽ ʟʙʽʣʴʰʫʻ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʘʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʦʜʥʘʢʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʍʦʯ ʨʝʘʣʽʟʘʮʽʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʥʘ ʦʙᾷʻʢʪʽ ʤʘʻ ʽ ʥʝʜʦʣʽʢʠ 

(ʥʘʡʦʯʝʚʠʜʥʽʰʠʡ ʟ ʥʠʭ ʮʝ ʚʘʨʪʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ), ʘʣʝ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʮʝ ʧʦʢʨʘʱʝʥʥʷ ʙʫʜʝ 

ʚʠʛʽʜʥʠʤ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Boġnjakoviĺ M., Soldan C. INFLUENCE OF MOISTURE CONTENT IN WOOD 

CHIPS ON THE BOILER OPERATION. Poģega, Slovakia, 24ï26 ʚʝʨʝʩ. 2020 ʨ. c. 91ï101. 

URL: 

https://www.researchgate.net/publication/344378547_INFLUENCE_OF_MOISTURE_CONTE

NT_IN_WOOD_CHIPS_ON_THE_BOILER_OPERATION (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 07.03.2024). 

2. Dzurenda, L. and Banski, A., 2017. Influence of moisture content of combusted wood 

on the thermal efficiency of a boiler 2017, Zvolen, Slovakia, c. 63-74. (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

07.03.2024). 

 



 47 

ʋɼʂ 681.5 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʐʝʚʯʝʥʢʦ ʄ.ɻ. 

ĭ ʉʪ.ʚʠʢʣ. ʇʦʣʽʱʫʢ ɯ.ɸ. 

  https://scholar.google.com/citations?hl=uk&authuser=2&user=2CLzdFgAAAAJ 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʈɽɻʋʃʖɺɸʅʅʗ ʊɽʄʇɽʈɸʊʋʈʀ ʋ ʇʈʀʄɯʑɽʅʅɯ ɿ 

ʂʆʅɺɽʂʊʀɺʅʀʄʀ ʉʀʉʊɽʄɸʄʀ ʅɸɻʈɯɺʋ ɯ ʆʍʆʃʆɼɾɽʅʅʗ

ɺ ʩʫʯʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʽʥʪʝʛʨʘʮʽʷ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʦʙʽʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʩʪʘʻ ʚʩʝ 

ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ. ʇʦʻʜʥʘʥʥʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʙʘʯʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʚʦʭ ʦʢʨʝʤʠʭ ʩʠʩʪʝʤ ʦʙʽʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚ 

ʦʜʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʦʢʨʝʤʦ, ʪʘʢ ʽ ʨʘʟʦʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʤʬʦʨʪʫ. ʉʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʧʦʙʫʜʦʚʘʥʽ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʛʨʝʛʘʪʽʚ ʟ ʧʨʠʤʫʩʦʚʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʧʦʚʽʪʨʷ, ʪʘʢʠʭ ʷʢ ʢʦʥʜʠʮʽʦʥʝʨʽʚ, 

ʬʘʥʢʦʡʣʽʚ ʪʘ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʅʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ 

ʜʦʜʘʪʢʦʚʠʡ ʰʫʤ ʪʘ ʧʨʦʪʷʛʠ, ʷʢʽ ʥʝ ʢʦʤʬʦʨʪʥʽ ʜʣʷ ʣʶʜʠʥʠ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʧʨʠʤʽʱʝʥʥʷ 

ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʧʨʦʙʣʝʤ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ 

ʩʠʩʪʝʤʠ ʟ ʢʦʥʚʝʢʪʠʚʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ [1]. 

ʉʠʩʪʝʤʠ ʟ ʢʦʥʚʝʢʪʠʚʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ ʦʢʨʽʤ ʧʨʠʥʮʠʧʦʚʦʾ ʧʝʨʝʚʘʛʠ ʥʘʜ ʩʠʩʪʝʤʘʤʠ 

ʟ ʧʨʠʤʫʩʦʚʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʧʦʚʽʪʨʷ ʤʘʶʪʴ ʪʘʢʦʞ ʧʝʨʝʚʘʛʫ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʦʧʘʣʝʥʥʷ ʚʟʠʤʢʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʚʣʽʪʢʫ. ɼʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʭʦʣʦʜʥʽ ʩʪʝʣʽ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰ ʪʝʧʣʝ ʧʦʚʽʪʨʷ 

ʧʽʜʥʽʤʘʻʪʴʩʷ ʚ ʛʦʨʫ ʽ ʥʘʚʧʘʢʠ, ʥʘʛʨʽʚ ʧʦʚʽʪʨʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʾ ʧʽʜʣʦʛʠ ʯʠ 

ʪʝʧʣʠʭ ʩʪʽʥ (ʈʠʩ. 1). ʊʘʢʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʧʣʘ ʪʘ 

ʭʦʣʦʜʫ ʧʦ ʚʩʴʦʤʫ ʧʨʠʤʽʱʝʥʥʶ, ʫʥʠʢʥʝʥʥʷ ʛʘʨʷʯʠʭ ʯʠ ʭʦʣʦʜʥʠʭ ʟʦʥ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʤʬʦʨʪʥʝ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʘ ʩʠʩʪʝʤʘ ʻ 

ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʪʘ ʥʝ ʦʙʤʝʞʫʻ ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʜʠʟʘʡʥ ʧʨʠʤʽʱʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʦʧʘʣʶʚʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʧʽʜʣʦʛʦʶ ʪʘ ʫ ʩʪʝʣʷʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʝʩʪʝʪʠʯʥʠʡ ʚʠʛʣʷʜ 

ʧʨʠʤʽʱʝʥʥʷ [2]. ʅʘʡʙʽʣʴʰʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʾʭ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, ʷʢʘ ʧʦʚôʷʟʘʥʘ  ʽʟ 

ʧʦʪʨʝʙʦʶ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʧʨʦʬʝʩʽʡʥʦʤʫ ʤʦʥʪʘʞʽ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʭʦʣʦʜʥʽ ʩʪʝʣʽ ʥʝ ʨʘʮʽʦʥʘʣʴʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚ ʤʘʣʠʭ ʧʨʠʤʽʱʝʥʥʷ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ 

ʜʽʘʧʘʟʦʥ ʧʣʦʱʽ ʧʨʠʤʽʱʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 70 ʤ2 ʜʦ 300 ʤ2, ʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʪʝʧʣʦʾ 

ʧʽʜʣʦʛʠ - ʚʽʜ 20 ʤ2 ʜʦ 100 ʤ2 [1]. ʊʘʢʦʞ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʢʦʥʬʣʽʢʪʠ ʤʽʞ ʧʽʜʩʠʩʪʝʤʘʤʠ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʥʘʛʨʽʚʫ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʽʜʪʨʠʤʢʘ ʢʣʽʤʘʪʫ ʫ ʧʨʠʤʽʱʝʥʥʽ ʟ ʪʝʧʣʦʶ ʧʽʜʣʦʛʦʶ ʪʘ ʭʦʣʦʜʥʠʤʠ ʩʪʝʣʷʤʠ 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʭʦʣʦʜʥʠʭ ʩʪʝʣʴ ʪʘ 

ʪʝʧʣʦʾ ʧʽʜʣʦʛʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʾʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʱʦʙ 

ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʾʭ ʨʦʙʦʪʠ.  

ʈʦʙʦʪʘ ʙʫʜʴ ʷʢʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʝʨʰ ʟʘ ʚʩʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʪʘ ʤʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʘ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʧʠʪʘʥʥʷ ʤʽʩʮʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʧʝʨʝʙʫʚʘʥʥʷ ʫ 

ʧʨʠʤʽʱʝʥʥʽ ʜʣʷ ʣʶʜʠʥʠ. ʇʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʘʙʦ ʯʘʩʪʠʥʠ ʧʨʠʤʽʱʝʥʥʷ, 

ʚ ʷʢʽʡ ʢʦʨʠʩʪʫʚʘʯʽ ʧʨʦʚʦʜʷʪʴ ʥʘʡʙʽʣʴʰʝ ʯʘʩʫ ʘʙʦ ʻ ʙʽʣʴʰ ʢʨʠʪʠʯʥʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʢʽ 

ʧʨʠʤʽʱʝʥʥʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʦʟʙʠʚʘʪʠ ʥʘ ʦʢʨʝʤʽ ʟʦʥʠ ʟ ʣʦʢʘʣʴʥʠʤ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʽ ʢʦʥʪʫʨʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʫ ʢʦʞʥʽʡ ʽʟ ʮʠʭ ʟʦʥ. ʎʝ ʧʦʚôʷʟʘʥʦ ʽʟ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʟʦʚʥʽʰʥʽʭ 

ʟʙʫʨʝʥʴ (ʥʘʷʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ, 

ʪʦʱʦ), ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʧʨʠʤʽʱʝʥʥʷ. 

ʆʙʨʘʚʰʠ ʟʦʥʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʠʨʽʰʠʪʠ 

ʧʠʪʘʥʥʷ ʚʠʩʦʪʠ ʘʙʦ ʨʽʚʥʷ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ. ʎʝʡ ʚʠʙʽʨ ʤʘʻ ʙʽʣʴʰ ʩʝʨʡʦʟʥʽ ʢʨʠʪʝʨʽʾ ʟʽ ʩʚʦʾʤʠ 

ʧʝʨʝʚʘʛʘʤʠ ʪʘ ʥʝʜʦʣʽʢʘʤʠ. ʆʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʫ 

ʧʽʜʣʦʛʫ ʽ ʩʪʝʣʶ. ɼʦ ʧʝʨʝʚʘʛ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʣʦʛʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʜʦ ʥʝʜʦʣʽʢʽʚ ï ʥʝ ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ 

ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʦʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʥʝ ʻ 

ʧʘʨʘʤʝʪʨʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʙʫʨʝʥʴ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ 

ʥʘ ʨʽʟʥʠʤ ʨʽʚʥʷʭ ʚʠʩʦʪʠ ʧʨʠʤʽʱʝʥʥʷ. ɯʥʰʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ  ʜʘʪʯʠʢʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʥʘ ʨʽʚʥʽ ʚʠʩʦʪʠ ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʽ. ʇʝʨʝʚʘʛʦʶ 

ʻ ʪʝ ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ ʜʘʪʯʠʢʽʚ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘʤ ʜʝ ʮʝ 

ʧʦʪʨʽʙʥʦ. ɸʣʝ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʟʙʽʣʴʰʝʥʽ ʚʠʪʨʘʪʠ ʪʘ ʤʦʞʣʠʚʝ ʫʩʢʣʘʜʥʝʥʥʷ 

ʩʠʩʪʝʤʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʩʠʩʪʝʤ ʭʦʣʦʜʥʠʭ ʩʪʝʣʴ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʞʘʨʢʦʤʫ ʪʘ 

ʚʦʣʦʛʦʤʫ ʢʣʽʤʘʪʽ, ʥʘʡʙʽʣʴʰʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʢʦʥʪʨʦʣʴ ʚʦʣʦʛʦʩʪʽ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʢʦʥʜʝʥʩʘʮʽʾ 

ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʝʣʴ ʧʦʚôʷʟʘʥʦʶ ʟ ʢʦʥʪʘʢʪʦʤ ʟ ʪʝʧʣʠʤ ʽ ʚʦʣʦʛʠʤ ʧʦʚʽʪʨʷʤ. ʑʦʙ ʫʥʠʢʥʫʪʠ 

ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ ʥʘ ʩʪʝʣʽ ʥʝʦʙʭʽʜʥʦ ʱʦʙ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʠʪʨʘʪʘ ʚʦʜʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʙʫʣʠ 

ʦʙʤʝʞʝʥʽ [2]. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʘʥʘʣʽʟʫʶʪʴ 

ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʟʦʚʥʽʰʥʴʦʾ ʚʦʣʦʛʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʦʙʽʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʢʦʤʬʦʨʪʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ, ʘ ʪʘʢʦʞ ʥʝ ʦʙʤʝʞʫʻ 

ʘʨʭʽʪʝʢʪʫʨʥʠʡ ʜʠʟʘʡʥ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʝʥʝʨʛʽʶ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʧʣʘ ʪʘ ʭʦʣʦʜʫ. ʇʨʦʪʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʩʦʢʠʭ ʚʠʪʨʘʪ ʥʘ ʦʙʣʘʜʥʘʥʥʷ, ʤʦʥʪʘʞ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʨʦʟʨʦʙʢʫ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʟʦʚʥʽʰʥʽ ʟʙʫʨʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʽ ʟʤʝʥʰʫʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʫʤʦʚʘʭ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Hui, S. C. M., Leung, J. Y. C. Thermal comfort and energy performance of chilled 

ceiling systems. In Proceedings of the Fujian-Hong Kong Joint Symposium 2012, 29-30 June 

2012. Fuzhou, China. pp.36-48. URL: 

https://hub.hku.hk/bitstream/10722/166902/1/Content.pdf?accept=1 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

28.02.2024). 

2. Yixuan Wang, Yanzhi Wang, Zheng O'Neill, Qi Zhu. One for Many: Transfer Learning 

for Building HVAC Control. BuildSys '20: Proceedings of the 7th ACM International Conference 

on Systems for Energy-Efficient Buildings, Cities, and Transportation. November 2020. pp. 230ï

239. 

 



 49 

ʋɼʂ 004.94 

ĭ ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ ɿʽʥʯʝʥʢʦ ɼ.ɼ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʅʦʚʽʢʦʚ ʇ.ɺ. 

  https://scholar.google.com.ua/citations?hl=en&user=58PUgu8AAAAJ 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʉʊɺʆʈɽʅʅʗ ʄʆɼɽʃɯ ʊɽʄʇɽʈɸʊʋʈʀ ɺʀʍɯɼʅʆɻʆ ʊɽʇʃʆʅʆʉɯʗ 

ʂʆʅɼɽʅʉɸʎɯʁʅʆɻʆ ʂʆʊʃɸ ɿɸ ɼʆʇʆʄʆɻʆʖ ʄɽʊʆɼɯɺ ʄɸʐʀʅʅʆɻʆ 

ʅɸɺʏɸʅʅʗ 

ʉʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʦʙôʻʢʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʠʯʥʠʭ ʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʯʘʩʪʦ ʻ ʧʨʦʙʣʝʤʦʶ. ʇʦ-ʧʝʨʰʝ, ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʨʦʟʛʽʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙôʻʢʪʫ, ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʧʦʪʨʽʙʥʦ ʙʘʛʘʪʦ ʧʨʠ ʧʨʠʩʫʪʥʦʩʪʽ ʥʝʣʽʥʽʡʥʦʩʪʽ ʚ ʦʙôʻʢʪʽ. ɸ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪ ʤʘʻ ʙʫʪʠ ʚʠʚʝʜʝʥʠʡ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʪʨʠʚʘʣʠʡ ʯʘʩ. 

ʇʦ-ʜʨʫʛʝ, ʨʫʯʥʝ ʦʙʨʦʙʣʝʥʥʷ ʪʘʢʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʪʘ 

ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ. 

ɸʙʠ ʦʤʠʥʫʪʠ ʮʽ ʪʨʫʜʥʦʱʽ, ʤʦʜʝʣʴ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʨʦʙʦʪʠ ʢʦʪʣʘ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ 

ʨʘʤʢʘʭ ʨʦʙʽʪ ʟʘ ʪʝʤʦʶ çʈʦʟʨʦʙʣʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʝʣʴ ʥʘ ʙʘʟʽ ʢʦʥʜʝʥʩʘʮʽʡʥʦʾ ʤʦʜʫʣʴʥʦʾ ʢʦʪʝʣʴʥʽè, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0123U104476 (2023-2024). 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʙʫʣʠ ʟʽʙʨʘʥʽ ʜʘʥʽ ʨʦʙʦʪʠ ʢʦʪʣʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ 30 ʜʥʽʚ. ʎʽ 

ʜʘʥʽ ʚʢʣʶʯʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʾʚ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʠʭʽʜʥʠʭ ʛʘʟʽʚ ʽ ʚʠʪʨʘʪʫ ʛʘʟʫ ʟ ʢʨʦʢʦʤ ʚ 1 ʩ. ɺʽʟʴʤʝʤʦ 1/6 ʯʘʩʪʠʥʫ ʜʘʥʠʭ, ʟʘ 5 ʦʩʪʘʥʥʽʭ ʜʥʽʚ, 

ʷʢ ʚʘʣʽʜʘʮʽʡʥʫ ʚʠʙʽʨʢʫ. 

ɿʘʣʝʞʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚʠʟʥʘʯʝʥʦ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʽʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʟʘ 1 ʢʨʦʢ 

ЎὝ̃̉ȟ̖ Ὕ̃̉ȟ̖ Ὕ̃̉ȟ̖. ʋ ʨʦʣʽ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʘʥʦ ʷʢ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨ ʚʠʭʽʜʥʦʛʦ Ὕ̃̉ȟ̖ ʪʘ ʚʭʽʜʥʦʛʦ Ὕ̃ ȟ̖ ʪʝʧʣʦʥʦʩʽʾʚ, ʜʠʤʦʚʠʭ ʛʘʟʽʚ Ὕ̄́ȟ̈ ʽ ʚʠʪʨʘʪʠ ʛʘʟʫ 

ὗ, ʪʘʢ ʽ ʾʭ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦ ʤʠʥʫʣʦʛʦ ʢʨʦʢʫ: ЎὝ̃̉ȟ̖, ЎὝ̃ ȟ̖, ЎὝ̄́ȟ̈, Ўὗ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʦʞ, 

ʜʦʜʘʥʦ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʛʘʟʫ ʥʘ ʥʘʩʪʫʧʥʠʡ ʢʨʦʢ ὗ  ʪʘ ʾʾ ʟʤʽʥʫ Ўὗ  ̫ ʢ ʩʠʛʥʘʣ 

ʢʝʨʫʚʘʥʥʷ. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʢʽʥʮʝʚʦʾ ʤʦʜʝʣʽ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʘ ʩʢʽʣʴʢʠ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʤʘʶʪʴ 

ʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʟʤʽʥʥʦʾ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʘʥʦ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ [2], ʷʢʠʡ ʚʠʤʽʨʶʻ ʣʽʥʽʡʥʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʜʚʦʤʘ ʟʤʽʥʥʠʤʠ. ɺʽʥ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (1). 

ὶ
В ὼ ὼӶώ ώ

В ὼ ὼӶ В ώ ώ
ρ 

ɼʝ  ὲ ï ʨʦʟʤʽʨ ʚʠʙʽʨʢʠ 

ὼȟώ ï ʦʢʨʝʤʽ ʪʦʯʢʠ ʚʠʙʽʨʦʢ   

ὼӶȟώ ï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʠʙʽʨʦʢ 

ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʙʫʣʦ ʦʙʯʠʩʣʝʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʭʽʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ: 

ʊʘʙʣʠʮʷ 1 ï ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ 

ʚʽʜʥʦʰʝʥʥʽ ʜʦ ʚʠʭʽʜʥʦʛʦ  

ʇʘʨʘʤʝʪʨ Ὕ̃̉ȟ̖ ЎὝ̃̉ȟ̖ Ὕ̃ ȟ̖ ЎὝ̃ ȟ̖ Ὕ̄́ȟ̈ ЎὝ̄́ȟ̈ ὗ Ўὗ ὗ  Ўὗ  

ʂʦʝʬʽʮʽʻʥʪ 

ʇʽʨʩʦʥʘ ὶ 
-0.0023 0.81 -0.0043 0.042 0.0016 0.68 0.0081 0.37 0.0085 0.072 
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ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʽʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. ʋ ʣʽʥʽʡʥʽʡ 

ʨʝʛʨʝʩʽʾ ʟʘʣʝʞʥʘ ʟʤʽʥʥʘ ʻ ʣʽʥʽʡʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ [2]: 

ώ ‌ ‍Ͻὼ ς 

 

ɼʝ  ώ ï ʟʘʣʝʞʥʠʡ ʧʘʨʘʤʝʪʨ 

‌ ï ʮʝʥʪʨʫʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ὼ ï ʚʽʣʴʥʽ ʧʘʨʘʤʝʪʨʠ  

‍ ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ 

ʢʦʝʬʽʮʽʻʥʪʠ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʟ ʨʽʟʥʠʤʠ 

ʢʽʣʴʢʦʩʪʷʤʠ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʚʽʜ 1 ʜʦ 10 ʦʙʠʨʘʶʯʠ ʧʘʨʘʤʝʪʨʠ ʟ ʥʘʡʙʽʣʴʰʠʤʠ 

ʘʙʩʦʣʶʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʟʘ ʪʘʙʣ.1. ɹʫʣʦ ʦʮʽʥʝʥʦ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʢʦʞʥʦʤʫ ʟ ʥʘʙʦʨʽʚ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʝʨʝʜʥʴʦʾ ʘʙʩʦʣʶʪʥʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʦʢ. 

 

  
ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʨʠʩ. 1, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʥʷ 

ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʤʦʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 4-ʾ ʟʤʽʥʥʦʾ, ʘ ʩʝʨʝʜʥʷ 

ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʤʦʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 5-ʾ ʟʤʽʥʥʦʾ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʯʠʥʘʻ 

ʟʙʽʣʴʰʫʚʘʪʠʩʴ. ʎʝ ʩʪʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʚʪʨʘʪ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ ï 

ʢʚʘʜʨʘʪʠʯʥʘ. ʆʪʞʝ, ʦʙʠʨʘʻʤʦ ʟ 10 ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 5 ʟ ʥʘʡʙʽʣʴʰʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʢʦʨʝʣʷʮʽʾ: ЎὝ̖̃̉ȟ, ЎὝ̄́ȟ̈, Ўὗ, Ўὗ , ЎὝ̃ ȟ̖. 
ʆʢʨʽʤ ʟʥʘʯʝʥʴ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʦʪʦʯʥʦʤʫ ʢʨʦʮʽ, ʪʘʢʦʞ ʚʘʞʣʠʚʠʤʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʾʭ ʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʤʽʥʠ, ʥʘ ʤʠʥʫʣʠʭ ʢʨʦʢʘʭ. ʗʢʱʦ ʚʟʷʪʠ ʾʭ ʜʦ ʫʚʘʛʠ, ʦʪʨʠʤʫʻʤʦ 

ʟʘʣʝʞʥʽʩʪʴ (3). 

 

ЎὝ̃̉ȟ̖ ‌ ‍ϽЎὗ ȟϽὼ‏ ȟȟ ȟ σ 

ὼ  ЎὝ̃̉ ȟ̖ЎὝ̃ ȟ̖ЎὝ̄́ ̈ 
 

ɼʝ  ὴ ï ʢʽʣʴʢʽʩʪʴ ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʽʚ 

 ȟ ï ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ‏ ,‍
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʽʚ ὴ, ʨʦʟʨʘʭʦʚʘʥʦ ʢʦʝʬʽʮʽʻʥʪʠ 
ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ὴ ʚʽʜ 0 ʜʦ 9. 
ʆʮʽʥʠʤʦ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʢʦʞʥʦʤʫ ʟ ʟʥʘʯʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʝʜʥʴʦʾ 

ʘʙʩʦʣʶʪʥʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʦʢ. 

 

  
ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ 

ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʽʚ ὴ 
 

ʗʢ ʙʘʯʠʤʦ ʥʘ ʨʠʩ. 2, ʧʽʩʣʷ ὴ ρ ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʩʠʣʴʥʦ ʧʦʛʽʨʰʫʻʪʴʩʷ 
ʯʝʨʝʟ ʢʚʘʜʨʘʪʠʯʥʫ ʬʫʥʢʮʽʶ ʚʪʨʘʪ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʣʷ ʪʦʛʦ ʘʙʠ ʟʘʧʦʙʽʛʪʠ ʮʴʦʤʫ 

ʟʘʩʪʦʩʦʚʘʥʦ Ridge-ʨʝʛʨʝʩʽʶ. ɺʦʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʣʽʥʽʡʥʦʾ ʥʘʷʚʥʽʩʪʶ l2-ʨʝʛʫʣʷʨʠʟʘʮʽʾ 

(ʦʙʝʨʥʝʥʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ) ʫ ʬʫʥʢʮʽʾ ʚʪʨʘʪ.  

 

  
ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ 

Ridge-ʨʝʛʨʝʩʽʾ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʽʚ ὴ 
 

ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʨʝʛʫʣʷʨʠʟʘʮʽʾ, ʧʨʦʙʣʝʤʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʘʙʩʦʣʶʪʥʦʾ 

ʧʦʭʠʙʢʠ ʟʥʠʢʣʘ. ʗʢ ʙʘʯʠʤʦ, ʧʽʩʣʷ ὴ χ ʪʦʯʥʽʩʪʴ ʤʘʡʞʝ ʧʝʨʝʩʪʘʻ ʧʦʢʨʘʱʫʚʘʪʠʩʴ. ʎʝ ʯʠʩʣʦ 

ʙʫʣʦ ʦʙʨʘʥʝ ʷʢ ʦʧʪʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʧʝʨʝʜʥʽʭ ʢʨʦʢʽʚ. ʉʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʮʴʦʤʫ ʜʦʨʽʚʥʶʻ 24. ʉʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʚʘʣʽʜʘʮʽʡʥʽʡ 

ʚʠʙʽʨʮʽ ʜʦʨʽʚʥʶʻ 5.9932e-5 ÁC; ʩʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʜʦʨʽʚʥʶʻ 2.0272e-5 ÁC2. ɼʘʥʘ 

ʪʦʯʥʽʩʪʴ ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʠ ʜʦ ʤʦʜʝʣʽ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. J. Fox, Applied Regression Analysis and Generalized Linear Models, vol. 3rd Edition. 

Sage Publication, Inc, 2016. 

2. Gruber, M.H.J. Improving E ciency by Shrinkage: The JamesðStein and Ridge 

Regression Estimators; Routledge:Marcel Dekker, NY USA, 1998 
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ʋɼʂ 004.75 

ĭ ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ ʂʫʯʠʥʩʴʢʘ ʂ.ɸ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʅʦʚʽʢʦʚ ʇ.ɺ. 

https://scholar.google.com.ua/citations?hl=en&user=58PUgu8AAAAJ&view_op=list_wo

rks&sortby=pubdate 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀɿʅɸʏɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʌʋʅʂʎɯʁ ʇɽʈɽɼɸʏ ʅɸ ʆʉʅʆɺɯ ʈʆɿɻɯʅʅʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʄ ʉʇʆʉʆɹʆʄ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ʄʆɺʀ PYTHON

ʈʦʟʨʘʭʫʥʦʢ ʢʣʘʩʠʯʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʬʫʥʢʮʽʾ 

ʧʝʨʝʜʘʯʽ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʮʠʭ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʨʦʟʛʽʥʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʘ (ʨʝʘʢʮʽʶ ʥʘ ʩʪʫʧʽʥʯʘʩʪʝ ʟʙʫʨʝʥʥʷ) ʪʘ ʧʝʚʥʠʤ ʯʠʥʦʤ ʾʭ ʦʧʨʘʮʶʚʘʪʠ. 

ʆʙʨʦʙʢʘ ʨʦʟʛʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʛʦʣʦʚʥʠʭ ʝʪʘʧʽʚ: ʚʠʙʽʨ ʚʠʜʫ 

ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʪʘ ʧʽʜʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ ʚʠʜʫ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ. 

ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʘʤʢʘʭ ʨʦʙʽʪ ʟʘ ʪʝʤʦʶ çʈʦʟʨʦʙʣʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʝʣʴ ʥʘ ʙʘʟʽ 

ʢʦʥʜʝʥʩʘʮʽʡʥʦʾ ʤʦʜʫʣʴʥʦʾ ʢʦʪʝʣʴʥʽè, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0123U104476 (2023-2024). 

ɺʠʙʽʨ ʚʠʜʫ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʻ ʜʦʩʠʪʴ ʧʨʦʩʪʠʤ ʟʘʚʜʘʥʥʷʤ, ʟʘʟʚʠʯʘʡ ʜʣʷ ʮʴʦʛʦ 

ʦʙʠʨʘʶʪʴ ʦʜʥʫ ʟ ʪʠʧʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʣʘʥʦʢ ʘʙʦ ʾʭ ʧʦʻʜʥʘʥʥʷ. ʂʣʘʩʠʯʥʠʤ ʚʘʨʽʘʥʪʦʤ ʬʫʥʢʮʽʾ 

ʧʝʨʝʜʘʯʽ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʦʙôʻʢʪʘ ʻ ʘʧʝʨʽʦʜʠʯʥʘ ʣʘʥʢʘ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟ ʟʘʧʽʟʥʝʥʥʷʤ, 

ʷʢʱʦ ʜʠʥʘʤʽʢʘ ʦʙôʻʢʪʫ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʡʦʛʦ ʪʘʢʦʶ ʬʦʨʤʫ.  

 ʇʽʜʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʘʥʦʾ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʤʦʞʝ ʩʪʘʪʠ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘʚʽʪʴ 

ʧʨʠ ʧʽʜʙʦʨʽ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʦʜʥʽʻʾ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ 

ʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʫ: ʤʝʪʦʜ ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ, ʤʝʪʦʜ 

ʜʦʪʠʯʥʦʾ, ʤʝʪʦʜ 2/3 ʪʘ ʽʥʰʽ. ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʤʝʪʦʜʽʚ, ʦʩʦʙʣʠʚʦ ʛʨʘʬʽʯʥʽ, ʚʠʤʘʛʘʶʪʴ ʚʢʣʘʜʝʥʥʷ 

ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʩʴʢʦʛʦ ʨʝʩʫʨʩʫ (ʯʘʩʫ) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʮʝ ʜʦʧʫʩʪʠʤʦ ʜʣʷ 

ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʚʩʴʦʛʦ ʜʝʢʽʣʴʢʘ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯ. ɸʣʝ ʢʦʣʠ ʧʦʪʨʽʙʥʦ 

ʜʦʩʣʽʜʠʪʠ ʩʢʣʘʜʥʠʡ ʦʙôʻʢʪ, ʱʦ ʤʘʻ ʙʘʛʘʪʦ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʫʪʴ ʤʘʪʠ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʪʦʙʪʦ ʦʪʨʠʤʘʪʠ ʙʘʛʘʪʦ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯ, ʮʝ 

ʩʪʘʻ ʨʦʙʦʪʦʶ, ʱʦ ʟʘʡʤʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ. ʊʦʤʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʥʘ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴ ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯ. 

ɸʣʛʦʨʠʪʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ:  

¶ ʬʫʥʢʮʽʾ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ; 

¶ ʬʫʥʢʮʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʢʮʽʾ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʥʘ ʦʜʠʥʠʯʥʝ ʩʪʫʧʽʥʯʘʩʪʝ 
ʟʙʫʨʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ; 

¶ ʬʫʥʢʮʽʾ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʤʽʞ ʤʦʜʝʣʣʶ ʪʘ ʨʝʘʣʴʥʠʤʠ ʜʘʥʠʤʠ; 

¶ ʬʫʥʢʮʽʾ ʤʽʥʽʤʽʟʘʮʽʾ.  

ʌʫʥʢʮʽʷ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʦʙʨʦʙʣʶʻ ʨʦʟʛʽʥʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʆʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʮʽʻʾ ʬʫʥʢʮʽʾ  ʻ ʨʦʟʜʽʣʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʥʘ ʦʢʨʝʤʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʨʠʚʝʜʝʥʥʷ 

ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ ʚʽʜʥʦʩʥʦʛʦ. ʊʦʙʪʦ ʛʦʣʦʚʥʦʶ ʟʘʜʘʯʝʶ ʬʫʥʢʮʽʾ ʻ ʦʪʨʠʤʘʥʥʷ ʥʘʙʦʨʫ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʠʛʣʷʜʽ ʨʝʘʢʮʽʾ ʥʘ ʦʜʠʥʠʯʥʝ ʩʪʫʧʽʥʯʘʩʪʝ ʟʙʫʨʝʥʥʷ. ʇʝʨʝʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʜʘʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʽ ʥʘ ʥʘʷʚʥʽʩʪʴ ʘʥʦʤʘʣʽʡ, ʚʠʩʢʦʢʽʚ ʪʘ 

ʚʽʜʩʫʪʥʽʭ ʟʥʘʯʝʥʴ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʬʽʣʴʪʨʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʰʫʤʫ.  

ʌʫʥʢʮʽʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʢʮʽʾ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʥʘ ʦʜʠʥʠʯʥʝ ʩʪʫʧʽʥʯʘʩʪʝ ʟʙʫʨʝʥʥʷ 

ʙʫʜʝ ʦʧʠʩʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ ʘʧʝʨʽʦʜʠʯʥʦʾ ʣʘʥʢʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟ ʟʘʧʽʟʥʝʥʥʷʤ. ɺʠʛʣʷʜ 



 53 

ʘʧʝʨʽʦʜʠʯʥʦʾ ʣʘʥʢʘ ʟ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʧʽʟʥʝʥʥʷʤ ʥʘʚʝʜʝʥʦ ʫ ʬʦʨʤʫʣʽ (1), ʨʝʘʢʮʽʷ ʥʘ 

ʩʪʫʧʽʥʯʘʩʪʠʡ ʚʭʽʜʥʠʡ ʚʧʣʠʚ ʥʘʚʝʜʝʥʘ ʫ ʬʦʨʤʫʣʽ (2): 

ὡ ί
Ͻ
ϽὩ Ͻ                      (1) 

Ὤὸ ὑϽρ Ὡ                        (2)  

ʜʝ K ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, T ï ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʚ ʩʝʢʫʥʜʘʭ, † ï ʯʘʩʦʚʘ ʟʘʪʨʠʤʢʘ ʚ 
ʩʝʢʫʥʜʘʭ, t ï ʯʘʩ ʫ ʩʝʢʫʥʜʘ. 

 ʄʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʨʽʚʥʷʥʥʷ (2) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ ʬʫʥʢʮʽʾ: 

def first_order_AP(t, K, T, delay):  

    return np.array([K*(1 - np.exp( - (t - delay)/T))if t>=delay else 0 for t in t])  

ʜʝ t ï ʤʘʩʠʚ ʪʦʯʦʢ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʜʣʷ ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, K ʽ T 

ï ʧʘʨʘʤʝʪʨʠ ʘʧʝʨʽʦʜʠʯʥʦʾ ʣʘʥʢʠ ʟ ʬʦʨʤʫʣʠ (1), delay ï ʯʘʩʦʚʘ ʟʘʪʨʠʤʢʘ † ʟ ʬʦʨʤʫʣʠ (1), np 

ï Python ʙʽʙʣʽʦʪʝʢʘ numpy [1],  np.exp ʪʘ np.array ï ʬʫʥʢʮʽʾ ʙʽʙʣʽʦʪʝʢʠ numpy [2,3]. 

ʆʜʥʽʻʶ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʯʘʩʪʠʥ ʘʣʛʦʨʠʪʤʫ ʻ ʬʫʥʢʮʽʷ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʤʽʞ ʤʦʜʝʣʣʶ 

ʪʘ ʨʝʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʋ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʤʽʞ ʤʦʜʝʣʣʶ ʪʘ ʨʝʘʣʴʥʠʤʠ ʜʘʥʠʤʠ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʨʠʪʝʨʽʡ IAE(integral absolute error), ʘʣʝ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʡ ʽʥʰʽ 

ʚʘʨʽʘʥʪʠ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ, ʥʘʧʨʠʢʣʘʜ, MSE ʘʙʦ MAE.  

ʄʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʢʨʠʪʝʨʽʡ IAE ʤʘʻ ʚʠʛʣʷʜ ʬʫʥʢʮʽʾ: 

def IAE(X, TF:Callable, t: np.array, y_real: np.array):  

    y_model = TF(t, *X)  

    return sum(abs(y_real - y_model))*(max(t) - min(t))/len(t)  

ʜʝ X ï ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ, TF ï ʧʦʩʠʣʘʥʥʷ ʥʘ ʬʫʥʢʮʽʶ, ʱʦ ʤʦʜʝʣʶʻ ʨʝʘʢʮʽʶ 

ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʥʘ ʦʜʠʥʠʯʥʝ ʩʪʫʧʽʥʯʘʩʪʝ ʟʙʫʨʝʥʥʷ, t ï ʤʘʩʠʚ ʪʦʯʦʢ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, y_real 

ï ʤʘʩʠʚ ʨʝʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʫ ʫ ʪʦʯʢʘʭ t. 

ʌʫʥʢʮʽʷ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʾ 

ʧʝʨʝʜʘʯʽ, ʧʨʠ ʷʢʠʭ ʦʙʨʘʥʠʡ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʤʽʞ ʤʦʜʝʣʣʶ ʪʘ ʨʝʘʣʴʥʠʤʠ ʜʘʥʠʤʠ 

ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʤ, ʪʦʙʪʦ ʤʦʜʝʣʴ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʫ ʨʝʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ. ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʛʦʪʦʚʫ ʬʫʥʢʮʽʶ ʤʽʥʽʤʽʟʘʮʽʾ 

scipy.optimize.minimize [4]. ʊʘʢʦʞ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʫ ʽʥʰʫ ʛʦʪʦʚʫ 

ʬʫʥʢʮʽʶ ʟ ʧʘʢʝʪʽʚ Python ʘʙʦ ʥʘʧʠʩʘʪʠ ʚʣʘʩʥʫ ʨʝʘʣʽʟʘʮʽʶ ʦʜʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʤʽʥʽʤʽʟʘʮʽʾ 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ. ʌʫʥʢʮʽʷ scipy.optimize.minimize ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ, ʙʫʣʦ ʣʠʰʝ ʟʘʜʘʥʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ, ʥʝ ʤʝʥʰʝ 0.00001, ʟʘʜʣʷ ʫʩʫʥʝʥʥʷ ʜʽʣʝʥʥʷ ʥʘ 0. 

ʆʪʞʝ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯ ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʛʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ ʪʘ ʥʘʚʝʜʝʥʘ ʯʘʩʪʢʦʚʘ ʨʝʘʣʽʟʘʮʽʷ ʤʦʚʦʶ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʣʠʰʝ ʢʣʘʩʠʯʥʠʭ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯ, ʘ ʽ ʾʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʻʜʥʘʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫ ʨʘʟʠ ʧʨʠʰʚʠʜʰʫʻ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʡ 

ʧʝʨʝʜʘʯ ʥʘ ʦʩʥʦʚʽ ʨʦʟʛʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʟʝʢʦʥʦʤʠʪʠ ʙʘʛʘʪʦ 

ʯʘʩʫ ʪʘ ʩʠʣ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɼʦʢʫʤʝʥʪʘʮʽʷ Python ʙʽʙʣʽʦʪʝʢʠ numpy. URL: https://numpy.org/doc/stable/ (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ 06.03.2024) 

2. ɼʦʢʫʤʝʥʪʘʮʽʷ ʬʫʥʢʮʽʾ np.exp ʙʽʙʣʽʦʪʝʢʠ numpy. URL: 

https://numpy.org/doc/stable/reference/generated/numpy.exp.html  (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 06.03.2024) 

3. ɼʦʢʫʤʝʥʪʘʮʽʷ ʬʫʥʢʮʽʾ np.array ʙʽʙʣʽʦʪʝʢʠ numpy. URL: 

https://numpy.org/doc/stable/reference/generated/numpy.array.html(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 06.03.2024) 

4. ɼʦʢʫʤʝʥʪʘʮʽʷ ʬʫʥʢʮʽʾ scipy.optimize.minimize ʙʽʙʣʽʦʪʝʢʠ scipy. URL: 

https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.minimize.html (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ 06.03.2024) 
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ʋɼʂ 681.5 

ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ɸʥʜʨʫʱʘʢ ʊ.ɺ. 

ĭ ɸʩʠʩʪ., ʢ.ʪ.ʥ. ɿʘʭʘʨʯʝʥʢʦ ɸ.ʉ. 

  https://scholar.google.com/citations?user=RpOI6DoAAAAJ&hl=uk 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ʂɽʈʋɺɸʅʅʗ ʇʃɸʉʊʀʅʏɸʉʊʀʄ ʊɽʇʃʆʆɹʄɯʅʅʀʂʆʄ 

ɿ ɹɽɿʇɽʈɽʈɺʅʀʄ ɺʀʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʀʄ ʂʆʈʆʊʂʆʏɸʉʅʀʄ 

ʇʈʆʎɽʉʆʄ ʇɸʉʊɽʈʀɿɸʎɯɰ ʄʆʃʆʂɸ

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʢʦʨʦʪʢʘ ʧʘʩʪʝʨʠʟʘʮʽʷ. ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʢʦʨʦʪʢʘ 

ʧʘʩʪʝʨʠʟʘʮʽʷ (HTST) ð ʚʠʜ ʧʘʩʪʝʨʠʟʘʮʽʾ, ʚ ʷʢʦʤʫ ʤʦʣʦʢʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʜʝ 

ʚʦʥʦ ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ ʜʦ 72-75ÁC ʧʨʦʪʷʛʦʤ 15-20 ʩʝʢʫʥʜ [1]. ʎʝʡ ʤʝʪʦʜ ʝʬʝʢʪʠʚʥʦ ʟʥʠʱʫʻ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʙʽʣʴʰʽʩʪʴ ʢʦʨʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʣʦʢʘ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. ɿ 1920 ʨʦʢʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʦʣʦʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʧʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʩʪʝʨʠʣʽʟʘʮʽʾ ʤʦʣʦʢʘ. 

ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʢʦʤʧʘʢʪʥʦʩʪʽ, ʥʠʟʴʢʽʡ ʚʘʨʪʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ, ʚʠʩʦʢʽʡ ʪʝʧʣʦʚʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʨʦʩʪʦʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʣʘʩʪʠʥʯʘʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ (PHE) ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [2]. ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʻ ʪʝʧʣʦʦʙʤʽʥʥʽ 

ʧʣʘʩʪʠʥʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʢʦʨʦʟʽʡʥʦ-ʩʪʽʡʢʠʭ ʩʧʣʘʚʽʚ, ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʰʪʘʤʧʫʚʘʥʥʷ. ʋ 

ʨʦʙʦʯʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʣʘʩʪʠʥʠ ʱʽʣʴʥʦ ʧʨʠʪʠʩʥʫʪʽ ʦʜʥʘ ʜʦ ʦʜʥʦʾ ʽ ʫʪʚʦʨʶʶʪʴ ʚʫʟʴʢʽ ʢʘʥʘʣʠ. 

ʅʘ ʣʠʮʴʦʚʽʡ ʩʪʦʨʦʥʽ ʢʦʞʥʦʾ ʧʣʘʩʪʠʥʠ ʚ ʩʧʝʮʽʘʣʴʥʽ ʢʘʥʘʚʢʠ ʚʩʪʘʥʦʚʣʝʥʘ ʛʫʤʦʚʘ ʢʦʥʪʫʨʥʘ 

ʧʨʦʢʣʘʜʢʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʢʘʥʘʣʽʚ. ɼʚʘ ʟ ʯʦʪʠʨʴʦʭ ʦʪʚʦʨʽʚ ʚ ʧʣʘʩʪʠʥʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʝʜʝʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʛʨʽʶʯʦʛʦ ʘʙʦ ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʢʘʥʘʣʫ. 

ɼʚʘ ʽʥʰʠʭ ʦʪʚʦʨʠ, ʜʦʜʘʪʢʦʚʦ ʽʟʦʣʴʦʚʘʥʽ ʤʘʣʠʤʠ ʢʦʥʪʫʨʘʤʠ ʧʨʦʢʣʘʜʢʠ ʟʘʧʦʙʽʛʘʶʪʴ 

ʟʤʽʰʫʚʘʥʥʶ (ʧʝʨʝʪʽʢʘʥʥʶ) ʩʝʨʝʜʦʚʠʱ. ʇʨʦʩʪʦʨʦʚʠʡ ʟʚʠʚʠʩʪʠʡ ʨʫʭ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʘʭ 

ʩʧʨʠʷʻ ʪʫʨʙʫʣʽʟʘʮʽʾ ʧʦʪʦʢʽʚ, ʘ ʧʨʦʪʠʪʝʯʽʷ ʪʝʧʣʦʥʦʩʽʾʚ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʥʘʧʦʨʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʤʘʣʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ 

ʦʧʦʨʘʭ. ʇʨʠ ʮʴʦʤʫ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʢʣʘʜʝʥʥʷ ʥʘʢʠʧʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥ [3]. 

ʉʪʘʮʽʦʥʘʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʘʢʪʠʚʥʦ ʚʠʚʯʘʻʪʴʩʷ ʟ 1920-ʭ ʨʦʢʽʚ. ɹʘʛʘʪʦ ʜʦʩʣʽʜʥʠʮʴʢʠʭ 

ʨʦʙʽʪ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʩʪʦʩʫʶʪʴʩʷ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʪʘʮʽʦʥʘʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʦʜʥʠʤ 

ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʅʘ ʈʠʩ. 

1 ʧʦʢʘʟʘʥʦ ʦʜʠʥ ʟ ʪʠʧʽʚ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʦʜʝʣʝʡ ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ. ʅʘ ʮʴʦʤʫ 

ʨʠʩʫʥʢʫ ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ʟʽ ʩʪʨʽʣʢʦʶ ʽʣʶʩʪʨʫʻ ʚʠʪʨʘʪʫ, ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʭʦʜʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʘ ʚʠʭʦʜʽ ʛʘʨʷʯʦʛʦ ʪʝʧʣʦʥʦʩʽʷ (F1, Tin1, Tout1), ʪʦʜʽ ʷʢ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʧʨʝʜʩʪʘʚʣʷʻ 

ʚʠʪʨʘʪʫ, ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʭʦʜʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʠʭʦʜʽ ʭʦʣʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ (F1, Tin1, 

Tout1) (F2, Tin2, Tout2). 

ɽʤʧʽʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ HTST. ʆʩʢʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʨʦʮʝʩ HTST ʩʧʦʯʘʪʢʫ 

ʙʫʣʘ ʚʽʜʩʫʪʥʷ, ʝʤʧʽʨʠʯʥʽ ʤʦʜʝʣʽ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʜʣʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʚʭʦʜʘʤʠ ʽ ʚʠʭʦʜʘʤʠ ʧʨʦʮʝʩʫ. ɸʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ "ʚʭʽʜ-ʚʠʭʽʜ" ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʜʽʥʢʠ ʧʨʦʮʝʩʫ. ʇʝʨʰʽ ʜʦʩʣʽʜʠ ʜʦʟʚʦʣʠʣʠ ʧʨʦʚʦʜʠʪʠ 

ʯʘʩʪʽ ʧʝʨʝʚʽʨʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʘʪʯʠʢʽʚ ʥʘ ʫʩʪʘʥʦʚʮʽ HTST ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ. ɸʣʝ ʟʛʦʜʦʤ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʦʮʝʜʫʨʽ ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʛʨʝʩʽʾ PLS (Partial Least 

Square) ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʜʘʪʯʠʢʽʚ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʦʜʥʦʯʘʩʥʦ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʪʠʧʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟ 

ʧʨʦʢʣʘʜʢʘʤʠ 

 

ʄʦʜʝʣʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ HTST. ʎʝʡ ʤʝʪʦʜ ʨʦʟʨʦʙʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ 

ʟʥʘʥʴ ʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʢʦʥʮʝʧʮʽʡ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ. ɹʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʽʜʭʽʜ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ 

ʩʝʢʮʽʡ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʧʝʨʰʠʭ ʧʨʠʥʮʠʧʽʚ. ɼʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʠʩʪʝʤʘ TITO (Two-Input-Two-Output). ɿʘʚʜʷʢʠ 

ʧʨʦʩʪʦʪʽ ʤʦʜʝʣʽ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʨʝʘʣʽʟʦʚʘʥʠʡ. ʊʠʤ ʥʝ ʤʝʥʰ, ʢʽʣʴʢʘ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʟʤʽʥʝʥʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʜʦʚʽʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʈʦʟʤʽʨʥʠʡ ʘʥʘʣʽʟ ʟʘʙʨʫʜʥʝʥʥʷ.  ʗʢʽʩʪʴ ʤʦʣʦʢʘ ʧʦʛʽʨʰʫʻʪʴʩʷ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ 

ʥʘʢʠʧʫ. ʋʪʚʦʨʝʥʥʷ ʥʘʢʠʧʫ ʩʧʨʠʯʠʥʝʥʝ ʚʽʜʢʣʘʜʝʥʥʷʤ ʙʽʣʢʽʚ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʷʚʠʱʝ 

ʜʠʬʫʟʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ. ɿʘʙʨʫʜʥʝʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʻ ʦʩʥʦʚʥʦʶ ʟʘʛʨʦʟʦʶ ʜʣʷ 

ʤʦʣʦʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʨʦʟʤʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʥʘʙʦʨʫ 

ʙʝʟʨʦʟʤʽʨʥʠʭ ʯʠʩʝʣ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʚʧʣʠʚʫ ʪʘ ʮʽʣʴʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʘ ʧʦʪʽʤ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʮʠʭ ʯʠʩʝʣ. ʈʦʟʤʽʨʥʠʡ ʘʥʘʣʽʟ ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʩʠ ʟʘʙʨʫʜʥʝʥʥʷ ʜʣʷ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʤʽʨʥʠʡ ʘʥʘʣʽʟ ʻ ʚʘʞʣʠʚʠʤ, ʝʬʝʢʪʠʚʥʠʤ ʽ ʪʦʯʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʚʯʝʥʥʷ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ. 
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ʋɼʂ 681.5 

ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ɸʨʻʬ'ʻʚʘ ɸ.ʆ. 

ĭ ʉʪ.ʚʠʢʣ. ʇʦʣʽʱʫʢ ɯ.ɸ. 

  https://scholar.google.com/citations?hl=uk&authuser=2&user=2CLzdFgAAAAJ 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ ɿ ʇɯɼʉʀʃɽʅʅʗʄ ɼʃʗ 

ʂɽʈʋɺɸʅʅʗ ɯʅɾɽʅɽʈʅʀʄʀ ʉʀʉʊɽʄɸʄʀ ɹʋɼɯɺɽʃʔ

ɽʬʝʢʪʠʚʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʩʢʦʨʦʯʝʥʥʽ ʚʠʢʠʜʽʚ 

ʚʫʛʣʝʮʶ, ʘʜʞʝ ʥʘ ʙʫʜʽʚʣʽ ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ 40% ʟʘʛʘʣʴʥʦʛʦ ʩʚʽʪʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʆʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ - ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʽ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʽ 

ʩʠʩʪʝʤʠ ʫ ʙʫʜʽʚʣʷʭ, ʥʘ ʷʢʽ ʧʨʠʧʘʜʘʻ ʤʘʡʞʝ ʧʦʣʦʚʠʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʨʦʟʚʠʥʝʥʠʭ 

ʢʨʘʾʥʘʭ [1]. ʊʦʤʫ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʮʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʛʨʝʩʫ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤ, ʷʢʽ ʜʝʜʘʣʽ ʩʪʘʶʪʴ ʞʦʨʩʪʢʽʰʠʤʠ. 

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʦʢʨʘʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʝʣʴ, ʘʣʝ ʪʘʢʽ ʩʠʩʪʝʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʘʜʘʧʪʫʶʪʴʩʷ ʜʦ ʜʠʥʘʤʽʯʥʠʭ 

ʫʤʦʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʉʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʝʣʴ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ 

ʜʦʩʢʦʥʘʣʠʭ ʧʽʜʭʦʜʽʚ, ʜʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʨʘʭʦʚʫʚʘʪʠ ʙʘʛʘʪʦ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʾ ʨʦʙʦʪʫ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʫʧʦʜʦʙʘʥʴ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʟʘʢʽʥʯʫʶʯʠ ʘʥʘʣʽʟʦʤ ʽ 

ʧʨʦʛʥʦʟʦʤ ʧʦʛʦʜʠ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʩʪʦʩʦʚʫʶʪʴ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ) ʪʘ 

ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʤʘʡʙʫʪʥʻ ʩʚʽʪʫ. ɿ ʨʦʟʚʠʪʢʦʤ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʩʝ ʙʽʣʴʰʝ 

ʨʝʯʝʡ/ʘʛʝʥʪʽʚ ʩʪʘʶʪʴ ñʨʦʟʫʤʥʠʤʠò ʪʘ ʧʽʜʢʣʶʯʝʥʠʤʠ ʫ ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʧʦʪʨʝʙʫʶʯʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ. ɯʥʪʝʛʨʘʮʽʷ ʮʠʭ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʙʫʜʽʚʝʣʴ ʚʝʜʝ ʜʦ ʢʦʥʮʝʧʮʽʾ ʨʦʟʫʤʥʠʭ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ 

ʚʽʜʯʫʚʘʪʠ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʴʦʛʦ. ʈʦʟʫʤʥʽ ʙʫʜʽʚʣʽ ʽʥʪʝʛʨʫʶʪʴ 

ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʫʜʽʚʝʣʴ, ʚʢʣʶʯʘʶʯʠ ʜʘʪʯʠʢʠ ʪʘ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ, 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʤʝʨʝʞʝʚʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʧʨʦʛʨʘʤʥʽ 

ʧʣʘʪʬʦʨʤʠ. ʄʝʪʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʙʫʜʽʚʝʣʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ 

ʜʘʪʯʠʢʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʦʙʦʪʠ ʙʫʜʽʚʣʽ. ʐɯ ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʤʘʶʪʴ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʦʤʬʦʨʪʫ ʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʙʫʜʽʚʣʷʭ, ʪʠʤ ʩʘʤʠʤ 

ʚʠʨʽʰʫʶʯʠ ʚʢʘʟʘʥʽ ʧʨʦʙʣʝʤʠ [2]. 

ʆʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʐɯ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʝʣʴ ʻ ʤʝʪʦʜ ʢʝʨʫʚʘʥʥʷ ʦʧʘʣʝʥʥʷʤ ʥʘ ʦʩʥʦʚʽ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʩʠʣʝʥʥʷʤ, ʷʢʠʡ ʤʦʞʝ ʟʥʘʯʥʦ ʝʢʦʥʦʤʠʪʠ ʝʥʝʨʛʽʶ ʪʘ ʧʦʢʨʘʱʫʚʘʪʠ 

ʢʦʤʬʦʨʪ ʫ ʨʦʟʫʤʥʠʭ ʙʫʜʽʚʣʷʭ. 

ɯʩʥʫʶʪʴ ʧʨʦʩʪʽ ʧʨʦʛʨʘʤʦʚʘʥʽ ʪʝʨʤʦʩʪʘʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʮʠʢʣʘʤʠ ʚʚʽʤʢʥʝʥʥʷ/ʚʠʤʢʥʝʥʥʷ ʦʙʽʛʨʽʚʘʯʘ, ʘʣʝ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʟʘ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʚʽʜ 

ʩʠʛʥʘʣʫ ʜʘʪʯʠʢʘ ʽ ʥʝ ʚʤʽʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʫ ʫʤʦʚ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. ɺʽʜʧʦʚʽʜʥʦ, ʪʘʢʽ 

ʩʠʩʪʝʤʠ ʝʢʦʥʦʤʣʷʪʴ ʝʥʝʨʛʽʶ ʣʠʰʝ ʯʘʩʪʢʦʚʦ. ʈʦʟʫʤʥʽ ʙʫʜʽʚʣʽ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʟ ʜʘʪʯʠʢʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʢʦʤʬʦʨʪ 

ʜʣʷ ʤʝʰʢʘʥʮʽʚ. ɸʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚ ʜʘʥʠʭ 

ʜʘʪʯʠʢʽʚ, ʘʣʝ ʾʤ ʟʘʟʚʠʯʘʡ ʧʦʪʨʽʙʥʦ ʙʘʛʘʪʦ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ. ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʟ 

ʧʽʜʩʠʣʝʥʥʷʤ ʥʝ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ ʜʘʥʠʭ, ʘʜʞʝ ʚʦʥʦ ʜʽʻ ʪʘ ʥʘʚʯʘʻʪʴʩʷ ʥʘ ʩʚʦʾʭ ʜʽʷʭ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʈʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʷʮʽʾ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʩʠʣʝʥʥʷʤ 

ʝʢʦʥʦʤʠʪʴ ʜʦ 20% ʝʥʝʨʛʽʾ [1]. ɸʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʩʠʣʝʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʜʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʙʫʜʽʚʝʣʴ ʽ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʫ ʨʦʟʨʦʙʮʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʨʦʟʫʤʥʠʭ ʙʫʜʽʚʝʣʴ, 

ʷʢʽ ʙʦʨʶʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ. ʎʝ ʨʦʙʠʪʴ ʢʨʦʢ ʜʦ ʙʽʣʴʰ ʩʪʽʡʢʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ, ʜʝ ʐɯ ʪʘ 

ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ ʨʦʙʣʷʪʴ ʙʫʜʽʚʣʽ ʙʽʣʴʰ ʢʦʤʬʦʨʪʥʠʤʠ, ʝʢʦʥʦʤʥʠʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤʠ. 
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ʂʦʥʮʝʧʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʩʠʣʝʥʥʷʤ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʩʠʩʪʝʤʠ 

ʜʦʤʘʰʥʴʦʛʦ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʩʠʣʝʥʥʷʤ 

 

ɺʠʱʝʟʘʟʥʘʯʝʥʽ ʬʘʢʪʠ ʽʣʶʩʪʨʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʝʨʘ, ʷʢʠʡ ʤʦʞʝ ʧʨʠʥʝʩʪʠ ʢʦʨʠʩʪʴ ʨʦʟʫʤʥʠʤ ʙʫʜʽʚʣʷʤ, ʘ ʩʘʤʝ, ʧʽʜʪʨʠʤʢʫ ʪʝʧʣʦʚʦʛʦ 

ʢʦʤʬʦʨʪʫ ʪʘ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ. ɿʦʢʨʝʤʘ, ʚʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʧʽʜʭʽʜ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ 

ʟ ʧʽʜʩʠʣʝʥʥʷʤ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʦʧʘʣʝʥʥʷʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ.  

ɽʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʜʣʷ ʦʜʥʽʻʾ ʙʫʜʽʚʣʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ 

ʢʦʥʪʨʦʣʝʨ ʦʧʘʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʩʠʣʝʥʥʷʤ ʧʦʢʨʘʱʫʻ ʪʝʧʣʦʚʠʡ 

ʢʦʤʬʦʨʪ ʥʘ 15-30% ʽ ʟʥʠʞʫʻ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 5-12% ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ 

ʪʝʨʤʦʩʪʘʪʦʤ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʜʝʢʽʣʴʢʦʤʘ ʙʫʜʽʚʣʷʤʠ ʧʦʨʽʚʥʶʶʪʴʩʷ ʜʚʘ ʩʮʝʥʘʨʽʾ, ʢʦʣʠ 

ʙʫʜʠʥʢʠ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʻʜʠʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʥʘ ʦʩʥʦʚʽ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʩʠʣʝʥʥʷʤ) ʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʜʝ ʦʙʽʛʨʽʚʘʯ ʢʦʞʥʦʾ 

ʙʫʜʽʚʣʽ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʪʘ ʤʘʻ ʚʣʘʩʥʠʡ ʢʦʥʪʨʦʣʝʨ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ 

ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʽ ʨʽʟʥʠʮʽ ʚ ʾʭʥʽʭ ʟʘʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʘʮʶʻ ʢʨʘʱʝ, 

ʥʽʞ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨ. ʊʦʤʫ ʜʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʟʥʘʯʥʽ ʧʨʘʢʪʠʯʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʙʫʜʽʚʝʣʴ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʩʠʣʝʥʥʷʤ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʢʦʥʪʨʦʣʝʨ ʧʝʨʝʚʝʨʰʫʻ 

ʪʨʘʜʠʮʽʡʥʠʡ ʢʦʥʪʨʦʣʝʨ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʩʪʘʪʘ ʜʣʷ ʦʜʥʽʻʾ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʙʫʜʽʚʝʣʴ, 

ʧʦʢʨʘʱʫʶʯʠ ʷʢ ʪʝʧʣʦʚʠʡ ʢʦʤʬʦʨʪ (ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ), ʪʘʢ ʽ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʶ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ. 
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ĭ ʅʊʋʋ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

 

ʅɽɼʆʃɯʂʀ ʇɯɼʍʆɼɯɺ ɼʆ ʂɽʈʋɺɸʅʅʗ ʊɽʇʃʆɺʀʄ ʈɽɾʀʄʆʄ ʋ ʇʈʆʎɽʉɯ 

ʉʂʃʆɺɸʈɯʅʅʗ

ʉʢʣʦ, ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʧʨʦʟʦʨʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ ʪʘ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ, ʻ 

ʢʣʶʯʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ ʪʝʭʥʽʢʫ, ʤʝʜʠʮʠʥʫ ʪʘ ʥʘʫʢʫ. ʇʨʦʮʝʩ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʢʣʘ ʚʢʣʶʯʘʻ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ ʰʠʭʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ 

ʨʦʟʧʣʘʚʣʝʥʦʾ ʩʢʣʦʤʘʩʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʘ ʫ ʚʠʨʦʙʠ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʋ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʢʣʘ, ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʻ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʫ ʩʢʣʦʚʘʨʥʽʡ ʧʝʯʽ. ʈʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʢʦʥʢʨʝʪʥʠʭ ʪʦʯʢʘʭ ʩʢʣʦʚʘʨʥʦʾ ʧʝʯʽ 

ʟʘʟʚʠʯʘʡ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ, ʱʦ ʻ ʜʦʩʠʪʴ ʧʨʦʩʪʠʤ ʚʠʢʣʠʢʦʤ. ɸʣʝ 

ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʟʤʽʥʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʧʝʯʽ, ʟʘʜʘʯʘ ʩʪʘʻ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʦʶ. 

ʅʘʧʨʠʢʣʘʜ, ʧʽʜʥʷʪʪʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʜʥʽʡ ʯʘʩʪʠʥʽ ʧʝʯʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʜʦʣʽʢʽʚ ʷʢʦʩʪʽ 

ʩʢʣʘ, ʪʘʢʠʭ ʷʢ ʙʫʣʴʙʘʰʢʠ ʫ ʛʦʪʦʚʽʡ ʧʨʦʜʫʢʮʽʾ [1].  

ʇʽʜʪʨʠʤʢʘ ʧʦʪʨʽʙʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʫ ʩʢʣʦʚʘʨʥʽʡ ʧʝʯʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ 

ʨʽʟʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʩʢʣʘʜ ʰʠʭʪʠ, ʚʦʣʦʛʽʩʪʴ, ʽ ʥʘʚʽʪʴ ʪʘʢʽ ʘʙʩʪʨʘʢʪʥʽ ʘʩʧʝʢʪʠ, ʷʢ 

"ʧʘʤ'ʷʪʴ ʩʢʣʘ". ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʽʻʨʘʨʭʽʯʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʩʢʣʦʚʘʨʽʥʥʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʮʽ ʧʨʦʙʣʝʤʠ. 

ɯʻʨʘʨʭʽʯʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʦʨʛʘʥʽʟʘʮʽʶ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʥʘ ʨʽʟʥʠʭ 

ʨʽʚʥʷʭ: 

1. ʅʘ ʥʠʞʥʴʦʤʫ ʨʽʚʥʽ ʨʦʟʪʘʰʦʚʘʥʠʡ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ, ʱʦ ʻ ʩʢʣʘʜʦʚʦʶ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʟʽ ʟʚʦʨʦʪʥʽʤ ʟʚ'ʷʟʢʦʤ. ɺʽʥ ʚʠʨʦʙʣʷʻ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. ʂʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʬʦʨʤʫʻʪʴʩʷ ʷʢ ʩʫʤʘ 

ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ 

ʢʦʥʢʨʝʪʥʠʤʠ ʟʤʽʥʥʠʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʝ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ 

ʨʦʙʦʪʠ ʩʢʣʦʚʘʨʥʦʾ ʧʝʯʽ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʦʩʥʦʚʥʦʶ ʟʤʽʥʥʦʶ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʪʦʯʮʽ 

ʢʚʝʣʴʧʫʥʢʪʘ, ʜʦʪʨʠʤʘʥʥʷ ʷʢʦʾ ʥʘ ʧʝʚʥʦʤʫ ʨʽʚʥʽ ʛʘʨʘʥʪʫʻ ʦʪʨʠʤʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʧʨʠʡʥʷʪʥʦʾ 

ʷʢʦʩʪʽ.  

2. ʅʘ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʽ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘʛʣʷʜʦʚʠʡ ʨʽʚʝʥʴ, ʷʢʠʡ ʦʮʽʥʶʻ ʨʝʛʫʣʷʪʦʨ ʟ 

ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʜʘʥʠʤ ʢʨʠʪʝʨʽʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʧʪʠʤʽʟʫʻ ʩʠʛʥʘʣ 

ʢʝʨʫʚʘʥʥʷ. ʗʢ "ʥʘʛʣʷʜʘʯ" ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʝʛʫʣʷʪʦʨ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʥʝʯʽʪʢʽʡ ʣʦʛʽʮʽ. 

 
ʈʠʩʫʥʦʢ 1 ï ɯʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʩʢʣʦʚʘʨʽʥʥʷ 
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ʉʭʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʯʽʪʢʦʛʦ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʧʝʯʽ ʜʣʷ ʩʢʣʦʚʘʨʽʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 2 ʟʦʙʨʘʞʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʮʴʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʷʢʠʡ ʦʙ'ʻʜʥʫʻ ʜʚʘ ʨʝʛʫʣʷʪʦʨʠ - ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ʪʘ ʥʝʯʽʪʢʫ 

ʩʠʩʪʝʤʫ - ʫ ʢʘʩʢʘʜʥʫ ʩʠʩʪʝʤʫ [2].  

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ 

ʇʦʢʘʟʥʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʜʥʘ ʧʝʯʽ ʥʘʜʭʦʜʠʪʴ ʜʦ ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʬʦʨʤʫʻ ʟʘʜʘʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʨʝʛʫʣʶʻʪʴʩʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ, ʷʢʠʡ ʥʘʣʘʰʪʦʚʘʥʠʡ ʜʣʷ ʤʦʜʝʣʽ ʩʢʣʦʚʘʨʥʦʾ ʧʝʯʽ. ʇʨʘʚʠʣʘ 

ʥʝʯʽʪʢʦʾ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʪʝʭʥʦʣʦʛʽʚ ʪʘ ʝʢʩʧʝʨʪʽʚ ʛʘʣʫʟʽ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʩʢʣʘ ʜʦʩʽ ʢʝʨʫʻʪʴʩʷ ʚʨʫʯʥʫ 

ʦʧʝʨʘʪʦʨʦʤ, ʧʨʘʚʠʣʘ, ʚʙʫʜʦʚʘʥʽ ʚ ʥʝʯʽʪʢʽ ʢʦʥʪʨʦʣʝʨʠ, ʥʘʤʘʛʘʶʪʴʩʷ ʽʤʽʪʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ 

ʦʧʝʨʘʪʦʨʘ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʧʦʤʘʛʘʻ ʧʦʜʦʣʘʪʠ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʟʘʧʽʟʥʶʚʘʥʥʷ ʚ ʨʝʛʫʣʶʚʘʥʥʽ, 

ʟʤʽʥʫ ʜʠʥʘʤʽʢʠ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʟʙʫʨʝʥʥʷ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʤʦʜʝʣʽ. 

ʅʘ ʚʠʱʦʤʫ ʨʽʚʥʽ ʨʦʟʪʘʰʦʚʘʥʘ ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʻ ʟʤʦʜʝʣʴʦʚʘʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ [3]. ɺʦʥʘ ʘʥʘʣʽʟʫʻ ʜʘʥʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʚʢʣʶʯʘʶʯʠ ʦʧʝʨʘʮʽʡʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʘʥʘʣʽʟʠ, ʱʦʙ ʥʘʜʘʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʢʣʘ. ɽʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʷʢ ʫ ʨʝʞʠʤʽ 

ʦʥʣʘʡʥ, ʜʝ ʚʦʥʘ ʥʘʜʘʻ ʜʠʩʧʝʪʯʝʨʫ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʪʘʢ 

ʽ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ, ʜʝ ʚʦʥʘ ʜʦʧʦʤʘʛʘʻ ʫ ʧʽʜʛʦʪʦʚʮʽ ʥʦʚʠʭ ʘʙʦ ʥʝʜʦʩʚʽʜʯʝʥʠʭ 

ʜʠʩʧʝʪʯʝʨʽʚ. 

ɺʠʩʥʦʚʦʢʠ. 

ɼʘʥʘ ʽʻʨʘʨʭʽʯʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʩʢʣʦʚʘʨʽʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ 

ʥʝʜʦʣʽʢʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʢʨʝʤʠʭ ʨʝʛʫʣʷʪʦʨʽʚ, ʰʣʷʭʦʤ ʾʭ ʧʦʻʜʥʘʥʥʷ ʚ 

ʦʜʥʫ ʩʠʩʪʝʤʫ. ɿʣʠʪʪʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ, ʟ ʩʫʯʘʩʥʠʤʠ 

ʝʢʩʧʝʨʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʠʪʠ ʩʢʣʘʜʥʫ ʟʘʜʘʯʫ ʧʽʜʪʨʠʤʢʠ 

ʥʝʦʙʭʽʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʩʢʣʦʚʘʨʥʦʾ ʧʝʯʽ, ʷʢʘ ʥʘʨʘʟʽ ʚʠʤʘʛʘʻ ʚʪʨʫʯʘʥʥʷ 

ʣʶʜʠʥʠ-ʝʢʩʧʝʨʪʘ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʂɸʉʂɸɼʅɸ ʉʀʉʊɽʄɸ ʈɽɻʋʃʖɺɸʅʅʗ ʊɽʄʇɽʈɸʊʋʈʀ ɺ ʇʈʀʄɯʑɽʅʅɯ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʉʀʉʊɽʄʀ ɺɽʅʊʀʃʗʎɯɰ ɿ ʈɽʎʀʈʂʋʃʗʎɯɭʖ

ʉʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʻ ʚʘʞʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʙʫʜʽʚʝʣʴʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʧʨʦʤʠʩʣʦʚʠʭ, ʢʦʤʝʨʮʽʡʥʠʭ ʪʘ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʥʷʭ. ɺʝʥʪʠʣʷʮʽʷ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ - ʮʝ ʩʠʩʪʝʤʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʽʥ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷ ʟ ʧʨʠʤʽʰʝʥʥʷ ʟ ʜʦʜʘʚʘʥʥʷʤ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ. ʉʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʽʟʥʠʭ ʩʢʣʘʜʥʦʩʪʝʡ ʜʠʚʣʷʯʠʩʴ, ʷʢʽ ʢʦʥʪʫʨʠ ʨʝʛʫʣʶʚʘʥʥʷ ʙʫʜʫʪʴ ʨʝʘʣʽʟʦʚʘʥʽ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʩʠʩʪʝʤ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʟʤʝʥʰʫʚʘʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʝʥʪʠʣʷʮʽʾ. ɺʦʥʠ ʤʦʞʫʪʴ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʧʣʦ ʯʠ ʧʨʦʭʦʣʦʜʫ, ʷʢʽ ʚʞʝ ʧʨʠʩʫʪʥʽ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʟʘʤʽʩʪʴ 

ʧʦʩʪʽʡʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ ʟʟʦʚʥʽ, ʪʦʤʫ ʚʦʥʠ ʟʤʝʥʰʫʶʪʴ 

ʚʠʪʨʘʪʠ  ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ [1]. 

ɺʝʥʪʠʣʷʮʽʡʥʽ ʩʠʩʪʝʤʠ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʣʘʜʥʘʥʽ ʟ ʨʽʟʥʠʤʠ ʬʽʣʴʪʨʘʤʠ, 

ʷʢʽ ʚʠʜʘʣʷʶʪʴ ʧʠʣ, ʘʣʝʨʛʝʥʠ ʪʘ ʽʥʰʽ ʟʘʙʨʫʜʥʶʚʘʯʽ ʟ ʧʦʚʽʪʨʷ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ ʽ ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ ʘʣʝʨʛʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ 

ʟʘʭʚʦʨʶʚʘʥʴ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1 [2]. ɺ 

ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʨʝʘʣʽʟʦʚʘʥʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ. ʈʝʘʣʽʟʦʚʘʥʘ 

ʢʘʩʢʘʜʥʘ ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ (ʨʠʩ.1) ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʽ. ɺʩʪʘʥʦʚʣʝʥʽ 

ʜʘʚʘʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʷʢʽ ʚʠʤʽʨʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʪʷʞʥʦʛʦ ʧʦʚʽʪʨʷ (ʊɽ4), ʪʝʤʧʝʨʘʪʫʨʫ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʊɽ1), ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʽʷ (ʊɽ2) ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʧʣʠʚʥʦʛʦ 

ʧʦʚʽʪʨʷ (ʊɽ3), ʚʠʭʦʜʷʯʠ ʟ ʪʠʭ ʜʘʥʠʭ  ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ, ʨʝʛʫʣʶʻʪʴʩʷ ʨʦʙʦʪʘ ʥʘʛʨʽʚʘʯʘ ʪʘ 

ʦʭʦʣʦʜʞʫʚʘʯʘ, ʧʽʜʪʨʠʤʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʟʘʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʽ.  

 
ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ 

 

ʅʘ ʜʘʥʽʡ ʩʭʝʤʽ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ , ʱʦ  ʧʦʚʽʪʨʷ ʟ ʧʨʠʤʽʱʝʥʥʷ ʟʤʽʰʫʻʪʴʩʷ ʟ ʟʦʚʥʽʰʥʽʤ 

ʧʦʚʽʪʨʷʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʣʽʥʦʢ (Y1,Y2) ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʝʛʫʣʶʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
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ʩʫʤʽʰʽ ʧʦʚʽʪʨʷ. ɼʘʣʽ ʧʦʚʽʪʨʷ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ, ʩʧʨʘʚʥʽʩʪʴ ʬʽʣʴʪʨʫ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʫ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ (PDS1) [3].  

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʢʘʩʢʘʜʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

 

ʆʯʠʱʝʥʝ ʧʦʚʽʪʨʷ ʜʘʣʽ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʘʛʨʽʚʘʯ ʪʘ ʦʭʦʣʦʜʞʫʚʘʯ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʦʛʦ ʷʢʫ ʪʝʤʧʝʨʘʪʫʨʫ  ʧʦʚʽʪʨʷ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʚ ʧʨʠʤʽʱʝʥʽ, ʨʝʛʫʣʶʻʪʴʩʷ ʨʦʙʦʪʘ 

ʥʘʛʨʽʚʘʯʘ ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʫʟʣʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʷʢʠʭ ʨʝʛʫʣʶʻʪʴʩʷ  ʦʙôʻʤ 

ʪʝʧʣʦʥʦʩʽʾʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʢʣʘʧʘʥʽʚ (Y3,Y4). ʊʘʢʦʞ ʚ ʧʦʚʽʪʨʦʧʨʦʚʦʜʽ 

ʩʪʦʾʪʴ ʧʨʠʧʣʠʚʥʠʡ ʚʝʥʪʠʣʷʪʦʨ ʷʢʠʡ ʢʝʨʫʻʪʴʩʷ   ʫʧʨʘʚʣʽʥʥʷʤ ʜʚʠʛʫʥʦʤ ʄ1. 

ɺʠʩʥʦʚʢʠ. ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʻ ʽʥʥʦʚʘʮʽʡʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ 

ʨʽʰʝʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʪʠʧʽ ʧʨʠʤʽʱʝʥʥʷ. ɺʦʥʘ ʥʝ ʣʠʰʝ 

ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʠʡ ʚʥʫʪʨʽʰʥʽʡ ʢʣʽʤʘʪ ʪʘ ʢʦʤʬʦʨʪ ʜʣʷ ʧʨʦʞʠʚʘʥʥʷ ʪʘ ʨʦʙʦʪʠ, ʘʣʝ ʽ 

ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʠʪʨʘʪ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ. 

ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʬʽʣʴʪʨʘʮʽʾ ʧʦʚʽʪʨʷ, ʩʠʩʪʝʤʘ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ, ʝʢʦʣʦʛʽʯʥʫ ʯʠʩʪʦʪʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʨʝʩʫʨʩʽʚ. 

ʋ ʩʚʽʪʣʽ ʟʨʦʩʪʘʶʯʦʾ ʫʚʘʛʠ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʟ 

ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʩʪʘʶʪʴ ʥʝʚʽʜ'ʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʦʾ ʙʫʜʽʚʝʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʩʧʨʠʷʶʯʠ 

ʩʪʚʦʨʝʥʥʶ ʟʜʦʨʦʚʦʛʦ ʪʘ ʢʦʤʬʦʨʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʚʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʆʃɯɻʆʅ ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʉʀʉʊɽʄ ʇʈʆɻʈɸʄʅʆ-

ʃʆɻɯʏʅʆɻʆ ʋʇʈɸɺʃɯʅʅʗ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʧʨʦʛʨʘʤʥʦ-ʣʦʛʽʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ (ʉʇʃʋ) ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʆʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʥʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʽ ʤʦʜʠʬʽʢʘʮʽʾ ʪʠʧʦʚʠʭ ʉʇʃʋ. 

ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ. ʈʽʚʝʥʴ L1 ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʨʽʚʝʥʴ ʨʝʛʫʣʶʚʘʥʥʷ; ʨʽʚʝʥʴ 

ʢʦʥʪʨʦʣʝʨʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ) ʚ ʽʥʪʝʛʨʦʚʘʥʽʡ ɸʉʋ ʤʘʩʰʪʘʙʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʩʪʘʥʜʘʨʪʦʤ 

ISA-95 ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʝʘʣʽʟʘʮʽʶ ʟʘʜʘʯ ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʟʘʜʘʯ ʧʨʦʛʨʘʤʥʦ-

ʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʇʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʽʚʥʷ L1 ï ʇʃʂ. 

ɿʘʜʘʯʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ï ʮʝ ʟʘʜʘʯʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊʆʋ 

(ʧʽʜʪʨʠʤʘʥʥʷ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ï ʫʩʪʘʚʢʘʭ). ʈʝʘʣʽʟʫʶʪʴʩʷ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʘʤʠ (ʪʘ ʽʥʰʠʤʠ ʥʝʧʝʨʝʨʚʥʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ) ʚ ʉɸʈ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊʆʋ. 

ʇʃʂ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ɸʉʋ ʥʝʧʝʨʝʨʚʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ (Continuous Production Control) ʽ 

ʧʦʨʮʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ (Batch Production Control). 

ɿʘʜʘʯʽ ʧʨʦʛʨʘʤʥʦ-ʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʣʽʟʫʶʪʴʩʷ ʉʇʃʋ. ʇʃʂ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ɸʉʋ ʜʠʩʢʨʝʪʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ (Discrete Production Control). ɺʠʜʽʣʷʶʪʴ ʪʘʢʽ ʟʘʜʘʯʽ 

ʧʨʦʛʨʘʤʥʦ-ʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ: 1) ʪʝʭʥʦʣʦʛʽʯʥʽ ʽ ʘʚʘʨʽʡʥʽ ʟʘʭʠʩʪʠ; 2) ʚʟʘʻʤʥʝ ʙʣʦʢʫʚʘʥʥʷ 

ʤʘʰʠʥ ʽ ʦʧʝʨʘʮʽʡ; 3) ʩʪʘʨʪ-ʩʪʦʧʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ (ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʚʝʻʨʘʤʠ, ʨʦʣʴʛʘʥʛʘʤʠ ʪʦʱʦ); 4) ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷʤ (motion control); 5) ʩʠʩʪʝʤʠ 

ʜʦʩʪʫʧʫ ʽ ʙʝʟʧʝʢʠ (ʛʚʘʨʜ-ʩʠʩʪʝʤʠ). 

ɸʉʋ ʥʝʧʝʨʝʨʚʥʠʤ ʽ ʧʦʨʮʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʨʝʘʣʽʟʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ, ʫʧʨʘʚʣʷʶʯʽ 

ʽ ʟʘʭʠʩʥʽ ʬʫʥʢʮʽʾ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʬʫʥʢʮʽʾ ï ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʝʨʚʠʥʥʘ 

ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ ʽ ʚʽʟʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ. ʋʧʨʘʚʣʷʶʯʽ ʬʫʥʢʮʽʾ ï ʩʪʘʙʽʣʽʟʘʮʽʷ ʨʝʞʠʤʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ɿʘʭʠʩʥʽ ʬʫʥʢʮʽʾ ï ʪʝʭʥʦʣʦʛʽʯʥʽ ʽ ʘʚʘʨʽʡʥʽ ʟʘʭʠʩʪʠ ʦʙʣʘʜʥʘʥʥʷ ʽ ʚʟʘʻʤʥʝ 

ʙʣʦʢʫʚʘʥʥʷ ʦʧʝʨʘʮʽʡ. ɿʘʭʠʩʥʽ ʬʫʥʢʮʽʾ ʨʝʘʣʽʟʫʶʪʴʩʷ ʩʘʤʝ ʉʇʃʋ ʚ ʩʢʣʘʜʽ ɸʉʋ. ʉʇʃʋ ʻ 

ʪʘʢʦʶ ʞ ʥʝʦʙʭʽʜʥʦʶ ʽ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʧʨʦʤʠʩʣʦʚʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ (ɸʊʂ ï ʮʝ ʊʆʋ, ʢʝʨʦʚʘʥʠʡ ɸʉʋ), ʷʢ ʽ ʉɸʈ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʈʽʚʝʥʴ L2 ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ; ʨʽʚʝʥʴ ʩʫʧʝʨʚʽʟʦʨʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ) 

ʚ ʽʥʪʝʛʨʦʚʘʥʽʡ ɸʉʋ ʤʘʩʰʪʘʙʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʩʪʘʥʜʘʨʪʦʤ ISA-95 ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʝʘʣʽʟʘʮʽʶ 

ʟʘʜʘʯ ʣʶʜʠʥʥʦ-ʤʘʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ (HMI). ʇʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʨʽʚʥʷ  L2 ï SCADA-ʩʠʩʪʝʤʠ. SCADA-ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʫʶʪʴ ʩʫʧʝʨʚʽʟʦʨʥʝ ʫʧʨʘʚʣʽʥʥʷ ʷʢ 

çʥʝʧʝʨʝʨʚʥʠʤʠè ʉɸʈ, ʪʘʢ ʽ çʜʠʩʢʨʝʪʥʠʤʠè ʉʇʃʋ. 

ʉʪʨʫʢʪʫʨʥʝ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʽ 

ʤʦʜʠʬʽʢʘʮʽʾ ɸʉʋ ʥʝʧʝʨʝʨʚʥʠʤ ʽ ʧʦʨʮʽʡʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ [1]. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʦʣʦʛʽʾ ʽ ʟʘʩʦʙʽʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʽ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʉʇʃʋ ʥʘ ʩʪʘʜʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ ʚ ʧʨʦʮʝʩʽ ʤʦʜʠʬʽʢʘʮʽʾ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʈʦʟʨʦʙʠʪʠ ʧʦʣʽʛʦʥ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽʤʽʪʧʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʠʧʦʚʠʭ ʉʇʃʋ. ɿʤʦʜʝʣʶʚʘʪʠ ʽ ʜʦʩʣʽʜʠʪʠ ʪʠʧʦʚʽ ʉʇʃʋ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟôʷʩʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʝʬʝʢʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʊʆʋ ʟʘʩʦʙʘʤʠ ʧʦʣʽʛʦʥʫ ʽʤʽʪʘʮʽʡʥʦʛʦ SIL-ʤʦʜʝʣʶʚʘʥʥʷ 

(ʊʆʋ ʤʦʜʝʣʶʻʪʴʩʷ ʚ ʉʂʄ; ʢʦʥʪʨʦʣʝʨʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʩʦʬʪʇʃʂ; ʩʫʧʝʨʚʽʟʦʨʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʨʝʘʣʽʟʫʻʪʴʩʷ HMI/SCADA-ʩʠʩʪʝʤʦʶ). 

ʄʦʜʝʣʶʚʘʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʦʣʽʛʦʥ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ 
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ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʧʣʘʪʬʦʨʤʽ ʉʂʄ Matlab Simulink ï ʩʦʬʪʇʃʂ CoDeSys ï 

HMI/SCADA-ʩʠʩʪʝʤʘ AVEVA  Web Studio [1]. 

ʄʦʜʝʣʶʚʘʣʠʩʴ ʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʉʇʃʋ: ʉʇʃʋ ʣʽʬʪʦʚʦʶ ʩʠʩʪʝʤʦʶ; ʉʇʃʋ 

ʩʠʩʪʝʤʦʶ ʟʘʤʦʚʣʝʥʴ; ʉʇʃʋ ʥʘʩʦʩʥʦʶ ʛʨʫʧʦʶ; ʉʇʃʋ ʩʠʩʪʝʤʦʶ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʢʝʣʫ. 

ʃʽʬʪʦʚʘ ʩʠʩʪʝʤʘ (ʊʆʋ) ʚ ʉʇʃʋ ʣʽʬʪʦʚʦʶ ʩʠʩʪʝʤʦʶ ʟʤʦʜʝʣʴʦʚʘʥʘ ʚ ʉʂʄ 

ʽʥʪʝʛʨʫʶʯʠʤʠ ʣʘʥʢʘʤʠ, ʣʘʥʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʧʽʟʥʝʥʥʷ, ʝʣʝʤʝʥʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʽ 

ʣʦʛʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʉʠʩʪʝʤʘ ʟʘʤʦʚʣʝʥʴ (ʊʆʋ) ʚ ʉʇʃʋ ʩʠʩʪʝʤʦʶ ʟʘʤʦʚʣʝʥʴ ʟʤʦʜʝʣʴʦʚʘʥʘ ʚ ʉʂʄ 

ʽʥʪʝʛʨʫʶʯʠʤʠ ʣʘʥʢʘʤʠ, ʣʘʥʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʧʽʟʥʝʥʥʷ, ʝʣʝʤʝʥʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʽ 

ʣʦʛʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʅʘʩʦʩʥʘ ʛʨʫʧʘ (ʊʆʋ) ʚ ʉʇʃʋ ʥʘʩʦʩʥʦʶ ʛʨʫʧʦʶ ʟʤʦʜʝʣʴʦʚʘʥʘ ʚ ʉʂʄ ʽʥʪʝʛʨʫʶʯʠʤʠ 

ʣʘʥʢʘʤʠ, ʣʘʥʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʧʽʟʥʝʥʥʷ, ʝʣʝʤʝʥʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʽ ʣʦʛʽʯʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. 

ʉʠʩʪʝʤʘ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʢʝʣʫ ʻ ʥʝʦʙʭʽʜʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʧʨʦʤʠʩʣʦʚʠʭ ʨʝʛʝʥʝʨʘʪʠʚʥʠʭ ʢʘʤʝʨʥʠʭ ʧʝʯʝʡ. ʂʣʘʩʠʯʥʠʡ ʧʨʠʢʣʘʜ ï ʩʢʣʦʚʘʨʥʘ ʧʽʯ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʉʇʃʋ ʩʠʩʪʝʤʦʶ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʢʝʣʫ ʧʝʨʝʜʙʘʯʘʻ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʉʂʄ 

ʧʨʦʮʝʩʽʚ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʝʛʝʥʝʨʘʪʦʨʘʭ ʽ ʧʝʨʝʤʽʱʝʥʴ ʟʘʧʽʨʥʠʭ 

ʢʣʘʧʘʥʽʚ. ʇʨʦʮʝʩʠ ʥʘʛʨʽʚʘʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʨʝʛʝʥʝʨʘʪʦʨʘʭ ʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʟʘʧʽʨʥʠʭ ʢʣʘʧʘʥʽʚ ʟʤʦʜʝʣʴʦʚʘʥʽ ʚ ʉʂʄ ʽʥʪʝʛʨʫʶʯʠʤʠ ʣʘʥʢʘʤʠ, ʣʘʥʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʧʽʟʥʝʥʥʷ, ʝʣʝʤʝʥʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʽ ʣʦʛʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʇʦʜʘʯʘ ʛʘʟʫ ʪʘ ʧʦʚʽʪʨʷ ʚ ʩʢʣʦʚʘʨʥʽʡ ʧʝʯʽ ʟ ʧʦʧʝʨʝʯʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʣʫʤ'ʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʯʝʨʟʽ ʘʙʦ ʥʘ ʧʨʘʚʫ, ʘʙʦ ʥʘ ʣʽʚʫ ʩʪʦʨʦʥʫ ʧʝʯʽ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʚʘʨʢʠ ʩʢʣʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʛʝʥʝʨʘʪʦʨʠ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʩʢʣʦʚʘʨʥʠʭ 

ʧʝʯʝʡ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚ ʨʦʙʦʯʫ ʢʘʤʝʨʫ ʧʦʩʪʽʡʥʦ ʥʘʜʭʦʜʠʣʦ ʥʘʛʨʽʪʝ ʧʦʚʽʪʨʷ ʽ ʛʘʟ. ɿ ʮʽʻʶ 

ʤʝʪʦʶ ʥʘ ʧʝʯʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʚʽ ʧʘʨʠ ʨʝʛʝʥʝʨʘʪʦʨʽʚ, ʥʘʩʘʜʢʘ ʷʢʠʭ ʧʦ ʯʝʨʟʽ ʪʦ ʥʘʛʨʽʚʘʻʪʴʩʷ 

ʛʘʟʘʤʠ, ʪʦ ʧʝʨʝʜʘʻ ʟʘʢʫʤʫʣʴʦʚʘʥʝ ʥʘʩʘʜʢʦʶ ʪʝʧʣʦ ʧʦʚʽʪʨʶ. ʊʨʠʚʘʣʽʩʪʴ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʘʙʦ 

ʧʝʨʽʦʜ ʚʽʜʚʝʜʝʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ 30 ʭʚ. ʇʨʦʪʷʛʦʤ 30 ʭʚ ʯʝʨʝʟ ʥʘʩʘʜʢʠ ʨʝʛʝʥʝʨʘʪʦʨʽʚ 

ʧʨʦʭʦʜʷʪʴ ʜʠʤʦʚʽ ʛʘʟʠ, ʚʽʜʜʘʶʯʠ ʮʝʛʣʷʥʽʡ ʢʣʘʜʮʽ ʩʚʦʻ ʪʝʧʣʦ. ʏʝʨʝʟ 30 ʭʚ ʚ ʥʘʛʨʽʪʽ ʥʘʩʘʜʢʠ 

ʟʘʤʽʩʪʴ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʥʘʜʭʦʜʠʪʴ ʭʦʣʦʜʥʝ ʧʦʚʽʪʨʷ. ɿʘʢʫʤʫʣʴʦʚʘʥʝ ʥʘʩʘʜʢʦʶ ʪʝʧʣʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʧʦʚʽʪʨʶ, ʽ ʚʦʥʦ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʦʩʪʫʧʦʚʦ, ʚ ʧʨʦʮʝʩʽ 

ʚʽʜʜʘʯʽ ʪʝʧʣʘ, ʥʘʩʘʜʢʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʽ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ ʤʝʞʽ (ʯʝʨʝʟ 30 ʭʚ) ʧʨʦʮʝʩ 

ʧʦʚʪʦʨʶʻʪʴʩʷ. ʏʝʨʝʟ ʨʝʛʝʥʝʨʘʪʦʨ ʟʥʦʚʫ ʧʨʦʧʫʩʢʘʶʪʴʩʷ ʜʠʤʦʚʽ ʛʘʟʠ, ʥʘʩʘʜʢʘ ʘʢʫʤʫʣʶʻ 

ʪʝʧʣʦ, ʧʦʪʽʤ ʧʝʨʝʜʘʻ ʡʦʛʦ ʧʦʚʽʪʨʶ ʽ ʪ. ʜ. ɼʠʤʦʚʽ ʛʘʟʠ ʥʘʜʭʦʜʷʪʴ ʚ ʨʝʛʝʥʝʨʘʪʦʨʠ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 1350-1500 Á ʉ ʽ ʡʜʫʪʴ ʟ ʥʠʭ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 300-500 Á ʉ. 

ʌʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜʠ ʥʘ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʢʝʣʫ ʚʠʢʦʥʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘ ʪʘʢʠʤʠ 

ʦʟʥʘʢʘʤʠ: ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʤ ʽʥʪʝʨʚʘʣʦʤ ʯʘʩʫ ʤʽʞ ʧʝʨʝʢʠʜʘʥʥʷʤʠ ʬʘʢʝʣʫ 

ʟʘʟʚʠʯʘʡ ʜʦ 30 ʭʚʠʣʠʥ); ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʝʨʭʥʽʭ ʯʘʩʪʠʥ 

ʨʝʛʝʥʝʨʘʪʦʨʽʚ; ʟʘ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʠʞʥʽʭ ʯʘʩʪʠʥ ʨʝʛʝʥʝʨʘʪʦʨʽʚ. 

ʎʠʢʣʦʛʨʘʤʘ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʢʝʣʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1 (ʧʝʨʝʢʠʜʘʥʥʷ ʟʣʽʚʘ ʥʘʧʨʘʚʦ; ʜʣʷ 

ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʢʝʣʫ ʟʧʨʘʚʘ ʥʘʣʽʚʦ ʮʠʢʣʦʛʨʘʤʘ ʘʥʘʣʦʛʽʯʥʘ). 

ɺ ʮʠʢʣʦʛʨʘʤʽ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: Ű1 ï ʧʦʯʘʪʦʢ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʢʝʣʫ; Ű8 

ï ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʢʝʣʫ; Űʬ ï ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʢʝʣʫ (ʜʦ 60 ʩ); Űʽ
ɛ ï 

ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʟʘʢʨʠʚʘʶʪʴʩʷ (Ű1
ɛ; Ű21

ɛ) ʘʙʦ 

ʚʽʜʢʨʠʚʘʶʪʴʩʷ (Ű22
ɛ; Ű3

ɛ), ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ 2-5 ʩ; Űʽ
n ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʛʨʘʤʥʦ ʦʨʛʘʥʽʟʦʚʘʥʠʭ 

ʧʘʫʟ (Űʽ
n- ʥʘ ʧʨʦʜʫʚʘʥʥʷ ʪʦʧʢʠ  ʧʦʚʽʪʨʷʤ; Ű2

n ï ʥʘ ʟʘʧʦʚʥʝʥʥʷ ʪʦʧʢʠ ʧʦʚʽʪʨʷʤ; Ű3
n ï ʥʘ 

ʩʧʨʘʮʶʚʘʥʥʷ ʚʩʽʭ ʢʽʥʮʝʚʠʭ ʚʠʤʠʢʘʯʽʚ ʽ ʜʘʚʘʯʽʚ ʨʝʣʝ ʪʠʩʢʫ), ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ 5-10 ʩ. 
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ʈʠʩʫʥʦʢ 1 ï ʎʠʢʣʦʛʨʘʤʘ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʢʝʣʫ ʚ ʪʦʧʮʽ ʧʝʯʽ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʉʇʃʋ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʥʘʥʝʩʝʥʥʷʤ ʩʪʘʨʪ-ʩʪʦʧʥʠʭ 

ʢʦʤʘʥʜ, ʷʢʽ ʟʘʧʫʩʢʘʣʠ ʘʙʦ ʟʫʧʠʥʷʣʠ ʨʦʙʦʪʫ ʉʇʃʋ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʪʠʧʦʚʠʭ ʉʇʃʋ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ (ʨʝʢʦʤʝʥʜʘʮʽʾ). 

1. ʇʦʣʽʛʦʥ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ SIL-ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢ ʩʘʤʦ ʝʬʝʢʪʠʚʥʦ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʉʇʃʋ, ʷʢ ʽ ʜʣʷ ʉɸʈ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʠʩʢʨʝʪʥʽ 

ʊʆʋ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʥʝʧʝʨʝʨʚʥʽ ʊʆʋ, ʝʬʝʢʪʠʚʥʦ ʤʦʜʝʣʶʶʪʴʩʷ ʚ ʉʂʄ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʜʠʩʢʨʝʪʥʠʭ ʊʆʋ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʪʝʛʨʫʶʯʽ ʣʘʥʢʠ ʽ 

ʣʘʥʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʧʽʟʥʝʥʥʷ. ɸʧʝʨʽʦʜʠʯʥʽ ʣʘʥʢʠ, ʧʨʘʢʪʠʯʥʦ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

(ʥʝʤʘʻ ʧʝʨʝʭʽʜʥʦʾ ʜʠʥʘʤʽʢʠ). ʂʦʥʪʨʦʣʝʨʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʩʦʬʪʇʃʂ. 

ʉʫʧʝʨʚʽʟʦʨʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʨʝʘʣʽʟʫʻʪʴʩʷ HMI/SCADA-ʩʠʩʪʝʤʦʶ. 

2. ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ SIL-ʤʦʜʝʣʶʚʘʥʥʷ ʉʇʃʋ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʜʣʷ ʪʠʧʦʚʠʭ ʉʇʃʋ: ʉʇʃʋ ʣʽʬʪʦʚʦʶ ʩʠʩʪʝʤʦʶ; ʉʇʃʋ ʩʠʩʪʝʤʦʶ 

ʟʘʤʦʚʣʝʥʴ; ʉʇʃʋ ʥʘʩʦʩʥʦʶ ʛʨʫʧʦʶ; ʉʇʃʋ ʩʠʩʪʝʤʦʶ ʧʝʨʝʢʠʜʘʥʥʷ ʬʘʢʝʣʫ. 

3. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʛʦʥʫ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ SIL-

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʉʇʃʋ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʽ ʘʚʘʨʽʡʥʠʤʠ ʟʘʭʠʩʪʘʤʠ ʥʘ ʪʝʧʣʦʚʠʭ ʽ 

ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʷʭ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɹʘʪʶʢ ʉ.ɻ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʮʠʬʨʦʚʠʡ ʪʚʽʥʽʥʛ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʽʙʝʨ-
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʉʋ ʇʈʀʇʃʀɺʅʆ-ɺʀʊʗɾʅʆɰ ʋʉʊɸʅʆɺʂʀ ʉʀʉʊɽʄʀ ɺɽʅʊʀʃʗʎɯɰ ʊɸ 

ʂʆʅɼʀʎɯʖɺɸʅʅʗ ʂʆʅʌɽʈɽʅʎ-ɿɸʃʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʫʯʘʩʥʘ ʋʢʨʘʾʥʘ ʩʪʘʻ ʚʩʝ ʙʣʠʞʯʝ ʽ 

ʙʣʠʞʯʝ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʾ ʩʽʤôʾ, ʟôʷʚʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʽʥʦʟʝʤʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʽʥʚʝʩʪʦʨʽʚ 

ʛʦʪʦʚʠʭ ʨʦʟʚʠʚʘʪʠ, ʨʦʟʰʠʨʶʚʘʪʠ ʩʚʽʡ ʙʽʟʥʝʩ ʥʘ ʪʝʨʝʥʘʭ ʥʘʰʦʾ ʢʨʘʾʥʠ [1], ʚʽʜʧʦʚʽʜʥʦ ʟʨʦʩʪʘʻ 

ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʨʽʟʥʠʭ ʟʘʭʦʜʽʚ, ʜʣʷ ʷʢʠʭ ʷʢ ʨʘʟ ʽ ʧʨʠʟʥʘʯʝʥʽ ʩʧʝʮʽʘʣʴʥʽ 

ʧʨʠʤʽʱʝʥʥʷ ï ʢʦʥʬʝʨʝʥʮ-ʟʘʣʠ. ʇʽʜʪʨʠʤʘʥʥʷ ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʥʷ ʚ ʷʢʦʤʫ 

ʟʥʘʭʦʜʷʪʴʩʷ ʣʶʜʠ ʻ ʚʽʜʧʦʚʽʜʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʡʜʝʪʴʩʷ ʧʨʦ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʦʨʛʘʥʽʟʘʮʽʡ, ʜʝ ʚʽʜ ʢʦʞʥʦʛʦ ʟ ʥʘʡʤʝʥʰʠʭ ʬʘʢʪʦʨʽʚ ʧʨʦʚʝʜʝʥʥʷ ʟʫʩʪʨʽʯʽ ʤʦʞʝ 

ʟʘʣʝʞʘʪʠ ʚʽʜʧʦʚʽʜʥʝ ʨʽʰʝʥʥʷ. ʏʘʩʪʦ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʠ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ ʙʘʟʽ ʚʞʝ ʽʩʥʫʶʯʠʭ 

ʦʬʽʩʥʠʭ ʧʨʠʤʽʱʝʥʴ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʭʦʞʽ ʧʦ ʩʚʦʾʡ ʩʫʪʽ. ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʪʘʢʠʭ ʨʽʰʝʥʴ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʫ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ, ʟʘʩʪʘʨʽʣʠʭ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ʥʠʟʴʢʦʶ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʧʦʩʪʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʨʠʩʫʪʥʦʩʪʽ ʣʶʜʝʡ ʫ ʧʨʠʤʽʱʝʥʥʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʟʽ ʩʪʦʨʦʥʠ ʚʣʘʩʥʠʢʘ 

ʧʨʠʤʽʱʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɿ ʜʦʩʚʽʜʫ ʧʨʦʚʝʜʝʥʠʭ ʢʦʤʧʘʥʽʻʶ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʦʙʩʪʝʞʝʥʴ ʥʘ ʜʝʩʷʪʢʘʭ ʚʠʨʦʙʥʠʯʠʭ ʪʘ ʢʦʤʝʨʮʽʡʥʠʭ ʦʙôʻʢʪʘʭ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʯʘʩʽʚ ʜʽʾ 

ʥʠʟʴʢʠʭ ʪʘʨʠʬʽʚ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʻ ʚʝʣʠʯʝʟʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʜʣʷ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ [1]. 

ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʦʙôʻʢʪʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʜʦ 10 ʨʦʢʽʚ ʪʦʤʫ, ʜʝ ʚʥʫʪʨʽʰʥʽ ʤʝʨʝʞʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʟʘʛʘʣʦʤ ʚ ʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ, ʥʝʦʙʭʽʜʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʦʩʥʦʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʫʟʣʽʚ ʙʫʜʽʚʣʽ ʟʘ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʚʝʥʪʠʣʷʮʽʡʥʝ 

ʦʙʣʘʜʥʘʥʥʷ, ʦʜʥʠʤ ʟ ʷʢʠʭ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʟʘ 

ʬʘʢʪʠʯʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʚ ʧʨʠʤʽʱʝʥʥʽ [1]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʤʬʦʨʪʥʝ ʧʝʨʝʙʫʚʘʥʥʷ 

ʚʽʜʚʽʜʫʚʘʯʽʚ ʫ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʽ ʪʘ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʩʴʦʛʦʜʝʥʥʠʤ ʚʠʤʦʛʘʤ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʧʨʠʤʽʱʝʥʴ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʫ ʧʦʜʘʣʴʰʦʤʫ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ 

ʥʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʷʢʽ ʻ ʦʜʥʠʤʠ ʽʟ ʛʦʣʦʚʥʠʭ ʩʪʘʪʝʡ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ ʜʣʷ ʚʣʘʩʥʠʢʘ, ʧʨʠ 

ʩʪʘʣʦʤʫ ʨʽʚʥʽ ʢʦʤʬʦʨʪʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʂʣʶʯʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʚʽʜ ʧʨʠʤʽʱʝʥʴ ʦʬʽʩʥʦʛʦ ʪʠʧʫ ʻ 

ʥʝʧʨʦʛʥʦʟʦʚʘʥʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʽʚ. ʉʘʤʝ ʪʦʤʫ ʜʦʮʽʣʴʥʠʤ ʻ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʽʟ ʪʘʢ ʟʚʘʥʠʤ ʟʤʽʥʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʟʘ ʬʘʢʪʠʯʥʦʶ 

ʧʦʪʨʝʙʦʶ, ʧʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʠʡ ʽ ʤʽʥʽʤʘʣʴʥʠʡ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ 

ʥʘʜʭʦʜʞʝʥʥʷ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ [2, ʩ. 128]. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʬʫʥʢʮʽʾ 

ʧʣʘʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ PIR-ʜʘʚʘʯʽʚ. ʇʨʠʥʮʠʧ ʜʽʾ ʮʠʭ ʜʘʚʘʯʽʚ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʩʧʨʠʡʥʷʪʪʽ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʶʜʠʥʦʶ. 

ʉʭʝʤʘʪʠʯʥʦ ʙʫʜʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʫ ʫʧʨʘʚʣʽʥʥʷ (ʊʆʋ) ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ. 1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘʪʠʯʥʘ ʙʫʜʦʚʘ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʪʘ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʫ 

 

ʆʩʥʦʚʥʠʤ ʢʦʥʪʫʨʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʊʆʋ ʻ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ ʜʽʾ çʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ 

ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ/ʭʦʣʦʜʦʘʛʝʥʪʫ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ) ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽè. 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʦʙʨʘʥʦʛʦ ʆʋ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʟʙʫʨʝʥʥʷ ʟʽ ʩʪʦʨʦʥʠ ʈʆ (ʚʥʫʪʨʽʰʥʽ 

ʟʙʫʨʝʥʥʷ) ʪʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʷʪʠ ʟʥʘʯʝʥʥʷ ʫ ʡʦʛʦ ʧʨʦʤʽʞʥʽʡ ʪʦʯʮʽ, ʪʦ ʜʦʮʽʣʴʥʠʤ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʢʘʩʢʘʜʥʦʾ ʉɸʈ. ʆʙʨʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʜʘʪʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʰʚʠʜʢʠʡ ʪʘ ʪʦʯʥʠʡ ʽʥʝʨʮʽʡʥʠʡ ʧʦ ʩʚʦʾʡ ʧʨʠʨʦʜʽ ʧʨʦʮʝʩ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʤʦʞʣʠʚʠʭ ʟʙʫʨʝʥʴ ʷʢ ʟʽ ʩʪʦʨʦʥʠ ʈʆ (ʟʤʽʥʘ 

ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʤʝʨʝʞʽ ʪʘ/ʘʙʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ/ʭʦʣʦʜʦʘʛʝʥʪʫ ʧʨʠ 

ʥʝʟʤʽʥʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʈʆ), ʪʘʢ ʽ ʟʽ ʩʪʦʨʦʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʟʤʽʥʘ ʪʝʧʣʦʦʙʤʽʥʫ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʥʘʩʣʽʜʦʢ ʟʘʢʨʠʪʪʷ ʘʙʦ ʚʽʜʢʨʠʪʪʷ ʜʚʝʨʝʡ ʽ ʚʽʢʦʥ, ʟʤʽʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ ʫ 

ʧʨʠʤʽʱʝʥʥʽ, ʪʦʱʦ). ʇʝʨʝʚʘʛʦʶ ʢʘʩʢʘʜʥʦʾ ʉɸʈ ʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʟʙʫʨʝʥʥʽ ʟʽ ʩʪʦʨʦʥʠ ʈʆ 

(ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʜʥʦʢʦʥʪʫʨʥʦʶ ʉɸʈ) ʽ ʟʘʛʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ 

ʪʘ ʜʚʦʽʤʧʫʣʴʩʥʦʶ ʉɸʈ). ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʚʦʢʦʥʪʫʨʥʦʾ ʉɸʈ ʦʯʽʢʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʚʥʷ ʢʦʤʬʦʨʪʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʰʣʷʭʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ ʯʽʪʢʦ ʟʘʜʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʘʩʢʘʜʥʦʾ ʩʭʝʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʥʝʦʙʭʽʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʱʦʥʘʡʤʝʥʰʝ ʜʚʦʭ 

ʜʘʚʘʯʽʚ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʝʨʰʠʡ ʜʘʚʘʯ ʤʦʥʪʫʻʪʴʩʷ ʥʘ ʚʠʭʦʜʽ ʧʨʠʧʣʠʚʥʦʛʦ ʢʘʥʘʣʫ ʟʘʚʜʷʢʠ 

ʯʦʤʫ ʨʝʛʫʣʷʪʦʨ ʽ ʤʦʞʝ ʥʽʚʝʣʶʚʘʪʠ ʟʙʫʨʝʥʥʷ ʟʽ ʩʪʦʨʦʥʠ ʈʆ. ɯʥʰʠʡ ʜʘʚʘʯ ʤʦʥʪʫʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʠʤʽʱʝʥʥʽ (ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʟʘʜʘʥʽʡ ʟʦʥʽ) ʘʙʦ ʫ 

ʚʠʪʷʞʥʦʤʫ ʢʘʥʘʣʽ (ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʫʩʝʨʝʜʥʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʨʠʤʽʱʝʥʥʽ) ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʷʪʦʨʫ ʟʥʘʪʠ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʢʦʨʝʛʫʚʘʪʠ ʬʘʢʪʠʯʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʧʨʠʤʽʱʝʥʥʽ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʛʫʣʷʪʦʨʽʚ ʟ ʨʝʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ ʙʫʜʫʪʴ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʚʠʧʝʨʝʜʞʘʣʴʥʦʾ (ʰʚʠʜʢʽʩʥʦʾ) ʪʘ ʽʥʝʨʮʽʡʥʦʾ ʯʘʩʪʠʥʠ ʆʋ, ʷʢʽ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʣʘʥʢʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʽʟ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʧʽʟʥʝʥʥʷʤ. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʷʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʝʤʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʥʘʨʘʟʽ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʥʪʝʟʦʚʘʥʦʾ ɸʉʋ ʦʯʽʢʫʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʥʝʟʤʽʥʥʦ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ 

ʢʦʤʬʦʨʪʫ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʈɽɻʋʃʖɺɸʅʅʗ ʊɽʄʇɽʈɸʊʋʈʀ ʈɽʊʋʈʅʆɰ ʇɸʈʀ ʇʈʀ ɺʀʈʆɹʅʀʎʊɺɯ ʎʋʂʈʋ

ʈʝʪʫʨʥʘ ʧʘʨʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʊɽʎ, ʧʽʩʣʷ ʨʝʜʫʢʮʽʡʥʦ-ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

(ʈʆʋ) ʧʦʜʘʻʪʴʩʷ ʜʦ ʧʘʨʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ ʧʝʨʝʜ ʧʝʨʰʠʤ ʢʦʨʧʫʩʦʤ ʚʠʧʘʨʥʦʾ ʩʪʘʥʮʽʡ (ɺʉ). ʋ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʊɽʎ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʟʥʘʯʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ɺʉ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʝʧʣʦʚʠʭ 

ʚʪʨʘʪ ʪʘ ʫʪʚʦʨʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʚ ʧʘʨʦʧʨʦʚʦʜʽ, ʱʦʙ ʥʽʚʝʣʶʚʘʪʠ ʮʝ, ʧʘʨʘ ʚʩʝʞ ʪʘʢʠ 

ʟʘʣʠʰʘʻʪʴʩʷ ʫ ʧʝʨʝʛʨʽʪʦʤʫ ʩʪʘʥʽ.  

ɺ ʪʝʦʨʽʾ ʈʆʋ ʧʦʜʘʻ ʧʘʨʫ ʚʞʝ ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʛʨʽʚʫ, ʧʨʦʪʝ 

ʥʘ ʧʨʘʢʪʠʮʽ, ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝ ʟʘʚʞʜʠ ʚʜʘʻʪʴʩʷ ʜʦʪʨʠʤʫʚʘʪʠʩʴ, ʧʘʨʘ ʟʘʣʠʰʘʻʪʴʩʷ ʽʟ 

ʟʥʘʯʥʠʤ ʧʝʨʝʛʨʽʚʦʤ. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʘ ʮʷ ʧʨʦʙʣʝʤʘ ʫ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʩʝʟʦʥʫ ʧʝʨʝʨʦʙʢʠ 

ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʫ, ʢʦʣʠ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʮʫʢʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʧʦʩʪʫʧʦʚʦʛʦ ʛʥʠʪʪʷ ʙʫʨʷʢʫ ʚ ʢʘʛʘʪʘʭ. 

ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʪ ʮʫʢʨʦʟʠ ʯʝʨʝʟ ʪʝʨʤʽʯʥʠʡ ʨʦʟʧʘʜ ʧʽʜ ʯʘʩ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʫ 

ɺʉ ʧʨʠʧʘʜʘʻ ʥʘ ʧʝʨʰʠʡ ʢʦʨʧʫʩ [1]. ʊʦʤʫ, ʝʬʝʢʪʠʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʛʨʽʚʫ 

ʨʝʪʫʨʥʦʾ ʧʘʨʠ ʥʘ ʚʭʦʜʽ ʜʦ ɺʉ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʝ ʣʠʰʝ ʥʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ,  ʘʣʝ ʡ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʮʫʢʨʦʟʠ.  

ɿʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʽʥʩʪʨʫʢʮʽʡ [2], ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʛʨʽʚʫ ʧʘʨʠ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʜʦ ʧʝʨʰʦʛʦ ʢʦʨʧʫʩʫ ɺʉ, ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 25ÁC, ʱʦʙ ʫʥʠʢʥʫʪʠ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ ʮʫʢʨʦʟʠ ʪʘ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʦʪʝ, ʧʝʨʝʛʨʽʚ ʥʘʚʽʪʴ ʤʝʥʰʠʭ ʚʝʣʠʯʠʥ ʻ ʥʝʙʘʞʘʥʠʤ, ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ [3]:  

 ʟʥʠʞʝʥʥʷ pH; 

 ʟʙʽʣʴʰʝʥʥʷ ʢʦʣʴʦʨʦʚʦʩʪʽ; 

 ʚʪʨʘʪʠ ʮʫʢʨʦʟʠ; 

 ʫʪʚʦʨʝʥʥʷ ʥʘʢʠʧʫ ʥʘ ʩʪʽʥʢʘʭ ʚʠʧʘʨʥʠʭ ʢʦʨʧʫʩʽʚ. 

ɼʣʷ ʙʦʨʦʪʴʙʠ ʽʟ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʧʝʨʝʛʨʽʚʫ ʨʝʪʫʨʥʦʾ ʧʘʨʠ ʥʘ ʧʝʨʝʙʽʛ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʦʮʝʩʫ ʫ ɺʉ, ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʫʭ ʩʧʦʩʦʙʽʚ: 

 1. ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʮʫʢʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʫ ʚʠʧʘʨʥʦʤʫ ʢʦʨʧʫʩʽ.  

ɿʛʽʜʥʦ ʟʘ ʨʽʚʥʷʥʥʷʤ ʄ.ɸ.ɻʝʡʰʦʚʪʘ (1):   

                                                   † ρπππὸ ρρψȟυ ρπȢτ .                                         (1) 

ʜʝ † ̝̍́̋̒̉̍́̌̎̏ ̅̏̐̔̒̓̉̍̉̊ ̘́ ̠̒̐̆̑̆̂̔̃́̎̎ ̒̏̋̔ȟ̖ ;̃ 

      ὸ ̓̆̍̐̆̑́̓̔̑́ ̨̠̋̉̐̎̎ ̒̏̋̔ ÁC. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʝ ʨʽʚʥʷʥʥʷ, ʤʠ ʤʦʞʝʤʦ ʨʦʟʨʘʭʫʚʘʪʠ, ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʩʦʢʫ ʫ 

ʚʠʧʘʨʥʦʤʫ ʘʧʘʨʘʪʽ. ʎʝʡ ʤʝʪʦʜ ʤʘʻ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʩʦʢʫ, 

ʥʘʷʚʥʽ ʚʠʧʘʨʥʽ ʘʧʘʨʘʪʠ ʈʦʙʝʨʪʘ, ʷʢʽ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʥʘ ʽʩʥʶʯʠʭ ʟʘʚʦʜʘʭ, ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʟʘʤʽʥʝʥʽ ʥʘ ʘʧʘʨʘʪʠ ʧʣʽʚʢʦʚʦʛʦ ʪʠʧʫ. ʎʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ. 

 

2. ɺʧʨʦʚʘʜʞʝʥʥʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʆʋ) ʧʘʨʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʧʝʨʰʠʡ 

ʢʦʨʧʫʩ ɺʉ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʆʋ ʜʦʧʦʤʦʞʝ ʟʤʝʥʰʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʛʨʽʚʫ ʨʝʪʫʨʥʦʾ ʧʘʨʠ, ʱʦ 

ʩʪʘʙʽʣʽʟʫʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʽ ʟʤʝʥʰʠʪʴ ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʯʝʥʦʾ ʮʫʢʨʦʟʠ ʥʘ ɺʉ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʨʝʪʫʨʥʦʾ ʧʘʨʠ 

ʆʋ (ʨʠʩ. 1)  ʙʫʜʝ ʚʢʣʶʯʘʪʠ ʫ ʩʦʙʽ ʩʠʩʪʝʤʫ ʬʦʨʩʫʥʦʢ ʜʣʷ ʨʦʟʧʠʣʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʚ 

ʧʦʪʦʮʽ ʧʘʨʠ (ʧʦʟ 2), ʨʝʛʫʣʶʶʯʠʡ ʢʣʘʧʘʥ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʦʜʘʯʽ ʚʦʜʠ (ʧʦʟ 3), ʥʘʩʦʩʫ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʥʜʝʥʩʘʪʫ (ʧʦʟ 4) ʪʘ ʜʘʪʯʠʢʫ ʪʝʤʧʝʨʘʪʫʨʠ.  

ɼʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʥʜʝʥʩʘʪ ʨʝʪʫʨʥʦʾ ʧʘʨʠ ʘʙʦ ʢʦʥʜʝʥʩʘʪ 

ʚʪʦʨʠʥʥʦʾ ʧʘʨʠ ʧʝʨʰʦʛʦ ʢʦʨʧʫʩʫ ɺʉ.  

ʗʢ ʚʠʩʥʦʚʦʢ, ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʛʨʽʚʫ ʧʘʨʠ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʮʫʢʨʦʟʠ ʪʘ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ 

ʨʝʪʫʨʥʦʾ ʧʘʨʠ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ, ʱʦ ʩʧʨʠʷʻ 

ʟʥʠʞʝʥʥʶ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ʊʘʢʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʶ ʨʝʩʫʨʩʽʚ, ʘʣʝ ʡ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʫ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ 

ʛʘʣʫʟʽ, ʚʽʜʢʨʠʚʘʶʯʠ ʰʣʷʭʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʥʘ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ. 
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ĭ ʅʊʋʋ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

 

ʈɽʂʋʇɽʈɸʎɯʗ ʊɽʇʃɸ ɺ ʎɽʅʊʈɸʍ ʆɹʈʆɹʂʀ ɼɸʅʀʍ

ʉʫʯʘʩʥʽ ʮʝʥʪʨʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ (ʎʆɼ) ʩʧʦʞʠʚʘʶʪʴ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʠʢʠʜʽʚ CO2 ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʚʢʽʣʣʷ. ɿ 

ʧʦʰʠʨʝʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʎʆɼ ʪʘ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʢʣʘʩʪʝʨʠ (ɺʇʂ) 

ʟʘʟʥʘʣʠ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʥʘ ʥʠʭ ʩʫʢʫʧʥʦ ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ 4% ʩʚʽʪʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [1]. ʇʘʥʜʝʤʽʷ COVID-19 ʱʝ ʙʽʣʴʰʝ ʧʨʠʩʢʦʨʠʣʘ ʚʽʨʪʫʘʣʽʟʘʮʽʶ, ʟʙʽʣʴʰʠʚʰʠ 

ʩʝʨʝʜʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʎʆɼ ʧʨʠʙʣʠʟʥʦ ʥʘ 30%. ʆʭʦʣʦʜʞʝʥʥʷ, ʷʢʝ ʩʧʦʞʠʚʘʻ 30-40% 

ʝʥʝʨʛʽʾ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ [2]. ɯʩʥʫʶʯʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʎʆɼ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʜʧʨʘʮʴʦʚʘʥʝ 

ʪʝʧʣʦ, ʱʦ ʨʦʙʠʪʴ ʎʆɼ ʥʝʝʬʝʢʪʠʚʥʠʤʠ. 

ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʎʆɼ ʻ ʩʪʨʘʪʝʛʽʾ 

ʨʝʢʫʧʝʨʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʝʧʣʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʾʭʥʴʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʽʜʭʦʜʽ ʚʽʜʽʛʨʘʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʧʨʘʮʴʦʚʘʥʝ ʪʝʧʣʦ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. 

ʇʦʚʽʪʨʷʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʧʫʣʷʨʥʠʤ ʜʣʷ ʩʠʩʪʝʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʩʝʨʚʝʨʽʚ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ ʫ ʎʆɼ, ʘ ʤʦʜʫʣʴʥʽ 

ʩʠʩʪʝʤʠ ʟʜʘʪʥʽ ʚʽʜʚʦʜʠʪʠ ʜʦ 20 ʢɺʪ ʪʝʧʣʘ ʥʘ ʦʜʥʫ ʩʪʽʡʢʫ. ʆʜʥʘʢ, ʯʝʨʝʟ ʦʙʤʝʞʝʥʫ ʟʜʘʪʥʽʩʪʴ 

ʧʦʚʽʪʨʷ ʜʦ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʨʽʰʝʥʥʷ ʟ ʨʽʜʠʥʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ.  

ʉʝʨʚʝʨʠ ʟ ʨʽʜʠʥʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʭʦʣʦʜʥʽ 

ʧʣʘʩʪʠʥʠ ʽ ʤʽʢʨʦʢʘʥʘʣʴʥʽ ʨʘʜʽʘʪʦʨʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʮʝʩʦʨʽʚ, ʭʦʯʘ ʨʽʜʠʥʥʝ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʫʧʥʠʤ. ʆʭʦʣʦʜʞʝʥʥʷ ʟʘʥʫʨʝʥʥʷʤ, 

ʭʦʯʘ ʽ ʻ ʝʬʝʢʪʠʚʥʠʤ, ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʨʦʙʣʝʤʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʯʝʨʝʟ ʚʘʞʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ɺʠʩʦʢʦʱʽʣʴʥʽ ʩʪʽʡʢʠ ʟ ʨʽʜʠʥʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʤʦʞʫʪʴ ʨʦʟʩʽʶʚʘʪʠ ʜʦ 50-60 ʢɺʪ 

ʪʝʧʣʘ ʥʘ ʦʜʥʫ ʩʪʽʡʢʫ, ʱʦ ʚʠʤʘʛʘʻ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ [2]. ʆʜʥʘʢ ʪʘʢʽ 

ʧʨʦʙʣʝʤʠ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʥʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʚʠʩʦʢʽ ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʾʭ 

ʰʠʨʦʢʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ. ɼʣʷ ʨʝʢʫʧʝʨʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʝʧʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʥʘ 

ʦʩʥʦʚʽ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʦʭʦʣʦʜʞʫʚʘʯʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʪʦʢʠ ʛʘʨʷʯʦʾ ʚʦʜʠ ʟʽ ʩʪʽʡʦʢ ʟ 

ʨʽʜʠʥʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʭʦʣʦʜʦʥʦʩʽʷ ʚʩʝʨʝʜʠʥʽ ʎʆɼ. ʎʝʡ ʤʝʪʦʜ ʤʘʻ ʥʘ 

ʤʝʪʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʦʜʥʦʯʘʩʥʦ 

ʤʘʢʩʠʤʽʟʫʶʯʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ.  

ʊʝʭʥʽʯʥʫ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʛʽʙʨʠʜʥʦʛʦ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ, ʷʢʘ ʤʽʩʪʠʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʪʽʡʢʠ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ ʟ ʚʦʜʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʽ 

ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ ʟ ʧʦʚʽʪʨʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ, ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʰʣʷʭʦʤ ʚʥʫʪʨʽʰʥʴʦʾ 

ʨʝʢʫʧʝʨʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʝʧʣʘ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʢʣʘʩʪʝʨʥʠʭ ʩʪʽʡʦʢ ʟ ʚʦʜʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʽ ʩʝʨʚʝʨʥʠʭ ʩʪʽʡʦʢ ʟ 

ʧʦʚʽʪʨʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ. ʄʘʢʩʠʤʘʣʴʥʽ ʪʝʧʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʽʡʦʢ ʟ ʚʦʜʷʥʠʤ ʽ 

ʧʦʚʽʪʨʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʩʪʘʥʦʚʣʷʪʴ 350 ʢɺʪ ʽ 50 ʢɺʪ ʚʽʜʧʦʚʽʜʥʦ [2]. ʉʝʨʚʝʨ ʟ ʚʦʜʷʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʩʪʝʣʘʞʘ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʤʽʞʥʠʭ ʩʪʽʡʢʦʚʠʭ ʚʦʜʦ-ʚʦʜʷʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʩʠʩʪʝʤʫ ʧʦʜʘʯʽ ʚʦʜʠ ʚ ʙʫʜʽʚʣʶ ʙʝʟ ʭʦʣʦʜʠʣʴʥʦʾ ʤʘʰʠʥʠ 

(ʯʠʣʝʨʘ). ʉʪʽʡʢʠ ʟ ʧʦʚʽʪʨʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʙʣʦʢʠ ʦʭʦʣʦʜʞʝʥʥʷ ʚ 

ʨʷʜʽ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʭʦʣʦʜʥʫ ʚʦʜʫ ʚʽʜ ʧʘʨʦʢʦʤʧʨʝʩʽʡʥʦʛʦ ʯʠʣʝʨʘ ʟ ʢʦʥʜʝʥʩʘʪʦʨʦʤ 



 71 

ʧʦʚʽʪʨʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ (ʈʠʩ. 1). ɺʦʥʘ ʟôʻʜʥʫʻ ʜʚʘ ʪʠʧʠ ʩʪʽʡʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʨʝʢʫʧʝʨʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʝʧʣʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʦʭʦʣʦʜʞʫʚʘʯʘ, 

ʚʦʜʦʚʦʜʷʥʦʛʦ ʨʝʢʫʧʝʨʘʪʦʨʘ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʝʧʣʘ, ʤʦʢʨʦʾ ʛʨʘʜʠʨʥʽ, ʚʝʥʪʠʣʷʪʦʨʽʚ ʛʨʘʜʠʨʥʽ 

ʪʘ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʥʘʩʦʩʽʚ. ɺʭʽʜʥʠʡ ʧʦʪʽʢ ʭʦʣʦʜʦʥʦʩʽʷ ʚ ʩʪʽʡʢʠ ʟ ʨʽʜʠʥʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ 

ʩʪʘʻ ʪʝʧʣʽʰʠʤ ʥʘ ʚʠʭʣʦʧʽ ʩʝʨʚʝʨʘ ʟʘʚʜʷʢʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ɸʛʨʝʛʦʚʘʥʽ ʧʦʪʦʢʠ ʟ ʫʩʽʭ ʚʠʭʣʦʧʽʚ 

ʩʝʨʚʝʨʘ ʧʝʨʝʜʘʶʪʴ ʯʘʩʪʠʥʫ ʩʚʦʛʦ ʪʝʧʣʘ ʜʦ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʯʠʣʝʨʘ ʯʝʨʝʟ ʧʨʦʤʽʞʥʠʡ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ. ʎʝ ʩʧʨʠʷʻ ʘʜʩʦʨʙʮʽʾ ʪʘ ʚʠʨʦʙʥʠʮʪʚʫ ʭʦʣʦʜʦʥʦʩʽʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʙʣʦʢʽʚ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʨʷʜʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʩʪʽʡʢʘʭ ʟ ʧʦʚʽʪʨʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʤʝʥʰʫʻʪʴʩʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʘʨʦʢʦʤʧʨʝʩʽʡʥʠʡ ʯʠʣʝʨ, ʷʢʝ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʯʠʣʝʨʘ, ʟʤʝʥʰʫʶʯʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʧʘʨʦʢʦʤʧʨʝʩʽʡʥʠʤ ʦʭʦʣʦʜʞʫʚʘʯʝʤ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʜʣʷ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽʟ ʩʪʽʡʢʘʤʠ ʟ ʨʽʜʠʥʥʠʤ ʽ 

ʧʦʚʽʪʨʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ, ʟôʻʜʥʘʥʠʤʠ ʯʝʨʝʟ ʘʜʩʦʨʙʮʽʡʥʠʡ ʯʠʣʝʨ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 

ʟʘ ʨʘʭʫʥʦʢ ʨʝʢʫʧʝʨʘʮʽʾ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʾʾ ʩʢʣʘʜʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ, ʱʦ ʟʙʠʨʘʶʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʽʟʥʠʭ ʜʘʪʯʠʢʽʚ, ʧʨʦʧʦʥʫʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʟʘʭʠʩʪʫ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ.   

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ ʥʦʚʘ ʩʪʨʘʪʝʛʽʷ ʨʝʢʫʧʝʨʘʮʽʾ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʝʧʣʘ ʎʆɼ, ʱʦ ʤʽʩʪʠʪʴ ʷʢ ʧʦʚʽʪʨʷʥʽ, ʪʘʢ ʽ ʨʽʜʠʥʥʽ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ʈʦʟʛʣʷʥʫʪʠʡ ʧʽʜʭʽʜ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʝʧʣʘ ʎʆɼ, ʪʘʢʠʤʠ ʷʢ 

ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʝʣʴ, ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʨʛʘʥʽʯʥʦʛʦ ʮʠʢʣʫ ʈʝʥʢʽʥʘ, 

ʧʽʜʽʛʨʽʚʫ ʚʦʜʠ ʜʣʷ ʢʦʪʣʽʚ ʘʙʦ ʚʠʨʦʙʥʠʮʪʚʘ ʭʦʣʦʜʥʦʾ ʚʦʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʙʩʦʨʙʮʽʡʥʠʭ 

ʯʠʣʝʨʽʚ. ʂʦʤʙʽʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʎʆɼ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʚʧʨʦʚʘʜʞʝʥʘ ʚ ʽʩʥʫʶʯʽ 

ʩʠʩʪʝʤʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆɻʃʗɼ ʅɸʁɹɯʃʔʐ ʇʈʆʉʋʅʋʊʀʍ ʊɸ ʇʈɽʉʇɽʂʊʀɺʅʀʍ ʇʈʆɭʂʊɯɺ ʄɸʃʀʍ 

ʄʆɼʋʃʔʅʀʍ ʈɽɸʂʊʆʈɯɺ ʊɸ ɺʀʂʃʀʂʀ ɰʍ ɺʇʈʆɺɸɼɾɽʅʅʗ ɺ ʋʂʈɸɰʅɯ 

ɺ ʋʢʨʘʾʥʽ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ 15 ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ, ʷʢʽ ʜʦ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʘʛʨʝʩʽʾ ʨʬ 

ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʛʝʥʝʨʫʚʘʣʠ ʙʽʣʴʰ, ʥʽʞ 50% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʗʢ 

ʥʘʩʣʽʜʦʢ ʘʛʨʝʩʽʾ, ʥʘʡʙʽʣʴʰʘ ʚ ɭʚʨʦʧʽ ɸɽʉ ï ɿʘʧʦʨʽʟʴʢʘ ɸɽʉ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʦʢʫʧʘʮʽʻʶ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʾʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʽʩʣʷ ʧʝʨʝʤʦʛʠ ʋʢʨʘʾʥʠ ʟʘʡʤʝ ʪʨʠʚʘʣʠʡ ʯʘʩ. ʂʨʽʤ ʪʦʛʦ, 

ʯʘʩʪʠʥʘ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʙʫʣʘ ʟʨʫʡʥʦʚʘʥʘ ʚʥʘʩʣʽʜʦʢ ʦʙʩʪʨʽʣʽʚ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 

ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʊɽʉ) ʪʘ ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʝʡ (ʊɽʎ). ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʧʨʠʡʤʘʪʠ ʜʦ ʫʚʘʛʠ, ʻ ʪʝ, ʱʦ ʧʽʜ ʯʘʩ ʤʽʞʥʘʨʦʜʥʦʾ ʢʣʽʤʘʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ʫ ˆʣʘʟˇʦ ʫ 2021 ʋʢʨʘʾʥʘ ʚʟʷʣʘ ʥʘ ʩʝʙʝ ʟʦʙʦʚôʷʟʘʥʥʷ ʚʠʚʝʩʪʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʫʛʽʣʴʥʽ ʊɽʉ ʜʦ 2035 ʨʦʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʧʝʨʝʤʦʛʠ ʋʢʨʘʾʥʠ ʧʦʩʪʘʥʝ ʛʦʩʪʨʝ ʧʠʪʘʥʥʷ 

ʚʽʜʙʫʜʦʚʠ ʧʦʰʢʦʜʞʝʥʠʭ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʘʙʦ ʥʫʣʴʦʚʠʤʠ 

ʚʠʢʠʜʘʤʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʥʘʨʘʟʽ ʘʪʦʤʥʘ ʝʥʝʨʛʝʪʠʢʘ ʚʠʟʥʘʥʘ ʚʽʣʴʥʦʶ ʚʽʜ ʚʫʛʣʝʮʶ 

ʝʥʝʨʛʽʻʶ (carbon free), ʘ ʪʘʢʦʞ, ʱʦ ʋʢʨʘʾʥʘ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʧʦʪʫʞʥʠʡ ʘʪʦʤʥʦ-ʧʨʦʤʠʩʣʦʚʠʡ 

ʢʦʤʧʣʝʢʩ, ʷʢʽʡ ʛʦʪʦʚʠʡ ʜʣʷ ʧʝʨʝʦʨʽʻʥʪʫʚʘʥʥʷ ʥʘ ʩʫʯʘʩʥʽ ʨʝʘʣʽʾ, ʮʽʣʢʦʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ 

ʥʘʧʨʷʤʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʜʣʷ ʚʽʜʙʫʜʦʚʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ. 

ʆʩʦʙʣʠʚʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʠʭ ʤʦʜʫʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ (ʄʄʈ). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʄɸɻɸʊɽ [1] ʜʦ ʄʄʈ ʚʽʜʥʦʩʷʪʴ ʨʝʘʢʪʦʨʠ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 

300 ʄɺʪ. ʉʪʘʥʦʤ ʥʘ 2022 ʨʽʢ ʚ ʩʚʽʪʽ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʙʽʣʴʰʽ ʥʽʞ 80 ʨʽʟʥʠʭ ʧʨʦʻʢʪʽʚ ʄʄʈ ʚ 18 

ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ [1]. ʎʽ ʧʨʦʻʢʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʩʪʘʥʫ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ. ɼʦ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʨʦʻʢʪʽʚ ʄʄʈ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ ʧʨʦʻʢʪʠ: VOYGR 

(ʨʦʟʨʦʙʥʠʢ NuScale), SMR-160 (ʢʦʤʧʘʥʽʷ Holtec) ʪʘ BWRX-300 (ʢʦʤʧʘʥʽʷ GE Hitachi). 

NuScale ʨʦʟʨʦʙʠʣʘ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʠʡ ʤʘʣʠʡ ʤʦʜʫʣʴʥʠʡ ʨʝʘʢʪʦʨ (ʈʠʩ. 1), ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʤʘʩʰʪʘʙʦʚʘʥʫ, ʙʝʟʧʝʯʥʫ ʪʘ ʥʘʜʽʡʥʫ ʙʝʟʚʫʛʣʝʮʝʚʫ ʷʜʝʨʥʫ ʝʥʝʨʛʽʶ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʮʽʣʝʡ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ [2]. ʄʄʈ NuScale VOYGR - ʮʝ ʙʘʛʘʪʦʤʦʜʫʣʴʥʘ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʝʚʝʣʠʢʦʤʫ ʨʝʘʢʪʦʨʽ ʟ ʚʦʜʦʶ ʧʽʜ ʪʠʩʢʦʤ (PWR), ʷʢʠʡ 

ʥʘʟʠʚʘʻʪʴʩʷ NuScale Power Module ʘʙʦ NPM [2]. ʋ ʩʝʨʧʥʽ 2020 ʨʦʢʫ NPM ʩʪʘʚ ʧʝʨʰʠʤ 

ʩʝʨʪʠʬʽʢʦʚʘʥʠʤ ʄʄʈ. ʂʦʥʩʪʨʫʢʮʽʷ ʻ ʜʫʞʝ ʛʥʫʯʢʦʶ ʪʘ ʢʦʥʬʽʛʫʨʦʚʘʥʦʶ, ʧʨʦʧʦʥʫʶʪʴʩʷ 4, 6 

ʪʘ 12 ʤʦʜʫʣʴʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʠʨʦʙʣʷʻ ʧʦ 77 ʄɺʪ ʝʣʝʢʪʨʠʯʥʠʭ ʘʙʦ 250 ʄɺʪ 

ʪʝʧʣʦʚʠʭ. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ NuScale VOYGR 
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ʇʨʦʝʢʪ ʤʘʣʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ SMR-160 (ʈʠʩ. 2), ʨʦʟʨʦʙʣʝʥʠʡ ʘʤʝʨʠʢʘʥʩʴʢʦʶ 

ʢʦʤʧʘʥʽʻʶ Holtec International, ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʣʝʛʢʦʚʦʜʥʠʭ ʨʝʘʢʪʦʨʽʚ 

[1]. ʂʦʥʩʪʨʫʢʮʽʷ ʮʴʦʛʦ ʨʝʘʢʪʦʨʘ ʟʥʘʯʥʦ ʩʧʨʦʱʝʥʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʝʥʝʨʛʦʙʣʦʢʘʤʠ 

ʽ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʠ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ, ʱʦ ʚ ʮʽʣʦʤʫ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ, 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ [1]. ɿʦʢʨʝʤʘ, ʨʝʘʢʪʦʨ ʥʝ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʾ ʧʨʠʩʫʪʥʦʩʪʽ 

ʧʝʨʩʦʥʘʣʫ, ʩʪʽʡʢʠʡ ʜʦ ʟʦʚʥʽʰʥʽʭ ʥʝʙʝʟʧʝʢ, ʘ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ (ʟʽ ʟʥʘʯʥʠʤ ʟʘʧʘʩʦʤ ʯʘʩʫ) 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠʨʦʜʥʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʫ ʚʩʽʭ ʨʝʞʠʤʘʭ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʚʽʜʭʠʣʝʥʥʷʭ ʚʽʜ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʘʚʘʨʽʷʭ. ʆʢʨʽʤ ʪʦʛʦ, SMR-160 ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʘʣʠʚʦ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ PWR. ɽʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ 

SMR-160 ʨʦʙʠʪʴ ʾʾ ʽʜʝʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʟʘʤʽʥʠ ʚʫʛʽʣʴʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ.  

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ SMR-160 

 

GE-Hitachi BWRX-300 ï ʮʝ ʥʝʚʝʣʠʢʠʡ ʤʦʜʫʣʴʥʠʡ ʨʝʘʢʪʦʨ (ʈʠʩ. 3) ʟ ʢʠʧʣʷʯʦʶ ʚʦʜʦʶ 

ʝʣʝʢʪʨʠʯʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 300 ʄɺʪ [3, 4]. ʂʦʥʩʪʨʫʢʮʽʷ ʨʝʘʢʪʦʨʘ ʪʘʢʦʞ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʧʨʠʨʦʜʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʯʠʩʪʦʛʦ, ʛʥʫʯʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ, 

ʷʢʝ ʻ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʩʪʘʥʦʚʢʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʧʨʠʨʦʜʥʦʤʫ 

ʛʘʟʽ. ʎʝʡ ʨʝʘʢʪʦʨ ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 50 ʜʦ 

100% ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʦʧʘʣʝʥʥʷ.  

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ BWRX-300 

 

ʉʫʪʪʻʚʠʤ ʬʘʢʪʦʨʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʄʄʈ ʻ ʜʦʚʦʣʽ ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ 

ʧʦʥʘʜ 60 ʨʦʢʽʚ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʜʦʚʞʝʥʥʷ. ʊʘʢʦʞ ʄʄʈ ʤʘʶʪʴ ʧʨʠʨʦʜʥʫ 

ʮʠʨʢʫʣʷʮʽʶ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʩʠʩʪʝʤʫ ʦʭʦʣʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʘʩʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ, ʱʦ ʘʢʪʠʚʫʶʪʴʩʷ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ 

ʩʪʘʥʮʽʾ ʪʘ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ.  

ʑʝ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʠʪʘʥʥʷʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʄʄʈ. ɼʣʷ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, 

ʷʢʠʡ ʝʢʩʧʣʫʘʪʫʻ ʄʄʈ, ʢʦʤʧʘʥʽʷ NuScale ʨʦʟʨʦʙʠʣʘ ʧʦʚʥʦʤʘʩʰʪʘʙʥʠʡ ʪʨʝʥʘʞʝʨ, ʷʢʠʡ 
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ʤʦʜʝʣʶʻ 12 ʨʝʘʢʪʦʨʥʠʭ ʤʦʜʫʣʽʚ (ʈʠʩ. 4). ɿ ʜʦʩʚʽʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʪʨʝʥʘʞʝʨʫ ʙʫʣʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʪʦʶ 12 ʨʝʘʢʪʦʨʥʠʭ ʤʦʜʫʣʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʫʤʦʚʘʭ 

ʘʚʘʨʽʡ, ʜʦʩʪʘʪʥʴʦ ʪʨʴʦʭ ʬʘʭʽʚʮʽʚ. ʎʝ ʻ ʩʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ɸɽʉ, 

ʜʝ ʜʣʷ ʦʜʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʦʪʨʽʙʥʦ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʧʝʨʩʦʥʘʣʫ. ʊʘʢʘ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʩʦʥʘʣʫ ʦʙʫʤʦʚʣʝʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʪʘ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʮʴʦʛʦ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʪʨʝʥʘʞʝʨʫ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʫʢʨʘʾʥʩʴʢʽ ʬʘʭʽʚʮʽ. 

 
ʈʠʩʫʥʦʢ 4 - ʇʦʚʥʦʤʘʩʰʪʘʙʥʠʡ ʪʨʝʥʘʞʝʨ NuScale 

 

ɿʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʄʄʈ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ, ʷʢʽ 

ʩʪʦʷʪʴ ʧʝʨʝʜ ʝʥʝʨʛʝʪʠʢʦʶ ʋʢʨʘʾʥʠ: 

¶ ɿʘʤʽʥʘ ʟʘʩʪʘʨʽʣʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ; 

¶ ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʽʚ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 
ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

¶ ʇʦʪʝʥʮʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʟʘʧʘʩʽʚ ʙʝʟʧʝʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ; 

¶ ʇʦʢʨʘʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʟʘ ʨʘʭʫʥʦʢ 
ʜʦʩʪʫʧʥʦʩʪʽ; 

¶ ʉʪʚʦʨʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʜʣʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. 

ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʄʈ ʤʘʻ ʥʠʟʢʫ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʽ ʚ 

ʋʢʨʘʾʥʽ. ɼʦ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ ʦʙʤʝʞʫʚʘʣʴʥʽ ʬʘʢʪʦʨʠ: 

¶ ʋʢʨʘʾʥʘ ʥʘʨʘʟʽ ʥʝ ʻ ʢʨʘʾʥʦʶ, ʷʢʘ ʨʦʟʨʦʙʣʷʻ ʪʘ ʙʫʜʫʻ ʄʄʈ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ 
ʟʘʧʦʟʠʯʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʽʥʰʠʭ ʢʨʘʾʥ; 

¶ ʅʝʚʝʣʠʢʠʡ ʜʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʄʄʈ ʫ ʩʚʽʪʽ, ʙʘʛʘʪʦ ʧʨʦʻʢʪʽʚ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʨʦʟʨʦʙʢʠ ʪʘ ʣʽʮʝʥʟʫʚʘʥʥʷ; 

¶ ʅʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʦʙʤʝʞʝʥʴ ʫʢʨʘʾʥʩʴʢʦʾ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʟ ʷʜʝʨʥʦʾ 
ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 
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ĭ ʅʊʋʋ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

 

ɯɼɽʅʊʀʌɯʂɸʎɯʗ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʆɹ'ɭʂʊɸ ʂɽʈʋɺɸʅʅʗ 

ɺɽʅʊʀʃʗʎɯʁʅʆɰ ʋʉʊɸʅʆɺʂʀ ɿɸ ʊɽʇʄʇɽʈɸʊʋʈʆʖ ɺ ʇʈʀʄɯʑɽʅʅɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɸʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʩʽ 

ʟʘʣʠʰʘʶʪʴʩʷ ʦʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʧʨʘʮʶʶʪʴ ʟ ʥʝʦʧʪʠʤʘʣʴʥʠʤʠ 

ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʦʱʦ [1]. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʻ ʪʝ, ʱʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘʣʘʰʪʫʚʘʥʴ ʨʝʛʫʣʷʪʦʨʘ ʥʝʦʙʭʽʜʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʙ'ʻʢʪ ʫʧʨʘʚʣʽʥʥʷ, ʪʦʙʪʦ ʚʠʟʥʘʯʠʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻ ʟ ʚʽʜʦʤʦʶ ʪʦʯʥʽʩʪʶ ʟʚôʷʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤʠ ʽ ʚʠʭʽʜʥʠʤʠ 

ʟʤʽʥʥʠʤʠ ʦʙôʻʢʪʘ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ʨʽʚʥʷʥʥʷ ʘʥʘʣʽʪʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʡ ʧʦʜʘʣʴʰʽʡ ʜʝʪʘʣʽʟʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ, ʦʩʢʽʣʴʢʠ ʩʫʪʦ ʘʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʤʦʜʝʣʴ, ʷʢʘ ʙ ʪʦʯʥʦ ʦʧʠʩʫʚʘʣʘ ʨʝʘʣʴʥʠʡ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ [2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʆʪʨʠʤʘʻʤʦ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʥʘʚʯʘʣʴʥʦʾ ʘʫʜʠʪʦʨʽʾ ʦʙôʻʤʦʤ 160 ʤ3, ʱʦ ʜʦʟʚʦʣʠʪʴ ʫ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʨʘʭʫʚʘʪʠ ɸʉʈ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʤʘʻ ʜʚʘ ʢʦʥʪʫʨʠ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʚʠʧʝʨʝʜʞʘʣʴʥʘ ʯʘʩʪʠʥʘ ï ʮʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʽʩʣʷ 

ʢʘʣʦʨʠʬʝʨʘ, ʘ ʽʥʝʨʮʽʡʥʘ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʘʫʜʠʪʦʨʽʾ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʪʠʯʥʠʡ 

ʦʙôʻʢʪ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʧʦʩʣʽʜʦʚʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʘʧʝʨʽʦʜʠʯʥʠʭ ʣʘʥʦʢ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟ 

ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʧʽʟʥʝʥʥʷʤ, ʧʨʦʪʝ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʚʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʫ ʟʚôʷʟʢʫ ʟ ʦʙôʻʤʦʤ 

ʧʨʠʤʽʱʝʥʥʷ, ʘʧʨʦʢʩʠʤʫʻʤʦ ʽʥʝʨʮʽʡʥʫ ʯʘʩʪʠʥʫ ʘʧʝʨʽʦʜʠʯʥʦʶ ʣʘʥʢʦʶ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʝʨʝʜʞʘʣʴʥʠʡ ʢʦʥʪʫʨ. ɿ ʛʨʘʬʽʢʫ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʈʠʩ. 1) 

ʚʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʦʙôʻʢʪʘ ï ʷʢ ʫʩʪʘʣʝʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ʋ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ Kʦʙ = 0.18 Áʉ/%ʈʆ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʣʦʾ ʯʘʩʫ ʡ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʩʢʦʨʠʩʪʘʻʤʦʩʴ 

ʤʝʪʦʜʦʤ ʜʦʪʠʯʥʦʾ [3]. 

ɿʨʝʰʪʦʶ ʬʫʥʢʮʽʷ ʧʝʨʝʜʘʯʽ ʚʠʧʝʨʝʜʞʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʦʙôʻʢʪʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ (1): 

ὡ ί
πȢρψὩ

ρρχί ρ
 (1) 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʛʽʥʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʧʝʨʝʜʞʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʘʧʨʦʢʩʠʤʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ʈʦʟʛʣʷʥʝʤʦ ʽʥʝʨʮʽʡʥʠʡ ʢʦʥʪʫʨ. ɿ ʛʨʘʬʽʢʫ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʈʠʩ. 2) 
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ʚʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʦʙôʻʢʪʘ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ Kʦʙ = 0.037 Áʉ/%ʈʆ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʣʠʭ ʯʘʩʫ ʡ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʝʪʦʜ ʚʽʜʨʽʟʢʽʚ (ʈʠʩ. 2). 

ʊʨʘʥʩʧʦʨʪʥʝ ʟʘʧʽʟʥʝʥʥʷ Ű = 90 ʩ. ɿʥʘʯʝʥʥʷ ʩʪʘʣʠʭ ʯʘʩʫ ʦʪʨʠʤʘʣʠ ʟ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

T1/T2 = d, Ta/Tb = f1(d), T1 = f2(d) * Tb [4]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʝʪʦʜʫ ʚʽʜʨʽʟʢʽʚ 

 

ɿʘʧʠʰʝʤʦ ʬʫʥʢʮʽʶ ʧʝʨʝʜʘʯʽ ʽʥʝʨʮʽʡʥʦʾ ʯʘʩʪʠʥʠ ʦʙôʻʢʪʘ (2): 

ὡ ί
πȢπσχὩ

φςχί ρ σρί ρ
 (2) 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʛʽʥʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʽʥʝʨʮʽʡʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʘʧʨʦʢʩʠʤʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʠʢ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʟʚʦʣʷʻ ʨʦʟʫʤʽʪʠ ʜʠʥʘʤʽʢʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʨʦʙʦʪʠ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʡ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 
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ʋɼʂ 681.5 

ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ɾʠʪʥʠʢ ɸ.ʉ. 

ĭ ʉʪ.ʚʠʢʣ. ʇʦʣʽʱʫʢ ɯ.ɸ. 

  https://scholar.google.com/citations?hl=uk&authuser=2&user=2CLzdFgAAAAJ 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɹʃɽʄʀ ʈɽɻʋʃʖɺɸʅʅʗ ʈɯɺʅʗ ɺʆɼʀ ɺ ɹɸʈɸɹɸʅɯ ʂʆʊʃɸ

ʇʘʨʦʚʠʡ ʢʦʪʝʣ ʻ ʦʩʥʦʚʥʠʤ ʘʛʨʝʛʘʪʦʤ ʪʝʧʣʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʽʜ 

ʩʧʨʘʚʥʦʩʪʽ ʨʦʙʦʪʠ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʾ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʊʦʤʫ 

ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʨʽʚʝʥʴ ʚʦʜʠ ʚ ʙʘʨʘʙʘʥʽ ʢʦʪʣʘ, ʦʩʢʽʣʴʢʠ ʚʽʜ 

ʥʴʦʛʦ ʟʘʣʝʞʠʪʴ ʙʝʟʧʝʢʘ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʪʣʘ. ʗʢʱʦ ʨʽʚʝʥʴ ʚʦʜʠ ʟʘʥʘʜʪʦ ʚʠʩʦʢʠʡ 

(ñʧʝʨʝʞʠʚʣʝʥʥʷò), ʪʦ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥʠ ʯʝʨʝʟ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʪʨʘʧʣʷʥʥʷ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ ʫ ʧʘʨʦʧʨʦʚʽʜ. ʗʢʱʦ ʞ ʨʽʚʝʥʴ ʚʦʜʠ ʟʘʥʘʜʪʦ 

ʥʠʟʴʢʠʡ (ñʦʧʫʩʢʘʥʥʷò), ʪʦ ʚʠʥʠʢʘʻ ʨʠʟʠʢ ʧʝʨʝʧʘʣʝʥʥʷ ʧʽʜʡʦʤʥʠʭ ʪʨʫʙ ʢʦʪʣʘ. ʊʦʤʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʚ ʙʘʨʘʙʘʥʽ ʢʦʪʣʘ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ, ʘ ʚʽʜ ʨʦʙʦʪʠ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ (ɸʉʈ) ʨʽʚʥʷ ʚʦʜʠ ʚ ʙʘʨʘʙʘʥʽ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʩʧʨʘʚʥʽʩʪʴ ʪʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ [1].  

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʨʦʙʦʪʠ ɸʉʈ ʨʽʚʥʷ ʻ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʽ ʾʾ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʚ 

ʫʤʦʚʘʭ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʟʙʫʨʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʧʽʜʪʨʠʤʘʥʥʷ 

ʨʽʚʥʷ ʚʦʜʠ ʚ ʙʘʨʘʙʘʥʽ ʩʧʨʠʷʻ ʧʨʦʜʦʚʞʝʥʥʶ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʞʠʚʠʣʴʥʠʭ ʥʘʩʦʩʽʚ, ʨʝʛʫʣʶʶʯʦʾ 

ʘʨʤʘʪʫʨʠ ʪʘ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ [2]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʦʙʭʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʰʣʷʭʠ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʽʩʥʫʶʯʽ ɸʉʈ ʨʽʚʥʷ, ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʨʽʟʥʠʭ ʚʽʜʦʤʠʭ ɸʉʈ ʨʽʚʥʷ. 

ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ɸʉʈ ʨʽʚʥʷ ʚʦʜʠ ʚ ʙʘʨʘʙʘʥʽ ʢʦʪʣʘ ʚʠʜʽʣʷʶʪʴ ʦʜʥʦʽʤʧʫʣʴʩʥʫ, 

ʜʚʦʽʤʧʫʣʴʩʥʫ ʪʘ ʪʨʴʦʭʽʤʧʫʣʴʩʥʫ ʩʭʝʤʠ  [2]. ʆʜʥʦʽʤʧʫʣʴʩʥʘ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʟʚʠʯʘʡʥʫ ʦʜʥʦʢʦʥʪʫʨʥʫ ɸʉʈ, ʜʝ ʩʠʛʥʘʣ ʚʽʜ ʜʘʪʯʠʢʘ ʨʽʚʥʷ ʚʦʜʠ ʚ ʙʘʨʘʙʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʷʢ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʜʣʷ ʇ ʘʙʦ ʇɯ ʨʝʛʫʣʷʪʦʨʘ. ʊʘʢʘ ʩʭʝʤʘ ʤʘʻ ʩʚʦʾ ʥʝʜʦʣʽʢʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ 

ʨʝʛʫʣʶʚʘʥʥʽ ʨʽʚʥʷ ʚʽʜʦʤʝ ʷʚʠʱʝ ñʥʘʙʨʷʢʘʥʥʷò ʨʽʚʥʷ: ʧʨʠ ʟʤʝʥʰʝʥʥʽ, ʥʘʧʨʠʢʣʘʜ, ʪʠʩʢʫ ʚ 

ʙʘʨʘʙʘʥʽ ʧʘʨʦʚʦʜʷʥʘ ʩʫʤʽʰ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʦʙôʻʤʽ, ʘ ʜʘʪʯʠʢ ʨʽʚʥʷ ʩʧʨʠʡʤʘʻ ʷʢ ʟʙʽʣʴʰʝʥʥʷ 

ʨʽʚʥʷ ʚʦʜʠ (ʘ ʬʘʢʪʠʯʥʦ ʮʝ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʧʘʨʦʚʦʜʷʥʦʾ ʩʫʤʽʰʽ), ʚʽʜʧʦʚʽʜʥʦ ʟ 

ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ ʧʘʨʘʜʦʢʩʦʤ ʇʘʩʢʘʣʷ. ʍʦʯʘ, ʥʘʩʧʨʘʚʜʽ, ʨʽʚʝʥʴ ʚʦʜʠ (ʘ ʩʘʤʝ ʨʽʚʝʥʴ ʚʦʜʠ, ʘ ʥʝ 

ʨʽʚʝʥʴ ʧʘʨʦʚʦʜʷʥʦʾ ʩʫʤʽʰʽ, ʻ ʽʥʜʠʢʘʪʦʨʦʤ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ/ʥʝʙʘʣʘʥʩʫ ʚʦʜʘ-ʧʘʨʘ) 

ʟʤʝʥʰʫʻʪʴʩʷ (ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ ʚ ʙʘʨʘʙʘʥʽ ʦʟʥʘʯʘʻ, ʱʦ ʟ ʧʘʨʦʚʦʜʷʥʦʾ ʩʫʤʽʰʽ ʚʠʜʘʣʷʻʪʴʩʷ 

ʙʽʣʴʰʝ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʚ ʧʘʨʦʧʝʨʝʛʨʽʚʘʯ, ʘ ʜʘʣʽ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ʥʘ ʪʫʨʙʽʥʫ, ʪʦʙʪʦ ʙʽʣʴʰʝ 

ʚʦʜʠ ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʚʦʜʠ ʚ ʙʘʨʘʙʘʥʽ ʤʝʥʰʝ ʽ ʾʾ ʨʽʚʝʥʴ ʧʘʜʘʻ) [2]. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʩʠʛʥʘʣʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʢʦʤʧʝʥʩʫʚʘʪʠ 

ʧʨʦʙʣʝʤʫ ʧʦʚôʷʟʘʥʫ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʨʽʚʥʶ ʚʦʜʠ ʚ ʙʘʨʘʙʘʥʽ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʜʘʶʪʴ ʱʝ ʜʦʜʘʪʢʦʚʠʡ ʩʠʛʥʘʣ ʟʘ ʚʠʪʨʘʪʦʶ 

ʚʦʜʠ ï ʜʚʦʽʤʧʫʣʴʩʥʘ ɸʉʈ, ʘʣʝ ʚʦʥʘ ʝʬʝʢʪʠʚʥʘ ʪʽʣʴʢʠ ʧʨʠ ʩʪʘʙʽʣʴʥʦʤʫ ʪʠʩʢʫ ʚʦʜʠ ʚ 

ʞʠʚʠʣʴʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʪʘ ʤʘʻ ʩʪʘʪʠʯʥʫ ʧʦʭʠʙʢʫ. ʊʦʤʫ ʨʦʟʛʣʷʜʘʶʪʴ ʨʽʰʝʥʥʷ ʱʝ ʜʦʜʘʪʢʦʚʦ 

ʚʚʝʩʪʠ ʩʠʛʥʘʣ ʟʘ ʚʠʪʨʘʪʦʶ ʧʘʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ï  

ʪʨʴʦʭʽʤʧʫʣʴʩʥʘ ɸʉʈ (ʈʠʩ. 1). ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʜʘʪʥʠʡ ʽʤʧʫʣʴʩ ʚʠʪʨʘʪʠ ʧʘʨʠ ʚ ʧʝʨʰʠʡ ʤʦʤʝʥʪ 

ʟʘʙʝʟʧʝʯʫʻ ʩʧʨʘʮʶʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʨʽʚʥʷ ʫ ʧʨʘʚʠʣʴʥʦʤʫ ʥʘʧʨʷʤʽ, ʘ ʜʘʣʽ (ʢʦʣʠ ʨʝʛʫʣʷʪʦʨ 

ʟʤʽʥʶʻ ʚʠʪʨʘʪʫ ʚʦʜʠ ʚ ʧʨʘʚʠʣʴʥʦʤʫ ʥʘʧʨʷʤʽ) ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʚʽʜôʻʤʥʠʤ ʽʤʧʫʣʴʩʦʤ 

ʚʠʪʨʘʪʠ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ (ʩʧʦʯʘʪʢʫ ʚʠʪʨʘʪʘ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ʙʽʣʴʰʘ ʟʘ ʚʠʪʨʘʪʫ ʞʠʚʠʣʴʥʦʾ 

ʚʦʜʠ ʘʙʦ ʥʘʚʧʘʢʠ, ʘ ʟʛʦʜʦʤ ʮʽ ʚʠʪʨʘʪʠ ʨʽʚʥʽ ʦʜʥʘ ʦʜʥʽʡ). 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʨʴʦʭʽʤʧʫʣʴʩʥʦʾ ɸʉʈ ʨʽʚʥʷ ʚʦʜʠ ʚ ʙʘʨʘʙʘʥʽ 

 

ʇʨʦʚʝʜʝʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʨʴʦʭʽʤʧʫʣʴʩʥʘ ɸʉʈ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʥʫʪʠ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʚ ʙʘʨʘʙʘʥʽ ʟʘʚʜʷʢʠ ʟʘʙʝʟʧʝʯʝʥʥʶ ʤʘʪʝʨʽʘʣʴʥʦʛʦ 

ʙʘʣʘʥʩʫ ʚʦʜʘ-ʧʘʨʘ (ʈʠʩ. 2). ɸʣʝ ʮʷ ʩʭʝʤʘ ʤʘʞ ʩʚʦʾ ʥʝʜʦʣʽʢʠ, ʘ ʩʘʤʝ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʨʦʙʣʝʤ 

ʟ ʙʫʜʴ-ʷʢʠʤ ʽʟ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ɸʉʈ ʧʝʨʝʩʪʘʻ ʧʨʘʮʶʚʘʪʠ, ʘ ʪʘʢʦʞ ʧʨʠ ʨʦʟʭʦʜʞʝʥʥʽ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʪʨʘʪʦʤʽʨʽʚ ʧʘʨʠ ʪʘ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ ʚʠʥʠʢʘʪʠʤʝ ʩʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʨʽʚʥʷ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʴʦʭʽʤʧʫʣʴʩʥʦʾ ɸʉʈ ʧʨʠ ñʥʘʙʨʷʢʘʥʥʽò ʨʽʚʥʷ 

 

ʈʦʟʛʣʷʥʫʚʰʠ ʪʠʧʦʚʽ ʧʨʦʙʣʝʤʠ ʪʘ ʩʭʝʤʠ ɸʉʈ ʨʽʚʥʷ ʚʦʜʠ ʚ ʙʘʨʘʙʘʥʽ ʢʦʪʣʘ, ʘ ʪʘʢʦʞ 

ʧʨʦʚʝʜʝʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʛʦ ʧʽʜʪʨʠʤʘʥʥʷ ʨʽʚʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʴʦʭʽʤʧʫʣʴʩʥʫ ɸʉʈ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʢʦʤʧʝʥʩʫʚʘʪʠ ʝʬʝʢʪ ñʥʘʙʨʷʢʘʥʥʷò ʨʽʚʥʷ, ʭʦʯʘ ʮʷ ɸʉʈ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ 

ʥʘʣʘʰʪʫʚʘʥʴ ʪʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆɻʃʗɼ ɿɸʉʊʆʉʋɺɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɺ ɸɺʊʆʄɸʊʀɿɸʎɯɰ 

ɺʀʈʆɹʅʀʎʊɺ

ʋ 2024 ʨʦʮʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʱʦʜʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʦʤʧʘʥʽʡ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. ɸʚʪʦʥʦʤʥʽ ʨʦʙʦʪʠ ʪʘ 

ʧʨʦʛʥʦʟʥʘ ʘʥʘʣʽʪʠʢʘ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʧʨʦʮʝʩʠ, ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʚʠʭ ʤʝʪʦʜʽʚ [1]. ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʢʦʤʧʘʥʽʡ ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʻ ʥʝ ʟʘʤʽʱʝʥʥʷ ʣʶʜʩʴʢʦʾ ʧʨʘʮʽ, ʘ ʨʦʟʰʠʨʝʥʥʷ ʣʶʜʩʴʢʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʙʽʣʴʰ ʙʝʟʧʝʯʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ. ʉʴʦʛʦʜʥʽ ʢʦʥʮʝʧʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʚʠʡʰʣʘ ʜʘʣʝʢʦ ʟʘ ʤʝʞʽ ʧʨʦʩʪʠʭ ʨʦʙʽʪ, ʷʢʽ ʙʫʣʠ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ 1960-ʭ ʨʦʢʽʚ. ʎʝ ʦʭʦʧʣʶʻ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦ ʧʽʜʢʣʶʯʝʥʽ 

ʚʠʨʦʙʥʠʯʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʜʝ ʣʶʜʠ ʪʘ ʤʘʰʠʥʠ ʧʨʘʮʶʶʪʴ ʨʘʟʦʤ, ʘ ʜʘʥʽ ʪʘ ʘʥʘʣʽʪʠʢʘ 

ʜʦʧʦʤʘʛʘʶʪʴ ʢʨʘʱʝ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʘ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʦʮʝʩʫ [2]. 

ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʫ ʪʘʢʽ ʩʧʦʩʦʙʠ 

[3]: 

- ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ: ʧʨʦʛʨʘʤʠ ʥʘʚʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʰʘʙʣʦʥʽʚ ʜʘʥʠʭ ʙʝʟ ʷʚʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

- ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ: ʧʦʢʨʘʱʝʥʘ ʬʦʨʤʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʘ ʨʦʟʫʤʽʻ ʟʦʙʨʘʞʝʥʥʷ 

ʪʘ ʚʽʜʝʦ. 

- ɸʚʪʦʥʦʤʥʽ ʦʙôʻʢʪʠ: ʨʦʟʫʤʥʽ ʨʦʙʦʪʠ ʘʙʦ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʱʦ ʩʘʤʦʩʪʽʡʥʦ 

ʚʠʢʦʥʫʶʪʴ ʟʘʚʜʘʥʥʷ. 

ɼʘʚʘʡʪʝ ʨʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʚʨʘʞʘʶʯʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʷʢʽ ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʧʣʠʚ ʐɯ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʦ: 

- ɿʨʦʩʪʘʥʥʷ ʨʠʥʢʫ: ʋ 2022 ʨʦʮʽ ʨʠʥʦʢ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʙʫʚ 

ʧʨʠʙʣʠʟʥʦ 2,3 ʤʽʣʴʷʨʜʘ ʜʦʣʘʨʽʚ. ʇʨʦʪʝ ʜʦ 2027 ʨʦʢʫ ʚʽʥ ʦʯʽʢʫʻʪʴʩʷ ʟʨʦʩʪʝ ʜʦ 16,3 ʤʽʣʴʷʨʜʽʚ 

ʜʦʣʘʨʽʚ, ʽʥʜʝʢʩʫʶʯʠ ʜʫʞʝ ʰʚʠʜʢʠʡ ʨʽʩʪ ʥʘ ʨʽʚʥʽ CAGR 47,9% ʱʦʨʦʢʫ. 

- ʈʝʚʦʣʶʮʽʷ ʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ: ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʝʨʝʬʦʨʤʫʣʶʻ ʧʘʨʘʜʠʛʤʫ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʦʙʦʪʠ ʟʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ, ʽ ʟʘʚʜʷʢʠ ʧʨʦʛʨʝʩʫ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʐɯ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʛʣʦʙʘʣʴʥʠʡ ʨʠʥʦʢ ʧʨʦʤʠʩʣʦʚʠʭ ʨʦʙʦʪʽʚ ʧʝʨʝʚʠʱʠʚ ʧʦʥʘʜ 

680 000 ʦʜʠʥʠʮʴ ʫ 2022 ʨʦʮʽ. ɼʦ 2031 ʨʦʢʫ ʨʠʥʦʢ ʨʦʙʦʪʽʚ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 150 ʤʽʣʴʷʨʜʽʚ 

ʜʦʣʘʨʽʚ. 

- ʇʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʧʦʢʨʘʱʫʻ ʨʦʙʦʪʫ. ɿʘʚʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘ 50% 

ʧʨʦʜʫʢʪʠʚʥʽʰʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʪʦʯʥʦʩʪʽ ʜʦ 

90% ʫ ʚʠʷʚʣʝʥʥʽ ʜʝʬʝʢʪʽʚ, ʧʦʢʨʘʱʫʶʯʠ ʟʘʛʘʣʴʥʫ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

- ʇʨʦʛʥʦʟʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: ʇʨʦʛʥʦʟʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʐɯ ʤʦʞʝ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦ 25%, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʣʦʤʦʢ ʥʘ 70%. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʟʘʧʦʙʽʛʘʻ ʜʦʨʦʛʠʤ ʧʦʣʦʤʢʘʤ ʽ 

ʦʧʪʠʤʽʟʫʻ ʛʨʘʬʽʢʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

- ʆʧʪʠʤʽʟʘʮʽʷ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ: ʋʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʦʤ ʧʦʩʪʘʯʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʐɯ ʜʦʧʦʤʘʛʘʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʧʨʘʮʶʚʘʪʠ ʢʨʘʱʝ. ʊʽ, ʭʪʦ ʧʝʨʰʠʤʠ ʧʨʠʡʥʷʣʠ ʐɯ, ʤʦʞʫʪʴ 

ʧʦʢʨʘʱʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʣʦʛʽʩʪʠʢʫ ʥʘ 15%, ʨʽʚʝʥʴ ʟʘʧʘʩʽʚ ʥʘ 35%, ʘ ʨʽʚʝʥʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ 
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65%. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʨʦʣʝʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʤʘʰʠʥ ʚʟʘʻʤʦʜʽʷʪʠ ʪʘ ʩʧʽʣʢʫʚʘʪʠʩʷ ʦʜʥʘ ʟ ʦʜʥʦʶ, ʩʪʚʦʨʶʶʯʠ ʪʘʢ ʟʚʘʥʠʡ 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʘʙʦ ɯʥʜʫʩʪʨʽʶ 4.0. ʎʷ ʽʥʪʝʛʨʘʮʽʷ ʐɯ, ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ɯʥʪʝʨʥʝʪʫ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʚʠʨʦʙʥʠʮʪʚʦ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʯʘʩ ʧʨʦʩʪʦʶ ʪʘ ʧʦʢʨʘʱʫʚʘʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ʊʘʢʦʞ, ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ, ʟʦʢʨʝʤʘ ʢʦʤʧ'ʶʪʝʨʥʠʡ ʟʽʨ, ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʥʠʢʘʤ ʧʽʜʚʠʱʫʚʘʪʠ ʩʪʘʥʜʘʨʪʠ ʷʢʦʩʪʽ. 

ɸʣʛʦʨʠʪʤʠ ʘʥʘʣʽʟʫʶʪʴ ʜʘʥʽ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ ʜʘʪʯʠʢʠ ʪʘ ʢʘʤʝʨʠ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʜʝʬʝʢʪʽʚ ʯʠ ʘʥʦʤʘʣʽʡ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʥʠʢʘʤ ʥʝʛʘʡʥʦ ʨʝʘʛʫʚʘʪʠ ʪʘ 

ʚʞʠʚʘʪʠ ʟʘʭʦʜʽʚ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʚʠʨʦʙʥʠʯʦʤʫ 

ʧʨʦʮʝʩʽ. 

ʇɯɼ-ʨʝʛʫʣʷʪʦʨʠ ʧʨʘʮʶʶʪʴ ʰʣʷʭʦʤ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʽʟʥʠʮʽ ʤʽʞ ʙʘʞʘʥʦʶ ʪʘ 

ʬʘʢʪʠʯʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʩʠʩʪʝʤʠ. ʇʦʪʽʤ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʠ ʢʦʥʪʨʦʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ð ʧʨʦʧʦʨʮʽʡʥʠʡ, ʽʥʪʝʛʨʘʣʴʥʠʡ ʽ ʧʦʭʽʜʥʠʡ ð ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʩʠʩʪʝʤʠ. ʎʝʡ ʢʦʥʪʫʨ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʛʘʨʘʥʪʫʻ, ʱʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʪʦʯʥʦ 

ʚʽʜʧʦʚʽʜʘʻ ʙʘʞʘʥʦʤʫ ʟʥʘʯʝʥʥʶ, ʟʙʝʨʽʛʘʶʯʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʜʦʩʷʛʘʶʯʠ ʦʧʪʠʤʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʇɯɼ-ʨʝʛʫʣʷʪʦʨʠ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʝʣʠʯʝʟʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʟʽ ʩʚʦʻʶ ʟʜʘʪʥʽʩʪʶ ʥʘʚʯʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʽ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʤʽʥʣʠʚʠʭ ʫʤʦʚ ʥʘʜʘʻ ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʠʣʠʪʠ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷ, 

ʧʦʜʦʣʘʚʰʠ ʡʦʛʦ ʚʣʘʩʪʠʚʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʧʽʜʥʷʚʰʠ ʡʦʛʦ ʥʘ ʥʦʚʽ ʚʠʩʦʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʪʦʯʥʦʩʪʽ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʘʣʛʦʨʠʪʤʠ ʐɯ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʧʨʦʧʦʥʫʻ ʫʥʽʢʘʣʴʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ. ʇʦʻʜʥʫʶʯʠ 

ʚʥʫʪʨʽʰʥʽ ʧʝʨʝʚʘʛʠ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʘʜʘʧʪʠʚʥʽʩʪʶ ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʥʘʚʯʘʥʥʷ ʐɯ, ʤʠ 

ʤʦʞʝʤʦ ʩʪʚʦʨʠʪʠ ʧʦʪʫʞʥʫ ʧʘʨʘʜʠʛʤʫ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʧʝʨʝʚʝʨʰʫʻ ʦʙʤʝʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ 

ʪʝʭʥʽʢʠ ʦʢʨʝʤʦ. ɸʣʛʦʨʠʪʤʠ ʐɯ ʤʦʞʫʪʴ ʜʦʧʦʚʥʶʚʘʪʠ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʘʜʘʧʪʘʮʽʶ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʦʧʪʠʤʽʟʫʶʯʠ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʽ ʧʦʤôʷʢʰʫʶʯʠ 

ʚʧʣʠʚ ʟʙʫʨʝʥʴ. ʎʝʡ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʧʽʜʭʽʜ ʚʽʜʢʨʠʚʘʻ ʮʽʣʠʡ ʩʚʽʪ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ [4]. 

ɺʠʩʥʦʚʦʢ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʚʞʝ ʩʪʘʚ ʥʝʦʙʭʽʜʥʦʶ ʩʢʣʘʜʦʚʦʶ ʜʣʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʽ ʡʦʛʦ ʨʦʣʴ ʙʫʜʝ ʪʽʣʴʢʠ ʟʨʦʩʪʘʪʠ. ɿ ʮʠʤʠ ʧʝʨʝʚʘʛʘʤʠ 

ʽ ʩʪʘʪʠʩʪʠʢʦʶ, ʷʢʘ ʜʝʤʦʥʩʪʨʫʻ ʡʦʛʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ, ʐɯ ʧʨʦʜʦʚʞʠʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʢʣʶʯʦʚʫ 

ʨʦʣʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʤʘʡʙʫʪʥʴʦʛʦ, ʩʧʨʠʷʶʯʠ ʡʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʧʦʩʪʫʧʦʚʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
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ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʂʦʨʦʣʴ ɸ.ʉ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɹʫʥʴ ɺ.ʇ. 

  https://scholar.google.com.ua/citations?user=biglE98AAAAJ&hl=en 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʌʋʅʂʎɯʆʅɸʃʔʅɸ ɼɯɸɻʅʆʉʊʀʂɸ ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ: ɺ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʛʨʝʩʫ ʪʘ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʜʽʘʛʥʦʩʪʠʢʘ ʮʠʭ ʩʠʩʪʝʤ ʩʪʘʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʾʭʥʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʨʦʟʚʠʪʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʪʦʜʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ: ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʩʫʥʝʥʥʷ ʥʦʚʠʭ ʚʠʢʣʠʢʽʚ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ: ʄʝʪʦʶ ʜʘʥʦʾ ʜʦʧʦʚʽʜʽ ʻ ʨʦʟʛʣʷʜ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʪʘ 

ʚʠʢʣʠʢʽʚ ʫ ʛʘʣʫʟʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ: 

1.  ʊʝʭʥʦʣʦʛʽʾ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ: ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʄʅ) ʚʠʷʚʣʷʻʪʴʩʷ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ 

ʥʘʧʨʷʤʦʢ ʚ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʫ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ [1]. ɸʣʛʦʨʠʪʤʠ ʄʅ 

ʤʦʞʫʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʚʠʟʥʘʯʘʶʯʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ ʚʠʷʚʣʷʶʯʠ 

ʧʦʪʝʥʮʽʡʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʧʘʪʪʝʨʥʽʚ ʫ ʜʘʥʠʭ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʣʝʛʰʠʪʠ ʚʠʷʚʣʝʥʥʷ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʘʙʦ ʘʥʦʤʘʣʴʥʠʭ 

ʩʠʪʫʘʮʽʡ ʫ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ. 

ʄʦʥʽʪʦʨʠʥʛ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ: ʉʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʥʝʛʘʡʥʦ ʨʝʘʛʫʶʯʠ ʥʘ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ ʥʘʜʘʶʯʠ ʦʧʝʨʘʪʦʨʘʤ ʯʠ 

ʘʚʪʦʤʘʪʠʯʥʠʤ ʩʠʩʪʝʤʘʤ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ Big Data: ɸʥʘʣʽʟ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ (Big Data) ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ 

ʪʝʥʜʝʥʮʽʾ, ʧʘʪʝʨʥʠ ʪʘ ʘʥʦʤʘʣʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʣʠʰʠʪʠʩʷ ʥʝʧʦʤʽʯʝʥʠʤʠ ʟʘ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚ. 

ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ 

ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʚʯʠʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘʜʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʜʘʥʠʭ. 

ɯʥʪʝʛʨʘʮʽʷ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ: ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʙʝʟʧʝʢʠ, ʪʘʢʠʤʠ ʷʢ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʯʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʠʪʫʘʮʽʶ. 

ʂʚʘʣʽʬʽʢʘʮʽʷ ʽ ʨʘʥʞʫʚʘʥʥʷ ʘʥʦʤʘʣʽʡ: ʉʠʩʪʝʤʠ ʤʦʞʫʪʴ ʨʘʥʞʫʚʘʪʠ ʘʥʦʤʘʣʽʾ ʟʘ ʨʽʚʥʝʤ 

ʟʘʛʨʦʟʠ ʪʘ ʧʨʠʜʽʣʷʪʠ ʧʨʽʦʨʠʪʝʪʥʫ ʫʚʘʛʫ ʪʠʤ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʙʝʟʧʝʢʫ ʪʘ 

ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʡ: ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʨʫʡʥʽʚʥʽʩʪʴ ʪʘ ʥʝʜʦʩʪʫʧʥʽʩʪʴ ʜʘʥʠʭ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʽʡ. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʙʣʝʤ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʘʥʦʤʘʣʽʡ ʪʘ ʧʨʠʡʥʷʪʪʷ ʟʘʭʦʜʽʚ ʜʦ ʾʭ ʚʠʥʠʢʥʝʥʥʷ. 

ɽʬʝʢʪʠʚʥʘ ʚʟʘʻʤʦʜʽʷ ʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ: ʉʠʩʪʝʤʠ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ ʟʨʦʟʫʤʽʣʽ ʪʘ 

ʜʝʪʘʣʽʟʦʚʘʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ ʯʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʩʠʩʪʝʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 
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ʰʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ. 

 

2. ɸʥʘʣʽʟ ʜʘʥʠʭ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: ɺ ʩʫʯʘʩʥʦʤʫ ʢʦʥʪʝʢʩʪʽ, 

ʚʘʞʣʠʚʦ ʥʝ ʣʠʰʝ ʚʠʷʚʣʷʪʠ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʘ ʡ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ, ʱʦ ʩʧʨʠʷʻ 

ʧʣʘʥʫʚʘʥʥʶ ʙʶʜʞʝʪʫ ʪʘ ʧʽʜʪʨʠʤʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ [2].  

ʇʨʠʩʪʦʩʫʚʘʥʥʷ ʜʦ ʟʤʽʥ: ɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʥʽ ʫʤʦʚʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʪʨʝʙʠ ʫ 

ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʤ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʚ ʩʝʨʝʜʦʚʠʱʽ ʪʘ 

ʚʯʘʩʥʦ ʢʦʨʠʛʫʚʘʪʠ ʧʨʦʛʥʦʟʦʚʘʥʽ ʚʠʪʨʘʪʠ. 

ɺʨʘʭʫʚʘʥʥʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʦʙʣʘʜʥʘʥʥʷ: ɸʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʫʨʘʭʦʚʫʚʘʪʠ 

ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʦʙʣʘʜʥʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʡʦʛʦ ʪʨʠʚʘʣʽʩʪʴ ʩʣʫʞʙʠ, ʪʝʥʜʝʥʮʽʾ ʚʽʜʤʦʚ ʪʘ ʽʥʰʽ 

ʧʘʨʘʤʝʪʨʠ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʟʨʦʟʫʤʽʪʠ, ʢʦʣʠ ʽ ʷʢʠʤ ʯʠʥʦʤ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʩʫʨʩʽʚ: ɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʦʜʽʣʷʪʠ 

ʨʝʩʫʨʩʠ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʫʥʠʢʘʪʠ ʥʝʧʣʘʥʦʚʘʥʠʭ ʟʫʧʠʥʦʢ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʫ ʜʦ ʚʽʜʤʦʚʠ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʯʘʩ ʜʦ ʚʽʜʤʦʚʠ ʪʘ ʧʣʘʥʫʚʘʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. ʎʝ ʩʧʨʠʷʻ ʤʽʥʽʤʽʟʘʮʽʾ 

ʥʝʧʣʘʥʦʚʘʥʠʭ ʧʨʦʩʪʦʾʚ ʪʘ ʧʽʜʪʨʠʤʫʻ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤ. 

ʇʣʘʥʫʚʘʥʥʷ ʙʶʜʞʝʪʫ: ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʚʠʪʨʘʪ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ 

ʧʣʘʥʫʚʘʪʠ ʙʶʜʞʝʪ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ, ʫʥʠʢʘʪʠ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʚʠʪʨʘʪ 

ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʬʽʥʘʥʩʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

 

3. ɼʦʪʨʠʤʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ: ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ, ʟ ʦʛʣʷʜʫ ʥʘ ʟʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʢʽʙʝʨʘʪʘʢ ʪʘ ʟʘʛʨʦʟ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʘʩʧʝʢʪʠ ʙʝʟʧʝʢʠ ʧʨʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ [3]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʠʬʨʫʚʘʥʥʷ, 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʽʥʰʠʭ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʜʦʩʪʫʧʫ ʪʘ ʤʘʥʽʧʫʣʷʮʽʷʤ. 

 

ʄʫʣʴʪʠʰʘʨʦʚʠʡ ʟʘʭʠʩʪ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʴʪʠʰʘʨʦʚʠʭ ʟʘʭʦʜʽʚ, ʪʘʢʠʭ ʷʢ 

ʰʠʬʨʫʚʘʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡ, ʩʠʣʴʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ, ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʧʨʘʚ ʜʦʩʪʫʧʫ ʪʘ ʽʥʰʽ 

ʤʝʪʦʜʠ, ʩʪʚʦʨʶʻ ʢʦʤʧʣʝʢʩʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʽʙʝʨʟʘʛʨʦʟ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʟʘʧʦʙʽʛʪʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʜʦʩʪʫʧʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʜʘʥʠʭ. 

ʉʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʜʦʟʚʦʣʷʻ 

ʤʦʥʽʪʦʨʠʪʠ ʘʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʚʠʷʚʣʷʪʠ ʙʫʜʴ-ʷʢʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʯʠ ʘʥʦʤʘʣʴʥʫ 

ʧʦʚʝʜʽʥʢʫ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʚʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʪʘ ʨʝʘʛʫʚʘʪʠ ʥʘ ʤʦʞʣʠʚʽ ʢʽʙʝʨʘʪʘʢʠ ʘʙʦ ʩʧʨʦʙʠ 

ʚʪʦʨʛʥʝʥʥʷ. 

ʐʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ: ʐʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ʚ ʧʝʨʝʜʘʯʽ ʪʘ ʟʙʝʨʽʛʘʥʥʽ ʚʘʞʣʠʚʦ ʜʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʰʠʬʨʫʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʛʘʨʘʥʪʫʻ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʪʘ ʮʽʣʽʩʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʠʣʴʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ: ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʠʣʴʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ (ʙʽʦʤʝʪʨʠʯʥʽ ʜʘʥʽ, 

ʜʚʦʬʘʢʪʦʨʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʽ ʪ.ʜ.) ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ, ʱʦ ʣʠʰʝ ʧʨʘʚʦʤʽʨʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʩʠʩʪʝʤ. 

ʈʝʛʫʣʷʨʥʝ ʦʥʦʚʣʝʥʥʷ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ: ʉʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʨʝʛʫʣʷʨʥʦ ʦʥʦʚʣʶʚʘʪʠʩʷ ʪʘ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦʚʠʭ ʟʘʛʨʦʟ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʥʦʚʣʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʢʽʙʝʨʟʘʭʠʩʪʫ. 

ʅʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ: ʇʨʦʚʝʜʝʥʥʷ ʨʝʛʫʣʷʨʥʠʭ ʪʨʝʥʽʥʛʽʚ ʪʘ ʥʘʚʯʘʥʴ ʜʣʷ ʧʝʨʩʦʥʘʣʫ 

ʱʦʜʦ ʢʽʙʝʨʙʝʟʧʝʢʠ ʩʧʨʠʷʻ ʫʩʚʽʜʦʤʣʝʥʥʶ ʟʘʛʨʦʟ ʪʘ ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʘʪʠ ʩʦʮʽʘʣʴʥʦ-

ʽʥʞʝʥʝʨʥʠʭ ʘʪʘʢ. 

ɿʘʭʠʩʪ ʚʽʜ DDoS-ʘʪʘʢ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʨʦʟʧʦʜʽʣʝʥʠʭ ʘʪʘʢ 
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ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤ ʜʦ ʧʦʪʝʥʮʽʡʥʦ ʨʫʡʥʽʚʥʠʭ DDoS-ʘʪʘʢ. 

 

4. ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʚʠʷʚʣʝʥʽ ʧʨʦʙʣʝʤʠ: ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʟʜʘʪʥʽ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʚʠʷʚʣʝʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ [4]. ʈʦʟʨʦʙʢʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʠʩʪʝʤʽ ʩʘʤʦʩʪʽʡʥʦ ʢʦʨʠʛʫʚʘʪʠ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ ʘʙʦ 

ʧʝʨʝʢʣʶʯʘʪʠʩʷ ʥʘ ʨʝʟʝʨʚʥʽ ʩʠʩʪʝʤʠ, ʩʧʨʠʷʻ ʧʽʜʪʨʠʤʮʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʧʨʦʜʦʚʞʫʻʪʴʩʷ 

ʨʦʙʦʪʠ ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ. 

 ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ: ʈʦʟʨʦʙʢʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʤ 

ʘʚʪʦʤʘʪʠʯʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʢʦʨʠʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, 

ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʟʘʻʤʦʜʽʶ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɸʚʪʦʤʘʪʠʯʥʘ ʢʦʨʝʢʮʽʷ ʧʘʨʘʤʝʪʨʽʚ: ʉʠʩʪʝʤʠ ʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʨʠʛʫʚʘʪʠ ʩʚʦʾ 

ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʚʠʷʚʣʝʥʠʭ ʧʨʦʙʣʝʤ. ʅʘʧʨʠʢʣʘʜ, ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʦʧʪʠʤʽʟʘʮʽʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɺʟʘʻʤʦʜʽʷ ʟ ʨʝʟʝʨʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʇʨʠ ʚʠʷʚʣʝʥʥʽ ʧʨʦʙʣʝʤʠ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʢʣʶʯʘʪʠʩʷ ʥʘ ʨʝʟʝʨʚʥʽ ʘʙʦ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʩʠʩʪʝʤʠ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʫʥʠʢʥʫʪʠ ʚʽʜʤʦʚ. 

ʉʘʤʦʜʽʘʛʥʦʩʪʠʢʘ: ɺʙʫʜʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʩʠʩʪʝʤʘʤ 

ʚʠʟʥʘʯʘʪʠ ʚʣʘʩʥʽ ʩʪʘʥʠ ʪʘ ʚʠʷʚʣʷʪʠ ʤʦʞʣʠʚʽ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʱʦ ʩʧʨʠʷʻ ʰʚʠʜʢʦʤʫ 

ʨʝʘʛʫʚʘʥʥʶ ʥʘ ʧʨʦʙʣʝʤʠ. 

ɺʟʘʻʤʦʜʽʷ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ: ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʝʘʛʫʚʘʥʥʷ ʤʦʞʝ ʚʢʣʶʯʘʪʠ 

ʚʟʘʻʤʦʜʽʶ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʯʠ ʧʣʘʪʬʦʨʤʘʤʠ, ʱʦʙ ʫʟʛʦʜʞʝʥʦ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʨʦʙʦʪʫ. 

ʇʦʧʝʨʝʜʞʝʥʥʷ ʧʝʨʝʜ ʚʽʜʤʦʚʦʶ: ʉʠʩʪʝʤʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ 

ʤʝʪʦʜʠ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʽ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʠʭ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʢʨʠʪʠʯʥʠʭ 

ʩʠʪʫʘʮʽʡ. 

ʅʝʧʝʨʝʨʚʥʽʩʪʴ ʨʦʙʦʪʠ: ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʝʘʛʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʤ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʩʚʦʶ ʨʦʙʦʪʫ ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ, ʱʦ ʩʧʨʠʷʻ ʥʝʧʝʨʝʨʚʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ. 

 

ɺʠʩʥʦʚʢʠ: ʇʽʜʩʫʤʦʚʫʶʯʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʫ 

ʩʫʯʘʩʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʤʘʛʘʻ ʧʦʻʜʥʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɼɯɸɻʅʆʉʊʀʂɸ ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ ɾʀʊʃʆɺʆɻʆ ɹʋɼʀʅʂʋ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʢʣʘʜʥʽʩʪʴ ʪʘ 

ʧʨʦʩʫʥʫʪʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʨʦʩʪʘʻ ʢʦʞʝʥ ʨʽʢ. ɺ 

ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ, ʢʦʣʠ ʙʫʜʽʚʣʽ ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʫʩʧʽʰʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʚʩʽʭ 

ʩʠʩʪʝʤ ʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʣʶʜʩʪʚʦ ʤʘʻ ʰʫʢʘʪʠ 

ʩʧʦʩʦʙʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʪʘʥʥʽʭ ʪʝʥʜʝʥʮʽʡ ʪʘ ʟʤʽʥ ʚ ʦʙʣʘʩʪʽ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʅʝʦʙʭʽʜʥʦ ʰʫʢʘʪʠ ʩʧʦʩʦʙʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ 

ʪʘ ʚʠʢʣʠʢʽʚ. ʈʦʙʠʪʠ ʩʠʩʪʝʤʠ ʷʢʦʤʦʛʘ ʥʝʟʘʣʝʞʥʽʰʠʤʠ ʚʽʜ ʣʶʜʠʥʠ ï ʩʪʘʻ ʟʘʜʘʯʝʶ ʥʦʤʝʨ 1 

ʜʣʷ ʧʨʦʚʽʜʥʠʭ ʢʦʤʧʘʥʽʡ ʚ ʩʚʽʪʽ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʜʦʧʦʚʽʜʽ ʻ ʨʦʟʛʣʷʜ ʰʣʷʭʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʜʽʘʛʥʦʩʪʠʢʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʦʚʘʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. 

ʆʛʣʷʜ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ: ʎʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʪʦʜʠ ʙʘʟʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʠ 

ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, ʨʝʣʝ ʨʦʟʝʪʦʢ ʪʦʱʦ. ʋ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʟʨʦʩʪʘʻ ʧʦʧʫʣʷʨʥʽʩʪʴ ʈʦʟʫʤʥʠʭ ʙʫʜʠʥʢʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʶ 

ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʞʠʪʪʷ. ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʈʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ 

ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʚʠʩʦʢʦʷʢʽʩʥʫ ʩʠʩʪʝʤʫ ʜʽʘʛʥʦʩʪʠʢʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʞʠʪʣʦʚʦʛʦ 

ʙʫʜʠʥʢʫ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʪʘ ʨʦʟʛʣʷʥʫʪʠ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ ʨʦʟʫʤʥʦʛʦ 

ʙʫʜʠʥʢʫ, ʟʦʢʨʝʤʘ ʡʦʛʦ ʧʦʥʷʪʪʷ, ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʽʯʥʽ ʧʨʠʥʮʠʧʠ 

ʢʝʨʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʤʠ ʤʝʨʝʞʘʤʠ ʙʫʜʠʥʢʫ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʢʨʝʤʽ 

ʩʠʩʪʝʤʠ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ ʧʨʦʝʢʪ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ, ʥʘʧʨʠʢʣʘʜ "ʈʦʟʫʤʥʘ 

ʚʝʥʪʠʣʷʮʽʷ"[1], "ɺʣʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ", "ʈʦʟʫʤʥʝ ʢʝʨʫʚʘʥʥʷ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ" ʪʦʱʦ. ɼʣʷ ʢʦʞʥʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʚʠʙʽʨ ʦʙʣʘʜʥʘʥʥʷ, ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʧʨʦʪʦʢʦʣ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʘ 

ʪʘʢʦʞ ʧʨʦʮʝʩ ʽʥʩʪʘʣʷʮʽʾ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ ʚʽʜʜʘʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʩʠʩʪʝʤʠ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT), ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʙʠʨʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʨʽʟʥʠʭ ʜʘʪʯʠʢʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ ʫ 

ʙʫʜʠʥʢʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʜʽʘʛʥʦʩʪʠʢʠ, ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʠ ʨʘʥʽʰʝ ʪʘ 

ʥʘʜʘʚʘʪʠ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʠʥʢʦʤ. 

ʈʦʣʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʫ ʜʽʘʛʥʦʩʪʠʮʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʞʠʪʣʦʚʠʤ ʙʫʜʠʥʢʦʤ: 

ʐɯ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʚʠʷʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʪʘ 

ʧʘʪʪʝʨʥʽʚ ʫ ʨʦʙʦʪʽ ʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʟʘʧʦʙʽʛʘʪʠ ʾʭ 

ʚʠʥʠʢʥʝʥʥʶ. 

ɼʨʫʛʦʨʷʜʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʪʘʢʽ ʷʢ ʚʽʜʜʘʣʝʥʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ 

ʙʫʜʠʥʢʦʤ ʟ ʚʽʜʜʘʣʝʥʠʭ ʤʽʩʮʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʘʙʦ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʽʚ. 

ʇʽʜʢʣʶʯʝʥʥʷ ʈʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ ʜʦ ʽʥʪʝʨʥʝʪʫ: ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʜʘʪʯʠʢʽʚ ʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ 

ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʩʧʝʮʽʘʣʴʥʽ ʧʣʘʪʬʦʨʤʠ ʘʙʦ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʜʣʷ ʘʥʘʣʽʟʫ 
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ʪʘ ʦʙʨʦʙʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʜʘʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʾʭʥʴʦʛʦ 

ʞʠʪʣʘ, ʘ ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ. 

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ IoT: ʚ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʜʘʣʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʘʤʠ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʯʝʨʝʟ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ 

ʘʙʦ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʣʘʩʥʠʢʘʤ ʙʫʜʠʥʢʽʚ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʩʚʦʛʦ 

ʞʠʪʣʘ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʙʫʜʴ-ʷʢʽ ʧʨʦʙʣʝʤʠ ʘʙʦ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ɯʦʊ: ʚʠʢʦʨʠʩʪʘʥʥʷ IoT ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʦʩʚʽʪʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʘʣʴʥʠʭ ʧʦʪʨʝʙ ʪʘ ʫʤʦʚ [2].  

ʄʦʥʽʪʦʨʠʥʛ ʧʦʜʽʡ ʪʘ ʘʚʘʨʽʡ: ʟʘʩʦʙʠ ʚʽʜʜʘʣʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʜʽʾ ʪʘ ʘʚʘʨʽʾ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʯʘʩʥʦ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʨʦʙʣʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʨʝʙʽʡʥʫ ʨʦʙʦʪʫ ʩʠʩʪʝʤ.  

ɯʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ ʚ ʽʩʥʫʶʯʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ:  

ɯʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ ʤʦʞʝ ʙʫʪʠ ʥʝʧʨʦʩʪʠʤ ʟʘʚʜʘʥʥʷʤ ʯʝʨʝʟ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʠʨʦʙʥʠʢʽʚ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʦʪʝ ʚʦʥʘ ʪʘʢʦʞ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʢʦʤʬʦʨʪʫ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ.  

ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʷʢ ʧʨʦʮʝʩ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ: ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ ʤʦʞʝ 

ʚʢʣʶʯʘʪʠ ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ ʧʨʦʪʦʢʦʣʽʚ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʩʠʩʪʝʤʘʤʠ, ʨʦʟʨʦʙʢʫ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʨʽʟʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ [3]. 

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʘ ʾʭ ʨʽʰʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ 

ʞʠʪʣʦʚʠʤʠ ʙʫʜʠʥʢʘʤʠ: ɼʽʘʛʥʦʩʪʠʢʘ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʞʠʪʣʦʚʠʤʠ ʙʫʜʠʥʢʘʤʠ ʚʢʣʶʯʘʻ 

ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʪʘʢʠʭ ʷʢ ʧʦʣʦʤʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʥʝʜʦʣʽʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʪʦʱʦ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʤʝʪʦʜʠ, ʚʢʣʶʯʘʶʯʠ ʘʥʘʣʽʟ ʜʘʥʠʭ ʚʽʜ ʜʘʪʯʠʢʽʚ, ʤʦʥʽʪʦʨʠʥʛ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. 

ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʠ ʥʝʩʧʨʘʚʥʦʩʪʷʭ: ʇʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚʘʞʣʠʚʦ 

ʧʨʠʡʤʘʪʠ ʰʚʠʜʢʽ ʪʘ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʾʭ ʚʠʨʽʰʝʥʥʷ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʘʚʪʦʤʘʪʠʯʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤ, ʘʚʪʦʤʘʪʠʯʥʝ ʩʧʦʚʽʱʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʩʣʫʞʙ ʘʙʦ ʥʘʚʽʪʴ ʨʦʟʨʦʙʢʫ 

ʪʘ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʙʽʡʥʫ 

ʨʦʙʦʪʫ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʞʠʪʣʦʚʠʤʠ ʙʫʜʠʥʢʘʤʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʟʘʜʦʚʦʣʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɽʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ: ɽʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʚʘʨʪʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʭʦʜʽʚ ʜʦ ʜʽʘʛʥʦʩʪʠʢʠ. ʎʝ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʝʦʙʭʽʜʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʚʠʪʨʘʪʠ ʥʘ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ.  

ʊʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ: ʊʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʦʮʽʥʶʶʪʴʩʷ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ. ʈʽʟʥʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ʜʘʪʯʠʢʠ, ʘʥʘʣʽʪʠʯʥʽ ʧʨʦʛʨʘʤʠ, ʘʙʦ 

ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʇʦʨʽʚʥʶʶʯʠ ʾʭ, ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭʥʶ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʚʠʷʚʣʷʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ, ʘ ʪʘʢʦʞ 

ʩʢʣʘʜʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ.  

ʇʦʨʽʚʥʷʥʥʷ ʧʽʜʭʦʜʽʚ: ʇʦʨʽʚʥʶʶʯʠ ʨʽʟʥʽ ʧʽʜʭʦʜʠ, ʚʘʞʣʠʚʦ ʦʮʽʥʶʚʘʪʠ ʾʭʥʶ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦ ʚʘʨʪʦʩʪʽ ʽ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʙʘʣʘʥʩ ʤʽʞ ʪʝʭʥʽʯʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘ ʝʢʦʥʦʤʽʯʥʦʶ ʜʦʮʽʣʴʥʽʩʪʶ.  

ɺʨʘʭʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ: ʟʘ ʜʝʨʞʘʚʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʚ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ ʤʘʻ 

ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ʧʨʦʪʠʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʝʚʘʢʫʘʮʽʡʥʽ ʰʣʷʭʠ. ʅʠʤʠ ʥʝ ʤʦʞʥʘ 

ʥʝʭʪʫʚʘʪʠ, ʘʜʞʝ ʚʽʜ ʮʴʦʛʦ ʟʘʣʝʞʘʪʴ ʞʠʪʪʷ ʪʘ ʙʝʟʧʝʢʘ ʣʶʜʝʡ [4].  
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ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʝʤʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʨʦʟʫʤʽʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ 

ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʫ ʩʬʝʨʽ ʜʽʘʛʥʦʩʪʠʢʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʞʠʪʣʦʚʠʤ ʙʫʜʠʥʢʦʤ ʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ 

ʨʦʣʴ ʧʨʠ ʧʦʙʫʜʦʚʽ ʚʝʣʠʢʠʭ ʢʦʤʧʣʝʢʩʽʚ ʙʫʜʠʥʢʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ.  ʊʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʪʯʠʢʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ IoT ʚ ʩʠʩʪʝʤʘʭ ʜʽʘʛʥʦʩʪʠʢʠ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʆʃɯɻʆʅ ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʆɼʅʆʂʆʅʊʋʈʅʀʍ ʉɸʈ ɿ ʇɯɼ-

ʈɽɻʋʃʗʊʆʈɸʄʀ ɿʄɯʅʅʆɰ ʉʊʈʋʂʊʋʈʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʆʋ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʆʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ ʟʤʽʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʚ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʆʋ. 

ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ. ʃʽʥʽʡʥʽ ʆʋ/ʉɸʈ ï ʮʝ ʆʋ/ʉɸʈ, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠʥʮʠʧ 

ʩʫʧʝʨʧʦʟʠʮʽʾ. ʇʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ ï ʨʝʘʢʮʽʷ ʆʋ/ʉɸʈ ʥʘ ʩʠʛʥʘʣʴʥʝ ʟʙʫʨʝʥʥʷ ʻ ʩʫʤʦʶ ʨʝʘʢʮʽʡ 

ʆʋ/ʉɸʈ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʪʠʧʦʚʽ ʟʙʫʨʝʥʥʷ, ʩʫʤʦʶ ʷʢʠʭ ʻ ʮʝ ʩʠʛʥʘʣʴʥʝ ʟʙʫʨʝʥʥʷ (ʥʘ ʷʢʽ ʮʝ ʩʠʛʥʘʣʴʥʝ 

ʟʙʫʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʢʣʘʜʝʥʝ). ʇʨʘʢʪʠʯʥʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʆʋ/ʉɸʈ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʘʤʧʣʽʪʫʜ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʜʽʾ, ʟʙʫʨʝʥʴ ʽ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ (ʽ ʡʦʛʦ ʧʦʭʽʜʥʠʭ). ʅʘʡʚʘʞʣʠʚʽʰʠʡ 

ʧʨʠʥʮʠʧ, ʪʘʢ ʷʢ ʚʽʥ ʪʝʦʨʝʪʠʯʥʦ ʽ ʧʨʘʢʪʠʯʥʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ (ʥʝʟʘʣʝʞʥʽʩʪʴ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜ 

ʘʤʧʣʽʪʫʜ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʜʽʾ ʽ ʟʙʫʨʝʥʴ ï ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʚʞʜʠ ʦʜʥʘʢʦʚʠʡ, ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʝʢʚʽʜʝʩʪʘʥʪʥʽ). ʈʝʘʣʽʟʫʻʪʴʩʷ ʚ ʣʽʥʽʡʥʠʭ ʉɸʈ (ʣʽʥʽʡʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʘʙʦ ʨʽʟʥʠʮʝʚʽ ʨʽʚʥʷʥʥʷ, ʟʘʤʽʩʪʴ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʡʪʠ ʜʦ ʘʣʛʝʙʨʘʾʯʥʠʭ ʦʧʝʨʘʮʽʡ). ʇʨʦʤʠʩʣʦʚʦ ʨʦʙʦʪʦʟʜʘʪʥʽ ʪʽʣʴʢʠ ʣʽʥʽʡʥʽ ʉɸʈ. ʆʩʥʦʚʥʠʤ 

ʨʝʫʣʷʪʦʨʦʤ ʣʽʥʽʡʥʦʾ ʉɸʈ ʻ ʢʣʘʩʠʯʥʠʡ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ, ʷʢʠʡ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʜʣʷ 

ʣʽʥʽʡʥʠʭ ʆʋ. 

ʅʝʣʽʥʽʡʥʽ ʉɸʈ (ʥʝʣʽʥʽʡʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʘʙʦ ʨʽʟʥʠʮʝʚʽ ʨʽʚʥʷʥʥʷ; ʧʘʨʘʤʝʪʨʠ ʆʋ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʘʤʧʣʽʪʫʜ ʨʝʛʫʣʶʶʯʦʾ ʜʽʾ, ʟʙʫʨʝʥʴ ʽ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʽ ʡʦʛʦ ʧʦʭʽʜʥʠʭ) ʧʨʦʤʠʩʣʦʚʦ 

ʥʝʨʦʙʦʪʦʟʜʘʪʥʽ, ʪʘʢ ʷʢ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʥʝ ʻ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ 

ʚ ʧʨʘʢʪʠʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ (ʟʘʣʝʞʥʽʩʪʴ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜ ʘʤʧʣʽʪʫʜ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʜʽʾ ʽ 

ʟʙʫʨʝʥʴ ï ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʚʞʜʠ ʨʽʟʥʠʡ, ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʥʝʝʢʚʽʜʝʩʪʘʥʪʥʽ). ɭʜʠʥʠʡ ʚʠʥʷʪʦʢ ï ʦʜʥʦʢʦʥʪʫʨʥʘ ʉɸʈ ʟ ʜʚʦʧʦʟʠʮʽʡʥʠʤ ʨʝʣʝʡʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ. ɺ 

ʪʘʢʽʡ ʉɸʈ ʩʪʘʣʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʻ ʘʚʪʦʢʦʣʠʚʘʥʥʷ (ʥʝʛʘʨʤʦʥʽʡʥʽ ʽ ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ), 

ʘʤʣʽʪʫʜʘ ʽ ʧʝʨʽʦʜ ʷʢʠʭ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ, ʘʣʝ ʥʽʢʦʣʠ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ 

ʨʦʟʭʦʜʠʪʴʩʷ. ɺ ʣʽʥʽʡʥʽʡ ʦʜʥʦʢʦʥʪʫʨʥʽʡ ʉɸʈ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʠʭ ʥʘʣʘʛʦʜʞʝʥʥʷʭ 

ʇɯɼ-ʨʝʛʛʫʣʷʪʦʨʫ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʨʦʟʭʦʜʠʪʴʩʷ. ɺ ʣʽʥʽʡʥʽʡ ʉɸʈ ʛʘʨʤʦʥʽʡʥʽ 

ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʻ ʦʟʥʘʢʦʶ ʥʘʭʦʜʞʝʥʥʷ ʉɸʈ ʥʘ ʤʝʞʽ ʩʪʘʣʦʩʪʽ. (ʮʝ ʥʝʰʪʘʪʥʦ ʽ ʧʦʛʘʥʦ, ʪʦʤʫ 

ʱʦ ʪʘʢʘ ʉɸʈ ʻ ʥʝʛʨʫʙʦʶ ï ʚʦʥʘ ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʥʷʭ ʤʦʞʝ ʩʪʘʪʠ ʷʢ ʩʪʘʣʦʶ, ʪʘʢ ʽ 

ʥʝʩʪʘʣʦʶ). ʗʢʱʦ ʣʽʥʽʡʥʘ ʉɸʈ ʻ ʩʪʘʣʦʶ (ʪʦʙʪʦ ʱʝ ʤʘʻ ʟʘʧʘʩ ʩʪʘʣʦʩʪʽ ʜʦ ʤʝʞʽ ʩʪʘʣʦʩʪʽ), ʪʦ 

ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʩʭʦʜʠʪʴʩʷ ï ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʟ ʢʦʞʥʠʤ ʥʘʧʽʚʧʝʨʽʦʜʦʤ ʟʤʝʥʰʫʶʪʴʩʷ (ʮʝ 

ʰʪʘʪʥʦ ʽ ʜʦʙʨʝ). ʗʢʱʦ ʣʽʥʽʡʥʘ ʉɸʈ ʻ ʥʝʩʪʘʣʦʶ, ʪʦ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʨʦʟʭʦʜʠʪʴʩʷ ï ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʟ ʢʦʞʥʠʤ ʥʘʧʽʚʧʝʨʽʦʜʦʤ ʟʙʽʣʴʰʫʶʪʴʩʷ (ʮʝ ʥʝʰʪʘʪʥʦ ʽ ʢʘʪʘʩʪʨʦʬʽʯʥʦ). ɺ ʘʚʽʘʮʽʡʥʠʭ, 

ʚʦʻʥʥʠʭ ʽ ʢʦʩʤʽʯʥʠʭ ʟʘʩʪʦʩʫʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʝʣʽʥʽʡʥʽ ʉɸʈ ʟ ʨʝʣʝʡʥʠʤʠ 

ʨʝʛʫʣʷʪʦʨʘʤʠ (ʨʝʣʝʡʥʽ ʉɸʈ). ɺ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʣʽʥʽʡʥʽ ʉɸʈ ʟ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʘʤʠ. ɺ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʨʝʣʝʡʥʽ ʉɸʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ɸʊʂ ʤʘʻ ʙʘʛʘʪʦ 

ʉɸʈ ʽ ʜʝʰʝʚʰʝ ʨʝʘʣʽʟʫʚʘʪʠ ʨʝʣʝʡʥʽ ʉɸʈ, ʥʽʞ ʣʽʥʽʡʥʽ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ (ʝʢʦʥʦʤʽʷ ʥʘ ʩʝʥʩʦʨʘʭ, 

ʘʢʪʫʘʪʦʨʘʭ ʽ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʧʨʦʛʨʘʤʽʩʪʘʭ ʇʃʂ ʽ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʥʘʣʘʛʦʜʞʫʚʘʯʘʭ ʉɸʈ). 

ʆʢʨʝʤʠʤ ʨʽʟʥʦʚʠʜʦʤ ʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʻ ʩʠʩʪʝʤʠ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʫ ʷʢʠʭ 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʣʽʥʽʡʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ (ʘʣʝ 

ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʘʤʧʣʽʪʫʜ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʜʽʾ, ʟʙʫʨʝʥʴ ʽ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʽ ʡʦʛʦ ʧʦʭʽʜʥʠʭ). 
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ɺ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʣʽʥʽʡʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʘʤʧʣʽʪʫʜ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʜʽʾ, ʟʙʫʨʝʥʴ ʽ ʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ ʽ ʡʦʛʦ ʧʦʭʽʜʥʠʭ (ʘ ʚʽʜ ʯʘʩʫ ʥʝ ʟʘʣʝʞʘʪʴ; ʪʦʤʫ ʪʘʢʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʚʞʝ ʻ 

ʥʝʣʽʥʽʡʥʠʤ). 

ʂʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʥʝʣʽʥʽʡʥʦʛʦ ʆʋ ʻ ʆʋ ʟ ʥʝʣʽʥʽʡʥʠʤ ʨʝʛʫʣʶʶʯʠʤ ʦʨʛʘʥʦʤ (ʈʆ). ʈʆ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʪʨʘʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ï ʟʘʣʝʞʥʽʩʪʶ ʚʽʜʥʦʩʥʦʾ ʚʠʪʨʘʪʠ ʯʝʨʝʟ ʈʆ ʚʽʜ 

ʚʜ̔ʥʦʩʥʦʛʦ ʚʽʜʢʨʠʪʪʷ ʈʆ (ʚʽʜʥʦʩʥʦʾ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ). ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʚʠʪʨʘʪʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʈʆ ï ʮʝ ʚʠʪʨʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʈʆ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʧʘʜʽ ʪʠʩʢʫ ʥʘ ʈʆ; 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʤʝʭʘʥʽʢʦʶ ʽ ʢʽʥʝʤʘʪʠʢʦʶ ʈʆ; ʷʢ ʧʨʘʚʠʣʦ, ʻ ʣʽʥʽʡʥʦʶ. ʈʦʙʦʯʘ ʚʠʪʨʘʪʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʈʆ ï ʮʝ ʚʠʪʨʘʪʥʘ ʭʘʨʘʢʪʨʠʩʪʠʢʘ ʈʆ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʙʪʦ ʧʨʠ 

ʟʤʽʥʥʦʤʫ ʧʝʨʝʧʘʜʽ ʪʠʩʢʫ ʥʘ ʈʆ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ ʚʠʪʨʘʪʠ, ʚʠʪʨʘʪʘ ʯʝʨʝʟ ʈʆ ʧʨʦʧʦʨʮʽʡʥʘ 

ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʈʆ ʽ ʢʦʨʥʶ ʢʚʘʜʨʘʪʥʦʤʫ ʟ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ ʈʆ. ʇʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʧʝʨʝʧʘʜʽ ʪʠʩʢʫ ʥʘ ʈʆ ʚʠʪʨʘʪʘ ʯʝʨʝʟ ʈʆ ʟʘʚʞʜʠ ʧʨʦʧʦʨʮʽʡʥʘ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ, ʪʦʙʪʦ ʟʤʽʥʶʻʪʴʩʷ 

ʣʽʥʽʡʥʦ (ʟ ʦʜʥʠʤ ʽ ʪʠʤ ʩʘʤʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ); ʮʝ ʽ ʻ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʚʠʪʨʘʪʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ.  ɺ ʨʦʙʦʯʠʭ ʫʤʦʚʘʭ ʧʝʨʝʧʘʜ ʪʠʩʢʫ (ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʨʽʥʴ ʢʚʘʜʨʘʪʥʠʡ ʟ ʥʴʦʛʦ) ʨʽʟʥʠʡ 

ï ʧʨʠ ʧʦʚʥʽʩʪʶ ʚʽʜʢʨʠʪʦʤʫ ʈʆ ʚʽʥ ʤʽʥʽʤʘʣʴʥʠʡ, ʘ ʧʨʠ ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʪʦʤʫ ʈʆ ʚʽʥ ʤʘʢʩʠʤʘʣʴʥʠʡ. 

ɺʽʜʧʦʚʽʜʥʦ, ʚʠʪʨʘʪʘ ʯʝʨʝʟ ʈʆ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʴ ʥʝʣʽʥʽʡʥʦ, ʪʦʙʪʦ ʟ ʨʽʟʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʟ ʧʦʣʦʞʝʥʥʷ ʈʆ. ʈʦʙʦʯʘ ʚʠʪʨʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʈʆ ʻ 

ʧʨʠʙʣʠʟʥʦ ʢʚʘʜʨʘʪʠʯʥʦʶ (ʪʘʢ ʷʢ ʚʠʪʨʘʪʘ ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʨʥʶ ʢʚʘʜʨʘʪʥʦʤʫ ʟ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʥʘ 

ʈʆ). ʌʽʟʠʯʥʦ ʽ ʤʘʪʝʤʘʪʠʯʥʦ ʈʆ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʆʋ, ʽ ʡʦʛʦ ʢʦʥʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʚʭʦʜʠʪʴ 

ʜʦ ʩʢʣʘʜʫ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʆʋ. ɼʣʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʚʠʪʨʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʆ 

(ʪʦʙʪʦ ʜʣʷ ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʈʆ) ʤʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ 

ʈʆ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ; ʜʣʷ ʨʦʙʦʯʦʾ ʚʠʪʨʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʆ (ʪʦʙʪʦ ʜʣʷ ʨʝʘʣʴʥʠʭ ʫʤʦʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʈʆ) ʢʦʝʬʽʮʽʞʝʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʈʆ ʟʤʽʥʥʠʡ (ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʝ ʽ ʤʝʥʰʝ ʦʜʠʥʠʮʽ); 

ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʈʆ ʢʦʝʬʽʮʽʻʝʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʆʋ (ʚ ʷʢʠʡ ʚʭʦʜʠʪʔ 

ʈʆ) ʻ ʟʤʽʥʥʠʤ, ʪʦʙʪʦ ʪʘʢʠʡ ʆʋ ʩʪʘʻ ʥʝʣʽʥʽʡʥʠʤ (ʚʽʜʧʦʚʽʜʥʦ, ʥʝʣʽʥʽʡʥʦʶ ʩʪʘʻ ʽ ʚʩʷ ʉɸʈ). 

ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ʣʽʥʽʡʥʦʾ ʉɸʈ ʟ ʆʋ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʘʙʦ ʥʝʣʽʥʽʡʥʠʤ ʆʋ ʤʘʻ ʤʘʪʠ ʟʤʽʥʥʫ 

ʩʪʨʫʢʪʫʨʫ ï ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʫ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʚʞʜʠ ʦʜʥʘʢʦʚʦʾ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ, 

ʤʘʶʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʪʝʤʧʽ ʟʽ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʆʋ. ʈʝʛʫʣʷʪʦʨ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʘʥʛʣʦʤʦʚʥʽʡ 

ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʛʫʣʷʪʦʨʦʤ ʟ ʧʨʦʛʨʘʤʥʠʤ ʧʽʜʩʠʣʝʥʥʷʤ (gain-scheduled 

controller); ʧʽʜ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ʨʦʟʫʤʽʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ (ʪʦʙʪʦ ʚʩʷ 

ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ), ʘ ʥʝ ʪʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ. 

ʊʝʨʤʽʥ çʟʤʽʥʥʘ ʩʪʨʫʢʪʫʨʘè ʜʣʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʤʘʻ ʽʥʰʠʡ ʩʝʥʩ, ʥʽʞ ʜʣʷ ʆʋ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺ 

ʆʋ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʶʶʪʴʩʷ ʪʽʣʴʢʠ ʚ ʯʘʩʽ. ɺ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʫ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʷʢ ʚ ʯʘʩʽ (ʚ ʩʢʣʘʜʽ ʉɸʈ ʟ ʆʋ ʟʤʽʥʥʦʾ ʩʪʨʫʢʫʪʨʠ), ʪʘʢ ʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʈʆ (ʚ ʩʢʣʘʜʽ ʉɸʈ ʟ ʥʝʣʽʥʽʡʥʠʤ ʈʆ, ʪʦʙʪʦ ʥʝʣʽʥʽʡʥʠʤ ʆʋ). ʊʘʢʠʤ ʯʠʥʦʤ, 

ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ʟʤʽʥʥʦʾ ʩʪʨʫʢʫʪʨʠ (ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ʟ ʧʨʦʛʨʘʤʥʠʤ ʧʽʜʩʠʣʝʥʥʷʤ) ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʚ ʉɸʈ ʟ ʆʋ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʽ ʮʝ ʚʞʝ ʙʫʜʝ ʉɸʈ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ), ʪʘʢ ʽ ʚ ʉɸʈ 

ʟ ʥʝʣʽʥʽʡʥʠʤ ʆʋ (ʽ ʮʷ ʉɸʈ ʚʞʝ ʙʫʜʝ, ʚʽʨʥʽʰʝ, ʟʘʣʠʰʠʪʴʩʷ, ʣʽʥʽʡʥʦʶ ʉɸʈ). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʉɸʈ ʟ 

ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʪʨʽʙʥʦ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ 

ʜʠʥʘʤʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʆʋ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʯʘʩʽ ʘʙʦ ʥʝʣʽʥʽʡʥʫ ʩʪʘʪʠʯʥʫ ʨʦʙʦʯʫ ʚʠʪʨʘʪʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʈʆ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʈʆ. ʅʘ ʪʘʢʽʡ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʆʋ 

ʯʠ ʈʆ ʚʠʜʽʣʷʶʪʴʩʷ ʣʽʥʽʡʥʽ ʜʽʘʧʘʟʦʥʠ, ʚ ʷʢʠʭ ʧʘʨʘʤʝʪʨʠ ʆʋ ʥʝ ʟʤʽʥʶʶʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ, ʚ ʤʝʞʘʭ 

ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʣʽʥʽʡʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʆʋ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʩʪʽʡʥʽ (ʚ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ) 

ʦʧʪʠʤʘʣʴʥʽ (ʥʘʧʝʨʝʜ ʚʽʜʦʤʽ) ʧʘʨʘʤʝʪʨʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʫ. 

ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʉɸʈ ʟ ʆʋ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʯʠ ʥʝʣʽʥʽʡʥʠʤ ʆʋ (ʈʆ) 

ʤʘʻ ʬʽʢʩʫʚʘʪʠ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʫ ʥʘ ʥʦʚʠʡ ʜʽʘʧʘʟʦʥ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʋ ʽ 

ʧʨʦʛʨʘʤʥʦ ʟʤʽʥʶʚʘʪʠ ʩʚʦʾ ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʛʦʜʞʝʥʥʷ (ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʘʭʦʚʘʥʽ, ʟʘʚʘʥʪʘʞʝʥʽ ʽ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʷʢ ʜʘʥʽ ʚ ʧʘʤôʷʪʽ ʇʃʂ). 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʈʦʟʨʦʙʠʪʠ ʧʦʣʽʛʦʥ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʪʝʧʣʦʝʥʝʨʛʝʪʠʭ ʆʋ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɿʤʦʜʝʣʶʚʘʪʠ ʽ 

ʜʦʩʣʽʜʠʪʠ ʦʜʥʦʢʦʥʪʫʨʥʫ ʉɸʈ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ.. 
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ʄʦʜʝʣʶʚʘʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʦʣʽʛʦʥ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʟʤʽʥʥʦʾ 

ʩʪʨʫʢʫʪʨʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʷʢ ʘʣʴʙʦʤ ʤʦʜʝʣʝʡ ʚ ʩʝʨʝʜʦʚʠʱʽ ʉʂʄ Matlab Simulink [1]. 

ʄʦʜʝʣʶʚʘʣʠʩʴ ʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʉɸʈ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʤ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ: 

ʉɸʈ ʟ ʆʋ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ; ʉɸʈ ʟ ʥʝʣʽʥʽʡʥʠʤ ʆʋ (ʥʝʣʽʥʽʡʥʠʤ ʈʆ). 

ʄʦʜʝʣʴ ʦʜʥʦʢʦʥʪʫʨʥʦʾ ʉɸʈ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʦʜʥʦʢʦʥʪʫʨʥʦʾ ʉɸʈ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

 

ɼʠʥʘʤʽʯʥʘ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉɸʈ ʟ ʆʋ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦ 

ʘʧʨʦʢʩʠʤʦʚʘʥʘ ʜʚʦʤʘ ʣʽʥʽʡʥʠʤʠ ʜʽʘʧʘʟʦʥʘʤʠ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʆʋ ʟʤʽʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ʅʝʣʽʥʽʡʥʘ ʚʠʪʨʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʈʆ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦ ʘʧʨʦʢʩʠʤʦʚʘʥʘ ʜʚʦʤʘ 

ʣʽʥʽʡʥʠʤʠ ʜʽʘʧʘʟʦʥʘʤʠ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʥʝʣʽʥʽʡʥʦʛʦ ʆʋ (ʟ ʧʨʠʯʠʥʠ 

ʥʝʣʽʥʽʡʥʦʛʦ ʈʆ, ʪʦʙʪʦ ʥʝʣʽʥʽʡʥʦʩʪʽ ʨʦʙʦʯʦʾ ʚʠʪʨʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʆ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʟʤʽʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʥʘʥʝʩʝʥʥʷʤ ʩʠʛʥʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʟʽ ʩʪʦʨʦʥʠ ʈʆ (ʚʥʫʪʨʽʰʥʻ 

ʟʙʫʨʝʥʥʷ) ʽ ʟʤʽʥʦʶ ʟʘʚʜʘʥʥʷ. ɸʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʟ 

ʩʪʨʫʢʫʪʨʥʠʤʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʱʦʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ (ʜʨʝʡʬʫ ʧʘʨʘʤʝʪʨʽʚ ʆʋ) 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʟ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʘʤʠ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʱʦʜʦ ʩʠʛʥʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʽ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ 

ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʉɸʈ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʟʤʽʥʥʦʾ ʩʪʨʫʢʫʪʨʠ ʱʦʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ (ʨʝʢʦʤʝʥʜʘʮʽʾ). 

1. ʆʜʥʦʢʦʥʪʫʨʥʽ ʉɸʈ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʨʦʙʦʪʦʟʜʘʪʥʠʤʠ ï 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʤʘʣʦʯʫʪʣʠʚʽ ʱʦʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʟʙʫʨʝʥʴ. ʇɯɼ-ʨʝʛʫʣʷʪʦʨʠ ʟʤʽʥʥʦʾ ʩʪʨʫʢʫʪʨʠ ʣʝʛʢʦ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʙʣʦʢʘʤʠ ʩʫʯʘʩʥʠʭ ʇʃʂ. 

2. ʇɯɼ-ʨʝʛʫʣʷʪʦʨʠ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʥʝʣʽʥʽʡʥʠʭ ʆʋ, ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʷʢʠʭ ʩʧʨʠʯʠʥʝʥʘ ʩʫʪʪʻʚʦʶ ʥʝʣʽʥʽʡʥʽʩʪʶ ʨʦʙʦʯʦʾ ʚʠʪʨʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʆ. 

3. ʇɯɼ-ʨʝʛʫʣʷʪʦʨʠ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʜʘʧʪʠʚʥʠʭ 

ʉɸʈ, ʚ ʷʢʠʭ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʘʙʦ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʆʋ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʆʋ, 

ʷʢʽ ʟʤʽʥʠʣʠʩʴ ʚʥʘʩʣʽʜʦʢ ʜʨʝʡʬʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʋ (ʜʦʙʦʚʠʡ ʜʨʝʡʬ; ʩʝʟʦʥʥʠʡ ʜʨʝʡʬ; 

ʚʽʢʦʚʠʡ ʜʨʝʡʬ, ʪʦʙʪʦ ʩʪʘʨʽʥʥʷ ʆʋ). 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɹʘʪʶʢ ʉ.ɻ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʮʠʬʨʦʚʠʡ ʪʚʽʥʽʥʛ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʽʙʝʨ-

ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ (ʢʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ) // ɼʦʩʷʛʥʝʥʥʷ ʋʢʨʘʾʥʠ ʪʘ ʢʨʘʾʥ ɭʉ ʫ ʩʬʝʨʽ 

ʽʥʥʦʚʘʮʽʡ ʽ ʚʠʥʘʭʽʜʥʠʮʪʚʘ ʚ ʛʘʣʫʟʽ ʪʝʭʥʽʢʠ : ʢʦʣʝʢʪʠʚʥʘ ʤʦʥʦʛʨʘʬʽʷ. ʉ. 44-109. ʈʠʛʘ, ʃʘʪʚʽʷ 

: Izdevnieciba ñBaltija Publishingò, 2022. 544 ʩ. 65 ʩ. 
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ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʇʽʥʯʫʢ ʄ.ʃ. 

ĭ ʉʪ.ʚʠʢʣ. ʇʦʣʽʱʫʢ ɯ.ɸ. 

  https://scholar.google.com/citations?hl=uk&authuser=2&user=2CLzdFgAAAAJ 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄʆʅɯʊʆʈʀʅɻ ɾʀɺʃɽʅʅʗ ʂʆʊʃɸ-ɺʆɼʆʅɸɻʈɯɺɸʏɸ ʇʈʀɺɸʊʅʆɻʆ 

ɹʋɼʀʅʂʋ

ɺ ʫʤʦʚʘʭ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʫʤʥʠʭ ʙʫʜʠʥʢʽʚ, ʯʘʩʪʦ ʧʦʩʪʘʶʪʴ 

ʧʠʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʙʘʟʦʚʠʭ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʜʣʷ ʝʢʦʥʦʤʽʾ ʯʘʩʫ, ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʞʠʚʘʥʥʷ ʚ ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʘʭ.  

ɼʣʷ ʨʦʟʢʨʠʪʪʷ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ ʦʙʽʛʨʽʚʫ ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ 

ʥʘ ʦʩʥʦʚʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʢʦʪʣʘ-ʦʙʽʛʨʽʚʘʯʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʽʛʨʽʚ ʚʦʜʠ ʜʣʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʪʘʨʝʡ ʪʘ ʪʝʧʣʦʾ ʧʽʜʣʦʛʠ. 

ʄʦʥʽʪʦʨʠʥʛ ʞʠʚʣʝʥʥʷ ʢʦʪʣʘ-ʚʦʜʦʥʘʛʨʽʚʘʯʘ ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʚʘʯʽʚ 

ʩʠʩʪʝʤ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʜʦʤʘʰʥʴʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʩʧʽʣʴʥʦʾ 

ʨʦʙʦʪʠ ʚʩʽʭ ʧʦʙʫʪʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʧʨʠʣʘʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʢʝʨʦʚʘʥʘ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʘ ʜʠʩʧʣʝʡʥʘ ʧʘʥʝʣʴ ʤʦʞʝ ʤʘʪʠ ʟʜʘʪʥʽʩʪʴ ʢʝʨʫʚʘʪʠ ʚʩʽʤ: ʦʧʘʣʝʥʥʷ, 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ, ʘʫʜʽʦʩʠʩʪʝʤʠ, ʚʽʜʝʦʩʠʩʪʝʤʠ, ʦʩʚʽʪʣʝʥʥʷ, 

ʢʫʭʦʥʥʝ ʦʙʣʘʜʥʘʥʥʷ ʽ ʜʦʤʘʰʥʽ ʢʽʥʦʪʝʘʪʨʠ. 

ʈʘʥʽʰʝ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʜʦʤʘʰʥʴʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ ʣʠʰʝ ʥʘ 

ʟʙʝʨʝʞʝʥʥʷ ʧʨʘʮʽ. ʋ 1900-x ʨʦʢʘʭ, ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʤʽʩʮʝʚʽ 

ʝʣʝʢʪʨʠʯʥʽ ʘʙʦ ʛʘʟʦʧʨʠʚʦʜʥʽ ʩʠʩʪʝʤʠ ʩʪʘʣʠ ʨʝʘʣʴʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʽ ʩʧʨʠʷʣʠ ʨʦʟʚʠʪʢʫ 

ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ, ʪʘʢʠʭ ʷʢ ʤʽʢʨʦʭʚʠʣʴʦʚʽ ʧʝʯʽ ʪʘ ʦʙʽʛʨʽʚʘʯʽ. 

ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʢʫʨʝʥʮʽʾ ʟ'ʷʚʣʷʻʪʴʩʷ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟʚʠʯʘʡʥʠʡ 

ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʣʝʛʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʱʦʜʝʥʥʦ. ʅʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʜʘʚʘʯʽʚ ʨʫʭʫ, 

ʷʢʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʤʠʢʘʪʠ ʪʘ ʚʠʤʠʢʘʪʠ ʩʚʽʪʣʦ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʟʦʥʘʭ, ʚʞʝ ʜʘʚʥʦ ʩʪʘʣʠ 

ʟʚʠʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʧʦʙʫʪʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʜʣʷ ʝʢʦʥʦʤʽʾ ʢʦʰʪʽʚ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʥʝʨʛʽʾ, 

ʦʜʥʦʯʘʩʥʦ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʢʦʤʬʦʨʪ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ʘʙʦ ʫ ʢʚʘʨʪʠʨʽ. ʂʦʥʪʨʦʣʴ ʪʘ 

ʨʝʛʫʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʥʷ ʘʙʦ ʟʘʥʷʪʦʩʪʽ, ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʠʪʠ ʢʦʤʫʥʘʣʴʥʽ ʨʘʭʫʥʢʠ.  

ʉʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʩʪʠʭ ʢʦʥʪʨʦʣʝʨʽʚ, ʪʘʢʽ ʷʢ ʩʝʥʩʦʨʥʽ ʝʢʨʘʥʠ, ʪʝʧʝʨ ʥʝ 

ʣʠʰʝ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʥʪʫʟʽʘʩʪʽʚ, ʘʜʞʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʨʦʩʣʦ ʥʘ 78% ʽ ʩʝʨʝʜ ʧʨʦʩʪʠʭ 

ʩʽʤʝʡ. ʗʢ ʚʠʩʥʦʚʦʢ, ʩʠʩʪʝʤʘ ʨʦʟʫʤʥʦʾ ʙʫʜʽʚʣʽ ʪʝʧʝʨ ʘʢʪʫʘʣʴʥʘ ʥʝ ʣʠʰʝ ʜʣʷ ʦʬʽʩʽʚ. 

ʆʩʢʽʣʴʢʠ ʪʘʨʠʬʠ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʨʦʩʣʠ, ʘ ʜʦʭʦʜʠ ʟʘʣʠʰʠʣʠʩʷ ʥʘ 

ʪʦʤʫ ʞ ʨʽʚʥʽ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʩʪʘʥʝ ʚ ʥʘʛʦʜʽ ʢʦʨʠʩʪʫʚʘʯʫ, ʘʜʞʝ  ʮʝ 

ʜʦʧʦʤʦʞʝ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ [1]. 

ʉʝʨʝʜ ʧʝʨʝʜʦʚʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʨʦʙʢʘʤʠ ʩʠʩʪʝʤ ʨʦʟʫʤʥʠʭ ʙʫʜʠʥʢʽʚ, 

ʙʫʣʘ ʦʙʨʘʥʘ ʢʦʤʧʘʥʽʷ Ajax Systems, ʘʜʞʝ ʚʦʥʘ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʘ ʩʝʙʝ ʷʢ ʽ ʚ ʧʠʪʘʥʥʷʭ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ, ʪʘʢ ʽ ʚ ʟʨʫʯʥʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ 2 ʧʨʦʜʫʢʪʠ ʪʘ ʦʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʟ ʥʠʭ: 

1. BASELINE Outlet [type F] Jeweller - ʨʦʟʫʤʥʘ ʨʦʟʝʪʢʘ ʟ ʬʫʥʢʮʽʻʶ ʤʦʥʽʪʦʨʠʥʛʫ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʂʝʨʫʚʘʪʠ ʾʾ ʨʦʙʦʪʦʶ ʤʦʞʥʘ ʜʠʩʪʘʥʮʽʡʥʦ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ 

ʟʘʩʪʦʩʫʥʦʢ Ajax. 

ʄʦʞʣʠʚʦʩʪʽ Outlet ʥʘʡʢʨʘʱʝ ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʚ ʩʮʝʥʘʨʽʷʭ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʄʦʞʥʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʤʠʢʘʪʠ ʨʦʟʝʪʢʠ ʟʘ ʨʦʟʢʣʘʜʦʤ ʘʙʦ ʚʠʤʠʢʘʪʠ ʾʭ, ʫ ʚʠʧʘʜʢʫ ʧʦʞʝʞʥʦʾ ʪʨʠʚʦʛʠ 

ʘʙʦ ʷʢʱʦ ʩʠʩʪʝʤʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʽʜ ʦʭʦʨʦʥʫ. 

ʅʘʡʙʽʣʴʰ ʚʘʛʦʤʠʤ ʯʠʥʥʠʢʦʤ ʧʨʠ ʚʠʙʦʨʽ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʘʤʝ 
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ʤʦʞʣʠʚʦʩʪʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʚ ʜʦʜʘʪʢʫ Ajax. ʄʦʞʣʠʚʦ ʥʘʣʘʰʪʫʚʘʪʠ ʩʧʦʚʽʱʝʥʥʷ 

ʨʽʟʥʦʛʦ ʚʠʜʫ, ʚʤʠʢʘʪʠ ʨʝʟʝʨʚʥʝ ʞʠʚʣʝʥʥʷ ʙʫʜʠʥʢʫ ʧʨʠ ʟʥʠʢʥʝʥʥʽ ʦʩʥʦʚʥʦʛʦ, ʘ ʪʘʢʦʞ 

ʜʠʩʪʘʥʮʽʡʥʦ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʜʣʷ ʝʢʦʥʦʤʽʾ ʢʦʰʪʽʚ. 

ʊʘʢʦʞ ʚʘʨʪʦ ʜʦʜʘʪʠ, ʱʦ ʮʝʡ ʨʦʟʝʪʢʘ ʧʨʘʮʶʻ ʚ ʛʨʫʧʽ ʟ ʽʥʰʠʤʠ ʜʘʚʘʯʘʤʠ, ʪʦʤʫ ʧʨʠ ʨʽʟʥʠʭ 

ʩʮʝʥʘʨʽʷʭ, ʪʘʢʠʭ, ʷʢ ʧʦʞʝʞʘ ʯʠ ʧʦʪʦʧ, ʨʦʟʝʪʢʫ ʙʫʜʝ ʟʥʝʩʪʨʫʤʣʝʥʦ. 

2. BASELINE WallSwitch Jeweller - ʩʠʣʦʚʝ ʨʝʣʝ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʇʨʠʩʪʨʽʡ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʤʝʨʝʞʽ 110 ɺ~/ 230 ɺ~ ʽ ʟʘʤʠʢʘʻïʨʦʟʤʠʢʘʻ ʢʦʣʦ ʟʘ 

ʢʦʤʘʥʜʦʶ. ʈʝʣʝ ʚʠʪʨʠʤʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 3 ʢɺʪ, ʮʴʦʛʦ ʚʠʩʪʘʯʘʻ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʧʦʪʫʞʥʦʛʦ ʢʦʪʣʘ.  

ʇʨʠʩʪʨʽʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʧʽʜʨʦʟʝʪʥʠʢ ʽ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʤʦʥʽʪʦʨʠʥʛ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʞʠʚʣʝʥʥʷʤ. ɸʣʝ, ʮʝʡ ʧʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʣʠʰʝ ʚ ʪʦʥʜʝʤʽ ʟ 

Hub̀ ʦʤ ʪʘ ʨʝʪʨʘʥʩʣʷʪʦʨʦʤ, ʪʦʤʫ ʩʘʤʝ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʧʦʚʥʦʮʽʥʥʦʛʦ Starter 

Kit `a.  

ʉʝʨʝʜ ʧʝʨʝʚʘʛ, ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʚʩʝ ʪʝʞ, ʱʦ ʽ ʜʣʷ ʨʦʟʫʤʥʦʾ ʨʦʟʝʪʢʠ, ʘʣʝ ʜʦʜʘʪʢʦʚʦ 

ʚʘʨʪʦ ʚʢʘʟʘʪʠ, ʱʦ ʮʝʡ ʧʨʠʩʪʨʽʡ ʻ ʙʽʣʴʰ ʩʪʽʡʢʠʤ ʜʦ ʪʘʢʦʛʦ ʧʨʠʣʘʜʫ, ʷʢ ʢʦʪʝʣ, ʘʜʞʝ ʚʽʥ ʤʘʻ 

ʟʘʭʠʩʪ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ ʫ 13ɸ [2]. 

ʍʦʯ BASELINE Outlet Jeweller ʻ ʜʦʚʦʣʽ ʧʨʘʢʪʠʯʥʠʤ ʨʽʰʝʥʥʷʤ, ʘʣʝ ʚʩʝ ʞ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʽʜʜʘʪʠ ʧʝʨʝʚʘʛʫ ʩʘʤʝ ʩʠʣʦʚʦʤʫ ʨʝʣʝ BASELINE WallSwitch Jeweller, ʘʜʞʝ 

ʮʝʡ ʧʨʠʩʪʨʽʡ ʣʝʛʢʦ ʟʘʜʦʚʽʣʴʥʠʪʴ ʧʦʪʨʝʙʠ ʪʘʢʦʛʦ ʩʠʣʴʥʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʷʢ ʢʦʪʝʣ-

ʚʦʜʦʥʘʛʨʽʚʘʯ. ʊʘʢʦʞ ʭʦʯʝʪʴʩʷ ʚʠʜʽʣʠʪʠ, ʱʦ ʜʘʥʠʡ ʪʠʧ ʜʘʚʘʯʽʚ ʧʦʚʥʽʩʪʶ ʩʫʤʽʩʥʠʡ ʟ ʽʥʰʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ Ajax, ʪʦʤʫ ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙôʻʜʥʘʪʠ ʾʭ ʚ ʦʜʥʫ ʝʢʦʩʠʩʪʝʤʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ ʽʥʰʽ ʧʦʙʫʪʦʚʽ ʧʨʠʣʘʜʠ, ʘ ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʽʥʰʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʙʫʜʠʥʢʫ, ʥʘʧʨʠʢʣʘʜ ʞʘʣʶʟʽ, ʩʚʽʪʣʦ, ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʪʦʱʦ. ɺʘʞʣʠʚʠʡ ʝʣʝʤʝʥʪ ʚ ʩʠʩʪʝʤʽ ʢʦʥʪʨʦʣʶ ʥʘʜ ʙʫʜʠʥʢʦʤ, ʮʝ ʧʝʨʝʜʙʘʯʝʥʥʷ ʝʢʩʪʨʝʥʠʭ 

ʩʠʪʫʘʮʽʡ. ɺʩʽ ʜʘʚʘʯʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Hub̀ ʘ, ʷʢʠʡ ʧʨʠʡʤʘʻ, ʦʧʨʘʮʴʦʚʫʻ ʪʘ 

ʥʘʜʩʠʣʘʻ ʽʥʬʦʨʤʘʮʽʶ ʚ ʜʦʜʘʪʦʢ ʥʘ ʚʘʰ ʩʤʘʨʪʬʦʥ, ʘʣʝ ʙʫʚʘʶʪʴ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʚʽʥ ʚʠʭʦʜʠʪʴ 

ʟ ʣʘʜʫ ʽ ʩʠʛʥʘʣ ʟ ʜʘʚʘʯʘ ʥʝ ʦʧʨʘʮʴʦʚʫʻʪʴʩʷ. ɼʣʷ ʮʴʦʛʦ ʙʫʚ ʚʠʛʘʜʘʥʠʡ ʨʝʪʨʘʥʩʣʷʪʦʨ ʩʠʛʥʘʣʫ 

ReX, ʷʢʠʡ ʫ ʚʠʧʘʜʢʫ ʧʦʣʦʤʢʠ ʦʩʥʦʚʥʦʛʦ Hub̀ ʘ ʧʨʠʡʤʝ ʥʘ ʩʝʙʝ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ, ʱʦ 

ʟʘʚʘʜʠʪʴ ʚʪʨʘʪʽ ʢʦʥʪʨʦʣʶ.  

ʄʦʥʽʪʦʨʠʥʛ ʪʘ ʢʦʥʪʨʦʣʴ ʪʘʢʠʭ ʙʘʟʦʚʠʭ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʷʢ ʢʦʪʝʣ-ʚʦʜʦʥʘʛʨʽʚʘʯ, 

ʤʘʻ ʚʝʣʠʢʫ ʮʽʥʥʽʩʪʴ, ʘʜʞʝ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʞʠʪʪʷ ʪʘ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʨʦʟʫʤʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʚʽʡ ʯʘʩ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʚʘʯʽʚ ʚʽʜ Ajax Systems, ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ 

ʙʫʜʠʥʢʦʤ ʩʪʘʻ ʜʦʩʪʫʧʥʠʤ ʥʘʚʽʪʴ ʜʣʷ ʣʶʜʝʡ, ʢʦʪʨʽ ʥʝ ʤʘʶʪʴ ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʽ 

ʤʦʞʫʪʴ ʥʘʣʘʰʪʫʚʘʪʠ ʩʚʽʡ ʧʨʦʻʢʪ ʤʝʥʰ ʥʽʞ ʟʘ ʛʦʜʠʥʫ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʈɽɻʋʃʖɺɸʅʅʗ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ ʂʆʄʇʈɽʉʆʈʅʀʍ 

ʎɽʅʊʈɸʃɽʁ ʉʀʉʊɽʄ ʎɽʅʊʈɸʃɯɿʆɺɸʅʆɻʆ ʍʆʃʆɼʆʇʆʉʊɸʏɸʅʅʗ

ʋ ʚʝʣʠʢʠʭ ʩʫʧʝʨʤʘʨʢʝʪʘʭ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʜʝʤʦʥʩʪʨʘʮʽʾ ʪʦʚʘʨʽʚ, ʩʪʠʢʘʶʪʴʩʷ ʟ ʚʝʣʠʢʠʤʠ ʚʠʢʣʠʢʘʤʠ ʚ ʩʬʝʨʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʭʦʣʦʜʠʣʴʥʠʭ ʤʘʰʠʥ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʪʦʯʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ɼʣʷ ʦʙôʻʢʪʽʚ ʟ ʪʦʨʛʽʚʝʣʴʥʦʶ ʧʣʦʱʝʶ ʧʦʥʘʜ 300 ʢʚ.ʤ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ 

ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʤʘʰʠʥ, ʱʦ 

ʚʢʣʶʯʘʻ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʭʦʣʦʜʠʣʴʥʠʤʠ ʤʝʙʣʷʤʠ ʥʘ ʪʦʨʛʽʚʝʣʴʥʠʭ ʧʣʦʱʘʭ, 

ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ ʪʦʱʦ.  

ʎʝʥʪʨʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʭʦʣʦʜʠʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʤʘʛʽʩʪʨʘʣʝʡ ʪʘ 

ʩʧʦʞʠʚʘʯʽʚ ʫ ʚʠʛʣʷʜʽ ʩʧʝʮʽʘʣʴʥʠʭ ʪʦʨʛʽʚʝʣʴʥʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʤʝʙʣʽʚ ʪʘ ʢʘʤʝʨ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʨʽʟʥʠʭ ʟʦʥʘʭ ʩʫʧʝʨʤʘʨʢʝʪʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʪʽʚ. ʂʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʮʽʻʾ ʩʠʩʪʝʤʠ ʻ ʭʦʣʦʜʠʣʴʥʘ 

ʫʩʪʘʥʦʚʢʘ, ʱʦ ʚʢʣʶʯʘʻ ʢʦʤʧʨʝʩʦʨʥʫ ʮʝʥʪʨʘʣʴ, ʢʦʥʜʝʥʩʘʪʦʨ, ʨʝʩʠʚʝʨ (ʨʠʩ. 1) [1]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ 

 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʚʘʞʣʠʚʦ ʜʝʪʘʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʠ ʾʾ ʘʚʪʦʤʘʪʠʟʘʮʽʶ, ʷʢʘ ʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ, 

ʟʘʭʠʩʪʫ ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʭʦʣʦʜʠʣʴʥʦʾ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʻʪʴʩʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʥʠʭ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʦʪʨʝʙ ʚ ʭʦʣʦʜʽ. ʆʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʻ ʪʝʤʧʝʨʘʪʫʨʘ, ʷʢʘ 

ʤʘʻ ʙʫʪʠ ʧʽʜʪʨʠʤʘʥʘ ʚ ʪʦʨʛʽʚʝʣʴʥʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʤʝʙʣʷʭ ʪʘ ʢʘʤʝʨʘʭ. ʈʝʛʫʣʶʚʘʥʥʷ ʤʦʞʝ 

ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ-ʦʪ ʚʦʣʦʛʽʩʪʴ ʪʘ ʯʘʩ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʦʤʧʨʝʩʦʨʥʦʾ ʮʝʥʪʨʘʣʽ, ʷʢʘ ʚʠʢʦʥʫʻ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʮʠʢʣʽ ʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʥʘ ʷʢʫ ʧʨʠʧʘʜʘʻ ʟʥʘʯʥʘ ʯʘʩʪʢʘ ʚʽʜ ʟʘʛʘʣʴʥʦʾ 



 93 

ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʚʘʨʪʦʩʪʽ ʩʠʩʪʝʤʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʻ ʢʣʶʯʦʚʠʤ 

ʬʘʢʪʦʨʦʤ ʫ ʚʠʟʥʘʯʝʥʥʽ ʨʽʚʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʈʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʧʨʝʩʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʨʽʟʥʠʤ 

ʤʝʪʦʜʘʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʦʯʥʠʭ ʧʦʪʨʝʙ ʫ ʭʦʣʦʜʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʢʦʤʧʨʝʩʦʨʽʚ, ʾʭ 

ʢʽʣʴʢʦʩʪʽ ʽ ʚʠʤʦʛ ʜʦ ʨʦʙʦʪʠ (ʨʠʩ. 2) [2, 3]. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʨʝʛʫʣʶʚʘʥʥʷ 

ʜʦʧʦʤʦʛʦʶ ʧʫʩʢʫ-ʟʫʧʠʥʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦ ʧʨʘʮʶʶʯʠʭ ʢʦʤʧʨʝʩʦʨʽʚ, ʙʘʡʧʘʩʫ 

ʛʘʨʷʯʦʛʦ ʛʘʟʫ, ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʜʣʷ ʧʦʨʰʥʝʚʠʭ ʢʦʤʧʨʝʩʦʨʽʚ, ʟʤʽʥʘ ʦʙôʻʤʫ ʨʦʙʦʯʠʭ 

ʧʦʨʦʞʥʠʥ ʟʘ ʜʦʧʦʤʦʛ ʟʦʣʦʪʥʠʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʧʽʨʘʣʴʥʠʭ 

ʢʦʤʧʨʝʩʦʨʽʚ ʪʦʱʦ. ʎʽ ʤʝʪʦʜʠ, ʭʦʯ ʽ ʝʬʝʢʪʠʚʥʽ, ʯʘʩʪʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʝ ʻ ʧʨʦʧʦʨʮʽʡʥʠʤ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʟʘʡʚʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʢʦʣʠ ʧʦʪʨʝʙʘ ʚ ʭʦʣʦʜʽ ʟʤʽʥʶʻʪʴʩʷ [4]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʧʦʩʦʙʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʤʧʨʝʩʦʨʽʚ 

 

ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ, ʙʽʣʴʰ ʩʫʯʘʩʥʠʤ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ 

ʢʦʤʧʨʝʩʦʨʘ [3]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʢʪʫʘʣʴʥʠʭ ʧʦʪʨʝʙ ʚ ʦʭʦʣʦʜʞʝʥʽ, ʱʦ ʩʧʨʠʷʻ 

ʟʥʠʞʝʥʥʶ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. ʎʝ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʫʻ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʭʦʣʦʜʠʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʘʣʝ ʡ ʧʨʦʜʦʚʞʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʦʙʣʘʜʥʘʥʥʷ, 

ʟʤʝʥʰʫʻ ʨʽʚʝʥʴ ʰʫʤʫ, ʟʘʙʝʟʧʝʯʫʻ ʧʣʘʚʥʠʡ ʧʫʩʢ ʢʦʤʧʨʝʩʦʨʽʚ, ʱʦ ʟʤʝʥʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʝʣʝʢʪʨʦʤʝʨʝʞʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʧʫʩʢʦʚʠʭ ʩʪʨʫʤʽʚ, ʪʘ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ ʜʣʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʤʝʪʦʜʘʤʠ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʩʠʩʪʝʤ ʟ ʜʝʢʽʣʴʢʦʤʘ ʧʘʨʘʣʝʣʴʥʦ ʧʽʜʢʣʶʯʝʥʠʤʠ 

ʢʦʤʧʨʝʩʦʨʘʤʠ (ʨʠʩ. 1) ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʚ ʢʝʨʫʚʘʥʥʽ, ʜʝ ʦʜʠʥ 

ʧʨʠʩʪʨʽʡ ʢʝʨʫʻʪʴʩʷ ʯʘʩʪʦʪʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʘ ʽʥʰʽ ʚʢʣʶʯʘʶʪʴʩʷ ʩʪʫʧʽʥʯʘʩʪʦ. ɺ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʩʪʝʤʦʶ, ʜʝ 

ʢʦʤʧʨʝʩʦʨʠ ʚʤʠʢʘʶʪʴʩʷ ʩʪʫʧʽʥʯʘʩʪʦ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʟʥʠʟʠʪʠ ʧʦʯʘʪʢʦʚʽ 

ʚʠʪʨʘʪʠ, ʘ ʡ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʝʦʙʭʽʜʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟʛʽʜʥʦ ʟ ʧʦʪʦʯʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʩʠʩʪʝʤʠ, ʫʥʠʢʘʶʯʠ ʥʘʜʤʽʨʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʫʪʨʠʤʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʨʠʚʦʜʽʚ ʚ ʩʠʩʪʝʤʘʭ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʩʫʧʝʨʤʘʨʢʝʪʘʭ ʚʠʷʚʣʷʻʪʴʩʷ ʢʣʶʯʦʚʠʤ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʣʠʰʝ 

ʪʦʯʥʦ ʘʜʘʧʪʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʽʚ ʜʦ ʟʤʽʥʥʠʭ ʧʦʪʨʝʙ ʫ ʭʦʣʦʜʽ, ʘʣʝ ʡ ʩʧʨʠʷʶʪʴ 

ʟʥʠʞʝʥʥʶ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʧʽʜʚʠʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʟʤʝʥʰʝʥʥʶ ʰʫʤʫ ʪʘ 

ʧʦʜʦʚʞʝʥʥʶ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʦʙʣʘʜʥʘʥʥʷ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ ʫ ʩʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ 

ʤʘʡʙʫʪʥʴʦʛʦ ʚ ʽʥʜʫʩʪʨʽʾ ʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʉʂ ɺɽʅʊʀʃʗʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ʆʌɯʉʅʀʍ ʇʈʀʄɯʑɽʅʔ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʊɽʇʃʆʊʀ ɺɯɼ ʇɽʂɸʈʉʔʂʆɻʆ ʎɽʍʋ

ɺʝʥʪʠʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟ ʨʝʢʫʧʝʨʘʪʦʨʦʤ ʻ ʢʣʶʯʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʚʘʨʽʘʥʪʽʚ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʫʧʝʨʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ:  

¶ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ; 

¶ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ; 

ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʦʬʽʩʥʠʭ ʧʨʠʤʽʱʝʥʴ ʚʢʘʟʫʶʪʴ 

ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ʪʝʧʣʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʦʙʤʽʥʫ ʪʘ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʫ ʧʨʠʤʽʱʝʥʥʷʭ. ʇʨʦʻʢʪʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ (ɸʉʂ) ʜʣʷ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʦʬʽʩʽʚ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʧʣʦʪʫ ʚʽʜ ʧʝʢʘʨʩʴʢʦʛʦ ʮʝʭʫ, ʤʦʞʝ ʩʪʘʪʠ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʥʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ ʙʫʜʝ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʥʝ ʣʠʰʝ ʨʝʢʫʧʝʨʘʪʦʨ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʘ ʚʠʭʽʜʥʦʛʦ ʧʦʚʽʪʨʷ, ʘʣʝ ʽ ʜʦʜʘʪʢʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʆʜʠʥ ʽʟ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ - ʮʝ ʬʽʣʴʪʨʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ (ʨʠʩ. 1), ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʦʯʠʱʝʥʥʷ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʧʠʣʫ, ʙʘʢʪʝʨʽʡ ʪʘ 

ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠʩʷ ʫ ʧʦʚʽʪʨʽ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ ʟ ʧʝʢʘʨʩʴʢʦʛʦ 

ʮʝʭʫ [1].  

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʝʥʪʠʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʦʬʽʩʥʠʭ ʧʨʠʤʽʱʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʧʣʦʪʠ ʚʽʜ ʧʝʢʘʨʩʴʢʦʛʦ ʮʝʭʫ 

ɼʦʜʘʪʢʦʚʦʶ ʩʢʣʘʜʦʚʦʶ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʭʦʣʦʜʠʣʴʥʘ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 1), ʷʢʘ 
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ʟʘʙʝʟʧʝʯʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʚʣʽʪʢʫ, ʩʪʚʦʨʶʶʯʠ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʜʣʷ 

ʧʨʘʮʽʚʥʠʢʽʚ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ ʦʬʽʩʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʜʝ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʧʽʜʚʠʱʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʬʽʩʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ.  

ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʚʝʥʪʠʣʷʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʦʬʽʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʪʠ ʚʽʜ ʧʝʢʘʨʩʴʢʦʛʦ ʮʝʭʫ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ.  

ɺʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʨʦʙʦʪʫ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʨʝʢʫʧʝʨʘʪʦʨʦʤ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʥʘʯʥʠʤʠ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʚʝʥʪʠʣʷʪʦʨʠ. ʆʜʥʘʢ ʮʽ 

ʩʠʩʪʝʤʠ ʚʦʣʦʜʽʶʪʴ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ - ʤʦʞʣʠʚʽʩʪʶ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʫ ʙʫʜʴ-ʷʢʠʭ 

ʫʤʦʚʘʭ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʦʥʠ ʤʦʞʫʪʴ ʧʦʩʪʘʯʘʪʠ ʪʘ 

ʚʠʜʘʣʷʪʠ ʧʦʚʽʪʨʷ ʟ ʧʨʠʤʽʱʝʥʴ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʦʙʩʷʛʘʭ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʡʦʛʦ ʦʙʨʦʙʢʫ, 

ʚʢʣʶʯʘʶʯʠ ʦʯʠʱʝʥʥʷ, ʥʘʛʨʽʚʘʥʥʷ, ʟʚʦʣʦʞʝʥʥʷ ʽ ʪ.ʜ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʫ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ, ʜʝ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰʦʶ ʧʨʦʙʣʝʤʦʶ, ʘ ʚʠʤʦʛʠ ʜʦ ʢʦʤʬʦʨʪʫ ʪʘ ʙʝʟʧʝʢʠ, 

ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ ʫ ʧʨʠʤʽʱʝʥʥʷʭ, ʟʨʦʩʪʘʶʪʴ [2]. 

ʅʘ ʧʦʪʦʯʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʨʝʢʫʧʝʨʘʪʦʨʦʤ, ʤʠ ʤʦʞʝʤʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʥʘʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʜʦʟʚʦʣʷʻ ʥʘʤ ʧʨʠʜʽʣʷʪʠ 

ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʪʦʯʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʠʤʽʱʝʥʥʽ ʪʘ ʧʨʠʧʣʠʚʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʎʝ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʻ ʢʣʶʯʦʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʢʦʤʬʦʨʪʥʦʛʦ ʪʘ ʟʜʦʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʧʨʠʤʽʱʝʥʥʷʭ. 

ʗʢ ʚʠʩʥʦʚʦʢ, ɸʉʂ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʨʝʢʫʧʝʨʘʪʦʨʦʤ ʩʪʘʻ ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʮʽʾ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʨʽʟʥʦʛʦ ʪʠʧʫ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʥʝ 

ʣʠʰʝ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʨʝʛʫʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʪʽʡʥʝ 

ʥʘʜʭʦʜʞʝʥʥʷ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ; ʦʧʪʠʤʽʟʫʻ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ, ʟʤʝʥʰʫʶʯʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʪʘ ʧʽʜʪʨʠʤʫʶʯʠ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʜʣʷ ʦʬʽʩʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʗʢ ʚʠʙʨʘʪʠ ʬʽʣʴʪʨ ʜʣʷ ʚʝʥʪʠʣʷʮʽʾ Å ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʚʝʥʪʠʣʷʮʽʡʥʠʭ 

ʬʽʣʴʪʨʽʚ. ɯʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥ ɺɽʅʂʆʅ - ʤʘʛʘʟʠʥ ʪʝʭʥʽʢʠ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʚ ʋʢʨʘʾʥʽ | 

ʂʠʾʚ, ʃʴʚʽʚ. URL: https://vencon.ua/ua/articles/kak-vybrat-filtr -dlya-ventilyacii (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 07.03.2024). 

2. ɺʝʥʪʠʣʷʮʽʷ ʩʢʣʘʜʽʚ: ʷʢʫ ʩʠʩʪʝʤʫ ʚʠʙʨʘʪʠ. ʄʘʛʘʟʠʥ ɺʝʥʪʩ: ʚʝʥʪʠʣʷʮʽʡʥʽ ʩʠʩʪʝʤʠ. 

URL: https://vents-shop.com.ua/statti-pro-ventilyaciyu-uk/ventilyaciya-skladiv-yaku-sistemu-

vibrati/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 07.03.2024). 
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ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʉʘʣʽʚʦʥ ɼ.ɺ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɹʘʪʶʢ ʉ.ɻ. 

  https://scholar.google.com.ua/citations?user=cWaZ5o4AAAAJ&hl=uk 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʆʃɯɻʆʅ ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʆɼʅʆʂʆʅʊʋʈʅʀʍ ʉɸʈ ɿ 

ʉʊʈʋʂʊʋʈʅʀʄʀ ʇɯɼ-ʈɽɻʋʃʗʊʆʈɸʄʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʆʋ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʆʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʽʚ ʚ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʆʋ. 

ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ. ʆʜʥʦʢʦʥʪʫʨʥʘ ʉɸʈ ʨʝʞʠʤʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʨʝʘʣʽʟʫʻ ʧʨʠʥʮʠʧ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʚʽʜʭʠʣʝʥʥʷʤ (ʧʨʠʥʮʠʧ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ) ʽ ʤʘʻ ʦʜʠʥ ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ 

ʨʝʛʫʣʶʚʘʥʥʷ. ʈʝʛʫʣʷʪʦʨ ʻ ʦʜʥʦʽʤʧʫʣʴʩʥʠʤ (ʪʦʙʪʦ ʚ ʉɸʈ ʻ ʪʽʣʴʢʠ ʦʜʠʥ ʨʝʛʫʣʴʦʚʘʥʠʡ 

ʧʘʨʘʤʝʪʨ) ï ʥʘ ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʫ ʟʽ ʟʥʘʢʦʤ ʤʽʥʫʩ (ʷʢ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ) ʧʦʜʘʻʪʴʩʷ ʧʦʪʦʯʥʝ 

ʟʥʘʯʝʥʥʷ (ʽʤʧʫʣʴʩ) ʨʝʞʠʤʥʦʛʦ ʧʘʨʘʤʝʪʨʫ (ʟʘʚʜʘʥʥʷ ʧʦʜʘʻʪʴʩʷ ʟʽ ʟʥʘʢʦʤ ʧʣʶʩ ʽ ʟʘ ʽʤʧʫʣʴʩ 

ʥʝ ʨʘʭʫʻʪʴʩʷ). ʆʋ ʻ ʢʘʥʘʣʦʤ ʧʝʨʝʜʘʯʽ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʜʽʾ çʟʤʽʥʘ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʜʽʾ ï ʟʤʽʥʘ 

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫè. ʈʝʛʫʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ ʟʘʚʞʜʠ ʚʠʤʽʨʶʻʪʴʩʷ (ʘ ʥʝ 

ʦʙʯʠʩʣʶʻʪʴʩʷ). ʉɸʈ ʨʝʘʣʽʟʫʻ ʫʧʨʘʚʣʷʶʯʫ ʬʫʥʢʮʽʶ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʤʽʨʷʥʦʛʦ ʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ, ʪʦʙʪʦ ʧʽʜʪʨʠʤʘʥʥʷ ʚʠʤʽʨʷʥʦʛʦ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʘ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʽ 

(ʫʩʪʘʚʮʽ) ʰʣʷʭʦʤ ʟʤʽʥʠ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʜʽʾ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʣʘʩʠʯʥʠʡ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ, 

ʷʢʠʡ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʜʣʷ ʣʽʥʽʡʥʠʭ ʆʋ. ʆʩʥʦʚʥʠʡ ʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʪʠʧ ʉɸʈ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘ, ʙʘʟʦʚʘ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʤʘʪʝʤʘʪʠʯʥʦ ʽ ʪʝʭʥʽʯʥʦ ʥʘʡʧʨʦʩʪʽʰʘ ʉɸʈ. 

ʇʨʠʥʮʠʧʦʚʘ ʽ ʚʠʜʘʪʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʦʜʥʦʢʦʥʪʫʨʥʦʾ ʉɸʈ (ʪʦʙʪʦ ʧʨʠʥʮʠʧʫ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ 

ʚʽʜʭʠʣʝʥʥʷʤ) ï ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʚʽʜ ʆʋ (ʚʠʤʽʨʷʥʠʡ ʨʝʞʠʤʥʠʡ ʧʘʨʘʤʝʪʨ ʘʢʫʤʫʣʶʻ ʚ ʩʦʙʽ 

ʫʩʽ ʚʧʣʠʚʠ ʫʩʽʭ ʟʙʫʨʝʥʴ, ʚʽʜʦʤʠʭ ʽ ʥʝʚʽʜʦʤʠʭ, ʷʢʽ ʤʦʞʥʘ ʽ ʷʢʽ ʥʝ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ; 

ʨʝʛʫʣʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʞʜʠ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʟʙʫʨʝʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʛʫʣʴʦʚʘʥʠʡ 

ʧʘʨʘʤʝʪʨ). ʅʝʽʜʝʘʣʴʥʽʩʪʴ ʦʜʥʦʢʦʥʪʫʨʥʦʾ ʉɸʈ ï ʧʨʠʥʮʠʧʦʚʠʡ ʢʦʥʬʣʽʢʪ ʤʽʞ ʪʦʯʥʽʩʪʶ ʽ 

ʷʢʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʉɸʈ (ʰʚʠʜʢʦʜʽʻʶ ʨʝʛʫʣʷʪʦʨʘ ʽ ʟʘʧʘʩʦʤ ʩʪʘʣʦʩʪʽ ʟʘʤʢʥʝʥʦʾ ʉɸʈ). ɭ 

ʜʚʘ ʰʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʦʜʥʦʢʦʥʪʫʨʥʽʡ ʉɸʈ.  

ʇʝʨʰʠʡ ʰʣʷʭ. ʋʩʢʣʘʜʥʶʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʦʜʥʦʢʦʥʪʫʨʥʽʡ ʉɸʈ ï 

ʧʝʨʝʭʽʜ ʜʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ (ʧʝʨʝʭʽʜ ʜʦ ʘʥʘʣʽʪʠʯʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ 

ʇɯɼɼ2ɼ3... ʪʦʱʦ; ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ɼ2, ɼ3... ʪʦʱʦ ʦʙʯʠʩʣʶʶʪʴʩʷ, ʘ ʥʝ ʚʠʤʽʨʶʶʪʴʩʷ). 

ʆʩʥʦʚʥʠʡ ʤʝʪʦʜ ʚ çʩʫʯʘʩʥʽʡè ʊɸʋ (ʣʽʥʽʡʥʠʡ ʘʥʘʣʽʟ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ï ʨʽʚʥʷʥʥʷ ʚ ʧʨʦʩʪʦʨʽ 

ʩʪʘʥʽʚ). ʎʝ ʥʝʝʬʝʢʪʠʚʥʦ, ʦʩʢʽʣʴʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʛʨʫʙʠʭ ʉɸʈ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʟʙʫʨʝʥʴ (ʜʨʝʡʬʫ ʧʘʨʘʤʝʪʨʽʚ ʆʋ); ʥʝʛʨʫʙʠʭ ʩʘʤʝ ʪʦʤʫ, ʱʦ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ 

ʦʙʯʠʩʣʶʶʪʴʩʷ, ʘ ʥʝ ʚʠʤʽʨʶʶʪʴʩʷ.  

ɼʨʫʛʠʡ ʰʣʷʭ. ʋʩʢʣʘʜʥʶʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʉɸʈ, ʥʝ ʟʤʽʥʶʶʯʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ï ʧʝʨʝʭʽʜ 

ʜʦ ʉɸʈ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʟʚôʷʟʢʘʤʠ (ʧʝʨʝʭʽʜ ʜʦ ʢʦʤʙʽʥʦʚʘʥʠʭ ʽ 

ʙʘʛʘʪʦʢʦʥʪʫʨʥʠʭ ï ʨʝʘʣʴʥʦ ʜʚʦʢʦʥʪʫʨʥʠʭ ï ʉɸʈ). çɼʦʜʘʪʢʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽè ʟʚôʷʟʢʠ: 

çʜʦʜʘʪʢʦʚʽè ʜʦ ʛʦʣʦʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ; çʽʥʬʦʨʤʘʮʽʡʥʽè ʪʦʤʫ, ʱʦ ʥʝʩʫʪʴ ʜʦʜʘʪʢʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʪʘʢ ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʨʝʞʠʤʥʠʡ ʧʘʨʘʤʝʪʨ ʦʙʦʚôʷʟʢʦʚʦ ʚʠʤʽʨʶʻʪʴʩʷ, ʘ ʥʝ ʧʨʦʩʪʦ 

ʦʙʯʠʩʣʶʻʪʴʩʷ. ʆʩʥʦʚʥʠʡ ʩʧʦʩʽʙ ʚ çʢʣʘʩʠʯʥʽʡè ʊɸʋ (ʣʽʥʽʡʥʠʡ ʘʥʘʣʽʟ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ï 

ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ) ʽ ʚ ʧʨʘʢʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʽʡ ʨʝʘʣʽʟʘʮʽʾ. ɽʬʝʢʪʠʚʥʠʡ, ʪʘʢ ʷʢ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʘʣʦʯʫʪʣʠʚʠʭ ʉɸʈ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ (ʜʨʝʡʬʫ ʧʘʨʘʤʝʪʨʽʚ 

ʆʋ). 

ʄʦʞʣʠʚʠʡ ʪʨʝʪʽʡ ʰʣʷʭ. ɿʘʣʠʰʠʪʠ ʦʜʥʦʢʦʥʪʫʨʥʫ ʩʪʨʫʢʪʫʨʫ ʉɸʈ. ɿʘʣʠʰʠʪʠ 

ʢʣʘʩʠʯʥʠʡ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ, ʘʣʝ ʟʤʽʥʠʪʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ 
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ʢʦʨʠʛʫʶʯʠʭ ʣʘʥʦʢ. ʉʪʨʫʢʪʫʨʘ ʪʘʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʫ ʥʝ ʻ ʫʩʢʣʘʜʥʝʥʦʶ, ʪʘʢ 

ʷʢ ʥʝ ʤʽʩʪʠʪʴ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ (ʜʨʫʛʦʛʦ ʽ ʚʠʱʝ ʧʦʨʷʜʢʽʚ). 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʈʦʟʨʦʙʠʪʠ ʧʦʣʽʛʦʥ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʟ ʩʪʨʫʢʪʫʨʥʠʤʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ. ɿʤʦʜʝʣʶʚʘʪʠ ʽ 

ʜʦʩʣʽʜʠʪʠ ʦʜʥʦʢʦʥʪʫʨʥʽ ʉɸʈ ʟ ʩʪʨʫʢʪʫʨʥʠʤʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʦʣʽʛʦʥ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʉɸʈ ʟ ʩʪʨʫʢʪʫʨʥʠʤʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʷʢ 

ʘʣʴʙʦʤ ʤʦʜʝʣʝʡ ʚ ʩʝʨʝʜʦʚʠʱʽ ʉʂʄ Matlab Simulink [1]. ʄʦʜʝʣʶʚʘʣʠʩʴ ʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ 

ʥʘʩʪʫʧʥʽ ʉɸʈ: ʦʜʥʦʢʦʥʪʫʨʥʘ ʉɸʈ ʟ ʧʨʝʜʠʢʪʠʚʥʠʤ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ; ʦʜʥʦʢʦʥʪʫʨʥʘ ʉɸʈ ʟ 

ʢʘʩʢʘʜʥʠʤ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ; ʦʜʥʦʢʦʥʪʫʨʥʘ ʉɸʈ ʟ ʢʚʘʜʨʘʪʠʯʥʠʤ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ. 

ʄʦʜʝʣʴ ʦʜʥʦʢʦʥʪʫʨʥʦʾ ʉɸʈ ʟ ʧʨʝʜʠʢʪʠʚʥʠʤ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. 

ʄʦʜʝʣʽ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʟ ʢʘʩʢʘʜʥʠʤ ʽ ʢʚʘʜʨʘʪʠʯʥʠʤ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ.2. ɿʘʜʣʷ ʥʘʦʯʥʦʩʪʽ ʽ ʧʦʨʽʚʥʷʥʥʷ ʩʪʨʫʢʪʫʨ ʥʘ ʤʦʜʝʣʷʭ ʥʘʚʝʜʝʥʽ ʩʪʨʫʢʪʫʨʠ ʦʜʥʦʢʦʥʪʫʨʥʦʾ 

ʉɸʈ ʟ ʢʣʘʩʠʯʥʠʤ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ. ɺʠʢʦʨʠʩʪʦʚʫʵʪʴʩʷ ʤʦʜʝʣʴ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʆʋ ʟ 

ʚʠʧʝʨʝʜʞʘʣʴʥʦʶ ʪʘ ʽʥʝʨʮʽʡʥʦʶ ʯʘʩʪʠʥʘʤʠ. 

 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʫ 

ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʽ ʩʪʨʫʢʪʫʨʥʠʭ ʢʘʩʢʘʜʥʦʛʦ ʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʽʚ 
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ʇʨʝʜʠʢʪʠʚʥʠʡ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ʨʝʘʣʽʟʫʻ ʢʣʘʩʠʯʥʫ ʽʜʝʶ ʧʨʝʜʠʢʪʦʨʘ ʉʤʽʪʘ (ʤʦʜʝʣʴ 

ʉɸʈ ʟ ʧʨʝʜʠʢʪʦʨʦʤ ʉʤʽʪʘ ʪʘʢʦʞ, ʟʘʜʣʷ ʥʘʦʯʥʦʩʪʽ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1). ʇʨʝʜʠʢʪʠʚʥʠʡ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨ ʨʝʘʣʽʟʦʚʘʥʠʡ ʷʢ ʨʝʛʫʣʷʪʦʨ ʟ ʝʪʘʣʦʥʥʦʶ ʤʦʜʝʣʣʶ ʚʠʧʝʨʝʜʞʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʆʋ. 

ʂʘʩʢʘʜʥʠʡ ʇɯɼ-ʨʝʛʫʣʷʪʦʨ ʨʝʘʣʽʟʦʚʘʥʠʡ ʷʢ ʨʝʛʫʣʷʪʦʨ ʟ ʝʪʘʣʦʥʥʦʶ ʤʦʜʝʣʣʶ 

ʩʪʘʙʽʣʽʟʫʶʯʦʾ ʉɸʈ ʢʘʩʢʘʜʥʦʾ ʉɸʈ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʆʋ. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʽ ʢʘʩʢʘʜʥʦʛʦ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ ï ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ 

ʝʪʘʣʦʥʥʭ ʤʦʜʝʣʝʡ ʚ ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ ʟʽʤʽʪʫʚʘʪʠ ʨʝʛʫʣʶʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʤʽʨʷʥʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʆʋ. ʆʙʦʚôʷʟʢʦʚʦʶ 

ʫʤʦʚʦʶ ʻ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʪʨʫʢʪʫʨʽ ʨʝʛʫʣʷʪʦʨʫ ʨʝʘʣʴʥʦʾ ʨʝʛʫʣʶʶʯʦʾ ʜʽʾ 

(ʨʝʘʣʴʥʦʛʦ ʚʭʦʜʫ ʆʋ), ʘ ʥʝ ʧʨʦʩʪʦ ʚʠʭʦʜʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʨʝʛʫʣʷʪʦʨʫ ʚ ʇʃʂ. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚ ʢʣʘʩʠʯʥʦʤʫ ʨʝʛʫʣʷʪʦʨʽ ʟôʷʚʣʷʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʡ ʜʦʜʘʪʢʦʚʠʡ ʨʝʘʣʴʥʠʡ 

ʢʦʥʪʫʨ ʨʝʛʫʣʶʚʘʥʥʷ, ʨʝʛʫʣʷʪʦʨ ʩʪʘʻ ʩʪʨʫʢʪʫʨʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ; ʘʣʝ ʜʣʷ ʥʦʚʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʫ ʉɸʈ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʦʢʦʥʪʫʨʥʦʶ. ʗʢ ʚʽʜʦʤʦ, ʧʨʘʢʪʠʯʥʦ 

ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʜʚʘ ʪʠʧʠ ʧʨʦʤʠʩʣʦʚʠʭ ʉɸʈ ï ʦʜʥʦʢʦʥʪʫʨʥʘ ʉɸʈ ʽ ʢʘʩʢʘʜʥʘ ʉɸʈ. ɼʣʷ 

ʚʠʢʦʨʩʪʘʥʥʷ ʢʘʩʢʘʜʥʦʾ ʉɸʈ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʪʠ ʧʘʨʘʤʝʪʨ ʟ ʧʨʦʤʽʞʥʦʾ 

ʪʦʯʢʠ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʆʋ. ʗʢʱʦ ʪʘʢʦʾ ʤʦʞʣʠʚʦʩʪʽ ʥʝʤʘʻ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʦʜʥʦʢʦʥʪʫʨʥʘ ʉɸʈ ʟ ʧʨʝʜʠʢʪʠʚʥʠʤ ʘʙʦ (ʢʨʘʱʝ) ʢʘʩʢʘʜʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ. 

ʂʚʘʜʨʘʪʠʯʥʠʡ ʨʝʛʫʣʷʪʦʨ ʻ ʧʦʩʣʽʜʦʚʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʜʚʦʭ ʇɯ-ʨʝʛʫʣʷʪʦʨʽʚ. ɺʽʜʩʫʪʥʽ 

ʙʫʜʴ-ʷʢʽ ʜʦʜʘʪʢʦʚʽ ʟʚôʷʟʢʠ ʪʘ ʽʤʧʫʣʴʩʠ. ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʫ ï ʇɯɯ2 

(ʟʚʽʜʩʠ ʽ ʥʘʟʚʘ çʢʚʘʜʨʘʪʠʯʥʠʡè). ʂʚʘʜʨʘʪʠʯʥʠʡ ʨʝʛʫʣʷʪʦʨ ʨʝʘʣʽʟʫʻ ʘʙʩʦʣʶʪʥʠʡ ʤʽʥʽʤʫʤ 

ʣʽʥʽʡʥʦʛʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ï ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʚ ʉɸʈ ʟ ʢʚʘʜʨʘʪʠʯʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʤʘʻ ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʽʥʪʝʛʨʘʣʫ (ʧʣʦʱʽ çʧʣʶʩʦʚʠʭè ʽ çʤʽʥʫʩʦʚʠʭè ʥʘʧʽʚʧʝʨʽʦʜʽʚ 

ʚʟʘʻʤʥʦ ʢʦʤʧʝʥʩʫʶʪʴʩʷ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʟ ʩʪʨʫʢʪʫʨʥʠʤʠ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʘʤʠ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʥʘʥʝʩʝʥʥʷʤ ʩʠʛʥʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʟʽ ʩʪʦʨʦʥʠ ʈʆ (ʚʥʫʪʨʽʰʥʻ 

ʟʙʫʨʝʥʥʷ) ʽ ʟʤʽʥʦʶ ʟʘʚʜʘʥʥʷ. ɸʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʟ 

ʩʪʨʫʢʫʪʨʥʠʤʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʱʦʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ (ʜʨʝʡʬʫ ʧʘʨʘʤʝʪʨʽʚ ʆʋ) 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʫʢʪʫʨʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʟ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʱʦʜʦ ʩʠʛʥʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʽ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ 

ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʦʜʥʦʢʦʥʪʫʨʥʠʭ ʉɸʈ ʟ ʩʪʨʫʢʫʪʨʥʠʤʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʱʦʜʦ 

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ 

(ʨʝʢʦʤʝʥʜʘʮʽʾ). 

1. ʆʜʥʦʢʦʥʪʫʨʥʽ ʉɸʈ ʟ ʩʪʨʫʢʪʫʨʥʠʤʠ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʻ ʨʦʙʦʪʦʟʜʘʪʥʠʤʠ ï 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʷʢʽʩʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʤʘʣʦʯʫʪʣʠʚʽ ʱʦʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʟʙʫʨʝʥʴ. ʉʪʨʫʢʪʫʨʥʽ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʠ ʣʝʛʢʦ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʙʣʦʢʘʤʠ ʩʫʯʘʩʥʠʭ ʇʃʂ. 

2. ʉɸʈ ʟ ʧʨʝʜʠʢʪʠʚʥʠʤ ʽ ʢʘʩʢʘʜʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʟʘʤʽʩʪʴ 

ʢʘʩʢʘʜʥʦʾ ʉɸʈ ʜʣʷ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʆʋ, ʚ ʷʢʠʭ ʧʘʨʘʤʝʪʨ ʟ ʧʨʦʤʽʞʥʦʾ ʪʦʯʢʠ ʥʝʤʦʞʣʠʚʦ 

ʚʠʤʽʨʷʪʠ. ʆʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʻ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʪʨʫʢʪʫʨʽ ʨʝʛʫʣʷʪʦʨʫ 

ʨʝʘʣʴʥʦʾ ʨʝʛʫʣʶʶʯʦʾ ʜʽʾ (ʨʝʘʣʴʥʦʛʦ ʚʭʦʜʫ ʆʋ), ʘ ʥʝ ʧʨʦʩʪʦ ʚʠʭʦʜʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ 

ʨʝʛʫʣʷʪʦʨʫ ʚ ʇʃʂ. 

3. ʉɸʈ ʟ ʢʚʘʜʨʘʪʠʯʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʉɸʈ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʪʦʧʢʘʭ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʘʢʦʚʝ (ʧʦʩʪʽʡʥʝ) ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ (ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʽʜʝʥʪʠʯʥʠʤʠ ʟʘʥʠʞʝʥʥʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ). 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɹʘʪʶʢ ʉ.ɻ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʮʠʬʨʦʚʠʡ ʪʚʽʥʽʥʛ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʽʙʝʨ-

ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ (ʢʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ) // ɼʦʩʷʛʥʝʥʥʷ ʋʢʨʘʾʥʠ ʪʘ ʢʨʘʾʥ ɭʉ ʫ ʩʬʝʨʽ 

ʽʥʥʦʚʘʮʽʡ ʽ ʚʠʥʘʭʽʜʥʠʮʪʚʘ ʚ ʛʘʣʫʟʽ ʪʝʭʥʽʢʠ : ʢʦʣʝʢʪʠʚʥʘ ʤʦʥʦʛʨʘʬʽʷ. ʉ. 44-109. ʈʠʛʘ, ʃʘʪʚʽʷ 

: Izdevnieciba ñBaltija Publishingò, 2022. 544 ʩ. 65 ʩ. 
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ʋɼʂ 681.5 

ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʉʘʤʘʨʘ ɺ.ʆ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ʉʪʝʧʘʥʝʮʴ ʆ.ɺ. 

  https://scholar.google.com/citations?hl=uk&user=Kq9ce50AAAAJ 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

Cʋʏɸʉʅɯ ɺɯɼɼɸʃɽʅɯ ʃɸɹʆʈɸʊʆʈʅɯ ʉʊɽʅɼʀ ɼʃʗ ʅɸɺʏɸʅʅʗ ɯʅɾɽʅɽʈɯɺ ɿ 

ɸɺʊʆʄɸʊʀɿɸʎɯɰ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʟʚ'ʷʟʢʫ ʟʽ ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʢʚʘʣʽʬʽʢʘʮʽʾ ʽʥʞʝʥʝʨʽʚ, ʥʘʚʯʘʥʥʷ ʚ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʾ 

ʽʥʞʝʥʝʨʽʾ ʩʪʘʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ ʪʘ ʚʠʤʘʛʘʻ ʥʦʚʘʪʦʨʩʴʢʠʭ ʤʝʪʦʜʽʚ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ 

ʩʢʣʘʜʦʚʠʭ ʩʫʯʘʩʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʪʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʽʜʜʘʣʝʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʩʪʝʥʜʽʚ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ. ɼʣʷ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʘʥʽ ʧʽʜʭʦʜʠ ʜʘʶʪʴ 

ʨʦʟʫʤʽʥʥʷ ʦʙôʻʢʪʽʚ ʨʝʛʫʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʶʪʴ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʨʝʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʇʃʂ, ʜʘʪʯʠʢʠ, ʚʠʢʦʥʘʚʯʽ 

ʤʝʭʘʥʽʟʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʎʝ ʜʘʻ ʽʥʞʝʥʝʨʫ ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʤʦʛʫ ʟʨʦʟʫʤʽʪʠ, 

ʷʢ ʩʘʤʝ ʧʨʘʮʶʶʪʴ ʪʘ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʫʩʽ ʩʢʣʘʜʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʨʘʟʽ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽʥʞʝʥʝʨʽʚ ʟ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʪʘʢʽ ʧʽʜʭʦʜʠ, ʷʢ ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʪʘ ʚʽʜʜʘʣʝʥʽ 

ʣʘʙʦʨʘʪʦʨʽʾ [1]. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʽʜʭʦʜʫ ʚʽʜʜʘʣʝʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ, ʩʪʫʜʝʥʪʠ ʦʪʨʠʤʫʶʪʴ ʧʨʷʤʠʡ 

ʜʦʩʪʫʧ ʜʦ ʦʙʣʘʜʥʘʥʥʷ, ʢʝʨʫʶʪʴ ʥʠʤ ʚʽʜʜʘʣʝʥʦ ʯʝʨʝʟ ʤʝʨʝʞʫ, ʤʦʞʫʪʴ ʚʽʜʯʫʪʠ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʟ ʩʠʩʪʝʤʦʶ ʧʦ-ʩʧʨʘʚʞʥʴʦʤʫ. ʎʝʡ ʧʽʜʭʽʜ ̒  ʜʦʩʠʪʴ ʜʦʨʦʛʠʤ ʽ ʩʢʣʘʜʥʠʤ ʫ ʨʝʘʣʽʟʘʮʽʾ, ʪʦʤʫ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʠ ʱʦ ʦʙʤʝʞʫʻʪʴʩʷ ʚʝʣʠʢʠʤʠ ʫʥʽʚʝʨʩʠʪʝʪʘʤʠ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ [2].  ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʦʛʨʝʩ ʫ ʥʘʧʨʷʤʢʫ ʚʽʜʜʘʣʝʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʩʧʨʠʷʚ ʧʦʷʚʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ 

(IoT), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʤʝʞʝʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʬʽʟʠʯʥʠʤʠ ʪʘ ʚʽʨʪʫʘʣʴʥʠʤʠ ʦʙôʻʢʪʘʤʠ. 

ʇʽʜʭʽʜ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ - ʮʝ ʽʥʪʝʨʘʢʪʠʚʥʝ ʥʘʚʯʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʤʫʣʷʮʽʡ, ʜʝʤʦʥʩʪʨʘʮʽʡ ʽ ʚʧʨʘʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʤʦʩʪʘ ʚʽʜ 

ʧʘʩʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦ ʘʢʪʠʚʥʦʛʦ ʟʘʣʫʯʝʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʠʤʫʣʶʚʘʪʠ ʙʽʣʴʰ ʛʣʠʙʦʢʝ 

ʤʠʩʣʝʥʥʷ. ʇʨʠʢʣʘʜʥʽ ʧʨʦʛʨʘʤʠ ʪʘʢʦʞ ʜʫʞʝ ʚʘʞʣʠʚʽ ʜʣʷ ʟʚ'ʷʟʢʫ ʪʝʦʨʽʾ ʟ ʧʨʘʢʪʠʢʦʶ, ʱʦʙ 

ʩʪʫʜʝʥʪʠ ʨʦʟʚʠʚʘʣʠ ʽʥʞʝʥʝʨʥʝ ʤʠʩʣʝʥʥʷ ʽ ʨʦʟʫʤʽʣʠ, ʷʢ ʧʦʚʝʜʽʥʢʘ ʧʨʦʮʝʩʫ ʤʦʞʝ ʙʫʪʠ 

ʚʽʜʦʙʨʘʞʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ [3]. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʧʨʦʛʨʘʤʠ, ʘʣʝ ʡ ʚʽʟʫʘʣʴʥʽʡ ʩʢʣʘʜʦʚʽʡ. ʆʢʨʽʤ 

ʧʨʠʚʘʙʣʠʚʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ, ʜʫʞʝ ʚʘʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʽʥʪʝʨʬʝʡʩ. ɼʣʷ 

ʪʦʛʦ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯ ʤʽʛ ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, 

ʧʦʪʨʽʙʝʥ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʜʦʧʦʤʘʛʘʻ ʩʪʫʜʝʥʪʫ ʰʚʠʜʰʝ ʪʘ 

ʝʬʝʢʪʠʚʥʽʰʝ ʟʘʩʚʦʾʪʠ ʧʦʜʘʥʠʡ ʤʘʪʝʨʽʘʣ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.  ɼʣʷ ʩʫʯʘʩʥʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʽʜʜʘʣʝʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽʥʞʝʥʝʨʽʚ ʟ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʪʨʽʙʥʽ ʧʽʜʭʦʜʠ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʷʢ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʽ 

ʥʘʚʠʯʢʠ ʥʘ ʽʤʽʪʦʚʘʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʶʶʪʴʩʷ ʩʫʯʘʩʥʽ ʚʽʨʪʫʘʣʴʥʽ ʩʪʝʥʜʠ, ʷʢʽ 

ʦʙôʻʜʥʫʶʪʴ ʦʙʠʜʚʽ ʩʢʣʘʜʦʚʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.   

ɺʽʜʜʘʣʝʥʽ ʣʘʙʦʨʘʪʦʨʽʾ. 

ʉʫʯʘʩʥʽ ʚʽʜʜʘʣʝʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʧʦʪʨʝʙʫʶʪʴ ʚʝʣʠʢʦʛʦ ʙʶʜʞʝʪʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ, ʘʣʝ ʻ 

ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʥʘʜʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʩʪʫʜʝʥʪʘʤ. ɿ ʦʩʪʘʥʥʽʭ ʨʦʟʨʦʙʦʢ ʤʦʞʥʘ 

ʟʨʦʟʫʤʽʪʠ, ʱʦ ʧʽʜʭʽʜ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʚʽʪʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʦʚʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ. 

ʊʘʢʦʞ ʻ ʪʝʥʜʝʥʮʽʷ ʫʥʽʬʽʢʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʜʽʙʥʠʭ ʧʣʘʪʬʦʨʤ, ʜʣʷ ʣʝʛʢʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʫ ʥʘʣʝʞʥʦʤʫ ʩʪʘʥʽ. 

ɿ 2017 ʨʦʢʫ ʚ ʋʥʽʚʝʨʩʠʪʝʪʩʴʢʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ (Institut Universitaire 
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Tech-nologique, IUT) ʫ ɹʘʡʦʥʥʽ, ʌʨʘʥʮʽʷ, ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʧʣʘʪʬʦʨʤʘ ʧʽʜ ʥʘʟʚʦʶ LABOREM 

BOX [4]. ʎʷ ʧʣʘʪʬʦʨʤʘ ʤʘʻ ʥʘ ʤʝʪʽ ʥʘʜʘʪʠ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʝʣʝʢʪʨʦʥʽʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʦʛʦ, ʚʽʜʢʨʠʪʦʛʦ, ʤʘʩʰʪʘʙʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʪʘ ʘʧʘʨʘʪʥʦʛʦ ʨʽʰʝʥʥʷ. Laborem Box ʙʫʣʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ 

ʧʦʣʝʛʰʝʥʥʷ ʚʠʚʯʝʥʥʷ ʧʽʜʢʣʶʯʝʥʥʷ ʨʽʟʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʣʘʪ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʪʠʡ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʷʢʠʤ ʣʝʛʢʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʩʪʫʜʝʥʪʘʤ. 

Laborem Box ʚʢʣʶʯʘʻ ʢʦʨʦʙʢʫ ʜʣʷ 3D-ʜʨʫʢʫ, ʧʣʘʪʫ ʞʠʚʣʝʥʥʷ, ʥʘʙʽʨ ʝʣʝʢʪʨʠʯʥʠʭ ʧʣʘʪ ʽ 

ʦʧʦʨʥʫ ʧʣʠʪʫ. 

ʋ 2020 ʨʦʮʽ ʚ ɯʥʩʪʠʪʫʪʽ "Ramiro de Maeztu" ʚ ʄʘʜʨʠʜʽ, ɯʩʧʘʥʽʷ, ʙʫʣʘ ʚʧʨʦʚʘʜʞʝʥʘ 

ʚʽʜʜʘʣʝʥʘ ʣʘʙʦʨʘʪʦʨʽʷ ʧʽʜ ʥʘʟʚʦʶ VISIR, ʱʦʙ ʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʪʫʜʝʥʪʘʤ ʥʘʙʫʪʠ ʥʘʚʠʯʦʢ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʠʧʨʷʤʣʷʯʘʤʠ, ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʩʢʣʘʜʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʩʭʝʤ [5]. 

ʋ 2020 ʨʦʮʽ ʊʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "Gheorghe Asachi" ʚ ʈʫʤʫʥʽʾ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʜʠʩʪʘʥʮʽʡʥʫ ʣʘʙʦʨʘʪʦʨʽʶ, ʷʢʘ ʚʠʚʯʘʻ ʦʩʮʠʣʦʛʨʘʬʠ [6]. ʎʷ ʣʘʙʦʨʘʪʦʨʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʨʠ 

ʧʨʠʣʘʜʠ, ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʢʦʤʧ'ʶʪʝʨʘ ʯʝʨʝʟ ʫʥʽʚʝʨʩʘʣʴʥʫ ʧʦʩʣʽʜʦʚʥʫ ʰʠʥʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʚʝʙ-ʙʨʘʫʟʝʨ, ʩʪʫʜʝʥʪʠ ʤʦʞʫʪʴ ʢʝʨʫʚʘʪʠ ʩʠʩʪʝʤʦʶ ʚʽʜʜʘʣʝʥʦ ʟʽ ʩʚʦʾʭ ʙʫʜʠʥʢʽʚ. ɯʥʩʪʨʫʤʝʥʪʠ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʮʽʡ ʣʘʙʦʨʘʪʦʨʽʾ - ʮʝ ʛʝʥʝʨʘʪʦʨ ʜʦʚʽʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʮʠʬʨʦʚʠʡ 

ʦʩʮʠʣʦʛʨʘʬ ʽ ʮʠʬʨʦʚʠʡ ʤʫʣʴʪʠʤʝʪʨ. 

ɺʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ. 

ʉʫʯʘʩʥʽ ʫʥʽʚʝʨʩʠʪʝʪʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʥʦʚʽʪʥʽ 

ʧʨʦʛʨʘʤʠ, ʪʘʢ ʽ ʪʽ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʙʽʣʴʰʝ ʜʝʩʷʪʠ ʨʦʢʽʚ ʪʦʤʫ, ʘʣʝ ʜʦʧʨʘʮʴʦʚʫʶʪʴʩʷ ʽ 

ʧʦʢʨʘʱʫʶʪʴʩʷ ʜʦʥʠʥʽ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ: 

MATLAB/SIMULINK - ʮʝ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʽʥʞʝʥʝʨʥʠʡ ʽ ʥʘʫʢʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʥʘ ʙʘʟʽ Windows, ʷʢʠʡ ʧʨʦʧʦʥʫʻ ʮʽʥʥʽ ʽʥʪʝʨʘʢʪʠʚʥʽ ʜʝʤʦʥʩʪʨʘʮʽʾ ʘʙʦ ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʢʦ 

ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ ʩʠʤʫʣʷʮʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʪʝʦʨʽʻʶ [3]. ʎʝ ʽʥʪʝʛʨʦʚʘʥʝ ʪʝʭʥʽʯʥʝ ʦʙʯʠʩʣʶʚʘʣʴʥʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʯʠʩʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʨʦʟʚʠʥʝʥʫ ʛʨʘʬʽʢʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʪʫʞʥʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

3D-ʤʦʜʝʣʶʚʘʥʥʷ: 

ʊʝʭʥʦʣʦʛʽʷ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʤʘʪʝʤʘʪʠʯʥʦ ʟʤʦʜʝʣʶʚʘʪʠ ʦʙôʻʢʪ, ʘ 

ʡ ʧʦʙʫʜʫʚʘʪʠ ʡʦʛʦ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʪʫʜʝʥʪʫ ʟʨʦʟʫʤʽʪʠ ʪʦʥʢʦʱʽ ʫ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʽ ʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ. ɿʘʚʜʷʢʠ ʚʽʟʫʘʣʴʥʦʤʫ 

ʚʽʜʦʙʨʘʞʝʥʥʶ ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ ʬʫʥʢʮʽʦʥʘʣ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʩʪʚʦʨʝʥʽ ʥʘ ʙʘʟʽ 

ʬʨʝʡʤʚʦʨʢʫ NCSLab. 

NCSLab,  ʩʧʦʯʘʪʢʫ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʛʣʦʙʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʽ ʥʘ ʦʩʥʦʚʽ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ [7]. ɺʦʥʘ ʤʘʻ ʩʢʣʘʜʥʫ ʰʝʩʪʠʨʽʚʥʝʚʫ ʨʦʟʧʦʜʽʣʝʥʫ 

ʘʨʭʽʪʝʢʪʫʨʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʨʽʟʥʠʭ 

ʯʘʩʪʠʥʘʭ ʩʚʽʪʫ, ɺʦʥʘ ʫʩʧʽʰʥʦ ʽʥʪʝʛʨʫʚʘʣʘ ʚʽʩʽʤ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʩʪʝʥʜʽʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʯʦʪʠʨʴʦʭ ʫʩʪʘʥʦʚʘʭ ʟ ʂʠʪʘʶ ʽ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ.  

ɯʥʰʦʶ ʚʽʜʦʤʦʶ ʚʽʨʪʫʘʣʴʥʦʶ ʣʘʙʦʨʘʪʦʨʽʻʶ ʫ ʩʬʝʨʽ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʻ Factory I/O. 

Factory I/O ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ ʚʽʨʪʫʘʣʴʥʽ 3D-ʤʦʜʝʣʽ, ʦʙʠʨʘʶʯʠ ʟ ʧʦʥʘʜ 

ʚʽʩʽʤʜʝʩʷʪʠ ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʜʝʪʘʣʝʡ [8]. ʂʨʽʤ ʪʦʛʦ, Factory I/O ʧʦʩʪʘʯʘʻʪʴʩʷ ʟ ʧʦʥʘʜ 

ʜʚʘʜʮʷʪʴʤʘ ʛʦʪʦʚʠʤʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʧʦʚʠʤʠ ʧʨʦʤʠʩʣʦʚʠʤʠ ʜʦʜʘʪʢʘʤʠ (ʪʘʢʦʞ ʟʚʘʥʠʤʠ 

ʩʮʝʥʘʤʠ) ʜʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ. ʂʨʽʤ ʪʦʛʦ, Factory I/O 

ʧʽʜʪʨʠʤʫʻ ʧʦʻʜʥʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʨʝʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʟʘʤʽʥʶʶʯʠ ʜʘʥʽ/ʢʝʨʫʶʯʽ ʩʠʛʥʘʣʠ, 

ʟʤʦʜʝʣʴʦʚʘʥʽ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʥʘ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʨʝʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. 

ʅʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʥʘʚʯʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʫ ʩʬʝʨʽ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 

ʆʢʨʽʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʡʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʽʥʞʝʥʝʨ 

ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʚʠʥʝʥ ʚʤʽʪʠ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʦʙʣʘʜʥʘʥʥʷʤ: ʚʩʪʘʥʦʚʣʝʥʥʷ, ʧʽʜôʻʜʥʘʥʥʷ, 

ʥʘʣʘʰʪʫʚʘʥʥʷ. ʈʘʥʽʰʝ ʜʦʩʷʛʪʠ ʮʴʦʛʦ ʙʫʣʦ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʧʨʘʢʪʠʮʽ ʘʙʦ ʬʽʟʠʯʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ, ʘʣʝ ʟ ʨʦʟʚʠʪʢʦʤ VR-ʪʝʭʥʦʣʦʛʽʡ ʟôʷʚʠʣʦʩʴ 
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ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ.  

ʍʦʯʘ ʧʦʢʠ ʥʘʧʨʘʮʶʚʘʥʥʷ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʟʥʘʡʰʣʠ ʙʽʣʴʰ ʧʦʰʠʨʝʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʽʥʰʠʭ ʩʬʝʨʘʭ, ʥʘʧʨʠʢʣʘʜ ʤʝʜʠʮʠʥʽ, ʘʣʝ ʧʝʨʝʜʦʚʽ ʨʦʟʨʦʙʥʠʢʠ ʚʞʝ ʪʝʩʪʫʶʪʴ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ.  

ʂʦʤʧʘʥʽʷ Siemens ʚʠʢʣʘʣʘ ʫ ʤʝʨʝʞʫ ʚʽʜʝʦʨʦʣʠʢ, ʜʝ ʧʨʘʮʽʚʥʠʢʠ ʪʝʩʪʫʶʪʴ ʥʦʚʫ 

ʨʦʟʨʦʙʢʫ, ʩʪʚʦʨʶʶʯʠ ʩʧʨʘʚʞʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʫ ʩʚʽʪʽ ʚʽʨʪʫʘʣʴʥʦʾ ʨʝʘʣʴʥʦʩʪʽ [9]. 

ɺʠʩʥʦʚʢʠ. 

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʘ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʷʢʠʡʩʴ ʢʦʥʢʨʝʪʥʠʡ ʧʽʜʭʽʜ. ʂʦʞʝʥ ʟ ʚʠʜʽʚ ʣʘʙʦʨʘʪʦʨʽʡ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʥʘʚʠʯʢʠ ʪʘ ʟʥʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʽʥʞʝʥʝʨʽʚ ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʜʘʣʝʥʦʾ 

ʣʘʙʦʨʘʪʦʨʽʾ ʩʪʫʜʝʥʪ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʥʘʚʠʯʢʠ ʢʝʨʫʚʘʥʥʷ ʨʝʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʘ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʨʪʫʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʤʦʞʝ ʛʣʠʙʰʝ ʟʨʦʟʫʤʽʪʠ ʧʨʦʮʝʩʠ ʨʝʛʫʣʶʚʘʥʥʷ, 

ʜʝʪʘʣʴʥʦ ʨʦʟʽʙʨʘʪʠʩʷ ʫ ʪʦʤʫ, ʷʢ ʩʘʤʝ ʚʣʘʰʪʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʦʥʣʘʡʥ ʥʘʚʯʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʧʝʨʝʜʙʘʯʘʻ ʮʽ ʝʪʘʧʠ, ʘʣʝ ʚ ʩʠʣʫ ʬʽʥʘʥʩʽʚ ʯʠ 

ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʙʣʝʤ ʥʝʤʦʞʣʠʚʦ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʧʦʢʘʟʘʪʠ ʫʩʽ ʘʩʧʝʢʪʠ ʨʝʘʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ. ʎʝ ʧʠʪʘʥʥʷ ʤʦʞʝ ʚʠʨʽʰʠʪʠ ʪʝʭʥʦʣʦʛʽʷ VR, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʩʪʫʜʝʥʪʫ ʧʨʦʡʪʠ ʫʩʽ 

ʝʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʦʯʠʥʘʶʯʠ ʟ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʤʦʥʪʘʞʫ, 

ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʤʝʨʝʞʫ ʽ ʟʘʢʽʥʯʫʶʯʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ 

ʧʫʩʢʦʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʤʠ ʨʦʙʦʪʘʤʠ.  

ʗʢʱʦ ʽʜʝʶ ʩʪʚʦʨʝʥʥʷ VR ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʧʽʜʭʦʧʣʷʪʴ ʡ ʽʥʰʽ ʢʦʤʧʘʥʽʾ ʧʦ 

ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʦ ʩʚʽʪ ʟʤʦʞʝ ʦʪʨʠʤʘʪʠ ʱʝ ʙʽʣʴʰʝ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ 

ʩʧʝʮʽʘʣʽʩʪʽʚ, ʱʦ ʙʫʜʫʪʴ ʤʘʪʠ ʧʦʚʥʠʡ ʩʧʝʢʪʨ ʧʨʦʬʝʩʽʡʥʠʭ ʥʘʚʠʯʦʢ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʉʋ ʄɯʂʈʆʂʃɯʄɸʊʋ ɯʅʂʋɹɸʊʆʈʋ ʅɸ ʇʊɸʍʆʌɸɹʈʀʎɯ

ɺʩʪʫʧ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʽʥʢʫʙʘʪʦʨʫ ʧʦʪʨʽʙʥʘ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʚʦʣʦʛʽʩʪʴ ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ 

ʽʥʢʫʙʘʮʽʾ, ʱʦ ʚʢʘʟʘʥʽ ʫ ʪʘʙʣʠʮʽ 1[1]. ʅʘʞʘʣʴ ʥʘ ʙʘʛʘʪʴʦʭ ʦʙ'ʻʢʪʘʭ ʚʩʝ ʱʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʟʘʩʪʘʨʽʣʽ ʪʝʭʥʦʣʦʛʽʾ ʪʽʣʴʢʠ ʟ ʨʫʯʥʠʤ ʨʝʞʠʤʦʤ, ʘʙʦ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʤʠ ʤʘʻʤʦ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʢʫʙʘʪʦʨʫ ʪʘ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʠʚʦʜʢʫ, 

ʚʠʢʣʶʯʠʚʰʠ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ, ʙʦ ʜʝʽʥʜʝ ʜʦ ʩʠʭ ʧʽʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʚʦʯʢʠ ʜʣʷ 

ʚʠʩʠʜʞʫʚʘʥʥʷ ʷʻʮʴ, ʘ ʥʝ ʩʫʯʘʩʥʽ ʬʝʨʤʝʨʩʴʢʽ ʽʥʢʫʙʘʪʦʨʠ. ʊʦʤʫ ʤʦʷ ʨʦʟʨʦʙʢʘ ʜʦʧʦʤʦʞʝ 

ʦʥʦʚʠʪʠ ʟʘʩʪʘʨʽʣʽ ʩʠʩʪʝʤʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ. 
ʊʘʙʣʠʮʷ 1 ï ɯʥʢʫʙʘʮʽʡʥʽ ʝʪʘʧʠ ʢʫʨʷʯʠʭ ʷʻʮʴ 

ʇʝʨʽʦʜ ʊʨʠʚʘʣʽʩʪʴ ʊʝʤʧʝʨʘʪʫʨʘ ɺʦʣʦʛʽʩʪʴ ʇʦʚʦʨʦʪ ʇʨʦʚʽʪʨʶʚʘʥʥʷ 

1 

1 ð 11 

ʜʝʥʴ 37,9 Áʉ 66% 

4 ʨʘʟʠ ʥʘ 

ʜʦʙʫ ʥ ̔

2 

12 ï 17 

ʜʝʥʴ 37,3 Áʉ 53% 

4 ʨʘʟʠ ʥʘ 

ʜʦʙʫ 

2 ʨʘʟʠ ʥʘ ʜʦʙʫ ʧʦ 5 

ʭʚ. 

3 

18 ï 19 

ʜʝʥʴ 37,3 Áʉ 47% 

4 ʨʘʟʠ ʥʘ 

ʜʦʙʫ 

2 ʨʘʟʠ ʥʘ ʜʦʙʫ ʧʦ 

20 ʭʚ. 

4 

20 ï 21 

ʜʝʥʴ 37,0 Áʉ 66% ʥ ̔

2 ʨʘʟʠ ʥʘ ʜʦʙʫ ʧʦ 5 

ʭʚ. 

 

ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ 2 ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʽʥʢʫʙʘʪʦʨʽʚ ï ʧʦʙʫʪʦʚʽ 

ʪʘ ʧʨʦʤʠʩʣʦʚʽ [2].  
ʇʦʙʫʪʦʚʽ ʽʥʢʫʙʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʚʦʜʢʫ ʙʣʠʟʴʢʦ 100 ʷʻʮʴ. ɺʦʥʠ ʜʝʰʝʚʽ 

ʪʘ ʜʦʩʪʫʧʥʽ. ɸʣʝ ʻ ʚʘʛʦʤʽ ʤʽʥʫʩʠ: 

- ʅʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʽʥʢʫʙʘʮʽʾ ʪʨʝʙʘ ʩʘʤʦʩʪʽʡʥʦ ʚʠʩʪʘʚʣʷʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʽʛʨʽʚʘʯʫ. 

- ʅʝʦʙʭʽʜʥʦ ʚʨʫʯʥʫ ʚʠʤʽʨʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʪʦʤʫ ʱʦ ʧʦʪʨʽʙʝʥ ʢʦʥʪʘʢʪ ʪʝʨʤʦʤʝʪʨʫ 

ʪʘ ʰʢʘʨʣʫʧʠ ʷʡʮʷ. 

- ʊʨʝʙʘ ʩʘʤʦʩʪʽʡʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʦʣʦʛʽʩʪʴ ʚ ʽʥʢʫʙʘʪʦʨʽ. 

- ɿʘʟʚʠʯʘʡ ʥʝʤʘʻ ɸʋʇ(ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʨʠʩʪʨʽʡ ʧʝʨʝʚʦʨʦʪʫ ʷʻʮʴ). 

ʆʪʞʝ ʪʘʢʘ ʩʠʩʪʝʤʘ ʥʝ ʻ ʟʨʫʯʥʦʶ ʪʘ ʝʬʝʢʪʠʚʥʦʶ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʻ ʧʨʦʤʠʩʣʦʚʽ 

ʽʥʢʫʙʘʪʦʨʠ. ɺʦʥʠ ʤʘʶʪʴ ʤʽʩʪʢʽʩʪʴ ʙʽʣʴʰʝ 1000 ʷʻʮʴ ʪʘ ʟʘʟʚʠʯʘʡ ʥʝʧʦʛʘʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʪʘ 

ʻ ʷʢʽʩʴ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ/ʩʠʛʥʘʣʽʟʘʮʽʾ. ɸʣʝ ʽ ʚ ʥʠʭ ʻ ʩʚʦʾ ʥʝʜʦʣʽʢʠ: 

- ɿʘʟʚʠʯʘʡ ʻ ʜʦʚʦʣʽ ʜʦʨʦʛʽ ʪʘ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʡ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ. 

- ʋʩʽ ʩʠʛʥʘʣʽʟʘʮʽʾ ʪʘ ʤʦʥʽʪʦʨʠʥʛ(ʷʢʱʦ ʧʨʠʩʫʪʥʽʡ) ʻ ʤʽʩʮʝʚʠʤʠ, ʘʙʦ ʪʽʣʴʢʠ ʧʦ 

ʬʽʟʠʯʥʦʤʫ ʟôʻʜʥʘʥʽ. 

ʗʢʱʦ ʧʝʨʰʠʡ ʥʝʜʦʣʽʢ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ ʚʠʨʽʰʠʪʠ ʯʝʨʝʟ ʚʠʩʦʢʫ ʮʽʥʫ ʦʙʣʘʜʥʘʥʥʷ, ʪʦ 
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ʜʨʫʛʠʡ ʚʞʝ ʟʜʘʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. 

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ. ʂʦʥʩʪʨʫʢʮʽʷ ʽʥʢʫʙʘʪʦʨʫ ʜʦʚʦʣʽ ʧʨʦʩʪʘ. ɿʟʦʚʥʽ ʮʝ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʘ ʢʦʨʦʙʢʘ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʟʥʘʭʦʜʷʪʴʩʷ ʩʪʝʣʘʞʽ ʟ ɸʋʇ, ʥʘ ʷʢʠʭ ʽ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʷʡʮʷ. ʅʘ ʟʘʜʥʽʡ ʩʪʽʥʮʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʫ 

ʮʠʨʢʫʣʷʮʽʶ ʪʝʧʣʦʛʦ ʪʘ ʟʚʦʣʦʞʝʥʦʛʦ ʧʦʚʽʪʨʷ [3]. ʊʘʢʦʞ ʟʘ ʚʝʥʪʠʣʷʪʦʨʦʤ ʟʥʘʭʦʜʠʪʴʩʷ 

ʟʘʩʣʽʥʢʘ, ʷʢʘ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʪʘ ʧʨʦʧʫʩʢʘʻ ʩʚʽʞʝ ʧʦʚʽʪʨʷ ʜʣʷ ʧʨʦʚʽʪʨʶʚʘʥʥʷ ʢʘʤʝʨʠ ʽʥʢʫʙʘʮʽʾ. 

ɺʠʪʷʞʥʘ ʩʠʩʪʝʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʽʥʢʫʙʘʪʦʨʫ ʟ ʱʝ ʦʜʥʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʩʚʽʞʝ ʧʦʚʽʪʨʷ ʮʠʨʢʫʣʶʻ ʨʽʚʥʦʤʽʨʥʦ ʯʝʨʝʟ ʫʩʽ ʷʡʮʷ. ɼʣʷ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʛʨʽʚʘʯ ʪʘ ʦʭʦʣʦʜʞʫʚʘʯ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʝʢʽʣʴʢʘ ʪʝʭʥʦʣʦʛʽʡ, ʥʘʧʨʠʢʣʘʜ, ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʟʚʦʣʦʞʫʚʘʯ.  
ɺʩʝʨʝʜʠʥʽ ʩʪʝʣʘʞʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʭʦʜʠ ʜʦ ʢʦʥʪʘʢʪʫ 

ʟ ʷʡʮʷʤʠ, ʱʦʙ ʧʦʩʪʽʡʥʦ ʚʠʤʽʨʶʚʘʪʠ ʾʭ ʪʝʤʧʝʨʘʪʫʨʫ. ʊʘʢʦʞ ʫ ʩʘʤʦʤʫ ʽʥʢʫʙʘʪʦʨʽ ʨʦʟʤʽʱʝʥʽ 

ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ, ʱʦʙ ʤʦʥʽʪʦʨʠʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʘʨʘʤʝʪʨʠ. 

ʄʦʥʽʪʦʨʠʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʝʞʠʤʥʽ ʧʘʨʘʤʝʪʨʠ ʦʧʝʨʘʪʦʨ ʤʘʪʠʤʝ ʟʤʦʛʫ ʷʢ ʥʘ 

ʩʘʤʦʤʫ ʇʃʂ ʟ ʜʠʩʧʣʝʻʤ, ʪʘʢ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ WEB SCADA, ʷʢʘ ʙʫʜʝ ʨʦʟʨʦʙʣʝʥʘ ʚ ʨʘʤʢʘʭ 

ʜʘʥʦʛʦ ʧʨʦʻʢʪʫ. ɿʘʨʘʟ ʻ ʙʘʛʘʪʦ ʇʃʂ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʫ ʷʢʦʩʪʽ ʢʣʽʻʥʪʫ ʧʨʦʪʦʢʦʣʫ 

MQTT. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʥʷ ʚʽʜ ʢʣʽʻʥʪʫ(ʇʃʂ) ʜʘʥʠʭ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʪʘ ʚʽʜʧʨʘʚʢʫ ʥʝʦʙʭʽʜʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʘʙʦ ʨʝʞʠʤʽʚ ʟʘ ʷʢʠʤʠ ʙʫʜʝ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʴ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ ʟʤʽʥʶʚʘʪʠ ʛʨʘʬʽʢ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʚʦʣʦʛʦʩʪʽ, ʧʨʦʚʽʪʨʶʚʘʥʥʷ ʪʘ ʧʝʨʝʚʝʨʪʘʥʴ, ʧʽʜʣʘʰʪʦʚʫʶʯʠ ʩʠʩʪʝʤʫ ʜʣʷ ʽʥʢʫʙʘʮʽʾ ʽʥʰʠʭ 

ʚʠʜʽʚ ʷʻʮʴ. ɼʣʷ ʮʴʦʛʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʇʃʂ MaxyCon Flexy-S2-B1 ʚʽʜ RAUT 

automatic [4]. ɺʽʥ ʤʘʻ ʤʦʜʫʣʽ ʨʦʟʰʠʨʝʥʥʷ, ʚʠʥʦʩʥʠʡ ʜʠʩʧʣʝʡ ʪʘ ʫʚʝʩʴ ʥʝʦʙʭʽʜʥʠʡ 

ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʨʦʙʦʪʠ ʟ ʧʨʦʪʦʢʦʣʦʤ MQTT. ʋʩʽ ʤʦʞʣʠʚʦʩʪʽ ʇʃʂ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʈʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʽʦʥʘʣ ʇʃʂ MaxyCon Flexy-S2-B1 

 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ: 

- ɸʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʠʚʽʜ ʾʭ ʥʘ ʨʝʞʠʤ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʽʥʢʫʙʘʮʽʾ ʷʻʮʴ. 

- ʄʦʞʣʠʚʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʤʽʩʮʝʚʦʛʦ, ʘ ʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʤʧʝʨʘʪʫʨ ʪʘ 

ʚʦʣʦʛʦʩʪʽ, ʧʝʨʝʭʦʜʫ ʥʘ ʨʫʯʥʠʡ ʨʝʞʠʤ ʪʘ ʚʠʩʪʘʚʣʝʥʥʷ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺʠʩʥʦʚʦʢ. ʆʪʞʝ, ʜʘʥʠʡ ʧʨʦʻʢʪ ʟʤʦʞʝ ʜʘʪʠ ʥʦʚʠʡ ʧʦʰʪʦʚʭ ʫ ʩʬʝʨʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʽʥʢʫʙʘʪʦʨʽʚ, ʚ ʦʩʦʙʣʠʚʦʩʪʽ ʯʝʨʝʟ ʨʦʟʨʦʙʣʝʥʫ WEB SCADA, ʷʢʘ ʙʫʜʝ ʩʧʝʮʽʘʣʽʟʫʚʘʪʠʩʴ 

ʚʠʢʣʶʯʥʦ ʥʘ ʽʥʢʫʙʘʮʽʾ ʷʻʮʴ. ʎʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʢʫʨʯʘʪ, ʽʥʜʠʯʘʪ 
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ʽ ʪ.ʜ. ʊʘʢʦʞ ʧʨʦʻʢʪ ʟʤʝʥʰʠʪʴ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʩʦʥʘʣ, ʷʢʠʡ ʙʫʚ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʩʪʘʨʽʣʦʛʦ ʤʝʪʦʜʫ ʽʥʢʫʙʘʮʽʾ, ʱʦ ʪʝʞ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʝ ʥʘ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʈʝʞʠʤʠ ʽʥʢʫʙʘʮʽʾ ʷʻʮʴ ʜʦʤʘʰʥʴʦʾ ʧʪʠʮʽ. URL: 

http://babushkinsad.kiev.ua/2015/12/22/2542.html 

2. ɺʩʝ ʧʨʦ ʽʥʢʫʙʘʪʦʨʠ ʚʠʜʠ, ʽʥʩʪʨʫʢʮʽʾ ʧʦ ʚʠʚʝʜʝʥʥʶ ʧʪʘʰʝʥʷʪ. URL: 

https://jak.koshachek.com/articles/vse-pro-inkubatori-vidi-instrukcii-po-vivedennju.html 

3. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʽʥʢʫʙʘʪʦʨʽʚ. URL: 

https://atpicak.ucoz.ua/load/navchalnij_posibnik/rozdil_2/2_2_avtomatizacija_mikroklimatu_v_t

varinnickikh_ta_ptakhivnickikh_primishhennjakh/4-1-0-139 

4. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʇʃʂ MaxyCon Flexy-S2-B1. URL: http://www.raut-

automatic.kiev.ua/kontroll-ua/multipurpose-ua/easily-programming-ua/maxycon-flexy-s2-

platform-ua/maxycon-flexy-s2-b1-ua.html  
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ʋɼʂ 62-533.66 

ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʌʝʜʦʨʦʚ ɼ.ɼ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɹʘʪʶʢ ʉ.ɻ. 

  https://scholar.google.com.ua/citations?user=cWaZ5o4AAAAJ&hl=uk 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʆʃɯɻʆʅ ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʂʆʄɹɯʅʆɺɸʅʀʍ ʉɸʈ ɿ 

ʎʀʌʈʆɺʀʄʀ ɼɺɯʁʅʀʂɸʄʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʉɸʈ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʆʋ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʆʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ (ʎɼ) 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʆʋ ʚ ʢʦʤʙʽʥʦʚʘʥʠʭ ʉɸʈ. 

ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ. ʂʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʨʝʞʠʤʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʨʝʘʣʽʟʫʻ ʧʨʠʥʮʠʧ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ï ʢʦʤʙʽʥʘʮʽʷ ʧʨʠʥʮʠʧʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʽ ʧʨʠʥʮʠʧʫ 

ʢʦʤʧʝʥʩʘʮʽʾ ʟʙʫʨʝʥʴ. ʉʪʨʫʢʪʫʨʥʦ ʻ ʦʜʥʦʢʦʥʪʫʨʥʦʶ ʉɸʈ ʟ ʜʦʜʘʪʢʦʚʦʶ ʢʦʤʧʝʥʩʘʮʽʻʶ 

ʚʠʤʽʨʷʥʠʭ ʩʠʛʥʘʣʴʥʠʭ ʟʙʫʨʝʥʴ. ʂʦʤʧʝʥʩʘʪʦʨʠ ʚ ʢʦʤʙʽʥʦʚʘʥʽʡ ʉɸʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʨʦʟʽʤʢʥʝʥʦʤʫ ʢʦʥʪʫʨʽ ʨʝʛʫʣʶʚʘʥʥʷ, ʪʦʤʫ ʥʝ ʩʪʚʦʨʶʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʪʦʤʫ ʢʦʤʧʝʥʩʘʪʦʨʠ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʣʽʩʪʴ ʟʘʤʢʥʝʥʦʾ ʉɸʈ. ʂʦʤʧʝʥʩʘʪʦʨʠ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʉɸʈ ʻ ʪʠʧʦʚʠʤ (ʽ ʧʨʘʢʪʠʯʥʦ ʻʜʠʥʠʤ) ʧʨʠʢʣʘʜʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʎɼ ʚ ʨʝʘʣʴʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʉɸʈ (ʚ ʨʦʟʽʤʢʥʝʥʦʤʫ ʢʦʥʪʫʨʽ). 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʈʦʟʨʦʙʠʪʠ ʧʦʣʽʛʦʥ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʉɸʈ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʆʋ. ɿʤʦʜʝʣʶʚʘʪʠ ʽ ʜʦʩʣʽʜʠʪʠ: ʢʦʤʙʽʥʦʚʘʥʫ ʉɸʈ; ʉɸʈ 

ʟʚôʷʟʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ; ʎɼ ʚ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʉɸʈ. ɿʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʙʽʥʦʚʘʥʠʭ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʉɸʈ ʽ ʎɼ ʚ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʉɸʈ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʠʡ ʧʦʣʽʛʦʥ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʉɸʈ ʟ ʎɼ ʨʝʘʣʽʟʦʚʘʥ ʷʢ ʘʣʴʙʦʤ ʤʦʜʝʣʝʡ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʉʂʄ Matlab Simulink [1]. 

ʄʦʜʝʣʶʚʘʣʠʩʴ ʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʉɸʈ: ʢʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟ ʢʦʤʧʝʥʩʘʮʽʻʶ ʥʘ 

ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʫ; ʢʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟ ʢʦʤʧʝʥʩʘʮʽʻʶ ʥʘ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʫ; ʉɸʈ ʟʚôʷʟʘʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʜʚʦʤʽʨʥʦʛʦ ʆʋ ʟ ʧʨʷʤʠʤʠ ʽ ʧʝʨʝʭʨʝʩʥʠʤʠ ʟʚôʷʟʢʘʤʠ; ʢʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟ 

ʎɼ ʷʢ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʦʚʥʽʰʥʽʭ (ʟʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ) ʩʠʛʥʘʣʴʥʠʭ ʟʙʫʨʝʥʴ; ʢʦʤʙʽʥʦʚʘʥʘ ʉɸʈ 

ʟ ʎɼ ʷʢ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʚʥʫʪʨʽʰʥʽʭ (ʟʽ ʩʪʦʨʦʥʠ ʈʆ) ʩʠʛʥʘʣʴʥʠʭ ʟʙʫʨʝʥʴ. 

ʂʦʤʙʽʥʦʚʘʥʽ ʉɸʈ ʟ ʢʦʤʧʝʥʩʘʮʽʻʶ ʥʘ ʚʭʽʜ ʽ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʫ, ʜʚʦʤʽʨʥʘ ʉɸʈ 

ʟʚôʷʟʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʤʦʜʝʣʶʚʘʣʠʩʴ ʷʢ ʩʪʘʥʜʘʨʪʥʽ ʩʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʉɸʈ. 

ʄʦʜʝʣʴ ʢʦʤʙʽʥʦʚʘʥʦʾ ʉɸʈ ʟ ʎɼ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. 

ʎɼ ʚ ʢʦʤʙʽʥʦʚʘʥʠʭ ʉɸʈ ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʢʦʤʧʝʥʩʘʪʦʨʠ ʟ ʧʦʜʘʯʝʶ ʚʠʭʦʜʫ 

ʢʦʤʧʝʥʩʘʪʦʨʫ ʥʘ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʫ (ʮʝʡ ʩʧʦʩʽʙ ʢʦʤʧʝʥʩʘʮʽʾ ʻ ʢʨʘʱʠʤ ʟʘ ʧʦʜʘʯʫ ʚʠʭʦʜʫ 

ʢʦʤʧʝʥʩʘʪʦʨʫ ʥʘ ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʫ). 

ʆʢʨʝʤʦ ʟʤʦʜʝʣʴʦʚʘʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟ ʎɼ ʷʢ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ 

ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʧʨʷʤʠʡ ʎɼ (ʧʨʷʤʫ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ) ʢʘʥʘʣʫ ʆʋ çʟʦʚʥʽʰʥʻ ʟʙʫʨʝʥʥʷ 

ï ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨè ʽ ʦʙʝʨʥʝʥʠʡ ʎɼ (ʦʙʝʨʥʝʥʫ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ) ʢʘʥʘʣʫ ʆʋ 

çʨʝʛʫʣʶʚʘʣʴʥʘ ʜʽʷ ï ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨè. 

ʆʢʨʝʤʦ ʟʤʦʜʝʣʴʦʚʘʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟ ʎɼ ʷʢ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʚʥʫʪʨʽʰʥʽʭ ʟʙʫʨʝʥʴ 

ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʪʽʣʴʢʠ ʧʨʷʤʠʡ ʎɼ (ʧʨʷʤʫ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ) ʢʘʥʘʣʫ ʆʋ çʚʥʫʪʨʽʰʥʻ 

ʟʙʫʨʝʥʥʷ ï ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨè ʽ ʥʝ ʤʘʻ ʦʙʝʨʥʝʥʝʥʦʛʦ ʎɼ (ʦʙʝʨʥʝʥʦʾ ʧʝʨʝʜʘʪʥʦʾ 

ʬʫʥʢʮʽʾ) ʢʘʥʘʣʫ ʆʋ çʨʝʛʫʣʶʚʘʣʴʥʘ ʜʽʷ ï ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨè. 
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ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʢʦʤʙʽʥʦʚʘʥʦʾ ʉɸʈ ʟ ʎɼ ʚ ʉʂʄ Matlab Simulink 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʉɸʈ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʥʘʥʝʩʝʥʥʷʤ 

ʩʠʛʥʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷʤ (ʟʦʚʥʽʰʥʻ ʟʙʫʨʝʥʥʷ), ʟʽ ʩʪʦʨʦʥʠ ʈʆ (ʚʥʫʪʨʽʰʥʻ 

ʟʙʫʨʝʥʥʷ), ʟʤʽʥʦʶ ʟʘʚʜʘʥʥʷ. ʆʩʥʦʚʥʠʤ ʪʠʧʦʤ ʟʙʫʨʝʥʥʷ ʚ ʢʦʤʙʽʥʦʚʘʥʽʡ ʉɸʈ, ʷʢʝ ʧʦʪʨʽʙʥʦ 

ʢʦʤʧʝʥʩʫʚʘʪʠ, ʻ ʩʘʤʝ ʟʦʚʥʽʰʥʻ ʟʙʫʨʝʥʥʷ ï ʟʙʫʨʝʥʥʷ ʟʤʽʥʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʟʙʫʨʝʥʥʷ ʟʽ 

ʩʪʦʨʦʥʠ ʈʆ ʻ ʦʩʥʦʚʥʠʤ ʜʣʷ ʢʘʥʘʣʫ ʨʝʛʫʣʶʚʘʥʥʷ çʟʤʽʥʘ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʜʽʾ ï ʟʤʽʥʘ 

ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫè). ɸʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʉɸʈ ʱʦʜʦ 

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ (ʜʨʝʡʬʫ ʧʘʨʘʤʝʪʨʽʚ ʆʋ) ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʤʧʝʥʩʘʪʦʨʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʉɸʈ ʱʦʜʦ 

ʩʠʛʥʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʽ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʉɸʈ ʱʦʜʦ 

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʙʫʨʝʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ 

(ʨʝʢʦʤʝʥʜʘʮʽʾ). 

1. ʂʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʷʢ ʟ ʢʦʤʧʝʥʩʘʮʽʻʶ ʥʘ ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʫ (ʧʦʜʘʯʘ ʚʠʭʦʜʫ 

ʢʦʤʧʝʥʩʘʪʦʨʫ ʥʘ ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʫ), ʪʘʢ ʽ ʟ ʢʦʤʧʝʥʩʘʮʽʻʶ ʥʘ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʫ (ʧʦʜʘʯʘ ʚʠʭʦʜʫ 

ʢʦʤʧʝʥʩʘʪʦʨʫ ʥʘ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʫ) ʣʝʛʢʦ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʩʫʯʘʩʥʠʭ ʇʃʂ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʙʣʦʢʘʤʠ. ɼʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʃʂ ʨʝʘʣʴʥʦ ʤʦʞʣʠʚʦ ʙʫʣʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʪʽʣʴʢʠ ʢʦʤʧʝʥʩʘʮʽʶ ʥʘ ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʫ (ʙʫʣʦ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʠʭʦʜʽʚ ʘʧʘʨʘʪʥʠʭ ʨʝʛʫʣʷʪʦʨʫ ʽ ʢʦʤʧʝʥʩʘʪʦʨʫ). ʉʫʯʘʩʥʽ ʇʃʂ 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʢʦ ʧʨʦʛʨʘʤʥʦ ʦʙʯʠʩʣʠʪʠ ʩʫʤʫ ʚʠʭʦʜʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ 

ʨʝʛʫʣʷʪʦʨʫ ʽ ʢʦʤʧʝʥʩʘʪʦʨʫ, ʪʠʤ ʩʘʤʠʤ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʤʧʝʥʩʘʮʽʶ ʥʘ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʫ. 

2. ʂʦʤʧʝʥʩʘʮʽʷ ʟʦʚʥʽʰʥʴʦʛʦ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʙʫʨʝʥʴ ʥʘ ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʫ ʻ 

ʥʝʝʬʝʢʪʠʚʥʦʶ, ʪʘʢ ʷʢ ʪʘʢʠʡ ʢʦʤʧʝʥʩʘʪʦʨ ʤʘʻ ʤʘʪʠ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʝʘʣʴʥʠʡ ʜʠʬʝʨʝʥʮʽʘʪʦʨ 

(ʧʦʩʣʽʜʦʚʥʝ ʟôʻʜʥʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʪʦʨʫ ʽ ʘʧʝʨʽʦʜʠʯʥʦʾ ʣʘʥʢʠ). ʈʝʘʣʴʥʠʡ ʜʠʬʝʨʝʥʮʽʘʪʦʨ 

ʣʝʛʢʦ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚ ʩʫʯʘʩʥʠʭ ʇʃʂ (ʧʝʨʝʤʥʦʞʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʩʢʽʣʴʢʠ ʟʘʚʛʦʜʥʦ 

ʤʘʣʦʛʦ ʟʥʘʯʝʥʥʷ ʢʽʥʮʝʚʦʾ ʨʽʟʥʠʮʽ ʥʘ ʧʨʘʢʪʠʯʥʦ ʩʢʽʣʴʢʠ ʟʘʚʛʦʜʥʦ ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ ʩʢʘʥ ʇʃʂ ʽʤʧʫʣʴʩ ʧʨʘʢʪʠʯʥʦ ʩʢʽʣʴʢʠ ʟʘʚʛʦʜʥʦ ʚʝʣʠʢʦʾ ʘʤʧʣʽʪʫʜʠ; 

ʦʙʤʝʞʝʥʥʷ ʥʘʢʣʘʜʘʶʪʴʩʷ ʪʽʣʴʢʠ ʪʠʧʦʤ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʘʥʠʭ ʟʤʽʥʥʠʭ). ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʽ ʆʋ ʻ çʧʦʚʽʣʴʥʠʤʠè ʆʋ. ʇʦʚʽʣʴʥʘ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʫ ʥʝ ʻ 

ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʦʾ ʚ ʇʃʂ, ʷʢ ʚʢʘʟʘʥʦ ʚʠʱʝ; ʧʨʦʙʣʝʤʘ ʚ ʩʝʥʩʦʨʽ ï ʤʘʣʘ 

ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʯʫʪʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ (ʧʨʠʢʣʘʜ: ʧʨʠʧʫʩʪʽʤʦ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ ʻ ʪʠʧʦʚʠʤ ʟʦʚʥʽʰʥʽʤ ʟʙʫʨʝʥʥʷʤ, ʟʤʽʥʶʻʪʴʩʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 1 ʛʨʘʜʫʩ ʟʘ ʩʝʢʫʥʜʫ ï ʽ ʮʝ ʜʫʞʝ ʚʝʣʠʢʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʘʣʴʥʦʶ 

ʧʦʚʽʣʴʥʦʶ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʩʪʘʥʜʘʨʪʥʘ ʪʨʠʚʘʣʽʩʪʴ 
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ʬʽʢʩʦʚʘʥʦʛʦ ʩʢʘʥʫ ʚ ʩʫʯʘʩʥʠʭ ʇʃʂ ï ʥʝ ʙʽʣʴʰʝ 20 ʤʩʝʢ; ʚʽʜʧʦʚʽʜʥʦ, ʷʢʱʦ ʢʽʥʮʝʚʫ ʨʽʟʥʠʮʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʯʠʩʣʶʚʘʪʠ ʥʘʚʽʪʴ ʟʘ ʪʨʠ ʩʢʘʠʠ ï ʚʦʥʘ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ-ʥʘʚʩʴʦʛʦ 0.06 ʛʨʘʜʫʩʫ, 

ʱʦ ʻ ʚ ʤʝʞʘʭ ʯʫʪʣʪʚʦʩʪʽ ʩʝʥʩʦʨʘ; ʽ ʩʝʥʩʦʨ ʥʝ ʟʘʬʽʢʩʫʻ ʮʶ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ; ʭʦʯʘ ʜʣʷ 

ʩʘʤʦʛʦ ʇʃʂ ʨʽʟʥʠʮʷ 0.06 ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʦʾ). ʂʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟ 

ʢʦʤʧʝʥʩʘʮʽʻʶ ʥʘ ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʫ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

3. ʂʦʤʧʝʥʩʘʮʽʷ ʟʦʚʥʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ ʥʘ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʫ ʻ ʥʝʝʬʝʢʪʠʚʥʦʶ, ʪʘʢ ʷʢ 

ʪʘʢʠʡ ʢʦʤʧʝʥʩʘʪʦʨ ʻ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʣʘʥʢʦʶ, ʪʦʙʪʦ ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʝʘʣʴʥʠʡ 

ʜʠʬʝʨʝʥʮʽʘʪʦʨ (ʧʘʨʘʣʝʣʴʥʝ ʟôʻʜʥʘʥʥʷ ʨʝʘʣʴʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʪʦʨʫ ʽ ʘʧʝʨʽʦʜʠʯʥʦʾ ʣʘʥʢʠ). 

ʇʨʠʯʠʥʠ ʥʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʘʣʴʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʪʦʨʫ ʪʘʢʽ ʞ, ʷʢ ʽ ʚ ʧ.2. 

ʂʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟ ʢʦʤʧʝʥʩʘʮʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ ʥʘ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʫ ʥʝ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

4. ʂʦʤʧʝʥʩʘʮʽʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ ʥʘ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʫ ʻ ʝʬʝʢʪʠʚʥʦʶ, ʪʘʢ ʷʢ 

ʪʘʢʠʡ ʢʦʤʧʝʥʩʘʪʦʨ ʥʝ ʤʽʩʪʠʪʴ ʨʝʘʣʴʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʪʦʨʫ, ʘ ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʘʧʝʨʽʦʜʠʯʥʫ ʣʘʥʢʫ, ʷʢʘ ʣʝʛʢʦ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʇʃʂ. ʂʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟ 

ʢʦʤʧʝʥʩʘʮʽʻʶ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ ʥʘ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʫ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʩʪʦʩʫʚʘʥʥʷ. 

5. ʂʦʤʧʝʥʩʘʪʦʨʠ ʚ ʢʦʤʙʽʥʦʚʘʥʽʡ ʉɸʈ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ ʨʝʘʣʴʥʽ ʎɼ (ʪʦʙʪʦ 

ʷʢ çʽʜʝʘʣʴʥʽè ʤʦʜʝʣʽ, ʢʝʨʦʚʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷʤʠ), ʘ ʥʝ ʧʨʦʩʪʦ ʫ ʚʠʛʣʷʜʽ ʨʝʘʣʴʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʪʦʨʫ ʘʙʦ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʣʘʥʢʠ. ɸʣʝ ʪʘʢʽ ʎɼ ʤʘʶʪʴ ʪʽ ʞ ʩʘʤʽ ʥʝʜʦʣʽʢʠ, 

ʱʦ ʽ çʧʨʦʩʪʽè ʢʦʤʧʝʥʩʘʪʦʨʠ. ʂʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟ ʎɼ ʷʢ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 

(ʢʨʽʤ ʧʨʷʤʦʛʦ ʎɼ ʢʘʥʘʣʫ ʆʋ çʟʦʚʥʽʰʥʻ ʟʙʫʨʝʥʥʷ ï ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨè) ʦʙʝʨʥʝʥʠʡ 

ʎɼ ʢʘʥʘʣʫ ʆʋ çʨʝʛʫʣʶʚʘʣʴʥʘ ʜʽʷ ï ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨè (ʬʘʢʪʠʯʥʦ, ʦʙʝʨʥʝʥʫ 

ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ ʆʋ, ʪʦʙʪʦ, ʬʘʢʪʠʯʥʦ, ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʣʘʥʢʫ, ʷʢ ʽ ʩʪʘʥʜʘʨʪʥʠʡ 

ʢʦʤʧʝʥʩʘʪʦʨ). ʂʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟ ʎɼ ʷʢ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʚʥʫʪʨʽʰʥʽʭ ʟʙʫʨʝʥʴ ʤʦʞʝ ʙʫʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʪʽʣʴʢʠ ʧʨʷʤʠʡ 

ʎɼ (ʧʨʷʤʫ ʧʝʨʝʜʘʪʥʫ ʬʫʥʢʮʽʶ) ʢʘʥʘʣʫ ʆʋ çʚʥʫʪʨʽʰʥʻ ʟʙʫʨʝʥʥʷ ï ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨè 

(ʪʦʙʪʦ, ʥʝ ʤʽʩʪʠʪʴ ʨʝʘʣʴʥʦʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʘʙʦ ʽʥʪʝʛʨʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʣʘʥʢʠ). 

6. ʆʩʥʦʚʥʠʤ ʟʙʫʨʝʥʥʷʤ ʚ ʢʦʤʙʽʥʦʚʘʥʽʡ ʉɸʈ, ʷʢʝ ʪʨʝʙʘ ʢʦʤʧʝʥʩʫʚʘʪʠ, ʻ ʟʦʚʥʽʰʥʻ 

ʟʙʫʨʝʥʥʷ, ʜʣʷ ʷʢʦʛʦ ʢʦʤʧʝʥʩʘʮʽʷ ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʘʙʦ ʎɼ, ʷʢ ʚʢʘʟʘʥʦ ʚʠʱʝ, ʚʟʘʛʘʣʽ 

ʥʝʝʬʝʢʪʠʚʥʘ. ɺʥʫʪʨʽʰʥʻ ʟʙʫʨʝʥʥʷ ʚ ʢʦʤʙʽʥʦʚʘʥʽʡ ʉɸʈ ʥʝ ʻ ʦʩʥʦʚʥʠʤ ʟʙʫʨʝʥʥʷʤ, ʷʢʝ 

ʧʦʪʨʽʙʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʢʦʤʧʝʥʩʘʪʦʨʦʤ (ʘʙʦ ʎɼ) ʚ ʢʦʤʙʽʥʦʚʘʥʽʡ ʉɸʈ; ʽ ʝʬʝʢʪʠʚʥʦʶ ʻ 

ʪʽʣʴʢʠ ʢʦʤʧʝʥʩʘʮʽʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ ʢʦʤʧʝʥʩʘʪʦʨʦʤ (ʘʙʦ ʎɼ) ʥʘ ʚʠʭʽʜ ʨʝʛʫʣʷʪʦʨʫ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚʥʫʪʨʽʰʥʻ ʟʙʫʨʝʥʥʷ ʟʘʚʞʜʠ ʝʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʩʪʘʙʽʣʽʟʫʶʯʠʤ 

ʨʝʛʫʣʷʪʦʨʦʤ ʚ ʢʘʩʢʘʜʥʽʡ ʉɸʈ (ʜʚʦʢʦʥʪʫʨʥʽʡ ʉɸʈ ʟ ʜʦʜʘʪʢʦʚʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʟʚôʷʟʢʦʤ ʟ 

ʚʠʤʽʨʷʥʦʾ ʧʨʦʤʽʞʥʦʾ ʪʦʯʢʠ ʆʋ); ʽ ʪʘʢʘ ʢʦʤʧʝʥʩʘʮʽʷ ʟʘʚʞʜʠ ʝʬʝʢʪʠʚʥʽʰʘ ʟʘ ʢʦʤʧʝʥʩʘʮʶ 

ʢʦʤʧʝʥʩʘʪʦʨʦʤ (ʘʙʦ ʎɼ) ʚ ʢʦʤʙʽʥʦʚʘʥʽʡ ʉɸʈ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʟ 

ʢʦʤʧʝʥʩʘʪʦʨʦʤ (ʘʙʦ ʎɼ) ʘʙʦ ʚʟʘʛʘʣʽ ʥʝʬʝʢʪʠʚʥʘ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ, ʘʙʦ ʟʘʚʞʜʠ 

ʤʝʥʰ ʝʬʝʢʪʠʚʥʘ, ʥʽʞ ʢʘʩʢʘʜʥʘ ʉɸʈ, ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʙʫʨʝʥʥʷ. ɿʘʛʘʣʴʥʠʡ ʚʠʩʥʦʚʦʢ ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʉɸʈ ï ʢʦʤʙʽʥʦʚʘʥʘ ʉɸʈ ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

7. ʉʠʩʪʝʤʘ ʟʚôʷʟʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʻ ʨʝʘʣʽʟʘʮʽʻʶ ʢʦʤʙʽʥʦʚʘʥʦʾ ʉɸʈ, ʪʦʤʫ ʤʘʻ ʚʩʽ 

ʥʝʜʦʣʽʢʠ ʢʦʤʙʽʥʦʚʘʥʦʾ ʉɸʈ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʝʨʝʭʨʝʩʥʽ ʟʚôʷʟʢʠ ʚ ʆʋ ʤʘʶʪʴ ʙʫʪʠ ʣʽʢʚʽʜʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ, ʘ 

ʥʝ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʝʥʩʘʮʽʾ ʚʟʘʻʤʥʠʭ ʟʙʫʨʝʥʴ. ʇʨʠʢʣʘʜ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ ï ʩʪʘʙʽʣʽʟʘʮʽʷ ʪʠʩʢʫ 

ʚ ʢʦʣʝʢʪʦʨʽ, ʱʦ ʩʧʨʠʯʠʥʶʻ ʣʽʢʽʜʘʮʽʶ ʧʝʨʝʭʨʝʩʥʠʭ ʟʚôʷʟʢʽʚ ʚ ʥʠʪʢʘʭ ʽ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ 

ʟʘʤʽʩʪʴ ʩʠʩʪʝʤʠ ʟʚôʷʟʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʘʚʪʦʥʦʤʥʽ ʉɸʈ ʚ ʢʦʞʥʽʡ ʥʠʪʮʽ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɹʘʪʶʢ ʉ.ɻ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʮʠʬʨʦʚʠʡ ʪʚʽʥʽʥʛ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʽʙʝʨ-

ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ (ʢʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ) // ɼʦʩʷʛʥʝʥʥʷ ʋʢʨʘʾʥʠ ʪʘ ʢʨʘʾʥ ɭʉ ʫ ʩʬʝʨʽ 

ʽʥʥʦʚʘʮʽʡ ʽ ʚʠʥʘʭʽʜʥʠʮʪʚʘ ʚ ʛʘʣʫʟʽ ʪʝʭʥʽʢʠ : ʢʦʣʝʢʪʠʚʥʘ ʤʦʥʦʛʨʘʬʽʷ. ʉ. 44-109. ʈʠʛʘ, ʃʘʪʚʽʷ 

: Izdevnieciba ñBaltija Publishingò, 2022. 544 ʩ. 65 ʩ. 
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ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʏʝʨʥʠʰ ɺ.ʆ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɹʫʥʴ ɺ.ʇ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʂʆʅʊʈʆʃʖ ʇɸʈɸʄɽʊʈɯɺ ʉʂʃɸɼʉʔʂʀʍ 

ʇʈʀʄɯʑɽʅʔ

ʅʘʷʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʘʥʜʘʨʪʽʚ ʢʦʥʪʨʦʣʶ ʨʦʙʦʪʠ ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ ʯʘʩʫ ʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ. ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʪʠʢʫ ʩʝʨʝʜ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʦʩʣʫʛ 

ʩʢʣʘʜʩʴʢʦʾ ʣʦʛʽʩʪʠʢʠ ʷ ʧʨʠʡʰʦʚ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʧʨʠʤʽʱʝʥʴ ʦʙʣʘʜʥʘʥʘ ʚʠʢʣʶʯʥʦ 

ʫʩʪʘʥʦʚʢʘʤʠ ʦʭʦʜʞʝʥʥʷ ʪʘ ʚʝʥʪʠʣʷʮʽʾ.  

ʅʠʥʽ ʜʝʜʘʣʽ ʙʽʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʙʫʚʘʶʪʴ ʣʦʛʽʩʪʠʯʥʽ ʩʠʩʪʝʤʠ ʷʢ ʤʽʢʨʦ-, ʪʘʢ ʽ 

ʤʘʢʨʦʨʽʚʥʷ. ʎʽ ʩʠʩʪʝʤʠ ʤʽʩʪʷʪʴ ʫ ʩʦʙʽ ʨʽʟʥʽ ʧʨʦʮʝʩʠ, ʦʜʥʠʤ ʟ ʷʢʠʭ ʻ ʟʙʝʨʽʛʘʥʥʷ ʪʦʚʘʨʽʚ ʥʘ 

ʩʢʣʘʜʽ [1].  ʇʨʘʚʠʣʴʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʜʘʻ ʟʤʦʛʫ ʧʦʚʥʦʶ ʤʽʨʦʶ ʟʙʝʨʝʛʪʠ ʩʧʦʞʠʚʯʽ 

ʷʢʦʩʪʽ ʪʦʚʘʨʫ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʥʦʶ ʤʝʪʦʜʠ 

ʢʦʥʪʨʦʣʶ ʜʦʧʦʤʘʛʘʶʪʴ  ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ, ʜʘʶʪʴ 

ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ ʛʣʠʙʠʥʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ 

ʣʶʜʩʴʢʦʛʦ ʨʝʩʫʨʩʫ, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʆʧʪʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʪʦʚʘʨʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʥʝʦʜʥʘʢʦʚʘ. ʊʘʢ, ʜʣʷ ʚʠʥ ʚʦʥʘ 

ʤʘʻ ʙʫʪʠ ʚ ʤʝʞʘʭ 10-12 Áʉ, ʜʣʷ ʩʠʨʫ ʚʽʜ 0 ʜʦ 8 Áʉ, ʜʣʷ ʢʘʨʪʦʧʣʽ ʚʽʜ 2,5 ʜʦ 4 Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʟʙʝʨʽʛʘʥʥʷ ʤʘʻ ʙʫʪʠ ʧʦʩʪʽʡʥʦʶ ʙʝʟ ʨʽʟʢʠʭ ʧʝʨʝʧʘʜʽʚ, ʟʘ ʷʢʠʭ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʢʦʥʜʝʥʩʘʮʽʷ 

ʚʦʣʦʛʠ ʥʘ ʧʨʦʜʫʢʪʘʭ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʾʭʥʻ ʧʣʽʩʥʷʚʽʥʥʷ. 

ɺʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʤʘʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʚʦʣʦʛʽʩʪʴ ʧʨʦʜʫʢʪʫ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʽ. ɿʘ 

ʚʠʩʦʢʦʾ ʚʦʣʦʛʦʩʪʽ ʧʨʠʩʢʦʨʶʶʪʴʩʷ ʙʽʦʭʽʤʽʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ. ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʪʘʢʠʭ ʛʽʛʨʦʩʢʦʧʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢ ʮʫʢʦʨ, ʙʦʨʦʰʥʦ, 

ʢʦʥʜʠʪʝʨʩʴʢʽ ʚʠʨʦʙʠ, ʧʦʪʨʽʙʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ ʥʘ ʨʽʚʥʽ 60-

75%. ɿʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 85-95 % ʤʦʞʫʪʴ ʜʦʙʨʝ ʟʙʝʨʽʛʘʪʠʩʷ ʩʚʽʞʽ ʧʣʦʜʠ, ʦʚʦʯʽ, 

ʤ'ʷʩʦ, ʩʠʨʠ. 

ʉʢʣʘʜ ʧʦʚʽʪʨʷ ʚʧʣʠʚʘʻ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ. ɺʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʟʛʫʙʥʦ ʜʽʻ ʥʘ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʥʝ ʧʽʜʪʨʠʤʫʻ ʧʨʦʮʝʩʠ ʦʢʠʩʣʝʥʥʷ, ʢʠʩʝʥʴ ʞʝ ʻ ʩʠʣʴʥʠʤ ʦʢʠʩʣʶʚʘʯʝʤ. 

ɿʤʽʥʶʶʯʠ ʩʢʣʘʜ ʧʦʚʽʪʨʷ, ʤʦʞʥʘ ʧʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥʠ ʟʙʝʨʽʛʘʥʥʷ ʦʢʨʝʤʠʭ ʪʦʚʘʨʽʚ. ʅʘ ʷʢʽʩʪʴ 

ʪʦʚʘʨʽʚ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ʚʧʣʠʚʘʻ ʯʠʩʪʦʪʘ ʧʦʚʽʪʨʷ, ʚʤʽʩʪ ʩʪʦʨʦʥʥʽʭ ʟʘʧʘʭʽʚ. ɺʝʥʪʠʣʷʮʽʷ 

ʧʦʚʽʪʨʷ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʡʚʠʭ ʚʦʜʷʥʠʭ ʧʘʨʽʚ ʽ ʛʘʟʽʚ. 

ʆʢʨʽʤ ʥʘʷʚʥʦʾ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʩʢʣʘʜʫ, ʜʦʜʘʪʢʦʚʦʶ ʤʦʜʝʨʥʽʟʘʮʽʻʶ 

ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ ʨʫʢʫ ʜʣʷ ʧʝʨʝʤʠʢʘʥʥʷ ʩʚʽʪʣʘ. ɺ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʾ ʥʝʩʪʘʯʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʫʢʨʘʾʥʩʴʢʽʡ ʤʝʨʝʞʽ ʮʝ ʻ ʥʘʡʟʘʪʨʝʙʫʚʘʥʽʰʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʴʦʛʦʜʝʥʥʷ. 

ʅʘʩʪʫʧʥʠʤ ʤʝʪʦʜʘʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʝʨʢʦʥʦʚʠʭ ʜʘʪʯʠʢʽʚ ʥʘ ʢʦʞʥʽ ʜʚʝʨʽ 

ʥʘ ʩʢʣʘʜʽ. ʎʝʡ ʝʣʝʤʝʥʪ ʜʦʧʦʤʦʞʝ ʚʽʜʩʪʝʞʫʚʘʪʠ ʤʦʞʣʠʚʽ ʧʨʠʯʠʥʠ ʚʪʨʘʪʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʧʨʠʤʽʱʝʥʽ. ʉʭʝʤʘ ʝʣʝʤʝʥʪʽʚ ʜʘʪʯʠʢʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

ɺʩʽ ʢʽʥʮʝʚʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʫʥʽʬʽʢʦʚʘʥʽʡ ʧʣʘʪʬʦʨʤʽ ʪʘ ʢʝʨʫʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʢʦʥʪʨʦʣʣʝʨʘ Raspberry Pi [2] ʪʘ ʤʦʜʫʣʶ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ LoRa. 

ʃʦʢʘʣʴʥʠʡ ʟʙʽʨ ʜʘʥʥʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʣʶʟʽʚ ʟʚôʷʟʢʫ ʪʘ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ 

ʤʝʨʝʞʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙʤʽʥʫ ʩʠʛʥʘʣʦʤ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʩʝʨʚʝʨ ʦʙʨʦʙʣʷʻ ʦʪʨʠʤʘʥʽ 

ʜʘʥʥʽ ʪʘ ʟʙʝʨʽʛʘʻ ʾʭ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʩʝʨʚʝʨʫ ̒  ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʦʜʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ [3]. ʉʭʝʤʘ ʤʝʨʝʞʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. ʉʝʨʚʝʨʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʣʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʚʽʜʜʘʣʝʥʠʭ ʣʦʢʘʮʽʷʭ. ʎʝ ʟʘʙʝʟʧʝʯʠʪʴ ʜʦʩʪʫʧ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʝʣʝʤʝʥʪʽʚ ʜʘʪʯʠʢʫ ʧʦʣʦʞʝʥʥʷ ʜʚʝʨʝʡ 

 

ʇʨʦʙʣʝʤʫ ʞʠʚʣʝʥʥʷ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʟʽ ʩʣʘʜʫ ʣʽʪʽʡ 

ʪʽʦʥʽʣʭʣʦʨʠʜʫ [4]. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ - ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ʆʜʥʘʢ ʩʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʚʪʦʨʥʦʛʦ ʟʘʨʷʜʞʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʫ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʤʝʨʝʞʽ LoRaWAN 

 

ɺʠʩʥʦʚʦʢ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʞʝ ʥʘʷʚʥʠʭ 

ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ ʥʠʟʴʢʦʛʦ ʢʣʘʩʫ ʽ ʰʘʙʣʦʥʦʤ ʜʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʥʪʨʦʣʶ ʙʫʜʴ ʷʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʣʦʛʽʩʪʠʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʽʰʝʥʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʝʨʝʙʽʛʫ ʧʦʜʽʡ ʽ 

ʧʨʦʮʝʩʽʚ, ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʽ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ, ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʻ 

ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʯʝʪʚʝʨʪʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɸʥʥʘ ʂʭʘʣʝʪʩʴʢʘ. ʂʣʘʩʠ ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʡ ʚʽʜʤʽʥʥʦʩʪʽ. 

URL:  https://wareteka.com.ua/uk/blog/klasy-skladiv/#title3  

2. Shadi Nashwan. Anonymous access authentication scheme for wireless sensor networks 

in big data environment URL:  

https://www.sciencedirect.com/science/article/pii/S1110866520301092 

3. LoRaWAN Network Server. URL: https://www.actility.com/lorawan-network-server/ 

4. URL: https://www.farnell.com/datasheets/2946795.pdf. 
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ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʖʜʽʥ ʆ.ʉ. 

ĭ ʉʪ.ʚʠʢʣ. ʐʪʽʬʟʦʥ ʆ.ʁ. 

  https://scholar.google.com/citations?user=WB12UuMAAAAJ&hl=ru&authuser=1 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʅɽʏɯʊʂʆɰ ʃʆɻɯʂʀ ɼʃʗ ʇʆʃɯʇʐɽʅʅʗ ʇʈɽɺɽʅʊʀɺʅʆɻʆ 

ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʫʩʢʣʘʜʥʝʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ 

ʩʧʨʠʯʠʥʝʥʦ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʾʭ ʽʤʧʣʝʤʝʥʪʘʮʽʻʶ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʧʘʨʘʣʝʣʴʥʝ ʥʘʨʦʱʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚ ʚʠʩʫʚʘʻ ʜʦʜʘʪʢʦʚʽ 

ʞʦʨʩʪʢʽ ʯʘʩʦʚʽ ʪʘ ʷʢʽʩʥʽ ʚʠʤʦʛʠ ʜʦ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʩʦʙʣʠʚʦ ʮʝ ʚʽʜʯʫʚʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ 

ʢʨʠʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʟʫʧʠʥʢʘ ʷʢʠʭ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʚʝʣʠʢʽ ʟʙʠʪʢʠ, ʘʙʦ ʚʟʘʛʘʣʽ ʟʨʦʙʠʪʠ 

ʥʝʤʦʞʣʠʚʦʶ ʧʦʜʘʣʴʰʫ ʝʢʩʧʣʫʘʪʘʮʽʶ. ɯ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʩʧʝʢʪʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʻ ʩʚʦʻʯʘʩʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʙʽʣʴʰʽʩʪʴ ʛʘʣʫʟʝʡ ʪʨʘʜʠʮʽʡʥʦ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʧʣʘʥʦʚʝ 

(ʧʨʝʚʝʥʪʠʚʥʝ) ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʻ ʤʝʪʦʜʦʤ, ʫʩʧʘʜʢʦʚʘʥʠʤ ʚʽʜ ʨʝʘʢʪʠʚʥʦʛʦ. ʆʩʥʦʚʥʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʤʦʜʝʣʝʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ï ʯʘʩ ʨʝʘʛʫʚʘʥʥʷ:  

¶ ʈʝʘʢʪʠʚʥʝ ï ʙʝʟʧʦʩʝʨʝʜʥʷ ʨʝʘʢʮʽʷ ʥʘ ʚʠʭʽʜ ʟ ʣʘʜʫ 

¶ ʇʨʝʚʝʥʪʠʚʥʝ ï ʨʝʛʫʣʷʨʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

¶ ʇʨʝʜʠʢʪʠʚʥʝ ï ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ 

ʇʨʦʙʣʝʤʠ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʧʨʝʚʝʥʪʠʚʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʚʝʣʠʢʠʭ 

ʟʘʪʨʘʪʘʭ ʥʘ ʧʽʜʪʨʠʤʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʫ ʥʘʣʝʞʥʦʤʫ ʩʪʘʥʽ, ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʧʦʪʨʝʙʽ ʫ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʫ. ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʪʘʢʦʞ ʤʦʞʣʠʚʝ ʥʘʜʤʽʨʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʢʦʣʠ, ʥʘʧʨʠʢʣʘʜ, ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ʻ ʟʘʜʦʚʽʣʴʥʠʤ 

ʜʣʷ ʨʦʙʦʪʠ, ʘʣʝ ʚʦʥʦ ʚʞʝ ʧʽʜʣʷʛʘʻ ʧʣʘʥʦʚʦʤʫ ʦʛʣʷʜʫ, ʯʠ ʟʘʤʽʥʽ. 

ɿʘʨʘʟ, ʩʝʨʝʜ ʙʘʛʘʪʴʦʭ ʢʦʤʧʘʥʽʡ ʟôʷʚʣʷʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʧʝʨʝʭʦʜʫ ʜʦ ʧʨʝʜʠʢʪʠʚʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʧʨʦʪʝ, ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ 

ʚʠʩʦʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʮʽʥʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʥʘʣʘʛʦʜʞʝʥʥʷ, ʪʘʢ ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘ ʧʨʠʡʥʷʪʪʷ ʚʠʩʥʦʚʢʽʚ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʨʽʰʝʥʴ ʪʘ, ʟʦʢʨʝʤʘ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ, ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʷʢ ʧʨʦʤʽʞʥʦʛʦ ʝʪʘʧʫ ʤʽʞ ʧʨʝʚʝʥʪʠʚʥʠʤ ʪʘ 

ʧʦʚʥʦʮʽʥʥʠʤ ʧʨʝʜʠʢʪʠʚʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ. ʎʝʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʦʧʝʨʫʻ ʥʝ ʪʽʣʴʢʠ 

ʩʪʚʝʨʜʥʠʤʠ, ʯʠ ʥʝʛʘʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʷʢ ʮʝ ʚʣʘʩʪʠʚʦ ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʪʦʜʠʢʘʤ, ʘ ʽ 

ʜʽʘʧʘʟʦʥʦʤ ʟʽ ʟʥʘʯʝʥʴ [1]: 

¶ ʅ ̔

¶ ʄʘʣʦ ʽʤʦʚʽʨʥʦ (ʘʙʦ ʩʢʦʨʽʰʝ ʥʽ) 

¶ ɯʤʦʚʽʨʥʦ (ʘʙʦ ʩʢʦʨʽʰʝ ʪʘʢ) 

¶ ʊʘʢ. 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʨʠʢʣʘʜ ʨʦʙʦʪʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 1, ʧʦʢʘʟʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʙʝʟ ʟʘʚʜʘʥʥʷ ʰʢʦʜʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʫ. 



 112 

 
ʈʠʩʫʥʦʢ 1 ï ʚʽʟʫʘʣʽʟʘʮʽʷ ʥʝʯʽʪʢʦʛʦ ʩʪʘʥʫ ʧʘʨʘʤʝʪʨʫ ʦʙôʻʢʪʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

 

ʇʨʠʥʮʠʧ ʜʽʾ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʪʨʠʤʘʥʥʽ ʜʘʥʠʭ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʜʘʪʯʠʢʽʚ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʦʯʥʠʭ ʜʘʥʠʭ ʫ ʥʝʯʽʪʢʽ, ʧʦʜʘʣʴʰʝ ʾʭ ʦʧʨʘʮʶʚʘʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʧʨʦʚʘʜʞʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ ʩʠʩʪʝʤʠ 

(ʧʝʨʝʣʽʢ ʧʨʘʚʠʣ, ʚʠʢʣʶʯʝʥʴ, ʦʩʦʙʣʠʚʠʭ ʩʠʪʫʘʮʽʡ) [2], ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʯʽʪʢʽ ʜʘʥʽ, ʱʦ ʽ 

ʤʘʶʪʴ ʩʬʦʨʤʫʚʘʪʠ ʚʠʩʥʦʚʦʢ. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʦʧʠʩʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʥʝʯʽʪʢʽʡ ʣʦʛʽʮʽ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʤʦʞʝ ʟʥʘʯʥʦ ʟʜʝʰʝʚʠʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʨʦʙʠʪʠ ʙʽʣʴʰ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʩʪʘʥ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʘʨʘʣʝʣʴʥʦ 

ʟʙʽʣʴʰʠʚʰʠ ʪʝʨʤʽʥ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʚʽʣʴʥʠʪʠ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣʠʪʠ ʧʝʚʥʠʡ 

ʚʽʜʩʦʪʦʢ ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʽʥʰʽ ʧʦʪʨʝʙʠ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. L. A. Zadeh. Fuzzy sets. Information and Control. Volume 8, Issue 3, June 1965, Pages 

338-353. DOI: https://doi.org/10.1016/S0019-9958(65)90241-X 

2. Hafsi Meriem, Hamour Nora, Ouchani Samir. Predictive Maintenance for Smart 

Industrial Systems: A Roadmap. Procedia Computer Science. Volume 220, 2023, Pages 645-650. 

DOI: https://doi.org/10.1016/j.procs.2023.03.082 
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ʋɼʂ 681.5 

ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʖʨʯʝʥʢʦ ɺ.ʆ. 

ĭ ɸʩʠʩʪ. ɿʘʭʘʨʯʝʥʢʦ ɸ.ʉ. 

  https://scholar.google.com/citations?user=RpOI6DoAAAAJ&hl=uk 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʉʀʉʊɽʄʀ ɻɸʈʗʏʆɻʆ 

ɺʆɼʆʇʆʉʊɸʏɸʅʅʗ ɼʃʗ ʈʆɿʈʆɹʂʀ ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʉʊɽʅɼʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʦʤʫ ʦʩʚʽʪʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʝ ʚʪʨʘʯʘʻ 

ʩʚʦʻʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʏʘʩʪʦ ʧʦʩʪʘʻ ʚʘʞʣʠʚʝ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʫʜʝʥʪʽʚ ʜʦʩʪʫʧʦʤ ʜʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʪʝʥʜʽʚ ʚ ʫʤʦʚʘʭ ʚʽʜʜʘʣʝʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʥʝ ʣʠʰʝ 

ʩʧʨʠʷʪʠʤʝ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ, ʘʣʝ ʡ ʥʘʜʘʩʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʫʜʝʥʪʘʤ ʝʬʝʢʪʠʚʥʦ ʚʠʚʯʘʪʠ ʽ ʧʨʘʢʪʠʢʫʚʘʪʠ ʥʘʚʠʯʢʠ, ʥʘʚʽʪʴ ʟʥʘʭʦʜʷʯʠʩʴ 

ʚʜʘʣʝʢʫ ʚʽʜ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ. 

ʉʪʚʦʨʠʚʰʠ ʚʽʨʪʫʘʣʴʥʠʡ ʪʨʝʥʘʞʝʨ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

(ɻɺʇ), ʩʪʫʜʝʥʪʠ ʟʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʽʟ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʩʪʝʥʜʘʤʠ, ʱʦ ʩʠʤʫʣʶʶʪʴ ʨʦʙʦʪʫ 

ʨʝʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʚʯʘʪʠ ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʩʚʦʾ ʥʘʚʠʯʢʠ ʚ ʛʘʣʫʟʽ ʽʥʞʝʥʝʨʽʾ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʥʘʣʘʛʦʜʝʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ɻɺʇ, ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʠʩʪʝʤʘ ɻɺʇ - ʮʝ ʢʦʤʧʣʝʢʩʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʩʠʩʪʝʤʠ ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ, ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ, ʪʨʫʙʦʧʨʦʚʽʜʥʽ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʨʝʛʫʣʶʶʯʽ ʪʘ 

ʙʝʟʧʝʢʦʚʽ ʧʨʠʩʪʨʦʾ (ʨʠʩ.1).  

 

  
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ɻɺʇ ʟ ʙʘʢʦʤ ʘʢʘʤʫʣʷʪʦʨʦʤ : 

1 ï ʜʘʪʯʠʢ ʨʽʚʥʷ ʚʦʜʠ; 2 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʫ ʙʘʮʽ ʘʢʫʤʫʣʷʪʦʨʽ; 3 ï ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ; 4 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʜʦ ʪʝʧʣʦʚʦʛʦ ʚʚʦʜʫ; 5 ï 

ʩʠʛʥʘʣʽʟʫʶʯʠʡ ʜʘʪʯʠʢ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ; 6 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʽʟ ʩʠʩʪʝʤʠ ɻɺʇ; 

7 ï ʜʘʪʯʠʢ ʪʠʩʢʫ ʽʟ ʩʠʩʪʝʤʠ ɻɺʇ; 8 ï  ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʫ ʩʠʩʪʝʤʫ ɻɺʇ; 9 ï 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 10 ï ʙʘʢ ʘʢʫʤʫʣʷʪʦʨ; 11, 12 ï ʛʨʫʧʘ ʥʘʩʦʩʽʚ 

 

ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʦʙôʻʢʪʽ. ʆʧʠʰʝʤʦ ʤʝʪʦʜ ʨʦʟʨʦʙʢʠ ʜʠʥʘʤʽʯʥʦʾ 
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ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ [1].  

ʄʦʜʝʣʴ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʜʚʦʪʨʫʙʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʷʢʠʡ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʧʨʦʪʽʢʘʪʠ ʚ 

ʧʨʷʤʦʪʦʯʥʽʡ ʘʙʦ ʧʨʦʪʠʪʝʯʽʡʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʷʭ ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʪʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʠ ʪʘ 

ʽʜʝʘʣʴʥʫ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʯʝʨʝʟ ʤʝʪʘʣ ʪʨʫʙʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʥʘ ʚʠʭʦʜʽ ʟ ʪʝʧʣʦʦʙʤʽʥʥʢʘ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟʤʽʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʦʛʦ ʚʝʥʪʠʣʷ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʤʘʻ ʚʠʛʣʷʜ: 

ɸʢʫʤʫʣʷʮʽʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ = ɽʥʝʨʛʽʷ, ʱʦ ʥʘʜʽʡʰʣʘ ī ɽʥʝʨʛʽʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ (1) 

ɺ ʦʪʨʠʤʘʥʽʡ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʱʦ ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʟ ʨʽʚʥʷʥʴ (1) ʢʨʘʡʥʽ ʣʽʚʽ ʯʣʝʥʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ  ʻ ʧʨʠʨʦʩʪʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʜʣʷ ʢʦʞʥʦʾ ʟ ʨʽʜʠʥ. ɽʣʝʤʝʥʪʠ ʚ ʧʨʘʚʽʡ 

ʯʘʩʪʠʥʽ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʦʧʠʩʫʶʪʴ ʧʨʠʨʽʩʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʪʝʧʣʦʪʠ ʨʽʜʠʥ, ʱʦ ʚʪʽʢʘʻ ʪʘ ʚʠʪʽʢʘʻ ʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʨʽʜʠʥʘʤʠ ʯʝʨʝʟ ʦʙʦʣʦʥʢʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʚʝʜʽʥʢʫ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʤʦʞʥʘ ʦʧʠʩʘʥʠ ʥʘʩʪʫʧʥʦʶ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ [1,2]: 

 

ὧ ”ὠ ὧ ”Ὂ Ὕ Ὕ ὟὃὝ Ὕ

ὧ ”ὠ ὧ ”Ὂ Ὕ Ὕ ὟὃὝ Ὕ
        (2) 

 

ʜʝ 4  ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʨʷʯʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ ʪʝʧʣʦʛʦ ʚʚʦʜʫ, 

ʂ; 4  - ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʟ ʩʠʩʪʝʤʠ ʭʦʣʦʜʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʂ; Ã , Ã  ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛĀʂ); &, & - ʦʙ'ʻʤʥʽ ʚʠʪʨʘʪʠ ʨʽʜʠʥ, 

̍ȾÃ; 6, 6 -ʦʙ'ʻʤʠ ʨʽʜʠʥ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ, ̍ ; ʍ,ʍ ï ʛʫʩʪʠʥʘ ʨʽʜʠʥ, ʢʛ/̍; ɸ ï ʧʣʦʱʘ 
ʪʝʧʣʦʦʙʤʽʥʫ, ̍ ; U - ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ɼʞ/(ʩĀ̍Āʂ); t ï ʯʘʩ, ʩ. 

ʗʢ ʤʦʜʝʣʴ ʨʝʛʫʣʶʶʯʠʭ ʚʝʥʪʠʣʽʚ ʜʣʷ ʩʠʩʪʝʤʠ ɻɺʇ ʚ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʥʘ 

ʦʙʨʘʪʠ ʽʥʪʝʛʨʫʚʘʣʴʥʫ ʣʘʥʢʫ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʷʢʦʛʦ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʯʘʩʫ 

ʧʦʚʥʦʛʦ ʭʦʜʫ. ɼʘʪʯʠʢʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʩʠʩʪʝʤʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʘʥʢʘʤʠ ʟ 

ʟʘʧʽʟʥʝʥʥʷʤ, ʯʘʩʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʷʢʠʭ ʪʘʢʦʞ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʧʨʦʱʝʥʠʭ ʤʦʜʝʣʝʡ ʜʦʨʝʯʥʝ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʨʘʟʫʥʢʽʚ ʪʘ ʧʦʪʨʝʙʠ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʢʽʥʮʝʚʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʠ [3].  

ɺʠʩʥʦʚʦʢʠ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʪʨʝʥʘʞʝʨʫ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ 

ɻɺʇ, ʪʘ ʡʦʛʦ ʚʘʞʣʠʚʽʩʪʴ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʩʫʯʘʩʥʦʤʫ ʦʩʚʽʪʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʚʽʨʪʫʘʣʴʥʠʡ ʪʨʝʥʘʞʝʨ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʜʣʷ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʜʘʻ ʩʪʫʜʝʥʪʘʤ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʟ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʥʘʚʽʪʴ ʥʝ ʧʝʨʝʙʫʚʘʶʯʠ ʚ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ. 

ʈʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʚʽʜʪʚʦʨʶʻ ʨʝʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ, ʽ 

ʜʦʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʝʬʝʢʪʠʚʥʦ ʚʠʚʯʘʪʠ ʪʘ ʟʘʢʨʽʧʣʶʚʘʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʦʱʝʥʠʭ ʤʦʜʝʣʝʡ ʨʝʛʫʣʶʶʯʠʭ ʚʝʥʪʠʣʽʚ ʪʘ ʜʘʪʯʠʢʽʚ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ 

ʩʢʣʘʜʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʦʧʪʠʤʽʟʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 
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systems. Applied Thermal Engineering, 2017, vol. 119, pp. 140ï155. DOI: 
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3. Padhee, S. Controller Design for Temperature Control of Heat Exchanger System: 

Simulation Studies. WSEAS Transactions on Systems and Control, 2014, vol. 9, pp. 485ï491. 

URL: 

https://www.researchgate.net/publication/279861699_Controller_Design_for_Temperature_Cont

rol_of_Heat_Exchanger_System_Simulation_Studies (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ: 10.03.2024). 
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ĭ Igor Sikorsky Kyiv Polytechnic Institute 

 

INFORMATION STORAGE FOR THE DEPARTMENT: OPTIMIZATION AND 

RELIABILITY OF THE DEPARTMENT'S INFORMATION STORAGE THROUGH 

THE INTRODUCTION OF LONG -TERM BAC 

Statement of the problem and its relevance. The modern educational environment 

requires academic institutions not only to accumulate, but also to manage large amounts of data 

efficiently and securely. One of the key requirements for modern information systems is to ensure 

their reliability and readiness for rapid recovery from possible failures. 

Analysis of the latest research. In the process of creating an information repository for 

the department, special attention is paid to the development of long-term backup mechanisms that 

will ensure not only the preservation of important data, but also increase the speed of access and 

processing of information. The implementation of such a system will maximally increase the 

efficiency of the department's use of information resources and contribute to the productivity of 

educational and scientific processes. 

Goal formulation. In the context of creating an information repository for the department, 

special attention is paid to the development of long-term backup mechanisms that can not only 

ensure the safety of important data, but also increase the speed of access to information and its 

processing. Implementation of such systems allows to maximize the efficiency of the department's 

information resources, contributing to the productivity of teaching and research processes. 

Main part.  Integration of solutions for data archiving directly into the PostgreSQL 

database, as well as the use of extensions from the Django library, opens up new opportunities to 

improve the reliability and efficiency of the department's information system [1]. Such tools 

provide flexibility and automation in the processes of data backup and recovery, in particular: 

Using the built-in archiving tools PostgreSQL offers powerful data backup and archiving 

tools, including Point-In-Time Recovery (PITR) and logical backup [2]. These tools allow you to 

perform full or incremental backups, ensuring reliable storage of critical data and its quick 

recovery in the event of a failure. 

Using open source tools for PostgreSQL backup such as pgBackRest, Barman or WAL-g 

allows you to implement a variety of backup strategies, including incremental and differential 

backups, streaming backups to cloud storage, which increases the flexibility and reliability of data 

storage [3]. 

Features of django-dbbackup for Django projects is a convenient tool for backing up 

databases and media files in Django applications [4]. This library allows you to easily set up 

automatic backups, store them in secure storages (for example, on AWS S3 accounts, Google 

Cloud Storage, or in a file system), and restore data from backups when needed. 

The use of the above-mentioned tools allows you to automate backup and recovery 

processes, minimizing manual intervention and reducing the risk of data loss. This makes it 

possible to plan backups according to the specific needs of the department and ensure their reliable 

storage. 

Integration of backup and archiving systems into the department's information 

environment helps to ensure a high level of data integrity, security, and availability. This is 

especially important for academic institutions, where the preservation and reliable management of 

scientific, educational, and administrative information is key. 

Automated data backup and recovery reduces system downtime and increases the 
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efficiency of the department's internal processes, ensuring uninterrupted access to information and 

its quick recovery in case of unforeseen circumstances. 

Conclusions. The use of these tools and techniques in the department's information 

repository significantly increases the level of data security, integrity, and availability, contributing 

to the creation of a reliable and efficient information environment. 
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VEHICLE TECHNICAL CONDITION MONITORING SOFTWARE APPLICATION  

Vehicle maintenance (VM) is a series of regular procedures that involve inspection, 

diagnostics, and potential repair work necessary to ensure the safety, reliability, and efficiency of 

the vehicle's operation [1]. 

Vehicle maintenance may include the following types of work: 

- Oil and filter replacement; 

- Inspection and adjustment of the ignition system; 

- Inspection and replacement of brake fluid; 

- Checking the condition of the car's electronics; 

- Checking exhaust gas levels; 

- Other technical procedures aimed at maintaining optimal vehicle performance. 

In the modern world, cars are becoming increasingly complex and require constant 

attention to ensure their safety and reliability. In many countries, especially in Europe, mandatory 

vehicle maintenance is enforced at a legal level, conducted at specified intervals established by 

law. However, these requirements may vary between countries and also depend on the type of 

vehicle [2]. 

Table 1 ï Different Maintenance Intervals for Some European Countries 

Country Periodicity of maintenance for a 

passenger car 

Periodicity of maintenance for a 

commercial vehicle 

Sweden Every 2 years Every 2 years 

Poland Every year Every year 

France Every 2 years (first 4 years of 

operation) and annually thereafter 

Every year 

Ukraine Undefined Every year 

 

This diversity gives rise to numerous problems, as many car owners do not always have 

the ability to track the correct maintenance schedule [3]. It is even more difficult to do so when 

moving to another country. Also, it is worth noting that information about maintenance and its 

periodicity for different types of vehicles, or vehicles with different weights or functions, may 

vary, as shown in Table 1. 

This is especially relevant for countries where such requirements are not mandatory, for 

example, in Ukraine, there are no provisions for mandatory inspections for passenger cars, [4] and 

when moving to another European country, this change in legislation may come as an unpleasant 

surprise. In addition, untimely maintenance can lead to car malfunctions, which in turn endanger 

road safety and may increase repair costs. 

A great solution to these issues is to create a mobile application for monitoring the technical 

condition of a car, providing drivers with a convenient and efficient tool for tracking the periodic 

maintenance of their vehicles, thus ensuring their safety and reliability. 

In addition to its primary functionality of reminding users of the need for scheduled 
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maintenance, the application can also gather specific information about the car's technical 

condition in real-time. This capability will allow drivers to quickly assess any changes, including: 

- Tracking parameters of the car's technical condition, such as fuel level, oil level, 

etc; [5]  

- Obtaining error code deciphering: what they are related to and their impact; 

- Checking the functionality of the car's systems: steering, brakes, air conditioning, 

exhaust system, etc. 

Based on the data collected from the car, a dataset of the car's condition will be formed, 

and recommendations for the driver to improve the vehicle's condition or maintain it in good 

condition will be generated through analysis. For this purpose, a machine learning model will be 

created, trained on existing data about the car as a whole and its individual components, allowing 

predictions of necessary preventative maintenance or malfunctions based on the collected data. If 

a serious malfunction or problem is detected, a notification for unscheduled maintenance will be 

displayed. 

Additionally, the application will have the ability to keep a history of car servicing and 

repairs, allowing users to track all procedures performed and their corresponding results [6]. 

Furthermore, an important passive function of such an application would be the ability to adapt to 

the requirements of different countries' markets regarding car maintenance. 

In addition to the practical application for drivers, the application will have functionality 

that will be useful for maintenance personnel. Since all information about work on the car will be 

stored, the specialist conducting the inspection will be able to obtain detailed and accurate 

information about the vehicle's condition, prioritize inspections of various car systems, and 

generate a report on the work performed.  

In summary, the application aims to simplify the process of monitoring technical 

maintenance, provide users with necessary information about the car's condition and 

recommendations for keeping the vehicle in good shape, and remind users about regular 

maintenance. An important feature of the application is the ability to maintain a servicing history, 

allowing car owners to track performed work on their vehicles and its results. The development of 

this application is a step towards improving the management of vehicle technical condition, which 

will contribute to increased road safety, reduced accident risks, and extended vehicle lifespan. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆɻʃʗɼ ʄɽʊʆɼɯɺ ɯɼɽʅʊʀʌɯʂɸʎɯɰ ʄʆʈʉʔʂʀʍ ʆɹ'ɭʂʊɯɺ ʅɸ ʆʉʅʆɺɯ 

ʉʀɻʅɸʃɯɺ ʄʆʈʉʔʂʆɻʆ ʉɽʈɽɼʆɺʀʑɸ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʄʦʨʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʝʣʠʯʝʟʥʦʶ ʜʠʥʘʤʽʯʥʽʩʪʶ ʪʘ ʩʢʣʘʜʥʽʩʪʶ, ʱʦ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʜʦʩʣʽʜʥʠʢʘʤʠ ʪʘ ʩʧʝʮʽʘʣʽʩʪʘʤʠ 

ʫ ʮʽʡ ʛʘʣʫʟʽ ʩʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʚʦʜʘʭ 

ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ. ʎʽ ʦʙ'ʻʢʪʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʧʽʜʚʦʜʥʽ ʯʦʚʥʠ, ʢʦʨʘʙʣʽ, ʙʫʾ, ʤʦʨʩʴʢʽ ʩʩʘʚʮʽ, 

ʘ ʪʘʢʦʞ ʙʘʛʘʪʦ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʦʨʩʴʢʦʾ ʙʝʟʧʝʢʠ, ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʽʛʘʮʽʾ ʪʘ ʝʢʦʣʦʛʽʾ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʪʨʘʜʠʮʽʡʥʽ 

ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤʠ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ 

ʩʢʣʘʜʥʽʩʪʴ.[1] ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʮʽʻ ʾ ʧʨʦʙʣʝʤʠ ʻ ʨʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ ʾ

ʩʠʩʪʝʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽ ʾʤʦʨʩʴʢʠʭ ʦʙô̒ ʢʪʽʚ. ʇʨʦʪʝ ʚʞʝ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʩʧʦʩʦʙʠ ʨʽʰʝʥʥʷ ʮʽʻʾ 

ʟʘʜʘʯʽ, ʽ ʻ ʜʦʩʠʪʴ ʢʦʨʠʩʥʠʤ ʦʛʣʷʜ ʚʞʝ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʪʘʢʦʛʦ ʧʦʜʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʨʦʟʛʣʷʥʝʤʦ 

ʤʝʪʦʜ ɹʘʻʩʦʚʦʛʦ ʚʠʚʝʜʝʥʥʷ ʜʣʷ ʤʦʨʩʴʢʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ 

[1], ʪʘ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʦʥʪʦʣʦʛʽʾ ʽ ʧʨʝʮʝʜʝʥʪʽʚ [2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʦʩʣʽʜʠʪʠ ʷʢʽ ʚʞʝ ʽʩʥʫʶʪʴ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʪʘ 

ʨʦʟʛʣʷʥʫʪʠ ʜʝʢʽʣʴʢʘ ʟ ʥʠʭ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜ ɹʘʻʩʦʚʦʛʦ ʚʠʚʝʜʝʥʥʷ ʜʣʷ ʤʦʨʩʴʢʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ: 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘ ʦʩʥʘʱʫʶʪʴʩʷ ʪʘʢʽ ʧʦʪʫʞʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢ ʜʘʪʯʠʢʠ, ʨʘʜʘʨʠ 

ʪʘ ʩʠʩʪʝʤʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʛʨʝʩ, ʩʢʣʘʜʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʚʠʙʫʭʠ ʜʘʥʠʭ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʨʫʜʥʦʱʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʅʘʧʨʠʢʣʘʜ, 

ʙʘʛʘʪʦ ʮʽʣʝʡ ʥʝʚʠʙʽʨʢʦʚʦ ʦʙʩʪʝʞʫʶʪʴʩʷ ʨʘʜʘʨʘʤʠ, ʽ ʯʘʩʪʦ ʟʙʠʨʘʶʪʴʩʷ ʥʝʧʨʘʚʜʠʚʽ ʜʘʥʽ. 

ʇʨʦʙʣʝʤʘ ʨʫʯʥʦʛʦ ʥʘʛʣʷʜʫ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚ ʟʘʚʘʥʪʘʞʝʥʠʭ ʚʦʜʘʭ, ʪʘʢʠʭ ʷʢ ʨʽʯʢʘ ʗʥʮʟʠ, ʜʝ 

ʚ ʛʦʜʠʥʠ ʧʽʢ ʧʨʦʭʦʜʷʪʴ 20 000 ʩʫʜʝʥ. ʗʢ ʥʘʩʣʽʜʦʢ, ʚʨʫʯʥʫ ʧʝʨʝʚʽʨʷʪʠ ʢʦʞʝʥ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʦʙôʻʢʪ ʥʝʜʦʮʽʣʴʥʦ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʽʤʦʚʽʨʥʽʩʥʠʡ ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ [3]. ʋ ʮʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʠʡ 

ʤʝʪʦʜ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʦʢʘʟʦʚʽ ʤʽʨʢʫʚʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʨʝʣʷʮʽʡ ʤʽʞ ʘʪʨʠʙʫʪʘʤʠ 

ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ ʽ ʰʘʙʣʦʥʘʤʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʰʘʙʣʦʥʽʚ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 

ʟʚʠʯʘʡʥʠʤ ʙʘʡʻʩʽʚʩʴʢʠʤ ʚʠʩʥʦʚʢʦʤ ʜʦʢʘʟʦʚʝ ʤʽʨʢʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʪʘ 

ʨʦʟʛʣʷʜʘʪʠ ʢʽʣʴʢʘ ʜʦʢʘʟʽʚ. ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʝʜʫʢʮʽʶ ʥʘ ʦʩʥʦʚʽ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘ ʧʦʻʜʥʫʻ 

ʜʦʢʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʨʽʟʥʠʭ ʮʽʣʝʡ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʨʽʯʢʠ ʗʥʮʟʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʝʪʦʜ ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʤʦʨʩʴʢʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. [1] 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʦʥʪʦʣʦʛʽʾ ʽ ʧʨʝʮʝʜʝʥʪʽʚ: 

ʈʦʙʦʪʘ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ CBR. CBR (Case-Based Reasoning) ð ʮʝ ʩʠʩʪʝʤʘ, 

ʷʢʘ ʚʠʤʽʨʶʻ ʥʘ ʦʩʥʦʚʽ ʚʠʧʘʜʢʽʚ ʽ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʥʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ ʘʙʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʘʥʽʰʝ 

ʚʠʨʽʰʝʥʽ ʧʦʜʽʙʥʽ ʧʨʦʙʣʝʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʪʦʯʥʠʭ. ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ 
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ʢʣʶʯʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʦ-ʧʝʨʰʝ, ʩʪʚʦʨʶʻʪʴʩʷ ʙʘʟʘ ʜʘʥʠʭ ʚʠʧʘʜʢʽʚ, ʷʢʘ ʟʙʝʨʽʛʘʻ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʘʥʽʰʝ ʚʠʨʽʰʝʥʽ ʧʨʦʙʣʝʤʠ. ʂʦʞʝʥ ʚʠʧʘʜʦʢ ʤʽʩʪʠʪʴ ʦʧʠʩ ʧʨʦʙʣʝʤʠ, 

ʨʽʰʝʥʥʷ ʪʘ ʢʦʥʪʝʢʩʪ, ʫ ʷʢʦʤʫ ʮʝ ʨʽʰʝʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ. ʇʦʪʽʤ ʤʝʭʘʥʽʟʤ ʚʠʷʚʣʝʥʥʷ 

ʧʦʜʽʙʥʦʩʪʽ ʰʫʢʘʻ ʚ ʙʘʟʽ ʜʘʥʠʭ ʽʥʮʠʜʝʥʪʽʚ ʩʭʦʞʽ ʚʠʧʘʜʢʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢ 

ʚʽʜʩʪʘʥʴ ʍʝʤʤʽʥʛʘ, ʢʦʩʠʥʫʩ ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʘʣʛʦʨʠʪʤ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʘ 

ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʦʙʫʣʠ ʚʠʜʽʣʝʥʽ ʟ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʘʥʥʘ ʩʠʩʪʝʤʘ ʤʦʛʣʘ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʤʦʨʩʴʢʽ ʦʙ'ʻʢʪʠ [2]. 

ʆʩʥʦʚʥʘ ʨʽʟʥʠʮʷ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʦʙʨʦʙʮʽ 

ʜʘʥʠʭ: ɹʘʻʩʦʚʠʡ ʧʽʜʭʽʜ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʽʤʦʚʽʨʥʽʩʥʦʤʫ ʘʥʘʣʽʟʽ ʪʘ ʤʦʜʝʣʷʭ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʪʦʜʽ ʷʢ CBR ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʥʢʨʝʪʥʠʭ ʨʘʥʽʰʝ 

ʚʠʨʽʰʝʥʠʭ ʚʠʧʘʜʢʽʚ ʜʣʷ ʧʦʰʫʢʫ ʨʽʰʝʥʴ ʘʙʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʫ ʥʦʚʠʭ ʩʠʪʫʘʮʽʷʭ. 

ɺʠʩʥʦʚʢʠ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʪʘ ʾʭ 

ʩʢʣʘʜʥʦʩʪʽ. ɹʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʨʽʟʥʽ ʤʝʪʦʜʠ, ʘ ʩʘʤʝ ɹʘʻʩʦʚʝ ʚʠʚʝʜʝʥʥʷ ʪʘ CBR (Case-Based 

Reasoning), ʦʙʠʜʚʘ ʧʽʜʭʦʜʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫ ʧʦʣʽʧʰʝʥʥʽ ʪʦʯʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʨʩʴʢʠʭ ʦʙ'ʻʢʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʪʘ 

ʜʦʢʘʟʦʚʠʭ ʤʽʨʢʫʚʘʥʴ ʫ ʤʝʪʦʜʽ ɹʘʻʩʦʚʦʛʦ ʚʠʚʝʜʝʥʥʷ, ʘʙʦ ʟʘʣʫʯʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʛʦ ʜʦʩʚʽʜʫ 

ʯʝʨʝʟ ʩʠʩʪʝʤʫ CBR, ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʫ ʩʢʣʘʜʥʠʭ 

ʫʤʦʚʘʭ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ʊɸ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʉʊʆʈʆɺʆɻʆ ʈʆɿʇʆɼɯʃʋ ʈɸɼɯɸʎɯʁʅʀʍ 

ɼɸʅʀʍ ɺɯɼ ʉɽʅʉʆʈɯɺ IOT

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʙʝʟʧʝʢʘ ʪʘ ʢʦʥʪʨʦʣʴ 

ʨʘʜʽʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʦʩʦʙʣʠʚʦ ʚ ʘʪʦʤʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʪʘ 

ʽʥʰʠʭ ʛʘʣʫʟʷʭ, ʜʝ ʽʩʥʫʻ ʧʦʪʝʥʮʽʡʥʘ ʟʘʛʨʦʟʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʰʠʨʝʥʥʷ 

ʩʝʥʩʦʨʽʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʚ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʟʙʽʨ ʪʘ ʘʥʘʣʽʟ ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ ʩʪʘʻ 

ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤ. ʆʜʥʘʢ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʜʘʥʠʤʠ ʪʘ ʾʭ ʘʥʘʣʽʟ ʟʘʣʠʰʘʶʪʴʩʷ 

ʘʢʪʫʘʣʴʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʟʨʫʯʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʟʙʦʨʫ, 

ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ ʫʩʢʣʘʜʥʶʻ ʟʜʽʡʩʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ 

ʨʘʜʽʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʚʝʙ-ʜʦʜʘʪʢʫ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʘʥʘʣʽʟ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʥʝʦʙʭʽʜʥʦʶ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ 

ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʝʥʩʦʨʽʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʜʣʷ 

ʥʝʧʝʨʝʨʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʜʽʘʮʽʡʥʠʭ ʨʽʚʥʽʚ [1]. ʎʷ ʪʝʥʜʝʥʮʽʷ ʟʥʘʡʰʣʘ ʰʠʨʦʢʠʡ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʙʠʨʘʪʠ ʜʘʥʽ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽ ʘʥʘʣʽʟʫʚʘʪʠ ʾʭ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, ʚʢʣʶʯʘʶʯʠ ʙʝʟʧʝʢʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʝʥʩʦʨʠ IoT ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʚʢʣʶʯʘʶʯʠ: 

- ɻʝʦʛʨʘʬʽʯʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʩʝʥʩʦʨʠ: ʮʽ ʩʝʥʩʦʨʠ ʨʦʟʤʽʱʝʥʽ ʚ ʨʽʟʥʠʭ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙʣʘʩʪʷʭ ʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʜʽʘʮʽʡʥʠʭ 

ʨʽʚʥʽʚ ʚ ʢʦʥʢʨʝʪʥʠʭ ʣʦʢʘʮʽʷʭ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʙʫʜʽʚʣʷʭ, ʤʦʩʪʘʭ, 

ʚʫʣʠʮʷʭ, ʘ ʪʘʢʦʞ ʚ ʦʢʨʝʤʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙʣʘʩʪʷʭ ʟ ʚʝʣʠʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʧʦʪʝʥʮʽʡʥʠʭ ʜʞʝʨʝʣ ʨʘʜʽʘʮʽʾ. 

- ʄʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ: ɼʝʷʢʽ ʩʝʥʩʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʤʦʙʽʣʴʥʠʭ 
ʧʨʠʩʪʨʦʷʭ, ʪʘʢʠʭ ̫ ʢ ʩʤʘʨʪʬʦʥʠ ʘʙʦ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ 

ʟ ʨʽʟʥʠʭ ʤʽʩʮʴ ʽ ʚ ʨʽʟʥʠʡ ʯʘʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʤʦʥʽʪʦʨʠʥʛ 

ʨʘʜʽʘʮʽʡʥʠʭ ʨʽʚʥʽʚ ʪʘ ʚʠʷʚʣʷʪʠ ʾʭʥʽ ʟʤʽʥʠ. 

ʇʦʪʫʞʥʽʩʪʴ ʩʝʥʩʦʨʽʚ IoT ʧʦʣʷʛʘʻ ʚ ʾʭʥʽʡ ʟʜʘʪʥʦʩʪʽ ʥʘʜʘʚʘʪʠ ʨʝʘʣʴʥʽ ʜʘʥʽ ʟ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʜʞʝʨʝʣ, ʘ ʪʘʢʦʞ ʫ ʤʦʞʣʠʚʦʩʪʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʟʙʦʨʫ ʽ ʧʝʨʝʜʘʯʽ ʮʠʭ ʜʘʥʠʭ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʎʝ ʚʘʞʣʠʚʦ ʜʣʷ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʜʽʾ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʨʘʜʽʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ, ʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʨʘʜʽʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤ [2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʚʝʙ-ʜʦʜʘʪʢʫ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ IoT. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ 

ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʮʠʭ ʜʘʥʠʭ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʘʜʽʘʮʽʡʥʽ ʨʽʚʥʽ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʘ ʪʘʢʦʞ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  ɼʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʧʨʦ ʨʘʜʽʘʮʽʡʥʽ ʨʽʚʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ ʩʝʥʩʦʨʽʚ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT). ʎʽ ʩʝʥʩʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʷʢ 

ʩʪʘʮʽʦʥʘʨʥʦ ʚ ʧʝʚʥʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʪʦʯʢʘʭ, ʪʘʢ ʽ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ[1]. ɺʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʧʝʨʝʨʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʨʘʜʽʘʮʽʡʥʠʭ ʨʽʚʥʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʟʤʽʥ ʪʘ ʨʠʟʠʢʽʚ ʫ ʨʘʜʽʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʆʜʥ̔̒ ʶ ʟ ʢʣʶʯʦʚʠʭ ʟʘʜʘʯ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʮʠʭ ʜʘʥʠʭ. ɼʣʷ ʮʴʦʛʦ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʘʟʘ ʜʘʥʠʭ PostgreSQL. ʎʷ ʨʝʣʷʮʽʡʥʘ ʙʘʟʘ ʜʘʥʠʭ ʚʽʜʦʤʘ ʩʚʦʻʶ 
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ʥʘʜʽʡʥʽʩʪʶ ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ 

ʜʘʥʠʭ ʪʘ ʧʨʦʚʦʜʠʪʠ ʾʭ ʘʥʘʣʽʟ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʝʦʛʨʘʬʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʉʪʨʫʢʪʫʨʘ ʙʘʟʠ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʘ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʾ ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ. ʎʝ ʚʢʣʶʯʘʻ ʩʪʚʦʨʝʥʥʷ ʪʘʙʣʠʮʴ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʟʥʘʯʝʥʴ 

ʨʘʜʽʘʮʽʡʥʠʭ ʨʽʚʥʽʚ, ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʤʽʩʮʴ ʚʠʤʽʨʶʚʘʥʴ, ʜʘʪʠ ʪʘ ʯʘʩʫ ʚʠʤʽʨʶʚʘʥʴ ʪʘ 

ʽʥʰʦʾ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʢʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʜʘʥʠʭ ʚ ʙʘʟʽ ʜʘʥʠʭ. PostgreSQL ʥʘʜʘʻ ʨʽʟʥʽ 

ʤʝʭʘʥʽʟʤʠ ʙʝʟʧʝʢʠ, ʪʘʢʽ ʷʢ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ, ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʟʘʭʠʩʪʠʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʪʘ ʮʽʣʽʩʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʨʘʜʽʘʮʽʡʥʽ ʨʽʚʥʽ [3]. 

ɿʘʛʘʣʴʥʘ ʤʝʪʘ ʟʙʦʨʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʥʘʜʽʡʥʦʾ ʪʘ 

ʝʬʝʢʪʠʚʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʘʥʘʣʽʟʫ ʮʠʭ ʜʘʥʠʭ ʪʘ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʫ 

ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʪʘ ʢʦʥʪʨʦʣʶ ʟʘ ʨʘʜʽʘʮʽʻʶ. 

ʈʦʟʨʦʙʢʘ ʚʝʙ-ʜʦʜʘʪʢʫ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ React[4]. ʎʷ ʙʽʙʣʽʦʪʝʢʘ 

ʜʦʟʚʦʣʷʻ ʟʨʫʯʥʦ ʧʦʙʫʜʫʚʘʪʠ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʟʘʻʤʦʜʽʶ ʟ ʙʘʟʦʶ 

ʜʘʥʠʭ. 

React ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʨʘʬʽʢʽʚ, ʢʘʨʪ, ʬʽʣʴʪʨʽʚ ʪʘ 

ʽʥʰʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟ 

ʙʘʟʦʶ ʜʘʥʠʭ ʯʝʨʝʟ API, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʘ ʦʥʦʚʣʶʚʘʪʠ ʜʘʥʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʥʘʚʽʛʘʮʽʾ ʤʽʞ ʨʽʟʥʠʤʠ ʩʪʦʨʽʥʢʘʤʠ ʜʦʜʘʪʢʫ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

React Router. ʎʷ ʙʽʙʣʽʦʪʝʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʘʨʰʨʫʪʠ ʪʘ ʚʽʜʦʙʨʘʞʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʢʦʨʠʩʪʫʚʘʯʘ ʤʽʞ ʥʠʤʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ React ʤʦʞʥʘ ʣʝʛʢʦ ʚʽʜʦʙʨʘʞʘʪʠ ʜʘʥʽ ʟ ʙʘʟʠ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʠʭ 

ʚʽʟʫʘʣʽʟʘʮʽʡ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʚʟʘʻʤʦʜʽʡʥʽ ʝʣʝʤʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ, ʪʘʢʽ ʷʢ ʢʥʦʧʢʠ ʪʘ ʧʦʣʷ 

ʚʚʝʜʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʨʫʯʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʜʘʥʠʤʠ ʪʘ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ 

ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ. 

ʂʣʶʯʦʚʘ ʬʫʥʢʮʽʷ ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʫ ʚʝʙ-ʜʦʜʘʪʢʫ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʧʦʩʪʝʨʽʛʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʘʜʽʘʮʽʡʥʽ ʜʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʛʨʘʬʽʢʽʚ ʪʘ ʢʘʨʪ: 

- ɯʥʪʝʨʘʢʪʠʚʥʽ ʛʨʘʬʽʢʠ: ʛʨʘʬʽʢʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʽʟʥʠʭ 
ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʨʽʚʥʽ ʨʘʜʽʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʘʙʦ 

ʛʝʦʛʨʘʬʽʯʥʦʾ ʣʦʢʘʮʽʾ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʣʽʥʽʡʥʽ ʛʨʘʬʽʢʠ, ʩʪʦʚʧʯʘʩʪʽ ʜʽʘʛʨʘʤʠ, 

ʢʨʫʛʦʚʽ ʜʽʘʛʨʘʤʠ ʪʘ ʽʥʰʽ ʪʠʧʠ ʛʨʘʬʽʢʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʣʝʛʢʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʜʠʥʘʤʽʢʦʶ ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ. 

- ɯʥʪʝʨʘʢʪʠʚʥʽ ʢʘʨʪʠ: ʢʘʨʪʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ. ʂʦʨʠʩʪʫʚʘʯʽ ʟʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟ 

ʢʘʨʪʘʤʠ, ʟʙʽʣʴʰʫʚʘʪʠ ʪʘ ʟʤʝʥʰʫʚʘʪʠ ʤʘʩʰʪʘʙ, ʧʝʨʝʤʽʱʘʪʠʩʷ ʧʦ ʢʘʨʪʽ ʪʘ ʧʝʨʝʛʣʷʜʘʪʠ 

ʨʽʟʥʽ ʰʘʨʠ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʚʽʜʦʙʨʘʞʘʪʠ ʨʽʚʥʽ ʨʘʜʽʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʣʴʦʨʦʚʦʾ ʰʢʘʣʠ ʥʘ ʢʘʨʪʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʰʚʠʜʢʦ ʚʠʷʚʣʷʪʠ ʦʙʣʘʩʪʽ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʨʽʚʥʷʤʠ ʨʘʜʽʘʮʽʾ. 

- ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʟʘ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʯʘʩʫ ʘʙʦ ʣʦʢʘʮʽʾ: ʬʫʥʢʮʽʦʥʘʣ ʜʦʟʚʦʣʠʪʴ 
ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʦʨʽʚʥʶʚʘʪʠ ʜʘʥʽ ʟʘ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʯʘʩʫ ʘʙʦ ʚ ʨʽʟʥʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ 

ʣʦʢʘʮʽʷʭ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʪʘ ʟʤʽʥ ʫ ʨʦʟʧʦʜʽʣʽ 

ʨʘʜʽʘʮʽʾ ʟ ʯʘʩʦʤ ʘʙʦ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ. 

- ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ: ʬʫʥʢʮʽʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʪʨʠʤʫʚʘʪʠ ʧʨʦʛʥʦʟʠ ʱʦʜʦ ʤʘʡʙʫʪʥʽʭ 

ʨʘʜʽʘʮʽʡʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʠʭ ʜʘʥʠʭ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʪʝʥʜʝʥʮʽʡ ʫ ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ. 

 ɺʠʛʣʷʜ ʜʽʘʛʨʘʤʠ Use Case: 
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ʈʠʩʫʥʦʢ 1 ï ʜʽʘʛʨʘʤʘ Use Case 

 

ɺʠʛʣʷʜ ʜʽʘʛʨʘʤʠ ʢʣʘʩʽʚ: 

 

 
ʈʠʩʫʥʦʢ 2 ï ʜʽʘʛʨʘʤʘ ʢʣʘʩʽʚ 

ʊʘʙʣʠʮʷ 1 ï ʃʽʤʽʪʠ ʜʦʟʠ ʩʫʤʘʨʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʤɿʚ/ʨʽʢ) 

ʃʽʤʽʪ ʜʦʟʠ 

 

ʂʘʪʝʛʦʨʽʷ ʦʧʨʦʤʽʥʶʚʘʥʠʭ ʦʩʽʙ 

ɸ** ɹ** ɺ** 

ʈʽʯʥʘ ʝʬʝʢʪʠʚʥʘ ʜʦʟʘ 20**  2 1 

ʈʽʯʥʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʜʦʟʘ ʚ:    

- ʂʨʠʰʪʘʣʠʢʫ ʦʢʘ 150 15 15 

- ʰʢʽʨʽ 500 50 50 

- ʂʠʩʪʷʭ ʪʘ ʩʪʦʧʘʭ 500 50  

  

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʢʘ ʚʝʙ-ʜʦʜʘʪʢʫ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʘʮʽʡʥʠʭ ʜʘʥʠʭ ʚʽʜ ʩʝʥʩʦʨʽʚ IoT ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʧʦʣʽ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ 

ʪʘ ʢʦʥʪʨʦʣʶ ʟʘ ʨʘʜʽʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʎʝʡ ʧʨʦʝʢʪ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʨʘʜʽʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ ʪʘ ʜʦʧʦʤʦʛʪʠ ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʢʦʥʪʨʦʣʶ ʟʘ ʨʘʜʽʘʮʽʻʶ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. . ʍʦʣʣʘʥʜʝʨ, ʉ. The IoT Hacker's Handbook: A Practical Guide to Hacking the Internet 

of Things. No Starch Press, 2019. 296 p. 

 2. ʄʽʥʽʩʪʝʨʩʪʚʦ  ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʋʢʨʘʾʥʠ. ʅʦʨʤʠ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ. 

ʂʠʾʚ, 1997.127 ʩ. 

 3. ʉʢʦʪʪ ʉ. PostgreSQL Development Essentials. Packt Publishing, 2016. 228 p. 

 4. ɹʨʘʫʥ, ɼ. React Native for Mobile Development. O'Reilly Media, 2017. 342 p 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʉʋʏɸʉʅɯ ʇɯɼʍʆɼʀ ɼʃʗ CODELESS ʉʊɺʆʈɽʅʅʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʍ 

ʊɽʂʉʊɯɺ ɼʃʗ ɺɯʂʆʅʅʀʍ ɿɸʉʊʆʉʋʅʂɯɺ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʟʘʡʤʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ, ʘʜʞʝ ʩʘʤʝ ʥʘ ʝʪʘʧʽ ʪʝʩʪʫʚʘʥʥʷ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʟʘʩʪʦʩʫʥʢʫ. ɿ ʨʦʟʚʠʪʢʦʤ ʟʘʩʪʦʩʫʥʢʽʚ, ʟʦʢʨʝʤʘ 

ʚʽʢʦʥʥʠʭ, ʤʘʥʫʘʣʴʥʝ (ʨʫʯʥʝ) ʪʝʩʪʫʚʘʥʥʷ ʙʝʟ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʩʪʽʚ ʥʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʦʚʥʦʮʽʥʥʝ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʚʠʤʦʛ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [1]. ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ ʟ Codeless ʘʙʦ Low-code 

ʧʽʜʭʦʜʦʤ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʢʦʤʘʥʜʽ ʪʝʩʪʫʚʘʥʥʷ ʩʪʚʦʨʠʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʪʝʩʪʠ ʙʝʟ ʥʘʚʠʯʦʢ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʽʩʪʦʪʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ [2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʛʣʷʜ ʧʦʧʫʣʷʨʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʜʣʷ ʨʦʟʨʦʙʢʠ No-code ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʩʪʽʚ ʜʣʷ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʽʚ, ʪʘ ʾʭ ʥʝʜʦʣʽʢʽʚ 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʥʘʧʠʩʘʥʥʷ 

Codeless ʪʝʩʪʽʚ ʥʘʨʘʟʽ ʻ ʧʽʜʭʽʜ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ Record and playback. 

ʋ ʪʝʩʪʫʚʘʥʥʽ, ʧʽʜʭʽʜ record and playback (ʪʝʩʪʫʚʘʥʥʷ ʟ ʟʘʧʠʩʦʤ ʪʘ ʧʦʚʪʦʨʝʥʥʷʤ), 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʟʘʧʠʩʫ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ 

ʧʦʚʪʦʨʝʥʥʷ ʮʠʭ ʜʽʡ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʨʫʪʠʥʥʽ ʪʝʩʪʠ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʠʤʘʛʘʶʯʠ 

ʥʘʚʠʯʦʢ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʽʜ ʪʝʩʪʫʚʘʣʴʥʠʢʽʚ [3]. ɼʣ̫ ʪʝʩʪʫʚʘʣʴʥʠʢʽʚ, record and playback 

ʦʟʥʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʟʘʧʠʩʽʚ ʪʝʩʪʽʚ ʟ ʦʯʽʢʫʚʘʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʙʝʟ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ ʚ ʧʨʦʮʝʩʽ. 

ʇʦʧʨʠ ʮʝ, ʚʠʢʣʠʢʦʤ ʻ ʧʦʩʪʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʟʘʧʠʩʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɹʽʣʴʰʽʩʪʴ ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʩʪʽʚ ʜʣʷ 

ʚʽʢʦʥʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʠʩʫ ʪʘ ʧʦʚʪʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʟʘʻʤʦʜʽʶ ʟ 

WinAppDriver, ʪʘ ʡʦʛʦ ʽʥʩʧʝʢʪʦʨʦʤ ʝʣʝʤʝʥʪʽʚ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʣʦʢʘʪʦʨʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ, ʽʥʩʪʨʫʤʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʦʢʘʪʦʨʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʝʣʝʤʝʥʪʦʤ. ɿʘʛʘʣʴʥʘ 

ʩʭʝʤʘ ʨʦʙʦʪʠ WinAppDriver ʟ Appium ʩʝʨʚʝʨʦʤ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʧʫʩʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʩʪʽʚ ʟ WinAppDriver ʪʘ Appium 

 

ʃʦʢʘʪʦʨʠ ʟʤʽʥʶʶʪʴʩʷ ʜʠʥʘʤʽʯʥʦ, ʷʢ ʟ ʦʥʦʚʣʝʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ, ʪʘʢ ʽ ʟ ʧʝʚʥʠʤʠ 

ʜʽʷʤʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʱʦ ʮʝ ʧʝʨʝʜʙʘʯʝʥʦ ʣʦʛʽʢʦʶ ʟʘʩʪʦʩʫʥʢʫ. ʎʝ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʩʪʽʚ, ʘʜʞʝ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʯʘʩʪʠʥʘ ʪʝʩʪʽʚ ʥʝ ʧʨʘʮʶʚʘʪʠʤʝ 

ʯʝʨʝʟ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʣʦʢʘʪʦʨʽʚ. 

ʏʝʨʝʟ ʮʝ ʚ ʩʫʯʘʩʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʩʪʽʚ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 
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ʬʫʥʢʮʽʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ çʣʽʢʫʚʘʥʥʷè (Self-healing) ʪʝʩʪʽʚ. ʎʝʡ ʧʽʜʭʽʜ ʦʟʥʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʣʦʢʘʪʦʨʽʚ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʪʘ ʟʘʤʽʥʫ 

ʟʘʩʪʘʨʽʣʠʭ ʣʦʢʘʪʦʨʽʚ ʥʘ ʥʦʚʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʣʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʱʦ ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣ 

ʜʣʷ ʪʝʩʪʽʚ, ʱʦ ʣʽʢʫʶʪʴʩʷ ʩʘʤʦʩʪʽʡʥʦ, ʘʙʦ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʽʥʪʝʛʨʘʮʽʡ ʟ ʬʨʝʡʤʚʦʨʢʘʤʠ ʜʣʷ ʥʘʧʠʩʘʥʥʷ 

ʪʘʢʠʭ ʪʝʩʪʽʚ  ʥʘ ʨʠʥʢʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʩʪʽʚ ʟʨʦʩʪʘʻ [4]. 

ʇʽʜʭʽʜ ʟʘʧʠʩʫ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʪʝʩʪʽʚ ʻ ʧʦʧʫʣʷʨʥʠʤ, ʯʝʨʝʟ ʡʦʛʦ ʧʨʦʩʪʦʪʫ, ʷʢ ʽʤʧʣʝʤʝʥʪʘʮʽʾ 

ʪʘʢ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘʣʝ ʙʨʘʢ ʛʥʫʯʢʦʩʪʽ ʻ ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʯʠʩʪʦʛʦ record and playback, ʪʘʢ ʷʢ 

ʯʝʨʝʟ ʮʝ, ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʟʘʧʠʩʽʚ ʜʣʷ ʦʢʨʝʤʠʭ ʪʝʩʪʽʚ, ʟʘʤʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʞʝ ʽʩʥʫʶʯʠʭ ʟʘʧʠʩʽʚ. ɺ ʙʘʛʘʪʴʦʭ ʧʦʧʫʣʷʨʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ ʮʷ ʧʨʦʙʣʝʤʘ 

ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʩʪʨʫʢʪʦʨʘ ʪʝʩʪʽʚ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʢʦʥʩʪʨʫʢʪʦʨʠ, ʪʝʩʪʫʚʘʣʴʥʠʢʠ 

ʤʦʞʫʪʴ ʟʘʧʠʩʫʚʘʪʠ ʥʝ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʽʚ, ʘ ʦʢʨʝʤʽ ʬʨʘʛʤʝʥʪʠ (ʚʭʽʜ ʜʦ ʟʘʩʪʦʩʫʥʢʫ, ʧʝʨʝʭʽʜ ʥʘ 

ʧʦʪʨʽʙʥʫ ʬʦʨʤʫ), ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʽ ʬʨʘʛʤʝʥʪʠ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʪʝʩʪʦʚʦʛʦ ʦʪʦʯʝʥʥʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʟʘʧʠʩʽʚ, ʱʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ ʟ ʙʦʢʫ 

ʢʦʤʘʥʜʠ ʪʝʩʪʫʚʘʣʴʥʠʢʽʚ. ʅʘ ʨʠʩʫʥʢʫ 2  ʟʦʙʨʘʞʝʥʦ ʚʠʛʣʷʜ ʪʘʢʦʛʦ ʩʮʝʥʘʨʽʶ, ʩʪʚʦʨʝʥʦʛʦ ʚ 

ʩʝʨʝʜʦʚʠʱʽ Ranorex Studio, ʜʝ ʟʘʧʠʩʠ ʟ ʧʘʧʢʠ Recordings ʤʦʞʥʘ ʧʝʨʝʥʝʩʪʠ ʢʫʨʩʦʨʦʤ, ʱʦʙ ʜʦʜʘʪʠ 

ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʟʘʧʠʩʫ ʜʦ ʪʝʩʪʫ. 

 
ʈʠʩʫʥʦʢ 2 ï ʊʝʩʪʦʚʠʡ ʩʮʝʥʘʨʽʡ, ʩʪʚʦʨʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ record and playback ʟ 

ʧʦʚʪʦʨʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʠʩʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ Ranorex Studio 

 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ record and playback ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ 

ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʙʦʨʦʤ ʧʨʘʚʠʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʣʽʢʫʚʘʥʥʷ 

ʪʝʩʪʽʚ ʪʘ ʧʨʘʚʠʣʴʥʦʾ ʧʦʙʫʜʦʚʠ ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʾʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʚʠʤʘʛʘʪʠʤʝ ʚʽʜ ʪʝʩʪʫʚʘʣʴʥʠʢʽʚ ʤʝʥʰʝ ʯʘʩʫ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʝ ʥʘʧʠʩʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʪʝʩʪʽʚ ʜʣʷ ʚʽʢʦʥʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʉʀʉʊɽʄɸ ʄʆʅɯʊʆʈʀʅɻʋ ʈɸɼɯʆʏɸʉʊʆʊʅʀʍ ʉʀɻʅɸʃɯɺ IOT ɿ 

ʋʈɸʍʋɺɸʅʅʗʄ ɻɽʆʃʆʂɸʎɯɰ ʆɹ'ɭʂʊɯɺ ɺ ʈɽɸʃʔʅʆʄʋ ʏɸʉɯ ɼʃʗ 

ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʉɽʂʊʆʈʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ. IoT-ʧʨʠʩʪʨʦʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʦʥʪʨʦʣʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ, ʨʽʚʝʥʴ ʨʽʜʠʥʠ, ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ[1]. ʎʽ ʜʘʥʽ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ. ʆʜʥʘ ʟ 

ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ, ʟ ʷʢʦʶ ʩʪʠʢʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʽ IoT-ʩʠʩʪʝʤ, - ʮʝ ʤʦʥʽʪʦʨʠʥʛ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ. ʎʽ ʩʠʛʥʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʣʘʙʢʠʤʠ ʪʘ ʥʝʩʪʘʙʽʣʴʥʠʤʠ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʜʘʥʠʭ ʘʙʦ ʧʝʨʝʙʦʾʚ ʫ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ IoT ʟʘʟʚʠʯʘʡ ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʫʯʥʦʤʫ ʟʙʦʨʽ ʜʘʥʠʭ [2]. ʎʝʡ ʤʝʪʦʜ ʻ 

ʪʨʫʜʦʤʽʩʪʢʠʤ, ʩʭʠʣʴʥʠʤ ʜʦ ʧʦʤʠʣʦʢ ʽ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʚ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ IoT ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʣʦʢʘʮʽʾ 

ʦʙ'ʻʢʪʽʚ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʦʙʫʤʦʚʣʝʥʘ ʥʘʩʪʫʧʥʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

- ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ɯʦʊ-ʧʨʠʩʪʨʦʾʚ ʚ ʝʥʝʨʛʝʪʠʮʽ ï çʨʦʟʫʤʥʽè ʣʽʯʠʣʴʥʠʢʠ, ʜʘʪʯʠʢʠ 

ʪʘ ʽʥʰʽ ʧʨʠʩʪʨʦʾ ɯʦʊ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʠʩʪʝʤ. ɿʘ ʧʨʦʛʥʦʟʘʤʠ, ʜʦ 2025 ʨʦʢʫ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʧʦʥʘʜ 35 ʤʽʣʴʷʨʜʽʚ ɯʦʊ-ʧʨʠʩʪʨʦʾʚ [3]. 

- ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʚôʷʟʢʫ ï ʧʝʨʝʙʦʾ ʚ ʟʚôʷʟʢʫ ɯʦʊ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ ʪʘ ʨʠʟʠʢʽʚ ʜʣʷ ʙʝʟʧʝʢʠ. ɺʘʞʣʠʚʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʙʠʪʠ ʤʦʥʽʪʦʨʠʥʛ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʪʘ ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

- ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ï ɯʦʊ-ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ ʦʙʤʝʞʝʥʠʡ ʨʝʩʫʨʩ ʙʘʪʘʨʝʾ. ʄʦʥʽʪʦʨʠʥʛ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʦʧʪʠʤʽʟʫʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʨʦʜʦʚʞʠʪʠ 

ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʙʘʪʘʨʝʾ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ɯʆʊ 

ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚʠʨʽʰʠʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʙʣʝʤ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ: 

- ʆʧʪʠʤʽʟʘʮʽʷ ʨʦʟʤʽʱʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ï ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʥʦʚʠʭ ʧʨʠʩʪʨʦʾʚ IoT ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʪʘ ʢʨʘʱʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

- ɺʠʷʚʣʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʧʝʨʝʰʢʦʜ ï ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʫ 

ʚʠʷʚʣʝʥʥʽ ʜʞʝʨʝʣ ʧʝʨʝʰʢʦʜ, ʪʘʢʠʭ ʷʢ ʪʦʚʩʪʽ ʩʪʽʥʠ ʘʙʦ ʤʝʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʦʞʝ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʩʠʛʥʘʣ IoT [4]. 

- ʇʣʘʥʫʚʘʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ ï ʮʷ ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʨʝʙ ʫ ʧʦʢʨʠʪʪʽ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ IoT. 

- ʆʧʪʠʤʽʟʘʮʽʷ ʤʘʨʰʨʫʪʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: ï ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʫ ʧʣʘʥʫʚʘʥʥʽ 

ʤʘʨʰʨʫʪʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʦʙʣʷʯʠ ʾʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ 

ʪʘ ʝʢʦʥʦʤʥʠʤʠ [5]. 

- ɺʽʜʩʪʝʞʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʧʝʨʝʤʽʱʝʥʥʷ ʘʢʪʠʚʽʚ ï ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʙʽʣʴʥʠʭ 

ʘʢʪʠʚʽʚ, ʪʘʢʠʭ ʷʢ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʘʙʦ ʢʦʥʪʝʡʥʝʨʠ, ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 
ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʦʙʽʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ IoT, ʷʢʠʡ ʙʫʜʝ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ Google 
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HeatMap ʪʘ ʜʦʟʚʦʣʷʪʠ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʥʘ ʢʘʨʪʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʎʝʡ ʤʦʙʽʣʴʥʠʡ 

ʟʘʩʪʦʩʫʥʦʢ ʙʫʜʝ ʢʦʨʠʩʥʠʤ ʜʣʷ: 

- ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ IoT-ʩʠʩʪʝʤ ï ʟʘʩʪʦʩʫʥʦʢ ʙʫʜʝ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʙʠʨʘʪʠ ʜʘʥʽ ʧʨʦ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʚʽʜ IoT-ʧʨʠʩʪʨʦʾʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʾʭ ʩʪʘʥ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

- ɺʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ ʟ IoT-ʩʠʩʪʝʤʘʤʠ ï ʟʘʩʪʦʩʫʥʦʢ ʙʫʜʝ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ 

ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʥʘ ʢʘʨʪʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʣʝʛʢʦ ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʥʽ ʟʦʥʠ. 

- ʇʨʠʡʥʷʪʪʷ ʢʨʘʱʠʭ ʨʽʰʝʥʴ ï ʟʘʩʪʦʩʫʥʦʢ ʥʘʜʜʘʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʜʘʥʽ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʢʨʘʱʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʨʦʟʤʽʱʝʥʥʷ IoT-ʧʨʠʩʪʨʦʾʚ, ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʨʦʙʦʪʠ ʪʘ 

ʫʩʫʥʝʥʥʷ ʧʨʦʙʣʝʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚʽʜ IoT-ʧʨʠʩʪʨʦʾʚ: 

ʟʘ ʜʦʧʦʤʦʛʦʶ Wi-Fi ʩʢʘʥʝʨʘ ʪʘ Bluetooth. Wi-Fi ʩʢʘʥʝʨ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ Wi-Fi IoT-ʧʨʠʩʪʨʦʾʚ [6]. ɺʽʥ ʤʦʞʝ ʟʙʠʨʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ SSID (ʥʘʟʚʫ ʤʝʨʝʞʽ), 

MAC-ʘʜʨʝʩʫ, ʢʘʥʘʣ, ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ.  Bluetooth ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʚ'ʷʟʢʫ ʟ 

IoT-ʧʨʠʩʪʨʦʷʤʠ ʥʘ ʢʦʨʦʪʢʽʡ ʚʽʜʩʪʘʥʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ Bluetooth ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʧʨʦ RSSI 

(ʨʽʚʝʥʴ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ), UUID (ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʫʥʽʢʘʣʴʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ) ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ Wi-Fi ʪʘ Bluetooth. 

Wi-Fi: 

- ɹʽʣʴʰʠʡ ʨʘʜʽʫʩ ʜʽʾ (ʜʦ 100 ʤʝʪʨʽʚ) 

- ɹʽʣʴʰ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

- ɹʽʣʴʰ ʚʠʩʦʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

- ɺʨʘʟʣʠʚʽʩʪʴ ʜʦ ʧʝʨʝʰʢʦʜ 

- Bluetooth: 

- ʄʝʥʰʠʡ ʨʘʜʽʫʩ ʜʽʾ (ʜʦ 10 ʤʝʪʨʽʚ) 

- ʄʝʥʰ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

- ʄʝʥʰ ʚʠʩʦʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

- ɹʽʣʴʰ ʩʪʽʡʢʠʡ ʜʦ ʧʝʨʝʰʢʦʜ 

ʉʝʨʝʜ ʘʥʘʣʦʛʽʚ ʥʘ ʨʠʥʢʫ ʻ ʧʦʧʫʣʷʨʥʠʡ ʟʘʩʪʦʩʫʥʦʢ nRF Connect. ʎʝ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ Bluetooth LE-ʧʨʠʩʪʨʦʾʚ. ɺʽʥ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʩʢʘʥʫʚʘʥʥʷ Bluetooth LE-ʧʨʠʩʪʨʦʾʚ, ʯʠʪʘʥʥʷ ʪʘ ʟʘʧʠʩʫ ʜʘʥʠʭ, ʦʥʦʚʣʝʥʥʷ ʧʨʦʰʠʚʢʠ ʪʘ ʽʥʰʠʭ 

ʟʘʚʜʘʥʴ. ɸ ʪʘʢʦʞ WiFi Analyzer. ʎʝ ʜʦʜʘʪʦʢ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ Wi-Fi ʤʝʨʝʞ, ʷʢʠʡ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ 

ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ, ʢʘʥʘʣ, ʪʠʧ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʽʥʰʽ ʜʘʥʽ. ɸʣʝ ʚʩʽ ʚʦʥʠ ʥʝ ʤʽʩʪʷʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʽʚ ʫ 

ʚʠʛʣʷʜʽ HeatMap. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʥʘʤ ʜʦʧʦʤʦʞʫʪʴ ʪʘʢʽ ʙʽʙʣʽʦʪʝʢʠ, ʷʢ 

WifiManager API ʪʘ BluetoothLeScanner API. WifiManager ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ Wi-Fi 

ʟôʻʜʥʘʥʥʷʤ ʥʘ Android-ʧʨʠʩʪʨʦʷʭ. ɺʦʥʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ ʜʦʩʪʫʧʥʠʭ Wi-Fi 

ʤʝʨʝʞ, ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʥʠʭ. BluetoothLeScanner 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ Bluetooth LE-ʧʨʠʩʪʨʦʾʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʾʾ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ Bluetooth-ʧʨʠʩʪʨʦʾ, ʪʘʢʘ ʷʢ MAC-ʘʜʨʝʩʘ, RSSI ʪʘ UUID. ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʽʚ 

ʤʠ ʚʠʢʦʨʠʩʪʘʻʤʦ Google Maps Platform ʪʘ ʤʦʜʫʣʴ Google HeatMap. Google Maps Platform - ʮʝ 

ʧʣʘʪʬʦʨʤʘ, ʱʦ ʥʘʜʘʻ ʥʘʙʽʨ API ʪʘ SDK ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ ʟ ʛʝʦʧʨʦʩʪʦʨʦʚʠʤʠ ʜʘʥʠʤʠ. ɺʦʥʘ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ API ʢʘʨʪ, API ʤʘʨʰʨʫʪʽʚ, API ʤʽʩʮʴ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʚʝʙ-ʩʘʡʪʠ, ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʪʘ ʽʥʰʽ ʨʽʰʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʘʨʪʠ Google. 

ʄʦʜʫʣʴ Google HeatMap - ʮʝ ʦʜʠʥ ʟ ʢʦʤʧʦʥʝʥʪʽʚ Google Maps Platform, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʧʨʦ ʱʽʣʴʥʽʩʪʴ ʥʘ ʢʘʨʪʽ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʪʝʧʣʦʚʽ ʢʘʨʪʠ, ʜʝ ʢʦʣʽʨ ʪʘ 

ʥʘʩʠʯʝʥʽʩʪʴ ʚʽʟʫʘʣʽʟʫʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʘʥʠʭ ʫ ʧʝʚʥʠʭ ʪʦʯʢʘʭ.  

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʨʦʟʨʦʙʣʝʥʠʡ ʤʦʙʽʣʴʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʙʫʜʝ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ IoT-ʩʠʩʪʝʤ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ. ɺʽʥ ʜʦʟʚʦʣʠʪʴ ʾʤ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ IoT-ʩʠʩʪʝʤ, ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʠ ʟ IoT-ʩʠʩʪʝʤʘʤʠ ʪʘ 

ʧʨʠʡʤʘʪʠ ʢʨʘʱʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʾʭ ʨʦʟʤʽʱʝʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʪʘ ʫʩʫʥʝʥʥʷ ʧʨʦʙʣʝʤ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. The Best IoT Device Monitoring Tools. URL: https://www.comparitech.com/net-
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admin/iot-device-monitoring/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 14.03.2024).  

 2. Smith, J., Jones, M., & Brown, D. Internet of Things: A practical guide for developers 

and engineers. 2018. 

 3. IoT in Energy. URL: https://www.mindk.com/blog/iot-in-energy/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 

14.03.2024). 

 4. IoT monitoring system with geolocation. URL: https://www.delve.com/insights/iot-

geolocation-how-to-choose-the-best-technology-for-your-device (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 14.03.2024). 

 5. IoT Smart Systems using Machine Learning and Artificial Intelligence. URL: 

https://www.iiis.org/CDs2022/CD2022Spring/papers/HB924YY.pdf (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 

14.03.2024). 

 6. ɹʦʡʢʦ ɺ. ɯ., ʄʘʟʫʨ ʄ. ɯ., ʉʢʨʠʧʥʠʢ ɺ. ʇ. ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ: ʪʝʦʨʽʷ ʪʘ ʧʨʘʢʪʠʢʘ. ʍʘʨʢʽʚ: 

ʍʅʋʈɽ. 2022. 312 ʩ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʅʊʆʃʆɻɯʗ ʇʈʆʎɽɼʋʈ ɺɽʈʀʌɯʂɸʎɯɰ ʂʆʄʇʆʅɽʅʊɯɺ ʇɿ ʄʆɼɽʃʖʖʏʆɻʆ 

ʂʆʄʇʃɽʂʉʋ ɻɯɼʈʆɸʂʋʉʊʀʂʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʤʦʨʩʴʢʦʛʦ ʪʘ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʝʬʝʢʪʠʚʥʘ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʩʪʘʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ [1]. ʆʜʥʘʢ, ʨʦʟʨʦʙʢʘ ʇɿ 

ʜʣʷ ʛʽʜʨʦʘʢʫʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʡʦʛʦ ʚʝʨʠʬʽʢʘʮʽʾ. 

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʚʝʨʠʬʽʢʘʮʽʾ ʟʘʟʚʠʯʘʡ ʦʙʤʝʞʝʥʽ ʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʦʮʽʥʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʽʭ 

ʘʩʧʝʢʪʽʚ ʨʦʙʦʪʠ ʇɿ [2]. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʨʦʟʨʦʙʮʽ ʦʥʪʦʣʦʛʽʾ ʧʨʦʮʝʜʫʨ ʚʝʨʠʬʽʢʘʮʽʡ 

ʢʦʤʧʦʥʝʥʪʽʚ ʇɿ ʜʣʷ ʤʦʜʝʣʶʶʯʦʛʦ ʢʦʤʧʣʝʢʩʫ ʛʽʜʨʦʘʢʫʩʪʠʢʠ. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʛʘʣʫʟʽ ʚʝʨʠʬʽʢʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʝʨʠʬʽʢʘʮʽʾ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʦʪʫ ʪʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʘʥʘʣʽʟʫ ʇɿ. ʆʜʥʘʢ, ʫ ʢʦʥʪʝʢʩʪʽ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʽʩʥʫʶʪʴ ʫʥʽʢʘʣʴʥʽ ʚʠʢʣʠʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʦʙʨʦʙʢʦʶ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʚʝʨʠʬʽʢʘʮʽʾ.  ʋ ʜʦʩʣʽʜʞʝʥʥʽ 

"ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʡ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʦʥʝʥʪʽʚ" ʦʧʠʩʫʻʪʴʩʷ ʤʝʪʦʜ ʚʝʨʠʬʽʢʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʥʪʦʣʦʛʽʾ [3]. ʆʥʪʦʣʦʛʽʷ ʦʧʠʩʫʻ ʢʦʤʧʦʥʝʥʪʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʾʭ ʽʥʪʝʨʬʝʡʩʠ ʪʘ ʾʭ ʧʦʚʝʜʽʥʢʫ. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʛʝʥʝʨʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʚʠʧʘʜʢʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʦʥʪʦʣʦʛʽʾ ʧʨʦʮʝʜʫʨ 

ʚʝʨʠʬʽʢʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʇɿ ʜʣʷ ʤʦʜʝʣʶʶʯʦʛʦ ʢʦʤʧʣʝʢʩʫ ʛʽʜʨʦʘʢʫʩʪʠʢʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʪʘ ʩʪʘʥʜʘʨʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚʝʨʠʬʽʢʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʧʦʚʥʦʪʠ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʧʠʩ ʛʽʜʨʦʘʢʫʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʶʯʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʄʦʜʝʣʶʶʯʠʡ 

ʢʦʤʧʣʝʢʩ ʛʽʜʨʦʘʢʫʩʪʠʢʠ - ʮʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʩʠʤʫʣʷʮʽʾ 

ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʷʚʠʱ ʪʘ ʘʥʘʣʽʟʫ ʾʭ ʚʧʣʠʚʫ ʥʘ ʤʦʨʩʴʢʠʡ ʪʘ ʚʦʜʥʠʡ ʪʨʘʥʩʧʦʨʪ. ɺʽʥ ʚʢʣʶʯʘʻ 

ʚ ʩʝʙʝ ʨʷʜ ʤʦʜʫʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʘʢʫʩʪʠʯʥʽ ʧʨʦʮʝʩʠ, ʦʙʨʦʙʣʷʪʠ ʩʠʛʥʘʣʠ, 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʜʘʥʠʭ. 

ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʧʣʝʢʩʫ ʚʢʣʶʯʘʶʪʴ: 

ʄʦʜʫʣʴ ʩʠʤʫʣʷʮʽʾ ʘʢʫʩʪʠʯʥʠʭ ʷʚʠʱ: ʎʝʡ ʤʦʜʫʣʴ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʨʽʟʥʽ ʘʩʧʝʢʪʠ 

ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʯʠ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʫ ʚ ʚʦʜʽ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʰʫʤʫ ʪʘ 

ʚʟʘʻʤʦʜʽʶ ʟ ʘʢʚʘʪʠʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ. 

ʄʦʜʫʣʴ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ: ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʘʢʫʩʪʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʚʠʷʚʣʝʥʥʷ ʧʝʚʥʠʭ ʰʘʙʣʦʥʽʚ ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʽ ʚʠʢʦʥʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʦʙʯʠʩʣʝʥʴ. 

ʄʦʜʫʣʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ: ʎʝʡ ʤʦʜʫʣʴ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʩʠʤʫʣʷʮʽʡ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʫ ʟʨʫʯʥʦʤʫ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ ʚʠʛʣʷʜʽ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʢʽʚ, ʜʽʘʛʨʘʤ ʘʙʦ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ. 

ʄʦʜʫʣʴ ʘʥʘʣʽʟʫ ʜʘʥʠʭ: ʎʝʡ ʤʦʜʫʣʴ ʜʦʧʦʤʘʛʘʻ ʚʠʢʦʥʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʚʢʣʶʯʘʶʯʠ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʘʙʦ 

ʧʨʦʚʝʜʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʩʥʦʚʢʽʚ. 

ɻʽʜʨʦʘʢʫʩʪʠʯʥʠʡ ʤʦʜʝʣʶʶʯʠʡ ʢʦʤʧʣʝʢʩ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʷʚʠʱ ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʛʘʣʫʟʽ ʤʦʨʩʴʢʦʛʦ ʪʘ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʝʨʠʬʽʢʘʮʽʾ. ʇʝʨʰʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʤʠ ʨʦʟʛʣʷʥʫʣʠ, - ʮʝ 

ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺʦʥʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʠ ʟ ʥʘʙʦʨʦʤ 

ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʎʝʡ ʤʝʪʦʜ ʻ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ, 

ʘʣʝ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʥʝʤʦʞʣʠʚʽʩʪʴ ʦʭʦʧʣʝʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ. 

ɼʨʫʛʠʡ ʤʝʪʦʜ - ʚʝʨʠʬʽʢʘʮʽʷ ʬʦʨʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʦʨʤʘʣʴʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʜʦʚʝʜʝʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʧʨʦʛʨʘʤʠ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʦʚʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ ʪʘ ʩʧʝʮʠʬʽʢʘʮʽʷʤʠ, ʘʣʝ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʟʫʩʠʣʴ 

ʫ ʬʦʨʤʘʣʽʟʘʮʽʾ ʩʧʝʮʠʬʽʢʘʮʽʡ ʪʘ ʜʦʚʝʜʝʥʥʽ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ. 

ʊʨʝʪʽʡ ʤʝʪʦʜ - ʚʝʨʠʬʽʢʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʠ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʠ, ʪʘʢʠʭ ʷʢ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʤʠʣʦʢ ʧʽʜ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʘʙʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʚʠʤʦʛ ʜʦ ʧʨʦʛʨʘʤʠ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ 

ʚʠʷʚʠʪʠ ʧʝʚʥʽ ʢʣʘʩʠ ʧʦʤʠʣʦʢ, ʘʣʝ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʦʾ ʛʘʨʘʥʪʽʾ ʢʦʨʝʢʪʥʦʩʪʽ ʧʨʦʛʨʘʤʠ ʚ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ. 

ʆʥʪʦʣʦʛʽʷ ʧʨʦʮʝʜʫʨ ʚʝʨʠʬʽʢʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʇɿ. ʆʥʪʦʣʦʛʽʷ ʻ ʬʦʨʤʘʣʽʟʦʚʘʥʦʶ 

ʤʦʜʝʣʣʶ, ʷʢʘ ʦʧʠʩʫʻ ʢʦʥʮʝʧʮʽʾ ʪʘ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʥʠʤʠ ʫ ʧʝʚʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ. ʋ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʤʠ ʨʦʟʨʦʙʣʷʻʤʦ ʦʥʪʦʣʦʛʽʶ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʜʫʨ ʚʝʨʠʬʽʢʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʦʢʨʝʤʘ ʫ ʛʘʣʫʟʽ ʛʽʜʨʦʘʢʫʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [4]. 

ʎʷ ʦʥʪʦʣʦʛʽʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʦʧʠʩʠ ʧʨʦʮʝʜʫʨ ʪʘ ʢʨʠʪʝʨʽʾʚ ʚʝʨʠʬʽʢʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʄʠ ʚʠʟʥʘʯʘʻʤʦ ʪʝʨʤʽʥʠ, ʢʣʘʩʠ ʪʘ ʚʽʜʥʦʩʠʥʠ ʤʽʞ 

ʥʠʤʠ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʯʽʪʢʫ ʪʘ ʩʠʩʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʽʟʫ ʚʝʨʠʬʽʢʘʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨ 

[5]. 

ɻʦʣʦʚʥʘ ʤʝʪʘ ʮʽʻʾ ʨʦʙʦʪʠ - ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʝʨʠʬʽʢʘʮʽʾ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʛʽʜʨʦʘʢʫʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʄʠ ʚʽʨʠʤʦ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʦʥʪʦʣʦʛʽʾ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʰʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʦʥʪʦʣʦʛʽʷ ʧʨʦʮʝʜʫʨ ʚʝʨʠʬʽʢʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʇɿ 

ʤʦʜʝʣʶʶʯʦʛʦ ʢʦʤʧʣʝʢʩʫ ʛʽʜʨʦʘʢʫʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʘʞʣʠʚʠʡ ʢʨʦʢ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʛʽʜʨʦʘʢʫʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɰʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʩʠʩʪʝʤ, ʩʧʨʠʷʶʯʠ 

ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɽʈɽɺɯʈʂɸ ʉʋʄɯʉʅʆʉʊɯ ʉɽʄɸʅʊʀʏʅʀʍ ʄʆɼɽʃɽʁ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʆʥʪʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʘ ʽʥʪʝʛʨʘʮʽʾ. 

ʉʝʤʘʥʪʠʯʥʘ ʩʫʤʽʩʥʽʩʪʴ ʦʥʪʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʨʘʚʠʣʴʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʮʠʤʠ ʤʦʜʝʣʷʤʠ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ 

ʩʝʤʘʥʪʠʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʦʥʪʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʠ ʾʾ ʜʦʩʷʛʥʝʥʥʷ, ʉʫʤʽʩʥʽʩʪʴ 

ʩʝʤʘʥʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ ʤʽʞ ʨʽʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʜʦʜʘʪʢʘʤʠ, ʧʽʜʚʠʱʫʶʯʠ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ ʚʘʨʪʽʩʪʴ. 

ʉʫʯʘʩʥʽ ʩʮʝʥʘʨʽʾ ʘʥʘʣʽʪʠʢʠ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ (ʨʦʟʛʘʣʫʞʝʥʠʤʠ), 

ʙʘʛʘʪʦʨʽʚʥʝʚʠʤʠ ʪʘ ʤʝʨʝʞʝʚʠʤʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʩʥʫʶʯʽ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʚʝʙ-

ʩʝʨʚʽʩʠ, ʘʥʘʣʽʪʠʯʥʽ ʧʣʘʪʬʦʨʤʠ, ʧʣʘʛʽʥʠ, ʩʪʚʦʨʝʥʽ ʨʽʟʥʠʤʠ ʢʦʤʘʥʜʘʤʠ ʨʦʟʨʦʙʥʠʢʽʚ, ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʜʦʩʪʫʧʥʠʤʠ, ʟʨʦʟʫʤʽʣʠʤʠ ʽ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʚ ʩʮʝʥʘʨʽʾ ʘʥʘʣʽʪʠʢʘ ʰʣʷʭʦʤ 

ʧʦʜʦʣʘʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʽ ʣʦʛʽʯʥʠʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ [1] 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʤʽʩʥʽʩʪʴ ʤʦʞʥʘ ʧʝʨʝʚʽʨʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʨʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʷʢ-ʦʪ ʣʦʛʽʯʥʘ ʧʝʨʝʚʽʨʢʘ, ʘ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʘʢʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ, 

ʪʘʢʠʭ ʷʢ ʪʝʩʪʫʚʘʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʩʠʩʪʝʤʘʤʠ  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʧʫʚʘʥʴ ʪʘ ʚʽʜʦʙʨʘʞʝʥʴ ʤʽʞ ʨʽʟʥʠʤʠ ʦʥʪʦʣʦʛʽʯʥʠʤʠ ʤʦʜʝʣʷʤʠ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʪʝʛʨʘʮʽʶ ʪʘ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʠ ʙʫʣʠ 

ʩʪʚʦʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʪʝʨʤʽʥʽʚ ʪʘ ʢʦʥʮʝʧʮʽʡ. [2] 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: 

- ʋʟʛʦʜʞʝʥʽʩʪʴ ʪʝʨʤʽʥʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʝʤʘʥʪʠʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʚʘʞʣʠʚʦ, ʱʦʙ 
ʪʝʨʤʽʥʠ ʪʘ ʧʦʥʷʪʪʷ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʽʟʥʠʭ ʦʥʪʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʷʭ, ʙʫʣʠ ʫʟʛʦʜʞʝʥʠʤʠ ʪʘ ʤʘʣʠ 

ʯʽʪʢʽ ʚʠʟʥʘʯʝʥʥʷ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʥʫʪʠ ʜʚʦʟʥʘʯʥʦʩʪʽ ʪʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚ ʪʣʫʤʘʯʝʥʥʽ 

ʜʘʥʠʭ.[3] 

- ʆʙ'ʻʢʪʥʘ ʪʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʫʟʛʦʜʞʝʥʽʩʪʴ. ʂʨʽʤ ʫʟʛʦʜʞʝʥʦʩʪʽ ʪʝʨʤʽʥʽʚ, ʚʘʞʣʠʚʦ 
ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʦʙ'ʻʢʪʘʤʠ ʪʘ ʢʦʥʮʝʧʮʽʷʤʠ, ʱʦ ʤʦʜʝʣʶʶʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʦʥʪʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʷʭ. ʎʝ ʚʠʤʘʛʘʻ ʫʚʘʞʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʮʝʧʮʽʡ ʪʘ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ ʥʠʤʠ. [4] 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʥʪʦʣʦʛʽʯʥʝ ʚʠʚʝʜʝʥʥʷ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʝʨʝʚʽʨʮʽ 

ʩʫʤʽʩʥʦʩʪʽ, ʜʦʟʚʦʣʷʶʯʠ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʪʠ ʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʟ ʦʥʪʦʣʦʛʽʡ ʽ ʚʠʷʚʣʷʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʩʫʤʽʩʥʦʩʪʽ [5].  ɯʩʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʪʘʢʽ ʷʢ Prot®g® ʟ 

ʧʣʘʛʽʥʘʤʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʦʥʪʦʣʦʛʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʥʝʩʫʤʽʩʥʦʩʪʽ ʪʘ ʢʦʥʬʣʽʢʪʠ ʚ 

ʩʝʤʘʥʪʠʯʥʠʭ ʤʦʜʝʣʷʭ [6].  ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʚʠʢʣʠʢʽʚ ʻ ʨʦʙʦʪʘ ʟ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʶ ʪʘ 

ʨʦʟʙʽʞʥʦʩʪʷʤʠ ʚ ʪʝʨʤʽʥʦʣʦʛʽʾ ʤʽʞ ʨʽʟʥʠʤʠ ʩʝʤʘʥʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʪʘ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ[7].  ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʪʘ ʬʦʨʤʘʪʽʚ 

ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ RDF (Resource Description Framework) ʽ OWL (Web Ontology Language), 

ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʩʫʤʽʩʥʦʩʪʽ ʩʝʤʘʥʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʤʽʞ ʨʽʟʥʠʤʠ ʜʦʜʘʪʢʘʤʠ (ʜʞʝʨʝʣʦ: 

W3C OWL Working Group) [8]. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʝʤʘʥʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʧʝʨʝʚʽʨʢʘ ʾʭ ʩʫʤʽʩʥʦʩʪʽ ʤʘʶʪʴ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʷʪʠ 

ʪʘ ʦʙʤʽʥʶʚʘʪʠʩʷ ʟʥʘʥʥʷʤʠ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʦʙʽʮʷʶʪʴ 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɻʈɸʄʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʂʆʄʇ'ʖʊɽʈʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

ʇʈʆʎɽʉʋ ʉɸʄʆɼɯɸɻʅʆʉʊʋɺɸʅʅʗ ɹɸɻɸʊʆʄʆɼʋʃʔʅʀʍ ʈʆɿʇʆɼɯʃɽʅʀʍ 

ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʥʘʰ ʯʘʩ ʨʦʟʰʠʨʝʥʥʷ ʧʨʘʢʪʠʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ ʨʦʟʧʦʚʩʶʜʠʣʦʩʴ ʩʝʨʝʜ ʫʩʽʭ 

ʧʨʦʬʝʩʽʡʥʠʭ ʩʬʝʨ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʝʨʛʦʥʦʤʽʯʥʠʤʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʪʘ ʪʝʭʥʽʯʥʠʤʠ 

ʧʝʨʝʚʘʛʘʤʠ. ɿ ʧʣʠʥʦʤ ʯʘʩʫ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʯʠ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʰʠʨʠʣʠʩʴ ʪʘ 

ʫʩʢʣʘʜʥʠʣʠʩʴ ʫ ʩʚʦʾʭ ʘʨʭʽʪʝʢʪʫʨʘʭ. ʄʠ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʧʝʚʥʫ ʪʝʥʜʝʥʮʽʶ ʷʢ ʢʦʞʝʥ ʧʨʦʮʝʩ ʚ 

ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʧʽʜʤʥʦʞʠʥʫ ʧʨʦʮʝʩʽʚ ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʦʢʨʝʤʽ ʚʫʟʣʠ. 

ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʠʥʠʢʣʦ ʧʦʥʷʪʪʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʽ 

ʧʝʚʥʫ ʤʥʦʞʠʥʫ ʢʦʤʧôʶʪʝʨʽʚ, ʱʦ ʦʙôʻʜʥʘʥʽ ʦʜʥʽʻʶ ʩʠʩʪʝʤʦʶ [1]. 

ɼʣʷ ʨʦʙʦʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʥʘʜʚʘʞʣʠʚʠʤ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʩʪʘʥ 

ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʥʘʣʘʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. ʆʩʢʽʣʴʢʠ ʮʝ ʻ ʚʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, 

ʪʦ ʪʘʢʦʞ ʚʘʞʣʠʚʠʤ ʻ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʉʘʤʝ ʜʣʷ ʮʴʦʛʦ ʜʦʮʽʣʴʥʦ ʻ ʩʪʚʦʨʠʪʠ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʘʤʦʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʙʘʛʘʪʦʤʦʜʫʣʴʥʠʭ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ.  ɼʣʷ ʧʨʠʢʣʘʜʫ ʫ ʨʦʟʨʦʙʮʽ ʜʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʜʽʘʛʥʦʩʪʠʢʠ ʙʘʛʘʪʦʤʦʜʫʣʴʥʠʭ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʦʧʠʩʘʥʠʡ ʚ ʨʦʙʦʪʽ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʘ 

ɹʘʨʘʙʘʰʘ ʆ.ɺ. çʇʦʙʫʜʦʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʩʪʽʡʢʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤè [2]. 

ɹʣʫʢʘʶʯʝ ʩʘʤʦʜʽʘʛʥʦʩʪʫʶʯʝ ʷʜʨʦ ʨʝʘʣʽʟʦʚʘʥʝ ʟʘ ʜʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʻ ʦʧʪʠʤʘʣʴʥʠʤ 

ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʈɯʉ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʩʘʤʦʜʽʛʥʦʩʪʠʢʠ 

ʙʘʛʘʪʦʤʦʜʫʣʴʥʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʙʣʫʢʘʶʯʦʛʦ ʩʘʤʦʜʽʘʛʥʦʩʪʫʶʯʦʛʦ 

ʷʜʨʘ, ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʜʘʥʝ ʷʜʨʦ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʝʬʝʢʪʠʚʥʦ ʪʘ ʢʦʨʝʢʪʥʦ, ʪʘʢʦʞ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʧʨʘʚʣʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɻʦʣʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʙʣʫʢʘʶʯʦʛʦ ʩʘʤʦʜʽʘʛʥʦʩʪʫʶʯʦʛʦ 

ʷʜʨʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʙʫʜʴ ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚʦʥʦ ʧʦʯʠʥʘʻ ʧʝʨʝʚʽʨʢʫ ʟ ʚʠʧʘʜʢʦʚʦ 

ʚʠʙʨʘʥʦʛʦ ʤʦʜʫʣʷ ʽ ʙʫʜʝ ʨʫʭʘʪʠʩʴ ʤʽʞ ʤʦʜʫʣʷʤʠ ʧʦʢʠ ʥʝ ʥʘʙʝʨʝ ʜʦʩʪʘʪʥʴʦ ʜʽʘʛʥʦʩʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦʙ ʟʨʦʙʠʪʠ ʦʮʽʥʢʫ ʚʫʟʣʽʚ, ʱʦ ʚʽʥ ʧʝʨʝʚʽʨʠʚ. ʇʝʨʝʚʽʨʷʪʠ ʚʩʽ ʤʦʜʫʣʽ ʩʠʩʪʝʤʠ ʚ 

ʦʜʠʥ ʤʦʤʝʥʪ ʯʘʩʫ ʥʝ ʻ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ, ʧʨʠ ʪʦʤʫ ʷʢ ʙʣʫʢʘʶʯʝ ʷʜʨʦ ʤʦʞʝ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʢʦʨʝʢʪʥʽʩʪʴ ʨʦʙʦʪʠ ʧʽʜʤʥʦʞʠʥʠ ʚʫʟʣʽʚ ʽ ʚ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʜʘʩʪʴ ʦʮʽʥʢʫ 

ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʤʦʜʫʣʽʚ.  

ʇʨʦʮʝʩ ʩʘʤʦʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʚʽʨʦʢ ʤʽʞ ʜʚʦʤʘ 

ʚʫʟʣʘʤʠ.  

ʈʦʟʛʣʷʥʝʤʦ ʤʝʭʘʥʽʟʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʧʝʨʝʚʽʨʢʠ ʥʘ ʧʨʠʢʣʘʜʽ ʜʚʦʭ ʝʣʝʤʝʥʪʽʚ: ʚʝʨʰʠʥʠ 

ὺὭ  ʪʘ ὺὮ (ʨʠʩ. 1).  

ʉʧʝʨʰʫ ʝʣʝʤʝʥʪ ὺὭ ʧʝʨʝʜʘʻ ʪʝʩʪʦʚʝ ʟʥʘʯʝʥʥʷ ὸὭὮ ʥʘ ʝʣʝʤʝʥʪ ὺὮ. ʇʽʩʣʷ ʯʦʛʦ  

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʝʩʪʫʚʘʥʥʷ ʧʝʨʝʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʝʣʝʤʝʥʪʽ ὺὮ.  ɼʘʣʽ ʝʣʝʤʝʥʪ ὺὮ ʧʝʨʝʜʘʻ 
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ʟʥʘʯʝʥʥʷ ὸὭὮ
ᴂ, ʷʢ ʚʽʜʧʦʚʽʜʴ  ʥʘ ʧʨʦʚʝʜʝʥʠʡ ʪʝʩʪ.  

ʋ ʩʚʦʶ ʯʝʨʛʫ ʝʣʝʤʝʥʪ ὺὭ ʧʝʨʝʚʽʨʷʻ ʯʠ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ὸὭὮ
ᴂ ʟʙ̔ʛʘʻʪʴʩʷ ʟ  ʝʪʘʣʦʥʥʠʤ 

ï ὸὭὮ
̈́̅
. ʇʽʩʣʷ ʮʴʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʪʝʩʪʫ ï ὶὭὮ.  

ɼʘʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ὶὭὮ ʩʠʩʪʝʤʘ ʦʙʠʨʘʻ ʥʘ ʷʢʦʤʫ ʤʦʜʫʣʽ ʧʦʪʨʽʙʥʦ ʟʙʝʨʝʛʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʝʨʝʚʽʨʢʫ(ʬʦʨʤʫʣʘ 1) 

 

                                         ὶὭὮ
πȟὸὭὮ

ᴂ ὸὭὮ
̈́̅

ρȟὸὭὮ
ᴂ ὸὭὮ

̈́̅
 
,                                                               (1) 

 

ʜʝ ὸὭὮ
̈́̅

 ï ʝʪʘʣʦʥʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʪʝʩʪʫʚʘʥʥʷ; 

     ὸὭὮ
ᴂ ï ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʪʝʩʪʫʚʘʥʥʷ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʝʣʝʤʝʥʪʘʨʥʦʾ ʧʝʨʝʚʽʨʢʠ ʪʘ ʧʝʨʝʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ 

 

ʊʦʙʪʦ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʯʘʩʫ ʦʜʠʥ ʽʟ ʚʫʟʣʽʚ ʥʘʢʦʧʠʯʠʪʴ ʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʥʘ ʜʦʩʣʽʜʠʪʠ ʩʪʘʥ ʚʩʽʭ ʚʫʟʣʽʚ, ʱʦ ʙʨʘʣʠ ʫʯʘʩʪʴ ʚ ʧʝʨʝʚʽʨʢʘʭ [3]. 

ʈʦʟʨʦʙʢʘ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʩʘʤʦʜʽʛʥʦʩʪʠʢʠ ʙʘʛʘʪʦʤʦʜʫʣʴʥʠʭ ʈɯʉ 

ʜʦʧʦʤʦʞʝ ʚʜʦʩʢʦʥʘʣʠʪʠ ʮʝʡ ʘʣʛʦʨʠʪʤ ʟʨʦʙʠʚʰʠ ʡʦʛʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʤʝʥʰ 

ʝʥʝʨʛʦʟʘʪʨʘʪʥʠʤ.  

ʋ ʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʧʨʦʮʝʩʦʤ ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʘ ʰʚʠʜʢʽʩʪʴ ʚʩʽʻʾ ʧʝʨʝʚʽʨʢʠ ʻ ʧʨʦʮʝʩ ʥʘʢʦʧʠʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʋ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʻ ʪʨʠ ʢʣʶʯʦʚʠʭ ʧʦʥʷʪʪʷ ʥʘ ʷʢʽ ʧʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ: 

- ὸ̅ ï ʯʘʩ ʟʘ ʷʢʠʡ ʥʘʢʦʧʠʯʠʣʘʩʴ ʜʦʩʪʘʪʥʷ ʜʽʘʛʥʦʩʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ; 

- ὲ ï ʢ̔ ʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʦʢ; 

- Ὀ̈ ́̅ ï ʫʤʦʚʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʦʛʦ ʟʘ ʷʢʠʡ ʯʘʩ ʜʽʘʛʥʦʩʪʠʯʥʝ ʷʜʨʦ ʙʫʜʝ ʥʘʢʦʧʠʯʫʚʘʪʠ ʜʦʩʪʘʪʥʶ 

ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʙʫʜʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʤʦʚʫ ʜʦʩʪʦʽʨʥʦʩʪʽ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʥʘʩʢʽʣʴʢʠ 

ʪʘʢʠʡ ʘʣʛʦʨʠʪʤ ʻ ʝʬʝʢʪʠʚʥʠʤ. 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʜʦʩʣʽʜʠʪʠ ʧʨʠ ʷʢʠʭ 

ʫʤʦʚʘʭ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʙʫʜʝ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ. 

ʆʩʥʦʚʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʥʘ ʷʢʽ ʧʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʻ:  

- ʩʧʦʩʽʙ ʦʙʭʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʷʜʨʦʤ(ʧʨʦʭʦʜʞʝʥʥʷ ʧʦ ʛʨʘʬʫ ʚ ʛʣʠʙʠʥʫ, ʚ ʜʦʚʞʠʥʫ ʽ ʪ. 
ʜ.[4]); 

- ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʥʝʨʦʙʦʯʠʭ ʤʦʜʫʣʽʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ; 

- ʚʧʣʠʚ ʚʠʟʥʘʯʝʥʦʾ ʫʤʦʚʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ; 

- ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʥʝʨʦʙʦʯʠʭ ʯʠ ʯʘʩʪʢʦʚʦ ʥʝʨʦʙʦʯʠʭ ʤʦʜʫʣʽʚ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 
ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ. 

ɼʦʩʣʽʜʠʚʰʠ ʮʽ ʘʩʧʝʢʪʠ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʣʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 
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ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʢʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ ʙʘʛʘʪʦʤʦʜʫʣʴʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ 

ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇɯɼʍʆɼʀ ʊɸ ʇʈʆɻʈɸʄʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ 

ʊɽʇʃʆʆɹʄɯʅʋ ʊɸ ɻɯɼʈʆɼʀʅɸʄɯʂʀ ɺ ʊʈʋɹʆʇʈʆɺʆɼɸʍ ɿ ʊʋʈɹɯʅʅʀʄ 

ʄɸʉʊʀʃʆʄ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʢʦʥʪʝʢʩʪʽ ʛʣʦʙʘʣʽʟʘʮʽʾ ʪʘ ʧʦʩʠʣʝʥʥʷ 

ʚʠʤʦʛ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ 

ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʟ ʪʫʨʙʽʥʥʠʤ ʤʘʩʪʠʣʦʤ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʨʦʟʨʦʙʮʽ 

ʥʦʚʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʽʩʥʫʶʯʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [1]. ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ 

ʩʧʨʠʷʪʠʤʝ ʥʝ ʣʠʰʝ ʧʦʣʽʧʰʝʥʥʶ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʝʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ, ʱʦ ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʙʽʣʴʰ ʚʠʤʦʛʣʠʚʠʤʠ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʠʥʘʤʽʢʘ ʪʘ ʪʝʧʣʦʦʙʤʽʥ ʚ ʩʠʩʪʝʤʘʭ ʟ ʪʫʨʙʽʥʥʠʤ 

ʤʘʩʪʠʣʦʤ ʟʘʣʠʰʘʶʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ, ʱʦ ʚʠʤʘʛʘʻ 

ʽʥʪʝʛʨʘʮʽʾ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʟʥʘʥʴ ʽʟ ʬʽʟʠʢʠ ʨʽʜʠʥ, ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ [2], ʘ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʘʥʘʣʽʟʫ [3]. ɺ [4] 

ʦʧʠʩʘʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʫʤʦʚʘʭ ʚʽʣʴʥʦʾ ʪʘ ʚʠʤʫʰʝʥʦʾ 

ʢʦʥʚʝʢʮʽʾ, ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʧʦʨʪʫ ʽ ʩʧʘʣʶʚʘʥʥʷ ʛʘʟʽʚ, ʪʝʧʣʦʦʙʤʽʥʫ ʧʽʜ ʯʘʩ ʢʦʥʜʝʥʩʘʮʽʾ. ʉʘʤʝ 

ʮʽ ʷʚʠʱʘ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʦʛʦ ʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʷʚʥʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, 

ʱʦ ʜʦʟʚʦʣʠʪʴ ʽʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʪʫʨʙʽʥʥʦʛʦ ʤʘʩʪʠʣʘ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. ɼʘʥʝ ʇɿ ʜʦʟʚʦʣʠʪʴ: 

- ʘʥʘʣʽʟʫʚʘʪʠ ʯʠʥʥʠʢʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ, ʚʢʣʶʯʥʦ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʰʚʠʜʢʽʩʪʶ ʧʦʪʦʢʫ, ʘ ʪʘʢʦʞ ʬʽʟʠʯʥʠʤʠ ʪʘ ʭʽʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʩʪʠʣʘ; 
- ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʙʦʪʫ ʪʨʫʙʦʧʨʦʚʦʜʽʚ; 

- ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʾʭʥʴʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʩʥʦʚʦʶ ʜʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʟ 

ʪʫʨʙʽʥʥʠʤ ʤʘʩʪʠʣʦʤ. ʎʝʡ ʧʽʜʭʽʜ ʦʭʦʧʣʶʻ ʷʢ ʪʝʦʨʝʪʠʯʥʝ ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʽʚ ʬʽʟʠʢʠ 

ʨʽʜʠʥ ʪʘ ʪʝʧʣʦʦʙʤʽʥʫ, ʪʘʢ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ 

ʟʘʚʜʘʥʴ. ʄʝʪʦʜʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʘʢʠʭ ʧʨʠʥʮʠʧʘʭ: 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʷʥʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ: ʦʩʥʦʚʫ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʘʶʪʴ 

ʨʽʚʥʷʥʥʷ ʅʘʚ'ʻ-ʉʪʦʢʩʘ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʫʭ ʚ'ʷʟʢʦʾ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ, ʪʘ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʽʚ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ; 

- ʤʦʜʝʣʶʚʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ: ʜʣʷ ʦʧʠʩʫ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʟʘʢʨʠʪʽ ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʪʘʢʽ ʷʢ kīŮ ʘʙʦ kīɤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʘʜʝʢʚʘʪʥʦ ʦʮʽʥʶʚʘʪʠ 

ʚʧʣʠʚ ʪʫʨʙʫʣʝʥʪʥʠʭ ʚ'ʷʟʢʦʩʪʝʡ ʥʘ ʜʠʥʘʤʽʢʫ ʤʘʩʪʠʣʘ ʚ ʪʨʫʙʘʭ; 

- ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩ ʫ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʘʭ: ʘʥʘʣʽʟ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʰʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʰʘʨʽʚ ʧʦʪʦʢʫ, ʚʢʣʶʯʘʶʯʠ 

ʨʘʜʽʘʮʽʡʥʠʡ ʦʙʤʽʥ ʪʘ ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ; 
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- ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ: ʧʦʻʜʥʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʯʠʩʝʣʴʥʠʤ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ANSYS Fluent ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʛʣʠʙʰʦʛʦ 

ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ; 

- ʚʘʣʽʜʘʮʽʷ ʤʦʜʝʣʝʡ: ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʩʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʤʦʜʝʣʽ ʪʘ ʾʾ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ; 

- ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʨʫʙʦʧʨʦʚʦʜʽʚ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʪʝʨʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʠʭ ʪʘ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʨʽʜʠʥʥʦʾ ʜʠʥʘʤʽʢʠ ʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. 

ʈʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ ʜʣʷ ʥʝʩʪʠʩʣʠʚʠʭ ʨʽʜʠʥ (1): 

 
ᴆ
όᴆẗɳ όᴆ ὴɳ ’ɳ όᴆ Ὢᴆ, (1) 

ʜʝ όᴆ ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ, t ï ʯʘʩ, ” ï ʪʠʩʢ, ’ ï ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ, Ὢᴆ ï ʚʝʢʪʦʨ 
ʤʘʩʦʚʠʭ ʩʠʣ. 

ʈʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ (2):  

όᴆẗɳὝ ‌ɳ Ὕ ɮ, (2) 

ʜʝ Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ, ‌ ï ʪʝʤʧʝʨʘʪʫʨʥʘ ʜʠʬʫʟʠʚʥʽʩʪʴ, ɮ ï ʛʝʥʝʨʘʮʽʷ ʘʙʦ ʧʦʛʣʠʥʘʥʥʷ. 

ʈʽʚʥʷʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ Ὧ (3) ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʠʩʠʧʘʮʽʾ ‐ (4): 

όᴆẗɳὯ ὖ ‐ ẗɳ ’ „’ Ὧɳ , (3) 

όᴆẗɳ‐ ὅ ὖ ὅ ‐ ẗɳ ’ „’ ‐ɳ , (4) 

ʜʝ ὖ ï  ʚʠʨʦʙʣʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ’ ï ʪʫʨʙʫʣʝʥʪʥʘ ʚôʷʟʢʽʩʪʴ, „, „, ὅ , 

ὅ  ï ʢʦʥʩʪʘʥʪʠ ʤʦʜʝʣʽ, όᴆ ï ʚʝʢʪʦʨ ʤʠʪʪʻʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ, Ὕ ï ʤʠʪʪʻʚʘ ʪʝʤʧʝʨʘʪʫʨʘ, Ὧ ï
ʪʫʨʙʫʣʝʥʪʥʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ, ‭ ï ʰʚʠʜʢʽʩʪʴ ʜʠʩʠʧʘʮʽʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʂʦʞʥʝ ʟ ʮʠʭ ʨʽʚʥʷʥʴ (1)-(4) ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʫ ʨʦʟʫʤʽʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʨʽʜʠʥʠ ʚ ʫʤʦʚʘʭ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ ʫ ʢʦʤʙʽʥʘʮʽʾ ʟ ʢʨʘʡʦʚʠʤʠ 

ʫʤʦʚʘʤʠ ʪʘ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʞʥʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 

ʧʦʚʝʜʽʥʢʫ ʨʽʜʠʥʠ ʪʘ ʪʝʧʣʦʦʙʤʽʥ ʚ ʩʠʩʪʝʤʘʭ ʟ ʪʫʨʙʽʥʥʠʤ ʤʘʩʪʠʣʦʤ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ 

ʪʦʯʥʦʩʪʽ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʨʽʜʠʥʠ ʪʘ ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ANSYS Fluent [5]. ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʷʤ ʜʝʪʘʣʽʟʦʚʘʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʧʨʦʛʨʘʤʘ Fluent ʻ ʥʝʟʘʤʽʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʽʥʞʝʥʝʨʽʚ-ʜʦʩʣʽʜʥʠʢʽʚ, 

ʜʦʟʚʦʣʷʶʯʠ ʾʤ ʚʠʢʦʥʫʚʘʪʠ ʩʢʣʘʜʥʽ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ. 

ʂʣʶʯʦʚʽ ʝʪʘʧʠ ʨʦʙʦʪʠ ʚ Fluent ʚʢʣʶʯʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʤʝʞʦʚʠʭ ʫʤʦʚ, ʚʠʙʽʨ ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʦʙʯʠʩʣʝʥʥʷ ʨʽʰʝʥʴ ʪʘ ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʜʥʘʢ, ʷʢ ʽ ʙʫʜʴ-ʷʢʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʡʦʛʦ ʤʦʞʥʘ 

ʚʜʦʩʢʦʥʘʣʠʪʠ, ʘ ʩʘʤʝ: 

- ʰʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ: ʦʧʪʠʤʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʰʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʚʝʣʠʢʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ, ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʽʥʞʝʥʝʨʽʚ; 

- ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ: ʭʦʯʘ ʽʥʪʝʨʬʝʡʩ Fluent ̔  ʪʘʢ ʜʦʩʠʪʴ ʽʥʪʫʾʪʠʚʥʠʡ, ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʡʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʯʝʨʝʟ ʙʽʣʴʰ ʽʥʪʝʨʘʢʪʠʚʥʽ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ 

ʤʦʞʫʪʴ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʝʡ; 

- ʧʽʜʪʨʠʤʢʘ ʬʦʨʤʘʪʽʚ ʬʘʡʣʽʚ: ʨʦʟʰʠʨʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤʘʪʽʚ ʬʘʡʣʽʚ 

ʤʦʞʝ ʧʦʣʝʛʰʠʪʠ ʽʥʪʝʛʨʘʮʽʶ ʟ ʽʥʰʠʤʠ CAD-ʩʠʩʪʝʤʘʤʠ ʪʘ ʽʥʞʝʥʝʨʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ; 

- ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ: ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʦʚʪʦʨʶʚʘʥʠʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʷʢ ʩʽʪʢʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʤʦʞʝ ʟʥʘʯʥʦ ʟʝʢʦʥʦʤʠʪʠ ʯʘʩ 

ʽʥʞʝʥʝʨʽʚ; 
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- ʪʦʯʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʦʣʚʝʨʽʚ: ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ ʩʦʣʚʝʨʽʚ ʧʨʠ 
ʨʦʙʦʪʽ ʟ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʧʦʪʦʢʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʝ ʟʨʦʙʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʙʽʣʴʰ 

ʥʘʜʽʡʥʠʤʠ; 

- ʧʽʜʪʨʠʤʢʘ ʙʘʛʘʪʦʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ: ʚʢʣʶʯʝʥʥʷ ʙʽʣʴʰ ʰʠʨʦʢʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʨʽʟʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ʥʘʧʨʠʢʣʘʜ, 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʦʤ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʢʦʶ) ʤʦʞʝ ʨʦʟʰʠʨʠʪʠ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ Fluent; 

- ʨʝʩʫʨʩʠ ʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ: ʥʘʜʘʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʭ ʪʘ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʢʝʡʩ-ʩʪʘʜʽ ʜʣʷ ʥʦʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʝ ʩʧʨʠʷʪʠ ʰʚʠʜʰʦʤʫ 

ʚʠʚʯʝʥʥʶ ʧʨʦʛʨʘʤʠ; 

- ʽʥʪʝʛʨʦʚʘʥʽʩʪʴ ʟ ʭʤʘʨʥʠʤʠ ʩʝʨʚʽʩʘʤʠ: ʨʦʟʨʦʙʢʘ ʭʤʘʨʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 
ʦʙʯʠʩʣʝʥʴ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ Fluent ʚʠʢʦʥʫʚʘʪʠ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʥʚʝʩʪʫʚʘʥʥʷ ʚ ʜʦʨʦʛʝ ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

 ʂʦʞʥʝ ʟ ʮʠʭ ʧʦʢʨʘʱʝʥʴ ʤʦʞʝ ʟʨʦʙʠʪʠ ANSYS Fluent ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʟʨʫʯʥʠʤ 

ʪʘ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʽʥʞʝʥʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʚʢʣʶʯʘʻ ʩʫʯʘʩʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʪʘ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʪʝʧʣʦʥʦʩʽʷʭ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʪʝ, ʱʦʙ ʚʠʷʚʠʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʽʥʥʦʚʘʮʽʡ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʠʤ ʩʘʤʠʤ ʩʧʨʠʷʶʯʠ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ 

ʪʝʭʥʽʯʥʦʤʫ ʧʨʦʛʨʝʩʫ. 
ɺʠʩʥʦʚʢʠ. ʋ ʧʨʦʮʝʩʽ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʮʴʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʭʦʯʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ANSYS Fluent ʻ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʽʩʥʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʘʜʘʧʪʦʚʘʥʠʭ ʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʽʰʝʥʴ. ʈʦʟʨʦʙʢʘ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʩʧʝʮʠʬʽʯʥʽ ʧʦʪʨʝʙʠ ʢʦʥʢʨʝʪʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʟʘʚʜʘʥʴ, ʤʦʞʝ ʥʘʜʘʪʠ ʟʥʘʯʥʠʭ ʧʝʨʝʚʘʛ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʨʽʰʝʥʥʷʤʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ANSYS Fluent ʧʽʜʢʨʝʩʣʶʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʽʥʞʝʥʝʨʽʾ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʧʨʦʧʦʥʫʚʘʪʠ ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʉʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʟʥʘʯʫʱʠʤ ʢʨʦʢʦʤ ʚʧʝʨʝʜ ʫ ʩʬʝʨʽ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʘʪʠʤʝ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʽ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊɸ ɿʅʀɾɽʅʅʗ ɺʀʊʈɸʊ ʋ 

ʂɯɹɽʈɽʅɽʈɻɽʊʀʎɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɽʥʝʨʛʽʷ, ʦʩʥʦʚʘ ʩʫʯʘʩʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʪʘ ʧʨʦʛʨʝʩʫ, ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʚʩʽʭ ʘʩʧʝʢʪʽʚ ʞʠʪʪʷ, ʚʽʜ ʜʦʤʘʰʥʽʭ 

ʛʦʩʧʦʜʘʨʩʪʚ ʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʽ ʥʘʚʽʪʴ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚôʷ, ʦʩʚʽʪʠ ʪʘ ʨʦʟʚʘʛ. ʊʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʫʨʙʘʥʽʟʘʮʽʷ ʪʘ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ, ʩʧʨʠʯʠʥʷʶʪʴ ʰʚʠʜʢʝ ʟʨʦʩʪʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʧʠʪʫ ʥʘ ʝʥʝʨʛʽʶ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɯʩʪʦʨʠʯʥʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʙʫʣʘ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ, ʦʜʥʘʢ ʟʤʽʥʘ ʧʘʨʘʜʠʛʤʠ ʚʠʥʠʢʘʻ ʫ ʬʦʨʤʽ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʪʘʢʦʞ 

ʚʽʜʦʤʦʾ ʷʢ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʢʦʣʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʚʠʨʦʙʣʷʻʪʴʩʷ ʙʣʠʞʯʝ ʜʦ 

ʪʦʯʢʠ ʩʧʦʞʠʚʘʥʥʷ. ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʛʝʥʝʨʘʮʽʷ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʟʥʘʻʪʴʩʷ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʝ 

ʨʽʰʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʛʘʣʴʥʠʭ ʛʣʦʙʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʙʣʝʤ [1]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʘʡʙʫʪʥʽ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʙʫʜʫʪʴ 

ʩʢʣʘʜʥʠʤʠ ʤʝʨʝʞʘʤʠ ʢʽʣʴʢʦʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (DER) ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʝʨʝʞʘʭ ʧʨʠʟʚʝʜʫʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʤʽʥʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʫʩʢʣʘʜʥʠʪʴ ʢʦʤʫʥʽʢʘʮʽʶ ʪʘ 

ʢʦʥʪʨʦʣʴ. ʊʦʤʫ ʽʩʥʫʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʚ ʝʬʝʢʪʠʚʥʽʡ ʧʣʘʪʬʦʨʤʽ, ʟʜʘʪʥʽʡ ʦʙʨʦʙʣʷʪʠ ʧʦʪʽʢ 

ʜʘʥʠʭ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʂʦʥʮʝʧʮʽʷ ʎʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ (ʘʥʛʣ. 

ï Digital Twin) ʻ ʙʘʛʘʪʦʦʙʽʮʷʶʯʠʤ ʨʽʰʝʥʥʷʤ. ʎʝʡ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʨʦʟʢʨʠʪʠ 

ʚʝʣʠʯʝʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ [2]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʂʦʥʮʝʧʮʽʷ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ (ʈʠʩ. 1) ʙʫʣʘ ʚʧʝʨʰʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ NASA ʚ 2010 ʨʦʮʽ [3]. ʊʝʭʥʦʣʦʛʽʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ð ʮʝ ʩʠʩʪʝʤʘ ʩʠʩʪʝʤ, 

ʷʢʘ ʚʠʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ. ʎʠʬʨʦʚʠʡ 

ʜʚʽʡʥʠʢ ʢʦʧʽʶʻ ʚʩʽ ʝʣʝʤʝʥʪʠ, ʧʨʦʮʝʩʠ, ʜʠʥʘʤʽʢʫ ʪʘ ʤʽʢʨʦʧʨʦʛʨʘʤʫ ʬʽʟʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚ 

ʮʠʬʨʦʚʠʡ ʘʥʘʣʦʛ[4]. ɼʚʽ ʩʠʩʪʝʤʠ (ʬʽʟʠʯʥʘ ʪʘ ʮʠʬʨʦʚʘ) ʽʩʥʫʶʪʴ ʧʦʨʫʯ, ʧʦʜʽʣʷʶʯʠ ʚʩʽ ʚʭʽʜʥʽ 

ʜʘʥʽ ʪʘ ʦʧʝʨʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [5]. 
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ʆʪʞʝ, ʚʽʨʪʫʘʣʴʥʠʡ ʧʨʦʜʫʢʪ ʻ ʢʦʧʽʻʶ ʬʽʟʠʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʧʦʩʪʽʡʥʦ ʚʟʘʻʤʦʜʽʻ ʟ 

ʬʽʟʠʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʽ ʡʦʛʦ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ. ɹʽʣʴʰʝ 

ʪʦʛʦ, ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʙʝʟʧʝʨʝʨʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʤʫ ʜʦʩʚʽʜʫ, ʚʽʜʛʫʢʘʤ ʽ ʥʦʚʠʤ ʜʘʥʠʤ. ɯ ʮʝ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʨʦʙʢʫ, 

ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʇʦʚʝʜʽʥʢʫ ʧʨʦʜʫʢʪʫ ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʪʘ ʧʨʦʪʝʩʪʫʚʘʪʠ 

ʟʘʜʦʚʛʦ ʜʦ ʪʦʛʦ, ʷʢ ʙʫʜʝ ʩʪʚʦʨʝʥʦ ʬʽʟʠʯʥʠʡ ʧʨʦʪʦʪʠʧ. ʄʦʜʝʣʴ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʤʦʞʝ 

ʚʠʷʚʣʷʪʠ, ʧʨʦʛʥʦʟʫʚʘʪʠ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʧʨʦʮʝʩ ʜʠʥʘʤʽʯʥʦ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ ʬʽʟʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʪʘ/ʘʙʦ ʜʘʥʠʭ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʥʚʝʨʛʝʥʮʽʶ ʮʠʬʨʦʚʠʭ ʧʦʜʚʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ IoT, ʘʥʘʣʽʪʠʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʐɯ ʪʘ 

ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ [6]. 

ʎʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʩʪʘʚ ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʚʢʣʶʯʘʶʯʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʦʭʦʨʦʥʫ ʟʜʦʨʦʚôʷ, ʘʚʪʦʥʦʤʥʠʡ 

ʪʨʘʥʩʧʦʨʪ, ʦʩʚʽʪʫ, ʽʛʨʠ, ʙʽʟʥʝʩ ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʠʤʠ 

ʢʦʤʧʘʥʽʷʤʠ, ʷʢ Siemens, Tata Steel, Bosh ʽ General Electric. ʉʝʨʝʜ ʮʠʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ ʻ ʢʽʙʝʨʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ. ʈʦʟʛʦʨʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʚ ʮʽʡ 

ʩʬʝʨʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʦʥʚʝʨʛʝʥʮʽʾ ʥʠʥʽʰʥʴʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʚ ʩʠʥʝʨʛʝʪʠʯʥʫ 

ʢʽʙʝʨʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʻ ʨʦʟʫʤʥʦʶ ʤʝʨʝʞʝʶ. 

ʄʦʜʝʣʴ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʢʽʙʝʨʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʜʦʧʦʤʦʞʝ ʤʝʨʝʞʝʚʠʤ 

ʦʧʝʨʘʪʦʨʘʤ ʚ ʦʮʽʥʮʽ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ, ʚʠʷʚʣʝʥʥʽ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʦʜʽʡ, ʤʦʥʽʪʦʨʠʥʛʫ 

ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʨʘʧʪʦʚʽ ʟʤʽʥʠ ʚ ʩʠʩʪʝʤʽ [6]. ʂʨʽʤ ʪʦʛʦ, 

ʮʝ ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʟʤʝʥʰʠʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʽ 

ʚʽʜʢʣʘʩʪʠ ʛʨʘʬʽʢ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʜʦʩʢʦʥʘʣʝʥʘ ʢʦʦʨʜʠʥʘʮʽʷ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚôʷʟʢʫ DT-DT ʥʝʟʘʣʝʞʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʷʢ ʝʥʝʨʛʝʪʠʯʥʽ 

ʩʠʩʪʝʤʠ, ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʛʘʟʦʚʽ ʤʝʨʝʞʽ, ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʪʘ ʪʨʘʥʩʧʦʨʪ.  

ʉʴʦʛʦʜʥʽ ʽʥʪʝʛʨʘʮʽʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʢʽʙʝʨʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʦʟʫʤʥʠʭ ʤʽʩʪ ʽ ʫ ʚʠʟʥʘʯʝʥʥʽ ʮʠʬʨʦʚʠʭ ʩʪʨʘʪʝʛʽʡ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʥʝ 

ʣʠʰʝ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ, ʘ ʡ ʩʦʮʽʘʣʴʥʠʭ ʧʠʪʘʥʴ, ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʝʢʦʥʦʤʽʢʠ, 

ʝʢʦʣʦʛʽʾ ʪʘ ʙʝʟʧʝʢʠ. ʋʩʧʽʰʥʠʤ ʧʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʮʠʬʨʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʩʝʨʝʜʞʝʥʝ ʥʘ Rinascimento III ʫ ʈʠʤʽ, ʨʘʡʦʥʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 16 

ʚʦʩʴʤʠʧʦʚʝʨʭʦʚʠʭ ʙʫʜʠʥʢʽʚ ʽʟ 216 ʢʚʘʨʪʠʨʘʤʠ, ʱʦ ʞʠʚʣʷʪʴʩʷ ʥʘ 70% ʝʥʝʨʛʽʻʶ ʟ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ [7]. ʂʦʤʙʽʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʠʣʦ ʦʮʽʥʠʪʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʢʦʤʧʣʝʢʩʫ, ʟʙʝʨʝʞʝʥʥʷ 

ʬʘʢʪʠʯʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʤʬʦʨʪʫ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜʦʣʦʛʽʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʨʦʛʫ ʚʣʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ nZEB (near zero energy buildings). 

ɺʠʩʥʦʚʢʠ. ʋʩʧʽʰʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʜʦʟʚʦʣʠʪʴ 

ʘʥʘʣʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ, ʙʝʟʧʝʢʫ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʬʽʟʠʯʥʠʭ ʘʢʪʠʚʽʚ 

ʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʚʝʩʪʦʨʠ ʟʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠ ʪʦʯʥʽ ʽʥʚʝʩʪʠʮʽʡʥʽ 

ʧʣʘʥʠ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʨʠʟʠʢʫ. ʊʘʢʦʞ ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʦʣʝʛʰʠʪʠ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʧʝʨʩʦʥʘʣʦʤ ʽ ʦʙʣʘʜʥʘʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ ʟʤʽʰʘʥʦʾ ʨʝʘʣʴʥʦʩʪʽ [8]. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʉʀʉʊɽʄɸ ɺɯʈʊʋɸʃʔʅʀʍ ʄʆɼɽʃɽʁ ʎʀʌʈʆɺʀʍ ɼɺɯʁʅʀʂɯɺ 

ʃɸɹʆʈɸʊʆʈʅʀʍ ʉʊɽʅɼɯɺ ʂɯɹɽʈɽʅɽʈɻɽʊʀʏʅʀʍ ʉʀʉʊɽʄ. ʄɽʍɸʅɯɿʄ 

ʉʊɺʆʈɽʅʅʗ ʄʆɼɽʃɯ ʊɸ ʆɹᾷɭʂʊʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʎʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ, ʷʢʽ ʻ ʚʽʜʦʙʨʘʞʝʥʥʷʤ 

ʨʝʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ, 

ʩʠʤʫʣʷʮʽʶ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʙʝʟ ʚʪʨʘʪʠ ʨʝʩʫʨʩʽʚ ʪʘ ʯʘʩʫ ʥʘ ʨʝʘʣʴʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ. ʋ ʢʦʥʪʝʢʩʪʽ ʢʽʙʝʨʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʜʝ ʧʦʪʨʝʙʘ ʚ ʘʥʘʣʽʟʽ, ʧʨʦʛʥʦʟʫʚʘʥʥʽ 

ʪʘ ʨʝʘʛʫʚʘʥʥʽ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʠʪʫʘʮʽʾ ʻ ʢʨʠʪʠʯʥʦʶ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʦʜʝʣʝʡ 

ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʪʝʥʜʽʚ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʥʘʫʢʦʚʮʽʚ, 

ʽʥʞʝʥʝʨʽʚ ʪʘ ʩʧʝʮʽʘʣʽʩʪʽʚ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʛʘʣʫʟʽ ʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚ ʚʠʷʚʣʷʻ ʾʭ ʚʘʞʣʠʚʽʩʪʴ ʪʘ ʚʧʣʠʚ ʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʄʘʨʨ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ [1] 

ʧʽʜʢʨʝʩʣʶʻ, ʱʦ ʭʦʯʘ ʢʦʥʮʝʧʮʽʷ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʽʩʥʫʻ ʟ 2002 ʨʦʢʫ, ʣʠʰʝ ʟʘʚʜʷʢʠ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʚʦʥʘ ʩʪʘʣʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ. ʎʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ, ʷʢ 

ʚʽʨʪʫʘʣʴʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ, ʧʨʦʜʫʢʪʽʚ ʯʠ ʧʦʩʣʫʛ, ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʜʘʥʠʭ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛ ʩʠʩʪʝʤ ʟ ʤʝʪʦʶ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦʙʣʝʤ ʱʝ ʜʦ ʾʭ ʚʠʥʠʢʥʝʥʥʷ, ʱʦ ʨʦʟʚʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʜʦʟʚʦʣʷʻ ʧʣʘʥʫʚʘʪʠ ʤʘʡʙʫʪʥʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʫʣʷʮʽʡ. ʊʦʤʘʩ ʂʘʡʟʝʨ ʟ SAP 

[2] ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʩʪʘʶʪʴ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʙʽʟʥʝʩʫ, ʦʭʦʧʣʶʶʯʠ 

ʚʝʩʴ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʘʢʪʠʚʫ ʘʙʦ ʧʨʦʮʝʩʫ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʟ'ʻʜʥʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʧʦʩʣʫʛ. 

ʂʦʤʧʘʥʽʾ, ʷʢʽ ʥʝ ʘʜʘʧʪʫʶʪʴʩʷ ʜʦ ʮʠʭ ʟʤʽʥ, ʙʫʜʫʪʴ ʚʽʜʩʪʘʚʘʪʠ. ʉʫʣʝʤʘ ʪʘ ʽʥʰʽ [3] 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʪʨʠ ʤʦʜʝʣʽ ʜʣʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ, ʷʢʽ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʢʦʥʮʝʧʮʽʾ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ, ʨʦʟʛʣʷʜʘʶʯʠ ʾʭ ʷʢ ʤʦʞʣʠʚʠʡ ʚʠʧʘʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ ʦʩʚʽʪʽ ʽʥʞʝʥʝʨʽʚ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʧʦʪʝʥʮʽʘʣ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʥʝ ʪʽʣʴʢʠ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘʣʝ ʡ ʫ ʩʬʝʨʽ ʦʩʚʽʪʠ . 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʈʦʟʛʣʷʜʘʶʯʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, 

ʤʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʢʨʠʪʪʷ ʧʦʪʝʥʮʽʘʣʫ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʜʣʷ ʦʩʚʽʪʥʽʭ ʮʽʣʝʡ ʫ 

ʜʠʩʪʘʥʮʽʡʥʠʭ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʷʭ. ʎʝ ʚʢʣʶʯʘʻ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʨʘʜʠʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʘʣʝ ʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʧʽʜʭʦʜʽʚ ʫ ʧʽʜʛʦʪʦʚʮʽ ʤʘʡʙʫʪʥʽʭ ʽʥʞʝʥʝʨʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʩʬʝʨʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʪʘ ʨʝʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʛʽʙʨʠʜʥʽʡ ʦʥʣʘʡʥ-ʣʘʙʦʨʘʪʦʨʽʾ. ʄʝʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʜʦʩʣʽʜʠʪʠ, ʷʢ ʮʠʬʨʦʚʽ 

ʜʚʽʡʥʠʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʩʚʽʪʠ ʰʣʷʭʦʤ ʥʘʜʘʥʥʷ ʩʪʫʜʝʥʪʘʤ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚ ʙʝʟʧʝʯʥʦʤʫ, ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʱʦ ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʨʦʟʫʤʽʥʥʶ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʮʝʧʮʽʡ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ʩʠʩʪʝʤʽ ʚʽʨʪʫʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʪʝʥʜʽʚ ʢʽʙʝʨʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʨʝʘʣʽʟʘʮʽʷ ʛʽʙʨʠʜʥʦʾ 

ʣʘʙʦʨʘʪʦʨʽʾ, ʷʢʘ ʽʥʪʝʛʨʫʻ ʷʢ ʚʽʨʪʫʘʣʴʥʽ, ʪʘʢ ʽ ʨʝʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ[4]. ʎʷ ʽʥʪʝʛʨʘʮʽʷ ʜʦʟʚʦʣʷʻ 

ʩʪʫʜʝʥʪʘʤ ʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʪʝʩʪʫʚʘʪʠ ʢʦʥʪʨʦʣʴʥʽ ʘʣʛʦʨʠʪʤʠ (CA) ʜʣʷ ʦʙʨʘʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʦʙ'ʻʢʪʘ (CO), ʧʨʘʮʶʶʯʠ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʙʣʦʢʘʭ (CU). ɺʠʙʽʨ ʤʽʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʯʠ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʚʥʽʩʪʶ ʚʽʨʪʫʘʣʴʥʦ, ʥʘ ʨʝʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʘʙʦ ʚ ʢʦʤʙʽʥʘʮʽʾ ʦʙʦʭ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʣʘʙʦʨʘʪʦʨʽʾ GOLDi ʜʝʤʦʥʩʪʨʫʻ ʛʥʫʯʢʽʩʪʴ ʮʴʦʛʦ ʧʽʜʭʦʜʫ, ʜʦʟʚʦʣʷʶʯʠ ʙʫʜʴ-ʷʢʫ 

ʢʦʤʙʽʥʘʮʽʶ ʨʝʘʣʴʥʠʭ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʜʝ ʚʽʨʪʫʘʣʴʥʽ ʢʦʥʪʨʦʣʴʥʽ ʙʣʦʢʠ ʪʘ ʦʙ'ʻʢʪʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʷʢ JAVA-ʩʢʨʠʧʪʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʙʨʘʫʟʝʨʽ ʢʣʽʻʥʪʘ, ʘ ʨʝʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ð ʷʢ 
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ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʚʠʨʽʰʫʚʘʪʠ, ʷʢ ʧʨʦʚʦʜʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʯʦʪʠʨʴʦʭ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ: ʚʽʨʪʫʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʘʙʩʪʨʘʢʪʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ʨʝʘʣʴʥʽ ʚʽʜʜʘʣʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʨʝʘʣʽʟʘʮʽʾ. 

ɺʘʞʣʠʚʽʩʪʴ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʟʨʦʩʪʘʻ ʟ ʨʦʟʚʠʪʢʦʤ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʚ ʦʩʚʽʪʽ ʤʘʡʙʫʪʥʽʭ ʽʥʞʝʥʝʨʽʚ[5]. ɺʦʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʩʠʤʫʣʷʮʽʾ ʪʘ ʪʝʩʪʫʚʘʥʥʽ ʢʽʙʝʨʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʜʦʟʚʦʣʷʶʯʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ. 

ʃʘʙʦʨʘʪʦʨʽʷ GOLDi ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʥʫʯʢʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʨʦʟʫʤʽʥʥʶ ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʮʝʧʮʽʡ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʫʜʝʥʪʽʚ 

ʜʦ ʨʦʙʦʪʠ ʟ ʨʝʘʣʴʥʠʤʠ ʪʘ ʩʢʣʘʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ʋ ʚʠʩʥʦʚʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚʽʨʪʫʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʪʝʥʜʽʚ ʢʽʙʝʨʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʚʽʜʢʨʠʚʘʻ ʟʥʘʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʩʚʽʪʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚ ʩʬʝʨʽ ʢʽʙʝʨʝʥʝʨʛʝʪʠʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʨʝʘʣʴʥʠʭ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʛʽʙʨʠʜʥʠʭ 

ʣʘʙʦʨʘʪʦʨʽʷʭ, ʪʘʢʠʭ ʷʢ ʣʘʙʦʨʘʪʦʨʽʷ GOLDi, ʥʘʜʘʻ ʩʪʫʜʝʥʪʘʤ ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʨʦʙʢʠ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʪʨʦʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚ ʙʝʟʧʝʯʥʦʤʫ ʪʘ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ ʥʝ ʪʽʣʴʢʠ ʩʧʨʠʷʻ ʛʣʠʙʰʦʤʫ ʨʦʟʫʤʽʥʥʶ 

ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʮʝʧʮʽʡ, ʘʣʝ ʡ ʧʽʜʛʦʪʦʚʣʶʻ ʤʘʡʙʫʪʥʽʭ ʽʥʞʝʥʝʨʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʨʝʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʫ ʩʬʝʨʽ ʢʽʙʝʨʝʥʝʨʛʝʪʠʢʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄʆɼʀʌɯʂɸʎɯʗ ʁʄʆɺɯʈʅɯʉʅʆɻʆ ʂʈʀʊɽʈɯʖ ʌʋʅʂʎɯʆʅɸʃʔʅʆɰ 

ʉʊɯʁʂʆʉʊɯ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʆʜʥʠʤ ʽʟ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʭ ʥʘ ʧʨʘʢʪʠʮʽ 

ʧʦʥʷʪʴ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʻ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ. ʅʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʨʦʟʨʦʙʣʝʥʦ ʯʠʤʘʣʦ ʢʨʠʪʝʨʽʾʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʻ 

ʜʦʩʣʽʜʞʫʚʘʥʘ ʩʠʩʪʝʤʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʩʪʽʡʢʦʶ [1-3], ʪʘ, ʫ ʚʠʧʘʜʢʫ ʧʦʟʠʪʠʚʥʦʾ ʚʽʜʧʦʚʽʜʽ, 

ʷʢʠʡ ʟʘʧʘʩ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚʦʥʘ ʤʘʻ [4]. ʆʜʥʠʤ ʽʟ ʢʨʠʪʝʨʽʾʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʻ ʟʛʦʨʪʢʘ ʪʘʢ ʟʚʘʥʦʾ ʤʘʪʨʠʮʽ ʟʚôʷʟʥʦʩʪʽ 

 [ ]
, 1,2,...,

, 0;1 , 0, ,ij ij iji j n
W R R i j R i j

=
= Í ¸ Ø = = (1) 

ʜʝ ijR  ï ʮʝ ʡʤʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʪʦʢʦʤ ʚ ʚʝʨʰʠʥʽ iv  ʪʘ ʩʪʦʢʦʤ ʚ .jv   

ɺ ʜʝʷʢʠʭ ʨʦʙʦʪʘʭ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʛʦʨʪʢʫ ʤʘʪʨʠʮʽ (1) ʽ ʤʘʪʨʠʮʽ 

 
, 1,2,...,

,ij i j n
H h

=
=  (2) 

ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʟʘʣʝʞʘʪʴ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʪʨʘʬʽʢʫ ʚ ʣʽʥʽʷʭ ʟʚôʷʟʢʫ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʪʨʘʬʽʢʫ ʧʦ 

ʚʩʽʡ ʤʝʨʝʞʽ. ʆʜʥʘʢ, ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʪʝʭʥʽʯʥʦ ʩʢʣʘʜʥʦʶ 

ʟʘʜʘʯʝʶ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʽʥʰʝ ʚʠʟʥʘʯʝʥʥʷ (2). 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʚʝʜʝʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʢʨʠʪʝʨʽʾʚ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʯʘʣʦʩʷ ʜʦʩʠʪʴ ʜʘʚʥʦ [1, 4]. ʆʜʥʘʢ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ, ʽʥʦʜʽ, ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʯʘʣʦʩʷ ʚʽʜʥʦʩʥʦ ʥʝʜʘʚʥʦ. ɼʣʷ ʧʨʠʢʣʘʜʫ, ʚ ʨʦʙʦʪʘʭ 

[2-3] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʦʙʯʠʩʣʝʥʥʷ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʟʚôʷʟʥʦʩʪʽ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɺʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʠʧʫ ʩʝʨʝʜʥʴʦʛʦ ʪʨʘʬʽʢʫ ʤʦʞʝ ʙʫʪʠ 

ʪʝʭʥʽʯʥʦ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʩʢʣʘʜʥʽʩʪʴ ʟʘʜʘʥʥʷ ʤʘʪʨʠʮʽ (2). ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ 

ʧʨʦ ʽʥʰʝ ʾʾ ʚʠʟʥʘʯʝʥʥʷ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʩʧʨʦʙʘ ʽʥʘʢʰʝ ʦʟʥʘʯʠʪʠ (2) ʪʘ ʜʦʩʣʽʜʠʪʠ 

ʧʦʚʝʜʽʥʢʫ ʦʪʨʠʤʘʥʦʛʦ ʢʨʠʪʝʨʽʶ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʛʦʨʪʮʽ ʤʘʪʨʠʮʴ (1) ʪʘ (2). 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʚʘʞʣʠʚʦʶ ʻ ʘʨʭʽʪʝʢʪʫʨʘ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʣʦʛʽʯʥʦʶ ʩʧʨʦʙʫʚʘʪʠ ʦʟʥʘʯʠʪʠ 

ʝʣʝʤʝʥʪʠ ijh  ʤʘʪʨʠʮʽ (2) ʩʘʤʝ ʯʝʨʝʟ ʥʝʾ. ʆʜʥʘʢ, ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝ, ʷʢ ʮʝ ʟʨʦʙʠʪʠ ʪʘʢ, 

ʱʦʙ ʟʛʦʨʪʢʘ (1) ʪʘ (2) ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʚʘʣʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ. ʆʜʥʠʤ ʽʟ 

ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʻ ʥʘʩʪʫʧʥʠʡ 

 
min

, 0, ,
ij

ij

N
h i j i j

i j
= ¸ Ø =
-

 (3) 

ʜʝ minij N  ï ʮʝ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡ ʟʚôʷʟʢʫ, ʱʦ ʥʘʣʝʞʘʪʴ ʰʣʷʭʫ ʤʽʞ ʚʝʨʰʠʥʘʤʠ iv  ʪʘ 

jv  ʟ ʥʘʡʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʚʝʨʰʠʥ. ʊʦʜʽ ʢʨʠʪʝʨʽʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʂ ʙʫʜʝ 

ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʪʘʢ: 
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ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ (4) ʜʦ ʢʦʥʢʨʝʪʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʧʦʢʣʘʚʰʠ, 

ʱʦ ʚʩʽ ʤʘʰʠʥʠ ʚ ʥʽʡ ʻ ʘʙʩʦʣʶʪʥʦ ʩʧʨʘʚʥʠʤʠ, ʘ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʨʦʙʦʯʽ ʟ ʽʤʦʚʽʨʥʽʩʪʶ .p  ʅʝʭʘʡ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʪʘʢʦʛʦ ʛʨʘʬʫ: 

 
ʈʠʩʫʥʦʢ 1 ï ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

 

ʆʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ (4), ʷʢʝ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘ ʛʨʘʬʽʢʫ 

 
ʈʠʩʫʥʦʢ 2 ï ɿʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ  

 

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 2, ʦʪʨʠʤʘʥʠʡ ʢʨʠʪʝʨʽʡ ʻ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʶʯʦʶ ʬʫʥʢʮʽʻʶ ʚʽʜ 

ʡʤʦʚʽʨʥʦʩʪʽ ʩʧʨʘʚʥʦʩʪʽ ʣʽʥʽʡ ʟʚôʷʟʢʫ. ʊʦʤʫ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʢʨʠʪʝʨʽʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʷʚʥʦ ʚʢʘʟʫʚʘʪʠ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʢʨʠʪʝʨʽʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɼʦʩʣʽʜʞʝʥʦ ʩʧʝʮʠʬʽʢʫ ʡʦʛʦ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʥʘ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɺ ɯʅʉʊʈʋʄɽʅʊɸʃʔʅʀʍ 

ɿɸʉʆɹɸʍ ʅɸʅɽʉɽʅʅʗ ɺɯɿʋɸʃʔʅʀʍ ʆɹ'ɭʂʊɯɺ ʅɸ ʄɸʇʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʧʨʘʢʪʠʯʥʦ ʢʦʞʥʘ 

ʦʩʦʙʘ ʤʘʻ ʚʣʘʩʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ, ʯʠ ʪʦ ʘʚʪʦʤʦʙʽʣʴ, ʤʦʪʦʮʠʢʣ ʯʠ ʚʝʣʦʩʠʧʝʜ, ʽ ʙʘʛʘʪʦ ʟ 

ʥʘʩ ʨʝʛʫʣʷʨʥʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʮʠʬʨʦʚʠʤʠ ʢʘʨʪʘʤʠ ʜʣʷ ʥʘʚʽʛʘʮʽʾ ʪʘ ʧʨʦʢʣʘʜʘʥʥʷ ʤʘʨʰʨʫʪʽʚ. 

ʎʽ ʢʘʨʪʠ ʚʽʜʽʛʨʘʶʪʴ ʟʥʘʯʫʱʫ ʨʦʣʴ ʫ ʥʘʰʦʤʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ, ʘʣʝ, ʙʝʟʫʤʦʚʥʦ, 

ʢʣʶʯʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʾʭ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʪʦʯʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʥʘʜʘʥʠʭ 

ʜʘʥʠʭ. ɯ ʚʩʝ ʯʘʩʪʽʰʝ ʜʣʷ ʮʴʦʛʦ ʧʦʯʠʥʘʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ. ʏʝʨʝʟ ʱʦ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ 

ʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʜʦʨʦʟʽ ʪʘ ʥʘʥʝʩʝʥʥʷ ʾʭ ʥʘ ʤʘʧʫ, ʜʦ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ 

ʤʦʞʫʪʴ ʚʽʜʥʦʩʠʪʠʩʷ ʜʦʨʦʞʥʽ ʟʥʘʢʠ, ʩʚʽʪʣʦʬʦʨʠ, ʧʝʚʥʽ ʧʝʨʝʰʢʦʜʠ ʪʘ ʽʥʰʝ. 

ɼʣʷ ʪʘʢʠʭ ʮʽʣʝʡ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʝʦ ʟ ʢʘʤʝʨ ʘʚʪʦʤʦʙʽʣʽʚ, ʥʘ ʷʢʦʤʫ 

ʚʠʜʥʦ ʧʦʚʟ ʷʢʽ ʜʦʨʦʞʥʽ ʟʥʘʢʠ ʧʨʦʾʞʜʞʘʻ ʘʚʪʦʤʦʙʽʣʴ [1], ʪʘ ʢʦʦʨʜʠʥʘʪʠ GPS ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʤʘʧʫ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʟʘʩʦʙʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʰʘʨʘʭ ʤʘʧʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʠʡ ʙʫʜʝ ʦʙʨʦʙʣʷʪʠ ʚʽʜʝʦ ʟ 

ʢʘʤʝʨʠ ʘʚʪʦʤʦʙʽʣʷ ʧʘʨʘʣʝʣʴʥʦ ʟʘʧʠʩʫʶʯʠ GPS ʜʘʥʽ ʨʦʟʧʽʟʥʘʥʠʭ ʦʙôʻʢʪʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʂʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ (Computer Vision, CV) - ʮʝ ʛʘʣʫʟʴ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʧʦʚôʷʟʘʥʘ ʟ ʘʥʘʣʽʟʦʤ, ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷʤ ʟʦʙʨʘʞʝʥʴ ʽ ʚʽʜʝʦ. ɺ ʦʩʥʦʚʽ 

CV-ʩʠʩʪʝʤ ʟʘʟʚʠʯʘʡ ʣʝʞʘʪʴ ʘʣʛʦʨʠʪʤʠ ʥʘ ʙʘʟʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʚʦʥʠ 

ʚʯʘʪʴʩʷ ʚʽʜʨʽʟʥʷʪʠ ʦʜʥʽ ʦʙ'ʻʢʪʠ ʚʽʜ ʽʥʰʠʭ, ʙʘʯʠʪʠ ʧʘʪʝʨʥʠ ʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ [2]. 

ʂʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ, ʧʦ ʩʫʪʽ, ʽʤʽʪʫʻ ʪʝ, ʷʢ ʣʶʜʠʥʘ ʙʘʯʠʪʴ ʽ ʨʦʟʫʤʽʻ ʥʘʚʢʦʣʠʰʥʽʡ ʩʚʽʪ, 

ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʠʬʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʽ ʚʽʜʝʦ ʟʘʤʽʩʪʴ ʦʯʝʡ ʽ ʤʦʟʢʫ. 

ʇʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʨʦʙʦʪʠ ʟ ʢʦʤʧôʶʪʝʨʥʠʤ ʟʦʨʦʤ ʤʦʞʣʠʚʦ ʧʦʜʽʣʠʪʠ ʥʘ ʦʩʥʦʚʥʽ 

ʝʪʘʧʠ [3]: 

- ɿʙʽʨ ʜʘʥʠʭ 

- ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ  

- ɺʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ 

- ʃʦʢʘʣʽʟʘʮʽʷ ʦʙ'ʻʢʪʽʚ 

- ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ 

- ɺʽʜʩʪʝʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ 

- ɺʠʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ 

- ʆʥʦʚʣʝʥʥʷ ʪʘ ʄʦʜʠʬʽʢʘʮʽʷ 

ʅʘ ʝʪʘʧʽ ʟʙʦʨʫ ʜʘʥʠʭ ʩʠʩʪʝʤʘ ʦʪʨʠʤʫʻ ʚʽʜʝʦ ʟ ʢʘʤʝʨ ʪʘ ʢʦʦʨʜʠʥʘʪʠ GPS ʧʦʪʦʯʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʮʽ ʜʘʥʽ ʙʫʜʫʪʴ ʦʙʨʦʙʣʝʥʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ. 

ʇʽʜ ʯʘʩ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʦ ʚʽʜʝʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ 

(ʈʠʩ. 1), ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʯʽʪʢʽʩʪʴ ʪʘ 

ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʚʽʜʝʦʨʷʜʫ, ʱʦ ʤʦʞʝ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʧʦʜʘʣʴʰʝ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʶ, ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʢʪʽʚ ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʡʥʷʪʽ ʟʘ ʱʦʩʴ ʚʘʞʣʠʚʝ, ʘʙʦ 

ʥʘʚʧʘʢʠ ʧʦʢʨʘʱʫʶʯʠ ʚʽʜʝʦʨʷʜ ʚʽʜʢʨʠʚʘʶʯʠ ʥʦʚʽ, ʜʦ ʮʴʦʛʦ ʥʝʧʦʤʽʪʥʽ, ʦʙôʻʢʪʠ. 
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ʈʠʩʫʥʦʢ 1 ï ɿʤʝʥʰʝʥʥʷ ʰʫʤʫ ʥʘ ʧʨʠʢʣʘʜʽ ʣʽʭʪʘʨʽʚ 

 

ʇʘʨʘʣʝʣʴʥʦ ʟ ʮʠʤ ʦʪʨʠʤʘʥʽ ʢʦʦʨʜʠʥʘʪʠ GPS ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ (ʚʝʢʪʦʨʫ ʨʫʭʫ) (1) ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦ ʷʢʽʡ 

ʜʦʨʦʟʽ ʪʘ ʚ ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʨʦʟʪʘʰʦʚʘʥʽ ʦʙôʻʢʪʠ. 

 

ὺ ╟ ╟ȟ (1) 

ʜʝ v ī ʮʝ ʚʝʢʪʦʨ ʨʫʭʫ; 

    ╟  ï ʢʦʦʨʜʠʥʘʪʠ ʧʝʨʰʦʾ ʪʦʯʢʠ; 

    ╟  ï ʢʦʦʨʜʠʥʘʪʠ ʜʨʫʛʦʾ ʪʦʯʢʠ; 

 

ʅʘ ʝʪʘʧʘʭ ʚʠʷʚʣʝʥʥʷ, ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʛʦʨʪʢʦʚʫ 

ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, ʚ ʷʢʫ ʧʦʢʘʜʨʦʚʦ  ʥʘʜʭʦʜʷʪʴ ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʽʜʝʦ ʦʪʨʠʤʘʥʠʭ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ [4]. 

ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (CNN) - ʮʝ ʩʧʝʮʽʘʣʴʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʗʥʦʤ ʃʝʂʫʥʦʤ ʫ 1988 ʨ. ʎʝʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʚʭʽʜʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʘʪʠ ʚʘʞʣʠʚʽʩʪʴ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʘʙʦ ʦʙôʻʢʪʽʚ, ʧʨʠʩʫʪʥʽʭ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. 

ɺʽʥ ʪʘʢʦʞ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠ ʦʜʠʥ ʦʙôʻʢʪ ʚʽʜ ʽʥʰʦʛʦ [5]. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʽʣʝʥʥʷ 

ʧʝʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ ʧʽʢʩʝʣʽʚ. 

CNN ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ʦʩʥʦʚʥʠʭ ʰʘʨʽʚ (ʈʠʩ. 2): 

- Input layer - ʚʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ. 

- Convolution layer (ʟʛʦʨʪʢʘ) - ʦʙʯʠʩʣʶʶʪʴ ʚʠʭʽʜʥʽ ʜʘʥʽ ʚʫʟʣʽʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ 

ʣʦʢʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ ʚʭʽʜʥʦʾ ʤʘʪʨʠʮʽ. 

- ReLu layer (ʘʢʪʠʚʘʮʽʷ) - ʚʠʭʽʜʥʠʡ ʦʙʩʷʛ ʢʦʥʚʦʣʶʮʽʡʥʠʭ ʰʘʨʽʚ ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʦ 

ʝʣʝʤʝʥʪʥʫ ʬʫʥʢʮʽʶ ʘʢʪʠʚʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ReLu. 

- Pooling layer (ʦʙ'ʻʜʥʘʥʥʷ) ï ʢʦʥʪʨʦʣʶʻ ʥʘʜʤʽʨʥʽʩʪʴ, ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʶʯʠ 

ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʽ ʦʙʯʠʩʣʝʥʴ ʫ ʤʝʨʝʞʽ. 

- Fully connected layer ï ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʬʽʥʘʣʴʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʦʙôʻʢʪʘ, ʚʽʜʥʦʩʷʯʠ ʡʦʛʦ 

ʜʦ ʦʜʥʽʻʾ ʟ ʢʘʪʝʛʦʨʽʡ. 

 
ʈʠʩʫʥʦʢ 2 ï ʆʧʠʩʘʥʘ ʚʠʱʝ ʘʨʭʽʪʝʢʪʫʨʘ CNN ʟ ʧʽʜʧʠʩʘʥʠʤʠ ʥʘʟʚʘʤʠ ʰʘʨʽʚ [5] 

 

ʇʨʠ ʮʴʦʤʫ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʱʦ ʰʘʨʠ ʟʛʦʨʪʢʠ ʪʘ ʦʙôʻʜʥʘʥʥʷ ʤʘʞʫʪʴ ʧʦʚʪʦʨʶʚʘʪʠʩʷ, 

ʱʦ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ ʪʝ ʥʘʩʢʽʣʴʢʠ ʪʦʯʥʦ ʧʨʘʮʶʻ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ. 
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ʈʘʟʦʤ ʟʽ ʟʛʦʨʪʢʦʚʠʤʠ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʷʢʽ ʨʦʟʽʟʥʘʶʪʴ ʦʙôʻʢʪʠ ʥʘ ʢʦʞʥʦʤʫ 

ʢʘʜʨʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʦʜʥʠʤ ʡ ʪʠʤ 

ʩʘʤʠʤ ʦʙôʻʢʪʦʤ ʥʘ ʧʨʦʪʷʟʽ ʢʽʣʴʢʦʭ ʽ ʙʽʣʴʰʝ ʢʘʜʨʽʚ. 

ʊʘʢʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʩʪʦʨʽʶ ʨʫʭʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ 

ʧʦʟʠʮʽʡ ʪʘʢʦʞ ʚʦʥʠ ʻ ʢʦʨʠʩʥʠʤʠ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʦʩʢʽʣʴʢʠ ʟʘʧʦʙʽʛʘʶʪʴ 

ʧʦʚʪʦʨʥʦʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʶ ʦʜʥʠʭ ʡ ʪʠʭ ʩʘʤʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʩʫʩʽʜʥʽʭ ʢʘʜʨʘʭ. 

ʌʽʥʘʣʴʥʠʤ ʝʪʘʧʦʤ ʻ ʚʠʚʽʜ ʘʙʦ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʟʙʝʨʝʞʝʥʥʷ 

ʢʣʘʩʫ ʦʙôʻʢʪʘ ʨʘʟʦʤ ʟ ʡʦʛʦ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʘ ʚʝʢʪʦʨʦʤ ʨʫʭʫ ʧʽʜ ʷʢʠʤ ʡʦʛʦ ʙʫʣʦ ʨʦʟʧʽʟʥʘʥʦ. 

ʎʝ ʜʦʟʦʣʷʻ ʟʽʩʪʘʚʣʷʪʠ ʦʙôʻʢʪ ʪʘ ʥʘʧʨʷʤʦʢ ʨʫʭʫ, ʧʽʜ ʷʢʠʤ ʡʦʛʦ ʙʫʣʦ ʨʦʟʧʽʟʥʘʥʦ, ʟʘ ʨʘʭʫʥʦʢ 

ʯʦʛʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʜʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʨʰʨʫʪʽʚ.  

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʚʽʟʫʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʤʘʧʫ ʻ ʽʥʥʦʚʘʮʽʡʥʠʤ ʧʽʜʭʦʜʦʤ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʚ 

ʩʬʝʨʘʭ ʛʝʦʣʦʢʘʮʽʡʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʧʽʜʚʠʱʫʶʯʠ ʪʦʯʥʽʩʪʴ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʉɽʄɸʅʊʀʏʅʀʁ ʇʆʐʋʂ ʅɸ ʆʉʅʆɺɯ ʆʅʊʆʃʆɻɯɰ ɼʃʗ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ɸʅɸʃɯɿʋ ʊɽʂʉʊɯɺ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʘʥʘʣʽʟ ʪʝʢʩʪʽʚ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʩʫʯʘʩʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ. ʊʝʢʩʪʦʚʘ ʽʥʬʦʨʤʘʮʽʷ 

ʥʘʜʟʚʠʯʘʡʥʦ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʘ, ʱʦ ʩʪʚʦʨʶʻ ʧʦʪʨʝʙʫ ʫ ʰʚʠʜʢʦʤʫ ʪʘ ʝʬʝʢʪʠʚʥʦʤʫ 

ʘʥʘʣʽʟʽ. ʆʜʥʘʢ, ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʤʘʶʪʴ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ ʚ ʨʦʙʦʪʽ ʟ ʚʝʣʠʢʠʤ ʦʙʩʷʛʦʤ 

ʜʘʥʠʭ,  ʥʝʜʦʩʢʦʥʘʣʽ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʥʪʝʢʩʪʫ ʪʘ ʤʘʶʪʴ ʩʢʣʘʜʥʦʩʪʽ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ 

ʩʠʤʚʦʣʽʚ ʩʣʽʚ[1]. ʎʽ ʚʠʢʣʠʢʠ ʩʪʚʦʨʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ ʚ 

ʩʝʤʘʥʪʠʯʥʦʤʫ ʧʦʰʫʢʫ ʥʘ ʦʩʥʦʚʽ ʦʥʪʦʣʦʛʽʾ, ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʪʦʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʝʢʩʪʽʚ, ʪʘʢʽ ʷʢ ʯʘʩʪʦʪʥʠʡ 

ʘʥʘʣʽʟ, ʚʝʢʪʦʨʥʘ ʤʦʜʝʣʴ ʪʘ ʥʘʚʽʪʴ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʤʘʶʪʴ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, 

ʯʘʩʪʦʪʥʠʡ ʘʥʘʣʽʟ ʥʝ ʚʨʘʭʦʚʫʻ ʢʦʥʪʝʢʩʪ ʪʘ ʩʝʤʘʥʪʠʢʫ ʩʣʦʚʘ, ʚʝʢʪʦʨʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʚʪʨʘʯʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʩʣʦʚʘʤʠ, ʘ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʞʢʠʤʠ ʜʣʷ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʧʦʷʩʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚʠʩʚʽʪʣʠʪʠ ʥʝʜʦʣʽʢʠ ʧʦʧʝʨʝʜʥʽʭ ʧʽʜʭʦʜʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʜʦ 

ʩʝʤʘʥʪʠʯʥʦʛʦ ʧʦʰʫʢʫ. ɹʘʛʘʪʦ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʙʘʟʫʶʪʴʩʷ ʥʘ ʢʣʶʯʦʚʠʭ ʩʣʦʚʘʭ ʪʘ 

ʩʠʥʪʘʢʩʠʯʥʠʭ ʧʨʘʚʠʣʘʭ, ʱʦ ʦʙʤʝʞʫʻ ʾʭʥʶ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʨʘʭʫʚʘʥʥʷ ʩʝʤʘʥʪʠʢʠ ʪʝʢʩʪʫ ʪʘ 

ʢʦʥʪʝʢʩʪʫ. ɯʥʰʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʩʪʨʘʞʜʘʪʠ ʚʽʜ ʧʨʦʙʣʝʤʠ "ʚʘʨʽʘʙʝʣʴʥʦʾ ʩʝʤʘʥʪʠʢʠ", ʢʦʣʠ 

ʪʝʨʤʽʥ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʠʡ ʩʤʠʩʣ ʫ ʨʽʟʥʠʭ ʢʦʥʪʝʢʩʪʘʭ[2]. 

ʎʽ ʥʝʜʦʣʽʢʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʧʽʜʢʨʝʩʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ, 

ʟʦʢʨʝʤʘ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʩʝʤʘʥʪʠʯʥʦʤʫ ʧʦʰʫʢʫ, ʜʣʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ 

ʩʝʤʘʥʪʠʯʥʦʛʦ ʧʦʰʫʢʫ ʥʘ ʦʩʥʦʚʽ ʦʥʪʦʣʦʛʽʾ. ʎʝʡ ʤʝʪʦʜ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʪʝʢʩʪ ʪʘ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʪʝʨʤʽʥʘʤʠ ʪʘ ʧʦʥʷʪʪʷʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʛʦ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʥʘʣʽʟʫ 

ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  
ʂʦʥʪʝʢʩʪʥʠʡ ʩʝʤʘʥʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʄʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʩʝʤʘʥʪʠʯʥʦʛʦ ʢʦʥʪʝʢʩʪʫ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʩʝʤʘʥʪʠʯʥʦʾ 

ʢʦʥʪʝʢʩʪʥʦʾ ʙʣʠʟʴʢʦʩʪʽ ʩʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʥʪʦʣʦʛʽʯʥʦʾ ʙʘʟʠ ʟʥʘʥʴ ʻ ʮʽʢʘʚʠʤ ʥʘʧʨʷʤʢʦʤ 

ʜʦʩʣʽʜʞʝʥʴ. ʆʥʪʦʣʦʛʽʷ, ʷʢʘ ʻ ʦʩʥʦʚʦʶ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʶʚʘʪʠ 

ʩʤʠʩʣʦʚʫ ʙʣʠʟʴʢʽʩʪʴ ʤʽʞ ʩʝʤʘʥʪʠʯʥʠʤʠ ʽʥʪʝʨʧʨʝʪʘʮʽʷʤʠ ʣʝʢʩʝʤ ʪʝʢʩʪʫ ʚ ʤʝʞʘʭ ʾʭ 

ʢʦʥʪʝʢʩʪʫ. ʎʝ ʚʘʞʣʠʚʦ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʤʦʚʥʦʛʦ ʢʦʥʪʝʢʩʪʫ ʪʘ ʘʥʘʣʽʟʫ ʧʨʠʨʦʜʥʦʤʦʚʥʠʭ 

ʪʝʢʩʪʽʚ. 

ʆʥʪʦʣʦʛʽʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʽʻʨʘʨʭʽʯʥʫ ʩʝʤʘʥʪʠʯʥʫ ʤʝʨʝʞʫ, ʜʝ ʢʦʥʮʝʧʪʠ (ʩʤʠʩʣʦʚʽ 

ʦʜʠʥʠʮʽ) ʟʚôʷʟʘʥʽ ʩʝʤʘʥʪʠʯʥʠʤʠ ʚʽʜʥʦʰʝʥʥʷʤʠ. ʉʝʤʘʥʪʠʢʘ ʢʦʞʥʦʛʦ ʢʦʥʮʝʧʪʫ ʦʧʠʩʫʻʪʴʩʷ 

ʡʦʛʦ ʚʽʜʥʦʰʝʥʥʷʤʠ ʜʦ ʽʥʰʠʭ ʢʦʥʮʝʧʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʧʨʝʜʩʪʘʚʣʷʪʠ ʪʘ ʦʙʨʦʙʣʷʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʪʦʯʫʶʯʠʡ ʩʚʽʪ ʪʘ ʧʨʝʜʤʝʪʥʽ ʦʙʣʘʩʪʽ 

ʫ ʧʨʠʨʦʜʥʽʡ ʤʦʚʽ [3]. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʧʦʤʘʛʘʻ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʢʩʪʽʚ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʪʦʯʥʝ ʨʦʟʫʤʽʥʥʷ ʤʦʚʥʦʛʦ ʢʦʥʪʝʢʩʪʫ. 

ʉʣʦʚʘ ʪʘ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ ʧʝʚʥʦʾ ʤʦʚʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʣʝʢʩʠʮʽ ʩʠʩʪʝʤʠ. ʂʦʞʥʘ 

ʣʝʢʩʝʤʘ ʚ ʩʠʩʪʝʤʽ ʧʦʩʠʣʘʻʪʴʩʷ ʥʘ ʤʥʦʞʠʥʫ ʟʥʘʯʝʥʴ, ʷʢʫ ʚʦʥʘ ʤʘʻ ʚ ʜʘʥʽʡ ʤʦʚʽ. ʉʣʦʚʦ, ʚʞʠʪʝ 
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ʧʦʟʘ ʢʦʥʪʝʢʩʪʦʤ, ʤʦʞʝ ʤʘʪʠ ʙʫʜʴ-ʷʢʝ ʟʥʘʯʝʥʥʷ ʟ ʤʥʦʞʠʥʠ ʢʦʥʮʝʧʪʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʡʦʤʫ 

ʚ ʦʥʪʦʣʦʛʽʯʥʽʡ ʙʘʟʽ ʟʥʘʥʴ. ʗʢʱʦ ʩʣʦʚʦ ʚʞʠʪʝ ʚ ʢʦʥʪʝʢʩʪʽ ʧʝʚʥʦʛʦ ʨʝʯʝʥʥʷ, ʪʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ 

ʤʘʻ ʫʟʛʦʜʞʫʚʘʪʠʩʷ ʽʟ ʟʥʘʯʝʥʥʷʤʠ ʩʣʽʚ, ʷʢʽ ʩʪʦʷʪʴ ʧʦʨʷʜ. ʉʝʤʘʥʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʩʣʽʚ ʫ ʨʝʯʝʥʥʽ 

ʤʘʶʪʴ ʫʪʚʦʨʶʚʘʪʠ ʩʤʠʩʣʦʚʫ ʻʜʥʽʩʪʴ ʚ ʩʪʨʫʢʪʫʨʽ ʩʝʤʘʥʪʠʯʥʦʛʦ ʬʨʝʡʤʫ. ʊʦʤʫ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʧʪʽʚ ʩʣʽʚ, ʷʢʽ ʩʪʦʷʪʴ ʧʦʨʷʜ, ʤʘʶʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʩʝʤʘʥʪʠʯʥʦ ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ ʦʜʠʥ ʜʦ 

ʦʜʥʦʛʦ. 

ʅʘ ʚʭʽʜ ʙʣʦʢʫ ʢʦʥʪʝʢʩʪʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʜʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʽʚ W1, W2, ..., Wn. 

ʂʦʞʥʦʤʫ ʩʣʦʚʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʤʥʦʞʠʥʘ ʟʥʘʯʝʥʴ-ʢʦʥʮʝʧʪʽʚ ʟ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ 

- {S1i}, {S 2i}, ..., {Sni}. ɿ ʢʦʞʥʦʾ ʤʥʦʞʠʥʠ ʚ ʧʨʦʮʝʩʽ ʢʦʥʪʝʢʩʪʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ 

ʧʦ ʦʜʥʦʤʫ ʟʥʘʯʝʥʥʶ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʦʥʠ ʟʥʘʭʦʜʠʣʠʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʽʡ ʚʽʜʩʪʘʥʽ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʊʦʙʪʦ, ʱʦʙ ʩʫʤʘ ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʢʦʞʥʦʛʦ ʢʦʥʮʝʧʪʫ ʜʦ ʚʩʽʭ ʽʥʰʠʭ ʙʫʣʘ 

ʤʽʥʽʤʘʣʴʥʦʶ[3]. 

 
ʈʠʩʫʥʦʢ 1 ï ɺʠʙʽʨ ʥʘʡʙʣʠʞʯʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʢʦʥʮʝʧʪʽʚ 

 

ɯʩʥʫʶʪʴ ʜʚʘ ʤʝʪʦʜʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʤʘʥʪʠʯʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ: 

ʇʨʦʩʪʠʡ ʧʦʰʫʢ ʰʣʷʭʫ: ɺʠʢʦʨʠʩʪʦʚʫʻ ʢʣʘʩʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʦʛʦ 

ʰʣʷʭʫ ʫ ʛʨʘʬʽ. ʇʨʠ ʮʴʦʤʫ ʚʩʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʜʥʘʢʦʚʽ. ʎʝ ʤʦʞʝ 

ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʷʢ ʯʠʩʣʦʚʝ ʨʘʥʞʫʚʘʥʥʷ ʟʚ'ʷʟʢʽʚ, ʜʝ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʧʨʠʩʚʦʶʶʪʴʩʷ ʚʘʛʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʠ. 

ɽʚʨʠʩʪʠʯʥʠʡ ʧʦʰʫʢ: ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʤʝʞʝʥʠʡ ʥʘʙʽʨ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʪʠʧʽʚ 

ʟʚ'ʷʟʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʦʨʦʥʝʥʽ, ʪʦʜʽ ʷʢ ʽʥʰʽ 

ʜʦʟʚʦʣʷʶʪʴʩʷ. ɸʚʪʦʤʘʪ ʝʚʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʟʚ'ʷʟʢʽʚ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤ ʧʨʘʚʠʣʘʤ[2]. 

ʇʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ, ʡʦʛʦ ʜʦʚʞʠʥʘ ʚʚʘʞʘʻʪʴʩʷ 

ʩʝʤʘʥʪʠʯʥʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʥʠʤʠ. 

ʉʝʤʘʥʪʠʢʦ-ʩʠʥʪʘʢʩʠʯʥʠʡ ʘʥʘʣʽʟ 

ʄʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʪʘ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ ʝʪʘʧʽʚ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʂʦʢʘ-ʗʥʛʝʨʘ-ʂʦʩʘʤʽ (CYK). 

ʇʽʜ ʯʘʩ ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʪʝʨʤʽʥʘʣʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʠʥʪʘʢʩʠʯʥʽ ʛʨʫʧʠ, ʦʪʨʠʤʫʶʪʴ 

ʩʝʤʘʥʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʂʦʞʥʘ ʩʠʥʪʘʢʩʠʯʥʘ ʛʨʫʧʘ ʚ ʤʦʚʽ ʚʽʜʦʙʨʘʞʘʻ ʮʽʣʝ ʩʤʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ, 

ʱʦ ʜʦʧʦʤʘʛʘʻ ʫ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʽ ʪʝʢʩʪʫ. ʆʮʽʥʢʘ ʩʝʤʘʥʪʠʯʥʦʾ ʘʜʝʢʚʘʪʥʦʩʪʽ ʬʦʨʤʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʚ ʦʥʪʦʣʦʛʽʯʥʽʡ ʤʝʨʝʞʽ ʤʽʞ ʢʦʥʮʝʧʪʘʤʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʝʪʝʨʤʽʥʘʣʘʤ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʘʥʘʣʽʟʫ[4]. 

ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʩʝʤʘʥʪʠʯʥʦʛʦ ʬʨʝʡʤʫ ʨʝʯʝʥʥʷ, ʜʝ ʢʦʞʝʥ ʩʣʦʪ 

ʟʘʧʦʚʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʠʥʪʘʢʩʠʯʥʦʾ ʧʦʟʠʮʽʾ ʩʣʦʚʘ ʚ ʛʨʘʤʘʪʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʨʝʯʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʚʽʜʤʽʥʢʠ ʌʽʣʤʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʙʦʨʫ ʪʠʧʫ ʩʣʦʪʫ ʜʣʷ ʟʘʧʦʚʥʝʥʥʷ 

ʟʥʘʯʝʥʥʷʤ ʢʦʥʮʝʧʪʫ. 

ʅʘʨʝʰʪʽ, ʽʟʦʣʴʦʚʘʥʽ ʩʝʤʘʥʪʠʯʥʽ ʬʨʝʡʤʠ ʨʝʯʝʥʴ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʟʚ'ʷʟʥʫ ʩʝʤʘʥʪʠʯʥʫ 
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ʤʝʨʝʞʫ ʪʝʢʩʪʫ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʣʠʪʪʷ ʩʝʤʘʥʪʠʯʥʦ ʪʦʪʦʞʥʠʭ ʚʝʨʰʠʥ ʤʽʞ ʨʽʟʥʠʤʠ 

ʬʨʝʡʤʘʤʠ. ʗʢʱʦ ʫ ʜʚʦʭ ʬʨʝʡʤʘʭ ʻ ʚʝʨʰʠʥʠ, ʱʦ ʧʦʩʠʣʘʶʪʴʩʷ ʥʘ ʦʜʠʥ ʩʝʤʘʥʪʠʯʥʠʡ 

ʢʦʥʮʝʧʪ, ʚʦʥʠ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʦʜʥʫ ʚʝʨʰʠʥʫ[4]. 

ʆʪʞʝ, ʥʘ ʚʠʭʦʜʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʩʝʤʘʥʪʠʯʥʫ ʤʝʨʝʞʫ ʪʝʢʩʪʫ, ʷʢʘ ʤʽʩʪʠʪʴ ʫ ʚʝʨʰʠʥʘʭ 

ʢʦʥʮʝʧʪʠ ʪʝʢʩʪʫ, ʘ ʟʚ'ʷʟʢʠ ʤʽʞ ʥʠʤʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʝʤʘʥʪʠʯʥʽ ʚʽʜʥʦʩʠʥʠ ʫ ʪʝʢʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʆʧʠʩʘʥʘ ʤʦʜʝʣʴ ʨʝʘʣʽʟʫʻ ʧʽʜʭʽʜ ʜʦ ʘʩʦʮʽʘʪʠʚʥʦ-ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʪʝʢʩʪʽʚ ʧʨʠʨʦʜʥʦʶ ʤʦʚʦʶ. ʎʝʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʘʩʦʮʽʘʪʠʚʥʦʛʦ ʢʦʥʪʝʢʩʪʥʦʛʦ 

ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʚ ʦʥʪʦʣʦʛʽʯʥʽʡ ʤʝʨʝʞʽ ʤʽʞ ʩʝʤʘʥʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʣʝʢʩʝʤ 

ʪʝʢʩʪʫ. ʊʝʭʥʦʣʦʛʽʷ ʘʩʦʮʽʘʪʠʚʥʦ-ʩʝʤʘʥʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʽʚ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʮʽʡ ʤʦʜʝʣʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʽʥʛʚʽʩʪʠʯʥʽ ʙʘʟʠ ʟʥʘʥʴ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʽ ʙʣʦʢʠ ʜʣʷ ʨʽʟʥʠʭ ʝʪʘʧʽʚ 

ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʩʤʠʩʣʦʚʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʦʚʠʭ ʩʪʨʫʢʪʫʨ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʨʷʜ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʽʚ ʧʨʠʨʦʜʥʦʶ ʤʦʚʦʶ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄɽʊʆɼʀ ɿɹʆʈʋ ɼɸʅʀʍ ɼʃʗ ʄʆʅɯʊʆʈʀʅɻʋ ɽʅɽʈɻɽʊʀʏʅʀʍ ʉʀʉʊɽʄ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʄʦʥʽʪʦʨʠʥʛ ï ʮʝ ʧʨʦʮʝʩ ʟʙʦʨʫ ʜʘʥʠʭ ʧʽʜ 

ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘʜ ʦʙôʻʢʪʦʤ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛ ʙʫʜʴ-ʷʢʠʭ ʩʠʩʪʝʤʠ ʻ ʚʘʞʣʠʚʦʶ 

ʟʘʜʘʯʝʶ. ɹʘʟʫʶʯʠʩʴ ʥʘ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʘ 

ʩʘʤʝ: ʝʬʝʢʪʠʚʥʦʩʪʽ, ʜʦʮʽʣʴʥʦʩʪʽ, ʟʥʘʭʦʜʞʝʥʥʷ ʚʫʟʴʢʠʭ ʽ ʩʣʘʙʢʠʭ ʤʽʩʮʴ. ʊʘʢʦʞ ʷʢʱʦ 

ʤʦʥʽʪʦʨʠʥʛ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʪʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ ʪʘ ʧʨʝʚʝʥʪʠʚʥʦ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʨʦʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ. ʏʠʤ ʙʽʣʴʰ ʚʘʞʣʠʚʘ ʽ ʢʨʠʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʪʘʤ ʙʽʣʴʰ 

ʚʘʞʣʠʚʠʡ ʤʦʥʽʪʦʨʠʥʛ ʽ ʰʚʠʜʢʘ ʨʝʘʢʮʽʷ ʥʘ ʟʤʽʥʠ. ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʪʦ 

ʚʦʥʠ ʙʫʚʘʶʪʴ ʨʽʟʥʽ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʩʰʪʘʙʽʚ ʩʠʩʪʝʤʠ ʮʽʥʘ ʜʦʧʫʱʝʥʥʷ ʟʣʘʤʫ ʩʠʩʪʝʤʠ 

ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ: ʚʽʜ ʚʽʜʢʣʶʯʝʥʥʷ ʧʝʚʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʙʫʜʠʥʢʫ (ʜʦʤʘʰʥʽ ʝʥʝʨʛʝʪʠʯʥʽ 

ʩʠʩʪʝʤʠ) ʜʦ ʪʝʭʥʦʛʝʥʥʦʾ ʢʘʪʘʩʪʨʦʬʠ (ʘʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʝʥʝʨʛʝʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ, ʪʦʱʦ). 

ʄʦʥʽʪʦʨʠʥʛ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʧʽʜʩʠʩʪʝʤ: ʩʠʩʪʝʤ ʟʙʦʨʫ ʜʘʥʠʭ, ʩʠʩʪʝʤ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʜʘʥʠʭ, ʩʠʩʪʝʤ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ, ʩʠʩʪʝʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɿʙʽʨ ʜʘʥʠʭ - 

ʥʘʡʚʘʞʣʠʚʽʰʠʡ ʧʨʦʮʝʩ ʤʦʥʽʪʦʨʠʥʛʫ, ʦʩʢʽʣʴʢʠ ʥʘ ʙʘʟʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʽʥʰʽ ʩʠʩʪʝʤʠ ʚʠʢʦʥʫʶʪʴ 

ʩʚʦʾ ʟʘʜʘʯʽ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ï ʮʝ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʤʽʩʪʠʪʴ ʷʢ ʽ ʬʽʟʠʯʥʽ ʧʨʠʩʪʨʦʾ 

ʪʘʢ ʽ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʌʽʟʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʢʦʤʧʦʥʝʥʪ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʟʙʠʨʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (ɯʦʊ). 

ʉʧʝʮʽʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʥʽ 

ʨʝʩʫʨʩʠ ʚʫʟʣʘ, ʥʘ ʷʢʦʤʫ ʚʦʥʠ ʟʘʧʫʱʝʥʽ. ʉʪʘʥ ʚʫʟʣʽʚ ʪʘ ʩʪʘʥ ʮʴʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʻ ʮʽʢʘʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɯʩʥʫʶʪʴ ʢʽʣʴʢʘ ʛʦʪʦʚʠʭ ʨʽʰʝʥʴ, ʱʦʜʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ: Siemens Spectrum Power, Schneider Electric EcoStruxure, ARB Ability 

Energy Management System, Honeywell Forge Energy Optimization, EnerNOC Energy 

Intelligence Software, Emerson Ovation, Rockwell Automation PowerMonitor ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ, 

ʪʘʢʦʞ ʻ ʜʝʨʞʘʚʥʽ ʧʨʦʝʢʪʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʪʘʢʦʞ ʻ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ [1]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʜʘʪʯʠʢʠ ʜʣʷ ʟʙʦʨʫ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʤʽʨʶʚʘʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ, ʘʣʝ ʤʘʶʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʦʜʥʘʢʦʚʫ 

ʩʪʨʫʢʪʫʨʫ. ɺʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ; ʧʣʘʪʠ, ʱʦ ʧʝʨʝʜʘʻ ʽʥʬʦʨʤʘʮʽʶ 

ʥʘ ʧʝʚʥʠʡ ʚʫʟʦʣ ʩʠʩʪʝʤʠ; ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʪʦʢʦʣʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʠʤʽʨʶʚʘʣʴʥʠʤ 

ʧʨʠʩʪʨʦʻʤ, ʧʣʘʪʦʶ, ʚʫʟʣʦʤ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʷʢʠʤʠ ʜʦʮʽʣʴʥʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʠʩʪʝʤʘʭ:  

- ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʘʜʤʽʨʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ 

ʘʙʦ ʥʘʛʨʽʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. 

- ɼʘʪʯʠʢʠ ʪʠʩʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ ʫ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, 
ʨʝʟʝʨʚʫʘʨʘʭ, ʧʽʜʩʪʘʥʮʽʡ, ʪʦʱʦ. 

- ɼʘʪʯʠʢʠ ʨʽʚʥʷ ʨʽʜʠʥʠ ʜʦʟʚʦʣʷʶʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʟʘʧʘʩʘʤʠ, ʧʨʠʪʦʢʘʤʠ, ʚʠʪʦʢʘʤʠ 
ʨʽʜʠʥ.  

- ʃʽʯʠʣʴʥʠʢʠ ʝʥʝʨʛʽʾ ʚʠʤʽʨʶʶʪʴ ʩʧʦʞʠʚʘʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʛʘʟ, ʚʦʜʠ ʚ ʨʽʟʥʠʭ 
ʪʦʯʢʘʭ ʩʠʩʪʝʤʠ. 
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ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʽ ʬʽʟʠʯʥʽ ʧʨʦʪʦʢʦʣʠ ʚʟʘʻʤʦʜʽʾ. ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʨʽʰʝʥʥʷʤ ʻ  

M-Bus. M-Bus (Meter-Bus) [2] ï ʮʝ ʩʪʘʥʜʘʨʪ ʧʨʦʪʦʢʦʣ ʟʚ'ʷʟʢʫ, ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ 

ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ ʣʽʯʠʣʴʥʠʢʽʚ ʝʥʝʨʛʽʾ, ʚʦʜʠ, ʛʘʟʫ ʪʘ ʽʥʰʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʽ ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ:  

- ɺʠʢʦʨʠʩʪʦʚʫʻ ʰʠʥʫ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʥʘʧʨʫʛʠ (36 ɺ), ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʢʣʶʯʘʪʠ ʜʦ 

250 ʧʨʠʣʘʜʽʚ ʜʦ ʦʜʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʢʦʥʪʨʦʣʝʨʘ. 

- ʂʦʞʝʥ ʧʨʠʣʘʜ ʥʘ ʰʠʥʽ ʤʘʻ ʩʚʦʶ ʫʥʽʢʘʣʴʥʫ ʘʜʨʝʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 
ʜʘʪʯʠʢʠ ʚ ʤʝʨʝʞʽ. 

- ɺʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʪʦʢʦʣ ʤʘʩʪʝʨ-ʩʣʝʡʚ (ʬʽʟʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʦ ʷʢ ʜʚʦʧʨʦʚʽʜʥʘ ʰʠʥʘ), 

ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʨʝʡʤʽʚ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʰʢʦʜʞʝʥʥʷ ʦʜʥʽʻʾ ʣʽʥʽʾ, ʮʝ ʤʦʞʥʘ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʽ ʚʠʧʨʘʚʠʪʠ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʥʝ ʙʫʜʝ ʧʝʨʝʨʚʘʥʘ. 

- ʐʚʠʜʢʽʩʪʴ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʛʥʫʯʢʦ ʥʘʣʘʰʪʦʚʘʥʘ ʚʽʜ 300 ʜʦ 9600 ʙʽʪ ʟʘ ʩʝʢʫʥʜʫ. 
ʎʽʻʾ ʰʚʠʜʢʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʣʽʯʠʣʴʥʠʢʽʚ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ. 

- ɻʥʫʯʢʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʰʠʥʠ, ʮʝ ʤʦʞʝ ʙʫʪʠ ʷʢ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ 
ʞʠʚʣʝʥʥʷ, ʪʘʢ ʽ ʞʠʚʣʝʥʥʷ ʚʽʜ ʧʨʠʣʘʜʫ. 

- ɯʩʥʫʶʪʴ ʙʘʛʘʪʦ ʧʨʠʣʘʜʽʚ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʮʝʡ ʧʨʦʪʦʢʦʣ. 

- ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (9600 ʙʽʪ ʟʘ ʩʝʢʫʥʜʫ) ʜʦʚʞʠʥʘ ʢʘʙʝʣʷ 

350 ʤʝʪʨʽʚ. ʏʦʛʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʗʢʱʦ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦ 

ʟʘʡʤʘʶʪʴ ʙʽʣʴʰʽ ʨʦʟʤʽʨʠ, ʪʦ ʤʦʞʥʘ ʘʨʭʽʪʝʢʪʫʨʥʦ ʜʽʣʠʪʠ ʩʠʩʪʝʤʫ ʥʘ ʤʝʥʰʽ ʧʽʜʩʠʩʪʝʤʠ. 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʜʦʚʰʽ ʢʘʙʝʣʽ ʪʘ ʧʽʜʩʠʣʶʚʘʯʽ ʩʠʛʥʘʣʫ, ʘʣʝ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʰʚʠʜʢʽʩʪʴ ʙʫʜʝ 

ʤʝʥʰʦʶ. 

ɯʩʥʫʶʪʴ ʜʚʘ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʬʦʨʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʧʦ ʰʠʥʽ M-Bus. ʇʝʨʰʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʽ ʟʨʦʟʫʤʽʣʠʭ ʜʣʷ ʣʶʜʠʥʽ (human-readable) 

ʬʦʨʤʘʪʘʭ, ʥʘʧʨʠʢʣʘʜ JSON. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʣʝʛʢʦ ʚʽʜʣʘʛʦʜʞʫʚʘʪʠ ʩʠʩʪʝʤʫ. ɼʨʫʛʠʡ ï ʫ 

ʚʠʢʦʨʠʩʪʘʥʽ  ʟʞʘʪʦʛʦ ʬʦʨʤʘʪʫ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ ʧʦʙʽʪʦʚʠʡ ʧʨʦʪʦʢʦʣ ʚʟʘʻʤʦʜʽʾ. ʎʝ 

ʝʢʦʥʦʤʠʪʴ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʦʩʢʽʣʴʢʠ ʧʘʢʝʪ ʟʘʡʤʘʻ ʤʝʥʰʝ ʙʽʪʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʦʟʤʽʨʽʚ ʩʠʩʪʝʤʠ, ʘʣʝ ʚ ʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʮʷ ʝʢʦʥʦʤʽʷ ʻ ʟʥʘʯʥʦʶ. 

ɺ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʫʟʣʠ ʤʘʶʪʴ ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʥʘ 

ʙʘʟʽ ʷʜʨʘ Linux, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʪʽʰʽ ʪʘ ʜʦʩʪʫʧʥʽʰʽ ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ 

ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʪʘ ʤʦʞʝ ʟʘʧʫʩʢʘʪʠʩʷ ʥʘ ʧʨʠʩʪʨʦʷʭ ʟ ʥʝʚʝʣʠʢʠʤʠ ʩʠʩʪʝʤʥʠʤʠ 

ʧʦʪʫʞʥʦʩʪʷʤʠ. 

ɼʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʫʟʣʘ ʪʘ ʨʦʙʦʪʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʪʠʣʽʪʠ top [3], iftop [4]. 

ʋʪʠʣʽʪʘ top ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʥʠʭ ʨʝʩʫʨʩʽʚ (ʚʽʨʪʫʘʣʴʥʫ 

ʧʘʤ'ʷʪʴ, ʬʽʟʠʯʥʫ ʧʘʤ'ʷʪʴ, ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʧʨʦʮʝʩʫ, ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʫ, ʦʧʝʨʘʪʠʚʥʦʾ 

ʧʘʤôʷʪʽ) ʟʘʧʫʱʝʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚʫʟʣʦʤ ʟʘʛʘʣʦʤ. 

ʋʪʠʣʽʪʘ iftop ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ (ʥʘʷʚʥʽ 

ʧʽʜʢʣʶʯʝʥʥʷ, ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʧʝʨʝʛʣʷʜʘʪʠ ʚʠʚʽʜ (stdout, stderr) ʧʨʦʮʝʩʫ. 

ÔÁÉÌ Æ ȾÐÒÏÃȾ ÐÉÄȾÆÄȾ ίὸᾨὭὨ , (1) 

ʜʝ pid ī ʮʝ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʧʨʦʮʝʩʫ, std_id ï ʮʝ ʥʦʤʝʨ ʧʦʪʦʢʫ (1 = stdout, 2 = stderr) [5]. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʱʦʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʽʟʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʚʫʟʣʽʚ ʪʘ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʧʝʨʝʜʥʴʦʦʙʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʽʜʭʦʜʫ ʪʫʤʘʥʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ʄʦʥʽʪʦʨʠʥʛ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ï ʮʝ ʢʦʤʧʣʝʢʩʥʘ ʟʘʜʘʯʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʥʽʪʦʨʠʥʛʫ ʘʧʘʨʘʪʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʩʠʩʪʝʤʠ. ɽʪʘʧ ʟʙʦʨʫ ʜʘʥʠʭ 

ʱʦʜʦ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʽ ʨʝʘʣʽʟʘʮʽʾ, ʘʣʝ ʤʘʻ ʩʧʽʣʴʥʠʡ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʊɽʉʊʋɺɸʅʅʗ ʈʆʃɽʁ ʗʂ ʉʇʆʉɯɹ ʂɯʅʎɽɺʆɻʆ ʇʆʂʈɸʑɽʅʅʗ ɺɽɹ-ɼʆɼɸʊʂʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾ ʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ  ʨʦʙʦʪʠ ʟʘ ʪʝʤʦʶ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ çʄʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʦʧʠʩʫ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʫ 

ʢʘʙʽʥʝʪʫ ʘʩʧʽʨʘʥʪʘ ʢʘʬʝʜʨʠè ʇʦʣʦʚʽʥʢʽʥ ʇ. ʆ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʥʘʰ ʯʘʩ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʥʘʰʦʛʦ ʦʪʦʯʝʥʥʷ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʛʨʘʤ ʪʘ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʽ ʚʘʞʣʠʚʦ, ʱʦʙ ʚʦʥʠ ʧʨʘʮʶʚʘʣʠ ʥʘʣʝʞʥʠʤ 

ʯʠʥʦʤ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʠʣʴʥʦʾ ʨʦʙʦʪʠ ʮʠʭ ʜʦʜʘʪʢʽʚ ʻ 

ʪʝʩʪʫʚʘʥʥʷ, ʘ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʪʝʩʪʫʚʘʥʥʷ ʨʦʣʝʡ ʫ ʚʝʙ-ʜʦʜʘʪʢʘʭ, ʷʢʽ ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʊʝʩʪʫʚʘʥʥʷ ʨʦʣʝʡ ʧʦʣʷʛʘʻ ʚ ʩʧʨʦʙʽ ʚʽʜʪʚʦʨʠʪʠ ʩʮʝʥʘʨʽʾ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ, ʢʦʣʠ ʨʽʟʥʽ ʣʶʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʰ ʚʝʙ-ʜʦʜʘʪʦʢ [1]. ʎʝʡ ʧʨʦʮʝʩ 

ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʠʪʠ ʧʨʦʙʣʝʤʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʡʦʛʦ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʟʨʫʯʥʦʩʪʽ ʪʘ 

ʢʦʨʠʩʥʦʩʪʽ ʜʣʷ ʚʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʪʝʩʪʫʚʘʥʥʷ, ʪʘʢʠʤʠ ʷʢ 

ʪʝʩʪʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʘʙʦ ʧʝʨʝʚʽʨʢʘ ʩʫʤʽʩʥʦʩʪʽ ʚʩʽʭ ʯʘʩʪʠʥ, ʪʝʩʪʫʚʘʥʥʷ ʨʦʣʝʡ 

ʜʦʟʚʦʣʷʻ ʥʘʤ ʙʘʯʠʪʠ, ʷʢ ʩʠʩʪʝʤʘ ʧʨʘʮʶʻ ʚ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ, ʢʦʣʠ ʣʶʜʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʥʝʶ 

ʧʦ-ʨʽʟʥʦʤʫ [2]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʅʘʧʨʠʢʣʘʜ, ʜʠʚʣʷʯʠʩʴ ʥʘ ʨʠʩʫʥʦʢ 1 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʷʢʠʤ ʯʠʥʦʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʭʽʜ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʩʘʤʝ ʩʪʫʜʝʥʪʘ ʚ ʢʘʙʽʥʝʪ ʘʩʧʽʨʘʥʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ:  

 
ʈʠʩʫʥʦʢ 1 ï ɺʭʽʜ ʨʦʙʦʪʦʤ ʚ ʢʘʙʽʥʝʪ ʘʩʧʽʨʘʥʪʘ  
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ʈʠʩʫʥʦʢ 2 ï ɺʠʜ ʢʘʙʽʥʝʪʫ ʧʽʩʣʷ ʚʭʦʜʫ ʧʽʜ ʘʩʧʽʨʘʥʪʦʤ 

 

ɿ ʨʠʩ. 2 ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʜʝʷʢʽ ʢʣʶʯʦʚʽ ʤʦʤʝʥʪʠ ʚʟʘʻʤʦʜʽʾ, ʥʘʧʨʠʢʣʘʜ: 

- ɸʩʧʽʨʘʥʪ ʤʘʻ ʦʜʥʫ ʜʠʩʮʠʧʣʽʥʫ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ çʇʩʠʭʦʣʦʛʽʷè, ʚʠʢʣʘʜʘʯʝʤ ʷʢʦʾ ʻ 
ɸʥʜʨʽʡ 

- ɸʩʧʽʨʘʥʪ ʤʦʞʝ ʚʩʪʫʧʠʪʠ ʜʦ ʥʦʚʦʛʦ ʢʫʨʩʫ, ʥʘʪʠʩʥʫʚʰʠ ʥʘ ʢʥʦʧʢʫ çJoin new courseè 

ʋʩʽ ʜʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʚʜʷʢʠ ʨʦʙʦʪʫ, ʘʙʦ ʱʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʪʝʩʪʫʚʘʥʥʶ, 

ʱʦ ʟʘʧʫʩʢʘʻ ʚʝʙ-ʢʘʙʽʥʝʪ ʚʽʜ ʽʤʝʥʽ ʜʚʦʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʩʘʤʝ ʘʩʧʽʨʘʥʪʘ ʪʘ ʚʠʢʣʘʜʘʯʘ ʽ 

ʧʝʨʝʚʽʨʷʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʥʠʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʽ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʨʦʙʦʪʦʤ ʫʩʽʭ 

ʩʮʝʥʘʨʽʾʚ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʜʽʘʛʨʘʤʠ. 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤ ʪʘ ʾʭ ʘʥʘʣʽʟʫ [3]:  

 
ʈʠʩʫʥʦʢ 3 ï UML-ʜʽʘʛʨʘʤʘ, ʩʪʚʦʨʝʥʘ ʥʘ ʙʘʟʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥ ̫

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʝʡ ʧʽʜʭʽʜ ʥʘ ʙʘʟʽ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʨʦʙʦʪʦʤ, ʪʝʩʪʫʚʘʣʴʥʠʢ ʦʪʨʠʤʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʛʨʘʬʽʯʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʜʽʘʛʨʘʤʠ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʘʩʧʽʨʘʥʪʦʤ ʪʘ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 3, ʙʽʣʴʰʽʩʪʴ ʪʝʩʪʽʚ ʧʨʦʡʰʣʘ 

ʫʩʧʽʰʥʦ. ʅʘʧʨʠʢʣʘʜ, ʘʩʧʽʨʘʥʪ ʫʩʧʽʰʥʦ ʩʢʘʯʘʚ ʬʘʡʣ, ʷʢʠʡ ʙʫʚ ʟʘʚʘʥʪʘʞʝʥʠʡ ʥʘʫʢʦʚʠʤ 

ʢʝʨʽʚʥʠʢʦʤ, ʟʘ 0.6 ʩʝʢʫʥʜ. ɿʝʣʝʥʘ ʩʪʨʽʣʢʘ ʧʦʟʥʘʯʘʻ ʧʦʢʨʘʱʝʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤ 

ʨʘʟʦʤ, ʚʢʘʟʫʶʯʠ ʥʘ ʰʚʠʜʰʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʫ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʩʢʘʯʘʚ ʬʘʡʣ ʘʩʧʽʨʘʥʪʘ ʟʘ 0.8 ʩʝʢʫʥʜ, ʽ ʯʝʨʚʦʥʘ 

ʩʪʨʽʣʢʘ, ʩʧʨʷʤʦʚʘʥʘ ʚʥʠʟ, ʚʢʘʟʫʻ ʥʘ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ 
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ʪʝʩʪʫʚʘʥʥʷʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʛʽʨʰʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. ɸʥʘʣʦʛʽʯʥʦ, ʱʦʜʦ ʚʽʜʧʨʘʚʢʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷ: ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʚʽʜʧʨʘʚʠʚ ʡʦʛʦ ʟʘ 0.2 ʩʝʢʫʥʜʠ, ʘʣʝ ʘʩʧʽʨʘʥʪ ʥʝ ʦʪʨʠʤʘʚ 

ʡʦʛʦ. 

ʇʣʶʩʦʤ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟʘ ʨʽʟʥʽ 

ʧʝʨʽʦʜʠ, ʪʘʢʽ ʷʢ ʪʠʞʜʝʥʴ ʘʙʦ ʤʽʩʷʮʴ. ɿʙʠʨʘʶʯʠ ʩʪʘʪʠʩʪʠʢʫ ʪʘ ʘʥʘʣʽʟʫʶʯʠ ʚʝʣʠʢʠʡ ʦʙʩʷʛ 

ʜʘʥʠʭ, ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʟʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʚʝʙ-ʜʦʜʘʪʢʫ ʢʘʙʽʥʝʪʫ ʘʩʧʽʨʘʥʪʘ 

ʢʘʬʝʜʨʠ ʪʘ ʚʠʷʚʣʷʪʠ ʟʤʽʥʠ ʫ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʧʽʜ ʚʧʣʠʚʦʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ɿʘʚʜʷʢʠ ʪʝʩʪʫʚʘʥʥʶ ʨʦʣʝʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʤʝʪʦʜʦʤ ʚʜʘʣʦʩʴ ʧʦʣʽʧʰʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ ʪʘ ʜʦʚʝʩʪʠ ʚʝʙ-ʜʦʜʘʪʦʢ ʜʦ ʽʜʝʘʣʫ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʄʆɼɽʈʅɯɿɸʎɯʗ ʉʀʉʊɽʄʀ ʂʆʅʊʈʆʃʖ ɼʆʈʋʏɽʅʔ ʑʆɼʆ ɼɯʗʃʔʅʆʉʊɯ 

ʂɸʌɽɼʈʀ ɿɸ ʈɸʍʋʅʆʂ ɼʆɼɸɺɸʅʅʗ ʈʆʃɽʁ ʂʆʈʀʉʊʋɺɸʏɸʄ ʊɸ ɹɯʃʔʐ 

ɯʅʌʆʈʄɸʊʀɺʅʆɰ ʉʊʆʈɯʅʂʀ ʉʀʉʊɽʄʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʆʩʚʽʪʥʽʡ ʧʨʦʮʝʩ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʽʜʭʦʜʽʚ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʜʦʨʫʯʝʥʴ ʜʦʟʚʦʣʠʪʴ 

ʣʝʛʰʝ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʪʨʝʙʘʤ ʩʫʯʘʩʥʠʭ ʩʪʫʜʝʥʪʽʚ.  

ɿʤʽʮʥʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʜʦʨʫʯʝʥʴ ʥʘ ʢʘʬʝʜʨʽ ʫʥʽʚʝʨʩʠʪʝʪʘ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ 

ʫʧʨʘʚʣʽʥʥʷ ʜʽʷʣʴʥʽʩʪʶ ʮʽʻʾ ʢʘʬʝʜʨʠ, ʘ ʽʥʪʝʛʨʘʮʽʷ ʥʦʚʠʭ ʨʦʣʝʡ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦʟʚʦʣʠʪʴ ʢʨʘʱʝ 

ʨʦʟʧʦʜʽʣʷʪʠ ʦʙʦʚ'ʷʟʢʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ 

ʙʽʣʴʰ ʪʦʯʥʦ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʜʦʨʫʯʝʥʥʷ ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʥʦʨʤʘʪʠʚʽʚ ʚ ʩʬʝʨʽ 

ʦʩʚʽʪʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʜʣʷ ʘʢʨʝʜʠʪʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʨʦʣʝʡ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ 

ʧʦʣʝʛʰʠʪʠ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʚʠʢʣʘʜʘʯʘʤʠ, ʘʜʤʽʥʽʩʪʨʘʮʽʻʶ ʪʘ ʽʥʰʠʤʠ ʟʘʮʽʢʘʚʣʝʥʠʤʠ 

ʩʪʦʨʦʥʘʤʠ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʢʨʘʱʽʡ ʩʧʽʚʧʨʘʮʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ, ʪʝʤʘ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʧʨʦ ʤʦʜʝʨʥʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʜʦʨʫʯʝʥʴ ʥʘ ʢʘʬʝʜʨʽ ʤʘʻ ʚʘʞʣʠʚʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʷʢʦʩʪʽ ʦʩʚʽʪʠ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʦʩʚʽʪʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʜʽʙʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʽʚ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ɯʊ ʩʬʝʨʽ. ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʜʦʜʘʪʢʠ, ʪʘʢʽ ʷʢ Jira ʘʙʦ Trello 

ʢʦʤʧʘʥʽʾ Atlassian, ʥʘʜʘʶʪʴ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʢʦʤʘʥʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʦʱʦʢ ʟ ʟʘʚʜʘʥʥʷʤʠ, ʧʨʠʟʥʘʯʘʶʯʠ ʚʠʢʦʥʘʚʮʽʚ, ʩʨʦʢʠ ʪʘ ʽʥʰʝ[1, 2].  

ʊʘʢʦʞ ʚ ʢʦʥʪʝʢʩʪʽ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʩʠʩʪʝʤʠ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ, 

ʥʘʧʨʠʢʣʘʜ, ʩʝʨʚʽʩ ɺʯʘʩʥʦ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʰʚʠʜʢʠʡ ʦʙʤʽʥ ʜʦʢʫʤʝʥʪʘʤʠ 

ʚʩʝʨʝʜʠʥʽ ʢʦʤʧʘʥʽʾ, ʱʦ ʤʦʛʣʦ ʙ ʧʝʚʥʠʤ ʯʠʥʦʤ ʜʦʧʦʤʦʛʪʠ ʟ ʧʨʦʙʣʝʤʘʪʠʢʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

ɸʣʝ ʪʘʢʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʧʦʚᾷʷʟʘʥʽ ʟ ʚʫʟʴʢʦʶ ʩʬʝʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʘʜʞʝ ʢʝʨʫʚʘʥʥʷ ʢʘʬʝʜʨʦʶ ʽ ʦʙʤʽʥ ʜʦʨʫʯʝʥʥʷʤ ʥʝ ʥʘʜʪʦ ʩʧʽʚʧʘʜʘʻ ʟ ʢʝʨʫʚʘʥʥʷʤ ʧʨʦʻʢʪʦʤ 

ʘʙʦ ʦʙʤʽʥʦʤ ʜʦʢʫʤʝʥʪʘʤʠ, ʪʦʞ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʥʝ ʤʘʻʤʦ ʙʘʛʘʪʦ ʨʽʰʝʥʴ, ʱʦ ʤʦʛʣʠ ʙ 

ʚʠʨʽʰʠʪʠ ʦʢʨʝʩʣʝʥʫ ʚʠʱʝ ʧʨʦʙʣʝʤʫ. 

ʗʢʱʦ ʨʦʟʜʠʚʣʷʪʠʩʷ ʢʝʨʫʚʘʥʥʷ ʢʘʬʝʜʨʦʶ ʪʘ ʜʦʨʫʯʝʥʥʷʤʠ ʩʘʤʝ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʥʘ ʢʘʬʝʜʨʽ ʪʦ ʤʦʞʥʘ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʥʘʫʢʦʚʫ ʩʪʘʪʪʶ ʚʽʜ 

ʘʚʩʪʨʘʣʽʡʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ Deakin. ɿʘʛʘʣʦʤ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʱʦ ʩʧʽʣʴʥʠʡ ʟʘʜʫʤ ʻ 

ʩʭʦʞʠʤ, ʦʜʥʘʢ ʾʭ ʧʨʦʛʨʘʤʥʝ ʨʽʰʝʥʥʷ ʥʝ ʻ ʧʦʚʥʽʩʪʶ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʘ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤ. 

ɺʦʥʦ ʻ ʙʽʣʴʰ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʜʣʷ ʾʭ ʤʝʪʦʜʦʣʦʛʽʾ ʚʠʢʣʘʜʘʥʥʷ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʧʨʦʮʝʩʽʚ[3].  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʢʨʘʱʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʜʦʨʫʯʝʥʴ ʜʽʷʣʴʥʦʩʪʽ ʢʘʬʝʜʨʠ ʟ ʤʝʪʦʶ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʨʦʣʝʡ ʢʦʨʠʩʪʫʚʘʯʘʤ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʦʾ ʩʪʦʨʽʥʢʠ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʧʨʦʮʝʩʘʤʠ ʥʘ 

ʢʘʬʝʜʨʽ ʽ ʧʦʢʨʘʱʠʪʴ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʫʙᾷʻʢʪʘʤʠ ʮʠʤ ʧʨʦʮʝʩʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʠʣʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ. ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʚ ʨʦʙʦʪʽ ʥʘʜ ʤʦʜʝʨʥʽʟʘʮʽʻʶ 

ʩʠʩʪʝʤʠ ʻ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ ʾʾ ʩʪʨʫʢʪʫʨʫ, ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ 

ʪʘ ʦʙʤʝʞʝʥʥʷ. ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʝʨʚʝʨʥʫ ʯʘʩʪʠʥʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʟʠ ʜʘʥʠʭ 

ʪʘ ʙʝʢʝʥʜʫ, ʱʦ ʨʝʘʣʽʟʫʻ CRUD ʬʫʥʢʮʽʾ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ ʜʘʥʠʭ. 

ɹʘʟʘ ʜʘʥʠʭ ʟʜʝʙʽʣʴʰʦʛʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʣʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʘʤʠʭ ʜʦʨʫʯʝʥʴ. 
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ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ ʽ ʢʦʥʮʝʧʮʽʾ ʾʾ 

ʤʦʜʝʨʥʽʟʘʮʽʾ. ʂʣʶʯʦʚʫ ʨʦʣʴ ʚ ʩʠʩʪʝʤʽ ʚʽʜʽʛʨʘʻ ʟʨʫʯʥʠʡ, ʽʥʪʫʾʪʠʚʥʦ-ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ, 

ʱʦ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʩʠʩʪʝʤʦʶ. ʉʘʤʝ ʮʝ ʜʦʟʚʦʣʠʪʴ ʟʘʣʫʯʠʪʠ ʰʠʨʦʢʝ ʢʦʣʦ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʾʭ ʟʘʧʠʪʠ. ʆʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʻ ʚʝʙ-

ʜʦʜʘʪʦʢ, ʪʦʙʪʦ ʪʘʢʠʡ, ʷʢʠʡ ʥʝ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʽ ʥʝ 

ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʞʦʜʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ. ɺʝʙ-ʜʦʜʘʪʦʢ ʤʘʻ ʥʘʜʘʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʚʩʽʭ ʜʦʪʠʯʥʠʭ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦʨʫʯʝʥʴ, ʤʽʩʪʠʪʠ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʜʦʨʫʯʝʥʥʷʤʠ ʪʘ ʬʽʣʴʪʨʘʮʽʶ, ʘ ʪʘʢʦʞ ʦʩʦʙʠʩʪʠʡ ʢʘʙʽʥʝʪ ʢʦʨʠʩʪʫʚʘʯʘ. ɿʨʫʯʥʠʤ 

ʨʽʰʝʥʥʷʤ ʙʫʜʝ ʪʘʢʦʞ ʩʧʦʚʽʱʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʧʦʰʪʫ ʱʦʜʦ ʟʤʽʥ ʫ ʩʪʘʪʫʩʽ ʜʦʨʫʯʝʥʴ. 

ʊʘʢʦʞ ʘʥʘʣʽʟ ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʤʦʞʥʘ ʾʭ ʨʦʟʜʽʣʠʪʠ ʥʘ ʛʨʫʧʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʜʘʥʴ, ʷʢʽ ʚʠʨʽʰʫʚʘʪʠʤʝ ʩʠʩʪʝʤʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ 

ʚʧʨʦʚʘʜʠʪʠ ʫ ʩʠʩʪʝʤʫ ʨʦʣʽ, ʪʘʢʽ ʷʢ ʂʦʨʠʩʪʫʚʘʯ ʘʙʦ ɺʠʢʦʥʘʚʝʮʴ (ñUserò) - ʪʦʡ, ʢʦʤʫ 

ʜʦʩʪʫʧʥʠʡ ʙʘʟʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ ʩʠʩʪʝʤʠ ʽ ʭʪʦ ʦʪʨʠʤʫʻ ʜʦʨʫʯʝʥʥʷ, ʂʝʨʽʚʥʠʢ (ñHeadò) - ʪʦʡ, 

ʱʦ ʤʦʞʝ ʚʠʜʘʚʘʪʠ ʨʦʟʧʦʨʷʜʞʝʥʥʷ, ʨʦʟʰʠʨʝʥʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʽ ɸʜʤʽʥʽʩʪʨʘʪʦʨ (ñAdminò) - 

ʪʦʡ, ʱʦ ʟʜʽʡʩʥʶʻ ʢʝʨʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʻ: ʟʨʫʯʥʠʡ ʪʘ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʰʚʠʜʢʦʜʽʷ, ʙʝʟʧʝʨʝʙʽʡʥʘ ʨʦʙʦʪʘ ʽʟ ʙʘʟʦʶ ʜʘʥʠʭ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʘ ʨʦʟʰʠʨʝʥʘ ʽ ʨʝʦʨʛʘʥʽʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʠʭ 

ʩʠʩʪʝʤʠ, ʨʦʟʨʦʙʣʝʥʽ ʥʦʚʽ ʤʦʜʝʣʽ, ʜʦʜʘʥʽ ʥʝʦʙʭʽʜʥʽ ʬʫʥʢʮʽʾ ʜʦ ʢʦʥʪʨʦʣʝʨʘ, ʘ ʪʘʢʦʞ 

ʨʝʘʣʽʟʦʚʘʥʘ ʬʨʦʥʪʝʥʜ ʯʘʩʪʠʥʘ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʊʝʩʪʫʚʘʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʡ ʪʘ ʨʦʣʝʡ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦʢʘʟʘʣʦ, ʱʦ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ 

ʜʦʨʫʯʝʥʴ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚ ʜʽʷʣʴʥʦʩʪʽ ʢʘʬʝʜʨʠ ʪʘ ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʪʨʝʙʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʜʦʨʫʯʝʥʥʷʤʠ ʥʘ ʢʘʬʝʜʨʽ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʻ ʥʝʦʙʭʽʜʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ. ɰʾ ʤʦʜʝʨʥʽʟʘʮʽʷ ʜʦʟʚʦʣʠʪʴ 

ʨʦʟʰʠʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣ ʪʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʜʽʷʣʴʥʦʩʪʽ ʢʘʬʝʜʨʠ. ʉʘʤʝ 

ʪʦʤʫ ʨʦʟʨʦʙʢʘ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʽ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ 

ʧʝʨʩʦʥʘʣʫ ʧʦʚᾷʷʟʘʥʽ ʟ ʫʧʨʘʚʣʽʥʥʷʤ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʉʀʉʊɽʄɸ ʂʆʅʊʈʆʃʖ ʈɸɼɯɸʎɯʁʅʆɻʆ ʆʇʈʆʄɯʅɽʅʅʗ ʇɽʈʉʆʅɸʃʋ ʅɸ 

ʊɽʈʀʊʆʈɯʗʍ ʏɸɽʉ ʅɸ ʆʉʅʆɺɯ ɻɯʉ-ʊɽʍʅʆʃʆɻɯʁ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʢʦʥʪʝʢʩʪʽ ʦʧʝʨʘʮʽʡ ʥʘ ʪʝʨʠʪʦʨʽʷʭ 

ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʏɸɽʉ), ʜʝ ʧʨʘʮʶʻ ʧʝʨʩʦʥʘʣ ʟ ʨʽʟʥʠʤʠ ʦʙʦʚ'ʷʟʢʘʤʠ, 

ʚʢʣʶʯʘʶʯʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʝʘʢʪʦʨʽʚ ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʩʪʘʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʶʯʽ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ, ʨʠʟʠʢ ʦʧʨʦʤʽʥʝʥʥʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʠʤ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʫ ʟʦʥʽ ʚʠʩʦʢʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ.  ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʙʫʜʝ ʢʝʨʫʚʘʪʠ ʡ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʟ ʏɸɽʉ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʨʘʜʽʘʮʽʡʥʫ 

ʙʝʟʧʝʢʫ ʧʝʨʩʦʥʘʣʫ ʽ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʟʜʦʨʦʚôʶ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʥʘ ʪʝʨʠʪʦʨʽʷʭ 

ʏɸɽʉ ʚʢʣʘʜʘʶʪʴ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʙʝʟʧʝʢʠ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʨʘʜʽʘʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ.  

ɼʦʩʣʽʜʥʠʢʠ ʨʦʟʨʦʙʠʣʠ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʎʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʧʝʨʩʦʥʘʣʫ ʫʥʠʢʥʫʪʠ ʥʘʜʤʽʨʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. ʆʜʥʘ ʟ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ï RadSpace. ʎʝ ʫʥʽʢʘʣʴʥʘ ʜʚʦʨʽʚʥʝʚʘ ʩʠʩʪʝʤʘ ʟ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʷʢʘ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʜʽʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʾ ʟ 

ʧʫʥʢʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʽ ʟôʻʜʥʘʥʽ ʟ ʩʝʨʚʝʨʥʠʤ ʢʦʤʧôʶʪʝʨʦʤ GPRS ʢʘʥʘʣʦʤ [1]. 

ʊʘʢʦʞ, ʚʝʣʠʢʫ ʫʚʘʛʫ ʜʦ ʢʦʥʪʨʦʣʶ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʧʨʠʜʽʣʷʻ ʄʽʥʽʩʪʝʨʩʪʚʦ 

ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, ʷʢʝ ʟʙʠʨʘʻ ʜʘʥʽ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʟʘʛʨʦʟʠ, 

ʩʧʨʠʯʠʥʝʥʽ ʦʢʫʧʘʥʪʘʤʠ ʨʬ, ʪʘ ʨʦʟʨʦʙʣʷʻ ʧʣʘʥ ʜʣʷ ʾʭʥʴʦʾ ʧʦʜʘʣʴʰʦʾ ʣʽʢʚʽʜʘʮʽʾ. ʄʽʥʜʦʚʢʽʣʣʷ 

ʧʨʘʮʶʻ ʥʘʜ ʚʽʜʥʦʚʣʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʧʽʩʣʷ ʦʢʫʧʘʮʽʾ [2].  

ɼʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʏɸɽʉ, ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʘʜʽʘʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ. ʈʦʟʨʦʙʣʝʥʽ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʟʦʢʨʝʤʘ RadSpace, ʜʦʟʚʦʣʷʶʪʴ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ ʩʧʨʠʷʻ ʫʥʠʢʥʝʥʥʶ 

ʥʘʜʤʽʨʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʷʭ ʜʣʷ ʪʝʨʠʪʦʨʽʡ 

ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʏɸɽʉ). ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʙʨʦʙʢʫ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ ʧʨʦ ʨʘʜʽʘʮʽʡʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʪʘʥʮʽʾ ʪʘ ʾʾ 

ʥʘʚʢʦʣʠʰʥʽʡ ʪʝʨʠʪʦʨʽʾ. ʄʝʪʘ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʜʦʩʣʽʜʞʝʥʥʷ  ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʜʣʷ ʧʝʨʩʦʥʘʣʫ ʪʘ ʨʝʘʛʫʚʘʥʥʷ 

ʥʘ ʥʠʭ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʏɸɽʉ ʪʘ ʤʽʥʽʤʽʟʘʮʽʷ 

ʨʠʟʠʢʽʚ ʚʥʘʩʣʽʜʦʢ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʷʪʠʤʝ ʟʙʝʨʝʞʝʥʥʶ ʟʜʦʨʦʚ'ʷ 

ʧʝʨʩʦʥʘʣʫ, ʟʙʝʨʝʞʝʥʥʶ ʝʢʦʣʦʛʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʜʦʚʽʨʠ ʜʦ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  
ɺ ʭʦʜʽ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʣʘʩʴ ʧʦʙʫʜʦʚʘ ʙʝʟʧʝʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʪʘ ʘʥʘʣʽʟ 
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ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʧʝʨʩʦʥʘʣʫ. ʊʘʢʦʞ ʧʨʠʜʽʣʷʣʘʩʷ ʫʚʘʛʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʘʜʽʘʮʽʡʥʠʡ ʩʪʘʥ ʪʘ ʥʘʩʣʽʜʢʠ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ.  

ʅʘʩʘʤʧʝʨʝʜ, ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ: 

1. ɿʙʽʨ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʨʘʜʽʘʮʽʡʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʏɸɽʉ ʪʘ 

ʥʘʚʢʦʣʠʰʥʽʭ ʨʘʡʦʥʘʭ, ʚʢʣʶʯʘʶʯʠ ʜʘʥʽ ʚʽʜ ʜʘʪʯʠʢʽʚ ʨʘʜʽʘʮʽʾ ʪʘ ʽʥʰʽ ʜʞʝʨʝʣʘ. ɸʥʘʣʽʟ ʮʠʭ 

ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʘʮʽʾ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʤʽʥʽʤʽʟʫʶʪʴ 

ʝʢʩʧʦʟʠʮʽʶ ʧʝʨʩʦʥʘʣʫ ʨʘʜʽʘʮʽʾ. ʎʝ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɯʉ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʪʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʦʥ ʟ ʥʘʡʤʝʥʰʠʤ ʨʽʚʥʝʤ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ [3]. 

3. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʭʦʜʫ ʟʦʥ ʨʠʟʠʢʫ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʙʭʦʜʫ ʘʙʦ ʫʥʠʢʥʝʥʥʷ 

ʟʦʥ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʘʮʽʾ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʘʨʰʨʫʪʽʚ ʜʣʷ ʧʝʨʩʦʥʘʣʫ. ʎʽ ʘʣʛʦʨʠʪʤʠ 

ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʨʘʜʽʘʮʽʡʥʠʡ ʬʦʥ, ʘʣʝ ʡ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʜʦʩʪʫʧʥʽʩʪʴ 

ʰʣʷʭʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʽ ʤʘʨʰʨʫʪʠ. 

4. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʥʘʚʽʛʘʮʽʾ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ, ʪʘʢʠʭ ʷʢ GPS ʪʘ ʤʦʙʽʣʴʥʽ 

ʜʦʜʘʪʢʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʝʨʩʦʥʘʣʫ ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʠʤ 

ʤʘʨʰʨʫʪʘʤ. 

ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʝʨʩʦʥʘʣʫ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʏɸɽʉ) ʪʘ ʚ ʥʘʚʢʦʣʠʰʥʽʭ ʨʘʡʦʥʘʭ ʚ 

ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʦʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ: 

1. ʄʽʥʽʤʽʟʘʮʽʶ ʝʢʩʧʦʟʠʮʽʾ ʧʝʨʩʦʥʘʣʫ ʨʘʜʽʘʮʽʾ. ʅʘʩʘʤʧʝʨʝʜ, ɼʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʦ 

ʚʠʟʥʘʯʠʪʠ ʙʝʟʧʝʯʥʽ ʤʘʨʰʨʫʪʠ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʤʽʥʽʤʽʟʫʶʪʴ ʾʭʥʶ 

ʝʢʩʧʦʟʠʮʽʶ ʜʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ ʨʝʛʫʣʷʨʥʦ ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʧʦ ʪʝʨʠʪʦʨʽʾ ʩʪʘʥʮʽʾ. 

2. ɿʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ: ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʚ ʭʦʜʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʙʫʜʝ ʜʦʟʚʦʣʷʪʠ ʧʝʨʩʦʥʘʣʫ ʰʚʠʜʢʦ ʪʘ ʟʨʫʯʥʦ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʧʨʦ 

ʨʘʜʽʘʮʽʡʥʠʡ ʩʪʘʥ ʪʘ ʥʘʩʣʽʜʢʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. ʎʝ ʜʦʧʦʤʦʞʝ ʧʝʨʩʦʥʘʣʫ ʙʫʪʠ 

ʢʨʘʱʝ ʽʥʬʦʨʤʦʚʘʥʠʤ ʧʨʦ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʪʘ ʚʞʠʚʘʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ. 

3. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʨʘʜʽʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ ʧʨʦ ʨʘʜʽʘʮʽʡʥʠʡ ʩʪʘʥ ʜʦʟʚʦʣʷʶʪʴ ʫʧʨʘʚʣʷʪʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʟʘʭʦʜʘʤʠ ʙʝʟʧʝʢʠ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʦʙʭʦʜʫ ʟʦʥ ʨʠʟʠʢʫ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʘʨʰʨʫʪʠ 

ʧʝʨʝʩʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʨʘʜʽʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ. 

ɺʠʩʥʦʚʦʢ. ʋ ʭʦʜʽ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʥʘ ʪʝʨʠʪʦʨʽʷʭ 

ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʏɸɽʉ) ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʚʥʘʩʣʽʜʦʢ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ 

ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʪʘ ʚʠʢʦʥʘʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʷʭ, ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʩʧʨʠʷʪʠ ʮʽʣʷʤ ʙʝʟʧʝʢʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ, ʘ ʪʘʢʦʞ 

ʙʫʜʫʚʘʪʠ ʙʝʟʧʝʯʥʠʡ ʤʘʨʰʨʫʪ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺɯɿʋɸʃɯɿɸʎɯʗ ɼɸʅʀʍ ʗʂʆʉʊɯ ʉʀɻʅɸʃʋ NB-IOT ʅɸ ɹɸɿI ɻIʉ ʊɽʍʅʆʃʆɻIʁ

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʥʘʰ ʯʘʩ, ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʩʪʘʚ 

ʥʝʦʜʤʽʥʥʦʶ ʩʢʣʘʜʦʚʦʶ ʙʘʛʘʪʴʦʭ ʘʩʧʝʢʪʽʚ ʥʘʰʦʛʦ ʞʠʪʪʷ, ʚʽʜ ʧʦʙʫʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦ 

ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤ. ʈʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞ IoT, ʟʦʢʨʝʤʘ ʤʝʨʝʞ Narrowband IoT (Nb-IoT) [1], 

ʜʦʟʚʦʣʷʻ ʧʽʜʢʣʶʯʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʟ ʥʠʟʴʢʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ (ʈʠʩ. 1), 

ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʚʘʙʣʠʚʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ NB-IoT 

 

ʆʜʥʘʢ, ʨʘʟʦʤ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʚʠʤʦʛʠ 

ʜʦ ʷʢʦʩʪʽ ʟʚ'ʷʟʢʫ ʚ ʤʝʨʝʞʘʭ Nb-IoT. ʇʨʦʙʣʝʤʠ ʟʽ ʩʪʘʙʽʣʴʥʽʩʪʶ ʪʘ ʷʢʽʩʪʶ ʩʠʛʥʘʣʫ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ, ʚʢʣʶʯʘʶʯʠ ʛʝʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʩʮʝʚʦʩʪʽ, ʚʽʜʩʪʘʥʴ ʜʦ 

ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʪʝʭʥʽʯʥʽ ʪʨʫʜʥʦʱʽ. 

ɿʨʦʟʫʤʽʥʥʷ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ ʪʘ ʾʾ ʚʽʟʫʘʣʽʟʘʮʽʷ ʻ ʢʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞ Nb-IoT. ʅʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʟʚ'ʷʟʢʫ ʩʪʘʻ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʫ ʢʦʥʪʝʢʩʪʽ ʨʦʟʚʠʪʢʫ IoT 

ʪʝʭʥʦʣʦʛʽʡ. 

ʇʦʧʨʠ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ IoT ʪʘ ʤʝʨʝʞ Nb-IoT, ʽʩʥʫʶʪʴ ʢʽʣʴʢʘ 

ʥʝʚʠʨʽʰʝʥʠʭ ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʷʢʽʩʪʶ ʟʚ'ʷʟʢʫ ʚ ʮʠʭ ʤʝʨʝʞʘʭ. ɼʝʷʢʽ ʟ ʦʩʥʦʚʥʠʭ ʧʠʪʘʥʴ, 

ʱʦ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨʽʰʝʥʠʤʠ, ʚʢʣʶʯʘʶʪʴ: 

- ɸʥʘʣʽʟ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʝʦʛʨʘʬʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʪʘʢʠʭ ʷʢ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʟʦʥʠ ʧʦʢʨʠʪʪʷ, ʛʫʩʪʦʪʘ ʥʘʩʝʣʝʥʥʷ ʥʘ ʷʢʽʩʪʴ ʟʚ'ʷʟʢʫ ʚ ʤʝʨʝʞʘʭ 

Nb-IoT. 

- ɽʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ. ʈʦʟʨʦʙʢʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʷʢʽ 
ʜʦʟʚʦʣʷʪʴ ʦʧʝʨʘʪʦʨʘʤ ʤʝʨʝʞ ʽ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʨʦʟʫʤʽʪʠ ʷʢʽʩʪʴ ʩʠʛʥʘʣʫ ʽ ʧʨʠʡʤʘʪʠ 

ʰʚʠʜʢʽ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʡʦʛʦ ʧʦʢʨʘʱʝʥʥʷ. 
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- ɯʥʪʝʛʨʘʮʽʷ ʟ ɻɯʉ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʟ ɻɯʉ ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʣʷ 
ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ ʥʘ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʩʝʨʚʽʩʘʭ ʪʘ ʤʘʧʘʭ. 

ʎʽ ʥʝʚʠʨʽʰʝʥʽ ʟʘʚʜʘʥʥʷ ʩʪʘʥʦʚʣʷʪʴ ʢʣʶʯʦʚʽ ʚʠʢʣʠʢʠ ʫ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʪʘ 

ʩʪʘʙʽʣʴʥʠʭ ʤʝʨʝʞ Nb-IoT, ʽ ʚʠʨʽʰʝʥʥʷ ʾʭ ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʶ IoT ʪʝʭʥʦʣʦʛʽʡ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ ʚ ʤʝʨʝʞʘʭ 

Nb-IoT [2] ʪʘ ʾʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘ ʙʘʟʽ ɻɯʉ ʪʝʭʥʦʣʦʛʽʡ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʢʽʣʴʢʦʭ ʢʣʶʯʦʚʠʭ 

ʘʩʧʝʢʪʘʭ: 

- ɻʝʦʛʨʘʬʽʯʥʽ ʚʧʣʠʚʠ ʥʘ ʷʢʽʩʪʴ ʩʠʛʥʘʣʫ: ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʝʦʛʨʘʬʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʪʠʧʠ ʙʫʜʽʚʝʣʴ, ʣʘʥʜʰʘʬʪ ʪʘ ʽʥʰʽ, ʤʘʶʪʴ ʟʥʘʯʥʠʡ 

ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʩʠʛʥʘʣʫ ʚ ʤʝʨʝʞʘʭ Nb-IoT. ɼʝʷʢʽ ʟ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʛʣʷʜʘʣʠ ʤʝʪʦʜʠ 

ʚʨʘʭʫʚʘʥʥʷ ʛʝʦʛʨʘʬʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʪʘ ʘʥʘʣʽʟʽ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ. 

- ɺʠʢʦʨʠʩʪʘʥʥʷ ɻɯʉ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ: ʦʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʪʠʚʥʦ 

ʜʦʩʣʽʜʞʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɯʉ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʷʢʦʩʪʽ 

ʩʠʛʥʘʣʫ ʚ ʤʝʨʝʞʘʭ Nb-IoT. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʪʝʥʮʽʘʣ ɻɯʉ ʜʣʷ ʘʥʘʣʽʟʫ 

ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʪʘ ʥʘʜʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʨʦʟʫʤʽʥʥʷ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ 

ʥʘ ʨʽʟʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

- ʆʧʪʠʤʽʟʘʮʽʷ ʤʝʨʝʞ: ʜʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʽ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʝʨʝʞ Nb-IoT ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʦ ʷʢʽʩʪʴ ʩʠʛʥʘʣʫ. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ 

ʧʦʪʝʥʮʽʘʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʝʨʝʞ. 

ɿʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʛʘʣʫʟʽ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ ʚ ʤʝʨʝʞʘʭ Nb-IoT ʚʞʝ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʟʥʘʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʪʝ ʽʩʥʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʚʜʦʩʢʦʥʘʣʝʥʴ ʽ 

ʨʦʟʰʠʨʝʥʥʷ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ ʤʝʨʝʞʽ Nb-IoT ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɻɯʉ-

ʪʝʭʥʦʣʦʛʽʡ. ɿʦʢʨʝʤʘ, ʚʠʟʥʘʯʠʪʠ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʩʠʛʥʘʣʫ, ʫʨʘʭʦʚʫʶʯʠ 

ʛʝʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʪʘ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʮʽ 

ʜʘʥʽ ʫ ʧʨʦʩʪʦʨʦʚʦʤʫ ʢʦʥʪʝʢʩʪʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ 

ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ Nb-IoT ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʨʦʟʨʦʙʢʠ. 

ʆʩʥʦʚʥʠʡ ʘʢʮʝʥʪ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʟʨʫʯʥʦʾ ʽʥʪʝʨʘʢʪʠʚʥʦʾ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʅʘ ʨʽʚʥʽ ʙʝʢʝʥʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ Python, ʦʩʥʦʚʥʠʡ ʤʦʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʝʙ-ʜʦʜʘʪʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʬʨʝʡʤʚʦʨʢ Django, ʷʢʠʡ 

ʥʘʜʘʻ ʟʨʫʯʥʽ ʟʘʩʦʙʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʪʘ ʚʙʫʜʦʚʘʥʫ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʫ ʧʘʥʝʣʴ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʜʘʥʠʤʠ. 

ʅʘ ʬʨʦʥʪʝʥʜʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ JavaScript [3] ʪʘ 

ʙʽʙʣʽʦʪʝʢʘ React. React ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʨʫʯʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʜʘʥʠʤʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʻʶ. 

Leaflet.js ʻ ʧʦʪʫʞʥʦʶ ʙʽʙʣʽʦʪʝʢʦʶ JavaScript ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ ʥʘ ʚʝʙ-

ʩʘʡʪʘʭ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʙʫʜʦʚʫʚʘʪʠ ʢʘʨʪʠ ʪʘ ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʽ ʪʠʧʠ ʰʘʨʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʪʝʧʣʦʚʽ ʢʘʨʪʠ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʫʩʪʠʥʠ ʜʘʥʠʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ Leaflet.js [4] ʜʦʟʚʦʣʠʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʨʫʯʥʦ ʥʘʚʽʛʫʚʘʪʠ ʧʦ ʤʘʧʽ ʪʘ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʜʘʥʠʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʘ 

ʪʝʧʣʦʚʽʡ ʢʘʨʪʽ, ʟʨʦʙʠʚʰʠ ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʙʽʣʴʰ ʽʥʪʝʨʘʢʪʠʚʥʠʤ ʽ ʟʨʫʯʥʠʤ. 

ʆʢʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ PostgreSQL ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʜʦʩʪʫʧ ʜʦ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʧʨʦ ʷʢʽʩʪʴ ʩʠʛʥʘʣʫ ʪʘ ʛʝʦʧʨʦʩʪʦʨʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ. 

ʋʚʝʩʴ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʚʽʜʙʫʚʘʚʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʘʢʪʠʢ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʟʦʢʨʝʤʘ ʧʨʠʥʮʠʧʽʚ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʘʪʪʝʨʥʽʚ ʪʘ 

ʤʝʪʦʜʽʚ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʫ 

ʪʘ ʩʪʘʙʽʣʴʥʫ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ Nb-
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IoT. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʚʠʪʦʢ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʚʠʤʘʛʘʻ ʫʚʘʛʠ ʜʦ ʷʢʦʩʪʽ ʟʚ'ʷʟʢʫ ʚ ʤʝʨʝʞʘʭ 

ʟ ʥʠʟʴʢʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʟʦʢʨʝʤʘ ʤʝʨʝʞʘʭ Narrowband IoT (Nb-IoT). ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɻɯʉ) ʨʘʟʦʤ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ 

ʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʷʢʽʩʪʶ ʟʚ'ʷʟʢʫ ʚ ʤʝʨʝʞʘʭ Nb-IoT. ʅʝʜʦʣʽʢʠ ʚ ʷʢʦʩʪʽ ʟʚ'ʷʟʢʫ 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʛʝʦʛʨʘʬʽʯʥʽ ʫʤʦʚʠ, ʧʝʨʝʰʢʦʜʠ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ. 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʜʦʜʘʪʢʫ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ Nb-IoT ʥʘ ʙʘʟʽ 

ɻɯʉ ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʨʦʥʪʝʥʜ ʥʘ React.js, ʙʝʢʝʥʜ ʥʘ Python (ʬʨʝʡʤʚʦʨʢ Django) ʪʘ 

ʙʘʟʫ ʜʘʥʠʭ PostgreSQL. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʢʘʨʪ ʥʘ ʦʩʥʦʚʽ Leaflet.js ʜʦʟʚʦʣʷʻ ʟʨʫʯʥʦ 

ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʷʢʽʩʪʴ ʩʠʛʥʘʣʫ ʟ ʧʨʠʩʪʨʦʾʚ IoT. 

ʈʦʟʨʦʙʣʝʥʠʡ ʜʦʜʘʪʦʢ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʶʯʠ 

ʤʝʜʠʮʠʥʫ, ʪʨʘʥʩʧʦʨʪ ʪʘ ʝʥʝʨʛʝʪʠʢʫ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞ IoT. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ Nb-IoT ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʘʤʠ IoT. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɻʈɸʄʅʀʁ ɿɸʉʊʆʉʋʅʆʂ ɺɿɸɭʄʆɼɯɰ ʋʏɸʉʅʀʂɯɺ ɼʆʈʆɾʅʔʆɻʆ ʈʋʍʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʤʘʨʪʬʦʥʽʚ ʧʽʜ ʯʘʩ 

ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ ʩʪʘʻ ʩʝʨʡʦʟʥʦʶ ʟʘʛʨʦʟʦʶ ʙʝʟʧʝʮʽ ʥʘ ʜʦʨʦʟʽ ʚ ʋʢʨʘʾʥʽ, ʱʦ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ ʘʚʘʨʽʡ ʽ ʪʨʘʚʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʽʜʚʦʣʽʢʘʥʥʷ 

ʚʦʜʽʾʚ ʪʘ ʧʽʰʦʭʦʜʽʚ ʥʘ ʪʝʣʝʬʦʥʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʘʙʦ ʽʥʪʝʨʥʝʪ-ʩʝʨʬʽʥʛ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʨʝʘʢʮʽʾ ʥʘ ʜʦʨʦʟʽ ʚ ʋʢʨʘʾʥʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʟʘʧʫʩʢʘʻʪʴʩʷ 

ʥʘʮʽʦʥʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʢʘʤʧʘʥʽʷ H-Road ʟ ʤʝʪʦʶ ʧʨʠʚʝʨʥʝʥʥʷ ʫʚʘʛʠ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ 

ʧʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʘʨʪʬʦʥʽʚ ʥʘ ʜʦʨʦʟʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʢʫʣʴʪʫʨʠ ʚʦʜʽʥʥʷ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʫʢʨʘʾʥʩʴʢʽ ʜʦʨʦʛʠ ʩʪʘʣʠ ʙʝʟʧʝʯʥʽʰʠʤʠ [1]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʽʚ ʧʽʜ ʯʘʩ 

ʧʝʨʝʭʦʜʫ ʜʦʨʽʛ ʤʦʞʝ ʤʘʪʠ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʙʝʟʧʝʢʠ ʥʘ ʜʦʨʦʟʽ ʪʘ ʚʠʤʘʛʘʻ ʥʝʛʘʡʥʠʭ 

ʟʘʭʦʜʽʚ ʜʣʷ ʧʨʦʪʠʜʽʾ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʙʝʟʧʝʢʠ ʥʘ ʜʦʨʦʛʘʭ 

ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʪʨʝʙʫ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʫʚʘʛʠ ʪʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʦʜʽʷʤʠ ʪʘ ʽʥʰʠʤʠ ʫʯʘʩʥʠʢʘʤʠ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ [2]. 

ɯʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʤʝʨ ʯʠ ʽʥʰʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʮʝ ʘʥʘʣʽʟʫʶʪʴ, ʥʝ ʟʘʚʞʜʠ ʝʬʝʢʪʠʚʥʦ ʨʝʘʛʫʶʪʴ ʥʘ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ ʪʘ ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʚʦʻʯʘʩʥʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʫʯʘʩʥʠʢʽʚ ʨʫʭʫ ʧʨʦ ʤʦʞʣʠʚʽ ʘʚʘʨʽʾ. ʊʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʪʦʩʫʥʦʢ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ 

ʚʠʷʚʣʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʥʘ ʜʦʨʦʟʽ. 

ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʟʨʦʙʮʽ ʟʘʩʪʦʩʫʥʢʫ, ʻ ʦʙʯʠʩʣʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʟʽʪʢʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʯʘʩʫ ʨʫʭʫ ʤʽʞ ʤʘʰʠʥʘʤʠ ʪʘ ʧʽʰʦʭʦʜʘʤʠ, ʛʝʥʝʨʘʮʽʷ 

ʧʦʧʝʨʝʜʞʝʥʴ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʩʧʦʞʠʚʘʥʦʾ ʝʥʝʨʛʽʾ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ 

ʷʢ Wi-Fi, DSRC, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʤʽʞ ʪʝʣʝʬʦʥʘʤʠ ʪʘ ʘʚʪʦʤʦʙʽʣʷʤʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʙʝʟʧʝʢʠ ʥʘ ʜʦʨʦʟʽ ʰʣʷʭʦʤ ʘʢʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʥʘʜʘʥʥʷ 

ʩʚʦʻʯʘʩʥʠʭ ʧʦʧʝʨʝʜʞʝʥʴ ʫʯʘʩʥʠʢʘʤ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ʎʝʡ ʟʘʩʪʦʩʫʥʦʢ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ ʟʘʛʘʣʴʥʫ ʩʠʪʫʘʮʽʶ ʥʘ ʜʦʨʦʟʽ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʫ ʘʚʘʨʽʡ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʦʙʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʘʚʘʨʽʡ ʪʘ 

ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʤʽʞ ʤʘʰʠʥʘʤʠ ʘʙʦ ʤʽʞ ʧʽʰʦʭʦʜʦʤ ʪʘ ʤʘʰʠʥʦʶ, ʦʩʥʦʚʥʦʶ ʽʜʝʻʶ ʻ 

ʩʪʚʦʨʝʥʥʷ ʜʚʦʭ ʘʢʘʫʥʪʽʚ: ʜʣʷ ʚʦʜʽʷ ʪʘ ʜʣʷ ʧʽʰʦʭʦʜʘ. ɿʘʩʪʦʩʫʥʦʢ ʙʫʜʝ ʤʘʪʠ ʟʘʛʘʣʴʥʽ ʬʫʥʢʮʽʾ, 

ʪʘʢʽ ʷʢ ʧʦʙʫʜʦʚʘ ʤʘʨʰʨʫʪʽʚ ʪʘ ʧʦʰʫʢ ʤʽʩʮʴ, ʘʣʝ ʦʩʦʙʣʠʚʽʩʪʶ ʙʫʜʝ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʤʘʰʠʥʠ ʘʙʦ ʧʽʰʦʭʦʜʘ ʧʦʨʫʯ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʫ 

ʥʝʙʝʟʧʝʢʫ. ɺʦʜʽʷʤ ʪʘ ʧʽʰʦʭʦʜʘʤ ʙʫʜʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʙʫʪʠ ʫʚʘʞʥʠʤʠ ʪʘ ʟʥʠʞʫʚʘʪʠ 

ʰʚʠʜʢʽʩʪʴ ʫ ʪʘʢʠʭ ʩʠʪʫʘʮʽʷʭ. 

ʋʥʽʢʘʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʥʢʫ ʧʦʣʷʛʘʪʠʤʝ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʣʶʜʝʡ ʪʘ ʤʘʰʠʥ 

ʧʦʨʫʯ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʛʥʘʣʽʚ ʪʘ ʩʝʥʩʦʨʽʚ ʫʩʽʭ ʪʝʣʝʬʦʥʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʧʦʙʣʠʟʫ. ʎʝ ʦʟʥʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ ʪʝʣʝʬʦʥʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘʚʢʦʣʦ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ 

ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʽ ʥʝʙʝʟʧʝʢʠ ʥʘ ʜʦʨʦʟʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʤʝʨ ʯʠ ʽʥʰʠʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʩʠʩʪʝʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʪʠʤʝ ʦʧʝʨʘʪʠʚʥʦʤʫ ʪʘ ʝʬʝʢʪʠʚʥʦʤʫ ʩʧʦʚʽʱʝʥʥʶ ʫʯʘʩʥʠʢʽʚ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʧʨʦ ʤʦʞʣʠʚʽ ʨʠʟʠʢʠ ʪʘ ʜʦʧʦʤʦʞʝ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʦʨʦʞʥʽʭ ʧʨʠʛʦʜ. 

ɿʘʟʥʘʯʝʥʦ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ DSRC ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʨʝʘʣʽʟʘʮʽʾ ʧʦʜʽʙʥʠʭ 
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ʧʨʦʛʨʘʤ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʧʽʜʢʨʝʩʣʶʻ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʥʘʧʨʷʤʫ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʦʢ [3]. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ ʦʮʽʥʢʫ ʨʽʟʥʠʭ 

ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʚ ʨʘʤʢʘʭ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ. 

ʋ ʧʝʨʰʽʡ ʩʠʩʪʝʤʽ, ʷʢʘ ʦʙʛʦʚʦʨʶʻʪʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ 

ʥʘʙʣʠʞʝʥʥʷ ʟʽʪʢʥʝʥʥʷ (Forward Collision Warning, FCW) ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ Dedicated 

Shortrange Communications (DSRC). ʆʩʥʦʚʥʘ ʤʝʪʘ ʧʦʣʷʛʘʻ ʚ ʧʽʜʚʠʱʝʥʥʽ ʙʝʟʧʝʢʠ ʚʦʜʽʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʽ ʜʦʨʦʞʥʽʭ ʧʨʠʛʦʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʜʘʥʥʷ ʩʚʦʻʯʘʩʥʠʭ ʩʧʦʚʽʱʝʥʴ ʚʦʜʽʷʤ ʫ ʚʠʧʘʜʢʫ 

ʥʝʙʝʟʧʝʢʠ ʟʽʪʢʥʝʥʥʷ. ʄʝʭʘʥʽʟʤ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʷʢ ʘʫʜʽʦʚʽʟʫʘʣʴʥʽ ʩʠʛʥʘʣʠ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʠʚʝʨʪʘʥʥʷ ʫʚʘʛʠ ʚʦʜʽʷ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʩʠʩʪʝʤʠ FCW ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʮʽʥʶʶʯʠ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ 

ʷʢ ʪʦʯʥʽʩʪʴ ʜʠʬʝʨʝʥʮʽʡʥʦʾ GPS (DGPS), ʷʢʽʩʪʴ ʢʦʤʫʥʽʢʘʮʽʾ DSRC ʪʘ ʨʝʘʢʮʽʶ ʩʠʩʪʝʤʠ FCW, 

ʱʦ ʚʨʝʰʪʽ-ʨʝʰʪ ʧʽʜʪʚʝʨʜʠʣʦ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ [4]. 

ʑʝ ʦʜʥʘ ʩʠʩʪʝʤʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʩʪʦʩʫʻʪʴʩʷ ʩʠʪʫʘʮʽʡ ʥʘ 

çʘʨʪʝʨʽʘʣʴʥʠʭè ʜʦʨʦʛʘʭ ʟ ʨʦʟʚ'ʷʟʢʘʤʠ ʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ ʟʽʪʢʥʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʥʘʙʣʠʞʝʥʥʷ ʯʘʩʫ ʜʦ ʟʽʪʢʥʝʥʥʷ (Time-to-Collision, 

TTC) ʚ ʫʤʦʚʘʭ ʧʽʜʢʣʶʯʝʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝʡ ʘʣʛʦʨʠʪʤ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʢʦʤʫʥʽʢʘʮʽʾ 

ʊʨʘʥʩʧʦʨʪ-ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ (Vehicle-to-Infrastructure, V2I), ʱʦʙ ʟʽʙʨʘʪʠ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʟʦʢʨʝʤʘ ʧʨʦ ʾʭʥʻ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʪʘ ʰʚʠʜʢʽʩʪʴ [5]. 

ʐʣʷʭʦʤ ʦʮʽʥʢʠ ʯʘʩʫ ʜʦ ʟʽʪʢʥʝʥʥʷ ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʥʘ ʘʨʪʝʨʽʘʣʴʥʠʭ ʜʦʨʦʛʘʭ ʪʘ 

ʨʦʟʚ'ʷʟʢʘʭ, ʩʚʦʻʯʘʩʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʥʘʙʣʠʞʝʥʥʷ ʯʘʩʫ ʜʦ ʟʽʪʢʥʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʚ ʤʝʞʘʭ ʟʦʥʠ ʟʚ'ʷʟʢʫ ʽʟ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʧʦʨʫʯ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʟʽʪʢʥʝʥʥʷ ʪʘ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ. 

ʎʽʢʘʚʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʻ ʤʦʜʫʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʽʪʢʥʝʥʴ (Collision Prediction Module, CPM), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜʠ ʟ ʦʙʣʘʩʪʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʜʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʽʪʢʥʝʥʴ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʤʠ ʰʫʢʘʻʤʦ ʥʦʚʽ ʩʧʦʩʦʙʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʦʟʥʘʢ ʧʝʨʝʭʨʝʩʪʷ ʫ ʚʠʛʣʷʜʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʽ ʢʣʘʩʠʬʽʢʫʻʤʦ ʾʭ ʷʢ ʬʽʢʩʦʚʘʥʽ, ʪʠʤʯʘʩʦʚʽ 

ʘʙʦ ʨʫʭʦʤʽ ʧʝʨʝʰʢʦʜʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʨʝʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ [6]. ʎʝʡ ʤʦʜʫʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʩʪʠʡ ʤʘʩʠʚ ʚʝʨʰʠʥ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʞʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙ'ʻʢʪʘ. 

ɼʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʝʨʝʰʢʦʜ ʜʦʧʦʤʘʛʘʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʽʪʢʥʝʥʴ, 

ʽʜʝʥʪʠʬʽʢʫʶʯʠ ʢʣʘʩʠ, ʷʢʽ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʽʨʷʪʠʩʷ ʤʽʞ ʩʦʙʦʶ. ʎʝʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʘʣʛʦʨʠʪʤ ʦʙʨʽʟʢʠ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʟʽʪʢʥʝʥʴ ʤʽʞ ʧʝʨʝʰʢʦʜʘʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʻ ʧʨʦʙʣʝʤʫ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʜʣʷ 

ʚʨʘʟʣʠʚʠʭ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (Vulnerable Road Users, VRUs) ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʽʡ 

ʊʨʘʥʩʧʦʨʪ-ʊʨʘʥʩʧʦʨʪ (Vehicle-to-Vehicle, V2V). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʦʩʷʛʥʝʥʥʷ ʚ ʦʙʣʘʩʪʽ Wi-

Fi Direct ʪʘ ʩʤʘʨʪʬʦʥʽʚ ʟ DSRC, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʧʦʥʫʻ ʥʦʚʠʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ 

ʙʝʟʧʝʢʦʚʠʭ ʧʝʨʝʚʘʛ ʥʘ VRUs. ʎʝʡ ʬʨʝʡʤʚʦʨʢ ʩʧʨʠʷʻ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʪʘ ʧʦʨʪʘʪʠʚʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʟ DSRC ʯʝʨʝʟ ʧʝʨʩʦʥʘʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ 

ʙʝʟʧʝʢʫ (Personal Safety Message, PSM). ɿʚʝʨʪʘʻʪʴʩʷ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʥʘ ʫʥʽʢʘʣʴʥʫ ʜʠʥʘʤʽʢʫ 

ʨʫʭʫ, ʯʘʩ ʨʝʘʢʮʽʾ ʪʘ ʩʮʝʥʘʨʽʾ ʘʚʘʨʽʡ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ VRUs, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʧʦʟʠʮʽʾ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʨʝʡʤʚʦʨʢʫ ʜʣʷ ʙʝʟʧʝʢʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʜʣʷ VRUs ʟ ʦʧʠʩʦʤ ʘʣʛʦʨʠʪʤʽʚ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʮʽʣʝʡ ʪʘ ʚʠʷʚʣʝʥʥʷ ʟʽʪʢʥʝʥʴ [7]. ʊʘʢʽ ʤʝʪʦʜʠ ʚʘʞʣʠʚʦ ʚʢʣʶʯʠʪʠ ʚ ʜʘʥʫ ʨʦʙʦʪʫ, 

ʘʜʞʝ ʪʝʤʘ ʚʨʘʟʣʠʚʠʭ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʻ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʩʴʦʛʦʜʝʥʥʷ, ʘʜʞʝ ʙʘʛʘʪʦ ʣʶʜʝʡ ʥʘʨʘʟʽ ʦʪʨʠʤʫʶʪʴ ʧʦʨʘʥʝʥʥʷ ʪʘ ʪʨʘʚʤʠ ʯʝʨʝʟ ʚʦʻʥʥʽ ʜʽʾ, 

ʪʦʤʫ ʮʝ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʤʦʙʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʥʢʫ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʩʪʦʩʫʥʢʫ ʟʽ ʩʧʦʚʽʱʝʥʥʷʤʠ ʫʯʘʩʥʠʢʘʤ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ Wi-Fi ʪʘ DSRC. ʊʝʭʥʦʣʦʛʽʷ DSRC 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʩʠʩʪʝʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʥʘʙʣʠʞʝʥʥʷ ʟʽʪʢʥʝʥʥʷ (FCW) ʪʘ 

ʘʣʛʦʨʠʪʤʠ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʥʘʙʣʠʞʝʥʥʷ ʯʘʩʫ ʜʦ ʟʽʪʢʥʝʥʥʷ (TTC) ʥʘ ʘʚʪʦʤʘʛʽʩʪʨʘʣʷʭ. 

ɼʦʜʘʪʢʦʚʦ, ʤʦʜʫʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʽʪʢʥʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʟʽʪʢʥʝʥʴ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʈʆɿʈʆɹʂɸ ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɻʆ ɸɻɽʅʊɸ ɼʃʗ ʄʆʅɯʊʆʈʀʅɻʋ ʊɸ 

ʋʇʈɸɺʃɯʅʅʗ ʊɽʇʃʆɺʀʄ ʅɸʉʆʉʆʄ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʢʦʥʪʝʢʩʪʽ ʟʨʦʩʪʘʥʥʷ ʧʦʪʨʝʙ ʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʟʦʢʨʝʤʘ ʫ ʩʠʩʪʝʤʘʭ ʟ ʪʝʧʣʦʚʠʤʠ ʥʘʩʦʩʘʤʠ. 

ʈʦʟʨʦʙʢʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝʥʪʘ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ ʩʪʘʻ 

ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ [1]. ʅʝʦʙʭʽʜʥʽʩʪʴ ʫ ʪʘʢʠʭ ʽʥʥʦʚʘʮʽʷʭ ʦʙʫʤʦʚʣʝʥʘ ʚʫʟʴʢʦʛʘʣʫʟʝʚʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʽ ʩʢʣʘʜʥʽʩʪʶ ʬʦʨʤʘʣʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʨʦʟʨʦʙʢʫ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʨʽʰʝʥʴ [2].  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʨʘʟʽ ʽʩʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʦʜʥʘʢ ʤʘʣʦ ʭʪʦ ʟ ʥʠʭ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʛʝʥʪʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʦʙʦʪʠ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ. ʎʝ ʩʪʚʦʨʶʻ ʚʝʣʠʢʠʡ 

ʧʨʦʩʪʽʨ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ ʫ ʮʽʡ ʩʬʝʨʽ, ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʽ 

ʛʥʫʯʢʠʭ ʨʽʰʝʥʴ [3]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝʥʪʘ. ʎʝ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʚʯʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʫ ʘʣʛʦʨʠʪʤʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ [4]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  
ʉʫʯʘʩʥʘ ʝʥʝʨʛʝʪʠʢʘ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʟʦʢʨʝʤʘ ʫ ʩʠʩʪʝʤʘʭ ʟ ʪʝʧʣʦʚʠʤʠ ʥʘʩʦʩʘʤʠ [5]. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʛʝʥʪ, ʚʤʦʥʪʦʚʘʥʠʡ  ʫ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʫ ʮʴʦʛʦ 

ʥʦʚʘʪʦʨʩʪʚʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʚ ʫʧʨʘʚʣʽʥʥʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʝ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʧʣʦʚʠʤ 

ʥʘʩʦʩʦʤ, ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʠʡ ʽʥʪʝʛʨʫʻ ʚ ʩʝʙʝ ʟʙʽʨ, ʘʥʘʣʽʟ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ 

ʜʘʥʠʭ [2]. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʙʠʨʘʻ ʜʘʥʽ ʟ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, 

ʚʢʣʶʯʘʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʪʦʯʥʽ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʎʷ 

ʽʥʬʦʨʤʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʴʥʦʾ ʢʘʨʪʠʥʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʜʦʟʚʦʣʷʶʯʠ ʘʛʝʥʪʫ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ [3]. 

ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʘʥʘʣʽʟʫʻ ʦʪʨʠʤʘʥʽ ʜʘʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤʠ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʰʘʙʣʦʥʽʚ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʥʘʩʦʩʫ. 

ʎʝʡ ʘʥʘʣʽʟ ʜʦʧʦʤʘʛʘʻ ʧʝʨʝʜʙʘʯʠʪʠ ʤʘʡʙʫʪʥʻ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʧʣʠʚʘʪʠ ʥʘ ʥʴʦʛʦ, ʘʜʘʧʪʫʶʯʠ 

ʨʦʙʦʪʫ ʥʘʩʦʩʫ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʽ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʜʽʣʷʻ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ. ʂʦʨʠʩʪʫʚʘʯʽ 

ʤʦʞʫʪʴ ʣʝʛʢʦ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʯʝʨʝʟ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʽ ʜʘʰʙʦʨʜʠ ʪʘ ʟʚʽʪʠ, 

ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʦʢʨʘʱʝʥʴ ʨʦʙʦʪʠ 

[4]. ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʝ ʣʠʰʝ ʤʦʥʽʪʦʨʠʪʠ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʘ ʡ ʘʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʟʜʽʡʩʥʶʶʯʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʥʘʜʘʥʠʭ ʜʘʥʠʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʧʦʚʥʦʮʽʥʥʠʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ 

ʧʦʤʽʯʥʠʢ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ, 

ʟʥʠʞʫʶʯʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʦʢʨʘʱʫʶʯʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʽʥʪʝʛʨʫʻ 
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ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʛʝʥʪʘ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ, ʻ ʚʠʨʽʰʘʣʴʥʠʤ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʉʧʨʦʤʦʞʥʽʩʪʴ ʩʠʩʪʝʤʠ ʘʥʘʣʽʟʫʚʘʪʠ 

ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʰʘʙʣʦʥʠ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʘʜʘʧʪʫʚʘʪʠ 

ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ ʥʘʩʦʩʫ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ, ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʎʷ ʽʥʥʦʚʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʥʝ ʣʠʰʝ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, 

ʘʣʝ ʡ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʧʽʜʚʠʱʫʶʯʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɻʈɸʄʅʀʁ ɿɸʉIɹ ʄʆʅIʊʆʈʀʅɻʋ ʂʆʄʇʆʅɽʅʊ ʉʇʆɾʀɺɸʅʅʗ 

ɽʃɽʂʊʈʆɽʅɽʈɻIɰ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʢʦʥʪʝʢʩʪʽ ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʠʥʠʢʘʻ ʚʘʞʣʠʚʝ ʟʘʚʜʘʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʙʫʜʠʥʢʘʭ [1]. ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʤʦʥʽʪʦʨʠʥʛ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʩʪʘʶʪʴ ʢʣʶʯʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʫ ʜʦʩʷʛʥʝʥʥʽ 

ʚʠʩʦʢʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ [2]. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʠʣʶʻʪʴʩʷ ʧʦʪʨʝʙʦʶ ʫ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʴʥʠʭ ʪʘ 

ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʤʦʥʽʪʦʨʠʥʛʫ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʛʘʣʫʟʽ ʤʦʥʽʪʦʨʠʥʛʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʨʦʟʨʦʙʮʽ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʦ ʚʠʤʽʨʶʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʦʢʨʝʤʠʭ 

ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ [3]. ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʥʝ ʣʠʰʝ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʟʘʛʘʣʴʥʝ 

ʩʧʦʞʠʚʘʥʥʷ, ʘʣʝ ʡ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʦʥʢʨʝʪʥʽ ʜʽʣʷʥʢʠ ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ [4]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʇʦʪʨʽʙʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʮʝʥʘʨʽʾʚ ʘʥʘʣʽʟʫ ʪʘ ʢʦʥʪʨʦʣʶ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʝʨʝʟ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ. ʎʝ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʽʥʥʦʚʘʮʽʡʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʘʤʠ [2]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʠʡ ʽʥʪʝʛʨʫʻ ʚ ʩʦʙʽ 

ʜʝʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʜʘʥʠʤʠ ʧʨʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ, ʩʠʩʪʝʤʘ ʟʙʠʨʘʻ ʜʘʥʽ ʚʽʜ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʞʝʨʝʣ, ʟʦʢʨʝʤʘ, ʚʽʜ IoT-ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʤʘʨʪ-ʣʽʯʠʣʴʥʠʢʽʚ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ 

ʝʣʝʢʪʨʦʧʨʠʣʘʜʘʭ ʘʙʦ ʫ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʦʯʢʘʭ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʙʫʜʠʥʢʫ [3]. ʎʽ ʧʨʠʩʪʨʦʾ 

ʥʘʜʩʠʣʘʶʪʴ ʜʘʥʽ ʧʨʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʦʪʨʠʤʫʚʘʪʠ 

ʘʢʪʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʇʽʩʣʷ ʟʙʦʨʫ ʜʘʥʠʭ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʨʦʙʣʷʻ ʪʘ ʘʥʘʣʽʟʫʻ ʾʭ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʜʦʚʽ ʘʣʛʦʨʠʪʤʠ [1]. ʎʝ ʚʢʣʶʯʘʻ ʚʠʷʚʣʝʥʥʷ ʰʘʙʣʦʥʽʚ ʩʧʦʞʠʚʘʥʥʷ, 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʝ ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʩʧʦʞʠʚʘʥʥʷ ʚ ʧʝʚʥʠʭ 

ʤʝʞʘʭ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʜʘʥʽ ʧʨʘʚʠʣʘ ʜʣʷ ʟʥʠʞʝʥʥʷ ʥʝʧʦʪʨʽʙʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ[5]. ʂʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʧʝʨʝʛʣʷʜʘʪʠ ʟʽʙʨʘʥʽ ʪʘ 

ʦʙʨʦʙʣʝʥʽ ʜʘʥʽ ʯʝʨʝʟ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʠʡ ʥʘʜʘʻ ʟʨʫʯʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʛʨʘʬʽʢʠ ʪʘ ʟʚʽʪʠ [3]. ʎʝ ʜʦʟʚʦʣʷʻ ʾʤ ʣʝʛʢʦ ʨʦʟʫʤʽʪʠ ʧʦʪʦʯʥʠʡ 

ʩʪʘʥ ʩʧʦʞʠʚʘʥʥʷ, ʚʠʷʚʣʷʪʠ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʥʽ ʟʦʥʠ ʪʘ ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ 

ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ [4]. ʊʘʢʦʞ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʝ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʽʟʥʽ ʨʽʚʥʽ ʜʦʩʪʫʧʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʜʦʟʚʦʣʷʶʯʠ ʨʽʟʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ, ʚʽʜ 

ʜʦʤʦʚʣʘʩʥʠʢʽʚ ʜʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʞʠʪʣʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʩʠʩʪʝʤʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭʥʽʭ ʧʦʪʨʝʙ ʪʘ ʧʨʘʚ [1]. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʚʠʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʙʫʜʠʥʢʘʭ. ɯʥʪʝʛʨʘʮʽʷ ʨʦʟʰʠʨʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʽʟ ʽʥʪʝʨʘʢʪʠʚʥʠʤʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʪʦʯʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ 

ʩʧʦʞʠʚʘʥʥʷ, ʘ ʡ ʚʠʷʚʣʷʪʠ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʈʆɻʈɸʄʅɯ ɿɸʉʊʆʉʋʅʂʀ ɼʃʗ ʄʆʅɯʊʆʈʀʅɻʋ ɼʆɼɸʊʂɯɺ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʩʫʯʘʩʥʦʤʫ ʮʠʬʨʦʚʦʤʫ ʩʚʽʪʽ, ʜʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʨʘʢʪʠʯʥʦ ʢʦʞʥʽʡ ʩʬʝʨʽ ʞʠʪʪʷ, ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʜʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (Monitoring Software) ʩʪʘʻ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʠʭ IT-ʽʥʬʨʘʩʪʨʫʢʪʫʨ.  

ɺʦʥʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʘʥʽʷʤ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷʤ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʣʠʰʝ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʾʭ ʧʨʦʛʨʘʤ, ʘʣʝ ʡ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʙʫʜʴ-ʷʢʽ ʧʨʦʙʣʝʤʠ ʪʘ 

ʥʝʩʧʨʘʚʥʦʩʪʽ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʟʚʦʣʷʻ ʟʙʠʨʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʨʦʙʦʪʫ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʦʥʦ ʥʘʜʘʻ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʢʣʶʯʦʚʠʭ ʤʝʪʨʠʢ, ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʽʡ ʪʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʰʣʷʭʦʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʘʙʦ ʨʫʯʥʠʭ ʜʽʡ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋʤʦʚʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʟʘ ʧʣʘʪʬʦʨʤʘʤʠ ʥʘ ʤʦʙʽʣʴʥʝ ʪʘ ʩʝʨʚʝʨʥʝ. ʉʝʨʝʜ ʤʦʙʽʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʫʤʦʚʥʠʤ ʣʽʜʝʨʦʤ ʻ Firebase Crashlitics ʪʘ Firebase Performance. ʆʙʠʜʚʘ ʮʽ 

ʩʝʨʚʽʩʠ ʤʦʞʫʪʴ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʽʥʰʠʤʠ ʩʝʨʚʽʩʘʤʠ Firebase, ʱʦ ʨʦʙʠʪʴ ʾʭ ʱʝ ʙʽʣʴʰ 

ʧʦʪʫʞʥʠʤʠ ʪʘ ʟʨʫʯʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʦʟʨʦʙʮʽ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʽʩʥʫʶʯʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʜʘʪʢʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. Firebase Crashlytics - ʮʝ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʟʙʦʨʫ, 

ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ ʟʚʽʪʥʦʩʪʽ ʧʨʦ ʧʘʜʽʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʆʜʥʽʻʶ ʟ ʡʦʛʦ 

ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʻ ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʷʚʣʝʥʥʷ ʧʘʜʽʥʴ ʫ ʜʦʜʘʪʢʘʭ[1]. ʂʦʞʝʥ ʟʚʽʪ ʧʨʦ ʧʘʜʽʥʥʷ, 

ʤʽʩʪʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʦʾ ʷʢ ʩʪʝʢ ʚʠʢʣʠʢʽʚ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʧʨʠʩʪʨʽʡ ʪʘ ʘʥʦʥʽʤʥʽ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʧʘʜʽʥʽ. ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʪʨʠʤʫʻ 

ʢʦʨʠʩʪʫʚʘʯ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. Firebase Crashlytics ʘʚʪʦʤʘʪʠʯʥʦ ʦʮʽʥʶʻ ʪʘ ʨʘʥʞʫʻ 

ʧʘʜʽʥʥʷ ʟʘ ʾʭ ʩʝʨʡʦʟʥʽʩʪʶ ʪʘ ʚʧʣʠʚʦʤ ʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝʡ ʩʝʨʚʽʩ ʤʦʞʝ ʥʘʜʩʠʣʘʪʠ 

ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ ʚʠʷʚʣʝʥʥʷ ʧʘʜʽʥʥʷ ʯʝʨʝʟ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʘʥʘʣʠ, ʪʘʢʽ ʷʢ ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ ʘʙʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ Slack. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ ʜʝʷʢʽ ʧʦʤʠʣʢʠ ʘʙʦ ʚʠʜ ʧʦʤʠʣʦʢ ʟ 

ʽʥʜʝʢʩʘʮʽʾ, ʪʦʙʪʦ ʽʛʥʦʨʫʚʘʪʠ ʾʭ. ʇʨʠʢʣʘʜʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʚʠʤʢʥʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʧ ʦʤʠʣʦʢ 

ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʪʝʨʥʝʪ ʟôʻʜʥʘʥʥʷ. 

Firebase Performance - ʮʝ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʥʘʜʘʻ ʨʦʟʨʦʙʥʠʢʘʤ ʤʦʞʣʠʚʽʩʪʴ 

ʤʦʥʽʪʦʨʠʪʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʾʭ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. ʉʝʨʚʽʩ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʥʠʢʘʤ ʚʠʤʽʨʶʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ ʢʣʶʯʦʚʽ ʤʝʪʨʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʘʢʽ ʷʢ ʯʘʩ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ, ʯʘʩ ʚʽʜʛʫʢʫ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ ʜʦ 

ʩʝʨʚʝʨʘ, ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ. Firebase Performance ʥʘʜʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦʜʘʪʢʽʚ. ʉʝʨʚʽc ʥʘʜʘʻ ʟʨʫʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʜʘʥʠʭ ʱʦʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ. 

ɼʣʷ ʩʝʨʚʝʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʩʥʫʻ ʙʝʟʣʽʯ ʧʨʦʛʨʘʤ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɼʝʷʢʽ ʟ ʥʠʭ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʧʝʚʥʠʭ ʘʩʧʝʢʪʘʭ ʤʦʥʽʪʦʨʠʥʛʫ, ʪʘʢʠʭ ʷʢ ʤʦʥʽʪʦʨʠʥʛ ʤʝʨʝʞʽ, 

ʤʦʥʽʪʦʨʠʥʛ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʤʦʥʽʪʦʨʠʥʛ ʙʝʟʧʝʢʠ ʪʦʱʦ. ʉʣʽʜ ʚʠʜʽʣʠʪʠ ʜʚʦʭ 

ʥʘʡʚʽʜʦʤʽʰʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ: Sentry ʪʘ Prometeus, ʪʘ ʚʠʟʥʘʯʠʪʠ ʾʭ ʚʽʜʤʽʥʥʦʩʪʽ. 
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ʈʠʩʫʥʦʢ 1 ï ʧʨʠʢʣʘʜ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʪʨʠʤʫʻ ʢʦʨʠʩʪʫʚʘʯ ʯʝʨʝʟ Firebase Crashlitics 

 

ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. Sentry ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʤʠʣʦʢ ʪʘ 

ʧʨʦʙʣʝʤ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ. ɺʽʥ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʚʠʷʚʣʝʥʥʽ, ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʚʽʜʣʘʛʦʜʞʝʥʥʽ 

ʧʦʤʠʣʦʢ ʪʘ ʚʠʢʣʶʯʝʥʴ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ [2]. Prometheus ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʽʥ ʟʙʠʨʘʻ ʪʘ ʘʥʘʣʽʟʫʻ ʤʝʪʨʠʢʠ ʧʨʦʮʝʩʽʚ, ʨʝʩʫʨʩʽʚ ʪʘ ʜʦʜʘʪʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʦʨʘʤ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ[3]. 

ɿʙʽʨ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ. Sentry ʟʙʠʨʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʤʠʣʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ, ʪʘʢʽ ʷʢ ʩʪʝʢʠ ʚʠʢʣʠʢʽʚ, ʪʨʘʩʫʚʘʥʥʷ ʩʪʝʢʫ ʪʘ ʽʥʰʽ ʜʘʥʽ, ʱʦʙ ʨʦʟʨʦʙʥʠʢʠ 

ʤʦʛʣʠ ʣʝʛʢʦ ʚʠʷʚʣʷʪʠ ʪʘ ʚʠʧʨʘʚʣʷʪʠ ʧʨʦʙʣʝʤʠ. Prometheus ʟʙʠʨʘʻ ʜʘʥʽ ʧʨʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ ʥʘʚʘʥʪʘʞʝʥʥʷ CPU, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤ'ʷʪʽ, ʯʘʩ ʚʽʜʧʦʚʽʜʽ ʩʝʨʚʝʨʘ ʪʦʱʦ, ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ [4]. 

ʆʩʦʙʣʠʚʦʩʪʽ. Sentry ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʪʘ ʧʨʦʩʪʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʩʧʦʚʽʱʝʥʥʷ 

ʧʨʦ ʚʠʥʠʢʣʽ ʧʦʤʠʣʢʠ ʪʘ ʧʨʦʙʣʝʤʠ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʰʪʠ ʘʙʦ 

ʤʝʩʝʥʜʞʝʨʽʚ. Prometheus ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʚʫ ʟʘʧʠʪʽʚ PromQL [5] ʜʣʷ ʘʛʨʝʛʘʮʽʾ, ʬʽʣʴʪʨʘʮʽʾ ʪʘ 

ʘʥʘʣʽʟʫ ʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʘʪʠ  Grafana. ʎʝ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ. ɺʽʥ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʢʨʘʩʠʚʠʭ ʪʘ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʛʨʘʬʽʢʽʚ, ʪʘʙʣʠʮʴ ʪʘ ʽʥʰʠʭ ʚʽʟʫʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʨʚʝʨʠ ʽ ʥʝ ʪʽʣʴʢʠ. ʇʨʠʢʣʘʜ ʪʘʢʠʭ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩʫʥʢʫ 2.

 
ʈʠʩʫʥʦʢ 2 ï ʧʨʠʢʣʘʜ ʛʨʘʬʽʢʽʚ, ʩʝʨʝʜ ʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ ʪʘ ʽʥʰʽ 
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ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʛʨʘʤʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɿʘʚʜʷʢʠ ʥʠʤ, ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ 

ʩʚʦʾʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʫʥʠʢʥʫʪʠ ʚʪʨʘʪ ʧʨʠ ʟʙʦʷʭ ʚ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʦʚʦʣʝʥʥʷ ʢʣʽʻʥʪʽʚ 

ʚʠʩʦʢʦʷʢʽʩʥʠʤʠ ʧʦʩʣʫʛʘʤʠ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʻ ʥʝʚʽʜ'ʻʤʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʢʦʤʧʘʥʽʾ, ʱʦ ʧʨʘʛʥʝ ʟʘʣʠʰʘʪʠʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʶ ʪʘ 

ʫʩʧʽʰʥʦʶ ʥʘ ʨʠʥʢʫ. 
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ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʗʨʤʘʢ ɼ.ʆ. 

ĭ ɼʦʮ., ʢ.ʪ.ʥ. ɺʘʨʘʚʘ ɯ.ɸ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿɸʉʆɹʀ ʌʆʈʄʋɺɸʅʅʗ ʉʎɽʅɸʈɯɰɺ ɼʀʅɸʄɯʏʅʀʍ ɻɯɼʈʆɸʂʋʉʊʀʏʅʀʍ 

ɽʂʉʇɽʈʀʄɽʅʊɯɺ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɼʠʥʘʤʽʯʥʽ ʛʽʜʨʦʘʢʫʩʪʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʽʜʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʚʽʜʩʪʝʞʝʥʥʷ ʧʽʜʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʽ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ. ʆʜʥʘʢ ʟʘʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʜʣʷ 

ʪʘʢʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʚʠʥʝʥʠʤʠ ʽ ʥʝ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʘ ʘʢʫʩʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʏʝʨʝʟ ʱʦ ʩʪʚʦʨʝʥʥʷ 

ʩʮʝʥʘʨʽʶ ʚʠʤʘʛʘʣʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʫʩʠʣʴ ʪʘ ʯʘʩʫ. ɿʦʢʨʝʤʘ, ʚʘʞʣʠʚʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʨʝʘʣʽʩʪʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ, 

ʪʦʧʦʛʨʘʬʽʶ ʜʥʘ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʫ ʚ ʧʽʜʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ [1]. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʪʦʯʥʽ 

ʪʘ ʥʘʜʽʡʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʽʜʚʦʜʥʽ ʜʞʝʨʝʣʘ ʟʚʫʢʫ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʮʽʢʘʚʠʤʠ 

ʜʣʷ ʥʘʫʢʦʚʮʽʚ, ʘʜʞʝ ʾʭ ʚʠʚʯʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʩʪʘʥ ʧʽʜʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʧʽʜʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʶ ʧʽʜʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʮʴʦʤʫ 

ʩʧʨʠʷʶʪʴ. ʇʨʠʢʣʘʜʦʤ ʻ ʢʦʤʧʘʥʽʷ Ocean Infinity [2], ʱʦ ʚʧʨʦʚʘʜʞʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʢʦʨʘʙʣʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʢʦʥʘʥʥʷ ʤʦʨʩʴʢʠʭ 

ʦʧʝʨʘʮʽʡ ʥʘ ʚʽʜʩʪʘʥʽ.  ʆʢʨʽʤ ʮʴʦʛʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʪʠʧʫ ʛʽʜʨʦʘʢʫʩʪʠʯʥʦʾ ʩʪʘʥʮʽʾ, ʷʢʘ 

ʟʤʦʞʝ ʚʠʷʚʣʷʪʠ ʧʽʜʚʦʜʥʽ ʦʙôʻʢʪʠ ʥʘ ʙʽʣʴʰʽʡ ʚʽʜʩʪʘʥʽ [3], ʱʦ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʽʰʝ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʽʜʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟ ʣʽʪʘʢʘ. ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʨʦʟʨʦʙʢʫ ʥʦʚʦʛʦ ʤʝʪʦʜʫ 

ʟʚôʷʟʢʫ ʧʽʜ ʚʦʜʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʚʘʥʪʦʚʠʭ ʟʚôʷʟʢʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘʜʽʡʥʠʡ 

ʟʚôʷʟʦʢ ʥʘʚʽʪʴ ʫ ʟʘʰʫʤʣʝʥʠʭ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [4].  

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʜʠʥʘʤʽʯʥʽ ʛʽʜʨʦʘʢʫʩʪʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʙʽʨ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ ʧʨʦ ʘʢʫʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʜʠʥʘʤʽʯʥʠʭ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʪʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ. ɿʘʚʜʷʢʠ ʨʦʟʨʦʙʣʝʥʠʤ ʟʘʩʦʙʘʤ 

ʟ'ʷʚʠʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʩʪʠʤʫʣʶʚʘʪʠ 

ʥʘʫʢʦʚʠʡ ʧʨʦʛʨʝʩ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʫ ʩʬʝʨʽ ʘʢʫʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʽʜʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʦʚʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʧʽʜʛʦʪʦʚʢʠ ʩʮʝʥʘʨʽʾʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʽʜʪʚʦʨʶʚʘʪʠ ʾʭ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʨʦʟʨʦʙʢʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʜʠʥʘʤʽʯʥʠʭ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, 

ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʷʢʦʛʦ ʙʫʜʝ ʽʥʪʝʛʨʦʚʘʥʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʮʝʥʘʨʽʾ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʠʤʠ, ʘʜʞʝ ʜʦ ʫʚʘʛʠ ʙʝʨʝʪʴʩʷ ʚʩʝ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʟʤʽʥʥʠʭ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʤʦʜʝʣʝʡ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʚʫʢʫ. ʎʝ ʨʦʙʠʪʴ ʟʘʩʦʙʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʭʦʜʽ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʨʦʟʫʤʽʪʠ ʷʢʽ ʦʙôʻʢʪʠ 

ʨʦʟʤʽʱʝʥʽ ʥʘ ʢʘʨʪʽ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʶ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʧʝʨʝʛʣʷʜʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 
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ʧʝʚʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʡʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʢʘʨʪʽ. 

ʆʩʥʦʚʥʠʤ ʚʠʢʣʠʢʦʤ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʪʦʯʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʨʝʘʣʴʥʠʭ ʫʤʦʚ 

ʧʽʜʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ ʟ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ (ɻɯʉ) 

(ʨʠʩ. 1) [5].  

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

 

ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʽʜʦʙʨʘʟʠʪʠ ʜʘʥʽ ʥʘ ʢʘʨʪʘʭ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʛʝʦʛʨʘʬʽʯʥʽ ʘʩʧʝʢʪʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʮʝʥʘʨʽʾʚ, ʩʧʨʦʱʫʶʯʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ 

ʧʨʦʚʝʜʝʥʥʷ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ 

ʛʽʜʨʦʘʢʫʩʪʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʫ ʻʜʠʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ 

ʜʘʥʠʭ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʻ ʤʝʥʝʜʞʝʨ ʰʘʨʽʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʢʝʨʫʚʘʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʢʘʨʪʽ (ʤʦʨʩʴʢʽ ʦʙôʻʢʪʠ, ʩʮʝʥʠ, ʛʽʜʨʦʘʢʫʩʪʠʯʥʽ 

ʩʝʥʩʦʨʠ ʪʘ ʽʥʰʝ). ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʰʘʨʽʚ, 

ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʧʨʠʭʦʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ, ʱʦ ʩʧʨʠʷʻ ʟʨʫʯʥʦʤʫ ʘʥʘʣʽʟʫ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʦʙ'ʻʢʪʘʤʠ ʚ 

ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʜʦʚʽʜʥʠʢʽʚ ʦʙôʻʢʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʧʝʨʝʣʽʢ ʜʦʩʪʫʧʥʠʭ ʦʙ'ʻʢʪʽʚ 

ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʩʫʜʥʘ, ʛʽʜʨʦʘʢʫʩʪʠʯʥʽ ʜʘʪʯʠʢʠ ʪʦʱʦ. ɺ ʜʦʚʽʜʥʠʢʫ ʤʦʞʫʪʴ 

ʤʽʩʪʠʪʠʩʷ ʛʝʦʤʝʪʨʠʯʥʽ, ʬʽʟʠʯʥʽ, ʛʝʦʛʨʘʬʽʯʥʽ ʜʘʥʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʫ ʚʠʟʥʘʯʠʪʠ ʪʘ 

ʢʦʥʬʽʛʫʨʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʘ ʪʘ ʚʠʟʥʘʯʠʪʠ ʤʽʩʮʝ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʗʢʱʦ 

ʚ ʧʝʨʝʣʽʢʫ ʥʝʤʘ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙôʻʢʪʫ, ʪʦ ʤʘʻ ʙʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʥʦʚʠʡ ʦʙôʻʢʪ ʪʘ 

ʢʦʥʬʽʛʫʨʫʚʘʪʠ ʡʦʛʦ. ɼʣʷ ʟʘʧʦʚʥʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʤʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʢʘʨʪʘ, ʷʢʘ 

ʜʦʟʚʦʣʠʪʴ ʧʝʨʝʛʣʷʥʫʪʠ ʘʩʧʝʢʪʠ ʛʝʦʛʨʘʬʽʾ ʪʘ ʚʠʟʥʘʯʠʪʠʩʴ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ. 

ɺʠʩʥʦʚʢʠ. ʂʦʤʧôʶʪʝʨʥʽ ʜʠʥʘʤʽʯʥʽ ʛʽʜʨʦʘʢʫʩʪʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚʽʜʽʛʨʘʶʪʴ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʯʘʪʠ ʧʽʜʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʚʫʢʫ. ʉʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʛʽʜʨʦʘʢʫʩʪʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʆʜʥʠʤ 

ʟ ʢʣʶʯʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʻ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʜʝʪʘʣʴʥʽ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʽʤʽʪʘʮʽʾ 
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ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀɿʅɸʏɽʅʅʗ ʗʂɯʉʅʆɰ ʊɸ ʂɯʃʔʂɯʉʅʆɰ ʈɯɿʅʀʎɯ ɺ ɼʆʉɺɯɼɯ ɸɻɽʅʊɯɺ ɼʃʗ 

ʁʆɻʆ ʇɽʈɽɼɸʏɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɹʘʛʘʪʦ ʟʘʚʜʘʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʪʘ 

ʪʝʭʥʽʢʠ ʨʦʟʚ'ʷʟʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʘʛʝʥʪʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ 

ʩʪʘʙʽʣʴʥʽʩʪʶ ʪʘ ʩʪʽʡʢʽʩʪʶ ʜʦ ʚʽʜʤʦʚ [1], ʭʦʯ ʽ ʤʦʞʫʪʴ ʧʦʩʪʫʧʘʪʠʩʷ ʝʬʝʢʪʠʚʥʽʩʪʶ ʨʦʙʦʪʠ 

ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʘʛʝʥʪʫ. ɹʘʛʘʪʦʘʛʝʥʪʥʽ ʩʠʩʪʝʤʠ ʥʝ  ʨʦʟʛʣʷʜʘʶʪʴ ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ, ʷʢ 

ʥʝʧʦʜʽʣʴʥʫ ʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ. ʂʦʞʝʥ ʘʛʝʥʪ ʚ ʥʽʡ ʤʘʻ ʚʣʘʩʥʫ ʮʽʣʴ, ʘʣʝ ʥʝ ʟʥʘʻ ʟʘʛʘʣʴʥʫ ʤʝʪʫ. 

ʇʨʦʪʝ, ʨʘʟʦʤ ʯʘʩʪʠʥʠ ʚʦʣʦʜʽʶʪʴ ʚʣʘʩʪʠʚʽʩʪʶ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʨʦʟʚᾷʷʟʘʥʥʷ ʢʽʥʮʝʚʦʾ 

ʧʨʦʙʣʝʤʠ ʚʩʽʻʾ ʩʠʩʪʝʤʠ [2].  

ʇʨʦʮʝʩ ʩʘʤʦʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʘʛʝʥʪʽʚ ʯʘʩʪʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʭʘʥʽʟʤʽ ʥʘʚʯʘʥʥʷ, ʜʝ 

ʘʛʝʥʪ ʚ ʭʦʜʽ ʚʟʘʻʤʦʜʽʾ ʟ ʩʠʩʪʝʤʦʶ ʧʦʩʪʫʧʦʚʦ ʦʥʦʚʣʶʻ ʩʚʦʶ ʤʦʜʝʣʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ɿʘʟʚʠʯʘʡ, ʮʝʡ ʧʨʦʮʝʩ ʻ ʧʦʚʽʣʴʥʠʤ ʽ ʥʝʩʪʘʙʽʣʴʥʠʤ. ʊʦʤʫ ʣʦʛʽʯʥʠʤ ʻ ʙʘʞʘʥʥʷ ʧʨʠʰʚʠʜʰʠʪʠ 

ʥʘʚʯʘʥʥʷ, ʯʠ ʟʨʦʙʠʪʠ ʡʦʛʦ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɯʜʝʷ ʥʘʚʯʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʥʘ ʚʣʘʩʥʦʤʫ, ʘʣʝ ʡ ʜʦʩʚʽʜʽ 

ʽʥʰʠʭ ʘʛʝʥʪʽʚ ʜʦʩʪʘʪʥʴʦ ʤʘʣʦ ʚʠʚʯʝʥʘ.  ɼʣʷ ʧʨʠʢʣʘʜʫ, ʚ ʩʪʘʪʪʽ [3] ʟʘʧʨʦʧʦʥʫʚʘʣʠ 

ʤʦʜʠʬʽʢʘʮʽʶ MADDPG ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ Knowledge Distillation ʤʝʭʘʥʽʟʤʫ ʜʦ ʘʢʪʦʨʫ.  

ɸʚʪʦʨʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʟʜʽʣʷʶʯʠ ʜʦʩʚʽʜ ʤʽʞ ʘʛʝʥʪʘʤʠ ʫ ʚʠʛʣʷʜʽ çʧʦʨʘʜè ʾʤ ʚʜʘʣʦʩʷ 

ʧʦʢʨʘʱʠʪʠ ʨʝʟʫʣʴʪʘʪ. ɹʽʣʴʰ ʪʦʛʦ, ʘʛʝʥʪʠ ʧʨʠʭʦʜʠʣʠ ʜʦ ʩʚʦʛʦ ʥʘʡʢʨʘʱʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʰʚʠʜʰʝ. ʑʦ ʭʘʨʘʢʪʝʨʥʦ ʚ ʾʭ ʜʦʩʣʽʜʞʝʥʥʽ, ʯʠʤ ʙʽʣʴʰʝ ʘʛʝʥʪʠ ʜʽʣʠʣʠʩʷ ʜʦʩʚʽʜʦʤ, ʪʠʤ ʢʨʘʱʝ.  

ɺ ʩʚʦʾʡ ʨʦʙʦʪʽ ʘʚʪʦʨʠ ʨʦʟʛʣʷʥʫʣʠ ʙʘʛʘʪʦʘʛʝʥʪʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɹʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʪʘʢʽ 

ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ, ʪʦʙʪʦ, ʜʽʾ ʦʜʥʦʛʦ ʘʛʝʥʪʫ ʤʦʞʫʪʴ ʟʤʽʥʠʪʠ 

ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʽʥʰʦʛʦ. ʊʦʤʫ, ʘʣʛʦʨʠʪʤʠ, ʱʦ ʥʘʧʨʘʚʣʝʥʥʽ ʥʘ ʥʘʚʯʘʥʥʷ ʦʜʥʦʛʦ ʘʛʝʥʪʫ ʪʘʢʽ 

ʷʢ Q-learning ʯʠ DDPG, ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʨʽʚʥʷʥʦ ʧʦʛʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʝʨʝʟ ʥʝʩʪʘʯʫ 

ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʢʦʦʧʝʨʘʮʽʾ. ʇʨʦʪʝ, ʙʘʛʘʪʦʘʛʝʥʪʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʝ ʦʙʦʚᾷʷʟʢʦʚʦ ʻ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ. ɼʽʾ ʽʥʰʠʭ ʘʛʝʥʪʽʚ ʤʦʞʫʪʴ ʩʧʨʘʚʣʷʪʠ ʥʘʩʪʽʣʴʢʠ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ, ʱʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʽʛʥʦʨʦʚʘʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʜʽʾ ʘʛʝʥʪʫ, ʱʦ ʪʦʨʛʫʻ ʚ ʩʝʨʝʜʦʚʠʱʽ ʜʣʷ 

ʪʨʝʡʜʠʥʛʫ, ʟʘ ʫʤʦʚʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʩʫʤ ʦʧʝʨʘʮʽʾ, ʥʽʷʢ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʣʦʙʘʣʴʥʠʡ 

ʨʠʥʦʢ, ʘʜʞʝ ʽʥʰʽ ʫʯʘʩʥʠʢʠ ʚ ʩʫʤʽ ʤʘʶʪʴ ʘʙʩʦʣʶʪʥʫ ʙʽʣʴʰʽʩʪʴ ʨʝʩʫʨʩʫ, ʜʦ ʪʦʛʦ ʞ ʩʪʘʥ ʽ ʜʽʾ 

ʚʩʽʭ ʽʥʰʠʭ ʫʯʘʩʥʠʢʽʚ ʻ ʥʝʚʽʜʦʤʠʤʠ, ʱʦ ʨʦʙʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ MADDPG ʥʝʨʝʣʝʚʘʥʪʥʠʤ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʦʩʣʽʜʠʪʠ ʷʢ ʤʝʭʘʥʽʟʤ ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ ʤʽʞ ʘʛʝʥʪʘʤʠ ʟ Deep 

Q-learning ʤʦʜʝʣʷʤʠ, ʚʠʟʥʘʯʠʪʠ ʷʢ ʢʽʣʴʢʽʩʥʘ ʪʘ ʷʢʽʩʥʘ ʨʽʟʥʠʮʷ ʚ ʜʦʩʚʽʜʽ ʤʽʞ ʘʛʝʥʪʦʤ ʚʯʠʪʝʣʷ 

ʪʘ ʫʯʥʷ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʫ ʦʮʽʥʢʫ ʜʽʡ ʘʛʝʥʪʫ ʟ ʯʘʩʦʤ. ɼʦʩʣʽʜʠʪʠ ʥʘʚʝʜʝʥʽ ʝʬʝʢʪʠ, ʥʘ 

ʤʝʭʘʥʽʟʤʽ Knowledge Distillation ʜʣʷ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʝ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʷʢʽʩʥʫ ʨʽʟʥʠʮʶ 

ʚ ʜʦʩʚʽʜʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʘʟʚʠʯʘʡ ʙʘʛʘʪʦʘʛʝʥʪʥʫ ʩʠʩʪʝʤʫ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ çʄʘʨʢʦʚʩʴʢʠʡ 

ʧʨʦʮʝʩè (MDP - Markov decision process) ʤʦʞʣʠʚʘ ʚʠʥʘʛʦʨʦʜʘ ʚ ʧʦʪʦʯʥʦʤʫ ʩʪʘʥʽ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʡ ʚ ʤʠʥʫʣʦʤʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʩʠʩʪʝʤʠ ʻ ʥʘʙʽʨ 

ʪʘʢʠʭ ʜʽʡ, ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ, ʱʦ ʤʘʢʩʠʤʽʟʫʻ ʩʫʤʘʨʥʦ ʟʽʙʨʘʥʫ ʥʘʛʦʨʦʜʫ. ʄʝʭʘʥʽʟʤ ʥʘʚʯʘʥʥʷ 

ʘʛʝʥʪʽʚ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʫʤʦʚʣʝʥʠʡ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʙʘʛʘʪʦʘʛʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʟʘʜʘʯʝʶ ʪʘ 

ʢʦʥʪʝʢʩʪʦʤ ʚʠʢʦʥʘʥʥʷ. ʆʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʻ Reinforcement learning. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ ʤʽʞ ʘʛʝʥʪʘʤʠ 

 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ ʟ DeepQ-learning ʤʦʜʝʣʷʤʠ ʚ CartPole-v1 ʩʝʨʝʜʦʚʠʱʽ. 

ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʪʨʴʦʤʘ ʘʛʝʥʪʘʤʠ, ʪʘ ʦʜʥʠʤ ʢʦʥʪʨʦʣʴʥʠʤ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, 

ʱʦ ʧʝʨʝʜʘʯʘ ʟʥʘʥʴ ʚʽʜ ʘʛʝʥʪʘ, ʱʦ ʧʽʜ ʯʘʩ ʦʩʪʘʥʥʴʦʛʦ ʝʧʽʟʦʜʫ ʥʘʙʨʘʚ ʩʫʤʘʨʥʦ ʥʘʡʙʽʣʴʰʫ 

ʥʘʛʦʨʦʜʫ, ʜʦ ʽʥʰʠʭ, ʪʘʢʽ ʘʛʝʥʪʠ ʩʪʘʙʽʣʴʥʦ ʤʘʶʪʴ ʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ, ʥʽʞ ʢʦʥʪʨʦʣʴʥʠʡ ʘʛʝʥʪ. 

ʆʩʦʙʣʠʚʦ ʨʽʟʥʠʮʶ ʚʠʜʥʦ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʝʧʦʭ ʥʘʚʯʘʥʥʷ ʜʣʷ ʫʯʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʮʽ ʚ 

ʜʦʩʚʽʜʽ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2 ï MovingAverage(50) ʟʤʽʥ ʥʘʙʨʘʥʦʾ ʚʠʥʘʛʦʨʦʜʠ ʘʛʝʥʪʫ ʟʘ ʝʧʽʟʦʜ 

 

ʅʘ ʨʠʩ. 2 ʧʫʥʢʪʠʨʦʤ ʥʘʚʝʜʝʥʠʡ ʢʦʥʪʨʦʣʴʥʠʡ ʘʛʝʥʪ, ʱʦ ʥʝ ʙʨʘʚ ʫʯʘʩʪʽ ʚ ʦʙʤʽʥʽ ʟʥʘʥʴ. 

ʆʙʤʽʥ ʜʘʥʠʤʠ ʧʦʯʘʚʩʷ ʟ 100-ʛʦ ʝʧʽʟʦʜʫ, ʘ ʜʦ ʪʦʛʦ ʘʛʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʨʘʪʝʛʽʶ 

ʚʠʧʘʜʢʦʚʦʛʦ ʚʠʙʦʨʫ ʜʣʷ ʥʘʙʦʨʫ ʜʦʩʚʽʜʫ ʚ ʣʦʢʘʣʴʥʫ ʧʘʤôʷʪʴ. ʂʽʣʴʢʽʩʪʴ ʝʧʦʭ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʟʥʘʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʷʢ 3 ʧʦʤʥʦʞʠʪʠ ʥʘ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʥʘʛʦʨʦʜʠ ʚʯʠʪʝʣʷ ʜʦ ʥʘʛʦʨʦʜʠ 

ʫʯʥʷ. ɸ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʛʝʥʪʠ ʥʝ ʜʦʭʦʜʠʣʠ ʜʦ ʧʦʚʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ (ʱʦ ʚʠʜʥʦ ʥʘ ʛʨʘʬʽʢʫ) ʽ 

ʤʘʣʠ ʨʽʟʥʽ ʩʪʘʨʪʦʚʽ ʪʦʯʢʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʪʝʦʨʝʪʠʯʥʦ ʟʘʩʪʝʨʽʛʘʣʦ ʚʽʜ 

ʟʘʩʪʨʷʛʘʥʥʷ ʚ ʣʦʢʘʣʴʥʦʤʫ ʤʽʥʽʤʫʤʽ ʚʩʽʭ ʘʛʝʥʪʽʚ. 

ʇʝʨʰʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʜʝʤʦʥʩʪʨʫʻ ʢʽʣʴʢʽʩʥʫ ʨʽʟʥʠʮʶ ʚ ʜʦʩʚʽʜʽ (ʩʫʤʘ ʥʘʙʨʘʥʦʾ 

ʥʘʛʦʨʦʜʠ). ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʽ ʦʮʽʥʢʠ ʷʢʽʩʥʦʾ ʞ ʨʽʟʥʠʮʽ, ʙʫʣʦ ʟʛʝʥʝʨʦʚʘʥʦ ʪʝʩʪʦʚʽ ʜʘʥʽ, ʜʣʷ 

ʙʘʛʘʪʦʢʣʘʩʦʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʦʯʢʘʤʠ ʫ ʯʦʪʠʨʴʦʭ ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʰʦ 
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ʥʘʣʝʞʘʪʴ ʦʜʥʦʤʫ ʟ ʪʨʴʦʭ ʢʣʘʩʽʚ (ʨʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʙʦʨʫ ʜʘʥʠʭ ʚ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ (PCA). 

 

ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ, ʷʢʱʦ ʤʦʜʝʣʴ ʚʯʠʪʝʣʴ (Knowledge Distillation) ʤʘʻ ʛʽʨʰʽ 

ʧʦʢʘʟʥʠʢʠ f1_score ʤʝʪʨʠʢʠ, ʽ ʥʘʚʯʘʣʘʩʴ ʥʘ ʪʘʢʠʭ ʩʘʤʠʭ ʜʘʥʠʭ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʪʦʯʦʢ ʨʽʟʥʠʭ ʢʣʘʩʽʚ), ʪʦ ʫʯʝʥʴ ʜʝʛʨʘʜʫʻ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ. ʇʨʦʪʝ, ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʯʠʪʝʣʴ ʤʘʚ 

ʧʦʢʘʟʥʠʢ f1_score 0.17, ʘ ʫʯʝʥʴ ï 0.80, ʟʘ ʧʝʨʰʽ 15 ʝʧʦʭ, ʧʦʢʘʟʥʠʢ ʫʯʥʷ ʚʠʨʽʩ ʜʦ 0.94 

ʤʘʢʩʠʤʫʤ, ʘ ʧʦʪʽʤ ʧʦʯʘʚ ʩʧʘʜʘʪʠ. ʗʢʽʩʥʘ ʨʽʟʥʠʮʷ ʚ ʜʦʩʚʽʜʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ: 

- ʋʯʝʥʴ (10 ʪʦʯʦʢ ʧʝʨʰʦʛʦ ʢʣʘʩʫ, 50 ʜʨʫʛʦʛʦ, 50 ʪʨʝʪʴʦʛʦ) 

- ɺʯʠʪʝʣʴ (50 ʪʦʯʦʢ ʧʝʨʰʦʛʦ ʢʣʘʩʫ) 

ɺʠʩʥʦʚʢʠ. ʇʨʦʮʝʩ ʦʙʤʽʥʫ ʟʥʘʥʴ ʤʽʞ ʤʦʜʝʣʷʤʠ ʟʜʘʪʥʠʡ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʨʦʙʦʪʫ 

ʘʛʝʥʪʽʚ. ʇʨʦʪʝ, ʧʨʦʮʝʩ ʦʙʤʽʥʫ ʚʠʤʘʛʘʻ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʯʠʪʝʣʷ ʪʘ ʫʯʥʷ, ʘ ʪʘʢʦʞ 

ʢʽʣʴʢʦʩʪʽ ʟʥʘʥʴ ʜʣʷ ʧʝʨʝʜʘʯʽ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʢʽʣʴʢʽʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʫʩʧʽʰʥʦʩʪʽ ʤʦʜʝʣʽ, ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʦʩʚʽʜ ʷʢʽʩʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʡ ʨʽʚʥʦʤʽʨʥʦ ʤʽʞ ʤʦʜʝʣʷʤʠ. ʇʨʦʪʝ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʠʩʙʘʣʘʥʩʫ, ʤʦʜʝʣʴ ʟ ʢʽʣʴʢʽʩʥʦ 

ʤʝʥʰʠʤ ʧʦʢʘʟʥʠʢʦʤ ʫʩʧʽʰʥʦʩʪʽ ʚʩʝ ʱʝ ʤʦʞʝ ʚʠʩʪʫʧʠʪʠ ʚʯʠʪʝʣʝʤ ʽ ʧʦʢʨʘʱʠʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʫʯʥʷ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʊɽʍʅɯʏʅɯ ɺʀʄʆɻʀ ɼʆ ʈʆɿʈʆɹʂʀ ʎʀʌʈʆɺʆɻʆ ɼɺɯʁʅʀʂɸ ʊɽʇʃʆɺʆɻʆ 

ʅɸʉʆʉʋ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʦʪʨʝʙʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ CO2 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʫʢʫ ʥʦʚʠʭ ʩʠʩʪʝʤʥʠʭ ʨʽʰʝʥʴ ʫ ʛʘʣʫʟʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ. ʅʘʨʘʟʽ ʧʦʜʽʙʥʽ 

ʨʦʟʨʦʙʢʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʘʣʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʋ ʪʝʭʥʦʣʦʛʽʾ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʚʝʣʠʢʠʤ ʧʦʧʠʪʦʤ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʠʩʪʝʤʠ çʧʦʚʽʪʨʷ-

ʚʦʜʘè. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʜʦʟʚʦʣʷʻ ʚʽʜʦʙʨʘʟʠʪʠ ʪʘ ʜʦʩʣʽʜʠʪʠ ʧʦʚʝʜʽʥʢʫ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ. ʎʠʬʨʦʚʝ ʜʫʙʣʶʚʘʥʥʷ ʘʛʨʝʛʘʪʫ ʧʦʚʥʽʩʪʶ ʜʝʤʦʥʩʪʨʫʻ ʬʽʟʠʯʥʽ 

ʧʨʦʮʝʩʠ ʚʩʝʨʝʜʠʥʽ, ʪʘ ʥʘʜʘʻ ʟʤʦʛʫ ʩʠʤʫʣʶʚʘʪʠ ʨʦʙʦʪʫ, ʟʦʢʨʝʤʘ ʟʘ ʢʨʠʪʠʯʥʠʭ ʫʤʦʚ, ʪʘ ʫ 

ʚʠʧʘʜʢʫ ʥʝʩʧʨʘʚʥʦʩʪʽ ʧʝʚʥʠʭ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. Kai Zhang ʪʘ ʽʥ. ʧʨʦʚʦʜʠʣʠ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

[1] ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʻ ʩʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ, ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʟ ʮʽʣʣʶ ʢʝʨʫʚʘʥʥʷ ʥʠʤ, ʪʘ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ 

ʧʨʠʩʪʨʦʶ.   

ɿ ̔ʥʰʦʛʦ ʙʦʢʫ, Thomas Savage ʪʘ ʽʥ. ʫ ʩʚʦʻʤʫ ʜʦʩʣʽʜʞʝʥʽ [2]. ʈʦʟʙʠʨʘʶʪʴ ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʽʚ ʥʘ ʩʦʮʽʘʣʴʥʫ ʥʝʨʽʚʥʽʩʪʴ ʯʝʨʝʟ ʥʝʨʘʮʽʦʥʘʣʴʥʫ ʚʠʪʨʘʪʫ ʨʝʩʫʨʩʽʚ 

ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʫ. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʧʦʩʣʫʛʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷʤʠ ʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚ, ʷʢ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʫ ʨʝʛʽʦʥʘʭ, ʜʝ ʽʩʥʫʶʪʴ ʧʨʦʣʝʤʠ ʟ ʛʝʥʝʨʘʮʽʻʶ 

ʪʘ/ʘʙʦ ʧʦʩʪʘʯʘʥʥʷʤ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.  ɼʣʷ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʠʣʘʜ, ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʦʪʦʯʫʶʯʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ 

ʨʝʩʫʨʩ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʎʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʮʽʣʝʡ, ʪʘʢʠʭ ʷʢ: 

- ʄʦʜʝʣʶʚʘʥʥʷ - ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʨʝʘʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ, ʪʦʙʪʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʨʦʙʦʪʠ ʜʣʷ ʧʦʰʫʢʫ 

ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

- ʆʧʪʠʤʽʟʘʮʽʷ - ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʨʦʙʦʪʫ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʧʽʜʙʠʨʘʶʯʠ ʥʘʡʝʬʝʢʪʠʚʥʽʰʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʘ. ʄʦʞʣʠʚʽʩʪʴ ʚʽʨʪʫʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ ʜʦʧʦʤʦʞʝ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙ'ʻʢʪʘ. 

- ʇʨʦʛʥʦʟʫʚʘʥʥʷ - ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʜʦʟʚʦʣʠʪʴ 

ʢʨʘʱʝ ʫʧʨʘʚʣʷʪʠ ʚʠʪʨʘʪʘʤʠ ʪʘ ʝʢʦʥʦʤʠʪʠ ʢʦʰʪʠ ʥʘ ʨʘʭʫʥʢʘʭ ʟʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ. ʎʠʬʨʦʚʠʡ 

ʜʚʽʡʥʠʢ ʤʦʞʝ ʚʽʜʩʪʝʞʫʚʘʪʠ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʪʘʢʽ ʷʢ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ, ʚʽʙʨʘʮʽʷ, ʨʽʚʝʥʴ ʤʘʩʣʘ, ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʯʘʩʥʦ ʚʞʠʚʘʪʠ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʣʦʤʢʘʤ, 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʯʘʩ ʧʨʦʩʪʦʶ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʄʦʥʽʪʦʨʠʥʛ 

ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʦʧʦʤʦʞʝ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʙʫʜʴ-ʷʢʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʥʦʨʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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- ʇʦʢʨʘʱʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ - ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʚ ʨʘʥʥʴʦʤʫ ʚʠʷʚʣʝʥʥʽ ʪʘ ʜʽʘʛʥʦʩʪʠʮʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʾʭ 

ʩʝʨʡʦʟʥʠʤ ʥʘʩʣʽʜʢʘʤ. ʄʦʜʝʣʶʚʘʥʥʷ ʟʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʪʘ ʟʘʟʜʘʣʝʛʽʜʴ ʧʣʘʥʫʚʘʪʠ ʡʦʛʦ ʨʝʤʦʥʪ ʘʙʦ ʟʘʤʽʥʫ.  

- ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ - ʟʘʚʜʷʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʶ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʘ 

ʧʣʘʥʦʚʦʤʫ ʨʝʤʦʥʪʫ ʤʦʞʥʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʯʘʩ ʧʨʦʩʪʦʶ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ 

ʙʝʟʧʝʨʝʙʽʡʥʫ ʨʦʙʦʪʫ. 

- ʅʘʚʯʘʥʥʷ - ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʣʶʜʝʡ ʪʦʤʫ, ʷʢ 

ʧʨʘʮʶʶʪʴ ʨʝʘʣʴʥʽ ʦʙ'ʻʢʪʠ, ʧʨʦʮʝʩʠ ʘʙʦ ʩʠʩʪʝʤʠ. ʎʝ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚʘʤ ʧʽʜʚʠʱʠʪʠ 

ʢʚʘʣʽʬʽʢʘʮʽʶ ʩʚʦʾʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʽ ʧʦʢʨʘʱʠʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʟʘʜʘʯ ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘʢʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʚʠʤʦʛʠ: 

- ʄʦʜʫʣʴʥʽʩʪʴ ï ʤʦʜʝʣʴʦʚʘʥʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʙʫʪʠ ʚʽʜʦʢʨʝʤʣʝʥʽ, ʮʝ ʥʘʜʘʩʪʴ ʟʤʦʛʫ 

ʨʦʟʰʠʨʶʚʘʪʠ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʩʠʩʪʝʤʫ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ 

ʤʦʜʫʣʽʚ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʤʦʞʥʘ ʧʝʨʝʣʽʯʠʪʠ ʥʘʩʪʫʧʥʽ: ʚʠʧʘʨʥʠʢ, ʢʦʤʧʨʝʩʦʨ, ʢʦʥʜʝʥʩʘʪʦʨ, 

ʜʨʦʩʝʣʴʥʠʡ ʢʣʘʧʘʥ, ʭʦʣʦʜʦʘʛʝʥʪ, ʘʢʫʤʫʣʷʪʦʨ ʭʦʣʦʜʫ, ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ, 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʙʘʢ. 

- ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ï ʩʠʩʪʝʤʘ ʤʘʻ ʙʫʪʠ ʧʨʠʜʘʪʥʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

ʙʫʜʴ-ʷʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʩʢʣʘʜʥʦʩʪʽ. ʄʦʜʝʣʴ ʤʘʻ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ. 

- ɯʥʪʝʛʨʘʮʽʷ ï ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʤʘʻ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʣʝʶ 

(BMS) ʪʘ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʄʦʜʝʣʴ ʤʘʻ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʟ ʜʘʪʯʠʢʽʚ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʪʘ ʽʥʰʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

- ɼʦʩʪʫʧʥʽʩʪʴ - ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʤʘʻ ʙʫʪʠ ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʨʠʩʪʨʦʶ ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ ɯʥʪʝʨʥʝʪʫ. ɯʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʤʘʻ ʙʫʪʠ ʟʨʦʟʫʤʽʣʠʤ ʪʘ 

ʟʨʫʯʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

- ɹʝʟʧʝʢʘ - ʮʠʬʨʦʚʠʡ ʜʚʽʡʥʠʢ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʢʽʙʝʨʙʝʟʧʝʢʠ ʜʣʷ ʟʘʭʠʩʪʫ 

ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɼʦʩʪʫʧ ʜʦ ʤʦʜʝʣʽ ʤʘʻ ʙʫʪʠ ʦʙʤʝʞʝʥʠʡ ʫʧʦʚʥʦʚʘʞʝʥʠʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʅʘʨʘʟʽ ʥʘʷʚʥʽ ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, 

ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ, ʪʘ ʦʛʣʷʜ ʩʧʝʮʠʬʽʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʜʣʷ 

ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʫ  ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʘʭ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʪʨʠʚʘʣʦʾ 

ʩʣʫʞʙʠ, ʪʘ ʧʽʜʪʨʠʤʢʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʦ-ʝʬʝʢʪʠʚʥʦʩʪʽ. ʉʬʦʨʤʦʚʘʥʽ ʪʫʪ ʚʠʤʦʛʠ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʫ ʥʘʧʨʷʤʢʫ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Intelligent Optimal Control Strategy of Heat Pump System Based on Digital Twins / K. 

Zhang et al. Journal of Physics: Conference Series. 2023. Vol. 2452, no. 1. P. 012029. URL: 

https://doi.org/10.1088/1742-6596/2452/1/012029 . 

 2. Universal Digital Twin ï the impact of heat pumps on social inequality / T. Savage et 

al. Advances in Applied Energy. 2022. Vol. 5. P. 100079. URL: 

https://doi.org/10.1016/j.adapen.2021.100079 . 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʌɯʃʔʊʈɸʎɯʗ ʊɸ ʆɹʈʆɹʂɸ ʉʀɻʅɸʃɯɺ ɿ ʉɽʅʉʆʈɯɺ ʅɸɺɯɻɸʎɯʁʅʀʍ 

ʇʈʀʉʊʈʆɰɺ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɹʝʟʧʝʨʝʨʚʥʠʡ ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʩʠʩʪʝʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʊʝʭʥʦʣʦʛʽʾ ɻʣʦʙʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ (GPS) ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʝʥʩʦʨʥʽ ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʩʪʘʣʠ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ, ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ [1]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʾʭ ʧʨʦʛʨʝʩ, ʮʽ ʩʠʩʪʝʤʠ ʩʭʠʣʴʥʽ ʜʦ ʥʝʪʦʯʥʦʩʪʝʡ ʯʝʨʝʟ ʧʝʨʝʰʢʦʜʠ ʩʠʛʥʘʣʫ, ʙʘʛʘʪʦʰʣʷʭʦʚʝ 

ʧʦʰʠʨʝʥʥʷ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ. ʎʝ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʜʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚ ʪʘ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʜʘʥʠʭ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʫ ʂʘʣʤʘʥʘ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʘʥʠʭ GPS [2]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʧʫʪʥʠʢʦʚʘ ʥʘʚʽʛʘʮʽʡʥʘ ʩʠʩʪʝʤʘ (GPS) ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʢʦʤʧʣʝʢʩ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʫ ʢʦʩʤʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʘ ʪʘʢʦʞ ʪʦʯʥʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʯʘʩʫ. ʊʦʯʥʘ ʥʘʚʽʛʘʮʽʷ ʤʘʻ ʢʣʶʯʦʚʝ ʟʥʘʯʝʥʥʷ ʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ, ʜʝ 

ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʽ ʨʦʟʙʽʞʥʦʩʪʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʆʜʥʘʢ, ʩʠʛʥʘʣʠ, 

ʦʪʨʠʤʘʥʽ ʟ ʥʘʚʽʛʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʯʘʩʪʦ ʙʫʚʘʶʪʴ ʚʠʢʨʠʚʣʝʥʽ ʯʝʨʝʟ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʠʣʦʢ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʣʦʞʝʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. ʎʝ ʩʪʘʚʠʪʴ 

ʢʨʠʪʠʯʥʝ ʧʠʪʘʥʥʷ: ʷʢ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʪʣʽ 

ʪʘʢʠʭ ʚʠʢʣʠʢʽʚ? 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ.ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʨʦʟʨʦʙʢʫ ʢʽʣʴʢʦʭ ʩʪʨʘʪʝʛʽʡ ʜʣʷ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚ ʪʘ ʬʽʣʴʪʨʘʮʽʾ, ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʨʦʟʢʨʠʪʠʤ ʧʦʪʝʥʮʽʘʣ ʫ ʽʥʪʝʛʨʘʮʽʾ ʧʝʨʝʜʦʚʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʬʽʣʴʪʨʘʮʽʾ ʟ ʢʦʨʝʢʮʽʻʶ ʜʘʥʠʭ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʩʧʝʮʽʘʣʴʥʦ ʘʜʘʧʪʦʚʘʥʠʭ ʜʣʷ 

ʜʠʥʘʤʽʯʥʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʨʝʩʣʶʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʫ ʂʘʣʤʘʥʘ ʚ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʽʚ GPS, ʜʝʤʦʥʩʪʨʫʶʯʠ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ 

ʟʤʝʥʰʫʚʘʪʠ ʧʦʤʠʣʢʠ ʪʘ ʧʦʢʨʘʱʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʚʽʜʩʪʝʞʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʆʜʥʘʢ 

ʽʥʪʝʛʨʘʮʽʷ ʪʘʢʠʭ ʧʝʨʝʜʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʬʽʣʴʪʨʘʮʽʾ ʟ ʨʝʘʣʴʥʠʤʠ, ʩʝʥʩʦʨʥʠʤʠ ʥʘʚʽʛʘʮʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʚ ʪʨʘʥʩʧʦʨʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʣʦʜʦʩʣʽʜʞʝʥʦʶ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʌʽʣʴʪʨ ʂʘʣʤʘʥʘ ð ʮʝ ʧʦʩʣʽʜʦʚʥʠʡ ʽʪʝʨʘʪʠʚʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ 

ʟʜʽʡʩʥʶʻ ʦʮʽʥʢʫ ʩʪʘʥʽʚ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʚʩʪʘʥʦʚʣʝʥʦʾ ʤʦʜʝʣʽ ʾʭ ʧʦʚʝʜʽʥʢʠ. ɺʽʥ 

ʧʦʢʨʘʱʫʻ ʮʽ ʦʮʽʥʢʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʚʨʘʭʦʚʫʶʯʠ ʢʦʞʥʝ ʥʦʚʝ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ 

ʽʟ ʯʘʩʦʤ. ʎʝʡ ʘʣʛʦʨʠʪʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʩʢʣʘʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘʚʜʷʢʠ ʩʚʦʻʤʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʝʭʘʥʽʟʤʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʭʦʜʫ ʙʝʟ ʧʦʪʨʝʙʠ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʋ 

ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʧʨʷʤʝ ʚʠʤʽʨʶʚʘʥʥʷ ʚʩʽʭ ʢʝʨʦʚʘʥʠʭ ʟʤʽʥʥʠʭ ʥʝ ʻ ʤʦʞʣʠʚʠʤ, ʬʽʣʴʪʨ ʂʘʣʤʘʥʘ 

ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʥʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʩʥʦʚʽ ʜʦʩʪʫʧʥʠʭ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ 

ʪʦʯʥʠʭ ʜʘʥʠʭ. ʆʢʨʽʤ ʪʦʛʦ, ʬʽʣʴʪʨ ʂʘʣʤʘʥʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʦʪʨʠʤʘʥʦʾ ʟ ʩʝʥʩʦʨʽʚ ʪʘ ʽʥʰʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʱʦ ʯʘʩʪʦ ʤʽʩʪʷʪʴ ʰʫʤʠ ʪʘ ʧʦʤʠʣʢʠ. 

ɺʽʥ ʝʬʝʢʪʠʚʥʦ ʚʽʜʬʽʣʴʪʨʦʚʫʻ ʚʠʧʘʜʢʦʚʽ ʚʽʜʭʠʣʝʥʥʷ, ʜʦʟʚʦʣʷʶʯʠ ʦʪʨʠʤʘʪʠ ʥʘʡʙʽʣʴʰ 

ʜʦʩʪʦʚʽʨʥʠʡ ʦʛʣʷʜ ʭʦʜʫ ʧʨʦʮʝʩʽʚ, ʫʩʝʨʝʜʥʶʶʯʠ ʬʣʫʢʪʫʘʮʽʾ ʪʘ ʚʠʜʘʣʷʶʯʠ ʘʥʦʤʘʣʽʾ. 

ɺʝʙ-ʜʦʜʘʪʦʢ, ʱʦ ʙʫʚ ʩʪʚʦʨʝʥʠʡ, ʤʘʻ ʢʣʽʻʥʪʩʴʢʫ ʯʘʩʪʠʥʫ, ʨʦʟʨʦʙʣʝʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʯʠʩʪʦʛʦ JavaScript (ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ HTML ʪʘ CSS), ʘ ʪʘʢʦʞ ʩʝʨʚʝʨʥʫ ʯʘʩʪʠʥʫ, ʧʦʙʫʜʦʚʘʥʫ 

ʥʘ ʦʩʥʦʚʽ Python ʪʘ ʬʨʝʡʤʚʦʨʢʫ Streamlit [3]. ʉʧʦʯʘʪʢʫ ʢʦʨʠʩʪʫʚʘʯ ʚʠʙʠʨʘʻ ʪʦʯʢʫ 
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ʧʨʠʟʥʘʯʝʥʥʷ, ʧʽʩʣʷ ʮʴʦʛʦ ʧʨʦʛʨʘʤʘ ʬʦʨʤʫʻ ʤʘʨʰʨʫʪ ʪʘ ʜʝʤʦʥʩʪʨʫʻ ʡʦʛʦ ʥʘ ʝʢʨʘʥʽ. ʗʢʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʘʨʰʨʫʪ ʚʣʘʰʪʦʚʫʻ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʢʣʶʯʘʻʪʴʩʷ ʬʫʥʢʮʽʷ ʚʽʜʩʪʝʞʝʥʥʷ ʜʣʷ 

ʥʘʚʽʛʘʮʽʾ.  

ʌʫʥʢʮʽʷ watchPosition ʻ ʯʘʩʪʠʥʦʶ Geolocation API ʚʝʙ-ʙʨʘʫʟʝʨʽʚ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽ ʚʽʜʩʪʝʞʝʥʥʷ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʧʨʠʩʪʨʦʶ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

[4]. ɿ ʘʢʪʠʚʘʮʽʻʶ ʧʘʨʘʤʝʪʨʘ enableHighAccuracy, ʮʷ ʬʫʥʢʮʽʷ ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ 

ʥʘʡʙʽʣʴʰ ʪʦʯʥʽ ʜʦʩʪʫʧʥʽ ʟʘʩʦʙʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʪʘʢʽ ʷʢ GPS-ʘʜʘʧʪʝʨʠ ʚ 

ʩʤʘʨʪʬʦʥʘʭ. ʂʦʣʠ ʚʝʙ-ʜʦʜʘʪʦʢ ʚʠʢʣʠʢʘʻ watchPosition, ʙʨʘʫʟʝʨ ʟʘʧʠʪʫʻ ʜʦʟʚʽʣ ʫ 

ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʜʦʩʪʫʧ ʜʦ ʡʦʛʦ ʛʝʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ. ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʥʘʜʘʻ ʜʦʟʚʽʣ, 

ʬʫʥʢʮʽʷ ʧʦʯʠʥʘʻ ʥʘʜʩʠʣʘʪʠ ʦʥʦʚʣʝʥʥʷ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʢʦʞʥʦʛʦ ʨʘʟʫ, 

ʢʦʣʠ ʚʦʥʦ ʟʤʽʥʶʻʪʴʩʷ. ʎʽ ʜʘʥʽ ʤʽʩʪʷʪʴ ʰʠʨʦʪʫ ʪʘ ʜʦʚʛʦʪʫ ð ʦʩʥʦʚʥʽ ʢʦʦʨʜʠʥʘʪʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ. ʂʨʽʤ ʦʩʥʦʚʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʘʥʽ 

ʜʦʜʘʪʢʦʚʽ ʜʘʥʽ: ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʚʠʩʦʪʘ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ, ʪʦʯʥʽʩʪʴ 

ʚʠʩʦʪʠ, ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʪʘ ʰʚʠʜʢʽʩʪʴ, ʟʘʙʝʟʧʝʯʝʥʽ ʚʽʜʧʦʚʽʜʥʦʶ ʯʘʩʦʚʦʶ ʤʽʪʢʦʶ, ʷʢʘ ʬʽʢʩʫʻ 

ʪʦʯʥʠʡ ʯʘʩ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ GPS-ʘʜʘʧʪʝʨʘ 

ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʩʠʨʽ ʩʠʛʥʘʣʠ ʟ ʩʫʧʫʪʥʠʢʽʚ ʽ ʨʦʟʨʘʭʦʚʫʻ ʧʦʣʦʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʾʭ 

ʯʘʩʦʚʠʭ ʟʘʪʨʠʤʦʢ, ʘʣʝ ʚ ʫʤʦʚʘʭ ʩʣʘʙʢʦʛʦ ʩʠʛʥʘʣʫ GPS ʘʙʦ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ Wi-Fi ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʯʠ ʤʦʙʽʣʴʥʽ ʚʝʞʽ. 

ʇʘʨʘʤʝʪʨ enableHighAccuracy ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʡʪʦʯʥʽʰʠʭ ʜʦʩʪʫʧʥʠʭ 

ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ ʪʘ ʯʘʩʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʜʘʥʠʭ.  

ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ WebRTC ʫ ʧʨʦʛʨʘʤʫ ʪʨʘʥʩʣʶʻʪʴʩʷ ʚʽʜʝʦʧʦʪʽʢ ʟ ʟʘʜʥʴʦʾ 

ʢʘʤʝʨʠ ʪʝʣʝʬʦʥʫ. ʉʝʨʚʝʨ ʘʥʘʣʽʟʫʻ ʮʽ ʚʽʜʝʦʜʘʥʽ, ʽ ʟ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʚʥʝʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ ʥʘ ʚʽʜʝʦ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘʚʽʛʘʮʽʡʥʽ ʧʽʜʢʘʟʢʠ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʩʣʽʜʫʚʘʪʠ ʜʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ. ʎʽ ʚʢʘʟʽʚʢʠ ʧʨʦʝʢʪʫʶʪʴʩʷ ʥʘʟʘʜ ʥʘ ʢʣʽʻʥʪʩʴʢʫ ʩʪʦʨʦʥʫ, 

ʥʘʜʘʶʯʠ ʚʦʜʽʶ ʚʽʟʫʘʣʴʥʽ ʦʨʽʻʥʪʠʨʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʫ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʚʽʜʦʙʨʘʞʝʥʦ ʽʥʪʝʨʬʝʡʩ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ. 

 
 ʈʠʩʫʥʦʢ 1 - ɯʥʪʝʨʬʝʡʩ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ 

 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʟʨʦʙʣʝʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʽʜʩʪʝʞʝʥʥʷ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʽʣʴʪʨ ʂʘʣʤʘʥʘ. ʇʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʚʝʯʽʨʥʽʡ ʯʘʩ ʪʘ ʚ ʫʤʦʚʘʭ ʜʦʱʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʤʘʨʪʬʦʥʫ ʙʫʣʦ 

ʟʽʙʨʘʥʦ ʧʝʨʚʠʥʥʽ GPS-ʜʘʥʽ. ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ: 

ʯʝʨʚʦʥʘ ʣʽʥʽʷ ʜʝʤʦʥʩʪʨʫʻ ʧʝʨʚʠʥʥʽ ʜʘʥʽ, ʘ ʟʝʣʝʥʘ ð ʜʘʥʽ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘ 
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ʂʘʣʤʘʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʽʣʴʪʨʘʮʽʾ ʂʘʣʤʘʥʘ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʥʘʯʥʦ ʪʦʯʥʽʰʠʡ ʤʘʨʰʨʫʪ, ʱʦ 

ʢʨʘʱʝ ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʽʩʪʴ. 

 
ʈʠʩʫʥʦʢ 2 - ɿʘʩʪʦʩʫʚʘʥʥʷ ʂʘʣʤʘʥ ʬʽʣʴʪʨʫ 

 

ʊʘʢʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʥʘʚʽʛʘʮʽʶ ʪʘ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ GPS-ʪʨʝʢʽʥʛʫ ʫ ʩʠʩʪʝʤʽ. ʎʝʡ ʬʽʣʴʪʨ ʝʬʝʢʪʠʚʥʦ ʚʠʧʨʘʚʣʷʻ ʤʦʞʣʠʚʽ 

ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʰʫʤʠ ʚ GPS-ʜʘʥʠʭ, ʥʘʜʘʶʯʠ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʛʣʘʜʢʠʡ ʽ ʪʦʯʥʠʡ 

ʤʘʨʰʨʫʪ.  
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 2. Peter W. Sarunic, Development of GPS Receiver Kalman Filter Algorithms for 
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Division Defence Science and Technology Group, 2016, 57p URL: 
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 4. ʆʧʠʩ ʬʫʥʢʮʽʾ watchPosition. URL: https://developer.mozilla.org/en-

US/docs/Web/API/Geolocation/watchPosition (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 03.03.2024) 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʉʅʆɺʅɯ ɽʃɽʄɽʅʊʀ ʈʋʐɯʗ ʉʀʄʋʃʗʎɯɰ ʂɯɹɽʈ-ɽʅɽʈɻɽʊʀʏʅʆɰ 

ʅɸɺʏɸʃʔʅʆ-ʅɸʋʂʆɺʆɰ ʃɸɹʆʈɸʊʆʈɯɰ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʂʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʶʪʴʩʷ 

ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ ʧʦʚʝʜʽʥʢʦʚʽ ʤʦʜʝʣʽ, ʨʽʟʥʽ 

ʰʣʷʭʠ ʚʟʘʻʤʦʜʽʾ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ ʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʷʢʠʭ ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠʩʴ ʫ 

ʚʽʜʧʦʚʽʜʴ ʥʘ ʥʘʚʢʦʣʠʰʥʽ ʯʠʥʥʠʢʠ [1]. ɿ ʯʘʩʦʤ, ʷʢʽʩʪʴ ʨʦʟʫʤʽʥʥʷ, ʧʦʢʨʘʱʝʥʥʷ ʪʘ ʩʫʧʨʦʚʦʜʫ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʝ ʧʦʛʽʨʰʫʚʘʪʠʩʴ ʡ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʤʠʣʢʦʚʠʭ ʘʙʦ ʥʝʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ. 

ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʻ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟʜʘʪʥʦʛʦ ʦʜʥʦʯʘʩʥʦ 

ʤʦʜʝʣʶʚʘʪʠ ʪʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʙʘʞʘʥʽ ʢʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʙ ʫ ʧʨʦʩʪʠʡ 

ʪʘ ʰʚʠʜʢʠʡ ʩʧʦʩʽʙ ʟʦʨʽʻʥʪʫʚʘʪʠʩʴ ʚ ʫʩʽʭ ʚʘʞʣʠʚʠʭ ʝʣʝʤʝʥʪʘʭ ʮʽʣʴʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʉʪʚʦʨʝʥʥʷ ʨʫʰʽʷ ʩʠʤʫʣʷʮʽʾ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ ʢʽʙʝʨ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ ʨʫʰʽʡ ʩʠʤʫʣʷʮʽʾ ʛʥʫʯʢʠʤ ʡ ʜʦʩʷʛʪʠ 

ʙʽʣʴʰʦʾ ʥʘʙʣʠʞʝʥʦʩʪʽ ʜʦ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʢʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʾʾ ʦʩʥʦʚʫ 

ʟʘʚʞʜʠ ʧʦʢʣʘʜʝʥʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʟʘʛʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ï çʙʫʜʽʚʝʣʴʥʠʭ 

ʙʣʦʢʽʚè, ʢʦʨʠʩʪʫʶʯʠʩʴ ʷʢʠʤʠ ʤʦʞʣʠʚʦ ʧʦʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ ʜʦʚʽʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. 

ʈʦʟʫʤʽʶʯʠ ʮʝ, ʚ ʦʩʥʦʚʫ ʨʫʰʽʷ ʩʠʤʫʣʷʮʽʾ ʧʦʢʣʘʜʝʥʦ ʢʦʤʧʦʥʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ 

Entity-Component-System [2], ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʩʠʤʫʣʷʮʽʾ ʷʢ ʥʘʙʽʨ ʧʨʘʢʪʠʯʥʦ 

ʥʝʟʘʣʝʞʥʠʭ ʧʽʜʩʠʩʪʝʤ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʟʥʘʥʥʷ ʣʠʰʝ ʧʨʦ ʥʝʦʙʭʽʜʥʽ ʾʡ ʢʦʤʧʦʥʝʥʪʠ. 

ɿʦʢʨʝʤʘ, ʨʫʰʽʡ ʩʠʤʫʣʷʮʽʾ ʧʨʦʧʦʥʫʻ ʯʦʪʠʨʠ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʽʙʝʨ-ʬʽʟʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ: 

- ʉʝʥʩʦʨ ï ʅʘʜʘʻ ʦʙʨʘʥʽʡ ʩʫʪʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʥʩʦʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʦʨʠʩʪʫʚʘʯ ʤʘʻ ʟʤʦʛʫ ʟʘʜʘʪʠ ʢʦʥʢʨʝʪʥʠʡ 

ʪʠʧ ʩʝʥʩʦʨʘ ʡ ʥʘʣʘʰʪʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʘʨʘʤʝʪʨʠ. ʅʘʧʨʠʢʣʘʜ, ʜʘʪʯʠʢ ʥʘʙʣʠʞʝʥʦʩʪʽ 

ʜʦʟʚʦʣʷʻ ʟʘʜʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ. 

- ɸʢʪʫʘʪʦʨ ï ʇʝʨʝʪʚʦʨʶʻ ʦʙʨʘʥʫ ʩʫʪʥʽʩʪʴ ʚ ʘʢʪʫʘʪʦʨ ʡ, ʪʠʤ ʩʘʤʠʤ, ʜʦʟʚʦʣʷʻ 

ʟʤʽʥʶʚʘʪʠ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʦʜʽʙʥʦ ʜʦ ʩʝʥʩʦʨʘ, ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ 

ʢʦʥʢʨʝʪʥʠʡ ʪʠʧ ʡ ʚʩʪʘʥʦʚʠʪʠ ʙʘʞʘʥʽ ʧʘʨʘʤʝʪʨʠ. 

- ʇʨʦʛʨʘʤʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ï ɼʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘ ʦʙʨʘʥʫ ʩʫʪʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʮʴʢʫ ʧʨʦʛʨʘʤʫ ʥʘʧʠʩʘʥʫ ʥʘ ʤʦʚʽ ʉ++. ɿʤʽʩʪ ʧʨʦʛʨʘʤʠ ʥʝʦʙʤʝʞʝʥʠʡ, ʘʣʝ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʢʦʥʪʨʦʣʶʚʘʥʥʽ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʚʽʪʫ. ʇʨʠʢʣʘʜʘʤʠ 

ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʻ ʩʠʩʪʝʤʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʞʝʞʫ, ʩʠʩʪʝʤʘ ʨʦʟʫʤʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʘʙʦ 

ʨʦʙʦʪ-ʧʠʣʦʩʦʩ. 

- ʄʝʨʝʞʝʚʠʡ ʤʽʩʪ ï ɼʦʟʚʦʣʷʻ ʦʙʨʘʥʽʡ ʩʫʪʥʦʩʪʽ ʦʪʨʠʤʫʚʘʪʠ ʡ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ 

ʟʘ ʚʢʘʟʘʥʠʤ ʪʝʛʦʤ. ʇʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ MQTT ʥʘ 

ʦʩʥʦʚʽ ʙʽʙʣʽʦʪʝʢʠ Paho MQTT [3]. ʎʝʡ ʢʦʤʧʦʥʝʥʪ ʚʠʢʦʥʫʻ ʦʙôʻʜʥʫʚʘʣʴʥʫ ʨʦʣʴ ʡ ʜʦʟʚʦʣʷʻ 

ʩʝʥʩʦʨʘʤ, ʘʢʪʫʘʪʦʨʘʤ ʪʘ ʧʨʦʛʨʘʤʦʚʘʥʠʤ ʧʨʠʩʪʨʦʷʤ ʩʧʽʣʢʫʚʘʪʠʩʴ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʧʦʜʽʙʥʦ ʜʦ 

ʩʧʨʘʚʞʥʽʭ ʩʠʩʪʝʤ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. 

ɿʘʚʜʷʢʠ ʧʨʦʪʦʢʦʣʫ MQTT, ʨʫʰʽʡ ʩʠʤʫʣʷʮʽʾ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʫʚʘʪʠ ʩʧʨʘʚʞʥʽ ʪʘ 

ʚʽʨʪʫʘʣʴʥʽ ʦʙôʻʢʪʠ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ. ɿʦʢʨʝʤʘ, ʮʝ ʜʦʟʚʦʣʷʻ 

ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʪʘ ʢʦʨʠʛʫʚʘʪʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʜʘʥʽ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʫʚʘʪʠ ʢʦʥʪʨʦʣʶʚʘʥʥʷ 

ʩʧʨʘʚʞʥʽʭ ʬʽʟʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʷʚʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʉʫʪʥʽʩʪʴ ʤʦʞʝ ʤʘʪʠ 

ʜʝʢʽʣʴʢʘ ʢʦʤʧʦʥʝʥʪʽʚ ʦʜʥʦʯʘʩʥʦ ʡ ʚʠʢʦʥʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʜʽʡ. ʊʠʤ ʥʝ ʤʝʥʰ, ʩʫʪʥʽʩʪʴ ʥʝ ʤʦʞʝ 
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ʤʘʪʠ ʦʜʠʥ ʡ ʪʦʡ ʩʘʤʠʡ ʢʦʤʧʦʥʝʥʪ ʜʚʘ ʽ ʙʽʣʴʰʝ ʨʘʟʠ. ɺ ʨʘʟʽ ʷʢʱʦ ʪʘʢʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʻ, 

ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʩʪʚʦʨʠʪʠ ʥʦʚʫ ʩʫʪʥʽʩʪʴ, ʥʘʜʘʪʠ ʾʡ ʙʘʞʘʥʠʡ ʢʦʤʧʦʥʝʥʪ ʡ ʚʩʪʘʥʦʚʠʪʠ ʾʾ 

ʷʢ ʜʦʯʽʨʥʶ. 

ɺʽʨʪʫʘʣʴʥʠʡ ʩʚʽʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʚʥʦʾ ʤʥʦʞʠʥʠ ʩʪʘʥʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʦʞʝ ʤʘʪʠ 

ʜʦʚʽʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ɻʦʣʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʻ ʨʝʘʣʽʟʘʮʽʷ ʙʘʟʦʚʦʛʦ ʩʧʽʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ɹʽʣʴʰʝ ʪʦʛʦ, ʟʘʚʜʷʢʠ ʩʠʩʪʝʤʽ ʧʣʘʛʽʥʽʚ [4], ʨʝʘʣʽʟʘʮʽʷ ʩʪʘʥʽʚ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʪʨʝʪʽʤʠ ʦʩʦʙʘʤʠ ʡ ʧʦʩʪʘʯʘʪʠʩʴ ʷʢ ʦʢʨʝʤʽ ʙʽʙʣʽʦʪʝʢʠ. ʌʽʟʠʯʥʽ ʩʪʘʥʠ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʩʝʥʩʦʨʽʚ ʪʘ ʘʢʫʘʪʦʨʽʚ. ʅʘ ʘʣʛʦʨʠʪʤ ʩʠʤʫʣʷʮʽʾ ʩʪʘʥʫ ʥʝ 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʞʦʜʥʠʭ ʦʙʤʝʞʝʥʴ ʡ ʾʭ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʧʦʻʜʥʫʚʘʪʠʩʴ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʟ 

ʽʥʰʠʤʠ ʩʪʘʥʘʤʠ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʨʫʰʽʡ ʩʠʤʫʣʷʮʽʾ ʧʨʦʧʦʥʫʻ ʪʨʠ ʬʽʟʠʯʥʽ ʩʪʘʥʠ: 

- ɿʘʧʦʚʥʝʥʽʩʪʴ ï ɼʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʚ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʚʽʪʫ. 

- ʊʝʤʧʝʨʘʪʫʨʘ ï ɿʙʝʨʽʛʘʻ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʚʽʪʫ. 

ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʽʤʽʪʘʮʽʻʶ ʷʚʠʱʘ ʢʦʥʚʝʢʮʽʾ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʨʫʭʫ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘ ʦʩʥʦʚʽ ʢʣʽʪʠʥʥʠʭ ʘʚʪʦʤʘʪʽʚ [5]. ɿʘʚʜʷʢʠ 

ʩʪʘʥʫ ʬʽʟʠʯʥʦʾ ʟʘʧʦʚʥʝʥʦʩʪʽ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʦʪʦʯʫʶʯʦʾ 

ʛʝʦʤʝʪʨʽʾ: ʩʪʽʥ, ʜʚʝʨʝʡ, ʚʽʢʦʥ ʪʦʱʦ. ɺʽʟʫʘʣʽʟʘʮʽʶ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʫʩʪʦʤʫ 

ʚ̔ ʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

- ʈʫʭ ʪʚʝʨʜʠʭ ʪʽʣ ï ɼʦʟʚʦʣʷʻ ʟʽʤʽʪʫʚʘʪʠ ʨʫʭ ʪʚʝʨʜʠʭ ʪʽʣ ʚ ʢʽʤʥʘʪʽ, ʟʤʦʜʝʣʶʚʘʪʠ 

ʟʽʪʢʥʝʥʥʷ ʪʘ ʦʙʝʨʪʘʥʥʷ. ʎʝʡ ʩʪʘʥ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʘʢʪʫʘʪʦʨʽʚ ʪʘ ʩʝʥʩʦʨʽʚ, ʦʩʢʽʣʴʢʠ 

ʜʦʟʚʦʣʷʻ ʚ ʧʨʠʨʦʜʥʽʡ ʩʧʦʩʽʙ ʨʝʘʣʽʟʫʚʘʪʠ ʪʘʢʽ ʜʽʾ ʷʢ ʚʽʜʯʠʥʝʥʥʷ ʜʚʝʨʝʡ ʘʙʦ ʧʝʨʝʚʽʨʢʫ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʧʦʧʝʨʝʜʫ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʫʩʪʦʤʫ ʚʽʨʪʫʘʣʴʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʉʚʽʪʣʽʰʠʡ ʢʦʣʽʨ ʚʽʜʧʦʚʽʜʘʻ ʚʠʱʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

 

ɺʠʩʥʦʚʢʠ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʢʦʤʧʦʥʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʙʝʨ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʚʜʘʣʦʩʴ ʩʪʚʦʨʠʪʠ ʨʦʟʰʠʨʶʚʘʥʠʡ ʡ ʧʨʦʩʪʠʡ ʚ 

ʩʫʧʨʦʚʦʜʽ ʨʫʰʽʡ ʩʠʤʫʣʷʮʽʾ ʟ ʧʽʜʪʨʠʤʢʦʶ ʙʘʟʦʚʠʭ ʢʽʙʝʨ-ʬʽʟʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʫ MQTT ʜʦʟʚʦʣʠʣʦ ʽʥʪʝʛʨʫʚʘʪʠ ʨʝʘʣʴʥʽ ʪʘ ʚʽʨʪʫʘʣʴʥʽ ʦʙ'ʻʢʪʠ, 

ʚʽʜʢʨʠʚʘʶʯʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʘʥʠʭ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

Į ʉʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ɯʇʈɯ ʅɸʅʋ 

 

ʇʈʆɻʈɸʄʅɯ ɿɸʉʆɹʀ ɸʅɸʃɯɿʋ ʂɸʉʂɸɼʅʀʍ ɽʌɽʂʊɯɺ ɺ ʂʈʀʊʀʏʅɯʁ 

ɯʅʌʈɸʉʊʈʋʂʊʋʈɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʻ ʩʭʦʚʠʱʝʤ 

ʟʥʘʥʴ ʪʘ ʽʥʩʪʨʫʤʝʥʪʦʤ ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ, ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʦʙʦʪʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ  ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ. ʆʙôʻʢʪʠ 

ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫʪʚʦʨʶʶʪʴ ʚʟʘʻʤʦʟʚôʷʟʘʥʽ ʩʠʩʪʝʤʠ, ʜʝ ʟʙʽʡ ʢʦʤʧʦʥʝʥʪʘ ʯʠ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʤʝʨʝʞʽ ʤʦʞʝ ʧʦʨʦʜʠʪʠ ʣʘʥʮʶʛ ʟʙʦʾʚ, ʚʠʥʠʢʥʝ ʢʘʩʢʘʜʥʠʡ ʝʬʝʢʪ, ʷʢʠʡ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʘʩʰʪʘʙʥʠʭ ʧʝʨʝʙʦʾʚ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʠʩʪʝʤʠ.  ʉʪʨʫʢʪʫʨʫʚʘʥʥʷ ʟʥʘʥʴ ʧʨʦ 

ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ʧʦʣʝʛʰʫʻ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʻ ʚʘʞʣʠʚʦʶ 

ʟʘʜʘʯʝʶ ʚ ʽʥʞʝʥʝʨʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [1,2,3]. ɼʣʷ ʩʝʤʘʥʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʟʥʘʥʴ (ʦʧʠʩ ʦʙôʻʢʪʽʚ, ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʚôʷʟʢʽʚ) ʽ ʚʠʚʝʜʝʥʥʷ ʥʦʚʠʭ ʟʥʘʥʴ ʫ ʤʝʞʘʭ ʜʦʤʝʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʥʪʦʣʦʛʽʾ, ʷʢʽ ʻ ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʧʦʪʦʯʥʦʾ ʟʘʜʘʯʽ. ʊʘʢʦʞ 

ʦʥʪʦʣʦʛʽʾ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʙʤʽʥʫ ʽ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʩʪʘʪʪʽ [4] ʥʘʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʦʥʪʦʣʦʛʽʾ - ʷʚʥʘ 

ʩʧʝʮʠʬʽʢʘʮʽʷ ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʾ, ʜʝ ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʷ - ʮʝ ʘʙʩʪʨʘʢʪʥʠʡ, ʩʧʨʦʱʝʥʠʡ ʧʦʛʣʷʜ ʥʘ 

ʩʚʽʪ, ʷʢʠʡ ʤʠ ʭʦʯʝʤʦ ʧʨʝʜʩʪʘʚʠʪʠ ʟ ʧʝʚʥʦʶ ʤʝʪʦʶ. ʂʦʞʥʘ ʙʘʟʘ ʟʥʘʥʴ, ʩʠʩʪʝʤʘ, ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʟʥʘʥʥʷʭ, ʘʙʦ ʘʛʝʥʪ ʨʽʚʥʷ ʟʥʘʥʴ ʟʦʙʦʚôʷʟʘʥʽ ʧʝʚʥʽʡ ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʾ, ʷʚʥʦ ʯʠ ʥʝʷʚʥʦ. ʋ ʩʪʘʪʪʽ 

[5] ʦʥʪʦʣʦʛʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʘʛʘʣʴʥʠʡ ʩʣʦʚʥʠʢ ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢʠʤ ʧʦʪʨʽʙʥʦ 

ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʚ ʜʦʤʝʥʽ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʤʘʰʠʥʥʦ-ʽʥʪʝʨʧʨʝʪʦʚʘʥʽ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ ʫ ʜʦʤʝʥʽ ʪʘ ʟʚôʷʟʢʠ ʤʽʞ ʥʠʤʠ. ʆʪʞʝ, ʦʥʪʦʣʦʛʽʷ - ʮʝ ʬʦʨʤʘʣʴʥʘ ʤʦʜʝʣʴ 

ʟʥʘʥʴ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʦʧʠʩʫʶʪʴ ʢʦʥʮʝʧʮʽʾ ʪʘ ʟʚôʷʟʢʠ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ. 

ʋ ʩʪʘʪʪʽ [5] ʥʘʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʧʝʨʝʚʘʛ ʨʦʟʨʦʙʢʠ ʦʥʪʦʣʦʛʽʾ: ʦʙʤʽʥ ʩʧʽʣʴʥʠʤ 

ʨʦʟʫʤʽʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʣʶʜʴʤʠ ʘʙʦ ʧʨʦʛʨʘʤʥʠʤʠ ʘʛʝʥʪʘʤʠ; ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ ʜʦʤʝʥʫ; ʩʪʚʦʨʝʥʥʷ ʷʚʥʠʭ ʧʨʠʧʫʱʝʥʴ ʜʦʤʝʥʫ; 

ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʟʥʘʥʴ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʚʽʜ ʦʧʝʨʘʪʠʚʥʠʭ ʟʥʘʥʴ; ʘʥʘʣʽʟ ʟʥʘʥʴ ʜʦʤʝʥʫ. 

ɿʥʘʥʥʷ ʚ ʦʥʪʦʣʦʛʽʾ ʬʦʨʤʘʣʽʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [6]: 

- ʂʣʘʩʠ ʘʙʦ ʧʦʥʷʪʪʷ (classes / concepts): ʽʥʢʘʧʩʫʣʶʶʪʴ ʘʪʨʠʙʫʪʠ ʪʘ ʦʧʠʩʠ, ʤʦʞʫʪʴ 

ʤʘʪʠ ʧʽʜʢʣʘʩʠ ʪʘ ʩʫʧʝʨʢʣʘʩʠ. 

- ɺʽʜʥʦʰʝʥʥʷ (relations): ʦʧʠʩʫʶʪʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʦʥʷʪʪʷʤʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. 

- ʌʫʥʢʮʽʾ (functions): ʧʝʚʥʠʡ ʪʠʧ ʟʚ'ʷʟʢʽʚ, ʫ ʷʢʠʭ n-ʡ ʝʣʝʤʝʥʪ ʟʚ'ʷʟʢʫ ʻ ʫʥʽʢʘʣʴʥʠʤ ʜʣʷ 

n-1 ʧʦʧʝʨʝʜʥʽʭ ʝʣʝʤʝʥʪʽʚ. 

- ɸʢʩʽʦʤʠ: ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʯʝʥʴ, ʷʢʽ ʟʘʚʞʜʠ ʽʩʪʠʥʥʽ. 

- ɽʢʟʝʤʧʣʷʨʠ: ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʙʘʟʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʦʥʪʦʣʦʛʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 
ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ. 

ʊʠʧʠ ʦʥʪʦʣʦʛʽʡ ʦʧʠʩʘʥʽ ʫ ʨʦʙʦʪʽ[6]: 

- ʆʥʪʦʣʦʛʽʾ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ (Knowledge Representation). 

- ɿʘʛʘʣʴʥʽ ʦʥʪʦʣʦʛʽʾ (General/Common ontologies). 

- ʆʥʪʦʣʦʛʽʾ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ (Top-Level Ontologies). 

- ʄʝʪʘʦʥʪʦʣʦʛʽʾ (Meta-ontologies). 

- ʆʥʪʦʣʦʛʽʾ ʜʦʤʝʥʫ (Domain ontologies). 

- ɯʣʶʩʪʨʘʪʠʚʥʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʦʥʪʦʣʦʛʽʾ (Illustrative linguistic ontologies). 

- ʆʥʪʦʣʦʛʽʾ ʟʘʚʜʘʥʴ (Task ontologies). 
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- ʆʥʪʦʣʦʛʽʾ çɼʦʤʝʥ-ɿʘʚʜʘʥʥʷè (Domain-Task ontologies). 

- ʆʥʪʦʣʦʛʽʾ ʤʝʪʦʜʽʚ (Method ontologies). 

- ʆʥʪʦʣʦʛʽʾ ʜʦʜʘʪʢʽʚ (Application ontologies). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʥʪʦʣʦʛʽʾ ʤʦʞʣʠʚʦ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʷʚʥʽ ʪʘ ʥʝʷʚʥʽ 

ʟʘʣʝʞʥʦʩʪʽ, ʟʚôʷʟʢʠ ʤʽʞ ʜʘʥʠʤʠ ʚ ʙʘʟʽ ʟʥʘʥʴ. ʈʽʟʥʽ ʤʦʚʠ ʦʥʪʦʣʦʛʽʾ ʧʽʜʪʨʠʤʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ 

ʬʫʥʢʮʽʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʫ ʪʝʨʤʽʥʦʣʦʛʽʶ ʜʣʷ ʾʭ ʦʧʠʩʫ. OWL - ʮʝ ʚʝʨʩʽʷ ʤʦʚʠ ʚʝʙ-

ʦʥʪʦʣʦʛʽʾ DAML+OIL, ʷʢʘ ʻ ʯʘʩʪʠʥʦʶ ʩʪʝʢʫ ʪʝʭʥʦʣʦʛʽʡ W3C Semantic Web, ʷʢʠʡ ʚʢʣʶʯʘʻ 

RDF, RDFS, SPARQL ʪʦʱʦ ʽ ʤʘʻ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʚʠʨʘʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʪʘ 

ʩʝʤʘʥʪʠʢʠ, ʥʽʞ XML, RDF ʪʘ RDF-S [7]. ʉʪʚʦʨʶʚʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ ʦʥʪʦʣʦʛʽʾ ʤʦʞʣʠʚʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʧʨʦʛʨʘʤ, ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʻ Prot®g® - ʙʝʟʢʦʰʪʦʚʥʠʡ ʨʝʜʘʢʪʦʨ ʦʥʪʦʣʦʛʽʾ 

ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʟ ʛʨʘʬʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʢʦʨʠʩʪʫʚʘʯʘ [8]. 

ʋ ʩʪʘʪʪʽ [5] ʦʧʠʩʘʥʦ ʽʪʝʨʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʦʥʪʦʣʦʛʽʾ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

- ɺʠʟʥʘʯʠʪʠ ʜʦʤʝʥ ʽ ʦʙʣʘʩʪʴ ʦʥʪʦʣʦʛʽʾ. 

- ʈʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʦʥʪʦʣʦʛʽʡ. 

- ʇʝʨʝʣʽʯʠʪʠ ʚʘʞʣʠʚʽ ʪʝʨʤʽʥʠ ʦʥʪʦʣʦʛʽʾ. 

- ɺʠʟʥʘʯʠʪʠ ʢʣʘʩʠ ʪʘ ʽʻʨʘʨʭʽʶ ʢʣʘʩʽʚ. 

- ɺʠʟʥʘʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʘʩʽʚ - ʩʣʦʪʽʚ. 

- ɺʠʟʥʘʯʠʪʠ ʛʨʘʥʽ ʩʣʦʪʽʚ. 

- ʉʪʚʦʨʠʪʠ ʝʢʟʝʤʧʣʷʨʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʦʙʫʜʦʚʘ ʦʥʪʦʣʦʛʽʾ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ 

ʢʦʤʫʥʘʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ). ʆʙôʻʢʪʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʝʢʪʦʨʫ ʪʘ 

ʧʽʜʩʝʢʪʦʨʫ ʽ ʥʘʜʘʶʪʴ ʧʦʩʣʫʛʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʽ ʫʪʚʦʨʶʶʪʴ ʤʝʨʝʞʫ ʽʟ ʚʠʟʥʘʯʝʥʠʤʠ ʟʚôʷʟʢʘʤʠ, 

ʷʢʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʽʚ ʚʠʟʥʘʯʝʥʦ ʤʝʪʨʠʢʠ, ʷʢʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʝʢʩʧʝʨʪʘʤʠ: 

- ʂʘʪʝʛʦʨʽʷ ʢʨʠʪʠʯʥʦʩʪʽ, ʽʥʪʝʨʚʘʣ [0 ï 1]. 

- ʈʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʾ, ʽʥʪʝʨʚʘʣ [0 ï 1]. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʥʪʦʣʦʛʽʷ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

 

ʄʽʞ ʦʙôʻʢʪʘʤʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽʩʥʫʶʪʴ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ [9]: 

- ʌʽʟʠʯʥʠʡ: ʩʪʘʥ ʦʜʥʽʻʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʰʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʾ ʩʠʩʪʝʤʠ. 

- ʂʽʙʝʨʥʝʪʠʯʥʠʡ: ʩʪʘʥ ʦʜʥʽʻʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 
ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʽʥʬʦʨʤʘʮʽʡʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. 



 192 

- ɻʝʦʛʨʘʬʽʯʥʠʡ: ʣʦʢʘʣʴʥʘ ʝʢʦʣʦʛʽʯʥʘ ʧʦʜʽʷ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʤʽʥʠ ʩʪʘʥʫ ʚ ʫʩʽʭ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʭ. 

- ʃʦʛʽʯʥʠʡ: ʩʪʘʥ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ ʽʥʰʠʭ ʯʝʨʝʟ 
ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʥʝ ʻ ʬʽʟʠʯʥʠʤ, ʢʽʙʝʨʥʝʪʠʯʥʠʤ ʘʙʦ ʛʝʦʛʨʘʬʽʯʥʠʤ. 

ʅʝʙʝʟʧʝʯʥʽ ʧʦʜʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʢʨʠʪʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʠʢʘʥʽ ʨʽʟʥʠʤʠ ʯʠʥʥʠʢʘʤʠ: ʧʨʠʨʦʜʥʽ (ʛʝʦʣʦʛʽʯʥʽ: ʮʫʥʘʤʽ, ʟʝʤʣʝʪʨʫʩʠ), 

ʧʦʛʦʜʥʽ (ʧʦʚʝʥʽ, ʙʫʨʝʚʽʡ), ʪʝʭʥʦʛʝʥʥʽ (ʧʦʞʝʞʘ, ʚʠʙʫʭ), ʘʥʪʨʦʧʦʛʝʥʥʽ (ʘʪʘʢʘ, ʧʦʤʠʣʢʘ 

(ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ)). 

ʎʽ ʧʦʜʽʾ ʤʦʞʫʪʴ ʽʥʽʮʽʶʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʟʙʦʾʚ [9]: ʟʚʠʯʘʡʥʠʡ (ʢʦʤʧʦʥʝʥʪʠ ʚ ʤʝʨʝʞʽ 

ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ ʯʝʨʝʟ ʧʝʚʥʫ ʟʘʛʘʣʴʥʫ ʧʨʠʯʠʥʫ), ʟʨʦʩʪʘʶʯʠʡ (ʟʙʽʡ ʚ ʦʜʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ 

ʧʦʩʠʣʶʻ ʟʙʽʡ ʚ ʽʥʰʽʡ), ʢʘʩʢʘʜʥʠʡ (ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʟʙʽʡ ʚ ʽʥʰʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʭ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʛʨʘʬ ʦʥʪʦʣʦʛʽʾ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʟʚôʷʟʢʠ ʤʽʞ ʢʣʘʩʘʤʠ ʽ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 1. ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʘ ʤʦʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ ʟʚôʷʟʢʠ ʤʽʞ ʦʙôʻʢʪʘʤʠ, 

ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʛʦ ʩʮʝʥʘʨʽʶ ʨʦʟʚʠʪʢʫ ʧʦʜʽʾ. 

ɺʠʩʥʦʚʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʥʪʦʣʦʛʽʾ ʤʦʞʣʠʚʦ ʩʪʨʫʢʪʫʨʫʚʘʪʠ, ʜʦʧʦʚʥʶʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʾ 

ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʷʚʥʽ ʪʘ ʥʝʷʚʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʟʚôʷʟʢʠ ʤʽʞ ʜʘʥʠʤʠ ʚ 

ʙʘʟʽ ʟʥʘʥʴ, ʘ ʟʘ ʜʦʧʦʤʦʛʦʶ SPARQL ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʥʦʚʽ ʟʥʘʥʥʷ. 
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MODERN METHODS OF INCREASING INFERENCE SPEED OF NEURAL 

NETWORKS USING SPARSE MATRICI ES 

 

Statement of the problem and its relevance. Neural networks have become an important 

technology, but their computational complexity and resource intensity make it difficult to deploy 

them in real-world scenarios. The large number of parameters and deep architectures of neural 

models require significant computing power and energy consumption, which is harmful to the 

environment. This complexity presents a challenge when using neural networks in Internet of 

Things (IoT) devices, as these devices have limited computing resources, especially in terms of 

memory. This shortage of resources can lead to unacceptable latency and delays in tasks that 

require real-time decision-making, such as autonomous control systems [1].  

Analysis of the latest research. One of the methods to reduce computational complexity 

of the deep neural networks is neural network pruning. Neural network pruning, a key method of 

neural network optimization, is based on the concept of simplifying complex mathematical models 

while maintaining or improving their performance. Pruning involves systematically removing less 

significant parameters of a neural network, such as weights or connections, thus reducing the 

model size and computational complexity. While structured pruning by itself can reduce the 

computational complexity of the model, unstructured pruning can show better results while 

requiring additional steps to gain speedup. 

Goal formulation. To gain maximum speedup after applying unstructured pruning 

algorithms, while keeping adequate performance of the model, sparce matrices can be used, to 

boost computations and reduce memory requirements on modern GPUs. One of the methods is 2:4 

sparse matrix format. 

Main part.  Deep neural networks are a sequence of computing units organized into several 

layers that interact with each other. The computational cost of performing arithmetic operations 

can be quantified using floating point operations (FLOPs). Thus, the speed of a deep learning 

algorithm will depend on how many floating point operations per second the hardware can 

perform. This information is usually denoted as FLOPS (FLOPs per Second) and is one of the 

main performance differences between CPUs and GPUs, making GPUs more suitable for 

processing deep learning operations [2].  

In the course of research into the efficiency of using sparse matrices on modern GPUs, a 

new data storage format, the 2:4 sparse matrix, was developed to solve the problems associated 

with using sparse matrices to increase performance. The 2:4 sparse format implies that for each 

group of 4 values, at least 2 must be zero. This results in a 50% sparsity, which makes maintaining 

accuracy without excessive parameter removal much more practical than, for example, with 80% 

sparsity [3]. When applied to a matrix, the 2:4 pattern has the following advantages over alternative 

sparsity approaches 

- efficient memory access; 

- compressed format with low overhead; 

- 2X increase in mathematical performance on NVIDIA Ampere GPUs. 

- When applying this method, it becomes possible to use the results of weight estimates to 

apply a hybrid approach to weight pruning and accelerate network training. 
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Since various pruning algorithm assign an salience criterion to each weight in the network, 

it is possible to develop an adapted pruning algorithm that will select the weights for sparse 

matrices with the highest criterion values (Fig. 1) [4]. 

Figure 1 ï Using sparse matrices with the salience scores 

 

According to the measurements of the performance of individual elements and operations 

of the typical transformer model, 85.80% of operations are matrix multiplications (Fig. 2). 

Accordingly, for variations in transformer architectures, the use of this modification of the pruning 

algorithm can lead to an increase in performance from 20 to 65%, depending on the GPU. 

Figure 2 ï Operations in neural network execution (red ï matrix multiplication) 

 

Conclusions. The use of sparse matrices is able to improve neural network performance 

after pruning. It was found that matrix multiplication, which takes up 85% of computing time, is 

involved in most neural network operations. An approach to using sparse matrices of 2:4 format 

in conjunction with the pruning algorithm was proposed to increase speed by up to 65%.   
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɹɯɹʃɯʆɻʈɸʌɯʏʅɯ ʄɽʅɽɼɾɽʈʀ ʋʂʈɸɰʅʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʋʩʽ ʥʘʫʢʦʚʮʽ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʠʡ ʧʣʘʥ 

ʜʦʩʣʽʜʞʝʥʥʷ: ʩʪʚʦʨʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʧʦʰʫʢ ʧʦʜʽʙʥʠʭ ʜʦ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʩʪʚʦʨʝʥʥʷ 

ʛʽʧʦʪʝʟʠ, ʝʢʩʧʝʨʠʤʝʥʪ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. ɺ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘ ʜʚʦʨʽ 21 ʩʪʦʣʽʪʪʷ, ʚʞʝ 

ʩʪʚʦʨʝʥʦ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʾʭ ʢʽʣʴʢʽʩʪʴ ʙʫʜʝ ʣʠʰʝ ʟʙʽʣʴʰʫʚʘʪʠʩʴ. ʇʦʩʪʘʻ 

ʧʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʰʫʢʫ ʧʦʪʨʽʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʽʣʴʪʨʽʚ ʪʘ 

ʩʦʨʪʫʚʘʥʥʷ ʟʘ ʜʦʮʽʣʴʥʽʩʪʶ, ʯʘʩʦʤ. ʊʘʢʦʞ ʚʘʨʪʦ ʧʨʠʜʽʣʠʪʠ ʫʚʘʛʫ ʥʘʜʽʡʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʙʽʙʣʽʦʛʨʘʬʽʯʥʠʭ 

ʙʘʟ ʜʘʥʠʭ, ʱʦ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʷʩʥʝʥʥʷ ʾʭ ʩʭʦʞʦʩʪʽ ʽ ʚʽʜʤʽʥʥʦʩʪʝʡ [1]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢʽ ʤʝʥʝʜʞʝʨʠ ʢʦʨʠʩʥʦ ʤʘʪʠ ʥʝ ʪʽʣʴʢʠ ʥʘʫʢʦʚʮʷʤ, 

ʘʣʝ ʡ ʩʪʫʜʝʥʪʘʤ, ʦʩʢʽʣʴʢʠ ʪʽ ʦʢʨʽʤ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘʢʦʞ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ 

ʮʠʪʫʚʘʪʠ ʜʞʝʨʝʣʘ, ʧʨʠʯʦʤʫ ʩʧʨʦʩʪʠʚʰʠ ʧʨʦʮʝʩ ʜʦ ʘʚʪʦʤʘʪʠʟʤʫ [2].  

ɼʘʥʠʡ ʤʘʪʝʨʽʘʣ ʟʚʝʨʥʝ ʚʘʰʫ ʫʚʘʛʫ ʥʘ ʩʘʤʝ ʫʢʨʘʾʥʩʴʢʽ ʙʘʟʠ ʜʘʥʠʭ ʽ ʤʝʥʝʜʞʝʨʠ ʟ 

ʥʠʥʽʰʥʽʭ [3]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʋʢʨʘʾʥʩʴʢʽ ʙʘʟʠ ʜʘʥʠʭ ʭʦʯ ʽ ʤʝʥʰʽ, ʫ ʥʠʭ ʻ ʧʝʨʝʚʘʛʘ ʫ ʚʠʛʣʷʜʽ 

ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʚʥʦʛʦ ʙʘʨôʻʨʫ, ʱʦ ʻ ʧʝʨʝʚʘʛʦʶ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ. ɺʦʜʥʦʯʘʩ ʜʝʷʢʽ ʚʽʪʯʠʟʥʷʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʣʠʰʝ ʫ ʥʘʰʠʭ ʙʘʟ ʜʘʥʠʭ, ʙʫʜʫʪʴ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ 

ʥʽʞ ʽʥʦʟʝʤʥʽ, ʦʩʢʽʣʴʢʠ ʫ ʥʠʭ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʩʘʤʝ ʧʨʦʙʣʝʤʠ ʥʘʰʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿ ʯʘʩʦʤ ʮʽ 

ʙʽʙʣʽʦʛʨʘʬʽʯʥʽ ʤʝʥʝʜʞʝʨʠ ʟʨʦʩʪʘʪʠʤʫʪʴ, ʥʝ ʚ ʦʩʪʘʥʥʶ ʯʝʨʛʫ ʯʝʨʝʟ ʧʦʧʠʪ ʥʘ ʥʠʭ. ɺ 

ʤʘʡʙʫʪʥʴʦʤʫ ʟôʷʚʣʷʪʴʩʷ ʥʦʚʽ, ʟʘʨʘʟ ʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʠʪʠ ʽ ʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʥʘʷʚʥʠʤʠ. ʄʝʪʘ 

ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʨʘʟ ʧʦʣʷʛʘʻ ʚ ʮʴʦʤʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʧʦʯʘʪʢʫ ʚʘʨʪʦ ʦʟʥʘʡʦʤʠʪʠʩʴ ʽʟ ʪʝʨʤʽʥʘʤʠ.  

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʙʘʟʠ ʜʘʥʠʭ ð ʨʽʟʥʦʚʠʜ ʜʦʢʫʤʝʥʪʦʛʨʘʬʽʯʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴ 

ʫʧʦʨʷʜʢʦʚʘʥʫ ʟʘ ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʜʦʢʫʤʝʥʪʠ.  

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʤʝʥʝʜʞʝʨ - ʮʝ ʧʨʦʛʨʘʤʘ, ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ 

ʙʽʙʣʽʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ, ʧʦʚʥʠʭ ʪʝʢʩʪʽʚ ʽ ʦʬʦʨʤʣʝʥʥʷ ʧʦʩʠʣʘʥʴ ʪʘ ʩʧʠʩʢʽʚ ʣʽʪʝʨʘʪʫʨʠ. 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʙʘʟʠ ʜʘʥʠʭ ʤʦʞʫʪʴ ʩʘʤʽ ʧʦ ʩʦʙʽ ʧʨʘʮʶʚʘʪʠ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʟ ʥʠʭ ʜʦʩʪʘʪʥʴʦ ʥʘʜʘʪʠ ʟʘʧʠʪ. ʇʨʦʪʝ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʩʪʚʦʨʶʶʪʴʩʷ ʤʝʥʝʜʞʝʨʠ, ʷʢʽ ʪʨʠʤʘʶʪʴ 

ʫ ʩʦʙʽ ʙʘʟʠ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʫʶʪʴ ʜʦʜʘʪʢʦʚʽ ʟʘʚʜʘʥʥʷ: 

- ̔ ʤʧʦʨʪ - ʘʚʪʦʤʘʪʠʯʥʝ ʧʝʨʝʪʷʛʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʽʥʰʠʭ ʙʘʟ ʜʘʥʠʭ, ʚʝʙ-ʩʪʦʨʽʥʦʢ ʫ 

ʚʣʘʩʥʫ; 

- ʮʠʪʫʚʘʥʥʷ - ʧʦʩʣʫʛʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʮʠʪʘʪʠ ʟ ʜʞʝʨʝʣʘ ʫ ʤʘʪʝʨʽʘʣ, 

ʟʛʝʥʝʨʫʚʘʚʰʠ ʧʨʠ ʮʴʦʤʫ ʝʣʝʤʝʥʪ ʫ ʩʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ; 

- ʧʦʰʫʢ - ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʭʦʜʠʪʠ ʧʦʪʨʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʽʣʴʪʨʽʚ ʪʘ 

ʩʦʨʪʫʚʘʥʥʷ; 

- ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʚʣʘʩʥʫ ʣʦʢʘʣʴʥʫ ʙʘʟʫ ʜʘʥʠʭ. 

ʄʝʥʝʜʞʝʨʠ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʽ ʤʘʪʠ ʫʩʽ ʧʫʥʢʪʠ, ʜʝʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʡ ʽʥʰʽ 

ʧʦʩʣʫʛʠ.  

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʴ ʣʠʰʝ ʫʢʨʘʾʥʩʴʢʽ ʤʝʥʝʜʞʝʨʠ ʽ ʙʘʟʠ ʜʘʥʠʭ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʪʘʢʽ ʙʘʟʠ ʜʘʥʠʭ: 

- ELAKPI - ʽʥʩʪʠʪʫʮʽʡʥʠʡ ʨʝʧʦʟʠʪʘʨʽʡ ʫʥʽʚʝʨʩʠʪʝʪʫ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ [4]. 

ʎʝʡ ʘʨʭʽʚ ʥʘʢʦʧʠʯʫʻ, ʟʙʝʨʽʛʘʻ, ʨʦʟʧʦʚʩʶʜʞʫʻ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʚʛʦʪʨʠʚʘʣʠʡ, ʧʦʩʪʽʡʥʠʡ ʪʘ 

ʥʘʜʽʡʥʠʡ ʜʦʩʪʫʧ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ ʜʦ ʥʘʫʢʦʚʠʭ ʪʘ ʦʩʚʽʪʥʽʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʬʝʩʦʨʩʴʢʦ-
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ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʜʦʢʪʦʨʘʥʪʽʚ ʜʘʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ; 

- ʅɹʋɺ - ʅʘʮʽʦʥʘʣʴʥʘ ɹʽʙʣʽʦʪʝʢʘ ʋʢʨʘʾʥʠ ʽʤʝʥʽ ɺ. ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ [5]. ʄʘʻ ʩʪʘʪʫʩ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʫʩʪʘʥʦʚʠ ʽ ʜʦʩʣʽʜʞʫʻ ʧʨʦʙʣʝʤʠ ʙʽʙʣʽʦʪʝʢʦʟʥʘʚʩʪʚʘ, ʙʽʙʣʽʦʛʨʘʬʦʟʥʘʚʩʪʚʘ 

ʽ ʪʘʢ ʜʘʣʽ, ʽʩʪʦʨʽʾ ʢʥʠʞʢʦʚʦʾ ʢʫʣʴʪʫʨʠ, ʽʥʬʦʨʤʘʪʠʢʠ, ʩʦʮʽʘʣʴʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʟʙʝʨʝʞʝʥʥʷ, 

ʢʦʥʩʝʨʚʘʮʽʾ ʽ ʨʝʩʪʘʚʨʘʮʽʾ ʜʦʢʫʤʝʥʪʽʚ ʡ ʦʨʛʘʥʽʟʘʮʽʾ ʩʪʚʦʨʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʽʙʣʽʦʛʨʘʬʽʾ 

ʋʢʨʘʾʥʠ, ʧʦʚʥʠʭ ʙʽʙʣʽʦʛʨʘʬʽʡ ʜʦʢʫʤʝʥʪʽʚ ʥʘʮʽʦʥʘʣʴʥʠʭ ʤʝʥʰʠʥ ʋʢʨʘʾʥʠ; ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʟʙʝʨʝʞʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʙʽʙʣʽʦʪʝʯʥʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ; ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʽʙʣʽʦʪʝʯʥʦ-

ʙʽʙʣʽʦʛʨʘʬʽʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʢʘʪʘʣʦʛʽʟʘʮʽʾ, ʨʦʟʚʠʪʢʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʙʽʙʣʽʦʪʝʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

- ResearchUA - ʙʽʙʣʽʦʪʝʯʥʘ ʮʠʬʨʦʚʘ ʧʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʢʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʋʢʨʘʾʥʽ [6]. ɭ ʥʦʚʠʤ ʮʠʬʨʦʚʠʤ ʧʨʦʝʢʪʦʤ ʅɹʋɺ, ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʥʥʦʾ 

ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʩʝʫʢʨʘʾʥʩʴʢʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʥʘʫʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʘ ʩʘʤʝ ʘʢʫʤʫʣʷʮʽʶ, ʽʥʪʝʛʨʘʮʽʶ, ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʚʭʦʜʞʝʥʥʷ 

ʥʘʫʢʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʙʽʙʣʽʦʪʝʯʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʜʦ ʩʫʯʘʩʥʠʭ ʩʚʽʪʦʚʠʭ 

ʮʠʬʨʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ; 

- eSSUIR -  ɽʣʝʢʪʨʦʥʥʠʡ ʘʨʭʽʚ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ[7]. 

ʥʘʧʦʚʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ: ʥʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʩʪʘʪʪʽ 

ʟ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʽʚ, ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʽ ʨʦʟʨʦʙʢʠ; 

- ʇʦʨʪʘʣ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ - ɭʜʠʥʠʡ ʜʝʨʞʘʚʥʠʡ ʚʝʙ-ʧʦʨʪʘʣ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ [8]. 

ʇʦʨʪʘʣ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʧʫʙʣʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʬʦʨʤʽ 

ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʦʨʛʘʥʽʚ ʚʣʘʜʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʾʾ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

- ʅʘʫʢʦʚʘ ʧʝʨʽʦʜʠʢʘ ʋʢʨʘʾʥʠ - ʮʝ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʧʣʘʪʬʦʨʤʘ ʥʘ ʙʘʟʽ 

Open Journal Systems (OJS), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʜʣʷ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ 

ʧʨʦʮʝʩʠ ʨʝʜʘʢʮʽʡʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ, ʧʫʙʣʽʢʘʮʽʾ ʪʘ ʧʽʩʣʷʧʫʙʣʽʢʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ [9]. 

ɹʽʣʴʰʽʩʪʴ ʘʨʭʽʚʽʚ ʻ ʘʨʭʽʚʘʤʠ ʚʣʘʩʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ, ʦʢʨʽʤ ʧʦʨʪʘʣʫ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ, 

ʙʽʙʣʽʦʪʝʢʠ ɺ. ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ ʽ ʧʨʦʝʢʪʫ ñʅʘʫʢʦʚʘ ʧʝʨʽʦʜʠʢʘ ʋʢʨʘʾʥʠò. ʎʽ ʙʘʟʠ ʜʘʥʠʭ ʻ ʣʠʰʝ 

ʥʘʡʧʦʰʠʨʝʥʽʰʽ, ʚ ʥʘʰʦʤʫ ʨʝʛʽʦʥʽ ʻ ʽʥʰʽ. 

ɼʘʥʠʡ ʤʘʪʝʨʽʘʣ ʚʘʨʪʦ ʧʨʦʯʠʪʘʪʠ ʢʦʞʥʦʤʫ ʩʪʫʜʝʥʪʫ ʧʨʠ ʥʘʧʠʩʘʥʥʽ ʢʫʨʩʦʚʦʾ ʨʦʙʦʪʠ, 

ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ, ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʦʩʢʽʣʴʢʠ ʦʧʠʩʘʥʽ ʙʘʟʠ ʜʘʥʠʭ 

ʥʘʜʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʧʨʠ ʚʠʚʯʝʥʥʽ ʷʢʠʭ ʤʦʞʥʘ ʚʜʦʩʢʦʥʘʣʠʪʠ ʚʣʘʩʥʫ ʨʦʙʦʪʫ, 

ʧʝʨʝʚʽʨʠʪʠ ʾʾ ʥʘ ʦʨʠʛʽʥʘʣʴʥʽʩʪʴ ʪʘ ʧʨʦʩʪʦ ʧʦʛʣʠʙʠʪʠ ʟʥʘʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʠʥʫʣʽ ʧʦʢʦʣʽʥʥʷ ʥʘʫʢʦʚʮʽʚ ʚʩʪʠʛʣʠ ʣʠʰʠʪʠ ʧʦ ʩʦʙʽ 

ʚʝʣʠʢʠʡ ʩʣʽʜ ʫ ʚʠʛʣʷʜʽ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʘʨʪʦ ʟʦʨʛʘʥʽʟʫʚʘʪʠ, ʢʣʘʩʠʬʽʢʫʚʘʪʠ, 

ʩʪʘʥʜʘʨʪʠʟʫʚʘʪʠ, ʨʦʟʨʦʙʠʪʠ ʟʨʦʟʫʤʽʣʽ ʤʝʥʝʜʞʝʨʠ, ʷʢʽ ʥʘʜʘʚʘʪʠʤʫʪʴ ʧʦʪʨʽʙʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ. ɯ ʚ ʮʴʦʤʫ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʧʝʨʝʣʽʯʝʥʽ ʤʝʥʝʜʞʝʨʠ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ɺʀɿʅɸʏɽʅʅʗ ʇʆʂɸɿʅʀʂɯɺ ʌʋʅʂʎɯʆʅɸʃʔʅʆɰ 

ʉʊɯʁʂʆʉʊɯ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ï ʮʝ ʩʠʩʪʝʤʘ 

ʩʫʢʫʧʥʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ, ʜʣʷ ʟʙʠʨʘʥʥʷ, ʦʙʨʦʙʢʠ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʥʬʦʨʤʘʮʽʾ. ɹʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ ʽ ʚ ʫʤʦʚʘʭ 

ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʧʦʪʨʝʙʫʚʘʪʠ ʙʽʣʴʰʝ ʟʘʪʨʘʪ 

ʥʘ ʦʥʦʚʣʝʥʥʷ ʘʧʘʨʘʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʘʙʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʯʠ ʥʘʚʽʪʴ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʪʝʭʥʽʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ (ʟʚʽʣʴʥʝʥʥʷ, ʥʘʡʤʘʥʥʷ ʯʠ ʧʝʨʝʢʚʘʣʽʬʽʢʘʮʽʷ). ʅʘʡʛʦʣʦʚʥʽʰʠʡ ʘʩʧʝʢʪ, 

ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʱʝ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ï ʮʝ ʚʠʢʦʥʫʚʘʥʽʩʪʴ ʚʠʤʦʛ, ʪʦʙʪʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ [1]. ʊʘʢʽ ʧʦʥʷʪʪʷ, ʷʢ çʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴè, çʥʘʜʽʡʥʽʩʪʴè, 

çʞʠʚʫʯʽʩʪʴè ʪʘ çʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴè ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʦʜʥʘʢ ʧʽʜ ʪʝʨʤʽʥʦʤ 

çʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴè ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʥʝ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʨʫʰʝʥʴ, ʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʢʦʥʘʥʥʷ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ ʬʫʥʢʮʽʡ ʚʞʝ ʧʽʩʣʷ ʚʽʜʤʦʚʠ ʧʝʚʥʦʾ ʩʢʣʘʜʦʚʦʾ [2].  

ɯʩʥʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʛʽʜʥʦ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʜʘʥʠʤʠ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟôʷʩʫʚʘʪʠ, ʷʢʠʡ ʤʝʪʦʜ ʙʫʜʝ 

ʥʘʡʤʝʥʰ ʟʘʪʨʘʪʥʠʤ ʟʘ ʨʝʩʫʨʩʘʤʠ ʽ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʤ, ʪʨʝʙʘ ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ, 

ʪʦʙʪʦ ʚʠʟʥʘʯʠʪʠ ʧʣʶʩʠ ʪʘ ʤʽʥʫʩʠ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ ʽ ʥʘ ʬʦʥʽ ʮʴʦʛʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʚʽʜʥʦʩʥʦ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʪʘ ʩʠʪʫʘʮʽʾ, ʧʨʠ ʷʢʽʡ ʚʘʨʪʦ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʘʪʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʘʡʯʘʩʪʽʰʝ ʟʘʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʥʝʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʫ, ʜʣʷ ʷʢʦʛʦ ʡʦʛʦ ʚʘʞʣʠʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʮʝ ʡʤʦʚʽʨʥʽʩʪʴ ʩʧʨʘʚʥʦʩʪʽ 

ʫʩʽʭ ʡʦʛʦ ʰʣʷʭʽʚ, ʪʦʙʪʦ ʥʘʜʽʡʥʽʩʪʴ (p) ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʛʨʘʬʘ.  

ɯʥʦʜʽ, ʱʦʙ ʧʨʦʚʝʩʪʠ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʜʦʩʪʘʪʥʴʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʛʨʘʬʫ: ʩʪʨʫʢʪʫʨʘ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʩʪʽʡʢʦʶ, ʷʢʱʦ ʛʨʘʬ 

ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʤ (ʟʚôʷʟʥʠʤ) ʽ ʥʝ ʤʘʻ ʤʦʩʪʽʚ. ʇʨʦʪʝ ʜʣʷ ʨʦʟʛʘʣʫʞʝʥʠʭ ʪʘ 

ʙʘʛʘʪʦ ʚʝʨʰʠʥʥʠʭ ʛʨʘʬʽʚ, ʨʦʟʨʘʭʫʚʘʪʠ ʦʮʽʥʢʫ ʚʘʞʢʦ ʪʘ ʟʘʪʨʘʪʥʦ ʟʘ ʨʝʩʫʨʩʘʤʠ ʽ ʯʘʩʦʤ. ʊʦʤʫ 

ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʚʚʦʜʷʪʴ ʥʘʩʪʫʧʥʽ ʪʨʠ 

ʧʦʢʘʟʥʠʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ [3]: 

- ʧʦʢʘʟʥʠʢ ʚʝʨʰʠʥʥʦʾ ʟʚô̫ ʟʥʦʩʪʽ ɢ(G) ï ʮʝ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʛʨʘʬʘ, 

ʚʠʜʘʣʝʥʥʷ ʷʢʠʭ (ʨʘʟʦʤ ʟ ʾʭ ʨʝʙʨʘʤʠ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʝʟʚô̫ ʟʥʦʛʦ ʯʠ ʚʟʘʛʘʣʽ 

ʦʜʥʦʚʝʨʰʠʥʥʦʛʦ ʛʨʘʬʘ ʩʠʩʪʝʤʠ; 

- ʧʦʢʘʟʥʠʢ ʨʝʙʝʨʥʦʾ ʟʚô̫ ʟʥʦʩʪʽ  ɚ(G) ï ʮʝ ʥʘʡʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʫʩʽʭ ʨʝʙʝʨ ʛʨʘʬʘ, 

ʚʠʜʘʣʝʥʥʷ ʷʢʠʭ ʪʝʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʝʟʚô̫ ʟʥʦʛʦ ʛʨʘʬʘ; 

- ʽʤʦʚʽʨʥʽʩʪʴ ʟʚô̫ ʟʥʦʩʪʽ Pij(t) ð ʮʝ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʟ ʚʝʨʰʠʥʠ i ʫ 

ʚʝʨʰʠʥʫ j ʙʫʜʝ ʧʝʨʝʜʘʥʘ ʟʘ ʯʘʩ, ʥʝ ʙʽʣʴʰʠʡ ʚʽʜ ʚʢʘʟʘʥʦʛʦ t. 

ʉʘʤʝ ʨʦʟʨʘʭʫʥʢʠ ʽʤʦʚʽʨʥʦʩʪʽ ʟʚôʷʟʥʦʩʪʽ ʛʨʘʬʘ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʩʢʣʘʜʥʫ 

ʟʘʜʘʯʫ, ʷʢʘ ʜʦʜʘʪʢʦʚʦ ʤʦʞʝ ʫʩʢʣʘʜʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ, ʦʜʥʘʢ ʪʫʪ, ʜʣʷ 

ʧʨʠʢʣʘʜʫ, ʨʦʟʛʣʷʜʘʪʠʤʫʪʴʩʷ ʥʘʩʪʫʧʥʽ ʪʨʠ ʤʝʪʦʜʠ ʜʣʷ ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʥʘʜʽʡʥʦʩʪʽ: 

ʤʝʪʦʜ (ʧʦʚʥʦʛʦ) ʧʝʨʝʙʦʨʫ ʩʪʘʥʽʚ, ʤʝʪʦʜ ɽʟʘʨ-ʇʨʦʰʘʥʘ, ʪʘ ʤʝʪʦʜ ʃʠʪʚʘʢʘ-ʋʰʘʢʦʚʘ [4].  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʧʽʜʭʽʜ, ʢʦʣʠ ʷʢʫ ʦʮʽʥʢʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʪʠ, ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʠʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʝʨʝʙʦʨʫ ʩʪʘʥʽʚ, 

ɽʟʘʨ-ʇʨʦʰʘʥʘ ʪʘ ʃʠʪʚʘʢʘ-ʋʰʘʢʦʚʘ. ɿʘ ʨʘʭʫʥʦʢ ʜʝʤʦʥʩʪʨʘʮʽʾ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʚʘʛ 
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ʽ ʥʝʜʦʣʽʢʽʚ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ, ʤʦʞʥʘ ʙʫʜʝ ʟôʷʩʫʚʘʪʠ, ʷʢʠʡ ʤʝʪʦʜ ʙʽʣʴʰʝ ʚʞʠʚʘʥʠʡ, ʷʢʽ ʩʠʪʫʘʮʽʾ 

ʟʫʤʦʚʣʶʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʷʢʝ ʾʭ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʝʨʝʜ ʪʠʤ, ʷʢ ʧʦʯʘʪʠ ʨʦʟʛʣʷʜʘʪʠ ʢʦʞʝʥ ʤʝʪʦʜ ʦʢʨʝʤʦ, ʚʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʫʩʽʭ ʪʨʴʦʭ ʤʝʪʦʜʘʭ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʛʨʘʬ, ʷʢʠʡ ʤʽʩʪʠʪʴ 5 ʝʣʝʤʝʥʪʽʚ (ʈʠʩ. 

1). ɼʘʥʠʡ ʛʨʘʬ ʥʘʟʠʚʘʻʪʴʩʷ, ʘʙʦ çʤʽʩʪʢʦʚʠʡè (ʚʽʜ ʩʣʦʚʘ ʤʽʩʪ).  

 
ʈʠʩʫʥʦʢ 1 ï çʤʽʩʪʢʦʚʘè ʩʭʝʤʘ 

 

ɼʘʥʘ ʩʭʝʤʘ ʻ ʥʘʡʧʨʦʩʪʽʰʦʶ ʟʘʛʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʥʝ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʘʨʘʣʝʣʴʥʦ-

ʧʦʩʣʽʜʦʚʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ. ʆʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʜʣʷ 

ʤʽʩʪʢʦʚʦʾ ʩʭʝʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1): 

 

╟ ὴὴὴὴὴ ὴὴὴὴή ὴὴὴήὴ ὴὴήὴὴ 

ὴήὴὴὴ ήὴὴὴὴ ὴὴήὴή ὴήὴὴή 

ήὴὴὴή ὴὴήήὴ ὴήὴήὴ ήὴὴήὴ 

ὴήήὴὴ ήὴήὴὴ ήήήὴὴ ὴήήὴήȟ 

(1) 

 

ʜʝ ὴ ī ʡʤʦʚʽʨʥʽʩʪʴ ʩʧʨʘʚʥʦʩʪʽ ʦʢʨʝʤʦʛʦ ʝʣʝʤʝʥʪʘ; 

     ή ï ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ, q = 1 - p; 

    ╟ ï ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʫʩʽʻʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʙʽʣʴʰ ʟʨʫʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʣʘʜʝʤʦ, ʱʦ ʚʩʽ ʨʝʙʨʘ ʛʨʘʬʘ ʤʘʶʪʴ ʩʧʨʘʚʥʫ 

ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʨʽʚʥʶʶʪʴ p, ʪʦʙʪʦ p1 = p2 = p3 = pi = p. 

ʆʪʞʝ, ʨʦʟʧʦʯʥʝʤʦ ʤʦʚʫ ʧʨʦ ʪʦʯʥʠʡ ʤʝʪʦʜ ʧʝʨʝʙʦʨʫ ʩʪʘʥʽʚ. ʄʝʪʦʜ ʧʝʨʝʙʦʨʫ ʩʪʘʥʽʚ, 

ʘʙʦ ʤʝʪʦʜ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ ï ʮʝ ʦʮʽʥʢʘ ʥʘʜʽʡʥʦʩʪʽ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʙʽʨ ʫʩʽʭ ʩʪʘʥʽʚ ʟ 

ʧʽʜʨʘʭʫʥʢʦʤ ʧʨʘʮʝʟʜʘʪʥʠʭ ʩʪʘʥʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʫ ʢʦʞʥʦʛʦ ʾʭ ʡʤʦʚʽʨʥʦʩʪʝʡ. ʈʽʚʥʷʥʥʷ (2) 

ʦʧʠʩʫʻ ʧʦʰʫʢ ʛʦʣʦʚʥʦʾ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ: 

 

╟▼ ὴ υὴή ψὴή ςὴή ςὴ υὴ ςὴ ςὴȟ (2) 

 

ʜʝ ὴ ī ʡʤʦʚʽʨʥʽʩʪʴ ʩʧʨʘʚʥʦʩʪʽ ʢʦʞʥʦʛʦ ʨʝʙʨʘ; 

     ή ï ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʢʦʞʥʦʛʦ ʨʝʙʨʘ, q = 1 - p; 

    ╟  ï ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ, ʬʘʢʪʠʯʥʦ ʦʮʽʥʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʅʘʚʽʪʴ ʟ ʩʘʤʦʾ ʥʘʟʚʠ (ʧʝʨʝʙʠʨʘʥʥʷ ʫʩʽʭ ʚʘʨʽʘʥʪʽʚ) ʚʠʜʥʦ, ʱʦ ʩʠʣʴʥʘ ʩʪʦʨʦʥʘ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ï ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʚʘʜʘ ʧʝʨʝʙʦʨʫ ï ʮʝ ʛʨʦʤʽʟʜʢʽʩʪʴ. ʆʙʯʠʩʣʶʚʘʣʴʥʘ 

ʩʢʣʘʜʥʽʩʪʴ ʆ(2n), ʘ ʪʦʤʫ ʜʣʷ ʚʝʣʠʢʠʭ ʪʘ ʨʦʟʛʘʣʫʞʝʥʠʭ ʩʠʩʪʝʤ ʜʘʥʠʡ ʤʝʪʦʜ ʥʝ ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ. ɺʨʘʭʦʚʫʶʯʠ ʥʝʜʦʣʽʢ ʧʝʨʝʙʦʨʫ, ʚʘʨʪʦ ʚʢʘʟʘʪʠ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ 

ʦʙʯʠʩʣʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ. ʅʘʩʪʫʧʥʽ ʜʚʘ ʤʝʪʦʜʠ, ʷʢʽ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʥʫʪʽ, ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ ʥʘʙʣʠʞʝʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ɼʨʫʛʠʡ ʤʝʪʦʜï ʮʝ ʤʝʪʦʜ ɽʟʘʨ-ʇʨʦʰʘʥʘ [5]. ʄʝʪʦʜ ʤʽʥʽʤʘʣʴʥʠʭ ʰʣʷʭʽʚ ʽ ʤʽʥʽʤʘʣʴʥʠʭ 

ʧʝʨʝʪʠʥʽʚ, ʘʙʦ ʤʝʪʦʜ ɽʟʘʨ-ʇʨʦʰʘʥʘ (ɽʟʘʨʽ-ʇʨʦʰʘʥʘ) ï ʮʝ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʥʘʙʣʠʞʝʥʫ ʥʠʞʥʶ ʪʘʢ ʚʝʨʭʥʶ ʦʮʽʥʢʫ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ. ɻʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʫʩʴʦʛʦ ʜʚʽ, ʽ 

ʚʦʥʠ ʚʢʘʟʫʶʪʴ ʚʝʨʭʥʶ ʪʘ ʥʠʞʥʶ ʤʝʞʽ (3) ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʜʽʡʥʦʩʪʽ ʫʩʽʻʾ ʩʠʩʪʝʤʠ: 

 

ρ ὴ ρ ὴ ╟▼ ρ ρ Ð ρ Ð  (3) 
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ʋʩʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʬʽʛʫʨʫʶʪʴ ʫ ʬʦʨʤʫʣʽ (3) ʚʞʝ ʦʧʠʩʘʥʽ ʙʫʣʠ ʜʦ ʬʦʨʤʫʣʠ (2) 

ʧʝʧʝʨʝʜʥʴʦʛʦ ʪʦʯʥʦʛʦ ʤʝʪʦʜʫ. 

ʊʨʝʪʽʡ ʤʝʪʦʜ ʃʠʪʚʘʢʘ-ʋʰʘʢʦʚʘ ʟʘʛʘʣʦʤ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʤʝʪʦʜʫ ɽʟʘʨ-ʇʨʦʰʘʥʘ. 

ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ɽʟʘʨʽ-ʇʨʦʰʘʥʘ ʤʘʶʪʴ ʥʝʜʦʣʽʢ: ʚʦʥʠ ʦʟʥʘʯʘʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʩʽʭ 

ʟʚ'ʷʟʢʦʚʠʭ ʧʽʜʛʨʘʬ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʽ ʤʽʥʽʤʘʣʴʥʠʭ ʨʦʟʨʽʟʽʚ ʜʣʷ ʥʠʞʥʴʦʾ, ʱʦ 

ʩʘʤʦ ʧʦ ʩʦʙʽ ʥʝʪʨʠʚʽʘʣʴʥʦ. ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʃʠʪʚʘʢʘ-ʋʰʘʢʦʚʘ ʥʘʪʦʤʽʩʪʴ ʪʘʢʠʭ ʥʝʜʦʣʽʢʽʚ 

ʥʝ ʤʘʶʪʴ. ʌʦʨʤʫʣʘ (4) ʜʫʞʝ ʩʭʦʞʘ ʥʘ ʬʦʨʤʫʣʫ (3): 

 

ὓὥὼρ ρ Ð ȟÐ ╟▼ ὓὭὲρ ὴ ȟρ ὴ  (4) 

 

ɯʩʥʫʻ ʪʘʢʦʞ ʤʝʪʦʜ ʢʦʤʧʦʟʠʮʽʾ ɽʟʘʨ-ʇʨʦʰʘʥʘ ʪʘ ʃʠʪʚʘʢʘ-ʋʰʘʢʦʚʘ, ʷʢʠʡ ʷʢ ʨʘʟ ʚʢʘʟʫʻ 

ʥʘ ʚʘʜʠ ʦʙʦʭ ʤʝʪʦʜʽʚ: ʤʝʪʦʜ ʃʠʪʚʘʢʘ-ʋʰʘʢʦʚʘ ʧʨʠ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ʯʘʩʫ (t) ʚʞʝ ʜʘʻ ʧʦʭʠʙʢʫ, 

ʘ ʤʝʪʦʜ ɽʟʘʨ-ʇʨʦʰʘʥʘ ʟʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʞʝ ʩʠʣʴʥʦ ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜ ʨʝʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. 

ʆʪʞʝ, ʫʚʝʩʴ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ, ʙʫʚ ʟʘʥʝʩʝʥʠʡ ʪʘʙʣʠʮʶ 1, ʫ ʷʢʽʡ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ 

ʫʩʽ ʧʣʶʩʠ ʪʘ ʤʽʥʫʩʠ ʨʦʟʛʣʷʥʫʪʠʭ ʪʨʴʦʭ ʤʝʪʦʜʽʚ. 

ʊʘʙʣʠʮʷ 1 ï ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ: ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ 

ʄʝʪʦʜ ʦʮʽʥʢʠ ʇʝʨʝʚʘʛʘ ʅʝʜʦʣʽʢ 

ʄʝʪʦʜ ʧʦʚʥʦʛʦ ʧʝʨʝʙʦʨʫ ʋʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ 
ɻʨʦʤʽʟʜʢʽʩʪʴ, ʚʝʣʠʢʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ɽʟʘʨ-ʇʨʦʰʘʥʘ 
ɿʤʝʥʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ 

ʦʙʯʠʩʣʝʥʥʷ 

ʉʠʣʴʥʘ ʧʦʭʠʙʢʘ ʧʨʠ 

ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʯʘʩʫ 

ʃʠʪʚʘʢʘ-ʋʰʘʢʦʚʘ 
ɿʤʝʥʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ 

ʦʙʯʠʩʣʝʥʥʷ  

ʊʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʧʦʭʠʙʢʠ, 

ʟʙʽʣʴʰʝʥʘ ʢʽʣʴʢʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ɽʟʘʨ-ʇʨʦʰʘʥʘ 

 

ɿ ʪʘʙʣʠʮʽ 1 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʤʝʪʦʜʠ ʟʦʢʨʝʤʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʛʨʘʬʘ 

ʩʠʩʪʝʤʠ ʪʘ ʚʽʜ ʛʨʘʥʠʯʥʦʛʦ ʯʘʩʫ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʟʚôʷʟʥʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ ʫʩʝ ʚʠʱʝ ʩʢʘʟʘʥʝ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʚʦʭ ʘʩʧʝʢʪʽʚ ʛʨʘʬʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ: ʩʢʣʘʜʥʽʩʪʴ 

(ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ, ʨʦʟʛʘʣʫʞʝʥʽʩʪʴ) ʪʘ ʢʽʣʴʢʦʩʪʽ ʯʘʩʫ (ʧʘʨʘʤʝʪʨ t ʡʤʦʚʽʨʥʦʩʪʽ ʟʚôʷʟʥʦʩʪʽ). 

ʗʢʱʦ ʩʠʩʪʝʤʘ ʤʘʣʘ, ʪʦ ʜʦʩʪʘʪʥʴʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʪʠ ʥʘʚʽʪʴ ʤʝʪʦʜ ʧʝʨʝʙʦʨʫ. ʋ ʨʘʟʽ ʷʢʱʦ 

ʩʠʩʪʝʤʘ ʚʝʣʠʢʘ ʽ ʢʨʽʤ ʪʦʛʦ ʧʣʘʥʫʻ ʨʦʟʰʠʨʷʪʠʩʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ï ʚʘʨʪʦ ʦʙʨʘʪʠ ʚʞʝ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʤʽʨʶʚʘʥʦʛʦ ʯʘʩʫ ʢʦʥʢʨʝʪʥʠʡ ʤʝʪʦʜ ʩʝʨʝʜ ʥʘʙʣʠʞʝʥʠʭ. 
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ʪʝʭʥʦʣʦʛʽʾ, 2005. ɺʠʧ.1. ʉ. 157 ï 163. 

 4. ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ. ʊʝʦʨʽʷ ʥʘʜʽʡʥʦʩʪʽ. Stud. URL: 

https://stud.com.ua/164221/informatika/informatsiyni_sistemi_i_tehnologiyi_teoriya_nadiynosti 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 10.03.2024). 

 5. Nosov ʄ.ɺ. Method for elimination of mutual crossing of esary-proschan estimates in 

tasks of analysis of bipolar networks connectivity, 2014. p. 70-76 
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ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʂʨʫʪʴ ʂ.ʆ. 

ĭ ɸʩʠʩʪ. ɻʦʣʝʮʴ ɺ.ʆ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɸʅɸʃɯɿ ʇʈʆɹʃɽʄɸʊʀʂʀ ɺʉʊɸʅʆɺʃɽʅʅʗ ɼɾɽʈɽʃ ɸʃʔʊɽʈʅɸʊʀɺʅʆɰ 

ɽʅɽʈɻɽʊʀʂʀ ʅɸ ʄɯʉʎɽɺʆʉʊɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʩʝ ʙʽʣʴʰʝ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʫʩʽ ʩʬʝʨʠ ʞʠʪʪʷ, ʽ ʛʘʣʫʟʴ ʝʥʝʨʛʝʪʠʢʠ ʥʝ ʻ ʚʠʢʣʶʯʝʥʥʷʤ, ʱʦ ʘʙʩʦʣʶʪʥʦ 

ʚʠʧʨʘʚʜʘʥʦ, ʘʜʞʝ ʪʘʢʽ ʩʠʩʪʝʤʠ ʜʦʧʦʤʘʛʘʶʪʴ ʫʧʨʘʚʣʷʪʠ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʚʝʩʪʠ ʤʦʥʽʪʦʨʠʥʛ 

ʩʧʦʞʠʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʜʽʘʛʥʦʩʪʠʢʫ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʪʠ ʟ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ. ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ, ʱʦ ʥʘ ʬʦʥʽ ʟʘʛʦʩʪʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ 

ʟʤʽʥʶʶʪʴ ʩʚʽʡ ʚʝʢʪʦʨ ʨʦʟʚʠʪʢʫ: ʚʽʜʭʦʜʷʪʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦ ñʟʝʣʝʥʠʭò, 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ. ɹʘʛʘʪʦ ʢʨʘʾʥ ʩʚʽʪʫ ʘʢʪʠʚʥʦ ʽʥʚʝʩʪʫʶʪʴ ʚ ʨʦʟʚʠʪʦʢ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ ʻ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʷʢ ʩʦʥʷʯʥʘ ʪʘ ʚʽʪʨʦʚʘ. ɿʘʨʘʟ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʻ ʩʝʢʪʦʨʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʥʘʡʚʠʱʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʟʨʦʩʪʘʥʥʷ. ʇʨʦʪʝ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʜʞʝʨʝʣ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʄʽʞʥʘʨʦʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʨʦʟʚʠʪʦʢ ʮʽʻʾ ʛʘʣʫʟʽ ʝʥʝʨʛʝʪʠʢʠ ʩʪʘʻ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ, ʦʩʦʙʣʠʚʦ ʫ ʝʢʦʥʦʤʽʯʥʽʡ ʧʣʦʱʠʥʽ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʝʥʝʨʛʝʪʠʮʽ ʤʦʞʝ ʙʫʪʠ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʟʘʙʝʟʧʝʯʝʥʽ ʨʦʟʚʠʪʢʫ 

ʛʘʣʫʟʽ ʪʘ ʧʦʜʦʣʘʥʥʷ ʽʩʥʫʶʯʠʭ ʪʨʫʜʥʦʱʽʚ[1]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʛʘʣʫʟʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ 

ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ï ʚʽʜ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʩʪʘʥʮʽʡ ʥʘ ʜʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ʽ ʜʦ 

ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʣʠʚʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʧʨʠʚʘʪʥʦʛʦ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʗʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʦʜʥʽʻʶ ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʻ ʩʦʥʷʯʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ. ʇʦʧʫʣʷʨʥʽʩʪʴ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʾ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʽʩʪʶ, ʥʝʚʠʯʝʨʧʥʽʩʪʶ ʜʞʝʨʝʣʘ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʥʝʨʛʽʾ ʪʘ ʙʝʟʧʝʯʥʽʩʪʶ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʜʫʞʝ ʧʦʧʫʣʷʨʥʠʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ 

ʥʘ ʜʘʭʘʭ ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ ʪʠʧʫ ï ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʩʢʣʘʜʩʴʢʠʭ ʪʘ ʽʥʰʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ, ʙʫʜʽʚʣʷʭ ʛʨʦʤʘʜʩʴʢʠʭ ʫʩʪʘʥʦʚ ʪʘ ʥʘʚʽʪʴ ʥʘ ʜʘʭʘʭ ʧʨʠʚʘʪʥʠʭ 

ʙʫʜʠʥʢʽʚ. ʊʝʥʜʝʥʮʽʾ ʚ ʫʩʪʘʥʦʚʮʽ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʥʘ ʜʘʭʘʭ ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʽʚ ʟʘʨʘʟ ʪʽʣʴʢʠ 

ʟʨʦʩʪʘʻ, ʣʽʜʝʨʘʤʠ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʻ ʅʽʤʝʯʯʠʥʘ, ʂʠʪʘʡ ʪʘ ʉʐɸ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʥʝ ʪʽʣʴʢʠ 

ʝʢʦʣʦʛʽʯʥʽʩʪʶ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʽ ʧʝʚʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʉʐɸ, 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʦʜʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ. ʑʝ ʦʜʥʽʻʶ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʫʩʪʘʥʦʚʢʠ 

ʪʘʢʠʭ ʩʪʘʥʮʽʡ ʜʣʷ ʧʨʠʚʘʪʥʠʭ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʝʨʝʞ, ʱʦ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ ʚ ʧʣʘʥʽ ʚʽʜʢʣʶʯʝʥʴ ʪʘ ʧʝʨʝʙʦʾʚ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʻ 

ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ ʩʴʦʛʦʜʥʽ ʜʣʷ ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ, ʢʦʣʠ ʧʦʰʢʦʜʞʝʥʦ ʚʝʣʠʢʫ ʯʘʩʪʠʥʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʢʨʘʾʥʠ ʪʘ ʾʭ ʯʘʩʪʠʭ ʧʦʚʪʦʨʥʠʭ ʧʦʰʢʦʜʞʝʥʥʷʭ[2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʩʽ ʦʧʠʩʘʥʽ ʧʝʨʝʚʘʛʠ, ʫ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʽ 

ʥʝʜʦʣʽʢʠ: ʯʝʨʝʟ ʚʽʜʥʦʩʥʦ ʤʘʣʫ ʚʝʣʠʯʠʥʫ ʩʦʥʷʯʥʦʾ ʧʦʩʪʽʡʥʦʾ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʝʣʠʢʠʭ ʧʣʦʱ ʟʝʤʣʽ, ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʧʨʠʪʘʤʘʥʥʠʭ ʤʽʩʮʝʚʦʩʪʽ, ʪʘ ʚʠʩʦʢʽʡ ʮʽʥʽ 

ʥʘ ʩʘʤʽ ʧʘʥʝʣʽ[3].  

ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʧʝʨʝʨʘʭʦʚʘʥʽ ʥʝʜʦʣʽʢʠ, ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʚʠʙʽʨ 

ʧʨʘʚʠʣʴʥʦʛʦ ʤʽʩʮʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʧʦʪʝʥʮʽʘʣʫ ʤʦʞʣʠʚʠʭ ʚʠʨʦʙʣʝʥʠʭ 

ʻ ʢʣʶʯʦʚʠʤʠ ʝʪʘʧʘʤʠ ʚ ʫʩʪʘʥʦʚʮʽ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʧʨʠʟʥʘʯʝʥʴ. 
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ʄʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʮʽ ʬʘʢʪʦʨʠ, ʷʢ ʽ ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ ʩʘʤʠʭ ʧʘʥʝʣʝʡ, ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʧʽʜʪʨʠʤʢʠ, ʻ ʚʠʟʥʘʯʥʠʤʠ ï ʚʽʜ ʥʠʭ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʽ ʫʩʧʽʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

ʥʘ ʦʩʥʦʚʽ ʜʞʝʨʝʣʘ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʚʘʞʘʶʯʠ ʥʘ ʧʦʪʝʥʮʽʘʣ ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʪʘʢʠʭ ʷʢ ʐɯ ʪʘ ʩʫʯʘʩʥʽ ʘʣʛʦʨʠʪʤʠ, ʚ ʮʽʡ ʩʬʝʨʽ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ ʪʘ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʚʠʨʽʰʠʪʠ ʦʧʠʩʘʥʽ ʧʨʦʙʣʝʤʠ ï ʧʨʦʙʣʝʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʦʙʪʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʘ ʨʘʥʥʴʦʤʫ ʝʪʘʧʽ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʨʠʜʘʪʥʽʩʪʴ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʥʽʡ ʩʦʥʷʯʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʣʘʥʜʰʘʬʪ ʮʽʻʾ ʪʝʨʠʪʦʨʽʾ ʪʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ 

ʧʦʛʦʜʥʽ ʫʤʦʚʠ[4]. ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʞ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʤʦʞʥʘ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʫ ʢʽʣʴʢʽʩʪʴ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ʚ ʨʽʟʥʽ ʧʦʨʠ ʨʦʢʫ, 

ʘʙʦ ʞ ʥʘʚʽʪʴ ʜʣʷ ʢʦʞʥʦʛʦ ʤʽʩʷʮʷ ʨʦʢʫ, ʱʦ ʜʦʧʦʤʦʞʝ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʫʩʪʘʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘʤ. ʋ ʚʠʧʘʜʢʫ ʧʨʠʜʘʪʥʦʩʪʽ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʩʦʥʷʯʥʠʭ 

ʧʘʥʝʣʝʡ ʜʣʷ ʧʣʘʥʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʘʙʦ ʥʘʚʧʘʢʠ ʜʣʷ ʤʦʞʣʠʚʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʥʝʣʝʡ 

ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʩʪʘʥʮʽʾ ʪʘ ʤʦʞʣʠʚʠʡ ʧʨʠʙʫʪʦʢ[5]. ʊʘʢʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤʠ ʥʝ ʣʠʰʝ ʜʣʷ ʙʽʟʥʝʩʫ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʽ ʜʣʷ ʧʨʠʚʘʪʥʠʭ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ï ʥʘʧʨʠʢʣʘʜ, ʨʦʟʨʘʭʫʥʢʫ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʪʘʥʦʚʣʝʥʽ 

ʥʘ ʜʘʭʫ ʙʫʜʠʥʢʫ, ʚʘʨʪʽʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʧʦʢʨʠʪʪʷ ʧʦʪʨʝʙ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʮʠʤ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʦʤ ʪʘ ʧʨʠʙʫʪʢʫ ʽʟ  ʧʨʦʜʘʞʫ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ñʟʝʣʝʥʽʡò ʝʥʝʨʛʝʪʠʮʽ 

ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ ʮʽʻʾ ʛʘʣʫʟʽ, ʟʦʢʨʝʤʘ ʚʠʙʽʨ ʧʽʜʭʦʜʷʱʦʛʦ ʤʽʩʮʷ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ, ʚʘʨʪʦʩʪʽ ʫʩʪʘʥʦʚʢʠ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʧʨʠʙʫʪʢʫ ʩʪʘʥʮʽʾ ʥʘ ʧʝʚʥʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʪʠʤ ʩʘʤʠʤ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ 

ʙʽʟʥʝʩʫ ʪʘ ʛʘʣʫʟʽ ʚ ʮʽʣʦʤʫ, ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʜʦʧʦʤʘʛʘʻ ʫ ʚʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. 
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ĭ ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄʆɾʃʀɺʆʉʊɯ ɺɽɹʊɽʍʅʆʃʆɻɯʁ ʇʈʀ ʉʊɺʆʈɽʅʅɯ ʎʀʌʈʆɺʀʍ ʉɽʈɽɼʆɺʀʑ 

ʆʈɻɸʅɯɿɸʎɯɰ ʈʆɹʆʊʀ ɺ ʈɽɸʃʔʅʆʄʋ ʏɸʉɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʾ ʚ ʧʨʦʬʝʩʽʡʥʠʭ ʩʧʽʣʴʥʦʪʘʭ. ɯʥʩʪʨʫʤʝʥʪʠ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʩʝʨʝʜʦʚʠʱ ʝʬʝʢʪʠʚʥʦ ʟʘʦʱʘʜʞʫʶʪʴ ʯʘʩ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʨʫʯʥʠʡ 

ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ [1]. ʉʫʯʘʩʥʘ ʢʦʤʫʥʽʢʘʮʽʷ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʝʬʝʢʪʠʚʥʦʶ ʟʘʚʜʷʢʠ ʦʨʛʘʥʽʟʘʮʽʾ 

ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. ɺʽʨʪʫʘʣʴʥʽ ʚʝʙ-ʧʣʘʪʬʦʨʤʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʟʘʭʦʜʠ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʫʯʘʩʪʶ ʬʘʭʽʚʮʽʚ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ. ʉʚʽʪʦʚʽ ʚʠʢʣʠʢʠ, ʚʠʤʘʛʘʶʪʴ ʰʚʠʜʢʦʛʦ 

ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʭʠʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ.  

ʈʦʟʨʦʙʢʘ ʥʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘʢʠʭ ʟʘʭʦʜʽʚ. ʎʝ ʩʧʨʠʷʪʠʤʝ 

ʟʘʣʫʯʝʥʥʶ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʫʯʘʩʥʠʢʽʚ ʽ ʧʦʢʨʘʱʝʥʥʶ ʾʭ ʚʟʘʻʤʦʜʽʾ. ʈʦʟʨʦʙʢʘ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʥʬʝʨʝʥʮʽʡ ʤʘʻ ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʽʥʰʠʭ 

ʩʬʝʨʘʭ. ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʮʽʻʾ ʨʦʟʨʦʙʢʠ ʪʘʢʦʞ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʘʩʧʝʢʪʠ 

ʽʥʢʣʶʟʠʚʥʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘʷʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʟʨʦʩʪʘʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʤʦʞʣʠʚʦʩʪʽ ʚʽʨʪʫʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʟʘʭʦʜʽʚ ʟ ʫʯʘʩʪʶ ʝʢʩʧʝʨʪʽʚ ʟ ʨʽʟʥʠʭ ʢʫʪʦʯʢʽʚ ʩʚʽʪʫ ʪʘ ʚʘʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʽʥʢʣʶʟʠʚʥʠʭ 

ʧʽʜʭʦʜʽʚ ʫ ʨʦʟʨʦʙʮʽ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ [2]. ɼʦʩʣʽʜʥʠʮʴʢʽ ʨʦʙʦʪʠ ʪʘʢʦʞ ʚʠʩʚʽʪʣʶʶʪʴ ʚʧʣʠʚ ʚʝʙ-

ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʚʽʨʪʫʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʟʦʢʨʝʤʘ ʧʽʜʢʨʝʩʣʶʶʯʠ ʾʭʥʶ ʨʦʣʴ 

ʫ ʧʽʜʚʠʱʝʥʥʽ ʜʦʩʪʫʧʥʦʩʪʽ ʽ ʟʨʫʯʥʦʩʪʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʢʨʠʪʪʷ ʧʦʪʝʥʮʽʘʣʫ ʚʝʙ-

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʢʦʤʫʥʽʢʘʮʽʾ ʚ ʩʫʯʘʩʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʜʝ ʘʢʮʝʥʪ 

ʨʦʙʠʪʴʩʷ ʥʘ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʷʢ ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʘʩʧʝʢʪʽ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʢʣʶʯʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ, ʾʭ ʚʧʣʠʚ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʚ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʦʟʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʂʊ) ʚ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʦʣʝʛʰʠʣʦ ʤʦʞʣʠʚʦʩʪʽ ʝʬʝʢʪʠʚʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʦʩʦʙʣʠʚʦ ʚ 

ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʯʘʩʫ. ʋ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʝʢʦʥʦʤʽʢʠ, ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʚʠʙʫʜʦʚʫʶʪʴ ʩʠʩʪʝʤʠ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʠʨʦʢʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ɯʂʊ [3]. 

ʎʽ ʧʨʦʮʝʩʠ ʩʪʘʣʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤʠ ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ SARS-CoV-2 ʪʘ ʚʽʡʩʴʢʦʚʦʾ 

ʘʛʨʝʩʽʾ ʨʦʩʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʨʠʟʠʢʽʚ, ʧʦʩʪʽʡʥʠʤʠ ʪʨʠʚʦʛʘʤʠ, ʚʪʨʘʪʦʶ 

ʢʦʥʪʨʦʣʶ ʥʘʜ ʪʝʨʠʪʦʨʽʻʶ ʪʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʚʠʥʠʢʣʠ ʪʨʫʜʥʦʱʽ ʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, ʙʽʟʥʝʩ- ʪʘ ʥʘʫʢʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ. ʎʝ ʪʘʢʦʞ ʪʦʨʢʥʫʣʦʩʴ 

ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʥʬʝʨʝʥʮʽʡ, ʜʝ ʛʣʦʙʘʣʴʥʘ ʥʘʫʢʦʚʘ ʪʘ ʙʽʟʥʝʩ-ʩʧʽʣʴʥʦʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʮʠʬʨʦʚʽ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʾʭ ʧʨʦʚʝʜʝʥʥʷ. 

ɸʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʝʨʝʜʦʚʠʱ ʜʣʷ ʢʦʥʬʝʨʝʥʮʽʡ ʫ ʢʦʨʧʦʨʘʪʠʚʥʦʤʫ 

ʩʝʢʪʦʨʽ ʩʚʽʜʯʠʪʴ, ʱʦ ʫ 2019 ʨʦʮʽ Zoom ʽ Skype ʚʠʟʥʘʯʘʣʠ ʦʩʥʦʚʥʠʤ ʫʧʦʜʦʙʘʥʥʷʤ 

ʢʦʨʠʩʪʫʚʘʯʽʚ (ʚʽʜʧʦʚʽʜʥʦ 30% ʪʘ 38%), ʚ ʪʦʡ ʯʘʩ ʷʢ MS Teams ʪʘ ʽʥʰʽ ʧʣʘʪʬʦʨʤʠ ʤʘʣʠ 

ʤʝʥʰʠʡ ʚʽʜʩʦʪʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ (3% ʪʘ 8% ʚʽʜʧʦʚʽʜʥʦ - GoToMeeting, Webex, Hopin).  
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ʈʠʩʫʥʦʢ 1 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʮʠʬʨʦʚʠʭ ʩʝʨʝʜʦʚʠʱ ʜʣʷ ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʡ ʫ 

ʩʬʝʨʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʧʦʩʣʫʛ 

 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʪʨʴʦʭ ʨʦʢʽʚ, ʜʦ 2022 ʨʦʢʫ, ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʥʥʷ Zoom ʥʘ 11% ʪʘ Skype ʥʘ 6%. ʋ ʪʦʡ ʞʝ ʯʘʩ MS Teams ʚʨʘʞʘʶʯʝ ʥʘʙʫʚʘʚ 

ʧʦʧʫʣʷʨʥʦʩʪʽ, ʟʨʦʩʪʘʶʯʠ ʜʦ 35%, ʱʦ ʤʘʡʞʝ ʚ 12 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʧʦʧʫʣʷʨʥʽʩʪʴ Zoom ʪʘ 

Skype. ɯʥʰʽ ʧʣʘʪʬʦʨʤʠ ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʥʘʯʥʠʡ ʧʨʠʨʽʩʪ, ʜʦʩʷʛʘʶʯʠ 25%, ʱʦ ʚ 3 ʨʘʟʠ 

ʧʝʨʝʚʠʱʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ Zoom ʪʘ Skype. ɺʘʞʣʠʚʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ Google Classroom 

ʟʘʣʠʰʘʣʘʩʷ ʩʪʘʙʽʣʴʥʦʶ ʪʘ ʚʠʩʦʢʦ ʧʦʧʫʣʷʨʥʦʶ ʧʣʘʪʬʦʨʤʦʶ, ʟ ʫʯʘʩʪʶ ʚʽʜ 21% ʜʦ 23% 

(ʨʠʩ.1). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʝʨʝʜʦʚʠʱ ʫ 

ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʷʭ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʝʢʪʦʨʫ 

 

ɺ ʢʦʨʧʦʨʘʪʠʚʥʦʤʫ ʩʝʢʪʦʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʘ ʟʤʽʥʘ ʫ ʚʠʙʦʨʽ ʮʠʬʨʦʚʠʭ ʧʣʘʪʬʦʨʤ 

ʜʣʷ ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʡ ʯʝʨʝʟ ʜʦʩʪʫʧʥʽʩʪʴ ʽ ʬʫʥʢʮʽʦʥʘʣʽʩʪʴ. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʨʽʰʝʥʴ 

ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ. ɿʘ ʦʩʪʘʥʥʽ ʪʨʠ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʠʡ ʨʽʩʪ ʚʽʜʩʦʪʢʘ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʚʚʘʞʘʶʪʴ ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʾ ʝʬʝʢʪʠʚʥʠʤʠ - ʟ 25% ʚ 2019 ʨʦʮʽ ʜʦ 65% ʫ 

2022 ʨʦʮʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʣʠʰʝ 25% ʚʚʘʞʘʶʪʴ ʮʝʡ ʤʝʪʦʜ ʥʝʝʬʝʢʪʠʚʥʠʤ (ʨʠʩ. 2). 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʦʥʣʘʡʥ-ʢʦʥʬʝʨʝʥʮʽʡ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʽʡ ʚʟʘʻʤʦʜʽʾ ʫʯʘʩʥʠʢʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʣʝʛʢʠʡ ʜʦʩʪʫʧ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʆʜʥʘʢ ʚʘʞʣʠʚʦ ʧʨʠʜʽʣʷʪʠ ʫʚʘʛʫ ʪʝʭʥʽʯʥʠʤ ʪʘ ʙʝʟʧʝʢʦʚʠʤ ʘʩʧʝʢʪʘʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʩʧʽʰʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʦʥʣʘʡʥ-ʢʦʥʬʝʨʝʥʮʽʡ. 
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ĭ ɹʘʢʘʣʘʚʨʘʥʪ 4 ʢʫʨʩʫ ʏʫʢʽʥ ʉ.ɺ. 

ĭ ɸʩʠʩʪ. ɻʦʣʝʮʴ ɺ.ʆ. 

   

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʈʆɿʈʆɹʂɸ ʉɽʈɺɯʉʋ ɺɽɹ ɿɸʉʊʆʉʋʅʂʋ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʆʉɺɯʊʅʔʆɰ 

ɼɯʗʃʔʅʆʉʊɯ ʂɸʌɽɼʈʀ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄʆɺʅʀʍ ʄʆɼɽʃɽʁ ʅɸ ɹɸɿɯ 

ɸʇɸʈɸʊʅʀʍ ɿɸʉʆɹɯɺ ʂɸʌɽɼʈʀ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʉʫʯʘʩʥʝ ʦʩʚʽʪʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʦʩʪʽʡʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʪʘ ʩʦʮʽʦʢʫʣʴʪʫʨʥʠʭ ʟʤʽʥ. ɺʝʣʠʢʽ ʤʦʚʥʽ 

ʤʦʜʝʣʽ (ɺʄʄ) ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ, ʜʦʟʚʦʣʷʶʯʠ ʟʘʣʠʰʘʪʠʩʷ ʥʘ 

ʧʝʨʝʜʥʴʦʤʫ ʢʨʘʾ ʽʥʥʦʚʘʮʽʡ, ʘʚʪʦʤʘʪʠʟʫʶʯʠ ʪʘ ʦʧʪʠʤʽʟʫʶʯʠ ʨʽʟʥʽ ʘʩʧʝʢʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʦʙʨʦʙʢʦʶ ʤʦʚʠ. 

ɿʦʢʨʝʤʘ, ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʪʨʝʙʠ ʩʪʫʜʝʥʪʽʚ, ʾʭʥʽʡ ʫʩʧʽʭ ʫ 

ʥʘʚʯʘʥʥʽ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʣʘʜʘʥʥʷ ʟ ʙʦʢʫ ʚʠʢʣʘʜʘʯʽʚ.  

ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʤʽʥʶʚʘʥʽ 

ʧʦʪʨʝʙʠ ʨʠʥʢʫ ʧʨʘʮʽ. ʂʘʬʝʜʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʛʦʪʦʚʽ ʜʦ ʰʚʠʜʢʠʭ ʘʜʘʧʪʘʮʽʡ ʫ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ ʪʘ ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʪʨʝʙʘʤ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʩʪʘʶʪʴ ʥʝʚʽʜ'ʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʚʠʱʦʾ ʦʩʚʽʪʠ, ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʚʯʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʦʚʘʪʦʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. ɺʝʣʠʢʽ ʤʦʚʥʽ ʤʦʜʝʣʽ (ɺʄʄ) ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʮʴʦʤʫ 

ʧʨʦʮʝʩʽ, ʜʦʟʚʦʣʷʶʯʠ ʟʘʣʠʰʘʪʠʩʷ ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʢʨʘʾ ʽʥʥʦʚʘʮʽʡ, ʘʚʪʦʤʘʪʠʟʫʶʯʠ ʪʘ 

ʦʧʪʠʤʽʟʫʶʯʠ ʨʽʟʥʽ ʘʩʧʝʢʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʙʨʦʙʢʦʶ ʤʦʚʠ[1]. ɺʦʥʠ ʩʪʘʶʪʴ ʢʣʶʯʦʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʩʧʨʦʱʝʥʥʽ ʙʘʛʘʪʴʦʭ ʟʘʚʜʘʥʴ ʚ ʦʩʚʽʪʥʽʡ, ʙʽʟʥʝʩʦʚʽʡ ʪʘ ʽʥʰʠʭ ʩʬʝʨʘʭ, ʨʦʙʣʷʯʠ 

ʚʟʘʻʤʦʜʽʶ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʝʬʝʢʪʠʚʥʽʰʦʶ ʪʘ ʜʦʩʪʫʧʥʽʰʦʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ 

ʤʦʜʝʣʝʡ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʨʽʟʥʽ ʛʘʣʫʟʽ, ʪʘʢʽ ʷʢ ʧʝʨʝʢʣʘʜ ʪʝʢʩʪʽʚ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʟʘʧʠʪʠ ʢʣʽʻʥʪʽʚ, ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʝʥʪʫ, ʧʝʨʩʦʥʘʣʽʟʘʮʽʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʦʩʚʽʪʽ, ʘʥʘʣʽʟ ʤʝʜʠʯʥʠʭ ʟʘʧʠʩʽʚ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʧʨʘʚʦʚʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʫ ʩʬʝʨʽ ʶʨʠʩʧʨʫʜʝʥʮʽʾ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. 

ʋ ʩʚʽʪʣʽ ʮʴʦʛʦ ʦʩʚʽʪʥʽ ʫʩʪʘʥʦʚʠ ʧʦʩʪʽʡʥʦ ʜʦʩʣʽʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽ ʩʧʦʩʦʙʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʟʥʘʥʴ ʽ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ 

ʩʪʫʜʝʥʪʽʚ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠ ʮʴʦʤʫ ʧʨʠʚʝʨʪʘʶʪʴ ʚʝʣʠʢʽ ʤʦʚʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʢʣʶʯʦʚʠʤʠ ʫʯʘʩʥʠʢʘʤʠ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʆʜʥʘʢ ʫʩʧʽʰʥʘ ʽʥʪʝʛʨʘʮʽʷ 

ʮʠʭ ʤʦʜʝʣʝʡ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʨʠʟʠʢʽʚ, ʫʨʘʭʫʚʘʥʥʷ ʝʪʠʯʥʠʭ 

ʘʩʧʝʢʪʽʚ ʪʘ ʨʦʟʨʦʙʢʫ ʩʪʨʘʪʝʛʽʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʠʪʘʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ 

ʤʦʜʝʣʝʡ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʢʘʬʝʜʨ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ 

ʷʢʦʩʪʽ ʦʩʚʽʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤ. ʎʝ ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʢʫ 

ʤʝʪʦʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺʄʄ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʧʦʪʝʥʮʽʘʣʽ ʚʝʣʠʢʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʟʦʢʨʝʤʘ ʚ ʦʩʚʽʪʽ, 

ʟ ʬʦʢʫʩʦʤ ʥʘ ʾʭ ʟʜʘʪʥʦʩʪʽ ʛʝʥʝʨʫʚʘʪʠ ʢʦʥʪʝʥʪ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʫʧʨʘʚʣʽʥʥʷ 

ʷʢʽʩʪʶ ʦʩʚʽʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʢʘʟʫʶʪʴ ʥʘ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʫʯʘʩʥʽ 

ʚʠʤʦʛʠ ʪʘ ʧʨʦʙʣʝʤʠ ʫ ʮʽʡ ʦʙʣʘʩʪʽ. 

ɯʥʜʠʚʽʜʫʘʣʽʟʘʮʽʷ ʪʘ ʧʝʨʩʦʥʘʣʽʟʘʮʽʷ ʥʘʚʯʘʥʥʷ: ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʩʫʯʘʩʥʽ 

ʩʪʫʜʝʥʪʠ ʤʘʶʪʴ ʨʽʟʥʽ ʩʪʠʣʽ ʥʘʚʯʘʥʥʷ, ʧʦʪʨʝʙʠ ʪʘ ʚʠʤʦʛʠ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʪʘ 
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ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʟʘʚʞʜʠ ʚʨʘʭʦʚʫʶʪʴ ʮʶ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ. ɼʦʩʣʽʜʥʠʢʠ ʘʢʮʝʥʪʫʶʪʴ ʥʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʧʝʨʩʦʥʘʣʽʟʫʚʘʪʠ ʥʘʚʯʘʥʥʷ ʪʘ ʦʮʽʥʢʫ 

ʫʩʧʽʰʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʫʜʝʥʪʘ ʦʢʨʝʤʦ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ: ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ 

ʧʦʪʫʞʥʠʡ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʚʽʪʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʣʘʡʥ-ʨʝʩʫʨʩʽʚ, ʽʥʪʝʨʘʢʪʠʚʥʠʭ 

ʧʣʘʪʬʦʨʤ ʪʘ ʽʥʰʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʨʦʙʠʪʠ ʥʘʚʯʘʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ [2]. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ: ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʨʝʩʣʶʶʪʴ 

ʚʘʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʚ ʦʩʚʽʪʥʽʡ ʩʬʝʨʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʣʝʛʰʠʪʠ ʟʙʽʨ ʪʘ 

ʘʥʘʣʽʟ ʜʘʥʠʭ, ʚʠʷʚʣʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʪʘ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ [3]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʚʠʱʝʚʢʘʟʘʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʦʩʪʘʥʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʤʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʝʨʚʽʩʫ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʩʚʽʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʢʘʬʝʜʨʽ. ɻʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʮʴʦʛʦ ʧʨʦʝʢʪʫ ʻ 

ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʪʘ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ 

ʥʘʚʯʘʥʥʷ ʪʘ ʚʠʢʣʘʜʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤ ʧʨʦʮʝʩʦʤ. 

ʂʦʥʢʨʝʪʥʽ ʮʽʣʽ ʨʦʙʦʪʠ ʚʢʣʶʯʘʶʪʴ: 

- ʈʦʟʨʦʙʢʫ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ, ʷʢʠʡ ʙʫʜʝ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʩʫʯʘʩʥʠʭ ʤʦʚʥʠʭ ʤʦʜʝʣʷʭ. 

- ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʪʘ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾ ʥʘʚʯʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ 
ʢʦʞʥʦʤʫ ʩʪʫʜʝʥʪʦʚʽ ʦʪʨʠʤʫʚʘʪʠ ʥʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʧʦʪʨʝʙ ʪʘ 

ʤʦʞʣʠʚʦʩʪʝʡ. 

- ʈʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʦʙ'ʻʢʪʠʚʥʦʾ ʪʘ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʠʢʣʘʜʘʥʥʷ ʪʘ ʥʘʚʯʘʥʥʷ ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

- ʉʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʢʝʨʽʚʥʠʮʪʚʫ 
ʢʘʬʝʜʨʠ ʝʬʝʢʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʥʘʡʜʝʥʽ ʚ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʧʨʦʙʣʝʤʠ ʪʘ ʧʨʠʡʤʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʦʙʛʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʪʞʝ, ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ 

ʩʝʨʚʽʩʫ, ʷʢʠʡ ʜʦʧʦʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʦʩʚʽʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʘʬʝʜʨʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʩʪʘʥʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ 

ʦʩʚʽʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʢʘʟʫʶʪʴ ʥʘ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʫʯʘʩʥʽ 

ʚʠʤʦʛʠ ʪʘ ʧʨʦʙʣʝʤʠ ʫ ʮʽʡ ʦʙʣʘʩʪʽ. 

ɯʥʜʠʚʽʜʫʘʣʽʟʘʮʽʷ ʪʘ ʧʝʨʩʦʥʘʣʽʟʘʮʽʷ ʥʘʚʯʘʥʥʷ: ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ[4], ʩʫʯʘʩʥʽ 

ʩʪʫʜʝʥʪʠ ʤʘʶʪʴ ʨʽʟʥʽ ʩʪʠʣʽ ʥʘʚʯʘʥʥʷ, ʧʦʪʨʝʙʠ ʪʘ ʚʠʤʦʛʠ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʟʘʚʞʜʠ ʚʨʘʭʦʚʫʶʪʴ ʮʶ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ. ɼʦʩʣʽʜʥʠʢʠ ʘʢʮʝʥʪʫʶʪʴ ʥʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʧʝʨʩʦʥʘʣʽʟʫʚʘʪʠ ʥʘʚʯʘʥʥʷ ʪʘ ʦʮʽʥʢʫ 

ʫʩʧʽʰʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʫʜʝʥʪʘ ʦʢʨʝʤʦ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ: ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ 

ʧʦʪʫʞʥʠʡ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʚʽʪʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʣʘʡʥ-ʨʝʩʫʨʩʽʚ, ʽʥʪʝʨʘʢʪʠʚʥʠʭ 

ʧʣʘʪʬʦʨʤ ʪʘ ʽʥʰʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʨʦʙʠʪʠ ʥʘʚʯʘʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ. 

ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʚʠʢʣʘʜʘʥʥʷ ʪʘ ʥʘʚʯʘʥʥʷ: ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʝʥʥʷ 

ʦʙ'ʻʢʪʠʚʥʠʭ ʪʘ ʢʦʤʧʣʝʢʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʠʢʣʘʜʘʥʥʷ ʪʘ ʥʘʚʯʘʥʥʷ[5]. ɿʦʢʨʝʤʘ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʦʮʽʥʢʘ ʚʽʜʛʫʢʽʚ ʩʪʫʜʝʥʪʽʚ, ʘʥʘʣʽʟ ʫʩʧʽʰʥʦʩʪʽ 

ʪʘ ʟʘʣʫʯʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʜʦ ʩʘʤʦʦʮʽʥʢʠ, ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʨʦʟʫʤʽʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʠʷʚʠʪʠ ʡʦʛʦ ʩʣʘʙʢʽ ʤʽʩʮʷ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ: ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʨʝʩʣʶʶʪʴ 

ʚʘʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʚ ʦʩʚʽʪʥʽʡ ʩʬʝʨʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʣʝʛʰʠʪʠ ʟʙʽʨ ʪʘ 

ʘʥʘʣʽʟ ʜʘʥʠʭ, ʚʠʷʚʣʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʪʘ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʠʡ ʩʝʨʚʽʩ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ ʥʘ ʙʘʟʽ ʤʦʚʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʘʧʘʨʘʪʥʠʭ 

ʟʘʩʦʙʽʚ ʢʘʬʝʜʨʠ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʦʩʚʽʪʥʴʦʾ 



 206 

ʜʽʷʣʴʥʦʩʪʽ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ ʩʝʨʚʽʩʫ ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʟʘʙʝʟʧʝʯʝʥʥʶ ʩʪʘʙʽʣʴʥʦʾ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʪʘ 

ʧʽʜʚʠʱʝʥʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʌʋʅʂʎɯʆʅɸʃʔʅʆɰ ʉʊɯʁʂʆʉʊɯ  ɯʅʌʆʈʄɸʎɯʁʅʀʍ 

ʉʀʉʊɽʄ ʅɸ ʆʉʅʆɺɯ ʌʈɸʂʊɸʃʔʅʆɻʆ ɸʅɸʃɯɿʋ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʬʝʨʘʭ ʞʠʪʪʷ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʩʪʘʻ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ï 

ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʪʷʛʦʤ ʚʢʘʟʘʥʦʛʦ ʯʘʩʫ ʧʽʜ 

ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ [1]. ʇʽʜ ʟʦʚʥʽʰʥʽʤʠ ʪʘ 

ʚʥʫʪʨʽʰʥʽʤʠ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʤʠ ʬʘʢʪʦʨʘʤʠ ʨʦʟʫʤʽʶʪʴʩʷ ʚʽʜʤʦʚʠ, ʟʙʦʾ ʤʦʜʫʣʽʚ ʩʠʩʪʝʤʠ, 

ʤʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ, ʧʦʤʠʣʢʠ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ. ʉʠʩʪʝʤ, ʷʢʽ ʙʫʣʠ ʙ ʧʦʚʥʽʩʪʶ 

ʟʘʭʠʱʝʥʽ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʜʽʡ, ʚʠʧʘʜʢʦʚʠʭ ʚʽʜʤʦʚ, ʟʙʦʾʚ, ʧʦʤʠʣʦʢ ʧʝʨʩʦʥʘʣʫ, ʫ 

ʨʝʘʣʴʥʽʡ ʜʽʡʩʥʦʩʪʽ ʥʝ ʽʩʥʫʻ. ʆʩʥʦʚʥʠʤʠ ʝʪʘʧʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʻ 

ʚʠʷʚʣʝʥʥʷ ʤʦʜʫʣʷ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʤʦʜʫʣʽʚ, ʷʢʽ ʚʽʜʤʦʚʠʣʠ ʚ ʩʠʩʪʝʤʽ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭʥʽʤ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷʤ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʆʪʞʝ, ʧʨʦʮʝʩ 

ʢʦʥʪʨʦʣʶ ʩʧʨʘʚʥʦʛʦ ʩʪʘʥʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʛʘʪʦʤʦʜʫʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʩʪʘʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʶ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ  ʫʩʽʭ  ʤʦʜʫʣʽʚ  ʧʨʠ  

ʟʤʝʥʰʝʥʥʽ  ʯʠʩʣʘ  ʟʘʡʥʷʪʠʭ  ʫ  ʚʠʨʦʙʥʠʮʪʚʽ  ʣʶʜʝʡ  ʪʘ ʟʥʘʯʥʦʤʫ  ʟʤʝʥʰʝʥʥʽ  ʯʘʩʪʢʠ  ʨʫʯʥʦʾ  

ʧʨʘʮʽ. 

ʆʜʥʠʤ ʽʟ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʨʘʢʪʘʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʌʨʘʢʪʘʣʠ, ʷʢ 

ʤʘʪʝʤʘʪʠʯʥʽ ʦʙ'ʻʢʪʠ, ʜʦʟʚʦʣʷʶʪʴ ʚʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʪʘ ʜʠʥʘʤʽʯʥʽʩʪʶ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʢʪʘʣʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʫʥʽʢʘʣʴʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʬʨʘʢʪʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʚʦʻʶ 

ʩʘʤʦʧʦʜʽʙʥʽʩʪʶ ʥʘ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʧʨʠʩʚʷʯʝʥʦ ʥʠʟʢʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʪʘʢʠʭ ʥʘʫʢʦʚʮʽʚ, ʷʢ ʄʘʰʢʦʚ ʆ.ɸ., ɹʘʨʘʙʘʰ 

ʆ.ɺ., ʂʨʘʚʯʝʥʢʦ ʖ.ɺ., ʆʙʽʜʽʥ ɼ.ʄ., ʉʦʙʯʫʢ ɺ.ɺ., ʄʫʩʽʻʥʢʦ ɸ.ʇ. ʪʘ ʽʥʰʽ.  

ɺ [2] ʦʧʠʩʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʧʨʠʢʣʘʜʽ ʧʽʜʧʨʠʻʤʩʪʚ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ, ʤʝʭʘʥʽʟʤʠ 

ʚʠʷʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʪʘ ʣʦʢʘʣʽʟʘʮʽʶ ʥʝʩʧʨʘʚʥʠʭ ʤʦʜʫʣʽʚ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʻʨʘʨʭʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʩʪʽʡʢʦʩʪʽ [3]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʜʚʦʨʽʚʥʝʚʫ ʩʠʩʪʝʤʫ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʚʽʜʤʦʚ [4]. ʈʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʘ ʩʘʤʝ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ  ʩʪʽʡʢʦʩʪʽ  

ʚʠʨʦʙʥʠʯʠʭ  ʧʨʦʮʝʩʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ [5].  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʫʢʦʚʮʽ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʨʘʢʪʘʣʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʘʜʞʝ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʩʠʩʪʝʤ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʩʪʚʦʨʶʚʘʪʠ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʧʨʠʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʟʤʽʥ ʽ 

ʟʘʣʠʰʘʶʪʴʩʷ ʩʪʽʡʢʠʤʠ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ. ɺ [6] 



 208 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʬʨʘʢʪʘʣʴʥʫ 

ʛʝʦʤʝʪʨʽʶ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ.  ʋ ʩʪʘʪʪʽ [7] ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʚ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ. ʋ 

ʩʪʘʪʪʽ [8] ʘʚʪʦʨʠ ʧʨʦʚʦʜʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʪʝʦʨʽʾ ʫ ʙʝʟʜʨʦʪʦʚʠʭ 

ʤʝʨʝʞʘʭ ʜʘʪʯʠʢʽʚ. ɺ [9] ʦʧʠʩʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʘʦʩʫ ʫ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʘʩʧʝʢʪʠ ʷʢʦʾ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ.  
ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʢʪʘʣʽʚ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʘʛʘʪʦʤʦʜʫʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʩʪʚʦʨʶʚʘʪʠ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʧʨʠʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʟʤʽʥ ʽ 

ʟʘʣʠʰʘʶʪʴʩʷ ʩʪʽʡʢʠʤʠ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ. ʌʨʘʢʪʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʟʤʦʞʫʪʴ 

ʜʦʧʦʤʦʛʪʠ ʫ ʩʪʚʦʨʝʥʥʽ ʛʥʫʯʢʠʭ ʪʘ ʘʜʘʧʪʠʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʾʭʥʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ. 
ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʛʣʷʜ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʨʘʢʪʘʣʽʚ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʮʝʩʽʚ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʦʨʤʘʣʴʥʫ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ 

ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ ʚʠʥʠʢʥʝʥʥʷ ʧʦʤʠʣʦʢ, ʚʽʜʤʦʚ ʘʙʦ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ. ʌʨʘʢʪʘʣʠ ʤʦʞʫʪʴ 

ʪʘʢʦʞ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʜʝʪʘʣʽʟʘʮʽʾ: 

- ʘʥʘʣʽʟ ʩʢʣʘʜʥʦʩʪʽ ʩʠʩʪʝʤʠ ï ʬʨʘʢʪʘʣʠ ʜʦʟʚʦʣʷʶʪʴ ʦʧʠʩʫʚʘʪʠ ʽʥʪʝʨʬʝʡʩʠ ʪʘ 

ʚʟʘʻʤʦʜʽʶ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʩʢʣʘʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʚʨʘʭʦʚʫʶʯʠ ʰʘʨʠ ʚʟʘʻʤʦʜʽʾ; 

- ʚʠʷʚʣʝʥʥʷ ʨʝʟʝʨʚʽʚ ʩʪʽʡʢʦʩʪʽ ï ʬʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʠʷʚʣʷʻ ʧʝʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫ 

ʩʪʨʫʢʪʫʨʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʨʝʟʝʨʚʽʚ ʩʪʽʡʢʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, 

ʚʠʷʚʣʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʘʜʘʧʪʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ; 

- ʦʮʽʥʢʘ ʜʠʥʘʤʽʢʠ ʟʤʽʥ ʫ ʩʠʩʪʝʤʽ ï ʘʥʘʣʽʟ ʟʤʽʥ ʫ ʬʨʘʢʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʦʞʝ 

ʨʦʟʢʨʠʪʠ ʧʝʚʥʽ ʧʘʪʝʨʥʠ ʯʠ ʘʥʦʤʘʣʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʨʫʰʝʥʥʷʤ ʩʪʽʡʢʦʩʪʽ; 

- ʚʠʷʚʣʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʝʡ ï ʬʨʘʢʪʘʣʠ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʷʚʣʷʪʠ ʩʣʘʙʢʽ ʤʽʩʮʷ ʚ ʩʠʩʪʝʤʽ, 

ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʠ ʫ ʬʨʘʢʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʽʜ ʯʘʩ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʚʨʘʟʣʠʚʦʩʪʽ ʘʙʦ ʥʝʩʪʽʡʢʽ ʘʩʧʝʢʪʠ ʩʠʩʪʝʤʠ; 

- ʤʦʥʽʪʦʨʠʥʛ ʨʝʟʠʣʽʻʥʪʥʦʩʪʽ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʘʢʪʘʣʽʚ ʫ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʩʠʩʪʝʤʘ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʧʽʩʣʷ ʚʠʥʠʢʥʝʥʥʷ ʧʦʤʠʣʦʢ ʘʙʦ ʘʪʘʢ. 

ɸʥʘʣʽʟ ʟʤʽʥ ʫ ʬʨʘʢʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʽʩʣʷ ʧʦʜʽʡ ʚʢʘʟʫʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʫ 

ʚʽʜʥʦʚʣʝʥʥʽ; 

- ʘʜʘʧʪʘʮʽʷ ʜʦ ʟʤʽʥ ï ʬʨʘʢʪʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʠ ʚ ʢʦʥʪʝʢʩʪʽ 

ʟʤʽʥ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʷʚʣʷʪʠ ʧʦʪʨʝʙʠ ʫ ʟʤʽʥʘʭ ʪʘ ʘʜʘʧʪʘʮʽʾ, 

ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ. 
ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʬʨʘʢʪʘʣʽʚ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤʠ. ʆʩʴ ʢʽʣʴʢʘ ʪʠʧʽʚ ʬʨʘʢʪʘʣʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ: 

- ʬʨʘʢʪʘʣʠ ʄʘʥʜʝʣʴʙʨʦʪʘ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʩʢʣʘʜʥʦʩʪʽ ʩʠʩʪʝʤʠ. ɸʥʘʣʽʟ ʜʝʪʘʣʝʡ ʬʨʘʢʪʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʠʪʠ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʨʽʟʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʩʠʩʪʝʤʠ ʪʘ ʦʮʽʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʩʪʽʡʢʦʩʪʽ; 

- ʬʨʘʢʪʘʣʠ ɾʶʣʽʘ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʘʩʧʝʢʪʽʚ ʩʠʩʪʝʤʠ, 

ʟʦʢʨʝʤʘ, ʚʠʷʚʣʝʥʥʷ ʧʘʪʝʨʥʽʚ ʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʾʾ ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ; 

- ʬʨʘʢʪʘʣʠ ʦʙʣʘʩʪʽ ʯʘʩʫ ï ʬʨʘʢʪʘʣʴʥʽ ʘʥʘʣʽʟʠ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʟʥʘʯʘʪʠ 

ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤʠ ʪʘ ʦʮʽʥʶʚʘʪʠ ʾʾ ʨʝʟʠʣʽʻʥʪʥʽʩʪʴ ʜʦ ʟʤʽʥ ʪʘ ʘʪʘʢ; 

- ʬʨʘʢʪʘʣʠ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ï ʘʥʘʣʽʟ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʚ ʩʪʨʫʢʪʫʨʽ ʩʠʩʪʝʤʠ ʚʢʘʟʫʻ ʥʘ ʪʝ, 

ʥʘʩʢʽʣʴʢʠ ʾʾ ʯʘʩʪʠʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʪʘ ʘʜʘʧʪʫʶʪʴʩʷ. ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ 

ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʩʪʨʫʢʪʫʨʥʦʾ ʩʪʽʡʢʦʩʪʽ;  
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- ʬʨʘʢʪʘʣʴʥʽ ʚʠʤʽʨʠ ï ʚʠʤʽʨʶʚʘʥʥʷ ʬʨʘʢʪʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʷʢ 

ʬʨʘʢʪʘʣʴʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʯʠ ʢʦʝʬʽʮʽʻʥʪ ɻʴʦʣʴʜʝʨʘ, ʥʘʜʘʻ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʦʮʽʥʢʠ 

ʩʪʨʫʢʪʫʨʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʬʨʘʢʪʘʣʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ 

ʚʠʤʦʛ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʤʝʪʠ ʘʥʘʣʽʟʫ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʝ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤ ʢʦʤʙʽʥʫʚʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʬʨʘʢʪʘʣʽʚ ʪʘ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ. 

ʌʨʘʢʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɸʜʘʧʪʘʮʽʷ ʬʨʘʢʪʘʣʴʥʠʭ ʧʨʠʥʮʠʧʽʚ ʫ ʜʠʟʘʡʥʽ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʤʦʞʝ 

ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʧʣʠʚʽʚ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʨʘʢʪʘʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʘʢʪʫʘʣʴʥʠʤ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ. ʌʨʘʢʪʘʣʠ, 

ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʘ ʟʜʘʪʥʦʩʪʽ ʚʽʜʦʙʨʘʞʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ, ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʜʘʻ ʟʤʦʛʫ ʨʦʟʨʦʙʣʷʪʠ ʝʬʝʢʪʠʚʥʽ ʩʪʨʘʪʝʛʽʾ 

ʟʘʭʠʩʪʫ ʚʽʜ ʢʽʙʝʨʘʪʘʢ, ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʽʾ ʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʠʩʪʝʤ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ. ʈʦʟʚʠʪʦʢ 

ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ, ʜʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʠʟʥʘʯʘʻ ʾʭʥʶ ʫʩʧʽʰʥʽʩʪʴ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʭ ʟʘʛʨʦʟ ʪʘ ʚʠʢʣʠʢʽʚ. 
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʇʊʀʄɯɿɸʎɯʗ ʂʈʆʉʇʃɸʊʌʆʈʄʅʀʍ ɯɻʆʈ ʅɸ ʈʋʐɯɰ UNITY ɿɸ 

ɼʆʇʆʄʆɻʆʖ OCCLUSION CULLING

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʟʚ'ʷʟʢʫ ʟʽ ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ ʽʥʜʫʩʪʨʽʾ 

ʨʦʟʚʘʛ ʪʘ ʽʛʦʨ, ʦʧʪʠʤʽʟʘʮʽʷ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʭ ʽʛʦʨ ʥʘ ʨʫʰʽʾ Unity ʩʪʘʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʘʢʪʫʘʣʴʥʦʶ. ʐʚʠʜʢʠʡ ʪʝʤʧ ʟʤʽʥ ʫ ʪʝʭʥʦʣʦʛʽʷʭ ʪʘ ʟʨʦʩʪʘʶʯʘ ʢʦʥʢʫʨʝʥʮʽʷ ʥʘ ʨʠʥʢʫ 

ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʦʾ ʫʚʘʛʠ ʜʦ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʪʨʘʪʝʛʽʡ. ʅʘʧʨʘʮʶʚʘʥʥʷ ʚ ʛʘʣʫʟʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʭ ʽʛʦʨ ʥʘ Unity ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʛʝʡʤʧʣʝʶ, ʟʥʠʟʠʪʠ 

ʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʘ ʛʨʘʬʽʯʥʦʾ ʧʽʜʩʠʩʪʝʤ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʫʩʧʽʭʫ ʚ ʩʫʯʘʩʥʽʡ ʛʘʣʫʟʽ ʽʛʦʨ. ʂʨʽʤ ʪʦʛʦ, ʟʨʦʩʪʘʶʯʘ ʧʦʧʫʣʷʨʥʽʩʪʴ ʤʦʙʽʣʴʥʠʭ ʪʘ ʚʙʫʜʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʧʽʜʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʩʝʨʝʜ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʛʘʣʫʟʽ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʻ Iterative Occlusion Culling. ɸʚʪʦʨ ʨʦʙʦʪʠ [1] ʟʘʟʥʘʯʘʻ, ʱʦ ʜʘʥʠʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʠʚ ʟʤʝʥʰʠʪʠ ʯʘʩ ʚʽʜʤʘʣʴʦʚʢʠ ʦʜʥʦʛʦ ʬʨʝʡʤʫ ʥʘ ʩʮʝʥʽ ʽʟ 72 ʪʠʩʷʯʘʤʠ ʦʙôʻʢʪʽʚ 

ʫ 2.23 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʚʠʯʘʡʥʠʤ ʨʝʥʜʝʨʠʥʛʦʤ. ʅʘ ʩʮʝʥʽ ʽʟ 2753 ʦʙôʻʢʪʘʤʠ ʯʘʩ ʟʤʝʥʰʠʚʩʷ 

ʫ 3.84 ʨʘʟʠ. ʅʘ ʚʝʣʠʢʠʭ ʩʮʝʥʘʭ Iterative Occlusion Culling ʧʦʢʘʟʫʻ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʩʝʨʝʜ 

ʘʣʛʦʨʠʪʤʽʚ Raster Occlusion Culling (ROC), Precomputed Ideal Culling. ʆʜʥʘʢ ʥʘ ʤʘʣʠʭ ï ROC 

ʧʦʢʘʟʫʻ ʨʝʟʫʣʴʪʘʪʠ ʫ 1.24 ʨʘʟʠ ʢʨʘʱʽ. ɿʘʛʘʣʦʤ, ʧʽʜʩʫʤʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʘʚʪʦʨ ʚʢʘʟʫʻ, ʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʙʨʘʢʫʚʘʥʥʷ IOC ʥʠʞʯʘ, ʥʽʞ ROC, ʘʣʝ ʡʦʛʦ ʝʬʝʢʪʠʚʥʝ ʙʘʪʯ ʚʽʜʙʨʘʢʫʚʘʥʥʷ 

ʟʨʝʰʪʦʶ ʧʦʢʨʘʱʫʻ ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ  

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʣʫʯʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ Occlusion Culling. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ Occlusion Culling ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

- ʦʙʯʠʩʣʝʥʥʷ ʦʙʣʘʩʪʝʡ ʚʠʜʠʤʦʩʪʽ; 

- ʩʪʚʦʨʝʥʥʷ ʤʘʧʠ ʟʘʪʽʥʝʥʥʷ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ Occlusion Culling ʧʽʜ ʯʘʩ ʨʝʥʜʝʨʠʥʛʫ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʙʣʘʩʪʝʡ ʚʠʜʠʤʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ: PVS 

(potentially visible set) ʪʘ BSP (binary space partitioning) [2]. 

ʋ PVS ʜʣʷ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʫ ʩʮʝʥʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʡʦʛʦ ʧʦʣʝ ʚʠʜʠʤʦʩʪʽ. ʎʝ ʚʢʣʶʯʘʻ 

ʚ ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ, ʷʢʽ ʯʘʩʪʠʥʠ ʧʨʦʩʪʦʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʠʤʠʤʠ ʟ ʜʘʥʦʛʦ ʦʙ'ʻʢʪʘ. ʎʝʡ 

ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʽʚʥʷʥʥʷ ʦʙʣʘʩʪʝʡ ʪʘ ʘʥʘʣʽʟʫ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʘʤʝʨʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʦ ʚʠʜʠʤʽʩʪʴ, ʬʦʨʤʫʻʪʴʩʷ ʥʘʙʽʨ ʦʙ'ʻʢʪʽʚ, ʷʢʽ 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʠʤʠʤʠ ʟ ʢʦʞʥʦʾ ʪʦʯʢʠ ʫ ʩʮʝʥʽ.  

BSP (Binary Space Partitioning) - ʮʝ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʜʝʨʝʚʘ, ʷʢʝ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʧʦʨʷʜʦʢ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʫ 

ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʦʣʷʛʘʻ ʚ ʨʦʟʜʽʣʝʥʥʽ ʧʨʦʩʪʦʨʫ ʥʘ ʜʚʽ ʧʦʣʦʚʠʥʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʣʦʱʠʥʠ, ʷʢʘ ʨʦʟʜʽʣʷʻ ʦʙ'ʻʢʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ. ʅʘ ʨʠʩ. 1 ʚʽʜʦʙʨʘʞʝʥʦ ʧʨʦʮʝʩ 

ʩʪʚʦʨʝʥʥʷ BSP ʜʝʨʝʚʘ. ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʨʷʜʦʢ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʦʙ'ʻʢʪʽʚ ʫ ʩʮʝʥʽ. ʂʦʣʠ ʢʘʤʝʨʘ ʧʝʨʝʛʣʷʜʘʻ ʩʮʝʥʫ, ʜʝʨʝʚʦ BSP ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ 

ʯʘʩʪʠʥʠ ʩʮʝʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʠʤʽ ʟ ʧʦʪʦʯʥʦʾ ʧʦʟʠʮʽʾ ʢʘʤʝʨʠ. ʇʽʜ ʯʘʩ ʨʝʥʜʝʨʠʥʛʫ ʩʮʝʥʠ, 

ʜʝʨʝʚʦ BSP ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ ʨʝʥʜʝʨʠʥʛʫ ʦʙ'ʻʢʪʽʚ. ʆʙ'ʻʢʪʠ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʝʨʝʜ ʧʣʦʱʠʥʦʶ ʧʦʜʽʣʫ, ʨʝʥʜʝʨʷʪʴʩʷ ʧʝʨʰʠʤʠ, ʪʦʜʽ ʷʢ ʦʙ'ʻʢʪʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ 

ʟʘ ʧʣʦʱʠʥʦʶ ʧʦʜʽʣʫ, ʨʝʥʜʝʨʷʪʴʩʷ ʧʽʟʥʽʰʝ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ BSP ʜʝʨʝʚʘ 

 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ ʚʠʜʠʤʦʩʪʽ ʩʪʚʦʨʶʻʪʴʩʷ ʤʘʧʘ ʟʘʪʽʥʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ 

ʦʙʣʘʩʪʽ ʚʠʜʠʤʦʩʪʽ. ʎʷ ʤʘʧʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʷʢʽ ʦʙ'ʻʢʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʠʭʦʚʘʥʽ 

ʚ ʢʦʞʥʽʡ ʦʙʣʘʩʪʽ. ʊʘʢʦʞ ʤʘʧʘ ʟʘʪʽʥʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʨʝʩʽʾ ʪʘ ʦʙʨʽʟʘʥʥʷ 

ʥʝʚʠʢʦʨʠʩʪʘʥʠʭ ʦʙôʻʢʪʽʚ. ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʦ ʙʣʦʢ-ʩʭʝʤʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ Occlusion 

Culling ʥʘ ʦʩʥʦʚʽ PVS. 

 
ʈʠʩʫʥʦʢ 2 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ Occlusion Culling 

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʜʽʾ ʟ ʫʚʽʤʢʥʝʥʠʤ ʪʘ ʚʠʤʢʥʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 

Occlusion Culling 

Occlusion 

culling 

ʂʘʜʨʽʚ ʟʘ 

ʩʝʢʫʥʜʫ 

ʏʘʩ ʥʘ 

ʨʝʥʜʝʨʠʥʛ 1 

ʢʘʜʨʫ 

ʂʽʣʴʢʽʩʪʴ 

ʪʨʠʢʫʪʥʠʢʽʚ 

ʂʽʣʴʢʽʩʪʴ 

ʚʝʨʰʠʥ 

ʂʽʣʴʢʽʩʪʴ 

ʦʙô̒ ʢʪʽʚ ʟ 

ʪʽʥʥʶ 

ʅ ̔ 79 4.1 ʤʩ 1.6 ʤʣʥ 2.9 ʤʣʥ 304 

ʊʘʢ 386 1.2 ʤʩ 0.334 ʤʣʥ 0.614 ʤʣʥ 210 

ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʪʘʙʣʠʮʽ 1 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ Occlusion Culling ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʘʜʨʽʚ 
ʥʘ ʩʝʢʫʥʜʫ, ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩ ʥʘ ʨʝʥʜʝʨʠʥʛ 1 ʢʘʜʨʫ; 
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- ʟʤʝʥʰʫʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʜʝʚʘʡʩʫ ʪʘ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʧʽʜ ʯʘʩ ʛʨʠ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʜʽʶ ʤʝʪʦʜʫ Occlusion Culling. ɿʚʝʨʭʫ ʟʦʙʨʘʞʝʥʝ ʚʽʢʥʦ ʩʮʝʥʠ ʽʟ 

ʫʩʽʤʘ ʚʠʜʠʤʠʤʠ ʦʙô̒ ʢʪʘʤʠ, ʘ ʟʥʠʟʫ ï ʚʽʢʥʦ ʛʨʠ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɼʽʷ ʘʣʛʦʨʠʪʤʫ Occlusion Culling 

 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ Occlusion Culling ʫ ʨʫʰʽʾ Unity ʻ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʭ ʽʛʦʨ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʨʠʭʦʚʫʚʘʪʠ 

ʥʝʚʠʜʠʤʽ ʦʙ'ʻʢʪʠ ʚʽʜ ʢʘʤʝʨʠ, ʟʤʝʥʰʫʶʯʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʮʝʩʦʨ ʽ ʛʨʘʬʽʯʥʫ ʧʘʤ'ʷʪʴ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʨʠ ʽ ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Lee G. B., Lee S. Iterative GPU occlusion culling with BVH. high performance 

graphics. URL:  

https://highperformancegraphics.org/posters20/04_lee_iterative_occlusion_culling_abstract.pdf 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 7.03.2024). 

 2. Liming Y. 3D Model Occlusion Culling Optimization Method Based on WebGPU 

Computing Pipeline. semanticscholar.  

URL: https://pdfs.semanticscholar.org/9319/63992eff3e848e2eafb0b1d0b0c58a90f11e.pdf (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 12.03.2024). 

 3. Staneker D., Bartz D., Wolfgang S. Occlusion-Driven Scene Sorting for Efficient 

Culling. Computer Graphics Forum. 2006. ʊ. 25, ˉ 4. ʉ. 699ï708. 

URL: https://doi.org/10.1111/j.1467-8659.2006.00992.x (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 10.03.2024). 

 4. Occlusion Culling Algorithms. Game Developer | Game Industry News, Deep Dives, 

and Developer Blogs. URL: https://www.gamedeveloper.com/programming/occlusion-culling-

algorithms (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 5.03.2024). 

 5. Working with Occlusion Culling - Unity Learn. Unity Learn. 

URL: https://learn.unity.com/tutorial/working-with-occlusion-culling (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

7.03.2024). 
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ʋɼʂ 620.35 

ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʂʨʠʚʜʘ ɼ.ʆ. 

ĭ ɼʦʮ., ʢ.ʝ.ʥ. ʉʝʛʝʜʘ ɯ.ɺ. 

  https://scholar.google.com.ua/citations?user=cTob-AwAAAAJ&hl=uk  

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ʆʎɯʅʂɸ ɿɸʃɽɾʅʆʉʊɯ ʉʇʆɾʀɺɸʅʅʗ ʊɽʄʇɽʈɸʊʋʈʀ ʊɸ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ 

ʋ ʄɯʉʊɯ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ, ʦʩʦʙʣʠʚʦ ʚ ʢʦʥʪʝʢʩʪʽ ʟʨʦʩʪʘʶʯʦʾ 

ʧʦʪʨʝʙʠ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ. ʆʜʥʠʤ ʽʟ ʯʠʥʥʠʢʽʚ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʤʽʩʪʽ, ʻ ʧʦʛʦʜʥʠʡ ʢʣʽʤʘʪ, ʘ ʩʘʤʝ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʤʽʩʪʽ ʤʘʻ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʘʤʠ. 

ʅʘʩʢʽʣʴʢʠ ʩʠʣʴʥʦ ʧʦʛʦʜʘ ʚʧʣʠʚʘʻ ʥʘ ʩʧʦʞʠʚʘʥʥʷ? ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 1ÁC 

ʟʙʽʣʴʰʫʻ ʨʽʚʝʥʴ ʜʝʥʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʥʘ 600 ʄɺʪ ʘʙʦ ʥʘ 2,5% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʋʢʨʘʾʥʠ. ʈʽʟʥʠʮʷ ʧʦʪʨʝʙʠ ʚ ʩʪʨʫʤʽ ʚ ʩʦʥʷʯʥʠʡ ʽ ʭʤʘʨʥʠʡ ʜʥʽ ï 500 ʄɺʪ. ʎʝ ʙʣʠʟʴʢʦ 

ʧʦʣʦʚʠʥʠ ʝʥʝʨʛʽʾ, ʷʢʫ ʚʠʨʦʙʣʷʻ ʦʜʠʥ ʙʣʦʢ ɸɽʉ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ.  ʇʽʜ ʯʘʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʯʠʥʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ: ʩʚʷʪʢʦʚʽ ʪʘ ʚʠʭʽʜʥʽ ʜʥʽ, ʧʦʨʠ ʨʦʢʫ 

ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. ɼʣʷ ʧʦʰʫʢʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʪʘ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ [2]. ɺ ʩʠʩʪʝʤʽ ʱʦ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʢʦʝʬʽʮʽʻʥʪ ʇʽʨʩʦʥʘ, ʦʩʢʽʣʴʢʠ 

ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʝʥʝʨʛʽʾ ʻ ʙʽʣʴʰ ʣʽʥʽʡʥʠʤ ʪʘ ʧʦʩʪʽʡʥʠʤ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʇʽʨʩʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʣʽʥʽʡʥʦʛʦ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʜʚʦʤʘ 

ʟʤʽʥʥʠʤʠ. ʄʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʜʣʷ ʦʮʽʥʢʠ ʟʚ'ʷʟʢʫ ʤʽʞ ʩʧʦʞʠʚʘʥʥʷʤ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʻ ʦʮʽʥʢʘ ʟʚ'ʷʟʢʫ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʪʘ ʦʙʩʷʛʘʤʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʤʽʩʪʽ [1]. ʆʩʥʦʚʥʽ ʟʘʜʘʯʽ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʟʘʷʚʣʝʥʦʾ ʤʝʪʠ: 

- ɸʥʘʣʽʟ ʜʘʥʠʭ ʧʨʦ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʦʙʩʷʛʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʤʽʩʪʽ 

ʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʧʝʨʽʦʜʫ. 

- ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ. 

- ʇʦʙʫʜʦʚʘ ʤʦʜʝʣʽ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʦʙʩʷʛʘʤʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

-  ʆʮʽʥʢʘ ʩʪʫʧʝʥʶ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʙʩʷʛʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʤʝʨʝʞʘʤʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʢʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʤʽʩʪʽ ʙʫʜʫʪʴ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ: 

- ʄʦʚʘ Python ʻ ʧʦʪʫʞʥʦʶ ʪʘ ʧʦʧʫʣʷʨʥʦʶ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʘ ʤʘʻ ʙʘʛʘʪʦ 

ʙʽʙʣʽʦʪʝʢ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. 

- ʌʨʝʡʤʚʦʨʢ Django ʻ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤ ʬʨʝʡʤʚʦʨʢʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-

ʜʦʜʘʪʢʽʚ ʥʘ Python. ɺʽʥ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʘʟ ʜʘʥʠʭ, ʨʦʙʦʪʠ ʟ URL-ʘʜʨʝʩʘʤʠ, 

ʰʘʙʣʦʥʘʤʠ ʪʘ ʽʥʰʠʤʠ ʚʘʞʣʠʚʠʤʠ ʬʫʥʢʮʽʷʤʠ ʜʣʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ. 
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- ʉʝʨʝʜ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʚʠ Python ʚʘʨʪʦ ʚʽʜʤʠʪʠ ʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʤʦʜʫʣʽʚ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʜʘʥʦʛʦ ʧʨʦʝʢʪʫ. 

- ɹʽʙʣʽʦʪʝʢʘ Pandas - ʮʝ ʧʦʪʫʞʥʘ ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɺʦʥʘ ʥʘʜʘʻ 

ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ, ʚʢʣʶʯʘʶʯʠ ʯʠʪʘʥʥʷ ʪʘ ʟʘʧʠʩ ʜʘʥʠʭ, ʚʠʨʽʟʘʥʥʷ, 

ʬʽʣʴʪʨʫʚʘʥʥʷ, ʛʨʫʧʫʚʘʥʥʷ, ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. 

- ɹʽʙʣʽʦʪʝʢʘ NumPy - ʮʝ ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʥʘʫʢʦʚʠʭ ʦʙʯʠʩʣʝʥʴ ʫ Python. ɺʦʥʘ ʥʘʜʘʻ 

ʧʽʜʪʨʠʤʢʫ ʜʣʷ ʤʘʩʠʚʽʚ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʻ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ 

ʦʙ'ʻʤʘʤʠ ʜʘʥʠʭ. 

- ɹʽʙʣʽʦʪʝʢʘ  Matplotlib - ʮʝ ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʟʫʘʣʽʟʘʮʽʡ ʫ Python. ɺʦʥʘ 

ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʛʨʘʬʽʢʠ, ʜʽʘʛʨʘʤʠ ʪʘ ʽʥʰʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʣʷ ʘʥʘʣʽʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

- ɹʘʟʘ ʜʘʥʠʭ SQLite - ʣʝʛʢʘ ʪʘ ʢʦʤʧʘʢʪʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ, ʷʢʘ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ Python. ɺʦʥʘ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʪʘ ʨʦʙʦʪʠ ʟ 

ʧʦʤʽʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʬʘʡʣʦʚʠʭ ʜʘʥʠʭ. 

ʎʽ ʟʘʩʦʙʠ ʨʦʟʨʦʙʢʠ ʜʦʧʦʤʦʞʫʪʴ ʥʘʤ ʧʦʙʫʜʫʚʘʪʠ ʚʝʙ-ʜʦʜʘʪʦʢ ʥʘ ʙʘʟʽ Django, ʷʢʠʡ 

ʟʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, 

ʦʙʨʦʙʣʷʪʠ ʮʽ ʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ Pandas ʪʘ NumPy, ʧʦʙʫʜʫʚʘʪʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟ Matplotlib, ʘ 

ʪʘʢʦʞ ʦʮʽʥʶʚʘʪʠ ʩʪʫʧʽʥʴ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ [3]. 

ʊʘʢ ʂʦʤʧʘʥʠʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ ʅɽʂ "ʋʢʨʝʥʝʨʛʦ" ʧʦʩʪʽʡʥʦ ʨʦʟʤʽʱʫʻ ʥʘ 

ʩʚʦʝʤʫ ʩʘʡʪʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʩʧʦʞʠʚʘʥʥʷ 

ʫ ʚʠʭʽʜʥʽ ʜʥʽ [4]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʽʢ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʠʭʽʜʥʠʭ ʜʥʽʚ  

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ - ʚʨʘʭʫʚʘʥʥʷ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʟʦʢʨʝʤʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʻ ʚʘʞʣʠʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʫ ʤʽʩʪʽ. ʈʦʟʫʤʽʥʥʷ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʪʘ 

ʧʨʘʚʠʣʴʥʽ ʟʘʩʦʙʠ ʾʾ ʘʥʘʣʽʟʫ ʜʦʧʦʤʦʞʫʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʦʙʠʪʠ ʟʘʩʦʙʠ ʜʣʷ ʾʾ ʝʢʦʥʦʤʽʾ.  
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ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɯʅʉʊʈʋʄɽʅʊɯɺ ARCGIS ɺ ʇʈʆʎɽʉɸʍ ɺɽʈʀʌɯʂɸʎɯɰ ʊɸ 

ɺɸʃɯɼɸʎɯɰ ɻɽʆɼɸʅʀʍ ʊɸ ʂɸʈʊʆɻʈɸʌɯʏʅʀʍ ɺʀʈʆɹɯɺ.

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʟʨʦʩʪʘʶʯʘ ʫʚʘʛʘ ʜʦ 

ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʙʣʝʤ ʟʤʫʰʫʻ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʪʦʯʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʽʰʝʥʴ. ʇʨʦʙʣʝʤʘ 

ʚʘʣʽʜʘʮʽʾ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʩʪʘʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʷʚʠʱ, 

ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʝʢʦʥʦʤʽʢʫ. 

ɺʘʞʣʠʚʽʩʪʴ ʚʘʣʽʜʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʜʦʩʪʦʚʽʨʥʽ ʘʙʦ ʟʘʩʪʘʨʽʣʽ ʜʘʥʽ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʨʘʚʠʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ ʪʘ ʥʝʚʜʘʣʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʅʘʧʨʠʢʣʘʜ, 

ʥʝʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʝʥʽ ʤʝʞʽ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʟʘʢʦʥʥʦʾ 

ʟʘʙʫʜʦʚʠ ʘʙʦ ʟʥʠʱʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʊʦʯʥʽ ʪʘ ʘʢʪʫʘʣʴʥʽ ʜʘʥʽ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʛʘʣʫʟʽ ʚʘʣʽʜʘʮʽʾ ʛʝʦʛʨʘʬʽʯʥʠʭ 

ʜʘʥʠʭ ʪʘ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʚʠʨʦʙʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʟʨʦʩʪʘʶʯʫ ʧʦʪʨʝʙʫ ʫ ʪʦʯʥʠʭ ʪʘ ʜʦʩʪʦʚʽʨʥʠʭ 

ʛʝʦʧʨʦʜʫʢʪʘʭ ʫ ʟʚ'ʷʟʢʫ ʟ ʝʢʦʣʦʛʽʯʥʠʤʠ ʪʘ ʝʢʦʥʦʤʽʯʥʠʤʠ ʚʠʢʣʠʢʘʤʠ. ɼʦʩʣʽʜʥʠʢʠ ʘʢʪʠʚʥʦ 

ʚʠʚʯʘʶʪʴ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʛʝʦʜʘʥʠʭ ʪʘ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʫ ʥʠʭ. 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʶ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ ArcGIS, ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʛʣʷʜ ʤʝʪʦʜʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʚʘʣʽʜʘʮʽʾ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʽ ArcGIS ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʛʝʦʧʨʦʜʫʢʪʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʨʽʰʝʥʴ ʟ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʠʪʘʥʴ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʘʣʽʜʘʮʽʾ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʽ 

ʜʦʩʷʛʥʝʥʥʷ ʾʭʥʴʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ, ArcGIS [4]. ʎʽ ʽʥʩʪʨʫʤʝʥʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʧʣʝʢʩʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʨʦʙʦʪʠ ʟ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʾʭ ʘʥʘʣʽʟʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʚ ArcGIS ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʪʘ ʚʠʧʨʘʚʣʷʪʠ ʧʦʤʠʣʢʠ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʉʧʝʨʰʫ ʡʜʝ ʧʝʨʝʚʽʨʢʘ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʘʪʨʠʙʫʪʘʤʠ ʪʘ ʛʝʦʤʝʪʨʽʻʶ ʦʙ'ʻʢʪʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ "Check Geometry" ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʦʙ'ʻʢʪʠ ʟ 

ʥʝʧʨʘʚʠʣʴʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʪʘ ʚʠʧʨʘʚʠʪʠ ʾʭ. ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʜʘʥʠʭ ʥʘ ʧʨʝʜʤʝʪ ʥʘʷʚʥʦʩʪʽ 

ʜʫʙʣʽʢʘʪʽʚ ʪʘ ʽʥʰʠʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ "Find Identical" ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʜʫʙʣʽʢʘʪʠ ʦʙ'ʻʢʪʽʚ ʪʘ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ. ʇʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʨʝʜʘʛʫʚʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʾʭ ʚʠʧʨʘʚʣʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʘʙʦ ʚʠʜʘʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʞʠʤ ʨʝʜʘʛʫʚʘʥʥʷ ʚ ArcGIS [2]. 

ɸʥʘʣʽʟ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʚ ArcGIS ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʧʝʨʘʮʽʾ ʟ ʦʙʨʦʙʢʠ 

ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʫʤʽʪʠ ʾʭʥʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʪʘ 

ʚʠʟʥʘʯʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ: 

¶ ʢʣʘʩʠʬʽʢʘʮʽʷ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ; 

¶ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ; 

¶ ʚʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ; 
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Aʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʽ ʤʝʪʦʜʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʘʢʽ ʷʢ 

ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʘʙʦ ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʛʨʫʧʫʚʘʪʠ ʦʙ'ʻʢʪʠ ʟʘ ʧʝʚʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʛʝʦʩʪʘʪʠʩʪʠʢʠ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʪʘ ʾʭ ʘʪʨʠʙʫʪʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʘʪʨʠʙʫʪʘʤʠ. ʇʽʩʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʪʚʦʨʝʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʢʘʨʪ 

ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ ʨʦʟʧʦʜʽʣ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ [1 ](ʈʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʜʽʣ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ 

 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ArcGIS ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ 

ʚʠʷʚʣʷʻʪʴʩʷ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʛʝʦʛʨʘʬʽʯʥʠʭ 

ʜʘʥʠʭ ʪʘ ʪʦʯʥʽʩʪʴ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʈʝʪʝʣʴʥʠʡ ʘʥʘʣʽʟ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ, ʚʠʷʚʣʝʥʥʷ 

ʧʦʤʠʣʦʢ, ʥʝʪʦʯʥʦʩʪʝʡ, ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʻ ʢʣʶʯʦʚʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ArcGIS[3]. 

ʍʦʯʘ ʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ: ʩʢʣʘʜʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʦʙʤʝʞʝʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʫ ʚ ʙʘʟʦʚʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʚʽʜʫ ʜʣʷ ʨʦʙʦʪʠ ʟ ʥʠʤ. 

ʇʨʦʪʝ, ʟʘʛʘʣʴʥʠʡ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ArcGIS ʻ ʜʫʞʝ 

ʧʦʟʠʪʠʚʥʠʤ. ɺʨʘʭʦʚʫʶʯʠ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʦʩʪʽ, ʚʽʥ ʤʦʞʝ ʩʪʘʪʠ ʢʣʶʯʦʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʨʽʰʝʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʚʜʘʥʴ ʟ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʛʨʘʬʽʯʥʠʭ 

ʜʘʥʠʭ ʫ ʩʬʝʨʘʭ ʝʢʦʣʦʛʽʾ, ʝʢʦʥʦʤʽʢʠ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ. 

ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʘʣʽʜʘʮʽʷ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʚ ʦʩʦʙʠʩʪʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ ʽʩʥʫʶʯʠʭ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʚʣʘʩʥʦʨʫʯ ʦʥʦʚʠʪʠ ʪʘ 

ʘʢʪʫʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʱʦʜʦ ʟʤʽʥʠ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʜʦʨʦʛʠ, ʙʫʜʽʚʣʽ ʘʙʦ ʧʨʠʨʦʜʥʽ 

ʝʣʝʤʝʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʟʥʘʪʠ ʟʤʽʥ ʫ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʘʙʦ ʧʨʠʨʦʜʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ 

ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Atsuyuki O. GIS-based Studies in the Humanities and Social Sciences. 2016. CRC Press. 344 p. 

2. Markus N, Helena M. Open Source GIS A GRASS GIS Approach. 2013. Springer US. 435 p. 

3. Victor M. Integration of GIS and Remote Sensing. 2008. Wiley. 320 p 

4. Wilpen L. G., Kristen S. K. GIS Tutorial for ArcGIS Desktop 10.8. 2020. Esri Press. 435 p. 
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ĭ ʄʘʛʽʩʪʨʘʥʪ 1 ʢʫʨʩʫ ʄʦʨʦʟ ɭ.ʆ. 

ĭ ʇʨʦʬ., ʜ.ʪ.ʥ. ʐʫʰʫʨʘ ʆ.ʄ. 

  https://scholar.google.com.ua/citations?user=beUGko0AAAAJ&hl=uk&oi=sra 

 

ĭ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

 

ɺʀʗɺʃɽʅʅʗ ɸʅʆʄɸʃɯʁ ɺ ɼɸʅʀʍ ʅɸ ʆʉʅʆɺɯ ʄɽʊʆɼɯɺ ʄɸʐʀʅʅʆɻʆ 

ʅɸɺʏɸʅʅʗ

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. ɺ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʟʘʚʜʘʥʥʷ ʾʭ ʘʥʘʣʽʟʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ. ʆʜʥʠʤ 

ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʚʠʷʚʣʝʥʥʷ ʚʠʢʠʜʽʚ (ʘʥʦʤʘʣʽʡ), ʷʢʽ ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ 

ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʥʝʨʝʣʝʚʘʥʪʥʠʭ ʜʘʥʠʭ, ʧʦʤʠʣʦʢ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʜʘʥʠʭ, ʰʘʭʨʘʡʩʪʚʦ. ʉʢʣʘʜʥʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʤʘʩʢʦʚʘʥʽ ʚ 

ʰʫʤʽ ʜʘʥʠʭ, ʯʠ ʤʘʪʠ ʩʭʦʞʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ ʥʦʨʤʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, 

ʢʦʤʙʽʥʫʚʘʥʥʷ ʚʞʝ ʥʘʷʚʥʠʭ ʪʘ ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʷʚʣʝʥʥʷ ʚʠʢʠʜʽʚ ʜʦʧʦʤʦʞʝ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʜʽʙʥʽ ʽʥʮʠʜʝʥʪʠ ʪʘ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟôʷʚʠʣʦʩʴ ʙʘʛʘʪʦ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʘʣʛʦʨʠʪʤʽʚ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. ʇʨʦʪʝ ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʽ ʟ ʥʠʭ ï ʪʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʾʭ ʤʦʞʥʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʽʜ 

ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʩʧʝʮʠʬʽʢʫ ʜʘʥʠʭ. ʂʦʤʙʽʥʫʶʯʠ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʥʘ ʨʦʟʨʦʙʠʪʠ 

ʤʦʜʝʣʴ, ʱʦ ʟʤʦʞʝ ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʚʠʷʚʣʝʥʥʶ ʧʨʠ 

ʢʣʘʩʠʯʥʦʤʫ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʘʥʘʣʽʟʫ ʜʘʥʠʭ [1]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʚʝʙ 

ʩʝʨʚʽʩʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʚ ʥʘʙʦʨʘʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʆʜʥʠʤ ʟ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ 

ʻ ʘʣʛʦʨʠʪʤ ʘʚʪʦʢʦʜʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʘʚʪʦʢʦʜʫʚʘʥʥʷ ʻ ʚʽʜʪʚʦʨʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘ 

ʚʠʭʦʜʽ, ʟʤʝʥʰʫʶʯʠ ʾʭ ʨʦʟʤʽʨʥʽʩʪʴ ʫ ʧʨʠʭʦʚʘʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʈʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʟʨʘʟʢʘ ʘʚʪʦʢʦʜʫʚʘʥʥʷ 
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ʐʠʬʨʘʪʦʨ ʧʝʨʝʪʚʦʨʶʻ ʚʭʽʜʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʥʘ ʧʨʠʭʦʚʘʥʠʡ ʧʨʦʩʪʽʨ [2], ʟʘ ʬʦʨʤʫʣʦʶ: 

 

Ὄ „ὡ ὢ ὦ ȟ (1) 

  

ʜʝ ů ī ʮʝ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ ʩʠʛʤʦʾʜʥʘ ʬʫʥʢʮʽʷ); 

     ὡ ï ʤʘʪʨʠʮʷ ʚʘʛʠ; 

    ὢ ï ʚʭʽʜʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ; 

    ὦ  ï  ʚʝʢʪʦʨ ʟʤʽʱʝʥʥʷ. 

 

ɼʦ ʧʨʠʭʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʦʜʽʙʥʽ ʜʽʾ, ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʶʪʴʩʷ ʽʥʜʝʢʩʠ 

ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

ὢ „ὡ Ǯὢ ὦ ȟ (2) 

  

ʜʝ ů ī ʮʝ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ ʩʠʛʤʦʾʜʥʘ ʬʫʥʢʮʽʷ); 

     ὡ Ǯï ʤʘʪʨʠʮʷ ʚʘʛʠ; 

    ὢ ï ʚʭʽʜʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ; 

    ὦ  ï  ʚʝʢʪʦʨ ʟʤʽʱʝʥʥʷ.  

ʈʽʟʥʠʮʷ ʤʽʞ ʚʠʭʽʜʥʠʤ ʥʘʙʦʨʦʤ ʜʘʥʠʭ ὢ ʪʘ ʚʭʽʜʥʠʤ ʥʘʙʦʨʦʤ ʜʘʥʠʭ X ʧʦʢʘʟʫʻ 

ʧʦʭʠʙʢʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ r ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

 

ὶ ὢ᷆  ὢ  ᷆ (3) 

 

ʇʦʭʠʙʢʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽ ʻ ʢʨʠʪʝʨʽʻʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʘʥʦʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ. ɸʣʛʦʨʠʪʤ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʚʯʝʥʠʡ ʤʽʥʽʤʽʟʫʚʘʪʠ ʮʝʡ ʧʦʢʘʟʥʠʢ, ʚʠʚʯʘʶʯʠ ʟʚôʷʟʢʠ ʤʽʞ ʦʟʥʘʢʘʤʠ 

ʚʭʽʜʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ [2]. ʗʢʱʦ ʚʭʽʜʥʽ ʜʘʥʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʠʭ, ʱʦ ʙʫʣʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʠ ʥʘʚʯʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ï ʧʦʭʠʙʢʘ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʽ ʩʘʤʝ ʮʽ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ 

ʧʦʭʠʙʢʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʫ ʚʭʽʜʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ. ɹʣʦʢ-ʩʭʝʤʘ 

ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʤʦʞʝ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ (ʈʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ 



 220 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʣʛʦʨʠʪʤʫ ʘʚʪʦʢʦʜʫʚʘʥʥʷ ʻ ʟʜʘʪʥʽʩʪʴ ʬʽʢʩʫʚʘʪʠ 

ʙʘʟʦʚʠʡ ʨʦʟʧʦʜʽʣ ʜʘʥʠʭ. ʇʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʷʻ ʥʦʨʤʘʣʴʥʽ ʰʘʙʣʦʥʠ ʫ 

ʧʨʠʭʦʚʘʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʚʯʠʪʴʩʷ ʰʠʬʨʫʚʘʪʠ ʪʘ ʜʝʰʠʬʨʫʚʘʪʠ  ʟʚʠʯʘʡʥʽ ʜʘʥʽ ʪʘ ʝʬʝʢʪʠʚʥʦ 

ʬʽʣʴʪʨʫʻ ʰʫʤ ʪʘ ʥʝʨʝʣʝʚʘʥʪʥʽ ʚʘʨʽʘʮʽʾ ʜʘʥʠʭ. 

ʂʦʣʠ ʘʣʛʦʨʠʪʤ ʦʪʨʠʤʫʻ ʜʘʥʽ ʚ ʷʢʠʭ ʤʽʩʪʠʪʴʩʷ ʘʥʦʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ï ʡʦʤʫ ʚʘʞʢʦ 

ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʚʭʽʜʥʽ ʜʘʥʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʦʭʠʙʢʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ʂʦʨʠʩʪʫʚʘʯ ʤʘʻ ʚʩʪʘʥʦʚʠʪʠ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʤʠʣʢʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ï 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʷʢʦʤʫ ʨʽʟʥʠʮʷ ʤʽʞ ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʙʫʜʝ ʜʦʩʪʘʪʥʴʦ ʟʥʘʯʠʤʦʶ 

ʪʘ ʾʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʘʥʦʤʘʣʽʻʶ.  

ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʢʦʨʠʩʪʫʚʘʯʽ ʩʠʩʪʝʤ ʯʘʩʪʦ ʨʝʛʫʣʶʶʪʴ 

ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ, ʘʙʠ ʥʘ ʚʠʭʦʜʽ ʦʪʨʠʤʘʪʠ ʟʘʜʦʚʽʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʈʽʟʥʠʮʷ ʨʦʙʦʪʠ  ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʜʘʥʠʭ, ʱʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʦʨʤʘʣʴʥʠʤʠ ʪʘ ʜʘʥʠʤʠ, 

ʱʦ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʘʥʦʤʘʣʽʡ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʛʨʘʬʽʯʥʦ (ʈʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 3 ï ɺʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ 

 

ɼʦʜʘʪʢʦʚʦʶ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʤʝʪʦʜʫ ʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦ 

ʥʘʚʯʘʪʠʩʴ. ʆʩʢʽʣʴʢʠ ʤʝʪʦʜ ʥʝ  ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʽʟ ʧʦʟʥʘʯʝʥʠʤʠ 

ʘʥʦʤʘʣʽʷʤʠ ï ʚʽʥ ʤʦʞʝ ʧʨʦʜʦʚʞʫʚʘʪʠ ʥʘʚʯʘʪʠʩʴ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ, ʘʜʘʧʪʫʶʯʠʩʴ ʜʦ ʟʤʽʥ ʫ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʦʪʨʠʤʫʶʯʠ ʥʦʚʽ ʟʥʘʥʥʷ ʧʨʦ ʥʦʨʤʘʣʴʥʽ ʪʘ ʘʥʦʤʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜʩʫʤʦʚʫʶʯʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʘʚʪʦʢʦʜʫʚʘʥʥʷ ʤʦʞʥʘ ʥʘʟʚʘʪʠ 

ʥʘʜʽʡʥʠʤ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ, ʘ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʟ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʻ ʢʣʶʯʦʚʦʶ ʧʝʨʝʚʘʛʦʶ.  
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